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ʉɸʄʆʉʄɸɿʓɺɸɽʄʆʉʊʔ ʊɽʈʄʆʉʊʆʁʂʀʍ ʇʆʃʀʄɽʈʆɺ ʀ ʂʆʄʇʆɿʀʊʆɺ 

ɸ.ʇ. ʂʨʘʩʥʦʚ 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

krasnov@ineos.ac.ru 

ɺ 50ð60-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʪʨʝʥʠʷ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʙʳʣʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʘʤʦʩʤʘʟʳʚʘʥʠʠ 

ʧʦʣʠʤʝʨʦʚ ʢʘʢ ʪʨʝʥʠʠ ʧʦʣʠʤʝʨʦʚ ʧʦ çʧʝʨʝʥʝʩʝʥ-

ʥʦʡè ʧʣʝʥʢʝ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʦʝ ʪʨʝʥʠʝ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʙʦʭʠʤʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʪʨʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʫʟʣʦʚ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʩʘʤʦʩʤʘʟʳʚʘʥʠʠ (ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ) 

ʪʚʝʨʜʳʭ ʪʝʣ ʢʘʢ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠʤʝʪʴ ʧʦʥʠ-

ʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʝ ʟʘ ʩʯʝʪ 

ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʬʨʠʢʮʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʢʦʥʪʨʪʝʣʦʤ. ɺ ʩʣʫʯʘʝ ʧʦʣʠʛʝʪʝʨʦʘʨʠʣʝʥʦʚ ʵʪʦʪ ʵʬ-

ʬʝʢʪ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʳʭ ʪʨʠʙʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1, 2]. 

ʇʨʠʯʠʥʘ ʨʝʟʢʦʛʦ ʨʘʟʣʠʯʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʘʤʦʩʤʘʟʳʚʘʶʱʠʭʩʷ ʧʦ-

ʣʠʤʝʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʘ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʪʨʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʣʠʤʝʨʦʚ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ 

ʪʨʝʥʠʷ ð ʧʦʣʠʘʨʘʤʠʜʳ (ʂʝʚʣʘʨ ð ʧʦʣʠʧʘʨʘʬʝʥʠ-

ʣʝʥʜʠʘʤʠʜ, ʅʦʤʝʢʩ ð ʧʦʣʠʤʝʪʘʬʝʥʠʣʝʥʜʠʘʤʠʜ), 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʪʨʦʝʥʠʝʤ. ɹʦʣʴ-

ʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʠʩʧʳʪʘʥʥʳʭ ʧʦʣʠʛʝʪʝʨʦʘʨʠʣʝʥʦʚ 

ʠʤʝʶʪ ʤʝʥʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

ʊʨʠʙʦʭʠʤʠʯʝʩʢʠʡ ʨʘʩʧʘʜ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʣʠʤʝ-

ʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʝʩʪʨʫʢʮʠʝʡ ʥʘ ʫʨʦʚʥʝ ʟʚʝʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʧʧʳ ʪʝʨʤʦʩʪʦʡʢʠʭ ʪʝʨʤʦʧʣʘ-

ʩʪʦʚ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʠʙʦʣʝʝ ʛʠʙʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦ-

ʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʜʠʬʝʥʠʣʦʣʧʨʦʧʘʥʘ ʠ 

ʜʠʬʪʦʨʙʝʥʟʦʬʝʥʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʪʨʠʙʦʭʠʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ, ʘ 

ʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʂ ʵʪʦʤʫ ʞʝ ʵʬʬʝʢʪʫ 

ʧʨʠʚʦʜʠʪ ʚʚʝʜʝʥʠʝ ʚ ʙʦʣʝʝ ʞʝʩʪʢʦʮʝʧʥʳʝ ʧʦʣʠʤʝʨʳ 

ʩʘʤʦʩʤʘʟʳʚʘʶʱʝʛʦʩʷ ʥʘʧʦʣʥʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʛʨʘ-

ʬʠʪʘ, ʚ ʩʣʫʯʘʝ ʧʦʣʠʘʨʠʣʘʪʦʚ ʠ ʧʦʣʠʬʝʥʠʣʭʠʥʦʢʩʘ-

ʣʠʥʘ. 

ɺʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʨʝʥʠʷ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʪʨʝʥʠʠ ʧʦʣʠʤʝʨʦʚ, 

ʥʦ ʠ ʚ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʘʢ ʯʝʨʝʟ ʩʚʷ-

ʟʫʶʱʝʝ, ʪʘʢ ʠ ʯʝʨʝʟ ʪʝʨʤʦʩʪʦʡʢʠʝ ʘʨʤʠʨʫʶʱʠʝ ʚʦ-

ʣʦʢʥʘ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʪʨʝʥʠʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʦʨ-

ʛʘʥʦʧʣʘʩʪʦʚ, ʫʛʣʝʨʦʜʦʥʘʧʦʣʥʝʥʥʳʭ ʣʠʪʴʝʚʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʜʨ. 

ʊʨʠʙʦʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝ-

ʭʘʥʠʟʤʘ ʪʨʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʣʠʤʝʨʦʚ ʚʢʣʶʯʘʝʪ 

ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʢʦʥ-

ʪʨʪʝʣʝ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ çʪʨʝʪʴʝʛʦ ʪʝʣʘè. 

ʆʙʱʝʡ ʯʝʨʪʦʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ 

ʥʘ ʢʦʥʪʨʪʝʣʝ ʧʨʠ ʪʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʮʠʠ ʧʦ ʥʘʠʙʦʣʝʝ 

ʩʣʘʙʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʚʷʟʷʤ.  

ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʛʠʙʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʚ ʣʠʪʴʝ-

ʚʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥʘʭ, ʧʦ-

ʢʨʳʪʠʝ, ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʥʘ ʢʦʥʪʨʪʝʣʝ ʚʢʣʶʯʘʝʪ 

ʢʦʤʧʦʥʝʥʪʳ ʟʚʝʥʘ ʧʦʣʠʤʝʨʘ, ʧʨʠʯʝʤ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʪʩʷ ʙʦʣʝʝ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ 

ʬʨʘʛʤʝʥʪʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (ɸ) ʠ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ (ɹ) 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʧʦʢ-

ʩʠʜʥʘʷ ʩʤʦʣʘ: ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʘ 1 ð ʌʌ; 2 ð 30 

ʌʌ + 70 ʕɼ20; 3 ð 50 ʌʌ + 50 ʕɼ20; 4 ð 70 ʌʌ + 30 ʕɼ20 

ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʩʦ-

ʟʜʘʥʠʷ ʩʘʤʦʩʤʘʟʳʚʘʶʱʠʭʩʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʦʣʝʢʫ-

ʣʨ̫ʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʤʝʜʠʮʠ-

ʥʘ, ʛʜʝ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʧʘʨʫ ʪʨʝʥʠʷ ʩ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʪʨʝʥʠʷ ʧʦʜʦʙʥʳʤ ʟʥʘʯʝʥʠʶ ʧʘʨʳ ʭʨʷʱ ð ʭʨʷʱ 

ʠʣʠ ʧʘʨʳ ʧʦʣʠʤʝʨ ð ʩʪʘʣʴ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʩʢʦʨʦʩʪʥʦʛʦ ʪʨʝʥʠʷ. 
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ʅɸʅʆʂʆʄʇʆɿʀʊʓ, ʇʆʃʋʏɸɽʄʓɽ ɼʀʉʇɽʈɻʀʈʆɺɸʅʀɽʄ 

ɻʃʀʅ ɺ ʈɸʉʇʃɸɺɸʍ ʇʆʃʀʄɽʈʆɺ 

ʉ.ʉ. ʇʝʩʝʮʢʠʡ, ʉ.ʇ. ɹʦʛʜʘʥʦʚʠʯ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩ;ɹ 

otdel5mpri@tut.by 

ɺ ʜʦʢʣʘʜʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʣʫʯʝʥʠʠ, ʜʦʩʪʠʞʝʥʠʷʭ, ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤʘʭ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

(ʥ-ʇʂʄ), ʧʦʣʫʯʘʝʤʳʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ ʩʣʦʠʩʪʳʭ 

ʛʣʠʥʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ (ʉɻʉ) ʚ ʨʘʩʧʣʘʚʘʭ ʪʝʨʤʧʣʘ-

ʩʪʦʚ ʠ ʢʘʫʯʫʢʦʚ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʣʫʯʘʶʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʰʥʝʢʦʚʳʭ ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʨʝʘʢ-

ʪʦʨʦʚ-ʩʤʝʩʠʪʝʣʝʡ, ʭʦʪʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʦʜ-

ʥʦʰʥʝʢʦʚʳʝ ʵʢʩʪʨʫʜʝʨʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʩʥʘʙʞʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʤʝʩʠʪʝʣʷʤʠ (ʩʪʘʪʠʯʝʩʢʠʤʠ ʠʣʠ ʜʠ-

ʥʘʤʠʯʝʩʢʠʤʠ). ɺʧʝʨʚʳʝ ʤʝʪʦʜ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʚ 

ʨʘʩʧʣʘʚʝ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [1]. ɺʘʞʥʝʡʰʝʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ð ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝ-

ʥʠʷ ʩʝʨʠʡʥʦʛʦ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉɻʉ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥ-ʇʂʄ 

(ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʛʝʢʪʦʨʠʪ, ʩʘʥʦ-

ʥʠʪ), ʠʤʝʶʪ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʷ 

ʜʚʫʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʢʨʝʤʥʝʟʝʤʘ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʘʪʦʤʳ ʤʝʪʘʣʣʘ, ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ. ʂʘʞʜʳʡ ʩʣʦʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʨʫʛʦʛʦ ʩʣʦʷ, 

ʦʧʨʝʜʝʣʷʝʤʦʤ ʩʠʣʘʤʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʠ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʦʙʨʘʟʫʝʪʩ ̫ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʛʘʣʝ-

ʨʝʷ). ɺ ʛʘʣʝʨʝʷʭ ʩʦʜʝʨʞʘʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʘʪʠʦʥʳ 

ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʜʘʶ-

ʱʠʝ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʩʪʘʣʣʘʤ. ʄʦ-

ʥʦʯʘʩʪʠʮʘ ʩʣʦʠʩʪʦʛʦ ʤʠʥʝʨʘʣʘ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 

 1 ʥʤ, ʘ ʝʝ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴ-

ʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʠ ʜʘʞʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʛʣʠʥʳ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʨʠ ʚʠʜʘ ʩʪʨʫʢʪʫʨ: ʬʘʟʦʚʦ-

ʨʘʩʩʣʦʝʥʥʳʡ ʤʠʢʨʦʢʦʤʧʦʟʠʪ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʡ 

ʠʣʠ ʵʢʩʬʦʣʠʠʨʦʚʘʥʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪ. ɽʩʣʠ ʧʦʣʠʤʝʨ 

ʥʝ ʚʭʦʜʠʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ ʉɻʉ, ʘ ʛʣʠʥʘ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʙʣʦʢʦʚ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ 

ʪʘʢʪʦʠʜʳ, ʧʦʣʫʯʘʶʪ ʬʘʟʦʚʦ-ʨʘʟʜʝʣʝʥʥʳʡ ʤʘʢʨʦʢʦʤ-

ʧʦʟʠʪ. ʉʚʦʡʩʪʚʘ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʙʳʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ɽʩʣʠ 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʛʣʠʥʠʩʪʳʤʠ ʩʣʦʷʤʠ, ʧʦʣʫʯʘʶʪ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʡ 

ʥʘʥʦʢʦʤʧʦʟʠʪ. ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʛʣʠʥʘ ʩʦʭʨʘʥʷʝʪ 

ʩʚʦʶ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʤʥʦʛʦʩʣʦʡʥʫʶ ʤʦʨʬʦ-

ʣʦʛʠʶ, ʭʦʪʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʣʠʤʝʨʘ. 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʧʦʣʠʤʝʨʘ ʚ ʛʘʣʝ-

ʨʝʠ ʛʣʠʥʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʩʩʣʘʠʚʘʪʴʩʷ, ʩʪʘʥʦʚʠʪ-

ʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʜʦ ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʩʣʦʝʚ ʚ ʧʦ-

ʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ (ʨʘʩʩʣʦʝʥʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪ). ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʯʘʩʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʤʝʰʘʥʥʘʷ 

ʤʦʨʬʦʣʦʛʠʷ ʠ ʦʪ ʧʨʝʚʘʣʠʨʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʝʝ 

ʪʠʧʘ ʟʘʚʠʩʷʪ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʛʣʠ-

ʥʳ ʚ ʧʦʣʠʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ; ʩʚʦ-

ʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʀʟʤʝ-

ʥʝʥʠʝ ȹʅ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʣʘʠ-

ʚʘʥʠʷ. ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʩʤʝʰʝʥʠʠ ʯʠʩʪʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʛʣʠʥʦʡ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʫʯʠʪʴ ʨʘʩʩʣʦʝʥʥʫʶ ʤʦʨʬʦ-

ʣʦʛʠʶ ʤʘʣʦʚʝʨʦʷʪʥʦ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʦʪʦʨʦʤʫ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʪʘʜʠʷ ʧʨʦʧʠʪʢʠ ʉɻʉ ʤʦʥʦʤʝʨʦʤ, 

ʠʣʠ ʚʚʝʜʝʥʠʷ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ ʛʣʠʥ ʚ ʨʘʩʪʚʦʨʳ ʚʦ-

ʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʝʤʦʤ ʧʦʣʫʯʝ-

ʥʠʷ ʦʨʛʘʥʦʛʣʠʥ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ 

ʯʘʩʪʠʮ ʢʘʪʠʦʥʥʳʤʠ ʇɸɺ. ɺ ʢʘʯʝʩʪʚʝ ʇɸɺ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʶʪ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʡʥʳʝ ʩʦ-

ʣʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʪʠʦʥ ʘʟʦʪʘ ʩʚʷʟʘʥ 

ʩ ʤʝʪʠʣʴʥʳʤʠ, ʛʠʜʨʦʢʩʠʵʪʠʣʴʥʳʤʠ ʠ ʙʦʣʝʝ ʜʣʠʥ-

ʥʳʤʠ ʥʘʩʳʱʝʥʥʳʤʠ ʠ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦ-

ʨʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʪʘʣʣʦʚʦʛʦ, ʨʘʧʩʦʚʦʛʦ ʠʣʠ ʢʦʢʦʩʦʚʦʛʦ ʤʘʩʝʣ. 

ɺʘʞʥʝʡʰʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʨʛʘʥʦʛʣʠʥ ʧʨʠ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʠ ʚ ʨʘʩʧʣʘʚʝ: ʚr -

ʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ (ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘ-

ʝʤʳʭ ʦʨʛʘʥʦʛʣʠʥʘʭ ʦʥʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 50 ʤʘʩ.%), 

ʥʘʣʠʯʠʝ ʥʝ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʇɸɺ ʚ ʦʙʲʝʤʝ ʛʘ-

ʣʝʨʝʠ, ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʘʷ ʚʣʘʞʥʦʩʪʴ ʉɻʉ. 

ʉʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ, ʫʣʫʯʰʘʝʤʳʝ ʧʨʠ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʠʠ ʉɻʉ: ʫʩʢʦʨʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʘ-

ʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʨʤʦʧʣʘʩʪʦʚ; ʫʧʨʦʯʥʝʥʠʝ 

ʠ ʧʦʚʳʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʧʦʣʷʨʥʳʭ ʠ ʥʝʧʦʣʷʨʥʳʭ 

ʪʝʨʤʦʧʣʘʩʪʦʚ; ʫʣʫʯʰʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʩʤʝʩʷʭ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʧʦʣʠʤʝʨʦʚ; ʫʧʨʦʯʥʝʥʠʝ ʘʨʤʠʨʦʚʘʥ-

ʥʳʭ ʚʦʣʦʢʥʘʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʧʣʘʩʪʠʢʦʚ; ʧʦʚr-

ʰʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʧʣʘʩʪʤʘʩʩ; 

ʩʠʥʝʨʛʠʯʝʩʢʦʝ ʫʣʫʯʰʝʥʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʦʟʠ-

ʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʪʠʧʠʨʝʥʳ; ʧʦʚʳ-

ʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʙʘʨʴʝʨʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʫʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʥʥʳʭ ʨʝʟʠʥ, ʩʥʠʞʝʥʠʝ ʚʦʟʜʫ-

ʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʨʤʦʩʣʦʝʚ ʰʠʥ. 

ʇʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʠʝʤʘʭ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʠ ʥ-ʇʂʄ. 

 
1. Vaia R.A., Jandt K.D., Kramer E.J., and Giannelis E.P. Kinetics 

of Polymer Melt Intercalation // Macromolecules. ð 1995 (28), 

no. 24, 8080ð8085 
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Aim 

High performance fibre reinforced thermosets 

causes problems in cycle time and recycling. The use of 

a thermoplastic matrix offers an alternative. Isotactic 

polypropylene (PP) is a widespread used thermoplastic 

polymer with a good chemical resistance and hardness, 

but low toughness. A significant increase of toughness 

can be achieved by blending with a rubber, but it results 

in a lower level of E-modulus and tensile strength [1]. 

In comparison to state of the art technology, increased 

tensile strength can be achieved by electron induced re-

active processing [2ð4]. This novel reactive com-

pounding method was used for the toughening of PP. 

Finally, this toughened PP was used to produce endless 

glass fibre (GF) reinforced PP via compression mould-

ing. 

Materials and methods 

Two polypropylene homopolymers (PP) were used 

as matrix polymer. PP HD120MO was obtained from 

Borealis, D¿sseldorf, Germany. The melt flow rate of 

the polypropylene, measured at 230 ÁC and 2.16 kg, 

amounts to 8.0 g/10 min. PP HG455FB was obtained 

from Borealis AG, Vienna, Austria. The melt flow rate 

of the polypropylene, measured at 230 ÁC and 2.16 kg, 

amounts to 27 g/10 min.This type of PP can be used for 

melt spinning of fibres. EXXELOR PO 1020 (Exxon 

Mobil Corporation, Machelen, Belgium), a maleic an-

hydride functionalized PP, is used for improved adhe-

sion between PP and amio-silane treated GF surface. 

Three types of rubbers were tested for PP toughen-

ing. Buna EP G6850, a ethylidene norbornene (ENB) 

containing ethylene propylene diene rubber (EPDM), 

was obtained from Lanxess, Leverkusen, Germany. This 

EPDM contains 51 wt.% of ethylene and 7.7 wt.% of 

ENB and has a Mooney viscosity, ML (1 + 4) at 125 ÁC, 

of 60. Keltan DE8270C, a vinylidene norbornene 

(VNB) containing EPDM rubber, was obtained from 

DSM, Geleen, Netherlands. It contains 50 wt.% of eth-

ylene and 3.0 wt.% of VNB and has a Mooney viscosi-

ty, ML (1 + 4) at 125 ÁC, of 80. Engage 8100, an eth-

ylene octene copolymer, was procured from Dow 

Chemical (USA). The co-monomer (octene) content 

amounts to 23 mol.%. The melt flow index, measured at 

190 ÁC and 2.16 kg, amounts to 1.0 g/10 min. 

At first, PP/rubber blends of 50/50 weight ratio 

were prepared by discontinuous electron induced reac-

tive processing (EIReP) in order to investigate the influ-

ence of polymer properties and processing parameters 

on the mechanical properties of PP/rubber blends. Based 

on these experimental results toughened PP was pro-

duced by continuous EIReP for preparation of GF rein-

forced PP. Selected mechanical parameters were deter-

mined. 

Results and discussion 

Polymer properties like viscosity, chemical reac-

tivity, and morphology before reactive compounding as 

well as processing parameters like electron energy and 

energy input per time during reactive compounding are 

strongly influencing the mechanical performance of PP 

rubber blends. Based on an optimized selection of raw 

materials and processing parameters toughened PP was 

produced. Beside significant improvement in toughness 

it has values of E-modulus and tensile strength which 

are comparable with those values of original PP (Fig. 1). 
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Fig. 1. Selected parameters normalised to virgin PP 

Endless GF reinforced toughened PP has improved 

toughness (+15%) in comparison to endless GF rein-

forced original PP. Further, the values for E-modulus 

and tensile strength are not influenced by toughened PP 

within the experimental uncertainty. 
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1
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3
, ʖ.ʄ. ʇʣʝʩʢʘʯʝʚʩʢʠʡ

3
 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ; svp@ispms.tsc.ru 
2ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

3ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʉʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ (ʉɺʄʇʕ) 

ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʦʣʠʤʝʨʦʚ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʠʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝ-

ʣʷʤ, ʥʠʟʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʰʠʨʦ-

ʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɺʳʙʦʨʦʤ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʨʘʩh ʠʨʷʪʴ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺʄʇʕ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʚ ʪ.ʯ. ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʟ-

ʣʦʚ ʪʨʝʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠ-

ʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ 

ʫʩʣʦʚʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʩʫʭʦʝ ʪʨʝ-

ʥʠʝ ʩʢʦʣʴʞʝʥʠʷ, ʪʨʝʥʠʝ ʚ ʨʝʞʠʤʝ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʠ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩʤʘʟʦʯʥʦʡ ʩʨʝʜʳ. ʕʪʦ ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʭ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘʧʦʣʥʝʥʠʝʤ ʉɺʄʇʕ-

ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘ-

ʤʠ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʠ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ [1ð3].  

ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ 

ʪʨʠʙʦʠʩʧʳʪʘʥʠʡ ʧʨʠ ʩʫʭʦʤ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ [3] 

(ʨʠʩ. 1) ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʝ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʧʦ 

ʢʨʠʪʝʨʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦ-

ʭʨʘʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ.  

 

 

ʈʠʩ. 1. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ, ʤʤ2/ʤʠʥ, ʤʠʢʨʦ- ʠ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʩʫʭʦʤ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʠ ʚ ʚʠʜʝ ʯʘʩʪʠʮ 

ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʛʨʘʬʠʪʘ, ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠ-

ʣʝʥʘ, ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ ʬʦʨʤʠʨʫʶʪ ʤʠʢʨʦʩʣʦʡ 

(ʧʣʝʥʢʫ) ʧʝʨʝʥʦʩʘ ʥʘ ʢʦʥʪʨʪʝʣʝ. ʇʦʤʠʤʦ ʵʬʬʝʢʪʘ 

ʩʘʤʦʩʤʘʟʳʚʘʥʠʷ, ʚʳʩʦʢʘʷ ʠʟʥʦʩʦ ʩʪʦʡʢʦʩʪʴ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʪʠʧʘ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʬʝʨʦʣʠʪʦʚ) ʉɺʄʇʕ. 

ʅʘʥʦʥʘʧʦʣʥʠʪʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷ-

ʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʤʘʟʦʯʥʦʡ 

ʩʨʝʜʳ. 

ʅʘ ʨʠʩ. 2 ʩʦʧʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʪrʘʥʠʡ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʚ ʫʩʣʦ-

ʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʣʴ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʧʨʠ ʘʙʨʘ-

ʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʨʘʟʣʠʯʥʘʷ. ɼʣʷ ʤʠʢʨʦʢʦʤʧʦ-

ʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʘʙʨʘʟʠʚʥʘʷ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʠ ʪʚʝʨʜʦʩʪʴʶ ʥʘʧʦʣ-

ʥʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʟʝʨʥʘ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʘʙʨʘʟʠʚʘ.  

 

 

ʈʠʩ. 2. ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ (I, ʤʤ3/ʤʠʥ) ʤʠʢʨʦ- ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʧʨʠ ʈ 240 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʨʝʟʘʥʠʝ 

ʤʘʪʨʠʮʳ ʯʘʩʪʠʮʘʤʠ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʘʙʨʘʟʠʚʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʥʦʥʘʧʦʣʥʠʪʝ-

ʣʝʤ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦʩʪʠ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘ-

ʩʪʠʮ ʠ ʟʝʨʥʘ ʘʙʨʘʟʠʚʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ 

ʟʝʨʥʘ ʘʙʨʘʟʠʚʘ ʠ ʧʨʦʯʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ.  
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ʇʆʃʀʄɽʈʅʓɽ ʅɸʅʆʂʆʄʇʆɿʀʊʓ ɼʃʗ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ɺ ɸʈʂʊʀʏɽʉʂʀʍ ʋʉʃʆɺʀʗʍ 

ɸ.ɸ. ʆʭʣʦʧʢʦʚʘ, ʊ.ʉ. ʉʪʨʫʯʢʦʚʘ, ɸ.ʇ. ɺʘʩʠʣʴʝʚ, 

ɸ.ɸ. ɻʘʚʨʠʣʴʝʚʘ, ɸ.ɻ. ɸʣʝʢʩʝʝʚ, ʉ.ʅ. ɼʘʥʠʣʦʚʘ  

 ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 677000, ʈʦʩʩʠʷ; okhlopkova@yandex.ru 

ʎʝʣʴ 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʣʦʢʦʥ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (ʇʊʌʕ) ʤʘʨʢʠ ʌ-4ʇʅ-90 ʠ 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ (ʉɺʄʇʕ) 

ʬʠʨʤʳ Ticona GUR 4130. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʇʊʌʕ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ (ʋɺ) ʋʂʅ-ʄ-12ʂ (ʊʋ 1916-

146-05763346-96), ʜʣʷ ʉɺʄʇʕ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠ-

ʨʦʜʥʦʝ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ (ɹɺ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧ. 

ʇʦʢʨʦʚʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ). 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʣʠʤʝʨʦʚ. 

ɺ ʩʣʫʯʘʝ ʉɺʄʇʕ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʚʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʇʂʄ: ʩʦʚʤʝʱʝʥʠʝ ʧʦʣʠ-

ʤʝʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʚ 

ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-2 (2220 ʦʙ/ʤʠʥ, ʮʝʥʪʨʦ-

ʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ 100 ʤ/ʩ2) ɹɺ; ʩʦʚʤʝʩʪʥʘʷ ʤʝʭʘʥʦ-

ʘʢʪʠʚʘʮʠʷ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ 

PULVERIZETTE-5 ʬʠʨʤʳ FRITSCH (400 ʦʙ/ʤʠʥ, 

ʮʝʥʪʨʦʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ 40 ʤ/ʩ2). 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʂʄ ʠʩʩʣʝʜʦ-

ʚʘʣʠ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ñShimadzu AGS-Jò ʧʦ 

ɻʆʉʊ 11262-80. 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʣʠ 

ʥʘ ʪʨʠʙʦʤʝʪʨʝ UMT-3 ʩʦʛʣʘʩʥʦ ɻʆʉʊ 11629-75. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ: 

ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ FTS 7000 çVarianè, ʨʘʩʪʨʦ-

ʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM-7800FX ʬʠʨʤʳ 

JEOL, ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL XôTRA. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʨʦʪʢʠʭ ʥʠʪʝ-

ʚʠʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʇʊʌʕ. ʉʦʜʝʨʞʘʥʠʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1 ʤʘʩ.% ʜʦ 7 ʤʘʩ. 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʢʦʤʧʦʟʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

1,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʇʊʌʕ. ʇʨʠ 

ʥʘʧʦʣʥʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʚʦʣʦʢʥʦ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʦʪ 100 ʜʦ 850 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʧʦʣʠ-

ʤʝʨʦʤ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-

ʥʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ. 

ɺ ʩʣʫʯʘʝ ʥʘʧʦʣʥʝʥʠʷ ʙʘʟʘʣʴʪʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ 

ʉɺʄʇʕ ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 

0,5 ʜʦ 20%, ʧʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶ-

ʜʘʶʪʩʷ, ʧʨʠ ʥʘʧʦʣʥʝʥʠʠ ʉɺʄʇʕ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʚʦʣʦʢʥʦʤ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦ-

ʚʳʰʘʝʪʩʷ ʥʘ 15ð37%, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘ 

50ð60%, ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 4,5 ʨʘʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʥʘʧʦʣʥʝʥʥʦʛʦ ʉɺʄʇʕ. ʋʣʫʯʰʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢ-

ʪʦʤ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʙʘʟʘʣʴʪʦʚʳʤ 

ʚʦʣʦʢʥʦʤ, ʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ð ʩ ʫʤʝʥʴ-

ʰʝʥʠʝʤ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʇʂʄ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʪʨʪʝʣʘ, ʫʯʘʩʪʠʝʤ ɹɺ ʚ ʦʨʠʝʥʪʘʮʠ-

ʦʥʥʳʭ ʵʬʬʝʢʪʘʭ, ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʣʴʞʝʥʠʷ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʋɺ, ɹɺ) ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʇʊʌʕ ʠ ʉɺʄʇʕ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʪʘʙʠʣʴʥʳʭ ʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʄʠʥʦ-

ʙʨʥʘʫʢʠ ʈʌ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ 

ʙʘʟʦʚʦʡ ʯʘʩʪʠ ˉ 1426 çʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè, 2014ð2016 ʛʛ. ʠ ʚ ʩʬʝʨʝ 

ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʠ 

 ̄11.512.2014/ʂ, 2014ð2016 ʛʛ. 
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ʅʆɺʓɽ ʇʆʃʀʄɽʈʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʇʋʃʔʇʆʇʈʆɺʆɼʆɺ. 

ʇʈʆɹʃɽʄʓ ʀʍ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʀ 

ɺ.ɺ. ʂʦʚʨʠʛʘ
 

ɻʨʫʧʧʘ çʇʆʃʀʇʃɸʉʊʀʂè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; kovriga@polyplastic.ru 

ɺʚʝʜʝʥʠʝ. ʇʦʣʠʤʝʨʥʳʝ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳ-

ʪʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʪʘʢ 

ʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʟʚʝʩʝʡ ʚ ʚʦʜʝ, ʚʣʘʞʥʳʭ 

ʤʘʩʩ. ʠ ʧʨʦʤʝʨʟʘʥʠʷ ʅʘʨʷʜʫ ʩ ʧʦʢʨʳʪʠʷʤʠ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʣʴʧ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʠʤʝʨʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʦ ʢʦʪʦʨʳʤ ʪʨʘʥʩʧʦʨʪʠ-

ʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚʟʚʝʩʠ, ʥʦ ʠ ʩʫʭʠʝ ʧʨʦʜʫʢʪʳ ʢʘʢ ʧʨʠ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʯʠʩʪʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʜʫʢʪʦʚ, 

ʪʘʢ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʙʣʝʤ ʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɼʣʷ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ 5 ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠʟʥʦʩʘ ɻʆʉʊ 11012, ʤʝʪʦʜ 

ʊʘʙʝʨʘ, ʠʟʥʦʩ ʥʘ ʰʘʡʙʝ ɹʸʤʝ, ʠʟʥʦʩ ʧʦ ʩʪʘʥʜʘʨʪʫ 

ʀʉʆ15527 ʠ EN 295-3. ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦ-

ʣʠʤʝʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʪʦʣʴʢʦ ʦʜʠʥ ʤʝʪʦʜ. ʠʩʧʳ-

ʪʘʥʠʷ ʧʦ EN ˉ 295-3:2012-03 ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʝ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʨʫʙ, ʧʦɻ ʪʦʤʫ ʥʘ 

ʙʘʟʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʳʣʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ ʪʨʫʙ, ʨʘʙʦʪʘʶ-

ʱʠʭ ʥʘ ʠʟʥʦʩ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʚʩʝʩʪʦʨʦʥʥʝ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦ-

ʱʴʶ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʪʨʫʙʥʳʭ ʧʦ-

ʣʠʵʪʠʣʝʥʦʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʨʘʙʦʯʝʛʦ 

ʨʝʩʫʨʩʘ ʪʨʫʙ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʟʥʦʩ (ɼʘʨʤʰʪʘʜʩʢʠʡ 

ʨʝʩʫʨʩ). 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʫʙʳ ʠʟ ʩʚʝʨʭʚʳʩʦ-

ʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʝʨʠʢʠʩʥʦʩʰʠʪʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʵʪʠʣʝʥʘ 100 (ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʞ-

ʥʝʢʘʤʩʢʦʛʦ ʭʠʤʢʦʤʙʠʥʘʪʘ), ʥʘʪʫʨʘʣʴʥʦʛʦ ð ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʩʦʤʦʥʦʤʝʨʘʤʠ 

ʪʘʢʠʤʠ ʢʘʢ ʙʫʪʝʥ, ʛʝʢʩʝʥ ʠ ʦʢʪʝʥ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ 

ʚʠʜʝ ʤʘʨʦʢ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (PERT) ʠ ʤʘʨʦʢ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ (PERC), 

ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʛʨʫʧʧʳ ʇʕ 100, ʇʕ 80 ʠ ʇʕ 63.. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʚʠʜ ʧʨʠʙʦʨʘ ʜʣʷ ʠʩ-

ʧʳʪʘʥʠʡ ʧʦ ʤʝʪʦʜʠʢʝ EN 295-3.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɿʥʘʯʝʥʠʷ ʠʟʥʦʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʪʨʝʭ ʤʘʪʝʨʠʘʣʦʚ (ˉ 1, 2, 3 ʊʘʙʣʠ-

ʮʘ 1) ʧʨʠ ʠʟʥʦʩʝ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʢʘʯʘʥʠʡ.  

ʆʮʝʥʢʘ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʠʩʧʳʪʫʝ-

ʤʦʡ ʪʨʫʙʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʣʝ 25000, 50000, 75000 ʠ 

100000 ʢʘʯʘʥʠʡ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ ʧʦʣʦʚʠʥʳ ʪʨʫʙʳ 

ʜʣʠʥʦʡ 1 ʤ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʩʦ-

ʩʪʘʚʣʷʣ 6 ʤʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ɼʘʨʤʰʪʘʜʩʢʦʛʦ ʨʝʩʫʨʩʘ ʢʘʢ ʜʣʠ-

ʥʳ ʧʦʪʦʢʘ ʚʟʚʝʩʠ, ʚʳʟʳʚʘʶʱʝʡ ʧʦʪʝʨʶ 75% ʪʦʣʱʠ-

ʥʳ ʩʪʝʥʢʠ ʪʨʫʙʳ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ɼʘʨʤʰʪʘʜʩʢʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ 4-ʭ ʚʠʜʦʚ ʪʨʫʙ ʧʨʠʚʝ-

ʜʝʥʳ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʠʟʥʦʩʘ 

 

 

ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʘ ʪʨʫʙ ʧʦ ʤʝʪʦʜʫ EN 
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ʈʠʩ. 2. ɼʘʨʤʰʪʘʜʩʢʠʡ ʨʝʩʫʨʩ ʚ ʢʠʣʦʤʝʪʨʘʭ 

1. ɹʨʘʥʟʙʫʨʛ ɸ.ɹ., ʂʦʚʨʠʛʘ ɺ.ɺ., ʇʫʮʝ ɺ. ʇʫʣʴʧʦʧʨʦʚʦʜʳ: ʦʪ 

ʜʘʨʤʰʪʘʜʪʩʢʦʛʦ ʤʝʪʦʜʘ ʢ ʜʘʨʤʰʪʘʜʪʩʢʦʤʫ ʨʝʩʫʨʩʫ // ʇʦʣʠ-

ʤʝʨʥʳʝ ʪʨʫʙʳ. ð 2015, ˉ 1(47), 52ð53 

2. ʈʫʢʦʚʦʜʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʈʊʄ 48532278-001-

2014, ʈʘʩʯʝʪ ɼʘʨʤʰʪʘʜʪʩʢʦʛʦ ʨʝʩʫʨʩʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 

ʜʘʥʥʳʝ ʧʦ ʠʟʥʦʩʫ ʪʨʫʙ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʣʠʵʪʠʣʝʥʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ, ʏʘʩʪʴ 1. ð ɻʨʫʧʧʘ 

çʇʦʣʠʤʝʨʪʝʧʣʦè. ð 2014 



ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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35 ʃɽʊ ʂʆʃʃɽʂʊʀɺʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʅɸ ʉʊʈɸʅʀʎɸʍ ɾʋʈʅɸʃɸ çʊʈɽʅʀɽ ʀ ʀɿʅʆʉè  

ɸ.ʀ. ʉʚʠʨʠʜʝʥʦʢ
1
, ʅ.ʂ. ʄʳʰʢʠʥ

2
, ʀ.ʅ. ʂʦʚʘʣʝʚʘ

2
 

1ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, ɻʨʦʜʥʦ, ɹʝʣʘʨʫʩʴ 
2ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʠ ʠ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʫʯ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʥʘʫʯʥʳʤ ʠʟʜʘʥʠʷʤ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʨʫʜʘ ʚʢʣʶʯʘʶʪʩʷ ʚ 

ʥʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʦ-

ʷʥʠʝʤ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʪʨʠʙʦʣʦʛʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 35 ʣʝʪ. ʇʨʦ-

ʚʝʩʪʠ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʨʘʥ 

ʉʅɻ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʜʘʚʘʝʤʳʡ ʩ 1980 ʛʦʜʘ ʞʫʨʥʘʣ çʊʨʝʥʠʝ ʠ ʠʟ-

ʥʦʩè ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʠʩʪʦʯ-

ʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʙʳʪʠʷʭ ʚ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʠ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 35 ʣʝʪ (1980ð2014 ʛ.ʛ.) ʚ ʞʫʨʥʘʣʝ ʦʧʫʙ-

ʣʠʢʦʚʘʥʦ 4092 ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʦʩʚʝʱʘʶʪʩʷ ʨʝʟʫʣʴ-

ʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʈʦʩʩʠʠ, ɹʝʣʘʨʫʩʠ, 

ʋʢʨʘʠʥʝ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫ-

ʙʝʞʴʷ. ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʧʫʙʣʠʢʦʚʘʥ-

ʥʳʭ ʩʪʘʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1). 
 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʩʪʨʘʥʘʤ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝ ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʳʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 10 ʛʨʫʧʧ. ʅʘ ʜʠʘ-

ʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʘʪʝʡ ʩ ʜʝʣʝʥʠʝʤ ʥʘ ʜʝʩʪ̫ʠʣʝʪʠʷ. 

 

 

ʈʠʩ. 2. ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʘʪʠʢʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʨʠʙʦʣʦʛʠʠ 

 ̄ ʅʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1 
ʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ 

2 
ʤʝʭʘʥʠʟʤʳ, ʚʠʜʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʪʨʠʙʦʩʦʧʨ̫-

ʞʝʥʠʡ 

3 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

4 ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ 

5 ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ ʠ ʠʟʥʘʰʠʚʘʥʠʷ 

6 ʧʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʪʨʠʙʦʣʦʛʠʠ 

7 ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʘʟʦʢ 

8 
ʧʘʨʘʤʝʪʨʳ ʠ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

9 
ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤ-

ʧʦʟʠʪʦʚ 

10 ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʪʨʠʙʦʣʦʛʠʠ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷ-

ʣʠʩʴ ʚʦʧʨʦʩʳ ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʤʘʪʝʨʠʘ-

ʣʘʤʠ ʠ ʧʦʢʨʳʪʠʷʤʠ, ʯʠʩʣʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʦʮʝʩʩʦʚ 

ʪʨʝʥʠʷ ʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʪʨʠʙʦʣʦʛʠʠ ʚʩʝʛʦ ʤʠʨʘ, ʪʨʠʙʦʣʦ-

ʛʠʷ 21 ʚʝʢʘ ʜʦʣʞʥʘ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ; 

ï ʵʢʦʣʦʛʠʟʘʮʠʷ (ʩʥʠʞʝʥʠʝ ʰʫʤʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ); 

ï ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʜʚʠʞʝʥʠʡ ʠ ʤʦʱʥʦʩʪʠ; 

ï ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʨʠ 

ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʩʢʦʨʦʩʪʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʘʙʨʘʟʠʚʥʳʭ ʩʨʝʜʘʭ; 

ï ʧʨʦʜʣʝʥʠʝ çʞʠʟʥʠè ʯʝʣʦʚʝʯʝʩʢʠʭ ʩʫʩʪʘʚʦʚ ʠ ʜʨʫ-

ʛʠʭ ʦʨʛʘʥʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʠ ʩʤʘʟʢʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝ-

ʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʵʬʬʝʢʪʦʚ ʧʨʠ 

ʨʝʰʝʥʠʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ; 

ï ʦʮʝʥʢʘ ʨʦʣʠ ʪʨʝʥʠʷ ʚ ʩʭʦʜʝ ʩʥʝʞʥʳʭ ʠ ʢʘ-

ʤʝʥʥʳʭ ʣʘʚʠʥ; 

ï ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʠ-

ʙʦʩʦʧʨʷʞʝʥʠʡ ʚ ʛʣʫʙʦʢʦʤ ʢʦʩʤʦʩʝ, ʧʨʠ ʚʳʩʦʢʠʭ ʜʦ-

ʟʘʭ ʦʙʣʫʯʝʥʠʷ, ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʧʨʠ ʚʳʩʦʢʠʭ ʠ ʢʨʠʦʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʨʠʙʦʣʦʛʠʷ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ ʠ ʥʝʦʙʭʦʜʠʤʘ ʯʝ-

ʣʦʚʝʯʝʩʪʚʫ ʧʦʢʘ ʩʫʱʝʩʪʚʫʝʪ ʟʝʤʥʦʝ ʧʨʠʪʷʞʝʥʠʝ. 

ʈʝʜʢʦʣʣʝʛʠʷ ʧʦʟʜʨʘʚʣʷʝʪ ʚʩʝʭ ʘʚʪʦʨʦʚ ʩ 35-ʣʝʪʠʝʤ 

ʞʫʨʥʘʣʘ. ʅʘʜʝʝʤʩʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʫʝʤʳʭ ʚ 

ʞʫʨʥʘʣʝ ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʪʠ, 

ʫʚʝʣʠʯʠʪʩʷ IF ʠ IC ʝʛʦ ʘʚʪʦʨʦʚ. 
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ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʀɽ ʇʆʃʀʄɽʈʆɺ ʌʋʃʃɽʈɽʅɸʄʀ 

ʕ.ʄ. ʐʧʠʣʝʚʩʢʠʡ
1
, ʉ.ɸ. ʌʠʣʘʪʦʚ

1
, ɻ. ʐʠʣʘʛʘʨʜʠ

2
, ʎ. ʍʘʥʜʤʘʘ

2
, ɸ.ʊ. ɹʦʛʦʨʦʰ

3
 

1ʀʥʩʪʠʪʫʪ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; eshpilevsky@rambler.ru 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʦʥʛʦʣʠʠ, ʋʣʘʥ-ɹʘʪʦʨ, ʄʦʥʛʦʣʠʷ; gshilagardi@yahoo.com 

2ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʂʠʝʚ, ʋʢʨʘʠʥʘ; 

bogorosha@mail.ru 

ʌʫʣʣʝʨʝʥʳ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʫʛʣʝʨʦʜ-

ʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʪʢʨʳʪʠʝ ʢʦʪʦʨʳʭ ʜʘʣʦ ʤʘʪʝ-

ʨʠʘʣʦʚʝʜʘʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ɿʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʪʳʩʷʯʠ ʧʫʙʣʠ-

ʢʘʮʠʡ ʢʘʢ ʧʦ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʬʫʣʣʝʨʝʥʦʚ, ʪʘʢ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[1, 2]. 

ʌʫʣʣʝʨʝʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ 

ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ, ʯʝʤ ʘʢʮʝʧʪʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʤʥʦʛʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʩʣʫʞʠʣʠ ʧʦʣʠ-

ʩʪʠʨʦʣ (ʇʉ) ʠ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʇʕɺɼ). ʄʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ ʉ60 ʚʚʦʜʠʣʠʩʴ ʚ ʧʦ-

ʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘ) ʩʤʝʰʠʚʘʥʠ-

ʝʤ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʬʫʣʣʝʨʝʥʦʚ ʚ ʪʦʣʫʦʣʝ, 

ʙ) ʧʨʦʧʠʪʢʦʡ ʧʣʝʥʦʢ ʇʕɺɼ ʚ ʨʘʩʪʚʦʨʝ ʉ60 ʚ ʪʦʣʫʦʣʝ 

(1,4 ʤʛ/ʤʣ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʜʦʣʝʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʫʣʣʝʨʝʥʘ ʚ ʧʣʝʥʢʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʚʨʝʤʝʥʠ ʧʨʦʧʠʪʢʠ (0,5 ʠ 3 ʯ). 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʝ (ʨʘʟʨʳʚʥʘʷ ʤʘ-

ʰʠʥʘ) ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʨʠʙʦʤʝʪʨ 

ʊʕʋ-1), ʩʪʨʫʢʪʫʨʘ (ʈʕʄ). ʆʧʪʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ IFS66 Bruker ʚ ʜʠʘʧʘʟʦʥʝ 

500ð1500 ʩʤï1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʘʢʪʠʚʥʳʤ ʢʦʣʝ-

ʙʘʥʠʷʤ ʇʉ, ʇʕɺɼ ʠ ʉ60. 

ɼʦʧʠʨʦʚʘʥʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʫʣʣʝ-

ʨʝʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ, ʠʟʤʝʥʝʥʠʶ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʉʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʚ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʜʦʣʝʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʫʣʣʝʨʝ-

ʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ 

ʬʫʣʣʝʨʝʥʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0,1é0,2 ʤʘʩ.%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʚ 

3,2 ʨʘʟʘ), ʦʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʬʫʣʣʝʨʝʥʦʚ ʚ ʧʦʣʠʤʝʨ-

ʥʫʶ ʤʘʪʨʠʮʫ ʧʨʠʚʦʜʠʪ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʝʜʝʣ ʨʘʩʪʷʞʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʥʘ 10ð30%, ʤʦʜʫʣʴ 

ʖʥʛʘ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ. 

ɺ ʦʙʣʘʩʪʠ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩ ʧʦ-

ʣʠʤʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʝʪʢʠ ʧʦʣʠʤʝʨʘ. ʉʚʷʟʠ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ ʤʦʞʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʥɹʳʝ ʫʟʣʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʝʪʢʠ. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʧʦʣʥʝʥ-

ʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʧʦʣʥʠʪʝʣʴ ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ, 

ʠʟʤʝʥʷʷ ʩʦʩʪʦʷʥʠʝ ʧʦʣʠʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʦʣ-

ʥʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʬʫʣʣʝʨʝʥʦʚʳʝ ʢʣʘʩʪʝʨʳ ʧʨʦʷʚ-

ʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴʩʷ ʚ ʧʦʣʠ-

ʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. 

 ʇʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʫʣʣʝʨʝʥʳ, ʧʦ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʫʩʣʦʚʥʦ ʥʘ 

ʯʝʪʳʨʝ ʪʠʧʘ: ʟʚʸʟʜʦʦʙʨʘʟʥʳʝ ð ʚ ʥʠʭ ʤʦʣʝʢʫʣʘ 

ʬʫʣʣʝʨʝʥʘ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʷʜʨʘ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥ-

ʥʳʭ ʣʠʥʝʡʥʳʭ ʮʝʧʦʯʝʢ ʤʘʪʨʠʮʳ; çʞʝʤʯʫʞʥʦʝ 

ʦʞʝʨʝʣʴʝè ð ʩʦʜʝʨʞʘʪ ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ ʚ ʦʩ-

ʥʦʚʥʦʡ ʮʝʧʠ; çʙʨʘʩʣʝʪ ʩ ʧʦʜʚʝʩʢʘʤʠè ð ʩʦʜʝʨʞʘ-

ʱʠʝ ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ ʚ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʷʭ ʠ 

ʷʚʣʷʶʪʩʷ, ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʛʨʝʙʥʝʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫ-

ʨʳ; çʥʝʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘè ð ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ 

ʚʢʣʶʯʝʥʳ ʚ ʟʘʤʢʥʫʪʳʝ ʮʝʧʦʯʢʠ. 

ʀʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʘ ʠ ʬʫʣʣʝʨʝʥʦʚ ʤʦʞʥʦ ʫʧʨʘʚ-

ʣʷʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʧʦʣʫʯʘʝʤʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʀʥʩʪʠʪʫʪʦʤ ʪʝʧʣʦ- ʠ ʤʘʩ-

ʩʦʙʤʝʥʘ ʠʤʝʥʠ ɸ.ɺ. ʃʳʢʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ ʠ ʅʘʮʠ-

ʦʥʘʣʴʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄʦʥʛʦʣʠʠ ʧʨʠ ʬʠʥʘʥʩʦ-

ʚʦʡ ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʠ ʄʦʥʛʦʣʴʩʢʦʛʦ ʬʦʥ-

ʜʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʜ ʧʨʦʝʢʪʘ 

ʊ15ʄʅ-001). 
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ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʣʷʨʠʟʘʪʦʨʘʭ ɾʂ-ʜʠʩʧʣʝʝʝʚ 

ʠ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

(ʇɺʉ) ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʨʤʦ- ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʚʳʰʝʥʥʦʡ ʪʝʨʤʦʚʣʘʛʦʩʪʦʡʢʦʩʪʴ ʁ

ʦʪʣʠʯʘʶʪʩʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʠʟ ʇɺʉ, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʝʥʳ, ʦʙʨʘʟʫʶʱʠ-

ʝʩʷ ʧʨʠ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʵʪʦʛʦ ʧʦʣʠʤʝʨʘ. ʆʜʥʘʢʦ ʧʨʦʤʳʰʣʝʥ-

ʥʦ ʦʥʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʧʦʣʫʯʝʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʣʴʥʳʝ ʞʠʜ-

ʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʘʢʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩʣʦʞʥʳʤ, ʦʧʘʩʥʳʤ, 

ʜʦʨʦʛʠʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʚʳʛʦʜʥʳʤ.  

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʇɺʉ-ʧʦʣʠʝʥʦʚʳʝ ʧʦʣʷʨʠʟʘ-

ʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʥʦʚʦʛʦ ʪʠʧʘ [1]. ʂʘʪʘʣʠʟʘʪʦʨʦʤ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʧʦʣʠʝʥʦʚ ʚ ʵʪʠʭ ʧʣʝʥʢʘʭ ʩʣʫʞʠʪ ʬʦʩʬʦʨ-

ʥʦ-ʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ (ʌɺʂ) ð ʩʦʝʜʠʥʝʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʚʦʣʴʬʨʘʤʘ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʵʢʦʣʦʛʠʯ-

ʥʳʡ (çgreenè) ʠ ʙʝʟʦʧʘʩʥʳʡ ʪʚʝʨʜʳʡ ʢʘʪʘʣʠʟʘʪʦʨ. 

ʀʟ ʨʘʩʪʚʦʨʘ ʚ ʚʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʘʷ 

ʧʣʝʥʢʘ ʩʦʩʪʘʚʘ ʇɺʉ-ʌɺʂ. ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʪʘ-

ʢʦʡ ʧʣʝʥʢʠ ʥʘʥʦʯʘʩʪʠʮʳ ʌɺʂ ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʧʦʣʠʝʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʇɺʉ ʠ, ʙʣʘʛʦʜʘʨʷ ʦʪ-

ʩʫʪʩʪʚʠʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙ-

ʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ (~ 10 ʥʤ), ʥʝ ʚʣʠʷ-

ʶʪ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʢʠ [2].  

ʎʝʣʴ ʨʘʙʦʪʳ ð ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʣʝʥʦʢ 

ʥʘ ʦʩʥʦʚʝ ʇɺʉ ʠ ʌɺʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʌɺʂ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ, ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʭ ʪʝʨʤʦʚʣʘʛʦʩʪʦʡʢʦʩʪʠ.  

ɺʦʜʥrʡ ʨʘʩʪʚʦʨ ʇɺʉ, ʩʦʜʝʨʞʘʱʠʡ 10, 20 ʠʣʠ 

30% ʌɺʂ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʇɺʉ), ʚʳʣʠʚʘʣʠ ʥʘ ʜʥʦ 

ʯʘʰʢʠ ʇʝʪʨʠ ʠ ʩʫʰʠʣʠ 24 ʯ ʧʨʠ 20ð25 ʉ. ʇʦʣʫ-

ʯʝʥʥʫʶ ʧʣʝʥʢʫ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʫʩʪʨʦʡʩʪʚʝ ʦʨʠʝʥʪʘ-

ʮʠʦʥʥʦʡ ʚʳʪʷʞʢʠ ʠ ʚʳʪʷʛʠʚʘʣʠ ʚ 4 ʨʘʟʘ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ. ʊʦʣʱʠʥʘ 

ʧʣʝʥʦʢ ʧʦʩʣʝ ʚʳʪʷʞʢʠ ~ 25 ʤʢʤ. ʆʨʠʝʥʪʠʨʦʚʘʥʥʫʶ 

ʧʣʝʥʢʫ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʫʶ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʚʳʪʷʞ-

ʢʠ, ʦʪʞʠʛʘʣʠ ʚ ʪʝʨʤʦʰʢʘʬʫ ʠ ʠʟʤʝʨʷʣʠ ʝʝ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʩʚʝʪʘ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʚʪrʷʞʢʠ ʧʣʝʥʢʠ.  

ʈʘʙʦʯʠʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʣʷʝʪ 

350ð600 ʥʤ (ʨʠʩ. 1). ʀʤʝʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʦ 650ð700 ʥʤ. ɺʳʩʦʢʘʷ 

ʧʦʣʷʨʠʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʳ-

ʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʣʝʥʦʢ ʜʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʌɺʂ ʩ 30 ʜʦ 10% (ʪʘʙʣ. 1). ʇʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʨʤʦʚʣʘʛʦʩʪʦʡʢʦʩʪʠ ʧʣʝʥʦʢ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.  
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ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʇɺʉ-

ʧʦʣʠʝʥʳ-ʌɺʂ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ (ʊ) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ (ʊ) 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ (ʉʇ) ʩʚʝʪʘ ʧʣʝʥʢʦʡ  

ʊʘʙʣʠʮʘ 1. ʇʨʦʧʫʩʢʘʥʠʝ ʩʚʝʪʘ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ (ʊ) ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ (ʉʇ) ʥʘ 

= 465 ʥʤ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʧʣʝʥʢʘʤʠ 

ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʌɺʂ (ʉʌɺʂ), ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊʦʪʞ) ʠ 

ʚʨʝʤʝʥʝʤ (tʦʪʞ) ʦʪʞʠʛʘ  

ʉʌɺʂ, % ʊʦʪʞ, ʉ tʦʪʞ, ʤʠʥ T , % ʉʇ, % 

30 120 8 35,3 85,2 

30 120 12 30,2 91,5 

20 120 12 40,5 90,6 

20 140 3 35,0 95,1 

10 140 10 48,9 92,8 

10 140 15 33,7 97,8 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʣʝʥʦʢ 

ʇɺʉ-ʧʦʣʠʝʥʳ-ʌɺʂ ʥʘ ʪʝʨʤʦ- ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʠ  

ʋʩʣʦʚʠʷ 

ʠʩʧʳʪʘʥʠʡ 
80 ʉ, 50 ʯʘʩʦʚ, 

ʩʫʭʦʡ ʚʦʟʜʫʭ 

35 ʉ, 16 ʯʘʩʦʚ, 

ʚʣʘʞʥʦʩʪʴ 100% 

ʍʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ 

ɼʦ  

ʠʩʧʳʪʘʥʠʡ 

ʇʦʩʣʝ  

ʠʩʧʳʪʘʥʠʡ 

ɼʦ  

ʠʩʧrʪʘʥʠʡ 

ʇʦʩʣʝ  

ʠʩʧʳʪʘʥʠʡ 

ʉʇ, % 95,1 94,8 91,4 89,6 

ʊ, % 35,0 35,2 39,0 49,5 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ɹʈʌʌʀ (ʧʨʦʝʢʪ ʌ15-099). 
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1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; krul@bsu.by 
2ʋʯʨʝʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
3ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 
4ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʣʝʥʢʠ 

ʠʟ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʧʦʣʠ-L-ʣʘʢʪʠʜʘ (ʇ-L-ʃ), ʬʦʨ-

ʤʠʨʫʝʤʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠʟ ʘʢʪʠʚʥʦʡ ʛʘʟʦ-

ʚʦʡ ʬʘʟʳ [1], ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʝʥʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʨʘʩ-

ʪʚʦʨʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʙʫʭʘ-

ʥʠ ʁʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʡ ʧʦʣʠʤʝʨ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʦʛʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ [2]. 

ʇʨʠʯʠʥʳ ʥʝʦʙʳʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠ-L-

ʣʘʢʪʠʜʘ, ʥʘʥʦʩʠʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠ-

ʷʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʫʩʢʦʨʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝ ʚʳʷʩʥʝʥʥʳʤʠ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʧʝʨʝʚʦʜ ʇ-L-ʃ ʚ 

ʘʢʪʠʚʥʫʶ ʛʘʟʦʚʫ  ʁʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʤʝʥʝʥʠ-

ʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʧʠ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ 

ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʠʟʤʝʥʝ-

ʥʠʝʤ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʣʠʤʝʨʘ, ʥʦ ʠ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʝʡ ʩʪʝʨʝʦʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʆʜʥʘʢʦ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʇ-L-ʃ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦ-

ʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ ʠʟ ʘʢʪʠʚ-

ʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʠ ʚʳʷʩʥʝʥʠʝ ʨʦʣʠ ʫʢʘʟʘʥʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘ ʬʘʟʦʚʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʇ-L-ʃ ʤʘʨʢʠ 4042D ʬʠʨʤʳ 

çNature Works LLCè (ʉʐɸ). ʊʦʥʢʠʝ ʧʦʣʠʤʝʨʥʳʝ 

ʧʣʝʥʢʠ ʬʦʨʤʠʨʦʚʘʣʠ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [2]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʇʃ 

(ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ <Mn>  ʠ ʩʦ-

ʜʝʨʞʘʥʠʝ L- ʠ D-ʟʚʝʥʴʝʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ) ʦʧʨʝʜʝ-

ʣʷʣʠ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʠʤʝʨʝ, ʪʘʢ ʠ ʚ ʧʦʢʨʳʪʠʠ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʠʟ ʘʢʪʠʚʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ 

ʟʘʪʝʤ ʤ ʝʭʘʥʠʯʝʩʢʠ ʦʪʜʝʣʝʥʦ ʦʪ ʥʝʛʦ. 

ɺʝʣʠʯʠʥʫ <Mn>  ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʗʄʈ 1H, ʩʦʜʝʨʞʘʥʠʝ L- ʠ D-ʟʚʝʥʴʝʚ ʚ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣʘʭ ð ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 13ʉ ʠ 

ʧʦʣʷʨʠʤʝʪʨʠʠ. ʉʧʝʢʪʨʳ ʗʄʈ ʨʘʩʪʚʦʨʦʚ ʇ-L-ʃ ʚ 

CDCl3 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker-500 ʧʨʠ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪʘʭ 

500 ʠ 125,8 ʄɻʮ. ɺʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ 20 ʉ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʧʦʣʷʨʠʤʝʪʨʝ ATAGO AP-300 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʣʠ-

ʥʠʠ D ʩʧʝʢʪʨʘ ʥʘʪʨʠʷ (ɚ = 589,3 ʥʤ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʝʥʦʢ ʇ-

L-ʃ ʠʟ ʘʢʪʠʚʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚʝʣʠʯʠʥʘ <Mn> ʩʥʠ-

ʞʘʝʪʩʷ ʩ 9,6Ā104 ʜʦ 1,5Ā104. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʇ-L-ʃ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʠʟ 

ʘʢʪʠʚʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʩʪʨʫʢʮʠʠ, 

ʦʜʥʘʢʦ ʧʦʣʠʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʇ-L-ʃ ʧʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʷʝʪʩʷ ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝ-

ʥʠʷ ʩʧʣʦʰʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 13ʉ ʪʦʥʢʠʭ ʧʣʝ-

ʥʦʢ ʇ-L-ʃ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʘʢʪʠʚʥʦʡ ʛʘʟʦʚʦʡ 

ʬʘʟʳ, ʢʨʦʤʝ ʩʠʛʥʘʣʘ ʧʨʠ 171,0 ʤ.ʜ. ʚ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʦʙʣʘʩʪʠ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ iiiii  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

L-ʟʚʝʥʴʝʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ [3], ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʯʝʪ-

ʢʠʭ ʩʠʛʥʘʣʘ ʧʨʠ 170,6 (isisi) ʠ 170,8 ʤ.ʜ. (iisii, sisii, 

sisis), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ L- 

ʠ D-ʟʚʝʥʴʝʚ [3]. ʉʦʜʝʨʞʘʥʠʝ D-ʟʚʝʥʴʝʚ ʚ ʤʘʢʨʦʤʦ-

ʣʝʢʫʣʘʭ ʇ-L-ʃ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʣʠʤʝʨʘ ʠʟ ʘʢʪʠʚ-

ʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 2 ʜʦ 10 ʤʦʣ.%. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʩʦʜʝʨʞʘʥʠʠ D-ʟʚʝʥʴʝʚ 

ʇ-L-ʃ ʥʝ ʩʧʦʩʦʙʝʥ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [3]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʨʘʥʝʝ ʘʤʦʨʬ-

ʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʇ-L-ʃ, ʬʦʨʤʠʨʫʝ-

ʤʳʭ ʠʟ ʘʢʪʠʚʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʧʦʣʠʤʝʨʘ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʪʝʧʣʦʚʳʤ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʦʪʦʢʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʆʧʨʝʜʝʣʷʶʱʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʫʧʦʨʷʜʦʯʝʥʥʦʡ L-ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ ʮʝʧʝʡ ʢ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ D, L-ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ʎʝʣʴ 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʪʨʫʙʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘ-

ʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʝ ʨʫʙʣʝʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ.  

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʋʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʋʂʅ-ʄ-5000 ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʆʆʆ ʅʇʎ çʋʚʠʢʦʤè ʠ ʋʂʅ-ʄ-12ʂ ʆʆʆ 

çʂʦʤʧʦʟʠʪè. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʵʪʠʣʝʥʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝ-

ʨʦʜʥʳʭ ʥʘʥʦʚʦʣʦʢʦʥ (ʋʅɺ) (ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʉʆ 

ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ). ʄʘʩʩʦʚʳʡ ʧʨʠʨʦʩʪ 

ʋʅɺ ʩʦʩʪʘʚʣʷʣ 1ð25%. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʪʨʫʙʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʤʘʨʢʠ ʇʕ2ʅʊ11-9, ʧʨʦʠʟʚʝ-

ʜʝʥʥʳʡ ʆɸʆ çʂʘʟʘʥʴʦʨʛʩʠʥʪʝʟè, ʈʦʩʩʠʷ. 

ɺʦʣʦʢʥʘ ʚʚʦʜʠʣʠʩʴ ʚ ʧʦʣʠʤʝʨ ʚ ʢʦʣʠʯʝʩʪʚʝ 

10 ʤʘʩ.% ʩʤʝʰʝʥʠʝʤ ʠʥʛʨʝʜʠʝʥʪʦʚ ʚ ʨʘʩʧʣʘʚʝ ʩ ʧʦ-

ʩʣʝʜʫʶɦ ʠʤ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝ-

ʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʆʙʨʘʟʝʮ ůʪ, ʄʇʘ ɽ, ʄʇʘ Ůʨ, % Ůʪ, % 

ʇʕ 21,2 459,8 727,1 9,7 

 + ʋʂʅ-ʄ 5000 24,2 1674,7 295,0 5,4 

 + ʋʂʅ/ʋʅɺ(1%ʋʅɺ) 28,7 1566,5 19,2 5,3 

 + ʋʂʅ/ʋʄɺ(15ð25%ʋʅɺ) 26ð27 1400ð1500 ~10 4ð6 

ʇʨʠʤʝʯʘʥʠʝ. ůʪ ð ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ; ɽ ð ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ; Ůʨ ð ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ; Ůʪ ð ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ. 

 

ɺʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠʵʪʠʣʝʥ ʢʘʢ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜ-

ʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʤʘ-

ʪʝʨʠʘʣʘ ʧʨʠ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. 

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʝʣ ʪʝʢʫ-

ʯʝʩʪʠ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ (ʄʋɺ) ʩ ʧʨʠʨʦʩʪʦʤ ʥʘʥʦʚʦʣʦ-

ʢʦʥ 1 ʤʘʩ.% ʚʳʰʝ, ʯʝʤ ʫ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʨʠʨʦʩʪʦʤ 

ʥʘʥʦʚʦʣʦʢʦʥ 15ð25 ʤʘʩ.%. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥ-

ʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝ-

ʣʘ ʚʦʣʦʢʥʦ/ʧʦʣʠʵʪʠʣʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʚʦ-

ʜʠʤʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. 

  
ʘ ʙ 

 

ʚ 

ʈʠʩ. 1. ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ: ʘ ð ʇʕ/ʋʂʅ-ʄ; ʙ ð 

ʇʕ/ʄʋɺ (15ð25%); ʚ ð ʇʕ/ʄʋɺ (1%) 

ɺʠʜʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ʢʦʤʧʦʟʠʪʘ ʚ ʩʠʩʪʝʤʝ ʇʕ/ʋʂʅ-ʄ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʫʪʝʤ ʦʭʚʘʪʘ ʚʦʣʦʢʥʘ ʧʦʣʠʤʝʨʦʤ. ɺ ʩʠʩʪʝʤʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʛ-

ʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʠʪʝʦʙ-

ʨʘʟʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʚʦʣʦʢ-

ʥʘ ʠ ʧʦʣʠʤʝʨʦʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʩʚʷʟʝʡ ʚ ʩʠʩʪʝ-

ʤʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ ʧʨʠ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʫʜʣʠʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʪʘʢ 

ʢʘʢ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʨʘʟʨʳʚ ʩʚʷ-

ʟʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʦʠʩʭʦʜʠʪ çʩʢʦʣʴʞʝʥʠʝè ʧʦʣʠ-

ʤʝʨʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʦʣʫʯʝʥʠʝ ʪʨʫʙ ʠʟ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʪʦʡʢʦʩʪʠ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʚʥʫʪʨʝʥʥʝʤʫ ʜʘʚʣʝʥʠʶ ʠ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ çʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ)è 

201302010132. 

 
1. ʊʦʢʘʨʝʚʘ ʀ.ɺ., ʄʠʰʘʢʦʚ ʀ.ɺ., ɺʝʜʷʛʠʥ ɸ.ɸ., ʂʦʨʥʝʝʚ ɼ.ɺ., 

ʇʝʪʫʭʦʚʘ ɽ.ʉ., ʉʘʚʚʠʥʦʚʘ ʄ.ɽ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʫʛʣʝʚʦ-

ʣʦʢʦʥ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʪʨʫʙʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʇʕ80 // ʂʦʤ-

ʧʦʟʠʪʳ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ð 2014 (6), ˉ 3, 158ð167 
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ʎʝʣʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʦʪʢʦʚʦʣʦʢʥʠʩʪʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ 

ʪʨʫʙʝ ʧʨʠ ʵʢʩʪʨʫʟʠʠ.  

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʭʦʜʥʘʷ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʪʨʫʙʳ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʝ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʤʘʨʢʠ ʇʕ2ʅʊ11-9 (ʆɸʆ 

çʂʘʟʘʥʦɹʨʛʩʠʥʪʝʟè, ʈʦʩʩʠʷ). 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʫʙ-

ʣʝʥʥʦʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʋʂʅ-ʄ-5000 ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʆʆʆ ʅʇʎ çʋʚʠʢʦʤè (ʜʣʠʥʘ 5ð6 ʤʤ, ʜʠʘʤʝʪʨ 

5ð8 ʤʢʤ. 

ʆʧʳʪʥʘʷ ʧʘʨʪʠʷ ʪʨʫʙ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ ʵʢʩ-

ʪʨʫʟʠʦʥʥʦʡ ʣʠʥʠʠ ʆʆʆ çʕʛʦʧʣʘʩʪè, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ. 

ɼʠʘʤʝʪʨ ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʣ 63 ʤʤ, SDR 11. ɺʦʣʦʢʥʘ 

ʚʚʦʜʠʣʠʩʴ ʚ ʧʦʣʠʤʝʨ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʘʩ.% ʩʤʝʰʝ-

ʥʠʝʤ ʠʥʛʨʝʜʠʝʥʪʦʚ ʚ ʨʘʩʧʣʘʚʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʢʩ-

ʪʨʫʜʠʨʦʚʘʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʠʩʭʦʜʥʳʭ ʠ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʦʜʥʠʭ ʠ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ ʤʝʥʴʰʝ, ʦʜʥʘʢʦ, ʦʪʢʣʦ-

ʥʝʥʠʝ ʦʪ ʥʦʨʤʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʥʠʚʝʣʠʨʦʚʘʥ ʧʦʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ. ʆʪʢʣʦʥʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʪʨʫʙʳ ʧʦ ʜʠʘʤʝʪʨʫ ʪʘʢʞʝ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʩʪʘʥʜʘʨʪʘ. ɸʥʘʣʠʟ ʫʜʣʠʥʝʥʠʷ ʪʨʫʙʳ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʘ (ʧʨʦʠʩʭʦʜʠʪ 

ʫʩʘʜʢʘ ʤʘʪʝʨʠʘʣʘ), ʢʘʢ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʪʨʫʙʳ ʠʟ ʠʩ-

ʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ. ʆʜʥʘʢʦ ʫʩʘʜʢʘ ʠʩʭʦʜʥʦʡ ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʝʪ 2,2%, 

ʘ ʢʦʤʧʦʟʠʪʥʦʡ 1,4%.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙ 

 ůʪ, ʄʇʘ ɽ, ʄʇʘ ʨ, % ʪ, % 

ʀʩʭʦʜʥʘʷ 21,8 1149,3 687,1 8,3 

ɼʠʩʧʝʨʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʘʷ 25,0 3423,0 62,5 3,0 

ʇʨʠʤʝʯʘʥʠʝ. ůʪ ð ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ; ɽ ð ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ; ʨ ð ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ; ʪ ð ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ. 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦ-

ʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʪʨʫʙʳ ʥʘ 15% ʠ ʚ 3 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʫ ʠʩʭʦʜʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʦʡ ʪʨʫʙʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ ʠʩʭʦʜʥʦʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ ʚʦʣʦʢʦʥ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʩʚʘʨʢʠ ʧʦʟʚʦʣ̫ -

ʶʪ ʧʦʣʫʯʠʪʴ ʩʚʘʨʥʦʡ ʰʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘ-

ʯʝʩʪʚʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘ-

ʥʠʡ ʢʘʢ ʰʚʘ ʩ ʥʘʨʫʰʝʥʠʝʤ (ʤʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 

ʣʘʙ. ˉ 5 ʀʇʅɻ ʉʆ ʈɸʅ), ʪʘʢ ʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʩ-

ʧʳʪʘʥʠʷʤʠ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʪʨʫʙʝ ʧʦ-

ʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

  
ʘ ʙ 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʦʢʥʠʩʪʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʪʨʫʙʝ: ʘ ð 

ʚʜʦʣʴ ʪʨʫʙʳ; ʙ ð ʧʦʧʝʨʝʢ ʪʨʫʙʳ 

ɺʠʜʥʦ, ʯʪʦ ʚʦʣʦʢʥʠʩʪʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʨʘʩʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ. ɸʥʘ-

ʣʠʟ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʭʨʫʧʢʦʛʦ ʩʢʦʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʧʦʣʥʠʪʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ. 

ʇʨʠʯʝʤ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʢʘʢ ʜʣʷ ʚʥʝʰʥʝʡ, 

ʪʘʢ ʠ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʪʨʫʙʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʪʨʫʙʳ, ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʦʡ ʨʫʙʣʝʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʪʘʢʦʡ ʪʨʫʙʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʘʤ. ɼʠʩ-

ʧʝʨʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʘʷ ʪʨʫʙʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦ-

ʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʩʥʠʞʝʥʥʳʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ 90% ʚʦʣʦʢʦʥ ʦʨʠʝʥʪʠʨʫʶʪʩʷ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʪʨʫʙʝ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ çʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ)è 
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ʈɸɿʈɸɹʆʊʂɸ ʂʈʀʊɽʈʀɽɺ ʕʂʉʇʈɽʉʉ-ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ 

ʈɽɿʀʅʆʊɽʍʅʀʏɽʉʂʀʍ ʀɿɼɽʃʀʁ ʉ ʋʏɽʊʆʄ ʈɽɸʃʔʅʓʍ ʋʉʃʆɺʀʁ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɽʊʆɼʆɺ ʅɽʈɸɿʈʋʐɸʖʑɽɻʆ 

ʂʆʅʊʈʆʃʗ 

ɺ.ɺ. ʄʦʟʛʘʣʸʚ, ʅ.ʈ. ʇʨʦʢʦʧʯʫʢ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; mozgaliov@mail.ru 

ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʳʭ ʦʩ-

ʥʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʟʠ-

ʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ (ʈʊʀ) ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝ-

ʪʦʜʦʤ [1] ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳ-

ʙʨʘʥʳ ʈʊʀ, ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʧʨʦʢʣʘʜʢʠ, ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ 

ʢʦʣʴʮʘ, ʤʘʥʞʝʪʳ, ʜʝʤʧʬʝʨʳ, ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʧʨʦ-

ʬʠʣʠ). ʂ ʜʘʥʥʳʤ ʠʟʜʝʣʠʷʤ ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʜʝʪʘʣʷʤʠ ʩʣʦʞʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʨʝʟʠʥʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʨʘʟʨʫʰʘʶʱʠʤʠ ʠ ʥʝʨʘʟʨʫʰʘʶɦ ʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʦʚ ʨʝʟʠʥ ʜʘʥʥʳʭ ʈʊʀ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʚʳʙʨʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʠʢ ʠʩʧʳ-

ʪʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʠʩʧʳʪʘʥʠʡ (ʚʠʜ ʠʩʧʳʪʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ 

ʠʩʧʳʪʘʥʠʷ). 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦ-

ʩʪʠ, ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ, ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘ-

ʥʠʡ ʥʘ ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʚʝʨʩʳ ʪʝʥʟʦʤʝʪʨʘ ʥʘ ʧʦʣʫʯʘ-

ʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 50 ʜʦ 1000 ʤʤ/ʤʠʥ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʧʨʠ ʜʘʥʥʳʭ ʩʢʦʨʦ-

ʩʪ̫ʭ ʠʩʧʳʪʘʥʠʷ (ʚ 20 ʨʘʟ) ʜʣʷ ʙʦʣɹh ʠʥʩʪʚʘ ʨʝʟʠʥ ʥʝ 

ʤʝʥʷʝʪʩʷ, ʘ ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʫʢʣʘʜʳʚʘ-

ʝʪʩʷ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʟʘ ʩʯʝʪ ʨʘʟʥʳʭ 

ʩʚʦʡʩʪʚ ʩʘʤʠʭ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʪʨʘʚʝʨʩʳ, ʩʢʦʨʦʩʪʴ ʠʩʧʳʪʘʥʠʷ 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ʪʨʘʚʝʨʩʳ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠʥʠʤʘʣʠ 

500 ʤʤ/ʤʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʨʷʝʤʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʨʝʟʠʥ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʨʘʙʦʯʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠʩ-

ʧʳʪʘʥʠʡ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʨʝʟʠʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 

ʢʘʢ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʪʘʢ ʠ ʤʝʪʦʜʦʤ ʥʝ-

ʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ð ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ [1]. 

ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʥʝ ʧʨʦʩʪʦ ʧʨʠ ʠʩʧʳ-

ʪʘʥʠ̫ ʭ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ, ʘ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠ-

ʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʨʘʟ-

ʨʫʰʘʶʱʠʭ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʨ-

ʨʝʣʷʮʠʠ ʤʝʞʜʫ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷ-

ʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʈʊʀ ʧʦ 

ʤʝʪʦʜʠʢʘʤ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦ-

ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʜʣʷ 

ʨʝʟʠʥ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʇʦʩʢʦʣʴʢʫ ʨʝʟʠʥʘ ʷʚʣʷʝʪʩʷ 

ʚʷʟʢʦʫʧʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʥʦʤ ʩʦʯʝʪʘʥʠʠ ʫʧʨʫʛʦʡ ʠ ʚʷʟʢʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʚ ʤʘʪʝʨʠʘʣʘʭ. ʀʤʝʥʥʦ ʚʷʟʢʘʷ ʩʦʩʪʘʚʣʷ-

ʶʱʘʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʈʊʀ, ʘ ʪʘʢʞʝ ʧʨʠʛʦʜʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʦʯʝʪʘʥʠʶ ʚʷʟʢʦ-ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʨʝʟʠʥ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʡ, ʘ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʩʠʣʴʥʦ ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʠʷ ʬʠʟʠʢʦ-ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠ ʤʝʪʦʜʘʭ ʠʩʧʳʪʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ 

ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝ-

ʣʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ. 
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ʉʚʷʟʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʵʣʘʩʪʦʤʝʨʦʚ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʷʚʣʷʝʪ-

ʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʚʳʩʦʢʦ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʝʡ ʙʦʣʴʰʦʝ ʧʨʠ-

ʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘ-

ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʨʠʙʦ-

ʪʝʭʥʠʯʝʩʢʠʭ. 

ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʦʩʦʙʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʶʪ ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ (ɹʇʋ), 

ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʠʥʦʚʳʭ ʵʣʘʩʪʦʤʝʨʦʚ, ʠʤʝ-

ʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʦʪ ʚʳʩʦʢʦʵʣʘ-

ʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʞʝʩʪʢʠʭ ʧʣʘʩʪʠʢʦʚ). ʅʝʤʘ-

ʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɹʇʋ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʨʝʮʠʢʣʠʥʛʘ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʠʥ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʩʪʘʥʦʚ-

ʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ, ʪʦʧʦʣʦʛʠʯʝ-

ʩʢʦʤ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʦ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʚʠʩʢʦʟʠʤʝʪʨʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ-

ʛʦ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ ʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ɹʇʋ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʩʤʘʟʢʠ, ʚ 

ʚʦʜʝ, ʚ ʧʦʪʦʢʝ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ɹʇʋ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʥ-

ʮʝʥʪʨʘʮʠʶ ʞʝʩʪʢʠʭ ʙʣʦʢʦʚ ʚ ʠʭ ʮʝʧʷʭ ʈʩ, ʢʦʪʦʨʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩrʦʢʦʤʦʜʫʣʴʥʦʡ 

ʤʠʢʨʦʬʘʟʳ ʞʝʩʪʢʠʭ ʙʣʦʢʦʚ ʚ ʦʙʲʝʤʝ ʧʦʣʠʫʨʝʪʘʥʘ, ʠ 

ʩʪʨʦʝʥʠʝ ʦʣʠʛʦʛʣʠʢʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʄʦʛ ʨʘʟʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʦʪ 500 ʜʦ 2000). 

ʋʩʪʘʥʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʩʦʜʝʨʞʘʥʠʷ 

ʞʝʩʪʢʠʭ ʙʣʦʢʦʚ ʈʩ1 ʠ ʈʩ2, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʫʩʣʦʚʠ-

ʷʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠ-

ʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʦʣʠʛʦʛʣʠʢʦʣʷ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 

ʪʦʯʝʢ ʈʩ1 ʠ ʈʩ2 ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʚʝʣʠ-

ʯʠʥ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ɹʇʋ, 

ʥʘʦʙʦʨʦʪ, ʩʤʝʱʘʝʪ ʈʩ1 ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʬʘ-

ʟʦʚʦʡ ʤʦʨʬʦʣʦʛʠʠ  

 (ʈʩ1 Ò ʈʩ Ò ʈʩ2). 

ʈʘʟʨʘʙʦʪʘʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ɹʇʋ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʤʠʢʨʦʬʘʟʳ 

ʞʝʩʪʢʠʭ ʙʣʦʢʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʦʣʠʛʦʛʣʠʢʦ-

ʣʝʡ. ɼʦʚʝʜʝʥʦ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫ-

ʨʳ ʠ ʩʚʦʡʩʪʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʙʣʦʢ-ʧʦʣʠʫʨʝʪʘʥʦʚ. 

ɺʳʷʚʣʝʥʦ ʩʠʥʝʨʛʠʯʥʳʡ ʝʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʙʣʦʢ-ʧʦʣʠʫʨʝ-

ʪʘʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʬʘʟʦʚʦʡ ʤʦʨʬʦʣʦʛʠʠ ʩ ʤʠʥʠʤʘʣʴʥʤr 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʛʝʪʝʨʦʬʘʟʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʙʫʜʝʪ ʩʪʨʫʢʪʫʨʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘʠʙʦʣʴʰʘʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʤʠʢʨʦʬʘʟʳ ʞʝʩʪʢʠʭ ʙʣʦ-

ʢʦʚ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʩ ʜʨʫ-

ʛʦʡ ð ʩʦʭʨʘʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ-ʤʘʪʨʠʮʳ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦʡ ʵʣʘʩʪʠʯʥʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʩʚʦʡʩʪʚ 

ɹʇʋ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʢʦʣʷʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, ʷʚ-

ʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʷʩʥʝʥʠʡ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ 

ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ. 

ʅʘ ʦʩʥʦʚʝ ɹʇʋ ʠʟ ʦʧʪʠʤʘʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʦʨ-

ʬʦʣʦʛʠʝʡ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ, 

ʥʘʧʦʣʥʝʥʥʳʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʛʨʘʬʠʪʦʤ, ʩʘʣʠ-

ʮʠʣʘʪʦʤ ʤʝʜʠ, ʘʤʠʥʦʚʦʩʢʦʤ, ʬʪʦʨʦʧʣʘʩʪʘʤʠ, ʧʦʣʠ-

ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʨʦʰ-

ʢʦʤ. ʂʦʤʧʦʟʠʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʙʝʟ ʩʤʘʟʢʠ, ʤʠ-

ʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʚʳ-

ʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʠ, ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʥʘʧʨʷʞʝʥʠʷʤ 

ʩʜʚʠʛʘ ʠ ʨʘʩʰʠʨʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝ-

ʨʝʨʘʙʦʪʢʠ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʜʝʪʘ-

ʣʝʡ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ, ʦʧʦʨ ʨʦʣʠʢʦʚ, ʛʝʨʤʝʪʠ-

ʟʘʪʦʨʦʚ, ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜ-

ʪʚʝʨʜʠʣʠ ʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʧʦʣʫʯʝʥ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʪʳ 

ʫʟʣʦʚ ʪʨʝʥʠʷ, ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪʥʳʝ ʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. 
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ʉɽʂʎʀʗ 1. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ   ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʉʊʈʋʂʊʋʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀɺʀɺʆʏʅʆ-ʅɸʇʆʃʅɽʅʅʓʍ 

ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʆʃɽʌʀʅʆɺ ʀ ɸʂʈʀʃʆɺʓʍ ʄʆʅʆʄɽʈʆɺ 

ʅ.ʊ. ʂʘʭʨʘʤʘʥʦʚ, ʋ.ʄ. ʄʘʤʝʜʣʠ, ʅ.ɹ. ɸʨʟʫʤʘʥʦʚʘ 

ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʉʫʤʛʘʠʪ, ɸʟʝʨʙʘʡʜʞʘʥ; najaf1946@rambler.ru

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʪʠ-

ʧʦʚ ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦ-

ʮʝʩʩʝ ʚʚʝʜʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʩʪʘ-

ʜʠʠ ʧʨʠʚʠʪʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʦʚʳʭ ʤʦʥʦʤʝ-

ʨʦʚ ʩ ʧʦʣʠʦʣʝʬʠʥʘʤʠ ʚ ʨʘʩʪʚʦʨʥʦʤ ʨʝʞʠʤʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕɺʇ), ʵʪʠʣʝʥ-

ʧʨʦʧʠʣʝʥ-ʜʠʝʥʦʚʳʡ ʢʘʫʯʫʢ (ʉʂʕʇʊ) ʠ ʚʳʩʦʢʦʜʠʩ-

ʧʝʨʩʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ð ʩʪʝʢʣʦʩʬʝʨʘ, 

ʢʘʦʣʠʥ, ʘʵʨʦʩʠʣʘ, Al 2O3, ʰʣʘʤ-ʦʪʭʦʜʳ ʘʣʶʤʠʥʠʝʚʦ-

ʛʦ ʟʘʚʦʜʘ. ʉʠʥʪʝʟ ʧʨʠʚʠʚʦʯʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʩʦʧʦ-

ʣʠʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʢʦʤʧʣʝʢʩʥʦ-

ʨʘʜʠʢʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚ ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʣʘ ʠ ʥʠʪ-

ʨʠʣʘ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʅɸʂ) ʠʣʠ ʄɸʂ. ʇʫʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝ-

ʨʘ ʠ ʠʥʠʮʠʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟ-

ʤʦʞʥʳʤ ʧʦʣʫʯʠʪʴ ʛʨʘʬʪʩʦʧʦʣʠʤʝʨʳ (ʙʝʟ ʛʦʤʦʧʦ-

ʣʠʤʝʨʘ) ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʦʡ ʠ ʯʘʩʪʦʪʦʡ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʧʨʠʚʠʪʳʭ ʮʝʧʝʡ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʚʠʪʳʭ ʮʝʧʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦ-

ʮʝʩʩʘ ʛʨʘʬʪʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʧʦʣʥʠʪʝʣʷ, ʪʠʧʳ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ, ʧʨʠʥʠʤʘʶʪ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʦʣʠʤʝʨïʥʘʧʦʣʥʠʪʝʣʴ. 

ɸʜʩʦʨʙʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʦʣʥʠ-

ʪʝʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʤʘʢʨʦʩʝʛʤʝʥʪʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʦʪʥʳʭ ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨ-

ʥʫʶ ʤʘʪʨʠʮʫ ʤʝʥʷʝʪʩʷ ʠ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦ-

ʣʠʤʝʨïʥʘʧʦʣʥʠʪʝʣʴ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʦʩʬʝʨʳ, ʚʚʝʜʝʥʥʦʡ 

ʥʘ ʩʪʘʜʠʠ ʧʨʠʚʠʪʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʦʡ çʰʫʙʳè ʚ ʚʠʜʝ 

ʧʣʦʪʥʳʭ ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ ʧʦʣʠʤʝʨʘʤʠ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ 

ʚ ʩʣʫʯʘʝ ʘʤʦʨʬʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʀ, ʯʝʤ ʙʦʣʝʝ ʞʝʩʪ-

ʢʦʡ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʧʦʣʠʤʝʨïʥʘʧʦʣʥʠʪʝʣʴ, ʪʝʤ ʣʫʯ-

ʰʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ ʧʦʣʠ-

ʤʝʨʦʚ ʠ ʭʫʞʝ ʚ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ. ɽʩʣʠ ʪʘʢʠʝ 

ʥʘʧʦʣʥʠʪʝʣʠ, ʢʘʢ ɸl2O3, ʢʘʦʣʠʥ, ʘʵʨʦʩʠʣʘ ʚʣʠʷʶʪ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʠʚʠʪʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ, ʪʦ ʢʦʤʧʦʟʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʩʙʝʩʪ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ ʠʩʭʦʜ-

ʥʦʛʦ ʇʕɺʇ. ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʙʦʣʴʰʝ ʚ ʪʝʭ ʦʙʨʘʟ-

ʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘʧʦʣʥʠʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʟʘ-

ʨʦʜʳʰʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʥʘʧʦʣʥʠʪʝʣʴ, ʩʢʘʧʣʠʚʘʷʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʝʥʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʝʱʝ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʨʳʭʣʦʩʪʴ ʠ ʜʝʬʝʢʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. ɺʚʝʜʝʥʠʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠ-

ʯʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʪ 43% (ʚ ʩʣʫʯʘʝ ʠʩʭʦʜʥʦʛʦ 

ʇʕʅʇ) ʜʦ 52ð57%, ʘ ʚ ʩʣʫʯʘʝ ʇʕɺʇ, ʥʘʦʙʦʨʦʪ, ʦʪ 

73% ʠ ʥʠʞʝ. ʇʨʠ ʘʥʘʣʠʟʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʘʧʦʣʥʝʥ-

ʥʳʭ ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʷʜ ʭʘ-

ʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʰʣʘʤʘ ʦʪ 14 ʜʦ 57 ʤʘʩ.% 

ʚ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝ-

ʬʣʝʢʩʳ ʚ ʦʙʣʘʩʪʠ 1818, 20 50', 2640 , 36 30 , 

39 30 , 42 26. ʇʦʧʘʨʥʦ ʩʨʘʚʥʠʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʦʙʨʘʟʮʦʚ ʤʝʭʘʥʠʯʝʩʢʠ ʥʘʧʦʣʥʝʥʥʦʛʦ ʰʣʘʤʘ ʠ 

ʰʣʘʤʥʘʧʦʣʥʝʥʥʦʛʦ ʧʨʠʚʠʪʦʛʦ ʩʦʧʦʣʠʤʝʨʘ, ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʤʝʱʝʥʠʷ. ʇʦʩʣʝʜʥʝʝ ʦʙ-

ʩʪʦ̫ʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ 

ʩʤʝʱʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʰʣʘʤʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɸʥʘʣʠʟ 

ʪʝʨʤʦʛʨʘʤʤ ʠʩʭʦʜʥʦʛʦ ʇʕɺʇ ʠ ʝʛʦ ʧʨʠʚʠʪʳʭ ʩʦʧʦ-

ʣʠʤʝʨʦʚ ʧʦʢʘʟʘʣ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠ-

ʢʘ ʧʣʘʚʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʫʟʣʦʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʩ ʫʯʘʩʪʠʝʤ ʧʨʠʚʠʪʳʭ ʮʝʧʝʡ. ɸʩʩʦ-

ʮʠʘʪʳ ʧʨʠʚʠʪʳʭ ʮʝʧʝʡ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʚʦʝʦʙʨʘʟʥʳʡ 

çʢʘʨʢʘʩè, ʦʙʚʦʣʘʢʠʚʘʶʱʠʡ ʩʬʝʨʦʣʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʇʕ. ɹʣʘʛʦʜʘʨʷ ʠʤʝʥʥʦ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ 

ʩʜʝʨʞʠʚʘʪʴ ʙʳʩʪʨʳʡ ʪʝʨʤʦʬʣʶʢʪʫʘʮʠʦʥʥʳʡ ʨʘʩʧʘʜ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʥʝʢʦʪʦʨʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ʇʦʷʚʣʝʥʠʝ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʚ ʦʙʣʘʩʪʠ 227ð247 ʉ ʭʘ-

ʨʘʢʪʝʨʥʦ ʜʣʷ ʇʕ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦ-

ʪʝʢʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ. ɼʣʷ 

ʧʨʠʚʠʪʳʭ ʠ ʧʨʠʚʠʚʦʯʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ 

ʤʘʢʩʠʤʫʤ ʵʢʟʦʪʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙ-

ʣʘʩʪʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ð 250ð280 ʉ. ʇʨʠʯʝʤ 

ʚʳʩʦʪʘ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʩʪʝʧʝʥʠ ʧʨʠʚʠʚʢʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʨ-

ʤʦʩʪʦʡʢʦʩʪʴʶ ʛʨʘʬʪʩʦʧʦʣʠʤʝʨʦʚ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʠʚʠʪʳʭ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʥɹʳʭ ʮʝʧʝʡ ʢ ʩʰʠʚʢʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. ɽʩʣʠ ʚ 

ʦʙʳʯʥʳʭ ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʣʠʤʝʨïʥʘʧʦʣʥʠʪʝʣʴ ʩʪʨʦʠʪʩʷ ʥʘ ʯʠʩʪʦ ʬʠʟʠʯʝ-

ʩʢʦʡ ʦʩʥʦʚʝ, ʪʦ ʚ ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʘʭ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ. 
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ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʢ ʪʦʧʣʠʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʠʭ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥ-

ʪʘʤ ð ʧʦʣʠʤʝʨʥʳʤ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʤ ʤʝʤʙʨʘ-

ʥʘʤ ð ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʅʘʠʙʦʣʴ-

ʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʚʝʨʜʦʧʦʣʠʤʝʨʥʳʝ ʤʝʤ-

ʙʨʘʥʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʦʛʝʥʥʳʝ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʳ ʩ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʧʦʣʠʤʝʨʘ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʣʠʙʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ (ʩʫʣʴʬʠʨʦʚʘʥʠʝʤ ʠʣʠ ʬʦʩʬʦʨʠ-

ʣʠʨʦʚʘʥʠʝʤ) ʛʦʪʦʚʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʣʠʙʦ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʤʦʥʦʤʝʨʦʚ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʩʫʣʴʬʦʢʠʩʣʦʪʥʳʝ ʠ ʬʦʩʬʦʨʥʦʢʠʩʣʦʪʥʳʝ ʛʨʫʧ-

ʧ  r [1, 2]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝ-

ʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦ-

ʩʪʴʶ ʠ ʛʦʨʘʟʜʦ ʜʝʰʝʚʣʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʦʣʠ-

ʵʣʝʢʪʨʦʣʠʪʦʚ. ʆʜʥʦʡ ʠʟ ʪʘʢʦʡ ʛʨʫʧʧ ʧʦʣʠʤʝʨʦʚ ʚ̫-

ʣʷʶʪʩʷ ʧʦʣʠ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʳ (ʇʆɼ-ʧʦʣʠʤʝʨʳ). 

ʀʟʚʝʩʪʥʳ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʩʠʥʪʝʟʘ 

ʇʆɼ-ʧʦʣʠʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʪʦʛʝʥʥʳʝ ʛʨʫʧʧʳ 

ʩʫʣʴʬʦ- [3] ʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ [4] ʚ ʤʘʢʨʦʤʦʣʝ-

ʢʫʣʝ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʠ ʩʘʤʠ ʘʚʪʦʨʳ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ ʠʤʝʣʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ ʥʝ ʧʦʢʘʟʘ-

ʣʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʇʆɼ-ʧʦʣʠʤʝʨʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʠʦʥʦʦʙʤʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʳʣ ʨʘʟ-

ʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʦʧʦʣʠʤʝʨʦʚ ʧʦʣʠ(1,3,4-

ʦʢʩʘʜʠʘʟʦʣ-2,5-ʜʠʠʣ-1,4-ʬʝʥʠʣʝʥʘ), ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ 4-ʩʫʣʴʬʦ-10,10-ʜʠʦʢʩʦʬʝʥʦʢʩʘʪʠ-

ʠʥʦʚʳʡ (3) ʠʣʠ 4,4'-ʦʢʩʠʙʠʩ[3-(ʩʫʣʴʬʦʥʠʣ)ʙʝʥʟʦʡ-

ʥr ʡ] (4) ʬʨʘʛʤʝʥʪʳ.  

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

4,4-ʦʢʩʠʜʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʩʠʣʴʥʳʤʠ ʩʝʨʦʩʦ-

ʜʝʨʞʘʱʠʤʠ ʵʣʝʢʪʨʦʬʠʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʣʝʫʤ ʠʣʠ 

ʭʣʦʨʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

4-(ʩʫʣʴʬʦ)-10,10-ʜʠʦʢʩʦ-ɚ6-ʬʝʥʦʢʩʘʪʠʠʥ-2,8-ʜʠʢʘʨ-

ʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (2) [5]. ʇʦʩʣʝʜʥʷʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʦʣʠʵʣʝʢ-

ʪʨʦʣʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʪʦʛʝʥʥʳʝ ʩʫʣʴʬʦʛʨʫʧʧʳ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʢʠʩʣʦʪʘ (2) ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ (ʊʌʂ) ʠ 

ʩʫʣʴʬʘʪʦʤ ʛʠʜʨʘʟʠʥʘ ʚ ʦʣʝʫʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʇʆɼ-

ʩʦʧʦʣʠʤʝʨʘ (3). ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ 4,4-ʦʢʩʠʜʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʣʝʫʤʦʤ, ʜʣʷ 

ʩʠʥʪʝʟʘ ʇʆɼ-ʩʦʧʦʣʠʤʝʨʦʚ (3), ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʦʜʥʦʩʪʘʜʠʡʥʘʷ ʩʭʝʤʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 4,4-ʦʢʩʠʜʠʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʩ ʊʌʂ ʠ ʩʫʣʴʬʘʪʦʤ ʛʠʜʨʘʟʠʥʘ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ 4,4ô-ʦʢʩʠʜʠʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (1) ʥʘʛʨʝʚʘʣʠ 

ʚ 20% ʦʣʝʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 Áʉ ʚ ʪʝʯʝʥʠʝ 

2 ʯʘʩʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ 

4-(ʩʫʣʴʬʦ)-10,10-ʜʠʦʢʩʦ-ɚ6-ʬʝʥʦʢʩʘʪʠʠʥ-2,8-ʜʠʢʘʨ-

ʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (2), ʢʦʪʦʨʘʷ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʘʩʴ ʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʩ ʛʠʜʨʘʟʠʥʩʫʣʬɹʘʪʦʤ ʠ 

ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ (ʊʌʂ). 

 

ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʝʚʘʥʠʷ 4,4ô-ʦʢʩʠʜʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ r (1) ʚ 

ʦʣʝʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 Áʉ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʬʝʥʦʢʩʘʪʠʠʥʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʘ ʦʙʨʘʟʫʝʪ-

ʩʷ ʇʆɼ-ʩʦʧʦʣʠʤʝʨ (4), ʩʦʜʝʨʞʘʱʠʡ ʚ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ ʬʨʘʛʤʝʥʪ 2,2-ʦʢʩʠʜʠʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʘʥʥʳʤʠ ʀʂ-, ʇʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʵʣʝʤʝʥʪʥʳʤ 

ʘʥʘʣʠʟʦʤ.  

ʇʆɼ-ʩʦʧʦʣʠʤʝʨʳ (3,4) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

20ð40% 4-ʩʫʣʴʬʦ-10,10-ʜʠʦʢʩʦʬʝʥʦʢʩʘʪʠʠʥʦʚʦʛʦ 

ʠʣʠ 4,4'-ʦʢʩʠʙʠʩ[3-(ʩʫʣʴʬʦʥʠʣ)ʙʝʥʟʦʡʥʦʛʦ] ʬʨʘʛ-

ʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʠʦʥʦʦʙʤʝʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʭʦʨʦʰʝʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʠ ʩʦʭʨʘʥʷ-

ʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʦ- ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, 

ʧʨʠʩʫʱʫʶ ʧʦʣʠ-ʧʘʨʘ-ʬʝʥʠʣʝʥ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʫ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝ-

ʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ 

ʤʝʤʙʨʘʥ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.  
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ʎʝʣʴ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʢʠʥʝ-

ʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ZnïNi/Siʆ2 ʠʟ ʩʣʘʙʦʢʠʩʣʳʭ, ʩʫʣʴʬʘʪʥʳʭ ʵʣʝʢʪʨʦʣʠ-

ʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ Siʆ2, ʨʘʚʥʳʤ 1 ʛ/ʣ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʟʫʯʝʥʠʝ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʣʠʪʦʚ ʧʦ ʤʝʪʘʣʣʫ (ʈʉʤ) ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʱʝʣʝʚʦʡ 

ʷʯʝʡʢʝ ʄʦʣʝʨʘ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9.309 [1]. ɺ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʜʦʚ ʚ ʢʘʪʦʜʥʦʤ ʙʣʦʢʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʣʘʩʪʠʥʳ ʠʟ ʘʣʶʤʠʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʤʝʪʦʜʘ ʥʝ ʧʨʝʚʳh ʘʣʘ 5%. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʙʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ ʧʦʣʷʨʦʛʨʘʬʠʠ. ʇʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʦʛʨʘʬʘ 

ʇʋ-1, ʙʣʦʢʘ ʩʦʧʨʷʞʝʥʠʷ ɻʈɸʌʀʊ-2 ʠ ʪʨʝʭʵʣʝʢ-

ʪʨʦʜʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʘʟʚʝʨʪʢʝ. 

ʕʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʩʣʫʞʠʣ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ 

ʵʣʝʢʪʨʦʜ (ʍ.ʉ.ʕ.) ʕɺʃ-4, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʤʝʱʝʥ ʚ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʢʣʶʯ 1ɽ5.184.412, ʟʘʧʦʣʥʝʥʥʳʡ 

ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ, ʧʦʜʚʝ-

ʜʝʥʥʳʡ ʢ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʢʘʪʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ZnïNi/Siʆ2, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʩʝʠʚʘʶʱʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʝ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʥʠʭ ʥʘʥʦʯʘʩʪʠʮ Siʆ2 (ʨʠʩ. 1). ʈʘʩʩʝʠʚʘʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʧʣʘʚʘ ZnïNi 
ʠ ʂʕʇ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ZnïNi/Siʆ2, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠ-

ʥʘʢʦʚʘ. ʅʠʟʢʘʷ ʨʘʩʩʝʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʣʘʙʦʢʠʩʣʦʤ ʵʣʝʢ-

ʪʨʦʣʠʪʝ ʨʘʟʨʷʜ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʠʟ 

ʧʨʦʩʪʳʭ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʧʣʘ-

ʚʘ ZnïNi ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʩʝʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʥʘ 30,4%. ɺ ʩʣʫʯʘʝ ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʦʩʘ-

ʞʜʝʥʠʷ ʂʕʇ ZnïNi/Siʆ2 ʨʘʩʩʝʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʚʘ ʨʘʟʘ.  

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥ-

ʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝ-

ʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʜʠʦʣʠʟʘ, ʥʦ 

ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜʝ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʪʦʢʘ ʠ ʤʝʪʘʣʣʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʢ 

ʢʦʪʦʨʳʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʚʳʜʝʣʝʥʠʝ ʚʦʜʦ-

ʨʦʜʘ.  
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ʈʠʩ. 1. ʈʘʩʩʝʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʦʩʘʞʜʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ ZnïNi ʠ ʂʕʇ ZnïNi/Siʆ2 ʙʝʟ ʦʙʣʫʯʝʥʠʷ (ʢ.ʦ.) 

ʠ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ (ʦʙʣ.) 

ɸʥʘʣʠʟ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʭ ʢʨʠʚʳʭ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ZnïNi/Siʆ2 ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʙʝʟ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʯʘʩʪʠ 

ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʉ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʤʝʱʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʦʙʣʘʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʚʝʣʠʯʝ-

ʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʦʢʠʩʣʦʚ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʢʘʪʦʜʥʦʤ ʩʣʦʝ. ɼʝʡ-

ʩʪʚʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʤʝʥʴʰʝʥʠʝ ʛʠʜʨʦʦʢʠʩʥʦʡ ʧʣʝʥʢʠ ʥʘ ʢʘʪʦʜʝ ʠ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝ-

ʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʝʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

Mʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ.  
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ʎʝʣʴ 

ʇʦʣʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʠʩʭʦʜʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʩʝ-

ʨʦʛʝʣʝʡ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʩʝʨʦʛʝʣʴ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʥʦʛʦ ʩʠʣʠʢʘʪʘ (ɺʈʉ) ʧʨʠ ʜʝʛʠʜ-

ʨʘʪʘʮʠʠ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ ʧʨʠ 200 Áʉ. ɺ ʢʘʯʝʩʪʚʝ 

ɺʈʉ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʦʝ ʥʘʪʨʠʝʚʦʝ ʞʠʜʢʦʝ ʩʪʝʢ-

ʣʦ (ɾʉ, ɻʆʉʊ 13078, ʩʠʣʠʢʘʪʥʳʡ ʤʦʜʫʣʴ n = 2,9Ñ0,1 

ʧʣʦʪʥʦʩʪʴ ɟ = 1,45 ʛ/ʩʤ3). ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʜʝʛʠʜʨʘ-

ʪʠʨʦʚʘʥʥʦʛʦ ɺʈʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʠʩʠʣʠʢʘʪ ʥʘʪʨʠʷ. 

ʂʦʤʧʦʟʠʮʠʠ ɾʉ-ʤeʪʘʣʣ ʬʦʨʤʠʨʦʚʘʣʠ ʠʟ ʩʤʝ-

ʩʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ɾʉ ʚʦʜ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʜʠʬʠʢʘʪʦʨʘ, ʚ ʨʦʣʠ ʢʦʪʦʨʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʩʦʣʠ ʤʝʪʘʣʣʦʚ TiC2O5, NiSO4, CoSO4 ʠ 

FeCl2. ʇʦʣʫʯʝʥʥʳʝ ʩʤʝʩʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʜʦ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ ʬʠʣʴʪʨʘʪʘ, ʜʝʛʠʜʨʘʪʠʨʦʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ ʠ ʩʫʰʠʣʠ ʧʨʠ 325ð330 K, ʧʦʩʣʝ ʯʝʛʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʠ ʧʨʦʩʝʠʚʘʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʥʪʛʝʥʦ-

ʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ʪʠʧʘ ɼʈʆʅ ʚ 

ʉuK  ʠ MoK  ʠʟʣʫʯʝʥʠʷʭ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʨʦ-

ʚʦʜʠʣʦʩʴ ʚ ʛʝʦʤʝʪʨʠʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʥʘ ʧʨʦʩʚʝʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2 ʦʪ 2 ʜʦ 145. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʋʦʨʨʝʥʘ-ʌʠʥʙʘʢʘ ʚ ʩʦʯʝʪʘ-

ʥʠʠ ʩ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʩʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʚʦʟʥʠʢʘʶʪ ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʩʠʩʪʝʤ 

ɾʉïCo ʠ ɾʉïNi ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪ-

ʨʘʞʝʥʠʡ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʥʘ ʨʝʥʪʛʝ-

ʥʦʛʨʘʤʤʘʭ ɾʉïTi ʧʨʦʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʩʣʝ-

ʜʳ ʣʠʥʠʡ ʬʘʟ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʦʢʩʘʣʘʪʘ ʥʘʪʨʠʷ, ʪʦ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ɾʉïFe ʥʘʙʣʶʜʘʶʪʩʷ ʫʞʝ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʣʠʥʠʠ ʦʪ ʬʘʟ NaCl ʠ FeO(OH). 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʯʠʩʣʘ, ʨʘʜʠʫʩʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ). ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʭʘ-

ʨʘʢʪʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʦʙʣʘʩʪʠ ʙʣʠʞʥʝʛʦ ʫʧʦ-

ʨʷʜʦʯʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʙʣʠʟ-

ʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʜʘʥʥʦ-

ʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ð ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥ-

ʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʩʫʙʥʘʥʦʤʝʪ-

ʨʦʚʦʤ ʫʨʦʚʥʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʧʠʩʘ-

ʥʠʷ ʵʪʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʩʤʝʩʠ ʫʣʴʪʨʘʤʘʣʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠ-

ʨʦʜʳ. ʆʪʙʦʨ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʤʦʜʝʣʝʡ ʦʩʫʱʝʩʪʚ-

ʣʷʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ I(S), S-ʚʟʚʝʰʝʥʥʳʭ ʠʥ-

ʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ H(S) ʠ ʬʫʥʢʮʠʡ ʨʘʜʠʘʣʴ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥ-

ʥʳʤʠ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ 

ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ I(S) 

ʜʣʷ ʦʙʨʘʟʮʘ ʢʩʝʨʦʛʝʣʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜʦʤ 

ʞʝʣʝʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʋʩʣʦʚʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʤʦʜʝʣʠ, ʧʦʜʦʙʨʘʥʥʦʡ ʜʣʷ 

ʩʠʩʪʝʤʳ ɾʉïFe: 2% ð Na2Si3O7, 30% ð -SiO2, 

36% ð FeO(OH), 32% ð NaCl. 

 

 

ʈʠʩ. 1. ʂʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ (ʚ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʝʜʠʥʠʮʘʭ) ʜʣʷ ʦʙʨʘʟʮʘ ʢʩʝʨʦʛʝʣʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ (a) ʠ ʤʦʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ (b) 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʣʦʞʝʥr 

ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʤʝʩʠ ʩʫʙʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢ-

ʪʫʨʳ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘ-

ʶʪ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʭ ʩʬʝʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʠʧ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ-

ʤʦʜʠʬʠʢʘʪʦʨʘ, ʪʘʢ ʠ ʘʥʠʦʥʦʤ ʩʦʣʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘ-

ʪʠʦʥʳ ʥʘʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʪ ʩ ʘʥʠʦʥʘʤʠ ʩʦʣʝʡ, ʯʝʤ ʚʳʟʳʚʘʶʪ ʚʦʟʨʘʩ-

ʪʘʥʠʝ ʜʦʣʠ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʦʙʝʜ-

ʥʝʥʥʳʭ ʥʘʪʨʠʝʤ). 
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ʉɽʂʎʀʗ 1. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ   ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʕʅɽʈɻʀʀ ɸʂʊʀɺɸʎʀʀ ʍʀʄʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ ʀ ɺʗɿʂʆɻʆ ʊɽʏɽʅʀʗ 

ʉʄɸɿʆʏʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ɼɸɺʃɽʅʀʗ 

ʉ.ɹ. ɹʫʣʛʘʨʝʚʠʯ, ʄ.ɺ. ɹʦʡʢʦ 

ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʡ, ʈʦʩʪʦʚ, ʈʦʩʩʠʷ, bulgarevich@rambler.ru 

ɺ ʟʦʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥ-

ʪʘʢʪʘ ʨʘʟʚʠʚʘʶʪʩʷ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ, ʧʦʨʷʜʢʘ 

109 ʇʘ. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʚʳʷʩʥʠʪʴ, ʚ ʢʘʢʦʡ ʤʝ-

ʨʝ ʵʬʬʝʢʪʠʚʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʪʝʨʤʦʘʢʪʠʚʠʨʦ-

ʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʵʪʦʡ ʟʦʥʝ ʧʦʜʚʝʨʞʝʥʘ 

ʚʣʠʷʥʠʶ ʜʘʚʣʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦ-

ʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 

ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʝʸ ʣʦʛʘʨʠʬ-

ʤʦʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ T ʠ ʜʘʚʣʝʥʠ ʁ P ʫʨʘʚʥʝʥʠʷʤʠ 

ɸʨʨʝʥʠʫʩʘ (1) ʠ ʕʡʨʠʥʛʘ (2). 

 ,    (1)    . (2) 

ɿʜʝʩʴ  ð ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢ-

ʮʠʠ;  ð ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ, ʨʘʚʥʳʡ ʨʘʟʥʦʩʪʠ ʤʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʝʨʝ-

ʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʫʤʤ ʤʦʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʩʭʦʜ-

ʥʳʭ ʨʝʘʛʝʥʪʦʚ; R ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦ-

ʷʥʥʘʷ. ɺ ʠʟʚʝʩʪʥʦʡ ʥʘʤ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʢʠʥʝʪʠʯʝʩʢʦ-

ʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʵʥʝʨʛʠʷ ʘʢ-

ʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʤʦʞʝʪ ʟʘ-

ʚʠʩʝʪʴ ʦʪ ʜʘʚʣʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ (1) ʠ (2), ʚʨrʘʞʝʥʠʝ 

(3) ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʘ  ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʙʫʜʝʪ: 

 . (3) 

ʉʯʠʪʘʣʠ, ʯʪʦ =  (T, P) ð ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʘ ʚʪʦʨʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜ-

ʥʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʨʷʜʢʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (4): 

 . (4) 

ʅʘhʣʠ ʦʙʱʠʡ ʚʠʜ ʬʫʥʢʮʠʠ  = (T, P), ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʱʝʡ (1), (2) ʠ (4). 

 . (5) 

ɼʘʚʣʝʥʠʝ P ʦʪʩʯʠʪʳʚʘʣʠ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ : 

. ɿʜʝʩʴ  ð ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠ-

ʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ,  ð 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʘʢʪʠʚʘʮʠʦʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ,  ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚ-

ʣʝʥʠʷ. ʊʦʛʜʘ ʵʬʬʝʢʪʠʚʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ  

ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚʳ-

ʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (6): 

 .  (6) 

ʉʜʝʣʘʥ  r ʦʮʝʥʢʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ  ʨʝʘʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʚʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (6). ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʚ ʟʦʥʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦ 45% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ  ʧʨʠ 

P = 109 ʇʘ ʚ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ ʠ ʜʦ 24% ʚ ʩʣʫʯʘʝ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʙʦʣʴʰʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ , ʠʤʝʶʱʝʡ 

ʧʦʨʷʜʦʢ RT ʜʣʷ ʨʘʟʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. 

ɸʥʘʣʦʛʠʯʥʦ ʥʘʡʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʛʦ ʪʝʯʝ-

ʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ:  

 , (7) 

ʚ ʢʦʪʦʨʦʡ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩ ̫ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʘ ̫ʵʥʝʨʛʠ ̫ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʘ 

 ð ʢʘʢ ʩʪʘʥʜʘʨʪʥʘ ̫ʵʥʝʨʛʠ ̫ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ 

ʪʝʯʝʥʠʷ. ɿʜʝʩʴ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʣʠʯʠʥʳ 

,  ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣ ɹ

 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ  

 , (8) 

ʛʜʝ  ð ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʧʝʨʝ-

ʩʢʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ɹʘʨʫʩʘ:  

 . (9) 

ɿʜʝʩʴ 0 ð ʚʷʟʢʦʩʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ, 

 ð ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ. ʋʨʘʚʥʝʥʠʝ (8) ð 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʷʟʢʦʩʪʠ . ʀʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʝʣʠʯʠʥʳ , ʘ ʧʦ ʥʠʤ ʚʝʣʠʯʠʥʳ 

ʤʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʧʝʨʝʩʢʦʢʘ V  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (8). ɼʣʷ ʤʘʩʣʘ ʄʉ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ  = 2,410ï8 ʇʘï1, V  = 

= 60 ʩʤ3/ʤʦʣʴ; ʜʣʷ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ  = 1,210ï8 ʇʘï1, 

= 30 ʩʤ3/ʤʦʣʴ; ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʘʩʣʘ 

 = 1,310ï8 ʇʘ-1, V  = 32 ʩʤ3/ʤʦʣʴ; ʜʣʷ ʚʘʟʝʣʠʥʦʚʦ-

ʛʦ ʤʘʩʣʘ  = 2,810ï8 ʇʘï1, V  = 69 ʩʤ3/ʤʦʣʴ; ʜʣʷ ʪʫʨ-

ʙʠʥʥʦʛʦ ʤʘʩʣʘ  = 2,210ï8 ʇʘï1, V  = 54 ʩʤ3/ʤʦʣʴ; 

ʜʣʷ ʚʝʨʝʪʝʥʥʦʛʦ ʤʘʩʣʘ  = 1,810ï8 ʇʘï1, 

= 45 ʩʤ3/ʤʦʣʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩ-

ʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ14-29-00116). 
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ʉɽʂʎʀʗ 1. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʌʆʊʆʀʅɼʋʎʀʈʆɺɸʅʅɸʗ ɸʅʀɿʆʊʈʆʇʀʗ ʊʆʅʂʀʍ ʇʃɽʅʆʂ 

ɸɿʆʂʈɸʉʀʊɽʃʗ ʉ ɼʆɹɸɺʂʆʁ ʇʄʄɸ 

ɺ.ʉ. ʄʠʢʫʣʠʯ, ɺ.ʉ. ɹʝʟʨʫʯʝʥʢʦ, ɸʣ.ɸ. ʄʫʨʘʚʩʢʠʡ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; mikulich.vadim@gmail.com 

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʘʟʦʢʨʘʩʠʪʝʣʠ ʜʣʷ ʬʦʪʦ-

ʦʨʠʝʥʪʘʮʠʠ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʪʝʨʤʦ- ʠ 

ʬʦʪʦʩʪʘʙʠʣʴʥʳ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʬʦʪʦʠʥʜʫʮʠʨʦ-

ʚʘʥʥʦʡ ʵʥʝʨʛʠʝʡ ʩʮʝʧʣʝʥʠʷ ʩ ɾʂ [1]. ɺʘʞʥʳʤ ʫʩʣʦ-

ʚʠʝʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ð ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʦʜʥʦʨʦʜ-

ʥʳʭ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ. ʋʚʝʣʠʯʠʪʴ ʟʥʘʯʝʥʠʷ ʬʦʪʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ çʨʦʜ ʢʦʘʪʠʥʛʘè [2] ʠʣʠ ʚʚʝʜʝ-

ʥʠʝʤ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʘʛʨʝʛʘʮʠʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʘʟʦʢʨʘʩʠʪʝʣʝʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ: ʧʦʣʠʤʝʨʦʚ. 

ʎʝʣʴ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫ-

ʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

(ʇʄʄɸ) ʥʘ ʩʢʦʨʦʩʪʴ ʬʦʪʦʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʘʟʦ-

ʢʨʘʩʠʪʝʣʷ ʢʘʣʠʡ AtA-2 (3,7-ʙʠʩ[1-(4-ʛʠʜʨʦʢʩʠ-3- 

ʢʘʨʙʦʢʩʠʣʘʪ)ʬʝʥʠʣʘʟʦ]-5,5ô-ʜʠʦʢʩʦʜʠʙʝʥʟʦʪʠʦʬʝʥʘ) 

ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣ-

ʱʠʥʘ ʧʦʣʫʯʘʝʤʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʦʩʪʠʛʘʝʪ 

ʥʘʠʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥ, ʘ ʟʥʘʯʝʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥ-

ʥʦʛʦ DR ʧʨʠ ʦʜʥʦʡ ʜʦʟʝ ʦʙʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳ ʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʯʠʱʝʥʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋʌ-ʦʯʠʩʪʢʠ Pho-

to Surface processor PL 16-110D, SEN Lights Corp., 

ʗʧʦʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ çʨʦʜ ʢʦʫʪʠʥʛʘè ʠʟ 2% ʨʘʩ-

ʪʚʦʨʦʚ ʚ ɼʄʌɸ ʧʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ-

ʪʝʣʴʥʦʛʦ ʩʪʦʣʠʢʘ 1 ʩʤ/ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 55 Áʉ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʫʰʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚ ʚʘ-

ʢʫʫʤʥʦʤ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ 5 ʤʤ.ʨʪ.ʩʪ. ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 70 Áʉ. 

ʇʦʣʷʨʠʟʦʚʘʥʥʳʝ ʩʧʝʢʪʨ rʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳ-

ʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʋʌ/ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ 

(Ocean Optics Maya2000Pro, ʉʐɸ) ʠ ʦʙʣʫʯʘʣʠ ʧʦʣʷ-

ʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ (ɚmax = 457 ʥʤ, ʤʦʱʥʦʩʪʴ 

15 ʤɺʪ/ʩʤ2) 10 ʤʠʥʫʪ ʠ ʥʘʭʦʜʠʣʠ ʜʠʭʨʦʠʯʥʦʝ ʦʪʥʦ-

ʰʝʥʠʝ (DR) ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʦ ʬʦʨʤʫʣʝ 

DR = A  /A||, ʛʜʝ A|| ʠ A  ð ʧʦʛʣʦʱʝʥʠʝ ʣʠʥʝʡʥʦ ʧʦ-

ʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷʨʠʟʘʮʠʠ ʵʢʩʧʦʥʠʨʫ-

ʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʄʄɸ 5 ʤʘʩ.% (ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʤʘʩʩʝ ʢʨʘʩʠʪʝʣʷ) ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʪʦʥ-

ʢʠʭ ʧʣʝʥʦʢ (80ð200 ʥʤ) ʤʘʢʩʠʤʘʣʴʥʘ 

(0,19 ʝʜ.ʧʦʛʣ.), ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʧʦʛʣʦʱʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ 

(ʨʠʩ. 1). ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ 5% ʇʄʄɸ, ʘ 

ʧʘʜʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʣʫʯʘʝʤʦʡ ʧʣʝʥʢʝ. 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʄʄɸ 

ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʢʦʤʧʦʟʠʪʘ ʟʥʘʯʝʥʠʷ DR ʚʳʰʝ (DR ʙʦʣʝʝ 9) ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʩʣʦʷʤ ʘʟʦʢʨʘʩʠʪʝʣʷ AtA-2 (DR = 7) 

(ʨʠʩ. 2). ʆʜʥʘʢʦ ʩʧʫʩʪʷ 7 ʜʥʝʡ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʩ 

ʜʦʙʘʚʢʦʡ ʇʄʄɸ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʨʘʟʫʧʦʨʷ-

ʜʦʯʠʚʘʥʠʝ ʤʦʣʝʢʫʣ ʘʟʦʢʨʘʩʠʪʝʣʷ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʟʥʘʯʝʥʠʠ ɼʆ. ʏʝʨʝʟ 10 ʜʥʝʡ ʚ ʦʙʨʘʟʮʘʭ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇʄʄɸ ʤʝʥʝʝ 5% ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ DR ʦʪ ʢʦʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʥʢʠʝ ʩʣʦʠ ʢʦʤʧʦʟʠʪʘ 

ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ (0ð5%). ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 3% ʇʄʄɸ ɼʆ ʠ 

ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʘ ʜʦ-

ʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (1 ʤʝʩʷʮ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʇʄʄɸ ʜʦ 5% ʚ ʩʣʦʝ 

ʘʟʦʢʨʘʩʠʪʝʣ ̫ AtA-2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʪʦʦʨʠʝʥʪʘʮʠʠ 

ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʣʫʯʝʥʠʝʤ 

ʦʜʥʦʨʦʜʥʳʭ ʘʤʦʨʬʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʘ. 
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ʉʊʋʇɽʅʏɸʊɸʗ ɸʂʊʀɺɸʎʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ʇʆʃʀʕʌʀʈʅʓʍ 

ɺʆʃʆʂʆʅ ɼʃʗ ɺʆɼʆʉʊʆʁʂʆʁ ʆɻʅɽɿɸʑʀʊʅʆʁ ʆɹʈɸɹʆʊʂʀ 

ʆ.ɺ. ʈʝʚʘ, ɺ.ɺ. ɹʦʛʜʘʥʦʚʘ, ɸ.ʅ. ʅʘʟʘʨʦʚʠʯ, ɸ.ʉ. ʃʫʢʴʷʥʦʚ
 

 ʂʦʤʘʥʜʥʦ-ʠʥʞʝʥʝʨʥʳʡ ʠʥʩʪʠʪʫʪ ʄʏʉ ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʥʠʩʪʳʝ ʧʦʣʠʵʬʠʨʥʳʝ ʤʘʪʝʨʠʘʣʳ (ɺʇʄ), 

ʫʪʝʧʣʠʪʝʣʠ ʠ ʥʘʧʦʣʥʠʪʝʣʠ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʝʞʜʳ, ʤʝʙʝʣʠ, ʧʨʝʜʤʝʪʦʚ ʠʥʪʝʨʴʝ-

ʨʘ ʠ ʜʨ. ʇʦʣʠʵʬʠʨʥʦʝ ʚʦʣʦʢʥʦ ʧʨʦʯʥʦʝ, ʫʧʨʫʛʦʝ, ʵʣʘ-

ʩʪʠʯʥʦʝ, ʩʚʝʪʦ- ʠ ʪʝʨʤʦʩʪʦʡʢʦʝ, ʠʟʥʦʩʦʩʪʦʡʢʦʝ, ʛʠʛʠʝ-

ʥʠʯʥʦʝ, ʭʠʤʠʯʝʩʢʠ ʠ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʦʝ, ʦʜʥʘʢʦ ʚʳʩʦ-

ʢʦʛʦʨʶʯʝʝ, ʦʩʦʙʝʥʥʦ ʚ ʚʠʜʝ ʚʦʟʜʫʰʥʦ ʥʘʧʦʣʥʝʥʥʳʭ 

ʥʝʪʢʘʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ɺʇʄ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʘʣʦʛʝ-

ʥʦʚ, ʬʦʩʬʦʨʘ, ʘʟʦʪʘ, ʩʫʨʴʤʳ ʠ ʚʠʩʤʫʪʘ, ʢʦʪʦʨʳʝ ʦʙʣʘ-

ʜʘʶʪ ʚʳʩʦʢʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʛʦʨʝʥʠʷ ʢʘʢ ʚ ʛʘʟʦʚʦʡ, ʪʘʢ ʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ, 

ʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʷʜʦʚʠ-

ʪʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʛʥʝʟʘʱʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʵʬʠʨ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʪʦʢʩʠʯʥʳʤʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ ʤʝʪʘʣʣʦʬʦʩʬʘʪʘʤʠ ʦʩʣʦʞʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ ʛʦʨʝʥʠʷ ʣʠʙʦ ʥʝ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʠʥʝʨʪʥʦʡ ʧʦʣʠʵʬʠʨʥʦʡ ʤʘʪʨʠʮʝ, ʣʠʙʦ 

ʚʳʤʳʚʘʝʪʩʷ ʧʨʠ ʩʪʠʨʢʝ. ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦ-

ʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ 

ʠʥʪʝʨʤʝʜʠʘʪʠʚʥʳʭ ʩʣʦʝʚ ʧʦ ʤʝʪʦʜʫ ʭʠʤʠʯʝʩʢʦʡ ʥʘʥʦ-

ʩʙʦʨʢʠ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʭʝʤʦʩʦʨʙʮʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘʨʫʞʫ ʛʨʫʧʧʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʤʘʪʨʠʮʘð

ʤʦʜʠʬʠʢʘʪʦʨè [1ð3]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ 

ʜʣʷ ʭʝʤʦʧʨʠʚʷʟʢʠ ʘʥʪʠʧʠʨʝʥʦʚ ʢ ʠʥʝʨʪʥʳʤ ʧʦʣʠʤʝ-

ʨʘʤ ʤʦʛʫʪ ʙʳʪʴ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʩʦʝʜʠʥʝʥʠʡ ʦʣʦ-

ʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʦʯʝʥʴ ʛʣʘʜʢʠʭ 

ʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʘʭ ʠ ʟʘʪʝʤ ʧʨʠ 

ʜʘʣʴʥʝʡʰʠʭ ʦʙʨʘʙʦʪʢʘʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʦʩʪʠʢʦʚʳʝ 

ʩʚʷʟʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʠʥʪʝʨʤʝʜʠʘʪʠʚʥʳʭ ʥʘʥʦʩʣʦʝʚ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʦʙʨʘʙʦʪʢʘʭ ʤʝʪʦʜʦʤ ʠʦʥ-

ʥʦʛʦ ʦʙʤʝʥʘ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʭʝʤʦʩʦʙʮʠʠ ʤʦ-

ʞʝʪ ʧʨʦʠʟʦʡʪʠ ʭʠʤʠʯʝʩʢʘʷ çʧʨʠʰʠʚʢʘè ʘʤʤʦʥʠʡʥʦ-

ʬʦʩʬʘʪʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʪʠʧʠʨʝʥʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟ-

ʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʪʫʧʝʥʯʘʪʦʡ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ: 1) ʱʝʣʦʯ-

ʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠ-

ʤʝʨʘ ʧʦʷʚʣʷʶʪʩʷ ʨʘʩʢʨʳʪʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧ-

ʧʳ; 2) ʦʨʛʘʥʦʟʦʣʷʤʠ SnCl2, ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʣʣʦʠʜ-

ʥʳʝ ʯʘʩʪʠʮʳ c ʨʘʟʤʝʨʘʤʠ ʥʝ ʙʦʣʝʝ 20 ʥʤ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʝʤʦʩʦʨ-

ʙʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪʠʚʥʳʡ ʥʘʥʦʩʣʦʡ; 3) ʩʫʩʧʝʥ-

ʟʠʷʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʪʠʧʠʨʝʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʶʱʠʭ ʩ ʥʘʥʦʩʣʦʝʤ ʩʦʝʜʠʥʝʥʠʡ Sn(II ). ʕʪʘ ʦʙʨʘʙʦʪʢʘ 

ʧʦʟʚʦʣʠʣʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠʜʘʪʴ ʧʦʣʠʵʬʠʨʥʳʤ ʚʦʣʦʢʥʘʤ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʪʨʫʜʥʦʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢ-

ʪʘ ʢ ʩʪʠʨʢʘʤ.  

ɼʘʥʥʳʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦ-

ʩʢʦʧʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪʠʚʥʳʡ ʩʣʦʡ ʩʦʝʜʠʥʝʥʠʡ Sn(II) ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʬʠʨʘ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʚ ʦʙʲʝʤʝ ʦʨʛʘʥʦʟʦʣʷ SnCl2 ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 20 ʥʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʟʦʥʳ ʧʦʣʠʵʬʠʨʥʦʛʦ ʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪ-

ʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚ ʩʧʝʢʪʨʘʭ ʩʪʫʧʝʥʯʘʪʦ ʦʛʥʝʟʘʱʠʱʝʥʥʦʛʦ ɺʇʄ ʧʦ-

ʷʚʣʷʶʪʩʷ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷʤ ʘʟʦ-

ʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʩʦʩʪʘʚʝ ʘʥʪʠʧʠʨʝʥʘ, ʨʠʩ. 1, ʘ ʪʘʢʞʝ 

ʩʚʷʟʷʤ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʩ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʨʘʜʠʢʘ-

ʣʘʤʠ ʧʦʜʣʦʞʢʠ. ɹʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʨ-

ʛʘʥʦʟʦʣʷʤʠ ʩʦʝʜʠʥʝʥʠʡ Sn(II ) ʵʪʠ ʧʠʢʠ ʚ ʩʧʝʢʪʨʘʭ 

ɺʇʄ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʁ ʪ.  

 

 

ʈʠʩ. 1. ʈʌʕ-ʩʧʝʢʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʥʝʟʘʱʠʱʝʥʥʦʛʦ ʣʘʚʩʘʥʘ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʘʥʪʠʧʠʨʝʥʘ ʩʦʝʜʠ-

ʥʝʥʠʷʤʠ ʦʣʦʚʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʩʪʫʧʝʥʯʘʪʦʡ ʦʙʨʘʙʦʪ-

ʢʠ ʧʦʣʠʵʬʠʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʜʘ-

ʥʠʝ ɺʇʄ ʦʛʥʝʩʪʦʡʢʠʭ ʩʚʦʡʩʪʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʪʠʨ-

ʢʝ, ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ 

ʧʦʣʠɻ ʬʠʨʘʢʪʠʚʘʪʦʨʘʥʪʠʧʠʨʝʥ. 

ʆʛʥʝʚʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫ-

ʯʝʥʥʘʷ çʭʠʤʠʯʝʩʢʦʡ ʤʠʢʨʦʩʙʦʨʢʦʡè ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʠʩʪʝʤʘ ʩ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʩʚʷʟʷʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʤʘʥʝʥʪʥʫʶ ʦʛʥʝʟʘʱʠʪʫ ɺʇʄ ʥʘ ʫʨʦʚʥʝ ʇɺ-0. 
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The pull-out and microbond tests are widely used 

for interfacial bond strength investigation in fiberï

matrix systems. In these tests, an adhesional contact is 

formed between the studied fiber and a matrix droplet, 

and after matrix consolidation, the fiber is pulled out of 

the matrix, and the applied force is recorded as a func-

tion of the displacement of the loaded fiber end. Though 

these tests are experimentally extremely simple, the 

question of proper bond strength determination (i.e. ob-

taining a specific numerical value) remains rather am-

biguous. At least eight different approaches to bond 

strength determination in the pull-out and microbond 

tests have been proposed, apart from many mathemati-

cal models of the fiber pull-out and calculation of adhe-

sion strength parameters within each approach. 

These approaches can be classified according to 

the following alternative features: averaged/local (de-

termination of ñapparentò or local interfacial shear 

strength (IFSS)); stress-based/energy-based (is the ad-

hesion strength parameter and failure criterion local 

IFSS, d, or critical energy release rate, Gic); di-

rect/indirect (is the adhesional strength determined from 

individual forceïdisplacement curves or estimated from 

the data obtained for a set of specimens). Some of these 

approaches explicitly include fiberïmatrix friction as a 

separate interfacial parameter, and the other hide the ef-

fect of friction in an ñeffectiveò adhesional strength val-

ue. Since theoretical comparison of different methods of 

the pull-out and microbond data treatment has not re-

vealed a sole generally recognized one, it seems to be 

interesting to compare these methods experimentally. 

In our previous paper [1] we have shown that the 

peak force recorded in the pull-out and microbond ex-

periments can be presented as 

 Fmax = Fmax(padh, f, le, ...), (1) 

where padh is the adhesion strength parameter (d or Gic); 

f is the interfacial frictional stress in debonded regions; 

le is the embedded fiber length, and other parameters on 

the right side characterize mechanical and thermal prop-

erties of the fiber and the matrix common for all speci-

mens. Therefore, it makes sense to represent experi-

mental data as a plot of Fmax versus le (points in Fig. 1). 

This plot can also include theoretical curves correspond-

ing to different approaches (solid lines); these differ 

from each other in the mathematical form of the right 

side in Eq. (1) and in numerical values of the adhesional 

and frictional parameters estimated using the pull-out 

and microbond tests. The approach which yields the 

smallest discrepancy between its theoretical curve and 

experimental points can be regarded as the ñoptimalò 

one. 

 

 

Fig. 1. Maximum force recorded in a pull-out test as a function of the 

embedded length for glass fiber ï epoxy resin system. Filled circles 

present experimental points, solid lines correspond to different theo-

retical models: 1 ð apparent IFSS (Fmax  le); 2 ð linear model;  

3 ð direct stress-based approach with preliminary f estimation [2];  

4 ð direct energy-based approach; 5 ð indirect stress-based ap-

proach [1]; 6 ð direct stress-based approach, but d is estimated from 

the debond force [1]; 7 ð indirect energy-based approach [3] 

For the investigated glass fiber ï epoxy resin sys-

tems (typical plot is presented in Fig. 1) the best fit has 

been obtained using the stress-based approach with the 

estimation of both interfacial interaction parameters (d 

and f) for each specimen separately. However, as can 

be seen, some other models also look more or less ñade-

quatelyò. For a better comparison of theoretical models, 

a pull-out or microbond experiment on a system with 

much wider range of embedded fiber lengths may be re-

quired. 
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Adhesional strength determination using the pull-

out and microbond tests is based on the treatment of 

forceïdisplacement curves recorded in these tests. A 

typical forceïdisplacement curve is presented in Fig. 1. 

Its shape depends on three main parameters [1]: local 

interfacial shear strength (IFSS, d), frictional stress in 

debonded regions, f, and the embedded length, le. The 

interfacial interaction parameters are calculated from the 

force values at three characteristic points: the debond 

force, Fd (it does not depend on interfacial friction, and 

therefore d can be unambiguously determined from its 

value), the force corresponding to debonding comple-

tion, Fb (depends solely on f and thus can be used for 

its direct calculation), and Fmax, the peak force recorded 

in the experiment, depending on both d and f . 

 

 

Fig. 1. A typical forceïdisplacement curve for a pull-out test. The em-

bedded fiber length is le 

Traditionally, the local IFSS is calculated from the 

experimental Fd value, and the interfacial frictional 

stress is then determined from Fmax using already calcu-

lated d, or, very rarely, from Fb. However, in real ex-

periments the ñkinkò in forceïdisplacement curves cor-

responding to the debonding onset (Fd) is often hardly 

discernible, which results in large errors in measured Fd 

and, consequently, in calculated d. Therefore, we pro-

posed an ñalternativeò approach [2], in which the inter-

facial frictional stress, f, is first calculated from the ex-

perimental Fb value, and then the local IFSS is calculat-

ed from Fmax using the equation Fmax = Fmax( d, f, le) 

whose explicit form was derived in [1]. For cylindrical 

specimens, both approaches yield equal d and f values. 

However, for real droplets, especially when a meniscus 

(wetting cone) of the matrix material is present on the 

fiber, the traditional approach substantially underesti-

mates the d values (in some cases, by 30% and even 

more) [3]. The aim of this paper was to determine the 

interfacial interaction parameters for specimens with 

menisci using the ñalternativeò method and then com-

pare the calculated values with those obtained within the 

ñtraditionalò approach. 

We considered model forceïdisplacement curves 

simulated for glass fiber ð epoxy matrix specimens 

with different wetting angles [3]. The true interfacial in-

teraction parameters were set to d = 60 MPa and 

f = 5 MPa; the embedded length was 0.2 mm. As can 

be seen in Table 1, for cylindrical specimens the param-

eters calculated using either approach agreed with each 

other and coincide with the preset ñtrueò values; for real 

droplets, the smaller the wetting angle, the more the d 

values were underestimated. However, while the tradi-

tional approach for  = 10Á yielded 33% error in d (and 

f values were overestimated by 4 times!), the error in d 

in the alternative approach was only 4.5%. 

Table 1. Local IFSS and interfacial frictional stress calculated for 

droplets with menisci using the ñtraditionalò and ñalternativeò 

approaches (  is the wetting angle) 

, deg. Traditional approach Alternative approach 

d, MPa f, MPa d, MPa f, MPa 

10 40.17 20.99 57.31 5.05 

30 44.36 19.13 57.77 5.00 

60 46.48 18.49 58.55 5.04 

90 52.20 14.89 59.38 5.04 

Cylinder 60.25 5.07 60.27 5.03 

Thus, we found a new advantage of the ñalterna-

tiveò method which may be crucial for real droplets 

with menisci. Even when the real droplet shape is ig-

nored and interfacial interaction parameters are calcu-

lated using the ñequivalent cylinderò approximation, the 

alternative method yields correct f values, and the error 

in d is much smaller than for the traditional approach. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʦ ʧʦʣʠ-

ʤʝʨʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʵʪʠʣʝʥʪʝ-

ʨʝʬʪʘʣʘʪʘ (ʇʕʊ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʦʙʲʝ-

ʤʦʚ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦ-

ʟʜʘʥʠʷ ʥʘ ʙʘʟʝ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨ-

ʪʠʤʝʥʪʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʂ ʯʠʩʣʫ ʧʦʩʣʝʜʥʠʭ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʩʪʝʢʣʦʘʨʤʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʦ ʦʙʣʘʜʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʥʘʜʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʇʕʊ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʝʛʦ ʩʪʝʢʣʦʚʦʣʦʢʦʥ 

(ʉɺ). 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʇʕʊ/ʉɺ, ʢʘʢ ʠ ʣʶʙʳʭ 

ʜʨʫʛʠʭ ʩʪʝʢʣʦʘʨʤʠʨʦʚʘʥʥʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʷʚʣʷʶʪ-

ʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʤʙʠʥʘʮʠʠ ʩʚʦʡʩʪʚ ʉɺ, ʧʦʣʠʤʝʨ-

ʥʦʡ ʤʘʪʨʠʮʳ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʜʘʚʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ 

ʚʦʣʦʢʥʦðʧʦʣʠʤʝʨ. ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʤʝʞʬʘʟ-

ʥʘʷ ʘʜʛʝʟʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʨʦʯʥʦʩʪʴ ʉɺ, ʜʠʘʤʝʪʨ 

ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʦʥʦʚʦʣʦʢʦʥ (ʦʪʥʦʰʝʥʠʝ 

ʜʣʠʥʘ/ʜʠʘʤʝʪʨ) ʠ ʠʭ ʦʨʠʝʥʪʘʮʠʷ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʚ ʧʨʠʜʘʥʠʠ ʙʘʣʘʥʩʘ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʚ ʩʪʝʢʣʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ, ʧʝʨʝ-

ʨʘʙʦʪʘʥʥʳʭ ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʉɺ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢʦʤʧʘʫʥʜʠʨʦ-

ʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʨʠʯʥʦʛʦ ʇʕʊ. 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʇʕʊ 

8200, ʩʦʜʝʨʞʘʱʠʝ 0ð55 ʤʘʩ.% ʉɺ. ʅʘʨʘʙʦʪʢʫ ʩʦ-

ʩʪʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʜʚʫʭʰʥʝʢʦʚʦʡ ʵʢʩʪʨʫʟʠʦʥ-

ʥʦ-ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʣʠʥʠʠ, ʚʘʨʴʠʨʫʷ ʯʘʩʪʦʪʫ ʚʨʘʱʝ-

ʥʠʷ ʰʥʝʢʦʚ. 

ʆʙ ʠʟʤʝʥʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʇʕʊ ʩʫʜʠ-

ʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩ-

ʪʚʦʨʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʜʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩ-

ʣʦʪʝ, ʧʨʠ ʵʪʦʤ ʩʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʜʘʣʷʣʠʩʴ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘ-

ʥʠʷ. ʀʩʪʠʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʕʊ ʚ ʨʘʩʪʚʦʨʝ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦ ʫʪʦʯʥʷʣʘʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʇʕʊ ʩʥʠʞʘʝʪʩʷ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉɺ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʣʠ ʧʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ 

ʨʘʩʧʣʘʚʘ (ʇʊʈ) ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʝʢʣʦʚʦʣʦʢʥʘ 

ʇʊʈ ʩʥʠʞʘʝʪʩʷ, ʦʜʥʘʢʦ, ʩʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʜʘʞʝ ʧʨʠ 

ʚʚʝʜʝʥʠʠ 55% ʩʪʝʢʣʦʚʦʣʦʢʥʘ, ʥʝ ʩʪʦʣʴ ʚʝʣʠʢʘ, ʢʘʢ 

ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʞʠʜʘʪʴ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ, ʷʚʣʷʝʪʩʷ 

ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤ-

ʧʘʫʥʜʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʦʩʪʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʨʦʩʪʦʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʉɺ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʝʛ-

ʤʝʥʪʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʉɺ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʭʦʣʦʜʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉɺ ʚ 

ʤʘʪʝʨʠʘʣʝ. 

ɸʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʦʩʪʘʪʦʯʥʘʷ ʜʣʠʥʘ ʩʪʝʢʣʦʚʦ-

ʣʦʢʦʥ ʚ ʤʘʪʝʨʠʘʣʝ. ɺʦʣʦʢʥʘ ʧʦʣʫʯʘʣʠ ʧʦʩʣʝ ʨʘʩʪʚʦ-

ʨʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʇʕʊ ʚ ʜʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʦʣʦʢʦʥ 

ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉɺ ʚ ʤʘ-

ʪʝʨʠʘʣʝ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʚʝʣʠʯʠʥʝ 

ʧʦʨʷʜʢʘ 0,25ð0,30 ʤʤ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʪʘʪʦʯʥʦʡ ʜʣʠʥʳ 

ʚʦʣʦʢʦʥ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʥʝʢʦʚ ʵʢʩʪʨʫʜʝʨʘ 

ʧʨʠ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʠ ð ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʝʢʣʦʚʦ-

ʣʦʢʥʘ. 

ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝ-

ʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ (ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ, ʫʜʘʨ-

ʥʘʷ ʚʷʟʢʦʩʪʴ) ʠ ʬʠʟʠʯʝʩʢʠʭ (ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʩʚʦʡʩʪʚ ʇʕʊ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚ ʥʝʛʦ ʢʦʨʦʪʢʠʭ ʩʪʝʢʣʦʚʦʣʦʢʦʥ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʠʟʣʦʞʝʥʥʦʡ ʚ [1], 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʤʝʞ-

ʬʘʟʥʦʛʦ ʩʣʦʷ, ʧʦʢʘʟʘʥʘ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʢʣʦʘʨʤʠʨʦʚʘʥʥʦʛʦ 

ʇʕʊ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʦʜʛʦʪʦʚʢʠ (ʩʫʰʢʠ) ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʩʪʝʢʣʦʘʨʤʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʇʕʊ ʧʝʨʝʜ 

ʧʝʨʝʨʘʙʦʪʢʦʡ. 
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Significant part of the new developments in the 

fields of photovoltaic devices, organic light emitting di-

odes, organic field effect transistors, nano- and molecu-

lar electronics are related with hierarchically organised 

materials in multi-layered systems: self-assembled 

nanostructures, nanowires, two interpenetrated phases in 

thin films. But the stability of the nano-objects during 

exploitation frequently is low due to not equilibrium  

state of nano-sized objects. Therefore, for industrial ap-

plications the stabilisation of the nano-sized objects is 

necessary. The high stability of the nano-sized particles 

and wires should be expected in the multi-component 

thin films with polytetrafluoroethylene (PTFE) matrix. 

The already produced composite thin films are the 

PTFE or another perfluoropolymer matrix filled with 

metal or dye nanoparticles (NPs) with their arbitrary 

distribution in the matrix. The size of the metal or dye 

NPs is dependent on the metal nature, concentration and 

post-deposition treatment. The deposition conditions al-

low to control the size and shape of the NPs [1, 2]. 

 The perspective direction in the design of the 

nano-composite films with new properties seems the 

PTFE matrix, contained organised system of NPs or 

nanowires. We already obtained metal-and dye-filled 

PTFE films and self assembled nano-systems, including 

dye nanowires on the PTFE surface between two gold 

(Au) strips by self-assembly from gas phase, using spe-

cially designed sulphur-contained dyes [3ð5]. We sug-

gested, that Au NPs in the ñfurò of the dye molecules 

can be formed in PTFE matrix. The second suggestion, 

that the mesh of Au NPs, connected one with another 

with dye nanowire can be formed. The suggested organ-

ised structures are shown in Figure. 

For production of the such structures films were 

made by co-deposition of the all three components. The 

optical spectroscopy in situ showed presence both of Au 

and dye inside PTFE matrix. The obtained films will be 

studied by advanced structural sensitive methods. 

 

 1 

 2 

Figure. 1 ð Au NPs with dye ñfurò in PTFE matrix; 2 ð Au NPS 

connected with dye nanowires in PTFE matrix. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʠʤʠ (ʢʨʠʪʠʯʥʳʤʠ) ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶ-

ʱʠʤʠ ʥʘ ʩʪʝʧʝʥʴ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ (ʨʘʩʩʣʘʠʚʘʥʠʷ) 

ʘʛʨʝʛʘʪʦʚ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʧʨʠ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʠ ʚ 

ʨʘʩʧʣʘʚʝ ʧʦʣʠʤʝʨʘ, ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʦʙ-

ʨʘʙʦʪʢʠ (ʦʨʛʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ) ʛʣʠʥʳ ʠ ʤʝʞʬʘʟ-

ʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʨʛʘʥʦʛʣʠʥʦʡ ʠ ʧʦʣʠʤʝʨ-

ʥʦʡ ʤʘʪʨʠʮʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʦ 

ʚʳʧʫʩʢʘʝʤʳʝ ʦʨʛʘʥʦʛʣʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ 

ʩʦʨʙʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʠʟʙʪrʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇɸɺ 

ʚ ʦʙʲʝʤʝ ʛʘʣʝʨʝʡ. ʀʟʙʳʪʦʯʥʳʝ ʇɸɺ ʥʝ ʭʝʤʦʩʦʨʙʠʨʦ-

ʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʛʣʠʥʳ ʠ ʥʝ ʦʙʣʘʜʘ-

ʶʪ ʩʢʦʣʴ-ʥʠʙʫʜʴ ʧʨʦʯʥʦʡ ʩʚʷʟʴʶ ʩ ʥʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʠʥʝʪʠʢʫ 

ʜʝʩʦʨʙʮʠʠ (ʩʦʨʙʮʠʠ) ʚʦʜʳ ʦʨʛʘʥʦʛʣʠʥʘʤʠ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʚʦʜʳ ʠ ʥʘʣʠʯʠʷ ʩʚʷʟʘʥʥʳʭ ʠ ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʇɸɺ ʚ ʛʘʣʝʨʝʝ ʥʘ ʩʪʝʧʝʥʴ ʨʘʩʩʣʘʠʚʘʥʠʷ 

ʯʘʩʪʠʮ ʛʣʠʥʳ ʚ ʧʦʣʠʤʝʨʝ, ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦ-

ʣʠʤʝʨ/ʛʣʠʥʠʩʪʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʠʘʤʠʜ 6 

(ʤʘʨʢʘ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ) ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʆɸʆ çɻʨʦʜʥʦ ɸʟʦʪè, ʘ ʪʘʢʞʝ ʦʨʛʘʥʦʛʣʠ-

ʥʳ ʤʘʨʦʢ ʤʦʥʘʤʝʪ 101, ʤʦʥʘʤʝʪ 104 ʠ ʤʦʥʘʤʝʪ 105, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ ɿɸʆ çʄʝʪʘʢʣʵʡè (ʈʦʩʩʠʷ) ʠ Cloisite 

30Bʦʪ ʬ. ñSouthernClayProductInc.ò (ʉʐɸ). ɼʣʷ 

ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʇɸɺ, ʥʝ ʩʚʷʟʘʥʥʦʛʦ (ʥʝ ʭʝʤʦʩʦʨ-

ʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ) ʠʟ ʦʙʲʝʤʘ ʛʘ-

ʣʝʨʝʡ ʦʨʛʘʥʦʛʣʠʥ ʧʦʩʣʝʜʥʠʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʤʝʪʠ-

ʣʝʥʭʣʦʨʠʜʝ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨ ʦʪʜʝʣʷʣʠ, ʘ ʦʩʘ-

ʜʦʢ ʦʨʛʘʥʦʛʣʠʥʳ ʧʦʜʚʝʨʛʘʣʠ ʜʚʫʢʨʘʪʥʦʡ ʧʨʦʤʳʚʢʝ 

ʚ ʤʝʪʠʣʝʥʭʣʦʨʠʜʝ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

100 Áʉ. ɼʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʣʠʯʠʝ ʚʦʜʳ ʠ 

ʇɸɺ ʚ ʠʩʭʦʜʥʳʭ ʦʨʛʘʥʦʛʣʠʥʘʭ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʠ ʇɸɺ ʚ ʦʨʛʘʥʦʛʣʠʥʘʭ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʨʛʘʥʦʛʣʠʥʳ 

ɺʣʘʞʥʦʩʪʴ, 

% 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʇɸɺ, ʤʘʩ.% 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝ ʩʚʷʟʘʥʥʦʛʦ 

ʇɸɺ, ʤʘʩ.% 

ʄʦʥʘʤʝʪ 101 1,63 42,3 21,3 

ʄʦʥʘʤʝʪ 104 1,76 38,8 22,5 

ʄʦʥʘʤʝʪ 105 1,25 40,9 22,7 

Cloisite 30B 1,51 27,9 20,8 

 

ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʇɸ6/ʛʣʠʥʘ ʧʦʣʫʯʘʣʠ ʢʦʤʧʘʫʥ-

ʜʠʨʦʚʘʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʩʪʨʫ-

ʟʠʦʥʥʦ-ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʣʠʥʠʠ ʥʘ ʙʘʟʝ ʜʚʫʭʰʥʝʢʦ-

ʚʦʛʦʵʢʩʪʨʫʜʝʨʘ ʊSSK-35/40 (ʜʠʘʤʝʪʨ ʰʥʝʢʦʚ 35 ʤʤ, 

ʦʪʥʦʰʝʥʠʝ L/D = 40). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ (ʥ-

ʇʂʄ) ʚ ʨʘʩʧʣʘʚʝ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ ʠʟʣʠʰʢʦʚ ʩʦʨʙʠʨʦ-

ʚʘʥʥʦʡ ʦʨʛʘʥʦʛʣʠʥʦʡ ʚʦʜʳ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦ-

ʮʝʩʩʳ ʩʦʨʙʮʠʠ (ʜʝʩʦʨʙʮʠʠ) ʚʦʜʳ ʦʨʛʘʥʦʛʣʠʥʦʡ ʠʤʝʶʪ 

ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 1). ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ 20 ʤʠʥ 

ʭʨʘʥʝʥʠʝ ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʨʛʘʥʦʛʣʠʥʘ ʩʦʨʙʠʨʫʝʪ 

ʜʦ 50% ʚʦʜʳ ʦʪ ʝʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

 

ʘ   ʙ 

 

ʈʠʩ. 1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʦʨʛʘʥʦʛʣʠ-

ʥʳʤʦʥʘʤʝʪ 101 ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʩʫʰʢʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 100 Áʉ (ʘ) ʠ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ  23Áʉ (ʙ) 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳ-

ʩʫʰʠʚʘʥʠʝ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʚʣʠʷʝʪ, ʘ ʫʜʘʣʝʥʠʝ ʠʟʙʳʪʢʘ ʥʝʩʚʷʟʘʥʥʦʛʦ ʇɸɺ ʠʟ 

ʦʙʲʝʤʘ ʛʘʣʝʨʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʠʣʴʥʦʤʫ ʠʟʤʝʥʝ-

ʥʠʶ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ d001 (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʨʛʘʥʦʛʣʠʥʳ ʤʝʪʘʤʦʥ 

101: 1 ð ʠʩʭʦʜʥʘʷ ʦʨʛʘʥʦʛʣʠʥʘ, 2 ð ʚʳʩʫʰʝʥʥʘʷ; 3 ð ʥʝ ʩʦʜʝʨ-

ʞʘʱʘʷ ʥʝʩʚʷʟʘʥʥʳʝ ʇɸɺ, 4 ð ʦʪʦʞʞʝʥʥʘʷ ʧʨʠ 600 Áʉ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʫʜʘʣʝʥʠʝ ʥʝʩʚʷʟʘʥʥʦʛʦ 

ʇɸɺ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʨʝʬʣʝʢʩʘ 

d001 ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʥʠʞʝʥʠʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʤʝʥʴʰʝ-

ʥʠʠ ʦʙʲʝʤʘ ʛʘʣʝʨʝʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʭʫʜʰʝʥʠʝ ʵʢʩʬʦʣʠʨʦʚʘʥʠʷʦʨʛʘʥʦʛʣʠʥʳ ʚ ʦʙʲʝʤʝ 

ʧʦʣʠʤʝʨʘ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʥ-ʇʂʄ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ 

ʧʨʠʤʝʥʷʝʤʦʡ ʦʨʛʘʥʦʛʣʠʥʳ ʫʩʪʘʥʦʚʣʝʥʦ ʥʫʢʣʝʠʨʫ-

ʶʱʝʝ ʚʣʠʷʥʠʝ ʝʝ ʜʦʙʘʚʦʢ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʇɸ6. 
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ɸ.ɸ. ɼʘʚʳʜʦʚ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 

otdel5mpri@tut.by 

ʇʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʝʟʛʘʣʦʛʝʥʥʳʭ ʠ ʙʝʟʬʦʩʬʦʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ 6. ɺ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʦʛʦ ʘʥʪʠʧʠʨʝʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʠʤ-ʪʨʠʘʟʠʥʘ ʩ ʩʠʥʝʨʛʠʯʝʩʢʠʤʠ ʜʦʙʘʚʢʘʤʠ ʠ ʤʦʜʠ-

ʬʠʢʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʦʛʥʝʛʘʩʷʱʠʡ ʵʬ-

ʬʝʢʪ ʠ ʪʨʝʢʠʥʛʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʘʤʠʜʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʛʥʝʩʪʦʡʢʠʭ ʧʦʣʠʘʤʠʜʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʢʩʪʨʫʟʠʦʥʥʦʤ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʵʢʩʪʨʫʟʠʦʥʥʦ-ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʣʠʥʠʠ ʥʘ ʙʘʟʝ ʜʚʫʭ-

ʰʥʝʢʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ TSSK-35/40 (ʂʅʈ). ʇʦʩʢʦʣʴ-

ʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ (ʬʘʢʪʦʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʘʫʥʜʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ) 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʛʥʝʛʘʩʷʱʝʛʦ ʜʝʡʩʪʚʠʷ ʘʥʪʠʧʠʨʝʥʘ ʠ ʩʠʥʝʨʛʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ, ʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʛʥʝʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʵʢʩʪʨʫʜʝʨʘ ʦʩʥʘʱʘʣʠ ʰʥʝ-

ʢʘʤʠ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳ-

ʤʠ ʜʣʷ ʪʦʥʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʚ ʧʦʣʠʤʝʨ-

ʥʦʤ ʨʘʩʧʣʘʚʝ. ʕʪʠ ʰʥʝʢʠ ʠʤʝʶʪ ʜʚʝ ʧʝʨʝʤʝʰʠʚʘʶ-

ʱʠʝ ʢʫʣʘʯʢʦʚʳʝ ʩʝʢʮʠʠ ʠ ʦʜʥʫ ʩʝʢʮʠʶ, ʩʦʦʙʱʘʶ-

ʱʫʶ ʨʘʩʧʣʘʚʫ ʪʨʘʝʢʪʦʨʠʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʥʘʧʨʘʚʣʝʥʠʶ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚ ʜʚʠʞʫʱʝʤʩʷ ʨʘʩʧʣʘʚʝ ʠ 

ʫʣʫʯʰʘʝʪ ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʧʣʘʚ ʚʳ-

ʜʘʚʣʠʚʘʣʠ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʩʪʨʝʥʛ ʠʟ ʬʠʣʴʝʨʳ ʤʘʪʝ-

ʨʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʧʦʜʚʝʨʛʘʣʠ ʚʦʜʷʥʦʤʫ ʠ ʚʦʟ-

ʜʫʰʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ. ʊʨʠʘʟʠʥʦʚʳʡ ʘʥʪʠʧʠʨʝʥ ʠ 

ʜʨʫʛʠʝ ʜʦʙʘʚʢʠ ʩʤʝʰʠʚʘʣʠ ʩ ʧʦʣʠʘʤʠʜʦʤ ʚ ʪʨʝʙʫʝ-

ʤʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʜʚʫʭʣʦʧʘʩʪ-

ʥʦʤ ʩʤʝʩʠʪʝʣʝ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʠ ʩʦʵʢʩʪʨʫʟʠʶ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʧʣʘʚʝ ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘ-

ʣʘ. ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʥʫʣʷʪ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ (100 Ñ 5) ʉ ʜʦ ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 

0,15% ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʪʝʨʤʦ-

ʧʣʘʩʪʘʚʪʦʤʘʪʝ ʤʘʨʢʠ EN-30 (ʊʘʡʚʘʥʴ) ʣʠʪʴʝʤ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ: ʣʦʧʘʪʦʢ 

ʪʠʧʘ 5 ʧʦ ɻʆʉʊ 11262 ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝ-

ʥʠʝ; ʙʨʫʩʢʠ ʨʘʟʤʝʨʦʤ 120 10 4 ʤʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʝʛʦʨʠʠ ʩʪʦʡʢʦʩʪʠ ʢ ʛʦʨʝʥʠʶ ʧʦ ɻʆʉʊ 28157; 

ʜʠʩʢʠ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʪʨʝʢʠʥʛʦʩʪʦʡʢʦʩʪʠ 

ʧʦ ʉʊɹ IEC 60112. ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ 

ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʨʘʟʨʳʚʥʦʡ 

ʤʘʰʠʥʝ Instron 5657 (ʉʐɸ). ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʚʦʡʩʪʚ ʦʛʥʝʩʪʦʡʢʠʭ ʧʦʣʠʘʤʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʠʘʤʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʦʩʪʘʚ ʂɻ ʨ, ʄʇʘ ʨ, % ʘ, ʢɼʞ/ʤ2 I, ɺ 

ʇɸ6 ɻʦʨʠʪ 55  84 ʥ/ʨ (7,2) ð 

ʇɸ6 + ɸʇ ʇɺ-0 54 12 52 525 

ʇɸ6 + ɸʇ + ʄʦʜ ʇɺ-0 65 14 45 600 

ʇʨʠʤʝʯʘʥʠʷ: ʂɻ ð ʢʘʪʝʛʦʨʠʷ ʩʪʦʡʢʦʩʪʠ ʢ ʛʦʨʝʥʠʶ; ʨ ð ʧʨʦʯ-

ʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ ( ð ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ); ʘ ð ʫʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ ʧʦ ʐʘʨʧʠ ʙʝʟ ʥʘʜʨʝʟʘ, ʚ ʩʢʦʙʢʘʭ ʩ ʦʩʪʨʳʤ ʥʘʜʨʝʟʦʤ; 

ʨ ð ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ; ʥ/ʨ ð ʥʝ ʨʘʟʨʫʰʘʝʪ-

ʩʷ; I ð ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ ʪʨʝʢʠʥʛʦʩʪʦʡʢʦʩʪʠ; ɸʇ ð ʘʥʪʠ-

ʧʠʨʝʥ; ʄʦʜ ð ʤʦʜʠʬʠʢʘʪʦʨ. 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʧʦʣʠʘʤʠʜʥʳʭ ʩʦʩʪʘʚʘʭ ʥʘʨʷʜʫ ʩ ʘʥʪʠʧʠʨʝʥʦʤ ʩʠ-

ʥʝʨʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʝʡ ʩʪʦʡʢʦʩʪʠ ʢ 

ʛʦʨʝʥʠʶ ʇɺ-0 (V-0 ʧʦ UL-94) ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʠʥ-

ʜʝʢʩʦʤ ʪʨʝʢʠʥʛʦʩʪʦʡʢʦʩʪʠ 600ɺ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʘʢʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʜʦʙʘʚʦʢ ʥʘ ʧʨʦʮʝʩʩ ʪʝʨʤʦʦʢʠʩ-

ʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʟʦʥʝ ʛʦʨʝ-

ʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʩʢʦʨʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʰʠʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʪʨʳʚ ʛʦʨʷʱʠʭ ʢʘʧʝʣʴ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʝʡ ʩʪʦʡʢʦʩʪʠ 

ʢ ʛʦʨʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦ-

ʨʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʛʥʝʩʪʦʡʢʠʭ ʠ ʪʨʝʢʠʥʛʦʩʪʦʡʢʠʭ 

ʧʦʣʠʘʤʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʚʳ-

ʙʦʨ ʜʦʙʘʚʦʢ-ʩʠʥʝʨʛʠʩʪʦʚ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʠʥʝʨʛʠʯʝʩʢʠ ʫʩʠʣʠʚʘʶʪ ʦʛʥʝʛʘʩʷʱʠʡ ʵʬʬʝʢʪ ʙʘʟʦ-

ʚʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʥʪʠʧʠʨʝʥʦʚ ʠ ʫʚʝʣʠʯʠʚʘʶʪ 

ʪʨʝʢʠʥʛʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʘʤʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠ,̫ ʠ ʷʚʣʷʶʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʧʦ ʚʘʞ-

ʥʝʡʰʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ. 
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1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; dubkovav52@gmail.com 
2ʅʀʀ ʠʤʧʫʣʴʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; e-mail: lsudnik@tut.by 

3ʆʆʆ çʂʦʤʧʦʟʠʮʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè, ʉʦʣʠʛʦʨʩʢ, ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʤʝʨʥʘʷ ʢʦʤʧʦʟʠʪʥʘʷ ʘʨʤʘʪʫʨʘ, ʦʙʣʘʜʘʶ-

ʱʘʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠ-

ʚʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʥʘʭʦʜʠʪ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʛʨʘʞʜʘʥʩʢʦʤ ʠ ʜʦ-

ʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ ʧʨʦʧʠʪʦʢ ʠ ʧʦʢʨʳʪʠʡ, ʧʦʚʳʰʘ-

ʶʱʠʭ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ 

ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʫʛʣʝʨʦʜʘ) ʵʧʦʢ-

ʩʠʜʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝ ʤʝʥʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʝ, ʥʦ ʙʦʣʝʝ ʜʝʰʸʚʳʝ ʥʘʥʦʢʝʨʘʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʪʦʨʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʥʘʥʦ-

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡ-

ʩʪʚʘ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʦʣʠʤʝʨʥʘʷ ʢʦʤʧʦʟʠʪʥʘʷ ʘʨʤʘʪʫʨʘ ʠʟʛʦʪʘʚʣʠ-

ʚʘʣʘʩʴ ʧʦ ʥʦʚʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ (ʊʋ ɺʋ 690732376.001-2012) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʠ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʦʥʦʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ 

(ʙʝʤʠʪ) ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦ 400 ʤ2/ʛ, ʩʪʝ-

ʧʝʥʴʶ ʜʠʩʧʝʨʩʥʦʩʪʠ < 100 ʥʤ. ɹʝʤʠʪ ʧʦʣʫʯʘʣʠ ʤʝ-

ʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʷ ʤʘʨʦʢ ɸʉɼ-4 ʠ ɸʉɼ-6 ʚ ʅʀʀ 

ʠʤʧʫʣʴʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ [1]. ʄʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʡ, ʘʢʫʩʪʠʯʝʩʢʠʡ, 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʡ, ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘ-

ʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʝ ʚ ʵʧʦʢʩʠʜʥʦʝ ʩʚʷ-

ʟʫʶʱʝʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʙʝʤʠʪʘ ʧʨʝʜʝʣ ʧʨʦʯ-

ʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʧʦʣʠʤʝʨʥʦʡ ʘʨʤʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʥʘ 5,0ð10,6%, ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʘ 6,3ð11,0% 

(ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ 5 ʤʘʩ.% ʥʘʧʦʣʥʝʥʠʠ), ʧʨʠ ʩʞʘʪʠʠ 

ʥʘ 95,0ð150,3% (ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠ 

10 ʤʘʩ.% ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʤʠʪʘ; ʫʩʠʣʠʝ ʧʨʠ ʠʩʧʳʪʘ-

ʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʝʯʝʥʠʶ ʘʨʤʘʪʫʨʳ). ɼʠʥʘʤʠ-

ʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʨʤʘʪʫʨʳ ʧʨʠ ʚʚʝʜʝʥʠʠ 1 

ʤʘʩ.% ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘ ʚʦʟʨʘʩʪʘʝʪ 

ʥʘ 17% (ʪʘʙʣ. 1). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʝʨʤʦʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘʢʫʩʪʠʯʝʩʢʠʭ, ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝ-

ʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚʚʦʜʠʤʳʡ 

ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʘʢʪʠʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʝʢ-

ʣʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʨʤʘʪʫʨʳ 

ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠ ʩʪʝʢʣʦʚʦʣʦʢʦʥ 

ʉ, 

ʤʘʩ.% 
Ŭ, % ɟ, ʢʛ/ʤ3 ůʩʞ, 

ʄʇʘ 
ɽ, ɻʇʘ 

ůʠʟʛ, 

ʄʇʘ 
ůʨ, 

ʄʇʘ 
L, % 

0 98,9 2023,2 211,3 60,2 586 882 1,87 

1 96,7 2017,3 412,1 70,4 642 938 1,93 

5 95,7 1935,7 474,9 57,7 648 979 1,93 

10 97,6 1951,5 528,9 51,3 634 963 1,86 

20 97,0 1949,5 482,1 48,8 615 937 0,0 

ʆʙʦʟʥʘʯʝʥʠʝ: ʉ ð ʩʦʜʝʨʞʘʥʠʝ ʙʝʤʠʪʘ; Ŭ ð ʩʪʝʧʝʥʴ ʦʪʚʝʨʞʜʝ-

ʥʠʷ; ɟ ð ʧʣʦʪʥʦʩʪʴ; ůʨ ð ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ; 

ůʩʞ ð ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ; ůʠʟʛ ð ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ; L ð ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ; ɽ ð ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦ-

ʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. 

 

ʅʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʢʦʤʧʦ-

ʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʤʠʪʘ ʫʢʘʟʳʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ, ʚʨʝʤʝʥʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʘ ʪʘʢ-

ʞʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʪʚʝʨʞʜʸʥʥʦʤ ʦʙʨʘʟʮʝ ʠ 

ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʡ ʰʢʘʣʝ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ.  

ɺʳʚʦʜʳ 

ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʦʥʦʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠ-

ʥʠʷ (ʙʝʤʠʪ) ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ, ʫʣʫʯʰʘʶʱʠʤ ʝʸ ʪʝʭ-

ʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 
1. ʉʫʜʥʠʢ ʃ.ɺ., ɺʠʪʷʟʴ ʇ.ɸ., ʀʣʴʶʱʝʥʢʦ ɸ.ʌ. ʠ ʜʨ. ʌʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦ-

ʨʦʰʢʦʚ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ð ʄʠʥʩʢ: ɹʝʣʘʨʫʩʢʘʷ ʥʘʚʫ-

ʢʘ. ð 2010 
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ʊɽʇʃʆʇʈʆɺʆɼʅɸʗ ʕʇʆʂʉʀɼʅɸʗ ʂʆʄʇʆɿʀʎʀʗ 

ɼʀʉʇɽʈʉʅʆ ʋʇʈʆʏʅɪʅʅɸʗ ʂɸʈɹʀɼʆʄ ʂʈɽʄʅʀʗ 

ɺ.ʀ.
 
ɼʫʙʢʦʚʘ

1
, ʃ.ʄ. ɺʠʥʦʛʨʘʜʦʚ

2
, ɺ.ɸ. ɹʦʨʦʜʫʣʷ

2
, 

ʆ.ʀ. ʄʘʝʚʩʢʘʷ
1
, ʃ.ɽ. ɽʚʩʝʝʚʘ

2
, ʊ.ʀ. ʇʠʥʯʫʢ 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; dubkovav52@gmail.com 
2ʀʥʩʪʠʪʫʪ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʙʤʝʥʘ ʠʤ. ɸ. ɺ. ʃʳʢʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ʕʧʦʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜ-

ʥʘʢʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʵʧʦʢʩʠʜʥʳʝ ʢʦʤ-

ʧʦʟʠʮʠʠ ð ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʥʠʟ-

ʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠʟʜʝʣʠʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ.  

ʎʝʣʴ ʨʘʙʦʪʳ ð ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʡ ʵʧʦʢʩʠʜʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʨʘʟʮʳ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʣʫʯʘʣʠ ʥʘ 

ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʜʠʘʥʦʚʦʡ ʩʤʦʣʳ ʕɼ-20 ʠ ʤʝʣʢʦ-

ʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ 

ʀʊʄʆ ʅɸʅ ɹʝʣʘʨʫʩʠ ʤʝʪʦʜʦʤ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʝʟʸʤʘ ʚ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʤ 

ʢʠʧʷʱʝʤ ʩʣʦʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʫʯʝʥʳ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʘʢʫʩʪʠʯʝʩʢʠʝ, ʪʝʨʤʠʯʝ-

ʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤ-

ʧʦʟʠʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʜʦ 60 ʤʘʩ.%.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʙʝʪʘ-ʤʦʜʠʬʠʢʘʮʠʠ (ɓ-SiC) ʠ ʥʘ 86 ʤʘʩ.% ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʤʫʘʩʩʘʥʠʪ 3ʉ ʢʫʙʠʯʝʩʢʦʡ ʠ ʥʘ 7 ʤʘʩ.% 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢ-

ʪʫʨʘʭ SiC ʠʤʝʶʪʩʷ ʛʣʦʙʫʣʷʨʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʥʠ-

ʪʝʚʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʮʝ-

ʧʦʯʢʠ ʢ ʜʠʘʤʝʪʨʫ å (5ï10) : 1. ʇʨʠ ʚʚʝʜʝʥʠʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʚ ʵʧʦʢʩʠʜʥʦʝ ʩʚʷʟʫʶʱʝʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠ-

ʮ ,r ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʦʪʜʝʣʴʥʳʤʠ ʛʣʦʙʫʣʘʤʠ ʧʦ 

ʦʙʲʸʤʫ ʧʦʣʠʤʝʨʘ ʠ ʧʦ ʢʦʥʪʫʨʫ ʢʨʘʸʚ ʩʢʣʘʜʦʢ 

(ʨʠʩ. 1). ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʤʫ, ʠʟʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ ʩʚʦʡʩʪʚʘ ɻʧʦʢʩʠʧʦʣʠʤʝʨʘ, ʦʪʚʝʨʞʜʸʥʥʦʛʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦ-

ʚʳʰʝʥʠʷ ʥʘ 35ð46 ʉ, ʜʣʷ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʩʦ-

ʩʪʘʚʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 50 ʉ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ 

ɺʠʢʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝ-

ʬʦʨʤʘʮʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʜ-

ʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ. ʅʘʙʣʶʜʘʝʤʦʝ ʫʣʫʯʰʝʥʠʝ ʪʝʨʤʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʜʠʩʧʝʨʩʥʦ 

ʫʧʨʦʯʥʸʥʥʦʡ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ, ʨʘʩʰʠʨʷʝʪ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʣʦʪʥʦʩʪ ɹʦʪʚʝʨʞʜʸʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʚrhʘʝʪʩʷ ʚ 

1,1ð1,4 ʨʘʟ; ʪʚʸʨʜʦʩʪ ɹʧʦ ɺʠʢʢʝʨʩʫ ʚ 1,3ð1,6 ʨʘʟ; 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚ 1,2ð1,75 ʨʘʟ, ʜʠʥʘ-

ʤʠʯʝʩʢʠʡ ʤʦʜʫʣ ɹ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥ-

ʥʳʭ ʩʦʩʪʘʚʦʚ ʚ 4,9ð6,7 ʨʘʟ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʦ-

ʟʠʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ 60 ʤʘʩ.% ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨ-

ʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʙʣʘʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ 1,05 ɺʪ/(ʤĀʂ) ʧʨʠ ï125 ʉ ʠ 1,17 ʧʨʠ 

+125 ʉ, ʯʪʦ ʚ 5,4 ʠ 4,3 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʚʳ-

ʰʘʝʪ ʜʣʷ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʝʥʘʧʦʣʥʝʥʥʦʡ.  

 

 

 ǆȊǳȄȅȁǽ ǳȀǳǾǻǺǳ M ȈLGGGG  

 ʉʧʝʢʪʨ C, % Si, % 

ʉʧʝʢʪʨ 1 97,1 2,9 

ʉʧʝʢʪʨ 2 97,9 2,1 

ʉʧʝʢʪʨ 3 98,3 1,7 

ʉʧʝʢʪʨ 4 97,6 2,4 

ʉʧʝʢʪʨ 5 96,2 3,8 

ʉʧʝʢʪʨ 6 97,2 2,8 

ʉʧʝʢʪʨ 7 97,5 2,5 

ʉʧʝʢʪʨ 8 97,6 2,4 

ʈʠʩ. 1. ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʢʦʣʦʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ 60 ʤʘʩ.% SiC 

ɺʳʩʦʢʦʥʘʧʦʣʥʝʥʥʘʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʢʘʨʙʠ-

ʜʦʤ ʢʨʝʤʥʠʷ ʵʧʦʢʩʠʜʥʘ ̫ʢʦʤʧʦʟʠʮʠ ̫ʦʙʣʘʜʘʝʪ ʧʦ-

ʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʛʦʨʘʥʠʶ ʠ ʧʦʩʣʝ ʚʳ-

ʛʦʨʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʞʝʪ ʜʣʠʪʝʣʴ-

ʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ ʩ ʩʦʭʨʘʥʝ-

ʥʠʝʤ ʬʦʨʤʳ.  

mailto:dubkovav52@gmail.com


ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʉɽʂʎʀʗ 1. ʉʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 

34 

ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʕʃɽʂʊʈʆʀɿʆʃʗʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʆɻʆ ʅɸɿʅɸʏɽʅʀʗ  

ɺ.ʀ. ɿʫʙʢʦ, ɼ.ɺ. ɿʫʙʢʦ, ɻ.ʅ. ʉʠʮʢʦ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; Zubko@bsu.by. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩ ̫ ʜʠʵʣʴʢʦʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʭ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦʨʤʘʤ ʨʝʛʣʘʤʝʥʪʠʨʦ-

ʚʘʥʥʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ: ɻʉʇ-8, ɸɻ-4ɺ,  

ɼʉɺ-20. ɼʣʷ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʦʟʜʘʥʥʘʷ ʚ 

ʅʀʃ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤ ɹɻʋ ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʜʠʵʣʴʢʦʤʝʪʨʠʯʝʩʢʘʷ 

ʫʩʪʘʥʦʚʢʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ: ʚʳʩʦʢʦʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʝʤʢʦʩʪʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʮʠʬʨʦ-

ʚʦʡ ʠʟʤʝʨʠʪʝʣʴ ʠʤʤʠʪʘʥʩʘ ʠ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴ-

ʶʪʝʨ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʤʠʢʨʦʚʠʥʪʦʤ, ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʧʦʜʚʠʞʥʳʤ ʜʠʩʢʦʚʳʤ 

ʵʣʝʢʪʨʦʜʦʤ, ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʩ ʥʝʧʦ-

ʜʚʠʞʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦ-

ʨʳʭ ʦʪʰʣʠʬʦʚʘʥʳ, ʦʪʧʦʣʠʨʦʚʘʥʳ, ʭʨʦʤʠʨʦʚʘʥʳ ʠ 

ʧʨʠʪʝʨʪʳ ʜʨʫʛ ʢ ʜʨʫʛʫ [1]. 

 ɼʠʵʣʴʢʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦ-

ʜʠʣʠ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙ-

ʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʷʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1,2%.

 ʊʘʙʣʠʮʘ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʕʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʧʨʝʩʩ-ʤʘʪʝʨʠʘʣ ɻʉʇ-8 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʆʧʨʝʜʝʣʷʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʇʦ ɻʆʉʊ 17478-95 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 5,420 ʅʝ ʙʦʣʝʝ 7,0 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ 0,021 ʅʝ ʙʦʣʝʝ 0,04 

ʕʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ɸɻ-4ɺ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
 

8,65 

ʇʦ ɻʆʉʊ 20437-89 

ʅʝ ʙʦʣʝʝ 7,0 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ 0,05 ʅʝ ʙʦʣʝʝ 0,04 

ɼʦʟʠʨʫʶʱʠʡ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʡ ʧʨʝʩʩ-ʤʘʪʝʨʠʘʣ ɼʉɺ-20 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
 

6,65 

ʇʦ ɻʆʉʊ 17478-89 

ʅʝ ʙʦʣʝʝ 7,0ð8,0 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ 0,020 ʅʝ ʙʦʣʝʝ 0,05 

  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʷʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ɸɻ-4ɺ ʠʟ ʦʜʥʦʡ ʧʘʨʪʠʠ ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʤʝʶʪ ʟʘʚʳʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝ-

ʣʠ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛ-

ʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ɸɻ-4ɺ, 

ʨʘʚʥʳ 8,65 ʠ 0,5, ʪʦʛʜʘ ʢʘʢ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 20437-89 

ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ 7,0 ʠ 0,04, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʷʪʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʤʘʪʝʨʠʘʣʦʚ ɻʉʇ-8 ʠʟ 

ʨʘʟʥʳʭ ʧʘʨʪʠʡ ð ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʩʪʘʥʜʘʨʪʦʤ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʥʘʷ ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʜʠ-

ʵʣʴʢʦʤʝʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ, ʨʝʛʣʘʤʝʥʪʠ-

ʨʦʚʘʥʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʣʠ ʥʝʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

 
1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʡ: ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ (ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ) ˉ 9001 ʦʪ 28.02.2013ʛ. / ɿʫʙʢʦ ɼ.ɺ., ɿʫʙʢʦ ɺ.ʀ. 
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ʅ.ʊ. ʂʘʭʨʘʤʘʥʦʚ
1
, ɸ.ɻ. ɸʟʠʟʦʚ

1
, ʐ.ʈ. ɹʘʛʠʨʦʚʘ

2
 

1ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʉʫʤʛʘʠʪ, ɸʟʝʨʙʘʡʜʞʘʥ; najaf1946@rambler.ru 
 2ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʤ. ʖ. ʄʘʤʝʜʘʣʠʝʚʘ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʫʣʫʯʰʝʥʠʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʠʨʦʣʴʥʳʭ ʧʣʘʩʪʠʢʦʚ 

ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʠʭ ʩʦʩʪʘʚ ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʦʜʠʬʠʢʘ-

ʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʪʩʦʧʦʣʠʤʝʨʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʠʩʪʠʨʦʣ (ʇʉ), ʫʜʘʨʦʧʨʦʯʥʳʡ ʧʦʣʠʩʪʠʨʦʣ (ʋʇʉ) 

ʠ ʘʢʨʠʣʦʥʠʪʨʠʣ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣʴʥʳʡ ʩʦʧʦʣʠʤʝʨ 

(ɸɹʉ). ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʩʪʠʨʦʣʴʥʳʭ 

ʧʣʘʩʪʠʢʦʚ ʚ ʠʭ ʩʦʩʪʘʚ ʚʚʦʜʠʣʠ ʤʦʜʠʬʠʢʘʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʛʨʘʬʪʩʦʧʦʣʠʤʝʨʦʚ ʘʪʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʠʧʨʦ-

ʧʠʣʝʥʘ (ʘʇʇ) ʩ ʧʨʠʚʠʪʳʤʠ ʟʚʝʥʴʷʤʠ ʩʪʠʨʦʣʘ [ʧʦ-

ʣʠ(ʧʨʦʧʠʣʝʥ-ʧʨ-ʩʪʠʨʦʣ)] ʠ ʧʨʠʚʠʪʳʤʠ ʮʝʧʷʤʠ ʩʦ-

ʧʦʣʠʤʝʨʘ ʩʪʠʨʦʣʘ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ (ʉɸʅ) ð [ʧʦ-

ʣʠ(ʧʨʦʧʠʣʝʥ-ʧʨ-ʉɸʅ)]. ʇʦʣʠ(ʧʨʦʧʠʣʝʥ-ʧʨ-ʩʪʠʨʦʣ) 

ʚʚʦʜʠʣʠ ʚ ʩʦʩʪʘʚ ʋʇʉ, ʘ ʧʦʣʠ(ʧʨʦʧʠʣʝʥ-ʧʨ-ʉɸʅ) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʦʩʪʘʚʝ ɸɹʉ. ɼʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ 

ʩʤʝʩʠ ʉu2O/CuO ʩ ʨʘʟʤʝʨʦʤ 30ð50 ʥʤ. ʇʦʩʣʝ ʩʫʭʦ-

ʛʦ ʩʤʝʰʝʥʠʷ ʩʪʠʨʦʣʴʥʦʛʦ ʧʣʘʩʪʠʢʘ ʩ 5,0 ʤʘʩ.%. ɻʉ ʠ 

ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ (CuO/Cu2O), ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʦʜʥʦʰʥʝʢʦʚʦʤ ʵʢʩʪʨʫʜʝʨʝ. ʈʘʟʨʫ-

ʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 11262ï80. ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʫʜʘʨʥʫʶ 

ʧʨʦʯʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʩʣʝʜʦʚʘʣʠ ʧʦ ɻʆʉʊ 

4648ï71 ʠ ʧʦ ɻʆʉʊ 4647ï80.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʦ ʜʘʥʥʳʤ ʜʠ-

ʣʘʪʦʤʝʪʨʠʠ ʚʚʝʜʝʥʠʝ 10 ʤʘʩ.% ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʋʇʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʤʫ 

ʩʥʠʞʝʥʠʶ ʝʛʦ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠ ʧʦʚʳʰʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤ-

ʧʝʨʘʪʫʨ. ɺʦʟʨʘʩʪʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʘʧʦʣʥʝʥʥʦʡ ʢʦʤ-

ʧʦʟʠʮʠʠ ʋʇʉ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʩʣʝʜʥʠʝ ʧʨʦʷʚ-

ʣʷʶʪ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʇʦ ʚʩʝʡ ʚʝ-

ʨʦ̫ʪʥʦʩʪʠ, ʤʝʭʘʥʠʟʤ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʞʝ ʚ ʘʤʦʨʬʥʦʡ ʩʨʝʜʝ ʤʘʢʨʦʤʦ-

ʣʝʢʫʣʳ ʧʦʣʠʩʪʠʨʦʣʴʥʦʡ ʤʘʪʨʠʮʳ ʤʦʛʫʪ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʤʝʨʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚʦʢʨʫʛ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʝʦʙʨʘʟʥʳʭ ʧʣʦʪʥʳʭ 

ʩʣʦʝʚ. ʇʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʝʤ, ʯʪʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 

ʚʦʢʨʫʛ ʥʘʥʦʯʘʩʪʠʮ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʛʦʤʦʧʦʣʠʤʝʨʘ (ʧʦʣʠʩʪʠʨʦʣʘ ʠʣʠ ʉɸʅ), ʥʦ ʠ ʤʘʢʨʦ-

ʮʝʧʠ ʧʨʠʚʠʪʦʛʦ ʩʦʧʦʣʠʤʝʨʘ.  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ) 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʦʙʨʘʟʮʘʭ ʇʉ ʩ 5ð7 ʤʘʩ.% ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʛʨʫ-

ʙʦʜʠʩʧʝʨʩʥʳʭ ʦʜʥʦʪʠʧʥʳʭ ʧʦʨʦʰʢʦʚ. ʇʨʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʚʳʰʝ 7 ʤʘʩ.% ʧʨʦʠʩʭʦʜʠʪ ʨʝʟ-

ʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʉ. ʇʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʧʨʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʠʭ ʘʛʨʝʛʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ ʥʘʨʫʰʝʥʠʝʤ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʣʦʙʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ-

ʣʠʩʪʠʨʦʣʴʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʩʥʠʞʝʥʠʠ ʝʝ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʩʥʠʞʘʝʪ-

ʩʷ ʦʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (34,0 ʄʇʘ) ʜʦ 

ʤʠʥʠʤʫʤʘ (12 ʄʇʘ), ʪ.ʝ. ʚ 2,8 ʨʘʟʘ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟ-

ʛʠʙ ʚ 3,5 ʨʘʟʘ, ʫʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ ʚ 4,3 ʨʘʟʘ. ɺʩʝ ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʮʝʣʦʤ ʭʨʫʧʢʦʩʪʴʶ ʠʩʭʦʜʥʦʡ ʧʦʣʠ-

ʩʪʠʨʦʣʴʥʦʡ ʤʘʪʨʠʮʳ. 

ɼʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʋʇʉ ʠ ɸɹʉ ʤʘʢʩʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʝʜʝʣʘʭ 10 ʤʘʩ.%. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ 

ʪʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʇʉ ʚ ʩʦʩʪʘʚʝ ʋʇʉ ʠ ɸɹʉ ʠʤʝ-

ʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʙʫʪʘʜʠʝʥʦʚʳʡ ʢʘʫʯʫʢ, ʘ ʪʘʢʞʝ ʧʨʠ-

ʚʠʪʦʡ ʩʦʧʦʣʠʤʝʨ ʙʫʪʘʜʠʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ (ɹɼʂ) ʩʦ 

ʩʪʠʨʦʣʦʤ ʠʣʠ ʙʫʪʘʜʠʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʩ ʉɸʅ. ɺ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʢʘʫʯʫʢʦʚʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʫʝʪ ʧʨʠ ʵʪʦʤ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʫʯʫʢʦʚʦʡ ʬʘʟʳ ʚ 

ʩʦʩʪʘʚʝ ʋʇʉ ʠ ɸɹʉ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

12ð15 ʤʘʩ.%. ʉʚʦʝʦʙʨʘʟʥʳʝ ʦʩʪʨʦʚʢʠ, ʦʙʨʘʟʦʚʘʥ-

ʥʳʝ ʵʣʘʩʪʦʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʬʘʢʪʠʯʝʩʢʠ ʙʣʦʢʠ-

ʨʫʶʪ ʠʣʠ ʛʘʩʷʪ ʧʨʦʮʝʩʩ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʨʘʩʪʘʥʠʷ 

ʪʨʝʱʠʥʳ ʚ ʧʦʣʠʤʝʨʥʦʤ ʦʙʲʝʤʝ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʩ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʤʝʩʪʘʭ ʩ ʥʘʠʤʝʥʴ-

ʰʝʡ ʧʣʦʪʥʦʩʪʴʶ, ʪ.ʝ. ʚ ʵʣʘʩʪʦʤʝʨʥʦʡ ʬʘʟʝ ʋʇʉ ʠ 

ɸɹʉ, ʯʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʦʙʲʷʩʥʷʝʪ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʣʫʯʰʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʧʦʣʥʠ-

ʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʫʶ ʢʦʤʧʘʪʠʙʠʣʠʟʠʨʫʶʱʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʛʨʘʬʪʩʦʧʦʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ, ʣʦʢʘʣʠʟʫ-

ʷʩʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚ 

ʤʝʞʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ɹɼʂ, ʚʝʜʫʪ ʩʝʙʷ, 

ʢʘʢ çʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦè. ɽʩʪʴ ʧʦʣ-

ʥʦʝ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʩʦʙ-

ʩʪʚʝʥʥʦ, ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʧʦ-

ʚʳʰʝʥʠʷ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʪʠʨʦʣʥɹʳʭ ʧʣʘʩʪʠʢʦʚ. 

mailto:najaf1946@rambler.ru


ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʉɽʂʎʀʗ 1. ʉʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 

36 

ʊɽʈʄʆʇʃɸʉʊʓ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ 

ʅɸʅʆʏɸʉʊʀʎɸʄʀ ɼʀʆʂʉʀɼɸ ʂʈɽʄʅʀʗ 

ɸ.ɺ. ʂʨʘʚʮʝʚʠʯ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ 

ʠʤ. ɸ.ɺ. ʃʳʢʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʨʦʜʥʦ, ɹʝʣʘʨʫʩʴ; krautsevich_a@tut.by 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘ-

ʥʠʷ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦ-

ʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [1, 2]. ʈʘʟʨʘʙʦʪ-

ʢʘ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʣʦʞʥʷʝʪʩʷ 

ʩʢʣʦʥʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ ʢ ʘʛʨʝʛʠʨʦʚʘʥʠʶ, ʩʣʝʜ-

ʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʤʝʞ-

ʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʛʝʪʝʨʦʛʝʥ-

ʥʳʭ ʬʘʟ, ʘ ʟʘʯʘʩʪʫʶ ʠ ʫʭʫʜʰʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʝ ʣʠʪʴʝʚʳʝ ʦʙʨʘʟʮʳ, ʵʢʩʪʨʫʟʠʦʥʥʳʝ 

ʧʣʝʥʢʠ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʘʜʛʝʟʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʪʝʨʤʦʧʣʘʩʪʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʤʘʨʦʢ 

çʊʘʨʢʦʩʠʣè ʊ50 ʠ ʊ150 (ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

50õ70 ʠ 130õ150 ʤ2/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦʣʫʯʝʥʥʳʝ 

ʠʩʧʘʨʝʥʠʝʤ ʯʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʩ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (ʦʢʦʣʦ 

3000 Áʉ) ʧʘʨʘ [3]. ʅʘʥʦʯʘʩʪʠʮʘʤʠ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ: ʧʦʣʠʘʤʠʜ 6 (ʇɸ6) 

ʤʘʨʢʠ 210/310, ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʇʕʅʇ) ʤʘʨʢʠ 10803-020, ʩʦʧʦʣʠʤʝʨ ʵʪʠʣʝʥʘ ʩ ʚʠ-

ʥʠʣʘʮʝʪʘʪʦʤ (ʉʕɺɸ) ʤʘʨʢʠ 11708-210. ʃʠʪʴʝʚʳʝ 

ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇɸ6 ʠʣʠ ʇʕʅʇ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ 0,1õ5,0 ʤʘʩ.% ʥʘʥʦʯʘʩʪʠʮ ʊ150 ʧʦʣʫʯʝ-

ʥʳ ʩ ʧʦʤʦʱʴʶ ʜʚʫʰʥʝʢʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ ʩ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʦʪʣʠʚʢʦʡ ʦʙʨʘʟʮʦʚ ʥʘ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʝ. 

ɼʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʪʴ-

ʝʚʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 11262. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʇʕʅʇ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,05õ0,5 ʤʘʩ.% ʥʘʥʦ-

ʯʘʩʪʠʮ ʊ50 ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʵʢʩʪʨʫʟʠ-

ʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɼʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 10354. ʊʘʢʞʝ ʫ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦ-

ʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ ASTM E 96 ʠ ISO 2528, ʢʠʩʣʦʨʦ-

ʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ ASTM 

D1434, ISO 2556, ISO 15105-1. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʛʝʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʜʚʫʰʝʥʢʦʚʦʡ ʵʢʩʪʨʫʟʠʠ ʧʦʣʫʯʘ-

ʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʉʕɺɸ, ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 0,1õ4,0 ʤʘʩ.% ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʊ50 

ʠʣʠ ʊ150. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʧʨʦ-

ʚʝʜʝʥʦ ʧʦ ɻʆʉʊ 14759. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʩʢʣʝʠʚʘʥʠʷ ʚʳʙʨʘʥʘ ʦʮʠʥʢʦʚʘʥʥʘʷ 

ʩʪʘʣʴ, ʢʦʪʦʨʫʶ ʩʢʣʝʠʚʘʣʠ ʨʘʩʧʣʘʚʦʤ ʉʕɺɸ ʩ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ 170Áʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ ʣʠʪʴʝʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʇɸ6 ʜʦ 16%. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʣʠʪʴʝʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕʅʇ ʜʦ 10%. ʕʢʩʪʨʫʟʠʦʥ-

ʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʇʕʅʇ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦ 25% ʧʨʦʯʥʦʩʪʴʶ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʩʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʦʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʠ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ 13 ʠ 20% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦ-

ʚʝ ʉʕɺɸ ʧʦʟʚʦʣʷʣʠ ʧʦʣʫʯʘʪʴ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʧʨʠ ʩʜʚʠʛʝ ʜʦ 1,6 ʨʘʟ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʊ50 ʠ ʜʦ 2-ʭ ʨʘʟ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʊ150. 

ʇʨʦʯʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʫ ʣʠʪʴ-

ʝʚʳʭ ʦʙʨʘʟʮʦʚ, ʧʣʝʥʦʢ, ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʚʣʠʷʥʠʷ ʘʛʨʝʛʘʮʠʠ ʯʘ-

ʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʩʝʯʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʨʫ-

ʰʘʶʱʝʡ ʩʠʣʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ʊ12ʉʆ-033). 
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ɺʃʀʗʅʀɽ ʉʆʉʊɸɺɸ ʂɸʈɹʆʂʉʀʃʀʈʆɺɸʅʅʆɻʆ ʇʆʃʀɸʂʈʀʃɸʄʀɼɸ ʅɸ 

ʇʈʆʎɽʉʉʓ ɼɽʉʊʈʋʂʎʀʀ ʀ ɼɽʂɸʈɹʆʂʉʀʃʀʈʆɺɸʅʀʗ ʄɸʂʈʆʄʆʃɽʂʋʃ 

ʇʈʀ ʈɸɼʀɸʎʀʆʅʅʆʄ ʉʐʀɺɸʅʀʀ ɺ ʈɸʉʊɺʆʈɽ 

ʃ.ʇ. ʂʨʫʣʴ
1
, ʊ.ɻ. ɼʘʥʠʣʦʚʠʯ

2
, ʃ.ʀ. ʉʘʣʴʥʠʢʦʚ

3
 

1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; krul@bsu.by 
2ʋʯʨʝʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
3ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʷʜʝʨʥʳʭ ʧʨʦʙʣʝʤ ð ʉʦʩʥʳ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʛʠʜʨʦʛʝʣʠ 

(ʇʕɻɻ) ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ (ʂʇɸɸ), ʦʪ-

ʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʚʦʜʦʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʤʷʥ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʚʝʛʝ-

ʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ [1ð3]. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʂʇɸɸ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʂʇɸɸ ʠ ʩʚʦʡʩʪʚʘ ʇʕɻɻ, ʠʟʤʝʥʷ-

ʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʧʦʙʦʯʥʳʭ ʨʘ-

ʜʠʦʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʥʫ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʘ, ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʭʦ-

ʪʷ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ 

ʤʦʛʫʪ ʩʢʘʟʘʪʴʩʷ ʢʘʢ ʥʘ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʇʕɻɻ, ʪʘʢ ʠ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘ-

ʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʇʕɻɻ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʂʇɸɸ ʩ 

ʫʯʝʪʦʤ ʧʨʦʪʝʢʘʥʠʷ ʧʦʙʦʯʥʳʭ ʨʘʜʠʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʂʇɸɸ ʜʚʫʭ ʤʘʨʦʢ: ʧʨʝʧʘʨʘʪ 

ɺʈʇ-3, ʧʦʣʫʯʝʥʥʳʡ ʱʝʣʦʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʧʦʣʠʘʢ-

ʨʠʣʦʥʠʪʨʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʥʠʪʨʦʥ ɼ (ʆɸʆ çʃʝʩʦʭʠ-

ʤʠʢè, ʛ. ɹʦʨʠʩʦʚ, ɹʝʣʘʨʫʩʴ) ʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜ ʤʘʨʢʠ 

FP-07 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ SNF Floerger (ʌʨʘʥʮʠʷ). 

ʈʘʜʠʘʮʠʦʥʥʦʝ ʩʰʠʚʘʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝ-

ʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ -ʣʫʯʘʤʠ 
60ʉʦ ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦʟʳ 0,22 ɻʨ/ʩ. ɺʝʣʠʯʠʥʫ ʧʦ-

ʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 2 ʜʦ 60 ʢɻʨ. ʇʕɻɻ 

ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ ʚ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʝ ʧʨʠ 85 ʉ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʚ ʂʇɸɸ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦ-

ʚʘʥʠʷ, ʜʣʠʥʫ ʮʝʧʠ ð ʚʠʩʢʦʟʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ çRheotest 2è, 

ʚʝʣʠʯʠʥʳ ʛʝʣʴ-ʬʨʘʢʮʠʠ ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʇʕɻɻ ð 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ -ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʦʜ-

ʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʝʧʘʨʘʪʘ ɺʈʇ-3, ʧʦʣʠʤʝʨʥʘʷ ʦʩʥʦʚʘ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ ʮʝ-

ʧʷʤʠ (ʩʨʝʜʥʝʚʷʟʢʦʩʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ M ʦʢʦ-

ʣʦ 7,1Ā104) ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ (ʦʢʦʣʦ 70%), ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʜʝʢʘʨ-

ʙʦʢʩʠʣʠʨʦʚʘʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʉʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʦʪ 2 ʜʦ 30 ʢɻʨ, ʜʦ-

ʩʪʠʛʘʷ ʧʦʯʪʠ 50% ʧʨʠ 30 ʢɻʨ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʧʨʠ ʝʝ 

ʠʟʤʝʥʝʥʠʠ ʦʪ 1,0 ʜʦ 20,0 ʤʘʩ.%. ɼʣʷ ʧʦʣʠʤʝʨʘ ʤʘʨ-

ʢʠ FP-307 ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ (7,8%) ʠ ʚʳʩʦʢʦʡ M (ʦʢʦʣʦ 5,6Ā106) ʜʝʢʘʨ-

ʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʠʥ-

ʪʝʥʩʠʚʥʦ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘ-

ʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʮʝʧʠ, ʘ 

ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪ ʣʠʥʝʡʥʦʡ ʢ 

ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʠ ʩʰʠʪʦʡ. ʊʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʪʘ-

ʨʝʥʠʝ ʇʕɻɻ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʢʘʨʙʦʢʩʠʣʠ-

ʨʦʚʘʥʠʝʤ, ʜʝʩʪʨʫʢʮʠʝʡ, ʨʘʟʚʝʪʚʣʝʥʠʝʤ ʠ ʩʰʠʚʘʥʠʝʤ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴ-

ʥʝr ʧʨʦʮʝʩʩ rʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʜʝʧʦʣʠʤʝʨʠʟʘ-

ʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʩʥʠʞʝʥʠʶ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʇʕɻɻ ʥʘ ʦʩʥʦʚʝ ʂʇɸɸ, 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥ r ʜʣʷ ʚʳʩʦʢʦʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʢʩʠ-

ʣʘʪʥʳʭ ʛʨʫʧʧ, ʯʝʤ ʜʣʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠ-

ʤʝʨʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʡ 

ʧʨʝʧʘʨʘʪ ɺʈʇï3 ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʕɻɻ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʳʨʴʝʤ. ʆʩ-

ʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʦʨʶʯʠʭ 

ʩʣʘʥʮʝʚ ð ʩʣʘʥʮʝʚʦʝ ʤʘʩʣʦ, ʛʦʨʶʯʠʝ ʛʘʟʳ ʩ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ, ʩʤʦʣʳ, ʧʦʣʫʢʦʢʩ ʠ ʩʣʘʥʮʝʚʘʷ ʟʦ-

ʣʘ. ʆʜʥʠ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʘ 

ʜʨʫʛʠʝ ð ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʳʨʴʸʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʬʝʥʦʣʦʚ, ʤʘʩʪʠʢ, ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʨʝʟʠʥʳ, 

ʢʣʝʝʚʳʭ ʚʝʱʝʩʪʚ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʫʙʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ 

ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ [1, 2]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦʣʦʚ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʘʥʠʦʥʥʳʭ ʇɸɺ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʩʣʘʥʮʝʚʳʝ 

ʬʝʥʦʣʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʳʩʦʢʦʚʷʟʢʫʶ ʘʩʩʦʮʠʠʨʦ-

ʚʘʥʥʫʶ ʩʤʝʩʴ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ ʜʚʫʭʘʪʦʤʥʳʭ ʬʝʥʦ-

ʣʦʚ ʚ ʩʦʩʪʘʚʝ: 5-ʤʝʪʠʣʨʝʟʦʨʮʠʥ, 2,5-ʜʠʤʝʪʠʣʨʝʟʦʨʮʠʥ, 

4,5-ʜʠʤʝʪʠʣʨʝʟʦʨʮʠʥ, 5-ʵʪʠʣʨʝʟʦʨʮʠʥ, ʨʝʟʦʨʮʠʥ ʠ ʜʨʫ-

ʛʠʝ ʘʣʢʠʣʨʝʟʦʨʮʠʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʇɸɺ ʙʳʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʵʤʫʣʴʛʘʪʦʨʳ, ʩʦʩʪʘʚ, ʤʘʩ.%: ʜʠʪʘ-

ʣʘʥ-ʆʊS-45(Alk-ʉʅ2-ʆSO3NH4 ð 40; ʧʦʣʠʵʪʠʣʝʥʛʣʠ-

ʢʦʣʴ ð 2; ʤʦʯʝʚʠʥʘ ð 5; ʧʦʣʠʬʦʩʬʘʪ ʘʤʤʦʥʠʷ ð 2; 

ʚʦʜʘ ð 51); ʧʨʦʛʨʝʩʩ(Alk-(ʉʅ)-ʆSO3Me ð 30; ʩʫʣʴ-

ʬʘʪʳ ʂ ʠ Na ð 4; ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ð 3,5, 

ʦʩʪʘʣʴʥʦʝ ʚʦʜʘ); ʚʦʣʛʦʥʘʪ (R-ʉʅSO3Na ð 40ð45; 

ʦʩʪʘʣʴʥʦʝ ʚʦʜʘ ð 50); ʥʝʠʦʥʦʛʝʥʥʦʝ ʇɸɺ ð ñʆʇ-10ñ. 

ɺʷʟʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʠʟʤʝʨʷʣʠ ʚ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʨʦʪʘʮʠʦʥʥʦʛʦ 

ʚʠʩʢʦʟʠʤʝʪʨʘ ñReotest-2ò. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦ-

ʣʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʇɸɺ. 
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ʆʇ-10  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦʣʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʵʤʫʣʴʛʘʪʦʨʘ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʷʟʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʥʠ-

ʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʠʦʥʥʦʛʦ ʇɸɺ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ (ʆʇ-10) 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʷʟʢʦʩʪʴ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦʣʦʚ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʘʩʩʦʮʠʘʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʠʦʥʥʳʭ ʇɸɺ 

ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʤʝʣʢʠʭ ʩʪʘʙʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

(ʤʠʮʝʣʣ). ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʚʳʚʦʜʘ ʤʦʞʝʪ ʩʣʫ-

ʞʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʤʝʩʠ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦʣʦʚ ʩ ʘʥʠʦʥ-

ʥʳʤ ʵʤʫʣʴʛʘʪʦʨʦʤ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡ-

ʯʠʚʳʤʠ, ʚʷʟʢʦʩʪʴ ʠʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʪʘ-

ʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ. ʅʘ ʨʠʩ. 2 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥ-

ʥʳʭ ʩʤʝʩʝʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʢʠʣʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠ ʚʷʟʢʦʩʪʴ 

ʩʠʤʙʘʪʥʦ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʥʠ-

ʦʥʥʦʛʦ ʇɸɺ. ʀʟʣʦʤʳ ʥʘ ʦʙʝʠʭ ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʣ-

ʢʠʣʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (0,014; 0,024 ʤʦʣ.ʜ.), ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʂʂʄ1 ʠ ʂʂʄ2 ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ 

ʨʘʟʤʝʨʳ (ʠʣʠ ʬʦʨʤʘ) ʤʠʮʝʣʣ. 
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ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠɺʷʟʢʦʩʪʴ  

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʚʷʟʢʦʩʪʠ ʩʣʘʥʮʝʚʳʭ ʬʝ-

ʥʦʣʦʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʣʢʠʣʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʚʟ̫ʢʦʩʪʠ ʩʣʘʥʮʝʚʳʭ ʬʝʥʦʣʦʚ ʚ 7ð8 ʨʘʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʥʠʦʥʥʳʭ ʵʤʫʣʴʛʘʪʦʨʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʬʝʥʦʣʴʥʦʛʦ ʧʝʥʦʧʣʘʩʪʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ (ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʣʦʚ) ʥʘ 15ð25 ʉ, ʪʝʤ ʩʘ-

ʤʳʤ ʫʚʝʣʠʯʠʪʴ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʩʤʝʰʝʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʥʦʧʣʘʩʪ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʢʦʤ-

ʧʦʟʠʮʠʡ ʩ ʘʥʠʦʥʥʳʤʠ ʇɸɺ, ʦʙʣʘʜʘʝʪ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴ-

ʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʠʟʛʠʙ, ʩʪʝʧʝʥʴ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ~ 10% [3]. 
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39 

ɺʃʀʗʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉʄɸɿʂʀ ʅɸ ʈɽʆʃʆɻʀʏɽʉʂʀɽ ʀ 

ʇʈʆʏʅʆʉʊʅʓɽ ʉɺʆʁʉʊɺɸ ʇʆʃʀʄɽʈ-ʄʀʅɽʈɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ, 

ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ ʇʃɸʉʊʌʆʈʄʆɺɸʅʀʗ 

 ʂ.ʉ. ʅʦʩʦʚ, ɽ.ʄ. ʃʘʧʰʠʥʘ
 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨ-ʤʠʥʝʨʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʠʟʜʝʣʠʡ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ, ʩ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʤʝʩʠ ʚ ʨʘʩʧʣʘʚʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʦʮʝʩʩ ʧʨʝʩʩʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʧʨʝʩʩʬʦʤʘʭ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʡ ʧʦʚʳʰʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʢʚʘʨ-

ʮʝʚʳʭ ʯʘʩʪʠʮ ʚ ʨʘʩʧʣʘʚʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪ-

ʩ ̫ ʦʛʨʘʥʠʯʝʥʠʝ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʝʩʩʬʦʨʤʝ, 

ʚʩʣʝʜʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʫʩʠʣʠʡ ʩʜʚʠʛʘ ʢʘʢ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩʧʣʘʚʘ, ʪʘʢ ʠ ʤʝʞʜʫ ʨʘʩʧʣʘ-

ʚʦʤ ʠ ʧʨʝʩʩʬʦʨʤʦʡ, ʯʪʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨ-

ʛʦʟʘʪʨʘʪʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʝʛʦ ʧʝʨʝ-

ʨʘʙʦʪʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʝʘ-

ʨʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʮʠʥʢʘ ʠ ʠʭ ʩʤʝʩʝʡ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨ-ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʷʚʣʷʝʪ-

ʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʨʦʠ-

ʪʝʣʴʥʳʡ (ɻʆʉʊ 8736ï93), ʬʦʨʤʦʚʦʯʥʳʡ (ʆɸʆ çɻʦ-

ʤʝʣʴʩʢʠʡ ʣʠʪʝʡʥʳʡ ʟʘʚʦʜ çʎʝʥʪʨʦʣʠʪèè) ʧʝʩʦʢ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 315 ʠ 500 ʤʢʤ. ʠ ʜʝʬʝʢʘʪ ð ʦʪʭʦʜ 

ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʉʣʫʮʢʦʛʦ ʩʘʭʘʨʦʨʘ-

ʬʠʥʘʜʥʦʛʦ ʟʘʚʦʜʘè, ʠʤʝʶʱʠʡ ʩʦʩʪʘʚ, ʤʘʩ.%: 

CaCO3 ð 65,5ð77,8; MgCO3 ð 3,4ð8,6; Al 2O3 ð 

0,2ð3,8; P2O5 ð 0,9ð1,3; Fe2O3 ð 0,2ð1,0; ʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʚʝɦ ʝʩʪʚʘ 12,0ð15,0. 

 ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠʤʝʥʷ-

ʣʠ ʚʪʦʨʠʯʥʳʝ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʧʦʣʠʦʣʝʬʠʥʳ ʚ 

ʯʘʩʪʥʦʩʪʠ ʇʕɺɼ (ɺʋ 490315959.013.2011), ʇʕʅɼ 

(ʊʋ ɺʋ 490315959.013.2011) ʠ ʇʇ (ʊʋ ʈɹ 

500055085.011-2004).  

ɺ ʢʘʯʝʩʪʚʝ ʣʫʙʨʠʢʘʥʪʘ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʤʘʟʢʠ) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ (ʊʋ 34767516-

003:2008) ʠ ʮʠʥʢʘ (ʊʋ 2432-062-56856807-06). 

ʂʦʤʧʦʟʠʮʠʠ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʣʘʚʠʣʴʥʦʩʤʝʩʠʪʝʣʴʥʦʤ 

ʘʛʨʝʛʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʧʦʣʠʤʝʨʦʚ.  

ʆʙʨʘʟʮʳ ʧʦʣʫʯʘʣʠ ʭʦʣʦʜʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʩ ʧʨʠʣʦʞʝʥʠʝʤ 

ʥʘʛʨʫʟʢʠ 16 ʪʦʥʥ/ʩʤ2.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʠʩʩʣʝʜʦʚʘ-

ʣʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʩʪʝʥʜʝ INSTRON 5567 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (ɻʆʉʊ 

11262ï80).  

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʣ̫ʠ ʧʦ 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʜʠʘʤʝʪʨʫ ʧʫʪʝʤ ʨʘʟʜʘʚʣʠʚʘʥʠʷ ʪʘʙ-

ʣʝʪʢʠ ʧʦʣʠʤʝʨ-ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʦʙʦ-

ʛʨʝʚʘʝʤʳʤʠ ʧʣʠʪʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʝʜʝʣʘʭ 

100ð170 ʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʝʢʫʯʝʩʪʠ ʧʦʣʠʤʝʨ-ʤʠʥʠʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴ ʩʪʝ-

ʘʨʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʮʠʥʢʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:0,5ð1,0 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʝʝ ʩʦʜʝʨʞʘʥʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʚ 

ʧʨʝʜʝʣʘʭ 1,5ð2,5 ʤʘʩ.%. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ 30ð35%. ʇʨʠ 

ʵʪʦʤ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʚʦʟ-

ʨʘʩʣʠ ʥʘ 20%. ʋʣʫʯʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʝʤ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʨʝʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʧʣʘʚʘ ʧʦʣʠʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʧʦʣʠʤʝʨʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʘʛʨʝ-

ʛʘʪʝ ʠ ʧʨʝʩʩʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩ-

ʧʣʘʚʘ ʠ ʤʝʞʜʫ ʨʘʩʧʣʘʚʦʤ ʠ ʧʨʝʩʩʬʦʨʤʦʡ, ʯʪʦ ʦʪʨʘ-

ʞʘʝʪʩʷ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʢʘʯʝ-

ʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠ-

ʤʘʣʴʥʘʷ ʨʝʮʝʧʪʫʨʘ ʧʦʣʠʤʝʨ-ʤʠʥʝʨʘʣʴʥʦʡ ʩʤʝʩʠ, 

ʚʢʣʶʯʘʶʱʘʷ: ʚʪʦʨʠʯʥʳʡ ʧʦʣʠʤʝʨ (20 ʤʘʩ.%), ʬʦʨ-

ʤʦʚʦʯʥʳʡ ʧʝʩʦʢ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 315 ʠ 500 ʤʢʤ 

(69 ʤʘʩ.%), ʜʝʬʝʢʘʪ (10 ʤʘʩ.%) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʜʦʙʘʚʢʫ (1 ʤʘʩ.%). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 115ð130 ʉ. 

ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʨʝ-

ʮʝʧʪʫʨ ʠ ʚʳʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ (ʪʨʦʪʫʘʨʥʘʷ ʧʣʠʪʢʘ, ʙʦʨʜʶʨ-

ʥʳʡ ʢʘʤʝʥʴ, ʜʨʝʥʘʞʥʳʝ ʠ ʣʠʚʥʸʚʳʝ ʩʠʩʪʝʤʳ, ʢʦʤ-

ʤʫʥʠʢʘʮʠʦʥʥʳʝ ʢʦʣʦʜʮʳ, ʢʨʦʚʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʨʘʟʣʠʯʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ) ʜʣʷ ʞʠ-

ʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʪʨʦʠʪʝʣʩɹʪʚʘ. 
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ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʛʨʘʥʠʯʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʧʦ ʢʘʙʝʣʴʥʳʤ ʰʘʭʪʘʤ 

ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʜʝʣʢʦʡ ʤʝʩʪ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ɻʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʩʝʪʴʶ ʥʝʛʦʨʶʯʠʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʩʤʝ-

ʩʷʤʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʧʨʷʞʝʥʦ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʟʘ-

ʜʝʣʢʠ ʠ ʧʦʩʪʝʧʝʥʥʳʤ ʝʝ ʨʘʟʨʫʰʝʥʠʝʤ, ʯʪʦ ʚ ʩʣʫ-

ʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʩʦʩʫ 

ʚʦʟʜʫʭʘ ʚ ʟʦʥʫ ʚʦʟʛʦʨʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʦ-

ʞʘʨʘ ʧʦ ʢʘʙʝʣʴʥʳʤ ʰʘʭʪʘʤ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʦʛʥʝʟʘʱʠʱʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʚʩʧʝ-

ʥʠʚʘʝʤʳʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʞʝʩʪʢʠʝ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʳ (ʇʇʋ), ʦʙʣʘʜʘʶʱʠʝ 

ʚʳʩʦʢʦʡ ʫʧʨʫʛʦʩʪʴʶ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʚʚʝʜʝ-

ʥʠʝ ʟʘʤʝʜʣʠʪʝʣʝʡ ʛʦʨʝʥʠʷ ʚ ʇʇʋ, ʢʦʪʦʨʳʝ ʧʦʜʙʠ-

ʨʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠ [1ð3], ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʦʙ-

ʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʚʝʨʜʦʡ ʧʝʥʳ ʠ ʝʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʛʥʝʟʘʱʠɦ ʝʥʥʦʡ 

ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʤʘʨʢʠ çʀʟʦʣʘʥ-

125è, ʙʳʩʪʨʦ ʦʙʨʘʟʫʶʱʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʫʶ ʧʝ-

ʥʫ. ʀʩʩʣʝʜʫʝʤʳʝ ʟʘʤʝʜʣʠʪʝʣʠ ʛʦʨʝʥʠʷ: ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʝ ʥʝʪʦʢʩʠʯʥʳʝ ʘʤʤʦʥʠʡʥʳʝ ʬʦʩʬʘʪʳ ʜʚʫʭ- 

ʠ/ʠʣʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʳ ʤʝ-

ʪʘʣʣʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʄʝʪʦʜʦʤ ʧʦʣ-

ʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧ-

ʪʠʤʘʣʴʥʘʷ ʨʝʮʝʧʪʫʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʤʝʜʣʠʪʝ-

ʣʷ ʛʦʨʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ: NH3:P2O5:SO3:CaO: 

MgO:Cl = 0,44:2,72:1,67:1:2,86:1,06.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʩʩʦ-

ʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ: ʬʦʩʧʦʣʠʦʣ : ʠʟʦ-

ʮʠʘʥʘʪ : ʘʥʪʠʧʠʨʝʥ = 1:1:0,35 ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʪʠ-

ʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ, ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ ʦʛʥʝʩʪʦʡʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʇʇʋ 

ʤʘʨʢʠ çʀʟʦʣʘʥ-125è.  

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ ʦ 

ʧʨʦʮʝʩʩʘʭ, ʦʢʘʟʳʚʘʶʱʠʭ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʝʢʨʘʱʝʥʠʝ ʛʦʨʝʥʠʷ ʇʇʋ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʬʘʢʪʦ-

ʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʛʥʝʟʘʱʠʱʝʥʥʦʛʦ ʇʇʋ (ʧʦʪʝʨʷ ʤʘʩʩʳ 

(æm) ʥʝ ʚʳʰʝ 60%, ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ (ætmax) ʥʝ ʚʳʰʝ 60 C), 

ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʡʜʝʥʦ, ʯʪʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʇʇʋ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦ-

ʛʦʨʶʯʠʤ, ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʣʠʙʦ ʘʟʦʪʘ ʠ ʭʣʦʨʘ 

ʚ ʦʛʥʝʟʘʱʠʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 

0,7ð1,6 ʤʘʩ.%, ʬʦʩʬʦʨʘ ʥʝ ʤʝʥʝʝ 1,25 ʤʘʩ.%. 

ɺʝʜʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʪʠʧʠʨʝʥʦʚ ʚ ʩʦʩʪʘʚ 

ʬʦʩʧʦʣʠʦʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪ 

ʚʩʧʝʥʠʚʘʥʠʝ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʇʇʋ, ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʩʫʩʧʝʥʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʝʜʠʤʝʥʪʘʮʠʷ ʪʚʝʨʜʳʭ ʯʘ-

ʩʪʠʮ. ʅʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʪʘʙʠʣʠʟʠ-

ʨʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʦʣʠʦʣʴʥʫʶ ʢʦʤʧʦʟʠ-

ʮʠʶ ʚʚʝʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʙʦʣʝʝ 1 ʤʘʩ.%. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʨʘʩʩʣʦʝʥʠʷ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʇɸɺ ʦʛʥʝʟʘʱʠʱʝʥʥʦʡ ʢʦʤʧʦ-

ʟʠʮʠʠ: ʧʦ ʤʝʨʝ ʝʝ ʭʨʘʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝ-

ʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠ ʙʦʣʝʝ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʙʲʝʤʫ ʬʦʩʧʦʣʠʦʣʘ, 

ʯʝʤ ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ, ʨʠʩ. 1.  
 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʘʥʪʠʧʠʨʝʥʘ ʚ ʬʦʩʧʦ-

ʣʠʦʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʛʝʢʩʘʜʝʮʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ  

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʚʳʟʚʘʥ ʨʘʟʘʛʨʝʛʘʮʠʝʡ ʩʣʠʧ-

ʰʠʭʩʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʚʩʣʝʜʩʪʚʠʝ ʤʝʜʣʝʥʥʦʛʦ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʡ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ʚ ʚʷʟʢʦʡ 

ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʦʛʥʝʟʘʱʠʱʝʥʥʦʛʦ 

ʇʇʋ ʚ ʢʘʙʝʣʴʥʳʭ ʰʘʭʪʘʭ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʧʦʪʝʨʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʝʚʳʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʦʙʦʣʦʯʢʠ ʢʘʙʝʣʷ) ʚ 

ʪʝʯʝʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ-

ʣʫʯʝʥʥʳʡ ʪʨʫʜʥʦʛʦʨʶʯʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠ-

ʘʣ ʥʘ ʦʩʥʦʚʝ ʇʇʋ ʘʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʶ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʚ ʢʘʙʝʣʴʥʦʡ ʰʘʭʪʝ.  
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1
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1ʉʫʤʛʘʠʪʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʫʤʛʘʡʳʪ, ɸʟʝʨʙʘʡʜʞʘʥ 
2ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʉʫʤʛʘʡʳʪ, ɸʟʝʨʙʘʡʜʞʘʥ: abasgulu@yandex.ru 

ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʝʡ ʵʧʦʢʩʠʜʥʳʭ 

ʩʤʦʣ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ, 

ʠʟʤʝʥʷʶʱʠʤʠ ʩʚʦʡʩʪʚʘ ʦʪʚʝʨʞʜʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦ-

ʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ 

ʠʣʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʭʠʤʩʪʦʡʢʦʩʪʠ ʠ ʧʨʠʜʘ-

ʥʠʷ ʢʦʤʧʦʟʠʮʠʷʤ ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝ-

ʟʘ ʤʦʥʦʵʧʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʷ-

ʜʘ, ʷʚʣʷʶʱʠʭʩʷ ʭʦʨʦʰʠʤʠ ʨʘʟʙʘʚʠʪʝʣʷʤʠ ʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʵʧʦʢʩʠʜʥʳʭ 

ʩʤʦʣ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʥʘʯʘʣʝ ʨʝʘʢʮʠʝʡ ʘʣʢʝʥʠʣʘʨʦʤʘ-

ʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʢʘʨʙʝʥʘ-

ʤʠ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʵʪʦʢʩʠʢʘʨ-

ʙʦʥʠʣʟʘʤʝʱʝʥʥʳʝ ʘʣʢʠʣ(ʘʨʠʣ) ʮʠʢʣʦʧʨʦʧʘʥʳ, ʢʦ-

ʪʦʨʳʝ ʟʘʪʝʤ ʦʤʳʣʝʥʠʝʤ ʙʳʣʠ ʧʨʝʚʨʘʱʝʥʳ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʢʠʩʣʦʪʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʛʣʠʮʠʜʠʣʦʚʳʝ ʵʬʠʨʳ ʘʣʢʠʣʮʠʢʣʦʧʨʦʧʘʥ-

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ: 

 

Ar CHCH R Ar CHCH CO2Et

CH R

CH2 n

N2CHCO2Et, Cu2+

-N2
CH2 n

Ar CHCH CO2H

CH R

CH2 n Ar CHCH CO2ɻʣ

CH R

CH2 n
ʕʍɻ

n = 0; 1; R = H; CH3; ʕʍɻ- ʧɻʠʭʣʦʨʛʠʜʨʠʥ; ɻʣ- ʉH2 CH CH2

O  

ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʵʧʦʢʩʠʮʠʢʣʦ-

ʧʨʦʧʘʥʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʛʦ (ʀʂ ʠ ʇʄʈ), ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠ-

ʟʦʚ, ʘ ʯʠʩʪʦʪʘ ʠ ʠʟʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʢʦʥʪʨʦʣʠʨʦʚʘ-

ʣʠʩʴ ʤʝʪʦʜʦʤ ɻɾʍ-ʘʥʘʣʠʟʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʵʧʦʢʩʠʮʠʢ-

ʣʦʧʨʦʧʘʥʳ ʦʢʘʟʳʚʘʶʪ ʨʘʩʪʚʦʨʷʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠ ʭʦʨʦʰʦ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʤʘʨʢʠ 

ʕɼ-20. ʇʨʠʯʝʤ, ʨʘʟʙʘʚʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʥʳʭ ʵʧʦʢʩʠʮʠʢʣʦʧʨʦʧʘʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘ-

ʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʨʘʟʙʘʚʠ-

ʪʝʣʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʝʛʦ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʵʧʦʢʩʠʜ-

ʥʦʡ ʩʤʦʣʦʡ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʢʦʤʧʦʟʠʮʠʠ 

ʕɼ-20 ʩ ʵʧʦʢʩʠʮʠʢʣʦʧʨʦʧʘʥʘʤʠ ʧʨʠ ʚʩʝʭ ʩʦʦʪʥʦʰʝ-

ʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʠʩʭʦʜ-

ʥʦʡ ʕɼ-20. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʵʧʦʢʩʠʮʠʢʣʦʧʨʦʧʘʥʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 

5ð15 ʤʘʩ.% ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʝʡ ʠ ʤʦʜʠʬʠʢʘʪʦ-

ʨʦʚ ʧʨʦʤʳʣhʝʥʥʦ ʧʨʦʠʟʚʦʜʠʤʳʭ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʡ ʩ ʕɼ-20 ʚ 1,5ð2,8 ʨʘʟʘ. ɼʣʷ ʦʪʚʝʨ-

ʞʜʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʩʰʠʚʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 96ð98%. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʦʪʚʝʨ-

ʞʜʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʕɼ-20 ʠ ʵʧʦʢʩʠʮʠʢʣʦʧʨʦ-

ʧʘʥʦʚ ʢʦʤʧʦʟʠʮʠʡ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʣʦʩ ʧʦ-

ʛʣʦʱʝʥʠʷ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ïʉ=ʆï ʛʨʫʧʧʳ 

(1720 ʩʤï1), ʩʢʝʣʝʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ 

ʢʦʣʴʮʘ (1040 ʩʤï1) ʠ ʧʨʦʩʪʦʡ ʵʬʠʨʥʦʡ ʩʚʷʟʠ 

(1180 ʩʤï1) ʠʤʝʶʱʠʭʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʦʟʠʮʠʡ, 

ʧʘʜʘʝʪ ʧʦ ʤʝʨʝ ʦʪʚʝʨʞʜʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʚʷʟʳʚʘʥʠʠ ʤʦʜʠʬʠ-

ʢʘʪʦʨʦʚ ʩ ʕɼ-20. ʕʢʩʪʨʘʢʮʠʷ ʦʪʚʝʨʞʜʝʥʠʷ ʢʦʤʧʘʫʥ-

ʜʦʚ ʚ ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʢʘʟʘʥʥʦʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʵʧʦʢʩʠʜʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠʜʘʥʠʝ ʚʳʩʦʢʠʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ ʕɼ-20 ʠ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʵʧʦʢʩʠʮʠʢʣʦʧʨʦʧʘʥʦʚ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝ-

ʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʘʜʛʝʟʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʨʘʟʙʘʚʠʪʝʣʷʤʠ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʕɼ-20. ʆʥʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʙ-

ʨʘʟʦʤ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

 
1. ʃʠ ʍ., ʅʝʚʠʣʣ ʂ. ʉʧʨʘʚʦʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʧʦʢʩʠʜʥʳʤ 
ʩʤʦʣʘʤ. ð ʄ.: ʕʥʝʨʛʠʷ. ð 1973 

2. ʍʦʟʠʥ ɺ.ɻ. ʋʩʠʣʝʥʠʝ ʵʧʦʢʩʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ. ð ʂʘʟʘʥʴ: 

ʀʟʜ-ʚʦ ʇʀʂ çɼʦʤ ʧʝʯʘʪʠè. ð 2004 

mailto:abasgulu@yandex.ru
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ʉʄʆʃ 

ɺ.ʉ.
 
ɹʝʟʛʠʥ 

ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʂʠʝʚ, ʋʢʨʘʠʥʘ; vsbezgin@gmail.com 

ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʣʠʷ-

ʥʠʷ ʚʦʜʳ ʥʘ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʧʦʣʠʤʝʨʳ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʧʦʠʩʢ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʵʧʦʢʩʠʜʠʘʥʦʚʳʝ ʩʤʦʣʳ 

[ʊʕɼʉ] ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʦʣʠʩʫʣʴ-

ʬʠʜʥʳʤʠ ʢʘʫʯʫʢʘʤʠ [ʉʇʂ] ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʭʦʨʦʰʫʶ ʭʠʤʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ [1, 23ð26]. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʊʕɼʉ (1): 
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 (1) 

ʀʩʭʦʜʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1, 

ʦʥʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [1, 11ð15]. ɼʣʷ ʧʨʠʜʘʥʠʷ ʚʦ-

ʜʦʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤ ʢʘʨ-

ʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ɻʆʉʊ 7699ï78. ɼʘʥʥʳʡ ʤʦʜʠ-

ʬʠʢʘʪʦʨ ʙʳʣ ʚʳʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʠʟ-ʟʘ 

ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ 

ʊʕɼʉ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʉʇʂ 

ʉʤʦʣʘ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʇʉ-ʢʘʫʯʫʢʘ 

ʥʘ 100 ʄʄ ʩʤʦʣ  r

ʈʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ, ʉ 

ʕɼ-3 40 ï20ð160 

ʕɼ-4ʢ 60 ï30ð120 

ʕɼ-8 10 ï20ð80 

ɼʠʘʧʣʘʩʪ 10 ï30ð210 

 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ (W) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʤʝʥʝ-

ʥʠʶ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʚ ʭʦʣʦʜʥʫʶ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʥʘ ʩʫʪʢʠ ʠ 90 ʩʫʪʦʢ, ʧʦʩʣʝ 

ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠ ʝʛʦ ʧʦ ʬʦʨʤʫʣʝ (2).  

  (2) 

ʛʜʝ m0 ð ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʦʙʨʘʟʮʘ; m(t) ð ʤʘʩʩʘ ʦʙ-

ʨʘʟʮʘ ʧʦʩʣʝ ʧʨʝʙʳʚʘʥʠʷ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʜʝʛʨʘʜʘ-

ʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚ ʢʠʧʷʱʫʶ ʚʦʜʫ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʪʨʦʠʤ ʛʨʘ-

ʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʨʘʭʤʘʣʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ʊʕɼʂ ʠ ʉʇʂ. ʅʘ ʨʠʩ. 1 

ʠʟʦʙʨʘʞʝʥʳ ʜʘʥʥʳʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ʦʙʨʘʟʮʘ ʚ ʭʦʣʦʜʥʫʶ ʚʦʜʫ ʥʘ ʩʫʪʢʠ, ʘ ʥʘ ʨʠʩ. 2 ð ʥʘ 

90 ʩʫʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʧʦʛʣʦɦ ʝʥʠʷ 

ʚ ʢʠʧʷʱʝʡ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʜʦʧʦʛʣʘʱʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ: 1 ð ʕɼ-3/ʉʇʂ; 2 ð ʕɼ-4ʢ/ʉʇʂ; 

3 ð ʕɼ-8/ʉʇʂ; 4 ð ʇɻʕ/ʉʇʂ 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʜʦʧʦʛʣʘʱʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʪʝʯʝʥʠʠ 90 ʩʫʪʦʢ: 1 ð ʕɼ-3/ʉʇʂ; 2 ð ʕɼ-4ʢ/ʉʇʂ; 

3 ð ʕɼ-8/ʉʇʂ; 4 ð ʇɻʕ/ʉʇʂ 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʢʠʧʷʱʝʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ: 1 ð ʕɼ-3/ʉʇʂ; 

2 ð ʕɼ-4ʢ/ʉʇʂ; 3 ð ʇɻʕ/ʉʇʂ 

 
1. ɹʝʟʛʠʥ ɺ. ʉ., ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʢʣʝʠ-ʨʘʩʧʣʘʚʳ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ // ɺʝʩʪʥʠʢ ɼʦʥʅɸɹɸ 

2013. ð ʄʘʢʝʝʚʢʘ. ð 2013, 23ð26 

2. ɹʝʟʛʠʥ ɺ. ʉ. ɸʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ 
ʪʚʝʨʜʳʭ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. // ʉʙ. ʜʦʢʣ. ɺʩʝʫʢʨʘʠʥʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʂʠʝʚ. ð 2013, 

11ð15 
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ʄʆʃɽʂʋʃʗʈʅɸʗ ʉʊʈʋʂʊʋʈɸ ʇʆʃʀʄɽʈɸ L-ʄʆʃʆʏʅʆʁ ʂʀʉʃʆʊʓ, 

ʇʆʃʋʏɽʅʅʆʁ ʄʀʂʈʆɹʀʆʃʆɻʀʏɽʉʂʀʄ ʉʀʅʊɽɿʆʄ 

ɻ.ɺ. ɹʫʪʦʚʩʢʘʷ
1
, ɺ.ʇ. ʇʨʦʢʦʧʦʚʠʯ

1
, ʀ.ɸ. ʂʣʠʤʦʚʮʦʚʘ

1
, 

ɽ.ɼ. ʉʢʘʢʦʚʩʢʠʡ
2
, ʃ.ʖ. ʊʳʯʠʥʩʢʘʷ

2
 

1ʋʯʨʝʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; galina_butovskaya@mail.ru, krul@bsu.by 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ  

ʄʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ (ʄʂ) ʠ ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʥʝʝ 

ʮʠʢʣʠʯʝʩʢʠʡ ʜʠʵʬʠʨ (ʣʘʢʪʠʜ) ʧʨʝʜʩʪʘʚʣʷʁ ʪ ʠʥʪʝʨʝʩ 

ʢʘʢ ʤʦʥʦʤʝʨr ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʣʘʢʪʠʜʦʚ (ʇʃ), ʢʦ-

ʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʠʦ-

ʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ [1]. ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʄʂ ʷʚʣʷ-

ʝʪʩʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʝʨʤʝʥ-

ʪʘʮʠʠ ʤʦʣʦʯʥʦʢʠʩʣʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩr -

ʨʝɹ [2]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʇʃ, ʩʠʥʪʝʟʠ-

ʨʫʝʤʳʝ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ D(ï)- ʠʣʠ L(+)-ʩʪʝʨʝʦ-

ʠʟʦʤʝʨʦʚ ʄʂ ʠʣʠ ʣʘʢʪʠʜʘ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʦʤ ʮʝʥʥʳʭ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ L- ʠ D-ʟʚʝʥʴʝʚ ʚ ʤʘʢʨʦʤʦʣʝ-

ʢʫʣʘʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʎʝʣʴ 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

ʮʝʧʠ ʠ ʝʝ ʪʘʢʪʠʯʥʦʩʪʠ) ʚ ʧʦʣʠʤʝʨʝ, ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʦʤ ʠʩʭʦʜʷ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʡ L-ʄʂ, ʧʦʣʫʯʘʝʤʦʡ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

L-ʄʂ [3] ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʦʯ-

ʥʦʢʠʩʣʳʭ ʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʀʥʩʪʠʪʫʪʘ ʤʠʢʨʦʙʠʦ-

ʣʦʛʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ (ʟʘʚ. ʣʘʙ. ʢ.ʙ.ʥ. ʅ.ɸ. ɻʦʣʦʚʥʝ-

ʚʘ). ʇʫʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʙʘʢʪʝʨʠʡ Entero-

coccus faecalis ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʧʦʣʫʯʘʣʠ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ, ʠʟ ʢʦ-

ʪʦʨʦʡ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʚʳʜʝʣʷʣʠ L-ʄʂ ʧʫʪʝʤ ʚʘʢʫʫʤ-

ʥʦʡ ʧʝʨʝʛʦʥʢʠ. ʇʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʦʯʠɦ ʝʥʥʦʡ L-ʄʂ 

ʚ L-ʣʘʢʪʠʜ I ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʤʝʥʷʣʠ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʡ ʮʠʥʢ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

L-ʣʘʢʪʠʜ II  ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Sigma-Aldrich. 

ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʚʝʣʠ ʧʨʠ 150ð170 ʉ ʧʨʠ ʜʘʚ-

ʣʝʥʠʠ 20ð60 ʢʇʘ ʚ ʪʝʯʝʥʠʝ 2ð3 ʯ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

2-ʵʪʠʣʛʝʢʩʘʥʦʘʪʘ ʦʣʦʚʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉʨʝʜʥʝʯʠʩʣʦʚʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʣʠʤʝʨʘ 

<Mn> ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1H, ʩʦ-

ʜʝʨʞʘʥʠʝ L- ʠ D-ʟʚʝʥʴʝʚ ʚ ʮʝʧʠ ð ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʗʄʈ 13ʉ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ 1H ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʚʝʨʩʠʶ ʤʦʥʦʤʝʨʘ ʧʨʠ ʩʠʥʪʝʟʝ 

ʇʃ. ʉʧʝʢʪʨʳ ʗʄʈ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʚ CDCl3 ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker-500 ʧʨʠ ʨʘʙʦʯʠʭ ʯʘ-

ʩʪʦʪʘʭ 500 ʠ 125,8 ʄɻʮ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʦʚʤʝʱʝʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʘ STA 449C ʬʠʨʤʳ 

çNetzʩsh-Geratebau GmbHè (ɻʝʨʤʘʥʠʷ) ʚ ʨʝʞʠʤʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪ-

ʨʠʠ/ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤ-

ʧʝʨʘʪʫʨ 30ð300 ʉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 5 /ʤʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʇʃ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʚʳʩʦʢʦʦʯʠʱʝʥʥʦʛʦ ʤʦʥʦʤʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ 

Sigma-Aldrich ʢ ʤʦʥʦʤʝʨʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʠʟ L-ʄʂ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʘʝʪʩʷ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ (ʦʪ 93 ʜʦ 83%). ʆʩʪʘʪʦʯʥʳʡ L-ʣʘʢʪʠʜ I ʧʦʩʣʝ 

ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʧʦʣʠʤʝʨʘ ʠʟ ʧʝʪʨʦʣʝʡʥʦʛʦ ʵʬʠʨʘ ʚ 

ʘʮʝʪʦʥ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. 

ɺʝʣʠʯʠʥʳ <Mn>  ʇʃ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʷ 

ʠʟ L-ʄʂ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʩʧʦʩʦʙʦʤ ʠ ʠʟ L-ʣʘʢʪʠʜʘ II, ʩʦʩʪʘʚʣʷʶʪ 6,1Ā103 

ʠ 1,1Ā104 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 13ʉ ʇʃ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ L-ʣʘʢʪʠʜʘ II, ʚ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʦʙʣʘ-

ʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥʦʯʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 

171,0 ʤ.ʜ., ʦʪʥʦʩʷʱʠʡʩʷ ʢ iiiii  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

L-ʟʚʝʥʴʝʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ [4], ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪ-

ʩʪʚʠʝ D-ʟʚʝʥʴʝʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʩʧʝʢʪʨʝ ʗʄʈ 13ʉ ʇʃ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʩʭʦʜʷ ʠʟ L-ʄʂ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʦʙ-

ʣʘʩʪʠ ʥʘʨʷʜʫ ʩ ʩʠʛʥʘʣʦʤ ʧʨʠ 171,0 ʤ.ʜ. ʧʦʷʚʣʷʶʪʩʷ 

ʜʚʘ ʩʣʘʙʳʭ ʩʠʛʥʘʣʘ ʧʨʠ 170,6 ʤ.ʜ. (isisi) ʠ 170,79 

(iisii, sisii, sisis), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʷʤ L- ʠ D-ʟʚʝʥʴʝʚ [4], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʘʣʠʯʠʠʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ D-ʟʚʝʥʴʝʚ ʚ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʇ-L-ʃ. ʆʜʥʘʢʦ ʠ 

ʇ-L-ʃ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

L-ʄʂ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʳʤ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʭʦʪʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʦʥ ʥʘ 40 ʫʩʪʫʧʘʝʪ 

ʇ-L-ʃ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤʫ ʠʟ L-ʣʘʢʪʠʜʘ II. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʩʧʦʩʦʙʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʘ L-ʄʂ ʤʦ-

ʥʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʩʠʥ-

ʪʝʟʠʨʦʚʘʪʴ ʇ-L-ʃ ʩ ʪʘʢʠʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

L-ʟʚʝʥʴʝʚ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʝʛʦ ʤʘʢʨʦʤʦʣʝʢʫʣ. 
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ʉʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ 

(ʉɺʄʇʕ) ʚʦʣʦʢʥʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ ʜʣʷ ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤ. 

ʉɺʄʇʕ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʛʨʝʩʩʠʚ-

ʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʢʠʩ-

ʣʷʶʱʠʭ ʢʠʩʣʦʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʠʤ 

ʧʦʛʣʦʱʝʥʠʝʤ ʚʣʘʛʠ ʠ ʦʯʝʥʴ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʨʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʉɺʇʄʕ ʨʘʩʰʠʨʷʝʪ ʛʨʘʥʠʮʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʧʨʦʚʦʜʠʪʩʷ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʝʤʢʦʩʪʥʦʡ (ɺʏɽ) 

ʧʣʘʟʤʦʡ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ [1]. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴ-

ʟʦʚʘʣʘʩʴ ɺʏɽ ʧʣʘʟʤʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʧʣʦʩʢʦʧʘʨʘʣ-

ʣʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ [2]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳ-

ʪʘʪʝʣʴʥʦʡ ʤʘh ʠʥʝ Shimadzu AGS-5kNX. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʦ 

ʜʚʝ ʤʘʨʢʠ ʉɺʄʇʕ ʚʦʣʦʢʦʥ D-800 (ʂʠʪʘʡ) ʠ 

Dyneema SK-75 (ɻʦʣʣʘʥʜʠʷ).  

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʚʦʟʜʫʭ. ʇʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʯ-

ʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚʦʣʦʢʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 13% ʜʣʷ 

SK-75 ʠ ʜʦ 15% ʜʣʷ D-800 ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

(ʪʘʙʣ. 1, ʨʠʩ. 1). 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʚʦʣʦʢʦʥ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ɺʏɽ ʦʙʨʘʙʦʪʢʠ 

ɺʦʣʦʢʥʦ ʈʝʞʠʤ ʉʨ. ʥʘʛʨʫʟʢʘ, ʅ ʉʨ. ʜʝʬʦʨʤʘʮʠʷ, % 

SK-75 
ʢʦʥʪʨʦʣʴ 339,73 2,69 

ʤʦʜʠʬʠʢʘʮʠʷ 386,62 3,68 

D-800 
ʢʦʥʪʨʦʣʴ 158,86 3,21 

ʤʦʜʠʬʠʢʘʮʠʷ 181,84 3,42 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʷ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ɺʏɽ ʧʣʘʟ-

ʤʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʆʙʲʷʩʥʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʷʚʣʝʥʠ-

ʝʤ ʦʩʚʦʙʦʞʜʝʥʠ ̫ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʚ ʚʦʣʦʢʥʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ɺʏɽ 

ʧʣʘʟʤʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʉɺʄʇʕ ʚʦ-

ʣʦʢʦʥ ʜʚʫʭ ʤʘʨʦʢ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʚʦʣʦʢʦʥ ʵʪʦʡ ʧʨʠʨʦ-

ʜʳ. 
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45 

ʕʂʉʇʈɽʉʉ-ɸʅɸʃʀɿ ɸɼɻɽɿʀʆʅʅʆʁ ʇʈʆʏʅʆʉʊʀ ʊʆʅʂʀʍ ʇʃɽʅʆʂ 

ɸ.ɸ. ɻʣʘʟʫʥʦʚʘ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦ-

ʜʘ ɻʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʠʤʝʶʱʠʭ ʪʦʣ-

ʱʠʥʫ ʤʝʥʝʝ 0, 2 ʤʤ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʜʛʝʟʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʣʠ-

ʯʠʥʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʦʪʨʳʚʝ ʘʜʛʝʟʠʚʘ ʦʪ 

ʩʫʙʩʪʨʘʪʘ [1]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʜʛʝʟʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʷʤʳʝ 

(ʦʪʨʳʚ ʧʣʝʥʢʠ ʦʪ ʧʦʜʣʦʞʢʠ) ʠʣʠ ʢʦʩʚʝʥʥʳʝ (ʦʪʩʣʘ-

ʠʚʘʥʠʝ ʧʣʝʥʢʠ ʧʦʩʣʝ ʥʘʜʨʝʟʘ) ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʳ-

ʪʘʥʠʡ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʝ ʢʘʢ: ʮʘʨʘʧʘ-

ʥʠʝ ʧʣʝʥʢʠ, ʠʩʪʠʨʘʥʠʷ ʧʣʝʥʢʠ ʦʧʨʝʜʝʣʝʥʠʝ ʘʜʛʝʟʠʠ 

ʧʨʠ ʠʟʛʠʙʘʥʠʝ ʧʣʝʥʢʠ ʩ ʧʦʜʣʦʞʢʦʡ ʜʦ ʫʜʘʣʝʥʠʷ 

ʧʣʝʥʢʠ; ʩʜʘʚʣʠʚʘʥʠʝ ʧʦʜʣʦʞʢʠ; ʫʜʘʨ ʧʦ ʧʣʝʥʢʝ; 

ʚʜʘʚʣʠʚʘʥʠʝ ʜʦ ʤʦʤʝʥʪʘ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʣʝʥʢʠ; 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʟʜʫʪʠʡ (ʚ ʧʦʜʣʦʞʢʝ ʚʳʪʨʘʚʣʠʚʘʝʪʩʷ 

ʧʦʣʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʥʘʛʥʝʪʘʝʪʩʷ ʚʦʟʜʫʭ ʜʦ ʫʜʘʣʝʥʠʷ 

ʧʣʝʥʢʠ); ʤʝʪʦʜ ʧʝʨʝʛʨʫʟʦʢ (ʧʣʝʥʢʫ ʦʩʘʞʜʘʶʪ ʥʘ ʨʦ-

ʪʦʨ ʮʝʥʪʨʠʬʫʛʠ); ʦʪʨʳʚ ʧʣʝʥʢʠ ʦʪ ʧʦʜʣʦʞʢʠ ʩ ʧʦ-

ʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ; ʥʘʛʨʝʚ ʠ ʦʪʧʫʩʢ (ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʦʪʨʳʚʫ ʠʟ-ʟʘ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ). ʆʜ-

ʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤ rʧʨʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʪʦʥʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,2 ʤʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʣʝʥʦʢ, 

ʫʩʣʦʚʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 1. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʩʭʝʤʦʡ ʥʘ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʡ ʦʙʨʘʟʝʮ 1 ʥʘʥʦʩʠʪʩʷ ʢʨʘʩʢʘ 2 ʚ ʚʠʜʝ ʧʦʣʦʩ ʠʣʠ 

ʩʝʪʢʠ. ɿʘʪʝʤ ʥʘ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʩʷʪ ʧʦʣʠʤʝʨ-

ʥʦʝ ʧʦʢʨʳʪʠʝ 3, ʢʦʪʦʨʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʝʝʚʦʡ ʢʦʤ-

ʧʦʟʠʮʠʠ 4 ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʢʦʥʪʨʦʙʨʘʟʮʦʤ 5. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟʘ ʧʦʜʙʠʨʘʝʪʩʷ ʢʘʢ ʢʨʘʩʢʘ, ʪʘʢ ʠ ʢʣʝʝʚʘ ̫ʢʦʤ-

ʧʦʟʠʮʠ.̫ ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʧʣʦɦ ʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ SP0 ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ 1 ʧʦʜ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʝ 

ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ 3  

 , (1) 

ʛʜʝ S0 ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙ-

ʨʘʟʮʘ 1; ůʂ ð ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʜʦʙʨʘʥʥʦʡ 

ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ 4; ůR ð ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʘʜʛʝ-

ʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ 3; ůɽ ð 

ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʟʥʘʯʝʥʠʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʜʦʙʨʘʥʥʦʡ ʢʨʘʩʢʠ 2 ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʠ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʜʦʙʨʘʥ-

ʥʦʡ ʢʨʘʩʢʠ 2 ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ 3;  

ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʱʘʜʴ Sɽ0 ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʨʘʩʢʠ 2  

 , (2) 

ʂʨʘʩʢʫ 2 ʥʘʥʦʩʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ 1 ʚ ʚʠʜʝ ʧʦʣʦʩ ʠʣʠ ʩʝʪʢʠ, ʥʘ ʵʪʫ ʞʝ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʥʘʥʦʩʷʪ ʧʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ 3. ʄʝʪʦʜʦʤ 

ʥʝʨʘʟʨʫʱʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʧʨʝʜʝʣʷʶʪ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ SP ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ 3 ʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ Sɽ ʢʦʥʪʘʢʪʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʩ ʢʨʘʩʢʦʡ 2. 

ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ 4 ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦ-

ʢʨʳʪʠʝʤ ʧʨʠʢʣʝʠʚʘʶʪ ʢʦʥʪʨʦʙʨʘʟʝʮ 5, ʦʩʫʱʝʩʪʚʣʷ-

ʶʪ ʨʘʚʥʦʤʝʨʥʳʡ ʦʪʨʳʚ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ 3 ʦʪ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʦʥʪʨʦʙʨʘʟʝʮ 5, ʦʧʨʝʜʝʣʷʶʪ ʩʠʣʫ ʦʪʨʳʚʘ F ʧʦʣʠ-

ʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ 3 ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 1 ʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ů0 ʧʦʣʠʤʝʨ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ 3 ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ 1 ʠʟ ʚʳʨʘʞʝʥʠʷ (3):  

 . (3) 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʧʦʟʚʦ-

ʣʷʝʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʘʜʛʝ-

ʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

 
1. ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʛʘʟʦʪʝʨʤʠʯʝ-

ʩʢʠʭ ʧʦʢʨʳʪʠʡ: ʧʘʪ. 2146044 RU, ʄʇʂ 7 G01N19/04 / 

ɸ.ɹ. ʂʦʙʝʨʥʠʯʝʥʢʦ. ð  ̄ 98109310/28; ʟʘʷʚʣ. 13.05.1998; 

ʦʧʫʙʣ. 27.02.2000. 
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ʉʀʅʊɽɿ ʀ ʃʀʊʆɻʈɸʌʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʆʇʆʃʀʄɽʈɸ 

ʅɸ ʆʉʅʆɺɽ 2-ɻɽʄɼʀʍʃʆʈ-ʇɸʈɸ-ʎʀʂʃʆʇʈʆʇʀʃʉʊʀʈʆʃɸ ð 

ɻʃʀʎʀɼʀʃʄɽʊʀʃʄɽʊɸʂʈʀʃɸʊɸ 

ʂ.ɻ. ɻʫʣʠʝʚ, ɸ.ɸ. ɻʘʨʘʝʚʘ, ɻ.ɿ. ʇʦʥʦʤʘʨʸʚʘ, ʊ.ʅ. ɻʫʩʝʡʥʦʚʘ, ʌ.ʀ. ɻʫʩʝʡʥʦʚʘ 

ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥ, ʉʫʤʛʘʡʳʪ; quliyev.kazim.pm 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʨʘʥʝʝ ʚ ʦʙʣʘʩʪʠ ʩʦʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʦʨʦʧʠʣ-

ʩʪʠʨʦʣʦʚ [1ð4].  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʥʦʤʝʨʳ 2-ʛʝʤʜʠʭʣʦʨ- 

ʧʘʨʘ ʮʠʢʣʦʧʨʦʧʠʣʩʪʠʨʦʣʘ- (ɼʍʎʇʉ) ʄ1 ʠ ʛʣʠʮʠ-

ʜʠʣʤʝʪʘʢʨʠʣʘʪ (ɻʄA) ʄ2. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠ̫ (ɼʍʎʇʉ) ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʝʨʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʛʦ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚ ʙʳʣ ʦʙʫ-

ʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʟʘʤʝʩʪʠʪʝʣʷ ʫ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ 

ʢʦʣʴʮʘ, ʠʟʤʝʥʷʶʱʝʛʦ ʩʪʝʧʝʥʴ ʩʦʧʨʷʞʝʥʠʷ ʚ ʤʦʥʦ-

ʤʝʨʝ ʠ ʚʣʠʷʶʱʝʛʦ ʥʘ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʧʦʣʠʤʝʨʠ-

ʟʘʮʠʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʉʠʥʪʝʟ ɼʍʎʇʉ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʧʫʪʤy ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʩ ʭʣʦʨʦʬʦʨʤʦʤ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50%-

ʛʦ ʨʘʩʪʚʦʨʘ NaOH ʠ ʪʨʠʵʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʡʭʣʦʨʠʜʘ.  

ʉʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ɼʍʎʇʉ ʩ ɻʄɸ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʥʠʪʨʠʣʘʟʦʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ 

(ɼɸʂ) ʚ ʤʘʩʩʝ ʠ ʚ ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʣʘ ʧʨʠ 70 Áʉ 
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ʀʂ- ʠ ʇʄʈ- ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ɼʍʎʇʉ ʩ ɻʄɸ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʟʘʤʝʩ-

ʪʠʪʝʣʝʡ.  

ʉʦʩʪʘʚ ʩʦʧʦʣʠʤʝʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʘʥʥʳʤ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ. ʀʂ-ʩʧʝʢʪʨʳ ð ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

çSpecord UVè. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʥʦʤʝʨʦʚ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥ-

ʩʪʘʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʤʦʥʦʤʝʨʦʚ ʄ1 

ʠ ʄ2 (r1 = 1,35 ʠ r2 = 0,55) ʨʘʩʩʯʠʪʘʥʳ ʬʘʢʪʦʨʳ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʦʤʝʨʦʚ ʠ ʧʦʣʷʨʥʦʩʪʠ ʨʘ-

ʜʠʢʘʣʦʚ ʚ ʨʘʤʢʘʭ ʩʭʝʤʳ Q-e ɸʣʬʨʝʷ-ʇʨʘʡʩʘ. ʀʟ 

ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ r1 ʠ r2 (r1 > r2) ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ɼʍʎʇʉ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʩʦʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ, ʯʝʤ ɻʄɸ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʟ-

ʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʦʧʨʷʞʝʥʠʷ ʚ ʵʪʠʭ ʤʦʥʦʤʝʨʘʭ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʥʩʪʘʥʪ ʩʦʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʝ ʩʦʧʦʣʠʤʝʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʙʦʨʦʤ ʦʧʨʝ-

ʜʝʣʸʥʥʳʭ ʩʦʩʪʘʚʦʚ ʤʦʥʦʤʝʨʥʳʭ ʩʤʝʩʝʡ ʤʦʞʥʦ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʳ ʩʦʧʦʣʠʤʝʨʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʦʧʦʣʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʡ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ. ʋʚʝʣʠʯʝʥʠʝ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ 

ʩʦʧʦʣʠʤʝʨʘ ʭʨʦʤʦʬʦʨʥʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʬʝʥʠʣʴ-

ʥʳʭ, ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʠʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʋʌ-

ʦʙʣʫʯʝʥʠʷ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʩʦʧʦʣʠ-

ʤʝʨʘ ʩʠʣʴʥʦʧʦʛʣʦʱʘʶʱʠʭ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ ʬʨʘʛ-

ʤʝʥʪʦʚ ʩʦʧʦʣʠʤʝʨ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (54ð58 ʩʤ2/ɼʞ). 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʩʦʧʦʣʠʤʝʨ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ 

ʧʨʝʚʨʘʱʝʥʠʷʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʰʠʪʳʭ ʩʝʪʯʘʪʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʧʦʪʝʨʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʟɹʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʩʦʧʦʣʠʤʝʨ ʚ ʣʠʪʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʨʝʟʠʩʪʠʚʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉʃʆɽɺ 
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ʇʨʠʚʦʜʠʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʟʥʦʩʦ-ʬʨʠʢʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ 

ʧʘʨ ʪʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʵʣʝʢʪʨʦʪʝʨ-

ʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʇʨʠ ʪʨʝʥʠʠ ʧʨʦʠʩʭʦʜʷʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʩʣʦʷʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨ-

ʥʳʭ ʧʘʨ, ʙʝʟ ʠʟʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ (ʧʨʠ ʨʘʙʦʪʝ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʦʣʠʤʝʨʥʦʡ ʥʘʢʣʘʜʢʠ ʚ ʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʡ) ʠ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

(ʧʨʠ ʨʘʙʦʪʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʠʤʝʨʥʦʡ ʥʘʢʣʘʜʢʠ ʚ ʟʦʥʝ 

ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʰʝ) ʧʨʠ ʩʦʧʫʪʩʪʚʫʶ-

ʱʠʭ ʵʬʬʝʢʪʘʭ, ʷʚʣʝʥʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-

ʠʦʥʥʦʤ ʫʨʦʚʥʝ. ʉʤʳʩʣ ʟʘʜʘʯ ʩʦʩʪʦʠʪ ʚ ʨʘʮʠʦʥʘʣʴ-

ʥʦʤ ʧʦʜʙʦʨʝ ʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʘʨ ʪʨʝ-

ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠʟʥʦʩʦ-

ʬʨʠʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝ-

ʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʚ ʣʶʙʳʭ ʚʠʜʘʭ 

ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ (ʚʥʫʪʨʝʥʥʝʛʦ) ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʵʣʝʤʝʥ-

ʪʦʚ ʪʨʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʧʘʨ, ʘ ʪʘʢʞʝ ʢʦʥ-

ʪʘʢʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʳʩʪʫ-

ʧʦʚ (ʚʥʝʰʥʝʛʦ) ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʝʜʠʥʦʤ ʵʣʝʢʪʨʦ-

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʤ ʧʦʣʝ. ʆʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʛʨʘʜʠ-

ʝʥʪʥʫʶ ʪʝʦʨʠʶ ʧʘʨʳ ʪʨʝʥʠʷ çʤʝʪʘʣʣðʧʦʣʠʤʝʨè, 

ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʢʚʘʟʠ- ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʅʘ ʦʩʥʦʚʝ ʛʨʘʜʠʝʥʪʥʦʡ ʪʝʦʨʠʠ ʝʜʠʥʦʛʦ ʧʦʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤ ʧʫʪʝʤ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʟʤʝʥʝʥʠʝ ʠʟʥʦʩʦ-

ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʵʣʝʤʝʥ-

ʪʦʚ ʪʨʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʧʘʨ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʠʟʥʦʩʦ-ʬʨʠʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠ-

ʤʝʨʥʳʭ ʧʘʨ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʠ ʧʦʣʥʦ-

ʩʪʴʶ ʦʙʲʷʩʥʝʥʳ. ɿʥʘʥʠʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʟ-

ʚʦʣʠʪ: 

ï ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨ-

ʥʳʭ ʧʘʨ ʪʨʝʥʠʷ; 

ï ʩʫʜʠʪʴ ʦʙ ʠʟʥʦʩʦ-ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʢʣʘʜʦʢ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʚ ʟʦʥʝ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʰʝ, 

ʧʨʦʚʦʜʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʫʪ-

ʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʳ ʪʨʝʥʠʷ, ʠʩʧʦʣʴ-

ʟʫʷ ʧʨʠ ʵʪʦʤ ʪʝʦʨʠʶ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ (ʛʨʘʜʠʝʥʪʥʫʶ 

ʪʝʦʨʠʶ), ʷʚʣʷʶʱʫʶʩʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʝʜʠʥʦʛʦ ʧʦʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

ï ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʜʠʝʥʪʥʫʶ ʪʝʦʨʠʶ 

ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʝʡ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʨʝʟʘ ʩ ʩʦʭʨʘʥʷʶʱʠʤʠʩʷ ʜʠʩʣʦʢʘʮʠʷ-

ʤʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʦʣʠʤʝʨ-

ʥʦʡ ʥʘʢʣʘʜʢʠ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʤʠʢʨʦʚʳʩʪʫʧʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷ-

ʤʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʜʠʝʥʪʥʫʶ ʪʝʦʨʠʶ ʤʝʞʬʘʟ-

ʥʦʛʦ ʩʣʦʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʣʠʤʝʨʥʳʤ ʥʘʢʣʘʜʢʘʤ 

ʢʘʢ ʤʦʩʪʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʤ (ʘʪʦʤʠʩʪʠʯʝ-

ʩʢʠʤ) ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʪʝʦʨʠʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʳʤ: 

ï ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʣʦ-

ʧʦʣʠʤʝʨʥʳʭ ʧʘʨ ʪʨʝʥʠʷ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʮʝ-

ʣʴʶ ʦʮʝʥʢʠ ʠʟʥʦʩʦ-ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ; 

ï ʫʯʠʪʳʚʘʪʴ ʛʨʘʜʠʝʥʪʳ ʝʜʠʥʦʛʦ ʧʦʣʷ ʥʝ ʪʦʣʢɹʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʳʩʪʫʧʦʚ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, ʥʦ ʠ ʠʭ ʠʟʥʦʩʦ-ʬʨʠʢʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʧʘ-

ʨʳ ʪʨʝʥʠʷ; 

ï ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʟʥʦ-

ʩʦ-ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʝʚ ʧʦʣʠʤʝʨʥʦʡ ʥʘʢʣʘʜ-

ʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʭ ʘʨʤʠʨʦʚʘʥʠʷ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ) 
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ʉɺʆʁʉʊɺ ɹʀʊʋʄʅʆ-ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʁ 

ɺ.ʇ. ɼʫʙʦʜʝʣ
1
, ɽ.ɸ. ʐʫʪʦʚʘ

1
, ʆ.ɽ. ʇʘʥʪʶʭʦʚ

2
, ɸ.ʄ. ɺʘʣʝʥʢʦʚ

3
 

1ʄʦʟʳʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʇ. ʐʘʤʷʢʠʥʘ, ʄʦʟʳʨʴ, ɹʝʣʘʨʫʩʴ, 

dubodelvp @tut.by 
2ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

3ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʠʪʫʤʥʦ-ʧʦʣʠʤʝʨ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʪʫʤʘ. 

ʆʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʙʠʪʫʤ-

ʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴʶ ʢ ʧʨʦʮʝʩʩʘʤ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʠ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʙʝʪʦʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʇʦ-

ʚʳʰʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ (ʧʦ-

ʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʘʜʛʝʟʠʦʥʥʳʭ ʧʨʠʩʘ-

ʜʦʢ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʠ, ʪʨʝ-

ʱʠʥʦ- ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʠ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʪʦʣʴʢʦ ʧʫʪʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʙʠʪʫʤʘ ʧʦʣʠʤʝʨʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʪʦʨʠʯʥʳʤʠ. 

ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴ-

ʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʪʝʢʫʯʝʩʪʠ 

ʪʘʢʠʭ ʢʦʤʧʦʟʠʮʠʡ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʚ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʚʦʜʠʪʴ 

ʦʪʭʦʜʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ð ʥʝʬʪʝʰʣʘʤʳ ʄʦʟʳʨ-

ʩʢʦʛʦ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶɦ ʝʛʦ ʟʘʚʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʷʟʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʙʠʪʫʤʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ 

ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢ-

ʥʦʚʝʥʠʷ ʠʛʣʳ (ʤʝʪʦʜ ʧʝʥʝʪʨʘʮʠʠ) ʧʨʠ ʨʘʟʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟ-

ʤʷʛʯʝʥʠʷ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʚʦʡʩʪʚʘ ʙʠʪʫʤʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʡ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 

ʢʦʤʧʦʟʠʮʠʷ ˉ 1: ʥʝʬʪʷʥʦʡ ʙʠʪʫʤ + 5 ʤʘʩ.% 

ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʚʦʩʢʘ; 

ʢʦʤʧʦʟʠʮʠʷ ˉ 2: ʥʝʬʪʷʥʦʡ ʙʠʪʫʤ + 5 ʤʘʩ.% 

ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʙʠʪʫʤ ʫʢʘʟʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʚ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʠʭ ʩʚʦʡʩʪʚ. ʇʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʟʤʷʛʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 20% ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʚʦʩʢʘ ʠ ʥʘ 54% ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʪʦ-

ʨʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʆʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʢʦʤʧʦʟʠʮʠʠ ʠ ʩʥʠʞʝʥʠʝ 

ʝʝ ʨʘʩʪʷʞʠʤʦʩʪʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʝʝ ʚʷʟʢʦʩʪʠ ʚ ʢʦʤ-

ʧʦʟʠʮʠʶ ʚʚʦʜʠʣʠ ʥʝʬʪʝʰʣʘʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 8 ʤʘʩ.% 

ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ ˉ 1 ʠ 12 ʤʘʩ.%. ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ 

 ̄2. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʝʬʪʝʰʣʘʤʘ 

ʧʣʘʩʪʠʬʠʮʠʨʫʝʪ ʢʦʤʧʦʟʠʮʠʶ, ʥʝ ʩʥʠʞʘʷ ʟʘʤʝʪʥʦ ʝʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʤʷʛʯʝʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʡ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʢʠʩʣʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 160 ʉ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʬʪʝʰʣʘ-

ʤʘ ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʦʟʠʮʠʠ ʩʥʠʞʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦ. ʇʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ ʢ ʪʝʨʤʦʦʢʠʩ-

ʣʝʥʠʶ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʬʪʝʰʣʘʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʥʝʬʪʝʰʣʘʤ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥ-

ʛʠʙʠʪʦʨʦʤ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʙʠʪʫʤ-

ʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʚʝʜʝʥʠʝ ʚ 

ʥʝʬʪʷʥʦʡ ʙʠʪʫʤ ʥʝʬʪʝʰʣʘʤʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦ-

ʨʦʝ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ (ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʛʣʳ ʧʨʠ ʟʘ-

ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ), ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳhʝʥʠʶ ʨʘʩʪʷ-

ʞʠʤʦʩʪʠ ʙʠʪʫʤʘ, ʪ.ʝ. ʩʥʠʞʘʝʪʩʷ ʝʛʦ ʭʨʫʧʢʦʩʪʴ. ʂʨʦ-

ʤʝ ʪʦʛʦ ʚʚʝʜʝʥʠʝ ʦʪʭʦʜʦʚ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʙʠ-

ʪʫʤʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʧʦʤʦʛʘʝʪ ʯʘʩʪʠʯʥʦ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʘ. 

mailto:mesto@tut.by
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ʅ.ʉ. ʂʘʤʘʣʦʚʘ, ɺ.ʀ. ʃʠʩʠʮʳʥ, ɺ.ɺ. ʉʘʫʰʢʠʥ, ʅ.ʖ. ɽʚʩʠʢʦʚʘ 

ɺʦʨʦʥʝʞʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʣʝʩʦʪʝʭʥʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ; rc@icmail.ru 

ʇʦʣʫʯʝʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʮʠʚʠʣʠʟʘʮʠʠ. ʂʘʢ ʧʦʢʘʟʘʣʦ 

ʚʨʝʤʷ, ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʬʦʨʤʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʡ ð ʪʝʧʣʦʚʘʷ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʚʦʧʨʦʩ ʦ ʤʝʪʦʜʘʭ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʆʩʦʙʝʥʥʦ ʙʳʣʠ ʙʳ ʫʜʦʙʥʳ ʪʚʝʨ-

ʜʦʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʉʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʢʘ ʥʝʰʠʨʦʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʣʝʯʴ 

ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʡ ʜʨʝʚʝ-

ʩʠʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʝʡ. 

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ ʣʝʞʠʪ ʠʟʚʝʩʪʥʳʡ ʵʬʬʝʢʪ ʇʝʣʴʪʴʝ. ʕʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʥʝʦʜʥʦʨʦʜ-

ʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʝʛʦ ʜʦʙʨʦʪʥʦʩʪʠ [1]: 

 , (1) 

ʛʜʝ , ů ð ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ɚ ð 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, Ŭs ð ʪʝʨʤʦʵʜʩ (ʢʦʵʬʬʠʮʠʝʥʪ ɿʝ-

ʝʙʝʢʘ) ʤʘʪʝʨʠʘʣʘ; T = (ʊ1 + T2)/2 = T1 + ȹT/2 ð 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʧʨʝʜʝʣʝ̫ʤʘʷ 

ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʢʦʥ-

ʪʘʢʪʦʚ. 

ʇʨʠʨʦʜʥʘʷ ʜʨʝʚʝʩʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦ-

ʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʧʦʨʠʩʪʳʡ ʙʠʦʢʦʤʧʦʟʠʪ. ʋʩʪʘʥʦʚ-

ʣʝʥʦ [1, 2], ʯʪʦ ʚ ʜʨʝʚʝʩʠʥʝ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʤ ʧʦʣʝ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʡ ʚ ʪʝʧʣʦʚʦʤ ʨʘʩʰʠ-

ʨʝʥʠʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʴʝʟʦ- ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʣʣʶʣʦʟʳ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʦʙʦʜʥʳʭ 

ʙʦʢʦʚʳʭ ʛʨʫʧʧ ʤʦʣʝʢʫʣ ʮʝʣʣʶʣʦʟʳ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ɺ ʦʙʳʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʨʳ ʜʨʝʚʝ-

ʩʠʥʳ ʟʘʧʦʣʥʝʥʳ ʨʘʩʪʚʦʨʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟ-

ʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʷ ʩʦʣʝʡ. ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʪʘ-

ʢʦʡ ʨʘʩʪʚʦʨ ʚʦ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩ ʨʘʟʥʦ-

ʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ U, ʚ ʥʝʤ ʧʦʷʚʠʪʩʷ ʠʦʥʥʳʡ ʪʦʢ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʠʦʥʦʚ ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʝ. 

ʇʨʦʩʪʝʡʰʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʤʝʭʘ-

ʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʘ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʷʚʣʷ-

ʝʪʩʷ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠʦʥ 

ʤʘʩʩʦʡ mi ʠ ʟʘʨʷʜʦʤ qi ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ: 

 . (2) 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʜʣʷ ʥʝʫʧʨʫ-

ʛʦʛʦ ʫʜʘʨʘ ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ çʤʦʣʝʢʫʣʘ ʚʦʜʳ + ʠʦʥè 

ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʤʘʩʩʦʡ m0 

ʙʫʜʝʪ ʨʘʚʝʥ pi . ʉ ʫʯʝʪʦʤ (2) ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʨrʘʞʝʥʠʝʤ: 

 . (3) 

ɺr ʨʘʞʝʥʠʝ (3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʥʘ ʢʦʪʦʨʫʶ ʘʜʩʦʨʙʠʨʫʝʪʩʷ 

ʠʦʥ, ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʩʚʦʙʦʜʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʦʨʙʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪ-

ʥʦʩʪʠ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ ʥʦʩʠʪ ʧʦʨʦʛʦʚʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʫʜʦʙʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢ 

 
kTrRWW

TWF
))((exp(1

1
1);(

0

, (4) 

ʛʜʝ W0(Rïr) ð ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫ-

ʣʳ ʵʥʝʨʛʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʨʘʜʠʫʩʘ ʧʦʨʳ R ʠ ʨʘʩʩʪʦʷ-

ʥʠʷ ʦʪ ʮʝʥʪʨʘ ʧʦʨʳ ʜʦ ʮʝʥʪʨʘ ʤʘʩʩ ʤʦʣʝʢʫʣʳ r. ɺ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʣʴʥʦʛʦ ʧʦʣʷ (WïW0>>kT): 

 kTrRWWTWF ))((exp(1);( 0
. (5) 

ʇʦʩʢʦʣʴʢʫ W0(R ï r) ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʧʦʨʳ ʠ ʚʝ-

ʣʠʯʠʥʳ ʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦ-

ʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʩʚʦʙʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚ ʧʦʨʝ ʙʫʜʝʪ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦʡ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʠʬʬʫʟʠ-

ʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʠʣʴʥʦ ʟʘ-

ʚʠʩʷʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʨʦʜʥʦʤ ʙʠʦʢʦʤʧʦʟʠʪʝ 

(ʧʦʜʦʙʥʦ ʵʬʬʝʢʪʫ ʇʝʣʴʪʴʝ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ) ʨʘʟ-

ʣʠʯʠʝ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʦʥʦʚ ʩʦʣʝʡ ʚ ʧʦʨʘʭ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝ-

ʥʠʡ ʚ ʜʨʝʚʝʩʠʥʝ ʤʦʛʫʪ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʧʨʠʥ-

ʮʠʧʘ ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʧʦ ʢʦʥʪʨʦʣʶ ʚʣʘʞʥʦʩʪʠ ʜʨʝ-

ʚʝʩʠʥʳ ʚʦ ʚʨʝʤʷ ʩʫʰʢʠ. 
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50 

ʆʉʆɹɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ ʐʀʅʅʓʍ ʈɽɿʀʅ ʉ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʄ ɸʂʊʀɺɸʊʆʈʆʄ ɺʋʃʂɸʅʀɿɸʎʀʀ 
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1
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1ʆʪʢʨʳʪʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɹʝʣʰʠʥʘè, ɹʦʙʨʫʡʩʢ, ɹʝʣʘʨʫʩʴ 
2ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, vik@belstu.by 

ɺʚʝʜʝʥʠʝ 

ɺ ʰʠʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘ-

ʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʩʠʜ ʮʠʥʢʘ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʞʠʨʥʦʡ ʢʠʩʣʦʪʦʡ (ʩʪʝʘʨʠʥʦʚʦʡ ʠʣʠ 

ʦʣʝʠʥʦʚʦʡ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʪʠʚʘʪʦʨʦʚ ʢʠʥʝʪʠʢʘ 

ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʥʦ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʩʫʣʴʬʠʜʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ, ʚʩʣʝʜ-

ʩʪʚʠʠ ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʧʝʨʝʯʥʳʭ 

ʩʚʷʟʝʡ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʚʷʟʘʥʥʦʡ ʩʝʨ r

[1]. ɺ ʩʚʷʟʠ ʩ ʜʝʬʠʮʠʪʦʤ ʦʢʩʠʜʘ ʮʠʥʢʘ ʚ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥ-

ʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʠʩʢʫ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʙʠʥʘʮʠʶ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦ-

ʨʠʯʥʦʛʦ ʘʢʪʠʚʘʪʦʨʦʚ [1, 2].  

ʎʝʣʴ 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʘʢʪʠ-

ʚʘʪʦʨʘ çɺʫʣʢʘʪʠʚè ʥʘ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʰʠʥʥrʭ ʨʝʟʠʥ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʘʢʪʠʚʘʪʦʨ çɺʫʣʢʘʪʠʚè ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʫʶ ʢʦʤʧʦʟʠʮʠʶ, 

ʩʦʜʝʨʞʘʱʫʶ ʦʢʩʠʜ ʮʠʥʢʘ, ʩʦʣʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʨʘʩ-

ʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʮʝʣʝʚʳʝ ʜʦʙʘʚʢʠ (ʊʋ 

2294 001-31273447-2010 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ 

çʉʦʚʪʝʭè ʛ. ɺʦʨʦʥʝʞ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʘʩʪʦʤʝʨ-

ʥʳʝ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʠ 

ʢʦʤʙʠʥʘʮʠʠ ʅʂ+ʉʂɼ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʮʠʥʢʘ ʚ 

ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʅʂ ʩʦʩʪʘʚʣʷʣʦ 3,5 ʤʘʩ.ʯ., ʘ ʚ ʩʤʝʩʠ 

ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʢʘʫʯʫʢʦʚ ð 3,0 ʤʘʩ.ʯ. ʂʦʤ-

ʧʦʟʠʮʠʦʥʥʳʡ ʘʢʪʠʚʘʪʦʨ ʚʚʦʜʠʣʩʷ ʚ ʨʝʟʠʥʦʚʳʝ ʩʤʝʩʠ 

ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʢʩʠʜʦʤ 

ʮʠʥʢʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʨʝʟʠʥ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ 

ʩʪʘʨʝʥʠʶ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 270ï

75 ʠ ɻʆʉʊ 9.024ï74. ʇʣʦʪʥʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʦʮʝʥʠʚʘʣʠ 

ʧʦ ʜʘʥʥʳʤ ʨʘʚʥʦʚʝʩʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ ʌʣʦʨʠ-ʈʝʥʝʨʘ [3].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʫʣʢʘʥʠʟʘʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠ-

ʜʝ ʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʦʢʩʠʜʦʤ ʮʠʥʢʘ 3:1 ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʟʠʥ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʧʨʠ ʨʘʟʨʳʚʝ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʘʩʪʦʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚʫʣʢʘʥʠʟʘʪʦʚ ʤʦʛʫʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʩʪʦʡʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʟʠʥ ʢ ʪʝʧʣʦʚʦʤʫ 

ʩʪʘʨʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʠʥ ʧʦʩʣʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ (ʜʦ 50%) ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʡ ʘʢʪʠʚʘʪʦʨ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ 

ʨʝʟʠʥ ʘʥʘʣʦʛʠʯʝʥ ʚʫʣʢʘʥʠʟʘʪʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʪʨʘ-

ʜʠʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʘʢʪʠʚʘʪʦʨʦʚ (ʦʢʩʠʜ ʮʠʥʢʘ + 

ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ).  

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʫʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ ʢʘʫʯʫʢʦʚ ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʝʢʘʶ-

ʱʠʝ ʚ ʥʠʭ ʧʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʝʩʪʨʫʢʮʠʝʡ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ɼʣʷ ʨʝʟʠʥ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʥʘʨʷʜʫ ʩʦ ʩʪʨʦʝʥʠʝʤ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣ, ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʝʪʢʠ [4]. ɸʢʪʠʚʘʪʦʨʳ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʫʯʘʩʪʚʫʷ ʚ 

ʧʨʦʮʝʩʩʝ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʫʶ-

ʱʠʭʩʷ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩʪʨʫʢʪʫʨʳ ʚʫʣʢʘʥʠʟʘʪʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦ-

ʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫ-

ʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʦʩʪʘ-

ʚʝ ʵʣʘʩʪʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ çɺʫʣʢʘʪʠʚʘè ʚ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠ-

ʨʦʜʦʡ ʥʦʚʦʛʦ ʘʢʪʠʚʘʪʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʝʤ ʩʦ-

ʩʪʘʚʝ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʘ ʮʠʥʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʝ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʠ ʦʢʩʠʜʘ ʮʠʥʢʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʨʝʟʠʥʳ ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʧʦ 

ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʵʣʘʩʪʦʤʝʨʥʳʤ ʢʦʤ-

ʧʦʟʠʮʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ ʪʨʘʜʠʮʠʦʥʥʳʡ ʘʢʪʠʚʘʪʦʨ 

ʚʫʣʢʘʥʠʟʘʮʠʠ ʠ ʦʙʣʘʜʘʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʪʝʧʣʦʚʦʤʫ ʩʪʘʨʝʥʠʶ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʝ-

ʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ, ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡh ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ ʨʝʟʠʥʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʤʦʪʦʨ-

ʥʳʤ ʤʘʩʣʘʤ, ʥʦ ʠ ʢ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ, ʢʦʤʧʨʝʩʩʦʨ-

ʥʳʤ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤ, ʪʫʨʙʠʥʥʳʤ ʠ ʜʨʫʛʠʤ ʤʘʩ-

ʣʘʤ. ʆʪʨʘʙʦʪʘʥʥʳʝ ʤʘʩʣʘ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʦʢʨʫʞʘʶ-

ʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʫʜʘʣʷʶʪʩʷ 

ʠʣʠ ʦʙʝʟʚʨʝʞʠʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ. ʆʩʥʦʚʥʘʷ ʞʝ ʠʭ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ, ʚʦʜʦʝʤʦʚ ʠ ʘʪʤʦʩʬʝʨʳ. ʇʦ-

ʩʢʦʣʴʢʫ ʚʩʝ ʵʪʠ ʤʘʩʣʘ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʮʝʥʥʳʤ ʩʳʨʴ-

ʝʤ, ʦʥʠ ʩʦʙʠʨʘʶʪʩʷ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʛʝʥʝʨʘʮʠʠ ʜʣʷ 

ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʥ̫ʠʷ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ (ɼɺʏ-1, 

ɼɺʏ-2) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʤʘʩʣʘʤʠ 

(ʀ-20 ʠ ʇʅ-6) ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʘʩʪʦʤʝʨ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥʦʚʦʛʦ 

(ʉʂʕʇʊ) ʢʘʫʯʫʢʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʀʆʆʆ çɼɺʏ-ʄʝʥʝʜʞʤʝʥʪè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʤʝʩʴ ʫʛ-

ʣʝʚʦʜʦʨʦʜʦʚ C16ïC20, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʥʝʡʥʳʭ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʘʨʘʬʠ-

ʥʦʚ. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʤʘʩʝʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʠ: 

ʫʜʘʣʝʥʠʝ ʧʨʠʩʘʜʦʢ, ʦʪʜʝʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ʵʤʫʣʴʛʠʨʦʚʘʥʥʦʡ ʚʦʜʳ; ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠ 

ʣʝʛʢʦʣʝʪʫʯʠʭ ʬʨʘʢʮʠʡ; ʬʠʣʴʪʨʘʮʠʷ ʧʨʦʜʫʢʪʘ.  

ʉʪʦʡʢʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʪʘʨʝʥʠʶ ʦʧʨʝʜʝʣʷ-

ʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 270ï75 ʠ ɻʆʉʊ 9.024ï74. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʨʘʚʥʦʚʝʩʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʌʣʦʨʠ-ʈʝʥʝʨʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝ-

ʟʠʥ ʥʘ ʦʩʥʦʚʝ ʉʂʕʇʊ ʩ ʧʨʦʜʫʢʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝ-

ʥʠʷ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟ-

ʣʠʯʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʮʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦ-

ʠʩʭʦʜʷʪ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚʫʣʢʘ-

ʥʠʟʘʪʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʨʝʟʠʥ ʢ ʪʝʧʣʦʚʦʤʫ 

ʩʪʘʨʝʥʠʶ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʵʣʘʩʪʦʤʝʨ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ɼɺʏ-1 ʠ ɼɺʏ-2 ʚ ʙʦʣʴʰʝʡ 

ʤʝʨʝ (ʥʘ 15ð20%) ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʵʣʘʩʪʠʯʝ-

ʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʟʠʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʧʦʟʠʮʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʣʘ-

ʩʪʠʬʠʢʘʪʦʨʳ ð ʤʘʩʣʘ ʇʅ-6 ʠ ʀ-20.  

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʨʝʟʠʥ ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʚʫʣʢʘʥʠʟʘʪʘ ʠ ʪʠʧʦʤ ʧʦʧʝ-

ʨʝʯʥʳʭ ʩʚʷʟʝʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦ-

ʨʦʜʘ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʧʘʜʫ ʧʦʣʠʩʫʣʴʬʠʜʥʳʭ 

ʩʚʷʟʝʡ, ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʦ-

ʠʟʤʝʨʠʤʦ ʙʳʩʪʨʝʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʘʩʧʘʜʘ ʤʘʢʨʦ-

ʤʦʣʝʢʫʣ ʢʘʫʯʫʢʘ [2]. ɺʚʝʜʝʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ 

ʤʦʞʝʪ ʦʢʘʟʳʚʘʪ ɹ ʚʣʠʷʥʠʝ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʨʝʟʠʥ ʠ ʧʨʠʨʦʜʫ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʰʠʚʘʥʠʷ ʤʘʢʨʦ-

ʤʦʣʝʢʫʣ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʚʳʷʚʠʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʩʝʭ ʧʣʘ-

ʩʪʠʬʠʢʘʪʦʨʦʚ ʚ ʵʣʘʩʪʦʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦ-

ʚʝ ʉʂʕʇʊ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʧʣʦʪʥʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʩʰʠʚʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʝʪʢʠ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʧʨʦ-

ʜʫʢʪʦʚ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʠʥʝʪʠʢʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ʵʣʘʩʪʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʇʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʚʫʣʢʘʥʠʟʘʪʦʚ ʩ ɼɺʏ-1 ʠ 

ɼɺʏ-2 ʢ ʪʝʧʣʦʚʦʤʫ ʩʪʘʨʝʥʠʶ, ʚʦʟʤʦʞʥʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʚʫʣʢʘʥʠʟʘʮʠʠ ʙʦʣʝʝ 

ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʟʘʤʝʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ 

ʥʘ ʧʨʦʜʫʢʪʳ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʚ ʨʝʟʠʥʦʚʳʭ 

ʩʤʝʩʷʭ ʥʘ ʦʩʥʦʚʝ ʉʂʕʇʊ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ 

ʨʝʟʠʥ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʧʨʠʤʝʥʥʝʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʦʣʫʧʨʦʜʫʢ-

ʪʦʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʨʝʟʠʥʦʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʩʦʜʝʡʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 
1. ʉʘʨʢʠʩʦʚ ʆ.ʈ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʦ-

ʧʨʘʚʦʚʳʝ ʧʨʦʙʣʝʤʳ ʚ ʦʙʣʘʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ð ʄ.: ʖʥʠʪʠ-ɼʘʥʘ. ð 2012 

2. ʂʦʨʥʝʚ ɸ.ɽ. ʊʝʭʥʦʣʦʛʠʷ ʵʣʘʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʫʯʝʙ. 

ʜʣʷ ʚʫʟʦʚ. ð ʄ.: ʕʢʩʠʤ. ð 2000 

mailto:nastyonke@mail.ru


ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʉɽʂʎʀʗ 1. ɿʘʦʯʥʳʝ ʜʦʢʣʘʜʳ   ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 

52 

ʊɽʈʄʆʕʃɸʉʊʆʇʃɸʉʊʓ ð ʊɽʈʄʆʉʊɸɹʀʃʀɿɸʊʆʈʓ 

ʇʆʃʀʆʃɽʌʀʅʆɺʓʍ ʂʆʄʇʆɿʀʎʀʁ 

ɸ.ʌ. ʄʘʥʫʣʝʥʢʦ, ʅ.ʈ. ʇʨʦʢʦʧʯʫʢ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; a.f.manulenko@mail.ru 

ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ 

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʅʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʠʟʜʝʣʠʡ ʠʟ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʭ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʩʪʦʡʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪ-

ʨʠʮʳ ʢ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. 

ʊʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʳ (ʊʕʇ) ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ð 

ʧʦʚʳʰʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ, ʩʪʦʡʢʦ-

ʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ 

ʥʘʛʨʫʟʦʢ [1, 2]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʵʪʠʣʝʥ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ(ʇʕʅɼ) ʠ ʧʦ-

ʣʠʧʨʦʧʠʣʝʥ(ʇʇ). ʄʦʜʠʬʠʮʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʚʳʩʪʫʧʘʣʠ ʙʫʪʘʜʠʝʥ ʩʪʠʨʦʣʴʥʳʝ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪ 

ʪʠʧʘ ʉɹʉ ð ʩʪʠʨʦʣ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣ ʠ ʉɽɹʉ ð 

ʩʪʠʨʦʣ- ʪɻʠʣʝʥ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣ. 

ʊʝʨʤʦʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʪʝʨʤʦʵʣʘʩʪʦ-

ʧʣʘʩʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘ-

ʮʠʠ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʛʣʘʩʥʦ ʉʊɹ 

1333.0-2002 ʀʟʜʝʣʠʷ ʧʦʣʠʤʝʨʥʳʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʩʢʦʨʝʥʥʦʝ ʩʪʘʨʝʥʠʝ 

ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ɻʆʉʊ ISO 188-2013.  

ʍʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʙʲʝʤʝ 

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʣʠʪʴʝʤ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ ʤʠʢʨʦ-

ʩʢʦʧʝ Nikolet N10i. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʇʕɺɼ ʠ ʇʇ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴ-

ʢʦ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʪʝʨʤʦ-

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮ 1. ɿʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ (ɽʜ) 

ʇʦʢʘʟʘʪʝʣʠ 
ʄʘʪʝʨʠʘʣʳ, ʢʦʤʧʦʟʠʮʠʠ 

ʇʕɺʇ ʇʕɺʇ + 5%ʉɽɹʉ ʇʇ ʇʇ + 5% ʉɽɹʉ 

ɽʜ, ʢɼʞ/ʤʦʣʴ 154 159 100 108 

 

ʆʪʤʝʯʝʥʦ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʠʩʧʳʪʘ-

ʥʠʠ ʥʘ ʫʩʢʦʨʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʩʪʘʨʝʥʠʝ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ2. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʧʨʠ 150 ʉ 

ʄʘʪʝʨʠʘʣ  r

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ( ), % /ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ 

0 ʯ 24 ʯ 48 ʯ 72 ʯ 

ʇʇ 34 32 33 28 

ʇʇ+ 5% ʉɽɹʉ 59 60 73 50 

ʇʕɺʇ 200 67 56 45 

ʇʕɺʇ + 5% ʉɹʉ 170 79 70 68 

 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʨʦʷʚʣʝʥʠʝ ʪʝʨʤʦʩʪʦʙʠʣʠ-

ʟʠʨʫʶʱʝʦʛʦʜʝʡʩʪʚʠʷ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʧʦʣʠʦʣʝʬʠʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʧʣʘʩʪʠ-

ʬʠʮʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ ʩʥʠʞʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʲʝʤʝ 

ʢʦʤʧʦʟʠʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʤʘʪʨʠʯ-

ʥʦʛʦ ʧʦʣʠʤʝʨʘ ʢ ʜʝʡʩʪʚʠʶ ʪʝʧʣʘ ʠ ʢʠʩʣʦʨʦʜʘ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦ-

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʚ ʦʙʲʝʤʝ ʢʦʤʧʦʟʠʮʠʠ 

ʧʨʠʥʘʜʣʝʞʠʪ ʪʘʢ ʞʝʜʝʟʘʢʪʠʚʠʨʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ 

ʤʘʢʨʦʨʘʜʠʢʘʣʦʚ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʧʨʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʤʧʦʟʠ-

ʮʠʶʤʘʢʨʦʨʘʜʠʢʘʣʳ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪʘ, ʨʝʢʦʤʙʠʥʠ-

ʨʫʷ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʦʢʠʩʣʠ-

ʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. 
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53 

ʉʆʇʆʃʀʄɽʈʓ ʄɽʊʀʃʄɽʊɸʂʈʀʃɸʊɸ ʉ ʄɽʊɸʂʈʀʃɸʄʀɼʆʄ ɺ ʂɸʏɽʉʊɺɽ 

ʆʉʅʆɺʓ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʌʆʊʆʏʋɺʉʊɺʀʊɽʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʖ.ʀ. ʄʘʪʫʩʝʚʠʯ 

ʋʯʨʝʞʜʝʥʠʝ ɹɻʋ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; 

Polymer@bsu.by 

ɺ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʟʘʧʠʩʠ ʛʦʣʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʣʠ-

ʤʝʨʥʳʝ ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝ-

ʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʇʄʄɸ), ʩʦʜʝʨʞʘʱʝʛʦ 9,10-ʬʝʥʘʥ-

ʪʨʝʥʭʠʥʦʥ (ʌɸʍ) ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʜʦʙʘʚʢʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʨʝʜ ʠ ʫʣʫʯʰʝʥʠʷ ʠʭ ʘʜʛʝʟʠʠ ʢ ʩʠ-

ʣʠʢʘʪʥʦʤʫ ʩʪʝʢʣʫ ʚʤʝʩʪʦ ʇʄʄɸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʦʧʦʣʠʤʝʨʳ (ʉʇ) ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

(ʄʄɸ) ʩ ʜʨʫʛʠʤʠ ʧʦʣʷʨʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ. ʈʘʥʝʝ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʵʪʠʭ ʉʇ ʧʨʠ ʩʨʘʚʥʠʤʦʡ ʩ ʇʄʄɸ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ (105ð106) ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʦʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ. ʏʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʜʦʣʴʰʝ ʜʣʠʪʩʷ 

ʧʨʦʮʝʩʩ ʟʘʧʠʩʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʦʣʠʤʝʨʘʭ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦ-

ʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʎʝʣʴ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʨʝʜʝ 

ʥʘ ʦʩʥʦʚʝ ʉʇ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʧʦ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʦʪ ʇʄʄɸ ʠ ʜʨʫʛʠʭ ʝʛʦ ʉʇ ʄʄɸ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʉʇ ʩ ʤʝʪʘʢʨʠ-

ʣʘʤʠʜʦʤ (ʄɸɸ) ʙʣʠʟʢʦʡ ʢ ʥʠʤ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦ-

ʜʳ, ʥʦ ʠʤʝʶʱʠʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʙʦʣʝʝ ʥʠʟ-

ʢʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ (103). ʉʦʧʦʣʠʤʝʨʠʟʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʤʦʥʦʤʝʨʦʚ. ʄʦʣʴʥʘʷ ʜʦʣʷ 

ʄɸɸ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʩ ʄʄɸ () ʩʦʩʪʘʚʣʷʣʘ ʦʪ 

0,2 ʜʦ 0,8. ɼʣʷ ʦʧʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ ʉʇ ʨʘʟʤʝʨʦʤ 1015 ʤʤ, 

ʩʦʜʝʨʞʘʱʠʝ ʌɸʍ. ʌɸʍ ʚ ʢʦʣʠʯʝʩʪʚʝ 6 ʤʦʣ.% ʚʚʦ-

ʜʠʣʠ ʚ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʧʣʝ-

ʥʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝ-

ʪʘ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʘʨʛʦʥʦʚʳʡ ʣʘʟʝʨ (514 ʥʤ). ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ (DE), ʟʘʧʠʩʘʥʥʦʡ ʚ ʩʨʝʜʝ ʛʦʣʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʨʝʰʝʪʢʠ, ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʣʫʯʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥ-

ʥʦʡ ʨʝʰʝʪʢʠ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʷʱʝʛʦ ʣʫʯʘ, ʧʘ-

ʜʘʶʱʝʛʦ ʥʘ ʨʝʰʝʪʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʌʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʜʦʙʘʚʢʘ ʌɸʍ, ʚʚʦʜʠʤʘʷ ʚ 

ʇʄʄɸ ʠ ʝʛʦ ʉʇ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʠʤ. ʂ ʉʇ ʄʄɸ ʩ 

ʄɸɸ ʩʦʩʪʘʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  = 0,5, ʌɸʍ ʧʨʠ-

ʩʦʝʜʠʥʷʝʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦʩʣʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʪʦʪ ʉʇ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

400ð500 ʥʤ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʌɸʍ, ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʥʠʟʢʦ-

ʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʫʢʘʟʳʚʘʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʧʨʦʜʫʢʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʇ ʩ ʌɸʍ. ɺʝʣʠʯʠʥʘ DE ʟʘʧʠʩʳʚʘ-

ʝʤʦʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʉʇ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʟʘ 10 ʩ ʵʢʩʧʦʟʠʮʠʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʜʘʣʴʥʝʡʰʝʡ ʟʘʧʠʩʠ. ʄʘʢʩʠʤʫʤ DE ʨʝʰʝʪʢʠ, ʟʘʧʠ-

ʩʳʚʘʝʤʦʡ ʚ ʇʄʄɸ, ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 90 ʩ, ʘ ʚ ʉʇ 

ʄʄɸ ʩ ʄɸʂ ʠ ɸʂ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʣʷʨʥʦʛʦ ʩʦʤʦʥʦʤʝʨʘ ð ʟʘ 150 ʠ 600 ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʠʟʢʘʷ ʤʦʣʝʢʫ-

ʣʷʨʥʘʷ ʤʘʩʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʉʇ ʤʘ-

ʣʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙ-

ʣʘʜʘʶʱʝʡ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʬʬʫʟʠʝʡ ʬʦʪʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʜʦʙʘʚʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʉʇ ʄʄɸ ʩ ʄɸɸ, 

ʥʘʯʠʥʘʶʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʚ ʜʨʫʛʠʭ ʉʇ. 

ɿʘʧʠʩʘʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʚ ʉʇ 

ʄʄɸ ʠ ʄɸɸ, ʥʦ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ (ʧʨʠ  ʦʪʣʠʯʥʦʤ 

ʦʪ 0,5) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʧʝʢʪʨ ʝʛʦ ʧʦʛʣʦ-

ʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʠʩʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʠ ʝʱʝ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʌɸʍ, ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʤʫ ʩ ʉʇ. ʀʟ-ʟʘ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʛʦ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʵʪʦʛʦ ʉʇ, 

ʜʠʬʬʫʟʠʷ ʌɸʍ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʠʤʝʨʦʤ 

ʧʨʦʠʩʭʦʜʷʪ ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ 

ʌɸʍ ʝʱʝ ʜʦ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʫʩʧʝʚʘʝʪ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʪʴʩʷ ʩ ʉʇ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʛʝʟʠʷ ʉʇ ʢ ʩʠʣʠʢʘʪʥʦʤʫ 

ʩʪʝʢʣʫ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʋ 

ʉʇ ʄʄɸ ʩ ʄɸʂ ʠ ɸʂ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʤʦʣʝʢʫ-

ʣʷʨʥʫʶ ʤʘʩʩʫ, ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʇʄʄɸ, 

ʘ ʫ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʉʇ ʄʄɸ ʩ ʄɸɸ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʪʘʢʘʷ ʞʝ.  

mailto:Polymer@bsu.by
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ʉʀʅʊɽɿ ʀ ɸʅɸʃʀɿ ʅʆɺʓʍ ʄʆʃɽʂʋʃʗʈʅʓʍ ʈʆʊʆʈʆɺ 

ʅɸ ʆʉʅʆɺɽ BODIPY ð ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʉɽʅʉʆʈʆɺ 

ʀɿʄɽʅɽʅʀʗ ʃʆʂɸʃʔʅʆʁ ɺʗɿʂʆʉʊʀ 

ɼ.ɸ. ʄʝʨʢʫʰʝʚ, ɸ.ɺ. ɹʦʙʨʦʚ, ʖ.ʉ. ʄʘʨʬʠʥ, ɽ.ɺ. ʈʫʤʷʥʮʝʚ 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

ununnamed911@gmail.com 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ð ʵʪʦ ʚʝʱʝʩʪʚʘ, 

ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ-

ʤʫ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʪʘʢʘʷ ʤʦʣʝʢʫʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʪ.ʥ. 

çʩʢʨʫʯʝʥʥʦʝè ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʦʙʲʸʤʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʠʚ-

ʥʦʛʦ ʦʩʪʦʚʘ. ʆʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠ ʜʘʥ-

ʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʩʨʝʜʳ, ʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, ʦʪ ʚʷʟʢʦʩʪʠ. 

ʀʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ, ʧʨʦʮʝʩʩʘʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʦʣʠ-

ʢʦʥʜʝʥʩʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʦʚ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ ð 

ʦʜʥʦʛʦ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʢʨʘʩʠʪʝʣʷʤʠ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʨʦʪʦʨʳ ʘʢʪʠʚʥʦ ʠʟʫ-

ʯʘʶʪʩʷ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʦʙʱʝʡ ʪʝʦʨʠʠ, ʦʙʲʷʩʥʷʶ-

ʱʝʡ ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦ-

ʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʠ ʦʪ ʩʚʦʡʩʪʚ ʩʨʝʜʳ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 3 ʢʦʤʧʣʝʢʩʘ 

ʙʦʨʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʧʠʨʨʦʣʠʣʤʝʪʝʥʘ 

(BODIPY), ʩ ʨʘʟʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʤʝʟʦ-ʧʦʣʦʞʝ-

ʥʠʠ. 1 ð 4,4-ʜʠʬʪʦʨ-8-ʬʝʥʠʣ-1,3,5,7-ʪʝʪʨʘʤʝʪʠʣ-

2,6-ʜʠʵʪʠʣ-4-ʙʦʨ-3a,4a-ʜʠʘʟʘ-s-ʠʥʜʘʮʝʥ, 2 ð 4,4-ʜʠ-

ʬʪʦʨ-8-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ)-1,3,5,7-ʪʝʪʨʘʤʝʪʠʣ-

2,6-ʜʠʵʪʠʣ-4-ʙʦʨ-3a,4a-ʜʠʘʟʘ-s-ʠʥʜʘʮʝʥ, 3 ð 4,4-ʜʠ-

ʬʪʦʨ-8-(3,5-ʜʠʤʝʪʠʣʬʝʥʠʣ)-1,3,5,7-ʪʝʪʨʘʤʝʪʠʣ-2,6-

ʜʠɻʪʠʣ-4-ʙʦʨ-3a,4a-ʜʠʘʟʘ-s-ʠʥʜʘʮʝʥ. ɸʥʘʣʠʟ ʨʦʪʦʨ-

ʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠ ʚ ʨʷʜʝ ʧʦʣʷʨʥʳʭ ʠ ʥʝʧʦʣʷʨ-

ʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʝʡ 

ʩ ʨʘʟʥʦʡ ʚʷʟʢʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ. ɸʥʘʣʠʟ ʨʦʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩ-

ʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʣʠʯʠʥ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʨʦ-

ʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʯʸʤ, ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʢʘʷ ʩʪʝ-

ʧʝʥʴ ʦʪʟʳʚʯʠʚʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʣʦʢʘʣʴʥʦʡ ʚʷʟʢʦ-

ʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʤʦʣʝʢʫ-

ʣʷʨʥʳʤ ʨʦʪʦʨʘʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 2 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʩʚʦʠ ʨʦʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ, ʢʘʢ ʤʳ ʧʨʝʜ-

ʧʦʣʘʛʘʝʤ, ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʘʨʳ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʚ ʟʘʤʝʩʪʠʪʝʣʝ. ʋʚʝʣʠ-

ʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʦʪʦʨʥʦʛʦ ʦʪʢʣʠʢʘ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʠʟ-

ʥʘʯʘʣʴʥʳʤ ʟʘʪʨʫʜʥʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʈʦʪʦʨ-

ʥʳʝ ʩʚʦʡʩʪʚʘ BODIPY ʦʩʣʘʙʝʚʘʶʪ ʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩ 

ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʚʣʠʷʥʠʝʤ ʩʨʝʜʳ ʥʘ ʧʨʦʮʝʩʩ ʚʨʘʱʝʥʠʷ ʦʙʲʝʤʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʪʦʨʘ ʩʫʱʝʩʪʚʫʝʪ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʚʷʟʢʦʩʪʝʡ, ʚ ʢʦʪʦʨʦʤ ʨʦʪʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʣʫʯʰʝ ʚʩʝʛʦ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʪʠʧʝʥʜʠʠ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʣʦʜʳʤ ʫʯʝ-

ʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠ-

ʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ 

ʵʢʦʥʦʤʠʢʠ (2013-2015 ʛ.) ˉ ʉʇ-1742.2013.1 ʠ ʛʨʘʥ-

ʪʘ ʈʌʌʀ ˉ 14-03-31888. 
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ʇʆʃʀɹʈʆʄʉʆɼɽʈɾɸʑʀɽ ʅɽʅɸʉʓʑɽʅʅʓɽ ʇʆʃʀʕʌʀʈʓ ð 

ʄʆɼʀʌʀʂɸʊʆʈʓ ɼʃʗ ʕʇʆʂʉʀɼʅʓʍ ʉʄʆʃ 

ɸ.ʄ. ʄʫʩʪʘʬʘʝʚ, ʀ.ɸ. ɻʫʩʝʡʥʦʚ, ʅ.ɸ. ʅʘʟʘʨʦʚʘ, 

ʈ.ʀ. ʀʩʤʘʠʣʦʚʘ, ʕ.ɸ. ʈʘʤʘʟʘʥʦʚ, ɸ.ɸ. ʄʘʤʝʜʦʚʘ 

ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʉʫʤʛʘʡʳʪ, ɸʟʝʨʙʘʡʜʞʘʥ; ipoma@science.az 

ʆʪʚʝʨʞʜʝʥʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʜʠʘʥʦʚʳʭ ʩʤʦʣ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ 

ʠ ʭʨʫʧʢʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʢʦʤ-

ʧʘʫʥʜʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʪʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʦʩʪʘʚ ʢʦʤʧʘʫʥʜʘ ʚʚʦʜʷʪ ʤʦʜʠʬʠ-

ʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ [1, 2]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʩʠʥʪʝʟʘ ʧʦʣʠʙʨʦʤʩʦʜʝʨʞʘʱʠʭ ʥʝʥʘ-

ʩʳʱʝʥʥʳʭ ʧʦʣʠʵʬʠʨʦʚ ʙʠʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. ʇʦʣʠʙʨʦʤ-

ʩʦʜʝʨʞʘʱʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ ʧʦʣʠʵʬʠʨʳ (ɹʅʇʕ) ʧʦ-

ʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʘʥʛʠʜ-

ʨʠʜʘ ʛʝʢʩʘʙʨʦʤʥʦʨʙʦʨʥʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ 

ʢʩʠʣʦʣʘ. ʂʘʪʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʣʘʩʴ ʧʘʨʘ-ʪʦʣʫʦʣ-

ʩʫʣʴʬʦʢʠʩʣʦʪʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʛʠʜʨʦʭʠʥʦʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 135ð140 Áʉ. 

ɹʅʇʕ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ.  

ʇʝʨʚʳʡ ð ʦʜʥʦʩʪʘʜʠʡʥʘʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ, 

ʪ.ʝ. ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʦʣʙʫ ʧʦʤʝʱʘʣʠ ʚʩʝ ʠʩʭʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ɹʅʇʕ-1. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʝʪʦ-

ʜʘ ʧʦʣʫʯʘʶʪʩʷ ʩʤʝʰʘʥʥʳʝ ʥʝʥʘʩʳʱʝʥʥʳʝ ʧʦʣʠʵʬʠ-

ʨʳ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʣʦʭʦ ʩʤʝʰʠ-

ʚʘʶʪʩʷ ʩʦ ʩʤʦʣʦʡ. ʂʦʤʧʦʟʠʮʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʤʝʶʪ 

ʥʠʟʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢ-

ʮʠʠ ʤʝʞʜʫ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʝʤ ʠ ʙʨʦʤʵʥʜʠʢʦʚʳʤ ʘʥ-

ʛʠʜʨʠʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʩ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʤʦʣʷʨʥʳʭ ʩʦʦʪ-

ʥʦʰʝʥʠʷʭ 0,5:1:0,5. ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʤʝʪʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɹʅʇʕ-2 ʩ ʙʦʣʝʝ ʨʝ-

ʛʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʦ ʩʭʝʤʝ: 

 

 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɹʅʇʕ-2 ʜʦʢʘʟʘʥʘ 

ʀʂ-, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ɹʅʇʕ-2 ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʢʘʯʝ-

ʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʵʧʦʢʩʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʕɼ-20. ʀʟʫʯʘʣʠʩʴ ʵʧʦʢʩʠʜʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ (ɹʅʇʕ-2) ʚ ʢʦʣʠʯʝʩʪʚʝ 10, 

20 ʠ 30 ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ʩʤʦʣʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʪʚʝʨʜʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʠʵʪʠʣʝʥʧʦʣʠʘʤʠʥ 

(ʇʕʇɸ). ʆʙʨʘʟʮʳ ʚ ʚʠʜʝ ʣʦʧʘʪʦʯʝʢ ʧʦʣʫʯʘʣʠ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʚ ʥʘʛʨʝʪʫʶ ʜʦ 80 Áʉ ʩʤʦʣʫ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʣʠ 

ɹʅʇʕ-2. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠ-

ʤʦʝ ʢʦʣʠʯʝʩʪʚʦ (10 ʠʣʠ 20%) ʇʕʇɸ. ʉʤʝʩʴ ʟʘʣʠʚʘ-

ʣʠ ʚ ʬʦʨʤʳ ʠ ʦʪʚʝʨʞʜʘʣʠ 24 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʣʝʝ ʦʪʚʝʨʞʜʘʣʠ 2 ʯʘʩʘ ʧʨʠ 80 Áʉ ʠ 

2 ʯʘʩʘ ʧʨʠ 120 Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟʫʯʘʣʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ɹʅʇʕ, ʧʦʣʫʯʝʥʥʳʝ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ, ʣʫʯʰʝ 

ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ, ʘ ʢʦʤʧʦʟʠʮʠʠ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘ. 

ʊʘʙʣʠʮʘ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʦʟʠʮʠʠ 

ʇʦʢʘʟʘʪʝʣʴ 

ʉʦʜʝʨʞʘʥʠʝ ɹʅʇ 

ʚ ʩʤʦʣʝ, % 
ʅʝʤʦʜʠʬ. 

ʢʦʤʧʦʟʠʮʠʷ 
10 20 30 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ, ʄʇʘ 
85 99 83 43 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʨʘʟʨʚrʝ, % 
8 12 7 1,8 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ɺʠʢʘ, Áʉ 235 260 225 91 

ʊʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ, ʄʇʘ 70 75 63 ï 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ɹʅʇʕ-2 ʚʣʠ-

ʷʝʪ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʚʝʨʞʜʝʥ-

ʥʳʭ ʢʦʤʧʘʫʥʜʦʚ. ɺʩʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʠʩʪʦʡ ʦʪʚʝʨʞʜʝʥʥʦʡ ʩʤʦʣʦʡ, ʧʦʚʳʰʘʶʪʩʷ. ʂʦʤʧʦ-

ʟʠʮʠʠ ʦʙʣʘʜʘʶʪ ʩʘʤʦʟʘʪʫʭʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ɹʅʇʕ-2 ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʆʇʆʃʀʄɽʈɸ ʕʊʀʃɽʅɸ ʉ ɺʀʅʀʃɸʎɽʊɸʊʆʄ 

ɼʃʗ ʂʆʄʇɸʊʀɹʀʃʀɿɸʎʀʀ ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊʆɺ 

ʅɸ ʆʉʅʆɺɽ ɺʊʆʈʀʏʅʆɻʆ ʉʓʈʔʗ 

ɺ.ɼ. ʄʳʰʘʢ, ɺ.ɺ. ʉʝʤʠʥʦʛ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʂʠʝʚ, ʋʢʨʘʠʥʘ; seminogv@ukr.net 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʟʝʤʣʠ ʟʘʛʨʷʟʥʷʶʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ. ʂ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʝʨʝ-

ʨʘʙʦʪʢʫ, ʫʪʠʣʠʟʘʮʠʶ ʠ ʨʝʮʠʢʣʠʥʛ ʦʪʭʦʜʦʚ ʧʦʣʠʦʣʝ-

ʬʠʥʦʚ, ʘ ʪʘʢʞʝ ʦʪʭʦʜʦʚ ʨʝʟʠʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʠʜʦʚ 

ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʦʟʜʘʥʠʝ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪ-

ʭʦʜʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚ ʠ ʵʣʘʩʪʦʤʝʨʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦ-

ʥʳ, ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʷʪʴ ʧʝʨʚʠʯʥʳʝ ʨʝʩʫʨʩʳ, ʩ ʜʨʫ-

ʛʦʡ ð ʧʨʠʚʣʝʯʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʦʪ-

ʭʦʜʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʤʦʛʘʝʪ ʨʝh ʝʥʠʶ ʧʨʦʙʣʝʤ ʧʦ 

ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʟʣʠʯ-

ʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠ-

ʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʣʫʯʰʝʥʠʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʝʯʥʳʭ ʢʦʤʧʦʟʠ-

ʪʦʚ ð ʨʝʟʠʥʦʧʣʘʩʪʦʚ. ɺʚʝʜʝʥʠʝʤ ʚ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʘʜʛʝʟʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʠ ʵʣʘʩʪʦʤʝʨʥʳʭ ʦʪʭʦʜʦʚ 

ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʩ ʚʠʥʠʣʘʮʝʪʘʪʦʤ (ʉʕɺɸ) ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʠ-

ʥʦʧʣʘʩʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʚʪʦʨʠʯʥʳʡ ʧʦʣʠʵʪʠʣʝʥ (ɺʇʕ) ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʣʸʥʢʠ, ʉʕɺɸ ʤʘʨʢʠ 11306-075 ʠ ʨʝʟʠʥʦʚʫʶ ʢʨʦʰ-

ʢʫ (ʈʂ), ʧʦʣʫʯʝʥʥʫʶ ʠʟʤʝʣʴʯʝʥʠʝʤ ʘʤʦʨʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʰʠʥ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʜʚʠʛʦʚʦ-

ʛʦ ʠʟʤʝʣʴʯʝʥʠʷ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩ-

ʥʦʚʝ ɺʇʕ, ʩʝʚʠʣʝʥʘ ʠ ʈʂ ʧʦʣʫʯʘʣʠ ʩʤʝʰʝʥʠʝʤ ʥʘ 

ʦʜʥʦʰʥʝʢʦʚʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʜʥʦʰʥʝʢʦʚʦʤ ʵʢʩ-

ʪʨʫʜʝʨʝ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʫʜʘʪ ʠʟʤʝʣʴʯʘʣʠ ʠ ʬʦʨ-

ʤʠʨʦʚʘʣʠ ʠʟ ʥʝʛʦ, ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ, ʦʙʨʘʟʮʳ 

ʜʣʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʠʜʝ ʜʚʫ-

ʩʪʦʨʦʥʥʠʭ ʣʦʧʘʪʦʢ (ɻʆʉʊ 16336ï78). ɿʘ ʦʮʝʥʦʯʥʳʝ 

ʢʨʠʪʝʨʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʨʠ-

ʥʷʪʳ ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ.  

ʇʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚʪʦʨʠʯʥʳʭ ʪʝʨʤʦʧʣʘ-

ʩʪʦʚ (ɺʇʕ) ʠ ʵʣʘʩʪʦʤʝʨʦʚ (ʈʂ), ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʭʠ-

ʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʟʚʝʥʴʝʚ ʉʕɺɸ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝ ʚ ʩʦʩʪʘʚʝ ʩʦʧʦʣʠʤʝʨʘ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝ-

ʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʘʢʠʤ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦ-

ʨʦʤ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʨʝʟʠʥʦʧʣʘʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ɺʇʕ ʠ ʜʠʩʧʝʨʩʥʦʡ ʈʂ (ʩʦ-

ʦʪʥʦʰʝʥʠʝ 50:50 ʤʘʩ.%) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʉʕɺɸ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʨʳʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ůʨ ʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ . ʊʘʢ, ʧʦʢʘ-

ʟʘʪʝʣʴ  ʧʦʚʳʰʘʝʪʩʷ ʩ 15,3% ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʦʤʧʦ-

ʟʠʮʠʠ ʜʦ 61,4% (ʫʚʝʣʠʯʝʥʠʝ ʚ 4 ʨʘʟʘ), ʧʨʠ ʩʦʜʝʨʞʘ-

ʥʠʠ ʉʕɺɸ ʚ ʢʦʤʧʦʟʠʮʠʠ 1 ʤʘʩ.%, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

164,9% ð ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʉʕɺɸ 11306 ʚ ʢʦʤʧʦʟʠ-

ʮʠʠ 10 ʤʘʩ.%. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʦʧʦʣʠ-

ʤʝʨʘ-ʜʦʙʘʚʢʠ ʜʦ 20 ʤʘʩ.% ůʨ ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

8,2 ʄʇʘ, ʯʪʦ ʥʘ 30% ʧʨʝʚʳʰʘʝʪ ʨʘʟʨʳʚʥʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʉʕɺɸ 11306 ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʘ ʠ ʝʛʦ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ɺʇʕ ʠ ʈʂ. ʇʦʚʳʰʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʘʟʨʳʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʉʕɺɸ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʜʛʝʟʠ-

ʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ɺʇʕ, ʨʝʟʠʥʳ ʩ 

ʧʦʣʷʨʥʳʤʠ ʚʠʥʠʣʘʮʝʪʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʦʤʧʘʪʠʙʠ-

ʣʠʟʘʪʦʨʘ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʉʕɺɸ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʦʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ɺʇʕ ʠ ʈʂ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʠʭ ʩʤʝʰʝʥʠʷ, ʛʦʤʦʛʝ-

ʥʠʟʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦ-

ʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪ-

ʨʠʮ.r ʆʧʨʝʜʝʣʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉʕɺɸ ʢʘʢ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʕɺɸ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʘʪʠ-

ʙʠʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʠ ʨʝʮʠʢʣʠʥʛʫ ʚʪʦ-

ʨʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʨʝʟʠʥʦʚʦʡ ʢʨʦʰʢʠ. 
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2ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʝʛʘʟʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʣʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʚʫʣʢʘʥʠʟʦʚʘʥʥʳʭ ʨʝ-

ʟʠʥʦʚʳʭ ʦʪʭʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʩʙʦʨʦʤ ʠ ʩʦʨʪʠ-

ʨʦʚʢʦʡ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʕʣʘʩʪʠʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʞʠʜʢʦʩʪʝʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʠ ʩʣʦʞ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʨʝʟʠʥ [1]. 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʦʜʝʨʞʘʱʠʭ-

ʩʷ ʚ ʥʠʭ ʧʦʣʠʤʝʨʦʚ. ʉ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʥʘʠʣʫʯʰʠʤ 

ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʨʝʟʠʥʦʚʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷ-

ʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ. ʇʦʣʫʯʘʝʤʳʝ ʠʟ-

ʤʝʣʴʯʝʥʥʳʝ ʚʫʣʢʘʥʠʟʘʪʳ (ʀɺ) ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʜʣʷ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʦʟʚʨʘʪʝ ʚʫʣ-

ʢʘʥʠʟʦʚʘʥʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʪʝ ʞʝ ʢʦʤʧʦ-

ʟʠʮʠʠ ʚ ʥʝʙʦʣʴʰʠʭ (ʧʦʨʷʜʢʘ 10%) ʜʦʟʠʨʦʚʢʘʭ [2]. 

ʆʜʥʘʢʦ, ʣʶʙʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʨʘʝʪʩʷ ʤʠʥʠ-

ʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʦʪʭʦʜʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʜʝʰʝʚʣʝʥʠʷ 

ʠʟʜʝʣʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʟɹʦʚʘʪʴ ʠʟʤʝʣʴʯʝʥʥʳʡ 

ʚʫʣʢʘʥʠʟʘʪ (ʀɺ), ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʠʟʥʦʰʝʥʥʳʭ ʰʠʥ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʪʠʧʘ ʠ ʜʦʟʠʨʦʚʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʘʪʘ ʥʘ 

ʩʚʦʡʩʪʚʘ ʵʣʘʩʪʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘ-

ʜʠʝʥ-ʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪ rʠʩʩʣʝʜʦʚʘʥʠʷ ð ʵʣʘʩʪʦʤʝʨʥʘʷ ʢʦʤʧʦ-

ʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ 

ʤʘʨʢʠ ɹʅʂʉ-18 ɸ ʩ ʩʝʨʥʦʡ ʚʫʣʢʘʥʠʟʫʶʱʝʡ ʩʠʩʪʝ-

ʤʦʡ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʥʝʘʢʪʠʚ-

ʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ.  

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʮʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʩʷ ʀɺ ʜʚʫʭ ʪʠʧʦʚ:  

1) ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʨ-

ʤʦʚʳʭ ʈʊʀ (ʦʙʣʦʷ) ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʦʛʦ 

ʢʘʫʯʫʢʘ ð ʀɺ-1;  

2) ʠʟ ʠʟʥʦʰʝʥʥʳʭ ʰʠʥ ð ʀɺ-2.  

ʀɺ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʜʨʦʙʠʣʴʥʳʭ ʚʘʣʴʮʘʭ. ɺ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʤʝʣʴʯʝʥʥʳʡ ʚʫʣʢʘʥʠ-

ʟʘʪ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,63ð1,00 ʤʤ ʚ ʜʦʟʠʨʦʚʢʘʭ 

10ð50 ʤʘʩ.ʯ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʵʣʘʩʪʦʤʝʨʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʥʘ 

ʦʩʥʦʚʝ ɹʅʂ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʜʝʨʞʘʣʘ ʀɺ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʧʦ ʄʫʥʠ ʵʣʘʩʪʦʤʝʨ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʠʨʦʚ-

ʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʘʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʀɺ-2 ʚʷʟʢʦʩʪʴ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʤʧʦʟʠʮʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʀɺ-1. ʊʘʢ, ʧʨʠ ʚʚʝʜʝ-

ʥʠʠ 50 ʤʘʩ.ʯ. ʀɺ ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ, ʥʘʧʦʣʥʝʥʥʦʡ 

ʰʠʥʥʦʡ ʢʨʦʰʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʚʷʟʢʦʩʪʠ ʧʦ ʄʫʥʠ ʩʦ-

ʩʪʘʚʣʷʝʪ 107,9 ʫʩʣ. ʝʜ., ʘ ʥʘʧʦʣʥʝʥʥʦʡ ʀɺ ʠʟ ʦʙʣʦʷ 

ʬʦʨʤʦʚʳʭ ʈʊʀ ð 113,5 ʫʩʣ. ʝʜ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʠʨʦʚʢʠ ʀɺ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʫʣʢʘʥʠʟʘʮʠʠ. ɼʣʷ ʚʩʝʭ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 5,39ð6,77 ʤʠʥ., ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʫʤ ʚʫʣ-

ʢʘʥʠʟʘʮʠʠ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 6,27 ʤʠʥ.  

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʚʫʣʢʘʥʠʟʘʪʦʚ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʟʮʦʤ ʩʨʘʚʥʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʀɺ-1, ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯ-

ʥʦʩʪʠ ð ʥʘ 0,7ð6,5%. ʇʨʠ ʥʘʧʦʣʥʝʥʠʠ ʨʝʟʠʥ ʀɺ-2 

ʧʨʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ð ʥʘ 

0,8ð19,7%. 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ ʚʫʣʢʘʥʠʟʘʪʦʚ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʜʦʟʠʨʦʚʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʘʪʘ. 

ʊʘʢ, ʜʣʷ ʜʦʟʠʨʦʚʢʠ 50 ʤʘʩ.ʯ. ʰʠʥʥʦʛʦ ʀɺ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 77,1 ʫʩʣ.ʝʜ., ʯʪʦ ʥʘ 10,1% 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʀɺ-1 ð 80,0 ʫʩʣ.ʝʜ. 

(ʫʤʝʥʴʰʝʥʠʝ ʥʘ 6,8%). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʜʦʟʠʨʦʚʢʝ 10 ʤʘʩ.ʯ. ʪʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʘʪʘ 

(83,1 ʫʩʣ.ʝʜ. ð ʜʣʷ ʀɺ-1; 82,9 ʫʩʣ.ʝʜ. ð ʜʣʷ ʀɺ-2) 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʰʠʥʥʦʛʦ ʀɺ ʚ 

ʢʦʤʧʦʟʠʮʠʷʭ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫ-

ʯʫʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʵʣʘ-

ʩʪʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʀɺ ʥʘ ʦʩʥʦʚʝ ɹʅʂ. ʆʜʥʘʢʦ, ʚ ʥʝʙʦʣʴʰʠʭ 

ʜʦʟʠʨʦʚʢʘʭ (10 ʤʘʩ.ʯ.) ʪʠʧ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʀɺ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʘʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʘʢ ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ 

ʪʚʝʨʜʦʩʪʴ ʚʫʣʢʘʥʠʟʘʪʦʚ. 
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ʎʝʣʴ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦ-

ʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 

(ʉɺʄʇʕ) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʛʦ ʩʚʦʡʩʪʚ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

(ʢʘʦʣʠʥʠʪ ʠ ʙʝʥʪʦʥʠʪ) ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʉɺʄʇʕ ʤʘʨʦʢ GUR 4120 ʠ 4022 (Ticona, 

China). ʉʨʝʜʥʷʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 

5 106. ʅʘʧʦʣʥʠʪʝʣʷʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʦʠʩʪʳʝ ʩʠ-

ʣʠʢʘʪʳ: ʢʘʦʣʠʥʠʪ ʠ ʙʝʥʪʦʥʠʪ. ʂʘʦʣʠʥʠʪ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤ ʩʪʨʦʝʥʠʝʤ. ɹʝʥʪʦʥʠʪ, ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʢʘʦʣʠʥʠʪʘ, ʦʙʣʘʜʘʝʪ ʢʘʪʠʦʥʘʤʠ ʦʙʤʝʥʘ ʚ 

ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [1, 2]. ɼʘʥʥʳʡ ʬʘʢʪ ʷʚʣʷ-

ʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʇɸɺ. ɺ 

ʩʣʫʯʘʝ ʢʘʦʣʠʥʠʪʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʥʪʝʨʢʘʣʠʨʦʚʘʪʴ 

ʤʦʣʝʢʫʣʳ ʇɸɺ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʦʣʠ-

ʥʠʪʘ ʦʙʨʘʙʦʪʢʦʡ ʩʣʦʠʩʪʦʛʦ ʩʠʣʠʢʘʪʘ ʨʘʩʪʚʦʨʦʤ 

ʇɸɺ. ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʤʦ-

ʜʠʬʠʢʘʮʠʠ ʩʣʦʠʩʪʦʛʦ ʩʠʣʠʢʘʪʘ ʇɸɺ ʧʫʪʝʤ ʩʦʚʤʝʩʪ-

ʥʦʡ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. 

ʇʂʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 175 ÁC. ɼʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦ-

ʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʉʕʄ) ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʪrʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʧʦʣʥʝʥʠʝ ʉɺʄʇʕ ʤʝʭʘʥʦ-

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʙʝʥʪʦʥʠʪʦʤ ʩʦʭʨʘʥʷʝʪ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʂʄ ʥʘ ʫʨʦʚʥʝ ʠʩʭʦʜ-

ʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʦʣʥʠ-

ʪʝʣʷ ʇɸɺ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ 

ʤʦʣʝʢʫʣʳ ʇɸɺ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ, ʘ ʥʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʢʘʪʠʦʥʦʚ ʦʙʤʝʥʘ ʚ ʤʝʞʩʣʦʝʚʳʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘʭ ʩʠʣʠʢʘʪʘ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʘʜʩʦʨʙʠʨʦ-

ʚʘʪʴʩʷ ʤʦʣʝʢʫʣʘʤ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʠʣʠʢʘʪʘ. 

ɺ ʩʣʫʯʘʝ ʢʘʦʣʠʥʠʪʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ. ɺʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʇɸɺ ʥʘ ʤʝʩʪʝ 

ʪʨʝʱʠʥ ʠ ʠʩʢʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʦ-

ʣʠʥʠʪʘ, ʚʦʟʥʠʢʰʠʭ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʇʂʄ ʦʪ ʩʦʜʝʨʞʘ-

ʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ: ʘ ð GUR 

4120 + ʢʘʦʣʠʥʠʪ + ʇɸɺ; ʙ ð GUR 4120 + ʢʘʦʣʠʥʠʪ; ʚ ð GUR 

4022 + ʙʝʥʪʦʥʠʪ; ʛ ð GUR 4022 + ʙʝʥʪʦʥʠʪ + ʇɸɺ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʇʂʄ ʦʪ ʩʦʜʝʨʞʘ-

ʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʧʦʩʦʙʘ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ: ʘ ð GUR 

4120 + ʢʘʦʣʠʥʠʪ + ʇɸɺ; ʙ ð GUR 4120 + ʢʘʦʣʠʥʠʪ; ʚ ð GUR 

4022 + ʙʝʥʪʦʥʠʪ; ʛ ð GUR 4022 + ʙʝʥʪʦʥʠʪ + ʇɸɺ. 

ʉʪʨʫʢʪʫʨʘ ʇʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʇɸɺ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʇʂʄ, ʥʘʧʦʣʥʝʥʥʳʭ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʩʠʣʠʢʘʪʘʤʠ. ʇʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʇɸɺ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʳʭ 

ʝʜʠʥʠʮ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʝʥʪʦʥʠʪʘ, ʦʙʨʘʙʦʪʢʘ ʢʘʦʣʠ-

ʥʠʪʘ ʇɸɺ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ (ʈʦʩʩʠʡʩʢʦʛʦ) ʬʦʥ-

ʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʜ ʧʨʦʝʢʪʘ 02-

01-12345). 
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ʇʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʫʣʴʬʦʥʘ 

(ʇʉʌ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʤ-

ʙʨʘʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. ʆʩʥʦʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʝʤʙʨʘʥʳ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʠʥʚʝʨʩʠʠ ʬʘʟ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʧʨʦ-

ʮʝʩʩ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʦʨʤʦʚʦʯʥʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʦʣʠʤʝʨ ʢʦʥʪʨʦʣʠʨʫʝ-

ʤʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʚʦʜʠʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʠʣʠ ʨʘʩʧʣʘ-

ʚʘ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ [1]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʣʠ-

ʤʝʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʇʉʌ ʩ ʜʦʙʘʚʢʘʤʠ ʧʦʣʠ-

ʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʇʕɻ) ʠ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ 

(ʇɺʇ) ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠʥʚʝʨʩʠʠ ʬʘʟ 

ʧʨʠ ʧʦʣʫʯʝʥʠʷ ʤʝʤʙʨʘʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ 

ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʤ-

ʙʨʘʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʇʉʌ ʤʘʨʢʠ Ultrason S 

6010 (Mw = 45000ð55000 ʛĀʤʦʣʴï1, BASF), ʇʕɻ ʩ 

ʄn = 400 ʛĀʤʦʣʴï1 (ʇʕɻ-400, BASF), ʇɺʇ ʩ ʄn 10000, 

40000, 1300000 ʛĀʤʦʣʴï1 (ʇɺʇ ʂ-15, ʇɺʇ ʂ-30, ʇɺʇ 

ʂ-90 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Fluka) ʠ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

(ɼʄɸɸ, BASF). ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʇʉʌ ʚ 

ɼʄɸɸ c ʜʦʙʘʚʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʩʪʝʥʜʝ, ʚʢʣʶʯʘʶʱʝʤ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʫʶ ʢʨʫʛʣʦʜʦʥ-

ʥʫʶ ʢʦʣʙʫ ʠ ʚʝʨʭʥʝʧʨʠʚʦʜʥʫʶ ʤʝʰʘʣʢʫ (IKA  RW 20 

Digital, ɻʝʨʤʘʥʠʷ). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ () ʨʘʩ-

ʪʚʦʨʦʚ ʇʉʌ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʦʪʘʮʠʦʥʥʳʡ ʚʠʩʢʦʟʠʤʝʪʨ 

Brookfield DV III -Ultra. ʊʦʯʢʫ ʧʦʤʫʪʥʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʬʠʢʩʠʨʦʚʘʣʠ ʚʠʟʫʘʣʴʥʦ ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ 5 ʤʣ 

ʨʘʩʪʚʦʨʘ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʂʘʧʠʣʣʷʨʥʳʝ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʇʉʌ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʠ ʬʘʟ ʩʧʦʩʦʙʦʤ ʤʦʢʨʦʛʦ 

ʬʦʨʤʦʚʘʥʠʷ. ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ 

ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʪʝʥʜʝ [2]. 

ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʥʠʞʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʪʚʦʨʘʭ 

ʩʦʩʪʘʚʘ 20% ʇʉʌ, 30ï39% ʇʕɻ-400, 0ï8% ʇɺʇ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʥʠʞʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʰʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (Tʬ.ʧ.) ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʇɺʇ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʇʕɻ-400.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʇʕɻ-400 ʚ 20% ʨʘʩʪʚʦʨʝ ʇʉʌ ʚ ɼʄɸɸ ʚʳʰʝ 

39% ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʞʠʜʢʦʩʪʴ-

ʞʠʜʢʦʩʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʬʘʟ, ʨʝʟʢʦ ʨʘʟʣʠʯʘʶ-

ʱʠʭʩʷ ʧʦ ʚʷʟʢʦʩʪʠ. Tʬ.ʧ. 20% ʨʘʩʪʚʦʨʦʚ ʇʉʌ ʚ 

ɼʄɸɸ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʇʕɻ-400 ʩ 30% ʜʦ 39%, ʧʨʠʯʝʤ ʜʣʷ ʩʠʩʪʝʤʳ 20% 

ʇʉʌ 30% ʇʕɻ-400 Tʬ.ʧ. ʣʝʞʠʪ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ɼʄɸɸ, ʊʢʠʧ=164ʉ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʇɺʇ ʂ-30 ʚ ʩʠʩʪʝʤʘʭ ʩ 30% ʠ 35% ʇʕɻ-400 Tʬ.ʧ. 
ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 1). ʈʘʩʪʚʦʨʳ ʩʦʩʪʘʚʘ 20% ʇʉʌ 35% 

ʇʕɻ-400 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇɺʇ ʂ-30 ʚʳʰʝ 5% 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʬʘʟʦʚʳʡ ʨʘʩʧʘʜ ʞʠʜʢʦʩʪʴʞʠʜ-

ʢʦʩʪʴ), ʘ ʧʨʠ 38% ʇʕɻ-400 ʧʨʝʜʝʣ ʩʦʜʝʨʞʘʥʠʷ ʇɺʇ 

ʂ-30 ʩʦʩʪʘʚʣʷʝʪ 1,5%. 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ Tʬ.ʧ. ʩʠʩʪʝʤ ʇʉʌ-ʇʕɻ-400-ʇɺʇ ʂ-30-ɼʄɸɸ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɺʇ ʂ-30 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩ-

ʩʳ ʇɺʇ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ Tʬ.ʧ. ʠ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʠʭ ʚʷʟʢʦʩʪʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ. 1. ɿʘʚʠʩʠʤʦʩʪʴ Tʬ.ʧ. ʩʠʩʪʝʤ ʩʦʩʪʘʚʘ 20% ʇʉʌ, 

35% ʇʕɻ-400, 0,5% ʇɺʇ ʂ-30, ɼʄɸɸ ʦʪ M n ʇɺʇ 

Mn (ʇɺʇ), ʢɼʘ Tʬ.ʧ., C , ʇʘĀʩ 

10 110 17,6 

40 90 19,5 

1300 70 23,0 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʩʘʜʠʪʝʣʷ (ʚʦʜʳ) ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʢʘʧʠʣʣʷʨʥʳʭ ʤʝʤʙʨʘʥ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʚʳʩʠʪʴ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ ʧʦ 

ʚʦʜʝ (320 ʣĀʤ-2Āʯ-1 ʧʨʠ 40ʉ, 450 ʣĀʤ-2Āʯ-1 ʧʨʠ 70 ʉ, 

490 ʣĀʤ-2Āʯ-1 ʧʨʠ 90 ʉ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʠʥʚʝʨʩʠʠ ʬʘʟ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢ ʛʨʘʥʠʮʝ ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʠ. 
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ʎʝʣʴ 

ʈʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠ ʠʟʫʯʠʪʴ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʩʠʣʴʥʦʦʩʥʦʚʥʳʭ 

ʘʥʠʦʥʦʦʙʤʝʥʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʦ-

ʥʠʪʨʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʠʣʴʥʦʦʩʥʦʚʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʘʥʠʦʥʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦʣʫʯʝʥʥʦʝ ʨʘʥʝʝ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʩʣʘʙʦʦʩʥʦʚʥʦʝ ʚʦʣʦʢʥʦ ɽʘʤ 5,89 ʤʛʵʢʚ/ʛ. 

ʉʆɽ ʩʦʦʥ 0,31, ʥʘʙʫʭʘʥʠʝ 1,57 ʛʅ2ʆ/ʛ [1]. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚʳʙʨʘʥʳ ʵʧʠʭʣʦʨʛʠʜʨʠʥ 

(ʕʍɻ) ʠ ʵʪʠʣʝʥʭʣʦʨʛʠʜʨʠʥ (ʕʊʍɻ). ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʩʠʣʴʥʦʦʩʥʦʚʥʳʡ ʘʥʠʦʥʠʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʕʍɻ, ʥʘʟʳʚʘʝʪʩʷ ʌʀɹɸʅ ɸ-13, ʘ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʕʊʍɻ, ʌʀɹɸʅ ɸ-14. ʆʙʤʝʥʥʫʶ ʝʤ-

ʢʦʩʪʴ ʩʠʣʴʥʦʦʩʥʦʚʥʳʭ ʚʦʣʦʢʦʥ ʧʦ ʘʤʠʥʦʛʨʫʧʧʘʤ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʐʪʘʤʙʝʨʛʫ [2], ʥʘʙʫʭʘʥʠʝ ʚʦʣʦʢʦʥ 

ʦʧʨʝʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʥʘ ʮʝʥʪʨʠʬʫʛʝ 

ʆʇʥ-8.  

ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʘʥʠʦʥʠʪʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʦʩʪʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝ-

ʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʘʤʠʜʥʫʶ ʛʨʫʧʧʫ [1] ʠ ʧʦʷʚ-

ʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2512 Ñ 5 ʩʤï1, ʭʘʨʘʢ-

ʪʝʨʥʘʷ ʜʣʷ ʯʝʪʳʨʝʭʟʘʤʝʱʝʥʥʦʛʦ ʘʤʤʦʥʠʷ.  
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ʀʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʳ ʩʣʘʙʦʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʠʪʘ 

(ʩʭʝʤʘ) ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʦʣʝʢʫʣ ʘʣʢʠʣʠʨʫʶʱʝʛʦ 

ʘʛʝʥʪʘ ʢ ʦʜʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʟʚʝʥʫ ʩʣʘʙʦʦʩʥʦʚʥʦ-

ʛʦ ʘʥʠʦʥʠʪʘ ʨʘʚʥʦ 3. ʇʦʵʪʦʤʫ ʜʠʘʧʘʟʦʥ ʤʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʕʍɻ ʠʣʠ ʕʊʍɻ:NR1R2 (ʩʣʘʙʦʦʩʥʦʚʥʦ-

ʛʦ ʘʥʠʦʥʠʪʘ) ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 1 ʜʦ 3. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘ-

ʥʠʠ ʩʣʘʙʦʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʠʪʘ ʕʍɻ, ʧʦʣʫʯʝʥʥʳʝ 

ʘʥʠʦʥʠʪʳ ʌʀɹɸʅ ɸ-13 ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʩʠʣʴʥʦ- ʠ ʩʣʘʙʦʦʩʥʦʚʥʳʭ ʘʤʠʥʦʛʨʫʧʧ.  

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʘʥʠʦʥʠʪʦʚ ʌʀɹɸʅ ɸ-13 ʠ ʌʀɹɸʅ ɸ-14 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦh ʝʥʠʝ 

ʕʍɻ : NR1R2 

ʅʘʙʫʭʘʥʠʝ, 

ʛʅ2ʆ/ʛ 

ɽʩʣ, 

ʤʛɻ ʢʚ/ʛ 

ɽʩʠʣ, 

ʤʛɻ ʢʚ/ʛ 

ɽʦʙ,ɦ 

ʤʛɻ ʢʚ/ʛ 

1,0 1,10 3,54 2,22 5,76 

1,5 1,05 3,44 2,23 5,67 

2,0 0,93 3,24 2,25 5,49 

2,5 0,91 3,12 2,36 5,48 

3,0 0,89 3,01 2,49 5,50 

ʕʊʍɻ : NR1R2     

1,0 1,66 4,05 1,21 5,26 

1,5 1,60 4,19 1,11 5,30 

2,0 1,54 4,12 0,96 5,08 

2,5 1,52 3,86 0,71 4,57 

3,0 1,50 3,65 0,55 4,20 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʧʫʩʢʘʝʤʳʡ ʘʥʘʣʦʛ ʌʀɹɸʅ 

ɸ-6 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ɽʩʣ = 0,8 ʤʛʵʢʚ/ʛ, ɽʩʠʣ = 2,0 ʤʛʵʢʚ/ʛ, ʥʘʙʫʭʘʥʠʝ 

1,2 ʛʅ2ʆ/ʛ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʕʍɻ:NR1R2 ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʥʘʙʫʭʘʥʠʷ ʘʥʠʦ-

ʥʠʪʦʚ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʰʠʚʘʥʠʝʤ ʕʍɻ ʧʦʣʠʤʝʨ-

ʥʳʭ ʟʚʝʥʴʝʚ ʮʝʧʠ ʘʥʠʦʥʠʪʘ. ɺʝʣʠʯʠʥʘ ʥʘʙʫʭʘʥʠʷ 

ʩʠʣʴʥʦʦʩʥʦʚʥʳʭ ʘʥʠʦʥʠʪʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦ-

ʛʦ ʩʣʘʙʦʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʠʪʘ. ʇʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ 

ʩʣʘʙʦʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʠʪʘ ʕʊʍɻ, ʧʦʣʫʯʝʥʥʳʝ ʘʥʠʦ-

ʥʠʪʳ ʌʀɹɸʅ ɸ-14 ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʣʘʙʦʦʩʥʦʚʥʳʭ ʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʠʣʴʥʦ-

ʦʩʥʦʚʥʳʭ ʘʤʠʥʦʛʨʫʧʧ, ʤʝʥʴʰʠʤ, ʯʝʤ ʫ ʌʀɹɸʅ ɸ-6 

ʠ ʌʀɹɸʅ ɸ-13.  

ɺʘʨʴʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ, 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʢʠʣʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʧʦʟʚʦʣʠ-

ʣʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʠʣʴʥʦʦʩʥʦʚʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʘʥʠʦʥʠʪʦʚ. ʋʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ 

ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʠʣʴʥʦʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʠʪʘ ʌʀɹɸʅ 

ɸ-13 ʩʣʝʜʫʶʱʠʝ: ð ʚʨʝʤʷ ʨʝʘʢʮʠʠ 5 ʯ, ʤʦʣʴʥʦʝ ʩʦ-

ʦʪʥʦʰʝʥʠʝ ʕʍɻ:NR1R2 (ʩʣʘʙʦʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʠʪʘ) 

= 2,0ð3,0, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ 20ð80 Áʉ, ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʕʍɻ 10%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʍʊɻ ʦʧ-

ʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ð ʚʨʝʤʷ ʨʝʘʢʮʠʠ 5 ʯ, 

ʤʦʣɹʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʕʊʍɻ:NR1R2 (ʩʣʘʙʦʦʩʥʦʚʥʦʛʦ 

ʘʥʠʦʥʠʪʘ) = 1,0ð1,5, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ 

80ð100 Áʉ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʕʊʍɻ 10%. 
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ʎʝʣʴ 

ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʛʠʜʨʦʣʠʟʘʪʘ ʧʦʣʠʘʢʨʠʣʦʥʠʪ-

ʨʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ (ɻʇɸʅ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʈɹ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩ ʚʳʩʦʢʠʤʠ 

ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʟʘʱʠʪʥʦ-ʩʪʠʤʫʣʠʨʫ-ʁ

ʱʠʭ ʩʦʩʪʘʚʘʭ (ɿʉʉ) ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʝʤʷʥ [1]. ʂʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢʠʭ ʩʦʩʪʘʚʦʚ ʪʘʢʞʝ ʷʚ-

ʣʷʶʪʩʷ ʩʦʣʠ d-ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʜʠ, ʮʠʥʢʘ, 

ʤʘʨʛʘʥʮʘ ʠ ʜʨ., ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʩʦʣʝʡ ʤʠʢʨʦʵʣʝʤʝʥ-

ʪʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɿʉʉ ʥʘ ʦʩʥʦʚʝ 

ɻʇɸʅ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʤʳʰʣʝʥʥʦ ʧʨʦʠʟʚʦʜʠʤʳʡ 

ʧʨʝʧʘʨʘʪ ɺʈʇ-3 (ʊʋ ʈɹ 00280198.024-99), ʦʯʠʱʝʥ-

ʥʳʡ ʦʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʜʠʘ-

ʣʠʟʘ. ʉʦʜʝʨʞʘʥʠʝ ʘʢʨʠʣʘʪʥʳʭ ʠ ʘʢʨʠʣʘʤʠʜʥʳʭ ʟʚʝ-

ʥʴʝʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʠ ʩʦʩʪʘʚʣʷʣʦ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ 70 ʠ 30 ʤʦʣ.%. ɼʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ɻʇɸʅ ʩ ʩʦʣʷʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟʤʝʨʷ-

ʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ ʈɽʆʊɽʉʊ-2 ʧʨʠ 

20 ʉ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʘʪʳ Cu(II), Zn(II), Mn(II).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

2% ʨʘʩʪʚʦʨʳ ɻʇɸʅ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʥʝʥʴʶʪʦ-

ʥʦʚʩʢʠʝ ʞʠʜʢʦʩʪʠ (ʨʠʩ. 1). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

0,04 ʤʦʣʴ ʘʮʝʪʘʪʘ Na, ʘ ʪʘʢʞʝ ʘʮʝʪʘʪʦʚ Mg (II ), 

Cu(II), Zn(II), Mn(II) ʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ Cu-ʕɼʊɸʚ 

ʢʦʣʠʯʝʩʪʚʝ 0,02 ʤʦʣʴ/ʣ ʚʠʜ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ, ʦʜʥʘʢʦ ʧʨʠ ʚʩʝʭ ʩʢʦʨʦ-

ʩʪʷʭ ʩʜʚʠʛʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ. ʊʘʢ ʢʘʢ ɻʇɸʅ ʩʦʜʝʨʞʠʪ ʩʧʦʩʦʙʥʳʝ ʢ ʜʠʩ-

ʩʦʮʠʘʮʠʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʠ ʷʚʣʷʝʪʩʷ ʧʦʣʠ-

ʵʣʝʢʪʨʦʣʠʪʦʤ, ʪʦ ʚʚʝʜʝʥʠʝ ʚ ʝʛʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʜʦʙʘʚʦʢ ʣʶʙʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ʟʘʨʷʜʘ ʥʘ ʤʘʢʨʦʤʦʣʝʢʫ-

ʣʘʭ, ʩʚʦʨʘʯʠʚʘʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʝʡ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʷʟʢʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʠʦʥʦʚ d-ʵʣʝʤʝʥʪʦʚ (Mn(II), Zn(II), Cu(II)) ʩʥʠʞʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ (ʚ 3 ʨʘʟʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Cu(II), ʚ 1,5 ʨʘʟʘ ʚ ʩʣʫʯʘʝ Na+) ʚʩʣʝʜ-

ʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ɻʇɸʅ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɻʇɸʅ (ʨʠʩ. 2) 

ʚʦʟʨʘʩʪʘʝʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʩʪʘ-

ʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʠʭ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʩʪʴ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 

2% ʨʘʩʪʚʦʨʦʚ ɻʇɸʅ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʅʦ ʜʦʙʘʚʣʝʥʠʝ ʘʮʝʪʘʪʘ Cu(II) ʚ ʢʦʣʠʯʝʩʪʚʝ 

0,01 ʤʦʣʴ/ʣ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʠ ʣʶ-

ʙʦʡ ʠʟ ʠʟʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʠʤʝʨʘ, ʭʦʪʷ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʰʠʚʘʥʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʦʥʘʤʠ d-ʵʣʝʤʝʥʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶ-

ʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ Cr(III )[1]. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 

ʜʣʷ ʨʘʩʪʚʦʨʦʚ ɻʇɸʅ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cu(II)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦ-

ʣʝʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ɻʇɸʅ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʩʥʠ-

ʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ɿʉʉ ʚ ʮʝʣʦʤ, ʦʜʥʘʢʦ ʥʝ ʧʨʠʚʝʜʝʪ ʢ 

ʧʨʦʮʝʩʩʘʤ ʩʰʠʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʦʧʦʣʠʤʝʨʘ ʠ 

ʧʦʪʝʨʝ ʪʝʢʫʯʝʩʪʠ ʙʘʢʦʚʳʭ ʩʤʝʩʝʡ, ʯʪʦ ʩʜʝʣʘʣʦ ʙʳ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ɿʉʉ ʚ ʦʙʦʨʫʜʦ-

ʚʘʥʠʠ ʜʣʷ ʠʥʢʨʫʩʪʠʨʦʚʘʥʠʷ ʩʝʤʷʥ. 
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1ʋʯʨʝʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; famina@bsu.by 
2ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

3ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
4ʀʥʩʪʠʪʫʪ ʣʴʥʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʧ. ʋʩʪʴʝ, ʆʨʰʘʥʩʢʠʡ ʨ-ʥ, ɺʠʪʝʙʩʢʘʷ ʦʙʣ, ɹʝʣʘʨʫʩʴ 

ɻʠʜʨʦʣʠʟʘʪ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ, 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʧʨʝʧʘʨʘʪ ɺʈʇ-3, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʩʦʧʦʣʠʤʝʨʘ ʘʢʨʠʣʘʤʠʜʘ ʩ 

ʘʢʨʠʣʘʪʦʤ ʥʘʪʨʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʢʦʤʧʦʟʠʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʨʙʮʠ-

ʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʦʧʦʣʠʤʝʨʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʦʙʘʚʢʘʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʢ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ, ʩʧʦʩʦʙʥʳʤ ʭʝʤʦʩʦʨʙʠʨʦʚʘʪʴʩʷ 

ʥʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧʘʭ ʤʘʢʨʦʤʦʣʝʢʫʣ [1]. ʅʘ 

ʩʦʨʙʮʠʦʥʥʫʶ ʠ ʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠ-

ʤʝʨʥʦʡ ʦʩʥʦʚʳ ʧʨʝʧʘʨʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʙʘʚʢʘʤ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʷ ʮʝʧʝʡ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʦ-

ʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʡ ʤʝʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʡ ʜʦ 

ʩʰʠʪʦʡ. 

ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʚʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ 

ʧʨʝʧʘʨʘʪʘ ɺʈʇ-3 ʥʘ ʩʦʨʙʮʠʶ ʠ ʜʝʩʦʨʙʮʠʶ ʠʦʥʦʚ 

ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʤʝʜʠ) 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʧʘʨʘʪʘ ɺʈʇ-3 ʧʦ ʩʫʭʦʤʫ ʚʝ-

ʱʝʩʪʚʫ ʩʦʩʪʘʚʣʷʣʘ 41 ʤʘʩ.%, ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʢʩʠ-

ʣʘʪʥʳʭ ʛʨʫʧʧ ʚ ʩʦʧʦʣʠʤʝʨʝ ð 70 ʤʦʣ.%. ʉʦʨʙʮʠʶ 

ʠʦʥʦʚ Cu2+ ʚʝʣʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, 

ʜʝʩʦʨʙʮʠʶ ʚ ʚʦʜʫ ð ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ, ʧʨʠʛʦ-

ʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʩʦ-

ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʣʷʣʦ 10 ʤʘʩ.%, ʘ ʤʝʜʠ 0,02 ʤʦʣʴ/ʣ. 

ʂʦʥʬʠʛʫʨʘʮʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʧʨʝʧʘʨʘʪʝ ʠʟ-

ʤʝʥʷʣʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ɔ-ʠʟʣʫʯʝʥʠʝʤ 

ʉʦ60. ʆʙʣʫʯʝʥʠʝ ʚʝʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ PXM-ɔ-20. ɺʝʣʠ-

ʯʠʥʫ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 2 ʜʦ 40 ʢɻʨ. 

ʆ ʧʝʨʝʭʦʜʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʟ ʣʠʥʝʡʥʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʚ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʫʜʠʣʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʟ̫-

ʢʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʫʶ ʠʟʤʝʨʷʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ 

ʚʠʩʢʦʟʠʤʝʪʨʝ ʈɽʆʊɽʉʊ-2. ʉʰʠʚʘʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʟʦʣʴ-ʛʝʣʴ ʘʥʘʣʠʟʘ. ɺʝʣʠʯʠʥʳ 

ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ (Ŭ) ʠ ʛʝʣʴ-ʬʨʘʢʮʠʠ (ŭ) ʚ ʩʰʠʪʦʤ 

ʧʦʣʠʤʝʨʝ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʉu2+, ʧʦʛʣʦʱʘʝʤʳʭ ʨʘʩʪʚʦ-

ʨʠʤʳʤʠ ʠ ʩʰʠʪʳʤʠ ʬʦʨʤʘʤʠ, ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ ʮʝʧʠ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ ʧʨʝʧʘʨʘʪʘ ɺʈʇ-3 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʝʪʢʠ ʢʦʚʘʣʝʥʪʥʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞ-

ʜʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠ-

ʵʣʝʢʪʨʦʣʠʪʥʳʝ ʛʠʜʨʦʛʝʣʠ (ʇʕɻɻ), ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʚʳʩʦʢʠʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ. ʉʪʝʧʝʥʴ ʩʰʠʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʥʘʙʫʭʘʥʠʷ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʜʣʷ 

ʇʕɻɻ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦ-

ʟʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʇʕɻɻ ʚ ʠʩʩʣʝ-

ʜʫʝʤʦʤ ʧʨʝʧʘʨʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʟʘʭ, ʧʨʝʚʳʰʘ-

ʶʱʠʭ 15 ʢɻʨ. ɺʝʣʠʯʠʥʳ ŭ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʜʦʟʳ, ʘ ʟʘʚʠʩʠʤʦʩʪ ɹʚʝʣʠʯʠʥʳ Ŭ ʦʪ ʜʦʟʳ ʠʤʝʝʪ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠ 

(2,67 ʤʤʦʣʴ/ʛ) ʩʦʨʙʠʨʫʝʪ ʩʠʣʴʥʦ ʩʰʠʪʳʡ ʦʙʨʘʟʝʮ 

ʇʕɻɻ. ʉʣʘʙʦ ʩʰʠʪʳʡ ʦʙʨʘʟʝʮ ʧʦʛʣʦʱʘʝʪ ʤʝʜʴ ʚ ʥʝ-

ʩʢʦʣʴʢʦ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (2,84 ʤʤʦʣʴ/ʛ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʠʩʭʦʜʥʳʡ ʧʨʝʧʘʨʘʪ ʩ ʮʝʧʷʤʠ ʣʠʥʝʡʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʨʙʮʠʝʡ 

ʧʦ ʦʪʥʦh ʝʥʠʶ ʢ ʤʝʜʠ (3,57 ʤʤʦʣʴ/ʛ). 

ʇʨʠ ʜʦʟʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 15 ʢɻʨ, ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʨʘʟʚʝʪʚʣʝʥʠʝ ʮʝʧʝʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʤʝʩʠ ʧʨʝʧʘʨʘʪʘ ɺʈʇ-3 ʩ ʩʫʣʴʬʘʪʦʤ ʤʝʜʠ, 

ʚ ʢʦʪʦʨʦʤ ʥʘ ʦʜʠʥ ʤʦʣʴ ʉu(II) ʧʨʠʭʦʜʠʣʦʩʴ 40 ʤʦ-

ʣʝʡ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ, ʚʤʝʩʪʦ ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ 

ʚ ʚʦʜʝ ʇʕɻɻ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʠʤʳʝ ʤʘʢʨʦʤʦ-

ʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʆʜʥʘʢʦ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʉu(II), ʧʝʨʝʭʦʜʷʱʝʡ ʚ ʚʦʜʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʦʢ ʟʘ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʫʤʝʥʴʰʘ-

ʣʦʩʴ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʷʷ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʦʣʠ-

ʤʝʨʥʦʡ ʦʩʥʦʚʳ ʧʨʝʧʘʨʘʪʘ ɺʈʇ-3, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦ-

ʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʝ ʠʭ ʜʝʡʩʪʚʠʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ (ʊʈɻ) ʥʘ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʨʝʟʠʥʳ ɺ-14-ɼ-ʅʊɸ ʥʘ ʦʩʥʦʚʝ ʙʫ-

ʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ɹʅʂʉ-18. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʝ ʨʝʟʠʥʘ ʤʘʨʢʠ ɺ-14-ɼ-

ʅʊɸ ʥʘ ʦʩʥʦʚʝ ɹʅʂʉ-18 ʧʦʜʚʝʨʛʘʣʘʩʴ ʤʦʜʠʬʠʢʘ-

ʮʠʠ ʊʈɻ. ʊʈɻ ʚʚʦʜʠʣʠ ʚ ʨʝʟʠʥʦʚʫʶ ʩʤʝʩʴ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ ʦʪ 0,5 ʤʘʩ.% ʜʦ 2 ʤʘʩ.%. ʊʈɻ ð ʚʳʩʦʢʦʪʝʭʥʦ-

ʣʦʛʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʠʤʝʝʪ ʨʘʟʚʠ-

ʪʫʶ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʧʦʨʘʤʠ ʩ 

ʨʘʟʤʝʨʘʤʠ ʤʝʥʴʰʝ 1,0 ʥʤ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʣʘ-

ʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶɦ ʠʝ ʚʠʜʳ 

ʠʩʧʳʪʘʥʠʡ: ʫʧʨʫʛʦʧʨʦʯʥʦʩʪʥʳʝ ʧʦ ɻʆʉʊ 270ï75, 

ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʨʝʜ ʧʦ 

ɻʆʉʊ 9.030ï74, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ 

ʠʩʪʠʨʘʥʠʠ ʧʦ ɻʆʉʊ 23509ï79, ʥʘʢʦʧʣʝʥʠʝ ʦʩʪʘʪʦʯ-

ʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʧʦ ɻʆʉʊ 9.029ï74, ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ UMT-3CETP ʧʦ 

ʩʭʝʤʝ çʧʘʣʝʮðʜʠʩʢè ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

ʥʘʛʨʫʟʢʘ ð 10 ʅ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ð 50 ʦʙ/ʤʠʥ, 

ʨʝʞʠʤ ʪʨʝʥʠʷ ð ʩʫʭʦʡ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳ-

ʪʘʥʠʷ ð 30 ʤʠʥ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠ-

ʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM 

7800F ʬʠʨʤʳ JEOLLV (ʗʧʦʥʠʷ) ʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʧʦʨʦʰʢʦʚʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARLXTRA ʧʨʠ ʠʟʣʫʯʝ-

ʥʠʠ CuK  (  = 1,5418 ¡).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʟʠʥ ʧʦʢʘʟʘʣʠ 

ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʦʙʲʝʤ-

ʥʦʛʦ ʠʟʥʦʩʘ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʠ ʦʩʪʘ-

ʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʩʞʘʪʠʷ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʨʝʟʠʥ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʨʠʢʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʨʝʟʠʥ ʜʣʷ ʧʦʜʚʠʞʥʳʭ ʫʧʣʦʪʥʝʥʠʡ. ɺʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʨʝʟʘʥʠʶ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ 

ʜʝʪʘʣʠ, ʥʘʯʘʚʰʝʡ ʜʚʠʞʝʥʠʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝ-

ʙʳʚʘʥʠʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ 

2,8 ʨʘʟʘ ʜʣʷ ʨʝʟʠʥʳ, ʩʦʜʝʨʞʘʱʝʡ 2 ʤʘʩ.% ʊʈɻ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʨʝʟʠʥʦʡ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʊʈɻ, ʦʙʣʘʜʘʶʱʠʡ ʚʩʝʤʠ ʧʨʠʩʫʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʛʨʘʬʠʪʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʦʪʣʠʯʘʶʱʠʡ-

ʩʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʛʠʙʢʦʩʪʴʶ, ʩʞʠʤʘʝʤʦʩʪʴʶ, 

ʪʘʢʞʝ ʢʘʢ, ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʩʫʭʦʡ ʩʤʘʟʢʠ ʚ ʵʣʘʩʪʦʤʝʨ-

ʥʦʡ ʤʘʪʨʠʮʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʊʈɻ ʚ ʵʣʘʩʪʦʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ɺ-14ɼ-ʅʊɸ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʦʨʬʦʣʦ-

ʛʠʠ ʤʘʪʨʠʮʳ: ʚ ʥʝʡ ʧʦʷʚʣʷʶʪʩʷ ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫ-

ʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʯʘʩʪʠʮʘʤʠ ʊʈɻ. ʅʘ ʜʠʬʨʘʢʪʦ-

ʛʨʘʤʤʘʭ ʨʝʟʠʥ ʩ ʊʈɻ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʥʝʢʦ-

ʪʦʨʳʭ ʙʘʟʘʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ ʊʈɻ ʠ ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 2 26,8Á ʚ ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʫʛʣʦʚ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʪʝʨʢʘʣʷʮʠʠ ʢʘʫʯʫʢʘ ʚ 

ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ [1] ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ. 

 

 

 

ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʨʝʟʠʥ ʦʪ ʚʨʝʤʝʥʠ ʠʩʧʳ-

ʪʘʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ 

ʊʈɻ ʚ ʵʣʘʩʪʦʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʙʦʣʝʝ 

ʙʳʩʪʨʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʊʈɻ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙʦ-

ʣʝʝ ʣʝʛʢʦʤʫ ʩʢʦʣʴʞʝʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ ʢʘʫʯʫʢʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ.  
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ʈʝʟʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥʩʪʠ-

ʨʦʣʴʥʦʛʦ ʢʘʫʯʫʢʘ (ɹʉʂ), ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʠʥ, ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʢʘʙʝʣʴʥʳʭ 

ʠʟʜʝʣʠʡ ʠ ʪ.ʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʢʘʫʯʫʢʠ 

ʦʙʣʘʜʘʶʪ ʮʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʙʫʨ-

ʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʝʟʠʥ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʛʣʘʚʥʦʝ ʤʝʩʪʦ ʟʘ-

ʥʠʤʘʝʪ ʤʦʜʠʬʠʢʘʮʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʣʘʩʪʦ-

ʤʝʨʦʚ ʦʣʠʛʦʤʝʨʥʳʤʠ ʠʣʠ ʧʦʣʠʤʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠ-

ʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʜʚʦʡʥʳʝ ʩʚʷʟʠ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠ-

ʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʢʘʫʯʫʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʣʠʛʦʵʬʠʨʘʢʨʠʣʘʪʳ [1]. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ-ʟʘ 

ʩʪʨʫʢʪʫʨʥʦʡ ʙʣʠʟʦʩʪʠ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʭʦʨʦʰʦ 

ʩʦʚʤʝʱʘʣʠʩʴ ʩ ʵʣʘʩʪʦʤʝʨʘʤʠ, ʘ ʥʘʣʠʯʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ 

ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʠʥ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚʚʝ-

ʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʢʘʫʯʫʢʘ ʦʣʠʛʦʙʫʪʘʜʠʝʥʦʚ ʩ ʢʦʥʮʝʚʳ-

ʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʘ-

ʩʪʠʯʥʦʩʪʴ ʩʤʝʩʝʡ ʠ ʩʥʠʞʘʝʪ ʫʩʘʜʢʫ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʧʝʥʪʝʥʘʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣʘʭ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʚ ʢʘʯʝʩʪʚʝ ʤʦ-

ʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʢ ɹʉʂ.  

R1

R2

n
COOH

R1

R2

COOH

n

R1, R2= H, Me, Cl  
ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʙʣʠʟʦʩʪʠ ʢʘʨʙʦʢʩʠʟʘʤʝʱʝʥʥʳʝ ʧʦʣʠʧʝʥʪʝʥʘʤʝʨʳ 

ʭʦʨʦʰʦ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ɹʉʂ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʵʣʘʩʪʦʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ɹʉʂ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦ-

ʙʘʚʢʠ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʠ ʫʤʝʥʴʰʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʨʝʞ-

ʜʝʚʨʝʤʝʥʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 5 ʤʘʩ.ʯ. ʚʦʟʨʘʩ-

ʪʘʶʪ: ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ ʥʘ 8,4ð9,4 ʄʇʘ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʘ 70ð140%, ʚʨʝʤʷ ʥʘʯʘʣʘ 

ʧʦʜʚʫʣʢʘʥʠʟʘʮʠʠ ʥʘ 12ð16 ʤʠʥ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ 

ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 300%-ʥʦʤ 

ʫʜʣʠʥʝʥʠʠ. ʇʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʫʣʢʘʥʠʟʘʪʦʚ 

ʧʨʠ ʜʦʙʘʚʢʝ ʢʘʨʙʦʢʩʠʧʝʥʪʝʥʘʤʝʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʯʘʩʪʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʝʪʯʘʪʳʭ ʩʪʨʫʢʪʫʨ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʨʝʟʠʥʦʚʦʡ 

ʩʤʝʩʠ ʧʦʣʠʢʘʨʙʦʢʩʠʧʝʥʪʝʥʘʤʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʧʣʦʚʦʤʫ ʩʪʘʨʝʥʠʶ. ʂʦ-

ʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷ ʧʨʠ 373 ʂ ʟʘ 72 ʯʘʩʘ 

ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʨʘʟʨʳʚʫ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʫʜʣʠʥʝʥʠʶ ʜʦʭʦʜʠʪ ʜʦ 0,92, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʟʠʥʳ 

ʙʝʟ ʜʦʙʘʚʦʢ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 0,61 ʠ 

0,73 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʨʝʟʠʥ ʜʦ 

0,90ð0,94 ʄʇʘ. 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʪʘʨʝʥʠʶ ʠ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝʟʠʥ ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʦʣʠʢʘʨʙʦʢʩʠ-

ʧʝʥʪʝʥʘʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʠʟʤʝʥʝʥʠʝʤ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʣʘʩʪʦʤʝʨ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨ-

ʙʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʧʝʥʪʝʥʘʤʝʨʘ (ʛʜʝ R=H) ʚ ʢʘ-

ʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʠʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʜʨʫʛʠʝ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʝʤ ʨʝʟʠʥʳ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʧʦʣʠʧʝʥʪʝʥʘʤʝʨʦʚ 

(ʛʜʝ R=Me ʠʣʠ Cl), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪ-

ʥʦʩʪʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʩʝʪʢʠ (ʥʘʣʠʯʠʝ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʠʣʠ ʘʪʦʤʘ ʭʣʦʨʘ ʫ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʵʢʨʘʥʠʨʫʝʪ 

ʝʝ ʠ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʫʣʢʘʥʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʦ 

ʫʭʫʜʰʘʝʪʩʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʣʠʢʘʨ-

ʙʦʢʩʠʟʘʤʝʱʝʥʥʳʝ ʧʝʥʪʝʥʘʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʢ 

ɹʉʂ, ʫʣʫʯʰʘʷ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʨʝʟʠʥʦʚʳʭ 

ʩʤʝʩʝʡ, ʪʘʢ ʠ ʨʝʟʠʥ ʥʘ ʠʭ ʦʩʥʦʚʝ. 
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ɺʚʝʜʝʥʠʝ. ʆʜʥʘ ʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʜʰʠʧʥʠʢʦ-

ʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʘʣʶ-

ʤʠʥʠʝʚʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ, ʢʘʢ ʘʣʴʪʝʨʥʘ-

ʪʠʚʳ ʧʦʜʰʠʧʥʠʢʦʚʳʤ ʙʨʦʥʟʘʤ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʵʢʦʥʦʤʠʠ ʜʝʬʠʮʠʪʥʦʡ ʤʝʜʠ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʙʨʦʥʟ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʳʯʥʦ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʢʘʟʘʪʝ-

ʣʷʤ (HB, ů, , kCv), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʠʭ ʦʙʲʸʤʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [1]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʦʨʤʘʣʴʥʘʷ 

ʨʘʙʦʪʘ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʚ ʨʝʰʘʶʱʝʡ ʩʪʝʧʝʥʠ ʟʘ-

ʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʩʦʧʨʷʞʸʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʝʤ ʙʦʣʝʝ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʥʝʩʦʚʝʨʰʝʥʥʦʡ 

ʩʤʘʟʢʠ, ʢʦʛʜʘ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʩʭʚʘʪʳʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʦʩʪʘʚʦʚ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʧʣʘʚʦʚ ʠ ʦʢʦʥʯʘ-

ʪʝʣʴʥʳʡ ʠʭ ʚʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʘ-

ʜʠʮʠʦʥʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʩʪʴ ʠ ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴ. [2]. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ-

ʰʠʡ ʫʨʦʚʝʥʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʮʝʥʢʫ ʩʣʫʞʝʙʥʳʭ 

ʢʘʯʝʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʜʦʧʦʣʥʠʪʴ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝ-

ʪʦʜʘʤʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʠ ʩʢʣʝʨʦʤʝʪʨʠʠ, ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʩʧʳʪʘ-

ʥʠʷ. ʇʨʠ ʵʪʦʤ, ʜʦʩʪʦʚʝʨʥʫʶ ʦʮʝʥʢʫ ʟʘʜʠʨʦʩʪʦʡʢʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʜʘʪʴ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝ-

ʥʠʷʤ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤ ʧʨʦʮʝʩʩ ʤʠʢʨʦʨʝʟʘʥʠʷ 

(ůʤʢʨ) ʧʨʠ ʩʢʣʝʨʦʤʝʪʨʠʨʦʚʘʥʠʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʎʝʣʴ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʟʘʜʠʨʦʩʪʦʡʢʦʩʪʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ, ʦʩʥʦ-

ʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʣʘʩʴ ʘʣʶʤʠʥʠʝʚʘʷ ʤʘʪʨʠʮʘ ʩʠʩʪʝ-

ʤʳ AlïSiïCuïSnïPb. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʦʜʛʦ-

ʪʦʚʣʝʥʳ 8 ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʵʣʝ-

ʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʣʝʛʠ-

ʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʢʣʝʨʦʤʝʪʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʢʨʝʪʯ-

ʪʝʩʪʝʨʝ REVETEST ʬʠʨʤʳ GSM (ʐʚʝʡʮʘʨʠʷ) ʩ ʧʝ-

ʨʝʤʝʥʥʦʡ ʛʣʫʙʠʥʦʡ ʮʘʨʘʧʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦ ʜʣʠʥʝ ʮʘʨʘʧʘʥʠʷ ʦʪ 

ʥʘʛʨʫʟʢʠ. ɿʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʦʙʳʯʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʮʘʨʘʧʠʥ ʠ ʚʳʨʳʚʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʚʢʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʧʨʦ-

ʮʝʩʩʘ ʤʠʢʨʦʨʝʟʘʥʠʷ ʥʘ ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥʪʘʢʪʝ. ʇʨʦʠʟ-

ʚʦʜʠʣʘʩʴ ʬʦʪʦʬʠʢʩʘʮʠʷ ʢʘʥʘʚʢʠ ʠ ʦʪʩʯʸʪ ʚʝʣʠʯʠʥʳ 

ʥʦʨʤʘʣʴʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (Nʢʨ), ʜʝʡʩʪʚʫʶʱʝʡ ʚ 

ʵʪʦʪ ʤʦʤʝʥʪ. ʐʠʨʠʥʘ ʮʘʨʘʧʠʥʳ (b) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʬʦʪʦʛʨʘʬʠʠ ʩ ʫʯʸʪʦʤ ʤʘʩʰʪʘʙʘ. ʂʦʥʪʨʦʣʴʥʳʝ ʪʨʠʙʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʨʠʙʦʪʝʩʪʝʨʝ ʊ-

05 ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ çʚʘʣðʚʢʣʘʜʳʰè. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʢʦʣʴʮʦ ʠʟ ʩʪʘʣʠ ʉʪ. 45 

(HRc 45é48). ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩ ʦʙʨʘʟʮʘ ʚ ʩʪʘ-

ʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘ-

ʝʪ (ʩʤ. ʨʠʩ. 1), ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ 

ʥʘ ʟʘʤʝʥʫ ʩʚʠʥʮʦʚʠʩʪʦʡ ʙʨʦʥʟʳ ɹʨʆʎʉ 4-4-17 ʷʚʣʷ-

ʶʪʩʷ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ˉ 6 ʠ ˉ 8, ʧʦʩʢʦʣʴʢʫ, ʦʙ-

ʣʘʜʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʩ ʥʝʡ ʪʚʝʨʜʦʩʪʴʶ, ʧʦ 

ʢʦʥʪʘʢʪʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʤʠʢʨʦʨʝʟʘʥʠʷ (ůʤʢʨ) ʦʥʠ ʦʪ-

ʣʠʯʘʶʪʩʷ ʦʪ ʥʝʸ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 20%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʩʪʘʣʴʥʳʝ ʦʧʳʪʥʳʝ ʩʧʣʘʚʳ ð ʧʨʠʤʝʨʥʦ ʥʘ 30ð60%. 

 

 

ʈʠʩ. 1. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʠ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝ-

ʥʠʝʤ ʤʠʢʨʦʨʝʟʘʥʠʷ (ˉ 1ðˉ 8 ð ʥʦʤʝʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ) 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ  

ʂʦʥʪʨʦʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ (ʩʤ. ʨʠʩ. 2), 

ʯʪʦ ʠ ʧʦ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʥʠ 

ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ʢ ʙʨʦʥʟʝ ɹʨʆʎʉ 4-4-17. 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʅʌ 14-19-01033. 
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ʅɸʅʆʏɸʉʊʀʎ ɺ ʍʆʃɽʉʊɽʈʀʏɽʉʂʀʍ ʄɽɿʆɻɽʅɸʍ 
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1ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʀʀ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ; nv_usoltseva@mail.ru 
2ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ, 

ʃʘʙʦʨʘʪʦʨʠʷ ʨʝʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʦʧʨʦʩʦʚ ʪʨʠʙʦʣʦʛʠʠ ʷʚ-

ʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʠʤʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʠʣʠ ʧʨʠʩʘ-

ʜʦʢ ʢ ʥʠʤ) ʩ ʠʭ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʘʥʝʝ 

ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʘʞʝ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʵʬʠʨʦʚ ʭʦʣʝʩʪʝʨʦʣʘ 

(0,5ð5,0 ʤʘʩ.%) ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʚʷʟʢʦʩʪʴ 

ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʨʝʟʢʦ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ 

ʩʤʘʟʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ [1, 2]. 

ʄʝʟʦʛʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʝ ʠʩʯʝʨʧʳʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʪʨʠʙʦ-

ʣʦʛʠʠ. ʕʬʬʝʢʪ ʩʠʥʝʨʛʠʟʤʘ ʙʳʣ ʥʘʤʠ ʨʘʥʝʝ ʫʩʪʘʥʦʚ-

ʣʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3], ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʘʢʠ-

ʤʠ ʚʘʞʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʷʭ, ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʜʨ. 

ɺ ʘʩʧʝʢʪʝ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ-

ʯʘʩʪʠʮ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʟʦʬʘʟ, ʨʘʥʝʝ ʤʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʜʠʩʧʝʨʩʠʠ ʄʋʅʊ ʚ ʭʦʣʝʩʪʝʨʠʯʝʩʢʠʭ 

ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʘʭ (ʍɾʂ) [4]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳ-

ʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʩʨʘʚʥʠʪʴ ʚʣʠʷʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʫʛ-

ʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʄʋʅʊ ʠ ʰʫʥʛʠʪʘ) ʥʘ ʨʝʦʣʦ-

ʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʦʣʝʩʪʝʨʠʯʝʩʢʠʭ ʤʝʟʦʛʝʥʦʚ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʘʥʦʯʘʩʪʠʮ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʤʧʦʟʠʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʠʜʝʮʠʣʘʪʘ 

ʭʦʣʝʩʪʝʨʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0, 0,005 ʠ 0,020% ʤʥʦʛʦ-

ʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʄʋʅʊ) ʠʩʩʣʝʜʦ-

ʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ Brookfield DV- II  + 

PRO (ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ çʢʦʥʫʩðʧʣʦʩʢʦʩʪʴè ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ 0,02 ʩʇɿ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʠʟ-

ʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʩʜʚʠʛʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʄʋʅʊ ʚ 

ʪʨʠʜʝʮʠʣʘʪ ʭʦʣʝʩʪʝʨʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʪʝʤ-

ʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ɾʂ-ʤʘʪʨʠʮʳ. 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʠʜʝʮʠʣʘʪʘ ʭʦʣʝʩʪʝ-

ʨʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0, 0,005 ʠ 0,020% ʰʫʥʛʠʪʘ ʠʩ-

ʩʣʝʜʦʚʘʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʨʝʦʤʝʪʨʝ Physica 

MCR301 (Anton Paar, ɸʚʩʪʨʠʷ). ʂʨʠʚʳʝ ʪʝʯʝʥʠʷ ʧʦ-

ʣʫʯʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 70, 85 ʠ 100 Áʉ ʩ ʚʘʨʴʠʨʦ-

ʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʚʷʟʢʦʩʪʠ ʧʦʣʫʯʘʣʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 300 ʩï1 ʠ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 3 Áʉ/ʤʠʥ.  

70 80 90 100

0.1

1

 

(ʙ)

 0%

 0.005%

 0.02%

, ʇʘĀʩ

T, ÁC

Sm
A

N* I

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʠʜʝʮʠʣʘʪʘ ʭʦʣʝ-

ʩʪʝʨʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʰʫʥʛʠʪ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 300 ʩï1. ʂʨʠ-

ʚʳʝ ʧʦʣʫʯʝʥʳ ʚ ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʰʫʥʛʠʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʷʟʢʦʩʪʝʡ ʪʨʠʜʝʮʠʣʘʪʘ 

ʭʦʣʝʩʪʝʨʦʣʘ ʚʦ ʚʩʝʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʩʣʝʛʢʘ ʩʤʝʱʘʝʪ 

ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ N*-I ʠ N*-SmA ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʈʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʠʡ ʰʫʥʛʠʪʘ ʠʣʠ 

ʄʋʅʊ ʚ ɾʂ ʤʳ ʦʙʲʷʩʥʷʝʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫ-

ʨʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʧʨʦʛʨʘʤʤʦʡ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʚʘʥʦʚʩʢʦ-

ʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʘ 2014ð2016 ʛʛ., 

ʛʨʘʥʪ ˉ 4.106.2014/ʂ. 
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ʄʆʃɽʂʋʃʗʈʅɸʗ ɼʀʅɸʄʀʂɸ ʉʄɸɿʆʏʅʆɻʆ ʉʃʆʗ: 

ʇʈɽɼɽʃʓ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ɺʆɿʄʆɾʅʆʉʊɽʁ 

ʆ.ɺ. ɹʣʠʥʦʚ
1
, ɺ.ɸ. ɻʦʜʣʝʚʩʢʠʡ

2
, C.ɸ. ʉʪʫʣʦʚ

2
 

1ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 
2ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ; godl@yandex.ru 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʨʘʥʠʯʥʦʛʦ 

ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ [1, 

2], ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʩʫʜʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʠʜʝʦʣʦʛʠʠ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [1], ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʨʠʙʦʩʠʩʪʝʤʳ ʩʦ ʩʣʦʝʤ ʩʤʘ-

ʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʉʄ) ʫʜʦʙʥʦ ʧʦʩʪʨʦʠʪʴ, ʠʩʧʦʣʴ-

ʟʫʷ ʛʦʪʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ.  

ʆʧʳʪ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʨʝʤʷ ʦʙʨʘ-

ʙʦʪʢʠ ʦʜʥʦʛʦ çʢʘʜʨʘè ʧʨʦʮʝʩʩʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʨʫʧʧʠʨʦʚ-

ʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʘ, ʠ ʜʣʷ ʚʳʙʨʘʥ-

ʥʦʛʦ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʤʦʞʝʪ ʟʘʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. 

ɼʣʷ ʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʘ ʩʯʝʪʘ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʠʣʠ ʥʝʜʝʣʴ. ʉʣʝ-

ʜʫʝʪ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʠʝʤʣʝʤʳʤ. 

ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʨʠʥʠʤʘʪʴ, ʯʪʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʠ ʪʨʠʙʦʩʠʩʪʝʤʳ ʩʦ ʩʤʘʟʦʯʥʳʤ 

ʩʣʦʝʤ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ. 

ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ: 

1) ʉʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

(ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ), 

çʛʣʫʙʠʥʘè ʤʦʜʝʣʠ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 2) ʄʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʧʦʣʠʤʝʨ, 

ʵʣʘʩʪʦʤʝʨ, ʪʝʢʩʪʠʣʴʥʦʝ ʚʦʣʦʢʥʦ, ʢʦʤʧʦʟʠʪ ʠ ʪ.ʜ.). 

3) ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɹ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ: 1) ʈʘʟʤʝʨʳ 

ʤʦʣʝʢʫʣʳ ʪʨʠʙʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 2) ʂʦʣʠʯʝ-

ʩʪʚʦ ʯʘʩʪʠʮ ʚ ʤʦʜʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ (ʆʙʲʝʤ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ). 3) ʋʯʝʪ ʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ. 4) ʅʘʣʠʯʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʠʙʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ɺ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʩʯʝʪʥʳʝ ʘʣʛʦ-

ʨʠʪʤʳ: 1) ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʝʛʦ ʧʨʦ-

ʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ çʧʘʨʘʣʣʝʣʠʟʘ-

ʮʠʠè ʚʳʯʠʩʣʝʥʠʡ. 2) ɺʚʝʜʝʥʠʝ çʵʬʬʝʢʪʠʚʥʳʭ ʨʘʜʠ-

ʫʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ ʩʤʘʟʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 3) ɺʝʣʠʯʠʥʘ ʰʘʛʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʜʚʠʛʦ-

ʚʦʛʦ ʧʨʦʮʝʩʩʘ. 4) ʋʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ. 5) ʋʯʝʪ ʩʢʦʨʦ-

ʩʪʠ ʩʜʚʠʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 6) ɺʳʙʦʨ ʚʠʜʘ ʨʘʩʯʝʪʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʧʦʨʷʜʦʯʝʥ-

ʥʦʩʪʠ ʩʠʩʪʝʤʳ (ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ).  

ɻ. ʇʘʨʘʤʝʪʨʳ ʧʨʠʤʝʥʷʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʠʢʠ: 1) ʆʜʥʦ- ʠʣʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʝ ʢʦʤʧʴʶ-

ʪʝʨʳ. 2) ʊʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʧʨʦʮʝʩʩʦʨʘ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ, ʧʦ 

ʥʘʰʝʤʫ ʦʧʳʪʫ, ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: 

1) ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʥʫʞʥʦ ʩʪʨʦʠʪʴ ʠʭ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʠʟ ʜʚʫʭ ʩʣʦ-

ʝʚ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʫ ʚʠʨʪʫʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʳʩʪʨʘʠʚʘʪʴ çʧʨʠʥʫʜʠʪʝʣʴʥʦè, ʨʘʩʧʦʣʘʛʘʷ ʘʪʦʤʳ ʠ 

ʤʦʣʝʢʫʣʳ, ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʪʘʣʣʘ. 

2) ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʉʄ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʦʣʞʥʘ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʝʥʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʝʜʝʣʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʤʝʨʳ ʪʠʧʠʯʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʇɸɺ. 

3) ʈʘʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʢʣʘ-

ʩʪʝʨʘ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ ʟʘʡʤʝʪ ʩʣʠʰʢʦʤ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʥʫʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʥʝʢʦʪʦʨʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʜʠ-

ʫʩʦʤ. 

4) ʈʘʩʯʝʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ çʜʠʨʝʢʪʦʨʘè ʜʣʷ ʘʥʠ-

ʟʦʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʦʪʙʠʨʘʪʴ ʟʥʘʯʠʪʝʣɹʥʫʶ 

ʜʦʣʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʝʩʣʠ 

ʚ ʨʘʩʯʝʪʥʳʡ ʮʠʢʣ ʚʢʣʶʯʝʥʘ ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʛʣʦʚ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. ʇʦ-

ʵʪʦʤʫ ʩʣʝʜʫʝʪ, ʟʘʜʘʚʰʠʩʴ ʦʜʥʠʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʤʦʣʝʢʫʣʳ, çʞʝʩʪʢʦ ʧʨʠʚʟ̫ʘʪʴè ʧʦʟʠʮʠʶ 

çʜʠʨʝʢʪʦʨʘè ʢ ʯʘʩʪʠʮʝ. 

ʅʦ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʟʘʜʘʯʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠ-

ʥʘʤʠʢʠ, ʥʘʧʨʠʤʝʨ, ʠʟʫʯʝʥʠʝ ʨʦʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʨʠʙʦʘʢʪʠʚʥʳʭ ʧʨʠʩʘʜʦʢ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʢʣʘʩʪʝʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʯʘʩʪʠʮ. ʇʦʢʘ ʵʪʦ 

ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʜʦʩʪʫʧʥʦʛʦ ʥʘʤ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ. çʆʜʥʦʧʦʪʦʯʥʳʝè ʧʨʠʣʦʞʝʥʠʷ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʥʝ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝ-

ʩʫʨʩʘʤʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝ-

ʥʠʷ [3].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʢʦʜ ʧʨʦʝʢʪʘ 9.700.2014/ʂ). 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʛʨʘʥʠʯʥʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ 

ɻʉ. ɺ ʨʘʙʦʪʘʭ ʨʷʜʘ ʘʚʪʦʨʦʚ ʧʨʠʤʝʥʝʥʳ ʠʜʝʠ ʬʠʟʠʢʠ 

ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʤʘʟʢʠ [1]. ɼʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʵʪʠʭ ʠʜʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʜʚʠʥʫʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-

ʦʧʪʠʯʝʩʢʫʶ ʤʝʪʦʜʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠ̫ ʩʤʘʟʦʯʥʳʭ ʩʣʦʝʚ 

in situ. ʇʝʨʚʳʝ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʠʜʝʡ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘ-

ʥʠʶ ʧʨʠʙʦʨʘ ʪʠʧʘ çʧʦʣʨ̫ʠʟʘʮʠʦʥʥʳʡ ʪʨʠʙʦʤʝʪʨ [2,3]. 

ʊʨʠʙʦʤʝʪʨ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʣʘʟʝʨʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʜʚʠʛʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʚ-

ʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ [4].  

ʈʘʟʨʘʙʦʪʘʥʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩ-

ʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʙʲʸʤʝ ʉʄ ʠ ʛʨʘʥʠʯʥʳʭ ʵʧʠʪʨʦʧ-

ʥʳʭ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʕɾʂ) ʩʣʦʷʭ ʧʨʠ ʩʪʘʮʠʦ-

ʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʉʄ ʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʪʨʠʙʦʤʝʪʨʝ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦ 

ʜʚʠʞʝʥʠʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʟʦʨʝ ʪʦʣʱʠʥʦʡ d ʤʝʞʜʫ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ, ʧʨʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʚʨʘʱʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ (ʨʠʩ. 1) 
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ʈʠʩ. 1. ʈʘʙʦʯʘ ̫ ʷʯʝʡʢʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʪʨʠʙʦʤʝʪʨʘ: 1, 3 ð 

ʕɾʂ-ʩʣʦʠ, 2 ð ʉʉ, ʃ ð ʣʘʟʝʨ, ɸ ð ʧʦʣʷʨʠʟʘʪʦʨ-ʘʥʘʣʠʟʘʪʦʨ, 

ʌ ð ʬʦʪʦʧʨʠʸʤʥʠʢ 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʅʘ-

ʚʴʝ-ʉʪʦʢʩʘ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʝ ʦ ʜʚʠʞʝʥʠʠ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʜʣʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʝʥʫʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦ-

ʨʦʩʪʠ  ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʁ ʱʠʤ ʦʙʨʘʟʦʤ: 

 . (1) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

  (2) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1 2) ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ (2 3) ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʧʦʣʷ ʩʢʦ-

ʨʦʩʪʝʡ ʚ ʩʣʦʝ ʠ ʤʦʤʝʥʪʘ ʩʠʣ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ: 

 , (3) 

 . (4) 

ʛʜʝ ð ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʧʨʠʙʦʨʦʤ 

ʚʷʟʢʦʩʪʴ ʉʄ, R ð ʨʘʜʠʫʩ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (1, 2) ʤʝʪʦʜʦʤ ʌʫʨʴʝ 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʚ 

ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 1, 2 ʠ 3 (ʩʤ. ʨʠʩ. 1), ʧʦʟʚʦʣʠʚ-

ʰʠʝ ʨʘʩʩʯʠʪʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩʠʣʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ 

ʤʦʤʝʥʪ ʵʪʦʡ ʩʠʣʳ ʄ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʧʦʜʚʠʞʥʳʡ 

ʜʠʩʢ ʨʘʜʠʫʩʘ R: 

 , (5) 

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ ʠʩʢʦʤʦʝ ʨʘʩʯʸʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʪʦʣʱʠʥʳ ʕɾʂ ʩʣʦʷ ʚ ʤʦʜʝʣʠ ʩʣʦʷ ʧʦʩʪʦʷʥʥʦʡ ʚʷʟ-

ʢʦʩʪʠ: 

 . (6) 

ɺʳʨʘʞʝʥʠʝ (6) ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝ-

ʥʠʷʤ ʦʙʲʸʤʥʦʡ ʚʷʟʢʦʩʪʠ  ʠ ʚʷʟʢʦʩʪʠ , ʠʟʤʝ-

ʨʝʥʥʳʭ ʥʘ ʩʚʝʨʭʪʦʥʢʠʭ ʧʨʦʩʣʦʡʢʘʭ, ʢʦʛʜʘ ʚ ʩʣʦʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʕɾʂ-ʩʣʦʠ, ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʱʠ-

ʥʫ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʷʤʠ ʪʨʝʥʠʷ ʤʦʣʝʢʫʣ ʪʨʠʙʦʘʢʪʠʚʥʳʭ ʧʨʠʩʘʜʦʢ ʚ 

ʩʣʫʯʘʝ ʪʝʯʝʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʉʄ ʤʝʞʜʫ ʪʚʝʨʜʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ʈʘʙʦʪʘ ʚʧrʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʢʦʜ ʧʨʦʝʢʪʘ 9.700.2014/ʂ). 
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ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʅɸɼɪɾʅʆʉʊʀ 

ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʇʆɼʐʀʇʅʀʂʆɺʓʍ ʋɿʃʆɺ ɻʊɼ 

ɽ.ʌ. ʇʘʨʦʚʘʡ
1
, ʉ.ɺ. ʌʘʣʘʣʝʝʚ

1
, ʀ.ɼ. ʀʙʘʪʫʣʣʠʥ

2
 

1ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʸʚʘ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʤʘʨʘ, ʈʦʩʩʠʷ; kipdla@ssau.ru 
2ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

ɺʳʧʦʣʥʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʫʞʝʩʪʦʯʘʶʱʠʭʩʷ ʪʨʝ-

ʙʦʚʘʥʠʡ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɻʊɼ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟ-

ʣʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʨʝʩʫʨʩʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘ-

ʙʦʪʝ, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝ-

ʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʣʷʥʦʛʦ ʛʦʣʦʜʘʥʠʷ, ʧʨʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ 

(ʜʦ 10 ʤʢʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʤʘʟʢʠ) [1]. ɺʳʩʦ-

ʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʡ ʩʣʦʡ ʤʘʩʣʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧʥʠʢʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʚʠʛʘʪʝʣʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʝʨʠʦʜ 

ʟʘʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʘ, ʘ ʪʘʢ ʞʝ ʥʘ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʨʝ-

ʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

ʇʝʨʚʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʧʘʩʘ 

ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝ-

ʥʠʷ (ʟʘʧʫʩʢ ð ʦʩʪʘʥʦʚ ʜʦ çʚʳʭʦʜʘ ʥʘ ʢʣʠʥè, ʤʘʣʳʝ 

ʦʙʦʨʦʪʳ ʠ ʧʦʚʳʰʝʥʥʳʝ ʥʘʛʨʫʟʢʠ) ʠ ʚ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʩʥʠʞʝʥʠʷ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʡ. ʈʝʞʠʤʫ ʛʨʘʥʠʯʥʦʛʦ 

ʪʨʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʪʨʝʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʟʦʥʘʭ ʢʘ-

ʩʘʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʙʣʝʤʘ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʟʣʦʚ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨ: ʧʦʜʙʦʨʦʤ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʟʣʘ ʢ ʥʝʜʦʧʫ-

ʩʪʠʤʳʤ ʚʠʜʘʤ ʪʨʝʥʠʷ ʠ ʥʝʜʦʧʫʩʪʠʤʳʤ ʬʦʨʤʘʤ ʠʟ-

ʥʘʰʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʌʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʜʰʠʧʥʠʢʘ ʥʘ ʵʪʦʤ ʨʝʞʠʤʝ ʩʚʝʜʝʥʦ 

ʢ ʤʠʥʠʤʫʤʫ ʙʣʘʛʦʜʘʨʷ ʨʘʩʪʦʯʢʝ ʚʢʣʘʜʳʰʝʡ ʚ ʨʘʜʠ-

ʫʩ ʚʘʣʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦ-

ʚʝʥʥʳʡ ʚʳʭʦʜ ʥʘ ʢʣʠʥ.  

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʦ-

ʪʝʨʴ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʝ ð ʧʨʠ ʧʨʘ-

ʚʠʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʤʝʥʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʷʤ ʤʘʩʣʘ (ʧʦ-

ʚʳʰʝʥʥʳʡ ʧʦʪʨʝʙʥʳʡ ʨʘʩʭʦʜ ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢ, 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʪʘʨʝʥʠʝ (ʦʢʠʩʣʝʥʠʝ) ʤʘʩʣʘ). 

ɺʩʣʝʜʩʪʚʠʝ ʠʟʣʠʰʥʝʛʦ ʪʨʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʦʪʚʦʜʘ ʪʝʧʣʘ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʜʣʷ ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠʟʥʦ-

ʩʘ, ʠʤʝʶʱʝʛʦ ʤʝʩʪʦ ʧʨʠ ʞʠʜʢʦʩʪʥʦʤ ʪʨʝʥʠʠ (ʘʙʨʘ-

ʟʠʚʥʳʡ, ʵʨʦʟʠʦʥʥʳʡ, ʢʦʨʨʦʟʠʦʥʥʳʡ, ʢʘʚʠʪʘʮʠʦʥ-

ʥʳʡ) ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ. ɽʩʣʠ ʠʟʙʝ-

ʞʘʪʴ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʨʝʞʠʤʘʭ ʥʝʚʦʟ-

ʤʦʞʥʦ, ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜh ʠʧʥʠʢʘ 

ʤʦʛʫʪ ʚʳʩʦʢʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳ-

ʪʠʡ ð ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʚʳʩʦʢʘʷ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʢʦʥʪʘʢʪʥʘʷ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴ. ʊʘʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʦʙʣʘʜʘʶʪ, 

ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʦʬʪʦʨʦʧʣʘʩʪʦʚʳʝ ʧʦʢʨʳʪʠʷ. ɹʦʣʝʝ 

ʪʦʛʦ, ʠʭ ʚʳʩʦʢʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʝʟ-

ʥʳ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʢʦʩʘʭ ʠ 

ʥʘʨʫʰʝʥʠʠ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ ʚʢʣʘʜʳʰʝʡ, ʯʪʦ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʫʩʣʦʚʠʡ çʩʫʭʦʛʦ ʢʘʨʪʝʨʘè. ɺʳʩʦ-

ʢʠʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʣʦʭʦʡ ʘʜ-

ʛʝʟʠʝʡ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ ʦʙʣʘʜʘʶʪ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʳʝ ʙʝʩʧʦʨʠʩʪʳʝ ʭʨʦʤ-ʘʣʤʘʟʥʳʝ ʧʦʢʨʳʪʠʷ. ʉʝ-

ʨʝʙʨʦ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʝʧʣʦʦʪʚʦʜ, ʭʦʨʦʰʫʶ ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʠ ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ [2]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦ-

ʢʦʦʙʦʨʦʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʚʘʞʥʳ ʤʝʨʳ ʧʦ ʩʥʠʞʝ-

ʥʠʶ ʫʨʦʚʥʷ ʨʘʟʨʫʰʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ 

ʪʝʧʣʦ ʠ ʫʨʦʚʝʥʴ ʫʜʝʣʴʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫ-

ʯʘʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʩʪʳʢʝ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʘʥʦʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʝʥʠʷ, ʩʦʧʨʦ-

ʚʦʞʜʘʝʤʦʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʚʳʰʝʥʥʳʤ ʠʟʥʦʩʦʤ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ. 

ʊʨʝʪʴʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʣʘ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝ-

ʣʷʤʠ ʢʘʯʝʩʪʚʘ ð ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝ-

ʩʝʡ ʠ ʪʨʝʙʫʝʤʳʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʣʷ ʟʘʱʠʪ rʢʦʥʪʘʢʪʥʦʡ ʧʘʨʳ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ 

ʠ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ. ʇʨʠ ʜʝʬʠʮʠʪʝ ʘʥʪʠʬʨʠʢʮʠ-

ʦʥʥʳʭ ʧʨʠʩʘʜʦʢ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʨʘʟʨʳʚ ʤʘʩʣʷʥʦʡ 

ʧʣʝʥʢʠ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦɻ ʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, 

ʧʝʨʝʛʨʝʚʦʤ ʠ ʟʘʢʦʢʩʦʚʳʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝ-

ʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʠʩʘʜʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ-

ʩʪʝʧʝʥʥʦ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ, ʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʤʘʩʣʘ ʧʦ ʚʩʝʤ ʟʥʘʯʠʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʪʘʥʦ-

ʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙ ʠ ʫʩʪʨʦʡʩʪʚʦ 

ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʤʘʟʦʯʥʳʭ ʤʘ-

ʩʝʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʚʠʛʘʪʝʣʷʭ [3].  

 
1. ʇʘʨʦʚʘʡ ɽ.ʌ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʣʦʨʘʩʭʦʜʥʳʭ ʧʦʜh ʠʧʥʠʢʦʚ 

ʩʢʦʣʴʞʝʥʠʷ ʨʦʪʦʨʦʚ ʪʫʨʙʦʤʘʰʠʥ // ɺʝʩʪʥʠʢ ʉɻɸʋ. ð 2014, 

ˉ 5 (47), ʯ. 2, 79ð85  

2. Gallyamov A.R. and Ibatullin I.D. New Technology, Properties 

and Application of Nanostructured Antifriction Electrochemical 

Coatings // LifeSciJ. ð 2014, no. 11(12s), 586ð591 

3. ʅʝʥʘʰʝʚ ʄ.ɺ., ʀʙʘʪʫʣʣʠʥ ʀ.ɼ. ʠ ʜʨ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ // ʀʟʚʝʩʪʠʷ 

ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ð 2014 (16), ˉ 1 (2), 

464ð467 
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 ɺ.ʈ. ɻʫʤʝʥ, ʀ.ɺ. ʂʥʷʟʢʠʥʘ, ʅ.ɺ. ɹʠʩʝʨʦʚʘ, ɺ.ɺ. ʂʦʚʨʠʛʘ
 

 ɻʨʫʧʧʘ çʇʆʃʀʇʃɸʉʊʀʂè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; kovriga@polyplastic.ru 

ʎʝʣʴ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʵʪʠ-

ʣʝʥʦʚʳʭ ʪʨʫʙ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʫʩʧʝʥʟʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʫʙʥʳʭ ʧʦʣʠɻ ʪʠʣʝʥʦʚ [1]. 

2. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ 

4 ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʳ ʪʨʫʙʥʳʭ ʧʦʣʠʵʪʠʣʝʥʦʚ: ʇʕ-80, 

ʇʕ-100, ʩʦʧʦʣʠʤʝʨʳ ʵʪʠʣʝʥʘ ʩ ʦʢʪʝʥʦʤ, ʩʰʠʪʳʡ 

ʧʦʣʠʵʪʠʣʝʥ. 

3. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʠʟʥʦʩʘ ʧʦʣʫʟʘʢʨʝʧʣʝʥʥʳʤ ʘʙʨʘ-

ʟʠʚʦʤ ʥʘ ʧʨʠʙʦʨʝ ʊʘʙʝʨʘ ʧʦ ʤʝʪʦʜʠʢʝ ISO 9352.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɿʥʘʯʝʥʠʷ ʠʟʥʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʜʣʷ 

ʪʨʝʭ ʤʘʪʝʨʠʘʣʦʚ (ˉ 1, 2, 3, ʪʘʙʣ. 1) ʧʨʠ ʠʟʥʦʩʝ ʨʘʟ-

ʣʠʯʥʳʤʠ ʘʙʨʘʟʠʚʘʤʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʧʦʩʪʘʚʠʪʴ 

ʜʘʥʥʳʝ ʜʣʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʪʨʫʙ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʦʧʦʩʪʘʚʠʪʴ ʟʥʘʯʝ-

ʥʠʷ ʠʟʥʦʩʘ ʧʨʠ ʚʝʣʠʯʠʥʝ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ 300 

ʤʠʢʨʦʥ. ʕʪʘ ʪʦʯʢʘ ʦʙʣʘʜʘʝʪ ʩʪʘʙʠʣʴʥʳʤ ʧʦʣʦʞʝʥʠ-

ʝʤ ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʦʪ 

ʨʘʟʤʝʨʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʤʝʥʷʝʪ ʩʚʦʡ ʥʘʢʣʦʥ. 

ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 13 ʤʘʨʦʢ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʠʟʥʦʩʦʤ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʩʰʠʪʦʛʦ ʠ 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʦʚ. ɼʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ ʠʟʥʦʩʘ ʥʝ ʙʦʣʝʝ 0,7 ʤʤ3/ʤ. 

ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʦ-

ʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʳʩʦʢʦ-

ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʠ ʪʠʧʘ Dowlex ʠ ʧʦʣʠʵʪʠʣʝʥ 

100RC, ʟʜʝʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʘ ʣʝʞʘʪ ʚ ʠʥ-

ʪʝʨʚʘʣʝ 0,9ð0,1. ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʠʵʪʠʣʝʥʳ ʤʘʨʢʠ 100, 

ʠʤʝʶʱʠʝ ʠʟʥʦʩ ʦʪ 1 ʜʦ 1,1. ʏʝʪʚʝʨʪʫʶ ʛʨʫʧʧʫ ʩʦ-

ʩʪʘʚʣʷʶʪ ʧʦʣʠʵʪʠʣʝʥʳ 80 ʠ 63 ʩ ʚʝʣʠʯʠʥʦʡ ʠʟʥʦʩʘ 

ʦʪ 1,1 ʠ ʚʳh ʝ.  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʦʪ ʨʘʟʤʝʨʘ ʠʩʪʠʨʘʶɦ ʝʛʦ ʟʝʨʥʘ  

ʊʘʙʣʠʮʘ 1. ɼʘʥʥʳʝ ʧʦ ʠʟʥʦʩʫ ʘʙʨʘʟʠʚʘ 

ʩ ʨʘʩʯʝʪʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 300 ʤʢʤ 

 ̄
ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʨʢʠ ʧʦʣʠʵʪʠʣʝʥʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʀʟʥʦʩ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʚʝʩʦʚʦʤ 

ʤʝʪʦʜʦʤ ʤʤį/ʤ 

I, W 

1 
ʇʦʣʠʵʪʠʣʝʥ ʧʝʨʝʢʠʩʥʦ-ʩʰʠʪʳʡ, 

ʇʆʃʀʇʃɸʉʊʀʂ 
0,58 

2 ʉɺʄʇʕ GUR 4150, Tikona 0,63 

3 
ʇʝʨʝʢʠʩʥʦ ʩʰʠʪʳʡ ʩʘʞʝ 

ʅʘʧʦʣʥʝʥʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ɻʦʣʘʥ 
0,67 

4 Dowlex 2377, Dow 0,97 

5 Hostalen CRP100RC, Basell 0,98 

6 ʇʕ 100 Borsafe 3494-LS, Borealis 1,01 

7, 

8 
ʈɽ 100, ʄʘʨʢʘ 2ʅʊ 11-9, ʂʘʟʘʥʴʦʨʛʩʠʥʪʝʟ 1,02 

9 Hostalen CRP100, Basell 1,07 

10 ʇʕ 100 ʤʘʨʢʘ 6006, Sabic 1 

11 ʇʕ 80 ʇʕ4ʈʈ25ɺ, ʉʪʘʚʨʦʧʦʣʴ ʧʦʣʠʤʝʨ 1,1 

12 ʇʦʣʠʵʪʠʣʝʥ 273-83 ʊʋ022-11-0050236110 1,1 

13 
ʇʦʣʠʵʪʠʣʝʥ 273-79 ɻʆʉʊ 16338-85,  

ʉʪʘʚʨʦʧʦʣʴ ʧʦʣʠʤʝʨ 
1,1 

14 ʇʕ 80 F3802ɺ, ʉʪʘʚʨʦʧʦʣʴ ʧʦʣʠʤʝʨ 1,12 

 
1. ʈʫʢʦʚʦʜʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʈʊʄ 48532278-001-

2014, ʈʘʩʯʝʪ ɼʘʨʤʰʪʘʜʪʩʢʦʛʦ ʨʝʩʫʨʩʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 

ʜʘʥʥʳʝ ʧʦ ʠʟʥʦʩʫ ʪʨʫʙ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʣʠʵʪʠʣʝʥʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ, ʏʘʩʪʴ 1. ð ɻʨʫʧʧʘ 

çʇʆʃʀʄɽʈʊɽʇʃʆè. ð 2014 
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ʂʀʅɽʊʀʂɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ɻʈɸʅʀʏʅʆɻʆ ʉʄɸɿʆʏʅʆɻʆ ʉʃʆʗ ɺ ɿʆʅɽ 

ʂʆʅʊɸʂʊɸ ʉʊʈʋɾʂɸ-ʀʅʉʊʈʋʄɽʅʊ ʇʈʀ ʈɽɿɸʅʀʀ ʄɽʊɸʃʃʆɺ 

ɺ.ɺ. ʅʦʚʠʢʦʚ 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ; novikov-ww@mail.ru  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ ʢʠ-

ʥʝʪʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʯʥʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ 

ʪʨʠʙʦʘʢʪʠʚʥʦʡ ʧʨʠʩʘʜʢʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʠʥʘʢʪʠʚ-

ʥʦʡ ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʛʝʟʠʦʥʥʦʛʦ ʨʘʟʨʳʚʘ ʠʣʠ ʚʳʪʝʩ-

ʥʝʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙ-

ʨʘʟʦʚʘʣʘʩʴ ʥʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʳʡ ʩʤʘʟʦʯ-

ʥʳʡ ʩʣʦʡ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʦʛʜʘ ʥʘ ʥʝʤ ʙʫʜʝʪ ʬʦʨʤʠʨʦ-

ʚʘʪʴʩʷ ʥʦʚʳʡ ʩʤʘʟʦʯʥʳʡ ʩʣʦʡ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʤʦ-

ʣʝʢʫʣ ʪʨʠʙʦʘʢʪʠʚʥʦʡ ʧʨʠʩʘʜʢʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʤʘʟʢʠ.  

ʇʨʠʤʝʤ, ʯʪʦ ʚʩʝ ʤʦʣʝʢʫʣʳ, ʜʦʩʪʠʛʥʫʚʰʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʜʘʥʥʳʡ ʩʤʘʟʦʯʥʳʡ ʩʣʦʡ ʠ 

ʧʨʦʮʝʩʩ ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʦʛʜʘ ʢʦ-

ʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, ʦʩʝʚʰʠʭ ʚ ʩʣʦʡ, ʙʫʜʝʪ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʦʙʲʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʣʝʢʫ-

ʣʳ ʧʨʠʩʘʜʢʠ ʩʤʦʛʫʪ ʜʦʩʪʠʛʥʫʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʜʠʬʬʫʟʠʠ.  

 ,  (1) 

ʛʜʝ S ð ʧʣʦʱʘʜʴ ʶʚʝʥʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʠʥʦʡ 

a ʠ ʰʠʨʠʥʦʡ b ʤʦʣʝʢʫʣʳ, C ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠ-

ʩʘʜʢʠ ʚ ʨʘʩʪʚʦʨʝ ʚ ʤʦʣ.%, D ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬ-

ʬʫʟʠʠ,  ð ʚʨʝʤʷ ʜʠʬʬʫʟʠʠ, V ð ʦʙʲʝʤ ʩʤʘʟʢʠ, 

Vm ð ʦʙ̡ʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ.  

ʅʘʤʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘ-

ʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ, ʢʦʛʜʘ ʚʩʝ ʤʦʣʝʢʫʣʳ 

ʧʨʠʩʘʜʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʝʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦ-

ʞʝʥʠʠ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ð ʤʦʣʝʢʫʣʳ ʬʦʨʤʠʨʫʶʪ ʤʦ-

ʥʦʩʣʦʡ, ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦ ʫʧʘʢʦʚʳʚʘʷʩʴ, ʪ.ʝ. ʨʘʩʧʦ-

ʣʘʛʘʷʩʴ ʚʝʨʪʠʢʘʣʴʥʦ. ʊʨʝʪʴʷ ʩʪʘʜʠʷ ð ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʫʣʴʪʠʩʣʦʝʚʦʡ ʛʨʘʥʠʯʥʳʡ ʩʤʘʟʦʯʥʳʡ ʩʣʦʡ.  

ʂʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʯʥʦʛʦ 

ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 1). ɼʠʘʛʨʘʤʤʘ ʧʦʩʪʨʦʝʥʘ ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ ʘ = 10ï8 ʤ, b = 10ï9 ʤ, D = 10ï9 ʤ2/ʩ. ʈʘʩʩʯʠʪʘʚ 

ʚʨʝʤ ̫ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ 

ʩʪʘʜʠʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʨʠ ʣʠʥʠʠ, ʨʘʟʜʝʣʷʶʱʠʝ 

ʜʠʘʛʨʘʤʤʫ ʥʘ ʯʝʪʳʨʝ ʦʙʣʘʩʪʠ: I ð ʦʙʣʘʩʪʴ, ʥʘ ʢʦʪʦ-

ʨʦʡ ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʝʱʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʣʩʷ; II ð 

ʦʙʣʘʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 1-ʛʦ ʪʠʧʘ, III ð ʦʙʣʘʩʪʴ ʩ 

ʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ 2-ʛʦ ʪʠʧʘ, IV ð ʦʙʣʘʩʪʴ ʩ ʤʫʣʴʪʠ-

ʩʣʦʝʚʳʤ ʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʚʨʝʤʷ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʦʛʦ 

ʪʠʧʘ ʙʫʜʝʪ ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ.  

ʅʘʧʨʠʤʝʨ, ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ 1 ʤʦʣ.% ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʘʟʦʯ-

ʥʦʛʦ ʩʣʦʷ 1-ʛʦ ʪʠʧʘ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʤʠʢʨʦ-

ʩʝʢʫʥʜ, ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ 2-ʛʦ ʪʠʧʘ ð ʩʦʪʥʠ ʤʠʢʨʦʩ-

ʩʝʢʫʥʣ, 3-ʛʦ ʪʠʧʘ ð ʤʠʣʣʠʩʝʢʫʥʜʳ.  

 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʉ() 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʦʣʴ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʩʣʦʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʤʦʞʝʪ ʥʝ ʭʚʘʪʠʪʴ. ʊʠʧʠʯʥʦʝ ʚʨʝʤʷ 

ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʤʝʞʜʫ ʘʢ-

ʪʘʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʨʝʟʘʥʠʠ R 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʜʝʩʷʪʢʠ ʤʠʢʨʦʩʝʢʫʥʜ, ʯʪʦ ʩʦʧʦ-

ʩʪʘʚʠʤʦ ʩ ʢʠʥʝʪʠʢʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ.  

ʅʘʤʠ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʠʩʘʜʢʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʩʣʦʷ ʪʠʧʘ II ʚ ʫʩʣʦʚʠʷʭ ʪʘʢʦʛʦ ʨʝʟʘʥʠʷ:  

  (2) 

ɼʘʥʥʳʝ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʜʙʦʨʫ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʦʢ ʇɾʂ ʚ ʉʆʊʉ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʧʨʠʩʘʜʦʢ ʚ ʉʆʊʉ, ʢʘʢ ʜʘʝʪ ʚʳʨʘʞʝʥʠʝ (2), ʠ ʜʦ-

ʩʪʠʛʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʨʝʟʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʙʨʘʙʦʪʢʠ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʤʘʟʦʯʥʳʭ 

ʩʚʦʡʩʪʚ ʉʆʊʉ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ.  
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʮʝʣʴ 

ʇʦʢʨʳʪʠʷ ʠʟ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʘ-ʉ) 

ʧʨʠʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʪʚʝʨʜʦ-

ʩʤʘʟʦʯʥʳʝ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʦʯʝʥʴ ʥʠʟʢʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʆʜʥʘʢʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ 

ʘ-ʉ ʧʦʢʨʳʪʠʡ ʚ ʧʘʨʝ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, 

ʙʝʟ ʩʤʘʟʢʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʝʜʣʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʘʙʦʪʢʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘ-

ʜʠʠ ʩʢʦʣʴʞʝʥʠʷ (ʵʪʘʧʝ ʧʨʠʨʘʙʦʪʢʠ) ʢʦʥʪʨʪʝʣʘ ʧʦ ʘ-

ʉ ʧʦʢʨʳʪʠʶ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘ 

ʵʪʦ ʧʦʢʨʳʪʠʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʩʤʘ-

ʟʦʯʥʦʛʦ ʜʠʩʝʣʝʥʠʜʘ ʤʦʣʠʙʜʝʥʘ (MoSe2), ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʠ ʠʟʥʘ-

ʰʠʚʘʥʠʷ ʘ-ʉ ʧʦʢʨʳʪʠʡ ʩ ʫʯʘʩʪʠʝʤ ʤʦʜʠʬʠʮʠʨʫʶ-

ʱʠʭ ʧʣʝʥʦʢ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʭʠʤʠʯʝ-

ʩʢʠʤ ʩʦʩʪʘʚʦʤ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘ-ʉ ʧʦʢʨʳʪʠʷ ʠ ʤʦʜʠʬʠʮʠʨʫʶ-

ʱʠʭ ʧʣʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʠʚʦʢʘʧʝʣʴʥʦʛʦ ʵʢʨʘʥʘ [1]. 

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʦʩʘʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ ʘ-ʉ ʠʟ 

ʛʨʘʬʠʪʦʚʦʡ ʤʠʰʝʥʠ, ʧʦʩʣʝ ʯʝʛʦ ʣʘʟʝʨʥʳʡ ʣʫʯ 

ʥʘʧʨʘʚʣʷʣʩʷ ʥʘ ʤʠʰʝʥʴ MoSe2 ʠʣʠ ʙʳʩʪʨʦ ʧʝʨʝʚʦ-

ʜʠʣʩʷ ʩ ʦʜʥʦʡ ʤʠʰʝʥʠ ʥʘ ʜʨʫʛʫʶ, ʪʘʢ ʯʪʦʙʳ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʦʜʠʥ ʮʠʢʣ ʦʙʣʫʯʝ-

ʥʠʷ ʤʠh ʝʥʠ ʥʝ ʧʨʝʚʳʰʘʣʘ ʦʜʥʦʛʦ ʤʦʥʦʩʣʦʷ. ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʝʨʝʜ MoSe2 ʤʠʰʝʥʴʶ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʜʠʩ-

ʢʦʚʳʡ ʵʢʨʘʥ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʣ ʦʩʘʞʜʝʥʠʝ ʥʘ-

ʥʦʯʘʩʪʠʮ ʤʦʣʠʙʜʝʥʘ ʠ ʢʨʫʧʥʳʭ ʢʘʧʝʣʴ. ʇʨʠ ʧʦʣʫ-

ʯʝʥʠʠ ʢʦʤʧʦʟʠʪʥʦʡ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʧʣʝʥʢʠ Moï

SeïC ʘʪʦʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 

ʦʪ 0 ʜʦ ~ 75%. ʊʘʢʞʝ ʩʦʟʜʘʚʘʣʠʩʴ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʧʣʝʥʢʠ, ʪʦʣʱʠʥʘ ʩʣʦʝʚ MoSeʭ ʠ ʘ-ʉ ʚ ʢʦʪʦʨʳʭ ʩʦ-

ʩʪʘʚʣʷʣʘ 3ð20 ʥʤ. 

ʇʦʢʨʳʪʠʷ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʧʦ 

ʩʭʝʤʝ ʥʝʧʦʜʚʠʞʥʳʡ ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ ð ʚʨʘʱʘʶ-

ʱʠʡʩʷ ʜʠʩʢ (ʩʪʘʣʴʥʘʷ ʧʦʜʣʦʞʢʘ ʩ ʧʦʢʨʳʪʠʝʤ) ʙʝʟ 

ʩʤʘʟʢʠ ʥʘ ʚʦʟʜʫʭʝ ʩ ʧʦʥʠʞʝʥʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʦʢʨʪrʠʷ ʠ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʧʨʦʬʠʣʦʤʝʪ-

ʨʠʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʝʥʦʢ ʜʦ ʠ ʧʦ-

ʩʣʝ ʪʨʠʙʦʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʍʘʨʘʢʪʝʨ ʪʨʠʙʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʝʣ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ 

ʧʣʝʥʢʠ ʠ ʝʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʄʥʦʛʦʩʣʦʡʥʳʝ 

ʧʣʝʥʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʥʦʤʝʪʨʦʚʳʭ ʧʦ ʪʦʣʱʠʥʝ 

ʩʣʦʝʚ MoSeʭ ʠ ʘ-ʉ, ʤʦʛʣʠ ʚʳʟʳʚʘʪ ɹʨʘʟʚʠʪʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʨʳ 

ʪʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʠʭ ʧʣʝʥʦʢ ʩʦʧʨʦʚʦʞ-

ʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʥʘʥʦʯʘʩʪʠʮ ʘʣʤʘʟʦʧʦ-

ʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʘʙʨʘʟʠʚʥʳʡ 

ʠʟʥʦʩ. 

ɺʣʠʷʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ MoïSeïC ʥʘ 

ʧʨʠʨʘʙʦʪʢʫ ʦʙʫʩʣʘʚʣʠʚʘʣʦʩʴ ʪʨʠʙʦʠʥʜʫʮʠʨʦʚʘʥʥʳ-

ʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠʭ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʫʭʦʤ ʚʦʟʜʫʭʝ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʧʣʝʥʢʠ MoSe1,5, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʥʠʟʢʠʡ (~ 0,07) ʥʘʯʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʠ 

ʦʥ ʩʣʘʙʦ ʠʟʤʝʥʷʣʩʷ ʧʦʩʣʝ ʝʝ ʠʟʥʘʰʠʚʘʥʠʷ, ʪ.ʝ. ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʘʢʪʘ ʢʦʥʪʨʪʝʣʘ ʩ ʘ-ʉ ʧʦʢʨʳʪʠʝʤ. 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥ ʩʘʤʳʡ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʥʦ-

ʩʘ ʩʪʘʣʴʥʦʛʦ ʢʦʥʪʨʪʝʣʘ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦ-

ʩʪʠ ʚʦʟʜʫʭʘ ʧʣʝʥʢʘ MoSe1,5 ʧʦʜʚʝʨʛʘʣʘʩʴ ʫʩʢʦʨʝʥ-

ʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʠ ʚʳʟʳʚʘʣʘ ʠʟʥʘʰʠʚʘʥʠʝ ʘ-ʉ 

ʧʦʢʨʪrʠʷ ʠʟ-ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʚ 

ʪʨʠʙʦʧʣʝʥʢʝ.  

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜ-

ʣʷʣʩʷ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʢʦʥʪʨʪʝʣʘ ʧʦ ʢʦʤʧʦʟʠʪʥʦʡ 

ʧʣʝʥʢʝ MoïSeïC, ʩʦʜʝʨʞʘʱʝʡ 50 ʘʪ.% ʫʛʣʝʨʦʜʘ. 

ʊʨʠʙʦʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʘʢʫʶ ʤʦʜʠʬʠʮʠʨʫʶʱʫʶ 

ʧʣʝʥʢʫ ʚʳʟʳʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭʬʘʟʥʦʡ ʪʨʠʙʦ-

ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʩʝʣʝʥʠʜʘ ʤʦ-

ʣʠʙʜʝʥʘ ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʘʥʦʛʨʘʬʠʪ. ʂʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʢʦʥʪʨʪʝʣʘ ʧʦ ʪʘ-

ʢʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʝ ʩʣʘʙʦ ʟʘʚʠʩʝʣ ʦʪ ʚʣʘʞʥʦ-

ʩʪʠ ʚʦʟʜʫʭʘ ʠ ʩʦʩʪʘʚʣʷʣ ʧʨʠʤʝʨʥʦ 0,04ð0,07. ʊʘʢʞʝ 

ʧʨʠ ʚʩʝʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ ʪʘʢʦʡ ʤʦʜʠʬʠʮʠʨʫʶ-

ʱʝʡ ʧʣʝʥʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʡ ʠʟ-

ʥʦʩ ʧʦʢʨʳʪʠʷ ʠ ʢʦʥʪʨʪʝʣʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʩʦ ʩʪʦʨʦʥʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʟʘʜʘʥʠʷ 

(ʥʘʧʨʘʚʣʝʥʠʝ çʆʨʛʘʥʠʟʘʮʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡè). 
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1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; m.a.popova.belgut@gmail.com 
2ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ 

(ʈʊʀ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʢʘʯʝ-

ʩʪʚʝ ʫʧʣʦʪʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʨʘʟʚʠʪʠʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʪʝʭʥʠ-

ʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʫʧʣʦʪʥʝʥʠʡ 

ʠ ʫʣʫʯʰʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʘh ʠʥʦʩʪʨʦʝʥʠʠ, 

ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʚʘʢʫʫʤʥʦʡ ʪʝʭ-

ʥʠʢʝ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝ-

ʤʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʠʷ ʈʊʀ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʫʨʝʪʘʥ ʤʦʞʝʪ ʙʳʪʴ ʭʦ-

ʨʦʰʝʡ ʟʘʤʝʥʦʡ ʨʝʟʠʥʳ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ʆʜʥʠʤ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ.  

ʎʝʣʴ ð ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʪʨʠʙʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʘ ʩ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʦʩ-

ʥʦʚʝ ʫʛʣʝʨʦʜʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʅʘʥʝʩʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʧʦʢʨʳʪʠʡ ʦʩʫʱʝʩʪʚʣʷ-

ʣʦʩʴ ʥʘ ʩʝʨʠʡʥʦʡ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʋʈʄ3.279.070 ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʧʣʘʟʤʳ ʠʤ-

ʧʫʣʴʩʥʦʛʦ ʢʘʪʦʜʥʦ-ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʠʟ ʛʨʘʬʠʪʘ, ʠʩʧʘʨʷʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʜʫʛʦʚʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʨʘʟʨʷʜʘ.  

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʤʠʢʨʦ-

ʪʨʠʙʦʤʝʪʨʝ ʧʦ ʩʭʝʤʝ ʪʨʝʥʠʷ ʩʬʝʨʘ ð ʧʣʦʩʢʦʩʪʴ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 0,016 ʤ/ʩ ʧʨʠ ʥʘʛʨʫʟʢʝ 1 ʅ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʜʦ ʠ ʧʦʩʣʝ 

ʚʳʜʝʨʞʢʠ ʚ ʤʘʰʠʥʥʦʤ ʤʘʩʣʝ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʨʘʟʮʳ ʠʟ ʧʦʣʠ-

ʫʨʝʪʘʥʘ: ʙʝʟ ʧʦʢʨʳʪʠʷ; ʩ ʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʩ ʘʣ-

ʤʘʟʦʧʦʜʦʙʥʳʤ ʧʦʢʨʳʪʠʝʤ ʣʝʛʠʨʦʚʘʥʥʳʤ ʘʟʦʪʦʤ ʩ ʠ 

ʙʝʟ ʧʦʜʩʣʦʷ ʪʠʪʘʥʘ.  

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʚʣʠʷʝʪ 

ʚʝʣʠʯʠʥʫ ʠ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-

ʥʠʷ, ʢʨʦʤʝ ʧʨʠʨʘʙʦʪʢʠ. ɺʦʟʤʦʞʥʦ, ʠʦʥʥʘʷ ʦʙʨʘʙʦʪ-

ʢʘ ʘʢʪʠʚʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʣʫ 

ʪʨʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ. ʇʦʩʣʝ ʧʦʚʝʜʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʠʦʥʘʤʠ 

ʠ ʠʩʭʦʜʥʦʛʦ ð ʘʥʘʣʦʛʠʯʥʦ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʧʦʢʨʳʪʠʡ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩ 1,2é1,3 

ʜʦ 0,2é0,5.  

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ʩ ʘʣʤʘʟʦʧʦʜʦʙʥʳʤ ʧʦ-

ʢʨʳʪʠʝʤ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʳʡ 

ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʦ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʧʦʣʠʫʨʝʪʘʥʘ ʙʝʟ ʧʦʢʨʳʪʠʷ. ʀʟʥʦʩ ʧʦʢʨʳʪʠʷ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʩʢʘʯʢʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʯʪʦ ʚʝ-

ʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʫʩʪʘʣʦʩʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠʟʥʦʩʘ. ʅʘ 

ʩʪʘʣʴʥʦʤ ʢʦʥʪʨʪʝʣʝ (ʰʘʨʠʢʝ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʷʪʥʦ ʠʟʥʦ-

ʩʘ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ.  

ʅʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʜʩʣʦʡ ʪʠʪʘʥʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʵʪʦʤ ʤʦʥʦʪʦʥ-

ʥʦ ʚʦʟʨʘʩʪʘʝʪ c ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ. ʇʦʩʣʝ 

20 ʪʳʩʷʯ ʮʠʢʣʦʚ ʠʩʪʠʨʘʥʠʷ ʠʟʥʦʩ ʢʦʥʪʨʪʝʣʘ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʧʦʜʩʣʦʷ ʪʠʪʘʥʘ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴ-

ʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʦʣʱʠʥʳ ʧʦʜʩʣʦʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʧʦʣʠ-

ʫʨʝʪʘʥʝ ʠʤʝʝʪ ʙʣʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʧʦʜʩʣʦʷ ʪʠʪʘʥʘ ʜʦ 20 ʤʢʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʨʘʟʤʝʨʳ ʙʣʦʢʦʚ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 100 ʤʢʤ. ʅʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʜʨʦʙʣʝʥʠʝ ʙʣʦʢʦʚ ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʤʘʟʢʠ ʥʘ ʪʨʝʥʠʝ ʦʙʨʘʟ-

ʮʦʚ ʩ ʧʦʢʨʳʪʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘʥʝʩʝʥʥʦ-

ʛʦ ʧʦʢʨʳʪʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʚʝʣʠʢʦ. ʇʦʢʨʳʪʠʝ 

ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 10 ʪʳʩʷʯ 

ʮʠʢʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʤʘʟʢʠ ʥʝ 

ʩʥʠʞʘʝʪ ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ.  

ʋ ʦʙʨʘʟʮʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ 

ʤʘʩʣʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,3é0,5. 

ʆʙʨʘʟʝʮ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʡ ʚ ʫʣʴʪʨʘ-

ʟʚʫʢʝ, ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝ-

ʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʣʘʛʦʜʘʨʷ ʥʘʠʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝ-

ʩʪʚʫ ʚʧʠʪʘʚʰʝʛʦʩʷ ʤʘʩʣʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʧʳ-

ʪʘʥʠʷ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʩʣʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-

ʥʠʷ, ʘ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʩʣʝʜ-

ʩʪʚʠʝ ʚʥrʦʩʘ ʝʛʦ ʰʘʨʠʢʦʤ ʟʘ ʟʦʥʫ ʪʨʝʥʠʷ ʥʘʯʠʥʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.  

ʆʙʨʘʟʮʳ ʩ ʧʦʢʨʳʪʠʝʤ ʪʘʢ ʞʝ ʠʤʝʶʪ ʥʠʟʢʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʤʘʩʣʦ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʙʣʦʢʦʚ.  
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜ r

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʧʨʦʚʦʣʦʯʥʳʭ ʩʪʘʣʝʡ 40ʍ13 ʠ 95ʍ18, ʥʘʥʝʩʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʛʠʧʝʨʟʚʫʢʦʚʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ. ʉʢʦʨʦʩʪʴ ʧʦ-

ʣʝʪʘ ʥʘʧʳʣʷʝʤʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣʘ 400ð500 ʤ/ʩ, 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ 5ð40 ʤʢʤ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (10Ĭ6Ĭ5 ʤʤ) 

ʚʳʨʝʟʘʣʠʩʴ ʠʟ ʧʣʘʩʪʠʥ (100Ĭ50Ĭ6 ʤʤ), ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʠʟ ʩʪʘʣʠ 45 ʩ ʥʘʧʳʣʝʥʥʳʤʠ ʩʣʦʷʤʠ ʠʟ ʧʨʦʚʦ-

ʣʦʯʥʳʭ ʩʪʘʣʝʡ 40ʍ13 ʠ 95ʍ18. 

ʇʨʦʚʦʜʠʣʩʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ 

ʠʭ ʪʚʝʨʜʦʩʪʠ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʲʝʤʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʜʠ-

ʬʨʘʢʪʦʤʝʪʨʝ çɼʈʆʅ-3è, ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦ-ʚʘʥʥʦʤ 

(CoKŬ) ʠʟʣʫʯʝʥʠʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʨʠʙʦʪʝʭʥʠʯʝ-ʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʪʨʝʥʠʷ ʙʝʟ 

ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʠʩʧʳʪʘ-

ʥʠʡ ʩʦʩʪʘʚʣʷʣʘ ʨ = 1,5 ʄʇʘ). ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʠʟʥʦʩʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ʇʫʪʴ ʪʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣ  1200 ʤ. 

ʀʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ 

ɺʠʢʢʝʨʩʫ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʚʝʨʜʦʤʝʨʝ DuraScan 20 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 10 ʢʛ (98 ʅ), 25 ʛ (0,24 ʅ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘʧʳʣʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʣʠ ʪʦʣʱʠʥʫ ~ 

0,6õ0,8 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʳʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʦʣʥʠʩʪʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦ-

ʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ~ 5 ʦʙ.%, ʠ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʥʘʧʳʣʝʥʥʳʭ ʯʘ-

ʩʪʠʮ (~ 25 ʦʙ.%). 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ 

ʩʪʘʣʠ 40ʍ13 ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʠ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ: Ŭ-Fe (55 ʦʙ.%), ʘʫʩʪʝʥʠʪ ɔ-Fe (11 ʦʙ.%), 

ʦʢʩʠʜʳ Fe3O4 ʠ FeO (34 ʦʙ.%) (ʪʘʙʣ. 1). ɻʘʟʦʪʝʨʤʠ-

ʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʠʟ ʩʪʘʣʠ 95ʍ18 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ: Ŭ-Fe (7 ʦʙ.%), ɔ-Fe (68 ʦʙ.%), ʦʢʩʠ-

ʜʳ Fe3O4 ʠ FeO (25 ʦʙ.%). 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʰʣʠʬʦʚʘʥʥʦʤ ʧʦʢʨʪrʠʠ 

ʠʟ ʩʪʘʣʠ 95ʍ18, ʩʦʜʝʨʞʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ɔ-ʬʘʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʪʘ-

ʣʠ 40ʍ13. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʷʚʣʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ ʘʫʩʪʝʥʠʪʘ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘ-

ʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʥʘʧʳʣʷʝʤʦʡ ʩʪʘʣʠ 95ʍ18, ʘ ʪʘʢʞʝ ʩ 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʄʥðʄʢ ʧʨʠ ʥʘʧʳʣʝʥʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ 40ʍ13 ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝ-

ʚʨʘʱʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʥʘʧʳʣʝʥʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʦʣʥʦ ʠ ʚ ʥʝʤ ʨʝʛʠʩʪʨʠʨʫ-

ʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯ-

ʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʪʘʣʠ 

95ʍ18. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʢʨʳʪʠʝ ʠʟ ʩʪʘʣʠ 40ʍ13 

ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ 600 HV 10, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠʟ 

ʩʪʘʣʠ 95ʍ18, ʠʤʝʶʱʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʫʩʪʝʥʠʪ-

ʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚʣʷʝʪ 350 HV 10 (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ 

ʄʘʪʝʨʠʘʣ 

ʥʘʧʳʣʷʝʤʦ-

ʛʦ ʧʦʢʨʳ-

ʪʠʷ 

ʊʚʝʨʜʦʩʪʴ 

HV 10, 

ʢʛʩ/ʤʤ2 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩ-

ʩʦʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 

Iq,Ā10
-3, ʤʛ/ʤ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʧʦʢʨʪrʠʷ ʧʦʩʣʝ 

ʪʨʝʥʠʷ HV 0,025, 

ʢʛʩ/ʤʤ2 

40ʍ13 600 4,5 700ð800 

95ʍ18 350 1,1 800ð850 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʛʘʟʦʪʝʨ-

ʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʘʣʠ 40ʍ13 ʩʦʩʪʘʚʣʷʝʪ 

Iq = 4,5Ā10ï3 ʤʛ/ʤ. ʇʦʢʨʳʪʠʝ ʠʟ ʩʪʘʣʠ 95ʍ18 ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʪʘʣʠ 40ʍ13, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦ-

ʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Iq = 1,1Ā10ï3 ʤʛ/ʤ. ʊʘʢʘʷ 

ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʘʣʠ 95ʍ18 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ɔŸŬ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚ ʧʨʠ ʪʨʝʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʠʟ ʩʪʘʣʠ 95ʍ18 ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʩ ʧʦ-

ʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʫʩʪʝʥʠʪʘ (Vɔ å 22 ʦʙ.%, 

VŬ å 53 ʦʙ.%), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʤʠʢʨʦ-

ʪʚʝʨʜʦʩʪʴʶ (Ó 800 HV 0,025) ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʧʝʨʟʚʫʢʦ-

ʚʳʭ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠʟ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʭ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ 40ʍ13 ʠ 95ʍ18. ʆʪʤʝʯʝ-

ʥʦ, ʯʪʦ ʚ ʧʦʢʨʳʪʠʠ ʠʟ ʩʪʘʣʠ 95ʍ18 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɔ-ʬʘʟʳ (68 ʦʙ.%), ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʪʘʣʠ 40ʍ13 (Vɔ å 11 ʦʙ.%). ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʠʟ ʩʪʘʣʠ 95ʍ18 ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ 

~ 350 HV 10, ʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʘʣʠ 40ʍ13 ʟʥʘʯʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ~ 600 HV 10. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʘʣʠ 95ʍ18 ʚ ~ 4 ʨʘʟʘ ʚʳʰʝ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʘʣʠ 40ʍ13, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʤʘʩʩʦʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Iq = 1,1Ā10
-3 ʤʛ/ʤ. 

ɺʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʪrʠʷ ʠʟ ʩʪʘʣʠ 95ʍ18 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ɔ Ÿ Ŭ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ. 
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ɸ.ʃ. ɾʠʪʥʠʮʢʠʡ, ʈ.ɽ. ʂʦʩʪʶʥʠʢ, ɺ.ɸ. ʈʘʜʟʠʝʚʩʢʠʡ, ɸ.ɺ. ʂʫʱʝʚ, ɸ.ɺ. ʉʪʝʣʴʤʘʭ 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʷ ʦʪ ʨʘʟʥʦʛʦ 

ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦʩʪʘʚʠʣʘ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʥʦ-

ʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʅʘʥʦʪʨʠʙʦʪʝʭʥʦʣʠʛʠʡ ʅʀʏ 

ʅɸʋ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ ʩʪʝʥʜʳ ʦʯʠʩʪʢʠ ʰʘʨʠ-

ʢʦʧʦʜʰʠʧʥʠʢʦʚ ʆʇʐ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢ-

ʪʠʚʥʦ ʫʜʘʣʷʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʥʝʨʘʟʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʠ ʜʨʫʛʦʡ 

ʧʨʠʨʦʜʳ. 

ʉʪʝʥʜ ʧʨʝʜʥʘʟʥʘʯʝʥ: 

ï ʜʣʷ ʧʨʝʜʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʦʚʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʢʘʢ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʨʘʩʢʦʥʩʝʨʚʘ-

ʮʠʠ, ʧʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ʠʟʜʝʣʠʝ; 

ï ʜʣ̫ ʦʯʠʩʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʧʨʦʜʫʢʪʦʚ ʠʟ-

ʥʘʰʠʚʘʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʥʘ ʵʪʘʧʝ ʨʝʤʦʥʪʘ ʠʟʜʝʣʠʡ; 

ï ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʩʣʝ ʠʭ ʩʙʦʨʢʠ ʠ 

ʧʝʨʝʜ ʢʦʥʩʝʨʚʘʮʠʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʬʠʣʴ-

ʪʨʘ ʩ ʫʜʘʣʝʥʥʳʤʠ ʠʟ ʧʦʜʰʠʧʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʆʇʐ ʘ) ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʬʠʣʴʪʨʘ 

ʩ ʫʜʘʣʝʥʥʳʤʠ ʠʟ ʧʦʜh ʠʧʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʙ) 

ʉʪʝʥʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʦʯʠʩʪʢʠ: 

ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪ-

ʥʳʭ ʯʘʩʪʠʮ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ð ʘʙʨʘʟʠʚʥʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʰʣʠʬʦʚʢʠ, ʫʜʝʨʞʠʚʘʝʤʳʭ 

ʥʘ ʛʨʘʥʠʮʘʭ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʜʝʪʘʣʝʡ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚ ʠ ʭʦʨʦʰʘʷ ʚʠʟʫʘʣʠʟʘ-

ʮʠʷ ʧʨʦʮʝʩʩʘ; 

ï ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʦʜʥʦʩʪʦʨʦʥʥʝ-ʨʝʚʝʨʩʠʚʥʦʝ 

ʚʨʘɦʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʮ ʩ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʠ ʩʝ-

ʧʘʨʘʪʦʨʘʤʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʯʠʩʪʢʠ ʰʘʨʠ-

ʢʦʧʦʜʰʠʧʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ; 

ï ʥʘʣʠʯʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʝʥʜʦʤ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʥɹʦʩʪʴ 

ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ; 

ï ʤʦʜʫʣʴ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʨ-

ʤʘʣʠʟʘʮʠʶ ʫʨʦʚʥʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʦʜ-

ʰʠʧʥʠʢʘ ʠ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ 

ʦʯʠʩʪʢʠ; 

ï ʜʦʩʪʫʧʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʙʦ-

ʨʘ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʟʘʛʨʷʟʥʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʝʥʜʳ ʆʇʐ ʧʨʦʰʣʠ ʰʠ-

ʨʦʢʫʶ ʘʧʨʦʙʘʮʠʶ ʥʘ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʘʭ, ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʚ ʠʟʜʝʣʠʷʭ ʧʨʝʜʧʨʠʷʪʠʠʡ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ, ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʨʝʤʦʥʪʘ ʵʩʢʘ-

ʣʘʪʦʨʥʳʭ ʩʣʫʞʙ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-

ʠʟʛʦʪʦʚʠʪʝʣʷʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʘʫʜʠʦ- ʠ ʚʠ-

ʜʝʦ- ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʆʜʠʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 

ʩʪʝʥʜʘ ʆʇʐ ʧʦʩʪʘʚʣʝʥ ʚʦ ʚʩʝʤʠʨʥʦ-ʠʟʚʝʩʪʥʦʝ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ çɿʄʂɹ çʀɺʏɽʅʂʆ-

ʇʈʆɻʈɽʉʉè (ʨʘʟʨʘʙʦʪʯʠʢʠ ɻʊɼ ʜʣʷ ʩʘʤʦʣʝʪʦʚ 

çʄʨʠʷè, çʈʫʩʣʘʥè ʠ ʜʨʫʛʠʭ ʩʘʤʦʣʝʪʦʚ ɸʅʊʂ ʠʤ. 

ʆ.ʂ. ɸʥʪʦʥʦʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʝʨʪʦʣʝʪʦʚ), ʢʦʪʦʨʳʡ 

ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦ-

ʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ɻʊɼ ʧʦʩʣʝʜʥʝʛʦ ʧʦ-

ʢʦʣʝʥʠʷ. ɼʨʫʛʦʡ ʩʧʝʮʠʘʣʴʥʳʡ ʩʪʝʥʜ ʆʇʐ ʧʦʩʪʘʚ-

ʣʝʥ ʚ ʨʝʤʦʥʪʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʵʩʢʘʣʘʪʦʨʥʦʡ ʩʣʫʞ-

ʙʳ ʂʠʝʚʩʢʦʛʦ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʛʜʝ ʫʙʝʜʠʪʝʣʴʥʦ ʭʦ-

ʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ. 

ɺʳʚʦʜʳ 

ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʥʝʨʘʟʙʦʨʥʳʭ ʰʘʨʠ-

ʢʦʧʦʜʰʠʧʥʠʢʦʚ, ʢʘʢ ʪʦ: ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʪʝʥʜ ʦʯʠʩʪʢʠ ʆʇʐ, ʨʝʘʣʠʟʫʶʱʠʡ 

ʨʷʜ ʥʦʚʳʭ ʵʬʬʝʢʪʦʚ ʟʘʱʠʱʝʥʥʳʭ ʧʘʪʝʥʪʘʤʠ ʠʤʝʝʪ 

ʚʩʝ ʰʘʥʩʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʘ-

ʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ: ʘʚʠʘʮʠʦʥʥʦʝ ʠ ʢʦʩ-

ʤʠʯʝʩʢʦʝ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ, ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʧʨʝʜ-

ʧʨʠʷʪʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʤʝʪʨʦ-

ʧʦʣʠʪʝʥʘ, ʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʜʚʠʛʘʪʝʣʝʡ. 
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ʅ.ʂ. ʄʳʰʢʠʥ
1
, ʄ. ɹʨʘʫʥʦʚʠʯ

2
, ɺ.ɺ. ʂʦʥʯʠʮ

1 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 
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2ʂʦʤʧʘʥʠʷ ñA.G.S. ñTaron Technologiesò, ʂʘʥʘʜʘ 

ʈʦʣʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʠʢʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʫ, ʯʪʦ ʚʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʧʨʦ-

ʠʟʚʦʜʠʤʘʷ ʯʝʣʦʚʝʯʝʩʪʚʦʤ, ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʥʠʭ 

ʢʘʢ ʤʠʥʠʤʫʤ ʝʜʠʥʦʞʜʳ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʭ ʟʥʘ-

ʯʠʤʦʩʪʴ ʝʱʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʪʝʥʜʝʥʮʠ-

ʝʡ ʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʝʡ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ, ʧʦʷʚʣʝʥʠʝʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ-

ʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʥʦʤʠʥʘʣʴʥʳʝ ʧʣʦ-

ʱʘʜʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦʢʨʘʪʠʣʠʩʴ, ʧʨʠ-

ʙʣʠʟʠʚʰʠʩʴ ʢ ʤʠʢʨʦʤʝʪʨʦʚʦʤʫ ʠ ʥʘʥʦʤʝʪʨʦʚʦʤʫ 

ʜʠʘʧʘʟʦʥʘʤ ʨʘʟʤʝʨʦʚ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʘʢʪʦʚ ʚ 

ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ ʧʦʨʷʜʢʠ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʨʝʟʢʦ ʚʦʟʨʦʩʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ 

ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʠ ʪʨʝʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʩʪʘʣʘ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ. ʉʝʛʦ-

ʜʥʷ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥ-

ʪʘʢʪʦʚ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʜʝʞʥʦʩʪʴ 

ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʢʦʥʪʨʦʣʷ, ʩʚʷʟʠ ʠ 

ʜʨ.). 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʥʦʛʠʭ ʪʠʧʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʪʨʝʥʠʝ ʠ ʠʟʥʘʰʠʚʘʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ [1, 

2]. ɺʩʝ ʩʢʦʣʴʟʷʱʠʝ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʤʫʪʠʨʫʶ-

ʱʠʭ ʢʦʥʪʘʢʪʦʚ ʧʦ ʩʫʪʠ ʜʝʣʘ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯ-

ʥʳʤʠ ʪʨʠʙʦʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʘʢʠʭ 

ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟ ʦʙʣʘʩʪʠ ʪʨʠʙʦʬʠʟʠʢʠ, ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ, 

ʪʨʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, 

ʠʟʥʘʰʠʚʘʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʠʙʦ-

ʬʠʟʠʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-

ʣʝʥʦ ʨʝʰʝʥʠʶ ʥʦʚʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʦ-

ʤʷʥʫʪʦʡ ʚʳʰʝ ʤʠʥʠʘʪʶʨʠʟʘʮʠʝʡ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢ-

ʪʨʦʥʠʢʠ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʟʘ ʩʯʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʪʨʠʙʦʣʦ-

ʛʠʠ. ɼʘʥ ʦʙʟʦʨ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʢʦʥʪʘʢʪ-

ʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʬʠʟʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʰʝʨʦʭʦʚʘʪʳʤ ʪʚʝʨʜʳʤ ʪʝʣʘʤ, ʧʨʠʚʝʜʝʥʳ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʥʘʥʦ-

ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʨʝʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʠ ʝʝ ʢʦʨʨʝʣʷʮʠʷ 

ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠʙʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝ-

ʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ (ʠʟʤʝʥʝ-

ʥʠʝ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʘʢʪʘ ʠ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ), ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʝ (ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʢʦ-

ʥʪʘʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʢʨʳʪʠʡ ʠ ʩʤʘʟʦʢ) ʠ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ 

ʜʘʥʥʳʝ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠ ʪʦʧʦʛʨʘʬʠʠ ʤʦʞʥʦ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʶ ʢʦʥʪʘʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥ ʦʜʠʥ ʠʟ ʚʳʚʦʜʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʤʠʢ-

ʨʦʨʝʣʴʝʬʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʷʪʝʥ ʢʦʥʪʘʢʪʘ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʚʦʟʤʦʞʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʠʥʞʝʥʝʨʠʠ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ 3D ʧʨʠʥʪʝʨʦʚ. 

ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ 

ʠ ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʘʭ. ɼʘʥ 

ʦʙʟʦʨ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʠʙʦʬʠʟʠʢʠ ʢ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. ʆʩʚʝ-

ʱʝʥʳ ʚʦʟʤʦʞʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʪʘʢʪʦʚ ʜʣʷ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʘʢʫʫʤ, ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ). 
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ʇʈɽʎʀɿʀʆʅʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ʌʈʀʂʎʀʆʅʅʓʄʀ ʋʉʊʈʆʁʉʊɺɸʄʀ 

ɸɺʊʆʄɸʊʀʏɽʉʂʀʍ ʊʈɸʅʉʄʀʉʉʀʁ: ʀʊʆɻʀ 50 ʃɽʊ ʈɸɿɺʀʊʀʗ 

ʃ.ɻ. ʂʨʘʩʥʝʚʩʢʠʡ, ʉ.ʅ. ʇʦʜʜʫʙʢʦ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; krasnevski_l@tut.by  

ɿʘ ʧʨʦʰʝʜʰʠʝ 50 ʣʝʪ ʚ ʪʝʦʨʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʤʠʩʩʠʡ (ɸʊ) ʧʨʦʠʟʦʰʣʠ ʢʘʨ-

ʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʉʦʚʝʨʰʝʥʥʦ ʠʟʤʝʥʠʣʩʷ ʧʦʜ-

ʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʙʫʢʩʦʚʘʥʠʝʤ ʬʨʠʢʮʠʦʥʥʳʭ ʧʘʨ ʠ 

ʧʨʠʥʮʠʧʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʢʣʶʯʝʥʠʡ 

ʩʪʫʧʝʥʝʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʦʛʦ 

ʧʝʨʠʦʜʘ ʥʘ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʰʣʘʩʴ 

ʥʘ ʛʦʜʳ ʟʘʩʪʦʷ, ʪʘʢ ʯʪʦ ʜʘʞʝ ʨʫʩʩʢʦʷʟʳʯʥʘʷ ʘʢʪʫ-

ʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʨʫʙʝʞʥʦʤ ʦʧʳʪʝ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʠʟʣʦʞʝʥʥʘʷ ʚ ʜʦʢʣʘʜʝ ʦʮʝʥʢʘ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʙʣʝʤʳ 

ʬʫʥʢʮʠʠʦʥʠʨʦʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʦ-

ʩʪʘʚʝ ɸʊ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ ʪʨʠʙʦʣʦʛʘʤ ð ʫʯʘʩʪʥʠ-

ʢʘʤ ʉʠʤʧʦʟʠʫʤʘ 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʤʠʨʦʚʦʝ ʘʚʪʦʤʦʙʠʣʝ-

ʩʪʨʦʝʥʠʝ ʜʦʩʪʠʛʣʦ ʥʝʙʳʚʘʣʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʚʠ-

ʪʠʠ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʟʜʘ-

ʥʠʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ɸʊ. ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠ-

ʯʠʥ ð ʫʩʧʝʭʠ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʬʨʠʢʮʠʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʩʫʭʠʭ ʠ çʤʦʢʨʳʭè ʜʚʫʭʜʠʩʢʦʚʳʭ ʠ ʤʥʦ-

ʛʦʜʠʩʢʦʚʳʭ ʬʨʠʢʮʠʦʥʦʚ) ʠ ʠʭ ʤʝʭʘʪʦʨʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ (ʄʉʋ).  

ʉʝʛʦʜʥʷ ʢ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʤʘʩʩʦʚʳʭ ɸʊ ʤʦʞ-

ʥʦ ʦʪʥʝʩʪʠ [1]: ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʛʠʜʨʦʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ (ɻʄʇ), ʙʝʩʩʪʫʧʝʥʯʘʪʳʝ ʩ ʤʝʭʘʥʠ-

ʯʝʩʢʠʤʠ ʚʘʨʠʘʪʦʨʘʤʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ, ʛʠʙʨʠʜʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ, ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ ʩ ʜʚʫʤʷ ʩʮʝʧʣʝʥʠʷʤʠ ʥʘ ʚʭʦʜʝ. ɺʩʝ ʦʥʠ 

ʠʤʝʶʪ ʬʨʠʢʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʀʟ ʥʘʟʚʘʥʥʳʭ ɸʊ ʩʘʤʳʝ ʩʦʚʝʨʰʝʥʥʳʝ ʠ ʤʘʩʩʦ-

ʚʳʝ ð ɻʄʇ. ɼʣʷ ʥʠʭ ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʪʨʘʙʦʪʘʥʳ 

ʪʝʦʨʠʷ ʠ ʪʝʭʥʠʢʘ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʬʨʠʢ-

ʮʠʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʠʚʰʠʝ ʨʝʰʠʪʴ ʦʜ-

ʥʫ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ð ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦ-

ʛʦ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʝʨʝʢʣʶʯʝ-

ʥʠʷʭ ʩʪʫʧʝʥʝʡ ʙʝʟ ʨʘʟʨʳʚʘ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʠ 

ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ (ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʚʝʩʪʠ ʜʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʤʥʦʛʠʝ ʤʦʜʝʣʠ ɸʊ). 

ɺ ʥʘʯʘʣʝ ʧʷʪʠʜʝʩʷʪʠʣʝʪʠʷ ð ʚ ʩʝʨʝʜʠʥʝ 70-ʭ 

ʛʦʜʦʚ ð ʩʫʱʝʩʪʚʦʚʘʣ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ ɸʊ ð 

ɻʄʇ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʚʪʦʤʘʪʠʢʦʡ, ʠ ʥʘʯʠʥʘʣʦʩʴ 

ʚʥʝʜʨʝ-ʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʵʣʝʢʪʨʧʨʠʚʦʜʘ ʨʫʯʥʦʛʦ 

ʫʧʨʘʚ-ʣʝʥʠʷ ɻʄʇ. ʂʨʫʧʥʝʡʰʘʷ ʢʦʤʧʘʥʠʷ ʧʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʫ ɻʄʇ ʜʣʷ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ ð ɸʣʣʠʩʦʥ 

(ʚʭʦʜʠ-ʚʰʘʷ ʚ ɼʞʝʥʝʨʘʣ ʄʦʪʦʨʩ) ð ʪʦʣʴʢʦ ʚ 1971 ʛ. 

ʚʥʝʜʨʠʣʘ ʩʚʦʶ ʧʝʨʚʫʶ ʄʉʋ ɻʄʇ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

SPG (Shift Pattern Generator). ʉ 2012 ʛ. ʦʥʘ ʚʳʧʫʩʢʘ-

ʝʪ ʄʉʋ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ð ATEC (AllisonTrans-

mission Electronic Control) [2]. ɸ ʢʦʤʧʘʥʠʷ ʊʦʡʦʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʷ ʥʦʚʫʶ ʚʦʩʴʤʠʩʪʫʧʝʥʯʘʪʫʶ ɻʄʇ [3], 

ʦʪʤʝʪʠʣʘ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʡ ʜʦʩʪʠʛʥʫʪʦ çʜʨʘʤʘʪʠʯʝ-

ʩʢʦʝ ʫʣʫʯʰʝʥʠʝ ʦʱʫʱʝʥʠʷè ʧʨʦʮʝʩʩʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʩʪʫʧʝʥʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʫʧʨʘʚʣʝʥʠʷ (ʪʘʢ ʚ ʦʨʠʛʠʥʘʣʝ). 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʘʨʳ ʬʨʠʢʮʠʦʥʦʚ ʥʘ ʜʚʠʞʫʱʝʤʩʷ ʘʚ-

ʪʦʤʦʙʠʣʝ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2é2,5 ʩʝʢʫʥʜ ʚ ʪʷʞʝ-

ʣʳʭ ɸʊ ʠ ʜʦ 04é0,5 ʚ ʣʝʛʢʦʚʳʭ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʟʥʳʭ 

ʬʘʟʘʭ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʥʳʝ ʟʘʢʦʥʳ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʘ ʫ ʚʢʣʶʯʘʝʤʦʛʦ ʦʥʠ ʜʦʣʞʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʟʘ ʦʜʥʦ ʩʨʘʙʘʪʳʚʘʥʠʝ. ɿʘ-

ʜʝʨʞʢʘ ʠʩʧʦʣʥʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʳ ʭʦʪʷ ʙʳ ʥʘ 

0,1 ʩʝʢʫʥʜʳ ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦ-

ʚʘʥʥʦʤʫ ʨʘʟʛʦʥʫ ʠʣʠ ʪʦʨʤʦʞʝʥʠʶ ʜʚʠʛʘʪʝʣʷ ʠ ʢ ʥʝ-

ʢʦʤʬʦʨʪʥʦʤʫ ʧʝʨʝʢʣʶʯʝʥʠʶ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ 

ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʣʠ ʣʝʛʢʦ ʚʳʧʦʣʥʠʤʳ ʥʘ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʡ ɸʊ, ʥʦ ʦʢʘʟʘʣʠʩ ɹ ʥʝʠʟʤʝʨʠʤʦ ʩʣʦʞʥʝʝ ʚ 

ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʙʨʦʩ ʨʘʟʤʝʨʦʚ 

ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʝʡ ʜʦʧʫʩʢʦʚ ʚ ʧʘʨʪʠʷʭ ʨʘʟʣʠʯʥʳʭ ʜʝ-

ʪʘʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʱʫʪʠʤʳʤ ʜʣʷ ʨʘʙʦʪʳ ʄʉʋ ʨʘʟ-

ʣʠʯʠʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʘʧʨʠʤʝʨ, ʨʝʛʫʣʷʪʦʨʦʚ ʜʘʚ-

ʣʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʬʨʠʢʮʠʦʥʦʚ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʊ. ʕʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʫʩʪʨʦʡʩʪʚ ʄʉʋ ʠ ʧʝʨʝʭʦʜʘ ʢ ʧʨʠʥʮʠʧʘʤ ʘʜʘʧʪʠʚʥʦ-

ʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʞʝ ʢ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ. ɺ ʠʪʦʛʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ɸʊ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʯʘʡʰʘʷ ʧʣʘʚ-

ʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʡ (ʩʪʘʚʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʱʫ-

ʪʠʤʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ). 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʟʘʢʦʥʦʚ, ʘʣʛʦ-

ʨʠʪʤʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ 

ʫʧʨʘʚʣʝʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʣʫʯʰʠʭ ʟʘʨʫ-

ʙʝʞʥʳʭ ɸʊ ʤʦʜʝʣʝʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʢʦʪʦʨʳʝ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʦʩʚʘʠʚʘʪʴ ʥʘʰʝʤʫ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ. 
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ɺʃʀʗʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʊʈɽʅʀʗ ʉʂʆʃʔɾɽʅʀʗ ʅɸ 

ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ ɿʋɹʏɸʊʆʁ ʇɽʈɽɼɸʏʀ  

ʄ.ɺ. ʏʝʨʥʝʮ
1,2
, ʖ.ʄ. ʏʝʨʥʝʮ

1 

1ɼʨʦʛʦʙʳʯʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʫʥʠʚʝʨʩʠʪʝʪ, ɼʨʦʛʦʙʳʯ, ʋʢʨʘʠʥʘ, chernets@drohobych.net 
2ʃʶʙʣʠʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʃʶʙʣʠʥ, ʇʦʣʴʰʘ 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʩʤʘ-

ʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʦʜʷʱʝʝ ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʩʥʠ-

ʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ f. ɺ ʫʩʣʦ-

ʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ ʪʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʝʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʷʤʦ-

ʟʫʙʦʡ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʚʦʟʘ ʩ ʚʳʩʦʪʥʳʤ ʢʦʨʨʠʛʠʨʦ-

ʚʘʥʠʝʤ ʟʘʮʝʧʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ 

ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʠʟʥʦʩʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ [1, 2]. ɿʜʝʩʴ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʥʦʩʘ ʟʫʙʴʝʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʜʘʯʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫïʦʜʥʦïʜʚʫʧʘʨʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʟʫʙʴʝʚ, 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʣʠʷ-

ʥʠʷ ʚʘʨʠʘʮʠʠ f ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩ 

ʫʯʝʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ (ʠʟʥʦʩʘ) ʠ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʦʛʦ (ʢʦʨʨʠʛʠʨʦʚʘʥʠʷ) ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʫʙʴʝʚ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ tɺ ʜʣʷ 

ʧʨʝʜʝʣʴʥʦʛʦ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ 1sn  ʣʠʙʦ 2sn  ʢʦʣʝʩ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʪʘʢ:  

 1 1 2 2/ 60 /60ɺ s st n n n n , 2 1 /s sn n u , (1) 

ʛʜʝ 1sn , 2sn  ð ʦʙʦʨʦʪʳ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ, ʧʨʠ ʢʦ-

ʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʟʫʙʝɹʚ. 

 ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: z1 = 24 ð ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʝɹʚ 

ʰʝʩʪʝʨʥʠ; bW = 230 ʤʤ ð ʝʝ ʰʠʨʠʥʘ; P = 670 ʢɺʪ ð 

ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʯʠ;gK  1,6 ð ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʨʘʙʦʪʳ; m 16 ʤʤ ð ʤʦʜʫʣʴ 

ʟʘʮʝʧʣʝʥʠʷ; u 4 ð ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʝʨʝ-

ʜʘʯʠ; 1n  400 ʦʙ/ʤʠʥ ð ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʰʝ-

ʩʪʝʨʥʠ; 1h  1,4 ʤʤ ð ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʟʫʙʴʝʚ ʰʝ-

ʩʪʝʨʥʠ; 2h  2,0 ʤʤ ð ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʟʫʙʴʝʚ ʢʦ-

ʣʝʩʘ; f = 0,05; 0,07; 0,09; 0,11 ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʛʨʘʥʠʯʥʦʤ ʣʠʙʦ ʩʤʝʰʘʥʥʦʤ ʪʨʝʥʠʠ; 

ʩʤʘʟʢʘ ð ʤʘʩʣʦ ʜʣʷ ʧʝʨʝʜʘʯ ʣʦʢʦʤʦʪʠʚʘ ʆʉ ð ʃ ʩ 

100
v = 7...12 ʩʉʪ; ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʤʝʱʝʥʠʷ: 

1 2x x = 0; 0,1; 0,2; 0,3;wa = 960 ʤʤ ð ʤʝʞʦʩʝʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ.  

ʄʘʪʝʨʠʘʣʳ ʢʦʣʝʩ: ʰʝʩʪʝʨʥʷ ð ʩʪʘʣʴ 20ʍʅ3ɸ 

ʮʝʤʝʥʪʘʮʠʷ ʥʘ ʛʣʫʙʠʥʫ 1,6é2,4 ʤʤ, 58 Ñ 3 HRC; 

1ʉ 5,5 106, 1m 1,9 ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ; ʢʦʣʝʩʦ ð ʩʪʘʣʴ 55ʌ ʦʙʴʝʤʥʘʷ ʟʘʢʘʣʢʘ ʩ 

ʚʩrʦʢʠʤ ʦʪʧʫʩʢʦʤ, 280ð321 ʅɺ; 2C 0,4 106, 

m2 = 2,2;E 2.1Ā105 ʄʇʘ ð ʤʦʜʫʣʴ ʖʥʛʘ,  0,3 ð 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ.  

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʥʠʤʘʣʴʥʘʷ ʜʦʚʛʦ-

ʚʝʯʥʦʩʪ mɹinBt ʧʝʨʝʜʘʯʠ ʜʣʷ ʪʦʯʢʠ ʟʘʮʝʧʣʝʥʠʷ, ʛʜʝ 

ʙʳʩʪʨʝʝ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʡ ʠʟʥʦʩ ʟʫʙʴʝʚ ʢʦʣʝ-

ʩʘ.  
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ʈʠʩ. 1. ʄʠʥʠʤʘʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

1 2x x =0,1 ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ f. ʆʥʘ ʧʨʝʚʳʰʘʝʪ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʥʝʢʦʨʨʠʛʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚ 1,245; 1,321; 1,218; 1,217 ʨʘʟʘ. ʋʚʝʣʠʯʝʥʠʝ 

f ʚ 2,2 ʨʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ 

ʫʢʘʟʘʥʥʦʤ ʦʧʪʠʤʘʣʴʥʦʤ ʩʣʫʯʘʝ ʚ 5,46 ʨʘʟʘ. 

 
4. ʏʝʨʥʝʮʴ ʄ.ɺ., ʗʨʝʤʘ ʈ.ʗ. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʚʧʣʠ-

ʚʫ ʢʦʨʠʛʫʚʘʥʥʷ ʟʫʙʽʚ ʥʘ ʨʝʩʫʨʩ, ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʢʦʥʪʘʢʪʥʫ 

ʤʽʮʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʝʚʦʣʴʚʝʥʪʥʠʭ ʧʝʨʝʜʘʯ // ʌʍʄʄ. ð 

2011, ˉ 4, 115ð121.  
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ʜʨʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ. ʏʘʩʪ. 1. ɼʦʚ-
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Transport is a main source of noise inthe cities. 

The ecological demands require decreasing of the noise 

level produced by vehicles this is why the vibration and 

noise are topical issue of automotive and aerospace me-

chanical engineering [1]. The engines, transmissions 

and brakes combine moving gears, which induce unde-

sirable vibrations and acoustical noise.Finite element 

methodisacommonsimulationtechniquefor academic and 

industrialinvestigationsofbrakenoise [2].The method can 

calculate the vibrationsô modes of the complex con-

structions comprised of several parts if the properties of 

each component, such as Youngôs modulus, Poissonôs 

ratio and loss factors as well as their changes with the 

temperatureare known.When the modes and eigenfre-

quencies are established, the damping and sound ab-

sorbing materials can be applied. Thevariety of poly-

mers and composite materials on their base can be em-

ployed for damping of the vibrations in wide tempera-

turesô rangesand covering several decades of frequen-

cies [3]. 

The wide range of temperatures and mechanical 

loads are typical condition of brakesô operation. The 

friction linings consist of numerous functional compo-

nents,which influence mechanical and thermophysical 

properties. Theaimofourworkisnondestructivedetermina-

tion of the Youngôsmodulus and loss factorsof the fric-

tional lining. 

The scanning laser vibrometersare state of the art 

technique, whichallows noncontact detection of the sur-

face velocities spectra that after numerical treatment 

yield the modes and eigenfrequencies of the construc-

tion. Laser DopplervibrometerPolytec 400 SDVwas 

employed in our experiment. Owing to the acousto-opti-

cal modulator based on Braggôs cell, it is possible to 

measure both the amplitude and the direction of surface 

displacement velocity. The vibrometer attains a resolu-

tion of 2 nm, and with digital demodulation techniques 

even down to the pm range.In the presented ex-

periments, the measurements were carried out at room 

temperature of 20 ÁC. The highest frequency of thevi-

brometerôs operational bandwidth is about 22 kHz. Usu-

ally the loudspeaker or piezoelectric transducer disturb 

the specimen within defined bandwidth. The velocity of 

displacement increases at the natural frequencies of that 

system that gives the peaks in the frequency domain. 

The specimenôs density of 2050 kg/m3was obtained by 

Archimedeôs method. The volume 105Ĭ48Ĭ4.2 mm3 

confined the specimen. The piezoelectric transducer 

with the size of 3Ĭ4Ĭ5 mm3and the mass of 0.45 g was 

glued on the backside of the specimen. The amplifier 

PiezomechanikGmbH LE 150/025fed thevoltage signal 

of periodic chirpwithin bandwidth from 50 Hz to 

12800 Hz. The measurements at 220 points of the speci-

menôs surface were done within less than 25 minutes.  

The averaged displacement velocity spectrum gave 

11peaks of different magnitude, whichwere identified 

by software aseigenfrequencies. The distribution of the 

amplitudes of the first four modes are shownin 

fig. 1.The loss factor was calculated from the ratio of 

the peakôs width on the level of  to the value of 

thepeakôs frequency. The loss factor varied in the range-

from 0.02 to 0.04 for the considered range. The proce-

dure ofcalculationof friction liningeigen-frequencies 

was realized via finite element modal analysis. Varying 

the values of Youngôs modulus and for Poissonôs ratio, 

the least-square method yielded thevalues of 12 GPa 

and 0.15, respectively. 

 

    

663Hz 1306 Hz 1803 Hz 2690 Hz 

min max 

Fig. 1. The first four measured modes of the friction lining 
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ʋʏɽʊ ʄʆʃɽʂʋʃʗʈʅʓʍ ʉʀʃ ʇʈʀ ʇʆʃʋʏɽʅʀʀ ɺʓʉʆʂʆɼʀʉʇɽʈʉʅʓʍ 

ʅɸʇʆʃʅʀʊɽʃɽʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ɾʀɼʂʆʉʊɽʁ 
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ʊʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦʣʠ-

ʤʝʨʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ ʢʝʨʘʤʠʢʠ, ʧʠʛʤʝʥʪʦʚ, ʩʦʨʙʝʥʪʦʚ ʠ 

ʜʨ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝ-

ʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ɾʠʜʢʦʩʪʴ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʧʨʦʥʠʢʘʷ ʚ ʤʠʢʨʦʪʨʝ-

ʱʠʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʩʦʟʜʘʝʪ ʚ ʥʠʭ ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʘʚʣʝʥʠʝ 

(ʵʬʬʝʢʪ ʈʝʙʠʥʜʝʨʘ), ʠ ʩʥʠʞʘʝʪ ʫʩʠʣʠʝ ʨʘʟʨʫʰʝʥʠʷ. 

ʊʘʢʘʷ ʞʠʜʢʦʩʪʴ ð çʧʦʥʠʟʠʪʝʣʴ ʪʚʝʨʜʦʩʪʠè ʜʦʣʞʥʘ 

ʦʙʣʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʠʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ, ʥʦ 

ʠ ʫʤʝʥʴʰʘʪʴ ʩʠʣʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʤʠʢʨʦʪʨʝɦ ʠʥ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʩʧʦʩʦʙʦʤ ʨʘʩʯʝʪʘ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʪʝʦʨʠʷ [1ð3]. ʂʦʛʜʘ ʟʘ-

ʟʦʨ l ʤʝʞʜʫ ʪʝʣʘʤʠ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʘʤʠ 

ʚʦʣʥ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʪʝʣ 

ʬʦʨʤʫʣʘ ʜʣʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʚʠʜ (ʠʥ-

ʜʝʢʩʳ 1 ʠ 2 ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʣʘʤ, 3 ʢ ʧʨʦʩʣʦʡʢʝ): 

 
Z

 (1) 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (i ) ʩʚ̫ʟʘʥʘ ʩ 

ʤʥʠʤʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ( ) ʩʦʦʪʥʦʰʝʥʠʝʤ ʂʨʘʤʝʩʘ-ʂʨʦʥʠʛʘ: 

 (2) 

ʆʜʥʘʢʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

1,2,3( ), ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʳʯʠʩʣʝʥʠʝ ʩʠʣʳ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ (1) ʠ (2) ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫ-

ʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʦʚ ʠʤʝʶʪ ʚʠʜ 

ʧʦʣʦʩ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʰʠʨʦʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʦʟʨʘʯ-

ʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ. ɽʩʣʠ ʧʨʝʥʝ-

ʙʨʝʯʴ ʠʤʝʶʱʠʤʩʷ ʤʘʣʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʥʘ ʫʯʘʩʪʢʘʭ 

ʧʨʦʟʨʘʯʥʦʩʪʠ, ʘ ʚ ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ ʬʫʥʢʮʠʶ 

( ) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ, ʥʦ 

ʙʣʠʟʢʦʡ ʢ ʨʝʘʣʴʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, 

ʪʦ ʧʦ ʬʦʨʤʫʣʝ ʂʨʘʤʝʨʩʘ-ʂʨʦʥʠʛʘ (2) ʤʦʞʥʦ ʚʳʯʠʩ-

ʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 1,2,3(i ), ʧʦ ʢʦʪʦʨʳʤ ʥʘʡʪʠ ʩʠʣʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ( ) ʚ 

ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ ɼʝʙʘʷ [4]: 

 (3) 

ʛʜʝ 0 ð ʩʪʘʪʠʯʝʩʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ,  ð ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʧʨʝʜʝʣ, ʢ ʢʦʪʦʨʦʤʫ 

ʩʪʨʝʤʠʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ;  ð ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 0 

ʬʦʨʤʫʣʦʡ  = 1/ 0. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʪʝʣʘ 1( ) = 2( ), ʧʦʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ (ʠʥʜʝʢʩ 1 ʦʪʥʦʩʠʪ-

ʩʷ ʢ ʪʚʝʨʜʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, 3 ʢ ʞʠʜʢʦʡ ʧʨʦʩʣʦʡʢʝ): 

Z
 (4) 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʚʤʝ-

ʩʪʦ  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʜʨʘʪ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦ-

ʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ  = n2. ɽʩʣʠ ʧʦʛʣʦʱʝʥʠʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʝ ʥʘ ʦʜʥʦʡ ʛʣʘʚʥʦʡ ʯʘʩʪʦʪʝ 0, ʦʙʱʝʡ ʜʣʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ, ʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ, ʪʦ ʠʭ 

ʚʢʣʘʜ ʚ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʫʜʝʪ ʩʫʤʤʠʨʦʚʘʪʴʩʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʪʦʥʢʦʡ ʧʨʦʩʣʦʡʢʦʡ 

ʞʠʜʢʦʩʪʠ, ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʤʝʞʜʫ ʩʪʘʪʠʯʝʩʢʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʷʤʠ, ʪʘʢ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (4) ʠ ʚʦʩʧʦʣʴʟʦ-

ʚʘʚʰʠʩʴ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 0 ʠ n, ʤʦʞʥʦ 

ʫʩʧʝʰʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ɸʚ-

ʪʦʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚʳʚʦʜʳ, ʩʣʝ-

ʜʫʶʱʠʝ ʠʟ ʬʦʨʤʫʣʳ (4), ʯʪʦ ʜʣʷ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 

ʢʚʘʨʮʘ, ʘ ʪʘʢʞʝ ʩʪʝʢʣʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʧʨʝ-

ʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʬʨʘʢʮʠʠ ʉ10-ʉ15. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʜ ʧʨʦʝʢʪʘ ʊ014ʄʉ-019). 
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ʊʈɽʅʀɽ ʂɸʏɽʅʀʗ ɺ ʆɹʃɸʉʊʀ ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʍ ʉʄɽʑɽʅʀʁ 

ɼʃʗ ʇʆʂʈʓʊʀʁ ʅɸʅʆʄɽʊʈʆɺʆɻʆ ɼʀɸʇɸɿʆʅɸ ʊʆʃʑʀʅʓ 

ʀ.ɿ. ɼʞʠʣʘʚʜʘʨʠ
1
, ʉ. ʄʝʢʠʜ

2
, ʅ.ʅ. ʈʠʟʥʦʦʢʘʷ

1
, ʊ.ʀ. ʐʠʨʷʝʚʘ

1
 

1ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
2ʋʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʤʠʥʝʨʘʣʦʚ ʢʦʨʦʣʷ ʌʘʜʭʘ, ɼʭʘʭʨʘʥ, ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ 

ɺʚʝʜʝʥʠʝ 

ʊʦʯʥʦʩʪʴ ʧʨʠʙʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʳ ʪʨʝʥʠʷ 

ʢʘʯʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʩʠʣ ʪʨʝʥʠʷ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʜʚʠʞʝʥʠʷ ʠ ʚ ʪʦʯʢʘʭ ʨʝʚʝʨʩʘ, ʚʚʠʜʫ ʝʛʦ ʥʝʣʠ-

ʥʝʡʥʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʛʠʩʪʝʨʝʟʠʩʘ. ʉʘʤʳʡ ʥʘʯʘʣʴʥʳʡ 

ʵʪʘʧ ʢʘʯʝʥʠʷ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ ʠʣʠ ʤʝʥʴʰʝ ʜʠʘ-

ʤʝʪʨʘ ʧʷʪʥʘ ʫʧʨʫʛʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʘʟʳʚʘʝʤʳʡ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ, ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʪʨʝʥʠʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʥʠʷ 

ʢʘʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʘʤʧʣʠʪʫʜʳ ʠ 

ʧʝʨʠʦʜʘ ʩʚʦʙʦʜʥʳʭ ʢʘʯʘʥʠʡ ʤʘʷʪʥʠʢʘ, ʦʧʠʨʘʶʱʝʛʦʩʷ 

ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʫʤʷ ʰʘʨʠʢʘʤʠ [13].  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʜʣʷ ʧʦʢʨʳʪʠʡ ʠʟ ʘʣʶʤʠʥʠʷ ʥʘ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʘʷʪʥʠʢ ʤʘʩʩʦʡ 1,256 ʢʛ, ʚ ʦʧʦʨʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠ-

ʣʠʩʴ ʜʚʘ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʘʨʠʢʘ ʨʘʜʠʫʩʦʤ 5 ʤʤ. ʀʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʰʘʨʠʢʠ ʜʚʫʭ ʪʠʧʦʚ: ʠʟ ʢʦʨʫʥʜʦʚʦʛʦ 

ʩʧʝʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ(Al 2O3) ʠ ʠʟ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ.  

ʊʘʙʣʠʮʘ 1. ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ 

ʄʘʪʝʨʠʘʣ ʧʦʜʣʦʞʢʠ: ʢʨʝʤʥʠʡ 

ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʘʣʶʤʠʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʯʝʥʠʶ [1], 10ï7 

ʊʦʣʱʠʥʘ ʧʦʢʨʪrʠʷ 
ʄʘʪʝʨʠʘʣ ʰʘʨʠʢʘ 

ʉʪʝʢʣʦ Al 2O3 

ɹʝʟ ʧʦʢʨʳʪʠ ̫
4,33 3,28 

4,31 3,26 

20 ʥʤ 
5,00 3,28 

4,51 3,22 

50 ʥʤ 
4,67 3,57 

4,95 3,71 

200 ʥʤ 
4,43 5,08 

4,38 4,72 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʣʦʩʢʠʭ ʧʦʣʠ-

ʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʨʝʤ-

ʥʠʷ ʩ ʥʘʧʳʣʝʥʠʝʤ ʘʣʶʤʠʥʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ 

20 ʥʤ, 50 ʥʤ ʠ 200 ʥʤ. ʅʘʛʨʫʟʢʘ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʨʝ-

ʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʣʷ ʘʤʧʣʠʪʫʜ ʢʘʯʘʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 56 ʜʦ 0,1 ʫʛʣʦ-

ʚʳʭ ʩʝʢʫʥʜ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ.  

ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 1. 

ʀʟ ʨʠʩ. 1, ʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʨʝʥʠʝ ʢʘʯʝʥʠʷ ʚ 

ʨʝʞʠʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ ʧʘʨʳ ʢʦ-

ʨʫʥʜ ð ʘʣʶʤʠʥʠʡ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ 

ʧʦʢʨʳʪʠʷ. ɺʠʜ ʢʨʠʚʳʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʪʨʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʫʝʪ ʨʘʟʨʳʚ ʘʜʛʝʟʠʦʥʥʳʭ 

ʩʚʷʟʝʡ (ʧʝʨʚʘʷ ʯʘʩʪʴ), ʠ ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ 

ʨʘʟʨʳʚʘ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʷʟʝʡ (ʥʠʞʥʷʷ ʯʘʩʪʴ), ʛʜʝ 

ʪʨʝʥʠʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʞʠʜʢʦʩʪʥʦʛʦ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ (ʘ) ʠ ʧʝʨʠʦʜʘ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ 

ʧʘʨʳ ʢʦʨʫʥʜðʘʣʶʤʠʥʠʡ. Ƅ ð ʧʝʨʚʘʷ ʪʦʯʢʘ; -- ð ʚʪʦʨʘʷ ʪʦʯʢʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʘ ʦʪ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʦʡ ʷʚʣ̫-

ʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʠʦʜʘ. ʕʪʫ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʣʠʷʥʠʝʤ 

ʫʧʨʫʛʠʭ ʩʠʣ ʘʜʛʝʟʠʠ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʰʘʨʠʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʩʪʠʥ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟ-

ʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʠ ʵʥʝʨʛʠʶ ʘʜ-

ʛʝʟʠʠ ʥʘ ʦʪʨʳʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʛʠʩʪʝʨʝ-

ʟʠʩʘ ʩʠʣ ʪʨʝʥʠʷ ʥʘ ʧʷʪʥʝ ʢʦʥʪʘʢʪʘ. 

 
1. ɼʞʠʣʘʚʜʘʨʠ ʀ.ɿ., ʈʠʟʥʦʦʢʘʷ ʅ.ʅ. ʄʝʪʦʜʠʢʘ ʠ ʩʨʝʜʩʪʚʦ ʠʟ-

ʤʝʨʝʥʠʷ ʤʘʣʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʤʘ-

ʷʪʥʠʢʦʚʳʤ ʤʝʪʦʜʦʤ // ʄʝʪʨʦʣʦʛʠʷ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ. ð 
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ʎʝʣʴ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʞʠʜʢʠʭ ʠ ʧʣʘʩʪʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜ r 

ʂ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʟʘʨʫʙʝʞ-

ʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʞʠʜʢʠʭ ʠ ʧʣʘʩʪʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʤ ɻʆʉʊ 9490 [1] ʠ ʦʧʨʝ-

ʜʝʣʷʝʤʳʤ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʯʝʪʳʨʝʭʰʘʨʠʢʦʚʦʡ 

ʤʘʰʠʥʝ ʪʨʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ: 

ï ʥʝʩʫʱʘ ̫ ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʘʟʢʠ, ʦʧʨʝʜʝʣʷʝʤʘ ̫

ʧʦ ʟʥʘʯʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʈʢ (ʅ, 

ʢʛʩ) ʚʝʨʭʥʝʛʦ ʰʘʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʪʝʯʝʥʠʠ 10 ʩʝ-

ʢʫʥʜ ʠʩʧʳʪʘʥʠʡ ʚʦʟʥʠʢʘʝʪ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʡ 

ɻʆʉʊ 9490 ʜʠʘʤʝʪʨ ʧʷʪʝʥ ʠʟʥʦʩʘ ʥʠʞʥʠʭ ʰʘʨʦʚ; 

ï ʧʨʝʜʝʣʴʥʘ ̫ʥʘʛʨʫʟʦʯʥʘ ̫ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʘʟʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʘ ̫ʧʦ ʟʥʘʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʩʚʘʨʠʚʘʥʠʷ ʈʩ 

(ʅ, ʢʛʩ), ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝ-

ʥʠʶ ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 

(1180 25)ʅʩʤ ʠʣʠ ʧʨʦʠʟʦʰʣʘ ʦʩʪʘʥʦʚʢʘ ʝʛʦ ʚʨʘʱʝ-

ʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʩʚʘʨʠʚʘʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʰʘʨʠʢʦʚ;  

ï ʧʨʦʪʠʚʦʠʟʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʧʦ ʟʥʘʯʝʥʠʶ ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ Dʠ (ʤʤ), ʚʦʟʥʠ-

ʢʘʁɦ ʝʛʦ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʰʘʨʠʢʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚ 

ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʩ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʩʤʘʟʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ; 

ï ʧʨʦʪʠʚʦʟʘʜʠʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ 

ʠʥʜʝʢʩʫ ʟʘʜʠʨʘ ʀʟ ʩ ʫʯʝʪʦʤ ʜʠʘʤʝʪʨʦʚ ʧʷʪʝʥ ʠʟʥʦʩʘ 

ʰʘʨʠʢʦʚ ʧʨʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʩʝʚʳʭ ʥʘʛʨʫʟʢʘʭ 

ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ. 

ɸʥʘʣʠʟ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ɻʆʉʊ 9490 ʤʝʪʦ-

ʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʪʨʠʙʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʯʝʪʳ-

ʨʝʭʰʘʨʠʢʦʚʦʡ ʤʘʰʠʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʫʯʠʪʳʚʘʪʴ ʦʩʝʚʫʶ 

ʥʘʛʨʫʟʢʫ ʈ ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ, ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʛʨʫʟʦʯ-

ʥʳʤʠ ʨʷʜʘʤʠ ʧʨʠʣʦʞʝʥʠʷ 2 [1], ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʠʞʥʠʭ ʰʘʨʠʢʦʚ, ʫʛʣʦ-

ʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘ-

ʱʝʥʠʶ ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ ʠ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥ-

ʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʰʘʨʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝ-

ʜʝʥʠʷ ʠʩʧʪrʘʥʠʡ. 

ʂʦʥʪʨʦʣʴ, ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʠʟʥʦʩʘ ʰʘʨʠʢʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤ-

ʤʥʳʭ ʩʨʝʜʩʪʚ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ 

ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʦʩʥʦʚ-

ʥʦʤ, ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 

ï ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʨʝʛʠʩʪʨʠ-

ʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʫʯʝʪʘ ʫʧʨʫ-

ʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʥʘʛʨʫʞʝʥʠʷ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʯʝʪʳʨʝʭʰʘʨʠʢʦʚʦʡ ʤʘ-

ʰʠʥʳ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʠʚʦʜʦʚ ʠ ʩʠʩʪʝʤ ʢʦʥ-

ʪʨʦʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʪʠʧʦʚʳʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʨʠʡʥʦ ʚʳ-

ʧʫʩʢʘʝʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ʆɸʆ çʇʣʘʥʘʨè, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʥ-

ʪʨʦʣʝʤ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʰʘʨʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝ-

ʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʯʝʪʳʨʝʭʰʘʨʠʢʦʚʦʡ ʤʘʰʠʥʝ, ʧʦʟʚʦʣʷʶɦ ʘʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʦʩʥʦʚʫ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʫ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥ ʦʩʝ-

ʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ 

ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ, ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ ʢʦʥʪʘʢʪʠʨʫʶ-

ʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʠʞʥʠʭ ʰʘʨʠʢʦʚ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʘʨʠʢʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪ- 

ʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʨʷʜʦʢ ʠ ʙʦʣʝʝ 

ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 
1. ɻʆʉʊ 9490 ʄʘʪʝʨʠʘʣʳ ʩʤʘʟʦʯʥʳʝ ʞʠʜʢʠʝ ʠ ʧʣʘʩʪʠʯʥʳʝ. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʯʝ-

ʪʳʨʝʭʰʘʨʠʢʦʚʦʡ ʤʘh ʠʥʝ / www.OpenGost.ru 
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ʉɽʂʎʀʗ 2. ʉʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳ   ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 

84 

ʆʇʆʈʓ ʉʂʆʃʔɾɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ʄɼʆ-ʇʆʂʈʓʊʀʁ 

ɼʃʗ ʇʆɼɺʀɾʅʓʍ ʋɿʃʆɺ ʂʆʉʄʀʏɽʉʂʆʁ ʊɽʍʅʀʂʀ 

ʈ.ɽ. ɺʦʣʢʦʪʨʫʙ, ʄ.ʇ. ʃʦʙʢʦʚʘ, ɸ.ɸ. ɻʣʘʟʫʥʦʚʘ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ 

ɺ ʤʝʭʘʥʠʟʤʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʨʘʟʣʠʯ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʳ ʜʦʩʪʘ-

ʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʛʢʠʝ ʩʣʘʚʳ, ʚʢʣʯʁʘʷ 

ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɼʆ-ʧʦʢʨʳʪʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʥʦʜʥʦ-ʢʘʪʦʜʥʦʡ ʤʠʢʨʦʜʫʛʦʚʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʦʩʥʦʚʝ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʚ 

ʦʧʦʨʘʭ ʩʢʦʣʴʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʭʥʠʢʠ 

ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʷ ʢʦʩʤʠʯʝʩʢʫʶ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʫ  ʁʚ ʦʪʢʨʳʪʦʤ ʚʘʢʫʫʤʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʷʪʘ ʧʘʨʘ 

ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ çʄɼʆ-ʧʦʢʨʳʪʠʝ ð ʩʪʘʣʴ ʐʍ15 

ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʚʝʨʜʦʩʪʴʶ HRC 57 63è. ʄɼʆ-

ʧʦʢʨʳʪʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʠ ʆɸʆ çʇʣʘʥʘʨè ʘʥʦʜʥʦ-ʢʘʪʦʜʥʦʡ ʤʠʢʨʦʜʫʛʦ-

ʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʂ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɼʠʩʢ ʩ ʄɼʆ-ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

ʇʦʚʝʨʭʥʦʩʪʴ ʄɼʆ-ʧʦʢʨʳʪʠʷ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙ-

ʨʘʙʘʪʳʚʘʣʦʩʴ ʰʣʠʬʦʚʢʦʡ ʠ ʧʦʣʠʨʦʚʘʥʠʝʤ. ʇʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʦʣʱʠʥʘ ʄɼʆ-ʧʦʢʨʳʪʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 7080 ʤʢʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʥʦʛʦ ʄɼʆ-ʧʦʢʨʳʪʠʶ ʵʣʝʤʝʥʪʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʨʠʢ ʰʘʨʠʢʦʚʦʛʦ ʫʧʦʨʥʦʛʦ ʦʜʠ-

ʥʘʨʥʦʛʦ ʧʦʜh ʠʧʥʠʢʘ 6-8104 ɻʆʉʊ 6874. 

ʋʩʣʦʚʥʘʷ ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

 
 

 ʄɼʆ -ʧʦʢʨʳʪʠʝ              ʈ 

 

                      

 

ʈʠʩ. 2. ʋʩʣʦʚʥʘʷ ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʩʫʭʦʛʦ 

ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʦ ʩʤʘʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʄɼʆ-

ʧʦʢʨʳʪʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘ-

ʣʦʤ ʥʘ ʦʩʥʦʚʝ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʢʦʤʧʦʥʝʥʪ-

ʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʙʳʣ ʧʦʜʦʙʨʘʥ ʩ ʫʯʝʪʦʤ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʄɼʆ-

ʧʦʢʨʳʪʠʷ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʄɼʆ-ʧʦʢʨʳʪʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʧʝʮʠ-

ʘʣʴʥʘʷ ʧʨʠʨʘʙʦʪʢʘ.  

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠ-

ʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʛʨʫʟʦʯʥʳʭ ʠ ʩʢʦʨʦʩʪʥʳʭ ʨʝ-

ʞʠʤʦʚ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʘʨʳ ʪʨʝʥʠʷ ʥʘ ʝʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ-

ʥʦʤ ʥʘ ʫʨʦʚʥʝ 2 ʄʇʘ ʠ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ 

ʢʦʥʪʘʢʪʥʭr ʜʘʚʣʝʥʠʷʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ 3 ʤ/ʩ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ ʩʣʝ-

ʜʫʶʱʝʝ: 

ï ʚ ʨʝʞʠʤʝ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʙʝʟ ʩʤʘʟʢʠ ʧʨʠ-

ʝʤʣʝʤʳʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʨʳ ʪʨʝʥʠʷ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʥʪʘʢʪʥʳʭ 

ʜʘʚʣʝʥʠʷʭ ʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʵʪʦʡ ʧʘʨʳ ʪʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʚ 

ʣʠʥʝʡʥʳʭ ʜʚʠʞʠʪʝʣʷʭ ʥʘ ʙʘʟʝ ʢʦʠʣ-ʜʚʠʛʘʪʝʣʝʡ, ʨʘ-

ʙʦʪʘʶʱʠʭ ʚ ʤʝʭʘʥʠʟʤʘʭ ʪʠʧʘ çʦʪʢʨʳʪʠʝ-ʟʘʢʨʳʪʠʝè 

ʟʘʩʣʦʥʦʢ; 

ï ʚʚʝʜʝʥʠʝ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦ-

ʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʜʠʩʫʣʴʬʠʜʘ ʤʦ-

ʣʠʙʜʝʥʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʡ ʧʘʨʳ ʪʨʝʥʠʷ, ʥʦ ʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʘ ʧʦʨʷʜʦʢ 

ʫʚʝʣʠʯʠʪʴ ʝʝ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʪʦ ʩ ʫʯʝ-

ʪʦʤ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʝʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʨʷʜʝ ʨʘʟʣʠʯʥʳʭ ʧʦʚʦʨʦʪʥʳʭ ʠ ʣʠʥʝʡ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʠʚʦʜʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʢʦʩʤʦʩʘ ʠ ʥʘʟʝʤʥʦʡ ʪʝʭʥʠʢʝ 

ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʧʦ-

ʚʳʰʝʥʥʳʭ ʜʦ 200 ʉ ʠ ʚʳʰʝ ʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ.  

 
1. Basinyuk V.L. and Mardosevich E.I. Frictional and Mechanical 

Characteristics of Oxide-Keramic Coatings // Journal of Friction 

and Wear. ð 2003 (24), no. 5, 39ð44 
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2
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1
, 

ɸ.ɺ. ʂʘʟʘʢ
2
, ɸ.ʀ. ʉʤʠʨʥʦʚʘ

2
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1ʀʚʘʥʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʘʢʘʜ. ɼ.ʂ. ɹʝʣʷʝʚʘ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 
2ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʀʀ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ; nv_usoltseva@mail.ru 

3ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʇʝʪʨʦʟʘʚʦʜʩʢ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦ-

ʩʪʠ ʠ ʨʝʩʫʨʩʘ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʚ ʩʚʷʟʠ ʩ ʪʝʥʜʝʥʮʠʷʤʠ ʫʚʝʣʠʯʝ-

ʥʠʷ ʠʭ ʤʦʱʥʦʩʪʠ, ʩʪʦʠʤʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʟʘʪʨʘʪ 

ʥʘ ʪʝʢʫʱʠʡ ʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪʳ [1]. 

ʇʦʠʩʢʠ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦ-

ʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟ ʧʨʠ ʫʧʨʦʯʥʝʥʥʳʭ ʧʦʨʰʥʝ-

ʚʳʭ ʢʦʣʴʮʘʭ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ (ʎʇɻ) ʜʚʠʛʘʪʝ-

ʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʙʝʟʨʘʟʙʦʨʥʳʤʠ ʤʝ-

ʪʦʜʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʨʝʢʨʘʱʘʶʱʝʡʩʷ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ð ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʫʞʝ ʥʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠ ʠʥʬʦʨʤʘ-

ʪʠʚʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ (ʢʦʤʧʣʝʢʩʦʚ) ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ 

ʧʦʣʫʯʠʪʴ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʛʠʣʴʟ ɼɺʉ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʨʠʙʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʟʦʥʫ ʪʨʝʥʠʷ ʛʝʦʤʦʜʠʬʠ-

ʢʘʪʦʨʘ (ɻʊʄ) ʠ ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʝʛʦ ʩʦʩʪʘʚʘ 

(ʄʇʇ), ʬʦʨʤʠʨʫʶʱʠʭ ʥʘ ʜʝʪʘʣʷʭ ʤʝʪʘʣʣʦʢʝʨʘʤʠ-

ʯʝʩʢʠʝ (ʠʟʥʦʩʦʩʪʦʡʢʠʝ) ʠ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʝ (ʘʥʪʠ-

ʬʨʠʢʮʠʦʥʥʳʝ) ʧʦʢʨʳʪʠʷ. ʅʘ ʦʩʥʦʚʝ ʢʦʥʪʘʢʪʥʦ-

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʤʘʟʢʠ [2] ʧʦʣʫʯʝʥ ʢʨʠ-

ʪʝʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʦʣʱʠʥʫ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʚ 

ʚʠʜʝ 
2

2

2

1
RaRa

h
ʩʤ

, ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ fpk/HB.  

ʇʨʦʚʝʜʝʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʟ-

ʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʜʚʘ ʫʩʣʦʚʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ð ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʢʨʳʪʠʷ ʩ 

ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʥʘʠʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ [3, 4]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ 

(ʨʠʩ. 1) ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳ-

ʚʘʶʪ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʝʟʝʨʚʘ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʤʦʱʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʥʘ 40é45%) ʎʇɻ 

ɼɺʉ ʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʪʝʧʣʘ ʚ ʟʦʥʝ ʪʨʝʥʠʷ (ʥʘ 

35é38%) ʧʨʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʤ 

ʚʚʝʜʝʥʠʠ ʚ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ 

ʛʝʦʪʨʠʙʦʤʦʜʠʬʠʢʘʪʦʨʘ (ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ) ʚ 

ʚʠʜʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʠ ʟʘʪʝʤ ʤʝʪʘʣʣʦʧʣʘʢʠ-

ʨʫʶʱʝʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʠʦʥʥʦʤ ʩʦʩʪʦʥ̫ʠʠ. 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʚʨʝʤʝʥʠ ʠʩʧʳ-

ʪʘʥʠʷ: -ƺ- ð ʩʝʨʠʡʥʦʝ ʤʘʩʣʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ; - -̙ ð 

ʤʘʩʣʦ ʩ ɻʊʄ ʩʦʩʪʘʚʦʤ; -æ- ð ʤʘʩʣʦ ʩ ʄʇʇ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ɻʊʄ 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʧʨʦʛʨʘʤʤʦʡ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʚʘʥʦʚʩʢʦ-

ʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʘ 2014ð2016 ʛʛ., 

ʛʨʘʥʪ ˉ 4.106.2014/ʂ. 
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ɺ.ʀ. ɾʦʨʥʠʢ
1
, ɺ.ɸ. ʂʫʢʘʨʝʢʦ

1
, ʉ.ɸ. ʂʦʚʘʣʝʚʘ

1
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ɸ.ɺ. ʀʚʘʭʥʠʢ
1
, ɽ.ɺ. ʂʘʨʧʠʥʯʠʢ

2
, ʃ.ʀ. ʖʞʠʢ

2
 

1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; zhornik@inmash.bas-net.by 
2ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʜʠʩ-

ʧʝʨʩʥʳʭ ʜʦʙʘʚʦʢ ʚ ʤʘʩʣʦ ʀ-40 ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦ-

ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʚ ʧʘʨʘʭ ʪʨʝʥʠʷ ʪʠʧʘ 

çʧʣʘʩʪʠʯʥʳʡ-ʚʳʩʦʢʦʧʨʦʯʥʳʡè, çʚʳʩʦʢʦʧʨʦʯʥʳʡ-

ʚʩrʦʢʦʧʨʦʯʥʳʡè ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʘ-

ʟʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ ʧʨʠʨʘʙʦʪʦʯ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʤʘʟʦʯʥʳʝ ʢʦʤʧʦʟʠʮʠʠ 

ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʘʤʦʨʬʥʦʛʦ ʘʣʶʤʦʩʠ-

ʣʠʢʘʪʘ (ˉ 2), ʤʘʛʥʠʡʩʠʣʠʢʘʪʘ (ˉ 3), ʜʠʩʫʣʴʬʠʜʘ 

ʤʦʣʠʙʜʝʥʘ (ˉ 4), ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ˉ 5) ʠ ʘʣʤʘʟʥʦʡ 

ʰʠʭʪʳ ʐɸ-ɸ (ˉ 6) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʩʣʦʤ ʀ-40 ʙʝʟ 

ʜʦʙʘʚʦʢ (ˉ 1). ɺ ʢʘʯʝʩʪʚʝ çʧʣʘʩʪʠʯʥʦʛʦè ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʐʍ15 ʧʦʩʣʝ ʦʪʧʫʩʢʘ (325 HV) 

ʠ ʚ ʢʘʯʝʩʪʚʝ çʚʳʩʦʢʦʧʨʦʯʥʦʛʦè ð ʩʪʘʣʴ ʐʍ15 ʧʦ-

ʩʣʝ ʟʘʢʘʣʢʠ (800 HV). ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ ʥʘ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʪʨʠʙʦʤʝʪʨʝ ɸʊɺʇ. ʂʦʥʪʨʪʝʣʦ ð 

ʩʪʘʣʴ ʋ8 (800 HV). ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ð 0,1 ʤ/ʩ, ʧʫʪʴ ʪʨʝʥʠʷ ð 1800 ʤ, ʥʦʤʠʥʘʣʴʥʦʝ ʢʦʥ-

ʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ð ʨ = 10 ʄʇʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 4-ʭ ʰʘʨʠ-

ʢʦʚʦʡ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʏʄʊ-1 (ɻʆʉʊ 9490ï75). ɸʥʘ-

ʣʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʨʦ-

ʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

NT-206. ʆʮʝʥʠʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ f, ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ Ih, ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

Ra, ʢʨʠʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ Pk ʥʘʛʨʫʟʢʘ ʩʚʘʨʠʚʘʥʠʷ Pc. 

ʇʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʧʫʪʠ ʪʨʝʥʠʷ L ʧʦ 

ʥʘʩʪʫʧʣʝʥʠʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʤʘʛʥʠʡʩʠʣʠʢʘʪʘ ʠ ʰʠʭ-

ʪʳ ʐɸ-ɸ ʚ ʜʚʘ ʨʘʟʘ ʩʦʢʨʘʱʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʨʘʙʦʪʢʠ ʚ ʧʘʨʘʭ ʪʨʝʥʠʷ çʧʣʘʩʪʠʯʥʳʡ-ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʡè, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʙʘʚʢʠ ʜʠʩʫʣʴʬʠʜʘ ʤʦ-

ʣʠʙʜʝʥʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʚʝʨ-

ʰʝʥʠʷ ʩʪʘʜʠʠ ʧʨʠʨʘʙʦʪʢʠ ʥʘ ʚʩʝʤ ʚʳʙʨʘʥʥʦʤ ʧʫʪʠ 

ʪʨʝʥʠʷ (ʪʘʙʣ. 1). ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʪʨʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʨʝʣʴʝʬʘ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʜʦʙʘʚʦʢ ʰʠʭʪʳ ʐɸ-ɸ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

  ̄1  ̄2  ̄3  ̄4  ̄5  ̄6 

ʧʘʨʘ ʪʨʝʥʠʷ çʧʣʘʩʪʠʯʥʳʡðʚʳʩʦʢʦʧʨʦʯʥʳʡè  

Ra,ʥʤ 20ð40 22ð41 17ð30 16ð65 19ð46 15ð26 

fĀ10ð3 35ð38 85ð90 95ð120 70ð80 78ð85 10ð15 

L, ʤ 1200 1200 600 ð ð 600 

IhĀ 10ð9 2,1 3,3 6,6 34 42 5,7 

ʧʘʨʘ ʪʨʝʥʠʷ çʚʳʩʦʢʦʧʨʦʯʥʳʡðʚʳʩʦʢʦʧʨʦʯʥʳʡè 

Ra,ʥʤ 16ð42 30ð32 25ð38 13ð36 11ð102 38ð71 

fĀ10ð2 12ð13 13ð16 14ð16 10ð12 22ð15 8ð9 

L, ʤ 1200 600 1000 600 600 600 

IhĀ 10ð9 1,32 2,8 1,0 0,44 9,1 0,24 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʛʨʫʟʦʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ  

ʇʦʢʘʟʘʪʝʣʴ  ̄1  ̄2  ̄3  ̄4  ̄5  ̄6 

ʈk, ʅ 784 451 451 872 451 784 

ʈʩ, ʅ 1235 1568 1568 1960 1568 1235 

 

ɺ ʧʘʨʘʭ ʪʨʝʥʠʷ çʚʳʩʦʢʦʧʨʦʯʥʳʡ-ʚʳʩʦʢʦʧʨʦʯ-

ʥʳʡè ʫʩʢʦʨʝʥʠʝ ʧʝʨʠʦʜʘ ʧʨʠʨʘʙʦʪʢʠ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʤʘʩʣʝ ʩ ʜʦʙʘʚʢʘʤʠ ʘʣʶʤʦʩʠʣʠʢʘʪʘ, SiC, MoS2 ʠ 

ʰʠʭʪʳ ʐɸ-ɸ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦʙʘʚʦʢ ʜʠʩʫʣʴʬʠʜʘ 

ʤʦʣʠʙʜʝʥʘ ʠ ʰʠʭʪʳ ʐɸ-ɸ (ʪʘʙʣ. 1). ʆʜʥʘʢʦ ʜʦʙʘʚ-

ʢʠ ʰʠʭʪʳ ʐɸ-ɸ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʟʥʘʯʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʢʨʫʧʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ. 

ʅʘʛʨʫʟʦʯʥʫ  ʁʩʧʦʩʦʙʥʦʩʪʠ ʤʘʩʣʘ ʀ-40 ʥʘʠʙʦ-

ʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʜʦʙʘʚʢʠ ʜʠʩʫʣʴʬʠʜʘ 

ʤʦʣʠʙʜʝʥʘ (ʩ 1235 ʜʦ 1960 ʅ), ʘ ʜʦʙʘʚʢʠ ʰʠʭʪʳ 

ʐɸ-ɸ ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʥʝʝ ʚʣʠʷʥʠʷ (ʪʘʙʣ. 2).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʘʨʘʭ ʪʨʝʥʠʷ çʧʣʘʩʪʠʯʥʳʡï

ʚʩrʦʢʦʧʨʦʯʥʳʡè ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʨʠʨʘʙʦʪʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ 

ʤʘʩʣʦ ʩ ʜʦʙʘʚʢʘʤʠ ʐɸ-ɸ, ʘ ʜʣʷ ʧʨʠʨʘʙʦʪʢʠ ʧʘʨʳ 

ʪʨʝʥʠʷ çʚʳʩʦʢʦʧʨʦʯʥʳʡ-ʚʳʩʦʢʦʧʨʦʯʥʳʡè ð ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ ʩ ʜʦʙʘʚʢʘʤʠ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙ-

ʜʝʥʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ɹʈʌʌʀ-ʌʈʅɸ-2013 

ˉ ʊ13ɸɿ-011). 
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ʉɽʂʎʀʗ 2. ʉʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳ   ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʄɽʍɸʅʀɿʄ ʀɿʅʆʉɸ ʍʈʋʉʊɸʃʗ ʇʈʀ ɸʃʄɸɿʆɸɹʈɸɿʀɺʅʆʁ ʆɹʈɸɹʆʊʂɽ 

ɸ.ʄ. ʂʫʟʝʡ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅɸʅ ɹʝʣʘʨʫʩʠ; anatkuzei@mail.ru  

ɺ ʨʘʤʢʘʭ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʟʥʦʩ 

ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʘʣʤʘʟʘ, ʩʪʝʢʣʘ, ʦʢʩʠʜʥʦʡ ʢʝ-

ʨʘʤʠʢʠ ʠ ʪ.ʜ.) ʧʨʠ ʘʣʤʘʟʦʘʙʨʘʟʠʚʥʦʤ ʰʣʠʬʦʚʘʥʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ (ʨʝʟʮʦʚ) ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʚʝʨʰʠʥ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʚ ʭʨʫʩʪʘʣʴ, 

ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʚʦʟʥʠʢʘʝʪ ʦʙʣʘʩʪʴ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʟʘ-

ʪʝʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ, ʤʠʢʨʦʪʨʝʱʠʥʳ, ʠ 

ʦʙʨʘʟʫʝʪʩʷ ʜʝʬʝʢʪʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. ʇʝʨʝ-

ʤʝʱʝʥʠʝ ʚʝʨʰʠʥ ʟʝʨʥʘ ʚ ʩʣʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʛʦ 

ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ. ʄʝʭʘʥʠʟʤ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʭʨʫʩʪʘʣʝʤ. ʊʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʭʨʫʩʪʘʣʴ ð ʘʣʤʘʟʦʘʙʨʘʟʠʚʥʳʡ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ 

ʭʨʫʩʪʘʣʷ. ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ 

ʭʨʫʩʪʘʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʦ ʪʦʤ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʠʟ-

ʢʦʡ (10 ʩʤ3/ʤʠʥ) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʰʘʨʠʢʠ (ʢʘʧʣʠ) ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʨʫʩʪʘʣʷ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʄʦʨʬʦʣʦʛʠʷ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʨʫʩʪʘʣʷ, ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ 10 ʩʤ3/ʤʠʥ 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ ʫʢʘ-

ʟr ʚʘʝʪ ʥʘ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ ʝʝ ʨʘʟʨʫʰʝʥʠʷ (ʨʠʩ. 1). 

ʇʨʠ ʙʦʣʴʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʷʭ ʰʣʠʬʦʚʘʥʠʷ 

(30 ʩʤ3/ʤʠʥ) ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʦʚ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʣʝʜʘʤʠ ʦʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʤʦʨʬʦʣʦ-

ʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ (ʨʠʩ. 2). ʈʝʣʴʝʬʳ 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʩʪʨʳʤʠ ʚʝʨʰʠʥʘʤʠ, ʛʨʘʥʷʤʠ, ʨʝʙʨʘʤʠ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʛʣʘʞʝʥʥʳʝ ʩ ʦʢʨʫʛʣʳʤʠ ʚʝʨʰʠʥʘ-

ʤʠ, ʨʝʙʨʘʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ ʧʦʷʚ-

ʣʷʶʪʩʷ ʦʢʨʫʛʣʳʝ ʯʘʩʪʠʮʳ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 1). ʍʘʨʘʢʪʝʨ ʤʦʨʬʦʣʦʛʠʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳh ʘʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (1275ð1475 ʂ) ʤʘʪʨʠʮʳ 

(ʤʝʜʴð20 ʤʘʩ.% ʦʣʦʚʘ) ʠ ʭʨʫʩʪʘʣʷ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 2. ʄʦʨʬʦʣʦʛʠʷ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʨʫʩʪʘʣʷ, ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ 30 ʩʤ3/ʤʠʥ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʦʙ ʠʟʤʝ-

ʥʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ: ʭʨʫʧʢʦʝ ʨʘʟʨʫ-

ʰʝʥʠʝ ʩʤʝʥʷʝʪʩʷ ʘʜʛʝʟʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠʟʥʦʩʘ 

1, 2. ʀʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ ʚʳʟʚʘ-

ʥʦ ʧʝʨʝʭʦʜʦʤ ʭʨʫʩʪʘʣʷ ʚ ʚʷʟʢʦ-ʧʣʘʩʪʠʯʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʭʨʫʩʪʘʣʝʤ. ʇʦʚʳʰʝ-

ʥʠʝ ʪʝʠʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠʟʤʝʥʷʝʪ ʤʦʨʬʦʣʦ-

ʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʭʨʫʩʪʘʣʷ ʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞ-

ʥʳʤ ʘʜʛʝʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʧʣʘʚʘ ʩʪʝʢʣʘ ʩ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 
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ʎʝʣʴ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʘʜʛʝʟʠʦʥʥʳʭ ʠ ʪʨʠ-

ʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʬʨʠʢʮʠʦʥʥʦʛʦ ʧʣʘʢʠʨʦ-

ʚʘʥʠʷ ʛʠʙʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ (ʌʇɻʀ) [1ð4].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ð ʪʦʥʢʦʩʣʦʡʥʳʝ ʧʦʢʨʳ-

ʪʠʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ-ʜʦʥʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʚʝʨʜʦʡ ʩʤʘʟʢʠ (ʛʨʘ-

ʬʠʪ, ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ), ʘ ʪʘʢʞʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩ-

ʥʦʡ ʘʣʤʘʟʦ-ʛʨʘʬʠʪʦʚʦʡ ʰʠʭʪʦʡ (ʋɼɸɻ), ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʌʇɻʀ.  

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʡ ʪʨʠʙʦʤʝʪʨ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʚʨʘʱʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʆʀʄ ʅɸʅ ɹʝʣʘ-

ʨʫʩʠ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʩʭʝʤʝ çʧʦʣʫʩʬʝʨʘðʜʠʩʢè. 

ʋʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ: ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤ-

ʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ð 0,27 ʤ/ʩ, ʫʜʝʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ð 26 ʄʇʘ (ʪʨʝʥʠʝ ʙʝʟ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ), ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʪrʘʥʠʷ ʢʘʞʜʦʡ ʧʘʨʳ ʪʨʝʥʠʷ 

ð 60 ʤʠʥ (ʧʫʪʴ ʪʨʝʥʠʷ 1000 ʤ). ʄʘʪʝʨʠʘʣ ʦʙʨʘʟʮʘ-

ʜʠʩʢʘ ð ʩʪʘʣʴ 45 (HRC 50ð52), ʯʫʛʫʥ ʉʏ20 (HRC 

54ð56). ʄʘʪʝʨʠʘʣ ʧʦʣʫʩʬʝʨʳ ð ʥʝʟʘʢʘʣʝʥʥʳʡ ʯʫ-

ʛʫʥ ʉʏ20. 

ʆʮʝʥʢʫ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ɻʆʉʊ 27890ï88. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʨʳʚʥʦʡ ʤʘ-

ʰʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʫʶ ʠʩʧʳʪʘʪʝʣʴʥʫʶ ʤʘʰʠʥʫ Instron Satec 300LX. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʦʩʥʦʚʦʡ ʠ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʤʘʪʝʨʠʘʣʦʚ-ʜʦʥʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʪʦʤ ʠ ʜʠ-

ʩʫʣʴʬʠʜʦʤ ʤʦʣʠʙʜʝʥʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘ-

ʚʠʩʷʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ. ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ 

ʦʩʥʦʚʦʡ ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ 

ʩʪʘʣʠ 45, ʩʦʩʪʘʚʣʷʝʪ 13ð15 ʄʇʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʢʘʢ ʘʜʛʝʟʠʦʥʥʳʡ, ʪʘʢ ʠ ʩʤʝʰʘʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ. ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʦʩʥʦʚʦʡ ʧʦʢʨʳ-

ʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʯʫʛʫʥʘ 

ʉʏ20, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12 ʄʇʘ, ʦʜʥʘʢʦ ʨʘʟʨʫʰʝʥʠʝ 

ʧʦʢʨʳʪʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʢʦʛʝʟʠʦʥʥʳʡ ʠ ʩʤʝ-

ʰʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʦʞʥʦʤ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʤ ʭʘʨʘʢʪʝ-

ʨʝ ʚʣʠ̫ ʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋɼɸɻ ʚ ʤʘʪʝʨʠʘʣʝ-ʜʦʥʦʨʝ 

ʥʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠ-

ʨʦʚʘʥʥʳʭ ʠʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ ʬʨʠʢʮʠʦʥʥʦ-

ʛʦ ʧʣʘʢʠʨʦʚʘʥʠʷ ʛʠʙʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʉ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋɼɸɻ ʚ ʧʦʢʨʳʪʠʠ ʭʘʨʘʢʪʝʨ ʠʟ-

ʥʘʰʠʚʘʥʠʷ ʧʘʨʳ ʪʨʝʥʠʷ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʋɼɸɻ ʜʦ 0,8 ʤʘʩ.% ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʟ-

ʥʦʩʘ ʜʠʩʢʘ ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʟʥʦʩʘ ʢʦʥ-

ʪʨʪʝʣʘ, ʧʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʳʡ ʚʝʩʦʚʦʡ ʠʟʥʦʩ ʧʘʨʳ 

ʪʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʦʡ ʪʨʝʥʠʷ ʙʝʟ 

ʧʦʢʨʳʪʠʷ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʋɼɸɻ, ʨʘʚʥʳʭ 

1 ʤʘʩ.% ʠ ʚʳʰʝ, ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʟʥʦʩʘ ʢʦʥ-

ʪʨʪʝʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʠʟʥʦʩ ʜʠʩʢʘ-ʦʙʨʘʟʮʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʤʤʘʨʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʟʥʦʩʘ ʧʘʨʳ 

ʪʨʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠ-

ʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ ʠʟ ʟʘʢʘʣʝʥʥʦʛʦ ʩʝʨʦʛʦ ʯʫʛʫʥʘ 

ʉʏ20 ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩ-

ʥʦʚʝ ʤʝʜʠ, ʣʝʛʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʪʦʤ (ʩʥʠʞʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ 2,7ð3,23 ʨʘʟʘ, ʩʫʤʤʘʨʥʦʛʦ ʚʝ-

ʩʦʚʦʛʦ ʠʟʥʦʩʘ ʧʘʨʳ ʪʨʝʥʠʷ ð ʚ 4,4 ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʙʝʟ ʧʦʢʨʳʪʠʷ). ɼʣʷ ʜʝʪʘʣʝʡ ʠʟ ʥʝʟʘ-

ʢʘʣʝʥʥʦʛʦ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʉʏ20 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 

ʧʦʢʨʳʪʠʝ ʠʟ ʤʝʜʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʋɼɸɻ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʜʦ 1,5 ʨʘʟʘ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʠʟ-

ʥʘʰʠʚʘʥʠʷ ʧʘʨʳ ʪʨʝʥʠʷ ð ʜʦ 4 ʨʘʟ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʪʦʥʢʦʩʣʦʡʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ-

ʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʧʣʘʢʠʨʦʚʘʥʠʷ ʛʠʙʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦ-

ʚʳ (ʩʪʘʣʴ 45, ʯʫʛʫʥ ʉʏ20) ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʜʦ-

ʩʪʠʛʘʝʪ 12ð15 ʄʇʘ, ʧʨʠ ʵʪʦʤ ʨʘʟʨʫʰʝʥʠʝ ʧʦʢʨʳ-

ʪʠʷ ʥʦʩʠʪ ʘʜʛʝʟʠʦʥʥʳʡ, ʢʦʛʝʟʠʦʥʥʳʡ ʠ ʩʤʝʰʘʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʠʙʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʚʚʦʜʠʤʳʝ ʚ ʩʦʩʪʘʚ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʪʨʫʱʠʭʩʷ ʩʦʧʨʷʞʝʥʠʡ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆʊʈɸɹʆʊɸʅʅʓʍ ʄʆʊʆʈʅʓʍ ʄɸʉɽʃ ɼʃʗ ʋʃʋʏʐɽʅʀʗ 

ʊʈʀɹʆʊɽʍʅʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆʃʀʊɽʊʈɸʌʊʆʈʕʊʀʃɽʅɸ 

ʇ.ʅ. ʇʝʪʨʦʚʘ
1
, ɸ.ʃ. ʌʝʜʦʨʦʚ

2
, ɸ.ɸ. ʆʭʣʦʧʢʦʚʘ

2
  

1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ. ppavlina@yandex.ru 
2ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʂ. ɸʤʤʦʩʦʚʘ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ. ɺ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ [1ð3] 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳ-

ʪʘʥʠʡ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ), ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʧʠʪʢʦʡ ʧʦʨʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʟʘʛʦʪʦʚʦʢ ʤʦʪʦʨʥʳʤʠ 

ʤʘʩʣʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʇʊʌʕ ʷʚʣʷʁ ʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʦʝ 

ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʤʘʨʢʠ Motul 5W30 ʠ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ 

ʄ-8ɺ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʝ ʤʘʩʣʘ, ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʘ ʠʣʠ ʩʦ-

ʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʢʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʝ ʣʫʯʰʝʤʫ ʫʜʝʨʞʘʥʠʶ ʧʣʝʥʢʠ ʧʝʨʝʥʦʩʘ ʥʘ ʢʦʥ-

ʪʨʪʝʣʝ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʦʭʨʘʥʷʝʪ ʤʘʪʝʨʠʘʣ 

ʦʪ ʠʟʥʦʩʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʇʊʌʕ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʦʪʦʨʥʳʭ 

ʤʘʩʝʣ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʤʘʩʝʣ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʠ ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʢʦʤʧʦʟʠʪʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦ-

ʨʦʚ ʇʊʌʕ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʦʪʦʨʥʳʝ 

ʤʘʩʣʘ ð ʤʠʥʝʨʘʣʴʥʦʝ Eneos 10w40, ʧʦʣʫʩʠʥʪʝʪʠʯʝ-

ʩʢʦʝ Castrol Magnatec 10w40, ʘ ʪʘʢʞʝ ʩʤʝʩʴ ʦʪʨʘʙʦ-

ʪʘʥʥʳʭ ʤʘʩʝʣ. ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʪʨʠʙʦʤʝʪʨʝ UMT-2 ʬʠʨʤʳ 

CETR (ʩʭʝʤʘ çʧʘʣʝʮðʜʠʩʢè, ʥʘʛʨʫʟʢʘ ʧʨʠ ʪʨʝʥʠʠ ð 

150 ʅ, ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ð 0,16 ʤ/ʩ, ʧʫʪʴ ʪʨʝʥʠʷ ð 

2,7 ʢʤ). ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ð ʩʪʦʣʙʠʢ ʜʠʘʤʝʪʨʦʤ 

10 ʠ ʚʳʩʦʪʦʡ 20 ʤʤ; ʢʦʥʪʨʪʝʣʦ ð ʜʠʩʢ ʠʟ ʩʪʘʣʠ 45 

ʜʠʘʤʝʪʨʦʤ 75 ʤʤ ʩ ʪʚʝʨʜʦʩʪʴʶ 45ð50 HRC. ɼʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ 

Varian 7000 FT-IR ʩ ʧʨʠʩʪʘʚʢʦʡ ʥʘʨʫh ʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʇʊʌʕ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘ-

ʩʝʣ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʪʨʘʙʦʪʘʥ-

ʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʄ-8ɺ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʢ ʠʟʥʦʩʫ (ʨʠʩ. 1).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʢʦʤʧʦ-

ʟʠʪʦʚ ʥʝʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-

ʥʠʷ ʠʩʭʦʜʥʦʛʦ ʇʊʌʕ (ʨʠʩ. 2). 

ʀʂ-ʩʧʝʢʪʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʇʂʄ ʫʢʘ-

ʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (3325 

ʩʤ-1 ʠ ʧʣʦʩʢʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʩʩʦ-

ʮʠʠʨʦʚʘʥʥʳʭ ʆ-ʅ ʩʚʷʟʝʡ ʧʨʠ 1433 ʩʤ-1) ʠ ʢʘʨʙʦ-

ʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (1650 ʩʤ-1) (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʚʳ-

ʷʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʢʦʤʧʦʟʠʪ ʧʦʜʚʝʨʞʝʥ ʠʟ-

ʥʘʰʠʚʘʥʠʶ, ʪʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʛʨʫʧʧ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʇʊʌʕ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʥʠʢʘʢʠʭ ʢʘ-

ʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʛʨʫʧʧ. 

 

ʈʠʩ. 1. ʉʢʦʨʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʇʊʌʕ ʠ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʤʦʪʦʨʥʳʤʠ ʤʘʩʣʘʤʠ 

 

ʈʠʩ. 2. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʇʊʌʕ (1) ʠ ʢʦʤʧʦʟʠ-

ʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʤʦʪʦʨʥʳʤʠ ʤʘʩʣʘʤʠ: 

Castrol (2), Eneos (3), ʩʤʝʩʴʶ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ (4) 

 

ʈʠʩ. 3. ʀʂ-ʩʧʝʢʪʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʳʭ ʦʪʨʘʙʦʪʘʥʥʳʤʠ ʤʦʪʦʨʥʳʤʠ ʤʘʩʣʘʤʠ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘ-

ʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʇʊʌʕ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞ-

ʢʝ ɻɿ ˉ11.512.2014/ʂ ʄʆʅ ʈʌ. 
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ʊʈʀɹʆʊɽʍʅʀʏɽʉʂʀɽ ʀʉʇʓʊɸʅʀʗ ʇʆʃʀʊɽʊʈɸʌʊʆʈʕʊʀʃɽʅɸ ʇʈʀ 

ɽʉʊɽʉʊɺɽʅʅʆ-ʅʀɿʂʀʍ ʊɽʄʇɽʈɸʊʋʈɸʍ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

ʇ.ʅ. ʇʝʪʨʦʚʘ
1
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2
, ʉ.ɺ. ɺʘʩʠʣʴʝʚ

2
, ɸ.ʀ. ɻʝʨʘʩʠʤʦʚ

1
, ʈ.ʉ. ʊʠʭʦʥʦʚ

1
  

1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ. ppavlina@yandex.ru 
2ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʂ. ɸʤʤʦʩʦʚʘ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ. ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʝʩʪʝʩʪʚʝʥʥʦ-ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʘʝʪ ʥʝʦʩʧʦʨʠʤʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʧʦʜʦʙʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʫʩʣʦʚʠʷʤ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʨʘʙʦʯʠʭ ʜʝʪʘʣʝʡ ʠʟ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʣʠ-

ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [1ð3]. ʈʷʜʦʤ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʝʡ ʚ ʠʥʪʝʨʝʩʘʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʛʝʣʠʷ) [4, 5]. ʀ ʪʦʣʴʢʦ 

ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ [6] ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟ-

ʤʦʚ ʪʨʝʥʠʷ ʇʊʌʕ ʠʣʠ ʝʛʦ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʚ ʉʝʚʝʨʥʳʭ 

ʰʠʨʦʪʘʭ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ 

ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʥʝ ʧʨʠʭʦʜʠʣʦʩʴ ʙʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡ-

ʩʪʚʘʭ ʇʊʌʕ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʚʝʜʝʥʳ ʠʩ-

ʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʇʊʌʕ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶɦ ʝʛʦ ʚʦʟʜʫʭʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʚʪʫʣʢʠ ʠʟ ʇʊʌʕ. ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʩʧʳʪʘʥʠʷ 4-ʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʝʥʜ (ʨʠʩ. 1). 

ʉʪʝʥʜ ʫʩʪʘʥʦʚʣʝʥ ʚʥʝ ʧʦʤʝʱʝʥʠʷ ʠ ʩʦʝʜʠʥʝʥ ʯʝʨʝʟ 

ʤʫʬʪʫ ʩ ʚʘʣʦʤ ʤʘʰʠʥʳ ʪʨʝʥʠʷ ʉʄʎ-2, ʥʘʭʦʜʷʱʝʡʩʷ 

ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ. ʄʘʪʝʨʠʘʣ ʚʘʣʘ ð ʩʪʘʣʴ 45ʍ. ʇʨʠ 

ʜʠʘʤʝʪʨʝ ʚʘʣʘ 25 ʤʤ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʨʘʚʥʘ 

0,39 ʤ/ʩ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ ð 3 ʯʘʩʘ. 

ʅʘʛʨʫʟʢʘ ʥʘ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʠʤʝʨʥʦ 110 ʅ.  

ɿʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʘʤʦʧʠʩʮʘ ʊʝʨʤʦʜʘʪ-25ɽ1. 

ʊʝʤʧʝʨʘʪʫʨʫ ʥʘ ʛʨʘʥʠʮʝ ʦʙʨʘʟʝʮ-ʢʦʥʪʨʪʝʣʦ ʠʟʤʝ-

ʨʷʣʠ ʪʝʧʣʦʚʠʟʦʨʦʤ NEC TH7102WV. ʇʨʦʠʟʚʦʜʠʣʠ 

4ð5 ʩʲʝʤʦʢ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ ʠ ʫʩʨʝʜʥʷʣʠ ʧʦʣʫ-

ʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʇʊʌʕ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ (ʨʠʩ. 2). ʊʨʝʥʠʝ ʧʨʠ ʥʠʟ-

ʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʪʨʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 0 Áʉ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳ-

ʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʨʠʩ. 3).  

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʪʨʝʥʠʷ 

ʦʙʨʘʟʝʮ-ʢʦʥʪʨʪʝʣʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʧʨʷʤʘʷ, ʪ.ʝ. ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ, ʪʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʨʘʥʠʮʝ 

ʪʨʝʥʠʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ð 

41, 0 ʠ 23 Áʉ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʨʘʚʥʳ 

61,5, 91,9 ʠ 152,7 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʈʠʩ. 1. ʉʪʝʥʜ ʜʣʷ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ: 1 ð ʚʘʣ; 2 ð 

ʦʙʨʘʟʮʳ; 3 ð ʛʠʨʠ 

 

ʈʠʩ. 2. ʉʢʦʨʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

 

ʈʠʩ. 3. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦ-

ʚʝʜʝʥʠʷ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤ-

ʧʦʟʠʪʦʚ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʟʚʦʣʷ-

ʶʱʠʝ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ 

ʜʘʥʥʳʝ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʦʙ-

ʨʘʟʮʦʚ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʨʘʟʨʘ-

ʙʦʪʘʥʥʫʶ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʈʌ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞ-

ʢʝ ɻɿ ˉ 11.512.2014/ʂ ʄʆʅ ʈʌ. 
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ɺ ʊʈʀɹʆʃʆɻʀʀ ɻʈɸʅʀʏʅʆʁ ʉʄɸɿʂʀ 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʥʘʠʙʦʣʝʝ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʩʢʘʥʠʨʦʚʘ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʭʘʥʠʯʝʩʢʠʤ ʱʫʧʦʤ. ʇʦʣʫʯʘʝ-

ʤʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʬʠʣʴ ʥʘ ʧʨʦʬʠʣʦʛʨʘʬʘʭ ʘʥʘ-

ʣʠʟʠʨʫʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʫʜʦʙʥʦʤ ʚʠʜʝ ʩʠʩʪʝʤʳ ʧʘʨʘʤʝʪʨʦʚ Ra, Rz, Rmax, Sm 

ʠʣʠ ʜʨ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤʠ ɻʆʉʊʘʤʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʢʦʥʪʘʢʪʥʦʤ ʠʟʤʝʨʝʥʠʠ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʦʚʨʝʞʜʘʝʪʩʷ, ʘ ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʠʥʬʦʨ-

ʤʘʮʠʷ ʥʝ ʝʩʪʴ ʜʦʩʪʦʚʝʨʥʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦ-

ʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʢʦʥʪʘʢʪʥʦ-

ʛʦ ʤʠʢʨʦʩʢʦʧʘ-ʧʨʦʬʠʣʦʤʝʪʨʘ ʃʉɼʌʄʇ. ɺ ʵʪʦʤ 

ʧʨʠʙʦʨʝ ʨʝʘʣʠʟʦʚʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʬʘʟʦʚʳʡ ʤʝ-

ʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʚʳʩʦʪʝ (ʜʦ 0,1 ʥʤ) ʠ ʭʦʨʦʰʫʶ ʚʠʙʨʦʟʘʱʠʱʝʥʥʦʩʪʴ 

[1]. ʃʉɼʌʄʇ ʧʫʪʝʤ ʨʘʩʪʨʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʬʘʟʦʚʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʥʘʥʦʪʨʠʙʦʪʝʭʥʦʣʦʛʠʡ ʅʀʏ ʅɸʋ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʛʣʦ-

ʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʪʨʝʥʠʠ. ʅʘʧʨʠʤʝʨ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʩʠʣʘ ʪʨʝʥʠʷ, 

ʢʦʥʪʘʢʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʠʙʦʩʠʩʪʝʤʳ ʩʠʣʴʥʦ ʟʘʚʠ-

ʩʷʪ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʛʝʦ-

ʤʝʪʨʠʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʢʨʦʩʢʦʧ-

ʧʨʦʬʠʣʦʤʝʪʨ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦ ʧʝʨʠʦʜʝ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʦʙʲʸʤʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʪʨʝʥʠʷ ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʦʪʨʘʞʘʝʪ ʝʸ ʛʣʘʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ð ʪʨʠʙʦʪʝʭ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʸʥʥʳʭ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ Rʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʠ/ʠʣʠ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʬʠʣʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʠʰʴ ʩʨʝʜʥʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʚʳʩʪʫʧʦʚ ʠ ʚʧʘʜʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜ-

ʥʝʡ ʣʠʥʠʠ ʠ ʥʝ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ 

ʚʝʨʰʠʥ ʚʳʩʪʫʧʦʚ. ʇʨʠ ʵʪʦʤ ʠʤʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʝʨʰʠʥ ʚʳʩʪʫʧʦʚ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʨʫʛʦʛʦ ʪʝʣʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʧʨʠ ʪʨʝʥʠʠ. ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʝʨʠʷ ʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʦʙʨʘʟʫʶʱʘʷ ʮʠ-

ʣʠʥʜʨ ʢʦʥʪʨʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʦʚʦʜʠʣʠʩʴ 

ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʦʚʦʜʢʠ ʜʦ ʦʜʠʥʘʢʦʚʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ Rʘ, (ʨʠʩ. 1). 
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ʙ) 

ʈʠʩ. 1. ʄʦʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʤʝʶʱʘʷ ʛʝʦʤʝʪʨʠʶ ʚ ʬʦʨʤʝ ʚʳ-

ʩʪʫʧʦʚ ʘ) ʠ ʚ ʬʦʨʤʝ ʚʧʘʜʠʥ ʙ) ʩ ʦʜʠʥʘʢʦʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʠ Rʘ 0,5 ʤʢʤ 

ʀʟ ʧʨʦʬʠʣʦʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʚʝʨʰʠʥʳ ʚʳʩʪʫʧʦʚ ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʶ, ʙʣʠʟʢʫʶ ʢ 

ʛʝʦʤʝʪʨʠʠ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʨʝʟʮʦʚ (ʨʠʩ. 1, ʘ), ʘ ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʝʨʰʠʥʳ ʚʳʩʪʫʧʦʚ ʠʤʝʣʠ ʛʝʦʤʝʪʨʠʶ 

ʧʣʦʩʢʠʭ ʧʣʘʪʬʦʨʤ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦ ɸʭʤʘʪʦʚʫ ɸ.ʉ. [2] ʥʘʟʚʘʥʘ ʢʘʥʴʦʥʦʦʙʨʘʟʥʦʡ 

(ʨʠʩ. 1, ʙ). 

ʂʨʦʤʝ ʵʪʦʛʦ, ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ, ʧʦʣʫʯʘʝʤʘʷ ʥʘ ʤʠʢʨʦʩʢʦʧʝ-ʧʨʦʬʠʣʦʤʝʪʨʝ 

ʃʉɼʌʄʇ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʨʠʸʤʳ ʜʦʚʦʜʢʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʤʠʢʨʦ-

ʛʝʦʤʝʪʨʠʝʡ. ʕʪʦ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʤʘ-

ʰʠʥ, ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʜʝʪʘʣʝʡ ʧʨʝ-

ʮʠʟʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪ.ʜ. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʃʉɼʌʄʇ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʧʨʦʬʠ-

ʣʶ (1 ʥʤ) ʚ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʘʝ-

ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʢʦʥʪʨʦʣʷ 3D ʪʦʧʦ-

ʛʨʘʬʠʠ ʠʩʭʦʜʥʳʭ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢ ʠ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ. 
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ʂ ɺʆʇʈʆʉʋ ɺʃʀʗʅʀʗ ʉʊʈʋʂʊʋʈʓ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉʃʆɽɺ ʅɸ 

ʍɸʈɸʂʊɽʈ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʇɸʈ ʊʈɽʅʀʗ ɹʈɸɾ9-4 ð ʉʊɸʃʔ ʍ12ʄ ʀ 

ɹʈɸɾ9-4 ð ʉʊɸʃʔ 35ʍɻʉɸ, ʉʊɸʃʔ 40ʍ ʉ ʅɸʋɻʃɽʈʆɾɽʅʅʓʄʀ ʉʃʆʗʄʀ 

ʅ.ʅ. ʉʪʝʧʘʥʢʠʥ
1
, ɽ.ʇ. ʇʦʟʜʥʷʢʦʚ

1
, ɺ.ɻ. ʂʫʜʨʠʮʢʠʡ

2
 

1ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ʆ. ʉʫʭʦʛʦ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 

igor-stepankin@mail.ru 
2ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʵʢʦʥʦʤʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ 35ʍɻʉɸ 

ʠ 40ʍ ʥʘ ʠʭ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘ-

ʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʩʪʘʣʝʡ ʠ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʪʦʪʠʧʘ ð ʩʪʘʣʠ ʍ12ʄ ʧʨʦʚʝʜʝʥ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʥʘʰʠʚʘʥʠʷ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʧʨʦʯʥʝʥʠʶ 

ʜʠʩʢʦʚ ʦʧʦʨʥʳʭ ʠ ʜʠʩʢʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟ ʵʢʦʥʦ-

ʤʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʘʷ ʩʪʘʣʴ ʍ12ʄ ʠ ʵʢʦʥʦʤʥʦʣʝʛʠʨʦʚʘʥʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ 35ʍɻʉɸ ʠ 40ʍ. ɼʣʷ ʧʦʚʳʰʝ-

ʥʠʝ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʥʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʫʧʨʦʯʥʷʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʮʝ-

ʤʝʥʪʘʮʠʠ ʥʘ ʛʣʫʙʠʥʫ 0,8 ʠ 1,2 ʤʤ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʟʘʢʘʣʢʦʡ ʠ ʦʪʧʫʩʢʦʤ. 

ʀʩʧʳʪʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʜʚʫʭ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʦʚʦʛʦ ʢʦʥʪʨʪʝ-

ʣʘ [1]. ʆʙʨʘʟʮʳ ʧʨʠʞʠʤʘʣʠ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤ ʢʦʥʪʨʪʝʣʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʩʠʣʠʝʤ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʨʳ ʪʨʝʥʠʷ ʧʷʪʥʠʢ ð ʜʠʩʢ ʦʧʦʨ-

ʥʳʡ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ ɸ1-56/25 (ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʆɸʆ çɻʠʜʨʦʧʨʠʚʦʜè), ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʧʦ ʚʳʙʦʨʫ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʥʪʘʢʪʥʦʡ 

ʥʘʛʨʫʟʢʝ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚʳʙʠʨʘʣʠ ʠʜʝʥʪʠʯ-

ʥʳʤʠ ʫʢʘʟʘʥʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʝ. ɼʣʷ ʚʩʝʭ 

ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 7ʄʇʘ, ʩʢʦʨʦʩʪʴ 

ʩʢʦʣʴʞʝʥʠʷ 7,6 ʤ/ʩ. ʀʟʥʦʩ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʧʫʪʝʤ ʟʘʤʝʨʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʝʨʠʦʜʘ ʥʘʨʘʙʦʪʢʠ ʚ ʯʘʩʘʭ. ʄʘʪʝʨʠʘʣ ʢʦʥʪʨʪʝʣʘ 

ð ɹʨɸɾ9-4, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʤʘʪʝʨʠʘʣʫ ʧʷʪʥʠʢʦʚ 

ʧʣʫʥʞʝʨʦʚ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʩʝʭ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʭ ʧʘʨʪʠʡ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʦʚʳʰʝʥʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʥʦʩʘ ʩ ʢʦʣʝʙʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,2é0,12. ɽʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʘʢ ʚ ʤʦʤʝʥʪʳ ʧʦ-

ʚʪʦʨʥʳʭ ʧʫʩʢʦʚ, ʪʘʢ ʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʠʩʧʳʪʘʥʠʠ. 

ʂʘʨʙʠʜʥʘʷ ʬʘʟʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʩʪʘʣʠ 

ʍ12ʄ ʠʟʥʘʰʠʚʘʶʪʩʷ ʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʇʦ-

ʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʪʘʥʦʚʠʪʩʷ ʨʝʣʴʝʬʥʦʡ. 

ʂʘʨʙʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʳʩʪʫʧʘʶʪ ʥʘʜ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʤʘʪʨʠʮʝʡ. ʆʪʤʝʯʝʥʘ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʷ ʢʨʫʧ-

ʥr ʭ ʧʨʦʜʦʣʛʦʚʘʪʳʭ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞ-

ʜʘʣʘʩʴ ʧʦʚʦʨʦʪʦʤ ʧʨʦʜʦʣʥɹʦʡ ʦʩʠ ʯʘʩʪʠʮ ʧʦʜ ʫʛʣʦʤ 

45 ʛʨʘʜʫʩʦʚ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ ʚʝʢʪʦʨʘ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʨʦʟʥʝʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʥʝ ʠʥʠʮʠʠʨʫʶʪ ʤʘʩʩʦʧʝʨʝʥʦʩ ʤʘʪʝʨʠʘʣʘ 

ʢʦʥʪʨʪʝʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʝʡ 35ʍɻʉɸ ʠ 40ʍ, 

ʫʧʨʦʯʥʝʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʮʝʤʝʥʪʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʟʘʢʘʣʢʦʡ ʠ ʥʠʟʢʠʤ ʦʪʧʫʩʢʦʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ 

ʚʳʨʘʞʝʥʥʳʤ ʟʘʵʚʪʝʢʪʦʠʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʦʚ ʠ ʢʦʥʪʨʪʝʣʘ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʴʶ ʍ12ʄ, ʢʘʨ-

ʙʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʬʘʟʘʤʠ, ʢʦʪʦʨʳʝ ʠʟ-

ʥʘʰʠʚʘʶʪʩʷ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʯʝʤ ʤʝʪʘʣ-

ʣʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ. ʕʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʩʪʘʣʠ 40ʍ. ɻʨʘʥʠʮʳ ʟʝʨʝʥ ʦʙʨʘ-

ʟʫʶʱʠʝ ʩʧʣʦʰʥʫʶ ʢʘʨʙʠʜʥʫʶ ʩʝʪʢʫ, ʚʳʩʪʫʧʘʁ ʪ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʨʠʮʳ ʠ ʷʚʣʷʶʪʩʷ ʦʯʘʛʘʤʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ. ɽʛʦ ʧʝʨʝʥʦʩ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʪʝʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳ-

ʤʠ ʩʢʘʯʢʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ʀʟʥʦʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʝʡ 40ʍ ʠ ʍ12ʄ ʧʨʦʭʦʜʠʪ ʧʦ 

ʙʣʠʟʢʠʤ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʷʤ. ʅʘʫʛʣʝ-

ʨʦʞʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 35ʍɻʉɸ 

ʥʝ ʠʤʝʝʪ ʩʧʣʦʰʥʦʡ ʢʘʨʙʠʜʥʦʡ ʩʝʪʢʠ ʠ ʧʦʩʣʝ ʧʨʠʨʘ-

ʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴʶ ʩʪʘʣʠ 40ʍ ʠ ʍ12ʄ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʟʘʤʝʥʝ ʤʘʪʝʨʠʘʣʘ ʜʠʩʢʦʚ ʦʧʦʨʥʳʭ 

ʠ ʜʠʩʢʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʥʘʩʦ-

ʩʦʚ ɸ1-56/25, ɸ1-112/25, ɸ2-28/25, ʚʳʧʫʩʢʘʝʤʳʭ 

ʆɸʆ çɻʀɼʈʆʇʈʀɺʆɼè. ɸʧʨʦʙʠʨʦʚʘʥʘ ʠ ʚʥʝʜʨʝʥʘ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʪʝʭʥʦʣʦʛʠʷ ʥʘʫʛʣʝʨʦ-

ʞʠʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ 35ʍɻʉɸ ʚʟʘ-

ʤʝʥ ʩʪʘʣʠ ʍ12ʄ. 

 
1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ: 

ʇʘʪ. ʈɹ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ10548 ʄʇʂ (11) G 01 N 3/56 / 

ʀ.ʅ. ʉʪʝʧʘʥʢʠʥ, ɽ.ʇ. ʇʦʟʜʥʷʢʦʚ, ʀ.ɸ. ʇʘʥʢʨʘʪʦʚ, ʖ.ɼ. ʅʦ-

ʚʠʢ, ɼ.ʀ. ɹʝʣʳʡ. ð ˉ u20140274. // ɸʬiʮʳʡʥʳ ʙʶʣʝʪʵʥʴ / 

ʅʘʮ. ʮʵʥʪʨ iʥʪʵʣʝʢʪʫʘʣ. ʫʣʘʩʥʘʩʮi. ð 2015, ˉ 1 (102), 161 
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ɻɸɼʌʀʃʔɼɸ, ʅɸʇʃɸɺʃɽʅʅʆʁ ʈʋʏʅʆʁ ʕʃɽʂʊʈʆɼʋɻʆɺʆʁ ʅɸʇʃɸɺʂʆʁ 

ɺ. ʗʥʢʘʫʩʢʘʩ
1
, ʄ. ɸʥʪʦʥʦʚ

2
, ɽ. ʂʘʪʠʥʘʩ

1
 

1ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʣʝʢʩʘʥʜʨʘ ʉʪʫʣʛʠʥʩʢʠʩʘ, ʂʘʫʥʘʩ, ʃʠʪʚʘ; vytenis.jankauskas@asu.lt 
2ʊʘʣʣʠʥʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʣʣʠʥʥ, ʕʩʪʦʥʠʷ 

ʎʝʣʴ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ð ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʣʝ-

ʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Ni, Cr, Mo, B, Cu, Si) ʠ 

ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ WC ʥʘ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʳʡ ʠʟ-

ʥʦʩ ʩʣʦʝʚ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ (ʅʉʉɻ), ʥʘʧʣʘʚʣʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʩʪʘʣʴʥʦʡ ʜʠʩʢ-ʦʙʨʘʟʝʮ ʩ ʧʦʜʘʯʝʡ ʘʙʨʘʟʠʚʘ ʚ ʟʦ-

ʥʫ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʅʉʉɻ 

ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʙʦʪʝ [1]. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʢʘʤʝʥʠʩʪʳʭ ʧʦʨʦʜ ʩʦʟʜʘʶʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʫʜʘʨʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʦʚ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʦʝʚ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ, 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ɿɸʆ ĂAnykġļiȎ 

varisñ ɻʣʝʢʪʨʦʜʘʤʠ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ [1] 

ˉ 

ʩʪʘʣʠ 

ʃʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 

C Mn Si Cr Ni Mo B Cu W 

4 0,98 13,5 0,12 0,15 0,06 0,40 0,005 0,08 0,19 

5 0,87 13,0 0,13 0,15 3,03 0,40 0,005 0,13 0,23 

6 0,91 12,6 0,12 2,75 0,09 0,38 0,005 0,08 0,22 

7 0,85 11,1 0,13 0,17 0,07 3,99 0,008 0,10 0,19 

8 1,21 13,9 0,13 0,15 0,07 0,32 0,244 0,10 0,09 

9 1,18 10,8 0,23 0,15 0,06 0,37 0,007 2,53 0,15 

10 1,26 10,3 1,39 0,14 0,05 0,30 0,006 0,09 0,09 

14 2,00 14,7 0,89 0,17 0,08 0,31 0,013 0,18 19,6 

15 1,92 12,4 0,98 0,19 4,58 0,33 0,015 0,23 18,93 

16 1,88 10,7 0,84 3,94 0,08 0,33 0,010 0,16 22,23 

17 2,01 12,6 0,96 0,18 0,11 3,87 0,014 0,19 17,98 

18 2,06 12,6 1,07 0,18 0,08 0,39 0,486 0,19 18,91 

19 1,82 11,4 0,99 0,17 0,07 0,40 0,014 3,64 24,01 

20 2,25 13,3 3,06 0,17 0,08 0,27 0,014 0,23 18,81 

ʆʩʪʘʪʦʢ ð Fe. 

 

ʀʟʥʘʰʠʚʘʥʠʝ ʧʨʠ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʦʩʝ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʊʘʣʣʠʥʥʩʢʦʤ ʊʋ 

ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ (Eʅ = 0 ʠʣʠ 2,8 ʠʣʠ 5,6 ɼʞ; 

ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ V = 0,2 ʠʣʠ 1,0 ʤʩï1; ʢʚʘʨʮʝʚʳʡ 

ʧʝʩʦʢ 0,2ð0,3 ʤʤ) [2], ʘ ʪʘʢʞʝ ʚ ʜʝʟʠʥʪʝʛʨʘʪʦʨʝ (ʩʢʦ-

ʨʦʩʪʴ ʫʜʘʨʘ V = 40 ʤʩï1; ʛʨʘʥʠʪ 3ð6 ʤʤ).  

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʠʟʥʦʩʦʩʪʦʡʢʘʷ ʩʪʘʣʴ Hardox 400 (H400) 

ʠ ʩʪʘʥʜʘʨʪʥʘʷ ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ (SHS). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʝʜʥʠʡ ʠʟʥʦʩ ʅʉʉɻ (ˉ 4) ʠ ʅʉʉɻ, ʣʝʛʠʨʦ-

ʚʘʥʥʳʭ Ni, Cr, Mo, B, Cu, Si (ˉ 5ð10) ʚ ʫʩʣʦʚʠʷʭ 

ʘʙʨʘʟʠʚʥʦʛʦ ʙʝʟʫʜʘʨʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

9410ï5 ʤʤ3/ʅʤ. ʕʪʦ ʥʘ 9% ʤʝʥʴʰʝ ʠʟʥʦʩʘ ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʉɻ (10310ï5 ʤʤ3/ʅʤ), ʥʦ ʥʘ 8,2% ʙʦʣʴʰʝ ʠʟʥʦ-

ʩʘ ʩʪʘʣʠ Hardox 400 (8610ï5 ʤʤ3/ʅʤ). ʅʉʉɻ ʣʝʛʠ-

ʨʦʚʘʥʥʳʝ Cu ʠ Si (ˉ 9 ʠ 10) ʠʟʥʦʩʠʣʠʩʴ ʥʘ 10,5% 

ʤʝʥʴʰʝ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʪʘʣʝʡ ʉɻ (ˉ 4ð8). ʃʠʰʴ 

ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ ʣʝʛʠʨʦʚʘʥʥʘʷ ʢʨʝʤʥʝʤ (ˉ 10) ʧʨʠ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʷ ʨʘʚʥʦʮʝʥʥʘ ʩʪʘʣʠ Hardox 

400 (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʀʟʥʦʩ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʉɻ ʚ ʪʝʩʪʝ ʘʙʨʘʟʠʚʥʦʛʦ ʙʝʟ-

ʫʜʘʨʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ (V = 1.0 ʤʩï1; Eʅ = 0 ɼʞ) 

ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ (2,8 ɼʞ) ʩʨʝʜʥʠʡ 

ʠʟʥʦʩ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ (ʦʙʨʘʟʝʮ ˉ 4) ʠ ʩʪʘʣʠ ɻʘʜʬʠʣʴ-

ʜʘ ʣʝʛʠʨʦʚʘʥʥʦʡ Ni, Cr, Mo, B, Cu, Si (ˉ 5ð10) ʩʦʩʪʘ-

ʚʠʣ 23410ï5 ʤʤ3/ʅʤ (ʥʝ ʧʦʢʘʟʘʥʦ). ʕʪʦ ʥʘ 13,3% ʙʦʣʴ-

ʰʝ ʯʝʤ ʠʟʥʦʩ (20310ï5 ʤʤ3/ʅʤ) ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʉɻ 

ʩ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʦʡ WC (ˉ 14ð20). 

 

 

ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ˉ 17 ʧʦʩʣʝ ʠʩʧʳʪʘʥʠ̫  ʚ ʫʩʣʦʚʠʷʭ 

ʙʝʟʫʜʘʨʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ 

ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʙʠʨʘʪʝʣʥɹʳʡ 

ʠʟʥʦʩ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʚʳʩʪʫʧʘʶʪ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ ʚʚʠʜʫ 

ʩʚʦʝʡ ʙʦʣʴʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʩʥʠʞʘʶʪ ʝʸ ʠʟʥʦʩ, 

ʫʩʣʦʞʥʷʷ ʜʦʩʪʫʧ ʘʙʨʘʟʠʚʥʳʤ ʯʘʩʪʠʮʘʤ (ʨʠʩ. 1). 

 
1. ʗʥʢʘʫʩʢʘʩ ɺ., ʂʘʪʠʥʘʩ ʕ., ɺʘʨʥʘʫʩʢʘʩ ɺ., ʂʘʪʠʥʘʩ ɸ., ɸʥʪʦ-

ʥʦʚ ʄ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʳʭʣʠʪʝʣʝʡ ʧʦʯʚʳ ʨʘʟ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʧʨʦʯʥʝʥʠʷ // ʊʨʝʥʠʝ ʠ ʠʟʥʦʩ. ð 2015 (36), 

ˉ 1, 111ð119 

2. Antonov M., Veinthal R., Yung D-L., Katusin D., Hussainova I. 

Mapping of impact-abrasive wear performance of WC-Co 

cemented carbides. ð Wear. ð 2015 ʚ ʧʝʯʘʪʠ 
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ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦ-

ʩʪʠ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʧʦʨʰʥʝʚʳʭ ʤʘʰʠʥ (ʇʄ), ʧʨʠ-

ʤʝʥʷʝʤʳʭ ʚ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʡ ʦʪʨʘʩʣʠ ʧʨʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʠʭ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʠʥʝʨʮʠ-

ʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʚʠʙʨʦ-ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʫʚʝʣʠʯʝʥʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʦʡ [1, 2]. ʈʘʩʯʝʪ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʩ 

ʞʠʜʢʦʩʪʥʳʤ ʪʨʝʥʠʝʤ ʧʨʠʚʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʝʧ-

ʣʦʚʳʤ ʨʘʩʯʝʪʦʤ, ʪ.ʝ. ʨʘʩʯʝʪʦʤ ʥʘ ʥʝʜʦʧʫʩʪʠʤʦʩʪʴ 

ʯʨʝʟʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ [3]. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʧʦʣʦʞʝʥʠʝ ʰʝʡʢʠ ʚʘʣʘ ʚʦ 

ʚʢʣʘʜʳʰʝʢʦʨʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʇʄ. ʇʨʠʤʝʤ ʮʝʥ-

ʪʨʆ ʚʢʣʘʜʳʰʘ ʟʘ ʥʘʯʘʣʦ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ r ʠɗ.  

 

 

ʈʠʩ. ʉʭʝʤʘʧʦʜʰʠʧʥʠʢʘʩʢʦʣʴʞʝʥʠʷ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʰʝʡʢʘ ʚʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰ-

ʥʝʡ ʥʘʛʨʫʟʢʠ Q ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧʥʠ-

ʢʘ ʟʘʥʠʤʘʝʪ ʵʢʩʮʝʥʪʨʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʵʢʩʮʝʥʪʨʠ-

ʩʠʪʝʪʦʤ ʝ, ʨʘʚʥʦʤ ʦʪʢʣʦʥʝʥʠʶ ʮʝʥʪʨʘ ʆ1 ʰʝʡʢʠ ʚʘ-

ʣʘ ʦʪ ʮʝʥʪʨʘ ʆ ʧʦʜʰʠʧʥʠʢʘ. ɿʜʝʩʴ ʦʙʦʟʥʘʯʝʥʳ ɗ ʠ r 

ð ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮʳ ʤʘʩʣʘ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ, 

ʨʘʜʠʫʩ ʰʝʡʢʠ ʚʘʣʘ ʠ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧʥʠʢʘ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʯʝʨʝʟ ʘ ʠ rB = ʘ + ŭ, vɗʠvrʧʨʦʝʢʮʠʠ ʩʢʦʨʦ-

ʩʪʠ ʯʘʩʪʠʮʳ ʤʘʩʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʦʧʝʨʝʯʥʦʡ ʠ 

ʨʘʜʠʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʠʠ [4]. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

ʨʘʩʩʤʦʪʨʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʜʰʠʧʥʠʢʘ 

ʩʢʦʣʞɹʝʥʠʷ ʇʂ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʤʘʩʣʷʥʦʛʦ 

ʩʣʦʷ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ 

ʧʦʜʰʠʧʥʠʢʝ ʪʝʧʣʦʪʘ ʦʪʚʦʜʠʪʩʷ ʤʘʩʣʦʤ, ʧʨʦʪʝʢʘʶ-

ʱʠʤ ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢ, ʠ ʧʫʪʝʤ ʪʝʧʣʦʦʪʜʘʯʠ ʯʝʨʝʟ 

ʢʦʨʧʫʩ ʧʦʜʰʠʧʥʠʢʘ ʠ ʚʘʣ. ʉ ʫʯʝʪʦʤʥʘʛʨʫʟʦʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ Q, ʥʘʡʜʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [5], ʥʘʤʠ ʚʳʚʝ-

ʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʧʦʜʰʠʧʥʠʢʘ 

ʩʢʦʣʴʞʝʥʠʷ ʇʄ:  

  

ʛʜʝ tM ʠ [tM] ð ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʠ ʜʦʧʫʩʢʘʝʤʳʡ 

ʩʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʩʤʘʟʢʠ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ 

ʧʦʜʰʠʧʥʠʢʘ, tbx ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʚʭʦʜʝ ʚ ʧʦʜ-

ʰʠʧʥʠʢ, a0, a1, a2, C1 ʫʪʦʯʥʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʪʝʧʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʫʩʣʦʚʠʷ ʧʦʜʰʠʧʥʠʢʘ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʢʦʤʧʨʝʩ-

ʩʦʨʘ 505 ɺʇ 20/18 ʠ 405 ɻʇ15/70, ʛʜʝʥʘʛʨʫʟʦʯʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʨʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ Q = 30000 ʅ, ʤʘ-

ʪʝʨʠʘʣ ʚʢʣʘʜʳʰʘ ð ʙʨʦʥʟʘ ʤʘʨʢʠ ɹʨ.ʆʎʉ 6-6-3. ɼʣʷ 

ʧʦʜʰʠʧʥʠʢʘ ʥʘʟʥʘʯʘʝʪʩʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ ʀ-

50ɸ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ Õ = 0,00016 ʇʘʩ, 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩ = 1,92103 ɼʞ/(ʢʛʉ), ʧʣʦʪ-

ʥʦʩʪʴ ʤʘʩʣʘ ɟ = 900 ʢʛ/ʤ3, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘ-

ʯʠ ʢ = 16 ɺʪ/ʤ2 ʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ f = 0,001. 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʮʘʧʬʳ ʚʘʣʘ u = 4 ʤ/ʩʝʢ. ʆʨʠʝʥʪʠ-

ʨʫʷʩʴ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʜʰʠʧʥʠʢʘ, ʧʣʦʱʘʜʴ ʝʛʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɸ = 0,035 ʤ2. ʆʙʲʝʤ ʤʘʩʣʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʯʝʨʝʟ ʧʦʜʰʠʧʥʠʢ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ V = 13/10ï7m2. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʩʤʘʟʢʠ ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ 

ʧʦʜʰʠʧʥʠʢʘ tbx = 30 C.  

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʛʨʝʚʘ ʩʤʘʟʢʠ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʧʦʜʰʠʧʥʠʢʘ tM = 70 C. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ 

ʨʘʩʯʝʪʝ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʩ ʞʠʜʢʦʩʪʥʳʤ 

ʪʨʝʥʠʝʤ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʜʣʷ ʩʤʘʟʢʠ ʤʘʩʣʦ ʩ 

ʙʦʣʴʰʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʥʘʟʥʘʯʠʪʴ ʜʣʷ 

ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʮʘʧʬʳ ʠ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧ-

ʥʠʢʘ ʤʝʥʴʰʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ.  

ɺʳʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʪʝʧ-

ʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʤʘʟʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ 

ʧʦʨʰʥʝʚʦʡ ʤʘʰʠʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʴʶ. 
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ʂɸʂ ʅɽʆɹʍʆɼʀʄɸʗ ʏɸʉʊʔ ʊʈʀɹʆɸʅɸʃʀɿɸ 

ʃ.ʀ. ɽʚʝʣʴʩʦʥ 
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ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʝʩʴʤʘ ʩʣʦʞʥʳ, ʠ 

ʜʣʷ ʠʭ ʠʟʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʥʳʡ 

ʧʦʜʭʦʜ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʢʦʧʣʝʥ ʥʝʢʦʪʦʨʳʡ 

ʦʧʳʪ, ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʨʝ-

ʥʠ ʁʠ ʠʟʥʦʩʫ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʠʥʬʦʨʤʘ-

ʪʠʢʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʥʝ ʥʘʰʣʠ ʝʱʝ 

ʜʦʣʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʨʠʙʦʣʦʛʠʠ [1]. ʂʨʦʤʝ ʪʦʛʦ, 

ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʨʝʩʫʨʩʦʚ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʨʫʩʩʢʦʷʟʳʯʥʳʭ), 

ʦʥʠ ʤʘʣʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʯʘʩʪʦ ʥʝʜʦʩʪʫʧʥʳ 

ʪʝʤ, ʢʪʦ ʤʦʛ ʙʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ. ɺʳʩʦʢʘʷ ʩʣʦʞ-

ʥʦʩʪʴ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʟʘ-

ʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʟʘʪʨʫʜʥʷʶʪ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ, ʨʝ-

ʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʠʟʙʝʞʥʦʡ ʧʨʦ-

ʪʠʚʦʨʝʯʠʚʦʩʪʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʤʦʜʝʣʝʡ ʠ ʤʝ-

ʪʦʜʦʚ ʠʥʬʦʨʤʘʪʠʢʠ ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʚ ʪʨʠʙʦʘʥʘ-

ʣʠʟ, ʠ ʥʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʠ ʟʘʜʘʯʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 

ʢʦʥʢʨʝʪʥʳʤ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʨʘʟʨʘʙʘʪʳ-

ʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʤʦʜʝʣʷʤʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʘ-

ʥʦ-, ʤʠʢʨʦ-, ʤʝʟʦ-, ʤʘʢʨʦ- ʠ ʤʝʪʘ- ʫʨʦʚʥʠ.  

ʅʘ ʥʘʥʦʫʨʦʚʥʝ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʩʚʝʜʝʥʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʘʭ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʫ, ʩʪʨʦʝʥʠʠ ʠ ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʠ ʪ.ʜ. ʕʪʠ ʩʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

ʅʘ ʤʠʢʨʦʫʨʦʚʥʝ ʤʦʞʝʪ ʬʠʛʫʨʠʨʦʚʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʠ ʜʨ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠʥʬʦʨ-

ʤʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʣʷʮʠʦʥʥʳʭ 

ʙʘʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʚʰʠʭ-

ʩʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʯʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʝʪʦʜʳ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʂ ʤʝʟʦʫʨʦʚʥʶ ʦʪʥʦʩʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʟʣʝ 

ʪʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʶ, ʧʨʠ-

ʤʝʥʷʝʤʳʝ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠ-

ʢʠ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. ʀʥʬʦʨʤʘʮʠʷ 

ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʠ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʟʜʝʩʴ ʚ ʚʠʜʝ ʥʝ-

ʢʦʪʦʨʦʛʦ ʭʨʘʥʠʣʠʱʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ (ʍʊɿ), 

ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦ 

ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʩʚʝʜʝʥʠʷ, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʜʦʩʪʫʧ-

ʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʯʝʤ ʪʘ-

ʢʦʝ ʭʨʘʥʠʣʠʱʝ ʜʦʣʞʥʦ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʠ 

ʜʦʧʦʣʥʷʪʴʩʷ ʥʦʚʳʤʠ ʟʥʘʥʠʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʨʝʛʣʘʤʝʥʪʦʤ, ʚʢʣʶ-

ʯʘʶʱʠʤ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠ ʢʨʫʛ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [2]. ʅʘ ʦʩ-

ʥʦʚʝ ʍʊɿ ʧʦ ʯʘʩʪʥʳʤ ʢʨʫʧʥʳʤ ʟʘʜʘʯʘʤ, ʩʚʷʟʘʥʥʳʤ 

ʩ ʫʣʘʤʠ ʪʨʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ, ʩʦʟʜʘʶʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ: ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʙʘ-

ʟʫ ʟʥʘʥʠʡ, ʧʦʩʪʨʦʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʫʢʮʠʦʥʥʦʡ 

ʠʣʠ ʬʨʝʡʤʦʚʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʙʣʦ-

ʢʠ ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ ʠ ʦʙʲʷʩʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʠ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ, ʩʦʟʜʘʚʘ-

ʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʅʘ ʤʘʢʨʦʫʨʦʚʥʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʭʚʘ-

ʪʳʚʘʝʪ ʚ ʮʝʣʦʤ ʤʘʰʠʥʫ ʠʣʠ ʜʨʫʛʦʡ ʦʙʲʝʢʪ, ʚ ʢʦʪʦ-

ʨʳʡ ʚʭʦʜʠʪ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʥʘ ʤʝʟʦʫʨʦʚʥʝ ʫʟʝʣ ʪʨʝ-

ʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʩ 

ʫʯʝʪʦʤ ʧʦʚʝʜʝʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʫʟʣʝ ʪʨʝʥʠʷ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʟʥʘʰʠʚʘʥʠʝ), ʚʳʟʳʚʘʝʤʳʝ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʝʤ ʦʙʲʝʢʪʘ ʠ ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʠʭ. ʕʪʦʤʫ 

ʫʨʦʚʥʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʉɸʇʈ ʠ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠ-

ʦʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘ ʤʝʪʘʫʨʦʚʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʦ-

ʩʪʫʧʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʚ ʮʝ-

ʣʦʤ, ʥʘʧʨʠʤʝʨ, ʩʘʡʪʦʚ ʀʥʪʝʨʥʝʪ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʜ-

ʙʦʨʢʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ.  

ɺʝʩʴʤʘ ʧʣʦʜʦʪʚʦʨʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ 

ʚ ʪʨʠʙʦʣʦʛʠʶ ʠʜʝʡ ʢʦʥʮʝʧʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ-

ʢʨʳʪʳʭ ʩʠʩʪʝʤ, ʠʛʨʘʶʱʝʡ ʩʝʡʯʘʩ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʠʥʬʦʨʤʘʪʠʢʝ. ɺ ʪʨʠʙʦʣʦʛʠʠ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʤʦʛʣʘ ʙʳ 

ʙʳʪʴ ʦʯʝʥʴ ʧʦʣʝʟʥʘ, ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ 

ʩʣʝʜʫʝʪ ʩʪʨʦʠʪʴ ʥʘ ʝʝ ʦʩʥʦʚʝ. 
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ʎʝʣʴ 

ʉʦʟʜʘʥʠʝ ʥʝʩʤʘʟʳʚʘʝʤʳʭ ʫʟʣʦʚ ʪʨʝʥʠʷ ʩ ʙʦʣʴ-

ʰʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ ʠ ʤʠʥʠ-

ʤʘʣʴʥʤrʠ ʧʦʪʝʨʷʤʠ ʥʘ ʠʟʥʦʩ, ʘ ʪʘʢʞʝʛʣʫʙʦʢʦʝ ʠʟʫ-

ʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʧʣʝʥʦʢ ʬʨʠʢʮʠʦʥʥʦʛʦ ʧʝ-

ʨʝʥʦʩʘ (ʌʇ)ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʰʘʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʫʟ-

ʣʦʚ ʪʨʝʥʠʷ ʤʘʰʠʥ, ʫʧʨʘʚʣʷʪʴ ʠʭ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ [1ð4].ʅʘʩʪʦʷʱʘ ̫ ʨʘʙʦʪʘʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʩʤʘʟʢʠ ʧʣʝʥʦʢ ʌʇ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʠʶ ʤʝʭʘʥʠʟʤʘʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡʦʮʝʥʢʠ ʧʝʨʝʥʝʩʝʥʥʳʭ ʩʣʦʝʚ ʚ ʤʝʪʘʣʣʦ-

ʧʦʣʠʤʝʨʥʦʡ ʪʨʠʙʦʩʠʩʪʝʤʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ ʬʦʨʤʘʣʴʜʝ-

ʛʠʜʘ ʩ ʜʠʦʢʩʦʣʘʥʦʤ(ʉʌɼ) ʙʳʣʠ ʥʘʧʦʣʥʝʥʳ ʤʝʭʘʥʠ-

ʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʥʘʧʦʣʥʠʪʝ-

ʣʷʤʠ (ʪʨʘʚʝʨʪʠʥʦʤ ʠ ʙʝʥʪʦʥʠʪʦʤ).ʂʦʤʧʦʟʠʮʠʦʥ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʠʚʘʥʠʝʤ ʧʦ-

ʨʦʢhʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʧʦʨʦʰʢʦʤ ʥʘʧʦʣʥʠ-

ʪʝʣʝʡ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʩʤʝʩʠʪʝʣʝ. ʆʙʨʘʟʮʳ ʙʳ-

ʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 220 ʉ ʠ ʜʘʚʣʝʥʠʠ 90 ʄʇʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʢʦʣʝʙʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 5...20 ʤʘʩ.ʯ. ʇʦ-

ʣʠʤʝʨʥʳʝ ʦʙʨʘʟʮʳ ʠʟʛʦʪʦʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʦʚ 

10 15 ʤʤ, ʘ ʢʦʥʪʨʪʝʣʘʤʠ ʩʣʫʞʠʣʠ ʨʦʣʠʢʠ 

50 14 ʤʤ ʠʟ ʩʪʘʣʠ 45 ʩ ʪʚʝʨʜʦʩʪʴʶ 48é52 HRC ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ Ra = 1.25 ʤʢʤ. 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʉʄʊ-1, ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʝ-

ʥʦʢ ʌʇ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʩʪʘʣʴʥʦʤ ʢʦʥʪʨʪʝʣʝ ʦʩʫ-

ʱʝʩʪʚʣʷʣʩʷ ʚʪʦʨʠʯʥʦ-ʠʦʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

ʄʉ 7201ʄ, ʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷ-

ʣʘʩʴ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʄʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʮʝʧʪʫʨ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝ-

ʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʩʘʤʦʩʤʘʟʳʚʘʶʱʝʛʦʤʘʪʝʨʠʘ-

ʣʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʥʘʰʠʚʘʥʠʷ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ.  

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʌʇ ʨʘʩʩʤʘʪ-

ʨʠʚʘʣʩʷ ʩ ʧʦʟʠʮʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ, ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʜʛʝʟʠʦʥʥʦ-ʢʦʛʝ-

ʟʠʦʥʥʦʛʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʝʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʣʠʤʝʨʘ, ʪʨʠʙʦʵʣʝʢ-

ʪʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦ-

ʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ ʌʇ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʩʘʤʦʩʤʘʟʳʚʘʥʠʷʤʝ-

ʪʘʣʣʦʧʦʣʠʤʝʨʥʦʛʦ ʫʟʣʘ ʪʨʝʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʶʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥr ʭ ʩʣʦʝʚ ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʪʘʢ ʠ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʥʘʧʦʣ-

ʥʝʥʥʦʛʦ ʉʌɼ ʚ ʢʦʤʧʦʟʠʪʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ.  

 ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʚʪʦʨʠʯ-ʥʦ-

ʠʦʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʫʢʘʟʘʣ:  

ï ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚ 1.5é3.0 ʨʘʟʘ ʠʥʪʝʥʩʠʚʥʦ-ʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʣʝʥʢʫ 

ʌʇ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ ʩ ʥʘʧʦʣʥʝʥʥʳ-ʤʠ ʢʦʤ-

ʧʦʟʠʪʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʪʠ-

ʬʨʠʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ; 

ï ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʡ ʬʨʘʛ-

ʤʝʥʪʦʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʫ ʢʦʤʧʦʟʠʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫ-

ʶʱʝʝ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʨʠʙʦʜʝʩʪʨʫʢʮʠʠ ʠ 

ʧʦʚʳʰʝʥʠʠ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; 

ï ʥʘʣʠʯʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ (ʪʨʘʚʝʨʪʠʥʘ ʠ ʙʝʥʪʦʥʠʪʘ), ʧʨʠʚʦʜʷ-

ʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʩʣʦʷ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʌʘʟʦʚʳʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʧʨʦʪʝʢʘʁɦ ʠʝ ʚ ʟʦʥʝʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʦʛʦʪʨʠʙʦʢʦʥ-

ʪʘʢʪʘ, ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʝʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶʧʝʨʝʥʝʩʝʥʥʳʭ ʩʣʦʝʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ.ʈʘʟʨʘʙʦʪʢʘ ʨʘʩʯʝʪʥʦʡ ʤʝʪʦ-

ʜʠʢʠ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʌʇ ʠ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳ-

ʙʦʨ ʪʨʠʙʦʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʙʝʟ ʩʤʘʟʢʠ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴ. 
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ɼʀʅɸʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʊʆʈʄʆɿɸ ʉ ɸɼɸʇʊʀɺʅʓʄ 

ʄɽʍɸʅʀɿʄʆʄ ʇɽʈɽʄɽʅʅʆʁ ʉʊʈʋʂʊʋʈʓ 

ɸ.ʅ. ʂʦʧʪʦʚʝʮ, ɸ.ɸ. ɹʦʙʳʣʝʚ, ʉ.ɽ. ɹʘʨʪʘʰʝʚʩʢʠʡ, ɺ.ɺ. ʗʚʦʨʩʢʘʷ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 

Cʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʮʝʧʴ ʢʦʣʦʜʦʯʥʦ-ʢʦʣʝʩʥʦʛʦ ʪʦʨ-

ʤʦʟʘ ʰʘʭʪʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʪʝʨʷʝʪ ʧʦʜʚʠʞ-

ʥʦʩʪʴ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʨʘʙʦʪʫ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘʥʠʟ-

ʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ ʟʚʝʥʴʝʚ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʨʝʘʢʮʠʠ ʢʦʣʝʩʘ. ʊʦʨʤʦʟʥʘʷ ʧʝʨʝʜʘʯʘ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʪʦʨʤʦʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʷʝʪ ʯʠʩʣʦ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʘʩʩʫʨʦʚʳʤ ʩʪʨʫʢ-

ʪʫʨʥʳʤ ʛʨʫʧʧʘʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʫʤʝʥʴ-

ʰʘʝʪ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʥʘ ʦʜʥʫ ʝʜʠʥʠʮʫ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʩʦʙʳʤ ʩʚʦʡʩʪʚʘʤ ʥʝʘʩʩʫʨʦ-

ʚʳʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʘʜʘʧʪʠʚʥʳʤʠ ʠ ʠʥʜʠʬʬʝ-

ʨʝʥʪʥʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʛʨʫʧʧʘ-

ʤʠ [1]. ʊʦʨʤʦʟʥʘʷ ʧʝʨʝʜʘʯʘ ʢʘʢ ʘʜʘʧʪʠʚʥʳʡ ʩʪʨʫʢ-

ʪʫʨʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʴ 

ʟʘʢʦʥʦʚ ʜʚʠʞʝʥʠʷ ʚʝʜʦʤʳʭ ʟʚʝʥʴʝʚ ʢ ʧʘʨʘʤʝʪʨʘʤ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʚʫʝʪ ʪʦʨ-

ʤʦʟʥʦʡ ʤʝʭʘʥʠʟʤ. ɸʜʘʧʪʠʨʫʶʱʘʷ ʩʚʷʟʴ ʵʪʦ ʫʩʣʦʚʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʦʜʢʠ ʠ ʢʦʣʝʩʘ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʠʭ ʧʝʨʝʤʝʱʝʥʠʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ. ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʩ ʟʘʤʢʥʫʪʳʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʢʦʥʪʫʨʦʤ ʦʙʣʘʜʘʝʪ ʥʘʣʠʯʠʝʤ ʠʥ-

ʜʠʬʬʝʨʝʥʪʠʨʫʶʱʝʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʪʫʨʘ. ʀʥʜʠʬʬʝʨʝʥʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩ 

ʥʝʘʩʩʫʨʦʚʳʤʠ ʮʝʧʷʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʨʷʜʢʦʚ ʧʦʟ-

ʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʥʘʪʷʛ ʚʜʦʣʴ ʣʠʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ. ʉʪʘʪʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʠʤʦʩʪʴ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʮʝ-

ʧʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʟʘʤʢʥʫʪʳʭ 

ʥʘʧʨʷʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʊʦʨʤʦʟ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ ʧʝ-

ʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʩʦʩʪʘʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ 

ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ ʞʝʩʪʢʠʤʠ ʟʚʝʥʴʷʤʠ ʜʦʣʞʥʳ ʚʭʦ-

ʜʠʪʴ ʛʠʙʢʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ (ɸɹʉ) ʠʣʠ ʠʥʳʝ ʟʚʝʥʴʷ ʜʨʫʛʦʡ ʬʠʟʠʯʝ-

ʩʢʦʡ ʧʨʠʨʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʘʜʘʧʪʠʨʫʶʱʠʭ ʩʚʷʟʝʡ ʜʣʷ 

ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʦʜʢʠ ʠ ʢʦʣʝʩʘ ʥʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʤ ʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʪʦʨʤʦʟʫ 

ʢʘʢ ʤʝʭʘʥʠʟʤʫ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʥʝʘʩʩʫʨʦ-

ʚʳʤʠ ʮʝʧʷʤʠ ʚʢʣʶʯʝʥʠʝʤ ʦʩʦʙʦʛʦ ʚʠʜʘ ʩʚʷʟʝʡ, ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʘʪʴ ʩʚʦʡʩʪʚʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʪʦ 

ʝʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʪʨʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩ̫  ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʡ ʪʨʝʥʠʷ ʚ ʪʦʨʤʦʟʥʦʤ ʤʝʭʘ-

ʥʠʟʤʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʚ ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝ-

ʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʣʦʜʦʯʥʦ-

ʢʦʣʝʩʥʦʛʦ ʪʦʨʤʦʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠ-

ʩʪʝʤʘ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦ-

ʣʦʜʢʠ, ʩʢʦʣʴʟʷʱʝʡ ʧʦ ʚʨʘʱʘʶʱʝʤʫʩʷ ʢʦʣʝʩʫ, ʠ ʜʚʫʭ 

ʫʧʨʫʛʦʜʝʤʧʬʠʨʫʶʱʠʭ ɻʣʝʤʝʥʪʦʚ ʌʦʡʭʪʘ. ʇʝʨʚʳʡ 

ʠʟ ʥʠʭ ʤʦʜʝʣʠʨʫʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʚʷʟʴ ʪʦʨʤʦʟʥʦ-

ʛʦ ʤʝʭʘʥʠʟʤʘ, ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜ ʫʛ-

ʣʦʤ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʠ ʧʨʠʞʠʤʘʝʪ ʢʦʣʦʜʢʫ ʢ ʢʦ-

ʣʝʩʫ ʥʦʤʠʥʘʣʴʥʳʤ ʫʩʠʣʠʝʤ. ɺʪʦʨʦʡ ʫʧʨʫʛʦʜʝʤʧʬʠ-

ʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠʨʫʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʚʷʟʴ 

ʪʦʨʤʦʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʧʦʜ ʫʛʣʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʪʨʝʥʠʷ. ɽʩʣʠ ʭʦʪʷ ʙʳ 

ʦʜʠʥ ʠʟ ʫʛʣʦʚ ʦʪʣʠʯʝʥ ʦʪ ʟʥʘʯʝʥʠʡ 0Á ʠʣʠ 90Á, ʥʘʣʠ-

ʯʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʫʧʨʫʛʦʜʝʤʧʬʠʨʫʶ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʢʦʦʨʜʠʥʘʪʥʦʡ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʥʦʨʤʘʣʴʥʳʭ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦ-

ʣʦʜʢʠ. ʂʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʦʜʢʠ ʠ ʢʦʣʝʩʘ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ. ʇʨʠʥʷʪʦ, ʯʪʦ ʢʦʣʦʜʢʘ ʠ ʢʦʣʝʩʦ ʘʙʩʦ-

ʣʶʪʥʦ ʞʝʩʪʢʠʝ, ʦʜʥʘʢʦ ʢʘʞʜʘʷ ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʘ ʰʝʨʦʭʦʚʘʪʳʤ ʩʣʦʝʤ, ʩʦʩʪʦʷʱʠʤ 

ʠʟ ʣʠʥʝʡʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʦʜʠ-

ʥʘʢʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ. ɺ ʧʨʦʮʝʩʩʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʤʷʪʠʝ ʤʠʢ-

ʨʦʥʝʨʦʚʥʦʩʪʝʡ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʦʨʤʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʣʦʢʘʣʴʥʳʭ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦ-

ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʝʣʠ-

ʯʠʥʝ ʠʭ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. ʊʨʝʥʠʝ ʤʝʞʜʫ ʢʦʥ-

ʪʘʢʪʠʨʫʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦ-

ʥʦʤ ɸʤʦʥʪʦʥʘ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ 

ʢʦʣʦʜʢʠ ʩ ʫʯʝʪʦʤ ʩʚʷʟʘʥʥʦʩʪʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʠ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɺʳʧʦʣʥʝʥʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʠʙʨʦʧʝʨʝ-

ʤʝʱʝʥʠʡ ʪʦʨʤʦʟʥʦʡ ʢʦʣʦʜʢʠ ʠ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʫʩʠʣʠʡ ʪʦʨʤʦʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʨʝʛʨʝʩʩʠʦʥ-

ʥʳʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʫʩʠ-

ʣʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʣʝʙʘʥʠʡ ʚ ʪʦʨ-

ʤʦʟʥʦʤ ʤʝʭʘʥʠʟʤʝ ʤʝʪʦʜʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʧʦ ʨʝʰʝʥʠʶ ʨʷʜʘ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʚʤʝ-

ʩʪʦ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʪʦʨʤʦʟʘ ʦʙʣʘ-

ʜʘʝʪ ʘʛʨʝʛʘʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦ-

ʤʝʪʨʠʝʡ ʢʦʥʪʘʢʪʘ ʪʨʝʥʠʷ ʠ ʪʦʨʤʦʟʥʦʡ ʧʝʨʝʜʘʯʠ, 

ʠʥʝʨʮʠʦʥʥʳʤʠ, ʫʧʨʫʛʠʤʠ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʢʦʥʪʘʢʪʘ, ʪʦʨʤʦʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʝʨʝʜʘʯʠ ʠ 

ʧʨʠʚʦʜʘ. 

 
1. ɼʨʦʚʥʠʢʦʚ ɸ.ʇ. ɸʜʘʧʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘ-

ʰʠʥ / ɸ.ʇ. ɼʨʦʚʥʠʢʦʚ. ð ʈʦʩʪʦʚ: ʀʟʜ-ʚʦ ʈʦʩʪʦʚ. ʫʥ-ʪʘ. ð

1984 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʓʍ ʇʈɽɺʈɸʑɽʅʀʁ 

ɺ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʉʃʆʗʍ ʉʊɸʃɽʁ ʇʈʀ ʊʈɽʅʀʀ 

ʉʂʆʃʔɾɽʅʀʗ ʉʆ ʉʄɸɿʆʏʅʓʄ ʄɸʊɽʈʀɸʃʆʄ 

ʇ.ʀ. ʄʘʣʝʥʢʦ, ʂ.ɼ. ʈʝʣʤʘʩʠʨʘ, ɸ.ʖ. ʃʝʦʥʦʚ 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʫʣʘ, ʈʦʩʩʠʷ; malenko@tsu.tula.ru 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩʪʘʣʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʚʪʦʨʠʯ-

ʥʳʝ ʩʪʨʫʢʪʫʨʳ (ɺʉ), ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʪʣʠ-

ʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ (ʘʜʛʝʟʠʦʥʥʳʝ) ʩʚʦʡʩʪʚʘ ʧʘʨ ʪʨʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦ-

ʩʪʘʚʘ ɺʉ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʝʪʘʣʝʡ ʟʘʧʦʨ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʪʨʝʣʢʦʚʦ-ʧʫʰʝʯʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʨʝʩʫʨʩʥʦʛʦ ʩʤʘʟʳʚʘʥʠʷ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʠʢʦʪʨʠʨʦʚʘʥʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʡ 

ʩʪʘʣʠ 25ʍ3ʄ3ʅɹʎɸ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ [1]. 

ʄʦʨʬʦʣʦʛʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʚʠʜʝ ʩʫʙ- ʠ ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡ-

ʩʪʚʠʷ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʪʨʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʫʣʴʩʠʨʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʤ-

ʧʦʤ ʪʝʧʣʦʚʚʦʜʘ dT/dŰ = 106é109 ʂ/ʩ; ʩʢʦʨʦʩʪʴʶ 

ʪʝʧʣʦʚʚʦʜʘ U = 104é107 1/ʩ, ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ W = 105é107 ɺʪ/ʩʤ2 [2]. ʇʦʣʫʯʝʥ-

ʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʥʘ ʧʣʦɦ ʘʜʢʘʭ 

ʢʦʥʪʘʢʪʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʨʝʥʠʷ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʦʜʭʦʜʘ ʧʨʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʤ ʦʧʠʩʘʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʠ ʨʝʘʢʮʠʠ ʩʨʝʜʳ 

ʥʘ ʫʜʘʨ: ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʩʨʝʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʧʣʦʰʥʦʡ) ʠ ʜʠʩʢʨʝʪʥʦʤ (ʩʨʝʜʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ). 

ʂʦʥʪʠʥʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ 

[3]. ʇʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʨʤʦʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝ-

ʥʠʡ ʚ ʥʘʛʨʝʪʦʡ ʦʙʣʘʩʪʠ ʠ ʙʳʩʪʨʳʡ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʈ. 

ɺʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

 . (1) 

ɼʠʩʢʨʝʪʥʳʡ ʧʦʜʭʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʪʘʣʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʜʝʡʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʚ ʩʨʝʜʝ ʚʦʟʥʠʢʘ-

ʶʪ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʨʘʩʰʠʨʝʥʠʷ-ʩʞʘʪʠʷ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩ ʘʤʧʣʠʪʫʜʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ W [4]. 

ɼʘʚʣʝʥʠʝ ʦʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

  ~ , (2) 

ʛʜʝ ʩ ʠ ɟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ 

ʩʪʘʣʠ, ʊ1ðʊ0 ð ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ, 

ɻ ð ʧʘʨʘʤʝʪʨ ɻʨʶʥʘʡʟʝʥʘ (ʪʘʙʣʠʮʘ). 

ʊʘʙʣʠʮʘ. ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʈ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝʚ 

ʢʦʥʪʠʥʫʘʣʴʥʦʤ ʠ ʜʠʩʢʨʝʪʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

  
ʊʠʧ 

ʢʦʥʪʘʢʪʘ 

ʄʠʢʨʦ-

ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʉʫʙ- 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʂʦʥʪʠ- 

ʥʫʘʣʥɹʳʡ 

ʧʦʜʭʦʜ 

ʩʞʘʪʠʝ 
T, C 200 300 400 500 

ʈ, ɻʇʘ 6 8,9 11,8 14,7 

ʨʘʩʪ-̫ 

ʞʝʥʠʝ 
ʈ, ɻʇʘ 6 8,9 11,8 14,7 

ɼʠʩʢ- 

ʨʝʪʥʳʡ 

ʧʦʜʭʦʜ 

 

ʊ, ʉ 200 300 400 500 

ʇʘʨʘʤʝʪʨ 

ɻ 
8 

ʈ, ɻʇʘ 5,4 8,1 10,8 13,8 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʫ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ŬŸɔŸ  ʚ ʪʝʧʣʦʩʪʦʡʢʠʭ ʩʪʘʣʷʭ ʠ ʦʙʲʷʩʥʠʪʴ ʭʘʨʘʢ-

ʪʝʨ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʠʢʦʚ ʜʣʷ 

ʬʘʟ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥʘʭ, ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʨʠʩ. 1) [3]. 
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ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʙʣʠʞʝʥʠʷ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʰʝʨʦʭʦʚʘʪʦʡ ʠ ʛʣʘʜ-

ʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʪʚʸʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦ-

ʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʜʝʪʘʣʠ, ʦʪʣʠ-

ʯʘʶʪʩʷ ʤʝʥʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʩʧʣʶʱʠʚʘʥʠʝ ʚʳ-

ʩʪʫʧʦʚ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʘ ʨʝʘʣʴʥʳʭ ʰʝʨʦʭʦʚʘʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʦʜ-

ʥʦʫʨʦʚʥʝʚʦʡè ʤʦʜʝʣʠ [1], ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʥʝʨʦʚʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ; ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʤʫ 

ʟʥʘʯʝʥʠʶ ʩʙʣʠʞʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟ-

ʣʠʯʥʦʝ ʯʠʩʣʦ ʥʝʨʦʚʥʦʩʪʝʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʣ ʚ ʨʝ-

ʘʣʴʥʦʤ ʢʦʥʪʘʢʪʝ FN ʠ ʚ ʤʦʜʝʣʠ FM ʤʦʞʝʪ ʙʳʪʴ ʦʧʠ-

ʩʘʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʠʣʦʚʦʛʦ ʧʦʜʦʙʠʷ k ʢʘʢ 

 , (1) 

ʛʜʝ nj ʠ n ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʦ ʚʳʩʪʫʧʦʚ j-ʛʦ 

ʫʨʦʚʥʷ ʠ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ; ʠ  ð ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʥʘʛʨʫʟʢʘ ʥʘ ʝʜʠʥʠʯʥʳʡ ʚʳʩʪʫʧ j-ʛʦ 

ʫʨʦʚʥʷ ʠ ʤʦʜʝʣʠ, N ð ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʰʝʨʦʭʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʯʠʩʣʝ ʫʨʦʚʥʝʡ N  20 

(ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʝʘʣʴʥʳʭ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ) ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʦʚʦʛʦ ʧʦʜʦʙʠʷ ʦʩʪʘʝʪʩʷ ʚʝ-

ʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

ʈʝʟʫʣʪɹʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʥʦʝ ʩʙʣʠʞʝʥʠʝ  ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʚʝʨʜʦʩʪʠ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʝʝ 

ʯʝʤ ʚ 2 ʨʘʟʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʧʨʫʛʦʝ ʩʙʣʠʞʝʥʠʝ y 

ʠ ʦʩʪʘʪʦʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ h, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʥʝʜʨʝ-

ʥʠʷ ʠ ʩʤʷʪʠʷ ʥʝʨʦʚʥʦʩʪʝʡ: 

 . (2) 

ʕʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

[1, 2]: 

 ;

b

ʧʨRHɼ

F
aRh

2
, (3) 

ʛʜʝ F ð ʢʦʥʪʘʢʪʥʘʷ ʥʘʛʨʫʟʢʘ; k1 ʠ k2 ð ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ, R ð ʨʘʜʠʫʩ ʥʝʨʦʚʥʦʩʪʝʡ, ʘ ʠ b ð ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʰʝʨʦʭʦʚʘʪʦʡ (ʅɼʰ) ʠ 

ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʅɼ) Hɼʰ/Hɼ; ʅɼʧʨ ð ʧʨʠ-

ʚʝʜʝʥʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ [2].  

ʂʦʵʬʬʠʮʠʝʥʪʳ a ʠ b ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  .(4) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʥʦʛʦ ʩʙʣʠ-

ʞʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʡ ʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ 

ʩʣʫʯʘʷ ʙʣʠʟʢʠʭ ʪʚʝʨʜʦʩʪʝʡ ʠʭ ʤʘʪʝʨʠʘʣʦʚ  

 , (5) 

ʛʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ɸʘ ð ʥʦʤʠʥʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʢʦʥ-

ʪʘʢʪʘ; bk ʠ  ð ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʠʜʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ; Rmax ð ʥʘʠʙʦʣʴh ʘʷ 

ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ. 

ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʪʜʝʣʴʥʦʡ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʰʝʨʦ-

ʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʙʣʠʞʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʰʝʨʦʭʦʚʘʪʦʡ ʠ 

ʛʣʘʜʢʦʡ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʙʣʠʟʢʠʭ ʪʚʝʨʜʦ-

ʩʪʷʭ ʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝ-

ʥʠʡ ʚ ʦʙʲʝʤʥʦʤ ʪʝʣʝ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʧʨʠ ʧʝʨʝʤʝʥ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʢʦʥʪʘʢʪʘ ʠ ʜʠʩʢʨʝʪʥʦʤ ʜʝʡʩʪʚʫʶʱʝʤ 

ʜʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ. ʅʘʧʨʠʤʝʨ, ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ çʤʘʩʩʠʚʥʘʷ 

ʰʠʥʘ ð ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝè [1,2]. 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʟʘ-

ʜʘʯ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝ-

ʨʝʤʝʱʝʥʠʡ ʚ ʦʙʲʝʤʥʦʤ ʪʝʣʝ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʢʦʥʪʘʢʪʘ ʠ ʜʝʡʩʪʚʫʶʱʝʤ ʜʘʚʣʝ-

ʥʠʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩ-

ʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜ,r ʢʦʪʦ-

ʨʝr ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜ ʩʦ-

ʧʨʷʞʝʥʠʷ. 

ʇʫʩʪʴ ʥʘ ʛʨʘʥʠʮʫ ʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ 

 > 0 ʜʝʡʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʘʷ ʧʦ ʧʣʦʱʘʜʢʝ  ʩ ʧʣʦʪʥʦʩʪʴʶ  ʧʨʠ-

ʣʦʞʝʥʥʘʷ ʚ ʪʦʯʢʝ ʠ ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʦʩʠ 

. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʧʨʫʛʦʤ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʤ ʪʝʣʝ. ʀʩ-

ʭʦʜʷ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʢʦʥʪʘʢʪʘ (ʩʣʦʠʩʪʦʝ, 

ʠʟʦʪʨʦʧʥʦʝ, ʘʥʠʟʦʪʨʦʧʥʦʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠ-

ʝʥʪʥʦʝ ʠ ʪ.ʧ.) ʚʳʙʠʨʘʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝɦ ʝʥʠʷ ʚ ʩʨʝʜʝ. 

ʅʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʠʤ ʨʘʩʯʝʪ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʦʩʥʦ-

ʚʘʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ (ʠʣʠ ʯʠʩʣʝʥʥʳʭ) ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʧʨʝʜʝʣʝ̫ʪʩʷ 

ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ. 

ɼʘʣʝʝ, ʧʦ ʩʦʟʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʥʘʭʦʜʠʤ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʘʢʪʠʨʫʶ-

ʱʠʭ ʪʝʣ.  

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʘ-

ʣʠʟʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ 

ʚ ʦʙʲʝʤʥʦʤ ʪʝʣʝ, ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ (ʥʘʧʨʠʤʝʨ, ʚ ʩʠ-

ʩʪʝʤʝ çʤʘʩʩʠʚʥʘʷ ʰʠʥʘ ð ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝè) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʳ ʠ ʝʝ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ, ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʫʩʧʝʰ-

ʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʤʝʥʷʣʠʩʴ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 

(ʄʂʕ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦ-

ʜʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʅɼʉ) ʚ ʫʧʨʫʛʦʤ ʪʝʣʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʦʥ ʢʦʥʪʘʢʪʘ ʠ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʩʯʠʪʳʚʘʥʠʠ ʮʚʝʪʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ (ʢʘʞʜʦʤʫ ʜʘʚ-

ʣʝʥʠʶ ʚ ʪʦʯʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʮʚʝʪ). ʊʘʢ, ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʨʘ-

ʙʦʪʘʪʴ ʠ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ ʅɼʉ. ʕʪʘ 

ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʨʘʥʝʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ. ɺ ʧʨʦʛʨʘʤʤʝ 

ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʠ ʠʟ-

ʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʮʚʝʪʘʤ.  

 

 

ʈʠʩ.1. ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ (ʰʠʥʳ ʢʦʣʝʩʘ) ʥʘ 

ʦʩʥʦʚʘʥʠʝ. ʘ ð ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ [1]; ʙ ð ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘ-

ʮʠʷ; ʚ ð ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʯʝʨʥʦ-ʙʝʣʦʤ ʩʚʝʪʝ [2] 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʨʘʩʯʝʪʘ 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʦʙʲʝʤʥʳʝ ʛʨʘʬʠʢʠ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ (ʩʤ. 

ʨʠʩ. 1), ʪʘʢ ʠ ʚʥʫʪʨʠ ʝʛʦ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦ-

ʥʝʥʪ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝ-

ʤʝʥʠ.  

ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ 

[3]. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʢʘʩʘʪʴʩʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʠ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʡ ʜʦʨʦʛ, ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʛʣʫʙʠʥʝ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʓʊɸʅʀʁ ʅɸ ʀɿʅɸʐʀɺɸʅʀɽ 

ʇʈʀ ɼɽʁʉʊɺʀʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ʅɸɻʈʋɿʆʂ 

ɽ.ɸ. ʇʘʤʬʠʣʦʚ
1
, ɻ.ɸ. ʇʠʣʶʰʠʥʘ

2
 

1ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʨʷʥʩʢ, ʈʦʩʩʠʷ; pamfilov@bgita.ru 
2ɹʨʷʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, ɹʨʷʥʩʢ, ʈʦʩʩʠʷ 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʧʳʪʘʥʠʡ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ r ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʥʦʩʦʩʪʦʡʢʦ-

ʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʙʫʩʣʦ-

ʚʠʣʘ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢ ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʠ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʘʰʠʚʘʥʠʷ ʘʙʨʘʟʠʚʥʦ-ʤʘʩʣʷʥʦʡ 

ʧʨʦʩʣʦʡʢʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫ-

ʞʝʥʠʠ ʠ ʮʠʢʣʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ [1]. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥ-

ʥʳʭ, ʮʠʢʣʠʯʝʩʢʠʭ ʠʣʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ.  

ɸʙʨʘʟʠʚʥʦ-ʤʘʩʣʷʥʘʷ ʧʨʦʩʣʦʡʢʘ ʩʦʟʜʘʚʘʣʘʩʴ ʧʫ-

ʪʝʤ ʜʦʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʚʦʜʘ ʩʤʘʟʢʠ ʠ ʘʙʨʘʟʠʚʘ ʚ ʟʦʥʫ 

ʪʨʝʥʠʷ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʜʘʯʠ ʘʙʨʘʟʠʚʥʦ-ʤʘʩʣʷʥʦʡ ʩʫʩʧʝʥʟʠʠ [2]. ɼʣʷ ʨʘʩ-

ʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʳʪʘʥʠʡ ʫʢʘʟʘʥʥʳʝ ʫʩʪʘ-

ʥʦʚʢʠ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ [8]. 

ʊʘʢ ʢʘʢ ʠʟʥʘʰʠʚʘʥʠʝ ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʯʘʩʪʦ 

ʧʨʦʪʝʢʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʥʘʛʨʫʟʢʠ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʩʧʳ-

ʪʘʥʠʡ ʥʘ ʠʟʥʦʩ [4], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ 

(ʪʨʠ ʠʩʩʣʝʜʫʝʤʳʭ ʠ ʦʜʠʥ ʢʦʥʪʨʦʣʴʥʳʡ) ʧʝʨʠʦʜʠʯʝ-

ʩʢʠ ʠʩʪʠʨʘʣʠʩʴ ʦ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʛʨʝʪʦʛʦ 

ʢʦʥʪʨʦʙʨʘʟʮʘ. ʈʘʙʦʯʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʘʩʴ ʩʬʝʨʠ-

ʯʝʩʢʦʡ. ʇʝʨʝʜ ʢʘʞʜʳʤ ʚʩʪʫʧʣʝʥʠʝʤ ʚ ʢʦʥʪʘʢʪ ʩ ʦʙ-

ʨʘʟʮʦʤ ʢʦʥʪʨʦʙʨʘʟʝʮ ʧʦʚʦʨʘʯʠʚʘʣʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠ-

ʚʘʣʦ ʪʨʝʥʠʝ ʧʦ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʛʨʝʚ ʠʩʩʣʝʜʫ-

ʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʥʘʛʨʝʪʳʤ 

ʢʦʥʪʨʦʙʨʘʟʥʦʤ, ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʙʦʜʥʦʛʦ 

ʭʦʜʘ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʦʢʨʫʞʘʶɦ ʫʶ ʩʨʝʜʫ ʠʣʠ, 

ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, 

ʩʪʨʫʝʡ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʵʤʫʣʴʩʠʠ ʩ ʨʘʟʣʠʯʠʠ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʀʩʧʳʪʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʧʨʠ 

ʪʨʝʥʠʠ ʧʦ ʘʙʨʘʟʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʠ 

ʥʘ ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [3, 5]. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʘʰʠʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʦʭʣʘʞʜʝʥʥʦʤʫ ʜʦ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʫ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦʚʪʦʨʥʳʝ ʫʜʘ-

ʨʳ ʩ ʟʘʜʘʥʥʦʡ ʵʥʝʨʛʠʝʡ, ʯʘʩʪʦʪʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʩʦʫʜʘ-

ʨʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʥʪʨʦʙʨʘʟʮʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʣʠ ʯʝʨʝʟ ʛʠʙʢʫʶ ʠʟʥʘʰʠʚʘʁ ʱʫʶ ʣʝʪʫ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥ-

ʪʝʥʩʠʚʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʦʡ ʩʦʫʜʘʨʝʥʠʷ ʧʦʟʚʦʣʷʣʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʳʪʘʥʠʡ ʝʱʝ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʤʦʤʝʥ-

ʪʘ ʩʣʝʜʫʶʱʝʛʦ ʫʜʘʨʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ (ʯʘ-

ʩʪʦʪʘ ʠ ʵʥʝʨʛʠʷ ʩʦʫʜʘʨʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʥ-

ʪʘʢʪʘ ʩ ʢʦʥʪʨʦʙʨʘʟʮʦʤ ʧʦʩʣʝ ʫʜʘʨʘ, ʩʢʦʨʦʩʪʴ ʠ ʚʝʣʠ-

ʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʥʘʰʠʚʘʶʱʝʡ ʣʝʥʪʳ) ʦʩʫʱʝʩʪʚ-

ʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʚʦʜʘ [6]. ʋʩʪʘ-

ʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʘ ʫʩʪʨʦʡʩʪʚʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦ-

ʚʦʜʠʪʴ ʠʟʥʘʰʠʚʘʥʠʝ ʥʘʤʦʨʦʞʝʥʥʳʤ ʘʙʨʘʟʠʚʦʤ [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ, ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘ-

ʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʤʠʢʨʦ- 

ʠ ʤʘʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝ 

ʪʦʣʴʢʦ ʠʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʝʡ ʣʠʙʦ ʢ ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʟʘ ʩʯʝʪ ʵʪʦʛʦ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʣʠ 

ʞʝ, ʥʘʦʙʦʨʦʪ, ʢ ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦ-

ʝʚ ʠ ʠʭ ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 
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ʂ.ɺ. ʇʘʥʪʝʣʝʝʚ, ɺ.ɸ. ʄʠʢʠʪʝʚʠʯ, ɸ.ʃ. ɾʘʨʠʥ 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; nilpt@tut.by 

ɺʚʝʜʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ 

ʠʟʤʝʨʝʥʠʷ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ (ʈɺʕ) ʧʦ ʢʦʥ-

ʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ (ʂʈʇ) ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʨʝʥʠʠ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʠʢʠ ʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʈɺʕ ʧʨʠ ʠʟʥʦʩʦʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘ-

ʥʠʷʭ ʪʨʠʙʦʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʚʠʙ-

ʨʠʨʫʶʱʝʛʦ ʟʦʥʜʘ ʂʈʇ (ʤʝʪʦʜ ʂʝʣʴʚʠʥʘ-ɿʠʩʤʘʥʘ) ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʅʀʃ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ 

ɹʅʊʋ ʤʝʪʦʜʘ ʥʝʚʠʙʨʠʨʫʶʱʝʛʦ ʟʦʥʜʘ ʂʈʇ 

(ʅɺʂʈʇ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʧʦʣʦʛʠʠ 

ʈɺʕ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʨʝʞʠʤʳ ʪʨʝʥʠʷ, ʠʟʫʯʘʪʴ ʵʚʦʣʶʮʠʶ ʜʠʩ-

ʣʦʢʘʮʠʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʚʳʷʚʣʷʪʴ ʟʘʨʦʞʜʘʶʱʠʝʩʷ 

ʦʯʘʛʠ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʷʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. 

  

1 ï ʃ63; 

2 ï ɹʨ.ɸɾ9-4; 

3 ï ɹʨ.ʆʌ6,5-0,15; 

4 ï ʄ3; 

5 ï 12ʍ18ʅ10ʊ
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ʈʠʩ. 1. ʄʦʥʠʪʦʨʠʥʛ ʈɺʕ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʦʚ ʂʈʇ (ʘ, ʙ) ʠ ʅɺʂʈʇ (ʚ) 

ʎʝʣʴ 

ʆʪʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʠʟʥʦʩʦ-

ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. 

ʇʨʠʙʦʨʳ ʠ ʤʝʪʦʜʳ  

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʥʘ ʪʦʨʮʝʚʦʡ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʪʠʧʘ ɸɽ-5, ʦʩʥʘʱʝʥʥʦʡ 

ʜʘʪʯʠʢʘʤʠ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʈɺʕ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʈɺʕ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʝ̫ʪʩʷ 

ʤʝʪʦʜ ʚʠʙʨʠʨʫʶʱʝʛʦ ʟʦʥʜʘ ʂʝʣʴʚʠʥʘ-ɿʠʩʤʘʥʘ [1]. ɺ ʥʝʤ 

ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʠʙʨʠʨʫʁ ʱʠʡ ʵʪʘʣʦʥʥʳʡ 

ʵʣʝʢʪʨʦʜ ʬʦʨʤʠʨʫʶʪ ʦʙʢʣʘʜʢʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʧʝʨʝʤʝʥʥʦʡ ʝʤʢʦʩʪʠ. ɺ ʩʣʝʜʩʪʚʠʠ ʨʘʟʣʠʯʠʷ ʈɺʕ ʤʘʪʝʨʠ-

ʘʣʦʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʦʟʥʠʢʘʝʪ ʂʈʇ. ʉ 

ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʜʘʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ Ucomp ʨʘʚʥʦʝ ʂʈʇ.  

ɺ ʅʀʃ ʇʊ ɹʅʊʋ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʥʝʚʠʙʨʠ-

ʨʫʶɦʝʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʅɺʂʈʇ) [2]. ɺ ʥʝʤ ʵʪʘʣʦʥ-

ʥʳʡ ɻʣʝʢʪʨʦʜ ʠ ʠʩʩʣʝʜʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʞʝ 

ʬʦʨʤʠʨʫʶʪ ʦʙʢʣʘʜʢʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʜʥʘ-

ʢʦ ʟʦʥʜ ʥʝ ʚʠʙʨʠʨʫʝʪ, ʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʨʝʥʠʷ ʧʦ ʪʦʧʦʣʦʛʠʠ ʈɺʕ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʄʦʥʠʪʦʨʠʥʛ ʈɺʕ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʣʩʷ ʧʦ ʪʨʝʤ ʤʝʪʦʜʠʢʘʤ: 

1) ʨʝʛʠʩʪʨʘʮʠ ̫ ʫʩʨʝʜʥʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʂʈʇ ʟʘ ʥʝʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝ-

ʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ). ʊʘʢʘʷ ʩʭʝʤʘ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʧʦʟʚʦʣʠʣʘ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʈɺʕ ʚ 

ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʥɹʳʭ ʠʩʧʳʪʘʥʠʡ (ʨʠʩ. 1, ʘ).  

2) ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ 

(ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʈɺʕ) ʚ ʦʜʥʦʡ ʪʦʯ-

ʢʝ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1, ʙ). ɿʜʝʩʴ ʥʝʦʙʭʦ-

ʜʠʤ ʤʦʜʫʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʦʪʩʯʝ-

ʪʦʚ ʩ ʧʦʣʦʞʝʥʠʝʤ ʦʙʨʘʟʮʘ.  

3) ʨʝʛʠʩʪʨʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʜʦ-

ʨʦʞʢʝ ʪʨʝʥʠʷ ʠʣʠ ʧʦ ʣʦʢʘʣʴʥʦʡ ʤʘʢʨʦʦʙʣʘʩʪʠ (ʨʠʩ. 1, 

ʚ). ɿʜʝʩʴ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʤʦʜʫʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʪ-

ʩʯʝʪʦʚ ʩ ʧʦʣʦʞʝʥʠʝʤ ʦʙʨʘʟʮʘ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅɺʂʈʇ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʦʜʘʤʠ ʂʈʇ ʠ ʅɺʂʈʇ ʚʳʧʦʣʥʝʥ ʤʦʥʠʪʦ-

ʨʠʥʛ ʈɺʕ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦ-

ʣʠʣʠ ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ:  

ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠʟ-

ʤʝʥʝʥʠʷ ʈɺʕ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʥʘʣʠʯʠʝ ʢʨʠʪʠʯʝ-

ʩʢʠʭ ʪʦʯʝʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʦʛʦ 

ʚʠʜʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢ ʜʨʫʛʦʤʫ; 

ï ʤʝʪʦʜ ʅɺʂʈʇ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʢʠʥʝʪʠ-

ʢʫ ʨʘʟʨʫʰʝʥʠʷ ʤʠʢʨʦʦʙʲʝʤʦʚ ʠ ʚʳʷʚʠʪʴ ʦʯʘʛʠ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʚʥʝʰʥʠʭ 

ʧʨʠʟʥʘʢʦʚ ʧʦʪʝʨʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 
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ʄʆʅʀʊʆʈʀʅɻ ʈɸɹʆʊʓ ɺʓʍʆɼɸ ʕʃɽʂʊʈʆʅɸ ʇʆɺɽʈʍʅʆʉʊʀ 

ʊʈɽʅʀʗ ʇʈʀ ʀɿʅʆʉʆʋʉʊɸʃʆʉʊʅʓʍ ʀʉʇʓʊɸʅʀʗʍ 

ʂ.ɺ. ʇʘʥʪʝʣʝʝʚ, ɺ.ɸ. ʄʠʢʠʪʝʚʠʯ, ɸ.ʃ. ɾʘʨʠʥ 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; nilpt@tut.by 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʢʠʥʝʪʠʢʠ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ (ʈɺʕ) ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʈɺʕ ʪʨʫʱʝʡʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʪʨʝʥʠʷ, ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʪʦʨʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ, ʘ ʪʘʢʞʝ ʩ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʚʪʦʨʠʯʥʳʭ 

ʬʘʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʯʪʦ ʭʘʨʘʢ-

ʪʝʨʥʦ ʜʣʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʎʝʣʴ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ, ʤʝʪʦ-

ʜʦʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʨʝʘ-

ʣʠʟʫʶʱʝʡ ʩʭʝʤʫ ʪʨʝʥʠʷ ʧʘʣʝʮðʜʠʩʢ (ʨʠʩ. 1), ʦʩʥʘ-

ʱʝʥʥʦʡ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʈɺʕ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʳʤ ʚʠʙʨʠʨʫ-

ʶʱʝʤʫ ʟʦʥʜʫ ʂʝʣʴʚʠʥʘ-ɿʠʩʤʘʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ 

ʣʘʪʫʥʴ ʃ63 ʠ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 12ʍ18ʅ10ʊ (ʜʠʩ-

ʢʠ). ʂʦʥʪʨʦʙʨʘʟʝʮ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʟ ʙʨʦʥʟʳ 

ɹʨ.ʆʌ6,6-0,15 (ʧʘʣʝʮ, 6,5 ʤʤ). ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ð 0,12 ʄʇʘ ʠ ʩʢʦ-

ʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 0,1 ʤ/ʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʈɺʕ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʪʨʝʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʦʙʱʠʤ ʜʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʢʨʠʚʳʭ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʦ-

ʥʠʞʝʥʠʝ ʈɺʕ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʨʝʥʠʷ, ʩʚʟ̫ʘʥʥʦʝ 

ʩ ʫʜʘʣʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʦʢʠʩʥʦʛʦ 

ʩʣʦʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʨʝʥʠʷ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ (ʢʨʠʚʘʷ 2), ʥʘ ʢʦʪʦ-

ʨʦʡ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʠʩʥʳʭ ʩʣʦʝʚ ʟʘʪʨʫʜʥʝʥʦ, ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʈɺʕ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʩʣʝ ʨʘʟ-

ʨʫʰʝʥʠʷ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʈɺʕ ʤʦʥʦʪʦʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʫʩʪʘʥʦʚʠʚ-

ʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʈɺʕ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʪʨʝʥʠʷ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʠʦʜʠ-

ʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʈɺʕ ʩʦ ʚʨʝʤʝʥʝʤ ʠʩʧʳʪʘʥʠʡ (ʢʨʠ-

ʚʘʷ 1). ʇʨʠʯʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʈɺʕ, ʢʘʢ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ, ʷʚ-

ʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ ʠ ʥʝ ʟʘʪʫʭʘʶʱʠʤʠ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʥʠʝ ʠ ʠʟʥʦʩ 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʈɺʕ ʦʪ ʚʨʝʤʝʥʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴ-

ʥʦʤ ʜʘʚʣʝʥʠʠ 0,12 ʄʇʘ (1 ð ʃ63; 2 ð 12ʍ18ʅ10ʊ) 

ʉʦʚʦʢʫʧʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠ ̫

ʈɺʕ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʭʦʜʠʪ ʧʦʣʥʳʡ ʮʠʢʣ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʪ.ʝ. ʥʘʢʦʧʣʝʥʠʝ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʘʪʝʨʠʘʣʘ, ʫʧʨʦʯʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʪʨʝʱʠʥ, ʨʘʟʨʫʰʝʥʠʝ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʨʘʟʨʘ-

ʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-

ʧʳʪʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʠʟʤʝʥʝʥʠʡ ʈɺʕ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʧʨʦʭʦʜʦʚ ʢʦʥʪʨʪʝʣʘ ʧʦ ʦʙʨʘʟʮʫ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʦʜʦʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʈɺʕ ʠʩʩʣʝʜʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʈɺʕ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝ-

ʥʠʷ ʩʚʦʡʩʪʚ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʩʪʘʥʘʚʠʪʴ ʠʭ 

ʩʚʷʟʴ ʩ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ ʫʩʪʘʣʦʩʪʥʳʤ ʨʘʟʨʫʰʝʥʠ-

ʝʤ. ʇʦ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʈɺʕ ʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʦʡ, ʘʥʘʣʦʛʠʯʥʦʡ ʢʨʠʚʦʡ ɺʝʣʣʝʨʘ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʦʡ 

ʫʩʪʘʣʦʩʪʠ ʠ ʨʷʜʘ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʧʦʣʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʘʪʝ-

ʨʠʘʣʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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1ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ; surval@mail.ru 
2ʆʤʩʢʠʡ ʌɻʋʇ çʅʇʇ çʇʨʦʛʨʝʩʩè, ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ 

ʎʝʣʴ 

ʀʩʪʠʨʘʥʠʝ ʨʝʟʠʥ ʠ ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʤʙʠʥʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʭʠʤʠʯʝ-

ʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʘʨʦʢ ʨʝʟʠʥ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʝʥʠʷ, ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʢ ʟʘʣʠʧʘʥʠʶ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴʶ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʠ ʛʝʨʤʝʪʠʟʘʮʠʠ [1]. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʩʦʟʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦ ʩʧʦ-

ʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʨʝʟʠʥ ʧʫʪʝʤ ʥʘʥʝ-

ʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ̫-

ʣʷʣʠʩʴ ʨʝʟʠʥʘ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ ʙʫʪʘʜʠʝʥ-

ʥʠʪʨʠʣʴʥʦʛʦ ɹʅʂʉ-28 ɸʄʅ ʠ ʭʣʦʨʦʧʨʝʥʦʚʦʛʦ ɼʝʥ-

ʢʘ PS-40A, ʘ ʪʘʢʞʝ ʨʝʟʠʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦ-

ʣʠʙʜʝʥʦʤ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʤʘʛ-

ʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ADVAVAC  

VSM-200. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ ʦʩʫʱʝʩʪʚ-

ʣʷʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦ-

ʧʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ JEOL JSM 6610-LV. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʨʝʘʣʠʟʦʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ Gwyddion. ʀʟʫ-

ʯʝʥʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʟʠʥ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ ʄʀ-2.ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

426ï75.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʳ ʤʠʢʨʦʩʢʦ-

ʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘ-

ʬʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʭʦʜʥʦʡ ʨʝʟʠʥʳ ʠ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʡ ʨʝʟʠʥʳ ʤʦʣʠʙʜʝʥʦʤ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʨʝʤʝʥʠ 

ʥʘʧʳʣʝʥʠʷ [2]. ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪ-

ʩʷ. ʇʨʠ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ 30 ʤʠʥ. ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʘ ̫ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʣʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʦʙ-

ʨʘʟʦʚʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʦʪ-

ʤʝʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʠ ʢʣʘ-

ʩʪʝʨʦʚ ʨʘʟʤʝʨʦʤ ʦʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯ ʥʘʥʦ-

ʤʝʪʨʦʚ.  

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʥʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʧʘʨʳ ʪʨʝʥʠʷ çʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʟʠʥʘ ð 

ʩʪʘʣʴè ʙr ʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ Ra (ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʦʪ 

ʚʨʝʤʝʥʠ ʥʘʧʣrʝʥʠʷ. 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʢʨʳʪʠʷ ʤʦʣʠʙʜʝ-

ʥʦʤ ʥʘ ʨʝʟʠʥʦʚʦʡ ʧʦʜʣʦʞʢʝ ʦʪ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʠʟ-

ʥʦʩʘ (ʠʩʪʠʨʘʥʠʷ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦ ʩʪʘʣʠ 

ʦʪ ʪʦʣɦ ʠʥʳ ʥʘʧʳʣʝʥʠʷ (ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ). 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʠʟʥʦʩʘ ð ʠʩʪʠʨʘʝʤʦʩʪʠ (ʩʧʣʦʰ-

ʥʘʷ ʣʠʥʠʷ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʦʪ ʚʨʝʤʝ-

ʥʠ ʥʘʧʳʣʝʥʠʷ 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʛʣʘʩʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ Ra ʠ ʦʙʲʝʤʥʦʛʦ ʠʟʥʦʩʘ ʜʣʷ 

ʧʘʨʳ ʪʨʝʥʠʷ çʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʟʠʥʘ ð ʩʪʘʣʴè 

ʦʪ ʚʨʝʤʝʥʠ (ʪʦʣʱʠʥʳ) ʥʘʧʳʣʝʥʠʷ [3]. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʠʙʦʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʚʘʞʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʫʯʝʪʘ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʘʨ ʪʨʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʜʘʣɹʥʝʡʰʝʤʫ 

ʨʘʟʚʠʪʠʶ ʵʣʘʩʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ (ʕɻɼʊ) 

ʪʨʝʥʠʷ, ʢʦʛʜʘ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʚ ʤʘʩʣʷʥʦʤ ʢʣʠʥʝ 

ʚʳʟʳʚʘʶʪ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʪʝʣ [1], ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʢʦʥ-

ʪʘʢʪʘ ʚʦʟʨʘʩʪʘʝʪ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʫʤʝʥʴʰʘʶʪʩʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʪʨʝʥʠʝ ʕɻɼ-ʢʦʥʪʘʢʪʘ ʷʚʣʷʝʪʩʷ 

ʙʝʟʳʟʥʦʩʥʳʤ, ʥʦ ʨʝʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʠʙʦʩʠ-

ʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʦʥʠ ʠʟʥʘʰʠʚʘʶʪʩʷ. ʋʯʠ-

ʪʳʚʘʷ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ, 

ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʪʨʠ-

ʙʦʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʥʘʯʠ-

ʥʘʝʪ ʚʭʦʜʠʪʴ ʚ ʨʝʞʠʤ, ʚʳʜʝʣʝʥʥʳʡ ʚ ʪʨʠʙʦʣʦʛʠʠ 

ʢʘʢ ʪʨʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-

ʚʘʢʫʫʤʥʫ  ʁ ʛʠʧʦʪʝʟʫ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʩʢʨʳʚʘʝʪ 

ʪʨʠʙʦʢʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠʟʥʘʰʠʚʘʥʠʷ. ʆʩ-

ʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʷʚʣʷʝʪʩʷ ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʠʙʦʢʦʥ-

ʪʘʢʪʘ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ: ʢʦʥʬʫʟʦʨʥʦʡ ʠ 

ʜʠʬʬʫʟʦʨʥʦʡ. 

ɺ ʦʙʣʘʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʟʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʪʨʝʥʠʷ (ʢʦʥʬʫʟʦʨʥʦʡ) ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʜʘʚ-

ʣʝʥʠʷ ʚ ʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʩʤʘʟʢʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʜʚʠʞʝʥʠʷ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦ-

ʩʪʷʭ ʪʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʥʘʙʝʛʘʶʱʠʤʠ ʩ ʜʚʠ-

ʞʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷʤʠ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʠ ʠ 

ʩʣʦʷʤʠ ʚʪʦʨʠʯʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ 

ʛʨʘʜʠʝʥʪʦʤ ʜʘʚʣʝʥʠʡ. 

ɺ ʜʠʬʬʫʟʦʨʥʦʡ ʦʙʣʘʩʪʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʟʦʨʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʝʞʝʥʠʶ ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʫʤʝʥʴ-

ʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʚʣʝʥʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ ʟʥʘʯʝʥʠʡ, ʨʘʚʥʳʭ ʠ ʤʝʥʴʰʠʭ ʜʘʚ-

ʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ. ɿʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʚʪʦʨʠʯ-

ʥʦʝ ʪʝʯʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʢʦʥʪʘʢʪ. ʕʪʠ ʪʝʯʝʥʠʷ ʚʳʟʚʘʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʛʨʘ-

ʜʠʝʥʪʦʤ ʜʘʚʣʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʚ ʜʠʬʬʫʟʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʕɻɼ-ʢʦʥʪʘʢʪʦʚ, ʦʩʦ-

ʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝ-

ʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʘʩʣʦʧʘʨʦʚʦʟʜʫʰʥʳʭ ʧʦʣʦʩʪʝʡ ʢʘʚʠʪʘʮʠʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʕɻɼ-ʪʝʦʨʠʠ, ʢʦʤʧʨʝʩʩʠʦʥʥʦ-

ʚʘʢʫʫʤʥʘʷ ʛʠʧʦʪʝʟʘ ʪʨʝʥʠʷ [2] ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʣʦʞʝʥʠʷʭ: 

1. ʊʦʣʱʠʥʘ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʚ ʕɻɼ-ʢʦʥʪʘʢʪʝ ʥʝ 

ʦʪʨʘʞʘʝʪ ʝʛʦ ʪʨʠʙʦʩʚʦʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʚ ʜʠʬʬʫʟʦʨʥʳʭ 

ʦʙʣʘʩʪʷʭ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʝʞʝʥʠʝ ʩʤʘʟʦʯʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʝʝ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʠʟ ʞʠʜʢʦʛʦ ʚ ʤʘʩʣʦ-

ʚʦʟʜʫʰʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

2. ʇʨʠ ʪʨʝʥʠʠ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʩʘʤʦʧʨʦʠʟ-

ʚʦʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʩʞʘʪʠʝ ʩʤʘʟʦʯʥʳʭ ʩʣʦʝʚ ʚ ʢʦʥʬʫ-

ʟʦʨʥʦʡ ʠ ʠʭ ʨʘʩʪʷʞʝʥʠʝ ð ʚ ʜʠʬʬʫʟʦʨʥʦʡ ʦʙʣʘʩʪʷʭ 

ʕɻɼ-ʢʦʥʪʘʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʚʣʝʥʠʝ ʚ ʩʤʘʟʦʯ-

ʥʦʤ ʩʣʦʝ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʢʦʥʪʘʢʪ-

ʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʦ ɻ. ɻʝʨʮʫ. 

3. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʪʨʝʥʠʷ ʯʝʨʝʟ ʕɻɼ-

ʢʦʥʪʘʢʪ ʩʤʘʟʦʯʥʘʷ ʩʨʝʜʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʢʦʥʬʫʟʦʨʥʦʡ 

ʚ ʜʠʬʬʫʟʦʨʥʫʶ ʦʙʣʘʩʪʴ ʨʦʚʥʦ ʚ ʪʦʤ ʢʦʣʠʯʝʩʪʚʝ, 

ʩʢʦʣʴʢʦ ʝʝ ʥʘʭʦʜʠʪʩʷ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʟʘʟʦʨʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʫʧʨʫʛʦ-ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʞʘʪʠʷ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʩʣʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʪʨʠʙʦʩʠʩʪʝʤʝ ʩʢʦʣʴʞʝʥʠʷ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʤʘʰʠʥʘʭ ʪʨʝʥʠʷ ɸʉɹ-01 ʠ ɸʉɹ-02 [3], ʛʜʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʪʦʨʥʳʝ ʤʘʩ-

ʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʤʘʩʣʷʥʦʡ ʩʫʩʧʝʥ-

ʟʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʞʠʜʢʠʤ ʦʜʥʦʬʘʟʥʳʤ ʩʦʩʪʦʷ-

ʥʠʝʤ, ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ (ʥʘ 20ð30%) 

ʫʤʝʥʴʰʝʥʠʶ ʩʠʣ ʪʨʝʥʠʷ ʠ ʥʘ 5é7 ʉ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʩʨʝʜʳ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ. 

ɺʳʚʦʜʳ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʠʣʫ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʪʘʢ ʢʘʢ ʪʨʠʙʦʢʘʚʠʪʘʮʠʷ ʠ ʙʘʨʙʦʪʘʞ 

ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʘʩʣʦʚʦʟʜʫʥhʦʡ ʩʤʝʩʠ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʠʭ ʢʘʯʝʩʪʚʘ. 
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ʌʈʀʂʎʀʆʅʅʆɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɻʃɸɼʂʆɻʆ ʀʅɼɽʅʊʆʈɸ 

ʀ ɺʗɿʂʆʋʇʈʋɻʆɻʆ ʇʆʃʋʇʈʆʉʊʈɸʅʉʊɺɸ: 

ʂʆʅʊɸʂʊʅʓɽ ʀ ɺʅʋʊʈɽʅʅʀɽ ʅɸʇʈʗɾɽʅʀʗ 

ʌ.ʀ. ʉʪʝʧʘʥʦʚ, ʀ.ɻ. ɻʦʨʷʯʝʚʘ, ɽ.ɺ. ʊʦʨʩʢʘʷ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; torskaya@mail.ru 

ʅʝʩʦʚʝʨʰʝʥʥʘʷ ʫʧʨʫʛʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʧʨʠʚʦʜʠʪ ʢ ʛʠʩʪʝʨʝʟʠʩʥʳʤ ʧʦʪʝ-

ʨʷʤ ʧʨʠ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʶ ʠ ʢʘʯʝʥʠʶ. ɺ [1] ʧʦʩʪʨʦʝʥʦ ʨʝʰʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʦ ʩʢʦʣʴʞʝʥʠʠ ʰʪʘʤʧʘ ʧʦ 

ʛʨʘʥʠʮʝ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ 

ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ [2] ʧʨʝʜʣʦʞʝʥ ʯʠʩʣʝʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʩ ʩʠʣʘʤʠ ʪʨʝʥʠʷ, ʧʦʜʯʠʥʷʶʱʠ-

ʤʠʩʷ ʟʘʢʦʥʫ ʂʫʣʦʥʘ-ɸʤʦʥʪʦʥʘ, ʜʣʷ ʛʣʘʜʢʦʛʦ ʰʪʘʤ-

ʧʘ, ʩʢʦʣʴʟʷʱʝʛʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʛʨʘʥʠʮʝ 

ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ (ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ). ʈʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʩʪʨʦʝʥʠʠ 

ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʜʣʷ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥ-

ʩʪʚʘ (ʘʥʘʣʦʛʘ ʬʫʥʢʮʠʠ ɹʫʩʩʠʥʝʩʢʘ) ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ. ʂʦʥʪʘʢʪʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ 

ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʨʝʰʝʥʠʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʘʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠʥʜʝʥʪʦʨʘ ʠ ʩʤʝʱʝʥʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ; ʥʘ ʩʪʝʧʝʥʴ ʘʩʠʤʤʝʪʨʠʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝ-

ʥʠʷ. ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.1. 

 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜ ʩʬʝʨʠʯʝʩʢʠʤ 

ʰʪʘʤʧʦʤ (ʢʦʥʪʘʢʪ ʙʝʟ ʪʨʝʥʠʷ) 

 ɸʩʠʤʤʝʪʨʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʦʤʝʥʪʘ ʩʠʣ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʧʦʪʝʨʠ ʚ ʤʘʪʝʨʠʘʣʝ. ɼʣʷ ʧʦ-

ʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʢʦʥʪʘʢ-

ʪʝ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ ʩ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷ-

ʞʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ [3], ʛʜʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʫʯʪʝʥʳ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ 

ʄʘʢʩʚʝʣʣʘ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦʜʭʦʜʘ, ʧʨʝʜ-

ʣʦʞʝʥʥʦʛʦ ʚ [1,2] ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦ-

ʪʝ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʘʣʦʛ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯ ɹʫʩʩʠʥʝʩʢʘ ʠ ʏʝʨʫʪʪʠ ʚ ʪʦʡ ʞʝ ʬʦʨʤʝ, 

ʯʪʦ ʠ ʜʣʷ ʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʪʚʘ [4], ʧʦʩʢʦʣʴʢʫ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ð ʝʜʠʥʩʪʚʝʥʥʦʡ ʢʦʥ-

ʩʪʘʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ ʥʘʧʨʷʞʝʥʠʷ. 

 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʞʠʤʘʶʱʠʭ-ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆ ð ʮʝʥʪʨ ʰʪʘʤʧʘ, ʉ ð ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʞʘʪʠʷ, ʊ ð ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ  

 ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʤʫ 

ʥʘ ʨʠʩ. 1. ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝ-

ʨʝʧʘʜ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʉ ʠ ʊ.  

ʇʨʦʚʝʜʝʥ r ʨʘʩʯʝʪ r ʨʘʩʪʷʛʠʚʘʶʱʠʭ-ʩʞʠʤʘʶ-

ʱʠʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟ-

ʥʠʢʘʶʱʠʭ ʜʣʷ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʢʦʥʪʘʢʪʘ 

ʙʝʟ ʪʨʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 14-29-00198). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʈʄʀʏɽʉʂʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʐɽʈʆʍʆɺɸʊʆɻʆ ʂʆʅʊɸʂʊɸ ʉ ʇʆʂʈʓʊʀʗʄʀ 

ʆ.ɺ. ʉʫʪʷʛʠʥ, ɸ.ʅ. ɹʦʣʦʪʦʚ, ɸ.ɸ. ʈʘʯʠʰʢʠʥ, ʕ.ɸ. ɼʝʤʝʥʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʊʚʝʨʴ, ʈʦʩʩʠʷ 

ʎʝʣʴ 

ʈʘʟʣʠʯʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʠ ʥʦʤʠʥʘʣʴʥʦ ʥʝʧʦʜʚʠʞʥʳʭ ʢʦʥ-

ʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ 

ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ, 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚ ʰʠʨʦʢʠʭ ʥʘʛʨʫʟʦʯʥʦ-

ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ [1]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠ-

ʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʢʨʳʪʠʷʤʠ.  

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥ .r 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ:  

1 ð ʨʘʙʦʯʠʡ ʩʪʦʣ, 2 ð ʚʝʨʭʥʠʡ ʦʙʨʘʟʝʮ, 3 ð ʥʠʞʥʠʡ ʦʙʨʘʟʝʮ,  

4 ð ʟʘʜʝʣʢʠ ʪʝʨʤʦʧʘʨ, 5,6 ð ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ, 7,8 ð ʢʦʤ-

ʧʝʥʩʘʮʠʦʥʥʳʝ ʧʝʯʠ, 9 ð ʥʘʛʨʝʚʘʪʝʣʴ, 10,13 ð ʪʦʢʦʚʚʦʜʳ ʥʘʛʨʝ-

ʚʘʪʝʣʷ, 11 ð ʭʦʣʦʜʠʣʴʥʠʢ, 12 ð ʨʘʟʲʸʤ, 14 ð ʭʦʣʦʜʠʣʴʥʠʢ,  

15 ð ʰʪʦʢ, 16 ð ʥʘʛʨʫʞʘʶʱʠʡ ʨʳʯʘʛ, 17 ð ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ,  

18 ð ʩʠʣʦʚʦʡ ʚʠʥʪ, 19 ð ʜʘʪʯʠʢ ʥʘʛʨʫʟʢʠ, 20 ð ʢʘʨʢʘʩ ʫʩʪʘʥʦʚ-

ʢʠ, 21 ð ʚʠʥʪ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʩʦʪʳ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ. ʊʦʯ-

ʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʣʠʥʠʠ 

ð ʩʪʝʧʝʥʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʥʠʤ. 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʘʢʪʘ ʦʪ 

ʥʘʛʨʫʟʢʠ ʜʣʷ: ʘ) ɼ16-ʄ2(ʧʦʢʨʳʪʠʝ ʦʣʦʚʦ), ʙ) ɼ16 ð ʩʪʘʣʴ 45 

(ʧʦʢʨʳʪʠʝ ð ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ) 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴ-

ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʤʝʶʱʠʭ ʧʦʢʨʳ-

ʪʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [1ð3]. 

 
1. ʉʫʪ̫ʛʠʥ ʆ.ɺ. ʂʦʥʪʘʢʪ ʰʝʨʦʭʦʚʘʪʳʭ ʪʝʣ ʩ ʪʚʸʨʜʦʩʤʘʟʦʯʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ./ ʆ.ɺ.ʉʫʪʷʛʠʥ, ɸ.ʅ. ɹʦʣʦʪʦʚ, ʄ.ɺ. ɺʘʩʠʣʴʝʚ.- 

ʊʚʝʨʴ: ʊʚɻʊʋ,2014,124 ʩ 

2. ʂʦʨʦʪʢʦʚ ʄ.ɸ., ʉʫʪʷʛʠʥ ʆ.ɺ., ɼʝʤʝʥʢʦʚ ʕ.ɸ. ʂ ʚʦʧʨʦʩʫ ʦ 

ʚʣʠʷʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʧʣʦʩʢʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʛʦ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ // ʀʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ð 

ʄʠʥʩʢ. ð 1994 (67), ˉ 1ð2, 154ð161 

3. ɹʦʣʦʪʦʚ ɸ.ʅ., ʉʫʪʷʛʠʥ ʆ.ɺ., ʈʘʯʠʰʢʠʥ ɸ.ɸ. ʂʦʤʧʴʪʁʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ // 

ʄʝʭʘʥʠʢʘ ʠ ʬʠʟʠʢʘ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʢʦʥʪʘʢʪʝ 

ʪʚʸʨʜʳʭ ʪʝʣ, ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʄʝʞʚʫʟ. ʩʙ. ʥʘʫʯ. ʪʨ. ð ʊʚʝʨʴ: ʊʚɻʊʋ. ð

2014, 29ð41 
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ʂ ʆʎɽʅʂɽ ʀɿʅʆʉɸ ɺʀʅʊʆɺʓʍ ʉʆʇʈʗɾɽʅʀʁ 

ʉ ʊɺɽʈɼʆʉʄɸɿʆʏʅʓʄʀ ʇʆʂʈʓʊʀʗʄʀ 

ʆ.ɺ. ʉʫʪʷʛʠʥ, ɺ.ɺ. ʄʝʰʢʦʚ, ʉ.ɺ. ʄʝʜʠʥʮʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ, ʈʦʩʩʠʷ 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟ-

ʤʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʠʟʘʮʠʝʡ ʠ ʘʙʩʦʣʶʪʠ-

ʟʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠ-

ʨʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ [1]. ʇʦʵʪʦʤʫ ʧʨʠ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʸʪʘʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʥʘ ʠʟʥʦʩ ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪ-

ʩʷ ʥʘʟʥʘʯʝʥʠʝʤ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʧʨʘʢʪʠʢʠ [2]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʚʸʨʜʦʩʤʘʟʦʯʥʳʭ ʧʦ-

ʢʨʳʪʠʡ (ʊʉʇ) ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ 

ʚ ʚʠʪʢʘʭ ʚʠʥʪʦʚʳʭ ʩʦʧʨʷʞʝʥʠʡ ʠ ʠʭ ʢʦʨʨʝʣʷʮʠʷ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩ. 

ʋʨʘʚʥʝʥʠʝ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ Fi (ʨʠʩ. 1), ʚʦʩʧʨʠ-

ʥʠʤʘʝʤʦʡ i-ʤ ʚʠʪʢʦʤ ʚʠʥʪʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ: 

 , (1) 

ʛʜʝ  ð ʫʛʦʣ ʧʨʦʬʠʣʷ, qk ð ʩʨʝʜʥʠʝ ʢʦʥʪʘʢʪʥʳʝ 

ʜʘʚʣʝʥʠʷ, S ð ʥʦʤʠʥʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ i-ʛʦ 

ʚʠʪʢʘ. 

 

 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʅʘ ʦʩʥʦʚʘʥʠʠ (1) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʨʝʜʥʠʝ 

ʢʦʥʪʘʢʪʥʳʝ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

 , (2) 

ʛʜʝ h ð ʥʦʤʠʥʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʨʦʬʠʣʷ ʚʠʥʪʦʚʦʛʦ ʩʦ-

ʧʨʷʞʝʥʠʷ, d2 ð ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʚʠʪʢʘʤ ʚʠʥʪʦʚʦʡ ʧʘʨ r

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʘʭ ʚ ʢʘʯʝʩʪʚʝ Fi, ʙʫ-

ʜʝʤ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʘ ʧʝʨʚʦʤ ʚʠʪʢʝ. 

ʋʨʘʚʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʩʣʦ-

ʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 , 

  , 

  (3) 

 .  

ʛʜʝ F ð ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʚʠʥʪʦʚʳʤ 

ʩʦʧʨʷʞʝʥʠʝʤ; Fi ð ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ, ʚʦʩʧʨʠʥʠʤʘʝ-

ʤʘʷ i-ʤ ʚʠʪʢʦʤ ʚʠʥʪʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ;n ð ʯʠʩʣʦ 

ʚʠʪʢʦʚ ʛʘʡʢʠ; ai ð ʢʦʥʪʘʢʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʊʉʇ, 

ʥʘʥʝʩʸʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʥʪʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʛʘʡʢʠ ʥʘ i-ʤ ʚʠʪʢʝ;  

ð ʫʜʣʠʥʝʥʠʝ ʪʝʣʘ ʚʠʥʪʘ ʤʝʞʜʫ i-ʤ ʠ i+1 ʚʠʪʢʘʤʠ; 

ð ʫʢʦʨʦʯʝʥʠʝ ʪʝʣʘ ʛʘʡʢʠ ʤʝʞʜʫ i-ʤ ʠ i+1 ʚʠʪʢʘʤʠ; 

P ð ʰʘʛ ʨʝʟʴʙʳ; ð ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝ-

ʨʠʘʣʦʚ ʚʠʥʪʘ ʠ ʛʘʡʢʠ; Aʚ, Aʛ ð ʤʠʥʠʤʘʣʴʥʳʝ ʧʣʦ-

ʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʠʥʪʘ ʠ ʛʘʡʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3) ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʢʦʥʪʘʢʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʥʝʜ-

ʨʝʥʠʠ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʤʝʶ-

ʱʫʶ ʊʉʇ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʥʘʛʨʫʟʦʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʦʣ-

ʱʠʥʳ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʠ ʢʘʯʝ-

ʩʪʚʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʝʸ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ, ʚʠʜ ʵʪʠʭ ʜʝʬʦʨʤʘʮʠʡ ʤʦ-

ʞʝʪ ʙʳʪʴ ʫʧʨʫʛʠʤ, ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤ ʠʣʠ ʧʣʘʩʪʠʯʝ-

ʩʢʠʤ. ɺ ʨʘʙʦʪʝ [3] ʧʨʝʜʣʦʞʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʥʪʘʢʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʰʝʨʦʭʦʚʘ-

ʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʊʉʇ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʝʛʦ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʥʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ 

ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ Mathcad. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʊʉʇ, ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʛʝʦ-

ʤʝʪʨʠʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘʛʨʫʟʦʢ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʥʘʛʨʫʟʢʠ ʨʝʘʣʴʥʳʭ ʚʠʥʪʦʚʳʭ ʩʦ-

ʧʨʷʞʝʥʠʡ. ʇʦʢʘʟʘʥʦ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʡʢʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʊʉʇ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʤʝʞʜʫ ʚʠʪʢʘʤʠ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʚ ʚʠʥʪʦ-

ʚʳʭ ʩʦʧʨʷʞʝʥʠʷʭ ʠʤʝʶʱʠʭ ʊʉʇ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʤʦʜʝʣʠ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷ ʚʠʥʪðʛʘʡʢʘ ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 
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ʆ.ɺ. ʍʦʣʦʜʠʣʦʚ
1
, ʉ.ɺ. ʂʦʨʦʪʢʝʚʠʯ

2
, ɺ.ɺ. ʂʨʘʚʯʝʥʢʦ

3
, ɼ.ʖ. ɹʝʣʦʥʦʛʠʡ

1
 

1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; olhol@belsut.gomel.by 
2ʈʋʇ çɻʦʤʝʣʴʵʥʝʨʛʦè, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

3ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ. ʉʢʦʨʠʥʳ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʩʨʝʜʩʪʚ 

ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦ- 

ʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝ- 

ʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʬʝʢʪʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʲ-

ʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: 1 ð ɸʇʇ 6203RS (ʂʅʈ, 

ʈʦʩʩʠʷ çɸʇʇ ʛʨʫʧʧè); 2 ð 6-180203 C17 (ʂʅʈ, ʈʦʩ-

ʩʠʷ çɻʇɿè); 3 ð 6202-2RS d16 C3 (ʉʐɸ, Perfect fit  

industries, inc. Florida), 4 ð ZVL 6302/16 (ʉʣʦʚʘʢʠʷ). 

ʈʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʠʚʦʜʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʜʫʣʷ. 

ʇʨʠʚʦʜʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʞʠʤ, 

ʮʝʥʪʨʠʨʦʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ, ʩʦʟʜʘʥʠʝ ʫʧʦʨʥʦ-ʨʘʜʠʘʣʴ-

ʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʜʰʠʧʥʠʢ. ʀʟʤʝ-

ʨʠʪʝʣʴʥʦ-ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤ-

ʤʳ ʩʙʦʨʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʫʧʨʘʚʣʷʝʪ ʧʨʠʚʦ-

ʜʦʤ ʚʨʘʱʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʦʙʨʘʙʦʪ-

ʢʫ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʛʨʫʟʢʘ, ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪ ʪʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʪʘʢʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ 

(ɸʕ). ʈʝʛʠʩʪʨʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ 

ʩʪʫʧʝʥʯʘʪʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦʜʰʠʧʥʠʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 

30ð300 ʅ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ 

å 0,7 ʤ/c. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʦʧʠʩʘʥʘ ʚ 

ʨʘʙʦʪʝ [1]. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʠʛʥʘʣʘ ɸʕ, ʠʤʝʶʱʝʝ ʫʣʫʯʰʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʥʘʣʘ ʫʩʠʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0,1ð1,0 ʄɻʮ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʪʘʢʪʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʫ ʧʦʜʰʠʧʥʠʢʦʚ 3 ʠ 4 ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʘʢʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦʜʰʠʧ-

ʥʠʢʦʚ 1 ʠ 2, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ. ʉʘʤʘʷ 

ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ ɸʕ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʦʜʰʠʧ-

ʥʠʢʘ 3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠʘʣʴʥʦʡ ʩʭʝʤʝ 

ʥʘʛʨʫʞʝʥʠʷ ʝʛʦ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʚ 5ð6 ʨʘʟ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʰʠʧʥʠʢʦʤ 4. 

ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʘ ʚ ʚʠʜʝ ʩʢʦʣʘ ʥʘ ʚʥʝʰʥʝʤ 

ʢʦʣʴʮʝ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘ 

ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʰʠʧʥʠʢʦʤ ʙʝʟ ʜʝʬʝʢʪʘ. ʉʢʦʨʦʩʪʴ 

ʩʯʝʪʘ ɸʕ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 5ð6 ʨʘʟ. ʌʣʫʢ-

ʪʫʘʮʠʷ ʩʠʛʥʘʣʘ ɸʕ ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ (ʨʠʩ. 1).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʨʝʟʠʩʪʠʚʥʳʡ ʤʝʪʦʜ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ɸʕ, ʯʪʦ 

ʦʯʝʚʠʜʥʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. 

 

 

 

ʈʠʩ. 1. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rc ʠ 

ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ɸʕ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʥʘʛʨʫʞʝʥʠʠ (30, 60, 120, 180, 

300 ʅ) ʧʦʜʰʠʧʥʠʢʘ 2: ʘ ð ʧʦʜʰʠʧʥʠʢ ʙʝʟ ʜʝʬʝʢʪʘ; ʙ ð ʧʦʜ-

ʠhʧʥʠʢ ʩ ʜʝʬʝʢʪʦʤ 

ʇʦ ʫʚʝʣʠʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʨʝ-

ʛʠʩʪʨʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ ʚ ʨʷʜ: 

ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ; 

ʢʦʥʪʘʢʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʝʛʦ ʬʣʫʢʪʫʘʮʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʦʧʝʨʘʪʠʚʥʫʶ ʦʪʙʨʘʢʦʚʢʫ ʧʦʜʰʠʧʥʠʢʦʚ, ʯʪʦ ʠʩʢʣʶ-

ʯʘʝʪ ʫʩʪʘʥʦʚʢʫ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʠʣʠ ʠʟʥʦʰʝʥʥʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʟʘʪʨʘʪʳ. 
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ʩʚʦʡʩʪʚ ʛʨʘʥʠʯʥʳʭ ʩʤʘʟʦʯʥʳʭ ʩʣʦʸʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-
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ɹɸɿɸʃʔʊʆʇʃɸʉʊʀʂʀ ɺʄɽʉʊʆ ʄɽʊɸʃʃɸ ʄɽɾɼʋ ʉʊɽʂʃʆʇʃɸʉʊʀʂɸʄʀ 

ʀ ʂʆʄʇʆɿʀʊɸʄʀ ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʓʍ ɺʆʃʆʂʆʅ 

ɽ.ʇ. ɸʬʘʥʘʩʴʝʚ 

ʆʆʆ çʄʦʩʩʧʝʮʧʨʨʦʤʧʨʦʝʢʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; mosspezpromproekt@rambler.ru 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʦʟʠʪʳ ʟʘʥʷʣʠ ʚʝʜʫʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʟʘʤʝʥʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ, ʤʝʪʘʣʣ, 

ʜʝʨʝʚʦ, ʠ ʜʨ. ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʦʩʪʘʪʦʯʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣ-

ʣʘ ʤʥʦʛʦʜʝʣʴʥʳʡ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ: ʜʦʙʳ-

ʯʘ ʨʫʜʳ ð ʦʙʦʛʘʱʝʥʠʝ ð ʧʣʘʚʢʘ ð ʚ ʜʦʤʝʥʥʳʭ ʧʝ-

ʯʘʭ ʠ ʧʦʣʫʯʝʥʠʝ ʩʪʘʣʠ ʚ ʤʘʨʪʝʥʦʚʩʢʠʭ ʧʝʯʘʭ ʠ ʧʨʠ 

ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʙʦʣʴʰʫʶ ʥʦʤʝʥʢʣʘʪʫʨʥʫʶ ʛʘʤʤʫ ʤʝʪʘʣʣʦʚ, ʦʪ-

ʚʝʯʘʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʛʦʪʘʚʣʠʚʘ-

ʝʤʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦʟʠʪʥʳʭ (ʙʘ-

ʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʳʭ) ʠʟʜʝʣʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʦʜʠʥ ʨʘʟ 

ʟʘʪʨʘʪʠʪʴ ʪʝʧʣʦʚʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠ 

ʵʪʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʤʘʪʝʨʠʘʣʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʜʝʣʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪ ɹʩʚʦʡʩʪʚ ʙʘʟʘʣʴ-

ʪʦʧʣʘʩʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʠʤʠʜʥʦʛʦ, ʵʧʦʢʩʠʜʥʦʛʦ, 

ʬʝʥʦʣʴʥʦʛʦ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʟ̫ʫʶʱʠʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʠʠʤʠʜʥʳʝ ʙʘ-

ʟʘʣʴʪʦʧʣʘʩʪʠʢʠ ʩʦʭʨʘʥʷʶʪ 70% ʦʪ ʠʩʭʦʜʥʦʡ ʧʨʦʯ-

ʥʦʩʪʠ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 400 Áʉ, ʵʧʦʢʩʠʜʥʳʝ ʠ ʬʝʥʦʣʴʥʳʝ ʙʘ-

ʟʘʣʴʪʦʧʣʘʩʪʠʢʠ ʩʦʭʨʘʥʷʶʪ ʥʘ ʫʨʦʚʥʝ 70ð80% ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ-

ʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. ɹʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʘ ʦʙʣʘ-

ʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʦʯʝʥʴ ʥʠʟʢʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ. ʊʘʢ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 400 Áʉ, ʧʨʦʮʝʥʪ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʘʟʘʣʴ-

ʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ 60, ʘʣʶʤʦʙʦʨʦʩʠʣʠʢʘʪ-

ʥʦʛʦ ð 40%. 

ɹʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʘ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 20 ʜʦ 700ð900 Áʉ, ʘ ʘʣʶʤʦʙʦʨʦʩʠ-

ʣʠʢʘʪʥʳʝ ð ʦʪ 20 ʜʦ 450ð500 Áʉ. ɻʠʛʨʦʩʢʦʧʠʯ-

ʥʦʩʪʴ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1%, ʘ 

ʩʪʝʢʣʷʥʥʳʭ ð 10ð20%. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ 

ʚ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚ 2 ʨʘʟʘ 

ʩʪʦʠʤʦʩʪʠ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʟʘ ʩʯʝʪ ʠʩ-

ʢʣʶʯʝʥʠʷ ʜʚʦʡʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦ-

ʣʦʢʥʘ. 

ɹʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʘ ʧʦ ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤ ʟʘʤʝʪʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʚʦʣʦʢʥʘ ʠʟ ʪʨʘʜʠ-

ʮʠʦʥʥʦʛʦ ʘʣʶʤʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ (ʩʪʝʢʣʦ ɽ), 

ʧʨʠʙʣʠʞʘʷʩʴ ʧʦ ʩʚʦʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢ ʙʦʣʝʝ ʜʦʨʦʛʠʤ 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʤ ʚʦʣʦʢʥʘʤ ʠʟ ʤʘʛʥʠʡʩʠʣʠʢʘʪʥʦʛʦ 

ʩʪʝʢʣʘ ʠ ʫʛʣʝʚʦʣʦʢʥʫ (ʪʘʙʣ. 1). 

 ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚ 

ʉʚʦʡʩʪʚʘ 
ɹʘʟʘʣʴʪʦʚʳʝ 

ʚʦʣʦʢʥʘ 

ʉʪʝʢʣʷʥʥʳʝ 

ʚʦʣʦʢʥʘ 

ʋʛʣʝʚʦʣʦʢʥʦ 

(ʩʨʝʜʥʝʝ) 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, Áʉ 

ʆʪ ï200 ʜʦ 

+700 

ʆʪ ï60 ʜʦ 

+460 300ð1500 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ, 

Áʉ 1050 600 1500 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ, ʢʢʘʣ/ʤʯʉ 

0,031ð 

0,038 

0,034ð

0,040 

0,5é1,0 

ɺʪ/ʤ*ʉ 

ʌʠʟʠʯʝʩʢʠʝ 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 

2600 

910ð1100 

2540 

ɼʦ 510 

1500 

1000ð2000 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ 

ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ, ʆʤʩʤ  4,2 1013 1,31012 2Ā10ï3 ʜʦ 106 

ɸʢʫʩʪʠʯʝʩʢʠʝ 

ʅʦʨʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ 0,9ð0,99 0,8ð0,92 0,6ð0,8 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʙʘʟʘʣʴʪʦ-

ʧʣʘʩʪʠʢʦʚ ʪʘʢ ʞʝ ʦʯʝʥʴ ʚʘʞʝʥ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʪ ʧʨʠʤʝʥʝʥʠʷ ɹʇɸ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ: ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʟʘʪʨʘʪʳ; ʪʝʧʣʦʧʦʪʝʨʠ ʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʨʤʠʨʦʚʘʥʥʦʡ ɹʇɸ, ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝ-

ʣʠʡ; ʥʝ ʧʨʠʯʠʥʷʪʴ ʫʱʝʨʙ ʵʢʦʣʦʛʠʠ.  

ʇʨʠ ʵʪʦʤ ʝʱʝ ʨʘʟ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʧʝʮʠʘʣʠʩʪʳ ʚʩʝʭ ʩʪʨʘʥ ʧʨʦʛʥʦʟʠʨʫʶʪ ʥʝ ʩʥʠʞʝʥʠʝ, 

ʘ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʤʝʪʘʣʣʘ.  

ʇʨʦʜʫʢʮʠʷ ʠʟ ɹʇɸ ʨʘʟʥʦʦʙʨʘʟʥʘ ʠ ʝʝ ʘʩʩʦʨʪʠ-

ʤʝʥʪ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ʊʘʢ ʆʆʆ çʄʦʩʩʧʝʮʧʨʨʦʤ-

ʧʨʦʝʢʪè ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʭ ʙʘʟʘʣʴʪʦʬʠʙʨʦʧʝʥʦʙʝʪʦʥʦʙʣʦʢʦʚ, ʧʨʦʯ-

ʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʢʦʪʦʨʳʭ ʥʘ 50% ʚʳʰʝ ʧʨʦʩʪʳʭ ʧʝ-

ʥʦʙʣʦʢʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ.  

ʀʤʝʶʪʩʷ ʫʩʧʝʭʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʥʳʭ ʧʣʠʪʦʢ ʜʣʷ ʦʪʜʝʣʢʠ ʮʦʢʦ-

ʣʝʡ ʠ ʬʘʩʘʜʦʚ ʨʘʟʣʠʯʥʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʠ ʬʘʢʪʫ-

ʨʳ. 

ɺʳʚʦʜʳ 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʢʘʢ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ ʤʦʞʝʪ 

ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʜʝʣʠʷʭ ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʜʦʨʦʞʥʦʛʦ ʩʝʢʪʦʨʘ, ʘʚʪʦʤʦʙʠʣʝ 

ð ʩʫʜʦʩʪʨʦʝʥʠʠ, ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ ð ʨʘʜʠʦʪʝʭ-

ʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʠʟʦʣʮ̫ʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠ ʪ.ʧ. 

mailto:mosspezpromproekt@rambler.ru
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ʉɽʂʎʀʗ 3. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʊɽʍʅʆʃʆɻʀʗ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ ɼʃʗ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ 

ʉɺɸʈʂʀ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɺ.ɺ. ʈʫʙʘʥʠʢ, ɺ.ʌ. ʃʫʮʢʦ, ʉ.ʅ. ʐʨʫʙʠʢʦʚ, ʆ.ʉ. ʇʦʧʦʚʘ, ɼ.ɼ. ʐʫʨʤʝʣʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʘʢʫʩʪʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɺʠʪʝʙʩʢ, ɹʝʣʘʨʫʩʴ; ita@vitebsk.by 

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʪʝ ʧʨʦʮʝʩʩʘ, ʣʝʛʢʦʩʪʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʛʘʨʘʥ-

ʪʠʠ ʢʘʯʝʩʪʚʘ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ. ʅʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʨʘʟʨʘ-

ʙʦʪʢʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʩʜʝʣʘʣʠ ʵʪʫ ʪʝʥʜʝʥʮʠʶ ʝʱʝ ʙʦʣʝʝ 

ʦʯʝʚʠʜʥʦʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʩʚʘʨʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝ-

ʩʭʦʜʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 30 ʉ, ʘ 

ʠʭ ʢʦʤʧʦʟʠʮʠʷ ʩʦʚʤʝʩʪʠʤʘ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʥʘʧʨʠʤʝʨ ʧʦʣʠʩʪʠʨʦʣ, ʣʘʚʩʘʥ ʠ 

ʜʨʫʛʠʝ, ʩʚʘʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʫʣʴʪʨʘʟʚʫʢʦʤ. 

ʌʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ (18ð50 ʢɻʮ), ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ 

ʛʝʥʝʨʘʪʦʨʦʤ, ʚ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʪʦʨʮʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʦʪʦ-

ʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʚʦʜʷʪʩʷ ʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ. ɹʣʘʛʦʜʘʨʷ ʪʨʝʥʠʶ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʚʘʨʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʦʤʫ ʪʨʝʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʚʳʜʝʣʷ-

ʝʪʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʝʛʦ ʧʣʘʚʣʝ-

ʥʠʷ ʚ ʟʦʥʝ ʩʪʳʢʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʠ ʩʦʟʜʘʥʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦʝʜʠʥʷʝ-

ʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩ-

ʩʘ ʜʠʬʬʫʟʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʘʨʥʦʡ ʰʦʚ, ʧʨʦʯʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʥʝ ʤʝʥʝʝ 70% ʦʪ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʠʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ʜʣʷ 

ʩʚʘʨʢʠ ʧʣʘʩʪʤʘʩʩ ʩʦʩʪʘʚʣʷʝʪ 10õ50 ɺʪ/cʤ2, ʘʤʧʣʠ-

ʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʚʦʜʘ (ʠʥ-

ʩʪʨʫʤʝʥʪʘ) ð 20õ70 ʤʢʤ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʦʱ-

ʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʘ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʷʚʣʷ-

ʝʪʩʷ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʈʝʘʣʠʟʘʮʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠ-

ʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʨʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ 

ʘʧʧʘʨʘʪʫʨʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʥʘʩʪʨʦʡʢʫ ʘʧʧʘʨʘʪʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʨʘʙʘʪʳʚʘ-

ʝʤʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʈʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʢʝ 

ʩʧʦʩʦʙʦʚ, ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʋɿ-ʩʚʘʨʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ ʚʝʜʫʪ-

ʩʷ ʚ ɻʅʋ çʀʊɸ ʅɸʅ ɹʝʣʘʨʫʩʠè. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʥʝʜʨʝʥʳ ʥʘ ʨʷʜʝ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʈʌ ʠ ʈɹ, ʚ ʪʦʤ ʯʠʩʣʝ: ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʟʜʨʘ-

ʚʦʦʭʨʘʥʝʥʠʷ ʈɹ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʛʠʩʪʨʘʣʝʡ ʩʠʩʪʝʤ ʧʝʨʝʣʠʚʘʥʠʷ ʢʨʦʚʠ); ʆɸʆ çʈʫ-

ʜʝʥʩʢè, ʄʠʥʩʢʘʷ ʦʙʣ. (ʩʚʘʨʢʘ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ); ʆɸʆ çʀʥʚʝʪè, ɺʠʪʝʙʩʢʘʷ ʦʙʣ. (ʩʚʘʨʢʘ 

ʜʝʪʘʣʝʡ ʫʰʥʦʡ ʙʠʨʢʠ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʘʪʘ); 

ʉʆʆʆ çɹʝʣʚʝʩʪè, ʛ. ɺʠʪʝʙʩʢ (ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʪʠʩ-

ʥʝʥʠʝ ʠ ʦʧʨʝʩʩʦʚʢʘ ʜʝʪʘʣʝʡ ʦʙʫʚʠ); ʆɸʆ çɺʠʪʷʟʴè 

ʛ. ɺʠʪʝʙʩʢ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ ʜʝʪʘʣʝʡ ʢʘʨʪʨʠ-

ʜʞʘ ʙʳʪʦʚʦʛʦ ʬʠʣʴʪʨʘ ð ʢʫʚʰʠʥʘ); ʆɸʆ çɿʘʚʦʜ 

ʇʨʦʤʙʫʨʚʦʜè, ʛ. ʄʠʥʩʢ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ ʨʘ-

ʙʦʯʠʭ ʢʦʣʝʩ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ); ɿɸʆ çʇʝʨʩʧʝʢ-

ʪʠʚʥʳʝ ʊʝʭʥʦʣʦʛʠʠè, ʛ. ʄʦʩʢʚʘ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʩʚʘʨʢʘ ʜʝʪʘʣʝʡ ʢʘʨʪʨʠʜʞʘ ʣʘʟʝʨʥʳʭ ʧʨʠʥʪʝʨʦʚ); 

ʆɸʆ çʉʚʝʪʦʪʝʭʥʠʢʘè, ʛ. ɼʤʠʪʨʦʚʛʨʘʜ, ʈʌ (ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʘʷ ʩʚʘʨʢʘ ʩʚʝʪʦʚʦʟʚʨʘʱʘʪʝʣʝʡ) ʠ ʜʨ. 

 

a 

 

b 

 

ʈʠʩ. 1. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʚʘʨʢʠ ʠʟʜʝʣʠʡ ʠʟ ʪʝʨ-

ʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ: a ð ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʩʚʘʨʢʠ ʜʝʪʘʣʝʡ ʢʘʨʪʨʠʜʞʘ ʙʳʪʦʚʦʛʦ ʬʠʣʴʪʨʘ ð ʢʫʚʰʠʥʘ, b ð 

ʘʧʧʘʨʘʪ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʚʘʨʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʩʠ-

ʩʪʝʤ ʧʝʨʝʣʠʚʘʥʠʷ ʢʨʦʚʠ 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ, ʚʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ 

ʉʆʆʆ çɹʝʣʚʝʩʪè ʧʦʟʚʦʣʠʣʦ: ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʧʨʝʩʩʦʚʢʠ ʚ 2ð3 ʨʘʟʘ, ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʚ 8ð10 ʨʘʟ, ʠʩʢʣʶʯʠʪʴ ʧʨʠʣʠʧʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʚʥʦʤʝʨʥʦʝ ʦʧʣʘʚʣʝʥʠʝ ʧʦ ʧʝʨʠʤʝʪʨʫ ʠ ʪʦʣʱʠʥʝ 

ʦʙʫʚʥʦʡ ʨʝʟʠʥʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝ-

ʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɹʦʣʝʝ ʪʦʛʦ, ʠʥʦʛʜʘ 

ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ð ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʦʟ-

ʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʟʘʜʘʯʠ. 

mailto:ita@vitebsk.by
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ʉɽʂʎʀʗ 3. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʇʆʃʋʏɽʅʀʗ ʉɸʄʆɿɸʊʋʍɸʖʑɽɻʆ 

ʂʆʄʇʆɿʀʊʅʆɻʆ ʎɽʃʃʖʃʆɿʅʆ-ʍʀʊʆɿɸʅʆɺʆɻʆ ɺʆʃʆʂʅɸ  

ɼ.ɼ. ɻʨʠʥʰʧʘʥ, ɸ.ʅ. ɻʦʥʯʘʨ, ʅ.ɻ. ʎʳʛʘʥʢʦʚʘ, ʊ.ɸ. ʉʘʚʠʮʢʘʷ, ʉ.ɽ. ʄʘʢʘʨʝʚʠʯ 

ʋʯʨʝʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, grinshpan@bsu.by

ʎʝʣʴ ð ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʩʘʤʦʟʘʪʫʭʘʶʱʠʭ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʩʦʚʤʝʩʪʥʳʭ 

ʧʨʷʜʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ð ʮʝʣ-

ʣʶʣʦʟʳ ʠ ʭʠʪʦʟʘʥʘ ʚ ʠʭ ʦʙʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ð ʦʨʪʦ-

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ ʠ ʝʝ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʤʦʱʥʦʩʪʴʶ 3000 ʢʛ/ʛʦʜ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʠ ʧʨʷʜʠʣʴʥʳʭ 

ʮʝʣʣʶʣʦʟʥʦ-ʭʠʪʦʟʘʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʨʝʚʝʩʥʫʶ ʩʫʣʴʬʘʪʥʫʶ ʮʝʣʣʶʣʦʟʫ ʆɸʆ ñɹʘʡʢʘʣʴ-

ʩʢʠʡ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʡ ʢʦʤʙʠʥʘʪò (ʈʦʩʩʠʷ) ʩʦ 

ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 900, ʘ ʪʘʢʞʝ ʭʠʪʦʟʘʥ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ɿɸʆ ñɹʠʦʧʨʦʛʨʝʩʩò (ʈʦʩʩʠʷ) ʩʦ ʩʪʝʧʝʥʴʶ 

ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 70%. ʀʩʭʦʜʥʳʤ ʨʝʘʛʝʥʪʦʤ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʩʣʫʞʠʣʘ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ (86 ʤʘʩ.%) ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʣʦʞʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟ-

ʦʧʘʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʜʨʘʪʮʝʣ-

ʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ.  

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʩʧʝʥʟʠʡ, ʧʨʷ-

ʜʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʛʝʣʝʡ ʠ ʦʮʝʥʢʫ ʠʭ ʪʠʢʩʦʪʨʦʧ-

ʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʦʤʝʪʨʝ R/S Brookfieldò 

(ʉʐɸ).  

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʜʠʥʦʯʥʳʭ ʚʦ-

ʣʦʢʦʥ ʠ ʥʠʪʝʡ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʥʘʩʪʦʣʴʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘ-

ʰʠʥʝ Zwick Z0.5 TS, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ 

Vibrodyn/Vibroskop. ʂʠʩʣʦʨʦʜʥʳʡ ʠʥʜʝʢʩ ʚʦʣʦʢʥʘ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 9733.4 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʪʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʩʦʚʤʝʱʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʩ 

ʭʠʪʦʟʘʥʦʤ ʚ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʘʪʴ ʵʢʚʠʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʦ ʮʝʣʣʶʣʦʟʝ ʢʠ-

ʥʝʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ 7ð10% ʧʨʷʜʠʣʴʥʳʝ ʨʘʩʪʚʦ-

ʨʳ ʩ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʮʝʣʣʶʣʦʟʘ:ʭʠʪʦʟʘʥ 

90:10ð70:30. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʩʦʚʤʝʱʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʭʠʪʦʟʘʥʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦ-

ʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʮʝʣʣʶʣʦʟʘ-ʭʠʪʦʟʘʥ-

ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʷʜ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘ-

ʱʝʥʠʡ ʠ ʧʝʨʝʭʦʜʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʫʩʧʝʥʟʠʠ ʧʦʣʠʤʝ-

ʨʦʚ ʢ ʛʝʣʷʤ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 293 K 

ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʢʫʯʝʩʪʴ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦ-

ʟʨʘʯʥʳʝ ʚʳʩʦʢʦʚʷʟʢʠʝ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʝ ʨʘʩ-

ʪʚʦʨʳ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. 

ʀʟʫʯʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʣʣʶʣʦʟʥʦ-

ʭʠʪʦʟʘʥʦʚʳʭ ʩʫʩʧʝʥʟʠʡ, ʨʘʩʪʚʦʨʦʚ ʠ ʛʝʣʝʡ ʚ ʚʦʜʥʦʡ 

ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʩʜʚʠ-

ʛʦʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 0,15ð100 cï1 ʧʨʠ  

268ð323 ʂ. ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ ʦʪ 20 ʜʦ 40 cï1 ʜʣʷ ʩʦʚ-

ʤʝʩʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʥʘʨʫʞʝʥʦ ʧʦʷʚʣʝʥʠʝ ʢʚʘʟʠʥʴ-

ʶʪʦʥʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ɾʂ-ʫʧʦʨʷʜʦ-

ʯʝʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʥʜʫ-

ʮʠʨʦʚʘʥʥʦʝ ʩʜʚʠʛʦʤ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ ʨʘʩʪʚʦ-

ʨʦʚ, ʩʦʭʨʘʥʷʶʱʝʝʩʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʢʘʭ. ʆʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʥʦ ʪʠʢʩʦʪʨʦʧʥʦʝ ʧʦʚʝʜʝʥʠʝ ʮʝʣʣʣʁʦʟʥʦ-

ʭʠʪʦʟʘʥʦʚʳʭ ʩʫʩʧʝʥʟʠʡ, ʧʨʷʜʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʛʝʣʝʡ ʧʨʠ ʨʝʟʢʦʤ ʧʝʨʝʧʘʜʝ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ ʦʪ 0,15 

ʜʦ 10 ʩï1, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʵʢʩʪʨʫʟʠʠ ʧʨʷʜʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʨʠ ʠʭ ʬʦʨʤʦʚʘʥʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʩʫʩʧʝʥʟʠʡ ʢ ʨʘʩʪʚʦʨʘʤ ʠ ʚ ʪʝʤ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, 

ʯʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʪʦʟʘʥʘ. ʇʨʠ ʥʝʫʩʪʘʥʦʚʠʚ-

ʰʝʤʩʷ ʪʝʯʝʥʠʠ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠ-

ʛʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʘʨʘʢʪʝʨʥʘ ʨʝʦʧʝʢ-

ʩʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʘʧ-

ʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩ-

ʪʚʦʨʦʚ ʩʤʝʩʝʡ ʜʚʫʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʧʠʣʦʪʥʦʡ ʫʩʪʘ-

ʥʦʚʢʝ. 

ʉʬʦʨʤʦʚʘʥʳ ʮʝʣʣʶʣʦʟʥʦ-ʭʠʪʦʟʘʥʦʚʳʝ ʚʦʣʦʢʥʘ 

ʩ ʧʨʦʯʥʦʩʪʴ ʁ 18ð22 ʩʅ/ʪʝʢʩ, ʫʜʣʠʥʝʥʠʝʤ 10% ʠ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʥʝ ʤʝʥʝʝ 500 ʩʅ/ʪʝʢʩ ʧʨʠ ʣʠ-

ʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 0,2ð1,0 ʪʝʢʩ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘ-

ʤʦʟʘʪʫʭʘʥʠʶ ʥʠʪʝʡ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʧʨʷʤʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʧʣʘʤʝʥʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʠʩʣʦʨʦʜʥʳʤ ʠʥ-

ʜʝʢʩʦʤ 28, 35 ʠ 57% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʪʦʟʘʥʘ, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʤʧʦʨʪʥʳʭ ʛʠʜʨʘʪʮʝʣʣʶ-

ʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʧʦʥʠʞʝʥʥʦʡ ʛʦʨʶʯʝʩʪʠ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ. ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʥʘ ʷʚʣʷ-

ʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ, ʤʘʣʦʩʪʘʜʠʡʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʦʪʭʦʜʥʳʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʝʛʝʥʝʨʘʮʠʷ 

ʩʦʣʝʚʦʡ ʦʩʘʜʠʪʝʣʴʥʦʡ ʚʘʥʥʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʮʝʣʣʶʣʦʟʥʦ-ʭʠʪʦ-

ʟʘʥʦʚʳʭ ʧʨʷʜʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʧʳʪʥʦ-ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʤʦʱʥʦʩʪʴʶ 3000 ʢʛ/ʛʦʜ ʠʟʛʦ-

ʪʦʚʣʝʥʦ ʥʝʩʪʘʥʜʘʨʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʚʢʣʶʯʘʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ: ʙʣʦʢ ʧʦʣʫʯʝʥʠʷ ʩʦʚ-

ʤʝʩʪʥʳʭ ʮʝʣʣʶʣʦʟʥʦ-ʭʠʪʦʟʘʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʙʣʦʢ 

ʵʢʩʪʨʫʟʠʠ. ʅʘʯʘʪʘ ʘʧʨʦʙʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʮʝʣʣʶʣʦʟʥʦ-ʭʠʪʦʟʘʥʦʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʆɸʆ çʉʚʝʪʣʦ-

ʛʦʨʩʢʍʠʤʚʦʣʦʢʥʦè (ɹʝʣʘʨʫʩʴ).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʢʦʥʪʨʘʢʪʫ çʖɺʂ-2012-

28è ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʉʦʶʟʥʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʘ çʈʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʪʨʠʮ ʠ ʘʨʤʠʨʫʶ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 2012ð2016 ʛʦʜʳè, ʰʠʬʨ çʂʦʤ-

ʧʦʤʘʪè.  
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ɼ.ɼ. ɻʨʠʥʰʧʘʥ, ʊ.ʅ. ʅʝʚʘʨ, ʅ.ɻ. ʎʳʛʘʥʢʦʚʘ, ʀ.ɺ. ʈʝʟʥʠʢʦʚ, ʊ.ɸ. ʉʘʚʠʮʢʘʷ 

ʋʯʨʝʞʜʝʥʠʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʎʝʣʴ 

ʆʮʝʥʠʪʴ ʢʦʣʣʦʠʜʥʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʦʚʦ-

ʛʦ ʪʚʝʨʜʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʦʤʦʱʴʶ 

ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ, ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦ-

ʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʣʠʛʥʠʥʦʚʦʛʦ ʩʦʨʙʝʥʪʘ çʃʠʛ-

ʥʦʩʦʨʙè ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʋʯʨʝʞʜʝʥʠ-

ʝʤ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ ʧʨʦʙʣʝʤè. ʆʧʳʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʚʝʨʜʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ 

ʆɸʆ çɹʦʙʨʫʡʩʢʠʡ ʟʘʚʦʜ ʙʠʦʪʝʭʥʦʣʦʛʠʡè. ʉʦʨʙʝʥʪ 

çʃʠʛʥʦʩʦʨʙè ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʦʛʦ 

ʛʠʜʨʦʬʦʙʠʟʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʠʟ 

ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʨʫʧʥʦʪʦʥ-

ʥʘʞʥʳʤ ʦʪʭʦʜʦʤ ʛʠʜʨʦʣʠʟʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɻʨʘ-

ʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ 0,4ð0,8 ʤʤ, 

ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ 200ð350 ʢʛ/ʤ3, ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʚʦʜʳ ï ʥʝ ʙʦʣʝʝ 25%, ʥʝʬʪʝʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʚʤʝʩʪʠ-

ʤʦʩʪʴ ʧʨʠ 18 ʉ 2ð5 ʛ/ʛ ʩʦʨʙʝʥʪʘ [1]. ʇʦʩʣʝ ʢʦʥʪʘʢ-

ʪʘ ʧʦʨʦʰʢʘ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʞʠʜʢʦ-

ʩʪʷʤʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ 

ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ 

ʢʦʤʧʦʟʠʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ʕʪʦʪ ʧʨʦʜʫʢʪ ʧʨʠʛʦʜʝʥ ʜʣʷ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ, ʧʝʣʣʝ-

ʪʠʨʦʚʘʥʠʷ ʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʩʦʨʙʝʥʪ ʣʠʛʥʠʥʦʚʳʡ çʃʠʛʥʦʩʦʨʙè (ʊʋ ɺʋ 

100050710.122-2009) ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʦʪʨʘʙʦʪʘʥ-

ʥʳʝ ʧʦ ʊʇʂ 17.11-01-2009(02120). 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʨʝʦʤʝʪʨʝ çBrookfieldè (ʉʐɸ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 

Ñ 1ʂ ʢʘʢ ʦʧʠʩʘʥʦ ʚ [2].  

ɼʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ çSTA 449 

Yupiterè ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çNETZSCHè (ɹʘʚʘ-

ʨʠʷ). 

ʊʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ 

ʠʟʤʝʨʷʣʠ ʚ ʙʦʤʙʦʚʦʤ ʠʟʦʧʝʨʠʙʦʣʠʯʝʩʢʦʤ ʢʘʣʦʨʠ-

ʤʝʪʨʝ ɺ-08ʄɸ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʦʜʷʥʦʡ ʦʙʦʣʦʯ-

ʢʦʡ ʧʦ ɻʆʉʊ 147. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʫʣʴʧʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʣʠʛʥʠʥʘ ʩ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʤ, ʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʩʚʦʙʦʜʥʦʜʠʩʧʝʨʩʥʦʛʦ ʚ ʩʚʷʟʥʦʜʠʩʧʝʨʩʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ çʃʠʛʥʦ-

ʩʦʨʙʘè ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ (ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʨʘʝʚʦʛʦ 

ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩ-

ʧʝʨʩʥʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʷʶʪ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤ. ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʦʪ ʥʴʶʪʦ-

ʥʦʚʩʢʦʛʦ ʜʦ ʢʦʘʛʫʣʷʮʠʦʥʥʦ-ʪʠʢʩʦʪʨʦʧʥʦʛʦ. ʇʦʷʚʣʝ-

ʥʠʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʨʝʦʛʨʘʤʤʘʭ ʚʷʟʢʦʩʪʠ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ 25%-ʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʠʛʥʠʥʘ ʚ 

ʜʠʩʧʝʨʩʠʷʭ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ, ʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ð ʩ ʨʦʩʪʦʤ ʠʭ ʚʷʟʢʦʩʪʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʥʠʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ 

ʪʝʢʫʯʝʩʪʴ, ʚ ʨʷʜʫ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ð ʠʥʜʫʩʪʨʠ-

ʘʣʴʥʦʝ ʤʘʩʣʦ ð ʩʳʨʘʷ ʥʝʬʪʴ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ 41,5 ð 43,0 ð 44,5 ʤʘʩ.%. 

ʇʦ ʜʘʥʥʳʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ɼʉʂ ʢʨʠ-

ʚʳʭ ʢʦʤʧʦʟʠʪʘ ʥʝʬʪʴ ï çʃʠʛʥʦʩʦʨʙè ʧʨʠ ʩʦʦʪʥʦʰʝ-

ʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 1:1 ʦʪʩʫʪʩʪʚʫʶʪ ʵʢʟʦʵʬʬʝʢʪʳ, ʭʘ-

ʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʚʦʙʦʜʥʦʡ (ʥʝʩʚʷʟʘʥʥʦʡ) ʥʝʬʪʠ ʠ 

ʣʠʛʥʠʥʘ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʪʝʨʤʦʨʘʟʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʥʝʬʪʠ ʠ 

ʣʠʛʥʠʥʦʚʦʛʦ ʩʦʨʙʝʥʪʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʥʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʇʦ ʚʳʩʰʝʡ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ 

ʪʦʧʣʠʚʦ (25ð30 ʄɼʞ/ʢʛ) ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ 

ʚʠʜʳ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ (ʙʫʨʳʡ ʫʛʦʣʴ, ʢʘʤʝʥʥʳʡ 

ʫʛʦʣʴ, ʣʠʛʥʠʥ, ʘʥʪʨʘʮʠʪ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʜʦ 0,5%), ʥʝʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʴʶ 

ʠ ʤʦʞʝʪ ʩʞʠʛʘʪʴʩʷ ʚ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʧʝʯʘʭ ʩ ʢʠ-

ʧʷʱʠʤ ʩʣʦʝʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʉʦʶʟʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ çʈʘʟʨʘ-

ʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʪʨʠʮ ʠ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘ 2012ð2016 ʛʦʜʳè, ʰʠʬʨ çʂʦʤʧʦʤʘʪè (ʢʦʥʪʨʘʢʪ 

ˉ ʖɺʂ-2012-19). 

 
1. ɻʨʠʥʰʧʘʥ ɼ.ɼ. ʠ ʜʨ. ʅʝʬʪʝʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʠʟʥʦʛʦ 

ʣʠʛʥʠʥʘ // ʀʟʚʝʩʪʠʷ ʅʘʮʠʦʥʘʣʥɹʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ. 

ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ. ð 2011,  ̄2, 23ð28  

2. Savitskaya T.A., et al. Rheological Properties of Disperse Sys-

tems based on Hydrolyzed Lignin and Oil // Journal of Engineer-

ing Physics and Thermophysics. ð 2012 (85), no. 3, 662ð667 
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ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʉʇʀʈɸʃʔʅʆʁ ʅɸɺʀɺʂʀ 

ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʊʈʋɹ, ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ ʇʈʗʄʆʁ 

ʕʂʉʊʈʋɿʀʀ, ʋʉʀʃɽʅʅʓʍ ʉɽʊʂʆʁ ʀɿ ʉʊɽʂʃʆɺʆʃʆʂʅɸ 

ɺ.ʊ. ɹʠʩʝʨʦʚ, ʅ.ɺ. ɹʠʩʝʨʦʚʘ, ɺ.ɸ. ʄʝʪʸʣʢʠʥ, ʄ.ɺ. ʂʦʚʷʟʠʥ 

ɻʨʫʧʧʘ çʇʦʣʠʧʣʘʩʪʠʢè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; Natalya.Biserova@polyplastic.ru

ʎʝʣʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʘʨʤʠʨʦʚʘʥʥʦʡ ʪʨʫ-

ʙʳ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ ʜʦ 400 ʤʤ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ï20ð40 ʘʪʤ ʜʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʘʪʨʫʙʘ ʠʟ ʇʕ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ 

ʵʢʩʪʨʫʟʠʠ ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʫʶʱʝʤ, ʩ ʧʦʤʦʱʴʶ ʩʧʠ-

ʨʘʣʴʥʦʡ ʥʘʚʠʚʢʠ ʙʳʣʘ ʫʩʠʣʝʥʘ ʥʝʩʫʱʠʤ ʢʘʨʢʘʩʦʤ 

ð ʩʝʪʢʦʡ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ 

ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʣ 250 ʤʤ.  

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʨʫʙ ʠ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʘʣʠ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʜʘʚʣʝ-

ʥʠʶ ʦʙʨʘʟʮʦʚ ʪʨʫʙ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʝʪʢʦʡ ʠʟ ʩʪʝʢ-

ʣʦʚʦʣʦʢʥʘ ʜʠʘʤʝʪʨʦʤ 250 ʤʤ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʦʙ-

ʨʘʟʮʦʚ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ. ʀʩʧʳʪʘʥʠʷ ʜʦ ʨʘʟ-

ʨʫʰʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ 

ʜʘʚʣʝʥʠʷ ʧʦ ISO/TS 18226 ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʚʘʥ-

ʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 20 Áʉ, 80 Áʉ ʥʘ ʠʩʧʳʪʘ-

ʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʬʠʨʤʳ IPT (ɻʝʨʤʘʥʠʷ). 

ʈʝʟʫʣʴʪʘʪ rʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʝʥʘ ʪʨʫʙʘ, ʘʨʤʠʨʦʚʘʥʥʘʷ ʩʪʝʢʦʡ ʠʟ ʩʪʝʢ-

ʣʦʚʦʣʦʢʥʘ ʩ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ 20 ʠ 40 ʘʪʤ.  

 

 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʘʨʤʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ 

 

ʈʠʩ. 2. ʊʠʧʦʚʦʡ ʛʨʘʬʠʢ ʥʘʛʨʫʞʝʥʠʷ ʪʨʫʙʳ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ ʧʨʠ 20 ʉ 
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ɺ.ɻ. ʂʦʣʙʘʷ
1
, ɸ.ɺ. ɻʝʣʴʤʘʥ

2
, ʀ.ɸ. ʐʧʘʨʘ

2
, ɺ.ɺ. ʂʦʚʨʠʛʘ

1
 

1ʆʆʆ çɻʨʫʧʧʘ ʇʆʃʀʇʃɸʉʊʀʂè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; kovriga@polyplastic.ru 
2 ʆɸʆ çɻʘʟʧʨʦʤ ʧʨʦʤʛʘʟè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʎʝʣʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʘ çʦʙʲʸʤ ð ʧʦʚʝʨʭ-

ʥʦʩʪʴè ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʧʦʣʠʵʪʠʣʝʥʦ-

ʚʳʭ ʪʨʫʙ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 

ʦʮʝʥʢʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚ-

ʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ ʦʨʛʘʥʠʟʘʮʠʠ çʇʣʘʩʪ-

ʤʘʩʩʳ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʧʣʘ-

ʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʪʨʫʙ ʉʊʆ 

73011750-012-2014è. ʉʪʘʥʜʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

1) ʨʘʟʨʫʰʘʶʱʝʝ ʜʘʚʣʝʥʠʝ; 

2) ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʠ, ʦʩʪ.n 

ʚʥʝ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ; 

3) ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ Lʰ max; 

4) ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ ʚʳʪʷʞʢʠ ʚ ʦʙʨʘʟ-

ʮʝ ʪʨʫʙʳ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ; 

5) ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʨʘʪʥʦʩʪʴ ʚʳʪʷʞʢʠ ʚ ʦʙʨʘʟʮʝ 

ʣʦʧʘʪʢʝ ʧʦ ʜʣʠʥʝ; 

6) ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʨʘʪʥʦʩʪʴ ʚʳʪʷʞʢʠ ʚ ʦʙʨʘʟʮʝ 

ʣʦʧʘʪʢʝ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; 

7) ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʣʴʮʝʚʦʤ ʩʝʯʝʥʠʠ; 

8) ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʘʥʘʣʠʟʘ ʧʣʘʩʪʠ-

ʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚ ʪʨʸʭ ʚʠʜʘʭ ʛʨʫʧʧ:  

1. ʇʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʳ ʠʟ ʇʕ100 ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

2. ʇʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʨʦ-

ʢʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪ 4 ʜʦ 47 ʣʝʪ ʚ ʛʘʟʦʚʳʭ ʩʝʪʷʭ. 

3. ʊʝʧʣʦʚʳʝ ʪʨʫʙʳ ʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʝʨʝʭʦʜ çʧʦʚʝʨʭʥʦʩʪʴ ð ʦʙʲʸʤè ʧʨʠ ʧʣʘʩʪʠ-

ʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝ-

ʨʠʘʣʘ ʠ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʙʲʸʤ ʤʘʪʝʨʠ-

ʘʣʘ, ʚʦʚʣʝʯʸʥʥʦʛʦ ʚ ʵʪʦʪ ʧʝʨʝʭʦʜ [1]. ʇʝʨʝʭʦʜ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʨʘʪʥʦʩʪʠ 

ʚʳʪʷʞʢʠ, ʢʦʪʦʨʳʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘ-

ʟʘʥ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1. ɽʩʪʝʩʪʚʝʥʥʘʷ ʢʨʘʪʥʦʩʪʴ ʚʳʪʷʞʢʠ 

ɼʠʘʤʝʪʨ, 

ʤʤ 
SDR 

ʉʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʊʠʧ ʇʕ 

ɽʩʪʝʩʪʚʝʥʥʘʷ 

ʢʨʘʪʥʦʩʪʴ ʚʳʪʷʞʢʠ, 

ʢʨʘʪ 

36ð40 ʣʝʪ 

160 13,6 36 - 3 

31ð35 ʣʝʪ 

110 11 31 - 3 

26ð30 ʣʝʪ 

160 11 26 - 5 

21ð25 ʣʝʪ 

110 11 25 - 6 

16ð20 ʣʝʪ 

225 11 17 - 7 

11ð15 ʣʝʪ 

180 9 13 - 5 

6ð10 ʣʝʪ 

63 9 9 - 5 

0 ʣʝʪ 

110 11 0 ʇʕ100  5 

160 11 0 ʇʕ80  6 

110 11 0 PEX-A  3 

63 21 0 ʇʕ100 RC 4 

110 17 0 ʇʕ100-RC 5 

ʊʘʙʣʠʮʘ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʝʩʸʥʥʦʛʦ ʢ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ 

ʂʨʘʪʥʦʩʪʴ 

ʚʳʪʷʞʢʠ 
ɚ = 1 ɚ = 2 ɚ = 3 ɚ = 4 ɚ = 5 ɚ = 6 ɚ = 7 

ʩʤ2/ʛʨ. 7,7 12,8 18,0 23,2 28,5 33,9 39,1 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʨʘʩʯʪyʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʙʨʘʟʮʘ ʨʘʟʤʝʨʦʤ 

60 10 4 ʤʤ ʦʙʲʸʤ, ʩʤ3 V = const ʠ ʤʘʩʩʘ, ʛʨ m = const.  

 
1. ɺʦʣʳʥʩʢʠʡ ɸ.ʃ., ɹʘʢʝʝʚ ʅ.ʌ. ʈʦʣʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʚ 
ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʪʚʸʨʜʳʭ ʧʦʣʠʤʝʨʦʚ. ð 

ʄ.: ʌʠʟʤʘʪʣʠʪ. ð 2014 



ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʉɽʂʎʀʗ 3. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʈɸɿʄɽʈʆʉʊɸɹʀʃʔʅʓʍ ʋɻʃɽʇʃɸʉʊʀʂʆɺʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʂʆʉʄʀʏɽʉʂʆɻʆ ʅɸɿʅɸʏɽʅʀʗ  

ɽ.ɺ. ʐʠʣʠʥʘ
1
, ɸ.ʌ. ʉʘʥʠʥ

2
 

1ʂʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ çʖʞʥʦʝè ʠʤ. ʄ.ʂ. ʗʥʛʝʣʷ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ; info@yuzhnoye.com 
2ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʆ. ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʧʫʩʦʚ ʪʝʨʤʦʨʤʦʨʘʟʤʝʨʥʦ-

ʩʪʘʙʠʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʶʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʠ ʠʟʜʝʣʠʷ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ 

ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʥʠʭ ʧʝʨʝʛʨʫʟʦʢ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʚʳ-

ʚʦʜʘ ʥʘ ʦʨʙʠʪʫ (ʧʝʨʝʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 8g) ʠ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʧʝʨʝʧʘ-

ʜʦʚ ʪʝʤʧʝʨʘʪʫʨ ʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟ-

ʣʫʯʝʥʠʡ, ʦʙʣʘʜʘʷ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʩʩʦʡ. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʜʘʥʥʳʤ ʢʦʥ-

ʩʪʨʫʢʮʠʷʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠʭ ʚʳʩʦʢʘʷ ʪʝʨʤʦʨʘʟʤʝ-

ʨʦʩʪʘʙʠʣʴʥʦʩʪʴ ð ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʜʦʣʞʥ rʧʨʝʚʳ-

ʰʘʪʴ ʥʝʩʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʥʘ 10ð20 Áʉ. ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʵʪʦʛʦ, ʚ ʢʘʯʝ-

ʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʨʧʫʩʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʝr 

ʫʛʣʝʧʣʘʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦ-

ʛʦ ʚʦʣʦʢʥʘ ʠ ʩʚʷʟʫʶʱʝʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʪʠʧʘ, ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʦʙʣʘʜʘʶʱʠʤʠ ʚʩʝʤʠ ʵʪʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

 

ʈʠʩ. 1 ʂʦʨʧʫʩ ʨʘʟʤʝʨʥʦʩʪʘʙʠʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʪʝʧ-

ʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩʭʝʤʘ 

ʘʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠ ̫ ʪʘʢʠʭ ʨʘʟʤʝʨʥʦʩʪʘʙʠʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʦʩʥʘʩʪʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ ʢʦʥʝʯʥʳʝ ʛʝʦʤʝʪʨʠʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʨʘʤʠ 

ʦʩʥʘʩʪʢʠ ʧʨʠ ʝʝ ʥʘʛʨʝʚʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʪʚʝʨʞʜʝʥʠʷ ʠʟʜʝʣʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʙʳʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʝ: 

ï ʥʘʨʘʙʦʪʢʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʝʧʨʝʛʘ ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʩʚʷʟʫʶʱʝʛʦ ʵʧʦʢʩʠʜ-

ʥʦʛʦ ʪʠʧʘ (ʦʪʢʣʦʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʥʝ 

ʙʦʣʝʝ ʜʚʫʭ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʦʪ ʥʦʤʠʥʘʣʘ); 

ï ʨʘʩʢʨʦʡ ʧʨʝʧʨʝʛʘ ʥʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʰʘʙʣʦʥʘʤ 

(ʦʪʢʣʦʥʝʥʠʷ ʚʦʣʦʢʦʥ ʦʪ ʟʘʜʘʥʥʳʭ ʫʛʣʦʚ ʘʨʤʠʨʦʚʘ-

ʥʠʷ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʦʜʥʦʛʦ ʫʛʣʦʚʦʛʦ ʛʨʘʜʫʩʘ 

ʦʪ ʥʦʤʠʥʘʣʘ); 

ï ʚʳʢʣʘʜʢʘ ʟʘʛʦʪʦʚʦʢ ʥʘ ʦʧʨʘʚʢʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʘʨʤʠʨʦʚʘʥʠʷ ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʧʦ 

ʪʦʨʮʘʤ ʦʧʨʘʚʢʠ; 

ï ʧʦʜʧʨʝʩʩʦʚʢʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʨʝ-

ʞʠʤʫ ʯʝʨʝʟ ʢʘʞʜʳʝ 1,5ð2,0 ʤʤ ʪʦʣʱʠʥʳ ʬʦʨʤʫʝ-

ʤʦʛʦ ʠʟʜʝʣʠʷ; 

ï ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʟʘʛʦʪʦʚʢʠ; 

ï ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʛʦʪʦʚʢʠ; 

ï ʤʝʭʘʥʠʯʝʩʢʘ ̫ʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʢʠ ʠ ʚʢʣʝʡʢʘ 

ʟʘʢʣʘʜʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ï ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ ʠ 

ʧʨʦʯʥʦʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ-ʩʚʠʜʝʪʝʣʝʡ; 

ï ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʨʝʘʣʴʥʦʡ 

ʪʝʨʤʦʨʘʟʤʝʨʥʦʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʠʭ ʪʝʟʠʩʘʭ ʤʝʪʦʜʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʜʠʨʝʢʪʠʚʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʨʘʟ-

ʤʝʨʥʦʩʪʘʙʠʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  



ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʉɽʂʎʀʗ 3. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʌʊɸʃʀɼʉʆɼɽʈɾɸʑʀɽ ʇʆʃʀɸʈʀʃɽʅʓ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʇʃɽʅʆʂ ʀ 

ʇʆʂʈʓʊʀʁ ʉ ʅɽʆɹʓʏʅʓʄʀ ʕʃɽʂʊʈʀʏɽʉʂʀʄʀ ʀ ʆʇʊʀʏɽʉʂʀʄʀ 

ʉɺʆʁʉʊɺɸʄʀ 

ʉ.ʅ. ʉʘʣʘʟʢʠʥ
1
, ɺ.ɺ. ʐʘʧʦʰʥʠʢʦʚʘ

1
, ɸ.ʅ. ʃʘʯʠʥʦʚ

2
 

1ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠ;̫ snsal@ineos.ac.ru 
2ʋʬʠʤʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʋʬʘ, ʈʦʩʩʠʷ; E-mail: presid@anrb.ru 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ 

ʧʦʣʠʤʝʨʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʩʚʦʡʩʪʚʘ, ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʦ ʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, 

ʨʘʜʠʦʪʝʭʥʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [1ð4]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳ-

ʙʨʘʥʳ: 1) ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʩʝʣʝʢ-

ʪʠʚʥʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʤʝʭʘ-

ʥʠʟʤʫ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʥʘ ʦʩ-

ʥʦʚʝ ʧʩʚʝʜʦʭʣʦʨʘʥʛʠʜʨʠʜʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʣʠʜʠʬʝʥʠʣʝʥʬʪʘʣʠʜ (ʇɼʌ-1) ʠ 2) ʬʪʘʣʠʜʩʦʜʝʨʞʘ-

ʱʠʝ ʧʦʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥʳ (ʇɸʕʂ). 

ʕʪʠ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʥʝʦʙʳʯʥʳʤʠ ʵʣʝʢʪʨʦ-

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʨʷʜʫ ʩ 

ʚʳʩʦʢʠʤʠ ʪʝʨʤʦ-, ʪʝʧʣʦ-, ʭʝʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʦʥʢʠʭ ʩʫʙʤʠʢʨʦʥʥʦʡ 

ʪʦʣʱʠʥʳ ʧʣʝʥʢʘʭ ʵʪʠʭ ʧʦʣʠʘʨʠʣʝʥʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʠʝʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʵʪʠʭ ʷʚʣʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʤʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʠ 

ʚ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ɼʚʘ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʭ ʘʩʧʝʢʪʘ ʧʦʣʠʘʨʠʣʝʥʦʚ ʧʦʟʚʦʣʷʶʪ ʥʘʙʣʶ-

ʜʘʪʴ ʥʝʦʙʳʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʝʨʚʳʡ ï 

ʵʪʦ ʫʥʠʢʘʣʴʥʳʝ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʧʦʟ-

ʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʩʧʣʦʰʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ 

ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʧʣʦʪʴ ʜʦ ʤʦʥʦʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʪʦʣʱʠʥʳ (~ 2 ʥʤ). ɺʪʦʨʦʡ ð ʥʘʣʠʯʠʝ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʦʙʣʘʜʘʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣɹh ʠʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʣʘʙʠʣʴʥʦʡ ʩʚʷʟʴʶ 

ʉ-ʆ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʪʠʤʦʡ ʩʤʝʥʝ ʪʠʧʘ ʛʠʙʨʠʜʠ-

ʟʘʮʠʠ SP3-SP2 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣʳ ʩ ʠʟ-

ʙʳʪʦʯʥʳʤ ʟʘʨʜ̫ʦʤ.  

ʂ ʫʥʠʢʘʣʴʥʳʤ ʠ ʧʦʣʝʟʥʳʤ ʩʚʦʡʩʪʚʘʤ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʠ ʧʦʢʨʳʪʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʧʣʝʥʦʢ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʠʟʦ-

ʣʷʪʦʨʘ ʜʦ ʤʝʪʘʣʣʘ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʛʦ ʦʜʥʦʦʩʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ. 

2. ʇʨʦʚʦʜʠʤʦʩʪʴ ʪʦʥʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝ-

ʥʠʷʤ ʤʝʪʘʣʣʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʦ ʥʘʥʝʩʝʥʦ. ʇʨʠʯʝʤ 

ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʘʯʝʩʪʚʘ 

ʜʝʬʝʢʪʦʚ. 

3. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʪʦʥʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣʘʭ ʩ ʩʦʯʝ-

ʪʘʥʠʝʤ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʛʨʘʥʠʮʘ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝ-

ʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ. 

4. ʄʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʥʘ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʦʤʫ 

ʢʦɻ ʬʬʠʮʠʝʥʪʫ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʦʛʨʦʤʥʦʛʦ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

5. ʉʧʦʥʪʘʥʥʦʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʧʣʝʥʢʘʭ 

ʪʦʣɦ ʠʥʦʡ ʤʝʥʝʝ 200 ʥʤ 

6. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ.  

7. ʉʧʦʥʪʘʥʥʘʷ ʤʝʪʘʣʣʦʧʦʜʦʙʥʘʷ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ ʧʦʣʝʟʥʘʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦ-

ʜʷʱʠʭ ʢʣʝʝʚ ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʯʘʩʪʠʮ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʇɼʌ-1 ʠ 

ʇɸʕʂ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ/ʠʣʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʦʷʚʣʷʶʪ ʵʬʬʝʢʪ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

(ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʠ ʪ.ʧ.), 

ʛʠʛʘʥʪʩʢʦʝ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 1105 ð 1 108 ʨʘʟ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ), ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʚ ʠʟ-

ʜʝʣʠʷʭ, ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʨʘʙʦʪʳ ʚʳʭʦʜʳ ʧʨʠ ʵʤʠʩ-

ʩʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʵʣʝʢʪʨʦ- ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʪ.ʧ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʢʦʜ ʧʨʦʝʢʪʘ 13-03-00331-ʘ). 
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ʉʭʝʤʘ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʩ ʨʅ = 7 ʥʘ ʜʠʩʠ-

ʣʠʮʠʜʝ ʪʠʪʘʥʘ ʚʢʣʶʯʘʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʝ ʦʩ-

ʥʦʚʥʳʝ ʩʪʘʜʠʠ ð ʩʪʘʜʠʷ ʜʦ 60 Áʉ ʠ ʩʪʘʜʠʷ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʚʳʰʝ 60 Áʉ (ʨʠʩ. 1) [1, 2].  
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ʈʠʩ. 1ï ʈʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʥʘ ʜʠʩʠʣʠʮʠʜʝ ʪʠʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨ-

ʛʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: ʨʅ = 7 (1, 2, 5, 6), ʨʅ = 9 (3), 

ʨʅ = 5 (4) 

ʇʨʝʜʩʪʘʚʠʤ ʩʪʨʫʢʪʫʨʥʦ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʜʠʩʠ-

ʣʠʮʠʜʘ ʪʠʪʘʥʘ ʢʘʢ: 

  

ʅʘʯʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʢʩʠ-

ʜʦʚ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʢʘʢ ʥʘʥʦʢʣʘʩʪʝʨʦʚ SiO2, TiO2, 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ ʩ ʥʝ-

ʟʘʧʦʣʥʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʫ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʧʦ ʨʝʘʢ-

ʮʠʠ:  

 Si(0) + O2 Ÿ ʥʘʥʦʢʣʘʩʪʝʨʳ SiO2, 

 Ti(0) + O2 Ÿ ʥʘʥʦʢʣʘʩʪʝʨʳ TiO2 (1) 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʥʘʨʘʩʪʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʠʟ ʜʠʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʪʠ-

ʪʘʥʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʜʠʩʠʣʠʮʠʜʘ 

ʪʠʪʘʥʘ ʚ ʚʦʜʫ, ʧʨʠ ʥʘʣʠʯʠʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ: 

 TiSi2 + H2O + hɜ Ÿ SiO2 (ʢʘʪ) + H2, 

  TiSi2 + H2O + hɜ Ÿ TiO2 (ʢʘʪ) + H2.  (2) 

ɼʘʣʴʥʝʡʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʦ ʢʠʩʣʦʨʦʜʘ ʠ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ TiSi2 ʩ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ 

SiO2 ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʜʦ ʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ TiSi2 ʩ ʥʘʥʦʢʣʘ-

ʩʪʝʨʘʤʠ TiO2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 2H2O Ÿ O2 + 4H+, 4H+ + 4eï Ÿ 2ʅ2 (3) 

ʉʫʤʤʠʨʫʷ ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʵʪʘʧʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 

 TixSiy+2(x+y) H2O Ÿ TixSiyOz +2(x+y)H2 

ʀʤʝʥʥʦ ʵʪʦʪ ʵʪʘʧ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʅʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʦʙʨʘʟʫʝʪʩʷ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ:  

 4H2O + hɜ + TixSiyOz Ÿ O2 + 4H+ + 4eï 

ʚʤʝʩʪʝ ʩ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʚʳʜʝʣʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨ-

ʥʦʛʦ ʚʦʜʦʨʦʜʘ: 4H+ +4e-Ÿ2H2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʜʦ 60 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʢʠʩʣʝʥʠʝ ʪʠʪʘʥʘ ʠ 

ʢʨʝʤʥʠʷ ʚʦʜʦʡ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʙʣʘ-

ʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʚʥʦʚʴ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʘʪʘʣʠʟʘʪʦʨʘ TiO2SiO2 (TiSiO.4) ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 1) ɺʳʜʝ-

ʣʝʥʠʝ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 1) ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʦʤʝʥʪ t = 0 ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ (H2) = 0 ʠ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ ʨʦʩʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ 0ð20 Áʉ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ 

(ʘʨʛʦʥ, ʘʟʦʪ) ʩʪʘʜʠʷ ʩ ʤʝʜʣʝʥʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦ-

ʨʦʜʘ ʦʪʯʝʪʣʠʚʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʜʠʶ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʚʳʜʝʣʝʥʠʝʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʪ-

ʩʪʚʝʥʥʳ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ [2]. ʉʯʠʪʘʝʤ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ 

ʨʝʘʢʮʠʡ (1ð3). 

ɸʥʘʣʠʟʠʨʫʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦ-

ʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 60 Áʉ ʵʪʦ ʤʝʜʣʝʥʥʘʷ ʩʪʘʜʠʷ, ʥʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʢʦʪʦʨʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʫʯʘʶʪʩʷ ʘʢʪʠʚʥʳʝ 

ʦʙʣʘʩʪʠ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʜʳ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʠʡ ʧʦʜʲʝʤ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʪʦʢʘ ʚʦʜʦʨʦʜʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʠʣʝʥʠʷ ʨʝʘʢʮʠʡ (2, 3). ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʙʲʝʤ ʧʦʣʫʯʘʝʤʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʝʠʟʤʝʥʥʳʤ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʘ > 96% ʯʠʩʪʦʡ ʚʦʜʳ ʨʘʩʱʝʧʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʰʝ 60Áʉ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʦʩʚʝʱʝʥʠʠ.  
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ʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʚ ʨʘʟʚʠʪʠʠ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʤʘʪʝ-

ʨʠʘʣʦʚ ʩʧʦʩʦʙʥʳʭ ʨʘʟʣʘʛʘʪʴ ʚʦʜʫ ʥʘ ʚʦʜʦʨʦʜ ʠ ʢʠʩ-

ʣʦʨʦʜ.  

ʆʙʣʘʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ ʨʘʟʣʦʞʝʥʠʷ ʚʦ-

ʜʳ ʥʘ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʥʘ ʜʠʩʠʣʠʮʠʜʝ ʪʠʪʘʥʘ 

(TiSi2) ʥʘʯʠʥʘʝʪ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʪʴʩʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝ-

ʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣ-

ʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [1]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ 0,86Ti + 1,0 Si ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦ-

ʥʳ Eg = 2,7ð3,4 ʵɺ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʩʤʝʰʠʚʘʥʠʷ (ʩʧʣʘʚʣʝʥʠʷ) ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

20ð70 ʥʤ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-2 

ʠ ʈʄ-100. 

ʉʠʥʪʝʟ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʣʙʝ ʩ ʢʨʫʛʣʳʤ 

ʜʥʦʤ ʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʪʝʢʣʷʥʥʦʤ ʩʦʩʫʜʝ ʩ ʤʝʜ-

ʣʝʥʥʦ ʚʨʘʱʘʶʱʠʤʩʷ ʧʦʤʝʰʠʚʘʶʱʠʤ ʤʘʛʥʠʪʥʳʤ 

ʩʪʝʨʞʥʝʤ. ʆʥʠ ʩʦʝʜʠʥʷʣʠʩʴ ʩ ʦʪʢʨʳʪʦʡ ʣʠʙʦ ʟʘʢʨʳ-

ʪʦʡ ʛʘʟʦʚʦʡ ʙʶʨʝʪʢʦʡ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. ɺ 

ʩʦʩʫʜ ʥʘʣʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʩ ʨʅ = 7 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0ð100 ʉ ʠ ʚʚʦ-

ʜʠʣʠ ʚ ʝʝ ʩʦʩʪʘʚ ʧʦʨʦʰʦʢ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʠʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʩ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ ʨʘʩʯʝʪʘ 1 ʛʨʘʤʤ ʧʦ-

ʨʦʰʢʘ TiSi2 ʥʘ 75 ʩʤ
3 ʚʦʜʳ.  

ɺʣʠʷʥʠʝ ʨʅ ʚʦʜʳ ʥʘ ʧʨʦʮʝʩʩ ʝʝ ʨʘʟʣʦʞʝʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʣʦʩʴ ʧʨʠ ʨʅ = 7 (ʥʝʡʪʨʘʣʴʥʘʷ ʩʨʝʜʘ), ʨʅ = 5 

(ʢʠʩʣʘʷ ʩʨʝʜʘ) ʠ ʨʅ = 9 (ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ).  

ʈʝʟʫʣʴʪʘʪʳ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ, ʘʨʛʦʥ ʠ 

ʘʟʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʚʦʟʜʫʭʘ ʠʟ ʩʠ-

ʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʦʜʦʨʦʜʘ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʫʪʦʢ 

ʩ 7 ʯʘʩʦʚ ʫʪʨʘ ʜʦ 19 ʯʘʩʦʚ ʚʝʯʝʨʘ ʚ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦ-

ʜʫ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʤʝʩʷʮ. 

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦ-

ʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʥʟʳ ʌʨʝʥʝʣʷ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩ-

ʩʪʦ̫ʥʠʝʤ F ʨʘʚʥʳʤ 150, 300 ʠ 600 ʤʤ ʩ ʦʧʪʠʯʝʩʢʠʤʠ 

ʬʠʣʴʪʨʘʤʠ, ʧʨʦʧʫʩʢʘʶʱʠʤʠ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʚ ʚʠ-

ʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʚʝʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 470 ʥʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʫʞʜʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʘ-

ʙʦʪʢʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ TiSi2 ʚ ʩʦʣʥʝʯ-

ʥʳʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 1,0ð90 ʩʤ3 ʚ ʯʘʩ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʫʪʦʢ 12ð16 

ʯʘʩʦʚ (ʨʠʩ. 1) [2]. 
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʥʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʜʠʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʚ 

ʪʝʯʝʥʠʝ ʜʥʷ: 1ðï ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʜʠʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʢ ʤʘʩʩʝ 

ʚʦʜʳ 1:150; 2 ð 1:75; ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʣʠʥʟʳ ʌʨʝʥʝʣʷ ʩ ʨʘʟʥʳʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ: 3 ð 

F = 150 ʤʤ; 4 ï F = 300 ʤʤ; 5 ð F = 600 ʤʤ 

ʉʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ) ʥʘ ʦʩ-

ʥʦʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ-ʬʦʪʦʭʠʤʠ-

ʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩ ʣʠʥʟʘʤʠ ʌʨʝʥʝʣʷ ʠ ʬʦʪʦʢʘʪʘʣʠʟʘ-

ʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʩ ʂʇɼ 36ð40% 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʦʙʲʝʤʘ ʚʦʜʦʨʦʜʘ ʥʘ ʦʜʠʥ-ʪʨʠ ʧʦ-

ʨʷʜʢʘ ʚʳʰʝ (ʨʠʩ. 1). ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʚʦ-

ʜʳ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ: 

ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʚʦʜʳ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʠ ʨʅ, ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʳ ʠ ʢʘʪʘʣʠʟʘ-

ʪʦʨʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʚʨʝʤʷ ʩʫʪʦʢ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʣ-

ʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʅ ʚʦʜʳ.  
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ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʤʦʣʘ ʚ ʰʘʨʦʚʦʡ 

ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʈʄ-100. ʅʘʥʦʧʦʨʦʰʦʢ ʫʛʣʝ-

ʨʦʜʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (0,1ð0,5 ʤʘʩ.%) ʜʦʙʘʚʣʝʥʠ-

ʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʩʦ-

ʟʜʘʥʠʠ ʘʵʨʦʛʝʣʝʡ. ɼʘʥʥʳʝ ʘʵʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦ-

ʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʘʙʩʦʨʙʝʥʪʘʤʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʫʛʦʣʴ 

ʤʘʨʢʠ ɹ1. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʘʩʪʠʮ ʧʦ-

ʨʦʰʢʘ ʫʛʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʪ ʥʘʥʦ- ʜʦ ʤʠʢʨʦʤʝʪʨʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʣʫʯʰʝʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʚ ʧʣʘʥʝ-

ʪʘʨʥʳʭ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʤʘʩʩʳ ʰʘʨʦʚ ʢ ʤʘʩʩʝ ʫʛʣʷ. [1]. ʇʨʠ ʩʦʦʪʥʦ-

ʰʝʥʠʠ ʤʘʩʩʳ ʰʘʨʦʚ ʢ ʤʘʩʩʝ ʫʛʣʷ (90ð100):1 ʫʜʘʝʪ-

ʩ ̫ʨʘʟʨʫʰʠʪʴ ʚʩʝ ʤʠʥʝʨʘʣʳ ʚ ʪʝʯʝʥʠʝ 4ð6 ʯʘʩʦʚ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʡ ʤʥʦʛʦʢʨʘʪʥʦʡ ʦʪʤʳʚʢʠ ʯʘ-

ʩʪʠʮ ʫʛʣʷ ʚ ʚʦʜʝ ʧʝʨʝʜ ʬʠʥʠʰʥʦʡ ʦʧʝʨʘʮʠʝʡ ʠʟ-

ʤʝʣʴʯʝʥʠʷ ʧʦʣʫʯʠʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡʧʦʨʦ-

ʰʦʢ ʫʛʣʝʨʦʜʘ ʩʦ ʩʣʝʜʘʤʠ ʧʨʠʤʝʩʝʡ ʢʠʩʣʦʨʦʜʘ ʠ 

ʢʘʣʴʮʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʩʪʠʨʘʥʠʝ ʪʘʢʠʭ ʧʦʨʦʰʢʦʚ 

ʫʛʣʷ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʈʄ-100 ʠʣʠ 

ɸɻʆ-2 ʚ ʨʝʞʠʤʝ ʢʦʣʣʦʠʜʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʟʚʦʣʷ-

ʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩ ʰʘʨʦʚ ʠ ʫʛʣʷ, ʧʦʣʫʯʠʪʴ ʥʘʥʦ-

ʨʘʟʤʝʨʥʳʝ ʧʦʨʦʰʢʠ ʫʛʣʷ (ʨʠʩ. 1, ʘ) ʠ ʜʘʣʝʝ ʩʬʦʨʤʠ-

ʨʦʚʘʪʴ ʙʣʠʟʢʠʝ ʧʦ ʨʘʟʤʝʨʫ ʪʨʫʙʯʘʪʳʝ ʠ ʩʦʪʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʦʨʛʘʥʠʟʫʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʘʛ-

ʣʦʤʝʨʘʪʳ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ, ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʣʠʥʥʳʝ ʪʨʫʙʢʠ 

ʠ ʛʣʫʙʦʢʠʝ ʩʦʪʳ, ʫʧʘʢʦʚʘʥʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦ-

ʨʷʜʢʝ (ʨʠʩ. 1, ʙ). 

ʊʘʢʦʡ ʧʦʨʷʜʦʢ ʩʪʨʫʢʪʫʨʥʦʡ ʫʧʘʢʦʚʢʠ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʙʫʨʳʤ ʫʛʣʝʤ, ʧʨʦʰʝʜʰʠʤ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠ ʩʦʦʪ-

ʥʦʰʝʥʠʠ ʤʘʩʩ ʰʘʨʦʚ ʢ ʤʘʩʩʝ ʫʛʣʷ 1:(5ð10) ʚʦ ʚʨʝ-

ʤʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʠ ʩʦʩʪʦʷʱʠʤ ʠʟ ʫʛʣʝʨʦʜʘ ʩ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʢʨʝʤʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʦʮʝʩʩʳ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʩʤʝʰʠʚʘʥʠʷ ʫʛʣʝʡ ʩ 

ʧʦʨʦʰʢʘʤʠ ʢʨʝʤʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʭʠʤʠʯʝʩʢʠʤ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ. ʉ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢ-

ʪʫʨ ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʤ ʠ 

ʙʣʠʞʥʝʤ ʀʂ-ʩʧʝʢʪʨʘʭ. ʉʥʷʪʳʝ ʩʧʝʢʪʨʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʠʜʝʪ ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʧʦʜʘʁ ʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʙʦʣʝʝ 99%), ʯʪʦ ʜʝʣʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʠ-

ʛʦʜʥʳʤʠ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʵʨʦʛʝ-

ʣʝʡ, ʧʨʠʤʝʥʠʤʳʭ ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʘʵʨʦʛʝʣʷʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʟʤʝʨʘ ʧʦʨ ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʤʠʥʠʤʘʣʴʥʦ-

ʤʫ ʟʥʘʯʝʥʠʶ, ʟʘʚʠʩʷʱʝʤʫ ʦʪ ʦʙʲʝʤʘ ʧʦʨ ʠ ʨʘʟʤʝʨʘ 

ʟʝʨʝʥ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 0,017 ɺʪ/(ʤĀʂ) ʚ ʚʦʟʜʫʭʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʯʪʦ ʦʧʷʪʴ ʞʝ ʧʦʢʘʟʳʚʘʝʪ 

ʭʦʨʦʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʳʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʩ ʫʩʧʝʭʦʤ 

ʥʝ ʪʦʣʴʢʦ ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʥʦ ʠ ʢʦʩʤʦʥʘʚʪʠ-

ʢʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʠʣʴʪʨʦʚ ʠ ʪ.ʜ. [1]. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ ʫʛʣʷ (ʘ) ʠ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʵʪʦʛʦ ʧʦʨʦʰʢʘ ʫʛʣʷ ʩ ʜʦʙʘʚ-

ʢʘʤʠ ʢʨʝʤʥʠʷ ʧʦʩʣʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʧʨʠ 

ʫʩʢʦʨʝʥʠʠ 400 ʤ/ʩ2 ʚ ʪʝʯʝʥʠʝ 100 ʩ (ʙ) 

1. ʂʦʚʘʣʝʚʩʢʠʡ ɸ.ɸ., ʃʘʙʫʥʦʚ ɺ.ɸ., ʉʪʨʦʛʦʚʘ ɸ.ʉ. ʠ ʜʨ. // ʄʘ-
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ʉʀʅʊɽɿ ʀ ʉʆʈɹʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʄʀʂʈʆɺʆʃʆʂʆʅʅʆɻʆ ʂɸʊʀʆʅʀʊɸ 

ʅɸ ʆʉʅʆɺɽ ʅɽʊʂɸʅʆɻʆ ʄɸʊɽʈʀɸʃɸ çɸʂɺɸʉʇɸʅè, 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ ʇʆɺɽʈʍʅʆʉʊʅʆ-ʇʈʀɺʀʊʆʁ ʇʆʃʀʂʀʉʃʆʊʆʁ  

ʃ.ɺ. ʐʢʨʘʙʘʪʦʚʩʢʘʷ, ʃ.ʂ. ʇʨʠʭʦʜʯʝʥʢʦ, ɸ.ɸ. ɻʦʨʙʘʯʝʚ, ʆ.ʅ. ʊʨʝʪʠʥʥʠʢʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; shkrabatouskaya@yandex.by 

ʉʦʨʙʝʥʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʥʝʨʛʝʪʠʢʝ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ, ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʇʦʣʠʤʝʨʥʳʡ ʩʦʨʙʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ 

ʧʦʣʠʤʝʨʥʳʭ ʛʨʘʥʫʣ, ʧʦʨʦʰʢʘ ʠʣʠ ʚʦʣʦʢʦʥ ʢʨʫʧʥʦ-

ʪʦʥʥʘʞʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʠ-

ʚʠʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʩʦʨʙʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʡ ʛʘʤʤʘ-ʨʘʜʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʥʝ ʪʦʣʴʢʦ 

ʠʥʠʮʠʠʨʫʝʪ ʧʨʠʚʠʚʦʯʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʨʘʜʠʢʘʣʳ ʚ ʦʙʲʝʤʝ ʤʦʜʠʬʠ-

ʮʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʦʩʪʝʧʝʥ-

ʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʶ. ʇʦ-

ʵʪʦʤʫ ʛʘʤʤʘ-ʨʘʜʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʠʤʝʥʠʤ ʢ 

ʧʦʣʠʤʝʨʥʳʤ ʤʠʢʨʦʚʦʣʦʢʥʘʤ. ʄʝʞʜʫ ʪʝʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʤʠʢʨʦʚʦʣʦʢʦʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʩʦʨʙʝʥʪʘ 

ð ʧʨʷʤʦʡ ʧʫʪʴ ʢ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʨʠʜʘʥʠʝ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʥʝʪʢʘʥʦʤʫ ʤʠʢʨʦʚʦʣʦʢʦʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠʟ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) (çɸʢʚʘʉʧʘʥè, ʈʋʇ çʉʚʝʪʣʦ-

ʛʦʨʩʢʦʝ ʇʆ çʍʠʤʚʦʣʦʢʥʦè) ʧʫʪʝʤ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʋʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʠʚʠʚʦʯ-

ʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ɸʂ).  

ʄʦʥʦʤʝʨ (ɸʂ) ʠ ʬʦʪʦʠʥʠʮʠʘʪʦʨ (ʙʝʥʟʦʬʝʥʦʥ) 

(çSigma-Aldrichè) ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ. ʋʌ ʠʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʣ ʠʟʣʫʯʘʪʝʣʴ ʥʘ 

ʤʦʱʥʳʭ ʩʚʝʪʦʜʠʦʜʘʭ ( = 365 ʥʤ) ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ. ʇʨʠʚʠʚʦʯʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʚʦ-

ʜʠʣʠ ʧʦ ʤʝʪʦʜʫ çʪʦʥʢʦʛʦ ʩʣʦʷè [1], ʘʜʘʧʪʠʨʦʚʘʥʥʦ-

ʤʫ ʢ ʧʨʠʚʠʚʢʝ ʥʘ ʤʠʢʨʦʚʦʣʦʢʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʂʦ-

ʣʠʯʝʩʪʚʦ (G) ʧʨʠʚʠʪʦʡ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʇɸʂ) ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦ-

ʱʝʥʠʷ ʇɸʂ ʧʨʠ 1700 ʩʤï1 (A1700) ʠ ʇʇ ʧʨʠ 1375 ʩʤ
ï1 

(A1375) ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʅʇɺʆ ʤʠʢʨʦʚʦʣʦʢʦʥ ʧʦ ʬʦʨ-

ʤʫʣʝ G = A1700/(A1700 + A1375). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʨʙ-

ʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ ʠʦʥʘʤ Zn2+ ʤʘʪʝʨʠʘʣ ʚʳʜʝʨʞʠ-

ʚʘʣʠ 3 ʯ ʚ ʨʘʩʪʚʦʨʝ ZnCl2 (0,06 ʤʄ, pH = 5,5) ʚ ʜʝ-

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʩʪʨʷʭʠʚʘ-

ʥʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʣʠ ʦʩʪʘʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʠʦʥʦʚ Zn2+ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ 

ʨʝʘʢʮʠʠ ʩ ʇɸʈ.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʀʂ ʩʧʝʢʪʨʳ ʅʇɺʆ ʤʘʪʝ-

ʨʠʘʣʘ çɸʢʚʘʉʧʘʥè ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʚʠ-

ʚʦʯʥʦʡ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ɸʂ ʧʨʠ ʚʨʝʤʝʥʠ ʋʌ 

ʦʙʣʫʯʝʥʠʷ 2 ʤʠʥ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦ-

ʱʝʥʠʷ ʇɸʂ ʧʨʠ 1700, 1240 ʠ 800 ʩʤï1 ʚ ʩʧʝʢʪʨʝ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʧʨʠʚʠʪʦʛʦ ʧʦʣʠʤʝʨʘ. ʅʘ 

ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʚʠʪʦʡ 

ʇɸʂ (G) ʠ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

çɸʢʚʘʉʧʘʥè ʧʦ ʠʦʥʘʤ Zn2+ ʦʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʨʠ-

ʚʠʚʦʯʥʦʡ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
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ʈʠʩ. 1. ʀʂ ʩʧʝʢʪʨʳ ʅʇɺʆ ʤʘʪʝʨʠʘʣʘ çɸʢʚʘʉʧʘʥè ʜʦ (1) ʠ ʧʦʩʣʝ 

(2) ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʧʨʠʚʠʪʦʡ ʇɸʂ  
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʚʠʪʦʡ ʇɸʂ (1) ʠ ʩʦʨʙʮʠʦʥʥʦʡ 

ʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ çɸʢʚʘʉʧʘʥè ʧʦ ʠʦʥʘʤ Zn2+ (2) ʦʪ ʚʨʝʤʝʥʠ ʨʝ-

ʘʢʮʠʠ ʧʨʠʚʠʚʦʯʥʦʡ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ  

ʋʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʧʨʠʚʠʚʦʯʥʘʷ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʷ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʚʦʣʦ-

ʢʦʥ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʇʇ 

çɸʢʚʘʉʧʘʥè ʧʨʠʜʘʝʪ ʝʤʫ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʀʦʥʦʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʩʦʨʙʝʥʪʘ ʩʦʧʦ-

ʩʪʘʚʠʤʘ ʠʣʠ ʜʘʞʝ ʚʳʰʝ ʝʤʢʦʩʪʠ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʢʘʢ ʉʄ-52 

(ñWhatmanò, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʆʣʴʚʘʛʝʣʴ-ʉʆʆʅ 

(ʈʦʩʩʠʷ), MN (ñPuroliteò, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), Macro-

Prep 50 CM (ñBioradò, ʉʐɸ).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ɹʈʌʌʀ (ʧʨʦʝʢʪ ʍ15ʄ-062). 

 
3. ʊʨʝʪʠʥʥʠʢʦʚ ʆ.ʅ., ʇʨʠʭʦʜʯʝʥʢʦ ʃ.ʂ., ʐʢʨʘʙʘʪʦʚʩʢʘʷ ʃ.ɺ. 

ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʧʨʠʚʠʚʦʯʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʢʨʠʣʦ-

ʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠʟ ʪʦʥ-

ʢʦʛʦ ʩʣʦʷ ʥʝʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʥʦʤʝʨʘ // 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʵʢʩʪʨʫ-

ʟʠʦʥʥʦʛʦ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʚ ʨʘʩʧʣʘʚʝ ʧʦʣʠ-

ʤʝʨ/ʛʣʠʥʠʩʪʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ (ʥ-ʇʂʄ), ʦʩʦʙʝʥʥʦ 

ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʠ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʯʨʝʟʤʝʨʥʘʷ 

ʜʝʩʪʨʫʢʮʠ ̫ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ (ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʯʘʩʪʠʮʘʤʠ ʛʣʠʥʳ) ʠ ʤʦʣʝʢʫʣ ʇɸɺ (ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʭʫʜ-

ʰʝʥʠʶ ʵʢʩʬʦʣʠʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʧʦ-

ʣʠʤʝʨʘ [1]), ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʇɸɺ ʚ ʦʙʲʝʤ ʧʦʣʠʤʝʨʘ. ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

ʩʚʦʡʩʪʚ ʥ-ʇʂʄ. ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʘʫʥʜʠʨʫʶʱʝʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦ-

ʢʠʭ ʧʨʝʜʝʣʘʭ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʜʚʫʭʰʥʝʢʦʚʦʛʦ ʢʦʤʧʘʫʥʜʠʨʫʶʱʝʛʦ ʵʢʩʪʨʫʜʝʨʘ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʪʝʨʤʦʧʣʘʩʪ/ʛʣʠʥʘ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʕʊ ʤʘʨʢʠ 

8200 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʄʦʛʠʣʝʚʭʠʤʚʦʣʦʢʥʦè ʠ 

ʇɸ6 (ʤʘʨʢʘ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ), 

ʚʳʧʫʩʢʘʝʤʳʡ ʆɸʆ çɻʨʦʜʥʦ ɸʟʦʪè, ʘ ʪʘʢʞʝ ʠʩʭʦʜ-

ʥʳʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʇɸɺ ʛʣʠʥʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ 

ɿɸʆ çʄʝʪʘʢʣʵʡè (ʈʦʩʩʠʷ), ñSouthern Clay Product 

Inc.ò (ʉʐɸ) ʠ ñLaviosa Chimica Minerariaò (ʀʪʘʣʠʷ). 

ʂʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝ ʥ-ʇʂʄ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʚʫʭʰʥʝʢʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ TSSK-35/40 

(ʜʠʘʤʝʪʨ ʰʥʝʢʦʚ 35 ʤʤ, L/D = 40, 10 ʩʝʢʮʠʡ ʤʘʪʝʨʠ-

ʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʥʘʛʨʝʚʦʤ) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʩʥʦʚʥʳʭ ʟʦʥʘʭ ʩʤʝʰʝʥʠʷ ʧʨʝʚʳʰʘ-

ʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʪʝʨʤʦʧʣʘʩʪʦʚ (ʵʢʩʪʨʫ-

ʟʠʷ ʚ ʨʘʩʧʣʘʚʝ, ʕʈ) ʠ ʥʠʞʝ ʝʝ ʜʦ 100Áʉ (ʥʠʟʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʘʷ ʵʢʩʪʨʫʟʠʷ, ʅʕ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʕʊ/ʛʣʠʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʨʝʞʠʤʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʵʢʩʪʨʫʟʠʠ 

ʚ ʨʘʩʧʣʘʚʝ, ʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʢʩʪʨʫʟʠʠ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʨʠʩ. 1). ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʛʣʠʥʳ ʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʨʘʟʮʳ 

ʠʟ ʇʕʊ/ʛʣʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʕʈ, ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ 

ʟʥʘʯʝʥʠʝ ʨ ʩʪʦʣʴ ʤʘʣʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʰʝʡʢʠ (ʨʠʩ. 1, 

ʢʨʠʚʘʷ 1). ʆʯʝʚʠʜʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʠʥ-

ʪʝʥʩʠʚʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʘʪʨʠʯʥʦʛʦ 

ʇʕʊ ʥʘ ʩʪʘʜʠʠ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨ ʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʴ ʨʘʩʩʣʘʠʚʘʥʠʷ 

ʥʘʥʦʛʣʠʥ ʚ ʤʘʪʨʠʮʝ ʇʕʊ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʨʝʞʠʤʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʢʩʪʨʫʟʠʠ. 
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ʈʠʩ.1. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ 

ʇʕʊ/ʛʣʠʥʘ Cloisite 30B ð 1 ʤʘʩ.%; ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚ ʟʦʥʘʭ ʩʤʝʰʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʵʢʩʪʨʫʜʝʨʘ: 

1 ð 260 ʉ; 2 ð 200; 3 ð 150 ʉ 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʭʦʜ ʦʪ ʕʈ ʢ ʨʝʞʠʤʫ ʅʕ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʩʜʚʠʛʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʘʞʥʳʤ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ (ʇʌ), 

ʚʚʦʜʠʤʳʭ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. ʇʨʠ ɻʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇɸ6. ʇʨʠ 

ʦʙʲʝʤʥʦʤ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠ-

ʮʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʩʜʚʠʛʦ-

ʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥ-

ʇʂʄ ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʜʚʠʛʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʦʣʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʴ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ ʇʌ ʥʘ 

ʩʚʦʡʩʪʚʘ ʥ-ʇʂʄ ʇɸ6/ʛʣʠʥʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʪʠʧʦʤ ʉɻʉ ʠ ʇɸɺ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʙ-

ʨʘʙʦʪʢʝ ʛʣʠʥ. 

ɺʳʷʚʣʝʥʦ ʥʫʢʣʝʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘʥʦʛʣʠʥ ʥʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʫʩʠʣʠʚʘʶʱʝʝʩʷ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʟʦ-

ʥʘʭ ʩʤʝʰʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʵʢʩʪʨʫʜʝʨʘ. 

 
1. Pesetskii S.S., Bogdanovich S.P., and Myshkin N.K. Tribologi-

cal behavior of polymer nanocomposites produced by dispersion 

of nanofillers in molten thermoplastics // Ch.5. In: Tribology of 

polymeric nanocomposites, editors K. Friedrich and Alois K. 

Schlarb. ð Oxford: Elsievier. ð 2013, 119ð162 
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ʇʆʃʋʏɽʅʀɽ ʄɽɼʔʉʆɼɽʈɾɸʑʀʍ ɻʀɼʈʆɻɽʃɽɺʓʍ 

ʉʋɹʄʀʂʈʆʅʅʓʍ ʏɸʉʊʀʎ ʍʀʊʆɿɸʅɸ 

ɺ.ʀ. ʂʫʣʠʢʦʚʩʢʘʷ, ɺ.ɽ. ɸʛʘʙʝʢʦʚ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; kulikouskaya@gmail.com  

ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨ-ʥʝʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘ-

ʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʥ-

ʪʝʡʥʝʨʦʚ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝɦ ʝʩʪʚ [1, 2].  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ Cu2+ ʚ ʛʠʜʨʦʛʝʣʝʚʳʝ ʭʠ-

ʪʦʟʘʥʦʚʳʝ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮʳ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ ʢʦʤʧʦʟʠʪʦʚ ʭʠʪʦʟʘʥ-Cu0. 

ʍʠʪʦʟʘʥʦʚʳʝ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʠʦʥʦʪʨʦʧʥʦʛʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʪʠʦʥʳ 

ʤʝʜʠ ʩʦʨʙʠʨʦʚʘʣʠ ʚ ʥʠʭ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ CuSO4 

(II) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 0,1 ʜʦ 1,1 ʄ. ʂʦʤʧʦʟʠʪ ʭʠʪʦ-

ʟʘʥ-ʉu0 ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʠʦʥʦʚ 

Cu2+, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʚ ʭʠʪʦʟʘʥʦʚʳʝ ʯʘʩʪʠʮʳ, ʜʦ 

Cu0 ʙʦʨʛʠʜʨʠʪʦʤ ʥʘʪʨʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʨʙʮʠʠ ʢʘʪʠʦʥʦʚ ʤʝʜʠ ʚ 

ʭʠʪʦʟʘʥʦʚʳʝ ʯʘʩʪʠʮʳ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

CuSO4Å5ʅ2ʆ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 0,1 ʜʦ 0,5 ʄ ʢʠʥʝ-

ʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩʦʨʙʮʠʠ Cu2+ ʟʘʧʨʝʜʝʣʠʚʘʶʪʩʷ ʯʝ-

ʨʝʟ 30 ʤʠʥʫʪ, ʘ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ (0,6õ1,1 ʄ) ʩʦʨʙʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʝʪ-

ʩʷ ʯʝʨʝʟ 1 ʯʘʩ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʙʮʠʷ ʢʘʪʠʦʥʦʚ 

ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ɝ-ʧʦʪʝʥʮʠ-

ʘʣʘ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮ ʭʠʪʦʟʘʥʘ ʩ +(22õ24) ʤɺ ʜʦ 

+(8õ12) ʤɺ. 

ɺʦ ʚʩʝʤ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ (0,1õ1,1 ʄ) CuSO4Å5ʅ2ʆ ʠʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ ʢʘ-

ʪʠʦʥʦʚ ʤʝʜʠ (II) ʯʘʩʪʠʮʘʤʠ ʭʠʪʦʟʘʥʘ ʠʤʝʝʪ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʣʠʥʝʡʥʳʡ ʚʠʜ (ʨʠʩ. 1). ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʘʜʩʦʨʙʮʠ-

ʦʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʌʨʝʡʥʜʣʠʭʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨ-

ʨʝʣʷʮʠʠ R2 = 0,98): ɸ=ʂFʩ
1/n. ʈʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ 

ʫʨʘʚʥʝʥʠʷ ʌʨʝʡʥʜʣʠʭʘ: 1/n = 0,97 ʠ ʂF = 0,036. ʂʦʥ-

ʩʪʘʥʪʘ 1/n, ʧʦʢʘʟʳʚʘʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ, 

ʙʣʠʟʢʘ ʢ ʝʜʠʥʠʮʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʘʜʩʦʨʙʘʪʦʤ ʠ ʘʜʩʦʨʙʝʥʪʦʤ. 

ʊʘʢ, ʧʨʠ ʩʦʨʙʮʠʠ Cu2+ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʭʠʪʦʟʘʥʘ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʘʷ, ʥʦ ʠ ʭʝʤʦ-

ʩʦʨʙʮʠʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʭʠʪʦʟʘʥʘ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʜʠ.  

ʇʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʭʠʪʦʟʘʥʦʚʳʭ ʯʘʩʪʠʮ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʜʦ 29 ʤʤʦʣʴ Cu2+/ʛ ʩʫʭʦʛʦ ʣʠʦʬʠʣʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʜʝʩʦʨʙʮʠʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Cu2+, 

ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʭʠʪʦʟʘʥʦ-

ʚʳʭ ʯʘʩʪʠʮʘʭ, ʩʦʩʪʘʚʣʷʝʪ ~2,7 ʤʤʦʣʴ/ʛ ʣʠʦʬʠʣʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴ-

ʥʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʦʚ ʤʝʜʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙ-

ʨʘʟʦʚʘʪʴ ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʭʠ-

ʪʦʟʘʥʘ.  

 

  

ʈʠʩ. 1. ʀʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ Cu2+ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʭʠʪʦʟʘʥʘ 

ʇʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜ-

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮʳ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʜʠ ʙʦʨʛʠʜʨʠ-

ʜʦʤ ʥʘʪʨʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ ʧʦʜʪʚʝʨ-

ʞʜʝʥʦ ʧʦʷʚʣʝʥʠʝʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʟʦʣʷ ʧʦʣʦ-

ʩʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʇʇʈ) 

ʧʨʠ 580 ʥʤ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʬʝʨʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ Cu0 ʩ ʜʠʘʤʝʪʨʦʤ 2ð10 ʥʤ [3]. ʉʨʝʜʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʯʘ-

ʩʪʠʮ ʭʠʪʦʟʘʥ-Cu0 ʩʦʩʪʘʚʣʷʝʪ ~200 ʥʤ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚ ʟʦʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʛʨʝʛʘʪʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 

1 ʤʢʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ ʯʘʩʪʠʮ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʩ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ 0,1 ʄ ʠ ʭʠʪʦʟʘʥʦʚʳʭ ʯʘʩʪʠʮ ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ Cu2+ 0,2õ0,3 ʤʤʦʣʴ/ʣ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʣʠ ʢʘʪʠʦʥʦʚ ʤʝʜʠ ʚ ʭʠʪʦʟʘʥʦ-

ʚʳʭ ʯʘʩʪʠʮʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʘʛʨʝʛʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʭʣʦʧʴʝʚʠʜʥʦʛʦ ʦʩʘʜʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ 

ʭʠʪʦʟʘʥʦʚʳʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ ~2,7 ʤʤʦʣʴ 

Cu2+/ʛ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʤʧʦʟʠʪ ʭʠʪʦ-

ʟʘʥ-Cu0. 
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ʌʆʊʆʆʈʀɽʅʊʀʈʋɽʄʓʁ ʂʆʄʇʆɿʀʎʀʆʅʅʓʁ ʊʆʅʂʆʇʃɽʅʆʏʅʓʁ 

ʄɸʊɽʈʀɸʃ ʅɸ ʆʉʅʆɺɽ ɺʆɼʆʈɸʉʊɺʆʈʀʄʆɻʆ ʇʆʃʀʄɽʈɸ ʀ 

ɼʀɸɿʆʇʈʆʀɿɺʆɼʅʆɻʆ 5,5ô-ɼʀʆʂʉʆɼʀɹɽʅɿʆʊʀʆʌɽʅɸ 

ʉ.ʅ. ʃʘʨʠʢʦʚʘ, ɾ.ɼ. ʏʘʧʣʘʥʦʚʘ, ɺ.ʉ. ʄʠʢʫʣʠʯ, ɺ.ʉ. ɹʝʟʨʫʯʝʥʢʦ, ɽ.ɸ. ɻʨʘʯʝʚʘ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; ichnm-lpp@mail.ru 

ʌʦʪʦʦʨʠʝʥʪʠʨʫʝʤʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ ʥʘ ʦʩʥʦʚʝ ʘʟʦʢʨʘʩʠʪʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʛʦʣʦʛʨʘʬʠʠ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʦʨʠʝʥʪʘʥʪʦʚ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣ-

ʣʦʚ. ɺʚʝʜʝʥʠʝ ʘʟʦʢʨʘʩʠʪʝʣʝʡ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʶ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʦʥ-

ʢʠʭ ʧʣʝʥʦʢ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʡ.  

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʘʥʠ-

ʟʦʪʨʦʧʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ ʪʦʥʢʦʧʣʝʥʦʯʥʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʘʟʦʢʨʘʩʠʪʝʣʷ ï ʢʘʣʠ-

ʝʚʦʡ ʩʦʣʠ 3,7-ʙʠʩ[1-(4-ʛʠʜʨʦʢʩʠ-3-ʢʘʨʙʦʢʩʠʣʘʪ)-

ʬʝʥʠʣʘʟʦ]-5,5ô-ʜʠʦʢʩʦʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (AtA-2) ʠ ʧʦ-

ʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʇɺʇ). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʣʝʥʢʠ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

AtA-2 ʬʦʨʤʠʨʦʚʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 1%-ʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʢʨʘʩʠʪʝʣʷ ʚ ʚʦʜʝ [AtA-2(H2O)] ʠ ʇɺʇ 

[AtA-2(ʇɺʇ)] ʥʘ ʢʚʘʨʮʝʚʳʭ ʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞ-

ʢʘʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʋʌ 

ʦʯʠʩʪʢʠ Photo Surface Processor PL 16-110D (Sen 

Lights Corp, ʗʧʦʥʠʷ). ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦ-

ʱʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ ʉʄ 

2203 (Solar, ɹʝʣʘʨʫʩʴ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦ-

ʚʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʦʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠ 

ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ (ʩʠʥʠʡ ʩʚʝʪʦʜʠʦʜ ʩ 

ɚ = 450 ʥʤ, I = 23 ʤɺʪ/ʩʤ2) ʠ ʧʦʣʥʳʤ ʩʚʝʪʦʤ ʨʪʫʪʥʦʡ 

ʣʘʤʧʳ ɼʈʊ-1000. ʇʦʣʷʨʠʟʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʟʘʧʠʩʳ-

ʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Ocean Optics Maya2000Pro, 

ʉʐɸ. ʄʦʨʬʦʣʦʛʠʶ ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (NanoScope Multi-

Mode, Veeco, ʉʐɸ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ AtA-2(ʇɺʇ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝ-

ʥʠʷ (ɚʤʘʢʩ) ʦʪʥʦʩʠʪʝʣʴʥʦ ɚʤʘʢʩ ʩʧʝʢʪʨʘ ʧʣʝʥʢʠ AtA-

2(H2O) (ʪʘʙʣʠʮʘ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ AtA-2 ʠ ʇɺʇ.  

ʀʟʦʙʝʩʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʠ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ 

ɚʤʘʢʩ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ AtA-2(ʇɺʇ), 

ʦʙʣʫʯʝʥʥʳʭ 100 ʤʠʥ ʧʦʣʥʳʤ ʩʚʝʪʦʤ ʨʪʫʪʥʦʡ ʣʘʤʧʳ 

(ʨʠʩ. 1), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʨʘʥʩ-ʮʠʩ-ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʢʠ AtA-2(H2O) 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʝʥʢʠ AtA-2(ʇɺʇ) ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʋʌ ʩʚʝʪʦʤ 

ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ AtA -2 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɺʇ ʚ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʟʥʘʯʝʥʠʷ ɚʤʘʢʩ ʠ ɚʠʟʦʙ ʩʜʚʠʛʘʶʪʩʷ ʚ ʢʨʘʩ-

ʥʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʘ ʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ 

ʧʣʦʪʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ (D0/D100) 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʪʘʙʣʠʮʘ). 

ʇʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ AtA-2 ʧʦʣʷʨʠʟʫʶʪʩʷ ʧʨʠ ʦʙ-

ʣʫʯʝʥʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ. ɼʠʭʨʦ-

ʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ (DR), ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʦʧ-

ʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʣʝʥʦʢ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦ-

ʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɺʇ ʚ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ɿʥʘʯʝʥʠʷ DR ʜʣʷ ʧʣʝʥʦʢ AtA-2(ʇɺʇ) ʚʳʰʝ, 

ʯʝʤ ʜʣʷ ʧʣʝʥʢʠ AtA-2(H2O) ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦ-

ʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʣʫʯʝʥʠʷ. 

ʇʣʝʥʢʘ AtA-2(H2O) ʟʝʨʥʠʩʪʘʷ ʩ ʠʥʜʝʢʩʦʤ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ Rms = 4,5 ʥʤ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠ-

ʘʣʳ AtA-2(ʇɺʇ) ʧʨʦʟʨʘʯʥʳ, ʠʤʝʶʪ ʘʤʦʨʬʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (Rms ~ 0,5 ʥʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʘʟʦʢʨʘʩʠʪʝʣʷ AtA-2 ʚ 

ʤʘʪʨʠʮʫ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦ-

ʪʦʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɺʇ ʚ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. 

 
1. ʏʘʧʣʘʥʦʚʘ ɾ.ɼ., ʄʫʨʘʚʩʢʠʡ ɸ.ɸ., ʈʦʛʘʯʝʚ ɸ.ɸ., ɸʛʘʙʝ-

ʢʦʚ ɺ.ɽ., ɻʨʘʯʝʚʘ ɽ.ɸ.. ʄʥʦʛʦʩʣʦʡʥʳʝ ʘʥʠʟʦʪʨʦʧʥʳʝ ʧʣʝʥʢʠ 

ʥʘ ʦʩʥʦʚʝ ʘʟʦʢʨʘʩʠʪʝʣʷ ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʞʝʣʪʦʛʦ ʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʧʦʣʠʤʝʨʦʚ // ɾʫʨʥ. ʧʨʠʢʣ. ʩʧʝʢʪʨ. ð 2013 (80), ˉ 5, 

675ð679 

 AtA-2(H2O) 

AtA-2(ʇɺʇ) 

[ʇɺʇ], ʤʘʩ.% 

1 5 10 

ɚʤʘʢʩ, ʥʤ 413 420 431 442 

ɚʠʟʦʙ, ʥʤ ʦʪʩʫʪʩʪʚʫʝʪ 350 365 375 

D0/D100 1,1 1,6 1,7 2,1 

DR 1,4 2,0 2,3 3,0 
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ʈɸɿʈɸɹʆʊʂɸ ɺʓʉʆʂʆʇʈʆʏʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʉɺɽʈʍɺʓʉʆʂʆʄʆʃɽʂʋʃʗʈʅʆɻʆ 

ʇʆʃʀʕʊʀʃɽʅɸ ʀ ɹɸɿɸʃʔʊʆɺʆɻʆ ɺʆʃʆʂʅɸ 

ʆ.ɺ. ɻʦʛʦʣʝʚʘ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ; oli-gogoleva@yandex.ru 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʣʫʯ-ʰʝʥʠʷ ʪʨʠ-

ʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʝʨʭʚʳʩʦʢʦʤʦ-ʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ), ʩʦʯʝʪʘʶʱʝʛʦ ʧʨʝʚʦʩʭʦʜʥʳʝ 

ʪʝʨʤʦ- ʠ ʭʠʤʠʯʝʩʢʠ- ʩʪʦʡʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʥʠʟʢʦʡ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʦʩʪʘʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢ-

ʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʠʩʧʝʨʩʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʥʝʦʙ-

ʭʦʜʠʤʦʛʦ ʩʦʯʝʪʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʨʠʙʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʘʨʤʠʨʫʶ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ (ɹɺ) ʧʦʜʚʝʨʛʘʣʠ ʠʟʤʝʣʴʯʝʥʠʶ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʞʫʱʝʡ ʤʝʣʴʥʠʮʳ Fritsch 

Pulverizette 15 ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʠʪʦʤ ʨʘʟʤʝʨʥʦ-

ʩʪʴʶ 0,25 ʤʤ. ɼʘʣʝʝ ʙʘʟʘʣʴʪʦʚʦʝ ʧʦʜʚʝʨʛʘʣʠ ʤʝʭʘ-

ʥʦʘʢʪʠʚʘʮʠʠ ʚ ʪʝʯʝʥʠʠ 2 ʤʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʘʢ-

ʪʠʚʘʮʠʠ ʧʦʚʳʰʘʝʪʩʷ ʚ 4ð6 ʨʘʟ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʪʦʣʱʠʥʳ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝ-

ʥʠʝʤ ʤʠʢʨʦʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ, ʘ 

ʠʤʝʥʥʦ ʧʦʷʚʣʝʥʠʝʤ ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦ-

ʢʦʥ, ʧʦʚʳʰʘʶʱʠʭ ʝʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ.  

ʅʘʧʦʣʥʠʪʝʣʠ ʚʚʦʜʠʣʠʩʴ ʚ ʉɺʄʇʕ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ ʦʪ 5 ʜʦ 20 ʤʘʩ.%. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴ-

ʥʳʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

5 ʤʘʩ.% ʢʘʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ, ʪʘʢ ʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥ-

ʥʦʛʦ ɹɺ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʠʟʥʘʰʠ-

ʚʘʥʠʷ ʇʂʄ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 7,7 ʨʘʟ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ, ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 30-40%. 

ʉʫʱʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ 

ʥʘʧʦʣʥʝʥʠʠ ʪʚʝʨʜʦʬʘʟʥʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʥʘʧʦʣʥʠ-

ʪʝʣʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢ-

ʪʫʨ ʚ ʇʂʄ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʠʤʝʨʝ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚʦʣʦʢʦʥ ʤʝʭʘʥʠʟʤ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʥʦʡ, ʯʝʤ ʧʨʠ ʥʘʧʦʣ-

ʥʝʥʠʠ ʜʠʩʧʝʨʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʠʥʦʡ ʩʪʨʫʢʪʫʨʳ: ʚʦʣʦʢʥʘ, ʧʨʦʥʠʟʳʚʘʷ ʧʦʣʠ-

ʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʨʤʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʙʨʘ-

ʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʘʨʤʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦ-

ʟʠʪʘ ʧʨʠʜʘʝʪ ʇʂʄ ʞʝʩʪʢʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳ-

ʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢ-

ʥʘ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʉɺʄʇʕ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʤʝ-

ʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʳ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠ-

ʝʤ ʪʠʧʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʩʪʘ-

ʝʪʩʷ ʣʘʤʝʣʣʷʨʥʦʡ, ʢʘʢ ʠ ʚ ʠʩʭʦʜʥʦʤ ʉɺʄʇʕ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝ-

ʙʦʣʴʰʘʷ ʜʦʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʦ ʥʘʥʦʬʠʙʨʠʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʉɺʄʇʕ, ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɹʘʟʘʣʴʪʦʚʳʝ 

ʚʦʣʦʢʥʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ 

ʩ ʤʦʣʝʢʫʣʘʤʠ ʉɺʄʇʕ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʟʘʨʦʜʳʰʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʢʦʤʧʦ-

ʟʠʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʥʝʙʦʣʴʰʦʡ ʜʦʣʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ɹɺ ʫʚʣʝʢʘʶʪ ʟʘ ʩʦʙʦʡ 

ʯʘʩʪʴ ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʥʘ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʯʘʩʪʴ ʧʦʣʠ-

ʤʝʨʘ, ʚʤʝʩʪʝ ʩ ʘʤʦʨʬʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, ʚʳʪʷʛʠʚʘʝʪʩʷ 

ʚ ʥʘʥʦʬʠʙʨʠʣʣʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʫʜʘʨʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʉɺʄʇʕ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩ-

ʧʳʪʘʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʡ-

ʢʦʩʪʠ ʢ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟ-

ʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʤʝʭʘʥʠʟʤʘʭ, ʧʦʜʚʝʨʞʝʥ-

ʥʳʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʩʪʠʨʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʨʳʯʘʛʦʚ ʧʦʜʚʝʩʢʠ, ʦʧʦʨʥʳʭ ʢʘʪʢʦʚ, ʦʩʝʡ 

ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʠ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʠʤ ʜʝʪʘʣʷʤ ʜʣʠʪʝʣʴʥʦʡ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʠ ʫʜʘʨʦʧʨʦʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʫʩʪʦʡ-

ʯʠʚʦʩʪʠ, ʥʠʟʢʦʛʦ ʚʝʩʘ, ʩʪʦʡʢʦʩʪʠ ʢ ʘʛʨʝʩʩʠʚʥʳʤ 

ʩʨʝʜʘʤ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʚʘʞʥʦ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ çʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ)è 
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1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 
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2ʆɸʆ çɿʘʚʦʜ ʛʦʨʥʦʛʦ ʚʦʩʢʘè, ʛ.ʧ. ʉʚʠʩʣʦʯʴ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʣʴʮʠʝʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʘʩʪʠʯʥʳʭ ʩʤʘ-

ʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʇʉʄ) ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʤʘʩʝʣ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʟʘʛʫʩʪʠʪʝʣʷ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʂʇʉʄ ʦʮʝʥʠʚʘʣʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʢʘʧʣʝʧʘʜʝʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʘ ʣʘʙʦ-

ʨʘʪʦʨʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ IKALR 2.ST, ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʂʇʉʄ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʂʇʉʄ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ 

ʤʥʦʛʦʬʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʂʇʉʄ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʪʨʝʙʫʝʪʩʷ ʚʳʙʦʨ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʢʘʢ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʂʇʉʄ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʠʟʤʝʥʷʶʪʩʷ ʢʘʢ ʨʝʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʪʝʧʣʦʬʠ-

ʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʝ-

ʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʧʦʣʫʯʝʥʠʷ [1ð3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫ-

ʯʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ ʂʇʉʄ (ʨʠʩ. 1). 

ɼʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʧʨʦʪʝʢʘʥʠʝ ʢʘʢ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʥʝʡʪʨʘʣʠʟʘʮʠʷ 

ʢʠʩʣʦʪ), ʪʘʢ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʦʣʫʧʨʦʜʫʢʪʦʚ 

ʂʇʉʄ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʣʠʙʦ ʧʦʛʣʦʱʝʥʠ-

ʝʤ, ʣʠʙʦ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʘʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʂʇʉʄ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʪʝʧʣʦ-

ʚʳʤʠ ʵʬʬʝʢʪʘʤʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʩ ʨʦʩʪʦʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʘʮʝʪʘʪ-ʩʪʝʘʨʘʪ ʢʘʣʴʮʠʷ.  

ʇʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʷʟʢʦʩʪʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʂʇʉʄ ʫʩʪʘʥʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

135ð170 ʉ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʂʇʉʄ ð ʚ ʠʥʪʝʨʚʘʣʝ 

225ð245 ʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʂʇʉʄ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʂʇʉʄ 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʂʇʉʄ ʦʪ ʩʦʩʪʘʚʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ ʜʠʩʧʝʨʩʠ-

ʦʥʥʦʡ ʩʨʝʜʳ ʩʥʠʞʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 2), ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʥʠʞʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʂʇʉʄ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ 10 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʉʦʶʟʥʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʘ çʈʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭ-

ʥʠʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʪʨʠʮ ʠ ʘʨʤʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ 2012ð2016 ʛʦʜʳè. 
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ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʅɸ ʆʉʅʆɺɽ ʊɽʈʄʆʇʃɸʉʊʀʏʅʆɻʆ 

ʂʈɸʍʄɸʃɸ ʀ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ʇʆʃʀʄɽʈʆɺ 

ɸ.ɸ. ɹʦʡʢʦ
1
, ɽ.ʅ. ʇʦʜʜʝʥʝʞʥʳʡ

1
, ʅ.ɽ. ɼʨʦʙʳʰʝʚʩʢʘʷ

1
,  

ɺ.ʄ. ʐʘʧʦʚʘʣʦʚ
2
, ʂ.ɺ. ʆʚʯʠʥʥʠʢʦʚ

2
 

1ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ʆ. ʉʫʭʦʛʦ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; boiko@gstu.by 
2ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʢʨʘʭʤʘʣ (ʊʇʂ) ð ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʠʷ ʙʠ-

ʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. ʂʨʘʭʤʘʣ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʩʪʠʥʥʳʤ ʪʝʨʤʦʧʣʘʩʪʦʤ, ʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʩʪʠ-

ʬʠʢʘʪʦʨʘ (ʚʦʜʘ, ʛʣʠʮʝʨʠʥ, ʩʦʨʙʠʪʦʣ ʠ ʪ.ʜ.), ʧʨʠ ʚʳ-

ʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (90ð180 ÁC) ʠ ʩʜʚʠʛʝ ʦʥ ʧʣʘʚʠʪ-

ʩʷ ʠ ʨʘʟʞʠʞʘʝʪʩʷ, ʧʦʟʚʦʣʷʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʣʠ-

ʪʴʝʚʦʤ, ʵʢʩʪʨʫʟʠʦʥʥʦʤ ʠ ʨʘʟʜʫʚʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, 

ʧʨʠʤʝʥʷʝʤʦʤ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʣʘʩʪʤʘʩʩ. ʂ ʩʦʞʘ-

ʣʝʥʠʶ, ʊʇʂ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʘʧʨʠ-

ʤʝʨ, ʩʠʣʴʥʳʡ ʛʠʜʨʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʫʭʫʜh ʝʥʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 

ʧʣʘʩʪʠʢʘʤʠ ʠ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʚʦʡʩʪʚ ʧʦ-

ʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ [2]. ʇʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʙʠʦʨʘʟʣʘ-

ʛʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ 

ʊʇʂ ʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝ-

ʨʦʚ [3].  

ʂʦʛʜʘ ʊʇʂ ʥʘʭʦʜʠʪʩʷ ʚ ʩʤʝʩʠ ʩ ʛʠʜʨʦʬʦʙʥʳʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ, ʧʦʩʣʝʜʥʠʡ ʟʘʱʠʱʘʝʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʣʘʩʪʠʢ ʦʪ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʚʦ-

ʜʦʡ ʠʣʠ ʧʘʨʘʤʠ ʚʦʜʳ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤ-

ʧʦʟʠʪʘ ʊʇʂ-ʧʦʣʠʤʝʨ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʵʪʘʧʦʚ: 1 ð ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʊʇʂ ʠʟ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʠʚʥʦʛʦ ʢʨʘʭʤʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ; 2 ð ʩʤʝʰʠʚʘʥʠʝ ʊʇʂ ʩ ʢʦʤʧʘ-

ʪʠʙʠʣʠʟʘʪʦʨʦʤ, ʣʫʙʨʠʢʘʥʪʦʤ, ʧʦʣʠʤʝʨʦʤ, ʥʘʧʦʣʥʠ-

ʪʝʣʝʤ ʠ ʢʨʘʩʠʪʝʣʝʤ; 3 ð ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩʤʝʩʠ, 

ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʩʠʣʠʷʤʠ, ʧʨʠʢʣʘ-

ʜʳʚʘʝʤʳʤʠ ʢ ʩʤʝʩʠ ʠʥʛʨʝʜʠʝʥʪʦʚ. 

ʏʘʱʝ ʚʩʝʛʦ, ʵʪʠ 3 ʵʪʘʧʘ ʧʨʦʚʦʜʷʪ ʚ 2ʭ ʰʥʝʢʦ-

ʚʦʤ ʵʢʩʪʨʫʜʝʨʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʛʨʫʟʦʯʥʳʤʠ ʚʦʨʦʥ-

ʢʘʤʠ ʠ ʫʜʘʣʝʥʠʝʤ ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʛʠ ʚʘʢʫʫʤʥʳʤ ʠʩ-

ʧʘʨʝʥʠʝʤ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʚʦʜʳ ʠʣʠ ʚʦʜʥʳʭ ʩʤʝʩʝʡ ʠʣʠ ʩʫʩʧʝʥʟʠʡ ʧʣʘ-

ʩʪʠʬʠʢʘʪʦʨʦʚ [4]. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʦʣʫʯʝ-

ʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ ʝʛʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʩʤʝʩʠ ʠʥ-

ʛʨʝʜʠʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʡ ʚʳʩʫʰʝʥʥʳʡ ʥʘʪʠʚʥʳʡ ʢʫ-

ʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ, ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʢʦʤʧʘʪʠʙʠʣʠʟʘ-

ʪʦʨ ʠ ʩʤʝʩʴ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ. ʅʘʪʠʚʥʳʡ 

ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʩʫʰʘʪ ʚ ʪʝʨʤʦʰʢʘʬʫ ʧʨʠ 60 Áʉ 

ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩ., ʟʘʛʨʫʞʘʶʪ ʚ ʤʠʢʩʝʨ, ʜʘʣʝʝ ʚʚʦʜʷʪ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. 

ɼʘʣʝʝ ʪʫʜʘ ʞʝ ʜʦʙʘʚʣʷʶʪ ʥʘʚʝʩʢʫ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥ-

ʛʠʜʨʠʜʘ ʠ ʩʤʝʩʴ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩ ʧʦʣʠʵʪʠʣʝʥʦʤ 

ʇʕɺɼ (9:1), ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ ʝʱʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʟʘʛʨʫʞʘʶʪ ʚ ʚʦʨʦʥʢʫ ʜʚʫʭʰʥʝ-

ʢʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ ʤʘʨʢʠ TSK-35/40 (PRC) ʩ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʠʤ ʦʪʚʝʨʩʪʠʝʤ D = 5ʤʤ, ʧʦʣʫʯʘʶʪ ʛʨʘʥʫʣʠ-

ʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʘʣʝʝ ʠʟ ʛʨʘʥʫʣ ʥʘ ʵʢʩʪʨʫʜʝʨʝ 

ʩʦ ʱʝʣʝʚʦʡ ʛʦʣʦʚʢʦʡ ʚʳʪʷʛʠʚʘʶʪ ʣʝʥʪʫ ʰʠʨʠʥʦʡ 

50 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩ-

ʪʷʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʦʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʝʥʪʳ ʩʦʩʪʘʚʣʷʝʪ 

19,0 ʄʇʘ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ð 250%.  
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ʇɸ 6 ʀ ʇʆʃʀɼʀʉʇɽʈʉʅʓʍ ʏɸʉʊʀʎ ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʆɻʆ ʋɻʃɽʈʆɼɸ 

ʄɽʊʆɼʆʄ ʉʆɺʄɽʑɽʅʅʓʍ ʂʆʅʊʋʈʅʓʍ ʂʈʀɺʓʍ 

ɸ.ʄ. ɺʘʣʝʥʢʦʚ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʈʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʘʚʠʘ- ʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟ-

ʣʠʯʥʦʛʦ ʨʦʜʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠ ʵʪʦʤ 

ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦ-

ʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʠʙʦ-

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʪʨʠʙʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʧʨʷʛʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʥʠʭ ʟʘʱʠʪʥʳʭ ʘʥʪʠʬʨʠʢ-

ʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠ-

ʘʤʠʜʦʚ ʚ ʯʘʩʪʥʦʩʪʠ ʇɸ 6 [1] ʠ ʨʘʟʣʠʯʥʳʭ ʜʠʩʧʝʨʩ-

ʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʇɸ 6 ʠ ʯʘʩʪʠʮ ʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠ-

ʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʊʋ BY 690654933.001-2011, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʣʘʟʤʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʨʘʟʨʷʜʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʧʦ ʩʧʦʩʦʙʫ ʦʧʠʩʘʥʥʦʛʦ ʚ [2]. ɼʘʥʥʳʝ ʯʘʩʪʠʮʳ 

ʥʘʧʦʣʥʠʪʝʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʠʥ-

ʪʝʨʚʘʣʝ 0é1 ʤʘʩ.%. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠ-

ʮ  rʧʨʠʤʝʥʷʣʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʘʤʠʜ-6 ʩ ʨʘʟ-

ʤʝʨʦʤ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 200 ʤʢʤ, ʧʦʣʫʯʝʥʥʳʡ ʢʨʠʦ-

ʛʝʥʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʆʉʊ 6-06-09-83. ʂʦʤʧʦʟʠʮʠʠ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʩʫʭʦʛʦ 

ʩʤʝʰʝʥʠʷ ʥʘʚʝʩʦʢ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʰʘʨʦ-

ʚʦʡ ʤʝʣʴʥʠʮʝ BLM-2 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʠ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ ʜʠʘʤʝʪʨʦʤ 20ð50 ʤʤ. ʆʧʪʠʤʠʟʘ-

ʮʠʶ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʇɸ 6 ʠ ʧʦʣʠʜʠʩ-

ʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʳʭ ʢʨʠʚʳʭ [3ð4] ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩ-

ʪʷʞʝʥʠʠ (ɽʨ), ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ (ůʨ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (f). 

ʆʙʨʘʟʮʘʤʠ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʞʠʣʠ ʣʦʧʘʪʢʠ (ʜʣʠʥʥʦʡ 50 ʤʤ, 

ʰʠʨʠʥʦʡ 15 ʤʤ ʩ ʰʠʨʠʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 5 ʤʤ, 

ʪʦʣʱʠʥʦʡ 1 ʤʤ) ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʣʝʥʢʠ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʚʳʨʫʙʥʦʛʦ ʰʪʘʤʧʘ. ʂʦʤʧʦʟʠʮʠ-

ʦʥʥʫʶ ʧʣʝʥʢʫ ʧʦʣʫʯʘʣʠ ʚʠʙʨʦʚʠʭʨʝʚʳʤ ʩʧʦʩʦʙʦʤ 

ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦ-

ʪʘʥʥʫʶ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʤ ʤʘʩʣʦʤ. ʇʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʦʪ-

ʩʣʘʠʚʘʣʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʦ-

ʚʦʜʠʣʠ ʥʘ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʤʠʢʨʦʪʨʠʙʦ-

ʤʝʪʨʝ MTU-2K7 (ʀʄʄʉ ʅɸʅ ɹʝʣʘʨʫʩʴ) ʙʝʟ ʩʤʘʟʢʠ 

ʧʨʠ ʥʘʛʨʫʟʢʝ 250, 500, 750 ʤʅ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʪʝʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʘʨʠʢ ʠʟ ʩʪʘʣʠ ʐʍ15 (Ra = 0,1 ʤʢʤ). 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʩʪʘʣʴʥʳʭ ʜʠʩʢʦʚ ʜʠʘ-

ʤʝʪʨʦʤ 30 ʤʤ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠ-

ʝʤ ʪʦʣʱʠʥʦʡ 500 ʤʢʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʢʦʥʪʫʨʥʳʭ ʢʨʠʚʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ɽʈ 3200 ʄʇʘ, (ůʈ 83 ʄʇʘ)) ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ (f 0,07) ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʶʱʠʡ ʩʦʩʪʘʚ: 99,6 ʤʘʩ.% 

ʇɸ 6 ʠ 0,4 ʤʘʩ.% ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʥʘʙʦʣʴʰʝʡ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴʶ, ʦʙʨʘʟʝʮ ʩ ʩʦʩʪʘʚʦʤ: 99,6 ʤʘʩ.% ʇɸ 6 ʠ 

0,4 ʤʘʩ.% ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ-

ʥʦʛʦ ʫʛʣʝʨʦʜʘ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʥʠʢʝʣʝʤ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʦʝ ʘʥʦʜʠʨʦ-

ʚʘʥʠʝ ʠʣʠ ʤʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ (ʄɼʆ) ʰʠ-

ʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʘʣʶʤʠʥʠʠ ʠ ʝʛʦ 

ʩʧʣʘʚʘʭ ʦʢʩʠʜʥʦ-ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʦ-

ʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʈʝʛʫʣʠʨʫʷ ʩʦʩʪʘʚʳ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʪʦʢʦʚʳʝ ʨʝʞʠʤʳ ʧʨʦʚʝʜʝʥʠʷ ʦʢʩʠʜʠ-

ʨʦʚʘʥʠʷ ʤʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʘʜʛʝʟʠʦʥʥʳ-

ʤʠ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʢʨʳʪʠʡ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʄɼʆ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʩʠʣʠʢʘʪʥʦ-

ʱʝʣʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ ʧʦʣʠʚʘ-

ʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳ-

ʪʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ 

ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʄɼʆ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ 

ʩʠʣʠʢʘʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʞʠʜʢʦʝ ʩʪʝʢʣʦ 

30 ʛ/ʣ, ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ 2 ʛ/ʣ) ʠʦʥʦʚ ʧʦʣʠʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ (Cu, Ni, Fe, Cr ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ) ʥʝ ʦʢʘ-

ʟʳʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦ-

ʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʄɼʆ, ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ. ʇʦʢʨʳʪʠʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʪʘʢʠʭ 

ʵʣʝʢʪʨʦʣʠʪʘʭ, ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʫʶ ʦʢʨʘʩʢʫ, ʩʚʷʟʘʥ-

ʥʫʶ ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʥʳʭ 

ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ Al 2O3. 

ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʥʘ ʘʣʶʤʠʥʠʝʚʦ-

ʤʘʛʥʠʝʚʦʤ ʩʧʣʘʚʝ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʣʝʛʠʨʦʚʘ-

ʥʠʝ ʧʦʢʨʳʪʠʷ ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʡ 

ʢ ʧʦʣʠʤʝʨʥʳʤ ʩʫʙʩʪʨʘʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʄɼʆ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʧʦʣʠʤʝ-

ʨʦʚ ʢ ʘʣʶʤʠʥʠʶ ʠ ʝʛʦ ʩʧʣʘʚʘʤ. ɸ ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦ-

ʩʦʩʪʦʡʢʦʩʪʠ ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʘʣʝʡ 

ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʙʘʟʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚ 3 ʨʘʟʘ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʦ ʫʤʝʥʴʰʠʣʦ ʢʦʥʝʯ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ ʧʨʠ 

ʵʪʦʤ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 30ð38%. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦ-

ʩʪʠ ʪʦʢʘ ʚ 2 ʨʘʟʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪ. ʇʦʚʳʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʄɼʆ ʩ 

5 ʤʠʥʫʪ ʜʦ 20 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠʤʝʨʥʦ ʚ 4,3 ʨʘʟʘ, ʘ ʩ 20 ʜʦ 40 ʤʠʥʫʪ ð ʚ 

2,1 ʨʘʟ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʠʣʠ ʚʳʧʨʷʤ-

ʣʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʦʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʘʪʴ ʧʦʢʨʳʪʠʷ ʥʘ 20ð25% ʪʦʣʱʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʪʦʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʦʢʩʠʜʥʦ-ʢʝʨʘʤʠ-

ʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʄɼʆ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ ʠʦʥʘʤʠ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣ-

ʣʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʪʦʧʦʛʨʘʬʠʝʡ 

ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʨʘʩ-

ʰʠʨʷʝʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʘ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʘ 

ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʜʝʪʘʣʠ 

ʨʘʩʭʦʜʦʤʝʨʦʚ ʠ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ. 
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ʥʝʪ CuSO4 NiSO4 FeSO4 K2Cr2O7 

ʊʦʣʱʠʥʘ, ʤʢʤ 65 70 70 60 65 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ, ɻʇʘ 16,0 18,0 18,0 15,5 16,0 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ Ra, ʤʢʤ 0,25 0,25 0,25 0,24 0,23 

ɸʜʛʝʟʠʷ ʢ ʇɸ 6, ʢʅ/ʤ 1,42 1,88 1,84 1,55 1,98 

ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, 

ʤʛ/ʩʤ2Āʤʠʥ 
8,1 7,0 7,4 7,2 8,2 
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ɺʚʝʜʝʥʠʝ 

ʍʠʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʰʠ-

ʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʚʥʦʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ 

ʥʘ ʜʝʪʘʣʷʭ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ-

ʩʷ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʵʣʝʢ-

ʪʨʦʣʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʘʜʠʦʣʠʟ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʨʘʜʠʦʣʠʟʘ [2] ʚ ʦʙʣʫʯʘʝʤʦʤ ʵʣʝʢʪʨʦʣʠʪʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʚʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʬʘ-

ʟʦʚʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʦʚ ʦʩʘʞʜʝʥʥʳʭ ʩʣʦʝʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [3, 4]. 

ʎʝʣʴ 

ʎʝʣʴ ʁʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʤʝʜʠ ʥʘ ʩʪʘʣʴ 08ʢʧ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʍʠʤʠʯʝʩʢʦʝ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʦʠʟʚʦʜʠ-

ʣʦʩʴ ʥʘ ʩʪʘʣʴ 08ʢʧ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ., ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: CuSO4 5H2O ð 2,5 ʛ/ʣ, H2SO4 

ð 10 ʛ/ʣ. ʆʩʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʧʦʣʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʦʚʘʣʦʩʴ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʥʝʡ 55 ʢɺ 

ʠ ʪʦʢʦʤ 15 ʤɸ. 

ʀʩʩʣʝʜʦʚʘʣʩʷ ʤʘʩʩʦʚʳʡ ʧʨʠʨʦʩʪ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ ʠ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦ-

ʛʦ ʪʦʣɦ ʠʥʦʤʝʨʘ ʄʊʎ-3. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʣʱʠʥʳ ʤʝʜʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʦʙʣʫʯʘʝʤʳʝ ʧʦʢʨʳʪʠʡ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 10% ʤʝʥʴʰʝ, ʯʝʤ ʫ ʢʦʥʪʨʦʣʴʥʳʭ, ʥʝ ʦʙ-

ʣʫʯʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʦʙʨʘʟʮʦʚ. ʄʘʩ-

ʩʘ, ʦʩʘʞʜʘʝʤʦʡ ʤʝʜʠ ʧʦʜ ʠʟʣʫʯʝʥʠʝʤ, ʥʘʧʨʦʪʠʚ, ʚ 

ʩʨʝʜʥʝʤ ʥʘ 12% ʚʳʰʝ, ʯʝʤ ʙʝʟ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ 

ʧʦʢʨʳʪʠʡ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʡ, 

ʦʩʘʞʜʝʥʥʳʭ ʚ ʧʦʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦ-

ʩʪʘʚʣʷʝʪ 8900 ʢʛ, ʘ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 8100. 

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʝʜʥʳʭ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʧʦʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʜʣʦʞʢʝ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. 

ʈʦʩʪ ʤʘʩʩʦʚʦʛʦ ʧʨʠʨʦʩʪʘ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʚʝʣʠʯʝʥʠʷ ʜʠʬʬʫ-

ʟʠʠ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʜʠʬʬʫʟʠʦʥ-

ʥʦʛʦ ʩʣʦʷ, ʚʳʟʚʘʥʥʦʛʦ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠ-

ʝʤ ʵʣʝʢʪʨʦʣʠʪʘ ʘʢʪʠʚʥʳʤʠ ʠ ʧʦʜʚʠʞʥʳʤʠ ʧʨʦʜʫʢ-

ʪʘʤʠ ʨʘʜʠʦʣʠʟʘ [5]. ʀʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʨʘʜʠʢʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʦʣʞʥʦ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʦʩʘʞʜʝʥʠʶ ʙʝʩʧʦʨʠʩʪʳʭ ʧʦʢʨʳ-

ʪʠʡ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʦʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʢʨʳʪʠʷ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ 

ʧʦʨ. ʊʘʢ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʦʨ ʫ ʧʦʢʨʳʪʠʡ, ʭʠʤʠʯʝʩʢʠ 

ʦʩʘʞʜʝʥʥʳʭ ʧʦʜ ʠʟʣʫʯʝʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 6 ʧ/ʩʤ2, ʘ ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 8 ʧ/ʩʤ2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʬʘʢʪʳ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ 

ʠʟ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬ-

ʬʝʢʪ. ɺ ʧʦʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ ʥʘ ʩʪʘʣʴ ʚʳʰʝ, ʯʝʤ ʙʝʟ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʣʝʢ-

ʪʨʦʣʠʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘ-

ʞʜʝʥʠʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʩ ʧʦʚʳ-

ʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʧʦʨ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, ʥʝʦʙʣʫʯʘʝʤʳʤʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʤʝʜʥʝʥʠʷ ʧʦʢʨʳʪʠʷʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

Mʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ.  
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2ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʇʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʠ ʬʝʥʦʣʥɹʳʭ 

ʩʚʷʟʫʶʱʠʭ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʂʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʧʦʣʠʤʝʨʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʕʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ ʦʙ-

ʣʘʜʘʶʪ ʤʘʣʦʡ ʫʩʘʜʢʦʡ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ, ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʪʚʝʨʜʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ, 

ʘʜʛʝʟʠʝʡ ʢ ʧʦʣʷʨʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʚʳʩʦʢʠʤʠ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʫʩʪʫʧʘʶʪ ʬʝ-

ʥʦʣʴʥʳʤ ʧʦ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ, ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ. ʆʜʥʘʢʦ, ʦʙʣʘʜʘʷ ʰʠ-

ʨʦʢʠʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʤʘʪʝʨʠʘʣʳ, ʬʦʨʤʠʨʫʝ-

ʤʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʙʣʘʜʘʶʪ ʭʨʫʧʢʦʩʪʴʶ ʠ ʩʢʣʦʥʥʦ-

ʩʪʴʁ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘ-

ʥʠʡ ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʢʨʳ-

ʪʠʡ ʧʨʦʙʣʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʘʜʛʝʟʠʠ ʜʣʷ ʜʘʥʥʳʭ ʚʠʜʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ 

ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʡ ʵʬʠʨ ʦʨʪʦʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ð ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ (ʊʕʆʉ). 

ʉʥʠʞʝʥʠʝ ʭʨʫʧʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛ-

ʥʫʪʦ ʚʚʝʜʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʘʫʯʫʢʦʚ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʦʢʨʳʪʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ ʩʚʷ-

ʟʫʶʱʝʛʦ, ʚ ʢʦʪʦʨʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʧʦʣʦʞʠʪʝʣʥɹʳʝ 

ʩʚʦʡʩʪʚʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʚʷʟʫʶʱʠʭ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘ ʘʜʛʝʟʠʦʥ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʢ ʩʪʘʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ.  

ʆʙʲʝʢʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʣʠʩʴ: ʵʧʦʢʩʠʜʥʦ-ʜʠʘʥʦʚʘʷ ʩʤʦʣʘ ʕɼ-20 (ʕʉ), 

ʪʵʪʨʘʵʪʦʢʩʠʩʠʣʘʥ (ʊʕʆʉ) ʠ ʢʘʫʯʫʢʦ-ʬʝʥʦʣʴʥʳʡ 

ʢʦʤʧʦʥʝʥʪ (ʂʌʂ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʨʘʩʪʚʦʨ 

ʢʘʫʯʫʢʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʝʥʦʣʴʥʦʡ ʩʤʦʣʳ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʚʷ-

ʟʫʶʱʠʝ ʧʦʣʫʯʘʣʠ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʨʘʩʪʚʦʨʦʚ 

ʕʉ/ʊʕʆʉ ʠ ʕʉ/ʂʌʂ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥ-

ʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɼʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʦ-

ʜʠʘʥʦʚʦʡ ʩʤʦʣ r ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʩʚʷʟʫʶʱʝʝ 

ʚʚʦʜʠʣʠ ʧʦʣʠʵʪʠʣʝʥʧʦʣʠʘʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʧʨʠʤʝʥʷʣʠ ʩʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ 

ʤʘʨʢʠ ʉʪ3, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʘʣʠ ʠ 

ʦʙʝʟʞʠʨʠʚʘʣʠ. ʇʦʢʨʳʪʠʝ ʧʦʣʫʯʘʣʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 195 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ. 

ɸʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ (ɻʆʉʊ 15140). ʀʟʫʯʝʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʧʨʦʚʦ-

ʜʠʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂ-ʌʫʨʴʝ ʩʧʝʢ-

ʪʨʦʤʝʪʨ NICOLET 5700). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦ-

ʛʦ ʩʚʷʟʫʶʱʝʛʦ ʕʉ/ʊʕʆʉ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ ʩʤʘ-

ʯʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʨʦʚʥʦʝ ʧʦʢʨʳʪʠʝ, ʯʝʤ ʥʘ ʦʩʥʦʚʝ 

ʠʩʭʦʜʥʦʡ ʕɼ-20. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ 

ʊʕʆʉ ʚ ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʁ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʧʦʣʫʯʝ-

ʥʠʷ ʘʛʨʝʛʘʪʠʚʥʦ ʫʩʪʦʡʯʠʚʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʕʉ ʠ ʂʌʂ. 

ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʫʶʱʝʛʦ 

ʕʉ/ʂʌʂ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʧʦʢ-

ʩʠʜʥʦʡ ʠ ʬʝʥʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʚʷʟʫʶʱʝʛʦ ʥʘ 

ʘʜʛʝʟʠʦʥʥʫ  ʁʧʨʦʯʥʦʩʪ ɹʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʢʨʪrʠʷ ʢ 

ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ 

ʢʦʤʧʦʟʠʮʠʶ ʂʌʂ ʚ ʢʦʣʠʯʝʩʪʚʝ 50-70% ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʩ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʩʪʘʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʂʌʂ ʚ ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʞʝʩʪʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʵʣʘʩʪʠʯʥʦʩʪʠ ʬʦʨʤʠʨʫʝ-

ʤʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʷʤʠ, ʧʦʣʫ-

ʯʘʝʤʳʤʠ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʕɼ-20 ʠʣʠ ʂʌʂ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ (ʫʢʨʳʚʠ-

ʩʪʦʩʪʴ, ʛʦʤʦʛʝʥʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, ʘʜʛʝʟʠʷ ʢ ʤʝʪʘʣʣʫ, 

ʧʦʚʳʰʝʥʠʠ ʵʣʘʩʪʠʯʥʦʩʪʠ) ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠ ʩʦ-

ʦʪʥʦʰʝʥʠʠ ɻʧʦʢʩʠʜʥʦʛʦ ʠ ʬʝʥʦʣʴʥʦʛʦ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʚ ʩʚʷʟʫʶʱʝʤ 1/1. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʚʝʨʜʠʪʝʣʷ ʥʘ 

ʘʜʛʝʟʠʶ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʝʛʦ 

ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʄʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ-

ʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʩʚʟ̫ʘʥʦ ʩ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥ-

ʥʳʭ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʢʦʜ ʧʨʦʝʢʪʘ ʊ15-102). 
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ʀɿ ʇʆʃʀʋʈɽʊɸʅʆɺʓʍ ʂʆʄʇʆɿʀʊʆɺ 

ʉ.ɺ. ɺʳʜʫʤʯʠʢ, ʆ.ʆ. ɻʘʚʨʠʣʝʥʢʦ, ʄ.ɸ. ʂʩʝʥʦʬʦʥʪʦʚ, ʊ.ɻ. ʇʘʚʣʶʢʝʚʠʯ 

ʅʀʀʇʌʇ ʠʤ. ɸ.ʅ. ʉʝʚʯʝʥʢʦ ɹɻʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; lab_dozator@mail.ru 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ 

ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʤʝʰʝʥʠʷ ʠ ʧʦʜʘʯʠ 

ʜʦʟʠʨʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʨʤʝʪʠʢʘ ʠʣʠ ʢʦʤʧʘʫʥʜʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʠʙʨʠʜʥʳʭ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʪʫʶɦ ʠʭ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ, ʜʨʘʡʚʝʨʦʚ, ʜʨʦʩ-

ʩʝʣʝʡ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʣʘʪ ʠ ʜʨʫʛʠʭ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʵʣʘʩʪʠʯʥʳʤʠ, ʞʝʩʪʢʠ-

ʤʠ, ʥʘʧʦʣʥʝʥʥʳʤʠ ʠ ʥʝʥʘʧʦʣʥʝʥʥʳʤʠ ʫʨʝʪʘʥʦʚʳʤʠ, 

ʩʠʣʠʢʦʥʦʚʳʤʠ, ʵʧʦʢʩʠʜʥʳʤʠ ʢʦʤʧʘʫʥʜʘʤʠ. 

ʅʦʚʠʟʥʘ ʨʘʟʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʠ ʥʘʥʝʩʝʥʠʷ ʛʝʨʤʝʪʠʢʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʠʤʝʶʱʝʡ ʚʳʩʦ-

ʢʫʶ ʪʦʯʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ, ʩʤʝʰʝʥʠʷ ʠ ʧʦʜʘʯʠ ʢʦʤ-

ʧʦʥʝʥʪʦʚ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʦʩʥʘʱʝʥʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʥʦʡ, ʜʠʥʘ-

ʤʠʯʥʦʡ, ʚʳʩʦʢʦʪʦʯʥʦʡ, ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠ-

ʥʘʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʦʥʪʫʨʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴʶ, ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʢʦ-

ʤʘʥʜʘʤ, ʪʘʢ ʠ ʧʦ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʰʘʙʣʦʥʘʤ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤʠ ʩʦʩʪʘʚʘʤʠ. ɼʨʫ-

ʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʚʳ-

ʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ; ʧʨʦʩʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ; ʥʘʜʝʞʥʘʷ ʠ ʧʨʘʢ-

ʪʠʯʥʘʷ ʩʠʩʪʝʤʘ ʟʘʧʨʘʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥ ʧʨʠʥ-

ʮʠʧ ʧʦʜʘʯʠ ʜʦʟʠʨʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʨʤʝʪʠʢʘ 

(ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʣʠʙʦ ʥʠʟʢʦʚʷʟʢʦʛʦ) ʚ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʡ ʢʣʘʧʘʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʛʝʨʤʝʪʠʢʘ ʧʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦ-

ʤʫ ʢʦʥʪʫʨʫ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʠʭ, ʠʥʞʝʥʝʨʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ 

ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʟʜʝʣʠʷ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩ-

ʣʝʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʜʦʟʘʮʠʠ, 

ʩʤʝʰʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʛʝʨʤʝʪʠʢʦʚ ʠ ʢʦʤʧʘʫʥʜʦʚ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʩʦ-

ʩʪʦʷʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʘʛʨʝʛʘʪʦʚ: ʩʤʝʩʠʪʝʣʴʥʦ-

ʜʦʟʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʭʘʥʠʟʤʘ ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ (ʨʠʩ. 1). 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʭ ʫʟʣʦʚ: ʨʘʩʭʦʜʥʳʝ ʝʤʢʦʩʪʠ ʜʣʷ ʥʠʟʢʦʚʷʟ-

ʢʦʛʦ ʠ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʛʝʨʤʝʪʠʢʘ; ʜʦʟʘʪʦʨʳ ʜʣʷ ʚʳ-

ʩʦʢʦʚʷʟʢʦʛʦ ʠ ʥʠʟʢʦʚʷʟʢʦʛʦ ʛʝʨʤʝʪʠʢʘ; ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʡ ʢʣʘʧʘʥ ʧʦʜʘʯʠ ʛʝʨʤʝʪʠʢʘ; ʢʦʤʧʣʝʢʪ ʧʥʝʚ-

ʤʦʦʙʦʨʫʜʦʚʘʥʠʷ; ʨʘʤʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ 

ʫʟʣʦʚ ʜʦʟʠʨʫʶɦ ʝʡ ʫʩʪʘʥʦʚʢʠ; ʇʕɺʄ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʬʘʡʣʦʚ ʪʨʘʝʢʪʦʨʠʡ ʥʘʥʝʩʝʥʠʷ 

ʛʝʨʤʝʪʠʢʘ; ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢ-

ʩʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟ-

ʤʘʤʠ; ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʄʝʭʘʥʠʟʤ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘ-

ʥʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʝʛʦ ʧʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʪʨʘ-

ʝʢʪʦʨʠʠ ʚ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʶ ʥʘʥʝʩʝʥʠʷ ʛʝʨʤʝʪʠʢʘ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʠʣʠ ʦʜʠʥʘʢʦʚʳʭ ʜʝʪʘʣʝʡ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ. 

ʅʘʫʢʦʝʤʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʠʟʛʦ-

ʪʦʚʣʝʥʦ ʩ ʫʯʝʪʦʤ ʩʘʤʳʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʣʘʩʪʠ ʜʦʟʘʮʠʠ ʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʢʦʤʧʴʶ-

ʪʝʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʪʦʯʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʧʦ-

ʜʘʯʠ, ʩʤʝʰʠʚʘʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷʱʝʛʦ ʩʦʩʪʘʚʘ, 

ʙʳʩʪʨʘʷ ʠʥʪʝʛʨʘʮʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʣʠʥʠʶ. 

ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʨʘʟʨʘʙʦʪʢʦʡ, ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʦʡ ʢʘʞʜʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʩʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʤʦʞʥʦ ʨʝʰʘʪʴ ʙʝʟ 

ʦʙʨʘʱʝʥʠʷ ʚ ʩʪʦʨʦʥʥʠʝ ʩʝʨʚʠʩʥʳʝ ʮʝʥʪʨʳ. ɺʦʟʤʦʞ-

ʥʘ ʧʦʩʪʘʚʢʘ ʣʶʙʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʣʝʢʪʫʶɦ ʠʭ ʠ 

ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

 

ʈʠʩ. 1. ʂʦʤʧʣʝʢʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉɸɼʂʀ ʀ ʂʆʈʆɹʃɽʅʀʗ ʊɽʈʄʆʇʃɸʉʊʀʏʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʇʈʀ ʀʍ ʇɽʈɽʈɸɹʆʊʂɽ ʇʆ ʕʂʉʊʈʋɿʀʆʅʅʆ-ʇʈɽʉʉʆɺʆʁ 

ʊɽʍʅʆʃʆɻʀʀ 

ʉ.ɸ. ɻʝʨʘʩʠʤʝʥʢʦ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ

ʂʘʯʝʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʜʝʪʘʣʝʡ ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʧʦ ʕʇʊ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʩʩ-

ʬʦʨʤʳ ʠ ʨʝʞʠʤʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʨʦʙ-

ʣʝʥʠʝ ʠ ʫʩʘʜʢʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʜʝʪʘʣʝʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʘʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʳ ʠ ʠʟʜʝʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʦʙʲʝʤʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʪʚʝʨʜʦʡ ʥʘʨʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʨʘʥʴʰʝ, ʯʝʤ ʧʦʣʥʦʩʪʴʶ 

ʟʘʪʚʝʨʜʝʝʪ ʚʩʷ ʤʘʩʩʘ ʧʦ ʩʝʯʝʥʠʶ ʠʟʜʝʣʠʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦʙʳ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝ-

ʤʘ ʧʨʦʪʝʢʘʣʠ ʩʚʦʙʦʜʥʦ, ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ. ʉʞʠʤʘʶ-

ʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʟʳʚʘʶʪ ʢʦʨʦʙʣʝ-

ʥʠʝ ʠʟʜʝʣʠʷ. ʀʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ 

ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʝʪʘʣʠ ʚ ʧʦʣʠʤʝʨʝ ʚʦʟʥʠʢʘʶʪ 

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʢʦʨʦʙʣʝʥʠʝ 

ʩʪʝʥʦʢ.  

ʈʝʙʨʘ ʞʝʩʪʢʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʩʝʯʝʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʩʪʘʭ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʦʢ 

ʨʘʟʣʠʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʶ ʢʦʨʦʙʣʝʥʠʷ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʞʝʩʪʢʦʩʪʠ 

ʠʟʜʝʣʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʪʦʣʱʠʥʳ, ʚʚʝ-

ʜʝʥʠʷ ʨʝʙʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʙʦʣʴʰʠʤ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, ʢʦʨʦʙʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʋʩʘʜʢʘ ʠ ʢʦʨʦʙʣʝʥʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ, ʩʦʩʪʘʚʘ ʠ ʫʨʦʚʥʷ ʟʥʘʯʝʥʠʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʚʘʞʥʝʡʰʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʩʘʜʢʠ ʠ ʢʦ-

ʨʦʙʣʝʥʠʷ ʠʟʫʯʝʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʝʨʝʨʘʙʦʪʢʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

[1]. ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʦʚʤʝ-

ʱʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʫʟʠʠ ʠ ʧʨʝʩʩʦʚʘʥʠʷ ʪʝʨʤʦ-

ʧʣʘʩʪʦʚ (ʵʢʩʪʨʫʟʠʦʥʥʦ-ʧʨʝʩʩʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʕʇʊ) 

[2ð4], ʜʘʥʥʳʝ ʦʙ ʫʩʘʜʢʝ ʠ ʢʦʨʦʙʣʝʥʠʠ ʢʨʘʡʥʝ ʦʛʨʘ-

ʥʠʯʝʥʳ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʩʦʩʪʘ-

ʚʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʩʤʝʩʝʚʳʝ 

ʠ ʥʘʧʦʣʥʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʥʘ ʠʭ ʫʩʘʜʢʫ ʠ ʢʦʨʦʙʣʝ-

ʥʠʝ ʧʨʠ ʬʦʨʤʦʚʘʥʠʠ ʧʦ ʕʇʊ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʘʩʪʢʫ, ʧʦʟʚʦ-

ʣʷʶʱʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʣʠʥʫ ʟʘʪʝ-

ʢʘʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʦʬʦʨʤʣʷʶʱʫʶ ʧʦ-

ʣʦʩʪʴ, ʚʳʧʦʣʥʝʥʥʫʶ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ, ʘ ʪʘʢʞʝ ʫʥʠ-

ʚʝʨʩʘʣʴʥʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʫʩʘʜʦʯʥʳʭ 

ʷʚʣʝʥʠʡ ʠ ʢʦʨʦʙʣʝʥʠʷ, ʠ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʨʠʩ. 1).  

ǳ Ǵ 

ʈʠʩ. 1. ʇʨʝʩʩ-ʬʦʨʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦ ʕʇʊ (ʘ) ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ (ʙ) 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʷʣʠ ʩʦʩʪʘʚ ʤʘ-

ʪʝʨʠʘʣʘ, ʫʨʦʚʝʥʴ ʪʝʧʣʦʚʳʭ ʠ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ ʨʘʩʧʣʘʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʜʣʠʥʦʡ ʟʘʪʝʢʘʥʠʷ ʇʄ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʨʘʩʧʣʘʚʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ (ʠʣʠ ʚʷʟʢʦʩʪʠ 

ʨʘʩʧʣʘʚʘ) ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʠʭ ʬʦʨʤʫʝʤʦ-

ʩʪʠ. 

ʄʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʫʩʘʜʢʦʡ ʠ ʢʦʨʦʙ-

ʣʝʥʠʝʤ ʠʟʜʝʣʠʡ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝ-

ʣʘʭ, ʚʘʨʴʠʨʫʷ ʩʦʩʪʘʚ ʇʄ. ɺʚʝʜʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʳ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʩʪʝʢʣʦʚʦʣʦʢʥʘ, ʤʘʣʳʭ ʢʦ-

ʣʠʯʝʩʪʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ, ʭʠʤʠʯʝʩʢʠʭ 

ʚʩʧʝʥʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʚ ʠʟʜʝʣʠʷʭ ʟʘʢʨʳʪʳʭ ʧʦʨ, ʦʢʘʟʳʚʘʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤ ʪʝʯʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʚ ʫʟʢʠʭ ʢʘʥʘʣʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ, 

ʫʨʦʚʝʥʴ ʟʥʘʯʝʥʠʡ ʫʩʘʜʢʠ ʠ ʢʦʨʦʙʣʝʥʠʷ. 
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3ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʠʱʝʚʦʡ, ʬʘʨʤʘʮʝʚʪʠ-

ʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʮʠʝʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝ-

ʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʙʝʟʦʪʭʦʜʥʳʤ, ʵʢʦʥʦʤʠʯʥʳʤ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʉʚʦʡʩʪʚʘ ʛʠʜʨʦ-

ʢʦʣʣʦʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʧʦʟ-

ʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʠ. 

ɸʤʠʣʦʧʝʢʪʠʥ ʦʪʥʦʩʷʪ ʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʛʠʜʨʦʢʦʣʣʦʠʜʘʤ ʧʦʣʠʩʘʭʘʨʠʜʥʦʡ ʧʨʠʨʦʜʳ, ʦʜʥʘʢʦ 

ʧʦʣʫʯʝʥʠʝ ʝʛʦ ð ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʎʝʣʴ ð ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʵʢʦʥʦʤʠʯʥʦʛʦ ʩʧʦ-

ʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳ-

ʨʴʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʘʜʛʝʟʠʚʘʭ 

(ʢʣʝʷʭ) ʧʦʩʪʦʷʥʥʦʡ ʣʠʧʢʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʘʤʠʣʦʧʝʢʪʠʥʘ 

ʧʦʣʫʯʘʣʠ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʩʫʩʧʝʥʜʠʨʦ-

ʚʘʥʥʦʛʦ ʚ ʦʙʦʛʘʱʝʥʥʦʡ ʤʦʣʦʯʥʦʡ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ 

ʩʳʚʦʨʦʪʢʝ ʜʨʦʞʞʘʤʠ ʰʪʘʤʤʘ Saccharomyces acedum 

lactis-1, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 28 ʜʦ 32 ʉ ʚ ʪʝʨʤʦʩʪʘʪʝ 

ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʦʡ ʙʠʦ-

ʤʘʩʩʳ ʩ pH ʨʘʚʥʦʡ 4,5ð5,0. ʐʪʘʤʤ ʜʨʦʞʞʝʡ 

Saccharomyces acedum lactis ʚʳʜʝʣʝʥ ʠʟ ʢʦʨʥʷ ʭʨʝʥʘ 

Armoracia. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʢʫʣʴʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳ-

ʩʦʢʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʦʙʣʘʜʘʝʪ ʘʥ-

ʪʠʙʠʦʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʤ-

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʙʘʢʪʝʨʠ̫ ʤ ʠ ʛʨʠʙʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʫʶ ʙʠʦʪʝʭʥʦʣʦʛʠ,ʁ ʧʦʟʚʦʣʷʶʱʫʶ ʩʥʠʟʠʪʴ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟ-

ʜʝʣʝʥʠʷ ʢʨʘʭʤʘʣʘ ʥʘ ʘʤʠʣʦʟʫ ʠ ʘʤʠʣʦʧʝʢʪʠʥ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ 

ʚʠʜʘ ʩʫʩʧʝʥʟʠʡ ʢʨʘʭʤʘʣʘ: ʚʦʜʥʫʶ, ʥʘʪʠʚʥʦʡ ʤʦʣʦʯ-

ʥʦʡ ʩʳʚʦʨʦʪʢʠ ʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʤʦʣʦʯʥʦʡ ʩʳʚʦ-

ʨʦʪʢʠ (ʨʅ ~ 5). ʇʦʩʣʝ ʩʤʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʩʫʩʧʝʥʟʠʠ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-

ʢʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ: ʜʘʚʣʝʥʠʠ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ. ɿʘʪʝʤ, ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ, ʦʪʜʝʣʷʣʠ ʥʝʨʘʩʪʚʦʨʝʥʥʫʶ 

ʬʨʘʢʮʠʶ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ ʪʨʝʭ ʚʠʜʦʚ ʩʫʩʧʝʥ-

ʟʠʡ ʢʨʘʭʤʘʣʘ ʣʠʰʴ ʧʨʦʜʫʢʪ ʩʫʩʧʝʥʟʠʠ ʥʘ ʘʥʪʠʩʝʧ-

ʪʠʯʝʩʢʦʡ ʤʦʣʦʯʥʦʡ ʩʚrʦʨʦʪʢʝ ʜʘʣ ʢʨʘʩʥʦ-

ʬʠʦʣʝʪʦʚʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ ʥʘ ʡʦʜ [1], ʠ 

ʢʨʦʤʝ ʪʦʛʦ, ʦʥ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʢʨʘʭʤʘʣʘ ʩʳʚʦʨʦʪʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʞʞʝʡ Saccharomyes acidum lacti, 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʯʘʩʪʠʯʥʦʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʦʜʚʝʨʛʘʣʠ ʘʚʪʦʢʣʘ-

ʚʠʨʦʚʘʥʠʶ, ʦʭʣʘʞʜʝʥʠʶ ʠ ʦʪʜʝʣʝʥʠʶ ʨʘʩʪʚʦʨʝʥʥʦʡ 

ʬʨʘʢʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 6 ʤʘʩ.%. 

ʇʨʠ ʙʦʣʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʢʨʘʭʤʘʣʘ ʚ ʠʩʭʦʜʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘʙʣʶʜʘʣʩʷ ʝʛʦ ʠʟʙʳʪʦʢ ʚ ʢʦʥʝʯʥʦʤ 

ʧʨʦʜʫʢʪʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ ʘʚʪʦʢʣʘʚʝ, 

ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʢʦʤʧʦ-

ʟʠʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʝʱʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ð ʦʪ ʧʘʪʦʢʠ (ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʦʡ 

ʣʠʧʢʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʜʦ ʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 

(ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʘʨʪʠʠ. ʈʘʟʤʝ-

ʨʳ ʢʨʠʩʪʘʣʣʦʚ ~ 2ð7 ʤʤ 

ɸʥʘʣʠʟ ʬʨʘʛʤʝʥʪʦʚ ʀʂ ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʩ ʬʨʘʛʤʝʥ-

ʪʘʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʀʂ ʩʧʝʢʪʨʘ ʘʤʠʣʦʧʝʢʪʠʥʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʥʩʝʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʦʙʨʘʟʮʦʚ ʢ ʧʦʣʠʩʘʭʘʨʠʜʘʤ [2].  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʘʷ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʘʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʘʤʠʣʦʧʝʢʪʠʥʘ ʠʟ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ. 

ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚʦʟ-

ʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʞʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʣʠʧʢʦʩʪʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ.  

 
1. ɻʫʣʶʢ ʅ.ɻ., ɾʫʰʤʘʥ ɸ.ʀ. ʂʨʘʭʤʘʣ ʠ ʢʨʘʭʤʘʣʦʧʨʦʜʫʢʪʳ. ð 

ʄʦʩʢʚʘ: ɸʛʨʦʧʨʦʤʠʟʜʘʪ. ð 1985  

2. ɸʥʘʣʠʟ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʢʨʘʭʤʘʣʘ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] // ʂʨʘʭʤʘʣ. ð URL: http://www.nprb.ru/uslugi_IR.html. 

ð ɼʘʪʘ ʜʦʩʪʫʧʘ: 09.12.2013. 
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2
, ʅ.ɺ. ʂʫʟʴʤʝʥʢʦʚʘ

3
 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 

mpri@mail.ru 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

3ɹʝʣʦʨʫʩʩʢʠʡ ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʦʧʝʨʘʮʠʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʎʝʣʴ 

ʂʨʝʡʟʠʥʛ ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ ð ʷʚʣʝʥʠʝ, 

ʥʝʠʟʤʝʥʥʦ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʠʭ ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ 

ʚʳʪʷʞʢʫ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩ-

ʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʪʘʜʠʠ ʢʨʝʡʟʦʦʙʨʘʟʦʚʘʥʠʷ 

[1], ʭʦʪʷ ʩʦʭʨʘʥʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʚʦʣʦʢʦʥ ʧʦ ʤʝʭʘʥʠʟ-

ʤʫ ʢʨʝʡʟʠʥʛʘ [2]. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʦʮʝ-

ʥʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʣʠ-

ʵʬʠʨʥʳʭ ʚʦʣʦʢʥʘʭ ʧʨʠ ʚʳʪʷʞʢʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ 

ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʢʦʨʦʥʦʵʣʝʢʪʨʠʟʘʮʠʶ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ð ʧʫʯʢʠ ʧʦʣʠʵʪʠʣʝʥʪʝ-

ʨʝʬʪʘʣʘʪʥʳʭ (ʇʕʊ) ʚʦʣʦʢʦʥ ʥʦʤʠʥʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 0,33ð1,7 ʪʝʢʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ 

çʉʚʝʪʣʦʛʦʨʩʢʍʠʤʚʦʣʦʢʥʦè ʩ ʪʦʣʱʠʥʦʡ ʧʫʯʢʘ 

~ 270 ʤʢʤ, ʜʣʠʥʦʡ ʥʝ ʤʝʥʝʝ 10 ʩʤ ʠ ʤʘʩʩʦʡ ʨʘʩʪʷʛʠ-

ʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ 0,10ð0,15 ʛ. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ 

ʦʜʥʦʦʩʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

30 ʤʤ/ʤʠʥ ʚ ʩʫʭʦʤ ʚʠʜʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʮʠ-

ʨʫʶʱʠʭ ʞʠʜʢʦʩʪʝʡ: ʠʟʦʧʨʦʧʘʥʦʣ; ʛʣʠʮʝʨʠʥ; ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʘʥʪʠʤʠʢʨʦʙʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʨʠʢ-

ʣʦʟʘʥʘ. ʅʘ ʨʘʩʪʷʛʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ ʚʦʣʦʢʦʥ ʚʦʟʜʝʡ-

ʩʪʚʦʚʘʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

15 ʢɺ/ʩʤ, ʦʜʠʥʦʯʥʳʡ ʠʛʦʣʴʯʘʪʳʡ ʵʣʝʢʪʨʦʜ). ɺʦʣʦʢ-

ʥʘ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʦʧʨʝʜʝʣʷʷ ʚʠʟʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʚʦ-

ʣʦʢʥʘ, ʠ ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʦʡ ʪʦʢʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ, ʠʟʤʝʨʷʷ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ ʪʦʢʠ (ʊʉʊ) ʚ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 10ï13ð10ï10 ɸ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʦʙʨʘʟʮʘʭ ʚʦʣʦʢʦʥ ʧʨʠ ʣʠʥʝʡʥʦʤ ʥʘʛʨʝʚʝ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ 2 ʉ/ʤʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʪʷʞʢʘ ʚʦʣʦʢʦʥ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʚʦ-

ʣʦʢʥʘ (ʨʠʩ. 1) ð ʧʦʩʣʝʜʥʝʝ ʧʨʠʦʙʨʝʪʘʝʪ ʛʘʥʪʝʣʝʦʙ-

ʨʘʟʥʫʶ ʬʦʨʤʫ, ʠʣʣʶʩʪʨʠʨʫʶʱʫʶ ʯʝʨʝʜʦʚʘʥʠʝ ʟʦʥ 

ʣʦʢʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʰʝʝʢ ʠ ʫʪʦʣʱʝʥʠʡ ʷʚ-

ʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʩʘ ʢʨʝʡʟʠʥʛʘ, 

ʧʦʵʪʦʤʫ ʚʚʦʜ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ ʚʥʝʰʥʝʝ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʨʝʡʟʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʛʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥ-

ʩʠʚʥʘʷ ʬʠʙʨʠʣʣʠʟʘʮʠʷ.  

 

 

ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʩʥʠʤʦʢ ʢʨʝʡʟʦʚʘʥʥʳʭ ʇʕʊ ʚʦʣʦʢʦʥ 

ʇʦ ʩʧʝʢʪʨʘʤ ʊʉʊ ʇʕʊ ʚʦʣʦʢʦʥ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʤʦʜʠʬʠʮʠʨʫʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, 

ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʘʨʪʠʥʳ ʵʣʝʢʪʨʝʪʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ. ɺʳʪʷʞʢʘ ʥʘ ʚʦʟʜʫʭʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʨʦʥ-

ʥʦʛʦ ʨʘʟʨʷʜʘ ʚʝʜʝʪ ʢ ʩʜʚʠʛʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʧʠʢʘ ʊʉʊ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ ʠ ʠʟʤʝʥʝ-

ʥʠʶ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺʳʪʷʞʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʟʦʧʨʦʧʘʥʦʣʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʢʨʝʡʟʠʥʛʘ ʚʦʣʦ-

ʢʦʥ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʯʪʦ ʩʦʜʝʡʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʣʫʙʦʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʣʦʚʫʰʝʢ, ʘʢ-

ʢʫʤʫʣʠʨʫʶʱʠʭ ʵʣʝʢʪʨʝʪʥʳʡ ʟʘʨʷʜ, ʧʨʠʚʥʝʩʝʥʥʳʡ 

ʧʨʠ ʢʦʨʦʥʦʵʣʝʢʪʨʠʟʘʮʠʠ. ɺʳʪʷʞʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʣʠʮʝʨʠʥʘ ʠʣʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʪʨʠʢʣʦ-

ʟʘʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥ-

ʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʆʯʝʚʠʜʥʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʠ ʢʦʣʣʘʧʩ ʢʨʝʡʟʦʚ ʩʦʟʜʘʶʪ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʝʪʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʚʦʣʦʢʥʘ. ʂʦʨʦʥʦʵʣʝʢ-

ʪʨʠʟʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʟʘʨʷʜʦʤ ʚ ʇʕʊ ʚʦ-

ʣʦʢʥʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʢʨʝʡʟʠʥʛʘ 

ʠʜʫʪ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʷʨʠʟʘʮʠʠ-

ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ ʚ ʢʦʪʦ-

ʨʳʝ ʧʨʠʚʥʦʩʠʪ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʌʦʥʜʘ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʦʚʤʝʩʪʥʳʡ ʙʝʣʦʨʫʩʩʢʦ-

ʘʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʧʨʦʝʢʪ ʊ13ɸɿ-028). 
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ʊɽʍʅʆʃʆɻʀʗ ʇʆʃʋʏɽʅʀʗ ʃʀʉʊʆɺʓʍ ɸʈʄʀʈʆɺɸʅʅʓʍ 

ʉʊɽʂʃʆʊʂɸʅʔʖ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʊɽʈʄʆʇʃɸʉʊʀʏʅʓʍ 

ʇʆʃʀʄɽʈʆɺ 

ʆ.ʀ. ʂʘʨʧʦʚʠʯ, ɸ.ʃ. ʅʘʨʢʝʚʠʯ, ɸ.ɺ. ɼʫʙʠʥʘ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; narkevichan@rambler.ru 

ʃʠʩʪʦʚʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʨʤʠʨʦʚʘʥ-

ʥʳʝ ʩʪʝʢʣʷʥʥʳʤʠ ʪʢʘʥʷʤʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʥʝʩʫ-

ʱʫʶ, ʟʘʱʠʪʥʫʶ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʝʧʣʦʠʟʦʣʠʨʫ-

ʶʱʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʧʦʨʠʩʪʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʜʨʫʛʠʝ ʠʟ-

ʜʝʣʠʷ. ʀʟʚʝʩʪʥʳ ʘʥʘʣʦʛʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨ-

ʤʦʧʣʘʩʪʦʚ ʠ ʪʢʘʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ [1], ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪ ʧʦʣʠ-

ʧʨʦʧʠʣʝʥ, ʧʦʣʠʘʤʠʜ, ʧʦʣʠʢʘʨʙʦʥʘʪ, ʧʦʣʠʫʨʝʪʘʥ ʠ 

ʜʨ., ʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ð ʫʛʣʝʨʦʜʥʳʝ, ʩʪʝʢ-

ʣʷʥʥʳʝ ʠ ʘʨʘʤʠʜʥʳʝ ʪʢʘʥʠ. ʀʟʚʝʩʪʥʳ ʚʦʣʦʢʦʥʥʘʷ, 

ʧʣʝʥʦʯʥʘʷ ʠ ʨʘʩʧʣʘʚʥʘʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʦʚ ʠ ʪʢʘʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ [2]. ɼʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫ-

ʯʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʠʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

(ʠʣʠ) ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩ-

ʧʣʘʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʝ ʪʨʝʙʫʶʱʘʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʚʦʣʦʢʦʥ, 

ʚʧʣʝʪʝʥʥʳʭ ʚ ʪʢʘʥʴ, ʠ ʧʣʝʥʦʢ.  

ʎʝʣʴ ʨʘʙʦʪʳ ð ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩ-

ʥʦʚ ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʩʦʚʤʝʱʝʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯ-

ʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʪʢʘʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟʜʝʣʠʡ.  

ʇʦ ʨʘʩʧʣʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʧʨʝʨʳʚʥʳʡ ʪʢʘ-

ʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʩ ʧʘʢʦʚʢʠ ʧʨʦʪʷʛʠʚʘʶʪ ʯʝʨʝʟ ʧʨʦ-

ʧʠʪʦʯʥʫʶ ʛʦʣʦʚʢʫ, ʚ ʢʦʪʦʨʫʶ ʧʦʜʘʶʪ ʧʦʣʠʤʝʨʥʳʡ 

ʨʘʩʧʣʘʚ ʠʟ ʧʣʘʩʪʠʢʘʪʦʨʘ, ʥʘʧʨʠʤʝʨ, ʯʝʨʚʷʯʥʦʛʦ ʵʢʩ-

ʪʨʫʜʝʨʘ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʧʨʦʧʠʪʦʯʥʦʡ ʛʦʣʦʚʢʠ 

ʧʨʝʧʨʝʛ ʢʘʣʠʙʨʫʝʪʩʷ ʠ ʦʭʣʘʞʜʘʝʪʩʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʞʝʩʪʢʦʩʪʠ ʧʨʝʧʨʝʛʘ ʤʘʪʝʨʠʘʣ ʨʘʟʨʝ-

ʟʘʝʪʩʷ ʥʘ ʣʠʩʪʳ ʠʣʠ ʩʤʘʪʳʚʘʝʪʩʷ ʚ ʨʫʣʦʥ 

ʂ ʬʘʢʪʦʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʮʝʩʩʘ, ʦʪʥʦʩʷʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘʧʦʣʥʠʪʝʣʷ, ʚʷʟʢʦʩʪʴ ʤʘʪʨʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʜʘʚʣʝ-

ʥʠʝ ʨʘʩʧʣʘʚʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʋʩʣʦʚʠʝ ʧʦʣʥʦʡ ʧʨʦʧʠʪʢʠ ʚ ʧʨʦʧʠʪʦʯʥʦʡ ʛʦʣʦʚʢʝ ʠ 

ʫʩʣʦʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʦʧʠʪʢʠ ʧʦ-

ʣʠʤʝʨʥʦʡ ʧʨʦʩʣʦʡʢʠ ʟʘʜʘʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ 

ʫʩʠʣʠʝʤ ʩʢʦʨʦʩʪʴʶ ʧʨʦʪʷʛʠʚʘʥʠʷ [3]. ʅʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʧʦʢʘʟʘ-

ʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʟʘʢʦʥʝ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʦʧʨʝʜʝʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʠʩʢʦʟʠʤʝʪʨʘ, ʘ ʵʬʬʝʢ-

ʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʢʘʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚʳʯʠʩʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʧʠʪʢʝ ʜʠʩ-

ʢʘ ʠʟ ʩʪʝʢʣʦʪʢʘʥʠ ʨʘʩʧʣʘʚʦʤ ʧʦʣʠʤʝʨʘ ʧʦʜ ʜʘʚʣʝʥʠ-

ʝʤ ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʧʨʦʧʠʪʢʠ ʦʜʥʦʛʦ ʩʣʦʷ ʩʪʝʢʣʦʪʢʘʥʠ ʰʠʨʠʥʦʡ 80 ʤʤ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʫʩʣʦʚʠʝʤ ʧʨʦʧʠʪʢʠʵ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʧʨʦʮʝʩʩʘ ʧʨʦ-

ʧʠʪʢʠ ʩʪʝʢʣʦʪʢʘʥʠ ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʦ-

ʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʫʣʪʨʫʟʠʦʥʥʦʡ ʣʠʥʠʠ ʥʘ 

ʙʘʟʝ ʵʢʩʪʨʫʜʝʨʘ ʏʇ 32Ĭ25 [4]. ʇʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ 

ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʘʢʝʪ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʘʥʝ-

ʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʨʠʩ. 1), ʦʪ-

ʬʦʨʤʦʚʘʥʥʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʚʳʭʦʜʘ ʧʨʝ-

ʧʨʝʛʘ ʠʟ ʧʨʦʧʠʪʦʯʥʦʡ ʛʦʣʦʚʢʠ. 

 

 

ʈʠʩ. 4. ʄʘʢʝʪ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʘʥʝʣʠ  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʟʘ-

ʛʦʪʦʚʦʢ ʠ ʠʟʜʝʣʠʡ.  

ʇʨʝʧʨʝʛʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ 

ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʥʘ ʩʪʘʜʠʠ ʢʘ-

ʣʠʙʨʦʚʘʥʠʷ (ʦʜʥʦʩʪʘʜʠʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ), ʪʘʢ ʠ 

ʧʨʠʤʝʥʷʷ ʧʦʚʪʦʨʥʳʡ ʥʘʛʨʝʚ (ʜʚʫʭʩʪʘʜʠʡʥʳʝ ʪʝʭʥʦ-

ʣʦʛʠʠ) ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʪʝʨʤʦʬʦʨ-

ʤʦʚʘʥʠʷ ʠ ʧʫʣʪʨʫʟʠʠ.  
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ɺʃʀʗʅʀɽ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ɼʆɹɸɺʆʂ ʅɸ ʇʈʆʏʅʆʉʊʅʓɽ 

ʀ ʊʈʀɹʆʃʆɻʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʂʆʄʇʆɿʀʊɸ 

ʅɸ ʆʉʅʆɺɽ ɸʃʀʌɸʊʀʏɽʉʂʆɻʆ ʇʆʃʀʀʄʀɼ-6 

ɺ.ʀ. ʂʦʣʝʩʥʠʢʦʚ
1
, ɸ.ʀ. ɹʫʨʷ

2
, ʅ.ɸ. ʄʷʩʥʠʢʦʚʘ

1
, ʇ.ɻ. ʀʚʘʥʦʯʢʠʥ

1
, ʉ.ɸ. ɼʘʥʠʣʴʯʝʥʢʦ

1
 

1ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
2ɼʥʝʧʨʦʜʟʝʨʞʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʜʟʝʨʞʠʥʩʢ, ʋʢʨʘʠʥʘ 

ɺʚʝʜʝʥʠʝ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʥʠʟʢʠʤ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʪʘʣʣʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ; 

ʚʳʩʦʢʦʡ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʜʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʧʨʠʥʠʤʘʪʴ ʫʧʨʫʛʠʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʘʜʛʝʟʠ-

ʦʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣ, 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʤʥʦʛʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜ. 

ʈʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʚʝʜʝʪ-

ʩʷ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ ʧʦ-

ʣʠʤʝʨʦʚ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʧʨʠʝʤʣʝʤʳʤ ʚʠʜʦʤ 

ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ, ʩʧʦʩʦʙʥʫʶ ʠʟʤʝʥʠʪʴ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ. 

ʂ ʯʠʩʣʫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʘʨʤʠʨʦʚʘʥʠʝ ʠʭ ʚʦʣʦʢʥʠʩʪʳʤʠ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ, ʥʘʧʨʠʤʝʨ ʫʛʣʝʨʦʜʥʳʤʠ, ʩʪʝʢʣʷʥʥʳ-

ʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤ-

ʧʦʟʠʪʦʚ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ (ʛʠʙʨʠʜʥʳʤʠ) ʥʘʧʦʣʥʠʪʝ-

ʣʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ [1], ʩʧʦʩʦʙʥʳʭ ʥʘʧʨʘʚʣʝʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺʚʝʜʝʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʥʘʥʦ-

ʨʘʟʤʝʨʥʳʭ [2] ʜʦʙʘʚʦʢ ʩʦʚʤʝʩʪʥʦ ʩ ʞʝʩʪʢʠʤʠ ʧʨʦʯ-

ʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʥʠʞʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ 

ʚʥʝʰʥʝʝ, ʥʦ ʠ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʭʦʜ-

ʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ð ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʠ-

ʤʠʜ-6. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠ-

ʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʤʘʪʨʠʮʫ ʙʳʣʦ ʚʚʝʜʝʥʦ 

ʫʛʣʝʨʦʜʥʦʝ ʛʠʜʨʘʪʮʝʣʣʶʣʦʟʥʦʝʚʦʣʦʢʥʦ (40%) ʠ ʘʥ-

ʪʠʬʨʠʢʮʠʦʥʥʳʝ ʜʦʙʘʚʢʠ: ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʰʠʨʝʥʥʳʡ 

ʛʨʘʬʠʪ ʊʈɻ (3%), ʥʘʥʦʨʘʟʤʝʨʥʳʝ (40ð100 ʥʤ) ʜʦ-

ʙʘʚʢʠ: ʰʧʠʥʝʣʠ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ (1,5ð3,0%), ʇʊʌʕ 

ʤʘʨʢʠ ʌ4ʄɹʇ (5%). ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʠʩʝʨʥʦʡ ʤʝʣʴʥʠʮʝ 

MikroCer, ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çNETZSCHè, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʦʡ ʜʣʷ ʪʦʥʢʦʛʦ (ʜʦ 40ð50 ʥʤ) ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʚʝʱʝʩʪʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʤʝʭʘʥʦ-

ʘʢʪʠʚʘʮʠʠ, ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʯɹʝʥʠʷ. 

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʝ çʚʘʣðʯʘʩʪʠʯʥʳʡ 

ʚʢʣʘʜʳʰè ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʜʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ 

ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ ʚ ʟʦʥʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʠʤʝʥʷʣʩʷ 

ʢʦʤʧʣʝʢʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʨʠʙʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʠʤʝʶʱʠʡ ʥʘʛʨʫʞʘʶʱʝʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʠ 

ʚʢʣʶʯʝʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʜʠʥʘʤʦʤʝʪʨʦʤ ʩʠ-

ʣʦʚʦʡ ʪʝʥʟʦʵʣʝʤʝʥʪ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʩʠʣʳ 

ʪʨʝʥʠʷ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʝʸ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ ʥʘ ʇʂ. ʏʘʩʪʠʯʥʳʝ ʚʢʣʘʜʳʰʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʨʦʣʠʢʠ (ʢʦʥʪʨʪʝʣʦ) ð 

ʠʟ ʉʪ 45. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʬʠʢʩʠ-

ʨʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦ-

ʪʚʝʨʜʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʥʘʥʦ-

ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ NanoTest 600 ʧʨʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʦʪ 0,5 ʜʦ 200 mN, ʧʦʣʠʤʝʨʥʳʝ 

ʦʙʨʘʟʮʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʜʘʚʣʠʚʘʣʠʩʴ ʘʣʤʘʟʥʳʤ 

ʠʥʜʝʥʪʦʨʦʤ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳ-

ʪʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠ-

ʠʤʠʜʥʦʝ ʩʚʷʟʫʶʱʝʝ ʫʛʣʝʚʦʣʦʢʥʘ ʧʦʚʳʰʘʝʪ ʪʚʝʨʜʦʩʪʴ 

ʂʄ ʩ 0,13 ʜʦ 0,28 ɻʇʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ (ʚ 6ð8 ʨʘʟ) ʧʦ-

ʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ. ɺʚʝʜʝʥʠʝ ʘʥʪʠ-

ʬʨʠʢʮʠʦʥʥʳʭ ʥʘʥʦʜʦʙʘʚʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʜʥʘʢʦ. ʧʦʟʚʦʣʷʝʪ ʩʥʠ-

ʟʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʪ ʟʥʘʯʝʥʠʡ 0,35ð0,45 ʜʦ 

ʟʥʘʯʝʥʠʡ 0,18ð0,22. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴʶ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ. ʉ ʨʦʩʪʦʤ ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʘʧʦʣ-

ʥʠʪʝʣʷ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʥʘʧʦʣʥʝʥʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʝʝ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʘʩʪʝʪ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦ-

ʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩ-

ʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 14-29-00116, 

ʛʨʘʥʪ ʧʨʝʜʦʩʪʘʚʣʝʥ ʈʦʩʪʦʚʩʢʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ 

ʫʥʠʚʝʨʩʠʪʝʪʫ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 

ʈʦʩʩʠʷ). 
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ʎʝʣʴ 

ɺ ʩʚʷʟʠ ʩ ʥʘʤʝʪʠʚʰʠʤʠʩʷ ʪʝʥʜʝʥʮʠʷʤʠ ʧʦʜʦ-

ʨʦʞʘʥʠʷ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʠʩʯʝʨʧʘ-

ʥʠʝʤ ʝʝ ʟʘʧʘʩʦʚ ʫʞʝ ʚ ʪʝʢʫʱʝʤ ʩʪʦʣʝʪʠʠ ʚʥʠʤʘʥʠʝ 

ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ ʥʘ ʫʛʦʣʴʥʳʝ 

ʩʫʩʧʝʥʟʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦ-

ʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥ-

ʟʠʠ ʠ ʟʘʤʝʥʳ ʠʤʠ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʭ ʨʘʙʦʪ ʩʦʟʜʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʚʦʜʦʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʩʦʨʪʦʚ ʫʛʣʷ, ʢʦʪʦʨʦʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦ ʩ ʪʚʝʨʜʳʤ ʫʛʣʝʤ, ʘ ʪʘʢʞʝ ʞʠʜ-

ʢʠʤ ʠ ʛʘʟʦʦʙʨʘʟʥʳʤ ʪʦʧʣʠʚʦʤ. ʉʦʟʜʘʥʠʝ ʵʪʦʛʦ ʪʦʧ-

ʣʠʚʘ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʣʦʵʥʝʨʛʦʝʤʢʠʭ 

ʤʝʭʘʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʟʜʘʥʥʦʝ ʪʦʧ-

ʣʠʚʦ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠʚʦʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʤ ʚʠʜʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʫʛʣʷ 

ʠ ʚʦʜʳ ʩ ʫʯʘʩʪʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ. ɺ ʦʩʥʦʚʝ ʧʨʦ-

ʮʝʩʩʘ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʣʝʞʠʪ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʘʮʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʨʘʟʨʫʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʫʛʣʷ ʢʘʢ ʧʨʠʨʦʜʥʦʡ çʛʦʨʥʦʡè ʤʘʩʩʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʀʩ-

ʭʦʜʥʘʷ ʚʦʜʘ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʷʜ ʧʨʝʚʨʘʱʝʥʠʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʘ̫ 

ʜʠʩʧʝʨʩʥʘʷ ʩʨʝʜʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚʦ 

ʤʦʞʝʪ ʙʳʪʴ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʦʣʴ-

ʥʦʩʪʠ ʜʦ 0,5ð1,5% ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʤʝʩʪʦ ʤʘʟʫʪʘ 

ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʤʘʩʰʪʘʙ ʠ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʫʨʳʭ ʫʛʣʝʡ ʩ ʥʘʥʦʧʦʨʦʰʢʘʤʠ 

ʢʨʝʤʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ ʠ ʨʝʦʣʦʛʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʧʣʦʪʳ ʩʛʦʨʘ-

ʥʠʷ ʪʦʧʣʠʚʘ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʨʘʟʚʠ-

ʪʠʝʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ 

ʪʦʧʣʠʚʘ ʤʝʞʜʫ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʫʛʣʝʨʦ-

ʜʘ ʠ ʢʨʝʤʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʦʢʘʣʴʥʦ ʩʘʤʦʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʨʘʟ-

ʣʦʞʝʥʠʝʤ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʚʦʜʦʫʛʦʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʩ ʫʯʘʩʪʠʝʤ ʥʘʥʦʨʘʟ-

ʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʚʦʜʦʨʦʜ 

ʩʛʦʨʘʝʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʪʝʧʣʘ, ʯʝʤ ʫʛʦʣʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʘʨʥʳʡ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʦʪ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ. ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʥʦʢʨʝʤʥʠʡʚʦʜʦ-

ʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʅɸʅʆʂʆɺʋʊ) ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʝʛʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʟʘʜʘʚʘʝ-

ʤʳʤʠ ʧʦʪʨʝʙʠʪʝʣʝʤ, ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʨʝʛʘʪʦʚ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʦʨʝʥʠʷ 

ʅɸʅʆʂʆɺʋʊ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ɼʠʩʧʝʨʩʥʘʷ ʩʨʝʜʘ, ʚʳʧʦʣ-

ʥʷʷ ʨʦʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʷʭ ʝʛʦ ʛʦʨʝʥʠʷ ʘʢʪʠʚʠʟʠʨʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʬʘʟʳ. ʇʦʵʪʦʤʫ ʚʦʩʧʣʘ-

ʤʝʥʝʥʠʝ ʨʘʩʧʳʣʝʥʥʳʭ ʢʘʧʝʣʴ ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʩ ʚʦʩ-

ʧʣʘʤʝʥʝʥʠʷ ʣʝʪʫʯʠʭ ʧʘʨʦʚ, ʘ ʩ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʘʢ-

ʮʠʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʦʜʦʡ ʠ ʚʦʜʷ-

ʥʳʤ ʧʘʨʦʤ. ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʅɸʅʆʂʆɺʋʊ ʭʘʨʘʢ-

ʪʝʨʝʥ ʚʳʩʦʢʦʡ ʧʦʣʥʦʪʦʡ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ 

(98ð99,7%), ʤʘʣʳʤʠ ʠʟʙʳʪʢʘʤʠ ʚʦʟʜʫʭʘ (3ð7%). ɺ 

ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʦ 

ʩʛʦʨʘʝʪ ʙʝʟ ʚʳʙʨʦʩʦʚ ʧʨʦʜʫʢʪʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝ-

ʨʦʜʘ, ʚʪʦʨʠʯʥʳʭ ʫʛʣʝʨʦʜʦʚ, ʩʘʞʠ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʭ 

ʚʝɦ ʝʩʪʚ. ʈʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚʳʙʨʦʩʦʚ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʤʠʢʨʦʥʥʳʭ ʬʨʘʢʮʠʡ (ʜʦ 80ð95%), 

ʦʢʩʠʜʦʚ ʩʝʨʳ (ʜʦ 70ð85%) ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

(ʜʦ 80ð90%).  

ʆʧʠʩʘʥʥʦʝ ʥʦʚʦʝ ʪʦʧʣʠʚʦ ʫʞʝ ʩʝʛʦʜʥʷ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʨʝʙʣʷʝʤʦʤʫ ʫʛ-

ʣ ,ʁ ʢ ʞʠʜʢʦʤʫ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤʫ ʪʦʧʣʠʚʘʤ. ʉʪʦʠ-

ʤʦʩʪʴ ʅɸʅʆʂʆɺʋʊ, ʛʦʪʦʚʦʛʦ ʜʣʷ ʧʨʷʤʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʪʦʥʥʫ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʠ-

ʞʝ ʩʪʦʠʤʦʩʪʠ ʤʘʟʫʪʘ ʚ 2ð4 ʨʘʟʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

15ð20% ʮʝʥʳ ʠʩʭʦʜʥʦʛʦ ʫʛʣʷ ʥʘ ʤʝʩʪʝ ʝʛʦ ʜʦʙʳʯʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʂʆɺʋʊ ʧʦʟ-

ʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʵʤʫʣʴʩʠʦʥʥʦʝ 

ʚʦʜʦʫʛʦʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʠʤʝʶʱʝʝ ʙʦʣʝʝ ʨʘʟʚʠʪʫʶ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦ-

ʚʳʰʝʥʥʫʶ (ʚ 1,3ð1,5 ʨʘʟʘ) ʪʝʧʣʦʪʚʦʨʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ, ʩʫʞʝʥʥʳʡ (ʥʘ 200ð300 ʉ) ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʧʦʚʳʰʝʥʥʫʶ (ʚ 1,2ð1,5 

ʨʘʟʘ) ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʨʫʢʪʫʨʥʫʶ ʚʷʟʢʦʩʪʴ 0,5ð0,8 ʇʘĀʩ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  
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ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦ-

ʪʦʢ ʚ ʦʙʣʘʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ð ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʞʥʳʭ ʥʘʨʦʜʥʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɻʦʤʝʣʴʩʢʦʡ ʦʙʣʘ-

ʩʪʠ ʚ ʨʘʤʢʘʭ ʈʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʳ ʧʦʣʠʤʝʨʥʳʝ ʚʦʣʦʢʥʠʩʪʦ-ʧʦʨʠʩʪʳʝ 

ʬʠʣʴʪʨʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʯʠʩʪʢʠ ʤʦʣʦʢʘ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘ-

ʛʨʷʟʥʝʥʠʡ [1]. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʪʴ ʨʷʜ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦ-

ʪʳ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ ɻʦʤʝʣʴ-

ʩʢʦʡ ʦʙʣʘʩʪʠ  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ð ʧʦʣʠʤʝʨʥʳʝ ʚʦʣʦʢ-

ʥʠʩʪʦ-ʧʦʨʠʩʪʳʝ ʬʠʣʴʪʨʦʵʣʝʤʝʥʪʳ ʜʣʷ ʦʯʠʩʪʢʠ ʤʦ-

ʣʦʢʘ çɺʝʛʘè (ʈʦʩʩʠʷ), çɻʝʨʘè (ʈʦʩʩʠʷ) ʠ ʧʨʦʠʟʚʝ-

ʜʝʥʥʳʝ ʆʆʆ çʇʦʣʠʤʝʨè (ɹʝʣʘʨʫʩʴ). ɺʦʣʦʢʥʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʊʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʤʦʣʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʢʨʠ-

ʪʝʨʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʯʠʩʪʦʪʳ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʜʝʣʠʷ ʢʦʤʧʘʥʠʠ çɺʝʛʘè ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʢʘʢ ʥʘʥʦʬʠʣʴʪʨʳ ʜʣʷ ʦʯʠʩʪʢʠ ʤʦ-

ʣʦʢʘ ʩ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʜʦʙʘʚʢʦʡ, ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ ʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʤʘʩʪʠʪʘ. ʌʠʣʴʪʨ-ʢʘʨʪʨʠʜʞ ʩʦʩʪʦʠʪ ʠʟ 

3 ʩʣʦʝʚ ʩ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ ʤʝʞʜʫ ʥʠʤʠ. ʇʦ ʜʘʥ-

ʥʳʤ ʉʕʄ, ʚʦʣʦʢʥʘ ʬʠʣʴʪʨʘ ʨʦʚʥʳʝ, ʙʝʟ ʩʫʱʝʩʪʚʝʥ-

ʥʳʭ ʜʝʬʝʢʪʦʚ, ʥʦ ʥʝ ʦʜʠʥʘʢʦʚʳ ʧʦ ʜʠʘʤʝʪʨʫ. ɺ ʦʙʲ-

ʝʤʝ ʚʦʣʦʢʦʥ ʠʤʝʶʪʩʷ ʪʝʤʥʳʝ ʚʢʨʘʧʣʝʥʠʷ, ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ð ʢʘʚʝʨʥʳ.  

ʀʟʜʝʣʠʷ çɻʝʨʘè ʪʘʢʞʝ ʟʘʷʚʣʷʶʪʩʷ ʢʘʢ ʩʦʜʝʨ-

ʞʘʱʠʝ ʩʝʨʝʙʨʦ ʠ ʧʨʦʷʚʣʷʶʱʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʌʠʣʴʪʨ ʷʚʣʷʝʪʩʷ 2-ʩʣʦʡʥʳʤ. ʇʦ ʜʘʥʥʳʤ 

ʉʕʄ, ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʩʥʘʨʫʞʠ ʠ ʚʥʫʪʨʠ ʪʝʤʥʳʝ 

ʚʢʨʘʧʣʝʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʚʦʣʦʢʦʥ ʤʘʣʘ, ʫʧʘ-

ʢʦʚʢʘ ʥʝʨʝʛʫʣʷʨʥʘ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʦʣʦʢʦʥ ʠʤʝʝʪ 

ʜʠʘʤʝʪʨ ʦʢʦʣʦ 100 ʤʢʤ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʦʥʢʠʝ ʚʦʣʦʢʥʘ.  

ʀʟʜʝʣʠʷ ʆʆʆ çʇʦʣʠʤʝʨè, ʧʦ ʜʘʥʥʳʤ ʉʕʄ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʚʦʣʦʢʦʥ 

(ʦʢʦʣʦ 100 ʤʢʤ). ɺʦʣʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʫʧʦʨʷʜʦ-

ʯʝʥʥʦ ʠ ʥʝ ʠʤʝʶʪ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ, ʧʦʩʪʦʨʦʥʥʠʝ 

ʮʝʣʝʚʳʝ ʜʦʙʘʚʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʘʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʬʠʣʴʪʨʦʚ (ʨʠʩ. 1) ʧʦʢʘʟʳʚʘʶʪ ʠʭ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʦʯʠʩʪʢʘ ʤʦʣʦʢʘ ʦʪ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ð ʜʦ 98%, ʦʪ ʧʨʦʜʫʢʪʦʚ ʤʘʩʪʠ-

ʪʦʚ ð ʜʦ 50%, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʤʘʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ð ʜʦ 65%, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʙʥʳʭ 

ʢʣʝʪʦʢ ð ʜʦ 50%, ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ, ʙʝʣʢʘ, ʣʘʢʪʦʟʳ 

ð ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ɼʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦʨʪʥʦ-

ʩʪʠ ʤʦʣʦʢʘ ʜʦ ʢʘʪʝʛʦʨʠʠ çʕʢʩʪʨʘè ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʦʢʘ ʝʛʦ ʭʨʘʥʝʥʠʷ.  

 

 

ʈʠʩ. 1. ʂʦʤʧʣʝʢʪ ʆʆʆ çʇʦʣʠʤʝʨè ʜʣʷ ʦʯʠʩʪʢʠ ʤʦʣʦʢʘ 

ɺ ʫʩʣʦʚʠʷʭ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʨʳʥʦʯʥʦʡ ʢʦʥ̡ -

ʶʥʢʪʫʨʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʬʠʣʴʪʨʦʚ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʟʘʨʫʙʝʞ-

ʥʳʤ ʘʥʘʣʦʛʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʦʡ ʦʪʨʘʩʣʠ ɹʝʣʘʨʫʩʠ ʩ 

ʫʯʝʪʦʤ ʝʝ ʩʧʝʮʠʬʠʢʠ. ʇʦʣʠʤʝʨʥʳʡ ʬʠʣʴʪʨ ʧʦ 

ʨʠʩ. 1, ʚʦʣʦʢʥʘ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪ ʵʣʝʢʪʨʝʪʥʳʡ ʟʘ-

ʨʷʜ (5ð15 ʥʂʣ/ʩʤ2), ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʘʢʪʠʚʥʦʩʪʴ 

Cs137 ʚ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʤ ʤʦʣʦʢʝ ʚ 1,5ð3 ʨʘʟʘ, ʘ 

ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ð ʚ 2ð10 ʠ ʙʦʣʝʝ ʨʘʟ [2]. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʣʝʢʪʨʝʪʥʳʡ ʟʘʨʷʜ ʚʦʣʦʢʦʥ ʚ ʫʩʣʦʚʠ-

ʷʭ ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʦʵʣʝʤʝʥʪʘ 

ʫʩʧʝʚʘʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪ ʯʘ-

ʩʪʠʮ ʟʘʛʨʷʟʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʣʘʜʘʶʱʠʭ ʠʟʙʳ-

ʪʦʯʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʚʩʣʝʜʩʪʚʠʝ ʠʦʥʠʟʠ-

ʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʜʦʣʛʦʞʠ-

ʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ʆʯʠʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ 

ʬʠʣʴʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʤʦʣʦʢʘ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘ-

ʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ. ɺʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʪʨʫʜʝ-

ʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʪʦʨʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʝ ʦʜʥʦʡ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʟʦʥ ʜʝʛʘʟʘʮʠʠ. ʅʘʣʠʯʠʝ ʟʦʥ ʜʝʛʘʟʘ-

ʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝ-

ʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ 

ʚʩʪʫʧʠʚʰʠʝ ʚ ʨʝʘʢʮʠʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝ-

ʥʠ ʁʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʦʣʝʬʠ-

ʥʦʚ (ʌʇʆ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʦʥ r ʜʝʛʘʟʘʮʠʠ 

ʠʤʝʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʦʜʝʣʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʩ-

ʪʨʫʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʜʝʛʘʟʘʮʠʠ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʬʫʥʢ-

ʮʠʦʥʘʣʠʟʘʮʠʠ ʇʆ ʚ ʭʦʜʝ ʨʝʘʢʮʠʦʥʥʦʡ ʵʢʩʪʨʫʟʠʠ 

(ʈʕ) ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʫʩʣʦʚʠʡ ʜʝʛʘʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʌʇʆ ʥʘ ʚʳʭʦʜ ʬʫʥʢʮʠ-

ʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇɸ6, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʠʟʫʯʝʥʠʷ ʙʳʣ ʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠ-

ʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʕʅʇ) (ʤʘʨʢʘ Exceed 1018 

HA, ʧʨʦʠʟʚʦʜʩʪʚʘ Exxon Mobile), ʧʨʠʚʠʚʘʝʤʳʡ ʤʦ-

ʥʦʤʝʨ ð ʪʨʘʥʩ-ʵʪʠʣʝʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʊʕɼʂ), ʢʚʘʣʠʬʠʢʘʮʠʷ çʯè); ʧʝʨʦʢʩʠʜʥʳʡ ʠʥʠʮʠʘ-

ʪʦʨ ð 1,3-ʙʠʩ (ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʠʟʦʧʨʦʧʠʣ) ʙʝʥ-

ʟʦʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʊʕɼʂ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ-

ʩʪʘʚʣʷʣʘ 1,2 ʤʘʩ.% ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʝʨʦʢʩʠʜʥʦʛʦ 

ʠʥʠʮʠʘʪʦʨʘ 0,3 ʤʘʩ.%.  

ʇʨʠʚʠʚʢʫ ʊʕɼʂ ʢ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤ ʃʇʕʅʇ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʨʫʟʠʦʥʥʦ-

ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʣʠʥʠʠ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʜʚʫʭʰʥʝʢʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ ʉʊɽ50 (ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʠ-

ʪʘʡ) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ~ 200 ʢʛ/ʯ. ʕʢʩʪʨʫʜʝʨ 

ʉʊɽ50 (L/D = 40) ʦʩʥʘʱʝʥ 10-ʶ ʟʦʥʘʤʠ ʦʙʦʛʨʝʚʘ, ʦʜ-

ʥʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ, ʘ 

ʦʜʥʘ ð ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʦʩʥʦʚʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʟʦʥʘʭ ʤʘʪʝʨʠ-

ʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʵʢʩʪʨʫʜʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 220 ʉ. 

ʌʫʢʮʠʦʥʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: 

1) ʙʝʟ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʟʘʢʨʳʪʳʤ ʦʪʚʝʨʩʪʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ; 

2) ʙʝʟ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʦʪʢʨʳʪʳʤ ʦʪʚʝʨʩʪʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ; 

3) ʩ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝʤ ʠ ʦʪʢʨʳʪʳʤ ʦʪʚʝʨʩʪʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷ ʜʝʛʘʟʘʮʠʠ ʟʘʤʝʪʥʦ ʚʣʠʷʪʁ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʃʇʕʅʇ (ʌʃʇʕʅʇ). 

ʊʘʢ ʧʨʠ ʨʘʙʦʪʘʶʱʝʡ ʟʦʥʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʝʩʪʝ-

ʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʵʢʩʪʨʫʜʝʨʘ 

ʉʊɽ50 ʩʦʜʝʨʞʘʥʠʝ ʥʝʧʨʠʚʠʪʦʡ ʊʕɼʂ ʚ ʦʙʲʝʤʝ 

ʌʃʇʕʅʇ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 

11,0 ʤʘʩ.%. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʝʟ ʜʝʛʘʟʘʮʠʠ ʚ ʦʙʲʝʤʝ 

ʌʃʇʕʅʇ ʜʦʣʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʢʠʩʣʦʪʳ ʜʦʭʦ-

ʜʠʪ ʜʦ 37,0 ʤʘʩ.%.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʫʩʣʦʚʠʷ ʜʝʛʘʟʘʮʠʠ ʚʣʠʷʶʪ ʪʘʢʞʝ 

ʠ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʌʃʇʕʅʇ. ʊʘʢ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʝ ʈʕ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ ʠ ʜʝʛʘ-

ʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʇʊʈ ʠ ʩʥʠʞʝʥʠʶ ʚʷʟʢʦʩʪʠ 

ʨʘʩʧʣʘʚʘ ʌʃʇʕʅʇ. ɺ ʩʣʫʯʘʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠ-

ʣʷʮʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʛʘʟʘʮʠʠ ʚʷʟʢʦʩʪʴ 

ʌʃʇʕʅʇ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʌʇʆ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʧʦʣʠʘʤʠʜʘʤʠ (ʇɸ). 

ɺʚʝʜʝʥʠʝʤ ʌʇʆ ʚ ʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʫʜʘʨʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʨʘʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʦʤ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʜʝʛʘʟʘʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʜʦʙʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ.  

ɻʣʘʚʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʝʛʘʟʘ-

ʮʠʷ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʫʧʨʦʯʥʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʩʧʘʠ ʧʦʪʦʢʦʚ ʨʘʩʧʣʘʚʘ ʜʣʷ ʩʤʝʩʝʡ ʇɸ6/ʃʇʕʅʇ-ʧ-

ʊʕɼʂ. 

ʊʘʢ ʦʙʨʘʟʮʳ ʩʦ ʩʧʘʝʤ ʠʟ ʩʤʝʩʠ ʇɸ6/ʃʇʕʅʇ-ʧ-

ʊʕɼʂ, ʧʦʣʫʯʝʥʥʦʡ ʙʝʟ ʜʝʛʘʟʘʮʠʠ, ʨʘʟʨʫʰʘʶʪʩʷ 

ʭʨʫʧʢʦ. ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʥʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʝ-

ʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʨʚʫʪʩʷ ʧʦ ʩʧʘʶ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ʣʦʧʘʪʢʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 33,5 ʄʇʘ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ 59,3%. ɼʝʛʘʟʘʮʠʷ ʠʟʤʝʥʷʝʪ ʭʘ-

ʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʩʦ ʩʧʘʝʤ. ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ 

ʥʠʭ ʧʦʚʳʰʘʝʪʩʷ ʚ 1,4ð1,5 ʨʘʟ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 320,0%, ʧʨʠ-

ʙʣʠʞʘ̫ ʩʴ ʢ ʪʘʢʦʚʦʤʫ ʥʘ ʦʙʨʘʟʮʘʭ ʙʝʟ ʩʧʘʷ. ʆʜʥʦʡ ʠʟ 

ʧʨʠʯʠʥ ʩʪʦʣʴ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʜʝʛʘʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠ-

ʩʪʝʤʝ ʇɸ6/ʃʇʕʅʇ-ʧ-ʊʕɼʂ. 
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ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘ-

ʣʦʚ (ʋʅʄ) ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ 

ʧʨʠʚʠʚʢʠ ʪʨʘʥʩ-ʵʪʠʣʝʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʊʕɼʂ) ʢ ʧʦʣʠʦʣʝʬʠʥʘʤ (ʇʆ) ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʵʢʩʪʨʫʟʠʠ (ʈʕ), ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʇʆ (ʌʇʆ) ʠ ʠʭ ʩʤʝʩʝʡ ʩ 

ʧʦʣʠʘʤʠʜʦʤ 6 (ʇɸ6).  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʩʦʧʦʣʠʤʝʨ 

ʧʨʦʧʠʣʝʥʘ ʠ ʵʪʠʣʝʥʘ (ʩ-ʇʇ, ʤʘʨʢʘ 8332M, ʩʦʜʝʨʞʘ-

ʥʠʝ ʟʚʝʥʴʝʚ ʵʪʠʣʝʥʘ  7 ʤʘʩ.%; ʧʨʦʠʟʚʦʜʩʪʚʦ ʆɸʆ 

çʅʠʞʥʝʢʘʤʩʢ ʅʝʬʪʝʭʠʤè, ʈʦʩʩʠʷ), ʣʠʥʝʡʥʳʡ ʧʦʣʠ-

ʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʕʅʇ, ʤʘʨʢʘ Exceed 

1018 HA, ʧʨʦʠʟʚʦʜʩʪʚʘ Exxon Mobil, ʉʐɸ). ʇʨʠ 

ʧʦʣʫʯʝʥʠʠ ʩʤʝʩʝʡ ʇɸ6/ʌʇʆ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ 

ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇɸ6 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ 

çɻʨʦʜʥʦ ɸʟʦʪè. 

ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʇʆ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʠ-

ʚʘʝʤʦʛʦ ʤʦʥʦʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʊʕɼʂ (ʉ4ʆ4ʅ4, ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ çʯè); ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʡ ʠʥʠʮʠʘʪʦʨ ï 

ʧʝʨʦʢʩʠʜ 1,3-ʙʠʩ (ʪʨʝʪ- ʙʫʪʠʣʧʝʨʦʢʩʠʠʟʦʧʨʦʧʠʣ) 

ʙʝʥʟʦʣ (Perk-14). ɺ ʢʘʯʝʩʪʚʝ ʋʅʄ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʋʅʊ), ʧʦ-

ʣʫʯʝʥʥʳʝ ʚ ʀʥʩʪʠʪʫʪʝ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ 

(ʀʊʄʆ) ʅɸʅ ɹʝʣʘʨʫʩʠ, ʥʘʥʦʪʨʫʙʢʠ Nʉ700 ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Nanocyl (ɹʝʣʴʛʠʷ), ʘ ʪʘʢʞʝ ʪʝʭʥʠ-

ʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʊʋ N220). ʇʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʇʆ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʚʠʚʘʝʤʦʡ ʊʕɼʂ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʭ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʘʩ.%. ʉʦ-

ʜʝʨʞʘʥʠʝ Perk-14 ʧʨʠ ʧʨʠʚʠʚʢʝ ʢ ʩ-ʇʇ ʧʨʠʥʠʤʘʣʠ 

ʨʘʚʥʳʤ 0,12 ʤʘʩ.% ʠ 0,15 ʤʘʩ.% ð ʧʨʠ ʧʨʠʚʠʚʢʝ ʢ 

ʃʇʕʅʇ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʋʅʄ, ʚʚʦʜʠʤʳʭ ʚ ʨʝʘʢʮʠ-

ʦʥʥʫʶ ʩʤʝʩʴ, ʠʟʤʝʥʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʜʦ 

0,3 ʤʘʩ.%. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʥʘʯʘʣʝ 

ʋʅʄ ʧʦʜʚʝʨʛʘʣʠ ʋɿ-ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʚ ʩʨʝʜʝ ʘʮʝ-

ʪʦʥʘ (ʫʩʪʘʥʦʚʢʘ ʋɿɼʅ-1ʋʏ.2, ʈʦʩʩʠʷ, ɻʆʉʊ 5.687ï

70, ʯʘʩʪʦʪʘ 22 ʢɻʮ, ʜʣʠʪʝʣʴʥʦʩʪʴ 15 ʤʠʥ, ʥʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 23Áʉ). ɿʘʪʝʤ ʚ ʧʦʣʫʯʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʨʘʩʪʚʦʨʷʣʠ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʠʮʠʘʪʦʨʘ Perk-

14. ɼʘʣʝʝ ʛʨʘʥʫʣʳ ʇʆ ʦʙʨʘʙʘʪʳʚʘʣʠ ʵʪʠʤ ʨʘʩʪʚʦ-

ʨʦʤ, ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʷ ʠʭ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝ-

ʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʭ ʦʧʫʜʨʠʚʘʣʠ ʧʦ-

ʨʦʰʢʦʦʙʨʘʟʥʦʡ ʊʕɼʂ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠʚʠʚ-

ʢʫ ʊʕɼʂ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʈʕ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫ-

ʝʪ, ʯʪʦ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʋʅʄ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʚʠʚʢʫ ʊʕɼʂ ʢ ʇʆ. ʇʦ 

ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʅʄ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʚʠʚʢʠ (Ŭ) ʩʥʠ-

ʞʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ Ŭ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʋʅʄ ʠʤʝʶʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,01% ʜʦ 0,1% ʋʅʄ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʉʪʝ-

ʧʝʥʴ ʚʣʠʷʥʠʷ ʋʅʄ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʠ ʪʠʧʦʤ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ Ŭ ʦʢʘʟʳʚʘʶʪ 

ʄʋʅʊ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʀʊʄʆ ʅɸʅ ɹʝʣʘʨʫʩʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʄʋʅʊ ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʋʅʄ ʥʘ ʨʝʦ-

ʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʇʆ ʢʘʢ ʚ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘ-

ʣʠʟʘʮʠʠ ʃʇʕʅʇ, ʪʘʢ ʠ ʩ-ʇʇ. ʇʨʠ ʩʚʦʙʦʜʥʦʨʘʜʠ-

ʢʘʣʴʥʦʡ ʧʨʠʚʠʚʢʝ ʊʕɼʂ ʢ ʃʇʕʅʇ ʠ ʩ-ʇʇ ʜʦʙʘʚʢʠ 

ʄʋʅʊ, ʚʚʦʜʠʤʳʝ ʚ ʢʦʣʠʯʝʩʪʚʝ  0,1 ʤʘʩ.%, ʠʥʛʠʙʠ-

ʨʫʶʪ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʩʰʠʚʘʥʠʷ, ʪʘʢ ʠ ʜʝ-

ʩʪʨʫʢʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʇʆ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʥʦ-

ʪʨʫʙʢʠ NC7000 ʠ ʊʋ N220 ʠʥʛʠʙʠʨʫʶʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʜʝʩʪʨʫʢʮʠʶ ʩ-ʇʇ. ɺ ʜʦʢʣʘʜʝ ʘʥʘʣʠʟʠʨʫʶʪ-

ʩʷ ʧʨʠʯʠʥʳ ʚʣʠʷʥʠʷ ʋʅʄ ʥʘ ʧʨʠʚʠʚʢʫ ʤʦʥʦʤʝʨʘ ʠ 

ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʚ ʇʆ ʧʨʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ 

ʨʘʩʧʣʘʚʝ. 

ɼʦʙʘʚʢʠ ʋʅʄ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʃʇʕʅʇ ʠ ʩ-ʇʇ. ʅʫʢʣʝʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʋʅʄ ʚ 

ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ-ʇʇ ʚʳʨʘʞʝʥ ʙʦʣʝʝ ʷʨ-

ʢʦ. 

ʀʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʌʇʆ ʦʙʫ-

ʩʣʦʚʣʠʚʘʶʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʭʦʜʦʤ ʢʦʥʢʫʨʠʨʫ-

ʶʱʠʭ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʩʰʠʚʘʥʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘ-

ʮʠʠ, ʥʘ ʢʦʪʦʨʳʝ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʜʦ-

ʙʘʚʢʠ ʋʅʄ.  

ɺ ʩʤʝʩʷʭ ʇɸ6/ʃʇʕʅʇ-ʧ-ʊʕɼʂ ʜʦʙʘʚʢʠ ʋʅʄ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʧʨʠ-

ʯʝʤ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʧʨʷ-

ʤʦʫʛʦʣʴʥʳʤ ʥʘʜʨʝʟʦʤ ʚʳʰʝ ʪʘʢʦʚʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 

ʦʩʪʨʳʤ ʥʘʜʨʝʟʦʤ. ʉʤʝʩʠ ʇɸ6/ʩ-ʇʇ-ʧ-ʊʕɼʂ ʥʝ ʟʘ-

ʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʋʅʄ ʨʘʟʨʫʰʘʶʪʩʷ ʭʨʫʧʢʦ ʠ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ-

ʇʇ ʧʨʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʅʄ. 
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ɽ.ʌ. ʂʫʜʠʥʘ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 

kudina_mpri@tut.by 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʨʦʚʝʜʝ-

ʥʠʁ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʚ ʫʩʣʦʚʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʘʛʨʝʚʘ (ɼʅ). ɼʅ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʪʝʨʤʦʨʝ-

ʘʢʪʠʚʥʳʭ ʩʚʷʟʫʶʱʠʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ, 

ʫʩʪʨʘʥʷʝʪ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ɼʅ 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʝʨʝʭʦʜ ʛʠʜʨʦʛʝʣʝʡ ʚ ʢʩʝʨʦʛʝʣʠ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʠʙʨʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʫʣʫʯʰʘ-

ʝʪ ʧʨʦʧʠʪʢʫ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʘʝʪ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʩʘʞʜʝʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (ɺʈʉʅ) ʚ ʫʩʣʦʚʠʷʭ ɼʅ ʧʨʠ-

ʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʨʦʰʢʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʘʜ-

ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʀʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ 

ɼʅ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘʙʦʪ, ʦʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʠʭ 

ʯʘʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʨʝʰʝʥʠʶ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʚʦʟʜʝʡʩʪʚʠ ʁɼʅ ʧʨʦʪʠʚʦʨʝʯʠʚʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʦʙʳʯʥʦʛʦ 

ʥʘʛʨʝʚʘ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠ-

ʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ɺʈʉʅ ʠ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʜʚʫʭ ʪʠʧʦʚ 

ʥʘʛʨʝʚʘ ʥʘ ʩʚʦʡʩʪʚʘ ɺʈʉʅ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘʛʨʝʚʘ ʥʘ ɺʈʉʅ ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʧʨʦʮʝʩʩʦʤ: ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʘʛʨʝʛʘ-

ʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʟʘʪʝʤ ð ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʠʣʠʢʘʪ-ʘʥʠʦʥʦʚ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʝʨʚʳʡ ʵʪʘʧ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʦʩʣʝ ɼʅ ð ʜʦ 66 ʨʘʟ, ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ð ʜʦ 7,0 ʨʘʟ) ʠ ʚʷʟʢʦʩʪʠ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʝʤʥʝʢʠʩ-

ʣʦʨʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺʪʦʨʦʡ ʵʪʘʧ ʦʙʫʩʣʦʚʣʝʥ ʧʦ-

ʣʠʤʝʨʠʟʘʮʠʝʡ ʩʠʣʠʢʘʪ-ʘʥʠʦʥʦʚ. ɺʠʜ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʝ̫ʪ ʢʠʥʝʪʠʢʫ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ɺʈʉʅ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɼʅ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʥʘʛʨʝʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ɼʅ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜ-

ʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʢʩʝʨʦʛʝʣʷ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʩʝʨʦʛʝʣʷ 

ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ɼʅ 

ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ɓ-Na2Si2O5 ʩ ʚʢʣʶ-

ʯʝʥʠʷʤʠ ʯʘʩʪʠʮ SiO2 ʨʘʟʤʝʨʦʤ ʜʦ 20 ʥʤ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ɺʈʉʅ ʚ ʫʩʣʦʚʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ 

ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ɺʈʉʅ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʚʦʜʠʤʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ-

ʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʦʧʨʝ-

ʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʢʩʝʨʦʛʝʣʝʡ. ʇʦʩʣʝ 

ɼʅ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʝʡ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ 

ʩʪʘʜʠʠ: 1 ð ʧʦʚʳʰʝʥʠʝ ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

2 ð ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʡ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʡ ʤʘʪʨʠʮʳ 

(ʠʥʪʝʨʢʘʣʷʮʠʷ ʦʨʛʘʥʦʩʠʣʠʢʘʪʥʦʡ ʠ ʩʠʣʠʢʘʪʥʳʭ 

(Na2Si3ʆ7 ʠ Na6Si8O19) ʬʘʟ) ʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʨʝʤʥʝʟʝʤʘ ʚ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ. 

ʂʠʥʝʪʠʢʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ɺʈʉʅ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʚʨʝʤʝʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ. ʋʚʝ-

ʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ɼʅ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ɺʈʉʅ ʧʦʚʳʰʘʝʪ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʢʨʘʝʚʦʡ ʫʛʦʣ 

ʩʤʘʯʠʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʦʩʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧ-

ʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ɼʅ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦ-

ʢʦʡ ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʤʝʩʠ ð 1ð3 ʤʠʥ., ʘ 

ʫʩʢʦʨʝʥʠʷ ʢʠʥʝʪʠʢʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ð ʙʦʣʝʝ 

5 ʤʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ɼʅ ʥʘ ʨʘʩʪʚʦʨ 

ɺʈʉʅ/ʦʣʠʛʦʤʝʨ ʵʧʦʢʩʠʜʠʘʥʦʚʦʡ ʩʤʦʣʳ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʦʙʳʯʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ ʥʘʛʨʝʚʦʤ, ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦ-

ʣʦʛʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʆʪʚʝʨʞʜʝʥʠʝ ʦʣʠ-

ʛʦʤʝʨʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʚ ʫʩʣʦʚʠʷʭ ɼʅ ʫʣʫʯʰʘʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʚ 3 ʨʘʟʘ 

ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 15 Áʉ, ʩʦʢʨʘʱʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʦʪʚʝʨʜʠʪʝʣʷ ʥʘ 5%) ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠ-

ʘʣʘ ʜʦ 16% ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʚʝʨʞʜʘʶʱʝʛʦ ʨʝʘ-

ʛʝʥʪʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʫʥʢ-

ʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʩʪʨʫʢ-

ʪʫʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʤʝʩʠ 

ɺʈʉʅ/ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʧʨʠ ɼʅ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯ-

ʥʦʩʪʴ ʜʦ 5 ʨʘʟ; ʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʨʦʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 8 ʨʘʟ, ʘ 

ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ð ʥʘ 120. ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʭʝʤʘʤ 

ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢ-

ʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ɹʈʌʌʀ (ʧʨʦʝʢʪ ʊ13-098). 
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ɺ.ɺ. ʄʦʟʛʘʣʸʚ 
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ʎʝʣʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ 

ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫ-

ʟʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʦʩʪʘʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʳʨʴʝ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʵʢʩʪʨʫʜʘʪʘ, ʫʩʘʜʢʫ, ʜʝʩʪʨʫʢʮʠ,ʁ ʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʪʨʫʟʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʛʦ-

ʪʦʚʳʝ ʠʟʜʝʣʠʷ ʧʦʣʫʯʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʜʘʚʣʠ-

ʚʘʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʢʚʦʟʴ ʬʦʨʤʫʶ-

ʱʠʡ ʠʥʩʪʨʫʤʝʥʪ (ʬʠʣʴʝʨʫ, ʵʢʩʪʨʫʟʠʦʥʥʫʶ ʛʦʣʦʚʢʫ). 

ʕʢʩʪʨʫʟʠʶ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ ʦʧʝʨʝʜʠʪʴ ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʳʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝ-

ʢʘʶʱʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [1]. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʣʠ ʧʦʜʛʦʪʦʚʢʝ ʨʝʟʠʥʦʚʳʭ 

ʩʤʝʩʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʥʘʚʠʚʢʝ ʧʨʦʪʝʢʪʦʨʘ ʜʣʷ 

ʩʚʝʨʭʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʰʠʥ (ʉʂɻʐ), ʚʘʞʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʠʤʝʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʫʟʠʠ (ʰʧʨʠʮʝʚʘʥʠʷ), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʣʠʷʶʪ ʥʘ 

ʫʩʘʜʢʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝ-

ʨʳ ʟʘʛʦʪʦʚʢʠ, ʘ ʟʥʘʯʠʪ ʠ ʤʘʩʩʫ ʧʨʦʪʝʢʪʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳ-

ʙʨʘʥʳ ʦʙʨʘʟʮʳ ʰʠʥʥʳʭ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ (ʅʂ) ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʪʝʢʪʦʨ-

ʙʝʛʦʚʘʷ ʜʣʷ ʩʚʝʨʭʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʰʠʥ ʠ ʙʫʪʘʜʠ-

ʝʥ-ʩʪʠʨʦʣʴʥʦʛʦ ʢʘʫʯʫʢʘ (ɹʉʂ) ʜʣʷ ʩʝʣʴʩʢʦʭʦʟ̫ʡ-

ʩʪʚʝʥʥʳʭ ʰʠʥ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʪʠʬʪʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ ʭʦʣʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʬʠʨʤʳ 

Rubicon EEK 45.14 M-12/70 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ, ʜʘʚʣʝʥʠʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʩʳʨʴʸ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʰʪʠʬʪʦʚ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ ʵʢʩʪʨʫʜʘʪʘ, ʫʩʘʜʢʘ, ʜʝʩʪʨʫʢʮʠʷ, ʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʠʥʘʤʠʢʘ ʪʝʯʝʥʠʷ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʚ ʵʢʩʪʨʫʜʝ-

ʨʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʰʪʠʬʪʦʚ, ʠʭ ʚʳʩʦʪʳ, ʨʘʟʤʝʨʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʟʤʝ-

ʥʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʘʨʘʢʪʝʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʦʥ ʘʢʪʠʚʥʦʛʦ ʩʤʝʰʝʥʠʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʩʤʝʰʝʥʠʷ ʧʨʦʭʦʜʷʪ ʠ 

ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ, ʧʨʠʯʝʤ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʡ, 

ʪʘʢ ʠ ʪʝʨʤʠʯʝʩʢʦʡ. ʉʪʝʧʝʥʴ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʝʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘ-

ʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ ʧʨʦʯʥʦʩʪʴ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʜʣʠʥʝʥʠʶ ʧʨʠ 

ʨʘʟʨʳʚʝ [2]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ ʠʥʪʝʥ-

ʩʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʣʠʰʴ ʚ ʨʝʞʠʤʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘ-

ʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʳʩʦʢʦʝ ʜʘʚ-

ʣʝʥʠʝ ʚ ʛʦʣʦʚʢʝ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 

ʥʘʙʫʭʘʥʠʷ ʵʢʩʪʨʫʜʘʪʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʬʠʣʴʝʨʳ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʦʤ ɹʘʨʨʫʩʘ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʟʦʥʘʤ ʠ 

ʜʘʚʣʝʥʠʝ ʚ ʛʦʣʦʚʢʝ ʜʘʥʥʦʛʦ ʵʢʩʪʨʫʜʝʨʘ ʥʘ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʟʠʥʦʚʳʭ ʩʤʝ-

ʩʝʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʜʘʚʣʝʥʠʝ ʚ ʛʦʣʦʚʢʝ 

ʵʢʩʪʨʫʜʝʨʘ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʩ-

ʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʠ ʩʦ-

ʩʪʘʚ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʫʩʘʜʢʘ ʟʘʛʦʪʦʚʦʢ ʟʘʚʠʩʠʪ ʦʪ ʜʦʟʠʨʦʚʢʠ ʠ ʨʘʟʤʝ-

ʨʘ ʥʘʧʦʣʥʠʪʝʣʷ: ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʠ-

ʨʦʚʢʠ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝ-

ʥʠʠ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʟʠʠ ʥʘ ʫʩʘʜʢʫ ʨʝʟʠʥʦʚʳʭ 

ʩʤʝʩʝʡ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ, 

ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʧʦʣʥʠʪʝʣʝʡ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʫʩʘʜʢʘ ʵʢʩʪʨʫʜʘʪʘ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʛʣʝ-

ʨʦʜʦʤ, ʭʦʪʴ ʠ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʝʣʠ-

ʯʠʥʝ, ʦʜʥʘʢʦ ʥʝʩʸʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʧʨʦʙʣʝʤʫ 

ʜʣʷ ʨʝʟʠʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷ-

ʥʠʝ ʫʩʘʜʢʘ ʦʢʘʟʳʚʘʝʪ ʧʨʠ ʥʘʚʠʚʢʝ ʧʨʦʪʝʢʪʦʨʘ ʥʘ 

ʉʂɻʐ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʝʛʦ ʨʘʟʤʝʨʦʚ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʭʦʜʠʤʦʩʪʴ, ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʠʥʳ. 

 
1. ʂʦʨʥʝʚ ɸ.ɽ, ɹʫʢʘʥʦʚ ɸ.ʄ., ʐʝʚʝʨʜʷʝʚ ʆ.ʅ. ʊʝʭʥʦʣʦʛʠʷ ʵʣʘ-

ʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʫʯʝʙ. ʜʣʷ ʚʫʟʦʚ. ð ʄʦʩʢʚʘ: 

ʕʂʉʀʄ, 2000 

2. ɹʘʨʪʝʥʝʚ ɻ.ʄ., ɿʫʝʚ ʖ.ʉ. ʇʨʦʯʥʦʩʪʴ ʠ ʨʘʟʨʫʰʝʥʠʝ ʚʳʩʦʵʣʘ-

ʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ð ʄ.: ʍʠʤʠʷ. ð 1980 
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ʇʃɸʉʊʄɸʉʉʆɺʆʁ ʆʇʃɽʊʂʀ 

ɸ.ʂ. ʅʦʚʠʢʦʚ
1
, ɸ.ɺ. ʉʠʢʘʥʝʚʠʯ

2
, ɸ.ɸ. ɼʘʚʳʜʦʚ

1
, ʅ.ʌ. ʉʦʣʦʚʝʡ

3
 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 

otdel5mpri@tut.by 
2ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʉʂʊɹ çʄʝʪʘʣʣʦʧʦʣʠʤʝʨè, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

3ʆɸʆ çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʤʙʘʡʥʦʩʪʨʦʝʥʠʷè ʇʆ çɻʦʤʩʝʣʴʤʘʰè, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠ-

ʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ ʠ ʈʋʇ ʉʂʊɹ 

çʄʝʪʘʣʣʦʧʦʣʠʤʝʨè ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʥʘʣʘʜʠʣʠ ʩʝʨʠʡ-

ʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʱʠʪʥʦʡ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʦʧʣʝʪʢʠ 

ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʰʣʘʥʛʦʚ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ, ʜʦʨʦʞʥʦʡ 

ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʝʭʥʠʢʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʠʢʠ ʠ 

ʫʩʣʦʚʠʡ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʣʝʪʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘ-

ʱʠʪʫ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʜʦʣʞʥʘ ʦʙʝʩ-

ʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦ-

ʚʘʥʠʡ: ʥʝʦʙʭʦʜʠʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ; ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ; ʩʪʦʡ-

ʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ; ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʦʧʣʠʚʘ, ʤʘʩʣʘ, ʘʥʪʠʬʨʠʟʘ, 

ʵʣʝʢʪʨʦʣʠʪʘ, ʦʛʥʝʩʪʦʡʢʦʩʪʴ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝ-

ʥʷʣʠ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʪʴʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʘ 

ʪʘʢʞʝ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʦʧʣʝʪʢʫ. 

ʇʨʦʚʝʨʢʫ ʥʘʨʫʞʥʦʛʦ, ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʠ 

ʰʘʛʘ ʦʧʣʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʝʥ-

ʮʠʨʢʫʣʷ Iʐʎï1 ʧʦ ɻʆʉʊ 166 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝ-

ʨʝʥʠʷ 0,1 ʤʤ. 

ʇʨʦʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʦʧʨʝʜʝ-

ʣʷʣʠ ʧʦ ɻʆʉʊ 11262 ʥʘ ʦʙʨʘʟʮʘʭ ʚ ʚʠʜʝ ʣʦʧʘʪʢʠ ʪʠ-

ʧʘ 1. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʟʘʞʠʤʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 50 ʤʤ/ʤʠʥ. 

ʆʧʣʝʪʢʫ ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʚʝʟʝʨʦʤʝʪʨʝ Q-SUN Xenon Test 

Chamber Model Xe-3-HS ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʐɸ. ʄʦʱ-

ʥʦʩʪʴ ʋʌ ʦʙʣʫʯʝʥʠʷ 0,51 ɺʪ/ʤ2; ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫ-

ʭʘ ʚ ʢʘʤʝʨʝ 38Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʯʝʨʥʦʛʦ ʪʝʣʘ 65Áʉ, 

ʚʣʘʞʥʦʩʪʴ ð 50%. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʠʢʦʚ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢ-

ʨʦʢʘʣʦʨʠʤʝʪʨʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ Diamond 

DSC, ʬʠʨʤʘ Perkin Elmer, precisely, ʉʐɸ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʢ ʨʘʩ-

ʧʣʘʚʫ ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʮʠʣʠʥʜʨʝ ʣʠʪʴʝ-

ʚʦʡ ʤʘʰʠʥ,r ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʥʘʛʨʫʟʢʘ ʩ ʪʘʢʠʤ ʨʘʩ-

ʯʝʪʦʤ, ʯʪʦʙʳ ʟʘʜʘʚʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʨʰʥʷ ʣʠʪʴʝʚʦʡ ʤʘʰʠʥʳ, ʘ ʟʥʘʯʠʪ ʩʢʦʨʦʩʪʴ ʠʩʪʝ-

ʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʠʟ ʢʘʧʠʣʣʷʨʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ. ɼʦ-

ʩʪʠʛʥʫʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ, ʵʢʩʪʨʫʜʘʪ ʦʙʨʳʚʘʣʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ.  

ɺʷʟʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʨʷʣʠ ʥʘ ʧʨʠʙʦʨʝ 

5MPCA, ʬʠʨʤʘ Ray-Ran, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ: ʧʦʢʘʟʘ-

ʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ (ʇʊʈ, ʛ/10 ʤʠʥ, ʇʕ ð 

190 Áʉ / 5 ʢʛ, ʇʇ ð 230 Áʉ / 2,16 ʢʛ, ʜʠʘʤʝʪʨ ʢʘʧʠʣ-

ʣʷʨʘ (2,0950,005) ʤʤ); ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʣʘʚʘ ʛ/ʩʤ3; 

ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, j, c-1; ʚʷʟʢʦʩʪʴ J, ʇʘʩ. 

ʇʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʚ ʥ-ʛʝʧʪʘʥʝ ʧʦ ɻʆʉʊ 15139-69, 

ʚʟʚʝʰʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʚʝʩʘʭ (RV214, Adventurer Pro, ʬʠʨʤʘ 

çOHAUS Europeè, ʐʚʝʡʮʘʨʠʷ). 

ʉʪʦʡʢʦʩʪʴ ʢ ʛʦʨʝʥʠʶ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 

28157ï89 ʤʝʪʦʜʦʤ ɹ ð ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦ-

ʞʝʥʠʠ ʦʙʨʘʟʮʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʦʧʣʝʪʢʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʤʘʩʣʘ, ʙʝʥʟʠʥʘ, ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʵʣʝʢʪʨʦʣʠʪʘ ʠ 

ʘʥʪʠʬʨʠʟʘ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʝʝ ʚ ʩʨʝʜʫ ʥʘ 

1 ʯ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Ñ5 ʉ. 

ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʦʧʣʝʪʢʘ ʥʝ ʜʦʣʞʥʘ ʨʘʟʤʷʛʯʘʪʴʩʷ, 

ʠʟʤʝʥʷʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʨʘʟʤʝʨʳ. 

ʋʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʠʩʭʦʜʥʳʝ ʙʘʟʦʚʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʣʝʪʢʠ ʠʟ ʥʠʭ. 

ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʣʝʪʦʢ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʦʣʝʬʠʥʦʚ (ʧʦʣʠʵʪʠʣʝʥʘ ð 

ʇʕ, ʧʦʣʠʧʨʦʧʠʣʝʥʘ ð ʇʇ, ʆ ð ʦʛʥʝʩʪʦʡʢʠʝ) ʤʘ-

ʨʦʢ: ʄʂʆ-ʇʇ, ʄʂʆ-ʇʕ, ʄʂʆ-ʆ-ʇʕ, ʄʂʆ-ʆ-ʇʇ 

ʧʦ ʊʋ BY 400084698.256-2015. ʇʨʠʤʝʨʳ ʦʙʦʟʥʘʯʝ-

ʥʠʷ ʦʧʣʝʪʦʢ ʧʨʠ ʟʘʢʘʟʝ: ʦʧʣʝʪʢʘ ʧʦʣʠʤʝʨʥʘʷ ʠʟ ʤʘ-

ʪʝʨʠʘʣʘ ʤʘʨʢʠ ʄʂʆ-ʇʇ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 

20 ʤʤ, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ʠ ʰʘʛʦʤ ʩʧʠ-

ʨʘʣʠ 20 ʤʤ ð çʆʧʣʝʪʢʘ ʧʦʣʠʤʝʨʥʘʷ ʄʂʆ-ʇʇ ð 

20ʭ16ʭ20 ʊʋ BY 400084698.255-2015è, ʪʦ ʞʝ ʠʟ ʤʘ-

ʪʝʨʠʘʣʘ ʤʘʨʢʠ ʄʂʆ-ʇʕ ð çʆʧʣʝʪʢʘ ʧʦʣʠʤʝʨʥʘʷ 

ʄʂʆ-ʇʕ-20ʭ16ʭ20 ʊʋ BY 400084698.255-2015è; 

ʦʛʥʝʩʪʦʡʢʘʷ ʧʦʣʠʤʝʨʥʘʷ ʦʧʣʝʪʢʘ ʠʟ ʤʘʪʝʨʠʘʣʘ ʤʘʨ-

ʢʠ ʄʂʆ-ʆ-ʇʇ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ, ʚʥʫʪ-

ʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 9,6 ʤʤ ʠ ʰʘʛʦʤ 10,5 ʤʤ ð 

çʆʧʣʝʪʢʘ ʧʦʣʠʤʝʨʥʘʷ ʄʂʆ-ʆ-ʇʇ ð 12ʭ9,6ʭ10,5 

ʊʋ BY 400084698.255-2015è, ʪʦ ʞʝ ʠʟ ʤʘʪʝʨʠʘʣʘ 

ʤʘʨʢʠ ʄʂʆ-ʆ-ʇʕ ð çʆʧʣʝʪʢʘ ʧʦʣʠʤʝʨʥʘʷ ʄʂʆ-

ʆ-ʇʕ ð 12ʭ9,6ʭ10,5 ʊʋ BY 400084698.255-2015è. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʧʦʩʪʘʚʢʠ ʦʧʣʝʪʢʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʧʨʝʜʧʨʠʪ̫ʠʷ: ʆɸʆ çɻʦʤʩʝʣʴʤʘʰè, ʆɸʆ çʄʠʥʩʢʠʡ 

ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜè, ʆɸʆ çɸʄʂʆɼʆʈè, ʆɸʆ 

çɹʝʣɸɿè. 



ʇʆʃʀʂʆʄʊʈʀɹ-2015 

ʉɽʂʎʀʗ 3. ʉʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳ  ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, 23ð26 ʠʶʥʷ 2015 ʛ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊʈɽʂʆɺʓʍ ʄɽʄɹʈɸʅ 

ɼʃʗ ʆʏʀʉʊʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʉʈɽɼ 

ɺ.ʄ. ʉʪʘʥʢʝʚʠʯ
1
, ɸ.ʉ. ʄʠʭʥʝʚʠʯ

2
, ʖ.ʄ. ʇʣʝʩʢʘʯʝʚʩʢʠʡ

3
, ʀ.ʀ. ʉʫʪʦʨʴʤʘ

1
 

1ɻʦʤʝʣʴʩʢʠʡ ʠʥʞʝʥʝʨʥʳʡ ʠʥʩʪʠʪʫʪ ʄʏʉ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; stankevich_v@mail.ru 
2ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

3ɻʦʤʝʣʴʩʢʠʡ ʬʠʣʠʘʣ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ʄʝʤʙʨʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ð ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦ-

ʤr ʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʞʠʜʢʦʩʪʝʡ ʦʪ ʢʦʣ-

ʣʦʠʜʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ [1]. ʊʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʤʙʨʘʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ [2], ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʝʤ-

ʙʨʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʟʘʥʷʪʳʭ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʆʜ-

ʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʤʠ ʠʟ ʤʝʤʙʨʘʥ ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʦʡ ʪʦʣ-

ʱʠʥʝ ʷʚʣʷʶʪʩʷ ʪʨʝʢʦʚʳʝ. ʊʨʝʢʦʚʳʝ ʤʝʤʙʨʘʥʳ (ʊʄ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʨʘʟʜʝʣʝʥʠʷ ʩʨʝʜ (ʨʘʟʙʨʦʩ ʨʘʟʤʝʨʦʚ 

ʧʦʨ ʥʝ ʙʦʣʝʝ Ñ2%), ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ ʠ 

ʨʷʜʦʤ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ [1ð4]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʊʄ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʭʝʤʘʭ, ʠ ʩʬʝʨʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʀʄʄʉ ʅɸʅ ɹʝʣʘʨʫʩʠ ʨʘʟ-

ʨʘʙʦʪʘʥ ʤʝʤʙʨʘʥʥʳʡ ʤʦʜʫʣʴ [5, 6]. ʆʜʥʘʢʦ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʜʘʥʥʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ ʥʝ ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʊʄ ʦʙʨʘʪʥʳʤ ʧʦʪʦʢʦʤ ʞʠʜ-

ʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʜʘʥʥʳʭ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʧʦʩʣʝʜʥʠʭ. 

ɿʘʜʘʯʝʡ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʤʙʨʘʥʥʦʛʦ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʚʳʩʠʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʊʄ ʧʨʠ ʦʯʠʩʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʦʙʣʘʜʘʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ ʊʄ ʦʙʨʘʪʥʳʤ ʧʦʪʦʢʦʤ 

ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʬʠʣʴ-

ʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʄʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʝʨʝʧʘʜʫ 

ʜʘʚʣʝʥʠʷ ʬʠʣʴʪʨʫʝʤʦʡ ʩʨʝʜʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ 

ʨʘʟʨʫʰʘʝʪʩʷ.  

ʊʄ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥ-

ʪʝʨʝʬʪʘʣʘʪʥʦʡ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 10 ʤʢʤ ʚ ʃʘʙʦʨʘ-

ʪʦʨʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʃʗʈ ʆʀʗʀ, ʛ. ɼʫʙʥʘ, ʄʦʩ-

ʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). ɼʠʘʤʝʪʨ ʧʦʨ ʊʄ ʩʦʩʪʘʚʣʷʣ 

0,1 ʤʢʤ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠ-

ʝʤ ʧʨʠʤʝʥʷʶʪ ʤʦʜʫʣʠ, ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʪʦʨʳʭ ʚʚʦ-

ʜʷʪ ʣʠʙʦ ʦʪʨʘʞʘʪʝʣʴ ʧʦʪʦʢʘ ʬʠʣʴʪʨʫʝʤʦʡ ʩʨʝʜ  r[1], 

ʣʠʙʦ ʦʧʦʨʥʳʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʜʠʩʢ, ʣʠʙʦ ʦʧʦʨ-

ʥʳʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʜʠʩʢ ʩ ʥʝʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ 

ʫʯʘʩʪʢʦʤ [5, 6]. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʦʜʫʣʠ ʥʝ ʛʘʨʘʥʪʠ-

ʨʫʁʪ ʩʦʭʨʘʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʊʄ, 

ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 10ð20 ʤʢʤ, ʧʨʠ ʨʘʙʦ-

ʪʝ ʚ ʨʝʞʠʤʝ ʨʝʛʝʥʝʨʘʮʠʠ ʊʄ ʦʙʨʘʪʥʳʤ ʧʦʪʦʢʦʤ 

ʬʠʣʴʪʨʫʝʤʦʡ ʩʨʝʜʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʤʝʤʙʨʘʥ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʦʜʫ-

ʣ,̫ ʚ ʢʦʪʦʨʦʤ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠ ʊʄ 

ʫʩʪʘʥʦʚʣʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ 

ʜʠʩʢ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ, 

ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʚ ʢʦʪʦʨʦʤ ʤʝʥʴʰʝ ʥʘ 10ð15%, 

ʯʝʤ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʚ ʦʧʦʨʥʦʤ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʤ 

ʜʠʩʢʝ, ʩʦʜʝʨʞʘʱʝʤ ʥʝʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʤʝʞʜʫ ʊʄ ʠ ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ. 

ʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠ ̫ ʚ ʨʝʞʠʤʝ ʨʝʛʝʥʝʨʘʮʠʠ 

ʊʄ ʦʙʨʘʪʥʳʤ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʘʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʊʄ ʚ ʨʝʞʠʤʝ ʨʝʛʝʥʝʨʘʮʠʠ 

ʦʙʨʘʪʥʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʠʣʦ Ó0,5 ʄʇʘ, ʘ 

ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ï Ó0,35 ʄʇʘ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʜ.ʭ.ʥ. ɸʧʝʣʷ ʇ.ʖ., ʟʘʤʝʩʪʠ-

ʪʝʣʷ ʥʘʯʘʣʴʥʠʢʘ ʎʝʥʪʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʃʗʈ 

ʆʀʗʀ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙ-

ʨʘʟʮʳ ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚ ʆʀʗʀ 

(ʰʠʬʨ 04-5-1076-2009/2016 çʈʘʜʠʘʮʠʦʥʥʳʝ ʵʬʬʝʢ-

ʪʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʨʘʜʠʦʘʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʠ ʨʘʜʠʦʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʫʩʢʦʨʠʪʝʣʷʭ ʃʗʈè). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ɻʀɼʈʆʃʀɿʅʆɻʆ 

ʃʀɻʅʀʅɸ ɺ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃɸʍ ʅɸ ʆʉʅʆɺɽ 

ʇʆʃʀʕʊʀʃɽʅɸ 

ɺ.ɺ. ʊʠʤʦʰʝʥʢʦ, ɸ.ɺ. ʐʘʧʦʚʘʣʦʚ
 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʞʝʛʦʜʥʦ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʜʨʝʚʝ-

ʩʠʥʳ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 

5 ʤʣʥ ʪ. ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ.  

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʣʠʟ-

ʥʦʛʦ ʣʠʛʥʠʥʘ: ʪʦʧʣʠʚʥʦ-ʚʳʛʦʨʘʶʱʘʷ ʜʦʙʘʚʢʘ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ; ʟʘʤʝʥʠʪʝʣʴ 

ʦʧʠʣʦʢ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʷʭ; ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʬʝʥʦʣʣʠʛʥʠʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ; ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ [1ð4]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʧʣʘʩʪʤʘʩʩ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʠʵʪʠʣʝʥʘ. ʇʦʵʪʦʤʫ ʮʝ-

ʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʚ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʦʣʠʟʥʳʡ ʣʠʛʥʠʥ (ɻʃ), ʦʙʨʘʟʫʶ-

ʱʠʡʩʷ ʥʘ ʈʝʯʠʮʢʦʤ ʛʠʜʨʦʣʠʟʥʦʤ ʟʘʚʦʜʝ, ʧʦʣʠʵʪʠ-

ʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʕɺɼ) (ɻʆʉʊ 16337). ɺ ʢʘ-

ʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʢʦʤʧʣʝʢʩʥʳʡ 

ʤʦʜʠʬʠʢʘʪʦʨ (ʂʄ) ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʆʆʆ çʃɸʈʊɸ 

ʊʝʢʥʦʣʦʜʞʠè, ʩʪʝʘʨʘʪ ʮʠʥʢʘ (StZn), ʧʦʣʠʵʪʠʣʝʥʦ-

ʚʳʡ ʚʦʩʢ ʇɺ-200, ʩʦʧʦʣʠʤʝʨ ʵʪʠʣʝʥʘ ʩ ʚʠʥʠʣ ʘʮʝʪʘ-

ʪʦʤ (ʉʕɺ). 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʠʛʥʠ-

ʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦʩʪʦʠʪ ʠʟ ʦʧʝʨʘʮʠʡ 

ʩʫʰʢʠ (ʧʝʯʴ SNOL), ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ 

ʦʪʩʝʚʘ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ (ʩʠʪʦ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 

0,4ʤʤ), ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʩʤʝʩʠʪʝʣʝ ʙʘʨʘ-

ʙʘʥʥʦʛʦ ʪʠʧʘ),ʛʨʘʥʫʣʷʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ (ʵʢʩʪʨʫʟʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʤʧʣʝʢʩʝ çINSTRON 5567è 

ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟ-

ʢʦʩʪʠ ʧʦ ʐʘʨʧʠ (ʙʝʟ ʥʘʜʨʝʟʘ) ʧʨʦʚʦʜʠʣʠ ʧʦ ɻʆʉʊ 

4647 ʩ ʧʦʤʦʱʴʶ ʤʘʷʪʥʠʢʦʚʦʛʦ ʢʦʧʨʘ (ʬʠʨʤʘ VEB 

Werkstoffprufmaschinen), ʧʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩ-

ʧʣʘʚʘ (ʇʊʈ) ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʠʟʥʦʛʦ 

ʣʠʛʥʠʥʘ ʠ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʣʠ ʧʦ ɻʆʉʊ 11645 ʥʘ ʧʨʠʙʦʨʝ ʀʀʈʊïʄ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ (190Ñ0,5) ʉ ʠ ʥʘʛʨʫʟʢʝ 5 ʢʛ, ʦʮʝʥʢʫ ʚʦʜʦ-

ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

4650ï80, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʢʩʪʨʫʟʠʦ-

ʛʨʘʬʝ çRHEOCORD 90è (HAAKE) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʢʦʤʧʦʟʠʪʳ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʂʄ ʠ StZn. ʊʘʢ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 70% (ʩ 6 

ʜʦ 10ð12 ʄʇʘ), ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟ-

ʨʳʚʝ ʚ 3 ʨʘʟʘ (ʩ 4 ʜʦ 9ð12%), ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʚ 

2,5 ʨʘʟʘ (ʩ 9 ʜʘ 20ð22 ʢɼʞ/ʤ2), ʇʊʈ ʚ 1,9 ʨʘʟʘ (ʩ 4,4 

ʜʦ 8,3ð8,6 ʛ/10ʤʠʥ.), ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʩ 

0,9 ʜʦ 0,7ð0,8%. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴ-

ʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʂʄ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʘ ʤʝʞʜʫ ʣʠʛʥʠʥʦʤ ʠ ʇʕɺɼ, 

ʫʣʫʯʰʘʷ ʚʷʟʢʦ-ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ, ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʘʜʛʝʟʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʤʝʩʠ ʧʨʠ ʝʝ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʚ ʠʟʜʝʣʠʝ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʢ ʧʝʨʝ-

ʨʘʙʦʪʢʝ: ʩʫʰʢʘ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 80ð90 ʉ ʜʦ ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ 1,5ð2% 

ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʵʢʩʪʨʫʟʠʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʟʦʥ ʜʝ-

ʛʘʟʘʮʠʠ ʚʣʘʞʥʦʩʪʴ ʣʠʛʥʠʥʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 10ð15%, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʧʨʦʩʝʠʚʘʥʠʝ ʛʠʜʨʦ-

ʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʜʦ ʨʘʟʤʝʨʘ ʥʝ ʙʦʣʝʝ 0,4 ʤʤ., ʧʦʩʪʘ-

ʜʠʡʥʦʝ ʩʤʝʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʠ 

20ð25 ʤʠʥ. ʚ ʩʤʝʩʠʪʝʣʝ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ; ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʝ ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʥʘ ʜʚʫʭʰʥʝʢʦʚʦʤ 

ʵʢʩʪʨʫʜʝʨʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʛʥʠʥʘ ʚ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʜʣʠʥʥʦʤʝʨʥʳʭ ʠʟʜʝʣʠʡ (ʪʨʫʙʘ, ʧʦʛʦʥʘʞ, ʣʠʩʪ), ʘ 

ʪʘʢʞʝ ʣʠʪʴʝʚʳʭ ʠʟʜʝʣʠʡ ʥʘ ʰʥʝʢʦʚʳʭ ʠ ʧʦʨʰʥʝʚʳʭ 

ʪʝʨʤʦʧʣʘʩʪ ʘʚʪʦʤʘʪʘʭ. 

 
1. ʈʘʫʚʝʥʜʘʣʴ ʂ. ʕʢʩʪʨʫʟʠʷ ʧʦʣʠʤʝʨʦʚ. ð ʉʇʙ.: ʇʨʦʬʝʩʩʠʷ. ð 

2006 

2. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ ʜʣʷ ʧʣʘʩʪʤʘʩʩ / ʄʘʨʠʥʦ 

ʂʩʘʥʪʦʩ (ʨʝʜ.), ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. ɺ.ʅ. ʂʫʣʝʟʥʝʚʘ. ð ʄ.: 

ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ð 2010 

3. ʃʶʪʢʝʚʠʯʫʩ ʄ., ʉʘʧʨʘʛʦʥʘʩ ʀ. ɺʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʥʘ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʢʦʤʧʦʟʠʪʘʭ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪ-

ʨʠʮʝʡ // ʄʝʭʘʥʠʢʘ. ð 1999, ˉ2(217),. 9ï15 (ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ). 

4. Baltuġnikas A. and Grybǝnas ɸ. The Effect of Thermal Transi-

tions on Activity of Diatomite in Epoxy Composites // Materials 

Sci. ISSN 1392ï1320. ð 1997, no. 1, 68 
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ʆ.ɺ. ʋʨʝʮʢʘʷ, ʅ.ɽ. ɼʨʦʙʳʰʝʚʩʢʘʷ, ɽ.ʅ. ʇʦʜʜʝʥʝʞʥʳʡ, ɸ.ɸ. ɹʦʡʢʦ 
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ʎʝʣʴ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʦʬʦʨʥʳʭ ʩʚʝʪʦʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʜʣʷ ʟʘʱʠ-

ʪʳ ʧʦʩʫʜʳ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʦʚ ʦʪ ʧʦʜ-

ʜʝʣʦʢ, ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʧʦʣʠʤʝʨ-ʣʶʤʠʥʦʬʦʨ ʥʘ ʦʩʥʦʚʝ ʧʨʦʟʨʘʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ð ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʩʤʝʩʠ ʧʦʣʠʵʪʠʣʝʥ-

ʧʦʣʠʧʨʦʧʠʣʝʥ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʟʨʘʯʥʦʡ ʤʘʪʨʠʮʳ ʙʳʣʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ: ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʇʕɺɼ, ʧʦ-

ʣʠʧʨʦʧʠʣʝʥ ʧʦʨʦʰʢʦʚʳʡ. ɺ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥ-

ʥʳʝ ʧʦʨʦʰʢʠ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʘʢʪʠ-

ʚʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʛʦ-

ʨʝʥʠʷ ʠ ʧʨʦʢʘʣʝʥʥʳʝ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʜʦ 1100 Áʉ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʵʚʪʝʢ-

ʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʭʦʣʠʥ ʭʣʦʨʠʜʘ ChCl ʠ ʩʦʨʙʠʪʦʣʘ. 

ɺʥʘʯʘʣʝ ʛʦʪʦʚʠʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʭʦʣʠʥ ʭʣʦ-

ʨʠʜʘ ʠ ʩʦʨʙʠʪʦʣʘ, ʩʤʝʰʠʚʘʝʪʩʷ ʠ ʧʝʨʝʪʠʨʘʝʪʩʷ ʚ 

ʩʪʫʧʢʝ, ʥʘʛʨʝʪʦʡ ʜʦ 80 Áʉ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʭʦʣʠʥ : ʩʦʨʙʠʪʦʣ, ʨʘʚʥʦʤ 2:1, ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʫʧʨʦ-

ʟʨʘʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʜʦʙʘʚʣʷʝʤ ʢ ʩʤʝʩʠ ʧʦʨʦʰʦʢ ʧʦ-

ʣʠʤʝʨʘ ʠ ʧʝʨʝʤʝʰʠʚʘʝʤ ʜʦ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʨʦʜʥʦʡ 

ʩʤʝʩʠ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʝʤ ʧʦʨʦʰʦʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʣʶʤʠʥʦʬʦʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 10, 20, 30% ʦʪ ʦʙʱʝʡ 

ʤʘʩʩʳ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʝʱʝ ʨʘʟ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠ-

ʚʘʝʤ ʚ ʩʪʫʧʢʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʪʧʨʝʩʩʦʚʳʚʘʝʤ ʪʘʙʣʝʪʢʫ 

ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 3ð4 ʤʤ ʥʘ ʨʫʯʥʦʤ 

ʧʨʝʩʩʝ ʠ ʧʦʤʝʱʘʝʤ ʚ ʚʘʬʝʣʴʥʠʮʫ, ʟʘʢʨʳʚʘʝʤ ʢʨʳʰ-

ʢʫ ʠ ʧʨʦʚʦʜʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

140ð145 Áʉ (ʨʠʩ. 1).  

ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤ-

ʧʦʟʠʪʘ çʇʕɺɼ ð Y3Al 5O12:Ceè, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ 455 ʥʤ (ʠʟʣʫʯʝʥʠʝ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ), 

ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʘ ʩʚʝʪʦʜʠʦʜʦʤ ʚʦʟ-

ʥʠʢʘʝʪ ʷʨʢʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦ ʩʧʝʢʪʨʦʤ, ʠʜʝʥʪʠʯʥʳʤ 

ʙʝʣʦʤʫ ʩʚʝʪʫ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʣʁ-

ʤʠʥʦʬʦʨʥʳʭ ʩʚʝʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ˉˉ 1ð3 

ʩʥʠʤʘʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 445 ʥʤ 

(ʨʠʩ. 2).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

1) ʈʘʟʨʘʙʦʪʘʥʳ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʘʪʨʠʮʳ ʧʦʣʠʤʝʨʘ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠ-

ʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ ʮʝʨʠʷ.  

2) ʀʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʧʝʢʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʇʕɺɼ ʩ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʳʤ ʧʦʨʦʰʢʦʤ ʣʶʤʠʥʦʬʦʨʘ ʀɸɻ:ʉʝ.  

3) ʂʦʤʧʦʟʠʪ çʧʦʣʠʤʝʨ ð ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥ-

ʥʳʡ ʧʦʨʦʰʦʢ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘè ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʦʬʦʨʥʳʭ ʩʚʝʪʦʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʜʣʷ ʟʘʱʠʪʳ 

ʧʦʩʫʜʳ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʦʚ ʦʪ ʧʦʜʜʝʣʦʢ. 

 

 

ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ 

ʇʕɺɼ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ð ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʧʦʨʦʰʢʦʤ 

Y3Al 5O12:Ce: ʇʕ1 ð 10 ʤʘʩ.%, ʇʕ2 ð 20 ʤʘʩ.%, ʇʕ3 ð 30 ʤʘʩ.% 
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ˉˉ 1ð3, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 445 ʥʤ 
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ɼʃʗ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʐʀʅʅʓʍ ʈɽɿʀʅ 

ɺ.ɼ. ʌʝʜʦʨʦʚ
1
, ɸ.ɺ. ɺʘʩʠʣʴʝʚ

2
,ʊ.ʄ. ɸʙʨʘʤʦʚʘ

1
, 

ʊ.ʇ. ɺʘʣʝʥʯʠʮ
2
, ɺ.ʅ. ʂʦʚʘʣʴ

1
, ʉ.ʉ. ʇʝʩʝʮʢʠʡ

1 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠʤ ɺ.ɸ. ɹʝʣʦʛʦ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ; 

otdel5mpri@tut.by, 
2ʆɸʆ çɹʝʣʰʠʥʘè, ɹʦʙʨʫʡʩʢ, ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳ-

ʟʳʚʘʝʪ ʩʪʨʝʤʣʝʥʠʝ ʧʦʣʫʯʠʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʜʣʷ 

ʰʠʥʥʳʭ ʨʝʟʠʥ, ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʧʦ ʢʦʤʧʣʝʢʩʫ ʩʚʦʡʩʪʚ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʠʧʦʚ ʥʘʥʦʥʘʧʦʣ-

ʥʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ 

ʩʣʦʠʩʪʳʝ ʛʣʠʥʠʩʪʳʝ ʩʠʣʠʢʘʪʳ (ʉɻʉ). ʇʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʰʠʥʥʳʤ ʨʝʟʠʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʉɻʉ, ʪʨʝʙʫʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʉɻʉ ʠ ʠʭ ʩʪʨʫʢʪʫʨʦʡ, ʚʳʷʩʥʝʥʠʝʤ ʨʦ-

ʣʠ ʦʨʛʘʥʦʬʠʣʠʟʘʮʠʠʥʘʥʦʯʘʩʪʠʮ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʘʛʝʥʪʘʤʠ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷ-

ʥʠʷ ʇɸɺ, ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʨʝʟʠʥ; ʚʳʷʩʥʝʥʠʝ ʨʦʣʠ ʪʝʭʥʦʣʦʛʠʠ ʩʤʝʰʝʥʠʷ ʠ ʚʫʣ-

ʢʘʥʠʟʘʮʠʠ ʥʘ ʠʥʪʝʨʢʘʣʷʮʠʶ/ʵʢʩʬʦʣʠʘʮʠʶ ʥʘʥʦʛʣʠʥ 

ʠ ʧʣʦʪʥʦʩʪʴ ʩʰʠʚʘʥʠʷ ʢʘʫʯʫʢʘ. ʊʝʭʥʦʣʦʛʠʠ ʢʘʫ-

ʯʫʢ/ʛʣʠʥʠʩʪʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚʝʩʴʤʘ ʧʨʠʩʪʘʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʤʥʦʛʠʝ ʤʠʨʦʚʳʝ ʬʠʨʤr -ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʠ ʰʠʥ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʚʳʩʦ-

ʢʘʷ ʧʘʪʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʠʨʤ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ 

ʰʠʥʥʳʭ ʨʝʟʠʥ ʩ ʜʦʙʘʚʢʘʤʠ ʉɻʉ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦ-

ʠʩʪʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ (ʋʉʅʄ), ʚʚʦʜʠʤʳʭ ʠʟ ʢʦʥ-

ʮʝʥʪʨʘʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʩʪʘʚʦʚ ʨʝʟʠʥ, ʩʦʜʝʨʞʘʱʠʭ ʉɻʉ ʠ ʋʉʅʄ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʭʦʜʥʳʝ ʠ ʦʙ-

ʨʘʙʦʪʘʥʥʳʝ ʇɸɺ ʉɻʉ (ɿɸʆ çʄʝʪʘʢʣʵʡè (ʈʦʩʩʠʷ), 

ñSouthern Clay Product Inc.ò (ʉʐɸ) ʠ ñLaviosa 

Chimica Minerariaò (ʀʪʘʣʠʷ)), ʚ ʢʘʯʝʩʪʚʝ ʋʉʅʄ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʝʥ (PelletsKNG-T181, Xiamen Knano 

Technology Co. LTD, China) ʠ ʛʨʘʬʠʪ (ɻʃʉ-3, ʈʌ). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦ-

ʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʚ ʦʨʛʘʥʦʤʦʜʠʬʠʮʠʦʨʦ-

ʚʘʥʥʳʭ ʉɻʉ (ʦ-ʉɻʉ) ʚ ʰʠʥʥʳʭ ʢʘʫʯʫʢʘʭ, ʦʩʥʦʚʘʥ-

ʥʘʷ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʢʘʫʯʫʢʦʤ ʚ 

ʨʘʩʧʣʘʚʘʭ ʚ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘʜʚʫh ʝʥʢʦʚʦʛʦ 

ʵʢʩʪʨʫʜʝʨʘ. ʉʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çɹʝʣʰʠʥʘè ʠʟʛʦʪʦʚ-

ʣʝʥʳ ʦʙʨʘʟʮʳ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʧʦʜʢʘʥʘʚʦʯʥʦʛʦ-

ʩʣʦʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʦ-ʉɻʉ, ʋʉʅʄ ʠ 

ʢʦʪʦʪʢʦʚʦʣʦʢʦʥʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʢʩʪʨʫʟʠʦʥʥʦʤ ʩʦʚʤʝʱʝʥʠʠ 

ʦ-ʉɻʉ ʩ ʨʘʩʧʣʘʚʘʤʠ ʅʂ ʠ ʍɹʂ ʚʦʟʤʦʞʥʘ ʯʘʩʪʠʯʥʘʷ 

ʠʥʪʝʨʢʘʣʷʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʢʘʫʯʫʢʦʚ ʚ ʤʝʞʩʣʦʝʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆ-ʉɻʉ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʦʩʪʘʚʝ ʇɸɺ 

ʪʦʣʴʢʦ ʥʝʧʦʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʣʫʯʰʝ ʜʠʩʧʝʨʛʠʨʫ-

ʶʪʩʷ ʚ ʥʝʧʦʣʷʨʥʦʤ ʅʂ, ʘ ʦ-ʉɻʉ, ʠʤʝʶɦ ʠʝ ʚ ʩʦʩʪʘʚʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʇɸɺ ʢʦʥʮʝʚʳʝ ʧʦʣʷʨ-

ʥʳʝ ʆʅ-ʛʨʫʧʧʳ (Cloisite 30B) ʣʫʯʰʝ ʵʢʩʬʦʣʠʨʦʚʘʥʳ 

ʚ ʧʦʣʷʨʥʦʤ ʍɹʂ (ʨʠʩ. 1).  

ɺʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʨʝʟʠ-

ʥʦʚʳʭ ʩʤʝʩʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʉɻʉ, ʦ-ʉɻʉ ʠ ʛʠʙʨʠʜ-

ʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ (ʊʋ/ʋʉʅʄ), ʜʣʷ ʩʦ-

ʩʪʘʚʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʋʉʅʄ, ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʚʣʠʷʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʴ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʝʟʠʥ 

ʠ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʠʭ ʩʦ-

ʩʪʘʚ ʛʨʘʬʝʥʘ ʠ ʛʨʘʬʠʪʘ. 

 

 

ʈʠʩ.1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠʩʭʦʜʥʦʡ ʥʘʥʦʛʣʠʥʳ 

Cloisite 30ɺ ʠ ʝʝ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʍɹʂ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʜʥʦʢʨʘʪ-

ʥʦʡ ʠ ʜʚʫʭʢʨʘʪʥʦʡ ʵʢʩʪʨʫʟʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ 

ʜʘʥʥʳʭ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʝʟʠʥʦ-

ʚʳʭ ʩʤʝʩʝʡ ʧʦʜʢʘʥʘʚʦʯʥʦʛʦ ʩʣʦʷ ʉʂɻʐ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʊʋ/ʛʨʘʬʝʥ (ʛʨʘʬʠʪ) ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʠʥ ʩ ʧʦʥʠʞʝʥʥʳʤ ʪʝʧʣʦʥʘʢʦʧʣʝʥʠʝʤ 

ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʭ 

ʪʝʧʣʦ- ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. 
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2ʈʋʇ ʉʂʊɹ çʄʝʪʘʣʣʦʧʦʣʠʤʝʨè, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

3ʂʋʇ çʉʧʝʮʢʦʤʤʫʥʪʨʘʥʩè, ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦ- ʠ ʨʝ-

ʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ 

ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʦʣʠʤʝʨʦʚ. ʆʜʥʘʢʦ 

ʚ ɹʝʣʘʨʫʩʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 10ð15% ʧʦ-

ʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʚ ʪʚʝʨʜʳʭ ʢʦʤʤʫ-

ʥʘʣʴʥʳʭ ʦʪʭʦʜʘʭ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ, ʥʦ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʜʝʬʠ-

ʮʠʪʦʤ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ 

ʠʟ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʪʭʦʜʦʚ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦ-

ʤʠʪʴ ʧʝʨʚʠʯʥʦʝ ʩʳʨʴʝ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʬʪʴ) ʠ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯ-

ʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʫʪʠʣʠʟʘʮʠʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ-

ʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʴ-

ʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶɦ ʝʡ 

ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʳʭ ʦʪ-

ʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʳʤ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʨʝ-

ʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʢʦʥʮʝʧʮʠʠ ʦ ʙʦʣʝʝ ʧʦʣʥʦʤ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʦʨʪʠʨʦʚʢʝ, ʠʟʤʝʣʴʯʝʥʠʶ ʠ ʦʪ-

ʤʳʚʢʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʝ 

ʘʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳ-

ʰʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʙʣʠʟʢʠʭ ʢ ʫʨʦʚʥʶ ʧʝʨʚʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘ-

ʥʦʚʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨ-

ʥʳʭ ʦʪʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʠʩʪʦʨʠʶ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ (ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʦʩʪʘʪʢʦʚ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʟʘʛʨʷʟʥʝʥʠʡ) ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤ-

ʧʦʟʠʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦ-

ʜʦʚ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʨʷʜʫ ʩ ʨʝʮʝʧʪʫʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʝʥʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʦʩʥʘʱʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʚʝʣʠʯʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʚʪʦʨʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʠʬʠʢʘ-

ʪʦʨʦʚ, ʪ.ʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʪʘʢ ʠ ʧʨʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʠʟʜʝʣʠʠ. ɺ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʵʪʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʳʨʴʷ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʩʦʨʪʠʨʦʚʢʝ ʠ ʤʦʡʢʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʚ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʦʪʭʦʜʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʣʫ-

ʯʝʥʠʝ ʮʝʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʳʨʴʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝ-

ʛʦ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʥʫ ʠ ʵʢʦʥʦʤʠʶ ʧʝʨʚʠʯʥʦʛʦ ʧʦʣʠ-

ʤʝʨʥʦʛʦ ʩʳʨʴʷ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʝʚʦ-

ʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ), ʥʦ ʠ ʨʝʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʙʣʝʤ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʳʨʴʷ ʠʟ ʦʪʭʦʜʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʥʦʤʝʥʢʣʘʪʫʨʳ 

ʠʟʜʝʣʠʡ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʣʫʯʝʥʠʶ ʢʦʥ-

ʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ. ʏʘʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ, ʥʝ ʩʧʦʩʦʙʥʳʭ ʢ 

ʧʝʨʝʨʘʙʦʪʢʝ, ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʩʞʠʛʘʥʠʶ ʚ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʧʝʯʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫʶ ʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦ. 
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