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ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʉʆʍʈɸʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʀ ʆ ʇɽʈɺʀʏʅʆʁ 

ʈɸʉʇʈʆʉʊʈɸʅɪʅʅʆʉʊʀ ʍʀʄʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʆɺ ʅɸ 

ʈɸɿʅʓʍ ʋʈʆɺʅʗʍ ʆʈɻɸʅʀɿɸʎʀʀ ɺɽʑɽʉʊɺɸ 

ʂʦʢʠʥ ɸ.ɺ., 

ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ.  

ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ,  

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ.  

ʉʣʶʩʘʨʴ ɸ.ɺ., 

ʚʨʘʯ ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʠ. ʈʦʩʪʦʚʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ʖʞʥʦʛʦ 

ʦʢʨʫʞʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʈʦʩʩʠʠ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ. 

ʐʫʤʘʢʦʚʘ ɻ.ɽ., 

 ʜʦʮʝʥʪ, ʢ.ʩ-ʭ.ʥ.. ʅʦʚʦʯʝʨʢʘʩʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʡ 

ʠʥʩʪʠʪʫʪ ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ. 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʷʚʠʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʘʪʦʤʥʳʭ ʷʜʝʨ ʚ ʟʚʸʟʜʘʭ ʠ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ  ʦʪ ʤʝʪʝʦʨʠʪʦʚ ʜʦ ʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʈʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʘ ʜʦʧʫʱʝʥʠʝ: ʝʩʣʠ 

ʧʝʨʚʠʯʥʦʝ ʢʦʩʤʦʭʠʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʘʪʦʤʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʪʦ ʤʘʪʝʨʠʘʣʴʥʳʡ ʤʠʨ ʥʝ ʪʦʣʴʢʦ ʝʜʠʥ, 

ʥʦ ʩʚʷʟʘʥ  ʝʜʠʥʩʪʚʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʩʘʤʦʨʘʟʚʠʪʠʷ. ʀ ʝʩʣʠ ʚ ʢʘʢʠʭ-ʣʠʙʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʯʘʩʪʥʳʭ  ʦʙʲʝʢʪʘʭ (ʩʠʩʪʝʤʘʭ) ʵʪʦʪ ʟʘʢʦʥ ʥʘʨʫʰʘʝʪʩʷ, ʪʦ 

ʥʘ ʪʦ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʳʤ ʝʛʦ ʩʦʩʪʦʷʥʠʝʤ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʠʣʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʧʠʩʳʚʘʶʱʠʤʠʩʷ ʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʄʠʨʘ [6]. 

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʷʜʝʨ ʘʪʦʤʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢ-

ʪʘʭ  ʙʳʣʠ ʜʘʥʳ ʚ ʫʯʝʥʠʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ɺ.ʄ. ɻʦʣʴʜʰʤʠʪʘ, ʌ.ʋ. ʂʣʘʨʢʘ, 

ɻ. ɺʘʰʠʥʛʪʦʥʘ, ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ɼʞ. ʆʜʜʦ, ʋ. ɻʘʨʢʠʥʩʘ, ʕ. ɿʶʩʩʘ, ɸ.ʇ. ɺʠ-

ʥʦʛʨʘʜʦʚʘ, ʇ. ʊʘʨʢʴʷʥʘ, ʂ.ɻ. ɺʝʜʝʧʦʣʷ ʠ ʜʨ. ʧʫʪʸʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʢʣʘʨʢʦʚ) ʚ ʩʦʩʪʘʚʝ ʟʝʤʥʦʡ ʢʦʨʳ, ʤʝ-

ʪʝʦʨʠʪʦʚ ʠ ʜʨ. ʦʙʨʘʟʦʚʘʥʠʷʭ. ʇʦʟʜʥʝʝ ʉ.ʈ. ʊʵʡʣʦʨʦʤ, ɻ. ʖʨʠ, ɻ. ɻʦʣʩʦʤ, 

ɸ.ʂʘʤʝʨʦʥʦʤ, ʕ.ɸʥʜʝʨʩʦʤ, ʄ. ʕʙʠʭʘʨʦʤ  ʠ ʜʨ. ʚʳʜʘʶʱʠʤʠʩʷ ʛʝʦʭʠʤʠʢʘʤʠ 

ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩʚʷʟʴ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʘʪʦʤʦʚ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʭ ʧʝʨʚʠʯʥʳʤ ʩʠʥʪʝʟʦʤ ʚ ʫʩʣʦʚʠʷʭ ʟʚʸʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʨʘʩʯʸʪʘ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʘʪʦʤʦʚ ʚ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ [3]. ʅʘʢʦʥʝʮ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ 

ʘʪʦʤʥʳʭ ʷʜʝʨ ʚʦ ʚʩʝʣʝʥʥʦʡ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʷʜʨʘ ʠ 
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ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʦʜʯʠʥʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʭ ʩʚʦʡ-

ʩʪʚʘʤ ʠ ʣʦʛʘʨʠʬʤʘʤ  ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʘʩʩ ʠ ʚʝʣʠ-

ʯʠʥʳ ʟʘʨʷʜʘ ʘʪʦʤʥʳʭ ʷʜʝʨ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʪʷʞʝʣʳʭ ʷʜʝʨ ʩʠʥʪʝ-

ʟʠʨʫʝʪʩʷ ʧʦʩʣʝ ʛʝʣʠʷ ʚ ʟʚʸʟʜʘʭ, ʵʚʦʣʶʮʠʷ ʢʦʪʦʨʳʭ ʧʦʜʯʠʥʷʝʪʩʷ ʝʜʠʥʦʤʫ ʟʘ-

ʢʦʥʫ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʪʦ ʧʝʨʚʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʘʥʦ 

ʠʤʝʥʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʟʚʸʟʜ ʠ ʟʚʸʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʟʘʪʝʤ ʠ ʚʝʱʝʩʪʚʘ ʧʣʘ-

ʥʝʪʥʳʭ ʩʠʩʪʝʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚ ʩʚʦʝʡ ʩʫʱʥʦʩʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʘʟʥʳʭ 

ʫʛʦʣʢʘʭ ʚʩʝʣʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʏʝʤ ʪʷʞʝ-

ʣʝʝ ʵʣʝʤʝʥʪ, ʪʝʤ ʦʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦʟʜʥʝʝ ʣʸʛʢʠʭ, ʪʝʤ ʦʥ ʤʝʥʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʸʥ, ʘ ʥʘ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʟʚʸʟʜʘʭ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ. ʉʘʤʘ 

ʞʝ ʵʚʦʣʶʮʠʷ ʟʚʸʟʜ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʤʘʩʩʳ.  

ʉʦʭʨʘʥʷʝʪʩʷ ʣʠ ʪʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʦʚ  ʚ 

ʩʦʩʪʘʚʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ɿʝʤʣʝ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʛʜʝ, ʚ ʢʘʢʦʝ ʚʨʝʤʷ ʠ ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʥʠ 

ʬʦʨʤʠʨʫʶʪʩʷ?  

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʫʜ ʠ ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠʤʝʩʠ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʭ ʧʦʜʯʠʥʷ-

ʝʪʩʷ ʪʘʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠ ʞʠʣʴ-

ʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʨʘʟʥʳʭ ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʝʨʚʳʤʠ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʣʸʛʢʠʝ ʠ  ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʵʣʝʤʝʥʪʳ: Si, Ca, Mg, Na, K ʚ ʦʩʥʦʚ-

ʥʦʤ ʚ ʩʦʩʪʘʚʝ ʩʠʣʠʢʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. ɸ ʚ ʩʦʩʪʘʚʝ ʞʠʣ ʯʘʱʝ ʚʩʝʛʦ ʧʝʨʚʳʤ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʢʚʘʨʮ, ʟʘʪʝʤ ʢʘʨʙʦʥʘʪ. ʇʦʟʜʥʝʝ ʚ ʩʦʩʪʘʚʝ ʨʫʜ  ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Fe, ʉu, Pb, Zn, Ag, Au ʠ ʜʨ.)  ʠ 

ʪʘʢʞʝ ʥʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʠʯʥʳʡ ʩʠʥʪʝʟ ʷʜʝʨ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʚʸʟ-

ʜʘʭ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʜʦʙʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʘʪʦʤʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ  ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʝʢʦ-

ʪʦʨʳʝ ʟʦʣʦʪʳʝ ʨʫʜʳ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʫʤʝʥʴʰʘ-

ʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʘʜʝʥʠʷ ʠʭ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʠ ʚʦʟʨʘʩʪʘ-

ʥʠʠ ʘʪʦʤʥʳʭ ʚʝʩʦʚ: Si, Ca, Na, K, Cu, Zn, As, Sb, Ag, Au [5].  

ʈʘʟʣʠʯʠʝ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʄʠʨʘ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʫʶ ʛʠʧʦ-

ʪʝʟʫ [5]. ɺ ʝʸ ʨʘʤʢʘʭ ʢʘʞʜʳʡ ʧʨʠʤʝʩʥʳʡ ʵʣʝʤʝʥʪ ʚ ʧʝʨʚʠʯʥʦʡ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʡ  ʵʚʦʣʶʮʠʠ ʚʝʱʝʩʪʚʘ ʜʦʣʞʝʥ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʚ ʨʷʜʫ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ  ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ  

ʦʙʨʘʟʦʚʘʥʠʠ. ʅʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦ ʧʨʘʚʠʣʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʥʘ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʱʠʝ ʧʨʦʩʪʳʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʠʣʠ ʭʠʤʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ. ʅʘʧʨʠʤʝʨ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʩʫʣʴʬʠʜʘ ʤʘʨ-

ʛʘʥʮʘ MnS (ʘʣʘʙʘʥʜʠʥʘ)  ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ  ʩʦʩʪʘʚʦʤ ʦʢʦʣʦ 66% Mn ʠ ʦʢʦʣʦ 32% S. ʅʘ ʜʦʣʶ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ 

ʚ ʥʸʤ ʧʨʠʜʸʪʩʷ ʥʝ ʙʦʣʝʝ 2% ʩʦʜʝʨʞʘʥʠʡ  ʵʣʝʤʝʥʪʦʚ ʇʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ 

ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʅʦ ʧʝʨʚʠʯʥʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ Mn 
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ʤʝʥʴʰʝ ʪʘʢʦʚʦʡ ʜʣʷ S. ʊ. ʝ. ʟʘʢʦʥ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʤʦʥʦ-

ʩʫʣʴʬʠʜʝ ʤʘʨʛʘʥʮʘ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ Mn   ʚ ʥʸʤ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ  

ʨʘʩʧʨʦʩʪʨʘʥʸʥʦʩʪʴʶ, ʯʝʤ ʩʝʨʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

(ʦʩʦʙʳʤʠ) ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʫʣʴʬʠʜʘ ʤʘʨʛʘʥʮʘ [7], ʥʦ ʠ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʧʨʦʩʪʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘʭ, ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʠʜʘʭ Fe, Pb, Zn, Cu, Sb, 

As ʠ ʜʨ.,   ʦʢʩʠʜʘʭ (Sn, W ʠ ʜʨ.), ʢʘʨʙʦʥʘʪʘʭ Ca, Mg  ʠ ʜʨ.  ʵʪʦʪ ʟʘʢʦʥ ʥʘʨʫ-

ʰʘʝʪʩʷ, ʥʦ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʧʝʨʚʠʯ-

ʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ [7]. ʆʪʩʶʜʘ ʚʳʷʚʣʷʝʪʩʷ ʠ ʜʨʫʛʘʷ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʴ: ʯʝʤ ʩʣʦʞʥʝʝ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ (ʥʘʧʨʠʤʝʨ ʩʠʣʠʢʘʪʦʚ), ʪʝʤ 

ʣʫʯʰʝ ʚ ʥʠʭ ʩʦʙʣʶʜʘʝʪʩʷ ʵʪʦʪ ʟʘʢʦʥ, ʥʘʧʨʦʪʠʚ, ʯʝʤ ʧʨʦʱʝ ʩʪʨʫʢʪʫʨʘ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʚʠʜʘ, ʪʝʤ ʵʪʦ ʟʘʢʦʥ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʭʦʞʜʝʥʠʷ ʚ ʥʠʭ ʛʣʘʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʛʜʝ ʫʛʦʜʥʦ ʠ ʚ ʢʘʢʠʭ ʫʛʦʜʥʦ   ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʩʦʩʪʘʚʘ) ʩ ʢʘʢʠʤ ʫʛʦʜʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʅʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʥʠʭ ʙʫʜʫʪ ʚʝʩʪʠ 

ʩʝʙʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʠʭ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʤʝʩʝʡ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ (ʪʘʙʣʠʮʘ 1, 2, 3, 4) ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ (ʢʣʘʩʪʝʨʦʚ) 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʧʝʨʠʦʜʦʚ, ʛʨʫʧʧ ʠ ʧʦʜʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. 

ʇʦʜ ʢʣʘʩʪʝʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʘʩʩʦʮʠʘʮʠʡ), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʦʙʣʘʜʘʶʱʘʷ ʙʣʠʟʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

1. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʣʘʩʪʝʨʘʭ ʚ ʩʦʩʪʘʚʝ ʤʝʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ 

ʊʘʙʣʠʮʘ 1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʡ ʥʝʢʦʪʦʨʳʭ 

ʢʣʘʩʪʝʨʦʚʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ  ʤʝʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ [1], ʚ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ ʧʦ ɻ. ɿʶʩʩ, ɻ. ʖʨʠ [2]) ʠ  ʤʦʨʩʢʦʡ ʚʦʜʝ [10] (ʚ ʩʢʦʙʢʘʭ, ʛ/ʪ) 

ɺ ʤʝʪʝʦʨʠʪʘʭ                                     ɺ ʟʝʤʥʦʡ ʢʦʨʝ 

Cu(100)-Ag(0,09)-Au(0,17) *  Cu(47)-Ag(0,07)-Au(0,004)   

Zn(50)-Cd(0,1)-Hg(3) Zn(83)-Cd(0,013)-Hg(0,083) 

Ga(3)-In(0,001)-Tl(0,001) Ga(19)-In(0,25)-Tl(1) 

Ti(500)-Zr(30)-Hf(0,5) Ti(4500)-Zr(170) - Hf(1) 

V(70)-Nb(0,3)-Ta(0,02)  V(90)-Nb(20)-Ta(2,5) 

Cr(25)-Mo(0,6)-W(0,15)    Cr(83)-Mo(1,1)-W(1,3) 

Cr(25)-Mn(200)-Fe(250000)-Co(800)-Ni(13500) Cr(1,3)-Mn(1000)-Fe(46500)- 

Co(18)-Ni(58) 

ɺ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ 

Cr(7800)-Mn(6850)-Fe(600000)-Co(1800)-Ni(27400) 

ɺ ʤʦʨʩʢʦʡ ʚʦʜʝ 

Cr(0,00002)-Mn(0,002)-Fe(0,01)-Co(0,0005)-Ni(0,002) 
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* ʇʝʨʚʠʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʨʫʰʝʥʘ ʜʣʷ ʟʦʣʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʝʛʦ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʝʥʴʰʝ ʩʝʨʝʙʨʘ. ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʢʨʦʝʪʩʷ ʚ ʥʝʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʢʣʘʨʢʘ 

ʟʦʣʦʪʘ ʚ ʤʝʪʝʦʨʠʪʘʭ. 

 

2. ʉʨʘʚʥʝʥʠʝ  ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʘʜʦʯʥʳʭ,  ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ 

ʚ ʤʠʥʝʨʘʣʘʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

 

ʊʘʙʣʠʮʘ 2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʛ/ʪ) 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʢʣʘʩʪʝʨʘʭ ʧʝʨʚʠʯʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ   

 

ɺ ʦʩʘʜʦʯʥʳʭ (ʛʣʠʥʠʩʪʳʭ) ʧʦʨʦʜʘʭ 

ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ  

ɺ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜʘʭ 

ʟʝʤʥʦʡ ʢʦʨʳ (ʛʨʘʥʠʪʳ) ʧʦ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʫ 

Cu(57)-Ag(0,1)-Au(0,0001) Cu(20)-Ag(0,07)-

Au(0,0047)   

Zn(80)-Cd(0,03)-Hg(0,0001)   Zn(60)-Cd(0,5)-Hg(0,08) 

Ca(25300)-Ba(800)-Sr(450) Ca(15800)-Ba(830)-Sr(300) 

Cr(100)-Mn(670)-Fe(33300)-Co(20)-

Ni(95) 

Cr(25)-Mn(600)-Fe(27000)-

Co(5)-Ni(8) 

ʇʨʠʤʝʩʠ ʚ ʤʠʥʝʨʘʣʘʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ  ʗʢʫʪʠʠ [8, 

7, 4]  

ʚ ʧʠʨʠʪʝ (FeS2) [4,5,7]:  

Au(3,8)-Ag(44)-ʉu(530) 

ɻʘʣʝʥʠʪʝ PbS [4,5,7,8]: 

Au(1,2)-Ag(560)-Cu(610) 

Zn(350)-Cd(3)-Hg(0,3) Zn(504)-Cd(11)-Hg(0,06) 

ʚ ʢʚʘʨʮʝ (SiO2): ʚ  ʜʦʣʦʤʠʪʝ ʉa,Mg(CO3)2: 

Cu(38)-Ag(1)-Au(0,0046)                   Cu(7)-Ag(0,2)-Au(0,002)   

Zn(100)-Cd(1)-Hg(0,2)                        Zn(150)-Cd(1,5)-Hg(0,008) 

ɺ ʘʨʩʝʥʦʧʠʨʠʪʝ  (FeAsS) [4,5,7,8]: ɺ ʤʘʨʢʘʟʠʪʝ (FeS2) [5,8]: 

ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʧʝʨʤʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ  

Cu(100)-Ag(1)-Au(0,0046)                    Cu(251)-Ag(25)-Au(0,041) 

Zn(250)-Cd(1,5)-Hg(0,047)                  Zn(551)-Cd(5)-Hg(0,12) 

ʉr(3)-Mn(50)-Fe(320000)-Co(54)-

Ni(96) 

ʉr(2)-Mn(67)-Fe(280000)-

Co(22)-Ni(59) 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ  ʩʣʦʞʥʳʭ 

ʧʦʣʠʩʪʘʜʠʡʥʳʭ ʠ ʧʦʣʠʭʨʦʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʨʠʯʠʥʝ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʩʪʘʜʠʡ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ [5]. ʅʦ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʫʩʣʦʚʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʘʤʠʭ ʩʪʘʜʠʷʭ ʧʦʣʥʦʩʪʴʶ ʩʦʙʣʶʜʘʝʪʩʷ 

ʧʨʠʥʮʠʧ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʤʝʩʝʡ ʚ ʨʫʜʘʭ ʠ ʤʠʥʝʨʘʣʘʭ ʠʭ ʧʝʨʚʠʯʥʦʡ  

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ.  ʊ.ʝ. ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ  ʧʝʨʚʠʯʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʨʦʶʪʩʷ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʪʦʨʠʝʡ  

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ [4]. 

 

3. ʉʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ʚ ʚʘʣʦʚʦʤ ʩʦʩʪʘʚʝ ʟʝʨʥʘ ʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ  ʩ ʧʝʨʚʠʯʥʦʡ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ 
 

ʅʘ ʩʦʩʪʦʷʥʠʝ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʨʘʡʦʥʝ 983 ʢʤ 

ʘʚʪʦʜʦʨʦʛʠ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ð ɺʦʨʦʥʝʞ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʪʝʨʨʠʢʦʥʥʠʢʠ.  

ʇʰʝʥʠʮʘ ʠ ʩʦʣʦʤʘ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ: Cr, Mn, Fe, Co, Ni,  ʄg,   Ca, Sr, Ba, ʉd, Pb (ʛ/ʪ) 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʡ ʄɻʋ ʥʘ ʫʩʪʘʥʦʚʢʝ HITACHI 180-2. 

ʇʨʦʙʳ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʪʦʙʨʘʥʳ ʟʘ ʧʦʣʦʩʘʤʠ ʣʝʩʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ, ʪ. ʝ. ʚ ʧʦʣʝʚʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʟʥʘʢʘʤʠ < ʠ  > 
ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʠʭ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. ɿʥʘʢ (?) ʦʟʥʘʯʘʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʠʟʤʝʥʝʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ:  

Cr(0,73) < Mn(36,47) < Fe(70,9)> Co(0,087) < Ni(0,45). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʰʝ 

ʧʨʠʚʝʜʸʥʥʦʤ ʢʣʘʩʪʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʠʯʥʦʤʫ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

ɿʘʛʨʷʟʥʝʥʠʡ ʥʝʪ.    

ʄg(1028) ? Ca(314)> Sr (2,28) ? (1,74). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Sr ʠ Mg ʚ ʢʣʘʩʪʝʨʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʦʤʫ ʨʘʩʧʨʝʣʝʥʠʶ ʠʭ ʩʦʜʝʨʞʘʥʠʡ. ɺ ʧʰʝʥʠʮʝ ʤʘʛʥʠʷ 

ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʢʘʣʴʮʠʷ, ʘ ʩʪʨʦʥʮʠʷ ï ʤʝʥʴʰʝ, ʯʝʤ ʙʘʨʠʷ. ʉʢʘʟʳʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʩʪʨʦʥʮʠʝʤ ʠ ʤʘʛʥʠʝʤ ʟʘ ʩʯʸʪ 

ʥʘʢʦʧʣʝʥʠʷ ʩʥʝʛʘ ʟʠʤʦʡ ʟʘ ʣʝʩʥʦʡ ʧʦʣʦʩʦʡ, ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʘʵʨʦʟʦʣʠ ʠ 

ʧʳʣʴ ʪʝʨʨʠʢʦʥʥʠʢʦʚ. 

Cu(6,59) < Zn(27,72) > Cd(0,033) > Hg( >0,02). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʪʫʪʠ ʚ ʢʣʘʩʪʝʨʝ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ. ʉʦʜʝʨʞʘʥʠʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʭ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɿʘʛʨʷʟʥʝʥʠʡ ʥʝʪ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʙʘʭ ʟʝʨʥʘ, ʦʪʦʙʨʘʥʥʳʭ ʟʘ ʣʝʩʥʦʡ ʧʦʣʦʩʦʡ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʢʣʘʩʪʝʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʫʙʳʚʘʥʠʷ  ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʠʭ ʤʘʩʩʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʨʦʥʮʠʷ ʠ ʤʘʛʥʠʷ. ʃʝʩʥʘʷ ʧʦʣʦʩʘ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʥʘʢʦʧʣʝʥʠʷ ʩʥʝʛʘ, ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚʳ ʘʵʨʦʟʦʣʷʤʠ ʠ ʧʳʣʴʶ, ʠʩʭʦʜʷʱʠʭ ʦʪ ʪʝʨʨʠʢʦʥʥʠʢʦʚ. 

 

ʇʨʦʙʳ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʧʝʨʝʜ ʧʦʣʦʩʘʤʠ ʟʘʱʠʪʥʳʭ 

ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ 5 ʤ ʦʪ ʘʚʪʦʜʦʨʦʛʠ. ʂʶʚʝʪʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ, ʛ/ʪ: 

Cr(0,2) < Mn(45,9) < Fe(76,4) > Co(0,305) < Ni(0,51) 

 ʄg(1320) ? Ca(733) > Sr (2,57) < Ba(3,53) 

Cu(6,60) < Zn(27,72)  > Cd(0,033) > Hg(?) 

ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʟʝʨʥʘ ʧʝʨʝʜ ʣʝʩʥʦʡ ʧʦʣʦʩʦʡ ʚ 

ʦʩʥʦʚʥʦʤ ʚʝʜʫʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʩʪʨʦʥʮʠʡ. ɿʘʛʨʷʟʥʝʥʠʷ ʚ ʢʶʚʝʪʥʦʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʦʪʤʝʯʘʶʪʩʷ ʪʦʣʴʢʦ Mg ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʨʝʚʳʰʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Sr ʠ  Ba ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʚʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʟʘ ʣʝʩʥʦʡ 

ʧʦʣʦʩʦʡ, ʥʦ ʚ ʨʘʤʢʘʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʜʣʷ ʟʝʨʥʘ.  

 

ʇʨʦʙʳ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ 

ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, (ʛ/ʪ): 

Cr(0,42) < Mn(39,58)   Fe(73,42)  >Co(0,099) < Ni(0,40)   

ʄg(1165) ? Ca(639)  > Sr (2,72) ? Ba(2,65) 

Cu(7,13) < Zn(16,98)  > Cd(0,02)  > Hg(?). 

ɺ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʣʝʩʥʦʡ ʧʦʣʦʩʳ, ʢʣʘʩʪʝʨʳ ʚʳʛʣʷʜʷʪ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʥʠʭ  

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Sr (ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʤʝʥʴʰʝ Ba) ʠ Mg (ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ Ba). ʆʧʷʪʴ-

ʪʘʢʠ ʩʢʘʟʳʚʘʝʪʩʷ ʧʨʝʤʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʟʝʨʥʘ 

ʪʝʨʨʠʢʦʥʥʠʢʘʤʠ.  

ʉʦʣʦʤʘ  ʪʦʛʦ ʞʝ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʨʘʡʦʥʘ 983 ʢʤ ʘʚʪʦʜʦʨʦʛʠ 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ð ɺʦʨʦʥʝʞ. ʇʨʦʙʳ ʩʦʣʦʤʳ, ʦʪʦʙʨʘʥʥʳʝ ʟʘ ʧʦʣʦʩʦʡ 

ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ (ʛ/ʪ):  

Cr(1,00) < Mn(36,4) < Fe(181,1) > Co(0,193) < Ni(0,63)   

ʄg(861) < Ca(2004) < Sr (2,28) < Ba(44,92) 

Cu(4,49) <Zn(181,1)  > Cd(0,053) > Hg(?). 

ɺ ʩʦʩʪʘʚʝ ʩʦʣʦʤʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ɻ ʣʝʤʝʥʪʦʚ ʥʠ ʚ ʦʜʥʦʤ ʠʟ   ʢʣʘʩʪʝʨʦʚ, ʥʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʳʰʝ, ʯʝʤ ʚ ʟʝʨʥʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʦʣʦʤʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʟʝʨʥʫ. 

ʇʨʦʙʳ ʩʦʣʦʤʳ, ʦʪʦʙʨʘʥʥʳʝ ʧʝʨʝʜ ʣʝʩʦʧʦʣʦʩʦʡ, (ʛ/ʪ): 

Cr(0,25) < Mn(32,6) < Fe(83,6) « Co(0,034) < Ni(0,13) 
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ʄg(610) < Ca(3709) > Sr (15,31) < Ba(28,17) 

Cu(3,26) < Zn(29,37) > Cd(0,016) > Hg(?). 

ʕʣʝʤʝʥʪʳ ʚ ʢʣʘʩʪʝʨʘʭ ʠ ʟʜʝʩʴ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʝʨʚʠʯʥʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ. ʊ.ʝ. ʥʝ ʦʱʫʱʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʵʨʦʟʦʣʷʤʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ. 

ʇʨʦʙʳ ʩʦʣʦʤʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʣʝʩʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ, (ʛ/ʪ): 

Cr(0,56) < Mn(33,04) < Fe(113,8) > Co(0,165) < Ni(0,37)   

ʄg(728)  < Ca(3407) > Sr (16,13) ? Ba(14,86) 

Cu(3,97)  < Zn(26,12)  > Cd(0,063)  > Hg(?). 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʩʪʨʦʥʮʠʝʤ ʚ  ʢʣʘʩʪʝʨʝ 

(ʘʩʩʦʮʠʘʮʠʠ) ʄg, Ca, Sr, Ba ʚ ʩʦʣʦʤʝ  ʠ ʟʝʨʥʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ  ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ.  

ɺ ʩʦʩʪʘʚʝ ʟʝʨʥʘ ʠ ʩʦʣʦʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʩ 

ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʧʨʠʜʦʨʦʞʥʦʡ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʚ ʟʝʨʥʝ ʩʦʩʪʘʚʣʷʶʪ 0,130 ʘ ʚ 

ʩʦʣʦʤʝ ï 0,74 ʛ/ʪ. ɺ ʘʩʩʦʮʠʘʮʠʠ ʉr, Co, Cd, Ni ʧʦʣʦʞʝʥʠʝ ʩʚʠʥʮʘ ʚ ʟʝʨʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ: 

Cr(0,42)>Pb(0,130)<Ni(0,44) >Co(0,20)>Cd(0,09). 

ɺ ʩʦʣʦʤʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʵʪʦʡ ʞʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʚʠʥʝʮ 

ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʪʣʠʯʘʷʩʴ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʨʥʘ ʚ ʩʠʣʫ ʠʟʚʝʩʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʣʦʤʳ ʥʘʢʘʧʣʠʚʘʪʴ ʤʝʪʘʣʣʳ ʙʦʣʴʰʝ : 

Cr(0,95)>Pb(0,130)<Ni(0,42) >Co(0,165)>Cd(0,055). 

ɺ ʩʨʝʜʥʝʤ ʟʝʨʥʦ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʩʦʣʦʤʘ ʥʝ ʟʘʛʨʷʟʥʷʶʪʩʷ 

ʘʵʨʦʟʦʣʷʤʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʚʳʰʝ ʬʦʥʘ ʩʨʝʜʳ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʤʝʥʪʦʚ ʧʦʜʯʠʥʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʘʢʪ ʚʣʠʷʥʠʷ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʘʢʢʫʤʫʣʷʮʠʠ ʠʭ ʚ ʩʥʝʛʝ, 

ʧʦʩʢʦʣʴʢʫ ʣʝʩʦʤʝʣʠʦʨʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʦʙʱʝʠʟʚʝʩʪʥʘ.  

 

4. ʂʣʘʩʪʝʨʳ ʘʩʩʦʮʠʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʢʫʣʴʪʫʨʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʣʠʦʨʘʮʠʠ ʩ ʥʘʣʠʯʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʠʜʦʨʦʞʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ 
 

ʊʳʢʚʘ ʠ ʪʦʤʘʪʳ ʚʳʨʘʱʝʥʳ ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ ʇʨʠʘʟʦʚʴʷ ʧʨʠ ʧʦʣʠʚʝ ʚʦʜʦʡ 

ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʢʣʘʨʢʘ ʧʨʝʩʥʳʭ ʚʦʜ, ʚʢʣʶʯʘʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ. ʈʘʟʥʳʝ 

ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʦʜʦʚ ʘʥʘʣʠʟʠʨʦʚʘʜʠʩʴ ʥʘ Mn, Fe, Co, Ni, Cu, Zn, Pb, Cd 
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ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʌɻɹʋ ɻʎɸʉ ñʈʆʉʊʆɺʉʂʀʁò ʥʘ 

ʧʨʠʙʦʨʝ ʉʇʂʊʈ-5. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʞʫʨʝ ʪʳʢʚʳ (ʛ/ʪ) ʚʥʝ ʚʣʠʷʥʠʷ ʧʨʠʜʦʨʦʞʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ: 

Mn(17) < Fe(26,0) > Co(0,084) < Ni(0,59)  

Cu(3,6) < Zn(9,2) > Cd(0,11) > Hg(?). ɿʜʝʩʴ ʠ ʜʘʣʝʝ: ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ 

ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʝʸ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʧʨʠʥʷʪʦ  ʥʘ ʫʨʦʚʥʝ ʢʣʘʨʢʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʨʘʩʪʝʥʠʡ ʩʫʰʠ, ʪ.ʝ. > 0,02 ʛ/ʪ . 

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʩʦʩʪʘʚʝ ʢʦʞʫʨʳ ʪʳʢʚʳ ʦʙʥʘʨʫʞʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʛ/ʪ: 

Pb-0,49; Cd-0,11.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʩʚʠʥʮʘ ʠ ʢʦʙʘʣʴʪʘ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʩʚʠʥʮʘ ʚ 

ʩʦʩʪʘʚʝ ʤʝʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ :  Cd <Pb? Co<Ni. ɿʘʛʨʷʟʥʝʥʠʝ ʩʚʠʥʮʦʤ 

ʠ ʢʘʜʤʠʝʤ ʩʚʷʟʘʥʦ ʩ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʦʣʠʚʦʤ ʚʦʜʦʡ ʠʟ ʘʨʪʝʟʠʘʥʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʝ ʥʠʞʝ ʇɼʂ, ʚ 

ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʞʫʨʘ ʪʳʢʚʳ ʥʘʢʘʧʣʠʚʘʝʪ ʩʚʠʥʝʮ ʠ 

ʢʘʜʤʠʡ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʢ̫ʦʪʠ ʪʳʢʚʳ, ʛ/ʪ: 

Mn(26) < Fe(72) > Co(0,076) < Ni(0,62)  

Cu(5,5) < Zn(8,5) > Cd(0,062) > Hg(?) 

ɺ ʤʷʢʦʪʠ ʪʳʢʚʳ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʛ/ʪ:  Pb-0,41; Cd-0,062.  

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʚʠʥʮʦʤ ʪʘʢʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʝʛʦ ʚ ʩʦʩʪʘʚʝ 

ʤʝʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ:    Cd <Pb? Co<Ni. ʀʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʚʠʥʮʘ ʦʧʷʪʴ-ʪʘʢʠ ʷʚʣʷʝʪʩʷ ʧʦʣʠʚʥʘʷ ʚʦʜʘ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʷʜʨʘʭ 

ʩʝʤʷʥ ʪʳʢʚʳ, ʛ/ʪ: 

Mn(15,5) < Fe(67,6) > Co(0,041) < Ni(1,1)  
Cu(8,1) < Zn(9,4) > Cd(0,024) > Hg(?). 

ɺ ʷʜʨʘʭ ʩʝʤʷʥ ʪʳʢʚʳ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʛ/ʪ:  Pb-0,23.  

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʚʠʥʮʦʤ ʪʘʢʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʝʛʦ ʚ ʩʦʩʪʘʚʝ 

ʤʝʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʘʩʩʦʮʠʘʮʠʠ    Cd<Pb? Co<Ni. ɿʘʛʨʷʟʥʝʥʠʷ 

ʩʚʠʥʮʦʤ ʥʝʪ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ ʇɼʂ ʜʣʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ.  

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʞʫʨʝ ʩʝʤʷʥ ʪʳʢʚʳ, ʛ/ʪ: 

Mn(15,1) < Fe(72,3) > Co(0,046) < Ni(0,54)  
Cu(9) < Zn(9,6) > Cd(0,037) > Hg(?) 

ɺ ʢʦʞʫʨʝ ʩʝʤʷʥ ʪʳʢʚʳ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ  Pb-0,23 ʛ/ʪ.  ʉʦʦʪ-

ʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʚʠʥʮʦʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʝʛʦ ʚ ʩʦʩʪʘʚʝ ʤʝ-

ʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʘʩʩʦʮʠʘʮʠʠ    Cd<Pb?Co<Ni. ʀʩʪʦʯʥʠʢ  ʩʚʠʥʮʘ ï 

ʧʦʣʠʚʥʘʷ ʚʦʜʘ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʠʯʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʜʣʷ ʚʳʷʚʣʝʥʥʳʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʪʳʢʚʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩʚʠʥʝʮ-ʢʦʙʘʣʴʪ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʜʦʨʦʞʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʝʸ ʯʘʩʪʷʭ, 

ʧʦʩʢʦʣʴʢʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʩʚʠʥʮʘ ʚ ʚʦʜʝ  ʥʘ ʫʨʦʚʥʝ ʢʣʘʨʢʦʚʳʭ ʢʦʣʠ-

ʯʝʩʪʚ ʜʣʷ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʚ ʝʶ ʨʘʩʪʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʩʚʠʥʮʘ ʥʘ ʫʨʦʚʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʝʚʳʰʘʶʱʠʭ ʩʦʜʝʨʞʘʥʠʷ ʢʦ-

ʙʘʣʴʪʘ ʜʣʷ ʤʝʪʝʦʨʠʪʦʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʊʦʤʘʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ. ʇʣʦʱʘʜʢʘ  

ɹ. ʉʘʣʳ ʄʷʩʥʠʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʇʦʣʠʚʥʘʷ ʚʦʜʘ ʠʟ ʧʨʫʜʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʣʘʨʢʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʘʣʦʚʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚʳ, ʛ/ʪ:  

Mn(436) < Fe(3150) > Co(9,375) < Ni(21,04) 

Cu(21,56) < Zn(76,25) > Cd(0,227) 

ɺ ʩʦʩʪʘʚʝ ʧʦʯʚʳ ʜʣʷ ʧʨʠʚʝʜʸʥʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʘʩʩʦʮʠʘʮʠʡ) ʵʣʝʤʝʥʪʦʚ 

ʩʦʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ. 

   Cd(0,227) <Pb(11,181) ? Co(0,375) <Ni(21,044) 

ʅʦ ʧʦʣʦʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Pb ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʡ Co ʪʘʢʞʝ 

ʥʘʨʫʰʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʵʪʠʭ ʜʚʫʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʪʦʤʘʪʦʚ  ʘʚʪʦʤʘʛʠʩʪʨʘʣʴʶ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʜʚʠʞʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʧʦʯʚʳ, ʛ/ʪ: 

Mn(347) < Fe(1,578) > Co(0,112) < Ni(0,504) 

Cu(0,19) < Zn(0,486) > Cd(0,075) 

ɺ ʩʦʩʪʘʚʝ ʧʦʜʚʠʞʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚʳ ʜʣʷ ʧʨʠʚʝ-

ʜʸʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʩʦʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨ-

ʚʠʯʥʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ, ʢʨʦʤʝ ʤʘʨʛʘʥʮʘ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʬʝʥʦʤʝ-

ʥʘʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʢʨʦʤʝ ʦʪʜʝʣʴ-

ʥʳʭ ʧʣʦʜʦʚ ʨʘʩʪʝʥʠʡ) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʨʛʘʥʮʘ 

ʥʘʜ ʞʝʣʝʟʦʤ.   

ʇʦʣʦʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Pb ʦʪʥʦʩʠʪʝʣʴʥʦ Co ʪʘʢʞʝ ʥʘʨʫʰʘʝʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʪʠʭ 

ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʠʥʮʦʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʧʦʯʚʳ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ ʘʚ-

ʪʦʤʘʛʠʩʪʨʘʣʴ, ʩʢʦʣʴʢʦ ʧʦʣʠʚʥʘʷ ʚʦʜʘ.  

   Cd(0,0175) <Pb(0,54) ? Co(0,112) <Ni(0,504) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʪʝʙʣʷʭ ʪʦʤʘʪʦʚ, ʛ/ʪ: 

Mn(5,625) < Fe(176,25) > Co(0,343) ð Ni(0,555) 

Cu(2,975) < Zn(3,750) > Cd(0,203) 

ɺ ʩʦʩʪʘʚʝ ʩʪʝʙʣʝʡ ʪʦʤʘʪʦʚ  ʜʣʷ ʧʨʠʚʝʜʸʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʵʣʝʤʝʥʪʦʚ 

ʩʦʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ. 
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ʇʦʣʦʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Pb ʦʪʥʦʩʠʪʝʣʴʥʦ Co ʪʘʢʞʝ ʥʘʨʫʰʘʝʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʵʪʠʭ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʠʥʮʦʤ ʩʪʝʙʣʝʡ ʪʦʤʘʪʦʚ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʠ ʩʦʩʪʘʚʘ 

ʧʦʣʠʚʥʦʡ ʚʦʜʳ.  

 Cd(0,0175) <Pb(0,655) ? Co(0,343) <Ni(0,555) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʣʦʜʘʭ ʪʦʤʘʪʦʚ, ʛ/ʪ: 

Mn(2,248) < Fe(10,525) > Co(ʥʝ.ʦʙʥ.) < Ni(0,555) 

Cu(1,705) < Zn(4,625) > Cd(0,024) 

ɺ ʩʦʩʪʘʚʝ ʩʪʝʙʣʝʡ ʪʦʤʘʪʦʚ  ʜʣʷ ʧʨʠʚʝʜʸʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʵʣʝʤʝʥʪʦʚ 

ʩʦʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Pb ʦʪʥʦʩʠʪʝʣʴʥʦ Co ʪʘʢʞʝ ʥʘʨʫʰʘʝʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʵʪʠʭ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʠʥʮʦʤ ʩʪʝʙʣʝʡ ʪʦʤʘʪʦʚ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴʶ ʠ ʧʦʣʠʚʥʦʡ 

ʚʦʜʦʡ.  

 Cd(0,024)<Pb(0,123) ? Co(?)<Ni(0,048).  

ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʥʘʭʦʜʷʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʘʥʘʣʠʟʘ. ʅʦ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʳʯʥʳʤ 

ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣʘ ʧʨʝʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʢʝʣʷ ʥʘʜ ʢʦʙʘʣʴʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʠʥʮʦʤ ʚʙʣʠʟʠ ʘʚʪʦʤʘʛʠ-

ʩʪʨʘʣʠ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʳ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʦʯʚʳ, ʩʪʝʙʣʷʭ ʠ 

ʧʣʦʜʘʭ ʪʦʤʘʪʦʚ  ʥʘʨʫʰʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʠʯʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʩʚʠʥʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʙʘʣʴʪʫ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʪʦʤʘ-

ʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʥʝ ʚʳʷʚʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʡ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʵʪʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʤʝʥ-

ʪʦʚ. ʊ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʟʘʱʠʪʥʦʡ ʬʫʥʢʮʠʠ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʪʦʤʘʪʘʭ, ʚʳ-

ʨʘʱʝʥʥʳʭ ʟʘ ʣʝʩʥʦʡ ʧʦʣʦʩʦʡ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ ʩʚʠʥʮʘ. 

 

5. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ 

ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ  
ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʵʣʝʤʝʥʪʘʤ-ʧʨʠʤʝʩʷʤ ʚ ʦʨʛʘʥʠʟʤʝ 

ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ ʠ ʢʨʦʚʠ. ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʚ 

ʢʣʘʩʪʝʨʳ ʘʩʩʦʮʠʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʧʝʨʚʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʟʘʢʦʥʝ, ʢʨʦʤʝ ʙʘʨʠʷ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʡ ʙʦʣʝʝ ʣʸʛʢʦʛʦ 

ʩʪʨʦʥʮʠʷ.  ɺ ʧʝʨʚʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʡ ʩʪʨʦʥʮʠʷ. ʆʙʳʯʥʦ ʵʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʯʸʪʥʦ-ʯʸʪʥʳʭ ʷʜʝʨ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʨʘʚʠʣʫ 

ʆʜʜʦ-ɻʘʨʢʠʥʩʘ, ʢ ʢʦʪʦʨʳʤ ʢʘʢ ʨʘʟ ʦʪʥʦʩʠʪʩʷ ʙʘʨʠʡ. ʅʦ ʣʦʛʠʢʘ ʧʦʜʩʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ çʩʪʘʨʘʝʪʩʷ ʠʟʙʝʛʘʪʴè ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ʇʦʵʪʦʤʫ ʚʳʜʚʠʛʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʦ ʟʘʚʳʰʝʥʠʠ ʢʣʘʨʢʘ ʙʘʨʠʷ ʧʨʠ ʨʘʩʯʸ-

ʪʘʭ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ (ʢʣʘʨʢʦʚ) ʚ ʤʝʪʝʦʨʠʪʘʭ ʠ ʟʝʤʥʦʡ ʢʦʨʝ 
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ʊʘʙʣʠʮʘ 3 ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ʚ ʦʨʛʘʥʠʟʤʝ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ [9] ʚ ʩʦʩʪʘʚʝ 

ʢʣʘʩʪʝʨʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ  ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

Zn(25) > ʉu(4) > Ag(0,1) > Au(0,001) 

Zn(25) 

Cd(0,05) 

Hg(0,08) 

Ca(13800) 

Sr(4) 

Ba(0,3) 

ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ʚ ʩʦʩʪʘʚʝ ʢʨʦʚʠ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ [11] 

Cr(0,04) < Mn(0,06) < Fe(45) > Co(0,04) < Ni(0,06) 

 

ɺ ʪʘʙʣʠʮʝ 4 ʦʪʨʘʞʝʥ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʢʘʤʥʝʡ ʚ ʧʦʯʢʘʭ ʯʝʣʦʚʝʢʘ, ʫ 

ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʝʥ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʯʪʦ ʠ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ ʤʦʯʝʢʘʤʝʥʥʫʶ 

ʙʦʣʝʟʥʴ.  ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩʦ ʚʩʝʡ ʦʯʝʚʠʜʥʦʩʪʴʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʢʘʤʥʷʭ ʧʦʯʢʠ ʥʘʨʫʰʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ. ɸ ʚ ʩʦʩʪʘʚʝ ʤʦʯʠ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ 

ʵʪʠ ʞʝ ʵʣʝʤʝʥʪʳ ʧʦʜʯʠʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʧʝʨʚʠʯʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ.  

 

ʊʘʙʣʠʮʘ 4 ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʘʤʥʷ ʚ ʧʦʯʢʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʤʝʩʥʳʤ 

ʩʦʩʪʘʚʦʤ ʤʦʯʠ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ (ʞʠʨʥʳʤ ʚʳʜʝʣʝʥʦ  ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʟʘʢʦʥʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ) * . 

ʕʣʝʤʝʥʪʳ ʬʦʨʤʠʨʫʶʪ ʢʣʘʩʪʝʨʳ (ʘʩʩʦʮʠʘʮʠʠ), ʟʘʥʠʤʘʶʱʠʝ ʩʪʨʦʛʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʪʘʙʣʠʮʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ  

ʂʣʘʩʪʝʨʳ ʩʦʩʪʘʚʘ ʫʨʘʪʘ (ʫʨʘʣʠʪʘ) ʚ ʩʦʩʪʘʚʝ ʢʘʤʥʝʡ ʚ ʧʦʯʢʘʭ  

Na(23800) > Mg(18000) > Al(10300) < Si(17000) < P(27200) ? S(39040) 

 

ʉa(428400)  

Sr(15) 

Ba(81) 

 

Na(23800) 

K(14900) 

ʂʣʘʩʪʝʨʳ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʯʠ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ [11] 

Na(2900) > Mg(17) > Al(5,4) < Si(30) < P(90) > S(50)  

ʉa(92)  

Sr(1,8) 

 Ba(4,5) 

Na(2900) 

K(136) 

*ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʣʦʛʠʠ ʋʈʆ ʈɸʅ, ʛ.  ʉʳʢʪʳʚʢʘʨ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɺ.ʀ. ʉʠʣʘʝʚʳʤ. 

 

ʂ ʩʦʞʘʣʝʥʠʶ ʘʚʪʦʨʩʢʠʝ ʚʳʚʦʜʳ ʢʘʩʘʶʪʩʷ ʥʝ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ, ʘ ʪʦʣʴʢʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʫʧʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʶ. 
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ɺʳʚʦʜʳ 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʫʧʥʦʛʦ ʢ ʠʟʫʯʝʥʠʶ  ʩʧʝʢʪʨʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʳʭ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ.  

1. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʥʝʞʠʚʦʛʦ ʠ ʞʠʚʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʥʠʭ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʟʘ ʩʯʸʪ ʛʝʦ-

ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʢʦʩʤʦʭʠʤʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʜʯʠʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʘʪʦʤʥʳʭ ʷʜʝʨ ʧʨʠ ʩʠʥʪʝʟʝ ʠʭ ʚ ʟʚʸʟʜʘʭ, ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʚ ʤʝʪʝʦʨʠʪʘʭ ʠ ʟʝʤʥʦʡ ʢʦʨʝ. ʊʦ ʝʩʪʴ ʚʝʱʝʩʪʚʝʥʥʳʡ ʤʠʨ ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʝʜʠʥʩʪʚʦ ʩʚʦʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʥʦ 

ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʢʘʞʘʪʴ  ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲ-

ʝʢʪʘʭ. 

2. ʅʘ ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʥʝ ʪʦʣʴʢʦ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʧʝʨʚʠʯʥʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ, ʥʦ ʠ ʠʭ 

ʩʚʦʡʩʪʚ ʚ ʨʘʤʢʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. 

3. ʅʘ ʫʩʣʦʚʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʦʪʜʝʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʣʘʩʪʝʨʘʭ (ʘʩʩʦʮʠʘ-

ʮʠʷʭ) ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʠʩʢʘʞʘʶʱʠʝ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ: ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʠ ʩʦʩʪʘʚʫ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʦʚ ʨʫ-

ʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʨʛʘ-

ʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʜʨʫʛʠʝ, ʝʱʸ ʥʝ ʚʳʷʚʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ.    

4. ɺ ʨʘʤʢʘʭ  ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʧʦ-

ʣʦʞʝʥʠʝ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʠ-

ʩʝʡ ʥʘ ʣʶʙʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʠʭ ʘʪʦʤ-

ʥʳʭ ʷʜʝʨ ʧʨʠ ʩʠʥʪʝʟʝ ʚ ʟʚʸʟʜʘʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚ ʩʦʩʪʘʚʝ ʤʝʪʝʦʨʠʪʦʚ, ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ɽʩʣʠ ʵʪʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ, ʪʦ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ, ʥʦ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʘʢʪʠ-

ʯʝʩʢʠʭ ʮʝʣʷʭ. ʏʝʤ ʩʣʦʞʥʝʝ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʝʤ ʙʦʣʝʝ ʚʳ-

ʨʘʞʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʝʨʚʠʯʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʩʪʠ ʥʝ 

ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʝʛʦ ʩʦʩʪʘʚʝ, ʥʦ ʠ ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ. ʏʝʤ ʧʨʦʱʝ ʩʪʨʫʢʪʫʨʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ, ʪʝʤ ʵʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʰʝ.  

ʉʣʝʜʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʷʜʝʨ ʠ 

ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʣʶʙʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʬʦʨ-

ʤʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʢʣʘʩʪʝʨʳ (ʦʙ̡ʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʘʩʩʦʮʠ-
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ʘʮʠʡ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʦʙʣʘ-

ʜʘʶʱʘʷ ʙʣʠʟʢʠʤʠ  ʩʚʦʡʩʪʚʘʤʠ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ). ɺ ʩʪʨʫʢʪʫʨʝ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʥʠʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʧʝʨʚʠʯʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ  ʠʭ ʩʦʜʝʨʞʘʥʠʡ ʠʣʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ (ʥʘʧʨʠʤʝʨ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ) ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ (ʦʙʤʝʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ) ʬʘʢʪʦʨʦʚ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚʳʷʚʣʝʥʠʷ ʠʩ-

ʪʦʯʥʠʢʦʚ ʥʘʨʫʰʝʥʠʷ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʠ ʧʨʠʯʠʥ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʝʛʦ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʀʉʉʂʋʉʊɺʆɺɽɼɽʅʀɽ 

 

ʈʆʄɸʅʉʂʀɽ ʏɽʈʊʓ ʀ ɺʀɿɸʅʊʀʁʉʂɸʗ ʊʈɸɼʀʎʀʗ ɺ 

ʇʆʏʀʊɸɽʄʆʄ ʆɹʈɸɿɽ ʀɿ ʉʇʆʃɽʊʆ 

ʊʘʪʴʷʥʘ ʖʨʴʝʚʥʘ ʆʙʣʠʮʦʚʘ 

ʢʘʥʠʜʘʪ ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ 

ʎʝʨʢʦʚʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ çʇʨʘʚʦʩʣʘʚʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷè, ʄʦʩʢʚʘ 
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ʚʦʧʠʩʴ ʙʳʣʘ ʬʘʢʪʦʨʦʤ ʦʙʥʦʚʣʝʥʠʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʨʦʤʘʥʠʢʠ. ʇʝʨʝ-

ʜʘʯʘ ʩʨʝʜʥʝʚʠʟʘʥʪʠʡʩʢʦʡ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʣʦ ʙʣʘʛʦʜʘʨʷ 

ʙʣʠʟʦʩʪʠ ʛʨʝʯʝʩʢʦʛʦ ʤʠʨʘ, ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʤ ʦʪʥʦʰʝʥʠʷʤ, ʪʦʨʛʦʚʳʤ ʩʚʷ-

ʟʷʤ, ʧʘʣʦʤʥʠʯʝʩʪʚʫ, ʢʨʝʩʪʦʚʳʤ ʧʦʭʦʜʘʤ. ɺʠʟʘʥʪʠʡʩʢʠʡ ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʣ 

ʥʝʦʙʳʯʘʡʥʦʡ ʫʙʝʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʦʢʦʨʷʣ ʚʳʩʦʢʠʤʠ ʵʩʪʝʪʠʯʝʩʢʠʤʠ ʜʦʩʪʦʠʥ-

ʩʪʚʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ. ɺʳʨʦʩʰʝʝ ʥʘ ʵʪʦʡ ʧʦʯʚʝ çʚʠʟʘʥʪʠ-

ʥʠʟʠʨʫʶʱʝʝè ʠʩʢʫʩʩʪʚʦ ʟʘʣʦʞʠʣʦ ʦʩʥʦʚʳ ʝʜʠʥʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, 

ʧʦʜʦʙʥʦ ʢʦʡʥʝ ʚʠʟʘʥʪʠʡʩʢʦʛʦ ʤʠʨʘ, ʪʦʧʦʩʳ ʢʦʪʦʨʦʛʦ ʞʘʜʥʦ ʢʦʧʠʨʦʚʘʣʠ ʠ 

ʧʨʦʝʮʠʨʦʚʘʣʠʩʴ ʥʘ ʨʦʤʘʥʩʢʫʶ ʬʘʢʪʫʨʫ. ʄʘʩʰʪʘʙ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ï ʢʦʩʚʝʥ-

ʥʦʡ ʠʣʠ ʧʨʷʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʚʠʟʘʥʪʠʡʩʢʠʡ ʦʙʨʘʟʝʮ ʚ ʨʦʤʘʥʩʢʦʡ ʞʠʚʦ-

ʧʠʩʠ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʀʪʘʣʠʠ, ï ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʝʙʷ ʠʛʥʦʨʠʨʦʚʘʪʴ. ʅʦ 

ʜʘʞʝ ʥʘ ʵʪʦʤ ʬʦʥʝ ʨʝʜʯʘʡʰʠʤ ʧʨʠʤʝʨʦʤ ʙʫʜʝʪ ʯʪʠʤʘʷ ʠʢʦʥʘ ɹʦʛʦʤʘʪʝʨʠ, 

ʭʨʘʥʷʱʘʷʩʷ ʚ ʢʘʧʝʣʣʝ ɸʥʜʨʝʘ ʄʘʫʨʠ ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʩʦʙʦʨʘ ʉʧʦʣʝʪʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʧʦʯʠʪʘʝʤʳʝ ʩʧʠʩʢʠ ʚ 

ʮʝʨʢʚʷʭ ʋʤʙʨʠʠ (ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʩʧʠʩʢʦʚ ʥʘʭʦʜʠʣʩʷ ʚ ʢʘʧʝʣʣʝ ʩʦʙʦʨʘ ʅʦʨʯʠ, 

ʨʘʟʨʫʰʝʥʥʦʤ ʧʨʠ ʥʦʷʙʨʴʩʢʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ 2016 ʛʦʜʘ) ʦʙ ʠʢʦʥʝ ʜʦʧʦʜ-

ʣʠʥʥʦ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ.  

ʇʦ ʦʜʥʦʡ ʠʟ ʚʝʨʩʠʡ, ʧʨʝʧʦʜʥʝʩʝʥʥʘʷ ʚ 1185 ʛʦʜʫ ʚ ʜʘʨ ʌʨʠʜʨʠʭʫ ɹʘʨ-

ʙʘʨʦʩʩʝ, ʚʟʷʚʰʝʤʫ ʛʦʨʦʜ, ʠʢʦʥʘ ʩ XVII  ʚʝʢʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʦʙʦʨʝ ʉʧʦʣʝʪʦ. 

ʕʧʠʟʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʌʨʠʜʨʠʭʦʤ ɹʘʨʙʘʨʦʩʩʦʡ, ʠʟʚʝʩʪʝʥ ʠʟ ʜʦʢʫʤʝʥʪʘ 1610 

ʛʦʜʘ, ʭʨʘʥʷʱʝʛʦʩʷ ʚ ʘʨʭʠʚʝ [4]. ɼʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XVI  ʚʝʢʘ ʩʫʱʝʩʪʚʦʚʘʣʘ 

ʣʝʛʝʥʜʘ ʦ ʧʦʷʚʣʝʥʠʷ ʚ ʉʧʦʣʝʪʦ ʦʙʨʘʟʘ ɹʦʛʦʤʘʪʝʨʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʠʢʦʥʘ 

ʩʯʠʪʘʣʘʩʴ ʜʘʨʦʤ ʛʦʨʦʜʫ ʠʢʦʥʦʧʦʯʠʪʘʪʝʣʴʥʠʮʳ ʠʤʧʝʨʘʪʨʠʮʳ ʀʨʠʥʳ, ʩʜʝ-

ʣʘʥʥʳʤ ʝʶ ʚ 802 ʛʦʜʫ. [6] ʅʝʠʟʚʝʩʪʥʦ, ʛʜʝ ʠ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʣʘ 

ʠʢʦʥʘ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʢʘʟʘʣʘʩʴ ʚ ʉʧʦʣʝʪʦ. ʊʘʢʞʝ ʥʝʠʟʚʝʩʪʥʦ, ʚ ʢʘʢʦʤ ʚʠʜʝ ʦʥʘ 

ʙʳʣʘ ʜʦʩʪʘʚʣʝʥʘ ʚ ʋʤʙʨʠʶ (ʛʜʝ, ʚʦʟʤʦʞʥʦ, ʙʳʣʘ ʜʦʧʠʩʘʥʘ). 

ʆʪʩʫʪʩʪʚʠʝ ʧʦʜʨʦʙʥʳʭ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʠ ʧʣʦʭʘʷ ʩʦʭʨʘʥ-

ʥʦʩʪʴ ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ ʠʢʦʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʟʙʨʦʩʫ ʚ ʝʝ ʜʘʪʠʨʦʚʢʝ. ʂʘʞ-

ʜʳʡ ʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʫʧʦʤʠʥʘʚʰʠʭ ʵʪʦʪ ʧʘʤʷʪʥʠʢ, ʚʥʦʩʠʣ ʫʪʦʯʥʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʧʨʦʙʣʝʤ. ʇ. ʊʦʵʩʢʘ [8] ʧʨʝʜ-

ʣʘʛʘʣ ʜʘʪʠʨʦʚʘʪʴ ʠʢʦʥʫ XïXI ʚʝʢʘʤʠ, ʦʜʥʘʢʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʢʣʦʥʷʣʩʷ ʢ XI-

XII  ʩʪʦʣʝʪʠʷʤ. ʕ. ɻʘʨʨʠʩʦʥ [5] ʧʨʝʜʣʦʞʠʣ XII  ʚʝʢ. ʉ. ʄʝʨʢʘʪʠ [7], ʚʠʜʝʚʰʠʡ 

ʠʢʦʥʫ ʙʝʟ ʦʢʣʘʜʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ ʠ ʜʦʩʢʠ ʠ 

ʧʦʟʞʝ ʧʨʦʚʝʜʰʠʡ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʞʠʚʦʧʠʩʠ, ʦʧʨʝʜʝʣʷʣ 

(1956) ʚʨʝʤʷ ʥʘʧʠʩʘʥʠʷ ʦʙʨʘʟʘ ʢʦʥʮʦʤ XI ï ʥʘʯʘʣʦʤ XII  ʚʝʢʦʚ.  
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ʅʝ ʩʧʦʩʦʙʥʘʷ ʩʝʨʴʝʟʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʫʪʦʯʥʝʥʠʝ ʜʘʪʠʨʦʚʢʠ ʥʘʜʧʠʩʴ ʥʘ 

ʩʚʠʪʢʝ, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʠ ʥʘ ʦʢʣʘʜʝ, ʠ ʥʘ ʢʨʘʩʦʯʥʦʤ ʩʣʦʝ ʠʢʦʥʳ, ʪʦʞʝ ʪʘʠʪ 

ʟʘʛʘʜʢʠ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʣʠʚʘʝʪ ʩʚʝʪ ʥʘ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚʦʩʪʦʯʥʦʡ ʠ ʨʦʤʘʥ-

ʩʢʦʡ ʪʨʘʜʠʮʠʡ. 

ɻʨʝʯʝʩʢʘʷ ʥʘʜʧʠʩʴ ʥʘ ʩʚʠʪʢʝ ʘʥʦʥʩʠʨʦʚʘʥʘ ʚ 1900 ʛʦʜʫ ʃ. ʌʘʫʩʪʠ, ʚʠ-

ʜʝʚʰʠʤ ʦʙʨʘʟ ʙʝʟ ʦʢʣʘʜʘ. ʅʘ ʞʠʚʦʧʠʩʥʦʤ ʩʣʦʝ ʦʥʘ ʥʝʢʦʛʜʘ ʩʦʜʝʨʞʘʣʘ 10 

ʩʪʨʦʢ (ʧʨʦʪʠʚ 17, ʯʪʦ ʥʘ ʦʢʣʘʜʝ). ɺ ʥʘʜʧʠʩʠ ʠʟ 5 ʩʪʨʦʢ ʠ ʜʚʝʥʘʜʮʘʪʠ ʩʣʦʛʦʚ: 

 

 çȹɏɝŬɘ ŭɏɖůɘɜ Űɖɠ ɛɖŰɟɧɠ, ɞɑəŰɘɟɛɞɜ, 

ɇɑ , ɀɖŰŮɟ ŬɑŰŮɘɠ: ɇɤɜ ɓɟɞŰɤɜ ůɤŰɖɟɑŬɜ. 

ɄŬɟɩɟɔɘůɎɜ ɛŮ. ɆɡɛˊɎɗɖůɞɜ, ɡɘɏ ɛɞɡ. 

ȷɚɚ ɞɡə ŮˊɘůŰɟɏűɞɡůɘɜ ȾŬɑ ůɤůɞɜ ɢɎɟɘɜ. 

Ⱥɝɞɡůɘɜ ɚɨŰɟɞɜ. ȺɡɢŬɟɘɞŰɤ ůɞɘ, ɚɧɔŮè. 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʶ ʫʜʘʣʦʩʴ ʧʨʦʯʠʪʘʪʴ 3 ʮʝʥʪʨʘʣʴʥʳʭ ʩʪʨʦʢʠ. ʈʝʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʥʘʷ ʠʩʭʦʜʷ ʠʟ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʦʙʨʘʟʮʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʠ ʚʳʧʦʣʥʝʥʥʳʭ 

ʚ ʩʦʛʣʘʩʠʠ ʩ ʪʨʘʜʠʮʠʝʡ, ʥʘʜʧʠʩʴ ʩʦʜʝʨʞʠʪ ʜʠʘʣʦʛ ɹʦʛʦʤʘʪʝʨʠ ʩ ʉʳʥʦʤ, ʚ 

ʢʦʪʦʨʦʤ ɿʘʩʪʫʧʥʠʮʘ ʤʦʣʠʪʚʝʥʥʦ ʧʨʦʩʠʪ ʟʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʦʜ.  

ɿʜʝʩʴ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ,ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠʚʝʜʝʥʥʳʡ ʪʝʢʩʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʪʠʭʦʪʚʦʨʥʳʡ ʜʚʝʥʘʜʮʘʪʠʩʣʦʞʥʠʢ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ 

ʥʝ ʭʚʘʪʘʝʪ ʩʣʦʛʘ, ʥʘʧʨ. ůɞɡ (çʤʘʪʝʨʠ ʊʚʦʝʡè), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʮʝʥʝʥʦ ʢʘʢ 

ʦʰʠʙʢʘ ʥʝ ʦʩʦʙʝʥʥʦ ʩʚʝʜʫʱʝʛʦ ʚ ʛʨʝʯʝʩʢʦʤ ʷʟʳʢʝ. 

 

çʏʝʛʦ, ʤʘʪʠ, ʧʨʦʩʠʰʠ?" - "ʉʤʝʨʪʥʳʭ ʩʧʘʩʝʥʠʷ". 

- "ʇʨʦʛʥʝʚʘʣʠ ʦʥʠ ʄʝʥʷ". "ʉʦʩʪʨʘʜʘʡ, ʉʳʥʝ ʤʦʡ". 

- "ʅʦ ʦʥʠ ʥʝ ʦʙʨʘʱʘʶʪʩʷ". - "ʀ ʩʧʘʩʠ ʜʘʨʦʤ". 

- "ɹʫʜʫʪ ʦʥʠ ʠʤʝʪʴ ʠʩʢʫʧʣʝʥʠʝ". - "ɹʣʘʛʦʜʘʨʶ ʊʝʙʷ, ʉʣʦʚʝè.  

(ʇʝʨʝʚʦʜ ʧʨʠʚʝʜʝʥ ʧʦʩʣʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ɼ. ɽ. ɸʬʠʥʦʛʝʥʦʚʳʤ) 

 

ʇʦʜʦʙʥʳʝ ʜʠʘʣʦʛʠ, ʦʙʨʘʱʝʥʥʳʝ ɹʦʛʦʤʘʪʝʨʴʶ ʢ ʉʧʘʩʠʪʝʣʶ, ʚ ʧʦʵʪʠʯʝ-

ʩʢʦʡ ʬʦʨʤʝ ʙʳʣʠ ʥʝʨʝʜʢʠ ʥʘ ʣʘʪʠʥʩʢʦʤ ɿʘʧʘʜʝ ʦʢʦʣʦ 1100 ʛʦʜʘ. ʇʦʟʜʥʝʝ 

ʦʥʠ ʚʦʰʣʠ ʚ çɽʨʤʠʥʠʶè ɼʠʦʥʠʩʠʷ ʌʫʨʥʦʘʛʨʘʬʠʦʪʘ (1730ï1733), ʛʜʝ ʜʠʘ-

ʣʦʛ ɹʦʛʦʤʘʪʝʨʠ ʩ ʉʳʥʦʤ ʧʝʨʝʜʘʚʘʣʩʷ ʢʘʢ ʚʳʢʣʠʢʘʥʠʝ ʜʨʫʛ ʜʨʫʛʘ, ʟʘʪʝʤ ʫʧʦ-

ʤʠʥʘʣʠʩʴ ʥʝʯʝʩʪʠʝ ʠ ʙʝʩʯʠʥʩʪʚʘ ʣʶʜʝʡ, ʠ ʥʘʩʪʫʧʘʣʘ ʢʫʣʴʤʠʥʘʮʠʷ ïʩʣʦʚʘ 

ʚʩʝʧʨʦʱʝʥʠʷ, ʧʦʨʦʞʜʘʶʱʠʝ ʙʣʘʛʦʜʘʨʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʣʘʪʠʥʩʢʦʡ 

ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ (J. Werner, B. Bischoff [3]) ʚʳʷʚʠʣʠ ʜʝʩʷʪʢʠ ʧʦ-

ʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ. ʆʙʳʯʥʦ ʨʠʬʤʦʚʘʥʥʳʝ ʪʝʢʩʪʳ ʩʦʧʨʦʚʦʞʜʘʣʠ ʩʮʝʥʫ çʈʘʩ-

ʧʷʪʠʷè, ʜʨʘʤʘʪʠʯʝʩʢʠ ʥʘʢʘʣʷʷ ʝʝ, ʥʘʧʨʠʤʝʨ, ʚ ʇʩʘʣʪʠʨʠ XI ʚ., ʚʳʰʝʜʰʝʡ ʠʟ 

ʩʢʨʠʧʪʦʨʠʷ ʢʦʥʚʝʥʪʘ ʉʚʷʪʦʛʦ ʉʠʤʝʦʥʘ ʚ ʊʨʠʨʝ (ɻʦʨʦʜʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ 

ʊʨʠʨʘ. H 1. P.13). ɺʘʨʠʘʥʪʳ ʪʘʢʠʭ ʧʦʜʧʠʩʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʤʘʥʫʩʢʨʠʧʪʘʭ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚʦ ʌʨʘʥʮʠʠ, ɸʥʛʣʠʠ, ʀʪʘʣʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʧʦʟʞʝ, ʚʝʩʴ XII  ʚʝʢ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʫʢʦʧʠʩʠ 1170 ʛʦʜʘ, ʚʳʰʝʜʰʝʡ ʠʟ ʘʙʙʘʪʩʪʚʘ ʩʚʷʪʦʛʦ ʊʨʫʜʦʥʘ 

(ʥʳʥʝ ʛʦʨʦʜ ʉʠʥʪ-ʊʨʸʡʜʝʥ ʚ ɹʝʣʴʛʠʠ), ʚ ʢʦʪʦʨʫʶ ʧʦʤʠʤʦ ʪʨʫʜʦʚ ʙʣʞ. ʀʝʨʦ-

ʥʠʤʘ ʉʪʨʠʜʦʥʩʢʦʛʦ ʚʭʦʜʠʪ ʟʘʨʠʬʤʦʚʘʥʥʳʡ ʜʠʘʣʦʛ ʦ ʅʝʧʦʨʦʯʥʦʩʪʠ ɼʝʚʳ, 



20 

ʚʦʟʤʦʞʥʦ, ʩʦʯʠʥʝʥʠʷ ʘʙʙʘʪʘ ʈʘʡʥʫʣʴʬʘ. ʅʘ ʤʠʥʠʘʪʶʨʝ ʧʨʦʩʠʪʝʣʴʥʳʡ ʪʝʢʩʪ 

ʩʚʠʪʢʘ ʚ ʨʫʢʝ ɹʦʛʦʤʘʪʝʨʠ, ʧʨʦʩʪʠʨʘʶʱʝʡ ʢ ʩʪʦʷʱʝʤʫ ʨʷʜʦʤ ʍʨʠʩʪʫ ʠ ʜʨʫ-

ʛʫʶ ʨʫʢʫ, ʨʘʩʧʦʣʦʞʝʥ ʥʘʜ ʬʠʛʫʨʦʡ ʘʙʙʘʪʘ ʚ ʧʨʦʩʢʠʥʝʟʠʩʝ. ʉʣʦʚʘ ʉʧʘʩʠʪʝʣʷ 

ʧʝʨʝʜʘʥʳ ʤʘʶʩʢʫʣʦʤ, ɼʝʚʳ ʄʘʨʠʠ ï ʤʠʥʫʩʢʫʣʦʤ.  

ʅʘ ʩʧʦʣʝʪʩʢʦʡ ʠʢʦʥʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʝ ʩʣʦʚ ʫʯʘʩʪʚʫʶʱʠʭ 

ʚ ʜʠʘʣʦʛʝ, ʥʦ ʩ ʧʦʤʦʱʴʶ ʮʚʝʪʘ: ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʝʨʥʘʷ ʠ ʢʨʘʩʥʘʷ ʢʨʘʩʢʘ, ʯʪʦ 

ʪʘʢʞʝ ʚʳʷʚʠʣʦʩʴ ʧʨʠ ʩʥʷʪʠʠ ʦʢʣʘʜʘ. ʅʘʜʧʠʩʴ ʥʘ ʩʚʠʪʢʝ ʧʨʠ ʧʦʥʦʚʣʝʥʠʷʭ 

ʧʦʚʪʦʨʷʣʘʩʴ, ʦʜʥʘʢʦ ʝʸ ʧʝʨʝʧʠʩʴ ʠʩʢʣʶʯʝʥʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʜʦʩʢʝ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʣʦʝʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʝʨʴʝʟʥʳʝ ʫʪʨʘʪʳ 

ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ, ʩʣʝʜʳ ʧʦʧʳʪʢʠ ʠʟʤʝʥʝʥʠʷ ʩʠʣʫʵʪʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʢʨʘʩʥʘʷ ʢʨʘʩʢʘ ʥʘ ʥʠʤʙʝ ʩʦ ʩʧʠʥʳ ɹʦʛʦʤʘʪʝʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʧʫʨʧʫʨʥʳʡ ʮʚʝʪ ʤʘʬʦʨʠʷ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʠʩʯʝʨʥʘ-ʩʠʥʠʡ, ʧʦʜ ʢʦʪʦʨʳʤ ʪʝ-

ʧʝʨʴ ʫʞʝ ʥʝ ʚʠʜʥʘ ʞʝʤʯʫʞʥʘʷ ʦʙʥʠʟʴ ʚ ʦʙʣʘʯʝʥʠʠ ɹʦʛʦʤʘʪʝʨʠ. ʈʠʩʫʥʦʢ 

ʢʘʡʤʳ ʧʣʘʪʘ ʠʟʤʝʥʸʥ ʧʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʨʘʬʴʝ.  

ʇʦʤʝʱʸʥʥʦʝ ʥʘ ʟʦʣʦʪʦʤ ʬʦʥʝ ʪʨʸʭʯʝʪʚʝʨʥʦʝ ʧʦʷʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ ɹʦ-

ʛʦʨʦʜʠʮʳ, ʚ ʚʦʟʜʝʪʦʡ ʨʫʢʝ ʢʦʪʦʨʦʡ ʟʘʞʘʪ çʩʪʝʨʞʝʥʴè ï ʯʘʩʪʴ ʨʘʟʚʝʨʥʫʪʦʛʦ 

ʩʚʠʪʢʘ, ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩʳ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʦʙʨʘʟʫ. ɺʦ-ʧʝʨ-

ʚʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʛʨʘʬʠʠ (1982) ʧʨʠʚʝʣʠ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʠ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʨʘʩʭʦʜʷʱʠʭʩʷ ʚʝʝʨʦʤ ʣʫʯʝʡ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʢʦʤʧʦʟʠʮʠʠ ʩʝʛʤʝʥʪʘ ʩ ʧʦʷʩʥʳʤ ʦʙʨʘʟʦʤ ʙʣʘ-

ʛʦʩʣʦʚʣʷʶʱʝʛʦ ʀʠʩʫʩʘ ʍʨʠʩʪʘ. ʂʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʟʘʠʢʝ ʚ ʩʦʙʦʨʝ ʉʘʥʪʘ-

ʄʘʨʠʷ-ʜʝʣʴ-ɸʤʤʠʨʘʣʴʦ ʚ ʇʘʣʝʨʤʦ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʨʝʩʪʘʚʨʘʪʦʨʦʤ ɼʞ. ɸʥʪʦʥʝʣʣʠ (1956) ʧʦ-

ʢʨʳʪʠʷ (ʪ. ʝ. ʩʝʨʝʙʨʷʥʦʡ ʧʦʟʦʣʦʯʝʥʥʦʡ ʧʣʘʩʪʠʥʳ) ʥʘ ʞʠʚʦʧʠʩʥʦʤ ʧʦʣʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ ʦʪ ʛʚʦʟʜʝʡ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʢʣʘʜʘ, ʘ ʪʘʢʞʝ 

ʩʣʝʜʳ ʦʪ ʛʦʨʝʥʠʷ ʜʦʩʢʠ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʥʝʠʟʚʝʩʪʥʦ ʚ ʢʘʢʦʝ ʚʨʝʤʷ. ʇʦ-ʚʠ-

ʜʠʤʦʤʫ, ʧʦʩʣʝ ʵʪʦʛʦ ʜʦʩʢʘ ʙʳʣʘ ʦʙʨʝʟʘʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʩʪʦʨʦʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʥʘʣʠʟ ʛʨʫʥʪʦʚʢʠ ʠ ʩʣʝʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʨʦʝʜʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʛʠʙʘ ʜʦʩʢʠ ʠ ʭʘʨʘʢʪʝʨʘ ʩʨʝʟʘ ʜʨʝʚʝʩʠʥʳ 

ʛʦʚʦʨʷʪ ʚ ʧʦʣʴʟʫ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʨʝʟʘʥʠʷ ʜʦʩʢʠ ʩʧʨʘʚʘ. 

ʆʪʢʨʳʪʳʤ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʦʙ ʵʪʘʧʘʭ ʠ ʤʝʩʪʝ ʥʘʧʠʩʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʛʦ ʟʜʝʩʴ ʦʙʨʘʟʘ ɹʦʛʦʤʘʪʝʨʠ ʇʘʨʘʢʣʝʩʠʩ ʠʟ ʉʧʦʣʝʪʦ. ʅʝʷʩʥʦ, ʩʫʱʝʩʪʚʦ-

ʚʘʣʘ ʣʠ ï ʢʘʢ ʭʦʯʝʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʴ ï ʧʘʨʥʘʷ ʝʡ ʠʢʦʥʘ ʤʠʣʫʶʱʝʛʦ ʉʧʘʩʠ-

ʪʝʣʷ, ʥʘʧʨʠʤʝʨ, çʍʨʠʩʪʦʩ ʚʦ ʛʨʦʙʝè (ʥʘʧʨʠʤʝʨ, ʢʘʢ ʠʢʦʥʘ ʠʟ ʂʘʩʪʦʨʴʠ). 

ɺʥʝ ʀʪʘʣʠʠ ʠʟʚʝʩʪʥʦ ʜʦʚʦʣʴʥʦ ʠʢʦʥ XIïXII  ʚʝʢʦʚ ʩʭʦʞʝʛʦ ʠʢʦʥʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʙʨʘʟʳ ɹʦʛʦʤʘʪʝʨʠ ɸʛʠʦʩʦʨʠ-

ʪʠʩʩʳ XII  ʚ. ʠʟ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʤʫʟʝʷ ʄʘʢʝʜʦʥʠʠ (ʆʭʨʠʜ), ʂʠʧʨʩʢʦʡ ɹʦʛʦ-

ʤʘʪʝʨʠ (ɺʠʟʘʥʪʠʡʩʢʠʡ ʤʫʟʝʡ ʚ ʅʠʢʦʩʠʠ). ʀʢʦʥʦʛʨʘʬʠʷ ʠʢʦʥʳ ʠʟ ʉʧʦʣʝʪʦ 

ʜʦʧʫʩʢʘʝʪ ʩʨʘʚʥʝʥʠʝ ʩ ʠʢʦʥʦʡ ɸʛʠʦʩʦʨʠʪʠʩʩʳ ʠʟ ʤʦʥʘʩʪʳʨʷ ʚʤʮ. ɽʢʘʪʝ-

ʨʠʥʳ ʥʘ ʉʠʥʘʝ (ʧʨʠʚʝʜʝʥʘ ʫ Weitzmann K. The Monastery of Saint Catherine 

at Mount Sinai. Princeton, 1976. Vol. 1. Pl. VII . P. 21-23). ʇʨʠ ʪʦʤ, ʯʪʦ ʩʠʥʘʡ-

ʩʢʠʡ ʦʙʨʘʟ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥ ʚ ʪʝʤʧʝʨʝ, ʪʦʛʜʘ ʢʘʢ ʣʠʯʥʦʝ ʧʨʦʨʘʙʦʪʘʥʦ ʵʥ-

ʢʘʫʩʪʠʢʦʡ, ʨʝʯʴ, ʙʝʟʫʩʣʦʚʥʦ, ʤʦʞʝʪ ʠʜʪʠ ʪʦʣʴʢʦ ʦʙ ʠʢʦʥʦʛʨʘʬʠʯʝʩʢʦʤ ʩʭʦʜ-

ʩʪʚʝ. ʍʘʜʟʠʜʘʢʠʩ ʠ ɻ., ʄ. ʉʦʪʠʨʠʫ ʩʢʣʦʥʷʣʠʩʴ ʢ ʜʘʪʠʨʦʚʢʝ ʵʥʢʘʫʩʪʠʯʝʩʢʠʭ 
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ʬʨʘʛʤʝʥʪʦʚ ʩʠʥʘʡʩʢʦʡ ʠʢʦʥʳ VI-VII  ʚʚ. ʠ XIII  ʚʝʢʦʤ ʝʝ ʪʝʤʧʝʨʥʳʭ ʯʘʩʪʝʡ, 

ʠ ʚʤʝʩʪʝ ʩ ʂ. ɺʝʡʮʤʘʥʦʤ ʧʨʠʧʠʩʳʚʘʣʠ ʝʸ ʠʩʧʦʣʥʝʥʠʝ ʩʪʦʣʠʯʥʦʡ (ʢʦʥʩʪʘʥ-

ʪʠʥʦʧʦʣʴʩʢʦʡ) ʤʘʩʪʝʨʩʢʦʡ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʠʰʢʦʤ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʪʨʘʪʳ ʦʙʨʘʟʘ ɹʦʛʦʤʘʪʝʨʠ ʠʟ ʩʦ-

ʙʦʨʘ ʉʧʦʣʝʪʦ ʧʦʛʣʦʱʘʝʪ ʛʣʫʙʠʥʥʘʷ, ʚʥʫʪʨʝʥʥʷʷ ʞʠʟʥʴ ʦʙʨʘʟʘ, ʤʷʛʢʘʷ 

ʛʨʫʩʪʴ ʦʙʣʠʢʘ ɹʦʛʦʤʘʪʝʨʠ, ʣʝʛʢʦʩʪʴ ʧʠʩʴʤʘ, ʙʝʟ ʥʘʤʝʢʘ ʥʘ ʨʝʟʢʦʩʪʴ, ʚʳʜʝʨ-

ʞʘʥʥʦʩʪʴ ʩʪʠʣʷ (ʦʢʘʸʤ ʥʠʤʙʘ ɹʦʛʦʤʘʪʝʨʠ, ʥʘʤʝʯʝʥʥʳʡ ʩʠʥʠʤʠ ʠ ʢʨʘʩʥʳʤʠ 

çʢʘʤʝʥʴʷʤʠè, ʚʠʜʠʤʦ, ʚʦʟʥʠʢ ʧʦʟʜʥʝʝ, ʠ ʙʳʣ ʧʨʦʜʠʢʪʦʚʘʥ ʨʦʤʘʥʩʢʠʤ ʚʢʫ-

ʩʦʤ). çɸʨʭʠʪʝʢʪʫʨʥʦʩʪʴè ʜʫʛʠ ʙʨʦʚʝʡ, ʚʳʩʚʝʪʣʝʥʠʝ ʦʪ ʧʝʨʝʥʦʩʠʮʳ ʚʝʨʪʠ-

ʢʘʣʠ ʥʦʩʘ, ʫʤʝʨʝʥʥʦʝ ʘʢʮʝʥʪʠʨʦʚʘʥʠʝ ʧʫʭʣʳʭ ʛʫʙ ʤʘʣʝʥʴʢʦʛʦ ʨʪʘ ʩ ʩʠʣʴʥʳʤ 

ʪʨʘʧʝʮʝʚʠʜʥʳʤ ʟʘʪʝʥʝʥʠʝʤ ʧʦʜ ʥʠʤ ʠ ʚʟʜʝʨʥʫʪʦʛʦ ʙʫʛʦʨʢʘ ʧʦʜʙʦʨʦʜʢʘ 

ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʥʠʥʦʚʩʢʦʤʫ ʪʠʧʫ ʠ ʦʙʨʘʟʫ. ʄʘʥʝʨʘ ʠʩʧʦʣʥʝʥʠʷ, 

ʜʘʣʝʢʘʷ ʢʘʢ ʦʪ ʞʝʩʪʢʦʩʪʠ, ʪʘʢ ʠ ʦʪ ʤʘʥʴʝʨʠʟʤʘ ʧʦʟʜʥʝʢʦʤʥʠʥʦʚʩʢʦʛʦ ʠʩʢʫʩ-

ʩʪʚʘ, ʧʦʜʧʘʜʘʝʪ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʠʣʷ, ʚʧʠʩʳʚʘʶʱʝʛʦʩʷ ʚ ʧʝʨʠʦʜ ʠʩʢʫʩ-

ʩʪʚʘ, ʩʤʝʥʠʚʰʝʛʦ ʵʪʘʧ ʛʨʘʬʠʢʦ-ʣʠʥʝʘʨʥʦʡ ʩʪʠʣʠʟʘʮʠʠ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 

çʤʘʥʴʝʨʠʟʤʫè ʧʦʟʜʥʝʢʦʤʥʠʥʦʚʩʢʦʛʦ ʧʝʨʠʦʜʘ 70ï90 ʛʦʜʦʚ XII  ʚʝʢʘ, ʧʨʝʜʧʦ-

ʩʣʘʥʥʦʛʦ ï ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ï ʞʠʚʦʧʠʩʥʦʡ ʠʟʳʩʢʘʥʥʦʩʪʠ ʧʘʣʝʦʣʦʛʦʚʩʢʦʡ 

ʵʧʦʭʠ.  
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ʄɽɼʀʎʀʅʉʂʀɽ ʅɸʋʂʀ 

 

ɼʀɸɻʅʆʉʊʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ 18-ʌɼɻ-ʇʕʊ ʀʃʀ ʇʕʊ-

ʂʊ ʇʈʀ ʈɸʂɽ ʄʆʃʆʏʅʆʁ ɾɽʃɽɿʓ ʉ ʇʆɼʆɿʈɽʅʀɽʄ ʅɸ 

ʈɽʎʀɼʀɺ (ɸʅɸʃʀɿ ʃʀʊɽʈɸʊʋʈʓ) 

ɹʘʡʩʘʣʙʘʝʚʘ ɸʡʥʫʨ ʉʘʢʝʥʦʚʥʘ, ʈʘʠʩʦʚ ɼʘʥʠʷʨ ʊʦʣʝʛʝʥʦʚʠʯ,  

ʐʘʨʠʧʢʘʟʳʢʳʟʳ ɸʡʛʝʨʠʤ, ʉʘʙʠʨʦʚʘ ɸʣʴʙʠʥʘ ɸʤʠʨʦʚʥʘ,  

ɸʭʤʝʨʦʚʘ ɸʢʤʘʨʘʣ ʄʫʨʘʪʦʚʥʘ, ʊʨʘʠʩʧʘʝʚʘ ʀʥʜʠʨʘ ɹʦʣʘʛʘʟʳʝʚʥʘ, 

ʌʘʨʟʘʪʢʘʣʠʢʳʟʳ ɾʘʥʝʨʢʝ 

ʂʘʬʝʜʨʘ ʦʥʢʦʣʦʛʠʠ ʠ ʚʠʟʫʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

 ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ʉʝʤʝʡ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ. ʈʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (ʈʄɾ) ʦʩʪʘʸʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʤ ʨʘʢʦʤ ʠ ʚʝʜʫʱʝʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʠ ʦʪ ʨʘʢʘ ʩʨʝʜʠ ʞʝʥ-
ʱʠʥ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 25% ʚʩʝʭ ʩʣʫʯʘʝʚ ʨʘʢʘ ʠ 15% ʚʩʝʭ ʩʣʫʯʘʝʚ ʩʤʝʨʪʠ ʦʪ 
ʨʘʢʘ, ʧʨʠ ʵʪʦʤ ʚ 2012 ʛʦʜʫ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 1,7 ʤʠʣʣʠʦʥʘ ʩʣʫʯʘʝʚ ʟʘ-
ʙʦʣʝʚʘʥʠʷ ʠ 521 900 ʩʤʝʨʪʝʡ [24]. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʣʝ-
ʯʝʥʠʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʨʝʮʠʜʠʚ ʦʧʫʭʦʣʝʡ ʦʩʪʘʸʪʩʷ ʦʩʥʦʚʥʦʡ 
ʧʨʦʙʣʝʤʦʡ ʚ ʣʝʯʝʥʠʠ ʈʄɾ. ʇʦ ʦʮʝʥʢʘʤ, ʜʦ 35% ʧʝʨʚʠʯʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩ 
ʈʄɾ ʧʦʩʣʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʙʫʜʫʪ ʨʘʟʚʠʚʘʪʴʩʷ 
ʤʝʩʪʥʳʡ ʨʝʮʠʜʠʚ ʠʣʠ ʦʪʜʘʣʝʥʥʳʡ ʤʝʪʘʩʪʘʟ [26]. ʆʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘ-
ʮʠʝʥʪʦʚ ʩ ʈʄɾ ʩ ʨʝʛʨʝʩʩʠʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦ-
ʚʦʡ ʩ ʦʪʜʘʣʝʥʥʳʤ ʤʝʪʘʩʪʘʟʦʤ (5-ʣʝʪʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ: 80 
ʧʨʦʪʠʚ 25%) [21]. ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʪʦʯʥʦ ʚʦʩʩʪʘʥʘʚ-
ʣʠʚʘʪʴ ʨʝʮʠʜʠʚʠʨʫʶʱʠʡ ʨʘʢ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʘʮʠʝʥʪʘʤʠ ʩ 
ʈʄɾ, ʯʪʦʙʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʡ ʨʝʮʠʜʠʚ ʦʪ ʦʪʜʘʣʸʥʥʦʛʦ ʤʝʪʘ-
ʩʪʘʟʘ, ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʴʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦ-
ʷʪʥʦʩʪʴ ʠʟʣʝʯʝʥʠʷ. 

 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʧʦʠʩʢ Medline 

(Pubmed, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ), ʙʘʟʳ ʜʘʥʥʳʭ Em-
base, Web of science ʠ Cochrane ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʩʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʣʠʪʝʨʘʪʫʨʳ ʦ ʨʝʮʠʜʠʚʠʨʫʶʱʝʤ ʈʄɾ ʠ 18-ʌɼɻ-ʇʕʊ ʠʣʠ ʇʕʊ-ʂʊ ʜʦ 10 ʤʘʷ 
2017 ʛʦʜʘ. ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʙʳʣʠ 
ʩʣʝʜʫʶʱʠʤʠ: (çʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷè ʠʣʠ çʧʵʪè) ʠ (çʨʘʢ 
ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳè ʠʣʠ çʦʧʫʭʦʣʴ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳè ʠʣʠ çʢʘʨʮʠʥʦʤʘ ʤʦ-
ʣʦʯʥʦʡ ʞʝʣʝʟʳè ʠʣʠ çʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳè) ʠ (çʨʝʮʠʜʠʚè) 
ʠʣʠ çʨʝʮʠʜʠʚè ʠʣʠ çʤʝʪʘʩʪʘʟè) ʠ (çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴè ʠʣʠ çʩʧʝʮʠʬʠʢʘè ʠʣʠ 
çʪʦʯʥʦʩʪʴè ʠʣʠ çʜʠʘʛʥʦʟè). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩʪʘ-
ʪʝʡ ʩʩʳʣʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢʞʝ ʧʨʦʚʦ-
ʜʠʣʠʩʴ ʚʨʫʯʥʫʶ. ʗʟʳʢ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʘʥʛʣʠʡʩʢʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦʩʣʝ ʧʦʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 173 ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʦ 18-ʌɼɻ-ʇʕʊ ʠʣʠ ʇʕ-ʂʊ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʨʝʮʠʜʠʚ ʈʄɾ ʙʳʣʠ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʘʞʥʳ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʘʥʘʣʠʟʘ[ 2, 5, 8-10, 12, 15, 20, 22, 25, 
27,28]. ʀʟ ʥʠʭ 147 ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ, ʠ 26 ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 
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ʧʨʠʟʥʘʥʳ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʥʘʰʝʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʀʟ 26 ʧʨʦʚʝ-
ʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʚ ʦʙʱʝʡ 
ʩʣʦʞʥʦʩʪʠ 1752 ʧʘʮʠʝʥʪʘ ʩ ʧʦʜʦʟʨʝʥʠʝʤ ʥʘ ʨʝʮʠʜʠʚ ʈʄɾ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
56,8% ʙʳʣʠ ʧʦʚʳʰʝʥʳ ʦʧʫʭʦʣʝʚʳʝ ʤʘʨʢʝʨʳ, ʚ 33,9%, ʘ ʚ 9,4% ʙʳʣʠ ʥʘʚʦ-
ʜʷʱʠʝ ʢʣʠʥʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʦʩʤʦʪʨʳ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 
ʚʳʙʦʨʢʠ ʚʢʣʶʯʸʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʣ 67 (ʜʠʘʧʘʟʦʥ 23-228). ɼʠʘ-
ʛʥʦʟ ʨʝʮʠʜʠʚʠʨʫʶʱʝʛʦ ʈʄɾ ʫ 63,5% (1113/1752) ʧʘʮʠʝʥʪʦʚ ʙʳʣ ʧʦʜʪʚʝʨ-
ʞʜʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ ʠ / ʠʣʠ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʥʘʙʣʶʜʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʣʦʩʴ 36,9 ʠ 63,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ[ 1, 7, 11, 
13, 14, 17, 18, 23]. ʉʨʝʜʠ 26 ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ, 
ʰʝʩʪʴ (23,1%) ʠʤʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫ 20 (76,9%) -
ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʜʠʟʘʡʥ; ɹʳʣʦ 14 ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʦʮʝʥʢʦʡ QUADAS ʙʦʣʝʝ 
10. ɺ 26 ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʙʳʣʦ ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʧʦʨʦʛʦʚʦʛʦ ʵʬ-
ʬʝʢʪʘ ʜʣʷ ʇʕʊ ʠʣʠ ʇʕʊ / ʂʊ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 
Spearman 0,132 (p = 0,519). ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʙʳʣʠ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ (Cochran Q = 39,48, P = 0,033, I 2 = 36,7%). ʇʦʵʪʦʤʫ 
ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʩʣʫʯʘʡʥʦʡ ʦʰʠʙʢʠ ʜʣʷ 
ʦʙʱʝʡ ʦʮʝʥʢʠ[16,19].  

 
ɺʳʚʦʜʳ. ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʨʝʮʠʜʠʚʠʨʫʶʱʝʛʦ ʈʄɾ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʧʦ-
ʣʫʯʝʥʠʷ ʣʫʯʰʝʛʦ ʧʨʦʛʥʦʟʘ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʤʝʨʪʥʦʩʪʠ [4]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʥʘʩʪʦʷʱʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʵʧʠʜʥʘʜʟʦʨʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʬʠʟʠʯʝ-
ʩʢʠʡ ʦʩʤʦʪʨ ʠ ʤʘʤʤʦʛʨʘʬʠʷ ʜʣʷ ʨʫʪʠʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʈʄɾ ʫ ʙʝʩʩʠʤʧ-
ʪʦʤʥʦʛʦ ʪʝʯʝʥʠʷ ʫ ʧʘʮʠʝʥʪʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠʥʠ-
ʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ [3]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʈʄɾ ʩ ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ ʨʝʮʠ-
ʜʠʚʦʤ ʥʝʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʠ ʤʦʞʝʪ ʧʦʪʨʝ-
ʙʦʚʘʪʴʩʷ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʦʛʦ 
ʢʘʢ ʂʊ, ʩʮʠʥʪʠʛʨʘʬʠʷ, ʄʈʊ ʠ ʇʕʊ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʘʛʥʦʟ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 
ʨʝʮʠʜʠʚʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʜʣʷ ʧʨʘʢʪʠʢʫʶʱʠʭ ʚʨʘʯʝʡ, ʦʩʦ-
ʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʩʠʪʫʘʮʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʦʧʫʭʦʣʝʚʳʤʠ ʤʘʨʢʝʨʘʤʠ. 18-
ʌɼɻ-ʇʕʊ ʠʣʠ ʇʕ-ʂʊ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ 
ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʤʫʣʴʪʠʬʦʢʘʣʴʥʳʭ 
ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʨʘʞʝʥʠʡ ʚʩʝʛʦ ʪʝʣʘ.. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝ-
ʜʝʥʦ, ʯʪʦʙʳ ʩʦʦʙʱʠʪʴ ʦʙ ʘʥʘʣʠʟʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʇʕʊ ʠʣʠ ʇʕʊ / 
ʂʊ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʮʠʜʠʚʠʨʫʶʱʝʛʦ ʈʄɾ ʦʪ ʩʦʤʥʠʪʝʣʴʥʳʭ. ʅʘʰ ʘʥʘʣʠʟ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʩʫʤʤʠʨʦʚʘʣ ʦʙʱʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 18-ʌɼɻ-
ʇʕʊ ʠʣʠ ʇʕ-ʂʊ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʮʠʜʠʚʘ ʧʨʠ ʩʦʤʥʠʪʝʣʴʥʦʤ ʈʄɾ. ʆʙʱʘʷ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 0,90 (95% ɼʀ, 0,88-0,92), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦ-
ʣʝʝ ʚʳʩʦʢʫʶ ʸʤʢʦʩʪʴ ʜʣʷ ʇʕʊ-ʘʥʘʣʠʟʘ ʧʨʠ ʨʘʥʥʝʤ ʚʳʷʚʣʝʥʠʠ ʨʝʮʠʜʠʚʠʨʫ-
ʶʱʝʛʦ ʈʄɾ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʱʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 0,81 (95% ɼʀ, 
0,78-0,84), ʯʪʦ ʧʦʢʘʟʘʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʢʣʶʯʘʪʴ ʨʝ-
ʮʠʜʠʚ ʧʨʠ ʧʦʜʦʟʨʠʪʝʣʴʥʦʤ ʈʄɾ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʟʫʘ-
ʣʠʟʘʮʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʂʊ ʠʣʠ ʄʈʊ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʩʪ 
ʇʕʊ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 81% ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʝʮʠʜʠʚʠʨʫʶʱʝʛʦ 
ʈʄɾ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ð ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝ-

ʥʠʷ ʣʠʧʠʜʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʫ ʙʦʣʴʥʳʭ ʩ ʘʜʝʥʦʤʦʡ ʱʠʪʦʚʠʜʥʦʡ 

ʞʝʣʝʟʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳ-

ʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠ ʨʦʣʴ ʜʠʥʘʤʠʢʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ, ʘʜʝʥʦʤʘ, ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟʘ, 

ʛʣʫʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʘ.  

Abstract  

This article considers - peculiarities of the state of lipid peroxidation and 

antioxidant protection at patients with adenoma of thyroid gland caused by vari-

ous causative factors. On the basis of the results of comparative analysis, to reveal 

the regularity and role of the dynamics of lipid peroxidation and antioxidant pro-

tection in the pathological mechanisms of diseases. 

Keywords: thyroid gland, adenoma, glutathione reductase, glutathione pe-

roxidase.  
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 Lipid peroxidation ï it is normal physiological process, which constantly 

takes place in cells of membrane and play important role in the process of metab-

olism. Products of lipid peroxidation perform in the body certain physiological 

functions - they influence on permeability of biological membranes, regulate the 

processes of their updates; change the mitotic activity of cells, etc. At the same 

time, formed during lipid peroxidation malonic aldehyde and unsaturated alde-

hydes have expressed cytotoxicity and are mutagens. Lipid peroxidation is con-

sidered an indicator of the possible transition of reversible changes in the cell of 

membrane into irreversible or adaptive - into pathological [1]. Any pathology, 

independently from the invoking factor (stress, inflammatory, mutagenic, etc.) 

gives the primary universal response of the organism-activation of free radical 

reactions. Long-term impact of various stressors depletes the reserves of exoge-

nous antioxidants and at a negative balance of antioxidant intake with food, leads 

to the exit of lipid peroxidation from antioxidant control. At inability of the body 

to cope with the increased formation of free radicals, begins to manifest their de-

structive effect [2]. This study is compact, with the inclusion of all cases at pa-

tients with adenoma of thyroid gland which observed in the oncological dispen-

sary in Semey city, Republic of Kazakhstan. We used descriptive methods (cal-

culation of mean and standard deviation and 95% confidence intervals) and com-

parative statistics (Student's t-test for one sample and comparison with a given 

value, which are the population norms of the studied parameters in patients with-

out pathology of the thyroid gland).  

The statistical analysis was carried out with help of IBM SPSS Statistic pro-

gram (Version 20).  

 On the basis of above approaches, we performed a comparative evaluation 

of the mean values of LP parameters: diene conjugates (DC) conventional units 

outcome control 1,4 Ñ 0,15 mcmol / ml) and malonic dialdehyde (MDA) outcome 

control 3,9 Ñ 0,17 nmol / mg) and AOP: glutathione reductase (GR) outcome con-

trol 0,29 Ñ 0,2 mcmol/ml)), Glutathione peroxidase (GP) outcome control 39 Ñ 

1,6)), catalase (outcome control 3,0 Ñ 0,26) with the values of these indicators at 

patients with adenoma thyroid gland.  

All 15 (100%) of studied group of patient ï are female. Age composition is 

presented as follows group: people of young age -6,7%, the middle age group -

60% (9), elderly ageï 26,7% (4), senile age-6,7% (1).  

In the study, we tested the H0 hypotheses that we put forward: 

1) In patients with adenoma of thyroid gland, change level of indicators of 

LP (lipid peroxidation) relative to the norm.  

2) In patients with adenoma of thyroid gland, AOP level (antioxidant protec-

tion) is changed in relation to the norm. 

To test hypotheses, analyzed the data obtained from patients with pathology 

of thyroid gland (adenoma of thyroid gland).The data presented in the study are 

quantitative, for their description, perform calculations of average with confi-

dence interval (CI), standard deviation (SD). 

 Preliminary to describe data and compare obtained data in the study group 
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and selection criteria for comparing the average group value with a given value 

(norm) all data are checked for obedience to the law of normal distribution by the 

Kolmogorov-Smirnov test. 

On the basis of which it can be concluded that all the data presented in the 

study are obey to the law of normal distribution and can be described by means 

of the mean CI, standard deviation (SD).  

The conducted exploratory analysis allows presenting the obtained data: 

The average age of examined patients was 57.3 95% CI (51.1; 63.4). The 

minimum age of patients is 28 years; the maximum age is 76 years. The average 

level of glutathione reductase in the investigated group was 6,2 mc.mol /ml 95% 

CI (3.5; 8.8). Glutathione peroxidase in the investigated group was in the range 

243.0-798.0 the average value of GP was 546.9 95% CI (438. 654). The average 

level of catalase in the group was 40.2 mc.mol /ml. The minimum value ï 21.6, 

the maximum is 61.2, 95% CI (33.3; 47.1). The average level of DC among the 

examined was 1.53 mc.mol /ml. The minimum value ï 1.08, the maximum ï 2.11, 

95% CI (1.31; 1.74). 

When comparing the norms of the presented LP and AOP with a similar in 

the studied sample determined a statistically significant difference: 

Indicators of LP: 

  

Table 1- Single-sample criteria 

 Criteria 

of 

value 

t De-

gree 

of 

free-

dom 

Value 

(two-

way) 

Average 

differ-

ence 

95% confidence in-

terval for the differ-

ence 

Lower Upper 

DC 1.4 1,318 14 ,209 ,13200 -,0828 ,3468 

MDA 3.9 -42,998 14 ,000 -3,44333 -3,6151 -3,2716 

 

The average level of DC in the study group is not statistically significantly 

different (tst = 1.318; p = 0.209) from the population norms of a healthy popula-

tion. The level of MDA at patients in the study group was statistically significantly 

lower (an average of 12 times) than the average population norms of healthy peo-

ple, (tst = 42.998; ʨÒ0.0001). 

Indicators of AOP: 

Table 2-Single-sample statistics 

 

N Average 

The mean square 

deviation 

The mean square 

error of the aver-

age 

GR 15 6,1800 4,81533 1,24331 

GP 15 546,8000 195,08394 50,37046 

Catalase 15 40,2473 12,39267 3,19977 
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Table 3 - Single-Sample Criteria 

 Criteria 

of 

value 

t De-

gree 

of 

free-

dom 

Value 

(two-

way) 

Average 

difference 

95 % confidence in-

terval for the differ-

ence 

Lower Upper 

GR 0.29 4,737 14 ,000 5,89000 3,2234 8,5566 

GP 39 10,081 14 ,000 507,80000 399,7661 615,8339 

Catalase 3 11,641 14 ,000 37,24733 30,3845 44,1102 

 

 The level of GR at the study group exceeds (on average 21 times) than the 

average population norms of healthy people (tst=4,737; ʨÒ0,0001). 

The average level of the GP of the study group is statistically significantly 

higher (on average 14 times) than the average population norms of the indicator 

of healthy people, (tst=10.081; ʨÒ0,0001). 

The level of catalase in the study group is statistically significantly higher 

(an average of 12 times) than the average population norms of healthy people, 

(tst=11,641; ʨÒ0,0001). 

Conclusion: 

Thus, the present study showed that in the study sample in patients with ad-

enoma thyroid gland, the parameters of LP (lipid peroxidation) in the sample were 

characterized as follows: the level of MDA was sharply reduced (on average in 

12 times) relative to the norm; the indicator of the DC in the sample is within the 

norm. There is a sharply increased level of all indicators in relation to the norm 

AOP (antioxidant protection), the disease has its own pathogenesis, which is di-

rectly related to the imbalance of LP and AOP 

The data obtained in our study not consistent with the literature data which 

describe pathologies of the thyroid gland. In the research articles mainly described 

the following pathologies: at hypothyroidism observed high numbers of malonic 

dialdehyde (MDA) [3], DC [4]. Than more expressed deviation from the normal 

level of thyroid hormones, the more significant increase intensity of LP. [5]. At 

hypothyroidism showed reduction activity of antioxidant protection- AOP [6], 

particular activity of catalase and peroxidase, glutathione peroxidase, superoxide 

dismutase [7]. 

 Our data may indicate specific shifts in these systems, but, we think, that 

this fact needs further detailed study, since the state of the systems LP and AOP 

can serve as a diagnostic criterion for differential diagnosis of various pathologies 

of the thyroid gland. 
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ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʅɸʋʂʀ 

 

ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʈɽɸʂʎʀʆʅʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʀ ʌɽʅʀʃʇʀʂʆʃʀʅɸʄʀɼɸ ï ʃʀɻɸʅɼɸ ɺ 

ʈɽɸʂʎʀʗʍ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ 

ʂʘʜʠʨʦʚʘ ʐ.ɸ., ʊʦʨʘʤʙʝʪʦʚ ɹ.ʉ., ʇʘʨʧʠʝʚ ʅ.ɸ., ʍʫʰʚʘʢʪʦʚ ɾ.  

ʂʘʜʠʨʦʚʘ ʐ.ɸ. ï ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʆʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè 

ʅʋʋʟ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʜ.ʭ.ʥ., ʜʦʮ. 

ʊʦʨʘʤʙʝʪʦʚ ɹ.ʉ. ï ʘʩʩʠʩʝʥʪ ʂʘʨʘʢʘʣʧʘʢʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʠʤʝʥʠ ɹʝʨʜʘʭʘ, ʤʘʛʠʩʪʨ. 

ʍʫʰʚʘʢʪʦʚ ɾ. ï ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʭʠʤʬʘʢʘ ʅʋʋʟ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ 

ʇʘʨʧʠʝʚ ʅ.ɸ. ï ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʆʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè 

ʅʋʋʟ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʜ.ʭ.ʥ., ʘʢʘʜʝʤʠʢ ɸʅ ʈʋʟ 

 

ɸʅʅʆʊɸʎʀʗ 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ MNDO ʠ ʈʄ-3 

ʠʩʩʣʝʜʦʚʘʥʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ N-ʬʝʥʠʣ-2-ʧʠʢʦʣʠʥʘʤʠʜʘ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʣʠʛʘʥʜʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʨʝʭʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʜʦʣ-

ʞʝʥ ʧʨʦʷʚʣʷʪʴ ʙʠʜʝʥʪʘʪʥʦʩʪʴ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. 

 

ʀʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʭʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪ.ʢ. ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʦʟʤʦʞʝʥ ʩʠʥʪʝʟ 

ʥʦʚʳʭ ʤʘʣʦʪʦʢʩʠʯʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ ʤʝʜʠʮʠʥʝ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ, ʪʘʢ ʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʉʠʥʪʝʟ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜ-

ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʙʦʣʝʟʥʝʡ, 

ʚʨʝʜʠʪʝʣʝʡ ʠ ʩʦʨʥʷʢʦʚ, ʘ ʪʘʢ ʞʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʤʘʣʦʪʦʢʩʠʯ-

ʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ, ʥʦ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʨʦʜʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, 

ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ʠ ʩʚʦʡʩʪʚ. 

ɺ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ ʣʠʛʘʥʜʦʚ ʷʚʣʷʶʪʩʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ. ʀʟ 

ʥʠʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʘ, ʪʠʘʟʦʣʘ, ʪʠʘʜʠʘʟʦʣʘ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʜʨ. [1,2]. ʀʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ˊ*-ʘʥʪʠʩʚʷʟʳʚʘʶ-

ʱʠʤʠ ʦʨʙʠʪʘʣʷʤʠ ʣʠʛʘʥʜʘ ʠ d-ʦʨʙʠʪʘʣʷʤʠ ʤʝʪʘʣʣ-ʠʦʥʘ ʦʙʨʘʟʫʶʪʩʷ ʩʠʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʩʪʦʡʯʠʚʳʤ ʢʦʤʧʣʝʢʩʘʤ.  

ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 
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ʨʘʟʣʠʯʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʠʮ ʢʦʤʧʣʝʢʩʦʚ, ʪʠʧʘ ʧʣʦʩʢʦʛʦ ʢʚʘʜʨʘʪʘ, ʢʫʙʠʯʝ-

ʩʢʦʡ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ, ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʠʧʘ ʮʝʧʝʡ, ʩʣʦʝʚ ʠ ʪʨʝʭʤʝʨʥʳʭ ʩʝʪʦʢ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʥʳʤ ʩʧʦʩʦʙʘʤ ʢʦʦʨʜʠʥʘʮʠʠ: ʤʦʥʦʷʜʝʨʥʦʤʫ ʠ ʧʦʣʠ-

ʷʜʝʨʥʦʤʫ ʤʦʩʪʠʢʦʚʦʤʫ, ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʢʦʤ-

ʙʠʥʘʮʠʠ ʦʙʦʠʭ ʵʪʠʭ ʤʦʪʠʚʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʚʘʥʪʦʚʘʷ ʭʠʤʠʷ ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ 

ʤʘʩʩʦʚʦʛʦ ʚʳʭʦʜʘ ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʫʨʦʚʝʥʴ ʭʦʨʦʰʠʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʨʝʰʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʤʘ-

ʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʂʚʘʥ-

ʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʩʚʦʡʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴ-

ʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʚʳʷʚʣʷʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʠʩʫʱʠʝ 

ʚʳʜʝʣʝʥʥʳʤ ʢʣʘʩʩʘʤ ʤʦʣʝʢʫʣ, ʦʙʦʩʥʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʭʠʤʠʠ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʣʷʮʠʠ ʠ ʥʘʭʦʜʠʪʴ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʚʦʟʤʦʞ-

ʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʪʠʭ ʢʦʨʨʝʣʷʮʠʡ [3-5]. 

ʃʠʛʘʥʜ N-ʬʝʥʠʣ-2-ʧʠʢʦʣʠʥʘʤʠʜ (L) ʷʚʣʷʝʪʩʷ ʪʨʠʜʝʥʪʘʪʥʳʤ, ʦʙʣʘʜʘʷ 

ʜʚʫʤʷ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ, 

ʧʨʠ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʩʧʦʩʦʙʦʚ ʢʦ-

ʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ, ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ɻ ʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ.  

ɼʣʷ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣ-

ʣʦʚ ʥʘʤʠ ʙʳʣ ʧʨʝʜʧʨʠʥʷʪ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʫʯʝʪʦʤ ʚʦʜʦʨʦʜ-

ʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʦ ʢ ʨʝʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʤʦʣʝʢʫʣʳ ʠ ʚ 

ʣʫʯʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʈʘʩʯʝʪʳ ʤʦʣʝ-

ʢʫʣ ʚʳʧʦʣʥʝʥʳ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ MNDO ʠ 

PM-3 c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ HyperChem 7.1 ʧʨʠ ʧʦʣʥʦʡ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʨʘʚ-

ʥʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) (ʪʘʙʣ.). 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʠ ʨʘʩ-

ʯʝʪʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʪʝʭʥʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦ ʦʙʦʠʤ ʤʝʪʦʜʘʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʧʨʠ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʫʪ ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʠʤʝʶʱʠʝ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ (-0.410 ʵɺ; -

0.035 ʵɺ ʧʦ ʤʝʪʦʜʫ ʈʄ-3 ʠ -0.339 ʵɺ; -0.206 ʵɺ ʧʦ ʤʝʪʦʜʫ MNDO, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ). 
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ʈʠʩ.2. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ N-ʬʝʥʠʣ-2-ʧʠʢʦʣʠʥʘʤʠʜʘ 

ʧʦ ʤʝʪʦʜʘʤ ʈʉɸ ʠ ʈʄ-3 

 

ʊʘʙʣʠʮʘ ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ N-ʬʝʥʠʣ-2-ʧʠʢʦʣʠʥʘʤʠʜʘ ʧʦ ʨʘʩʯʝʪ-

ʥʳʤ ʤʝʪʦʜʘʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʤʝʪʦʜʫ ʈʉɸ 

 ̄ ʊʠʧ ʩʚʷʟʠ ɼʣʠʥʘ ʩʚʷʟʠ 

PM-3 MNDO ʈʉɸ 

1 N1-C7 1,405 1,426 1,344 (3) 

2 N3-C2 1,433 1,434 1,410 

3 N1ðH101 1,003 1,368 1,010 

4 ʉ8-ʊ2 1,357 1,357 1,338 

5 ʉ8-ʉ9 1,404 1,413 1,377 

6 C8-C7 1,498 1,506 1,502 

7 C6-ʉ5 1,394 1,413 1,384 

8 ʉ6-ʉ1 1,408 1,421 1,392 

9 ʉ1-ʉ2 1,386 1,402 1,385 

10 ʉ1-H1 1,098 1,090 0,930 

11 C7-O1 1,234 1,227 1,223 

12 C2-C3 1,391 1,407 1,376 
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13 C2-H2 1,095 1,090 0,930 

14 N2-C12 1,351 1,352 1,333 

15 C5-C4 1,390 1,408 1,379 

16 C5-H5 1,113 1,089 0,930 

17 C10-C11 1,390 1,403 1,365 

18 C10-C9 1,391 1,405 1,375 

19 C10-H10 1,095 1,091 0,930 

20 C11-C12 1,395 1,412 1,377 

21 C11-H11 1,094 1,089 0930 

22 C3-C4 1,389 1,404 1,377 

23 C3-H3 1,094 1,089 0,930 

24 C12-H12 1,096 1,095 0,930 

25 C9-H9 1,098 1,089 0,930 

26 C4-H4 1,095 1,091 0,930 

 ̄ ʊʠʧ ʩʚʷʟʠ ʋʛʦʣ ʩʚʷʟʠ 

PM-3 MNDO ʈʉɸ 

1 C7ðN1ðC6 136,496 122,449 128.07 

2 C7ðN1ðH101 111,656 112,686 116.0 

3 C6ðN1ðH101 111,848 110,139 116.0 

4 N2ðC8ðC9 120,065 122,536 123.48 (19) 

5 N2ðC8ðC7 121,848 115,56 117.62 (17) 

6 C9ðC8ðC7 118,087 121,83 118.89 (18) 

7 C5ðC6ðC1 119,276 119,575 119.06 (17) 

8 C5ðC6ðN1 124,825 119,858 117.74 (17) 

9 C1ðC6ðN1 115,9 120,449 123.19 (17 

10. C2ðC1ðC6 120,131 120,001 119.57 (19) 

11 C2ðC1ðH1 118,899 119,244 120.2 

12. C6ðC1ðH1 120,97 120,754 120.2 

13. O1ðC7ðN1 109,905 118,899 124.81 (19) 

14. O1ðC7ðC8 119,353 122,37 120.61 (18) 

15. N1ðC7ðC8 130,742 118,355 114.58 (18) 

16. C3ðC2ðC1 120,354 120,352 120.8 (2) 

17. C3ðC2ðH2 119,947 119,902 119.6 

18. C1ðC2ðH2 119,699 119,746 119.6 

19. C12ðN2ðC8 120,383 118,297 116.38 (18) 

20. C4ðC5ðC6 119,924 119,698 120.77 (19 

21. C4ðC5ðH5 120,317 118,966 119.6 

22. C6ðC5ðH5 119,759 121,335 119.6 

23. C11ðC10ðC9 119,502 118,825 118.9 (2) 

24. C9ðC10ðH10 120,045 120,405 120.6 

25. C10ðC11ðC12 118,67 118,685 118.7 (2) 

26. C10ðC11ðH11 120,948 120,919 120.7 

27. C12ðC11ðH11 120,381 120,395 120.7 
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28. C2ðC3ðC4 119,533 119,737 119.6 (2) 

29. C2ðC3ðH3 120,102 120 120.2 

30. C4ðC3ðH3 120,365 120,264 120.2 

31. N2ðC12ðC11 121,72 122,884 123.8 (2) 

32. N2ðC12ðH12 115,487 115,664 118.1 

33. C11ðC12ðH12 122,792 121,452 118.1 

34. C10ðC9ðC8 119,659 118,773 118.7 (2) 

35. C10ðC9ðH9 120,006 120,29 120.6 

36. C8ðC9ðH9 120,334 120,932 120.6 

37. C3ðC4ðC5 120,783 120,632 120.1 (2) 

38. C3ðC4ðH4 119,923 119,925 119.9 

39. C5ðC4ðH4 119,294 119,442 119.9 

 

ɸʪʦʤ ʘʟʦʪʘ ʧʠʢʦʣʠʥʘʤʠʜʥʦʡ ʯʘʩʪʠ ʣʠʛʘʥʜʘ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬ-

ʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʛʝʪʝʨʦʘʪʦʤ ʥʝ ʙʫʜʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ʊʘʢ ʞʝ ʜʘʥʥʳʡ ʣʠʛʘʥʜ ʥʝ ʙʫʜʝʪ 

ʧʨʝʪʝʨʧʝʚʘʪʴ ʪʘʫʪʦʤʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʪ.ʢ. ʢʝʪʦ-ʬʦʨʤʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʦʝʥʠʷ ʠ ʢʦʥʢʫʨʠ-

ʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ N-ʬʝʥʠʣ-2-ʧʠʢʦʣʠʥʘʤʠʜʘ 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʡ 

ʣʠʛʘʥʜ ʙʫʜʝʪ ʧʨʦʷʚʣʷʪʴ ʙʠʜʝʥʪʘʪʥʦʩʪʴ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʘʪʦʤʫ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴ-

ʥʦʡ ʛʨʫʧʧʳ, ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʷʪʠʯʣʝʥʥʳʡ ʭʝ-

ʣʘʪʥʳʡ ʮʠʢʣ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʣʠʪʝʨʘʪʫʨʥʳʤ [6-7]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝ-

ʪʘʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʛʘʥʜʘ, ʙʫʜʫʪ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʧʝʢʪʨʦʩʢʦʧʠ-

ʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ N-ʬʝʥʠʣ-2-ʧʠʢʦʣʠʥʘʤʠʜʘ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʮʠʬʨʦʚʦʡ ʪʨʝʭʢʦʥʪʫʨʥʳʡ ʩʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜ ʩ ʩʠʥʭʨʦʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. ɼʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠ-

ʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦ ʩʚʦ-

ʙʦʜʥʦ ʟʘʜʘʚʘʝʤʳʤ ʧʝʨʠʦʜʦʤ ʟʘʤʳʢʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʮʠʢʣʘ. ʄʝʪʦʜʦʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʣʝʜʷ-

ʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

 

ABSTRACT 

In article the digital three-loop servo drive with the synchronous motor is 

considered. For technical implementation of the electric drive it is offered to use 

the microcontroller with freely set interrupt time of the program. The method of 

computer simulating finds optimum value of the sampling period, allowing con-

siderably to raise speed response of the servo drive. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

 

Keywords: servo drive, synchronous motor, sampling period, speed of re-

sponse. 
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ʉʣʝʜʷʱʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝ-

ʣʷʤʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʪʘʥʢʘʭ ʠ ʠʭ ʵʣʝʤʝʥʪʘʭ. 

ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ʤʦʜʝʣʠ ʉʂ36-1202 ʦʩʥʘ-

ʱʝʥ ʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 1FK7060-5AF71, ʧʨʠʯʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʦ-

ʣʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜ Simovert Masterdrives Motion Control. 

ʇʝʨʝʜʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʠʝ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʜʚʠʛʘʪʝ-

ʣʝʤ [1, 2]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʢʦʥ-

ʪʫʨ ʩʢʦʨʦʩʪʠ ʠ ʜʚʘ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʨʝʭʢʦʥʪʫʨʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩʣʝʜʷ-

ʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ 

ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʭʦʪʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʥ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ 

ʩʨʝʜʩʪʚ ʮʠʬʨʦʚʦʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ.  

ʅʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
ʜʧk  ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ; 
ʦʩʩk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʧʦ ʩʢʦʨʦʩʪʠ; 
ʩʧk  ʠ 

ʩʧT  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

ʩʠʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 
ʧʜk  ʠ 

ʧʜT  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʠ ʧʦʩʪʦʷʥʥʘʷ 

ʚʨʝʤʝʥʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ (ʇɼ) ʨʝʛʫʣʷʪʦʨʘ; 
ʧk  ï ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ; 
ʠT  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ; 
ʦʫk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

(ʜʚʠʛʘʪʝʣʷ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ); 
ʢT  ʠ 

ʢx ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʟʚʝʥʘ, ʢʦʪʦʨʳʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʝʪʩʷ ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ; 
ʟx  ʠ x  ï ʟʘʜʘʥʥʦʝ ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ; p  ï ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʤʝʥʥʘʷ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʳʧʦʣʥʝʥʘ 

ʜʣʷ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ʉʂ36-1202 ʥʘ ʫʩʪʨʦʡʩʪʚʝ Simovert Masterdrives Mo-

tion Control ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ BICO-

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [2]. ʇʨʠ ʵʪʦʤ ʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʝʨʠʦʜʘ ʟʘʤʳʢʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʮʠʢʣʘ (ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝ-
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ʤʝʥʠ) 0,0008T=  ʩ ʢʦʥʪʫʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ɺʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʚʝʨʥʝʝ ʚʨʝʤʷ ʚʭʦʜʘ ʚ ʟʦʥʫ °1 

ʜʠʩʢʨʝʪʘ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʦ 

0,0144ʧʧt =  ʩ. ʆʜʥʘʢʦ, ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʩʢʘ-

ʣʦʩʴ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ Simovert Masterdrives Motion Con-

trol ʧʝʨʠʦʜ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʢʨʘʪʥʦ ʜʚʫʤ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʠʞʠʤʦʛʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʭʢʦʥʪʫʨʥʦʡ ʩʣʝʜʷʱʝʡ 

ʩʠʩʪʝʤʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʧʨʠʤʝʥʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦ ʩʚʦʙʦʜʥʦ 

ʟʘʜʘʚʘʝʤʳʤ ʧʝʨʠʦʜʦʤ ʟʘʤʳʢʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʮʠʢʣʘ. ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ 

ʜʠʩʢʨʝʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ [3], ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʜʦʩʪʘʚʣʷʶʱʫʶ ʤʠʥʠʤʫʤ ʚʨʝ-

ʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʫʧʨʘʚʣʷʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʠʢʦʡ ʠ ʘʣʛʦʨʠʪʤʦʤ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦ-

ʨʦʚ ʪʨʝʭʢʦʥʪʫʨʥʦʛʦ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʤ ʜʚʠʛʘʪʝʣʝʤ [2, 4]. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʩʠ-

ʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʚʥʘ ʧʝʨʠʦʜʫ ʩʤʝʥʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʝʛʦ ʚʭʦʜʝ, ʪʦ 

ʝʩʪʴ ʧʝʨʠʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 
ʩʧT T= . ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʦʡ 

ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʦʚ ʙʫʜʝʤ ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʮʠʬʨʦ-

ʚʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʙʳʣʠ ʢʨʘʪʥʳʤʠ ʜʚʫʤ, ʢʨʦʤʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʧʜT .  

ʈʘʩʯʝʪ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʠʟʚʝʜʝʤ ʜʣʷ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʚʦ-

ʨʦʪʥʦʛʦ ʩʪʦʣʘ ʉʂ36-1202. ʊʦʛʜʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ ʨʘʚʥʳ: 1540ʦʫk = ; -39,859 10ʢT = Ö  ʩ; 0,4829ʢx= ; 0,0067ʩʧk =  

ɺ/ʜʠʩʢʨʝʪʫ; 1ʜʧk =. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʥʘʯʥʝʤ ʩʦ ʟʥʘʯʝʥʠʷ 0,0008T=  ʩ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʩ ʰʘʛʦʤ 

0,00005TD =  ʩ. ɺʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʤʝʪʦʜʦʤ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab Simulink. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʀʭ ʘʥʘʣʠʟ 

ʩ ʦʯʝʚʠʜʥʦʩʪʴʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠ-

ʟʘʮʠʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ 

ʨʘʚʥʦ 0,00065T=  ʩ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʞʠʤʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴʩʷ ʚʨʝʤʝʥʝʤ ʚʭʦʜʘ ʚ ʟʦʥʫ °1 ʜʠʩʢʨʝʪʘ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʦʪ ʟʘʜʘʥ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ 0,0098ʧʧt =  ʩ (ʨʠʩ. 2). 

 

 

 

ʊʘʙʣʠʮʘ 1 ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ 
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ʧʨʦʮʝʩʩʘ ʚ ʬʫʥʢʮʠʠ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

T, ʩ 
ʦʩʩk , ʩ ʧʜk  

ʧʜT , ʩ ʧk  
ʠT , ʩ 

ʧʧt , ʩ 

0,00075 0,006 16 0,0729 2 0,006 0,0113 

0,0007 0,0056 16 0,0871 2 0,0056 0,0112 

0,00065 0,0052 16 0,0838 2 0,0052 0,0098 

0,0006 0,0048 32 0,0556 2 0,0048 0,0174 

 

 

x, ʜʠʩʢʨʝʪ 

t, ʩ 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʠʦʜʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʜʦʩʪʠʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʝ ʚ ʠʟʚʝʩʪʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘ-

ʥʠʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʮʠʬʨʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʝ-

ʨʝʨʫʛʫʣʠʨʦʚʘʥʠʝ ʨʘʚʥʦ ʥʫʣʶ, ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦ-

ʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. 
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HE FUNCTIONING OF THE METRIC SYSTEM OF ENTERPRISE 

MANAGEMENT IN THE DEVELOPMENT PROCESS OF ITS 
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INFORMATION SYSTEM  
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪ-

ʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʘ ʧʨʠʤʝʨʝ ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʩʣʫʞʙʳ. ʇʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʦʟʜʘʥʠʝ ʤʝʪʨʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʠʧʦʚʦʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ. 

Abstract:  we consider the sequence of formation of the metric system of 

enterprise management through its information service. The mechanism of de-

composition and synthesis of a system of indicators for current time development 

of the enterprise. The creation of the metric system is regarded as a typical busi-

ness process.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʝʜʧʨʠʷ-

ʪʠʷ, ʧʦʢʘʟʘʪʝʣʠ, ʫʧʨʘʚʣʝʥʠʝ.  

Key words: metric system, life cycle of enterprise, performance, manage-

ment. 

 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʝʛʦ ʤʝʪʦʜʠʯʝʩʢʦʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʨʠʥʮʠʧʘʤʠ ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ 

ʤʝʞʜʫ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʷʶʪʩʷ (ʩʤ. ʨʠʩ. 1, ʪʘʙʣʠʮʘ 1). 
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ʈʠʩ. 1 ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ɻʨʝʡʥʝʨʘ [1. 2]  

 

ʊʘʙʣʠʮʘ 1.ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʵʪʘʧʘʭ  

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʊʠʧ ʧʨʘʢ-

ʪʠʢʠ 

ʕʪʘʧ 1 ʕʪʘʧ 2 ʕʪʘʧ 3 ʕʪʘʧ 4 ʕʪʘʧ 5 

ʇʨʠʦʨʠʪʝʪ 

ʤʝʥʝʜʞ-

ʤʝʥʪʘ 

ʇʨʦʠʟʚʦ-

ʜʠʪʴ ʠ ʧʨʦ-

ʜʘʚʘʪʴ 

ʕʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʨʛʘ-

ʥʠʟʘʮʠʡ 

ʈʘʩʰʠʨʝ-

ʥʠʝ ʨʳʥʢʘ 

ʂʦʥ-

ʩʦʣʠ-

ʜʘʮʠʷ 

ʦʨʛʘʥʠ-

ʟʘʮʠʠ 

ʈʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤ 

ʠ ʠʥʥʦ-

ʚʘʮʠʷ 

ʆʨʛʘʥʠ-

ʟʘʮʠ-ʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ʅʝʬʦʨ-

ʤʘʣʴ-ʥʘʷ 

ʎʝʥʪʨʘʣʠ-

ʟʦʚʘʥʥʘʷ ʠ 

ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ 

ɼʝʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʘʷ 

ʠ ʧʦ-

ʩʪʨʦʝʥ-ʥʘʷ 

ʧʦ ʛʝʦʛʨʘ-

ʬʠʠ-ʯʝʩʢ. 

ʧʨʠʟʥʘʢʫ 

ʃʠ-

ʥʝʡʥʦ ï

ʰʪʘʙ-

ʥʘʷ ʠ 

ʧʨʦ-

ʜʫʢʪʦ-

ʚʳʝ 

ʛʨʫʧʧʳ 

ʄʘʪʨʠʮʘ 

ʢʦʤʘʥʜ 

ʉʪʠʣʴ ʚʳʩ-

ʰʝʛʦ ʨʫʢʦ-

ʚʦʜʩʪʚʘ 

ʀʥʜʠʚʠ-

ʜʫʘ-ʣʠʩʪʠ-

ʯʝʩʢʠʡ ʠ 

ʧʨʝʜʧʨʠ-

ʥʠʤʘ-ʪʝʣʴ-

ʩʢʠʡ 

ɼʠʨʝʢʪʠʚ-

ʥʳʡ 

ɼʝʣʝʛʠ-

ʨʫ-ʁʱʠʡ 

ʉʪʦ-

ʨʦʞʝ-

ʚʦʡ ʧʝʩ 

ʇʘʨ-

ʪʠʩʠʧʘ-

ʪʠʚʥʳʡ 

ʉʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ 

ʈʳʥʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ʉʪʘʥʜʘʨʪʳ 

ʠ ʮʝʥʪʨʳ 

ʟʘʪʨʘʪ 

ʆʪʯʝʪʳ ʠ 

ʮʝʥʪʨʳ 

ʧʨʠʙʳʣʠ 

ʇʣʘʥʳ 

ʠ ʮʝʥ-

ʪʨʳ ʠʥ-

ʚʝʩʪʠ-

ʮʠʡ 

ʇʦʩʪʘ-

ʥʦʚʢʘ ʦʙ-

ʱʠʭ ʮʝ-

ʣʝʡ 
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ɸʢʮʝʥʪ ʠ 

ʚʦʟ-ʥʘʛʨʘ-

ʞʝʜʝʥʠʷ 

ʤʝʥʝʜʞ-

ʤʝʥʪʘ 

ʋʯʘʩʪʠʝ ʚ 

ʩʦʙʩʪʚʝʥ-

ʥʦʩʪʠ 

ʆʢʣʘʜʳ ʠ 

ʠʭ ʫʚʝʣʝ-

ʯʝʥʠʝ ʟʘ 

ʟʘʩʣʫʛʠ 

ʀʥʜʠʚʠʜʫ-

ʘʣʴ-ʥʳʝ 

ʙʦʥʫʩʳ 

ʋʯʘʩʪʠʝ 

ʚ ʧʨʠ-

ʙʳʣʠ ʠ 

ʦʧʮʠʦ-

ʥʳ ʧʦ 

ʘʢʮʠʷʤ 

ʂʦʤʘʥʜ-

ʥʳʝ ʙʦ-

ʥʫʩʳ 

 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩ-

ʩʦʚ ʥʘ ʥʝʤ ʧʨʦʪʝʢʘʶʱʠʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦ-

ʜʠʪ ʜʝʪʘʣʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʥʘ ʵʪʘʧʳ, ʬʠʢʩʠʨʫʶʪʩʷ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘ-

ʶʪʩʷ ʥʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʨʦʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʚ ʢʣʶʯʝʚʳʭ ʪʦʯʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 2).  

 

ʊʘʙʣʠʮʘ 2.ʇʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʩ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʇʘʨʘʤʝʪʨʳ ʕʪʘʧ 1 ʕʪʘʧ 2 ʕʪʘʧ 3 ʕʪʘʧ 4 ʕʪʘʧ 5 

ʂʦʣʠʯʝʩʪʚʦ 

ʬʦʨʤʘʣʠʟʦʚʘʥ-

ʥʳʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ 

ʄʠʥʠ-

ʤʘʣʴʥʦ 

ʈʘʩʪʝʪ ʈʘʩʪʝʪ ɼʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠ-

ʤʫʤʘ 

ʋʤʝʥʴʰʘ-

ʝʪʩʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʝʥʪʨʦʚ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ ʥʘ 

ʵʪʘʧʘʭ ʠʩʧʦʣ-

ʥʝʥʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ 

ʄʠʥʠ-

ʤʘʣʴʥʦ 

ʈʘʩʪʝʪ ʈʘʩʪʝʪ ɼʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠ-

ʤʫʤʘ 

ʋʤʝʥʴʰʘ-

ʝʪʩʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʫʯʠʪʳʚʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 

ʵʪʘʧʘʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ 

ʄʠʥʠ-

ʤʘʣʴʥʦ 

ʈʘʩʪʝʪ ɼʦʩʪʠ-

ʛʘʝʪ 

ʤʘʢʩʠ-

ʤʫʤʘ 

ʋʤʝʥʴʰʘ-

ʝʪʩʷ 

ʉʚʝʜʝʥʦ ʢ 

ʤʠʥʠʤʫʤʫ 

ʇʝʨʠʦʜʠʯ-

ʥʦʩʪʴ ʧʦʣʫʯʘʝ-

ʤʳʭ ʜʘʥʥʳʭ 

ʄʠʥʠ-

ʤʘʣʴʥʦ 

ʈʘʩʪʝʪ ʈʘʩʪʝʪ ɼʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠ-

ʤʫʤʘ 

ʋʤʝʥʴʰʘ-

ʝʪʩʷ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ 

ʄʠʥʠ-

ʤʘʣʴʥʦ 

ʈʘʩʪʝʪ ɼʦʩʪʠ-

ʛʘʝʪ 

ʤʘʢʩʠ-

ʤʫʤʘ 

ʋʤʝʥʴʰʘ-

ʝʪʩʷ 

ʉʚʝʜʝʥʦ ʢ 

ʤʠʥʠʤʫʤʫ 

ʂʦʣʠʯʝʩʪʚʦ 

ʬʦʨʤʠʨʫʝʤʳʭ 

ʦʪʯʝʪʦʚ 

ʄʠʥʠ-

ʤʘʣʴʥʦ 

ʈʘʩʪʝʪ ɼʦʩʪʠ-

ʛʘʝʪ 

ʤʘʢʩʠ-

ʤʫʤʘ 

ʋʤʝʥʴʰʘ-

ʝʪʩʷ 

ʉʚʝʜʝʥʦ ʢ 

ʤʠʥʠʤʫʤʫ 
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ɺʩʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʨʫʢʪʫʨʠʨʫʶʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʘʤ ʠ ʧʨʠʚʷ-

ʟʳʚʘʶʪʩʷ ʢ ʜʝʨʝʚʫ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ, ʪʘʢʪʠʯʝʩʢʠʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʮʝʣʝʡ, 

ʬʦʨʤʠʨʫʝʤʳʭ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ [3].  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʦʜʠʤʦʡ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʞʠʨʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʦʪʨʘʞʘʝʤʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʩʪʘʪʫʩ ʤʝʪʨʠʢ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʜʝʨʝʚʘ ʮʝʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʩʠ-

ʩʪʝʤ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʨʝʚʴʷ ʤʝʪʨʠʢ, ʢʦʪʦ-

ʨʳʝ ʟʘʪʝʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ, ʪʘʢʪʠʯʝʩʢʠʭ ʠ 

ʦʧʝʨʘʪʠʚʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʠʤʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʣʫʞʙʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʛʜʝ 

ʤʝʪʨʠʢʘʤʠ ʚʳʩʪʫʧʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 3 ʠ ʨʠʩ. 2-4). 

ʊʘʙʣʠʮʘ 3.ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʣʫʞʙʳ ʧʨʝʜʧʨʠʷʪʠʷ 

 ̄ ʋʢʨʫʧʥʝʥʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʟʘʜʘʯ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

1.1 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʠʩʪʝʤ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ, ʫʯʝʪʘ, ʘʥʘʣʠʟʘ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

1.2 ʉʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʧʨʝʜʧʨʠʷʪʠʷ: 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ, ʘʧʧʘʨʘʪʥʳʝ, ʧʨʦʛʨʘʤʤʥʳʝ ʘʩʧʝʢʪʳ 

1.3 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʟʘʜʘʯʠ 1.1, ʥʘ ʨʠʩ.3 ï ʜʝʢʦʤʧʦʟʠ-

ʮʠʷ ʟʘʜʘʯʠ 1.2, ʥʘ ʨʠʩ.3 ï ʜʝʢʦʤʧʦʟʠʮʠʷ ʟʘʜʘʯʠ 1.3. ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢ-

ʪʫʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʠʤʦʩʪʴ ʝʛʦ ʠʩʧʦʣʥʝ-

ʥʠʷ. 
ʇʝʨʝʯʝʥʴ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨʦʤ: ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ - ʜʣʷ ʦʙʩʣʫʞʠʚʘ-
ʥʠʷ IT-ʟʦʥ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ IT-
ʦʪʜʝʣʘ, ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ï ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʬʦʥʜʦʤ ʠʭ ʟʘʨʘ-
ʙʦʪʥʦʡ ʧʣʘʪʳ (ʧʨʠ ʩʭʝʤʝ ʧʦʚʨʝʤʝʥʥʦʡ ʦʧʣʘʪʳ ʪʨʫʜʘ). ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʨʝʩʫʨʩʦʚ ʧʦʜʨʦʙʥʦ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ ʠʭ ʩʦʩʪʘʚ, ʢʦʣʠʯʝʩʪʚʦ, 
ʩʪʦʠʤʦʩʪʴ, ʩʨʦʢ ʠ ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʠʠ (ʜʣʷ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ), ʥʦʨʤʘ ʨʘʩ-
ʭʦʜʘ ʥʘ ʝʜʠʥʠʮʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʧʨʠʢʨʝʧʣʝʥʥʦʤʫ 
ʢ ʥʝʤʫ ʨʘʙʦʯʝʤʫ ʤʝʩʪʫ/ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ ʩʧʝʮʠʘʣʠʩʪʘ/ʦʚ (ʜʣʷ ʨʘʩʭʦʜʥʳʭ ʤʘ-
ʪʝʨʠʘʣʦʚ). ʂʘʞʜʳʡ ʨʝʩʫʨʩ (ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʝ-
ʢʦʪʦʨʦʡ ʙʘʟʳ) ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʨʘʙʦʪʥʠʢʘʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ 
ʜʘʥʥʳʭ ʩʚʝʜʝʥʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʘ-
ʙʦʪʥʠʢʘ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʟʘʜʘʯʠ ʪʘʢʪʠʯʝʩʢʦʛʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ ʩʪʦʠʤʦʩʪʥʦʤ ʚʳʨʘʞʝʥʠʠ.  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠʭ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘ-
ʝʪʩʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʦʨʤʘʪʠʚʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʤʝʶʱʝ-
ʛʦʩʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ, ʦʬʠʩʥʦʛʦ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʩʝʪʝʡ.  
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ʈʠʩ. 2. ʇʨʠʤʝʨ ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʯʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 1.1 ʜʦ ʝʝ ʦʧʝ-

ʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ 
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʯʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 1.2 ʜʦ ʝʝ ʦʧʝ-
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48 

 
ʈʠʩ. 4. ʇʨʠʤʝʨ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 1.3 ʜʦ ʝʝ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʫʨʦʚʥʷ 

 

ʇʦ ʢʘʞʜʦʤʫ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʥʠʪʝʣʶ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʙʠʟʥʝʩ-ʧʨʦ-

ʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʷ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʦʪʚʝʜʝʥʥʘʷ ʥʘ ʠʩʧʦʣʥʝʥʠʝ ʢʦʥ-

ʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʯʥʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʦʪʠʚ ʢʘʞʜʦʡ 

ʟʘʜʘʯʠ ʫʢʘʟʳʚʘʝʪʩʷ ʝʝ ʦʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ. ʆʩʥʦʚ-

ʥʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʪʨʫʜʘ ʩʧʝʮʠʘʣʠʩʪʘ ʀʊ-ʦʪʜʝʣʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʝʛʦ ʤʝ-

ʩʷʯʥʦʛʦ ʦʢʣʘʜʘ, ʧʨʝʤʠʘʣʴʥʳʭ ʚʳʧʣʘʪ, ʤʝʩʷʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʝʛʦ 

ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʪʦʠʤʦʩʪʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʘ ʀʊ-ʦʪʜʝʣʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʥ ʜʦʣʞʝʥ ʧʦʥʝʩʪʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʨʫʯʝʥʥʦʡ ʝʤʫ ʟʘʜʘʯʠ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʣʫʞʘʪ ʙʘʟʦʡ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠ-

ʚʝʜʝʥʥʳʭ ʢ ʜʝʥʝʞʥʦʤʫ ʵʢʚʠʚʘʣʝʥʪʫ ʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢ ʢʦʥ-

ʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝ-

ʤʝʥʠ.  

ʈʝʩʫʨʩʳ (ʥʘʟʚʘʥʠʝ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʭ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʧʦʤʠʤʦ ʥʘʠʤʝ-
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ʥʦʚʘʥʠʷ, ʝʜ.ʠʟʤʝʨʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʪ.ʜ, ʮʝʣʫʶ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʶʙʫʶ ʩʦʨʪʠʨʦʚʢʫ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠ 

ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ/ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʣʶ-

ʙʦʤ ʨʘʟʨʝʟʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʥʷ-

ʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʝ ʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʦ ʮʝʣʝʡ ʧʦʜʩʠʩʪʝʤʳ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ ʤʝʪʨʠʢʠ 

ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʌɽʅʆʄɽʅʆʃʆɻʀʏɽʉʂʆɽ ʆʇʀʉɸʅʀɽ ɼʀʌʌʋɿʀʀ ʊɽʇʃɸ ʀ 

ɺʃɸɻʀ ɺ ʂʃʀʅʆʇʊʀʃʆʃʀʊɽ 

ʃʘʥʢʠʥ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʌɻɹʆʋ ɺʆ ɹʣʘʛʦʚʝʱʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ 675000, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, ʫʣ. ʃʝʥʠʥʘ, 104  

 

ʇʨʠʨʦʜʥʳʡ ʮʝʦʣʠʪ ï ʢʣʠʥʦʧʪʠʣʦʣʠʪ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʨʢʘʩʥʳʡ 

ʘʣʶʤʦʩʠʣʠʢʘʪ, ʚʦ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝ-

ʱʝʥʳ ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʦʣʝ-

ʢʫʣ ʚʦʜʳ. ʂʘʪʠʦʥʳ ʢʦʤʧʝʥʩʠʨʫʶʪ ʟʘʨʷʜ ʢʘʨʢʘʩʘ. ʇʦʨʠʩʪʘʷ ʪʨʝʭʤʝʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʮʝʦʣʠʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʪʝʪʨʘʵʜʨʦʚ (AlO4) ʠ (SiO4).  

ɺ ʮʝʦʣʠʪʘʭ ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʢʘʨʢʘʩʥʳʡ ʦʪʢʨʳʪʳʡ ʪʠʧ, ʚ ʢʦʪʦʨʦʤ ʦʙʤʝʥ-

ʥʳʝ ʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʪʢʨʳʪʳʭ ʧʦʣʦʩʪʷʭ ʠ ʢʘʥʘʣʘʭ, ʨʘʟʤʝʨ ʦʢʦʥ ʢʦʪʦ-

ʨʳʭ ʤʝʥʷʝʪʩʷ ʦʪ 0,35 ʜʦ 0,87 ʥʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʦʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ. ʉʧʦʩʦʙʥʦʩʪʴ ʮʝʦʣʠʪʦʚ ʧʦʩʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʦʨʙʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʳ 

ʛʘʟʦʚ ʠ ʚʦʜʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʶʪ ʜʠʘʤʝʪʨ ʚʭʦʜʥʳʭ ʦʢʦʥ, ʩʣʫ-

ʞʘʪ ʦʩʥʦʚʦʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ, ʘʜʩʦʨʙʝʥʪʦʚ, ʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ, ʠʦʥʦʦʙʤʝʥʥʠʢʦʚ [2,3]. ʆʙʲʝʤ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʚ ʢʣʠʥʦʧʪʠʣʦʣʠʪʝ ʩʦʩʪʘʚʣʷʝʪ 20-36 %. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʮʝʦʣʠʪʘ ï ʤʝʨʘ ʧʦʨʠʩʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʤʠʥʝʨʘʣʘ. ɼʣʷ ʩʦʨʙʮʠʠ ʠ ʢʘ-

ʪʘʣʠʟʘ ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʥʘʣʦʚ ʠ ʧʫʩʪʦʪ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʣʝʢʫʣʳ 

ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʥʫʪʨʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ, ʠʤʝʶʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʟʥʘ-

ʯʝʥʠʝ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʢʘʥʘʣʦʚ ʪʨʝʭʤʝʨʥʘʷ, ʢʘʪʠʦʥ (ʤʦʣʝʢʫʣʘ) ʧʦʜʭʦʜʷʱʝʛʦ 

ʨʘʟʤʝʨʘ ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴ ʚ ʣʶʙʦʝ ʤʝʩʪʦ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʜʚʫʭʤʝʨʥʦʡ ʩʠ-

ʩʪʝʤʝ ʤʦʣʝʢʫʣʘ ʜʚʠʞʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ. ɺ ʦʜʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʚʦʟʤʦʞʥʦ 

ʜʚʠʞʝʥʠʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɹʣʦʢʠʨʦʚʢʘ ʵʪʠʭ ʢʘʥʘʣʦʚ ʧʨʝʚʨʘʱʘʝʪ ʩʠ-

ʩʪʝʤʫ ʚ ʦʜʥʦʤʝʨʥʫʶ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʥʘʣʳ ʠ ʧʣʦʩʢʦʩʪʠ ʚ ʮʝʦʣʠʪʦ-

ʚʦʤ ʢʘʨʢʘʩʝ ʟʘʧʦʣʥʝʥʳ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʜʦ 30 %. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚʦ ʚʥʫʪ-

ʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩʪʷʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʦʡ ʚʩʝʭ ʮʝʦʣʠʪʦʚ.  

ʄʘʩʩʦʧʝʨʝʥʦʩ ʚ ʧʦʨʠʩʪʳʭ ʚʝʱʝʩʪʚʘʭ ʠʥʪʝʨʝʩʫʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʞʝ ʚ 

ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʂʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚ-

ʣʷʝʪʩʷ ʤʦʥʦʛʨʘʬʠʷ ʘʢʘʜʝʤʠʢʘ ɸ.ɺ. ʃʳʢʦʚʘ (1954 ʛ. [4]). ʀʤ ʙʳʣʘ ʪʝʦʨʝʪʠ-

ʯʝʩʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʩʣʝ-

ʜʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʚ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʤ ʤʘ-

ʪʝʨʠʘʣʝ (ʙʝʪʦʥʝ). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʣʘʛʠ ʚ ʧʘʨʦʚʦʡ ʟʦʥʝ. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʠʭ ʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʦʜʥʠʤ ʧʘʨʘ-
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ʤʝʪʨʦʤ ï çʢʨʠʪʝʨʠʝʤ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷè [4], ʢʦʪʦʨʳʡ ʥʝʚʦʟʤʦʞʥʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ.  

ɺ ʢʦʥʮʝ XX ʚʝʢʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʣʘʞʥʦʛʦ ʨʝ-

ʞʠʤʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʂ.ʌ. ʌʦʢʠʥʘ [6], ʚ ʢʦʪʦʨʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ ʠ ʪʝʧʣʘ ʨʝʰʘʣʠʩʴ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʷʤʳʭ ʥʘ ʛʨʫʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʭʝʤʳ 

ʕʡʣʝʨʘ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʜʣʷ ʧʦʨʠʩʪʳʭ ʪʝʣ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ [1].  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝ-

ʥʦʩʘ ʚʣʘʛʠ ʠ ʪʝʧʣʘ ʚ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʳʭ ʮʝʦʣʠʪʘʭ 

(ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ) ʚ ʩʣʫʯʘʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʤʝʨʥʘʷ ʠʟʦʪʨʦʧʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʂ.ʌ. ʌʦʢʠʥʘ [6] ʜʣʷ ʮʝʦʣʠʪʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʧʣʦʚʣʘʞʥʦʤ ʨʝʞʠʤʝ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʮʝʦʣʠʪʦʚʳʭ ʦʙʨʘʟʮʘʭ ʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʪʨʝʭ ʬʘʟʘʭ: 

ʚʦʜʷʥʦʡ ʧʘʨ, ʞʠʜʢʘʷ ʚʦʜʘ ʚ ʧʦʨʘʭ ʠ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʚʦʜʘ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʘʷ 

ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʘʨʢʘʩʦʤ. ʇʘʨ ʠ ʞʠʜʢʘʷ ʚʦʜʘ ʤʦʛʫʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʚ 

ʧʘʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʯʝʤ ʧʦʪʦʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʛʨʘʜʠʝʥʪʘʤ ʜʘʚʣʝ-

ʥʠʷ ʧʘʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʩʯʠ-

ʪʘʝʤ, ʯʪʦ ʧʦʪʦʢʠ ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʥʦʚʘʥʠʷʤ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ 

ʪʦʥʢʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʙʱʝʥʥʳʝ ʟʘ-

ʢʦʥʳ ʌʠʢʘ, ʌʫʨʴʝ ʠ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʟʘʧʠʰʝʤ ʚ ʩʣʝʜʫʶ-

ʱʝʤ ʚʠʜʝ [5]:  

I 1 = ï Ὀ1 άɳ1ïὈ13ɳ ʊ,  (1) 

 I 2 = ï Ὀ2 άɳ2ïὈ23ɳ ʊ,  (2) 
  = ï (ɳ I 1+ I2), (3) 

 = ï ▲ɳ,  (4) 

H = Ὄ3+ Ὤ1ά1+ Ὤ2ά2,  (5) 

▲ = ï Tɳ+Ὤ1I 1+Ὤ2I2, (6) 

 

ʛʜʝ I 1, I 2 ï ʚʝʢʪʦʨʳ ʧʦʪʦʢʦʚ ʧʘʨʘ ʠ ʚʦʜʳ; m1, m2 ï ʤʘʩʩʘ ʧʘʨʘ ʠ ʚʦʜʳ; h1, 

h2 ï ʫʜʝʣʴʥʳʝ ʵʥʪʘʣʴʧʠʠ ʧʘʨʘ ʠ ʚʦʜʳ; ʅ ï ʵʥʪʘʣʴʧʠʷ ʩʠʩʪʝʤʳ; ʅ3 ï ʵʥʪʘʣʴ-

ʧʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ; D1, D2, D13, D23 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ,  ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; q ï ʚʝʢʪʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

 
˚
 = ὅ Ὤ Ὤ ὅ ɀ‗ ἓɳ2) = 

= ЎὝ ᶯ ὅἓ ὅἓ Ὕɳ ,  (7) 
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ʛʜʝ ὅ ï ʩʫʤʤʘʨʥʘʷ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ; ὅ, ὅ ï ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ ʧʘʨʘ ʠ ʚʦʜʳ; ɚ ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  

 ʉ ʫʯʝʪʦʤ ʧʦʨʠʩʪʦʩʪʠ Õ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ  

 

ʈ ʈ  ,   (8) 

 

ʛʜʝ ”, ” ï ʫʜʝʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʧʘʨʘ ʠ ʚʦʜʳ.  

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (7,8) ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʠ ʧʝʨʝʥʦʩʘ 

ʤʘʩʩʳ ʚ ʪʘʢʦʤ ʚʠʜʝ:  

ὅ ‗ Ў4 Ëɳά –ɳὝ Ὕɳ ‗ɳ Ὀ άɳ ‗ɳ Ὀ Ὕɳ ,  (9) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ k = ὅὈ ὅὈ, ɖ = 
 

ὅὈ ὅὈ  . 

 

ɤ … ᶯ Ὀ Ὀ άɳ ᶯ Ὀ Ὀ Ὕɳ ,   (10) 

 

ʛʜʝ ɤ = ʈ ȟ… ρ ʈ . 

 

ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʷ (9,10) ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʥʷʪʦʡ ʥʘʤʠ ʤʦʜʝʣʠ, ʥʝ 

ʭʫʞʝ ʩʪʘʨʳʭ [4,6], ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʚʣʘʛʠ ʚ ʧʦʨʠʩʪʳʭ 

ʮʝʦʣʠʪʘʭ. ʇʦʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʨʢʝ ʧʨʘʚʠʣʴʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʧʘʨʦʚ ʢʣʠʥʦʧʪʠʣʦʣʠ-

ʪʦʤ [3]. ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʠʟʫʯʘʣʠʩʴ ʥʘ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʦʩʪʘʪʦʯʥʳʤ ʚʘʢʫʫʤʥʳʤ ʜʘʚʣʝʥʠʝʤ 10-3 ʊʦʨ. 

ʅʘʚʝʩʢʠ ʦʙʨʘʟʮʦʚ 1,5-3,0 ʛ, ʘʜʩʦʨʙʝʥʪʦʤ ʷʚʣʷʣʩʷ ʜʠʩʪʠʣʣʷʪ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʘʢʫʫʤʝ ʜʦ 10-2 ʊʦʨ ʩ ʥʘʛʨʝʚʦʤ ʜʦ 200 Áʉ. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ 

ʧʘʨʦʚ ʚʦʜʳ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʠʤʝʶʪ ʚʠʜ ʠʟʦʪʝʨʤʳ ʃʝʥʛʤʶʨʘ.  

ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʦʣʠʪʦʚ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ: 

ʯʠʩʣʦ Si/Al  ~ 4,8; ʧʣʦʪʥʦʩʪʴ 1900-2300 ʢʛ/ʤ3; ʧʦʨʠʩʪʦʩʪʴ 14-30 (~48)%; ʚʣʘ-

ʛʦʩʦʜʝʨʞʘʥʠʝ 9-18 %; ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (2,3-3,4)Ŀ105 ʤ2/ʢʛ; ʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 24,5-53,9 ʄʧʘ; ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ 400 Áʉ; ʚʣʘʛʦʧʨʦʚʦʜ-

ʥʦʩʪʴ 7,6Ŀ10-8 ʤ2/ʩ; ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 0,9 ɺʪ/ʤĿʂ; ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

0,84 ʢɼʞ/ʢʛĿʂ; ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ 30,6-96,3 ʢɼʞ/ʤ2Ŀʂ; ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʚʣʘʛʦʦʙʤʝʥʫ 0,1-0,2; ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 5,98 ʢɼʞ/ʤʦʣʴ; ʵʥʪʨʦʧʠʷ 37,2 

ɼʞ/ʤʦʣʴ; ʵʥʪʘʣʴʧʠʷ 14,4 ʢɼʞ/ʤʦʣʴ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʨʙʮʠʷ 7,13 ʤʤʦʣʴ/ʛ; ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʘʨʦʧʨʦʚʦʜʥʦʩʪʠ 3,0Ŀ10-5 ʛ/ʯĿʤĿʇʘ; ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

1,37-3,01Ŀ10-13 ʤ2/ʩ; ʩʠʥʛʦʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ï ʤʦʥʦʢʣʠʥʥʘʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ɸ (ʤʛ/ʛ) ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨ/ps. 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ ʘʜʩʦʨʙʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʢʣʠ-

ʥʦʧʪʠʣʦʣʠʪʦʤ 



53 

ʨ/ps 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 

ɸɻ 6,0 6,2 6,4 6,8 6,9 7,2 7,8 8,0 9,5 13,1 

ɸʨ 5,4 5,6 5,7 6,2 6,3 6,5 6,6 7,1 7,6 11,4 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʚʝʜʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧ-

ʣʦʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʜʠʬʬʫ-

ʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʦʛʘʱʝʥʥʦʤ ʢʣʠʥʦʧʪʠʣʦʣʠʪʝ ʜʣʷ ʠʟʦʪʨʦʧʥʦʡ ʦʜʥʦ-

ʤʝʨʥʦʡ ʤʦʜʝʣʠ.  
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ʌʀɿʀʏɽʉʂʆɽ ɺʆʉʇʀʊɸʅʀɽ ʀ ʉʇʆʈʊ 

 

ʊɽʍʅʀʏɽʉʂʀɽ ʉʈɽɼʉʊɺɸ ʇʈʆɻʈɸʄʄʓ ʇʈɽɺɽʅʊʀɺʅʆʁ 

ʌʀɿʀʏɽʉʂʆʁ ʈɽɸɹʀʃʀʊɸʎʀʀ ʊʈɸɺʄ ʇʃɽʏɸ ɺ ɾɽʅʉʂʆʄ 

ʊʈʀɸʊʃʆʅɽ 

ɼʝʤʠʜʝʥʢʦ ʄʘʨʠʥʘ ʆʣʝʛʦʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè, 

ʂʠʝʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʩʧʦʨʪʠʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʇʦʧʘʜʶʭʘ ʖʨʠʡ ɸʥʜʨʝʝʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ  

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè, ʂʠʝʚ, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ 

 

ʈʘʟʚʠʪʠʝ ʩʧʦʨʪʠʚʥʦʛʦ ʪʨʦʝʙʦʨʴʷ - ʞʝʥʩʢʦʛʦ ʪʨʠʘʪʣʦʥʘ (ʚʝʣʦʩʠʧʝʜʥʘʷ 

ʛʦʥʢʘ, ʧʣʘʚʘʥʠʝ, ʙʝʛ), ʧʦʚʳʰʝʥʠʝ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʠ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʭ 

ʥʘʛʨʫʟʦʢ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʨʘʚʤ ʧʣʝʯʘ ʩʧʦʨʪʩʤʝʥʦʢ [1, ʩ. 1499], [2, 

ʩ. 623]. ʇʦʩʢʦʣʴʢʫ ʪʨʝʥʠʨʦʚʢʠ ʠ ʩʦʨʝʚʥʦʚʘʥʠʷ ʚ ʪʨʠʘʪʣʦʥʝ ʧʨʦʚʦʜʷʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʷʞʝʩʪʴ ʪʨʘʚʤ ʧʣʝʯʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʷʭ, ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʨʘʟʚʠʪʠʠ ʬʠ-

ʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʜʠʩʙʘʣʘʥʩʝ ʩʠʣʳ ʠ ʛʠʙʢʦʩʪʠ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ [3, ʩ. 

112], [4, c. 159]. ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʥʩʠʚʥʳʭ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʟʘʥʷʪʠʡ ʠ ʩʦʨʝʚ-

ʥʦʚʘʥʠʡ ʧʣʝʯʠ ʪʨʠʘʪʣʝʪʦʢ ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʘʪʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʟʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʚ ʪʨʠʘʪʣʦʥʝ ʧʨʠʟʥʘʥʳ ʪʨʘʚʤʦʦʧʘʩʥʳʤʠ [2, ʩ. 624], [4, ʩ. 

160]. ɺʦʧʨʦʩʳ ʧʨʝʚʝʥʪʠʚʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ (ʇʌʈ) ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʣʝʯʘ ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪʣʦʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, ʧʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʧʨʦ-

ʛʨʘʤʤʳ ʇʌʈ ʪʨʘʚʤ ʧʣʝʯʘ ʚ ʵʪʦʤ ʚʠʜʝ ʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦ-

ʙʣʝʤʦʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʪ ʟʜʦʨʦʚʴʝ ʠ ʩʧʦʨʪʠʚʥʦʝ ʜʦʣʛʦʣʝʪʠʝ 

ʩʧʦʨʪʩʤʝʥʦʢ.  

ɺ ʪʝʭʥʦʣʦʛʠʷʭ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ, ʦʟʜʦʨʦʚʣʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʩʧʦʨʪʩʤʝʥʦʚ ʠ ʬʠʪʥʝʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʧʨʘʞ-

ʥʝʥʠʷ ʣʝʯʝʙʥʦʡ ʛʠʤʥʘʩʪʠʢʠ [9, ʩ. 50], [11, ʩ. 95], [13, ʩ. 130], ʥʘ ʥʝʩʪʘʙʠʣʴ-

ʥʳʭ ʪʨʝʥʘʞʝʨʘʭ-ʩʬʝʨʘʭ (ʬʠʪʙʦʣ) [8, ʩ. 92] ʠ ʧʦʣʫʩʬʝʨʘʭ (Bosu) [14, ʩ. 63], 

ʩʨʝʜʩʪʚʘ ʚʠʙʨʦʪʝʨʘʧʠʠ - ʚʠʙʨʦʧʣʘʪʬʦʨʤʳ [5, ʩ. 139], [6, ʩ.58] ʠ ʤʝʭʘʥʦʪʝʨʘ-

ʧʠʠ [10, ʩ.73], ʛʠʜʨʦʢʠʥʝʟʦʪʝʨʘʧʠʠ [1, ʩ. 1502 ], [6, ʩ. 58 ], ʩʣʦʞʥʳʝ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [10, ʩ. 75], [12, ʩ. 102], [15, ʩ. 272] ʠ ʜʨ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢ-

ʮʠʡ ʧʣʝʯʘ ʧʦʩʣʝ ʙʳʪʦʚʳʭ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ [5, ʩ. 140], [9, ʩ. 53], [13, ʩ. 

131] ʠ ʩʧʦʨʪʠʚʥʳʭ ʪʨʘʚʤ [11, ʩ. 95], [14, ʩ. 64] ʝʱʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʩ ʩʦʚʤʝʩʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ: ʚʠʙʨʦʧʣʘʪ-

ʬʦʨʤʳ ViaGym, ʬʠʪʙʦʣʘ, Bosu, ʛʠʙʢʠʭ ʚʠʙʨʦʪʨʝʥʘʞʝʨʦʚ Flexi-Bar ʠ ʪʨʝʥʘ-

ʞʝʨʦʚ TRX, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ - ʢʦʤ-

ʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (ɹʆʉ) ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʪʨʘʚʤ ʧʣʝʯʘ - Multi -Joint System MJS 403 Plus [7, ʩ. 104-
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111].  

ʆʙʩʣʝʜʦʚʘʥʠʷ ʪʨʠʘʪʣʝʪʦʢ ʚʳʷʚʠʣʠ ʪʠʧʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʣʝʯʘ, ʚʳ-

ʩʦʢʠʡ ʧʨʦʮʝʥʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʫʢʠ ʧʨʠ ʚʝʣʦ-

ʝʟʜʝ ʠ ʧʣʘʚʘʥʠʠ [1, ʩ. 1503], [3, ʩ. 112]. ʇʨʠ ʪʨʘʚʤʝ ʧʣʝʯʘ ʩʥʘʯʘʣʘ ʧʦʷʚʣʷʝʪʩʷ 

ʣʝʛʢʘʷ ʙʦʣʴ, ʦʱʫʪʠʤʘʷ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʣʘʚʘʥʠʷ ʠʣʠ ʚʝʣʦʝʟʜʳ (ʫʧʦʨ ʥʘ 

ʨʫʣʴ), ʥʦ ʦʥʘ ʤʦʞʝʪ ʧʝʨʝʨʘʩʪʠ ʚ ʫʤʝʨʝʥʥʫʶ ʠʣʠ ʩʠʣʴʥʫʶ, ʩʦʧʨʦʚʦʞʜʘʶ-

ʱʫʶ ʩʧʦʨʪʩʤʝʥʢʫ ʚ ʙʳʪʫ. ʅʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʙʦʣʴ ʩʥʠʞʘʝʪʩʷ 

ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʥʦ ʝʩʣʠ ʩʧʦʨʪʩʤʝʥʢʘ ʥʝ ʦʪʜʳʭʘʝʪ, ʥʝ ʣʝʯʠʪ 

ʪʨʘʚʤʫ, ʙʦʣʴ ʤʦʞʝʪ ʙʳʩʪʨʦ ʚʝʨʥʫʪʴʩʷ ʧʨʠ ʣʶʙʳʭ ʜʚʠʞʝʥʠʷʭ ʧʣʝʯʦʤ. ʆʩ-

ʥʦʚʥʳʝ ʩʠʤʧʪʦʤʳ ʧʨʠ ʪʨʘʚʤʘʭ ʧʣʝʯʘ [4, ʩ. 159]: ʙʦʣʴ, ʩʢʦʚʘʥʥʦʩʪʴ ʚ ʜʚʠʞʝ-

ʥʠʷʭ, ʙʦʣʴ ʧʨʠ ʩʛʠʙʘʥʠʠ ʨʫʢʠ, ʭʨʫʩʪ ʚ ʧʣʝʯʝ, ʩʣʘʙʦʩʪʴ ʤʳʰʮ, ʦʱʫʱʝʥʠʝ 

ʩʤʝʱʝʥʠʷ ʚ ʧʣʝʯʝ, ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʠʢʦʩʥʦʚʝʥʠʷʤ, ʦʥʘ ʤʦʞʝʪ 

ʦʱʫʱʘʪʴʩʷ ʚ ʚʝʨʭʥʝʡ, ʧʝʨʝʜʥʝʡ, ʙʦʢʦʚʦʡ ʠʣʠ ʟʘʜʥʝʡ ʯʘʩʪʠ ʧʣʝʯʘ, ʦʪʜʘʚʘʪʴ 

ʚʥʠʟ ʚ ʨʫʢʫ, ʜʦ ʣʦʢʪʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʧʨʠʯʠʥʳ ʙʦʣʠ ʚ ʧʣʝʯʝ [4, ʩ. 160], [9, 

ʩ. 49], [15, ʩ. 272]: ʧʦʚʨʝʞʜʝʥʠʷ ʨʦʪʘʪʦʨʥʦʡ ʤʘʥʞʝʪʳ ʧʣʝʯʘ (ʈʄʇ) ʠ ɹʘʥʢʘ-

ʨʪʘ, ʚʳʚʠʭʠ; ʪʝʥʜʠʥʠʪ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʝʯʝʚʦʛʦ ʩʫʩʪʘʚʘ (ʇʉ), ʠ ʜʨ. ʇʨʠ-

ʯʠʥʳ ʧʦʚʨʝʞʜʝʥʠʡ ʈʄʇ: ʠʤʧʠʥʜʞʤʝʥʪ-ʩʠʥʜʨʦʤ, ʪʨʘʚʤʳ ʠ ʤʠʢʨʦʪʨʘʚʤʳ 

ʧʨʠ ʨʝʟʢʠʭ ʜʚʠʞʝʥʠʷʭ ʨʫʢʦʡ, ʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʘʤʠʭ ʨʦʪʘʪʦʨʘʭ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʧʦʣʥʳʡ ʠʣʠ ʯʘʩʪʠʯʥʳʡ ʨʘʟʨʳʚ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʨʦʪʘʪʦ-

ʨʦʚ, ʯʘʱʝ ʧʦʚʨʝʞʜʘʶʪʩʷ ʩʫʭʦʞʠʣʠʷ ʥʘʜʦʩʪʥʦʡ ʤʳʰʮʳ ʧʣʝʯʘ ʧʨʠ ʬʦʨʩʠʨʦ-

ʚʘʥʥʦʤ ʦʪʚʝʜʝʥʠʠ ʨʫʢʠ. ʇʨʠ ʧʦʚʨʝʞʜʝʥʠʷʭ ʈʄʇ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʦʣʠ ʚ 

ʧʣʝʯʝ, ʫʩʠʣʠʚʘʶʱʠʝʩʷ ʧʨʠ ʦʪʚʝʜʝʥʠʠ ʨʫʢʠ, ʦʛʨʘʥʠʯʝʥʠʝ ʦʙʲʝʤʘ ʜʚʠʞʝʥʠʡ, 

ʩʥʠʞʝʥʠʝ ʩʠʣʳ ʪʨʘʚʤʠʨʦʚʘʥʥʦʡ ʨʫʢʠ.  

ʇʦʚʨʝʞʜʝʥʠʝ ʧʣʝʯʘ ʧʨʠ ʧʣʘʚʘʥʠʠ ʧʨʦʚʦʮʠʨʫʶʪ [2, ʩ. 624], [3, ʩ. 113]: 

ʧʣʦʭʘʷ ʪʝʭʥʠʢʘ ʛʨʝʙʢʘ, ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʝʥʠ-

ʨʦʚʦʢ, ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ, ʩʚʝʨʭʧʦʜʚʠʞʥʦʩʪʴ ʰʝʠ ʠ ʚʝʨʭʥʝʡ ʯʘ-

ʩʪʠ ʩʧʠʥʳ, ʤʳʰʝʯʥʳʡ ʜʠʩʙʘʣʘʥʩ ʧʣʝʯʝʚʦʛʦ ʧʦʷʩʘ. ɺ ʧʣʘʚʘʥʠʠ ʚʦʣʴʥʳʤ ʩʪʠ-

ʣʝʤ ʨʘʙʦʪʘʶʪ ʨʘʟʥʳʝ ʛʨʫʧʧʳ ʤʳʰʮ: ʦʜʥʠ - ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠ ʚʳʥʦʩʣʠʚʳʝ 

(ʚʥʫʪʨʝʥʥʠʝ ʨʦʪʘʪʦʨʳ - ʛʨʫʜʥʘʷ ʤʳʰʮʘ ʠ ʰʠʨʦʯʘʡʰʘʷ ʤʳʰʮʘ ʩʧʠʥʳ), ʜʨʫ-

ʛʠʝ - ʩʣʘʙʳʝ (ʚʥʝʰʥʠʝ ʨʦʪʘʪʦʨʳ, ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ ʤʳʰʮʳ). ʕʪʦʪ ʜʠʩʙʘʣʘʥʩ 

ʚʣʠʷʝʪ ʥʘ ʙʠʦʤʝʭʘʥʠʢʫ ʧʣʘʚʘʥʥʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʚʤʘʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ 

ʩʥʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʦʙʱʝʬʠʟʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝ-

ʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʫʢʨʝʧʣʝʥʠʝ ʤʝʥʝʝ ʩʠʣʴʥʳʭ ʤʳʰʮ ʠ ʧʦʚʳʰʝʥʠʝ ʛʠʙʢʦʩʪʠ 

ʧʣʝʯ ʠ ʛʨʫʜʥʦʛʦ ʦʪʜʝʣʘ ʧʦʟʚʦʥʦʯʥʠʢʘ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʙʦ-

ʣʝʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʛʨʘʤʤʝ ʇʌʈ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʣʝʯʘ ʚ ʪʨʠʘʪʣʦʥʝ, ʚʢʣʶʯʘʶʪ: ʩʧʝʮʠʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʳʰʝʯʥʦʛʦ ʢʦʨʩʝʪʘ ʠ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʝʯʠ ʚʦ ʚʨʝʤʷ 

ʜʥʝʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʦʟʜʘʶʱʠʝ ʠʟʦʤʝʪʨʠʯʝ-

ʩʢʦʝ ʠ ʠʟʦʪʦʥʠʯʝʩʢʦʝ ʩʦʢʨʘʱʝʥʠʷ ʤʳʰʮ [1, ʩ. 1504], [6, ʩ. 59]; ʬʠʟʠʯʝʩʢʠʝ 

ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʙʘʣʘʥʩʘ, ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ ʥʘ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʩʬʝʨʘʭ (ʧʦʣʫʩʬʝʨʘʭ) - ʪʨʝʥʘʞʝʨʘʭ (ʬʠʪʙʦʣ, Bosu), ʚʣʠʷʶʱʠʝ ʥʘ ʛʣʫʙʦʢʠʝ 

ʤʳʰʝʯʥʦ-ʩʚʷʟʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ [2, ʩ. 625], [8, ʩ. 93], [15, c. 273]; ʦʙʫʯʝʥʠʝ 
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ʢʦʥʪʨʦʣʶ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʚʦʝʛʦ ʪʝʣʘ ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʨʘʩ-

ʪʷʛʠʚʘʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ ʩʚʷʟʦʢ, ʧʨʠʚʝʜʝʥʠʝ ʢ ʥʦʨʤʝ ʦʙʲʝʤʘ ʜʚʠʞʝʥʠʡ ʚ ʇʉ 

[4, ʩ. 160], [14, c. 64]; ʤʝʪʦʜʳ ʢʠʥʝʟʠʦʪʝʡʧʠʨʦʚʘʥʠʷ [3, ʩ. 114] ʠ ʤʘʩʩʘʞʘ [5, 

c. 143]; ʪʨʝʥʘʞʝʨ TRX [16]; ʚʠʙʨʦʧʣʘʪʬʦʨʤʫ ViaGym ʠ ʛʠʙʢʠʡ ʚʠʙʨʦʪʨʝʥʘ-

ʞʝʨ Flexi-Bar [1, ʩ. 1503], [2, ʩ. 625], [5, ʩ. 141]; ʛʠʜʨʦʢʠʥʝʟʦʪʝʨʘʧʠʶ, ʤʝʭʘ-

ʥʦʪʝʨʘʧʠʶ ʠ ʬʠʟʠʦʪʝʨʘʧʠʶ [6, ʩ. 59]; ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʝ ʪʨʝ-

ʥʘʞʝʨʳ [9, ʩ. 51] ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ MJS [7, ʩ. 

105].  

ʅʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʛʨʘʤʤʳ ʇʌʈ ʧʦʚʨʝʞʜʝʥʠʡ ʧʣʝʯʘ 

ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪʣʦʥʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʫʧʨʘʞʥʝ-

ʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ (ʨʠʩ. 1) ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ViaGym ʠ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ Flexi-Bar [5, ʩ. 142], [6, ʩ. 61]; TRX ʠ ViaGym 

(ʨʠʩ. 2), TRX ʠ Bosu (ʨʠʩ. 3), ViaGym ʠ ʬʠʪʙʦʣʘ (ʨʠʩ. 4-1,2), TRX, ViaGym 

ʠ Flexi-Bar (ʨʠʩ. 4-3), ʙʘʣʘʥʩ-ʪʨʝʥʘʞʝʨʘ ʠ Flexi-Bar (ʨʠʩ. 4-4). ʋʧʨʘʞʥʝʥʠʷ 

ʚʳʧʦʣʥʷʶʪ ʪʨʠʘʪʣʝʪʢʠ ʠ ʠʭ ʪʨʝʥʝʨ, ʤʘʩʪʝʨ ʩʧʦʨʪʘ ʧʦ ʪʨʠʘʪʣʦʥʫ - ʩʦʘʚʪʦʨ 

ʩʪʘʪʴʠ ɼʝʤʠʜʝʥʢʦ ʄ.ʆ. 

 
ʈʠʩ. 1. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʤʳʰʮ ʧʣʝʯʘ  

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ViaGym ʠ Flexi-Bar. 

 

 
ʈʠʩ. 2. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʤʳʰʮ ʧʣʝʯʘ  

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TRX ʠ ViaGym. 
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ʈʠʩ. 3. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʤʳʰʮ ʧʣʝʯʘ  

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TRX ʠ Bosu. 

  
 1. 2. 3. 4.  

ʈʠʩ. 4. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʤʳʰʮ ʧʣʝʯʘ  

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ViaGym ʠ ʬʠʪʙʦʣʘ, ʪʨʝʥʘʞʝʨʦʚ TRX, 

ViaGym ʠ Flexi-Bar, ʙʘʣʘʥʩ-ʪʨʝʥʘʞʝʨʘ ʠ Flexi-Bar. 

 

ʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ MJS c ɹʆʉ (ʨʠʩ. 4) ʚ ʧʨʦʛʨʘʤʤʝ ʇʌʈ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʣʝʯʘ [7, ʩ. 104-11] ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʜʚʠʛʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʉ, ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʘ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʈʄʇ.  

 

   
ʈʠʩ. 8. ʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ Multi-Joint System MJS 403 Plus c 

ɹʆʉ. 

ɺ ʩʧʝʮʠʘʣʴʥʳʡ ʦʨʪʝʟ ʩʠʩʪʝʤʳ ʬʠʢʩʠʨʫʝʪʩʷ ʚʝʨʭʥʷʷ ʢʦʥʝʯʥʦʩʪʴ ʩ ʧʦʚ-
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ʨʝʞʜʝʥʥʳʤ ʇʉ. ʅʘ ʵʢʨʘʥ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ) ʚʳʚʦʜʷʪʩʷ ʛʨʘ-

ʬʠʯʝʩʢʠʝ ʠʣʠ ʠʛʨʦʚʳʝ ʟʘʜʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢ ʩʚʦʝʡ ʧʦʚʨʝʞʜʝʥʥʦʡ 

ʨʫʢʦʡ ʧʝʨʝʤʝʱʘʝʪ ʢʫʨʩʦʨ ʥʘ ʵʢʨʘʥʝ. ʉʧʝʮʠʘʣʠʩʪ ʤʦʞʝʪ ʧʦʤʦʛʘʪʴ, ʜʦʧʦʣ-

ʥʷʪʴ ʜʚʠʞʝʥʠʷ ʨʫʢʠ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ, ʧʨʠʯʝʤ ʟʘʜʘʯʠ ʜʣʷ ʥʝʛʦ 

ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʘʷ ʠʭ ʢ ʜʚʠʞʝʥʠʷʤ, ʚʳʧʦʣʥʷʝ-

ʤʳʤ ʚ ʙʳʪʫ ʠʣʠ ʩʧʦʨʪʝ. ʇʣʝʯʦ ʩʠʩʪʝʤʳ (ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʫʢʘ) MJS - ʦʙʲʝʜʠ-

ʥʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʘʨʘʣʣʝʣʴʥʦ ʚʝʨʭʥʝʡ ʢʦʥʝʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʵʪʠ ʧʨʘʚʠʣʴʥʳʝ ʘʥʪʨʦʧʦʤʦʨʬʥʳʝ (ʤʝʭʘʥʠʯʝʩʢʠʝ) ʨʫʢʠ ʩʦʟʜʘʥʳ ʩʦʛʣʘʩʥʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʠʥʮʠʧʘʤ ʙʠʦʢʠʙʝʨʥʝʪʠʢʠ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʫʢʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʪʨʠ ʜʠʘʧʘʟʦʥʘ ʩʚʦʙʦʜʳ ʚ 3D-ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʧʨʝʜʝ-

ʣʝʥʠʝʤ ʢʘʞʜʦʛʦ ʜʚʠʞʝʥʠʷ. ʏʝʣʦʚʝʢ ʜʦʣʞʝʥ ʩʣʝʜʦʚʘʪʴ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʵʢʨʘʥʝ ʇʂ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʦʚʤʝʩʪʥʳʝ ʜʚʠ-

ʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ 

ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʥʘʙʦʨʦʤ ʩʩʳʣʦʢ ʥʘ ʠʥʜʝʢʩʳ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʬʠʟʠʯʝʩʢʦʤʫ ʪʝʨʘ-

ʧʝʚʪʫ (ʦʧʝʨʘʪʦʨʫ) ʧʨʘʚʠʣʴʥʦ ʩʦʟʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʧʨʦ-

ʛʨʘʤʤʫ ʇʌʈ. 

ɼʚʠʞʝʥʠʷ ʚ ʇʉ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʦʢʨʫʛ ʬʨʦʥʪʘʣʴʥʦʡ, ʩʘʛʠʪʪʘʣʴʥʦʡ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʝʡ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʠ ʢʨʫʛʦʚʳʝ ʜʚʠʞʝʥʠʷ (ʮʠʨʢʫʤʜʫʢʮʠʷ). 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʦʢʨʫʛ ʬʨʦʥʪʘʣʴʥʦʡ ʦʩʠ ʨʫʢʘ ʧʨʦʠʟʚʦʜʠʪ ʩʛʠʙʘʥʠʝ ʠ ʨʘʟʛʠ-

ʙʘʥʠʝ, ʚʦʢʨʫʛ ʩʘʛʠʪʪʘʣʴʥʦʡ - ʦʪʚʝʜʝʥʠʝ ʠ ʧʨʠʚʝʜʝʥʠʝ, ʘ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ - ʚʨʘʱʝʥʠʝ ʢʦʥʝʯʥʦʩʪʠ ʢʥʘʨʫʞʠ (ʩʫʧʠʥʘʮʠʷ) ʠ ʚʥʫʪʨʴ (ʧʨʦʥʘʮʠʷ). ʉ ʮʝ-

ʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ MJS ʦʥʘ ʠʤʝʝʪ ʪʨʠ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʙʣʦʢʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ: ʧʝʨʚʳʡ - ʜʣʷ ʩʛʠʙʘʥʠʷ ʠ ʨʘʟʛʠʙʘ-

ʥʠʷ, ʚʪʦʨʦʡ ïʦʪʚʝʜʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʠʷ, ʪʨʝʪʠʡ - ʧʨʦʥʘʮʠʠ ʠ ʩʫʧʠʥʘʮʠʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʧʨʘʞʥʝʥʠʡ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʠʥʝʨʮʠʦʥʥʳʡ 

ʜʘʪʯʠʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ ʨʫʢʠ - ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥʘʨʥʦʝ (ʨʫʢʘ) ʠʣʠ 

ʜʚʦʡʥʦʝ ʜʚʠʞʝʥʠʝ (ʧʣʝʯʦ ʠ ʧʨʝʜʧʣʝʯʴʝ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʜʚʠʞʝʥʠʝʤ ʧʣʝʯʘ, ʚʦ ʚʪʦʨʦʤ - ʧʨʦʥʘʮʠʝʡ ʠ ʩʫʧʠʥʘʮʠʝʡ ʢʠʩʪʠ, ʩʛʠʙʘʥʠʝʤ 

ʣʦʢʪʷ ʠ ʜʘʚʣʝʥʠʝʤ ʨʫʢʠ, ʢʦʪʦʨʳʝ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʝʨʘʧʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʠʩʪʝʤʳ MJS: ʩʚʦʙʦʜʥʳʝ ʜʚʠʞʝʥʠʷ ʢʦʥʝʯʥʦʩʪʠ, ʦʪʜʝʣʴʥʳʝ 

ʦʪ ʩʠʩʪʝʤʳ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʦʥʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪ-

ʨʦʤʠʦʛʨʘʬʠʶ (ʠʤʝʝʪ 4 ʢʘʥʘʣʘ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʇʂ), ʢʦʪʦʨʘʷ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ ʩ ʜʚʠʞʝʥʠʝʤ ʢʦʥʝʯʥʦʩʪʝʡ ʜʣʷ ʦʮʝʥʢʠ ʤʳʰʝʯʥʦʡ ʘʢʪʠ-

ʚʘʮʠʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʇʌʈ ʪʨʘʚʤ ʧʣʝʯʘ ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪ-

ʣʦʥʝ, ʦʙʝʩʧʝʯʠʪʴ ʨʝʛʨʝʩʩ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʜʚʠʞʝ-

ʥʠʡ ʚ ʇʉ, ʧʦʚʳʩʠʪʴ ʧʦʚʩʝʜʥʝʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʨʪʠʚʥʦʝ ʤʘʡʩʪʝʨʩʪʚʦ, 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʪʨʠʘʪʣʝʪʦʢ. ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ - ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʇʌʈ ʪʨʘʚʤ ʧʣʝʯʘ ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪ-

ʣʦʥʝ, ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ ʧʦʚʨʝʞʜʝʥʠʡ ʧʣʝʯʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʤʧʴʶʪʝʨʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

 



59 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʝʤʠʜʝʥʢʦ ʄ.ʆ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʧʨʦʬʠʣʘʢʪʠʢʠ ʪʨʘʚʤ ʦʧʦʨʥʦ-

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪʣʦʥʝ / ʄ.ʆ. ɼʝʤʠʜʝʥʢʦ, ʖ.ɸ. ʇʦ-

ʧʘʜʭʁʘ // ʅʘʫʯʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çPhilosophy of Scienceè (ISSN 

0031-8248). ʌʠʣʦʩʦʬʠʷ ʅʘʫʢʠ. ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʨʘʟʚʠʪʠʶ 

ʢʫʣʴʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ (IADCES) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʏʠʢʘʛʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʉʐɸ), 2016. ï ʉ. 1499 ï 1505. 

2. ɼʝʤʠʜʝʥʢʦ ʄ.ʆ. ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ʟ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʨʘʚʤʫ-

ʚʘʥʥʷ ʧʣʝʯʘ ʚ ʞʽʥʦʯʦʤʫ ʪʨʠʘʪʣʦʥʽ / ʄ.ʆ. ɼʝʤʠʜʝʥʢʦ, ʖ.ɸ. ʇʦʧʘʜʶʭʘ // ʍV 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʢʦʥʛʨʝʩʩ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝè, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ (ʆʢʩʬʦʨʜ, 06-08 ʩʝʥ-

ʪ̫ ʙʨʷ 2016 ʛ.) ï ʉ. 622 ï 627. 

3. ɼʝʤʠʜʝʥʢʦ ʄ.ʆ. ʇʨʦʬʠʣʘʢʪʠʢʘ ʧʦʚʨʝʞʜʝʥʠʡ ʧʣʝʯʘ ʚ ʞʝʥʩʢʦʤ ʪʨʠ-

ʘʪʣʦʥʝ / ʄ.ʆ. ɼʝʤʠʜʝʥʢʦ, ʖ.ɸ.ʇʦʧʘʜʶʭʘ // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʅʀʎ çɿʥʘʥʠʝè 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ Xɯɯ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ: çʈʘʟʚʠʪʠʝ ʥʘʫʢʠ ʚ XXI ʚʝʢʝè 5 ʯʘʩʪʴ, (ʍʘʨʴʢʦʚ, 16 ʘʧʨʝʣʷ 2016 ʛ.) ï 

C.111- 115.  

4. ɼʝʤʠʜʝʥʢʦ ʄ.ʆ. ɾʝʥʩʢʠʡ ʪʨʠʘʪʣʦʥ. ʇʨʦʬʠʣʘʢʪʠʢʘ ʪʨʘʚʤʘʪʠʟʤʘ ʚ 

ʛʦʜʠʯʥʦʤ ʮʠʢʣʝ ʧʦʜʛʦʪʦʚʢʠ / ʄ.ʆ. ɼʝʤʠʜʝʥʢʦ, ʖ.ɸ. ʇʦʧʘʜʶʭʘ // ɿʙʽʨʥʠʢ 

ʩʪʘʪʝʡ ʮʝʥʪʨʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ çɺʝʣʝʩè ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ II ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ: çɺʝʩʥʷʥʽ ʥʘʫʢʦʚʽ ʯʠʪʘʥʥʷè, 2 ʯʘʩʪʠʥʘ 

(ʂʠʝʚ, 28 ʘʧʨʝʣʷ 2016 ʛ.). ï ʉ. 158 ï 162. 

5. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʇʦʨʪʘʪʠʚʥʳʝ ʚʠʙʨʦʪʨʝʥʘʞʝʨʳ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ 

ʤʳʰʮ ʧʦʷʩʘ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪʣʦʥʝ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, 

ʄ.ʆ. ɼʝʤʠʜʝʥʢʦ // ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çPyxisè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016. ï 

ʉ.136-146.  

6. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ɸʧʧʘʨʘʪʳ ʚʠʙʨʦʪʝʨʘʧʠʠ ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʧʦʚʨʝʞʜʝ-

ʥʠʡ ʤʳʰʮ ʧʣʝʯʘ ʚ ʞʝʥʩʢʦʤ ʪʨʠʘʪʣʦʥʝ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, ʄ.ʆ. ɼʝʤʠʜʝʥʢʦ // 

ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʎʅʉ çʄʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè ʧʦ ʤʘʪʝʨʠ-

ʘʣʘʤ IX ʤʝʞʜʫʥʘʨ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯ. ʢʦʥʬ.: çʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠè. ʏʘʩʪʴ 2. (ʄʦʩʢʚʘ, 25 ʠʶʣʷ 2016 ʛ.): çISI-journalè, 2016. ï 

ʉ. 55 ï 61. 

7. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʂʦʤʧôʶʪʝʨʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ Multi -Joint System MJS 

403 Plus ʫ ʧʨʝʚʝʥʪʠʚʥʽʡ ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʦʰʢʦʜʞʝʥʴ ʽ ʟʘʭʚʦʨʶʚʘʥʴ ʧʣʝʯʦʚʦʛʦ 

ʩʫʛʣʦʙʘ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, ʄ.ʆ.ɼʝʤʠʜʝʥʢʦ // ʄʦʣʦʜʽʞʥʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ. ʉʝ-

ʨʽʷ : ʌʽʟʠʯʥʝ ʚʠʭʦʚʘʥʥʷ ʽ ʩʧʦʨʪ. ɺʠʧʫʩʢ 23, ʃʫʮʴʢ, 2016. - ʉ.104 - 111.  

8. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʋʧʨʘʞʥʝʥʠʷ ʥʘ ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʬʝʨʘʭ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʫʢʨʝʧʣʝʥʠʷ ʤʳʰʮ ʧʣʝʯʘ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, ɸʜʝʣʴ ʄ.ɸ. ʄʘʨʘʡʪʘ, 

ɸ.ʀ.ɸʣʝʰʠʥʘ // ʌʽʟʠʯʥʝ ʚʠʭʦʚʘʥʥʷ, ʩʧʦʨʪ ʽ ʢʫʣʴʪʫʨʘ ʟʜʦʨʦʚ`ʷ ʫ ʩʫʯʘʩʥʦʤʫ 

ʩʫʩʧʽʣʴʩʪʚʽ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɺʦʣʠʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠ-

ʪʝʪʫ ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ.  ̄4 (20). ʃʫʮʴʢ, 2012. - ʉ. 91 - 95.  

9. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʨʠ 



60 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʧʣʝʯʘ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, ɸʜʝʣʴ ʄ.ɸ.ʄʘ-

ʨʘʡʪʘ, ʅ.ʇ.ʃʠʪʦʚʯʝʥʢʦ // ʅʘʫʢʦʚʠʡ ʯʘʩʦʧʠʩ ʅʇʋ ʽʤ. ʄ.ʇ.ɼʨʘʛʦʤʘʥʦʚʘ, 

ʉʝʨʽʷ 15. ʅʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʬʽʟʠʯʥʦʾ ʢʫʣʴʪʫʨʠ (ʬʽʟʠʯʥʘ ʢʫʣʴ-

ʪʫʨʘ ʽ ʩʧʦʨʪ). ɿʙ. ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʂ.: ɺʠʜ-ʚʦ ʅʇʋ ʽʤʝʥʽ ʄ.ʇ.ɼʨʘʛʦʤʘʥʦʚʘ, 

2012. - ɺʠʧʫʩʢ 22. ʉ. 48 - 60. 

10. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʪʨʝʥʘʞʝʨʦʚ ʚ ʦʟʜʦʨʦ-

ʚʣʝʥʠʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ // ʅʘʫʢʦʚʠʡ ʯʘʩʦʧʠʩ ʅʇʋ ʽʤ. ʄ.ʇ.ɼʨʘ-

ʛʦʤʘʥʦʚʘ, ʉʝʨʽʷ 15. ʅʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʬʽʟʠʯʥʦʾ ʢʫʣʴʪʫʨʠ 

(ʬʽʟʠʯʥʘ ʢʫʣʴʪʫʨʘ ʽ ʩʧʦʨʪ). ɿʙ. ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʂ.: ɺʠʜ-ʚʦ ʅʇʋ ʽʤʝʥʽ 

ʄ.ʇ.ɼʨʘʛʦʤʘʥʦʚʘ, 2012. - ɺʠʧʫʩʢ 24, ʉ. 72 - 77. 

11. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʦʨʪʩʤʝʥʦʚ ʧʨʠ ʧʦ-

ʚʨʝʞʜʝʥʠʷʭ ʨʦʪʘʪʦʨʥʦʡ ʤʘʥʞʝʪʳ ʧʣʝʯʘ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, ʄ.ɸ.ʄʘʨʘʡʪʘ, 

ɸ.ɸ. ɸʣʸʰʠʥ // ʄʦʣʦʜʽʞʥʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʉʭʽʜʥʦʻʚʨʦʧ. ʥʘʮ. ʫʥ-ʪʫ ʽʤʝʥʽ 

ʃʝʩʽ ʋʢʨʘʾʥʢʠ. ʌʽʟʠʯʥʝ ʚʠʭʦʚʘʥʥʷ ʽ ʩʧʦʨʪ. ï ʃʫʮʴʢ, 2014. ï ɺʠʧ. 14. ï ʉ. 93 

ï 99.  

12. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʪʨʝʥʘʞʝʨʦʚ 

DAVID  ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʦʚʨʝʞ-

ʜʝʥʠʡ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ, ɸ.ɸ.ɸʣʝʰʠʥʘ, 

ʖ.ɺ. ɽʚʪʫʰʝʥʢʦ // ʄʦʣʦʜʽʞʥʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʉʭʽʜʥʦʻʚʨʦʧ. ʥʘʮ. ʫʥ-ʪʫ 

ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ. ʌʽʟʠʯʥʝ ʚʠʭʦʚʘʥʥʷ ʽ ʩʧʦʨʪ : ʞʫʨʥʘʣ. ï ʃʫʮʴʢ, 2014. ï 

ɺʠʧ. 15. ï ʉ. 100-106. 

13. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʆʩʥʦʚʳ ʧʨʦʛʨʘʤʤʳ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ 

ʙʦʣʴʥʳʭ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʨʦʪʘʪʦʨʥʦʡ ʤʘʥʞʝʪʝ ʧʣʝʯʘ / 

ʖ.ɸ.ʇʦʧʘʜʶʭʘ // ʄʦʣʦʜʽʞʥʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʉʭʽʜʥʦʻʚʨʦʧ. ʥʘʮ. ʫʥ-ʪʫ 

ʽʤʝʥʽ ʃʝʩʽ ʋʢʨʘʾʥʢʠ. ʉʝʨʽʷ : ʌʽʟʠʯʥʝ ʚʠʭʦʚʘʥʥʷ ʽ ʩʧʦʨʪ. ɺʠʧʫʩʢ 17, ʃʫʮʴʢ, 

2015. - ʉ.129 - 134.  

14. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʇʫʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʤʝʭʘʥʠʢʠ ʧʣʝʯʝʚʦʛʦ ʩʫ-

ʩʪʘʚʘ ʧʦʩʣʝ ʘʨʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚʨʘʱʘʪʝʣʥɹʦʡ ʤʘʥ-

ʞʝʪʳ ʧʣʝʯʘ / ʖ.ɸ.ʇʦʧʘʜʶʭʘ // ɺʽʩʥʠʢ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʥʘʮ. ʧʝʜʘʛʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊ.ɻ. ʐʝʚʯʝʥʢʘ. ʉʝʨʽʷ: ʇʝʜʘʛʦʛʽʯʥʽ ʥʘʫʢʠ. ʌʽʟʠʯʥʝ ʚʠʭʦ-

ʚʘʥʥʷ ʪʘ ʩʧʦʨʪ. ï ʏʝʨʥʽʛʽʚ: ʏʅʇʋ, 2014. ï ˉ 118 (3). ï ʉ. 60 ï 67. 

15. ʇʦʧʘʜʶʭʘ ʖ.ɸ. ʊʝʭʥʦʣʦʛʠʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʣʝʯʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʨʦʪʘʪʦʨʥʦʡ ʤʘʥʞʝʪʳ/ ʖ.ɸ.ʇʦʧʘ-

ʜʶʭʘ // ʅʘʫʢʦʚʠʡ ʯʘʩʦʧʠʩ ʅʇʋ ʽʤ. ʄ.ʇ.ɼʨʘʛʦʤʘʥʦʚʘ, ʉʝʨʽʷ 15. ʅʘʫʢʦʚʦ-

ʧʝʜʘʛʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʬʽʟʠʯʥʦʾ ʢʫʣʴʪʫʨʠ (ʬʽʟʠʯʥʘ ʢʫʣʴʪʫʨʘ ʽ ʩʧʦʨʪ). ɿʙ. ʥʘ-

ʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʂ.: ɺʠʜ-ʚʦ ʅʇʋ ʽʤʝʥʽ ʄ.ʇ.ɼʨʘʛʦʤʘʥʦʚʘ, 2015. - ɺʠʧʫʩʢ 3K2 

(57) 15, - ʉ. 270 ï 274. 

16. Tʨʝʥʘʞʝʨ TRX. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.trxtraining.ru/about/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.02.2017). 

 

 

  

 

  

http://www.trxtraining.ru/about/


61 

ʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

 ʆʎɽʅʂɸ ʉʊɽʇɽʅʀ ʌɽʈʄɽʅʊɸʊʀɺʅʆɻʆ ɻʀɼʈʆʃʀɿɸ 

ʂʉʀʃɸʅɸ 

ʄʠʪʴʢʠʥʘ ɺʘʣʝʥʪʠʥʘ ʇʝʪʨʦʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ,  

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

163002, ʈʌ, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ, ʥʘʙʝʨʝʞʥʘʷ ʉʝʚʝʨʥʦʡ ɼʚʠʥʳ, ʜ. 17 

ʛ. ɸʨʭʘʥʛʝʣʴʩʢ 

 

ɸʅʅʊʆʎʀʗ 

ʀʥʪʝʨʝʩ ʢ ʢʩʠʣʘʥʘʟʘʤ ʚʦʟʥʠʢ ʚ ʢʦʥʮʝ XX ʚʝʢʘ ʛʦʜʳ ʙʣʘʛʦʜʘʨʷ ʧʝʨʩʧʝʢ-

ʪʠʚʘʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʮʝʣʣʶ-

ʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ, ʪʝʢʩʪʠʣʴʥʘʷ, ʧʠʱʝʚʘʷ ʠ ʢʦʨʤʦʚʘʷ. ʂʩʠʣʘʥʦʣʠʪʠʯʝʩʢʠʝ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʞʠʜʢʠʭ ʚʠʜʦʚ ʙʠʦʪʦʧʣʠʚʘ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʢʦʥʚʝʨʩʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʪʭʦʜʦʚ ʚ ʤʦʥʦʩʘʭʘʨʠʜʳ. 

ɺ ʨʘʙʦʪʝ ʜʘʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʩʠʣʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʦʚ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʝʪʝʢʮʠʠ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʶʱʠʭ ʩʘʭʘʨʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʩʠʣʘʥ, ʢʩʠʣʘʥʘʟʳ, ʬʝʨʤʝʥʪʥʳʡ ʛʠʜʨʦʣʠʟ, ʢʠʩʣʦʪ-

ʥʳʡ ʛʠʜʨʦʣʠʟ. 

 

ʂʩʠʣʘʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʪʦʨʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʢʦʣʦ 20-30% ʦʪ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʣʠʩʪʚʝʥʥʳʭ ʧʦ-

ʨʦʜ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ [5]. ʂʩʠʣʘʥʳ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ ï ʵʪʦ ʛʝʪʝʨʦ-

ʧʦʣʠʤʝʨʳ, ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʪʘʪʢʦʚ D-ʢʩʠʣʦʟʳ, ʯʘʩʪʠʯʥʦ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʠ ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʚ ʙʦʢʦʚʳʭ ʮʝʧʷʭ 

D-ʛʣʶʢʫʨʦʥʦʟʠʣ- ʠ Ŭ-L-ʘʨʘʙʠʥʦʟʠʣ ï ʝʜʠʥʠʮʘʤʠ ʚʦ 2 ʠ 3 ʧʦʣʦʞʝʥʠʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ [3]. 

ɺ ʧʨʠʨʦʜʝ ʜʝʛʨʘʜʘʮʠʶ ʢʩʠʣʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʛʠʜʨʦ-

ʣʘʟ, ʘ ʠʤʝʥʥʦ: ʵʥʜʦ-ʢʩʠʣʘʥʘʟʳ (ʵʥʜʦ-(1,4)-ɓ-ʢʩʠʣʘʥʘʟʳ, E.C.3.2.1.8) , ɓ-ʢʩʠ-

ʣʦʟʠʜʘʟʳ (ʢʩʠʣʘʥ-(1,4)-ɓ-ʢʩʠʣʦʟʠʜʘʟʳ, E.C.3.2.1.37), Ŭ-ʛʣʶʢʫʨʦʥʠʜʘʟʳ (Ŭ-

ʛʣʶʢʦʟʠʜʫʨʦʥʘʟʳ, E.C.3.2.1.139), Ŭ-ʘʨʘʙʠʥʦʬʫʨʘʥʦʟʠʜʘʟʳ (Ŭ-L-ʘʨʘʙʠʥʦʬʫ-

ʨʘʥʦʟʠʜʘʟʳ, E.C.3.2.1.55) ʠ ʘʮʝʪʠʣʢʩʠʣʘʥ ʵʩʪʝʨʘʟʳ (E.C.3.1.1.72) (ʈʠʩʫʥʦʢ 

1). ʉʨʝʜʠ ʥʠʭ ʢʣʶʯʝʚʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʵʥʜʦ-ɓ-(1,4)-ʢʩʠʣʘʥʘʟʳ (ʠʣʠ 

ʧʨʦʩʪʦ ʢʩʠʣʘʥʘʟʳ), ʠ ɓ-ʢʩʠʣʦʟʠʜʘʟʳ, ʨʘʩʱʝʧʣʷʶʱʠʝ ɓ-(1,4)-ʩʚʷʟʠ ʚ ʥʝʨʘʟ-

ʚʝʪʚʣʝʥʥʳʭ ʦʩʪʘʪʢʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʩʠʣʦʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʥʳ (ʈʠʩʫʥʦʢ 2) [1]. ɻʝʤʠʮʝʣʣʶʣʦʟʳ ʜʨʝʚʝʩʠʥʳ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ 

ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʦʚ ʠʣʠ ʙʠʦʭʠʤʠʢʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʤʝ-

ʨʦʚ (ʢʩʠʣʠʪ, ʬʫʨʬʫʨʦʣ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 



62 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʢʩʠʣʘʥʘ. ʆʣʠʛʦʤʝʨʳ ʢʩʠʣʘʥʘ 

(ʢʩʠʦʣʦʦʣʠʛʦʩʘʭʘʨʠʜʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʫʩʚʘʠʚʘʝʤʳʝ ʨʘʩʪʚʦʨʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʨʝʙʠʦʪʠʢʘʤʠ, ʩʪʠʤʫʣʠ-

ʨʫʶʱʠʤʠ ʠ ʥʦʨʤʘʣʠʟʫʶʱʠʤʠ ʤʠʢʨʦʬʣʦʨʫ ʢʠʰʝʯʥʠʢʘ [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʅʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʢʩʠʣʘʥʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ [4] 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʤʝʪʠʣʛʣʶʢʫʨʦʥʦʢʩʠʣʘʥʘ 

X ï ʦʩʪʘʪʦʢ ʢʩʠʣʦʟʳ, MeGA ï ʦʩʪʘʪʦʢ ʤʝʪʠʣʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʬʝʨʤʝʥʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʩʠʣʘʥʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʩʠ-

ʣʘʥ ʦʚʩʘ (Sigma X0627), ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʩʠʣʘʥʘʟʥʳʡ ʧʨʝʧʘʨʘʪ Pulpzyme 

HC (Novozymes, ɼʘʥʠʷ), ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʎɹʇ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʝʣʠ-

ʤʦʩʪʠ ʩʫʣʴʬʘʪʥʦʡ ʮʝʣʣʶʣʦʟʳ ʙʦʣʝʝ 10 ʣʝʪ.  

ʈʝʘʢʮʠʦʥʥʘʷ ʩʨʝʜʘ ʩʦʜʝʨʞʘʣʘ 1 % ʩʫʩʧʝʥʟʠʠ ʩʫʙʩʪʨʘʪʘ, ʨʘʩʪʚʦʨ ʬʝʨ-

ʤʝʥʪʘ ʚ 0,05 ʄ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ, pH 5,0. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʦʙ ʧʨʠ 50 ęʉ 

(ʚʦʜʷʥʘʷ ʙʘʥʷ Biosan) ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʠʦʢʘʪʘʣʠʟʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʤʝʪʦʜʦʤ ʐʦʤʦʜʠ-ʅʝʣʴʩʦʥʘ [6]. 

ʈʘʩʭʦʜ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʩʦʩʪʘʚʠʣ 0,2 ʤʢʣ/ʛ ʢʩʠʣʘʥʘ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘ-

ʭʘʨʦʚ ʦʪ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ 0,05 ʄ, pH=5,0. ɻʠʜʨʦʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ: 1, 3, 5, 10, 20, 30 ʠ 
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60 ʤʠʥʫʪ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ (ʌɻ), ʜʝʪʝʢʮʠʶ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʐʦ-

ʤʦʜʠ-ʅʝʣʴʩʦʥʘ [6].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʢʩʠʣʘʥʦʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʢʩʠʣʘʥ ʦʚʩʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ 0,05 ʜʦ 0,40 ʤʛ/ʤʣ 

ʟʘ 60 ʤʠʥʫʪ (ʊʘʙʣʠʮʘ 1). ʇʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʦʡ (5,7 % ʚ ʩʤʝʩʠ) ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝ-

ʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ęʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʚ ʪʝʨʤʦʩʪʘʪʝ ʩ ʬʫʥʢʮʠʝʡ 

ʥʘʛʨʝʚʘ Combitherm (Biosan) ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʧʨʦʙʘʭ. ʉ ʫʯʝʪʦʤ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʩʯʝʪʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦ-

ʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʜʦ 0,87 ʤʛ/ʤʣ ʟʘ 60 ʤʠʥʫʪ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʉ ʦʪ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡ-

ʩʪʚʠʷ ʢʩʠʣʘʥʘʟʳ Pulpzyme HC 

ɺʨʝʤʷ, 

ʤʠʥ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʌɻ, 

ʤʛ/ʤʣ 

ʂʦʣʠʯʝʩʪʚʦ ʤʦʥʦʤʝʨʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʠʩ-

ʣʦʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʧʨʦʜʫʢ-

ʪʦʚ ʌɻ, ʤʛ/ʤʣ 

1 0,05 0,38 

3 0,15 0,45 

5 0,23 0,48 

10 0,32 0,54 

20 0,36 0,71 

30 0,36 0,75 

60 0,40 0,87 

 

ɺ ʮʝʣʦʤ ʚʳʭʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ ʚ ʭʦʜʝ ʌɻ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 

8 %, ʦʜʥʘʢʦ ʫʯʠʪʳʚʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʜʘʥʥʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʥʝ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʢʩʠʣʘʥʘ. ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦ-

ʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʧʨʦʜʫʢʪʦʚ ʌɻ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʩʠʣʦʟʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 50 % ʚ ʦʙʱʝʤ ʧʫʣʝ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʢʩʠʣʘʥʘ ʦʚʩʘ ʧʨʝʧʘʨʘʪʦʤ 

Pulpzyme HC (ʈʠʩʫʥʦʢ 3). ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ɺʉ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʢʩʠʣʘʥʫ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʨʦʜʫʢʪʦʚ 

ʌɻ ʚ 2é7 ʨʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʦʙʨʘʙʦʪʢʠ ʢʩʠʣʘʥʘ ʦʚʩʘ 

ʧʨʝʧʘʨʘʪʦʤ Pulpzyme HC ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʢʦʣʦ 18 % ʢʩʠʣʘʥʘ ʧʦʜ-

ʚʝʨʛʣʦʩʴ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʉ ʦʪ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡ-

ʩʪʚʠʷ ʢʩʠʣʘʥʘʟʳ Pulpzyme HC 

1ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʌɻ; 2 ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʤʝʨʦʚ, ʦʙʨʘʟʫʶ-

ʱʠʭʩʷ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʧʨʦʜʫʢʪʦʚ ʌɻ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʩʠʣʘʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʨʘʩ-

ʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʘʥʘʣʠʟʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʘʭʘʨʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʢʦʩʚʝʥʥʦ ʩʫʜʠʪʴ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙ-

ʨʘʙʦʪʢʠ ʢʩʠʣʘʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʬʝʨʤʝʥʪʥʳʤʠ ʧʝʨʧʘʨʘʪʘʤʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʖʈʀɼʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʇʈɸɺʆɺʓɽ ʆʉʅʆɺʓ ʀ ʇʈʆʎɽɼʋʈɸ ʈɸʉʉʄʆʊʈɽʅʀʗ 

ɺʆʇʈʆʉɸ ʆ ʂʆʅʌʃʀʂʊɽ ʀʅʊɽʈɽʉʆɺ ɺ ʉʀʉʊɽʄɽ 

ʊɸʄʆɾɽʅʅʆʁ ʉʃʋɾɹʓ 

ʂʦʚʘʣʴ ɺʠʢʪʦʨʠʷ ɼʤʠʪʨʠʝʚʥʘ,  

ʘʩʧʠʨʘʥʪ ʉʘʨʘʪʦʚʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʶʨʠʜʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʦʧʨʝ-

ʜʝʣʷʶʱʝʛʦ ʦʩʥʦʚʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ ʥʘ ʩʣʫʞʙʝ ʚ ʪʘʤʦ-

ʞʝʥʥʳʭ ʦʨʛʘʥʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʘʚʪʦʨ ʫʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʙʦʪʳ ʢʦ-

ʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʬʝʜʝʨʘʣʴʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥ-

ʪʝʨʝʩʦʚ ʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʘʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʢʦ-

ʤʠʩʩʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʧʨʠʤʝʨʝ ʖʞʥʦʛʦ ʪʘʤʦʞʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ, ʪʘʤʦʞʝʥʥʘʷ ʩʣʫʞʙʘ, ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʩʣʫʞʘʱʠʡ, ʩʦʪʨʫʜʥʠʢ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ, 

ʩʣʫʞʝʙʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʟʘʩʝʜʘʥʠʝ ʢʦʤʠʩʩʠʠ, ʫʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʬʣʠʢʪʘ ʠʥ-

ʪʝʨʝʩʦʚ. 

 

In this article the analysis of development of legislation defining the frame-

work for regulating conflict of interests in the service in customs bodies. Special 

attention is paid to the peculiarities of the work of commissions on observance of 

requirements to office behaviour of Federal state civil servants and settlement of 

conflict of interests in the customs authorities, the results of the work of the com-

missions in recent years on the example of the southern customs Directorate. 

 

Key words: conflict of interest, customs service, civil servant, customs of-

ficer, prevention, service behavior, a meeting of the Commission, the resolution 

of conflict of interest. 

ʋʩʠʣʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʚʣʘʩʪʠ ʠ ʠʥʩʪʠʪʫʪʦʚ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʢ ʧʨʦʙʣʝʤʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʢʦʨ-

ʨʫʧʮʠʝʡ ʚ ʩʠʩʪʝʤʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʦʨʨʫʤʧʠʨʦʚʘʥʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʣʫʞʘʱʠʭ ʧʨʠʦʙ-

ʨʝʣʘ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʨʝʜʠ ʘʥʪʠʢʦʨʨʫʧʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʩʠʩʪʝʤʝ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʠʥʩʪʠʪʫʪ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ, ʦʙʝʩʧʝʯʠʚʘ-

ʝʤʳʡ ʵʬʬʝʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʢʦʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʣʫʞʘʱʠʭ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʩʥʦʚʘ ʧʨʘʚʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʫʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʝ, ʦʩʥʦʚ-

ʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʩʣʝʜʥʝʛʦ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʘ ʢʦʥʬʣʠʢʪʥʦʡ ʩʠʪʫʘʮʠʠ 
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ʠ ʨʘʟʨʝʰʝʥʠʝ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ, ʫʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ: 

ʬʝʜʝʨʘʣʴʥʳʝ ʟʘʢʦʥʳ ʦʪ 25 ʜʝʢʘʙʨʷ 2008 ʛ. ˉ 273-ʌɿ [1], 27 ʠʶʣʷ 2004 ʛ. ˉ 

79-ʌɿ [], 21 ʠʶʣʷ 1997 ʛ. ˉ 114-ʌɿ [3], 3 ʜʝʢʘʙʨʷ 2012 ʛ. ˉ 230-ʌɿ [4]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʚʦʚʘʷ ʦʩʥʦʚʘ ʧʨʘʚʦʚʦʛʦ ʠʥʩʪʠʪʫʪʘ ʢʦʥʬʣʠʢʪʘ 

ʠʥʪʝʨʝʩʦʚ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʝ ʦʜʠʥ ʛʦʜ, ʠ ʝʩʣʠ ʥʘʯʘʣʴʥʘʷ ʨʝʜʘʢʮʠʷ ʌʝʜʝ-

ʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʩʣʫʞʙʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠè ʚʚʦʜʠʣʘ ʣʠʰʴ ʦʙʱʠʝ ʪʨʘʢʪʦʚʢʠ ʥʦʚʳʭ ʜʣʷ ʠʥʩʪʠʪʫʪʘ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʦʥʷʪʠʡ, ʪʦ ʩʝʛʦʜʥʷ ʦʥʠ ʧʦʣʫʯʠʣʠ ʢʦʥʢʨʝʪʠʟʘʮʠʶ, ʧʨʠ-

ʯʝʤ ʦʩʦʙʝʥʥʦ ʯʝʪʢʦ ʵʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʜʟʘʢʦʥʥʦʛʦ ʠ ʚʝʜʦʤ-

ʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʋʢʘʟʳ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 18 

ʤʘʷ 2009 ʛ. ˉ 557 [5], 18 ʤʘʷ 2009 ʛ. ˉ 559 [6], 21 ʩʝʥʪʷʙʨʷ 2009 ʛ. ˉ 1065 

[7], 1 ʠʶʣʷ 2010 ʛ. ˉ 821 [8], 2 ʘʧʨʝʣʷ 2013 ʛ. ˉ 310 [9], 8 ʠʶʣʷ 2013 ʛ. ˉ 

613 [10], 22 ʜʝʢʘʙʨʷ 2015 ʛ. ˉ 650 [11], ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 13 ʤʘʨʪʘ 2013 ʛ. ˉ 207 [12], 5 ʠʶʣʷ 2013 ʛ. ˉ 568 

[13]. 

ʅʘ ʚʝʜʦʤʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʚ ʌʊʉ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʘʢʪʳ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʬʣʠʢʪʦʤ ʠʥʪʝʨʝʩʦʚ, ʧʨʠʯʝʤ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʘʷ ʨʦʣʴ ʧʦʩʣʝʜʥʠʭ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ: ʧʨʠʢʘʟʳ ʌʊʉ ʈʦʩʩʠʠ ʦʪ 18 ʷʥʚʘʨʷ 

2010 ʛ. ˉ 57 [14], 31 ʷʥʚʘʨʷ 2011 ʛ. ˉ 174 [15], 25 ʩʝʥʪʷʙʨʷ 2015 ʛ. ˉ 1936 

[16], ʦʪ 29 ʩʝʥʪʷʙʨʷ 2015 ʛ. ˉ 1955 [17], 22 ʘʚʛʫʩʪʘ 2016 ʛ. ˉ 1618 [18], 21 

ʤʘʨʪʘ 2016 ʛ. ˉ 537 [19], 19 ʠʶʣʷ 2016 ʛ. ˉ 1409 [20]. 

ɺ ʌʊʉ ʈʦʩʩʠʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʢʦ-

ʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʬʝʜʝʨʘʣʴʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥ-

ʪʝʨʝʩʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʖʞʥʦʛʦ ʪʘʤʦʞʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (ʜʘʣʝʝ ï ʖʊʋ) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ: 

- ʚ 2015 ʛʦʜʫ 122 ʟʘʩʝʜʘʥʠʷ ʢʦʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫ-

ʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʌɻɻʉ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ (66-ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ, 60 ï ʚ 

ʦʪʥʦʰʝʥʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʢʦʤʠʩʩʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ 

ʈʌ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʦ 595 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ 

ʠ ʩʦʪʨʫʜʥʠʢʦʚ,  

- ʚ 2016 ʛʦʜʫ 120 ʟʘʩʝʜʘʥʠʡ ʢʦʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʌɻɻʉ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ, ʘ 

ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʢʦʤʠʩʩʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʪʨʫʜʥʠ-

ʢʦʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʈʌ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʦ 431 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ ʠ ʩʦʪʨʫʜʥʠʢʦʚ, 

- ʚ ʧʝʨʚʦʤ ʧʦʣʫʛʦʜʠʠ 2017 ʛʦʜʘ 61 ʟʘʩʝʜʘʥʠʝ ʢʦʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʌɻɻʉ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ 

ʠʥʪʝʨʝʩʦʚ (32-ʚ ʦʪʥʦʰʝʥʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ 

ʩʣʫʞʘʱʠʭ, 29 ï ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ), ʘ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʢʦʤʠʩʩʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʪʘ-
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ʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʈʌ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʦ 292 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞ-

ʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ ʠ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʚʦʧʨʦʩʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʥʘ ʟʘʩʝʜʘʥʠʷʭ ʢʦʤʠʩʩʠʡ, 

ʷʚʣʷʶʪʩʷ:  

- ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʩʚʝʜʝʥʠʡ ʦ ʜʦʭʦʜʘʭ, ʦ ʨʘʩʭʦʜʘʭ, ʦʙ ʠʤʫʱʝ-

ʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

- ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʷʚʣʝʥʠʷ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʜʦʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝ-

ʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʜʝʪʝʡ, ʩʫʧʨʫʛʘ (ʩʫʧʨʫʛʠ); 

- ʚ ʩʚʷʟʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʘʣʠʯʠʠ ʫ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʣʫʞʘʱʝʛʦ ʣʠʯʥʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ 

ʠʣʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʥʬʣʠʢʪʫ ʠʥʪʝʨʝʩʦʚ; 

- ʧʦʜʦʪʯʝʪʥʦʩʪʴ, ʧʦʜʢʦʥʪʨʦʣʴʥʦʩʪʴ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʪʘʤʦʞʥʠ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʨʦʜʩʪʚʝ, ʩʚʦʡʩʪʚʝ (ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʘʢʪʦʚ ʙʣʠʟʢʦʛʦ ʨʦʜʩʪʚʘ ʬʝʜʝ-

ʨʘʣʴʥʳʭ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʩ ʠʥʳʤʠ ʜʦʣʞʥʦʩʪʥʳʤʠ ʣʠʮʘʤʠ ʚ ʩʚʷʟʠ ʩ ʧʨʦ-

ʭʦʞʜʝʥʠʝʤ ʩʣʫʞʙʳ ʚ ʦʜʥʦʤ ʪʘʤʦʞʝʥʥʦʤ ʦʨʛʘʥʝ); 

- ʨʘʙʦʪʘ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚ ʦʢʦ-

ʣʦʪʘʤʦʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ; 

- ʚʣʘʜʝʥʠʝ ʮʝʥʥʳʤʠ ʙʫʤʘʛʘʤʠ; 

- ʦ ʜʘʯʝ ʩʦʛʣʘʩʠʷ ʥʘ ʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦʩʪʝʡ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʥʝʢʦʤ-

ʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʛʨʘʞʜʘʥʘʤ, ʟʘʤʝʱʘʚʰʠʤ ʜʦʣʞʥʦʩʪʠ ʚ ʪʘʤʦʞʥʝ; 

- ʦ ʚʳʧʦʣʥʝʥʠʠ ʠʥʦʡ ʦʧʣʘʯʠʚʘʝʤʦʡ ʨʘʙʦʪʳ; 

- ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʘʢʪʘ ʦʙʨʘʱʝʥʠʷ ʚ ʮʝʣʷʭ ʩʢʣʦʥʝʥʠʷ ʢ ʩʦʚʝʨʰʝʥʠʶ ʢʦʨ-

ʨʫʧʮʠʦʥʥʦʛʦ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷ; 

- ʩʦʚʝʨʰʝʥʠʝ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʦʤ ʧʨʦʩʪʫʧʢʘ, ʧʦʨʦʯʘʱʝʛʦ ʝʛʦ ʯʝʩʪʴ ʠ 

ʜʦʩʪʦʠʥʩʪʚʦ; 

- ʠ ʧʨ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʩʝʜʘʥʠʡ ʢʦʤʠʩʩʠʡ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝ-

ʥʠʷ: 

- ʧʨʠʟʥʘʪʴ, ʯʪʦ ʥʝʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʦʤ ʩʚʝʜʝʥʠʡ ʦ ʜʦʭʦ-

ʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʥʝʩʦʚʝʨ-

ʰʝʥʥʦʣʝʪʥʠʭ ʜʝʪʝʡ, ʩʫʧʨʫʛʘ (ʩʫʧʨʫʛʠ) ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʫʚʘʞʠʪʝʣʴ-

ʥʦʡ; 

- ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʧʨʠʟʥʘʢʦʚ ʣʠʯʥʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ; 

- ʥʘʨʫʰʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʦʣʥʦʪʝ ʩʚʝʜʝʥʠʡ ʦ ʜʦʭʦʜʘʭ, 

ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

- ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʩʪʠ ʩʣʫʞʝʙʥʫʶ ʧʨʦʚʝʨʢʫ ʧʦ ʬʘʢʪʘʤ ʥʝʩʦʙʣʶʜʝ-

ʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ; 

- ʜʦʣʞʥʦʩʪʥʦʝ ʣʠʮʦ ʩʦʙʣʶʜʘʣʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʦʙ ʫʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ; 

- ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʠʩʢʣʶʯʝʥʠʶ ʚʦʟʤʦʞʥʦʛʦ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ; 

- ʫʢʘʟʘʥʦ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʩʣʫʞʘʱʠʭ; 

- ʩʚʝʜʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʩʧʨʘʚʢʘʭ ʦ ʜʦʭʦʜʘʭ, ʨʘʩʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ 
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ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ ʠ ʧʦʣ-

ʥʳʤʠ;  

- ʩʚʝʜʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʩʧʨʘʚʢʘʭ ʦ ʜʦʭʦʜʘʭ, ʨʘʩʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʠ ʥʝ-

ʧʦʣʥʳʤʠ; 

- ʜʘʥʦ ʩʦʛʣʘʩʠʝ ʛʨʘʞʜʘʥʠʥʫ ʥʘ ʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦʩʪʠ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʠʣʠ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʣʠʙʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʥʘ ʫʩʣʦʚʠʷʭ 

ʛʨʘʞʜʘʥʩʢʦ-ʧʨʘʚʦʚʦʛʦ ʜʦʛʦʚʦʨʘ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠʣʠ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ; 

- ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠʯʠʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ʩʣʫʞʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʣʫʞʘʱʠʡ ʧʨʝʜʫʧʨʝʞʜʝʥ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʠʤ ʝʱʝ ʢʘʢʠʭ-ʣʠʙʦ ʥʘʨʫʰʝʥʠʡ ʢ ʥʝʤʫ ʙʫʜʫʪ ʧʨʠʥʷʪʳ 

ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʤʝʨʳ ʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʧʣʦʪʴ ʜʦ ʫʚʦʣʴʥʝʥʠʷ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʊʘʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʩʝʜʘʥʠʡ ʢʦʤʠʩʩʠʡ ʚ ʖʊʋ ʚ 2015 ʛʦʜʫ ʫʩʪʘʥʦʚ-

ʣʝʥʦ 178 ʥʘʨʫʰʝʥʠʡ, ʚ 2016 ʛʦʜʫ ï 286 ʥʘʨʫʰʝʥʠʡ, ʚ 1 ʧʦʣʫʛʦʜʠʠ 2017 ʛ. - 

198 ʥʘʨʫʰʝʥʠʡ. 

ʅʝʧʨʠʥʷʪʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ, ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʩʣʫʞʘʱʠʤ ʤʝʨ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ (ʠʣʠ) ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ, ʩʪʦʨʦʥʦʡ 

ʢʦʪʦʨʦʛʦ ʦʥ ʚʳʩʪʫʧʘʝʪ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʜʠʩʮʠʧʣʠ-

ʥʘʨʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 

ʊʘʢ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʢ ʶʨʠʜʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʖʊʋ: 

- ʚ 2015 ʛʦʜʫ 10 ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ; 

- ʚ 2016 ʛʦʜʫ 10 ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ; 

- ʚ 1 ʧʦʣʫʛʦʜʠʠ 2017 ʛʦʜʘ 7 ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ [21]. 

ɺ ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʟʘ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʠʩʩʠʡ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʖʊʋ ʦʪ 17.04.2009 ˉ 28-ʨ çʆ ʤʦʥʠʪʦʨʠʥʛʝ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʢʦʤʠʩʩʠʡ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʖʊʋ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚè ʦʨʛʘʥʠʟʦʚʘʥ ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʠʩʩʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʝʜʝ-

ʥʠʷ ʝʞʝʢʚʘʨʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʌʊʉ ʈʦʩʩʠʠ. 

ʊʘʢʞʝ ʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʘʭ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʪʘʤʦʞʝʥʥʳʭ ʧʦʩʪʦʚ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʲʷʩʥʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʦ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʦ ʬʘʢ-

ʪʘʭ ʥʝʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ ʬʘʢʪʦʚ ʚʦʟʤʦʞ-

ʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʰʠʨʝʥʠʝ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʙʘʟʳ ʧʦ ʚʦʧʨʦʩʘʤ ʢʦʥ-

ʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʩʦʙʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʘ ʚ ʵʪʦʡ ʩʬʝʨʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʘʭ ʦʨʛʘʥʠʟʦʚʘʥʘ ʨʘʙʦʪʘ ʧʦ ʧʨʠ-

ʥʷʪʠʶ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ 

ʠʥʪʝʨʝʩʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʝ, ʦʙʝʩʧʝʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʢʦʤʠʩʩʠʡ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʣʫʞʘʱʠʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥ-

ʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 25 ʜʝʢʘʙʨʷ 2008 ʛ. ˉ 273-ʌɿ çʆ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʠʠ ʢʦʨʨʫʧʮʠʠè 

2. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 27.07.2004 ˉ 79-ʌɿ 

çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʩʣʫʞʙʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

3. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 21.07.1997 ˉ 114-ʌɿ 

çʆ ʩʣʫʞʙʝ ʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

4. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 03.12.2012 ˉ 230 ʌɿ çʆ ʢʦʥʪʨʦʣʝ ʟʘ ʩʦʦʪʚʝʪ-
ʩʪʚʠʝʤ ʨʘʩʭʦʜʦʚ ʣʠʮ, ʟʘʤʝʱʘʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʜʦʣʞʥʦʩʪʠ, ʠ ʠʥʳʭ ʣʠʮ 

ʠʭ ʜʦʭʦʜʘʤè 

5. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 18.05.2009 ˉ 557 çʆʙ 
ʫʪʚʝʨʞʜʝʥʠʠ ʧʝʨʝʯʥʷ ʜʦʣʞʥʦʩʪʝʡ ʬʝʜʝʨʘʣʴʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ, 

ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʥʘ ʢʦʪʦʨʳʝ ʛʨʘʞʜʘʥʝ ʠ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʢʦʪʦʨʳʭ ʬʝʜʝʨʘʣʴ-

ʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʣʫʞʘʱʠʝ ʦʙʷʟʘʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʚʝʜʝʥʠʷ ʦ ʩʚʦʠʭ ʜʦ-

ʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ 

ʩʚʝʜʝʥʠʷ ʦ ʜʦʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ ʩʚʦʠʭ ʩʫʧʨʫʛʠ (ʩʫʧʨʫʛʘ) ʠ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʜʝʪʝʡè 

6. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 18.05.2009 ˉ 559 çʆ 
ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʛʨʘʞʜʘʥʘʤʠ, ʧʨʝʪʝʥʜʫʶʱʠʤʠ ʥʘ ʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦʩʪʝʡ ʬʝ-

ʜʝʨʘʣʴʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ, ʠ ʬʝʜʝʨʘʣʴʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʩʣʫʞʘʱʠʤʠ ʩʚʝʜʝʥʠʡ ʦ ʜʦʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝ-

ʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘè 

7. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 21.09.2009 ˉ 1065 çʆ 
ʧʨʦʚʝʨʢʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʩʚʝʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʛʨʘʞʜʘʥʘʤʠ, 

ʧʨʝʪʝʥʜʫʶʱʠʤʠ ʥʘ ʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦʩʪʝʡ ʬʝʜʝʨʘʣʴʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʣʫʞʙʳ, ʠ ʬʝʜʝʨʘʣʴʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʣʫʞʘʱʠʤʠ, ʠ ʩʦʙʣʶʜʝʥʠʷ ʬʝ-

ʜʝʨʘʣʴʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʣʫʞʘʱʠʤʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦ-

ʚʝʜʝʥʠʶè 

8. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 01.07.2010 ˉ 821çʆ ʢʦʤʠʩʩʠʷʭ ʧʦ ʩʦʙʣʶʜʝ-
ʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʣʫʞʝʙʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʩʣʫʞʘʱʠʭ ʠ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚè 

9. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 2 ʘʧʨʝʣʷ 2013 ʛ. ˉ 310 
çʆ ʤʝʨʘʭ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆ 

ʢʦʥʪʨʦʣʝ ʟʘ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʘʩʭʦʜʦʚ ʣʠʮ, ʟʘʤʝʱʘʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʜʦʣʞʥʦʩʪʠ, ʠ ʠʥʳʭ ʣʠʮ ʠʭ ʜʦʭʦʜʘʤè 

10. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 8 ʠʶʣʷ 2013 ˉ 613 çɺʦ-

ʧʨʦʩʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʦʨʨʫʧʮʠʠè (ʚʤʝʩʪʝ ʩ çʇʦʨʷʜʢʦʤ ʨʘʟʤʝʱʝʥʠʷ ʩʚʝ-

ʜʝʥʠʡ ʦ ʜʦʭʦʜʘʭ, ʨʘʩʭʦʜʘʭ, ʦʙ ʠʤʫʱʝʩʪʚʝ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʦʪʜʝʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ ʣʠʮ ʠ ʯʣʝʥʦʚ ʠʭ ʩʝʤʝʡ ʥʘ ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡ-

ʪʘʭ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘ-

ʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʵʪʠʭ 

http://pravo.gov.ru/proxy/ips/?docbody=&nd=102126657&intelsearch=%D4%E5%E4%E5%F0%E0%EB%FC%ED%FB%E9+%E7%E0%EA%EE%ED+%EE%F2+25+%E4%E5%EA%E0%E1%F0%FF+2008+%E3.+%B9+273-%D4%C7+%AB%CE+%EF%F0%EE%F2%E8%E2%EE%E4%E5%E9%F1%F2%E2%E8%E8+%EA%EE%F0%F0%F3%EF%F6%E8%E8%BB+
http://pravo.gov.ru/proxy/ips/?docbody=&nd=102126657&intelsearch=%D4%E5%E4%E5%F0%E0%EB%FC%ED%FB%E9+%E7%E0%EA%EE%ED+%EE%F2+25+%E4%E5%EA%E0%E1%F0%FF+2008+%E3.+%B9+273-%D4%C7+%AB%CE+%EF%F0%EE%F2%E8%E2%EE%E4%E5%E9%F1%F2%E2%E8%E8+%EA%EE%F0%F0%F3%EF%F6%E8%E8%BB+
http://pravo.gov.ru/proxy/ips/?docbody=&nd=102088054&intelsearch=%D4%E5%E4%E5%F0%E0%EB%FC%ED%FB%E9+%E7%E0%EA%EE%ED+%D0%EE%F1%F1%E8%E9%F1%EA%EE%E9+%D4%E5%E4%E5%F0%E0%F6%E8%E8+%EE%F2+27.07.2004+%B9+79-%D4%C7+%AB%CE+%E3%EE%F1%F3%E4%E0%F0%F1%F2%E2%E5%ED%ED%EE%E9+%E3%F0%E0%E6%E4%E0%ED%F1%EA%EE%E9+%F1%EB%F3%E6%E1%E5+%D0%EE%F1%F1%E8%E9%F1%EA%EE%E9+%D4%E5%E4%E5%F0%E0%F6%E8%E8%BB
http://pravo.gov.ru/proxy/ips/?docbody=&nd=102088054&intelsearch=%D4%E5%E4%E5%F0%E0%EB%FC%ED%FB%E9+%E7%E0%EA%EE%ED+%D0%EE%F1%F1%E8%E9%F1%EA%EE%E9+%D4%E5%E4%E5%F0%E0%F6%E8%E8+%EE%F2+27.07.2004+%B9+79-%D4%C7+%AB%CE+%E3%EE%F1%F3%E4%E0%F0%F1%F2%E2%E5%ED%ED%EE%E9+%E3%F0%E0%E6%E4%E0%ED%F1%EA%EE%E9+%F1%EB%F3%E6%E1%E5+%D0%EE%F1%F1%E8%E9%F1%EA%EE%E9+%D4%E5%E4%E5%F0%E0%F6%E8%E8%BB
http://pravo.gov.ru/proxy/ips/?docbody=&nd=102048378&intelsearch=%D4%E5%E4%E5%F0%E0%EB%FC%ED%FB%E9+%E7%E0%EA%EE%ED+%D0%EE%F1%F1%E8%E9%F1%EA%EE%E9+%D4%E5%E4%E5%F0%E0%F6%E8%E8+%EE%F2+21.07.1997+%B9+114+%AB%CE+%F1%EB%F3%E6%E1%E5+%E2+%F2%E0%EC%EE%E6%E5%ED%ED%FB%F5+%EE%F0%E3%E0%ED%E0%F5+%D0%EE%F1%F1%E8%E9%F1%EA%EE%E9+%D4%E5%E4%E5%F0%E0%F6%E8%E8%BB
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