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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʕʣʝʢʪʨʦʜʥʘʷ ʧʨʦʜʫʢʮʠʷ (ʘʥʦʜ,r ʥʘʙʦʝʯʥʝr 

ʤʘʩʩʳ, ʙʦʨʪʦʚʳʝ ʠ ʧʦʜʦʚʳʝ ʙʣʦʢʠ) ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʠ ʚʘʞʥʝʡʰʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʷ. 

ɼʣʷ ʚʳʧʫʩʢʘ ʵʪʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʸ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ, ʥʝʬʪʷʥʦʡ ʢʦʢʩ, ʘʥʪʨʘʮʠʪ, 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ ʠ ʪ.ʜ.), ʘ ʜʣʷ ʝʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʦʙʞʠʛʘ) ʠʩʧʦʣʴʟʫʪʁʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟʠʣʠ ʩʠʥʪʝʟ-ʛʘʟ (ʫʛʦʣʴʥʳʡ ʛʘʟ) ʠ ʤʘʟʫʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʜʦʚʦʡ ʚʳʧʫʩʢ ʘʣʶʤʠʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʚ ʤʠʨʝ ʜʦʩʪʠʛʘʝʪ 

ʙʦʣʝʝ 80 ʤʣʥ ʪʦʥʥ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʭʦʜ ʪʦʣʴʢʦ ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʪ ʥʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ, 

ʛʦʜʦʚʘʷʧʦʪʨʝʙʥʦʩʪ ɹʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʤʳʰʣʝʥʦʩʪʠ ʚ ʥʝʬʪʷʥʦʤ ʢʦʢʩʝ ʩʦʩʪʘʚʠʪ 

ʙʦʣʝʝ 40 ʤʣʥ. ʪʦʥʥ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʣʦ 30 ʤʣʥ. ʪʦʥʥ 

ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ ʚ ʛʦʜ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʤʝʥʝʝ 3% ʤʘʩʩ) ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʦʜʦʚʦʡ ʜʝʬʠʮʠʪ ʚ ʥʝʬʪʷʥʦʤ ʢʦʢʩʝ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 ʤʣʥ. ʪʦʥʥ. 

ʆʪʢʨʳʪʦʝ ɸʢʮʠʦʥʝʨʥʦʝ ʆʙʱʝʩʪʚʦ çʊʘʜʞʠʢʩʢʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʢʦʤʧʘʥʠʷè 

(ʆɸʆ çʊɸʃʂʆè) ʝʞʝʛʦʜʥʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʚʦʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘʢʫʧʘʝʪ ʧʦ 

ʚʳʩʦʢʦʡ ʮʝʥʝ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ ʢʘʪʦʜʥʳʝ ʙʣʦʢʠ (ʙʦʨʪʦʚʳʝ ʠ 

ʧʦʜʦʚʳʝ), ʘ ʨʘʥʝʝ ʜʣʷ ʥʘʙʦʡʢʠ ʤʝʞʙʣʦʯʥʳʭ ʰʚʦʚ ʧʦʜʠʥʳ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʪʘʢʞʝ 

ʟʘʢʫʧʘʣʦ ʥʘʙʦʝʯʥʳʝ ʤʘʩʩʳ ʠʟ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʠ ʙʣʠʞʥʠʭ ʩʪʨʘʥ ʉʅɻ. 

ʆʪʜʘʣʝʥʥʦʩʪʴ ʆɸʆ çʊɸʃʂʆè ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ, ʙʦʣʴʰʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʨʘʩʭʦʜʳ ʠ ʥʝʨʠʪʤʠʯʥʦʩʪʴ ʧʦʩʪʘʚʦʢ ʧʨʠʚʦʜʷʪ ʢ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠ ʠʭ ʧʫʩʢʫ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʆɸʆ çʊɸʃʂʆè ʧʦʢʫʧʘʝʪ ʢʘʪʦʜʥʳʝ ʙʣʦʢʠ ʧʦ ʚʳʩʦʢʦʡ ʮʝʥʝ ʦʪ 1200 ʜʦ 

1400 ʜʦʣʣ. ʉʐɸ ʟʘ ʪʦʥʥʫ, ʪ.ʝ. ʚʣʷʥʠʝ ʩʪʦʠʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʚʳʧʫʩʢʘʝʤʦʛʦ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʚʝʩʴʤʘ ʦʱʫʪʠʤʦ. ʕʣʝʢʪʨʦʣʠʟʝʨʳ ʩ 
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ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ ʆɸʆ çʊɸʃʂʆè ʨʘʙʦʪʘʶʪ ʧʨʠ ʧʨʦʝʢʪʥʦʡ ʩʠʣʝ ʪʦʢʘ 160 

ʠ175 ʢɸ. ʅʘ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʣʠʟʝʨ ʨʘʩʭʦʜʫʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 25 ʪʦʥʥ ʙʦʨʪʦʚʳʭ ʠ 

ʧʦʜʦʚʳʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ 7,5ʪ ʥʘʙʦʝʯʥʦʡ ʤʘʩʩʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʦʨʪʦʚʳʝ ʠ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʜʣʷ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʤʘʣʦʡ ʠ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (ʜʦ 200 ʢɸ) ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʫʛʣʝʛʨʘʬʠʪʘ, ʦʩʥʦʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʥʘʧʦʣʥʠʪʝʣʷ ʢʦʪʦʨʦʛʦ  ʷʚʣʷʝʪʩʷ ʘʥʪʨʘʮʠʪ. ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ 

ʚ ʈʘʰʪʩʢʦʤ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʛʘʝʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʘʥʪʨʘʮʠʪʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ ʩ ʦʙʱʠʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʧʨʦʛʥʦʟʥʳʤ ʟʘʧʘʩʦʤ ʙʦʣʝʝ 150 ʤʣʥ. ʪʦʥʥ. 

ʋʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʳʭ ʦʙʲʸʤʦʚ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʧʦʩʪʘʚʦʢ ʦʪ ʢʦʥʴʶʥʢʪʫʨʳ ʨʳʥʢʘ, 

ʮʝʣʝʩʦʙʨʘʟʥʦ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʠʥʪʝʟ-ʛʘʟʘ ʠʟ ʤʝʩʪʥʦʛʦ 

ʫʛʣʝʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʠʥʪʝʟ-ʛʘʟʘ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʪ.ʢ. ʦʥʠ 

ʩʦʟʜʘʶʪ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʥʝ ʪʦʣʢɹʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʳʨʴʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʆɸʆ ñʊɸʃʂʆò, ʥʦ ʠ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴ̫  ʚ ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʪʠʣʠʟʘʮʠʠ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ 

ʘʣʶʤʠʥʠʝʚʳʭ ʟʘʚʦʜʘʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ ʊʘʜʞʠʢʩʢʦʡ ʘʣʶʤʠʥʠʝʚʦʡ 

ʢʦʤʧʘʥʠʝʡ ʇʨʦʝʢʪʦʤ çʆ ʧʝʨʝʭʦʜʝ ʧʨʝʜʧʨʠʷʪʠʡ ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʠ ʥʘ ʤʝʩʪʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳè.  

 

 

 

 

 

 



8 
 

 

 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ-

ʘʥʪʨʘʮʠʪʘ, ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ 

ʚʳʧʫʩʢʝ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʣʶʤʠʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴ  ʁʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʚʳʷʚʣʝʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʝɦʡ ʩʨʝʜʳ ʠ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ  ʦʧʨʝʜʝʣʝʥʳ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʪʝʢʩʪʫʨʘ, ʘʥʠʟʦʪʨʦʧʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʢʦʣʝʙʘʥʠʶ ʠʤʝʶʱʠʭʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʘʥʪʨʘʮʠʪʝ; 

- ʢʦʤʧʣʝʢʩʥʦ ʠʟʫʯʝʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʥʪʨʘʮʠʪʘʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ rʠ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 1700
0
ʉ; 

- ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʥʪʨʘʮʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʢʦʢʩʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʬʫʪʝʨʦʚʢʘ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʝʥʘ ʠʟ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʨʝʮʝʧʪʫʨʘ ʩʦʩʪʘʚʘ ʰʠʭʪ rʠ ʩʚʷʟʫʶʱʝʛʦ ʭʦʣʦʜʥʦ-ʥʘʙʠʚʥʦʡ 

ʧʦʜʦʚʦʡ ʤʘʩʩʳ (ʍʅʇʄ), ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ,ʠʩʧʳʪʘʥʥʳʭ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʆɸʆ çʊɸʃʂʆè. 

- ʨʘʟʨʘʙʦʪʘʥ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʝʨʝʩʳʧʦʯʥʦʛʦ  ʤʘʪʝʨʠʘʣʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʘʥʪʨʘʮʠʪʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʦʙʞʠʛʝ  ʧʦʜʠʥʳ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʆɸʆ çʊɸʃʂʆè ; 

- ʥʘ ʦʜʥʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʦʜʦʚ ʆɸʆ çʊɸʃʂʆè  

ʧʦʣʫʯʝʥʳ ʦʧʳʪʥʳʝ ʧʘʨʪʠʠ ʦʙʦʞʞʝʥʥʳʭ ʘʥʦʜʦʚ, ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ (ʍʅʇʄ), 
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ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʠ ʠʟʫʯʝʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ  

ʩʚʦʡʩʪʚʘ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʥʪʨʘʮʠʪʫ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ ʅʘʟʘʨʘʡʣʦʢ ʢʘʢ 

ʩrʨɹ  ̫ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʦʜʦʚ, ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ, ʘ ʪʘʢʞʝ ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ 

ʙʣʦʢʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʬʫʪʝʨʦʚʢʝ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ; 

- ʠʩʩʣʝʜʦʚʘʥ r ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʢʩʫʶʱʠʭʩʷ ʫʛʣʝʡ ʌʦʥ-

ʗʛʥʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʢ ʩʳʨʴ ̫ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ,  ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʣʷ ʥʫʞʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

- ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ ʙʣʦʢʦʚ ʦʙʞʠʛʘ ʘʥʦʜʦʚ, ʨʝʘʢʮʠʦʥʥʳʭ ʧʝʯʝʡ ʩʠʥʪʝʟʘ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʚr 

ʨʝʘʢʪʦʨʘʭ ʩʠʥʪʝʟʘ ʬʪʦʨʠʩʪʳʭ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʩʫʰʠʣʢʘʭ ʜʣʷ ʩʫʰʢʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ; 

- ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʪʘ,ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚʆɸʆ çʊɸʃʂʆè,ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ; 

-ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

(ʂɻʂ) ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʚ ʆɸʆ çʊɸʃʂʆè ʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʚ ʘʥʪʨʘʮʠʪʝ ʦʧʨʝʜʝʣʷʣʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10438-87. ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʦ ʠ ʪʠʪʘʥ ʚ ʟʦʣʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʘʢʫʫʤʥʳʤ ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʬʣʦʫʨʝʩʮʝʥʪʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʪʠʧʘ çʉʇɽʂʊʈʆʉʂɸʅ ʄʘʢʩ GVè. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ɻʆʉʊ 4790-80 çʊʦʧʣʠʚʦ ʪʚʝʨʜʦʝ. ʄʝʪʦʜ ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘè.

 ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʪʨʘʮʠʪʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʪʝʨʤʦʛʨʘʬʝ ʘʚʪʦʨʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʩʪʘʥʦʚʢʝ ɼʈʆʅï2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉu-ʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʪʨʘʞʝʥʠʝ.  

 ʍʦʣʦʜʥʦʥʘʙʠʚʥʘʷ ʧʦʜʦʚʘʷ ʤʘʩʩʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʛʦʪʘʚʣʠʚʘʣʘʩʴ 

ʥʘ ʫʩʪʘʥʦʚʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ɻʋʇ çʊɸʣʂʦè.  
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʙʩʫʞʜʝʥʳ ʠ ʜʦʣʦʞʝʥʳ ʥʘ: 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 80-ʣʝʪʠʶ ʩʦ 

ʜʥʷ ʨʦʞʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʊʊʋ ʠʤ.ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ ʉʫʣʝʡʤʘʥʦʚʘ ɸ.ʉ. 

(ɼʫʰʘʥʙʝ, 1998); I ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

çʇʝʨʝʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ XXI  ʚʝʢʝè ʊʊʋ ʠʤ. ʘʢʘʜ. 

ʄ.ʉ.ʆʩʠʤʠ (ɼʫʰʘʥʙʝ, 2005); V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ɺʋɿ-ʘʭ ʩʪʨʘʥ ʉʅɻè, ʊʊʋ ʠʤʝʥʠ 

ʘʢʘʜ. ʄ. ʆʩʠʤʠ (ɼʫʰʘʥʙʝ, 2011); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʝʪʘʣʣʫʨʛʠʠè, ʊʊʋ ʠʤʝʥʠ ʘʢʘʜ. ʄ. ʆʩʠʤʠ (ɼʫʰʘʥʙʝ, 2011); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʣʦʛʠʷ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʊʘʜʞʠʢʠʩʪʘʥʘè (ɼʫʰʘʥʙʝ, 2011); 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʥʝʜʨʝʥʠʝ ʥʘʫʢʦʝʤʢʦʡ 

ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦè, ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊʘʜʞʠʢʠʩʪʘʥʘ (ɼʫʰʘʥʙʝ, 2013); XIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʅʫʤʘʥʦʚʩʢʠʝ ʯʝʪʝʥʠʷè çɼʦʩʪʠʞʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʟʘ 25 ʣʝʪ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥè, ʧʦʩʚʷʱʸʥʥʦʡ 70-

ʣʝʪʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤ. ɺ.ʀ ʅʠʢʠʪʠʥʘ  ɸʅ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ (ɼʫʰʘʥʙʝ, 2016); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥè, 

ʧʦʩʚʷʱʝʥʥʦʡ ɼʥʶ ʭʠʤʠʢʘ ʠ 80-ʣʝʪʠʶ ʧʨʦʬʝʩʩʦʨʘ ɺʘʭʦʙʦʚʘ ɸ.ɺ., ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʠʤʝʥʠ ɺ.ʀ. ʅʠʢʠʪʠʥʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (ɼʫʰʘʥʙʝ, 2016); 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʊʘʜʞʠʢʠʩʪʘʥʘè, ʧʦʩʚʷʱʝʥʥʦʡ 25-ʣʝʪʠʶ 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʠ 10-ʣʝʪʠʶ ɻʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ (ʏʢʘʣʦʚʩʢ, 2016); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʢʣʘʜ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʨʘʟʚʠʪʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠè, ʧʦʩʚʷʱʝʥʥʦʡ ʅʫʤʘʥʦʚʩʢʠʤ ʯʪʝʥʠʷʤ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ 

ʠʤʝʥʠ ɺ.ʀ. ʅʠʢʠʪʠʥʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, (ɼʫʰʘʥʙʝ, 2017); VI  

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠè, ʧʦʩʚʷʱʝʥʥʦʡ 

110-ʣʝʪʠʶ ʘʢʘʜ. ɸʅ ʈʊ ʉ.ʋ. ʋʤʘʨʦʚʘ ʠ 90-ʣʝʪʠʶ ʘʢʘʜ. ɸʅ ʈʊ ɸ.ɸ. ɸʜʭʘʤʦʚʘ, 

(ɼʫʰʘʥʙʝ, 2018); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʜʠʩʮʠʧʣʠʥ ʚ ʩʨʝʜʥʝʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣʘʭ ʠ ɺʋɿ-ʘʭè, ʧʦʩʚʷʱʝʥʥʦʡ 150-

ʣʝʪʠʶ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè, ʊʅʋ 

(ɼʫʰʘʥʙʝ, 2019); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʋʩʢʦʨʝʥʥʘʷ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ-ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ʨʘʟʚʠʪʠʷ ʊʘʜʞʠʢʠʩʪʘʥʘè, ʀʕʊ 

(ʂʫʰʦʥʠʸʥ, 2019). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

- ʚʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩʥʦ ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʠ ʥʠʟʢʠʭ, 

ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (250-  ʘ ʪʘʢʞʝ ʀʂ- 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʝʡ, ʕʇʈ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʝʡ ʚʳʷʚʣʝʥʳ ʝʛʦ 

ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʚʧʝʨʚʳʝ ʜʘʥʘ ʦʮʝʥʢʘ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʢʘʢ ʩʳʨʴ ̫ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʦʜʦʚ, ʍʅʇʄ,  ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʞʠʛʘ ʧʦʜʠʥʳ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ; 

- ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʰʠʭʪʳ ʠ ʩʚʷʟʫʶʱʝʛʦ (ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʍʅʇʄ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʪʝʨʤʦʘʥʪʨʘʮʠʪʘ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʘʥʦʜʥʳʭ,  ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ; 

- ʚʧʝʨʚʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʆɸʆ çʊɸʃʂʆè  ʧʦʣʫʯʝʥʳ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʘʨʪʠʠ ʍʅʇʄ, ʘʥʦʜʦʚ ʠ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 
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ʘʥʪʨʘʮʠʪʘ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʊʋ 1913 -109-021-2003 

çɹʣʦʢʠ ʧʦʜʦʚʳʝ ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚè, ʘ ʪʘʢʞʝ ʊʋ 48-0128-50-60-04 

çʇʨʠʛʦʪʦʚʣʝʥʠʝ ʤʘʩʩʳ ʭʦʣʦʜʥʦʥʘʙʠʚʥʦʡè; 

- ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

 ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʠ ʜʦʢʘʟʘʥʘ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ; 

- ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ  

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʭ 

ʦʪʭʦʜʦʚ ʆɸʆçʊɸʃʂʆè. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʨʘʱʠʚʘʪʴ ʩʣʦʡ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʰʘʭʪʝ ʵʣʝʢʪʨʦʣʠʟʝʨʘ; 

- ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʘʥʪʨʘʮʠʪʘ ʠ ʜʨʫʛʠʭ ʫʛʣʝʡ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʚʤʝʩʪʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʨʘʟʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʠʟʳʩʢʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʭ 

ʦʪʭʦʜʦʚ ʆɸʆ çʊɸʃʂʆè ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʷʤʦ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ ʠʟ ʫʛʣʝʡ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʦʜʦʚ, ʍʅʇʄ, ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ 

ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʧʝʨʝʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʞʠʛʘ ʧʦʜʠʥʳ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠʟ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ; 

ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʝʡ ʌʦʥ-ʗʛʥʦʙʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ ʆʆʆ çʊɸʃʂʆ ʂʝʤʠʢʘʣè. ʇʨʝʜʣʦʞʝʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʆɸʆ çʊɸʃʂʆè ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʚʠʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʝʛʦ ʩʧʣʘʚʘ.  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪ rʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʥʦʜʦʚ, ʍʅʇʄ, ʙʦʨʪʦʚʳʭ ʠ 

ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʞʠʛʘ ʧʦʜʠʥʳ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʛʣʝʛʨʘʬʠʪʦʚʳʤʠ ʠʟʜʝʣʠʷʤʠ, ʟʘʚʦʟʠʤʤrʠ ʚ ʆɸʆ çʊɸʃʂʆè ʠʟ 

ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ, ʂʅʈ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠʟ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʆɸʆ çʊɸʃʂʆè 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʸʤʳ, ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʞʝʛʦ ʛʣʠʥʦʟʝʤʘ 

ʠ ʢʨʠʦʣʠʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʶʤʠʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʜʣʷ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

- ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʦʛʦ ʠ ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʥʪʨʘʮʠʪʘ  

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʚ ʩʨʘʚʥʝʥʠʠ  ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ; 

- ʨʝʮʝʧʪʫʨʘ ʠ ʪʝʭʥʦʣʦʛʠ ̫ʧʨʦʠʟʚʦʜʩʪʚʘ ʍʅʇʄ ʜʣʷ ʥʘʙʦʡʢʠ ʤʝʞʙʣʦʯʥʳʭ 

ʰʚʦʚ ʧʦʜʠʥʳ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ; 

- ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ  ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ 

ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʪʚʝʨʜʳʭ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ 

ʦʪʭʦʜʦʚ; 

- ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʝʨʝʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 

ʘʥʪʨʘʮʠʪʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʦʙʞʠʛʘ ʧʦʜʠʥʳ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ; 

- ʨʝʮʝʧʪʫʨʘ ʠ ʪʝʭʥʦʣʦʛʠ ̫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʥʪʨʘʮʠʪʘ, ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʧʦʜʠʥʳ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ; 

-ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ  ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʘʣʶʤʠʥʠʷ, ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʆɸʆ çʊɸʃʂʆè; 
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- ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʠʥʪʝʟ-ʛʘʟʘ ʠʟ 

ʫʛʣʝʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩ ʮʝʣʴʶʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʙʦʞʞʝʥʥʳʭ ʘʥʦʜʦʚ, ʧʘʨʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ; 

- ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʫʛʣʝʡ ʩ ʮʝʣʴʁ  ʩʦʩʪʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʣʘʥʩʦʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʠ 

ʦʙʦʙʱʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʚʳʚʦʜʘʤʠ ʠ ʠʭ ʬʦʨʤʫʣʠʨʦʚʢʝ, ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʫʙʣʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ. 

ɸʚʪʦʨ ʢʦʥʩʪʨʫʠʨʦʚʘʣ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʚʠʙʨʦʧʨʝʩʩʘ ʜʣʷ ʧʨʝʩʩʦʚʢʠ 

çʟʝʣʝʥʳʭè ʤʘʩʩ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ, ʍʅʇʄ. ʈʫʢʦʚʦʜʠʣ 

ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʚ 

ʚʘʥʥʘʭ, ʍʅʇʄ, ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ, ʩʠʥʪʝʟ-ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʚ ʆɸʆ çʊɸʃʂʆè ʠ ʆʆʆ çʊɸʃʂʆ ʂʝʤʠʢʘʣè. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 1 

ʤʦʥʦʛʨʘʬʠʷ, 25 ʩʪʘʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 13 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 12 ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ, ʘ ʪʘʢʞʝ  ʧʦʣʫʯʝʥʦ 5 ʤʘʣʳʭ ʧʘʪʝʥʪʦʚ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

5-ʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 

225 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʀʟʣʦʞʝʥʘ ʥʘ 303 ʩʪʨʘʥʠʮʘʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʥʘʙʦʨʘ, ʚʢʣʶʯʘʷ 

57 ʨʠʩʫʥʢʦʚ, 88 ʪʘʙʣʠʮ ʠ ʧʨʠʣʦʞʝʥʠʡ. 
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ɻʃɸɺɸ 1. ʋɻʃɽʈʆɼʅʆɽ ʉʓʈʔɪ, ʀʉʇʆʃʔɿʋɽʄʆɽ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ɸʃʖʄʀʅʀʗ ʀ ɼʈʋɻʀʍ ʆʊʈɸʉʃʗʍ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ            

(ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ) 

1.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛʣʝʡ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ: 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʧʨʦʛʥʦʟʥʳʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʩʝʭ ʪʠʧʦʚ ʫʛʣʝʡ ʦʪ ʚʳʩʦʢʦʩʦʨʪʥʳʭ ʘʥʪʨʘʮʠʪʦʚ  ʜʦ ʧʨʦʩʪʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʜʘʞʝ ʧʦʣʫʯʝʥʠʠ ʢʦʢʩʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʨʦʯʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʦʛʥʦʟʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [1] (ʩʤ. 

ʪʘʙʣʠʮ r 1.1, 1.2). ʉʨʝʜʠ ʧʨʠʚʝʜʝʥʥʳʭ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʝʪ ʌʦʥ-ʗʛʥʦʙʩʢʦʝ ʫʛʦʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʅʘʟʘʨʘʡʣʦʢʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʥʪʨʘʮʠʪʘ. ʋʛʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ ʌʦʥ-ʗʛʥʦʙʘ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʪʦʧʣʠʚʦ ʠ ʩʳʨʴʸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ, ʭʦʪʷ ʦʥʠ ʷʚʣʷʪʁʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʢʩʘ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ, 

ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʫʪʝʨʦʚʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ). 

ɸʥʪʨʘʮʠʪʳ ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʴ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ, ʬʫʪʝʨʦʚʦʯʥʳʭ ʠʟʜʝʣʠʡ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ 

(ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʠʟ ʥʝʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʦʨʙʝʥʪʳ, 

ʬʠʣʴʪʨʘʥʪʳ [2-3] ʠ ʧʨʦʯʠʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ  ʘʥʪʨʘʮʠʪʦʚ ʤʝʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʩʦʟʜʘʣʠ 

ʙʘʟʫ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʫʛʣʷ ʚ ʧʨʦʤʳh ʣʝʥʥʦʩʪʠ [4].  

 ʇʨʠ ʫʛʣʝʬʠʢʘʮʠʠ  ʠ  ʩʠʣʴʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ 

ʫʧʣʦʪʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʛʣʷ ʠ ʧʦʩʪʝʧʝʥʥʘʷ ʫʙʳʣʴ ʝʛʦ ʤʘʩʩʳ ʟʘ ʩʯʝʪ 
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ʦʪʱʝʧʣʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʫʛʣʷ (ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʪʨʘʮʠʪʘ). 

ʊʘʙʣʠʮʘ 1.1 - ʇʨʦʛʥʦʟʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʶʞʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 ̄

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʝʪʦʨʦʞʜʝʥʠʷ 

ɿʦʣʴ-

ʥʦʩʪ ɹ

%ʤʘʩʩ. 

ʉ
ʦ
ʜ
ʝ
ʨ
ʞ
ʝ
ʥ
ʠ

ʝ 

ʫ
ʛ
ʣ
ʝ
ʨ
ʦ
ʜ
ʘ
 
 
%

 

ʊ
ʝ
ʧ
ʣ
ʦ
ʪ
ʚ
ʦ
ʨ

ʥ
ʦ
ʩʪ
ʴ
 

ʂ
ʢ
ʦ
ʣ
/
 
ʢ
ʛ

 

ʇ
ʨ
ʦ
ʤ
ʳ
ʰ
ʣ
ʝ

ʥ
ʥ
ʳ
ʝ
 

ʟ
ʘ
ʧ
ʘ
ʩ
ʳ
 
ʪ
ʳ
ʩ
 
.
ʪ
.

 

ʇ
ʨ
ʦ
ʛ
ʥ
ʦ
ʟ
ʥ
ʳ
ʝ
 

ʨ
ʝ
ʩ
ʫ
ʨ
ʩ
ʳ
 
ʪ
ʳ
ʩ
 
.
ʪ
.

 

ʆ
ʙ
ʱ
ʠ
ʝ
 
ʟ
ʘ
ʧ
ʘ
ʩ
ʳ
 

ʪ
ʳ
ʩ
.
ʪ
.

 

1 ʅʘʟʘʨʘʡʣʦʢ 2-15 88,26 
7975-

8100 
14983 49659 64842 

2 ʄʠyʥʘʜʫ 
21,9-

19,2 
77-86 

6700-

7500 
2262 2549 4811 

3 ɿʠʜʜʠ 
22,1-

26,4 

76,11- 

80,17 

6708-

7989 
20840 25069 45909 

4 ʌʦʥ-ʗʛʥʦʙ 15-37 - 
6126-

8000 
160179 331086 491265 

5 ʊʦʰʢʫʪʘʥ 
12,7-

52,7 
- 

3280- 

7070 
2054 5945 8000 

6 ʉʫʬʬʘ 
24,1-

37,4 
- 

3280-

7070 
33500 33500 67000 

7 ʍʠʢʠʤʠ 14,2 - 7372 - 1866 1866 

8 ʈʘʚʥʦʚ 10-35 - 
7168-

8103 
6393 178419 184812 

9 ʐʫʨʦʙʦʜ 
4,8-

19,7 
- 

6963-

7780 
- 294080 294080 

10 ɼʘʰʪʠʜʞʫʤ 22-25 - 
6900-

7257 
- 165150 165150 

11 ʉʘʡʝʜ 30,7 - - - 1758 1758 

 ʀʪʦʛʦ:    208165 1089301 1297466 
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ʊʘʙʣʠʮʘ 1.2 - ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʊʘʜʞʠʢʠʩʪʘʥʘ 

 ̄

ʧ/

ʧ 

ʇʦʢʘʟʘʪʝʣʴ 

ʅ
ʘ
ʟ
ʘ
ʨ
ʘ
ʡ
ʣ
ʦ
ʢ

 

ʄ
ʠ
ʸ
ʥ
ʘʜ
ʫ 

ɿ
ʠ
ʜʜ
ʠ
 

ʌ
ʦʥ

-ʗ
ʛ
ʥ
ʦ
ʙ

 

ʉ
ʘ
ʡ
ʸ
ʜ

 

ʊ
ʘ
ʰ
ʢ
ʫ
ʪ
ʘ

ʥ
 

ʍ
ʘ
ʢ
ʠ
ʤ
ʠ

 

ʈ
ʘ
ʚ
ʥ
ʦ
ʚ

 

ʇ
ʨ
ʠ
ʤ
ʝ
ʯ
ʘ
ʥ
ʠ
ʝ

 

1 2 3 4 5 6 7 8 9 10 

1 

ʋʛʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʛʦʩʪ-ʫ 

2554

3-82 

255

43-

88 

       

2 
ɿʦʣʴʥʦʩʪʴ,% 

ʤʘʩʩ. 

2,0-

21,5 

22,9

-

29,2 

22,1-

26,94 

15-

18 
30,7 

12,7- 

52,7 

14,2

- 

40 

10,35

- 

34,77 

 

3 
ʉʨʝʜʥʷʷ 

ʩʦʨʥʦʩʪʴ 
0,55 

0,2-

2,9 
1,06 

0,2-

2,0 
1,01 

0,02- 

0,10 
0,12 

0,36- 

11,78 
 

4 
ɺʳʭʦʜ ʣʝʪʫʯʠʭ 

ʚʝʱʝʩʪʚ, % ʤʘʩʩ. 

0,75-

20,3 

21-

50 

32,2-

34,3 

23-

24 

39,3

0 

19,6- 

28,7 
   

5 

ʉʨʝʜʥʷʷ ʥʠʟʰʘ̫ 

ʪʝʧʣʦʪʘ  

ʩʛʦʨʘʥʠʷ, 

ʂʢʘʣ/ʢʛ 

7005

- 

7975 

670

8- 

750

0 

6708-

7989 

650

0- 

730

0 

 
3280- 

7070 

737

2 

7168

- 

8103 

 

6 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ, % 

ʤʘʩʩ. 

88,26

- 

96,26 

77,0

-

80,1 

7611-

80 
 

80,0

- 

88 

    

7 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʦʨʦʜʘ, % 

ʤʘʩʩ. 

0,84-

3,72 

4,36

-

5,28 

4,36-

5,28 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.2 

1 2 3 4 5 6 7 8 9 10 

8 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ, % ʤʘʩʩ. 

0,56-

1,95 
        

9 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ,% 

ʤʘʩʩ. 

0,9-

7,42 
        

10 

ʉʦʜʝʨʞʘʥʠʝ  

ʬʦʩʬʦʨʘ, % 

ʤʘʩʩ. 

0,005

- 

0,06 

0,10  

0,034

-

0,375 

     

11 
ʉʦʜʝʨʞʘʥʠʝ 

ʛʝʨʤʘʥʠʷ, ʛ/ʪ 

0,4-

6,8 

 

        

12 
ʇʣʦʪʥʦʩʪʴ, 

ʢʛ/ 
1407         

13 
ɺʣʘʞʥʦʩʪʴ, % 

ʤʘʩʩ. 
 

2,4-

3,4 

3,03-

5,77 

0,7-

1,9 

3,7

0 

0,88-

6,68 
 

3,21-

9,61 
 

14 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ʟʦʣʳ, 

ʦ
ʉ 

 
1290- 

1510 

1290

-

1450 

      

15 
ʉʦʜʝʨʞʘʥʠʝ 

, % ʤʘʩʩ. 
  

47,0-

56,6 
  

55,6-

59,04 
   

16 
ʉʦʜʝʨʞʘʥʠʝ 

, % ʤʘʩʩ. 
  

32,6-

42,6 
  

27,36- 

28,67 
   

17 
ʉʦʜʝʨʞʘʥʠʝ 

, % ʤʘʩʩ. 
  

3,9-

7,8 
  

5,93-

7,89 
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 ʋʛʣʠ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ IV-ʳʡ ʧʣʘʩʪ, ʫʥʠʢʘʣʴʥʳ ʠ ʭʦʨʦʰʦ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥ.r ʉʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʛʣʠ ʯʝʨʥʳʝ, ʙʣʝʩʪʷʱʠʝ, ʦʜʥʦʨʦʜʥʳʝ, ʨʝʞʝ ʧʦʣʫʙʣʝʩʪʷʱʠʝ, 

ʧʦʣʦʩʯʘʪʳʝ. ʇʦ  ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʨʦʜʥʳʤ ʚʠʪʨʠʥʠʪʦʚʳʤ 

ʪʠʧʘʤ. ʇʦ ɻʆʉʊ 25543-82  ʫʛʣʠ ʚʩʝʭ ʧʣʘʩʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʘʥʪʨʘʮʠʪʘʤ (ɸ).  

ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʘʥʪʨʘʮʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʋʢʨʘʠʥʝ (ɼʦʥʝʮʢʠʡ ʙʘʩʩʝʡʥ), 

ʈʦʩʩʠʠ (ɻʦʨʣʦʚʩʢʠʡ, ʂʦʣʳʚʘʥʩʢʠʡ, ʋʨʛʫʥʩʢʠʡ ʙʘʩʩʝʡʥʳ), ʈʦʩʩʠʡʩʢʦʤ ɼʦʥʙʘʩʩʝ 

[5-10]. ʀʟ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʛʜʝ ʘʥʪʨʘʮʠʪ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʘʥʪʨʘʮʠʪ 

ʅʘʟʘʨʘʡʣʦʢʘ,  ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʍʘ-ʊʫ (ɺʴʝʪʥʘʤ). ɺ ʜʨʫʛʠʭ ʝʚʨʦʧʝʡʩʢʠʭ 

ʩʪʨʘʥʘʭ  ʘʥʪʨʘʮʠʪ ʚʩʪʨʝʯʘʝʪʩʷ  ʚ ɻʝʨʤʘʥʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ɺʝʥʛʨʠʠ ʠ ʜʨ. ʀʟ 

ʜʘʣʴʥʠʭ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥ ʘʥʪʨʘʮʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʂʅʈ ʠ ʜʨ. 

ɸʥʪʨʘʮʠʪʳ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʅʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʪʨʘʮʠʪʳ ɼʦʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦʜʝʨʞʘʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʤʧʦʥʝʥʪʳ  ʛʨʫʧʧʳ ʚʠʪʨʠʥʠʪʘ (70-80%), ʘʥʪʨʘʮʠʪʳ  ʞʝ ɻʦʨʣʦʚʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʧʧʳ ʬʶʟʝʥʠʪʘ (55-60%) 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʢʣʘʨʝʥʦʜʶʨʝʥʦʚʳʤʠ ʠ ʜʶʨʝʥʦʚʳʤʠ ʣʠʪʦʪʠʧʘʤʠ. 

ɸʥʪʨʘʮʠʪʳ ʈʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʂʫʨʘʢʦʚʳʤ ʖ.ʀ. [11].   

ʇʦ ʩʦʩʪʘʚʫ ʫʛʣʠ ʧʣʘʩʪʦʚ IV ʠ VI ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʟʘʨʘʡʣʦʢʘ ʙʣʠʟʢʠ ʢ 

ʫʥʠʢʘʣʴʥʳʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʢʘʯʝʩʪʚʫ ʘʥʪʨʘʮʠʪʘʤ ʚʴʝʪʥʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʍʘ-ʊʫ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʪʨʘʮʠʪʳ 

ʅʘʟʘʨʘʡʣʦʢʘ ʠ ʍʘ-ʊʫ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʪʨʘʮʠʪʦʚ ɼʦʥʝʮʢʦʛʦ ʠ 

ɻʦʨʣʦʚʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ (ʪʘʙʣʠʮʘ 1.3). ʋ ʅʘʟʘʨʘʡʣʦʢʩʢʦʛʦ ʘʥʪʨʘʮʠʪʘ ʧʦʥʠʞʝʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʦʡ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠ ʥʠʟʢʘʷ ʦʪʨʘʞʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʘʥʪʨʘʮʠʪʘ ʍʘ-ʊʫ. ʕʪʠ ʘʥʪʨʘʮʠʪʳ 

ʦʪʣʠʯʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ, ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʠ 

ʟʦʣʳ. 

ɸʥʪʨʘʮʠʪʦʚʦʝ ʫʛʦʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʅʘʟʘʨʘʡʣʦʢ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʧʨʠʨʦʜʦʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʠ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɿʝʨʘʚʰʘʥʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ 
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ʦʪʤʝʪʢʝ 3550-4050 ʤ. ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʘʰʩʪʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ.  

ʊʘʙʣʠʮʘ 1.3- ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʘʥʪʨʘʮʠʪʦʚ 

ˉ 

ʧ.

ʧ 

ʇʦʢʘʟʘʪʝʣʠ 

ʄʝʩʪʦʨʦʞʜʝ

ʥʠʝʅʘʟʘʨʘʡ

ʣʦʢ
*
 

 

ʄʝʩʪʦʨʦʞʜʝʥ

ʠʝ ʍʘ-ʊʫ 

ɼʦʥʝʮʢʠʡ 

ʙʘʩʩʝʡʥ
**  

ɻʦʨʣʦʚʩʢʠʡ 

ʙʘʩʩʝʡʥ***  

1 
ʂʘʞʫʱʘʷʩʷ 

ʧʣʦʪʥʦʩʪʴ ,ʛ/  
1,42 1,42 1,71 1,66 

2 
ɺʳʭʦʜ ʣʝʪʫʯʠʭ 

ʚʝʱʝʩʪʚ , ʤʣ/ʛ 
290,00 280,00 75,00 117,50 

3 
ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, 

% ʤʘʩʩ. 
2,30 2,60 3,40 3,95 

4 
ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ,  

% ʤʘʩʩ. 
0,19 0,57 1,14 0,26 

5 
ʆʪʨʘʞʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 
3,11 4,00 5,57 4,80 

6 
ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝ

ʥʠʝ, ʆʤĀ  
1,5*   1,0*  1,0*  

ʇʨʠʤʝʯʘʥʠʝ : * ʩʦʦʪʚʝʪʩʪʚʫʝʪ IV ʧʣʘʩʪʫ.**- ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʪʨʘʮʠʪʘʤ 

ʰʘʭʪʳ ˉ 66,67 ʠ çʂʨʘʩʥʳʡ ʧʘʨʪʠʟʘʥè.***-ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʪʨʘʮʠʪʘʤ 

çʂʘʣʳʚʘʥʩʢʠʡè ʠ çʃʠʩʪʚʷʥʩʢʠʡè (ʚʝʣʠʯʠʥʳ ʫʩʨʝʜʥʝʥʳ) (ʈʦʩʩʠʷ). 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʚʳʪʷʥʫʪʦ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 8,5 ʢʤ ʚ ʚʠʜʝ ʧʦʣʦʩʳ 

ʰʠʨʠʥʦʡ ʜʦ 2-ʭʢʤ ʠ ʜʝʣʠʪʩʷ ʨʝʢʦʡ ʐʠʢʦʨʭʦʥʘ ʥʘ 2 ʧʦʯʪʠ ʨʘʚʥʳʭ ʫʯʘʩʪʢʘ: 

ʟʘʧʘʜʥʳʡ ï ʫʯʘʩʪʦʢ çʂʘʬʪʘʨʭʦʥʘèʠ ʚʦʩʪʦʯʥʳʡ ï çʐʠʢʦʨʭʦʥʘè. ʋʯʘʩʪʦʢ 

çʐʠʢʦʨʭʦʥʘè ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 2,8 ʢʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 1,6 ʢʤ - ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʘʷ 

ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ (B+C2 ʠ C2) ʠ ʧʨʦʛʥʦʟʥʳʤ 

ʨʝʩʫʨʩʘʤ (P1+P2) ʟʘʧʘʩʳ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 130 ʤʣʥ. ʪʦʥʥ [1]. 
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ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʅʘʟʘʨʘʡʣʦʢè ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʩʠʣʫʨʠʡʩʢʠʝ, ʶʨʩʢʠʝ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʅʠʞʥʝʩʠʣʫʨʠʡʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ  ʰʠʥʛʩʢʦʡ ʩʚʠʪʳ (SiSn) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ; ʘʣʴʙʠʪ ï 

ʭʣʦʨʠʪ ï ʤʫʩʢʦʚʠʪ ʢʚʘʨʮʝʚʳʭ ʠ ʭʣʦʨʠʜ-ʤʫʩʢʦʚʠʪ ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ. ʖʨʩʢʠʝ  

ʦʪʣʦʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ çʐʠʢʦʨʭʦʥʘè ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʬʪʘʨʭʘʥʠʥʩʢʦʡ ʩʚʠʪʦʡ ʥʠʞʝ 

ʩʨʝʜʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʜʨʘʟʜʝʣʷʶʱʝʡʩʷ ʥʘ 2 ʧʦʜʩʚʠʪʳ: 

ʥʠʞʥʝʢʘʬʪʘʨʭʘʥʠʥʩʢʫʶ ( )  ʠ ʩʨʝʜʥʝʢʘʬʪʘʨʭʘʥʠʥʩʢʫʶ  () [1]. 

ʅʘ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ 16 ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠ ʤʘʩʩʘ ʣʠʥʟ 

ʠ ʧʨʦʩʣʦʝʚ. ʇʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 15 ʧʣʘʩʪʦʚ. ʄʦʱʥʦʩʪʴ 

ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ  ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,73 ʤ ʜʦ 37,37 ʤ. ʂ ʤʦʱʥʳʤ ʫʛʦʣʴʥʳʤ ʧʣʘʩʪʘʤ 

ʦʪʥʦʩʷʪʩʷ ʧʣʘʩʪʳ: IV, V, , VI , , VIII , X, XI , XII, ʧʣʘʩʪ  ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʦʤʳʰʣʝʥʥʳʤ, ʦʩʪʘʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʠʤ ʧʣʘʩʪʘʤ [1]. 
 

1.2. ʋʛʣʝʨʦʜʥʦʝ ʩʳʨʴʸ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʦʜʦʚ, ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ, ʢʘʪʦʜʥʳʭ 

(ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ) ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ 

1.2.1. ʂʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʠʟʜʝʣʠʡ ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʨʘʮʠʪ, 

ʥʝʬʪʷʥʦʡ ʢʦʢʩ, ʠʩʩʢʫʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʷʟʫʶʱʝʛʦ- 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ, ʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ, ʥʘʧʨʠʤʝʨ ʍʅʇʄ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ  ʢ ʧʝʢʫ ʜʦʙʘʚʣʷʶʪ ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ. ʇʝʢ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ 

ʤʘʩʣʦ  ʷʚʣʷʶʪʩʷ  ʧʨʦʜʫʢʪʘʤʠ ʜʠʩʩʪʠʣʷʮʠʠ ʢʘʤʝʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ. ʕʪʠ ʜʦʙʘʚʢʠ ʢ 

ʥʘʧʦʣʥʠʪʝʣ ʁʩʳʛʨʘʪʁ ʮʝʤʝʥʪʠʨʫʶʱʫʶ ʨʦʣʴ. 

 ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʡ: ʦʪ 

ʙʫʨʳʭ-ʤʘʪʦʚʳʭ ʜʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʣʝʩʪʷʱʠʭ ʘʥʪʨʘʮʠʪʦʚ. ʉʨʝʜʠ ʫʛʣʝʡ 

ʩʘʤʳʤʠ ʧʦʜʭʦʜʷʱʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʢʩʘ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ 

ʷʚʣʷʝʪʩʷ ʌʦʥ-ʗʛʥʦʙʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘ ʩʨʝʜʠ ʘʥʪʨʘʮʠʪʦʚ- ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʅʘʟʘʨʘʡʣʦʢ. ʋʛʣʠ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʪʦʧʣʠʚʦ ʠʣʠ 

ʧʦʣʫʯʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʛʘʟ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ. 

 ʋʛʣʠ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʙʦʣʝʝ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʈʊ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʟʘʧʘʩʦʤ ʙʦʣʝʝ 206 ʤʣʥ. ʪʦʥʥ, ʧʦ ʌʦʥ-ʗʛʥʦʙʩʢʦʤʫ (ɸʡʥʠʥʩʢʠʡ 
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ʨʘʡʦʥ) ʦʢʦʣʦ 260 ʤʣʥ. ʪʦʥʥ. ɼʣʷ ʆɸʆ çʊɸʃʂʆè ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʷʚʣʷʶʪʩʷ ʫʛʣʠ ʌʦʥ-ʗʛʥʦʙʘ (ʢʘʢ ʢʦʢʩʫʶʱʠʝ ʫʛʣʠ) ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ 

(ʘʥʪʨʘʮʠʪʳ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʍʅʇʄ, ʧʦʜʦʚʳʭ, ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ, ʘ 

ʪʘʢʞʝ ʢʘʢ ʜʦʙʘʚʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʥʦʜʦʚ ʠ ʧʦʣʫʯʝʥʠʠ ʧʝʨʝʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʧʝʨʝʜ ʧʫʩʢʦʤ. 

 ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʥʝ ʠʤʝʝʪ ʟʘʚʦʜʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ 

ʧʝʢʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʦʥʢʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. ʆɸʆ çʊɸʃʂʆè  

ʟʘʢʫʧʘʣʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ: ʈʦʩʩʠʠ, 

ʋʢʨʘʠʥʳ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʢ ʧʦʩʪʫʧʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʊʫʨʢʤʝʥʠʩʪʘʥʘ. ʇʦʪʨʝʙʥʦʩʪʴ ʆɸʆçʊɸʃʂʆè ʢ ʧʝʢʫ ʩʦʩʪʘʚʣʷʝʪ 

47000-48000 ʪʦʥʥ. 

ʆɸʆ çʊɸʃʂʆè  ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʦʝʢʪʠʨʫʝʪ ʟʘʚʦʜ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʤʦʱʥʦʩʪʴʶ 30 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ, ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʝʢʝ ʚʦʟʨʘʩʪʝʪ ʜʦ 60 ʪʳʩ. ʪʦʥʥ/ʛʦʜ. ʆɸʆ çʊɸʃʂʆè ʠʩʧʦʣʴʟʫʝʪ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʢ (ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʤʷʛʯʝʥʠʷ 65-75
0
ʉ). 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ ʩʣʦʞʥʳʡ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʬʨʘʢʮʠʡ: Ŭ1, Ŭ2, ɓ ʠ ɔ. ʉʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʧʝʢʦʚ ʧʦʜʨʦʙʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʘʚʪʦʨʘʤʠ [12-29]. ʋʢʘʟʘʥʥʳʝ ʬʨʘʢʮʠʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [30-32], ʥʘʧʨʠʤʝʨʩʧʝʢʘʝʤʦʩʪʴ, ʚʳʭʦʜ ʢʦʢʩʦʚʦʛʦ 

ʦʩʪʘʪʢʘ, ʚʷʟʢʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ ʧʝʢʘ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʨʠʜʘʶʪ ʧʝʢʫ 

ʮʝʤʝʥʪʠʨʫʶʱʫʶʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʦʜʥʳʭ ʠ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ. 
  

1.2.2. ʇʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʦʣʦʜʥʦ-ʥʘʙʠʚʥʦʡ ʧʦʜʦʚʦʡ ʤʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʢ ʧʝʢʫ ʜʦʙʘʚʣʷʶʪ ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ. ɼʘʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʛʦʥʢʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʳ. ʇʦʩʣʝ ʧʝʨʝʛʦʥʢʠ ʠʟ 

ʩʦʩʪʘʚʘ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʧʝʨʝʛʦʥʷʶʪʩʷ ʬʝʥʦʣ, ʥʘʬʪʘʣʠʥ, ʣʝʛʢʠʝ ʤʘʩʣʘ ʠ 

ʧʘʨʳ ʚʦʜʳ. 
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 ʇʦ ʩʚʦʝʤʫ ʢʘʯʝʩʪʚʫ ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʊʀ 48-0126-50-06-04. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʊʀ ʦʙʲʸʤʥʘʷ 

ʜʦʣʷ ʚʦʜʳ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,5%, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʥʘʬʪʘʣʠʥʘ ʥʝ ʙʦʣʝʝ 20%, ʘ 

ʬʝʥʦʣʘ ʥʝ ʙʦʣʝʝ 0,8%. ʎʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʧʦʛʣʦʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ ʩʯʠʪʘʝʪʩʷ 

ʦʪʛʦʥ ʧʨʠ 230-300
0
ʉ ʠ ʩʣʫʞʠʪ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ [33]. ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ 90%. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +5
0
ʉ 

ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

 ʆʪʛʦʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270-300
0
ʉ ʩʦʜʝʨʞʠʪ ʩʘʤʳʝ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʪʘʢʠʝ ʢʘʢ ʘʮʝʥʘʬʪʝʥ, ʬʣʫʦʨʝʥ, ʙʝʥʟʦʠʜʝʥ, ʙʝʥʟʦʠʜʝʥ ʜʠʬʝʥʠʣʝʥʦʢʩʠʜ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʮʝʧʣʷʝʤʦʩʪʴ ʯʘʩʪʠʮ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦʜʦʚʦʡ ʤʘʩʩʳ. 

 ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʧʨʠʚʝʜʝʥʳ ʚ [34], ʠ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʢʠʧʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 235
0
ʉ. ʉʘʤʳʡ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʦʪʛʦʥʘ ʦʪ 90 ʜʦ 98% ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 290-300
0
ʉ, 

ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʘ ʨʘʚʥʷʝʪʩʷ 2-4%, ʘ ʥʘʬʪʘʣʠʥʘ 8-13%, ʧʣʦʪʥʦʩʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 20-22
0
ʉ ʩʦʩʪʘʚʣʷʝʪ 1050-1060ʢʛ/ʤ

3
. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʰʧʘʣʦʧʨʦʧʠʪʦʯʥʦʝ ʤʘʩʣʦ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʜʨʝʚʝʩʠʥʳ [34-35]. ʇʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʝʛʦ ʚʷʟʢʦʩʪʴ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ. 

 ɺ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ, ʦʩʦʙʝʥʥʦ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʤʘʩʣʝ ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʚʟrʚʘʥʥʦʝ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʩʦʜʝʨʞʘʱʠʭʩʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘʙʦʝʯʥʦʡ ʤʘʩʩʳ. ʇʦʵʪʦʤʫ ʩʨʦʢ 

ʛʦʜʥʦʩʪʠ ʭʦʣʦʜʥʦ-ʥʘʙʠʚʥʦʡ ʧʦʜʦʚʦʡ ʤʘʩʩʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 3-4 ʤʝʩʷʮʝʚ. 
 

1.2.3. ʅʝʬʪʷʥʦʡ ʢʦʢʩ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʝʨʚʠʯʥʘʷ (ʩʳʨʘʷ) ʥʝʬʪʴ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʠʤʝʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʦʪ 0 ʜʦ 400
0
. ʇʦʩʣʝ ʧʝʨʝʛʦʥʢʠ ʠ ʨʝʢʪʠʬʠʢʘʮʠʠ 

ʫʜʘʣʷʶʪʩʷ ʣʝʛʢʠʝ ʧʨʦʜʫʢʪʳ, ʘ ʦʩʪʘʪʦʯʥʳʡ ʪʷʞʝʣʳʡ ʧʨʦʜʫʢʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 
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ʘʧʧʘʨʘʪ ʚʘʢʫʫʤʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. ʊʷʞʝʣʳʡ ʥʝʬʪʷʥʦʡ ʦʩʪʘʪʦʢ ʷʚʣʷʝʪʩʷ ʩʳʨʴʝʤ ʜʣʷ 

ʢʦʢʩʦʚʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʷʞʝʣʳʝ 

ʥʝʬʪʠ ʩʦʜʝʨʞʘʪ ʘʩʬʘʣʴʪʝʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʧʘʨʘʬʠʥʠʩʪʳʝ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʬʪʷʥʳʭ 

ʢʦʢʩʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʷʞʝʣʳʝ ʥʝʬʪʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʟy ʨʝʥ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʥʦʜʦʚ, ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ, ʬʫʪʝʨʦʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. 

ʈʘʟʣʠʯʘʶʪ ʥʝʬʪʷʥʦʡ ʠ ʧʝʢʦʚʳʡ ʢʦʢʩ. ʇʝʢʦʚʳʡ ʢʦʢʩ ʧʦʣʫʯʘʶʪ ʠʟ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʝʢʦʚʳʡ ʢʦʢʩ ʩʦʜʝʨʞʠʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʳ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ. ʄʠʨʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʦʚʦʛʦ ʢʦʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 6-7%. ʆʩʪʘʣʴʥʦʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ. ʅʝʬʪʷʥʦʡ ʢʦʢʩ ʜʝʰʝʚʣʝ ʠ ʙʦʣʝʝ ʜʦʩʪʫʧʝʥ ʥʝʞʝʣʠ ʧʝʢʦʚʳʡ ʢʦʢʩ. 

ʅʝʬʪʷʥʦʡ ʢʦʢʩ ʙʦʣʴʰʝ ʩʦʜʝʨʞʠʪ ʩʝʨʳ  ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʤʝʪʘʣʣʦʚ (Fe, Si, Ni, V 

ʠ ʜʨ.). ʀʟʛʦʪʦʚʣʷʷ ʠʟ ʥʝʛʦ ʘʥʦʜʳ, ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠʤʝʩʠ ʟʘʛʨʷʟʥʷʶʪ 

ʧʦʣʫʯʘʝʤʳʡ ʘʣʶʤʠʥʠʡ. 

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 1.4 ʧʨʠʚʝʜʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʚ ʩʪʨʘʥʘʭ ʉʅɻ. 

ʊʘʙʣʠʮʘ 1.4 ï ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ ʩʪʨʘʥ ʉʅɻ 

ʇʦʢʘʟʘʪʝʣʴ 
ʂ 3-8 ʚʳʩʰ. 

ʩʦʨʪ 
ʂ 3-8 ʂ 30 

1 2 3 4 

ɺʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, % ʤʘʩʩ,  ʥʝ 

ʙʦʣʝʝ 
7 9 11,5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʙʱʝʡ ʚʣʘʛʠ, % ʤʘʩʩ, ʥʝ 

ʙʦʣʝʝ 
3 3 3 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ, % ʤʘʩʩ, ʥʝ ʙʦʣʝʝ 1,0 1,5 1,5 

ɿʦʣʴʥʦʩʪʴ, %  ʤʘʩʩ, ʥʝ ʙʦʣʝʝ 0,4 0,6 0,8 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʩʣʝ 

ʧʨʦʢʘʣʠʚʘʥʠʷ (1300
0
) ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ,   

ʛ/ʩʤ
3
 

2,10-2,13 
2,08-

2,13 
- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.4 

1 2 3 4 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʫʩʢʦʚ ʨʘʟʤʝʨʦʤ Ò 8ʤʤ, 

% ʤʘʩʩ, ʥʝ ʙʦʣʝʝ 
8 10 - 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʨʠʤʝʩʝʡ, % ʤʘʩʩ, ʥʝ 

ʙʦʣʝʝ: 
   

Si 0,06 0,08 - 

Fe 0,07 0,08 - 

V 0,008 0,015 - 

ʇʨʠʤʝʯʘʥʠʝ: ʂ3- ʢʦʢʩʦʚʘʥʠʷ ʟʘʤʝʜʣʝʥʥʘʷ, ʠ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʤʝʨ 

ʢʫʩʢʦʚ (ʟʝʨʝʥ). 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠʥʝʬʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1 

ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʜʠʩʪʠʣʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʞʠʜʢʦʡ ʩʤʝʩʠ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪ,r ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. 

 

ʉʳʨʘʷ ʥʝʬʪʴ 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.1 - ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ  

ʜʠʩʪʠʣʣʷʮʠʝʡ ʠ ʢʨʝʢʠʥʛʘ 

 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʩʦ ʩʭʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʤʝʜʣʝʥʥʦʛʦ 

ʢʦʢʩʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ ʗʥʢʦ ʕ.ɸ [36]. 

 

ʆʧʨʝʩʥʝʥʠʝ 
ʆʧʨʝʩʥʝʥʠʝ 

 

ɼʠʩʪʠʣʣʷʮʠʷ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ɺʘʢʫʫʤʥʘʷ 

ʜʠʩʪʠʣʣʷʮʠʷ 

ʈʝʘʢʪʦʨ ʛʠʜʨʦ 

ʢʨʝʢʠʥʛʘ 

 

Óñ÷ñùćõ öúöý ʂʦʢʩʦʚʳʡ 

ʨʝʘʢʪʦʨ 
Ûüúöì÷ñùùćõ öúöý 

 

 

 

ïìóú÷ôù 

Ðôóñ÷Ĉùúñ þúû÷ôîú 

öñüúýôù 
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1.2.4. ɸʥʪʨʘʮʠʪ 

ʋʛʦʣʴʥʳʝ ʧʣʘʩʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʥʪʨʘʮʠʪʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ: ʬʶʟʝʥʦʚʳʝ (ʤʘʪʦʚʳʝ), ʜʶʨʝʥʦʚʳʝ (ʧʦʣʫʤʘʪʦʚʳʝ), 

ʚʠʪʨʝʥʦʚʳʝ (ʙʣʝʩʪʷʱʠʝ), ʢʣʘʨʝʥʦʚʳʝ (ʧʦʣʫʙʣʝʩʪʷʱʠʝ), ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫʛʣʠ 

ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ʉʪʝʧʝʥʴ ʠʭ ʫʛʣʝʬʠʢʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʝʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʛʝʦʣʦʛʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʘʨʢʠ ʫʛʣʝʡ: ʜʣʠʥʦʧʣʘʤʝʥʥʘʷ-ɼ, ʞʠʨʥʘʷ-ɾ, 

ʙʫʨʦʫʛʦʣʴʥʘʷ-ɹ, ʢʦʢʩʦʚʘʷ-ʂ, ʪʦʱʘʷ-ʊ, ʘʥʪʨʘʮʠʪʦʚʘʷ-ɸ ʠ ʜʨ. 

ʅʘʰʘ ʨʝʩʧʫʙʣʠʢʘ ʨʘʩʧʦʣʘʛʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʟʘʣʝʞʘʤʠ ʫʛʣʝʡ: ʦʪ ʙʫʨʳʭ 

ʜʦ ʘʥʪʨʘʮʠʪʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʠʟʜʝʣʠʷ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʪʠ ʫʛʣʠ ʤʦʞʥʦ ʚʧʦʣʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʛʘʟʘ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ, ʥʘʧʨʠʤʝʨ ʚ ʆɸʆçʊɸʃʂʆè, 

ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʣ ʥʘ ʩʠʥʪʝʟ-ʛʘʟʝ ʚ ʪʝʯʝʥʠʝ 5 ʣʝʪ. 

ɸʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ʅʘʟʘʨʘʡʣʦʢ ʨʘʩʧʦʣʘʛʘʝʪ 16 ʫʛʦʣʴʥʳʤʠ ʧʣʘʩʪʘʤʠ, 

15 ʠʟ ʥʠʭ ʠʤʝʶʪ ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. ʂ ʤʦʱʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʣʘʩʪʘʤ 

ʦʪʥʦʩʷʪʩʷ IV, V, VI, VIII, XI . ʇʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʜʥʦʨʦʜʥʳʤ ʚʠʪʨʠʥʠʪʦʚʳʤ ʪʠʧʘʤ [1]. 

ʇʦ ɻʆʉʊ-25543-82 ʫʛʣʠ ʚʩʝʭ ʧʣʘʩʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʘʥʪʨʘʮʠʪʘʤ ʛʨʫʧʧʳ (ɸ). 

ɿʦʣʴʥʦʩʪʴ ʫʛʣʝʡ ʦʪ 2% ʜʦ 21,5% (ʧʣʘʩʪ IX
a
), ʩʨʝʜʥʷʷ ʟʦʣʴʥʦʩʪʴ 8,7% (ʧʣʘʩʪ IV), 

ʩʨʝʜʥʷʷ ʩʝʨʥʠʩʪʦʩʪʴ ʦʪ 0,35% (ʧʣʘʩʪ IV) ʜʦ 0,75% (ʧʣʘʩʪ XII
ʙ
), ʚʳʭʦʜ ʣʝʪʫʯʠʭ 

ʚʝʱʝʩʪʚ 0,75% (ʧʣʘʩʪ IV) ʜʦ 20,3% (ʧʣʘʩʪ V
ʘ
), ʩʨʝʜʥʷʷ ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 

ʫʛʣʝʡ ʦʪ 7975 ʢʢʘʣ/ʢʛ (ʧʣʘʩʪ IV) ʜʦ 7005 ʢʢʘʣ/ʢʛ (ʧʣʘʩʪ V
ʘ
). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ ʚ ʫʛʣʷʭ 88,26-96,26%, ʚʦʜʦʨʦʜʘ 0,84-3,72%, ʘʟʦʪʘ 0,56-1,95%, ʢʠʩʣʦʨʦʜʘ 

0,9-7,42%, ʬʦʩʬʦʨʘ 0,005-0,06%, ʛʝʨʤʘʥʠʷ 0,4-6,8ʛ/ʪ. ʇʣʦʪʥʦʩʪʴ ʫʛʣʝʡ ʦʪ 1,4072 

ʪ/ʤ
3
 (ʧʣʘʩʪ IV) ʜʦ 1,5298 ʪ/ʤ

3
 (ʧʣʘʩʪ VI). ʉʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʫʛʣʝʡ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤʢʨ/ʯʘʩ [1]. 

ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ, ʥʘʧʨʠʤʝʨ ɺʋʍʀʅ, ʎʅʀʀʄ, 

ɺʦʩʪʀʆ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ɻʦʩ ʅʀʀ-ʕʇ ʛ. ʏʝʣʷʙʠʥʩʢ, ʧʨʝʜʧʨʠʷʪʠʝʤ 

çɸʨʪʝʤʦʚʩʢʛʝʦʣʦʛʠʷè, çʋʟʙʝʢʩʢʠʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʟʘʚʦʜʦʤè, ʜʦʢʘʟʘʥʘ 
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ʧʨʠʛʦʜʥʦʩʪʴ ʧʣʘʩʪʦʚ IV, V
A
, V, VI, VI

A
 ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʘ 

ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʨʙʶʨʠʟʘʪʦʨʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʧʦʣʫʯʝʥʠʠ ʩʧʝʮʩʪʘʣʝʡ, 

ʯʫʛʫʥʘ, ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ, ʢʘʨʙʠʜʘ 

ʢʘʣʴʮʠʷ, ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, ʩʦʨʙʝʥʪʦʚ, ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [1].  

ɺ ʈʦʩʩʠʠ ʘʥʪʨʘʮʠʪʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

(ɻʦʨʣʦʚʩʢʠʡ ʙʘʩʩʝʡʥ) ʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ). ʕʪʠʤ 

ʘʥʪʨʘʮʠʪʘʤ ʧʨʠʩʫʱʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚʳʩʦʢʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ [37-38]. 

ʉʳʨʦʡ ʘʥʪʨʘʮʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʪʴ (ʢʘʣʴʮʠʥʘʮʠʷ). ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʛʘʟʦʚʘʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʘʣʴʮʠʥʘʮʠʷ ʘʥʪʨʘʮʠʪʘ. ʆʙʳʯʥʦ 

ʛʘʟʦʚʫʶ ʢʘʣʴʮʠʥʘʮʠʶ ʧʨʦʚʦʜʷʪ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1250-1350
0
ʉ [36,39], ʘ ʚ ʩʪʨʘʥʘʭ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʵʣʝʢʪʨʦʢʘʣʴʮʠʥʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600-1800 
0
ʉ [37]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʘʭ 

[40-42] ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʘʥʪʨʘʮʠʪʘ ʚ ʧʝʯʘʭ 

ʛʨʘʬʠʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 2750 
0
ʉ ʚ ʮʝʥʪʨʝ ʢʝʨʥʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʣʢʠ ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʘʥʪʨʘʮʠʪʘ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪ ʚʩʝ ʝʛʦ ʩʚʦʡʩʪʚʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠ 

ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʙʠʨʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʢʘʣʢʠ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ, ʥʘʧʨʠʤʝʨ,ʢʘʣʴʮʠʥʘʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1150-1200
0
ʉ, ʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1250-1350
0
ʉ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʷʪ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ (ʫʧʣʦʪʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ) ʠ ʜʨʫʛʠʝ 

ʧʨʦʮʝʩʩʳ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʘʥʪʨʘʮʠʪʘ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʋʕʉ). ʆʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʟʢʦʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠ 

ʥʘʟʥʘʯʝʥʠʷ ʋʕʉ ʤʝʥʷʝʪʩʷ ʦʪ 100 ʜʦ 1200 ʆʤĀʤʤ
2
/ʤ.  ʕʪʠ  ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʘʙʦʝʯʥʳʤ ʤʘʩʩʘʤ ʠ ʢʘʪʦʜʥʳʤ ʙʣʦʢʘʤ (ʙʦʨʪʦʚʳʤ ʠ ʧʦʜʦʚʳʤ). 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʢʘʣʢʠ 650-950
0
ʉ ʋʕʉ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʘʣʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1200 ï 1700
0
ʉ ʋʕʉ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ.  ʇʨʦʮʝʩʩ 
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ʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʥʪʨʘʮʠʪʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ  1800
0
ʉ, ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 2000
0
ʉ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʛʨʘʬʠʪʘʮʠʠ ʘʥʪʨʘʮʠʪʘ, ʠ ʋʕʉ 

ʟʘʥʦʚʦ ʧʣʘʚʥʦ ʩʥʠʞʘʝʪʩʷ [37-38]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʩʤ. ʪʘʙʣʠʮʫ 1.5). ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, 

ʘʥʪʨʘʮʠʪ ʅʘʟʘʨʘʡʣʦʢʘ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʚʳʭʦʜ ʣʝʪʫʯʠʭ, ʥʠʟʢʫʶ 

ʦʪʨʘʞʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʢʘʞʫʱʫʶʩʷ ʧʣʦʪʥʦʩʪʴ. ʊʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʝʪ ʘʥʪʨʘʮʠʪ ɺʴʝʪʥʘʤʘ (ʍʘ-ʊʫ). ʆʙʘ ʘʥʪʨʘʮʠʪʘ ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʟʦʣʫ ʠ ʩʝʨʫ. 

ʊʘʙʣʠʮʘ 1.5 - ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʳʨʳʭ ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ [39, 43-45] 

ʇʦʢʘʟʘʪʝʣʠ ʅʘʟʘʨʘʡʣʦʢ 
ɺʴʝʪʥʘʤ,     

ʍʘ-ʊʫ 

ɼʦʥʝʮʢʠʡ 

ʙʘʩʩʝʡʥ 

ɻʦʨʣʦʚʩʢʠʡ 

ʙʘʩʩʝʡʥ 

ʂʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

1,42 1,42 1,71 1,66 

ɺʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, 

ʤʣ/ʛ 
290,00 280,00 75,00 117,50 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, % 

ʤʘʩʩ.  
2,30 2,6 3,40 3,95 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, % 

ʤʘʩʩ. 
0,19 0,57 1,14 0,26 

ʆʪʨʘʞʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, % ʤʘʩʩ 
3,11 4,00 5,95 4,80 

ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʆʤĀʤʤ
2
/ʤ 

1,5Ā10
6
 - 1,0 Ā10

5
 1,0 Ā10

7
 

 

ʂʘʣʴʮʠʥʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʘʥʪʨʘʮʠʪʦʚ; ʫʧʣʦʪʥʝʥʠʶ 

ʫʛʣʝʨʦʜʥʳʭ ʩʣʦʝʚ ʘʥʪʨʘʮʠʪʘ ʠ ʨʦʩʪʫ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʫ ʘʥʪʨʘʮʠʪʦʚ 
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ʅʘʟʘʨʘʡʣʦʢʘ ʠ ʍʘ-ʊʫ.  ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʨʘʚʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000
0
ʉ (ʩʤ. ʪʘʙʣʠʮʫ 1.6). 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ 1.6 ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʟʦʣʳ ʚ 

ʘʥʪʨʘʮʠʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʪʨʘʮʠʪʘʤʠ 

ɼʦʥʝʮʢʦʛʦ ʠ ɻʦʨʣʦʚʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʘʞʫʱʝʡʩʷ ʠ ʠʩʪʠʥʥʦʡ 

ʧʣʦʪʥʦʩʪʝʡ, ʘʥʪʨʘʮʠʪʳ ʅʘʟʘʨʘʡʣʦʢʘ ʧʦ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ ʫʩʪʫʧʘʶʪ ʨʦʩʩʠʡʩʢʠʤ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ, ʢʦʪʦʨʳʡ 

ʠʩʧʳʪʳʚʘʣ ʘʥʪʨʘʮʠʪ ʅʘʟʘʨʘʡʣʦʢʘ. 

ʊʘʙʣʠʮʘ 1.6 - ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000
0
ʉ [39, 43-45] 

ɸʥʪʨʘʮʠʪ 

ʇʦʢʘʟʘʪʝʣʠ 

ɿʦʣʘ, 

% 

ʤʘʩʩ. 

ʉʝʨʘ, 

% 

ʤʘʩʩ. 

ʇʨʦʯʥʦʩʪʴ 

ʧʨʠ ʩʞʘʪʠʠ 

ʢʛ/ʩʤ
2
 

ʕʣʝʢʪʨʦʩʦʧʨʦ

ʪʠʚʣʝʥʠʝ, 

ʆʤĀʤʤ
2
/ʤ 

ʂʘʞʫʱ. 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪ

ʴ, ʛ/ʩʤ
3
 

ɻʦʨʣʦʚʩʢʠʡ 

ʙʘʩʩʝʡʥ  
4,60 0,60 300,00 2850,00 1,54 1,70 

ɼʦʥʝʮʢʠʡ 

ʙʘʩʩʝʡʥ  
3,00 0,50 270,00 1770,00 1,54 1,80 

ʍʘ-ʊʫ 3,60 0,18 - 1800,00 - - 

ʅʘʟʘʨʘʡʣʦʢ 3,22 0,20 310,00 1200,00 1,40 1,74 

 

1.2.5. ɻʨʘʬʠʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠ ʧʨʠʨʦʜʥʳʡ 

ɺʩʪʨʝʯʘʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠ ʧʨʠʨʦʜʥʳʡ ʛʨʘʬʠʪʳ. ʇʨʠʨʦʜʥʳʡ ʛʨʘʬʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ. ʇʨʠʨʦʜʥʳʡ ʛʨʘʬʠʪ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʈʘʰʪʩʢʦʤ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʘʥʛʠʢʘʨ) ʠ ʈʫʰʘʥʩʢʦʤ (ʈʠʜʜʘʜʘʨʘ, 

ʈʘʚʤʠʜʜʘʨʘ) ʨʘʡʦʥʘʭ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʷʚʣʝʥʠʷʭ - ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ 
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ʪʠʧʘʤʠ ʚ ɻɹɸʆ ( ɹʘʛʫʰ-ɼʘʨʘ, ʅʘʤʘʪʛʫʪ, ʐʘʢʘʨ-ɼʘʨʘ, ɼʘʨʰʘʡ, ʇʪʫʧ, ɺʨʘʰ ʠ ʜʨ.) 

[1]. 

ʇʨʠʨʦʜʥʳʡ ʛʨʘʬʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʰʦʢ ʩʝʨʝʙʨʠʩʪʦ-ʯʝʨʥʦʛʦ ʮʚʝʪʘ, 

ʞʘʨʦʩʪʦʝʢ, ʠʥʝʨʪʝʥ ʚ ʩʘʤʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʧʨʝʢʨʘʩʥʳʡ ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢ, ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʩʤʘʟʦʯʥʳʤʠ ʠ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʙʦʣʝʝ 

ʚ 25 ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʢʦʤʧʦʟʠʪʥʳʭ ʩʧʣʘʚʘʭ ʩ ʤʝʪʘʣʣʘʤʠ, ʧʣʘʩʪʤʘʩʩʘʤʠ ʠ ʜʨʫʛʠʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ ʦʙʣʘʜʘʝʪ ʞʝʣʝʟʥʦ-ʯʝʨʥʳʤ, ʩʪʘʣʴʥʦ-ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ. ɽʛʦ ʧʦʣʫʯʘʶʪ ʠʟ ʫʛʣʝʨʦʜʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ʆʥ ʤʦʞʝʪ ʦʙʨʘʟʦʚʚrʘʪʴʩʷ ʠʟ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʧʦʢʘʟʘʥʦ ʚ çʙʦʷʭè ʧʦʜʦʚʳʭ 

ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʆɸʆ çʊɸʃʂʆè. 

ɺ ʩʦʩʪʘʚ ʛʨʘʬʠʪʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʜʦ 14% ʟʦʣʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ (FeO, CuO, MgO, Al 2O3, SiO2 ʠ ʜʨ.), ʠʥʦʛʜʘ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʩɹʷ ʙʠʪʫʤ, ʚʦʜʘ ʠ ʛʘʟʳ [1]. 

ɻʨʘʬʠʪ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ 

ʧʦ ɻʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʣʠʟʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʨʘʩʧʣʘʚʦʚ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʚ 

ʩʦʩʪʘʚ ʰʠʭʪʳ ʚʚʦʜʷʪ ʦʪ 30 ʜʦ 70% (ʧʦ ʤʘʩʩʝ) ʛʨʘʬʠʪʘ. ʅʝʢʦʪʦʨʳʝ ʟʘʧʘʜʥʳʝ 

ʩʪʨʘʥʳ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʠʟ ʯʠʩʪʦʛʦ ʛʨʘʬʠʪʘ. ʇʨʠ ʵʪʦʤ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠ ʜʦʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ ʜʦ 8 ʣʝʪ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʣʶʤʠʥʠʷ ʚ ʉʐɸ ʟʘʢʫʧʘʶʪ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʠʟ ʯʠʩʪʦʛʦ ʛʨʘʬʠʪʘ ʠʟ 

ʂʅʈ ʧʦ ʮʝʥʝ 4000 ʜʦʣʣʘʨʦʚ ʟʘ ʪʦʥʥʫ. ʆɸʆ çʊɸʃʂʆè ʟʘʢʫʧʘʝʪ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʬʠʪʘ, ʨʘʚʥʳʤ 30%. 
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1.3. ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ  

ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ 
 

ɹʦʨʪʦʚʳʝ ʠ ʧʦʜʦʚʳʝ ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ ʙʣʦʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦʯʪʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʣʠʰʴ ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʢʦʛʜʘ ʚ 

ʩʦʩʪʘʚ ʰʠʭʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ, ʜʦʙʘʚʣʷʶʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ. ʆʙʱʝʧʨʠʥʷʪʘʷ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʛʨʘʬʠʪ ʥʝ ʜʦʙʘʚʣʷʝʪʩʷ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʘʥʪʨʘʮʠʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ Shanxi 

Liangyu Carbon Co/ LTD; TOO ʉʠʥʴʮʟʷʥʩʢʘʷ ʪʦʨʛʦʚʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ 

çʉɸʅ-ɹɸʆè, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʯʪʠ ʪʘʢʘʷ ʞʝ ʪʝʭʥʦʣʦʛʠʷ. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʩʚʦʜʠʪʩʷ: ʧʨʦʢʘʣʝʥʥʳʡ ʘʥʪʨʘʮʠʪ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʜʠʩʧʝʨʩʥʦʩʪʠ (ʬʨʘʢʮʠʡ) ʚ ʩʤʝʩʠʪʝʣʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩʦ ʩʚʷʟʫʶʱʠʤ (ʧʝʢʦʤ), ʧʦʩʣʝ 

ʯʝʛʦ ʧʦʣʫʯʝʥʥʘʷ ʤʘʩʩʘ ʧʨʝʩʩʫʝʪʩʷ ʚ ʚʠʙʨʦʧʨʝʩʩʬʦʨʤʘʭ. ʇʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʠʟʚʝʩʪʠ ʦʙʞʠʛ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʟʝʣʝʥʳʭ ʙʣʦʢʦʚè ʚ 

ʦʪʢʨʳʪʳʭ ʠʣʠ ʟʘʢʨʳʪʳʭ ʢʘʤʝʨʥʳʭ ʧʝʯʘʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(1250
0
ʉ).ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʷʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʙʣʦʢʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʤʝʨ ʠ ʪʦʚʘʨʥʳʡ ʚʠʜ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʮʝʧʪʫʨʦʡ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʬʨʘʢʮʠʡ (ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ). ʇʝʨʝʜ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʨʦʢʘʣʝʥʥʳʡ ʘʥʪʨʘʮʠʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʨʦʙʣʝʥʠʶ, 

ʠʟʤʝʣʴʯʝʥʠʶ ʠ ʨʘʩʩʝʚʫ. ʉʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʘʥʪʨʘʮʠʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʘʚʪʦʨʘʤʠ 

[42]. ʂʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʯʘʩʪʠʮ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ 

ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʠʤ ʚʦʧʨʦʩʘʤ ʧʦʩʚʷʱʝʥ ʨʷʜ 

ʨʘʙʦʪ [46-47]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʩʦ 

ʩʚʷʟʫʶʱʠʤ (ʧʝʢʦʤ) ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦ 

ʩʚʷʟʫʶʱʠʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ çʟʝʣʝʥʘʷè ʤʘʩʩʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ 

ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ɺʄʉ) [48]. ɺʩʝ ʵʪʠ 
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ʧʨʠʝʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ ʧʨʝʩʩʦʚʘʥʠʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʝʩʩʦʚʘʥʠʝ çʟʝʣʝʥʦʡè ʤʘʩʩʳ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʚʳʙʨʦʧʨʝʩʩʦʚʘʥʠʝʤ, ʠʣʠ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʧʦʣʫʯʘʶʪ ʵʢʩʪʨʫʟʠʝʡ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ 

ʤʝʪʦʜʘ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʦʙʲʝʤʝ ʙʣʦʢʦʚ ʧʨʦʠʩʭʦʜʷʪ ʩʣʦʞʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ ʩʚʷʟʫʶʱʝʛʦ, ʢʦʪʦʨʳʡ ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ [47-51]. 

ɿʘʚʝʨʰʘʶʱʝʡ  ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʦʙʞʠʛ. ʇʨʦʮʝʩʩ ʦʙʞʠʛʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʝʚʨʘʱʝʥʠʠ ʩʚʷʟʫʶʱʝʛʦ (ʧʝʢʘ) ʚ ʢʦʢʩ, ʠ ʵʪʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʥʦʣʠʪʥʦʩʪʴ 

ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ.  

ʆʙʞʠʛ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʳʭ (ʟʘʢʨʳʪʳʭ) ʤʥʦʛʦʢʘʤʝʨʥʳʭ ʧʝʯʘʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200-1250
0
ʉ ʩʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ ʦʙʞʠʛʘ. ɺ ʆɸʆ çʊɸʃʂʆè 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʦʪʢʨʳʪʳʝ ʤʥʦʛʦʢʘʤʝʨʥʳʝ ʧʝʯʠ ʦʙʞʠʛʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʥʘʛʨʝʚʘ, ʦʙʞʠʛʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʙʣʦʢʦʚ ʦʙʳʯʥʦ ʧʨʦʜʦʣʞʘʝʪʩʷ 500-550 ʯʘʩʦʚ. 

 ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʦʙʞʠʛʝ: ʫʜʘʣʝʥʠʝ ʧʘʨʦʚ ʅ2ʆ, 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʣʝʛʢʠʝ ʠ ʪʷʞʝʣʳʝ ʬʨʘʢʮʠʠ ʤʘʩʝʣ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʩʚʷʟʫʶʱʠʤʠ.ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʠ ʦʙʞʠʛʝ 

ʩʯʠʪʘʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ  ʠʟ ʧʝʢʘ 

(ʩʚʷʟʫʶʱʝʛʦ) ʠ ʧʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ  ʙʝʟʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ 

ʩʪʘʜʠʠ ʦʙʞʠʛʘ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʦʜʥʳʭ 

ʙʣʦʢʦʚ [52-55]. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʦʣʦʜʥʦ-ʥʘʙʠʚʥʦʡ ʧʦʜʦʚʦʡ ʤʘʩʩʳ (ʍʅʇʄ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʍʅʇʄ, 

ʢʨʦʤʝ ʧʝʢʘ ʢʘʢ ʩʚʷʟʫʶʱʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʢ ʧʝʢʫ ʜʦʙʘʚʠʪʴ ʧʣʘʩʪʠʬʠʢʘʪʦʨ 

(ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ). ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʍʅʇʄ. ɿʘʨʘʥʝʝ ʧʨʦʢʘʣʝʥʥʳʡ  ʘʥʪʨʘʮʠʪ 

ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ, ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʩʩʝʚʘ ʧʦʩʪʫʧʘʝʪ ʚ ʩʦʨʪʦʚʳʝ ʙʫʥʢʝʨʘ (1, 2, 3, 4). 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʘʥʪʨʘʮʠʪ ʜʦʟʘʪʦʨʘʤʠ ʧʦʜʘʝʪʩʷ ʚ ʰʥʝʢ (5) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʩʤʝʰʠʚʘʥʠʷ. ɿʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʝ ʩʚʷʟʫʶʱʝʝ (ʧʝʢ + ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ) ʚ 

ʩʤʝʩʠʪʝʣʝ ʜʦʟʘʪʦʨʦʤ ʧʦʜʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʘʥʪʨʘʮʠʪʦʤ) ʚ ʦʙʱʠʡ 
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ʩʤʝʩʠʪʝʣʴ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ  ʍʅʇʄ ʧʦʜʘʝʪʩʷ  ʚ ʢʦʥʪʝʡʥʝʨʘ ʠ 

ʜʘʣʝʝ ʧʦʩʪʫʧʘʝʪ ʚ ʩʢʣʘʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʧʨʷʤʦ ʚ ʮʝʭ ʢʘʧʨʝʤʦʥʪʘ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ. 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ

ʛʨʘʬʠʪ

ʩʳʨʦʡ

ʘʥʪʨʘʮʠʪ

ʦʪʭʦʜʳ ʧʦʩʣʝ ʤʝʭ

ʦʙʨʘʙʦʪʢʠ
ʞʠʜʢʠʡ ʧʝʢ

ʜʨʦʙʣʝʥʠʝ,

ʨʘʩʩʠʚʘʥʠʝ

ʜʨʦʙʣʝʥʠʝ,

ʨʘʩʩʝʚ
ʙʨʘʢʠ "ɿʝʣʝʥʳʭ"

ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ

ʜʨʦʙʣʝʥʠʝ, ʨʘʩʩʝʚʧʨʦʢʘʣʢʘ
ʙʫʥʢʝʨ ʜʣʷ ʩʙʦʨʘ

ʠ ʭʨʘʥʝʥʠʷ

ʜʝʣʝʥʠʷ ʧʦ

ʬʨʘʢʮʠʷʤ
ʙʫʥʢʝʨ ʜʣʷ ʩʙʦʨʘ

ʠ ʭʨʘʥʝʥʠʷ

ʩʙʦʨ, ʭʨʘʥʝʥʠʷ ʚ

ʩʦʨʪʦʚʳʭ

ʙʫʥʢʝʨʘʭ

ʧʝʨʝʤʝʰʠʚʘʥʠʝ

ʤʘʩʩʳ

ʬʦʨʤʦʚʢʘ ʠ

ʧʨʝʩʩʦʚʢʘ

ʦʙʞʠʛ

ʦʭʣʘʞʜʝʥʠʝ

ʤʝʭʦʙʨʘʙʦʪʢʘ

ʚ ʩʢʣʘʜ

ʰʠʭʪʦʚʢʘ

 

ʈʠʩʫʥʦʢ 1.2 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ 
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ʚ ʩʢʣʘʜ

ʉʦʨʪʦʚʳʝ  ʙʫʥʢʝʨʘ

 

ʈʠʩʫʥʦʢ 1.3 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʍʅʇʄ. 1,2,3,4- ʩʦʨʪʦʚʳʝ ʙʫʥʢʝʨʘ ʩ ʨʘʟʥʳʤʠ ʬʨʘʢʮʠʷʤʠ, 5- ʰʥʝʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

 
 

1.4. ʌʫʪʝʨʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʠ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʪʨʦʣʠʟʝʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʪʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʫʪʝʨʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ 

ʆɸʆ çʊɸʃʂʆè ʥʘ ʩʠʣʫ ʪʦʢʘ 160 ʠ 175 ʢɸ ʧʨʠʤʝʥʷʶʪ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠ 

ʦʛʥʝʫʧʦʨʥʳʝ ʢʠʨʧʠʯʠ, ʧʦʜʫʰʢʫ ʥʘʢʘʪʳʚʘʶʪ ʠʟ ʍʅʇʄ, ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʠʟ 

ʫʛʣʝʛʨʘʬʠʪʘ ʩ ʜʦʙʘʚʢʦʡ 30% (ʧʦ ʤʘʩʩʝ) ʛʨʘʬʠʪʘ, ʙʦʨʪʦʚʳʝ ʙʣʦʢʠ ʠʟ ʫʛʣʝʛʨʘʬʠʪʘ  

ʙʝʟ ʜʦʙʘʚʢʠ ʛʨʘʬʠʪʘ, ʤʝʞʙʣʦʯʥʳʝ ʰʚʳ ʥʘʙʠʚʘʶʪ ʍʅʇʄ, ʙʨʦʚʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ 

ʦʛʥʝʫʧʦʨʥʦʛʦ ʢʠʨʧʠʯʘ. 

 ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʘʤʧʝʨʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ( ʜʦ 500 

ʢɸ) ʠʩʧʦʣʴʟʫʶʪ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʣʠʪʳ ʠʟ ʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ, ʩʫʭʫʶ 

ʙʘʨʴʝʨʥʫʶ ʩʤʝʩʴ (ʉɹʉ), ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ  ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʬʠʪʘ 

ʜʦ 70% (ʧʦ ʤʘʩʩʝ), ʠ ʙʦʨʪʦʚʳʝ ʙʣʦʢʠ ʠʟʛʦʪʦʚʣʠʚʘʶʪʩʷ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC). 
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ʆʙʱʠʡ ʚʠʜ ʢʘʪʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʘʤʧʝʨʥʦʛʦ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʵʣʝʢʪʨʦʣʠʟʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪ ʩʘʤʳʝ ʨʘʟʥʳʝ ʪʠʧʦʨʘʟʤʝʨ r

ʧʦʜʦʚʳʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʙʣʦʢʦʚ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 1.4 ʠ 1.5. ʅʘʧʨʠʤʝʨ, 

ʢʠʪʘʡʩʢʘʷ ʢʦʤʧʘʥʠʷ Shanxi Liangʫu Carbon Co, LTD ʧʨʦʠʟʚʦʜʠʪ ʠ ʨʝʘʣʠʟʫʝʪ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʨʘʟʤʝʨʳ, ʤʤ: [56]. 

515 Ĭ 450 (480) Ĭ 2000 (4000); 660 Ĭ 450 (490) Ĭ 2000 (4000);  

740 Ĭ 450 (530) Ĭ 2000 (4000); 560 Ĭ 800 Ĭ 4350. 

 

ʈʠʩʫʥʦʢ 1.4 - ʕʣʝʢʪʨʦʣʠʟʝʨ ʩ ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ 

  

ʋʢʘʟʘʥʥʘʷ ʢʠʪʘʡʩʢʘʷ ʢʦʤʧʘʥʠʷ ʚʳʧʫʩʢʘʝʪ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʨʘʬʠʪʘ 30, 50, 100% (ʧʦ ʤʘʩʩʝ) ʠ ʵʢʩʧʦʨʪʠʨʫʝʪ ʚ ʀʥʜʠʁ, ʈʦʩʩʠʶ, ʘ ʪʘʢʞʝ 

ʨʝʘʣʠʟʫʝʪ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ ʥʘ 12 ʘʣʶʤʠʥʠʝʚʳʭ ʟʘʚʦʜʘʭ ʂʠʪʘʷ. 

ʂʅʈ ʧʦʩʪʘʚʣʷʝʪ ʧʦʜʦʚʳʝ ʙʣʦʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 30% (ʧʦ ʤʘʩʩʝ) ʛʨʘʬʠʪʘ ʩ 

ʜʨʫʛʠʤʠ ʪʠʧʦʨʘʟʤʝʨʘʤʠ, ʚ ʆɸʆ çʊɸʃʂʆè (400 Ĭ 550 Ĭ 1400); (400 Ĭ 550 Ĭ 2000); 

(400 Ĭ 550 Ĭ 1600); (400 Ĭ 660 Ĭ 2200) ʤʤ. 

 ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʆɸʆ çʊɸʃʂʆè ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʵʣʝʢʪʨʦʣʠʟʝʨʳ ʧʨʠ 

ʧʨʦʝʢʪʥʦʡ ʩʠʣʝ ʪʦʢʘ 160 ʠ 175 ʢɸ ʩ ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ ʙʦʨʪʦʚʳʝ ʙʣʦʢʠ ʨʘʟʤʝʨʦʚ: 200 Ĭ 550 Ĭ 650; 115 Ĭ 400 Ĭ 600 ʤʤ. ɺ 

ʩʨʝʜʥʝʤ ʨʘʩʭʦʜ ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʥʘ ʦʜʥʦʤ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʆɸʆ 

çʊɸʃʂʆè ʩʦʩʪʘʚʣʷʝʪ 25 ʪʦʥʥ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ 400-600 ʢɸʩ ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ ʧʨʦʙʣʝʤʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 
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ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʘʢʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʂ ʧʦʜʦʚʳʤ 

ʙʣʦʢʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʨʫʛʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʥʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʥʘʯʝ ʥʝ ʙʫʜʝʤ ʠʤʝʪʴ ʣʫʯʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʘʝʤʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʚʘʥ (ʙʦʣʝʝ 5 ʣʝʪ), ʘ ʪʘʢʞʝ 

ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʩʚʝʨʭʤʦʱʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ.  

 

ʈʠʩʫʥʦʢ 1.5 - ʉʭʝʤʘ ʢʘʪʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʘʤʧʝʨʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʟʝʨʘ:1- ʢʦʞʫʭ , 2 - ʧʦʜʦʚʳʡ ʙʣʦʢ, 3 - ʙʣʶʤʩʳ, 4 - ʚʳʭʦʜ ʙʣʶʤʩʘ, 5-

ʮʦʢʦʣʴ ʠʟ ʦʛʥʝʫʧʦʨʥʦʛʦ ʢʠʨʧʠʯʘ, 6 - ʤʝʞʙʣʦʯʥʳʡ ʰʦʚ, 7 - ʰʘʧʦʯʢʘ, 8 - ʙʦʢʦʚʦʡ 

ʙʣʦʢ, 9-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʢʠʨʧʠʯ, 10 ï ʰʘʤʦʪʥʘʷ (ʛʣʠʥʦʟʝʤʥʘʷ) ʟʘʩʳʧʢʘ 

 

ʇʦʜʦʚʳʝ ʙʣʦʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʨʪʦʚʳʤʠ ʙʣʦʢʘʤʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʙʦʣʴʰʠʝ 

ʢʘʞʫʱʫʶʩʷ (dʢ) ʠ ʠʩʪʠʥʥʫʶ (dʠ) ʧʣʦʪʥʦʩʪʠ, ʥʠʟʢʫʶ ʋʕʉ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʟʦʣʳ, ʘ 

ʪʘʢʞʝ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʫʛʣʝʛʨʘʬʠʪʦʛʦ ʢʘʪʦʜʘ. ʅʝʦʙʭʦʜʠʤʦ 



37 
 

 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʦʣʠ, ʪ.ʢ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʧʨʦʠʩʭʦʜʷʪ ʯʝʨʝʟ ʙʦʨʪʦʚʳʝ ʙʣʦʢʠ.  

ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʨʠ ʆɸʆ çʊɸʃʂʆè ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʡ ʵʣʝʢʪʨʦʣʠʟʥʦʡ ʩʝʨʠʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʚʳʩʦʢʦʡ ʩʠʣʝ ʪʦʢʘ 

ʙʦʣʝʝ 500 ʢɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʧʦʜʦʚʳʤʠ ʙʣʦʢʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʢʨʠʦʣʠʪ-

ʛʣʠʥʦʟʝʤʥʦʤ ʨʘʩʧʣʘʚʝ, ʠʤʝʶʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 1000
0
ʉ. ɺʩʝ ʵʪʦ ʚʦʟʤʦʞʥʦ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʢʘʪʦʜʥʳʭ ʙʣʦʢʘʭ ʧʨʠ ʦʙʞʠʛʝ, ʧʫʩʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʥʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʦʚʥʝʤ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʠ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʧʨʠʥʷʪʳʝ ʚ ʩʪʨʘʥʘʭ ʉʅɻ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1.7-1.10 [57-63, 77]. 

ʊʘʙʣʠʮʘ 1.7 - ʉʚʦʡʩʪʚʘ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ [57-59]                       

I-ʛʘʟʦʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʡ +30%ʛʨʘʬʠʪʘ; II-ʵʣʝʢʪʨʦʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʡ +30% 

ʛʨʘʬʠʪʘ; III-ʵʣʝʢʪʨʦʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʡ +50% ʛʨʘʬʠʪʘ; ɻɹ-ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʡ 

ʙʣʦʢ 

 ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 
ʊʝʨʤʦʘʥʪʨʘʮʠʪ 100% 

ʛʨʘʬʠʪ 
ɻɹ 

I II  III  

1 2 3 4 5 6 

ʇʣʦʪʥʦʩʪʴ ʠʩʪʠʥʥʘʷ, ʛ/ʩʤ
3
 

1,94-

1,97 

1,94-

2,0 

2,01-

2,03 

2,09-

2,16 

2,21-

2,24 

ʇʣʦʪʥʦʩʪʴ ʢʘʞʫʱʘʷʩʷ, ʛ/ʩʤ
3
 

1,59-

1,62 

1,54-

1,63 

1,56-

1,63 

1,59-

1,64 

1,62-

1,63 

ʇʦʨʠʩʪʦʩʪʴ ʦʪʢʨʳʪʘʷ, % 14-19 15-19 
16-

20 
18-22 21-23 

ʇʦʨʠʩʪʦʩʪʴ ʦʙʱʘʷ, % 18-22 20-23 
20-

23 
24-25 26-28 

ʋʕʉ* ʧʨʠ 20
0
ʉ, ʆʤĀʤʤ

2
/ʤ, ʥʝ ʙʦʣʝʝ 56/43 30/40 25/32 18/25 11/13 

ʋʕʉ* ʧʨʠ 1000
0
ʉ, ʆʤĀʤʤ

2
/ʤ, ʥʝ 

ʙʦʣʝʝ 
- 22/30 18/26 16/20 10/12 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.7 

1 2 3 4 5 6 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ* ʧʨʠ 20
0
ʉ, 

ɺʪ/(ʤĀʂ), ʥʝ ʤʝʥʝʝ 
8/6 14/10 19/14 30/22 125/100 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ* ʧʨʠ 1000
0
ʉ, 

ɺʪ/(ʤĀʂ), ʥʝ ʤʝʥʝʝ 
- 13/12 14/13 22/18 50/40 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ*, 

ʄʇʘ 
24/22 28/28 27/27 26/25 20/26 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ*, ʄʇʘ 9/6 12/9 12/9 12/9 13/10 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ*, ɻʇʘ, ʥʝ ʙʦʣʝʝ 11/8 10/7 9/7 8/6 7/5 

ʋʜʣʠʥʝʥʠʝ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ (ʪʝʩʪ 

ʈʘʧʧʦʧʦʨʪʘ), % ʥʝ ʙʦʣʝʝ 
0,7-0,9 0,4 0,35 0,25 0,1 

ʊʂʃʈ, 10
-6
 ʂ

-1
,(20-520 

0
ʉ), ʥʝ ʙʦʣʝʝ  2,1/2,8 2,9/3,5 3/3,5 2,9/3,4 2,9/3 

ɿʦʣʴʥʦʩʪʴ, % ʥʝ ʙʦʣʝʝ 3 2 1,6 1,2 0,9 

* ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ/ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʩʩʦʚʘʥʠʷ 

 

ʊʘʙʣʠʮʘ 1.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʋʕʉ) ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚ) 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [59-60] 

ʄʘʪʝʨʠʘʣ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

 ʊʝʤʧʝʨʘʪʫʨʘ  

0 200 400 600 800 1000 

ʊʝʨʤʦʘʥʪʨʘʮʠʪ +30% 

ʛʨʘʬʠʪʘ ʋʕʉ, ʆʤĀʤʤ
2
/ʤ 

43 41 39 37 36 36 

ɚ, ɺʪ/(ʤĀʂ)  6 7 8 8 8 8 

100% ʛʨʘʬʠʪ, ʋʕʉ, 

ʆʤĀʤʤ
2
/ʤ 

20 18 18 18 18 18 

ɚ, ɺʪ/(ʤĀʂ)  30 29 27 24 23 22 

ɻʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʡ ʙʣʦʢ 

ʋʕʉ, ʆʤĀʤʤ
2
/ʤ 

10 10 10 10 10 10 

ɚ, ɺʪ/(ʤĀʂ) 125 90 75 60 55 50 
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ʊʘʙʣʠʮʘ 1.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʆʤĀʤʤ
2
/ʤ) ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʦʪ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʣʠʟʘ [58] 

ʄʘʪʝʨʠʘʣ 

ɺʨʝʤʷ, ʤʠʥ 

0 20 40 60 80 100 120 

ʊʝʨʤʦʘʥʪʨʘʮʠʪ+30%ʛʨʘʬʠʪʘ 

ʧʦ ʤʘʩʩ. 
35 31 27 25 25 25 25 

100% ʛʨʘʬʠʪ 22 20 19 18 18 18 18 

ɻʨʘʬʠʪʠʨʦʚʘʥʥʳʡ ʙʣʦʢ 10 10 10 10 10 10 10 

 

ʊʘʙʣʠʮʘ 1.10 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʆɸʆ çʋʢʨʛʨʘʬʠʪè 

[62] 

ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ɽʜ. ʠʟʤʝʨʝʥʠʷ ɺʝʣʠʯʠʥʘ 

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 1,55-1,62 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 1,89-1,92 

ʇʦʨʠʩʪʦʩʪʴ ʦʙʱʘʷ % 17-20 

ʇʦʨʠʩʪʦʩʪʴ ʦʪʢʨʳʪʘʷ % 14-16 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʄʇʘ 30-50 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ % 0,6-0,8 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʴʥʳʭ ʧʨʠʤʝʩʝʡ % 2,5-4,0 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ Ĭ10
-6
 (20-520 

0
ʉ) 

1/
0
ʉ 2,5-3,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʨʠ 293 ʂ 
ɺʪ/ʤ Ā ʢ 9-12 

  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʪʝʨʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʪʘʙʣʠʮʝ 1.11 ʧʨʠʚʝʜʝʥʳ ʢʘʯʝʩʪʚʘ ʬʫʪʝʨʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
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ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʂʅʈ [64], ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʠʪʘʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʊʘʙʣʠʮʘ 1.11 - ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʪʝʨʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʅʈ) 

ʇʦʢʘʟʘʪʝʣʴ ɽʜ. ʠʟʤ ɿʥʘʯʝʥʠʷ 

ʇʦʪʨʝʙʥʦʩʪʴ 

ʥʘ 1    

ʵʣʝʢʪʨʦʣʠʟʝ

ʨ, ʪ 

ʇʨʠʤʝʯʘʥʠʝ 

1 2 3 4 5 

I. ʂʘʪʦʜʥʳʝ ʙʣʦʢʠ: 

ʘ) ʇʦʜʦʚʳʝ (ʫʛʦʣʴʥʳʝ) 

 

 

 

 

 

29 

 

 

ʕʣʝʢʪʨʦʣʠʟʝʨ 

ʪʠʧʘ G-320 

(320ʢɸ) 

 

 

 

 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʛ/ʩʤ
3
 > 1,9  

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,54  

ʉʦʜʝʨʞʘʥʠʝ ʛʨʘʬʠʪʘ  % 30  

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ  ʄʇʘ > 24  

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ % ʤʘʩʩ. < 5  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʪʨʠʝʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (ʪʝʩʪ 

ʈʘʧʧʦʧʦʨʪʘ) 

% < 0,6  

ʋʜʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʋʕʉ) 
ʆʤĀʤʤ

2
/ʤ < 40  

ʙ) ɹʦʨʪʦʚʳʝ 

ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʝ  
  4,9 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, %: 

Si3N4 Ó 20 

SiC Ó 72 

Fe Ò 0,70 

 ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ   ʛ/ʩʤ
3
 Ó 2,65  

ʂʘʞʫʱʘʷʩʷ 

ʧʦʨʠʩʪʦʩʪʴ    
% Ò 16  

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʚ 

ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ                                  
ʄʇʘ Ó 40  

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 

ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ  

ʄʇʘ Ó 45  

ʊʚʸʨʜʦʩʪʴ  ʄʇʘ Ó 150  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ                                                       
ɺʪ/ʤ

0
ĀK Ó 1.6  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.11 

1 2 3 4 5 

ʇʦʜʦʚʘʷ ʤʘʩʩʘ:     

ʘ) ʜʣʷ ʥʘʙʦʡʢʠ ʰʚʦʚ 

ʤʝʞʜʫ ʙʣʦʢʘʤʠ (ʤʘʨʢʠ 

BSTH) 

  2.27  

ʉʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ % ʤʘʩʩ. 8-12   

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ % ʤʘʩʩ. < 7   

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ % ʤʘʩʩ. > 83   

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,42   

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʞʘʪʠʶ 
ʄʇʘ > 18   

ʋʜʝʣʴʥʳʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʆʤĀʤʤ

2
/ʤ 

 

< 73Ā10
-4
 

  

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,86   

ʙ) ʜʣʷ ʥʘʙʦʡʢʠ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʰʚʦʚ 

ʧʦʜʠʥʳ ʵʣʝʢʪʨʦʣʠʟʝʨʘ 

(ʤʘʨʢʘ BSZH) 

  4,66  

ʉʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ % ʤʘʩʩ. 7-11   

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ % ʤʘʩʩ. < 7   

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ % ʤʘʩʩ. > 84   

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,44   

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,87   

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʞʘʪʠʶ 
ʄʇʘ > 17   

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʆʤĀʤʤ

2
/ʤ < 73Ā10

-4
   

ʚ) ʋʛʦʣʴʥʘʷ ʧʦʩʪʘ ʜʣʷ 

ʟʘʜʝʣʢʠ ʙʣʶʤʩʦʚ 

(ʤʘʨʢʘ BSGH) 

  1,8  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.11 

1 2 3 4 5 

ʉʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ % ʤʘʩʩ 9-13   

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ % ʤʘʩʩ. < 4   

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ % ʤʘʩʩ. > 84   

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,44   

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,87   

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʞʘʪʠʶ 
ʄʇʘ > 25   

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʆʤĀʤʤ

2
/ʤ < 73Ā10

-4
   

ʛ) ɹʦʨʪʦʚʳʝ ʫʛʦʣʴʥʳʝ 

ʙʣʦʢʠ (ʫʛʣʦʚʳʝ ʠ 

ʧʦʜʛʦʥʦʯʥʳʝ) ʨʘʟʤʝʨ: 

(280Ĭ570Ĭ120) ʤʤ 

(200Ĭ570Ĭ120) ʤʤ 

(570Ĭ(306+207)/2Ĭ120) 

ʤʤ 

  

31,6 ʢʛ 

22,1 ʢʛ 

28,1 ʢʛ 

 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 > 1,9   

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʛ/ʩʤ
3
 > 1,54   

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ    ʄʇʘ > 24   

ʉʦʜʝʨʞʘʥʠʝ ʛʨʘʬʠʪʘ  % ʤʘʩʩ. 30   

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ % ʤʘʩʩ. < 5   

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ  
ʆʤĀʤʤ

2
/ʤ < 40   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʪʨʠʝʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ  

% < 0,6   

II. ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 
ʧʣʠʪʳ  

ʠʟ ʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ: ʚ 

ʪʦʤ ʯʠʩʣʝ , 

ʘ) (500Ĭ500Ĭ100)ʤʤ 

ʙ) (250Ĭ250Ĭ85)ʤʤ 

ʚ) (500Ĭ307Ĭ85)ʤʤ 

 

ʢʛ 

ʢʛ 

ʢʛ 

 

 

 

9,97 

5,75 

1,22 

3,0 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.11 

1 2 3 4 5 

ʆʙʲʸʤʥʳʡ ʚʝʩʴ  ʛ/ʩʤ
3
 0,23   

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʠʟʛʠʙ  
ʄʇʘ Ó 0,5   

ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʝ  

 

ʄʇʘ 

 

0,8-1,0 
  

ʃʠʥʝʡʥʘʷ ʫʩʘʜʢʘ (1000 
0
ʉ, 3 ʯʘʩʘ)  

% Ò 1,5   

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ  ɺʪ/ʤ Ā 
0
ʂ 

0,056+0,0

0011Ā t 
  

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  
0
ʉ 1000   

III.  ʊʝʧʣʦʠʟʦʣʷʮʠʦʥ
ʥʳʝ ʢʠʨʧʠʯʠ: 

ʘ) ɺʳʩʦʢʦʧʨʦʯʥʳʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ 

(230Ĭ114Ĭ65)ʤʤ  

ʪ  4,81  

ʃʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 
0
ʉ (12 ʯʘʩʘ) 

% Ñ 1,0   

ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʝ   

ʄʇʘ Ó 2,0   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  
ɺʪ/ʤ Ā 

0
ʂ Ò 0,17   

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʛ/ʩʤ
3
 0,6-0,8   

ʇʨʠʤʝʥʷʝʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ  
0
ʉ > 1000   

ʙ) ʅʠʟʢʦʧʨʦʯʥʳʡ 

ʠʟʦʣʷʮʠʦʥʥʳʡ ʢʠʨʧʠʯ 

(230Ĭ114Ĭ65)ʤʤ 

ʪ  0,36  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʠ 

ʥʘʛʨʝʚʝ ʧʨʠ 900 
0
ʉ (8 

ʯʘʩʦʚ) 

% < 2,0   
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.11 

1 2 3 4 5 

ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʝ  

ʄʇʘ 0,6-0,8   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

(ʧʨʠ 350 
0
ʉ) 

ɺʪ/ʤĀ
0
ʂ Ò 0,15   

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʛ/ʩʤ
3
 0,5   

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʤʝʥʝʥʠʷ  
0
ʉ > 1000   

ʆʛʥʝʫʧʦʨʥʳʡ ʢʠʨʧʠʯ 

(230Ĭ114Ĭ65)ʤʤ  
ʪ  0,67  

ʋʜʝʣʴʥʳʡ ʚʝʩʴ ʛ/ʩʤ
3
 2,3   

ʉʫʭʦʡ ʙʘʨʴʝʨʥʳʡ ʩʣʦʡ 

(ʉɹʉ)  
ʪ 

 

 
25,43  

ʆʛʥʝʫʧʦʨʥʦʩʪʴ (1983-

1785 
0
ʉ) 

 31-35   

ʅʘʩʳʧʥʦʡ ʚʝʩʴ ʢʛ/ʤ
3
 

1920-

2020 
  

ʃʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʠ 816 
0
ʉ 

% ʥʝʪ   

ʃʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʠ 1260 
0
ʉ 

% ʥʝʪ   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

200 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ Ò 0,34   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

420 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ Ò 0,39   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

650 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ Ò 0,43   

IV. ɹʝʪʦʥʥʘʷ ʟʘʣʠʚʢʘ 
(ʙʨʦʚʢʘ) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.11 

1 2 3 4 5 

ʘ) ɺʳʩʦʢʦʧʨʦʯʥʘʷ 

ʟʘʣʠʚʢʘ    
ʪ  5,88  

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ  
0
ʉ 1500   

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʢʛ/ʤ
3
 2000   

ʃʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʠ 816 
0
ʉ 

% (0,1-0,4)   

ʃʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʠ 1260
0
ʉ 

% (0,5-1,5)   

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 

ʧʨʠ 816 
0
ʉ 

ʄʇʘ (0,1-0,4)   

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʠʟʛʠʙ ʧʨʠ 816 
0
ʉ 

ʄʇʘ (0,5-1,5)   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

204 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ Ò 0,54   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

429 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ Ò 0,58   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

871 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ Ò 0,70   

ʙ) ʃʝʛʢʘʷ ʦʛʥʝʫʧʦʨʥʘʷ 

ʟʘʣʠʚʢʘ  
ʪ  0,79 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, %: 

ʇʨʠʤʝʥʷʝʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ  
0
ʉ 1200  SIO2 -45-55 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʢʛ/ʤ
3
 800  Al 2O3 -30-40  

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʠʟʛʠʙ ʧʨʠ110 
0
ʉ 

ʄʇʘ 0,70  Fe2O3-3-5 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.11 

1 2 3 4 5 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʠʟʛʠʙ  

ʧʨʠ 1000 
0
ʉ 

ʄʇʘ 0,98   

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ  

ʧʨʠ 110 
0
ʉ 

ʄʇʘ 3,04   

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ ʧʨʠ 1000 
0
ʉ 

ʄʇʘ 3,89   

ʃʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʠ 1000 
0
ʉ  

% -0,67   

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

700 
0
ʉ 

ɺʪ/ʤ Ā 
0
ʂ 0,14-0,16   

 

ʌʫʪʝʨʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʩʪʨʘʥ ʉʅɻ ʠ ʚ ʆɸʆ çʊɸʃʂʆè, ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʦʙʞʠʛʘ ʠ ʜʦʙʘʚʣʷʶʪ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʛʨʘʬʠʪʘ [65-66]. ʅʘʧʨʠʤʝʨ, ʠʟʛʦʪʦʚʣʷʝʤʳʝ 

ʢʘʪʦʜʥʳʝ ʙʣʦʢʠ ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʦʙʘʚʢʘʤʠ ʛʨʘʬʠʪʘ ʦʙʞʠʛʘʶʪ ʧʨʠ 1200
0
ʉ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 3000
0
ʉ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʶʪ ʛʨʘʬʠʪʠʟʠʨʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ. ʀʟ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200
0
ʉ ʧʦʣʫʯʘʶʪ ʧʦʣʫʛʨʘʬʠʪʦʚʳʝ ʙʣʦʢʠ. 

ɺ ʪʘʙʣʠʮʝ 1.12 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ 

[65-66]. ʀʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʛʨʘʬʠʪʦʚʳʝ 

ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʯʪʠ ʪʘʢʠʝ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʝ ʙʣʦʢʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.13. ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʩʦʛʣʘʩʥʦ ʊʋ 1931-109-021-99 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1.14. 
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ʊʘʙʣʠʮʘ 1.12 - ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ [65-66] 

ʉʚʦʡʩʪʚʦ 
ɸʥʪʨʘʮʠ-

ʪʦʚʳʡ 

ʇʦʣʫʛʨʘ-

ʬʠʪʦʚʳʡ 

ɻʨʘʬʠʪʠ-

ʟʠʨʦʚʘʥʥʳʡ 

ɻʨʘʬʠʪʠ-

ʨʦʚʘʥʥʳʡ 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,95 1,97 2,16 2,21 

ʂʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,58 1,59 1,65 1,62 

ʇʦʨʠʩʪʦʩʪʴ, % 15 15 19 20 

ʋʕʉ, ʆʤĀʤʤ
2
/ʤ 25 22 13 11 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤĀʂ) 17 19 50 115 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ 31 31 27 35 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʄʇʘ 10 10 10 13 

ɿʦʣʴʥʦʩʪʴ, % 2,5 2,0 0,3 0,3 

 

ʊʘʙʣʠʮʘ 1.13 - ʂʘʯʝʩʪʚʝʥʥʝr ʩʨʘʚʥʝʥʠ ̫ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʢʘʪʦʜʥʳʭ 

ʙʣʦʢʦʚ [67] 

ʉʚʦʡʩʪʚʦ ɸʥʪʨʘʮʠʪʦʚʳʡ 
ʇʦʣʫʛʨʘ-

ʬʠʪʦʚʳʡ 

ɻʨʘʬʠʪʠ-

ʟʠʨʦʚʘʥʥʳʡ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʮʝʥʘ  1 1,5-1,8 2-3 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʵʨʦʟʠʠ ʇʨʝʚʦʩʭʦʜʥʦʝ ʍʦʨʦʰʝʝ ʇʨʝʚʦʩʭʦʜʥʦʝ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʫʜʘʨʫ ʇʨʠʝʤʣʝʤʦʝ 
ʆʯʝʥʴ 

ʭʦʨʦʰʝʝ 
ʇʨʝʚʦʩʭʦʜʥʦʝ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʋʤʝʨʝʥʥʘʷ ɺʳʩʦʢʘʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ɺʳʩʦʢʦʝ ʅʠʟʢʦʝ ʆʯʝʥʴ ʥʠʟʢʦʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʣʝʢʪʨʦʣʠʟʘ 
ʉʨʝʜʥʝʝ 

ʆʯʝʥʴ 

ʥʠʟʢʦʝ 
ʆʯʝʥʴ ʥʠʟʢʦʝ 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ɺʳʩʦʢʘʷ ɸʜʝʢʚʘʪʥʘʷ ʅʠʟʢʘʷ 

ɺʩʧʫʯʠʚʘʥʠʝ ʠʟ-ʟʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ Na 
ɸʜʝʢʚʘʪʥʦʝ ʅʠʟʢʦʝ ʅʠʟʢʦʝ 
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ʊʘʙʣʠʮʘ 1.14 - ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ (ʊʋ 

1931-109-021-99) 

 ̄ ʇʦʢʘʟʘʪʝʣʴ 
ʇɹʇ 

11 

ʇɹ 

11 

ʇɹʇ 

20 

ʇɹ 

20 

ʇɹʇ 

30 

ʇɹ 

30 

ʇɹʇ 

40 

ʇɹ 

40 

ʇɹ 

50 

ʇɹ 

60 

1 2 3 4 5 6 7 8 9 10 11 12 

1 
ʋʕʉ, ʆʤ Āʤʤ

2
/ʤ, 

ʥʝ ʙʦʣʝʝ 
11 20 30 40 50 60 

2 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, % ʥʝ 

ʙʦʣʝʝ  

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,9 1,0 

3 

ʇʨʦʯʥʦʩʪʴ, ʄʇʘ, 

ʥʝ ʤʝʥʝʝ: ʥʘ 

ʩʞʘʪʠʝ 

20 17 24 20 26 24 30 26 25 22 

4 ʅʘ ʠʟʛʠʙ  6 6 10 10 10 10 12 12 - - 

5 

ʂʘʞʫʱʘʷʩʷ 

ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
, 

ʥʝ ʤʝʥʝʝ  

1,55 1,53 1,55 1,52 - 

6 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
, 

ʥʝ ʤʝʥʝʝ 

2,01 1,95 1,90 1,85 - 

7 
ʇʦʨʠʩʪʦʩʪʴ, % ʥʝ 

ʙʦʣʝʝ  
23 30 22 23 20 22 18 22 

8 
ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

ɻʇʘ, ʥʝ ʙʦʣʝʝ  
8 6 10 8 13 10 15 13 - 

9 
ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ɺʪ/(ʤĀ
0
ʂ), ʥʝ ʤʝʥʝʝ 

120 100 40 30 12 10 6 - 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.14 

1 2 3 4 5 6 7 8 9 10 11 12 

10 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʠ t 

= 20-520 
0
C, Ĭ10

-6
, 

K
-1
, ʥʝ ʙʦʣʝʝ 

4,5 3,5 4,5 3,5 4,5 3,5 4,5 - 

11 
ɿʦʣʴʥʦʩʪʴ, %, ʥʝ 

ʙʦʣʝʝ 
1,5 4,5 - 

 

  ɼʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʟʘʚʦʜʦʚ ʈʦʩʩʠʠ ʩʦʛʣʘʩʥʦ ʪʝʭʫʩʣʦʚʠʷʤ ʊʋ 1913-109-021-

99 ʠʟʛʦʪʦʚʣʠʚʘʶʪ ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʨʘʟʥʳʭ ʤʘʨʦʢ: ʇɹ ʠ ʇɹʇ (çʧʦʜʦʚʳʡ ʙʣʦʢè ʠ 

çʧʦʜʦʚʳʡ ʙʣʦʢ ʧʨʦʧʠʪʘʥʥʳʡè). ɺ ʪʘʙʣʠʮʝ 1.14 ʧʨʠʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʠ ʮʠʬʨʘʧʦʩʣʝ ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʨʢʠ ʦʟʥʘʯʘʝʪ ʫʜʝʣʴʥʦʝʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʙʣʦʢʘ ʚ ʆʤĀʤʤ
2
/ʤ. 

 ʆɸʆ çʊɸʃʂʆè ʧʦʜʦʚʳʝ ʙʣʦʢʠ ʧʦʢʫʧʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʂʅʈ, ʠ ʠʭ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʦʩʩʠʡʩʢʠʤʠ, ʪ.ʝ. 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʊʋ 1913-109-021-99. 

ɹʦʨʪʦʚʳʝ ʙʣʦʢʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ 

ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʘʷ, ʠ ʠʟʛʦʪʦʚʣʠʚʘʶʪʩʷ ʦʥʠ ʠʟ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʠ 

ʩʚʷʟʫʶʱʝʛʦ (ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ). ʇʦʵʪʦʤʫʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʨʪʦʚʳʝ 

ʙʣʦʢʠ ʥʝ ʜʦʣʞʥʳ ʭʦʨʦʰʦ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.  

ɺ ʩʦʩʪʘʚ ʰʠʭʪʳ ʛʨʘʬʠʪ ʥʝ ʜʦʙʘʚʣʷʝʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʤ ʦʩʦʙʳʭ ʩʣʫʯʘʝʚ. ʀʟ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʖʥʛʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, ʪʘʢʞʝ ʥʘ ʙʦʨʪʦʚʳʝ ʙʣʦʢʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘʪʨʠʝʚʦʝ 

ʨʘʩʰʠʨʝʥʠʝ (ʪʝʩʪ ʈʘʧʦʧʦʨʪʘ). ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʳʭ 

ʙʣʦʢʦʚ ʜʦ 5,0% (ʧʦ ʤʘʩʩʝ). 

 ɹʦʨʪʦʚʳʝ ʙʣʦʢʠ ʚ ʩʨʝʜʝ ʨʘʩʧʣʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʦʡʢʠʤʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʤʠ. ɼʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʥʝ 

ʩʤʘʯʠʚʘʪʴʩʷ ʩ ʨʘʩʧʣʘʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʳʝ ʙʦʨʪʦʚʳʝ ʥʘʩʪʳʣʠ, ʥʝ 
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ʦʢʠʩʣʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʠʪʘʡʩʢʠʝ 

ʠʟʛʦʪʦʚʠʪʝʣʠ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʜʦʙʘʚʣʷʶʪ ʜʦ 15% (ʧʦ ʤʘʩʩʝ) 

ʛʨʘʬʠʪʘ. ʅʘ ʩʚʝʨʭʤʦʱʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʙʦʨʪʦʚʳʝ ʙʣʦʢʠ 

ʠʟʛʦʪʦʚʣʠʚʘʶʪ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC), ʭʦʪʷ ʦʥʠ ʜʦʨʦʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ, 

ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʩʪʨʘʥʘʭ ʉʅɻ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.15. 

ʊʘʙʣʠʮʘ 15- ʌʠʟʠʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʦʟʘʪʝʣʠ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʩʦʛʣʘʩʥʦ   

 (ʊʋ 1913-109-014-99) 

     

 ̄ ʇʦʢʘʟʘʪʝʣʴ 
ɹɹʇ 

0,1 
ɹɹ 0,2 

ɹɹʇ 

0,4 
ɹɹ 0,6 ɹɹ 1,0 ɹɹ 

1 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, %, ʥʝ ʙʦʣʝʝ 
0,1 0,2 0,4 0,6 1,0 1,1 

2 
ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ, 

ʥʝ ʤʝʥʝʝ: ʥʘ ʩʞʘʪʠʝ 
20 17 20 24 29 22 

3 
ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʠʟʛʠʙ, ʄʇʘ 
10 10 12 12 - - 

4 
ʂʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
,ʥʝ ʤʝʥʝʝ 

1,60 1,55 1,53 - 

5 
ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
, ʥʝ ʤʝʥʝʝ 

2,10 1,95 1,90 - 

6 ʇʦʨʠʩʪʦʩʪʴ, %, ʥʝ ʙʦʣʝʝ 23 30 23 22 - 

7 
ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ɺʪ/(ʤĀ
0
ʂ), ʥʝ ʤʝʥʝʝ 

120 100 30 10 - 

8 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (ʧʨʠ t = 20-

520 
0
C) Ĭ10

-6
, K

-1
, ʥʝ 

ʙʦʣʝʝ 

4,5 3,5 3,5  

 

ʇʦʜʦʚʘʷ ʤʘʩʩʘ. ʇʦʩʣʝ ʢʣʘʜʢʠ ʮʦʢʦʣʷʰʘʭʪʳʵʣʝʢʪʨʦʣʠʟʝʨʘ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʪʘʥʦʚʢʠ ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʝʨʝʬʝʨʠʡʥʳʝ ʠ 

ʤʝʞʙʣʦʯʥʳʝ ʰʚʳ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʤʝʞʙʣʦʯʥʳʝ ʰʚʳ ʠʤʝʶʪ ʰʠʨʠʥʫ 3,5-4,0 ʩʤ, ʘ 

ʛʣʫʙʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʪʝ ʧʦʜʦʚʦʛʦ ʙʣʦʢʘ (40-45 ʩʤ). ʕʪʠ ʰʚʳ ʩ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʰʚʘʤʠ ʥʘʙʠʚʘʶʪ ʧʦ ʩʣʦʷʤ ʧʝʨʬʦʨʘʪʦʨʦʤ ʧʨʠ ʜʘʚʣʝʥʠʠ ʥʝ ʤʝʥʝʝ 
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5,0 ʢʛʩ/ʩʤ
2
. ʇʦʩʣʝ ʥʘʙʦʡʢʠ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʦʰʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʠʥʳ 

ʵʣʝʢʪʨʦʣʠʟʝʨʘ. ʇʦʩʣʝ ʦʙʞʠʛʘ ʧʦʜʠʥʳ ʧʝʨʝʜ ʧʫʩʢʦʤ ʵʣʝʢʪʨʦʣʠʟʝʨʘ ʥʘʙʠʪʘʷ ʤʘʩʩʘ 

ʦʙʞʠʛʘʝʪʩʷ, ʠ ʩʦʟʜʘʝʪʩʷ ʤʦʥʦʣʠʪʥʦʩʪʴ ʤʝʞʜʫ ʤʘʩʩʦʡ ʠ ʙʣʦʢʘʤʠ. ʇʦʜʦʚʘʷ ʤʘʩʩʘ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʘʥʪʨʘʮʠʪʘ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʪʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʦʜʦʚʦʡ ʤʘʩʩʳ, ʧʨʘʚʠʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʞʠʛʘ, ʧʫʩʢʘ ʠ 

ʧʦʩʣʝʧʫʩʢʦʚʦʛʦ ʧʝʨʠʦʜʘ ʵʣʝʢʪʨʦʣʠʟʝʨʘ. ɺ ʪʘʙʣʠʮʝ 1.16 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʜʦʚʳʭ ʤʘʩʩ, ʧʨʦʢʘʣʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ. 

ʊʘʙʣʠʮʘ 1.16 - ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜʦʚʳʭ ʤʘʩʩ [66-67] 

ʇʦʢʘʟʘʪʝʣʴ  ɻʦʨʷʯʘʷ  ʊʝʧʣʘʷ ʠ ʭʦʣʦʜʥʘʷ  

ʅʘʧʦʣʥʠʪʝʣʴ  ʕʇɸ, ɻʇɸ ʕʇɸ, ɻʇɸ ɻʨʘʬʠʪ 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʙʦʡʢʠ, 
0
ʉ 140-180 10-30 ʠʣʠ 30-50 

10-30 ʠʣʠ 

30-50 

ʇʣʦʪʥʦʩʪʴ çɿʝʣʝʥʦʡè ʤʘʩʩʳ, 

ʢʛ/ʤ
3
 

1500-1650 1500-1600 1150-1750 

ʆʙʦʞʞʝʥʥʘʷ ʧʦʜʦʚʘʷ ʤʘʩʩʘ: 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 

1800-1900 1800-1900 2000-2200 

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 1400-1600 1400-1550 1300-1650 

ʇʦʨʠʩʪʦʩʪʴ, % 15-25 15-30 20-40 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ 25-35 15-35 5-25 

ʋʕʉ, ʆʤĀʤʤ
2
/ʤ 60-80 60-90 30-60 

ɿʦʣʴʥʦʩʪʴ, % ʤʘʩʩ. 4-10 4-10 0,5-2,0 

    ʇʨʠʤʝʯʘʥʠʝ ʕʇɸ, ɻʇɸ- ʵʣʝʢʪʨʦʧʨʦʢʘʣʝʥʥʳʡ ʠ ʛʘʟʦʧʨʦʢʘʣʝʥʥʳʡ ʘʥʪʨʘʮʠʪʳ. 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʦʡʢʠ ʨʘʟʣʠʯʘʶʪ ʭʦʣʦʜʥʦʥʘʙʠʚʥʫʶ ʠ 

ʛʦʨʷʯʝʥʘʙʠʚʥʫʶ ʧʦʜʦʚʫʶ ʤʘʩʩʫ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʨʷʯʝʥʘʙʠʚʥʦʡ ʧʦʜʦʚʦʡ ʤʘʩʩʳ 

ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʥʝ ʜʦʙʘʚʣʷʶʪ. ʆʙʳʯʥʦ ʩʨʦʢ ʧʨʠʛʦʜʥʦʩʪʠ ʍʅʇʄ 

ʩʦʩʪʘʚʣʷʝʪ 3-4 ʤʝʩ, ʪ.ʝ. ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʦʛʨʘʥʠʯʝʥ. ʕʪʦʪ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ 
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ʥʝʜʦʩʪʘʪʢʦʤ ʍʅʇʄ. ʅʝʜʦʩʪʘʪʢʦʤ ʛʦʨʷʯʝʥʘʙʠʚʥʦʡ ʤʘʩʩʳ ʷʚʣʷʶʪʩʷ 

ʥʝʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʥʝʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ɼʣʷ ʧʦʜʦʚʳʭ ʤʘʩʩ (ʭʦʣʦʜʥʦʥʘʙʠʚʥʘʷ ʠʣʠ ʛʦʨʷʯʝʥʘʙʠʚʥʘʷ) ʚʘʞʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʝʸ ʫʧʣʦʪʥʷʝʤʦʩʪʴ, ʨʘʩʰʠʨʝʥʠʝ ʠʣʠ ʫʩʘʜʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ 

ʚʘʥʥ, ʠʙʦ ʩʨʦʢ ʩʣʫʞʙʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʪʠʭ ʩʚʦʡʩʪʚ. ɹʝʟʫʩʣʦʚʥʦ 

ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʜʦʚʦʡ ʤʘʩʩʳ ʩʳʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʚʦʜʠʤʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʷʟʫʶʱʝʛʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʨʝʤʷ 

ʫʧʣʦʪʥʷʝʤʦʩʪʠ ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʝ ʙʦʣʝʝ 10 ʩʝʢ, ʠ 

ʧʨʠ ʦʙʞʠʛʝ ʥʝ ʜʦʣʞʥʘ ʜʘʪʴ ʫʩʘʜʢʫ, ʘ ʥʘʦʙʦʨʦʪ ʜʦʣʞʥʘ ʨʘʩʰʠʨʷʪʩʷ.  

 ɺ ʨʘʙʦʪʘʭ [68-75] ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚʦʧʨʦʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʜʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ: ʘʥʦʜʥʳʭ ʠ ʧʦʜʦʚʳʭ ʤʘʩʩ, ʧʦʜʦʚʳʭ ʠ 

ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ. 

 ʉʚʦʡʩʪʚʘ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʦʛʥʝʫʧʦʨʥʳʭ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʬʫʪʝʨʦʚʢʠ ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʚʘʥʥ ʧʨʠʚʝʜʝʥʳ ʚ [76] 

ʠ ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1.17-1.19. 

ʊʘʙʣʠʮʘ 1.17 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʨʴʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [66-67] 

ʇʦʢʘʟʘʪʝʣʴ  ʊʠʧʘ ɸ ʊʠʧ ɹ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, % (ʧʦ ʤʘʩʩʝ) 

Al 2O3 31,0 11,9 

SiO2 48,8 43,6 

CaO 14,6 0,2 

MgO 0,7 35,8 

Fe2O3 1,0 5,9 

Na2O 2,7 - 

ʆʪʥʦʰʝʥʠʝ Al2O3/SiO2, % (ʧʦ ʤʘʩʩʝ) 0,64 0,27 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/ʤ Ā 
0
K: 

ʇʨʠ t = 300 
0
C 0,40 1,6 

ʇʨʠ t = 900 
0
C 0,44 1,5 
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ʊʘʙʣʠʮʘ 1.18 - ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʚʦʡʩʪʚʦ ʐʘʤʦʪ ɻʣʠʥʦʟʝʤ 

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʩʤ
3
 2100 2200 2100 2600 3000 

ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ, % 19 23 20 20 14 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʧʨʠ   

20 
0
C, ʄʇʘ 

32 26 29 56 21 

ʃʠʥʝʡʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʦ  t = 

1000 
0
C, % 

0,5 0,5 0,5 0,5 0,5 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/(ʤĀK) - 1,5 1,0 1,4 2,3 

ʉʦʜʝʨʞʘʥʠʝ, %(ʤʘʩʩ.): 

SiO2 

Al 2O3 

 

56 

36 

 

52 

44 

 

64 

32 

 

23 

73 

 

8,3 

90 

 

ʊʘʙʣʠʮʘ 1.19 - ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʚʦʡʩʪʚʦ 
ɼʠʘʪʦʤʠʪ  

ɼ-500 ɼ-600 ɺʝʨʤʠʢʫʣʠʪ 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 
0
ʉ 

1400 1400 900 950 1100 

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 500 600 750 650 350 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/ʤ Ā K: 

ʧʨʠ t = 25 
0
C 

ʧʨʠ t = 300 
0
C 

0,10 

0,16 

0,116 

0,1686 

0,18 

ʥ/ʜ 

0,17 

ʥ/ʜ 

0,15 

ʥ/ʜ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ: 

ʥʘ ʩʞʘʪʠʝ 

ʥʘ ʨʘʟʨʳʚ 

 

0,6 

- 

 

0,8 

- 

 

- 

1,0 

 

- 

1,4 

 

- 

0,5 

 

1.5. ɺʳʚʦʜʳ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʚ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉʚʦʡʩʪʚʘ ʭʦʣʦʜʥʦʥʘʙʠʚʥʦʡ ʧʦʜʦʚʦʡ ʤʘʩʩʳ, ʙʦʨʪʦʚʳʝ ʠ ʧʦʜʦʚʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʟʘʚʠʩʷʪ ʦʪ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʛʝʦʣʦʛʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘʧʦʣʥʠʪʝʣʷ-ʘʥʪʨʘʮʠʪʘ ʠ ʜʦʙʘʚʣʷʝʤʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. 
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ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʳʷʚʣʝʥʳ ʩʣʦʞʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦ- 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʥʪʨʘʮʠʪʦʚ ɻʦʨʣʦʚʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʈʦʩʩʠʷ),  

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʩʦʩʪʘʚʘ ʜʦʥʝʮʢʠʭ ʘʥʪʨʘʮʠʪʦʚ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʧʧʳ ʚʠʪʨʠʥʠʪʘ ʚ ʥʠʭ ʚʩʝʛʦ 25-35% ʤʘʩʩ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʜʦʥʝʮʢʠʭ ʠʭ ʙʦʣʝʝ 80% ʤʘʩʩ; ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʧʧʳ ʬʶʟʝʥʠʪʘ ʙʦʣʝʝ 

50% ʤʘʩʩ, ʚ ʜʦʥʝʮʢʠʭ ʚʩʝʛʦ 8-10%. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʧʣʘʩʪʘʭ 

ʘʥʪʨʘʮʠʪʦʚ ʈʦʩʩʠʠ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʧʨʝʚʳʰʘʝʪ 5,0% ʤʘʩʩ. ʀʟ 15 ʧʣʘʩʪʦʚ 

ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʪʦʣʴʢʦ 2 ʧʣʘʩʪʘ ( ˉ 4 ʠ 6) ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʟʦʣʴʥʦʩʪʴ (1,5-3,0% ʤʘʩʩ). ɺ ʜʨʫʛʠʭ ʧʣʘʩʪʘʭ ʟʦʣʘ ʪʦʞʝ ʧʨʝʚʳʰʘʝʪ 5,0% ʤʘʩʩ. 

ʇʨʠ ʫʛʣʝʬʠʢʘʮʠʠ  ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ 

ʫʛʣʷ ʠ ʧʦʩʪʝʧʝʥʥʘʷ ʫʙʳʣʴ ʝʛʦ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʦʪʱʝʧʣʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʝʱʝʩʪʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʫʛʣʷ. ɸʥʪʨʘʮʠʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʠʩʧʳʪʳʚʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʤʝʪʦʤʦʨʬʠʟʤ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝʛʦ ʟʘʪʨʘʪʘ 

ʵʥʝʨʛʠʠ. ʋ ʘʥʪʨʘʮʠʪʘ ʅʘʟʘʨʘʡʣʦʢ ʧʦʥʠʞʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʦʡ 

ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠ ʥʠʟʢʘʷ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʘʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʩʳʨʴʸʤ, ʠ ʪʨʝʙʫʝʪʩʷ ʦʛʨʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʨʘʩʰʠʨʝʥʠʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʧʦʣʫʯʠʪ ɹʠʟ ʥʝʛʦ ʍʅʇʄ, ʙʦʨʪʦʚʳʝ ʠ ʧʦʜʦʚʳʝ 

ʙʣʦʢʠ ʠ ʜʨʫʛʠʝ ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʥʫʞʜ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ,  ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʆɸʆ çʊɸʃʂʆè. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʩʣʝʜʫʝʪ ʠʟʳʩʢʘʪʴ ʧʫʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʘʥʪʨʘʮʠʪ ʧʨʠʦʙʨʝʣ ʪʝ 

ʩʚʦʡʩʪʚʘ (ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ  ʙʳ ʧʦʣʫʯʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʍʅʇʄ, ʙʦʨʪʦʚʳʝ ʠ ʧʦʜʦʚʳʝ 

ʙʣʦʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʨʘʟʥʳʤʠ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

 ʅʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʦʣʥʠʪʝʣʷ (ʘʥʪʨʘʮʠʪʘ, 

ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ) ʠ ʩʚʷʟʫʶʱʝʛʦ-ʧʝʢʘ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʥʘ ʢʘʯʝʩʪʚʦ  
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ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ. 

 ɺ ʩʨʦʢʝ ʩʣʫʞʙʳ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʦʩʦʙʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʬʫʪʝʨʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʍʅʇʄ, ʙʦʨʪʦʚʳʭ ʠ 

ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʭʠʭ ʙʘʨʴʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʩʤʝʩʝʡ) ʠ ʧʨʦʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʦʣʫʯʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ ʠʟ çʙʦʷè 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ.  

 ʅʝʤʘʣʦʚʘʞʥʦʡ ʟʘʜʘʯʝʡ  ʷʚʣʷʝʪʩʷ  ʠʟʳʩʢʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʦʣʠʪʦʛʣʠʥʦʟʝʤʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʩ 

ʮʝʣʁɹ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʷʤʦ ʚ 

ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ.                            

 ʕʣʝʢʪʨʦʣʠʟʝʨʳ ʩʦ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 5 ʠ ʙʦʣʝʝ ʣʝʪ, ʤʘʪʝʨʠʘʣ ʬʫʪʝʨʦʚʢʠ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʠʟ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ, ʠʤʝʶʱʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʤʝʪʦʤʦʨʬʠʟʤʘ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʪʁʩʷ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʩʚʦʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʍʅʇʄ, 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʙʦʨʪʦʚʳʭ ʠ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʦʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ çʊɸʃʂʆè ʜʣʷ ʬʫʪʝʨʦʚʢʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ; ʠʟʳʩʢʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʶʤʠʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ ʠʟ ʫʛʣʝʡ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʝhʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʂʦʤʧʣʝʢʩʥʦʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʦ 1700 
0
ʉ. 

2. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʘʥʪʨʘʮʠʪʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ çʙʦʷè 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʪʦʜʥʳʭ 

ʙʣʦʢʦʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʭ ʨʝʮʝʧʪʫʨʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʩ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʨʘʙʦʪʢʠ (ʜʦ 1700 
0
ʉ). 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʠ ʥʘ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ. 

5. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ ʩʚʷʟʫʶʱʝʛʦ, ʠʤʝʶʱʠʭ 

ʥʘʠʣʫʯʰʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ 

ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ. 

6. ɺʳʧʫʩʢ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʙʦʨʪʦʚʳʭ ʙʣʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʪʨʘʮʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ.  

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʍʅʇʄ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʭ ʨʝʮʝʧʪʫʨʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʷʟʫʶʱʝʛʦ. 

8. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ ʩʚʷʟʫʶʱʝʛʦ, ʠʤʝʶʱʠʭ 

ʥʘʠʣʫʯʰʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʠʟʚʦʜʠʤʦʛʦ  ʍʅʇʄ ʥʘ ʦʩʥʦʚʝ ʘʥʪʨʘʮʠʪʘ ʅʘʟʘʨʘʡʣʦʢ. 

9. ɺʳʧʫʩʢ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʘʨʪʠʠ ʍʅʇʄ ʜʣʷ ʥʘʙʦʡʢʠ ʤʝʞʙʣʦʯʥʳʭ ʰʚʦʚ 

ʧʦʜʠʥʳ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʆɸʆ çʊɸʃʂʆè ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

10. ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʨʝʥ ʪʝʨʤʦʘʥʪʨʘʮʠʪʘ  ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʞʠʛʘ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʧʝʨʝʜ ʧʫʩʢʦʤ. 

11.ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠʟ çʙʦʷè 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʦʜʦʚʳʭ ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʆɸʆ çʊɸʃʂʆè. 

12.ʇʨʝʜʣʦʞʝʥʠʝ ʧʦ  ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʥʪʨʘʮʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ  ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ  

ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ. 
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ɻʃɸɺɸ 2. ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ  ʀ ʉɺʆʁʉʊɺ ɸʅʊʈɸʎʀʊʆɺ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʅɸɿɸʈɸʁʃʆʂ 

 ʄʘʢʨʦʩʚʦʡʩʪʚʘ ʠ ʤʠʢʨʦʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʪʝʣ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʂ ʤʘʢʨʦʩʚʦʡʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʥʪʨʘʮʠʪʦʚ ʷʚʣʷʝʪʩʷʬʫʥʢʮʠʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ʂ 

ʤʠʢʨʦʩʚʦʡʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʧʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ 

(ʪʝʧʣʦʝʤʢʦʩʪʴ) ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪʦʪ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ. 

 ɼʝʙʘʡ ʠ ʐʝʨʝʨ ʚʧʝʨʚʳʝ ʜʦʢʘʟʘʣʠ, ʯʪʦʠʩʢʦʧʘʝʤʳʝ ʫʛʣʠ ʠʤʝʶʪ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʛʣʷʭ ʠ ʘʥʪʨʘʮʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʳ ʛʨʘʬʠʪʘ. ʇʦ ʤʥʝʥʠʶ ɺʝʩʝʣʦʚʩʢʦʛʦ ɺ.ʉ. [77], ʚʦ ʚʩʝʭ ʫʛʣʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʣʝʞʘʪ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʠʜʝ 

ʛʨʘʬʠʪʦʩʦʤ-ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ.ʊʦ ʝʩʪʴ ʫʛʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʬʦʨʤʘ ʛʨʘʬʠʪʘ. 

 ɹʦʣʜʳʨʝʚ ɸ.ʂ. ʠ ʂʦʚʘʣʝʚ ɻ.ɸ. [78] ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʘʥʪʨʘʮʠʪʘ 

ʠ ʰʫʥʛʠʪʘ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʰʝʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘʧʦʜʦʙʠʝ ʛʨʘʬʠʪʘ, ʥʦ 

ʚ ʦʯʝʥʴ ʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 ʉʝʜʣʝʮʢʠʤ ʀ.ʃ. [79] ʧʨʦʚʝʜʝʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʜʦ ʘʥʪʨʘʮʠʪʦʚ ʠ 

ʛʨʘʬʠʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʷʚʣʷʶʪʩʷ ʙʝʥʟʦʣʴʥʳʝ ʰʝʩʪʠʫʛʦʣʴʥʠʢʠ ʠ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʩɹʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʛʣʝʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚʩʷ 

ʤʘʩʩʘ, ʠʤʝʶʱʘʷ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ. ɸʚʪʦʨʳ [80] ʩʯʠʪʘʶʪ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʫʛʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʙʫʨʳʭ 

ʫʛʣʝʡ ʜʦ ʘʥʪʨʘʮʠʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʠʤʝʶʱʠʭʩʷ ʤʦʣʝʢʫʣ ʩ ʩʦʟʜʘʥʠʝʤ ʧʣʦʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʩʦʙʩʪʚʝʥʥʦʡ ʢʨʠʩʪʦʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʷʟʷʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ.  
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  ɸʚʪʦʨʳ [81-82] ʚ ʨʷʜʝ ʨʘʙʦʪ, ʠʟʫʯʘʷ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʘʥʦʚʠʣʠ ʚ ʚʠʪʨʝʥʦʚʳʭ ʫʛʣʷʭ (ʘʥʪʨʘʮʠʪʘʭ) ʩʪʝʢʣʦʧʦʜʦʙʥʦʝ 

ʚʝʱʝʩʪʚʦ, ʠʤʝʶʱʝʝ ʜʚʫʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʘʪʦʤʥʦʡ ʩʝʪʢʠ ʫʛʣʝʨʦʜʘ ʧʦʜʦʙʥʦ 

ʤʦʥʦʩʣʦʶ ʛʨʘʬʠʪʘ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʫʤʝʥʴʰʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʛʘʟʦʚʳʭ ʫʛʣʝʡ, ʧʦʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʟʨʝʣʳʤ ʫʛʣʷʤ, ʦʩʦʙʝʥʥʦ ʚ ʘʥʪʨʘʮʠʪʘʭ; ʧʨʝʦʙʣʘʜʘʶʪ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʥʝʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ 

ʪʨʝʭʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. 

 ʋʛʦʣʴ ʧʦ ɺʘʥ ʂʨʝʚʝʣʝʥʫ [81] ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʦʣʝʮ. 

ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʚʘʞʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʦʩʪʘʚʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʢ ʦʙʱʝʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʜʦʨʦʜʫ, ʢʦʪʦʨʳʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʠ 

ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʜʦʨʦʜʘ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ 

ʦʪʥʦʰʝʥʠʷ ʅ/ʉ ʚ ʙʦʢʦʚʳʭ ʮʝʧʷʭ. 

 ʀʟʫʯʘʷ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʥʪʨʘʮʠʪʦʚ,ʊʝʡʭʤʶʣʣʝʨ [83] ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ 

ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʘʥʪʨʘʮʠʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʪʝʣʦʤ, ʪ.ʝ. ʦʥ ʥʝ ʠʤʝʝʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʊʦʣʴʢʦ ʚ ʛʨʘʬʠʪʝ ʧʨʦʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ. 

 ɸʥʠʟʦʪʨʦʧʠʷ ʤʥʦʛʠʭ ʫʛʣʝʡ ʩʚʷʟʘʥʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʮʠʢʣʦʘʣʢʘʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʢʦʣʴʮʘ, ʘʣʢʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʧʨʦʯʠʝ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʡ ʫʛʣʝʬʠʢʘʮʠʠ. ʉʫʪʴ 

ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʫʛʣʷ ʫʯʠʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʄʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʝʡ. 

ʆʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʳʨʴʝʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʵʣʝʢʪʨʦʜʥʳʤʠ ʟʘʚʦʜʘʤʠ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʦʡ ʛʘʤʤʳ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʘʥʪʨʘʮʠʪʳ, 

ʛʨʘʬʠʪʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʝʨʤʦʛʨʘʬʠʪʳ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʧʝʢʠ, 

ʢʦʢʩʳ. 
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 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʨʘʮʠʪʘ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʜʫʢʮʠʡ ʥʘʭʦʜʠʪʩʷ ʝʱʸ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʚʦʝʛʦ 

ʨʘʟʚʠʪʠʷ. ʇʨʠʨʦʜʥʳʡ ʘʥʪʨʘʮʠʪ ʢʘʢ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ ʚʳʜʚʠʛʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

 ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʘʥʪʨʘʮʠʪʦʚ, ʫʯʝʥʳʝ, 

ʩʧʝʮʠʘʣʠʩʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʠ ʩʪʘʣʠ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʵʪʦʤʫ ʫʥʠʢʘʣʴʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ ʩ 2000 ʛʦʜʘ. ɾʝʩʪʦʯʘʡʰʘʷ ʢʦʥʢʫʨʝʥʮʠʷ, ʨʘʟʣʠʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, 

ʩʳʨɹʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʆɸʆçʊɸʃʂʆè ʪʨʝʙʫʶʪ ʩʝʨʴʸʟʥʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʦʣʫʯʝʥʠʶ ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ ʠ ʜʨʫʛʠʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʜʣʷ ʥʫʞʜ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʰʝʡ 

ʨʝʩʧʫʙʣʠʢʠ. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʫʛʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʦʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʪʨʦʛʨʘʬʠʠ. ʇʦʟʞʝ ʩʣʦʞʠʣʦʩʴ ʠ 

ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʘʥʪʨʘʮʠʪʦʚ [84-94]. ɹʣʘʛʦʜʘʨʷ 

ʦʙʦʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʚʝʱʝʩʪʚʘ ʫʛʣʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʊʠʤʦʬʝʝʚ 

[94] ʥʘʰʝʣ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʫʛʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ. 

 ʉʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʛʣʷ (ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ  ʠ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ) ʧʦʩʚʷʱʝʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʦʥʦʛʨʘʬʠʷ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʭʠʤʠʠ ʫʛʣʷè (ɻʶʣʴʤʘʣʠʝʚ 

ɸ.ʄ., ɻʦʣʦʚʠʥ ɻ.ʉ., ɻʣʘʜʫʥ  ʊ.ɻ. [95]. 

ʋʢʘʟʘʥʥʳʡ ʚʳʰʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʪʨʫʜ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʠʪʴ ʥʘʫʯʥʳʝ 

ʟʥʘʥʠʷ ʦʙ ʠʩʢʦʧʘʝʤʦʤ ʫʛʣʝ ʩ ʧʦʟʠʮʠʡ ʦʩʥʦʚ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʘʥʪʨʘʮʠʪʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪʨʘʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [95-96].  

 ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʘʥʪʨʘʮʠʪʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʦʣʦʩʘ ʧʦʛʣʦʰʝʥʠʷ 2920 ʩʤ
ï1

, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʘʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ, ʨʘʚʥʦʛʦ 95,5%. ʇʦ ʤʝʨʝ ʫʛʣʝʬʠʢʘʮʠʠ 

ʘʥʪʨʘʮʠʪʘ ʘʚʪʦʨʘʤ [95] ʥʝ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʬʦʥʘ 
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ʧʦʛʣʦʱʝʥʠʷ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ 95,5% ʀʂ-ʩʧʝʢʪʨ ʜʘʝʪ ʧʦʣʥʫʶ ʧʦʪʝʨʶ 

ʉʅ2 ʠ ʉʅ3ïʛʨʫʧʧ ʚ ʘʥʪʨʘʮʠʪʝ. 

 ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʫʛʣʝʡ ʨʘʟʥʳʭ 

ʩʪʘʜʠʡ ʫʛʣʝʬʠʢʘʮʠʡ [97] ʦʙʥʘʨʫʞʝʥʳ  ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨ r(ɜ, ʩʤ
ï1
) ʪʠʧʘ 

ʉʅ2 ʠ ʉ=ʉ-ʛʨʫʧʧ ʩ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (3040, 740-870) ʠ ʉ=ʉ-

ʛʨʫʧʧ (1580-1680), ʠ ʉ-ʅ ʩʚʷʟʝʡ ʚ ʘʣʢʠʣʴʥʳʭ  ʠ  ï ʛʨʫʧʧʘʭ (2925;2850; 

1460;1380), ʢʘʨʙʦʥʠʣʴʥʳʭ   ʛʨʫʧʧ  ʚ ʢʠʩʣʦʪʘʭ ʠ ʩʣʦʞʥʳʭ  ʵʬʠʨʘʭ (1700-1750). ɺ 

ʦʙʣʘʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʳʭ 1040-1300 ʩʤ
ï1,

 ʦʙʥʘʨʫʞʝʥʳʉ ï ʆ ʩʚʷʟʠ ʚ 

ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʬʝʥʦʣʘʭ, ʩʧʠʨʪʘʭ, ʵʬʠʨʘʭ.  

 ʀʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (3200-3600) ʩʤ
-1
 ʠ (1710 ʩʤ

-1
) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ 

ʉ=ʆ ʛʨʫʧʧ [98]. 

 ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʥʪʨʘʮʠʪʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ ʧʦʜʨʦʙʥʦ 

ʠʩʩʣʝʜʦʚʘʥʘ ʂʫʨʘʢʦʚʳʤ ʖ. ʀ [11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʤʦʣʝʢʫʣʷʨʥʦʡ  ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʡ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝ ʜʦʩʪʘʪʦʯʥʘ, ʘ ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ,ʪʘʢʠʝ ʢʘʢ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʕʇʈ, ʨʝʬʨʘʢʮʠʷ, ɼʊɸ ʠ ʜʨ. 
 

2.1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʘʥʪʨʘʮʠʪʦʚ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʥʪʨʘʮʠʪʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ: 

1. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ  ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ 

DERIVATOGRAPH ïOD 112 MOM (ɺʝʥʛʨʠʷ). 

2. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ  ʫʩʪʘʥʦʚʢʝ ɼʈʆʅ-2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʠ-ʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʪʨʘʞʝʥʠʝ. 

3. ʈʝʛʠʩʪʨʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʨʠʙʦʨʝ SPECORD-75 IR ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 400-4000 ʩʤ
-1 
ʥʘ ʧʦʨʦʰʢʘʭ ʘʥʪʨʘʮʠʪʘ, ʩʤʝʰʘʥʥʦʛʦ ʩ ʧʦʨʦʰʢʦʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦKBr. ʉʤʝʩʴ ʧʨʝʩʩʦʚʘʣʘʩʴ ʚ ʚʠʜʝ ʪʘʙʣʝʪʢʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʝʩʩʬʦʨʤʝ  ʧʦʜ ʚʘʢʫʫʤʦʤ, ʘ ʟʘʪʝʤ ʩʥʠʤʘʣʠʩʴ ʀʂ- ʩʧʝʢʪʨʳ. 

4. ʕʇʈ ʘʥʪʨʘʮʠʪʦʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʘ ʨʘʜʠʦʩʧʝʢʪʨʦʤʝʪʨʝ  ʈʕ-1306  ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ  ʨʘʟʚʝʨʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ-100ʕ, ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʤʘʛʥʠʪʥʦʛʦ 
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ʧʦʣʷ-40 ʕ/ʤʠʥ ʘʤʧʣʠʪʫʜʳ ɺʏ ʤʦʜʫʣʷʮʠʠ-0,3ʕ, ʚʨʝʤʷ 0,3 ʩ ʠ ʯʘʩʪʦʪʘ ɺʏ 

ʤʦʜʫʣʷʮʠʠ-100 ʢɻʮ ʧʨʠ ʟʘʪʫʭʘʥʠʠ ʉɺʏ ʤʦʱʥʦʩʪʠ -5ɼɹ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʦʙʨʘʟʮʘ ʩʨʘʚʥʠʚʘʣʘʩʴ  ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ  ʩʠʛʥʘʣʘ ʵʪʘʣʦʥʥʦʡ  ʥʘʚʝʩʢʠ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ  Mn
2+
ʚ ʦʢʠʩʠ ʤʘʛʥʠʷ (Mg0) ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʮʝʥʪʨʦʚ [99]. 

5. ʊʝʧʣʦʸʤʢʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʤʝʪʦʜʫ,  ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [100]. ʈʘʩʯʝʪ rʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ çSigmaplotè [100]. 

6. ʇʨʦʯʥʦʩʪʴ ʟʸʨʝʥ ʘʥʪʨʘʮʠʪʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʢʘʣʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʤʝʪʦʜʫ,ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʉʳʩʢʦʚʳʤ  ʂ.ʀ. [101]. 

7. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʟʦʣʝ ʘʥʪʨʘʮʠʪʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʚʘʢʫʫʤʥʳʤ ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʨʝʥʪʛʝʥʦʬʣʦʫʨʝʩʮʝʥʪʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʪʠʧʘ 

ñʉʇɽʂʊʈʆʉʂɸʅ ʄɸʂʉ GVò. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  ʟʦʣʳ ʦʧʨʝʜʝʣʷʣʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ-10538-87 

2.2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʘʥʪʨʘʮʠʪʘʭ 

ɺ ʘʥʪʨʘʮʠʪʘʭ, ʢʨʦʤʝ  ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʨʦʜ, ʚʦʜʦʨʦʜ, ʘʟʦʪ, 

ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʝʨʘ, ʩʦʜʝʨʞʠʪʩʷ ʟʦʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ 

ʘʥʪʨʘʮʠʪʳ ʤʦʛʫʪ  ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʠʜʘ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ (ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʬʠʪʘ30% ʤʘʩʩ.), ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʚ ʘʥʪʨʘʮʠʪʝ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 4,0% (ʤʘʩʩ.), ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʭʦʣʦʜʥʦʥʘʙʠʚʥʦʡ ʧʦʜʦʚʦʡ  ʤʘʩʩʳ 

(ʍʅʇʄ) ï ʥʝ ʙʦʣʝʝ 6,0% (ʤʘʩʩ.),ʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʵʣʝʢʪʨʦʜʦʚ ʦʪ 0,1 ʜʦ 1% 

(ʤʘʩʩ.)  [102]. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʘʥʪʨʘʮʠʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʟʦʣʴʥʦʩʪʴ. 

  ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʠʤʝʩʠ ʦʪ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʧʫʩʪʳʭ 

ʧʦʨʦʜ). ʇʨʠʨʦʜʥʳʡ ʘʥʪʨʘʮʠʪ (ʜʘʞʝ ʣʶʙʦʡ ʫʛʦʣʴ) ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʪʝ ʠʣʠ ʠʥʝr 

ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʕʪʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʤʘʪʝʨʠʥʩʢʠʝ ʧʨʠʤʝʩʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ Sr, Pb, As, Zn, Cu, 

Ni, Co, Mn, Cr, V, Ti ʠ ʜʨ., ʧʦʧʘʜʘʶʱʠʭ ʚ ʪʦʨʬʷʥʠʢ ʚʤʝʩʪʝ ʩ ʦʪʤʠʨʘʶʱʠʤʠ 

ʨʘʩʪʝʥʠʷʤʠ ï ʫʛʣʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ɺʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʧʨʠʤʝʩʝʡ-ʤʠʥʝʨʘʣʴʥʳʝ 
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ʯʘʩʪʠʮʳ, ʧʨʠʥʦʩʠʤʳʝ ʚ ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʘ ʪʝʢʫʯʠʤʠ ʚʦʜʘʤʠ ʠ ʚʝʪʨʘʤʠ. ʊʘʢʠʝ 

ʯʘʩʪʠʮʳ ʠʥʦʛʜʘ ʧʦʩʪʫʧʘʣʠ ʚ ʙʦʣʦʪʦ ʚ ʩʪʦʣʴ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦ ʥʝʨʝʜʢʦ 

ʧʨʝʢʨʘʱʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʠʣʴʥʦʛʦ 

ʚʳʧʘʜʝʥʠʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʦʩʣʦʠ 

ʧʫʩʪʳʭ ʧʦʨʦʜ ʚʥʫʪʨʠ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʠʣʠ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʧʨʦʜʦʣʞʘʚʰʝʛʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʇʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʝ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʸʪ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʨʫʰʘʪʴʩʷ ʧʨʠ 

ʦʪʜʝʣʝʥʠʠ ʫʛʣʷ ʦʪ ʤʘʩʩʠʚʘ. ʏʘʩʪʠʮʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʤʘʣʳʝ 

ʨʘʟʤʝʨʳ, ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʢʚʘʨʮ ʠ ʧʦʣʝʚʳʝ ʰʧʘʪʳ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ (ʢʘʦʣʠʥʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʠʣʣʠʪ, ʘʨʛʠʣʣʠʪ ʠ ʜʨʫʛʠʝ 

ʘʣʶʤʦʩʠʣʠʢʘʪʳ). ʆʙʳʯʝʥ ʧʠʨʠʪ ʠʣʠ ʤʘʨʢʘʟʠʪ (ʩʫʣʴʬʠʜ ʞʝʣʝʟʘ), ʩʠʜʝʨʠʪ ʠ 

ʢʘʣʴʮʠʪ. 

  ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʫʜʦʙʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʢʩʠʜʦʚ ʤʘʛʥʠʷ 

ʠ ʢʘʣʴʮʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ  ʚ ʟʦʣʝ ʦʪʜʝʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠʣʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʜʚʠʛ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ 

ʠʟ ʵʪʠʭ ʦʢʩʠʜʦʚ. 

  ɿʘʤʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʩʝʨʳ ʚʦ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʧʣʘʩʪʘʭ 

ʘʥʪʨʘʮʠʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 0.15 ʜʦ 1.2% (ʧʦ ʤʘʩʩʝ) ʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʠʨʠʪʘ (FeS2); ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʘʷ 

ʩʝʨʘ, ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʅʘʣʠʯʠʝ 

ʧʠʨʠʪʘʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʝʨʥʠʩʪʦʩʪʴ ʫʛʣʝʡ ʠ ʤʦʞʝʪ ʜʦʩʪʠʯʴ 3-5% (ʤʘʩʩ.). 

ʉʝʨʘ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʘʷ, ʪʘʢ ʠ ʧʠʨʠʪʥʘʷ ʧʨʠ  ʩʞʠʛʘʥʠʠ ʠʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ 

ʘʥʪʨʘʮʠʪʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʝʨʥʠʩʪʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʘʨʘʤʠ 

ʚʦʜʳ ʦʙʨʘʟʫʝʪ ʩʝʨʥʠʩʪʫʶ ʢʠʩʣʦʪʫ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚʝʜʸʪ 

ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ (ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʪʥʦʛʦ ʪʫʤʘʥʘ ʠ ʢʦʨʨʦʟʠʠ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʠʷ).  

  ɺ ʘʥʪʨʘʮʠʪʘʭ ʥʘʣʠʯʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʳʝ ʜʦʣʠ 

ʧʨʦʮʝʥʪʘ, ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ [1], ʘʥʪʨʘʮʠʪʳ ʅʘʟʘʨʘʡʣʦʢʘ ʜʦʙʳʚʘʶʪʩʷ ʥʘ ʜʚʫʭ ʫʯʘʩʪʢʘʭ: 

çʐʠʢʦʨʭʦʥʘè ʠ çʂʘʬʪʘʨʭʦʥʘè. ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 16 ʧʣʘʩʪʦʚ ʥʘʠʣʫʯʰʠʤʠ 

ʧʣʘʩʪʘʤʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ 4-ʳʡ ʠ 6-ʦʡ.  ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʟʦʣʳ ʘʥʪʨʘʮʠʪʦʚ ʧʣʘʩʪʦʚ 4-ʛʦ ʠ 6-ʛʦ ʫʯʘʩʪʢʦʚ çʐʠʢʦʨʭʦʥʘè ʠ 

çʂʘʬʪʘʨʭʦʥʘè ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʝʢʦʪʦʨʳʝ ʧʣʘʩʪʳ 

ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ [11] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ2.1. 

ʊʘʙʣʠʮʘ 2.1 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ ʠ 

ʅʘʟʘʨʘʡʣʦʢ 

ʋʯʘʩʪʢʠ 

ɿʦʣʴʥʦʩʪʴ 

ʘʥʪʨʘʮʠʪʘ, 

%(ʧʦ ʤʘʩʩʝ) 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ, %(ʤʘʩʩ.) 

Siʆ2 Al 2O3 Fe2O3 
CaO ʠ 

MgO  

ʐʠʢʦʨʭʦʥʘ (ʧʣʘʩʪ ˉ4) 2.70 13.43 37.54 3.14 3.37 

ʐʠʢʦʨʭʦʥʘ ( ʧʣʘʩʪ ˉ6) 3.00 14.55 38.73 2.88 3.05 

ʂʘʬʪʘʨʭʦʥʘ (ʧʣʘʩʪ ˉ4) 2.80 12.86 39.47 3.07 2.84 

ʂʘʬʪʘʨʭʦʥʘ (ʧʣʘʩʪ ˉ6) 3.20 13.87 36.63 2.95 3.68 

ʐʘʭʪʘ ɺʝʣʠʢʘʥ - 2 22.60 48.80 29.50 17.20 1.50 

ʐʘʭʪʘ ʂʨʘʩʥʘʷ ɿʚʝʟʜʘ 6.00 45.90 37.40 10.40 3.10 

ʐʘʭʪʘ ʠʤ. ʃʘʛʫʪʠʥʘ  4.00 26.60 8.10 35.80 20.30 

ʐʘʭʪʘ ˉ 15 - 16 9.40 38.80 15.50 38.30 3.00 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.1, ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, 

ʩʫʤʤʳ ʦʢʩʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚʦ ʚʩʝʭ ʧʣʘʩʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʟʘʨʘʡʣʦʢʘ 

ʨʘʩʧʨʝʜʝʣʝʥʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙʱʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʦʠʭ ʫʯʘʩʪʢʦʚ. ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ ʚ 

ʩʦʩʪʘʚ ʫʛʣʝʡ ʟʜʝʩʴ ʚʭʦʜʠʪ ʧʠʨʠʪ (FeS2), ʘ ʚ ʫʛʣʷʭ ʅʘʟʘʨʘʡʣʦʢʘ ʞʝʣʝʟʦ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ. ʇʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʥʠʟʢʘʷ. 

ɺ ʪʘʙʣʠʮʝ 2.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʨʘʮʠʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʟʘʨʘʡʣʦʢ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʢʦʪʦʨʳʝ ʰʘʭʪʳ ʘʥʪʨʘʮʠʪʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ [11]. ʂʘʢ 
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ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.2 ʚ ʘʥʪʨʘʮʠʪʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ  ʦʪʩʫʪʩʪʚʫʝʪ ʤʳʰʴʷʢ, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʪʨʘʮʠʪʦʚ  

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʟʘʨʘʡʣʦʢ. ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ. 

ʉʦʜʝʨʞʘʥʠʝZn, Ni, Co, Vʚ ʘʥʪʨʘʮʠʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʘʟʘʨʘʡʣʦʢ ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʘʥʪʨʘʮʠʪʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ, 

ʭʦʪʷ ʠʩʩʣʝʜʫʝʤʳʝ ʘʥʪʨʘʮʠʪʳ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʠʪʨʠʥʠʪʫ, ʥʦ ʠʤʝʶʪ ʨʘʟʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʦʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʊʘʙʣʠʮʘ 2.2 - ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʨʘʮʠʪʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʅʘʟʘʨʘʡʣʦʢ ʠ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ 

ʕʣʝʤʝʥʪ, % 

ʤʘʩʩ. 

ʋʯʘʩʪʢʠ ʅʘʟʘʨʘʡʣʦʢ 
ʐʘʭʪʳ ʨʦʩʩʠʡʩʢʦʛʦ 

ɼʦʥʙʘʩʩʘ 

çʐʠʢʦʨʭʦʥʘè çʂʘʬʪʘʨʭʦʥʘè çʆʙʫʭʦʚʩʢʘʷè çɸʣʤʘʟʥʘʷè 

Sr 10
-2
 1.687 1.585 10.0 20.2 

Pb 10
-3
 8.133 8.153 15.0 2.0 

As 10
-2
 1.288 1.258 - - 

Zn 10
-2
 8.937 8.873 0.80 0.30 

Cu 10
-3
 2.543 2.515 20.2 10.0 

Ni 10
-2
 8.089 8.068 1.00 0.80 

Co 10
-3
 7.118 7.015 2.00 1.50 

Mn 10
-2ʭ

 2.091 2.085 6.00
ʭ
 2.00

ʭ
 

Cr 10
-2
 1.335 1.314 1.00 1.00 

V 10
-2
 6.680 6.725 2.00 1.00 

TiO2 10
-1ʭ

 4.690 4.546 4.00
ʭ
 5.00

ʭ
 

ʇʨʠʤʝʯʘʥʠʝ : ʭ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʯʠʩʪʳʡ Mnʠ Ti. 

 

ʇʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʩʦʜʝʨʞʘʥʠʠ Al , Si, Fe, Mgʠ Ca ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ 

(ʧʣʘʩʪʘʭ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚʘʭ Pb, Cu, Co, Sr, As, Mn, V, Cr. 

ʆʪʤʝʯʝʥʦ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ W, Ta, Sb, Bi, Ag, Cd, Sn, Ge, 

In, U. ɺ ʘʥʪʨʘʮʠʪʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʚ 

ʦʪʜʝʣʴʥʳʭ  ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ,Mo, Pb, ʠ Zn [103]. 
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ʇʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʨʘʢʮʠʷʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʢʨʫʧʥʳʭ ʢʫʩʢʦʚ ʫʛʣʷ ʠʣʠ ʧʨʠ 

ʜʦʙʳʯʝ ʘʥʪʨʘʮʠʪʘ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ, ʧʦʜʦʚʦʡ ʤʘʩʩʳ, ʩʦʨʙʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʨʘʮʠʪ ʩʣʝʜʫʶʱʠʭ ʬʨʘʢʮʠʡ, ʤʤ : (12 - 5) ; (5 -1) ; (3 ï 1); (1 - 0.5) ʠ 

ʤʝʥʝʝ 0,5. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʨʘʮʠʪ ʬʨʘʢʮʠʠ (3 - 1) ʤʤ. 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 4790ï80 çʊʦʧʣʠʚʦ ʪʚʝʨʜʦʝè. ʄʝʪʦʜ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ɻʆʉʊ 2093ï82 çʊʦʧʣʠʚʦ ʪʚʝʨʜʦʝè. ʉʠʪʦʚʦʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.3 ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ ʘʥʪʨʘʮʠʪʘ ʰʘʭʪʳ çʐʝʨʣʦʚʩʢʘʷ-

ʅʘʢʣʦʥʥʘè̫ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ.  

ʊʘʙʣʠʮʘ 2.3 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʳ ʧʦ ʬʨʘʢʮʠʷʤ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʘʥʪʨʘʮʠʪʘ  

ˉ ʧ.ʧ ʌʨʘʢʮʠʷ, ʤʤ 

ɿʦʣʘ , %(ʤʘʩʩ.) 

ʅʘʟʘʨʘʡʣʦʢ 
ʰ. ʐʝʨʣʦʚʩʢʘʷ - 

ʅʘʢʣʦʥʥʘʷ 

1 - 12 + 5 2.56 - 

2 - 5 + 3 2.64 3.30 

3 - 5 + 1 2.73 - 

4 - 3 + 1 2.77 3.60 

5 - 1 + 0.5 2.86 5.00 

6 ʤʝʥʝʝ 0.5 3.00 9.70 

7 ʠʩʭʦʜʥʳʡ ʘʥʪʨʘʮʠʪ 2.70 4.00 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.3, ʧʦ ʟʦʣʝ ʘʥʪʨʘʮʠʪ ʅʘʟʘʨʘʡʣʦʢʘ ʩ ʬʨʘʢʮʠʝʡ ( - 3 + 

1) ʤʤ ʚʧʦʣʥʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ. ɼʣʷ ʵʪʦʡ ʬʨʘʢʮʠʠ 

ʪʘʢʞʝ ʚʘʞʥʳ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʢʘʞʫʱʘʷʩʷ ʠ ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, 

ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ (ʩʤ. ʪʘʙʣʠʮʫ 2.4). 

 

 

 



66 
 

 

ʊʘʙʣʠʮʘ 2.4 - ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʘʥʪʨʘʮʠʪʦʚ ʩ ʬʨʘʢʮʠʝʡ ( - 3 + 1) ʤʤ 

ɸʥʪʨʘʮʠʪ ʅʘʟʘʨʘʡʣʦʢʘ  

ʂʘʞʫʱʘʷʩʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ ʩʤ
3
 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ ʩʤ
3
 

ʅʘʩʳʧʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ ʩʤ
3
 

ʆʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ, 

% 

ʫʯʘʩʪʦʢ çʐʠʢʦʨʭʦʥʘè 1.23 1.73 0.633 28.90 

ʫʯʘʩʪʦʢ çʂʘʬʪʘʨʭʦʥʘè 1.24 1.74 0.635 28.95 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʘʥʪʨʘʮʠʪʦʚ ʠʤʝʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ, ʧʦʜʦʚʦʡ ʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʬʫʪʝʨʦʚʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʨʙʝʥʪʦʚ ʠ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʠʟʜʝʣʠʡ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ 

ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʝʪ ʦʢʠʩʣʷʝʤʦʩʪʴ ʠ ʦʩʳʧʘʝʤʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʧʨʠ ʨʘʙʦʪʝ ʩʦʨʙʝʥʪʘ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ 

ʟʦʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʚʳʤʳʚʘʪʴʩʷ, ʟʘʛʨʷʟʥʷʷ ʨʘʩʪʚʦʨ.  

ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʘʥʪʨʘʮʠʪʦʚ ʟʦʣʴʥʘʷ ʯʘʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʥʠʟʢʦʟʦʣʴʥʦʝ ʩʳʨʴʝ.  
 

2.3. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʨʘʮʠʪʦʚ [3, 6, 9, 10-ɸ] 

ʉʳʨʦʡ ʘʥʪʨʘʮʠʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʥʘʙʦʝʯʥʳʭ ʤʘʩʩ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ï ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʜʦ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʪʴ. ʇʦʪʦʤʫ ʯʪʦ, 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʠʟʤʝʥʷʝʪ ʩʚʦʡʩʪʚʦ ʘʥʪʨʘʮʠʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʫʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʥʘʧʨʠʤʝʨ, ʪʝʨʤʦʛʨʘʬʠʪ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

ʧʨʦʜʫʢʮʠʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʳʨʦʛʦ ʘʥʪʨʘʮʠʪʘ.  

ʄʝʪʘʤʦʨʬʠʟʤ ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠʚʝʣ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʣʘʛʘʶʱʝʛʦ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ) ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʚʦʟʜʝʡʩʪʚʠʠ (800-900 
0
ʉ) ʚʦʟʤʦʞʥʦ ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʩʦʩʪʘʚʘ 

ʩʳʨʦʛʦ ʘʥʪʨʘʮʠʪʘ ʚ ʧʨʝʜʝʣʘʭ 8-9% (ʤʘʩʩ.). ʋʢʘʟʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ 
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ʚʳʟʳʚʘʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʜʝʩʪʨʫʢʮʠʶ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ 

ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʃʝʪʫʯʠʝ ʚʝʱʝʩʪʚʘ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʅ2 (80%), ʉʅ4 (10%), ʦʩʪʘʣʴʥʳʝ 10 

% ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʅ2S, CO, ʠ CO2 [25].ɿʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʉʅ4 

ʢʦʣʠʯʝʩʪʚʦ ʅ2 ʚ ʩʦʩʪʘʚʝ ʣʝʪʫʯʠʭ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʨʦʣʴʶ 

(ʫʚʝʣʠʯʝʥʠʝ) ʤʝʪʘʤʦʨʬʠʟʤʘ. 

 ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʪʝʨʤʦʛʨʘʤʤʳ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ, ʩʥʷʪʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʛʨʘʬʘ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʧo [104], ʘ ʪʘʢʞʝ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʥʪʨʘʮʠʪʳ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ. ʅʘʛʨʝʚʘʥʠʝ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʜ ʩʣʦʝʤ ʩʫʭʦʛʦ ɸ12ʆ3. ʅʘʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʚʘʞʜʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 20Áʉ/ʤʠʥ. 

 

ʈʠʩʫʥʦʢ  2.1 - ʂʨʠʚʳʝ ʪʝʨʤʦʛʨʘʤʤʳ ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ:1 - ʅʘʟʘʨʘʡʣʦʢ, 2 - ʨʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ 

 

ʅʘ ʪʝʨʤʦʛʨʘʤʤʝ ʚʠʜʥʳ ʦʜʠʥ ʧʨʷʤʦʡ ʫʯʘʩʪʦʢ (ʢʨʠʚʘʷ 1) (t=110Áʉ), 

ʩʚʷʟʘʥʥʳʡ ʩ ʫʜʘʣʝʥʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ, ʜʘʣʝʝ ʜʚʘ ʵʢʩʪʨʝʤʫʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʘʤ 190 ʠ 330Áʉ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʫʜʘʣʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʝʡ ʚʣʘʛʠ ʠ ʥʝʢʦʪʦʨʳʭ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʛʘʟʦʚ - 02, N2, ʉ02, ʘ ʪʘʢʞʝ 

ʚʳʭʦʜʦʤ ʣʝʛʢʦʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʘʣʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Áʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʢʨʠʚʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʷʤʠ, ʟʘʪʨʘʛʠʚʘʶʱʠʤʠ 
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ʠʟʤʝʥʝʥʠʷ ʷʜʝʨʥʳʭ ʯʘʩʪʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ t=950 - 1000Áʉ 

ʧʨʝʢʨʘʱʘʶʪʩʷ ʛʘʟʦʚʳʜʝʣʝʥʠʷ [105]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ (ʢʨʠʚʘʷ 2) ʘʥʪʨʘʮʠʪʘ ʨʦʩʩʠʡʩʢʦʛʦ 

ɼʦʥʙʘʩʩʘ (ʰʘʭʪʘ çɸʣʤʘʟʥʘʷè) [11]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʢʨʠʚʦʡ, ʧʦʪʝʨʷ ʚʦʜʳ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 330Áʉ. ʇʦʩʣʝ 450 - 550Áʉ ʥʘʯʠʥʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʩʪʠʛʘʶʱʝʝ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 680ï780Áʉ. ʕʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʩʪʴ ʘʥʪʨʘʮʠʪʘ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʰʘʭʪʳ çʌʘʱʝʝʚʩʢʘʷè (ʪʦʪ ʞʝ ʨʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ) ʧʝʨʚʳʡ 

ʵʢʩʪʨʝʤʫʤ (200Áʉ) ʩʚʷʟʘʥ ʩ ʫʜʘʣʝʥʠʝʤ ʚʣʘʛʠ ʠ ʥʝʢʦʪʦʨʳʭ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʛʘʟʦʚ 

ʆ2, N2, ʉ02 [11]. ɼʘʥʥʳʡ ʘʥʪʨʘʮʠʪ ʧʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʩʪʠ  ʩʭʦʞ ʩ ʘʥʪʨʘʮʠʪʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʧʦʚʝʜʝʥʠʷ ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʙʦʣʝʝ ʩʪʨʦʛʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʭ ʠ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ ʚ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɸʥʪʨʘʮʠʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ 

ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʸʨʦʚ, ʭʦʣʦʜʥʦ- ʠ ʛʦʨʷʯʝʥʘʙʠʚʥʳʭ ʧʦʜʦʚʳʭ ʤʘʩʩ, 

ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ[105]. 

ʉʨʦʢ ʩʣʫʞʙʳ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʸʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʪʦʜʥʦʛʦ ʫʟʣʘ, ʢʘʯʝʩʪʚʦ ʤʦʥʪʘʞʘ ʠ 

ʩʪʦʡʢʦʩʪʴ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ (ʧʦʜʦʚʳʭ ʠ ʙʦʨʪʦʚʳʭ) ʚ ʩʨʝʜʝ ʢʨʠʦʣʠʪʛʣʠʥʦʟʸʤʥʦʛʦ 

ʨʘʩʧʣʘʚʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʞʠʛʘ, ʧʫʩʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʥʥ, ʘ ʪʘʢʞʝ 

ʢʘʯʝʩʪʚʦ ʥʘʙʦʝʯʥʳʭ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʤʘʩʩ [62]. 

 ɸʥʪʨʘʮʠʪʳ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʩʪʝʧʝʥʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ, ʪʘʢ ʠ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ [105]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʘʥʪʨʘʮʠʪʦʚ, ʥʘʧʨʠʤʝʨ 

ɼʦʥʝʮʢʦʛʦ (ʋʢʨʘʠʥʘ), ɻʦʨʣʦʚʩʢʦʛʦ (ʈʦʩʩʠʷ) ʙʘʩʩʝʡʥʦʚ, ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ, 

ʅʘʟʘʨʘʡʣʦʢʘ ʠ ɺʴʝʪʥʘʤʩʢʦʛʦ (ʍʘ-ʊʫ), ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [106]. ʇʦ 
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ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʘʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ɻʆʉʊʫ 25543-82 ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʘʥʪʨʘʮʠʪʘʤ (ɸ) (ʛʨʫʧʧʳ ʚʠʪʨʠʥʠʪ).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʆʪʢʨʳʪʦʝ ɸʢʮʠʦʥʝʨʥʦʝ ʆʙʱʝʩʪʚʦ çʊʘʜʞʠʢʩʢʘʷ 

ʘʣʶʤʠʥʠʝʚʘʷ ʢʦʤʧʘʥʠʷè (ʆɸʆ çʊɸʃʂʆè) ʟʘʢʫʧʘʝʪ ʢʘʪʦʜʥʳʝ ʫʛʣʝʛʨʘʬʠʪʦʚʳʝ 

ʙʣʦʢʠ ʠʟ ʋʢʨʘʠʥʳ, ʈʦʩʩʠʠ, ʂʅʈ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʆɸʆ 

çʊɸʃʂʆè ʧʣʘʥʠʨʫʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʚʦʜʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ 

ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʣʠʟʸʨʦʚ ʠʟ ʘʥʪʨʘʮʠʪʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ. ʉʦʩʪʘʚ ʰʠʭʪʳ (ʥʘʧʦʣʥʠʪʝʣʷ) ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 

ʘʥʪʨʘʮʠʪʘ, ʛʨʘʬʠʪʘ 10-50%(ʤʘʩʩ.) ʠ ʧʝʢʘ (ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ). ʇʨʠʛʦʜʥʦʩʪʴ 

ʘʥʪʨʘʮʠʪʘ ʅʘʟʘʨʘʡʣʦʢʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʚʩʝʩʪʦʨʦʥʥʝ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʘ, ʥʦ ʠʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʣʫʯʘʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʩʞʘʪʠʝ, ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʘ ʪʘʢʞʝ ʢʘʞʫʱʝʡʩʷ ʠ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʝʡ. 

ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʦʧʨʝʜʝʣʠʪʴ: ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʠʟʛʠʙ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʖʥʛʘ, ʧʦʨʠʩʪʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ 

ʥʘʪʨʠʝʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ɺ ʪʘʙʣ. 2.5 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʬʠʪʘ 30% ʧʦ ʤʘʩʩʝ).  

ʆʜʥʘʢʦ ʢʠʪʘʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʝ ʫʢʘʟʳʚʘʶʪ ʧʦʨʠʩʪʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʪʨʝʙʦʚʘʥʠʶ ʟʘʢʘʟʯʠʢʘ. 

ʆʙʳʯʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ʧʦʣʫʯʝʥʠʷ çʟʝʣʸʥʳʭè ʢʘʪʦʜʥʳʭ 

ʙʣʦʢʦʚ ʩʳʨʦʡ ʘʥʪʨʘʮʠʪ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʠ t=1200-1300ÜC ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ. 

 ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʳʨʦʡ ʘʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ 

ʜʠʵʣʝʢʪʨʠʢʦʤ  - ʠʤʝʝʪ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 1,0-1,5 Ā 10
6
 ʆʤĀʤʤ

2
/ʤ 

[106] ʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ d002, ʨʘʚʥʦʝ 0,357 ʥʤ [107]. ʂʨʦʤʝ ʧʨʦʯʝʛʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ ʩʦʩʪʘʚʣʷʝʪ 8-9% (ʧʦ ʤʘʩʩʝ) [1]. ɺ ʪʘʢʦʤ ʚʠʜʝ ʘʥʪʨʘʮʠʪ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ. ʇʦʜʦʚʳʝ ʙʣʦʢʠ ʜʦʣʞʥʳ 

ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦï

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʧʫʪʸʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʘʥʪʨʘʮʠʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 



70 
 

 

ʊʘʙʣʠʮʘ 2.5 - ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʅʈ 

ʇʦʜʦʚʳʝ ʙʣʦʢʠ ɹʦʨʪʦʚʳʝ ʙʣʦʢʠ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʀʩʪʠʥʥʘʷʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 Ó 1,95 

ʀʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 

Ó 1,91 

ʂʘʞʫʱʘʷʩʷʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

Ó 1,57 
ʂʘʞʫʱʘʷʩʷ 

ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 

Ó 1,56 

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʆʤĀʤʤ
2
/ʤ ʧʨʠ t = 20

0
C 

Ò 35 

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʆʤĀʤʤ
2
/ʤ ʧʨʠ t = 20

0
C 

- 

ʇʨʦʯʥʦʩʪʴ ʥʘʩʞʘʪʠʝ, ʄʇʘ Ó 24 
ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʩʞʘʪʠʝ, ʄʇʘ 
Ó 32 

ʄʦʜʫʣʴ ʖʥʛʘ, ɻʇʘ Ò 7 ʄʦʜʫʣʴ ʖʥʛʘ, ɻʇʘ - 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʄʇʘ Ò 7 
ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, 

ʄʇʘ 
- 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

(300 
0
ʉ), 1/

0
ʉ 

Ò 4Ā10
-6
 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (300 
0
ʉ), 

1/
0
ʉ 

Ò 4,2Ā10
-6
 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʪʨʠʝʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, % 
Ò 0,8 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʪʨʠʝʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, % 

Ò 1,0 

ɿʦʣʴʥʦʩʪʴ, % ʤʘʩʩ. Ò 5,0 ɿʦʣʴʥʦʩʪʴ, % Ò 8,0 

  

 ʀʟʫʯʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʛʦʜʥʦʩʪʠ ʝʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ 

ʙʣʦʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʪʨʘʮʠʪ ʧʣʘʩʪʘ ˉ4, ʠʤʝʚʰʠʡ ʩʣʝʜʫʶʱʠʡ 

ʫʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, % (ʧʦ ʤʘʩʩʝ): ʉ ï 91,50; ʅ ï 3,50; ʆ ï 1,50; N ï 

1,02; ʣʝʪʫʯʠʝ ï 9,00; ʟʦʣʴʥʦʩʪʴ ï 2,50; ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ï 1400 ʢʛ/ʤ
3
[1]. 

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ ʠʟʫʯʘʣʦʩʴ ʜʝʨʠʚʘʪʦʛʨʘʬʠʯʝʩʢʠ ʥʘ ʧʨʠʙʦʨʝ 

DERIVATOGRAʈH ï OD 112 MOM (ɺʝʥʛʨʠʷ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10
0
ʉ/ʤʠʥ ʜʦ 

1000
0
ʉ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʠ ʥʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʪʝʨʤʦʛʨʘʬʝ [107-108]. ʇʨʠ 
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ʩʥʷʪʠʠ ʪʝʨʤʦʛʨʘʤʤ ʘʥʪʨʘʮʠʪ ʥʘʭʦʜʠʣʩʷ ʧʦʜ ʩʣʦʝʤ ʩʫʭʦʛʦ Al2O3. ɼʣʷ ʩʥʷʪʠʷ 

ʜʝʨʠʚʘʪʦʛʨʘʤʤʳ ʙʨʘʣʠ ʥʘʚʝʩʢʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,8274 ʛ, ʟʘʪʝʤ ʚʟʷʪʳʡ ʦʙʨʘʟʝʮ 

ʢʦʥʪʘʢʪʠʨʦʚʘʣʩʷ ʩ ʚʦʟʜʫʭʦʤ ʧʨʠ ʥʘʛʨʝʚʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʸʥ ʢ 

ʨʝʘʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʘʥʪʨʘʮʠʪʦʚ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʧʝʯʠ, ʛʜʝ ʧʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʮʝʥʪ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ [108]. ʆʙʳʯʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ 

ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʥʩʦʩʪʘʚʘ, ʚʣʘʞʥʦʩʪʠ ʠ ʦʙʲʸʤʘ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʭʦʜ ʛʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʆɸʆ çʊɸʃʂʆè ʩʦʩʪʘʚʣʷʝʪ ʚ ʧʨʝʜʝʣʘʭ 55-

65% (ʧʦ ʤʘʩʩʝ). 

 ʅʘ ʨʠʩʫʥʢʘʭ 2.2 ʠ 2.3 ʧʨʠʚʝʜʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ, ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ (ɼʊɸ-ʢʨʠʚʘʷ 

2) ʠ ʧʦʪʝʨʠ ʤʘʩʩʳ (ʢʨʠʚʘʷ 4) ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 2.2, ʥʘ ʢʨʠʚʦʡ ʪʝʨʤʦʛʨʘʤʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʧʝʨʝʛʠʙʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110Üʉ 

ʫʯʘʩʪʦʢʘb ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʭʦʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʪʨʘʮʠʪʘ, 

ʫʯʘʩʪʦʢ bc ʚʳʭʦʜʫ ʛʝʥʝʪʠʯʝʩʢʦʡ ʚʦʜʳ ʠʟ ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ ʫʛʣʷ, ʯʪʦ ʜʘʸʪ ʧʝʨʚʳʡ 

ʵʥʜʦʵʬʬʝʢʪ ʥʘ ʢʨʠʚʦʡ ɼʊɸ (ʨʠʩʫʥʦʢ 2.3). ʆʙʱʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʘʥʥʦʛʦ 

ʵʥʜʦʵʬʬʝʢʪʘ ʨʘʚʥʷʝʪʩʷ 14,66, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʤʫ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʫ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʠʟ ʧʦʨ ʘʥʪʨʘʮʠʪʘ 0.670 ʤʛ/ʩʤ
2
Āʩ. 

ʈʘʩʰʠʬʨʦʚʢʘ ʢʨʠʚʳʭ ɼʊɸ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ) ʠ ʨʘʩʯʝʪʳ 

ʧʦ ʥʠʤ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ [109]. 

ʅʘ ʫʯʘʩʪʢʝ ʩd (ʨʠʩʫʥʦʢ 2.2) ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʤʷʛʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ 

ʘʥʪʨʘʮʠʪʘ ʠ ʚʳʭʦʜ ʥʝʢʦʪʦʨʳʭ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʛʘʟʦʚ: ʆ2; N2, CO2. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʤʘʣʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ (ʅʘʟʘʨʘʡʣʦʢ). ʋ 

ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 20Üʉ/ʤʠʥ. 

ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 330Üʉ [11]. ʅʘ ʫʯʘʩʪʢʝ den (ʨʠʩʫʥʦʢ 2.2) 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʭʦʜ ʣʝʛʢʦʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʜʫʢʪʘʤʠ 

ʛʦʨʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ CO, CO2, H2, H2S ʠ ʚʳʭʦʜ CH4. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘ ʢʨʠʚʦʡ 

ɼʊɸ (ʨʠʩʫʥʦʢ 2.3) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʚʳʤ ʵʢʟʦʵʬʬʝʢʪʦʤ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ 

18,80 , ʩ ʧʦʨʷʜʢʦʤ ʨʝʘʢʮʠʠ, ʨʘʚʥʦʤ ʝʜʠʥʠʮʝ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ  
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ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï 0,30 ʤʛ/ʩʤ
2
Āʩ. 

 

ʈʠʩʫʥʦʢ 2.2 -ʊʝʨʤʦʛʨʘʤʤʘ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ 

 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʥʜʦʵʬʬʝʢʪ ʥʘ ʢʨʠʚʦʡ ɼʊɸ (ʨʠʩʫʥʦʢ 2.3) (620Üʉ) 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʝʡ (ʠʣʠ ʬʘʟʦʚʳʤʠ 

ʧʨʝʚʨʘʱʝʥʠʷʤʠ) ʪʷʞʸʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʕʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʯʘʩʪʦʢ nkl (ʨʠʩʫʥʦʢ 2.2). ɼʣʷ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʨʘʚʥʷʣʘʩʴ 60,60 , ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 0,40 ʤʛ/ʩʤ
2
Āʩ. 

ʅʘ ʢʨʠʚʦʡ ɼʊɸ ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʦʡ ʵʢʟʦʵʬʬʝʢʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 700Üʉ. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʤʦʞʥʦ ʟʘʚʝʨʰʝʥʠʝ ʚʳʭʦʜʘ ʚʩʝʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʩʣʦʸʚ, ʨʦʩʪ 

ʩʪʝʧʝʥʠ ʫʛʣʝʬʠʢʘʮʠʠ, ʯʘʩʪʠʯʥʦʛʦ ʩʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ. ʅʘ ʢʨʠʚʦʡ ʪʝʨʤʦʛʨʘʤʤʳ ʵʥʜʦʵʬʬʝʢʪ (ʨʠʩʫʥʦʢ 2.2) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʫ 

np [108]. ʕʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ʨʘʚʥʘʷ 99,24 , ʨʝʘʢʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʤʫ ʧʦʨʷʜʢʫ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʚʥʷʝʪʩʷ 0,30 
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ʈʠʩʫʥʦʢ 2.3 - ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ:               

1 ï ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ; 2 ï ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ;             

3 ï ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ Al2O3; 4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ 
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ʤʛ/ʩʤ
2
Āʩ. ɼʘʣʝʝ ʧʨʦʪʝʢʘʶʱʠʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 1050Üʉ ʨʝʘʢʮʠʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ,ʧʨʦʭʦʜʷʪ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʛʣʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩ ʤʫʣʠʪʠʟʘʮʠʠ ʟʘ 

ʩʯʸʪ ʨʝʘʢʮʠʠ Al2O3 + SiO2 = Al2O3 Ā SiO2. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʘʥʪʨʘʮʠʪʘ ʩʦʩʪʦʠʪ ʠʟ Al2O3, SiO2, Fe2O3, CaO, MgO ʠ ʧʨʦʯʠʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ [103]. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ t =1050ÜC ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʛʦʨʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʪʝʨʷʝʪʩʷ ʦʙʱʘʷ ʤʘʩʩʘ [108]. 

 ʅʘ ʢʨʠʚʦʡ 4 (ʨʠʩʫʥʦʢ 2.3) ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 480Üʉ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʝʪ 5,4% (ʤʘʩʩ.) ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚʣʘʛʠ, ʚʳʭʦʜʘ ʛʘʟʦʚ O2, N2, CO2. ʇʦʪʝʨʠ ʤʘʩʩʳ ʚ ʧʨʝʜʝʣʘʭ 17,5% (ʤʘʩʩ) ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 500-660Üʉ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʩʛʦʨʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʜʘʣʝʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʳʰʝ 

660Üʉ) ʧʦʪʝʨʠ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʸʪʘ ʩʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ. ʆʙʱʘʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʘʥʪʨʘʮʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 35,0-38,6% (ʤʘʩʩ) [108].  

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʨʦʢʘʣʢʝ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʥʩʦʩʪʘʚʘ, 

ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʱʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʶʪ ʚ 

ʩʨʝʜʥʝʤ 40,0 % (ʤʘʩʩ), ʪʦ ʝʩʪʴ ʚʳʭʦʜ ʛʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 

60%(ʤʘʩʩ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʥʪʨʘʮʠʪ ʅʘʟʘʨʘʡʣʦʢʘ 

ʥʠʟʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʧʣʘʩʪʳ ʘʥʪʨʘʮʠʪʦʚ ʨʦʩʩʠʡʩʢʦʛʦ 

ɼʦʥʙʘʩʩʘ ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ, ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ 94% 

(ʤʘʩʩ), ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 3-4% (ʧʦ ʤʘʩʩʝ), ʘ ʧʣʦʪʥʦʩʪʴ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 1600 ʢʛ/ʤ
3
 [110]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʜʝʨʠʚʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ 

ʧʨʝʚʨʘʱʝʥʠʡ ʩʳʨʦʛʦ ʘʥʪʨʘʮʠʪʘ ʚ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʘʥʪʨʘʮʠʪʦʚ 

ʅʘʟʘʨʘʡʣʦʢʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 330Üʉ, ʘ ʧʨʠ 800-900Üʉ ʚʩʪʫʧʘʝʪ ʚ ʟʘʚʝʨʰʘʶʱʫʶ 

ʩʪʘʜʠʶ ʨʘʟʨʫʰʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300
0
ʉ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʧʝʨʝʩʪʨʦʡʢʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʨʘʟʚʠʪʠʝ 2-ʛʦ 
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ʵʢʟʦʵʬʬʝʢʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʫʣʣʠʪʘ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʛʣʷ, ʩʦʜʝʨʞʘʱʝʡ 

Al 2O3 ʠ SiO2. 

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʘʥʪʨʘʮʠʪ ʪʝʨʤʦʩʪʦʝʢ; ʠʥʜʝʢʩ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ (ʚʳʭʦʜʘ 

ʢʣʘʩʩʘ +13 ʤʤ) ʨʘʚʝʥ 65-90%(ʤʘʩʩ). ʊʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʘʥʪʨʘʮʠʪ ʧʨʠ 1100-

1300Üʉ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʠʨʘʥʠʶ ʠ ʜʨʦʙʣʝʥʠʶ. ʀʩʪʠʨʘʝʤʦʩʪʴ 

ʬʨʘʢʮʠʠ +5 ʤʤ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʥʘ ʠʩʪʠʨʘʪʝʣʝ RDC ï 141 (ʐʚʝʡʮʘʨʠʷ), ʩʦʩʪʘʚʣʷʣʘ 

ʚ ʩʨʝʜʥʝʤ 3,0%(ʤʘʩʩ). ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪ,ɹ ʯʪʦ ʘʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʦʜʥʳʭ ʙʣʦʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʵʣʝʢʪʨʦʣʠʟʸʨʦʚ. 
 

2.4. ʂʠʥʝʪʠʢʘ ʚʳʜʝʣʝʥʠʷ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʩʦʩʪʘʚʘ ʘʥʪʨʘʮʠʪʘ 

[3, 6, 9, 10-ɸ] 

        ʉʳʨʦʡ ʘʥʪʨʘʮʠʪ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʜʥʳʭ ʠʟʜʝʣʠʡ. 

ʅʘʣʠʯʠʝ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʚ ʩʦʩʪʘʚʝ ʘʥʪʨʘʮʠʪʘ ʜʝʣʘʝʪ ʝʛʦ ʥʝʧʨʠʛʦʜʥʳʤ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʷʟʘʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ  

ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʪʴ (ʛʘʟʦʢʘʣʴʮʠʥʘʮʠʝʡ ʠʣʠ ʵʣʝʢʪʨʦʢʘʣʴʮʠʥʘʮʠʝʡ). ʇʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʘʥʪʨʘʮʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠ 

ʦʙʱʠʡ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʨʘʟʥʳʝ. ʅʘʧʨʠʤʝʨ, ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ  ʠʟ 

ʩʦʩʪʘʚʘ ʘʥʪʨʘʮʠʪʘ ɼʦʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ  ʩʦʩʪʘʚʣʷʝʪ, ʣ/ʢʛ: 72-78, ɻʦʨʣʦʚʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ï 95, ʂʦʣʠʚʘʥʩʢʦʛʦ ï 140, ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ-94, ɺʴʝʪʥʘʤʩʢʦʛʦ     

(ʍʘ-ʊʫ)-280 [7, 11, 33, 43-45, 103, 106-108, 110-112]. 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ 

ʙʳʣ ʩʣʝʜʫʶʱʠʡ % (ʧʦ ʤʘʩʩʝ): ʉ ï 91,5; ʣʝʪʫʯʠʭ ï 9,0; ʅ ï 3,5; N ï 1,02; ʆ ï 1,5;      

S ï 0,19; ʟʦʣʘ -2,5.  

 ʉ ʧʦʤʦʱʴʶ ʜʝʨʠʚʘʪʦʛʨʘʬʘ OD 112 MOM (ʚʝʥʛʝʨʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʠ 

ʢʠʪʘʡʩʢʦʛʦ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ QF1901-1904 ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʙʱʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʘʥʪʨʘʮʠʪʘ, ʜʦʣʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʚʣʘʛʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʣʠ 40,0 ʠ ~20,0% (ʧʦ ʤʘʩʩʝ). ɼʘʣʝʝ, ʧʦʪʝʨʷ ʚʝʩʘ ʘʥʪʨʘʮʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ. 
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 ɸʥʪʨʘʮʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʥʘʯʠʥʘʶʪ ʨʘʟʣʘʛʘʪʴʩʷ  ʧʨʠ 330, ʘ 

ʧʨʠ 800-900  ʚʩʪʫʧʘʪʁ ʚ ʟʘʚʝʨʰʘʶʱʫʶ ʩʪʘʜʠʶ (ʩʤ. ʛʣʘʚʘ 2, ʧʫʥʢʪ 2.3). ɼʦ 330 

ʠʟ ʧʦʨ ʘʥʪʨʘʮʠʪʘ ʚ ʦʩʥʦʚʥʦʤ ʫʜʘʣʷʝʪʩʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʠ ʛʝʥʝʪʠʯʝʩʢʘʷ ʚʦʜʘ 

[106-107].  

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʨʠʚʝʜʝʥr  ʢʨʠʚʳʝ  ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʳʜʝʣʝʥʠʡ 

ʘʥʪʨʘʮʠʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʠ 2.4, ʧʨʠ  ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʙʦʛʘʪʘ ʚʦʜʦʨʦʜʦʤ (65%), ʤʝʪʘʥʦʤ (  25%). 

ʆʩʪʘʣʴʥʦʝ ʩʦʩʪʘʚʣʷʶʪ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʘʟʳ. ʀʥʪʝʥʩʠʚʥʳʡ ʚʳʭʦʜ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 500. 

 

ʈʠʩʫʥʦʢ 2.4 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʘʥʪʨʘʮʠʪʘ ʅʘʟʘʨʘʡʣʦʢ 

 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 500-900  ʠʩʩʣʝʜʦʚʘʣʘʩ ɹʢʠʥʝʪʠʢʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ 

ʘʥʪʨʘʮʠʪʘ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.5. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.5, ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʥʘ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʨʝʤʝʥʠ ʠʤʝʶʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.5, 

ʚ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʦʪ 20 ʜʦ 30 

ʤʠʥ.), ʦʩʦʙʝʥʥʦ ʣʝʛʢʦʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʫʛʦʣʴ ʪʝʨʷʝʪ ʪʷʞʝʣʳʝ 

ʬʨʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʜʘʣʝʝ ʧʦʪʝʨ ̫ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʩʛʦʨʘʥʠʷ ʯʘʩʪʠʮ ʫʛʣʝʨʦʜʘ. ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (900
0
ʉ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʳʭʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚʣʘʛʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʛʜʝ 

Ŭ ʤʦʞʝʪ ʨʘʚʥʷʪʩɹʷ 95%. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ  ʧʦʩʣʝ ʧʨʦʢʘʣʢʠ ʘʥʪʨʘʮʠʪʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 900-1000 ʦʩʪʘʪʦʯʥʘʷ ʣʝʪʫʯʝʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1,0-1,5% (ʧʦ 

ʤʘʩʩʝ) ʧʨʦʪʠʚ ʠʩʭʦʜʥʦʛʦ ʘʥʪʨʘʮʠʪʘ 9,0% (ʧʦ ʤʘʩʩʝ). 

 

ʈʠʩʫʥʦʢ 2.5 - ɿʘʚʠʩʠʤʦʩʪʴ  ʩʪʝʧʝʥʠ ʚʳʭʦʜʘ ʩʤʝʩʠ ʛʘʟʦʚ ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʢʘʣʢʠ ʘʥʪʨʘʮʠʪʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʧʨʠʤʝʥʷʣʠ 

ʪʦʧʦʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ  ʂʦʣʤʦʛʦʨʦʚʘ ïɽʨʦʬʝʝʚʘ [113]: 

nke1 ta -=- ,(2.1) 

ʛʜʝ Ŭ- ʩʪʝʧʝʥʴ ʚʳʭʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʩʦʩʪʘʚʘ ʘʥʪʨʘʮʠʪʘ ʧʦ ʚʨʝʤʝʥʠ ;           

kïʢʦʥʩʪʘʥʪʘ; n- ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʬʦʨʤʳ ʷʜʨʘ ʯʘʩʪʠʮʳ. 

ɿʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʥʘʭʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʉʘʢʦʚʠʯʘ: 

n/1nʢʂ= ,(2.2) 
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ʛʜʝ ʂ- ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ;- ʚʨʝʤʷ; n-ʢʠʥʝʪʠʯʝʩʢʠʡ  ʧʘʨʘʤʝʪʨ. 

ʇʦʩʣʝ ʜʚʦʡʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠ ̫ ʫʨʘʚʥʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-ɽʨʦʬʝʝʚʘ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʣʠʥʠʠ ʚʠʜʘIn[-In(1- )]=nIn +Ink. ʇʨʷʤʘʷ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ In +In[-In(1- )], ʦʪʩʝʢʘʝʪ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʨʝʟʢʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Ink, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʝʝ ʥʘʢʣʦʥʘ ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘn. ʆʩʥʦʚʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.6. 

ʊʘʙʣʠʮʘ 2.6 - ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ  ʂʦʣʤʦʛʦʨʦʚʘ-

ɽʨʦʬʝʝʚʘ 

  

, 

ʤʠʥ 
Lg  ,% l-  

-

lg(

 

Lg [-lg(1-

] 
lgK n K,   

T= 500  

10 1,000 20,0 0,800 0,097 -1,013     

20 1,300 28,0 0,720 0,143 -0,844 -1,5  3,15*   

30 1,477 32,0 0,680 0,167 -0,777     

40 1,602 35,5 0,645 0,190 -0,721  0,626   

50 1,699 38,0 0,620 0,207 -0,684    1,294 

60 1,778 40,5 0,595 0,225 -0,648     

T=700  

10 1,000 34,5 0,655 0,184 -0,735     

20 1,300 49,0 0,510 0,292 -0,534 -1,06    

30 1,477 55,0 0,450 0,347 -0,459   8,71*  1,028 

40 1,602 60,0 0,400 0,398 -0,400  0,420   

50 1,699 63,0 0,370 0,432 -0,364     

60 1,778 65,0 0,350 0,456 -0,341     

T=900  

10 1,000 52,5 0,475 0,323 -0,491     

20 1,300 69,0 0,310 0,508 -0,294 0,97    

30 1,477 78,5 0,215 0,667 -0,176  0,358  0,852 

40 1,602 86,0 0,140 0,854 -0,068   1,07*   

50 1,699 92,0 0,080 1,097 0,040     

60 1,778 95,5 0,045 1,346 0,129     
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ɿʘʚʠʩʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lg[-lg(l- )] ʦʪ lg  (ʨʠʩʫʥʦʢ 2.6) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʷʤʫʶ ʣʠʥʠ,ʁ ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ. ʇʨʠ ʟʥʘʯʝʥʠʠ n<1 ʧʨʦʮʝʩʩ ʛʘʟʦʚʳʜʝʣʝʥʠʷ  ʧʨʠ ʧʨʦʢʘʣʢʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ [108]. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʩ ʮʝʣʴʶ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʣʦʛʘʨʠʬʤʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʦʪ ʦʙʨʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 2.7). ʇʦ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ:             E = 2,3 Rtg ,                              (2.3) 

ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ;   ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ. 

 

ʈʠʩʫʥʦʢ 2.6 - ɿʘʚʠʩʠʤʦʩʪʴ  lg[-lg (l- )] ʦʪ lg  ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʀʟ ʨʠʩʫʥʢʘ 2.7 ʥʘʡʜʝʤ tg  ʢʦʪʦʨʘʷ ʨʘʚʥʘ 1,515. ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʠ  ʟʥʘʯʝʥʠʡ ʚ ʫʨʘʚʥʝʥʠʝ (2.3) ʥʘʭʦʜʠʤ ʢʘʞʫʱʫʶʩʷ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ  ʠʟ ʩʦʩʪʘʚʘ ʘʥʪʨʘʮʠʪʘ: 

E = 2,3 8,311,515 29,0 ʢɼʞ/ʤʦʣʴ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ. 
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ʈʠʩʫʥʦʢ 2.7 - ɿʘʚʠʩʠʤʦʩʪʴ lgK ʦʪ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

2.5. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʨʘʮʠʪʘ ʜʦ ʠ  

ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ɺ ʧʨʦʮʝʩʩʝ ʫʛʣʝʬʠʢʘʮʠʠ ʠ ʧʨʠ ʩʠʣʴʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʫʧʣʦʪʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʘʩʩʳ ʫʛʣʷ ʠ ʧʦʩʪʝʧʝʥʥʘʷ ʫʙʳʣʴ ʝʛʦ ʤʘʩʩʳ ʟʘ ʩʯʝʪ 

ʦʪʱʝʧʣʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʫʛʣʷ (ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʪʨʘʮʠʪʘ). 

ɸʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ ʚʠʪʨʠʥʠʪ ʠ 

ʤʘʣʦʤʝʪʦʤʦʨʬʠʟʠʨʦʚʘʥ,  ʩʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8-

9% (ʧʦ ʤʘʩʩʝ). ʇʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ. ʄʳ ʜʦʣʞʥʳ 

ʧʦʣʫʯʘʪʴ ʘʥʪʨʘʮʠʪ ʩ ʭʦʨʦʰʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʠ ʠʟʤʝʥʝʥʠʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠ ̫ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ 

ʩʦʩʪʘʚʘ ʘʥʪʨʘʮʠʪʘ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ. 

ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʨʠʚʝʜʝʥʳ ʰʪʨʠʭʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠʩʭʦʜʥʦʛʦ (ʩʳʨʦʛʦ) 

ʘʥʪʨʘʮʠʪʘ (ʘ), ʧʨʦʢʘʣʝʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʧʨʠ 1200
0
ʉ (ʙ) ʠ 1400

0
ʉ, (ʩ), ʘ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.7 ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʘʥʪʨʘʮʠʪʘʤʠ ʜʨʫʛʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʉʳʨʳʝ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʝ ʘʥʪʨʘʮʠʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ʨʘʩʩʝʠʚʘʥʠʷ 04-80
0
. ʇʨʠ 

ʘʥʘʣʠʟʝ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ ʩʨʘʚʥʠʚʘʣʠ ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
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ʤʘʢʩʠʤʫʤʘʤ [002] ʠ [100]. ɼʘʣʝʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤ r ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠʩʴ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʩʦʛʣʘʩʥʦ [107, 115-116]. 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (d002)  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.9. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ2.9, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700
0
ʉ  (d002)  ʨʘʚʥʷʝʪʩʷ 0,340 ʥʤ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʩʣʦʝʚ ʟʘ ʩʯʝʪ 

ʫʣʝʪʫʯʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʠ ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʦʙʲʝʤʝ ʫʛʣʷ.  

 

 

ʈʠʩʫʥʦʢ 2.8 - ʐʪʨʠʭʨʝʥʪʛʝʥʦʛʨʘʤʤʳ: ʘ) ʠʩʭʦʜʥʳʡ ʘʥʪʨʘʮʠʪ; ʙ) ʘʥʪʨʘʮʠʪ 

ʧʦʩʣʝ ʧʨʦʢʘʣʢʠ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 
0
ʉ); ʘʥʪʨʘʮʠʪ ʧʦʩʣʝ ʧʨʦʢʘʣʢʠ (ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1400 
0
ʉ) 
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ʊʘʙʣʠʮʘ 2.7 - ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ ʜʦ 

ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ [11, 107] 

ˉ

ʧʧ 
ɸʥʪʨʘʮʠʪ 

ʇ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ

 

ʦ
ʨ
ʛ
ʘ
ʥ
ʠ
ʯ
.

 

ʏ
ʘ
ʩ
ʪ
ʠ
ʮ
,
 
ʢ
ʛ
/
ʤ

3
 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥ

ʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʥʤ 

ʀ
ʥ
ʜ
ʝ
ʢ
ʩ
 
 
 
 
L

aĀ
L c 

   d002    La     Lc 

 1 2 3 4 5 6 

1 
ɼʦʥʝʮʢʠʡ ʙʘʩʩʝʡʥ 

(ʰʘʭʪʘ.ˉˉ66-67) 
1660 0,3507 35,70 15,20                    542,64 

2 

ʈʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ (ʰʘʭʪʘ ʠʤ. 

60-ʣʝʪʠʷ ʃʝʥʠʥʩʢʦʛʦ 

ʢʦʤʩʦʤʦʣʘ) 

1500 0,3550 9,00 3,00 27,00 

3 
ʍʘ-ʊʫ (ɺʴʝʪʥʘʤ, ʢʦʥʪʘʢʪʥʳʡ 

ʤʝʪʘʤʦʨʬʠʟʤ) 
1420 0,3518 27,70 19,70 545,69 

4 
ʅʘʟʘʨʘʡʣʦʢ (ʊʘʜʞʠʢʠʩʪʘʥ, 

ʫʯʘʩʪʦʢ çʐʠʢʦʨʭʦʥʘè) 
1420 0,3560 27,90 20,10 560,79 

5 

ɻʦʨʣʦʚʩʢʠʡ ʙʘʩʩʝʡʥ 

(ʂʦʣʳʚʘʥʩʢʠʡ ʘʥʪʨʘʮʠʪ ʪʠʧ. 

ʬʶʟʝʥʠʪ) 

1690 

 

0,3517 

 

33,50 

 

15,60 

 

522,60 

 

ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (1000 
0
ʉ) 

1 ɼʦʥʝʮʢʠʡ ʙʘʩʩʝʡʥ (ʰ.ˉ 66-67)  2200 0,3361 46,00 20,30 933,8 

2 

ʈʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ (ʰʘʭʪʘ ʠʤ. 

60-ʣʝʪʠʷ ʃʝʥʠʥʩʢʦʛʦ 

ʢʦʤʩʦʤʦʣʘ) 

1900 0,3460 15,60 3,80 59,28 

3 
ʍʘ-ʊʫ (ɺʴʝʪʥʘʤ, ʢʦʥʪʘʢʪʥʳʡ 

ʤʝʪʘʤʦʨʬʠʟʤ) 
2130 0,3360 45,00 19,50 877,50 

4 
ʅʘʟʘʨʘʡʣʦʢ (ʊʘʜʞʠʢʠʩʪʘʥ, 

ʫʯʘʩʪʦʢ çʐʠʢʦʨʭʦʥʘè) 
1750 0,3520 40,50 17,25 698,62 

5 

ɻʦʨʣʦʚʩʢʠʡ ʙʘʩʩʝʡʥ 

(ʂʦʣʳʚʘʥʩʢʠʡ ʘʥʪʨʘʮʠʪ ʪʠʧ. 

ʬʶʟʝʥʠʪ) 

2030 0,3362 33,80 19,20 648,96 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.7 

 1 2 3 4 5 6 

ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (1200 
0
ʉ) 

1 ɼʦʥʝʮʢʠʡ ʙʘʩʩʝʡʥ (ʰ.ˉ 66-67)      

2 

ʈʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ (ʰʘʭʪʘ ʠʤ. 

60-ʣʝʪʠʷ ʃʝʥʠʥʩʢʦʛʦ 

ʢʦʤʩʦʤʦʣʘ) 

     

3 
ʍʘ-ʊʫ (ɺʴʝʪʥʘʤ, ʢʦʥʪʘʢʪʥʳʡ 

ʤʝʪʘʤʦʨʬʠʟʤ) 
     

4 
ʅʘʟʘʨʘʡʣʦʢ (ʊʘʜʞʠʢʠʩʪʘʥ, 

ʫʯʘʩʪʦʢ çʐʠʢʦʨʭʦʥʘè) 
 0,343    

5 

ɻʦʨʣʦʚʩʢʠʡ ʙʘʩʩʝʡʥ 

(ʂʦʣʳʚʘʥʩʢʠʡ ʘʥʪʨʘʮʠʪ ʪʠʧ. 

ʬʶʟʝʥʠʪ) 

     

ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (1400 
0
ʉ) 

1 ɼʦʥʝʮʢʠʡ ʙʘʩʩʝʡʥ (ʰ.ˉ 66-67)      

2 

ʈʦʩʩʠʡʩʢʠʡ ɼʦʥʙʘʩʩ (ʰʘʭʪʘ ʠʤ. 

60-ʣʝʪʠʷ ʃʝʥʠʥʩʢʦʛʦ 

ʢʦʤʩʦʤʦʣʘ) 

     

3 
ʍʘ-ʊʫ (ɺʴʝʪʥʘʤ, ʢʦʥʪʘʢʪʥʳʡ 

ʤʝʪʘʤʦʨʬʠʟʤ) 
     

4 
ʅʘʟʘʨʘʡʣʦʢ (ʊʘʜʞʠʢʠʩʪʘʥ, 

ʫʯʘʩʪʦʢ çʐʠʢʦʨʭʦʥʘè) 
 0,340    

5 

ɻʦʨʣʦʚʩʢʠʡ ʙʘʩʩʝʡʥ 

(ʂʦʣʳʚʘʥʩʢʠʡ ʘʥʪʨʘʮʠʪ ʪʠʧ. 

ʬʶʟʝʥʠʪ) 

     

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʧʦʚʝʜʝʥʠʷ ʘʥʪʨʘʮʠʪʦʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʙʦʣʝʝ ʩʪʨʦʛʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʭ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʛʨʘʬʠʪʦʚʳʭ ʠʟʜʝʣʠʡ ʚ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 



84 
 

 

 

ʈʠʩʫʥʦʢ 2.9 - ʀʟʤʝʥʝʥʠʷ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (d002) 

ʘʥʪʨʘʮʠʪʘʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

 

2.6. ʕʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʕʇʈ) ʘʥʪʨʘʮʠʪʦʚ ʜʦ ʠ   

ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʄʝʪʦʜ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʧʦʛʣʦʱʝʥʠʷ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʧʦʣʷʨʠʟʫʶʱʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ [117-120]. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʦʱʫʪʠʤʳʡ ʠʟʙʠʨʘʪʝʣʴʥʳʡ (ʨʝʟʦʥʘʥʩʥʳʡ) ʭʘʨʘʢʪʝʨ 

ʧʦʛʣʦʱʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷʨʠʟʫʶʱʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʏʘʩʪʦʪʘ ʉɺʏ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʵʥʝʨʛʠʠ ʦʙʨʘʟʮʘ, ʠʣʠ ʯʘʩʪʦʪʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

hɡ = gɓH0,                      (2.4) 
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ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ; ɡ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʉɺʏ ʧʦʣʷ; g ï ʬʘʢʪʦʨ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ; ɓ ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ; H0 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʵʨʩʪʝʜʘʭ [99, 118]. 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ h, g, ɓ ʠ ɡ = 2 ˊ ä ʧʦʣʫʯʘʝʤ: 

 

ä = 2,8 H0 ,                         (2.5) 

 

ʛʜʝ ä ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʉɺʏ ʧʦʣʷ ʚ ʤʝʛʘʛʝʨʮʘʭ. 

ɼʘʥʥʳʡ ʧʘʨʘʛʨʘʬ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʥʪʨʘʮʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɺ 

ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʘʥʪʨʘʮʠʪʘ ʧʨʝʦʙʣʘʜʘʝʪ 

ʚʠʪʨʠʥʠʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʣʘʨʝʥʦʚʳʡ ʠ ʫʣʴʪʨʘʢʣʘʨʝʥʦʚʳʡ ʭʘʨʘʢʪʝʨ ʫʛʣʷ [105]. 

ɺ ʨʘʙʦʪʝ [106] ʧʦʢʘʟʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ 

ʘʥʪʨʘʮʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʘʥʪʨʘʮʠʪʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʨʝʜʥʝʤ 1000
0
ʉ. ʀʥʪʝʨʚʘʣʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʪ 100 ʜʦ 1000 

0
ʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 5
0
ʉ ʚ ʤʠʥ. ʠ ʚʳʜʝʨʞʢʦʡ 2 ʯ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʘʥʪʨʘʮʠʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʫ 

ʘʥʪʨʘʮʠʪʦʚ  ʅʘʟʘʨʘʡʣʦʢʘ ʠ ʍʘ-ʊʫ (ɺʴʝʪʥʘʤ). 

 ʆʙʨʘʟʮʳ ʘʥʪʨʘʮʠʪʘ ʠʟʤʝʣʴʯʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ, 25 ʤʛ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʤʦʣʠʙʜʝʥʦʚʳʝ ʘʤʧʫʣʳ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʦʤ 3.0 ʤʤ. 

ʉʧʝʢʪʨʳ ʕʇʈ ʦʙʨʘʟʮʦʚ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʨʘʜʠʦʩʧʝʢʪʨʦʤʝʪʨʝ ʈʕ-1306 ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʟʘʪʫʭʘʥʠʝ ʉɺʏ ʤʦʱʥʦʩʪʠ ï 5 ɼʙ, ʘʤʧʣʠʪʫʜʘ ʨʘʟʚʸʨʪʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï 100 ʕ, ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï 40 ʕ/ʤʠʥ, 

ʘʤʧʣʠʪʫʜʘ ɺʏ ʤʦʜʫʣʷʮʠʠ ï 0.3 ʕ, ʚʨʝʤʷ ï 0.3 ʩ ʠ ʯʘʩʪʦʪʘ ɺʏ ʤʦʜʫʣʷʮʠʠ ï 100 

ʢɻʮ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʦʙʨʘʟʮʘ ʩʨʘʚʥʠʚʘʣʘʩʴ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʛʥʘʣʘ 

ʵʪʘʣʦʥʥʦʡ ʥʘʚʝʩʢʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʄn
+2 
ʚ ʦʢʠʩʠ ʤʘʛʥʠʷ (MgO) ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ [121]. 
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ʅʘ ʨʠʩʫʥʢʝ 2.10 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʕʇʈ ʠʩʭʦʜʥʦʛʦ ʘʥʪʨʘʮʠʪʘ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩʫʥʢʘ, ʩʧʝʢʪʨ ʕʇʈ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʤʝʝʪ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ, ʩ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ȹH0 = 1,2 ʕ, ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ (ʂʇʎ) ʩʦʩʪʘʚʣʷʝʪ 3,7Ā10
15 
ʩʧʠʥ/ʤʛ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʨʝʟʦʥʘʥʩʘ (1) ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʠʛʥʘʣʦʚ 

ʕʇʈ, ʪʦ ʝʩʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʢʦʤʧʦʥʝʥʪʳ ʩ 

ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʥʪʨʘʮʠʪʘ) ʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʘʥʪʨʘʮʠʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚ ʨʝʟʦʥʘʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʥʘʩʪʨʦʡʢʠ ʧʨʠʙʦʨʘ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ [107] ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʘʥʪʨʘʮʠʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ ʵʬʬʝʢʪʘ ʩʠʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʦʙʨʘʟʮʘ [65, 66]. ʕʪʠ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʷ  ˊ-

ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʘʥʪʨʘʮʠʪ (1000
0
ʉ) ʠʤʝʝʪ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ 

ʩʨʝʜʥʝʤ 1200 ʆʤĀʤʤ
2
/ʤ. 

 

Jo

ȹHo

 

Jo

ȹHo

 

          ʘ)                                                                     ʙ) 

ʈʠʩʫʥʦʢ 2.10 ï ʕʇʈ-ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ ʘʥʪʨʘʮʠʪʘ (ʘ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʘʢʘʣʢʠ 1000 
0
ʉ (ʙ) 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ (N) 

ʘʥʪʨʘʮʠʪʘ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ ʠ ʘʥʪʨʘʮʠʪʘ ʅʘʟʘʨʘʡʣʦʢ (ʩʤ. ʨʠʩʫʥʦʢ 2.11). 

 

ʈʠʩʫʥʦʢ  2.11 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ (N) ʦʪ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʘʥʪʨʘʮʠʪʘ (t): 1 - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʪʨʘʮʠʪʫ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ; 

2 - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʪʨʘʮʠʪʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʅʘʟʘʨʘʡʣʦʢʘ  (ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.11, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ (N) ʜʣʷ ʘʥʪʨʘʮʠʪʘ ʨʦʩʩʠʡʩʢʦʛʦ ɼʦʥʙʘʩʩʘ 

ʧʘʜʘʝʪ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ 

ʠʩʭʦʜʥʦʛʦ ʘʥʪʨʘʮʠʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʮʝʧʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ [119-120]. 

 ɸʥʪʨʘʮʠʪʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʠʩʫʱ ʥʠʟʢʠʡ ʤʝʪʘʤʦʨʬʠʟʤ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ˊ ï 

ʵʣʝʢʪʨʦʥʦʚ, ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 1000
0
ʉ ʨʘʟʨʳʚʘ ʮʝʧʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʘʥʪʨʘʮʠʪʘ ʧʦ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʢ ʚʠʪʨʠʥʠʪʫ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʪʨʘʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʠ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʦ 1000
0
ʉ ʧʦʷʚʣʷʶʪʩʷ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ˊïɻ ʣʝʢʪʨʦʥʳ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʘʥʪʨʘʮʠʪʝ ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʧʦʷʚʣʝʥʠʝʤ 
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ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʤʝʥʥʦ ʵʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʠʣʴʥʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʉɺʏ) ʠʟʣʫʯʝʥʠʷ [121-122]. 

 ʀʟʫʯʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ 

ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʛʝʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʡ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʧʨʝʪʝʨʧʝʚʘʝʪ ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʠ ʧʨʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. 

 

2.7. ʀʂ - ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʘʥʪʨʘʮʠʪʦʚ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [7-ɸ] 

ʄʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʘʥʪʨʘʮʠʪʦʚ ʟʘʥʠʤʘʣʠʩʴ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [11, 

122-124 ʠ ʜʨ]. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʠ ʨʘʟʥʦʡ 

ʧʘʣʝʦʛʝʦʙʦʪʘʥʠʢʠ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ   ʫʛʣʝʬʠʢʘʮʠʠ, ʧʦʣʫʯʠʪʴ 

ʦʜʥʦʟʥʘʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʥʪʨʘʮʠʪʦʚ ʧʦʢʘ 

ʥʝʚʦʟʤʦʞʥʦ. 

ɸʥʪʨʘʮʠʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʪʚʸʨʜʳʤʠ ʛʦʨʶʯʠʤʠ 

ʠʩʢʦʧʘʝʤʳʤʠ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʢʘʤʝʥʥʳʤʠ ʫʛʣʷʤʠ ʠ ʘʥʪʨʘʮʠʪʘʤʠ ʧʨʦʚʦʜʠʪʩʷ 

ʜʦʚʦʣʴʥʦ ʫʩʣʦʚʥʦ. ʆʙʳʯʥʦ ʧʦʜ ʘʥʪʨʘʮʠʪʘʤʠ ʧʦʥʠʤʘʶʪ ʪʚʸʨʜʳʝ ʛʦʨʶʯʠʝ 

ʠʩʢʦʧʘʝʤʳʝ ʩ ʚʳʭʦʜʦʤ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ Ò 9,0 (V 
daf

 = 9% ) ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ ʉ Ó 91,0% (ʤʘʩʩ). 

ʀʩʭʦʜʥʳʡ ʩʳʨʦʡ ʘʥʪʨʘʮʠʪ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ï 

1200
0
ʉ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʙʘʨʘʙʘʥʥʦʡ  ʧʝʯʠ ʆɸʆ çʊɸʣʂʦè. ʇʝʯʴ 

ʠʤʝʣʘ ʜʣʠʥʫ 45 ʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 3,0 ʤ, ʫʛʦʣ ʥʘʢʣʦʥʘ 1,06
0
. ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʧʝʯʠ ʩʦʩʪʘʚʣʷʣʘ 1,06 ʦʙ/ʤʠʥ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʢʘʣʢʠ ʘʥʪʨʘʮʠʪ 

ʦʭʣʘʞʜʘʣʩʷ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʙʘʨʘʙʘʥʥʦʤ ʭʦʣʦʜʠʣʴʥʠʢʝ ʜʦ t = 40ï45
0
ʉ. ʇʦʜʦʙʥʘʷ 

ʧʝʯʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʢʘʣʢʠ ʩʳʨʳʭ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ.   

ʆʙʨʘʟʮʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʩ 

ʧʦʨʦʰʢʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʙʨʦʤʠʜʘ ʢʘʣʠʷ (ʂɺr) (600 ʤʛ), ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ 

ʧʨʝʩʩʦʚʘʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʠ ʦʙʨʘʟʝʮ ʧʦʣʫʯʘʣʩʷ ʚ ʚʠʜʝ 

ʪʘʙʣʝʪʢʠ. ɿʘʧʠʩʴ ʀʂ-ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘʚʝʩʢʦʡ ʤʘʩʩʦʡ 2 ʤʛ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʘ SʈECORDï75 IR ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 4000 ï 400 ʩʤ
-1
. ʋʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ 
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ʚʳʙʨʘʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʘʥʪʨʘʮʠʪʘ 

[98]. ɸʥʪʨʘʮʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʦʜʚʝʨʞʝʥʳ ʥʠʟʢʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ, 

ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʳ ʧʦʷʚʣʷʪʴʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ˊ ï 

ʵʣʝʢʪʨʦʥʳ [121]. 

 ʇʨʠ ʩʥʷʪʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʳʨʦʛʦ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ (ʩʤ. 

ʨʠʩʫʥʦʢ2.12) ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ (n) 1150, 1500, 2300, 

3350 ʠ 3750 ʩʤ
-1
. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 1150 ʩʤ

-1
 ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʣʠʯʠʶ ʢʦʣʝʙʘʥʠʷ 

ʧʦʣʷʨʥʦʡ ʩʚʷʟʠ ʉ-ʆ ʠʣʠ ʉ-ʆ-ʉ. ʅʘʣʠʯʠʝ ʵʪʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʱʝʛʦʩʷ ʵʬʠʨʘ, ʥʘʧʨʠʤʝʨ, ʚ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʵʬʠʨʘʭ ʵʪʘ ʧʦʣʦʩʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʙʣʘʩʪʠ 1150-1060 ʩʤ 
-1
, ʘ ʫ ʥʝʧʨʝʜʝʣʴʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʵʬʠʨʦʚ 

ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ 1270-1200 ʩʤ
-1
. ɸʤʠʥʦʛʨʫʧʧʳ ʠʤʝʶʪ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 1650-1580 ʩʤ 
ï1

. 

ɺʪʦʨʠʯʥʳʝ ʘʤʠʥʳ NH-ʛʨʫʧʧʳ ʠʤʝʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1600-1500   

ʩʤ
-1
, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ [125].  

 

ʈʠʩʫʥʦʢ 2.12 - ʀʂïʩʧʝʢʪʨʳ ʩʳʨʦʛʦ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʥʪʨʘʮʠʪʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ (ʧʣʘʩʪ ˉ4): 1- ʩʳʨʦʡ ʘʥʪʨʘʮʠʪ;                                             

2 - ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʧʨʠ 1000
0
ʉ; 3- ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʧʨʠ 1200

0
ʉ;                        

4 - ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʧʨʠ 1400
0
ʉ 
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ʉ ʚʚʝʜʝʥʠʝʤ ʚ ʤʦʣʝʢʫʣʫ ʫʛʣʝʚʦʜʦʨʦʜʘ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʧʝʢʪʨʘʭ ʧʦʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 2300-2100 ʩʤ
-1
 (ʘʣʢʠʥʳ). 

ɺ  ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʉ ſ ʉ ʩʣʘʙʘ.̫ ʂʘʢ ʠ ʚ ʦʣʝʬʠʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʥʘʠʙʦʣʴʰʘʷ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ  ʉ ſ ʉ ʥʘ 

ʢʨʘʶ ʤʦʣʝʢʫʣʳ ʠ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʝʝ ʚ ʩʝʨʝʜʠʥʫ. ʇʦʣʦʩʘ n

ʉ ſ ʉ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʜʠʘʣʢʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʞʜʫ 2260 ï 2190 ʩʤ
-1
.  

ɼʣʷ ʢʦʥʮʝʚʦʡ ʘʮʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʟʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ  

n
ʩ-ʥ ʚ ʦʙʣʘʩʪʠ 3300 ʩʤ

-1
.ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 3600-3000 ʩʤ

-

1
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʆʅ-ʛʨʫʧʧʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʨʦʜ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 3750 ʩʤ
-1
 ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʚ ʘʥʪʨʘʮʠʪʝ 

ʩ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʆ-ʅ ʛʨʫʧʧʳ, ʷʚʣʷʶʱʠʤʠʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ, ʪ.ʢ. 

ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʣʝʛʢʠʡ ʘʪʦʤ ʚʦʜʦʨʦʜʘ. ʕʪʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩʧʦʩʦʙʥʳ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ (3600-2500  

ʩʤ
-1
) [125]. ɺ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʥʘʨʫʞʝʥʘ 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʦʡ 3670-3580 ʩʤ
-1
, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʩʚʦʙʦʜʥʳʭ ʥʝʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʧʠʨʪʘʭ ʠ ʬʝʥʦʣʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʦʛʦ ʘʥʪʨʘʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʘʟʘʨʘʡʣʦʢ ʩ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ 1100-1200; 1450 ï 1500; 2200-2350; 3300-

3400; 3650-3750 ʩʤ
-1 
ʤʦʞʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʉ ï ʆ; NH; ʉ ſ ʉ; 

ʉ - ʅ;ʆ ï ʅ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʠʢʦʚ ʥʘ ʩʧʝʢʪʨʝ (ʢʨʠʚʘʷ 1).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.12, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000-1400
0
ʉ ʥʘ ʢʨʠʚʳʭ ʀʂ-

ʩʧʝʢʪʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʧʠʢʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʠʩʯʝʟʥʦʚʝʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ t=1400
0
ʉ (ʢʨʳʚʘʷ 4). ʇʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʫʛʣʝʬʠʢʘʮʠʷ ʘʥʪʨʘʮʠʪʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʫʛʣʝʨʦʜ ʜʦ 

95%(ʤʘʩʩ) ʧʦʛʣʦʱʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 3500-

3000 ʩʤ
-1
 (ʤʠʥʠʤʫʤ ʥʘ ʢʨʠʚʦʡ 4), ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [133]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ 

ʜʘʥʥʳʤʠ [74].       
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ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʳʨʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʡ 

ʩ nʤʘʭʩ. ʧʨʠ 1618, 1480, 972, ʠ 640 ʩʤ
-1
, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʬʦʨʤʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

 ɼʘʥʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʡ ʦʪʥʦʩʷʪʩʷ, ʦʯʝʚʠʜʥʦ, ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʨʝʡ 

ʚʦʜʦʨʦʜʘ ʟʘ ʩʯʸʪ ʦʪʱʝʧʣʝʥʠʷ ʉʅʭ- ʛʨʫʧʧ [125]. 
 

2.8. ʊʝʧʣʦʝʤʢʦʩʪʴ ʘʥʪʨʘʮʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ 

 ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʩʝʭ ʪʠʧʦʚ ʫʛʣʝʡ ʦʪ ʚʳʩʦʢʦʩʦʨʪʥʳʭ ʘʥʪʨʘʮʠʪʦʚ ʜʦ ʧʨʦʩʪʳʭ ʙʫʨʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʜʘʞʝ ʧʦʣʫʯʝʥʠʠ ʢʦʢʩʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʠʧ ʘʥʪʨʘʮʠʪʦʚ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘ  

ʪʘʢʞʝ ʠʭ ʧʨʦʛʥʦʟʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [1]. 

 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʥʪʨʘʮʠʪʦʚ  

ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʢʘʣʢʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʘʚʪʦʨʘʤʠ [11,39, 95-96, 110-113,126-128 ʠ ʜʨ.]. 

 ʀʟʫʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʢʘʢ ʠʟʦʪʨʦʧʥʳʭ, ʪʘʢ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʣ. ʂ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʪʝʣʘʤ ʦʪʥʦʩʷʪʩʷ ʘʥʪʨʘʮʠʪʳ ʠ ʜʨʫʛʠʝ ʫʛʣʠ. ʊʝʧʣʦʝʤʢʦʩʪʴ 

ʘʥʪʨʘʮʠʪʦʚ ʠ ʜʨʫʛʠʭ ʫʛʣʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʥʦʛʠʤʠ  ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [129-138], ʠ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪrʚʘʣʠʩʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ: ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ  ɻʠʙʙʩʘ. ɼʣʷ ʥʘʩ, ʢʨʦʤʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʘʤʳʤ ʣʫʯʰʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ: 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ - ʧʦ ʟʘʢʦʥʫ ʦʭʣʘʞʜʝʥʠʷ ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ [100]. 

         ʊʝʧʣʦʝʤʢʦʩʪʴ ʫʛʣʝʡ  ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʶʙʦʛʦ 

ʚʠʜʘ ʫʛʣʷ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʫʛʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʘʚʪʦʨʘʤʠ [134-135]. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʫʛʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, 
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ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʣʶʙʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ,  

ʬʫʪʝʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʥʪʨʘʮʠʪʘ. 

ɸʛʨʦʩʢʠʥ  ɸ.ɸ. ʠ ɻʦʥʯʘʨʦʚ ɽ.ʀ. [143-144] ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜʠʢʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʝʡ ʫʛʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ 900-1000ʂ. ʀʤʠ ʧʨʝʜʣʦʞʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʠʩʪʠʥʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ () ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʚʠʜ 

 

h
V

t
KCm

p
-=Ö

D
,                      (2.6) 

 

ʛʜʝ m- ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʫʛʣʷ, ʛ; ʂ, h-ʢʦʥʩʪʘʥʪʳ ʢʘʣʦʨʠʤʝʪʨʘ,  - ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ.  

ɸʚʪʦʨʳ [136] ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʠʣʠ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʘʥʪʨʘʮʠʪʘ ʦʪ 0 ʜʦ 25ʂ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ 
 

ʉʨ= (0.170 + 0.0054 Ā  + 0.00061 Ā ) Ā 4.1868 ʢɼʞ/ʢʛ Āʂ ,  (2.7) 

 

ʛʜʝ - ʩʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʘʥʪʨʘʮʠʪʝ, %;  - ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʳʚʝʜʝʥʦ ʜʣʷ ʧʝʥʩʠʣʴʚʘʥʩʢʠʭ, ʫʵʣʴʩʢʠʭ ʠ ʛʝʨʤʘʥʩʢʠʭ 

ʘʥʪʨʘʮʠʪʦʚ, ʠ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 0-250ʂ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʛʣʝʡ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʭʦʜ ʣʝʪʫʯʠʭ, ʥʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʣʢʠ, ʚʣʘʞʥʦʩʪʴ, ʟʦʣʴʥʦʩʪʴ. ɺ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʫʛʣʝʡ 

(ʘʥʪʨʘʮʠʪʦʚ), ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ ʠʭ ʤʝʪʘʤʦʨʬʠʟʤʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 0-300ʂ 

ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʜʘʞʝ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ [134-135]. 

 ʇʦʨʪʝʨ ʠ ʊʝʡʣʦʨ [134] ʫʩʪʘʥʦʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʫʛʣʝʡ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ, ʯʪʦ ʵʪʠʤ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʪʝʦʨʠʷ ʢʦʣʣʦʠʜʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 
 

 = [(100 - )Ā  + ],  (2.8) 

 

ʛʜʝ -ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʫʭʦʛʦ ʫʛʣʷ, ʢɼʞ / ʢʛĀʂ; - ʚʣʘʞʥʦʩʪʴ ʫʛʣʷ,%. 
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 ʅʘʡʜʝʥʦ, ʯʪʦ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʫʭʦʛʦ ʫʛʣʷ ʨʘʚʥʘ 1.213 ʢɼʞ/ʢʛĀʂ. ʇʨʠ 

ʚʣʘʞʥʦʩʪʠ ʫʛʣʷ, ʥʘʧʨʠʤʝʨ, ʨʘʚʥʦʡ 10%, ʪʝʧʣʦʝʤʢʦʩʪʴ ʨʘʚʥʷʝʪʩʷ 1.511 ʢɼʞ/Āʂ. 

ʆʪʩʶʜʘ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʣʘʛʠ ʚ ʫʛʣʝ ʩʦʩʪʘʚʣʷʝʪ: 1,511-1,213=0,298 ʢɼʞ/ ʢʛĀʂ. 

 ɻʣʘʜʢʦʚ ʃ.ʀ. ʠ ʃʝʙʝʜʝʚ ɸ.ʅ. [130], ʦʙʦʙʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʫʛʣʝʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʣʦʞʠʣʠ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʫʛʣʝʡ (ʚ ʧʨʝʜʝʣʘʭ 24-100ʂ): 

 

= [ Ā0,242Ā(1+0,008Ā Ā +0,19  +  )]Ā4,1868 ʢɼʞ / ʢʛĀʂ, (2.9 ) 

 

ʛʜʝ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʥʘ ʩʫʭʦʡ ʫʛʦʣʴ , %; -ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʚ ʩʳʨʦʤ ʫʛʣʝ, %;  - ʚʣʘʞʥʦʩʪʴ ʩʳʨʦʛʦ ʫʛʣʷ, %; -ʟʦʣʴʥʦʩʪʴ %. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʘʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʫʨʘʚʥʝʥʠʝ, ʚʳʚʝʜʝʥʥʦʝ 

ʘʚʪʦʨʘʤʠ [130], ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʬʘʢʪʦʨʦʚ (ʩʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ, 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ, ʟʦʣʴʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ) ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʫʛʣʝʡ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ. 

ʇʦʟʞʝ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 250ʂ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ. 

 ʇʨʠʚʝʜʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʥʳʤ 

ʫʛʣʷʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʳ ʦʪ 8,55 ʜʦ 23,30%, ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʦʪ 4,70 ʜʦ 56,6%. 

ɼʣʷ ʘʥʪʨʘʮʠʪʦʚ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʟʦʣʘ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,5 ʜʦ 

5,0%, ʘ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʦʪ 5,0ʜʦ 9,0% ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ (2), 

ʧʦʢʘʟʳʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʩʯʠʪʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʘʥʪʨʘʮʠʪʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʟʘʨʘʡʣʦʢ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʥʘʭʦʞʜʝʥʠʝ 

ʢʦɻʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʢʩʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʣʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʯʝʥʴ ʚʘʞʥʦʡ 
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ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ: ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ - ʧʦ ʟʘʢʦʥʫ 

çʦʭʣʘʞʜʝʥʠʷè ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ [100]. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʘʥʪʨʘʮʠʪʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʧʨʦʛʨʘʤʤʳ SigmaPlot. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʜʴ ʤʘʨʢʠ ʄʆʆ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʠʟʫʯʘʣʠʩʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʟʘʨʘʥʝʝ ʧʨʦʢʘʣʝʥʥʦʛʦ 

ʘʥʪʨʘʮʠʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100Ñ25ʂ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʧʝʯʠ ʆɸʆ çʊɸʃʂʆè [139]. 

 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.13. ʀʟ ʨʠʩʫʥʢʘ 2.13 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʦʢ ʜʨʫʛ ʜʨʫʛʫ ʠ ʥʦʩʠʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

 

ʈʠʩʫʥʦʢ 2.13 - ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ (ʊ) ʦʪ ʚʨʝʤʝʥʠ 

ʦʭʣʘʞʜʝʥʠʷ (Ű ) ʘʥʪʨʘʮʠʪʦʚ ʠ ʵʪʘʣʦʥʘ 

ɼʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʫʨʘʚʥʝʥʠʝʤ 

tt

t

kb pkeabe
d

dT ---= -
,              (2.10) 




















































































































































































































































































































































































































