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ʊʦʤʩʢ ï 2014 



ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌɻʆɹʆʋ  ɺʇʆ   çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤ-

ʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: ʇʦʮʝʣʫʝʚ ɸʥʘʪʦʣʠʡ ɸʣʝʢʩʝʝʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ,  ʧʨʦʬʝʩʩʦʨ   

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ʖʨʛʝʥʩʦʥ ɻʝʦʨʛʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦ-

ʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘ-

ʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʝʦʭʠʤʠʠ ʠ 

ʨʫʜʦʛʝʥʝʟʘ, ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʛ. ʏʠʪʘ 

 

ʇʦʧʦʚ ɺʣʘʜʠʤʠʨ ɸʥʘʪʦʣʴʝʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  ʛʣʘʚʥʳʡ ʥʘʫʯ-

ʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ, 

ʛ. ʄʠʘʩʩ  

 

ɿʫʟʫʢ ʌʸʜʦʨ ɺʘʩʠʣʴʝʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘ-

ʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ, ɺʦʩ-

ʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʃʝʩʠ ʋʢʨʘʠʥʢʠ,  ʛ. ʃʫʮʢ  

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ  

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ,  

ʛ. ʉʳʢʪʳʚʢʘʨ 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ  27 ʠʶʥʷ 2014 ʛʦʜʘ ʚ 10-00 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼʄ212.269.03 ʧʨʠ ʌɻɹʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʧʦ ʘʜʨʝʩʫ: 634050,  

ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 30, ʅʀ ʊʇʋ (ʢʦʨʧʫʩ 20, ʘʫʜ. 504). E-mail: tvm@tpu.ru. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ (ʧʦ ʘʜʨʝʩʫ ʛ.ʊʦʤʩʢ, ʫʣ. ɹʝʣʠʥ-

ʩʢʦʛʦ, 55) ʠ ʥʘ ʩʘʡʪʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ http: //dis.tpu.ru. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç____è _____________2014 ʛ. 

 

 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ     ʃʝʧʦʢʫʨʦʚʘ ʆʣʝʩʷ ɽʚʛʝʥʴʝʚʥʘ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʨʝʜʩʪʘʚʣʷʝʤʘʷ ʢ ʟʘʱʠʪʝ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʙʠʦʤʠʥʝ-

ʨʘʣʦʛʠʠ ʫʨʦʣʠʪʦʚ ï ʧʘʪʦʛʝʥʥʳʭ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʆʄɸ), ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʤʦʯʝʚʳʚʦʜʷʱʠʭ ʧʫʪʷʭ ʯʝʣʦʚʝʢʘ. ʅʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʸʥʥʳʡ   ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-

ʛʦ ʥʘʧʨʘʚʣʝʥʠʷ çɹʠʦʤʠʥʝʨʘʣʦʛʠʷè.  

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʆʄɸ ʚ ʤʦʯʝʚʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ ʚʥʝʩʣʠ ʨʦʩʩʠʡʩʢʠʝ 

ʫʯʝʥʳʝ: ʅ.ʇ. ʖʰʢʠʥ, ɸ.ɸ. ʂʦʨʘʛʦ, ɺ.ʀ. ʈʘʢʠʥ, ɺ.ʀ. ʂʘʪʢʦʚʘ, ʌ.ɺ. ɿʫʟʫʢ, ʆ.ɸ. ɻʦʣʦʚʘ-

ʥʦʚʘ, ʅ.ɸ. ʇʘʣʴʯʠʢ, ʊ.ʅ. ʄʦʨʦʟ, ɺ.ʅ. ʉʪʦʣʧʦʚʩʢʘ,̫ ʉ.ʉ. ʇʦʪʘʧʦʚ, ʕ.ɺ. ʉʦʢʦʣ, ɺ.ʄ. ɹʠ-

ʣʦʙʨʦʚ ʠ ʜʨʫʛʠʝ. ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ, ʠʟʫʯʘʚʰʠʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʨʛʘ-

ʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ: ʄʘʢ-ʂʦʥʥʝʣʣʘ ɼ. (1977), ɻ.ɸ. ʃʦʫʵʥʰʪʘʤʘ (1989), 

ɼ.ɸ. ɸʥʜʝʨʩʝʥʘ (1973), ɹʝʢʝʨʤʘʥʘ (2001) ʠ ʜʨ.  

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ  

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ (ʄʂɹ) ʚʦ ʚʩʸʤ ʤʠʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʊʦʤ-

ʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʨʦʣʠʪʠʘʟ ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ 

ʠ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʩʨʝʜʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʤʦʯʝʚʦʡ ʩʠʩ-

ʪʝʤʳ. ɺʘʞʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʄʂɹ ʦʛʨʦʤʥʘ: ʫʨʦʣʠʪʠʘʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʫʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɽʞʝʛʦʜʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʄʂɹ ʚ ʤʠʨʝ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʪ 0,5 ʜʦ 5,3%, ʯʘʩʪʦʪʘ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0.1ï0.4%, ʪʦ ʝʩʪʴ ʫ 100ï400 

ʯʝʣʦʚʝʢ ʠʟ 100000 ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʶʪʩʷ ʫʨʦʣʠʪʳ. ɺʘʞʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʄʂɹ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʵʧʠʜʝʤʠʦʣʦʛʠʝʡ, ʪ.ʢ. ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠ ʚʦ ʤʥʦ-

ʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʄʂɹ ʚ ʈʦʩʩʠʠ ʥʦʩʠʪ ʵʥʜʝʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (ʜʘʥʥʳʝ ʌɻʋ 

çʅʀʀʫʨʦʣʦʛʠʠè ʄʠʥʟʜʨʘʚʩʦʮʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ, 2011 ʛʦʜ), ʥʦ ʚ ʩʨʝʜʥʝʤ ʚʘʨʴʠʨʫʝʪ ʜʦ 

0,4%ï0,5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʫʨʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ. ʆʪʤʝʯʝʥ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʨʦʩʪ ʟʘ-

ʙʦʣʝʚʘʝʤʦʩʪʠ ʄʂɹ ʫ ʚʟʨʦʩʣʳʭ ʟʘ ʧʝʨʠʦʜ 2002 ï 2009 ʛʛ. ʥʘ 17,3% ʚ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʠ ʥʘ 18,1% ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. ɽʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦ-

ʩʪʠ ʚʟʨʦʩʣʳʭ ʜʦʩʪʠʛʘʝʪ 3,5%. ɺ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʟʘʙʦʣʝʚʘʝ-

ʤʦʩʪʴ ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʄʂɹ: ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ, ʅʝʥʝʮʢʠʡ ɸʆ, ʈʝʩʧʫʙʣʠʢʘ ʀʥʛʫʰʝ-

ʪʠʷ, ɸʤʫʨʩʢʘʷ, ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʠ ʠ ʜʨ.  

ʇʦ ʜʘʥʥʳʤ ʋʧʨʘʚʣʝʥʠʷ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʧʨʘʚ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʯʝʣʦʚʝʢʘ ʧʦ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʄʂɹ ʚ ʨʷʜʝ ʨʘʡʦʥʦʚ ʊʦʤ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʨʠʤʝʨʥʦ ʦʢʦʣʦ 1% ʚʩʝʛʦ ʥʘʩʝʣʝ-

ʥʠʷ ʧʦʩʪʦʷʥʥʦ ʩʪʨʘʜʘʝʪ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʴʶ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʄʂɹ ʚ ʊʦʤʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʟʘ ʧʝʨʠʦʜ 1996-2010 ʛʛ. ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 475 ʩʣʫʯʘʝʚ ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. 

ʊʝʤʘ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪ ʪʦʪ ʨʘʟʜʝʣ ʥʘʫʢʠ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʨʦʣʠʪʦʚ. 

ʅʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʠʟʫʯʝʥʠʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʩʥʦʡ ʤʘʪʝʨʠʠ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ. ʇʨʦʙʣʝʤʳ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ ʘʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʶʪʩʷ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʫʨʦʚʥʷ. ʇʨʠʤʝ-

ʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʦʥʬʝʨʝʥʮʠʠ, ʩʦʚʝʱʘʥʠʠ, ʥʘʫʯʥʳʝ ʰʢʦʣʳ, ʦʨʛʘʥʠʟʫʝʤʳʝ ʚ ʀʥʩʪʠʪʫ-

ʪʝ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ (ʛ. ʉʳʢʪʳʚʢʘʨ), ʚ ʀʥʩʪʠʪʫʪʝ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ (ʛ. 

ʄʠʘʩʩ), ʚ ʀʥʩʪʠʪʫʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ). ʅʘʯʘʣʦ ʥʘʫʯ-

ʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʘʢʘʜʝʤʠʢʦʤ ʅ.ʇ. ʖʰʢʠ-

ʥʳʤ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʘʢʘʜʝʤʠʢʘ ʈɸʅ  ɸ.ʄ. ɸʩʭʘʙʦʚʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʫʨʦʣʠʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʨʦʣʦʛʘʤ 

ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʣʝʯʝʙʥʳʭ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʧʘʮʠʝʥʪʫ. ʉʫ-
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ʱʝʩʪʚʫʶʱʠʝ ʤʠʨʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʫʨʦʣʠʪʠʘʟʦʤ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʶʪ ʦʙʷʟʘʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʦʣʠʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʙʦʣʴʥʦʛʦ ʄʂɹ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʦʙʱʝʡ ʛʝʦʣʦʛʠʠ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪ-

ʚʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʀʇʈ) ʊʇʋ. ɺ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʠʤʘʣʠ 

ʪʘʢʞʝ ʫʯʘʩʪʠʝ ʩʦʪʨʫʜʥʠʢʠ ʢʘʬʝʜʨʳ ʫʨʦʣʦʛʠʠ ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʊʦʤʩʢ).  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʥʘ ʧʨʠʤʝʨʝ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ, ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʨʦʣʠʪʦʚ ʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʫʨʦʣʠʪʦʚ.  

2. ʀʟʫʯʠʪʴ ʤʦʨʬʦʣʦʛʠʶ, ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʫʨʦʣʠʪʦʚ, ʚʳʜʝʣʠʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʦʝʥʠʷ.  

3. ʈʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʦʚ.  

4. ʋʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʫʨʦʣʠʪʦʚ ʠ ʧʨʠʯʠʥʘʤʠ ʙʦʣʝʟʥʠ ʧʘʮʠʝʥʪʦʚ ʩ ʤʦ-

ʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʴʶ. 

ɹʘʟʦʚʦʡ ʦʩʥʦʚʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ, ʪʝʢʩʪʫʨʳ, ʩʪʨʫʢʪʫʨʳ, 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʣʠʪʦʚ ʩ ʫʯʸʪʦʤ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʚʪʦʨ-

ʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ɻʣʘʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʫʨʦʣʠʪʳ, 

ʚʳʰʝʜʰʠʝ ʫ ʙʦʣʴʥʳʭ ʄʂɹ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ, ʣʠʙʦ ʠʟʚʣʝʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʨʫʨʛʠ-

ʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʩɹʪʚʘ, ʥʝ ʚʣʠʷʶʱʝʛʦ ʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʢʘʤʥʷ.   

ʀʟʫʯʝʥʦ 952 ʫʨʦʣʠʪʘ ʨʘʟʣʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝ-

ʥʷʣʠʩʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ: ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ (952 ʧʨʦʙ)r, ʩʧʝʢʪʨʘʣʴʥʳʡ (120 

ʧʨʦʙ ʧʦ 48 ʵʣʝʤʝʥʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ. 5760 ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ), ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʳʡ (24 ʧʨʦʙʳ), ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ (25 ʧʨʦʙ ʧʦ 23 ʵʣʝ-

ʤʝʥʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ. 575 ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ), ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 

(20 ʧʨʦʙ). ɺʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʠ ʘʢʢʨʝʜʠʪʦʚʘʥ-

ʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʂʦʤʠ 

ʅʎ ʋʨʆ ʈɸʅ (ʛ. ʉʳʢʪʳʚʢʘʨ), ʆʆʆ çʂʦʤʠʪʘè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʆɸʆ çʊʦʤʩʢʅʀ-

ʇʀʥʝʬʪʴè (ʛ. ʊʦʤʩʢ).  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʣʠʪʦʚ. ʄʝʪʦʜʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʫʨʦʣʠʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ: 

ʩʚʝʪʦʚʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʩʢʘʥʠʨʫʶʱʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ, ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ, ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʨʝʥʪʛʝʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ, ʣʘʟʝʨʥʦʝ ʤʠʢʨʦʟʦʥʜʠʨʦʚʘʥʠʝ, ʤʝʪʦʜʳ ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʘʥʘʣʠʟʦʚ.  

2. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʠʥʝʨʘʣʦʚ  ʚ 
ʫʨʦʣʠʪʘʭ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʝʢʦʪʦʨʳʭ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʝʡ. 

3. ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʨʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʘʛʨʝʛʘʪʦʚ (ʫʨʦʣʠʪʦʚ) ʠ 

ʠʥʜʠʚʠʜʦʚ (ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʬʝʨʦʣʠʪʦʚ). ʕʣʝʤʝʥʪʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʣʠʪʦʚ 

ʷʚʣʷʶʪʩʷ: ʷʜʨʦ, ʩʣʦʡ, ʟʦʥʘ, ʨʠʪʤ. ʆʪʤʝʯʝʥʥʳʝ ʧʝʨʝʨʳʚʳ ʚ ʨʦʩʪʝ ʫʨʦʣʠʪʦʚ ʩʦʧʨʦʚʦ-

ʞʜʘʶʪʩʷ ʠʭ ʯʘʩʪʠʯʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʩʪʚʦ-

ʨʝʥʠʶ ʫʨʦʣʠʪʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʨʠʪʤʳ ʟʦʥʘʣʴʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫ-

ʪʦʯʥʳʤ, ʧʦʣʫʤʝʩʷʯʥʳʤ, ʩʝʟʦʥʥʳʤ ʧʝʨʠʦʜʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʣʠʪʦʚ. 
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4. ʀʟʫʯʝʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʦʚ. ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝ-

ʥʠʷ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

5. ʀʩʩʣʝʜʦʚʘʥʘ ʩʚʷʟʴ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʫʨʦʣʠʪʦʚ ʩ ʠʩʪʦʨʠʷʤʠ ʙʦʣʝʟʥʠ ʧʘʮʠʝʥʪʦʚ 
ʫʨʦʣʦʛʠʯʝʩʢʠʭ ʦʪʜʝʣʝʥʠʡ  ʛ. ʊʦʤʩʢʘ ʠ ʨʘʡʦʥʥʳʭ ʧʦʣʠʢʣʠʥʠʢ. 

6. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʫʨʦʣʠʪʘ ʦʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʤʳʚʘʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʝʥʜʠʤʝʪʠʣʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʕɼʊɸ) ʠ 

ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʫʨʦʣʠʪ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.   
ï ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʫʨʦʣʠʪʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʫʨʦʣʦʛʘʤʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʛ. ʊʦʤʩʢʘ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʧʘʮʠʝʥʪʘʤ 

ʜʠʝʪʳ, ʣʝʯʝʥʠʷ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ.  

ï ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ  ʠ ʤʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʦʝʥʠʷ ʫʨʦʣʠʪʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʨʫʛʠʭ ʙʠʦʛʝʥ-

ʥʳʭ ʦʙʝ̡ʢʪʦʚ. 

ï ʇʦʜʛʦʪʦʚʣʝʥ ʢʫʨʩ ʣʝʢʮʠʡ ʜʠʩʮʠʧʣʠʥʳ çʆʩʥʦʚʳ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠè ʜʣʷ ʩʪʫʜʝʥ-

ʪʦʚ ʢʘʬʝʜʨʳ ɻʝʦʵʢʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ. ʆʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʜʠʩʮʠʧʣʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʡ ʧʦ ʢʫʨʩʫ çʆʙʱʘʷ ʛʝʦʣʦʛʠʷè ʥʘ ʢʘʬʝʜʨʝ ʆʙʱʝʡ ʛʝʦʣʦʛʠʠ ʠ ʟʝʤʣʝʫʩʪ-

ʨʦʡʩʪʚʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ. 

ï ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʦʥʪʦʛʝʥʠʠ ʫʨʦʣʠʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʫʨʦʣʠʪʦʚ, ʢʦ-

ʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ: ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʧʦʣʷʨʠʟʘʮʠʦʥ-

ʥʦ-ʦʧʪʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʫ ʁʤʠʢʨʦʩʢʦʧʠ ʁ(ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢ-

ʨʦʩʢʦʧ, ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ Hitachi S-3400N, ʣʦʢʘʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴ-

ʥʳʡ ʣʘʟʝʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ, ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ Rigaku Ultima IV, ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʥʘ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʊʇʋ). 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 
1. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʠʜʦʚʦʛʦ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦ-
ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʝʥ-
ʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʫʨʦʣʠʪʳ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ (79%), ʨʝʞʝ ʦʪʤʝʯʝʥʳ ʧʦʣʠʤʠ-
ʥʝʨʘʣʴʥʳʝ (11%), ʤʦʯʝʢʠʩʣʳʝ (7%) ʠ ʬʦʩʬʘʪʥʳʝ (3%) ʫʨʦʣʠʪʳ. ɺ ʝʜʠʥʠʯʥʳʭ ʵʢ-
ʟʝʤʧʣʷʨʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʙʝʣʢʦʚʳʝ ʫʨʦʣʠʪʳ (ʮʠʩʪʠʥʦʚʳʝ). ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʫʨʦʣʠʪʳ: ʜʨʫʟʦʚʠʜʥʳʝ, ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥ-
ʥʳʝ, ʢʦʨʘʣʣʦʚʠʜʥʳʝ, ʧʦʨʠʩʪʳʝ. ʇʦ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʳ-
ʜʝʣʝʥʳ: ʢʨʠʩʪʘʣʣʠʯʝʩʢʠ-ʟʝʨʥʠʩʪʳʝ, ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ, ʨʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʝ ʠ  
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ.  

2. ɺʳʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʣʠʪʦʚ: ʷʜʨʦ, ʩʣʦʡ, ʟʦʥʘ, ʨʠʪʤ 
(ʛʨʫʧʧʘ ʦʜʥʦʨʦʜʥʳʭ ʙʠʦʤʠʥʝʨʘʣʴʥʳʭ ʟʦʥ). ɺ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʦʚ ʩʣʦʠ ʦʢʩʘʣʘʪʥʦ-
ʫʨʘʪʥʦʛʦ, ʫʨʘʪʥʦʛʦ, ʬʦʩʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʯʝʨʝʜʫʶʪʩʷ ʩʦ ʩʣʦʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 
ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʙʝʣʢʘʤʠ, ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ, ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʘʤʠ), 
ʬʦʨʤʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʙʠʦʤʠʥʝʨʘʣʴʥʳʝ ʨʠʪʤʳ. ʆʪʤʝʯʝʥʥʳʝ ʧʝʨʝʨʳʚʳ ʚ ʨʦʩʪʝ 
ʫʨʦʣʠʪʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʭ ʯʘʩʪʠʯʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʩʪʚʦʨʝʥʠʶ ʫʨʦʣʠʪʦʚ.  ʈʘʩʩʯʠʪʘʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʨʠʪʤʳ ʟʦʥʘʣʴ-
ʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʪʦʯʥʳʤ, ʧʦʣʫʤʝʩʷʯʥʳʤ, ʩʝʟʦʥʥʳʤ ʧʝʨʠʦʜʘʤ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʫʨʦʣʠʪʦʚ. 

3. ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ, ʩʣʘʛʘʶʱʠʭ ʫʨʦʣʠʪʳ,  ʧʨʝʦʙʣʘʜʘʶʪ ʦʩʥʦʚʥʳʝ 

ʫʨʦʣʠʪʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʚ ʤʘʩ.%): (Oï59; Caï33; Cï18; Pï12; Nï31); ʚ ʦʪ-
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ʜʝʣʴʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʠ ʤʠʢʨʦʟʦʥʘʭ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Si, S, Fe, Zn, Ni, Pb. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʚ ʤʠʢʨʦʩʣʦʷʭ (ʤʠʢʨʦʟʦʥʘʭ), 

ʦʙʦʛʘʱʸʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʠʦʤʠ-

ʥʝʨʘʣʴʥʳʤʠ ʟʦʥʘʤʠ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʠʟʫʯʝʥʠʷ ʫʨʦʣʠʪʦʚ, ʢʦʪʦʨʘʷ  ʧʨʠʤʝʥʷʝʪʩʷ 
ʫʨʦʣʦʛʘʤʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠ ʧʦ-

ʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʘʮʠʝʥʪʦʚ. ʄʝʞʜʫ ʩʦʩʪʘʚʦʤ ʠʟʫʯʝʥʥʳʭ ʫʨʦʣʠ-

ʪʦʚ ʠ ʠʩʪʦʨʠʷʤʠ ʙʦʣʝʟʥʠ ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʣʝʥʘ ʦʧʨʝʜʝʣʸʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʚʳʨʘ-

ʞʘʶʱʘʷʩʷ ʚ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʢ ʢʦʥʢʨʝʪʥʳʤ ʤʠʥʝʨʘ-

ʣʘʤ, ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʨʷʜʦʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʝʨʝʥʝʩʝʥʥʳʭ ʧʘʮʠʝʥʪʘʤʠ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʱʠʱʘʝʤʳʭ ʧʦʣʦʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳ-

ʩʦʢʦʪʦʯʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʥʘʜʸʞʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ,  ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟ-

ʤʝʨʝʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʩʦʶʟʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

çʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨè (ʛ. ʉʳʢʪʳʚʢʘʨ,1984); VII  ʩʲʝʟʜ ɺʄʆ (ʛ. ʃʝʥʠʥʛʨʘʜ,1987); 

I ʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ (ʛ. ʃʫʮʢ, 1988); ʄʝʞʜʠʩʮʠʧʣʠʥʘʨ-

ʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ (ʛ. ʊʦʤʩʢ, 1988); ʉʝʤʠʥʘʨ çʄʦʣʝʢʫʣʷʨʥʳʝ ʦʩ-

ʥʦʚʳ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚè ɺʍʆ ʠʤ. ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘ (ʛ. ʃʝʥʠʥʛʨʘʜ,1989); 15 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʲʝʟʜ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘ-

ʮʠʡ (ʂʅʈ, 1990); 2-ʷ ɺʩʝʩʦʶʟʥʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ (ʛ. ʊʦʤʩʢ,1990); 

12 ʨʝʛʠʦʥʘʣʴʥʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʰʢʦʣʘ çʊʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠè (ʛ. ʉʳʢʪʳʚʢʘʨ,1991); ɺʩʝʩʦʶʟʥʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʚʦʧʨʦʩʘʤ ʙʠʦʤʠʥʝ-

ʨʘʣʦʛʠʠ (ʛ. ʉ ʢrʪʳʚʢʘʨ,1991); çʇʨʦʙʣʝʤʳ ʫʬʦʙʠʦʵʥʝʨʛʦʠʥʬʦʨʤʘʪʠʢʠè (ʛ. ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ,1991); 1-ʷ ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʥʬʝʨ. çɹʠʦʤʠʥʝʨʘʣʦʛʠʷ-92è (ʚʝrʟʜʥʘʷ ʩʝʩʩʠʷ 

ʋʢʨ. ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙ-ʚʘ (ʛ. ʃʫʮʢ,1992); ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʩʝʤʠʥʘʨ çʄʠʥʝʨʘʣʦʛʠʷ ʠ ʞʠʟʥʴè (ʛ. ʉʳʢʪʳʚʢʘʨ,1993); ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʠʥʝʨʘʣʦ-

ʛʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ (ʛʛ. ʉʳʢʪʳʚʢʘʨ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ,1995); çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠ-

ʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (ʛ. ʊʦʤʩʢ,1995); 2-ʡ ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʩʝʤʠʥʘʨ çʄʠʥʝʨʘʣʦʛʠʷ ʠ ʞʠʟʥʴè: ʙʠʦʤʠʥʝʨʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʛ. ʉr ʢʪʚr-

ʢʘʨ,1996); ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯ. ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱ. 100-ʣʝʪʠʶ ʊʇʋ (ʛ. ʊʦʤʩʢ,1996); ʅʘ-

ʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬʝʨʝʥʮʠʷ ʫʨʦʣʦʛʦʚ ʉʠʙʠʨʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʫʨʦʣʦʛʠʠè (ʛ. 

ʊʦʤʩʢ,1998); 6 ʢʦʥʬʝʨ. ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ 

ʠ ʪʝʭʥʦʣʦʛʠʠè (ʛ. ʊʦʤʩʢ,1999); Joint Annual Meeting of the Geological Association of Can-

ada and The Mineralogical Association of Canada (Sudbury, Ontario, Canada, Laurentian Uni-

versity,1999); 2 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ çʀʩʪʦʨʠʷ ʠ ʬʠʣʦʩʦʬʠʷ ʤʠ-

ʥʝʨʘʣʦʛʠʠè (ʛ. ʉʳʢʪʳʚʢʘʨ, 1999); 3 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çʄʠʥʝʨʘʣʦʛʠʷ ʠ ʞʠʟʥʴ: 

ʙʠʦʤʠʥʝʨʘʣʴʥʳʝ ʛʦʤʦʣʦʛʠʠè (ʛ. ʉʳʢʪʳʚʢʘʨ,2000); ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʙʣʝʤʳ 

ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʶʛʘ ʉʠʙʠʨʠè (ʛ. ʊʦʤʩʢ,2000); 4-ʡ ʂʦʨʝʡʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ (ʖʞʥʘʷ ʂʦʨʝʷ, ʛ. ʋʣʴʩʘʥ,2000); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯ. 

ʢʦʥʬʝʨʝʥʮʠʷ çɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʉʠʙʠʨʠè (ʛ. ʊʦʤʩʢ,2001); ʥʘʫʯ. ʢʦʥ-

ʬʝʨ. çʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ɿʘʙʘʡʢʘʣʴʷ ʠ ʧʨʦʙʣʝʤʳ ʧʨʠʨʦʜʦʧʦʣʟɹʦʚʘʥʠʷè (ʛ. ʏʠʪʘ,2001); 

1 ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çɹʠʦʢʦʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ: ɾʠʟʥʴ ʠ ʢʘʤʝʥʴè (ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ,2002); ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠè (ʛ. ʊʦʤʩʢ, 2004); 

ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè 

(ʛ. ʊʦʤʩʢ,2005); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯ.-ʧʨʘʢʪʠʯ. ʢʦʥʬʝʨ. ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʥyʳʭ ʠʤ. 
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ʘʢʘʜ. ʄ.ɸ.ʋʩʦʚʘ (ʛ. ʊʦʤʩʢ, 2004, 2005); ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯ. ʢʦʥʬʝʨʝʥʮʠʷ ʚ ʨʘʤʢʘʭ ʄʝʞʜʫ-

ʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ, ʧʦʩʚʷʱ. 100-ʣʝʪʠʶ ʧʝʨʚʦʛʦ ʚʳʧʫʩʢʘ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ ʚ ʉʠʙʠʨʠ ʠ 

90-ʣʝʪʠʶ ʉʠʙʛʝʦʣʢʦʤʘ (ʛ. ʊʦʤʩʢ,2008); ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯ. ʢʦʥʬʝʨʝʥʮʠʷ ʫʨʦʣʦʛʦʚ ʉʠʙʠʨʠ, 

ʧʦʩʚʷʱ. 40-ʣʝʪʠʶ ʊʦʤʩʢʦʛʦ ʫʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʛ. ʊʦʤʩʢ,2008); ʄʝʞʜʫʥʘʨ. ʤʠ-

ʥʝʨʘʣʦʛʠʯ. ʩʝʤʠʥʘʨ çʄʠʥʝʨʘʣʦʛʠʯ. ʧʝʨʩʧʝʢʪʠʚʳè (ʛ. ʉʳʢʪʳʚʢʘʨ,2011); ʄʠʥʝʨʘʣʦʛʠʯ. 

ʩʝʤʠʥʘʨ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ (ʖʰʢʠʥʩʢʠʝ ʯʪʝʥʠʷï2013)è (ʛ. ʉʳʢʪʳʚ-

ʢʘʨ,2013); ʄʝʞʜʫʥʘʨ. ʅʘʫʯ.-ʠʩʩʣʝʜʦʚʘʪ. ʞʫʨʥʘʣ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ,2013); ɺʝʩʪʥʠʢ ʊʦʤ-

ʩʢʦʛʦ ʛʦʩ. ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʊʦʤʩʢ,2013); çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè, ʨʘʟʜʝʣ çʍʠ-

ʤʠʷ ʠ ʭʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè (ʛ. ʊʦʤʩʢ,2013); IV ʈʦʩʩʠʡʩʢʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʦʨʛʘʥʠʯʝ-

ʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʀʇʍʌ ʈɸʅ, 2013).  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʜʦʣʦʞʝʥʳ ʠ ʦʜʦʙʨʝʥʳ ʥʘ 

ʟʘʩʝʜʘʥʠʷʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʦʚ ʚʝʜʫʱʠʭ ʈʦʩʩʠʡʩʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫ-

ʪʦʚ: ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʅʘʫʯʥʦʛʦ ʎʝʥʪʨʘ ʋʨʆ ʈɸʅ, ʛ. ʉʳʢʪʳʚʢʘʨ (ʧʨʦʪʦʢʦʣ ˉ 2 

ʦʪ 28.10.2013 ʛ.) ʠ ʀʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ, ʛ. ʄʠʘʩʩ (ʧʨʦʪʦʢʦʣ ˉ 2 ʦʪ 

31.10.2013 ʛ.).  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

 ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʤʦʯʝʢʘʤʝʥʥʦʡ 

ʙʦʣʝʟʥʠ ʚ ʤʠʨʝ, ʚ ʈʦʩʩʠʠ, ʚ ʛ. ʊʦʤʩʢʝ. 

 ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ, ʚʳʧʦʣʥʝʥʳ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʧʘʪʦʛʝʥʥʳʭ ʦʨʛʘʥʦ-

ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʦʯʝʚʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ. 

 ʀʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ  ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʫʨʦʚʥʝ. 

 ɺʧʝʨʚʳʝ ʩʠʩʪʝʤʥʦ ʠʟʫʯʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʫʨʦʣʠʪʦʚ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʚʳʧʦʣʥʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʨʘʡʦʥʘʤ, ʧʨʦʚʝʜʝʥʘ ʦʙ-

ʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

 ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʦʚ. 

 ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʣʠʪʦʚ. 

ʈʘʙʦʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʘʢʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ, ʩʦʙʨʘʥʥʦʤ ʘʚʪʦʨʦʤ ʚ ʧʝʨʠʦʜ ʩ 1980 

ʧʦ 2013 ʛʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʚʦʜʠʤʳʤʠ ʊʦʤʩʢʠʤ ʧʦʣʠʪʝʭʥʠ-

ʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʨʘʙʦʪʘʤʠ ʧʦ ʮʝʣʝʚʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʝ ʄʠʥʚʫʟʘ ʈʉʌʉʈ çʏʝ-

ʣʦʚʝʢ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè (ʧʨʦʙʣʝʤʘ çʆʭʨʘʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʥʳʭ ʥʝʜʨè) ʧʦ ʪʝʤʝ 

7.1.3.2 çʄʠʢʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʩʪʨʫʢʪʫʨʳ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚè). ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ: ʧʨʦʝʢʪ 

ˉ 96-05-64587 çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʛʦ-ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʪʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʤʦʯʝʚʳʭ ʢʘʤʥʝʡ)è; ʧʨʦʝʢʪ ˉ 98-05-03189 çʀʟʫ-

ʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘ-

ʟʦʚʘʥʠʡ (ʤʦʯʝʚʳʭ ʢʘʤʥʝʡ) ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘè.  

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʫʨʦʣʠʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʨʦʣʦʛʠʯʝʩʢʠʭ ʦʪʜʝʣʝʥʠʷʭ ʤʝʜʠ-

ʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʛ. ʊʦʤʩʢʘ (ʟʘʢʣʶʯʝʥʠʝ  ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʫʨʦʣʦʛʠʠ ʉʠʙɻʄʋ, 

ʜʦʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɸ.ɺ. ɻʫʜʢʦʚʘ,  2013 ʛ.; ʟʘʢʣʶʯʝʥʠʝ ʛʣʘʚʥʦʛʦ 

ʚʨʘʯʘ ʆʙʣʘʩʪʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ çʊʦʤ-
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ʩʢʘʷ ʦʙʣʘʩʪʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘè (ʆɻɸʋɿ ʊʆʂɹ) ʄ.ɸ. ʃʫʢʘʰʦʚʘ  ʠ ʟʘʚʝʜʫʶʱʝʛʦ 

ʦʪʜʝʣʝʥʠʝʤ ʫʨʦʣʦʛʠʠ ʊʆʂɹ, ʢ.ʤ.ʥ. ɸ.ɺ. ʄʦʩʝʝʚʘ,  2013 ʛ.).  

ʄʘʪʝʨʠʘʣʳ ʠʟʫʯʝʥʠʷ ʫʨʦʣʠʪʦʚ ʷʚʠʣʠʩʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʫʨʩʘ ʣʝʢʮʠʡ 

ʜʠʩʮʠʧʣʠʥʳ çʆʩʥʦʚʳ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʢʘʬʝʜʨʳ ɻʝʦʵʢʦʣʦʛʠʠ ʠ ʛʝʦʭʠ-

ʤʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʡ ʧʦ ʢʫʨʩʫ çʆʙʱʘʷ ʛʝʦʣʦʛʠʷè ʥʘ ʢʘʬʝʜʨʝ 

ʆʙʱʝʡ ʛʝʦʣʦʛʠʠ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ. 

ʇʫʙʣʠʢʘʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚ 82 ʨʘʙʦʪʘʭ (ʚ 3 ʤʦʥʦʛʨʘʬʠʷʭ ʠ ʚ 79 ʩʪʘʪʴʷʭ ʠ ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ). 14 ʩʪʘʪʝʡ ʦʧʫʙʣʠʢʦ-

ʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʛʦʨʦʜʘʭ: ʊʦʤʩʢ, ʄʦʩʢʚʘ, ʏʝʨ-

ʥʦʛʦʣʦʚʢʘ, ʃʝʥʠʥʛʨʘʜ, ʏʠʪʘ, ʉʳʢʪʳʚʢʘʨ, ʄʠʘʩʩ, ʃʫʮʢ, ʃʴʚʦʚ; ʂʠʪʘʡ, ʂʘʥʘʜʘ, ʋʣʴʩʘʥ 

(ʖʞʥʘʷ ʂʦʨʝʷ). 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ ʠ ʦʙʲʝʤ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. 

ʆʥʘ ʠʟʣʦʞʝʥʘ ʥʘ 302 ʩʪʨʘʥʠʮʘʭ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 87 ʪʘʙʣʠʮ, 180 ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʙʠʙʣʠʦ-

ʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ, ʩʦʜʝʨʞʘʱʠʡ 375 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʯʘʡʰʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʢʦʥ-

ʩʫʣʴʪʘʥʪʫ, ʧʨʦʬʝʩʩʦʨʫ, ʜʦʢʪʦʨʫ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɸʥʘʪʦʣʠʶ ɸʣʝʢʩʝʝʚʠʯʫ 

ʇʦʮʝʣʫʝʚʫ ʟʘ ʧʦʜʜʝʨʞʢʫ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʟʘʱʠʪʝ. 

ʆʩʦʙʝʥʥʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥ-

ʪʨʘ ʋʨʆ ʈɸʅ (ʛ. ʉʳʢʪʳʚʢʘʨ): ʘʢʘʜʝʤʠʢʫ ʈɸʅ ɸʩʭʘʙʦʚʫ ɸ.ʄ., ʜ.ʛ.-ʤ.ʥ. ʈʘʢʠʥʫ ɺ.ʀ., ʜ.ʛ.-

ʤ.ʥ. ʉʠʣʘʝʚʫ ɺ.ʀ., ʢ.ʛ.-ʤ.ʥ. ʂʘʪʢʦʚʦʡ ɺ.ʀ ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʠ ʢʦʥʩʫʣʴʪʘ-

ʮʠʦʥʥʫʶ ʧʦʤʦʱʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʫʨʦʣʠʪʦʚ, ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʩʠʤʧʦʟʠʫʤʦʚ ʠ ʩʝʤʠʥʘʨʦʚ ʚ ʛ. ʉʳʢʪʳʚʢʘʨʝ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʦʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʙʦʪ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʢ.ʛ.-ʤ.ʥ. ɺ.ʂ. ɹʝʨʥʘʪʦʥʠʩʘ, ʢ.ʛ.-ʤ.ʥ. ɸ.ʗ. ʇʰʝʥʠʯʢʠʥʘ, ʩ.ʥ.ʩ. ɸ.ʌ. ʉʫʜʳʢʦ. 

ʀʩʢʨʝʥʥʷ ̫ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʛʝʦʣʦʛʠʠ ʠ ʟʝʤ-

ʣʝʫʩʪʨʦʡʩʪʚʘ ʅ.ʅ. ʄʘʨʪʳʥʦʚʦʡ, ʠʩʩʣʝʜʦʚʘʚʰʝʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫʨʦʣʠʪʦʚ; ʉ.ʉ ʀʣʴ-

ʝʥʢʫ, ʘʩʩʠʩʪʝʥʪʫ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ 

ʟʘ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʫʨʦʣʠʪʘʭ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʠʩʢʘʪʝʣʴ ʧʦʣʴʟʦʚʘʣʩʷ ʢʦʥʩʫʣʴʪʘʮʠʷʤʠ ʠ ʧʦʜ-

ʜʝʨʞʢʦʡ ʘʢʘʜʝʤʠʢʘ ʌ.ɸ. ʃʝʪʥʠʢʦʚʘ, ʧʨʦʬʝʩʩʦʨʦʚ: ɸ.ʌ. ʂʦʨʦʙʝʡʥʠʢʦʚʘ, ʃ.ʇ. ʈʠʭʚʘʥʦʚʘ, 

ʉ.ʀ. ɸʨʙʫʟʦʚʘ, ɺ.ʂ. ʇʦʧʦʚʘ, ɺ.ɻ. ɺʦʨʦʰʠʣʦʚʘ, ɺ.ʅ. ʉʘʣʴʥʠʢʦʚʘ, ʆ.ɸ. ʇʘʩʴʢʦ, ʧʨʦʬʝʩ-

ʩʦʨʦʚ, ʜʦʢʪʦʨʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ: ɻʫʜʢʦʚʘ ɸ.ɺ., ɺ.ʊ. ɺʦʣʢʦʚʘ, ʃ.ʇ. ɺʦʣʢʦʪʨʫʙ, ʢ.ʤ.ʥ. 
ɹʦʱʝʥʢʦ ɺ.ʉ., ʢ.ʛ.-ʤ.ʥ. ɺ.ʂ. ɹʝʨʥʘʪʦʥʠʩʘ. 

ʉʯʠʪʘʶ ʩʚʦʠʤ ʜʦʣʛʦʤ ʦʪʤʝʪʠʪʴ ʦʩʦʙʝʥʥʫʶ ʨʦʣʴ ʘʢʘʜʝʤʠʢʘ ʅʠʢʦʣʘʷ ʇʘʚʣʦʚʠʯʘ 

ʖ ʢhʠʥʘ, ʦʢʘʟʘʚʰʝʛʦ ʥʝʦʮʝʥʠʤʫʶ ʧʦʜʜʝʨʞʢʫ ʚ ʨʘʟʚʠʪʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʤ  

ʩʦʠʩʢʘʪʝʣʝʤ. ɺ ʩʪʘʥʦʚʣʝʥʠʠ ʘʚʪʦʨʘ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʚʝʣʠʢʘ ʨʦʣʴ ɸʣʝʢʩʝʷ ɸʣʝʢʩʘʥʜʨʦ-

ʚʠʯʘ ʂʦʨʘʛʦ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʚʰʝʛʦ ʵʪʦ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɹʦʣʴʰʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʡ ʩʝʤʴʝ ʠ ʦʩʦʙʝʥʥʦ ʞʝʥʝ, ʄ.ʅ. ʇʦʣʠʝʥʢʦ, ʟʘ ʥʝʦʮʝʥʠ-

ʤʫʶ ʧʦʤʦʱʴ, ʧʦʥʠʤʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ. 

ʆʩʦʙʝʥʥʳʝ ʩʣʦʚʘ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʠ ʤʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ (ʧʨʠ ʧʦʜʛʦʪʦʚ-

ʢʝ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ) ʜʦʢʪʦʨʫ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ  

. 

 

ʉʪʨʫʢʪʫʨʘ ʘʚʪʦʨʝʬʝʨʘʪʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʦʛʣʘʩʥʦ ʟʘʱʠʱʘʝʤʳʤ ʧʦʣʦʞʝʥʠʷʤ. 

 

ɸʣʝʢʩʘʥʜʨʫ ɻʨʠʛʦʨʴʝʚʠʯʫ ɹʘʢʠʨʦʚʫ. 
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ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

 

ɺʦ ʚʚʝʜʝʥʠʠ ʠʟʣʦʞʝʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʫʨʦʣʠʪʦʚ ʚ 

ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ,  ʦʧʨʝʜʝ-

ʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʨʘʞʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘɦ ʠʪʫ.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʠʟʫʯʝʥʠʶ ʫʨʦʣʠʪʦʚ, ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʦʙʣʘʩʪʠ, ʦʙʲʝʢʪʘ ʠ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʘ ʠʩ-

ʪʦʨʠʷ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʣʠʪʦʚ, ʠʟʣʦ-

ʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʠʭ ʩʪʨʦʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ, ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ ʫʨʦʣʠʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʤʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝ-

ʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ;  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʨʠʪʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʫʨʦʣʠʪʦʚ (ʚ ʘʛʨʝ-

ʛʘʪʘʭ, ʩʬʝʨʦʣʠʪʘʭ ʠ ʢʨʠʩʪʘʣʣʘʭ). 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚ ʫʨʦʣʠʪʘʭ.  

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʚʷʟʴ ʩʦʩʪʘʚʘ ʫʨʦʣʠʪʦʚ ʩ ʠʩʪʦʨʠʷʤʠ ʙʦʣʝʟʥʠ ʧʘ-

ʮʠʥʥʪʦʚ. ʇʨʠʚʝʜʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʫʨʦʣʠʪʦʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ; ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʠʠ ʛʝʥʝʟʠʩʘ ʫʨʦ-

ʣʠʪʦʚ. ʀʟʣʦʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ ʚ ʤʠʨʝ, ʚ ʈʦʩʩʠʠ, 

ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʫʨʦʣʠʪʦʚ. 

 

ʇʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ 
 
çʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʠʜʦʚʦʛʦ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʫʨʦʣʠʪʳ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ (79%), ʨʝʞʝ ʦʪʤʝʯʝʥʳ ʧʦʣʠʤʠʥʝ-
ʨʘʣʴʥʳʝ (11%), ʤʦʯʝʢʠʩʣʳʝ (7%) ʠ ʬʦʩʬʘʪʥʳʝ (3%) ʫʨʦʣʠʪʳ. ɺ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤ-
ʧʣʷʨʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʙʝʣʢʦʚʳʝ ʫʨʦʣʠʪʳ (ʮʠʩʪʠʥʦʚʳʝ). ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 
ʨʘʟʣʠʯʘʶʪʩʷ ʫʨʦʣʠʪʳ: ʜʨʫʟʦʚʠʜʥʳʝ, ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ, ʢʦ-
ʨʘʣʣʦʚʠʜʥʳʝ, ʧʦʨʠʩʪʳʝ. ʇʦ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʳʜʝʣʝʥʳ: 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠ-ʟʝʨʥʠʩʪʳʝ, ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ, ʨʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʝ ʠ  ʢʦʤʙʠʥʠ-
ʨʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪ èr.  

 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ) ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʫʨʦʣʠʪʦʚ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʫʨʦʚʥʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ (ʦʙʨʘʱʘʝʤʦʩʪʠ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʦ ʧʦʚʦʜʫ ʄʂɹ). ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʫʨʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʚʣʝʯʝʥʳ ʠʟ ʤʦʯʝʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʫʨʦʣʠʪʳ ʩʣʦʞʝʥʳ ʤʠʥʝʨʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʤʝ-

ʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʘʛʨʝʛʘʪʦʚ, ʠʤʝʣʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʠ ʪʝʤ ʩʘʤʳʤ ʷʚʠʣʠʩʴ ʛʣʘʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʄʂɹ.  

ɸʚʪʦʨ ʦʪʜʘʸʪ ʩʝʙʝ ʦʪʯʸʪ ʚ ʪʦʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʨʝʜʠ ʞʠʪʝʣʝʡ ʦʙʣʘʩʪʠ, ʥʝ ʦʙʨʘ-

ʱʘʚʰʠʭʩʷ ʢ ʫʨʦʣʦʛʘʤ, ʚʦʟʤʦʞʥʦ ʠʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʠʧʦʚ ʫʨʦʣʠʪʦʚ ʠ ʥʝ ʠʩʢʣʶʯʝʥʳ 

ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʠʜʳ. 
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ɺ ʩʦʩʪʘʚʝ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ: ʦʢʩʘʣʘʪʥʳʝ, ʤʦʯʝʢʠʩ-

ʣʳʝ (ʫʨʘʪʥʳʝ), ʬʦʩʬʘʪʥʳʝ ʠ ʩʣʦʞʥʳʝ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 1).  

 

 
 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʤʠʥʝʨʘʣʴʥʳʤ ʚʠʜʘʤ  

 

ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʫʨʦʣʠʪʦʚ ʠʟʫʯʝʥʥʦʛʦ ʨʝʛʠʦʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʣʠʪʘʤʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ (ʪʘʙʣʠʮʘ 1). ʇʨʠ ʦʙʱʝʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʫʨʦʣʠ-

ʪʦʚ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʫʨʦʣʠʪʦʚ ʬʦʩʬʘʪʥʦʛʦ ʠ ʫʨʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʫ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1 
ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ, ʚ % 

ʄʠʥʝʨʘʣʴʥʘʷ 

ʛʨʫʧʧʘ 

ɼʘʥʥʳʝ ʆ.ɸ. ɻʦʣʦʚʘʥʦʚʦʡ, 2007 ʊʦʤʩʢʘʷ ʦʙ-

ʣʘʩʪʴ 

 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʆʤʩʢʠʡ ʨʝʛʠʦʥ 

 
ʅʦʚʦʩʠʙʠʨʩ- 

ʢʘʷ ʦʙʣʘʩʪʴ 

ʆʢʩʘʣʘʪ r 70,1 57,1 51,8 79,0 

ʌʦʩʬʘʪ r 23,0 32,4 39,6 3,0 

ʋʨʘʪʳ  3,4 10,5 8,6 7,0 

ʉʣʦʞʥʳʝ  ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʜʘʥʥʳʭ 11,0 

 

 ʀʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʨʦʣʠʪʦʚ ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 57% (545 

ʫʨʦʣʠʪʦʚ) ʦʪʤʝʯʝʥʳ ʫ ʤʫʞʯʠʥ ʠ 43% (407 ʫʨʦʣʠʪʦʚ) ï  ʫ ʞʝʥʱʠʥ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ 

ʩʦʩʪʘʚʫ ʧʨʝʦʙʣʘʜʘʶʪ ʫʨʦʣʠʪʳ ʦʢʩʘʪʥʦʡ ʛʨʫʧʧʳ ï 79%, ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʳ ï 3%, 

ʤʦʯʝʢʠʩʣʦʡ (ʫʨʘʪʥʦʡ) ï 7%, ʠ ʫʨʦʣʠʪʳ ʩʣʦʞʥʦʛʦ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ) ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ï 11% (ʪʘʙʣʠʮʘ 2 ʠ ʨʠʩ. 2).   
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ʊʘʙʣʠʮʘ 2  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʣʠʪʦʚ  ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ 

 

ʊʠʧ ʫʨʦʣʠʪʦʚ  ʄʫʞʯʠʥ  r ɾʝʥʠɦʥ  r ɺʩʝʛʦ 

ʆʢʩʘʣʘʪ r 337 214 760 (79%) 

ʌʦʩʬʘʪ r 58 43 16 (3%) 

ʋʨʘʪʳ 65 52 66 (7%) 

ʉʣʦʞʥʳʝ 85 98 110 (11%) 

ɺʩʝʛʦ 545 (57) 407 (43) 952 (100%)  

 

(100(100) 
 

 

ʈʠʩʫʥʦʢ 2.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʣʠʪʦʚ  ʞʠʪʝʣʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ  

ʤʠʥʝʨʘʣʴʥʳʤ ʚʠʜʘʤ (ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2) 

 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʫʨʦʣʠʪʦʚ ʚʳʧʦʣʥʝʥʦ ʨʝʥʪʛʝʥʦʩʪ-

ʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʝʨʘʣʦʚ, ʫʢʘʟʘʥʥʳʭ 

ʚ ʨʘʙʦʪʝ (ʌ.ɺ. ɿʫʟʫʢ, 2002). ʇʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʤʠʥʝʨʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʝ: ʦʧʪʠʯʝʩʢʠʡ ʟʥʘʢ, ʫʛʦʣ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ (2V), ʧʦʢʘ-

ʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ (Ng, Nm, Np) ï ʪʘʙʣʠʮʘ 3. 

 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ ʫʨʦʣʠʪʦʚ  (ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʪʘʙʣʠʮʳ, 

ɽ.ʀ. ʉʝʤʸʥʦʚ ʠ ʜʨ., çʅʝʜʨʘè, 1981) 

 ʊʘʙʣʠʮʘ 3 
ʅʘʟʚʘʥʠʝ 

ʤʠʥʝʨʘʣʘ 

ʆʧʪʠʯ. 

ʟʥʘʢ 

ʋʛʦʣ ʦʧʪʠʯ. 

ʦʩʝʡ 

ɺʝʣʠʯʠʥʘ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ 

Ng Nm Np 

ʋʵʚʝʣʣʠʪ 

 
+ ɼʚʫʦʩʥ. 

 
1,650 1,555 1,490 

ʋʵʜʜʝʣʣʠʪ 

 
+ ʆʜʥʦʦʩʥ. 11,544 11,523  

ʅʴʶʙʝʨʠʠʪ 

 
+ ɼʚʫʦʩʥ. 

 
11,533 11,514 1,518 

ʉʪʨʫʚʠʪ 

 
+ ɼʚʫʦʩʥ. 

 
11,504 11,495 11,496 

ɹʨʫʰʠʪ 

 
+ ɼʚʫʦʩʥ. 11,551 11,539 11,546 

ɺʠʪʣʦʢʠʪ ï ʆʜʥʦʦʩʥ. 11,029 11,626  
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ɺʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʠ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʅʎ 

ʋʨʆ ʈɸʅ (ʛ. ʉʳʢʪʳʚʢʘʨ), ʆʆʆ çʂʦʤʠʪʘè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʆɸʆ çʊʦʤʩʢʅʀʇʀ-

ʥʝʬʪʴè (ʛ. ʊʦʤʩʢ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʢʘʢ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʡ 

ʬʘʟʳ (ʫʵʚʝʣʣʠʪ, ʫʵʜʜʝʣʣʠʪ), ʪʘʢ ʠ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʡ (ʩʦʚʤʝʩʪʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʤʠʥʝʨʘʣʦʚ 

ʦʢʩʘʣʘʪʘ ʢʘʣʴʮʠʷ, ʬʦʩʬʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʫʨʘʪʦʚ). 

ʄʠʥʝʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʨʦʣʠʪʦʚ ʨʘʟʥʦʦʙʨʘʟʥʘ. ʉʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʦʢ-

ʩʘʣʘʪʳ, ʬʦʩʬʘʪʳ, ʫʨʘʪʳ, ʚ ʝʜʠʥʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʠʟʫʯʝʥ ʮʠʩʪʠʥ. 

ʉʨʝʜʠ ʦʢʩʘʣʘʪʦʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʫʵʚʝʣʣʠʪ ʠ ʫʵʜʜʝʣʣʠʪ.  

ʋʵʚʝʣʣʠʪ (ʉʘʉ2ʆ4Āʅ2ʆ) ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʤʦʥʦʢʣʠʥ-

ʥʳʭ ʧʨʠʟʤ {110} ʠ {011}, ʠʟʨʝʜʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʠʥʘʢʦʠʜʦʤ. ʈʘʟʤʝʨʳ ʦʪʜʝʣʴʥʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ ʫʵʚʝʣʣʠʪʘ ʜʦʩʪʠʛʘʶʪ 2 ʤʤ ʧʦ ʫʜʣʠʥʝʥʠʶ. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʘʪʦʯ-

ʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʚʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʚʫʢʨʫʞʥʦʤ ʦʪʨʘʞʘʪʝʣʴʥʦʤ 

ʛʦʥʠʦʤʝʪʨʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ ʠ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʫʵʚʝʣʣʠʪʘ. 

ʋʵʜʜʝʣʣʠʪ (ʉʘʉ2ʆ4Ā2ʅ2ʆ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʢʦʤʙʠʥʘʮʠʝʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʜʠʧʠʨʘʤʠʜʳ ʠ ʧʠʥʘʢʦʠʜʘ.. 

ɺ ʩʧʝʢʪʨʘʭ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʫʨʦʣʠʪʦʚ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʦʜʥʦʚʦʜʥʦʤʫ ʦʢʩʘʣʘʪʫ (2), ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʧʠʢʘʤʠ ʜʚʫʚʦʜʥʦʛʦ (1) ï ʨʠʩ. 3. 

  

 
ʈʠʩʫʥʦʢ  3.  ʉʧʝʢʪʨʳ ʤʠʥʝʨʘʣʦʚ ʠʟ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ (ʫʵʜʜʝʣʣʠʪ ï 40%, ʫɻ ʚʝʣʣʠʪ ï 

60%.) ʉʲʸʤʢʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Ultima IV (ʘʥʘʣʠʪʠʢ ʐʘʣ-

ʜʳʙʠʥ ʄ.ɺ.) 

 

ʉʨʝʜʠ ʬʦʩʬʘʪʥʦʡ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʦʚ (ʨʠʩ. 4) ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʘʧʘʪʠʪ 

Ca5(PO4)3(OH).  ɺ  ʷʩʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʯʘʱʝ ʚʩʝʛʦ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʢʘʢ ʢʨʠʧʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʠʥʝʨʘʣ (ʢʦʣʣʦʬʘʥ). ʇʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦ-
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ʩʢʦʧʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʥ ʦʙʨʘʟʫʝʪ ʛʝʣʝʦʙʨʘʟʥʳʝ ʰʘʨʠʢʦʧʦʜʦʙʥʳʝ ʘʛʨʝʛʘʪʳ ʜʠʘʤʝʪʨʦʤ 

1-2 ʤʢʤ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʘʧʘʪʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ, ʦʥ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʯʘʡʰʠʭ ʧʣʘʩʪʠʥʦʢ ʠʣʠ ʠʛʣʦʧʦʜʦʙʥʳʭ ʢʨʠʩʪʘʣʣʠʢʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 

1ʭ10 ʤʢʤ.  

ɻʠʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 

ʈʝʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʫʚʠʪ (MgNH 4PO4
.
6H2O). ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʭʦʨʦʰʦ ʦʙʨʘʟʦ-

ʚʘʥʥʳʭ ʠʟʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʜʣʠʥʦʡ 50-

200 ʤʢʤ ʠ ʨʝʞʝ ʚ ʚʠʜʝ ʛʝʣʝʦʙʨʘʟʥʳʭ ʤʘʩʩ ʩ ʨʘʢʦʚʠʩʪʳʤ ʙʝʩʬʦʨʤʝʥʥʳʤ ʨʝʣʴʝʬʦʤ.  

ɺʠʪʣʦʢʠʪ Ca3(PO4)2 ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ. ʆʥ ʦʙʨʘʟʫʝʪ ʪʦʥʢʠʝ ʜʠʩʢʦ-

ʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʨʘʟʨʘʩʪʘʥʠʠ ʜʘʶʪ ʙʝʩʬʦʨʤʝʥʥʳʝ ʩʧʫʪʘʥʥʦ-

ʚʦʣʦʢʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ.  

ɹʨʫʰʠʪ (CaHPO4
.
2H2O) ʦʙʨʘʟʫʝʪ ʩʪʦʣʙʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʨʘʟʨʘʩʪʘʶʱʠʝʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʧʦ ʨʘʜʠʫʩʘʤ ʦʪ ʮʝʥʪʨʘ ʫʨʦʣʠʪʘ.  

ʅʴʶʙʝʨʠʠʪ (MgHPO4
.
3ʅ2ʆ) ʦʙʨʘʟʫʝʪ ʤʝʣʴʯʘʡʰʠʝ ʟʚʝʟʜʯʘʪʳʝ ʘʛʨʝʛʘʪʳ, ʩʦʩʪʦʷ-

ʱʠʝ ʠʟ ʪʦʥʯʘʡʰʠʭ ʠʛʣ. ɸʛʨʝʛʘʪʳ ʯʘʩʪʦ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩʮʝʧʣʷʷʩʴ ʧʦʜʦʙʥʦ 

ʨʝʧʝʡʥʠʢʫ.  

 

 

ʈʠʩʫʥʦʢ 4.   ʉʧʝʢʪʨʳ ʤʠʥʝʨʘʣʦʚ ʠʟ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ (ʢʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ ï 35%, 

ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ ï 35%, ʩʪʨʫʚʠʪ ï 10%, ʫʵʚʝʣʣʠʪ ï 20%). ʉʲʸʤʢʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Ultima IV (ʘʥʘʣʠʪʠʢ ʐʘʣʜʳʙʠʥ ʄ.ɺ.) 
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ʋʨʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝʸ ʜʠʛʠʜʨʘʪʦʤ. 

ʄʦʯʝʚʘʷ ʢʠʩʣʦʪʘ C5H4N4O3 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʞʸʣʪʦʛʦ 

ʠ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʦʙʨʘʟʫʶʱʠʭ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʝ ʘʛʨʝʛʘʪʳ. ʆʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʝ-

ʨʝʜʢʦ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢʘʤʥʷ ʜʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʩʧʝʢʪʨʘʭ ʫʨʦʣʠʪʦʚ ʫʨʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʝ (1), ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʧʠʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʛʠʜʨʘʪʫ ʤʦʯʝʚʦʡ 

ʢʠʩʣʦʪʳ (2) ï ʨʠʩ. 5. 

 

 

ʈʠʩʫʥʦʢ 5.   ʉʧʝʢʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ. ʉʲʸʤʢʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Ultima IV(ʘʥʘʣʠʪʠʢ ʐʘʣʜʳʙʠʥ ʄ.ɺ.) 

  

 

ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʪʠʧʦʚ ʫʨʦʣʠʪʦʚ.  

ʋʨʦʣʠʪʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʜʨʫʟʦʚʠʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 6), ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʫʶ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ɺ ʰʣʠʬʘʭ ʦʪʤʝʯʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʦʢ-

ʩʘʣʘʪʦʚ ʦʪ ʮʝʥʪʨʘ ʫʨʦʣʠʪʘ ʧʦ ʨʘʜʠʫʩʘʤ ʢ ʧʝʨʠʬʝʨʠʠ. ʄʝʣʴʯʘʡʰʠʝ ʢʨʠʩʪʘʣʣʳ ʥʘʨʘʩʪʘʶʪ 

ʥʘ ʨʝʙʨʘʭ ʠ ʚʝʨʰʠʥʘʭ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʘʚʘʷ ʥʘʯʘʣʦ ʜʝʥʜʨʠʪʦʦʙʨʘʟʦʚʘʥʠʶ; ʨʝʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʨʘʩʪʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʦʡʥʠʢʦʚ. ʅʝʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʳ 

ʥʝʩʫʪ ʥʘ ʩʝʙʝ ʩʣʝʜʳ ʨʘʩʪʚʦʨʝʥʠʷ (ʦʢʨʫʛʣʳʝ ʚʝʨʰʠʥʳ, ʩʛʣʘʞʝʥʥʳʝ ʨʝʙʨʘ). 

ʋʨʦʣʠʪʳ ʚʪʦʨʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ çʧʦʯʢʦʚʠʜʥʦʡè, ʙʫʛʦʨʯʘʪʦʡ (ʨʠʩ. 7) ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ. ʈʘʟʤʝʨ ʦʪʜʝʣʴʥʳʭ çʧʦʯʝʢè ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ ï ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦ-

ʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ ʚ ʧʦʧʝʨʝʯʥʠʢʝ.  

ʊʨʝʪʠʡ ʪʠʧ ʫʨʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʧʨʠʟʥʘʢʦʚ ʤʦʨʬʦʣʦʛʠʠ ʫʨʦʣʠ-

ʪʦʚ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ, ʠ ʪʘʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʥʘʟʚʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ (ʨʠʩ. 8). ʇʦʚʝʨʭ-

ʥʦʩʪʴ ʫʨʦʣʠʪʦʚ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʘ ʠʥʪʝʥʩʠʚʥʦ ʠʟʨʝʟʘʥʥʘʷ, ʙʫʭʪʦʦʙʨʘʟʥʘʷ (ʨʠʩ. 9). ʋʨʦ-

ʣʠʪʳ ʧʷʪʦʛʦ ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʨʘʣʣʦʚʠʜʥʳʤ (ʨʠʩ. 10), ʦʙʣʘʜʘʶʪ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦ-
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ʩʪʴʶ, ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʪʨʦʩʪʢʦʚ. ʋʨʦʣʠʪʳ ʰʝʩʪʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʩʛʣʘ-

ʞʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 11). 

 

 
ʈʠʩʫʥʦʢ 6. ɼʨʫʟʦʚʠʜʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʫʨʦʣʠʪʘ 

ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

 
ʈʠʩʫʥʦʢ 7. ʄʠʢʨʦʩʬʝʨʦʣʠʪʦʚʘʷ  ʤʦʨʬʦʣʦʛʠʷ 

ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

 

 
ʈʠʩʫʥʦʢ 8. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

 
ʈʠʩʫʥʦʢ 9. ʀʥʪʝʥʩʠʚʥʦ ʠʟʨʝʟʘʥʥʘʷ, 

ʙʫʭʪʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʨʦʣʠʪʘ 

ʬʦʩʬʘʪʥʦ-ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

   

   

 
ʈʠʩʫʥʦʢ 10. ʂʦʨʘʣʣʦʚʠʜʥʘʷ ʬʦʨʤʘ  

ʫʨʦʣʠʪʘ ʬʦʩʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

 
ʈʠʩʫʥʦʢ 11. ʉʛʣʘʞʝʥʥʘʷ (çʧʦʣʠʨʦʚʘʥʥʘʷè) 

ʧʦʚʝʨʭʥʦʩʪʴ ʫʨʦʣʠʪʘ ʫʨʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 
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ʇʦ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʝ ʫʨʦʣʠʪʦʚ ʨʘʟʥʦʦʙʨʘʟʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ 

ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʠʥʜʠʚʠʜʦʚ, ʩʣʘʛʘʶʱʠʭ ʘʛʨʝʛʘʪʳ. ʂʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠ-ʟʝʨʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ ʫʨʦʣʠʪʳ (ʨʠʩ. 12), ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʢʩʘʣʘʪʦʚ ʠ ʨʝʞʝ ʬʦʩ-

ʬʘʪʦʚ ʠ ʫʨʘʪʦʚ. ʏʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 13).  

ʅʝʨʝʜʢʦ ʚ ̫ʜʨʝ ʫʨʦʣʠʪʘ ʦʪʤʝʯʘʶʪʩʷ ʩʬʝʨʦʣʠʪʳ ʠ ʢʨʠʩʪʘʣʣʳ ʫʵʜʜʝʣʣʠʪʘ. ɺʦʢʨʫʛ 

ʮʝʥʪʨʘ (ʷʜʨʘ) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʩʣʦʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʝʨʝʜʦʚʘʥʠʝʤ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʦʜʥʦʤ ʫʨʦʣʠʪʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʩʬʝʨʦʣʠʪʳ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʨʘʮʠʡ. ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʫʨʦʣʠʪʘʭ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʙʠʥʘʮʠʝʡ 

ʜʝʥʜʨʠʪʦʚʠʜʥʳʭ ʠ ʨʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʨʠʩ. 14ï17).  

 

 
ʈʠʩʫʥʦʢ 12. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠ-ʟʝʨʥʠʩʪʘʷ 

 ʩʪʨʫʢʪʫʨʘ ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ 

 ʩʦʩʪʘʚʘ. ʐʣʠʬ. ʅʠʢʦʣʠ + 

 
ʈʠʩʫʥʦʢ 13. ɼʝʥʜʨʠʪʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ 

 ʫʨʦʣʠʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʝʧʦʯʢʦʡ  

ʢʨʠʩʪʘʣʣʦʚ ʫʵʚʝʣʣʠʪʘ. ʐʣʠʬ. ʅʠʢʦʣʠ + 

 

 
ʈʠʩʫʥʦʢ 14. ʈʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʫʨʦʣʠʪʘ ʤʦʯʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ.  

ʐʣʠʬ. ʅʠʢʦʣʠ || 

 
ʈʠʩʫʥʦʢ 15. ʈʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʘʷ  

ʩʪʨʫʢʪʫʨʘ ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʐʣʠʬ. ʅʠʢʦʣʠ + 

 
ʈʠʩʫʥʦʢ 16. ɼʝʥʜʨʠʪʦʚʠʜʥʘʷ ʠ ʨʠʪʤʠʯʝʩʢʠ-

ʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʐʣʠʬ. ʅʠʢʦʣʠ + 

 
ʈʠʩʫʥʦʢ 17. ʈʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʐʣʠʬ. ʅʠʢʦʣʠ + 
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ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʫʨʦʣʠʪʦʚ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʜʚʫʭ ʢʨʫʧʥʳʭ ʦʙʣʘʩʪʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ (ʛʦʨʦʜʘʭ ʊʦʤʩʢ ʠ ʉʝʚʝʨʩʢ), ʛʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʪʝʣʝʡ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʚ ʨʘʡʦʥʘʭ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʠʟ 456 ʧʘʮʠʝʥʪʦʚ ʤʫʞʯʠʥʳ ʩʦʩʪʘʚʠʣʠ 

61%, ʞʝʥɦ ʠʥʳ ï 39% (ʪʘʙʣʠʮʘ 4). 
 

ʋʨʦʣʠʪʳ ʞʠʪʝʣʝʡ ʛ. ʊʦʤʩʢʘ ʠ ʛ. ʉʝʚʝʨʩʢʘ 

ʆʂʉɸʃɸʊʓ                                                                                        ʊʘʙʣʠʮʘ 4     

 

 

 

ʇʘʮʠʝʥʪʳ  ʋʨʦʣʠʪʳ ʦʢʩʘʣʘʪʥʦʛʦ  ʩʦʩʪʘʚʘ 

ɺ ʪʦʤ ʯʠʩʣʝ  ʄʦʨʬʦʣʦʛʠʷ ʉʪʨʫʢʪʫʨʘ 
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ʛ. ʊʦʤʩʢ 343 212 131 343 68/20 120/35 154/45 79/23 103/30 161/47 

ʛ. ʉʝʚʝʨʩʢ 83 50 33 83 18/21 29/35 36/44 19/23 25/30 39/47 

ʈʘʡʦʥʳ  30 17 13 30 10/33 8/26 12/41 10/33 10/33 10/34 

ɺʉɽɻʆ 456 279 177 456 96/21 157/34 202/44 108/23 138/30 210/47 

ʇʨʠʤʝʯʘʥʠʝ:  ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʨʬʦʣʦʛʠʠ  ʠ ʩʪʨʫʢʪʫʨʳ ʫʨʦʣʠʪʦʚ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: 

ɸ. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʨʬʦʣʦʛʠʠ: 

ʛ. ʊʦʤʩʢ:    ʉʬʝʨʦʣʠʪʦʚʘʷ ï 20% , ʜʨʫʟʦʚʠʜʥʘʷ ï35%, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï 45%. 

ʛ. ʉʝʚʝʨʩʢ: ʉʬʝʨʦʣʠʪʦʚʘʷ ï 21% , ʜʨʫʟʦʚʠʜʥʘʷ ï35%, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï 44%. 

ʈʘʡʦʥʳ:     ʉʬʝʨʦʣʠʪʦʚʘʷ ï 33% , ʜʨʫʟʦʚʠʜʥʘʷ ï26%, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï 41%. 

ɹ. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʫʢʪʫʨʳ: 

ʛ. ʊʦʤʩʢ:    ɿʦʥʘʣʴʥʘʷ ï 23% , ʟʝʨʥʠʩʪʘʷ ï30%, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï 47%. 

ʛ. ʉʝʚʝʨʩʢ: ɿʦʥʘʣʴʥʘʷ ï 23% , ʟʝʨʥʠʩʪʘʷ ï30%, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï 47%. 

ʈʘʡʦʥʳ:     ɿʦʥʘʣʴʥʘʷ ï 33% , ʟʝʨʥʠʩʪʘʷ ï33%, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï 34%. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʫʵʚʝʣʣʠʪʘ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʈʕʄï200 ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʠʢʨʦʨʝʣʴʝʬʝ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ.  

ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʛʨʘʥʝʡ ʠ ʨʸʙʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʯʝʪʣʠʚʳʝ ʩʣʝʜʳ ʨʘʩʪʚʦ-

ʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʷʤʢʠ ʪʨʘʚʣʝʥʠʷ. ɺ ʤʝʩʪʘʭ ʩʦʯʣʝʥʝʥʠʷ ʛʨʘʥʝʡ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʨʦʩʪʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʠʜʝ ʰʪʨʠʭʦʚ (ʚʳʩʪʫʧʦʚ ʠ ʚʧʘʜʠʥ) ï  

ʨʠʩʫʥʢʠ 18ï21.  
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ʈʠʩʫʥʦʢ 18. ʉʫʙʲʠʥʜʠʚʠʜʳ (1 ʠ 2) ʥʘ ʛʨʘʥʠ 

ʢʨʠʩʪʘʣʣʘ ʫʵʚʝʣʣʠʪʘ. ʉʥʠʤʦʢ ʥʘ ʈʕʄ-200 

 

 
ʈʠʩʫʥʦʢ 19. ʌʨʘʛʤʝʥʪ ʩʦʚʤʝʩʪʥʦʛʦ ʨʦʩʪʘ 

ʩʫʙʠʥʜʠʚʠʜʦʚ 1 ʠ 2. ʉʥʠʤʦʢ ʥʘ ʈʕʄ-200 

 
ʈʠʩʫʥʦʢ 20. ʐʪʨʠʭʠ ʨʝʣʴʝʬʘ (1ïʚʳʩ-

ʪʫʧʳ, 2ï ʚʧʘʜʠʥʳ) ʥʘ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ 

ʫʵʚʝʣʣʠʪʘ. ʉʥʠʤʦʢ ʥʘ ʈʕʄ-200 

 
ʈʠʩʫʥʦʢ 21. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʝ  ʬʦʨʤʳ ʨʦʩʪʘ ʥʘ ʛʨʘʥʠ ʢʨʠ-

ʩʪʘʣʣʘ ʫʵʚʝʣʣʠʪʘ. ʉʥʠʤʦʢ ʥʘ ʈʕʄ-200 

 

 

ɺʪʦʨʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ 
 

            çɺʳʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʣʠʪʦʚ: ʷʜʨʦ, ʩʣʦʡ, ʟʦ-
ʥʘ, ʨʠʪʤ (ʛʨʫʧʧʘ ʦʜʥʦʨʦʜʥʳʭ ʙʠʦʤʠʥʝʨʘʣʴʥʳʭ ʟʦʥ). ɺ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʦʚ 
ʩʣʦʠ ʦʢʩʘʣʘʪʥʦ-ʫʨʘʪʥʦʛʦ, ʫʨʘʪʥʦʛʦ, ʬʦʩʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʯʝʨʝʜʫʶʪʩʷ ʩʦ ʩʣʦʷ-
ʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʙʝʣʢʘʤʠ, ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ, 
ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʘʤʠ), ʬʦʨʤʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʙʠʦʤʠʥʝʨʘʣʴʥʳʝ ʨʠʪʤʳ. ʆʪʤʝ-
ʯʝʥʥʳʝ ʧʝʨʝʨʳʚʳ ʚ ʨʦʩʪʝ ʫʨʦʣʠʪʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʭ ʯʘʩʪʠʯʥʳʤ ʨʘʩʪʚʦ-
ʨʝʥʠʝʤ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʩʪʚʦʨʝʥʠʶ ʫʨʦʣʠʪʦʚ.  ʈʘʩ-
ʩʯʠʪʘʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʨʠʪʤʳ ʟʦʥʘʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʪʦʯʥʳʤ, ʧʦʣʫ-
ʤʝʩʷʯʥʳʤ, ʩʝʟʦʥʥʳʤ ʧʝʨʠʦʜʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʣʠʪʦʚè. 

 

ɺʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ rʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʨʦʣʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪ-

ʯʸʪʣʠʚʦ ʧʨʦʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʨʠʪʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʀʟʫʯʝʥʘ ʨʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴ-

ʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʫʨʦʣʠʪʦʚ ʚ ʮʝʣʦʤ), ʘ ʪʘʢʞʝ ʩʬʝʨʦʣʠʪʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʘ-

ʣʘʪʦʚ ʢʘʣʴʮʠʷ. 

 ɺ ʫʨʦʣʠʪʘʭ ʩ ʟʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ.22ï27) ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 

ʚ ʠʭ ʩʪʨʦʝʥʠʠ: ʷʜʨʦ, ʩʣʦʡ, ʟʦʥʘ, ʨʠʪʤ. 

ʗʜʨʦʤ ʫʨʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʛʫʩʪʢʦʤ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʣʠʙʦ ʩʢʦʧʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʟʝʨʝʥ.  

ʉʣʦʡ ʫʨʦʣʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʛʦ ʯʘʩʪʴ, ʦʜʥʦʨʦʜʥʫʶ ʧʦ ʩʦʩʪʘʚʫ, ʦʢʨʘʩʢʝ ʠ 

ʠʤʝʶʱʫʶ ʯʝʪʢʠʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʦʱʥʦʩʪʴ ʩʣʦʝʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,1 ʤʢʤ 

ʜʦ 1 ʤʤ. ʇʦ ʩʦʩʪʘʚʫ ʩʣʦʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʙʦ ʤʠʥʝʨʘʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʣʠʙʦ ʦʨʛʘʥʠʯʝ-

ʩʢʠʤ, ʣʠʙʦ ʪʝʤ ʠ ʜʨʫʛʠʤ ʚʤʝʩʪʝ. ʉʣʦʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʛʨʫʧʧʳ ʯʠʩʣʦʤ ʦʪ 2 ʜʦ 8 ʩʣʦʝʚ.  
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ɿʦʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʘ ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʧʧʳ ʩʣʦʸʚ ʠ ʦʛʨʘʥʠʯʝʥʘ ʩ ʜʚʫʭ ʩʪʦʨʦʥ 

ʩʣʦʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʈʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʧʧʳ ʟʦʥ ʠ ʦʛʨʘʥʠʯʝʥ ʩʣʦʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʜʠʥ 

ʨʠʪʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚ ʩʨʝʜʥʝʤ ʜʦ 4-ʭ ʟʦʥ (ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʦʪ 2 ʜʦ 5). 

 

 
ʈʠʩʫʥʦʢ 22. ʈʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ  

ʚ ʫʨʦʣʠʪʝ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʐʣʠʬ. ʅʠʢʦʣʠ + 

 

 
ʈʠʩʫʥʦʢ 23.  ʈʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ  

ʚ ʫʨʦʣʠʪʝ ʤʦʯʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. 

 ʐʣʠʬ. ʅʠʢʦʣʠ ||.  

 
ʈʠʩʫʥʦʢ 24. ʈʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ  

ʩʬʝʨʦʣʠʪʦʚ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

 ʐʣʠʬ. ʅʠʢʦʣʠ + 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 25. ʊʦʥʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʫʨʦʣʠʪʝ 

 ʤʦʯʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʐʣʠʬ. ʅʠʢʦʣʠ + 

 

 
ʈʠʩʫʥʦʢ 26. ʊʦʥʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʫʨʦʣʠʪʝ ʤʦ-

ʯʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʐʣʠʬ. ʅʠʢʦʣʠ + 

 

 

 ʈʠʩʫʥʦʢ 27. ʈʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ 

 ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʫʨʦʣʠʪʘ  

ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʦʢʩʘʣʘʪʥʦ- 

ʫʨʘʪʥʦʛʦ). ʐʣʠʬ. ʅʠʢʦʣʠ + 

 

ʀʟʫʯʝʥʠʝ ʨʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʫʨʦʣʠʪʦʚ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʦʧʨʝʜʝʣʠʪʴ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʩʬʝʨʦʣʠʪʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʨʠʪʤʠʯʥʦ-

ʩʪʠ ʫʨʦʣʠʪʦʚ ʩ ʙʠʦʨʠʪʤʘʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ.  
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ʈʠʪʤʠʯʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʭʦʨʦʰʦ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʚ ʫʨʦʣʠʪʘʭ, ʚʨʝʤʷ ʨʦʩʪʘ ʢʦʪʦ-

ʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʩ ʤʦʤʝʥʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʫʨʦʣʠʪʘ ʚ 

ʤʦʯʝʚʦʡ ʩʠʩʪʝʤʝ ʠ ʜʦ ʝʛʦ ʫʜʘʣʝʥʠʷ (ʨʠʩ.28, 29). ʀʟʫʯʝʥʠʝ ʟʦʥʘʣʴʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦ-

ʣʠʪʦʚ ʠʟ ʦʜʥʦʡ ʧʦʯʢʠ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʫʨʦʣʠʪʘ. ʇʨʠ 

ʫʩʣʦʚʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʦʩʪʘ ʫʨʦʣʠʪ ʫʚʝʣʠʯʠʚʘʣʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 0,03 ʤʤ ʚ ʜʝʥʴ, ʘ ʚ ʦʩʝʥ-

ʥʠʡ ʧʝʨʠʦʜ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʣʘ 0,06 ʤʤ ʚ ʜʝʥʴ. 

 

 
ʈʠʩʫʥʦʢ 28. ʈʠʪʤʠʯʥʦʩʪʴ ʜʚʫʭ  

ʫʨʦʣʠʪʦʚ, ʫʜʘʣʸʥʥʳʭ ʠʟ ʦʜʥʦʡ  

ʧʦʯʢʠ. ʉʦʩʪʘʚ ʫʨʦʣʠʪʦʚ ï ʦʢʩʘʣʘʪʥʳʡ    

 
ʈʠʩʫʥʦʢ 29. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʥʳʭ ʨʠʪʤʦʚ  

ʫʨʦʣʠʪʘ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ  

(ʬʨʘʛʤʝʥʪ ʨʠʩʫʥʢʘ 28) 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʦʥʘʣʴʥʦʩʪʠ ʫʨʦʣʠʪʦʚ ʥʘʤʠ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʣʠʪʦʚ ʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘ-

ʥʠʟʤʘ, ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʨʛʘʥʘʭ, ʘ ʪʘʢʞʝ ʦʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝ-

ʨʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʠʣʠ ʱʝʣʦʯʥʦʩʪʠ ʤʦʯʠ. çé ʅʘʫʢʘ ʨʘʩʧʦʣʘʛʘʝʪ ʜʘʥ-

ʥʳʤʠ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚ ʪʢʘʥʷʭ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠʟʤʝʥʷʝʪʩʷ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʝ ʨʘʚʥʦ-

ʚʝʩʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʩʨʝʜʘ ʦʨʛʘʥʠʟʤʘ ʚ ʧʝʨʠʦʜ ʩ 3 ʜʦ 15 ʯʘʩʦʚ ʥʘʭʦʜʠʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʠʩʣʦʡ ʬʘʟʝ, ʘ ʩ 15 ʜʦ 3 ʯʘʩʦʚ ï ʚ ʱʝʣʦʯʥʦʡ ʬʘʟʝè (ʅ.ɸ. ɸʛʘʜʞʘ-

ʥʷʥ,1975, ʉ. 21). 

ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʟʦʥʘʣʴʥʦʩʪʠ (ʩʣʦʠ-

ʩʪʦʩʪʠ) ʫʨʦʣʠʪʦʚ ʩ ʙʠʦʨʠʪʤʘʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʋʨʦʣʠʪʳ, ʠʤʝʶʱʠʝ ʨʠʪʤʠʯʝʩʢʠ 

ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ (ʩʣʦʠ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʝʜʫʶʪʩʷ ʣʠʙʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʣʠʙʦ ʩʦ ʩʣʦʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʣʠ ʬʦʩʬʦʨʥʦʡ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪ ʚ ʫʨʦʣʠʪʘʭ ʦʪʣʘʛʘʶʪʩʷ ʚ ʨʘʟ-
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ʣʠʯʥʦʡ ʩʨʝʜʝ: ʪʘʢ, ʩʦʣʠ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚʳʧʘʜʘʶʪ ʪʦʣʴʢʦ ʧʨʠ ʱʝʣʦʯʥʦʡ ʨʝʘʢ-

ʮʠʠ ʤʦʯʠ, ʘ ʩʦʣʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ï ʧʨʠ ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʤʦʯʠ. ʀʟʫʯʝʥʠʝ ʟʦʥʘʣʴʥʦʩʪʠ 

ʫʨʦʣʠʪʦʚ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʘʤʳʝ ʤʝʣʴʯʘʡʰʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʝʜʠʥʠʮʳ ʫʨʦʣʠʪʘ (ʩʣʦʠ) ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʫʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʩʝʥʴʶ ʫ ʯʝʣʦʚʝʢʘ ʧʦʚʳʰʘʝʪʩʷ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ 

ʦʙʱʠʡ ʪʦʥʫʩ ʦʨʛʘʥʠʟʤʘ, ʫʩʠʣʠʚʘʶʪʩʷ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʲʝʤ ʞʠʟ-

ʥʝʥʥʳʭ ʬʫʥʢʮʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʪʤʝʯʘʝʤʦʝ ʫʩʠʣʝʥʠʝ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪʨʘʞʘʝʪʩʷ 

ʪʘʢʞʝ ʠ ʥʘ ʫʩʠʣʝʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʚ ʤʦʯʝʚʦʡ ʩʠʩʪʝʤʝ. ʉʫʪʦʯʥʳʝ ʨʠʪʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ (ʙʠʦʨʠʪʤʳ) ʢʠʩʣʦʪʥʦ-

ʱʝʣʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʠʪʤʠʯʝʩʢʦʤʫ ʦʪʣʦʞʝʥʠʶ ʩʣʦʝʚ ʨʘʟʣʠʯʥʦ-

ʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʪʦʯʥʳʤ ʨʠʪʤʘʤ 

ʢʦʣʝʙʘʥʠʷ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʚʘ ʩʣʦʷ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʫʨʦʣʠʪʘ (ʦʢʩʘʣʘʪʥʦʛʦ, ʤʦʯʝʢʠʩʣʦʛʦ ʠʣʠ ʬʦʩʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ), ʨʘʟʜʝʣʸʥʥʳʭ ʪʦʥʯʘʡ-

ʰʠʤ ʩʣʦʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɿʦʥ,r ʦʙʲʝʜʠʥʷʶʱʠʝ ʛʨʫʧʧʫ ʩʣʦʝʚ, ʤʦʛʫʪ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʙʠʦʨʠʪʤʘʤ ʤʝʩʷʯʥʳʤ, ʚʦʟʤʦʞʥʦ, ʠ ʩʝʟʦʥʥʳʤ, ʘ ʩʪʨʫʢʪʫʨʥʳʝ ʨʠʪʤʳ ʚ ʩʪʨʦʝ-

ʥʠʠ ʫʨʦʣʠʪʘ ï ʩʝʟʦʥʘʤ ʛʦʜʘ. 

ʅʘʰʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʠʪʤʘ ʟʦʥʳ ʯʝʨʝ-

ʜʫʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʯʝʨʝʟ 15,5 ʩʫʪʦʢ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʫʤʝʩʷʯʥʦʤ ʨʠʪʤʝ 

ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʫʨʦʣʠʪʝ (ʢʨʦʤʝ ʤʝʩʷʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʨʠʪʤʦʚ).  

ʀʟʫʯʝʥʠʝ ʨʠʪʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʩʬʝʨʦʣʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʚʦʩ-

ʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʩʪʘʜʠʡʥʦʩʪʴ) ʚ ʠʭ ʨʘʟʚʠʪʠʠ (ʨʠʩ. 30ï33). 

 

 

 

 
ʈʠʩʫʥʦʢ 30. ʉʦʚʤʝʩʪʥʳʡ ʨʦʩʪ ʛʨʫʧʧʳ 

ʩʬʝʨʦʣʠʪʦʚ ʦʢʩʘʣʘʪʥʦʛʦ ʩʦʩʪʘʚʘ (ɸ, ɹ, ɺ) ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ. ʉʬʝʨʦʣʠʪ 

ɹ ʦʩʪʘʥʦʚʣʝʥ ʚ ʨʘʟʚʠʪʠʠ ʨʘʩʪʫʱʠʤʠ ʩ ʙʦʣʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ʩʬʝʨʦʣʠʪʘʤʠ ɸ ʠ ɺ. 

 
ʈʠʩʫʥʦʢ 31. ɿʘʨʠʩʦʚʢʘ ʫʨʦʣʠʪʘ 

ʤʦʯʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʥʝʩʢʦʣʴʢʠʭ 

ʛʝʥʝʨʘʮʠʡ. ɸ,ɹ,ɺ,ɻï ʩʬʝʨʦʣʠʪʳ ʦʜʥʦʡ 

ʛʝʥʝʨʘʮʠʠ; ɼ ï ʩʬʝʨʦʣʠʪ ʜʨʫʛʦʡ 

ʛʝʥʝʨʘʮʠʠ.   
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ʈʠʩʫʥʦʢ 32. ɿʘʨʠʩʦʚʢʘ ʨʦʩʪʘ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ 
ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ: ɸ ï ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ; ɹ ï 

ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ 

 
ʈʠʩʫʥʦʢ 33. ʇʨʠʤʝʨ ʟʘʨʦʞʜʝʥʠʷ ʠ ʩʦ-

ʚʤʝʩʪʥʦʛʦ ʨʦʩʪʘ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ 

 

 

 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʦʢʩʘʣʘʪʦʚ ʢʘʣʴʮʠʷ ʦʪʯʸʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʨʠʪʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴ-

ʥʦʩʪʴ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʩʣʦʸʚ ʠ ʦʪʜʝʣʴʥʳʭ ʟʦʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʠʥʝ-

ʨʘʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʩ ʤʠʢʨʦʩʣʦʷʤʠ (ʤʦʱʥʦʩʪʴʶ ʜʦ 0,005 ʤʤ) ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪ-

ʚʘ (ʨʠʩ. 34ï35). 

 

 
ʈʠʩʫʥʦʢ 34 . ʉʨʦʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ 

ʫʵʚʝʣʣʠʪʘ ʩ ʦʪʯʸʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ 

ʨʠʪʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ʐʣʠʬ. 

ʅʠʢʦʣʠ + 

 
ʈʠʩʫʥʦʢ 35 . ɼʝʥʜʨʠʪʦʚʠʜʥʳʡ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʦʜʥʦʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ ʢʘʣʴʮʠʷ. 

ʐʣʠʬ. ʅʠʢʦʣʠ + 

  
 

 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʫʵʚʝʣʣʠʪʘ ʚʳʜʝʣʝʥʘ ʟʦʥʘʣʴʥʦʩʪʴ ʪʨʝʭ ʧʦʨʷʜʢʦʚ (ʨʠʩ.36). 

ɿʦʥʘʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (1) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ, ʩʣʦʞʝʥʥʳʭ 

ʤʝʣʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ. ɿʦʥʘʣʴʥʦʩʪʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʦ-

ʥʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠ ʟʦʥʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʢʨʫʧʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 

ɿʦʥʘʣʴʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ (3) ʦʙʲʝʜʠʥʷʝʪ ʩʝʨʠʶ ʟʦʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʨʘʟʛʨʘʥʠ-

ʯʝʥʥʳʭ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʪʝʤʥʳʤʠ ʩʣʦʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 
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1 ï ʟʦʥʘʣʴʥʦʩʪʴ 1-ʛʦ ʧʦʨʷʜʢʘ (ʩʣʦʠ) 

2 ï ʟʦʥʘʣʴʥʦʩʪʴ 2-ʛʦ ʧʦʨʷʜʢʘ (ʟʦʥʳ) 

3 ï ʟʦʥʘʣʴʥʦʩʪʴ 3-ʛʦ ʧʦʨʷʜʢʘ (ʨʠʪʤʳ) 

 
 

 

 

ʈʠʩʫʥʦʢ 36 . ɿʘʨʠʩʦʚʢʠ ʨʠʪʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʘʭ ʫʵʚʝʣʣʠʪʘ 

ʅʝʢʦʪʦʨʳʝ ʫʨʦʣʠʪʳ ʚ ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʩʪʚʦʨʷʶʱʝʤʫ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʤʦʯʠ (ʨʠʩ. 37, 38).  

 

 
ʈʠʩʫʥʦʢ 37. ʇʨʠʟʥʘʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʫʨʦʣʠ-

ʪʝ ʩʣʦʞʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʐʣʠʬ. 

ʅʠʢʦʣʠ + 

 
ʈʠʩʫʥʦʢ 38. ʇʨʠʟʥʘʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʫʨʦʣʠʪʝ 

ʤʦʯʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʐʣʠʬ. ʅʠʢʦʣʠ ||  

 

ɺʳʧʦʣʥʝʥr ʵʢʩʧʝʨʠʤʝʥʪ rʧʦ ʨʘʩʪʚʦʨʝʥʠʶ ʫʨʦʣʠʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʘʚʪʦʨ ʫʩʪʘʥʦʚʢʠ ï ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ɸ.ɸ. ɻʨʠʙʘʥʦʚʘ, ʊʇʋ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʫʨʦʣʠʪʘ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 5% ʨʘʩʪʚʦʨʘ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʢ 10% ʨʘʩʪʚʦʨʫ ʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʫʨʦʣʠʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʢʦʨʦʩʪʴʶ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟ-

ʮʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʩʢʦʨʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʣʠ-

ʪʘ ʚ ʛʣʫʙʠʥʫ ʨʘʩʪʚʦʨʘ. ʉʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʜʘʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʠ ʧʘʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʧʨʠ ʧʦ-

ʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ. 
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ʊʨʝʪʴʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ 
 

çɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ, ʩʣʘʛʘʶʱʠʭ ʫʨʦʣʠʪʳ, ʧʨʝʦʙʣʘʜʘʶʪ ʦʩ-

ʥʦʚʥʳʝ ʫʨʦʣʠʪʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʚ ʤʘʩ.%): (Oï59; Caï33; Cï18; Pï12; Nï31); 

ʚ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʠ ʤʠʢʨʦʟʦʥʘʭ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ Si, S, Fe, Zn, Ni, Pb. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʚ ʤʠʢʨʦʩʣʦʷʭ (ʤʠʢ-

ʨʦʟʦʥʘʭ), ʦʙʦʛʘʱʸʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳ-

ʤʠ ʟʦʥʘʤʠè. 

 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʦʚ ʚʳʧʦʣ-

ʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) Hitachi S-3400N 

ʩ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ (ʕɼʉ) Bruker XFlash 4010 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝ-

ʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʰʣʠʬʝ ʠʩʩʣʝʜʦʚʘʥʦ 20 ʪʦʯʝʢ (ʨʠʩ.39), ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘ-

ʮʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʪʦʯʢʘʭ ʥʘ ʧʨʦʬʠʣʝ ʠ ʚ ʰʣʠʬʝ, ʚr -

ʷʚʣʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʠʭ ʩʦʜʝʨʞʘʥʠʷ.  

ʊʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʚʳʙʨʘʥʳ ʠʟ ʨʘʩʯʸʪʘ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʫʨʦʣʠʪʘ: ʚ ʮʝʥʪʨʝ ʷʜʨʘ, ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʟʦ-

ʥʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʠʪʤʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʨʦʣʠʪʘ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 9 ʵʣʝʤʝʥʪʦʚ ʚʳʷʚʣʝʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ.  ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: O, Na, Ca, C, Si, S, K, P, N. ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚʩʪʨʝʯʝʥʳ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʪʦʯʝʢ: Mg ʠ Al  ï ʚ 8 ʪʦʯʢʘʭ; Cl ï ʚ 7 ʪʦʯʢʘʭ; Fe ï ʚ 3 ʪʦʯʢʘʭ; Ba, Zn, As ï ʚ 2 ʪʦʯ-

ʢʘʭ; Pb ʠ Ni ï ʧʦ ʦʜʥʦʡ ʪʦʯʢʝ. 

 

 
 

ʈʠʩʫʥʦʢ 39.  ʉʭʝʤʘ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʚ ʫʨʦʣʠʪʝ Ch-1-2 (ʫʨʘʪʥʦʛʦ ʩʦʩʪʘʚʘ) 
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ʈʠʩʫʥʦʢ 40. ʉʭʝʤʘ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʧʦ ʧʨʦʬʠʣʶ (ʪʦʯʢʠ 1 ï 4) 

 ʚ ʫʨʦʣʠʪʝ Ch-1-2 ʫʨʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

 

ɺ ʫʨʦʣʠʪʝ ʦʪʤʝʯʝʥʦ ʯʝʨʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʟʦʥ ʨʦʩʪʘ (ʤʦʱʥʦʩʪʴʶ ʦʪ 20 ʜʦ 40 ʤʢʤ) ʩ ʤʘʣʦʤʦʱʥʳʤʠ (ʦʪ 5 ʜʦ 

10 ʤʢʤ) ʟʦʥʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʤʘʣʦʤʦʱʥʳʭ ʟʦʥʘʭ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 20ï30%. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (ʜʦ 2,5ï5,3%) ʠ ʘʟʦʪʘ (ʜʦ 9ï11%).  

ʇʦ ʚʳʙʨʘʥʥʦʤʫ ʧʨʦʬʠʣʶ (ʨʠʩ. 40) ʦʪʤʝʯʝʥʳ 5 ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʦʣʠʪʘ: ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʢʘʣʴʮʠʡ, ʬʦʩʬʦʨ, 

ʘʟʦʪ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʯʝʪʳʨʸʭ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʤ 

ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʙ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 5 

ʠ ʥʘ ʨʠʩʫʥʢʝ 41. 

ʊʘʙʣʠʮʘ 5 
ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (%) ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʙ ʫʨʦʣʠʪʦʚ 

ʕʣʝ-

ʤʝʥʪ 

ʏʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝ-

ʤʦʩʪʠ  

ʕʣʝʤʝʥʪ 

 

ʏʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝ-

ʤʦʩʪʠ 

ʕʣʝʤʝʥʪ ʏʘʩʪʦʪʘ ʚʩʪʨʝ-

ʯʘʝʤʦʩʪʠ 

Ce 10 Co 23 Hg 50 

Ag 10 Au 63 Cr 60 

Cs 10 Br 73 Rb 70 

Sc 10 Sm 96 Na 80 

Ba 16 Zn 96 La 60 

Eu 16 Ni 50 Sb 60 

Se 16 Pb 100 Hf 70 

Fe 23     
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ʈʠʩʫʥʦʢ 41.   ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʙ (%) ʫʨʦʣʠʪʦʚ 

 

ʊʦʯʢʠ ʥʘ ʧʨʦʬʠʣʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʨʘʥʠʮʘʭ, ʨʘʟʜʝʣʷʶʱʠʭ ʟʦʥʳ ʫʨʦʣʠʪʘ. ɻʨʘ-

ʥʠʮʳ ʤʝʞʜʫ ʟʦʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ɺ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʝ 

ʩʦʜʝʨʞʠʪʩʷ ʢʘʣʴʮʠʡ, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ ʬʦʩʬʦʨʦʤ ʦʙʨʘʟʫʝʪ ʩʣʦʞʥʳʝ ʬʦʩʬʘʪʳ (ʢʘʨ-

ʙʦʥʘʪ-ʘʧʘʪʠʪ ʠ ʜʨ.).  

 

 
 

 ʈʠʩʫʥʦʢ 42.   ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ (ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ, ʘʟʦʪʘ)  

ʧʦ ʧʨʦʬʠʣʶ (ʪʦʯʢʠ 1ï4) ʚ ʰʣʠʬʝ ʫʨʦʣʠʪʘ Ch-1-2  
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ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʘʣʶʤʠʥʠʡ, ʢʨʝʤʥʠʡ, ʩʝʨʘ, ʭʣʦʨ) ʦʪʤʝʯʝʥʳ ʚ ʢʦʣʠʯʝʩʪ-

ʚʘʭ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʧʨʝʜʝʣʝʥʠʷ.  

ʌʦʩʬʦʨ, ʤʘʛʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʞʜʳʡ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʢʘʣʠʡ ï ʚ 2-ʭ ʪʦʯʢʘʭ, 

ʢʘʣʴʮʠʡ ï ʚ 4-ʭ (ʨʠʩ. 41). 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ (ʤʘʩ. %) ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʦʯʢʘʭ (ʨʠʩ. 39) ʦʪʤʝʯʝʥʦ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʢʠʩʣʦʨʦʜʘ (59,2 ʚ ʪʦʯʢʝ 7), ʘʟʦʪʘ (30,9 ʚ ʪʦʯʢʝ 9), ʢʘʣɹ-

ʮʠʷ (32,8 ʚ ʪʦʯʢʝ 8), ʫʛʣʝʨʦʜʘ (18,8 ʚ ʪʦʯʢʝ 10), ʬʦʩʬʦʨʘ (11,9 ʚ ʪʦʯʢʝ 5) ï ʪʘʙʣʠʮʘ 6. 

 

ʊʘʙʣʠʮʘ 6  

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʤʘʩ. %) ʚ ʦʙʨʘʟʮʝ Ch-1-2   

 
ʕʣʝʤʝʥʪ ʏʘʩʪʦʪʘ  

ʚʩʪʨʝʯʘʝ-

ʤʦʩʪʠ, % 

Min ï Max ʕʣʝʤʝʥʪ ʏʘʩʪʦʪʘ  

ʚʩʪʨʝʯʘʝʤʦ-

ʩʪʠ, % 

Min ï Max 

O 
75 

16,3 ï 59,2 Mg 
40 

<1ï 9,9 

Na 
75 

<1 ï10,8 Fe 
15 

<1ï 59,8 

Ca 
75 

<1 ï 32,8 Ba 
10 

<1 ï23,0 

C 
70 

2,5 ï 18,4 Zn 
10 

<1ï 40,4 

Si 
70 

<1 ï 28,6 As 
10 

<1ï 69,1 

S 
65 

<1 ï 40,2 Sb 
5 

<1ï70,8 

K 
65 

<1ï /2,2 Pb 
5 

<1ï75,2 

P 
60 

<1 ï 12,3 Ni 
5 

<1 ï49,3 

N 
50 

8,7 ï 30,9 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 43.  ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʝ 1 

(ʨʠʩ. 40) ʰʣʠʬʘ  Ch-1-2 

 
ʈʠʩʫʥʦʢ 44.  ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʝ 2 

(ʨʠʩ. 40) ʰʣʠʬʘ  Ch-1-2 
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ɺ ʪʦʯʢʝ 1 ʫʩʪʘʥʦʚʣʝʥʳ: ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, ʥʘʪʨʠʡ, ʤʘʛ-

ʥʠʡ, ʢʨʝʤʥʠʡ, ʬʦʩʬʦʨ, ʭʣʦʨ). 

ɺ ʪʦʯʢʝ 2 ʫʩʪʘʥʦʚʣʝʥʳ: ʢʘʣʴʮʠʡ, ʬʦʩʬʦʨ, ʢʠʩʣʦʨʦʜ, ʫʛʣʝʨʦʜ, ʘʟʦʪ, ʥʘʪʨʠʡ, ʤʘʛ-

ʥʠʡ, ʢʘʣʠʡ, ʭʣʦʨ). 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 45.  ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʝ 3 

(ʨʠʩ. 40) ʰʣʠʬʘ  Ch-1-2 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 46.  ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʝ 4 

(ʨʠʩ. 40) ʰʣʠʬʘ  Ch-1-2 

 

ɺ ʪʦʯʢʝ 3 ʫʩʪʘʥʦʚʣʝʥʳ: ʩʚʠʥʝʮ, ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʥʘʪʨʠʡ, ʢʘʣʴʮʠʡ. ʉʚʠʥʝʮ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʨʝʚʳʰʘʝʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɺ ʪʦʯʢʝ 4 ʫʩʪʘʥʦʚʣʝʥʳ: ʥʠʢʝʣʴ, ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʥʘʪʨʠʡ, ʢʘʣʴʮʠʡ, 

ʢʨʝʤʥʠʡ, ʬʦʩʬʦʨ). 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʜʥʦʨʦʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥ-

ʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʘ. ʇʨʝʦʙʣʘʜʘʶʪ ʵʣʝʤʝʥʪʳ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ: I ï Na, Ca, K; IV ï C, Si; VI  ï O, S (ʩʧʝʢʪʨʳ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 43ï47). ʇʨʠʯʠʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʫʨʦʣʠʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʤʠ-

ʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʨʘʩʪʚʦʨʘ ʤʦʯʠ). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 


