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ʂʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ ʆʣʳʥʜʠʥʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ 

ʟʦʥʳ ɸʙʳʡʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʥʘʟʝʤʥʳʭ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪéééééééééééééé. 65 
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ʂʦʩʪʠʥ ɸ.ɺ. 

ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʂʘʥʛʘʣʘʩʩʢʦʡ  

ʪʝʨʨʘʩʳ (ʣʝʚʳʡ ʙʝʨʝʛ ʨʝʢʠ ʃʝʥʘ, ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ)éééééé... 73 

ʂʫʜʨʠʥ ʄ.ɺ., ɿʘʷʢʠʥʘ ʅ.ɺ., ɺʘʩʠʣʴʝʚʘ ʊ.ʀ. 

ʄʠʥʝʨʘʣʳ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʥʛʘʣʘʩ 

(ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʷ)ééééééééééééééééééééé.. 77 

ʃʘʢʫʪʠʥ ɸ.ʆ., ʉʝʥʢʝʚʠʯ ɺ.ʉ. 

ʇʨʝʜʣʦʞʝʥʠʷ ʢ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʉʠʙʠʨʩʢʦʤʫ 

ʬʝʜʝʨʘʣʴʥʦʤʫ ʦʢʨʫʛʫ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʲʝʜʠʥʝʥʠʡ ɸʆ çʈʦʩʛʝʦʣʦʛʠʷè ʠ ʩʦʟʜʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ 

ʧʦ ʊʇʀéééééééééééééééééééééééééé... 81 

ʃʠʪʚʠʥʝʥʢʦ ʀ.ʉ. 

ɿʦʥʳ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʶʛʣʝʨʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

ʈʦʩʩʠʠ): ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠéé..... 84 

ʃʠʪʚʠʥʝʥʢʦ ʀ.ʉ., ʐʠʣʠʥʘ ʃ.ɸ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʦʨʫʜʝʥʝʥʠʷ ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʦʛʦ ʨʫʜʦʧʨʦ-

ʷʚʣʝʥʠʷ ʇʣʘʮʜʘʨʤ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʈʦʩʩʠʠ)ééééé...éééééé. 87 

ʃʦʩʢʫʪʦʚ ɽ.ɽ., ʂʨʘʚʯʝʥʢʦ ɸ.ɸ., ɾʫʨʘʚʣʝʚ ɸ.ʀ., ʀʚʘʥʦʚ ɸ.ʀ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ  ʩʨʝʜʩʪʚʘʤʠ ʛʝʦʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ArcGISéééééééééééééé...ééé. 91 

ʄʘʣʳʭ ʄ.ʖ., ʏʫʞʠʥʦʚ ɼ.ʅ., ʏʝʨʥʳʰʸʚ ʂ.ɽ. 

ʇʨʘʢʪʠʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ɸʆ çʇʦʣʠʤʝʪʘʣʣ 
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ʨʠʪʦʨʠʠ ʩʦʯʣʝʥʝʥʠʷ ʉʝʚʝʨʦ-ɸʣʜʘʥʩʢʦʡ, ɺʠʣʶʡʩʢʦʡ ʠ ʇʨʝʜʚʝʨʭʦʷʥ-

ʩʢʦʡ ʅɻʆééééééééééééééééééééééééé.... 330 

ɿʠʥʯʫʢ ʅ.ʅ.  

ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʛʝʥʝʟʠʩʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʨʦʜ 334 

ɿʠʥʯʫʢ ʅ.ʅ.  

ʇʦʠʩʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʩʩʦʮʠʘʮʠʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 341 
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ɻɽʆʃʆɻʀʗ ʀ ʄʀʅɽʈɸʃʆɻʀʗ  

ʈʋɼʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 
 

ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʊʀʇʓ ʆʃʆɺʆʅʆʉʅʓʍ ɻʈɸʅʀʊʆɺ  

ʏʋʂʆʊʂʀ 

 

ɸʣʝʢʩʝʝʚ ɺ.ʀ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

via@spmi.ru 

 

ɺʘʞʥʝʡʰʝʡ ʦʩʥʦʚʦʡ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʫʞʠʪ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦ ʨʫʜʦʥʦʩʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ [4]. ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ ʦʩʥʦʚʥʳʝ 

ʯʝʨʪʳ ʛʝʦʭʠʤʠʠ ʛʨʘʥʠʪʦʚ ʏʫʢʦʪʩʢʦʡ ʦʣʦʚʷʥʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠʟʫʯʝʥʳ ʜʦ-

ʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʄ.ʃ. ɻʝʣʴʤʘʥʘ, ʀ.ɸ. ɿʘʛʨʫʟʠʥʦʡ, 

ɸ.ʇ. ʄʠʣʦʚʘ, ɸ.ʇ. ʉʦʙʦʣʝʚʘ, ʀ.ɺ. ʊʠʙʠʣʦʚʘ, ʀ.ʅ. ʂʦʪʣʷʨʘ, ɺ.ɼ. ʂʦʟʣʦʚʘ, 

ʉ.ɺ. ɽʬʨʝʤʦʚʘ ʠ ʜʨ. ɿʘʜʘʯʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʝʛʦ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʤ ʨʘʡʦʥʠʨʦʚʘʥʠʠ ʠ 

ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʣʦʚʷʥʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ. ɼʣʷ ʵʪʦ-

ʛʦ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ 

ʏʫʢʦʪʢʠ.  

ʈʫʜʦʥʦʩʥʳʝ ʛʨʘʥʠʪʳ ʏʫʢʦʪʢʠ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʘʣʠʝʚʦʡ ʱʝʣʦʯʥʦʩʪʴʶ, ʠʥʪʝʥʩʠʚʥʳʤ 

ʥʘʢʦʧʣʝʥʠʝʤ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ Sn, Pb, Li , W, Rb, Cs, ʩʣʘʙʳʤ ʥʘʢʦʧʣʝʥʠʝʤ 

Be ʠ F, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Sr ʠ Ba. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʳʷʚʣʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ 

ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʣʦʚʘ ʀʫʣʴʪʠʥʩʢʦʝ ʠ ʉʚʝʪʣʦʝ [3]. ʆʥʠ, ʦʯʝʚʠʜʥʦ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ ʧʣʶʤʘʟʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ [4]. ʈʫʜʦʛʝʥʝ-

ʨʠʨʫʶʱʠʝ ʛʨʘʥʠʪʳ ʀʫʣʴʪʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʪʠʧʫ ʣʠʪʠʡ-

ʬʪʦʨʠʩʪʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʢʘʣʠʝʚʳʤ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʧʨʦʬʠʣʝʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʬʪʦʨʘ ʠ ʣʠʪʠʷ. ɻʣʘʚʥʳʡ 

ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʏʫʢʦʪʢʠ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥ ʵʣʴʚʘ-

ʥʦʚʳʤ (ʪʘʙʣ. 1).  

ʉʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ ʨʝʛʠʦʥʘ ʟʘʤʝʪʥʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʦʜʳ ʏʘʫʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʦʩʦʙʝʥʥʦ ʛʨʘʥʠʪʳ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʚ ʶʞʥʦʤ ʵʢʟʦʢʦʥʪʘʢʪʝ ʢʦ-

ʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʦ ʇʳʨʢʘʢʘʡʩʢʦʝ ʦʣʦʚʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɺ ʛʨʘʥʠ-

ʪʘʭ ʛʣʘʚʥʦʡ ʬʘʟʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ F, Li, Sn, Rb, Cs 

mailto:via@spmi.ru
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(ʪʘʙʣ. 1), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʠʭ ʢ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ ʣʠʪʠʡ-

ʬʪʦʨʠʩʪʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ [2].  

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʏʫʢʦʪʢʠ 

ʂʦʤʧʦ-

ʥʝʥʪ 

ʕʣʴʚʘʥʦʚʳʡ ʪʠʧ ʆʥʛʦʥʠʪʦʚʳʡ ʪʠʧ 

ʀʫʣʴʪʠʥʩʢʠʡ ʨʘʡʦʥ  ʏʘʫʥʩʢʠʡ ʨʘʡʦʥ 

ʃʝʡʢʦʛʨʘʥʠʪ 

ʌɼʀ 

ʃʝʡʢʦʛʨʘʥʠʪ 

ɿʌ 

Li -F ʛʨʘʥʠʪ 

ʌɼʀ 

ʆʥʛʦʥʠʪ 

ɾʌ 

SiO2, % 76.13 76.52 76.38 74.84 

TiO2 0.11 0.05 0.03 0.01 

Al 2O3 13.51 13.14 13.29 14.8 

Fe2O3 1.53 0.83 0.15 0.14 

FeO   1.09 0.74 

MnO 0.04 0.03 0.02 0.01 

MgO 0.25 0.07 0.05 0.05 

CaO 1.06 0.78 0.23 0.36 

Na2O 2.80 3.67 4.09 5.1 

K2O 5.20 4.22 4.31 3.43 

P2O5 0.03 0.01 0.00 0.01 

ʇ.ʧ.ʧ.   0.71 0.80 

F, ʛ/ʪ 1000 1400 3700 4733 

B 22 12 35 53 

Li  124 68 409 242 

Rb 460 680 648 444 

Cs 25 25 43 31 

Be 6.8 11.1 20 37 

Sn 16 40 30 36 

Sr 80 32 26 26 

Ba 300 65 136 16 

ʇʨʠʤʝʯʘʥʠʝ. ʌɼʀ ï ʬʘʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʪʨʫʟʠʡ, ɿʌ ï ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ 

ʬʘʟʘ, ɾʌ ï ʞʠʣʴʥʘʷ ʬʘʟʘ. ʀʫʣʴʪʠʥʩʢʠʡ ʨʘʡʦʥ: ʎʝʥʪʨʘʣʴʥʳʡ ʤʘʩʩʠʚ ʠ 

ʀʫʣʴʪʠʥʩʢʠʡ ʩʣʝʧʦʡ ʰʪʦʢ [4]. ʏʘʫʥʩʢʠʡ ʨʘʡʦʥ: ʘʚʪʦʨʩʢʠʝ ʜʘʥʥʳʝ. 

 

ɺʤʝʩʪʝ ʩ ʪʝʤ, "ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʝ ʛʨʘʥʠʪʳ" ʤʘʩʩʠʚʘ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 250 ʢʤ2, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷʤ ʦ ʛʝʦʣʦʛʠʠ Li-F ʛʨʘʥʠʪʦʚ. ʗʚʥʦ ʘʥʦʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘ-

ʥʠʝ ʚ ʣʝʡʢʦʛʨʘʥʠʪʘʭ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʬʘʟʳ ʩʠʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ ʛʨʘʥʠʪʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ: ʢʘʣʠʝʚʦʛʦ ʧʨʦʬʠʣʷ ʱʝʣʦʯ-

ʥʦʩʪʠ, ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Ba, Sr. ʇʨʠʯʠʥʦʡ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 
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ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ï ʘʣʴʙʠʪʠʟʘʮʠʷ ʠ ʛʨʝʡ-

ʟʝʥʠʟʘʮʠʷ ʚ ʬʘʮʠʠ ʮʚʠʪʪʝʨʦʚ [1]. ɺ 1961 ʛ. ʃ.ɺ. ʊʘʫʩʦʥ ʧʠʩʘʣ: "ʂ ʩʦʞʘʣʝ-

ʥʠʶ, ʚʦʧʨʦʩʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʚʝʨʞʝʥʥʳʭ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜʘʭ ʧʨʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʦʢʘ ʠʟʫʯʘʶʪʩʷ ʷʚʥʦ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ é". ɺ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʫʧʥʦ-

ʤʘʩʰʪʘʙʥʦʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʝ ʛʨʘʥʠʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʠʟʤʝʥʝʥʠʝ 

ʛʨʘʥʠʪʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ ʠ ʠʭ ʚʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʖ.ɹ. 

ʄʘʨʠʥ, ɺ.ʀ. ɸʣʝʢʩʝʝʚ, 1992). ʕʪʠ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʢʨʦʢʣʠʥ-

ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʩ ʪʦʧʘʟʦʤ ʠ ʮʠʥʥʚʘʣʴʜʠʪʦʤ. ɺʤʝʩʪʝ ʩ Li-F ʛʨʘʥʠʪʘʤʠ 

ʂʫʡʚʠʚʝʝʤʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʦʥʠ ʚʳʜʝʣʝʥʳ ʚ ʧʳʨʢʘʢʘʡʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʞʠʣʴʥʳʤʠ ʦʥʛʦʥʠʪʘʤʠ. ʇʣʦʱʘʜʥʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ 

ʧʦʨʦʜ ʛʣʘʚʥʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʟʘʣʝʛʘʥʠʷ ʠ ʣʘʪʝ-

ʨʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ Li-F ʛʨʘʥʠʪʦʚ.  

 

 
 

ʈʠʩ. 1. ʅʘʢʦʧʣʝʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʘʥʠʪʘʭ ʏʫʢʦʪʢʠ. 

1, 2 ï ʛʨʘʥʠʪʳ ʀʫʣʴʪʠʥʩʢʦʛʦ ʨʘʡʦʥʘ; 3, 4 ï ʛʨʘʥʠʪʳ ʏʘʫʥʩʢʦʛʦ ʨʘʡʦʥʘ: ʧʦʧʘʨʥʦ 

ʬʘʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʪʨʫʟʠʡ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ (ʞʠʣʴʥʘʷ) ʬʘʟʘ. 
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Li -F ʛʨʘʥʠʪʳ ʚʳʜʝʣʝʥʳ ʚ ʩʦʩʪʘʚʝ ʚʪʦʨʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʘʣʴʙʠ-

ʪʦʚʳʭ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʏʘʫʥ-ʏʫʢʦʪʢʠ, ʧʦʣʫʯʠʚʰʝʛʦ ʫʩʣʦʚʥʦʝ ʥʘʟʚʘ-

ʥʠʝ ʦʥʛʦʥʠʪʦʚʦʛʦ (ʪʘʙʣ. 1). ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ ʣʠʪʠʡ-

ʬʪʦʨʠʩʪʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ [4]. ʆʪ ʵʣʴʚʘʥʦʚʦʛʦ ʪʠʧʘ ʝʛʦ ʦʪʣʠʯʘʶʪ ʥʘʪʨʦʚʳʡ 

ʫʢʣʦʥ ʱʝʣʦʯʥʦʩʪʠ, ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʠ ʠʥ-

ʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʬʪʦʨʘ, ʣʠʪʠʷ, ʙʦʨʘ ʠ ʙʝʨʠʣʣʠʷ (ʨʠʩ. 1). ʌʦʨʤʠʨʦʚʘ-

ʥʠʝ ʦʣʦʚʦʥʦʩʥʳʭ Li-F ʛʨʘʥʠʪʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʟʜʥʝʤʝʣʦʚʳʤ ʵʪʘʧʦʤ ʘʢʪʠʚʠ-

ʟʘʮʠʠ ʩʢʣʘʜʯʘʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʏʫʢʦʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʘʥʥʳʤʠ ʦʙ U-Pb ʚʦʟʨʘʩʪʝ ʯʘʫʥʩʢʠʭ ʛʨʘʥʠʪʦʚ [1].  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʏʫʢʦʪ-

ʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ ʥʘ ʩʤʝʞʥʳʝ ʨʝʛʠʦʥʳ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʷʩʘ ʩ ʫʯʝʪʦʤ ʝʜʠʥʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʉʝ-

ʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚ ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʙʣʦ-

ʢʦʚ ʜʨʝʚʥʝʛʦ ɸʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʇʘʣʝʦʪʠʭʦʛʦ ʠ 

ʇʘʣʝʦʘʨʢʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʦʚ [1].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ 

ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ˉ 5.9248.2017/6.7 ʥʘ 2017-2019 ʛʛ. 
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ʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ: ʆʣʝʢʤʠʥʩʢʦʡ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʡ ʛʨʘʥʫʣʠʪ-ʛʥʝʡʩʦʚʦʡ ʦʙʣʘʩʪʠ, ʚ ʤʝʞʛʣʳʙʦʚʦʡ ʟʦʥʝ 

(ɸʤʛʠʥʩʢʠʡ ʨʘʟʣʦʤ). ʅʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʟʦʚʘʥʠ-

ʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʧʝʨʝʢʨʳʪʦʛʦ ʚʝʥʜ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʤ 

ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʯʝʭʣʦʤ, ʤʦʱʥʦʩʪʴʶ 400-450 ʤ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʩʦʭʨʘʥʠʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ ʤʝʟʦʟʦʡʩʢʠʭ 

ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʄʘʛʤʘʪʠʟʤ ʩʚʷʟʘʥ ʩ ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʵʪʘʧʦʤ ʤʝ-

ʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ.  

ɿʜʝʩʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʨʦʩʩʳʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ. ɺ 2012-2013 ʛʛ. ʚ ʨʘʡʦʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʣʠʥʝʡʥʳʝ 

ʠ ʧʣʦʱʘʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʟʦʣʦʪʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʧʨʦʷʚʣʝʥʠʷʤ ʩʠʝʥʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʟʦʥʝ ʛʨʘʜʠʝʥʪʘ ʚʝʨʭʥʝʘʤʛʠʥʩʢʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʠʥʠʤʫʤʘ. ʇʨʠ ʟʘʚʝʨʢʝ ʘʥʦʤʘʣʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʦʥʳ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ 

ʦʪ 0,6 ʜʦ 100,0 ʛ/ʪ (ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʍʘʪʳʨʭʘʡ). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʵʣʶʚʠʘʣʴʥʦ-

ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʵʢʟʦʢʦʥʪʘʢʪʘ ʠ ʢʨʦʚʣʠ ʩʠʝʥʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ 
[4]. ɹʦʣʴʰʠʥʩʪʚʦ ʨʫʜʥʳʭ ʪʝʣ ʧʣʦʱʘʜʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʢʠʩʣʝʥʦ. 

ʇʝʨʚʠʯʥʳʝ ʨʫʜʳ ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʚ ʚʠʜʝ ʨʝʣʠʢʪʦʚ 

ʩʨʝʜʠ ʦʢʠʩʣʝʥʥʳʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʨʦʜ. ʂʚʘʨʮʝʚʳʝ 

ʧʨʦʞʠʣʢʠ ʩ ʧʝʨʚʠʯʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪʤʝʯʘʶʪʩʷ ʚ 

ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʍʘʪʳʨʭʘʡʩʢʦʛʦ 

ʧʦʣʷ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʝʤʘʪʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʧʠʨʠʪʦʤ, 

ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʦʤ (Bi2Te3), ʩʘʤʦʨʦʜʥʳʤʠ Au ʠ Al, ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ Cu, 

Al , Sn, ʚʳʷʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʪʝʥʥʘʥʪʠʪʘ, ʛʘʣʝʥʠʪʘ, ʙʫʨʥʦʥʠʪʘ ʠ 

ʤʝʜʠʩʪʦʛʦ ʟʦʣʦʪʘ.   ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ, ʜʦʣʦʤʠ-

ʪʦʤ, ʢʘʣʴʮʠʪʦʤ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʨʫʪʠʣʦʤ, ʘʧʘʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ, ʠʣʴʤʝʥʠʪʦʤ, 

ʮʠʨʢʦʥʦʤ, ʙʘʨʠʪʦʤ, ʩʚʘʥʙʝʨʛʠʪʦʤ, ʛʦʣʣʘʥʜʠʪʦʤ. ɻʠʧʝʨʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ï 

ʛʝʪʠʪ, ʛʠʜʨʦʛʝʪʠʪ, ʢʦʚʝʣʣʠʥ, ʭʘʣʴʢʦʟʠʥ, ʪʝʣʣʫʨʠʪʳ ʚʠʩʤʫʪʘ [1]. ɺʳʷʚʣʝʥ-

ʥʳʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʠʥʝʨʘʣʦʚ ʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʚ ʨʦʩʩʳʧʥʦʤ ʟʦʣʦʪʝ 

ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʧʦʣʷ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʝʨʘʣʴʥʦ-

ʤʫ ʩʦʩʪʘʚʫ ʨʫʜʥʳʭ ʪʝʣ [3]. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ɺʉɽɻɽʀ [5]. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʟʦʣʦʪʦ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʨʫʜ:  
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- ʚ ʣʠʤʦʥʠʪ-ʛʝʪʠʪʦʚʳʭ ʟʘʣʝʞʘʭ ï ʧʨʦʙʘ 869-895ă, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʨʠʤʝʩʴ Fe (ʜʦ 2,17%). ɸʩʩʦʮʠʠʨʫʶʱʠʡ ʤʠʥʝʨʘʣ ï ʛʝʪʠʪ.  

- ʚ ʠʟʤʝʥʝʥʥʳʭ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʭ (ʤʝʪʘʩʦʤʘʪʠʪʘʭ) ï ʧʨʦʙʘ 832-889ă, 

ʧʨʠʤʝʩʠ - Fe (ʜʦ 3,19%). ʆʪʤʝʯʝʥʦ ʤʝʜʠʩʪʦʝ ʟʦʣʦʪʦ (Cu ʜʦ 23.68). 

ɸʩʩʦʮʠʠʨʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ï ʭʘʣʴʢʦʧʠʨʠʪ, ʛʝʪʠʪ, ʙʘʨʠʪ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

Cu, Zn ʠ Ni.   

- ʚ ʩʢʘʨʥʠʨʦʚʘʥʥʳʭ ʜʦʣʦʤʠʪʘʭ ï ʧʨʦʙʘ 794-958ă, ʧʨʠʤʝʩʠ - Fe (ʜʦ 

4.27%), Cu ï (ʜʦ 0.96%), Hg (ʜʦ 3,8%). ɸʩʩʦʮʠʠʨʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ï ʛʝʪʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ Cu, Ni, Zn, Pb, ʤʦʥʘʮʠʪ. 

- ʚ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ ï ʧʨʦʙʘ 858-978ă, ʧʨʠʤʝʩʠ - 

Bi, Cu ʠ Hg, ʩʧʦʨʘʜʠʯʝʩʢʠ ï Pb, Pt. ʆʪʤʝʯʝʥʦ ʤʝʜʠʩʪʦʝ ʟʦʣʦʪʦ (Cu ʜʦ 

38,15%). ɸʩʩʦʮʠʠʨʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ï ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, ʪʝʣʣʫʨʠʜʳ Bi, 

ʛʝʪʠʪ, ʤʦʥʘʮʠʪ.   

ʈʫʜʥʦʝ ʧʦʣʝ ʍʦʭʦʡ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ɸʤʛʠʥ-

ʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ. ʅʠʞʥʝʢʝʤʙʨʠʡʩʢʠʝ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ ʧʝʨʝʢʨʳʪʳ 

ʥʠʞʥʝʶʨʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʝʩʯʘʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʶʭʪʠʥʩʢʦʡ 

ʩʚʠʪʳ. ʄʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʙʦʣʴʰʠʤʠ ʰʪʦʢʘʤʠ ʩʠʝʥʠʪ-

ʧʦʨʬʠʨʦʚ. ʆʨʫʜʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʣʠʥʝʡʥʳʭ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʷʭ, 

ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʘʥʦʤʘʣʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʦʥʝ 

ʨʘʟʣʦʤʦʚ, ʧʨʦʪʷʛʠʚʘʶʱʝʡʩʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ 
ʢʦʥʪʘʢʪʘ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʠ ʥʠʞʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʈʫʜʥʳʝ ʟʦʥʳ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ Au ʠ ʵʣʝʤʝʥʪʦʚ ʩʧʫʪʥʠʢʦʚ 

(Ag, Sb, Tl). ʂʘʨʩʪ ʚʳʧʦʣʥʝʥ ʪʝʤʥʦ-ʨʳʞʠʤ ʩʫʛʣʠʥʢʦʤ ʩ ʦʙʣʦʤʢʘʤʠ ʢʚʘʨ-

ʮʝʚʳʭ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ ʧʨʦʞʠʣʢʘʤʠ ʠ ʞʝʦʜʘʤʠ 

ʤʦʨʠʦʥʘ, ʠʥʪʝʥʩʠʚʥʦ ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʬʣʶʦʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʜʦʣʦʤʠ-

ʪʦʚ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʙʨʝʢʯʠʡ, ʧʝʩʯʘʥʠʢʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʝʤʘʪʠʪʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʠʨʠʪʘ.  

ʆʩʥʦʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʛʝʪʠʪ, ʛʝʤʘʪʠʪ, ʧʠʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. Cʧʦʨʘʜʠʯʝʩʢʫʶ ʧʨʠʤʝʩʴ ʦʙʨʘʟʫʶʪ ʩʘ-

ʤʦʨʦʜʥʳʝ Ag, Zn, Fe, Ti, ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ Cu, Ni, Zn, Sn, Mn ʠ 

Cr, ʘʨʛʝʥʪʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʘʥʪʠʤʦʥʠʪ, ʦʩʦʙʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʪʝʣʣʫʨʠʪʳ ʠ ʘʥʪʠʤʦʥʘʪʳ Tl, ʩʫʣʴʬʠʜ Re ʠ W. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʚʠʪʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʢʘʨʙʦʥʘʪʳ, ʤʦʥʘʮʠʪ ʦʪʤʝʯʘʝʪʩʷ ʨʝʜʢʦ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʨʬʦʣʦʛʠʠ ʟʦʣʦʪʘ ʍʦʭʦʡʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʧʦʨʠ-

ʩʪʦʩʪʴ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʟʦʣʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʷʯʝʠʩʪʦʝ, ʤʦʟ-

ʛʦʚʠʜʥʦʝ, ʧʝʪʝʣʴʯʘʪʦʝ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʦʩʦʙʣʝʥʠʷ ʟʦʣʦʪʠʥ ʤʘʩ-
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ʩʠʚʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʨʝʜʠ ʧʦʨʠʩʪʦʛʦ ʟʦʣʦʪʘ. ʇʦʨʳ ʚ ʟʦʣʦʪʝ ʦʩʪʘʶʪʩʷ ʦʪ 

ʦʢʠʩʣʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʛʝʪʠʪ-

ʛʠʜʨʦʛʝʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʣʣʫʨʘʪʦʚ ʞʝʣʝʟʘ ʠ ʤʝʜʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʨʫʜʝʥʝʥʠʝ 

ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʟʦʣʦʪʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʃʝʙʝ-

ʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

1. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʝʪʠʪ-ʛʠʜʨʦʛʝʪʠʪʦʚʳʝ ʟʘʣʝʞʠ ʠ ʩʢʘʨʥʠʨʦʚʘʥʥʳʝ ʜʦ-

ʣʦʤʠʪʳ ʚ ʵʢʟʦʢʦʥʪʘʢʪʝ ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʦʛʦ ʣʘʢʢʦʣʠʪʘ.  

2. ʈʫʜʥʘʷ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʪʠʪ-ʛʠʜʨʦʛʝʪʠʪʦʚʳʤʠ, ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ 

ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʧʦ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤ, ʩʢʘʨʥʠʨʦʚʘʥʥʳʤʠ ʩʫʣʴʬʠʜʠʟʠʨʦ-

ʚʘʥʥʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤʠ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʘ-

ʥʠʪʦʛʥʝʡʩʘʤʠ.  

3. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ï Au, Ag, Cu, Bi.  

4. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʡ ʃʝʙʝʜʠʥʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ.  

5. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʢʦʤʢʦʚʠʜʥʦʡ, ʨʝʜʢʦ ʠʜʠʦʤʦʨʬʥʦʡ ʬʦʨʤʳ, ʤʘʩ-

ʩʠʚʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʨʦʙʥʦʩʪʴ ʦʪ 598 ʜʦ 1000ă, ʧʨʝʦʙʣʘʜʘʝʪ ʟʦʣʦʪʦ ʩʨʝʜ-

ʥʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʙʳ. ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ï Cu, Fe, Bi, Hg, Pt. ʆʪʤʝʯʘʝʪʩʷ 

ʤʝʜʠʩʪʦʝ ʟʦʣʦʪʦ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʥʠʝ Cu ʜʦʩʪʠʛʘʝʪ 38%. ɿʦʣʦʪʦ ʪʝʩʥʦ 

ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʛʝʪʠʪʦʤ, ʧʠʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʙʘʨʠʪʦʤ, ʤʦʥʘʮʠʪʦʤ. 

ʆʨʫʜʝʥʝʥʠʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʍʦʭʦʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʫʨʘʥʘʭʩʢʦʤʫ ʪʠʧʫ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

1. ʉʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʢʘʨʩʪʦʚʳʝ ʟʦʥʳ ʥʘ ʢʦʥʪʘʢʪʝ ʨʘʥʥʝ-

ʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʨʘʥʥʝʶʨʩʢʠʭ ʪʦʣʱ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ ʧʣʘʪʬʦʨʤʳ.  

2. ʈʫʜʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʩʫʛʣʠʥʢʘ ʩ ʦʙʣʦʤʢʘʤʠ ʭʘʣʮʝ-

ʜʦʥ-ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʣʠʝʚʳʭ ʧʦʣʝ-

ʚʳʭ ʰʧʘʪʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʤʝʣʴʯʘʡʰʠʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʛʠʜʨʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ ʠ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʝʤʘʪʠʪʦʤ.  

3. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ï Au, Ag, Sb, Tl.  

4. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʩʦʧʦʩʪʘʚʠʤ ʩ ʩʦʩʪʘʚʦʤ ʨʫʜ ʂʫʨʘʥʘʭʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʠʥʝʨʘʣʳ ʪʘʣʣʠʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʂʫʨʘʥʘʭʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʢʘʨʣʠʥʩʢʠʤ 

ʪʠʧʦʤ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʤʠʥʝʨʘʣʦʛʠʠ ʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʳ 

ʪʘʣʣʠʷ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ.  

5. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʦʨʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʢʦʤʢʦʚʠʜ-

ʥʦʝ, ʜʝʥʜʨʠʪʦʚʠʜʥʦʝ, ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ, ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ 
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ʨʝʰʝʪʯʘʪʘʷ, ʷʯʝʠʩʪʘʷ. ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʚʳʩʦʢʘʷ ʦʪ 834 ʜʦ 

1000ă. ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ï Cu, Hg, Bi, Pt, Hg, Fe, Pb, O. ɿʦʣʦʪʦ ʪʝʩʥʦ 

ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʛʝʪʠʪʦʤ, ʙʘʨʠʪʦʤ, ʪʝʣʣʫʨʘʪʘʤʠ Fe, Cu ʠ ʛʘʣʝʥʠʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥ ʪʠʧ ʟʦʣʦʪʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʍʘʪʳʨʭʘʡʩʢʦʛʦ (ʣʝʙʝʜʠʥʩʢʠʡ ʪʠʧ) ʠ ʍʦʭʦʡʩʢʦʛʦ (ʢʫʨʘʥʘʭʩʢʠʡ 

ʪʠʧ) ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʧʦʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʠʧ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʤʝʪʦʜʳ ʠʭ ʧʦʠʩʢʘ. 

ʈʘʙʦʪʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʘ çʉʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞ-

ʥʳʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ 

(ʗʢʫʪʠʷ): ʤʝʪʘʣʣʦʛʝʥʠʷ, ʪʝʢʪʦʥʠʢʘ, ʤʘʛʤʘʪʠʟʤ, ʛʝʦʵʢʦʣʦʛʠʷ, ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝ ʧʦʠʩʢʦʚʳʭ ʠ ʧʨʦʛʥʦʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡè ʇʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ), ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟ-

ʚʠʪʠʝ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʥʘ 2016ï2020 ʛʦʜʳè ʠ  

ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 0381-2016-0004 

ʃʠʪʝʨʘʪʫʨʘ:  

1. ɸʥʠʩʠʤʦʚʘ ɻ.ʉ. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜ ʍʘʪʳʨʭʘʡʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝ-

ʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VII ɺʅʇʂ.  2017: ʪʦʤ 1. ï ʗʢʫʪʩʢ: ʀʟʜʘ-

ʪʝʣʴʩʢʠʡ ʜʦʤ ʉɺʌʋ.ʉ. 18-23. 

2. ɸʥʠʩʠʤʦʚʘ ɻ.ʉ., ɿʘʡʮʝʚ ɸ.ʀ., ʉʦʢʦʣʦʚ ɽ.ʇ. Rb-Sr ʩʠʩʪʝʤʘʪʠʢʘ ʧʦʨʦʜ ɺʝʨʭ-

ʥʝʘʤʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ (ʖ.ʗʢʫʪʠʷ) // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʢʘ ɸʟʠʠ: ʤʘʪʝʨʠʘʣʳ ɺʅʇʂ, 2016 ï ʗʢʫʪʩʢ: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʉɺʌʋ. ï 19-23.  

3. ɻʣʫʰʢʦʚʘ ɽ.ɻ., ʅʠʢʠʬʦʨʦʚʘ ɿ.ʉ., ʂʘʞʝʥʢʠʥʘ ɸ.ɻ., ʉʦʢʦʣʦʚ ɽ.ʇ. ʈʦʩʩʳʧʥʘʷ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʫʟʣʘ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VII ɺʅʇʂ, 2017. ï T. I. ï ʗʢʫʪʩʢ: ʀʟʜʘʪʝʣʴʩʢʠʡ 

ʜʦʤ ʉɺʌʋ. ʉ. 64-70.  

4. ʉʦʢʦʣʦʚ ɽ.ʇ. ʈʫʜʥʦʝ ʟʦʣʦʪʦ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ / ɻʝʦ-

ʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩ-

ʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ï ʗʢʫʪʩʢ: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʉɺʌʋ. 

2014.ʉ.458ï462.  

5. ʊʝʨʝʭʦʚ ɸ.ɺ., ʄʦʣʯʘʥʦʚ ɸ.ɺ., ʐʘʪʦʚ ɺ.ɺ., ʍʦʨʦʭʦʨʠʥʘ ɽ.ʀ., ʉʦʣʦʚʴʝʚ ʆ.ʃ. 

ʊʠʧʦʤʦʨʬʠʟʤ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨʫʯ. ɻʦʨʝʣʳʡ ʠ ʝʛʦ 

ʩʚʷʟʴ ʩ ʢʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ 

ʫʟʣʘ (ʖʞʥʘʷ ʗʢʫʪʠʷ)//ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷ, 2016, ˉ 65. ʉ.93-

103. 
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ʉɸʄʆʈʆɼʅʆɽ ɿʆʃʆʊʆ ʀ ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ʈʋɼ  

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇɸɺʃʀʂ (ʄɸɻɸɼɸʅʉʂɸʗ ʆɹʃɸʉʊʔ) 

 

ɸʨʠʩʪʦʚ ɺ.ɺ., ɻʨʠʛʦʨʴʝʚʘ ɸ.ɺ., ʉʘʚʯʫʢ ʖ.ʉ., ʉʠʜʦʨʦʚʘ ʅ.ɺ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʛʝʦʭʠʤʠʠ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, rstvvv@yandex.ru 

 

ɺ ʆʤʯʘʢʩʢʦʤ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʤ ʨʘʡʦʥʝ (ʆʈʈ) ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʝʡ-

ʰʠʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʅʘʪʘʣʢʘ (ʩʫʤʤʘʨ-

ʥʳʝ ʟʘʧʘʩʳ ʟʦʣʦʪʘ 1060 ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 1,9 ʛ/ʪ (ʜʘʥʥʳʝ 

http://polyus.com/ru/)) ʠ ʇʘʚʣʠʢ (ʟʘʧʘʩʳ ʠ ʨʝʩʫʨʩʳ ʟʦʣʦʪʘ 216 ʪ (ʧʦ ʜʘʥʥʳʤ 

http://www.arlan.ru) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 2.7-2.96 ʛ/ʪ). ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ 

ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʇʘʚʣʠʢ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʆʈʈ, ʦʪʥʦʩʠʪʩʷ 

ʢ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʠʧʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʡ 

ʬʦʨʤʘʮʠʠ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʚʘʨʮʘ ʠ ʢʨʝʤʥʝʟʝʤʘ ʚ ʩʦʩʪʘʚʝ ʨʫʜ, ʯʪʦ 

ʩʙʣʠʞʘʝʪ ʝʛʦ ʩ ʪʘʢʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʢʘʢ ɼʨʘʞʥʦʝ (ʗʢʫʪʠʷ) ʠ ɹʘʢʳʨ-

ʯʠʢ (ʂʘʟʘʭʩʪʘʥ). 

ʈʫʜʥʦʝ ʧʦʣʝ ʦʪʚʝʯʘʝʪ ʬʨʘʛʤʝʥʪʫ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʨʘʤʧʦʚʦʡ ʩʢʣʘʜʢʠ, 

ʩʣʦʞʝʥʥʦʤʫ ʢʦʩʦʩʣʦʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʜʠʘʤʠʢʪʠʪʘʤʠ ʠ ʬʣʠʰʦʠʜʘʤʠ 

ʚʝʨʭʥʝʡ ʧʝʨʤʠ. ʌʨʘʛʤʝʥʪ ʘʥʪʠʢʣʠʥʘʣʠ ʨʘʩʩʝʯʝʥ ʪʨʝʱʠʥʦ-ʨʘʟʣʦʤʥʦʡ ʢʫ-

ʣʠʩʦʡ ʟʦʥʳ ʊʝʥʴʢʠʥʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʩʜʚʠʛʘ. ʉʙʣʠʞʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʥʦ-

ʚʦʟʨʘʩʪʥʳʭ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʨʘʟʣʦʤʦʚ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʫʶ ʤʠ-

ʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʟʦʥʫ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 350 ʤ, ʧʨʦʩʣʝʞʝʥʥʫʶ 

ʚ ʉɿ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 ʢʤ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ ʤʠʣʦʥʠʪʳ, ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʝ ʙʨʝʢʯʠʠ ʠ ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʪ ʙʣʦʢʠ ʩʣʘʙʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ. ʄʦʱʥʦʩʪʠ ʟʦʥ ʤʠʣʦʥʠʪʠʟʘʮʠʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʙʨʝʢʯʠʡ ʤʝʥʷʶʪʩʷ ʦʪ ʜʦʣʝʡ ʤʝʪʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʈʘʟʤʝ-

ʨʳ ʩʣʘʙʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ɼʦʨʫʜ-

ʥʳʡ ʚʟʙʨʦʩ, ʧʦʣʦʛʦ (30-40Ü) ʧʘʜʘʶʱʠʡ ʚ ʩʪʦʨʦʥʫ ʜʦʣʠʥʳ ʨ. ʆʤʯʘʢ, ʦʛʨʘ-

ʥʠʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʦʨʫʜʝʥʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ, ʚ ʪʦʞʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ ʨʫ-

ʜʦʚʤʝʱʘʶʱʠʤ. 

ʈʝʜʢʠʝ ʜʘʡʢʠ ʩʧʝʩʩʘʨʪʠʪʦʚ ʠ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʨʫʜʥʳʝ ʪʝʣʘ, ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʚʦʩʩʪʘʥʠʶ ʧʦʣʦʛʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʨʘʥʥʝʛʦ 

ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʵʪʘʧʘ ʠ ʚʦʚʣʝʯʝʥʳ ʚ ʧʦʩʪʨʫʜʥʦʝ ʜʨʦʙʣʝʥʠʝ. ʇʨʦʜʫʢʪʠʚʥʘʷ 

ʘʨʩʝʥʦʧʠʨʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘʣʦʞʝʥʘ ʥʘ ʧʦʨʦʜʳ ʜʘʝʢ. ʅʘ ʩʝʚʝʨʥʳʭ 

ʬʣʘʥʛʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʭʦʜʷʪ ʜʚʝ ʤʝʣʢʠʝ ʠʥʪʨʫʟʠʠ ï 

mailto:rstvvv@yandex.ru
http://www.arlan.ru/
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ɺʠʣʢʠʥʩʢʠʡ ʰʪʦʢ ʜʠʦʨʠʪʦʚ ʠ ɺʘʥʠʥʩʢʠʡ ʰʪʦʢ, ʚʢʣʶʯʘʶʱʠʡ ʜʦʨʫʜʥʳʝ 

ʪʝʣʘ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʠ ʧʦʩʪʨʫʜʥʳʝ ʪʨʫʙʢʠ ʵʢʩʧʣʦ-

ʟʠʚʥʳʭ ʨʠʦʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ ʩ ʦʙʣʦʤʢʘʤʠ ʞʠʣ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʢʚʘʨʮʘ. ʅʘ 

ʙʨʝʢʯʠʠ ʥʘʣʦʞʝʥʘ ʵʧʠʪʝʨʤʘʣʴʥʘʷ ʩʣʘʙʦʟʦʣʦʪʦʥʦʩʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. 

ʈʫʜʦʥʦʩʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʙ-

ʣʦʤʢʦʚ ʞʠʣ ʙʨʝʢʯʠʝʚʦʡ ʪʝʢʩʪʫʨʳ (ʦʢʚʘʨʮʦʚʘʥʥʳʝ ʘʣʝʚʨʦʣʠʪʳ ʠ ʜʠʘ-

ʤʠʢʪʠʪʳ ʩ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʢʚʘʨʮʝʚʳʤ ʮʝʤʝʥʪʦʤ), ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ 

ʩʫʣʴʬʠʜʦʚ ʚ ʪʝʢʪʦʥʠʪʘʭ ʠ ʟʦʥʘʤʠ ʢʚʘʨʮʝʚʦʛʦ, ʢʘʨʙʦʥʘʪʥʦ-ʢʚʘʨʮʝʚʦʛʦ, 

ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʠ ʩʫʣʴʬʠʜʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ 

ʩʣʘʙʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʣʦʢʘʭ. ɻʨʘʥʠʮʳ ʨʫʜʥʳʭ ʪʝʣ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʜʘʥʥʳʤ ʦʧʨʦʙʦʚʘʥʠʷ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ - ʦʪ 1,5 ʜʦ 7,0 ʤ. ʉʣʝʧʳʝ ʨʫʜʥʳʝ 

ʟʦʥʳ ʧʨʦʷʚʣʝʥʳ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʧʨʦʞʠʣʢʦʚ ʩ ʙʝʜ-

ʥʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ.  

ʉʦʩʪʘʚ ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʡ, ʩ ʧʨʠʤʝ-

ʩʴʶ ʘʣʴʙʠʪʘ, ʘʥʢʝʨʠʪʘ, ʩʝʨʠʮʠʪʘ, ʭʣʦʨʠʪʘ, ʥʝʨʝʜʢʦ ʪʦʣʴʢʦ ʢʘʨʙʦʥʘʪʥʳʡ. 

ʀʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʥʠʷ ʧʨʦʞʠʣʢʦʚʦʡ ʠ ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʜʝʨʞʘ-

ʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʚ ʨʫʜʘʭ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 67%. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʫʣʴʬʠʜʦʚ ʥʝ ʙʦʣʝʝ 0,5-2,0%. ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʨʦʤʝ ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ, ʬʠʢʩʠʨʫʶʪʩʷ ʪʠʪʘʥʠʪ, ʨʫʪʠʣ, ʠʣʴʤʝʥʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ ʠ ʧʠʨʠʪ, ʨʝʞʝ 

ʧʠʨʨʦʪʠʥ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ - ʙʣʝʢʣʳʝ 

ʨʫʜʳ. ʇʦ ʜʘʥʥʳʤ [4] ï ʫʩʪʘʥʦʚʣʝʥʳ ʜʞʝʤʩʦʥʠʪ, ʙʫʣʘʥʞʝʨʠʪ, ʩʝʣʝʥʠʜʳ 

ʩʝʨʝʙʨʘ, ʰʝʝʣʠʪ. ʅʘʠʙʦʣʴʰʠʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʝʪ-

ʩʷ ʧʠʨʠʪ: 

- ʬʨʘʤʙʦʠʜʘʣʴʥʳʡ ʧʠʨʠʪ, ʟʘʤʝʱʘʶʱʠʡ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʦʣʦʥʠʠ; 

- ʤʝʪʘʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʨʝʣʠʢʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʥʘʣʦʞʝʥʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ 

ʧʦʟʜʥʠʭ ʩʫʣʴʬʠʜʦʚ ʠ ʟʦʣʦʪʘ. 

- ʧʦʟʜʥʠʡ ʧʠʨʠʪ, ʦʙʨʘʟʫʶʱʠʡ ʢʘʢ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʪʘʢ ʠ ʤʝʣ-

ʢʦʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ, ʠ ʧʨʦʞʠʣʢʠ. 

ʄʝʣʢʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ, ʛʥʝʟʜʦʦʙʨʘʟʥʳʝ ʩʢʦʧʣʝʥʠʷ ʠ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥ-

ʥʳʝ ʜʠʧʠʨʘʤʠʜʘʣʴʥʳʝ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʘʨʩʝʥʦʧʠʨʠʪʘ ʚʩʪʨʝ-

ʯʘʝʪʩʷ ʢʘʢ ʚ ʞʠʣʴʥʦʤ ʢʚʘʨʮʝ, ʪʘʢ ʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ʊʚʝʨʜʳʝ 

ʩʫʣʴʬʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠ ʚʢʣʶʯʝʥʠʷ ʬʦʩʬʘʪʦʚ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʚʳʷʚʣʝʥʥʳʝ 

ʚ ʤʝʪʘʢʨʠʩʪʘʣʣʘʭ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʬʠʢʩʠʨʫʶʪ ʟʘʤʝʱʝʥʠʝ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʠ ʢʘʨʙʦʥʘʪʦʚ As-S ʩʦʜʝʨʞʘʱʠʤ ʬʣʶʠʜʦʤ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

As, S ʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʠʨʠʪ ʠʣʠ ʧʠʨʨʦʪʠʥ. 



20 

 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Au ʚ ʨʫʜʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,5 ʜʦ 6,6 ʛ/ʪ. ʈʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʟʦʣʦʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʣʠ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʇʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʥʥʳʝ ʤʝʪʦʜʦʤ LA ICP MS ʟʝʨʥʘ ʧʠʨʠʪʘ ʧʦʢʘʟʳʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʜʦ 200 

ʛ/ʪ, ʧʨʠʯʝʤ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʡ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʚ ʧʠʨʠʪʝ. ʉʦʜʝʨʞʘʥʠʝ 

ʟʦʣʦʪʘ ʚ ʘʨʩʝʥʦʧʠʨʠʪʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʛ/ʪ. ʉʚʦʙʦʜʥʦʝ ʟʦʣʦʪʦ ʠ ʟʦʣʦʪʦ ʚ 

ʩʨʦʩʪʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʘʣʴʙʘʥʜʘʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ, ʚ ʫʯʘʩʪ-

ʢʘʭ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʢʚʘʨʮʘ, ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʟʝʨʝʥ, ʦʙʨʘʟʫʶʪ 

ʤʘʩʩʠʚʥʳʝ ʠ ʩʝʪʯʘʪʳʝ ʧʨʦʞʠʣʢʠ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ, ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚʜʦʣʴ 

ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʨʘʥʥʝʤ ʧʠʨʠʪʝ. 

ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ ʜʦ 

0,5 ʤʤ, ʨʝʜʢʦ ʜʦ 1,5ï4,0 ʤʤ. ʉʠʪʦʚʦʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʆɸʆ çɿʦʣʦʪʦ-

ʨʫʜʥʘʷ ʢʦʤʧʘʥʠʷ ʇʘʚʣʠʢè ʧʦ ʧʨʦʙʘʤ ʠʟ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʧʦʜʩʯʝʪ ʯʠʩʣʘ ʟʦʣʦʪʠʥ ʚ 52 ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙʘʭ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʛʨʫʧʧ ʧʦ ʢʨʫʧʥʦʩʪʠ ʟʦʣʦʪʘ. 

1. ʊʦʥʢʦʝ ʠ ʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ ʩ ʢʨʫʧʥʦʩʪʴʶ ʤʝʥʝʝ 0,1 ʤʤ (ʧʠʢ 

ʢʨʫʧʥʦʩʪʠ ʥʘ 0,075 ʤʤ) ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʚ ʧʦʣʦʛʦʧʘ-

ʜʘʶʱʠʭ ʪʝʣʘʭ; 

2. ʄʝʣʢʦʝ ʟʦʣʦʪʦ ʩ ʢʨʫʧʥʦʩʪʴʶ ʦʪ 0,1 ʜʦ 0,4 ʤʤ (ʧʠʢ ʢʨʫʧʥʦʩʪʠ ʥʘ 

0,25 ʤʤ) ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʨʫʜʥʦʡ ʟʦʥʝ 1; 

3. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʝ ʟʦʣʦʪʦ ʦʪ 0,4 ʜʦ 1 ʤʤ (ʧʠʢʠ ʢʨʫʧʥʦʩʪʠ ʥʘ 

0,55 ʠ 0,85 ʤʤ), ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʫʜʥʳʭ ʟʦʥ. 

ʊʦʥʢʦʝ ʠ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʨʘʩʪʘʥʠʷʭ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ 

ʩʬʘʣʝʨʠʪʦʤ, ʦʙʨʘʟʫʷ ʩ ʥʠʤʠ ʠʥʜʫʢʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʨʦ-

ʩʪʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ 

ʘʛʨʝʛʘʪʘʭ, ʚ ʧʠʨʠʪʝ ʠ ʘʨʩʝʥʦʧʠʨʠʪʝ, ʢʦʥʮʝʥʪʨʠʨʫʷʩʴ ʚʙʣʠʟʠ ʟʦʥ ʪʨʝʱʠʥʦ-

ʚʘʪʦʩʪʠ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʛʦ ʟʦʣʦʪʘ - ʛʫʙʯʘʪʦ-

ʧʦʨʠʩʪʳʝ, ʯʘʩʪʦ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ; ʤʘʩʩʠʚʥʳʝ ʧʩʝʚʜʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʪʨʝʱʠʥʦ-ʧʨʦʞʠʣʢʦʚʠʜʥʳʝ ʬʦʨʤʳ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʠ, ʨʝʞʝ, 

ʚ ʩʝʨʠʮʠʪ-ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʭ ʠʣʠ ʘʣʴʙʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʭʣʦʨʠʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʘʭ. ʅʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ (1,5%), ʥʦ ʢʨʘʡʥʝ ʭʘʨʘʢ-

ʪʝʨʥʳ ʫʧʣʦʱʝʥʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʬʦʨʤʳ ʠʥʦʛʜʘ ʚ ʩʨʘʩʪʘʥʠʠ ʩʦ ʩʬʘʣʝʨʠ-

ʪʦʤ. 



21 

 

ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʴʶ ʥʝʢʦʪʦʨʳʭ ʟʦʣʦʪʠʥ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʟʦʣʦʪʘ (ʚʳʩʦʢʦʧʨʦʙʥʳʝ ʢʘʡʤʳ) ʠ ʟʦʣʦʪʘ ʩ ʨʘʟʚʠʪʦʡ ʧʦ-

ʨʠʩʪʦʩʪʴʶ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʦʣʦʪʠʥ ʧʨʦʙʥʦʩʪʴ, ʦʧʨʷ ʥʘ ʉʕʄ ʠ ʩ ʧʦʤʦ-

ʱʴʁ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 780 ʜʦ 800. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʟʦʣʦʪʘ ʟʘʧʘʟʜʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩ-

ʥʦʚʥʦʡ ʤʘʩʩʳ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʭʦʪʷ ʯʘʩʪʴ ʘʨʩʝʥʦʧʠʨʠʪʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʧʦʩʣʝ ʟʦʣʦʪʘ. ʉʦʩʪʘʚ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʟʦʣʦʪʝ (ʢʘʣʠʰʧʘʪ, ʘʣʴʙʠʪ, ʢʘʨ-

ʙʦʥʘʪ) ʠ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ (ʪʝʪʨʘʵʜʨʠʪ, ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ) ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʨʫʜʦʥʦʩʥʦʛʦ ʬʣʶʠʜʘ (Na-K-Al-Si-O-S-As). 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜ (ʈʌɸ, ICP MS) ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʞʠʣʴʥʦʡ ʯʘʩʪʠ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ ʠʟ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʬʣʶʠʜʦʚ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʣʠʩʴ ʚ ʭʦʜʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʩʪʦʯʥʠʢʦʤ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʣʠʩʴ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦ-

ʨʦʜʳ, ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʫʜʦʚʤʝʱʘʶʱʠʝ (ʠʩʪʦʯʥʠʢ Fe, Cu, TR, Zn), ʪʘʢ 

ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʷʭ ʟʝʤʥʦʡ ʢʦʨʳ (As, S, C, Bi). 

ʇʨʠʩʫʪʩʪʚʠʝ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ Cl-ʩʦʜʝʨʞʘʱʝʛʦ ʬʣʶʠʜʘ ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ 

ʨʘʩʪʚʦʨʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʢʚʘʨʮʝ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʜʣʷ ʅʘʪʘʣʢʠʥʩʢʦʛʦ [3], ʈʦʜʠʦʥʦʚʩʢʦʛʦ [2], ʘ ʪʘʢʞʝ ʅʝʞʜʘʥʠʥʩʢʦʛʦ [1] ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ. 
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ʄʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʢʚʘʨʮʝʥʦʩʥʳʤʠ ʨʘʡʦʥʘʤʠ - 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʤ ʠ ʇʘʪʦʤʩʢʠʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʚʳʷʚʣʝʥʳ ʧʨʦʷʚʣʝʥʠʷ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʠ ʦʪʢʨʳʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʂʚʘʨʮʝʚʳʝ ʧʨʦʷʚʣʝʥʠʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʢʚʘʨʮʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʟʦʥʘʤ ʩʤʷʪʠʷ: ɼʘʚʘʥʩʢʦʡ ʠ 

ɸʙʯʘʜʩʢʦʡ (ʊʳʡʩʢʦ-ʅʝʨʫʯʘʥʜʠʥʩʢʦʡ), ʧʨʦʷʚʣʝʥʥʳʭ ʥʘ ʢʦʥʪʘʢʪʝ 

ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜ. ʉʨʝʜʠ ʥʠʭ ʠʟʚʝʩʪʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɻʦʫʜʞʝʢʠʪʩʢʦʝ, ʅʘʜʝʞʥʦʝ ʠ ʊʳʡʩʢʦʝ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɻʦʫʜʞʝʢʠʪʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ɼʘʚʘʥʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʠ ʧʨʠʫʨʦʯʝʥʦ ʢ ʆʟʝʨʥʦ-ɻʦʫʜʞʝʢʠʪʩʢʦʤʫ ʞʠʣʴʥʦ-

ʤʫ ʧʦʣʶ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʞʠʣʦʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʦʡ ʟʦʥʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ, ʥʘ ʢʦʥʪʘʢʪʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠʨʝʣʴʩʢʦʛʦ 

ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɾʠʣʘ ʩʣʦʞʝʥʘ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʤʝʣʢʦ-, ʩʨʝʜʥʝ-

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ ʩ ʫʯʘʩʪʢʘʤʠ ʨʝʣʠʢʪʦʚʦʛʦ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ 

ʢʨʫʧʥʦ-ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʘ. 

ʀʩʭʦʜʥʦʝ ʢʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ɻʦʫʜʞʝʢʠʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ï ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʙʠʦʪʠʪʘ, ʤʫʩʢʦʚʠʪʘ, ʩʝʨʠ-

ʮʠʪʘ, ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʘʧʘʪʠʪʘ, ʘʤʬʠʙʦʣʘ ʠ ʨʫʪʠʣʘ. ʂʦʥʮʝʥʪʨʘʪʳ ʛʣʫ-

ʙʦʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Al, 

Ti, Na, K ʠ Li. ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 42-67%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʥʦʨʤʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʚʳ-

ʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʣʘʚʦʯʥʦʛʦ ʩʳʨʴʷ (>80%). ʂʘʯʝʩʪʚʦ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʧʦʟ-

ʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʨʷʜʦʚʦʛʦ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʅʘʜʝʞʥʦʝ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɼʘʚʘʥʩʢʦʡ ʟʦʥʝ. ʄʝ-

ʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʤʝʱʝʥʦ ʚ ʟʦʥʝ ʜʠʘʬʪʦʨʠʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʢʚʘʨʮ-ʭʣʦʨʠʪ-

ʙʠʦʪʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ (ʩʣʶʜʠʪʘʤʠ).  
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ʂʚʘʨʮʝʚʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 5 ʣʠʥʝʡʥʦ ʚʳʪʷʥʫʪʳʭ 

ʢʚʘʨʮʝʥʦʩʥʳʭ ʟʦʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʟʘʤʠ ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʤʠ ʞʠʣʘʤʠ 

ʥʝʧʨʘʚʠʣʴʥʳʭ ʦʯʝʨʪʘʥʠʡ ʨʘʟʤʝʨʦʤ ʦʪ 60Ĭ20ʤ ʜʦ 2Ĭ5 ʤ. ɺʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʦʝ. ʆʥʠ ʩʣʦʞʝʥʳ ʩʨʝʜʥʝ-

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ ʩ ʫʯʘʩʪʢʘʤʠ ʨʝʣʠʢʪʦʚʦʛʦ 

ʢʚʘʨʮʘ ʢʨʫʧʥʦ-ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʩʭʦʜʥʦʝ ʢʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʜʝʞʥʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʤʝʩʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʙʠʦʪʠʪ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʫʜʘʣʷʝʪʩʷ ʧʨʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʳʨʴʷ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʭʣʦʨʠʪ, ʤʫʩʢʦʚʠʪ, 

ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ, ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʠʨʠʪ, ʩʝʨʠʮʠʪ, ʬʣʦʛʦʧʠʪ ʠ 

ʣʠʤʦʥʠʪ. ɺ ʢʦʥʮʝʥʪʨʘʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʧʦ Al ʠ Ti. 

ʂʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʣʘʚʢʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ.  

ʊʳʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʊʳʡʩʢʦ-ʅʝʨʫʯʘʥʜʠʥʩʢʦʡ 

ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʝ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʟʦʥʝ ɸʙʯʘʜʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʚ ʰʦʚʥʦʡ 

ʟʦʥʝ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʫʧʥʳʤʠ ʤʝʞʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʧʘʪʦʤʩʢʦʡ 

ʩʝʨʠʠ, ʠʩʧʳʪʘʚʰʠʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʩ ʯʝʰʫʡʯʘʪʦ - 

ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ ʩ ʨʘʟʚʠʪʠʝʤ ʙʫʜʠʥʘʞʘ ʠ ʯʘʩʪʦʡ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴʶ 

ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʞʠʣʝ ˉ 59. 

ʂʚʘʨʮ, ʩʣʘʛʘʶʱʠʡ ʞʠʣʫ, ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ: ʧʨʝʦʙʣʘʜʘʝʪ 

ʤʝʣʢʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ, ʥʘ ʝʛʦ ʬʦʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʙʦʣʝʝ ʢʨʫʧʥʦʡ 

ʟʝʨʥʠʩʪʦʩʪʴʶ (ʛʨʘʥʫʣʳ ʨʘʟʤʝʨʦʤ 3-7 ʤʤ). ʉʪʝʢʣʦʚʠʜʥʳʡ ʢʚʘʨʮ ʦʙʨʘʟʫʝʪ 

ʫʯʘʩʪʢʠ ʨʘʟʤʝʨʦʤ 1-5 ʩʤ ʩʚʝʪʣʦ-ʩʝʨʦʡ, ʨʝʞʝ ʜʳʤʯʘʪʦʡ ʦʢʨʘʩʢʠ.  

ʂʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ʊʳʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʦʙʦʛʘʪʠʤʦʩʪʴʶ. 

ʄʠʥʝʨʘʣʳ-ʧʨʠʤʝʩʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʫʩʢʦʚʠʪʦʤ ʚ ʚʠʜʝ 

ʤʝʣʢʠʭ ʯʝʰʫʝʢ ʠ ʠʭ ʩʢʦʧʣʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʢ ʪʨʝʱʠʥʘʤ. ɺ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʝʨʠʮʠʪ, ʙʠʦʪʠʪ, ʘʤʬʠʙʦʣʳ, ʩʬʝʥ, 

ʨʫʪʠʣ, ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʪʫʨʤʘʣʠʥ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 76-91%. 

ʇʦ ʤʥʝʥʠʶ [4] ʚʳʩʦʢʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʚʘʨʮʘ ʊʳʡʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʚʳʟʚʘʚʰʠʭ ʛʨʘʥʫʣʷʮʠʶ ʢʚʘʨʮʘ, 
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ʜʨʦʙʣʝʥʠʝ ʠ ʧʝʨʝʪʠʨʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʊʳʡʩʢʦʝ ʦʪʥʝʩʝʥʦ ʢ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʬʦʨʤʘʮʠʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ï ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʦʡ ʬʦʨʤʘʮʠʠ ʜʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʣʘʚʦʯʥʦʛʦ ʩʳʨʴʷ. 

ʆʜʥʘʢʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʝʣʢʦʝ ʧʦ ʟʘʧʘʩʘʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ.  

ʇʘʪʦʤʩʢʠʡ ʢʚʘʨʮʝʥʦʩʥʳʡ ʨʘʡʦʥ ʦʭʚʘʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʝʚʝʨʘ 

ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʢ ʩʝʚʝʨʫ ʦʪ ʨ. ɺʠʪʠʤ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʉʠ-

ʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ ʛʨʘʥʠʯʠʪ ʜʫʛʦʦʙʨʘʟʥʘʷ ʟʦʥʘ ʘʥʪʠʢʣʠʥʦʨʠʝʚ (ʏʫʡ-

ʩʢʠʡ, ʊʦʥʦʜʩʢʠʡ ʠ ʅʸʯʝʨʩʢʠʡ), ʘ ʜʘʣʝʝ ʢ ʮʝʥʪʨʫ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʨʘʟ-

ʤʝʱʝʥʳ ʚʥʫʪʨʝʥʥʠʝ ʩʠʥʢʣʠʥʦʨʠʠ ï ʄʘʤʩʢʠʡ ʠ ɹʦʜʘʡʙʠʥʩʢʠʡ [5].   ʇʘʪʦʤ-

ʩʢʠʡ ʢʚʘʨʮʝʥʦʩʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʃʝʚʦ-ʄʠʥʴʩʢʠʤ ʠ ʄʘʤʩʢʠʤ 

ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠ-

ʨʦʚʘʣʠ ʰʦʚʥʫʶ ʟʦʥʫ, ʩʦ ʩʣʦʞʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ [2, 3]. ɾʠʣʳ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʣʦ-

ʢʘʣʠʟʫʶʪʩʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʶʞʥʦʤ ʙʣʦʢʝ, ʚ ʧʨʝʜʝʣʘʭ ʄʘʣʦ-

ʏʠʧʠʢʝʪʩʢʦʡ ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʩ ʩʝʚʝʨʘ ɺʝʨʭʥʝ-

ʍʘʡʚʝʨʛʠʥʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʩ ʶʛʘ ɺʝʨʭʥʝ-ʇʘʪʦʤʩʢʦʡ ʩʠʩʪʝʤʦʡ ʥʘʜʚʠʛʦʚ. ɺ 

ʧʨʝʜʝʣʘʭ ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʳ ʚʳʜʝʣʝʥʘ ʩʝʨʠʷ ʢʫʧʦʣʴʥʦ-ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢ-

ʪʫʨ ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʠ ʬʦʨʤʳ. ʂ ʵʪʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʢ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʠʭ 

ʢʦʣʴʮʝʚʳʤ ʠ ʜʫʛʦʚʳʤ ʨʘʟʣʦʤʘʤ, ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦ-ʥʘʜʚʠʛʘʤ ʠ ʚʠʭʨʝʚʳʤ 

ʥʘʜʚʠʛʘʤ ʧʨʠʫʨʦʯʝʥʳ ʞʠʣʳ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʣʦʯʠʧʠʢʝʪʩʢʦʝ (ʞʠʣʘ 2821) ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʡ ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʳ ʚ ʦʜʥʦʠʤʝʥʥʦʤ ʨʫʜʥʦʤ ʧʦʣʝ, ʢʦʪʦ-

ʨʦʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʝʚʝʨʥʦʤʫ ʢʨʳʣʫ ɺʝʨʭʥʝ-ʍʘʡʚʝʨʛʠʥʩʢʦʡ ʢʫʧʦʣʦʚʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʘʤʦʡ ʢʨʫʧʥʦʡ, ʜʠʘʤʝʪʨʦʤ 15,5 ʢʤ. ʂ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʦʙ-

ʨʘʤʣʝʥʠʶ ʢʫʧʦʣʘ ʧʨʠʫʨʦʯʝʥʘ ʞʠʣʘ 2821. 

ɾʠʣʘ 2821 ʠʤʝʝʪ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ: ʚ ʵʥʜʦʢʦʥʪʘʢʪʝ ʠ ʦʢʦʣʦ ʢʩʝʥʦʣʠ-

ʪʦʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʟʦʥʳ, ʩʣʦʞʝʥʥʳʝ ʜʳʤʯʘʪʳʤ ʛʨʘ-

ʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ, ʢʦʪʦʨʳʝ ʦʙʦʛʘʱʝʥʳ ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, 

ʧʨʦʜʫʢʪʠʚʥʘʷ (ʮʝʥʪʨʘʣʴʥʘʷ) ʯʘʩʪʴ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ ʩʣʦʞʝʥʘ ʩʨʝʜʥʝ- ʤʝʣ-

ʢʦʟʝʨʥʠʩʪʳʤ (2-4 ʤʤ) ʙʝʩʮʚʝʪʥʳʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ.  

ʂʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 72-81%. ʇʦ ʩʦʜʝʨʞʘʥʠʶ çʚʳ-
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ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡè ʚʦʜʳ (22-23 ʤʢʛ/ʛ) ʢʚʘʨʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʞʠʣʳ 2821 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʨʪʫ ʂɻʆ-3 ʠ ʚʳʰʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ɻʨʘ-

ʥʫʣʠʨʦʚʘʥʥʳʡ ʢʚʘʨʮ ʇʘʪʦʤʩʢʦʛʦ ʢʚʘʨʮʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ - ʞʠʣʳ 2821 ʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʞʠʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʟʨʘʯʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʨʘ-

ʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʜʚʘ ʛʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʘ. ʂʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ɻʦʫʜʞʝʢʠʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʪʥʝʩʝʥʦ ʢ ʨʷʜʦʚʦʤʫ ʩʳʨʴʶ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʝ - ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʇʨʠʙʘʡʢʘʣʴʷ. ɺʳʷʚʣʝʥʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʦʮʝʥʝʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ, ʣʦʢʘ-

ʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ, ʧʦʚʳʰʘʶʪ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʇʘʪʦʤʩʢʦʛʦ ʢʚʘʨʮʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩ.ʢʦʥʪʨʘʢʪʘ ʚ ʧʝʨʠʦʜ 2015-2017 ʛʛ. 

ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʆɸʆ çʂʳʰʪʳʤʩʢʠʡ ɻʆʂè. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʠ ʈɿʕ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʩʨʝʜʫ ʧʨʠʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝ-

ʩʪʚʘ ʠ ʫʩʣʦʚʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ [1-3]. ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ, ʨʘʩʧʦʣʘʛʘʷ ʜʘʥ-

ʥʳʤʠ ISPïMS, ʧʦʩʯʠʪʘʣʠ ʚʦʟʤʦʞʥʳʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʈɿʕ ʚ 

ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʘʚʣʠʢ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 20 ʢʤ ʶʞʥʝʝ ʅʘʪʘʣʢʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʭʦʜʠʪ ʥʘʨʷʜʫ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʆʤʯʘʢ ʠ ʅʘʪʘʣʢʘ ʚ 

ʆʤʯʘʢʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ. ʈʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʇʘʚʣʠʢ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ (ʅʘʪʘʣʢʠʥʩʢʦʝ, ʆʤʯʘʢ, ɿʦʣʦʪʘʷ ʨʝʯʢʘ) ʆʤʯʘʢʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʤʫ ʪʠʧʫ ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʡ ʬʦʨ-

ʤʘʮʠʠ.  

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ) ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʚʝʨʭʥʶʶ ʢʦʨʫ [6], ʧʦ ʢʣʘʩʩʘʤ ʩʦʜʝʨʞʘʥʠʡ Au  

(1 ï <1.0; 2 ï 5ï20; 3 ï 30ï60; 4 ï >300) ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ. 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 1 ʨʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʚʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʭʘʣʴ-

ʢʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Au, Ag, As, W, Bi) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚʝʨʭʥʝʡ ʢʦʨʳ [6] ʠ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʝʨʤʩʢʠʤʠ ʪʦʣʱʘʤʠ ʨʝʛʠ-

ʦʥʘ [4]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʙʦʛʘʱʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ï ʜʦ ʜʝʩʷʪ-

ʢʦʚ ʪʳʩʷʯ ʨʘʟ (ʨʠʩ. 1), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʨʦʜʩʪʚʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʠʥʭʨʦʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʆʪʣʠʯʠ-

ʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʫʜ ʇʘʚʣʠʢʘ ï ʟʘʤʝʪʥʘʷ ʦʙʦʛʘʱʝʥʥʦʩʪʴ W, Bi ʠ ʈɿʕ 

(ʨʠʩ. 1). ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ W ʠ Bi ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʫʯʘʩʪʠʝ ʚ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ [2], ʘ ʈɿʕ ï ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ.  

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ 

ʷʚʥʦ ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤʠ- ʠ ʦʙʝʜʥʝʥʳ ʪʷʞʝʣʳʤʠ ʈɿʕ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

Hf/Sm, Nb/La ʠ Th/La ʤʝʥʴʰʝ 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʬʣʶʠʜʳ 

ʧʨʠʥʘʜʣʝʞʘʣʠ NaClïH2O ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʦʙʦʛʘʱʝʥʥʦʡ Cl ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ F [7], ʯʪʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʫʯʝʥʠʷ ʬʣʶʠʜ-

ʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʨʫʜʥʦʤ ʢʚʘʨʮʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɿʥʘʯʝʥʠʷ U/Th ʚ ʨʫʜʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 0.75 (ʚʘʨʴʠʨʫʶʪ ʦʪ 0.39 ʜʦ 0.52) ʠ ʥʝʤʥʦʛʦ ʚʳʰʝ, 

ʯʝʤ ʟʥʘʯʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʝʨʤʩʢʠʭ ʧʦʨʦʜ [4], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʨʫʜʦʦʪʣʦʞʝʥʠʷ [7]. ɺʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ Co/Ni ʚ 

ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.42 ʜʦ 1.26, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ [7]. ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝ-

ʥʠʷ Y/Ho ʚ ʦʩʥʦʚʥʦʤ ʚʘʨʴʠʨʫʶʪ ʦʪ 27.64 ʜʦ 29.83, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘ-

ʧʘʟʦʥʫ ʬʣʶʠʜʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʝʣʝʥʦ-

ʢʘʤʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ [7, 8].  

ʉʫʤʤʘ ʈɿʕ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦ-

ʙʘʭ ʰʪʦʢʚʝʨʢʦʚʳʭ ʨʫʜ ʜʘʞʝ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʈɿʕ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʪʦʣʱʘʭ ʨʘʡʦʥʘ [4], ʭʦʥʜʨʠʪʘʭ ʠ ʚʝʨʭʥʝʡ ʢʦʨʝ [6] ʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʨʫʜʘʭ ʅʘʪʘʣʢʠʥʩʢʦʛʦ ʠ ʈʦʜʠʦʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [2]. ʄʠʥʝʨʘ-

ʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʘʢʮʝʩʩʦʨʥʳʭ ʚʢʣʶʯʝʥʠʡ ʤʦ-

ʥʘʮʠʪʘ ʠ ʢʩʝʥʦʪʠʤʘ ʚ ʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ [5]  

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ ʈɿʕ ʦʙʨʘʟʫʶʪ ʩʣʝʛʢʘ ʥʘʢʣʦʥʥʳʝ ʩʧʝʢʪʨʳ 

(ʨʠʩ. 2), ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤʠ ʈɿʕ ʠ ʟʘʤʝʪʥʦ ʦʙʝʜʥʝʥʳ ʪʷʞʝʣʳʤʠ ʈɿʕ, ʢʘʢ ʠ 

ʨʫʜʳ ʅʘʪʘʣʢʠʥʩʢʦʛʦ ʠ ʈʦʜʠʦʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [2]. ʅʘʢʣʦʥʥʳʝ ʠ 

ʧʦʣʦʛʠʝ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʦʚ ʈɿʕ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʫʜʥʳʭ ʧʨʦʙ (ʩʤ. ʨʠʩ. 2), 

ʩʭʦʜʥʳ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ [4], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʫʥʘʩʣʝʜʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʈɿʕ ʚ ʨʫʜʘʭ. ɹʦʛʘʪʳʝ ʨʫʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦ-

ʙʘʤʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʈɿʕ ʠ 

Eu ʤʘʢʩʠʤʫʤʦʤ ʚ ʩʧʝʢʪʨʝ ʈɿʕ (ʨʠʩ. 2).  



28 

 

 
ʈʠʩ. 2. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ ʈɿʕ ʧʦ ʢʣʘʩʩʘʤ ʩʦʜʝʨʞʘʥʠʡ Au ʚ ʨʫʜʘʭ  

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ. ʂʣʘʩʩʳ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ (ʛ/ʪ):  

1 ï <1.0; 2 ï 5ï20; 3 ï 30ï60; 4 ï >300. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʛʘʪʳʝ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʞʠʣʴʥʳʤ ʢʚʘʨʮʝʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʜʥʳʭ ʰʪʦʢʚʝʨʢʦʚʳʭ ʨʫʜ, ʛʜʝ ʤʥʦʛʦ ʧʦ-

ʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. Eu ʠ Cʝ ʘʥʦʤʘʣʠʠ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʘʨʢʝ-

ʨʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʨʝʜʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ 

[1, 2, 7]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʙ ʠʟ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ ŭCe ʠ ŭEu ʚʘ-

ʨʴʠʨʫʶʪ ʦʪ ʫʤʝʨʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʦ ʥʝʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘ-

ʯʝʥʠʡ (ŭCe = ʦʪ 0.88 ʜʦ 1.34) ʠ (ŭEu = 0.81 ʜʦ 1.43). ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʜʚʫʤʷ ʩʦʯʝʪʘʥʠʷʤʠ Eu ʠ Cʝ ʘʥʦʤʘʣʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘ-

ʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʤʝʣ ʚʦʟʨʘʩʪʘʶʱʫʶ ʪʝʥʜʝʥʮʠʶ [1, 7]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜʘ ʚ ʨʫʜʦ-

ʦʙʨʘʟʦʚʘʥʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʈɿʕ, ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʅʘʪʘʣʢʠʥʩʢʦʤ, 

ʈʦʜʠʦʥʦʚʩʢʦʤ [2] ʠ ʅʝʞʜʘʥʠʥʩʢʦʤ [1] ï ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʦ-

ʣʦʪʘ ʚ ʗʂʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʦ-

ʛʘʱʝʥʠʝ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʘʚʣʠʢ ʭʘʣʴʢʦʬʠʣʴʥʳʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ 

(Au, Ag, As, W ʠ Bi). ɺ ʨʫʜʘʭ ʚʳʷʚʣʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈɿʕ, 

ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʢʣʶʯʝʥʠʡ ʤʦʥʘʮʠʪʘ ʠ ʢʩʝʥʦʪʠʤʘ ʚ 

ʩʫʣʴʬʠʜʘʭ. ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜ ï ʦʙʦʛʘʱʝʥʥʦʩʪʴ Bi ʠ W ʠ 

ʤʘʢʩʠʤʫʤʳ Eu ʚ ʩʧʝʢʪʨʘʭ ʈɿʕ ʙʦʛʘʪʳʭ ʨʫʜ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʫʜʦ-

ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʥʘ ʨʘʥ-

ʥʠʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-



29 

 

ʪʘʪʳ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʝʪʘʤʦʨʬʦʛʝʥʦ-ʤʘʛʤʘʪʦʛʝʥʥʫʶ ʤʦʜʝʣʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʥʦ-

ʂʦʣʳʤʩʢʦʛʦ ʧʦʷʩʘ [9]. ʇʨʠʚʝʜʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʧʦʠʩ-

ʢʦʚ ʠ ʦʮʝʥʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 48 

çʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʛʥʦʟʘ ʠ ʦʩʚʦʝʥʠʷè 
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ʅʝʜʘʚʥʦ ʨʘʟʚʝʜʘʥʥʦʝ ʆɿʈʂ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʇʨʦʛʥʦʟʥʦʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʉʝʚʝʨʦ-ʕʚʝʥʩʢʦʤ ʨʘʡʦʥʝ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 95 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ 

ʦʪ ʨʘʡʦʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦʩ. ʕʚʝʥʩʢʘ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʟʥʘʤʝʥʠʪʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʂʫʙʘʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʝʚʝʨʥʝʝ ï 100 ʢʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʍʠʚʘʯʩʢʦʛʦ ʚʳʩʪʫʧʘ ʘʨʭʝʡʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ (ʵʨʦʟʠʦʥʥʦʛʦ ʦʢʥʘ ʩʨʝʜʠ ʶʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ). ɺ ʧʨʝʜʝ-

ʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʥʘ ʘʨʭʝʡʩʢʦʤ ʮʦʢʦʣʝ ʩ ʫʛʣʦʚʳʤ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ 

ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʶʪ ʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʠʪʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝ-

ʢʨʳʚʘʶʪʩʷ ʦʩʘʜʦʯʥʦʡ ʪʨʠʘʩʦʚʦʡ ʪʦʣʱʝʡ ʠ ʧʦʟʜʥʝʤʝʣʦʚʳʤʠ ʠʟʚʝʨʞʝʥʥʳ-

ʤʠ ʧʦʨʦʜʘʤʠ ʆʏɺʇ. ʈʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʟʦʪʠʯʝʩʢʦʡ ʜʣʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

Au-ʛʝʤʘʪʠʪ-ʙʘʨʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ [5].  

ʅʘʩʪʦʷʱʘʷ ʧʫʙʣʠʢʘʮʠʷ ʦʙʦʙʱʘʝʪ ʧʝʨʚʳʭ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʫʜ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʠ 

ʈɿʕ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠʩʪʦʯ-

ʥʠʢʦʚ ʚʝʱʝʩʪʚʘ ʠ ʫʩʣʦʚʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ [1ï5]. ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ, ʨʘʩʧʦ-

ʣʘʛʘʷ ʜʘʥʥʳʤʠ ISPïMS, ʧʦʩʯʠʪʘʣʠ ʚʦʟʤʦʞʥʳʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝ-

ʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʈɿʕ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟʥʦʝ.  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 1 ʨʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʚʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʯʝ-

ʪʳʨʴʤʷ ʵʣʝʤʝʥʪʘʤʠ (Au, Ag, Sb, Ba) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷ-

ʤʠ ʚʝʨʭʥʝʡ ʢʦʨʳ [6]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʙʦʛʘʱʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

(V, Zn, As, Mo, Cd, Cs, Eu, W) ï ʜʦ ʜʝʩʷʪʢʦʚ (Ba ʠ Sb), ʩʦʪʝʥ (Ag) ʠ ʪʳʩʷʯ 

(Au) ʨʘʟ (ʨʠʩ. 1), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʨʦʜʩʪʚʝ ʤʠʢʨʦ-

ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʠʥʭʨʦʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʇʨʠʯʝʤ ʦʙʦʛʘ-

ʱʝʥʥʦʩʪʴ ʨʫʜ ʩʝʨʝʙʨʦʤ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ag 

(~20%) ʚ ʩʘʤʦʨʦʜʥʦʤ Au [5]. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʨʫʜ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʵʧʠʪʝʨʤʘʣʴʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ [3], ï 
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ʟʘʤʝʪʥʘʷ ʦʙʦʛʘʱʝʥʥʦʩʪʴ Ba (ʩʭʦʜʩʪʚʦ ʩ ʨʫʜʘʤʠ ʪʠʧʘ ʂʫʨʦʢʦ [4]) ʠ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʩʨʝʜʥʠʝ ʧʦ 4 ʧʨʦʙʘʤ), ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʚʝʨʭʥʶʶ ʢʦʨʫ [6], ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟʥʦʝ. 

 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʫʜʳ ʇʨʦʛʥʦʟʥʦʛʦ ʷʚʥʦ ʦʙʦ-

ʛʘʱʝʥʳ ʣʝʛʢʠʤʠ- ʠ ʦʙʝʜʥʝʥʳ ʪʷʞʝʣʳʤʠ ʈɿʕ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ Hf/Sm, Nb/La 

ʠ Th/La ʤʝʥʴʰʝ 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʬʣʶʠʜʳ ʧʨʠʥʘʜʣʝʞʘ-

ʣʠ NaClïH2O ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʦʙʦʛʘʱʝʥʥʦʡ Cl ʦʪʥʦʩʠʪʝʣʴʥʦ F 

[7]. ɿʥʘʯʝʥʠʷ U/Th ʚ ʨʫʜʘʭ ʚ ʩʨʝʜʥʝʤ (0.49) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 0.75, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʨʫʜʦʦʪʣʦʞʝʥʠʷ [7]. ɺʝʣʠʯʠʥʘ 

ʦʪʥʦʰʝʥʠʷ Co/Ni ʚ ʨʫʜʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.67 ʜʦ 2.09, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ [7]. ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 

Y/Ho ʚ ʦʩʥʦʚʥʦʤ ʚʘʨʴʠʨʫʶʪ ʦʪ 19.85 ʜʦ 23.59, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦ-

ʥʫ ʬʣʶʠʜʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʝʣʝʥʦʢʘʤʝʥ-

ʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ [7, 8].  

ʉʫʤʤʘ ʈɿʕ ʚ ʨʫʜʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʥʜʨʠʪʘʤ ʠ ʚʝʨʭʥʝʡ ʢʦʨʝ [6] ʠ ʚ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʨʫʜʘʭ ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʧʘʣʝʦʟʦʡʩʢʠʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ [3]. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ ʈɿʕ ʦʙʨʘʟʫʶʪ ʩʣʝʛʢʘ ʥʘʢʣʦʥʥʳʝ 

ʩʧʝʢʪʨʳ (ʨʠʩ. 2), ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤʠ ʈɿʕ ʠ ʟʘʤʝʪʥʦ ʦʙʝʜʥʝʥʳ ʪʷʞʝʣʳʤʠ 

ʈɿʕ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Eu ʤʘʢʩʠʤʫʤʦʤ ʚ ʩʧʝʢʪʨʝ ʈɿʕ (ʨʠʩ. 2), ʢʘʢ ʠ ʨʫʜʳ 

ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʧʘʣʝʦʟʦʡʩʢʠʭ [3] ʠ ʪʠʧʘ ʂʫʨʦʢʦ [4] ʤʝʩʪʦʨʦʞʜʝʥʠʡ. Eu ʠ 

Cʝ ʘʥʦʤʘʣʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʘʨʢʝʨʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʨʝʜʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ [1, 7]. ɺ ʠʟʫʯʝʥ-



32 

 

ʥʳʭ ʧʨʦʙʘʭ ŭCe ʠ ŭEu ʚʘʨʴʠʨʫʶʪ ʦʪ ʫʤʝʨʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ŭCe = ʦʪ 0.97 ʜʦ 1.07) ʠ (ŭEu = 0.99 ʜʦ 2.45). ʈʘʟʥʠʮʘ 

ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʩʦʯʝʪʘʥʠʷʤʠ Eu ʠ Cʝ ʘʥʦʤʘʣʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʤʝʣ ʚʦʟʨʘʩʪʘʶʱʫʶ ʪʝʥ-

ʜʝʥʮʠʶ [1, 7].  

 

 
ʈʠʩ. 2. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ ʈɿʕ (ʩʨʝʜʥʝʝ ʧʦ 4 ʧʨʦʙʘʤ) ʚ ʨʫʜʘʭ  

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟʥʦʝ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʤʝʪʥʦʝ ʦʙʦ-

ʛʘʱʝʥʠʝ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟʥʦʝ Au, Ag, Sb, ʠ Bʘ. ʇʨʠʯʝʤ ʦʙʦʛʘ-

ʱʝʥʥʦʩʪʴ ʨʫʜ Ag ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ag (~20%) 

ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ [5]. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʫʜ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʵʧʠʪʝʨʤʘʣʴʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ [3] ï ʟʘʤʝʪʥʘʷ ʦʙʦʛʘ-

ʱʝʥʥʦʩʪʴ Ba (ʩʭʦʜʩʪʚʦ ʩ ʨʫʜʘʤʠ ʪʠʧʘ ʂʫʨʦʢʦ [4]) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʦ-

ʛʘʱʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝʜʥʠʡ ʬʘʢʪ, ʢʘʢ ʠ 

ʧʦʚʝʜʝʥʠʝ ʈɿʕ ʚ ʨʫʜʘʭ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʣʦʞʝʥʥʫʶ ʨʘʥʝʝ ʤʦʜʝʣʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʇʨʦʛʥʦʟʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʚʪʦʨʠʯʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʠ ʧʝʨʝ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʠ ʞʝʣʝʟʘ ʠʟ ʚʤʝʱʘʶʱʠʭ ʪʦʣʱ ʚ ʟʦʥʳ ʢʚʘʨʮ-ʛʝʤʘʪʠʪ-

ʙʘʨʠʪ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʦʞʠʣʢʦʚ ʚ ʩʚʷʟʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʤʦʱʥʳʭ ʤʝʣʦʚʳʭ 

ʜʘʝʢ ʠ ʩʠʣʣʦʚ [5].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 48 

çʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, 
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ʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ GOCE ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʝʩʥʫʶ ʩʚʷʟʴ  ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦ-

ʚʠʷʤʠ ʨʘʟʚʠʪʠʷ ʤʝʣʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɸʨʝʘʣʳ ʧʨʦʷʚʣʝʥʠʷ ʤʝʣʦʚʦʛʦ ʠʥ-

ʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʟʘʥʠʤʘʶʪ ʧʦʯʪʠ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʏʫʢʦʪʢʠ. ʈʘʥ-

ʥʝʤʝʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ ʏʫʢʦʪ-

ʩʢʦʛʦ ʠ ʂʦʨʷʢʩʢʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʧʦʷʩʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʜʦʘʢʢʨʝʮʠ-

ʦʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʵʥʩʠʤʘʪʠʯʝʩʢʠʭ 

ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠʣʠ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [2]. ɸʨʝ-

ʘʣʳ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠʥʪʨʫʟʠʡ, ʯʘʩʪʦ ʩʦʚʤʝʱʝʥʳ, ʦʙʦʟʥʘʯʘʷ ʦʯʘʛʦ-

ʚʳʝ ʦʙʣʘʩʪʠ ʩ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʘʛʤʘʪʠʟʤʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʚ-

ʤʝʱʝʥʠʝ ʘʨʝʘʣʦʚ ʦʪʤʝʯʘʝʪʩʷ ʩʨʝʜʠ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʆɺʇ ʠ ʦʭʚʘʪʳʚʘʝʪ ɽʛʜʳʛʢʳʯʩʢʠʡ ʧʦʣʠʬʘʟʥʳʡ 

ʠʥʪʨʫʟʠʚʥʳʡ ʤʘʩʩʠʚ ʤʦʥʮʦʥʠʪʦʚ ʠ ʤʦʥʮʦʜʠʦʨʠʪʦʚ, ʚ ʘʨʝʘʣʝ ʢʦʪʦʨʦʛʦ 

ʨʘʟʤʝʱʘʝʪʩʷ ʧʦʨʬʠʨʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʇʝʩʯʘʥʢʘ. ʇʨʠ ʚʦʟʨʘʩʪʝ 

ʝʛʜʳʛʢʳʯʩʢʠʭ ʧʦʨʦʜ 139ð143 ʤʣʥ ʣʝʪ ʥʠʟʢʠʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ Sr ʠ 

Nd ʚ ʤʦʥʮʦʜʠʦʨʠʪʘʭ ʠ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ 

ʥʠʭ ʜʨʝʚʥʝʛʦ ʚʝʱʝʩʪʚʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ [3].  

ʆʏɺʇ ð ʪʠʧʠʯʥʳʡ ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʳʡ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʧʦʷʩ. ʉʦʚʤʝʱʝʥʥʳʝ ʘʨʝʘʣʳ 

ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʠʥʪʨʫʟʠʚʦʚ, 

ʨʘʟʤʝʱʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʩʝʚʦʡ ʟʦʥʝ ʆʏɺʇ, ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ 

çʦʢʠʩʣʝʥʥʳʭè ʛʨʘʥʠʪʦʠʜʦʚ I-ʪʠʧʘ. ɺʤʝʩʪʝ ʩ ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʦʥʠ ʧʨʠʫʨʦ-

ʯʝʥʳ ʢ ʫʯʘʩʪʢʘʤ ʥʘʠʙʦʣʝʝ ʤʦʱʥʦʡ ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ 

ʏʫʢʦʪʢʠ. ʂ ʦʜʥʦʤʫ ʠʟ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʧʨʠʫʨʦʯʝʥ ʧʦʣʠʬʘʟʥʳʡ ʊʘʥʶʨʝʨ-

ʩʢʠʡ ʧʣʫʪʦʥ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʚʦʟʨʘʩʪʘ - 82.9 ï 77.3 ʤʣʥ ʣʝʪ. ʋʩʪʘʥʦʚ-

ʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʠʥʪʨʫʟʠʚʥʳʭ ʬʘʟ ʦʪ ʛʘʙʙʨʦʠʜʦʚ ʜʦ ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʟʘʭʚʘʪ ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ 

ʥʘ ʩʤʝʰʝʥʠʝ ʤʘʛʤ ʦʩʥʦʚʥʦʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ [4]. ʇʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʨʦʜʳ ʧʣʫʪʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʪʘʤ 

I-ʪʠʧʘ, ʠʤʝʶʱʠʭ ʩʤʝʰʘʥʥʳʡ ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʤʘʛʤ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʏɸʆ ʚʤʝʩʪʝ ʩ ʧʫʥʢʪʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʙʦʣʝʝ 6 ʪʳʩ. ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 72 ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 

ʩʦʩʪʘʚʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʠ Au-ʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤʘʮʠʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

Au-ʢʚʘʨʮʝʚʘʷ ʞʠʣʴʥʘʷ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ, Au-ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ (Au-Bi), 

ʩʚʷʟʘʥʥʘʷ ʩ ʠʥʪʨʫʟʠʚʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ, Au-ʩʫʣʴʬʠʜʥʘʷ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ (ʩ 

ʫʧʦʨʥʳʤ, ʥʝʚʠʜʠʤʳʤ ʟʦʣʦʪʦʤ), Au-Ag ʵʧʠʪʝʨʤʘʣʴʥʘʷ (ʥʠʟʢʦʩʫʣʴʬʠʜʠ-

ʟʠʨʦʚʘʥʥʘʷ), Cu-Mo-Au-ʧʦʨʬʠʨʦʚʘʷ, ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ (ʪʠʧ 
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ʂʫʨʦʢʦ ʩ Au ʠ Ag). ɹʦʣʴʰʠʥʩʪʚʦ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦ-

ʧʨʦʷʚʣʝʥʠʡ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʬʣʠʰʦʠʜʥʳʭ ʪʦʣʱʘʭ. ɺʪʦʨʘʷ ʧʦ 

ʟʥʘʯʝʥʠʶ ʚʤʝʱʘʶʱʘʷ ʩʨʝʜʘ ð ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʏʫʢʦʪʢʠ, ʟʘʣʝʛʘʶʱʠʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʧʦʨʦʜʘʭ, ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʘʨʝʘʣʘʭ ʛʨʘʥʠʪʦ-

ʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʠ ʵʪʦʤ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʢʣʘʨʢ 

ʚʝʨʭʥʝʡ ʢʦʨʳ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʨʫʜʘʭ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʨʘʥ-

ʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʘʭ, ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʨʫʜʘʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʠ ʪʝʨ-

ʨʠʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʪʦʛʦ ʞʝ ʠʣʠ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʧʦʟʜʥʝʤʝʣʦ-

ʚʳʭ ʚʫʣʢʘʥʠʪʘʭ ʨʫʜʳ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʤʠ ʧʨʠʤʝʩʝʡ, ʯʝʤ ʚ ʨʘʥʥʝʤʝʣʦʚʳʭ. ʉʨʘʚʥʝʥʠʝ ʩʧʘʡʜʝʨ-

ʜʠʘʛʨʘʤʤ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʢʣʘʨʢ ʚʝʨʭʥʝʡ ʢʦʨʳ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ʚ ʨʫʜʘʭ ʦʢʦʣʦ 700 ʢʦʨʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ Bi, Hg, Sb, Sn, W ʚ ʨʘʥʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʘʭ, ʚʫʣʢʘʥʠʪʘʭ ʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʘʥʘʣʦʛʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʚ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʫʜʘʭ Li, Ni, 

Ag, Zn, Pb, Mn ʟʘʤʝʪʥʦ ʚʳʰʝ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

Au-ʢʚʘʨʮʝʚʦʛʦ ʪʠʧʘ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʬʣʠʰʦʠʜʥʳʭ ʪʦʣʱʘʭ ʏʫʢʦʪʩʢʦʛʦ 

ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʨʘʟʚʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʨʝʘʣʘʭ ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʤʦʱʥʦʡ ʢʦʨʝ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʪʠʧʘ. ʅʘʠʙʦʣʝʝ 

ʦʪʯʝʪʣʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʩ ʘʨʝʘʣʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʫ ʧʨʦʷʚʣʝʥʠʡ 

Au-Bi ʪʠʧʘ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ, ʛʨʘʥʠʪʘʭ ʠ ʛʨʘʥʦʜʠʦʨʠʪʘʭ. ɺ ʨʫʜʘʭ ʵʪʦ-

ʛʦ ʪʠʧʘ ʯʘʩʪʦ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ Au ʠ As, ʥʘʠʙʦʣʝʝ 

ʷʨʢʦ ʧʨʦʷʚʣʝʥʥʘʷ ʚ ʨʫʜʘʭ ʚ ʛʨʘʥʠʪʦʠʜʘʭ. ʅʘʤʝʯʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʤʳʰʴʷʢʦʚʠʩʪʳʭ ʨʫʜ, ʢʦʛʜʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ As/Au 

ʚʳʷʚʣʷʶʪʩʷ ʚ ʨʫʜʘʭ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʧʦʣʷʭ ʨʘʟʚʠʪʠʷ ʨʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʘʨʝʘʣʘʤ ʨʘʟʚʠʪʠʷ ʩʠʝʥʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʬʠʨʦʚʳʭ ʜʘʝʢ 

ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ Cu-ʄʦ-ʧʦʨʬʠʨʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʤʘʛʤʘ-

ʪʠʟʤʦʤ ʧʘʣʝʦʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʖʞʥʦ-ɸʥʶʡʩʢʠʤ ʠ 

ʆʤʦʣʦʥʩʢʠʤ ʪʝʨʨʝʡʥʘʤʠ. ɺ ɹʘʠʤʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ʠʤʝʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ Au-Ag-ʩʦʜʝʨʞʘʱʠʝ Cu-ʧʦʨʬʠʨʦʚʳʝ, Mo-Cu-ʧʦʨʬʠʨʦʚʳʝ, 

Au-Ag-ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ. Cu-Mo-Au-Ag ʰʪʦ-

ʢʚʝʨʢʠ (ʇʝʩʯʘʥʢʘ ʠ ʅʘʭʦʜʢʘ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʠʝʥʠʪʦʚʳʤ ʠ ʤʦʥʮʦʥʠʪʦʚʳʤ 

ʤʘʩʩʠʚʘʤ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʦʩʩʳʧʷʤʠ ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʟʦʣʦʪʘ ʩ ʨʝʜʢʠʤʠ 

ʧʣʘʪʠʥʦʠʜʘʤʠ. ʉʨʝʜʠ ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʟʚʝʩʪʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
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ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʞʠʣʳ ʩ Au-Ag-

ʦʨʫʜʝʥʝʥʠʝʤ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʝʩʝʥʥʝʝ, ʧʨʦʷʚʣʝʥʠʷ ɺʝʨʥʦʝ, ʉʤʝʰʣʠʚʦʝ, 

ʕʨʛʫʚʝʝʤʩʢʦʝ, ɻʫʩʴ ʠ ʜʨ.). ʉ ʘʨʝʘʣʘʤʠ ʨʘʥʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʚ ʧʨʝ-

ʜʝʣʘʭ ʆɺʇ ʩʚʷʟʘʥʳ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʉu-Mo-ʧʦʨʬʠʨʦʚʳʝ ʠ Au-Ag ʵʧʠ-

ʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʚ ʀʥʥʷʭʩʢʦʤ, ʊʦʧʦʣʝʚʩʢʦʤ, 

ʆʨʣʦʚʩʢʦʤ ʠ ʕʨʛʫʥʝʡʩʢʦʤ ʨʫʜʥʳʭ ʫʟʣʘʭ. 

ʅʘ ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʏɸʆ ʩ ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʠ ʧʦʟʜʥʝʤʝʣʦʚʳʤʠ 

ʛʨʘʥʠʪʦʠʜʘʤʠ ʩʚʷʟʘʥʳ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ Cu-Mo-

ʧʦʨʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʧʨʠʯʝʤ ʚʳʩʦʢʦʝ ʠ ʩʨʝʜʥʝʝ ʦʪʥʦʰʝʥʠʝ Mo/Cu ʯʘʱʝ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʘʨʝʘʣʘʭ ʨʘʥʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ, ʘ ʩʫʱʝʩʪʚʝʥʥʦ Cu ð ʚ 

ʘʨʝʘʣʘʭ ʧʦʟʜʥʝʤʝʣʦʚʳʭ.  

ɺ ʆʏɺʇ ʩ ʘʨʝʘʣʘʤʠ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷ-

ʟʘʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʉu-Mo-ʧʦʨʬʠʨʦʚʦʡ ʠ Au-Ag ʵʧʠʪʝʨʤʘʣʴʥʦʡ 

ʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ. ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉu-Mo-ʧʦʨʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ (ɺʝʯʝʨ-

ʥʝʝ, ʆʣʴʭʦʚʩʢʘʷ ʛʨʫʧʧʘ, ʊʘʥʶʨʝʨʩʢʘʷ ʛʨʫʧʧʘ, ʕʨʛʫʚʝʝʤʩʢʘʷ ʛʨʫʧʧʘ) ʣʦʢʘ-

ʣʠʟʦʚʘʥʳ ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ ʆʏɺʇ. ʀʭ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʟʦʥʳ ʠ ʰʪʦʢʚʝʨ-

ʢʠ ʟʘʣʝʛʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʨʘʥʠʪʘʭ ʠ ʛʨʘʥʦʜʠʦʨʠʪʘʭ, ʪʝʣʘ ʢʦʪʦʨʳʭ 

ʥʝʨʝʜʢʦ ʪʨʘʩʩʠʨʫʶʪ ʛʣʫʙʠʥʥʳʝ ʨʘʟʨʳʚʥʳʝ ʟʦʥʳ, ʠ ʨʝʞʝ ʚ ʥʘʜʘʧʠʢʘʣʴʥʳʭ 

ʙʣʦʢʘʭ, ʩʣʦʞʝʥʥʳʭ ʪʨʠʘʩ-ʶʨʩʢʠʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʧʦʟʜʥʝʤʝʣʦʚʳʤʠ ʵʬʬʫ-

ʟʠʚʘʤʠ. 

Au-Ag ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ Cu-Mo-

ʧʦʨʬʠʨʦʚʦʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʝ 

ʆʏɺʇ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʦʚ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ. 

ʉʦʦʪʥʦʰʝʥʠʷ Ag/Au ʟʜʝʩʴ ʙʦʣʝʝ ʥʠʟʢʠʝ, ʯʝʤ ʚ ʨʫʜʘʭ ʜʨʫʛʠʭ ʨʫʜʦʦʙʨʘʟʫ-

ʶʱʠʭ ʩʠʩʪʝʤ. ʆʥʠ ʟʘʣʝʛʘʶʪ ʦʙʳʯʥʦ ʚ ʚʫʣʢʘʥʠʪʘʭ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ. ʇʨʦ-

ʷʚʣʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Ag/Au ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʥʝʰʥʝʡ 

ʟʦʥʝ ʆʏɺʇ, ʛʜʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ Sn-ʧʦʨʬʠʨʦʚʦʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʨʝʦʣʘʤ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩʣʦʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʳʯʥʦ ʢʠʩʣʳʤʠ 

ʵʬʬʫʟʠʚʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅ ˉ 55 çɸʨʢʪʠʢʘ ï ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʚʦʝʥʠʷ, ʩʦʭʨʘ-

ʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷè 
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1 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ,   
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ʛ. ʗʢʫʪʩʢ, 710933@list.ru 

 

ʇʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜʦʧʦʣʥʷʶʱʠʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ [1, 2, 4, 5, 6, 7, 8]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʡ, ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʡ, ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ (ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ), ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʡ, ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʦʡ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʷ ʠ ʵʚʦʣʶʮʠʶ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ɸʜʳʯʘ-ʊʘʨʳʥʩʢʦʡ ʤʝʪʘʣ-

ʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ [3].   

ʀʟʫʯʝʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʚʘʨʮʝ, ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʢʘʨʙʦʥʘʪʘʭ, ʩʝʨʳ ʚ ʩʫʣʴʬʠʜʘʭ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ɼɺɻʀ 

ɼɺʆ ʈɸʅ (ʘʥʘʣʠʪʠʢ ʊ.ɸ. ɺʝʣʠʚʝʮʢʘʷ) ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ.  
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ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʢʚʘʨʮʘ.  ʈʘʥʥʠʡ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʡ ʢʚʘʨʮ 

ʚʥʝ ʨʫʜʥʳʭ ʟʦʥ ʠʤʝʝʪ ʚʝʣʠʯʠʥʳ d18ʆ ʨʘʚʥʳʝ +20.1Ñ2ă. ɺʝʣʠʯʠʥʳ d18ʆ 

ʢʚʘʨʮʘ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 

+12.5Ñ0.4ă. ɼʣʷ ʢʚʘʨʮʘ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʘʨʠʘʮʠʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʰʠʨʝ ï ʚʝʣʠʯʠʥʳ d18ʆ ʠʟʤʝʥʷʶʪʩʷ ʦʪ +14.2 ʜʦ +19.5ă. ʉʭʦʞʠʡ 

ʠʥʪʝʨʚʘʣ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (d18ʆ = 

+16.1é+19.2ă). ʂʨʠʧʪʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ ʦʙʦʛʘʱʝʥ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʢʠʩʣʦʨʦʜʘ (d18ʆ = ï3.2é+4.7ă). 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ ʙr ʣ ʠʟʫʯʝʥ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɸʜʳʯʘ-ʊʘʨʳʥʩʢʦʡ ʟʦʥʳ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʢʘʣʴʮʠʪʘ ʠʟ ʨʘʥʥʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʧʨʦ-

ʞʠʣʢʦʚ. ɺʝʣʠʯʠʥʳ d13C ʠ d18ʆ  ʢʦʥʪʨʘʩʪʥʳ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʪʠʧʦʚ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʠ ʠ ʠʟʤʝʥʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ -6.9 ʜʦ -5.9ă ʠ ʦʪ +2.1 ʜʦ +5.7 

ʜʣʷ ʘʥʢʝʨʠʪʘ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪ -9.1 ʜʦ -6.1ă ʠ ʦʪ 

+12.4 ʜʦ +18.7ă ʜʣʷ ʘʥʢʝʨʠʪʘ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʪ -12.1 

ʜʦ -9.5 ʠ ʦʪ +15 ʜʦ +16.3ă ʜʣʷ ʘʥʢʝʨʠʪʘ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʦʪ 

-11.6 ʜʦ -11.1ă ʠ ʦʪ +1.5 ʜʦ +4.7ă ʜʣʷ ʢʘʣʴʮʠʪʘ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʦʡ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʠ. ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ d18ʆ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʜʣʷ ʟʦʣʦʪʦ-

ʚʠʩʤʫʪʦʚʳʭ ʠ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʦʣʦʪʦ-

ʢʚʘʨʮʝʚʳʭ ʠ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʳʭ. ɼʣʷ d13C ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʩʦʚʧʘʜʝ-

ʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʟʥʘʯʝʥʠʡ ʜʣʷ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʭ ʠ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʭ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʟʦʣʦʪʦ- ʠ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʄʝʪʘʤʦʨʬʦʛʝʥ-

ʥʳʝ ʢʘʣʴʮʠʪʳ ʦʙʦʛʘʱʝʥʳ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʢʘʢ ʫʛʣʝʨʦʜʘ (-1.1é-1.7ă), 

ʪʘʢ ʠ ʢʠʩʣʦʨʦʜʘ (+20.3 ʜʦ +20.5ă). 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʨʳ ʩʫʣʴʬʠʜʦʚ ʙʳʣ ʠʟʫʯʝʥ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʞʠʣ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʦʥʦʬʨʘʢʮʠʠ ʘʨʩʝʥʦʧʠ-

ʨʠʪʘ (Apy), ʧʠʨʠʪʘ (Py) ʠ ʘʥʪʠʤʦʥʠʪʘ (Ant), ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʜʦʩʪʘ-

ʪʦʯʥʦ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ d34S (-6.8é+5.4ă). ɼʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ d34S: ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʘʷ ï 

-3.7é-2.2ă (Apy), -6.7é-6.8ă (Py); ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʘʷ ï -2.1é+2.4ă 

(Apy), -6.6é+5.4ă (Py), -6.1é+4.2ă (Ant); ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʘʷ ï -

2.0é+1.6ă (Apy), -3.5é+2.1ă (Py), -5.3é+0.2ă (Ant); ʩʝʨʝʙʨʦ-

ʩʫʨʴʤʷʥʘʷ ï -2.0é-1.9ă (Apy), -2.2Ñ0.1ă (Py), -5.7é-5.6ă (Ant).  

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʣʶʠʜʦʚ ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘ-

ʤʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʟ ʥʘʚʝʩʢʠ 0.5 ʛ ʬʨʘʢʮʠʠ 0.5ï0.25 ʤʤ ʚ ʎʅʀɻʈʀ (ʘʥʘʣʠ-

ʪʠʢʠ ʉ.ɻ. ʂʨʷʞʝʚ, ʖ.ɺ. ɺʘʩʶʪʘ) ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʨʘʙʦʪʝ 

[3]. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʫʛʣʝʢʠʩʣʦʪʘ ʠ ʤʝʪʘʥ, ʘ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʳʪʷʞ-
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ʢʠ ʚ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠʩʴ Cl, K, Na, Ca ʠ Mg, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ICP-MS 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʫʜʥʳʭ, ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʥʘʩʳ-

ʱʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʬʣʶʠʜʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʩʝʨʝʙʨʦ-

ʩʫʨʴʤʷʥʦʛʦ ʠ ʟʦʣʦʪʦ-ʘʥʪʠʤʦʥʠʪʦʚʦʛʦ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʷ 

ʤʘʣʦʩʫʣʴʬʠʜʥʦʛʦ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ ʪʠʧʘ ʠʟ ʢʚʘʨʮʘ ʩ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʘʩʩʦʮʠʘʮʠʝʡ ʤʠʥʝʨʘʣʦʚ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟ-

ʥʳʭ ʪʠʧʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʧʝʮʠʬʠʢʫ ʨʫʜʦʦʙʨʘʟʫʶ-

ʱʝʛʦ ʬʣʶʠʜʘ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (Q) ï ʬʣʶʠʜ ʠʤʝʝʪ 

ʥʘʪʨʦʚʦ-ʢʘʣʴʮʠʝʚʦ-ʩʫʣʴʬʘʪʥʳʡ ʩʦʩʪʘʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ (90%) ʉʆ2 ʚ ʛʘʟʦ-

ʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ; ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʘʷ (Au-Bi) ï Na-Ca-Cl ʩʦʩʪʘʚ ʬʣʶʠʜʘ 

ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʉʆ2 ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚ; ʤʘʣʦʩʫʣʴʬʠʜʥʘʷ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʘʷ 

(Au-Q) ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʦʚʦ-ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʬʣʶʠʜ ʩ 

80% ʜʦʣʝʡ ʉʆ2 ʚ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ; ʟʦʣʦʪʦ-ʘʥʪʠʤʦʥʠʪʦʚʘʷ  (Au-Sb) 

ï ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʬʣʶʠʜ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʴʶ 

ʉʆ2  ʩʨʝʜʠ ʛʘʟʦʚ; ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʘʷ (Ag-Sb) ï ʢʘʣʴʮʠʡ-ʤʘʛʥʠʝʚʦ-

ʩʫʣʴʬʘʪʥʦ-ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʬʣʶʠʜ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʤʝʪʘʥʦʚʳʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʬʣʶʠʜʘ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʘʩ-

ʩʦʮʠʘʮʠʷʤʠ (ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʙʝʨʪʴʝʨʠʪʦʚʦʡ ʠ ʘʥ-

ʪʠʤʦʥʠʪʦʚʦʡ) ʪʠʧ ʨʘʩʪʚʦʨʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ. ʉʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʬʣʶʠʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠ-

ʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɼʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʠʩʣʦʨʦʜʘ ʚ ʢʚʘʨʮʝ, ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦ-

ʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʘʭ, ʩʝʨʳ ʚ ʩʫʣʴʬʠʜʘʭ ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴ-

ʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɸʜʳʯʘ-ʊʘʨʳʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ, ʫʯʘʩʪʚʫ-

ʶʱʠʭ ʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ [4]. ɼʣʷ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʭ ʠ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʘʛʤʘʪʦʛʝʥʥʳʝ ʬʣʶʠʜʳ, ʜʣʷ ʟʦʣʦ-

ʪʦ-ʢʚʘʨʮʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʬʣʶʠʜʦʚ, 

ʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʯʘʩʪʚʫʶʪ ʤʝʪʝʦʨ-

ʥʳʝ ʚʦʜʳ.  ʉ ʤʘʣʦʛʣʫʙʠʥʥʳʤʠ ʢʘʤʝʨʘʤʠ ʤʘʩʩʠʚʦʚ ʛʨʘʥʠʪʦʠʜʦʚ ʩʚʷʟʘʥʳ 

ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʩ ʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʦʯʘʛʘʤʠ, ʢʦ-

ʪʦʨʳʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʩʛʫʱʝʥʠʶ ʜʘʝʢ ʜʠʦʨʠʪ-

ʧʦʨʬʠʨʠʪʦʚ, ï ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʝ (ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ) ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ. ɺʦ ʬʣʶʠʜʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʢʚʘʨʮ ʠʟʫʯʝʥʥʳʭ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʚʦʜʘ. 
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ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ d34S ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ 

(ʦʪ -3 ʜʦ +3ă). ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ ʫʯʘʩʪʠʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʬʣʶʠʜʦʚ ʚ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʏʘʩʪʴ ʩʝʨʳ ʚʦʚʣʝʢʘʣʘʩʴ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠʟ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʦʣʦʪʦ-

ʘʥʪʠʤʦʥʠʪʦʚʦʛʦ ʠ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ ɸʜʳʯʘ-ʊʘʨʳʥʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʚ ʧʦʟʜʥʝʤʝʣʦʚʦʝ 

ʚʨʝʤʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ 

0381-2016-0004) ʠ ʀɻɽʄ ʈɸʅ (ˉ0136-2018-0025). 
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ɺʚʝʜʝʥʠʝ 

ʕʙʝʣʷʭʩʢʘʷ ʧʣʦʱʘʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ɸʥʘʙʘʨʩʢʦʤʫ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʤʫ ʨʦʩ-

ʩʳʧʥʦʤʫ ʨʘʡʦʥʫ [3], ʦʩʥʦʚʥʳʤ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʘʣʤʘʟ. ʂʨʦʤʝ ʘʣʤʘʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʦʩʩʳʧʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ 

ʚʳʷʚʣʝʥʦ ʟʦʣʦʪʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪ ʧʝʨʚʳʭ ʤʛ ʜʦ 500 ʤʛ/ʤ3. ʆʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʝ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ. ɸʚʪʦʨʘʤʠ ʠʟʫʯʝʥʳ ʪʠʧʦ-

ʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ ʙʘʩʩʝʡʥʘ ʨ. ɹʠʣʣʷʭ, ʩ ʮʝʣʴʶ ʚʳʷʚ-

ʣʝʥʠʷ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʨʘʙʦʪ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʨʝʟʘ ʨʘʟʚʠʪʳ ʪʝʨʨʠ-

ʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʢʝʤʙʨʠʷ, ʧʝʨʤʠ, ʪʨʠʘʩʘ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʨʳʭʣʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʨʫʟʠʚʥʳʤʠ ʪʝʣʘʤʠ ʦʩʥʦʚʥʦʛʦ ʠ ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʨʘʟʣʦʤʘʤʠ ʩʝʚʝ-

ʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʄʦʣʦʜʦ-ʇʦʧʠʛʘʡʩʢʦʡ ʟʦʥʳ 

ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ. 

ʀʟʫʯʝʥʦ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʪʝʯʝ-

ʥʠʷ ʨ. ɹʠʣʣʷʭ ʦʙʱʠʤ ʚʝʩʦʤ 950 ʤʛ. ɸʥʘʣʠʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʫʯʝʥʥʦʛʦ ʟʦʣʦʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʬʨʘʢʮʠʠ -0,5 ï 

ʦʢʦʣʦ 90%. ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʦʣʦʪʘ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʦʡ, ʪʦʥʢʦ- ʛʨʫʙʦʰʘʛʨʝʥʝʚʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʚʜʘʚʣʠʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ. ʆʥʦ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʧʝʨʝʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ, ʛʨʘʥʫʣʷʮʠʠ ʠ ʤʦʱʥʦʡ ʚʳʩʦʢʦʧʨʦʙʥʦʡ ʦʪʦʨʦʯʢʦʡ. ʇʨʦʙʥʦʩʪʴ 

ʟʦʣʦʪʘ ʚʘʨʴʠʨʫʝʪ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʦʜʥʘʢʦ ʜʦʤʠʥʠʨʫʝʪ (ʙʦʣʝʝ 

75%) ʟʦʣʦʪʦ ʚʳʩʦʢʦʡ ʧʨʦʙʳ. ɺ ʮʝʣʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠ-

ʟʥʘʢʦʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʟʦʣʦʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʘʣʴʥʦʩʪʴ ʝʛʦ ʧʝ-
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ʨʝʥʦʩʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦ-

ʩʣʝʜʥʠʭ ʤʦʛʣʠ ʩʣʫʞʠʪʴ ʟʦʣʦʪʦʥʦʩʥʳʝ ʛʘʣʝʯʥʠʢʠ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ʙʘʩʩʝʡʥʘ ʨ. ɹʠʣʣʷʭ. ʇʦ ʜʘʥʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [4, 5] ʤʝʣʢʦʝ ʧʣʘʩʪʠʥ-

ʯʘʪʦʝ ʟʦʣʦʪʦ ʧʦʚʩʝʤʝʩʪʥʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʛʘʣʝʯʥʠʢʘʭ ʢʘʡʥʦ-

ʟʦʷ ʚʩʝʛʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʟʦʣʦʪʦʤ, ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʘʭ ʦʙʥʘʨʫʞʝʥʦ ʚʝʩʴʤʘ 

ʤʝʣʢʦʝ (-0,2 ʤʤ) ʟʦʣʦʪʦ ʨʫʜʥʦʛʦ ʦʙʣʠʢʘ ʧʣʘʩʪʠʥʯʘʪʦʡ, ʫʛʣʦʚʘʪʦ-

ʢʦʤʢʦʚʠʜʥʦʡ ʠ ʜʝʥʜʨʠʪʦʚʠʜʥʦʡ ʬʦʨʤ ï ʜʦ 15%. ʇʦʚʝʨʭʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʦʙʨʘʙʦʪʘʥʥʘʷ ʛʫʙʯʘʪʘʷ ʠ ʧʦʨʠʩʪʘʷ. ʇʨʦʙʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ ʦʯʝʥʴ 

ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ï ʦʪ ʥʠʟʢʦʡ (535ă) ʜʦ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ (999ă). ɸʥʘ-

ʣʠʟ ʧʨʦʙʥʦʩʪʠ ʟʦʣʦʪʘ ʠ ʝʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ (799-700ă) ʠ ʥʠʟʢʦʡ (699-500ă) ʧʨʦʙʥʦʩʪʴʶ ʦʙʣʘ-

ʜʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʦʣʦʪʠʥʳ ʨʫʜʥʦʛʦ ʦʙʣʠʢʘ. 

ɺ ʩʚʝʪʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʚʝʩʴʤʘ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ 

ʚ ʙʘʩʩʝʡʥʝ ʨ. ʕʙʝʣʷʭ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʛʦ ʨʫʜʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʚʢʨʘʧʣʝʥʥʦ-

ʛʦ ʪʠʧʘ. ʆʥʦ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʟʦʥʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ (ʄʦʣʦ-

ʜʦ-ʇʦʧʠʛʘʡʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ) ʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʚʠ-

ʜʠʤʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 800 ʤ ʠ ʰʠʨʠʥʦʡ 15ï20 ʤ. ɺ ʠʟʤʝʥʝʥʥʳʭ 

ʜʦʣʦʤʠʪʘʭ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚ ʦʢʚʘʨʮʝʚʘʥʠʠ ʠ ʢʘʣʠʰʧʘʪʠʟʘʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ 

Au ʧʦ ʜʘʥʥʳʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʩʪʠʛʘʝʪ 0,6 ʛ/ʪ. ʈʫʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʴʯʘʡʰʠʤʠ (ʧʝʨʚʳʝ ʤʢʤ) ʚʳʜʝʣʝʥʠʷʤʠ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʧʠʨʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʛʘʣʝʥʠʪʘ, ʘʥʪʠʤʦʥʠʪʘ, 

ʘʨʛʝʥʪʠʪʘ, ʩʘʤʦʨʦʜʥʦʛʦ ʦʣʦʚʘ, ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ [1]. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʝ (ʨʠʩ. 1), ʨʘʟʣʦʤ, ʚ ʢʦʪʦʨʦʤ ʣʦʢʘ-

ʣʠʟʦʚʘʥʦ ʠʟʫʯʝʥʥʦʝ ʚʢʨʘʧʣʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʫʙʤʝʨʠʜʠ-

ʦʥʘʣʴʥʦʤ ʧʨʦʩʪʠʨʘʥʠʠ ʜʦ ʚʝʨʭʦʚʴʝʚ ʨ. ɹʠʣʣʷʭ, ʛʜʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʩʫʙʰʠ-

ʨʦʪʥʳʤ ʨʘʟʨʳʚʥʳʤ ʥʘʨʫʰʝʥʠʝʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʠʝ ʫʟʣʳ ʧʝʨʝʩʝʯʝʥʠʷ 

ʨʘʟʣʦʤʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦ-

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʦʤʳ ï ʵʪʦ ʧʨʠʨʦʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʦ-

ʟʜʘʶʱʘʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥ-

ʪʦʚ ʩ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ: Au, Pt, Pd, Ag ʠ ʪ.ʜ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ï çʟʦʣʦʪʦ-

ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʤʠè ʩʪʨʫʢʪʫʨʘʤʠ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʘʚʦʤʝʨʥʦ ʧʨʝʜ-

ʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ 

ʚʝʩʴʤʘ ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʕʙʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ. ʇʦ ʜʘʥʥʳʤ ʀ.ɹ. 

ʈʫʙʝʥʯʠʢʘ ʠ ʜʨ. [4] ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ: 

1 ï ʃʝʥʦ-ɸʥʘʙʘʨʩʢʠʡ ʧʨʦʛʠʙ; 2 ï ʃʝʥʦ-ʇʦʧʠʛʘʡʩʢʠʡ ʚʘʣ; 3 ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ 

ʩʢʣʦʥ ɸʥʘʙʘʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ; 4 ï ʉʫʭʘʥʩʢʠʡ ʧʨʦʛʠʙ; 5 ï ʨʘʟʣʦʤʳ ʚ ʬʫʥʜʘʤʝʥʪʝ ʧʦ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ; 6 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ: ʘ ï ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʝ, ʙ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 7 ï ʟʦʥʘ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɹʠʣʣʷʭ ʚ ʫʟʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦ-

ʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢʘʢ ʛʣʫ-

ʙʠʥʥʳʝ [4], ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʟʦʣʦʪʦʨʫʜʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʢʦʨʝʥʥʦʡ ʠʩʪʦʯʥʠʢ ʚʝʩʴʤʘ ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ.  
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ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ 

ɺ ʙʘʩʩʝʡʥʝ ʨ. ɹʠʣʣʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʬʨʘʢʮʠʠ -0,25 ʤʤ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 70% ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʬʦʨʤʦʡ, ʪʦʥʢʦ- ʛʨʫʙʦʰʘʛʨʝʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʚʜʘʚʣʠʚʘ-

ʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʫʢʘʟʳʚʘ-

ʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʟʦʣʦʪʘ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦ-

ʨʳʭ ʩʣʫʞʠʣʠ ʛʘʣʝʯʥʠʢʠ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ.  

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʘʭ ʦʙʥʘʨʫʞʝʥʦ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʨʫʜʥʦʛʦ ʦʙʣʠʢʘ 

ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʫʛʣʦʚʘʪʦ-ʢʦʤʢʦʚʠʜʥʦʡ ʠ ʜʝʥʜʨʠʪʦʚʠʜʥʦʡ ʬʦʨʤ, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʪʝʥ-

ʮʠʘʣʴʥʳʡ ʢʦʨʝʥʥʦʡ ʠʩʪʦʯʥʠʢ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʚ ʫʟʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʟʦʥ ʨʘʟ-

ʣʦʤʦʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝ-

ʥʠʠ ʨ. ɹʠʣʣʷʭ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝʤ ʚ ʙʘʩ-

ʩʝʡʥʝ ʨ. ʕʙʝʣʷʭ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʛʦ ʨʫʜʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʟʦ-

ʥʦʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ  ̄

0381-2016-0004, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʥʳʭ ʅʀʈ ʩ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘ-

ʨʘè. 
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ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʂʈʀʊɽʈʀʀ ʈɽɻʀʆʅɸʃʔʅʆɻʆ ʇʈʆɻʅʆɿɸ 

ɿʆʃʆʊʆ-ʉɽʈɽɹʈʗʅʆɻʆ ʆʈʋɼɽʅɽʅʀʗ ʏɽʇʏʋɻʀʅʉʂʆɻʆ 

ʈʋɼʅʆɻʆ ʋɿʃɸ (ɺʆʉʊʆʏʅɸʗ ʗʂʋʊʀʗ) 

 

ɼʴʷʯʢʦʚʩʢʠʡ ɸ.ɸ.1, ʉʦʣʦʚʴʝʚ ɽ.ʕ.2, ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ.3, 1 

1 ï Cʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ.ɸʤʤʦʩʦʚʘ,  

ʛ. ʗʢʫʪʩʢ, dalek@mail.ru 

2 ï ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʉɺʌʋ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ,  

ʛ. ʄʠʨʥʳʡ,  solov.evg@yandex.ru 

3 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ,  

ʛ. ʗʢʫʪʩʢ, 710933@list.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʫʜʦʥʦʩʥʳʭ ʪʝʨʨʠ-

ʪʦʨʠʡ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [1, 2, 4, 5, 6, 7]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʫʚʷʟʘʪʴ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠ ʩʢʨʳʪʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʧʨʦʚʝʩʪʠ ʧʝʨʚʠʯʥʫʶ ʦʮʝʥʢʫ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ, 

ʫʪʦʯʥʠʪʴ ʧʦʠʩʢʦʚʳʝ ʢʨʠʪʝʨʠʠ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʏʝʧʯʫʛʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ 

ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çCoscad 3Dtè, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ [3]. ʈʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʡ ʫʟʝʣ ʨʘʩʧʦʣʦʞʝʥ ʚ ɺʝʨʭʥʝ-ʀʥʜʠʛʠʨʩʢʦʤ ʟʦʣʦʪʦʧʨʦʤʳʰʣʝʥʥʦʤ ʨʘʡ-

ʦʥʝ, ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʂʶʝʥʪʷ (ʧʨʠʪʦʢ ʨ. ʀʥʜʠʛʠʨʢʘ).  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫ-

ʜʝʥʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʘʥʦʤʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ:  

- ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ: ʦʮʝʥʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʢʦʣʴʟʷʱʠʭ ʦʢʥʘʭ; ʨʘʩʯʝʪ ʜʚʫʤʝʨʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ; ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʝʡ; ʦʮʝʥʢʘ ʛʨʘ-

ʜʠʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ: ʜʚʫʤʝʨʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʧʦʣʝʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʥʦʛʦʧʨʠʟʥʘ-

ʢʦʚʳʭ ʜʘʥʥʳʭ. 

ʆʮʝʥʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʩʢʦʣʴ-

ʟʷʱʝʤ ʦʢʥʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʇʄ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʙʣʘʩʪʷʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘ-

mailto:dalek@mail.ru
mailto:solov.evg@yandex.ru,%20mptisvfu@mail.ru
mailto:710933@list.ru
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ʯʝʥʠʡ ʘʩʠʤʤʝʪʨʠʠ ʦʪ -1,5 ʤɻʣ, ʵʢʩʮʝʩʩʘ ï ʙʣʠʟʢʠʤ ʢ ʥʫʣʝʚʳʤ, ʠ ʩʪʘʥʜʘʨʪʘ 

ï ʚ ʟʦʥʘʭ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (-0,006) - (-0,001) ʤɻʣ. ʀʟ 

ʪʨʘʥʩʬʦʨʤʘʥʪ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʦʜʥʦʤʝʨʥʦʤ ʜʠʥʘ-

ʤʠʯʝʩʢʦʤ ʦʢʥʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʠ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ. ʇʄ ʪʷʛʦʪʝʶʪ ʢ ʟʥʘʯʝʥʠʷʤ ʧʦʣʷ ʦʪ ʥʫʣʷ 

ʜʦ -0,05 ʥʊʣ ʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʘʥʦʤʘʣʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 30-60 ʤɻʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʆʮʝʥʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʜʚʫʤʝʨ-

ʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʦʢʥʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦ ʘʩʠʤʤʝʪʨʠʠ ʇʄ ʪʷʛʦʪʝʶʪ ʢ ʘʥʦ-

ʤʘʣʴʥʦʡ ʟʦʥʝ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʦʣʷ -1 ʤɻʣ, ʧʦ ʵʢʩʮʝʩʩʫ ï ʢ ʣʦʢʘʣʴʥʦʡ ʘʥʦ-

ʤʘʣʴʥʦʡ ʟʦʥʝ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ 30 ʜʦ 36 ʤɻʣ. ʇʦ ʘʩʠʤʤʝʪʨʠʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʇʄ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʘʥʦʤʘʣʴʥʦʡ 

ʟʦʥʝ ʩʦ ʟʥʘʯʝʥʠʝʤ 1 ʥʊʣ, ʥʘ ʢʘʨʪʝ ʵʢʩʮʝʩʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʚ ʧʨʝʜʝʣʘʭ 

ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. ʀʟ ʨʘʩʯʝʪʘ ʘʩʠʤʤʝʪʨʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʇʄ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ ʦʪ -0,4 ʜʦ 1,8 ʤɻʣ ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʢ ʧʦ-

ʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 0,5-2 ʥʊʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʘ ʥʘ ʢʘʨʪʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ï ʪʷʛʦʪʝʶʪ ʢ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ -0,01 ï (-0,001) ʤɻʣ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʅʘ ʢʘʨʪʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ 

ʦʢʥʝ çʞʠʚʦʡè ʬʦʨʤʳ ʇʄ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʦʢʦʡ ʣʠʥʝʡʥʦʡ ʘʥʦʤʘ-

ʣʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʪ -0,02 ʜʦ -0,01 ʤɻʣ, 

ʦʪʨʘʞʘʶʱʝʡ, ʚʝʨʦʷʪʥʦ, ʧʦʜʥʷʪʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʝʡ ʚ ʟʦʥʝ ʣʦʢʘʣʠʟʘʮʠʠ ʇʄ ʠʟʤʝ-

ʥʷʶʪʩʷ ʦʪ 0,3 ʜʦ 0,8. 

ɺ ʧʦʣʷʭ ʛʨʘʜʠʝʥʪʦʚ ʢʦʥʪʨʘʩʪʥʝʝ ʚʳʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʘʥʦʤʘʣʴʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʅʘ ʢʘʨʪʝ çʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ ʚʜʦʣʴ ʧʨʦʬʠʣʝʡè ʇʄ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ -0,01 ʥʊʣ. 

ɻʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʪʷʛʦʪʝʝʪ ʢ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ -0,02 ʥʊʣ. ʅʘ ʢʘʨʪʝ 

çʧʦʣʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʦʬʠʣʝʡ ʠ ʧʠʢʝ-

ʪʦʚè ʇʄ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʝ ʧʦʥʠʞʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʪʷʛʦʪʝʶʱʠʭ ʢ ʥʫʣʶ, ʘ ʥʘ ʢʘʨʪʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ï 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʥʠʞʝʥʥʳʤ ʛʨʘʜʠʝʥʪʥʳʤ ʟʦʥʘʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ, ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ 10-50 ʤɻʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʙʣʘʩʪʠ 

ʟʥʘʯʝʥʠʡ 30-80 ʥʊʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 



47 

 

ɺ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʇʄ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ (- 41) ï (-

37) ʤɻʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʟʦʤʝʪʨʠʯ-

ʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ (-110) ï (-70) ʥʊʣ ï ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʃʦʢʘʣʴʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʤʝʨʥʳʭ 

ʬʠʣʴʪʨʘʮʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʙʣʘʩʪʴ ʨʘʟʚʠʪʠʷ ʇʄ ʪʷʛʦʪʝʝʪ ʢ ʘʥʦʤʘʣʴʥʳʤ 

ʟʦʥʘʤ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʦ 0,5 ʥʊʣ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ïʢ ʣʠʥʝʡʥʦʡ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʦ -15 ʥʊʣ. ʅʘ 

ʢʘʨʪʘʭ çʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʚ ʪʦʯʢʝè ʇʄ ʪʷʛʦʪʝʶʪ ʢ ʰʠ-

ʨʦʢʦʡ ʘʥʦʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦ ʟʥʘʯʝʥʠʝʤ -1 ʤɻʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʥʘ 

ʩʭʦʜʥʫʶ ʩ ʥʝʡ ʘʥʦʤʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 1,4 ï (-1) ʥʊʣ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ. ʇʦ ʦʮʝʥʢʝ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʇʄ ʢ ʟʥʘʯʝʥʠʷʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 32-36 ʤɻʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ 

ʇʄ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʣʠʥʝʡʥʦʡ ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʦʚ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ 2,5-3,0 ʥʊʣ ï ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 2 

ʤɻʣ ï ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʛʝʦʬʠʟʠ-

ʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʏʝʧʯʫʛʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʫʟʣʘ ʠ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʧʫʥʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢ ʩʣʝʜʫʶʱʠʤ 

ʪʨʘʥʩʬʦʨʤʘʥʪʘʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ:  

- ʢ ʫʯʘʩʪʢʘʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʘʭ 

ʧʦʥʠʞʝʥʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ -0,02 ï (-0,01) ʤɻʣ. 

- ʢ ʛʨʘʜʠʝʥʪʥʳʤ ʦʙʣʘʩʪʷʤ ʣʠʥʝʡʥʳʭ ʟʦʥ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷ 

ʘʩʠʤʤʝʪʨʠʠ ʦʪ -0,4 ʜʦ 1,8 ʤɻʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

0,5-2 ʥʊʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ; 

- ʢ ʚʳʜʝʣʝʥʥʳʤ ʣʦʢʘʣʴʥʳʤ ʣʠʥʝʡʥʳʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʠ ʤʘʛʥʠʪʥʳʤ 

ʘʥʦʤʘʣʠʷʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ; 

- ʢ ʠʟʦʤʝʪʨʠʯʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʣʦʢʘʣʴʥʳʤ ʘʥʦʤʘʣʠʷʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ -0,02 ʜʦ -0,01 ʤɻʣ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ï ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ -20 ï 0 ʥʊʣ, ʦʪʨʘʞʘʶʱʠʤ ʨʘʟʚʠʪʠʝ ʜʘʝʢ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʟʦʥ 

ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʨʦʛʦʚʠʢʦʚ ʚ ʵʢʟʦʢʦʥʪʘʢʪʘʭ ʠʥʪʨʫʟʠʚʦʚ ʠ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ; 

- ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʘʥʦʤʘʣʠʷʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʦʪ -42 ʜʦ -37 ʤɻʣ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ -110 ʜʦ -80 

ʥʊʣ; 

- ʢ ʦʙʣʘʩʪʷʤ ʢʣʘʩʩʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 2-3 ʤɻʣ ʚ ʧʦʣʷʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ.   
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʘʥʦʤʘʣʴʥʳʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʦʥʦʩʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ 

ʧʨʦʛʥʦʟʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 
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ʧʨʦʷʚʣʝʥʠʡ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʩʪʦʯʥʠʢʦʚ ʞʠʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ 

ʵʣʝʤʝʥʪʦʚ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ Rb-Sr ʩʠʩʪʝʤʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʘ ʄʘʣʦ-

ʊʘʨʳʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʄʊʄ). 

ʄʘʣʦ-ʊʘʨʳʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ɸʜʳʯʘ-

ʊʘʨʳʥʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʘ ʛʨʘʥʠʮʝ ʚʦʩʪʦʯʥʦʡ 

ʦʢʨʘʠʥʳ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʄʘʣʦ-ʊʘʨʳʥʩʢʠʤ ʨʘʟʣʦʤʦʤ [2]. ʉʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ 

ʄʊʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʶʛʦ-ʟʘʧʘʜʥʳʤ ʢʨʳʣʦʤ ʄʘʣʦ-ʊʘʨrʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ 

ʊʘʨʳʥʦ-ʕʣʴʛʠʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ. ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʪʦʣʱʘʤʠ ʷʚʣʷʶʪʩʷ 

ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ ʠ 

ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʧʝʩʯʘʥʠʩʪʳʭ 

ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ. ʂ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʄʊʄ ʠʟʚʝʩʪʥʳ ʥʝʙʦʣʴʰʠʝ 

ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʳʝ ʧʣʫʪʦʥʳ (ʉʘʤʳʨʩʢʠʡ ʠ ʂʫʨʜʘʪʩʢʠʡ), ʘ ʚ ʧʨʝʜʝʣʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʩʪʨʝʯʝʥʳ ʤʝʣʢʠʝ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʘʥʜʝʟʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ [1]. 

ʄʘʣʦ-ʊʘʨʳʥʩʢʠʡ ʨʘʟʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʘʟʣʦʤʦʚ, ʟʦʥ 

ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ, ʩʫʙʰʠʨʦʪʥʦʛʦ, 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʈʫʜʥʳʝ ʪʝʣʘ ʄʊʄ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʩ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʦ-

ʚʢʨʘʧʣʝʥʥʦʡ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ [3]. 

ʍʘʨʘʢʪʝʨʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʘ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʧʦʟʜʥʠʤʠ ʧʨʦʩʝʯʢʘʤʠ ʢʚʘʨʮʘ, ʩʝʢʫʱʠʤʠ ʢʚʘʨʮ-

ʢʘʨʙʦʥʘʪʥʳʝ ʧʨʦʞʠʣʢʠ, ʘ ʪʘʢʞʝ ʧʦʟʜʥʠʝ ʩʝʢʫʱʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʨʦʩʝʯʢʠ 

[2]. ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ. ʩ ʩʦʘʚʪʦʨʘʤʠ [2] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʛʦʤʦʛʝʥʠʟʘʮʠʷ 

ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʄʊʄ ʧʨʦʠʩʭʦʜʠʣʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 318-253Áʉ, ʘ ʚʪʦʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʨʠ 230-169Áʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʶʤʠʥʠʝʚʦʛʦ [3] ʠ ʪʠʪʘʥʦʚʦʛʦ [4] ʛʝʦʪʝʨʤʦʤʝʪʨʦʚ 

ʧʦʢʘʟʳʚʘʶʪ ʠʜʝʥʪʠʯʥʳʝ (330-166Áʉ) ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʘ 

(ʪʘʙʣ. 1). ɺʝʨʦʷʪʥʦ, ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʢʚʘʨʮʘ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣ.                                                                                                          
ɼʣʷ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʘ ʠʟ ʤʠʥʝʨʘʣʦʚ 

ʬʨʘʢʮʠʠ (1-2 ʤʤ) ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʦʪʙʠʨʘʣʠʩʴ ʯʠʩʪʳʝ ʟʝʨʥʘ. ɿʝʨʥʘ ʢʚʘʨʮʘ 

ʧʨʦʤʳʚʘʣʠʩʴ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠ ʙʠʩʪʠʣʷʪʝ ʨʘʩʪʠʨʘʣʠʩʴ ʚ ʧʫʜʨʫ. 

ʍʠʤʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʜʣʷ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 
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ʨʘʟʣʦʞʝʥʠʝʤ ʦʙʨʘʟʮʘ ʚ ʩʤʝʩʠ HF+HClO4 (3:1) ʚ ʘʚʪʦʢʣʘʚʥʦʤ ʨʝʞʠʤʝ ʚ 

ʪʝʬʣʦʥʦʚʳʭ ʙʦʤʙʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ. ʈʘʟʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʧʦʩʦʙʦʤ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ DOWEX- 50Wx8 (200 ʤʝʰ) ʚ H+ 

ʬʦʨʤʝ. ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʩʪʨʦʥʮʠʷ ʚʳʧʦʣʥʝʥ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʄʀ-

1201-ʊ.  ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʥʝ ʧʨʝʚʳʰʘʝʪ 0,06%. 

ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ 87Rb, 86Sr ʠ 

ʚʝʣʠʯʠʥʳ 87Sr/86Sr ʥʝ ʚʳʰʝ 0,6, 0,45, ʠ 0,08%. ʂʦʥʪʨʦʣʴ ʥʘʜ ʪʦʯʥʦʩʪʴʶ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʘʥʘʣʠʟʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʪʘʥʜʘʨʪʫ 

çʂʘʨʙʨʦʥʘʪ-70è, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʷ ʧʨʦʙ (8 ʘʥʘʣʠʟʦʚ), 

ʩʨʝʜʥʝʝ ʥʦʨʤʠʨʦʚʘʥʥʦʝ 87Sr/86Sr ï 0.7089Ñ0.0002 (2ů). ʈʝʟʫʣʴʪʘʪʳ Rb-Sr 

ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2 ʠ 3. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ Al ʠ Ti ʚ ʢʚʘʨʮʘʭ ʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ˉ ʦʙʨʘʟʮʘ Al  Ti TAl TTi 

ʄʊ-42/1 75,70 4,20 306 330 

ʄʊ-42/2 68,90 1,20 284 274 

ʄʊ-42/3 71,98 0 295 - 

ʄʊ-68-16 69,86 1,80 288 291 

ʄʊ-70-16 - 0,599 - 247 

ʕ-48/1-16 77,80 0 316 - 

ʕ-6/2-16 35,99 0 166 - 

ʇʨʠʤʝʯʘʥʠʝ: ʉʦʜʝʨʞʘʥʠʝ Al ʠ Ti ʚ ppm, TAl ʠ TTi - ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʚʘʨʮʘ ʧʦ ʘʣʶʤʠʥʠʝʚʦʤʫ [4] ʠ ʪʠʪʘʥʦʚʦʤʫ [5] ʛʝʦʪʝʨʤʦʤʝʪʨʘʤ. ɿʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Ti ʚ ʢʚʘʨʮʘʭ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʈ=500 ʙʘʨ ʠ 

ʘʢʪʠʚʥʦʩʪʴ ʪʠʪʘʥʘ ʚ ʩʠʩʪʝʤʝ ʨʘʚʥʦʡ 1,0. 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 87Rb ʚ ʢʚʘʨʮʘʭ 

ʠ ʢʘʨʙʦʥʘʪʘʭ ʦʯʝʥʴ ʥʠʟʢʦʝ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 0,0204-0,0858 ʤʢʛ/ʛ, ʠ 

ʣʠʰʴ ʚ ʝʜʠʥʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 0,214-0,364 ʤʢʛ/ʛ.  ɼʣʷ 

ʢʚʘʨʮʝʚ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 86Sr (0,0442-0,2982 ʤʢʛ/ʛ), 

ʥʦ ʚ ʢʘʨʙʦʥʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʦʯʝʥʴ ʚʳʩʦʢʘʷ (168,8754-309,6214 

ʤʢʛ/ʛ). ɼʣʷ ʦʙʦʠʭ ʤʠʥʝʨʘʣʦʚ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ Rb ʠ Sr ʦʪʤʝʯʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ ʩ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ (0,297 ʜʣʷ ʢʚʘʨʮʘ ʠ 0,429 ʜʣʷ ʢʘʨʙʦʥʘʪʘ).   
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ Rb-Sr ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʚʘʨʮʘ 

ˉ ʦʙʨʘʟʮʘ 87Rb 86Sr 87Rb86/Sr 87Sr/86Sr 

ɾʠʣʘ ʚ ʢʘʥʘʚʝ 359/1, ʫʯʘʩʪʦʢ ɿʝʣʝʥʳʡ 

ʄʊ-42/1-16 0,0356 0,07 0,5027 0,7120 

ʄʊ-42/2-16 0,0502 0,0824 0,6022 0,7121 

ʄʊ-42/3-16 0,0858 0,0442 1,9188 0,7134 

ɾʠʣʘ, ʚʨʝʟ 0, ʫʯʘʩʪʦʢ ɿʝʣʝʥʳʡ 

ʄʊ-68-16 0,0814 0,2982 0,2698 0,7098 

ʄʊ-69-16 0,0395 0,1997 0,1995 0,7094 

ʄʊ-70-16 0,0483 0,0859 0,5558 0,7102 

ʄʊ-71-16 0,0404 0,0800 0,4992 0,7096 

ʋʯʘʩʪʦʢ ʕʛʝʣʷʭ 

ʕ-48/1-16 0,0314 0,0928 0,3366 0,7116 

ʕ-48/2-16 0,0268 0,0552 0,4799 0,7144 

ʕ-48/3-16 0,0245 0,1486 0,163 0,7117 

ʕ-6/1-16 0,0502 0,0658 0,7541 0,7123 

ʕ-6/2-16 0,0204 0,0624 0,3232 0,7162 

ʕ-6/3-16 0,214 0,1571 0,1346 0,7096 

 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ Rb-Sr ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʙʦʥʘʪʦʚ 

ˉ ʧʨʦʙʳ ʄʘʪʝʨʠʘʣ ʦʙʨʘʟʮʘ 87Rb 

   
 

86Sr 87Rb86/Sr 87Sr/86Sr 

ʄʊ-101-16 
ʢʘʨʙʦʥʘʪ, ʩʝʯʝʪ 

ʞʠʣʫ, ʚʨʝʟ 112 
0,0763 175,0984 0,0004 0,7114 

ʄʊ-106-16 
ʪʦ ʞʝ, ʪʘʤ ʞʝ, ʩ 

ʩʫʣʴʬʠʜʘʤʠ 
0,3638 250,5144 0,0014 0,7108 

ʄʊ-107-16 ʪʦ ʞʝ, ʪʘʤ ʞʝ 0,0737 168,8754 0,0004 0,7111 

ʄʊ-81-16 
ʢʘʨʙʦʥʘʪ, ʧʨʦʞʠʣʦʢ 

ʩʝʯʝʪ ʢʚʘʨʮ, ʚʨʝʟ 01 
0,0763 226,6416 0,0003 0,7116 

ʄʊ-84-16 ʪʦ ʞʝ, ʪʘʤ ʞʝ 0,0564 275,9953 0,0002 0,7126 

ʄʊ-92-16 

ʢʘʨʙʦʥʘʪ ʩ ʛʥʝʟʜʘʤʠ   

ʧʠʨʠʪʘ ʚ ʟʘʣʴʙʘʥʜʝ 

ʞʠʣ  r

0,2192 309,9214 0,0007 0,7117 

 

ɼʣʷ ʢʘʨʙʦʥʘʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 87Rb/86Sr 

ʠ 87Sr/86Sr (r= - 0.47), ʘ ʜʣʷ ʢʚʘʨʮʝʚ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʟʙʨʦʩʝ ʜʘʥʥʳʭ ʥʘ 

ʠʟʦʭʨʦʥʥʦʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 1) ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʣʠʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʦʭʨʦʥʥʳʭ Rb-Sr ʧʘʨʘʤʝʪʨʦʚ. ɺʝʨʭʥʷʷ ʣʠʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʚʘʨʮʳ ʩ 
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ʚʦʟʨʘʩʪʦʤ 72Ñ6 ʤʣʥ. ʣʝʪ ʩ ʧʝʨʚʠʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Sr 

(I0) ʨʘʚʥʳʤ 0,7114 Ñ 0,0001, ʘ ʥʠʞʥʷʷ ʣʠʥʠʷ - ʢʚʘʨʮʳ ʩ ʚʦʟʨʘʩʪʦʤ 155Ñ8 

ʤʣʥ. ʣʝʪ ʠ I0= 0,7091Ñ0,0001. ʕʪʠ ʟʥʘʯʝʥʠʷ Rb-Sr ʜʘʪʠʨʦʚʦʢ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʜʚʘ ʚʝʨʦʷʪʥʳʭ ʧʝʨʠʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʨʘʡʦʥʘ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʞʠʣʳ ʠʟ ʢʘʥʘʚʳ 359/1, ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʡ ʣʠʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʠʤʝʶʪ Rb-Sr ʠʟʦʭʨʦʥʥʳʡ ʚʦʟʨʘʩʪ 

70Ñ1 ʤʣʥ. ʣʝʪ (n=3) ʠ I0= 0,7115Ñ0,0001. 

 
ʈʠʩ. 1. Rb-Sr ʠʟʦʭʨʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʢʚʘʨʮʝʚ ʠʟ ʞʠʣ. 

1 ï ʢʚʘʨʮ ʠʟ ʞʠʣʳ ʚ ʢʘʥʘʚʝ 359/1 (ʫʯʘʩʪʦʢ ɿʝʣʝʥʳʡ); 2 ï ʢʚʘʨʮ ʠʟ ʞʠʣʳ ʥʘ ʚʨʝʟʝ 0 

(ʫʯʘʩʪʦʢ ɿʝʣʝʥʳʡ); 3 ï ʢʚʘʨʮ ʠʟ ʞʠʣ ʫʯʘʩʪʢʘ ʕʛʝʣʷʭ 

 

ʅʘʠʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʶʪ ʦʙʨʘʟʮʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʕʛʝʣʷʭ. ʆʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʢʘʢ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ 

ʥʠʞʥʝʡ ʣʠʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʜʚʘ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʪʨʝʥʜ, ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʩʪʨʦʥʮʠʷ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ Sr ʚ ʢʚʘʨʮʘʭ (0,7091-

0,7115) ʠ ʢʘʨʙʦʥʘʪʘʭ (0,7108-0,7126) ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ 

ʞʠʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʄʊʄ ʷʚʣʷʝʪʩʷ ʢʦʨʦʚʳʡ ʤʘʪʝʨʠʘʣ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʛʨʘʥʠʪʦʠʜʳ ʉʘʤʳʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʄʊʄ, ʩ Rb-Sr ʜʘʪʠʨʦʚʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʠʥʝʨʘʣʴʥʦʡ ʠʟʦʭʨʦʥʝ 142Ñ1 

ʤʣʥ. ʣʝʪ, ʠʤʝʶʪ ʚʝʣʠʯʠʥʫ I0=0,7084 [1], ʘ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ 

ʪʨʠʘʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʘʟʦʚʩʢʦʝ (ʉɿ ʯʘʩʪʴ ɸʜʳʯʘ-ʊʘʨʳʥʩʢʦʛʦ ʨʘʟʣʦʤʘ) ʥʘ 

ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ I0= 0,7125-0,7143, ʠ ʚʝʨʦʷʪʥʦ 
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ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʯʘʩʪʠʯʥʦ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʞʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʄʊʄ.  
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ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʵʪʘʧʘ ʠ ʜʘʞʝ ʥʘʣʠʯʠʝ Au ʚ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠ-

ʷʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʪʘ ʧʦʚʳʰʘʝʪʩʷ ʢ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʩʪʘʜʠʷʤ ʩʢʘʨʥʦ-

ʚʦ-ʨʫʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʠʙʦʣʴʰʝʝ ʦʙʦʛʘʱʝʥʠʝ ʟʦʣʦʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʢʘʨʥʦʚʳʭ ʪʝʣʘʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʢʠʩʣʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ [9, 13]. ɼʨʫʛʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʩʢʘʨʥʳ ʚ 

ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ 

ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ, ʥʘʣʦʞʝʥʥʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ [6, 7, 

12]. ʆʙʘ ʚʟʛʣʷʜʘ ʥʝ ʷʚʣʷʶʪʩʷ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ï ʚʦʧʨʦʩ 

ʣʠʰʴ ʦ ʚʨʝʤʝʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʪʯʘʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʢʘ ʥʝʧʨʝʦʜʦʣʝʥʥʦʡ ʪʨʫʜʥʦ-

ʩʪʴʶ Ar-Ar ʜʘʪʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʩʢʘʨʥʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʢʨʘʡʥʝ ʩʣʘʙʦʡ ʧʨʦʷʚʣʝʥʥʦʩʪʠ ʩʠʥʨʫʜʥʳʭ ʢʘʣʠʡʩʦ-

ʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. ɺ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʦʟʥʘʯʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʢʘʩʘ-

ʝʪʩʷ ʤʝʩʪʘ ʠ ʨʦʣʠ ʚʠʩʤʫʪ-ʪʝʣʣʫʨʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʨʦʷʚʣʝʥʥʦʡ ʥʘ 

ʤʥʦʛʠʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʤʝʜʥʦ-ʩʢʘʨʥʦʚʦʛʦ ʪʠʧʘ.  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʵʪʠʭ ʪʠʧʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ: 

1) ʚʩʸ ʵʪʦ ʧʨʦʜʫʢʪ ʝʜʠʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʩʚʷʟʠ ʩ ʵʚʦʣʶ-

ʮʠʝʡ ʧʦʣʠʭʨʦʥʥʦʡ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 2) ʧʨʦʜʫʢʪ ʵʚʦʣʶʮʠʦ-

ʥʠʨʫʶʱʝʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʛ-

ʤʘʪʠʟʤʦʤ; 3) ʨʘʟʚʠʪʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʨʝʛʝ-

ʥʝʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. ʏʘ-

ʩʪʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʪʠʧʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʨʘʤʢʘʭ 

ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʧʦʨʬʠʨʦʚʦ-ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ [14].  

ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʦʙʦʠʭ ʪʠʧʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʷʚʣʷʝʪʩʷ ʃʫʛʦʢʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ɺʦʩʪʦʯ-

ʥʦʝ ɿʘʙʘʡʢʘʣʴʝ). ʆʙʨʘʟʦʚʘʥʠʝ ʨʫʜ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʚʷʟʠ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʤʘʩʩʠ-

ʚʦʚ ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (J2-3). ʉ ʚʥʝʜʨʝʥʠʝʤ çʰʘʭʪʘʤʠʥʩʢʠʭè ʛʨʘʥʠ-

ʪʦʠʜʦʚ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʢʘʨʥʦʚ ʩ ʤʘʛʥʝʪʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʳʭ ʥʘ ʃʫʛʦʢʘʥʩʢʦʤ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʥʘ 

ʉʝʨʝʙʨʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɿʦʣʦʪʦ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʥʘʢʣʘ-

ʜʳʚʘʝʪʩʷ ʥʘ ʠʟʚʝʩʪʢʦʚʳʝ ʩʢʘʨʥʳ. ʇʦʜʦʙʥʦʛʦ ʪʠʧʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʦʷʚʣʝ-

ʥʘ ʥʘ ʂʫʣʪʫʤʠʥʩʢʦʤ, ʐʘʭʪʘʤʠʥʩʢʦʤ ʠ ɾʠʨʝʢʝʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʅʘ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʨʘʥʥʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩ ʛʨʘʥʠʪʦʠ-

ʜʘʤʠ ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʢʘʟʳʚʘʝʪ ʙʣʠʟʢʠʡ ʚʦʟʨʘʩʪ ʬʦʨʤʠʨʦʚʘʥʠʷ: 
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ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʠʙʜʝʥʠʪʦʚʦʡ ʠ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʥʘ 

ʐʘʭʪʘʤʠʥʩʢʦʤ ʠ ɾʠʨʝʢʝʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ) ʦʭʚʘʪʳʚʘʝʪ ʠʥʪʝʨʚʘʣ 

168-158 ʤʣʥ. ʣ. [1]; ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʚʝʯʘʝʪ ʠʥ-

ʪʝʨʚʘʣʫ 167-155 ʤʣʥ. ʣʝʪ. ɿʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʪʘʢʞʝ 

ʧʨʦʷʚʣʝʥʘ ʥʘ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɿʘʙʘʡʢʘʣʴʷ: ɼʘʨʘʩʫʥʩʢʦʤ, ʃʫʛʠʠʥ-

ʩʢʦʤ, ʅʦʚʦ-ʐʠʨʦʢʠʥʩʢʦʤ ʠ ʜʨ., ʛʜʝ ʚʦʟʨʘʩʪ ʝʸ ʦʭʚʘʪʳʚʘʝʪ ʠʥʪʝʨʚʘʣ 158,5 

ï 156,7 ʤʣʥ. ʣʝʪ [1]. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʧʦʧʘʜʘʝʪ Au-Bi-Te ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʨʝʙʨʷʥʦʝ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʜʘʡʢʦ-

ʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʦʥʮʦʥʠʪ-ʧʦʨʬʠʨʦʚ, ʦʪʥʦʩʠʤʳʭ ʢ ʰʘʭʪʘʤʠʥʩʢʦʤʫ ʢʦʤ-

ʧʣʝʢʩʫ [11].  

ɺ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʟʦ-

ʣʦʪʦʥʦʩʥʳʭ ʩʢʘʨʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʉʠʥʶʭʠʥʩʢʦʝ, ʏʦʡʩʢʦʝ, ʃʝʙʝʜ-

ʩʢʦʝ, ʅʘʪʘʣʴʝʚʩʢʦʝ, ʊʘʨʜʘʥʩʢʦʝ ʠ ʜʨ.), ʚ ʨʫʜʘʭ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʣ-

ʣʫʨʠʜʥʘʷ (ʠʣʠ ʚʠʩʤʫʪ-ʪʝʣʣʫʨʠʜʥʘʷ) ʤʠʥʝʨʘʣʠʟʘʮʠʷ [2, 3, 6, 7, 9, 12].  

ɺ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʘ Au-Bi-Te ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʜʣʷ ʶʛʘ ʉʠʙʠʨʠ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʩʢʘʨʥʦʚʦʤ ʉʠʥʶʭʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

(ɻʦʨʥʳʡ ɸʣʪʘʡ). ɺ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ 

(D2-3) ʧʦ ʢʘʨʙʦʥʘʪʥʳʤ ʧʦʨʦʜʘʤ ʠ ʪʫʬʘʤ ʨʘʟʚʠʚʘʶʪʩʷ ʩʢʘʨʥʳ. ɿʦʣʦʪʦʝ ʦʨʫ-

ʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʠ ʚʦʣʣʘʩʪʦʥʠʪʦʚʳʭ, ʛʨʘʥʘʪ- ʠ ʧʠ-

ʨʦʢʩʝʥ-ʚʦʣʣʘʩʪʦʥʠʪʦʚʳʭ ʩʢʘʨʥʦʚ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʩʫʣʴʬʠʜʥʦʡ ʘʩʩʦʮʠʘ-

ʮʠʝʡ. ɻʣʘʚʥʳʤʠ ʝʝ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ 

ʠ ʧʠʨʠʪ, ʢʦʪʦʨʳʝ ʩʣʘʛʘʶʪ ʛʥʝʟʜʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʠ ʰʪʦʢʚʝʨʢʦʚʳʝ ʨʫʜʥʳʝ 

ʟʦʥʳ. ʋʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʧʠʨʨʦʪʠʥ, ʢʫʙʘʥʠʪ ʠ ʪʝʪʨʘ-

ʜʠʤʠʪ, ʦʪʤʝʯʘʶʪʩʷ ʧʝʪʮʠʪ, ʟʠʛʝʥʠʪ, ʢʦʙʘʣʴʪʠʥ, ʤʝʣʦʥʠʪ, ʚʠʪʪʠʭʝʥʠʪ, ʛʝʩ-

ʩʠʪ, ʘʣʪʘʠʪ, ʢʣʘʫʩʪʘʣʠʪ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʠ ʧʝʨʝ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚʤʝʱʘʶʱʠʭ ʩʢʘʨʥʦʚ. Au ʦʙʨʘʟʫʝʪ ʩʘʤʦʨʦʜʥʳʝ ʚʳʜʝʣʝ-

ʥʠʷ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʙʦʨʥʠʪʦʤ, ʭʘʣʴʢʦʟʠʥʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. ʀʥʦ-

ʛʜʘ ʟʦʣʦʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʨʝʱʠʥʘʭ ʚ ʚʦʣʣʘʩʪʦʥʠʪʝ ʠ ʜʨʫʛʠʭ ʩʢʘʨʥʦʚʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʇʦ ʩʦʩʪʘʚʫ ʟʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʨʦʙʥʳʤ (911ð964 ă). ɺ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʝʣʣʫʨʠʜʘʤʠ ʠ ʩʝʣʝʥʠʜʘʤʠ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

860ð870 ă. ʈʫʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ, ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʤʠ 350Áʉ [12]. 

ʅʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʦ Au-Bi-Te ʧʘʨʘʛʝʥʝʟʠʩ ʧʨʦʷʚʣʝʥ ʚ ʏʦʡʩʢʦʤ ʨʫʜ-

ʥʦʤ ʧʦʣʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʧʝʨʠʬʝʨʠʠ ʉʠʥʶʭʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʠ 

ʩʚʷʟʘʥʥʦʤ ʩ ʏʦʡʩʢʠʤ ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʩʩʠʚʦʤ (D2-3). ʉʢʘʨʥʳ ʛʨʘʥʘʪ-
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ʧʠʨʦʢʩʝʥʦʚʦʛʦ, ʛʨʘʥʘʪ-ʚʦʣʣʘʩʪʦʥʠʪʦʚʦʛʦ ʠ ʧʠʨʦʢʩʝʥ-ʵʧʠʜʦʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʤʘʩʩʠʚʘ ʩ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʟʦʥʘʤ ʜʨʦʙ-

ʣʝʥʠʷ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʢʘʢ ʚ ʩʘʤʠʭ ʩʢʘʨʥʘʭ, ʪʘʢ ʠ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʤʘʩʩʠʚʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʞʠʣ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʭʣʦʨʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ. ɺ ʩʦʩʪʘʚʝ ʨʫʜ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʣʣʫʨʠʜʳ: ʪʝʪʨʘʜʠ-

ʤʠʪ, ʠʥʛʦʜʠʪ, ʞʦʟʝʠʪ, ʭʝʜʣʝʡʠʪ, ʠ ʜʨ. ʊʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʬʣʶ-

ʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʦʩʪʘʚʣʷʶʪ 125-150Áʉ, ʚ ʢʘʣʴʮʠʪʝ 105-128Áʉ.  

ɺ ʮʝʣʦʤ, ʥʘ ʉʠʥʶʭʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʦʣʝʝ ʨʘʟʚʠʪʳ ʨʘʥʥʠʝ, ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʪʘʜʠʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʥʘ ʏʦʡʩʢʦʤ, 

ʥʘʧʨʦʪʠʚ, ʧʨʝʦʙʣʘʜʘʶʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ. 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ Au-Cu-ʩʢʘʨʥʦʚʳʭ ʨʫʜ ʠ Au-Bi-Te ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʦʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩ 

ʨʘʥʥʝʡ ʨʘʩʩʝʷʥʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʝʛʝ-

ʥʝʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʦʚʤʝʱʝʥ-

ʥʦʩʪʴ ʚ ʨʝʛʠʦʥʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʤʝʜʥʦ-ʩʢʘʨʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

Au-Bi-Te ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʚʷʟʘʥʘ ʩ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶ 

ʤʘʛʤʘʪʠʟʤʦʤ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ ʣʠʰʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ 

ʩʜʝʣʘʥʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʜʣʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ [5], ʉʠʭʦʪʵ-ɸʣʠʥʷ [10], 

ʂʘʟʘʭʩʪʘʥʘ [8], ʂʠʪʘʷ [4]. ʉʪʝʧʝʥʴ ʩʚʷʟʠ Au-Bi-Te ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʠʥʪʨʫ-

ʟʠʚʥʳʤʠ ʪʝʣʘʤʠ ʠʣʠ ʙʣʠʟʢʠʤʠ ʢ ʥʠʤ ʧʦ ʚʦʟʨʘʩʪʫ ʜʘʡʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪ ʝʸ 

ʬʘʮʠʘʣʴʥʳʡ ʪʠʧ (ʤʝʟʦ- ʠʣʠ ʵʧʠʪʝʨʤʘʣʴʥʳʡ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʨʝʜʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʭʨʦʥʥʦʛʦ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʵʚʦʣʶʮʠʝʡ 

ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʦʚʤʝʱʝʥʠʶ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ 

ʩʢʘʨʥʦʚ ʤʝʟʦ- ʠ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʦʚ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  
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ʣʝʥʦʢʘʤʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʦʪʥʦʩʠʤʳʤʠ ʢ ʛʠʜʘʪʩʢʦʡ ʩʝʨʠʠ (AR1
1gd), 

ʧʠʨʦʢʩʝʥʦʚʳʤ, ʘʤʬʠʙʦʣ ʠ ʙʠʦʪʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʤ ʛʥʝʡʩʘʤ, ʢʨʠʩʪʘʣʣʦʩʣʘʥ-

ʮʘʤ ʩ ʦʪʜʝʣʴʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʢʘʣʴʮʠʬʠʨʦʚ, ʤʨʘʤʦʨʦʚ, ʤʘʛʥʝʪʠʪʦʚʳʭ 

ʢʚʘʨʮʠʪʦʚ [1]. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʜʝʣʝʥʦ 3 ʨʫʜʥʳʝ ʟʦʥʳ. ʆʥʠ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ ʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ. 

ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥ ʧʠʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, ʛʘʣʝʥʠ-

ʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ, ʛʨʫʧʧʦʡ ʚʠʩʤʫ-

ʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ï ʩʘʤʦʨʦʜʥʳʤ ʚʠʩʤʫʪʦʤ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʦʤ, ʪʝʪʨʘʜʠ-

ʤʠʪʦʤ, ʛʘʣʝʥʦʚʠʩʤʫʪʠʪʦʤ, ʚʠʩʤʫʪʠʥʦʤ, ʠʥʛʦʜʠʪʦʤ ʠ ʭʝʜʣʝʡʠʪʦʤ, ʩʧʦʨʘ-

ʜʠʯʝʩʢʠ ʦʪʤʝʯʘʶʪʩʷ ʧʝʥʪʣʘʥʜʠʪ, ʤʘʨʢʘʟʠʪ, ʛʣʘʫʢʦʜʦʪ, ʛʝʨʩʜʦʨʬʠʪ, ʰʝʝ-

ʣʠʪ, ʙʘʨʠʪ, ʛʝʩʩʠʪ, ʤʠʥʝʨʘʣʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʤʦʥʘʮʠʪ, ʬʪʦʨ-

ʩʦʜʝʨʞʘʱʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʢʘʨʙʦʥʘʪʳ) [2]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 3 ʨʫʜʥʳʭ ʟʦʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩ-

ʩʦʮʠʘʮʠʠ: 1) ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʘʷ; 2) ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ; 3) ʟʦʣʦ-

ʪʦ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪʦʚʘʷ. ɺ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʨʫʜʥʳʭ ʟʦʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚʩʝ 

ʪʨʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʚʦ ʚʪʦʨʦʡ ï ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʘʷ ʠ 

ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ.  

ʇʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʊʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ - ʧʠʨʠʪ 

(Fe0.84S1.65) ʠ ʧʠʨʨʦʪʠʥ (Fe0.89S1.29) ʩʦʜʝʨʞʘʪ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ Ni. ʉʘʤʦʨʦʜ-

ʥʦʝ ʟʦʣʦʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʨʫʛʣʦʡ ʬʦʨʤʦʡ ʚ ʢʚʘʨʮʝ, ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʠʤ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʠʨʨʦʪʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʙʦʡ ʠ ʥʝ ʩʦʜʝʨ-

ʞʠʪ ʧʨʠʤʝʩʝʡ (ʨʠʩ. 1, ɸ, ɹ). ɿʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ 

ʢʚʘʨʮʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʊʠʧʦʤʦʨʬʥʳʡ ʤʠʥʝʨʘʣ ï ʛʘʣʝʥʠʪ ʩʪʝʭʠʦ-

ʤʝʪʨʠʯʝʥ, ʥʝ ʠʤʝʝʪ ʧʨʠʤʝʩʝʡ. ʉʬʘʣʝʨʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤʠ ʢʦʥ-

ʮʝʪʨʘʮʠʷʤʠ Fe - 7-8%. ʍʘʣʴʢʦʧʠʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠ-

ʤʝʩʝʡ.  

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʩ ʛʘʣʝʥʠʪʦʤ, ʦʙʨʘʟʫʷ ʚ ʥʝʤ ʚʳʜʝʣʝʥʠʷ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ, ʠʥʦʛʜʘ ʦʙʨʘʩʪʘʷ 

ʝʛʦ, ʘ ʪʘʢʞʝ ʨʘʩʩʝʢʘʝʪ ʤʠʥʝʨʘʣ ʚ ʚʠʜʝ ʧʨʦʞʠʣʢʦʚ (ʨʠʩ. 1, ɺ, ɻ.). ʀʥʦʛʜʘ 

ʟʦʣʦʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ ʛʘʣʝʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ. ʈʘʟʤʝʨ ʝʛʦ 

ʟʝʨʝʥ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10 ʤʢʤ ʜʦ 3 ʤʤ. ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʵʪʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 853ï861ă, ʚ ʩʨʝʜʥʝʤ 857ă, ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ Pb, Ni ʠ Co. ɿʦʣʦʪʦ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ. ʊʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ, ʪʝʪʨʘʜʠʤʠʪ 

(Bi1.98Te1.97S1.05) ʠ ʠʥʛʦʜʠʪ (Bi2.28Pb0.15Te1.29S1.28) ʥʝ ʠʤʝʶʪ ʚ ʩʦʩʪʘʚʝ ʧʨʠʤʝ-

ʩʝʡ. ɺʠʩʤʫʪʠʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʜʝʨʞʠʪ ʜʦ 2,05% Sb. ɻʘʣʝʥʠʪ ʵʪʦʡ ʘʩʩʦ-
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ʮʠʘʮʠʠ ʩʦʜʝʨʞʠʪ 3,41-13,40% Se. ɺ ʚʠʩʤʫʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʦ ʚʩʪʨʝ-

ʯʘʝʪʩʷ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʝ ʚ ʢʚʘʨʮʝ, ʦʙʨʘʟʫʷ ʦʢʨʫʛʣʳʝ ʠ ʛʠʧʠʜʠʦʤʦʨʬ-

ʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʪʘʢ ʠ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʠʩʤʫʪʦʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

(ʨʠʩ. 1, ɼ-ɽ). ʈʘʟʤʝʨ ʝʛʦ ʟʝʨʝʥ ʚ ʩʨʝʜʥʝʤ 150 ʤʢʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜ-

ʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʜʘʥ-

ʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʷ ʧʨʦʙʳ ʟʦ-

ʣʦʪʘ ʦʪ 643 ʜʦ 993ă) ʩ ʧʨʠʤʝʩʷʤʠ Cu, Pb ʠ Hg [2].  

 

 
ʈʠʩ. 1. ɿʦʣʦʪʦʥʦʩʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʦʜʦʨʦʥʦ: ɸ, ɹ ï 

ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʘʷ; ɺ, ɻ ï ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ; ɼ, ɽ ï ʟʦʣʦʪʦ-ʪʝʣʣʫʨ-

ʚʠʩʤʫʪʦʚʘʷ. Au ï ʟʦʣʦʪʦ, ɻʣ ï ʛʘʣʝʥʠʪ, ʉʬ ï ʩʬʘʣʝʨʠʪ, ʃʥ- ʣʠʣʣʠʘʥʠʪ, ʉʤ- ʪʝʣʣʫ-

ʨʠʪʳ Bi ʛʨʫʧʧʳ ʩʤʠʨʥʠʪʘ, ʂʚ ï ʢʚʘʨʮ. 

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʘʭ ʠʟ ʜʚʫʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ. ɿʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʤʠ, 

ʛʘʟʦʚʦ-ʞʠʜʢʠʤʠ ʠ ʫʛʣʝʢʠʩʣʦʪʥʦ-ʚʦʜʥʳʤʠ). ʆʥʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠ ʩʨʝʜ-

ʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 270-300Áʉ ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,7 

ʢʙʘʨ. ɿʦʣʦʪʦ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩʦʜʝʨʞʠʪ ʜʚʘ ʪʠʧʘ ʬʣʶʠʜʥʳʭ 
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ʚʢʣʶʯʝʥʠʡ (ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʠ ʫʛʣʝʢʠʩʣʦʪʥʦ-ʚʦʜʥʳʝ) ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ 150-200Áʉ, ʜʘʚʣʝʥʠʝ 0,3 ʢʙʘʨ. ʊʘʢʞʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʩʦʩʪʘʚ ʛʘʟʦʚ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʜʣʷ ʜʚʫʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʩʩʦʮʠ-

ʘʮʠʡ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʝ-

ʠʤʫʝɦʩʪʚʝʥʥʦ ʩʦʜʝʨʞʠʪ CO2 ʠ ʉʅ4, ʘ ʟʦʣʦʪʦ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪʦʚʘʷ ʩʦʩʪʦʠʪ 

ʠʟ CO2, CH4 ʠ N2. ɼʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʦʪʝʨʤʦʤʝʪʨ ɻ.ʂʫʣʣʝʨʫʜʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʬʘʣʝʨʠʪʘ ʩʦʩʪʘʚʠʣʘ 300Áʉ, ʘ ʜʘʚʣʝʥʠʝ 1,5 

ʢʙʘʨ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚ ʢʚʘʨʮʝ ʠʟ ʪʦʡ ʞʝ 

ʘʩʩʦʮʠʘʮʠʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʆʥʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʱʝʣʦʯʥʦʡ 

ʩʨʝʜʝ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ï ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ, ʘ ʟʦʣʦʪʦ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩʭʦ-

ʞʘ ʩ ʧʝʨʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ.  

ʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʨʫʜ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʩʨʝʜʥʝʛʣʫʙʠʥʥʦʩʪʠ ʠ ʤʝʟʦʪʝʨʤʘʣʴʥʦʩʪʠ ʩʨʝʜʥʝʛʦ ʵʪʘʧʘ (ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʠ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʠ ʠ ʵʧʠʪʝʨʤʘʣʴʥʦʩʪʠ 

ʧʦʟʜʥʝʛʦ ʵʪʘʧʘ (ʟʦʣʦʪʦ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ 

ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʦʜʦʨʦʥʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ɿʘʜʝʨʞʥʠʥʩʢʠʤ ʧʦʣʠʭʨʦʥ-

ʥʳʤ ʟʦʣʦʪʦʨʫʜʥʳʤ ʦʙʲʝʢʪʦʤ ɸʣʣʘʭ-ʖʥʴʩʢʦʛʦ ʛʦʨʥʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ [3] ʠ 

ʩ ʥʝʢʦʪʦʨʳʤʠ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʤʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ʇʨʠʤʦʨʴʷ [4].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 

0381-2016-0004. 
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ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʪʚʝʨʜʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʷʚʣʷʝʪʩʷ ʧʨʠ-

ʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ï ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʦ- ʠ ʘʵʨʦʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʲʸʤʦʢ ʧʨʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤ ʦʪʜʝʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦ-

ʮʠʘʮʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʫʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʧʨʦʮʝʥʪʳ ʦʙʱʝʡ ʤʘʩʩʳ, ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʨʫʜʥʳʭ ʪʝʣ ʷʚʣʷʶʪʩʷ ʦʢʦʣʦʨʫʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʟʘʬʠʢʩʠʨʫ-

ʶʪʩʷ ʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʂ ʤʠʥʝʨʘʣʘʤ-ʠʥʜʠʢʘʪʦʨʘʤ, ʢʦʪʦʨʳʝ 

ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʦʪʥʦʩʷʪʩʷ - ʘʣʫʥʠʪ, 

ʢʘʨʙʦʥʘʪʳ, ʢʘʦʣʠʥʠʪ, ʢʚʘʨʮ, ʣʠʤʦʥʠʪ, ʩʫʣʴʬʠʜʳ, ʩʝʨʠʮʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʭʣʦʨʠʪ, ʵʧʠʜʦʪ ʠ ʜʨ. 

ʆʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝ-

ʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʘ ʉʫʝʪʢʠʥʩʢʦʡ ʧʣʦʱʘʜʠ (ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ASTER ʠ ʘʵʨʦʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʥʠʤʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʠʜʝʦʩʧʝʢʪʨʦʤʝʪʨʦʤ çʌʨʝʛʘʪè, ʚ 128 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 0,4 - 1,0 ʤʢʤ; ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝ-

ʰʝʥʠʝʤ ï 3,6 ʥʤ. ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʨʰʨʫʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ FieldSpec 3, 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʧʝʢʪʨʦʤʝʪʨʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʫʯʘʩʪʢʘʤʠ 

ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ-ʩʭʝʤʘ 
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ʟʦʥ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝ-

ʥʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʩ ʚʳʜʝʣʝʥʠ-

ʝʤ 18 ʧʣʦʱʘʜʝʡ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ (ʨʠʩ 1).  

ʇʨʦʛʥʦʟʥʳʝ ʫʯʘʩʪʢʠ ʚʳʜʝʣʷʣʠʩʴ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ: - ʩʭʝʤʳ ʟʦʥ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʦʩʪʘʚʣʝʥʥʦʡ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ɻɼʆ ʤʘʩʰʪʘʙʘ 1:10 000; - ʢʘʨʪʳ ʘʥʦʤʘʣʠʡ ʟʦʣʦ-

ʪʘ ʚʦ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʘʭ ʨʘʩʩʝʷʥʠʷ (ʤʘʩʰʪʘʙʘ 1:50 000). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʟʦʥ ʨʘʟʚʠʪʠʷ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʟʦʣʦʪʦʨʫʜʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʧʦ ʜʘʥ-

ʥʳʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʲʝʤʦʢ, ʩ ʢʦʥʪʫʨʘʤʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 

ʧʣʦʱʘʜʝʡ, ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʦʡ ʢʘʨʪʦʡ ʤʘʩʰʪʘʙʘ 

1:50000. 

 

ɺ ʌɻɹʋ çɺʉɽɻɽʀè, ʧʦ ʟʘʜʘʥʠʶ ʈʦʩʥʝʜʨʘ, ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʧʦ ʢʘʨʪʠʨʦʚʘʥʠʶ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʧʦ ʜʘʥʥʳʤ ASTER. ɺ ʮʝʥʪʨʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʨʦʜʦʨʝʩʫʨʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʘʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ 
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ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ENVI ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ ʩʧʝʢʪʨʦʚ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ,  

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʛʥʦʟʥʳʭ ʧʣʦʱʘʜʝʡ ʣʠʩʪʘ O-52-XXVII  (ʃʦʤʘʤʩʢʘʷ ʧʣʦʱʘʜʴ), ʚʳ-

ʜʝʣʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʦʚʤʝʱʝʥʥʘʷ ʩ 

ʢʘʨʪʦʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
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ʅʘ 90 ʧʣʦʱʘʜʷʭ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʋʨʘʣʘ, ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦ-

ʩʪʦʢʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʠʥʝʨʘʣʳ-

ʠʥʜʠʢʘʪʦʨʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʦ-

ʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʥʘʤʝʯʝʥʳ ʧʨʦʛʥʦʟʥʳʝ ʫʯʘʩʪʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʣʠʩʪʘ O-52-XXVII  (ʃʦʤʘʤʩʢʘʷ ʧʣʦʱʘʜʴ), ʛʜʝ ʠʟʚʝʩʪʥʳ ʧʨʦʷʚʣʝʥʠʷ 

ʢʘʤʝʥʥʦʛʦ ʧʦʣʠʤʝʪʘʣʣʦʚ, ʤʦʣʠʙʜʝʥʘ, ʟʦʣʦʪʘ ʠ ʟʦʣʦʪʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ. 

ɺʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʧʣʦʱʘʜʠ: ʋʛʨʶʤʩʢʘʷ, ʅʝʨʠʯʠʥʩʢʘʷ, ʂʫʤ-

ʢʫʡʩʢʘʷ ʠ ʋʩʪʴ-ʃʦʤʘʤʩʢʘʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ASTER ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʫʯʘʩʪʢʠ ʣʦʢʘ-

ʣʠʟʘʮʠʠ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʠʥʜʠʢʘ-

ʪʦʨʦʚ ʦʨʫʜʝʥʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʣʦʱʘʜʠ. ɹʦʣʴʰʘʷ ʠʭ 

ʯʘʩʪʴ ʨʘʩʩʝʷʥʘ ʚ ʚʠʜʝ ʮʝʧʦʯʝʢ ʚʜʦʣʴ ʙʦʨʪʦʚ ʜʦʣʠʥ ʨʝʢ, ʨʝʯʝʢ ʠ ʨʫʯʴʝʚ.  

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʢʦʧʣʝʥʠʷ ʪʦʯʝʢ ʬʠʢ-

ʩʠʨʫʶʪʩʷ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʄʘʣ. ʉʝʡʤʞʘ ʚʜʦʣʴ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʠ ʚ ʨʘʡ-

ʦʥʝ ʝʝ ʠʩʪʦʢʦʚ, ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ - ʧʦ ʙʝʨʝʛʘʤ ʨʝʢ. ɻʳʥʳʤ ʠ ʃʦʤʘʤ ʚ ʧʦʣʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʫ ʠʭ ʢʦʥʪʘʢʪʘ ʩ ʧʦʨʦʜʘ-

ʤʠ ʶʨʳ; ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʢʦʧʣʝʥʠʡ ʬʠʛʫʨʘʪʠʚʥʳʭ 

ʪʦʯʝʢ ʦʪʤʝʯʘʝʪʩʷ ʚʜʦʣʴ ʙʦʨʪʦʚ ʜʦʣʠʥ ʨ. ɻʦʥʘʤ ʠ ʝʛʦ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ʚ 

ʤʝʞʜʫʨʝʯʴʝ ʆʣʜʦʝ ʠ ɼʞʝʩ, ʛʜʝ ʚ ʵʨʦʟʠʦʥʥʳʭ ʚʨʝʟʘʭ ʦʙʥʘʞʘʶʪʩʷ ʜʨʝʚʥʠʝ 

ʧʦʨʦʜʳ, ʢʝʤʙʨʠʡʩʢʠʝ ʠ ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ʋ ʟʘʧʘʜʥʦʡ ʢʨʦʤʢʠ ʪʝʨʨʠʪʦʨʠʠ 

ʩʢʦʧʣʝʥʠʷ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʛʨʘʥʠʮʝ ʶʨʩʢʠʭ ʠ ʢʝʤ-

ʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʦʨʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʥʦʛʦ 

ʩʦʩʪʘʚʘ  

ʋʯʘʩʪʢʠ ʢʦʤʧʘʢʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʠ ʦʨʝʦʣʳ ʤʠ-

ʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʤʝʩʪʘ ʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʢʦʧʣʝʥʠʡ, ʧʨʠ 

ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʛʦ ʧʨʠʟʥʘʢʘ ʣʦʢʘʣʠʟʘʮʠʠ ʦʨʫʜʝʥʝʥʠʷ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʟʘʚʝʨʢʝ ʥʘʟʝʤʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʎʝʧʦʯʢʠ ʪʦʯʝʢ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ, ʧʨʦʩʣʝʞʠʚʘʶʱʠʝʩʷ ʚʜʦʣʴ ʨʫʩʝʣ ʚʦʜʦʪʦʢʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝ-

ʥʳ ʢʘʢ ʚʝʨʦʷʪʥʳʝ ʧʨʠʟʥʘʢʠ ʨʦʩʩʳʧʝʡ.  ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʦʟʜʘʥʘ ʩʭʝʤʘ ʧʨʦʛʥʦʟʥʳʭ ʧʣʦʱʘʜʝʡ (ʨʠʩ. 2). 

ʆʧʳʪ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʡʦʥʦʚ 

ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  
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ʂʆʈɽʅʅʓɽ ʀʉʊʆʏʅʀʂʀ ʈʆʉʉʓʇɽʁ ɿʆʃʆʊɸ  

ʆʃʓʅɼʀʅʉʂʆʁ ɿʆʃʆʊʆʈʋɼʅʆʁ ɿʆʅʓ ɸɹʓʁʉʂʆɻʆ 

 ʈɸʁʆʅɸ ʈɽʉʇʋɹʃʀʂʀ ʉɸʍɸ (ʗʂʋʊʀʗ) ʇʆ ʄɸʊɽʈʀɸʃɸʄ 

ʅɸɿɽʄʅʓʍ ʄɸɻʅʀʊʆʈɸɿɺɽɼʆʏʅʓʍ ʈɸɹʆʊ 

 

ʂʦʚʘʣʝʥʢʦ ɸ.ʀ. 

ɸʆ çʗʥʛʝʦʣʦʛʠʷè 

 

ʆʣʳʥʜʠʥʩʢʘʷ ʟʦʣʦʪʦʨʫʜʥʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʥʘ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʨʫʜʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ. ʕʪʠ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ʠ ʧʫʥʢʪʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦ ʚʝʱʝʩʪʚʝʥ-

ʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜʨʘʟʜʝʣʷʣʠʩʴ ʥʘ ʜʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʘ: ʘʨʩʝʥʦʧʠʨʠʪ-

ʧʠʨʠʪʦʚʳʡ ʠ ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʡ. ʉ ʵʪʠʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʦʛʣʘʩʠʪʴʩʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʩʲʸʤʢʠ ʤʘʩʰʪʘʙʘ 1:50 000 (ɹ.ɻ. 

ɸʥʜʨʝʝʚ, ɺ.ʇ. ʊʦʨʦʧʯʠʥʦʚ, 1962-1965 ʛ.ʛ.). ʅʦ ʧʦʩʪʘʥʦʚʢʘ ʥʘʟʝʤʥʳʭ ʚʳʩʦ-

ʢʦʪʦʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʲʸʤʦʢ ʤʘʩʰʪʘʙʘ 1:10 000 ï 1:20 000 ʥʘ ʫʯʘʩʪʢʘʭ 

ʍʘʪʳʥʥʘʭ ï ʉʘʣʘ ʠ ɹʫʪʦʥ (ʚ ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2017 ʛʦʜ), ʚʥʝʩʣʘ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʢʦʨʨʝʢʪʠʚʳ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ ʨʫʜʥʳʭ ʦʙʲʝʢ-

ʪʦʚ: ʦʩʥʦʚʥʦʡ ʤʠʥʝʨʘʣʴʥʳʡ ʪʠʧ, ʢʘʢ ʤʠʥʠʤʫʤ, ʘʨʩʝʥʦʧʠʨʠʪ ï ʧʠʨʠʪ ï 

ʧʠʨʨʦʪʠʥʦʚʳʡ ʠ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʫʚʝʨʝʥʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤʘʩʰʪʘʙʘ 1:20 000 (ʩʝʪʴ 

200ʭ10 ʤ.) ʚ 2017 ʛʦʜʫ ʥʘ ʫʯʘʩʪʢʝ ɹʫʪʦʥ ʧʦ ʧʨʦʝʢʪʫ çʇʦʠʩʢʦʚʦ-

ʨʝʚʠʟʠʦʥʥʳʝ ʨʘʙʦʪʳ ʥʘ ʨʫʜʥʦʝ ʟʦʣʦʪʦ ʚ ʧʨʝʜʝʣʘʭ ʆʣʳʥʜʠʥʩʢʦʡ ʨʫʜʥʦʡ 

ʟʦʥʳ ʉʝʣʝʥʷʭʩʢʦʛʦ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ 

(ʗʢʫʪʠʷ)è, ʛʝʦʬʠʟʠʢʘʤʠ ɸʆ çʗʥʛʝʦʣʦʛʠʷè ʚʳʜʝʣʝʥʘ ʣʠʥʝʡʥʘʷ ʟʦʥʘ ʨʘʟʚʠ-

ʪʠʷ ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʰʘʨʴʷʞʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʭ ʧʘʣʝʦʟʦʡʩʢʠʭ ʪʦʣʱ ʦʨʜʦʚʠʢʘ ʠ ʩʠʣʫʨʘ. ɿʦʥʘ 

ʧʨʦʩʣʝʞʝʥʘ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ ʥʘ 2000 ʤ ʧʨʠ ʤʦʱʥʦʩʪʠ 50-150 ʤ. ʅʘ ʛʝʦ-

ʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʤʘʩʰʪʘʙʘ 1:50 000 ʚ ʬʨʦʥʪʘʣʴ-

ʥʦʡ ʯʘʩʪʠ ʰʘʨʴʷʞʘ ʥʘ ʫʯʘʩʪʢʝ ɹʫʪʦʥ ʠʤʝʝʪʩʷ ʧʫʥʢʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʛʜʝ 

ʦʪʤʝʯʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ 8,2-26,5 ʛ/ʪ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʝ ʜʨʦʙ-

ʣʝʥʠʷ, ʠ ʥʘʠʙʦʣʝʝ ʟʦʣʦʪʦʥʦʩʥʦʡ ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥ-

ʘʨʩʝʥʦʧʠʨʠʪʦʚʘʷ ʙʨʝʢʯʠʷ (ʧʦ ʜʘʥʥʳʤ ʰʪʫʬʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ). 

ɸʥʘʣʦʛʠʯʥʘʷ ʟʦʥʘ ʢʘʨʪʠʨʫʝʪʩʷ ʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʦʡ ʤʘʩʰʪʘʙʘ 1:10 000, 

ʚʳʧʦʣʥʝʥʥʦʡ ʛʝʦʬʠʟʠʢʘʤʠ ʆʆʆ çʉʝʚʝʨʦ-ɿʘʧʘʜè ʥʘ ʫʯʘʩʪʢʝ ʍʘʪʳʥʥʘʭ-
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ʉʘʣʘ ʚ 2007 ʛʦʜʫ ʧʦ ʧʨʦʝʢʪʫ çʇʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʟʦʣʦʪʦ ʚ 

ʋʷʥʜʠʥʦ-ʉʫʪʫʨʫʦʭʩʢʦʡ ʟʦʥʝ (ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ)), ʢʦʪʦʨʳʝ ʚʳʧʦʣ-

ʥʷʣʠʩʴ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʌɻʋ ʅʇʇ çɸʵʨʦʛʝʦʣʦʛʠʷè ˉ 14-ɻʌ ʦʪ 12 ʘʧʨʝʣʷ 

2006 ʛ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʟʦʥʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʟʦʥʝ ʫʯ. ɹʫʪʦʥ, ʧʦ ʜʘʥʥʳʤ 

ʤʘʛʥʠʪʥʦʡ ʩʴʝʤʢʠ ʆʆʆ çʉʝʚʝʨʦ-ɿʘʧʘʜè. ʫʚʝʨʝʥʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʤʘʛʥʠ-

ʪʦʨʘʟʚʝʜʢʦʡ ʥʘ 1000 ʤ, ʘ ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʬʠʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʲʝʤʢʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ ʥʘ ʫʯʘʩʪʢʝ ʍʘʪʳʥʥʘʭ-ʉʘʣʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ 

ʜʦ 1,5 ʢʤ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʜʣʠʥʘ ʚʳʜʝʣʝʥʥʳʭ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ ʟʦʥ 

ʥʘ ʫʯʘʩʪʢʘʭ ɹʫʪʦʥ ʠ ʍʘʪʳʥʥʘʭ-ʉʘʣʘ ʩʦʩʪʘʚʠʪ 3,5 ʢʤ. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ, ʚʳ-

ʜʝʣʝʥʥʳʭ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ, ʢ ʛʨʘʥʠʮʘʤ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʬʨʦʥʪʘʣʴʥʳʤ ʯʘʩʪʷʤ ʨʘʟ-

ʣʠʯʥʳʭ ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʩʦʚʧʘʜʝʥʠʝʤ, ʪʘʢ 

ʢʘʢ, ʧʨʘʢʪʠʯʝʩʢʠ, ʚʩʝ ʨʫʜʥʳʝ ʪʝʣʘ ʥʘ ʠʟʚʝʩʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ, ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙ-

ʩʪʘʥʦʚʢʝ (ʇʦʣʦʛʦʝ, ɸʨʙʘʪ, ɻʘʣ-ʍʘʷ, ʉʝʚʝʨʥʦʝ), ʠʤʝʶʪ ʪʘʢʦʝ ʞʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʠ ʫʞʝ ʯʘʩʪʠʯʥʦ ʨʘʟʚʝʜʘʥʳ. 

ʅʘ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪʝ ʆʣʳʥʜʠʥʩʢʦʡ  ʨʫʜʥʦʡ ʟʦʥʳ ʤʘʩʰʪʘʙʘ 

1:100 000, ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʈ. ʀ. ɺʠʰʥʝʚʩʢʦʡ (1997 ʛ), ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʘ-

ʤʦʨʬʠʟʤʘ, ʛʜʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ  ʨʷʜ ʚʝʪʚʷʱʠʭʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 20-30 ʢʤ., ʘ ʚʳʜʝʣʷʝʤʘʷ ʥʘʟʝʤʥʦʡ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʟʦʥʘ ʫʯʘʩʪʢʘ ʍʘʪʳʥʥʘʭ-ʉʘʣʘ ʜʣʠʥʦʡ 

1,5 ʢʤ. ʷʚʣʷʝʪʩʷ çʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʨʘʛʤʝʥʪʦʤè ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʥʘʨʫ-

ʰʝʥʠʡ (ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʦʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ 

ʵʪʦʛʦ ʪʝʨʤʠʥʘ). ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʦʣʦʚʢʠ ʨʘʟʚʝʜʘʥʥʳʭ ʨʦʩʩʳʧʝʡ 

ʧʨʠʫʨʦʯʝʥʳ, ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ, ʢ ʵʪʠʤ ʧʨʦʪʷʞʝʥʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʥʘʨʫʰʝʥʠʷʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ ʠ ʠʭ ʵʨʦʜʠ-

ʨʦʚʘʥʥʳʝ ʯʘʩʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʜʦʣʠʥ, ʚʥʝʩʣʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟ-

ʚʝʩʪʥʳʭ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ. 

ʀʥʪʝʨʝʩʥʳʤ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ ʘʚʪʦʨʘ 

ʩʪʘʪʴʠ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʝʛʦ ʨʘʙʦʪ ʚ ɸʜʳʯʘʥʩʢʦʤ ʟʦʣʦʪʦʥʦʩʥʦʤ ʨʘʡʦʥʝ: ʘʥʘ-

ʣʦʛʠʯʥʳʝ ʟʦʥʳ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ, ʢʘʢ ʚ ɸʜʳʯʘʥʩʢʦʤ ʟʦʣʦʪʦʥʦʩʥʦʤ 

ʨʘʡʦʥʝ, ʪʘʢ ʠ ʚ ʆʣʳʥʜʠʥʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʟʦʥʝ, ʥʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ 

ʢʘʨʪʘʭ ʤʘʩʰʪʘʙʘ 1:200 000, ʬʠʢʩʠʨʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʚʦʣʥʦʦʙʨʘʟʥʳʤ ʨʠ-

ʩʫʥʢʦʤ ʠʟʦʘʥʦʤʘʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʅʦ ʜʣʷ ʨʘʡʦʥʘ ɸʜʳʯʠ ʠ ʆʣʳʥʜʠ 

ʩʫʱʝʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʠʥʬʦʨʤʘʮʠʠ ʥʘʟʝʤʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʲʸʤʦʢ -  ʚ ʨʘʡʦʥʝ ɸʜʳʯʠ ʣʠʥʝʡʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ, ʢʘʢ ʥʘ ʆʣʳʥ-
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ʜʝ, ʥʝʪ ʠ, ʦʯʝʚʠʜʥʦ, ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ  

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ɸʜʳʯʝ ʧʨʦʰʣʠ ʜʦ ʧʨʦʮʝʩʩʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʜʠʥʘʤʦ-

ʤʝʪʘʤʦʨʬʠʟʤʘ, ʢʦʪʦʨʳʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʨʘʟʜʨʦʙʣʝʥʳ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʪʘʱʝʥʳ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʚʝʜʢʫ 

ʪʘʢʠʭ ʟʦʥ ʙʫʨʝʥʠʝʤ ʠ ʢʘʥʘʚʘʤʠ (ʧʨʠʤʝʨ: ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ɻʘʥʥ ï ɸʥʜʨʝʝʚ-

ʩʢʦʝ). ɸ ʚʦʪ ʚ ʨʘʡʦʥʝ ʆʣʳʥʜʠ ʧʨʦʮʝʩʩʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʰʣʠ ʧʦʩʣʝ 

ʵʪʘʧʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ, 

ʩʦʧʨʦʚʦʞʜʘʷ ʬʠʥʘʣʴʥʳʝ ʧʦʜʚʠʞʢʠ ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʭʨʘʥʠʣʠʩʴ, ʦ 

ʯʸʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʟʝʤʥʦʡ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ. ʀ ʵʪʦ ʩʫ-

ʱʝʩʪʚʝʥʥʳʡ ʘʚʘʥʩ ʙʫʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʆʣʳʥʜʠʥʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ 

ʟʦʥʳ. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʠʥʬʦʨʤʘʪʠʚʥʘ ʪʦʣʴʢʦ ʥʘʟʝʤʥʘʷ ʚʳʩʦʢʦʪʦʯʥʘʷ ʤʘʛ-

ʥʠʪʦʨʘʟʚʝʜʢʘ, ʢʦʪʦʨʘʷ ʢʘʨʪʠʨʫʝʪ ʣʠʥʝʡʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙ-

ʣʝʥʠʷ, ʘ ʘʵʨʦʤʘʛʥʠʪʢʘ ʤʘʩʰʪʘʙʘ 1:50 000 ʜʘʝʪ, ʧʨʘʢʪʠʯʝʩʢʠ, ʨʦʚʥʦʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʠ-

ʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʚʦʜʦʨʘʟʜʝʣʴʥʳʤ ʯʘʩʪʷʤ ʚ ʠʥʪʝʨʚʘ-

ʣʝ: ʫʯ. ʃʝʧʝʩʪʦʢ - ʫʯ. ʍʘʪʳʥʥʘʭ-ʉʘʣʘ - ʫʯ. ɹʫʪʦʥ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ 

ʠ ʨʘʟʙʠʪʳ ʥʝʦʪʝʢʪʦʥʠʢʦʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʪʨʝʟʢʠ, ʥʦ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, (ʠʩ-

ʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʧʫʥʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʨʘʟʚʝʜʘʥʥʳʭ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ), 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ. ʊ.ʝ., ʦʥʠ ʝʩʪʴ, ʠ 

ʦʥʠ ʜʦʣʞʥʳ ʢʘʨʪʠʨʦʚʘʪʴʩʷ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʘʛʥʝʪʠʪʘ ʠ 

ʧʠʨʨʦʪʠʥʘ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʧʦʟʚʦʣʷʝʪ ʵʪʦ ʩʜʝʣʘʪʴ. ʕʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʨʪʠ-

ʨʫʝʪ ʨʫʜʦʚʤʝʱʘʶʱʠʝ ʦʙʴʝʢʪʳ ʠ ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʨʷʤʦʡ ʧʦʠʩʢʦʚʳʡ ʤʝʪʦʜ. 

ɿʦʥʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʝʪ 

ʢ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʦʩʩʳʧʝʡ ʆʣʳʥʜʠʥʩʢʦʡ ʟʦʣʦʪʦ-

ʨʫʜʥʦʡ ʟʦʥʳ, ʛʜʝ ʛʝʦʬʠʟʠʢʘʤʠ ɸʆ çʗʥʛʝʦʣʦʛʠʷè ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʘʷ ʧʣʦʱʘʜʴ (120 ʢʚ.ʢʤ.) ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʦʧʝʨʝʞʘʶʱʠʭ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯ-

ʥʳʭ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤʘʩʰʪʘʙʦʚ 1: 25 000-1:5000, ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ ʟʘʢʘʨʪʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʥʝʩʫʱʠʝ ʟʦʣʦ-

ʪʦʝ ʦʨʫʜʝʥʝʥʠʝ. 

ʇʦʜʩʯʸʪ ʨʝʩʫʨʩʦʚ ʟʦʣʦʪʘ ʢʘʪʝʛʦʨʠʠ ʈ3, ʜʣʷ ʫʞʝ ʟʘʢʘʨʪʠʨʦʚʘʥʥʳʭ ʤʘʛ-

ʥʠʪʦʨʘʟʚʝʜʢʦʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ɹʫʪʦʥ ʠ ʍʘ-

ʪʳʥʥʘʭ-ʉʘʣʘ, ʦʙʱʝʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 3.5 ʢʤ., ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʇʦʣʦʛʦʝ, ʩʦʩʪʘʚʣʷʝʪ 260 ʪ. ʟʦʣʦʪʘ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ï 5ʛ/ʪ; ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ʚʥʫʪʨʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ -
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20 ʤʝʪʨʦʚ; ʧʦʜʚʝʩʢʘ ʨʘʩʯʸʪʥʳʭ ʙʣʦʢʦʚ -300 ʤʝʪʨʦʚ; ʦʙʴʸʤʥʳʡ ʚʝʩ ï 2,5 

ʪ/ʤ3; 3500*300* 20*5*2,5=260ʪ.) 

ʇʨʠ ʵʪʦʤ, ʚ ʨʘʩʯʸʪ ʥʝ ʙʝʨʫʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʪʦʣʙʳ, ʚʳʜʝʣʝʥʥʳʝ 

ʘʚʪʦʨʦʤ ʵʪʦʡ ʩʪʘʪʴʠ ʚ ʦʪʯʝʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʧʨʦ-

ʝʢʪʫ çʇʦʠʩʢʦʚʦ-ʨʝʚʠʟʠʦʥʥʳʝ ʨʘʙʦʪʳ ʥʘ ʨʫʜʥʦʝ ʟʦʣʦʪʦ ʚ ʧʨʝʜʝʣʘʭ ʆʣʳʥ-

ʜʠʥʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʉʝʣʝʥʥʷʭʩʢʦʛʦ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ 

(ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ)) ʚ 2015-2017ʛ.ʛ.è, ʢʦʪʦʨʳʝ ʪʦʞʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʚ ʦʪʯʸʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʢʘʢ ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʦʣʦʪʘ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʆʣʳʥʜʠʥʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ. 

ʇʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʦʙʲʝʤʦʚ ʦʧʝʨʝʞʘʶʱʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʚʩʶ 

ʧʣʦʱʘʜʴ (120 ʢʚ.ʢʤ.) ʙʳʣʠ ʫʩʣʦʚʥʦ ʚʳʜʝʣʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʠʥʝʨʘʣʠ-

ʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʛʝʦʬʠʟʠʢʘʤ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʢ ʦʩʝʚʳʤ ʯʘʩʪʷʤ ʚʦʜʦʨʘʟʜʝʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʦʙʲʷʩ-

ʥʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʨʦʛʝʥʝʟʘ, ʘ ʠʤʝʥʥʦ: çʟʘʢʨʳʪʠʝè ʭʨʝʙʪʦʚ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʦ-

ʷʚʣʝʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʘʭ çʟʘʢʨʳʪʠʷè, ʪ.ʝ. ʚ ʦʩʝʚʳʭ 

ʯʘʩʪʷʭ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʨʝʣʠʢʪʳ ʢʦʪʦʨʳʭ ʤʳ ʚʠʜʠʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʵʨʦʟʠʦʥ-

ʥʦʤ ʩʨʝʟʝ. ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʧʨʠ çʟʘ-

ʢʨʳʪʠʠè ʩʨʝʜʠʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʢʝʘ-

ʥʦʣʦʛʠ ʧʨʠ ʧʦʛʨʫʞʝʥʠʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʟʦʥʳ çʟʘʢʨʳʪʠʷè ʵʪʠʭ 

ʩʪʨʫʢʪʫʨ. ʕʪʠ ʞʝ ʟʦʥʳ, ʠʤʝʷ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʧʨʠʥʠʤʘʣʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʚʠʞʢʘʭ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ, 

ʣʦʢʘʣʠʟʫʷ ʚ ʩʝʙʝ ʚʩʶ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ 

ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ. ʕʪʠ ʚʳʚʦʜʳ, ʥʝʦʜʥʦʢʨʘʪ-

ʥʦ, ʘʚʪʦʨʦʤ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʠʟʣʘʛʘʣʠʩʴ ʚ ʦʪʯʸʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʝʛʦ ʛʝʦʬʠ-

ʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʟʘ ʧʦʯʪʠ 40-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʗʢʫʪʠʠ.  

 ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʩʦʩʪʘʚ-

ʣʷʝʪ 200 ʢʤ., ʜʦʧʫʩʪʠʤ, 10% ʠʟ ʥʠʭ ʙʫʜʝʪ ʥʝʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩ ʠʥʪʝʨʝ-

ʩʫʶʱʠʤʠ ʥʘʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ, ʪʦʛʜʘ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʈ3 ʥʘ ʫʢʘ-

ʟʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʫʚʝʣʠʯʘʪʩʷ ʜʦ 1500 ʪʦʥʥ ʟʦʣʦʪʘ, ʠ ʵʪʠ ʮʠʬʨʳ ʚʨʷʜ ʣʠ 

ʷʚʣʷʶʪʩʷ ʟʘʚʳʰʝʥʥʳʤʠ. 

ʗ ʥʝ ʩʦʙʠʨʘʶʩʴ ʚʢʣʶʯʘʪʴʩʷ ʚ ʧʦʣʝʤʠʢʫ ʦ ʨʦʣʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʦʩ-

ʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʆʣʳʥʜʠʥʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʥʦ ʙʫʜʫʯʠ ʫʚʝʨʝʥʥʳʤ 
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ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʟʝʤʥʦʡ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ, ʩʤʝʶ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʚʩʸ ʞʝ, ʦʩʥʦʚʥʳʤʠ ʢʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʦʣʦʪʘ ʆʣʳʥʜʠʥ-

ʩʢʠʭ ʨʦʩʩʳʧʝʡ ʙʳʣʠ ʘʨʩʝʥʦʧʠʨʠʪ ï ʧʠʨʠʪ ï ʧʠʨʨʦʪʠʥʦʚʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ 

ʠ ʨʫʜʥʳʝ ʩʪʦʣʙʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʣʠ ʙʣʠʟʢʦʛʦ ʩʦʩʪʘʚʘ, ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ 

ʤʳ ʚʠʜʠʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʟʝʤʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʅʦ ʝʱʸ ʥʝʵʨʦ-

ʜʠʨʦʚʘʥʥʳʝ ʠʣʠ ʩʣʘʙʦ ʵʨʦʜʠʨʦʚʘʥʥʳʝ ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʦʣʦʪʘ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʳʙʨʘʥʥʦʡ ʥʘʤʠ ʧʣʦʱʘʜʠ ʦʧʝʨʝʞʘʶʱʠʭ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʛʜʝ ʫʞʝ ʟʘʢʘʨʪʠʨʦʚʘʥʘ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ ʤʠʥʝʨʘʣʠ-

ʟʦʚʘʥʥʘʷ ʟʦʥʘ ʜʨʦʙʣʝʥʠʷ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 3.5 ʢʤ, ʘ ʧʨʦʛʥʦʟʥʳʝ ʨʝ-

ʩʫʨʩʳ ʠ ʵʪʦʡ ʟʦʥʳ, ʠ ʦʙʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʤʦʛʫʪ ʥʝ ʚʧʝʯʘʪʣʷʪʴ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ. 

ʄʳ, ʚ ʙʣʠʟʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʥʦʚʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʟʦʣʦʪʦʨʫʜʥʳʡ ʨʘʡʦʥ ʗʢʫʪʠʠ. ɺʩʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʛʨʘ-

ʤʦʪʥʦ ʙʫʜʝʤ ʧʦʜʭʦʜʠʪʴ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʫʯʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʧʦʩʢʦʣʴʢʫ 

ʨʘʡʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʗʢʫʪʠʠ, ʧʦʩʪʘʥʦʚʢʘ ʦʧʝʨʝʞʘʶʱʠʭ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʆʣʳʥʜʠʥ-

ʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ.  

 

 

ʕʅɼʆɻɽʅʅʓɽ ʂɸʈɹʆʅɸʊʓ ʄɸʃʆʊɸʈʓʅʉʂʆɻʆ  

ʈʋɼʅʆɻʆ ʇʆʃʗ 

 

ʂʦʥʜʨʘʪʴʝʚʘ ʃ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, 
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ʅʘ ʧʣʦʱʘʜʠ ʄʘʣʦʪʘʨʳʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʷʚʣʝʥʘ ʨʘʟʥʦʦʙʨʘʟʥʘʷ 

ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʤʠʥʝʨʘʣʠʟʘʮʠʷ: 1 ï ʟʦʣʦʪʦ-

ʚʠʩʤʫʪʦʚʘʷ; 2 ï ʦʩʥʦʚʥʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʘʣʦʩʫʣʴʬʠʜʥʘʷ ʟʦʣʦʪʦ-

ʢʚʘʨʮʝʚʘʷ; 3 ï ʙʝʨʪʴʝʨʠʪ-ʘʥʪʠʤʦʥʠʪʦʚʘʷ; 4 ï ʵʧʠʪʝʨʤʘʣʴʥʘʷ ʩʝʨʝʙʨʦ-

ʩʫʨʴʤʷʥʘʷ. ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʨʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ (ʫʯʘʩʪʢʠ ɿʝʣʝʥʳʡ, ɻʦʣʫʙʠʯʥʳʡ, ʕʛʝʣʷʭ), ʰʪʦʢʚʝʨ-

ʢʦʧʦʜʦʙʥʳʝ ʟʦʥʳ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ (ʫʯʘʩʪʢʠ ʗʛʦʜʥʳʡ, ʂʫʩ-ʖʨʶʝ) [1]. 

ʂʘʨʙʦʥʘʪʳ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʠʚ-

ʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 5-15%. ʆʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʠ ʠʭ ʩʢʦʧʣʝʥʠʡ, ʯʘʩʪʦ ʧʨʠʫʨʦʯʝʥʥʳʭ 

ʢ ʟʘʣʴʙʘʥʜʘʤ ʨʫʜʥʳʭ ʪʝʣ, ʣʠʙʦ ʢ ʢʩʝʥʦʣʠʪʘʤ ʠ ʧʨʦʩʣʦʷʤ ʚʤʝʱʘʶʱʠʭ ʧʦ-

mailto:lkon12@yandex.ru
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ʨʦʜ, ʨʝʞʝ ʚ ʚʠʜʝ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʧʨʦʞʠʣʢʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʥʘ ʩʢʘʥʠʨʫ-

ʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʬʠʨʤʳ JEOL JSM-6480LV (ʘʥʘʣʠʪʠʢʠ 

ʉ.ɸ. ʂʘʨʧʦʚʘ, ʉ.ʂ. ʇʦʧʦʚʘ). 

ʀʟʫʯʝʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʧʨʦʚʝʜʝʥʦ ʥʘ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʘʭ ʨʫʜ-

ʥʦʛʦ ʧʦʣʷ (ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ): ʕʛʝʣʷʭ, ʅʘʩʪʝʥʴʢʘ, ɿʝʣʝʥʳʡ ʠ 

ʗʛʦʜʥʳʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ): ʩʠ-

ʜʝʨʦʜʦʣʦʤʠʪʳ, ʤʘʛʥʝʟʠʦʘʥʢʝʨʠʪʳ, ʜʦʣʦʤʠʪʳ, ʢʘʣʴʮʠʪʳ, ʤʘʛʥʝʟʠʦʩʠʜʝʨʠ-

ʪʳ ʠ ʩʠʜʝʨʠʪʳ. 

ʅʘ ʫʯʘʩʪʢʝ ʗʛʦʜʥʳʡ ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʨʙʦʥʘʪʳ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪʦʚʦʛʦ 

ʨʷʜʘ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 1); ʤʘʛʥʝʟʠʦʩʠʜʝʨʠʪʳ ʠ ʩʠʜʝʨʠ-

ʪʳ ʠʤʝʶʪ ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩ. 1). ʂʘʣʴʮʠʪ ʥʝ ʦʙʥʘʨʫʞʝʥ. ʉʠʜʝʨʦ-

ʜʦʣʦʤʠʪʳ, ʤʘʛʥʝʟʠʦʘʥʢʝʨʠʪʳ ʠ ʜʦʣʦʤʠʪʳ ʦʙʳʯʥʦ ʦʙʨʘʟʫʶʪ ʘʛʨʝʛʘʪʳ ʩ 

ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʥʥʠʝ Mg-ʩʠʜʝʨʠʪ ʠ ʩʠʜʝ-

ʨʠʪ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʠʭ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʩʦʜʝʨʞʘʪ ʜʦ 11,7 

ʤʘʩ. % MgO ʠʣʠ 30,15 ʤʦʣ. % MgCO3.  

ʊʘʙʣʠʮʘ 1 

ʄʠʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʦʚ ʨʷʜʘ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʄʘʣʦʪʘ-

ʨʳʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʉʦʩʪʘʚ 
ʗʛʦʜʥʳʡ 

(n=138) 

ɿʝʣʝʥʳʡ 

(n=14) 

ʅʘʩʪʝʥʴʢʘ 

(n=10) 

ʕʛʝʣʷʭ 

(n=57) 

FeCO3 
7,88-32,71 

19,08 

22,40-27,66 

24,80 

18,68-23,74 

21,80 

7,59-33,12 

19,48 

MgCO3 
17,94-42,60 

30,93 

21,39-27,46 

24,11 

25,77-32,06 

28,93 

18,05-42,18 

28,83 

MnCO3 
0-3,58 

0,84 

0,70-2,38 

1,34 

0,12-1,03 

0,63 

0-2,99 

0,77 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʯʠʩʣʠʪʝʣʝ ʧʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʡ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ, 

n ï ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ 

 

ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʠʨʠʪ, ʨʝʞʝ ʘʨʩʝʥʦ-

ʧʠʨʠʪ ʠ ʘʥʪʠʤʦʥʠʪ. ʆʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʞʝʣʝʟʠʩʪʦʩʪʠ ʩʠʜʝʨʦʜʦʣʦʤʠʪʘ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʘ ʚ ʢʚʘʨʮʝ ʨʫʜʥʦʛʦ ʦʙʣʠʢʘ. ʉ ʤʘʣʦʞʝʣʝʟʠ-

ʩʪʳʤ ʩʠʜʝʨʦʜʦʣʦʤʠʪʦʤ (7,05-11,78 ʤʘʩ. % FeO) ʘʩʩʦʮʠʠʨʫʝʪ ʧʠʨʠʪ, ʦʪʣʠ-

ʯʘʶʱʠʡʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ As (3,04 ʤʘʩ.%). ɺ ʩʝʨʦʤ ʢʨʠʧʪʦ-

ʟʝʨʥʠʩʪʦʤ ʢʚʘʨʮʝ, ʩʦʜʝʨʞʘʱʝʤ ʧʨʦʞʠʣʢʦʚʠʜʥʳʝ ʩʢʦʧʣʝʥʠʷ ʪʦʥʢʦʟʝʨʥʠ-

ʩʪʳʭ ʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʚʳʷʚʣʝʥ ʜʦʣʦʤʠʪ-
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ʩʠʜʝʨʦʜʦʣʦʤʠʪ ʩ ʥʘʠʤʝʥʴʰʠʤ ʧʦ ʨʫʜʥʦʤʫ ʧʦʣʶ ʩʦʜʝʨʞʘʥʠʝʤ FeO ï 5,94-

8.04 ʤʘʩ.%. 

ʂʘʨʙʦʥʘʪʳ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ, 

ʯʪʦ ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ.  

ɺ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʘʭ ʨʠʪʤʠʯʥʦ-ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʳ ʫʯʘʩʪʢʘ 

ʅʘʩʪʝʥʴʢʘ ʢʘʨʙʦʥʘʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʦʥʢʦʠʟʦʛʥʫʪʳʤ ʧʣʦʡʯʘʪʳʤ ʧʨʦʩʣʦʷʤ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʂʘʨʙʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʜʝʨʦʜʦʣʦʤʠʪʦʤ ʜʦʚʦʣʴʥʦ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ (f'=0,37-0,48). ʅʘ ʢʦʥʪʘʢʪʝ ʢʘʨʙʦʥʘʪʘ ʩ ʢʚʘʨʮʝʤ ʦʙʥʘ-

ʨʫʞʝʥʦ ʤʝʣʢʦʝ (2-3 ʤʠʢʨʦʥʘ) ʟʝʨʥʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʇʦʟʜʥʠʡ ʢʘʣʴʮʠʪ 

ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʢʚʘʨʮʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʜʝʨʠʪʦʚʦ-

ʛʦ ʤʠʥʘʣʘ 2,0-4,3 ʤʦʣ. % ʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʩʘʤʦʨʦʜʥʳʤ ʩʝʨʝʙʨʦʤ ʠ ʛʘʣʝʥʠ-

ʪʦʤ. 

 
ʈʠʩ. 1.  ʉʦʩʪʘʚ ʵʥʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʄʘʣʦ-ʊʘʨʳʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʋʯʘʩʪʢʠ: 1 ï ʕʛʝʣʷʭ, 2 ï ɿʝʣʝʥʳʡ, 3 ï ʅʘʩʪʝʥʴʢʘ, 4 ï ʗʛʦʜʥʳʡ 
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ʅʘ ʫʯʘʩʪʢʝ ɿʝʣʝʥʳʡ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ ʩʣʦʞʝʥʳ 

ʢʘʣʴʮʠʪʦʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0-1,6 ʤʦʣ. % FeʉO3. ɺ ʥʝʤ ʦʙʥʘʨʫʞʝʥʳ ʚʢʣʶʯʝ-

ʥʠʷ ʨʝʣʠʢʪʦʚ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ ʘʥʪʠʤʦʥʠʪʘ. ɺ ʤʦʣʦʯʥʦ-ʙʝʣʦʤ ʢʚʘʨʮʝ ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʛʥʝʟʜʦʚʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʦʛʦ (f'=0,44-0,54) ʩʠʜʝʨʦ-

ʜʦʣʦʤʠʪʘ-ʤʘʛʥʝʟʠʦʘʥʢʝʨʠʪʘ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. 

ʂʘʨʙʦʥʘʪʳ ʫʯʘʩʪʢʘ ʕʛʝʣʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪʦʤ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʝʜʠʥʠʯʥʳʤʠ ʨʝʣʠʢʪʘʤʠ Mg-ʩʠʜʝʨʠʪʘ ʠ ʢʘʣʴʮʠʪʦʤ (0,5-2,03 

ʤʦʣ. % FeʉO3), ʟʘʧʦʣʥʷʶʱʠʤ ʤʝʞʟʝʨʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʢʚʘʨʮʝ. ɺ ʰʪʦ-

ʢʚʝʨʢʦʚʳʭ ʨʫʜʘʭ ʚ ʢʚʘʨʮʝ ʠ ʢʘʨʙʦʥʘʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

Mg-ʘʥʢʝʨʠʪʦʤ, ʨʘʟʚʠʪʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʘʣʝʥʠʪʘ.  

ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʤʠ ʠʟ ʢʘʨʙʦʥʘʪʦʚ ʄʘʣʦʪʘʨʳʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʟʠʦʩʠʜʝʨʠʪ ʠ ʩʠʜʝʨʠʪ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ, ʚ ʦʩʥʦʚ-

ʥʦʤ, ʚ ʚʠʜʝ ʨʝʣʠʢʪʦʚ ʚ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪʝ. ʂʘʨʙʦʥʘʪʳ ʜʦʣʦʤʠʪ-

ʘʥʢʝʨʠʪʦʚʦʛʦ ʨʷʜʘ ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ, ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʦʙʳʯʥʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʥʘʠʙʦʣʝʝ ʤʘʣʦʞʝʣʝʟʠʩʪʳʤʠ ʨʘʟʥʦʩʪʷʤʠ. ʍʘʨʘʢʪʝʨ-

ʥʦ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʦʜʦʭʨʦʟʠʪʦʚʦʛʦ ʤʠʥʘʣʘ ʜʦ 2%. ʂʘʣʴʮʠʪ ʷʚʣʷ-

ʝʪʩʷ ʧʦʟʜʥʠʤ ʢʘʨʙʦʥʘʪʦʤ, ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʫʯʘʩʪʢʘʭ ʅʘʩʪʝʥʴʢʘ ʠ ʕʛʝʣʷʭ ʚ 

ʚʠʜʝ ʠʥʪʝʨʩʪʠʮʠʡ ʚ ʢʚʘʨʮʝ, ʘ ʥʘ ʫʯʘʩʪʢʝ ɿʝʣʝʥʳʡ ʚ ʚʠʜʝ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʞʠʣ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʟʜʥʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ ʠ 

ʘʥʪʠʤʦʥʠʪʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 1) ʧʦ ʨʘʟʚʠʪʠʶ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʚʠʜʦʚ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʦʪʥʦʰʝʥʠʶ ʠ ʫʨʦʚʥʶ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Ca, Mg, Fe) ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʦ-

ʥʘʣʴʥʦʩʪʴ ʩ ʫʩʣʦʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʜʚʫʭ ʛʨʫʧʧ. 

1) ʋʯʘʩʪʢʠ ɿʝʣʝʥʳʡ ʠ ʅʘʩʪʝʥʴʢʘ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʨʫʜʥʦʛʦ ʧʦʣʷ), ʛʜʝ 

ʨʘʟʚʠʪʳ ʜʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʘ ʢʘʨʙʦʥʘʪʦʚ ï ʢʘʣʴʮʠʪ ʠ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʘʚʘ.  2) ʋʯʘʩʪʢʠ ʕʛʝʣʷʭ ʠ ʗʛʦʜʥʳʡ (ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛʠ), ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʨʘʟʚʠʪʠʝʤ ʩʠʜʝʨʠʪʘ ʠ ʢʨʘʡʥʝ ʠʟʤʝʥʯʠʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ FeʉO3/MgʉO3 

ʢʘʨʙʦʥʘʪʦʚ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪʦʚʦʛʦ ʨʷʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 

0381-2016-0004. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ., ɻʘʤʷʥʠʥ ɻ.ʅ., ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ. ʉʪʨʫʢʪʫʨʳ, ʤʠʥʝʨʘ-

ʣʦʛʠʷ ʠ ʬʣʶʠʜʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜ ʧʦʣʠʛʝʥʥʦʛʦ ʄʘʣʦʪʘʨʳʥʩʢʦʛʦ ʟʦʣʦ-

ʪʦʨʫʜʥʦʛʦ ʧʦʣʷ (ʉʝʚʝʨʦ-ɺʦʩʪʦʢ ʈʦʩʩʠʠ) // ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ. 2015. ʊ.34. ˉ4. 

ʉ. 39-52. 
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ʈʋɼʅɸʗ ʄʀʅɽʈɸʃʀɿɸʎʀʗ ɺ ɺʋʃʂɸʅʀʏɽʉʂʀʍ ʇʆʈʆɼɸʍ 

ʂɸʅɻɸʃɸʉʉʂʆʁ ʊɽʈʈɸʉʓ (ʃɽɺʓʁ ɹɽʈɽɻ ʈɽʂʀ ʃɽʅɸ,  

ʎɽʅʊʈɸʃʔʅɸʗ ʗʂʋʊʀʗ) 

 

ʂʦʩʪʠʥ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, 

kostin@diamond.ysn.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʥʘʯʘʪʳʝ ʚ 2014 ʛʦʜʫ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʫʣʢʘʥʠʟʤʘ ʃʝʥʦ-ɺʠʣʶʡʩʢʦʛʦ ʚʦʜʦʨʘʟʜʝʣʘ [1, 2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʤʦʪʨʘ 

ʢʦʨʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʥʘʞʝʥʠʡ ʠ ʢʘʨʴʝʨʦʚ ʂʘʥʛʘʣʘʩʩʢʦʡ ʪʝʨʨʘʩʳ ʚ 2016-

2017 ʛʦʜʘʭ ʚʧʝʨʚʳʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʫʯʘʩʪʢʘ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʟʤʘ 

ï ʄʦʣʦʪʦʚʩʢʘʷ ʧʘʜʴ ʠ ʅʘʤʮʳʨʩʢʦʝ (ʨʠʩ. 1), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʣʘʚʘʤʠ, ʣʘʚʦ-

ʙʨʝʢʯʠʷʤʠ, ʪʫʬʘʤʠ, ʪʫʬʦʧʝʩʯʘʥʠʢʘʤʠ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ʀʟ 

ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʢʦʧʣʝʥʠʷ ʢʨʠʩʪʦʙʘʣʣʠʪʘ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʫʩʪʦʪʳ ʚ ʣʘʚʘʭ. 

ɽʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʣʘʚʦʚʳʭ 

ʢʫʧʦʣʦʚ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʘ ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʘʟʦʚʦʡ 

ʬʘʟʳ. ʇʦ ʚʘʣʦʚʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʣʘʚʳ ʦʪʥʦʩʷʪʩʷ ʢ ʘʥʜʝʟʠʪʘʤ ʠ 

ʜʘʮʠʪʘʤ ʫʤʝʨʝʥʥʦʡ ï ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ.  

ʄʥʦʛʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʤʠʨʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʨʦʷʚʣʝʥʥʦʡ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɺ ʣʘʚʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʟʥʘʢʠ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ: 

1. ɺ ʘʥʜʝʟʠʪʦʚʳʭ ʚʘʨʠʦʣʠʪʦʚʳʭ ʣʘʚʘʭ (ʧʣʦʪʥʦʩʪʴ 2,88-2,92) ʤʝʪʦʜʦʤ 

ICP-MS ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Pt ʚ ʢʦʣʠʯʝʩʪʚʝ 0,11 ʛ/ʪ, ʯʪʦ ʚ 22 ʨʘʟʘ 

ʚʳʰʝ ʢʣʘʨʢʘ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʣʘʪʠʥʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 5Ĭ10-

7%).  

2. ɺ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʂʘʥʛʘʣʘʩʩʢʦʡ ʪʝʨʨʘʩʳ ʦʙʥʘʨʫʞʝʥʳ ʣʘ-

ʚʦʚʳʚʦʜʷʱʠʝ ʢʘʥʘʣʳ, ʚʢʣʶʯʘʶʱʠʝ ʯʘʩʪʠʯʥʦ ʦʧʣʘʚʣʝʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨʦʜʳ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (3,41 ʛ/ʩʤ3) ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ, ʦʪʥʦ-

ʩʷʱʠʝʩʷ ʢ ʧʠʢʨʠʪʘʤ. ʇʦʨʦʜʘ ʩʦʜʝʨʞʘʪ FeOtot> 32,4%, ʩʣʦʞʝʥʘ ʧʨʠʟʤʘʪʠʯʝ-

ʩʢʠʤʠ ʠ ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʧʠʨʦʢʩʝʥʘ (ʛʝʜʝʥʙʝʨʛʠʪ-ʘʚʛʠʪ) ʠ ʬʘʷʣʠ-

ʪʦʤ (ʛʨʫʧʧʘ ʦʣʠʚʠʥʘ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ Mg 1,08-3,23% ʠ Mn 3,04-4,06%, ʚ 

ʠʥʪʝʨʩʪʠʮʠʷʭ ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʠ ʰʝʩʪʦʚʘʪʳʝ ʩʨʘʩʪʘʥʠʷ ʪʘʙ-

ʣʠʪʯʘʪʦʛʦ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠ ʩʜʚʦʡʥʠʢʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ (ʙʠʪʦʚʥʠʪ-

ʘʥʦʨʪʠʪʘ). ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʬʝʨʠʯʝʩʢʠʝ ʦʙʦʩʦʙʣʝʥʠʷ 

ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʨʠʩ. 2) ʨʘʟʤʝʨʦʤ ʜʦ 0,7 ʩʤ ʠ ʚʢʨʘʧʣʝʥʥʠʢʠ, ʘ ʩʘʤʘ ʧʦ-
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ʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ Fe-ʦʢʩʠʜʥʘʷ ʨʫʜʘ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ Ti-ʤʘʛʥʝʪʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ ʠ ʪʨʦʠʣʠʪʦʤ (ʦʧʨʝʜʝʣʝʥ ʥʘ ʜʠʬʨʘʢʪʦ-

ʤʝʪʨʝ D2 PHASER ʬʠʨʤʳ Bruker), ʩ ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʫʝʪ ʙʘʨʠʝʚʳʡ ʧʦ-

ʣʝʚʦʡ ʰʧʘʪ ʮʝʣʴʟʠʘʥ-ʛʠʘʣʦʬʘʥ. 

 

 
ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʘʭʦʜʦʢ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʚ ʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʂʘʥʛʘʣʘʩʩʢʦʡ ʪʝʨʨʘʩʳ.  

ʇʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ: 1 ï ʄʦʣʦʪʦʚʩʢʘʷ ʧʘʜʴ; 2 ï ʅʘʤʮʳʨʩʢʦʝ. 

ʇʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ: 3 ï ʨʫʯʝʡ ɿʦʣʦʪʠʥʢʘ; 4 ï ʍʘʪʳʥʛ-ʖʨʷʭʩʢʠʡ ʢʘʨʴʝʨ. 

 
3. ɺʘʨʠʦʣʠʪʦʚʳʝ ʣʘʚʳ ʥʘʩʳʱʝʥʳ ʨʫʜʥʳʤʠ ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʩʬʝʨʠʯʝ-

ʩʢʦʛʦ ʠ ʢʘʧʣʝʚʠʜʥʦʛʦ ʦʙʣʠʢʘ (ʨʠʩ. 3). ʆʙʳʯʥʦ ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʩʘʤʦʨʦʜʥʦʛʦ ʞʝʣʝʟʘ, ʪʨʦʠʣʠʪʘ ʠ ʧʠʨʠʪʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʣʠʢʚʘʮʠʦʥʥʳʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ʬʘʷʣʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʩʤ, ʥʘʩʳʱʝʥʥʳʝ ʦʧʣʘʚʣʝʥʥʳʤʠ ʚʢʣʶ-

ʯʝʥʠʷʤʠ ʰʧʠʥʝʣʠ ʠ ʛʝʤʘʪʠʪʘ. ʅʝʢʦʪʦʨʳʝ ʣʠʥʟʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʛʝʤʘ-

ʪʠʪʘ ʜʦʩʪʠʛʘʶʪ 10-15 ʩʤ. 
 4. ɺ ʩʘʤʦʨʦʜʥʦʤ ʞʝʣʝʟʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʤʝʩʠ: Co ï 0,04-2,89%; Ni ï 

0,01-1,09%; Pt ï ʜʦ 1,45%; Ir ï ʜʦ 2,97%. ɺ ʧʠʨʠʪʝ ʧʨʠʤʝʩʠ Au ï 0,11-
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2,25%; Pt ï 0,57-2,88%; Ag ï 0-1,18%.  ɺ ʪʨʦʠʣʠʪʝ / ʧʠʨʨʦʪʠʥʝ ʧʨʠʤʝʩʠ Au 

ï 0-3,15%; Pt ï 0-2,02%; Ag ï 0-1,68%. 

 

 
ʈʠʩ. 3. ʆʙʨʘʟʝʮ 1030: ʈʫʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʨʠʦʣʠʪʦʚʳʭ ʣʘʚ: ɸ ï ʉʬʝʨʠʯʝʩʢʦʝ 

ʦʙʦʩʦʙʣʝʥʠʝ ʪʨʦʠʣʠʪʘ ʩʦ ʩʨʦʩʰʠʤʠʩʷ ʢʘʧʣʷʤʠ ʩʘʤʦʨʦʜʥʦʛʦ ʞʝʣʝʟʘ; ɹ ïʂʘʧʣʷ ʩʘ-

ʤʦʨʦʜʥʦʛʦ ʞʝʣʝʟʘ ʚ ʦʢʨʫʞʝʥʠʝ ʪʨʦʠʣʠʪʘ. 

Fe ï ʞʝʣʝʟʦ ʩʘʤʦʨʦʜʥʦʝ; Tro ï ʪʨʦʠʣʠʪ. 

 

5. ɺ ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʚʩʢʨʳʪʳʭ ʢʘʨʴʝʨʦʤ ʍʘʪʳʥʛ-ʖʨʷʭ (ʨʠʩ. 

1) ʚ 8 ʢʤ ʦʪ ʮʝʥʪʨʘ ʛ. ʗʢʫʪʩʢʘ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʀɻɸɹʄ ʉʆ ʈɸʅ ɸ.ʇ. ʉʤʝ-

ʣʦʚʳʤ ʠ ɸ.ɸ. ʉʫʨʥʠʥʳʤ [3] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʝʩʦʚʦʝ ʟʦʣʦʪʦ. ʇʦ ʠʭ ʜʘʥ-

ʥʳʤ 90 % ʟʦʣʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʧʨʦʙʥʦʤʫ (900-950 ă) ʠ ʚʝʩʴʤʘ ʚʳʩʦ-

 
ʈʠʩ. 2. ʆʙʨʘʟʝʮ 1039: ʇʦʣʠʢʦʤʧʦʥʝʥʪʥʦʝ ʩʬʝʨʠʯʝʩʢʦʝ ʦʙʦʩʦʙʣʝʥʠʝ ʚ ʧʠʢʨʠʪʘʭ (ɸ) 

ʠ ʜʝʪʘʣʠ ʝʛʦ ʩʪʨʦʝʥʠʷ (ɹ ʠ ɺ): Tro ï ʪʨʦʠʣʠʪ; Hem ï ʛʝʤʘʪʠʪ; MagTi ï ʤʘʛʥʝʪʠʪ ʩ 

ʧʨʠʤʝʩʴʶ ʪʠʪʘʥʘ; Fa ï ʬʘʷʣʠʪ; Hd ï ʛʝʜʝʥʙʝʨʛʠʪ; Btv ï ʙʠʪʦʚʥʠʪ. 
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ʢʦʧʨʦʙʥʦʤʫ (950-998 ă), ʦʪʤʝʯʘʝʪʩʷ ʧʨʷʤʘʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠ-

ʯʠʥʳ ʧʨʦʙʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʢʦʪʦʨʦʝ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ ʤʦʞʝʪ ʜʦ-

ʭʦʜʠʪʴ ʜʦ 0,63 %. ɺ ʚʳʩʦʢʦʧʨʦʙʥʦʤ ʟʦʣʦʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʪʫʪʴ (ʜʦ 0,70 %). 

ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ, ʚʳʩʦʢʦʡ ʧʨʦʙʥʦʩʪʴʶ ʠ ʩʣʘʙʦ ʦʙʨʘʙʦʪʘʥ-

ʥʳʤʠ ʢʦʤʢʦʚʘʪʳʤʠ ʠ ʫʧʣʦʱʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʟʦʣʦʪʠʥ ɸ.ʇ. ʉʤʝʣʦʚ ʠ ɸ.ɸ. 

ʉʫʨʥʠʥ ʧʨʝʜʧʦʣʦʞʠʣʠ ʥʘʣʠʯʠʝ ʙʣʠʟʢʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

 

 
ʈʠʩ. 4. ʆʙʨʘʟʝʮ 1030: ʉʣʦʞʥʳʡ ʰʧʠʥʝʣʠʜ ʩ Au-Hg ʬʘʟʦʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʡ ʩ ʞʝ-

ʣʝʟʥʳʤʠ ʰʘʨʠʢʘʤʠ ʚ ʚʘʨʠʦʣʠʪʦʚʳʭ ʣʘʚʘʭ. 1 ï ʩʘʥʠʜʠʥ; 2 ï ʫʣʴʚʝʰʧʠʥʝʣʴ (Fe2TiO4) 

Ñ ʰʧʠʥʝʣʴ (MgAl2O4); 3 ï Au-Hg ʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʚ ʰʧʠʥʝʣʠʜʝ. 

 

6. ɺ ʚʘʨʠʦʣʠʪʦʚʳʭ ʣʘʚʘʭ ʦʙʥʘʨʫʞʝʥʳ ʥʝʦʙʳʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʰʧʠʥʝʣʠʜʘ (ʨʠʩ. 4): ʫʣʴʚʝʰʧʠʥʝʣʴ (Fe2TiO4) Ñ ʰʧʠʥʝʣʴ 

(MgAl 2O4), ʚ ʢʦʪʦʨʦʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʰʧʠʥʝʣʠʜ, ʦʙʦʛʘʱʝʥʥʳʡ ʜʦ 6,85% 

Au ʠ 2,9% Hg. 

7. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 50-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʨʫʯʴʝ ɿʦʣʦʪʠʥʢʘ (ʨʠʩ. 1) 

ʚʝʣʘʩʴ ʩʪʘʨʘʪʝʣʴʩʢʘʷ ʜʦʙʳʯʘ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ.  

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʠ ʘʥʘʣʠʟ ʥʝ-

ʢʦʪʦʨʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʬʘʢʪʦʚ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘ ʬʣʘʥʛʘʭ ʨʘʟʚʠʪʠʷ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʪʤʝʯʘʝʪʩʷ ʟʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʤʘʩʰʪʘʙʳ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ. ʂʨʦʤʝ ʟʦʣʦʪʘ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʧʣʘʪʠʥʦʚʦʡ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʠ, ʩʣʝʜʳ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʂʘʥʛʘ-

ʣʘʩʩʢʦʡ ʪʝʨʨʘʩʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʣʘʛʦʨʦʜ-

ʥʦʤʝʪʘʣʴʥʦʡ ʨʫʜʦʥʦʩʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʂʘʥʛʘʣʘʩʩʢʦʡ ʪʝʨ-

ʨʘʩʳ.  

ʄʘʪʝʨʠʘʣʳ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 

0381-2016-0004. 
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ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʍʘʥʛʘʣʘʩ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʫʯʴʸʚ ʋʟʢʠʡ-

ɿʠʤʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘ-

ʩʪʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1948 ʛʦʜʫ ɸʛʝʡʢʠʥʳʤ ɸ.ʉ. ʆʨʫʜʝʥʝ-

ʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝ-

ʥʠʷ ʩ ʤʘʣʦʩʫʣʴʬʠʜʥʦʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ [3, 4]. ɺʤʝʱʘʶ-

ʱʠʝ ʧʦʨʦʜʳ ʩʣʦʞʝʥʥʳʝ ʚʝʨʭʥʝʧʝʨʤʩʢʠʤʠ (P2) ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʘʫʚʘʢʢʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷ-

ʤʠ ʠ ʧʘʯʢʘʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʘʣʝʢ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʠ-

ʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʩʣʦʞʝʥʳ ʤʠʣʦʥʠʪʘʤʠ, ʙʣʦʢʘʤʠ ʦʢʚʘʨʮʦ-

ʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʦʛʣʘʩʥʳʤʠ ʠ 

ʩʝʢʫʱʠʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʠ ʧʨʦʞʠʣʢʘʤʠ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 1-3%. ɼʦ 90 % ʟʘʥʠ-

ʤʘʶʪ ʘʨʩʝʥʦʧʠʨʠʪ ʠ ʧʠʨʠʪ [3], ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʨʝʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʪʠʤʦʥʠʪ ʠ cʫʣʴ-

ʬʦʩʦʣʠ ʩʚʠʥʮʘ (ʙʫʣʘʥʞʝʨʠʪ). ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ, 

ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʨʙʦʥʘʪʳ ʠ ʭʣʦʨʠʪ. ɺʢʨʘʧʣʝʥʥʘʷ ʩʫʣʴʬʠʜʥʘʷ ʤʠ-
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ʥʝʨʘʣʠʟʘʮʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʨʦʷʚʣʝʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʛʥʝʟʜ ʠ ʧʨʦʞʠʣʢʦʚ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ ʧʠʨʠʪʘ ʦʪ ʪʦʥʢʦ- ʜʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʝʨʝʢʨʳʪʳ ʥʠʞ-

ʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʨʨʘʩʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʣʦʞʝʥʥʳʤʠ 

ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʛʨʘʚʠʝʤ, ʛʘʣʴʢʦʡ ʠ ʚʘʣʫʥʘʤʠ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 5-30 ʤ. ɺ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʥʛʘʣʘʩ ʦʪʣʦ-

ʞʝʥʠʷ ʟʦʣʦʪʦʥʦʩʥʳ.  

ʈʫʜʥʳʝ ʟʦʥʳ ʠ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʪʝʨʧʝʣʠ ʩʠʣʴ-

ʥʦʝ ʛʠʧʝʨʛʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʦʢʠʩʣʦʚ ʞʝʣʝ-

ʟʘ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʦʚ, ʛʣʠʥʠʩʪʳʭ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ɺʦʧʨʦʩʘʤ 

ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʟʦʣʦʪʦʤ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʟʦʣʦʪʦ-

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʅʝʩʪʝʨʦʚʘ ʅ.ɺ. [2]. 

ɻʠʧʝʨʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʚʠʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʚʦʜ ʩʫʣʴʬʘʪ-

ʥʦ-ʞʝʣʝʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʠʣʴʥʦ ʧʠʨʠʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚʘʜʦʟʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʚ ʜʦʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ ʷʚʠʣʦʩʴ 

ʠʭ ʧʦʚʳʰʝʥʥʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʤʥʦʛʦʢʨʘʪʥʳʤ ʪʝʢʪʦʥʦʛʝ-

ʥʝʟʦʤ (ʥʝ ʤʝʥʝʝ 5 ʵʪʘʧʦʚ ʜʝʬʦʨʤʘʮʠʡ) [4], ʠʭ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʟʘ 

ʩʯʝʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 

ʧʦʥʠʞʝʥʥʦʤ ʫʯʘʩʪʢʝ ʚ ʥʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʚ ʨʫʩʣʝ ʨʝʢʠ. ʊʘʢʠʝ 

ʫʩʣʦʚʠʷ ʷʚʠʣʠʩʴ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʡ (50-100 ʤ) ʟʦʥʳ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʀʟʫ-

ʯʝʥʠʝ ʛʠʧʝʨʛʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʤʦʞʝʪ ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʧʦʩʪʨʦʝʥʠʷʭ, ʪʘʢ 

ʢʘʢ ʧʦʷʚʣʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘ-

ʪʦʨʦʤ ʥʘʣʠʯʠʷ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ ʨʫʜʥʳʭ (ʚ ʦʩʥʦʚʥʦʤ ʩʫʣʴʬʠʜʦʚ) ʤʠʥʝ-

ʨʘʣʦʚ.  

ʅʘʤʠ ʚ 2014 ʠ 2017 ʛʦʜʫ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʛʣʫʙʠʥʦʡ ʜʦ 2-3 ʤ ʠ ʠʟ ʦʪʚʘʣʦʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʨʦʡ-

ʜʝʥʥʳʭ ʥʘ ʛʣʫʙʠʥʝ 50-100 ʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʥʛʘʣʘʩ. ʇʨʦʙʳ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʥʳʝ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʝ ʚʤʝʱʘʶʱʠʝ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʦʢʠʩʣʝʥʥʳʝ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ, ʤʘʪʝʨʠʘʣ ʠʟ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʧʨʦʙʳ ʩʫʣʴ-
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ʬʘʪʦʚ, ʩʣʘʛʘʶʱʠʝ ʛʥʝʟʜʘ ʠ ʧʨʦʞʠʣʢʠ ʚ ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʠʣʦʥʠʪʘʭ ʠ 

ʧʝʩʯʘʥʠʢʘʭ.  

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D2 PHASER, ʩʲʝʤʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

Cu KŬ ʠʟʣʫʯʝʥʠʠ, ʥʘʧʨʷʞʝʥʠʠ ʪʨʫʙʢʠ 30 ʢɺ ʠ ʩʠʣʝ ʪʦʢʘ 10 ʤɸ ʚ ʠʥʪʝʨʚʘʣʝ 

4,5 ï 65ę (2ɗę), ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʫ ʜʘʥʥʳʭ PDF-2. ʇʨʝʧʘʨʘʪʳ ʛʦʪʦʚʠʣʠʩʴ ʠʟ 

ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʙ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʚʳʜʝʣʝʥʥʳʭ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʯʘʩʪʠʮ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢ-

ʨʦʩʢʦʧʝ JEOL JSM-6480LV ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪ-

ʨʦʤ Energy 350 Oxford (20 ʢɺ, 1 ʥɸ, ʜʠʘʤʝʪʨ ʧʫʯʢʘ 1 ʤʢʤ) (ʘʥʘʣʠʪʠʢ ʇʦ-

ʧʦʚʘ ʉ.ʂ., ʀɻɸɹʄ ʉʆ ʈɸʅ). 

ʀʩʩʣʝʜʦʚʘʥʦ 46 ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʠʭ ʤʠʥʝʨʘʣʴ-

ʥʳʡ ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʨʮʝʤ, ʩʣʦʠʩʪʳʤʠ ʩʠʣʠʢʘʪʘʤʠ, ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ 

(ʘʣʴʙʠʪ), ʠʟ ʩʫʣʴʬʠʜʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʠʨʠʪ (6 ʥʘʭʦʜʦʢ ï ʜʘʣʝʝ ʮʠʬʨʦʡ ʚ 

ʩʢʦʙʢʘʭ ʦʪʤʝʯʝʥʦ ʯʠʩʣʦ ʥʘʭʦʜʦʢ) ʠ ʘʨʩʝʥʦʧʠʨʠʪ (2), ʢʘʨʙʦʥʘʪʳ ï ʜʦʣʦʤʠʪ 

(10), ʘʧʘʪʠʪ (2). ʂʚʘʨʮ (42) ï ʭʦʨʦʰʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥ, ʣʠʥʠʠ ʥʘ ʨʝʥʪʛʝʥʦ-

ʛʨʘʤʤʘʭ ʨʝʟʢʠʝ. ʉʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ ï ʩʣʶʜʘ (41), ʢʘʦʣʠʥʠʪ (17), ʤʠʥʝʨʘ-

ʣʳ ʠʟ ʛʨʫʧʧʳ ʩʤʝʢʪʠʪʘ (3), ʝʜʠʥʠʯʥʘʷ ʥʘʭʦʜʢʘ ʭʣʦʨʠʪʘ. 

ɻʠʧʝʨʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʘʛʨʝʛʘʪʦʚ ʠʟ ʪʦʥʢʠʭ ʢʦʨʦʢ, 

ʥʘʣʝʪʦʚ ʠʣʠ ʚʢʣʶʯʝʥʠʡ ʠ ʧʨʦʞʠʣʢʦʚ ʚ ʤʘʩʩʠʚʥʳʭ ʦʙʨʘʟʮʘʭ. ʎʚʝʪ ʦʪ ʙʝʣʦ-

ʛʦ, ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ, ʙʝʞʝʚʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ, ʨʞʘʚʦ-ʙʫʨʦʛʦ. ʆʜʠʥ ʠʟ ʦʙ-

ʨʘʟʮʦʚ (ʍ-18-17), ʦʪʦʙʨʘʥʥʳʡ ʩ ʚʠʩʷʯʝʛʦ ʢʦʥʪʘʢʪʘ ʟʦʥʳ ʎʝʥʪʨʘʣʴʥʘʷ, 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʨʳʭʣʫʶ ʤʫʯʥʠʩʪʫʶ ʤʘʩʩʫ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʦʙ-

ʣʦʤʢʦʚ ʙʝʣʦʛʦ ʮʚʝʪʘ ʩ ʞʝʣʪʦ-ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʨʘʟʤʝʨʦʤ ʦʪ 1-2 ʜʦ 10 

ʤʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩ-

ʩʘʤ ʩʫʣʴʬʘʪʦʚ ʠ ʘʨʩʝʥʘʪʦʚ, ʠʟ ʛʠʜʨʦʦʢʠʩʣʦʚ Fe ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʦʣʴʢʦ ʛʝ-

ʪʠʪ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʨʝʜʠ ʩʫʣʴʬʘʪʦʚ ʛʠʧʩ (24), ʚʪʦʨʦʡ ʧʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʠ ʷʨʦʟʠʪ (13). ɸʨʩʝʥʘʪʳ ï ʩʢʦʨʦʜʠʪ (2), ʢʘʥʴʢʠʪ ï 

FeAsO4Ŀ3,5H2O (1), ʙʫʢʦʚʩʢʠʠʪ ï Fe2(AsO4)(SO4)(OH)Ŀ7H2O (1). ʂʘʥʴʢʠʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʤʝʩʠ ʩ ʙʫʢʦʚʩʢʠʠʪʦʤ, ʦʙʘ ʤʠʥʝʨʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʝ. ɺ 

ʦʙʨʘʟʮʘʭ ʠʟ ʦʢʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʜʢʠʝ ʩʫʣʴʬʘʪʳ: ʤʘʥʛʘʟʝʠʪ ï Al 2(SO4)(OH)4Ŀ3H2O 

(ʚʪʦʨʘʷ ʥʘʭʦʜʢʘ ʚ ʗʢʫʪʠʠ ʠ ʚ ʤʠʨʝ) [1], ʘʤʘʨʘʥʪʠʪ ï Fe3(SO4)(OH)Ŀ3H2O 

(1), ʤʝʪʘ-ʘʣʶʤʠʥʠʪ ï Al 2SO4(OH)4Ŀ5H2O (1), ʤʝʪʘ-ʘʣʫʥʦʛʝʥ ï 
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Al 2(SO4)3Ŀ12H2O (1), ʪʘʤʘʨʫʛʠʪ ï NaAl(SO4)2Ŀ6H2O (1), ʧʠʢʢʝʨʠʥʛʠʪ ï 

MgAl 2(SO4)4Ŀ22H2O (1). ʂʨʦʤʝ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥ ʥʝʠʟʚʝʩʪ-

ʥʳʡ ʚʦʜʥʳʡ ʩʫʣʴʬʘʪ Fe (ʧʨʦʙʘ ʍ-27-14), ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʘʥʘʣʦʛʠʯʝʥ ʩʦ-

ʩʪʘʚʫ ʙʫʪʣʝʨʠʪʘ ʠ ʧʘʨʘʙʫʪʣʝʨʠʪʘ ï Fe(SO4)(OH)Ŀ2H2O.  

ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʭʦʜʢʘ ʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʘ-ʘʨʩʝʥʘʪʘ-

ʬʦʩʬʘʪʘ Fe ʠ Al (ʧʨʦʙʘ ʍ-18-17), ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʤʫ ʥʠ ʧʦ ʨʝʥʪʛʝʥʦʛʨʘʤ-

ʤʝ, ʥʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʊʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʪʴ ʤʘʪʦʚʳʝ ʥʝ ʧʨʦʩʚʝʯʠʚʘʶʱʠʝ ʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʧʨʦʩʚʝʯʠʚʘ-

ʶʱʠʝ ʦʙʣʦʤʢʠ ʤʠʥʝʨʘʣʦʚ, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ P, S, Fe, 

As, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʨʝʥʪʛʝʥʦ-ʘʤʦʨʬʥʳʤʠ.    

ʈʘʟʚʠʪʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʩʳʛʨʘʣʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ, 

ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʘʱʝ ʩʫʣʴʬʘʪʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʠʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʶʪʩʷ. ʇʨʠʚʝʜʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ, ʥʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʤ. ʅʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʝʱʝ ʠ 

ʜʨʫʛʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʦʚʳʝ, ʤʠʥʝʨʘʣʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-35-00336. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʘʤʷʥʠʥ ɻ.ʅ., ɾʜʘʥʦʚ ʖ.ʗ., ɿʘʷʢʠʥʘ ʅ.ɺ., ɻʘʤʷʥʠʥʘ ɺ.ɺ., ʉʫʢʥʝʚ ɺ.ʉ. 

ʄʘʥʛʘʟʝʠʪ, Al 2(Sʆ4)(OH)4Ŀ3H2ʆ ï ʥʦʚʳʡ ʤʠʥʝʨʘʣ // ɿʘʧʠʩʢʠ ʈʦʩʩʠʡʩʢʦʛʦ ʤʠʥʝʨʘ-

ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ï 2006. ï ʊ. 135. ï ˉ. 4. ï ʉ. 20-24. 

2. ʅʝʩʪʝʨʦʚ ʅ.ɺ. ɺʪʦʨʠʯʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫ-

ʪʠʠ // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 1970. ï ʊ. 239. ï ʉ. 

242-247.  

3. ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ., ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ., ʂʫʜʨʠʥ ʄ.ɺ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʝʨʭʥʝ-

ʀʥʜʠʛʠʨʩʢʦʛʦ ʨʘʡʦʥʘ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï 2017. ï ʉ. 

163-169. 

4. ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ., ʂʫʜʨʠʥ ʄ.ɺ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʍʘʥʛʘʣʘʩʩʢʦ-

ʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩ-

ʩʠʠ: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï 2015.  ï ʉ. 

537-540. 

 



81 

 

ʇʈɽɼʃʆɾɽʅʀʗ ʂ ʉʆʇʈʆɺʆɾɼɽʅʀʖ ʊɽʄɸʊʀʏɽʉʂʀʍ ʈɸɹʆʊ 

ʇʆ ʉʀɹʀʈʉʂʆʄʋ ʌɽɼɽʈɸʃʔʅʆʄʋ ʆʂʈʋɻʋ  

ʉ ʎɽʃʔʖ ɺʓʗɺʃɽʅʀʗ ʆɹʒɽʂʊʆɺ ɼʃʗ ʇɽʈʉʇɽʂʊʀɺʅʓʍ 

ʇʈʆɻʈɸʄʄ ʆɹʒɽɼʀʅɽʅʀʁ ɸʆ çʈʆʉɻɽʆʃʆɻʀʗè  

ʀ ʉʆɿɼɸʅʀɽ ɹɸɿ ɼɸʅʅʓʍ ʇʆ ʊʇʀ 

 

ʃʘʢʫʪʠʥ ɸ.ʆ.1, ʉʝʥʢʝʚʠʯ ɺ.ʉ.2 

1 ï ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʛʝʦʬʠʟʠʢʠ ʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, lakutin.ao@mail.ru 

2 ï ʈʆʉɻɽʆ ɸʢʮʠʦʥʝʨʥʦʝ ʆʙʱʝʩʪʚʦ çʉʠʙʠʨʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝè (ɸʆ çʉʠʙʠʨʩʢʦʝ ʇɻʆè), ʛ. ʂʨʘʩʥʦʷʨʩʢ,  
sink777@mail.ru 

 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪ: 

ɺʳʷʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʲʝʜʠʥʝʥʠʡ 

ɸʆ çʈʦʩʛʝʦʣʦʛʠʷè ʠ ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʊʇʀ  
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Ç ʉʦʟʜʘʥʠʝ ɻʀʉ-ʧʨʦʝʢʪʘ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʘʨʪ 

(ʦʙʟʦʨʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʥʜʘ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠʟʫʯʝʥʥʦʩʪʠ, 
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Ç ʉʦʟʜʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʊʇʀ (ʘʢʪʫʘʣʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶ-
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ʪʳ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʙʲʝʢʪʘʤ 

Ç ʉʙʦʨ, ʩʚʝʜʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚ ʝʜʠʥʦʤ ʬʦʨʤʘʪʝ 

Ç ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ  

mailto:lakutin.ao@mail.ru
mailto:sink777@mail.ru
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Ç ɽʜʠʥʦʝ ʚʦʩʧʨʠʷʪʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʙʦʨʘ ʜʘʥ-

ʥʳʭ 

Ç ʆʧʝʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʠ ʨʘʙʦʪʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ 

Ç ʅʝʦʙʭʦʜʠʤʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ 

Ç ʅʝʦʙʭʦʜʠʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 

Ç ɸʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ɻʀʉ-ʧʨʦʝʢʪʘ 

Ç ʈʘʟʚʠʪʠʝ ɻʀʉ-ʧʨʦʝʢʪʘ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ  

Ç ʀʥʪʝʛʨʘʮʠʷ ɻʀʉ-ʧʨʦʝʢʪʘ ʠ ʙʘʟ ʜʘʥʥʳʭ ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

Ç ʄʦʥʠʪʦʨʠʥʛ ʠ ʦʙʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷ-

ʥʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ (ʣʠʮʝʥʟʠʠ, ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʧʨ.) 

Ç ɺʳʜʝʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʭ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʪʝʤʘʪʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ɸʆ çʈʦʩ-

ʛʝʦʣʦʛʠʷè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʘʞʥʳʝ ʠ ʣʠʢʚʠʜʥʳʝ ʊʇʀ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ɻʀʉ-ʠʥʪʝʨʬʝʡʩʘ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ ʦʧʝʨʘʪʠʚʥʦ ʘʥʘʣʠ-

ʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʦʪʯʝʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʬʨʘʛ-

ʤʝʥʪʳ ʢʘʨʪ ʠ ʪʘʙʣʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʩʩʣʝʜʫʝʤʳʝ ʫʯʘʩʪʢʠ ʨʝʛʠʦʥʘ. 

ʂʦʤʧʠʣʷʮʠʷ ʜʘʥʥʳʭ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʣʦʸʚ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʚ ʧʦ-

ʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʦʪʦʚʠʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʥʦʚʳʤ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʦʙʲʝʢʪʘʤ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦ-

ʚʘʥʠʷ, ʧʨʦʚʝʨʢʫ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʨʘʥʠʮ (ʥʝ ʧʦʧʘʜʘʥʠʝ ʚ ʆʆʇʊ ʠ ʛʦʨʥʳʝ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʪʚʦʜʳ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮʝʥʟʠʡ), ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʘʡʦʥʘ ʨʘʙʦʪ [1]. 
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ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ɻʀʉ-ʧʨʦʝʢʪʘ ʠ ɹɼ ʊʇʀ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦ-

ʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʊʇʀ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ɸʆ çʈʦʩʛʝʦʣʦʛʠʷè [1] 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʇʨʠʢʘʟ ʈʦʩʥʝʜʨ ʦʪ 25.05.2017 N 544 "ʆ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʟʘ 2017 ʛʦʜ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪ 

ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʥʝʜʨ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʥʘ 2018 ʛʦʜ". 
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ɿʆʅʓ ʉʋʃʔʌʀɼʀɿɸʎʀʀ ʖɻʃɽʈʆɺʉʂʆɻʆ ʈʋɼʅʆɻʆ ʇʆʃʗ 

(ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʈʆʉʉʀʀ): ɻɽʆʍʀʄʀʏɽʉʂɸʗ  

ʉʇɽʎʀɸʃʀɿɸʎʀʗ ʈʋɼʅʆʁ ʄʀʅɽʈɸʃʀɿɸʎʀʀ 

 

ʃʠʪʚʠʥʝʥʢʦ ʀ.ʉ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʠʤ. ʅ.ɸ. ʐʠʣʦ ɼɺʆ ʈɸʅ, ʛ. ʄʘʛʘʜʘʥ, litvinenko@neisri.ru 

 

ʖʛʣʝʨʦʚʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʖʛʣʝʨʦʚʩʢʦʛʦ ʨʫʜʥʦ-

ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʗʥʦ-

ʂʦʣʳʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ʤʝʟʦʟʦʠʜ. ʆʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʟʦʥʝ ʧʨʦʷʚ-

ʣʝʥʠʷ ʇʘʫʪʦʚʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ. ʇʦʤʠʤʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʛʣʝʨ, ʚ 

ʝʛʦ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 30 ʨʫʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʟʦʣʦʪʘ 0,4ï3,8 ʛ/ʪ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʦʣʦʜʘʡʢʦ-

ʚʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ ʪʠʧʘ (ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ: ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʙʫʣʘʥʞʝʨʠʪ), ʥʝʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ï ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʠ ʜʘʡʢʘʤʠ ʩ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʤ, ʤʠʥʝ-

ʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʩ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʤ ʠ ʟʦʥʘ-

ʤʠ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʩ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. ʋʩʪʘʥʦʚʣʝʥ-

ʥʳʝ ʟʦʥʳ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʠʤʝʶʪ ʰʠʨʠʥʫ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ (ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʪʝʥ) ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʢʠʣʦʤʝʪʨʦʚ) ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʦʩʥʦʚʥʦʡ ʨʫʜʦʥʦʩʥʦʡ ʧʦʣʦʩʳ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʢʨʘʧʣʝʥʥʦʡ ʠ ʣʠʥʟʦʚʠʜʥʦ-ʧʨʦʞʠʣʢʦʚʦʡ ʩʫʣʴʬʠʜʠʟʘʮʠʝʡ ʥʘ 

ʫʯʘʩʪʢʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʦʩʘʜʦʯʥʳʭ ʠ ʪʫʬʦ-

ʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʅʘ ʩʫʣʴʬʠʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʪʘʢʠʭ ʟʦʥʘʭ 

ʧʨʠʭʦʜʠʪʩʷ ʜʦ 50-60 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʧʦʨʦʜʳ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ (ʦʩʘʜʦʯʥʦ-

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʩʫʣʴʬʠʜʳ), ʚ ʟʦʥʘʭ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʠ ʚ ʦʢʦʣʦʞʠʣʴʥʳʭ 

ʟʦʥʘʭ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʟʦʣʦʪʦʢʚʘʨʮʝʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. ʀʟ ʩʫʣʴʬʠʜʥʳʭ 

ʧʨʦʞʠʣʢʦʚ ʚ ʧʨʦʙʳ ʦʪʦʙʨʘʥʳ ʠʭ ʩʢʦʣʢʠ. ɺ ʧʨʦʙʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʚʢʨʘʧʣʝʥʥʫʶ ʩʫʣʴʬʠʜʠʟʘʮʠʶ, ʚʟʷʪʳ ʤʦʥʦʬʨʘʢʮʠʠ ʩʫʣʴʬʠʜʦʚ, ʚʳʜʝʣʝʥʥʳʝ 

ʚ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʠʟʜʨʦʙʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʠʟ ʰʣʠʭʦʚ, 

ʦʪʤʳʪʳʭ ʠʟ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʨʦʜ. ʇʨʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʉɺʂʅʀʀ 

ɼɺʆ ʈɸʅ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ. ɿʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʜʫʙʣʠʢʘʪʦʚ ʧʨʦʙ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ 

mailto:litvinenko@neisri.ru
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ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: Fe, As, 

Mn, Bi, Mo, Sn, Cu, Pb, Zn, Ni, Co, Au, Ag (Sb ʠ W ʥʝ ʚʳʷʚʣʝʥʳ). 

ʄʦʥʦʬʨʘʢʮʠʠ ʦʩʘʜʦʯʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʚʳʜʝʣʝʥʳ ʠʟ 

ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʝʩʯʘʥʠʢʦʚ ʩʨʝʜʠ ʩʣʘʥʮʝʚ ʚ ʜʥʠʱʝ 

ʜʦʣʠʥʳ ʨʫʯ. ʖʛʣʝʨ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʦʡ (ʦʢʦʣʦ 0,5 ʤʤ) 

ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʦʚʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʠʨʠʪʘ, ʩʣʦʞʝʥʥʳʭ ʟʝʨʥʘʤʠ ʤʝʥʝʝ 

0,05 ʤʤ, ʠ ʦʪʜʝʣʴʥʳʤʠ ʤʝʣʢʠʤʠ (ʜʦ 0,25 ʤʤ) ʢʫʙʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʧʠʨʠʪʘ. ɼʘʥʥʳʡ ʛʝʥʦʪʠʧ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ. 1). ʉʨʝʜʥʝʝ 

ʦʪʥʦʰʝʥʠʝ ʩʝʨʝʙʨʘ ʢ ʟʦʣʦʪʫ ʩʦʩʪʘʚʣʷʝʪ 2,9; ʥʠʢʝʣʷ ʢ ʢʦʙʘʣʴʪʫ ï 0,9.  

ʊʘʙʣʠʮʘ 1 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʝʥʦʪʠʧʦʚ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

 

ʕʣʝ- 

ʤʝʥʪ 

ɻʝʥʦʪʠʧ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʆʩʘʜʦʯʥʦ-

ʜʠʘʛʝʥʝʪʠʯʝ-

ʩʢʘʷ (3) 

ʃʠʥʟʦʚʠʜʥʦ-ʧʨʦ-

ʞʠʣʢʦʚʘʷ ʟʦʥ 

ʩʫʣʴʬʠʜʠʟʘʮʠʠ 

(9) 

ɺʢʨʘʧʣʝʥʥʘʷ 

ʟʦʥ ʩʫʣʴʬʠʜʠ-

ʟʘʮʠʠ (7) 

ɻʠʜʨʦʪʝʨʤʘʣʴ-

ʥʘʷ ʦʢʦʣʦʞʠʣʴ-

ʥʳʭ ʟʦʥ (4) 

Fe 26,0 31,7 36,2 29,4 

As - 186,4 544,9 1844,5 

Mn 0,1 0,1 0,1 0,1 

Bi - 2,4 - - 

Mo 6,9 16,9 3,9 3,0 

Sn 6,9 3,7 4,9 5,5 

Cu 26,5 332,9 53,2 15,7 

Pb 122,4 129,0 80,5 25,2 

Zn 69,0 114,8 153,3 128,1 

Ni 20,0 181,8 135,0 28,3 

Co 22,5 172,2 265,2 67,3 

Au 0,3 0,9 0,6 4,1 

Ag 1,0 11,5 33,3 36,2 

ʇʨʠʤʝʯʘʥʝʠʝ. ʇʨʦʯʝʨʢ ï ʵʣʝʤʝʥʪ ʥʝ ʦʙʥʘʨʫʞʝʥ. ɺ ʩʢʦʙʢʘʭ ï ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʨʦʮʝʥʪʘʭ, ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛ/ʪ. 

 

ɺ ʟʦʥʘʭ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʦʧʨʦʙʦʚʘʥʦ ʜʚʘ ʚʠʜʘ ʩʫʣʴʬʠʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʙʳʣ ʚʳʷʚʣʝʥ ʚ ʟʦʥʘʭ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʚ 

ʜʥʠʱʝ ʜʦʣʠʥʳ ʨʫʯ. ʖʛʣʝʨ. ɿʜʝʩʴ ʥʘʨʷʜʫ ʩ ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ 

ʠʥʪʝʥʩʠʚʥʦ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ ʘʨʛʠʣʣʠʪʘʭ (ʩʣʘʥʮʘʭ) ʦʪʤʝʯʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ 

ʣʠʥʟʳ ʠ ʧʨʦʞʠʣʢʠ, ʩʣʦʞʝʥʥʳʝ ʦʯʝʥʴ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʧʠʨʠʪʦʚʳʤ 

ʘʛʨʝʛʘʪʦʤ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ (ʜʦ ʩʪʘʣʴʥʦ-ʩʝʨʦʛʦ)  ʮʚʝʪʘ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʧʠʨʠʪʘ 
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ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,01 ʤʤ, ʯʪʦ ʧʨʠʜʘʝʪ ʪʘʢʠʤ ʘʛʨʝʛʘʪʘʤ ʩʣʠʚʥʦʡ ʚʠʜ. 

ʄʦʱʥʦʩʪʴ ʩʫʣʴʬʠʜʥʳʭ ʣʠʥʟ ʜʦʩʪʠʛʘʝʪ 1 ʩʤ, ʘ ʠʭ ʨʘʟʤʝʨʳ ʜʦ 5-7 ʩʤ, 

ʤʦʱʥʦʩʪʴ ʧʨʦʞʠʣʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 0,5 ʩʤ.  

ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʣʠʥʟʦʚʠʜʥʳʭ ʩʢʦʧʣʝʥʠʡ ʩʫʣʴʬʠʜʦʚ ï ʵʪʦ ʦʯʝʥʴ 

ʛʫʩʪʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʤʝʣʢʠʭ (ʜʦ 1-1,5 ʤʤ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʠʯʝʩʢʠʭ 

ʚʳʜʝʣʝʥʠʡ ʧʠʨʠʪʘ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ (ʜʦ ʩʪʘʣʴʥʦ-ʩʝʨʦʛʦ)  ʮʚʝʪʘ ʚ ʤʝʣʢʠʭ 

ʣʠʥʟʦʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʷʭ ʯʝʨʥʳʭ (ʩ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ (?)) 

ʘʨʛʠʣʣʠʪʦʚ ʩʨʝʜʠ ʘʣʝʚʨʦʣʠʪʦʚ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʥʝʧʦʣʥʘʷ ʩʪʘʜʠʷ 

ʟʘʤʝʱʝʥʠʷ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʭ ʘʨʛʠʣʣʠʪʦʚ ʩʫʣʴʬʠʜʘʤʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʩʫʣʴʬʠʜʥʳʭ ʣʠʥʟ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʠʥʟʦʚʠʜʥʦ-ʧʨʦʞʠʣʢʦʚʳʭ ʩʫʣʴʬʠʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʩʚʠʥʮʘ (ʜʦ 221,2 ʛ/ʪ), 

ʤʝʜʠ (ʜʦ 725,4 ʛ/ʪ), ʤʦʣʠʙʜʝʥʘ (ʜʦ 25,4 ʛ/ʪ), ʥʠʢʝʣʷ (ʜʦ 441,7 ʛ/ʪ) ʠ ʚʠʩʤʫʪʘ 

(ʜʦ 12,3 ʛ/ʪ) (ʩʤ. ʪʘʙʣ. 1). ʆʪʥʦʰʝʥʠʝ ʩʝʨʝʙʨʘ ʢ ʟʦʣʦʪʫ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,1 ʜʦ 

23,1 (ʩʨʝʜʥʝʝ ï 12,5). ɼʣʷ ʟʦʣʦʪʘ ʭʘʨʘʢʪʝʨʥʘ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩ ʥʠʢʝʣʝʤ (0,89) ʠ ʤʳʰʴʷʢʦʤ (0,82), 

ʤʝʥʝʝ ʦʧʨʝʜʝʣʝʥʥʘʷ - ʩ ʢʦʙʘʣʴʪʦʤ (0,45), ʩʝʨʝʙʨʦʤ (0,45) ʠ ʤʝʜʴʶ (0,44). 

ʇʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʩʚʷʟʷʤ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ (ʤʝʜʴ, 

ʩʚʠʥʝʮ, ʮʠʥʢ) ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ (ʤʦʣʠʙʜʝʥ, ʦʣʦʚʦ, ʚʠʩʤʫʪ) ʘʩʩʦʮʠʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ʆʪʥʦʰʝʥʠʝ ʥʠʢʝʣʷ ʢ ʢʦʙʘʣʴʪʫ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 

4,0 ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1,1. 

ɺʪʦʨʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʥ ʩʫʣʴʬʠʜʠʟʘʮʠʠ 

ʠʟʫʯʝʥʘ ʚ ʜʥʠʱʘʭ ʜʦʣʠʥ ʨʫʯ. ʉʧʦʢʦʡʥʳʡ ʠ ʄʘʪʨʦʩʦʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʠʨʠʪʘ ʩʦʣʦʤʝʥʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʚ ʠʥʪʝʥʩʠʚʥʦ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ, 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʠ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʘʭ, 

ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʘʨʛʠʣʣʠʪʘʭ. ʂʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʤʝʨʦʤ 0,5-3 

ʤʤ. ʂʦʣʠʯʝʩʪʚʦ ʝʛʦ ʚʘʨʴʠʨʫʝʪ ʦʪ ʧʨʦʩʣʦʷ ʢ ʧʨʦʩʣʦʶ. ʄʦʱʥʳʝ ʩʣʦʠ 

ʧʝʩʯʘʥʠʢʦʚ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʠʪʘ. ɺ ʩʣʘʥʮʘʭ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʧʠʨʠʪʘ ʟʘʯʘʩʪʫʶ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʫʙʩʦʛʣʘʩʥʳʤ ʩʦ 

ʩʣʦʠʩʪʦʩʪʴʶ ʤʠʢʨʦʪʨʝʱʠʥʘʤ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ (ʜʦ 60 ʠ 

ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨʦʜ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ 

ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʘʨʛʠʣʣʠʪʘʭ. 

ɺʢʨʘʧʣʝʥʥʘʷ ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʟʦʥ ʩʫʣʴʬʠʜʠʟʘʮʠʠ 

ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ (ʜʦ 336,4 ʛ/ʪ), ʩʝʨʝʙʨʘ (ʜʦ 

184,9 ʛ/ʪ), ʮʠʥʢʘ (ʜʦ 182,3 ʛ/ʪ) (ʩʤ. ʪʘʙʣ. 1). ʆʪʥʦʰʝʥʠʝ ʩʝʨʝʙʨʘ ʢ ʟʦʣʦʪʫ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4,0 ʜʦ 748,7 (ʩʨʝʜʥʝʝ 60,6), ʥʠʢʝʣʷ ʢ ʢʦʙʘʣʴʪʫ ï ʦʪ 0,3 ʜʦ 0,8 
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(ʩʨʝʜʥʝʝ (0,5). ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʦʯʝʥʴ ʩʣʘʙʳʝ. ʉ 

ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʛʨʫʧʧʳ 

ʵʣʝʤʝʥʪʦʚ: FeïAsïZn, CoïMoïSn, CuïPbïNi. ʋʩʪʦʡʯʠʚʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʟʦʣʦʪʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʣʘʙʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ï ʩʦ ʩʚʠʥʮʦʤ (0,5) ʠ ʤʳʰʴʷʢʦʤ (0,4). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʟ ʦʢʦʣʦʞʠʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʞʠʣʳ ˉ 6, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʫʙʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʠʨʠʪʘ, 

ʧʦʢʘʟʘʣ ʝʝ ʨʝʟʢʦʝ ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʳʰʴʷʢʘ ʠ ʟʦʣʦʪʘ (ʩʤ. ʪʘʙʣ. 1)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʟʦʥ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʧʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʣʠʯʘʝʪʩʷ ʢʘʢ ʦʪ ʦʩʘʜʦʯʥʦ-

ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʢʦʣʦʞʠʣʴʥʦʡ (ʟʦʣʦʪʦʨʫʜʥʦ-

ʢʚʘʨʮʝʚʦʡ). ʆʪʤʝʯʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʫʯʘʩʪʠʝ ʚ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ, ʧʨʦʷʚʠʚʰʠʭʩʷ ʚ ʟʦʥʝ 

ʇʘʫʪʦʚʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [2]. ʅʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʥʠʢʝʣʷ ʢ ʢʦʙʘʣʴʪʫ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʵʨʦʟʠʦʥʥʦʤ ʩʨʝʟʝ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ [1]. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɹʫʨʷʢ ɺ.ɸ., ʍʤʝʣʝʚʩʢʘʷ ʅ.ʄ. ʉʫʭʦʡ ʣʦʛ ï ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ (ʛʝʥʝʟʠʩ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ, ʢʨʠʪʝʨʠʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ). ɺʣʘʜʠʚʦʩʪʦʢ: ɼʘʣʴʥʘʫʢʘ. 1997. 156 ʩ. 

2. ʉʠʜʦʨʦʚ ɸ.ɸ., ʊʦʤʩʦʥ ʀ.ʅ. ʄʝʪʘʣʣʦʥʦʩʥʦʩʪʴ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ: 

ʩʙʣʠʞʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʦʥʮʝʧʮʠʡ // ɺʝʩʪʥʠʢ ʆɻɻɻɻʅ ʈɸʅ. 2000. ˉ 1(11). ʉ. 
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ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʟʦʥʝ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʗʥʦ-ʂʦʣʳʤʩʢʦʡ ʩʢʣʘʜʯʘ-

ʪʦʡ ʩʠʩʪʝʤʳ ʚ ʙʣʠʟʠ ʝʝ ʛʨʘʥʠʮʳ ʩ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʤ ʚʫʣʢʘʥʦʛʝʥʥʳʤ ʧʦ-

ʷʩʦʤ.  

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʪʨʠʘʩʦʚʳʭ ʪʝʨʨʠʛʝʥʥʳʭ 

ʧʦʨʦʜʘʭ ʥʘ ʚʦʩʪʦʯʥʦʤ ʢʨʳʣʝ ɹʝʨʝʥʪʘʣʴʩʢʦʡ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ʮʝʥʪʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʠʤʝʥʥʳʡ ʰʪʦʢ ʨʘʥʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠ-

ʪʦʚ. ɿʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʳʷʚʣʝʥʘ ʚ ʧʦʩʣʦʡʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ ʩ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʳʤ ʦʢʚʘʨʮʝʚʘʥʠ-

ʝʤ ʠ ʩʫʣʴʬʠʜʠʟʘʮʠʝʡ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʨʫʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥ ʚ ʰʪʫʬ-

ʥʳʭ (ʨʫʜʥʳʝ ʪʝʣʘ ˉ 2/2 ʠ ˉ 6) ʠ ʧʨʦʪʦʣʦʯʥʳʭ (ʨʫʜʥʦʝ ʪʝʣʦ ˉ 2/1) ʧʨʦʙʘʭ, 

ʘ ʪʘʢʞʝ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʙʦʨʪʘʭ ʠ ʧʦʣʦʪʥʝ ʢʘʥʘʚ.  

ʇʦʩʣʦʡʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠʤʝʶʪ ʧʦʣʦʛʦʝ (10-30Ü) ʧʘʜʝʥʠʝ ʠ ʣʠʥʟʦ-

ʚʠʜʥʫʶ ʬʦʨʤʫ. ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʤʝʯʝʥ ʧʠʨʠʪ ʠ ʘʨʩʝʥʦʧʠʨʠʪ. ʉʧʝʢ-

ʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʰʣʠʭʦʚʳʭ ʧʨʦʙ, ʥʘʤʳʪʳʭ ʠʟ ʵʣʶʚʠ-

ʘʣʴʥʳʭ ʨʘʟʚʘʣʦʚ ʧʦʩʣʦʡʥʳʭ ʞʠʣ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʝʡ ʧʦʤʠʤʦ 

ʤʳʰʴʷʢʘ ʠ ʞʝʣʝʟʘ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʚʠʥʮʘ (ʜʦ 49 ʛ/ʪ), ʤʝʜʠ (ʜʦ 76 

ʛ/ʪ) ʠ ʮʠʥʢʘ (ʜʦ 164 ʛ/ʪ), ʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ï ʩʝʨʝʙʨʘ (ʜʦ 5 ʛ/ʪ). ʕʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʧʦʩʣʦʡʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʩʫʣʴʬʘʩʦʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ. ɺʳʜʝʣʝʥʥʦʝ ʠʟ ʰʣʠʭʦʚʳʭ ʧʨʦʙ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʣ-

ʢʠʤʠ (ʜʦ 0,5 ʤʤ) ʤʘʩʩʠʚʥʳʤʠ ʢʦʤʢʦʚʠʜʥʦ-ʫʧʣʦʱʝʥʥʳʤʠ ʩ ʙʫʛʦʨʯʘʪʦ-

ʷʤʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʨʥʘʤʠ, ʨʝʞʝ ʜʨʫʟʦʚʠʜʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʇʨʦ-

ʙʘ ʟʦʣʦʪʘ 815-824 ă. 

ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʦʩʥʦʚʥʳʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʪʷʞʝʥʥʳʝ ʟʦʥʳ ʩʤʷ-

ʪʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʧʦʨʦʜ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʨʦʞʠʣʢʦʚʦ-

ʞʠʣʴʥʳʤ ʦʢʚʘʨʮʝʚʘʥʠʝʤ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚ ʥʠʭ ʦʪʤʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ 

ʨʘʟʚʠʪʠʷ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʩʫʣʴʬʠʜʦʚ, ʩʠʩʪʝʤʳ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ 

ʧʨʦʞʠʣʢʦʚ, ʛʥʝʟʜ ʠ ʧʨʦʞʠʣʢʦʚ ʩʫʣʴʬʠʜʦʚ. ɺ ʭʦʜʝ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ 

ʨʘʙʦʪ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ ʚʳʷʚʣʝʥʦ 6 ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʨʫʜʥʳʭ ʪʝʣ. ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʨʫʜʥʦʝ ʪʝʣʦ ˉ 2, ʚʢʣʶʯʘ-

ʶʱʝʝ ʜʚʘ ʫʯʘʩʪʢʘ: 2/1 ʠ 2/2. 

ʅʘ ʫʯʘʩʪʢʝ 2/1 ʨʫʜʥʦʛʦ ʪʝʣʘ ˉ 2 ʚ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʞʠʣʝ (ʩʨʝʜ-

ʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 2,04 ʛ/ʪ) ʧʨʝʦʙʣʘʜʘʝʪ ʘʨʩʝʥʦʧʠʨʠʪ, ʧʨʠ ʧʦʜʯʠʥʝʥ-

ʥʦʡ ʨʦʣʠ ʧʠʨʠʪʘ ʠ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʬʘʣʝʨʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ (ʠʟʚʣʝʯʝʥʦ 33 ʟʝʨʥʘ) ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʝʨʝʙʨʦ ʠ ʚʠʩʤʫʪʩʦʜʝʨʞʘʱʠʡ ʛʘʣʝʥʠʪ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ AuïAgïPb, ʶʪʝʥʙʦ-
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ʛʘʨʪʠʪ, ʧʨʫʩʪʠʪ (?). ɿʦʣʦʪʦ ʠʤʝʝʪ ʨʘʟʤʝʨ ʤʝʥʝʝ 1,0 ʤʤ (ʩʤ. ʪʘʙʣ. 1). ɺ ʦʩ-

ʥʦʚʥʦʤ ʵʪʦ ʠʟʦʤʝʪʨʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 716 ʜʦ 886 ă, ʩʨʝʜʥʷʷ ï 799 ă. ʇʨʝʦʙʣʘ-

ʜʘʶʪ ʟʝʨʥʘ ʩ ʧʨʦʙʥʦʩʪʴʶ 700-750 ʠ 800-850 ă. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʦʣʦʪʠʥ 

ʦʪʤʝʯʘʝʪʩʷ ʜʚʝ ʬʘʟʳ ʟʦʣʦʪʘ ʩ ʧʝʨʝʧʘʜʦʤ ʜʦ 100 ă.  

ʊʘʙʣʠʮʘ 1 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʦʪʘ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ, ʤʘʩ. % 

ʊʠʧ ʦʨʫʜʝʥʝʥʠʷ ʈʫʜʥʦʝ 

ʪʝʣʦ 

ʌʨʘʢʮʠʠ ʟʦʣʦʪʘ, ʤʤ  

<0,025 0,025-

0,05 

0,05-

0,1 

0,1-

0,25 

0,25-

0,5 

0,5-

1,0 

1,0-

2,0 

ʉʫʣʴʬʠʜʥʦ-

ʢʚʘʨʮʝʚʘʷ ʞʠʣʘ 

2/1 ï 7,3 61,6 31,1 ï ï ï 

ʉʫʣʴʬʠʜʥʦ-

ʢʚʘʨʮʝʚʳʝ ʧʨʦ-

ʞʠʣʢʠ 

2/1 ï 0,8 13,2 66,3 19,7 ï ï 

2/1 ï 0,1 0,9 7,9 9,8 32,8 48,5 

ʉʫʣʴʬʠʜʥʳʝ 

ʧʨʦʞʠʣʢʠ 

2/2 1,3 15,7 82,9 ï ï ï ï 

ʂʚʘʨʮ-

ʢʘʨʙʦʥʘʪ-ʥʳʝ 

ʧʨʦʞʠʣʢʠ ʠ 

ʞʠʣʳ 

5 8,3 67,4 24,2 ï ï ï ï 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʦʯʝʨʢ ï ʟʦʣʦʪʦ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

 

ɺ ʧʨʦʪʦʣʦʯʥʦʡ ʧʨʦʙʝ ʠʟ ʩʝʨʠʠ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʦʚ ʩʦ 

ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 20,31 ʛ/ʪ (ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʈ. ʄʠʨʛʦʨʦʜʩʢʦʡ) 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʠʨʠʪ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʨʩʝʥʦ-

ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ. ʋʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʪʠʧʘ ʟʦʣʦʪʘ. ʇʝʨʚʳʡ ʪʠʧ (ʠʟʚʣʝʯʝ-

ʥʦ 1163 ʟʝʨʥʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʟʦʣʦʪʦʤ ʚ ʩʨʦʩʪʢʘʭ ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ ʢʚʘʨʮʝʤ. 

ʆʥʦ ʠʤʝʝʪ ʢʨʫʧʥʦʩʪʴ ʜʦ 0,5 ʤʤ (ʩʤ. ʪʘʙʣ. 1), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʤʢʦʚʠʜ-

ʥʫʶ ʬʦʨʤʫ, ʤʝʣʢʦʷʤʯʘʪʫʶ ʠ ʩʪʫʧʝʥʯʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʟʘʯʘʩʪʫʶ ʥʝʦʜ-

ʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʩ ʧʝʨʝʧʘʜʦʤ ʧʨʦʙʥʦʩʪʠ ʜʦ 150 ă. ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʠʥ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 727 ʜʦ 900 ă, ʩʨʝʜʥʷʷ ï 818 ă. ɺ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ 

ʚ ʥʠʟʢʦʧʨʦʙʥʦʤ ʟʦʣʦʪʝ ʫʩʪʘʥʦʚʣʝʥ ʶʪʝʥʙʦʛʘʨʪʠʪ. ɺʪʦʨʦʡ ʪʠʧ (ʠʟʚʣʝʯʝʥʦ 

591 ʟʝʨʥʦ) ʚʢʣʶʯʘʝʪ ʟʦʣʦʪʠʥʳ ʚ ʩʨʦʩʪʢʘʭ ʩ ʢʚʘʨʮʝʤ ʠ ʧʦʨʦʜʦʡ (ʦʯʝʚʠʜʥʦ, 

ʧʦʩʪʫʧʠʣʠ ʠʟ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜ). ʆʥʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʤʢʦ-

ʚʠʜʥʫʶ ʠ ʫʧʣʦʱʝʥʥʦ-ʢʦʤʢʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʛʨʫʙʦʷʤʯʘʪʫʶ ʠ ʷʤʯʘʪʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʙʣʝʜʥʦ-ʞʝʣʪʳʡ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʡ ʮʚʝʪ ʠ ʦʜʥʦʨʦʜʥʳʡ ʩʦ-

ʩʪʘʚ. ʂʨʫʧʥʦʩʪʴ ʟʦʣʦʪʘ ʜʦʩʪʠʛʘʝʪ 2,0 ʤʤ (ʩʤ. ʪʘʙʣ. 1). ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʠʥ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 670 ʜʦ 788 ă, ʩʨʝʜʥʷʷ ï 713 ă. ɺ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ 
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ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʧʦʤʠʤʦ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʩʝʣʝʥʠ-

ʩʪʳʡ ʛʘʣʝʥʠʪ, ʘʢʘʥʪʠʪ, ʶʪʝʥʙʦʛʘʨʪʠʪ, ʧʠʨʨʦʪʠʥ. ʅʘ ʫʯʘʩʪʢʝ 2/2 ʨʫʜʥʦʛʦ 

ʪʝʣʘ ˉ 2 ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʘʤʠ ʩʫʣʴʬʠʜʥʳʭ ʧʨʦʞʠʣʢʦʚ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 3-5 ʩʤ, ʩʣʦʞʝʥʥʳʭ ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ɺ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʠ 

ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ ʚ ʥʝʤ ʦʪʤʝʯʘʶʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʢʦʚʝʣʣʠʥ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʪʘʢʠʭ ʧʨʦʞʠʣʢʦʚ ʧʦʢʘʟʘʣ ʧʦʤʠʤʦ ʞʝʣʝʟʘ 

ʠ ʤʳʰʴʷʢʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʨʴʤʳ (ʜʦ 146 ʛ/ʪ), ʩʚʠʥʮʘ (ʜʦ 188 ʛ/ʪ), ʚʠʩʤʫʪʘ 

(ʜʦ 22 ʛ/ʪ), ʦʣʦʚʘ (ʜʦ 20 ʛ/ʪ), ʤʝʜʠ (ʜʦ 199 ʛ/ʪ), ʮʠʥʢʘ (ʜʦ 166 ʛ/ʪ), ʢʦʙʘʣʴʪʘ 

(ʜʦ 166 ʛ/ʪ), ʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ï ʟʦʣʦʪʘ (ʜʦ 2 ʛ/ʪ) ʠ ʩʝʨʝʙʨʘ (ʜʦ 24 

ʛ/ʪ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʠʭ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʩʫʣʴʬʠʜʥʦ-

ʘʨʩʝʥʠʜʥʦʡ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʥʦ-ʚʠʩʤʫʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. 

ɺʳʜʝʣʝʥʥʳʝ ʠʟ ʩʫʣʴʬʠʜʥʦʛʦ ʧʨʦʞʠʣʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 2,00 ʛ/ʪ (ʧʫ-

ʪʝʤ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ) ʟʝʨʥʘ ʟʦʣʦʪʘ (19 ʰʪʫʢ) ʠʤʝʶʪ ʨʘʟ-

ʤʝʨ ʤʝʥʝʝ 0,1 ʤʤ (ʩʤ. ʪʘʙʣ. 1). ʕʪʦ ʢʦʤʢʦʚʠʜʥʦ-ʛʥʝʟʜʦʚʳʝ ʠ ʢʦʤʢʦʚʠʜʥʦ-

ʫʛʣʦʚʘʪʳʝ (ʨʝʞʝ ʪʘʙʣʠʪʯʘʪʳʝ) ʚʳʜʝʣʝʥʠʷ ʩ ʙʫʛʦʨʯʘʪʦ-ʷʤʯʘʪʦʡ, ʩʪʫʧʝʥʯʘ-

ʪʦʡ ʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 640 ʜʦ 843 

ă (ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʟʝʨʝʥ ʩ ʧʨʦʙʥʦʩʪʴʶ 650 ʜʦ 800 ă), ʩʨʝʜʥʷʷ ʧʨʦʙ-

ʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 724 ă. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʣʦʪʦʤ ʩʦʩʝʜʥʝʛʦ ʨʫʜʦʧʨʦʷʚʣʝ-

ʥʠʷ ʌʨʦʥʪ, ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʦʪʥʝʩʝʥʘ ʢ ʤʘʣʴʜʦʥʠʪ-

ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʥʦʤʫ ʪʠʧʫ [1], ʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʝʡ ʧʨʦʙʥʦʩʪʴʶ 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Sb, Cu ʠ Hg. ʆʢʦʣʦ 20 % ʟʝʨʝʥ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʨʦʩʪʢʘʭ ʩ ʤʠʢʨʦʧʦʨʠʩʪʳʤ ʛʦʨʯʠʯʥʳʤ ʟʦʣʦʪʦʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ, ʦʯʝʚʠʜ-

ʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʩʫʣʴʬʠ-

ʜʦʚ. ɼʦʣʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʚʳʜʝʣʝʥʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 91,6 ʤʘʩ. %. 

ɺ ʨʫʜʥʦʤ ʪʝʣʝ ˉ 6 ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ ʢ ʩʠʩʪʝʤʘʤ ʢʘʨʙʦʥʘʪʥʦ-ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʦʚ. ʄʘʩʩʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘ-

ʣʦʚ ʠʟ ʪʘʢʠʭ ʧʨʦʞʠʣʢʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʨʦʙʝ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

10,32 ʛ/ʪ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 10,0 %. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʘʨʩʝʥʦʧʠʨʠʪ, ʚ ʝʜʠʥʠʯ-

ʥʭr ʟʝʨʥʘʭ ï ʚʦʣʴʬʨʘʤʠʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʦʙʳ ʚ ʢʠʩʣʦʪʘʭ ʚʳ-

ʷʚʣʝʥʳ 56 ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ 45 ʟʝʨʝʥ ʤʘʣʴʜʘʥʠʪʘ ʠʣʠ ʝʛʦ ʩʨʦʩʪ-

ʢʦʚ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʢʦʤʢʦʚʠʜʥʳʤʠ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʨʥʘʤʠ ʤʝʥʝʝ 0,1 ʤʤ 

(ʪʘʙʣ. 1). ɼʦʣʷ ʪʦʥʢʦʜʠʩʧʝʨʥʳʭ ʚʳʜʝʣʝʥʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 96,3 ʤʘʩ. %. 

ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʠʥ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 896 ʜʦ 1000 ă, ʩʨʝʜʥʷʷ ï 949 ă. 

ɽʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʟʦʣʦʪʘ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ ʚ 

ʨʫʜʥʦʤ ʪʝʣʝ ˉ 6, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʞʠʣʢʦʚʦ-ʧʣʘʩʪʠʥʯʘʪʳʤʠ, ʢʦʤʢʦʚʠʜʥʦ-

ʫʧʣʦʱʝʥʥʳʤʠ, ʫʜʣʠʥʝʥʥʳʤʠ ʠ ʢʦʤʢʦʚʠʜʥʦ-ʛʥʝʟʜʦʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʩ ʨʝʙ-
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ʨʠʩʪʦ-ʚʦʣʥʠʩʪʦʡ, ʙʫʛʦʨʯʘʪʦ-ʷʤʯʘʪʦʡ ʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦ ʧʨʦʙʝ 

ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʛʝʥʝʨʘʮʠʠ ʟʦʣʦʪʘ: ʦʩʥʦʚʥʘʷ ï ʩʨʝʜʥʝ-ʚʳʩʦʢʦʧʨʦʙʥʘʷ (850-

937 ă) ʠ ʧʦʜʯʠʥʝʥʥʘʷ ï ʫʤʝʨʝʥʥʦʥʠʟʢʦʧʨʦʙʥʘʷ (700-750 ă). ʅʘ ʫʯʘʩʪʢʝ 

ʨʘʟʚʠʪʠʷ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʟʝʨʝʥ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʦ ʨʝʟʫʣʴʪʘʤ ʰʣʠ-

ʭʦʚʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ 8 ʟʥʘʢʦʚ ʟʦʣʦʪʘ ʨʘʟʤʝʨʦʤ 0,25-0,5 ʤʤ ï 3; 

0,1-0,25 ʤʤ ï 2; 0,05-0,1 ï 2 ʠ ʤʝʥʝʝ 0,05 ʤʤ ï 1 ʟʥʘʢ. ɿʦʣʦʪʦ ʫʧʣʦʱʝʥʥʦ-

ʢʦʤʢʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʦʙʘ ʟʦʣʦʪʘ ʢʦʣʝʙ-

ʣʝʪʩʷ ʦʪ 845 ʜʦ 858 ă, ʩʨʝʜʥʷʷ ï 854 ă 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʨʫʜʦʧʨʦʷʚ-

ʣʝʥʠʷ ʇʣʘʮʜʘʨʤ ʧʨʦʷʚʣʝʥʳ ʶʪʝʥʙʦʛʘʨʪʠʪ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩ ʥʠʟʢʦ-

ʧʨʦʙʥʳʤ, ʩʫʣʴʬʠʜʥʦ-ʩʫʣʴʬʦʘʨʩʝʥʠʜʥʳʡ ʩʦ ʩʨʝʜʥʝ-ʥʠʟʢʦʧʨʦʙʥʳʤ ʠ ʣʦ-

ʢʘʣʴʥʦ ʤʘʣʴʜʦʥʠʪ-ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʥʳʡ ʩ ʚʳʩʦʢʦʧʨʦʙʥʳʤ ʟʦʣʦʪʦʤ ʤʠʥʝ-

ʨʘʣʴʥʳʝ ʪʠʧʳ ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦ-

ʨʠʪʴ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʭʥʝ-ʩʨʝʜʥʝʨʫʜʥʦʤ ʫʨʦʚʥʝ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ 

ʨʘʟʚʠʪʦʡ ʟʜʝʩʴ ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʨʫʜʥʦʡ ʩʠʩʪʝʤʳ. 
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ʥʠʢ ʉɺʅʎ ɼɺʆ ʈɸʅ. 2015. ˉ 2. ʉ. 28-39. 

 

 

ʀʅʊɽʈʇʈɽʊɸʎʀʗ ɻɽʆʌʀɿʀʏɽʉʂʀʍ ʇʆʃɽʁ ʉʈɽɼʉʊɺɸʄʀ 

ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ARCGIS 

 

ʃʦʩʢʫʪʦʚ ɽ.ɽ.1,2, ʂʨʘʚʯʝʥʢʦ ɸ.ɸ.1,2, ɾʫʨʘʚʣʝʚ ɸ.ʀ.1, ʀʚʘʥʦʚ ɸ.ʀ.1 

1 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ,  

ʛ. ʗʢʫʪʩʢ 

2 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ,  

ʛ. ʗʢʫʪʩʢ, ee.loskutov@s-vfu.ru 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʠʩʪʦʣʢʦʚʘʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚʦʟ-

ʥʠʢʘʶʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʯʠʩʪʳʭ ʘʥʦʤʘʣʠʡè. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫ-

ʪʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʣʦʢʘʣʴʥʫʶ ʠ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʜʫʨ [1]: 

1. ɺʳʙʠʨʘʝʪʩʷ ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝ-

ʥʳ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ; 

mailto:ee.loskutov@s-vfu.ru
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2. ɺ ʧʨʝʜʝʣʘʭ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ, ʫʢʘʟʳʚʘʶʪʩʷ ʫʟʣʳ, ʠ ʢʘʞʜʦʤʫ ʫʟʣʫ 

ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʚʝʩʦʚʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ; 

3. ʉʢʦʣʴʟʷʱʝʝ ʦʢʥʦ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʢʘʢʫʶ-ʣʠʙʦ ʯʘʩʪʴ ʠʟʫʯʘʝʤʦʛʦ 

ʫʯʘʩʪʢʘ, ʧʨʠ ʵʪʦʤ ʫʟʣʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʜ ʪʦʯʢʘʤʠ, ʛʜʝ ʠʟʤʝʨʝʥʦ ʘʥʦʤʘʣʴ-

ʥʦʝ ʧʦʣʝ; 

4. ɺʳʯʠʩʣʷʝʪʩʷ ʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʟʣʘʭ 

ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʥʘ ʟʥʘʯʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʘʭ ʫʯʘʩʪʢʘ, ʧʦʧʘʚ-

ʰʠʭ ʧʦʜ ʵʪʠ ʫʟʣʳ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʯʠʩʣʦ ʩʯʠʪʘʝʪʩʷ ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʦʜʥʦʡ ʠʟ 

ʪʦʯʝʢ ʫʯʘʩʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜ ʮʝʥʪʨʦʤ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢ-

ʥʘ; 

6. ʇʦʤʝʱʘʷ ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ ʚ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʠ ʚʳʯʠʩʣʷʷ 

ʢʘʞʜʳʡ ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʤʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʣʷ, ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʷʜʝ ʪʦʯʝʢ ʟʥʘʯʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʥʘ ʠʟʫʯʘʝʤʦʤ ʫʯʘʩʪʢʝ, 

ʥʘʟʳʚʘʝʤʫʶ ʪʨʘʥʩʬʦʨʤʘʥʪʦʡ; 

7. ʇʦʪʦʯʝʯʥʦʝ ʚʳʯʠʪʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʠʟ ʥʘʙʣʶʜʝʥʥʦʛʦ ʧʦʣʷ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʷ ʠʣʠ ʦʩʪʘʪʦʯʥʳʭ 

ʘʥʦʤʘʣʠʡ. 

ɺ ʠʪʦʛʝ ʥʘʙʣʶʜʝʥʥʦʝ ʧʦʣʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʪʨʘʥʩ-

ʬʦʨʤʘʥʪʫ ï ʨʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥ ʠ ʦʩʪʘʪʦʯʥʦʝ ʧʦʣʝ ï ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ. 

ʇʨʠʤʝʥʷʷ ʩʨʝʜʩʪʚʘ ʇʆ ArcGIS ʚʝʩʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʤʦʞʥʦ ʫʩʢʦʨʠʪʴ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʠʩʢʣʶʯʠʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ çʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨè, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ, ʧʦʚʳ-

ʰʘʝʪ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ArcGIS ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʧʨʦʚʦ-

ʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʌʦʢʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʚʳʧʦʣʥʷʶʱʠʤ 

ʦʧʝʨʘʮʠʶ ʦʢʨʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪ ʥʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʛʜʝ ʟʥʘʯʝ-

ʥʠʝʤ ʜʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʷʯʝʡʢʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʚʭʦʜʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʜʘʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʥʪʳ ï ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ.  

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʦʬʠʟʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʯʠʪʘʝʪʩʷ ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʬʦʢʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʥʩʬʦʨʤʘʥʪʘ ʠ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʣʠ ʣʦʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ɺʳʯʝʩʪʴ (Minus).  
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ʂʘʢ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩʭʝʤ ʤʘʛʥʠʪʥʦʛʦ 

(ʤʘʩʰʪʘʙ 1:1000 000) [2] ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ (ʤʘʩʰʪʘʙ 1:500 000) 

(ʂʘʨʜʘʰ ɽ.ɸ. 2012).  

 

 
ʈʠʩ. 1. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1 

ɸ) ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ ʫʩʢʦʨʝʥʠʷ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʧʣʦʱʘʜʠ ɼʞʝʣʪʫʣʠʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. ʂ ʟʘʧʘʜʫ 

ʦʪ ɼʞʝʣʪʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʥʠʞʝʥʠʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ, ʥʦ ʫʞʝ ʚ ʚʠʜʝ ʚʳʪʷʥʫʪʳʭ ʣʠʥʝʡʥʳʭ ʘʥʦʤʘʣʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʟʦʥʦʡ ʊʳʨʢʘʥʜʠʥʩʢʦʛʦ 

ʨʘʟʣʦʤʘ. ɿʜʝʩʴ ʞʝ ʧʨʦʩʣʝʞʝʥʳ ʧʦʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʝʢ ʱʝʣʦʯʥʦʛʦ 
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ʤʘʛʤʘʪʠʟʤʘ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʣʷ ʠʤʝʶʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʣʦʱʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʨʠʨʦʜʘ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʦʜʥʦʟʥʘʯʥʦ: ʚʩʝ ʦʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʶʞʥʦʡ 

ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʛʜʝ ʧʦʨʦʜʳ ʜʦʢʝʤʙʨʠʷ ʧʦʛʨʫʞʘʶʪʩʷ ʧʦʜ ʪʝʨʨʠʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʯʝʭʣʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʨʝʛʠ-

ʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚʳʨʘʞʝʥʳ ʧʦʥʠʞʝʥʥʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ. ʂʘʢ ʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʥʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ (ʨʠʩ. 1 ɹ). ʅʦ ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʛʨʘʜʠʝʥʪʳ 

ʧʦʚʳʰʝʥʥʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤ ʬʦʥʦʤ, ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ɼʞʝʣʪʫʣʠʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ. 1 ɺ). ʏʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʢʨʫʪʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʠ 

ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤʝʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ 

ʩʪʨʦʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʦʙʱʠʡ ʨʠʩʫʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʪʷʥʫʪʳʤʠ, ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʠʥʝʡʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʘʥʦʤʘʣʠʷʤʠ ʠ ʠʟʦʤʝʪʨʠʯʥʦʡ ʘʥʦʤʘʣʠʝʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʨʝʛʠʦʥʘ, ʢʦʪʦ-

ʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʜ ɼʞʝʣʪʫʣʠʥʩʢʠʤ ʱʝʣʦʯʥʳʤ ʤʘʩʩʠʚʦʤ (ʨʠʩ.1 ɸ, ɹ). 

ɺ ʧʦʣʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʠʩʩʣʝʜʫʝ-

ʤʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʨʘʩʪʥʦ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘ-

ʣʠʠ ï ʠʟʦʤʝʪʨʠʯʥʘʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ʩʚʷʟʘʥʥʘʷ ʩ ɼʞʝʣʪʫʣʠʥʩʢʠʤ ʱʝ-

ʣʦʯʥʳʤ ʤʘʩʩʠʚʦʤ ʠ ʣʠʥʝʡʥʘʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘ-

ʶʱʘʷ ʩ ʟʦʥʦʡ ʊʳʨʢʘʥʜʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ (ʨʠʩ. 1 ɸ). ɺ ʣʦʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʧʠʩʳʚʘʝʤʳʝ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ 

ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ.1 ɹ), ʥʦ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʘ çʉʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʘʞʥʳʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʦ-ʩʨrʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʩʪʨʦʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʝʩʧʫʙʣʠʢʠ 

ʉʘʭʘ (ʗʢʫʪʠʷ): ʤʝʪʘʣʣʦʛʝʥʠʷ, ʪʝʢʪʦʥʠʢʘ, ʤʘʛʤʘʪʠʟʤ, ʛʝʦʵʢʦʣʦʛʠʷ, ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʦʠʩʢʦʚʳʭ ʠ ʧʨʦʛʥʦʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡè ʇʨʦʛʨʘʤʤʳ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ), ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʨʘʟʚʠʪʠʝ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʥʘ 2016-

2020 ʛʦʜʳè. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɹʣʦʭ ʖ.ʀ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, 2009 

ʛ. (ʵʣʝʢʪʨʦʥʥʦʝ ʧʦʩʦʙʠʝ). 
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2. ʂʘʨʪʘ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʉʉʈ. ʆ-52. ɿʘʧʘʜʥʳʡ ʛʝʦʬʠʟʠʯʝ-

ʩʢʠʡ ʪʨʝʩʪ, 1963 ʛ. 

 

 

ʇʈɸʂʊʀʂɸ ʉʆɺʈɽʄɽʅʅʓʍ ɻɽʆʃʆɻʆʈɸɿɺɽɼʆʏʅʓʍ ʈɸɹʆʊ 

ɸʆ çʇʆʃʀʄɽʊɸʃʃ ʋʂè ʅɸ ʇʈʀʄɽʈɽ ʂʈʋʇʅɽʁʐʀʍ  

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɼʈɸɻʆʎɽʅʅʓʍ ʄɽʊɸʃʃʆɺ 

ʈɽʉʇʋɹʃʀʂʀ ʉɸʍɸ (ʗʂʋʊʀʗ) 

 

ʄʘʣʳʭ ʄ.ʖ.1, ʏʫʞʠʥʦʚ ɼ.ʅ., ʏʝʨʥʳʰʸʚ ʂ.ɽ.2 

1 ï ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʋʂè, reception604@polymetal.ru 

2 ï ɸʆ çʖɺɻʂè, FursenkoOV@polymetal.ru 

 

ʆ ʢʦʤʧʘʥʠʠ ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʋʂè 

ɻʨʫʧʧʘ ʢʦʤʧʘʥʠʡ çʇʦʣʠʤʝʪʘʣʣè ʨʘʙʦʪʘʝʪ ʚ ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ ʩ 

1998 ʛʦʜʘ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʷ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʦʩʚʦʝʥʠʶ 

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʜʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʂʦʤʧʘʥʠʷ ʚʭʦʜʠʪ ʚ ʪʨʦʡʢʫ ʢʨʫʧʥʝʡʰʠʭ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ 

ʈʦʩʩʠʠ, ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʜʦʙʳʯʝ ʩʝʨʝʙʨʘ ʚ ʈʦʩʩʠʠ ʠ ʚʭʦʜʠʪ ʚ ʧʷ-

ʪʝʨʢʫ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʝʨʚʠʯʥʦʛʦ ʩʝʨʝʙʨʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ çʇʦʣʠʤʝʪʘʣʣʘè ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʦʙʳʯʫ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʷʪʠ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ: ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʍʘʙʘʨʦʚʩʢʠʡ ʢʨʘʡ, 

ʏʫʢʦʪʩʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ, ʈʝʩʧʫʙʣʠʢʘ (ʉʘʭʘ) ʗʢʫʪʠʷ, ʘ ʪʘʢʞʝ ʚ ʨʝʩ-

ʧʫʙʣʠʢʘʭ ʂʘʟʘʭʩʪʘʥ ʠ ɸʨʤʝʥʠʷ.  

ɺ 2017 ʛʦʜʫ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʦʤʧʘʥʠʠ ʧʨʦʠʟʚʝʜʝʥʦ 33,4 ʪʦʥʥʳ ʟʦʣʦ-

ʪʘ, 833,6 ʪʦʥʥ ʩʝʨʝʙʨʘ, 2700 ʪʦʥʥ ʤʝʜʠ, 4800 ʪʦʥʥ ʮʠʥʢʘ. ʇʝʨʝʨʘʙʦʪʘʥʦ 

11,4 ʤʣʥ ʪʦʥʥ ʨʫʜʳ.  

ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʂʦʤʧʘʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʫʩʧʝʰʥʦʛʦ, 

ʩʦʮʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʙʠʟʥʝʩʘ. ʄʳ ʪʚʝʨʜʦ ʫʙʝʞ-

ʜʝʥʳ, ʯʪʦ ʙʠʟʥʝʩ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʜʦʙʳʚʘʶʱʝʤ ʩʝʢʪʦʨʝ, ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ ʟʘ ʦʭʨʘʥʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʩʪʥʳʭ ʩʦʦʙ-

ʱʝʩʪʚ. ʂʦʤʠʪʝʪ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʢʦʥʪʨʦʣʴ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʨʫʧʧʳ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘ-

ʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʩʦ-

ʙʣʶʜʝʥʠʷ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ. ʊʘʢ, ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʋʂè ʚ 2016 ʛʦʜʫ ʫʩʧʝʰ-

ʥʦ ʧʨʦʰʝʣ ʨʝʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʡ ʘʫʜʠʪ ISO 14001. ɺ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʵʢʦ-

mailto:reception604@polymetal.ru
mailto:FursenkoOV@polymetal.ru
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ʣʦʛʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ ʚʢʣʶʯʝʥʦ ʩʦʭʨʘʥʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʠʦʨʘʟʥʦ-

ʦʙʨʘʟʠʷ. ʂʦʤʧʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʧʠʩʘʥʪʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʂʦʜʝʢʩʘ ʧʦ 

ʦʙʨʘʱʝʥʠʶ ʩ ʮʠʘʥʠʜʘʤʠ.  

ʇʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ. ɽʞʝʛʦʜʥʦ ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʢʦʥʪʨʦʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʪʦʛ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ - ʩʥʠʞʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʛʦ ʨʠʩʢʘ ʥʘ 50%. ɼʦʩʪʠʛʥʫʪʘ ʪʨʝʭʣʝʪʥʷʷ ʩʝʨʪʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʘ ʦʭʨʘʥʳ 

ʪʨʫʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ OHSAS 

18001. 

ʉʪʨʘʪʝʛʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʂʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʮʝʣʴʶ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʧʨʠʥʮʠʧʘʤ ɻʣʦʙʘʣʴʥʦʛʦ ʜʦʛʦʚʦʨʘ ʆʆʅ ï ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥ-

ʜʘʨʪʘ, ʢʦʪʦʨʳʡ ʇʦʣʠʤʝʪʘʣʣ ʚʧʝʨʚʳʝ ʧʦʜʧʠʩʘʣ ʚ 2009 ʛʦʜʫ. ʄʳ ʚʥʝʜʨʷʝʤ 

ʧʝʨʝʜʦʚʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʠ ʛʦʨʜʠʤʩʷ ʪʝʤ, ʯʪʦ ʇʦʣʠʤʝʪʘʣʣ ʚʢʣʶʯʝʥ ʚ ʠʥ-

ʜʝʢʩʳ FTSE4Good ʠ STOXX, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʝʩʩʧʦʨʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʥʘʰʠʭ ʧʦʩʪʦʷʥʥʳʭ ʫʩʠʣʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʧʨʠʥʮʠʧʘʤ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ɺʘʞʥʝʡʰʠʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘ-

ʥʠʝ ʭʘʙʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʗʢʫʪʠʠ ʪʘʢʠʤʠ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʝʨʝʙʨʘ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʨʫʜ ʇʨʦʛʥʦʟ ʠ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʅʝʞʜʘʥʠʥʩʢʦʝ.  

ʈʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʬʠʣʠʘʣʘ ʂʦʤʧʘʥʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ) 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʥʦʷʙʨʝ 2016 ʛʦʜʘ. ɺ ʨʝʛʠʦʥʝ ʬʠʣʠʘʣ ʫʧʨʘʚʣʷʝʪ ʜʚʫʤʷ ʢʣʶ-

ʯʝʚʳʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ:  

- ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʦʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘʭʦʜʠʪʩʷ ʩʘʤʦʝ ʢʨʫʧʥʦʝ ʚ ɽʚʨʘ-

ʟʠʠ ʥʝʨʘʟʨʘʙʦʪʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʝʨʝʙʨʘ - ʇʨʦʛʥʦʟ.  

ɺ 2017 ʛʦʜʫ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʰʝ-

ʩʪʚʝʥʥʠʢʦʚ ʚʳʧʦʣʥʝʥʦ 37 ʢʤ ʘʣʤʘʟʥʦʛʦ ʢʦʣʦʥʢʦʚʦʛʦ ʙʫʨʝʥʠʷ. ʅʘ ʦʙʲʝʢʪʝ 

ʩʦʟʜʘʥʘ ʦʩʥʦʚʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ.  

ʆʮʝʥʢʘ ʄʠʥʝʨʘʣʴʥʳʭ ʈʝʩʫʨʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ ʩʦʛʣʘʩʥʦ ʂʦ-

ʜʝʢʩʫ JORC ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 30 ʤʘʷ 2009 ʛʦʜʘ: ʚʳʷʚʣʝʥʥʳʝ ð 5,86 ʤʣʥ 

ʪʦʥʥ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 773 ʛ/ʪ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ð 9,64 ʤʣʥ ʪʦʥʥ ʩʦ 

ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 473 ʛ/ʪ. ʀʪʦʛʦ ð 15,5 ʤʣʥ ʪʦʥʥ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ 586 ʛ/ʪ. 

- ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʇʨʦʛʥʦʟ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʧʦʥʩʢʦ-

ʛʦʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʨʘʙʦʪʘ ʥʘ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʅʝʞʜʘʥʠʥʩʢʦʝ, ʚ 2017 ʛʦʜʫ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, 
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ʘ ʪʘʢʞʝ ʜʣʷ ʩʛʫʱʝʥʠʷ ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʦʪʨʘ-

ʙʦʪʢʠ ʚʳʧʦʣʥʝʥʦ 32 ʢʤ. ʘʣʤʘʟʥʦʛʦ ʙʫʨʝʥʠʷ. ʄʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ (ʧʦ 

ʢʦʜʝʢʩʫ JORC) ʩʦʩʪʘʚʣʷʶʪ 55,9 ʤʣʥ ʪʦʥʥ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 8,9 ʤʣʥ ʫʥʮʠʡ ʟʦʣʦʪʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʧʨʠ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘ-

ʥʠʠ 5,0 ʛ/ʪ (ʟʦʣʦʪʦʡ ʵʢʚʠʚʘʣʝʥʪ). ʆʙʲʝʢʪ ʠʜʝʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʶʯʝ-

ʚʳʤ ʢʦʤʧʝʪʝʥʮʠʷʤ ʂʦʤʧʘʥʠʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʫʜʘʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʨʫʜ. 

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʦʛʥʦʟ ʠ ʅʝʞʜʘʥʠʥʩʢʦʝ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʨʦʛʥʦʟ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʥʝʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʩʝʨʝʙʨʘ. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʝʛʦ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʨʝʛʠʦʥʘʣʴʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʜʠʩʣʦʢʘʮʠʷʤ. 

ʈʫʜʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʪʷʞʝʥʥʳʤʠ ʢʨʫʪʦʧʘʜʘʶ-

ʱʠʤʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ 

ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ. ɺʩʝʛʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 15 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʅʝʞʜʘʥʠʥʩʢʦʝ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʟʦʣʦʪʦʨʫʜʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʚ ʗʢʫʪʠʠ ʠ ʯʝʪʚʝʨʪʳʤ ʧʦ ʟʘʧʘʩʘʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʦʩʚʦʝʥʠʷ, ʩʚʷʟʘʥʥʫʶ ʩʦ ʩʣʦʞ-

ʥʳʤ ʩʦʩʪʘʚʦʤ ʨʫʜ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʟʨʘʙʦʪʢʠ. ʄʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʡ ʧʝʨʤʠ. ʆʨʫʜʝʥʝ-

ʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʨʫʧʥʳʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ (ɻʣʘʚʥʳʡ, ʉʫʥ-

ʪʘʨʩʢʠʡ) ʠ ʩʦʩʪʦʠʪ ʠʟʢʨʫʪʦʧʘʜʘʶʱʠʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʤʝʨʠʜʠʦ-

ʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʦʥʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘ-

ʪʦʩʪʠ, ʜʨʦʙʣʝʥʠʷ, ʦʢʚʘʨʮʝʚʘʥʠʷ ʠ ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 40 ʨʫʜʥʳʭ ʟʦʥ, ʛʣʘʚʥʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʨʫʜʥʘʷ ʟʦʥʘ ˉ1 ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 80 % ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʤʘʪʝʨʠʘʣʘʤ ɻʂɿ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 600 ʪʦʥʥ 

ʟʦʣʦʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʳʰɹʷʢʘ ʠ ʫʛʣʝʨʦʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʛ-ʨʦʙʙʠʥʛʘ, ʨʫʜʳ ʷʚʣʷ-

ʶʪʩʷ ʜʚʘʞʜʳ ʫʧʦʨʥʳʤʠ. ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʋʂè ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʤ-

ʧʝʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʨʫʜ. ʂʦʤʧʘʥʠʝʡ ʨʝʘʣʠʟʦʚʘʥ ʧʦʢʘ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ ʧʨʦʝʢʪ ʘʚʪʦʢʣʘʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ POX. 

ʇʨʘʢʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ɸʆ çʇʦ-

ʣʠʤʝʪʘʣʣ ʋʂè 

ɼʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɸʆ çʇʦʣʠʤʝ-

ʪʘʣʣ ʋʂè ʚʳʨʘʙʦʪʘʣ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʫʩʧʝʰʥʦʩʪʠ ʛʝʦʣʦʛʦʨʘʟʚʝ-
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ʜʦʯʥʳʭ ʧʨʦʝʢʪʦʚ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʮʝʣʝʧʦʣʘʛʘʥʠʠ ʠ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʇʦʜ ʮʝʣʝʧʦʣʘʛʘʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʣʘʥʠʨʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪ ʧʦ ʛʝʦʣʦʛʦʨʘʟ-

ʚʝʜʦʯʥʦʤʫ ʧʨʦʝʢʪʫ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʘʭ 

ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʜʘʥʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʂʦʤʧʘʥʠʝʡ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʩʳʨʴʷ. ʇʨʠ ʨʘʩʯʸʪʝ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʢʘʢ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ, ʪʘʢ ʠ ʦʧʳʪʦʤ ʨʘʙʦʪ ʂʦʤʧʘʥʠʠ ʥʘ ʧʦʜʦʙʥʳʭ ʦʙʲ-

ʝʢʪʘʭ (ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ) ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʣʠʯʠʝ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʧʨʦʝʢʪʘ ɻʈʈ ʧʦʟʚʦʣʷʝʪ ʛʝʦʣʦʛʘʤ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ ʨʘʙʦʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʠʚʘʪʴ 

ʧʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ. ʆʩʥʦʚʘʥʥʘʷ ʟʘʜʘ-

ʯʘ ʢʦʪʦʨʳʭ ʩʚʦʜʠʪʩʷ ʢ ʦʪʙʨʘʢʦʚʢʠ ʟʘʚʝʜʦʤʦ ʥʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʨʘʟʚʠʪʠʶ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ɻʈʈ. ʉʭʝʤʘ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ ɻʈʈ 

 

ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʣʶʙʳʭ ɻʈʈ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ. QA/QC - ʩʠʩʪʝʤʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʠʨʫʝ-

ʤʳʭ ʧʨʦʮʝʩʩʦʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʈʝʛʣʘʤʝʥʪʦʤ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʭʚʘʯʝʥʳ ʚʩʝ ʧʨʦʮʝʜʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʦʯʢʠ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ ʙʫʨʝʥʠʷ ʩʢʚʘ-
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ʞʠʥʳ ʜʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʙʳ. ʆʨʛʘʥʠʟʦʚʘʥʘ ʦʧʝʨʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝ-

ʜʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ.   

ɺ ʧʨʘʢʪʠʢʫ ʧʨʝʜʧʨʠʷʪʠʷ ʚʚʝʜʝʥʦ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ɻʊʂ ʩ ʮʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʩʦʨʪʦʚ ʨʫʜ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʠ ʦʪʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʚʥʦʚʴ ʚʳʷʚ-

ʣʷʝʤʳʭ ʦʙʲʝʢʪʘʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʦʤʧʘʥʠʠ. 

ɺ ʢʦʤʧʘʥʠʠ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʘʢʪʠʢʝ ʚʝʜʝʥʠʝ ʛʝʦʣʦʛʦ-

ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʦʟʜʘʚʘʝʤʳʝ ʨʫʜʥʦʧʦ-

ʨʦʜʥʳʝ, ʨʫʜʥʳʝ ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠʣʦʞʘʪʩʷ ʚ ʦʩʥʦʚʫ ʧʦʜʩʯʝʪʘ ʟʘ-

ʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʚʳ-

ʨʘʙʦʪʦʢ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʢʨʘʪʢʦʩʨʦʯʥʦʝ, ʩʨʝʜʥʝʩʨʦʯʥʦʝ ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʮʝʣʦʤ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ, ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʣʘʥ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ. ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʦʛʥʦʟ ʠ ʅʝʞʜʘ-

ʥʠʥʩʢʦʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3.  

  
ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ 

 (PrognozTechnicalReport, Micon 2009) 
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ʈʠʩ. 3. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʝʞʜʘʥʠʥʩʢʦʝ 

 

 

ɹʋʈʓɽ ɾɽʃɽɿʅʗʂʀ ʀ ʎɽʅʊʈʓ ɼʈɽɺʅɽʁ ʄɽʊɸʃʃʋʈɻʀʀ 

ʗʂʋʊʀʀ 

 

ʄʦʩʢʚʠʪʠʥ ʉ.ɻ.1, ʄʦʩʢʚʠʪʠʥʘ ʃ.ɺ.1, ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ʈ.2 

1 ï ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʉʆʈɸʅ, ʛ. ʗʢʫʪʩʢ, 

administration@iptpn.ysn.ru 

2 ï ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆʈɸʅ, ʛ. ʗʢʫʪʩʢ, 

ipog@ipng.ysn.ru 

  

ʆʪʢʨʳʪʠʝ ʠ ʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʞʝʣʝʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʗʢʫʪʠʠ 

ʠʤʝʶʪ ʦʯʝʥʴ ʜʨʝʚʥʶʶ ʠʩʪʦʨʠʶ. ʅʘʣʠʯʠʝ ʞʝʣʝʟʥʳʭ ʨʫʜ ʥʘ ʨ. ʃʝʥʝ ʦʪʤʝʯʘ-

ʣʠʩʴ ʧʝʨʚʳʤʠ ʩʣʫʞʠʣʳʤʠ ʣʶʜʴʤʠ ʚ XVII  ʚ. ʆ ʥʠʭ ʚʦʝʚʦʜʘ ɺʘʩʠʣʠʡ ʇʫʰ-

ʢʠʥ ʚ 1646 ʛ. ʧʠʩʘʣ ʚ ʄʦʩʢʚʫ: çʷʢʫʪʳ ʧʣʘʚʷʪ ʞʝʣʝʟʦ ʠʟ ʢʘʤʝʥʴʷè. ʇʦʪʨʝʙ-

ʥʦʩʪʴ ʚ ʞʝʣʝʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ï ʥʦʞʝʡ, ʪʦʧʦʨʦʚ ʠ ʜʨ. ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʨʘʟʚʠʪʠʝ ʢʫʩʪʘʨʥʦʛʦ ʞʝʣʝʟʦʜʝʣʘʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʳʣʦ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʦ ʚ ʤʝʩʪʘʭ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʷʢʫʪʦʚ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʤʝʥʠʝ ʷʢʫʪʦʚ ʦʪʳʩʢʠʚʘʪʴ ʞʝʣʝʟʥʳʝ ʨʫʜʳ ʠ ʟʥʘʥʠʝ ʩʳʨʦʜʫʪʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʥʠ, ʚʝʨʦʷʪʥʦ, ʚʳʥʝʩʣʠ ʩ ʇʨʠʙʘʡʢʘʣʴʷ.  

ɺ ʩʚʷʟʠ ʚʦʟʨʦʞʜʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʫʟʥʝʯʥʦʛʦ ʜʝʣʘ ʥʘʨʦʜʘ ʩʘʭʘ, ʚʦ-

ʧʨʦʩʳ ʠʩʪʦʯʥʠʢʘ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʠ ʠʭ ʢʘʯʝʩʪʚʘ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʫ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʢʫʟʥʝʮʦʚ, ʘ ʪʘʢʞʝ ʢʨʘʝʚʝʜʦʚ. ɺ XVII -XVIII  ʚʚ, ʚ ʗʢʫʪʠʠ ʢʫʩʪʘʨʥʘʷ 

mailto:administration@iptpn.ysn.ru
mailto:ipog@ipng.ysn.ru
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ʤʝʪʘʣʣʫʨʛʠʷ ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ: ʚ ʗʢʫʪʩʢʦʤ, ʊʘʩʪʘʭʩʢʦʤ, ɸʣʜʘʥʩʢʦʤ ʠ 

ɺʠʣʶʡʩʢʦʤ ʮʝʥʪʨʘʭ ʜʨʝʚʥʝʡ ʤʝʪʘʣʣʫʨʛʠʠ.  

ʊʘʢ ʠʟ ʢʘʢʠʭ ʨʫʜ ʜʨʝʚʥʠʝ ʷʢʫʪʩʢʠʝ ʤʝʪʘʣʣʫʨʛʠ (ʢʫʟʥʝʮʳ) ʚʳʧʣʘʚʣʷʣʠ 

ʞʝʣʝʟʦ? 

ʗʢʫʪʩʢʠʡ ʮʝʥʪʨ ʜʨʝʚʥʝʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʨʘʟʚʠʚʘʣʦʩʴ ʚ ʥʘʩʣʝʛʘʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʦʣʠʥʝ ʨʝʢ ʃʝʥʘ, ʂʝʥʢʝʤʝ ʠ 

ɸʣʜʘʥ. ɺ ʟʘʨʝʯʥʳʭ ʩʝʣʘʭ ɾʝʤʢʦʥ, ʂʘʯʠʢʘʪ ʜʦʩʪʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ 

ʜʣʷ ʧʣʘʚʢʠ ʞʝʣʝʟʘ ʷʚʣʷʣʦʩʴ ɹʫʦʪʦʤʩʢʦʝ ʠ ʜʨʫʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʨʳʭ 

ʞʝʣʝʟʥʷʢʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʃʝʥʩʢʦʝ ʞʝʣʝʟʦʨʫʜʥʦʝ ʧʦʣʝ. ɺ ʩʦʩʪʘʚʝ ʙʫʨʳʭ 

ʞʝʣʝʟʥʷʢʦʚ ʨʘʟʚʠʪʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʤʘʨʛʘʥʮʝʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʯʪʦ ʧʦʟ-

ʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʠʭ ʢ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʦʤʫ ʪʠʧʫ ʦʨʫʜʝʥʝʥʠʷ [1]. 

ɺ ʨʘʟʤʝʱʝʥʠʠ ʙʫʨʳʭ ʞʝʣʝʟʥʷʢʦʚ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥ ʩʪʨʘʪʠʛʨʘʬʠʯʝ-

ʩʢʠʡ ʠ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ʈʫʜʦʚʤʝʱʘʶʱʘʷ ʥʠʞʥʝʶʨʩʢʘʷ  

ʧʝʩʯʘʥʦ-ʢʦʥʛʣʦʤʝʨʘʪʦʚʘʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʣʦʞʝʥʠʷʤʠ ʫʢʫʛʫʪʩʢʦʡ 

ʩʚʠʪʳ (J1uk). ɾʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʫʜʳ ʩʣʦʞʝʥʳ ʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ. ʊʝʢʩʪʫʨʘ ʨʫʜ ʧʦʨʠʩʪʘʷ, 

ʤʘʩʩʠʚʥʘʷ, ʛʝʣʠʝʚʘʷ. ʈʫʜʳ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʘʙʩʦʨʙʮʠʦʥʥʦ-ʘʢʪʠʚʥʦʛʦ 

ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʝ ʧʨʠʤʝʩʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ 

(Ga; Nb; V; Sr; Rb; Cs; Tl ʠ Pd), ʘ ʪʘʢʞʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (La; Ce, 

Y) [2].  

ʉʫʙʧʣʘʩʪʦʚʳʝ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ ʃʝʥʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʧʦʣʷ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʣʦʱʘʜʠ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʧʣʘʩʪʘ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʝʩʘ. ʏʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʥʠʯʪʦʞʝʥʦ ʧʨʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ɹʝʨʢʘʢʠʪ-ʅʠʞʥʠʡ ɹʝʩʪʷʭ. 

ʅʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʃʝʥʘ ʚʳʧʣʘʚʢʫ ʞʝʣʝʟʘ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʩʝʣʘʭ ʊʝʭʪʶʨ, 

ʋʫʣʘʘʭ-ɸʘʥ ʠ ʆʢʪʝʤ. ʉʳʨʴʝʤ ʜʣʷ ʧʣʘʚʢʠ ʩʣʫʞʠʣʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʧʦʣʫʦʢʘʪʘʥʥʳʝ ʛʣʳʙʳ ʦʞʝʣʝʟʥʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʠʟ-

ʚʝʩʪʥʷʢʦʚ ʠʟ ʜʝʣʶʚʠʘʣʴʥʦ-ʵʣʣʶʚʠʘʣʴʥʳʭ ʚʳʩʳʧʦʢ ʥʘ ʩʢʣʦʥʘʭ ʚʳʩʦʢʦʡ 

ʪʝʨʨʘʩʳ ʥʘʧʨʦʪʠʚ ʵʪʠʭ ʩʝʣ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʨʦʯʠʱʘ ʂʫʣʣʘʪʳ. ʍʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜʳ ʧʨʦʷʚʣʝʥʠʷ ʂʫʣʣʘʪʳ: SiO2 -5,3%, TiO2 - 0,18%, Al 2 O3 - 

1,22%, Fe2 O3- 84,91%, MnO -1,93%, CaO -0,23%, MgO -0,38%, K2O -0,09%, 

Na2O% -0,21%. ʇʦ ʩʦʩʪʘʚʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʠʜʝʨʠʪʘʤʠ.  

ʊʘʩʪʘʭʩʢʠʡ ʮʝʥʪʨ ʜʨʝʚʥʝʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʂʨʘʝʚʝʜʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʞʝʣʝʟʦ ʧʣʘʚʠʣʠ ʚ ʊʘʩʪʘʭʩʢʦʤ ʥʘʩʣʝʛʝ ʅʘʤʩʢʦʛʦ 

ʨʘʡʦʥʘ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʜʦʣʠʥʝ ʨ. ʂʝʥʢʝʤʝ (ʣʝʚ. ʧʨʠʪʦʢ ʨ. ʃʝʥʘ). ɿʜʝʩʴ 

ʩr ʨʴʝʤ ʜʣʷ ʧʣʘʚʢʠ ʩʣʫʞʠʣʠ ʦʞʝʣʝʟʥʝʥʥʳʝ ʩʪʚʦʣʳ ʠ ʚʝʪʢʠ ʜʝʨʝʚʴʝʚ, ʟʘʣʝ-
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ʛʘʶʱʠʝ ʚ ʪʦʣʱʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ, ʚʩʢʨʳ-

ʚʘʶʱʠʭʩʷ ʧʦ ʨʫʯ. ʏʘʢʳʡʘ, ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ʂʝʥʢʝʤʝ. ʕʪʦʪ ʛʦʨʠʟʦʥʪ 

ʫʩʣʦʚʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʤʩʢʦʡ ʩʚʠʪʝ ʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ [3] 

ʆʞʝʣʝʟʥʝʥʥʳʝ ʚʝʪʢʠ ʩʪʚʦʣʳ ʠ ʚʝʪʢʠ ʜʝʨʝʚʴʝʚ ʩʣʦʞʝʥʳ ʩʠʜʝʨʠʪʦʤ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʦʡ ʢʦʨʦʯʢʦʡ ʛʸʪʠʪʘ ʠ ʢʘʦʣʠʥʠʪʘ. ʍʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠ-

ʟʦʤ ʫʩʪʘʥʦʚʣʝʥʳ: SiO2 -9,43%, TiO2 - 0,24%, Al 2 O3 - 3,93%, Fe2 O3- 77,81%, 

MnO -1,28%, CaO -2,4%, MgO -2,62%, K2O -0,52%, Na2O% -0,49%.  

ɸʣʜʘʥʩʢʠʡ ʮʝʥʪʨ ʜʨʝʚʥʝʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɺ ʩʝʣʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʜʦʣʠʥʝ ʨ. ɸʣʜʘʥ ʨʫʜʫ ʜʣʷ ʧʣʘʚʢʠ ʞʝʣʝʟʘ ʜʦʙʳʚʘʣʠ ʩ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝ-

ʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʩ ʨʘʟʨʝʟʘ ʄʘʤʦʥʪʦʚʦʡ ɻʦʨʳ. ɺʜʦʣʴ ʦʙʨʳʚʘ, ʥʘʜ 

ʫʨʝʟʦʤ ʨ. ɸʣʜʘʥ ʚʩʢʨʳʚʘʶʪʩʷ ʰʘʨʦʦʙʨʘʟʥʳʝ ʠ ʞʝʣʚʘʢʦʦʙʨʘʟʥʳʝ ʩʠʜʝʨʠ-

ʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʚʠʜʝ ʧʨʦʪʷʞʝʥʥʦʡ ʣʠʥʟʳ [4]. ʕʪʦ ʧʣʦʪʥʳʝ 

ʧʦʨʦʜʳ ʩ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʢʦʨʢʦʡ ʦʞʝʣʝʟ-

ʥʝʥʠʷ. ʈʘʟʤʝʨʳ ʢʦʥʢʨʝʮʠʡ ʦʪ 10 ʜʦ 30 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ.  ʇʦ ʩʦʩʪʘʚʫ ʛʸ-

ʪʠʪ-ʛʠʜʨʦʛʸʪʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ. ɾʠʚʫʱʠʝ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɸʣʜʘʥ ʜʨʝʚ-

ʥʠʝ ʤʝʪʘʣʣʫʨʛʠ ʠʟ ʥʠʭ ʜʦʙʳʚʘʣʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʩʳʨʴʝ ʜʣʷ ʚʳʧʣʘʚʢʠ 

ʞʝʣʝʟʘ. 

ɺʠʣʶʡʩʢʠʡ ʮʝʥʪʨ ʜʨʝʚʥʝʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɿʜʝʩʴ ʚ XVII -XVIII  ʚʚ. ʙʳʣʦ 

ʰʠʨʦʢʦ ʨʘʟʚʠʪʦ ʞʝʣʝʟʦʧʣʘʚʠʣʴʥʦʝ ʠ ʢʫʟʥʝʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʘʨʭʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ: ʯʪʦ çʦʪ ʫʩʪʴʷ ʄʘʨʭʠ ʜʦ ʫʨʦʯʠʱʘ ʂʵʥʪʠʢ 

ʙʝʨʝʛʘ ɺʠʣʶʷ ʫʩʳʧʘʥʳ ʦʞʝʣʝʟʥʝʥʥʳʤ ʛʘʣʝʯʥʠʢʦʤ, ʩʣʫʞʘʱʝʛʦ ʤʝʩʪʥʦʤʫ 

ʥʘʩʝʣʝʥʠʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʫʟʥʝʯʥʳʭ ʧʦʜʝʣʦʢè [5].  
ʉʠʜʝʨʠʪʦʚʳʝ ʛʘʣʝʯʥʠʢʠ ʦʙʨʘʟʫʶʪ ʩʣʦʠ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʧʨʦʧʣʘʩʪʢʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 0,5 ʤ ʚ ʪʦʣʱʝ ʙʝʣʳʭ ʢʦʩʦʩʣʦʠʩʪʳʭ ʧʝʩʢʦʚ ʪʠʤʠʨʜʷʭʩʢʦʡ 

ʩʚʠʪʳ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʚʩʢʨʳʚʘʶʱʠʭʩʷ ʥʘ ʙʝʨʝʛʦʚʳʭ ʦʙʨʳʚʘʭ ʨ. 

ɺʠʣʶʡ [6]. ɻʘʣʝʯʥʠʢʠ ʦʢʘʪʘʥʥʳʝ ʧʣʦʩʢʠʝ, ʦʢʨʫʛʣʳʝ, ʨʘʟʤʝʨʦʤ ʜʦ 15-20 ʩʤ 

ʚ ʜʠʘʤʝʪʨʝ. ɻʘʣʴʢʘ ʩʣʦʞʝʥʘ ʩʠʜʝʨʠʪʦʤ, ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʘ ʢʦʨʦʯʢʦʡ 

ʛʝʪʠʪʘ ʩ ʢʘʦʣʠʥʠʪʦʤ ʠ ʤʦʥʪʤʦʨʠʣʦʥʠʪʦʤ. ɺʥʫʪʨʝʥʷʷ ʯʘʩʪʴ ʛʘʣʴʢʠ, ʩʣʦʞʝ-

ʥʘ ʥʝʠʟʤʝʥʝʥʥʳʤʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ. ʀʩʪʦʯʥʠʢʦʤ ʩʠʜʝʨʠʪʦʚʦʡ 

ʛʘʣʴʢʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʳʣʘ ʜʨʝʚʥʷʷ ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʙʨʘʤʣʷʶʱʘʷ ɺʠ-

ʣʶʡʩʢʫʶ ʥʠʟʤʝʥʥʦʩʪʴ ʩ ʚʦʩʪʦʢʘ ʠ ʶʛʘ. 

ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʙʝʨʝʛʦʚʳʭ ʦʙʨʳʚʦʚ ʨ. ɺʠʣʶʡ ʠ ʝʛʦ ʧʨʘʚʦʛʦ ʧʨʠʪʦ-

ʢʘ ʨ. ʊʦʥʛʫʦ ʩʠʜʝʨʠʪʦʚʳʝ ʛʘʣʝʯʥʠʢʠ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘʢʘʧʣʠʚʘʶʪ-

ʩʷ ʚ ʧʣʷʞʥʦʤ ʘʣʣʶʚʠʠ ʨʝʢʠ. ʅʠʞʝ ʫʩʪʴʷ ʨ. ʄʘʨʭʘ, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʥʘʧʨʦ-

ʪʠʚ ʨʦʩʩʳʧʝʡ, ʨʘʩʧʦʣʘʛʘʣʩʷ ʮʝʥʪʨ "ʩʘʪʠʥʩʢʠʭ" ʤʝʪʘʣʣʫʨʛʦʚ. ʈʦʩʩʳʧʠ ʥʘ 

ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʊʦʥʛʫʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʞʝʣʝʟʥʦʡ ʨʫʜʳ "ʢʵʥ-
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ʪʠʢʩʢʠʤʠ" ʤʝʪʘʣʣʫʨʛʘʤʠ. ɺ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɺʠʣʶʡ ʚʳʩʳʧʢʠ ʩʠʜʝʨʠʪʦ-

ʚʦʡ ʛʘʣʴʢʠ ʠʟʚʝʩʪʥʳ ʥʘ ʤʝʩʪʥʦʩʪʠ ʊʠʤʠʨʜʷʭ ʍʘʷ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʠʜʝʨʠʪʦʚʳʭ ʛʘʣʝʯʥʠʢʦʚ ʩ ʨ. ʊʦʥʛʫʦ: SiO2 - 9,6-

11,98%, TiO2 - 0,07-0,17%, Al 2O3 - 0,18-4,2%, Fe2O3 - 51,57-93,51%, MnO - 

0,19-3,01%, MgO - 0,29-0,80%, CaO - 0,4-0,57%, Na2O - 0,06-0,12%, K2O - 

0,11-0,95%, P2O5 - 0,016-0,8%. ɺ ʨʫʜʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʤʝʩʴ ʨʝʜʢʠʭ ʠ ʨʝʜ-

ʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ La-ʉʝ ʛʨʫʧʧʳ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦ ʚʩʝʤʫ ɺʠʣʶʶ ʩʠʜʝʨʠʪʦʚʳʝ ʛʘʣʝʯʥʠʢʠ ʥʝ ʠʤʝʶʪ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ: ʩʠʣʠʢʘʪʳ, ʢʘʨ-

ʙʦʥʘʪʳ ʠ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʬʣʶʩʘ ʧʨʠ ʧʣʘʚʢʝ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʠʨʦʜʥʦʡ ʰʠʭʪʝ ʨʫʜʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʧʣʘʚʢʦʩʪʴʶ, ʧʦʣʫʯʝʥ-

ʥʦʝ ʞʝʣʝʟʦ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʳʨʴʝʤ ʜʣʷ ʚʳʧʣʘʚʢʠ ʞʝʣʝʟʘ ʜʣʷ ʜʨʝʚʥʠʭ ʤʝʪʘʣʣʫʨʛʦʚ 

ʩʣʫʞʠʣʠ: ʚ ʎʝʥʪʨʘʣʴʥʦ-ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʠ 

ʦʢʠʩʥʳʝ ʛʸʪʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ ʨʫʜʳ.  

ɿʥʘʥʠʷ ʜʨʝʚʥʠʭ ʷʢʫʪʦʚ ʩʝʢʨʝʪʦʚ ʩʫʨʦʜʫʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʝʟʘ, ʠʭ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ ʨʝʤʝʩʝʣ. ɹʳ-

ʪʦʚʳʝ ʠʟʜʝʣʠʷ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʣʫʞʠʣʠ ʤʝʥʦʚʳʤ ʪʦʚʘʨʦʤ ʩʨʝʜʠ ʘʚʪʦʭʪʦʥ-

ʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʪʦʨʛʦʚʳʭ ʦʪʥʦʰʝʥʠʡ. ʆʙʣʘ-

ʜʘʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʷʢʫʪʳ ʫʩʧʝʰʥʦ ʦʩʚʦʠ-

ʣʠ ʦʙʰʠʨʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ.  
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ʈʘʟʣʠʯʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʨʘʟʚʠʪʠʷ ʊʷʥʴ-ʐʘʥʷ ʧʨʠʚʝʣʠ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠ  ʁʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʲʝʢʪʦʚ ʧʦʣʠʭʨʦʤʥʦʛʦ ʠ ʧʦʣʠʛʝʥʥʦʛʦ 

ʵʥʜʦʛʝʥʥʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʧʣʦʱʘʜʠ 200 ʪʳʩ. 

ʢʤ2 ʙʦʣʝʝ 100 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʢʣʶʯʘʷ ʛʠʛʘʥʪʩʢʦʝ (ʂʫʤʪʦʨ) ʠ ʩʝʤʴ ʢʨʫʧ-

ʥʳʭ (ɼʞʝʨʫʡ, ʀʰʪʘʤʙʝʨʜʳ, ʄʘʢʤʘʣ, ʊʘʣʜʳʙʫʣʘʢ, ʊʘʣʜʳʙʫʣʘʢ ʃʝʚʦʙʝ-

ʨʝʞʥʳʡ, ʋʥʢʫʨʪʘʰ, ʏʘʘʨʘʪ) ʩ ʟʘʧʘʩʘʤʠ ʙʦʣʝʝ 70 ʪ. (ʨʠʩ. 1) [3, 7].  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʏʘʘʨʘʪ ʚ ʩʦʩʪʘʚʝ ʏʘʘʨʘʪ-ʂʘʨʘʪʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʚʭʦʜʠʪ ʚ ʏʘʪʢʘʣʴʩʢʫʶ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʉʨʝʜʠʥʥʦ-

ʊʷʥʴʰʘʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [2]. ʏʘʪʢʘʣʴʩʢʘʷ ʤʝʪʘʣʣʦʛʝ-

ʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʩʣʦʞʥʦʛʦ, ʙʣʦʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 120-130 

ʢʤ ʠ ʰʠʨʠʥʦʡ 60-80 ʢʤ ʚ ʧʨʝʜʝʣʘʭ ʇʩʢʝʤʩʢʦʛʦ, ʉʘʥʜʘʣʘʰʩʢʦʛʦ, ʏʘʪʢʘʣʴ-

ʩʢʦʛʦ, ɸʪʦʡʥʘʢʩʢʦʛʦ ʭʨʝʙʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʧʝʨʝʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ 

ʧʣʘʥʘ ʩʫʙʰʠʨʦʪʥʳʭ ʩʪʨʫʢʪʫʨ ʊʷʥʴ-ʐʘʥʷ. ʅʘ ʮʦʢʦʣʝ, ʩʣʦʞʝʥʥʦʤ ʤʨʘʤʦ-

ʨʘʤʠ, ʤʝʪʘʤʦʨʬʠʪʘʤʠ ʠ ʛʨʘʥʠʪʦʠʜʘʤʠ PR, R, V ʟʘʣʝʛʘʶʪ ʦʩʘʜʦʯʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʪʦʣʱʠ ɭ-ʆ, ʦʙʰʠʨʥʳʝ ʧʦʣʷ ʠʟʚʝʩʪʥʷʢʦʚʦ-ʜʦʣʦʤʠʪʦʚʳʭ 

ʪʦʣʱ D2-ʉ|, ʚʫʣʢʘʥʠʪʳ ʉ2, ʈ1, ʧʨʦʨʚʘʥʳ ʛʨʘʥʠʪʦʠʜʘʤʠ ʉ2, ʉ3-ʈ1, ʈ2 ʧʨʦʜʫ-

ʮʠʨʫʶʱʠʤʠ ʤʦʥʦʤʝʪʘʣʴʥʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ, ʩʫʨʴʤʷʥʦ-ʟʦʣʦʪʦʨʫʜʥʦʝ, ʤʝʜʥʦ-

ʟʦʣʦʪʦʨʫʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʈʫʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʦʙʣʘʩʪʠ ʚʳʩʦʢʘʷ - 346 ʟʦʣʦ-

ʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʦʩʪʘʚʝ 25 ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʦʣʝʡ, ʚʢʣʶʯʘʷ 10 ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʈʠʩ. 1. ʈʘʟʤʝʱʝʥʠʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ  

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ [7]. 

 

ʏʘʘʨʘʪ-ʂʘʨʘʪʦʨʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 20 ʢʤ ʰʠʨʠʥʦʡ - 5 

ʢʤ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʇʩʢʝʤʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʉʘʥʜʘʣʘʰ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʦ ʥʘ ʉɺ ʩʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʟʨʳʚʦʚ ʠ 

ʚʢʣʶʯʘʝʪ 7 ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʫʨʴʤʷʥʦ-ʟʦʣʦʪʦʨʫʜʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʘʘʨʘʪ, ʂʘʨʘʪʦʨ ʉʘʥʜʘʣʘʰʩʢʠʡ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʄʠʥʪʝʢʝ. 

ʊʦʣʱʘ ʢʨʝʤʥʠʩʪʦ-ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ɭ-ʆ, ʆ ʠ ʤʦʣʘʩʩʳ D2-ʟ, 

ʧʨʦʨʚʘʥʘ ʜʠʦʨʠʪʘʤʠ ʈ; ʚ ʧʨʝʜʝʣʘʭ ʢʫʣʠʩʦʦʙʨʘʟʥʳʭ (ʜʦ 1100 ʭ 5000 ʤ) ʟʦ-

ʣʦʪʦʨʫʜʥʳʭ ʟʦʥ ʧʦʨʦʜʳ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʳ, ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʳ; ʟʦʥʳ ʚʤʝ-

ʱʘʶʪ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʝ ʧʣʘʩʪʦ-

ʦʙʨʘʟʥʳʝ ʪʝʣʘ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 2,7-4,9 ʢʤ ʠ ʤʦʱʥʦʩʪʴʶ 6,9 -  8-12 ʤ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʟʦʥʘʭ 0.5-3.0 ʛ/ʪ, ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ 1,0-12.0 ʜʦ - 18.0 ʛ/ʪ; ʚ 

ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʳʭ ʨʫʜʘʭ ʜʦ 9.6% ʩʫʨʴʤʳ ʠ 0.7-10.82% ʤʳʰʴʷʢʘ [2]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʏʘʘʨʘʪ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1985 ʛʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦ-

ʚʳʭ ʨʘʙʦʪ. ʂʨʝʤʥʠ, ʜʦʣʦʤʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ ʯʘʢʤʘʢʩʢʦʡ ʩʚʠʪʳ ɭ1-3; ʧʝʩʯʘ-

ʥʠʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʢʨʝʤʥʝʡ, ʘʣʝʚʨʦʣʠʪʦʚ ʯʘʘʨʘʪʩʢʦʡ ʩʚʠʪʳ ʆ1; ʢʚʘʨʮʝʚʳʝ 

ʧʝʩʯʘʥʠʢʠ ʪʶʣʴʢʫʙʘʰʩʢʦʡ ʩʚʠʪʳ O2-3 ʧʦʣʦʩʘʤʠ ʚʳʪʷʥʫʪʳ ʚ ʉɺ ʥʘʧʨʘʚʣʝ-

ʥʠʠ, ʠʤʝʶʪ ʢʨʫʪʦʝ ʉɿ ʧʘʜʝʥʠʝ ʠ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʨʫʪʳʤʠ ʨʘʟʣʦ-

ʤʘʤʠ. ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʣʘʚʥʳʭ ʧʨʦʪʷʞʝʥʥʳʭ: ʆʩʥʦʚʥʦʝ, ʂʦʥʪʘʢʪʦʚʦʝ, 

ʉʝʚʝʨʥʦʝ ʠ ʨʷʜ ʤʝʣʢʠʭ ʞʠʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣ.  
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ʆʩʥʦʚʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʜʣʠʥʦʡ 3255 ʤ ʤʦʱʥʦʩʪʴʶ 12.0 ʤ. ʣʦʢʘʣʠʟʦʚʘʥʦ 

ʚ ʟʦʥʝ ʚʟʙʨʦʩʘ, ʩʝʢʫʱʝʛʦ ʧʝʩʯʘʥʠʢʠ ʯʘʘʨʘʪʩʢʦʡ ʩʚʠʪʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨ-

ʩʝʥʦʧʠʨʠʪ-ʟʦʣʦʪʦ-ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʨʫʜʦʡ ʛʥʝʟʜʦʚʦʡ ʪʝʢʩʪʫʨʳ.  

ʂʦʥʪʘʢʪʦʚʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʜʣʠʥʦʡ - 4940 ʤ ʠ ʤʦʱʥʦʩʪʴʶ - 8 ʤ ʚ ʟʦʥʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʯʘʘʨʘʪʩʢʦʡ ʠ ʪʶʣʴʢʫʙʘʰʩʢʦʡ ʩʚʠʪ ʩʣʦʞʝʥʦ ʟʦʣʦ-

ʪʦʩʦʜʝʨʞʘʱʝʡ ʨʫʜʦʡ ʭʘʣʴʢʦʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪ-ʘʥʪʠʤʦʥʠʪʦʚʦʛʦ ʪʠʧʘ.  

ʉʝʚʝʨʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʜʣʠʥʘ - 2768 ʤ, ʤʦʱʥʦʩʪʴʶ - 6.9 ʤ. ʧʨʠʫʨʦʯʝʥʦ ʢ 

ʚʟʙʨʦʩʫ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ ʚ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʘʭ ʪʶʣʴʢʫʙʘʰʩʢʦʡ 

ʩʚʠʪʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʚʘʨʮ-ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʙʝʟʤʳʰʴ-

ʷʢʦʚʦʡ ʨʫʜʦʡ. ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʟʦʣʦʪʦ, ʘʥʪʠʤʦ-

ʥʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʧʠʨʠʪ; ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ: ʙʣʝʢʣʳʝ ʨʫʜʳ, ʙʫʣʘʥʞʝʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʩʢʦʨʦʜʠʪ, ʤʘʨʢʘʟʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʰʝʝʣʠʪ; 

ʥʝʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ: ʢʚʘʨʮ, ʩʝʨʠʮʠʪ, ʧʦʣʝʚʦʡ ʰʧʘʪ, ʢʘʨʙʦʥʘʪ.  

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ ʬʣʦʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʥʝ ʜʘʣʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʠʟ-

ʚʣʝʯʴ ʚ ʨʘʩʪʚʦʨ 88.1% ʩʫʨʴʤʳ, 74.8-83.3% ʟʦʣʦʪʘ, 77.6-86.8% ʩʝʨʝʙʨʘ [3] 

ʅʘ ʦʙʲʝʢʪʝ ʨʘʟʚʠʪʳ ʢʦʥʪʨʘʩʪʥʳʝ ʰʣʠʭʦʚʳʝ ʦʨʝʦʣʳ ʢʠʥʦʚʘʨʠ, ʩʘʤʦ-

ʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʰʝʝʣʠʪʘ. ʈʫʜʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠ-

ʢʘʤʠ ʧʠʪʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʜʦʣʠʥʥʦʡ ʨʦʩʩʳʧʠ ʨʝʢʠ ʏʘʥʜʘ-

ʣʘʰ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʪʘʨʘʪʝʣʴʩʢʘʷ ʜʦʙʳʯʘ ʟʦʣʦʪʘ. 

ɿʦʣʦʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʚ 

ʨʫʜʥʳʭ ʪʝʣʘʭ, ʟʘʣʝʛʘʶʱʠʭ ʩʨʝʜʠ ʦʪʣʦʞʝʥʠʡ ʦʨʜʦʚʠʢʘ. ɿʜʝʩʴ ʞʝ ʚ ʩʪʝʨʞ-

ʥʝʚʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʣʦʢʘʣʠʟʫʶʪʩʷ ʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʘʥʪʠʤʦʥʠʪ-

ʛʶʙʥʝʨʠʪʦʚʳʝ ʨʫʜʳ ʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʝʥʥʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʠ-

ʤʝʩʠ ʪʝʣʣʫʨʘ. ʈʘʥʝʝ ʪʝʣʣʫʨ ʠ ʚʦʣʴʬʨʘʤ ʚ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʚ ʨʫʜʘʭ ʦʙʲʝʢʪʦʚ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ ʩʫʨʴʤʷʥʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ ʥʝ 

ʦʪʤʝʯʘʣʠʩʴ [9].  

ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʚ ʧʦʜʯʠʥʸʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʟʚʠʪʳ: ʮʠʥʢʝʥʠʪ, 

ʩʬʘʣʝʨʠʪ, ʰʝʝʣʠʪ, ʤʘʨʢʘʟʠʪ, ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝ-

ʯʘʶʪʩʷ: ʩʘʤʦʨʦʜʥʘʷ ʩʫʨʴʤʘ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʵʣʝʢʪʨʫʤ ʠ ʘʩʩʦʮʠʠʨʫʶ-

ʱʠʡ ʩ ʧʦʩʣʝʜʥʠʤ Se-ʩʦʜʝʨʞʘʱʠʡ ʩʫʣʴʬʠʜ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ, ʚʧʝʨʚʳʝ ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʝ ʥʘ ʦʙʲʝʢʪʘʭ ʧʨʦʚʠʥʮʠʠ. 

ɸʥʪʠʤʦʥʠʪ ï ʛʣʘʚʥʳʡ ʤʠʥʝʨʘʣ ʨʫʜ ʠʤʝʝʪ ʩʦʩʪʘʚ (ʤʘʩ. %): Sb ï 74,24; S 

ï 28,93; As-0,7; ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ (ʛ/ʪ): ʟʦʣʦʪʘ 

(0,28 ï 1,0), ʩʝʨʝʙʨʘ (15,0 ï 127,5), ʪʝʣʣʫʨʘ (950), ʩʝʣʝʥʘ (4,0), ʪʘʣʣʠʷ.   

ʉʘʤʦʨʦʜʥʘʷ ʩʫʨʴʤʘ ʩʦʩʪʘʚʘ (Sb- 98,35, S- 0,16, As- 0,35 ʤʘʩ. %), ʦʙʨʘ-

ʟʦʚʘʥʥʘʷ ʧʨʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʝ ʘʥʪʠʤʦʥʠʪʘ ʩʦʜʝʨʞʠʪ ʪʠʧʦʤʦʨʬʥʫʶ 



107 

 

ʧʨʠʤʝʩʴ ʤʳʰʴʷʢ. ɺ ʟʦʣʦʪʦʥʦʩʥʦʤ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʤ ʢʦʥʮʝʥʪʨʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʤʝʩʠ ʧʣʘʪʠʥʦʠʜʦʚ. ɻʶʙʥʝʨʠʪ-ʘʥʪʠʤʦʥʠʪʦʚʘʷ ʨʫʜʘ ʢʘʢ 

ʥʦʚʳʡ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ 

ʩʫʨʴʤʷʥʦ-ʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ ʤʠʥʝʨʘʣʴʥʳʡ ʪʠʧ ʛʠʧʦʛʝʥʥʳʭ ʨʫʜ ʫʩʪʘʥʦʚʣʝʥ 

ʚ ʞʠʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣʘʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʚ ʪʦʣʱʝ ʧʝʩʯʘʥʠʢʦʚ, 

ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʩʣʘʥʮʝʚ ʦʨʜʦʚʠʢʘ. ɺ ʟʘʣʴʙʘʥʜʘʭ ʞʠʣ ʚʳʧʦʣʥʝʥʥʳʭ ʛʶʙʥʝ-

ʨʠʪ- ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʨʫʜʦʡ, ʨʘʟʚʠʪʘ ʨʘʥʥʷʷ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ ʟʦʣʦ-

ʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ɻʶʙʥʝʨʠʪ-ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʨʫʜʝ 

ʩʚʦʡʩʪʚʝʥʥʳ: ʤʘʩʩʠʚʥʘʷ- çʯʫʛʫʥʥʘʷè, ʛʥʝʟʜʦʚʘʷ, ʧʨʦʞʠʣʢʦʚʘʷ ʪʝʢʩʪʫʨʳ, 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʳ. 

ɻʶʙʥʝʨʠʪ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʦʣʦʪʦ-

ʩʫʨʴʤʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ ʩʫʨʴʤʷʥʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ ʩʨʝ-

ʜʠ ʤʘʩʩʠʚʥʳʭ ʘʛʨʝʛʘʪʦʚ ʘʥʪʠʤʦʥʠʪʘ ʦʙʨʘʟʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʚʢʨʘʧʣʝʥ-

ʥʦʩʪʴ ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʘʤʠ (0,05 ï 2,0 ʤʤ) [6]. ʈʝʥʪʛʝʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʟʦʥʳ ʟʝʨʝʥ ʛʶʙʥʝʨʠʪʘ 

ʦʙʦʛʘʱʝʥʳ ʞʝʣʝʟʦʤ (ʤʘʩ. %) (FeO ð 4,07ï5,17; MnO ð 21,18ï17,90; WO3 

ð 74,76ï76,93) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ (FeO ð 1,54ï1,7; MnO ð 

24,11ï23,20; WO3 ð 74,25ï75,10. 

ʉ ʵʣʝʢʪʨʫʤʦʤ ʘʩʩʦʮʠʠʨʫʝʪ ʬʘʟʘ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʛʦ ʩʫʣʴʬʠʜʘ ʟʦʣʦʪʘ 

ʩʦʩʪʘʚʘ (ʤʘʩ. %): Au ð 32,47ï41,52; Ag ð 46,32ï58,59; S ð 7,24ï9,68; Se 

ð 0,55ï2,14, ʙʣʠʟʢʘʷ ʧʦ ʩʦʩʪʘʚʫ ʢ ʶʪʝʥʙʦʛʘʘʨʜʪʠʪʫ ʠ ʧʝʪʨʦʚʩʢʘʠʪʫ [5,6]. 

ʉʫʣʴʬʠʜʳ Au ʠ Ag ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʨʫʜʘʭ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉɺ ɸʟʠʠ. 

ʅʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʚ ʩʦʩʪʘʚʝ ʨʫʜ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʳ ʜʨʦʙʣʝ-

ʥʠʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʘʣʝʥʠʪʦʤ, ʵʣʝʢʪʨʫʤʦʤ ʠ ʢʶʩʪʝʣʠʪʦʤ [1]. 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʚʘʪʳʚʘʶʪ ʚʝʩʴ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ AgAuS 

ʠ Ag3AuS2 ʠ ʚʳʭʦʜʷʪ ʟʘ ʝʛʦ ʧʨʝʜʝʣʳ, ʧʨʠ ʵʪʦʤ ʜʦʤʠʥʠʨʫʶʪ ʨʘʟʥʦʩʪʠ, ʪʷʛʦ-

ʪʝʶʱʠʝ ʢ ʩʝʨʝʙʨʷʥʦʤʫ ʘʥʘʣʦʛʫ ï ʶʪʝʥʙʦʛʘʘʨʜʪʠʪʫ [4].  

ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʘʤ ʩʝʣʝʥʠʜʦʚ ʠ ʩʫʣʴʬʠʜʦʚ ʩʝʨʝ-

ʙʨʘ ʠ ʟʦʣʦʪʘ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʶʪʝʥʙʦʛʘʘʨʜʪʠʪʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʆʣʴʯʘ ʠ ʉʚʝʪʣʦʝ (ʆʭʦʪʩʢʦʝ) 

(ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣ.) [10] ʚ ʩʦʩʪʘʚʝ, ʢʦʪʦʨʦʛʦ (ʢʘʢ ʠ ʚ ʨʫʜʘʭ ʏʘʘʨʘʪʝ [5]) ʢʦ-

ʣʠʯʝʩʪʚʦ ʩʝʣʝʥʘ ʜʦʩʪʠʛʘʝʪ 0.5 ʠ 1.8 ʤʘʩ. %.  

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ʂʫʧʦʣ (ʏʫʢʦʪʢʘ, ʈʦʩʩʠʷ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʘʣʝʦʩʦʣʴʬʘʪʘʨʥʳʡ 



108 

 

ʛʝʥʝʟʠʩ Au-Ag ʩʫʣʴʬʠʜʦʚ ʠ ʩʝʣʝʥʠʜʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʩʪʘʚ ʩʣʦʞ-

ʥʳʭ Au-Ag ʩʫʣʴʬʠʜʦʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʦʣʦʪʘ: ʧʨʠ ʤʦʣʴʥʦʡ 

ʜʦʣʝ ʟʦʣʦʪʘ > 0.25 ʠ 0.5 (ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʚʳʰʝ 370 ʠ 650 ă) ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʶʪʝʥʙʦʛʘʘʨʜʪʠʪʘ ʠ ʧʝʪʨʦʚʩʢʘʠʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [8]. 

ʂʦʤʧʣʝʢʩʥʦʝ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʟʨʘʙʦʪ-

ʢʝ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʘʘʨʘʪ ʩ ʟʘʧʘʩʘʤʠ 7,04 ʤʣʥ ʫʥʮʠʡ (ʦʢʦʣʦ 219 ʪ), ʧʦ ʩʦ-

ʩʪʘʚʫ ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʚʦʤʫ ʜʣʷ ʊʷʥ-ɹʐʘʥʷ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʮʝʣʦʤ, 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʳ ʠ ʩʦʩʪʘʚʘ ʢʦʪʦʨʦʛʦ, ʪʨʝʙʫʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʥʦʟʥʦ-ʦʮʝʥʦʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ.  
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ʀʟʫʯʝʥʠʝ ʪʠʧʦʤʦʨʬʠʟʤʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ 

ʵʚʦʣʶʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʝʙʳʚʘ-

ʥʠʷ ʟʦʣʦʪʘ ʚ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʝʛʦ 

ʤʦʨʬʦʣʦʛʠʠ, ʥʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʝʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʵʢʟʦʛʝʥʥʦʡ ʩʨʝʜʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʚʦʣʶʮʠʶ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʵʦʣʦ-

ʚʦʡ ʩʨʝʜʘʭ, ʚ ʜʨʝʚʥʠʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ, ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʠ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʪʦʣʱʘʭ. 

ɺ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʟʦʣʦʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʥʘʯʘʣʴʥʦʡ, ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʫʧʣʦʱʝʥʥʫʶ ʬʦʨʤʫ, ʧʦʵʪʦʤʫ ʚʦ ʚʩʝʭ ʛʦʣʦʚʢʘʭ ʨʦʩʩʳʧʝʡ ʤʳ 

ʥʘʙʣʶʜʘʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʬʦʨʤʝ ʟʦʣʦʪʠʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʜʠʦ-

ʤʦʨʬʥʳʤʠ, ʛʝʤʠʜʠʦʤʦʨʬʥʳʤʠ, ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷʤʠ, ʘ ʚ ʭʚʦʩʪʝ ʨʦʩʩʳʧʠ ʪʦʣʴʢʦ ʫʧʣʦʱʝʥʥʳʝ, ʧʨʠ ʵʪʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʟʦʣʦʪʦ ʥʝ ʠʩʪʠʨʘʝʪʩʷ.  ʇʦʚʝʨʭʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʛʨʫʙʦʷʤʯʘʪʦʡ ʜʦ 

ʤʝʣʢʦʰʘʛʨʝʥʝʚʦʡ ï ʧʦʣʠʨʦʚʘʥʥʦʡ. ɺ ʩʢʘʥʠʨʫʶʱʝʤ ʨʝʞʠʤʝ ʧʨʠ ʙʦʣʴʰʠʭ 

ʫʚʝʣʠʯʝʥʠʷʭ (500ʭ ï 2000ʭ ʠ ʙʦʣʝʝ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʨʳʭʣʦʝ 

ʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʥʦʛʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 

ʟʦʣʦʪʠʥ ʦʪʤʝʯʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʘʫʪʠʛʝʥʥʦʛʦ ʟʦʣʦʪʘ (ʭʣʦʨʥʦʛʦ ʟʦʣʦʪʘ 

3AuCl-AuCl3 + 2Au) ʚ ʚʠʜʝ ʰʘʨʦʚʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʤʝʨʦʤ ʧʝʨʚʳʝ 

ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 

ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʍʠʤʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʟʦʣʦʪʘ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʟʦʣʦʪʘ 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʚ ʦʩʥʦʚʥʦʤ ʤʦʥʦʟʝʨʥʘ, 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʚʥʫʪʨʝʥʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʜʣʷ ʜʦʢʝʤ-

ʙʨʠʡʩʢʦʛʦ ï ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʧʨʦʙ-

ʥʳʭ ʦʙʦʣʦʯʝʢ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ [2].   

   ɺ  ʵʦʣʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʳ, 

ʟʦʣʦʪʠʥʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ: ʯʝʰʫʡʯʘʪʳʝ ï ʚ  ʪʦʨʦʠʜʘʣʴʥʳʝ, ʘ ʟʘʪʝʤ ʚ 
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ʰʘʨʦʚʠʜʥʦ-ʧʫʩʪʦʪʝʣʳʝ ʬʦʨʤʳ; ʧʣʘʩʪʠʥʯʘʪʳʝ ï ʧʨʠʦʙʨʝʪʘʶʪ ʚʘʣʠʢ ʧʦ 

ʧʝʨʠʬʝʨʠʠ; ʪʘʙʣʠʪʯʘʪʳʝ ï ʜʠʩʢʦʚʠʜʥʳʝ; ʘ  ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ï ʬʦʨʤʠʨʫʶʪ 

ʢʦʤʢʦʚʠʜʥʦ-ʤʘʩʩʠʚʥʳʝ ʟʦʣʦʪʠʥʳ ʩ ʦʢʨʫʛʣʳʤʠ ʚʳʩʪʫʧʘʤʠ, ʯʪʦ ʜʦʢʘʟʘʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [6]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʦʣʦʪʘ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʚʝʨʰʝʥʥʦ ʦʢʘʪʘʥʥʦʛʦ ʵʦʣʦʚʦʛʦ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʩʰʪʘʙʘ ʫʚʝʣʠʯʝʥʠʷ, ʧʣʦʪʥʳʤ ʠ ʛʣʘʜʢʠʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ. 

ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʵʦʣʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʳ, ʥʦ ʠ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. ɺʳʷʚʣʝʥʘ ʯʝʪʢʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʧʦʚʳʰʝʥʠʝ ʧʨʦʙʥʦʩʪʠ ʟʦʣʦʪʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʯʝʰʫʡʯʘʪʦʛʦ ʟʦʣʦʪʘ ʚ 

ʪʦʨʦʠʜʘʣʴʥʫʶ, ʘ ʟʘʪʝʤ ʚ ʰʘʨʦʚʠʜʥʦ-ʧʫʩʪʦʪʝʣʫʶ ʬʦʨʤʫ. ʇʦʚʳʰʝʥʠʝ 

ʧʨʦʙʥʦʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʦʪ 900 ʜʦ 990ă ʠ ʙʦʣʝʝ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʧʨʦʙʥʦʩʪʴ ʚ ʦʙʦʣʦʯʢʝ ʜʦ 1000ă. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  ʪʝʤ, ʯʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʝʰʫʡʯʘʪʦʛʦ ʟʦʣʦʪʘ ʚ ʰʘʨʦʚʠʜʥʦ-

ʧʫʩʪʦʪʝʣʫʶ ʬʦʨʤʫ ʚ ʵʦʣʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʘʣʴʮʝʚʘʥʠʝ ʪʦʨʮʘ 

ʯʝʰʫʡʢʠ, ʪʦʥʯʘʡʰʠʝ ʧʣʝʥʢʠ ʟʦʣʦʪʘ ʚʳʪʷʛʠʚʘʶʪʩʷ ʠ, ʥʘʢʣʘʜʳʚʘʷʩʴ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ, ʦʙʨʘʟʫʶʪ ʰʘʨʦʚʠʜʥʦ-ʧʫʩʪʦʪʝʣʫʶ ʬʦʨʤʫ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ,  ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʳʥʦʩʫ ʩʝʨʝʙʨʘ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʤʝʪʘʣʣʘ, ʥʦ ʠ 

ʨʘʟʫʧʣʦʪʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʟʦʣʦʪʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʥʠʞʝʥʠʶ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʟʦʣʦʪʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 21 ʢʛ/ʤʤ2. ʈʘʥʝʝ, ʉ.ʀ. 

ʃʝʙʝʜʝʚʦʡ [1], ʫʩʪʘʥʦʚʣʝʥ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 40 ʢʛ/ʤʤ2.  

ʇʨʦʮʝʩʩ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʟʦʣʦʪʠʥ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥ ʍ. ʃʝʪʯʤʝʥʦʤ [7]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʛʦ 

ʦʧʳʪʦʚ ʦʙʣʘʛʦʨʦʞʝʥʥʳʡ ʩʣʦʡ ʯʠʩʪʦʛʦ ʟʦʣʦʪʘ ʧʦʷʚʣʷʣʩʷ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ 

ʤʠʢʨʦʢʦʚʢʠ ʩʧʣʘʚʘ ʟʦʣʦʪʘ ʠ ʤʝʜʠ, ʛʜʝ ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʥʝ 

ʧʨʝʚʳʰʘʣʦ 12%.  

ɺ ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ (ʜʨʝʚʥʠʭ ʠʩʢʦʧʘʝʤʳʭ ʨʦʩʩʳʧʷʭ) 

ʟʦʣʦʪʦ ʥʝ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʩʝʚʜʦʨʫʜʥʳʡ ʦʙʣʠʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʳʰʝʣʝʞʘʱʠʭ ʪʦʣʱ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʜʚʠʞʝʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʩʝʚʜʦʨʫʜʥʦʝ ʟʦʣʦʪʦ ʦʙʨʘʟʦʚʘʣʦʩʴ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʧʨʠ 
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ʧʦʛʨʫʞʝʥʠʠ ʨʦʩʩʳʧʠ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ [3].  ʇʩʝʚʜʦʨʫʜʥʦʝ ʟʦʣʦʪʦ ʯʘʩʪʦ 

ʬʦʨʤʠʨʫʝʪ ʘʛʨʝʛʘʪʳ, ʢʘʢ ʙʳ çʩʨʦʩʪʢʠè ʟʦʣʦʪʘ ʩ ʢʚʘʨʮʝʤ ʠ ʜʨʫʛʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʩʝʚʜʦʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʜʨʝʚʥʠʭ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠʤʝʝʪ ʛʨʫʙʦʷʤʯʘʪʳʡ, ʙʫʛʦʨʯʘʪʳʡ, ʤʝʣʢʦʷʯʝʠʩʪʳʡ 

ʤʠʢʨʦʨʝʣʴʝʬ, ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʚʜʘʚʣʠʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ. ʆʪ ʧʝʨʚʠʯʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ 

ʦʢʨʫʛʣʳʤʠ ʬʦʨʤʘʤʠ ʙʝʟ ʦʩʪʨʳʭ ʚʳʩʪʫʧʦʚ ʧʦ ʢʨʘʷʤ ʫʛʣʫʙʣʝʥʠʡ, ʘ ʦʪ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʨʝʣʴʝʬʘ ʟʦʥ ʛʠʧʝʨʛʝʥʝʟʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʫʛʣʫʙʣʝʥʠʡ ʦʪ 0,01 ʜʦ 0,05 ʤʢʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʠʥ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʦʚʘʪʳʝ, ʫʜʣʠʥʝʥʥʳʝ ʬʦʨʤʳ ʚʤʷʪʠʥ ʚ ʚʠʜʝ ʰʨʘʤʦʚ, 

ʧʨʦʜʦʣʴʥʳʭ ʙʦʨʦʟʜ, ʮʘʨʘʧʠʥ, ʫʯʘʩʪʢʠ  ʟʝʨʢʘʣʴʥʦʡ ʧʦʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʩʝʚʜʦʨʫʜʥʦʝ ʟʦʣʦʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʦʙʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʮʠʷ ʟʦʣʦʪʘ ʩ ʚʳʥʦʩʦʤ ʩʝʨʝʙʨʘ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʵʪʠʤ 

ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʠʥ ʠʟ ʜʨʝʚʥʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʜʚʠʞʢʘʭ ʚ ʟʦʣʦʪʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʠʥʠʠ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ [4, 5] ʦʙʲʷʩʥʷʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʀʥʦʛʜʘ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʟʦʣʦʪʠʥʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 

ʛʨʘʥʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʱʝʥʠʷ ʩʨʝʜʥʝʧʨʦʙʥʦʛʦ 

ʟʦʣʦʪʘ ʩ ʚʳʥʦʩʦʤ ʩʝʨʝʙʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʟʢʦʧʨʦʙʥʳʭ ʧʨʦʞʠʣʢʦʚ 

ʚʦʢʨʫʛ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʟʦʣʦʪʘ.           

ɺ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʦʙʱʘʷ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʡ ʟʦʣʦʪʘ ʥʝ ʚʝʣʠʢʘ, ʦʪʤʝʯʘ-

ʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʫʢʨʫʧʥʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʙʥʦʩʪʠ ʟʦʣʦʪʘ ʣʠʰʴ ʚ ʢʦʨʘʭ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜ-

ʥʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (ʧʠʨʠʪ), ʠ ʫʙʦʛʦʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ (ʧʠʨʨʦʪʠʥ, ʭʘʣʴ-

ʢʦʧʠʨʠʪ) [4, 5]. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʦʣʦʪʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʟʦʣʦʪʫ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʟʚʠʚʘ-

ʣʘʩʴ ʟʦʥʘ ʛʠʧʝʨʛʝʥʝʟʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʙʥʦʩʪʠ ʚ ʟʦʥʝ ʛʠ-

ʧʝʨʛʝʥʝʟʘ ʚ ʩʨʝʜʥʝʤ ʜʦ 100ă, ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, 

ʦʩʦʙʝʥʥʦ Cu, Pb, Hg, Bi ʠ ʜʨ. ɺ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠʥʦʛʜʘ ʦʪʤʝʯʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʯʠʯʥʦʛʦ ʟʦʣʦʪʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ Au-Te ʠ Au-Sb ʤʠʥʝʨʘ-



112 

 

ʣʠʟʘʮʠʠ. ɺʳʩʦʢʦʧʨʦʙʥʘʷ ʦʙʦʣʦʯʢʘ ʚ ʟʦʣʦʪʠʥʘʭ ʠʟ ʟʦʥʳ ʛʠʧʨʝʛʝʥʝʟʘ ʠʤʝʝʪ 

ʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʩʦʢʦʧʨʦʙʥʦʡ ʧʣʦʪʥʦʡ 

ʦʙʦʣʦʯʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʵʦʣʦʚʳʭ ʫʩʣʦʚʠʷʭ.   

ɺ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʪʦʣʱʘʭ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʘʨʭʝʷ ʠ ʨʘʥʥʝ-

ʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʟʦʣʦʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʚʳʩʦʢʦʧʨʦʙʥʳʤʠ, ʯʝʰʫʡ-

ʯʘʪʳʤʠ ʟʦʣʦʪʠʥʘʤʠ, ʨʘʟʤʝʨʦʤ 0,1-0,25 ʤʤ ʩ ʫʜʠʚʠʪʝʣʴʥʦ ʤʘʣʳʤ ʥʘʙʦʨʦʤ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ Ag, Cu, Fe. ɺʥʫʪʨʝʥʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʩʪʨʫʢʪʫʨʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʣʠʥʠʷʤʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʠ ʤʦʱʥʳʤʠ ʚʳʩʦʢʦʧʨʦʙʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ. ʊʘʢʦʡ ʥʘʙʦʨ ʪʠʧʦ-

ʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʟʦʣʦʪʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʟʦʣʦʪʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ,  ʟʦʣʦʪʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʠʟ-

ʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʚʠʯʥʦʛʦ ʟʦʣʦʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʚʳʥʦʩʦʤ ʩʝʨʝʙʨʘ ʠ ʧʨʠʤʝʩʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʷʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʳʩʦʢʦʧʨʦʙʥʳʭ ʦʙʦʣʦʯʝʢ, ʘ ʧʨʠ 

ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʝ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʜʚʠʞʢʘʭ) ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʣʘ-

ʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʣʘʥʘ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 

0381-2016-0004. 
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ʉʦʩʪʘʚʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʧʦʨʦʜ ʠ ʧʣʘʪʠʥʘ-ʭʨʦʤʠʪʦʚʳʭ ʩʨʘʩʪʘʥʠʡ 

ʀʥʘʛʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʥʦʤʝʥʢʣʘʪʫʨʥʦʡ ʜʠʘʛʨʘʤʤʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʜʠʦʧʩʠʜʘ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʷ ʚ ʦʙʣʘʩʪʴ ʘʚʛʠʪʘ (ʨʠʩ. 1 ɸ), 

ʚ ʭʨʦʤʜʠʦʧʩʠʜʠʪʘʭ, ʧʝʛʤʘʪʠʪʘʭ ʠ ʧʫʣʘʩʢʠʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʵʛʠʨʠʥ-ʘʚʛʠʪ 

(ʨʠʩ. 1 ɹ). ʇʠʨʦʢʩʝʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʦʡ 

ʀʥʘʛʣʠʥʩʢʦʡ ʨʦʩʩʳʧʠ ʠʜʝʥʪʠʯʥʳ ʜʠʦʧʩʠʜʘʤ ʠʟ ʜʫʥʠʪʦʚ ʤʘʩʩʠʚʘ, 

ʦʩʦʙʝʥʥʦ, ʧʦ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ. ɺ ʦʜʥʦʤ ʠʟ ʩʘʤʦʨʦʜʢʦʚ 

ʧʣʘʪʠʥʳ ʥʘʨʷʜʫ ʩ ʭʨʦʤʰʧʠʥʝʣʠʜʦʤ, ʬʦʨʩʪʝʨʠʪʦʤ ʠ ʬʣʦʛʦʧʠʪʦʤ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʤʝʣʢʠʝ ʦʢʨʫʛʣʳʝ ʟʝʨʥʘ ʷʨʢʦ-ʟʝʣʝʥʦʛʦ ʧʠʨʦʢʩʝʥʘ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʥʠʝ Cr2O3 ʜʦʩʪʠʛʘʝʪ 6,14%, ʘ Na2O ï 3,5% (ʪʘʙʣ. 1), ʯʪʦ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʤʠʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 18% ʤʦʣʝʢʫʣʳ ʢʦʩʤʦʭʣʦʨʘ (ʨʠʩ. 1 ɺ).  

ʊʘʙʣʠʮʘ 1 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʀʥʘʛʣʠ. 

ʇʨʠʤʝʯʘʥʠʝ: ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ñCamebax-Microò ʚ 

ʀɻɸɹʄ ʉʆ ʈɸʅ, ʘʥʘʣʠʪʠʢʠ: ʃ.ʄ. ʇʦʧʦʚʘ, ʅ.ɺ.ʍʨʠʩʪʦʬʦʨʦʚʘ.  

 

ʂʦʩʤʦʭʣʦʨ ï çʢʦʩʤʠʯʝʩʢʠʡ ʟʝʣʝʥʳʡè ʤʠʥʝʨʘʣ ʚʧʝʨʚʳʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʚ ʞʝʣʝʟʥʦʤ ʤʝʪʝʦʨʠʪʝ Toluca [7], ʟʘʪʝʤ ʦʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʜʚʫʭ ʜʨʫʛʠʭ 
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ʤʝʪʝʦʨʠʪʘʭ ʠ ʙʦʣʝʝ ʪʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʢʘʢ ʭʨʦʤʦʚʳʡ ʘʥʘʣʦʛ ʞʘʜʝʠʪʘ 

NaCrSi2O6 ʧʦʜ ʥʘʟʚʘʥʠʝʤ ñureyiteò(ʶʨʠʠʪ) [5]. ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʴ [4] ʠ ʙʳʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʧʨʠʦʨʠʪʝʪʥʦʝ 

ʥʘʟʚʘʥʠʝ ʤʠʥʝʨʘʣʘ ï ʢʦʩʤʦʭʣʦʨ. ɺ ʟʝʤʥʳʭ ʧʦʨʦʜʘʭ ʢʦʩʤʦʭʣʦʨ ʚʧʝʨʚʳʝ 

ʜʦʩʪʦʚʝʨʥʦ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʚ ʞʘʜʝʠʪʦʚʳʭ ʧʦʨʦʜʘʭ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ 

[1] ʠ ɹʠʨʤʳ [6, 8, 9]. ɼʠʦʧʩʠʜʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʩʤʦʭʣʦʨʦʚʦʛʦ 

(ʶʨʠʠʪʦʚʦʛʦ) ʢʦʤʧʦʥʝʥʪʘ 10-46% ʨʘʥʝʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʩʨʘʩʪʘʥʠʠ ʩ 

ʘʣʤʘʟʦʤ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʗʢʫʪʠʠ [3].  

ʇʦʩʢʦʣʴʢʫ ʢʨʘʡʥʠʝ ʯʣʝʥʳ Na-ʧʠʨʦʢʩʝʥʦʚ ï ʞʘʜʝʠʪ ʠ ʵʛʠʨʠʥ ʦʙʳʯʥʦ ʥʝ 

ʩʦʜʝʨʞʘʪ ʢʦʩʤʦʭʣʦʨʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪʦ ʢʦʤʠʩʩʠʷ ʧʦ ʧʠʨʦʢʩʝʥʘʤ ʄʄɸ 

ʥʝ ʚʢʣʶʯʘʝʪ ʢʦʩʤʦʭʣʦʨ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʜʠʘʛʨʘʤʤʫ (Ca-Mg-Fe-Pyr)ï

JdïAe, ʨʝʢʦʤʝʥʜʫʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʩʤʦʭʣʦʨ ʦʪʜʝʣʴʥʦ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [3] ʚ ʭʨʦʤʦʚʳʭ ʦʤʬʘʮʠʪʘʭ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʥʘʨʷʜʫ ʩ ʞʘʜʝʠʪʦʤ (ʜʦ 33 ʤʦʣ. %), ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʢʦʩʤʦʭʣʦʨʦʚʦʛʦ (ʶʨʠʠʪʦʚʦʛʦ) ʤʠʥʘʣʘ ʜʦ 46 ʤʦʣ. %. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʤʝʪʘʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʩʣʶʜʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʖʞʥʦʛʦ 

ʇʨʠʙʘʡʢʘʣʴʷ [2], ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʫʤʝʨʝʥʥʳʭ P-T ʫʩʣʦʚʠʷʭ,ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʜʠʦʧʩʠʜïʢʦʩʤʦʭʣʦʨ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʥʝʝ 5-7% ʞʘʜʝʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʨʠʩ. 1 ɺ). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʤʠ 

ʢ ʦʩʤʦʭʣʦʨïʦʤʬʘʮʠʪʦʚʳʤʠ ʬʘʟʘʤʠ, ʪʘʢʞʝ ʠ ʢʦʩʤʦʭʣʦʨïʜʠʦʧʩʠʜʦʚʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ [2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʠʨʦʢʩʝʥʳ ʩ ʢʦʩʤʦʭʣʦʨʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʥʦʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ (Ca-Mg-Fe-Pyr)ïJdïAe 

ʜʠʘʛʨʘʤʤʳ Ca-Na-ʧʠʨʦʢʩʝʥʦʚ, ʛʜʝ ʢ ʦʩʤʦʭʣʦʨʦʚʳʡ ʤʠʥʘʣ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 

ʢ ʞʘʜʝʠʪʦʚʦʤʫ ʢʦʤʧʦʥʝʥʪʫ (ʨʠʩ. 1 ɹ). ʅʦ ʟʜʝʩʴ ʚʠʜʥʦ, ʯʪʦ ʵʛʠʨʠʥʦʚʳʡ ʠ 

ʞʘʜʝʠʪʦʚʳʡ ʪʨʝʥʜʳ ʥʝ ʩʦʚʤʝʩʪʠʤʳ, ʠ ʭʨʦʤʦʚʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʣʫʯʰʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʜʠʘʛʨʘʤʤʝ ʜʠʦʧʩʠʜïʢʦʩʤʦʭʣʦʨïʞʘʜʝʠʪ, ʢʘʢ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʅ.ɺ. ʉʦʙʦʣʝʚʳʤ [3]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʩʤʦʭʣʦʨʦʚʳʡ ʢʦʤʧʦʥʝʥʪ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʵʛʠʨʠʥ ʢʘʢ ʚʪʦʨʦʩʪʝʧʝʥʥʳʡ 

ʢʦʤʧʦʥʝʥʪ (ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ 10 ʤʦʣ. %) ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʞʘʜʝʠʪʦʚʫʶ ʚʝʨʰʠʥʫ. ʅʘ ʪʘʢʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1 ɺ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʘʷ ʩʝʨʠʷ ʜʠʦʧʩʠʜïʢʦʩʤʦʭʣʦʨ, ʘ ʪʘʢʞʝ ʧʨʦʪʷʞʝʥʥʳʝ ʨʷʜʳ ʦʪ 
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ʜʠʦʧʩʠʜʘ (+ʛʝʜʝʥʙʝʨʛʠʪ) ʢ ʞʘʜʝʠʪʫ ʠ ʦʪ ʢʦʩʤʦʭʣʦʨʘ ʢ ʞʘʜʝʠʪʫ (+ ʵʛʠʨʠʥ), 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ.   

 

 
ʈʠʩ. 1. ʉʦʩʪʘʚʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʥʘ ʜʠʘʛʨʘʤʤʘʭ En ï Wo ï Fs (ɸ), (Ca-Mg-Fe-

Pyr) ï (Jd+Ko) ï Ae (ɹ) ʠ (Di+Hd) ï Ko ï (Jd+Ae) (ɺ). 

1-6 ïʀʥʘʛʣʠʥʩʢʠʡ ʤʘʩʩʠʚ: 1 ï ʜʫʥʠʪʳ (ʘ),  ʧʝʨʠʜʦʪʠʪʳ ʠ ʧʠʨʦʢʩʝʥʠʪʳ (ʙ); 2 ï 

ʰʦʥʢʠʥʠʪʳ (ʘ) ʠ ʧʫʣʘʩʢʠʪʳ (ʙ); 3 ï ʭʨʦʤʜʠʦʧʩʠʜʠʪʳ (ʘ) ʠ ʧʝʛʤʘʪʠʪʳ (ʙ); 4 ï 

ʭʨʦʤʠʪʠʪʳ (ʘ) ʠ ʩʨʘʩʪʘʥʠʷ ʩ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʦʡ (ʙ); 5ï ʩʠʝʥʠʪʳ (ʘ) ʠ ʧʦʣʝ ʩʦʩʪʘʚʦʚ 

Ca-Mg-Fe ʧʠʨʦʢʩʝʥʦʚ (ʜʘʥʥʳʝ ʘʚʪʦʨʘ); 6 ï ʤʝʪʝʦʨʠʪʳ (ʘ) [4, 5] ʠ ʞʘʜʝʠʪʦʚʳʝ 

ʧʦʨʦʜʳ (ʙ) ʦʬʠʦʣʠʪʦʚ [1]; 7 ï ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ (ʘ) ʠ ʩʨʦʩʪʢʠ ʩ ʘʣʤʘʟʘʤʠ (ʙ) ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ[3]; 8 ïʛʣʫʙʠʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ [3]ʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 

ʛʘʙʙʨʦ (ʙ) ʌʨʘʥʮʫʟʩʢʠʭ ɸʣʴʧ [8]; 9ï ʞʘʜʝʠʪʠʪʳ(ʘ) ɹʠʨʤʳ [6, 9]ʠ ʤʝʪʘʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ (ʙ) ʩʣʶʜʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [2].  
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ʀʪʘʢ, ʚ ʧʣʘʪʠʥʘ-ʭʨʦʤʠʪʦʚʳʭ ʨʫʜʘʭ ʀʥʘʛʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘʨʷʜʫ ʩ 

ʭʨʦʤʩʦʜʝʨʞʘʱʠʤ ʜʠʦʧʩʠʜʦʤ,  ʚʩʪʨʝʯʘʶʪʩʷ ʚʳʩʦʢʦʭʨʦʤʦʚʳʝ (Cr2O3 ʙʦʣʝʝ 

5 ʤʘʩ. %) ʜʠʦʧʩʠʜʳ, ʦʪʚʝʯʘʶʱʠʝ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʢʦʩʤʦʭʣʦʨ-

ʜʠʦʧʩʠʜʦʚʦʤʫ ʪʚʝʨʜʦʤʫ ʨʘʩʪʚʦʨʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʭʨʦʤʦʚʳʭ ʦʤʬʘʮʠʪʦʚ [3], ʢʦʩʤʦʭʣʦʨ-ʜʠʦʧʩʠʜ ʚ ʩʨʘʩʪʘʥʠʠ 

ʩ ʧʣʘʪʠʥʦʡ ʀʥʘʛʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Al 2O3=0,37ʤʘʩ. 

% (1,8 ʤʦʣ.% ʞʘʜʝʠʪʦʚʦʛʦ ʤʠʥʘʣʘ) ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ AlVI ʙʘʨʠʯʝʩʢʦʡ 

ʧʦʟʠʮʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʘʪʠʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʀʥʘʛʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈ ʀɻɸɹʄ 0381-2016-0004 ʠ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʌʌʀ 17-05-00390. 
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ʅʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʧʦʤʠʤʦ ʧʣʘʪʠʥʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʩ ʜʦʩʪʦ-

ʚʝʨʥʦ ʠʟʚʝʩʪʥʳʤʠ ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦʨʦʜʘʤʠ (ʂʦʥʜʝʨ, ʀʥʘʛʣʠ, ʏʠʥʝʡ, ɻʫʣʠ, 

ʅʦʨʠʣʴʩʢ ʠ ʜʨ.), ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʦʩʩʳʧʝʧʨʦʷʚʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʄʇɻ), ʟʘʥʠʤʘʶʱʠʝ ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʦʚ 

ʨʝʢ ɺʠʣʶʡ, ʃʝʥʘ, ɸʣʜʘʥ, ɸʥʘʙʘʨ ʠ ʆʣʝʥʝʢ, ʥʦ ʥʝ ʠʤʝʶʱʠʝ ʜʦ ʩʠʭ ʧʦʨ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʦʜʫʢʪʠʚʥʳʝ ʧʣʦʱʘʜʥʳʝ ʧʣʘʪʠ-

ʥʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʢʨʫʧʥʳʤʠ ʠʟʚʝʨʞʝʥʥʳʤʠ ʧʨʦʚʠʥʮʠ-

ʷʤʠ ʨʘʟʣʠʯʥʳʭ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ. ʅʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʄʇɻʠ ʙʘʟʠʪ-

ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʦʟʨʘʩʪʦʚ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʨʦʩʩʳ-

ʧʝʡ, ʜʘʪʠʨʫʝʤʳʭ ʥʦʚʳʤ 190Pt-4He ʤʝʪʦʜʦʤ [4], ʠ ʚʦʟʨʘʩʪʦʚ ʢʨʫʧʥʳʭ ʤʘʛʤʘ-

ʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ [6] ʥʘʤʠ ʜʝʣʘʶʪʩʷ ʧʦʧʳʪʢʠ 

ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ ʨʦʩʩʳʧʥʦʡ ʧʣʘʪʠʥʳ. 

ʅʘ ʚʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʠʣʶʡ ʝʱʸ ʩ ʥʘʯʘʣʘ 20-

ʚʝʢʘ ʠʟʚʝʩʪʥʳ ʧʣʦʱʘʜʥʳʝ ʢʦʩʦʚʳʝ ʟʦʣʦʪʦ-ʧʣʘʪʠʥʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ ʩ ʤʝʣ-

ʢʠʤʮʝʥʥʳʤ ʤʝʪʘʣʣʦʤ. ɿʘʪʝʤ ʧʦʜʦʙʥʳʝ ʨʦʩʩʳʧʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠ 

ʧʦʠʩʢʘʭ ʠ ʨʘʟʚʝʜʢʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɸʥʘʙʘʨ, ʆʣʝʥʝʢ, ʕʡʵʵʢʠʪ, ʄʦʣʦʜʦ ʠ ʜʨ. [2]. Fe-

Pt ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚ ʨʦʩʩʳʧʷʭ ʨ. ɺʠʣʶʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʠʤʝʶʪ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʨʝʰʝʪʢʫ, ʪ.ʝ. ʦʪʥʦʩʷʪʩʷ ʢ ʞʝʣʝʟʠ-

ʩʪʦʡ ʧʣʘʪʠʥʝ. ɺʠʣʶʡʩʢʘʷ ʞʝʣʝʟʠʩʪʘʷ ʧʣʘʪʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 
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ʩʦʜʝʨʞʘʥʠʷʤʠ Rh ʠ Ru, ʦʙʨʘʟʫʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʘʚʦʚ (ʨʠʩ. 1) ʷʨʢʦ ʚʳʨʘ-

ʞʝʥʥʳʡ Rh-Ru ʪʨʝʥʜ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʜʨʫʛʦʤʫ ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʥʦʤʫ Ir-

ʪʨʝʥʜʫ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ (ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Pt3Fe ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ) ʠʟ ʀʥʘʛʣʠʥʩʢʦʡ ʨʦʩʩʳʧʠ. ʀʥʘʛʣʠʥʩʢʠʡ ʤʘʩʩʠʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʝʤ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʘʣʜʘʥʩʢʦʛʦ (ʠʥʘʛʣʠʥʩʢʦʛʦ) ʧʦʜʪʠʧʘ ʦʙʱʝʠʟʚʝʩʪʥʦʛʦ 

ʫʨʘʣʴʩʢʦ-ʘʣʷʩʢʠʥʩʢʦʛʦ ʪʠʧʘ ʧʣʘʪʠʥʦʥʦʩʥʳʭ ʟʦʥʘʣʴʥʦ-ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʫʣʴʪʨʘʤʘʬʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ. 

ʄʝʞʜʫ ʵʪʠʤʠ ʨʘʟʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʵʚʦʣʶʮʠʠ ʨʘʩʧʦʣʦʞʝʥ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʡ ʪʨʝʥʜ, ʦʙʨʘʟʫʝʤʳʡ ʩʦʩʪʘʚʘʤʠ Fe-Ptʩʧʣʘʚʦʚ ʠʟ ʭʨʦʤʠʪʦʚʳʭ ʨʫʜ ʂʨʘʩ-

ʥʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ï ʘʣʴʧʠʥʦʪʠʧʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʂʦʨʷʢʩʢʦʛʦ ʥʘʛʦʨʴʷ 

[1]. ʉʦʩʪʘʚʳ ʄʇɻ ʠʟ ʢʦʤʧʣʝʢʩʥʦʡ ʟʦʣʦʪʦ-ʧʣʘʪʠʥʘ-ʘʣʤʘʟʦʥʦʩʥʦʡ ʨʦʩʩʳʧʠ 

ʨ. ʄʘʷʪ (ʨ. ɸʥʘʙʘʨ) ʟʘʧʦʣʥʷʶʪ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʠʘʛʨʘʤʤʳ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝ "ʚʠʣʶʡʩʢʦʛʦ" ʪʠʧʘ ʧʣʘʪʠʥʳ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʘʪʠʥʳ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ "ʠʥʘʛʣʠʥʩʢʦʛʦ" Ir-ʪʨʝʥʜʘ [3], ʪ.ʝ. ʤʦʞ-

ʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʟʜʝʩʴ ʜʚʫʭ ʪʠʧʦʚ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʦʜ-

ʥʦʛʦ ʩʣʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʨʦʜ - ʩʦʚʤʝʱʘʶʱʠʭ ʦʙʘ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ. 

 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʦʚ Fe-Pt ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ: 1 ï ʨ. ʄʘʷʪ; 2 ï ʄʘʢʳʣʛʘʥ (ʨ. 

ɸʣʜʘʥ); 3 ï ʨ. ʏʘʨʘ; 4-6 ï ʧʦʣʷ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ (n = ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ): 4 ï ʨ. 
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ɺʠʣʶʡ (n = 47); 5 ï ʨʦʩʩʳʧʴ ʀʥʘʛʣʠ (n = 108); 6 ï ʭʨʦʤʠʪʦʚʳʭ ʨʫʜ (n = 200) ʂʨʘʩ-

ʥʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ [1]. 

 

ʉʦʩʪʘʚʳ ʞʝʣʝʟʠʩʪʦʡ ʧʣʘʪʠʥʳ ʠʟ ʟʦʣʦʪʦʥʦʩʥʦʡ ʨʦʩʩʳʧʠ ʨ. ʏʘʨʳ (ʩʨʝʜ-

ʥʝʝ ʪʝʯʝʥʠʝ ʨ. ʃʝʥʳ), ʪʘʢʞʝ, ʢʘʢ ʠ ʠʟ ʨʦʩʩʳʧʝʧʨʦʷʚʣʝʥʠʷ ʧʝʨʝʢʘʪʘ ʄʘ-

ʢʳʣʛʘʥ (ʨ. ɸʣʜʘʥ, ʚ 30 ʢʤ ʥʠʞʝ ʫʩʪʴʷ ʨ. ʊʠʤʧʪʦʥ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ Ir-

ʪʨʝʥʜʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʧʦʣʥʦʩʪʴʶ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ "ʠʥʘʛʣʠʥʩʢʦʡ" 

ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ (ʩʤ. ʨʠʩ. 1). 

ɺʦʟʨʘʩʪʥʳʝ 190Pt-4He ʟʥʘʯʝʥʠʷ ʜʣʷ Pt-Fe ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟ ʨʦʩʩʳ-

ʧʝʡ ʨ.ɺʠʣʶʡ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʘ ʢʣʘʩʪʝʨʘ: ʜʘʥʥʳʝ ʧʦ ʜʚʫʤ ʦʙʨʘʟʮʘʤ ʩʦ-

ʩʪʘʚʣʷʶʪ ʠʟʦʭʨʦʥʫ 2015 Ñ 240 ʤʣʥ ʣʝʪ, ʘ ʪʨʝʪʠʡ ʦʙʨʘʟʝʮ ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʝ 

ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʚʦʟʨʘʩʪʦʚ ʧʣʘʪʠʥʳ ʠʟ ʨʦʩʩʳʧʠ ʨ.ʏʘʨʳ (ʨʠʩ. 2).  

 

 
ʈʠʩ. 2. 190Pt-4Heʠʟʦʭʨʦʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ Fe-Pt ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

 

ʇʦʣʫʯʝʥʥʳʡ ʧʦ ʠʟʦʭʨʦʥʝ 4 ʦʙʨʘʟʮʦʚ ʚʦʟʨʘʩʪ ʧʣʘʪʠʥʳ ʠʟ ʨʦʩʩʳʧʠ ʨ. 

ʏʘʨʳ ʩʦʩʪʘʚʣʷʝʪ 704 Ñ 141 ʤʣʥ ʣʝʪ, ʘ ʚʦʟʨʘʩʪ 3 ʦʙʨʘʟʮʦʚ ʠʟ ʄʘʢʳʣʛʘʥʩʢʦʡ 

ʨʦʩʩʳʧʠ ï 1759Ñ88 ʤʣʥ ʣʝʪ. ʍʦʪʷ Pt-Fe ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʠʟ ʨʦʩʩʳʧʝʡ ʨ. 

ʏʘʨʳ ʠ ʧʝʨʝʢʘʪʘ ʄʘʢʳʣʛʘʥ ʧʦ ʪʠʧʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʙʣʠʟʢʠ ʚʳʩʦʢʦ-

ʠʨʠʜʠʩʪʦʡ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʝ ʀʥʘʛʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʩʤ. ʨʠʩ. 1), ʧʝʨʚʳʝ 

ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʙʦʣʝʝ ʜʨʝʚʥʝʤʫ ʚʦʟʨʘʩʪʫ ʦʪʠʥʘʛʣʠʥʩʢʠʭ, ʠʤʝʶʱʠʭ 
190Pt-4He ʚʦʟʨʘʩʪ 141Ñ7 ʤʣʥ ʣʝʪ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʨʝʚʥʠʝ 

ʚʦʟʨʘʩʪʳ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʧʣʦʱʘʜʥʳʭ ʨʦʩʩʳʧʝʧʨʦʷʚʣʝʥʠʡ ʚʦʩʪʦʢʘ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʝʱʸ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʷ [2] ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʦʜ PZ-MZ ʯʝʭʣʦʤ ʜʨʝʚʥʠʭ ʧʦʛʨʝʙʝʥʥʳʭ 
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ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʣʘʪʠʥʳ ʜʣʷ ʫʥʠʢʘʣʴʥʦʛʦ "ʚʠʣʶʡʩʢʦʛʦ" ʪʠʧʘ ʨʦʩ-

ʩʳʧʝʡ. 

ɺʦʟʨʘʩʪ ʟʝʨʝʥ Fe-Pt ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʟʦʣʦʪʦ-

ʧʣʘʪʠʥʘ-ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʨ. ʄʘʷʪ (ʧʨʠʪʦʢ ʨ. ɸʥʘʙʘʨ) ʩʦʩʪʘʚʣʷʝʪ 

261Ñ13 ʤʣʥ ʣʝʪ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʥʘʨʷʜʫ ʩ ʥʘʭʦʜʢʦʡ ʚ ʤʘʪʨʠʮʝ Fe-Pt 

ʩʧʣʘʚʦʚ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʧʦ ʩʦ-

ʩʪʘʚʫ ʤʝʣʴʪʝʡʛʠʪʘʤ [3], ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʚʷʟʴ ʄʇɻ ʠʟ ʨʦʩʩʳʧʝʡ ʙʘʩʩʝʡʥʘ ʨ. 

ɸʥʘʙʘʨ ʩ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦ-

ʨʦʜ. 

ʀʪʘʢ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʚʦʟʨʘʩʪ-

ʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʟʥʳʭ ʧʣʘʪʠʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨ-

ʤʳ ʧʦʟʚʦʣʷʶʪ ʩʚʷʟʳʚʘʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʣʘʪʠʥʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʉʠʙʠʨ-

ʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʨʫʧʥʳʭ ʠʟ-

ʚʝʨʞʝʥʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʚ 1900, 

1865, 1750, 1700, 1640, 1350, 1258, 725 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʬʠʢʩʠʨʫʝʤʳʭ 

ʥʘʰʠʤʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ ʙʘʟʠʪʦʚʳʭ ʧʦʨʦʜ ʥʘ ʉʠʙʠʨʩʢʦʤ ʠ ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʤ 

ʢʨʘʪʦʥʘʭ [6]. ʌʘʥʝʨʦʟʦʡʩʢʠʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʪʠʥʦʥʦʩʥʳʝ ʤʘʛʤʘʪʠʪʳ 

ʩʚʷʟʘʥʳ ʩʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʠ ʤʝʟʦʟʦʡʩʢʠʤ ʵʧʠʟʦʜʘʤʠ ʧʨʦʷʚʣʝʥʠʷ ʉʠ-

ʙʠʨʩʢʦʛʦ ʩʫʧʝʨʧʣʶʤʘ, ʧʨʦʷʚʠʚʰʝʛʦʩʷ ʚ ʛʠʛʘʥʪʩʢʠʭ ʠʟʚʝʨʞʝʥʠʷʭ ʙʘʟʠʪʦ-

ʚʦʛʦ ʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʳʤʠ ʤʝʟʦʟʦʡ-

ʩʢʠʤʠ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʉʠ-

ʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ (ˉ 0381-2016-0004) 

ʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 17-05-00390). 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɼʤʠʪʨʠʝʥʢʦ ɻ.ɻ., ʄʦʯʘʣʦʚ ɸ.ɻ., ʇʘʣʘʜʞʷʥ ʉ.ɸ., ɻʦʨʷʯʝʚʘ ɽ.ʄ. ʍʠʤʠʯʝʩʢʠʝ 
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ɺ 2015 ʛʦʜʫ ʠʩʧʦʣʥʠʣʦʩʴ 150 ʣʝʪ ʵʢʩʧʝʜʠʮʠʠ ʈʠʯʘʨʜʘ ʂʘʨʣʦʚʠʯʘ ʄʘʘ-

ʢʘ ʚ ɺʠʣʶʡʩʢʦʤ ʦʢʨʫʛʝ. ʕʪʘ ʵʢʩʧʝʜʠʮʠʷ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʟʘʜʘʥʠʶ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ʆʩʥʦʚʥʳʤ 

ʟʘʜʘʥʠʝʤ ʄʘʘʢʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ɺʠʣʶʡʩʢʠʡ ʦʢʨʫʛ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʝʛʦ 

ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ [1]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʧʦʠʩʪʠʥʝ ʛʝʨʦʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʷʚʠʣʘʩʴ ʪʦʧʦʛʨʘ-

ʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʜʦ ʩʠʭ ʧʦʨ ʩʦʚʝʨʰʝʥʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʤʝʩʪ, ʦʧʠʩʘʥʠʝ ʨʝʣʴʝ-

ʬʘ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʫʨʦʛʦ ʫʛʣʷ, ʩʦʣʠ, ʥʝʢʦʪʦ-

ʨʳʭ ʨʝʜʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʥʘʭʦʜʢʠ, ʬʣʦʨʳ ʠ ʬʘʫʥʳ (ʧʦʟ-

ʚʦʣʠʚʰʠʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʪʦʨʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʎʝʥʪʨʘʣʴʥʦʡ 

ʗʢʫʪʠʠ), ʦʧʠʩʘʥʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

ʊʘʢʞʝ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʈʠʯʘʨʜ ʄʘʘʢ ʥʘʧʠʩʘʣ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʞʝʣʝʟʦʜʦ-

ʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʍʦʨʠʥʩʢʦʤ, ʄʝʠʢʩʢʦʤ, ʧʝʨʚʦʤ ɽʜʶʛʷʡʩʢʦʤ 

ʥʘʩʣʝʛʘʭ. 

ʕʢʩʧʝʜʠʮʠʷ ʰʢʦʣʴʥʠʢʦʚ ʵʪʦʛʦ ʛʦʜʘ ʧʨʦʭʦʜʠʣʘ ʧʦ ɺʠʣʶʡʩʢʦʤʫ ʨʝʛʠʦ-

ʥʫ, ʥʘʯʠʥʘʷ ʩ ʩʝʣʘ ʃʝʢʝʯʝʥ ɺʠʣʶʡʩʢʦʛʦ ʫʣʫʩʘ ʠ ʜʦ ʩʝʣʘ ʂʝʤʧʝʥʜʷʡ ʉʫʥ-

ʪʘʨʩʢʦʛʦ ʫʣʫʩʘ. ʇʦ ʭʦʜʫ ʤʘʨʰʨʫʪʘ ʰʢʦʣʴʥʠʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʘʚʣʦʚʘ 

ɸ.ɻ. ʧʨʦʚʦʜʠʣʠ ʰʣʠʭʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʚʦʜʦʪʦʢʦʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʧʠʩʘʥʠ-

ʝʤ ʤʠʥʝʨʘʣʦʚ ʚ ʰʣʠʭʘʭ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ. ʊʘʢ ʞʝ ʚ ʦʪʜʝʣʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʀʥʩʪʠʪʫʪʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʤʘʟʘ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʰʘ-

ʨʠʢʦʚ, ʥʘʡʜʝʥʥʳʭ ʚ ʰʣʠʭʘʭ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ. 

mailto:kyydyk@mail.ru
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ʇʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʰʣʠʭʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚ ʧʨʦʙʘʭ 

ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʢʘʢ ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʧʠʨʦʢʩʝʥʳ, ʘʧʘʪʠʪ, ʟʦʣʦʪʦ ʠ ʤʠ-

ʥʝʨʘʣʳ - ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ ï ʘʣʴʤʘʥʜʠʥ ʠ ʧʠʨʦʧ, ʘ ʪʘʢʞʝ ʤʝʪʝʦʨʠʪʳ. ʅʠʞʝ 

ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʰʣʠʭʦʚ, ʧʨʦʤʳʪʳʭ ʠʟ ʨʳʭʣʳʭ 

ʦʪʣʦʞʝʥʠʡ ʨʝʢ ʊʶʢʷʥʘ, ʄʘʨʭʠ ʠ ɺʠʣʶʷ. 

ɸʣʤʘʟ. ʄʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʦʙʥʘʨʫʞʝʥʳ ʚ ʰʣʠʭʘʭ ʠʟ ʨʳʭʣʳʭ ʦʪ-

ʣʦʞʝʥʠʡ ʘʣʣʶʚʠʷ ʨʝʢ ʄʘʨʭʠ, ʊʶʢʷʥʘ ʠ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ 

ʫʯʘʩʪʢʘ ʉʦʢʦʣʠʥʘʷ ʂʦʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ɺʠʣʶʡ 

ʦʢʦʣʦ ʩʝʣʘ ʂʨʝʩʪʷʭ. ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,1 ʤʤ. ʌʦʨʤʘ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨ ʠ ʨʦʤʙʠʯʝʩʢʠʡ ʜʦʜʝʢʘ-

ʵʜʨ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʩ ʬʦʨʤʘʤʠ ʛʝʢʩʘʵʜʨ. ʂʨʦʤʝ ʭʘʨʘʢʪʝʨʥʦʡ 

ʬʦʨʤʳ ʘʣʤʘʟ ʚ ʰʣʠʭʘʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʧʦʭʦʞʠʭ ʥʘ ʥʝʛʦ ʤʠʥʝʨʘʣʦʚ 

ʩʠʣʴʥʳʤ (ʘʣʤʘʟʥʳʤ) ʙʣʝʩʢʦʤ ʠ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʇʨʠ ʨʘʟʜʘʚʣʠʚʘʥʠʠ 

ʩʪʝʢʣʦʤ ʘʣʤʘʟ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʜʨʫʛʠʝ ʥʘ ʥʝʛʦ ʧʦʭʦʞʠʝ ʤʠʥʝʨʘʣʳ ʥʝ ʚʳʜʝʨ-

ʞʠʚʘʶʪ ʜʘʚʣʝʥʠʷ ʠ ʣʝʛʢʦ ʜʨʦʙʷʪʩʷ.  

ʈʠʩ. 1. ʄʝʪʝʦʨʠʪʳ: ɸ - ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ. ʈʝʢʘ ʄʘʨʭʘ.; ɹ - çʧʨʠʩʚʘʨʝʥʥʳʡè 

ʢ ʜʨʫʛʠʤ ʦʙʣʦʤʢʘʤ; ɺ - ʞʝʣʝʟʥʳʡ ʤʝʪʝʦʨʠʪ; ɻ ï ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

 

ɸ 

 

ɹ 

 

ɺ  

ɻ 

 

ˉ  

ʘʥʘʣʠʟʘ 

Fe Total 

1 88.63 88.63 

2 85.41 85.41 
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ɿʦʣʦʪʦ. ɿʝʨʥʘ ʟʦʣʦʪʘ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ 

ʧʨʦʙʘʭ. ʌʦʨʤʘ ʟʦʣʦʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʣʠʩʪʦʯʢʦʚ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʟʝʨʝʥ ʧʦʤʷʪʳ, ʠʤʝʶʪ ʰʘʛʨʝʥʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʢʨʫʞʝʥʳ ʫʪʦʣʱʝʥ-

ʥʳʤʠ ʢʨʘʷʤʠ ʩ ʦʪʦʨʦʯʢʘʤʠ. ɺʩʝ ʟʝʨʥʘ ʠʤʝʶʪ ʞʝʣʪʳʡ ʟʦʣʦʪʠʩʪʳʡ ʮʚʝʪ.  

ʄʝʪʝʦʨʠʪʳ. ɺ ʢʘʞʜʦʤ ʰʣʠʭʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʠʜʝʘʣʴʥʦʛʦ 

ʰʘʨʠʢʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʭʦʜʦʢ ʛʣʘʜʢʘʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʙʣʝʩʢʦʤ, ʫ ʤʝʥʴʰʠʥʩʪʚʘ ʰʘʨʠʢʦʚ ï ʤʘʪʦʚʘʷ. ʐʘʨʠʢʠ - ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʙʣʝʩʢʦʤ ʩʠʣʴʥʦ ʤʘʛʥʠʪʥʳʝ. ʂʨʦʤʝ ʠʜʝʘʣʴʥʳʭ ʰʘʨʠʢʦʚ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʘʧʣʝʦʙʨʘʟʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʠʤʝʶʱʠʝ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʣʝʩʢ (ʨʠʩ. 1, 

ɸ). ɺ ʰʣʠʭʘʭ ʨʝʢʠ ʄʘʨʭʘ ʥʘʡʜʝʥ ʰʘʨʠʢ ʩ ʤʘʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʢ ʙʫʜ-

ʪʦ ʧʨʠʩʚʘʨʝʥʥʳʡ ʢ ʜʨʫʛʠʤ ʦʙʣʦʤʢʘʤ (ʨʠʩ. 1, ɹ). ɺ ʦʪʜʝʣʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʀʥʩʪʠʪʫʪʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʤʘʟʘ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʰʘ-

ʨʠʢʦʚ (ʨʠʩ.1, ɺ). ɺʩʝ ʵʪʠ ʬʘʢʪʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʤʝʪʝʦʨʠʪʥʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʰʘʨʠʢʦʚ, ʘ ʤʘʛʥʠʪʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ï ʦ ʝʛʦ ʞʝʣʝʟʥʦʤ ʩʦʩʪʘʚʝ (ʨʠʩ. 1, ɻ). 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʰʣʠʭʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʫʪʥʠʢʠ-ʤʠʥʝʨʘʣʳ ʘʣʤʘʟʘ ï ʛʨʘ-

ʥʘʪʳ (ʧʠʨʦʧ ʠ ʘʣʴʤʘʥʜʠʥ); 

2. ɺʦ ʚʩʝʭ ʰʣʠʭʘʭ ʥʘʡʜʝʥʳ ʟʝʨʥʘ ʟʦʣʦʪʘ; 

3. ʇʨʠʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʝʛʦ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʚ ʰʣʠʭʘʭ 

ʨʝʢʠ ʄʘʨʭʘ ʠ ʊʶʢʷʥ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʚ ʚʝʨʭʦʚʴʷʭ ʵʪʠʭ ʨʝʢ; 

4. ʅʘʣʠʯʠʝ ʚ ʰʣʠʭʘʭ ʟʝʨʝʥ ʟʦʣʦʪʘ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʨʦʩ-

ʩʳʧʥʦʡ ʟʘʣʝʞʠ ʚ ʙʘʩʩʝʡʥʘʭ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʨʝʢ; 

5. ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʰʣʠʭʘʭ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦ-

ʨʦʜ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʢʦʨʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʘʣʤʘ-

ʟʘ; 

6. ʄʝʣʢʠʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠ ʦʢʘʪʘʥʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ-

ʩʧʫʪʥʠʢʦʚ ʛʦʚʦʨʷʪ ʦ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʠ ʠʭ ʧʝʨʝʥʦʩʘ; 

7. ʅʘʡʜʝʥʥʳʝ ʜʚʘ ʚʠʜʘ ʰʘʨʠʢʦʚ ʥʘʤʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ 

ʢʘʢ ʤʝʪʝʦʨʠʪʥʳʝ ʚʝʱʝʩʪʚʘ ʢʘʤʝʥʥʦʛʦ ʠ ʞʝʣʝʟʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. Ru.wikipedia.org/wiki/ʄʘʘʢ 
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ʇʈʀɿʅɸʂʀ ɿʆʃʆʊʆʈʋɼʅʆʁ ɿʆʅʓ ɺ ʏɽʈʅʆʉʃɸʅʎɽɺʆʁ 

ʊʆʃʑɽ ʇʆ ɸʕʈʆʄɸɻʅʀʊʅʓʄ ɼɸʅʅʓʄ ʅɸ ʇʈʀʄɽʈɽ 

ʄɸʃʆʄʓʈʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

 

ʇʘʨʘʜʘ ʉ.ɻ. 

ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, segripa@rambler.ru 

 

ɼʣʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʘʨʝʘʣʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʳʭ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) ʛʨʘʥʠʪʦʠʜʦʚ [6]. ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʦʥʘ ʧʨʦʷʚʣʝʥʘ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. 

ɺ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ɸʤʫʨʦ-ʆʭʦʪʩʢʦʡ ʦʙʣʘʩʪʠ ʪʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʥʝ ʫʣʘʚʣʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʫʯʘʩʪʢʠ ʩʦʚʤʝʱʝʥʠʷ ʜʨʝʚʥʝʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʠ 

ʤʝʟʦʟʦʡʩʢʦʡ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴ ʦʪʨʘʞʝʥʠʝ ʚ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʡʦʥʝ ʄʘʣʦʤʳʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʠʟʣʦʞʝʥʳ ʚ [3, 4]. 

ɼʣʷ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʝʜʝʥʘ ʦʮʠʬʨʦʚʢʘ ʢʘʨʪʳ ʛʨʘʬʠʢʦʚ æT 

ʤʘʩʰʪʘʙʘ 1:25000 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ , ʠʟʣʦʞʝʥʥʦʡ ʚ [1, 2, 5]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʝʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʜʝʣʝʥʳ ʪʨʠ ʪʠʧʘ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ æT (ʨʠʩ. 1). ʆʥʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʢʘʨʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 2). ʉʧʦʢʦʡʥʳʤ, ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (0... -70 ʥʊʣ) 

ʧʦʣʝʤ æʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʦʡ ʫʛʣʝʨʦ-

ʜʠʩʪʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ (ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ) ʪʦʣʱʠ (ʨʠʩ. 1a). ʈʝʟʢʦ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʥʳʤ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤ (+1500... -1000 ʥʊʣ) ʧʦʣʝʤ æT ʦʪʣʠʯʘ-

ʝʪʩʷ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʧʦʢʨʦʚʘ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʚʫʣʢʘʥʠʪʦʚ (ʨʠʩ. 1ʙ). ʉʝ-

ʚʝʨʥʘʷ ʝʝ ʛʨʘʥʠʮʘ ʧʦʜʯʝʨʢʥʫʪʘ ʟʦʥʦʡ ʩʦʧʨʷʞʝʥʥʳʝ ʤʠʥʠʤʫʤʦʚ (-200... -

400 ʥʊʣ). ʇʦʟʜʥʝʤʝʣʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ ʚʳʜʝʣʷʶʪʩʷ ʩʨʝʜʠ ʜʨʫʛʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ 

+300 ʥʊʣ ʠ ʙʦʣʝʝ). ʅʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʩʫʤʤʠʨʫʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʛʨʘʥʠʪʦʠʜʘʤʠ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ (ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ 

ʧʣʦʱʘʜʠ), ʛʨʘʬʠʢʠ æT ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʚʥʳʝ (ʨʠʩ. 1ʚ). ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʚʫʣʢʘʥʠʪʦʚ (ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʧʣʦʱʘʜʠ) ʦʙ-

ʱʠʡ ʫʨʦʚʝʥʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʚʳʰʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦ-

mailto:segripa@rambler.ru
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ʢʦʯʘʩʪʦʪʥʳʝ ʘʥʦʤʘʣʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʜʦʩʪʠʛʘʶʱʝʡ 

+300...+400 ʥʊʣ (ʨʠʩ. 1ʛ). 

 

 
ʈʠʩ. 1. ʊʠʧʦʚʳʝ ʛʨʘʬʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʜ ʫʛʣʝʨʦʜʠʩʪʦʡ ʪʦʣʱʝʡ 

ʄʘʣʦʤʳʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ (ʘ), ʚʫʣʢʘʥʠʪʘʤʠ K2 (ʙ), ʛʨʘʥʠʪʦʠʜʘʤʠ K2 ʩʨʝʜʠ 

ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ, ʛʨʘʥʠʪʦʠʜʘʤʠ K2 ʩʨʝʜʠ ʚʫʣʢʘʥʠʪʦʚ K2 (ʛ). 

1 ï ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ 2 ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ æT 

 

ɺ ʢʘʞʜʦʤ ʠʟ ʦʧʠʩʘʥʥʳʭ ʪʠʧʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʷ ʩ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʳʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʷʤʠ; ʘ ʪʘʢʞʝ 

ʩ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʘʥʦʤʘʣʠʡ. ʇʦʣʫʯʝʥʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʝʦʣʦʛʠʝʡ ʨʘʡʦʥʘ ʠ ʚʩʢʨʳʚʘ-

ʝʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʯʝʨʥʦ-

ʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ (ʨʠʩ. 2). ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʪʤʝʯʘʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʩʦʚʧʘ-

ʜʝʥʠʷ. ʇʦ ʘʵʨʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ, ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʚʫʣʢʘʥʠʪʳ ʨʘʟʚʠʪʳ 

ʰʠʨʝ, ʯʝʤ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʧʨʝ-

ʜʝʣʘʭ ʦʙʣʘʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʠʤʝʶʪ ʣʦ-

ʢʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  
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 ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʝ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ 

ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚʳʭ ʠʥʪʨʫʟʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʨʦʟʠʝʡ ʚʩʢʨʳʪʘ ʘʧʠʢʘʣʴʥʘʷ ʯʘʩʪʴ ʙʦʣʝʝ 

ʢʨʫʧʥʦʛʦ ʠʥʪʨʫʟʠʚʘ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʨʘʡʦʥʘ ʄʘʣʦʤʳʨʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʫʟʣʘ. ʍʘʨʘʢʪʝʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 1 ï ʥʘʜ ʫʛʣʝʨʦʜʠʩʪʦʡ ʪʦʣʱʝʡ ʩʧʦʢʦʡʥʦʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ (ʘ), ʪʦ ʞʝ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ (ʙ), ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ (ʚ); 2 ï ʥʘʜ ʛʨʘʥʠʪʦʠʜʘʤʠ, ʩʧʦʢʦʡʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ (ʘ), ʪʦ 

ʞʝ ʩ ʧʦʚʳʰʝʥʥʳʤ (ʙ) ʠ ʚʳʩʦʢʠʤ (ʚ) ʫʨʦʚʥʝʤ; 3 ï ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʚʫʣʢʘʥʠʪʘʤʠ 

ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʝ (ʘ), ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʙ); 4 ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʫʣʢʘʥʠʪʦʚ ʂ2, ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʟʦʥʘʤʠ ʤʠʥʠʤʫʤʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ; 5 ï ʚʳʭʦʜʳ ʛʨʘʥʠʪʦʠʜʦʚ ʂ2 ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; 6 ï ʨʫʜʦʥʦʩʥʘʷ ʟʦʥʘ. 

 

ʉʦʚʤʝʱʝʥʠʝ ʩʭʝʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʩ ʟʦʣʦʪʦ-

ʥʦʩʥʦʩʪʴʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʫʜʦʥʦʩʥʘʷ ʟʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʙʣʦ-

ʢʦʚ ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʫʨʦʚʥʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʆʜʥʘʢʦ ʵʪʦ ʩʦʚʧʘʜʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ, ʪʘʢ ʢʘʢ ʥʘ ʶʛʝ ʨʫʜʦʥʦʩʥʘʷ 

ʟʦʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʵʪʦʡ ʛʨʘʥʠʮʳ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʫʱʝʩʪʚʦʚʘʣʠ 

ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʩʦʟʜʘʚʰʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 
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ʫʩʣʦʚʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʨʫʜʦʥʦʩʥʦʡ ʟʦʥʳ ʠ ʥʘʰʝʜʰʠʝ ʦʪʨʘʞʝʥʠʝ ʚ ʤʘʛʥʠʪ-

ʥʦʤ ʧʦʣʝ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʟʠʮʠʷ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʝ ʚʳʭʦʜʷʱʠʤʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʤʘʛʥʠʪʥʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ. ʕʪʠ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʚ ʮʝʣʦʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦʢʨʫʛ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʩʣʝʜ-

ʥʝʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚ 

ʦʙʣʘʩʪʠ ʩʧʦʢʦʡʥʦʛʦ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʫʛʣʝʨʦʜʠ-

ʩʪʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʪʦʣʱʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʩʫʣʴʬʠʜʥʦ-

ʚʢʨʘʧʣʝʥʥʘʷ ʟʦʣʦʪʦʥʦʩʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʦʪʨʘʞʝ-

ʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ 

ʫʯʘʩʪʢʝ ʩʧʦʢʦʡʥʦʛʦ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʫʞʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ. ɺʳʷʚʣʝʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʧʨʠ ʧʦʠʩʢʘʭ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ. 
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ʂʦʥʮʝʧʮʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ [13]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʡ ʚʳʜʝʣʷ-

ʶʪʩʷ ʪʨʠ ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ: ʧʝʨʚʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʬʣʶʠʜʦʚ 

ʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʪʦʨʘʷ ʢʘʩʘʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʝʨʝʥʦʩʘ ʨʫ-

ʜʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ, ʘ ʪʨʝʪʴʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʷʤ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ.  

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪ ʩʘʤʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʦʛʝʥʥʦʡ ʩʠʩʪʝ-

ʤʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ Au, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦ-

ʨʳʤʠ Au ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʥʠʟʢʠʤ ʢʣʘʨʢʦʤ (n³10-7 %). ʇʨʠ ʨʘʟʚʠʪʠʠ ʛʨʘʥʠ-

ʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʩʝ ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʨʘʩ-

ʧʣʘʚʝ ʟʦʣʦʪʦ ʠʟʦʤʦʨʬʥʦ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʤʠʩʷ ʩʠʣʠʢʘʪʘʤʠ. 

ʀ ʪʦʣʴʢʦ ʠʟʣʠʰʢʠ ʤʝʪʘʣʣʘ ʧʨʦʪʠʚ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʨʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʧʦʢʠʥʫʪʴ ʨʘʩʧʣʘʚ. ɻʨʘ-

ʥʠʪʥʘʷ ʤʘʛʤʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʪʘʢʠʤʠ ʠʟʣʠʰʢʘʤʠ ʥʝ ʦʙʣʘʜʘʝʪ. ʊʘʢʠʝ ʠʟʣʠʰʢʠ 

ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥʥʳʤ ʟʦʣʦʪʦʤ ʩʫʙʩʪʨʘʪʦʤ. ʊʘʢ, ʖ.ɻ. ʑʝʨʙʘʢʦʚ ʧʠʰʝʪ: çʇʝʨʚʳʤ 

ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʙʳʪʠʝʤ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʙʫʜʫʱʝʤʫ ʨʫʜʥʦʤʫ ʧʨʦʮʝʩʩʫ, 

ʧʝʨʚʦʡ ʝʛʦ ʧʨʝʜʧʦʩʳʣʢʦʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘè [12, ʩ. 28]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʪʘʢʦʡ ʛʝʦ-

ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ ʤʘʛʤʳ 

ʦʩʥʦʚʥʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʠʟʥʘʯʘʣʴʥʦ ʧʦʚʳʰʝʥ-

ʥʳʤ ʢʣʘʨʢʦʤ ʟʦʣʦʪʘ, ʠ ʥʝʢʦʪʦʨʳʝ, ʦʙʦʛʘʱʝʥʥʳʝ ʟʦʣʦʪʦʤ ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ 

ʪʦʣʱʠ. ʕʪʠʤ, ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʟʦʣʦʪʦ-

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʚʫʣʢʘʥʦʛʝʥʥʳʤ ʢʦʤ-

ʧʣʝʢʩʘʤ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢ ʫʛʣʝʨʦʜʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ [10]. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʥʠʪ-

ʥʦʡ ʤʘʛʤʳ ʩ ʬʝʤʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʘʙʙʨʦʠʜʳ ʢʩʝʥʦʣʠʪʦʚ 

ʚ ʛʨʘʥʠʪʝ ʦʙʦʛʘʱʘʶʪʩʷ ʛʨʘʥʠʪʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʚʳʩʚʦʙʦʞʜʘʶʪ 

ʧʦʣʦʚʠʥʫ ʚʩʝʛʦ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʠʭ ʟʦʣʦʪʘ [11]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨ-
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ʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʩʤʝʰʝʥʠʶ ʢʠʩʣʳʭ ʠ ʦʩʥʦʚʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200Áʉ ʠ ʜʘʚʣʝʥʠʠ 1000 ʘʪʤ. ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦ-

ʭʣʦʨʠʜʥʦʛʦ ʬʣʶʠʜʘ [4, 5]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʨʘʩ-

ʧʣʘʚʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʛʠʙʨʠʜʥʘʷ ʧʦʨʦʜʘ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʘʥʦʤʘʣʴ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʟʘ ʩʯʝʪ ʝʛʦ ʤʦʙʠʣʠʟʘʮʠʠ ʠʟ ʙʘʟʘʣʴʪʦʚʦʛʦ ʠ ʛʨʘ-

ʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʲʷʩʥʷʝʪ ʠʟʚʝʩʪ-

ʥʫʶ ʛʝʦʣʦʛʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʤʘʛʤʘʤʘ-

ʪʠʟʤʦʤ ʛʠʙʨʠʜʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ɺʦʩʪʦʯʥʦʡ ʗʢʫ-

ʪʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʪʘʤ, ʛʜʝ ʛʨʘ-

ʥʠʪʦʠʜʥʳʡ ʤʘʛʤʘʪʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʙʦʛʘʱʝʥʥʳʤʠ ʟʦʣʦʪʦʤ ʫʛʣʝʨʦ-

ʜʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʦʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [3]. ʄʝʭʘʥʠʟʤʳ 

ʪʘʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʣʠʪʦʛʝʥʝʟʘ ʨʘʩʢʨʳʪʳ ʚ [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯ-

ʥʠʢʦʤ ʟʦʣʦʪʘ ʧʨʠ ʵʥʜʦʛʝʥʥʦʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʀʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʠʟ ʥʠʭ 

ʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚ ʦʙʣʘʩʪʴ ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʳʭ ʤʘʛʤ ʠʣʠ ʛʣʫʙʠʥʥʳʭ 

ʩʢʚʦʟʴʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʛʣʫʙʠʥʥʦʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩ ʬʝʤʠʯʝʩʢʠʤ ʩʫʙʩʪʘʪʦʤ ʠ (ʠʣʠ) ʯʝʨʥʦʩʣʘʥ-

ʮʝʚʳʤʠ ʪʦʣʱʘʤʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʬʣʶʠʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 

ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʬʝʤʠʯʝ-

ʩʢʦʛʦ ʩʫʙʨʘʪʘ ʠʣʠ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱʴ ʚ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ 

ʢʠʩʣʳʭ ʤʘʛʤ ʠ ʩʢʚʦʟʴʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʛʤʘʪʦʛʝʥʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʩʠʩʪʝʤʳ ʂʘ-

ʢʘʚʟʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʦʠʥʪʨʫʟʠʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ɻʣʘʚʥʦʛʦ ʠ 

ʇʝʨʝʜʦʚʦʛʦ ʭʨʝʙʪʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʜʘʚʥʠʤ ʦʪʢʨʳʪʠʝʤ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʥʘ ʉʝʚʝʨʥʦʤ 

ʬʣʘʥʛʝ ʊʳʨʥʳʘʫʟʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ [9, 14].  

ʆʩʥʦʚʫ ʊʳʨʥʳʘʫʟʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʩʦʩʪʘʚʣʷʝʪ ʪʳʨʥʳʘʫʟʩʢʠʡ ʧʣʠʦ-

ʮʝʥ-ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʛʨʘʥʠ-

ʪʦʠʜʦʚ [6, 14]. ʉʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʨʝʦʣʘ ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ, ʨʫʜʦʥʦʩʥʳʭ ʩʢʘʨʥʦʚ ʠ ʨʦʛʦʚʠʢʦʚ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʨʘʙʦʪʝ [8] ʥʘʣʠʯʠʝ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʩʩʠʚʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʘʥʦʤʘʣʠʝʡ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʧʝʨʠʬʝʨʠ-

ʷʤ ʵʪʦʡ ʘʥʦʤʘʣʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ, 
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ʦʣʦʚʘ, ʟʦʣʦʪʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʩʫʨʴʤʳ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʦʨʝʦʣʘ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʨʫʧʥʦʝ Mo-W ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʊʳʨʥʳʘʫʟ ʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ ɿʳʛʳʨʢʦʣʴ-

ʩʢʦʡ ʟʦʥʳ. ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʤʠʥʠʤʫʤʘ ʩʣʦʞʝʥʘ ʥʝʤʘʛʥʠʪʥʳʤ ʩʠʘʣʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ. ʀʤʝʥʥʦ ʢ 

ʥʝʤʫ ʧʨʠʫʨʦʯʝʥʦ Mo-W ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʊʳʨʥʳʘʫʟ ʠ ʜʨʫʛʠʝ ʨʫʜʦʧʨʦʷʚʣʝ-

ʥʠʷ W ʠ Mo. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ, ʥʘʦʙʦʨʦʪ, 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʙʣʘʩʪʷʤ ʣʦʢʘʣʴʥʳʭ ʧʦʚʳʰʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤʠ [1, 2], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʴʜʞʫʨʪʠʥʩʢʠʭ 

ʛʨʘʥʠʪʦʠʜʦʚ ʪʳʨʥʳʘʫʟʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʘʣʦʛʣʫʙʠʥʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʦʩʥʦʚʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦ ʤʦʛʣʠ ʙʳʪʴ ʪʨʘʭʠʘʥʜʝʟʠ-

ʪʳ ʕʣʴʙʨʫʩʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʣʦʞʝʥʥʦʡ 

ʚʳʰʝ ʢʦʥʮʝʧʮʠʠ ʤʘʛʤʘʪʦʛʝʥʥʦʡ ʟʦʣʦʪʦʛʝʥʝʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʦʮʝʥʢʠ ʧʝʨʩʧʝʢ-

ʪʠʚ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʥʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʟʦʣʦʪʦ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʇʝʨʝʜʦʚʦʛʦ ʠ ɻʣʘʚʥʦʛʦ ʭʨʝʙʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʊʳʨʥʳʘʫʟʩʢʠʤ, 

ʊʝʧʣʠʥʩʢʠʤ ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʝʦʠʥʪʨʫʟʠʡ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʟʦʥʘʣʴʥʦʩʪʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ 

ɸʤʫʨʦ-ʆʭʦʪʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʧʦ [5]:  

1 ï 4 ï ʟʦʥʳ: 1 ï ʢʘʪʘʛʝʥʝʟʘ (I), 2 ï 4 ïʤʝʪʘʤʦʨʬʠʟʤʘ: 2 ï ʩʪʠʣʴʧʥʦʤʝʣʘʥʦʚʘʷ (II), 3 

ï ʙʠʦʪʠʪʦʚʘʷ (III ),   4 ï ʛʨʘʥʘʪʦʚʘʷ (IV); 5 ï ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (PZ); 

6 ï ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (MZ); 7 ï ʚʫʣʢʘʥʠʪʳ (MZ); 8 ï ʛʨʘʥʠʪʦʠʜʳ (PR); 9 ï 

ʛʨʘʥʠʪʦʠʜʳ (PZ3); 10 ï ʛʨʘʥʠʪʦʠʜʳ (MZ); 11 ï ʨʦʩʩʳʧʥʳʝ (ʘ) ʠ ʢʦʨʝʥʥʳʝ (ʙ) 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ: 1 ï ʄʘʣʦʤʳʨʩʢʦʝ, 2 ï ɺʝʨʭʥʝ-ʄʳʥʩʢʦʝ, 3 ï 

ɺʦʨʦʰʠʣʦʚʩʢʦʝ, 4 ï ʀʥʥʦʢʝʥʪʠʝʚʩʢʦʝ, 5 ï ʊʦʢʫʨʩʢʦʝ, 6 ï ʉʘʛʫʨʩʢʦʝ, 7 ï 

ʀʥʛʘʛʣʠʥʩʢʦʝ, 8 ï ʗʩʥʝʥʩʢʦʝ, 9 ï ʋʥʛʣʠʯʠʢʘʥʩʢʦʝ, 10 ï ʍʘʨʛʠʥʩʢʦʝ, 11 ï 

ɸʬʘʥʘʩʴʝʚʩʢʦʝ, 12 ï ʃʝʥʠʥʩʢʦʝ, 13 ï ɹʫʨʦʚʦʝ, 14 ï ɾʠʣʴʥʦʝ, 15 ï ʃʳʩʦʛʦʨʩʢʦʝ, 16 

ï ʇʝʪʨʦʚʩʢʦʝ 

 

ʈʘʥʝʝ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʨʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʟʦʣʦʪʘ ʚ ʨʘʟʣʠʯʥʭr ʧʦʨʦʜʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚʦ ʚʩʝʭ ʤʝʪʘʤʦʨ-

ʬʠʯʝʩʢʠʭ ʟʦʥʘʭ [3, 5]. ʋʩʪʘʥʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ 

ʟʦʣʦʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʦʨʦʜ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʪʝʧʝʥʠ ʠʭ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʕʪʦʪ ʬʘʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʣʴʥʦʡ ʧʨʝʜʧʦ-

ʩʳʣʢʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʚ 

ʧʦʨʦʜʘʭ, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦ-

ʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʅʠʞʥʠʝ ʩʝʯʝʥʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʢʦʣʦʥʥʳ, ʠʩʭʦʜʷ ʠʭ 

ʵʪʦʛʦ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʣʘʩʪʴ ʚʳʥʦʩʘ ʟʦʣʦʪʘ ʠ ʜʨʫʛʠʭ ʨʫʜʦʦʙʨʘ-

ʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩ. 2. ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʢʘʨʪʘ ʍʘʨʛʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦ [5]:  

1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, 2 ï ʜʘʡʢʠ ʧʦʨʬʠʨʠʪʦʚ (K2), 3 ï ʜʘʡʢʠ ʧʦʨʬʠʨʦʚ (K2), 

4 ï ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʝ ʤʝʪʘʛʘʙʙʨʦ, 5 ï ʘʬʠʨʦʚʳʝ ʤʝʪʘʙʘʟʠʪʳ, 6 ï ʟʝʣʝʥʳʝ ʩʣʘʥʮʳ ʩ 

ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʛʨʘʬʠʪʠʩʪʳʭ ʧʦʨʦʜ, 7 ï ʧʘʯʢʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʤʝʪʘʧʩʘʤʤʠʪʦʚʳʭ ʧʦʨʦʜ, 8 ï ʧʘʯʢʠ ʨʘʚʥʦʮʝʥʥʦʛʦ ʧʝʨʝʩʣʘʠʚʘʥʠʷ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʩʘʤʤʠʪʦʚʳʭ ʠ ʘʣʝʚʨʦʧʝʣʠʪʦʚʳʭ ʧʦʨʦʜ, 9 ï ʧʘʯʢʠ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʫʛʣʝʨʦʜʠʩʪʳʭ ʤʝʪʘʧʝʣʠʪʦʚ, 10 ï ʪʦ ʞʝ ʩ ʣʠʥʟʘʤʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ, 

11 ï ʣʦʢʘʣʴʥʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, 12 ï ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ-ʢʘʡʥʦʟʦʝ, 13 ï 

ʪʦ ʞʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʘʣʝʦʟʦʝ, 14 ï ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, 15 

ï ʣʠʥʟʳ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ ʧʨʦʞʠʣʢʦʚʦʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, 16 ï ʟʦʣʦʪʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ 

 

ɺ ʧʨʝʜʝʣʘʭ ʍʘʨʛʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʢʚʘʨʮʝ-

ʚʳʝ ʞʠʣʳ, ʠʤʝʷ ʙʣʠʟʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʯʝʪʳʨʝʭ 

ʙʣʠʟʤʝʨʠʜʠʘʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʦʥʘʭ (ʨʠʩ. 2). ʂ ʵʪʠʤ ʞʝ ʟʦʥʘʤ 

ʧʨʠʫʨʦʯʝʥʳ ʤʝʟʦʟʦʡʩʢʠʝ ʜʘʡʢʠ, ʠʤʝʶʱʠʝ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 
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ʟʦʥʳ, ʙʣʠʟʤʝʨʠʜʠʘʥʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʣʦʞʝʥʠʠ 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʟʦʥ ʧʦʟʜʥʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʕʣʴ-

ʛʦʢʘʥʩʢʦʛʦ ʢʫʧʦʣʘ ʚ ʧʝʨʠʦʜ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠ-

ʟʘʮʠʠ. ʕʪʠ ʟʦʥʳ ʧʝʨʝʩʝʢʘʶʪ ʛʦʨʠʟʦʥʪ ʵʢʨʘʥʠʨʫʶʱʠʭ ʤʝʪʘʙʘʟʠʪʦʚ, ʥʘʨʫ-

ʰʘʷ ʝʛʦ ʩʧʣʦʰʥʦʩʪʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷ-

ʟʘʥʦ ʛʝʥʝʪʠʯʝʩʢʠ ʩ ʤʝʟʦʟʦʡʩʢʠʤʠ ʤʘʣʳʤʠ ʠʥʪʨʫʟʠʷʤʠ, ʪʘʢ ʢʘʢ ʜʘʡʢʠ, ʧʝ-

ʨʝʩʝʢʘʶʪ ʟʦʣʦʪʦʥʦʩʥʳʝ ʞʠʣʳ, ʤʝʪʘʤʦʨʬʠʟʫʷ ʧʨʠ ʵʪʦʤ ʢʚʘʨʮ, ʩʘʤʦʨʦʜʥʦʝ 

ʟʦʣʦʪʦ ʠ ʜʨ. ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʧʨʠ ʵʪʦʤ ʩʘʤʠ ʩʦʜʝʨʞʘʪ ʢʩʝʥʦʣʠʪʳ ʟʦʣʦʪʦ-

ʥʦʩʥʦʛʦ ʢʚʘʨʮʘ [4, 6], ʪ. ʝ., ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʞʠ-

ʣʘʤ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʵʪʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ ʚ ʨʘʤʢʘʭ 

ʩʣʝʜʫʶʱʝʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʜʦʛʝʥʥʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʦʩ-

ʥʦʚʘʥʥʦʡ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ [1, 7] ʠ ʧʦʣʫʯʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʠ-

ʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʘʝʤʦʤʫ ʨʝʛʠʦʥʫ [2, 3, 5]. ʅʘ ʩʪʘ-

ʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʳʜʝʣʷʣʠʩʴ ʪʝʨʤʦʜʝʛʠʜʨʘʪʘʮʠʦʥʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʬʣʶʠʜʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʚ ʧʦʜʵʢʨʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʨʘʩʪʫʱʠʭ ʧʨʠ ʵʪʦʤ ʢʫʧʦʣʦʚʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʄʝʪʘʤʦʨʬʠʟʫʝʤʳʝ ʚʤʝʩʪʝ ʩ ʫʯʘʩʪʢʘʤʠ ʧʨʝʜʨʫʜʥʦʡ ʣʠʪʦʛʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʨʦʜʳ, ʦʧʨʝʜʝʣʷʣʠ ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʵʪʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʘʙʦʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʥʠʭ ʨʫʜʦʦʙʨʘ-

ʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [5].  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʭʨʫʧʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʕʣʴʛʦʢʘʥʩʢʦʤ ʢʫʧʦʣʝ (ʍʘʨʛʠʥ-

ʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ) ʪʘʢʠʝ ʨʘʩʪʚʦʨʳ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʠʩʴ ʚ ʤʝʪʘʩʪʘ-

ʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʦʜʵʢʨʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʧʨʦʜʦʣʞʘʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ʈʘʟʛʨʫʟʢʘ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʧʣʦʰʥʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘ-

ʮʠʠ. ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʧʦʜʦʰʝʣ ʬʨʦʥʪ ʤʘʛʤʘʪʠʟʤʘ ʠ ʦʪʜʝʣʴʥʳʝ ʪʨʝʱʠʥʳ 

ʟʘʧʦʣʥʠʣʠʩʴ ʜʘʡʢʘʤʠ. ʊʘʢ ʟʘʚʝʨʰʠʣʦʩʴ ʦʬʦʨʤʣʝʥʠʝ ʩʨʫʢʪʫʨʳ ʍʘʨʛʠʥʩʢʦ-

ʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʷʚʣʷʣʠʩʴ ʧʦʜʵʢʨʘʥʥʳʝ ʧʦʨʦʜʳ ʷʜʝʨ-

ʥʦʡ ʯʘʩʪʠ ʵʣʴʛʦʢʘʥʩʢʦʛʦ ʢʫʧʦʣʘ, ʘ ʩʪʨʫʢʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʞʠʣ ʦʧʨʝʜʝʣʷʣʠʩʴ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. 
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ʛʦʨʥʦ-ʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʝʡ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢ-

ʣʦʚ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʚ ʦʩʚʦʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʚʢʣʶʯʘʷ ʧʦʠʩʢʠ ʠ ʨʘʟʚʝʜʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʨʫʜʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ [6].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʷʚ-

ʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʢʦʤʧʣʝʢʩʥʦʝ ʦʩʚʦʝʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʖʞʥʦʡ ʗʢʫʪʠʠ [1, 4] ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [2, 3, 7]. 

ʉʦʛʣʘʩʥʦ [7], ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʶʪ ʧʦ-

ʣʠʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʣʦʞʝʥʳ ʠʟ ʟʝʨʝʥ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʩ 

ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʟʝʨʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʠʩʣʦʚ ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ ʠ 
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ʢʘʣʠʷ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʢʠʩʣʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʙʦʨʝ ʩʠʥ-

ʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʠʨʤʳ NETZSCH-Gerªtebau GmbH ï STA 

449C Jupiter (ɻʝʨʤʘʥʠʷ). ʆʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠʩʴ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 1000ƺʉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 ƺʉ /ʤʠʥ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ï ʘʨʛʦʥ, ʚ 

ʪʠʛʣʷʭ ʠʟ PtRh. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ ʤʥʦʛʦʮʝʣʝʚʦʤ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Ultima IV ʬʠʨʤʳ Rigaku (ʗʧʦʥʠʷ). ʇʦ ʚʥʝʰʥʝ-

ʤʫ ʧʨʠʟʥʘʢʫ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʞʝʣʪʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ, ʯʝʰʫʡʯʘʪʳʝ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʝʪʠʪʘ ʠ, ʩʫʜʷ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ, 

ʢʚʘʨʮʘ; ʠ ʧʨʦʙʳ ʯʝʨʥʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ, ʚʝʨʦʷʪʥʦ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʨʠʩʫʪ-

ʩʪʚʠʝʤ ʞʝʣʝʟʥʳʭ ʦʢʠʩʣʦʚ ʚ ʚʠʜʝ ʦʢʠʩʠ ʞʝʣʝʟʘ (II) ʠʣʠ ʟʘʢʠʩʠ-ʦʢʠʩʠ ʞʝʣʝ-

ʟʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʘ), ʙ), ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʧʨʠ 574-576ƺʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʚʘʨʮʫ 

SiO2, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʪʘʙʣ. 

1, 2).   
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ʘ) ʙ) 

ʈʠʩ. 1. ɼʘʥʥʳʝ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʧʨʦʙʳ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʘ) ʞʝʣʪʦ-ʙʫʨʳʝ ʦʙʨʘʟʮʳ, 

ʙ) ʯʝʨʥʦ-ʙʫʨʳʝ ʦʙʨʘʟʮʳ. 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʦʙʨʘʟʮʘ ʛʝʪʠʪʘ, ʩʦʛʣʘʩʥʦ [5], 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ: ʧʦʣʦʛʠʤ ʤʘʢ-

ʩʠʤʫʤʦʤ ʧʨʠ 61ʉ̄, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʝʡ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʘ 
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ʯʝʪʢʠʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʠʥʪʝʨʚʘʣʝ 189-323 ̄ ʉ ʦʪʚʝʯʘʝʪ ʧʦʪʝʨʝ 

ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʚʦʜʳ. ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʛʣʘʚʥʦʛʦ ʛʝʪʠʪʦʚʦʛʦ 

ʵʥʜʦʵʬʬʝʢʪʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 269 ʜʦ 296ʉ̄ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʘʪʴʩʷ ʧʨʠ 

ʩʨʝʜʥʝʤ ʧʦʣʦʞʝʥʠʠ 288 ʉ̄. ʇʦʪʝʨʠ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʛʝʪʠʪʘʭ ʤʦ-

ʛʫʪ ʜʦʩʪʠʛʘʪʴ ʦʪ 1,24 ʜʦ 10 % (ʧʨʠ 10% ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʢʦʥʩʪʠ-

ʪʫʮʠʦʥʥʦʡ ʚʦʜʳ). ʀʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʛʣʘʚʥʦʛʦ ʛʝʪʠʪʦʚʦʛʦ ʵʥʜʦʵʬʬʝʢʪʘ 

(189-323̄ ʉ), ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʪʝʨʝʡ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʚʦʜʳ, ʦʪʚʝʯʘʝʪ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʧʝʨʝʭʦʜʘ ʛʝʪʠʪʘ ʚ ʛʝʤʘʪʠʪ.  

ʀʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʙʣʠʞʝ ʢ 1000ƺʉ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʦ-

ʮʝʩʩʘʤ ʨʘʩʧʘʜʘ ʩʠʣʠʮʠʜʘ ʞʝʣʝʟʘ (ʪʘʙʣ. 1, ʨʠʩ. 1, ʙ), ʧʨʠ ʵʪʦʤ, ʩʦʛʣʘʩʥʦ [8], 

ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ FeSi, Si ʠ FeSi2. ɺ ʥʝʙʦʣʴ-

ʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʫʝʪʩʷ FeSi2,43. ʈʘʟʣʦʞʝʥʠʝ FeSi2,33 ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʭʝʤʝ: 

FeSi 2,33 = 0,055 FeSi2,33 + 0,035 FeSi2,43 + 0,75 FeSi + 0,16 FeSi2 + 

1,0468 Si. 

ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʯʝʨʥʦ-ʙʫʨʳʭ ʦʙʨʘʟʮʦʚ 

Phase name Content(%) 

Aluminum Nickel 11.2 

Silicon 3 

iron silicide, theta-Fe0.82 Si2 74 

Silicon Oxide 8.4 

iron silicide 0.1 

Magnesium Silicide 3.7 

 

ʊʘʙʣʠʮʘ 2 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʪʦ-ʙʫʨʳʭ ʦʙʨʘʟʮʦʚ 

Phase name Content(%) 

Aluminum Magnesium 27 

quartz low HP, syn 47 

Iron 17 

Cristobalite beta 2.1 

Iron Silicon Oxide 7 

Manganese aluminide silicide 0.2 
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ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʥʝʜʨ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʚʝʜʫʱʝʤʫ ʠʥʞʝʥʝʨʫ ʌɻɹʋʅ ʀɻɸɹʄ ʉʆ 

ʈɸʅ ɽʤʝʣʴʷʥʦʚʦʡ ʅ.ʅ. ʠ ʚʝʜʫʱʝʤʫ ʠʥʞʝʥʝʨʫ ʌɻɹʋʅ ʀʌʊʇʉ ʉʆ ʈɸʅ 

ʇʣʘʪʦʥʦʚʫ ɸ.ɸ. 
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ʄʀɻʈɸʎʀʗ ɺɽʑɽʉʊɺɸ ɺ ʉʀʉʊɽʄɽ 

ɺʄɽʑɸʖʑʀɽ ʇʆʈʆɼʓ ï ʈʋɼʅʓɽ ɿʆʅʓ  

 

ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ.1,2, ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ.2, 1 

1 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ,  

ʛ. ʗʢʫʪʩʢ, pli07@list.ru 

2 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ,  

ʛ. ʗʢʫʪʩʢ 

 

ɺʤʝʱʘʶʱʠʝ ʦʨʦʛʝʥʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʨʦʜʳ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ [1, 2, 5, 6, 7, 8]. ʆʮʝʥʢʘ ʧʨʠʚʥʦʩʘ-ʚʳʥʦʩʘ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ï ʨʫʜʥʳʝ ʟʦʥʳ ʚʳ-

ʧʦʣʥʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ ʄʘʣʦ-ʊʘʨʳʥʩʢʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʛʨʘʥʠʮʝ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʉʝʚʝʨʦ-

ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ [1, 3]. ʆʙʨʘʟʮʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʦʙʨʘʥʳ ʠʟ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʦʙʨʘʟʮʳ ʕ-1; ʕ-3; 

ɿ-28; ʂ-98), ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʦʙʨʘʟʮʳ 124-02; 423-03), ʤʠʥʝ-

ʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʠ ʩʤʷʪʠʷ (ʦʙʨʘʟʮʳ ʕ-55; ʉʊ-1). ʈʫʜʦʚʤʝʱʘ-

ʶʱʠʤʠ ʪʦʣʱʘʤʠ ʷʚʣʷʶʪʩʷ ʥʦʨʠʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ (ʧʝʨʝ-

ʩʣʘʠʚʘʥʠʝ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʧʝʩʯʘ-

ʥʠʢʦʚ, ʧʝʩʯʘʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ). ʆʢʦʣʦʨʫʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠ-

ʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʥʳʤʠ, ʩʠʣʴʥʦ ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ 

ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʘʤʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʤʝʪʘʢʨʠʩʪʘʣʣʦʚ ʢʫ-

ʙʠʯʝʩʢʦʛʦ ʧʠʨʠʪʘ ʠ ʪʦʥʢʦʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʘʨʩʝʥʦʧʠʨʠʪʘ (ʧʠʨʠʪ-

ʘʨʩʝʥʦʧʠʨʠʪ-ʢʚʘʨʮʝʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʧʣʦʪʥʝ-

ʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʣʦʤʦʯʥʳʭ ʟʝʨʝʥ ʚ ʢʚʘʨʮʝ ʩʬʦʨʤʠʨʦʚʘ-

ʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦ-ʛʨʘʥʫʣʷʮʠʦʥʥʦʛʦ ʙʣʘʩʪʝʟʘ ʠ ʧʦʣ-

ʥʦʙʣʘʩʪʠʯʝʩʢʠʝ (ʛʨʘʥʦʙʣʘʩʪʦʚʳʝ) ʩʪʨʫʢʪʫʨʳ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ 

ʜʨʦʙʣʝʥʠʷ ʠ ʩʤʷʪʠʷ   ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʚʝʩʴʤʘ ʠʟʤʝʥʯʠʚʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩ 

ʨʝʜʢʠʤʠ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ 

ʚ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʦʤ ʠ ʤʠʣʣʦʥʠʪʠʟʠʨʦʚʘʥʥʦʤ ʤʘʪʨʠʢʩʝ ʩ ʛʥʝʟʜʘʤʠ ʘʨʩʝ-

ʥʦʧʠʨʠʪʘ, ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʟʦʣʦʪʘ.  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʠʚʥʦʩʘ-ʚʳʥʦʩʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʭ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʤʠʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ï 

ʨʫʜʥʳʝ ʟʦʥʳ ʙʳʣ ʧʨʠʤʝʥʝʥ çʢʠʩʣʦʨʦʜʥʳʡ ʤʝʪʦʜè ʊ.ɹʘʨʪʘ [2], ʢʦʪʦʨʳʡ 
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ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʛʨʘʮʠʠ ʢʘʪʠʦʥʦʚ, ʢʦʣʠʯʝ-

ʩʪʚʦ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʥʝʠʟʤʝʥʥʦʤ ʦʙʲʝʤʝ ʧʝʨʚʠʯʥʳʭ ʠ ʠʟʤʝʥʝʥʥʳʭ ʧʦ-

ʨʦʜ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʠʟ ʨʫʜʥʳʭ 

ʟʦʥ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʝ ʟʦʥʳ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʜʥʳʭ 

ʟʦʥ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

(ʪʘʙʣ, ʨʠʩ.). ʇʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʥʦʩ Si, Al , Ti, K ʠ ʅ, ʧʨʠ ʘʢʪʠʚ-

ʥʦʤ ʧʨʠʚʥʦʩʝ ʉʘ ʠ ʉ. ʂʘʪʠʦʥʳ Fe ʠ Mg ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʚʥʦʩʘ, ʪʘʢ ʠ ʚʳʥʦʩʘ ʚʝʱʝʩʪʚʘ ʠʟ ʨʫʜʥʳʭ ʟʦʥ. ʀʟʤʝʥʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 

ʘʪʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ (Sʘʥ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʝʛʦ ʘʢʪʠʚʥʦʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠ ʥʘʢʦʧʣʝʥʠʠ ʝʛʦ ʚ ʠʟʤʝʥʝʥ-

ʥʳʭ ʧʦʨʦʜʘʭ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʷ ʨʫʜʥʳʭ ʟʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʵʥʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ (Mg-ʘʥʢʝʨʠʪ, ʜʦʣʦʤʠʪ, ʢʘʣʴʮʠʪ 

ʠ ʩʠʜʝʨʠʪ), ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ, ʩʢʦʧʣʝʥʠʡ, ʧʨʦʞʠʣʢʦʚ 

ʠ ʦʪʦʨʦʯʝʢ ʢʩʝʥʦʣʠʪʦʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʙʘʩʩʝʡʥʝ ʨʫʯ. ɿʝʣʝʥʳʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʢʘʣʴʮʠʪʦʚʳʝ ʞʠʣʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 15-25 

ʩʤ ʙʣʠʟʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ.   

ʊʘʙʣʠʮʘ  
ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ 

 
*   ʉʂʗ ï çʩʪʘʥʜʘʨʪʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʷʯʝʡʢʘè; 

**   ʇ/ʚ ï  ʧʨʠʚʥʦʩ/ʚʳʥʦʩ ʢʘʪʠʦʥʦʚ ʥʘ ʩʪʘʥʜʘʨʪʥʫʶ ʷʯʝʡʢʫ; 1-4 ʥʦʤʝʨʘ ʧʘʨ. 
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ʈʠʩ.  ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʜʥʳʭ ʟʦʥ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʘʣʦ-ʊʘʨʳʥʩʢʦʝ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣʠʮʝ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʉʦʨʛ. ʚ ʨʫʜʥʳʭ ʟʦʥʘʭ ʠ ʦʢʦʣʦʨʫʜ-

ʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʥʠʟʢʦʝ (0,14-1,61%). ʉʠʣʴʥʦ ʨʘʩʩʝʷʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʉʦʨʛ (0,14-0,15%) ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʫʤʝʨʝʥʥʦ ʨʘʩʩʝ-

ʷʥʥʦʝ ï ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ (0,98-1,61%). ɺ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʝʩʯʘʥʠʢʦʚʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʪʦʣʱ ʜʠʩ-

ʧʝʨʩʥʦʝ ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʦʝ ʚ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜʘʭ, ʦʙʨʘʟʫʝʪ ʥʘ ʫʯʘʩʪʢʘʭ ʢʣʠʚʘʞʘ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ 

ʜʨʦʙʣʝʥʠʷ ʩʛʫʩʪʢʠ, ʥʠʪʝʚʠʜʥʳʝ ʠ ʧʨʦʞʠʣʢʦʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʥʳʭ ʟʦʥ ʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʨʫʜʥʳʭ ʟʦʥ ʭʘʨʘʢʪʝʨʝʥ ʠʟʤʝʥʯʠʚʳʡ ʩʦʩʪʘʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʝʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʠ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʧʨʠʚʥʦʩʘ-ʚʳʥʦʩʘ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ 

0381-2016-0004). 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɸʨʠʩʪʦʚ ɺ.ɺ., ɹʘʙʘʨʠʥʘ ʀ.ʀ., ɻʨʠʛʦʨʴʝʚʘ ɸ.ɺ. ʠ ʜʨ. ɿʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʜʘʥʠʥʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ (ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʷ). 

ʉʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ // ɻʝʦʣʦʛʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

2016. ʊ. 58. ˉ 6, ʉ. 559-594. 



142 

 

2. ɺʦʣʢʦʚ ɸ.ɺ., ʉʠʜʦʨʦʚ ɸ.ɸ., ʉʘʚʚʘ ʅ.ɽ., ʇʨʦʢʦʬʴʝʚ ɺ.ʖ., ʂʦʣʦʚʘ ɽ.ɽ., ʉʘʚ-

ʯʫʢ ʖ.ʉ., ʄʫʨʘʰʦʚ ʂ.ʖ., ʉʠʜʦʨʦʚʘ ʅ.ɺ., ɿʝʤʩʢʦʚʘ ʄ.ʀ., ɸʨʠʩʪʦʚ ɺ.ɺ., ɺʦʣʴʬʩʦʥ 

ɸ.ɸ. ɿʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ: ʛʝʦ-

ʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜ ʠ ʬʣʶʠʜʦʚ, ʫʩʣʦʚʠʷ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ // ɺʝʩʪʥʠʢ 

ʉɺʅʎ ɼɺʆ ʈɸʅ. 2016. ˉ 3. ʉ. 3-21. 

3. ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ., ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʜʦʢʩ-ʦʙʩʪʘʥʦʚʦʢ ʠ ʩʦʩʪʘʚ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ 

ʪʨʠʘʩʘ ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ // ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ. 2016. ʊ. 35. ˉ 

3. ʉ. 75-87. 

4. ʉʦʙʦʣʝʚ ʈ.ʅ., ʌʝʣʴʜʤʘʥ ɺ.ʀ. ʄʝʪʦʜʳ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʝʨʝʩʯʝʪʦʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ. ʄ.: ʅʝʜʨʘ, 1984. 178 C. 

5. ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ., ɻʘʤʷʥʠʥ ɻ.ʅ., ɻʦʨʷʯʝʚ ʅ.ɸ. ɻʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʢʚʘʨʮʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʖʞʥʦʛʦ ɺʝʨʭʦʷʥʴʷ 

//ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. 2006. ˉ5. ʉ. 33-37. 

6. ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ., ɻʘʤʷʥʠʥ ɻ.ʅ., ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ. ʉʪʨʫʢʪʫʨʳ, ʤʠʥʝʨʘ-

ʣʦʛʠʷ ʬʣʶʠʜʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʘʣʦʪʘʨʳʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʧʦʣʷ (ʉʝ-

ʚʝʨʦ-ɺʦʩʪʦʢ ʈʦʩʩʠʠ) // ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ. 2015. ʊ. 34. ˉ 4. ʉ. 39-52.  

7. Goldfarb, R.J., Groves, D.I., and Gardoll, S., Orogenic gold and geologic time: A 

global synthesis // Ore Geology Reviews. 2001. V. 18. P. 1-75. 

8. Large R.R., Stuart W. Bull. L and Maslennikov V.V., A carbonaceous sedimentary 

source-rock model for carlin-type and orogenic gold deposits// Economic geology. 2011. 

V. 106, pp. 331ï358 

 

 

ʇɽʊʈʆɻʈɸʌʀʗ ʏʀʃʀʉʊʗʍʉʂʆɻʆ ʇɽʈʀɼʆʊʀʊ-

ɻɸɹɹʈʆɸʄʌʀɹʆʃʀʊʆɺʆɻʆ ʀ ʐɸʄɸʅʀʍʀʅʉʂʆɻʆ ɻʅɽʁʉʆ-

ɻʈɸʅʀʊʆɺʆɻʆ ʂʆʄʇʃɽʂʉʆɺ ʇʈʀʂʆʃʓʄʉʂʆɻʆ ʊɽʈʈɽʁʅɸ 

 

ʇʨʦʪʦʧʦʧʦʚ ʈ.ʀ.  

ɸʆ çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè, ʛ. ʗʢʫʪʩʢ, ruslan.protopopov@mail.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʝʪʨʦʛʨʘʬʠʠ ʯʠʣʠʩʪʷʭʩʢʦʛʦ ʠ ʰʘʤʘʥʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢ-

ʩʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʠʭ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

ʏʠʣʠʩʪʷʭʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʣʣʳ, ʨʘʩʩʣʦʝʥʥʳʝ ʟʘʣʝʞʠ ʛʘʨ-

ʮʙʫʨʛʠʪʦʚ, ʦʣʠʚʠʥʠʪʦʚ, ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʚ, ʘʤʬʠʙʦʣʠʪʦʚ ʧʣʘʛʠʦʢʣʘʟʦ-

ʚʳʭ, ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ, ʢʚʘʨʮ-ʛʨʘʥʘʪʦʚʳʭ ʠ ʵʧʠʜʦʪ-ʢʚʘʨʮʝʚʳʭ.  

ɻʘʨʮʙʫʨʛʠʪʳ ʢʨʫʧʥʦ- ʠ ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʩʩʠʚʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʦʥʥʦ-ʩʣʘʥʮʝʚʘʪʳʝ ʩ ʧʦʨʬʠʨʦʚʠʜʥʳʤ ʵʥʩʪʘʪʠʪʦʤ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

(ʚ %): ʦʣʠʚʠʥ ï 43,0-65,0; ʵʥʩʪʘʪʠʪ ï 10,9-55,0; ʘʥʪʦʬʠʣʣʠʪ (ʨʝʞʝ ʞʝʜʨʠʪ) 
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ï 1,0-45,0; ʤʘʛʥʝʪʠʪ ï 3,1-8,4; ʧʠʨʨʦʪʠʥ ï ʜʦ 2. ɺʦ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʘʭ 

ʩʝʨʧʝʥʪʠʥ, ʪʨʝʤʦʣʠʪ, ʪʘʣʴʢ.  

ʆʣʠʚʠʥ (0,5-3,5 ʤʤ) ʨʘʟʚʠʪ ʚ ʚʠʜʝ ʦʚʘʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ, ʧʦʡʢʠʣʠʪʦʚʳʭ 

ʚʨʦʩʪʢʦʚ ʚ ʵʥʩʪʘʪʠʪʝ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʧʝʪʝʣʴʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ (-2V=70-75Ü). 

ʏʘʩʪʦ ʩʧʣʶʱʝʥʥʳʡ, ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʩʝʨʧʝʥʪʠʥʦʤ. ʕʥʩʪʘʪʠʪ ʢʦʨʦʪ-

ʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʡ (4-30 ʤʤ, 2V = 69-74Ü) ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʘʛʥʝʪʠʪʘ ʠ ʦʣʠ-

ʚʠʥʘ. ʍʘʨʘʢʪʝʨʥʳ ʥʝʨʦʚʥʳʝ ʢʦʥʪʫʨʳ ʩ ʙʘʩʪʠʪʦʚʳʤ ʩʝʨʧʝʥʪʠʥʦʤ. ɸʥʪʦ-

ʬʠʣʣʠʪ (0,2-1,6 ʤʤ) ʦʪʣʠʯʘʝʪʩʷ ʙʝʩʮʚʝʪʥʦʩʪʴʶ, ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʝʡ 

(2V = 70Ü). ɾʝʜʨʠʪ ʦʪʣʠʯʘʝʪʩʷ æ - 0,022. ʉʝʨʧʝʥʪʠʥ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʧʦʣʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʦʣʠʚʠʥʘ ʠ ʵʥʩʪʘʪʠʪʘ, ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʚ ʬʦʨʤʝ ʘʥʪʠ-

ʛʦʨʠʪʘ. ʄʘʛʥʝʪʠʪ (0,01-0,6 ʤʤ) ʦʙʨʘʟʫʝʪ ʛʥʝʟʜʘ ʠ ʧʣʘʩʪʠʥʳ ʚʜʦʣʴ ʩʧʘʡʥʦ-

ʩʪʠ ʚ ʵʥʩʪʘʪʠʪʝ, ʮʝʧʦʯʢʠ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʠ ʛʥʝʟʜ, ʨʘʩʪʷʛʠʚʘʶʱʠʭʩʷ ʧʦ 

ʩʣʘʥʮʝʚʘʪʦʩʪʠ ʧʦʨʦʜʳ.  

ʆʣʠʚʠʥʠʪʳ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʛʘʨʮʙʫʨʛʠʪʦʤ, ʩʣʘʥʮʝʚʘʪʳʝ ʩ ʚʜʘʚʣʝʥʥʳʤʠ 

ʣʠʥʟʦʚʠʜʥʳʤʠ ʟʝʨʥʘʤʠ ʦʣʠʚʠʥʘ, ʟʘʤʝʱʘʶʱʝʛʦʩʷ ʩʝʨʧʦʬʠʪʦʤ. ɸʥʪʦʬʠʣ-

ʣʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʭ ʧʠʨʦʢʩʝʥʦʚ.  

ɻʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʳ ʩʣʦʞʝʥʳ (ʚ %): ʧʣʘʛʠʦʢʣʘʟʦʤ ï 35-40 (3-10 ʤʤ), 

ʥʝʤʘʪʦʙʣʘʩʪʦʚʳʤʠ ʠ çʩʢʝʣʝʪʥʳʤʠè ʚʳʜʝʣʝʥʠʷʤʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ï 45-60 

(5-70 ʤʤ), ʤʘʛʥʝʪʠʪʦʤ ï ʜʦ 2, ʩʧʦʨʘʜʠʯʝʩʢʠ ʵʥʩʪʘʪʠʪʦʤ (1-5 ʤʤ) ʩ ʚʢʣʶʯʝ-

ʥʠʷʤʠ ʧʝʪʝʣʴʯʘʪʦʛʦ ʦʣʠʚʠʥʘ.  

ɸʤʬʠʙʦʣʠʪʳ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠ ʩʣʘʥʮʝʚʘʪʳʝ, ʛʝʪʝʨʦʥʝ-

ʤʘʪʦʙʣʘʩʪʦʚʳʝ, ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪʦʚʳʝ ʠ ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʳʝ. ʄʠʥʝ-

ʨʘʣʴʥʳʡ ʩʦʩʪʘʚ (ʚ %): ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ï 50-85, ʧʣʘʛʠʦʢʣʘʟ ï 10-45, ʤʘʛʥʝ-

ʪʠʪ ï 1-2, ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʙʠʦʪʠʪ, ʵʧʠʜʦʪ, ʢʣʠʥʦʮʦʠʟʠʪ, ʩʬʝʥ, ʢʚʘʨʮ, ʚʪʦ-

ʨʠʯʥʳʝ ʭʣʦʨʠʪ, ʩʝʨʠʮʠʪ. ɸʤʬʠʙʦʣʠʪʳ ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ (10-14 %). ɸʤʬʠʙʦʣʠʪʳ ʢʚʘʨʮ-ʛʨʘʥʘʪʦʚʳʝ ʩʦʜʝʨʞʘʪ 

ʘʣʴʤʘʥʜʠʥʘ 10-25 %. ɿʝʨʥʘ ʘʥʪʦʬʠʣʣʠʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʢʦʤʘʛʥʝ-

ʟʠʘʣʴʥʦʡ ʧʝʨʚʠʯʥʦʡ ʧʦʨʦʜʝ.  

ɻʥʝʡʩʦʛʨʘʥʠʪʳ ʤʝʞʧʣʘʩʪʦʚʳʝ ʠ ʜʠʩʢʦʨʜʘʥʪʥʳʝ ʛʥʝʡʩʦʚʠʜʥʳʝ. ʄʠʥʝ-

ʨʘʣʴʥʳʡ ʩʦʩʪʘʚ (ʚ %): ʢʘʣʠʝʚʦ-ʥʘʪʨʦʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (ʂʇʐ) ï 29,1-47,5; 

ʢʚʘʨʮ ï 29,4-49,7; ʧʣʘʛʠʦʢʣʘʟ ï 6,6-18,0; ʙʠʦʪʠʪ ï 2,5-9,5; ʵʧʠʜʦʪ ï 0,4-4,0; 

ʤʘʛʥʝʪʠʪ ï 0,9-4,2; ʩʬʝʥ ï 1,3-4,5, ʩʧʦʨʘʜʠʯʝʩʢʠ ʘʤʬʠʙʦʣ, ʛʨʘʥʘʪ. ɺʘʞʥʦʡ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʭ ʙʣʘʩʪʦʤʠʣʦʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ: 1) ʧʦʨʬʠʨʦʚʠʜʥʘʷ ʛʨʘʥʠʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ; 2) ʤʠʣʦʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʦʨʬʠʨʦʢʣʘʩʪʘʤʠ 

(ʇʂ) ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʦʙʣʦʤʢʦʚ, ʩʣʦʞʝʥʥʳʭ ʠʟ ʟʝʨʝʥ ʩ 

ʨʝʣʠʢʪʦʚʦʡ ʛʨʘʥʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʨʝʨʳʚʠʩʪʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʩʣʶʜʳ ʠ 

ʢʚʘʨʮʘ, ʦʛʠʙʘʶʱʠʭ ʧʦʨʬʠʨʦʢʣʘʩʪʳ. ʆʩʥʦʚʥʘʷ ʪʢʘʥʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʚʘʨʮʘ, 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʩʣʶʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʝʧʠʜʦʙʣʘʩʪʦʚʦʡ ʠ ʣʝʧʠʜʦʛʨʘ-
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ʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʝʢʩʪʫʨʳ, ʥʘʧʦʤʠʥʘʶʱʠʝ 

çʦʯʢʦʚʳʝ ʪʝʢʩʪʫʨʳè, ʚ ʢʦʪʦʨʳʭ çʦʯʢʠè ʩʣʦʞʝʥʳ ʘʛʨʝʛʘʪʘʤʠ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʥʝʨʘʣʦʚ ʛʨʘʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʘ ʥʝ ʦʜʥʠʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ (ʨʠʩ. 2). 

ʂ. ʈ. ʄʝʥʝʨʪʦʤ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʨʦʜʳ ʨʝʢʦʤʝʥʜʦʚʘʣʦʩʴ ʨʘʟʣʠʯʘʪʴ ʦʪ ʩʦʙ-

ʩʪʚʝʥʥʦ ʦʯʢʦʚʳʭ ʛʥʝʡʩʦʚ ʛʣʫʙʦʢʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʤʠʛʤʘʪʠʟʘʮʠʠ [1].  

ʂʇʐ - ʤʠʢʨʦʢʣʠʥ (-2V = 88Á; ƍ(001) : Ng = 79Á; ƍ(001) : Nm= 12Á; 

ƍ(001) : Np=82Á) ʩ ʧʝʨʪʠʪʦʚʳʤ ʠ ʤʝʟʦʧʝʨʪʠʪʦʚʳʤ ʘʣʴʙʠʪʦʤ. ɺ ʣʝʧʠʜʦʛʨʘ-

ʥʦʙʣʘʩʪʦʚʦʡ ʦʩʥʦʚʥʦʡ ʪʢʘʥʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʥʘʪʨʦʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ 

ʜʦʩʪʠʛʘʝʪ 10-30 %. ʇʣʘʛʠʦʢʣʘʟ ˉ 5-25 (Np : 010 = 5-10). ʉʨʝʜʠ ʘʤʬʤʙʦʣʠ-

ʪʦʚ ʧʦʷʚʣʷʶʪʩʷ ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʳʝ ʛʥʝʡʩʦ-ʛʨʘʥʦʜʠʦʨʠʪʳ. ʇʦʨʬʠʨʦʠʜʳ 

ʧʝʩʪʨʦ-ʚʦʣʥʠʩʪʦ-ʧʦʣʦʩʯʘʪʳʝ ʩ ʧʦʨʬʠʨʦʙʣʘʩʪʠʯʝʩʢʠʤʠ ʚʳʜʝʣʝʥʠʷʤʠ (25-

30 %, 1,0-15,0 ʤʤ) ʂʇʐ, ʢʚʘʨʮʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ.  

ʆʩʦʙʦʝ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʠʥʝʨʘʣʴʥʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʦʥʘʭ ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨ-

ʬʠʟʤʘ ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ ʧʦ ʧʦʨʦʜʘʤ ʯʠʣʠʩʪʷʭʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ, ʧʦʷʚʣʷ-

ʶʪʩʷ ʢʦʨʜʠʝʨʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʩʢʘʧʦʣʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʠʟʤʝʥʝʥʠʷ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ (ʨʠʩ. 1, 3, 4). ʇʣʘʛʠʦʢʣʘʟ ʟʘʤʝʱʘʝʪʩʷ ʢʦʨʜʠʝʨʠ-

ʪʦʤ, ʘ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʧʠʨʦʢʩʝʥʦʤ.  

ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʢʦʨʜʠʝʨʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʠʭ ʧʦʣʠʜʚʦʡʥʠʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ ʜʚʦʡʥʠʢʦʚʳʭ ʧʣʘʩʪʠʥ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠ ʜʚʦʡʥʠʢʦʚʳʝ ʢʦʨʜʠʝʨʠʪʳ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʝ ʚʜʦʣʴ ʠʣʠ ʧʦʧʝʨʝʢ ʰʠʨʦʢʠʭ ʧʣʘʩʪʠʥ (ʨʠʩ. 3). ɺ ʢʦʨʜʠʝʨʠʪʝ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʙʝʩʧʦʨʷʜʦʯʥʦ ʨʘʩʩʝʷʥʥʳʝ ʭʠʘʩʪʦʣʠʪʳ ʘʥʜʘʣʫʟʠʪʘ ʩ ʥʠʟʢʠʤ ʜʚʫʧʨʝ-

ʣʦʤʣʝʥʠʝʤ, ʧʨʷʤʳʤ ʧʦʛʘʩʘʥʠʝʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝ-

ʣʦʛʨʘʤʤʘ ʠ ʨʦʤʙʘ (ʨʠʩ. 4). ʅʝʤʘʪʦʙʣʘʩʪʦʚʳʝ çʩʢʝʣʝʪʥʦʡè ʬʦʨʤʳ ʢʨʠʩʪʘʣ-

ʣʳ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʟʘʤʝʱʘʶʪʩʷ ʧʠʨʦʢʩʝʥʦʤ (ʨʠʩ. 1). ʆʙʳʯʥʦ ʙʝʩʮʚʝʪʥʳʤ 

ʜʠʦʧʩʠʜʦʤ (2V = 52-53Á, ʧʨʠʟʤ. ʩʧʘʡʥ. ï 91-93Á, ʉ : Ng = 42Á, æ ï 0,017-

0,022) ʠ ʦʤʬʘʮʠʪʦʤ (2V = 80Á, ʉ : Ng ï 36Á, ʧʨʠʟʤ. ʩʧʘʡʥ. - 89Á). ʅʘʙʣʶ-

ʜʘʶʪʩʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʝʨʥʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʩ ʨʝʣʠʢʪʘ-

ʤʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʚ ʷʜʨʘʭ. ʉʢʘʧʦʣʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʝ ʘʛʨʝʛʘʪʳ ʬʦʨʤʠ-

ʨʫʶʪʩʷ ʧʦ ʧʣʘʛʠʦʢʣʘʟʦʚʳʤ ʘʤʬʠʙʦʣʠʪʘʤ (ʨʠʩ. 4). ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʚʘʨʮʘ 

ʩʢʘʧʦʣʠʪ ʦʧʪʠʯʝʩʢʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʚʢʣʶʯʘʝʪ ʭʠʘʩʪʦʣʠʪʳ ʘʥʜʘʣʫʟʠʪʘ.  

ʂʘʢ ʚʠʜʥʦ, ʤʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʝʣʴʥʦ 

ʠʟʦʭʠʤʠʯʥʳ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʳ, ʜʣʷ ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ 

ʚʳʩʦʢʦʪʝʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʨʘʥʠʪʥʦʡ ʠʥʪʨʫʟʠʠ.  

ʇʝʪʨʦʛʨʘʬʦ-ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʦʚ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʛʨʘʥʠʪʳ ʰʘʤʘʥʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʥʝʜʨʷʣʠʩʴ ʚ ʤʝʪʘ-

ʤʦʨʬʠʯʝʩʢʠʝ ʪʦʣʱʠ ʠ ʥʘʣʦʞʝʥʳ ʥʘ ʯʠʣʠʩʪʷʭʩʢʠʡ ʢʦʤʧʣʝʢʩ ʫʞʝ ʧʨʝʪʝʨ-
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ʧʝʚʰʠʡ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʣʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʘʤʦʨʬʠʟʤ ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʠ. ʐʘʤʘʥʠʭʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʜʚʝʨʞʝʥ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʜʠʥʘʤʦ-

ʪʝʨʤʘʣʴʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ.  
 

  

ʈʠʩ. 1. ɻʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥ ʚ ʧʠʨʦʢʩʝʥ-ʢʦʨʜʠʝʨʠʪʦʚʫʶ ʧʦʨʦʜʫ  

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʘʥʠʪʥʦʡ ʠʥʪʨʫʟʠʠ 

ʰʘʤʘʥʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʨʜʠʝʨʠʪ 

(co) ʟʘʤʝʱʘʝʪ ʧʣʘʛʠʦʢʣʘʟ, ʩʦʜʝʨʞʘʪ 

ʭʠʘʩʪʦʣʤʪʳ ʘʥʜʘʣʫʟʠʪʘ. px ï ʧʠʨʦʢʩʝʥ 

(ʜʠʦʧʩʠʜ). ʅʠʢ. +.  

 

ʈʠʩ. 2. ɻʥʝʡʩʦʛʨʘʥʠʪ. ɹʣʘʩʪʦʤʠʣʦʥʠʪʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʇʩʝʚʜʦʦʯʢʦʚʳʝ ʚʳʜʝʣʝʥʠʷ 

(ʇʂ) ʩʦʩʪʦʷʪ ʠʟ ʟʝʨʝʥ ʂʇʐ, ʢʚʘʨʮʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʘ. ʆʩʥʦʚʥʘʷ ʪʢʘʥʴ ʣʝʧʠʜʦʛʨʘ-

ʥʦʙʣʘʩʪʦʚʘʷ ʟʫʙʯʘʪʘʷ. ʅʠʢ. + 

 

  
ʈʠʩ. 3. ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʛʘʙʙʨʦ-

ʘʤʬʠʙʦʣʠʪ ʚ ʵʢʟʦʢʦʥʪʘʢʪʝ ʛʨʘʥʠʪʥʦʡ 

ʠʥʪʨʫʟʠʠ ʰʘʤʘʥʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʣʘʛʠʦʢʣʘʟ ʟʘʤʝʱʘʝʪʩʷ ʢʦʨʜʠʝʨʠʪʦʤ 

(co), ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (hbl) ʘʢʪʠʥʦʣʠ-

ʪʦʤ (ac). cl ï ʭʣʦʨʠʪ, zo ï ʮʦʠʟʠʪ  

 

ʈʠʩ. 4. ɸʤʬʠʙʦʣʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ  

ʧʦʜ ʵʢʟʦʢʦʥʪʘʢʪʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʘ-

ʥʠʪʥʦʡ ʠʥʪʨʫʟʠʠ ʰʘʤʘʥʠʭʠʥʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʇʣʘʛʠʦʢʣʘʟ ʟʘʤʝʱʘʝʪʩʷ ʩʢʘʧʦʣʠ-

ʪʦʤ (scp) ʩ ʭʠʘʩʪʦʣʠʪʘʤʠ ʘʥʜʘʣʫʟʠʪʘ (ad), 

ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (hbl) ʘʢʪʠʥʦʣʠʪʦʤ (ac) 

ʦʢʘʡʤʣʝʥʠʷ. gr ï ʛʨʘʥʘʪ, sph ï ʩʬʝʥ  

ʃʠʪʝʨʘʪʫʨʘ: 

1.  ʄʝʥʝʨʪ ʂ.ʈ. ʄʠʛʤʘʪʠʪʳ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʛʨʘʥʠʪʦʚ. ʄ.: çʄʠʨè, 1971. ʉ. 15-191.  
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ʀʅʊʈʋɿʀɺʅʓʍ ɹɸɿʀʊ-ɻʀʇɽʈɹɸɿʀʊʆɺʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ɸʃɼɸʅʆ-ʉʊɸʅʆɺʆɻʆ ʑʀʊɸ 

 

ʇʫʣʷʝʚ ʅ.ɸ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, 

ʗʢʫʪʩʢ, pna-s-vfu@mail.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʘʨʦ-ɸʣʜʘʥʩʢʦʛʦ ʜʦʤʝʥʘ, 

ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʥʦ ʩʦ ʉʪʘʥʦʚʳʤ ʜʦʤʝʥʦʤ ʦʙʨʘʟʫʝʪ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ ʱʠʪ 

(ɸʉʑ) [1]. 

ʄʝʪʘʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʝ ʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ 

ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ɸʉʑ. ʂʦʤʧʣʝʢʩ ʧʨʠʤʝʥʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʣʝʚʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠ-

ʷʤʠ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʨʝʩʪʘʚʨʠʨʦʚʘʪʴ ʧʝʨʚʠʯʥʫʶ ʧʨʠʨʦʜʫ ʩʣʦʞʥʦʜʠʩʣʦʮʠ-

ʨʦʚʘʥʥʳʭ, ʛʣʫʙʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʳ-

ʜʝʣʠʪʴ ʜʚʝʥʘʜʮʘʪʴ ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪ-

ʙʘʟʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ [4, 6, 7]. ʇʦ ʚʦʟʨʘʩʪʫ ʦʥʠ ʨʘʟʜʝʣʝʥʳ ʥʘʨʘʥʥʝ- ʠ ʧʦʟʜ-

ʥʝʘʨʭʝʡʩʢʠʝ, ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʇʦ 

ʬʦʨʤʝ ʟʘʣʝʛʘʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʜʘʡʢʠ, ʢʨʫʧʥʳʝ ʰʪʦʢʦʧʦʜʦʙʥʳʝ ʩʝʢʫʱʠʝ 

ʤʘʩʩʠʚʳ, ʤʝʞʧʣʘʩʪʦʚʳʝ ʣʠʥʟʦʚʠʜʥʳʝ ʩʦʛʣʘʩʥʳʝ ʠ ʩʠʣʣʦʧʦʜʦʙʥʳʝ ʧʦʣʦʛʦ 

ʩʝʢʫʱʠʝ (ʯʘʩʪʦ ʙʫʜʠʥʠʨʦʚʘʥʥʳʝ) ʪʝʣʘ, ʬʘʢʦʣʠʪʦʧʦʜʦʙʥʳʝ ʨʘʩʩʣʦʝʥʥʳʝ 

ʤʘʩʩʠʚʳ, ʧʨʦʪʨʫʟʠʠ ʠ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ, ʠʤʝʶʱʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ 

[4, 5, 6]. 

ɺʳʷʚʣʝʥʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪ-

ʙʘʟʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʜʨʝʚʥʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʥʘʜʝʝʤʩʷ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʠʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠ, ʚʦʟʤʦʞʥʦ, ʧʦʟʚʦʣʠʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: çʇʦʯʝʤʫ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡʧʝʨ-

ʩʧʝʢʪʠʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʢʨʫʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ, ʧʣʘʪʠʥʦʠʜʦʚ, ʥʠʢʝʣʷ, ʤʝʜʠ, ʭʨʦʤʘ, ʢʦʙʘʣʴʪʘ ʠ ʜʨʫ-

ʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʧʦʜʦʙʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʜʨʫʛʠʭ ʱʠʪʘʭè.  

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʭ 

ʬʦʨʤʘʮʠʡ ʧʦʩʣʫʞʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: ʬʦʨʤʘ ʠ ʧʘʨʘʤʝʪʨʳ ʪʝʣ, ʠʭ 

mailto:pna-s-vfu@mail.ru


147 

 

ʩʪʨʫʢʪʫʨʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʚʦʟʨʘʩʪʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʠʟʦʪʦʧʥʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʦʜʦ-

ʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʘʮʠʦʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʩʳʛʨʘʣʠ ʧʝʪʨʦʭʠʤʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʠ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ, 

ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʟʚʘʥʠʝ ʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʠʭ ʩʪʨʦʝʥʠʠ ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʷʤ ʧʦʨʦʜ [2, 3, 4].  

ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʥʠʟʳʚʘʶʪ ʚʝʩʴ ʨʘʟʨʝʟ ʚʳʷʚʣʝʥʥʳʭ ʟʜʝʩʴ 

ʨʘʥʝʝ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʦʚ (ɿʂʇ) ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ [4, 5, 6]. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʟ ʥʠʭ ʚ ʦʪʥʦʰʝʥʠʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʚʠʜʝ 

ʤʝʞʧʣʘʩʪʦʚʳʭ ʩʦʛʣʘʩʥʳʭ ʪʝʣ ʩʨʝʜʠ ʢʦʤʘʛʤʘʪʠʯʥʳʭ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʫʥʠʪʘʤʠ, ʛʘʨʮʙʫʨʛʠʪʘʤʠ, ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ ʤʝʪʘʜʫʥʠʪ-

ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʛʦʨʥʙʣʝʥʜʠʪʘʤʠ, ʧʝʨʠʜʦʪʠʪʘʤʠ, ʜʠʬ-

ʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ, ʜʠʘʙʘʟʘʤʠ ʠ ʜʠʦʨʠʪʘʤʠ 

ʤʝʪʘʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʐʠʨʠʥʘ ʟʦʥ ʚʳʭʦʜʦʚ ʠʥʪʨʫʟʠʚʦʚ ʜʦ-

ʩʪʠʛʘʝʪ ʩʦʪʝʥ ʤʝʪʨʦʚ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ - ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪ-

ʢʦʚ ʢʠʣʦʤʝʪʨʦʚ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠʥʪʨʫʟʠʚʳ ʤʝʪʘʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʦʡ 

ʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʰʪʦʢʦʦʙʨʘʟʥʳʭ ʪʝʣ ʠ ʜʘʝʢ ʤʝʪʘʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʡ ʠ ʙʘ-

ʟʘʣʴʪ-ʜʦʣʝʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʡ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ  ʬʦʨʤʘʮʠʡ  ʧʦʟ-

ʚʦʣʠʣʦ ʥʘʤ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʝʥʥʦʡ ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪ-

ʙʘʟʠʪʦʚʦʤʫ ʤʘʛʤʘʪʠʟʤʫ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʷʤʠ: ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʝ ʤʝʪʘʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʝ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʳ ʥʘ ʭʨʦʤ, ʥʠʢʝʣʴ, ʧʣʘʪʠʥʦʠʜʳ; ʤʝʪʘʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚʳʝ ïʥʘ ʥʠʢʝʣʴ, 

ʤʝʜʴ, ʧʣʘʪʠʥʦʠʜʳ; ʤʩʪʘʢʦʤʘʪʠʠʪ-ʙʘʟʘʣʴʪʦʚʳʝ ï ʥʘ ʤʝʜʴ, ʥʠʢʝʣʴ, ʧʣʘʪʠʥʦ-

ʠʜʳ; ʧʦʟʜʥʝʘʨʭʝʡʩʢʘʷ ʤʝʪʘʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʘʷ ï ʥʘ ʪʠʪʘʥ, ʞʝʣʝʟʦ, ʬʦʩʬʦʨ; 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʤʝʪʘʘʥʦʨʪʦʟʠʪʦʚʘʷ ï ʥʘ ʪʠʪʘʥ, ʞʝʣʝʟʦ, ʬʦʩʬʦʨ, ʧʣʘ-

ʪʠʥʦʠʜʳ. ʄʝʪʘʩʦʤʘʪʠʪʳ ʚ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ ʠ ʙʣʘʩʪʦʤʠʣʦʥʠʪʠʟʘʮʠʠ, ʨʘʟ-

ʚʠʪʳʝ ʧʦ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʤ ʧʦʨʦʜʘʤ ʨʘʟʥʳʭ ʬʦʨʤʘʮʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳ ʥʘ ʟʦʣʦʪʦ [1, 6]. 

ʇʦʨʦʜʳ ʢʘʞʜʦʡ ʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʛʘʨʮʙʫʨʛʠʪʘʭ, ʩʣʘʛʘ-

ʶʱʠʭ ʪʝʣʘ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʭ ʤʝʪʘʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʭ ʬʦʨʤʘ-

ʮʠʡ, ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 0,01% ʜʦ 0,5% ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 

0,375% (ʢʣʘʨʢ ʧʦ ɺʠʥʦʛʨʘʜʦʚʫ (ʂʚ)- 0,2%); ʥʠʢʝʣʷ ʦʪ 0,05% ʜʦ 0,5% ʚ 

ʩʨʝʜʥʝʤ 0,19%, ʂʚ - 0,2%; ʢʦʙʘʣʴʪʘ ʦʪ 0,005% ʜʦ 0,02% ʚ ʩʨʝʜʥʝʤ 0,015%, 

ʂʚ - 0,016%; ʚʘʥʘʜʠʷ ʦʪ 0,001% ʜʦ 0,5% ʚ ʩʨʝʜʥʝʤ 0,2%, ʂʚ -0,04%. ɺ ʛʦʨ-

ʥʙʣʝʥʜʠʪʘʭ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʭ ʤʝʪʘʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚʳʭ ʬʦʨʤʘʮʠʡ 
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ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ; ʭʨʦʤ ʦʪ 0,01% 

ʜʦ 0,3% ʚ ʩʨʝʜʥʝʤ 0,25%, ʂʚ-0,2%; ʥʠʢʝʣʴ ʦʪ 0,02% ʜʦ 0,25%, ʚ ʩʨʝʜʥʝʤ 

0,11%, ʂʚ - 0,2%; ʢʦʙʘʣʴʪ ʦʪ 0,001% ʜʦ 0,017%, ʚ ʩʨʝʜʥʝʤ 0,009%, ʂʚ - 

0,02%; ʚʘʥʘʜʠʡ ʦʪ 0,002% ʜʦ 0,02%, ʚ ʩʨʝʜʥʝʤ 0,14%, ʂʚ - 0,04%, ʤʝʜʴ ʦʪ 

0,001% ʜʦ 0,005%, ʂʚ -0,02%.ɸʥʘʣʠʟ ʥʘ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʧʨʦʙ ʠʟ ʤʝ-

ʪʘʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʭ ʧʦʨʦʜ ʆʣʦʥʜʠʥʩʢʦʛʦ ʠ ʉʫʪʘʤʩʢʦʛʦʨʘʡʦʥʦʚ, ʚʳ-

ʷʚʠʣ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʝ ʘʥʦʤʘʣʠʠ ʠ ʰʣʠʭʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʨʘʩʩʝʷ-

ʥʠʷ ʧʘʣʣʘʜʠʷ, ʧʣʘʪʠʥʳ ʠ ʨʫʪʝʥʠʷ [4, 6, 7]. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝ-

ʤʝʥʪʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʕʇɻ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ 

ʩʠʣʣʘʤ ʤʝʪʘʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚʦʡ ʬʦʨʤʘʮʠʠ. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʕʇɻ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢ ʞʝ ʚ ʧʦʨʦʜʘʭ ʤʝʪʘʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʭ ʠ 

ʤʝʪʘʢʦʤʘʪʠʠʪ-ʙʘʟʘʣʴʪʦʚʳʭ ʬʦʨʤʘʮʠʡ [4, 7]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ ʠ ʭʨʦʤʘ ʩʚʷ-

ʟʘʥʘ ʩ ʧʦʨʦʜʘʤʠ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʭ ʤʝʪʘʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʭ 

ʬʦʨʤʘʮʠʡ ʠ ʦʙʨʘʟʦʚʘʥʥʳʤ ʧʦ ʥʠʤ ʜʠʘʬʪʦʨʠʪʘʤ (ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʤ, ʢʘʨ-

ʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʤ, ʭʣʦʨʠʪ-ʩʝʨʧʝʥʪʠʥ-ʘʥʪʦʬʠʣʣʠʪʦʚʳʤ ʩʣʘʥʮʘʤ) [7]. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʧʦʨʦʜʘʭ ʵʪʠʭ ʬʦʨʤʘʮʠʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 0,2-

0,3%, ʠ ʪʦʣʴʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʤʘʩʩʠʚʥʳʤ ʩʫʣʴʬʠʜʥʳʤ ʦʨʫʜʝʥʝ-

ʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʝʚʳʰʘʶʱʠʝ 1%. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʢʝʣʷ ʚ ʧʦʨʦʜʘʭ ʧʦʟʜʥʝʘʨʭʝʡʩʢʦʡ ʤʝʪʘʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʣʠ-

ʢʘʪʥʳʭ ʤʠʥʝʨʘʣʘʭ. ʆʧʨʝʜʝʣʝʥʳ ʪʨʠ ʢʣʘʩʩʘ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʠ-

ʢʝʣʴ: ʩʠʣʠʢʘʪʳ - ʦʣʠʚʠʥ, ʩʝʨʧʝʥʪʠʥ, ʭʣʦʨʠʪ; ʦʢʩʠʜʳ - ʭʨʦʤʠʪ ʠ ʤʘʛʥʝʪʠʪ; 

ʩʫʣʴʬʠʜʳ - ʧʝʥʪʣʘʥʜʠʪ. ʉ ʧʦʨʦʜʘʤʠ ʤʝʪʘʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ, ʤʝʪʘʛʘʙʙ-

ʨʦ-ʜʠʘʙʘʟʦʚʦʡ ʠ ʤʝʪʘʢʦʤʘʪʠʠʪ-ʙʘʟʘʣʴʪʦʚʦʡ ʬʦʨʤʘʮʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʩʦʧʨʷʞʝʥʳ ʧʨʦʷʚʣʝʥʠʷ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʪʨʝʭ ʪʠʧʦʚ: ʩʫʣʴʬʠʜʥʳʝ 

ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ, ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ, ʤʝʜʥʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ ʠ 

ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ [2, 4, 7]. 

ʆʩʥʦʚʥʳʤ ʠʪʦʛʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʥʠʢʝʣʝ-

ʚʦʡ, ʟʦʣʦʪʦʨʫʜʥʦʡ ʠ ʧʣʘʪʠʥʦʚʦ-ʤʝʪʘʣʴʥʦʡ ʨʫʜʦʥʦʩʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʜʦ-

ʢʝʤʙʨʠʡʩʢʠʭ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ; ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʭ ʫʣʴʪʨʘʙʘ-

ʟʠʪ-ʙʘʟʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʟʦʣʦʪʦ-, ʧʣʘʪʠʥʦ- ʠ 

ʥʠʢʝʣʝʥʦʩʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ʩ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʤ ʫʣʴʪʨʘʙʘ-

ʟʠʪ-ʙʘʟʠʪʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ,  
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ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʇʘʚʣʠʢ ʨʘʟʚʝʜʘʥʦ ʦʢʦʣʦ 30 ʨʫʜʥʳʭ ʟʦʥ, ʠʤʝʶʱʠʭ ʩʝ-

ʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʤʦʱʥʦʩʪʴ ʦʪ 5ï10 ʜʦ 30ï40 ʤ. ʈʫʜʥʳʝ ʟʦʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʞʠʣ, ʧʨʦʞʠʣʢʦʚ, ʟʦʥ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʙʨʝʢʯʠʝʚʠʜʥʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʚʟʘʠʤʦ-

ʧʝʨʝʭʦʜʘʤʠ. ʇʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʠ ʙʫʨʦʚʳʤʠ ʩʢʚʘʞʠʥʘʤʠ 

ʚʩʢʨʳʚʘʶʪʩʷ ʩʣʝʧʳʝ ʨʫʜʥʳʝ ʟʦʥʳ. ɿʘʣʴʙʘʥʜʳ ʨʫʜʥʳʭ ʟʦʥ ʥʝ ʚʩʝʛʜʘ ʯʝʪʢʠʝ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦʙʦʚʘʥʠʷ. ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʚʘʨʮ-

ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʝ. ʉʨʝʜʠ ʪʝʢʩʪʫʨ ʨʫʜ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʞʠʣʢʦʚʳʝ ʠ ʚʢʨʘʧ-

ʣʝʥʥʳʝ, ʚʙʣʠʟʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ï ʙʨʝʯʠʝʚʳʝ.  

ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʟʦʥʦʡ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʠ ʘʥʘʣʠʟʘ ʨʘʟʤʝʱʝʥʠʷ 

ʦʨʫʜʝʥʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʪʦʜʦʢʫʤʝʥʪʘʮʠʷ ʢʝʨʥʘ ʩʢʚʘʞʠʥ, ʣʶʙʝʟʥʦ 
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ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʆɸʆ çɿʦʣʦʪʦʨʫʜʥʘʷ ʢʦʤʧʘʥʠʷ ʇʘʚʣʠʢè. ʇʦ ʬʦʪʦʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʢʝʨʥʘ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʧʦ ʨʘʟʚʝʜʦʯʥʦʡ ʣʠʥʠʠ 14 (ʚʳʙʨʘʥʘ 

ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ), ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

ʇʝʨʚʳʡ ʪʠʧ - ʵʪʦ ʩʝʨʠʠ ʥʘʜʚʠʛʦʚʳʭ ʟʦʥ, ʚʳʨʘʞʝʥʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʤʠ-

ʣʦʥʠʪʘʤʠ ʠ ʠʤʝʶʱʠʤʠ ʩʪʚʦʣʦʚʫʶ ʤʦʱʥʦʩʪʴ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ, ʜʦ 10 ʤ ʠ 

ʙʦʣʝʝ (ʨʠʩ. 1.). ɺʪʦʨʦʡ ʪʠʧ ï ʵʪʦ ʟʦʥʳ ʦʙʲʝʤʥʦʡ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘ-

ʪʦʩʪʠ, ʩʤʷʪʠʷ ʠ ʜʨʦʙʣʝʥʠʷ, ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ, ʩ ʨʘʟʚʠʪʠʝʤ 

ʤʝʣʢʠʭ ʢʚʘʨʮʝʚʳʭ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʦʞʠʣʢʦʚ (ʨʠʩ. 2). ʆʙʘ ʪʠʧʘ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʨʘʟʚʠʚʘʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʜʚʠ-

ʛʦʚʳʝ ʟʦʥʳ - ʦʩʝʚʳʝ, ʦʢʘʡʤʣʷʶʪ ʥʘʨʫʰʝʥʥʳʝ ʙʣʦʢʠ, ʘ ʜʨʦʙʣʝʥʠʝ ʨʘʟʚʠʪʦ ʚ 

ʤʝʞʥʘʜʚʠʛʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʠʣʠ ʧʦʣʦʛʠʡ, 

ʧʦʛʨʫʞʘʶʱʠʡʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʧʦʜ ʫʛʣʘʤʠ 40-45Á, ʨʫʜʥʳʡ ʰʪʦʢʚʝʨʢ 

(ʨʠʩ. 3).  

 

 
ʈʠʩ. 1. ʋʛʣʝʨʦʜʠʩʪʳʝ ʤʠʣʦʥʠʪʳ ʥʘʜʚʠʛʘ ˉ1. ʉʢʚʘʞʠʥʘ 81410, ʠʥʪ.61-65ʤ. ʉʦʜʝʨ-

ʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʠʥʪ. 62-63ʤ - 2,54ʛ/ʪ; ʚ ʠʥʪ. 63-64ʤ - 1,04ʛ/ʪ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʟʦʣʦʪʘ ʥʘ ʤʦʱʥʦʩʪʴ 2ʤ - 1,79ʛ/ʪ. 

 

 
ʈʠʩ. 2. ɿʦʥʘ ʤʝʣʢʦʧʨʦʞʠʣʢʦʚʦʛʦ ʩʝʪʯʘʪʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ ʚ ʜʠʘʤʠʢʪʠʪʘʭ. ʉʢʚʘʞʠʥʘ 

81403, ʠʥʪ. 20-23ʤ. ʉʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ: ʚ ʠʥʪ.20-21ʤ - 16,78 ʛ/ʪ; ʚ ʠʥʪ. 21-22ʤ - 

1,05 ʛ/ʪ; ʚ ʠʥʪ. 22-23ʤ - 1,69ʛ/ʪ. 
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ʈʠʩ. 3.  ʈʘʟʨʝʟ ʧʦ ʨʘʟʚʝʜʦʯʥʦʡ ʣʠʥʠʠ 14. ɸ - ʟʦʥʳ ʥʘʜʚʠʛʦʚ (ʯʝʨʥʳʝ ʣʠʥʠʠ) ʠ ʦʙʲ-

ʝʤʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ (ʢʨʘʩʥʘʷ ʟʘʣʠʚʢʘ); ɹ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʞʠʣʢʦʚʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʞʝʣʪʳʤ ʮʚʝʪʦʤ ï ʧʨʦʞʠʣʢʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ 

ʦʨʝʦʣ Au=0,01-0,79ʛ/ʪ; ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ï ʠʥʪʝʥʩʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ïʨʫʜʥʳʝ ʟʦʥʳ 

Au=0,8ʛ/ʪ ʠ ʙʦʣʝʝ). 

 

ɺ ʮʝʣʦʤ, ʚ ʦʙʲʝʤʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʪʠʧʳ ʨʘʟʣʦ-

ʤʦʚ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʝʨʠʠ (ʨʠʩ. 3. ɸ). ɺʳʜʝʣʷʶʪʩʷ: ʚʝʨʭʥʷʷ ʩʝʨʠʷ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʘʷ ʧʦʣʦʛʠʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ; ʮʝʥʪʨʘʣʴ-

ʥʘʷ ʩʝʨʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʨʝʤʷ ʦʩʝʚʳʤʠ ʥʘʜʚʠʛʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ˉ1, 2, 3) 

ʠ ʦʢʘʡʤʣʷʶʱʠʤʠ ʠʭ ʤʦʱʥʳʤʠ ʟʦʥʘʤʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʜʨʦʙʣʝʥʠʷ; ʥʠʞ-

ʥʷʷ ʩʝʨʠʷ ï ʚʳʨʘʞʝʥʥʘʷ ʥʝʩʢʦʣʴʢʠʤʠ (ˉ 4, 5, 6, 7) ʥʘʜʚʠʛʦʚʳʤʠ ʩʪʨʫʢʪʫ-

ʨʘʤʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʚ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ. 3.ɹ). ɿʜʝʩʴ ʚʳʜʝʣʷʝʪʩʷ ʦʨʝʦʣ ʧʨʦʞʠʣʢʦʚʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ, ʨʘʟʚʠʪʳʡ ʰʠʨʝ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʦʛʦ 

ʙʣʦʢʘ ʧʦʨʦʜ. ʕʪʦʪ ʦʨʝʦʣ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʡ ʠ ʦʜʥʦʨʦʜʥʳʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʠ ʨʘʩʧʘʜʘʶʱʠʡʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʟʢʠʝ çʷʟʳʢʠè ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʠ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʛʜʝ ʧʨʦʷʚʣʝʥʘ ʚʝʨʭʥʷʷ ʩʝʨʠʷ ʥʘʨʫʰʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʠʥ-

ʪʝʥʩʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʫʜʥʳʤ ʟʦʥʘʤ) ʨʘʟʚʠʪʳ ʚʥʫʪʨʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʨʠʠ ʥʘʨʫʰʝʥʠʡ. ʆʩʥʦʚʦʡ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʟʦʥʳ ʪʨʝʭ ʥʘʜʚʠ-

ʛʦʚ, ʩ ʜʨʦʙʣʝʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʜʝʣʷʶʪʩʷ ʥʠʞʥʷʷ, 

ʩʨʝʜʥʷʷ ʠ ʚʝʨʭʥʷʷ ʟʘʣʝʞʠ. ʕʪʠ ʨʫʜʥʳʝ ʟʘʣʝʞʠ ʠʤʝʶʪ ʧʦʣʦʛʠʡ ʩʪʨʫʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʠ ʦʨʝʦʣʘ, ʧʨʠʯʝʤ ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʦʝ ʦʩʥʦʚʥʦʝ ʪʝʣʦ ʠ ʚʦ-

ʢʨʫʛ ʩʝʨʠʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʨʫʜʥʳʭ ʪʝʣ.  

ʊʘʢʞʝ ʠʥʪʝʥʩʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʠ ʚ ʧʨʝʜʝʣʘʭ ʥʠʞʥʝʡ ʩʝʨʠʠ 

ʥʘʨʫʰʝʥʠʡ, ʧʨʠʯʝʤ ʟʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʩʚʷʟʠ ʩ ʟʦʥʘʤʠ ʥʘʜʚʠʛʦʚ, ʦʙʨʘʟʫʷ ʩʣʝʧʳʝ ʧʦʣʦʛʠʝ ʟʘʣʝʞʠ. ʊʘʢʦʝ ʨʘʟʤʝʱʝ-

ʥʠʝ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʚʳʭ ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ 
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ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʷʚʣʷʣʠʩʴ ʧʫʪʷʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʨʫʜʦʥʦʩ-

ʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠ ʢ ʧʨʦʨʘʙʦʪʢʝ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘʨʫʰʝʥʥʳʭ ʧʦʨʦʜ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʨʫʜʦʧʦʜʚʦʜʷʱʝʡ 

ʨʦʣʠ ʥʘʜʚʠʛʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʠ ʠ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦ-

ʪʘ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʨʠʩ. 1). 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʪʨʘʩʩ ʧʘʣʝʦʬʣʶʠʜʦʧʦʪʦʢʦʚ ʧʨʦʚʝʜʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʧʨʦʙʦʚʘʥʠʷ ʢʝʨʥʘ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘ-

ʞʠʥ ʥʘ ʣʠʥʠʷʭ 10-19 (ʨʠʩ. 4.). ʄʦʱʥʦʩʪʠ ʨʫʜʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʫʤʥʦʞʘʶʪʩʷ 

ʥʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʤʤʠʨʫʶʪʩʷ ʧʦ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʫʤʤʳ ʚʳʥʦʩʷʪʩʷ ʥʘ ʧʣʘʥ ʠ ʦʪʩʪʨʘʠʚʘʶʪʩʷ ʠʟʦʣʠʥʠʠ (ʤ*ʛ/ʪ). ɺʳʜʝʣʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʪʷʥʫʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʘʩʩ ʧʘʣʝʦ-

ʬʣʶʠʜʦʧʦʪʦʢʦʚ ʥʘ ʶʛ ʠ ʶʛʦ-ʟʘʧʘʜ. ʂʦʨʥʝʚʳʝ ʯʘʩʪʠ ʧʘʣʝʦʬʣʶʠʜʦʧʦʪʦʢʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʥʘ ʥʘʠʙʦʣʝʝ ʤʦʱʥʦʝ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ.   

 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʠʨʦʚʢʠ ʧʘʣʝʦʬʣʶʠʜʦʧʦʪʦʢʦʚ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦ-

ʙʦʚʘʥʠʷ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ (ʧʨʦʝʢʮʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ). 
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1 ï ʉʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʧʦ ʨʘʟʚʝʜʦʯʥʳʤ ʣʠʥʠʷʤ (ʥʦʤʝʨʘ ʚʚʝʨʭʫ): ʩ ʨʫʜʥʳʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ (ʘ) ʠ ʙʝʟʨʫʜʥʳʝ (ʙ); 2 ï ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ ʚ ʩʢʚʘʞʠʥʘʭ; 3 ï 8 ï ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʨʫʜʝʥʝʥʠʷ (ʩʫʤʤʠʨʦʚʘʥʥʳʝ ʤ*ʛ/ʪ ʧʦ ʩʢʚʘʞʠʥʘʤ): 3 - 1 - 9 ʤ*ʛ/ʪ; 4 ï 10 ï 49 ʤ*ʛ/ʪ; 

5 ï 50 - 99 ʤ*ʛ/ʪ; 6 ï 100 - 199 ʤ*ʛ/ʪ; 7 ï 200 - 299 ʤ*ʛ/ʪ; 8 ï 300 ʠ >300 ʤ*ʛ/ʪ; 9 ï 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʠʛʨʘʮʠʠ ʨʫʜʦʥʦʩʥʳʭ ʛʠʜʨʦʪʝʨʤ ï ʧʘʣʝʦʬʣʶʠʜʦʧʦ-

ʪʦʢʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʇʨʦʛʨʘʤʤʝ ˉ48 çʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʠʭ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʛʥʦʟʘ ʠ ʦʩʚʦʝʥʠʷè.  

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɻɽʆʃʆɻʀʀ, ʄʀʅɽʈɸʃʆɻʀʀ ʀ 

ɿʆʃʆʊʆʅʆʉʅʆʉʊʀ ʇʆʃʗʈʅʀʂʉʂʆɻʆ 

ʈʋɼʅʆ-ʈʆʉʉʓʇʅʆɻʆ ʋɿʃɸ (ʈ. ɸɼʓʏɸ) 

 

ʉʢʨʷʙʠʥ ɸ.ʀ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, 

geo@yakutia.ru 

 
ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʤʘʛʤʘʪʠʟʤ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷ 

ɺʝʨʭʥʝʘʜʳʯʘʥʩʢʦʛʦ ʨʘʡʦʥʘ   ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ [2, 5]. ɺ 

ʮʝʣʦʤ ʧʦ ʨʘʡʦʥʫ  ʟʘ  60 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʢʦʣʦ 40 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʠ ʥʝʩʢʦʣʴʢʦ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(ʉʝʥʪʘʯʘʥ ʠ ʜʨʫʛʠʝ). ɿʘ  ʵʪʦʪ ʧʝʨʠʦʜ    ʜʦʙʳʪʦ ʦʢʦʣʦ 43 ʪ ʟʦʣʦʪʘ ʠʟ 

ʨʦʩʩʳʧʝʡ,  ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ   ʇʦʣʷʨʥʠʢʩʢʦʛʦ ʫʟʣʘ 10 ʪ, ʏʝʥʢʝʣʝʥʴʠʥʩʢʦʛʦ 7,5 

ʪ,  ʠʟ ʃʘʟʦʚʩʢʦʡ ʛʨʫʧʧʳ ʪʝʨʨʘʩʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʜʳʯʠ  ʩʚʳʰʝ 13 ʪ ʠ 

ʠʟ ʤʝʣʢʠʭ ʨʦʩʩʳʧʝʡ 12,5 ʪ., ʘ  ʨʫʜʥʠʢ ʉʝʥʪʘʯʘʥ ʜʘʣ 6 ʪ ʤʝʪʘʣʣʘ[1]. 

ʊʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʧʦʢʘʟʘʣ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʷʚʣʝʥʠʷ ʣʘʪʝʨʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʪʠʧʦʚ ʟʦʣʦʪʦʛʦ  ʦʨʫʜʝʥʝʥʠʷ [3, 4].  

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 

ʦʜʥʦʛʦ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʫʟʣʦʚ  ʨʘʡʦʥʘ. 

 ʇʦʣʷʨʥʠʢʩʢʠʡ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʫʟʝʣ ʨʘʩʧʦʣʦʞʝʥ  ʚ ʩʣʘʙʦ 

ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʤʘʩʩʠʚʘ ʛʨʘʥʠʪʦʠʜʦʚ ʠ  ʚ 

ʢʦʥʪʫʨʝ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ 
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ʝʛʦ ʢ ʢʫʧʦʣʫ ʥʝʚʩʢʨʳʪʦʛʦ ʧʣʫʪʦʥʘ [5]. ʆʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʜʘʡʢʠ 

ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʦʚ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 200 ï1200ʤ 

ʠ ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 1-2ʤ.  ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠʤʝʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ 

ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ.  ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʠʭ ʜʦ 3 ï4 ʢʤ.  

ɺ 1941 ʛ  ɻ.ʇ. ʉʝʥʠʥʳʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ  ʨʦʩʩʳʧʴ ʚ ʧʦʡʤʝ ʨʫʯ. 

ʇʦʣʷʨʥʠʢ.  ɺ 1942 ʛ ʙʳʣʠ  ʚʳʷʚʣʝʥʳ  ʨʦʩʩʳʧʠ ʧʦ ʨʫʯʴʷʤ ʊʝʨʨʘʩʥʳʡ ï1, 2 

ʠ 3. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʦ-ʩʲʸʤʦʯʥʳʭ ʨʘʙʦʪ ʚ ʤʘʩʰʪʘʙʝ 1: 50 000 ʚ 1959 

ʛ. ɺ.ɸ. ʃʘʚʨʫʭʠʥʳʤ ʙʳʣʦ ʦʪʢʨʳʪʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʇʦʣʷʨʥʠʢ, ʛʜʝ ʚ 1966 ʛ  

ɽ.ʌ. ʏʝʨʝʧʘʥʦʚʳʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʘʥʘʚʥʳʝ ʨʘʙʦʪʳ. ʉ 1967 ʛ.  

ɸʜʳʯʘʥʩʢʘʷ ɻʈʇ ɺʀɻʈʕ ʧʨʦʚʦʜʠʣʘ ʨʘʟʚʝʜʢʫ ʪʝʨʨʘʩʦʚʳʭ ʨʦʩʩʳʧʝʡ ʨʫʯʴʝʚ 

ʇʦʣʷʨʥʠʢ ʠ ʊʝʨʨʘʩʥʳʡ-1 ʠ 2. ʕʪʠ ʨʦʩʩʳʧʠ, ʢʘʢ ʠ ʧʦʛʨʝʙʝʥʥʳʝ  ʏʝʥʢʝʣʝʥʴʷ 

ʠ ʊʘʨʘʢʘʥʠʡ, ʧʦ ɸʣ. ɻ. ʉʘʚʯʝʥʢʦ,  ʦʪʥʦʩʷʪʩʷ ʢ ʧʣʠʦʮʝʥ-

ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʦʤʫ ʚʨʝʤʝʥʠ.  

ʇʦ ɺ.ɸ. ʃʘʚʨʫʭʠʥʫ (1960 ʛ), ʨʫʜʥʦʝ ʧʦʣʝ çʇʦʣʷʨʥʠʢè ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʰʪʦʢʚʝʨʢʦʚʫʶ ʟʦʥʫ ʰʠʨʠʥʦʡ ʜʦ 300 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 1100-

1200 ʤ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ ʢʚʘʨʮʝʚʳʭ ʞʠʣ.  ʄʦʱʥʦʩʪʴ ʠʭ 

ʦʪ ʜʦʣʝʡ ʜʦ 40 ʩʤ. ʨʝʞʝ ʜʦ 0.7 ï1,2 ʤ.  ɺʳʜʝʣʷʶʪ ʪʘʢʞʝ ʟʦʥʳ 

ʧʨʦʞʠʣʢʦʚʘʥʠʷ, ʠʤʝʶʱʠʝ ʰʠʨʠʥʫ ʜʦ 0,5- 2,5 ʤ, ʨʝʜʢʦ ʜʦ 12 ʤ.  ʈʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʧʠʨʠʪʦʤ, 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʢʘʩʩʠʪʝʨʠʪʦʤ ʠ ʟʦʣʦʪʦʤ. ɺ ʨʫʜʥʳʭ ʧʨʦʪʦʣʦʯʢʘʭ  

ʦʙʥʘʨʫʞʝʥ ʰʝʝʣʠʪ (ʜʦ 5 % ʚ ʰʣʠʭʝ). ɺʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʩʢʦʨʦʜʠʪ, ʘʥʛʣʝʟʠʪ,  ʛʝʪʠʪ ʠ ʛʠʜʨʦʛʝʪʠʪ. ʆʪʤʝʯʘʶʪʩʷ   ʭʣʦʨʠʪ ʠ ʘʥʢʝʨʠʪ. 

ɿʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ,  ʚ ʘʥʢʝʨʠʪʝ ʠ ʥʘ ʢʦʥʪʘʢʪʝ ʝʛʦ ʩ 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ 0,05 ï 0,5% ʛ/ʪ, ʨʝʜʢʦ 1,5 ï 3, ʛ/ʪ, 

ʝʜʠʥʠʯʥʦ ï 12,4 ʛ/ʪ. ɺʳʜʝʣʷʶʪ ʩʪʘʜʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ: ʧʝʨʚʘʷ: 

ʢʚʘʨʮ+ʘʨʩʝʥʦʧʠʨʠʪ+ʧʠʨʠʪ +(ʰʝʝʣʠʪ?); ʚʪʦʨʘʷ: ʢʚʘʨʮ+ʭʘʣʴʢʦʧʠʨʠʪ+ 

ʛʘʣʝʥʠʪ+ ʟʦʣʦʪʦ-1 (ʛʠʧʦʛʝʥʥʦʝ); ʪʨʝʪʴʷ: ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ + ʟʦʣʦʪʦ-2. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʦʤʢʦʚʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʩ ʨʘʟʤʝʨʘʤʠ  ʦʪ 

ʤʝʥʝʝ 0,1 ʤʤ ʜʦ 2,5 ʤʤ (ʢ-21). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʦʪʘ (ɸ.ʄ. 

ʉʫʣʝʡʤʘʥʦʚ ʠ ʜʨ.,1977 ʛ.) ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʄʠʢʨʦʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ  ʧʨʠʤʝʩʝʡ ʩʫʨʴʤʳ, ʤʝʜʠ ʠ ʞʝʣʝʟʘ, ʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʦʪʤʝʯʘʶʪʩʷ ʤʳʰʴʷʢ, ʚʠʩʤʫʪ, ʤʘʨʛʘʥʝʮ, ʦʣʦʚʦ, ʮʠʥʢ ʠ  ʪʝʣʣʫʨ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʨʝʜʢʦʩʪʴʶ.  ʇʦ ʵʪʦʤʫ ʘʥʘʣʠʟʫ ʚʳʷʚʣʝʥʦ ʟʦʣʦʪʦ ʥʠʟʢʦʧʨʦʙʥʦʝ: 
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510, 475 (ʵʣʝʢʪʨʫʤ), 592; 653, 3 (ʟʝʣʝʥʦ-ʞʝʣʪʦʝ); 677,6 (ʩʚʝʪʣʦ-ʞʝʣʪʦʝ). 

ʇʨʠʥʷʪʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 581 (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʚʷʟʴ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ ʙʘʩʩʝʡʥʘ ʨʫʯ. ʇʦʣʷʨʥʠʢ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʟʦʣʦʪʦ-

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʪʠʧʘ (ʨ. ɸʜʳʯʘ). ʉʦʩʪʘʚʣʝʥ ʘʚʪʦʨʦʤ ʧʦ ʤʘʪʝʨʠʘʣʘʤ (ɽ.ʌ. 

ʏʝʨʝʧʘʥʦʚ, 1966; ɸ.ʄ. ʉʫʣʝʡʤʘʥʦʚ ʠ ʜʨ., 1977ʛ; ʖ.ʉ. ʗʨʦʩʣʘʚ, 1987ʛ). 1- 

ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʝ  ʧʦʨʦʜʳ; 2 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 3 ï ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ; 4 ï ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʇʦʣʷʨʥʠʢ ʠ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ; 5 ïʧʦʛʨʝʙʝʥʥʳʝ 

ʨʦʩʩʳʧʠ; 6 ï ʨʫʩʣʦʚʳʝ ʨʦʩʩʳʧʠ ʢʘʥʴʦʥʘ ʨʫʯ. ʇʦʣʷʨʥʠʢ; 7 ï8 - ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ: 7-

ʧʦ ʧʨʦʙʠʨʥʦʤʫ ʘʥʘʣʠʟʫ; 8 ï ʧʦ ʤʠʢʨʦʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ. 

 

ɺ ʙʘʩʩʝʡʥʝ ʨʫʯ. ʇʦʣʷʨʥʠʢ  ʧʨʠ ʝʛʦ ʜʣʠʥʝ 25- 27 ʢʤ  ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʨʦʩʩʳʧʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʣʠʥʝ ʠ ʥʘ ʪʝʨʨʘʩʝ 60 ʤ  ʥʘʭʦʜʠʪʩʷ   ʚ 4 - 5 ʢʤ ʦʪ 

ʫʩʪʴʷ. ʇʦʛʨʝʙʝʥʥʘʷ ʨʦʩʩʳʧʴ ʨʫʯ. ʊʝʨʨʘʩʥʳʡ- 1. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʝʝ ʷʚʣʷʝʪʩʷ 

ʜʦʣʠʥʥʦʡ, ʘ ʥʠʞʝ ʃ-13 ʟʘʣʝʛʘʝʪ ʥʘ ʮʦʢʦʣʝ ʪʝʨʨʘʩʳ. ʇʦʛʨʝʙʝʥʥʘʷ ʪʝʨʨʘʩʘ 

ʨʫʯ.  ʊʝʨʨʘʩʥʳʡ-2 ʠ ʪ- 90 ʤ ʨʫʯ. ʇʦʣʷʨʥʠʢ ʠʤʝʶʪ ʰʠʨʠʥʫ ʨʦʩʩʳʧʠ 10 ï

165ʤ, ʤʦʱʥʦʩʪʴ ʪʦʨʬʦʚ -15,7ʤ ʠ ʤʦʱʥʦʩʪʴ ʧʝʩʢʦʚ 1,54ʤ. ʇʦ ʵʣʝʤʝʥʪʘʤï

ʧʨʠʤʝʩʷʤ (ʩʫʨʴʤʳ, ʤʝʜʴ ʠ ʞʝʣʝʟʦ) ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ. ɺ ʮʝʣʦʤ, ʟʦʣʦʪʦ ʥʠʟʢʦʧʨʦʙʥʦʝ (512 ï707) ʩ ʥʝʢʦʪʦʨʳʤ 

ʧʦʚʳʰʝʥʠʝʤ (874) ʚ  ʨʫʯ. ʊʝʨʨʘʩʦʚʳʡ-3.   ʇʨʝʦʙʣʘʜʘʝʪ ʟʦʣʦʪʦ ʤʝʣʢʦʝ (0,6-

0,9ʤʤ). ʆʜʥʘʢʦ  ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʨʫʧʥʝʥʠʝ (1,5 ï 2,0 ʤʤ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
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ʧʦʛʨʝʙʝʥʥʦʡ ʨʦʩʩʳʧʠ ʨʫʯ ʊʝʨʨʘʩʥʳʡ ï2 ʠ ʚ ʨʫʩʣʦʚʦʡ ʢʘʥʴʦʥʘ ʇʦʣʷʨʥʠʢ 

(ʊʝʨʨʘʩʥʳʡ ï3 ʠ ʀʢʩ)  ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ  ʚʳʭʦʜʘ ʬʨʘʢʮʠʡ 2-4 

ʤʤ (ʪʘʙʣʠʮʘ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʇʦʣʷʨʥʠʢʩʢʠʡ ʠ, ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʡ 

ʏʝʥʢʝʣʝʥʴʠʥʩʢʠʡ, ʨʫʜʦ-ʨʦʩʩʳʧʥʳʝ ʫʟʣʳ [4] ʦʢʘʟʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦ  

ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʣʷ  ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʪʠʧʘ, ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʟʦʣʦʪʘ (ʧʨʦʙʥʦʩʪʠ ʠ ʢʨʫʧʥʦʩʪʠ) ʠ  ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʦʙʳʪʦʛʦ ʤʝʪʘʣʣʘ ʠʟ 

ʨʦʩʩʳʧʝʡ. 

ʊʘʙʣʠʮʘ 1  

ʇʨʦʙʥʦʩʪʴ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʦʪʘ ʚ ʨʦʩʩʳʧʷʭ  

ʇʦʣʷʨʥʠʢʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ 

ʇʨʠʤʝʯʘʥʠʝ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʙʥʦʩʪʠ ʟʦʣʦʪʘ: 676* - ʧʦ ʤʠʢʨʦʭʠʤʠʯʝʩʢʦʤʫ  ʠ 

635 -ʧʨʦʙʠʨʥʦʤʫ ʘʥʘʣʠʟʘʤ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʤʘʩʩʠʚʘ ʊʦʤʪʦʨ [2], ʤʥʦʛʠʝ ʚʦʧʨʦ-

ʩʳ ʛʝʥʝʟʠʩʘ ʫʥʠʢʘʣʴʥʦ ʙʦʛʘʪʳʭ ʨʫʜ ʜʦ ʩʠʭ ʧʦʨ ʜʠʩʢʫʩʩʠʦʥʥʳ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʦʟʟʨʝʥʠʷ ʥʘ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʟʘʥʦʚʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ [1, 3, 5].  

ʈʫʜʥʳʡ ʧʣʘʩʪ ʧʨʠʫʨʦʯʝʥ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʛʠʧʝʨʛʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʢʘʦʣʠʥʠʪ-ʢʨʘʥʜʘʣʣʠʪʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʛʣʫʙʦʢʦʡ 

(ʣʘʪʝʨʠʪʥʦʡ) ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʘʩʩʠʚʘ ʊʦʤʪʦʨ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʨʫʜ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʪʨʠ 

ʛʣʘʚʥʳʭ ʧʨʦʮʝʩʩʘ: ʣʘʪʝʨʠʪʥʦʝ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʧʝʨʚʠʯʥʦ-ʨʫʜʦʥʦʩʥʦʤʫ 

ʩʫʙʩʪʨʘʪʫ (ʢʘʨʙʦʥʘʪʠʪʘʤ ʨʫʜʥʦʡ ʛʨʫʧʧʳ), ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʢʦʨ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʠʭ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ [1].  

ɺ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ ʚʨʝʤʷ ʤʘʩʩʠʚ ʊʦʤʪʦʨ ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʥʘ ʨʫʙʝʞʝ ʜʝʚʦʥʩʢʦʛʦ-ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʨʠʦʜʦʚ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʢʣʠʤʘʪʝ ʧʦʜʚʝʨʛʘʣʩʷ ʣʘʪʝʨʠʪʥʦʤʫ 

ʚʳʚʝʪʨʠʚʘʥʠʶ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʟʘʚʠʩʝʣʘ ʦʪ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ. ʅʘ ʧʦʨʦʜʘʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʳ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠʤʝʶʪ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʡ 

ʩʦʩʪʘʚ, ʘ ʤʦʱʥʦʩʪʴ ʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 20-30 ʤʝʪʨʦʚ.  

ʄʘʢʩʠʤʘʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʧʦʜʚʝʨʛʣʠʩʴ ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʦ 

ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʨʫʜʦʥʦʩʥʳʝ ʢʘʨʙʦʥʘʪʠʪʳ [2], ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ 
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ʥʠʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʫʜʦʥʦʩʥʳʝ ʢʦʨʳ ʞʝʣʝʟʠʩʪʦ-ʬʦʩʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 100 ʜʦ 300 ʤ ʠ ʙʦʣʝʝ. ʇʨʦʮʝʩʩʳ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʷʚʣʝʥʠʷʤʠ ʫʩʘʜʢʠ ʤʘʪʝʨʠʘʣʘ ʢʦʨ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʩʘʜʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚʘ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ ʝʛʦ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʦʛʦ ʨʫʜʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ (ʧʠʨʦʭʣʦʨ, ʤʦʥʘʮʠʪ, ʢʩʝʥʦʪʠʤ ʠ ʜʨ.) ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʦʛʨʫʞʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʧʦʷʚʣʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʤʘʩʩʠʚʘ ʊʦʤʪʦʨ ʪʨʝʭ ʫʯʘʩʪʢʦʚ (ʉʝʚʝʨʥʳʡ, ɹʫʨʘʥʥʳʡ ʠ ʖʞʥʳʡ), 

ʦʙʦʛʘʱʝʥʥʳʭ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɺ ʧʝʨʤʩʢʦʝ ʚʨʝʤʷ ʵʪʠ ʜʝʧʨʝʩʩʠʠ 

ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʚʦʜʦʝʤʘʤʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʫʛʣʝʥʦʩʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʜʫʢʪʳ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ 

ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʚʦʜ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʜʠʢʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʝ ʵʪʘʧʦʚ ʚ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʛʠʧʝʨʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [2]. 

ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʥʦʩʘ ʧʦʜʚʠʞʥʳʭ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ Fe2+ ʠ Mn2+, ʷʚʣʷʶʱʠʭʩʷ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʚ ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʥʝʧʦʜʚʠʞʥʳʭ 

ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (Nb ʠ TR) ʧʨʦʠʩʭʦʜʠʣ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʩʣʝʜʥʠʭ ʠʟ-

ʟʘ ʫʧʣʦʪʥʝʥʠʷ ʛʠʧʝʨʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʥʠʞʝ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʟʦʥʫ ʚʳʥʦʩʘ 

ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʟʦʥʘ ʮʝʤʝʥʪʘʮʠʠ (ʩʠʜʝʨʠʪʦʚʳʡ ʛʦʨʠʟʦʥʪ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʦʪʣʦʞʝʥʥʳʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ï 

ʨʝʟʫʣʴʪʘʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʢʨʦʚʣʠ ʨʫʜʥʦʛʦ ʧʣʘʩʪʘ ʚ ʝʸ ʩʦʚʨʝʤʝʥʥʦʤ ʚʠʜʝ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʷʚʣʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʨʝʜʥʝʤ-ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʠ ʨʘʥʥʝʤ ʤʝʟʦʟʦʝ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ ʝʛʦ ʧʦʜʦʰʚʳ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʷʚʣʝʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʦʷʚʠʚʰʠʭʩʷ ʚ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ 

ʥʠʞʥʝʡ-ʚʝʨʭʥʝʡ ʧʝʨʤʠʜʦ ʥʠʞʥʝʡ ʶʨ.r ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʛʝʥʝʟʠʩʫ ʧʨʦʮʝʩʩʦʚ ʛʨʘʥʠʮʳ ʨʫʜʥʦʛʦ ʧʣʘʩʪʘ ʩ 

ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʧʝʨʤʩʢʠʤʠ ʫʛʣʝʥʦʩʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʶʨʩʢʠʤʠ 

ʤʦʨʩʢʠʤʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ ʬʠʢʩʠʨʫʝʪʩʷ ʯʸʪʢʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ. 
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ʉ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʯʸʪʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʛʨʘʥʠʮʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ, ʠʟʨʝʜʢʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ 

ʧʝʨʝʭʦʜ ʨʫʜ ʢ ʧʦʨʦʜʘʤ ʩʠʜʝʨʠʪʦʚʦʛʦ ʠʣʠ ʬʨʘʥʢʦʣʠʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʦʚ.ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʠʤʝʝʪʩʷ ʨʷʜ ʬʘʢʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʚʝʨʦʷʪʥʦʡ ʩʚʷʟʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʛʘʪʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ 

ʩʫʣʴʬʘʪʘʨʥʦ-ʬʫʤʘʨʦʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʦʙʳʯʥʦ 

ʩʚʷʟʘʥʦʦʙʨʘʟʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ï ʘʨʛʠʣʣʠʟʠʪʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʪʝ ʞʝ ʤʠʥʝʨʘʣʳ, ʯʪʦ ʠ ʜʣʷ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ï 

ʢʘʦʣʠʥʠʪ, ʛʘʣʣʫʘʟʠʪ, ʠʣʣʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʜʠʢʢʠʪ, ʢʘʨʙʦʥʘʪʳ, ʢʚʘʨʮ; 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʛʝʤʘʪʠʪ, ʧʠʨʠʪ, ʬʣʶʦʨʠʪ, 

ʙʘʨʠʪ, ʨʫʪʠʣ, ʤʠʥʝʨʘʣʳ Mn. 

ʂʨʦʤʝ ʊʦʤʪʦʨʘ Nb-TR-P ʨʫʜʳ ʚʩʪʨʝʯʝʥʳ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ 

ʜʨʦʙʣʝʥʠʷ ʚʥʝ ʤʘʩʩʠʚʘ (ʧʨʦʷʚʣʝʥʠʝ ʏʳʤʘʨʘ ʠ ʜʨ.). ɼʣʷ ʵʪʠʭ ʧʨʦʷʚʣʝʥʠʡ 

ʭʘʨʘʢʪʝʨʥʘ ʩʫʣʴʬʠʜʥʘʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʠʥʝʨʘʣʠʟʮʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʘʨʛʠʣʣʠʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʘ ʟʦʥʘ, ʩʫʜʷ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʝʨʝʩʝʢʘʝʪ ʠ ʩʘʤ ʤʘʩʩʠʚ. ʆʜʥʘʢʦ ʠʟʫ-

ʯʝʥʥʦʩʪʴ ʝʝ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 70-ʭ ï 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʥʝ ʧʦʟ-

ʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʝʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʯʪʦ ʪʨʝʙʫʝʪ, ʥʝʩʦʤʥʝʥʥʦ, ʠʩʧʨʘʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʛʘʪʳʭ Nb-TR ʨʫʜ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʦʣʴ ʠʛʨʘʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʪʘʢʞʝ ʤʘʩʩʠʚʳ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʠʧʝʨʛʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʘʢʞʝ ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʛʦʚʦʨʠʪʴ ʦ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʧʠʨʦʭʣʦʨ-ʤʦʥʘʮʠʪ-ʢʨʘʥʜʘʣʣʠʪʦʚʳʭ ʨʫʜ [1]. ɺ ʮʝʣʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʛʘʪʳʭ 

Nb-TR ʨʫʜ ʊʦʤʪʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʳʢʥʦʚʝʥʥʳʤʠ 

ʤʘʩʰʪʘʙʘʤʠ ʵʥʜʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ-

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʩʪʦʨʠʠ ʩʪʘʥʦʚʣʝʥʠʷ 

ʤʘʩʩʠʚʘ ʠ ʰʠʨʦʪʦʡ ʧʨʦʷʚʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʛʠʧʦʛʝʥʥʦʛʦ 

(ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ), ʛʠʧʝʨʛʝʥʥʦʛʦ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʙʠʦʛʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʦʚ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ 

ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʥʘʙʦʨʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ 
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ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ, ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʘʨʛʘʥʮʘ 

ʠ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ [4, 6]. ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʢʪʫʪʁ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʛʝʥʠʠ ʫʣʴʪʨʘ-

ʦʩʥʦʚʥʳʭ-ʱʝʣʦʯʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʋʑʂ) ʋʜʞʠʥʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʠ ʚʩʝʛʦ ʉʝʚʝʨʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚʢʣʶʯʘʷ ʄʘʡʤʝʯʘ-

ʂʦʪʫʡʩʢʫʶ ʧʨʦʚʠʥʮʠʶ ʋʑʂ. ʅʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚʩʝʭ ʢʦʨʝʥʥʳʭ ʩʠʣʠʢʘʪʥʳʭ 

ʧʦʨʦʜ, ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʫʜʦʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠʚ ʵʪʦʤ ʨʝʛʠʦʥʝ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʛʠʧʝʨʛʝʥʝʟʘ ʠ ʵʧʠʛʝʥʝʟʘ. ʕʪʦ ʢʘʩʘʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʠʟʚʝʩʪʥʳʭ ʤʘʩʩʠʚʦʚ (ʊʦʤʪʦʨ, ɹʦʛʜʦ, ʏʠʤʘʨʘ). ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ 

ʥʝʚʩʢʨʳʪʳʭ ʤʘʩʩʠʚʦʚ ʋʑʂ ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʗʢʫ-

ʪʠʠ, ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʟʚʦʣʷʪ ʦʙʦʩʥʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʚʳ-

ʷʚʣʝʥʠʷ ʥʦʚʦʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʢʦʣʦʩʩʘʣʴ-

ʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝ ʪʦʣʴʢʦ Nb-TR ʩʳʨʴʷ, ʥʦ ʠ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʛʦ ʦʨʫ-

ʜʝʥʝʥʠʷ. 
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ʉʪʝʧʘʥʦʚ ɺ.ɸ.1, ʄʝʣʴʥʠʢʦʚ ɸ.ɺ.2 

1 ï ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ɼɺʆ ʈɸʅ,  

ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ, vitstepanov@yandex.ru 

2 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, 

anton_melnikov72@mail.ru 

 

ʇʦʯʪʠ 150 ʣʝʪʥʠʝ ʧʦʠʩʢʦʚʳʝ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʇʨʠ-

ʘʤʫʨʴʝ ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳʪʠʶ ʧʦʣʫʪʦʨʘ ʪʳʩʷʯ ʨʦʩʩʳʧʥʳʭ ʠ ʜʝʩʷʪʢʦʚ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʜʦʙʳʪʦ ʦʢʦʣʦ 1300ʪ ʟʦʣʦʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 180ʪ 

ʠʟ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1, 2]. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʟ-ʟʘ ʠʩʪʦʱʝʥ-

ʥʦʩʪʠ ʨʦʩʩʳʧʝʡ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʫʜʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ɸʤʫʨʩʢʘʷ ʦʙʣʘʩʪʴ ʚʳʰʣʘ ʥʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ 

ʈʦʩʩʠʠ ʧʦ ʜʦʙʳʯʝ ʟʦʣʦʪʘ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʦʩʩʳʧʠ ʩʦʩʪʘʚʣʷʶʪ ʇʨʠʘʤʫʨʩʢʫʶ ʟʦʣʦʪʦʥʦʩʥʫʶ 

ʧʨʦʚʠʥʮʠʶ, ʦʜʥʫ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʈʦʩʩʠʠ. ʇʨʦʚʠʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʦʥʫ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʢʦʣʣʠʟʠʠ ʛʝʦʙʣʦʢʦʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ ʛʝʦʙʣʦʢ) ʠ ɸʤʫʨʩʢʦʛʦ ʢʦʤʧʦʟʠʪʥʦ-

ʛʦ ʤʘʩʩʠʚʘ (ʛʝʦʙʣʦʢʘ) ʩ ʟʘʞʘʪʦʡ ʤʝʞʜʫ ʥʠʤʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʩʢʣʘʜʯʘ-

ʪʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʩʦʩʪʘʚʝ ʇʨʠʘʤʫʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚʳʜʝʣʝʥʳ ʜʝʚʷʪʴ ʤʝʪʘʣ-

ʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ 80 ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ 

(ʈʈʋ) (ʨʠʩ. 1).  

ʇʦ ʩʫʤʤʝ ʜʦʙʳʪʦʛʦ ʨʫʜʥʦʛʦ ʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ), 

ʥʘʤʠ ʚʳʜʝʣʝʥʳ ʚʳʩʦʢʦ (ʜʦʙʳʪʦ ʙʦʣʝʝ 50ʪ), ʩʨʝʜʥʝ (10-50ʪ) ʠ ʥʠʟʢʦ ʧʨʦ-

ʜʫʢʪʠʚʥʳʝ (ʤʝʥʝʝ 10ʪ) ʈʈʋ. ɺ ʨʘʩʧʦʣʦʞʝʥʠʠ ʫʟʣʦʚ ʚʠʜʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʫʟʣʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʝʪʘʣʣʦʛʝʥʠ-

ʯʝʩʢʠʤ ʟʦʥʘʤ, ʩʣʘʛʘʶʱʠʤ ʷʜʨʦ ʧʨʦʚʠʥʮʠʠ. ɺ ʵʪʠʭ ʞʝ ʟʦʥʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʘ 

ʠ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʈʈʋ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (12 ʠʟ 16). ɺ ʤʝʪʘʣʣʦʛʝʥʠ-

ʯʝʩʢʠʭ ʟʦʥʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʧʨʦʚʠʥʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʈʈʋ ʩ ʥʠʟ-

ʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʚʩʧʳʰʢʠ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦ-

ʚʠʥʮʠʠ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘ ʝʝ ʩʯʝʪ ʨʦʩʩʳʧʝʡ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʫʟʣʳ. ʀʟ ʥʠʭ ʜʦʙʳʪʦ 834.6ʪ ʟʦʣʦʪʘ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 63.6%, ʠʣʠ ʧʦʯʪʠ ʜʚʝ ʪʨʝʪʠ ʦʪ ʦʙʱʝʡ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ ʧʨʦ-

ʚʠʥʮʠʠ. ɼʦʣʷ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ (165.1ʪ) ʩʦʩʪʘʚʣʷʝʪ 91.7%. ʉʫʤʤʘʨʥʦʝ ʧʨʦ-
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ʠʟʚʦʜʩʪʚʦ ʟʦʣʦʪʘ ʚ ʫʟʣʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 46.6 (ʂʝʨʙʠʥʩʢʠʡ ʫʟʝʣ) ʜʦ 209.4ʪ 

(ʉʦʣʦʚʴʝʚʩʢʠʡ). ʉʨʝʜʥʷʷ ʜʦʙʳʯʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʫʟʣʘ ʨʘʚʥʘ 92.7ʪ. 

 
ʈʠʩ. 1. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ ʇʨʠʘʤʫʨʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʧʨʦ-

ʚʠʥʮʠʠ.1-3 ï ʛʝʦʙʣʦʢʠ: 1 - ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ; 2 ï ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ; 3 ï ɸʤʫʨ-

ʩʢʠʡ; 4 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ (ʖɸ ï ʖʞʥʦ-ɸʣʜʘʥʩʢʠʡ, ʉʪ ï ʉʪʘʥʦʚʦʡ, ʊ ï ʊʫʥ-

ʛʫʨʯʘʥʩʢʠʡ, ʉ ï ʉʝʚʝʨʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ʖ ï ʖʞʥʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ɼ ï ɼʞʝʣʪʫ-

ʣʘʢʩʢʠʡ, ʋ ï ʋʥʘʭʠʥʩʢʠʡ, ʉɻ ï ʉʫʛʜʞʘʨʩʢʠʡ, ɿ ï ɿʘʧʘʜʥʦ-ʊʫʨʘʥʩʢʠʡ, ʉʃ ï ʉʝ-

ʣʝʤʜʞʠʥʩʢʠʡ, ɿ ï ɿʘʧʘʜʥʦ-ʊʫʨʘʥʩʢʠʡ, ʍ ï ʍʠʥʛʘʥʩʢʠʡ, ʂ ï ʂʫʨʩʢʠʡ); 5 ï ʟʦʣʦʪʦ-

ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʠʭ ʥʦʤʝʨʘ (1 ï ʃʝʜʷʥʦʝ, 2 ï ʉʢʘʣʠʩʪʦʝ, 3 ï ɹʘʤʩʢʦʝ, 4 ï 

ʂʦʣʯʝʜʘʥʥʳʡ ʋʪʸʩ, 5 ï ɹʝʨʝʟʠʪʦʚʦʝ, 6 ï ʂʠʨʦʚʩʢʦʝ, 7 ï ɿʦʣʦʪʘʷ ɻʦʨʘ, 8 ï ɹʫʨʠʥʜʘ, 

9 ï ʇʠʦʥʝʨ, 10 ï ʇʦʢʨʦʚʩʢʦʝ, 11 ï ʄʘʣʦʤʳʨ, 12 ï ʊʦʢʫʨ, 13 ï ʉʘʛʫʨ, 14 ï ʍʘʨʛʘ, 15 
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ï ɸʣʙʳʥ, 16 ï ɹʫʨʦʚʦʝ, 17 ï ʂʝʨʙʠʥʩʢʦʝ, 18 ï ʇʨʦʛʥʦʟʥʦʝ, 19 ʅʦʥʠ); 6 ï ʤʝʪʘʣʣʦ-

ʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ ʠ ʠʭ ʥʦʤʝʨʘ (I ï ʖʞʥʦ-ʗʢʫʪʩʢʘʷ, II  ï ʉʝʚʝʨʦ-ʉʪʘʥʦʚʘʷ, III  ï 

ɼʞʝʣʪʫʣʘʢʩʢʘʷ, IV ï ʗʥʢʘʥʩʢʘʷ, V ï ɼʞʘʛʜʳ-ʉʝʣʝʤʜʞʠʥʩʢʘʷ, VI ï ʉʝʚʝʨʦ-

ɹʫʨʝʠʥʩʢʘʷ, VII  ï ʏʘʛʦʷʥ-ɹʳʩʩʠʥʩʢʘʷ, VIII  ï ʊʫʨʘʥʩʢʘʷ, IX ï ɺʦʩʪʦʯʥʦ-

ɹʫʨʝʠʥʩʢʘʷ,  7 ï ʢʦʥʪʫʨ ʇʨʠʘʤʫʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ; 8 ï ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʝ ʫʟʣʳ ʠ ʠʭ 

ʥʦʤʝʨʘ: ʘ) ʥʠʟʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ (1 ï ʂʠʪʝʤʷʭʪʠʥʩʢʠʡ, 2 ï ʂʘʣʘʨʩʢʠʡ, 3 ï ʍʘʥʠʡ-

ʩʢʠʡ, 4 ï ʖʢʪʘʣʠʡʩʢʠʡ, 6 ï ʏʠʣʴʯʠʥʩʢʠʡ, 7 ï ɺʝʨʭʥʝʘʣʜʘʥʩʢʠʡ, 8 ï ɹʝʨʢʘʢʠʪʩʢʠʡ, 

10 ï ɺʝʨʭʥʝʩʫʪʘʤʩʢʠʡ, 11 ï ʉʨʝʜʥʝʩʫʪʘʤʩʢʠʡ, 12 ï ɸʣʛʘʤʠʥʩʢʠʡ, 13 ï ʏʘʧʩʢʠʡ, 14 

ï ʆʢʦʥʦʥʩʢʠʡ, 15 ï ʉʦʣʦʛʫ-ʏʘʡʜʘʭʩʢʠʡ, 16 ï ʂʫʥ-ʄʘʥʴʸʥʩʢʠʡ, 17 ï ɹʘʣʳʢʪʘʭʩʢʠʡ, 

18 ï ʃʦʧʯʠʥʩʢʠʡ, 19 ï ʊʦʛʫʥʘʩʩʢʠʡ, 20 ï ɹʘʤʩʢʠʡ, 21 ï ʃʘʨʙʠʥʩʢʠʡ, 22 ï ʃʘʧʨʠʥ-

ʩʢʠʡ, 23 ï ʐʪʳʢʞʘʢʩʢʠʡ, 24 ï ʄʘʣʦʛʠʣʶʡʩʢʠʡ, 25 ï ɺʝʨʭʥʝʙʨʷʥʪʠʥʩʢʠʡ, 26 ï 

ʋʪʫʛʘʡʩʢʠʡ, 27 ï ʉʨʝʜʥʝʙʨʷʥʪʠʥʩʢʠʡ, 28 ï ʄʫʣʴʤʫʛʠʥʩʢʠʡ, 29 ï ɹʦʤʥʘʢʩʢʠʡ, 31 ï 

ʂʫʧʫʨʠʥʩʢʠʡ, 32 ï ʋʜʭrʳʥʩʢʠʡ, 33 ï ʏʦʛʘʨʩʢʠʡ, 35 ï ʍʦʨʦʛʦʯʠʥʩʢʠʡ, 42 ï ɾʫʨ-

ʙʘʥʩʢʠʡ, 43 ï ʋʨʢʠʥʩʢʠʡ, 46 ï ɼʦʣʙʳʨʴʩʢʠʡ, 48 ï ʊʫʢʩʠʥʩʢʠʡ, 49 ï ɼʫʛʜʠʥʩʢʠʡ, 50 

ï ʅʦʨʩʢʠʡ, 51 ï ʕʛʦʨʩʢʠʡ, 52 ï ʄʘʣʦʤʳʨʩʢʠʡ, 55 ï ʆʛʦʜʞʠʥʩʢʠʡ, 57 ï ɺʦʩʪʦʯʥʦ-

ʩʝʣʝʤʜʞʠʥʩʢʠʡ, 60 ï ɹʫʨʠʥʜʠʥʩʢʠʡ, 64 ï ʋʤʣʝʢʘʥʩʢʠʡ, 67 ï ɸʜʘʤʠʭʠʥʩʢʠʡ, 69 ï 

ʏʘʛʦʷʥʩʢʠʡ, 71 ï ɹʳʩʩʠʥʩʢʠʡ, 72 ï ʀʩʠʥʩʢʠʡ, 73 ï ɸʣʝʫʥʩʢʠʡ, 74 ï ʉʠʤʠʯʠʥʩʢʠʡ, 

75 ï ɸʨʭʘʨʠʥʩʢʠʡ, 76 ï ʀʦʨʠʢʩʢʠʡ, 77 ï ʋʨʛʘʣʴʩʢʠʡ, 78 ï ɺʝʨʭʥʝʫʰʤʫʥʩʢʠʡ, 79 ï 

ʅʦʥʠʥʩʢʠʡ, 80 - ɺʝʨʭʥʝʛʫʜʞʘʣʴʩʢʠʡ), ʙ) ʩʨʝʜʥʝ ʧʨʦʜʫʢʪʠʚʥʳʝ (5 ï ʂʘʙʘʢʪʘʥʩʢʠʡ, 

9 ï ɺʝʨʭʥʝʪʠʤʧʪʦʥʩʢʠʡ, 30 ï ʉʫʛʜʞʘʨʩʢʠʡ, 34 ï ʋʨʢʠʤʠʥʩʢʠʡ, 36 ï ɼʞʝʣʪʫʣʘʢ-

ʩʢʠʡ, 37 ï ʊʘʣʛʠʥʩʢʠʡ, 38 ï ʋʩʧʝʥʩʢʠʡ, 39 ï ʀʣʠʢʘʥ-ʋʥʘʭʠʥʩʢʠʡ, 40 ï ɿʦʣʦʪʦʛʦʨ-

ʩʢʠʡ, 47 ï ʋʥʴʷ-ɹʦʤʩʢʠʡ, 53 ï ɺʝʨʭʥʝʩʪʦʡʙʠʥʩʢʠʡ, 58 ï ʉʦʬʠʡʩʢʠʡ, 61 ï ʀʛʘʢ-

ʩʢʠʡ, 65 ï ʗʩʥʝʥʩʢʠʡ, 68 ï ʉʦʭʘʪʠʥʳʡ, 70 - ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʠʡ), ʚ) ʚʳʩʦʢʦ ʧʨʦ-

ʜʫʢʪʠʚʥʳʝ (41 ï ʄʦʛʦʪʩʢʠʡ, 44 ï ɹʝʨʝʟʠʪʦʚʳʡ, 45 ï ʉʦʣʦʚʴʸʚʩʢʠʡ, 54 ï ʊʦʢʫʨʩʢʠʡ, 

56 ï ʍʘʨʛʠʥʩʢʠʡ, 59 ï ʂʝʨʙʠʥʩʢʠʡ, 62 ï ʋʣʫʥʛʠʥʩʢʠʡ, 63 ï ʊʳʛʜʠʥʩʢʠʡ, 66 - ʆʢ-

ʪʷʙʨʴʩʢʠʡ); 9 ï ʛʨʘʥʠʮʘ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʈʈʋ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʯʪʠ ʚʜʚʦʝ ʙʦʣʴʰʝ ï 16. ɺ ʵʪʠʭ ʈʈʋ ʜʦ-

ʙʳʪʦ ʦʢʦʣʦ 356.3ʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

27.2% ʦʪ ʦʙʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʦʣʦʪʘ ʧʨʦʚʠʥʮʠʠ. ɼʦʣʷ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ 

ʥʝʚʝʣʠʢʘ (1.6%). ʉʨʝʜʥʷʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 22.8ʪ.  

ʆʩʪʘʣʴʥʳʝ 55 ʈʈʋ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ɺ 7 ʠʟ ʥʠʭ ʜʦ-

ʙʳʯʘ ʟʦʣʦʪʘ ʥʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ. ɺ ʵʪʠʭ ʫʟʣʘʭ ʜʦʙʳʪʦ ʦʢʦʣʦ 121ʪ ʟʦʣʦʪʘ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 9.2% ʦʪ ʦʙʱʝʡ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ ʧʨʦʚʠʥʮʠʠ. ʉʨʝʜʥʷʷ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʴ ʦʜʥʦʛʦ ʫʟʣʘ ʩʦʩʪʘʚʣʷʝʪ 2.16 ʪ.  

ɺʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʨʝʜʥʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʈʈʋ ʧʨʠ-

ʫʨʦʯʝʥʳ ʢ ʮʝʥʪʨʘʣʴʥʦʡ, ʧʨʠʷʜʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ. ʀʟ ʥʠʭ ʚ ʩʫʤʤʝ ʜʦ-

ʙʳʪʦ ʦʢʦʣʦ 90% ʚʩʝʛʦ ʟʦʣʦʪʘ ʧʨʦʚʠʥʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ 90% ʨʫʜʥʦʛʦ 

ʟʦʣʦʪʘ. ʕʪʠ ʫʟʣʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʉʝʚʝʨʦ-ɹʫʨʝʠʥʩʢʦʡ, ʗʥʢʘʥʩʢʦʡ, ɼʞʝʣʪʫ-

ʣʘʢʩʢʦʡ ʠ ɼʞʘʛʜʳ-ʉʝʣʝʤʜʞʠʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ, ʥʘʠʙʦʣʝʝ 
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ʥʘʩʳʱʝʥʥʳʭ ʟʦʣʦʪʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʠ ʨʦʩʩʳʧʷʤʠ.  ʂ ʩʝʚʝʨʫ ʠ ʶʛʦ-ʚʦʩʪʦʢʫ 

ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦ-

ʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ (ʉʝʚʝʨʦ-ʉʪʘʥʦʚʘʷ ʠ ʖʞʥʦ-ʗʢʫʪʩʢʘʷ ʢ ʩʝʚʝʨʫ, ʏʘʛʦʷʥ-

ɹʳʩʩʠʥʩʢʘʷ, ʊʫʨʘʥʩʢʘʷ ʠ ɺʦʩʪʦʯʥʦ-ɹʫʨʝʠʥʩʢʘʷ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ) ʩ ʤʝʥʴʰʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠ ʨʦʩʩʳʧʝʡ. ɺʳʷʚʣʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠ-

ʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʜʠʥʩʪʚʦ ʧʨʦʚʠʥʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ 

ʟʦʣʦʪʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ.  

ɼʦʙʳʯʘ ʟʦʣʦʪʘ ʚ ʇʨʠʘʤʫʨʴʝ ʟʘ ʧʦʯʪʠ 150 ʣʝʪ ʧʦʩʪʦʷʥʥʦ ʠ ʩʪʘʙʠʣʴʥʦ 

ʚʦʟʨʘʩʪʘʣʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʙʳʯʘ ʥʘ ʫʨʦʚʥʝ 20-30ʪ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʦ-

ʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ [1]. ɺ ʮʝʣʦʤ ʟʦʣʦʪʦʥʦʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʚʠʥʮʠʠ 

ʧʨʠ ʜʦʙʳʯʝ ʚ 1300ʪ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘʤʠ ʚ 3-5 ʪʳʩ. ʪ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦ-

ʨʠʪʝʪʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʟʦʣʦʪʦ ʚ ʧʨʦʚʠʥʮʠʠ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ 

ʪʦ, ʯʪʦ ʨʦʩʩʳʧʥʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʯʝʨʧʘʥ ʠ ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʚʳʷʚʣʝʥʠʶ, ʨʘʟʚʝʜʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʣʦʱʘʜʠ ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʭ ʈʈʋ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʚ ʪʝʯʝ-

ʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʨʦʜʫʮʝʥʪʳ ʟʦʣʦʪʘ, ʨʝʢʦʤʝʥʜʫ-

ʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘ-

ʙʦʪ ʥʘ ʨʫʜʥʦʝ ʟʦʣʦʪʦ.  
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ɿɸʆ çʀʥʚʝʩʪʮʚʝʪʤʝʪè, ʛ. ʄʦʩʢʚʘ, vuyutov@preramet.com 

 

ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʤʦʜʝʣʝʡ ʨʫʜʦʥʦʩʥʳʭ 

ʩʠʩʪʝʤ ʦʩʦʙʘʷ ʨʦʣʴ ʠ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʛʠʦʥʘʣʴʥʦ ʧʨʦʷʚʣʝʥʥʦʡ ʚ ʛʨʘ-

ʥʠʮʘʭ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ ʱʝʣʦʯʥʦʡ ʬʣʶʠʜʥʦʡ ʛʠʧʝʨʩʠʩʪʝʤʝ ʠʥʪʨʘ-

mailto:vuyutov@preramet.com
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ʪʝʣʣʫʨʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɽʸ ʚʝʱʝʩʪʚʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʩʣʫʞʘʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʣʠʰʧʘʪʦʚʳʝ, ʬʝʨʨʦʢʘʨʙʦʥʘʪ-

ʢʘʣʠʰʧʘʪʦʚʳʝ ʠ ʧʠʨʠʪ-ʢʘʨʙʦʥʘʪ-ʢʘʣʠʰʧʘʪʦʚʳʝʤʝʪʘʩʦʤʘʪʠʪʳ (ʛʫʤʙʝʠʪʳ) 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʦʛʦ (ʥʝʤʘʛʤʘʪʦʛʝʥʥʦʛʦ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩʣʫʞʘʪ: 

¶ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʧʨʦʷʚʣʝʥʠʷ ʤʝʪʘ-

ʩʦʤʘʪʠʪʦʚ ʚ ʛʨʘʥʠʮʘʭ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʦʪ ʖʞʥʦʛʦ ɺʝʨʭʦʷʥʴʷ ʜʦ ʂʘʜʘʨʦ-

ʋʜʦʢʘʥʩʢʦʡ ʚʧʘʜʠʥʳ;  

¶ ʦʛʨʦʤʥʳʝ ʦʙʲʸʤʳ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʧʨʝʚʳʰʘʶʱʠʝ ʦʙʲʸʤʳ ʤʘʛʤʘʪʠ-

ʯʝʩʢʠʭ ʤʘʩʩ ʚ ʜʦʩʪʫʧʥʦʤ ʠʟʫʯʝʥʠʶ ʩʨʝʟʝ; 

¶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʦʪ ʩʦʩʪʘʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʤʝʟʦʟʦʡʩʢʠʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪ-

ʩʪʚʠʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʝʟʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ; 

¶ ʩʪʘʙʠʣʴʥʳʡ ʚʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʘʚʥʳʭ ʦʙʲʸʤʦʚ 

ʢʘʣʠʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʥʘʯʘʣʝ ʪʨʝʪʴʝʛʦ 

(ʧʦʟʜʥʝʶʨʩʢʦʛʦ-ʨʘʥʥʝʤʝʣʦʚʦʛʦ) ʵʪʘʧʘ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

¶ ʯʨʝʟʚʳʯʘʡʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠ ʣʝʛʢʦ ʦʧʦʟʥʘʚʘʝʤʳʝ ʩʪʨʫʢʪʫʨʥʦ-

ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʠʭ ʧʨʦʩʪʦʤ 

ʠ ʦʜʥʦʦʙʨʘʟʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʨʪʦʢʣʘʟ, 

ʬʝʨʨʦʢʘʨʙʦʥʘʪ, ʧʠʨʠʪ, ʢʚʘʨʮ, ʬʣʶʦʨʠʪ) ʠ ʘʬʘʥʠʪʦʚʦʤ, ʢʨʠʧʪʦʟʝʨʥʠʩʪʦʤ 

ʦʙʣʠʢʝ; 

¶ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ 

ʦʪ ʩʦʩʪʘʚʘ ʟʘʤʝʱʘʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʫʥʠʢʘʣʴʥʘʷ ʚʩʝʟʘʤʝʱʘʝʤʦʩʪʴ); 

¶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ (100-280Á ʚ ʩʨʝʜʥʝʤ 130-150Á) ʜʠʘʧʘʟʦʥ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʤʝʪʘʩʦʤʘʪʠʪʦʚ; 

¶ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʟʤʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ 

ʚ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʠʚʥʦʩʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʫʛʣʝʢʠʩʣʦʪʳ, 

ʩʫʣʴʬʠʜʥʦʡ ʩʝʨʳ, ʞʝʣʝʟʘ, ʬʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʛʣʝʢʠʩʣʦ-ʚʦʜʦʨʦʜʥʦ-

ʢʘʣʠʝʚʳʡ ʧʨʦʬʠʣʴ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 

¶ ʭʘʨʘʢʪʝʨʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʚʳʨʘʞʝʥʥʘʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ U, Au, Ag, Mo, F, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʛʣʘʚʥʳʝ ʯʝʨʪʳ ʤʝʟʦʟʦʡʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʠ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ 

ʱʠʪʘ. 

ʇʦ ʩʚʦʠʤ ʤʘʩʰʪʘʙʘʤ ʵʪʘ ʬʣʶʠʜʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʛʠʧʝʨʩʠʩʪʝʤʘ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ, ʧʦ ʤʥʝʥʠʶ ʌ.ɸ. ʃʝʪʥʠʢʦʚʘ, ʭʘʨʘʢʪʝʨʥʳ 
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ʜʣʷ ʫʯʘʩʪʢʦʚ ʢʦʥʪʠʥʝʥʪʦʚ ʩ ʥʘʠʙʦʣʝʝ ʟʨʝʣʦʡ ʣʠʪʦʩʬʝʨʦʡ ʩ ʤʦʱʥʳʤ 

ʛʨʘʥʠʪʦʛʥʝʡʩʦʚʳʤ ʩʣʦʝʤ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ɸʣʜʘʥʩʢʦʤ ʱʠʪʝ. 

ʉ ʧʦʟʠʮʠʡ ʠʝʨʘʨʭʠʠ ʤʝʟʦʟʦʡʩʢʠʭ ʨʫʜʦʥʦʩʥʳʭ ʩʠʩʪʝʤ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʢʘʣʠʝʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʘʜʝʢʚʘʪʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʫʜʥʦʡ ʩʠʩʪʝʤʝ ʨʘʥʛʘ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ ʤʝʟʦʟʦʡʩʢʠʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʝʸ ʛʨʘʥʠʮʘʭ, ʘ ʪʘʢʞʝ 

ʥʦʩʠʪʝʣʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʩʝʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʟʦʟʦʡʩʢʠʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ɸʣʜʘʥʩʢʦʛʦ ʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʨʷʜʘ ʠ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʆʛʨʦʤʥʳʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʟʘʢʣʶʯʸʥʥʳʡ ʚ ʛʝʥʝʪʠʯʝʩʢʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʱʝʣʦʯʥʦʡ ʢʘʣʠʝʚʦʡ 

ʩʠʩʪʝʤʝ ʧʦʜʣʠʪʦʩʬʝʨʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʦʷʚʣʝʥ ʢʘʢ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʦʨʤʝ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʠʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʦʛʦ (ʦʨʪʦ-ʧʥʝʚʤʘʪʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ, ʀʚʘʥʢʠʥ, 1991) ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʪʘʢ ʠ ʯʝʨʝʟ 

ʧʦʩʨʝʜʩʪʚʦ ʜʦʯʝʨʥʠʭ ʨʫʜʥʦ-ʤʘʛʤʘʪʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ, 

ʚʦʟʥʠʢʰʠʭ ʧʨʠ ʫʯʘʩʪʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ʋʥʠʢʘʣʴʥʳʝ ʧʦ ʩʚʦʠʤ ʤʘʩʰʪʘʙʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʠʪ-

ʙʨʘʥʥʝʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ çʵʣʴʢʦʥʩʢʠʡ ʪʠʧè ʠ ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʘʜʫʣʷʨ-

ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ çʢʫʨʘʥʘʭʩʢʠʡ ʪʠʧè ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʦʤʫ 

(ʥʝʤʘʛʤʘʪʦʛʝʥʥʦʤʫ) ʢʣʘʩʩʫ ʠ ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʵʪʦʡ ʛʣʫʙʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʸ ʟʘʢʦʥʦʤʝʨʥʦʡ 

ʵʚʦʣʶʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʩʠʣʠʬʠʢʘʮʠʠ. 

ʋʯʠʪʳʚʘʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʥʠ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʚʫʭ ʩʫʙʬʦʨʤʘʮʠʡ ʝʜʠʥʦʡ ʤʦʣʠʙʜʝʥʠʪ-ʟʦʣʦʪʦ-

ʙʨʘʥʥʝʨʠʪ-ʛʫʤʙʝʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ 

ʵʪʦʡ ʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʦʣʥʦʤ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʉʠʜʦʨʦʚ ʠ ʜʨ., 2011) ʜʣʷ ʚʩʝʛʦ ɸʣʜʘʥʩʢʦʛʦ 

ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʷʜʘ. 

ʂ ʤʘʛʤʘʪʦʛʝʥʥʳʤ (ʜʦʯʝʨʥʠʤ) ʨʫʜʥʳʤ ʬʦʨʤʘʮʠʷʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʨʫʜʥʳʤ ʩʠʩʪʝʤʘʤ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʡ ʨʫʜʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʎɸʈʄʉ) ʦʪʥʦʩʷʪʩʷ ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʠʝ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʟʦʣʦʪʦ-ʧʦʨʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʫʩʢʦʚʠʪʦʚʦʝ, ʅʦ-

ʚʦʝ), ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʣʝʡʮʠʪʠʪ-ʱʝʣʦʯʥʦʩʠʝʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʝʡ; ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ (ʃʝʙʝʜʠʥʩʢʦʝ, ʂʦʣʪʳʢʦʥʩʢʦʝ, ʉʘ-

ʤʦʜʫʤʦʚʩʢʦʝ, ʈʘʜʦʩʪʥʦʝ) ʠ ʟʦʣʦʪʦ-ʧʦʨʬʠʨʦʚʦʡ (ɻʘʨʙʫʟʦʚʩʢʦʝ, ʉʘʤʦʣʘʟʦʚ-

ʩʢʦʝ) ʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ ʤʝʣʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʤʦʣʠʙ-

ʜʝʥʘ (ɼʴʷʭʪʘʨʩʢʦʝ, ʊʫʨʫʢʩʢʦʝ), ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʛʤʘʪʠʟʤʦʤ ʤʦʥʮʦʥʠʪ-
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ʩʠʝʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʄʘʢʩʠʤʦʚ, ʋʶʪʦʚ, 2010). ʂʘʞʜʘʷ ʠʟ ʜʦʯʝʨʥʠʭ ʩʠ-

ʩʪʝʤ ʤʘʛʤʘʪʦʛʝʥʥʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʝʪ ʙʣʠʟʢʠʤ ʚʠʜʦʚʳʤ ʥʘʙʦʨʦʤ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʬʦʨʤ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ ʫʨʦʚʥʝ ʪʝʥʜʝʥʮʠʠ) ʨʘʟʣʠʯʘʷʩʴ ʠʭ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ. ʊʘʢ, ʩ ʘʩʩʦʮʠʘʮʠʷʤʠ ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʦʛʦ ʪʠʧʘ 

ʫʩʠʣʠʚʘʝʪʩʷ ʤʦʣʠʙʜʝʥʦʚʘʷ ʪʝʥʜʝʥʮʠʷ, ʘ ʣʝʡʮʠʪʠʪ-ʱʝʣʦʯʥʦʩʠʝʥʠʪʦʚʦʛʦ 

ʪʠʧʘ ï ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ (çʩʢʚʦʟʥʦʡè) ʭʘʨʘʢʪʝʨ ʜʦʯʝʨʥʠʭ 

ʨʫʜʥʳʭ ʩʠʩʪʝʤ ʚ ʦʪʥʦʰʝʥʠʠ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ, 

ʤʦʣʠʙʜʝʥ, ʫʨʘʥ,) ʠ ʧʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʘʭ 

ʚʩʝʭ ʪʠʧʦʚ ʬʪʦʨʘ (ʬʣʶʦʨʠʪʘ ï ʩʚʦʝʦʙʨʘʟʥʦʡ çʛʝʥʝʪʠʯʝʩʢʦʡ ʤʝʪʢʠè) ʚʳʨʘ-

ʟʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʦʝ ʌ.ʃ. ʃʝʪʥʠʢʦʚʳʤ (1999) ʩʦʦʙʨʘʞʝ-

ʥʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʣʦʢʘʣʴʥʳʝ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʠʩʭʦʜʥʳʭ ʬʣʶʠʜʦʚ, çʧʝʨʚʠʯʥʘʷ ʨʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘ-

ʣʠʟʘʮʠʷ ʠʩʭʦʜʥʳʭ ʛʠʧʝʨʩʠʩʪʝʤʦʩʪʘʸʪʩʷʦʪʨʘʞʸʥʥʦʡ ʚ ʩʦʩʪʘʚʝ ʠʝʨʘʨ-

ʭʠʯʝʩʢʠ ʩʦʧʦʜʯʠʥʝʥʥʳʭ ʝʡ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʙʦʣʝʝ ʥʠʟʢʠʭ ʧʦʨʷʜʢʦʚè. 

ʆʧʳʪ ʠʟʫʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ ʨʫʜʥʦ-ʤʘʛʤʘʪʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʧʨʠʤʝʨʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʡ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʨʫʜʥʦʡ ʩʠʩʪʝʤʳ 

(ʎɸʈʄʉ), ʘ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʠ ɸʑ, ʚ ʮʝʣʦʤ, ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʟʘʢʣʶʯʝʥʠʶ ʦ ʛʝ-

ʥʝʪʠʯʝʩʢʦʤ ʝʜʠʥʩʪʚʝ ʘʩʩʦʮʠʘʮʠʡ ʤʝʟʦʟʦʡʩʢʠʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ɸʣʜʘʥʩʢʦ-

ʛʦ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʷʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʦʪʦʢʘʭ ʱʝʣʦʯ-

ʥʳʭ ʢʘʣʠʝʚʳʭ ʬʣʶʠʜʦʚ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʥʮʝʧʮʠʠ ʤʘʛʤʘʪʦ- ʠ ʧʝʪʨʦʛʝʥʝʟʠʩʘ ʚ ʧʦʪʦʢʘʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʵʥʝʨʛʠʠ ʧʦʜʢʦʨʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ ʠ ʥʘʠʙʦʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʚʠʪʳ ʚ ʨʘʙʦʪʘʭ 

ʖ.ɸ. ʂʫʟʥʝʮʦʚʘ, ʀ.ʄ. ɺʦʣʦʭʦʚʘ, ʌ.ɸ. ʃʝʪʥʠʢʦʚʘ. ʂʘʣʠʝʚʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ʬʣʶʠʜʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʢʘʣʠʷ ʧʨʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʨʦʜʦʥʘʯʘʣʴʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʤʘʛʤ ʨʘʟʣʠʯʥʦʡ (ʢʘʣʠʝʚʦʡ) ʱʝ-

ʣʦʯʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ, ʤʘʛʤʳ ʣʝʡʮʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʦʨʪʦʢʣʘʟʦʚʳʭ ʙʘʟʘʣʴʪʦʚ 

ʠ ʪʨʘʭʠʙʘʣʴʪʦʚʦʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʡ-

ʜʦʚʳʭ, ʱʝʣʦʯʥʦ-ʩʠʝʥʠʪʦʚʳʭ ʠ ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʳʭ ʨʷʜʦʚ ʜʠʬʬʝʨʝʥʮʠʘ-

ʮʠʠ (ɹʠʣʠʙʠʥ, 1940). 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʧʨʦʙʣʝʤʝ ʛʝʥʝʟʠʩʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʨʝʛʠʦ-

ʥʘʣʴʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʩʪʦʯʥʠʢʝ ʢʘʣʠʷ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ. 

ɹʦʣʴʰʘʷ ʛʨʫʧʧʘ ʛʠʧʦʪʝʟ ʩʚʷʟʳʚʘʝʪ ʠʩʪʦʯʥʠʢ ʢʘʣʠʷ (ʠ ʜʨʫʛʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ) ʩ ʜʝʛʘʟʘʮʠʝʡ ʛʣʫʙʠʥ ʤʘʥʪʠʠ 

(ɼ.ʉ. ʂʦʨʞʠʥʩʢʠʡ, ʖ.ʉ. ʂʫʟʥʝʮʦʚ, ʀ.ʄ. ɺʦʣʦʭʦʚ, ʌ.ɸ. ʃʝʪʥʠʢʦʚ, ʠ ʜʨ.) 

ʠʣʠ ʩ ʠʤʧʫʣʴʩʥʦʡ ʜʝʛʘʟʘʮʠʝʡ ʞʠʜʢʦʛʦ ʟʝʤʥʦʛʦ ʷʜʨʘ (ʄʘʨʘʢʫʰʝʚ ʠ ʜʨ, 
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1997). ʇʨʠʯʠʥʦʡ ʚʩʧʳʰʢʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʬʣʶʠʜʥʦʡ ʢʘʣʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ, ʩʦʧʨʷʞʸʥʥʳʡ ʩ ʨʘʟʨʷʜʢʦʡ 

ʬʣʶʠʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʤ ʟʝʤʥʦʤ ʷʜʨʝ, ʧʦʣʦʞʠʚʰʠʡ ʥʘʯʘʣʦ ʤʝʟʦʟʦʡ-

ʩʢʦʡ ʵʧʦʭʠ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ɿʝʤʣʠ. 
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ɼʫʢʘʪʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, ʩ ʦʜʥʦʠʤʝʥʥʳʤ AuAg ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ, ʚ ʢʦ-

ʪʦʨʦʤ ʟʘʧʘʩʳ ʩʝʨʝʙʨʘ ʚ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʟʘʧʘʩʳ ʟʦʣʦʪʘ (ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʦʢʦʣʦ 17 000 ʠ 40 ʪ), ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʈʦʩʩʠʠ ʚ 

ʦʙʣʘʩʪʠ ʜʨʝʚʥʝʛʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ɹʘʣʳʛʳʯʘʥ-ʉʫʛʦʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, 

ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʤʝʟʦʟʦʡʩʢʠʡ ɺʝʣʠʛʠʥʩʢʠʡ ʪʝʨʨʝʡʥ ʠ ʧʦʧʝʨʝʯʥʳʝ ʢ ʝʛʦ 

ʧʨʦʩʪʠʨʘʥʠʶ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʧʦʷʩʘ: ʦʩʪʨʦʚʦ-

ʜʫʞʥʳʡ ʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʡ ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʠʡ ʠ ʢʨʘʝʚʦʡ ʧʦʟʜʥʝʤʝʣʦ-

ʚʦʡïʧʘʣʝʦʛʝʥʦʚʳʡ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ [1]. ʇʣʦʱʘʜʴ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪʩʷ ʜʫʛʦʚʳʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʝʝ ʩʪʨʦʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʫʛʣʝʥʦʩʥʳʝ ʨʘʥʥʝʤʝʣʦʚʳʝ ʚʫʣʢʘ-

ʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ c ʫʣʴʪʨʘʢʘʣʠʝʚʳʤʠ, ʨʠʦʣʠʪʘʤʠ ʘʩʢʦʣʴʜʠʥʩʢʦʡ 

ʩʚʠʪʳ. ʇʦʟʜʥʝʤʝʣʦʚʳʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʦʣʱʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ 

ʬʣʘʥʛʘʭ [2, 3]. ɺʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʘʷ ʪʦʣʱʘ ʧʨʦʨʚʘʥʘ ʦʚʘʣʴʥʳʤʠ, ʜʫʛʦ-
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ʦʙʨʘʟʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ-ʥʝʚʘʜʠʪʦʚ, ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʣʘʩʪʦ-

ʚʳʤʠ ʪʝʣʘʤʠ ʨʠʦʣʠʪʦʚ, ʨʝʜʢʠʤʠ ʪʝʣʘʤʠ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʛʘʙʙʨʦ-

ʠʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʨʦʜʘʤʠ ʤʥʦʛʦʬʘʟʦʚʦʡ ʠʥʪʨʫʟʠʠ, ʫʜʘʣʝʥʥʳʤʠ ʥʘ 960ï1320 

ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʨʦʜʫʢʪʠʚʥʳʝ ʢʚʘʨʮ-ʭʣʦʨʠʪ-ʘʜʫʣʷʨʦʚʳʝ, ʢʚʘʨʮ-ʨʦʜʦʥʠʪʦʚʳʝ ʨʫʜʥʳʝ 

ʪʝʣʘ ʩ Ag/Au ï 350ï450, ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʩ ʟʦʣʦʪʦʥʦʩ-

ʥʳʤʠ ʞʝʣʝʟʠʩʪʳʤʠ ʩʫʣʴʬʠʜʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʫʢʘʪ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ [2, 3, 4]. 

ʉʨʝʜʠ ʧʦʨʦʜ ʨʫʜʦʥʦʩʥʦʛʦ ʙʣʦʢʘ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ ʢʘʣʠʝʚʳʭ 

ʨʠʦʣʠʪʦʚ, ʠʭ ʦʙʦʛʘʱʝʥʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ ʨʘʟʥʦʚʠʜʥʦʩʪʠ-

ʪʫʬʬʠʟʠʪʳ, ʦʧʝʨʝʞʘʶʱʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʥʳʭ ʪʝʣ. 

ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Rb-Sr ʠ Ar-Ar ʚʦʟʨʘʩʪʦʚ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʫʜʥʳʭ ʪʝʣ 

(90ï70 ʤʣʥ. ʣʝʪ), ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʦʙʨʘʤʣʷʶʱʠʭ ʨʫʜʦ-

ʥʦʩʥʳʡ ʙʣʦʢ, ʠ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʛʣʫʙʠʥʥʦʡ ʠʥʪʨʫʟʠʠ (90-80 

ʤʣʥ. ʣʝʪ) ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʜʣʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʚʰʝʡʩʷ ʚ ʨʘʤʢʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ [2, 3, 4 ʠ ʜʨ.].  

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʩʫʙʚʫʣʢʘʥʠʯʝ-

ʩʢʠʭ ʠʥʪʨʫʟʠʡ ɼʫʢʘʪʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʨʘʩ-

ʩʝʷʥʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (ʈʄ) ʩ ʤʠʥʝʨʘʣʘʤʠ Ag, Au, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʜʫʢʪʠʚʥʳʝ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʫʢʘʪ [5 ʠ ʜʨ.]. ɺʟʘʠʤ-

ʥʳʝ ʩʨʘʩʪʘʥʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʩʠʣʠʢʘʪʦʚ, ʩʫʣʴʬʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, ʬʦʩʬʘ-

ʪʦʚ ʚʢʨʘʧʣʝʥʥʦʡ ʈʄ ʧʦʨʦʜ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ ʣʝʡʢʦʛʨʘʥʠʪʦʚ-ʥʝʚʘʜʠʪʦʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʣʳʭ ʧʦʨʮʠʡ ʥʝʦʜ-

ʥʦʨʦʜʥʳʭ ʬʣʶʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʩʨʝʜʠ ʯʘʩʪʠʯʥʦ ʦʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʢʠʩʣʦʡ ʤʘʛʤʳ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʉʨʘʩʪʘʥʠʷ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ, ʱʝʣʦʯʥʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʭʣʦʨʠʪʦʚ, 

ʩʣʶʜ, ʵʧʠʜʦʪʘ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʈʄ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʦʣʳʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʧʦʨʦʜ ʚʥʝʰʥʠʭ ʟʦʥ ʚʳʩʪʫʧʦʚ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʩʦʧʨʷʞʝʥʥʳʭ 

ʧʣʘʩʪʦʚʳʭ ʪʝʣ ʨʠʦʣʠʪʦʚ, ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶ-

ʠʜʦʚ ʠ ʦʧʝʨʝʞʘʶʱʝʡ ʚʦʣʥʳ ʢʠʩʣʦʪʥʳʭ ʛʘʟʦʚ, ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟ-

ʚʠʪʠʷ ʭʨʫʧʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʈʄ, ʠʥ-

ʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʫʢʘʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʧʠʟʦʜʳ ʠʭ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʟʚʝʥʴʷ ʝʜʠʥʦʡ ʮʝʧʠ ʩʦʙʳʪʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʦʪʜʝʣʝʥʠʝ 

ʬʣʶʠʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʦʪ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʣʘʩʪʝʡ ʙʘʟʠʪʦʚʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʠʭ ʧʨʦʜʚʠʞʝʥʠʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʜʝʣʝʥʠʝ ʧʦʟʜ-
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ʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ, ʧʠʪʘʚʰʠʭ ʨʫʜʦʦʙʨʘʟʫʶ-

ʱʠʝ ʬʣʶʠʜʳ ʵʧʠʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʬʦʨʤʘʭ ʥʘʭʦʞʜʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨ-

ʥʳʭ ʯʘʩʪʠʮ ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʟʦʣʦʪʘ, ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʘʢʘʥʪʠʪʘ ʈʄ 

(ʨʠʩ. 1) ʧʦʢʘʟʳʚʘʶʪ ʪʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦʟʥʠʢʘ-
ʣʠ ʚ ʤʘʣʳʭ ʧʦʨʮʠʷʭ ʧʝʨʝʩʳʱʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʟʘʭʦʨʦʥʝʥʥʳʭ ʩʨʝʜʠ ʤʘʛ-

ʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʚ ʟʘʤʢʥʫʪʳʭ ʧʦʣʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʠʩʪʝʤ ʪʨʝ-

ʱʠʥ ï ʢʦʣʣʝʢʪʦʨʦʚ ʧʦʪʦʢʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ [5 ʠ ʜʨ.].  

 

 
ʈʠʩ. 1.  ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʘʢʘʥʪʠʪʘ  (ʘï

ʚ), ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (ʛïʞ) ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʨ-

ʢʦʥʘ (Zrn), ʘʧʘʪʠʪʘ (Ap), ʧʠʨʠʪʘ (Py), ʧʝʥʪʣʘʥʜʠʪʘ (Ptn) (ʛ, ʜ), ʩʨʝʜʠ ʧʦʟʜʥʝʤʘʛʤʘ-

ʪʠʯʝʩʢʠʭ ʩʣʶʜ (Ser), ʠʣʴʤʝʥʠʪʘ (Ilm), ʛʝʤʘʪʠʪʘ (Hem), ʤʠʥʝʨʘʣʦʚ TiO2, ʫʛʣʝʨʦʜʠ-

ʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʉ) (ʘ, ʝ, ʞ) ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʭ ʧʦʨʦʜ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ ʠʥʪʨʫʟʠʚʥʳʭ 

ʪʝʣ ʠ ʩʨʝʜʠ ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʣʶʜ, ʩʢʦʨʦʜʠʪʘ, Cu-Zn ʯʘʩʪʠʮ ʠ ʩʨʘʩʪʘʥʠʡ ʢʚʘʨ-

ʮʘ (Qz), Mn-ʢʣʠʥʦʮʦʠʟʠʪʘ (Czo), Fe-ʭʣʦʨʠʪʘ, Pb-Ba-Tl ʪʦʜʦʨʦʢʠʪʘ (ʙ, ʚ) ʧʦʨʦʜ ʧʣʘ-

ʩʪʦʚʳʭ ʪʝʣ. 

 

ʇʘʨʘʛʝʥʝʟʠʩʳ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʘʢʘʥʪʠʪʘ, ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʛʨʘʬʠʪʘ, ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʂ-ʩʣʶʜ ʨʷʜʘ ʤʫʩʢʦʚʠʪ-

ʬʝʥʛʠʪ, Fe-ʭʣʦʨʠʪʘ, ʠʥʦʛʜʘ ʩʫʣʴʬʠʜʦʚ, ʦʢʩʠʜʦʚ Fe, Ti, Mn, ʬʦʩʬʘʪʦʚ ʈɿʕ ʩ 
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ʨʝʣʠʢʪʦʚʳʤ ʮʠʨʢʦʥʦʤ (ʨʠʩ. 1 ʘ) ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʧʨʦʮʝʩʩʘʭ   ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ    ʤʘʛʤʘʪʠʯʝʩʢʠʭ    ʤʠʥʝʨʘʣʦʚ   ʠ    ʦʩʪʘʪʦʯʥʳʭ 

ʤʘʛʤʘʪʦʛʝʥʥʳʭ ʬʣʶʠʜʦʚ. ɿʘʭʦʨʦʥʝʥʥʳʝ ʞʠʜʢʦʩʪʠ ʧʦʜʦʙʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʛʣʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʦʛʘʱʝʥʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʤ 

ʚʝʱʝʩʪʚʦʤ ʨʘʥʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʫʜʥʳʭ ʪʝʣ 

ʠ ʧʣʘʩʪʦʚʳʭ ʪʝʣ ʢʘʣʠʝʚʳʭ ʨʠʦʣʠʪʦʚ-ʪʫʬʬʠʟʠʪʦʚ, ʦʧʝʨʝʞʘʶʱʠʭ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʨʫʜʦʥʦʩʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ. 

ʇʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʝʨʝʙʨʦʥʦʩʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʤʠʥʝʨʘʣʦʚ ʢʦʣʣʦ-

ʤʦʨʬʥʳʭ ʬʘʟ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʈʄ, ʦʙʦʛʘʱʝʥʥʳʝ ʣʠʙʦ ʢʘʣʠʝʚʳʤʠ 

ʩʣʶʜʘʤʠ (ʨʠʩ 1 ʙ), ʣʠʙʦ ʦʢʩʠʜʘʤʠ Mn (ʨʠʩ. 1 ʚ) ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʩʳʱʝʥʥʳʭ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʬʘʟʦ-

ʚʦʡ ʩʝʧʘʨʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ ʧʨʠ ʨʘʟʚʠʪʠʠ ʭʨʫʧʢʠʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʩʳʱʝʥ-

ʥʳʝ ʞʠʜʢʦʩʪʠ, ʟʘʭʦʨʦʥʝʥʥʳʝ ʚ ʧʦʨʦʜʘʭ ʚʥʝʰʥʠʭ ʟʦʥ ʠʥʪʨʫʟʠʡ ʠ ʧʣʘʩʪʦ-

ʚʳʭ ʪʝʣ, ʤʦʛʣʠ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʪʦʢʦʚ ʨʫʜʦʦʙʨʘʟʫ-

ʶʱʠʭ ʬʣʶʠʜʦʚ ʠ ʦʪʣʦʞʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʚʘʨʮ-ʭʣʦʨʠʪ-ʘʜʫʣʷʨʦʚʳʭ ʠ 

ʢʚʘʨʮ-ʨʦʜʦʥʠʪʦʚʳʭ ʨʫʜʥʳʭ ʪʝʣ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʟʦʣʦʪʘ ʩ ʧʨʠ-

ʤʝʩʷʤʠ Ag, Ni, Hg, Cl ʦʛʨʘʥʠʯʝʥʦ ʧʦʨʦʜʘʤʠ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ ʚʳʩʪʫʧʦʚ ʠʥ-

ʪʨʫʟʠʚʦʚ. ʀʭ ʥʘʭʦʞʜʝʥʠʝ ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʵʛʠʨʠʥ-ʘʚʛʠʪʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, 

ʮʠʨʢʦʥʘ, ʘʧʘʪʠʪʘ, ʧʠʨʠʪʘ, ʧʝʥʪʣʘʥʜʠʪʘ (ʨʠʩ. 1ʛ, ʜ), ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʩʣʶʜ ʨʷʜʘ ʬʝʥʛʠʪ-ʤʫʩʢʦʚʠʪ (ʨʠʩ. 1 ʝ), ʦʢʩʠʜʦʚ Fe, ʊi (ʨʠʩ. 1 ʞ) ʧʦʢʘʟʳʚʘ-

ʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʙʦʛʘʪʳʭ ʩʦʝʜʠ-

ʥʝʥʠʷʤʠ ʂ ʠ Fe ʠ ʩʧʦʩʦʙʥʳʭ ʧʦʧʦʣʥʠʪʴ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʨʘʩʪʚʦʨʳ, ʧʠ-

ʪʘʚʰʠʝ ʘʜʫʣʷʨʦʚʳʝ ʩʝʨʝʙʨʦʥʦʩʥʳʝ ʨʫʜʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ Ag/Au ʠ ʬʨʘʛ-

ʤʝʥʪʳ ʨʫʜʥʳʭ ʪʝʣ ʩ ʟʦʣʦʪʦʥʦʩʥʳʤ ʧʠʨʠʪʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʘʣʦʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʨʦʜʘʭ ʠʥʪʨʫʟʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʫʢʘʪ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʩʳʱʝʥʥʳʭ ʩʝʨʝʙʨʦʥʦʩʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʧʨʦ-

ʜʫʢʪʦʚ ʬʘʟʦʚʦʡ ʩʝʧʘʨʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. ʆʛʨʘʥʠʯʝʥʥʦʝ ʫʯʘʩʪʠʝ ʟʦʣʦʪʘ ʧʦʟʜʥʝʤʘʛʤʘ-

ʪʠʯʝʩʢʠʭ ʧʝʨʝʩʳʱʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʭ ʧʦʨʦʜ ʚʥʫʪʨʝʥʥʠʭ 

ʟʦʥ ʠʥʪʨʫʟʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʩʚʷʟʘʥʦ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʭ ʫʜʘʣʝʥʠʝʤ ʦʪ ʨʫʜʦʥʦʩʥʦʛʦ ʙʣʦʢʘ.  
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ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʛʝʦʭʠʤʠʠ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦ-

ʚʝʜʝʥʠʝ ʚ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʟʦʣʦʪʘ 

ʠʟ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʅʦʚʦ-ʋʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʠʟʥʘʢʦʚ ʛʠʧʝʨʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʟʦʣʦʪʘ. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʣʝʛʣʠ ʤʘʪʝ-

ʨʠʘʣʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2014-15 ʛʛ. ʥʘ ʭʚʦʩʪʦ-

ʭʨʘʥʠʣʠʱʝ ʅʦʚʦ-ʋʨʩʢʦʛʦ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ (ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣ., ʧʦʩ. ʋʨʩʢ). ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʢʨʳʪʦ ʚ 1932 ʛ. ʚ 

ʩʦʩʪʘʚʝ ʋʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ ʚ ʪʝ ʞʝ ʛʦʜʳ ʦʪʨʘʙʘʪʳʚʘ-

ʣʦʩʴ ʥʘ ʟʦʣʦʪʦ ʠ ʙʘʨʠʪ.  

ʉʚʝʜʝʥʠʷ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʩʪʨʦʝʥʠʝ, ʤʦʨʬʦʣʦʛʠʷ, ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦ-

ʩʪʘʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ) ʦʧʠʩʘʥʳ ʤʥʦʛʠʤʠ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʷʤʠ [2-3,5-6]. ʈʫʜʥʦʝ ʟʦʣʦʪʦ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪʤʝʯʘʣʦʩʴ ʚ 

ʭʘʣʴʢʦʧʠʨʠʪʝ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʣʠ 0,016 ʤʤ [3]. ɿʦʣʦʪʦ ʪʝʩʥʦ 

ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʘʨʛʝʥʪʠʪʦʤ (ʜʣʠʥʘ 0,015 ʤʤ), ʦʙʨʘʟʫʷ ʚ ʥʝʤ ʢʘʧʣʝʚʠʜʥʳʝ 
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ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ 0,0019 ʤʤ ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ [11], ʠ ʩʣʘʛʘʷ ʞʠʣʢʦʧʦ-

ʜʦʙʥʦʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʚʘʨʮʝ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʤʝʯʘʣʠʩʴ ʪʘʢʞʝ ʪʝʣʣʫ-

ʨʠʜʳ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ï ʘʣʪʘʠʪ ʠ ʛʝʩʩʠʪ [5]. 

çʉʳʧʫʯʢʘè (ʧʠʨʠʪ-ʢʚʘʨʮ-ʙʘʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ) ʋʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʠʤʝʝʪ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ, ʦʙʦʛʘʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʜʦʩʪʠʛʘʝʪ ʜʦ 15-20 ʨʘʟ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʦʥʝ ʦʢʠʩʣʝ-

ʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ 

ʢʘʢ ʚ ʩʘʤʦʨʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʢʠʥʦʚʘʨʠ [4]. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʚʝʜʝʥʠʡ 

ʦ ʟʦʣʦʪʝ ʠʟ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʋʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʋʨʩʢʦʤ ʨʫʜʥʦʤ ʫʟʣʝ ʠʟ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʪʨʘʙʘʪʳ-

ʚʘʝʪʩʷ ʟʦʣʦʪʦ ʥʘ ʀʶʥʴʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɿʦʣʦʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʨʘʮʠʡ. ʄʦʨʬʦʣʦʛʠʷ ʨʘʟʥʦʦʙʨʘʟʥʘʷ: ʧʨʝʦʙʣʘʜʘʶʪ ʟʝʨʥʘ 

ʩʣʦʞʥʦʡ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʩʦʭʨʘ-

ʥʠʣʠʩʴ ʦʪʧʝʯʘʪʢʠ ʦʪ ʚʳʱʝʣʦʯʝʥʥʦʛʦ ʧʠʨʠʪʘ. ɺʩʪʨʝʯʘʝʪʩʷ ʟʦʣʦʪʦ ʚ ʩʨʘʩʪʘ-

ʥʠʠ ʩ ʢʚʘʨʮʝʤ ʠ ʙʘʨʠʪʦʤ, ʩ ʥʘʣʝʪʘʤʠ ʠ ʚ çʨʫʙʘʰʢʝè ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. 

ɼʣʷ ʯʘʩʪʠʮ ʭʘʨʘʢʪʝʨʥʳ ʟʘʚʘʣʴʮʦʚʘʥʥʳʝ ʢʨʘʷ, ʦʢʨʫʛʣʘʷ ʬʦʨʤʘ ʚʳʩʪʫʧʦʚ, 

ʦʙʤʷʪʦʩʪʴ. ʇʨʦʙʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 580ï630 (ʧʨʝʦʙʣʘʜʘʝʪ) ʜʦ 860ï870 ʠ 

960ï970 ă [1].  

ʅʦʚʦ-ʋʨʩʢʦʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʪʚʘʣʳ ʮʠʘʥʠʨʦ-

ʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʠ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʚʳʩʦʪʦʡ 10-12 ʤ. ʆʧʨʦʙʦʚʘʥʠʝ ʧʨʦʚʝ-

ʜʝʥʦ ʧʦ ʜʚʫʤ ʦʪʚʘʣʘʤ. ɺ ʨʘʟʨʝʟʝ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʚʳʜʝʣʝʥʦ ʪʨʠ ʣʠʪʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʣʦʷ (ʩʚʝʨʭʫ ʚʥʠʟ): 1. ʩʝʨʦ-ʩʠʥʝʚʘʪʳʡ ʛʣʠʥʠʩʪʳʡ ʛʦʨʠʟʦʥʪ (ʤʦʱʥʦ-

ʩʪʴʶ 30 ʩʤ) ʩ ʜʦʩʪʘʪʦʯʥʦ ʢʨʝʧʢʠʤ ʢʘʤʝʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʩ ʞʝʦʜʘʤʠ 

ʢʚʘʨʮʠʪʦʚ, ʩʣʘʥʮʘʤʠ); 2. ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʛʣʠʥʠʩʪʳʡ ʛʦʨʠʟʦʥʪ (2-4 ʩʤ), 

ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ (30-40%) ʜʨʝʚʝʩʠʥʳ (ʪʠʧʘ ʱʝʧʳ); 3. 

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʘʪʦ-ʙʫʨʳʡ çʧʨʦʜʫʢʪʠʚʥʳʡè ʛʦʨʠʟʦʥʪ (ʤʦʱʥʦʩʪʴʶ 30-40 

ʩʤ), ʣʝʞʘʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʯʚʝ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ï 5. ɺ 

ʦʪʚʘʣʝ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʦʪʦʙʨʘʥʦ 2 ʧʨʦʙʳ, ʠʟ ʣʝʞʘʱʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʯʚʝ, ʙʫʨʦ-ʨʳʞʝʛʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʤʦʱʥʦʩʪʴʶ 60-80 ʩʤ). 

ɼʚʘ ʦʪʚʘʣʘ ʨʘʟʜʝʣʝʥʳ ʨʫʯʴʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʩʘʯʠʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʜ ʯʝʨʝʟ ʦʪʚʘʣʴʥʳʝ ʧʦʨʦʜʳ. ʇʨʦʙʳ ʦʙʦʛʘʱʝʥʳ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʣʦʪʢʘ. 

ʉʦʩʪʘʚ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʦʣʦʪʘ ʠʩʩʣʝ-

ʜʦʚʘʥʳ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ, ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ LEO VP 1430 (Carl Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨ-
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ʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy SEM 350 (Oxford 

Instruments) ʠ ʥʘ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JEOL 01430VP.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʨʦʜʫʢʪʘʭ ʮʠʘʥʠʨʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʧʦ ʨʘʟʨʝ-

ʟʫ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,4 ʜʦ 1,2 ʛ/ʪ, ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʦʪ 0,5 ʜʦ 1,2 ʛ/ʪ. ɺ ʦʪ-

ʚʘʣʝ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʚʳʜʝʣʝʥʦ 22 ʟʥʘʢʘ. ɺ ʦʪʚʘʣʝ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʚʳʜʝʣʝ-

ʥʦ 6 ʟʥʘʢʦʚ.  

ɿʦʣʦʪʦ ʤʝʣʢʦʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʣʘʩʩʘ <0,2 ʤʤ. ʇʨʝʦʙʣʘʜʘʶʪ ʟʦʣʦʪʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ, ʫʜʣʠʥʝʥʥʳʝ ʠ ʦʢʨʫʛʣʳʝ ʬʦʨʤʳ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʩʦʯʝʪʘʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʢʫʣʴʧʪʫʨ. ʅʘ ʯʘʩʪʠʮʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʣʝʜʳ: ʙʦʨʦʟʜʳ, ʫʛʣʫʙʣʝʥʠʷ, ʩʛʣʘʞʝʥʥʳʝ ʢʨʘʷ, ʦʪʧʝʯʘʪʢʠ ʤʠʥʝʨʘʣʦʚ, 

ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. 

ʀʟʲʝʜʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʤʝʣʢʦʷʯʝʠʩʪʳʤ ʠ ʛʫʙʯʘʪʳʤ ʨʝʣʴʝʬʦʤ, ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʥʘʨʦʩʪʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ ʢʠʩʣʳʤʠ ʚʦʜʘʤʠ ʠʟ ʦʪʚʘʣʦʚ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʘʛʨʝʩʩʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʟʦʣʦʪʘ. ʂʣʘʩʩʠʯʝʩʢʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ çéʤʠʢʨʦʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨ-

ʛʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʘ (Ag, Cu, Hg, Se)è [8, 10]. 

ʇʦʚʝʨʭʥʦʩʪʴ ʩ ʙʫʛʦʨʯʘʪʳʤ ʨʝʣʴʝʬʦʤ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʭ ʬʦʨʤ ʩʛʣʘʞʝʥʥʳʭ ʙʫʛʦʨʢʦʚ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘ-

ʞʜʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʟʦʣʦʪʘ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʢʨʫʛʣʳʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʟʦʣʦʪʘ [9].  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʪʨʫʢʪʫʨ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʦʚʦʦʙʨʘʟʦ-

ʚʘʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʦʯʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʥʘ ʟʦʣʦʪʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʘ-

ʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʵʪʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ Se-Au-Ag 

ʬʘʟʦʡ (%): Se ï 20,14; Ag ï 42,67; Au ï 26, 36.  

ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʟʦʣʦʪʦ ʩʨʝʜʥʝʡ ʧʨʦʙʥʦʩʪʠ (743-

815ă), ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ ʩʝʨʝʙʨʘ ï 14,4-20,1 %; ʤʝʜʠ ï 0,008-0,03 %; 

ʨʪʫʪʠ ï 1,5-4,7 %. ɺ ʦʪʚʘʣʘʭ ʦʪʤʝʯʝʥʳ ʟʥʘʢʠ ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʟʦʣʦʪʘ 

(990ă) ʠ ʟʦʣʦʪʘ ʩ ʧʨʠʤʝʩʴʶ ʨʪʫʪʠ ʜʦ 7,9 %. ɿʦʣʦʪʦ ʦʜʥʦʨʦʜʥʦʝ ʧʦ ʩʦʩʪʘ-

ʚʫ, ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʣʠ ʦʩʪʘʪʦʯʥʳʭ çʷʜʝʨè. ʈʝʣʠʢʪʦʚʦʝ 

ʟʦʣʦʪʦ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦ-
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ʚʘʥʦ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʣʥʦʤ ʝʛʦ ʟʘʤʝʱʝʥʠʠ ʚʳʩʦʢʦʧʨʦʙʥʦʡ ʨʘʟʥʦʩʪʴʶ. 

ʅʝ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚ ʤʝʭʘʥʠʟʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [7]. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʦʙʨʘʟʦʚʳʚʘʷʩʴ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ, ʵʥʜʦʛʝʥʥʦʝ ʟʦʣʦʪʦ 

ʋʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʩʚʦʙʦʜʠʣʦʩʴ ʠ ʫʢʨʫʧʥʠʣʦʩʴ, ʧʨʠʦʙʨʝʪʷ ʨʘʟʥʦ-

ʦʙʨʘʟʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʢʫʣʴʧʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʚʣʝʯʝ-

ʥʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʟʦʥ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʦʪʚʘʣʘʭ ʦʩʪʘʣʦʩʴ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦʝ. ɿʘ ʙʦʣʝʝ 

ʯʝʤ 80 ʣʝʪ ʚ ʦʪʚʘʣʝ ʧʨʦʠʟʦʰʣʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʩʘʜʢʦʚ, ʨʘʟʣʠʯʥʳʝ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʩʬʦʨ-

ʤʠʨʦʚʘʣʩʷ ʛʦʨʠʟʦʥʪ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʟʦʣʦʪʘ. ɺʳʜʝʣʝʥʥʦʝ ʟʦʣʦʪʦ ʠʟ 

ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʝʩʝʪ ʩʣʝʜʳ ʪʝʭʥʦʛʝʥʥʦ-ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʦʩʪʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ.  
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ʅʘ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʥʘʭʦʜʷʪʩʷ ʫʥʠʢʘʣʴʥʦ ʢʨʫʧʥʳʝ ʨʫʜʳʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠʭ ʥʝʧʦʥʷʪʥʦ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʥʥʝʜʦ-

ʢʝʤʙʨʠʡʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ. ʆʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘ ʚʩʝʭ ʧʣʘʪʬʦʨʤʘʭ. ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʚ ʥʠʭ ʞʝʣʝʟʘ. ʅʘʧʨʠʤʝʨ, ʚ ʂʫʨʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ 

ʦʥʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʪʨʠʣʣʠʦʥʳ ʪʦʥʥ [1]. ʕʪʦ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʟʘʧʘʩʳ ʚ ʤʠʣʣʠʦʥʳ ʪʦʥʥ, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʵʪʦʛʦ ʤʝʪʘʣʣʘ. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʦʚ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨ-

ʮʠʪʦʚ ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʙʦʣʴʰʝ ʢʠʣʦʤʝʪʨʘ. ɺ ʥʠʭ ʪʦʥʢʠʝ ʧʨʦʩʣʦʠ ʢʚʘʨʮʠʪʘ 

ʯʝʨʝʜʫʶʪʩʷ ʩ ʧʨʦʩʣʦʷʤʠ, ʩʣʦʞʝʥʥʳʤʠ ʤʘʛʥʝʪʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ 

ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʠʟʤʝʥʝʥʠʡ.  

ʅʝ ʧʦʥʷʪʝʥ ʠʩʪʦʯʥʠʢ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʝʢʠʩʣʦʪʳ ʚ 

ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ɺ ʥʠʭ ʯʘʱʝ ʚʩʝʛʦ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʛʝʥʝʪʠʯʝ-

ʩʢʦʡ ʩʚʷʟʠ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ. ʆʙʳʯʥʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʨʝʤʥʝʢʠʩʣʦʪʘ ʠ ʞʝʣʝʟʦ ʧʨʠʚʥʦʩʠʣʠʩʴ ʠʟ ʚʳʚʝʪʨʠ-

ʚʘʚʰʠʭʩʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʆʜʥʘʢʦ ʵʪʠ ʧʦʨʦʜʳ ʥʝ ʠʤʝʶʪ ʧʨʠʟʥʘʢʦʚ 

ʧʨʦʪʝʢʘʥʠʷ ʛʨʘʥʜʠʦʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʤʘʩ-

ʰʪʘʙʘʤ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʪʣʦʞʝʥʠʷ ʞʝʣʝʟʥʳʭ ʨʫʜ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ɿʝʤ-

ʣʠ [3] ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʶʪ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ʠ ʜʨʫʛʠʭ ʫʥʠʢʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɻʣʫʙʠʥʘ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 250 ʢʤ. 

ʆʯʝʚʠʜʥʦ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʝʛʦ ʤʘʛʤ ʜʦʣʞʥʘ ʙʳʣʘ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʚʳʜʝʣʝʥʠʝʤ ʛʠʛʘʥʪʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʠʭ 

ʣʝʪʫʯʠʭ ʠ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʈ-ʊ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʠ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʬʨʘʢʮʠʦʥʠʨʫʶʱʠʭ ʢʠʩʣʳʭ ʤʘʛʤʘʭ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʩʪʘʪʦʯ-
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ʥʳʭ ʨʘʩʧʣʘʚʘʭ ʠ ʚʳʜʝʣʷʚʰʠʭʩʷ ʠʟ ʥʠʭ ʬʣʶʠʜʦʚ ʚʦʟʨʘʩʪʘʣʘ. ʇʦʵʪʦʤʫ ʧʝʨ-

ʚʳʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʥʦʩʠʣʠʩʴ ʢʦʤʧʦʥʝʥʪʳ ʩ ʠʟʥʘʯʘʣʴʥʦ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʤʘʛʤʘʭ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ ʞʝʣʝʟʦ ʠ 

ʢʨʝʤʥʝʢʠʩʣʦʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʦʯʝʥʴ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ. ʀʭ ʠʟʦʪʦʧʥʳʡ ʚʦʟ-

ʨʘʩʪ ʚʘʨʴʠʨʫʝʪ ʦʙʳʯʥʦ ʦʪ 3,8 ʜʦ 1,8 ʤʣʨʜ. ʣʝʪ ʠ ʙʣʠʟʦʢ ʢ ʚʦʟʨʘʩʪʫ ʟʝʣʝʥʦ-

ʢʘʤʝʥʥʳʭ ʧʦʷʩʦʚ.  

ɼʦ ʩʠʭ ʧʦʨ ʙʳʣʘ ʥʝʧʦʥʷʪʥʦʡ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʦʢʠʩʣʝʥʥʦʩʪʴ ʞʝʣʝʟʘ ʚ ʵʪʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʜʨʝʚʥʝʡʰʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦ-

ʨʦʜʘʭ ʦʢʘʪʘʥʥʳʭ ʟʝʨʝʥ, ʣʝʛʢʦ ʦʢʠʩʣʷʶʱʠʭʩʷ ʧʠʨʠʪʘ ʠ ʫʨʘʥʠʥʠʪʘ, ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʙʝʜʥʦʩʪʴ ʨʘʥʥʝʡ ʘʪʤʦʩʬʝʨʳ ʢʠʩʣʦʨʦʜʦʤ. ʄʝʞʜʫ ʪʝʤ ʛʣʘʚʥʳʝ ʞʝ-

ʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʤʘʛʥʝʪʠʪʦʤ ʠ ʛʝʤʘʪʠʪʦʤ. ɺʳʩʦʢʘʷ ʦʢʠʩʣʝʥʥʦʩʪʴ ʞʝʣʝʟʘ ʦʪʚʝʨʛʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ. ʅʦ ʦʥʘ 

ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʠʨʦʜʦʡ, ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʛʝʤʘʪʠʪ ʠ ʤʘʛʥʝʪʠʪ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ 

ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ. ʇʦʵʪʦʤʫ ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʠ ʠʟ 

ʵʤʘʥʘʮʠʡ ʦʢʝʘʥʘ ʤʘʛʤʳ.  

ɼʨʫʛʠʤ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʤʘ-

ʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʰʠ-

ʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʘʭ. ʅʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʦ-ʫʨʘʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʠʪʚʘʪʝʨʩʨʘʥʜ. ʂʘʢ ʠ ʜʣʷ ʞʝʣʝ-

ʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʨʘʞʘʶʪ ʛʠʛʘʥʪʩʢʠʝ ʟʘʧʘʩʳ ʚ ʥʝʤ ʨʫʜʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɽʩʣʠ ʬʘʥʝʨʦʟʦʡʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʫʥʠʢʘʣʴʥʦ 

ʢʨʫʧʥʳʤʠ ʧʨʠ ʟʘʧʘʩʘʭ ʟʦʣʦʪʘ ʦʢʦʣʦ ʪʳʩʷʯʠ ʪʦʥʥ, ʪʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɺʠʪʚʘʪʝʨʩʨʘʥʜ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʝʛʦ ʜʦʙʳʪʦ ʫʞʝ ʦʢʦʣʦ ʧʷʪʠʜʝʩʷʪʠ 

ʪʳʩʷʯ ʪʦʥʥ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʟʘʧʘʩʳ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʪʦʥʥ. ɿʦʣʦ-

ʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʠʨʠʪʝ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʦʩʣʦʷʭ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ (ʨʠʬʘʭ) ʩʨʝʜʠ ʧʝʩʯʘʥʠʢʦ-ʩʣʘʥʮʝʚʳʭ ʪʦʣʱ ʩʠʥʢʣʠʥʦʨʠʷ. 

ʕʪʠ ʧʨʦʩʣʦʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʠʭ ʟʘʣʝʛʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ 

1,9 ʤʣʨʜ. ʣʝʪ.    

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʧʦʪʝʟʳ 

ʨʘʩʩʳʧʥʦʛʦ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʪʩʫʪ-

ʩʪʚʠʝ ʚ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʦʤ ʬʫʥʜʘʤʝʥʪʝ ʢʦʨʝʥʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʪʝʣ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʠ ʥʘʣʠʯʠʝ ʧʩʝʚʜʦʤʦʨ-

ʬʦʟ ʟʦʣʦʪʘ ʧʦ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʛʠʜʨʦʪʝʨʤʘʣʴ-

ʥʦʡ ʛʠʧʦʪʝʟʳ. ʆʜʥʘʢʦ ʚ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʦʩʪʘʶʪʩʷ ʥʝʧʦʥʷʪʥʳʤʠ ʧʨʠʯʠʥʳ 
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ʛʠʛʘʥʪʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʦʣʦʪʘ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʦʙʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ 

ʚ ʬʫʥʜʘʤʝʥʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʠʟ ʵʤʘʥʘʮʠʡ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʦʢʝʘʥʘ ʦʙʲʷʩʥʷʶʪ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʵʪʦʛʦ 

ʦʢʝʘʥʘ ʠ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʷʚʣʷʶʪʩʷ 

ʧʨʠʯʠʥʘʤʠ ʢʦʣʦʩʩʘʣʴʥʳʭ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠ ʝʛʦ ʜʨʝʚʥʦ-

ʩʪʠ.  

ʅʝʪʠʧʠʯʥʦʩʪʴ ʟʦʣʦʪʦʥʦʩʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣ ʜʣʷ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʟʝʣʝʥʦʢʘʤʝʥʥʳʝ ʧʦʷʩʘ ʛʥʝʡʩʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʝʱʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʵʪʠʭ ʧʦʨʦʜ, ʧʨʝʧʷʪʩʪʚʦʚʘʚ-

ʰʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʥʠʭ ʦʪʢʨʳʪʳʭ ʪʨʝʱʠʥ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʥʠʭ ʢʚʘʨ-

ʮʘ. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʟʦʣʦʪʘ ʢ ʧʨʦʩʣʦʷʤ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɺʠʪʚʘʪʝʨʩʨʘʥʜ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʜʣʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

ɽʱʝ ʦʜʥʠʤ ʧʨʦʜʫʢʪʦʤ ʦʪʜʝʣʝʥʠʷ ʵʤʘʥʘʮʠʡ ʦʢʝʘʥʘ ʤʘʛʤʳ ʷʚʣʷʶʪʩʷ 

ʫʨʘʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʘ çʥʝʩʦʛʣʘʩʠʷè. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ 

ʥʘʭʦʜʷʪʩʷ ʚ ʉʝʚʝʨʥʦʡ ɸʚʩʪʨʘʣʠʠ ʠ ʚ ʂʘʥʘʜʝ ʚ ʧʨʦʚʠʥʮʠʷʭ ʉʘʩʢʘʯʝʚʘʥ ʠ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ ʢʦʥʪʨʦʣʴ ʦʨʫʜʝʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡ-

ʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ, ʩʚʷʟʴ ʩ ʢʨʫʧʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠ-

ʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʩ ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʫʥʠʢʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʢ-ɸʨʪʫʨ-ʈʠʚʝʨ ʚ ʂʘʥʘʜʝ. ɽʛʦ ʧʦʜ-

ʪʚʝʨʞʜʝʥʥʳʝ ʟʘʧʘʩʳ ʥʘ ʷʥʚʘʨʴ 2001 ʛ ʩʦʩʪʘʚʣʷʣʠ 161300 ʪ U3O8 ʧʨʠ ʩʨʝʜ-

ʥʝʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ 21 % [2], ʘ ʚ ʟʦʥʝ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʠ ʈʘʙʙʠʪ-ʃʝʡʢ ï 82 %. ʕʪʦ ʫʥʠʢʘʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ, ʝʩʣʠ 

ʫʯʝʩʪʴ, ʯʪʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʥʠ ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦʜ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʦʩʘʜʦʯʥʦʡ ʬʦʨʤʘ-

ʮʠʝʡ ɸʪʘʙʘʩʢʘ ʠ ʚ ʝʝ ʥʠʞʥʝʡ ʯʘʩʪʠ. ɽʝ ʚʦʟʨʘʩʪ ʨʘʥʥʠʡ ʠ ʩʨʝʜʥʠʡ ʨʠʬʝʡ 

(1,5 ï 1 ʤʣʨʜ. ʣʝʪ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʥʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʝʱʝ 

ʤʦʣʦʞʝ. ʊʘʢʦʡ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ ʦʙʫʩʣʦʚʣʝʥ ʥʝʙʦʣʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʫʨʘʥʘ ʚ ʧʝʨʚʠʯʥʳʭ ʤʘʛʤʘʭ. ʇʦʵʪʦʤʫ ʚʳʩʦʢʦʫʨʘʥʦʚʳʝ ʛʠʜʨʦʪʝʨʤʳ ʚʦʟʥʠ-

ʢʘʣʠ ʚ ʦʯʝʥʴ ʛʣʫʙʠʥʥʳʭ ʯʘʩʪʷʭ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣ-

ʣʠʟʦʚʘʚʰʠʭʩʷ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʦ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʚ 

ʨʫʜʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʨʘʥʦʥʦʩʥʳʭ ʛʠʜʨʦʪʝʨʤ ʚ ʦʩʪʘʪʦʯʥʳʭ 

ʨʘʩʧʣʘʚʘʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʠʢʨʠʪʦʚʦʛʦ ʩʣʦʷ. 
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ʉ ʦʪʜʝʣʝʥʠʝʤ ʨʘʥʥʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʤʘʥʘʮʠʡ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʦʢʝʘʥʘ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʬʣʦʛʦʧʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʟʦʥʘʭ ʙʠʤʝ-

ʪʘʩʦʤʘʪʦʟʘ ʥʘ ʢʦʥʪʘʢʪʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʚ ʌʝʜʦʨʦʚʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. ʀʭ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʯʘʱʝ ʚʩʝʛʦ ʨʘʚʝʥ 1,8 ï 

1,9 ʤʣʨʜ. ʣʝʪ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʵʤʘʥʘʮʠʷʤʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʦʢʝʘʥʘ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʡʦʥʘʭ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʛʨʘʥʠ-

ʪʦʛʥʝʡʩʦʚ ʠ ʛʨʘʥʠʪʦʚ ʚ ʧʦʜʩʪʠʣʘʶʱʝʤ ʬʫʥʜʘʤʝʥʪʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦ-

ʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʠʩʣʳʭ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩ-

ʧʣʘʚʘʭ. 

ʇʨʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʠʢʨʠʪʦʚʦʛʦ ʩʣʦʷ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʧʨʦ-

ʠʩʭʦʜʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʘʭ ʨʘʩʧʣʘʚʦʬʠʣʴ-

ʥʳʭ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʩʪʘʪʦʯʥʳʝ ʨʘʩ-

ʧʣʘʚʳ, ʩʫʜʷ ʧʦ ʦʛʨʦʤʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʣʝʛʢʠʭ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʚʦʟʥʠ-

ʢʘʣʠ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʠʢʨʠʪʦʚʳʭ ʤʘʛʤ ʙʦʣʝʝ ʯʝʤ ʥʘ 99,9 %. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʛʘʪʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʢʘʨʙʦ-

ʥʘʪʠʪʘʭ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʘʤʦʛʦ ʥʠʞʥʝʛʦ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʩʣʦʷ ʩʦʧʨʦʚʦʞ-

ʜʘʣʘʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʠ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʝʡ ʚ ʥʠʭ ʘʣʤʘʟʘ, ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ 

ʨʘʩʧʣʘʚʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʛʝʥʝʟʠʩ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʠ ʟʘʛʘʜʦʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ.    
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ʇʨʦʷʚʣʝʥʠʷ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʤʥʦʛʠʭ 

ʨʝʛʠʦʥʦʚ ʤʠʨʘ [8, 9 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʦ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʜʨʝʚʥʠʭ ʢʦʨʝʥʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʧʦʨʦʜ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʦʩʘʜʢʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʚʦʟʤʦʞʥʦ ʩʠʣʴʥʦʡ ʠʟʤʝʥʝʥʥʦ-

ʩʪʴʶ ʧʦʨʦʜ, ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʦʡ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ, ʥʝʦʙʳʯʥʳʤ ʩʦʩʪʘʚʦʤ 

ʧʦʨʦʜ ʠ ʪ.ʜ. ɹʦʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʨʦʩʩʳʧʠ [7, 8]. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʩʣʝ ʨʘʟʤʳʚʘ ʵʪʠʭ ʨʦʩʩʳʧʝʡ ʘʣʤʘʟʳ 

ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʦʩʘʜʢʠ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʧʣʦʪʴ ʜʦ ʩʦ-

ʚʨʝʤʝʥʥʳʭ. ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʦ ʦʮʝʥʠʪʴ ʤʘʩʰʪʘʙʳ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦ-

ʥʦʩʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ ʉʠʙʠʨ-

ʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʦʙʩʫʞʜʘ-

ʣʘʩʴ ʨʘʥʝʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʀ.ʌ. ɻʦʨʠʥʦʡ, ʄ.ʇ. ʄʝʪʝʣʢʠʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [4, 

5], ʘ ʪʘʢʞʝ ʥʘʤʠ [1, 2, 3], ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʳʝ ʧʨʠʟʥʘʢʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʜʦ ʩʠʭ ʧʦʨ ʵʪʦʪ ʪʨʝʥʜ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʯʝʪʢʦ ʥʝ ʦʬʦʨʤʣʝʥ. ʄʳ ʚʳʜʝʣʷʝʤ ʨʦʩʩʳʧʥʳʝ ʠ ʢʦʨʝʥʥʳʝ ʧʨʠ-

ʟʥʘʢʠ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʈʦʩʩʳʧʥʳʝ ʧʨʠʟʥʘʢʠ. 

1. ɺ ʨʦʩʩʳʧʷʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʩʦʙʝʥʥʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʝʝ 

ʯʘʩʪʠ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʦʚ ʣʠʙʦ ʩʦʚʝʨʰʝʥʥʦ ʦʪʩʫʪ-

ʩʪʚʫʶʱʠʭ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʧʣʘʪʬʦʨʤʳ (V-VII  ʨʘʟʥʦʚʠʜʥʦ-

ʩʪʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ.ʃ. ʆʨʣʦʚʘ, ʣʠʙʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʩʦʧʦʩʪʘʚʠʤʦ 

ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (II  ʨʘʟʥʦʚʠʜʥʦʩʪʴ, ʩʢʨʳʪʦʣʘʤʠʥʘʨʥʳʝ ʜʦʜʝʢʘʵʜʨʦʠ-

ʜʳ ʩ çʧʨʠʟʥʘʢʘʤʠ ʜʨʝʚʥʦʩʪʠè I ʨʘʟʥʦʚʠʜʥʦʩʪʠ). ɼʣʷ ʘʣʤʘʟʦʚ V-VII , II  ʨʘʟ-

ʥʦʚʠʜʥʦʩʪʝʡ ʠ ʩʢʨʳʪʦʣʘʤʠʥʘʨʥʳʭ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʚ ʨʦʩʩʳʧʷʭ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ, ʩ ʢʦʪʦʨʳʤʠ ʵʪʠ ʘʣʤʘʟʳ ʘʩʩʦʮʠʠʨʦʚʘʣʠ ʚ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ; ʤʠʥʝʨʘʣʳ-ʠʥʜʠʢʘʪʦʨʳ ʢʠʤʙʝʨʣʠʪʦʚ, ʩʦʧʨʦʚʦʞʜʘ-
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ʶʱʠʝ ʠʭ ʚ ʩʝʚʝʨʥʳʭ ʨʦʩʩʳʧʷʭ, ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ 

ʠ ʜʣʷ ʜʘʥʥʳʭ ʘʣʤʘʟʦʚ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʩʧʫʪʥʠʢʘʤʠ; ʘʣʤʘ-

ʟʳ ʠʤʝʶʪ ʥʝʟʘʚʠʩʠʤʦʝ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʤʦ-

ʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

2. ʅʘʣʠʯʠʝ ʥʘ ʘʣʤʘʟʘʭ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʠʩ-

ʪʦʯʥʠʢʘʤʠ, ʧʨʠʟʥʘʢʦʚ çʜʨʝʚʥʦʩʪʠè, ʚʳʨʘʞʝʥʥʳʭ ʚ ʧʦʚʳʰʝʥʥʦʤ ʤʝʭʘʥʠ-

ʯʝʩʢʦʤ ʠʟʥʦʩʝ, ʩʣʝʜʘʭ ʫʜʘʨʘ ʚ ʬʦʨʤʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʝʨʧʦʦʙʨʘʟʥʳʭ ʠ 

ʨʦʤʙʠʯʝʩʢʠʭ ʪʨʝʱʠʥʦʢ, ʢʦʨʠʯʥʝʚʳʭ ʧʷʪʥʘʭ ʧʠʛʤʝʥʪʘʮʠʠ. ʇʨʠʟʥʘʢʠ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʘʣʤʘʟʦʚ ʠ ʠʟ ʜʦʢʝʤʙʨʠʡʩʢʠʭ, ʠ ʠʟ ʬʘʥʝ-

ʨʦʟʦʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʦ ʪʦʣʴʢʦ ʫ ʘʣʤʘʟʦʚ ʠʟ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʥ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ.  

3. ʇʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ (ʚʩʝ 

ʘʣʤʘʟʳ V-VII  ʨʘʟʥʦʚʠʜʥʦʩʪʠ, II  ʨʘʟʥʦʚʠʜʥʦʩʪʠ, 58% ʦʢʨʫʛʣʳʭ ʜʦʜʝʢʘʵʜ-

ʨʦʠʜʦʚ ʧʦ ʜʘʥʥʳʤ [10], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʝʮʠʬʠʢʫ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦ-

ʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.    

4. ʊʷʛʦʪʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ V-VII , II  ʨʘʟʥʦʚʠʜʥʦ-

ʩʪʝʡ, ʩʢʨʳʪʦʣʘʤʠʥʘʨʥʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢ ʚʳʩʪʫʧʘʤ ʜʦ-

ʢʝʤʙʨʠʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤʳ [2]. 

ʂʦʨʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʥʘ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʣʘʤ-

ʧʨʦʠʪʦʚ ʨʠʬʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [5], ʩʦʜʝʨʞʘʱʠʭ ʘʣʤʘʟʳ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ 

ʛʘʙʠʪʫʩʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʘʥʥʳʝ 

ʣʘʤʧʨʦʠʪʳ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʦʢʝʤʙʨʠʡ-

ʩʢʦʡ ʵʧʦʭʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʥʦ ʠʭ ʤʦʞʥʦ ʥʘʡʪʠ 

ʪʦʣʴʢʦ ʥʘ ʚʳʩʪʫʧʘʭ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʦʥʠ ʧʦʛʨʝʙʝʥʳ ʧʦʜ ʯʝʭʣʦʤ ʬʘʥʝ-

ʨʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ.  

ɸʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪ-

ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʰʠʨʦʢʦʝ ʝʝ ʨʘʟʚʠʪʠʝ.  ʅʦ ʧʦʠʩʢ ʜʦʢʝʤ-

ʙʨʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʟʘʪʨʫʜʥʝʥ: 1 ï ʧʦʠʩʢ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʥʘ 

ʚʳʩʪʫʧʘʭ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʛʜʝ ʧʦʠʩʢʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʢʘʢ ʤʠ-

ʥʝʨʘʣʦʛʠʯʝʩʢʘʷ, ʪʘʢ ʠ ʛʝʦʬʠʟʠʯʝʩʢʘʷ, ʢʨʘʡʥʝ ʩʣʦʞʥʳ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʩʪʘʣʴ-

ʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʦʙʲ-

ʝʢʪʳ ʟʘʢʨʳʪʳ ʤʦʱʥʳʤ ʯʝʭʣʦʤ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ; 2 ï ʥʝ ʠʟʚʝʩʪʥʳ ʠʥʜʠʢʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦ-

ʢʝʤʙʨʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʠʥʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ, ʧʦʵʪʦ-

ʤʫ ʥʝʚʦʟʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʠʩʢʦʚʫʶ ʟʘʜʘʯʫ ʜʣʷ ʥʠʭ; 3 ï ʚʦʟʤʦʞʝʥ 
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ʚʳʩʦʢʠʡ ʵʨʦʟʠʦʥʥʳʡ ʩʨʝʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʦʩʪʘʣʠʩʴ 

ʣʠʰʴ ʢʦʨʥʝʚʳʝ ʯʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʦʠʩʢ; 4 ï 

ʚʦʟʤʦʞʥʘ ʩʠʣʴʥʘʷ ʠʟʤʝʥʝʥʥʦʩʪʴ ʧʦʨʦʜ ʧʦ ʪʠʧʫ, ʥʘʧʨʠʤʝʨ, ʙʨʘʟʠʣʴʩʢʠʭ 

ʬʠʣʣʠʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʨʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʥʘʨʫʞʝ-

ʥʠʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦʨʝʥʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ ï ʜʝʣʦ ʩʣʫʯʘʷ ʠ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʠʭ ʧʦʠʩʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳ. ʅʦ ʨʝʘʣʴʥʘ ʟʘʜʘʯʘ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ çʩʝʚʝʨʥʦʛʦè ʪʠʧʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʨʦʪʝʨʦʟʦʷ.  

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘ çʩʝʚʝʨʥʳʤʠè ʘʣʤʘʟʘʤʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʩʣʝʜʫʝʪ ʦʩʪʘʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʪʦʣʴʢʦ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ʇʝʨ-

ʩʧʝʢʪʠʚʳ ʢʦʨʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʦʨʝʦʣʳ ʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʘʣʤʘʟʦʚ ʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʥʘʯʠʥʘʷ ʩ ʧʦʟʜʥʝʛʦ ʜʝʚʦʥʘ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʘʣʤʘʟʦʥʦʩ-

ʥʦʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʫʶ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʢʝʤ-

ʙʨʠʡʩʢʦʡ ʵʧʦʭʠ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʝʝ ʘʣʤʘʟʦʚ ʚ 

ʨʦʩʩʳʧʷʭ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ.  
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ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʘʣʤʘʟʦʥʦʩʥʘ, ʘ ʶʨʩʢʦ-ʤʝʣʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʘʣʤʘʟʦʥʦʩʥʳ [1]. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʦʨʝʦʣʘʭ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʤʝʱʝʥʳ ʤʠʥʝʨʘʣʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ, ʵʪʦ 

ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ ʧʦʠʩʢʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʠ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʘʩʩʦʮʠʘʮʠʡ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʢʘʞʜʦʡ ʵʧʦʭʠ 

[2]. 

ɼʣʷ ʛʨʘʥʘʪʦʚ ʠʟ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

mailto:avp-diamond@mail.ru
mailto:hyperborean@bk.ru
mailto:chief@igm.nsc.ru
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1) ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʨʘʞʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʘʨʘʛʝʥʝʟʠ-

ʩʦʚ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʛʨʘʥʘʪʳ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

2) ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʩʪʝʧʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ. ʇʨʝʦʙ-

ʣʘʜʘʝʪ ʩʨʝʜʥʷʷ ʠ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ. 

3) ʀʤʝʶʪ ʧʨʠʟʥʘʢʠ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʟʜʥʝʜʝʚʦʥ-

ʩʢʦʡ ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ɼʣʷ ʛʨʘʥʘʪʦʚ ʠʟ ʪʨʠʘʩʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ: 

1) ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʥʘʪʦʚ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʣʠ ʠʭ ʧʦʣʥʦʝ ʦʪʩʫʪ-

ʩʪʚʠʝ.  

2) ʊʦʣʴʢʦ ʩʣʘʙʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ. ʇʦʚʳʰʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʣʠʰʴ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʣʘʪʬʦʨʤʳ ʚ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʢʦʣʣʝʢʪʦʨʘʭ. 

3) ɻʠʧʝʨʛʝʥʥʘʷ ʢʦʨʨʦʟʠʷ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʅʘ ʶʨʩʢʦ-ʤʝʣʦʚʦʡ ʚʦʟʨʘʩʪ ʫʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: 

1) ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʩʩʦʮʠʘʮʠʠ ʛʨʘʥʘʪʦʚ ʚ 

ʩʚʷʟʠ ʩ ʛʣʫʙʠʥʥʳʤ ʤʝʪʘʩʦʤʘʪʦʟʦʤ: ʨʝʟʢʦ ʜʦʤʠʥʠʨʫʶʪ ʛʨʘʥʘʪʳ ʤʘʣʦʛʣʫ-

ʙʠʥʥʳʭ ʣʝʨʮʦʣʠʪʦʚ. ɻʨʘʥʘʪʳ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

2) ʉʣʘʙʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʤʠʥʝʨʘʣʦʚ; ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʚʦʟʤʦʞʝʥ 

ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʣʘʪʬʦʨʤʳ ʚ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

3) ʆʪʩʫʪʩʪʚʠʝ ʛʠʧʝʨʛʝʥʥʦʡ ʢʦʨʨʦʟʠʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ ʥʘʤʠ ʦʧʨʝʜʝʣʝʥ ʚʦʟʨʘʩʪ 

ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʨʷʜʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʦʚ (ʨʠʩ.). ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, 

ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʣʷ: 

ʂʶʪʶʥʛʜʠʥʩʢʦʝ, ʄʘʷʪʩʢʦʝ, ʅʠʞʥʝʤʫʥʩʢʦʝ, ʄʝʥʜʩʢʦʝ (ɹʘʨʳʣʘʡʩʢʦʝ), 

ʄʘʨʭʘ-ʄʦʨʢʦʢʠʥʩʢʦʝ, ʓʛʳʘʪʪʠʥʩʢʦʝ, ʉʶʣʴʜʶʢʘʨʩʢʦʝ, ʂʫʨʫʥʛ-ʖʨʷʭʩʢʦʝ, 

ɽʣʝʥʛʩʢʦʝ, ʊʘʨʳʜʘʢʩʢʦʝ. ɺ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʠʥʜʠʢʘʪʦʨʥʳʝ ʤʠ-

ʥʝʨʘʣʳ ʩʦ ʩʨʝʜʥʝʡ ʜʦ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ. ʅʘ ʥʝʢʦʪʦ-

ʨʳʭ ʟʝʨʥʘʭ ʧʠʨʦʧʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʳ ʛʠʧʝʨʛʝʥʥʦʡ ʢʦʨʨʦʟʠʠ, ʩʚʷʟʘʥʥʦʡ 

ʩʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʨʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʛʨʘ-

ʥʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʢʠʤʙʝʨʣʠʪʘʤ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʳ-

ʩʦʢʦʭʨʦʤʠʩʪʳʝ ʩʫʙʢʘʣʴʮʠʝʚʳʝ ʧʠʨʦʧʳ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ʅʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʆʣʝʥʝʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ʂʝʣʠʤʷʨʩʢʘʷ ʧʣʦʱʘʜʴ) ʠʥ-

ʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʢʠʤʙʝʨʣʠʪʦʚ ʠʤʝʶʪ ʩʣʘʙʫʶ ʩʪʝʧʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʠʟʥʦʩʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʧʠʨʦʧʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ ʅ.ɺ. ʉʦʙʦʣʝʚʘ [3] 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʨʠʘʩʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʠʨʦʧʦʚ 
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ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʨʠʘʩʦʚʳʡ ʚʦʟʨʘʩʪ ʤʝʩʪ-

ʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ.  

 

ʈʠʩ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʣʷ 
 

ʇʦʟʜʥʝʶʨʩʢʠʝ-ʨʘʥʥʝʤʝʣʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʚ ʙʘʩʩʝʡʥʝ 

ʨʝʢʠ ʂʝʥʢʝʤʝ ʢ ʩʝʚʝʨʫ ʦʪ ʛʦʨʦʜʘ ʗʢʫʪʩʢ. ɸʩʩʦʮʠʘʮʠʷ ʧʠʨʦʧʦʚ ʭʦʨʦʰʦ 

ʩʦʨʪʠʨʦʚʘʥʘ (-2+1ʤʤ), ʚʩʝ ʟʝʨʥʘ ʠʤʝʶʪ ʠʟʥʦʩ IV ʢʣʘʩʩʘ; ʧʨʠ ʪʘʢʦʡ ʩʪʝʧʝʥʠ 

ʠʟʥʦʩʘ ʧʠʨʦʧʦʚ ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʫʥʠʯʪʦʞʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʯʝʤ ʠ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʨʦʙʝ. ɻʠʧʝʨʛʝʥʥʘʷ ʢʦʨʨʦʟʠʷ ʥʘ ʤʠʥʝʨʘʣʘʭ ʦʪʩʫʪ-

ʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʢʦʨʝʥ-

ʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʟʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʦʪʣʦʞʝʥʠʝ 

ʠʟ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʧʦʟʜʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦ ʪʠʧʫ ʥʠʞ-

ʥʝʚʦʣʞʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʇʨʠʣʝʥʩʢʦʛʦ ʨʘʡʦʥʘ; ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ 

ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʣʠ ʟʜʝʩʴ ʚ ʩʚʷʟʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʦʢʨʘʠʥʝ ʉʠʙʠʨ-

ʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʭʦʜʩʪʚʦ ʩ ʧʠʨʦʧʘʤʠ ʠʟ ʶʨ-

ʩʢʠʭ ʪʨʫʙʦʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʧʣʘʪʬʦʨʤʳ, ʪʠʧʘ ʪʨʫʙʢʠ ʄʫʟʘ. ʇʠʨʦʧʳ ʘʣʤʘʟ-

ʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʖʨʩʢʦ-ʤʝʣʦʚʦʡ ʚʦʟʨʘʩʪ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʪʘʢʞʝ ʜʣʷ ʉʠʚʠʢʘʛʠʥʩʢʦʛʦ ʠ ɽʥʙʦʣʘʢʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ.  ɺ ʵʪʠʭ 


