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ʄɸɻʄɸʊʀɿʄ, ʄɽʊɸʄʆʈʌʀɿʄ ʀ ɻɽʆɼʀʅɸʄʀʂɸ ʆʉʅʆɺʅʓʍ 

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ ɼɸʃʔʅɽɻʆ ɺʆʉʊʆʂɸ 

ʇɽʈɺʓɽ ɼɸʅʅʓɽ ʆ ʇʆɿɼʅɽʄɽɿʆɿʆʁʉʂʀʍ ɸɼɸʂʀʊʆʇʆɼʆɹʅʓʍ ɻʈɸʅʀʊɸʍ 

ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɺɽʈʍʅɽɻʆ ʇʈʀɸʄʋʈʔʗ (ʈʆʉʉʀʗ) 

 

ʀ.ʄ. ɼʝʨʙʝʢʦ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ʅʘʢʦʧʣʝʥʠʝ ʪʝʨʨʠʛʝʥʥʳʭ ʦʩʘʜʢʦʚ ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʦʪʥʦʩʠʤʦʡ ʥʳʥʝ ʢ 

ɺʝʨʭʥʝʤʫ ʇʨʠʘʤʫʨʴʶ, ʚ ʢʦʥʮʝ ʶʨʳ ʧʨʝʨʳʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʤʘʣʦʤʦʱʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ. ʀ ʩ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʨʝʛʠʦʥ ʦʭʚʘʯʝʥ ʧʦʯʪʠ ʙʝʩʧʨʝʨʳʚʥʦʡ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʕʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʢ ʧʣʫʪʦʥʦʛʝʥʥʳʭ, ʪʘʢ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠ ʘʢʪʠʚʥʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʧʝʨʝʩʪʨʦʡʢʫ 

ʨʝʛʠʦʥʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ ʷʚʣʷʶʪʩʷ ʤʘʛʤʘʪʠʪʳ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʜʥʝʡ ʶʨr 

ï ʥʘʯʘʣʘ ʨʘʥʥʝʛʦ ʤʝʣʘ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʤʝʥʷʶʪʩʷ ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʤʠ 

ʛʨʘʥʠʪʦʠʜʘʤʠ: ʚʝʨʭʥʝʘʤʫʨʩʢʠʡ ʠ ʙʫʨʠʥʜʠʥʩʢʠʡ ʚ ʶʞʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ 

ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʫʜʩʢʦ-ʟʝʡʩʢʠʡ ï ʚ ʝʛʦ ʩʝʚʝʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ. 

ʄʘʛʜʘʛʘʯʠʥʩʢʠʡ ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ 

ʣʝʡʢʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʘʤʠ, ʨʝʜʢʦ ï ʛʨʘʥʠʪʘʤʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ, ʢʚʘʨʮʝʚʳʤʠ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤʠ 

[1; 3; 5]. ʂ ʭʘʨʘʢʪʝʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʨʦʜ ʦʪʥʦʩʠʪʩʷ ʥʘʣʠʯʠʝ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʳʜʝʣʝʥʠʷʤʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʜʦ 10 ʩʤ) ʠ ʜʳʤʯʘʪʦʛʦ ʢʚʘʨʮʘ, 

ʧʦʚʳʰʝʥʥʘʷ ʱʝʣʦʯʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʟʦʥʘʣʴʥʳʭ ʧʣʘʛʠʦʢʣʘʟʦʚ. 

ɻʨʘʥʠʪʦʠʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʫʙʱʝʣʦʯʥʦʤʫ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʨʷʜʫ. ʕʪʦ 

ʚʳʩʦʢʦʢʘʣʠʝʚʳʝ ʧʦʨʦʜʳ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ, ʧʨʠ Na2O+K2O = 7.69-9.12 ʤʘʩ.% ʠ 

Na2O/K2O=1.35-1.81, ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ, ʫʤʝʨʝʥʥʦʪʠʪʘʥʠʩʪʳʝ, ʧʝʨʘʣʶʤʠʥʠʝʚʳʝ (ASI=0.6-

0.8). ʇʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʨʝʥʥʦ ʧʦʚʳʰʝʥʥʤr ʧʨʠʩʫʪʩʪʚʠʝʤ Ba (820 ʛ/ʪ), Rb (92 ʛ/ʪ), Th 

(8.45 ʛ/ʪ) ʠ ʂ (29900 ʛ/ʪ), ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ Nb (5.5 ʛ/ʪ), Ta (0.4 ʛ/ʪ), Zr (190 ʛ/ʪ), ʠ 

ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ HREE, Y ʠ Yb: La (18 ʛ/ʪ), Y (4.8 ʛ/ʪ), Yb (0.42 ʛ/ʪ); ʚ ʥʠʭ 

ʪʘʢʞʝ ʨʝʟʢʦ ʧʦʥʠʞʝʥʳ ʩʦʜʝʨʞʘʥʠʷ Ti. ɻʨʘʬʠʢ ʢʦʥʮʝʥʪʨʘʮʠʠ REE ʛʨʘʥʠʪʦʠʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʘʙʦ ʧʨʦʷʚʣʝʥʥʦʡ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ Eu ʘʥʦʤʘʣʠʝʡ: (Eu/Eu*)n=0.77-1.23 (ʨʠʩ. 1) ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ (La/Yb)n = 26.45-64.13.  

 

 
 

ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʢ ʩʦʩʪʘʚʫ ʭʦʥʜʨʠʪʘ ʧʦ (Sun, McDonough, 1989). ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ: ʢʦʥʪʫʨ ʛʨʘʥʠʪʦʠʜʦʚ 

ʚʝʨʭʥʝʘʤʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʇʦʟʜʥʝʶʨʩʢʠʡ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦʠʜʦʚ - 145Ñ5 ʤʣʥ. ʣʝʪ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʦʪʦʧʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ Rb-Sr [3]. ʅʦ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʚʨʝʤʝʥʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ: 131Ñ3 ʤʣʥ. 

ʣʝʪ [ʩʚʦʜʢʘ ʧʦ 1]. ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʚʦʟʨʘʩʪʘ (142-138 ʤʣʥ. ʣʝʪ) 

ʧʦʜʦʙʥʳʭ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʨʘʥʠʪʦʠʜʦʚ, ʨʘʟʚʠʪʳʭ ʚ ʩʝʚʝʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ 

ʚʦʩʪʦʯʥʦʛʦ ʟʚʝʥʘ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʧʦʷʩʘ [4]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʟʨʘʩʪʘ ʜʣʷ 

ʧʦʨʦʜ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʩʢʘʟʳʚʘʣʠʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʵʪʠ ʛʨʘʥʠʪʦʠʜʳ ʷʚʣʷʶʪʩʷ 

ʬʘʮʠʘʣʴʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʚʝʨʭʥʝʘʤʫʨʩʢʦʛʦ ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʚʦʟʨʘʩʪʦʤ 140-134 

ʤʣʥ. ʣʝʪ. ʅʦ ʷʚʥʳʝ ʦʪʣʠʯʠʷ ʦʙʨʘʟʦʚʘʥʠʡ ʵʪʠʭ ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ ʥʠʭ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1). ɺ ʛʨʘʥʠʪʦʠʜʘʭ 

ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ HREE (ʚ ʛ/ʪ): Ho (0.10-0.22); Er 

(0.25-0.54); Tm (0.03-0.07); Lu (0.02-0.05), ʘ ʪʘʢʞʝ Y (3-6) ʠ Yb (0.17-0.42) ʟʥʘʯʝʥʠʝ (La/Yb)n 

ʙʦʣʝʝ 26. ʊʦʛʜʘ ʢʘʢ ʚ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʘʤʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 20: (La/Yb)n = 10.42 ï 

19.17, ʘ ʩʦʜʝʨʞʘʥʠʷ HREE ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʳ (ʨʠʩ. 1). 

ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ Sr/Y - Y [7] ʠ (La/Yb)n - Ybn [8] ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʧʦʨʦʜ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʧʦʣʝ ʪʠʧʠʯʥʳʭ ʘʜʘʢʠʪʦʚʳʭ ʩʝʨʠʡ ʤʠʨʘ 

(ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʇʦʣʦʞʝʥʠʝ ʧʦʨʦʜ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩ ʥʘ ʜʠʘʛʨʘʤʤʘʭ [7; 8]. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʦ ʧʦʣʝ 

ʚʳʩʦʢʦʢʨʝʤʥʝʟʸʤʠʩʪʳʭ ʘʜʘʢʠʪʦʚ. 

 

ɸ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ [9] ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʚʳʩʦʢʦʢʨʝʤʥʝʟʝʤʠʩʪʳʭ ʘʜʘʢʠʪʦʚ (ʨʠʩ. 3).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʜʘʢʠʪʦʧʦʜʦʙʥʳʝ ʧʦʨʦʜʳ 

ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʩʪʘʥʦʚʣʝʥʠʶ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ ʚʝʨʭʥʝʘʤʫʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɸ ʦʪʯʘʩʪʠ, ʚʦʟʤʦʞʥʦ, ʠ ʩʦʚʧʘʜʘʣʠ. ʕʪʦʪ 

ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʛʦʡ ʩʫʙʜʫʢʮʠʠ ʧʣʠʪʳ ʀʟʘʥʘʛʘ ʧʦʜ ʚʦʩʪʦʯʥʫʶ ʦʢʨʘʠʥʫ 

ɸʟʠʠ [6]. ʅʦ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʜʘʢʠʪʦʚʦʛʦ 

ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʦ ʩ ʟʘʢʨʳʪʠʝʤ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʣʘ ʩʠʤʤʝʪʨʠʯʥʘʷ ʩʫʙʜʫʢʮʠʷ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʣʦʞʘ ʙʘʩʩʝʡʥʘ ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʩʪʨʝʯʥʳʤ ʜʚʠʞʝʥʠʝʤ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʡ ʠ ʉʠʥʦïʂʦʨʝʡʩʢʦʡ 

ʧʣʠʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʧʦʨʦʜ, ʢʘʢ ʚ ʩʝʚʝʨʥʦʤ, ʪʘʢ ʠ ʚ ʶʞʥʦʤ ʦʙʨʘʤʣʝʥʠʠ 

ʧʦʷʩʘ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. ɽʩʪʴ ʦʙʦʩʥʦʚʘʥʠʝ [2 ʠ ʜʨ.], ʯʪʦ ʘʜʘʢʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʩʫʙʜʫʢʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ʏʪʦ ʚʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɸ ʠʭ ʩʦʩʪʘʚ: ʚʳʩʦʢʦʢʨʝʤʥʝʟʝʤʠʩʪʳʝ ʘʜʘʢʠʪʳ, ʚʦʟʤʦʞʥʦ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʧʣʘʚʣʝʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʝ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʝ ʚ 

ʠʟʫʯʝʥʥʦʤ ʨʝʛʠʦʥʝ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʛʨʘʥʠʪʦʠʜʳ ʠ ʤʠʛʤʘʪʠʪʳ. 
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ʈʠʩ. 3. ʇʦʣʦʞʝʥʠʝ ʧʦʨʦʜ ʤʘʛʜʘʛʘʯʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩ ʥʘ ʜʠʘʛʨʘʤʤʘʭ [9]. 

ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʚʳʩʦʢʦʢʨʝʤʥʝʟʸʤʠʩʪʳʝ ʘʜʘʢʠʪʳ; ʣʠʥʠʷ ʪʦʯʢʘʤʠ ï ʢʨʝʤʥʝʟʸʤʠʩʪʳʝ ʘʜʘʢʠʪʳ. 
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ʅʆɺʓɽ ɼɸʅʅʓɽ ʆ ʉʊʈʆɽʅʀʀ ʀ ʊɽʂʊʆʅʀʂɽ ʉɿ ʇʃʀʊʓ ʇɸʎʀʌʀʂʀ 

 

ɺ.ʃ. ʃʦʤʪʝʚ  

 

ʀʥʩʪʠʪʫʪ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ, ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ 

 

ɺ ʀʄɻʠɻ ɼɺʆ ʈɸʅ ʘʚʪʦʨʦʤ ʠ ɺ.ʅ. ʇʘʪʨʠʢʝʝʚʳʤ ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʬʠʣʝʡ 

(ʜʘʣʝʝ ʇʈ) ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (120-150 ɻʮ) ʅʉʇ ʄʆɺ, ʄʆɻʊ 1 ʠ ʙʫʨʝʥʠʷ çɻʣ. ʏʝʣʣʝʥʜʞʝʨʘè 

ʥʘ ʉɿ ʧʣʠʪʝ ʇʘʮʠʬʠʢʠ (ʨʠʩ. 1-3; [1-3, 6]). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʝ ʩʪʨʫʢʪʫʨʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʜʠʚʝʨʛʝʥʪʥʳʤ ʩʨʳʚʦʤ ʩʣʦʝʚ 1-4 ʚ ʥʝʦʛʝʥʝ-ʢʚʘʨʪʝʨʝ ʥʘ ʩʢʣʦʥʘʭ ʢʨʘʝʚʦʛʦ ʚʘʣʘ 

ʠ ʧʦʜʥʷʪʠʡ ʟʦʥʳ ʨʘʟʣʦʤʘ ʍʦʢʢʘʡʜʦ. ʉʨʳʚ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʨʘʩʯʝʰʫʠʚʘʥʠʝʤ ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʟʘʧʘʜʥʦʛʦ ʘʣʣʦʭʪʦʥʦʚ (ʧʣʠʪ), ʙʝʩʢʦʨʥʝʚʳʤʠ, ʚʝʨʦʷʪʥʦ ʛʨʘʥʠʪʥʳʤʠ, ʧʨʦʪʨʫʟʠʷʤʠ ʠʟ ʩʣʦʷ 4, 

ʤʝʣʢʦʬʦʢʫʩʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ, ʛʘʟʦ- ʠ ʚʦʟʤʦʞʥʦ ʥʝʬʪʝʥʦʩʥʦʩʪʴʶ ʤʝʟʦʢʘʡʥʦʟʦʡʩʢʦʛʦ ʯʝʭʣʘ 

(ʩʣʦʠ 1, 2) ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ. ɺ ʩʪʨʘʪʠʛʨʘʬʠʠ ʧʣʠʪʳ ʦʧʠʩʘʥʳ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʬʘʮʠʠ ʤʦʣʦʜʦʡ ʇʘʮʠʬʠʢʠ ʚ ʩʣʦʝ 1 (ʪʦʣʱʘ D ï ʦʩʘʜʢʠ ʬʘʥʦʚ ʢʘʥʴʦʥʦʚ ʥʘ ʢʨʘʝʚʦʤ ʚʘʣʫ ʢʘʢ 

ʚʥʝʰʥʝʤ ʧʦʜʥʦʞʠʠ ʩʤʝʞʥʦʡ ʦʢʨʘʠʥʳ ʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʦʥʪʫʨʥʦʛʦ ʤʝʛʘʬʘʥʘ ʚ ʢʦʪʣʦʚʠʥʝ 

ʊʫʩʢʘʨʦʨʘ, ʩʝʚʝʨʝ ʢʦʪʣʦʚʠʥʳ ʂʘʨʪʦʛʨʘʬʦʚ ʠ ʧʦʜʥʷʪʠʷ ʐʘʪʩʢʦʛʦ ï ʢʦʥʝʯʥʳʡ ʙʘʩʩʝʡʥ ʩʪʦʢʘ 

ʪʫʨʙʠʜʠʪʦʚ). ʆʪʣʦʞʝʥʠʷ ʇʘʮʠʬʠʢʠ ʧʦʜʩʪʠʣʘʶʪ ʧʝʩʪʨʳʝ ʘʙʠʦʛʝʥʥʳʝ ʣʝʩʩʳ (ʛʦʨʠʟʦʥʪ ʉ) 

ʧʘʣʝʦʩʫʰʠ ʇʘʮʠʬʠʜʳ ʧʦʟʜʥʝʛʦ ʤʝʣʘ-ʨʘʥʥʝʛʦ ʤʠʦʮʝʥʘ. ʅʠʞʝ ʟʘʣʝʛʘʶʪ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ 

ʦʩʘʜʢʠ ʦʧʘʢʦʚʦʛʦ ʩʣʦʷ (ʪʦʣʱʘ ɺ) ʠ ʰʝʣʴʬʦʚʳʝ ʢʘʨʙʦʥʘʪʳ (ʪʦʣʱʘ ɸ) ʧʦʟʜʥʝʡ ʶʨʳ-ʨʘʥʥʝʛʦ ʤʝʣʘ 

(ʧʦʟʜʥʠʡ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʊʝʪʠʩ). ʊʨʘʧʧʳ ʤʝʟʦʟʦʷ ʚ ʥʠʟʘʭ ʩʣʦʷ 2 ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʩʣʦʝ 

3 ʜʨʘʧʠʨʫʶʪ ʧʝʨʚʠʯʥʦ-ʦʩʘʜʦʯʥʳʝ, ʯʘʩʪʴʶ ʛʨʘʥʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʪʦʣʱʠ ʨʘʥʥʝʛʦ ʊʝʪʠʩʘ ʚ ʩʣʦʝ 4 

(ʨʠʬʝʡ-ʧʘʣʝʦʟʦʡ [3]). ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʘʥʥʳʝ ʅʉʇ ʠ ʙʫʨʝʥʠʷ ʛʦʚʦʨʷʪ ʦ ʩʚʦʝʦʙʨʘʟʠʠ ʩʪʨʦʝʥʠʷ ʠ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʧʝʨʠʬʝʨʠʠ ʉɿ ʧʣʠʪʳ (ʤʝʣʢʦʚʦʜʥʳʡ ʦʣʠʛʦʮʝʥ ʥʘ ʩʝʚʝʨʝ, ʦʢʨʝʤʥʝʣʳʝ 

ʢʘʨʙʦʥʘʪʳ ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ ʥʘ ʧʦʜʥʷʪʠʠ ʐʘʪʩʢʦʛʦ ʠ ʜʨ. [7, 8]). ʅʠʞʝ ʦʧʠʩʘʥʳ ʥʦʚʝr ʯʝʨʪʳ ʚ 

ʩʪʨʦʝʥʠʠ ʠ ʪʝʢʪʦʥʠʢʝ ʉɿ ʧʣʠʪʳ. 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʩʚʷʟʘʥ ʩ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʤʦʥʦʢʣʠʥʘʣʴʶ ʥʘ ʇʈ19ɻ (ʅʀʉ çʇʨʦʬ. 

ɻʘʛʘʨʠʥʩʢʠʡè) ʥʘ ʖɿ ʦʢʨʘʠʥʝ ʶʞʥʦʛʦ ʙʣʦʢʘ ʧʦʜʥʷʪʠʷ ʐʘʪʩʢʦʛʦ (ʨʠʩ. 1, 2ʘ). ʐʠʨʠʥʘ 

ʤʦʥʦʢʣʠʥʘʣʠ ʜʦʩʪʠʛʘʝʪ 15 ʢʤ, ʚʳʩʦʪʘ ʦʪ 70 ʤ ʚ ʨʝʣʴʝʬʝ ʜʥʘ (ʭʦʣʤ, ʦʙʪʝʢʘʝʤʳʡ ʘʙʠʩʩʘʣʴʥʳʤ 

ʨʫʩʣʦʤ ʩ ʥʘʤʳʚʥʦʡ ʜʘʤʙʦʡ) ʜʦ 300 ʤ ʧʦ ʢʨʦʚʣʝ ʪʦʣʱʠ ɺ ʠ 550 ʤ ʧʦ ʬʠʥʘʣʴʥʳʤ ʪʨʘʧʧʘʤ). ʋ 

ʤʦʥʦʢʣʠʥʘʣʠ ʧʦʣʦʛʠʡ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ʠ ʢʨʫʪʦʡ, ʶʛʦ-ʟʘʧʘʜʥʳʡ, ʯʪʦ ʩʦʛʣʘʩʥʦ [1] 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʤʝʱʝʥʠʝ ʧʣʠʪʳ ʢ ʶʛʫ ʧʦ 

ʩʢʨʳʪʦʤʫ ʥʘʜʚʠʛʫ. ʀʩʪʦʨʠʷ 

ʤʦʥʦʢʣʠʥʘʣʠ ʚʦʩʭʦʜʠʪ ʢ ʧʦʟʜʥʝʡ ʶʨʝ-

ʨʘʥʥʝʤʫ ʤʝʣʫ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʫʪʦʥʝʥʠʶ 

ʧʨʦʟʨʘʯʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʪʦʣʱʠ ɸ ʢ ʝʝ 

ʩʚʦʜʫ. ʇʦʟʜʥʝʝ, ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʦʣʱʠ ɺ ʠ ʛʦʨʠʟʦʥʪʘ ʉ ʧʦʜʚʠʞʢʠ ʧʦ 

ʨʘʟʣʦʤʫ ʧʨʝʢʨʘʪʠʣʠʩʴ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʤʦʱʥʦʩʪʴ ʥʘ ʢʨʳʣʴʷʭ ʤʦʥʦʢʣʠʥʘʣʠ 

ʚʳʜʝʨʞʘʥʘ. ɺ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ 

ʚʨʝʤʷ ʧʦʜʚʠʞʢʠ ʚʦʟʦʙʥʦʚʠʣʠʩʴ, ʯʪʦ 

ʚʠʜʥʦ ʧʦ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʤʫ 

ʫʪʦʥʝʥʠʶ ʢʦʥʪʫʨʠʪʦʚ ʪʦʣʱʠ D 

(ʤʝʛʘʬʘʥ) ʢ ʩʚʦʜʫ ʤʦʥʦʢʣʠʥʘʣʠ. ʀʪʘʢ, 

ʥʘʣʠʮʦ ʫʥʘʩʣʝʜʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ 

ʩʢʨʳʪʦʛʦ ʥʘʜʚʠʛʘ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ 

ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʤʦʥʦʢʣʠʥʘʣʠ ʚ 

ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ ʠ ʧʦʟʜʥʝʤ ʢʘʡʥʦʟʦʝ. 

ʇʦʩʣʝ ʟʘʣʦʞʝʥʠʷ ʩʤʝʞʥʳʭ ʞʝʣʦʙʦʚ ʚ 

ʩʨʝʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʧʝʨʝʭʚʘʪʘ 

ʨʫʩʣʦʚʳʭ ʪʫʨʙʠʜʠʪʦʚ ʧʦ ʢʘʥʴʦʥʘʤ ʚ 

ʈʠʩ. 1. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʉɿ ʧʣʠʪʳ ʇʘʮʠʬʠʢʠ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ ʇʈ ʅʉʇ, ʄʆɻʊ 1 ʠ ʩʢʚʘʞʠʥ çɻʣ. 

ʏʝʣʣʝʥʜʞʝʨʘè. ʀʟʦʙʘʪʳ ʚ ʤʝʪʨʘʭ. ɿʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʪʦʯʢʠ ʧʦʚʳʰʝʥʥʦʛʦ ʪʝʧʣʦʧʦʪʦʢʘ [8]. 
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ʦʪʜʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʚʳʨʘʩʪʘʝʪ ʩʚʝʞʠʡ ʦʙʣʠʢ ʨʫʩʣʘ ʠ ʝʛʦ ʥʘʤʳʚʥʦʡ ʜʘʤʙʳ ʥʘ ʨʠʩ.1 

(ʧʨʠʜʦʥʥʳʝ ʪʝʯʝʥʠʷ, cʚʷʟʘʥʥʳʝ ʩ ʪʦʧʦʚʠʭʨʝʤ ʠʣʠ ʘʙʠʩʩʘʣʴʥʳʤʠ ʙʫʨʷʤʠ [3]).  

ʅʘ ʨʠʩ. 1, 2ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʇʈ28,29ɻ (ʅʀʉ çʇʨʦʬ. ɻʘʛʘʨʠʥʩʢʠʡè) ʥʘ ʶʛʦ-

ʟʘʧʘʜʝ ʘʙʠʩʩʘʣʴʥʦʡ ʢʦʪʣʦʚʠʥʳ ʊʫʩʢʘʨʦʨʘ ʚ ʟʦʥʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ. 

ʇʦʩʣʝʜʥʠʡ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʢ ʉɿ ʜʦ ʢʨʘʝʚʦʛʦ ʚʘʣʘ ʠ ʂʫʨʠʣʴʩʢʦʛʦ ʞʝʣʦʙʘ [6, 8]. ɺ ʠʩʩʣʝʜʫʝʤʦʤ 

ʨʘʡʦʥʝ ʩ ʥʝʙʦʣʴʰʦʡ ʜʝʧʨʝʩʩʠʝʡ ʰʠʨʠʥʦʡ 24 ʢʤ ʠ ʛʣʫʙʠʥʦʡ 100 ʤ ʦʙʥʘʨʫʞʝʥʳ ʙʦʣʝʝ ʜʝʩʷʪʢʘ 

ʤʠʥʠʢʦʥʫʩʦʚ ʚʳʩʦʪʦʡ ʜʦ 5-15 ʤ ʠ 

ʜʠʘʤʝʪʨʦʤ ʦʩʥʦʚʘʥʠʷ ʜʦ 10-30 ʤ, 

ʢʦʪʦʨʳʡ ʟʘ ʩʯʝʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʥʦʩʘ 

ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥ. ʅʘ ʣʦʞʝ ʉɿ 

ʇʘʮʠʬʠʢʠ ʪʘʢʠʝ ʬʦʨʤʳ ʧʨʝʞʜʝ ʥʝ 

ʦʧʠʩʳʚʘʣʠʩʴ [6-9]. ʄʝʟʦʢʘʡʥʦʟʦʡʩʢʠʡ, 

ʦʩʘʜʦʯʥʦ-ʪʨʘʧʧʦʚʳʡ ʯʝʭʦʣ ʢʦʪʣʦʚʠʥ r

ʊʫʩʢʘʨʦʨʘ ʠʤʝʝʪ ʧʣʘʪʬʦʨʤʝʥʥʦʝ 

ʩʪʨʦʝʥʠʝ [1-3, 6], ʚʢʣʶʯʘʷ ʝʛʦ 

ʚʝʨʪʠʢʘʣʴʥʫʶ çʥʘʨʝʟʢʫè, ʩʚʷʟʘʥʥʫʶ ʩ 

ʤʠʛʨʘʮʠʝʡ ʛʘʟʘ [2]. ʆʙʩʫʞʜʝʥʠʝ 

ʚʦʟʤʦʞʥʦʡ ʧʨʠʨʦʜʳ ʤʠʥʠʢʦʥʫʩʦʚ ʩ 

ʜ.ʛ.-ʤ.ʥ. ʅ.ʉ. ʆʩʪʘʧʝʥʢʦ (ʀɻʠʇ ɼɺʆ 

ʈɸʅ, 16.09.2014 ʛ.) ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ 

ʠʭ ʢ ʪ.ʥ. ʯʝʨʥʳʤ ʢʫʨʠʣʴʱʠʢʘʤ, 

ʩʚʷʟʳʚʘʷ ʩ ʥʝʛʣʫʙʦʢʦʡ (ʜʦ ~1 ʢʤ ʧʦʜ 

ʜʥʦʤ) ʤʦʣʦʜʦʡ ʠʥʪʨʫʟʠʝʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʦʢʨʦʚʩʢʦʛʦ ʩʠʣʣʘ [5]. ʕʪʦʪ ʚʳʚʦʜ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʘʥʥʳʝ ʧʦ 

ʢʦʥʜʫʢʪʠʚʥʦʤʫ ʪʝʧʣʦʧʦʪʦʢʫ ʯʝʨʝʟ ʜʥʦ 

ʥʘ ʨʠʩ. 5 ʚ [8], ʛʜʝ ʚ ~300 ʢʤ ʢ ʉɿ ʦʪ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʩʜʝʣʘʥʳ ʜʚʝ 

ʩʪʘʥʮʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

138.0 ʠ 85.8 ʤɺʪ/ʤ
2 
(ʨʠʩ. 1). 

 
 

 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪʳ ʇʈ19ɻ(ʘ) ʠ 28,29ɻ(ʙ). ɺʝʨʪʠʢʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʟʜʝʩʴ ʠ ʇʈ ʥʘ ʨʠʩ. 3 ʚ ʩʝʢʫʥʜʘʭ ʜʚʦʡʥʦʛʦ 

ʧʨʦʙʝʛʘ; ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ï ʤʘʨʢʠ ʩʫʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʟʜʝʩʴ ʠ ʨʠʩ. 3. ʉʪʨʘʪʠʛʨʘʬʠʷ ʧʦ [1-3, 6] ʟʜʝʩʴ ʠ ʨʠʩ. 3: ʊ ï 

ʬʠʥʘʣʴʥʳʝ ʪʨʘʧʧʳ ʧʦʟʜʥʝʡ ʶʨʳ-ʨʘʥʥʝʛʦ ʤʝʣʘ; ɸ - ʰʝʣʴʬʦʚʳʝ ʢʘʨʙʦʥʘʪʳ ʧʦʟʜʥʝʡ ʶʨʳ-ʨʘʥʥʝʛʦ ʤʝʣʘ; ɺ ï 

ʦʧʘʢʦʚʳʡ ʩʣʦʡ ʧʝʩʪʨʳʭ ʢʨʝʤʥʝʡ ʠ ʛʣʠʥ ʢʦʥʮʘ ʨʘʥʥʝʛʦ-ʧʦʟʜʥʝʛʦ ʤʝʣʘ; ʉ ï ʧʝʩʪʨʳʝ ʣʝʩʩʳ ʧʘʣʝʦʛʝʥʘ-ʨʘʥʥʝʛʦ 

ʤʠʦʮʝʥʘ; D ï ʦʩʘʜʢʠ ʂʘʤʯʘʪʩʢʦʛʦ ʤʝʛʘʬʘʥʘ (ʥʝʦʛʝʥ-ʢʚʘʨʪʝʨ); ʂʄ ï ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʤʦʥʦʢʣʠʥʘʣʴ, ɸʈ ï 

ʘʙʠʩʩʘʣʴʥʦʝ ʨʫʩʣʦ, ʅɼ ï ʥʘʤʳʚʥʘʷ ʜʘʤʙʘ; ɻʉ ï ʛʘʟʦʚʳʡ ʩʪʦʣʙ [2].  

 

ʅʘ ʨʠʩ. 1, 3ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʪʷʞʝʥʥʳʡ (~93 ʢʤ) ʬʨʘʛʤʝʥʪ ʇʈ2ʄɻ (ʅʀʉ çʄʦʨʩʢʦʡ 

ʛʝʦʬʠʟʠʢè) ʥʘ ʚʝʨʰʠʥʝ ʧʦʜʥʷʪʠʷ ʐʘʪʩʢʦʛʦ ʩ ʪʨʝʤʷ ʧʦʣʫʧʦʛʨʝʙʝʥʥʳʤʠ ʢʦʥʫʩʘʤʠ ʚ ʢʨʦʚʣʝ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ, ʦʩʘʜʦʯʥʦ-ʪʨʘʧʧʦʚʦʛʦ ʯʝʭʣʘ. ʂʦʥʫʩʳ ʤʘʨʢʠʨʫʶʪ ʢʨʘʷ 

ʩʪʫʧʝʥʝʡ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʢʨʳʪʳʤʠ ʨʘʟʣʦʤʘʤʠ ʠʣʠ ʬʣʝʢʩʫʨʘʤʠ. ɼʠʘʤʝʪʨ ʦʩʥʦʚʘʥʠʷ ʢʦʥʫʩʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʦʪ 12 ʜʦ 13 ʠ 23,5 ʢʤ. ɺ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʠ ʠʭ 

ʚʳʩʦʪʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʠʭ ʟʘʧʘʜʥʳʤ ʩʢʣʦʥʘʤ (ʫʩʪʫʧʳ ʩʪʫʧʝʥʝʡ): ʦʪ 190 ʜʦ 240 ʠ 910 ʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʤʝʪʠʤ ʧʦʣʦʛʠʝ (ʜʦ 4
ʦ
) ʩʢʣʦʥʳ ʢʦʥʫʩʦʚ ʠ ʠʭ ʨʘʟʥʦʚʳʩʦʪʥʦʩʪʴ (ʟʘʧʘʜʥʳʝ 

ʩʢʣʦʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʚʦʩʪʦʯʥʳʭ), ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʛʠʧʩʦʤʝʪʨʠʝʡ ʩʪʫʧʝʥʝʡ. ɼʣʷ ʩʫʞʜʝʥʠʡ 

ʦ ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʛʝʥʝʟʠʩʝ ʢʦʥʫʩʦʚ ʚʘʞʥʳ ʚʝʨʰʠʥʥʳʝ ʢʨʘʪʝʨʳ ʥʘ ʣʝʚʦʤ ʠ ʚʠʜʠʤʦ ʜʚʫʭ ʜʨʫʛʠʭ 

ʢʦʥʫʩʘʭ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠʭ ʚʝʨʰʠʥ ʠ ʚʝʨʦʷʪʥʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʧʣʘʱʘ ʙʣʠʟ ʧʠʢʝʪʘ 01 ʯʘʩ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʝʚʦʛʦ ʩʢʣʦʥʘ ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʢʦʥʫʩʘ, ʘ ʪʘʢʞʝ ʥʘʣʝʛʘʥʠʝ, ʤʝʩʪʘʤʠ ʩ ʧʦʜʲʝʤʦʤ 

ʩʣʦʝʚ ʢʦʥʪʨʘʩʪʥʦʛʦ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʯʝʭʣʘ ʥʘ ʩʢʣʦʥʳ ʢʦʥʫʩʦʚ (ʩʤ. ʪʘʢʞʝ ʇʈ2ʄɻ ʚ [8]). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘʣʝʛʘʥʠʝ ʠ/ʠʣʠ ʧʦʜʲʝʤ ʩʣʦʝʚ ʯʝʭʣʘ ʥʘ ʩʢʣʦʥʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʥʫʩʦʚ 
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ʬʠʢʩʠʨʫʶʪ ʠʭ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʡ (ʚʝʨʦʷʪʥʦ ʩʨʝʜʥʷʷ-ʧʦʟʜʥʷʷ ʶʨʘ) ʚʦʟʨʘʩʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʝʩʣʠ ʚ 

ʠʩʪʦʨʠʠ ʢʦʥʫʩʦʚ ʠʤʝʣʠ ʤʝʩʪʦ ʬʠʥʘʣʴʥʳʝ ʵʢʩʪʨʫʟʠʠ ʢʫʧʦʣʦʬʦʨʤʠʨʫʶʱʝʡ ʚʷʟʢʦʡ ʤʘʛʤʳ, ʪʦ 

ʜʠʬʨʘʢʮʠʠ ʧʦʜ ʚʝʨʰʠʥʦʡ ʧʨʘʚʦʛʦ ʢʦʥʫʩʘ ʥʘ ʫʨʦʚʥʝ ~4,5 ʩ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʠʢʫʨʠʣʴʩʢʠʤʠ 

ʵʢʩʪʨʫʟʠʚʥʳʤʠ ʢʫʧʦʣʘʤʠ ʤʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴ ʢʨʦʚʣʶ ʷʜʨʘ ʧʨʦʪʳʢʘʥʠʷ [4]. ʉ ʪʘʢʠʤ 

ʜʦʧʦʣʥʝʥʠʝʤ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ ʵʪʠʭ ʢʦʥʫʩʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʠʭ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ ʩ 

ʧʦʪʝʨʝʡ ʢʦʨʨʝʣʷʮʠʠ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ (ʛʘʟʦʚʳʝ ʦʢʥʘ) ʚ ʢʦʥʪʨʘʩʪʥʦʤ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʤ 

ʨʘʟʨʝʟʝ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʢʦʥʫʩʦʚ ʥʘ 

ʛʘʟʦʥʦʩʥʦʩʪʴ ʯʝʭʣʘ ʫʢʘʟʳʚʘʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʦʣʙʳ ʠ çʥʠʪʠè, 

ʜʦʩʪʠʛʘʶʱʠʝ ʜʥʘ (ʨʠʩ. 2). ʊ.ʦ., 

ʧʦʜʥʷʪʠʝ ʐʘʪʩʢʦʛʦ ʷʚʣʷʝʪʩʷ 

ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʝʨʚʦʡ 

ʘʙʠʩʩʘʣʴʥʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ 

ʧʨʦʚʠʥʮʠʠ ɿʝʤʣʠ [2]. ʉ ʫʯʝʪʦʤ 

ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʜʥʷʪʠʷ ʠ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʡ ʢʨʠʚʦʡ ʫʨʦʚʥʷ 

ʇʘʮʠʬʠʢʠ ʚ ʢʘʡʥʦʟʦʝ [6, 9] ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʘ ʙʝʥʯʘ ʥʘ 

ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʩʪʫʧʝʥʷʭ. ʅʠʞʥʠʡ 

ʙʝʥʯ ʩʨʝʟʘʝʪ ʘʥʦʤʘʣʴʥʦ ʢʦʥʪʨʘʩʪʥʳʝ 

ʛʝʤʠʧʝʣʘʛʠʪʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʪʦʣʱʠ D ʥʘ ʛʣʫʙʠʥʝ ~4100 ʤ, ʢʦʪʦʨʳʝ 

ʩ ʫʪʦʥʝʥʠʝʤ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʫʩʪʫʧ 

ʩʨʝʜʥʝʡ ʩʪʫʧʝʥʠ (ʮʝʥʪʨʘʣʴʥʳʡ 

ʢʦʥʫʩ). ʀʪʘʢ, ʧʦʣʫʧʦʛʨʝʙʝʥʥʳʝ 

ʨʘʟʥʦʚʳʩʦʪʥʳʝ ʢʦʥʫʩʳ ʥʘ ʚʝʨʰʠʥʝ 

ʧʦʜʥʷʪʠʷ ʐʘʪʩʢʦʛʦ ʚʝʨʦʷʪʥʦ 

ʷʚʣʷʶʪʩʷ ʜʨʝʚʥʠʤʠ ʵʢʩʪʨʫʟʠʚʥʳʤʠ 

ʚʫʣʢʘʥʘʤʠ, ʯʘʩʪʴʶ ʘʙʨʘʜʠʨʦʚʘʥʥʳʤʠ.  

 
 

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪʳ ʇʈ2ʄɻ(ʘ), 3ʄɻ(ʙ), 

18ɻ2(ʚ). ʄɼ/ʇ ï ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʜʠʘʧʠʨ ʠʣʠ 

ʛʨʘʥʠʪʥʘʷ ʧʨʦʪʨʫʟʠʷ; ɻɺʂ ï 

ʛʘʟʦʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʥʫʩ; ʆʃ ï ʦʩʘʜʦʯʥʘʷ 

ʣʦʧʘʩʪʴ; ɸ+ɺ ï ʢʦʥʪʨʘʩʪʥʳʝ, ʯʘʩʪʴʶ 

ʦʢʨʝʤʥʝʣʳʝ, ʠʟʚʝʩʪʥʷʢʠ ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ; 

ʪʦʯʢʠ ʩʦ ʩʪʨʝʣʢʘʤʠ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʨʘʟʣʦʤʳ ʠ ʩʤʝʱʝʥʠʷ ʧʦ ʥʠʤ. 

 

ʅʝʦʙʳʯʝʥ ʬʨʘʛʤʝʥʪ ʇʈ3ʄɻ 

(ʅʀʉ çʄʦʨʩʢʦʡ ʛʝʦʬʠʟʠʢè) ʙʣʠʟ 

ʚʝʨʰʠʥʳ ʧʦʜʥʷʪʠʷ ʐʘʪʩʢʦʛʦ (ʨʠʩ. 1, 3ʙ), ʧʝʨʝʩʝʢʰʠʡ ʥʝʙʦʣʴʰʦʡ ʭʦʣʤ ʩ ʚʝʨʰʠʥʥʳʤ ʢʨʘʪʝʨʦʤ 

ʛʣʫʙʠʥʦʡ 100 ʤ. ʍʦʣʤ ʚʦʟʚʳʰʘʝʪʩʷ ʥʘʜ ʢʨʦʚʣʝʡ ʢʦʥʪʨʘʩʪʥʦʛʦ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ ʠ ʠʤʝʝʪ ʦʩʥʦʚʘʥʠʝ ʜʠʘʤʝʪʨʦʤ 6,5 ʢʤ. ɽʛʦ ʩʢʣʦʥʳ ʨʘʟʥʦʚʳʩʦʪʥʳʝ (ʉɿ - 105 ʤ, ʖɺ - 260 ʤ) 

ʠ ʦʪʯʘʩʪʠ ʨʘʟʥʦʥʘʢʣʦʥʥʳʝ (ʉɿ ~7,5, ʖɺ ~6
ʦ
). ʉ ʫʯʝʪʦʤ ʥʠʞʥʝʡ, ʧʦʛʨʝʙʝʥʥʦʡ ʧʦʜ 

ʢʦʥʪʨʘʩʪʥʳʤʠ ʛʝʤʠʧʝʣʘʛʠʪʘʤʠ ʪʦʣʱʠ D ʯʘʩʪʠ ʉɿ ʩʢʣʦʥʘ ʝʛʦ ʢʨʫʪʠʟʥʘ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʜʦ 24
ʦ
. 

ɿʘ ʩʯʝʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʥʦʩʘ ʠ/ʠʣʠ ʙʦʢʦʚʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʪʩʷ ʠ ʢʨʫʪʠʟʥʘ ʖɺ 

ʩʢʣʦʥʘ, ʝʩʣʠ ʟʘ ʝʛʦ ʧʦʜʦʰʚʫ ʧʨʠʥʷʪʴ ʧʣʦʩʢʦʝ ʜʥʦ ʧʨʦʤʦʠʥʳ, ʘ ʥʝ ʦʩʥʦʚʘʥʠʝ ʦʩʘʜʦʯʥʦʡ ʣʦʧʘʩʪʠ. 

ʉʫʙʩʪʨʘʪ ʭʦʣʤʘ ʢʦʥʪʨʘʩʪʥʳʡ, ʤʝʩʪʘʤʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʩ ʜʠʬʨʘʢʮʠʷʤʠ ʠ ʥʝʧʨʦʪʷʞʝʥʥʳʤʠ, 

ʨʘʟʥʦʥʘʢʣʦʥʥʳʤʠ ʦʪʨʘʞʘʶʱʠʤʠ ʧʣʦʱʘʜʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʘʷ ʦʩʘʜʦʯʥʘʷ 

ʨʘʩʩʣʦʝʥʥʦʩʪʴ. ʉʭʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʦʩʥʦʚʘʥʠʠ ʭʦʣʤʘ ʚ ʧʦʣʦʩʝ ʰʠʨʠʥʦʡ ~5 ʢʤ, 

ʛʜʝ ʚ ʢʦʥʪʨʘʩʪʥʦʤ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʤ ʯʝʭʣʝ ʧʨʝʨʳʚʘʝʪʩʷ ʧʦʣʦʛʦʥʘʢʣʦʥʥʘʷ ʢ ʖɺ 

ʨʘʩʩʣʦʝʥʥʦʩʪʴ. ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʚʟʨʳʚʥʦʡ ʧʨʠʨʦʜʝ 
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ʵʪʦʡ ʧʦʩʪʨʦʡʢʠ (ʛʘʟʦʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʥʫʩ), ʩʣʦʞʝʥʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʨʝʢʯʠʝʡ ʠ ʛʣʳʙʘʤʠ 

ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʯʝʭʣʘ. ɺʟʨʳʚ ʧʨʦʠʟʦʰʝʣ ʧʦʜ ʚʦʜʦʡ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʣʝʪʦʤ 

ʦʙʣʦʤʢʦʚ ʠ ʤʦʛ ʙʳʪʴ ʚʳʟʚʘʥ ʚʥʝʜʨʝʥʠʝʤ ʛʦʨʷʯʝʡ ʠʥʪʨʫʟʠʠ ʚ ʛʘʟʦʚʳʝ ʧʣʘʩʪʳ, ʟʘʣʝʛʘʶʱʠʝ ʩʨʝʜʠ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʯʘʩʪʴʶ ʦʢʨʝʤʥʝʣʳʭ, ʠ ʪʨʘʧʧʦʚ ʧʦʟʜʥʝʛʦ ʊʝʪʠʩʘ [2, 6, 7]. ɺʨʝʤʷ ʚʟʨʳʚʘ ʤʦʞʥʦ 

ʥʘʤʝʪʠʪʴ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ ʪʦʣʱʠ D, ʢʦʪʦʨʘʷ ʢ ʉɿ ʦʪ ʥʝʛʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʘʯʝʢ. 

ʄʦʱʥʦʩʪʴ ʥʠʞʥʠʭ ʧʘʯʝʢ ʚʳʜʝʨʞʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʙʣʠʟʠ ʭʦʣʤʘ, ʛʜʝ ʦʥʠ ʧʦʣʦʛʦ ʥʘʢʣʦʥʝʥʳ ʢ 

ʶʛʦ-ʚʦʩʪʦʢʫ. ɺʝʨʭʥʷʷ ʧʘʯʢʘ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʜʫʚʦʤ ʙʣʠʟ ʭʦʣʤʘ. 

ʇʨʠ ʵʪʦʤ ʝʝ ʢʨʦʚʣʷ ʧʦʣʦʛʦ ʧʦʜʥʠʤʘʝʪʩʷ ʢ ʖɺ, ʘ ʧʦʜʦʰʚʘ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ ʧʦʣʦʛʦ ʧʦʛʨʫʞʘʝʪʩʷ, 

ʩʣʝʜʫʷ ʥʘʢʣʦʥʫ ʥʠʞʥʠʭ ʧʘʯʝʢ. ʊ.ʦ., ʵʪʦʪ ʭʦʣʤ ʤʦʞʥʦ ʜʘʪʠʨʦʚʘʪʴ ʢʚʘʨʪʝʨʦʤ.  

ʊʘʤ ʞʝ ʥʘ ʖɿ ʦʢʨʘʠʥʝ ʶʞʥʦʛʦ ʙʣʦʢʘ ʧʦʜʥʷʪʠʷ ʐʘʪʩʢʦʛʦ ʇʈ18ɻ2 (ʅʀʉ çʇʨʦʬ. 

ɻʘʛʘʨʠʥʩʢʠʡè) ʧʝʨʝʩʝʢ ʨʘʟʣʦʤʥʫʶ ʟʦʥʫ ʰʠʨʠʥʦʡ 25 ʢʤ (ʨʠʩ. 1, 3ʚ). ʌʠʥʘʣʴʥʳʝ ʪʨʘʧʧʳ ʠ 

ʤʝʟʦʢʘʡʥʦʟʦʡʩʢʠʡ ʨʘʟʨʝʟ ʟʜʝʩʴ ʧʦʜʥʷʪʳ ʥʘ 0,1-0,4 ʩ (ʜʦ 200-400 ʤ) ʥʘʜ ʧʨʠʣʝʛʘʶʱʝʡ ʨʘʚʥʠʥʦʡ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʟʦʥʳ ʚʳʜʝʣʠʤ ʧʨʠʧʦʜʥʷʪʳʡ ʦʩʝʚʦʡ ʙʣʦʢ ʩ ʫʧʣʦʱʝʥʥʦʡ ʚʝʨʰʠʥʦʡ ʠ ʨʠʬʦʚʦʡ 

ʰʘʧʢʦʡ (ʣʠʥʟʘ ʧʨʦʟʨʘʯʥʳʭ ʥʘʜʙʘʟʘʣʴʪʦʚʳʭ ʢʘʨʙʦʥʘʪʦʚ) ʰʠʨʠʥʦʡ 9 ʢʤ. ʉ ʦʙʝʠʭ ʩʪʦʨʦʥ ʙʣʦʢ 

ʦʛʨʘʥʠʯʝʥ ʩʢʨʳʪʳʤʠ ʥʘʜʚʠʛʘʤʠ. ʊʘʢ, ʨʘʟʣʦʤ ʚʜʦʣʴ ʉɿ ʢʨʘʷ ʟʦʥʳ ʤʘʩʢʠʨʫʝʪ ʯʝʪʚʝʨʪʠʯʥʳʡ 

ʢʫʧʦʣ (ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʜʠʘʧʠʨ ʠʣʠ ʛʨʘʥʠʪʥʘʷ ʧʨʦʪʨʫʟʠʷ), ʬʦʨʤʠʨʫʶʱʠʡ ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʘʙʠʩʩʘʣʴʥʳʡ ʭʦʣʤ ʚʳʩʦʪʦʡ 60 ʤ. ɺ ʦʧʘʢʦʚʦʤ ʩʣʦʝ ʢʫʧʦʣ ʫʞʝ ʘʩʠʤʤʝʪʨʠʯʝʥ ʠ ʝʛʦ ʚʳʩʦʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ~200 ʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʚʠʞʢʠ ʧʦ ʢʨʘʝʚʦʤʫ ʥʘʜʚʠʛʫ ʚ ʢʘʡʥʦʟʦʝ. ɿʘʣʦʞʝʥʠʝ 

ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʧʨʦʠʟʦʰʣʦ ʚ ʢʦʥʮʝ ʧʦʟʜʥʝʡ ʶʨʳ-ʨʘʥʥʝʤ ʤʝʣʫ ʧʦʩʣʝ ʠʟʣʠʷʥʠʷ ʬʠʥʘʣʴʥʳʭ 

ʪʨʘʧʧʦʚ. ʇʦʟʜʥʝʝ, ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʣʱʠ ɺ ʠ ʚʦʟʤʦʞʥʦ ʛʦʨʠʟʦʥʪʘ ʉ ʠʩʩʣʝʜʫʝʤʳʡ 

ʨʘʡʦʥ ʙʳʣ ʥʝʤʥʦʛʦ (50-100 ʤ) ʧʨʠʧʦʜʥʷʪ ʥʘʜ ʧʨʠʣʝʛʘʶʱʝʡ ʨʘʚʥʠʥʦʡ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʝʢʦʪʦʨʦʝ ʫʪʦʥʝʥʠʝ ʧʝʨʚʦʡ ʢ ʦʩʝʚʦʤʫ ʙʣʦʢʫ. ɺ ʥʝʦʛʝʥʝ-ʢʚʘʨʪʝʨʝ ʧʨʦʠʟʦʰʣʘ ʘʢʪʠʚʠʟʘʮʠʷ 

ʨʘʟʣʦʤʦʚ ʠ ʧʦʜʥʦʚʣʝʥʠʝ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʩ ʚʳʞʠʤʘʥʠʝʤ ʦʩʝʚʦʛʦ ʙʣʦʢʘ ʠ ʚʥʝʜʨʝʥʠʝʤ ʜʠʘʧʠʨʘ 

ʠʣʠ ʛʨʘʥʠʪʥʦʡ ʧʨʦʪʨʫʟʠʠ ʚʜʦʣʴ ʝʝ ʉɿ ʢʨʘʷ. ʊ.ʦ., ʨʘʟʚʠʪʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ʧʣʠʪʳ ʚ 

ʤʝʟʦʢʘʡʥʦʟʦʝ ʠ ʟʜʝʩʴ ʙʳʣʦ ʫʥʘʩʣʝʜʦʚʘʥʥʳʤ 

ʀʪʘʢ, ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ ʪʝʢʪʦʥʠʢʝ ʉɿ ʧʣʠʪʳ ʇʘʮʠʬʠʢʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʟʥʘʢʠ 

ʫʥʘʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʛʘʟʦ- ʠ ʚʦʟʤʦʞʥʦ ʥʝʬʪʝʥʦʩʥʦʩʪʴ 

ʤʝʟʦʢʘʡʥʦʟʦʡʩʢʦʛʦ ʯʝʭʣʘ ʥʘ ʧʦʜʥʷʪʠʠ ʐʘʪʩʢʦʛʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʬʘʟʳ ʧʦʢʦʷ ʠ ʤʦʙʠʣʴʥʦʩʪʠ 

ʩ ʵʧʦʭʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʥʘʜ- ʠ ʤʝʞʙʘʟʘʣʴʪʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʧʦʟʜʥʝʛʦ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʊʝʪʠʩʘ ʠ ʤʦʣʦʜʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʇʘʮʠʬʠʢʠ. ʅʦʚʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʦʤʥʝʥʥʦ ʩʪʘʥʫʪ 

ʤʦʣʦʜʳʝ, ʙʝʩʢʦʨʥʝʚʳʝ, ʛʨʘʥʠʪʥʳʝ ʧʨʦʪʨʫʟʠʠ ʠʟ ʩʣʦʷ 4 ʠ ʧʦʜʢʦʨʦʚʳʝ ʠʥʪʨʫʟʠʠ.  
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ɸʃʃʆʍʊʆʅʅɸʗ ʂʆʈɸ ʇʆɼ ʆʍʆʊʉʂʀʄ ʄʆʈɽʄ 

 

ɺ.ʃ ʃʦʤʪʝʚ 

 

ʀʥʩʪʠʪʫʪ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ, ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ 

 

ɺ ʜʦʢʣʘʜʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʬʠʣʝʡ (ʇʈ) ʅʉʇ ʠ ʄʆɻʊ, ʜʘʥʥʳʭ 

ʩʝʡʩʤʦʣʦʛʠʠ, ʙʫʨʝʥʠʷ ʠ ʜʨʘʛʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʆʭʦʪʩʢʠʤ ʤʦʨʝʤ, ʛʜʝ ʧʦ ʜʘʥʥʳʤ ɻʉɿ ʠ ʂʄʇɺ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʧʦʣʘʛʘʣʠ 

ʥʦʨʤʘʣʴʥʦʝ, ʪ.ʝ. ʙʝʟ ʩʨʳʚʘ, ʝʝ ʟʘʣʝʛʘʥʠʝ ʥʘ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ [8].  

ʈʝʛʠʦʥʘʣʴʥʳʡ ʰʘʨʴʷʞ ʇʝʛʘʩʘ ï ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʚ ʧʦʢʨʦʚʥʦʡ ʪʝʢʪʦʥʠʢʝ 

ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʢʣʦʥʘ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʨʠʩ. 1). ʆʥ ʠʤʝʝʪ ʢʣʠʥʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʥʦ 

ʤʝʩʪʘʤʠ ʠ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ (ʧʘʢʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ) ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʳʭʦʜʝ 

ʬʦʢʘʣʴʥʦʡ ʟʦʥʳ ɹʝʥʴʦʬʘ, ʪʦʯʥʝʝ ɺʘʜʘʪʠ-ɿʘʚʘʨʠʮʢʦʛʦ-ɹʝʥʴʦʬʘ [2, 5].  

 
 

ʈʠʩ. 1. ʀʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʝ ʛʣʫʙʠʥʥʳʝ ʨʘʟʨʝʟʳ ʅʉʇ (ʇʈ 8/7, 6/7, 4/7, 2/7, 2, 3, 4, 7, 8) ʠ ʄʆɻʊ (ʇʈ 1-1, 1-0, 1-2) 

ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʡ (ʩʣʝʚʘ) ʠ ʚʥʝʰʥʠʡ (ʩʧʨʘʚʘ) ʩʢʣʦʥʳ ʂʫʨʠʣʴʩʢʦʛʦ ʞʝʣʦʙʘ ʚ ʤʘʩʰʪʘʙʝ 1:1 [2, 5]. ɺʝʨʪʠʢʘʣʴʥʳʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʘʩʰʪʘʙʳ ʚ ʢʤ. 1 ï ʢʨʦʚʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʚʥʝʰʥʝʛʦ (ʘ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ (ʙ) ʩʢʣʦʥʦʚ 

ʞʝʣʦʙʘ; 2 ï ʧʨʦʟʨʘʯʥʳʡ ʩʣʦʡ (ʢʘʡʥʦʟʦʡʩʢʠʡ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʠ ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘ); 3 ï ʦʪʨʘʞʘʶʱʠʝ ʧʣʦʱʘʜʢʠ 

ʚ ʧʨʦʟʨʘʯʥʦʤ ʩʣʦʝ: ʘ - ʣʠʥʟʳ ʩʣʦʠʩʪʳʭ ʦʩʘʜʢʦʚ ʪʠʧʘ ʪʫʨʙʠʜʠʪʦʚ, ʙ ï ʨʘʟʣʦʤʳ ʧʨʠʟʤʳ; 4 ï ʨʘʟʣʦʤʳ ʬʫʥʜʘʤʝʥʪʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ (ʘ) ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ (ʙ). ʎʠʬʨʘ 1 ʥʘ ʨʘʟʨʝʟʘʭ ï ʬʨʦʥʪ ʘʢʢʨʝʮʠʠ (ʚʥʝʰʥʠʡ ʢʨʘʡ ʘʢʢʨʝʮʠʦʥʥʦʡ 

ʧʨʠʟʤʳ).  

 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʰʘʨʴʷʞ ʇʝʛʘʩʘ ʩʣʘʛʘʶʪ ʜʦʢʘʡʥʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ, ʜʨʘʧʠʨʦʚʘʥʥʳʝ ʢʘʡʥʦʟʦʡʩʢʠʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. ʆʥ ʬʦʨʤʠʨʫʝʪ ʩʨʝʜʥʶʶ, 

ʩʪʫʧʝʥʯʘʪʫʶ ʯʘʩʪʴ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʢʣʦʥʘ ʂʫʨʠʣʴʩʢʦʡ ʜʫʛʠ ʠ ʧʦʣʦʛʦ ʥʘʜʚʠʥʫʪ ʥʘ ʢʣʠʥ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʠ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʢʘʡʥʦʟʦʡʩʢʠʭ ʧʦʨʦʜ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʤʦʱʥʦʩʪʴʶ 2-

3 ʢʤ ʠ ʰʠʨʠʥʦʡ 10-13 ʢʤ (ʩʤ. ʇʈ ʄʆɻʊ 1700 ʠ 1639 ʆɸʆ çɼʘʣʴʤʦʨʥʝʬʪʝʛʝʦʬʠʟʠʢʘè ʚ ʩʚʦʜʢʝ 

[9]). ʇʨʠʟʤʘ ʩʣʘʛʘʝʪ ʥʠʞʥʶʶ ʯʘʩʪʴ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʢʣʦʥʘ ʠʣʠ ʚʥʫʪʨʝʥʥʠʡ ʙʦʨʪ ʞʝʣʦʙʘ. ʆʥʘ 

ʠʤʝʝʪ ʥʘʜʚʠʛʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʭʦʜʠʪ ʚ ʧʦʢʨʦʚʥʘʷ ʪʝʢʪʦʥʦʧʘʨʫ çʨʝʛʠʦʥʘʣʴʥʳʡ ʰʘʨʴʷʞï

ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘè ʚʦ ʬʨʦʥʪʝ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʨʠʩ. 1). ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

ʰʘʨʴʷʞʘ ʇʝʛʘʩʘ ʥʘ ʫʧʦʤʷʥʫʪʳʭ ʧʨʦʬʠʣʷʭ ʜʦʩʪʠʛʘʝʪ 5-6 ʢʤ, ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʚ ʝʛʦ 
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ʢʦʨʥʝ, ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦ ʪʝʧʣʦʚʦʤʫ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʤʠʥʠʤʫʤʘʤ ʧʦʜ ʚʝʨʭʥʝʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʪʝʨʨʘʩʦʡ (ʩʪʫʧʝʥʴʶ [5]), ʜʦʩʪʠʛʘʝʪ ʚʝʨʦʷʪʥʦ 15 ʢʤ. ɽʛʦ ʚʠʜʠʤʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʥʘ 

ʇʈ ʄʆɻʊ 1700 ʠ 1639 ʩʦʩʪʘʚʣʷʝʪ 20-25 ʢʤ, ʘ ʦʙʱʝʝ ï ~80 ʠ 100 ʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʨʘʩʪ 

ʪʝʢʪʦʥʦʧʘʨʳ çʨʝʛʠʦʥʘʣʴʥʳʡ ʰʘʨʴʷʞïʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘè ʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʥʝʡ ʨʘʤʧʦʚʦʛʦ 

ʞʝʣʦʙʘ ʩʦʩʪʘʚʣʷʝʪ 0.5ï1 ʤʣʥ. ʣʝʪ (ʩʨʝʜʥʠʡ ʧʣʝʡʩʪʦʮʝʥ ʠʣʠ ʥʘʯʘʣʦ ʧʘʩʘʜʝʥʩʢʦʡ ʛʣʦʙʘʣʴʥʦʡ 

ʦʨʦʛʝʥʠʠ ʧʦ ɻ. ʐʪʠʣʣʝ [4]). ʆʥ ʦʧʨʝʜʝʣʝʥ ʧʦ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ, ʚʢʣʶʯʘʷ ʨʘʟʨʳʚ ʜʦʣʠʥʥʦʡ ʩʝʪʠ 

ʢʘʥʴʦʥʦʚ ʠ ʘʙʠʩʩʘʣʴʥʳʭ ʜʦʣʠʥ ʣʦʞʘ ʉɿ ʇʘʮʠʬʠʢʠ. ʅʘʜʚʠʛʘʥʠʝ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʧʦ 

ʛʣʫʙʠʥʥʦʤʫ ʥʘʜʚʠʛʫ ʬʦʢʘʣʴʥʦʡ ʟʦʥʳ ɹʝʥʴʦʬʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʮʫʥʘʤʠ, 

ʠʥʦʛʜʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ [2, 11]. ɽʛʦ ʩʣʝʜʩʪʚʠʷ: 1) ʨʝʛʠʦʥʘʣʴʥʦʝ ʦʧʫʩʢʘʥʠʝ ʘʚʪʦʭʪʦʥʘ (ʉɿ 

ʧʣʠʪʘ ʇʘʮʠʬʠʢʠ) ʧʦʜ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʪʝʢʪʦʥʦʧʘʨʳ çʰʘʨʴʷʞïʧʨʠʟʤʘèʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʤʧʦʚʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʞʝʣʦʙʘ ʚ ʦʙʩʪʘʥʦʚʢʝ ʙʦʢʦʚʦʛʦ ʩʞʘʪʠʷ ʢʦʨʳ ʠ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ; 2) ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʩʨʝʟ ʠ ʘʢʢʨʝʮʠʷ ʯʝʰʫʡ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 

ʧʝʨʝʜ ʠ ʧʦʜ ʰʘʨʴʷʞʝʤ ʬʫʥʜʘʤʝʥʪʘ (çʛʨʝʡʜʝʨè) ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʜʚʠʞʝʥʠʝʤ ʚʚʝʨʭ ʧʦ ʚʦʩʩʪʘʥʠʶ 

ʢʨʦʚʣʠ ʘʚʪʦʭʪʦʥʘ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʘʢʢʨʝʮʠʦʥʥʳʭ ʟʦʥ ʜʨʫʛʠʭ ʞʝʣʦʙʦʚ ʠ ʛʦʨʥ-ʩʢʣʘʜʯʘʪʳʭ 

ʦʙʣʘʩʪʝʡ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʥʝ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʰʘʨʴʷʞʠ ʬʫʥʜʘʤʝʥʪʘ; 

3) ʟʝʤʥʘʷ ʢʦʨʘ ʧʦʜ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʦʡ ʠ ʆʭʦʪʩʢʠʤ ʦʢʨʘʠʥʥʳʤ ʤʦʨʝʤ ʥʘʭʦʜʠʪʩʷ ʚ 

ʘʣʣʦʭʪʦʥʥʦʤ ʟʘʣʝʛʘʥʠʠ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʨʘʟʜʚʠʛʘ (ʨʠʬʪʘ) 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʰʘʨʴʷʞʝʤ ʇʝʛʘʩʘ ʨʘʟʤʝʨʦʚ; 4) ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʜʚʠʛʦʚ ʰʠʨʠʥʦʡ 80-100 ʢʤ ʠ 

ʛʣʫʙʠʥʦʡ 15 ʢʤ ʥʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʬʨʦʥʪʘʣʴʥʳʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʦʢʨʘʠʥʥʳʭ ʤʦʨʝʡ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪ ɹ ʘʣʣʦʭʪʦʥʥʦʝ ʟʘʣʝʛʘʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ɽʚʨʘʟʠʠ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

(ʧʣʘʩʪʦʚʳʤ) ʩʨʳʚʦʤ ʧʦ ʤʘʥʪʠʠ 

ʢ ʚʦʩʪʦʢʫ ʚ ʢʘʡʥʦʟʦʝ, ʘ ʪʘʢʞʝ 

ʥʘʜʚʠʛʦʚʦʝ ʩʪʨʦʝʥʠʝ ʝʝ 

ʬʨʦʥʪʘʣʴʥʦʡ ʪʠʭʦʦʢʝʘʥʩʢʦʡ 

ʦʢʨʘʠʥʳ.  

 

ʄʝʣʢʦʬʦʢʫʩʥʘʷ (h Ò 60 ʢʤ) 

ʩʝʡʩʤʠʯʥʦʩʪʴ (ʄ Ó 4.0) ʠ 

çʪʠʭʠʡ ʩʨʳʚè ʢʦʨʳ ʆʭʦʪʩʢʦʛʦ 

ʤʦʨʷ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʝʡʩʤʦʣʦʛʠʠ ʀʄɻʠɻ ɼɺʆ ʈɸʅ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʬ.-ʤ.ʥ. 

ʀ.ʅ. ʊʠʭʦʥʦʚʘ ʥʝʜʘʚʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʢʘʨʪʘ 

ʤʝʣʢʦʬʦʢʫʩʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ 

ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ (ʨʠʩ. 2, 3; [10]).  

 
 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ 

ʤʝʣʢʦʬʦʢʫʩʥʳʭ (h Ò 60 ʢʤ) 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʩ ʄ Ó 

4.0 ʟʘ ʧʝʨʠʦʜ 1962-2010 ʛʛ. ʏʝʨʥʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʩʪʘʥʮʠʠ.  
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ʆʭʦʪʩʢʠʝ ʢʦʨʦʚʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 30-40 ʢʤ (ʗʤʩʢʦʝ 27.11.1851 ʛ., ʄ=6,5; 

ʇʴʷʛʠʥʩʢʦʝ 03.11.1936 ʛ., ʄ=5,7; ɿʘʧʘʜʥʦ-ʀʪʫʨʫʧʩʢʦʝ 07.05.1962 ʛ., ʄ=6,7; ɿʘʧʘʜʥʦ-

ʉʠʤʫʰʠʨʩʢʦʝ 02.01.1975 ʛ., ʄ=6,5) ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʦʪ 6 ʜʦ 8 

ʙʘʣʣʦʚ ʧʦ ʰʢʘʣʝ MSK-64. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʦʧʘʩʥʳ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʰʝʣʴʬʘ ʉɺ ʉʘʭʘʣʠʥʘ, ʘ ʚ ʙʫʜʫʱʝʤ ï ʠ ʜʨʫʛʠʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʰʝʣʴʬʦʚ ʨʝʛʠʦʥʘ. 

ɻʣʫʙʦʢʦʬʦʢʫʩʥʳʝ (ʤʘʥʪʠʡʥʳʝ) ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʥʘʢʣʦʥʥʦʡ ʬʦʢʘʣʴʥʦʡ ʟʦʥʝ 

ɹʝʥʴʦʬʘ, ʚʳʭʦʜʷʱʝʡ ʥʘ ʜʥʦ ʢ ʚʦʩʪʦʢʫ ʦʪ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʦʚ ʠ ʠʟ-ʟʘ ʟʘʛʣʫʙʣʝʥʠʷ ʦʯʘʛʦʚ [2] ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʠʩ. 2 ʩʝʡʩʤʠʯʥʳ ʧʨʠʢʫʨʠʣʴʩʢʘʷ, ʩʝʚʝʨʦʩʘʭʘʣʠʥʩʢʘʷ ʠ ʧʨʠʤʘʛʘʜʘʥʩʢʘʷ, 

ʚʢʣʶʯʘʷ ʟʘʣʠʚ ʐʝʣʠʭʦʚʘ, ʯʘʩʪʠ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. ɽʛʦ ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʩʤʝʞʥʳʝ ʉɿ, ʉɺ ʠ ʖɿ 

ʯʘʩʪʠ ʘʩʝʡʩʤʠʯʥʳ (ʆʭʦʪʩʢʘʷ ʩʚʦʜ ʠʣʠ ʩʨʝʜʠʥʥʳʡ ʤʘʩʩʠʚ ʚ ʨʘʤʝ ʢʘʡʥʦʟʦʡʩʢʠʭ ʩʢʣʘʜʯʘʪʳʭ 

ʦʙʣʘʩʪʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʨʘʢʪʦʚʢʝ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʢʦʨʳ ʚ ʆʭʦʪʩʢʦʤ ʠ ʜʨʫʛʠʭ 

ʦʢʨʘʠʥʥʳʭ ʤʦʨʷʭ ʚʝʨʦʷʪʥʦ ʧʨʝʚʳʰʘʝʪ 20-30 ʢʤ, ʪ.ʝ. ʙʣʠʞʝ ʢ ʦʮʝʥʢʘʤ ɽ.ɸ. ʉʪʘʨʰʠʥʦʚʦʡ [8]. 

ʉʘʭʘʣʠʥʩʢʠʝ, ʤʘʛʘʜʘʥʩʢʠʝ ʠ ʢʘʤʯʘʪʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʥʦ ʩ 

ʤʘʛʥʠʪʫʜʦʡ ʥʝʨʝʜʢʦ Ó 4-5. ɺʙʣʠʟʠ ʂʫʨʠʣ ʚʢʣʘʜ ʚ ʩʝʡʩʤʠʯʥʦʩʪʴ ʚʥʦʩʷʪ ʠ ʦʯʘʛʠ ʥʘ ʚʳʭʦʜʝ 

ʬʦʢʘʣʴʥʦʡ ʟʦʥʳ ʊʘʨʘʢʘʥʦʚʘ ʚʦʩʪʦʯʥʦʛʦ ʧʘʜʝʥʠʷ, ʝʩʣʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʜʘʥʥʳʝ ɸ. ʍʘʩʝʛʘʚʘ ʩ 

ʢʦʣʣʝʛʘʤʠ ʧʦ ʤʠʢʨʦʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʵʪʦʡ ʟʦʥʳ ʙʣʠʟ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʬʨʦʥʪʘ (ʣʠʥʠʷ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʚʫʣʢʘʥʦʚ) ʥʘ ʦ-ʚʝ ʍʦʥʩʶ [11].  

 
 

 

ʈʠʩ. 3ʘ-ʚ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʫʙʰʠʨʦʪʥʳʝ ʨʘʟʨʝʟʳ 

ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʦʙʲʝʤʦʚ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚʜʦʣʴ ʣʠʥʠʡ 

ɸ-ɸ', ɹ-ɹ', ɺ-ɺ' ʚ ʧʨʝʜʝʣʘʭ Ñ150 ʢʤ. ʀʭ ʧʦʣʦʞʝʥʠʝ ʚ 

ʧʣʘʥʝ ʩʤ. ʥʘ ʨʠʩ. 2. 
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ʆʪʤʝʪʠʤ ʨʘʟʥʦʛʣʫʙʠʥʥʦʩʪʴ ʛʠʧʦʮʝʥʪʨʦʚ: ʦʪ 10 ʢʤ ʥʘ ʤʘʛʘʜʘʥʩʢʦʤ ʰʝʣʴʬʝ ʜʦ 20-35 ʢʤ 

ʥʘ ʦʭʦʪʩʢʦʡ ʦʢʨʘʠʥʝ ʉʘʭʘʣʠʥʘ ʠ ʦʪ 40 ʢʤ ʚ ʟʘʣʠʚʝ ʐʝʣʠʭʦʚʘ ʜʦ 60 ʢʤ ʚ ʧʨʠʢʫʨʠʣʴʩʢʦʡ ʟʦʥʝ 

(ʨʠʩ. 3). ʉʝʡʩʤʠʯʥʦʩʪʴ ʥʘ ʉʘʭʘʣʠʥʝ ʚ ʨʘʙʦʪʝ [1] ʩʚʷʟʳʚʘʶʪ ʩ ʤʦʣʦʜʳʤ, ʢʦʨʦʚʳʤ ʠ 

ʘʤʘʛʤʘʪʠʯʥʳʤ ʩʨʳʚʦʤ ʢ ʚʦʩʪʦʢʫ. ɹʣʠʟ ʂʫʨʠʣʴʩʢʠʭ ʦ-ʚʦʚ ʠ ʂʘʤʯʘʪʢʠ ʤʝʣʢʦʬʦʢʫʩʥʘʷ 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʚʠʜʠʤʦ ʚʳʟʚʘʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʩʧʦʣʟʘʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʪʳʣʫ ʠʭ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʥʘʜʚʠʛʘ ʠ ʦʧʫʩʢʘʥʠʝʤ ʜʥʘ ʂʫʨʠʣʴʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠʟ-ʟʘ ʦʪʪʦʢʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʤʘʛʤʳ ʢʚʝʨʭʫ ʥʘʜ ʟʦʥʦʡ ɹʝʥʴʦʬʘ [3, 10]. ʅʘ ʤʘʛʘʜʘʥʩʢʦʤ ʰʝʣʴʬʝ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʜʲʝʤʦʤ ʜʝʢʦʣʣʝʤʝʥʪʘ (ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʨʳʚʘ) ʩʝʚʝʨʥʦʛʦ ʘʣʣʦʭʪʦʥʥʦʛʦ ʤʝʛʘʙʣʦʢʘ ʆʭʦʪʩʢʦʛʦ ʩʚʦʜʘ [6].  

 ʉ ʫʯʝʪʦʤ ʧʦʢʨʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʢʣʦʥʘ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʠ 

ʨʘʤʧʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʠʤʝʥʥʦʛʦ ʞʝʣʦʙʘ ʥʘ ʨʠʩ. 1, ʢʦʥʪʨʘʩʪʥʦʛʦ (> 5-14 ʢʤ) ʨʝʣʴʝʬʘ 

ʜʦʢʘʡʥʦʟʦʡʩʢʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ [9], ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʢ 

ʚʦʩʪʦʢʫ GPS-ʧʫʥʢʪʦʚ ʤʝʞʜʫ ɹʘʡʢʘʣʦʤ ʠ ʦ-ʚʦʤ ʍʦʥʩʶ ʧʦʩʣʝ ɺʝʣʠʢʦʛʦ ʗʧʦʥʩʢʦʛʦ (ʊʦʭʦʢʫ) 

ʤʝʛʘʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʮʫʥʘʤʠ 11.03.2011 ʛ. ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʝʣʢʦʬʦʢʫʩʥʦʡ (ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 10-25 ʢʤ) ʩʝʡʩʤʠʯʥʦʩʪʠ ʚʦʩʪʦʢʘ ɽʚʨʘʟʠʠ [7, 12] ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ çʪʠʭʦʤ 

(ʄ < 4.0) ʩʨʳʚʝè ʢ ʚʦʩʪʦʢʫ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʆʭʦʪʩʢʠʤ ʦʢʨʘʠʥʥʳʤ ʤʦʨʝʤ ʠ ʝʛʦ ʛʦʨʥʦ-

ʨʘʚʥʠʥʥʳʤ ʦʙʨʘʤʣʝʥʠʝʤ.  

ʅʘʩʪʦʷʱʠʡ ʜʦʢʣʘʜ ʘʚʪʦʨ ʧʦʩʚʷʱʘʝʪ ʩʚʝʪʣʦʡ ʧʘʤʷʪʠ ʠʟʚʝʩʪʥʦʛʦ ʩʘʭʘʣʠʥʩʢʦʛʦ ʩʝʡʩʤʦʣʦʛʘ, 

ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʀ.ʅ. ʊʠʭʦʥʦʚʘ. 
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ɺʆɿʈɸʉʊ ʀ ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɻɸɹɹʈʆ-ɻʈɸʅʀʊʅʆɻʆ 

ʅʗʊʓɻʈɸʅʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ɹʋʈɽʀʅʉʂʆɻʆ ʂʆʅʊʀʅɽʅʊɸʃʔʅʆɻʆ 

ʄɸʉʉʀɺɸ 

 

ʈ.ʆ.ʆʚʯʠʥʥʠʢʦʚ
1
, ɸ.ɸ.ʉʦʨʦʢʠʥ

1
, ʅ.ʄ.ʂʫʜʨʷʰʦʚ

2 

 
1
 ʀʥʩʪʠʪʫʪ  ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

2
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ 

 

ɺʳʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʥʳʭ ʨʫʙʝʞʝʡ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʟʤʘ ʚ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʢʨʫʧʥʝʡʰʝʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɹʫʨʝʠʥʩʢʠʡ ʤʘʩʩʠʚ (ʪʝʨʨʝʡʥ) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʤʘʩʩʠʚʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ɹʫʨʝʠʥʩʢʦ-ʎʟʷʤʫʩʠʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ  [1 ʠ ʜʨ.]. ʂ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʚ 

ʩʪʨʦʝʥʠʠ ʵʪʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʘʤʫʨʩʢʦʡ ʩʝʨʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ ʠʥʪʨʫʟʠʠ ʘʤʫʨʩʢʦʛʦ ʠ ʜʨʝʚʥʝʙʫʨʝʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ [3, 4 ʠ ʜʨ.], ʢʦʪʦʨʳʤ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʘʨʭʝʡʩʢʠʡ ʚʦʟʨʘʩʪ. ɺ ʪʦʞʝ ʚʨʝʤʷ, 

ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʢʘʟʘʣʠʩʴ ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ, ʥʦ ʥʝ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʝ, ʘ ʙʦʣʝʝ ʤʦʣʦʜʳʝ 

(ʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʤʝʟʦʟʦʡʩʢʠʝ) ʧʦʨʦʜʳ [5-7].  

ʂ ʩʣʝʜʫʶʱʝʤʫ (ʫʩʣʦʚʥʦ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʤʫ) ʩʪʨʫʢʪʫʨʥʦʤʫ ʟʚʝʥʫ ʚ ʩʭʝʤʘʭ 

ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʥʦʩʷʪʩʷ [3, 4 ʠ ʜʨ.] ʩʣʶʜʠʩʪʳʝ, ʯʘʩʪʦ 

ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʳ ʩ ʧʣʘʩʪʘʤʠ ʢʚʘʨʮʠʪʦʚ ʠ ʤʨʘʤʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʨʫʟʠʠ ʛʥʝʡʩʦʚʠʜʥʳʭ 

ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ ʥʷʪʳʛʨʘʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʘʤʫʨʩʢʦʡ ʩʝʨʠʠ (ʩʤ. ʚʳʰʝ), ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ, ʯʪʦ ʧʦʨʦʜʳ 

ʥʷʪʳʛʨʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤʠ ʠʥʪʨʫʟʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʩʪʨʦʝʥʠʠ 

ɹʫʨʝʠʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʘʤʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʥʝʡʩʦʚʠʜʥʳʭ ʛʘʙʙʨʦ ʠ ʙʠʦʪʠʪ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʨʘʥʠʪʦʚ ʫʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʤʘʩʩʠʚʘ (ʙʘʩʩʝʡʥ ʨ. 

ɹʫʨʝʷ). 

ʀʩʩʣʝʜʫʝʤʳʝ ʛʘʙʙʨʦ ʠ ʛʨʘʥʠʪʳ ʦʙʨʘʟʫʶʪ ʫʜʣʠʥʝʥʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 300-800 ʤ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʢʣʘʜʯʘʪʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʣʘʥʮʘʤʠ ʥʷʪʳʛʨʘʥʩʢʦʡ ʩʚʠʪʳ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʩʣʘʥʮʘʤʠ ʠ ʠʥʪʨʫʟʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ. ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʠ ʪʝʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʨ. 

ɹʫʨʝʷ, ʥʝ ʠʤʝʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʟʚʘʥʠʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʫʩʣʦʚʥʦ ʧʦʠʤʝʥʦʚʘʥʥʳʝ ʧʦ ʥʦʤʝʨʘʤ: 

1, 2, 3.  

ʊʝʣʦ ˉ1 ʩʣʦʞʝʥʦ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʛʥʝʡʩʦʚʠʜʥʳʤʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʛʘʙʙʨʦ. 

ɻʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʵʪʠʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʧʣʘʛʠʦʢʣʘʟ (45-60%), ʧʦ 

ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʶʱʠʡ ʣʘʙʨʘʜʦʨʫ-ʘʥʜʝʟʠʥʫ, ʘʤʬʠʙʦʣ ʪʨʝʤʦʣʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʛʦ ʨʷʜʘ (30-35%), 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʮʝʣʦ ʟʘʤʝʱʘʶʱʠʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʠ ʦʙʳʢʥʦʚʝʥʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʜʦ 10%). 

ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʬʝʥ, ʮʠʨʢʦʥ. ʉʪʨʫʢʪʫʨʳ ʧʦʨʦʜ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʘʨʴʠʨʫʶʪ ʦʪ ʛʘʙʙʨʦʚʦʡ ʜʦ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ.  

ɻʘʙʙʨʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ SiO2 (47-55 ʤʘʩʩ. %) ʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ K2O + Na2O (2.9-3.2 ʤʘʩʩ. 

%) ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʦʜʘʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʷ FeO*/MgO (4.5 ï 7.8), ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʪʦʣʝʠʪʦʚʦʡ 

ʩʝʨʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈɿʕ ʚ ʛʘʙʙʨʦ ʠʤʝʝʪ ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ([La/Yb]n = 1.6 

ï 4.4), ʧʨʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ Eu/Eu*=0.76 ï 0.94. ɻʨʘʬʠʢʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʣʣʶʩʪʨʠʨʫʶʪ 
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ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʛʘʙʙʨʦ ʚ ʦʪʥʦʰʝʥʠʠ Rb (12-48 ppm), Ba (253-341 ppm), Th (1.7-7.5 

ppm), U (0.6-2.5 ppm), Pb (9-12 ppm), ʥʘ ʬʦʥʝ ʜʝʬʠʮʠʪʘ Nb (1.1-3.6 ppm), Ta (0.5-1.3 ppm).  

ɻʨʘʥʠʪʳ, ʩʣʘʛʘʶʱʠʝ ʪʝʣʘ ˉ2 ʠ ˉ3, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʘʤʬʠʙʦʣ-

ʙʠʦʪʠʪʦʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʩ ʦʪʯʝʪʣʠʚʦʡ ʛʥʝʡʩʦʚʠʜʥʦʩʪʴʶ. ɻʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʵʪʠʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮ (25-35%), ʧʣʘʛʠʦʢʣʘʟ (30-32%), ʦʪʚʝʯʘʶʱʠʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʣʠʛʦʢʣʘʟʫ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ï ʦʨʪʦʢʣʘʟ (28-30%), ʙʠʦʪʠʪ (8-10%), 

ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʜʦ 2%). ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʨʢʦʥʦʤ, ʩʬʝʥʦʤ, ʘʧʘʪʠʪʦʤ. 

ʉʪʨʫʢʪʫʨʳ ʧʦʨʦʜ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʛʘʙʙʨʦ, ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ 

ʚʘʨʴʠʨʫʶʪ ʦʪ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʠ ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʜʦ ʙʣʘʩʪʦʛʨʘʥʠʪʦʚʦʡ. 

ɻʨʘʥʠʪʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ SiO2 (71-74 ʤʘʩʩ. %) ʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ K2O + Na2O (6.4-8.0 

ʤʘʩʩ. %) ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʦʜʘʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ʆʜʥʘʢʦ ʠʤ, ʪʘʢʞʝ ʢʘʢ ʠ ʛʘʙʙʨʦ, 

ʩʚʦʡʩʪʚʝʥʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ FeO*/MgO (4.5 ï 7.8). ɺʝʣʠʯʠʥʘ ASI=1.00-1.09 ʚ 

ʛʨʘʥʠʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ ʧʝʨʝʩʳʱʝʥʥʦʩʪʠ ʧʦʨʦʜ ʛʣʠʥʦʟʝʤʦʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈɿʕ ʚ 

ʛʨʘʥʠʪʘʭ ʠʤʝʝʪ ʫʤʝʨʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ([La/Yb]n = 4.8 ï 11.8), ʧʨʠ ʦʪʯʝʪʣʠʚʦ 

ʚʳʨʘʞʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ Eu/Eu*=0.32 ï 0.45. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʛʘʙʙʨʦ, ʛʨʘʥʠʪʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʳ ʢʨʫʧʥʦʠʦʥʥʳʤʠ 

ʣʠʪʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ Rb (ʜʦ 150 ppm), Ba (ʜʦ 1000 ppm), Th (ʜʦ 28 ppm), U 

(ʜʦ 5.5 ppm), La (ʜʦ 34 ppm), Ce, (ʜʦ 62 ppm), Pb (ʜʦ 25 ppm) ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ 

ʥʘʢʦʧʣʝʥʠʷ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (U-Pb ʤʝʪʦʜ ʧʦ ʮʠʨʢʦʥʫ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʙʨʘʟʮʳ ʛʥʝʡʩʦʚʠʜʥʦʛʦ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦʛʦ ʛʘʙʙʨʦ ʠʟ ʪʝʣʘ ˉ1 (ʦʙʨ. ʉ-1211), ʛʥʝʡʩʦʚʠʜʥʳʭ  

ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʠʟ ʪʝʣʘ ˉ2 (ʦʙʨ. ʉ-1191) ʠ ʠʟ ʪʝʣʘ ˉ3 (ʦʙʨ. ʉ-1154).  

ɺʳʜʝʣʝʥʠʝ ʮʠʨʢʦʥʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʂʅʎ ʈɸʅ (ʛ. ɸʧʘʪʠʪʳ) ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ [11].  ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʝʜʫʶʱʝʤ: 

1) ɺʦʟʨʘʩʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʘʙʙʨʦ (ʦʙʨ. ʉ-1211) ʪʝʣʘ ˉ1 ʩʦʩʪʘʚʣʷʝʪ 

933 12 ʤʣʥ. ʣʝʪ. 

2) ɺʦʟʨʘʩʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ (ʦʙʨ. ʉ-1191) ʪʝʣʘ ˉ2 ʩʦʩʪʘʚʣʷʝʪ 

933 8 ʤʣʥ. ʣʝʪ. 

3) ɺʦʟʨʘʩʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ (ʦʙʨ. ʉ-1154) ʪʝʣʘ ˉ3 ʩʦʩʪʘʚʣʷʝʪ 

940 11 ʤʣʥ. ʣʝʪ. 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʨʦʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ 

ʥʷʪʳʛʨʘʥʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʠʤʝʶʪ ʥʝ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ, ʢʘʢ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʨʘʥʝʝ [4 

ʠ ʜʨ.], ʘ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ~ 940-933 ʤʣʥ. ʣʝʪ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠ ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ, ʠ 

ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʩʙʣʠʞʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʤʦʞʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʧʨʷʤʳʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ 

ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʟʤʘ ʚ ʨʘʥʥʝʤ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʚ ʩʪʨʦʝʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ 

ɹʫʨʝʠʥʩʢʦ-ʎʟʷʤʫʩʠʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʣʫʯʘʝʪ ʦʙʲʷʩʥʝʥʠʝ ʬʘʢʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʚ 

ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ "ʭʠʥʛʘʥʩʢʦʡ ʩʝʨʠʠ" [8].  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʷʚʣʷʶʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ɹʫʨʝʠʥʩʢʦ-ʎʟʷʤʫʩʠʥʩʢʦʛʦ 

ʩʫʧʝʨʪʝʨʨʝʡʥʘ, ʥʦ ʠ ʩʘʤʳʤʠ ʜʨʝʚʥʠʤʠ ʜʣʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ. ɹʣʠʟʢʠʝ ʧʦ ʚʦʟʨʘʩʪʫ ʛʨʘʥʠʪʦʠʜʳ (~ 

927 ʤʣʥ. ʣʝʪ) [9] ʦʪʤʝʯʘʶʪʩʷ ʚ ʩʪʨʦʝʥʠʠ ɸʨʛʫʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʭʦʞʫʶ ʠʣʠ ʦʙʱʫʶ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ʵʪʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ. ʊʘʢʘʷ ʠʜʝʷ ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʪʘʢʞʝ 

ʧʨʦʷʚʣʝʥʠʝʤ ʚ ʩʪʨʦʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʤʘʛʤʘʪʠʟʤʘ ʥʝ ʪʦʣʴʢʦ ʨʘʥʥʝʛʦ, ʥʦ ʪʘʢʞʝ ʩʨʝʜʥʝʛʦ 

ʠ ʧʦʟʜʥʝʛʦ ʥʝʦʧʨʦʪʝʨʦʟʦʷ [9-11 ʠ ʜʨ.].  
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ʈʠʩʫʥʦʢ 1 
ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʩʦʪʨʫʜʥʠʢʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ (ʢ.ʬ-ʤ.ʥ. ɺ.ʀ. ʈʦʞʜʝʩʪʚʠʥʫ, ɸ.ʀ. ʇʘʣʘʞʯʝʥʢʦ, ɽ.ʉ. ʉʘʧʦʞʥʠʢ, 

ɽ.ɺ. ʋʰʘʢʦʚʫ), ʀʥʩʪʠʪʫʪʘ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ (ʃ.ʉ. ɹʦʢʦʚʝʥʢʦ, ɽ.ʄ. ɻʦʣʫʙʝʚʫ, 

ɸ.ɺ. ʐʪʘʨʝʚʫ), ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʅʎ ʈɸʅ (ʢ.ʛ-ʤ.ʥ. ʃ.ʄ.ʃʷʣʠʥʫ) ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 16-05-00149). 
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ʈʋɼʅʆ-ʄɸɻʄɸʊʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ɿʆʃʆʊʆʈʋɼʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ʇʈʀɸʄʋʈʔʗ  

 

ɸ.ɽ. ʇʝʨʝʩʪʦʨʦʥʠʥ  

 

ʆʆʆ çɸʤʫʨʤʝʜʴè, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ʃʶʙʦʝ ʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʤʘʩʰʪʘʙʘ, ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʩʣʦʞʥʦʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʨʦʮʝʩʩʦʚ,  ʧʨʠʚʦʜʷʱʠʭ  ʢ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʠʘʤʫʨʴʷ ʪʘʢʠʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ  ʩʠʩʪʝʤʳ (ʈʄʉ)  [ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

1, 7]. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʩʣʝʜʫʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [1, 7]: 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʤʦʙʠʣʠʟʘʮʠʠ (ʦʙʣʘʩʪʴ ʛʝʥʝʨʘʮʠʠ); 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʠʛʨʘʮʠʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ  (ʦʙʣʘʩʪʴ ʪʨʘʥʩʧʦʨʪʘ); ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʙʣʘʩʪʴ 

ʨʫʜʦʦʪʣʦʞʝʥʠʷ). ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʦʪ ʧʦʟʜʥʠʭ ʵʥʜʦʛʝʥʥʳʭ ʠ 

ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʦʪʥʦʰʝʥʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʴ  ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ  ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʩʦʟʜʘʶʪ  ʦʙʱʫʶ  ʩʪʨʫʢʪʫʨʫ  ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ  ʩʠʩʪʝʤʳ, ʩʣʫʞʘʱʫʶ, 

ʥʘʨʷʜʫ ʩ ʨʘʟʤʝʨʘʤʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤ  ʝʸ  ʧʨʠʟʥʘʢʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʶʙʦʡ ʈʄʉ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʠ ʨʫʜʦʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʪʣʦʞʝʥʠʝ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ɿʘʜʘʯʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʘʣʠʯʠʷ ʠ ʤʘʩʰʪʘʙʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ, ʠʤʝʥʥʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʟʜʘʶʱʠʭ ʧʨʦʜʫʢʪʠʚʥʫʶ ʥʘ ʟʦʣʦʪʦ ʈʄʉ. ʇʨʠ 

ʵʪʦʤ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʦʩʪʫʧʥʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʣʠʰʴ ʦʙʣʘʩʪʴ 

ʨʫʜʦʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʙʩʪʚʝʥʥʦ ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʈʄʉ.  ʀʟʫʯʝʥʠʝ 

ʧʨʦʯʠʭ ʦʙʣʘʩʪʝʡ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʤʝʪʦʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʇʨʠʘʤʫʨʴʶ ʙʦʣʝʝ ʪʦʯʥʳʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʈʄʉ: çʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʝʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠ ʨʫʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʛʝʥʝʪʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè [8].  

ʇʦ ɺ.ɻ. ɻʦʥʝʚʯʫʢʫ [5], ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʟʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʈʄʉ ʪʨʝʪʴʝʛʦ 

(ʫʯʘʩʪʢʠ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʦʨʫʜʝʥʝʥʠʷ) ʠ, ʯʘʩʪʠʯʥʦ, ʚʪʦʨʦʛʦ (çʚʪʦʨʠʯʥʳʝè 

ʜʦʯʝʨʥʠʝ ʦʯʘʛʦʚʳʝ ʩʪʨʫʢʪʫʨʳ; ʘʨʝʘʣʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʬʘʟ) ʧʦʨʷʜʢʦʚ. ɺ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʨʫʜʥʦʝ ʧʦʣʝ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ) ʠ ʨʫʜʥʳʡ 

ʫʟʝʣ. ʈʄʉ ʦʛʨʘʥʠʯʝʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ [5] ʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʳʨʘʞʘʶʪʩʷ 

ʣʠʰʴ ʧʨʠʟʥʘʢʘʤʠ ʥʘʣʠʯʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ɻʣʘʚʥʳʝ ʠʟ ʥʠʭ: ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ; ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ; ʧʦʨʦʜʳ, ʚʤʝʱʘʶʱʠʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ; ʟʦʥʘʣʴʥʳʝ 

ʘʨʝʘʣʳ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʚ ʩʣʫʯʘʝ ʠʭ ʥʘʣʠʯʠʷ); ʨʘʩʩʝʷʥʥʘʷ ʩʫʣʴʬʠʜʥʘ ̫ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ; ʦʨʝʦʣʳ ʤʝʪʘʩʦʤʘʪʠʪʦʚ; ʧʝʨʚʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʨʝʦʣʳ; ʧʝʨʚʠʯʥʳʝ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʪʝʣʘ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʤʠʥʝʨʘʣʳ; ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʦʨʤʘʭ. 

ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʠʘʤʫʨʴʷ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʈʄʉ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ [4, 6] ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʥʪʨʫʟʠʚʥʦʛʦ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʠ 

ʵʬʬʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ.  ɺʳʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʈʄʉ (ʨʠʩ. 1), 

ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʧʦ ʛʣʫʙʠʥʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ: ʠʥʪʨʫʟʠʚʥʳʝ, ʦʯʘʛʦʚʳʝ, ʧʦʨʬʠʨʦʚʳʝ ʠ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʈʄʉ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʙʣʘʩʪʷʤ ʧʦʥʠʞʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʣʠʙʦ ʛʨʘʜʠʝʥʪʘʤ ʝʸ ʧʦʥʠʞʝʥʠʷ. ʆʥʠ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ 

ʵʢʩʪʨʝʤʫʤʦʚ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʚʙʣʠʟʠ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʚʳʨʘʞʝʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʪʫʧʝʥʷʤʠ, ʘ ʪʘʢʞʝ ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʠʭ ʩʪʫʧʝʥʝʡ ʧʦʧʝʨʝʯʥʳʤʠ 

ʛʣʫʙʠʥʥʳʤʠ ʣʠʥʝʘʤʝʥʪʘʤʠ [3].  
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1 ï ʇʨʦʷʚʣʝʥʠʷ ʤʘʣʦʦʙʲʝʤʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ: ʘ - ʜʘʡʢʠ; ʙ - ʧʦʨʬʠʨʠʪʦʚʳʝ ʪʝʣʘ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ; 

ʚ - ʧʦʨʬʠʨʦʚʳʝ ʪʝʣʘ ʫʤʝʨʝʥʥʦ-ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ; 2 ï ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʵʢʩʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ: ʘ - ʘʥʜʝʟʠʪʳ; ʙ - ʜʘʮʠʪʳ; ʚ - ʨʠʦʣʠʪʳ ʠ ʨʠʦʜʘʮʠʪʳ; 3 ïʧʦʢʨʦʚʥʳʝ ʚʫʣʢʘʥʠʪʳ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ: ʘ - 

ʘʥʜʝʟʠʪʳ; ʙ - ʨʠʦʣʠʪʳ; 4 ï ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ ʨʘʥʥʝʤʝʣʦʚʳʝ ʠʥʪʨʫʟʠʠ: ʘ - ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʘʥʠʪʦʠʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʱʝʣʦʯʥʳʝ; ʙ - ʜʠʦʨʠʪʳ; ʚ - ʛʘʙʙʨʦ; 5 ï ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ: ʘ - ʨʘʥʥʝʤʝʣʦʚʳʝ; ʙ - 

ʶʨʩʢʠʝ; 6 ï ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ; 7 ï ʧʘʣʝʦʟʦʡʩʢʠʝ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʪʦʣʱʠ: ʘ ï ʟʘʪʨʦʥʫʪʳʝ 

ʤʝʪʘʤʦʨʬʠʟʤʦʤ; ʙ - ʩʣʘʙʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ; ʚ ï ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʜʦ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ; 8 ï 

ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ; 9 ï ʨʘʟʣʦʤʳ: ʘ - ʛʣʫʙʠʥʥʳʝ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ; ʙ - ʧʨʦʯʠʝ; 10 ï 

ʘʨʝʘʣʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ: ʘ - ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʠʣʣʠʟʠʪʳ ʠ ʙʝʨʝʟʠʪʳ; ʙ - 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʱʝʣʦʯʥʳʝ (ʬʝʣʴʜʰʧʘʪʦʣʠʪʳ, ʘʣʴʙʠʪʠʪʳ); ʚ - ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ; 11 ï ʘʨʝʘʣʳ ʨʘʩʩʝʷʥʥʦʡ 

ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ; 12 ï ʨʫʜʥʳʝ ʪʝʣʘ: ʘ - ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʝ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ; ʙ ï 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ, ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʟʦʥʳ, ʣʠʥʟʳ, ʙʨʝʢʯʠʠ; ʚ - çʧʦʨʬʠʨʦʚʳʝè ʰʪʦʢʚʝʨʢʠ 

 

ʈʠʩ. 1. ʊʠʧʦʚʳʝ ʤʦʜʝʣʠ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʇʨʠʘʤʫʨʴʷ ʠ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

 

ɺ ʠʥʪʨʫʟʠʚʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʈʄʉ ʦʨʫʜʝʥʝʥʠʝ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʢʨʫʧʥʳʤʠ, ʚʳʚʝʜʝʥʥʳʤʠ 

ʵʨʦʟʠʝʡ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʨʝʞʝ ʛʘʙʙʨʦ-

ʜʠʦʨʠʪʦʚ. ʀʥʪʨʫʟʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʠ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʭ (ɺʇʇ) ʧʦʷʩʦʚ. ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ 

ʤʘʛʤʘʪʠʟʤʘ. ʈʫʜʥʳʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʘ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʨʫʜ ʣʦʢʘʣʠʟʫʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʥʪʨʫʟʠʷʭ ï ʚ ʠʭ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʠ ʚ ʧʦʜʵʢʨʘʥʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʈʝʞʝ ʨʫʜʳ 
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ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʜʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʡ. ʏʘʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʨʘʟʤʝʱʝʥʘ ʚ ʵʢʟʦʢʦʥʪʘʢʪʘʭ 

ʤʘʩʩʠʚʦʚ. ɺʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʚʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʈʄʉ (ʨʠʩ. 1): ɹʘʤʩʢʘʷ (ɸʣʜʘʥʦ-

ʉʪʘʥʦʚʦʡ ʱʠʪ) ï ʚ ʧʨʝʜʝʣʘʭ ʏʫʙʘʯʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʫʢʫʨʠʥʛʨʩʢʦʛʦ ʛʨʘʥʦʩʠʝʥʠʪ-

ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ  [9] ʚ ʩʦʩʪʘʚʝ ʉʪʘʥʦʚʦʛʦ ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ 

ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ; ɹʝʨʝʟʠʪʦʚʘʷ (ʉʝʣʝʥʛʠʥʦ-ʉʪʘʥʦʚʦʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ) ï ʚ ʧʨʝʜʝʣʘʭ 

ʍʘʡʢʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʘʤʫʜʞʠʢʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ [2, 9]  ʚ ʩʦʩʪʘʚʝ ʆʣʝʢʤʘ-ʅʶʢʞʠʥʩʢʦʛʦ ɺʇʇ (ʧʦ ʅ.ʅ. ʇʝʪʨʫʢ, 2006); ʇʠʦʥʝʨʩʢʘʷ 

(ɸʨʛʫʥʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ) ï ʚ ʧʨʝʜʝʣʘʭ ʇʠʦʥʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʝʨʭʥʝʘʤʫʨʩʢʦʛʦ ʛʨʘʥʠʪ-

ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʩʦʩʪʘʚʝ ʋʤʣʝʢʘʥʦ-ʆʛʦʜʞʠʥʩʢʦʛʦ 

ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ɺʇʇ; ʂʠʨʦʚʩʢʦ-ʉʦʣʦʚʴʸʚʩʢʘʷ (ʥʘ ʩʦʯʣʝʥʝʥʠʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ ʠ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ) ï ʚ ʧʨʝʜʝʣʘʭ ɼʞʘʣʠʥʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʙʫʨʠʥʜʠʥʩʢʦʛʦ (?) ʛʨʘʥʦʜʠʦʨʠʪ-ʤʦʥʮʦʜʠʦʨʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʅʦʥʠʥʩʢʘʷ (ɹʫʨʝʷ-ʍʘʥʢʘʡʩʢʠʡ 

ʦʨʦʛʝʥʥʳʡ  ʧʦʷʩ) ï ʚ ʧʨʝʜʝʣʘʭ ʅʦʥʠʥʩʢʦʡ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʠʦʨʦʭʘʥʩʢʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ  ʚ ʩʦʩʪʘʚʝ ʨʘʥʥʝ-ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʍʠʥʛʘʥʦ-ʆʭʦʪʩʢʦʛʦ 

ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʘʨʝʘʣʘ. ɺʤʝʱʘʶʱʠʝ ʦʨʫʜʝʥʝʥʠʝ ʠʥʪʨʫʟʠʠ ʦʙʳʯʥʦ ʧʨʦʨʚʘʥʳ ʧʦʟʜʥʠʤʠ 

ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʰʪʦʢʘʤʠ ʠ ʜʘʡʢʘʤʠ ʩʨʝʜʥʝ-ʱʝʣʦʯʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʦʚ. ɿʦʣʦʪʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʠʥʪʨʫʟʠʚʥʳʭ ʈʄʉ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʘʣʴʥʳʭ ʧʨʦʧʠʣʠʪʦʚʳʭ ʠ ʢʚʘʨʮ-

(ʢʘʨʙʦʥʘʪ)-ʤʫʩʢʦʚʠʪ-ʩʝʨʠʮʠʪʦʚʳʭ (ʙʝʨʝʟʠʪʦʚʳʭ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ. 

ʈʫʜʳ ʩʣʦʞʥʳʝ ʧʦ ʩʦʩʪʘʚʫ, ʤʘʣʦ-, ʫʤʝʨʝʥʥʦ-ʩʫʣʴʬʠʜʥʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ. ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʅʦʥʠʥʩʢʦʡ ʈʄʉ ʚ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʭ. ʆʩʥʦʚʥʦʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ï ʧʠʨʠʪ. ʇʦ ʛʝʦʭʠʤʠʠ ʨʫʜʳ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʩ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʧʫʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʦʣʦʪʦ ʯʘʱʝ ʩʨʝʜʥʝʡ ʧʨʦʙʳ, 

ʤʝʣʢʦʝ ʜʦ ʜʠʩʧʝʨʩʥʦʛʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʣʴʬʠʜʘʭ ʠ ʢʚʘʨʮʝ. 

ɼʣʷ ʦʯʘʛʦʚʳʭ ʈʄʉ (ʨʠʩ. 1) ʭʘʨʘʢʪʝʨʥʘ ʨʘʟʦʙʱʝʥʥʦʩʪʴ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠ ʩʢʨʳʪʳʭ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʣʫʪʦʥʦʚ, ʚʳʨʘʞʝʥʥʳʭ ʢʨʫʧʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ.  ʇʦʜʦʙʥʳʝ 

ʈʄʉ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʚ ʧʨʝʜʝʣʘʭ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ʂ ʵʪʦʤʫ ʪʠʧʫ ʦʪʥʝʩʝʥʳ 

ɸʣʙʳʥʩʢʘʷ, ʕʣʴʛʠʥʩʢʘʷ, ʄʘʣʦʤʳʨʩʢʘʷ ʠ ʊʦʢʫʨʩʢʘʷ ʈʄʉ (ʨʠʩ. 1). ɺ ʶʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 

ʉʪʨʝʣʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʷʚʣʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʦʣʦʚʴʝʚʩʢʦʝ, ʢʘʢ 

ʩʦʩʪʘʚʥʦʡ ʵʣʝʤʝʥʪ ʂʠʨʦʚʩʢʦ-ʉʦʣʦʚʴʝʚʩʢʦʡ ʈʄʉ. ɼʣʷ ʦʯʘʛʦʚʳʭ ʈʄʉ ʩʚʷʟʴ ʟʦʣʦʪʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʤʘʛʤʘʪʠʟʤʘ ʥʝ ʷʚʥʘʷ, ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ. ʇʨʠʯʝʤ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʈʄʉ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʧʨʦʮʝʩʩʳ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʈʄʉ ʭʘʨʘʢʪʝʨʥʳ 

ʧʦʟʜʥʠʝ ʜʘʡʢʠ ʠ ʤʝʣʢʠʝ ʰʪʦʢʠ ʨʘʥʥʝ- ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʩʨʝʜʥʝʛʦ ʜʦ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʕʣʴʛʠʥʩʢʘʷ ʈʄʉ, ʛʜʝ ʜʘʡʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʆʯʘʛʦʚʳʝ ʈʄʉ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʢʫʧʦʣʦʚʠʜʥʳʤ ʠ ʘʥʪʠʢʣʠʥʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ʈʫʜʥʳʝ ʪʝʣʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʘʭ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʦʢʦʣʦʨʫʜʥʳʭ  ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʨʘʥʥʠʡ ʱʝʣʦʯʥʦʡ (ʥʘʪʨʦʚʳʡ) ʠ ʧʦʟʜʥʠʡ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-

ʩʝʨʠʮʠʪʦʚʳʡ (ʙʝʨʝʟʠʪʦʚʳʡ) ʤʝʪʘʩʦʤʘʪʦʟ. ʈʫʜʳ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʝ ï ʥʝ ʫʧʦʨʥʳʝ ʠ ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʳʝ ï ʫʧʦʨʥʳʝ, ʟʘʯʘʩʪʫʶ ʩʦʯʝʪʘʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʦʡ ʈʄʉ. ʇʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʨʫʜʳ  ʟʦʣʦʪʦ-ʤʳʰʴʷʢʦʚʳʝ ʩ ʚʦʣʴʬʨʘʤʦʤ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ. 

ʈʫʜʳ ʤʘʣʦ-ʩʫʣʴʬʠʜʥʳʝ. ʆʩʥʦʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʘʨʩʝʥʦʧʠʨʠʪ ʠ ʧʠʨʠʪ. ɿʦʣʦʪʦ ʩʨʝʜʥʝʡ ʜʦ 

ʚʳʩʦʢʦʡ ʧʨʦʙʳ. ʂʨʫʧʥʦʩʪʴ ʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ ʠ ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ.  

ʇʦʨʬʠʨʦʚʳʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʈʄʉ (ʨʠʩ. 1) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ʋʤʣʝʢʘʥʦ-

ʆʛʦʜʞʠʥʩʢʦʛʦ ɺʇʇ.  ʆʨʫʜʝʥʝʥʠʝ ʧʦʨʬʠʨʦʚʳʭ ʈʄʉ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤʠ ʧʦʨʬʠʨʦʚʳʤʠ 

ʠʥʪʨʫʟʠʷʤʠ ʙʫʨʠʥʜʠʥʩʢʦʛʦ ʛʨʘʥʦʜʠʦʨʠʪ-ʤʦʥʮʦʜʠʦʨʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʨʫʜʝʥʝʥʠʝ ʠ ʠʥʪʨʫʟʠʠ 

ï ʜʠʬʬʝʨʝʥʮʠʘʪʳ ʝʜʠʥʦʛʦ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ. ʈʫʜʳ ʢʦʤʧʣʝʢʩʥʳʝ ï ʤʝʜʥʦ-ʟʦʣʦʪʳʝ 

ʤʦʣʠʙʜʝʥ- ʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ (ɹʦʨʛʫʣʠʢʘʥʩʢʘʷ ʈʄʉ ʚ ʩʚʷʟʠ ʩ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʦʜʠʦʨʠʪ-

ʧʦʨʬʠʨʦʚ), ʣʠʙʦ ʟʦʣʦʪʳʝ ʤʦʣʠʙʜʝʥ, ʤʝʜʴ ʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʝ (ɼʚʦʡʥʘʷ ʈʄʉ ʚ ʩʚʷʟʠ ʩ 

ʠʥʪʨʫʟʠʷʤʠ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʦʚ). ʈʫʜʥʳʝ ʪʝʣʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʨʫʟʠʡ ʠ, ʯʘʩʪʠʯʥʦ, 

ʚʦ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜʘʭ. ʍʘʨʘʢʪʝʨʥʳ ʟʦʥʘʣʴʥʳʝ ʦʨʝʦʣʳ ʬʝʣʴʜʰʧʘʪʦʣʠʪ-ʬʠʣʣʠʟʠʪ-

ʧʨʦʧʠʣʠʪʦʚʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʈʫʜʳ ʤʘʣʦʩʫʣʴʬʠʜʥʳʝ ʩ ʪʦʥʢʠʤ 

ʠ ʜʠʩʧʝʨʩʥʳʤ ʟʦʣʦʪʦʤ ʩʨʝʜʥʝʡ ʧʨʦʙʳ,  ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʫʣʴʬʠʜʘʭ, ʢʚʘʨʮʝ, ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʘʭ. ʆʩʥʦʚʥʦʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ï ʧʠʨʠʪ. 
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ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʈʄʉ (ʨʠʩ. 1) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʘʣʦʞʝʥʥʳʭ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ɺʇʇ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʦʥ, ʛʜʝ ʩʚʷʟʘʥʳ  ʩ ʧʦʣʠʬʘʮʠʘʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʩʫʙʘʵʨʘʣʴʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ ʥʘʣʠʯʠʠ ʵʢʩʪʨʫʟʠʚʥʳʭ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ. 

ʇʨʦʜʫʢʪʠʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ: ʨʠʦʣʠʪ-ʜʘʮʠʪ-ʘʥʜʝʟʠʪʦʚʘʷ, ʨʠʦʣʠʪ-ʘʥʜʝʟʠʪʦʚʘʷ. ʂ 

ʵʪʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʇʦʢʨʦʚʩʢʘʷ (ʊʳʛʜʘ-ʋʣʫʥʜʠʥʩʢʘʷ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʧʨʝʩʩʠʷ), 

ɹʫʨʠʥʜʠʥʩʢʘʷ (ʊʘʣʜʘʥʩʢʦʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʧʦʣʝ) ʠ ʇʨʦʛʥʦʟʥʘʷ (ʂʫʜʨʠʥʩʢʘʷ ʚʫʣʢʘʥʠʯʝʩʢʘʷ 

ʜʝʧʨʝʩʩʠʷ) ʈʄʉ. ʇʝʨʚʳʝ ʜʚʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʋʤʣʝʢʘʥʦ-ʆʛʦʜʞʠʥʩʢʦʛʦ ɺʇʇ, ʛʜʝ ʩʚʷʟʘʥʳ 

ʩ  ʚʫʣʢʘʥʠʪʘʤʠ ʪʘʣʜʘʥʩʢʦʡ ʩʚʠʪʳ ʠ ʢʦʤʘʛʤʘʪʠʯʥʦʛʦ ʠʤ ʪʘʣʜʘʥʩʢʦʛʦ ʘʥʜʝʟʠʪ-ʜʘʮʠʪʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʊʨʝʪʴʷ ï ʚ ʧʨʝʜʝʣʘʭ ʅʠʞʥʝ-ɿʝʡʩʢʦʡ ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʟʦʥʳ ʚ ʩʚʷʟʠ ʩ ʢʠʩʣʳʤʠ 

ʚʫʣʢʘʥʠʪʘʤʠ ʠʨʢʫʥʩʢʦʡ ʩʚʠʪʳ ʠ ʢʦʤʘʛʤʘʪʠʯʥʦʛʦ ʝʡ ʠʨʢʫʥʩʢʦʛʦ  ʨʠʦʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʦʙʳʯʥʦ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʜʝʧʨʝʩʩʠʡ. ʈʫʜʥʳʝ ʪʝʣʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ  ʩʣʦʞʥʳʤʠ ʧʨʦʧʠʣʠʪ-ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʩʝʨʠʮʠʪ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʦʨʝʦʣʘʤʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʢʚʘʨʮ-

ʘʜʫʣʷʨʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ. ʈʫʜʳ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ, ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʝ, ʫʙʦʛʦʩʫʣʴʬʠʜʥʳʝ,  

ʧʨʦʩʪʳʝ ʧʦ ʩʦʩʪʘʚʫ. ʆʩʥʦʚʥʦʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ï ʧʠʨʠʪ. ɿʦʣʦʪʦ ʪʦʥʢʦʝ ʠ ʜʠʩʧʝʨʩʥʦʝ, 

ʥʠʟʢʦʧʨʦʙʥʦʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʚʘʨʮʝ.  

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʈʄʉ ʇʨʠʘʤʫʨʴʷ ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʣʠʭʨʦʥʥʦʩʪʴ, ʧʦʣʠʛʝʥʥʦʩʪʴ 

ʠ ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʦʩʪʴ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʈʄʉ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ, ʦʪʦʨʚʘʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʚʨʝʤʝʥʠ. ʇʦ ʛʝʥʝʟʠʩʫ ʈʄʉ ï ʧʣʫʪʦʥʦʛʝʥʥʳʝ, 

ʧʣʫʪʦʥʦʛʝʥʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ, ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʧʣʫʪʦʥʦʛʝʥʥʳʝ, ʚʫʣʢʘʥʦʛʝʥʥʳʝ.  ɺ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʤʠʥʠʤʫʤ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʘ ʟʦʣʦʪʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ, ʠʥʦʛʜʘ ʦʪʣʠʯʘʶʱʝʝʩʷ ʧʦ ʫʧʦʨʥʦʩʪʠ ʨʫʜ ( ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʝ ʠ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʝ; 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʠ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʝ; ʟʦʣʦʪʦ-ʤʝʜʥʦʝ ʠ ʤʦʣʠʙʜʝʥʦʚʦʝ; ʟʦʣʦʪʦʝ ʠ 

ʚʦʣʴʬʨʘʤʦʚʦʝ).  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ  ʜʣʷ ʇʨʠʘʤʫʨʴʷ ʦʧʨʝʜʝʣʝʥʳ 4 ʪʠʧʘ (ʛʨʫʧʧʳ) ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʈʄʉ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʢʦʣʣʠʟʠʝʡ  ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʠ ɸʤʫʨʩʢʦʛʦ ʛʝʦʙʣʦʢʦʚ.  ɺ ʨʘʤʢʘʭ ʪʠʧʦʚ ʚʳʜʝʣʝʥʳ 

ʵʪʘʣʦʥʥʳʝ ʈʄʉ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʨʠ ʚʥʝʰʥʝʡ ʥʝʩʭʦʞʝʩʪʠ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʘʞʜʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʱʥʦʩʪʴʶ 

ʛʝʥʝʟʠʩʘ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʭʦʜʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʛʝʦʭʠʤʠʝʡ ʨʫʜ.  
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1
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1
, ʅ.ʄ. ʂʫʜʨʷʰʦʚ

2
 

 

1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ.ɹʣʘʛʦʚʝʱʝʥʩʢ,  

2
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ 

 

ʇʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʶʞʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ 

ʣʝʪ. ʕʪʦʪ ʤʘʛʤʘʪʠʟʤ ʦʙʲʷʩʥʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ [8], ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ ʩ ʣʠʪʦʩʬʝʨʦʡ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ [11] ʠʣʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʙʩʪʘʥʦʚʢʦʡ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʦʢʨʘʠʥʳ, ʢʦʪʦʨʘʷ ʩʤʝʥʠʣʘʩʴ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʝʝ ʨʘʟʚʠʪʠʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʚʜʦʣʴ ʪʨʘʥʩʬʦʨʤʥʦʛʦ ʨʘʟʣʦʤʘ ʧʦ ʛʨʘʥʠʮʝ ʢʦʥʪʠʥʝʥʪ-ʦʢʝʘʥ [10]. ʊʘʢʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ ʝʛʦ ʧʨʦʷʚʣʝʥʠʡ, ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʯʝʪʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʘʨʝʘʣʝ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɽʩʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ɺʦʩʪʦʯʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ, ɿʘʧʘʜʥʦʛʦ 

ʠ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʪʦ ʚʦʩʪʦʯʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ 

ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʧʨʦʷʚʣʝʥʥʦʛʦ ʚ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʤ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʉʝʣʝʥʛʠʥʦ-ʉʪʘʥʦʚʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʶ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʶʞʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ, U-Pb 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɼʞʠʛʜʠʥʩʢʦʛʦ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʀʣʠʢʘʥʩʢʦʛʦ ʙʣʦʢʘ (ʪʝʨʨʝʡʥʘ) ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɼʞʫʛʜʞʫʨʦ-

ʉʪʘʥʦʚʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʦʝ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʨʫʟʠʚʥʦʝ ʪʝʣʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 4.5-5.0 ʢʤ ʠ ʰʠʨʠʥʦʡ 0.8-1.2 

ʢʤ. ɺʤʝʱʘʶʱʠʤ ʧʦʨʦʜʘʤʠ ʜʣʷ ʤʘʩʩʠʚʘ ʷʚʣʷʶʪʩʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠʣʠʢʘʥʩʢʦʡ ʩʝʨʠʠ, 

ʦʪʥʦʩʠʤʳʝ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʢ ʥʠʞʥʝʤʫ ʘʨʭʝʶ [1 ʠ ʜʨ.], ʭʦʪʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ Sm-Nd ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ U-Pb ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʦ ʪʦʤ, ʯʪʦ ʚʦʟʨʘʩʪ ʩʝʨʠʠ ʥʝ ʜʨʝʚʥʝʝ 2.7 ʤʣʨʜ. ʣʝʪ [7].  

ʄʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ ɼʞʠʛʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ ʠ ʛʘʙʙʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʭʨʘʥʠʣʠʩʴ ʭʦʨʦʰʦ, 

ʧʦʨʦʜʳ ʧʨʝʪʝʨʧʝʣʠ ʤʝʪʘʤʦʨʬʠʟʤ, ʧʨʦʷʚʠʚʰʠʡʩʷ ʚ ʨʘʟʚʠʪʠʠ ʛʨʘʥʘʪʘ ʠ ʙʠʦʪʠʪʘ. ɺ ʩʭʝʤʝ 

ʢʦʨʨʝʣʷʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʩʩʠʚ ʦʪʥʝʩʝʥ ʢ ʭʘʥʠ-ʤʘʡʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʙʘʟʠʪʦʚ ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʫʩʣʦʚʥʦ ʨʘʥʥʝʘʨʭʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [1]. 

ʄʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʨʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

Al2O3 (14-16 %), TiO2 (0.6-1.0%), CaO (7.4-8.6%), ʦʪʯʝʪʣʠʚʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʛʢʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʜ ʪʷʞʝʣʳʤʠ ([La/Yb]n= 6-12). ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ (Eu/Eu*ʜʦ 1.7-1.8). ʄʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʜʠʦʨʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ TiO2 (1.1-1.4%), ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʘʥʪʘʥʦʠʜʦʚ  

([La/Yb]n= 12-16), ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ (Eu/Eu*= 0.9-1.1). ɻʨʘʬʠʢʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʦʙʦʛʘʱʝʥʠʝ ʧʦʨʦʜ ʚ ʦʪʥʦʰʝʥʠʠ Ba (ʜʦ 2200 ppm), Rb (ʜʦ 25 ppm), Sr (ʜʦ 2200 ppm), La (ʜʦ 33 

ppm), Pb (ʜʦ 10 ppm), ʧʨʠ ʜʝʬʠʮʠʪʝ Nb= 0.5-5.5 ppm, Ta (0.1-0.5 ppm). 

ɼʣʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (U-Pb ʤʝʪʦʜ ʧʦ ʮʠʨʢʦʥʫ) ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʨʘʟʝʮ ʙʠʦʪʠʪ-

ʘʤʬʠʙʦʣʦʚʦʛʦ ʤʦʥʮʦʛʘʙʙʨʦ (ʦʙʨ. ʉ-1255), ʦʪʦʙʨʘʥʥʳʡ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. ɺʳʜʝʣʝʥʠʝ 
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ʮʠʨʢʦʥʘ  ʠʟ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʂʅʎ ʈɸʅ (ʛ. ɸʧʘʪʠʪʳ). 

ɸʢʮʝʩʩʦʨʥʳʡ ʮʠʨʢʦʥ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʤʦʥʮʦʛʘʙʙʨʦ ɼʞʠʛʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʦʙʨ. ʉ-1255), 

ʧʨʝʜʩʪʘʚʣʝʥ ʫʜʣʠʥʝʥʥʳʤʠ ʧʨʦʟʨʘʯʥʳʤʠ ʙʝʩʮʚʝʪʥʳʤʠ ʜʠʧʠʨʘʤʠʜʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ, ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʢʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠ ʧʨʠʟʤʳ {110} ʠ 

ʜʠʧʠʨʘʤʠʜʳ {111}. ʇʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʨʦʚʥʘʷ, ʨʝʙʨʘ ʜʠʧʠʨʘʤʠʜ ʯʘʩʪʦ ʩʛʣʘʞʝʥʳ 

ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʧʨʦʷʚʣʝʥʘ ʣʠʰʴ ʚʜʦʣʴ ʛʣʘʚʥʦʡ ʦʩʠ ʢʨʠʩʪʘʣʣʦʚ. ʈʘʟʤʝʨ ʟʝʨʝʥ 

ʮʠʨʢʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 125 ʜʦ 50 ʤʢʤ; ʂʫʜʣ.=3.0-4.0, ʜʣʷ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ 

ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʦʩʪʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ U-Pb ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʨʘʟʤʝʨʥʳʝ ʥʘʚʝʩʢʠ ʮʠʨʢʦʥʘ 100-125, 75-100, 50-75 ʤʢʤ (ʪʘʙʣ.). 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʮʠʨʢʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʜʠʩʢʦʨʜʠʠ, ʚʝʨʭʥʝʝ 

ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʢʦʥʢʦʨʜʠʝʡ ʦʪʚʝʯʘʝʪ ʚʦʟʨʘʩʪʫ 2445 ʤʣʥ. ʣʝʪ, ʉʂɺʆ=0.0075. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʮʠʨʢʦʥʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʜʣʷ ʥʠʭ ʦʮʝʥʢʫ ʚʦʟʨʘʩʪʘ 

(244Ñ5 ʤʣʥ. ʣʝʪ) ʢʘʢ ʚʦʟʨʘʩʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ, ʨʦʜʦʥʘʯʘʣʴʥʳʭ ʜʣʷ ʤʦʥʮʦʛʘʙʙʨʦ 

ɼʞʠʛʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ɼʞʠʛʜʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʧʨʦʠʟʦʰʣʦ ʥʝ ʚ ʨʘʥʥʝʤ ʘʨʭʝʝ, ʢʘʢ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʨʘʥʝʝ, ʘ ʚ ʩʨʝʜʥʝʤ ʪʨʠʘʩʝ. ʇʨʠ 

ʵʪʦʤ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʧʨʝʪʝʨʧʝʣʠ ʵʪʘʧ ʚʳʩʦʫʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤʝʪʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ 

ʨʫʙʝʞʝ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʟʦʷ ï ʨʘʥʥʝʛʦ ʤʝʟʦʟʦʷ ʚ ʧʨʝʜʝʣʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-

ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʊʘʢ ʚʦʟʨʘʩʪ ɼʞʠʛʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (~244 ʤʣʥ. ʣʝʪ) ʙʣʠʟʦʢ ʚʨʝʤʝʥʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʮʦʛʘʙʙʨʦ ɸʤʥʫʥʘʢʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (~240 ʤʣʥ. ʣʝʪ [6]), ʛʘʙʙʨʦʠʜʦʚ ʜʫʥʠʪ-

ʪʨʦʢʪʦʣʠʪ-ʛʘʙʙʨʦʚʳʭ ʃʫʢʠʥʜʠʥʩʢʦʛʦ (~250 ʤʣʥ. ʣʝʪ [5]) ʠ ʃʫʯʠʥʩʢʦʛʦ (248Ñ1 ʤʣʥ. ʣʝʪ [3]) 

ʤʘʩʩʠʚʦʚ. ʇʨʦʜʦʣʞʝʥʠʝʤ ʵʪʦʛʦ ʘʨʝʘʣʘ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʝʨʤʦʪʨʠʘʩʦʚʳʝ ʧʝʨʠʜʦʪʠʪ-ʪʨʦʢʪʦʣʠʪ-ʛʘʙʙʨʦʚʳʝ ʤʘʩʩʠʚʳ ʶʞʥʦʛʦ 

ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʩʤ. ʦʙʟʦʨ ʚ [2, 4]).  

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʢʦʪʦʨʳʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚʜʦʣʴ ʝʛʦ ʛʨʘʥʠʮʳ ʩ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʤ 

ʩʢʣʘʜʯʘʪʳʤ ʧʦʷʩʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ ʯʝʤ 2000 ʢʤ ʦʪ ʟʘʧʘʜʘ ʄʦʥʛʦʣʠʠ ʜʦ ʚʝʨʭʦʚʠʡ ʨʝʢ 

ɺʠʪʠʤ ʠ ʆʣʸʢʤʘ ʥʘ ʚʦʩʪʦʢʝ (cʤ. ʦʙʟʦʨ ʚ [9]). ɺ ʯʘʩʪʥʦʩʪʠ ʚʦʟʨʘʩʪ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ 

ɼʞʠʛʜʠʥʩʢʦʛʦ, ɸʤʥʫʥʘʢʪʠʥʩʢʦʛʦ, ʃʫʢʠʥʜʠʥʩʢʦʛʦ, ʃʫʯʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʚʦʟʨʘʩʪʦʤ ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ ʢʫʡʪʫʥʩʢʦʡ ʩʚʠʪʳ (246Ñ2 ʤʣʥ. ʣʝʪ [9]) ʠ ʱʝʣʦʯʥʳʭ 

ʛʨʘʥʠʪʦʚ ʥʝʨʯʫʛʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (239Ñ5 ʤʣʥ. ʣʝʪ [9]). ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, 

ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʥʘʨʷʜʫ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʠ 

ʚʫʣʢʘʥʠʪʘʤʠ ʫʯʘʩʪʚʫʶʪ ʪʘʢʞʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʠ ʯʪʦ ʵʪʦʪ ʧʦʷʩ ʥʘʣʦʞʝʥ ʥʘ 

ʩʪʨʫʢʪʫʨʳ ʥʝ ʪʦʣʴʢʦ ʉʝʣʝʥʛʠʥʦ-ʉʪʘʥʦʚʦʛʦ, ʥʦ ʠ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ ʪʝʨʨʝʡʥʦʚ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʩʦʪʨʫʜʥʠʢʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ (ʢ.ʬ-ʤ.ʥ. ɺ.ʀ. ʈʦʞʜʝʩʪʚʠʥʫ, ɸ.ʀ. ʇʘʣʘʞʯʝʥʢʦ, ɽ.ʉ. ʉʘʧʦʞʥʠʢ, 

ɽ.ɺ. ʋʰʘʢʦʚʫ), ʀʥʩʪʠʪʫʪʘ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ (ʃ.ʉ. ɹʦʢʦʚʝʥʢʦ, ɽ.ʄ. ɻʦʣʫʙʝʚʫ, 

ɸ.ɺ. ʐʪʘʨʝʚʫ), ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʅʎ ʈɸʅ (ʢ.ʛ-ʤ.ʥ. ʃ.ʄ.ʃʷʣʠʥʫ) ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʉʋʍʆʊʀʅʉʂʀʁ ʊɽʈʈɽʁʅ) 

 

ʖ.ɺ. ʉʤʠʨʥʦʚ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ʖʞʥʦ-ʄʦʥʛʦʣʴʩʢʦ-ʍʠʥʛʘʥʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ (ʖʄʍʆʇ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʇʦ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [1, 2], ʵʪʦʪ ʧʦʷʩ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʦʪ ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʠ ʩʤʝʞʥʳʭ 

ʨʘʡʦʥʦʚ ʂʠʪʘʷ ʚ ʖʞʥʫʶ ʄʦʥʛʦʣʠʶ ʠ ʜʘʣʝʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʂʠʪʘʷ ʠ ʚ ʧʨʠʛʨʘʥʠʯʥʳʝ ʨʘʡʦʥʳ 

ʇʨʠʘʤʫʨʴʷ, ʛʜʝ ʦʥ ñʪʝʨʷʝʪʩʷò ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ɸʨʛʫʥʩʢʦʛʦ (ɸʨʛʫʥ-ʀʜʝʨʤʝʛʩʢʦʛʦ) ʠ 

ɹʫʨʝʠʥʩʢʦ-ʎʟʷʤʫʩʠʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʦʚ.  

ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ ʖʄʍʆʇ, ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʘʢ ʅʦʨʘ-ʉʫʭʦʪʠʥʩʢʠʡ 

ʪʝʨʨʝʡʥ ʚ ʨʦʩʩʠʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ñʰʦʚʥʫʶò ʟʦʥʫ, ʚʦʟʥʠʢʰʫʶ ʥʘ 

ʤʝʩʪʝ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʟʜʝʣʷʚʰʝʛʦ ʚ ʧʘʣʝʦʟʦʝ ɸʨʛʫʥʩʢʠʡ ʠ ɹʫʨʝʠʥʩʢʦ-

ʎʟʷʤʫʩʠʥʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥʳ [1]. ʆʥ ʩʣʦʞʝʥ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ 

ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ(?) ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʪʝʣʘ ʜʠʘʙʘʟʦʚ ʠ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ 

ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʠʣʫʨʘ, ʜʝʚʦʥʘ ʠ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ [1, 5]. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʖʄʍʆʇ ʧʦʣʫʯʝʥʘ 

ʪʦʣʴʢʦ ʦʜʥʘ ʥʘʜʝʞʥʘʷ ʦʮʝʥʢʘ ʚʦʟʨʘʩʪʘ (455+/-2 ʤʣʥ ʣʝʪ) ʜʣʷ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʚ, 

ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʤʝʪʘʙʘʟʘʣʴʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʙʣʠʟʢʠ ʢ ʪʦʣʝʠʪʘʤ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ [6].  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʧʦʣʥʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ Sm-Nd ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ, ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ ʠ ʜʠʘʙʘʟʦʚ ʥʝʢʣʠʥʩʢʦʡ ʠ 

ʜʘʛʤʘʨʩʢʦʡ ʪʦʣʱ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʖʄʍʆʇ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʙʘʟʠʪʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʪʨʦʝʥʠʠ ʵʪʦʛʦ ʪʝʨʨʝʡʥʘ, ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʨʘʟʥʦʩʪʠ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ [8]. 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʝʨʨʝʡʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʥʮʦʜʠʦʨʠʪ-

ʛʨʘʥʦʜʠʦʨʠʪʦʚʳʝ ʠʥʪʨʫʟʠʠ ʩ ʚʦʟʨʘʩʪʦʤ 440+/-10 ʤʣʥ ʣʝʪ [7], ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʬʨʘʛʤʝʥʪ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʦʡ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ (ʠʣʠ ʵʥʩʠʘʣʠʯʝʩʢʦʡ ʟʨʝʣʦʡ 

ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʨʠʛʝʥʥʳʭ 

ʧʦʨʦʜ ʛʣʘʚʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʖʄʍʆʇ 

(ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ(?) ʥʝʢʣʠʥʩʢʦʡ ʠ ʜʘʛʤʘʨʩʢʦʡ ʪʦʣʱ, ʜʝʚʦʥʩʢʦʡ(?) ʘʣʝʚʨʦʣʠʪʦ-

ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʠ, ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ U-Pb 

(Lɸ-ICP-MS) ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ. 

ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ log(SiO2/Al 2O3)ïlog(Na2O/K2O) [3], log(SiO2/Al2O3)ï

log(Fe2O3/K2O) [10] ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʣʱ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ ʛʨʘʫʚʘʢʢ, ʚʘʢʢ, ʩʣʘʥʮʝʚ ʠ Fe-ʧʝʩʯʘʥʠʢʦʚ. ʅʘ ʜʠʘʛʨʘʤʤʝ ɸïF [4] ʩʦʩʪʘʚʳ 

ʧʦʨʦʜ ʦʪʚʝʯʘʶʪ ʛʨʘʫʚʘʢʢʘʤ ʠ ʩʫʙʛʨʘʫʚʘʢʢʘʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʘʣʝʚʨʦʣʠʪʦʚ 

ʫʩʣʦʚʥʦ ʥʠʞʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʡ ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʠ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʝʡ ʬʝʤʠʯʥʦʩʪʴʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʨʢʦʟʘʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʥʝʢʣʠʥʩʢʦʡ, ʜʘʛʤʘʨʩʢʦʡ, 

ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱ ʠ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʨʣʦʚʢʘ ʠʤʝʝʪ ʫʤʝʨʝʥʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ (La/Yb)n=5.1ï18.0 

ʧʨʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ (Eu/Eu*=0.49ï0.94). ɺ ʧʝʩʯʘʥʠʢʘʭ 

ʠ ʩʣʘʥʮʘʭ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɿʝʷ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʠʤʝʶʪ 

ʙʦʣʝʝ ʢʨʫʪʦʡ ʥʘʢʣʦʥ ((La/Yb)n=9.0 ï 40.0) ʧʨʠ ʝʱʝ ʤʝʥʝʝ ʧʨʦʷʚʣʝʥʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ 
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(Eu/Eu*=0.72ï0.96). 

ɸʥʘʣʠʟ ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʥʝʢʣʠʥʩʢʦʡ, 

ʜʘʛʤʘʨʩʢʦʡ, ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ, ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ (ʚ ʙʘʩʩʝʡʥʝ ʨ. ɿʝʷ) ʪʦʣʱ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʪʦʬʠʣʴʥʳʭ ʠ ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʪʘʢʦʚʳʭ ʚ ʚʝʨʭʥʝʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʝ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ ʦʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʜʣʷ Ta, Nb. ʇʝʩʯʘʥʠʢʠ 

ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ (ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʨʣʦʚʢʘ) ʪʦʣʱʠ ʦʪʯʝʪʣʠʚʦ ʠʩʪʦʱʝʥʳ ʚ ʦʪʥʦʰʝʥʠʠ U, Th, Pb, Nb, 

Ta, Ni, Cr ʠ, ʥʘʦʙʦʨʦʪ, ʦʙʦʛʘʱʝʥʳ Ba. 

ʉʨʝʜʠ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ (98 ʟʝʨʝʥ), ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʤʝʪʘʧʝʩʯʘʥʠʢʘ 

ʥʝʢʣʠʥʩʢʦʡ ʪʦʣʱʠ (ʦʙʨ. Z-45-4), ʦʙʥʘʨʫʞʝʥʦ 70 ʟʝʨʝʥ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʩ ʢʦʥʢʦʨʜʘʥʪʥʳʤʠ 

ʦʮʝʥʢʘʤʠ ʚʦʟʨʘʩʪʘ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʮʠʨʢʦʥʳ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ (ʢʝʤʙʨʠʡïʨʘʥʥʠʡ 

ʦʨʜʦʚʠʢ) (530-472 ʤʣʥ. ʣʝʪ, 54%) ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦʛʦ (930-741 ʤʣʥ. ʣʝʪ, 41%) ʚʦʟʨʘʩʪʦʚ. 

ɽʜʠʥʠʯʥʳʝ ʮʠʨʢʦʥʳ ʠʤʝʶʪ ʚʝʥʜʩʢʠʡ (568-561 ʤʣʥ. ʣʝʪ, 3%), ʩʨʝʜʥʝʨʠʬʝʡʩʢʠʡ (~1.2 ʤʣʨʜ. ʣʝʪ, 

1%) ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ (~1.7 ʤʣʨʜ. ʣʝʪ, 1%) ʚʦʟʨʘʩʪʳ. 

ʀʟ 111 ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʤʝʪʘʧʝʩʯʘʥʠʢʘ ʜʘʛʤʘʨʩʢʦʡ ʪʦʣʱʠ 

(ʦʙʨ. Z-75-10) ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 77 ʟʝʨʝʥ. ʇʨʝʦʙʣʘʜʘʶʱʘʷ 

ʯʘʩʪʴ ʠʟ ʥʠʭ ʠʤʝʝʪ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ (ʢʝʤʙʨʠʡïʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ) (528-469 ʤʣʥ. ʣʝʪ, 85%) 

ʚʦʟʨʘʩʪ. ɺʝʥʜʩʢʠʝ (554-543 ʤʣʥ. ʣʝʪ, 3%), ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʝ (800-770 ʤʣʥ. ʣʝʪ, 6%), 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (~1.8 ʤʣʨʜ. ʣʝʪ, 5%; ~2.3 ʤʣʨʜ. ʣʝʪ, 1%) ʮʠʨʢʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ. 

ɼʣʷ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ (99 ʟʝʨʝʥ) ʠʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʘʣʝʚʨʦʣʠʪʘ ʜʝʚʦʥʩʢʦʡ(?) 

ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʠ (ʦʙʨ. ʖ-74) ʧʦʣʫʯʝʥʦ 50 ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʦʮʝʥʦʢ ʚʦʟʨʘʩʪʘ. 

ʉʨʝʜʠ ʥʠʭ ʜʦʤʠʥʠʨʫʶʪ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ (ʢʝʤʙʨʠʡïʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ) (531-463 ʤʣʥ. ʣʝʪ, 

48%), ʘ ʪʘʢʞʝ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʝ (1017-725 ʤʣʥ. ʣʝʪ, 32%) ʮʠʨʢʦʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʣʝʡ 

ʚʝʥʜʩʢʠʭ (587-555 ʤʣʥ. ʣʝʪ, 8%) ʟʝʨʝʥ. ʎʠʨʢʦʥʳ ʩʨʝʜʥʝʨʠʬʝʡʩʢʦʛʦ (1.0-1.2 ʤʣʨʜ. ʣʝʪ, 4%), 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ (~1.8 ʤʣʨʜ. ʣʝʪ, 4%), ʘʨʭʝʡʩʢʦʛʦ (~2.6 ʤʣʨʜ. ʣʝʪ, 4%) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʨʝʟʢʦ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʉʨʝʜʠ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ (96 ʟʝʨʝʥ), ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʧʝʩʯʘʥʠʢʘ, 

ʦʪʦʙʨʘʥʥʦʛʦ ʠʟ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɿʝʷ (ʦʙʨ. ʖ-78-7), ʦʙʥʘʨʫʞʝʥʦ 

68 ʟʝʨʝʥ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʩ ʢʦʥʢʦʨʜʘʥʪʥʳʤʠ ʦʮʝʥʢʘʤʠ ʚʦʟʨʘʩʪʘ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ 

ʮʠʨʢʦʥʳ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ (37%) ʦʙʨʘʟʫʝʪ ʧʦʧʫʣʷʮʠʶ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 989-802 ʤʣʥ. ʣʝʪ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ 

ʮʠʨʢʦʥʳ ʚʝʥʜʩʢʦʛʦ (599-546 ʤʣʥ. ʣʝʪ, 34%) ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ (1.9-2.5 ʤʣʨʜ. ʣʝʪ, 24%) 

ʚʦʟʨʘʩʪʦʚ, ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʠʤʝʶʪ ʩʨʝʜʥʝʨʠʬʝʡʩʢʠʡ (~ 1.1 ʤʣʨʜ. ʣʝʪ) ʚʦʟʨʘʩʪ. 

ɼʣʷ 104 ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʧʝʩʯʘʥʠʢʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʠʟ 

ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʆʨʣʦʚʢʘ (ʦʙʨ. ʉ-1203-3), ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʦʮʝʥʢʠ 

ʚʦʟʨʘʩʪʘ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 66 ʟʝʨʝʥ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʮʠʨʢʦʥʳ ʧʨʠʥʘʜʣʝʞʘʪ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ (ʢʝʤʙʨʠʡïʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ) (534-467 ʤʣʥ. ʣʝʪ, 94%) ʧʦʧʫʣʷʮʠʠ, ʙʦʣʝʝ 

ʜʨʝʚʥʠʝ ʚʝʥʜʩʢʠʝ ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʝ ʮʠʨʢʦʥʳ (615-548 ʤʣʥ. ʣʝʪ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʥʦ 

(ʜʦ 4%). 

ʆʙʨʘʪʠʚʰʠʩʴ ʢ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ.  

ʇʝʨʚʳʡ ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʤʝʪʘʧʝʩʯʘʥʠʢʘʤ ʜʘʛʤʘʨʩʢʦʡ ʪʦʣʱʠ (ʦʙʨ. Z-75-

10) ʠ ʧʝʩʯʘʥʠʢʘʤ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ (ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʨʣʦʚʢʘ, ʦʙʨ. ʉ-1203-2), 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʚʦʟʨʘʩʪʥʳʭ ʦʮʝʥʦʢ ʚ ʠʥʪʝʨʚʘʣʝ ʢʝʤʙʨʠʡïʩʨʝʜʥʠʡ 

ʦʨʜʦʚʠʢ ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʥʜʩʢʠʭ ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ ʟʥʘʯʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʞʥʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʘʥʠʮʝʡ ʵʪʠʭ ʪʦʣʱ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ. ɺʝʨʭʥʷʷ 

ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʜʘʛʤʘʨʩʢʦʡ ʠ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ (ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʨʣʦʚʢʘ) ʪʦʣʱ ʤʝʥʝʝ 

ʦʧʨʝʜʝʣʝʥʥʘʷ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʖʄʍʆʇ ʥʘ ʛʨʘʥʠʮʝ ʩ ʄʘʤʳʥʩʢʠʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʤʘʩʩʠʚʦʤ ʚʳʷʚʣʝʥʘ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʘʷ (440+/-10 ʤʣʥ ʣʝʪ; [7]) ʤʦʥʮʦʜʠʦʨʠʪ-

ʛʨʘʥʦʜʠʦʨʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ, ʧʨʦʜʫʢʪʳ ʨʘʟʤʳʚʘ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʠʣʫʨʠʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʄʘʤʳʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ [9], ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʜʘʛʤʘʨʩʢʦʡ ʠ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ (ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ʆʨʣʦʚʢʘ) ʪʦʣʱʘʭ, ʪʦ ʚʝʨʭʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʥʝʤʫ 
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ʩʠʣʫʨʫ. 

ɺʪʦʨʦʡ ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʜʚʫʭ ʜʦʤʠʥʠʨʫʶʱʠʭ ʢʣʘʩʪʝʨʦʚ ʚʦʟʨʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ: ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ (ʢʝʤʙʨʠʡïʦʨʜʦʚʠʢ) ʠ 

ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ. ʆʥ ʩʚʦʡʩʪʚʝʥʝʥ ʤʝʪʘʧʝʩʯʘʥʠʢʘʤ ʥʝʢʣʠʥʩʢʦʡ ʪʦʣʱʠ (ʦʙʨ. Z-45-4) ʠ 

ʘʣʝʚʨʦʣʠʪʘʤ ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʠ (ʦʙʨ. ʖ-74). ʀʩʭʦʜʷ ʠʟ ʚʦʟʨʘʩʪʘ ʥʘʠʙʦʣʝʝ 

ʤʦʣʦʜʳʭ ʮʠʨʢʦʥʦʚ, ʥʠʞʥʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʘʥʠʮʝʡ ʥʝʢʣʠʥʩʢʦʡ ʪʦʣʱʠ ʷʚʣʷʝʪʩʷ ʨʘʥʥʠʡ ʦʨʜʦʚʠʢ, ʘ 

ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʠ ï ʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ. ɺʝʨʭʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʥʝʢʣʠʥʩʢʦʡ 

ʪʦʣʱʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʨʳʚʘʥʠʝʤ ʝʝ ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʤʠ (~376 ʤʣʥ ʣʝʪ, ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʘʚʪʦʨʦʚ) ʛʨʘʥʠʪʘʤʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʫ ʞʝ ʚʦʟʨʘʩʪʥʫʶ ʛʨʘʥʠʮʫ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠ 

ʥʘ ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʫʶ ʪʦʣʱʫ.  

ʊʨʝʪʠʡ ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʩʯʘʥʠʢʘʭ 

ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɿʝʷ (ʦʙʨ. ʖ-78-7). ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʪʨʝʭ 

ʛʣʘʚʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʟʨʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ï ʚʝʥʜʩʢʠʭ, ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ 

ʠ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʚ ʧʝʩʯʘʥʠʢʘʭ, ʦʪʥʝʩʝʥʥʳʭ 

ʢ ʵʪʦʡ ʞʝ ʪʦʣʱʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʨʣʦʚʢʘ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʫʶ ʪʦʣʱʫ 

ʚʢʣʶʯʝʥʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʝʩʯʘʥʠʢʘʭ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɿʝʷ ʥʘʠʙʦʣʝʝ ʤʦʣʦʜʳʝ ʮʠʨʢʦʥʳ ʠʤʝʶʪ 

ʧʦʟʜʥʝʚʝʥʜʩʢʠʡ ʚʦʟʨʘʩʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʞʥʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʘʥʠʮʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʟʜʥʠʡ ʚʝʥʜ. ɺʝʨʭʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʛʨʘʤʘʪʫʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ɿʝʷ ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʝʡ ʮʠʨʢʦʥʦʚ ʢʝʤʙʨʠʡʩʢʦʛʦ ʠ 

ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʦ ʚʩʝʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʣʱʘ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʨʠʬʝʡʩʢʦʡ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʥʘʭʦʜʢʘʤʠ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʬʘʫʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ, ʯʪʦ 

ʚ ʩʦʩʪʘʚʝ ʪʦʣʱʠ ʦʙʲʝʜʠʥʝʥʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʬʘʫʥʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 

ʠʟʚʝʩʪʥʷʢʘʭ, ʘ ʮʠʨʢʦʥʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ. 

ɺ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʘʝʤʳʝ ʪʦʣʱʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ, ʘ ʟʥʘʯʠʪ, ʥʝ ʤʦʛʫʪ  ʷʚʣʷʪʴʩʷ ʯʣʝʥʘʤʠ 

ʝʜʠʥʦʡ ʦʩʘʜʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʞʥʦ 

ʧʦʩʪʨʦʝʥʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ, ʛʜʝ ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʚʦʟʨʘʩʪʫ ʠʩʪʦʯʥʠʢʦʚ. ʀʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʖʄʍʆʇ, 

ʧʦʩʣʝʜʥʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ [1 ʠ ʜʨ.], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ ʖʄʍʆʇ (ʅʦʨʘ-ʉʫʭʦʪʠʥʩʢʠʡ ʪʝʨʨʝʡʥ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ñʰʦʚʥʫʶ ʟʦʥʫò, ʨʘʟʜʝʣʷʶʱʫʶ ɸʨʛʫʥʩʢʠʡ ʠ ɹʫʨʝʠʥʩʢʦ-ʎʟʷʤʫʩʠʥʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥʳ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʨʦʜʳ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʦʣʱ ʙʣʠʞʝ ʚʩʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʘʜʢʘʤ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʠʣʠ ʘʢʪʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʵʪʠ ʦʩʘʜʢʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʬʨʘʛʤʝʥʪʘʨʥʦ ʚʳʭʦʜʷʱʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʟ-ʧʦʜ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɸʤʫʨʦ-ɿʝʡʩʢʦʡ ʚʧʘʜʠʥʳ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ ʖʄʍʆʇ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʨʳʪʠʷ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʨʘʟʜʝʣʷʚʰʝʛʦ ʚ 

ʧʘʣʝʦʟʦʝ ɸʨʛʫʥʩʢʠʡ ʠ ɹʫʨʝʠʥʩʢʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʤʘʩʩʠʚʳ. ʈʘʟʨʫʰʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ 

ʩʨʝʜʥʝʤ ʠ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʜʦʣʞʥʦ ʙʳʣʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʨʢʦʥʘ) ʚ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ 

ʙʘʩʩʝʡʥʳ, ʦ ʥʘʣʠʯʠʠ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʘʣʝʦʟʦʡʩʢʘʷ (ʜʝʚʦʥʩʢʘʷ, 

ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ) ʤʦʨʩʢʘʷ ʬʘʫʥʘ. ʆʜʥʘʢʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʥʝʢʣʠʥʩʢʫʶ, ʜʘʛʤʘʨʩʢʫʶ, ʙʝʟʳʤʷʥʥʫʶ ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʫʶ ʠ ʛʨʘʤʘʪʫʭʠʥʩʢʫʶ ʪʦʣʱʠ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʛʝʥʝʨʘʮʠʠ ʮʠʨʢʦʥʘ ʤʦʣʦʞʝ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʵʪʠ ʪʦʣʱʠ ʦʪʚʝʯʘʶʪ ʨʘʥʥʠʤ ʵʪʘʧʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʖʄʍʆʇ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ 

ʦʪʣʦʞʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʩʪʘʣʠʩʴ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʦʪʨʫʜʥʠʢʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ (ɽ.ʅ. ɺʦʨʦʧʘʝʚʫ, ʆ.ɻ. ʄʝʜʚʝʜʝʚʫ, ɸ.ʀ. ʇʘʣʘʞʯʝʥʢʦ, 
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ɺ.ʀ. ʈʦʞʜʝʩʪʚʠʥʫ, ɽ.ʉ. ʉʘʧʦʞʥʠʢ, ɽ.ɺ. ʋʰʘʢʦʚʫ), ʀʥʩʪʠʪʫʪʘ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ 

(ʃ.ʉ. ɹʦʢʦʚʝʥʢʦ, ɽ.ʄ. ɻʦʣʫʙʝʚʫ, ɸ.ɺ. ʐʪʘʨʝʚʫ) ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʇɽʈɺʓɽ ʉɺɽɼɽʅʀʗ ʆ ɺʆɿʈɸʉʊɽ ʄɽʊɸʈʀʆʃʀʊʆɺ ɹʆʅɼʀʍʀʅʉʂʆʁ 

ʉɺʀʊʓ (ɺʆʉʊʆʏʅʆɽ ɿɸɹɸʁʂɸʃʔɽ) 

 

ʖ.ʅ. ʉʤʠʨʥʦʚʘ
1
, ʅ.ʄ. ʂʫʜʨʷʰʦʚ

2 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

2
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ 

 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʦʪʥʦʩʠʪʩʷ ɸʨʛʫʥʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥ. ɺ ʢʘʯʝʩʪʚʝ ʝʛʦ 

"ʦʩʥʦʚʘʥʠʷ" ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [1, 6]. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [2, 7], ʢʦʪʦʨʳʝ ʧʦʩʪʘʚʠʣʠ ʧʦʜ ʩʦʤʥʝʥʠʝ ʠʭ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʂ ʚʝʨʭʥʝʤʫ ʜʦʢʝʤʙʨʠʶ ʦʪʥʝʩʝʥʳ ʪʝʨʨʠʛʝʥʥʳʝ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʪʨʫʟʠʚʥʳʝ 

ʪʝʣʘ ʩ ʚʦʟʨʘʩʪʦʤ 927-737 ʤʣʥ ʣʝʪ [14, 15]. 

ɺ ʧʫʙʣʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ (U-Pb) ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʫʩʣʦʚʥʦ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʨʠʬʝʡʩʢʦʡ 

ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ [5, 6], ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʤʫ 

ʵʪʘʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʨʛʫʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ. ɹʦʥʜʠʭʠʥʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʠʥʪʝʥʩʠʚʥʦ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʠʭ ʪʫʬʘʤʠ, ʤʨʘʤʦʨʘʤʠ ʠ 

ʤʝʪʘʘʣʝʚʨʦʣʠʪʘʤʠ. ɺʫʣʢʘʥʠʪʳ ʧʨʝʚʨʘʱʝʥʳ ʚ ʙʣʘʩʪʦʢʘʪʘʢʣʘʟʠʪʳ ʠ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʝ, 

ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʝ ʩʣʘʥʮʳ. ʇʨʝʦʙʣʘʜʘʶʪ ʩʣʘʥʮʳ ʩ ʛʨʘʥʦ- ʠ ʥʝʤʘʪʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʨʝʜʢʦ 

ʩʦʭʨʘʥʝʥʳ ʨʝʣʠʢʪʳ ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʠʢʨʦʬʝʣʴʟʠʪʦʚʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. ʊʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ [5], ʯʪʦ ʧʦʨʦʜʳ ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ ʧʦʜʦʙʥʳ ʧʨʦʪʦʤʠʣʦʥʠʪʘʤ ʠ ʦʯʢʦʚʳʤ 

ʤʠʣʦʥʠʪʘʤ ʧʦ ʛʨʘʥʠʪʘʤ. ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʦʨʦʜʳ ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ 

ʣʝʞʘʪ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʜʦʢʝʤʙʨʠʷ (?) ʠ ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʪʳ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʨʠʬʝʡʩʢʦʡ ʛʣʫʙʦʢʠʥʩʢʦʡ ʩʚʠʪʳ [5]. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʢʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ ʚʢʣʶʯʘʝʪ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʜʘʮʠʪʳ, ʨʠʦʜʘʮʠʪʳ ʠ ʨʠʦʣʠʪʳ. ɺ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ 

ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʢʚʘʨʮʝʤ, 

ʙʠʦʪʠʪʦʤ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ SiO2 (65.81-73.43 ʤʘʩ. %) ʠ K2O+Na2O (5.11-

7.62 ʤʘʩ. %), ʚʝʣʠʯʠʥʝ FeO*/MgO (1.84-4.98), ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ 

[3, 9], ʠʩʩʣʝʜʫʝʤʳʝ ʚʫʣʢʘʥʠʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʮʠʪʘʤ, ʨʠʦʜʘʮʠʪʘʤ ʠ ʨʠʦʣʠʪʘʤ ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ.  

ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʫʣʢʘʥʠʪʘʭ ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ 

ʫʤʝʨʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ([La/Yb]n=6.38-26.16) ʧʨʠ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ (0.65-0.88). ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʥʘ ʧʨʠʤʠʪʠʚʥʫʶ ʤʘʥʪʠʶ ʦʪʤʝʯʘʝʪʩʷ 

ʦʙʦʛʘʱʝʥʠʝ Rb (70-96 ʛ/ʪ), Ba (390-908 ʛ/ʪ), Th (7.70-13.88 ʛ/ʪ), U (0.75-3.94 ʛ/ʪ) ʠ ʜʝʬʠʮʠʪ Nb 

(4-12 ʛ/ʪ), Ta (0.27-1.03 ʛ/ʪ). 

ɼʣʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʙʨʘʟʝʮ ʙʠʦʪʠʪ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦʛʦ ʤʝʪʘʨʠʦʣʠʪʘ (ʦʙʨ. ʉ-1250), ʦʪʦʙʨʘʥʥʳʡ ʠʟ ʙʝʨʝʛʦʚʦʛʦ ʦʙʥʘʞʝʥʠʷ ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ʐʠʣʢʘ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ). ɸʢʮʝʩʩʦʨʥʳʝ ʮʠʨʢʦʥʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ ʪʷʞʝʣʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʍʠʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʮʠʨʢʦʥʘ ʠ ʚʳʜʝʣʝʥʠʝ U ʠ Pb ʚʳʧʦʣʥʝʥʦ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʊ.ɽ. ʂʨʦʫ [8]. ʂʦʥʮʝʥʪʨʘʮʠʠ U ʠ Pb ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʠʟʦʪʦʧʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Finnigan ʄɸʊ-262 (RPQ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʛʦ ʪʨʘʩʩʝʨʘ 
208

Pb+
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U, 

ʚ ʢʘʯʝʩʪʚʝ ʵʤʤʠʪʝʨʘ ʠʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʩʠʣʠʢʘʛʝʣʴ. ʋʨʦʚʝʥʴ ʭʦʣʦʩʪʦʛʦ ʦʧʳʪʘ ʟʘ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 100 ʧʛ ʜʣʷ ʩʚʠʥʮʘ ʠ 10-50 ʧʛ ʜʣʷ ʫʨʘʥʘ. ɺʩʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʠʩʧʨʘʚʣʝʥʳ ʥʘ ʤʘʩʩ-ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʥʘʣʠʟʦʚ 

ʩʪʘʥʜʘʨʪʦʚ SRM-981 ʠ SRM-982, ʨʘʚʥʦʝ 0.12+/-0.04%. ʆʰʠʙʢʠ ʚ U-Pb ʦʪʥʦʰʝʥʠʷʭ ʥʝ 

ʧʨʝʚʳʩʠʣʠ 0.7-0.5%. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 
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ʧʨʦʛʨʘʤʤʘʤ çPbDATè ʠ çISOPLOTè [10, 11]. ʇʨʠ ʨʘʩʯʝʪʝ ʚʦʟʨʘʩʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʙʱʝʧʨʠʥʷʪʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʩʧʘʜʘ ʫʨʘʥʘ [13]. ʇʦʧʨʘʚʢʠ ʥʘ ʦʙʳʯʥʳʡ ʩʚʠʥʝʮ ʚʚʝʜʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ [12]. 

ʎʠʨʢʦʥʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʦʙʨʘʟʮʘ ʤʝʪʘʨʠʦʣʠʪʘ (ʦʙʨ. ʉ-1250), ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʧʨʦʟʨʘʯʥʳʤʠ ʙʝʩʮʚʝʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʜʠʧʠʨʘʤʠʜʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʦʪ 50 ʜʦ 250 mkm ʧʨʠ ʂʫʜʣ.=2.0-4.0. ʇʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʨʦʚʥʘʷ, 

ʨʝʙʨʘ ʯʝʪʢʠʝ. ɺʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʮʠʨʢʦʥʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʦ-

ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʇʦʩʣʝʜʥʠʝ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʧʘʪʠʪʫ, ʨʝʜʢʦ 

ʢʘʣʠʝʚʦʤʫ ʧʦʣʝʚʦʤʫ ʰʧʘʪʫ ʠ ʢʚʘʨʮʫ. ɺ ʨʝʞʠʤʝ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʟʝʨʝʥ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʝʥʘ ʪʦʥʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʦʩʪʘ. ɻʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ (U-Pb) ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʯʝʪʳʨʝʤ ʨʘʟʤʝʨʥʳʤ ʥʘʚʝʩʢʘʤ ʮʠʨʢʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʥʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʮʠʨʢʦʥʘ ʙʣʠʟʢʦʥʢʦʨʜʘʥʪʥʳ ʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʜʠʩʢʦʨʜʠʠ, ʚʝʨʭʥʝʝ ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʢʦʥʢʦʨʜʠʝʡ ʦʪʚʝʯʘʝʪ ʚʦʟʨʘʩʪʫ 

242+/-6 ʤʣʥ ʣʝʪ, ʉʂɺʆ=0.095 (ʨʠʩʫʥʦʢ). ʅʠʞʥʝʝ ʧʝʨʝʩʝʯʝʥʠʝ ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʪʝʨʷʤ 

ʩʚʠʥʮʘ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʮʠʨʢʦʥʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʜʣʷ ʥʠʭ ʦʮʝʥʢʫ ʚʦʟʨʘʩʪʘ 

(242+/-6 ʤʣʥ ʣʝʪ) ʢʘʢ ʚʦʟʨʘʩʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ, ʨʦʜʦʥʘʯʘʣʴʥʳʭ ʜʣʷ ʙʠʦʪʠʪ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦʛʦ ʤʝʪʘʨʠʦʣʠʪʘ ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ. 

 
ʈʠʩʫʥʦʢ. ɼʠʘʛʨʘʤʤʘ ʩ ʢʦʥʢʦʨʜʠʝʡ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦʛʦ ʤʝʪʘʨʠʦʣʠʪʘ (ʦʙʨ. ʉ-1250) 

ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʘʨʠʦʣʠʪʳ 

ʙʦʥʜʠʭʠʥʩʢʦʡ ʩʚʠʪʳ ʠʤʝʶʪ ʥʝ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʡ ʚʦʟʨʘʩʪ, ʢʘʢ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʨʘʥʝʝ [5], ʘ ʩʨʝʜʥʝʪʨʠʘʩʦʚʳʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʪʦʚ ʙʦʥʜʠʭʠʥʩʢʦʡ 

ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ [4 ʠ ʜʨ.] ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʥʠ, ʚʝʨʦʷʪʥʦ, 

ʦʪʨʘʞʘʶʪ ʵʪʘʧ ʧʨʦʷʚʣʝʥʠʷ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʦʥʛʦʣʦ-

ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ɼɺʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ15-I-2-043) ʠ 

ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-05-00150). 
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ʄɸʄʓʅʉʂʆɻʆ ʊɽʈʈɽʁʅɸ ʎɽʅʊʈɸʃʔʅʆ-ɸɿʀɸʊʉʂʆɻʆ ʉʂʃɸɼʏɸʊʆɻʆ ʇʆʗʉɸ 

 

ɸ.ɸ. ʉʦʨʦʢʠʥ
1
, ʅ.ʄ. ʂʫʜʨʷʰʦʚ

2 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

2
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ  

 

ɺʳʷʩʥʝʥʠʝ ʭʨʦʥʦʣʦʛʠʠ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʟʤʘ ʚ ʩʪʨʦʝʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ, 

ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʩʢʣʘʜʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʷʩʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʟʘʜʘʯ, ʦʪ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʫʢʘʟʘʥʥʦʛʦ ʧʦʷʩʘ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʩ ʧʦʟʜʥʝʛʦ 

ʜʦʢʝʤʙʨʠʷ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʨʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ [1-4 ʠ ʜʨ.].  

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ɸʨʛʫʥʩʢʠʡ (ʂʝʨʫʣʝʥ-ɸʨʛʫʥʦ-ʄʘʤʳʥʩʢʠʡ, ɸʨʛʫʥ-

ʀʜʝʨʤʝʛʩʢʠʡ), ɹʫʨʝʠʥʩʢʦ-ʎʟʷʤʫʩʠʥʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʙʦʣʝʝ ʤʝʣʢʠʭ ʪʝʨʨʝʡʥʦʚ  

(ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ). ɺ ʩʪʨʦʝʥʠʠ ʵʪʠʭ ʤʘʩʩʠʚʦʚ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪʩʷ ʨʘʥʥʝ- ʠ 

ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [1, 5 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʚʳʭ ʩʪʘʚʠʪʩʷ ʧʦʜ ʩʦʤʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʘ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʵʪʘʧ 

ʤʘʛʤʘʪʠʟʤʘ ʧʦʜʪʚʝʨʞʜʝʥ ʣʠʰʴ ʝʜʠʥʠʯʥʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ [8-10]. ʇʨʝʜʤʝʪʦʤ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʛʘʨʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄʘʤʳʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, 

ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ "ʢʣʶʯʝʚʳʭ" ʚ ʩʪʨʦʝʥʠʠ ʵʪʦʛʦ ʪʝʨʨʝʡʥʘ.  

ɺ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʦʙʲʝʜʠʥʷʶʪʩʷ [5] ʛʘʙʙʨʦ, ʛʘʙʙʨʦʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ 

ʜʠʦʨʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ. ɼʣʷ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʝʥ ʛʥʝʡʩʦʚʠʜʥʳʡ ʦʙʣʠʢ, ʠʥʪʝʥʩʠʚʥʳʡ ʢʘʪʘʢʣʘʟ ʠ 

ʤʠʢʨʦʢʣʠʥʠʟʘʮʠʷ. ʆʥʠ ʧʝʨʝʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷʤʠ ʤʘʤʳʥʩʢʦʡ ʩʚʠʪʳ ʨʘʥʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʩʠʣʫʨʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʨʚʘʥʳ ʦʨʜʦʚʠʢʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʦʢʪʷʙʨʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺʘʣʠʜʥʳʝ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʨʦʜ ʛʘʨʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʣʝʛʝʥʜʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ [5] ʢʦʤʧʣʝʢʩ ʦʪʥʝʩʝʥ ʢ ʨʘʥʥʝʤʫ ʧʨʦʪʝʨʦʟʦʶ.   

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʪʠʧʠʯʥʳʝ ʤʘʩʩʠʚʳ ʛʘʨʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʋʩʪʴ-ʀʥʢʘʥʩʢʠʡ, ʋʩʪʴ-ɻʘʨʠʥʩʢʠʡ ʠ ʄʠʢʠʪʢʠʥʩʢʠʡ). ɻʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ [7]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʝʜʫʶʱʝʤ: 

1) ɺʦʟʨʘʩʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʋʩʪʴ-ʀʥʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 488+/-5 ʤʣʥ. ʣʝʪ. 

2) ɺʦʟʨʘʩʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʜʠʦʨʠʪʦʚ ʋʩʪʴ-ʀʥʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 488+/-8 ʤʣʥ. ʣʝʪ. 

3) ɺʦʟʨʘʩʪ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʛʘʙʙʨʦ ʄʠʢʠʪʢʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 583+/-6 ʤʣʥ. ʣʝʪ. 

4) ɺʦʟʨʘʩʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʭ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʋʩʪʴ-ɻʘʨʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 607+/-8 ʤʣʥ. ʣʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʩʪʘʚʝ ʛʘʨʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʘʣʠʩʴ ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʧʦʨʦʜʳ, 

ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʡ ʚʦʟʨʘʩʪ, ʧʨʠ ʵʪʦʤ, ʥʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ [5] ʦʙ ʠʭ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ.    

 ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʡ (ʵʜʠʘʢʘʨʩʢʠʡ) ʚʦʟʨʘʩʪ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ  ʛʘʙʙʨʦ ʄʠʢʠʪʢʠʥʩʢʦʛʦ (5836 

ʤʣʥ. ʣʝʪ) ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʋʩʪʴ-ɻʘʨʠʥʩʢʦʛʦ (607Ñ8 ʤʣʥ. ʣʝʪ) ʤʘʩʩʠʚʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ 

ʤʘʛʤʘʪʠʟʤʘ ʵʪʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʫʨʦʚʥʷ ʚ ʩʪʨʦʝʥʠʠ ʄʘʤʳʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ʀʩʭʦʜʷ ʠʟ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʠʣʠ ʵʥʩʠʘʣʠʯʝʩʢʦʡ 

ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ.  
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ɹʦʣʝʝ ʤʦʣʦʜʦʡ (ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʠʡ) ʚʦʟʨʘʩʪ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʛʨʘʥʦʜʠʦʨʠʪʦʚ (488+/-5 ʤʣʥ. 

ʣʝʪ) ʠ ʜʠʦʨʠʪʦʚ (488+/-8 ʤʣʥ. ʣʝʪ) ʋʩʪʴ-ʀʥʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʈʘʥʝʝ ʙʣʠʟʢʠʡ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʠ ʘʥʘʣʠʟʘ ʚʦʟʨʘʩʪ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʨʘʥʝʝ ʜʣʷ ʛʨʘʥʠʪʦʚ ʋʣʪʫʯʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ - 

495+/-2 ʤʣʥ. ʣʝʪ [6] ʠ ʪʨʘʭʠʨʠʦʜʘʮʠʪʦʚ ʂʦʩʤʘʪʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʣʷ - 490+/-2 ʤʣʥ. ʣʝʪ 

[7] ʪʦʛʦ ʞʝ ʄʘʤʳʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʩʰʪʘʙʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 

ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʝʛʦ ʩʪʨʦʝʥʠʠ.   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼɺʆ ʈɸʅ "ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ" (ʛʨʘʥʪ ˉ15-I-2-043). 
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ʕɺʆʃʖʎʀʗ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ɺ ʀʉʊʆʈʀʀ ɿɽʄʃʀ 

 

ɺ.ʉ. ʐʢʦʜʟʠʥʩʢʠʡ 

 

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

 

ɺʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʝʱʝ ʠʟʫʯʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʠ ɿʝʤʣʠ ʚ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʩʪʦʣʝʪʠʠ 

ʦʜʠʥ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʏ. ʃʘʡʝʣʴ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʚ ʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ 

ʧʨʦʠʩʭʦʜʠʣʠ ʪʝ ʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʧʨʠʥʮʠʧ ʘʢʪʫʘʣʠʟʤʘ. ʉ ʥʠʤ ʩʦʛʣʘʩʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʆ.ʖ. ʐʤʠʜʪʘ ʦ ʭʦʣʦʜʥʦʡ 

ʛʦʤʦʛʝʥʥʦʡ ʘʢʢʨʝʮʠʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʆʜʥʘʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʃʫʥʳ ʚʳʷʚʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʥʝʡ ʘʥʦʨʪʦʟʠʪʦʚʦʡ ʢʦʨʳ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 

100 ʢʤ. ʊʘʢʘʷ ʢʦʨʘ ʚʦʟʥʠʢʣʘ ʧʫʪʝʤ ʚʩʧʣʳʚʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʦʢʝʘʥʝ ʤʘʛʤʳ 

ʛʣʫʙʠʥʦʡ ʦʢʦʣʦ 1000 ʢʤ [1]. ʆ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʧʨʦʰʣʦʤ ʧʦʜʦʙʥʦʛʦ ʦʢʝʘʥʘ ʥʘ ɿʝʤʣʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʥʜʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʤʘʥʪʠʡʥʳʭ 

ʢʩʝʥʦʣʠʪʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ [2] ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ (ʨʠʩ. 1), 

ʫʤʝʥʴʰʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʨʠʩ. 2) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʣʘʚʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʭ ʧʦʨʦʜ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʜʘʥʥʳʭ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʦʨʷʯʫʶ ʘʢʢʨʝʮʠʶ ɿʝʤʣʠ.  

 

 
 

 

 
 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʞʝʣʝʟʝ ʩʠʜʝʨʦʬʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʣʦʨʦʜʘ ʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 2 ʠ 4 ʧʦʨʷʜʢʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʭʠʤʠʯʝʩʢʦʡ ʨʘʚʥʦʚʝʩʥʦʩʪʠ ʵʪʠʭ ʧʦʨʦʜ ʩ ʞʝʣʝʟʦʤ [3]. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʩʠʣʠʢʘʪʥʳʝ ʠ ʞʝʣʝʟʥʳʝ ʯʘʩʪʠʮʳ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʠ ʧʝʨʝʤʝʰʘʥʳ ʚ ʟʝʤʥʳʭ ʥʝʜʨʘʭ ʠ ʥʝ 

ʈʠʩ. 1. ʇʦʣʦʞʝʥʠʝ ʧʦʣʝʡ ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʛʥʝʡʩʦʚ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʆʣʝʢʤʠʥʩʢʦʛʦ (1), ʌʝʜʦʨʦʚʩʢʦʛʦ (2) 

ʠ ʂʫʨʫʣʴʪʠʥʩʢʦʛʦ (3) ʢʦʤʧʣʝʢʩʦʚ ɸʣʜʘʥcʢʦʛʦ ʱʠʪʘ ʚʜʦʣʴ 

ʝʜʠʥʦʛʦ ʪʨʝʥʜʘ ʤʘʛʤʘʪʠʯʝʩʢʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʣʷ: ʃ ï 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ (73 ï 78 % SiO2); ɻ ï ʛʨʘʥʠʪʦʚ (68 ï 73 % SiO2); 

ɻɼ ï ʛʨʘʥʦʜʠʦʨʠʪʦʚ (63 ï 68 % SiO2); ɼ ï ʜʠʦʨʠʪʦʚ (53 ï 63 % 

SiO2); ɹ ï ʙʘʟʠʪʦʚ (44 ï 53 % SiO2). ʀʩʧʦʣʴʟʦʚʘʥʦ ʙʦʣʝʝ 600 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʥʘʣʠʟʦʚ ʥʝʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ 

(ʠʩʢʣʶʯʘʷ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʝ ʛʥʝʡʩʳ). 

 

ʈʠʩ. 2. ʋʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʠʭ U-Pb ʠ Rb-Sr ʚʦʟʨʘʩʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʏʠʩʣʘ ʫ ʪʦʯʝʢ ï ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. 
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ʚʳʧʘʜʘʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʛʠʧʦʪʝʟʝ ʛʦʤʦʛʝʥʥʦʡ ʘʢʢʨʝʮʠʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʍʘʨʨʠʩ ʠ ʊʦʟʝʨ [4], ʞʝʣʝʟʥʳʝ ʪʝʣʘ ʚʳʧʘʜʘʣʠ ʨʘʥʴʰʝ ʩʠʣʠʢʘʪʥʳʭ ʚʩʣʝʜʩʪʚʠʝ ʚ ʜʚʘʜʮʘʪʴ ʪʳʩʷʯ 

ʨʘʟ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʠʭ ʩʣʠʧʘʥʠʷ ʚ ʧʨʦʪʦʧʣʘʥʝʪʥʦʤ ʜʠʩʢʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʩʠʣ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʢʢʨʝʮʠʷ ʙʳʣʘ ʛʝʪʝʨʦʛʝʥʥʦʡ.  

ɺ ʩʣʫʯʘʝ ʭʦʣʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɿʝʤʣʠ ʤʘʛʤʳ ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʫʪʝʤ 

ʦʪʜʝʣʝʥʠʷ ʚʳʧʣʘʚʦʢ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʥʘ 0,1 ï 20 % ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʘʭ [3]. ʇʨʠ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʣʘʚʣʝʥʠʷ ʚʳʧʣʘʚʢʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ. 

ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [5] ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʧʣʘʚ ʥʝ ʦʪʜʝʣʷʝʪʩʷ ʦʪ 

ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʤʝʥʝʝ, ʯʝʤ ʥʘ 30 %, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʧʨʦʯʥʦʩʪʠ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʚʪʦʭʪʦʥʥʦʩʪʴʶ ʘʥʘʪʝʢʪʠʯʝʩʢʦʛʦ ʞʠʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʤʠʛʤʘʪʠʪʘʭ ʜʘʞʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʝʛʦ ʦʢʦʣʦ 40 %. ʄʠʥʝʨʘʣʴʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ʧʨʠʤʝʨʥʦ ʥʘ 200 
ʦ
 ʉ ʟʘ ʢʘʞʜʳʡ ʤʠʣʣʠʘʨʜ ʣʝʪ ʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ʥʝʡ ʵʧʠʟʦʜʦʚ ʨʘʟʦʛʨʝʚʘ ʠ 

ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ [2]. ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʰʠʙʦʯʥʦʩʪʴ ʛʦʩʧʦʜʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʤ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʥʦʚʦʤ ʩʚʝʪʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠʨʦʜʫ ʠ ʵʚʦʣʶʮʠʶ ʛʣʘʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ  ʠʩʪʦʨʠʠ ɿʝʤʣʠ. ɽʝ ʞʝʣʝʟʥʦʝ ʷʜʨʦ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʨʘʥʴʰʝ ʩʠʣʠʢʘʪʥʦʡ ʤʘʥʪʠʠ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʦʪʦʧʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʝʛʦ ʚ ʧʝʨʚʳʝ 30 ï 50 ʤʣʥ. ʣʝʪ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ [6]. ɹʳʩʪʨʘʷ ʘʢʢʨʝʮʠʷ ʷʜʨʘ ʠʟ ʢʨʫʧʥʳʭ ʪʝʣ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʘ 

ʧʦʪʝʨʠ ʠʤʧʘʢʪʥʦʛʦ ʪʝʧʣʘ ʥʘ ʠʟʣʫʯʝʥʠʝ ʠ ʧʨʠʚʝʣʘ ʢ ʠʟʥʘʯʘʣʴʥʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʥʝʤ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʤʘʥʪʠʝʡ ʠ ʷʜʨʦʤ 

ʩʢʘʯʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 3000 ʂ [7], ʧʦʩʪʦʷʥʥʳʡ ʧʦʜʦʛʨʝʚ ʤʘʥʪʠʠ ʷʜʨʦʤ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʥʝʡ 

ʢʦʥʚʝʢʮʠʠ. ʇʦʩʣʝʜʥʷʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʪʝʨʤʘʣʴʥʦʡ, ʘ ʥʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ. ɼʣʷ ʝʝ 

ʦʙʲʷʩʥʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪʩʷ ʥʝʜʦʢʘʟʫʝʤʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʳʜʝʣʝʥʠʠ ʚ ʤʘʥʪʠʶ ʠʟ ʷʜʨʘ 

ʨʘʟʫʧʣʦʪʥʷʶʱʠʭ ʝʝ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦ ʥʝʚʝʨʦʷʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʥʝʤ ʤʦʱʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ. 

ɺʳʧʘʜʘʚʰʠʝ ʥʘ ʞʝʣʝʟʥʦʝ ʷʜʨʦ ʩʠʣʠʢʘʪʥʳʝ ʯʘʩʪʠʮʳ ʧʣʘʚʠʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʤʧʘʢʪʥʦʛʦ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʣʠ ʩʠʣʠʢʘʪʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʢʝʘʥ [2]. ɽʛʦ ʧʨʠʜʦʥʥʳʝ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ. ʂʫʤʫʣʘʪʳ 

ʩʬʦʨʤʠʨʦʚʘʣʠ ʧʦʨʦʜʳ ʥʠʞʥʝʡ ʤʘʥʪʠʠ, ʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ ʧʣʦʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʩʪʘʪʦʯʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʠ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʤʘʛʤ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʠʩʪʦʩʪʠ 

ʚ ʦʢʝʘʥʝ. ʅʝʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʨʘʥʥʝʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʧʦʥʠʞʝʥʥʘʷ ʩʠʣʘ ʪʷʞʝʩʪʠ ʥʘ 

ʝʱʝ ʥʝʙʦʣʴʰʦʡ ɿʝʤʣʝ ʦʙʫʩʣʦʚʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʥʠʟʢʦʙʘʨʠʯʝʩʢʠʭ ʦʩʪʘʪʦʯʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʧʨʠʜʦʥʥʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʥʠ 

ʚʘʨʴʠʨʦʚʘʣʠ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʪʦʣʝʠʪʦʚ ʜʦ ʛʨʘʥʠʪʦʚ. ʕʪʦ ʚʧʝʨʚʳʝ ʦʙʲʷʩʥʷʝʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʦʣʝʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ ʥʘ ɿʝʤʣʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʠʩʣʳʡ ʩʦʩʪʘʚ ʠ 

ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ (ʜʦ 40 ï 50 ʢʤ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʳ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʠ ʝʝ ʜʨʝʚʥʠʡ 

ʚʦʟʨʘʩʪ. ʇʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʪʦʠʜʦʚ ʧʫʪʝʤ ʦʙʦʩʦʙʣʝʥʠʷ ʢʠʩʣʳʭ ʚʳʧʣʘʚʦʢ ʠʟ 

ʵʢʣʦʛʠʪʦʚ [3] ʧʨʦʪʠʚʦʨʝʯʘʪ ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʥʠʪʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʟʫʯʝʥʥʳʭ 

ʢʩʝʥʦʣʠʪʘʭ ʵʪʠʭ ʧʦʨʦʜ ʚ ʢʠʤʙʝʨʣʠʪʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ ʢʠʩʣʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʳ (3,8 ï 2 ʤʣʨʜ. ʣʝʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʣʦʛʠʪʘʤʠ (ʚ ʩʨʝʜʥʝʤ 1,4 ʤʣʨʜ. ʣʝʪ 

[2]) ʠ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʦʪʜʝʣʝʥʠʷ ʚʳʧʣʘʚʦʢ ʚ ʩʣʘʙʦ ʧʦʜʧʣʘʚʣʝʥʥʳʭ 

ʧʦʨʦʜʘʭ. ɼʝʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʬʨʠʢʮʠʦʥʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦʨʦʜ ʢʠʩʣʦʡ ʢʦʨʳ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʚʳʞʠʤʘʥʠʠ ʠ ʚʩʧʣʳʚʘʥʠʠ ʠʭ ʚ ʟʦʥʘʭ ʢʦʣʣʠʟʠʠ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʙʦʣʝʝ 

ʤʦʣʦʜʳʭ ʛʨʘʥʠʪʦʠʜʥʳʭ ʙʘʪʦʣʠʪʦʚ ʠ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ.  

ɺr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʠ ʥʝ ʩʚʷʟʘʥʘ ʩ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 

ʪʨʫʜʥʦʦʙʲʷʩʥʠʤʦʛʦ ʨʘʟʦʛʨʝʚʘ ʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʤʦʱʥʳʭ ʦʩʘʜʦʯʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʦʣʱ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʜʝʥʪʠʯʥʦʩʪʴʶ ʠʭ ʩ ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʘ ʦʛʨʦʤʥʳʭ ʧʣʦʱʘʜʷʭ ʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ ʟʦʥʘʣʴʥʦʩʪʠ ʠ 

ʨʝʣʠʢʪʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʪʁʩʷ ʚ ʨʝʘʣʴʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʪʦʣʱʘʭ. ʅʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʘʢʢʨʝʮʠʠ ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʝʱʝ ʥʝ ʧʨʦʠʟʦʰʣʘ ʢʦʥʜʝʥʩʘʮʠʷ ʚ 
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ʧʨʦʪʦʧʣʘʥʝʪʥʦʤ ʜʠʩʢʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʜʳ ʠ ʦʢʠʩʠ ʢʘʣʠʷ [3]. ʇʦʵʪʦʤʫ ʧʘʜʘʚʰʠʡ 

ʩʠʣʠʢʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʙʝʜʝʥ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʧʦʥʠʞʝʥʥʦʝ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʠʩʣʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʝ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʥʝʡ ʛʠʧʝʨʩʪʝʥʦʚʳʭ 

ʧʣʘʛʠʦʛʥʝʡʩʦʚ. ʆʙʦʩʦʙʣʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʨʪʦʛʥʝʡʩʦʚ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʥʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʚʪʦʭʪʦʥʥʳʭ ʛʨʘʥʠʪʥʳʭ ʪʝʣ. ʕʪʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʨʘʥʠʪʠʟʘʮʠʠ ʜʦʢʝʤʙʨʠʷ, ʢʦʪʦʨʘʷ ʦʢʦʣʦ ʜʚʫʭ ʚʝʢʦʚ ʙʳʣʘ ʧʨʝʜʤʝʪʦʤ ʦʩʪʨʦʡ 

ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʦʡ ʜʠʩʢʫʩʩʠʠ.  

ɺʩʣʝʜʩʪʚʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ (ʦʪ 2,3 ʜʦ 2,8 ʛ/ʩʤ
3
) ʚ ʨʘʩʩʣʦʝʥʥʦʤ 

ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʠ ʦʙʰʠʨʥʳʝ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʢʮʠʠ 

ʨʘʩʧʣʘʚʘ. ʇʦʵʪʦʤʫ ʦʥ ʜʣʠʪʝʣʴʥʦ ʟʘʪʚʝʨʜʝʚʘʣ ʩʚʝʨʭʫ ʚʥʠʟ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʥʜʫʢʪʠʚʥʳʭ ʪʝʧʣʦʧʦʪʝʨʴ. ʈʘʥʥʝʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʢʠʩʣʦʡ ʢʦʨʳ ʦʙʫʩʣʦʚʠʣʦ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ 

ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʠʭ ʯʘʩʪʳʡ ʨʘʟʥʦʪʝʤʧʝʨʘʪʫʨʥʳʡ  

ʤʝʪʘʤʦʨʬʠʟʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʝʱʝ ʛʦʨʷʯʝʛʦ ʦʩʥʦʚʘʥʠʷ.  

 ɺʝʣʠʯʠʥʘ ʠʤʧʘʢʪʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʥʪʠʠ ʩʥʘʯʘʣʘ ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ, ʥʦ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʢʨʝʮʠʠ  ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʪʝʧʝʥʥʦʛʦ 

ʫʢʨʫʧʥʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʪʦʧʣʘʥʝʪʥʦʤ ʜʠʩʢʝ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1500 ï 3600 
ʦ 
ʉ [3, 8]. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʤʘʥʪʠʠ ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩʥʠʟʫ ʚʚʝʨʭ. ʊʦ ʝʩʪʴ ʚ ʥʝʡ ʩʫʱʝʩʪʚʦʚʘʣ ʛʝʦʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ, 

ʦʙʨʘʪʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʤʘʥʪʠʠ ʙʳʣʘ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʠ ʚ ʥʝʡ 

ʥʘʭʦʜʠʣʩʷ ʨʘʩʩʣʦʝʥʥʳʡ ʧʦ ʩʦʩʪʘʚʫ ʦʢʝʘʥ ʤʘʛʤʳ ʛʣʫʙʠʥʦʡ ʦʢʦʣʦ 240 ʢʤ [2].  

ɹʦʣʝʝ ʭʦʣʦʜʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʠʤʝʣʠ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʚʝʨʭʥʝʡ ʛʦʨʷʯʝʡ. 

ʇʦʵʪʦʤʫ ʦʥʠ ʥʝ ʤʦʛʣʠ ʚʩʧʣʳʚʘʪʴ ʜʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʶʤʳ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʥʥʝʤ ʜʦʢʝʤʙʨʠʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʦʢʝʘʥʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʠʧʘ, ʢʘʢ ʯʘʩʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʢ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝ ʧʨʠʤʝʥʠʤʳ ʪʝʨʤʠʥʳ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ. ɺ 

ʧʦʩʣʝʜʫʶʱʝʤ ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ ʦʩʪʳʚʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʫʶ ʟʝʤʥʫʶ 

ʢʦʨʫ, ʘ ʥʠʞʥʷʷ ʨʘʟʦʛʨʝʚʘʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʥʘʯʘʣʴʥʦ ʦʯʝʥʴ ʛʦʨʷʯʝʛʦ ʷʜʨʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʨʥʦ 2 ï 1 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ ʧʨʦʠʟʦʰʣʘ ʠʥʚʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʦʟʥʠʢ ʩʦʚʨʝʤʝʥʥʳʡ ʛʝʦʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʠ ʥʘʯʘʣʠ ʧʦʜʥʠʤʘʪʴʩʷ ʥʠʞʥʝʤʘʥʪʠʡʥʳʝ ʧʣʶʤʳ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʧʦʷʚʣʝʥʠʝ ʪʠʧʠʯʥʳʭ ʪʨʘʧʧʦʚ ʠ ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʦʥʮʝ ʧʨʦʪʝʨʦʟʦʷ, ʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʣʫʙʦʢʠʭ ʦʢʝʘʥʦʚ ʪʦʣʴʢʦ ʚ 

ʶʨʝ. ɺ ʧʣʶʤʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʦʝ ʧʣʘʚʣʝʥʠʝ ʪʦʣʝʠʪʦʚʳʭ ʧʦ ʩʦʩʪʘʚʫ ʵʢʣʦʛʠʪʦʚ, 

ʚʦʟʥʠʢʰʠʭ ʧʫʪʝʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʥʠʟʢʦʙʘʨʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʨʘʥʥʝʛʦ ʦʢʝʘʥʘ ʤʘʛʤʳ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʣʝʠʪʦʚʳʭ ʤʘʛʤ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʨʘʟʣʠʯʥʳʭ ʱʝʣʦʯʥʳʭ ʠ ʩʫʙʱʝʣʦʯʥʳʭ ʛʣʫʙʠʥʥʳʭ ʠ ʢʠʩʣʳʭ 

ʤʘʣʦʛʣʫʙʠʥʥʳʭ). 

ɼʦ ʠʥʚʝʨʩʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʛʣʘʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʧʦʛʨʫʞʝʥʠʝʤ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʭʩʷ ʠ ʧʦʵʪʦʤʫ ʫʧʣʦʪʥʠʚʰʠʭʩʷ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ 

ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ (ʚʤʝʩʪʝ ʩ ʚʦʟʥʠʢʘʚʰʠʤʠ ʥʘ ʥʠʭ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ) ʠ ʚʩʧʣʳʚʘʥʠʝʤ ʥʘ ʠʭ ʤʝʩʪʦ ʥʠʞʥʠʭ ʙʦʣʝʝ ʛʦʨʷʯʠʭ ʠ ʦʩʥʦʚʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʛʥʝʡʩʦʚʦʡ ʢʦʨʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʝʣʝʥʦʢʘʤʝʥʥʳʝ ʧʦʷʩʘ, ʧʘʨʘʛʥʝʡʩʦʚʳʝ, ʩʣʘʥʮʝʚʳʝ ʠ ʨʘʟʣʠʯʥʳʝ 

ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʠʭ ʠʩʭʦʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʧʦʟʜʥʝʤ 

ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʦʙʫʩʣʦʚʠʣʦ ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʨʘʩʧʣʘʚʦʬʠʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʩʦʩʪʘʚʘ ʵʪʠʭ ʧʦʨʦʜ ʦʪ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʢʝʘʥʠʯʝʩʢʠʭ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʢʫʯʝʩʪʠ ʤʘʛʤ ʚʝʨʭʥʠʡ ʢʠʩʣʳʡ ʩʣʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ 

ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʠʟ ʥʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʦʨʘ ʩʥʘʯʘʣʘ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʢʨʳʚʘʪʴ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. ʇʦʵʪʦʤʫ ʨʘʥʥʠʝ ʛʦʨʷʯʠʝ ʤʝʣʢʦʚʦʜʥʳʝ ʤʦʨʩʢʠʝ ʙʘʩʩʝʡʥʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ 

ʝʱʝ ʤʘʣʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʪʦʥʢʦʡ ʧʣʘʩʪʠʯʥʦʡ ʢʠʩʣʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʝ ʠ ʚ ʥʠʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪ ʦʜʥʦʪʠʧʥʦʩʪʴ ʜʨʝʚʥʝʡʰʠʭ ʧʦʨʦʜ ʥʘ ʚʩʝʭ ʧʣʘʪʬʦʨʤʘʭ.  

ʈʘʟʦʛʨʝʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʷʜʨʘ ʜʦʣʞʝʥ ʙʳʣ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʟʘʨʦʞʜʝʥʠʝʤ ʚ 

ʥʝʡ ʢʦʥʚʝʢʮʠʠ, ʩʥʘʯʘʣʘ ʚ ʩʘʤʳʭ ʛʣʫʙʠʥʥʳʭ ʝʝ ʯʘʩʪʷʭ, ʟʘʪʝʤ ʠ ʚʦ ʚʩʝ ʤʝʥʝʝ ʛʣʫʙʠʥʥʳʭ. 
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ʇʨʠʤʝʨʥʦ 2 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ ʢʦʥʚʝʢʪʠʚʥʳʝ ʩʪʨʫʠ ʩʪʘʣʠ ʜʦʩʪʠʛʘʪʴ ʦʩʥʦʚʘʥʠʷ ʣʠʪʦʩʬʝʨʳ, 

ʚʦʟʥʠʢʰʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʦʛʦ ʦʢʝʘʥʘ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʦʙʲʷʩʥʷʝʪ ʧʦʷʚʣʝʥʠʝ ʚ ʵʪʦ ʚʨʝʤʷ ʚ ʛʥʝʡʩʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʜʚʠʛʦʚ ʠ ʟʦʥ ʢʘʪʘʢʣʘʟʘ ʠ ʤʠʣʦʥʠʪʠʟʘʮʠʠ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʜʲʝʤ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʠʟ ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʭʩʷ ʨʘʟʥʳʭ ʧʦ 

ʩʦʩʪʘʚʫ ʩʣʦʝʚ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʧʨʠʚʝʣ ʢ ʟʘʢʦʥʦʤʝʨʥʦʡ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʘ ʤʘʛʤʘʪʠʟʤʘ 

ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʦʪ ʢʠʩʣʦʛʦ ʢ ʩʫʙʱʝʣʦʯʥʦʤʫ ʠ ʱʝʣʦʯʥʦʤʫ ʩʨʝʜʥʝʤʫ, ʦʩʥʦʚʥʦʤʫ, 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʤʫ ʠ ʢʠʤʙʝʨʣʠʪʦʚʦʤʫ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʘʛʤ ʠʟ ʧʦʩʣʝʜʥʠʭ 

ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʥʠʞʥʝʛʦ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʩʣʦʷ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʦʙʲʷʩʥʷʝʪ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʣʦʜʦʡ ʬʘʥʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʧʣʘʚʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʦ ʪʳʩʷʯʠ ʭʦʥʜʨʠʪʦʚʳʭ ʥʦʨʤ ʣʝʛʢʠʭ ʨʝʜʢʠʭ ʟʝʤʝʣʴ). ʕʪʦ ʞʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʟʨʳʚʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʜʲʝʤʘ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʛʦ ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʟʘʪʚʝʨʜʝʚʘʥʠʝʤ ʚʳʩʦʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʦʪʩʫʪʩʪʚʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʣʘʚ, ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʝʣ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʭ ʪʦʣʴʢʦ ʥʘ ʜʨʝʚʥʠʭ ʢʨʘʪʦʥʘʭ (ʧʨʘʚʠʣʦ ʂʣʠʬʬʦʨʜʘ) ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ 

ʘʣʤʘʟʦʚ. ɺʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʧʨʦʮʝʩʩʝ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ [2].    

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʦʬʠʦʣʠʪʘʭ, ʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ ʠ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʢʝʘʥʘʤʠ 

ʛʘʨʮʙʫʨʛʠʪʳ ʩʦʜʝʨʞʘʪ ʦʯʝʥʴ ʤʘʣʦ ʣʠʪʦʬʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʶʪ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʤ ʜʝʧʣʝʪʠʨʦʚʘʥʠʝʤ ʠʭ ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʠʟ ʥʠʭ ʦʩʥʦʚʥʳʭ ʚʳʧʣʘʚʦʢ. ʆʜʥʘʢʦ, 

ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʚʳʧʣʘʚʢʠ ʥʝ ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ɿʝʤʣʝ ʥʝʪ 

ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʦʙʝʜʥʝʥʥʳʭ ʧʦʨʦʜ ʚ ʤʘʥʪʠʠ ʤʦʱʥʦʩʪʴʶ ʚ ʧʦʯʪʠ ʪʨʠ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʠ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʘʢʢʨʝʮʠʠ ɿʝʤʣʠ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʙʝʜʥʦʩʪʠ ʨʘʥʥʝʛʦ 

ʩʠʣʠʢʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʘʥʪʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʥʜʝʥʩʘʪʘʤʠ ʧʨʦʪʦʧʣʘʥʝʪʥʦʛʦ ʜʠʩʢʘ. 

ʆʙʦʛʘʱʝʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʘʭ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʉʣʝʜʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʦʙʳʯʥʦ 

ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ ʧʨʦʷʚʣʝʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʥʦʩʘ 

ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʥʪʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʝʡʰʠʝ ʜʘʥʥʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦ-ʥʦʚʦʤʫ ʦʙʲʷʩʥʷʶʪ ʧʨʠʨʦʜʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʚ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ. ʆʥʠ ʪʨʝʙʫʶʪ ʦʪʢʘʟʘ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʥʦ ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʠ 

ʦʰʠʙʦʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ.  
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ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇʆʃɽɿʅʓʍ 

ʀʉʂʆʇɸɽʄʓʍ, ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʀʍ ʌʆʈʄʀʈʆɺɸʅʀʗ  

 
ʅʆɺʓʁ ʇʆɼʍʆɼ ʂ ʆʎɽʅʂɽ ɿʆʃʆʊʆʅʆʉʅʆʉʊʀ 

ɸʃʃʖɺʀɸʃʔʅʓʍ ʆʊʃʆɾɽʅʀʁ, ʉʆɼɽʈɾɸʑʀʍ ʄɽʃʂʆɽ ʀ ʊʆʅʂʆɽ ɿʆʃʆʊʆ 

 

ʉ.ʀ. ɹʦʨʦʜʘʚʢʠʥ  

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ.ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ɺ ʩʚʷʟʠ ʩ ʚʳʨʘʙʦʪʘʥʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʘ ʨʦʩʩʳʧʝʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤ ʟʦʣʦʪʦʤ, 

ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʫʣʘʚʣʠʚʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʦʚ, 

ʨʘʟʚʝʜʢʠ ʠ ʦʪʨʘʙʦʪʢʠ ʨʦʩʩʳʧʝʡ ʩ ʤʝʣʢʠʤ ʠ ʪʦʥʢʠʤ ʟʦʣʦʪʦʤ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ɻʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʨʫʧʥʳʭ ʨʝʢ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʦʛʫʪ ʩʪʘʪʴ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʦʣʦʪʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʪʦʥʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ.  

ʆʮʝʥʢʘ ʨʦʩʩʳʧʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʣʣʶʚʠʷ ʢʨʫʧʥʳʭ ʨʝʢ ʩ ʪʦʥʢʠʤ ʠ ʤʝʣʢʠʤ ʟʦʣʦʪʦʤ ʪʨʝʙʫʝʪ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢʠʝ ʨʦʩʩʳʧʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʭ ʧʦʠʩʢʘʭ, ʦʮʝʥʢʝ ʨʝʩʫʨʩʦʚ, ʨʘʟʚʝʜʢʝ ʠ ʦʪʨʘʙʦʪʢʝ. 

ʇʦ ʜʘʥʥʳʤ ɺ.ʂ.ʌʣʝʨʦʚʘ [2] ʥʘ ʬʨʘʢʮʠʶ -0,147+0,104 ʤʤ ʧʨʠʭʦʜʠʪʩʷ 74,68% ʟʦʣʦʪʘ, -

0,104+0,074 ʤʤ ï 20,86% ʠ ʥʘ ʬʨʘʢʮʠʶ -0,074+0,038% ï 4,46%. 

 ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʨʦʩʩʳʧʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤ ʟʦʣʦʪʦʤ. ʄʝʣʢʠʝ ʠ ʪʦʥʢʠʝ ʝʛʦ ʢʣʘʩʩʳ ʦʙʳʯʥʦ  

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʧʣʦʱʸʥʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʨʫʧʥʦʩʪʴʶ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʚ ʚʦʜʥʦʤ ʧʦʪʦʢʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʦʛʦ ʟʦʣʦʪʘ ʚ ʘʣʣʶʚʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʠʥʳʤ ʟʘʢʦʥʘʤ, ʯʝʤ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʘʣʣʶʚʠʷ [1].  ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʛʦʣʦʚʢʘʭ ʛʘʣʝʯʥʠʢʦʚʳʭ ʢʦʩ, ʧʨʠʯʸʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʢʦʩʘʭ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʛʘʣʝʯʥʠʢʦʚ ʨ.ɿʝʷ (ʩʨʝʜʥʝʝ 373 ʤʛ/ʤ
3
). ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʟʦʣʦʪʠʥʳ ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨʘ 0,63 ʤʤ, ʘ ʦʩʥʦʚʥʘʷ ʝʛʦ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʨʘʢʮʠʝʡ -0,315+0,2 ʤʤ. 

ʌʦʨʤʘ ʟʸʨʝʥ ï ʧʣʘʩʪʠʥʯʘʪʘʷ, ʯʘʩʪʦ ʩ ʨʚʘʥʳʤʠ ʢʨʘʷʤʠ (ʨʠʩ. 1), ʫʧʣʦʱʸʥʥʦʩʪʴ ï ʦʪ 8,37 ʜʦ 14,4 

ʝʜʠʥʠʮʳ, ʘ ʪʦʣʱʠʥʘ ʯʝʰʫʝʢ (ʤʝʥʴʰʝ 0,05 ʤʤ) ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʎʚʝʪ ʟʦʣʦʪʘ ï ʛʫʩʪʦ-

ʞʸʣʪʳʡ, ʧʨʦʙʘ ï ʦʙʳʯʥʦ ʚʳʩʦʢʘʷ.  

 

 
ʈʠʩʫʥʦʢ 1. ʊʠʧʠʯʥʦ ʢʦʩʦʚʦʝ ʯʝʰʫʡʯʘʪʦʝ ʟʦʣʦʪʦ ʠʟ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨ.ɿʝʷ.  
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ʇʨʠʚʝʜʸʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ ʦʪʨʘʞʘʶʪ ʣʠʰʴ 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʝʛʦ ʨʘʟʤʝʨʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʨʘʟʤʝʨʘ ʟʸʨʝʥ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳ, ʭʦʪʷ ʝʩʪʴ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥ.r ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʦʚ ʧʨʦʙʳ ʧʝʩʢʦ-ʛʨʘʚʠʷ, ʛʜʝ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ, ʥʘʤʳʪʦʛʦ ʠʟ ʧʨʦʙʳ ʚʝʩʦʤ 6,1 ʢʛ, 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʨʪʦʯʢʘ ʚʝʩʦʤ 0,116 ʤʛ ʭ.ʯ.ʟʦʣʦʪʘ, ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʧʝʨʝʤʳʚʢʠ ʭʚʦʩʪʦʚ ʵʪʦʡ 

ʧʨʦʙʳ ʚʝʩʦʤ 5,8 ʢʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʨʪʦʯʢʘ 0,039 ʤʛ ʭ.ʯ. ʟʦʣʦʪʘ. ɼʦʙʘʚʣʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 25%. ʅʝʩʦʤʥʝʥʥʦ, ʵʪʦ ï ʥʝʧʦʣʥʘʷ ʚʝʣʠʯʠʥʘ ʝʛʦ ʧʦʪʝʨʴ. 

ʇʳʣʝʚʠʜʥʳʝ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʣʘʚʣʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʧʨʦʤʳʚʢʠ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʩʣʝ ʦʪʙʦʨʘ ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ 

ʧʨʦʙʠʨʥʳʤ ʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʝʛʦ ʚʦ 

ʚʩʝʭ ʬʨʘʢʮʠʷʭ ʰʣʠʭʘ. ɺ ʧʝʨʝʩʯʸʪʝ ʥʘ ʤʘʩʩʫ ʵʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʨʝʜʥʝʤ ʚ 1,45 

ʨʘʟʘ (29 ʘʥʘʣʠʟʦʚ). ɸʤʘʣʴʛʘʤʘʮʠʷ ʪʷʞʸʣʦʡ ʥʝʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʰʣʠʭʘ, ʧʦʩʣʝ ʦʪʙʦʨʘ ʠʟ ʥʝʸ 

ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʜʘʸʪ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʤʘʩʩʫ ʚ 1,41 ʨʘʟʘ (9 

ʘʥʘʣʠʟʦʚ). ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʠ ʵʪʦ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʥʝʠʟʚʣʝʯʸʥʥʦʛʦ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʤʝʪʘʣʣʘ 

ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʪʝʨʨʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨ.ɿʝʷ ʚ 

ʨʘʡʦʥʝ ʛ.ʉʚʦʙʦʜʥʦʛʦ ʘʚʪʦʨʦʤ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʯʘʩʪʠʯʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʥʘ ʣʦʪʢʝ ʤʘʪʝʨʠʘʣʘ 

ʬʨʘʢʮʠʠ -0,5 ʤʤ, ʦʪʦʙʨʘʥʥʦʛʦ ʠʟ ʥʠʭ  ʙʦʨʦʟʜʦʚʳʭ ʧʨʦʙ. ʉʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ï ʧʝʩʯʘʥʦ-

ʛʨʘʚʠʡʥʳʡ, ʩʨʝʜʥʷʷ ʜʦʣʷ ʤʝʣʢʦʡ (-0,5 ʤʤ) ʬʨʘʢʮʠʠ ï 12-15%. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ 

ʧʝʩʢʦ-ʛʨʘʚʠʡʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʧʨʦʙʦʚʘʥʥʫʶ ʙʦʨʦʟʜʦʡ ʤʦʱʥʦʩʪʴ 4 ʤ ʩʦʩʪʘʚʠʣʦ 0,129 ʛ/ʪ ʧʦ 

ʧʨʷʤʦʤʫ ʧʨʦʙʠʨʥʦʤʫ ʘʥʘʣʠʟʫ, ʚ ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʥʝʛʦ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ (-0,5 ʤʤ) ʩʦʩʪʘʚʠʣʦ 0,549 

ʛ/ʪ.  ɺ ʧʝʨʝʩʯʸʪʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ  ʰʣʠʭʦʚ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʩʭʦʜʥʫʶ ʬʨʘʢʮʠʶ 

-0,5 ʤʤ ï 1,03 ʛ/ʪ ʧʦ ʧʨʦʙʠʨʥʦʤʫ ʘʥʘʣʠʟʫ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʪʣʠʯʘʶʪʩʷ ʚ 1,88 ʨʘʟʘ ʚ ʧʦʣʴʟʫ 

ʜʦʦʙʦʛʘʱʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʅʝʢʦʪʦʨʦʝ ʜʦʦʙʦʛʘʱʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʙ ʘʣʣʶʚʠʷ ʧʨʦʤʳʚʢʦʡ ʠʭ ʬʨʘʢʮʠʠ -0.5 ʤʤ ʥʘ 

ʣʦʪʢʝ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ  ʧʦʚʳʰʘʝʪ ʚ ʧʨʦʤʧʨʦʜʫʢʪʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʨʦʙʠʨʥʦʡ ʦʮʝʥʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʬʨʘʢʮʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʝʢʦʪʦʨʳʝ ʧʦʪʝʨʠ ʜʠʩʧʝʨʩʥʦʛʦ ʟʦʣʦʪʘ.  

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʪʘʢʦʛʦ ʟʦʣʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʥʦ 

ʚʩʸ ʦʥʦ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʡ ʧʨʦʤʳʚʢʝ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʪʨʦʡʥʦʤ ʧʝʨʝʤʳʚʝ ʧʨʦʙ ʚ ʣʦʪʢʝ ʚ ʰʣʠʭ ʧʨʠ ʧʝʨʚʦʡ ʧʨʦʤʳʚʢʝ ʧʦʧʘʜʘʝʪ ʚ 

ʩʨʝʜʥʝʤ ʪʦʣʴʢʦ ʦʢʦʣʦ 50% ʟʦʣʦʪʘ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʛʘʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ɻʣʫʙʠʥʘ 

ʦʪʙʦʨʘ, ʤ 
ɺʝʩ ʧʨʦʙʳ, ʢʛ 

ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ 

ʧʨʦʤʳʚʢʠ 

ɺʝʩ ʢʦʨʪʦʯʢʠ ʭʯ Au,  

 ʤʛ 

% 

ʉʫʤʤʘʨʥʳʡ ʚʝʩ 

ʟʦʣʦʪʘ, ʤʛ 

1 ï 2 2,8 

1 
1,744 

61 

2,864 2 
0,578 

20,2 

3 
0,542 

18,8 

2 ï 3  3,3 

1 
0,738 

40,4 

1,824 2 
0,768 

42,21 

3 
0,318 

17,4 

3 ï 4  3,2 

1 
0,428 

23,5 

1,824 2 
0,886 

48,6 

3 
0,510 

27,9 
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ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʪʦʥʢʦʛʦ ʠ ʤʝʣʢʦʛʦ 

ʟʦʣʦʪʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʨʫʧʥʳʭ ʨʝʢ ʦʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʦʙʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʟʚʝʜʢʠ. ʇʦʵʪʦʤʫ, ʨʝʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʦʛʦ ʟʦʣʦʪʘ ʚ ʤʘʪʝʨʠʘʣʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʣʠʰʴ ʮʠʘʥʠʨʦʚʘʥʠʝʤ ʠ, 

ʚʦʟʤʦʞʥʦ, ʘʤʘʣʴʛʘʤʘʮʠʝʡ ʢʨʫʧʥʦʦʙʲʸʤʥʦʡ ʧʨʦʙʳ ʠʣʠ ʧʨʠʙʣʠʞʝʥʦ ʦʮʝʥʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʟʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʨʦʩʩʳʧʝʡ ʷʚʣʷʶʪʩʷ ʧʦʡʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨ.ɿʝʷ ʚ ʨʘʡʦʥʝ 

ʛ.ʉʚʦʙʦʜʥʦʛʦ, ʛʜʝ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 50 ʢʤ ʉʫʨʘʞʝʚʩʢʠʤ ʧʨʠʠʩʢʦʚʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ ʦʪʨʘʙʘʪʳʚʘʣʠʩʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʟʘʢʨʳʪʳʝ ʢʦʩʳè, ʘ ʧʦʟʜʥʝʝ ʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʣʢʠʤʠ ʩʪʘʨʘʪʝʣʴʩʢʠʤʠ ʘʨʪʝʣʷʤʠ. ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʘʣʣʶʚʠʷ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʦʪʨʝʟʢʝ ʦʪ ʫʩʪʴʷ ʨ.ʉʝʣʝʤʜʞʘ ʜʦ ʛ.ʉʚʦʙʦʜʥʦʛʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 65 ʢʤ ʧʨʠ 

ʰʠʨʠʥʝ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 25-30 ʢʤ. ʄʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ʛʘʣʝʯʥʠʢʦʚ ʧʝʨʚʦʡ 

ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʚ 1986 ʛ. ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ɺʕɿ (ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ) ʧʦ ʜʚʫʤ ʧʨʦʬʠʣʷʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 20-30 ʤ (ʨʠʩ. 2).  

 

 
ʈʠʩʫʥʦʢ 2. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʜʦʣʠʥʳ ʨ.ɿʝʷ ʩ ʙʫʨʦʚʳʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ. 

1 ï ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (QIV). ʇʝʩʢʠ, ʛʘʣʝʯʥʠʢʠ, ʘʣʝʚʨʠʪʳ, ʛʣʠʥʳ. 2 ïɺʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (QIII). 

ɻʘʣʝʯʥʠʢʠ, ʛʣʠʥʳ, ʧʝʩʢʠ, ʘʣʝʚʨʠʪʳ. 3 ï ʄʦʣʯʘʥʦʚʩʢʠʡ ʢʘʨʴʝʨ. 4 ï ʧʦʠʩʢʦʚʳʝ ʙʫʨʦʚʳʝ ʣʠʥʠʠ ɸɻʈʕ 1987 ʛ. ʠ ʠʭ 

ʥʦʤʝʨʘ. 5 ï ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʬʠʣʷ ɸʤʫʨʂʅʀʀ 1986 ʛ. ʠ ʠʭ ʥʦʤʝʨʘ. 6 ï ʙʫʨʦʚʘʷ ʩʢʚʘʞʠʥʘ. 7 ï ʤʝʩʪʘ 

ʩʪʘʨʘʪʝʣʴʩʢʠʭ ʦʪʨʘʙʦʪʦʢ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʸʤ ʛʦʨʠʟʦʥʪʘ ʛʘʣʝʯʥʠʢʦʚ ʵʪʦʛʦ ʦʪʨʝʟʢʘ ʨʝʢʠ ʦʛʨʦʤʝʥ, ʘ ʧʦʪʝʥʮʠʘʣ 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʸʤ ʟʦʣʦʪʘ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷʭ ʫʥʠʢʘʣʝʥ. ɺ ʤʝʩʪʘʭ, ʛʜʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦʡ ʩʤʝʩʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʱʝʙʥʷ, ʠʟ 

ʦʪʩʠʪʦʚʘʥʥʦʡ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʧʫʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠ ̫ ʟʦʣʦʪʘ 

ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʉʅʆɺʅʓɽ ʇʈʀʅʎʀʇʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ɻʆʈʅʆʈʋɼʅʓʍ ʈɸʁʆʅʆɺ 

ʈʆʉʉʀʁʉʂʆɻʆ ɼɸʃʔʅɽɻʆ ɺʆʉʊʆʂɸ 

 

ɸ. ʇ. ɺʘʥ-ɺʘʥ-ɽ 

 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ, ʛ. ʍʘʙʘʨʦʚʩʢ 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ ʚʳʷʚʣʝʥʦ ʦʢʦʣʦ 85 ʚʠʜʦʚ ʨʫʜʥʳʭ ʠ 

ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʢʘʢ ʚ ʢʦʨʝʥʥʳʭ, ʪʘʢ ʠ ʚ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʘʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 20-24 ʠʟ ʥʠʭ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʦ, ʘʣʤʘʟʳ, ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʫʛʦʣʴ, ʩʫʤʤʘʨʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʜʦʙʳʪʳʭ ʚ 2012 ʛʦʜʫ ʩʦʩʪʘʚʣʷʣʘ 92 % ʦʪ ʩʪʦʠʤʦʩʪʠ ʚʩʝʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ʇʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʳʨʴʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɼʌʆ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ çʪʦʯʝʯʥʦʤè 

(ʚʳʙʦʨʦʯʥʦʤ) ʦʩʚʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʦʣʴʢʦ çʚʳʛʦʜʥʦʛʦè ʩʳʨʴʷ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʠʙʳʣʴ [1].  

ɺʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʮʝʥʪʨʦʚ ʠʤʝʝʪ ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʫʚʷʟʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʝʜʠʥʠʮ, ʨʘʩʰʠʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩ ʫʯʝʪʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʥʦʨʫʜʥʳʭ 

ʨʘʡʦʥʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʘʢʪʠʚʥʳʤ ʠʣʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ 

ʨʝʩʫʨʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʧʨʝʜʝʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʮʝʥʪʨʦʚ [2, 3]. 

ɺʳʜʝʣʷʝʤʳʝ ʥʘʤʠ ʛʦʨʥʦʨʫʜʥʳʝ ʨʘʡʦʥʳ (ɻʈʈ) ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ, 

ʦʧʦʠʩʢʦʚʘʥʥʦʩʪʠ ʠ ʨʘʟʚʝʜʘʥʥʦʩʪʠ ʨʝʛʠʦʥʳ; ʤʥʦʛʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʪʨʝʙʫʶʪ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝʦʙʭʦʜʠʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʨʦʛʥʦʟʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʧʦʠʩʢʦʚ ʠʣʠ ʨʘʟʚʝʜʢʠ. 

ʅʠʞʝʧʨʠʚʦʜʠʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʜʝʣʷʝʤʳʭ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ (ʪʘʙʣ. 1, ʨʠʩ. 1) ʦʪʨʘʞʘʝʪ 

ʩʳʨʴʝʚʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʮʝʥʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ 

ʦʯʝʨʝʜʥʦʩʪʴ ʠʭ ʦʩʚʦʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʘʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʠʭ 

ʧʨʝʜʝʣʘʭ ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʚʨʝʤʝʥʠ. ɺ ʢʘʞʜʦʤ ʠʟ 

ʚʳʜʝʣʷʝʤʳʭ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʦʩʚʘʠʚʘʝʤʳʭ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʢʚʠʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʦ ʪʘʢʞʝ ʥʘ ʪʝ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢʘʢ ʜʝʬʠʮʠʪʥʦʝ ʩʳʨʴʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʚʢʣʶʯʘʷ ʠ ʧʦʧʫʪʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʨʫʜʘʭ. 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ  

ʊʳʥʜʠʥʩʢʠʡ ɻʈʈ 

ɿʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʟʦʥʝ ɹɸʄ. ʅʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʅʶʢʞʠʥʩʢʠʡ ʟʦʣʦʪʦʨʦʩʩʳʧʥʦʡ ʨʘʡʦʥ, ɺʝʨʭʥʝ-ɸʤʫʨʩʢʠʡ ʟʦʣʦʪʦʨʫʜʥʳʡ ʫʟʝʣ ʩ ʢʨʫʧʥʳʤ 

ɹʝʨʝʟʠʪʦʚʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ, ʅʶʢʞʠʥʩʢʘʷ ʫʛʣʝʥʦʩʥʘʷ ʧʣʦʱʘʜʴ ʩ ʦʜʥʦʠʤʝʥʥʳʤ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ (ʨʝʩʫʨʩʳ 200 ʤʣʥ ʪ); ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʂʘʣʘʨʦ-ʍʘʥʠʥʩʢʠʡ 

ʘʧʘʪʠʪ-ʪʠʪʘʥʦʚʳʡ ʨʘʡʦʥ, ʅʶʢʞʠʥʩʢʠʡ ʞʝʣʝʟʦʨʫʜʥʳʡ ʫʟʝʣ ʩ ʍʦʨʦʛʦʯʠʥʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ, 

ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʢʦʪʦʨʦʛʦ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 300 ʤʣʥ.ʪ. ɺʙʣʠʟʠ ʞ.-ʜ. ʩʪʘʥʮʠʡ ɹɸʄʘ ʨʘʟʚʝʜʘʥ 

ʨʷʜ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʘʤʥʷ, ʠʟʚʝʩʪʥʷʢʦʚ, ʢʠʨʧʠʯʥʳʭ ʛʣʠʥ, ʧʝʩʯʘʥʦ-

ʛʨʘʚʠʡʥʦʡ ʩʤʝʩʠ. ʇʣʦʱʘʜʴ ʨʘʡʦʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʥʘ ʚʦʣʴʬʨʘʤ, ʤʦʣʠʙʜʝʥ ʠ ʤʝʜʴ. ɿʜʝʩʴ ʚʳʜʝʣʝʥ 

ɼʞʝʣʪʫʣʠʥʩʢʠʡ ʚʦʣʴʬʨʘʤʦʚʦʨʫʜʥʳʡ ʫʟʝʣ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʉʝʨʛʝʝʚʩʢʠʤ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝʤ, ʘ 

ʪʘʢʞʝ ʗʥʢʘʥʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʩ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʤʠ ʨʫʜʘʤʠ. ɺʳʷʚʣʝʥ ʪʘʢʞʝ ʨʷʜ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʉu-ʄʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʪʠʧʘ (ʀʣʠʯʠʥʩʢʦʝ, ʃʫʥʥʦʝ, ʉʪʨʝʣʢʘ ʠ ʜʨ.). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʡʦʥ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʜʦʙʳʯʝ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ï ʜʝʡʩʪʚʫʝʪ ʢʨʫʧʥʳʡ 

ʉʦʣʦʚʴʝʚʩʢʠʡ ʧʨʠʠʩʢ ʠ ʨʷʜ ʙʦʣʝʝ ʤʝʣʢʠʭ ʘʨʪʝʣʝʡ. ʅʘ ʙʘʟʝ ɹʝʨʝʟʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʜʝʡʩʪʚʫʝʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʝ ʧʨʝʜʧʨʠʷʪʠʝ. ʀʤʝʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʦʩʚʦʝʥʠʷ ʥʶʢʞʠʥʩʢʠʭ 

ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʩʬʦʨʦ-ʪʠʪʘʥʦʚʳʭ ʨʫʜ ʂʘʣʘʨʦ-ʍʘʥʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʛʜʝ 
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ʨʘʟʚʝʜʘʥʦ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʦʣʴʰʦʡ ʉʝʡʠʤ. ʇʦʠʩʢʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʚʳʷʚʣʝʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ (ʉʢʘʣʠʩʪʦʝ, ʃʝʜʷʥʦʝ), ʩʭʦʜʥʳʝ ʩ ɹʝʨʝʟʠʪʦʚʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ. 

ʉʝʣʝʤʜʞʠʥʩʢʠʡ 

ʆʩʥʦʚʥʦʡ ʦʪʨʘʩʣʴʶ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʦʜʦʙʳʯʘ. ʂʨʦʤʝ 

ʤʥʦʛʠʭ ʘʨʪʝʣʝʡ ʟʜʝʩʴ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʧʨʠʠʩʢʘ - ʍʘʨʛʠʥʩʢʠʡ ʠ ʉʝʣʝʤʜʞʠʥʩʢʠʡ, ʜʦʙʳʚʘʶʱʠʝ 

ʦʢʦʣʦ 40 % ʟʦʣʦʪʘ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʘʡʦʥʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʆʛʦʜʞʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʩ ʨʝʩʫʨʩʘʤʠ ʦʢʦʣʦ 3,5 ʤʣʨʜ ʪ. ɺʦʟʤʦʞʥʦ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ ʫʩʪʘʥʦʚʣʝʥ ʢʨʫʧʥʳʡ ɿʝʝ-ʉʝʣʝʤʜʞʠʥʩʢʠʡ ʞʝʣʝʟʦʨʫʜʥʳʡ 

ʫʟʝʣ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʨʘʟʚʝʜʘʥʦ ɻʘʨʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʦʛʘʪʳʭ ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʩ 

ʟʘʧʘʩʘʤʠ ʦʢʦʣʦ 800 ʤʣʥ ʪ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʦʡʯʠʚʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʆʛʦʜʞʠʥʩʢʦʡ ʊʕʉ ʠ ɿʝʡʩʢʦʡ ɻʕʉ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʣʝʩʘ (416 ʤʣʥ ʤ
3
) ʧʦʟʚʦʣʷʶʪ 

ʧʣʘʥʠʨʦʚʘʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʪʨʝʭ ʣʝʩʧʨʦʤʭʦʟʦʚ ʩ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʜʨʝʚʝʩʠʥʳ. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʘ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʶʞʥʦʡ ʯʘʩʪʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 

ʨʝʛʠʦʥʘ (ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʍʘʙʘʨʦʚʩʢʦʛʦ ʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʝʚ) 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʛʦʨʥʦʨʫʜʥʳʭ  

ʨʘʡʦʥʦʚ 

ʄʝʩʪʦʨʦʞʜ

ʝʥʠʷ 

ʈʫʜʥʘʷ  

ʤʠʥʝʨʘʣʠʟʘʮʠʷ 
ʈʦʩʩʳʧʥʳʝ 

ʉʪʝʧʝʥʴ  

ʠʟʫʯʝʥʥʦʩʪʠ 

ɸʜʤʠʥʠʩʪʨʘ

ʪʠʚʥʳʡ 

ʮʝʥʪʨ 
ʈʫʜʦʧʨʦʷʚ

ʣʝʥʠʷ 

ʇʨʦʛʥʦʟʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ 

ʇʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʳʝ ʤ-ʷ 

Au 

ɸ ʤ ʫʨ ʩ ʢʘ ʷ ʦ ʙ ʣʘ ʩ ʪ ʴ 

1. ʊʳʥʜʠʥʩʢʠʡ Au, ʈ,ʊi, 

Fe, ʫʛʣʷ 

W, Mo, Cu, 

Be, Au, Pt 

ɺʳʩʦʢʠʝ ɼʝʡʩʪʚʫʶʪ 

ʉʦʣʦʚʴʝʚʩʢʠʡ ʠ 

ʜʨ. ʧʨʠʠʩʢʠ 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ, 

ʪʨʝʙʫʶʪ 

ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʠʩʢʦʚʦ-

ʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ 

ʛ. ʊʳʥʜʘ 

2. 

ʉʝʣʝʤʜʞʠʥʩʢ

ʠʡ 

Au, Fe, 

ʫʛʣʷ 

Au, Fe, Sn ɺʳʩʦʢʠʝ ʈʘʙʦʪʘʶʪ 

ʧʨʠʠʩʢʠ 

ʍʘʨʛʠʥʩʢʦʛʦ 

ʫʟʣʘ 

ɺʳʩʦʢʘʷ, 

ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʚʝʜʢʘ 

ʧ. ʉʦʬʠʡʩʢ 

3. ɿʝʡʩʢʠʡ Au,Fe, ʫʛʣʷ P,Pt, Sn, Pb, 

Zn 

ɺʳʩʦʢʠʝ, 

ʥʝʦʙʭʦʜʠʤʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʧʦʠʩʢʠ 

ʇʨʠʠʩʢʠ 

ɼʘʤʙʫʢʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ 

ʊʨʝʙʫʶʪʩʷ 

ʧʨʦʛʥʦʟʥʦ-

ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ 

ʛ. ɿʝʷ 

̆͊ ͋͊ ͪ ͦ ͍ ͫ͟ ͙ ͚  ͟ ͪ ͚͊ 
4. ʄʘʣʦ-

ʍʠʥʛʘʥʩʢʠʡ 

Au, Sn, Fe, 

Mn, 

ʛʨʘʬʠʪ, 

ʫʛʦʣʴ, Be, 

U 

U, ʈ2ʆ5, 

Au, TR, 

ʮʝʦʣʠʪʳ 

ɺʳʩʦʢʠʝ, 

ʥʝʦʙʭʦʜʠʤʳ 

ʜʝʪʘʣʴʥʳʡ 

ʧʨʦʛʥʦʟ ʠ 

ʨʘʟʚʝʜʢʘ 

ɺʦʟʤʦʞʥʳ 

ʨʘʟʨʘʙʦʪʢʠ 

ʛʣʫʙʦʢʦʟʘʣʝʛʘʶ

ʱʠʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ 

ʨʦʩʩʳʧʝʡ 

ʈʘʟʣʠʯʥʘʷ, 

ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʚʝʜʢʘ 

ʦʪʜʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ 

ʛ. 

ɹʠʨʦʙʠʜʞʘʥ 

5. ɸʷʥʦ-

ʄʘʡʩʢʠʡ 

Au, Pt, Zr, 

TR 

U, Tr, Pb, 

Zn, ʘʣʤʘʟ 
- ç - 

ɸʨʪʝʣʠ ʧʦ 

ʜʦʙʳʯʝ Au ʠ Pt 
- ç - 

ʧ. ʅʝʣʴʢʘʥ 

6. ʋʜʩʢʦʡ Fe, ʈ2ʆ5, 

Ti, Au, 

Hg, Pt, U, 

ʫʛʦʣʴ 

ɺʳʩʦʢʠʝ, 

ʥʝʦʙʭʦʜʠʤʘ 

ʜʝʪʘʣʴʥʘʷ 

ʨʘʟʚʝʜʢʘ 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩ

ʷ 

ʤʝʣʢʦʟʘʣʝʛʘʶʱ

ʠʝ ʨʦʩʩʳʧʠ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ  ʧ. ʏʫʤʠʢʘʥ 

7. ʋʨʛʘʣʴʩʢʠʡ ʋʛʦʣʴ, Au, 

Sn, U, TR 

W, Mo, U, 

ʥʝʬʪʴ 

ɺʳʩʦʢʠʝ, 

ʥʝʦʙʭʦʜʠʤʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʨʘʟʚʝʜʢʘ 

- ç - 

ʈʝʛʠʦʥʘʣʴʥʘʷ 

ʦʮʝʥʢʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʨʘʟʚʝʜʢʘ 

ʧ. ʋʨʛʘʣ 

˽ ͪ ͙ ͣͦ ͪ ͫ͟ ͙ ͚  ͟ ͪ ͊ ͚ 
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8. ʉʝʚʝʨʦ-

ʇʨʠʤʦʨʩʢʠʡ 

W, Au, Sn, 

ʫʛʦʣʴ 

Au, Pb, Mo, 

U, ʘʣʤʘʟʳ 

ɺʳʩʦʢʠʝ, 

ʥʝʦʙʭʦʜʠʤʳ 

ʜʝʪʘʣʴʥʳʡ 

ʧʨʦʛʥʦʟ, ʨʘʟʚʝʜʢʘ 

ʇʝʨʩʧʝʢʪʠʚʳ 

ʦʩʚʦʝʥʠʷ 

ʪʝʭʥʦʛʝʥʥʳʭ 

ʨʦʩʩʳʧʝʡ 

ʉʨʝʜʥʷʷ, 

ʥʝʦʙʭʦʜʠʤʳ 

ʧʦʠʩʢʠ, ʨʘʟʚʝʜʢʘ 

ʧ. ʃʫʯʝʛʦʨʩʢ 

9. ʖʞʥʦ-

ʇʨʠʤʦʨʩʢʠʡ 

ʋʛʦʣʴ, Au, 

Ge, U, 

CaF2, Pb, 

Zn, Sn 

Au, U, Ce, 

Li , Cd 

ɺʳʩʦʢʠʝ, 

ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ 

ɿʦʣʦʪʦʨʦʩʩʳʧʥ

ʳʝ ʤ-ʷ ʚ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʘʭ 

ʅʝʦʙʭʦʜʠʤʘ 

ʜʦʨʘʟʚʝʜʢʘ 

ʦʪʜʝʣʴʥʳʭ ʤ-ʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 

ʧ. ʗʨʦʩʣʘʚ-

ʩʢʠʡ 

ɿʝʡʩʢʠʡ 

ʈʘʡʦʥ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʜʦʙʳʯʝ ʨʦʩʩʳʧʥʦʛʦ (ɼʘʤʙʫʢʠʥʩʢʠʡ ʧʨʠʠʩʢ) ʠ ʨʫʜʥʦʛʦ 

(ʇʦʢʨʦʚʩʢʠʡ ɻʆʂ) ʟʦʣʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʞʝʣʝʟʦʨʫʜʥʳʭ ʫʟʣʘ (ɹʦʤʥʘʢʩʢʠʡ ʠ ɿʦʣʦʪʦʛʦʨʩʢʠʡ). 

ʈʘʟʚʝʜʘʥʦ ɼʝʧʩʢʦʝ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʘʧʘʪʠʪʦʥʦʩʥʦʩʪʴ (ʃʫʯʘʥʩʢʠʡ ʠ ʋʪʝʛʝʡʩʢʠʡ ʛʘʙʙʨʦʠʜʥʳʝ ʤʘʩʩʠʚʳ), ʚʳʷʚʣʝʥʳ ʧʨʦʷʚʣʝʥʠʷ 

ʧʣʘʪʠʥʦʠʜʦʚ, ʦʣʦʚʘ, ʧʦʣʠʤʝʪʘʣʣʦʚ. ʀʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 

ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ɿʝʡʩʢʘʷ ɻʕʉ. ɼʘʣʴʥʝʡʰʝʝ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʡʦʥʘ ʚʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ ʙʫʜʝʪ ʩʚʷʟʘʥʦ ʩ ʥʘʨʘʱʠʚʘʥʠʝʤ ʟʦʣʦʪʦʜʦʙʳʯʠ ʢʘʢ ʠʟ ʨʦʩʩʳʧʝʡ, ʪʘʢ ʠ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʤ-ʥʠʷ ʇʠʦʥʝʨʩʢʦʝ, ʂʦʣʯʝʜʘʥʥʳʡ ʋʪʝʩ ʠ ʜʨ.). ɿʦʣʦʪʦʨʦʩʩʳʧʥʦʡ ʧʦʪʝʥʮʠʘʣ 

ʨʘʡʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʣʢʦʟʘʣʝʛʘʶʱʠʭ ʨʦʩʩʳʧʝʡ, ʪʘʢ ʠ 

ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ, ʠ ʪʝʭʥʦʛʝʥʥʳʭ. 

ʄʘʣʦ-ʍʠʥʛʘʥʩʢʠʡ 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʩʥʦʚʥʦʝ ʙʦʛʘʪʩʪʚʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʶʪ ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(ʉʫʪʘʨʩʢʦʝ, ʂʠʤʢʘʥʩʢʦʝ, ʂʦʩʪʝʥʴʛʠʥʩʢʦʝ ʠ ʜʨ.). ʂ ʯʠʩʣʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʪʥʦʩʷʪʩʷ ʬʦʩʬʦʨʥʦ-

ʢʘʨʙʦʥʘʪʥʳʝ, ʛʨʘʬʠʪʦʥʦʩʥʳʝ ʠ ʤʘʨʛʘʥʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʨʘʥʘ (ʤ-ʝ ʉʢʘʣʴʥʦʝ), 

ʙʨʫʩʠʪʘ, ʮʝʦʣʠʪʦʚ, ʙʫʨʦʛʦ ʫʛʣʷ ʠ ʮʝʤʝʥʪʥʦʛʦ ʩʳʨʴʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʘʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɻʆʂʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʉʫʪʘʨʩʢʦʛʦ ʠ ʂʠʤʢʘʥʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɼʦ 2005 ʛʦʜʘ ʜʝʡʩʪʚʦʚʘʣ ʦʣʦʚʦʨʫʜʥʳʡ ʍʠʥʛʘʥʩʢʠʡ ɻʆʂ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥ). ɿʦʣʦʪʦʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʚ ʨʘʡʦʥʝ ʩʚʷʟʘʥʘ ʩ ʚʦʟʤʦʞʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ 

ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʉʫʪʘʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʧʨʝʜʳʜʫʱʠʝ 

ʛʦʜʳ ʠʟ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʦ ʜʦʙʳʪʦ 19 ʪ ʤʝʪʘʣʣʘ. ɺ ʨʘʡʦʥʝ 

ʧʨʦʚʝʜʝʥʳ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʝ  ʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ. ʕʪʠʤʠ 

ʨʘʙʦʪʘʤʠ ʚʳʷʚʣʝʥʳ ʙʝʨʠʣʣʠʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ  ʫʨʘʥʦʚʳʭ  ʠ  ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʟ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʘʡʦʥʝ ʜʝʡʩʪʚʫʶʪ  ʅʦʥʠʥʩʢʠʡ ɻʆʂ, ʦʩʚʘʠʚʘʶʱʠʡ ʦʜʥʦʠʤʝʥʥʦʝ ʟʦʣʦʪʦ-ʤʝʜʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʙʨʫʩʠʪʦʚʳʡ ʢʘʨʴʝʨ, ʃʦʥʜʦʢʦʚʩʢʠʡ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ ʠ ʤʝʣʢʠʝ ʘʨʪʝʣʠ 

ʧʦ ʜʦʙʳʯʝ ʟʦʣʦʪʘ ʠʟ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʫʪʘʨʩʢʦʛʦ ʠ ɸʨʭʘʨʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ. 

ɸʷʥʦ-ʄʘʡʩʢʠʡ 

ɺ ʨʘʡʦʥʝ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʘʪʠʥʳ ʠ ʟʦʣʦʪʘ. ɺʳʷʚʣʝʥ 

ʥʦʚʳʡ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʠʧ ʮʠʨʢʦʥʠʝʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (ɸʣʛʘʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ 

ʨʘʟʚʝʜʘʥʥʳʤʠ ʟʘʧʘʩʘʤʠ 73150 ʪ ʠ ʨʝʩʫʨʩʘʤʠ 214690 ʪ ʮʠʨʢʦʥʠʷ). ʈʫʜʳ ʛʝʣʴʮʠʨʢʦʥʠʝʚʦʛʦ ʠ 

ʙʘʜʜʝʣʝʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʮʠʨʢʦʥʠʷ 1,5-3,5 %. ɺ ʨʘʡʦʥʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʫʨʘʥʘ, ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʤʘʟʦʚ, ʨʘʟʚʝʜʘʥʳ ʤʝʣʢʠʝ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʦʤʳʰʣʝʥʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʪʝʨʨʠʪʦʨʠʷ ʩʣʘʙʦ ʦʩʚʦʝʥʘ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʟʠʤʥʠʢʦʚ ʠ 

ʚʘʭʪʦʚʳʭ ʧʦʩʝʣʢʦʚ. ɸʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʘʨʪʝʣʠ çɸʤʫʨè ʠ çɺʦʩʪʦʢè ʠ ʨʷʜ ʤʝʣʢʠʭ ʘʨʪʝʣʝʡ. ɺ 

ʧ.ʄʘʨʢʶʵʣʴ ʠʤʝʝʪʩʷ ʘʵʨʦʜʨʦʤ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʝʛʢʦʡ ʘʚʠʘʮʠʠ. ʀʤʝʶʪʩʷ ʜʚʘ ʧʦʩʝʣʢʦʚʳʭ 

ʮʝʥʪʨʘ ï ʅʝʣʴʢʘʥ ʥʘ ʨ. ʄʘʷ ʠ ɸʷʥ ʥʘ ʧʦʙʝʨʝʞʴʝ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. 

ʋʜʩʢʦʡ 

ɺʢʣʶʯʘʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʦʙʲʝʢʪʳ ʊʫʛʫʨʦ-ʏʫʤʠʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʛʦ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʥʘ ʯʝʨʥʫʶ ʠ ʮʚʝʪʥʫʶ ʤʝʪʘʣʣʫʨʛʠʶ, ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʫʶ, 

ʘʛʨʦʭʠʤʠʯʝʩʢʫʶ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʈʘʡʦʥ ʨʘʩʧʦʣʘʛʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʞʝʣʝʟʥʳʭ ʨʫʜ (10-12 ʤʣʨʜ ʪ), ʬʦʩʬʦʨʠʪʦʚ, ʘʧʘʪʠʪʦʚ, ʪʠʪʘʥʘ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʛʣʝʡ, ʪʘʢʞʝ ʘʥʦʨʪʦʟʠʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʣʠʥʦʟʝʤʘ; ʧʝʨʩʧʝʢʪʠʚʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ  
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ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʫʨʘʥʘ, ʨʪʫʪʠ, ʤʦʣʠʙʜʝʥʘ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʧʣʘʪʠʥʦʠʜʦʚ, ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, 

ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʬʦʩʬʦʨʠʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 120 ʤʣʥ ʪ; ʨʫʜʳ 

ʦʪʣʠʯʘʶʪʩʷ ʭʦʨʦʰʝʡ ʦʙʦʛʘʪʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʢʦʥʮʝʥʪʨʘʪʦʚ. ɺʳʷʚʣʝʥʳ ʪʘʢʞʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʘʧʘʪʠʪ-ʠʣʴʤʝʥʠʪʦʚʳʝ ʨʫʜʳ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʘʚʘʢʠʪ ʠ ʋʨʦʞʘʡʥʦʝ). ʈʝʩʫʨʩʳ 

ʚʳʷʚʣʝʥʥʳʭ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 1760 ʤʣʥ ʪ. ɺ ʨʘʡʦʥʝ ʨʘʟʚʝʜʘʥʳ ʃʘʥʩʢʠʡ 

ʠ ʅʝʤʝʨʠʢʘʥʩʢʠʡ ʨʪʫʪʦʥʦʩʥʳʝ ʫʟʣʳ ʩ ʧʨʦʛʥʦʟʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 20 ʪʳʩ. ʪ ʨʪʫʪʠ. ʈʦʩʩʳʧʥʦʝ 

ʟʦʣʦʪʦ ʜʦʙʳʚʘʝʪʩʷ ʚ ʏʦʛʘʨʦ-ʋʜʳʭʠʥʩʢʦʤ ʫʟʣʝ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʝʨʘʟʚʠʪʘ. ʀʤʝʶʪʩʷ ʜʚʘ 

ʧʦʩʝʣʢʘ - ʋʜʩʢʦʝ ʠ ʏʫʤʠʢʘʥ (ʨʘʡʦʥʥʳʡ ʮʝʥʪʨ). ɺʦʟʤʦʞʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞ.-ʜ. ʚʝʪʢʠ ʦʪ ʩʪ. 

ʇʦʩʪʳʰʝʚʦ ʥʘ ɹɸʄʝ ʜʦ ʧ. ʏʫʤʠʢʘʥ. 

ʋʨʛʘʣʴʩʢʠʡ 

ʈʘʡʦʥ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʠʜʳ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʛʨʘʥʠʮʘʭ 

ɺʝʨʭʥʝʙʫʨʝʠʥʩʢʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʨʘʡʦʥʘ. ʆʩʥʦʚʦʡ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʫʛʦʣʴʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʨʛʘʣʴʩʢʦʛʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʥʘ ʶʛʝ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʋʛʣʠ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʩʦʢʦʟʦʣʴʥʳʝ, ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʘʩʩʝʡʥ 

ʥʝ ʩʪʘʣ ʢʨʫʧʥʳʤ ʫʛʣʝʜʦʙʳʚʘʶʱʠʤ ʮʝʥʪʨʦʤ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ɺ ʨʘʡʦʥʝ ʦʧʦʠʩʢʦʚʘʥʳ ʠ 

ʯʘʩʪʠʯʥʦ ʨʘʟʚʝʜʘʥʳ ʤʝʣʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʨʘʥʘ (ʉʝʥʪʷʙʨʴʩʢʦʝ, ʃʘʩʪʦʯʢʘ, ʄʦʣʦʜʝʞʥʦʝ ʠ ʜʨ.), 

ʦʣʦʚʘ (ʅʠʤʘʥʩʢʠʡ ʨʘʡʦʥ), ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʏʝʨʛʠʣʝʥʩʢʦʝ ʤ-ʥʠʝ). ɺ ʅʠʤʘʥʩʢʦʤ ʫʟʣʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ ʤʝʣʢʠʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʘʭ ɹʫʨʝʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʦʪʤʝʯʘʣʠʩʴ ʛʘʟʦ-ʥʝʬʪʷʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʙʘʩʩʝʡʥ ʚ ʮʝʣʦʤ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʮʝʣʦʤ ʨʘʡʦʥ ʦʧʦʠʩʢʦʚʘʥ ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʉʝʚʝʨʦ-ʇʨʠʤʦʨʩʢʠʡ 

ʆʩʥʦʚʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʦʙʳʯʝ ʙʫʨʳʭ ʫʛʣʝʡ (ʃʫʯʝʛʦʨʩʢʠʡ ɻʆʂ), 

ʚʦʣʴʬʨʘʤʘ (ʛʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ çɺʦʩʪʦʢ-2è ʠ çʃʝʨʤʦʥʪʦʚʩʢʦʝè). ɺ ʨʘʡʦʥʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʨʦʷʚʣʝʥʠʷ ʩʚʠʥʮʘ, ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʫʨʘʥʘ; ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʟʦʣʦʪʦʨʦʩʩʳʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʳʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʩʩʳʧʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʨʘʙʦʪʘʥʳ ʠ 

ʜʘʣʴʥʝʡʰʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʩʚʷʟʘʥʘ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ 

ʦʩʚʦʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʨʘʡʦʥʝ ʚʳʷʚʣʝʥ 

ʨʷʜ ʤʝʣʢʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʢʨʫʧʥʦʝ ɻʣʫʭʦʝ, ʨʝʩʫʨʩʳ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ 100 ʪ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʪʘʣʣʘ 2-3 ʛ/ʪ. ɺ ʨʦʩʩʳʧʷʭ ʦʪʤʝʯʘʶʪʩʷ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ 

(ʢʘʨʙʦʥʘʜʦ); ʨʘʟʚʝʜʘʥ ʨʷʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʴʤʝʥʠʪʘ ʩ ʟʘʧʘʩʘʤʠ ʜʦ 180 ʪʳʩ. ʪ. ɺ 

ʮʝʣʦʤ ʨʘʡʦʥ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʧʦ ʧʨʦʛʥʦʟʥʳʤ ʦʮʝʥʢʘʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʦʣʦʚʘ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʟʦʣʦʪʘ, ʚʦʣʴʬʨʘʤʘ 

ʠ ʜʨ.). ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʛʣʫʙʠʥʥʳʭ ʧʦʠʩʢʦʚ. 

ʂʨʦʤʝ ʥʘʟʚʘʥʥʳʭ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʉʧʘʩʩʢʠʡ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ 

ʠ ʃʫʯʝʛʦʨʩʢʫʶ ɻʈʕʉ, ʷʚʣʷʶʱʫʶʩʷ ʦʜʥʦʡ ʠʭ ʢʨʫʧʥʝʡʰʠʭ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ. 

ʖʞʥʦ-ʇʨʠʤʦʨʩʢʠʡ 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʡʦʥʝ ʠʛʨʘʝʪ ʫʛʦʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʵʥʝʨʛʝʪʠʢʘ. ɿʜʝʩʴ ʜʦʙʳʚʘʝʪʩʷ 

ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ  ʚʩʝʛʦ ʫʛʣʷ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 50 % ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʢʨʘʝ. ʈʘʡʦʥ 

ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʪʘʢʞʝ ʥʘ ʜʦʙʳʯʝ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʘ ʜʦʙʳʯʝ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ. ɺʳʷʚʣʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʦʚ, ʦʣʦʚʘ (ʗʨʦʩʣʘʚʩʢʦʝ ʤ-ʥʠʝ), ʦʩʘʜʦʯʥʳʝ ʠ 

ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʨʘʥʘ (ʉʠʥʝʛʦʨʩʢʠʡ ʫʨʘʥʦʚʦʨʫʜʥʳʡ ʫʟʝʣ). ʄʥʦʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʨʘʥʘ ʥʝʜʦʦʮʝʥʝʥʳ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʦʚʝʜʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʧʦʠʩʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʦʙʲʝʤʳ ʫʨʘʥʦʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʨʝʩʫʨʩʥʫʶ ʙʘʟʫ. ʌʣʶʦʨʠʪʦʚʳʝ ʨʫʜʳ ʗʨʦʩʣʘʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʝ 

ʠ ʢʨʦʤʝ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʩʦʜʝʨʞʘʪ ʦʣʦʚʦ, ʪʘʥʪʘʣ, ʥʠʦʙʠʡ, ʮʠʥʢ, ʚʦʣʴʬʨʘʤ, ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, 

ʙʝʨʠʣʣʠʡ, ʮʝʟʠʡ, ʣʠʪʠʡ ʠ ʜʨ. ʤʝʪʘʣʣʳ. ʆʜʥʘʢʦ, ʠʟʚʣʝʢʘʝʪʩʷ ʪʦʣʴʢʦ ʬʣʶʦʨʠʪ, ʩʦʩʪʘʚʣʷʶʱʠʡ 

ʣʠʰʴ 3 % ʩʪʦʠʤʦʩʪʠ ʚʩʝʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʫʜʳ. ʀʤʝʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʚʳʷʚʣʝʥʠʷ  

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ ʠ ʠʣʴʤʝʥʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʛʝʨʤʘʥʠʷ ʚ ʙʫʨʳʭ ʫʛʣʷʭ ʇʘʚʣʦʚʩʢʦʛʦ ʢʘʨʴʝʨʘ. 
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ɺʳʜʝʣʷʝʤʳʝ ʛʦʨʥʦʨʫʜʥʳʝ ʨʘʡʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠʩʫʱʠʤ ʪʦʣʴʢʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ 

ʥʘʙʦʨʦʤ ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʦʩʚʦʝʥʠʷ ʩ ʩʦʟʜʘʥʠʝʤ ʢʨʫʧʥʳʭ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʨʘʚʥʦʮʝʥʥʳ. ʉ ʵʪʠʭ 

ʧʦʟʠʮʠʡ, ʘ ʪʘʢʞʝ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʢ 

ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʊʳʥʜʠʥʩʢʠʡ, ʄʘʣʦ-ʍʠʥʛʘʥʩʢʠʡ ʠ ʋʜʩʢʦʡ 

ʛʦʨʥʦʨʫʜʥʳʝ ʨʘʡʦʥʳ. ʇʦʩʣʝʜʥʠʡ ʩʣʘʙʦ ʦʩʚʦʝʥ, ʦʜʥʘʢʦ ʧʦ ʙʦʛʘʪʩʪʚʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʦʩʚʦʝʥʠʷ. 
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1
,  ɸ. ɺ. ʄʘʪʚʝʝʚ

2
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 ʄ. ʀ. ɸʣʝʢʩʝʝʚ
3  
ʄ. ʀ. ʂʨʝʤʝʥʝʮʢʠʡ
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1
ʀʥʩʪʠʪʫʪ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ, 

2
 ʆɸʆ çɼʘʣʴʛʝʦʬʠʟʠʢʘè, 

3
 ɿɸʆ çʂʫʥ-ʄʘʥʴʸè, 

 ʛ. ʍʘʙʘʨʦʚʩʢ
 

 

       ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ  

ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʦʛʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ  ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ   ʩʫʣʴʬʠʜʥʳʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ ʩ ʧʣʘʪʠʥʦʠʜʘʤʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ,  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʜʘʡʢʦ- ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʤʘʬʠʪ-

ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʪʨʘʩʩʠʨʫʶʱʠʤʠ ʇʨʠʩʪʘʥʦʚʫʶ ʟʦʥʫ ʢʦʣʣʠʟʠʠ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦʩʦʙʦʛʦ  ʨʝʞʠʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʇʨʠʩʪʘʥʦʚʦʛʦ  ʧʦʷʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʫʙʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʜʠʩʢʦʨʜʘʥʪʥʦʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʢʣʘʜʯʘʪʳʤ ʩʪʨʫʢʪʫʨʘʤ ɸʣʜʘʥʩʢʦʛʦ ʠ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ ʤʝʛʘʙʣʦʢʦʚ. ʕʪʘ 

ʰʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʦʥʫ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ  ʤʝʣʘʥʞʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ  ʙʣʦʢʦʚ, 

ʩʣʦʞʝʥʥʳʭ ʥʘ ʚʦʩʪʦʯʥʦʡ ʝʸ ʧʦʣʦʚʠʥʝ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʤʠ ʛʨʘʥʫʣʠʪʘʤʠ ʜʞʘʥʠʥʩʢʦʡ ʠ 

ʪʫʢʩʘʥʠʡʩʢʦʡ ʩʝʨʠʡ ʠ ʨʘʟʥʳʤʠ ʧʦ ʩʦʩʪʘʚʫ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʘʥʦʨʪʦʟʠʪʘʤʠ ʠ 

ʵʢʣʦʛʠʪʘʤʠ. ʇʨʝʜʧʦʩʳʣʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʟʜʝʩʴ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ Cu-Ni  ʨʫʜ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʩʭʦʜʩʪʚʘ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠ ʚʦʟʨʘʩʪʥʦʡ ʧʦʟʠʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʦʚʠʥʮʠʡ ʅʘʠʥ ʠ ʏʝʨʯʠʣ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ  

ʂʘʥʘʜʳ, ʛʜʝ ʚ 1994 ʛʦʜʫ ʙʳʣʦ ʦʪʢʨʳʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ Cu-Ni  ʨʫʜ ɺʦʡʩʠʩ-ɹʵʡ, 

ʢʨʫʧʥʝʡʰʝʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ.  ʅʘʭʦʜʢʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʚʢʨʘʧʣʝʥʥʳʭ ʠ ʩʧʣʦʰʥʳʭ Co-Cu-Ni 

ʨʫʜ ʩ ʧʣʘʪʠʥʦʠʜʘʤʠ ʚ ʧʨʝʜʝʣʘʭ  ɼʞʫʛʜʞʫʨʘ ʠ ʉʪʘʥʦʚʦʛʦ ʭʨʝʙʪʘ, ʘʥʘʣʦʛʠʷ ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ  ʩ ʨʫʜʘʤʠ ɺʦʡʩʠʩ-ɹʵʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʤʘʩʰʪʘʙʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʧʦʩʣʫʞʠʣʠ ʚ ʩʚʦʸ ʚʨʝʤʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʛʦʨʥʦʨʫʜʥʳʭ ʢʦʤʧʘʥʠʡ 

ʂʘʥʘʜʳ ʨʘʟʚʝʨʥʫʪʴ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ Ni ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ 1996 ʛʦʜʫ ɺ. ʀ. ʃʦʙʦʚ, 

ʧʨʦʚʝʜʷ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɸʤʫʨʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʛʨʫʧʧʠʨʦʚʘʣ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʪʦʢʘʤ ʨʘʩʩʝʷʥʠʷ Ni, Cu, Co, V, Cr, Mn, Ti ʚ ʣʠʥʝʡʥʦ-

ʚʳʪʷʥʫʪʫʶ ʆʢʦʥʦʥ-ʄʘʡʩʢʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʟʦʥʫ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ,  ʦʮʝʥʠʚ ʝʸ 

ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ Ni ʚ 1010 ʪʳʩ. ʪ, ʉʦ ï 70 ʪʳʩ. ʪ. ʇʨʠ ʢʘʨʪʦʩʦʩʪʘʚʠʪʝʣʴʢʠʭ ʨʘʙʦʪʘʭ, ʚ ʩʚʷʟʠ 

ʩ ʦʪʢʨʳʪʠʝʤ  Cu-Ni ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʥ-ʄʘʥʴʸ,  ʵʪʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʢʘʢ ʂʫʥ-ʄʘʥʴʸʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ( Ni, Cu, Co, Pt). ɺ ʝʸ ʩʦʩʪʘʚʝ ʚʳʜʝʣʷʶʪʩʷ ʂʫʥ-

ʄʘʥʴʸʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʠ ʊʫʢʩʘʥʠ-ʂʫʢʫʨʩʢʠʡ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʫʜʥʳʡ ʫʟʝʣ.   

ɺ 2004 ʛʦʜʘ ʚ ʤʝʞʜʫʨʝʯʴʝ ʂʫʥ-ʄʘʥʴʸ ʠ ʄʘʷ ʙʳʣʠ ʥʘʯʘʪʳ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʠ 

ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ɿɸʆ çʂʫʥ-ʄʘʥʴʸè, ʠʥʚʝʩʪʝʨʦʤ ʢʦʪʦʨʦʡ 

ʚʳʩʪʫʧʠʣʘ ʢʦʤʧʘʥʠʷ çʀʨʦʩʪʘ ʊʨʝʡʜʠʥʛ ʃʠʤʠʪʝʜè. ɺ 2005 ï 2015 ʛʦʜʘʭ ʩʦʪʨʫʜʥʠʢʠ ʀʊʀɻ ɼɺʆ 

ʈɸʅ  ʩʦʛʣʘʩʥʦ ʧʣʘʥʘ ʅʀʈ, ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʅɿ ʈɸʅ ˉ 2,  

ʧʨʦʝʢʪʦʚ ʈʌʌʀ (ˉ12-05-000882) ʠ ʈʌʌʀ ï ʍʘʙʘʨʦʚʩʢʠʡ ʢʨʘʡ (ˉ12-05-98541 ʨ-ʚʦʩʪʦʢ-ʘ) 

ʧʨʦʚʦʜʠʣʠ ʪʝʤʘʪʠʯʝʩʢʠʝ (ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ, ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠ 

ʧʝʪʨʦʤʘʛʥʠʪʥʳʝ) ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʇʨʠʩʪʘʥʦʚʦʡ ʟʦʥʳ ʢʦʣʣʠʟʠʠ. 

ʕʪʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʣʘ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʩ ʩʫʣʴʬʠʜʥʦʡ Cu-Ni  

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʚʠʜʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʘʨʝʘʣʦʚ ʠ ʨʦʸʚ ʚ 

ʧʨʠʦʩʝʚʦʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʇʨʠʩʪʘʥʦʚʦʛʦ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʧʦʷʩʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʥʠ 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʊʫʢʩʘʥʠʡʩʢʠʤ, ʄʘʡʩʢʠʤ, ʉʘʣʛʘ-ɼʞʘʥʠʥʩʢʠʤ ʠ ɼʞʫʛʜʞʫʨʩʢʠʤ ʛʣʫʙʠʥʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʨʭʝʡʩʢʠʭ ʠʥʪʨʫʟʠʡ ʠʜʶʤʦ-ʪʳʨʢʘʥʩʢʦʛʦ ʠ ʤʘʡʩʢʦ-ʜʞʘʥʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʠʥʪʨʫʟʠʠ ʥʠʢʝʣʝʥʦʩʥʳʭ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʥʝ ʟʘʪʨʦʥʫʪʳ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʩʢʣʘʜʯʘʪʦʩʪʠ ʠ ʛʨʘʥʠʪʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʪ ʜʠʩʢʦʨʜʘʥʪʥʦʝ 

ʧʦʣʦʞʝʥʠʝ  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʨʫʢʪʫʨʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʇʦʚʩʝʤʝʩʪʥʦ ʦʥʠ 

ʩʣʘʛʘʶʪ ʪʝʣʘ ʣʝʥʪʦʚʠʜʥʦʛʦ ʠʣʠ ʩʠʣʣʦʦʙʨʘʟʥʦʛʦ ʪʠʧʘ, ʜʘʡʢʠ, ʨʝʜʢʦ ʥʝʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ. 
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ɻʣʘʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʙʩʪʝʨʠʪʘʤʠ, ʧʣʘʛʠʦʚʝʙʩʪʝʨʠʪʘʤʠ, 

ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ, ʣʝʨʮʦʣʠʪʘʤʠ, ʛʘʨʮʙʫʨʛʠʪʘʤʠ ʠ ʢʦʨʪʣʘʥʜʠʪʘʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʥʘ Ni, Co, Cr, Cu, Mn, Pt ʠ Pd, ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʙʙʨʦʥʦʨʠʪ-ʚʝʙʩʪʝʨʠʪ-

ʣʝʨʮʦʣʠʪʦʚʫʶ ʠʣʠ ʛʘʙʙʨʦʥʦʨʠʪ-ʚʝʙʩʪʝʨʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʫʶ ʥʠʢʝʣʝʥʦʩʥʫʶ ʤʘʛʤʘʪʠʯʝʩʢʫʶ 

ʬʦʨʤʘʮʠʶ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ aʩʧʝʢʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʩʫʣʴʬʠʜʥʦʡ Cu-Ni  

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʷʨʫʩʥʳʡ ʭʘʨʘʢʪʝʨ ʣʦʢʘʣʠʟʘʮʠʠ 

ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʨʝʘʣʦʚ, ʯʪʦ ʤʳ ʠ 

ʥʘʙʣʶʜʘʝʤ ʚ ʤʝʞʜʫʨʝʯʴʝ ʂʫʥ-ʄʘʥʴʸ ʠ ʄʘʠ, ʠʩʪʦʢʘʭ ʨʝʢ ɿʝʷ, ʃʫʯʘ, ɹʦʣ. ʠ ʄʘʣ. ʊʫʢʩʘʥʠ, 

ɸʶʤʢʘʥ, ɽʣʘʥ, ʋʪʘʥʘʭ, ʂʵʥʜʵʢʵ, ɸʤʧʘʨʜʘʢ, ɸʚʣʘʷʢʘʥ, ʅʷʥʜʦʤʠ,  ʂʫʧʫʨʠ ʠ ʜʨʫʛʠʭ ʤʝʩʪʘʭ. 

     ʂʫʥ-ʄʘʥʴʸʥʩʢʠʡ Cu-Ni  ʨʫʜʥʳʡ ʫʟʝʣ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʩʫʣʴʬʠʜʥʳʭ Cu-Ni c ʧʣʘʪʠʥʦʠʜʘʤʠ ʨʫʜ (ʫʯʘʩʪʢʠ ʗʥ-ʍʵʛʜʵ,  ʋʢʠʢʘʥ,   ʂʫʩʪʘʢ, ɽʣʘʥ, ʐʠʨʦʪʥʳʡ, 

ɹʦʨʦʛʦʥ ʠ ʜʨ.), ʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʪʦʣʴʢʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʥ-ʄʘʥʴʸ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʜʥʦʠʤʸʥʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. ʈʫʜʥʳʡ ʫʟʝʣ ʦʭʚʘʪʳʚʘʝʪ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʂʫʥ-

ʄʘʥʴʸʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ. ʂʫʥ-ʄʘʥʴʸʥʩʢʦʝ  ʨʫʜʥʦʝ ʧʦʣʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʶʛʦ-

ʟʘʧʘʜʥʦʡ  ʯʘʩʪʠ ʦʜʥʦʠʤʸʥʥʦʛʦ ʤʘʩʩʠʚʘ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ.   ɺ ʧʣʘʥʝ ʨʫʜʥʦʝ ʧʦʣʝ (ʰʠʨʠʥʦʡ ʜʦ 2- 3 

ʢʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʦ ʚʳʪʷʥʫʪʳʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  ʘʨʝʘʣ 

(ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 31 ʢʤ), ʩʦʩʪʦʷʱʠʡ  ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ  ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʠ ʣʠʥʟʦʚʠʜʥʳʭ 

ʠʥʪʨʫʟʠʡ, ʨʝʞʝ ʜʘʝʢ  ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʩ ʚʢʨʘʧʣʝʥʥʦʡ cʫʣʴʬʠʜʥʦʡ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʫʥ-ʄʘʥʴʸʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʠ 

ʦʮʝʥʝʥʦ 14 ʟʘʣʝʞʝʡ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʥ-ʄʘʥʴʸ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʝʪʳʨʴʤʷ ʟʘʣʝʞʘʤʠ: 

ʉʦʙʦʣʝʚʩʢʘʷ, ʊʨʝʫʛʦʣʴʥʠʢ, ʐʣʷʧʘ ʠ ʄʘʣʳʡ ʂʫʨʫʤʢʘʥ, ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ  ʫʪʚʝʨʞʜʸʥʳ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ ʉ1 ʠ ʉ2. ʇʦ ʦʩʪʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ (ɻʦʨʥʦʝ, ʌʘʣʢʦʥ, ʂʫʙʫʢ, ɺʦʩʪʦʯʥʦʝ, ʌʣʘʥʛʦʚʦʝ ʠ 

ʜʨ.) ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʦʮʝʥʝʥʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʈ1 ʠ ʈ2. ɿʘʧʘʩʳ Ni ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʫʥ-

ʄʘʥʴʸ ʩʦʩʪʘʚʣʷʶʪ Ni -305,6 ʪʳʩ. ʪ, Cu  - 85,8 ʪʳʩ. ʪ; ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ  (ʢʘʪʝʛʦʨʠʠ ʈ1+ʈ2 ) - Ni 

- 562,4 ʪʳʩ. ʪ, Cu ï 177,4 ʪʳʩ. ʪ  (ʇʨʦʪʦʢʦʣʳ ɻʂɿ ʈʦʩʥʝʜʨʘ ˉ 236-ʢ ʦʪ 13.05.2008 ʠ ˉ 1800 

ʦʪ10.12.2008; ʇʨʦʪʦʢʦʣ ɸʤʫʨʊʂɿ ˉ882 ʦʪ 20.05.2013). ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ  ʢʦʤʧʦʥʝʥʪʦʚ (ʚ 

%) ʚ ʨʫʜʥʳʭ ʟʘʣʝʞʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ: Ni ï ʦʪ 0,59 ʜʦ 0,84, Cu ï 0,16 ï 0,22, Co ï 

0,01 ï 0,02, S ï 1,17 ï 1,67, Pt ï 0,13 ï 0,23 ʛ/ʪ, Pd ï 0,14 ï 0,27 ʛ/ʪ, Au ï 0,07 ʛ/ʪ, Ag ï 0,73 ʛ/ʪ. ʅʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʫʥ-ʄʘʥʴʸ ʨʝʩʫʨʩʳ ʢʘʪʝʛʦʨʠʠ ʈ1+ʈ2 ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 200 ʤʣʥ ʪ ʨʫʜʳ, 

ʠʟ ʥʠʭ ʟʘʧʘʩʳ ʢʘʪʝʛʦʨʠʠ ʉ1 ʠ ʉ2 - ʦʢʦʣʦ 20% ʦʪ ʨʝʩʫʨʩʦʚ. ɼʦʣʷ ʙʦʛʘʪʳʭ ʨʫʜ  (Ni ʙʦʣʝʝ 2%) 

ʩʦʩʪʘʚʣʷʝʪ 5%. ɺ ʮʝʣʦʤ ʧʦ ʧʣʦʱʘʜʠ ʂʫʥ-ʄʘʥʴʸʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʟʘʧʘʩʳ (ʉ1+ʉ2) ʠ 

ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ (ʈ1+ʈ2) ʦʮʝʥʠʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʳʩ. ʪ): Ni  ï 305,6 ʠ 994,4, Cu  ï 85,8 

ʠ 268,0, Co ï 6,431 ʠ 6,41, S  ï 640,8 ʠ 637,8, Pt (ʪ) ï 7,553 (ʉ2) ʠ 7,041 (ʈ1), Pd (ʪ) ï 8,30 (ʉ2) ʠ 

7,34 (ʈ1), Au (ʪ) ï 3,131 (ʉ2) ʠ 2,215 (ʈ1), Ag (ʪ) ï 34,2 (ʉ2) ʠ 24,3 (ʈ1) (ʇʨʦʪʦʢʦʣ ɸʤʫʨʊʂɿ ˉ 882 

ʦʪ 20.05.2013). ʈʝʩʫʨʩʳ ʂʫʥ-ʄʘʥʴʸʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʚ ʮʝʣʦʤ, ʧʦ ʢʘʪʝʛʦʨʠʠ ʈ3 ʦʮʝʥʠʚʘʶʪʩʷ:  

Ni ï 2604 ʪʳʩ. ʪ, Cu ï 976 ʪʳʩ. ʪ, Co ï 78,1 ʪʳʩ. ʪ, Pt ï 65,1 ʪ, Pdï 72,2 ʪ, Au ï6,5 ʪ. 

      ʃʘʥʪʘʨʩʢʠʡ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ.. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥʘʭ ʃʘʥʪʘʨʩʢʦʛʦ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʨʷʜ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ: ʅʷʥʜʦʤʠ, ʉʢʝʣʝʪʥʦʝ, ʆʟʝʨʥʦʝ, ɸʚʣʘʥʜʞʠʥʩʢʦʝ, ʆʜʦʨʠʥʩʢʦʝ, ɿʦʥʘ 

ʇʠʨʨʦʪʠʥʦʚʘʷ, ʄʫʪʵ, ʄʫʨʘʪʵ ʠ ʜʨ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʣʦʱʘʜʠ ʵʪʠʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 

ʤʘʩʩʠʚʥʦʝ ʧʠʨʨʦʪʠʥʦʚʦʝ ʩ ʧʨʠʤʝʩʴʶ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʧʠʨʠʪʘ ʦʨʫʜʝʥʝʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ 

ʝʛʦ ʧʠʨʨʦʪʠʥʦʚʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʨʘʟʤʝʱʘʶʪʩʷ ʢʘʢ ʚ ʛʘʙʙʨʦʥʦʨʠʪʘʭ, ʥʦʨʠʪʘʭ, ʚʝʙʩʪʝʨʠʪʘʭ, 

ʧʣʘʛʠʦʣʝʨʮʦʣʠʪʘʭ ʠ ʛʘʨʮʙʫʨʛʠʪʘʭ, ʪʘʢ ʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʠʭ ʘʥʦʨʪʦʟʠʪʘʭ, ʛʘʙʙʨʦʘʥʦʨʪʦʟʠʪʘʭ, ʘ 

ʪʘʢʞʝ ʚ ʙʣʘʩʪʦʤʠʣʦʥʠʪʘʭ ʧʦ ʧʦʨʦʜʘʤ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʥʷʪʳʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘ ʤʠʛʤʘʪʠʪʳ, ʧʠʨʦʢʩʝʥ- ʠ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʩʣʘʥʮʳ ʠ ʛʥʝʡʩʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ (ʖ. ʇ. ʇʦʪʦʮʢʠʡ, 1998; ʅ. ɺ. ʉʠʪʥʠʢʦʚ, ɺ. ʉ. ʇʨʠʭʦʜʴʢʦ, 2000, 

2002). ʊʘʢ ʚ ʧʨʝʜʝʣʘʭ çɿʦʥʳ ʂʦʥʪʘʢʪʦʚʦʡè  ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʙʦʣʝʝ 20 ʢʤ ʣʦʢʘʣʠʟʦʚʘʥʘ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʫʣʴʬʠʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʫʯʘʩʪʢʦʚ ʅʷʥʜʦʤʠ, ɸʚʣʘʥʜʞʠʥʩʢʦʝ, ʆʟʸʨʥʦʝ, 

ʆʜʦʨʠʥʩʢʦʝ ʠ ʜʨ. ʈʫʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʨʨʦʪʠʥ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Ni ʜʦ 

0,975% ʠ Cu ʜʦ 1,972%, ʚ ʧʨʦʪʦʣʦʯʢʘʭ ï ʩʧʝʨʨʠʣʠʪ. ʅʘ ʫʯʘʩʪʢʝ ʅʷʥʜʦʤʠ ʚʳʷʚʣʝʥʘ ʚʢʨʘʧʣʝʥʥʘʷ 

Cu-Ni ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩ ʣʠʥʟʘʤʠ ʩʧʣʦʰʥʳʭ ʧʠʨʨʦʪʠʥʦʚʳʭ ʨʫʜ ʨʘʟʤʝʨʘʤʠ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ 

50 ʭ 40 ʤ. (ʅ. ɺ.  ʉʠʪʥʠʢʦʚ, ɺ.ʉ. ʇʨʠʭʦʜʴʢʦ, 2002). ɺ ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʦʚ ʚʭʦʜʷʪ ʧʠʨʨʦʪʠʥ, 



50 

ʭʘʣʴʢʦʧʠʨʠʪ, ʧʝʥʪʣʘʥʜʠʪ, ʧʠʨʠʪ ʠ ʤʠʥʝʨʘʣʳ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ï ʤʦʥʯʝʠʪ, ʩʧʝʨʨʠʣʠʪ, 

ʧʣʘʪʠʥʦ-ʧʘʣʣʘʜʠʝʚʳʡ ʪʝʣʣʫʨʠʜ.  ʉʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ 

ʙʦʨʦʟʜʦʚʳʭ ʠ ʢʝʨʥʦʚʳʭ ʧʨʦʙ ʩʣʝʜʫʶʱʠʝ: Cu ï ʜʦ 3,4%, Ni ï ʜʦ 0,74%, Co ï ʜʦ 0,17%, Pt ï 0,1 ï 

2,1 ʛ/ʪ, Pd ï 0,2 ï 5,8 ʛ/ʪ. ɺ ʤʘʩʩʠʚʥʳʭ ʧʠʨʨʦʪʠʥʦʚʳʭ ʨʫʜʘʭ ʩʦʜʝʨʞʘʥʠʷ Pt ʜʦʩʪʠʛʘʶʪ 10 ʛ/ʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʢʨʫʧʥʦʛʦ Cu-Ni ʩ ʧʣʘʪʠʥʦʠʜʘʤʠ ʦʙʲʝʢʪʘ. ʂʨʦʤʝ 

ʫʯʘʩʪʢʦʚ çɿʦʥʳ ʂʦʥʪʘʢʪʦʚʦʡè ʟʜʝʩʴ ʠʟʚʝʩʪʥʘçɿʦʥʘ ʇʠʨʨʦʪʠʥʦʚʘʷè ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 2.5 ʢʤ ʠ 

ʰʠʨʠʥʦʡ 0.3  - 0.6 ʢʤ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʢʝʣʝʪʥʦʝ, ʄʫʨʘʪʝ, ʄʫʪʵ ʠ ʜʨ. ɺ ʧʨʝʜʝʣʘʭ çɿʦʥʳ 

ʇʠʨʨʦʪʠʥʦʚʦʡè ʫʩʪʘʥʦʚʣʝʥʳ ʛʦʨʠʟʦʥʪʳ ʚʢʨʘʧʣʝʥʥʳʭ ʠ ʤʘʩʩʠʚʥʳʭ ʨʫʜ ʤʦʱʥʦʩʪʴʶ ʜʦ 25 ʤ; ʧʨʠ 

ʧʨʦʚʝʨʢʠ ʢʦʥʪʨʘʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʫʨʝʥʠʝʤ ʚʩʢʨʳʪʳ 

ʠʥʪʝʨʚʘʣʳ ʤʘʩʩʠʚʥʳʭ ʧʠʨʨʦʪʠʥʦʚʳʭ ʨʫʜ (ɺ. ʅ. ʉʠʪʥʠʢʦʚ, ɺ. ʉ. ʇʨʠʭʦʜʴʢʦ, 2002). ʇʨʦʛʥʦʟʥʳʝ 

ʨʝʩʫʨʩʳ ʢʦʤʧʣʝʢʩʥʳʭ Cu-Ni-Co ʨʫʜ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʧʣʘʪʠʥʦʠʜʘʤʠ ʧʨʠ ʩʨʝʜʥʠʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʠʨʨʦʪʠʥʦʚʳʭ ʨʫʜʘʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ çʂʦʥʪʘʢʪʦʚʦʡ ʠ 

ʇʠʨʨʦʪʠʥʦʚʦʡ ɿʦʥè ʜʣʷ Cu ï 0.72%, Ni ï 0.40%, Co ï 0.14% ʠ ʧʣʘʪʠʥʦʠʜʦʚ ï 2 ʛ/ʪ  ʧʦʟʚʦʣʷʶʪ  

ʦʪʥʝʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ ʃʘʥʪʘʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʢ ʨʘʟʨʷʜʫ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʝʩʫʨʩʳ ʧʦ 

ʢʘʪʝʛʦʨʠʠ ʈ3 ʩʦʩʪʘʚʣʷʶʪ: Cu ï 397,4 ʪʳʩ. ʪ, Ni ï 220,8 ʪʳʩ. ʪ, Co ï 77,2 ʪʳʩ. ʪ, ʧʣʘʪʠʥʦʠʜʦʚ ï 

110,4 ʪ (ɺ. ʅ. ɻʘʛʘʝʚ, ɹ. ɸ. ɿʘʨʫʙʠʥ, ʆɸʆ çɼʘʣʴʛʝʦʬʠʟʠʢʘè, 2003ʛ.). 

ɻʝʨʘʥʩʢʠʡ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʥʘʩʪʦʷʱʝʡ ʩʪʘʜʠʠ ʠʟʫʯʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ Cu-Ni ʨʫʜ ʶʞʥʘʷ ʯʘʩʪʴ ɻʝʨʘʥʩʢʦʛʦ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ 

ʤʘʩʩʠʚʘ ʠ ʝʛʦ ʦʙʨʘʤʣʝʥʠʝ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ  ʙʦʣʝʝ 150 ʢʤ, ʛʜʝ ʥʘ ʫʯʘʩʪʢʘʭ ɹʦʛʠʜʵ, ʂʵʥʜʵʢʵ, 

ʂʦʣʙʦʣʦʢ-ʄʘʢʠʪ, ʂʦʚʨʠʢ  ʚʳʷʚʣʝʥʳ ʪʝʣʘ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

(ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪ-ʧʝʥʪʣʘʥʜʠʪ-ʧʠʨʨʦʪʠʥʦʚʘʷ ʩ ʭʘʣʴʢʦʟʠʥʦʤ), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʶʪʩʷ 

ʣʠʥʟʳ ʢʘʢ ʚʢʨʘʧʣʝʥʥʳʭ, ʪʘʢ ʠ ʤʘʩʩʠʚʥʳʭ ʧʝʥʪʣʘʥʜʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʳʭ ʨʫʜ ( ɸ. ɺ. 

ɹʦʡʢʦ ʠ ʜʨ., 1988; ʖ. ʇ. ʇʦʪʦʮʢʠʡ, 1998; ɺ. ʉ. ʇʨʠʭʦʜʴʢʦ, ɺ. ɸ. ɻʫʨʴʷʥʦʚ, 2014)  [3, 4]. ʕʪʠ 

ʫʯʘʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ Cʘʣʛʘ-ɼʞʘʥʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ - ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʘʩʩʠʚʘ 

ʘʥʦʨʪʦʟʠʪʦʚ ʩ ʘʨʭʝʡʩʢʠʤʠ ʛʥʝʡʩʘʤʠ ʠ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʘʤʠ ʜʞʘʥʠʥʩʢʦʡ ʩʝʨʠʠ ʠ 

ʤʝʪʘʛʘʙʙʨʦʠʜʘʤʠ ʤʘʡʩʢʦ-ʜʞʘʥʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʢʘʢ ʠ ʤʘʩʩʠʚ ʥʘʩʳʱʝʥʳ 

ʜʘʡʢʘʤʠ ʠ ʩʠʣʣʦʦʙʨʘʟʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʛʘʙʙʨʦʥʦʨʠʪʦʚ, ʚʝʙʩʪʝʨʠʪʦʚ, ʣʝʨʮʦʣʠʪʦʚ ʠ 

ʛʘʨʮʙʫʨʛʠʪʦʚ c ʩʫʣʴʬʠʜʥʦʡ Cu-Ni ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʫʯʘʩʪʢʠ ɸʤʧʘʨʜʘʢ, ɸʚʣʘʷʢʘʥ, ʋʣʴʯʫʥʥʳʡ) 

(ɺ. ɸ. ɻʫʨʴʷʥʦʚ ʠ ʜʨ., 1982; ʖ. ʇ. ʇʦʪʦʮʢʠʡ, 1997). ɺ ʧʣʘʥʝ ʪʝʣʘ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ 

ʦʙʨʘʟʫʶʪ ʧʨʦʪʷʞʸʥʥʳʝ  (ʜʦ 24 ʢʤ) ʨʦʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʅʘ ʫʯʘʩʪʢʝ ʂʵʥʜʵʢʵ 

ʩʫʣʴʬʠʜʥʘʷ Cu-Ni-Co ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʚ  ʧʦʣʦʛʦʧʘʜʘʶʱʠʭ (25 - 30
0
)  ʥʘ ʩʝʚʝʨʦ-

ʟʘʧʘʜ ʪʝʣʘʭ ʨʘʩʩʣʦʝʥʥʳʭ ʚʝʙʩʪʝʨʠʪ-ʛʘʙʙʨʦʥʦʨʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 10 ʜʦ 110 ʤ ʠ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʦʪ 0.3 ʜʦ 5 ʢʤ; ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʘʨʝʘʣʘ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʥʝ ʤʝʥʝʝ 8 ʢʤ.   

ʋʯʘʩʪʦʢ ɹʦʛʠʜʵ ï ʵʪʦ ʧʨʦʪʷʞʸʥʥʳʡ (ʦʢʦʣʦ 12 ʢʤ) ʘʨʝʘʣ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʚʝʙʩʪʝʨʠʪʦʚ ʠ 

ʛʘʙʙʨʦʥʦʨʠʪʦʚ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʟʦʥʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ɻʝʨʘʥʩʢʦʛʦ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʩ ʘʨʭʝʡʩʢʠʤʠ ʛʥʝʡʩʘʤʠ. ɿʜʝʩʴ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ 

ʚʩʢʨʳʪʘ ʣʠʥʟʘ ʤʘʩʩʠʚʥʦʡ ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʦʡ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ Ni ï 0.8%, Cu ï 

0.68%, Co- 0.1%, Pt ï 0.1ʛ/ʪ, Pd ï 0.3ʛ/ʪ, Zn ï 0.5%. ʄʦʱʥʦʩʪʴ ʣʠʥʟʳ 1 ï 2 ʤ, ʧʨʦʪʷʞʸʥʥʦʩʪʴ 

ʙʦʣʝʝ 20 ʤ. ʈʫʜʥʦʝ ʪʝʣʦ ʦʢʘʡʤʣʷʝʪʩʷ ʟʦʥʦʡ ʘʨʛʠʣʣʠʟʠʪ-ʞʝʣʝʟʠʩʪʳʭ ʙʨʝʢʯʠʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 

ʤ ʠ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʦʢʦʣʦ 200 ʤ. ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʘ  ʧʨʦʪʷʞʸʥʥʘʷ ʘʥʦʤʘʣʠʷ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ ʛʣʫʙʠʥʝ  ʢʨʫʧʥʦʛʦ ʤʘʛʥʠʪʦʚʦʟʤʫʱʘʶʱʝʛʦ ʦʙʲʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʟʘʣʝʞʴʶ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ʉʦʜʝʨʞʘʥʠʷ Ni, Cu, Co ʚ ʨʫʜʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʫʯʘʩʪʢʦʚ  

ʂʵʥʜʵʢʵ ʠ ɹʦʛʠʜʵ ʢʦʣʝʙʣʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ 0,52-0,97%, 0,29-1,57%, 0,095-0,24%. 

ʆʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Au ʜʦ 1 ʛ/ʪ , Pt ʠ Pd ʜʦ 0,4 ʛ/ʪ. ʉʦʩʪʘʚ ʩʫʣʴʬʠʜʦʚ 

ʚ ʨʫʜʘʭ ï ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʧʝʥʪʣʘʥʜʠʪ; ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʘʩʧʘʜʘ ʧʠʨʨʦʪʠʥʘ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʝʥʪʣʘʥʜʠʪ. ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʦʜʝʨʞʘʪ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʘʛʥʝʪʠʪ ʠ 

ʧʦʵʪʦʤʫ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ  ʜʦ 20 ʢʤ. ʕʪʘ 

ʯʘʩʪʴ ɻʝʨʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʨʘʩʧʦʣʘʛʘʝʪ ʪʘʢʞʝ ʧʣʘʪʠʥʦʚʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʚ ʘʧʘʪʠʪ- 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʦʛʠʜʵ ʠ ɻʘʶʤ. ʉʨʝʜʠ ʤʝʪʘʤʦʨʬʠʪʦʚ ʜʞʘʥʠʥʩʢʦʡ 

ʩʝʨʠʠ, ʦʙʨʘʤʣʷʶʱʠʭ ʩ ʶʛʘ ɻʝʨʘʥʩʢʠʡ ʘʥʦʨʪʦʟʠʪʦʚʳʡ ʤʘʩʩʠʚ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ  ʪʝʣʘ 

ʛʘʙʙʨʦʥʦʨʠʪʦʚ, ʚʝʙʩʪʝʨʠʪʦʚ ʠ ʛʘʨʮʙʫʨʛʠʪʦʚ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʉʦʜʝʨʞʘʥʠʷ Ni, Co, 

Cr (ʚ %) ʚ ʵʪʠʭ ʪʝʣʘʭ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0.1 ʜʦ 1.0,  0.02  ʜʦ 0.2,  0.1  ʜʦ 1.0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ( 
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ʙʘʩʩʝʡʥʳ ʨʝʢ ʗʢʦʥʘ, ʋʣʴʯʫʥʥʘʷ, ʀʢʪʘʥʜʘ, ɺʘʥʛʫ-ʏʘʥʛ ʠ ʜʨ.). ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʧʦ ʢʘʪʝʛʦʨʠʠ 

ʈ3  ʪʦʣʴʢʦ ʶʞʥʦʡ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ɻʝʨʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʮʝʥʠʚʘʶʪʩʷ (ʪʳʩ. ʪ): ʜʣʷ Cu ï 

250, Ni ï 250, Co ï 50 (ɺ. ʅ. ɻʘʛʘʝʚ, ɹ. ɸ. ɿʘʨʫʙʠʥ, ʆɸʆ çɼʘʣʴʛʝʦʬʠʟʠʢʘè, 2003 ʛ.).   

ʊʫʢʩʘʥʠ-ʂʫʢʫʨʩʢʠʡ  ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʊʫʢʩʘʥʠʡʩʢʠʡ ʧʦ ɸ. ɺ. ʄʘʪʚʝʝʚʫ, 2014).   

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 1:200 000 (2011-2014 ʛ) ɺʝʨʭʥʝ-ɿʝʡʩʢʦʡ ʠ 

ʊʫʢʩʘʥʠʡʩʢʦʡ ʧʣʦʱʘʜʝʡ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ ʨʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) 

ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ ʥʘ ʩʫʣʴʬʠʜʥʦʝ Cu-Ni ʩ Pt ʦʨʫʜʝʥʝʥʠʝ. ʅʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ 

ʢʘʨʪʝ ʚʳʜʝʣʝʥʘ ʢʦʥʪʨʘʩʪʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 40 ʢʤ, ʧʨʦʪʷʛʠʚʘʶʱʘʷʩʷ 

ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 200 ʢʤ. ʕʪʘ ʘʥʦʤʘʣʴʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʂʫʥ-ʄʘʥʴʸʥʩʢʦʛʦ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ (ʷʚʣʷʝʪʩʷ 

ʟʘʧʘʜʥʳʤ ʝʛʦ ʧʨʦʜʦʣʞʝʥʠʝʤ) ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʊʫʢʩʘʥʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ɺ 

ʝʛʦ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʩʫʣʴʬʠʜʥʦʝ Pt-Cu-Ni ʦʨʫʜʝʥʝʥʠʝ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʧʣʦʱʘʜʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʛʨʘʚʠʤʝʪʨʠʠ ʠ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʟʘʚʝʨʦʯʥʳʭ ʛʝʦʣʦʛʦ-

ʧʦʠʩʢʦʚʳʭ ʤʘʨʰʨʫʪʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ï ʧʦʪʦʢʠ ʨʘʩʩʝʷʥʠʷ Ni, Co, Cu, Cr, Pt ʠ 

Pd ʚʳʷʚʣʝʥʥʳʝ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ɺ. ɺ. ɼʦʤʯʘʢ ʠ ʜʨ., 1996 ʛ.). ɺ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ ʧʦ ʟʘʣʠʚʘʤ ʠʟʦʘʥʦʤʘʣ ʦʙʦʩʦʙʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʥʘʩʳʱʝʥʥʳʝ ʪʝʣʘʤʠ ʫʣʴʪʨʘʤʘʬʠʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʪʝʣʘ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚʳʜʝʣʝʥʳ ʫʯʘʩʪʢʠ 

ʥʘʩʳʱʝʥʥʳʝ ʧʣʠʪʦʦʙʨʘʟʥʳʤʠ, ʘ ʪʘʢʞʝ ʰʪʦʢʘʤʠ ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʧʝʨʠʜʦʪʠʪʦʚ, ʪʨʘʩʩʠʨʫʝʤʳʭ 

ʧʦʪʦʢʘʤʠ ʨʘʩʩʝʷʥʠʷ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʤʝʜʠ ʠ ʧʣʘʪʠʥʳ. ɺ ʰʪʫʬʥʳʭ ʧʨʦʙʘʭ ʠʟ 

ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʚʝʨʦʯʥʳʭ ʨʘʙʦʪ ʩʦʜʝʨʞʘʥʠʷ Ni ʜʦʩʪʠʛʘʶʪ 1.11%, 

Cu ï 0,33%, Co ï 0,06%, Pt ï 0,6-1,45 ʛ/ʪ, ʨʝʜʢʦ ʜʦ 10 ʛ/ʪ, Pd ï 0,4 ʛ/ʪ, Au ï 0,05 ʛ/ʪ. ʕʪʘʣʦʥʥʳʤ 

ʦʙʲʝʢʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʊʫʢʩʘʥʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʙʳʣ ʚʳʙʨʘʥ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩ 

ʚʦʩʪʦʢʘ ʂʫʥ-ʄʘʥʴʝʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʩ ʨʘʟʚʝʜʘʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʂʫʥ-ʄʘʥʴʸ. ʉʦʛʣʘʩʥʦ 

ʧʨʦʠʟʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʜʣʷ ʧʷʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʩʫʤʤʘʨʥʳʝ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ 

ʢʘʪʝʛʦʨʠʠ ʈ3 ʊʫʢʩʘʥʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʧʣʦʱʘʜʴʶ 2700 ʢʤ
2
 , ʩʦʩʪʘʚʠʣʠ: Ni ï 3088 ʪʳʩ ʪ, 

Cu ï 1235 ʪʳʩ ʪ, Pt ʠ Pd ï 309 ʪ. (ɸ. ɺ. ʄʘʪʚʝʝʚ, çʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʢ ʧʘʩʧʦʨʪʫ 

ʊʫʢʩʘʥʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘéè, ʆɸʆ çɼʘʣʴʛʝʦʬʠʟʠʢʘè, 2014 ʛ.). 

ɸʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʤʫ ʦʙʨʘʤʣʝʥʠʶ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʩʦʤʥʝʥʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʇʨʠʩʪʘʥʦʚʦʡ 

ʟʦʥʳ ʢʦʣʣʠʟʠʠ ʥʘ ʥʠʢʝʣʴ, ʤʝʜʴ ʠ ʧʣʘʪʠʥʦʠʜʳ. ʄʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʧʦʪʝʥʮʠʘʣ ʪʦʣʴʢʦ ʂʫʥ-

ʄʘʥʴʸʥʩʢʦʛʦ  ʨʫʜʥʦʛʦ ʧʦʣʷ, ʙʝʟ ʫʯʸʪʘ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʦʜʥʦʛʦ 

ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʥʠʢʝʣʷ, ʯʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʙʘʟʦʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʦʛʦ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʠʣʠ ʛʦʨʥʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦ ʩʨʦʢʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝ 

ʤʝʥʝʝ 25 ï 30 ʣʝʪ. ʊʘʢʞʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʦʷʚʣʝʥʠʷ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʠ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ Ni, Cu, Co, Pt ʠ Pd ʠ ʧʦ ʫʜʘʯʥʦʤʫ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʦʩʚʦʝʥʠʷ ʛʠʛʘʥʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʕʣʴʛʘè (ʊʦʢʠʥʩʢʘʷ ʚʧʘʜʠʥʘ) ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʫʣʴʬʠʜʥʳʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ ʩ ʧʣʘʪʠʥʦʠʜʘʤʠ 

ʧʨʦʷʚʣʝʥʠʷ ʊʫʢʩʘʥʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. 
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ʂɸʈʊɸ ɿʆʃʆʊʆʅʆʉʅʆʉʊʀ ɸʄʋʈʉʂʆʁ ʆɹʃɸʉʊʀ 4 ʇʆʂʆʃɽʅʀʗ 

 

ɸ.ɸ. ʀʣʴʠʥ  

ʆʆʆ ʀʅʇɸɿɸ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ  

 

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʂʘʨʪ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʧʦ ɸ.ɸ.ʀʣʴʠʥʫ) 

ʀʩʪʦʨʠʷ ʩʦʩʪʘʚʣʝʥʠʷ ʂʘʨʪ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʚʦʩʭʦʜʠʪ ʢ ʥʘʯʘʣʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ. 

ʆʥʠ ʙʳʣʠ, ʧʦʞʘʣʫʡ, ʧʝʨʚʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʦʙʱʘʶʱʠʤʠ ʠʤʝʶʱʫʶʩʷ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʦʛʥʦʟʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʠ ʩʤʝʞʥʳʭ ʧʣʦʱʘʜʝʡ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴʥʝʡʰʠʭ ʧʦʠʩʢʦʚʳʭ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ.    

ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʜʝʣʘʥʘ ʤʥʦʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʂʘʨʪ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ɸʤʫʨʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʘ 

ʂʘʨʪʳ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 1 ʧʦʢʦʣʝʥʠʷ (ʩʪʘʨʳʝ) ï 1880-1925 (28) ʛ.ʛ. 
ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʢʘʨʪʳ ʨʘʟʤʝʱʝʥʠʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʨʠʠʩʢʦʚ ʥʘ ʩʭʝʤʝ ʛʠʜʨʦʩʝʪʠ. 

ʂʘʨʪʳ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 2 ʧʦʢʦʣʝʥʠʷ (ʥʦʚʳʝ) ï 1925 (28) ʛ. ï ʥʘʰʝ ʚʨʝʤʷ. 
ɺ ʦʩʥʦʚʥʦʤ ʜʘʥʥʳʝ ʢʘʨʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʦʪʯʸʪʦʚ ʦ ɻʈʈ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ 

ʫʯʘʩʪʢʘʭ ʨʘʙʦʪ. ʆʥʠ ʚʳʧʦʣʥʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʨʝʣʴʝʬʘ, ʙʣʦʢʠʨʦʚʢʠ ʟʘʧʘʩʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʣʠʥʠʡ. ʀʥʦʛʜʘ ʥʘ ʣʠʥʠʷʭ ʫʢʘʟʘʥʳ 

ʠʥʪʝʨʚʘʣʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ. 

ʂʘʨʪʘ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 3 ʧʦʢʦʣʝʥʠʷ (ʩʭʝʤʳ ʄʝʣʴʥʠʢʦʚʘ ɺ.ɼ.) ï 1997 ʛ. 
ʂʘʨʪʘ ʚʳʧʦʣʥʝʥʳ ʧʦ ʣʠʩʪʘʤ ʄ 1:200 000, ʥʘ ʚʘʪʤʘʥʝ, ʩ ʨʫʯʥʦʡ ʧʨʦʨʠʩʦʚʢʦʡ (ʪʫʰʴʶ) 

ʛʠʜʨʦʩʝʪʠ ʠ ʩʦʩʪʦʷʥʠʷ ʨʦʩʩʳʧʝʡ (ʦʪʨʘʙʦʪʘʥʘ, ʨʘʟʚʝʜʘʥʘ, ʠʤʝʶʪʩʷ ʨʝʩʫʨʩʳ). ɿʦʣʦʪʦʨʫʜʥʳʝ 

ʦʙʲʝʢʪʳ ʧʦʢʘʟʘʥʳ ʩʠʤʚʦʣʘʤʠ.  

ʂʘʨʪʘ ʦʭʚʘʪʳʚʘʶʪ ʦʢʦʣʦ 75% ʧʣʦʱʘʜʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʊ.ʝ. ʚʩʝ ʣʠʩʪʳ ʄ 1:200000 

(ʠʥʦʛʜʘ 0,5 ʣʠʩʪʘ), ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʨʘʟʚʝʜʢʘ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʨʦʩʩʳʧʝʡ. 

ʂ ʢʘʨʪʝ ʧʨʠʣʘʛʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʚʘʨʠʘʥʪ ʦʧʠʩʘʥʠʷ ʚʩʝʭ (ʦʢʦʣʦ 2000 - !!!) ʨʦʩʩʳʧʝʡ. 

ʆʧʠʩʘʥʠʝ ʚʢʣʶʯʘʝʪ: ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʨʦʩʩʳʧʠ, ʠʩʪʦʨʠʶ ʝʸ ʦʩʚʦʝʥʠʷ (ʩ ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʭ 

ʚʨʝʤʝʥ ï ʝʩʣʠ ʠʤʝʝʪʩʷ), ʚʩʝ ʦʪʯʸʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʧʦʤʠʥʘʝʪʩʷ ʨʦʩʩʳʧʴ, ʦʩʥʦʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʠʦʜʳ ʨʘʟʚʝʜʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʘʧʘʩʦʚ ʠ ʦʪʨʘʙʦʪʦʢ, ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʤ (ʩ ʚʣʘʜʝʣʴʮʝʤ ʣʠʮʝʥʟʠʠ) ʠʣʠ 

ʥʝʨʘʩʧʨʝʜʝʣʸʥʥʦʤ ʬʦʥʜʘʭ ʥʝʜʨ. ʆʧʠʩʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʦʢ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

(ʠʥʦʛʜʘ ʙʦʣʝʝ 10) ʣʠʩʪʦʚ.  

 

2. ʂʘʨʪʘ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ 4 ʧʦʢʦʣʝʥʠʷ 
  ʇʨʝʜʣʘʛʘʝʤʘʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʂʘʨʪʘ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 4 ʧʦʢʦʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʘʢʝʪ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘʶʱʠʡ: 

1. ɻʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ: 
1.1. ʇʣʘʥʳ ɺʉɽʍ ʦʪʨʘʙʦʪʘʥʥʳʭ ʠ ʨʘʟʚʝʜʘʥʥʳʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʚ ʄ 

1:5000 ʩ ʮʚʝʪʦ-ʚʦʡ ʟʘʣʠʚʢʦʡ ʦʪʨʘʙʦʪʦʢ ʠ ʟʘʧʘʩʦʚ ʧʦ ʚʝʣʠʯʠʥʝ ʧʣʦʱʘʜʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (Ws) 

ï ʦʢʦʣʦ 400 ʦʙʲʝʢʪʦʚ. 

1.2. ʇʣʘʥʳ ʠ ʩʭʝʤʳ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʄ 1:5000 ï 1:25000 ʩ ʮʚʝʪʦʚʦʡ 

ʟʘʣʠʚʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʦʠʩʢʦʚʘʥʠʷ ʧʦ ʧʣʦʱʘʜʥʦʡ (Ws) ʠ ʣʠʥʝʡʥʦʡ (Wl) ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʦʩʩʳʧʝʡ ï ʦʢʦʣʦ 300 ʦʙʲʝʢʪʦʚ.  

1.3. ʈʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʧʣʘʥʳ (ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ) ʦʪʨʘʙʦʪʘʥʥʳʭ ʠ 

ʨʘʟʚʝʜʘʥʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ, ʚʢʣʶʯʘʷ ʤʘʢʝʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.   

1.4. ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʄ 1:100 000, 1:200 000, 1:500 000 ʩ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʚ ʮʚʝʪʝ ʦʧʦʠʩʢʦʚʘʥʥʳʭ, ʨʘʟʚʝʜʘʥʥʳʭ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʦʩʩʳʧʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʷʚʣʝʥʠʡ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʨʫʜʥʳʭ ʪʝʣ ʠ ʦʩʥʦʚʥʳʭ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ. 

1.5. ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʥʳ ʄ 1:50 000 (ʥʝ ʩʝʢʨʝʪʥʳʝ), 1:100 000, 

1:200 000, 1:500000 ʩ ʮʚʝʪʦʚʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʨʦʩʩʳʧʝʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ. 

1.6. ʇʨʦʯʠʝ ʧʣʘʥʳ ʠ ʩʭʝʤʳ. 
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ʄʥʦʛʦʦʙʨʘʟʠʝ ʤʘʩʰʪʘʙʦʚ ʧʣʘʥʦʚ ʠ ʢʘʨʪ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʣʶʙʳʭ ʚʠʜʘʭ ʠ 

ʫʨʦʚʥʷʭ ʘʥʘʣʠʪʠʢʠ: ʦʪ ʤʝʣʢʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ. 

2. ʊʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ: 
2.1. ʊʘʙʣʠʮʳ ʨʦʩʩʳʧʥʦʡ ʠ ʨʫʜʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʠ ʧʦ ʛʦʜʘʤ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤ. 

2.2. ʉʚʦʜʳ ʠ ʚʝʜʦʤʦʩʪʠ ʟʘʧʘʩʦʚ. 

2.3. ʇʦʦʙʲʝʢʪʥʘʷ (ʘʥʘʣʦʛʠʯʥʘʷ ʨʘʙʦʪʝ 1997 ʛ.) ʦʮʝʥʢʘ ʨʝʩʫʨʩʦʚ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

2.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʩʳʧʝʡ (ʧʨʦʙʥʦʩʪʴ, ʩʠʪʦʚʢʘ, ʭʠʤ.ʩʦʩʪʘʚ) ʠ ʨʫʜ. 

2.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʠʟ ʦʪʯʸʪʦʚ ʦ ʛʝʦʣʦʛʦʩʲʸʤʦʯʥʳʭ, ʧʦʠʩʢʦʚʳʭ ʠ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ. 

2.6. ʇʨʦʯʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. 

ɺʩʝ ʪʘʙʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʨʘʪʢʠʤ ʦʧʠʩʘʥʠʝʤ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ:  

- ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʠ ʪʝʤʘʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

(ʩʧʝʮʠʘʣʠʩʪʳ ɸʅʎ ɼɺʆ ʈɸʅ ʛ.ɹʣʘʛʦʚʝʱʝʥʩʢ); 

-  ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʧʣʦʱʘʜʥʳʝ ʠ ʣʠʥʝʡʥʳʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ 

(ʎʅʀɻʈʀ); 

-  ʜʘʥʥʳʝ ʧʦ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʝ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʧʨʠʠʩʢʘʤ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ). 

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʩʦʙʨʘʥʘ ʚ ɹʘʥʢ ʜʘʥʥʳʭ (ɹʢɼ), ʦʙʲʝʜʠʥʷʶʱʠʡ ʙʘʟʳ ʜʘʥʥʳʭ ʚʩʝʡ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʙʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʙʫʜʫʪ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʉʋɹɼ Access. ɻʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ɹʢɼ ʧʦʤʠʤʦ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ 

ʛʨʘʬʠʢʠ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ ʧʝʨʚʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʫʜʥʳʤ (ʧʦʛʦʨʠʟʦʥʪʥʳʝ, ʧʦʞʠʣʴʥʳʝ ʧʣʘʥʳ 

ʠ ʪ.ʜ.) ʠ ʨʦʩʩʳʧʥʳʤ (ʧʝʨʚʠʯʥʳʝ ʧʣʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʄ 1:2000 ʠ ʨʘʟʨʝʟʳ ʧʦ ʧʦʠʩʢʦʚʳʤ 

ʣʠʥʠʷʤ ʚ JPG) ʦʙʲʝʢʪʘʤ, ʘ ʪʘʢʞʝ ʧʨʦʯʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ.  

ʇʦ ʩʫʪʠ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʩʦʙʨʘʥʘ ʚʩʷ ʬʘʢʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʢʠ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʠ ʙʫʜʫʪ ʦʪʦʙʨʘʞʝʥʳ ʥʝ 

ʦʙʳʯʥʦʡ ʰʪʨʠʭʦʚʢʦʡ, ʘ ʮʚʝʪʦʤ, ʦʪʦʙʨʘʞʘʶʱʠʤ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʦʪʨʘʙʦʪʦʢ (ʚ ʛ/ʤ
2
) ʠ ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʨʫʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʦʣʦʪʘ. ʅʘ ʨʫʜʥʳʝ 

ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʩʦʩʪʘʚʣʝʥʳ ʤʘʢʝʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʪʦʙʨʘʟʷʪʩʷ ʥʘ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʛʨʘʬʠʢʝ, ʚʤʝʩʪʦ ʦʙʳʯʥʦʛʦ ʩʠʤʚʦʣʘ ʚ ʚʠʜʝ ʩʢʨʝʱʝʥʥʳʭ ʤʦʣʦʪʢʦʚ.  

ʇʦ ʠʥʬʦʨʤʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʎʅʀɻʈʀ ʘʥʘʣʦʛʦʚ ʪʘʢʦʡ ʂʘʨʪʳ ʚ ʈʦʩʩʠʠ ʥʝ ʠʤʝʝʪʩʷ. 

ɺʧʨʦʯʝʤ, ʝʸ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ, ʪ.ʢ. ʧʨʠ ʝʸ ʩʦʩʪʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʢʩʢʣʶʟʠʚʥʳʝ ʘʚʪʦʨʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʦʪʦʙʨʘʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʦʩʩʳʧʝʡ. ʇʝʨʚʘʷ ʠʟ 2ʭ ʤʝʪʦʜʠʢ (çɸʥʘʣʠʟ 

ʧʣʦʱʘʜʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪʨʘʙʦʪʦʢ ʨʦʩʩʳʧʝʡè) ʙʳʣʘ ʦʟʚʫʯʝʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʫʤʘʭ 

(ɸʅʎ ɼɺʆ ʈɸʅ, ʛ.ɹʣʘʛʦʚʝʱʝʥʩʢ; ʅɹʃɿʦʣʦʪʦ, ʛ.ʍʘʙʘʨʦʚʩʢ; ʈʦʩʥʝʜʨʘ ʠ ʎʅʀɻʈʀ, ʛ.ʄʦʩʢʚʘ) ʠ 

ʙʳʣʘ ʚ ʮʝʣʦʤ ʦʜʦʙʨʝʥʘ. ʈʘʟʨʘʙʦʪʢʘ ʚʪʦʨʦʡ (çɸʥʘʣʠʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʦʚʳʭ ʠ 

ʨʘʟʚʝʜʦʯʥʳʭ ʣʠʥʠʡ ʥʘ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦè) ʟʘʚʝʨʰʝʥʘ ʚ ʜʝʢʘʙʨʝ 2015 ʛ. ʆʥʘ ʙʳʣʘ ʫʩʧʝʰʥʦ 

ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ ʧʦ ʘʥʘʣʠʟʫ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʶʞʥʦʡ ʯʘʩʪʠ ʍʘʨʛʠʥʩʢʦʛʦ ʈʈʋ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʟʘʢʘʟʫ ɿɸʆ çʍʵʨʛʫè  

ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʚʳʷʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʠ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʨʦʩʩʳʧʝʡ (ʚ ʪ.ʯ. ʧʦʛʨʝʙʸʥʥʳʭ), 

ʥʦ ʠ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ï ʥʦʚʦʛʦ ʜʣʷ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʋʚʝʨʝʥ, ʯʪʦ ʵʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʟʦʣʦʪʦʜʦʙʳʯʫ ʦʙʣʘʩʪʠ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʩʪʘʥʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʧʦʠʩʢʘʤ ʠ 

ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʢʘʢ ʨʦʩʩʳʧʥʳʭ, ʪʘʢ ʠ ʨʫʜʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʠʪʦʛʦʚ ʩʦʩʪʘʚʣʝʥʥʦʡ ʂʘʨʪʳ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 4 ʧʦʢʦʣʝʥʠʷ, ʧʦʤʠʤʦ ʙʘʥʢʘ ʜʘʥʥʳʭ 

ʦ ʬʘʢʪʠʯʝʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʙʫʜʫʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʠʩʢʦʚʳʭ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʨʦʩʩʳʧʥʦʝ ʠ ʨʫʜʥʦʝ ʟʦʣʦʪʦ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʛʦʪʦʚʳ ʧʨʦʝʢʪ ʠ ʩʤʝʪʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʂʘʨʪʳ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 4 

ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʶʱʝʡ ʧʣʦʱʘʜʠ ɿʝʝ-
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ʉʝʣʝʤʜʞʠʥʩʢʦʛʦ, ɺʝʨʭʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʠ ɼʞʘʛʜʠʥʩʢʦʛʦ ʈʈʈ ʠʣʠ ʟʦʥʫ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉʝʣʝʤʜʞʠʥʩʢʦʛʦ, ʍʘʨʛʠʥʩʢʦʛʦ ʠ ʆʢʪʷʙʨʴʩʢʦʛʦ ʧʨʠʠʩʢʦʚ ʙʳʚʰʝʛʦ ʇʆ çɸʤʫʨʟʦʣʦʪʦè (ʈʠʩ.1).  

 

 
ʉʨʦʢ ʠʩʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ï 42 ʤʝʩʷʮʘ. ʀʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʦʢʘ ʥʝ 

ʥʘʡʜʝʥʦ. 
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ʆ ʇʈʀʈʆɼɽ ʇʀʂʈʀʊʆɺʓʍ ʇʈʆʗɺʃɽʅʀʁ ʉɽɺɽʈʅʆɻʆ ʅʋʈɸʊɸʋ 

(ɿɸʇɸɼʅʓʁ ʋɿɹɽʂʀʉʊɸʅ) 

ʍ.ɼ.ʀʰʙʘʝʚ, ɸ.ʍ.ʐʫʢʫʨʦʚ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤ. ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʛ. ʊʘʰʢʝʥʪ 

halbay@mail.ru 

ʇʠʢʨʠʪʳ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠʟʚʝʩʪʥʳ ʩ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʙʣʘʛʦʜʘʨʷ 

ʨʘʙʦʪʳ ʍʘʣʤʘʪʦʚʘ (1955), ʇʦʜʢʘʧʘʝʚʘ (1965), ʄʠʭʘʡʣʦʚʘ (1965), ɻʘʤʘʣʝʝʚʘ (1967), ɹʘʨʘʪʦʚʘ 

(1970) ʄʫʰʢʠʥʘ (1971), ʍʘʤʨʘʙʘʝʚʘ (1972), ɺʠʰʥʝʚʩʢʦʛʦ, ʉʘʚʦʯʢʠʥʦʡ (1976), ɹʘʨʘʥʦʚʘ 

(1978), ʂʦʧʪʝʚʦʡ (1987) [1-10] ʠ ʜʨ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʢʨʠʪʳ ʚʳʷʚʣʝʥʳ ʚ ʨʘʡʦʥʘʭ ɹʫʢʘʥʪʘʫ, ʉʝʚʝʨʥʦʡ ʅʫʨʘʪʘʫ, 

ʖʞʥʦʡ ʌʝʨʛʘʥʝ, ɸʪʙʘʰʠ, ʀʥʳʣʯʝʢ, (ʂʦʢʰʘʘʣʴʪʘʫ), ʍʘʥʪʝʥʛʨʠ ʠ ʜʨ., ʛʜʝ ʦʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʚ ʶʞʥʦʪʷʥʰʘʥʩʢʦʡ ʦʬʠʦʣʠʪʦʚʦʡ ʩʫʪʫʨʥʦʡ ʟʦʥʝ (ʨʠʩ.1) ʠ ʪʝʩʥʦ ʘʩʩʦʮʠʨʫʶʪ ʩ ʚʤʝʱʘʶʱʠʤʠ 

ʣʘʚʘʤʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ (ʵʨʫʧʪʠʚʥʳʝ ʙʨʝʢʯʠʠ ï ʛʠʘʣʦʢʣʘʩʪʠʪʳ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ-ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ) ʠ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ, ʧʦʩʣʝʜʥʠʝ ʩʯʠʪʘʶʪʩʷ ʨʝʣʠʢʪʘʤʠ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʨʦʰʣʦʛʦ. ʇʦʣʫʯʝʥʥʳʡ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʠ ʜʦʧʦʣʥʠʪʴ 

ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʳʚʦʜʦʚ ʦ ʧʨʠʨʦʜʝ 

ʧʠʢʨʠʪʦʚ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ.  

 

 
ʈʠʩ.1. ʄʝʩʪʦ ʶʞʥʦʪʷʥʰʘʥʩʢʦʡ ʩʫʪʫʨʥʦʡ ʟʦʥʳ ʚ ʊʷʥʴ-ʐʘʥʝ (ʧʦ [9]). 

1 ï ʦʬʠʦʣʠʪʳ, 2 ï ʩʠʣʴʥʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʜʨʝʚʥʠʝ ʧʦʨʦʜʳ,  3 ï ʊʫʨʢʝʩʪʘʥʩʢʘʷ ï ʂʦʦʢʰʘʣʴ-ʂʫʤʫʰʠʩʢʘʷ 

ʩʫʪʫʨʥʘʷ ʟʦʥʘ, 4 ï ʨʘʟʣʦʤʳ  

 

ʇʠʢʨʠʪʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ ʉʝʚʝʨʦ-ʅʫʨʘʪʠʥʩʢʦʛʦ ʭʨʝʙʪʘ 

(ɸʩʤʘʥʩʘʡ, ʌʘʟʠʣʤʘʥʴ), ʥʘ ʩʝʚʝʨʥʦʤ ɹʫʢʘʥʪʘʫ ʠ ʚ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʝ (ɹʘʫʙʘʰʘʪʘ, 

ʂʘʨʘʯʘʪʳʨ, ɸʨʘʚʘʥ, ʅʘʜʳʨ ʠ ʜʨ.), ʛʜʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ, ʜʘʡʢʠ, 

ʤʝʣʢʠʝ ʰʪʦʢʠ. ɺ ʨʘʡʦʥʝ ʫʯʘʩʪʢʠ ɸʩʤʘʥʩʘʡ ʉʝʚʝʨʥʦʛʦ ʅʫʨʘʪʘʫ ʜʘʡʢʠ ʠ ʣʠʥʟʦʚʠʜʥʝr ʪʝʣʘ 

ʧʠʢʨʠʪʦʚ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 100 ʤ ʧʨʠ ʤʦʥɦʦʩʪʠ ʜʦ 30 ʤ ʮʝʧʝʯʢʦʦʙʨʘʟʥʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 15 ʢʤ ï ʦʪ ɹʘʛʜʘʥʘ (ʗʥʛʠʢʠʰʣʘʢ) ʜʦ ʂʘʨʘʭʘʥʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʚ ʚʠʜʝ ʜʘʝʢ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʚʩʪʨʝʯʝʥʳ ʠ ʚ ʚʝʨʭʦʚʴʷʭ ʩʘʝʚ ʉʝʥʪʷʙ 

ʠ ʄʘʜʞʝʨʫʤ [4]; ɻʦʣʦʚʢʦ ʠ ʜʨ.,2005 ʛ.). ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʙʝʥʥʦʩʪʴʶ ʠʭ ʷʚʣʷʶʪʩʷ ʰʘʨʦʚʘʷ 
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ʦʪʝʜʝʣʴʥʦʩʪʴ. ʆʥʠ ʯʝʪʢʦ ʧʨʦʨʚrʘʶʪ ʧʨʦʜʫʢʪʳ ʝɦʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʰʘʚʘʩʩʢʦʡ 

ʩʚʠʪʳ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʧʦʨʥʳʤ ʠ ʢʦʣʝʙʣʝʪ ʦʪ ʦʨʜʦʚʠʢ-ʩʠʣʫʨʘ ʜʦ ʥʠʞʥʝʛʦ 

ʢʘʨʙʦʥʘ. 

ʇʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʦʙʣʘʜʘʶʪ ʜʦʚʦʣʴʥʦ ʦʜʥʦʦʙʨʘʟʥʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʦʤ: 

ʦʣʠʚʠʥ, ʘʚʛʠʪ, ʜʠʦʧʩʠʜ, ʧʣʘʛʠʦʢʣʘʟ, ʩʝʨʧʝʥʪʠʥ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʭʨʦʤ-ʧʠʢʦʪʠʪ, 

ʭʨʦʤʠʪ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʩʫʣʴʬʠʜʳ ʠ ʜʨ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʬʠʨʦʚʠʜʥʘʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠ-ʟʝʨʥʠʩʪʦʡ ʜʦ ʤʠʢʨʦʣʠʪʦʚʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʍʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʠʨʦʢʩʝʥʘ ʩʨʝʜʠ ʦʚʘʣʴʥʳʭ ʟʝʨʝʥ ʦʣʠʚʠʥʘ (ʨʠʩ.6 ʘ, ʙ), 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ  ʦ çʩʧʠʥʠʬʝʢʩè ʩʪʨʫʢʪʫʨʝ [1, 5].  

ʐʘʚʘʟʩʢʠʡ ʦʣʠʚʠʥ-ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ 

ʋʭʫʤ, ʉʠʥʪʷʙ, ʐʘʚʘʩ, ɸʨʚʘʪʝʥ, ʆʩʤʘʥʩʘʡ (ʨʠʩ.2), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʧʠʢʨʠʪʦʚ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʚʳʭʦʜʦʚ ʧʦʨʦʜ ʧʦ ʐʘʚʘʟʩʘʶ ʩʦʩʪʘʚʣʷʝʪ 660 ʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʣʘʚʘʤʠ ʧʠʨʦʢʩʝʥʦʚʳʭ ʠ ʦʣʠʚʠʥ-ʧʠʨʦʢʩʝʥʦʚʳʭ ʙʘʟʘʣʴʪʦʚ (80 %), ʪʫʬʘʤʠ (11 %), ʠ 

ʷʰʤʦʠʜʘʤʠ (9%). ʇʦʢʨʦʚʘʤ ʙʘʟʘʣʴʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʧʦʜʫʰʝʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʤʦʱʥʦʩʪʴ ʵʪʠʭ 

ʧʘʯʝʢ 50-150 ʤ. ʊʠʧʠʯʥʳʝ ʙʘʟʘʣʴʪʦʠʜʳ ʜʘʥʥʦʡ ʬʦʨʤʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ 

ʩʢʫʜʥʦʧʦʨʬʠʨʦʚʳʭ (ʜʦ 10%) ʠ ʩʦʩʪʦʷʪ ʠʟ ʆǎ, ʆʨʭ, ʈǎ. ɺ ʧʣʘʛʠʦʢʣʘʟʘʭ (An60-70) ʦʪʤʝʯʘʶʪʩʷ 

ʚʢʣʶʯʝʥʠʷ ʆʨʭ, Mt, ʘʧʘʪʠʪʘ. ʈʝʜʢʦ ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʫʩʪʘʥʦʚʣʝʥ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚ.  

 

 
ʈʠʩ.3. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʘʟʘʣʴʪʦʠʜʦʚ ʰʘʚʘʟʩʢʦʡ ʩʚʠʪʳ ʚ ʉʝʚʝʨʥʦʤ ʅʫʨʘʪʘʫ. 

1 ï ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩʠʣʫʨʘ, 2 ï ʚʳʭʦʜʳ ʤʘʜʞʝʨʫʤʩʢʦʡ ʩʚʠʪʳ, 3 ï ʚʳʭʦʜʳ ʰʘʚʘʟʩʢʦʡ ʩʚʠʪʳ, 4 

ï ʜʝʚʦʥʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ, 5 ï ʢʘʨʙʦʥ-ʧʝʨʤʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ, 6 ï ʛʨʘʥʦʩʠʝʥʠʪʳ, ʤʦʥʮʦʥʠʪʳ ʂʦʰʨʘʙʘʜʩʢʦʛʦ 

ʠʥʪʨʫʟʠʚʘ, 7 ï ʨʘʟʣʦʤʳ. 

 

ʉʦʩʪʘʚ ʰʘʚʘʟʩʢʦʡ (ʉʝʚʝʨʥʦʝ ʅʫʨʘʪʘʫ) ʘʨʘʚʘʥʩʢʦʡ (ʖʞʥʘʷ ʌʝʨʛʘʥʘ), ʠ ʢʫʣʴʢʫʜʫʢʩʢʦʡ 

(ʉʝʚʝʨʥʦʝ ɹʫʢʘʥʪʘʫ) ʩʚʠʪ ʧʦ ʨʷʜʘ ʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʘʚʘʤʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ (60-90%), ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʵʢʩʧʣʦʟʠʚʥʳʝ 

ʙʨʝʢʯʠʠ-ʛʠʘʣʦʢʣʘʩʪʠʪʳ, ʪʫʬʳ) (20-30%), ʢʨʝʤʥʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (10-20%), 

ʧʦʜʫʰʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʣʘʚʘʤʠ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ - ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ, 

ʜʠʘʙʘʟʘʤʠ, ʜʠʘʙʘʟ-ʧʦʨʬʠʨʠʪʘʤʠ ʠ ʧʠʢʨʠʪ-ʧʦʨʬʠʨʠʪʘʤʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʟʨʘʩʪ ʵʪʠʭ 

ʙʘʟʘʣʴʪʦʠʜʦʚ ʧʦ ʚʩʝʤʫ ʧʦʷʩʫ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʝʝ ʜʨʝʚʥʠʤ (ʦʨʜʦʚʠʢ-ʩʠʣʫʨ), ʢʘʢ ʩʯʠʪʘʣʠ 

ɿ.ɸ.ʖʜʘʣʝʚʠʯ ʠ ʜʨ. (1984), ʝʩʣʠ ʦʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩ 
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ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʘʤʠ ʥʫʨʘʪʠʥʩʢʦʡ, ʙʫʢʘʥʪʘʫʩʢʦʡ ʠ ʶʞʥʦʬʝʨʛʘʥʩʢʦʡ ʩʝʨʠʠ. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʶʪ ʦʬʠʦʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ.  

ɺʦʟʨʘʩʪ ʦʬʠʦʣʠʪʦʚ ʚʩʝʛʜʘ ʷʚʣʷʣʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʟʨʘʩʪʘ ʧʠʢʨʠʪʦʚ, ʪʦ, 

ʯʪʦ ʦʥʠ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʨʳʚʘʶʪ ʥʠʞʥʠʡ ʧʘʣʝʦʟʦʡ. ʆʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʦʟʨʘʩʪ ʧʦʨʦʜ 

ʰʘʚʘʟʩʢʦʡ ʩʚʠʪʳ ʩʯʠʪʘʶʪ ʢʘʨʙʦʥʦʚʳʤ, ʜʨʫʛʠʝ ï ʦʨʜʦʚʠʢ-ʩʠʣʫʨʦʤ. ɸʙʩʦʣʶʪʥʘʷ ʮʠʬʨʘ 439Ñ3 

ʤʣʥ.ʣʝʪ [10] ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʞʥʠʡ ʩʠʣʫʨ. ɺʦʟʨʘʩʪ ʧʠʢʨʠʪʦʚ ʂʘʥʩʢʦʡ ʧʦʣʦʩʳ (ʖʞʥʘʷ ʌʝʨʛʘʥʘ), 

ʟʘʣʝʛʘʶʱʠʭ ʩʨʝʜʠ ʚʫʣʢʘʥʠʪʦʚ ʘʨʘʚʘʥʩʢʦʡ ʩʚʠʪ (D1), cʯʠʪʘʝʪʩʷ [1] ʨʘʥʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʤ. 

ʀʤʝʶʱʠʝʩʷ ʝʜʠʥʠʯʥʳʝ ʨʘʜʠʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʠʢʨʠʪʦʚ ɸʨʘʚʘʥʘ ʩʦʩʪʘʚʣʷʶʪ 395-

420Ñ18 ʤʣʥ. ʣʝʪ,  ɸʩʤʘʥʩʘʷ ï 299-419Ñ35 ʤʣʥ.ʣʝʪ, ʌʘʟʠʣʤʘʥʘ ï 270 Ñ11 ʤʣʥ. ʣʝʪ.  

ɺ ʮʝʣʦʤ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ, ʞʝʣʝʟʘ ʠ ʭʨʦʤʘ ʚ ʧʠʢʨʠʪʘʭ ʉʝʚʝʨʥʦʛʦ ʅʫʨʘʪʘʫ ʠ 

ʠʭ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʘʥʪʠʡʥʫʶ ʧʨʠʨʦʜʫ ʟʘʨʦʞʜʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʦʯʘʛʘ. 
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ɺ.ɻ. ʂʨʶʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ, ʛ. ʍʘʙʘʨʦʚʩʢ 

 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ 

ʟʦʣʦʪʦ. ʄʘʢʩʠʤʫʤ ʦʨʫʜʝʥʝʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʝʟʦʟʦʡʩʢʠʤ ʵʪʘʧʦʤ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʢʣʘʜʯʘʪʳʭ ʩʦʦʨʫʞʝʥʠʡ [1, 2, 3]. ʈʫʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʙʝʟʨʫʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʦʨʦʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʦʟʨʘʩʪʘ: 

ʦʪ ʘʨʭʝʡʩʢʠʭ ʜʦ ʢʘʡʥʦʟʦʡʩʢʠʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʥʦʟʳ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʧʣʦʱʘʜʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʩʦʩʪʘʚʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʨʫʜʦʥʦʩʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ ʩʦ ʩʢʨʳʪʳʤ ʠ 

ʩʣʘʙʦʧʨʦʷʚʣʝʥʥʳʤ ʚ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʘʭ ʦʨʫʜʝʥʝʥʠʝʤ.  

ɺ ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʘʨʪʳ ʠ ʩʭʝʤʳ 

ʨʘʟʤʝʱʝʥʠʷ ʙʝʟʨʫʜʥʳʭ (ʨʝʛʠʦʥʘʣʴʥʳʭ) ʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ (ʣʦʢʘʣʴʥʳʭ) ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʆʥʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʠʶ: ʤʘʩʰʪʘʙʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʫʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʛʨʘʥʠʮ ʨʘʟʥʦʨʘʥʛʦʚʳʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʪʘʢʩʦʥʦʚ ʠ ʠʭ ʪʠʧʦʚ, ʧʨʦʛʥʦʟʫ ʥʦʚʳʭ 

ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ, ʚʢʣʶʯʘʷ ʦʙʲʝʢʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʦʟʤʦʞʥʦʩʪʠ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʠʩʴ ʚ ʩʚʷʟʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʩʣʘʙʦʧʨʦʷʚʣʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʰʣʠʬʦʚ ʠʟ ʰʣʠʬʦʪʝʢʠ ʢ ʣʠʩʪʘʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʄ 1:200000 ʠ 1: 50000, 

ʪʘʢ ʢʘʢ çʩʥʷʪʘʷè ʚ 50-80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʠʩʭʦʜʥʳʭ 

ʧʦʨʦʜ ʥʝ ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʆʩʦʙʝʥʥʦ ʧʨʦʜʫʢʪʠʚʝʥ 

ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʙʦʙʱʝʥʠʷʭ, ʢʦʛʜʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʥʝʦʙʭʦʜʠʤ 

ʘʥʘʣʠʟ ʧʦ ʙʦʣʴʰʠʤ ʪʝʨʨʠʪʦʨʠʷʤ.  

ʊʝʨʨʠʪʦʨʠʷ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʡ, ʥʦ ʚ ʮʝʣʦʤ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʜʣʷ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚ ʧʣʦʱʘʜʥʦʤ ʚʘʨʠʘʥʪʝ ʚʝʩʴʤʘ ʬʨʘʛʤʝʥʪʘʨʥʳ (ɹʦʣʪʳʭʘʥʦʚ, 

ʈʦʤʘʰʢʠʥ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ʚ ʨʘʤʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʡ ɺ.ɼ. ʄʝʣʴʥʠʢʦʚʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʘʤʠ 

ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʚʝʩʪʥʦʝ [1, 4], ʥʦ ʝʱʸ ʩʣʘʙʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʚʘʨʠʘʥʪʝ ʩʠʥʪʝʟʘ ʧʦʣʝʚʳʭ ʘʚʪʦʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤʥʦ ʦʪʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʝ. ʇʦ ʩʫʱʝʩʪʚʫ, ʵʪʦ 

ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʚ ʩʠʣʫ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪ ʣʝʞʘʪ ʧʦʣʦʞʝʥʠʷ ʦ ʤʘʩʰʪʘʙʥʦʩʪʠ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʬʘʮʠʘʣʴʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʚʳʜʝʣʝʥʠʶ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ. ʄʝʪʦʜʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʦʚʳ ʄ 1:200 000 ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʘʨʪʳ ʠ ʩʭʝʤʳ ʄ 1:500 000. 

ɺ ʤʝʪʦʜʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʚʠʜʘ ʨʘʙʦʪ: ʜʠʘʛʥʦʩʪʠʢʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, 

ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ. ʆʩʥʦʚʦʡ ʵʪʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʰʣʠʬʦʚ ʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʄ 1:200000 ʠ 1:50000. ʂʦʣʠʯʝʩʪʚʦ ʰʣʠʬʦʚ, 

ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʣʠʩʪ ʄ 1:200000, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 50 ʜʦ 1400 ʰʪʫʢ. ʇʦ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʠʣʦ 22 400, ʚ ʪʦʤ ʯʠʩʣʝ, 1360 ï ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ. ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ 

ʧʣʦʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 1 ʰʣʠʬʘ ʥʘ 0,5 ʢʚ. ʩʤ. ʢʘʨʪʳ ʄ 1:500000, ʷʚʣʷʶʱʝʡʩʷ 

ʦʩʥʦʚʦʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʧʨʝʜʝʣʘʭ 
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ʢʦʪʦʨʦʡ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʛʝʦʣʦʛʘʤʠ ɺɸɻʊʘ ʠ ʰʣʠʬʦʪʝʢʘ ʦʢʘʟʘʣʘʩʴ ʥʝ 

ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʘʚʪʦʨʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ɺ ʨʘʙʦʪʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʅʀʀ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʃ. ʀ. ʑʝʨʙʘʢ, ʉ.ʌ. ʇʠʛʝʝʚʘ, ɸ.ʗ. 

ʐʤʘʪʢʦʚ ʠ ʜʨ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʰʣʠʬʘ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʦʧʨʝʜʝʣʷʣʦʩʴ: 

- ʥʘʠʤʝʥʦʚʘʥʠʝ ʤʝʪʘʩʦʤʘʪʠʪʘ ʠ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ, ʥʘʧʨʠʤʝʨ, çʧʨʦʧʠʣʠʪ-II ʧʦ ʜʠʦʨʠʪʫè 

(ʨʠʤʩʢʦʡ ʮʠʬʨʦʡ ʦʙʦʟʥʘʯʝʥʘ ʛʨʫʧʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʣʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ). ʂʦʣʠʯʝʩʪʚʦ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ: 

ʩʣʘʙʦʧʨʦʷʚʣʝʥʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʦʪ 1-5 ʜʦ 15-30 (I); ʧʦʣʥʦʧʨʦʷʚʣʝʥʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ: ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ, ʦʪ 15-30 ʜʦ 40-45 (II); ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ ʦʪ 40-45 ʜʦ 65-70 

(III); ʤʝʪʘʩʦʤʘʪʠʪʳ, ʦʪ 65-70 ʜʦ 90-95 (IV); ʧʦʣʦʩʪʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, 95-100 (V); 

- ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪ ʛʣʘʚʥʳʭ ʢ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʠ ʦʪ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʢ ʟʘʚʝʨʰʘʶʱʠʤ. ɿʘʧʠʩʴ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʣʠʙʦ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʝ, ʣʠʙʦ ʚ ʚʠʜʝ ʟʦʥʦʛʨʘʤʤʳ,  

- ʚ ʦʧʠʩʘʥʠʠ (ʟʦʥʦʛʨʘʤʤʝ) ʦʪʤʝʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ 

ʘʛʨʝʛʘʪʦʚ ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ, ʦʙʱʠʡ ʧʩʝʚʜʦʤʦʨʬʥʳʡ ʠʣʠ ʘʚʪʦʤʦʨʬʥʳʡ ʦʙʣʠʢ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʪʠʧʠʯʥʳʝ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʦ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʪʝ ʠʣʠ 

ʠʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʣʠʩʪʘʤ ʤʘʩʰʪʘʙʘ 1:200000 ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺʳʙʠʨʘʣʠʩʴ çʵʪʘʣʦʥʥʳʝè ʢʘʨʪʳ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʰʣʠʬʦʚ ʥʝ 

ʤʝʥʝʝ 450 ʰʪʫʢ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʣʦʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʦʜʠʥ ʠ ʙʦʣʝʝ ʰʣʠʬʦʚ ʥʘ ʢʘʞʜʳʡ ʢʚ. 

ʢʤ ʧʣʦʱʘʜʠ, ʜʣʷ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʛʠʦʥʘ. ʊʘʢ, ʜʣʷ ʉʪʘʥʦʚʦʡ ʦʙʣʘʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʧʝʨʘ ʙʳʣ ʚʳʙʨʘʥ ʣʠʩʪ N-52-VII  (ʢʦʣʠʯʝʩʪʚʦ ʰʣʠʬʦʚ ʦʢʦʣʦ 700), ʜʣʷ ɸʤʫʨʦ-

ʆʭʦʪʩʢʦʡ ʩʠʩʪʝʤʳ ï ʣʠʩʪ N-53-XXVI  (ʢʦʣʠʯʝʩʪʚʦ ʰʣʠʬʦʚ 608), ʜʣʷ ɹʫʨʝʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ï 

ʣʠʩʪ M-52-XVII  (ʢʦʣʠʯʝʩʪʚʦ ʰʣʠʬʦʚ ʦʢʦʣʦ 450). ʅʘ ʧʣʦʱʘʜʠ çʵʪʘʣʦʥʥʦʛʦè ʣʠʩʪʘ ʛʝʦʣʦʛʠ ʠʟ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʣʠʙʦ ʚ ʩʲʝʤʢʝ, ʣʠʙʦ ʚ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʜʭʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʜʨʫʛʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʢʘʨʪʘʤ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʣʠʩʴ ʢʘʨʪʳ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʩʰʪʘʙʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʦʪʜʝʣʴʥʦ ʥʘ ʢʘʞʜʳʡ ʣʠʩʪ. ʅʘ ʪʘʢʠʭ ʢʘʨʪʘʭ ʦʪʨʘʞʘʣʘʩʴ ʧʦʣʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤ ʤʠʥʝʨʘʣʘʤ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʷʤ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʧʦ ʨʫʜʦʥʦʩʥʦʩʪʠ, ʧʦ ʚʦʟʨʘʩʪʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪ ʦʧʨʝʜʝʣʷʣʘʩʴ ʮʝʥʪʨʘʣʴʥʘʷ, ʘ ʟʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʠ 

ʧʝʨʠʬʝʨʠʡʥʘʷ ʟʦʥʳ ʦʨʝʦʣʦʚ ʠʣʠ ʘʨʝʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʠʥʪʨʫʟʠʚʥʳʤʠ 

ʪʝʣʘʤʠ, ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʷʩʘʤʠ. ɻʨʘʥʠʮʳ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʪʝʣ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʘʥʠʮʘʤʠ ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʂʦʥʪʨʦʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʩʪʘʜʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʧʫʪʝʤ ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʷʜʘ ʰʣʠʬʦʚ (ʦʪ 2-5 ʜʦ 15-25% ʢʦʣʠʯʝʩʪʚʘ ʰʣʠʬʦʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʣʠʩʪʘ) ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʧʝʨʥʳʭ ʣʠʩʪʦʚ. ʉʦʚʧʘʜʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʠʷʭ ʨʘʟʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 45 ʜʦ 85%. ʈʘʩʭʦʞʜʝʥʠʷ ʦʪʤʝʯʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʧʝʨʚʳʭ ʜʚʫʭ ʛʨʫʧʧ (ʦʢʦʣʦ 70%), ʚ ʧʦʣʥʦʪʝ 

ʟʦʥʦʛʨʘʤʤ (15%), ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ (15%). 

ʂʦʥʪʨʦʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʪʘʢʞʝ ʷʚʣʷʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʘʷ ʩʦʩʪʳʢʦʚʢʘ ʩʦʩʝʜʥʠʭ ʣʠʩʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʪʦʛʦʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʰʣʠʬʦʚ, ʘʚʪʦʨʩʢʠʭ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʘʥʘʣʠʟʘ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʤʝʪʘʩʦʤʘʪʠʪʘʤ ʨʝʛʠʦʥʘ [3, 5 ʠ ʜʨ.], ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

ʤʘʩʰʪʘʙʘ 1:200000, ʩʪʘʣʦ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʙʝʟʨʫʜʥʳʝ (ʨʝʛʠʦʥʘʣʴʥʳʝ, ʣʦʢʘʣʴʥʳʝ) ʠ 

ʨʫʜʦʚʤʝʱʘʶʱʠʝ (ʣʦʢʘʣʴʥʳʝ), ʧʦʣʥʦ- ʠ ʩʣʘʙʦʧʨʦʷʚʣʝʥʥʳʝ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩ ʠʥʪʨʫʟʠʚʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʧʨʦʠʟʚʝʜʝʥʦ ʚʦʟʨʘʩʪʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʸʭ ʚʦʟʨʘʩʪʥʳʭ ʩʨʝʟʦʚ: 1) ʘʨʭʝʡ, ʧʨʦʪʝʨʦʟʦʡ, ʨʘʥʥʠʡ ʧʘʣʝʦʟʦʡ; 2) ʧʦʟʜʥʠʡ 

ʧʘʣʝʦʟʦʡ; 3) ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡ (ʪʘʙʣʠʮʘ).  

ʊʘʙʣʠʮʘ. ʄʝʪʘʩʦʤʘʪʠʪʳ ʇʨʠʘʤʫʨʴʷ [2, ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ] 

ʄʝʪʘʩʦʤʘʪʠʪʳ 

ɹʝʟʨʫʜʥʳʝ  ʈʫʜʦʚʤʝʱʘʶʱʠʝ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ʄʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡ 

ɺʪʦʨʠʯʥʳʝ ʢʚʘʨʮʠʪʳ ɸʨʛʠʣʣʠʟʠʪʳ Au, Hg, As, Sb, Sn, Zn, Pb 

ʂʚʘʨʮ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʂʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ U, Mo, Cu, Bi, Pb, Zn, Sb 

ɹʝʨʝʟʠʪʳ Au, Mo, Cu, Pb, Zn, As, Ag, Bi 

ʍʣʦʨʠʪʠʪʳ Sn, Cu, Zn, Pb, Ag, Au, Bi 

ʊʫʨʤʘʣʠʥʠʪʳ Sn, Cu, Au, Ag, Zn, Pb, Bi, Sb, As 

ʇʨʦʧʠʣʠʪʳ ɸʢʪʠʥʦʣʠʪʠʪʳ Sn, W, Au, Cu, Pb, Zn, Bi, ʚʦʟʤʦʞʥʘ Pt  

ʋʛʣʝʨʦʜʠʩʪʳʝ, ʚʢʣʶʯʘʷ ʢʚʘʨʮʝʚʦʞʠʣʴʥʳʝ ʩ ʛʨʘʬʠʪʦʤ, 

ʤʝʪʘʩʦʤʘʪʠʪʳ Au, Sn, W, Cu, Pb, Zn, Bi, Pt  

 ɻʨʝʡʟʝʥʳ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ Sn, Cu, Mo, Bi 

 ɸʣʴʙʠʪʠʪʳ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ Sn, Au, Pb 

ʉʢʘʨʥʳ ʤʘʨʛʘʥʮʦʚʠʩʪʳʝ ʆʨʪʦʢʣʘʟ-ʩʠʜʝʨʦʬʠʣʣʠʪʦʚʳʝ Sn, Mo, Au, Cu, Pb, Zn 

ɻʨʘʥʠʪʦʧʦʜʦʙʥʳʝ (ʤʝʪʘʛʨʘʥʠʪʳ)  

ɼʠʦʨʠʪʦʧʦʜʦʙʥʳʝ (ʤʦʥʮʦʥʠʪʦʠʜʳ)  

ɻʘʙʙʨʦ-ʤʦʥʮʦʜʠʦʨʠʪ-ʱʝʣʦʯʥʦʛʨʘʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 

 ɻʨʝʡʟʝʥʳ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ Sn, W, Li , Be, Ta, Nb, Cu, Ag 

 ɸʣʴʙʠʪʠʪʳ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ 

ɸʚʪʦʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʛʨʝʡʟʝʥʳ ɻʨʝʡʟʝʥʳ ʤʝʟʦʘʙʠʩʩʘʣʴʥʳʝ Sn, W, Ta, Nb, Bi 

 ʉʢʘʨʥʳ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ Fe, Au, Cu, Sn, W, ʚʦʟʤʦʞʥʘ Pt  

ɹʠʦʪʠʪʠʪʳ ʇʝʛʤʘʪʠʪʳ Li, Ta, Nb, W, Bi 

ɻʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʂʚʘʨʮ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ  

ʇʨʦʧʠʣʠʪʳ ʂʚʘʨʮ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʝ U, Mo, Pb, Zn, Sb 

ɹʠʦʪʠʪʠʪʳ  ɻʨʝʡʟʝʥʳ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ W, Bi, Ta, Nb 

ɻʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʇʦʟʜʥʠʡ ʧʘʣʝʦʟʦʡ 

 ʂʚʘʨʮʝʚʦʞʠʣʴʥʳʝ, ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʠʝ Au, W, Pt, 

ʋʛʣʝʨʦʜʠʩʪʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ɸʤʬʠʙʦʣ-ʵʧʠʜʦʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ Mo, TR, U, Au, Pt 

 ɻʨʝʡʟʝʥʳ ʤʝʟʦʘʙʠʩʩʘʣʴʥʳʝ W, Ta, Nb, Bi, ʢʚʘʨʮ 

 ɻʨʝʡʟʝʥʳ ʘʙʠʩʩʘʣʴʥʳʝ W, Ta, ʢʚʘʨʮ 

 ʉʢʘʨʥʳ Fe, Au 

 ʇʝʛʤʘʪʠʪʳ Ta, Nb, Be 

ʄʠʢʨʦʢʣʠʥʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ   

ɸʣʴʙʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ   

ɻʨʘʥʠʪ-ʱʝʣʦʯʥʦʛʨʘʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʈʘʥʥʠʡ ʧʘʣʝʦʟʦʡ, ʧʨʦʪʝʨʦʟʦʡ, ʘʨʭʝʡ 

 ɼʠʘʬʪʦʨʠʪʳ Fe, Au, Al , P, TR, ʄʇɻ 

 ʉʢʘʨʥʳ Fe, Mn, Au, Pt, ʄʇɻ 

 ʇʝʛʤʘʪʠʪʳ Ta, Nb, Be 

ɻʨʘʥʠʪʦʠʜʳ, ʛʥʝʡʩʦ-ʛʨʘʥʠʪʳ  

ʊʝʥʝʚʳʝ ʤʠʛʤʘʪʠʪʳ  

ʄʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ  

ɼʠʘʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ  

ɻʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʇʨʠʤʝʯʘʥʠʝ: ʄʇɻ ï ʤʝʪʘʣʣʳ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, TR ï ʨʝʜʢʠʝ ʟʝʤʣʠ. 

ʅʦʚʳʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʤʝʪʘʣʣʘʤʠ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʚʦʣʴʬʨʘʤʦʤ, ʦʣʦʚʦʤ, ʨʝʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʍʘʨʛʠʥʩʢʦʛʦ, 

ʕʛʦʨʩʢʦʛʦ, ʆʢʪʷʙʨʴʩʢʦʛʦ, ʉʫʛʜʞʘʨʩʢʦʛʦ, ʀʣʠʢʘʥ-ʋʥʘʭʠʥʩʢʦʛʦ, ɺʝʨʭʥʝʦʣʴʜʦʡʩʢʦʛʦ ʨʫʜʥʳʭ 

ʨʘʡʦʥʦʚ, ʂʫʧʫʨʠʥʩʢʦʡ, ɼʞʝʣʪʫʣʘʢʩʢʦʡ, ʉʦʣʦʚʴʝʚʩʢʦʡ ʨʫʜʥʳʭ ʟʦʥ ʚ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʝʥʠʷ ʚ ʦʪʤʝʯʝʥʥʳʭ ʨʘʡʦʥʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʧʣʘʪʠʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ, ʢʘʢ ʩ 

ʪʝʤʥʦʮʚʝʪʥʳʤ, ʪʘʢ ʠ ʩ ʟʝʣʝʥʦʮʚʝʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ (ʛʨʘʬʠʪ, ʢʝʨʠʪ, ʢʘʨʙʠʜʳ, ʩʘʤʦʨʦʜʥʳʝ 
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ʵʣʝʤʝʥʪʳ ʠ ʧʨ.). ɺ 80-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʘʚʪʦʨʦʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʍʘʨʛʠʥʩʢʠʡ (ʙʝʨʝʟʠʪʳ, 

ʭʣʦʨʠʪʠʪʳ, ʢʚʘʨʮʝʚʦʞʠʣʴʥʳʝ ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʠʝ ʠ ʘʢʪʠʥʦʣʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʘʣʴʙʠʪʠʪʳ) ʠ 

ʂʝʨʙʠʥʩʢʠʡ (ʘʨʛʠʣʣʠʟʠʪʳ, ʙʝʨʝʟʠʪʳ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʛʨʝʡʟʝʥʳ ʠ ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪ-

ʢʚʘʨʮʝʚʳʝ ʛʠʜʨʦʪʝʨʤʘʣʠʪʳ) ʪʠʧr ʨʫʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ɺ ʮʝʣʦʤ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʙʣʦʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ ʨʷʜ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʀʟ ʠʭ ʯʠʩʣʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠ ʧʨʦʜʫʢʪʠʚʥʳʝ ʜʣʷ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. 

1. ɺʦ ʚʩʝʭ ʛʝʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʝʛʠʦʥʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ 

ʤʥʦʛʠʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ. çʇʨʦʭʦʜʷʱʠʤʠè ʷʚʣʷʶʪʩʷ ʛʨʝʡʟʝʥʳ, ʩʢʘʨʥʳ, ʧʝʛʤʘʪʠʪʳ. 

ʇʨʦʮʝʩʩʳ ʛʨʘʥʠʪʠʟʘʮʠʠ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʝʡ ʙʘʟʠʬʠʢʘʮʠʠ ʠʤʝʣʠ ʤʝʩʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʤʘʩʰʪʘʙʥʦʩʪʴʶ ʩʚʦʝʛʦ 

ʧʨʦʷʚʣʝʥʠʷ. ɺʝʨʦʷʪʥʦ, ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ ʪʘʢʞʝ ʩʚʦʡʩʪʚʝʥʥʘ ʚʩʝʤ ʵʪʘʧʘʤ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʪʤʝʯʘʶʪʩʷ ʪʠʧʦʤʦʨʬʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ 

ʫʨʦʚʥʝʡ: ʚ ʜʨʝʚʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ï ʜʠʘʬʪʦʨʠʪʳ ʠ ʘʥʦʨʪʦʟʠʪʳ; ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ï ʫʛʣʝʨʦʜʠʩʪʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ ʘʣʴʙʠʪʠʪʳ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ 

ʩʢʘʨʥʳ; ʚ ʤʝʟʦʟʦʡʩʢʦʡ ʛʨʫʧʧʝ ï ʙʠʦʪʠʪʠʪʳ, ʚʪʦʨʠʯʥʳʝ ʢʚʘʨʮʠʪʳ, ʬʝʣʴʜʰʧʘʪʦʬʠʨʳ, 

ʪʫʨʤʘʣʠʥʠʪʳ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʛʨʝʡʟʝʥʳ, ʘʣʴʙʠʪʠʪʳ ʠ ʘʢʪʠʥʦʣʠʪʠʪʳ. 

2. ʆʪ ʜʨʝʚʥʠʭ ʢ ʤʦʣʦʜʳʤ ʚʦʟʨʘʩʪʥʳʤ ʩʦʦʙʱʝʩʪʚʘʤ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʥʦʧʨʦʷʚʣʝʥʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʦʪʤʝʯʘʝʪʩʷ: 1) ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʘʨʝʘʣʦʚ ʠ ʦʨʝʦʣʦʚ ʦʜʥʦʪʠʧʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜʘʭ; 

2) ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; 3) ʫʚʝʣʠʯʝʥʠʝ ʩʣʫʯʘʝʚ ʵʚʦʣʶʮʠʦʥʥʦʡ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʚʦ 

ʚʨʝʤʝʥʠ ʦʪʚʝʯʘʶʱʠʭ ʦʜʥʦʤʫ ʵʪʘʧʫ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ; 4) ʫʤʝʥʴʰʝʥʠʝ 

ʛʣʫʙʠʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ; 

3. ʅʘʨʷʜʫ ʩ ʦʙʱʠʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚʦ ʚʨʝʤʝʥʠ, 

ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʘʥʦʤʘʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ 

ʤʝʟʦʟʦʡʩʢʠʡ ʧʝʨʠʦʜ. ʌʠʢʩʠʨʫʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʣʦʱʘʜʥʳʝ ʨʘʟʤʝʨʳ ʪʝʣ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʄʝʟʦʟʦʡʩʢʠʝ ʩʣʘʙʦ- ʠ 

ʧʦʣʥʦʧʨʦʷʚʣʝʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ. ɺ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʛʝʥʝʟʠʩʫ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʣʦʢʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʪʤʝʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝ ʚʠʜʦʚ, ʥʦ ʠ 

ʟʘʧʘʩʦʚ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ; 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʷʚʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʚʰʠʭ ʜʦ, ʩʦʚʤʝʩʪʥʦ ʠʣʠ ʧʦʩʣʝ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʚʦʝʦʙʨʘʟʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ, ʦʪʚʝʯʘʶʱʠʝ ʩʚʦʜʦʚʦ-ʙʣʦʢʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ï ʢʫʧʦʣʘʤ ï ʢʫʧʦʣʘʤ ʚ 

ʢʫʧʦʣʝ. ʆʥʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʣʠʙʦ ʬʘʮʠʡ ʦʜʥʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʤʘʮʠʠ, ʣʠʙʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʝʜʠʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʷʜʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʦʜʥʦʤʝʪʘʣʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʪʠʧʠʯʝʥ ʜʣʷ 

ʧʦʨʬʠʨʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ.  
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ʕʊɸʃʆʅʓ ʇʆʈʌʀʈʆɺʓʍ ʆɹʒɽʂʊʆɺ ɺ ʇʈʀɸʄʋʈʔɽ ʂɸʂ ʆʉʅʆɺɸ  

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʂʈʋʇʅʆʆɹʒɽʄʅʆɻʆ ʆʈʋɼɽʅɽʅʀʗ 

 

ɺ.ɻ. ʂʨʶʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ, ʛ. ʍʘʙʘʨʦʚʩʢ 

 

ʂʨʫʧʥʦʦʙʲʝʤʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʨʬʠʨʦʚʳʝ ʦʙʲʝʢʪʳ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʛʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [1, 2, 3, 4, 7]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʠʭ ʧʦʠʩʢʠ ʚ ʇʨʠʘʤʫʨʴʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʫʯʝʥʠʝ ʥʝ ʧʦʣʫʯʠʣʠ ʜʦʣʞʥʦʛʦ ʧʨʠʟʥʘʥʠʷ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʩʪʘʜʠʠ ʧʦʠʩʢʦʚ ʠ ʦʮʝʥʢʠ ʥʠ ʥʘ ʦʜʥʦʤ ʧʨʦʷʚʣʝʥʠʠ ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʨʫʜʳ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʣʣʦʚ. ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʦʪʥʝʩʝʥʠʝ ʢ ʵʪʦʡ 

ʛʨʫʧʧʝ ʣʶʙʳʭ ʧʨʦʷʚʣʝʥʠʡ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ. ʊʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʝʜʢʘ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʄʘʣʤʳʞ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ: ʟʘʧʘʩʳ ʢʘʪʝʛʦʨʠʠ ʉ2 ʩʦʩʪʘʚʠʣʠ ʧʦ ʤʝʜʠ 4,9 ʤʣʥ. 

ʪ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ 0,3-0,4% ʠ ʟʦʣʦʪʘ 266 ʪ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ 0,1-0,3 ʛ/ʪ [8]. ɿʘʧʘʩʳ ʤʝʜʠ ʠ 

ʟʦʣʦʪʘ ʥʘ ʵʪʦʤ ʦʙʲʝʢʪʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʠ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʘʣʦʥʦʚ ʧʦʨʬʠʨʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʦʮʝʥʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʚʪʦʨʦʤ ʦʙʲʝʢʪʦʚ ʶʞʥʦʡ ʯʘʩʪʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ 

ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʛʝʦʣʦʛʦʚ ʧʦ ʧʨʦʷʚʣʝʥʠʷʤ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʟʦʣʦʪʦʤ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʫʜʥʳʭ ʨʘʡʦʥʘʭ ʇʨʠʘʤʫʨʴʷ. ʇʦ 

ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʳʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʠʭ ʩʧʝʢʪʨ: ʟʦʣʦʪʦ, 

ʟʦʣʦʪʦ ʠ ʚʦʣʴʬʨʘʤ, ʟʦʣʦʪʦ ʚʦʣʴʬʨʘʤ ʠ ʦʣʦʚʦ, ʤʝʜʴ, ʤʦʣʠʙʜʝʥ ʠ ʟʦʣʦʪʦ, ʤʝʜʴ ʠ ʤʦʣʠʙʜʝʥ, ʤʝʜʴ, 

ʤʦʣʠʙʜʝʥ ʠ ʦʣʦʚʦ, ʦʣʦʚʦ. ʉʦʧʦʩʪʘʚʣʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʟʥʘʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʥʘʭʦʞʜʝʥʠʷ, ʤʝʪʘʩʦʤʘʪʠʪʳ, ʪʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʠʭ ʧʘʨʘʛʝʥʝʟʠʩʳ, 

ʪʠʧʦʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʜʨ., ʦʪʨʘʞʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʫʜʦʦʪʣʦʞʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʠʧʘ ʦʙʲʝʢʪʘ ʠʛʨʘʶʪ ʤʝʪʘʩʦʤʘʪʠʪʳ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʭʦʜʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʘʚʪʦʨʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [5]. 

ʌʘʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʘʭʘ ʦʨʫʜʝʥʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ɻ.ʄ. ɺʣʘʩʦʚʘ, ʅ.ʀ. ɻʦʚʦʨʦʚʘ, ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ, ɺ. ʃʠʥʜʛʨʝʥʘ, ʉ.ʀ. ʅʘʙʦʢʦ, ʅ.ʀ. ʅʘʢʦʚʥʠʢʘ, 

ɼ.ɺ. ʈʫʥʜʢʚʠʩʪʘ ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʝ ʦʙʲʝʢʪʦʚ 

ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ (0-600ʤ), ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ (400-1500ʤ), 

ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ (1200-2500 ʤ) ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʨʠʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʠʧʦʤʦʨʬʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ ʩʚʦʡʩʪʚʝʥʥʳ ʜʚʫʤ ʫʨʦʚʥʷʤ, ʩʚʷʟʘʥʥʳʤ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʚʭʦʞʜʝʥʠʷ ʚʦʜʳ ʚ ʤʠʥʝʨʘʣʳ. ʇʝʨʚʳʡ ʦʙʫʩʣʦʚʣʝʥ ʩʤʝʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʵʧʠʜʦʪ- (ʘʢʪʠʥʦʣʠʪ ʠʣʠ ʜʨʫʛʦʡ 

ʢʘʣʴʮʠʝʚʳʡ ʘʣʶʤʦʩʠʣʠʢʘʪ) ʩʦʜʝʨʞʘʱʠʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 1200-1500 ʤʝʪʨʦʚ. 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʤʝʥʝ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʙʝʟʚʦʜʥʳʤʠ 

ʘʣʶʤʦʩʠʣʠʢʘʪʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 2200-2500ʤ. ʆʪʤʝʯʘʶʪʩʷ ʠ ʥʝ ʩʪʦʣʴ ʯʝʪʢʠʝ ʠʥʪʝʨʚʘʣʳ: ʥʘ 200 ʤ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʳ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʘʜʫʣʷʨʫ, ʥʘ 400-600 ʤ ʘʜʫʣʷʨʠʟʘʮʠʷ ʩʤʝʥʷʝʪʩʷ 

ʘʣʴʙʠʪʠʟʘʮʠʝʡ.  

ɹʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʨʬʠʨʦʚʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʚ ʅʠʞʥʝʤ ʇʨʠʘʤʫʨʴʝ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ɹʝʣʦʡ ɻʦʨʦʡ (Au), ɹʫʭʪʷʥʩʢʠʤ (Au), 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ɹʣʘʛʦʜʘʪʥʦʝ (Au), ɿʦʣʦʪʘʷ ɻʦʨʘ (Au, Cu), ɼʳʣʴʤʝʥʩʢʦʝ (Au), ʄʘʥʛʫʣʠʡʩʢʦʝ 

(Au), ʇʦʣʷʥʢʘ (Au), ʠ ʜʨʫʛʠʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʠʟʫʯʝʥʘ ʥʘ ʧʦʠʩʢʦʚʦʡ ʩʪʘʜʠʠ, ɹʝʣʘʷ ɻʦʨʘ - 

ʨʘʟʚʝʜʘʥʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɹʝʣʘʷ ɻʦʨʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 60 ʢʤ ʢ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʛ. ʅʠʢʦʣʘʝʚʩʢʘ-ʥʘ-ɸʤʫʨʝ. ʆʩʥʦʚʥʳʤ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʦ, 

ʧʦ ʟʘʧʘʩʘʤ ʢʦʪʦʨʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʩʨʝʜʥʠʭ ʦʙʲʝʢʪʦʚ. ʇʣʦʱʘʜʴ ʝʛʦ 

ʩʣʦʞʝʥʘ ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʠ ʠʭ ʪʫʬʘʤʠ. ʆʥʠ ʠʥʪʨʫʜʠʨʦʚʘʥʳ ʘʚʪʦʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 
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ʙʨʝʢʯʠʷʤʠ ʪʨʘʭʠʜʘʮʠʪʦʚ, ʘ ʪʘʢʞʝ ʪʦʥʢʦʬʣʶʠʜʘʣʴʥʳʤʠ, ʩʬʝʨʦʣʦʠʜʥʳʤʠ ʠ ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʤʠ 

ʨʠʦʣʠʪʘʤʠ, ʘʧʣʠʪʘʤʠ. ɸʛʣʦʤʝʨʘʪʦʚʳʝ ʪʫʬʳ, ʵʨʫʧʪʠʚʥʳʝ ʙʨʝʢʯʠʠ ʠ ʬʣʶʠʜʦʣʠʪʳ ʟʘʚʝʨʰʘʶʪ 

ʠʥʪʨʫʟʠʚʥʳʡ ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ.  

ʆʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʫʣʢʘʥʘ, ʨʘʟʤʝʨʦʤ 8ʭ9 ʢʠʣʦʤʝʪʨʦʚ, ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ 

ʫʟʣʫ ʧʝʨʝʩʝʯʝʥʠʷ ʩʫʙʰʠʨʦʪʥʦʡ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ. ɾʝʨʣʦ ʝʛʦ ʟʘʧʦʣʥʝʥʦ 

ʘʛʣʦʤʝʨʘʪʦʚʳʤʠ ʪʫʬʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʛʝʥʝʟʠʩʫ ʙʨʝʢʯʠʷʤʠ ʠ ʩʬʝʨʦʣʦʠʜʥʳʤʠ ʨʠʦʣʠʪʘʤʠ. 

ʇʦʨʦʜʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʢʚʘʨʮʠʪʳ, ʦʙʣʦʤʢʠ ʢʦʪʦʨʳʭ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʵʨʫʧʪʠʚʥʳʭ ʙʨʝʢʯʠʷʭ. ɺʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʚʫʣʢʘʥʘ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʜʘʡʢʘʤʠ 

ʘʧʣʠʪʦʚ, ʨʠʦʣʠʪʦʚ, ʜʘʮʠʪʦʚ ʠ ʜʦʣʝʨʠʪʦʚ. ɼʘʡʢʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʶʪ ʪʘʢʞʝ ʩʫʙʰʠʨʦʪʥʫʶ ʠ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚʫʣʢʘʥʘ ʢʘʨʪʠʨʫʶʪʩʷ ʬʝʣʴʜʰʧʘʪʦʬʠʨʳ 

(ʵʬʬʫʟʠʚʦʚʠʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ), ʠʣʠ ʧʩʝʚʜʦʤʦʨʬʥʳʝ ʢʘʣʠʰʧʘʪʠʪʳ ʧʦ ʃ.ʌ. ʄʠʰʠʥʫ [6]. ʅʘ 

ʚʩʝ ʧʦʨʦʜʳ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʘʜʫʣʷʨ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʦʢʦʣʦʨʫʜʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ʩ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ.  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʫʜʦʚʤʝʱʘʶʱʠʤ ʩʪʨʫʢʪʫʨʘʤ ʩʫʙʰʠʨʦʪʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ, ʧʦʣʫʯʠʚʰʠʤ ʥʘʟʚʘʥʠʷ ɿʘʷʯʠʡ, ʂʦʣʯʘʥʩʢʠʡ, ʃʝʚʦʙʝʨʝʞʥʳʡ, ʆʛʦʨʦʜʥʳʡ-1, -2, 

ʇʘʚʣʦʚʩʢʠʡ ʠ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ ʘʚʪʦʨʦʤ ʚʳʜʝʣʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʣʴʮʝʚʳʝ ʠ 

ʨʘʜʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʫʣʢʘʥʘ. ʈʘʜʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʵʪʦ ʟʦʥʳ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʧʦʜ ʨʦʩʩʳʧʷʤʠ ɺʝʨʭʥʝʡ ʠ ɹʝʣʦʛʦʨʩʢʦʡ. ʂʦʣʴʮʝʚʘʷ ʟʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ 

ʠʟʛʠʙʫ ʠʩʪʦʢʦʚ ʨ. ʂʦʣʯʘʥʢʠ, ʛʜʝ çʨʦʩʩʳʧʥʦʝè ʟʦʣʦʪʦ ʜʦʙʳʚʘʣʦʩʴ ʥʘ ʛʣʫʙʠʥʘʭ 10-20 ʤʝʪʨʦʚ. ʇʦ 

ʩʫʱʝʩʪʚʫ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʶʚʠʡ [9, ʩ.104]. ʀ ʨʘʜʠʘʣʴʥʳʝ ʠ ʢʦʣʴʮʝʚʳʝ ʟʦʥʳ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʦʣʦʞʝʥʠʝ ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʟʚʝʜʘʥʥʦʡ ʯʘʩʪʠ 

ʨʫʜʥʦʛʦ ʧʦʣʷ.  

ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʯʝʥʴ ʰʠʨʦʢʦ. ɺ ʠʭ ʯʠʩʣʝ 

ʦʪʤʝʯʘʶʪʩʷ ɹʦʣʦʪʥʦʝ (Au), ɿʦʣʦʪʘʷ ɻʦʨʘ (Au, Cu), ʃʦʰʘʜʠʥʘʷ ɻʨʠʚʘ (Sn), ʄʘʣʤʳʞʩʢʦʝ (Au, 

Cu), ʄʘʷʢ (Au, Mo), ʊʘʨʘʢʘʥʦʚʩʢʦʝ (Au, Mo), ʐʠʨʦʢʦʝ (Sn, Au). ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʠʟʫʯʝʥʳ 

ʥʘ ʧʦʠʩʢʦʚʦʡ ʩʪʘʜʠʠ, ʠʩʢʣʶʯʘʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʣʤʳʞ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ ʥʘ ʵʪʦʤ ʦʙʲʝʢʪʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝ 

ʚʳʷʩʥʝʥʥʳʤʠ ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ ʜʦʚʦʣʴʥʦ ʤʦʱʥʦʛʦ ʯʝʭʣʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦʵʪʦʤʫ ʚ 

ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʦʣʦʚʷʥʥʦʝ ʩ ʟʦʣʦʪʦʤ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʐʠʨʦʢʦʝ.  

ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʐʠʨʦʢʦʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʇʨʘʚʳʡ ɼʝʨʠʤʠʢʘʥ ʚ ʝʸ ʚʝʨʭʥʝʤ 

ʪʝʯʝʥʠʠ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʚ ʚʝʨʭʦʚʴʝ ʨ. ʉʝʣʝʤʜʞʘ), ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʶʨʩʢʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʤʝʣʦʚʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʪʨʫʜʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʦʠʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʬʘʮʠʘʣʴʥʦʛʦ ʦʙʣʠʢʘ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ 

ʧʣʘʥʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʧʨʠʫʨʦʯʠʚʘʝʪʩʷ ʢ ʟʘʧʘʜʥʦʡ ʧʝʨʠʬʝʨʠʠ ʢʨʫʧʥʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʘ, 

ʦʩʣʦʞʥʸʥʥʦʛʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʦʢʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʤʝʣʢʠʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ.  

ʆʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʙʦʢʢʘʭ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʩʣʦʞʝʥʳ ʨʠʦʣʠʪʘʤʠ, ʯʝʪʳʨʝ ï 

ʘʥʜʝʟʠʪʘʤʠ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʩʣʦʞʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʵʪʠʭ ʧʦʩʪʨʦʝʢ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʚʦʢʨʫʛ ʞʝʨʣ ʨʘʟʚʠʚʘʶʪʩʷ ʰʪʦʢʠ ʘʚʪʦʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʵʨʫʧʪʠʚʥʳʭ ʙʨʝʢʯʠʡ ʠ ʬʣʶʠʜʦʣʠʪʦʚ, ʘ 

ʪʘʢʞʝ ʜʘʡʢʠ ʛʨʘʥʠʪʦʠʜʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ (ʦʪ ʨʘʥʥʠʭ ʢ 

ʟʘʚʝʨʰʘʶʱʠʤ): ʘʥʜʝʟʠʪʳ, ʘʥʜʝʟʠʜʘʮʠʪʳ, ʨʠʦʣʠʪʳ, ʤʠʢʨʦʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ, 

ʛʨʘʥʦʜʠʦʨʠʪʳ, ʘʚʪʦʤʘʛʤʘʪʠʯʝʩʢʠʝ ʙʨʝʢʯʠʠ, ʛʨʘʥʠʪʳ, ʘʧʣʠʪʳ, ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʩʫʙʱʝʣʦʯʥʳʝ 

ʛʨʘʥʠʪʳ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ, ʤʠʢʨʦʧʦʣʦʩʯʘʪʳʝ ʤʝʪʘʛʨʘʥʠʪʳ, ʵʨʫʧʪʠʚʥʳʝ ʙʨʝʢʯʠʠ. ʄʝʪʘʩʦʤʘʪʠʪʳ 

ʨʘʩʯʣʝʥʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʣʦʱʘʜʥʳʝ ʙʝʟʨʫʜʥʳʝ (ʙʠʦʪʠʪʠʪʳ, ʬʝʣʴʜʰʧʘʪʦʬʠʨʳ, ʧʨʦʧʠʣʠʪʳ, 

ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʢʚʘʨʮʠʪʳ) ʠ ʦʢʦʣʦʨʫʜʥʳʝ 

ʛʨʝʡʟʝʥʳ, ʘʢʪʠʥʦʣʠʪʠʪʳ, ʪʫʨʤʘʣʠʥʠʪʳ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʝ, ʙʝʨʝʟʠʪʳ, ʘʨʛʠʣʣʠʟʠʪʳ. 

ʇʨʦʮʝʩʩʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ çʧʦʜʛʦʪʦʚʢʠè ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʚʘʨʮ-

ʩʝʨʠʮʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʩ ʧʠʨʠʪʦʤ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʫʧʥʳʝ çʷʜʨʘè 

ʨʫʜʥʦʛʦ ʧʦʣʷ. 

ʆʙʲʝʢʪʳ ʛʠʧʘʙʠʩʩʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ. ɺ ʠʭ ʯʠʩʣʝ 

ʦʪʤʝʯʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɿʠʤʦʚʴʝ (Au, W, Cu, Sn), ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ɹʘʨʘʥʜʞʘ (Cu, Mo, Sn), 

ɹʦʣʪʦʨʦ (Sn, Cu, Au), ʂʘʥʪʘʛʦʨ (Au, Mo, Cu), ʊʳʨʩʢʦʝ (Au, Cu) ʠ ʜʨʫʛʠʝ. ɺʩʝ ʦʥʠ ʠʩʩʣʝʜʦʚʘʥʳ 
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ʥʘ ʧʦʠʩʢʦʚʦʡ ʩʪʘʜʠʠ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɿʠʤʦʚʴʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʳʭ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɿʠʤʦʚʴʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʊʫʤʥʠʥ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ. ɿʠʤʦʚʴʠʥʩʢʘʷ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʵʪʦ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʦʡ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʨʤʳ, ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 14ʭ14,8 ʢʠʣʦʤʝʪʨʦʚ. 

ʂʫʧʦʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʩʠʚʦʚ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʫʙʰʠʨʦʪʥʳʭ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ. ʉʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʨʘʟʨʳʚʳ 

ʧʦʜʯʸʨʢʠʚʘʶʪʩʷ ʜʘʡʢʦʚʳʤ ʧʦʷʩʦʤ ʨʠʦʣʠʪʦʚ, ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʦʚ, ʤʦʥʮʦʥʠʪʦʠʜʦʚ ʠ 

ʤʠʢʨʦʛʘʙʙʨʦ.  

ɸʩʩʦʮʠʘʮʠʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ, ʤʝʪʘʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʧʣʦʱʘʜʥʳʭ ʠ 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʤʠʥʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʩʦʩʪʘʚ ʨʫʜʥʳʭ ʠ ʨʫʜʦʥʦʩʥʳʭ ʟʦʥ 

ʦʪʨʘʞʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ɿʠʤʦʚʴʠʥʩʢʦʡ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʆʯʝʥʴ ʯʝʪʢʦ ʦʙʦʩʦʙʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʫʧʦʣʘ (ʜʠʘʤʝʪʨ ʦʢʦʣʦ 5 ʢʠʣʦʤʝʪʨʦʚ), 

ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ (ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ): ʇʸʩʪʨʦʝ, ʎʦʢʦʣʴʥʦʝ, ʊʘʡʤʝʥʴ, 

ɿʦʣʦʪʦʥʦʩʥʳʡ.  

ʉʧʝʮʠʬʠʢʘ ɿʠʤʦʚʴʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ, ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʥʳʭ, ʪʘʢ ʠ ʚ 

ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʦʙʲʝʢʪʦʚ ʚ ʧʘʣʝʦʚʫʣʢʘʥʘʭ, ʦʨʫʜʝʥʝʥʠʝ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʬʦʨʤʝ ʤʘʩʩʠʚʦʚ, ʰʪʦʢʦʚ, ʜʘʝʢ. ɹʦʣʴʰʘʷ 

ʤʘʩʰʪʘʙʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʩ ʧʠʨʠʪʦʤ 

ʧʨʝʜʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, çʥʘʜʩʪʨʘʠʚʘʶʱʠʭè ʤʘʩʩʠʚ ʛʨʘʥʦʜʠʦʨʠʪʦʚ. ɻʠʧʘʙʠʩʩʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʷʜʘ: ʘʣʴʙʠʪʠʪʦʚ ʠʣʠ ʘʣʴʙʠʪ-ʢʘʣʠʰʧʘʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ ʙʠʦʪʠʪʦʤ, ʩʠʜʝʨʦʬʠʣʣʠʪʦʚʳʭ ʛʨʝʡʟʝʥʦʚ, ʘʢʪʠʥʦʣʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

ʥʝʨʝʜʢʦ ʩʦ ʱʝʣʦʯʥʳʤʠ ʨʦʛʦʚʳʤʠ ʦʙʤʘʥʢʘʤʠ, ʙʝʨʝʟʠʪʦʚ, ʪʫʨʤʘʣʠʥʠʪʦʚ. ɺʦʣʴʬʨʘʤʦʚʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʦʣʦʪʦʡ ʠ ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʨʬʠʨʦʚʳʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʥʠ 

ʧʨʦʷʚʣʝʥʳ ʚ ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʩʦʩʪʘʚʝ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʠ ʩʦʙʩʪʚʝʥʥʦ 

ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʩʦʚʤʝʱʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʡ 

ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ, ʚ ʤʠʥʝʨʘʣʦʛʠʠ ʨʫʜ (ʪʘʙʣʠʮʘ). ʉʧʝʮʠʬʠʯʥʦ ʥʘʣʠʯʠʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

çʷʜʝʨè.  

ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʬʠʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʇʨʠʘʤʫʨʴʷ 

ʕʪʘʣʦʥ, ʪʠʧ ʈʘʟʤʝʨ 

ʨ.ʧ., 

ʢʚ. ʢʤ 

ʆʢʦʣʦʨʫʜʥʳʝ 

ʤʝʪʘʩʦʤʘʪʠʪʳ. ʗʜʨʘ 

ʉʦʩʪʘʚ ʨʫʜ ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʉʦʧʦʩʪʘʚʣʷʝʤʳʝ ʦʙʲʝʢʪʳ 

 

ɹʝʣʘʷ ɻʦʨʘ,  

ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʡ  

26 ɸʨʛʠʣʣʠʟʠʪʳ, ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʦʚʳʝ ʩ ʘʜʫʣʷʨʦʤ.  

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʢʚʘʨʮʠʪʳ 

Ser, Ad, Fl, Gs. Dk, 

Au, ʢʦʣʣ. Kas, RS, 

Mt, ʩʫʣʴʬʦʩʦʣʠ 

Ag, Cu, Pb, Bi 

ɾʝʨʣʦʚʠʥʘ, ʢʦʣʴʮʝʚʳʝ ʠ 

ʨʘʜʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʫʣʢʘʥʘ, 

ɹʫʭʪʷʥʩʢʦʝ,  

ɼʳʣʴʤʝʥʩʢʦʝ, 

ʄʘʥʛʫʣʠʡʩʢʦʝ, ʇʦʣʷʥʢʘ  

ʐʠʨʦʢʦʝ, 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʡ 

28 ɸʨʛʠʣʣʠʟʠʪʳ, ʙʝʨʝʟʠʪʳ, 

ʪʫʨʤʘʣʠʥʠʪʳ, 

ʘʢʪʠʥʦʣʠʪʠʪʳ. 

ʂʚʘʨʮ- ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ 

ʩ ʧʠʨʠʪʦʤ 

Q, Sdf, Act, Ser, Ep 

Gs, Dk, ʢʦʣʣ. Kas, 

Mt, Py, Au, RS, 

ʩʫʣʴʬʦʩʦʣʠ 

ʐʠʨʦʪʥʳʡ ʨʘʟʣʦʤ, ʞʝʨʣʦʚʠʥʳ 

ʚʫʣʢʘʥʦʚ 

ɹʦʣʦʪʥʦʝ, ʃʦʰʘʜʠʥʘʷ ɻʨʠʚʘ, 

ʄʘʣʤʳʞʩʢʦʝ, ʄʘʷʢ, 

ʊʘʨʘʢʘʥʦʚʩʢʠʡ ʠ ʜʨ. 

ɿʠʤʦʚʴʸ, 

ʛʠʧʘʙʠʩʩʘʣʴʥʳʡ 

37 ɸʨʛʠʣʣʠʟʠʪʳ, ʙʝʨʝʟʠʪʳ, 

ʪʫʨʤʘʣʠʥʠʪʳ, 

ʘʢʪʠʥʦʣʠʪʠʪʳ; ʛʨʝʡʟʝʥʳ. 

ʂʚʘʨʮ-ʩʝʨʠʮʠʪ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʩ Py 

 Q, Sdf, Top, Act, 

Px, Ep, Ser, Gs, 

Wl, ʢʦʣʣ. Kas, Py, 

Au, Mt, RS, 

ʩʫʣʴʬʦʩʦʣʠ 

ʐʠʨʦʪʥʳʡ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʡ 

ʨʘʟʣʦʤʳ, ʩʪʨʫʢʪʫʨʳ ʩʚʦʜʘ 

ɹʘʨʘʥʜʞʘ, ɹʦʣʪʦʨʦ, ʂʘʥʪʘʛʦʨ, 

ʊʳʨʩʢʦʝ ʠ ʜʨ. 

ʇʨʠʤʝʯʘʥʠʝ: Ad ï ʘʜʫʣʷʨ; Ab ï ʘʣʴʙʠʪ; Act ï ʘʢʪʠʥʦʣʠʪ; Chl ï ʭʣʦʨʠʪʳ; Cs ï ʮʦʠʟʠʪ; Il  ï ʠʣʣʠʪ; Ep ʵʧʠʜʦʪ; 

Gs ï ʛʠʜʨʦʩʣʶʜʘ; Gr ï ʛʨʘʥʘʪʳ; Kar ï ʢʘʨʙʦʥʘʪʳ; Mt ï ʤʘʛʥʝʪʠʪ; Px ï ʧʠʨʦʢʩʝʥʳ; Py ï ʧʠʨʠʪ, Ser - ʩʝʨʠʮʠʪ; Tcl ï 

ʮʝʦʣʠʪʳ; Trl ï ʪʨʝʤʦʣʠʪ; Tu ï ʪʫʨʤʘʣʠʥ. ʈ.ʇ. ï ʨʫʜʥʦʝ ʧʦʣʝ 

 



65 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʶʛ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ c ʟʦʣʦʪʦʡ, ʤʝʜʥʦʡ, ʤʦʣʠʙʜʝʥʦʚʦʡ, ʚʦʣʴʬʨʘʤʦʚʦʡ, 

ʦʣʦʚʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʆʪʥʝʩʝʥʠʝ ʢ ʵʪʦʤʫ ʪʠʧʫ ʣʶʙʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʠʣʠ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʥʝ ʚʩʝʛʜʘ ʦʙʦʩʥʦʚʘʥʦ. ʕʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʪʘʣʦʥʦʚ ʧʦʨʬʠʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʨʝʛʠʦʥʘ.   

ʅʘʙʦʨʳ ʤʘʛʤʘʪʠʪʦʚ, ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʨʫʜ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʘʣʦʥʦʚ 

ʧʦʨʬʠʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʛʣʫʙʠʥʳ ʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʠ ʫʨʦʚʥʷ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʠʟʫʯʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʪʨʸʭ 

ʫʨʦʚʥʝʡ: ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʛʦ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʠ ʛʠʧʘʙʠʩʩʘʣʴʥʦʛʦ. ɼʣʷ ʥʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʨʬʠʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʧʦʨʬʠʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʫʧʧʘ 

ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ. ʇʦʤʠʤʦ ʧʦʩʪʠʥʪʨʫʟʠʚʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ, 

ʜʣʷ ʧʦʨʬʠʨʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʇʨʠʘʤʫʨʴʷ ʭʘʨʘʢʪʝʨʥʳ ʩʠʥʠʥʪʨʫʟʠʚʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ. ɺ ʠʭ 

ʩʦʩʪʘʚʝ ʦʪʤʝʯʘʶʪʩʷ ʛʨʘʥʠʪʦ- ʠ ʤʦʥʮʦʥʠʪʦʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ. ʊʠʧʠʯʥʳ ʞʠʣʳ, ʜʘʡʢʦ- ʠ ʪʨʫʙʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʪʝʣ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʆʥʠ 

çʥʘʜʩʪʨʘʠʚʘʶʪè ʦʩʥʦʚʥʦʡ ʰʪʦʢ ʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʨʘʥʥʠʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ 

ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʤʦʜʝʣʷʭ.  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʦʡʩʪʚʝʥʥʳ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤ ʠ 

ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤ ʩ ʭʣʦʨʠʪʦʤ ʣʠʙʦ ʪʫʨʤʘʣʠʥʦʤ ʧʦʨʦʜʘʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠʤʝʯʘʪʝʣʝʥ ʬʘʢʪ 

ʥʘʣʠʯʠʷ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʤʘʛʥʝʪʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ, ʢʘʩʩʠʪʝʨʠʪ, 

ʚʦʣʴʬʨʘʤʠʪ) ʠʥʦʛʜʘ ʩʦʚʤʝʩʪʥʦ ʩ ʘʧʘʪʠʪʦʤ, ʩʬʝʥʦʤ ʚ ʢʚʘʨʮʝʚʳʭ ʦʙʦʩʦʙʣʝʥʠʷʭ, ʩʚʦʝʦʙʨʘʟʥʳʭ 

ʧʝʛʤʘʪʠʪʦʧʦʜʦʙʥʳʭ ʰʣʠʨʘʭ, ʩʠʥʠʥʪʨʫʟʠʚʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʚ ʜʘʡʢʘʭ ʘʧʣʠʪʦʚ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ.  
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ɸʅɸʃʀɿ ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ʈʋɼʅʆ-ʈʆʉʉʓʇʅʓʍ ʋɿʃʆɺ ʇʈʀɸʄʋʈʉʂʆʁ 

ɿʆʃʆʊʆʅʆʉʅʆʁ ʇʈʆɺʀʅʎʀʀ 

 

ɸ.ɺ. ʄʝʣʴʥʠʢʦʚ
1
, ɺ.ɸ. ʉʪʝʧʘʥʦʚ

2
 

 
1
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

2
 ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ɼɺʆ ʈɸʅ, ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-

ʂʘʤʯʘʪʩʢʠʡ 

 
ʇʨʠʘʤʫʨʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʦʪʚʝʯʘʝʪ ʢʨʫʧʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 400 ʪʳʩ. ʢʚ. ʢʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʟʦʥʫ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʢʦʣʣʠʟʠʠ 

ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ, ɸʤʫʨʩʢʦʛʦ ʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʛʝʦʙʣʦʢʦʚ [4]. ɺ ʩʦʩʪʘʚʝ ʇʨʠʘʤʫʨʩʢʦʡ 
ʧʨʦʚʠʥʮʠʠ ʚʳʜʝʣʝʥʳ ʜʝʚʷʪʴ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ 80 ʨʫʜʥʦ-

ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ (ʈʈʋ). ʏʝʪʳʨʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ  (ʉʝʚʝʨʦ-ɹʫʨʝʠʥʩʢʘʷ, ʗʥʢʘʥʩʢʘʷ, 

ɼʞʝʣʪʫʣʘʢʩʢʘʷ ʠ ɼʞʘʛʜʳ-ʉʝʣʝʤʜʞʠʥʩʢʘʷ) ʧʨʠʤʳʢʘʶʪ ʢ ʟʦʥʘʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, 

ʨʘʟʜʝʣʷʶʱʠʭ ʢʨʫʧʥʳʝ ʛʝʦʙʣʦʢʠ (ʖʞʥʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ʉʝʚʝʨʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ ʠ 

ɼʞʝʣʪʫʣʘʢʩʢʠʡ). ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʠʣʠ ʧʨʠʷʜʝʨʥʫʶ ʯʘʩʪʴ ʧʨʦʚʠʥʮʠʠ. ʆʩʪʘʣʴʥʳʝ 

ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʩʝʚʝʨʥʦʡ (ʉʝʚʝʨʦ-ʉʪʘʥʦʚʘʷ ʠ ʖʞʥʦ-ʗʢʫʪʩʢʘʷ) ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ (ʏʘʛʦʷʥ-

ɹʳʩʩʠʥʩʢʘʷ, ʊʫʨʘʥʩʢʘʷ ʠ ɺʦʩʪʦʯʥʦ-ɹʫʨʝʠʥʩʢʘʷ) ʧʝʨʠʬʝʨʠʠ ʧʨʦʚʠʥʮʠʠ.  

ʇʦ ʩʪʝʧʝʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦ ʩʫʤʤʝ ʜʦʙʳʪʦʛʦ ʨʫʜʥʦʛʦ ʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, 

ʚʳʜʝʣʝʥʳ ʚʳʩʦʢʦ (ʜʦʙʳʪʦ ʙʦʣʝʝ 50 ʪ), ʩʨʝʜʥʝ (10-50 ʪ) ʠ ʥʠʟʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ (ʤʝʥʝʝ 10 ʪ) ʈʈʋ. 

ɺ ʨʘʩʧʦʣʦʞʝʥʠʠ ʫʟʣʦʚ ʚʠʜʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʫʟʣʳ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʤ ʟʦʥʘʤ, ʩʣʘʛʘʶʱʠʤ ʷʜʨʦ ʧʨʦʚʠʥʮʠʠ. ɺ ʵʪʠʭ ʞʝ ʟʦʥʘʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʠ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʈʈʋ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (15 ʠʟ 19). ɺ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ 

ʟʦʥʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʧʨʦʚʠʥʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʈʈʋ ʩ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

(ʨʠʩʫʥʦʢ). 

 
ʈʠʩʫʥʦʢ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ ʇʨʠʘʤʫʨʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ: 
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1-3 ï ʛʝʦʙʣʦʢʠ: 1 ï ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ; 2 ï ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ; 3 ï ɸʤʫʨʩʢʠʡ; 4 ï ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ (ʖɸ ï 

ʖʞʥʦ-ɸʣʜʘʥʩʢʠʡ, ʉʪ ï ʉʪʘʥʦʚʦʡ, ʊ ï ʊʫʥʛʫʨʯʘʥʩʢʠʡ, ʉ ï ʉʝʚʝʨʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ʖ ï ʖʞʥʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ɼ ï 

ɼʞʝʣʪʫʣʘʢʩʢʠʡ, ʋ ï ʋʥʘʭʠʥʩʢʠʡ, ʉɻ ï ʉʫʛʜʞʘʨʩʢʠʡ, ɿ ï ɿʘʧʘʜʥʦ-ʊʫʨʘʥʩʢʠʡ, ʉʃ ï ʉʝʣʝʤʜʞʠʥʩʢʠʡ, ɿ ï ɿʘʧʘʜʥʦ-

ʊʫʨʘʥʩʢʠʡ, ʍ ï ʍʠʥʛʘʥʩʢʠʡ, ʂ ï ʂʫʨʩʢʠʡ); 5 ï ʟʦʣʦʪʦʨʫʜʥʳʝ 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 

ɹʫʨʠʥʜʠʥʩʢʦʝ, 9 ï ʇʠʦʥʝʨʩʢʦʝ, 10 ï ʇʦʢʨʦʚʩʢʦʝ, 11 ï ʄʘʣʦʤʳʨ, 12 ï ʊʦʢʫʨʩʢʦʝ, 13 ï ʉʘʛʫʨʩʢʦʝ, 14 ï ʍʘʨʛʠʥʩʢʦʝ, 

15 ï ɸʣʙʳʥ, 16 ï ɹʫʨʦʚʦʝ, 17 ï ʂʝʨʙʠʥʩʢʦʝ, 18 ï ʇʨʦʛʥʦʟʥʦʝ, 19 ï ʅʦʥʠ); 6 ï ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 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 ʛʨʘʥʠʮʳ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ ʠ ʠʭ ʥʦʤʝʨʘ: ʘ) ʥʠʟʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ (1 ï 

ʂʠʪʝʤʷʭʪʠʥʩʢʠʡ, 2 ï ʂʘʣʘʨʩʢʠʡ, 3 ï ʍʘʥʠʡʩʢʠʡ, 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 ʃʘʧʨʠʥʩʢʠʡ, 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 

ʋʜʳʭʳʥʩʢʠʡ, 33 ï ʏʦʛʘʨʩʢʠʡ, 35 ï ʍʦʨʦʛʦʯʠʥʩʢʠʡ, 42 ï ɾʫʨʙʘʥʩʢʠʡ, 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 

ɺʦʩʪʦʯʥʦʩʝʣʝʤʜʞʠʥʩʢʠʡ, 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 ɼʞʝʣʪʫʣʘʢʩʢʠʡ, 37 ï 

ʊʘʣʛʠʥʩʢʠʡ, 38 ï ʋʩʧʝʥʩʢʠʡ, 39 ï ʀʣʠʢʘʥ-ʋʥʘʭʠʥʩʢʠʡ, 40 ï ɿʦʣʦʪʦʛʦʨʩʢʠʡ, 47 ï ʋʥʴʷ-ɹʦʤʩʢʠʡ, 53 ï 

ɺʝʨʭʥʝʩʪʦʡʙʠʥʩʢʠʡ, 58 ï ʉʦʬʠʡʩʢʠʡ, 61 ï ʀʛʘʢʩʢʠʡ, 65 ï ʗʩʥʝʥʩʢʠʡ, 68 ï ʉʦʭʘʪʠʥʳʡ, 70 - ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʠʡ), 

ʚ) ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ (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 - ʆʢʪʷʙʨʴʩʢʠʡ); 9 ï ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʛʨʘʥʠʮʘ ɸʤʫʨʩʢʦʡ 

ʦʙʣʘʩʪʠ. 
ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʚʩʧʳʰʢʠ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʚʠʥʮʠʠ ʟʦʣʦʪʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘ ʝʝ ʩʯʝʪ ʨʦʩʩʳʧʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʫʟʣʳ. ɹʦʣʝʝ ʯʝʤ 150-ʣʝʪʥʠʡ ʦʧʳʪ ʦʪʨʘʙʦʪʢʠ ʨʦʩʩʳʧʥʳʭ ʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʠʘʤʫʨʴʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʫʟʣʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘʠʙʦʣʝʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʨʫʜʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [1, 2, 3]. ʕʪʠ ʫʟʣʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥʘʭ ʮʝʥʪʨʘʣʴʥʦʡ, 

ʧʨʠʷʜʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʈʈʋ (ʧʦ 3 ʫʟʣʘ) ʥʘʭʦʜʠʪʩʷ ʚ ʉʝʚʝʨʦ-ɹʫʨʝʠʥʩʢʦʡ 

(ʆʢʪʷʙʨʴʩʢʠʡ, ʋʣʫʥʛʠʥʩʢʠʡ  ʠ  ʊʳʛʜʠʥʩʢʠʡ ʈʈʋ) ʠ ɼʞʘʛʜʳ-ʉʝʣʝʤʜʞʠʥʩʢʦʡ (ʊʦʢʫʨʩʢʠʡ, 

ʍʘʨʛʠʥʩʢʠʡ ʠ ʂʝʨʙʠʥʩʢʠʡ ʈʈʋ) ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʜʚʘ ï ʚ ʗʥʢʘʥʩʢʦʡ (ʉʦʣʦʚʴʝʚʩʢʠʡ ʠ 

ɹʝʨʝʟʠʪʦʚʳʡ) ʠ ʦʜʠʥ ʚ ɼʞʝʣʪʫʣʘʢʩʢʦʡ (ʄʦʛʦʪʩʢʠʡ ʫʟʝʣ). ɺ ʵʪʠʭ ʈʈʋ ʜʦʙʳʪʦ 834.6 ʪ ʟʦʣʦʪʘ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 63.6%, ʠʣʠ ʧʦʯʪʠ ʜʚʝ ʪʨʝʪʠ ʦʪ ʦʙʱʝʡ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ ʧʨʦʚʠʥʮʠʠ (1312 ʪ). ɼʦʣʷ 

ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ (165.1 ʪ) ʩʦʩʪʘʚʣʷʝʪ 91.7%. ʉʫʤʤʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʦʣʦʪʘ ʚ ʦʪʜʝʣʴʥʳʭ ʫʟʣʘʭ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 46.6 (ʂʝʨʙʠʥʩʢʠʡ ʫʟʝʣ) ʜʦ 209.4 ʪ (ʉʦʣʦʚʴʝʚʩʢʠʡ). ʉʨʝʜʥʷʷ ʜʦʙʳʯʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʫʟʣʘ ʨʘʚʥʘ 92.7 ʪ. 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʜʦʙʳʯʠ ʨʦʩʩʳʧʥʦʛʦ ʠ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʫʟʣʳ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʪʠʧʘ ï ʩʫʱʝʩʪʚʝʥʥʦ ʨʦʩʩʳʧʥʳʝ, ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʫʜʥʳʝ 

(ʪʘʙʣʠʮʘ). ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʝʩʝʥʳ ʈʈʋ, ʚ ʢʦʪʦʨʳʭ ʜʦʙʳʯʘ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʜʦʙʳʯʠ ʠʟ ʨʦʩʩʳʧʝʡ (ʉʦʣʦʚʴʝʚʩʢʠʡ, ʄʦʛʦʪʩʢʠʡ, ʆʢʪʷʙʨʴʩʢʠʡ ʠ ʂʝʨʙʠʥʩʢʠʡ). ʈʫʜʥʦ-

ʨʦʩʩʳʧʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʟʣʳ ʩ ʩʦʧʦʩʪʘʚʠʤʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʦʙʳʯʠ ʨʫʜʥʦʛʦ ʠ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ (ɹʝʨʝʟʠʪʦʚʳʡ, ʊʦʢʫʨʩʢʠʡ ʠ ʍʘʨʛʠʥʩʢʠʡ). ʋʣʫʥʛʠʥʩʢʠʡ ʠ ʊʳʛʜʠʥʩʢʠʡ ʫʟʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʜʦʙʳʯʝʡ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ. ɺ ʩʨʝʜʥʝʤ ʜʦʙʳʯʘ ʟʦʣʦʪʘ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʦʩʩʳʧʥʳʭ ʫʟʣʘʭ (115 ʪ)  ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ (84 ʪ), ʘ ʤʝʥʴʰʝ 

ʚʩʝʛʦ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʫʜʥʳʭ (61 ʪ). ɺ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʜʦʙʳʯʠ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʨʫʜʥʦʛʦ. ʉʫʱʝʩʪʚʝʥʥʦ ʨʦʩʩʳʧʥʳʝ ʈʈʋ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ - ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʳʤʠ ʠ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʠʣʠ ʧʦʜʥʷʪʳʤʠ 

ʙʣʦʢʘʤʠ. ʆʥʠ ʩʣʦʞʝʥʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʠ ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʦʨʚʘʥʥʳʤʠ 

ʠʥʪʨʫʟʠʷʤʠ ʠ ʜʘʡʢʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʥʠʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʩʨʝʜʥʝʝ ʧʦ ʟʘʧʘʩʘʤ ʂʠʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ 

ʬʦʨʤʘʮʠʠ, ʤʝʣʢʠʝ ʂʝʨʙʠʥʩʢʦʝ ʠ ʊʦʢʦʣʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ. ʈʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʦʪ 

ʤʝʣʢʦʛʦ ʜʦ ʢʨʫʧʥʦʛʦ, ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʩʘʤʦʨʦʜʢʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʝʩʦʤ ʜʦ 1600 ʛ. ʇʨʦʙʘ ʝʛʦ 

ʚʳʩʦʢʘʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 900-950ă, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʪʦʣʴʢʦ ʚ ʆʢʪʷʙʨʴʩʢʦʤ ʫʟʣʝ (850-900ă). 
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ˉ  ̄

ʧʧ 

ʅʘʟʚʘʥʠʷ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ 

ʫʟʣʦʚ 

ɼʦʙʳʯʘ ʟʦʣʦʪʘ, ʪ 

ʀʟ ʨʦʩʩʳʧʝʡ ʀʟ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 

ʆʙʱʘʷ ʩʫʤʤʘ 

ʈʈʋ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʜʦʙʳʯʝʡ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ 

1 ʉʦʣʦʚʴʝʚʩʢʠʡ 200.0 ʂʠʨʦʚʩʢʦʝ ï 9.4 209.4 

2 ʄʦʛʦʪʩʢʠʡ 131.1 ʋʛʘʥʩʢʦʝ ï 0.1 131.2 

3 ʆʢʪʷʙʨʴʩʢʠʡ 73.5 - 73.5 

4 ʂʝʨʙʠʥʩʢʠʡ 46.6  46.6 

ʈʈʋ ʩ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʦʙʲʝʤʘʤʠ ʜʦʙʳʯʠ ʨʦʩʩʳʧʥʦʛʦ ʠ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ 

5 ʍʘʨʛʠʥʩʢʠʡ 83.1 ʍʘʨʛʠʥʩʢʦʝ ï 6.8 

ɸʣʙʳʥ ï 2.8 

ʗʩʥʦʝ ï 0.4 

ʀʥʛʘʛʣʠ ï 0.2 

ʋʥʛʣʠʯʠʢʘʥ ï 0.1 

ɸʬʘʥʘʩʴʝʚʩʢʦʝ ï 0.1 

93.5 

6 ʊʦʢʫʨʩʢʠʡ 60.7 ʊʦʢʫʨ ï 34.0 

ʉʘʛʫʨ ï 3.0 

ʊʘʨʥʘʭ ï 0.1 

97.8 

7 ɹʝʨʝʟʠʪʦʚʳʡ 47.5 ɹʝʨʝʟʠʪʦʚʦʝ ï 13.1 

ʐʘʭʪʘ ʄʦʩʠʥʘ ï 0.1 

60.7 

ʈʈʋ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʜʦʙʳʯʝʡ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ 

8 ʋʣʫʥʛʠʥʩʢʠʡ 18.8 ʇʠʦʥʝʨ ï 38.1 56.9 

9 ʊʳʛʜʠʥʩʢʠʡ 8.2 ʇʦʢʨʦʚʩʢʦʝ ï 56.8 65.0 

ʉʫʤʤʘ: 669.5 165.1 834.6 

 

ʈʫʜʥʦ-ʨʦʩʩʳʧʥʳʤ ʈʈʋ ʦʪʚʝʯʘʶʪ ʩʠʥʢʣʠʥʘʣʴʥʘʷ ʠ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʯʝʨʥʦʩʣʘʥʮʝʚʳʤʠ ʪʦʣʱʘʤʠ, ʘ ʪʘʢʞʝ ʠʥʪʨʫʟʠʚʥʦ-ʢʫʧʦʣʴʥʦʝ ʧʦʜʥʷʪʠʝ, ʩʣʦʞʝʥʥʦʝ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ɼʣʷ ʫʟʣʦʚ ʵʪʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʠʝ ʧʦ ʟʘʧʘʩʘʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ (ʊʦʢʫʨ, ɸʣʙʳʥ, ʍʘʨʛʘ ʠ ʜʨ.), ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ (ɹʝʨʝʟʠʪʦʚʦʝ) ʬʦʨʤʘʮʠʡ. ʈʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʤʝʣʢʦʡ ʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ, 

ʦʪʤʝʯʘʶʪʩʷ ʩʘʤʦʨʦʜʢʠ ʚʝʩʦʤ ʜʦ 1 ʢʛ. ʇʨʦʙʘ ʟʦʣʦʪʘ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 775 ʜʦ 

950ă.  

ʉʫʱʝʩʪʚʝʥʥʦ ʨʫʜʥʳʤ ʋʣʫʥʛʠʥʩʢʦʤʫ ʠ ʊʳʛʜʠʥʩʢʦʤʫ ʫʟʘʤ ʦʪʚʝʯʘʶʪ ʩʝʢʪʦʨʥʳʝ ʙʣʦʢʠ 

ɻʦʥʞʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʩʣʦʞʝʥʥʳʝ ʦʩʘʜʦʯʥʳʤʠ ʪʦʣʱʘʤʠ ʧʘʣʝʦʟʦʷ ʠ ʤʝʟʦʟʦʷ ʠ ʚʫʣʢʘʥʠʪʘʤʠ 

ʨʘʥʥʝʛʦ ʤʝʣʘ, ʧʨʦʨʚʘʥʥʳʤʠ ʛʨʘʥʠʪʦʠʜʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʨʘʥʥʝʛʦ ʤʝʣʘ. ɺ ʵʪʠʭ ʈʈʋ 

ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʤʝʣʢʠʝ ʧʦ ʟʘʧʘʩʘʤ ʟʦʣʦʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-

ʢʚʘʨʮʝʚʦʡ (ʇʠʦʥʝʨ), ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ (ʇʦʢʨʦʚʩʢʦʝ, ɾʝʣʪʫʥʘʢ) ʠ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥ-

ʧʦʨʬʠʨʚʦʡ (ʀʢʘʥ) ʬʦʨʤʘʮʠʡ. ɿʦʣʦʪʦ  ʚ ʨʦʩʩʳʧʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʝ, ʩʘʤʦʨʦʜʢʠ ʥʝ 

ʭʘʨʘʢʪʝʨʥʳ. ʇʨʦʙʘ ʝʛʦ ʩʨʝʜʥʷʷ, ʚ ʧʨʝʜʝʣʘʭ 800-900ă. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʈʈʋ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ. ɺʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʨʝʜʥʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʈʈʋ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ, ʧʨʠʷʜʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ. ʆʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʉʝʚʝʨʦ-ɹʫʨʝʠʥʩʢʦʡ, 

ʗʥʢʘʥʩʢʦʡ, ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʠ ɼʞʘʛʜʳ-ʉʝʣʝʤʜʞʠʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ, ʥʘʠʙʦʣʝʝ 

ʥʘʩʳʱʝʥʥʳʭ ʟʦʣʦʪʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʠ ʨʦʩʩʳʧʷʤʠ.  ɺʳʩʦʢʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʵʪʠʭ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʧʨʠʣʝʛʘʥʠʝʤ ʢ ʟʦʥʘʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ (ʖʞʥʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ʉʝʚʝʨʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ ʠ ɼʞʝʣʪʫʣʘʢʩʢʠʡ), ʩʣʫʞʘʱʠʭ 

ʩʪʨʫʢʪʫʨʥʳʤ ʢʘʨʢʘʩʦʤ ʟʦʥʳ ʢʦʣʣʠʟʠʠ. ʕʪʠ ʨʘʟʣʦʤʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʨʫʜʦʧʦʜʚʦʜʷʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʂ ʩʝʚʝʨʫ ʠ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʧʨʠʷʜʝʨʥʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ (ʉʝʚʝʨʦ-ʉʪʘʥʦʚʘʷ ʠ ʖʞʥʦ-ʗʢʫʪʩʢʘʷ ʢ ʩʝʚʝʨʫ, 

ʏʘʛʦʷʥ-ɹʳʩʩʠʥʩʢʘʷ, ʊʫʨʘʥʩʢʘʷ ʠ ɺʦʩʪʦʯʥʦ-ɹʫʨʝʠʥʩʢʘʷ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ) ʩ ʤʝʥʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠ ʨʦʩʩʳʧʝʡ. ʈʈʋ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ 

ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʧʨʦʜʫʢʪʠʚʥʳ ʥʘ ʟʦʣʦʪʦ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʢ ʥʠʟʢʦ ʧʨʦʜʫʢʪʠʚʥʳʤ. 

ɺʳʷʚʣʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʜʠʥʩʪʚʦ ʧʨʦʚʠʥʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 
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ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʟʦʣʦʪʘ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ.  

ʇʨʠʥʠʤʘʷ ʇʨʠʘʤʫʨʩʢʫʶ ʧʨʦʚʠʥʮʠʶ ʟʘ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʩ ʧʨʠʩʫʱʠʤʠ ʝʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʈʈʋ, ʤʦʞʥʦ ʧʦʜʦʡʪʠ ʢ ʚʦʧʨʦʩʫ ʦ ʟʦʣʦʪʦʤ 

ʧʦʪʝʥʮʠʘʣʝ ʠ ʧʫʪʷʭ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ɼʦʙʳʯʘ ʟʦʣʦʪʘ ʚ ʇʨʠʘʤʫʨʴʝ ʟʘ 150 ʩ ʣʠʰʠʤ ʣʝʪ ʧʦʩʪʦʷʥʥʦ 

ʠ ʩʪʘʙʠʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʙʳʯʘ ʥʘ ʫʨʦʚʥʝ 20-30 ʪ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʇʦʵʪʦʤʫ ʦʙʱʠʡ ʟʦʣʦʪʦʥʦʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʚʠʥʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦ, ʥʝ ʤʝʥʝʝ 3-5 ʪʳʩ. ʪ ʟʦʣʦʪʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 

ʥʘ ʟʦʣʦʪʦ ʚ ʧʨʦʚʠʥʮʠʠ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʪʦ, ʯʪʦ ʨʦʩʩʳʧʥʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʪʨʘʙʦʪʘʥ ʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʚʳʷʚʣʝʥʠʶ, ʨʘʟʚʝʜʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʨʫʜʥʦʝ ʟʦʣʦʪʦ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʣʦʱʘʜʠ ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʭ ʈʈʋ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʨʦʜʫʮʝʥʪʳ ʟʦʣʦʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʪʦ ʵʪʠ ʈʈʋ, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʇʨʠʘʤʫʨʴʷ, ʠ ʚʧʨʝʜʴ ʙʫʜʫʪ 

ʦʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʟʦʣʦʪʘ. ʀʟ ʵʪʠʭ ʈʈʋ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʫʜʥʳʝ ï 

ʋʣʫʥʛʠʥʩʢʠʡ ʠ ʊʳʛʜʠʥʩʢʠʡ, ʟʘʪʝʤ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʝ ï ʍʘʨʛʠʥʩʢʠʡ, ʊʦʢʫʨʩʢʠʡ ʠ ɹʝʨʝʟʠʪʦʚʳʡ, 

ʧʦʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʦʩʩʳʧʥʳʝ ï ʉʦʣʦʚʴʝʚʩʢʠʡ, ʄʦʛʦʪʩʢʠʡ, ʆʢʪʷʙʨʴʩʢʠʡ ʠ ʂʝʨʙʠʥʩʢʠʡ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ɹʃɽʂʃʓʍ ʈʋɼ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇʀʆʅɽʈ (ʇʈʀɸʄʋʈʔɽ) 

 

ʅ.ɺ. ʄʦʠʩʝʝʥʢʦ 
1
, ʇ.ʇ. ʉʘʬʨʦʥʦʚ 

2
 

 
1
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 
2
 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʠʦʥʝʨ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʉʝʚʝʨʦʙʫʨʝʠʥʩʢʦʡ ʟʦʥʝ ɹʫʨʝʠʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʦʷʩʘ ʥʘ ʛʨʘʥʠʮʝ ɻʦʥʞʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ ʩ ʋʰʫʤʫʥʩʢʠʤ 

ʥʘʣʦʞʝʥʥʳʤ ʧʨʦʛʠʙʦʤ. ɺ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʝʨʭʥʝʶʨʩʢʠʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ 

ʘʨʛʠʣʣʠʪʳ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʆʣʴʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɿʦʣʦʪʦʨʫʜʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʦʧʨʦʚʦʞʜʘʶʪ ʨʘʥʥʝʤʝʣʦʚʳʝ ʜʘʡʢʠ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʦʚ ʠ ʘʥʜʝʟʠʪʦʚ 

ɹʫʨʠʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [1]. ɺʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʟʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʩʠʩʪʝʤʦʡ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ ʣʠʥʝʡʥʳʤʠ ʰʪʦʢʚʝʨʢʘʤʠ ʩ ʧʨʦʞʠʣʢʘʤʠ ʠ ʞʠʣʘʤʠ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ 

ʢʘʨʙʦʥʘʪʦʚ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʳ ʙʨʝʢʯʠʠ ʥʘ ʢʚʘʨʮʝʚʦʤ ʠ ʢʚʘʨʮ - ʢʘʨʙʦʥʘʪʥʦʤ ʮʝʤʝʥʪʝ, 

ʚʢʨʘʧʣʝʥʥʘʷ ʠ ʧʨʦʞʠʣʢʦʚʘʷ ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʙʣʝʢʣʳʭ ʨʫʜ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ɸʥʜʨʝʝʚʩʢʦʡ ʠ ʅʠʢʦʣʘʝʚʩʢʦʡ ʨʫʜʥʳʭ ʟʦʥ. 

ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʣʦʪʦ -

ʩʫʣʴʬʠʜʥʦ - ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ [2]. ʇʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʘʤ ʨʫʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʝʥʳ ʢʚʘʨʮʝʤ ʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʘʨʙʦʥʘʪʳ, ʩʣʶʜʳ ʠ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ.  

ʅʘ ʧʨʠʤʝʨʝ ʨʫʜʥʳʭ ʟʦʥ ɸʥʜʨʝʝʚʩʢʦʡ ʠ ʅʠʢʦʣʘʝʚʩʢʦʡ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʙʣʝʢʣʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ. ʅʘ 90% ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ ʠ 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ɹʣʝʢʣʳʝ ʨʫʜʳ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʩʫʣʴʬʠʜʘʤʠ ʠ ʩʫʣʴʬʦʩʦʣʷʤʠ ʚʭʦʜʷʪ ʚ 

ʦʩʪʘʚʰʠʝʩʷ 10%, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʨʫʜ ʚ ʪʝʩʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʦʪʣʠʯʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʣʝʢʣʳʭ ʨʫʜ ʠʟ ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʙʦʣʴʰʝ 60 ʟʝʨʝʥ. ʇʦʣʠʨʦʚʘʥʥʳʝ ʰʣʠʬʳ 

ʠʟʛʦʪʦʚʣʷʣʠʩʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʀɻʠʇ  ɼɺʆ ʈɸʅ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ 

ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JXA ï 8100 (ɼɺɻʀ ɼɺʆ ʈɸʅ) ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

EVO 40 XVP (ʀɹʄ ɼɺʆ ʈɸʅ) ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʇʦ ʬʦʨʤʘʤ ʚʳʜʝʣʝʥʠʷ ʙʣʝʢʣʳʝ ʨʫʜʳ ʦʙʨʘʟʫʶʪ ʠʟʦʤʝʪʨʠʯʥʳʝ, ʦʚʘʣʴʥʳʝ ʠ ʫʜʣʠʥʝʥʥʳʝ 

ʨʘʟʥʦʩʪʠ. ʈʘʟʤʝʨ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʥ. ʏʘʩʪʦ ʙʣʝʢʣʳʝ ʨʫʜʳ ʦʙʨʘʟʫʶʪ 

ʩʢʦʧʣʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɺ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʤ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʤ ʪʠʧʝ ʨʫʜ ʦʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʠʨʠʪʘʭ ʩ ʤʦʣʠʙʜʝʥʠʪʦʤ, ʦʙʨʘʟʫʶʪ ʢʘʡʤʳ ʧʦ ʧʠʨʠʪʫ ʠ 

ʭʘʣʴʢʦʧʠʨʠʪʫ. ɺ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʤ ʪʠʧʝ ʨʫʜ (ʧʠʨʠʪ-ʛʘʣʝʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʚ 

ʩʨʘʩʪʘʥʠʠ ʩ ʧʠʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʟʦʣʦʪʦʤ ʠ ʪʝʣʣʫʨʠʜʘʤʠ ʩʝʨʝʙʨʘ. ɺ ʟʦʣʦʪʦ- 

ʩʫʣʴʬʦʩʦʣʴʥʦ ï ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʙʣʝʢʣʳʝ ʨʫʜʳ ʦʙʨʘʟʫʶʪ ʬʘʟʳ ʩ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʤʠʥʝʨʘʣʦʚ: ʘʥʪʠʤʦʥʠʪʦʤ, ʩʫʣʴʬʦʩʦʣʷʤʠ Sb, As ʠ Pb (ʙʫʣʘʥʞʝʨʠʪ, ʜʞʝʤʩʦʥʠʪ, ʙʫʨʥʦʥʠʪ ʠ ʪ.ʜ), 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʧʠʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʪʝʣʣʫʨʠʜʘʤʠ ʠ ʩʫʣʴʬʠʜʘʤʠ ʩʝʨʝʙʨʘ (ʛʝʩʩʠʪ, 

ʘʨʛʝʥʪʠʪ), ʪʝʣʣʫʨʠʜʘʤʠ ʟʦʣʦʪʘ (ʧʝʪʮʠʪ) ʠ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ. ʉʦʩʪʘʚ ʟʦʣʦʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʠʦʥʝʨ ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘ ʇʦʢʨʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ [3] ʦʪʣʠʯʘʝʪʩʷ  ʧʦ ʧʨʦʙʥʦʩʪʠ, 700-800 ʜʣʷ 

ʨʷʜʦʚʳʭ ʨʫʜ, 900-980 ʜʣʷ ʙʦʛʘʪʳʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʣʝʢʣʳʝ ʨʫʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʇʠʦʥʝʨ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʤ ʚʠʜʘʤ ʠ ʨʷʜʫ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. 

ʅʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʭ ʘʥʘʣʠʟʦʚ ʠ ʧʝʨʝʩʯʠʪʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ 

ʬʦʨʤʫʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙ.1. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʨʴʤʳ ʠ ʤʳʰʴʷʢʘ ʙʣʝʢʣʳʝ  ʜʝʣʷʪʩʷ ʥʘ 

ʪʝʥʥʘʥʪʠʪʳ ʠ ʪʝʪʨʘʵʜʨʠʪʳ. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ (ɺʝʩ. 10 % ʠ ʙʦʣʴʰʝ) ʧʦʟʚʦʣʠʣʠ 

ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʬʨʝʡʙʝʨʛʠʪʘʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʙʣʝʢʣʳʭ ʨʫʜ ʠʟ ʨʘʟʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ  ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʚʘʨʮ-ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʠʪ ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʝʥʥʘʥʪʠʪʳ ʠ ʪʝʪʨʘʵʜʨʠʪʳ, ʚ ʧʠʨʠʪ-ʛʘʣʝʥʠʪʦʚʦʡ ʨʘʟʚʠʪʳ 



71 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʪʨʘʵʜʨʠʪʳ, ʚ ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʦ-ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʪʝʪʨʘʵʜʨʠʪʳ (ʈʠʩ.1) ʠ 

ʬʨʝʡʙʝʨʛʠʪʳ (ʈʠʩ.2), ʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝʥʥʘʥʪʠʪʘʤʠ. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʘʨʠʘʮʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʤʳʰʴʷʢʘ, ʩʫʨʴʤʳ, ʤʝʜʠ, ʩʝʨʝʙʨʘ, ʞʝʣʝʟʘ ʠ ʮʠʥʢʘ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ ʙʣʝʢʣʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 10 ʜʦ 18.9%. ʚ ʪʝʥʥʘʥʪʠʪʘʭ,  ʦʪ 0.76 ʜʦ 

7.99% ʚ ʪʝʪʨʘʵʜʨʠʪʘʭ, ʦʪ 0.77 ʜʦ 3.2% ʚ ʬʨʝʡʙʝʨʛʠʪʘʭ. ɺ ʧʦʩʣʝʜʥʝʤ ʚʠʜʝ ʝʩʪʴ ʦʙʨʘʟʮʳ, ʛʜʝ 

ʤʳʰʴʷʢʘ ʥʝʪ ʩʦʚʩʝʤ.  

 

ʊʘʙʣʠʮʘ 1.  ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʤʘʩʩ.%)  ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʙʣʝʢʣʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ 

ˉ ʧ/ʧ ˉ ʦʙʨʘʟʮʘ Cu Ag Au Fe Zn Mn Sb As S Total 

                        

1 ʋʇɸ-214-2-10 40.39 0.62   7.63 0   4.88 17.06 27.58 98.45 

2 ʋʇɸ-214-2-16 39.27 0   3.04 5.34   10 12.3 27.56 97.83 

3 ʋʇʅ-20-1-8 36.21 3.95   3.21 4.11   15.34 10.02 26.21 99.05 

4 ʋʇʅ-12-2-9 32.59 9.11   4.8 1.97   12.07 11.31 25.98 97.84 

5 ʋʇɸ-214-2-21 37.34 0   1.45 6.92   25.32 2.88 25.17 99.09 

6 ʋʇɸ-214-2-6 37.77 0.56   4.18 2.59   23.74 2.94 25.01 96.79 

7 ʋʇɸ-214-2-5 39.15 0.62   4.41 2.48   22.15 4.41 25.3 98.52 

8 ʋʇɸ-19-2-29 35.45 0.93   0.83 7.09   25.03 2.37 25.35 97.04 

9 ʋʇʅ-20-1-3 35.74 3.98   1 6.73   20.95 5.54 25.55 99.48 

10 ʋʇʅ -14-30-10-3 19.55 28.25   2.1 4.02   22.31 1.4 22.37 100 

11 ʋʇʅ -13-5-1-7 24.92 17.14   4.63 3.68   23.89 2.26 23.02 99.54 

12 ʋʇʅ -14-26-27 20.88 17.52 6.83 2.44 2.97   24.23 1.4 23.73 100 

13 ʋʇʅ -13-5-48 23.47 19.19   3.22 3.15 0.52 26.54 0.77 23.01 99.87 

    

 ˉ ʦʙʨʘʟʮʘ ʬʦʨʤʫʣʘ ʄʠʥʝʨʘʣ 

1 ʋʇɸ-214-2-10 (Cu9.77Ag0.08Fe2.10)11.95(Sb0.24As3.71)3.95S13.23   Fe ï ʪʝʥʥʘʥʪʠʪ 

2 ʋʇɸ-214-2-16 (Cu9.57Fe0.84Zn1.47)11.88(Sb1.27As2.54)3.81S13.31   Fe ï Zn ï ʪʝʥʥʘʥʪʠʪ 

3 ʋʇʅ-20-1-8 (Cu9.16Ag0.59 Fe0.92Zn1.01)11.8(Sb2.02 As2.15)4.18S13.14 Ag- Zn- ʪʝʥʥʘʥʪʠʪ 

4 ʋʇʅ-12-2-9 (Cu8.38Ag1.38Fe1.41Zn0.50)11.67(Sb1.62As2.47)4.09S13.24   Ag - Zn -Fe  ï ʪʝʥʥʘʥʪʠʪ 

5 ʋʇɸ-214-2-21 (Cu9.72Fe0.42Zn1.75)11.89(Sb3.44As0.63)4.07S13.04   Fe ï Zn ï ʪʝʪʨʘʵʜʨʠʪ   

6 ʋʇɸ-214-2-6 (Cu9.97Ag0.08Fe1.25Zn0.66)11.96(Sb3.26As0.70)3.96S13.08   Zn ï Fe ï ʪʝʪʨʘʵʜʨʠʪ  

7 ʋʇɸ-214-2-5 (Cu10.09 Ag0.09Fe1.29Zn0.68)12.15(Sb2.96As0.96)3.92S12.93   Ag ï Zn ï Fe ï ʪʝʪʨʘʵʜʨʠʪ  

8 ʋʇɸ-19-2-29 (Cu9.41Ag0.14Fe0.24Zn1.82)11.67(Sb3.46As0.53)3.99S13.34 Ag ï Zn ï ʪʝʪʨʘʵʜʨʠʪ  

9 ʋʇʅ-20-1-3 (Cu9.25Ag0.61 Fe0.29Zn1.69)11.84(Sb2.83 As1.23)4.06S13.10 Ag - Zn - ʪʝʪʨʘʵʜʨʠʪ 

10 ʋʇʅ -14-30-10-3 (Cu5.70Ag4.85Fe0.69Zn1.13)12.37(Sb3.39As0.34)3.73S12.90  Fe - Zn - ʬʨʝʡʙʝʨʛʠʪ 

11 ʋʇʅ -13-5-1-7 (Cu6.95Ag2.82Fe1.46Zn0.99)12.22(Sb3.48As0.54)4.02S12.76 Zn - Fe - ʬʨʝʡʙʝʨʛʠʪ 

12 ʋʇʅ -14-26-27 (Cu6.06Ag2.99Au0.64Fe0.81Zn0.84)11.34(Sb3.67As0.35)4.02S13.64  Au - Fe - Zn - ʬʨʝʡʙʝʨʛʠʪ 

13 ʋʇʅ -13-5-48 (Cu6.66Ag3.2Fe1.03Zn0.86Mn0.17)11.92(Sb3.93As0.18)4.11S12.97  Mn - Zn - Fe - ʬʨʝʡʙʝʨʛʠʪ 

 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʨʴʤʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘ 4.88 - 15.34 % ʜʣʷ ʪʝʥʥʘʥʪʠʪʦʚ, 13.38 -.16 % ʜʣʷ 

ʪʝʪʨʘʵʜʨʠʪʦʚ ʠ 20.11 -  28.01 ʜʣʷ ʬʨʝʡʙʝʨʛʠʪʦʚ. ʄʝʜʴ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʤ,  ʢʦʪʦʨʳʡ ʚ ʙʣʝʢʣʳʭ 

ʨʫʜʘʭ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʝʪʩʷ. ɺ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ, ʢʘʢ ʚʳʩʦʢʦʤʝʜʠʩʪʳʝ 

ʨʘʟʥʦʩʪʠ ʪʘʢ ʦʙʨʘʟʮʳ  ʛʜʝ ʧʨʦʮʝʩʩʳ ʟʘʤʝʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ. ɺ 

ʪʝʥʥʘʥʪʠʪʘʭ ʤʝʜʴ ʩʦʩʪʘʚʣʷʝʪ 38.59 ï 40.4 %, ʚ ʪʝʪʨʘʵʜʨʠʪʘʭ 30.24 ï 38.9 %, ʚ ʬʨʝʡʙʝʨʛʠʪʘʭ 

19.55 ï 29.27 %. ʉʝʨʝʙʨʦ ʚ ʙʣʝʢʣʳʭ ʨʫʜʘʭ ʟʘʤʝʱʘʝʪ ʤʝʜʴ. ɺʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʙʣʝʢʣʳʭ 

ʨʫʜ  ʠ ʚʦ ʚʩʝʭ ʛʝʥʝʨʘʮʠʷʭ,  ʥʦ ʚ ʪʝʥʥʘʥʪʠʪʘʭ 0.62 ï 9.11 %, ʪʝʪʨʘʵʜʨʠʪʘʭ 0.56  - 8.51 %, 

ʬʨʝʡʙʝʨʛʠʪʘʭ 11.6 ï 28.9%. ɺ ʛʨʫʧʧʝ ʪʝʥʥʘʥʪʠʪʦʚ ʝʩʪʴ ʦʙʨʘʟʮʳ ʙʝʟ ʩʝʨʝʙʨʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ ʠ  ʚ ʪʝʥʥʘʥʪʠʪʘʭ ʠ ʚ ʪʝʪʨʘʵʜʨʠʪʘʭ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʦ- 
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ʈʠʩ.1  ʉʧ.1- ʟʦʣʦʪʦ; ʉʧ.2-Ag-ʪʝʪʨʘʵʜʨʠʪ;        ʈʠʩ.2    ʉʧ.1- ʟʦʣʦʪʦ; ʉʧ.2 ï ʬʨʝʡʙʝʨʛʠʪ;  

          ʉʧ.3 - ʩʣʶʜʘ; ʉʧ.4 - ʦʨʪʦʢʣʘʟ                          ʉʧ.3 ï ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ ʧʦ ʪʝʪʨʘʵʜʨʠʪʫ 

 

ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʢʫʜʘ ʦʪʥʦʩʠʪʩʷ ʠ ʛʨʫʧʧʘ ʬʨʝʡʙʝʨʛʠʪʦʚ. ɿʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʬʨʝʡʙʝʨʛʠʪʘʭ 5.04 ï 6.83 %. ɿʦʣʦʪʦ ʣʠʙʦ ʟʘʤʝʱʘʝʪ ʤʝʜʴ ʚʤʝʩʪʝ ʩ ʩʝʨʝʙʨʦʤ, ʣʠʙʦ ʦʙʨʘʟʫʝʪ 

ʪʦʥʢʠʝ ʩʨʘʩʪʘʥʠʷ (ʥʘʥʦʬʘʟʳ) ʩ ʙʣʝʢʣʦʡ ʨʫʜʦʡ. ʀʟ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʙʣʝʢʣʳʭ ʨʫʜʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʮʠʥʢ ʠ ʞʝʣʝʟʦ. ʎʠʥʢʘ ʚ ʪʝʥʥʘʥʪʠʪʘʭ 1.97 ï 7.01 % , ʚ ʪʝʪʨʘʵʜʨʠʪʘʭ  2.32 ï 7.06 

%, ʚ ʬʨʝʡʙʝʨʛʠʪʘʭ 2.37-4.81 %. ʀʥʦʛʜʘ ʮʠʥʢ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʪʝʥʥʘʥʪʠʪʘʭ ʠ ʪʝʪʨʘʵʜʨʠʪʘʭ ʨʘʥʥʝʡ 

ʛʝʥʝʨʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʝʥʥʘʥʪʠʪʦʚ (1.6 ï 7.63 %) ʠ 

ʪʝʪʨʘʵʜʨʠʪʦʚ (0.49 ï 7.23 %) ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ. ɼʣʷ ʬʨʝʡʙʝʨʛʠʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ (2.1 ï 

3.96 %) ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɼʣʷ ʙʣʝʢʣʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ ʟʥʘʯʝʥʠʷ ʩʝʨʳ ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ  22.37 ï 28.08 %.  ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʜʣʷ ʪʝʥʥʘʥʪʠʪʦʚ, 

ʤʠʥʠʤʘʣʴʥʳʝ ʜʣʷ ʬʨʝʡʙʝʨʛʠʪʦʚ. 

ɺ ʩʘʤʦʡ ʧʦʟʜʥʝʡ ʠʟ ʧʨʦʜʫʢʪʠʚʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ï ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʦ-ʘʥʪʠʤʦʥʠʪʦʚʦʡ 

ʚʩʪʨʝʯʘʶʪʩʷ ʙʣʝʢʣʳʝ ʨʫʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʚ ʥʠʭ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ag0.61ïAg9.39 ʬʦʨʤʫʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʬ.ʢ.). ɿʦʥʘʣʴʥʦʩʪʴ ʚ ʙʣʝʢʣʳʭ 

ʨʫʜʘʭ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʣʝʙʘʥʠʡ ʩʦʜʝʨʞʘʥʠʡ Ag ʠ Cu, ʘ ʪʘʢʞʝ ʧʦʣʫʤʝʪʘʣʣʦʚ Sb ʠ As. ɺ 

ʧʨʦʮʝʩʩʝ ʟʘʤʝʱʝʥʠʷ ʤʝʜʠ ʩʝʨʝʙʨʦʤ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʫʨʴʤʳ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʤʳʰʴʷʢʘ.  

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʵʚʦʣʶʮʠʶ ʩʦʩʪʘʚʦʚ ʙʣʝʢʣʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ ʪʦ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʯʪʦ ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ (ʢʚʘʨʮ-ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) 

ʢʘʢ ʜʣʷ ʪʝʥʥʘʥʪʠʪʦʚ ʪʘʢ ʠ ʜʣʷ ʪʝʪʨʘʵʜʨʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ 

ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ. ɺ ʩʨʝʜʥʝʡ 

ʛʝʥʝʨʘʮʠʠ (ʧʠʨʠʪ-ʛʘʣʝʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚʣʷʝʪ 1-2 % ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʮʠʥʢ. ɼʣʷ ʧʦʟʜʥʝʡ (ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʦ-ʘʥʪʠʤʦʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʛʝʥʝʨʘʮʠʠ 

ʭʘʨʘʢʪʝʨʥʳ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ ʦʢʦʣʦ 5 % ʜʣʷ ʪʝʥʥʘʥʪʠʪʦʚ ʠ ʪʝʪʨʘʵʜʨʠʪʦʚ, ʚʳʩʦʢʠʝ ʜʣʷ 

ʬʨʝʡʙʝʨʛʠʪʦʚ, ʮʠʥʢʘ ʙʦʣʴʰʝ ʯʝʤ ʞʝʣʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʝʡ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʟʦʣʦʪʦ ʠ ʤʘʨʛʘʥʝʮ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʦʥʝʨ ʦʪ ʙʦʣʝʝ ʨʘʥʥʠʭ ʢ 

ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʧʨʦʜʫʢʪʠʚʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ ʚ ʙʣʝʢʣʳʭ ʨʫʜʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʩʝʨʝʙʨʘ ʠ 

ʩʫʨʴʤʳ, ʫʤʝʥʴʰʘʝʪʩʷ ʤʳʰʴʷʢʘ ʠ ʤʝʜʠ.  
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ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʢʨʘʩʢʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʢʠʩʣʦʚ ʠ ʚʦʜʥʳʭ 

ʦʢʠʩʣʦʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʠʩʢʦʚʦʛʦ ʧʨʠʟʥʘʢʘ  

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʤʝʪʘʣʣʦʚ.  ʀʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ  

ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ  ʦʪʤʝʯʝʥʳ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʘʠʙʦʣʴʰʫʶ  ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ 

ʥʘʡʪʠ ʧʦ ʦʢʠʩʣʘʤ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʦʣʠʙʜʝʥʘ, ʦʣʦʚʘ ʠ ʜʨ. ʵʣʝʤʝʥʪʦʚ ʚ ʫʙʳʚʘʶʱʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ.  ʄʳʰʴʷʢ ʷʚʣʷʝʪʩʷ  ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ  ʵʣʝʤʝʥʪʦʚ, ʜʘʶʱʠʭ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʟʫʶʱʠʡ ʧʨʠʤʝʩʠ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ  ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ.  

ɹʘʜʘʣʦʚ ʉ.ʊ. ʠ ʇʦʚʘʨʝʥʥʳʭ ɸ.ʉ.[1], ɹʘʜʘʣʦʚ ʉ.ʊ.[2], ʧʨʠʜʘʚʘʷ ʟʥʘʯʝʥʠʝ ʩʠʜʝʨʦʬʠʣʴʥʦʩʪʠ 

ʤʳʰʴʷʢʘ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʦʣʘʛʘʶʪ ʩʠʥʛʝʥʝʪʠʯʥʦʩʪʴ ʧʨʠʤʝʩʝʡ ʤʳʰʴʷʢʘ ʩʦ 

ʤʥʦʛʠʤʠ  ʩʫʣʴʬʠʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ.  

ʀʟʫʯʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʇʦʣʴ ɹ., ɹʨʘʡʪʦʥ ʤʣ,, ɹʨʘʡʪʦʥ ɼʞ., ʉʢʠʥʥʝʨ 

ʚ ʩʠʩʪʝʤʝ Fe-As-S ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʪʨʦʡʥʘʷ ʩʠʩʪʝʤ ʘʨʩʝʥʦʧʠʨʠʪʘ  ʚ ʨʫʜʘʭ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ  

ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʤʘʩʰʪʘʙʝ.  ʆʥʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ  ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ  ʰʪʝʡʥʘʭ , ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ  

ʩʠʩʪʝʤʳ ʜʣʷ  ʤʝʪʘʣʣʫʨʛʠʠ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ[4]..  ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ  ʵʪʦʤʫ ʚʟʛʣʷʜʫ  ʥʘ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ  ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ   ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  ʩʠʩʪʝʤʘ 

ʞʝʣʝʟʦ-ʤʳʰʴʷʢ-ʩʝʨʘ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʰʠʨʦʢʦ (ʤ-ʷ ʄʫʨʫʥʪʘʫ, ʂʦʢʧʘʪʘʩ, ɼʘʫʛʳʟ, ʏʘʨʤʠʪʘʥ ʠ 

ʜʨ.). ʕʪʘ ʩʠʩʪʝʤʘ  ʭʘʨʘʢʪʝʨʥʘ ʪʘʢʞʝ ʜʣʷ  ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ɿʘʨʤʘʩʩʢʦʛʦ, 

ʍʘʥʜʠʟʠʥʩʢʦʛʦ ʠ ʜʨ. ʨʫʜʥʳʭ ʧʦʣʝʡ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ  ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ.  ʆʪʤʝʯʝʥʦ, ʯʪʦ  

ʚ ʞʝʣʝʟʦʨʫʜʥʳʭ  ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʛʦʨʥʦʡ ʐʦʨʠʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ  ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʳ ʪʘʢʠʝ 

ʢʘʢ ʘʣʴʛʦʜʦʥʠʪ Cu3As  ʠ ʤʳʰʴʷʢʦʚʠʩʪʘʷ  ʤʝʜʴ-ʚʠʪʥʝʛʠʪ (ʩʘʤʦʨʦʜʥʘʷ  ʤʝʜʴ, ʩʦʜʝʨʞʘʱʘʷ  ʜʦ 

11% ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʳʰʴʷʢʘ) [9].  ɺʧʝʨʚʳʝ ʥʘʣʠʯʠʝ ʤʳʰʴʷʢʦʚʠʩʪʦʡ  ʤʝʜʠ ʥʘ  

ɼʞʝʟʢʘʟʛʘʥʩʢʦʤ  ʤʝʜʥʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ  ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʊ.ɸ.ʉʘʪʧʘʝʚʦʡ [11].  

ɺ.ʀ.ʉʠʥʷʢʦʚ  ʫʢʘʟʳʚʘʝʪ [9] , ʯʪʦ ʪʘʢʠʝ ʤʠʥʝʨʘʣʳ  ʠʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʇʳʭʪʳʥʩʢʦʤ 

ʞʝʣʝʟʦʨʫʜʥʦʤ  ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʩʦʩʪʘʚʝ  ʢʘʣʴʮʠʪ-ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʩʝʢʫʱʠʭ  ʢʚʘʨʮ-ʛʝʤʘʪʠʪʦʚʳʝ  

ʨʫʜʳ.   ɼʣʷ ʥʘʩ ʠʥʪʝʨʝʩʝʥ  ʫʢʘʟʘʥʥʳʡ ʠʤ ʬʘʢʪ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ  ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ.  ʇʦ [7] ʦʥʠ 

ʠʤʝʶʪ  ʣʘʪʫʥʥʦ-ʞʝʣʪʳʡ ʮʚʝʪ ʠ ʩʠʣʴʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʣʝʩʢ.  ʇʨʠ ʜʦʣʛʦʤ ʭʨʘʥʝʥʠʠ ʥʘ 

ʚʦʟʜʫʭʝ  ʪʫʩʢʥʝʶʪ ʠ ʩʪʘʥʦʚʷʪʩʷ   ʩʝʨʦʚʘʪʦ-ʯʝʨʥʳʤʠ.  ɺ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʘʭ  ʮʚʝʪ ʠʭ 

ʢʨʘʩʥʦʚʘʪʦ ïʞʝʣʪʳʡ, ʞʝʣʪʦʚʘʪʦ-ʨʦʟʦʚʳʡ, ʙʦʣʝʝ ʩʚʝʪʣʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʴʶ. 

ɸʚʪʦʨ  ʩʯʠʪʘʝʪ, ʯʪʦ  ʧʨʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʩʣʝʜʥʠʭ ʩʪʘʜʠʡ  ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ 

ʤʝʜʴ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ; ʩʯʠʪʘʝʪ, ʯʪʦ  ʤʳʰʴʷʢʦʚʠʩʪʘʷ  ʤʝʜʴ  ʠ 

ʘʣʴʛʦʜʦʥʠʪ ʦʙʨʘʟʫʶʪʩʷ  ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʚʳʩʦʢʦʡ  ʪʝʤʧʝʨʘʪʫʨʝ ( 400-360 ʉ). 

ʇʦ ʜʘʥʥʳʤ ʉ.ʊ.ɹʘʜʘʣʦʚʘ ʠ ɸ.ʉ.ʇʦʚʘʨʝʥʥʳʭ [1]. ʘʨʩʝʥʦʧʠʨʠʪ ʷʚʣʷʝʪʩʷ  ʦʜʥʠʤ ʠʟ ʥʦʩʠʪʝʣʝʡ  

ʵʣʝʤʝʥʪʦʚ  ʧʨʠʤʝʩʝʡ ï ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʩʝʣʝʥʘ, ʪʝʣʣʫʨʘ ʠ ʜʨ.  ʆʥ ʩʦʚʤʝʩʪʥʦ ʩ ʧʠʨʠʪʦʤ   

ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ  ʢʚʘʨʮ-ʧʠʨʠʪ  ʘʨʩʝʥʦʧʠʨʠʪ- ʟʦʣʦʪʦʨʫʜʥʦʡ ʬʦʨʤʘʮʠʠ, ʛʜʝ ʧʠʨʠʪʫ  ʠ 

ʘʨʩʝʥʦʧʠʨʠʪʫ ʧʨʠʫʨʦʯʝʥʦ ʧʦʯʪʠ ʚʩʝ ʟʦʣʦʪʦ.  ʊʷʛʦʪʝʥʠʝ ʟʦʣʦʪʘ  ʢ ʫʢʘʟʘʥʥʳʤ ʤʠʥʝʨʘʣʘʤ  

ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʭʘʣʴʢʦʬʠʣʴʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʤʥʝʥʠʶ  ʂʦʨʦʙʫʰʢʠʥʘ ʀ.ʄ.[12]  ʟʦʣʦʪʦ ʚ 

ʘʨʩʝʥʦʧʠʨʠʪʝ ʠ ʧʠʨʠʪʝ  ʨʫʜ ʂʦʢʧʘʪʘʩ- ɹʘʢʘʨʯʠʢʩʢʦʛʦ ʪʠʧʦʚ ʦʙʨʘʟʫʝʪ  ʠʟʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʞʝʣʝʟʘ, ʚ ʧʦʯʪʠ  ʥʝʠʟʚʣʝʢʘʝʤʦʡ  ʬʦʨʤʝ ʜʘʞʝ  ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ  ʮʠʘʥʠʨʦʚʘʥʠʠ.  ɻʘʚʨʠʣʦʚ ɸ.ʄ. 

ʩʯʠʪʘʝʪ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ   ʩʠʥʛʝʥʝʪʠʯʥʳʤ ʥʘ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ  ɹʘʢʳʨʯʠʢ ( 

ʂʘʟʘʭʩʪʘʥ) ʩʩʳʣʘʷʩʴ ʥʘ ʪʦ, ʯʪʦ  ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʨʩʝʥʦʧʠʨʠʪʘʭ  ʠ ʧʠʨʠʪʝ ʟʦʣʦʪʦ  ʚ ʛʣʘʚʥʦʡ 

ʤʘʩʩʝ  ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ   ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʦʤʝʥʪ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. [13].  

ɺ ʉʨʝʜʥʝʘʟʠʘʪʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʘʨʩʝʥʦʧʠʨʠʪ  ʧʨʦʷʚʣʷʝʪʩʷ  ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʧʨʦʞʠʣʢʦʚʦ- ʞʠʣʴʥʦʛʦ ʪʠʧʘ  ʚ ʩʚʷʟʠ ʩ  ʰʝʝʣʠʪʦʥʦʩʥʳʤʠ  ʩʢʘʨʥʘʤʠ  ( ʍʘʤʨʘʙʘʝʚ, 
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1958)[14,15,16].  ɸʚʪʦʨʳ ʥʝ ʠʩʢʣʶʯʘʶʪ ʧʦʚʳʰʝʥʠʝ  ʩʦʜʝʨʞʘʥʠʡ  ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʩʝʡ ʚ 

ʘʨʩʝʥʦʧʠʨʠʪʘʭ  ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ  ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʡ.  

ʆʙʦʩʥʦʚʳʚʘʷ ʧʦʩʪʨʫʜʥʦʝ ʚʭʦʞʜʝʥʠʝ  ʟʦʣʦʪʘ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʨʩʝʥʦʧʠʨʠʪ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʨʩʝʥʦʧʠʨʠʪ  ʚ ʢʚʘʨʮ-ʧʠʨʠʪ- ʘʨʩʝʥʦʧʠʨʠʪ ʟʦʣʦʪʦʨʫʜʥʳʭ ʪʠʧʘʭ  ʨʫʜ ʷʚʣʷʝʪʩʷ  

ʚʘʞʥʝʡʰʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʠ ʥʦʩʠʪʝʣʝʤ ʟʦʣʦʪʘ.  

ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ  ʉ.ʊ.ɹʘʜʘʣʦʚ  [2]) ʨʘʟʙʠʨʘʷ ʭʠʤʠʟʤ ʟʦʣʦʪʘ  ʠ ʤʳʰʴʷʢʘ ʫʢʘʟʳʚʘʣ, 

ʯʪʦ  ʵʪʠ ʵʣʝʤʝʥʪʳ  ʚ ʧʨʠʨʦʜʥʳʭ  ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ  ʚʦ ʚʩʝʭ  ʠʟʚʝʩʪʥʳʭ ʠ ʚʦʟʤʦʞʥʳʭ  

ʚʘʣʝʥʪʥʦʩʪʷʭ. ɺʳʩʦʢʠʝ (4-5) ʚʘʣʝʥʪʥʦʩʪʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʯʝʪʘʥʠʷʭ 

ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ  ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ  ʧʦ ʠʭ ʩʦʚʤʝʩʪʥʦʤʫ ʥʘʭʦʞʜʝʥʠʶ.  ɺ 

ʭʘʣʴʢʦʬʠʣʴʥʳʭ  ʫʩʣʦʚʠʷʭ- ʧʠʰʝʪ ʉ.ʊ.ɹʘʜʘʣʦʚ ïʟʦʣʦʪʦ ʠ  ʤʳʰʴʷʢ  ʧʨʦʷʚʣʷʶʪ ʪʘʢʦʝ ʩʚʦʡʩʪʚʦ 

ʪʘʢ   ʠʥʪʝʥʩʠʚʥʦ, ʯʪʦ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ  ʠʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʦʨʤ ʫʩʪʦʡʯʠʚʳʭ ʜʣʷ  ʟʦʣʦʪʘ.  ʊʷʛʦʪʝʥʠʝ ʟʦʣʦʪʘ  ʢ ʤʳʰʴʷʢʫ   ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ  ʫʩʣʦʚʠʷʭ  

ʠʭ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʡ ʭʘʣʴʢʦʬʠʣʴʥʦʩʪʠ ʠ ʙʠʦʬʠʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʵʪʠ ʵʣʝʤʝʥʪʳ  ʩʧʦʩʦʙʥʳ 

ʥʘʭʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʦ ʢʘʢ ʩʚʦʙʦʜʥʦʡ, ʪʘʢ  ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʘʭ [2].  ʇʦ ʜʘʥʥʳʤ  

ʄ.ʀ.ʄʦʠʩʝʝʚʦʡ, ʠʟʫʯʘʚʰʝʡ ʤʳʰʴʷʢʦʚʠʩʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʂʫʨʘʤʠʥʩʢʦʛʦ ʭʨʝʙʪʘ [7] 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʩʢʦʧʣʝʥʠʝʤ  ʤʳʰʴʷʢ ʭʘʨʘʢʪʝʨʝʥ  ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʊʘʢʝʣʠ, ʛʜʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ ʩʦʩʪʘʚʘ ʨʫʜ ʝʶ ʚʳʜʝʣʝʥʳ ʤʳʰʴʷʢʦʚʠʩʪʳʝ, ʤʳʰʴʷʢʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ  ʠ 

ʩʦʙʩʪʚʝʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ   ʪʠʧʳ ʨʫʜ.  ʇʝʨʚʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʷʝʪ  ʞʠʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʨʝʜʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦ-ʘʨʢʦʟʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʆʨʫʜʝʥʝʥʠʝ ʚ ʵʪʠʭ  ʞʠʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ  

ʚʢʨʘʧʣʝʥʠʷʤʠ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʧʠʨʠʪʘ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ   ʩʬʘʣʝʨʠʪʘ , ʛʘʣʝʥʠʪʘ, 

ʭʘʣʴʢʦʧʠʨʠʪʘ, ʪʝʪʨʘʵʜʨʠʪʘ ʠ ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ  ʢʘʩʩʠʪʝʨʠʪʘ  ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ  ʢʚʘʨʮʘ, 

ʦʨʪʦʢʣʘʟʘ, ʤʫʩʢʦʚʠʪʘ, ʭʣʦʨʠʪʘ  ʩ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʧʠʨʠʪʘ. 

ɺʦ ʚʪʦʨʦʤ ʪʠʧʝ  ʚ ʩʭʦʜʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ  ʚ ʨʫʜʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ  ʩʫʣʴʬʠʜʦʚ 

ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ ʞʠʣʘʭ ʥʘʭʦʜʷʱʠʭʩʷ  ʩʨʝʜʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ.  ʆʨʫʜʝʥʝʥʠʝ -  

ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʛʘʣʝʥʠʪʘ,  ʩʬʘʣʝʨʠʪʘ, ʧʠʨʠʪʘ. ɾʠʣʴʥʳʤʠ  ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ  

ʢʚʘʨʮ, ʢʘʣʴʮʠʪ,  ʠ ʭʣʦʨʠʪ.  ʈʫʜʳ ʥʝʩʫʪ ʧʦʚʳʰʝʥʥʳʝ  ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ. ʉ ʵʪʠʤ ʪʠʧʦʤ  ʨʫʜ 

ʩʚʷʟʘʥʦ  ʬʦʨʤʠʨʦʚʘʥʠʝ  ʘʨʩʝʥʦʧʠʨʠʪʦʚʳʭ  ʨʫʜʥʳʭ ʪʝʣ ʚ ʚʠʜʝ ʛʥʝʟʜ ʠ ʣʠʥʟ ʢʘʣʴʮʠʪʘ, ʢʚʘʨʮʘ, 

ʤʫʩʢʦʚʠʪʘ, ʦʨʪʦʢʣʘʟʘ ʩ ʚʢʨʘʧʣʝʥʠʷʤʠ   ʠ ʤʘʩʩʠʚʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ  ʘʨʩʝʥʦʧʠʨʠʪʘ ʩ 

ʝʜʠʥʠʯʥʳʤʠ  ʟʝʨʥʘʤʠ ʟʦʣʦʪʘ. ɺʳʜʝʣʝʥʳ ʪʘʢʞʝ  ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʪʘʜʠʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ  ʤʳʰʴʷʢʦʚʠʩʪʘʷ  ʤʠʥʝʨʘʣʠʟʘʮʠʷ  ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʥʝ ʠʛʨʘʝʪ.  ɿʥʘʯʝʥʠʝ ʦʢʨʘʩʢʠ  

ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ   ʟʦʥ ʦʢʠʩʣʝʥʠʷ  ʩʫʣʴʬʠʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʚ ʢʘʯʝʩʪʚʝ ʧʦʠʩʢʦʚʳʭ 

ʧʨʠʟʥʘʢʦʚ  ʜʦʢʘʟʘʥʦ ʤʥʦʛʠʤʠ  ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʯʝʥʴ ʜʘʚʥʦ  ( ʏ. ɸʥʜʝʨʩʦʥ, [8]. R. Blanchard, 

[19].  ʄ.ʌ.ɿʝʥʠʥ, 1938, ɸ.ɹ.ɹʘʪʘʣʦʚ, [21]., ɹ.ʀ. ʆʤʝʣʴʷʥʝʥʢʦ, [17]. 1978, Dawson K.R.1956, 

Blanchard[19].   ʠ ʜʨ.)  ʄʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʤ, ʯʪʦ ʦʢʨʘʩʢʘ  ʦʢʠʩʣʦʚ ʠ ʛʠʜʨʦʦʢʠʩʣʦʚ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʩʦʦʪʥʦʰʝʥʠʝʤ  ʚ ʥʠʭ ʧʝʨʚʠʯʥʳʭ  ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

ʅʘʧʨʠʤʝʨ, ʢʨʘʩʥʘʷ ʠʣʠ ʢʘʰʪʘʥʦʚʘʷ ʦʢʨʘʩʢʘ ʣʠʤʦʥʠʪʘ  ʧʦ ʭʘʣʴʢʦʟʠʥʫ  ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤ  

ʩʦʜʝʨʞʘʥʠʝʤ  ʛʝʤʘʪʠʪʘ.  ʉʫʨʛʫʯʥʦ-ʢʦʨʠʯʥʝʚʳʡ   ʠʣʠ ɹʠʩʤʘʨʢ-ʢʦʨʠʯʥʝʚʳʡ  ʣʠʤʦʥʠʪ ʷʚʣʷʝʪʩʷ ï

ʛʝʪʠʪʦʤ, ʘ ʦʭʨʠʩʪʦ-ʞʝʣʪʳʡ ʣʠʤʦʥʠʪ  ʦʢʘʟʳʚʘʝʪʩʷ  ʷʨʦʟʠʪʦʤ.  ɹʣʘʥʰʘʨ [ 19]  ʦʪʤʝʯʘʝʪ, ʯʪʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʨʘʩʢʠ  ʣʠʤʦʥʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ  ʧʦʠʩʢʦʚʦʛʦ ʧʨʠʟʥʘʢʘ  ʥʫʞʥʦ ʫʯʝʩʪʴ ʠ ʩʦcʪʘʚ 

ʚʤʝʱʘʶʱʠʭ  ʧʦʨʦʜ.  ʊʘʢ, ʚ ʧʠʨʠʪʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ  ʣʠʤʦʥʠʪ ʠʤʝʝʪ   ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ 

ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ  ʤʝʜʠ ʚ ʨʫʜʘʭ ʥʝʙʦʣʴʰʦʝ.  ʃʠʤʦʥʠʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ  ʚ ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʞʠʣʘʭ  

ʧʦ ʨʘʩʩʝʷʥʥʦʤʫ ʭʘʣʴʢʦʟʠʥʫ ʦʙʳʯʥʦ ʢʘʰʪʘʥʦʚʦʛʦ ʮʚʝʪʘ, ʘ ʣʠʤʦʥʠʪ  ʦʩʘʜʠʚʰʠʡʩʷ   ʚ 

ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣʴʥʳʭ ʧʦʨʦʜʘʭ ʟʘʤʝʱʘʷ  ʭʘʣʴʢʦʟʠʥ-ʙʠʩʤʘʨʢ  - ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ.  ʂʨʦʤʝ ʮʚʝʪʘ  

ʣʠʤʦʥʠʪʦʚ ʧʨʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ  ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ  ʩʪʨʫʢʪʫʨʥʳʝ  ʪʠʧʳ ʣʠʤʦʥʠʪʦʚ 

ʢʘʢ ʦʩʪʘʪʦʯʥʦʛʦ ʪʘʢ   ʧʝʨʝʥʝʩʝʥʥʦʛʦ  ʚʠʜʦʚ ʰʠʨʦʢʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʛʦ  ʄ.ʌ.ɿʝʥʠʥʳʤ[20]   

ʥʘ ʧʨʠʤʝʨʝ ɸʣʤʘʣʳʢʩʢʦʛʦ  ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  ɸ.ɹ.ɹʘʪʘʣʦʚ[19]     ʪʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʧʦʚ ʣʠʤʦʥʠʪʦʚ  ʧʨʦʚʦʜʠʣ ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʨʳʯʝʢʫ  ɸʣʤʘʣʳʢʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ.  ʀʥʪʝʨʝʩʥʳ ʩʚʝʜʝʥʠʷ ʧʨʠʚʦʜʠʤʳʝ ʕ.ɸ.ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʦʡ ʠ ʄ.ɸ.ʂʠʤ[22]  ʦ 

ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ  ʦʩʦʙʝʥʥʦʩʪʷʭ  ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠʟ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʦʚ  

ʧʦ ʤʳʰʴʷʢʦʚʠʩʪʳʤ ʨʫʜʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʦʢʧʘʪʘʩ ( ɿʘʧʘʜʥʳʡ ʋʟʙʝʢʠʩʪʘʥ) , ʛʜʝ ʦʪʤʝʯʝʥʳ, 

ʯʪʦ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ  ʫʢʘʟʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʘʷ  ʯʘʩʪʴ ʥʝʚʠʜʠʤʦʛʦ ʟʦʣʦʪʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʨʠʪʦʤ. ɽʩʣʠ ʫʯʝʩʪʴ ʜʘʥʥʳʝ  ʉ.ʊ.ɹʘʜʘʣʦʚʘ ʠ ɸ.ʉ.ʇʦʚʘʨʝʥʥʳʭ   ʦ 
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ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʩʦʜʝʨʞʘʥʠʡ  ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ  ʢʨʠʩʪʘʣʣʦʚ ʘʨʩʝʥʦʧʠʨʠʪʘ, 

ʪʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ  ʚʢʣʶʯʝʥʠʡ ʘʨʩʝʥʦʧʠʨʠʪʘ  ʚ ʩʫʣʴʬʠʜʥʳʭ  ʤʠʥʝʨʘʣʘʭ   ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ  

ʢʨʠʩʪʘʣʣʦʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ  ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪʩʷ, ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜʘʭ  ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʠʩʢʦʚʳʡ ʧʨʠʟʥʘʢ.  

ɸ.ɻ.ɹʝʪʝʭʪʠʥ  ʧʨʠʚʦʜʠʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʠʭ ʚʦʜʥʳʭ ʘʨʩʝʥʘʪʦʚ: ʬʘʨʤʦʢʦʣʠʪ ï ʙʝʣʳʡ  

ʩʦ ʩʚʝʪʣʦ-ʞʝʣʪʦʚʘʪʳʤ CaHAsO4 H2O, ʢʨʘʩʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʚʩʪʨʝʯʝʥʥʳʝ ʚ ʟʦʥʝ  ʦʢʠʩʣʝʥʠʷ 

ʤʳʰʴʷʢʦʚʠʩʪʳʭ ʨʫʜ ɹʨʠʯʤʫʣʣʳ ʠ ʂʘʨʘʤʘʟʘʨʘ ʚ ʋʟʙʝʢʠʩʪʘʥʝ.  ʀʤ ʚʳʜʝʣʝʥʳ  ʨʘʟʥʦʚʠʜʥʦʩʪʠ  

ʢʘʣʴʮʠʝʚʦʛʦ  ( ʙʘʡʜʠʥʛʝʨʠʪ-CaHAsO4 H2O  ) ʘʨʩʝʥʘʪʘ ʚʩʪʨʝʯʝʥʥʦʛʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʗʭʠʤʦʚ ʚ 

ʏʝʭʦʩʣʦʚʘʢʠʠ, ʘʨʩʝʥʘʪ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ (ʬʝʨʙʝʟʠʪ-(Ni,Co )HAsO4 4H2O  - ʩʝʨʦʚʘʪʦ-ʙʝʣʦʛʦ 

ʮʚʝʪʘ ʠʤ ʞʝ  ʚʳʜʝʣʝʥʳ ʚʦʜʥʳʝ ʘʨʩʝʥʘʪʳ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ 

ʉʠʤʧʣʝʟʠʪ  - Fe3[AsO4]2 H2O ʟʝʣʝʥʦʚʘʪʦ-ʩʠʥʠʡ 

ʌʝʨʨʠʩʠʤʧʣʝʟʠʪ- Fe3[AsO4]3[OH]3 6H2O 

ʌʘʨʤʘʢʦʩʠʜʝʨʠʪ ï Fe3[AsO4]3[OH] 6-8H2O ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ 

ʉʘʨʤʠʝʥʪʠʪ- Fe2(AsO4)(SO4)(OH) 5H2O ʤʦʥʦʢʣʠʥʥʦʛʦ ʛʘʙʠʪʫʩʘ ʧʦ ɹʝʪʝʭʪʠʥʫ  ɸ.ɻ.  

ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʜʥʦʤʫ ʩʫʣʴʬʘʪ-ʘʨʩʝʥʘʪʫ ʞʝʣʝʟʘ.  ʕʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ  ʠ ʩ ʩʠʩʪʝʤʝ  ʤʠʥʝʨʘʣʦʛʠʠ  

ɼʵʥʘ ɼʞ.ɼ [5].ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʝʥ  ʙʣʝʜʥʦ-ʦʨaʥʞʝʚʳʡ  ʮʚʝʪ.  ʕʪʠ ʘʨʩʝʥʘʪʳ ʦʙʨʘʟʫʶʪʩʷ  ʚ ʟʦʥʝ 

ʦʢʠʩʣʝʥʠʷ  ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʳʰʴʷʢʘ ʘʨʩʝʥʦʧʠʨʠʪʘ(Fe,AsS) ʠ ʣʝʣʠʥʛʠʪʘ(FeAs2).  ɸ.ɸ. 

ɻʦʜʦʚʠʢʦʚʳʤ [6].  ʫʢʘʟʘʥʦ, ʯʪʦ  ʚ ʩʠʩʪʝʤʝ  ʘʨʩʝʥʦʧʠʨʠʪ Fe[As] ʠ ʣʝʣʠʥʛʠʪ (FeAs2) ʘʨʩʝʥʦʧʠʨʠʪ 

ʚ ʦʪʣʠʯʠʝ  ʦʪ ʩʘʬʨʦʣʠʪʘ CoAs2 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ  ʚ ʟʘʢʨʳʪʦʡ ʪʨʫʙʢʝ  ʜʘʝʪ ʢʨʘʩʥʳʡ  ʥʘʣʝʪ- 

ʩʫʣʴʬʠʜ ʤʳʰʴʷʢʘ  ʠ ʯʝʨʥʦʝ ʢʦʣʴʮʦ ï ʤʳʰʴʷʢʦʚʦʛʦ ʟʝʨʢʘʣʘ ïʩʝʨʳʝ  ʚʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ.  ɺ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  ʘʨʩʝʥʠʜʳ  ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ  ʟʘʤʝʱʘʷʩʴ  ʚʠʩʤʫʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ 

, ʧʠʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ ʠ ʪʠʦʩʦʣʷʤʠ ʩʝʨʝʙʨʘ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ  ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ  

ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʤʠʥʝʨʘʣʦʚ  ʧʨʠ ʠʭ ʦʢʠʩʣʝʥʠʠ ʢʘʩʘʶʪʩʷ , 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ,  ʞʝʣʝʟʠʩʪʳʭ ʠ ʤʝʜʥʳʭ ʨʫʜ, ʘ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ  ʩʦʙʩʪʚʝʥʥʦ ʤʳʰʴʷʢʦʚʠʩʪʳʭ  

ʨʫʜ ʚ ʟʦʥʝ  ʦʢʠʩʣʝʥʠʷ ʥʝ  ʫʧʦʤʠʥʘʝʪʩʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʢʘʟʘʥʠʷ  

ʀ.ʍ.ʍʘʤʨʘʙʘʝʚʘ [12,13,14]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ  ʚ ʏʘʨʤʠʪʘʥʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʙʩʦʛʣʘʩʥʳʝ ʤʝʞʧʣʘʩʪʦʚʳʝ ʩʠʣʣʳ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʩʨʝʜʠ ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ 

ʧʦʚʩʝʤʝʩʪʥʦ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʝ, ʩʤʷʪʳʝ  ʚʤʝʩʪʝ ʩ ʧʣʘʩʪʘʤʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʧʦʢʨʳʚʘʶʱʠʭ 

ʧʦʨʦʜ ʚ ʧʣʠʢʘʪʠʚʥʳʝ ʩʢʣʘʜʢʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʩʣʘʥʮʦʚʘʥʳ ʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʩʪʝʨʪʳ ʪʘʢ, 

ʯʪʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ. ʂʦʛʜʘ ʢʨʫʧʥʳʝ ʙʣʦʢ ʢʩʝʥʦʣʠʪʳ ʤʦʱʥʳʭ 

ʪʝʣ ʦʩʪʘʶʪʩʷ ʩʨʝʜʠ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʂʦʰʨʘʙʘʪʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʥʪʘʢʪʦʚʳʤ ʠ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʚʝʨʛʘʷʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʤʘʢʨʦ ʠ 

ʤʠʢʨʦ ʪʨʝʱʠʥʘʤ. ʊʘʢʠʝ ʪʨʝʱʠʥʳ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʧʨʦʩʘʯʠʚʘʥʠʶ ʯʝʨʝʟ ʥʠʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ 

ʨʘʩʪʚʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ʢʦʥʪʘʢʪʝ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘ  ʚʩʢʨʳʪʦʛʦ  ʰʪʦʣʴʥʝʡ  ʠʟ  ʢʘʨʴʝʨʘ  ʥʘ   10-12ʤ  

ʦʪ  ʫʩʪʴʷ  ʧʨʦʠʩʭʦʜʠʣʦ  ʦʙʠʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚʢʨʘʧʣʝʥʠʷʤʠ ʠ ʛʥʝʟʜʘʤʠ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʊʘʢʦʝ ʦʙʠʣʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʦʚ 

ʚ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʭ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʵʢʩʪʨʘʢʮʠʝʡ ʠʟ ʠʭ  ʩʦʩʪʘʚʘ ʞʝʣʝʟʘ  ʠ  ʤʳʰʴʷʢʘ  ʧʨʠ  

ʜʦʩʪʘʪʦʯʥʦ  ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʩʦʩʪʘʚʝ 

ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʊʘʢʦʝ ʨʫʜʦʛʝʥʝʨʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʛʘʙʙʨʦʠʜʦʚ   

ʧʨʠ    ʠʭ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ  ʩ ʛʨʘʥʠʪʦʠʜʥʦʡ ʤʘʛʤʦʡ ʥʘʭʦʜʷʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ 

ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʥʘ  ʘʥʘʣʦʛʠʯʥʳʭ ʨʫʜʥʳʭ ʧʦʣʷʭ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʣʦʢʘʣʠʟʘʮʠʠ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʨʝʜʠ ʦʢʚʘʨʮʦʚʘʥʥʳʭ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ , ʯʪʦ ʞʠʣʘ ʨʘʟʚʠʪʘʷ  ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ  ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘ ( ʚʝʨʭʥʷʷ ʯʘʩʪʴ)  ʧʨʝʜʩʪʘʚʣʝʥʘ  ʤʘʩʩʠʚʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ 

ʧʠʨʠʪʘ ʨʘʟʚʠʪʦʡ ʥʘ ʩʪʦʨʦʥʝ  ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ. ɸʨʩʝʥʦʧʠʨʠʪ ʠ ʧʠʨʠʪ  ʚ ʧʨʦʞʠʣʢʝ ʨʫʜʥʦʛʦ  

ʤʠʥʝʨʘʣʘ ʥʘʭʦʜʷʪʩʷ  ʚ ʩʤʝʰʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ  ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʨʩʝʥʦʧʠʨʠʪʘ    ʚ ʚʝʨʭʥʝʤ 

ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʜʠʘʙʘʟʫ ʟʘʣʴʙʘʥʜʝ, ʘ ʧʠʨʠʪ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ, ʧʝʨʝʭʦʜʷʱʝʡ  ʢ 

ʘʣʴʙʠʪʠʪʟʠʨʦʚʘʥʥʳʤ ʠ  ʦʢʚʘʨʮʦʚʘʥʥʳʤ  ʛʨʘʥʦʩʠʝʥʠʪʘʤ. ɿʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʨʘʩʢʠ ʚ 

ʞʠʣʝ ʚʳʟʚʘʥʦ ʦʯʝʚʠʜʥʦ  ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ  ʢ ʧʠʨʠʪʫ. ʇʦ 

ʘʨʩʝʥʦʧʠʨʠʪʫ  ʦʙʨʘʟʦʚʘʣʠʩʴ ʛʫʩʪʦ  ʢʨʘʩʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ  ʚʦʜʥʳʝ ʦʢʠʩʣʳ ʧʦ ʧʠʨʠʪʫ ʩʚʝʪʣʦ-
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ʞʝʣʪʦʚʘʪʳʝ ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ- ʣʠʤʦʥʠʪʳ.  ʆʙʘ ʵʪʠʭ ʤʠʥʝʨʘʣʘ ʧʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳ.  ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʩʤʝʰʘʥʥʦʩʪʴ  ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʦʢʨʘʩʦʢ, ʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ  

ʛʫʩʪʳʭ ʠ ʢʨʘʩʥʦʚʘʪʳʭ ʮʚʝʪʦʚ ʩʦ ʩʪʦʨʦʥʳ ʜʠʘʙʘʟʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ  ʥʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ    

ʧʨʠʥʘʜʣʝʞʠʪ ʘʨʩʝʥʦʧʠʨʠʪʫ, ʘ ʢʦʥʝʮ  ʧʠʨʠʪʫ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʠʮʝʡ ʵʬʬʝʢʪʠʚʥʦʡ  

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʳʰʴʷʢʘ ʠ ʞʝʣʝʟʘ  ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʜʠʘʙʘʟʘ.  ʊʘʢ ʢʘʢ  ʚ ʜʠʘʙʘʟʝ  ʩʦʜʝʨʞʠʪʩʷ  

ʩʫʣʴʬʠʜʦʦʙʨʘʟʫʶʱʠʡ  ʤʳʰʴʷʢ ʠ ʞʝʣʝʟʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʠʜʨʦʦʢʠʩʣʳ  ʤʳʰʴʷʢʘ  ʥʘʯʠʥʘʶʪ ʚʳʜʝʣʷʪʴʩʷ  ʨʘʥʴʰʝ ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ [3,7]. 

ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʵʤʫʣʴʩʠʦʥʥʳʭ  ʚʢʨʘʧʣʝʥʠʡ ʘʨʩʝʥʦʧʠʨʠʪʘ ʩʨʝʜʠ 

ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ, ʯʪʦ ʦʯʝʥʴ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʛʦʨ ʏʘʢʳʣ-ʢʘʣʷʥ 

ʥʘ ʟʘʧʘʜʥʦʤ ʦʢʦʥʯʘʥʠʠ ɿʘʨʘʚʰʘʥʩʢʦʛʦ ʭʨʝʙʪʘ  ʚ ʂʳʟʳʣʪʫʨʫʢʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ( 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʝʚʝʨʥʦʝ, ʮʝʥʪʨʘʣʴʥʦʝ , ʰʠʨʦʪʥʦʝ , ɻʘʣʘʙʫʣʘʢ, ʂʫʰʪʝʧʘ ʠ ʜʨ.) 

ʅʘ ʨʠʩ 2. ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʵʤʫʣʴʩʠʦʥʥʳʭ ʚʢʨʘʧʣʝʥʠʡ ʘʨʩʝʥʦʧʠʨʠʪʘ  ʩʨʝʜʠ 

ʤʝʪʘʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʘʣʘʙʫʣʘʢ.  

ʅʘ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ  ʂʳʟʳʣʪʫʨʫʢʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ  ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʫʣʴʬʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʚʳʜʝʣʷʝʪʩʷ   ʚʩʣʝʜ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʬʘʮʠʝʡ  ʙʝʨʝʟʠʪʦʚ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʩʝʚʜʦʤʦʨʬʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʩʠʣʠʢʘʪʥʳʤ ʤʠʥʝʨʘʣʘʤ ʧʦ 

ʢʚʘʨʮʫ ʠ ʩʝʨʠʮʠʪʫ. ʅʘ ʨʠʩ. 3  ʧʨʠʚʝʜʝʥ ʭʘʨʘʢʪʝʨ ʧʩʝʚʜʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩʝʨʠʮʠʪʘ. 

  
ʈʠʩ. 1. ʆʙʠʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ 

ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʜʦʣʴ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ 

ʧʨʦʭʦʜʷʱʝʡ ʤʝʞʜʫ ʜʠʘʙʘʟʦʤ   ʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ. ʆʥʠ ʚ 

ʚʠʜʝ ʚʢʨʘʧʣʝʥʠʡ,  ʛʥʝʟʜ ʠ ʧʨʦʞʠʣʢʘ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʦʢʚʘʨʮʦʚʘʥʥʦʤʫ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʫ. ʅʘ ʢʦʥʪʘʢʪʝ ʢʚʘʨʮʝʚʦʡ 

ʞʠʣʳ ʩ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʤ ʨʘʟʚʠʪʳ ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠ ʤʘʨʛʘʥʮʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. 

ʈʠʩ. 2  ʆʙʨʘʟʝʮ ˉ1, ʫʚʝʣʠʯʝʥʠʝ 500ʭ. ʄʝʪʘʢʨʠʩʪʘʣʣ 

ʧʠʨʠʪʘ ʩʨʝʜʠ ʨʫʜʦʥʦʩʥʦʡ ʩʣʠʚʥʦʡ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ. 

ʏʝʨʥʳʝ ʧʨʦʞʠʣʢʠ ʠ ʙʝʩʬʦʨʤʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ 

ʣʠʤʦʥʠʪʘ, ʘ ʠʟʦʤʝʪʨʠʯʥʳʝ, ʪʘʙʣʠʪʯʘʪʳʝ, 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ  ʠ ʰʝʩʪʦʚʘʪʳʝ  ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ 

ʚʳʜʝʣʝʥʠʷ  ʧʨʠʥʘʜʣʝʞʘʪ  ʢ ʩʘʨʤʠʝʥʪʠʪʫ, ʨʘʟʚʠʪʦʤʫ ʧʦ 

ʵʤʫʣʴʩʠʦʥʥʳʤ ʚʢʨʘʧʣʝʥʠʷʤ  ʘʨʩʝʥʦʧʠʨʠʪʘ 

 

  
ʈʠʩ. 3.  ʆʙʨʘʟʝʮ ˉ1 , ʫʚʝʣʠʯʝʥʠʝ 500ʭ. 

ʄʝʪʘʢʨʠʩʪʘʣʣ ʧʠʨʠʪʘ  ʨʘʟʚʠʪʳʡ ʧʩʝʚʜʦʤʦʨʬʥʦ ʧʦ 

ʧʣʘʩʪʠʥʢʝ ʩʣʶʜʳ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʰʪʝʧʘ. 

ʈʠʩ.4. ʆʙʨʘʟʝʮ ˉ1, ʫʚʝʣʠʯʝʥʠʝ 500ʭ. 

ʄʝʪʘʢʨʠʩʪʘʣʣ ʧʠʨʠʪʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʙʣʦʤʢʦʚ 

ʢʚʘʨʮʘ, ʩʦʜʝʨʞʠʪ ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ ʩʘʨʤʠʝʥʪʠʪʳ, 

ʨʘʟʚʠʪʳʝ ʧʦ ʵʤʫʣʴʩʠʦʥʥʳʤ ʚʢʣʶʯʝʥʠʷʤ ʘʨʩʝʥʦʧʠʨʠʪʘ 

( ɻʘʣʘʙʫʣʘʢ) 
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ʉʨʝʜʠ ʚʢʨʘʧʣʝʥʠʡ ʧʠʨʠʪʘ ʥʝʢʦʪʦʨʳʝ ʧʦ ʩʦʩʪʘʚʫ ʦʪʢʣʦʥʷʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʭʘʣʴʢʦʧʠʨʠʪʘ. 

(ʨʠʩ.5). 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʦʙʦʠʭ  ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʘʭ ʧʦ ʜʘʥʥʳʤ  ʨʝʥʪʛʝʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ (Jeol) ʩʦʜʝʨʞʘʪʩʷ ʤʠʢʨʦʧʨʠʤʝʩʠ ʟʦʣʦʪʘ, ʧʨʠʯʝʤ ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʟʦʣʦʪʘ ʩʦʜʝʨʞʠʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʕʪʦ ʢʘʢ-ʙʫʜʪʦ ʩʦʛʣʘʩʫʝʪʩʷ  ʩ ʪʝʤ , ʯʪʦ  ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ (ʨʠʩ.5) 

ʚʢʨʘʧʣʝʥʠʷ ʩʘʨʤʠʝʥʪʠʪʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʫʢʨʫʧʥʝʥʥʳʤʠ, 

ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʢʩʝʥʦʤʦʨʬʥʳʝ. ʆʯʝʚʠʜʥʦ ʤʠʢʨʦʧʨʠʤʝʩʠ FeAsS2 ʵʤʫʣʴʩʠʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʯʠʥʘʶʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ  ÕS ʠ ʫʧʣʦʪʥʝʥʠʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ  ʚ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʡ  ʨʫʜʥʦʡ 

ʬʦʨʤʘʮʠʠ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ  ʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ.  ʇʨʠ ʵʪʦʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ  

ʩʫʣʴʬʠʜʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ  ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠʜʠʦʤʦʨʬʥʳʭ ʬʨʦʤʙʦʠʜʦʚ  ʧʦ 

ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ  ʩ ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ   ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜʘʭ ʧʨʠ ʠʭ ʘʚʪʦʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ.  

ʂʘʢ ʚʠʜʥʦ  ʠʟ ʨʠʩ.6  ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʨʩʝʥʦʧʠʨʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʬʨʦʤʙʦʠʜʘ  

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ   ʘʚʪʦʣʠʟʠʝʡ (ʦʯʠʱʝʥʠʝʤ)  ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʠʜʠʦʤʦʨʬʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʰʝʥʥʳʭ  ʦʪ ʚʢʨʘʧʣʝʥʠʡ  ʛʠʜʨʦʦʢʠʩʝʡ ʤʳʰʴʷʢʘ. 

  
ʈʠʩ5. ʆʙʨʘʟʝʮˉ1, ʫʚʝʣʠʯʝʥʠʝ 500ʭ. ʂʨʠʩʪʘʣʣ 

ʭʘʣʴʢʦʧʠʨʠʪʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ  ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ ʩ 

ʦʙʠʣʴʥʳʤʠ,  ʙʦʣʝʝ ʫʢʨʫʧʥʝʥʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ 

ʩʘʨʤʠʝʥʪʠʪʘ (ɻʘʣʘʙʫʣʘʢ) 

 

ʈʠʩ.6. ʍʘʜʘʢʨʠʩʪʘʣ (ʬʨʦʤʙʦʠʜ) ʘʨʩʝʥʦʧʠʨʠʪʘ ( 

ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ)ʚ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʧʠʨʠʪʝ, 

ʩʦʜʝʨʞʘʱʝʤ ʩʘʨʤʠʝʥʪʠʪ, ʨʘʟʚʠʪʳʡ ʧʦ 

ʵʤʫʣʴʩʠʦʥʥʳʤ ʚʢʨʘʧʣʝʥʠʷʤ FeAsS2 

ɺʩʪʨʝʯʝʥʳ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʦʙʨʘʟʫʶʱʠʝ  ʧʨʦʞʠʣʢʠ ʛʘʣʝʥʠʪʘ ʩʨʝʜʠ 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ  ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ (ʨʠʩ.7). ɻʘʣʝʥʠʪ ʟʘʧʦʣʥʷʝʪ ʙʫʜʫʥʠʨʦʚʘʥʥʳʝ ʪʨʝʱʠʥʳ 

ʘʥʢʝʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʚʝʩʪʥʷʢʘ . ʄʝʞʜʫ ʚʳʜʝʣʝʥʠʝʤ ʛʘʣʝʥʠʪʘ  ʠ ʚʤʝʱʘʶʱʝʡ  ʢʘʨʙʦʥʘʪʥʦʡ 

ʧʦʨʦʜʳ  ʦʙʨʘʟʫʝʪʩʷ ʢʘʡʤʘ  ʣʠʤʦʥʠʪʘ (ʯʝʨʥʳʝ ʧʦʣʦʩʢʠ), ʚʦʟʥʠʢʰʝʛʦ ʟʘ ʩʯʝʪ  ʦʢʠʩʣʝʥʠʷ 

ʘʥʢʝʨʠʪʘ.   

 
ʈʠʩ 7, ʦʙʨʘʟʝʮ 5, ʫʚʝʣʠʯʝʥʠʝ 500

ʭ
.   ʇʨʦʞʠʣʢʘ ʛʘʣʝʥʠʪʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʘʨʙʦʥʘʪʦʤ. 

 ɺ ʪʘʢʠʭ ʛʘʣʝʥʠʪʘʭ , ʙʦʣʝʝ ʧʦʟʜʥʠʭ, ʯʝʤ ʧʠʨʠʪ  ʠ ʘʨʩʝʥʦʧʠʨʠʪ , ʨʘʟʚʠʪʳʭ  ʥʘ 

ʍʘʥʜʠʟʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ  ʩʦʜʝʨʞʘʪʩʷ  ʟʥʘʯʠʪʝʣʴʥʳʝ  

ʧʨʠʤʝʩʠ ʩʝʨʝʙʨʘ, ʠʥʦʛʜʘ ʜʦʭʦʜʷʱʝʛʦ ʜʦ ʩʦʩʪʘʚʘ ʛʝʩʩʠʪʘ-(Ag2Te). ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʨʫʜ ʨʘʩʩʤʦʪʨʠʤ  ʚ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʫʙʝʞʜʘʝʪ ʥʘʩ  ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʚʦʜʥʳʭ ʘʨʩʝʥʘʪʦʚ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ  ʠ ʚʦʜʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʝʛʦ ʘʨʩʝʥʘʪʘï

ʩʘʨʤʠʝʥʪʠʪʘ, ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʧʨʦʩʪʳʤ ʦʧʪʠʯʝʩʢʠʤ  ʤʝʪʦʜʦʤ ʚ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʘʭ 

ʨʫʜ ʚ ʢʘʯʝʩʪʚʝ ʧʦʠʩʢʦʚʦʛʦ ʧʨʠʟʥʘʢʘ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʖʞʥʦʛʦ ʊʷʥʴ-

ʐʘʥʷ.  

ʇʦʜ ʪʝʨʤʠʥʦʤ çʩʘʨʤʠʝʥʪʠʪʠʟʘʮʠʷè ʤʳ ʧʦʥʠʤʘʝʤ ʦʙʦʙʱʝʥʥʦ ʚʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʫʣʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʘʢ ʚʦʜʥʳʭ ʘʨʩʝʥʘʪʦʚ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ  ʚʦʜʥʦ-

ʩʫʣʴʬʘʪʥʦʛʦ ʝʛʦ ʘʨʩʝʥʘʪʘïʩʘʨʤʠʝʥʪʠʪʘ, 
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ʈʆʃʔ ʉʋɹɺʋʃʂɸʅʀʏɽʉʂʀʍ ʉʀʃʃʆɺ ʀ ɼɸɽʂ ɻɸɹɹʈʆ-ɼʀɸɹɸɿʆɺ  

ʏɸʈʄʀʊɸʅʉʂʆɻʆ ʈʋɼʅʆɻʆ ʇʆʃʗ ɺ ʉʇɽʎʀɸʃʀɿɸʎʀʀ ʈʋɼʆɺʄɽʑɸʖʑʀʍ 

ɻʈɸʅʀʊʆʀɼʆɺ ʂʆʐʈɸɹɸɼʉʂʆɻʆ ʀʅʊʈʋɿʀɺɸ   ʅɸ ɿʆʃʆʊʆ-ʈɽɼʂʆʄɽʊɸʃʔʅʆ-

ʈɽɼʂʆɿɽʄɽʃʔʅʆɽ ʆʈʋɼɽʅɽʅʀɽ 

 

A.M. Musayev, ɼ.ʀ. ɼʞʫʤʘʥʠʷʟʦʚ, ɽ.ʈ. ʆʥʘʣʙʘʝʚ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʍ.ʄ.ɸʙʜʫʣʣʘʝʚʘ ɸʅ ʈʋʟ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

ʂʦʰʨʘʙʘʜʩʢʠʡ ʠʥʪʨʫʟʠʚ    ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʉʝʚʝʨʥʦʛʦ ʅʫʨʘʪʘʫ,  ʚʳʪʷʥʫʪ ʚ 

ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʠʤʝʝʪ ʢʣʠʥʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʦʩʪʨʠʝʤ ʥʘ ʶʛʦ-ʟʘʧʘʜ. ʅʘ 

ʶʛʝ, ʶʛʦ-ʟʘʧʘʜʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ ʠʥʪʨʫʟʠʚ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʠʥʪʝʥʩʠʚʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ 

ʬʣʠʦhʠʜʥʳʤʠ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʤʠ  ʦʪʣʦʞʝʥʠʷʤʠ ʩʠʣʫʨʠʡʩʢʦʛʦ  ʚʦʟʨʘʩʪʘ. ɺʜʦʣʴ ʶʞʥʦʛʦ 

ʢʦʥʪʘʢʪʘ  ʠʥʪʨʫʟʠʚʘ ʧʨʦʭʦʜʠʪ ʂʘʨʘʫʣʭʘʥʘ-ʏʘʨʤʠʪʘʥʩʢʘʷ  ʟʦʥʘ ʩʤʷʪʠʷ ʠʣʠ ʛʣʫʙʠʥʥʳʡ ʨʘʟʣʦʤ, 

ʠʛʨʘʚʰʠʡ  ʩʦ ʩʚʦʠʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʄʘʞʝʨʫʤʩʢʠʤ ʠ ɸʢʘʡʜʘʨʩʢʠʤ ʨʘʟʣʦʤʘʤʠ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ 

ï ʨʦʣʴ ʤʘʛʤʘʚʳʚʦʜʷʱʝʛʦ  ʢʘʥʘʣʘ. ʉʫʙʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʂʘʨʘʫʣʭʘʥʘ-ʏʘʨʤʠʪʘʥʩʢʦʛʦ 

ʨʘʟʣʦʤʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʄʘʞʝʨʫʤʩʢʦʛʦ ʠ ɸʢʘʡʜʘʨʩʢʦʛʦ  ʨʘʟʣʦʤʦʚ ʦʧʨʝʜʝʣʠʣʦ   

ʬʦʨʤʫ    ʠʥʪʨʫʟʠʚʘ.   

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʛʨʫʧʧʳ ʧʦʨʦʜ: 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʩʠʣʫʨʘ (ʜʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ) ʠ ʧʨʦʨʳʚʘʶʱʠʝ 

ʠʭ ʛʨʘʥʠʪʦʠʜʳ ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ (ʉ3-ʈ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ.    ʆʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʚʠʜʝ  ʫʟʢʦʡ ʧʦʣʦʩʳ  

ʦʙʨʘʤʣʷʝʪ ʶʞʥʫʶ ʯʘʩʪʴ ʠʥʪʨʫʟʠʚʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʘʥʮʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʷʭ ʠʟʚʝʩʪʢʦʚʳʡ ʠ ʪʫʬʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ 

ʜʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ S1ln
3
dz ʠʟʚʝʩʪʥʳ ʥʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ʭʨʝʙʪʘ ʉʝʚʝʨʥʳʡ ʅʫʨʘʪʘʫ ʚ 

ʙʘʩʩʝʡʥʘʭ ʩʘʝʚ ɼʞʠʣʘʥʜʳ, ɼʞʘʟʙʫʣʘʢ, ɹʘʡʧʫʨʫʰʣʠ, ʨ. ʉʘʥʟʘʨ, ʚ ʥʠʟʦʚʴʷʭ ʨʨ. ʊʝʛʠʨʤʘʥʘʫʣ, 

ʊʘʜʞʠʢʘʫʣ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨ. ʏʘʨʤʠʪʘʥ. ʉʚʠʪʘ ʧʨʦʨʳʚʘʝʪʩʷ ʂʦʰʨʘʙʘʜʩʢʠʤ 

ʤʘʩʩʠʚʦʤ. ʆʙʱʝʝ ʧʨʦʩʪʠʨʘʥʠʝ ʧʦʨʦʜ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ. ʐʠʨʠʥʘ ʚʳʭʦʜʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 600 ʜʦ 

1200 ʤ. 

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʚʠʪʳ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʧʦʷʚʣʝʥʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ, ʯʘʩʪʦ ʧʦʣʠʤʠʢʪʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʥʘʣʠʯʠʶ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʬʬʫʟʠʚʥʳʭ ʧʣʘʩʪʦʚʳʭ ʪʝʣ (ʜʠʘʙʘʟʦʚ). ɺʝʨʭʥʠʡ ʢʦʥʪʘʢʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ 

ʩʤʝʥʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʟʜʥʝʣʣʘʥʜʦʚʝʨʠʡʩʢʠʝ ʛʨʘʧʪʦʣʠʪʳ, ʥʘ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʘʣʝʚʨʦʧʝʣʠʪʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʅʘʫʢʘʪʩʘʡʩʢʦʡ ʩʚʠʪʳ ʩ ʢʦʤʧʣʝʢʩʦʤ ʨʘʥʥʝʚʝʥʣʦʢʩʢʠʭ ʛʨʘʧʪʦʣʠʪʦʚ. ʄʦʱʥʦʩʪʴ 

ʜʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ ~ 100 ʤ. [ɸʙʜʫʘʟʠʤʦʚʘ ɿ.ʄ.,2004] 

ɼʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʢʚʘʨʮʝʚʦ-

ʩʝʨʠʮʠʪʦʚʳʤʠ, ʩʝʨʠʮʠʪʦ-ʭʣʦʨʠʪʦʚʳʤʠ, ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʤʠ, ʘʥʜʘʣʫʟʠʪʦʚʳʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ 

ʩʣʘʥʮʘʤʠ, ʨʦʛʦʚʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ, ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ 

ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʪʫʬʦʚ ʠ ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ. 

ʅʘ ʢʦʥʪʘʢʪʝ ʩ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʧʦʨʦʜʳ ʦʧʠʩʳʚʘʝʤʦʡ ʩʚʠʪʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʦʥʪʘʢʪʦʚʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ (ʩʝʨʠʮʠʪʠʟʘʮʠʷ, ʘʥʜʘʣʫʟʠʪʠʟʘʮʠʷ, ʦʨʦʛʦʚʠʢʦʚʘʥʠʝ, 

ʤʨʘʤʦʨʠʟʘʮʠʷ ʠ ʦʢʨʝʤʥʝʥʠʝ). 

ɺʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʚʠʪʳ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʣʘʩʪʦʚʳʭ ʪʝʣ ʤʦʱʥʦʩʪʴʶ ʜʦ 40 ʤ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʠ ʜʠʘʙʘʟʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʚʤʝʩʪʥʦ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʤʷʪʳ ʚ ʩʢʣʘʜʢʠ. ʇʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʜʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ 

ʩʤʷʪʘ ʚ ʩʣʦʞʥʳʝ ʩʢʣʘʜʢʠ, ʦʧʨʦʢʠʥʫʪʳʝ ʥʘ ʶʛʦ-ʟʘʧʘʜ; ʢ ʠʭ ʢʨʳʣʴʷʤ ʧʨʠʫʨʦʯʝʥʳ ʦʪʣʦʞʝʥʠʷ 

ʚʳʰʝʣʝʞʘʱʝʡ ʥʘʫʢʘʪʩʘʡʩʢʦʡ ʩʚʠʪʳ  S1w1. 

ʈʘʟʨʝʟ ʩʚʠʪʳ ʠʩʩʣʝʜʦʚʘʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʩʝʯʝʥʠʷʭ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʢʘʢ ʥʠʞʥʝʛʦ, ʪʘʢ ʠ 

ʚʝʨʭʥʝʛʦ ʢʦʥʪʘʢʪʦʚ. 

ʅʠʟʳ ʩʚʠʪʳ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʅʘʢʨʫʪʩʘʶ, ʛʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʩʣʦʝʥʠʷ ʩʥʠʟʫ ʚʚʝʨʭ: 
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1. ʄʝʪʘʜʠʘʙʘʟʳ ʩʝʨʦʚʘʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʐʠʨʠʥʘ ʚʳʭʦʜʘ ʠʭ 18 ʤ. ʅʘ ʥʠʞʥʝʤ ʢʦʥʪʘʢʪʝ ʩʦ 

ʩʣʘʥʮʘʤʠ S1l3
2 

 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ ʧʦʨʦʜ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

(ʭʣʦʨʠʪ-ʢʘʨʙʦʥʘʪʥʳʝ, ʭʣʦʨʠʪʦʚʳʝ) ʧʘʨʘʛʝʥʝʟʠʩʳ ʧʨʦʧʠʣʠʪʦʚ. 

2. ʊʝʤʥʦ-ʩʝʨʳʝ, ʨʝʞʝ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʝ ʘʣʝʚʨʦʣʠʪʳ ʩ ʚʦʣʥʠʩʪʦʡ 

ʠ ʪʦʥʢʦʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʄʦʱʥʦʩʪʴ ~ 20 ʤ. 

3. ʄʝʪʘʜʠʘʙʘʟʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʠʩʘʥʥʳʤ ʚ ʧʘʯʢʝ 1, ʰʠʨʠʥʘ ʚʳʭʦʜʘ ~ 20 ʤ. 

4. ɿʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʝ ʘʣʝʚʨʦʣʠʪʳ (ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʩʤ) ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʧʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʩ ʪʝʤʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ, ʨʝʞʝ 

ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ (ʜʦ ʛʨʘʚʠʡʥʳʭ) ʧʝʩʯʘʥʠʢʘʤʠ. ɺ ʩʦʩʪʘʚʝ ʦʙʣʦʤʢʦʚ ʧʦʩʣʝʜʥʠʭ, 

ʥʘʨʷʜʫ ʩ ʢʚʘʨʮʝʤ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʣʦʤʢʠ ʢʨʝʤʥʠʩʪʳʭ, ʩʣʶʜʠʩʪʳʭ 

ʧʦʨʦʜ, ʤʠʢʨʦʢʚʘʨʮʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ ʠ ʜʨ. ɺ ʥʠʭ ʯʝʪʢʦ ʬʠʢʩʠʨʫʶʪʩʷ ʩʣʝʜʳ ʨʘʟʤʳʚʘ 

ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʡʢʦʚ ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʠʜʝ ʦʢʨʫʛʣʦ-ʚʳʪʷʥʫʪʳʭ ʪʦʥʢʠʭ, ʧʣʝʥʦʯʥʳʭ 

ʦʩʪʘʥʮʝʚ ʘʨʛʠʣʣʠʪʦʚ. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʢʠʝ. 

ʄʦʱʥʦʩʪʴ ~ 15 ʤ.   

5. ʏʝʨʥʳʝ ʘʨʛʠʣʣʠʪʦʚʳʝ ʠ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ ʩʣʘʥʮʳ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ 

(ʤʦʱʥʦʩʪʴʶ 2-3 ʩʤ) ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ 

ʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʄʦʱʥʦʩʪʴ ~ 25 ʤ. 

ʇʦʨʦʜʳ ʵʪʦʡ ʧʘʯʢʠ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʨʘʧʪʦʣʠʪʳ:  ʄʦʱʥʦʩʪʴ ʜʞʘʟʙʫʣʘʢʩʢʦʡ 

ʩʚʠʪʳ ʧʦ ʨʘʟʨʝʟʫ ʅʘʢʨʫʪʩʘʷ ʧʦʨʷʜʢʘ 100 ʤ. 

ɺʝʨʭʠ ʨʘʟʨʝʟʘ ʩʚʠʪʳ ʠ ʠʥʪʝʨʚʘʣ ʛʨʘʥʠʮʳ ʩ ʥʘʫʢʘʪʩʘʡʩʢʦʡ ʩʚʠʪʦʡ ʙʦʣʝʝ ʧʦʣʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʩʘʶ ɹʘʡʧʫʨʫʰʣʠ, ʛʜʝ ʧʦʨʦʜʳ ʵʪʠʭ ʜʚʫʭ ʩʚʠʪ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʧʨʦʢʠʥʫʪʦʤ 

ʟʘʣʝʛʘʥʠʠ.  

ʉʥʠʟʫ ʚʚʝʨʭ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ: 

1.ʊʝʤʥʦ-ʩʝʨʳʝ ʠ ʧʝʩʪʨʦ ʦʢʨʘʰʝʥʥʳʝ ʘʨʛʠʣʣʠʪʦʚʳʝ ʩʣʘʥʮʳ ʩ ʧʨʦʩʣʦʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ   

ʢʚʘʨʮʝʚʳʭ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʦʚ.   ʄʦʱʥʦʩʪʴ 10-12 ʤ. 

2. ʅʘ ʥʠʭ ʩʦʛʣʘʩʥʦ ʩʦ ʩʣʝʜʘʤʠ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ ʟʘʣʝʛʘʶʪ ʜʠʘʙʘʟʳ ʤʦʱʥʦʩʪʴʶ 8 ʤ. 

3. ɸʨʛʠʣʣʠʪʳ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʛʨʘʧʪʦʣʠʪʘʤʠ ʫʨʦʚʥʷ ʩʘʤʳʭ ʚʝʨʭʦʚ 

ʚʝʨʭʥʝʛʦ ʣʣʘʥʜʦʚʝʨʠ  ʠ   ʭʠʪʠʥʦʟʦʠ   ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ.  ʄʦʱʥʦʩʪʴ 8 ʤ. 

4. ɼʠʘʙʘʟʳ ï ʤʦʱʥʦʩʪʴ 20 ʤ. 

1. ʇʝʨʝʩʣʘʠʚʘʥʠʝ ʩʝʨʳʭ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʩʣʘʥʮʝʚ 

ʤʦʱʥʦʩʪʴʶ 12 ʤ. 

2. ɼʠʘʙʘʟʳ ï 15 ʤ. 

3. ʊʦʥʢʦ ʯʝʨʝʜʫʶʱʠʝʩʷ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʫʯʘʩʪʢʘʤʠ ʧʝʩʪʨʦ ʦʢʨʘʰʝʥʥʳʝ 

ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʠ ʘʨʛʠʣʣʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʘʨʛʠʣʣʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʢʚʘʨʮʝʚʳʭ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʦʚ. 

ʄʦʱʥʦʩʪʴ 5 ʤ. 

4. ʇʦʣʠʤʠʢʪʦʚʳʝ, ʪʦʣʩʪʦʩʣʦʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ  ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʘʨʛʠʣʣʠʪʦʚʳʭ 

ʩʣʘʥʮʝʚ. ɺ ʥʘʯʘʣʝ ʧʘʯʢʠ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʜʦ ʛʨʘʚʠʡʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʝʩʯʘʥʠʢʠ ʩʦ 

ʩʣʶʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ. ʇʦ ʩʦʩʪʘʚʫ ʦʙʣʦʤʢʦʚ ʦʥʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ. ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʣʦʤʢʠ ʩʣʶʜʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʢʨʝʤʥʠʩʪʦʡ ʧʦʨʦʜʳ, 

ʢʚʘʨʮʠʪʦʚ, ʤʝʥʴʰʝ ʘʣʝʚʨʦʣʠʪʦʚ, ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚ, ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʢʠʩʣʦʛʦ ʠ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʝʢʦʪʦʨʳʝ ʛʦʨʠʟʦʥʪʳ ʧʝʩʯʘʥʠʢʦʚ ʩʦʜʝʨʞʘʪ ʢʘʨʘʚʘʝʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʤʝʨʦʤ 25x10 ʩʤ, ʩʣʦʞʝʥʥʳʝ ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ɺ 

ʚʝʨʭʘʭ ʧʘʯʢʠ ʧʝʩʯʘʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʠ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ 

ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʠ.  ʄʦʱʥʦʩʪʴ 20 ʤ. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 98 ʤ. [ɿʄ] 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʣʦʛʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ 

ʧʣʦʱʘʜʠ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʊʠʣʣʷʝʚ ʍ. ʚʳʜʝʣʠʣ ʯʝʪʳʨʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʯʢʠ: 

1. ʉʝʨʠʮʠʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʨʝʞʝ ʧʝʩʯʘʥʠʢʦʚ; 

2. ʂʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ ʠ ʫʛʣʠʩʪʦ-ʩʣʶʜʠʩʪʳʝ ʩʣʘʥʮʳ; 

3. ʂʚʘʨʮʝʚʦ-ʙʠʦʪʠʪʦʚʳʝ ʨʦʛʦʚʠʢʠ, ʘʥʜʘʣʫʟʠʪʦʚʳʝ ʧʷʪʥʠʩʪʳʝ, ʫʟʣʦʚʘʪʳʝ ʩʣʘʥʮʳ; 

4. ʄʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʨʦʛʦʚʠʢʦʚ. 

ʇʦʨʦʜʳ ʧʝʨʚʦʡ ʧʘʯʢʠ ï ʩʫʱʝʩʪʚʝʥʥʦ ʩʝʨʠʮʠʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʩ ʧʨʦʩʣʦʡʢʘʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʦʪʤʝʯʘʶʪʩʷ ʚ ʶʞʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ 
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ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʐʠʨʠʥʘ ʚʳʭʦʜʘ ʧʘʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪ 50-300 ʤ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʩʝʨʠʮʠʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʧʨʦʩʣʦʡʢʘʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʩʤ, ʨʝʞʝ 30 ʩʤ. 

ɻʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʥʢʦʣʠʩʪʦʚʘʪʫʶ ʨʘʩʩʣʘʥʮʦʚʘʥʥʫʶ ʧʦʨʦʜʫ ʪʝʤʥʦ-

ʩʝʨʦʛʦ, ʩʝʨʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ, ʤʝʩʪʘʤʠ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ʇʦʨʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʪʦʥʯʘʡʰʠʭ 

ʯʝʰʫʝʢ ʩʣʶʜ (ʤʝʥʝʝ 0,05 ʤʤ) ï ʩʝʨʠʮʠʪʘ, ʙʠʦʪʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʩʫʙʧʘʨʘʣʣʝʣʴʥʦ, 

ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʤʝʣʴʯʘʡʰʠʭ ʪʦʯʝʯʥʳʭ ʯʘʩʪʠʯʝʢ. 

ʊʘʢʞʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʩʪʨʝʯʝʥʳ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʪʫʨʤʘʣʠʥ, ʨʫʪʠʣ ʠ ʛʠʜʨʦʦʢʠʩʣʳ 

ʞʝʣʝʟʘ. 

ɸʣʝʚʨʦʣʠʪʳ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʪʝʤʥʦ-ʩʝʨʳʝ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʠ ʩʝʨʳʝ, ʪʦʥʢʦ- ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʟʝʨʥʠʩʪʳʝ, ʨʘʟʤʝʨ ʦʙʣʦʤʢʦʚ ʦʪ 0,01 ʜʦ 0,1 ʤʤ. ʇʦʨʦʜʘ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʢʚʘʨʮʘ (40-80%)  ʠ ʧʦʣʝʚʦʛʦ  ʰʧʘʪʘ ï ʧʣʘʛʠʦʢʣʘʟʘ (ʜʦ 10%), ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ: ʘʧʘʪʠʪ, ʨʫʪʠʣ, ʪʫʨʤʘʣʠʥ, ʨʝʞʝ ʩʬʝʥ. 

ʇʝʩʯʘʥʠʢʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʚʘʨʮʝʚʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ, ʩʝʨʦʛʦ ʮʚʝʪʘ, ʪʦʥʢʦʧʣʠʪʯʘʪʳʝ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʢʚʘʨʮʘ (15-80%), 

ʧʦʣʝʚʦʰʧʘʪʘ (ʜʦ 15%), ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʜʦ 1%). ʎʝʤʝʥʪ ʚ ʦʩʥʦʚʥʦʤ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʝʛʦ ʚ ʧʦʨʦʜʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 25 ʜʦ 80%. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʮʠʨʢʦʥʦʤ, ʪʫʨʤʘʣʠʥʦʤ, ʘʧʘʪʠʪʦʤ, ʨʫʪʠʣʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʠʭ ʜʦʩʪʠʛʘʝʪ 10%. 

ɼʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ ʥʘ ʧʣʦʱʘʜʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʜʢʠʤ ʧʨʠʩʫʪʩʪʚʠʝʤ  ʪʫʬʦʛʝʥʥʳʭ 

ʧʝʩʯʘʥʠʢʦʚ.  ʊʫʬʦʧʝʩʯʘʥʠʢʠ ʪʝʤʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʭ ʙʣʘʩʪʦ-ʘʣʝʚʨʦ-

ʧʩʘʤʤʠʪʦʚʘʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (%):ʢʚʘʨʮ - 55, ʩʣʶʜʳ- 

25-30, ʧʣʘʛʠʦʢʣʘʟ- 15-20, ʨʫʜʥʳʝ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ -3. ʇʦʨʦʜʳ ʩʦʩʪʦʷʪ ʠʟ ʜʦʚʦʣʴʥʦ 

ʢʨʫʧʥʳʭ (ʜʦ 1 ʤʤ) ʦʩʢʦʣʴʯʘʪʦ-ʫʛʣʦʚʘʪʳʭ, ʨʝʞʝ ʩ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʝʥʥʳʤʠ ʢʨʘʷʤʠ ʟʝʨʝʥ ʢʚʘʨʮʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʘ, ʥʘʛʨʫʞʝʥʥʳʭ ʚ ʮʝʤʝʥʪʠʨʫʶʱʫʶ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ. ɹʠʦʪʠʪ ʥʝ ʠʤʝʝʪ ʩʪʨʦʛʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʠ  ʚ ʰʣʠʬʝ ʧʦʨʦʜʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʛʨʫʧʧʘʤʠ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʢʨʫʧʥʳʤʠ 

ʯʝʰʫʡʢʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʤʝʣʢʦʯʝʰʫʡʯʘʪʳʡ ʙʠʦʪʠʪ. ɺ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʙʠʦʪʠʪʦʤ ʥʘʭʦʜʠʪʩʷ 

ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ʚ ʚʠʜʝ ʯʝʨʥʳʭ ʥʝʧʨʘʚʠʣʴʥʳʭ ʟʝʨʝʥ. ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠʤʝʝʪ ʚʠʜ ʩʠʣʴʥʦ 

ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʭ ʧʨʠʟʤ ʨʘʟʣʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ. ʇʦ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ ʨʘʟʚʠʚʘʝʪʩʷ ʘʢʪʠʥʦʣʠʪ ʠ 

ʵʧʠʜʦʪ. 

ɺʪʦʨʘʷ ʧʘʯʢʘ ï ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ ʠ ʫʛʣʠʩʪʦ-ʩʣʶʜʠʩʪʳʝ ʩʣʘʥʮʳ ï ʧʨʝʦʙʣʘʜʘʝʪ ʚ 

ʚʦʩʪʦʯʥʦʡ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʨʦʜʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʥʪʘʢʪʫ 

ʂʘʨʘʫʣʭʘʥʘ-ʏʘʨʤʠʪʘʥʩʢʦʡ ʟʦʥʳ ʥʘʨʫʰʝʥʠʷ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʦʪ 100 ʜʦ 1200 ʤ. ʇʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʣʘʥʮʳ ʦʧʠʩʳʚʘʝʤʦʡ ʧʘʯʢʠ ʚ ʶʞʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ 

ʧʣʦʱʘʜʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʯʝʨʝʜʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʨʝʟʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ. ɺ ʮʝʣʦʤ ʚ ʨʘʟʨʝʟʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ ʩʣʘʥʮʳ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʥʘʨʷʜʫ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʤʠ ʠ ʫʛʣʠʩʪʦ-ʩʣʶʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ (ʜʦ 10 ʩʤ) 

ʧʨʦʩʣʦʡʢʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʩʝʨʠʮʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʘʥʜʘʣʫʟʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, ʢʚʘʨʮʠʪʦʚ, 

ʢʚʘʨʮʝʚʦ-ʙʠʦʪʠʪʦʚʳʭ ʨʦʛʦʚʠʢʦʚ ʠ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ. 

ʂʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ ʩʣʘʥʮʳ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ʇʦʨʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʤʝʪʨʠʯʥʳʭ, 

ʠʥʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 0,05-0,1 ʤʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 40-70% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʆʪʤʝʯʝʥʳ ʟʝʨʥʘ ʩʝʨʠʮʠʪʘ ʠ ʭʣʦʨʠʪʘ ï ʜʦ 40% ʠ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ï ʜʦ 1%. 

ɸʢʮʝʩʩʦʨʥʳʝ ï ʪʫʨʤʘʣʠʥ, ʮʠʨʢʦʥ ʠ ʩʬʝʥ. 

ʏʝʰʫʡʢʠ ʩʝʨʠʮʠʪʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ, ʠʤʝʶʪ 

ʦʨʠʝʥʪʠʨʦʚʢʫ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʣʘʥʮʝʚʘʪʫʶ ʪʝʢʩʪʫʨʫ ʧʦʨʦʜʳ, ʢʦʪʦʨʘʷ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʜʣʠʥʝʥʥʳʭ ʟʝʨʝʥ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ.  

ʊʨʝʪʴʷ ʧʘʯʢʘ ï ʢʚʘʨʮʝʚʦ-ʙʠʦʪʠʪʦʚʳʝ ʨʦʛʦʚʠʢʠ, ʘʥʜʘʣʫʟʠʪʦʚʳʝ ʧʷʪʥʠʩʪʳʝ, ʫʟʣʦʚʘʪʳʝ 

ʩʣʘʥʮʳ. ʕʪʠ ʧʦʨʦʜʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 300 ʤ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʚʠʪʳ ʥʘ ʢʦʥʪʘʢʪʝ ʂʦʰʨʘʙʘʜʩʢʦʛʦ 

ʠʥʪʨʫʟʠʚʘ. ʇʦʨʦʜʳ ʧʘʯʢʠ ʯʝʨʝʜʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʩʪʝʧʝʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩ ʰʠʨʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ɺ ʵʪʦʡ ʧʘʯʢʝ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ 

ʧʨʦʩʣʦʡʢʠ ʢʚʘʨʮʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 5 ʩʤ.  

ʂʚʘʨʮʝʚʦ-ʙʠʦʪʠʪʦʚʳʝ ʨʦʛʦʚʠʢʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, %: ʢʚʘʨʮ 

(40), ʧʣʘʛʠʦʢʣʘʟ (30-40), ʩʣʶʜʠʩʪʳʡ ʤʠʥʝʨʘʣ (ʜʦ 30), ʨʫʜʥʳʝ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ (ʜʦ 3). 
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ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʨʦʜʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʨʘʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʣʦʞʝʥʘ ʤʝʣʢʠʤʠ 

ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʳ ʯʝʰʫʡʢʠ ʩʝʨʠʮʠʪʘ, ʭʣʦʨʠʪʘ, ʙʠʦʪʠʪʘ, 

ʦʙʨʘʟʫʶʱʠʝ ʯʘʱʝ ʚʩʝʛʦ ʘʛʨʝʛʘʪʥʳʝ ʢʫʯʥʳʝ ʩʢʦʧʣʝʥʠʷ ʚ ʚʠʜʝ ʧʷʪʝʥ ʥʘ ʬʦʥʝ ʨʘʚʥʦʤʝʨʥʦ 

ʟʝʨʥʠʩʪʦʡ ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮʝʚʦʡ ʤʘʩʩʳ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʧʷʪʥʠʩʪʫʶ ʪʝʢʩʪʫʨʫ. ɺʝʣʠʯʠʥʘ ʧʷʪʝʥ 0,4-

0,7 ʤʤ, ʨʝʜʢʦ 1,0 ʤʤ.   

ɸʥʜʘʣʫʟʠʪʦʚʳʝ ʩʣʘʥʮʳ ʩʝʨʦʛʦ, ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʤʝʩʪʘʤʠ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜʳ, % ʘʥʜʘʣʫʟʠʪ (ʜʦ 30), ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟ (ʜʦ 50), ʫʛʣʠʩʪʦʝ 

ʚʝʱʝʩʪʚʦ (ʜʦ 10), ʩʣʶʜʳ (ʜʦ 10), ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʘʢʮʝʩʩʦʨʠʝʚ (ʜʦ 5). ɸʥʜʘʣʫʟʠʪ ʦʙʨʘʟʫʝʪ 

ʢʨʫʧʥʳʝ (ʜʦ 2, ʨʝʞʝ 10 ʤʤ ʧʦ ʫʜʣʠʥʝʥʠʶ) ʧʦʨʬʠʨʦʙʣʘʩʪʳ.  

ʏʝʪʚʝʨʪʘʷ ʧʘʯʢʘ ï ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʠʟʚʝʩʪʥʷʢʠ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʨʦʛʦʚʠʢʦʚ, 

ʦʙʥʘʞʘʶʱʠʝʩʷ ʥʘ ʩʝʚʝʨʥʦʤ ʢʦʥʪʘʢʪʝ ʂʘʨʘʫʣʭʘʥʘ-ʏʘʨʤʠʪʘʥʩʢʦʡ ʟʦʥʳ ʥʘʨʫʰʝʥʠʷ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʦʡ ʣʠʥʟʳ ʨʘʟʤʝʨʦʤ 3-4 x 30-60 ʤ. ʄʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʝʤʥʦ- ʠ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʧʦʣʦʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʢʘʣʴʮʠʪʘ ʤʦʱʥʦʩʪʴʶ 0,1-3 ʩʤ. 

ʀʟʚʝʩʪʢʦʚʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʪʦʥʢʦʧʣʠʪʯʘʪʳʝ, ʞʝʣʪʦʚʘʪʦ-ʩʝʨʦʛʦ, ʩʝʨʦʛʦ, 

ʙʝʣʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ʕʪʠ ʠʟʚʝʩʪʥʷʢʠ ʩʠʣʴʥʦ ʩʤʷʪʳ ʚ ʤʝʣʢʠʝ ʩʢʣʘʜʢʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʨʦʛʦʚʠʢʘʤʠ ʜʦʩʪʠʛʘʝʪ 24 ʤ ʩ ʢʨʫʪʳʤ (80-85
0
) 

ʧʘʜʝʥʠʝʤ ʥʘ ʩʝʚʝʨ. ʀʟʚʝʩʪʥʷʢʠ ʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ 

ʦʢʚʘʨʮʦʚʘʥʳ. ʉʦʜʝʨʞʘʥʠʝ ʢʚʘʨʮʘ ʤʝʩʪʘʤʠ ʜʦʩʪʠʛʘʝʪ 20%. ʂʦʥʪʘʢʪ ʦʧʠʩʳʚʘʝʤʳʭ ʧʦʨʦʜ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʧʦʚʩʝʤʝʩʪʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʡ.  

ʉʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ, ʜʠʘʙʘʟʦʚ ʠ ʜʠʘʙʘʟʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ ʙʦʨʪʘʤ ʨ. ʏʘʨʤʠʪʘʥ. ʄʦʱʥʦʩʪʴ ʠʭ ʜʦ 10 ʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ï 

ʜʦ 500 ʤ. ʇʦʨʦʜʳ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʤʘʩʩʠʚʥʳʝ ʠʣʠ ʧʦʨʬʠʨʦʚʳʝ. ʉʦʩʪʘʚ ʧʦʨʦʜ, %: 

ʧʣʘʛʠʦʢʣʘʟ ï ʘʥʜʝʟʠʥ-ʘʣʴʙʠʪ ï (40), ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ï ʘʢʪʠʥʦʣʠʪ ï (40), ʵʧʠʜʦʪ+ʮʦʠʟʠʪ (10), 

ʛʨʘʥʘʪ (ʜʦ 10) ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʢʚʘʨʮ, ʤʫʩʢʦʚʠʪ, ʩʬʝʥ, ʢʘʨʙʦʥʘʪʳ, ʤʠʢʨʦʢʣʠʥ. 

[ʊʠʣʣʷʝʚ, 1973] 

ɺ ʮʝʣʦʤ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ S1l3
3
 ʚ ʵʢʟʦʢʦʥʪʘʢʪʝ 

ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʧʣʦʱʘʜʠ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ  ʬʣʠʰʦʠʜʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ,  ʤʝʩʪʘʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ    ʦʙʨʘʟʦʚʘʥʠʷʤʠ.    ʇʦʟʞʝ    

ʦʥʠ    ʧʨʝʪʝʨʧʝʣʠ   ʨʝʛʠʦʥʘʣʴʥʳʡ    ʠ ʢʦʥʪʘʢʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ 

ʚʳʨʘʟʠʣʩʷ ʚ ʙʣʘʩʪʠʯʝʩʢʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʩʦʩʪʦʷʥʠʷ 

ʪʦʥʢʦʯʝʰʫʡʯʘʪʦʛʦ ʩʝʨʠʮʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ. ʆʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʠʟʤʝʥʠʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɺ ʉʝʚʝʨʥʦʤ ʅʫʨʘʪʘʫ ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʦʭʚʘʪʳʚʘʣ ʚʩʝ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ. ʉʪʝʧʝʥʴ ʝʛʦ ʥʘʨʘʩʪʘʝʪ ʩʚʝʨʭʫ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ.  ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʇʦʨʦʜʳ ʦʜʠʥʘʢʦʚʦʛʦ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʩʫʱʝʩʪʚʝʥʥʦ   ʨʘʟʣʠʯʘʶʪʩʷ   ʧʦ   ʩʪʝʧʝʥʠ   

ʤʝʪʘʤʦʨʬʠʟʤʘ.    ʕʪʦ   ʫʢʘʟʳʚʘʝʪ   ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ   ʥʘʨʷʜʫ   ʩ   ʚʝʨʪʠʢʘʣʴʥʦʡ   ʠ   ʣʘʪʝʨʘʣʴʥʦʡ   

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ  ʟʦʥʘʣʴʥʦʩʪʠ. ʊʝʨʨʠʛʝʥʥʳʝ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʝ, ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ 

ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʨʫʧʧʫ ʤʝʪʘʧʝʣʠʪʦʚ. ʀʭ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʚ ʥʠʭ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʨʷʜʘ ʪʠʧʦʤʦʨʬʥʳʭ ʤʠʥʝʨʘʣʦʚ - 

ʠʥʜʠʢʘʪʦʨʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʙʦʛʘʱʝʥʥʳʤ ʢʨʝʤʥʝʟʝʤʦʤ, ʢʘʣʴʮʠʝʤ, ʥʘʩʳʱʝʥʥʳʤʠ ʢʘʣʠʝʤ ʛʣʠʥʠʩʪʦ-ʤʘʛʥʝʟʠʘʣʴʥʦ 

ʞʝʣʝʟʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʦʩʪʘʚʘ ʦʙʫʩʣʦʚʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʫʩʢʦʚʠʪʘ, ʙʠʦʪʠʪʘ, ʛʨʘʥʘʪʘ ʠ 

ʩʪʘʚʨʦʣʠʪʘ. ɺ ʧʨʝʜʝʣʘʭ ʵʢʟʦʢʦʥʪʘʢʪʦʚ ʚ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ɼʞʘʟʙʫʣʘʢʩʢʦʡ 

ʩʚʠʪʳ ʧʨʦʷʚʣʝʥʳ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʤʘʪʝʨʠʘʣ  ʫʢʘʟʳʚʘʝʪ, ʯʪʦ  ɼʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ, ʷʚʣʷʶʱʘʷʩʷ  

ʦʩʥʦʚʥʦʡ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʂʦʰʨʘʙʘʜʩʢʦʛʦ  ʠʥʪʨʫʟʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ  ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ  ʪʫʬʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʠʥʛʝʥʝʪʠʯʥʦ  ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ   ʩ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʠʩʪʦïʛʣʠʥʠʩʪʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʪʠʧʠʯʥʳʝ ʬʣʠʰʠ ʩʠʣʫʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ  ( 

S1ln,w). ɹʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʶʞʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ  ʯʘʩʪʷʭ ʂʦʰʨʘʙʘʜʩʢʦʛʦ  ʠʥʪʨʫʟʠʚʘ  
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ɼʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ ʧʦʜʩʪʠʣʘʝʪʩʷ  ʥʘʢʨʫʪʩʢʦʡ ʩʚʠʪʦʡ  ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʣʠʯʘʶʱʝʛʦ  ʦʪ 

ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ ʝʱʝ ʙʦʣʴʰʠʤ ʧʨʠʩʫʪʩʪʚʠʝʤ  ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ɸʙʜʫʘʟʠʤʦʚʘ,    

). ʃʘʪʝʨʘʣʴʥʦ ʵʪʘ ʩʚʠʪʘ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ  ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ  ʩʤʝʥʷʝʪʩʷ  

ʂʘʨʘʪʘʰʩʢʦʡ ʩʚʠʪʦʡ, ʪʘʢʞʝ ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʧʣʘʩʪʦʚ  ʪʝʨʨʠʛʝʥʥʦʛʦ ʠ 

ʪʫʬʦʛʝʥʥʦʛʦ  ʤʘʪʝʨʠʘʣʦʚ.   ɺ ʩʦʩʪʘʚʝ ʵʪʦʡ ʩʚʠʪʳ   ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ  ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ  ʚ ʚʠʜʝ ʩʠʣʣ ʠ ʜʘʝʢ ʜʠʘʙʘʟʦʚ ʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ. ɺ ʵʪʦʡ  ʶʛʦ-ʟʘʧʘʜʥʦʡ  ʯʘʩʪʠ  

ʶʞʥʦʛʦ ʵʢʟʦʢʦʥʪʘʢʪʘ  ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ  ʤʦʱʥʦʩʪʴ ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ   ʥʝʩʢʦʣʴʢʦ 

ʩʦʢʨʘʱʘʝʪʩʷ  ʠ ʦʥʘ ʧʦʢʨʳʪʘ  ʥʘʫʢʘʪʩʘʡʩʢʦʡ  ʩʚʠʪʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʚʝʨʭʠ  ʨʘʟʨʝʟʘ  

ʩʠʣʫʨʠʡʩʢʠʭ ʬʣʠʰʦʠʜʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ  ʚ ʶʞʥʦʤ ʩʢʣʦʥʝ ʭʨʝʙʪʘ ʉʝʚʝʨʥʳʡ ʅʫʨʘʪʘʫ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʩʧʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʤʝʥʝʥʥʳʭ ʟʘ ʩʯʝʪ 

ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʂʦʰʨʘʙʘʜʩʢʠʤ ʠʥʪʨʫʟʠʚʦʤ ʜʘʡʢʦʦʙʨʘʟʥʳʭ ʤʝʞʧʣʘʩʪʦʚʳʭ ʪʝʣ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʥʘ ʣʝʚʦʤ ʩʢʣʦʥʝ ɹʝʛʘʣʠʩʘʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʧʨʘʚʳʡ ʧʨʠʪʦʢ 

ʨ.ʊʝʛʠʨʤʘʥʘʫʣ. ʦʥʠ ʧʨʚʝʜʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʠ 2 ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʣʦʞʥʳʡ  ʩʦʩʪʘʚ ʜʘʝʢ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʠ 

ʠʥʪʝʥʩʠʚʥʫʶ ʜʝʙʘʟʠʬʠʢʘʮʠʶ  ʩʦʩʪʘʚʘ ʠʭ ʧʨʠ  ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ (ʦʨʦʛʦʚʠʢʦʚʘʥʠʠ)    

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ  ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ.  

ʇʨʦʩʪʦʝ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ɹʝʛʘʣʠʩʘʷ (ʪʘʙʣ.1) ʩ 

ʩʦʩʪʘʚʘʤʠ   ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʉʝʚʝʨʥʦʛʦ, ʖʞʥʦʛʦ ʅʫʨʘʪʘʫ ʠ ɻʦʙʜʫʥʪʘʫ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʶʞʥʝʝ 

ʄʘʨʞʘʥʙʫʣʘʢʩʢʦʛʦ ʟʦʣʦʪʦʫʜʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ ɹʝʛʘʣʠʩʘʷ ʙʳʣʠ 

ʠʥʪʝʥʩʠʚʥʦ ʜʝʙʘʟʠʬʠʮʠʨʦʚʘʥʳ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʂʦʰʨʘʙʘʪʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ  ʧʨʠ   ʥʝʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʡ ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ ʠ ʜʚʫʭ ʚʘʣʝʥʪʥʳʭ ʦʩʥʦʚʘʥʠʡ. ʋ ʧʦʣʫʪʦʨʥʳʭ ʦʢʠʩʣʦʚ ʚ ʠʟʫʯʝʥʥʳʭ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʭ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ ʤʝʥʝʝ ʩʥʠʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʭ ʦʢʠʩʠ ʞʝʣʝʟʘ, 

ʢʦʪʦʨʘʷ ʩʥʘʯʘʣʘ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ, ʘ ʚ ʠʥʪʝʥʩʠʚʥʦ ʜʝʙʘʟʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʟʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʚ 

ʟʥʘʯʝʥʠʷʭ ʨʘʚʥʳʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʦʡ ʦʢʠʩʠ ʚ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʉʝʚʝʨʥʦʛʦ 

ʅʫʨʘʪʘʫ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe2O3  ʠ MgO   ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʜʝʙʘʟʠʬʠʢʘʮʠʠ ʜʠʘʙʘʟʦʚ 

ʩʚʷʟʘʥʦ ʧʨʦʷʚʣʝʥʠʝʤ ʚ ʥʠʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʘʣʴʙʠʪ-ʭʣʦʨʠʪʦʚʦʡ ʬʘʮʠʠ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʚ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʠʢʦʥʪʘʢʪʦʚʦʤʫ, ʢʠʩʣʦʪʥʦʤʫ   ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʩʪʘʜʠʠ 

ʵʧʠʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʨʦʮʝʩʩʘʤʠ ʛʫʤʙʝʠʟʘʮʠʠ, ʵʡʩʠʪʠʟʘʮʠʠ, ʣʠʩʪʚʝʥʠʪʠʟʘʮʠʠ, 

ʙʝʨʝʟʠʪʠʟʘʮʠʠ ʠ ʦʢʚʘʨʮʝʚʘʥʠʷ. ʕʪʠ ʧʨʮʝʩʩʳ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʪʝʮʠʘʣʦʚ ʱʝʣʦʯʝʡ, ʯʪʦ ʦʪʯʝʪʣʠʚʦ ʟʘʤʝʪʥʦ ʥʘ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ ʪʘʙʣʠʮʳ 1.  ʆʩʪʘʣʴʥʳʝ ʦʢʠʩʣʳ 

ʩʦʩʪʘʚʘ ʠʟʫʯʝʥʥʳʭ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʧʨʦʷʚʣʷʝʶʪ(ʪʘʙʣ.1). 

ɼʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ   ʦʨʦʛʦʚʠʢʦʚʘʥʥʦʡ ʨʘʟʥʦʩʪʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘ ʥʝ ʭʘʨʘʢʪʝʨʥʳʤ 

ʦʢʘʟʘʣʠʩʴ   ʢʘʣʠʡ, ʩʚʠʥʝʮ, ʮʠʥʢ ʧʨʠ  ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʥʝʝ  

ʠʟʤʝʥʝʥʥʦʡ ʠʭ ʨʘʟʥʦʩʪʠ ʥʝ ʩʦʜʝʨʞʘʱʠʤ ʤʳʰʴʷʢ. ɺ ʧʨʦʜʫʢʪʘʭ  ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ  ʠʟʤʝʥʝʥʠʷ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩ ʧʨʦʞʠʣʢʘʤʠ  ʢʘʣʴʮʠʪʘ ʠʩʯʝʟʘʝʪ  Ba,  V, Cr, Pb, Zn, As, Co, 

Mo, W, Sn, Be, Li.   ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʢʘʣʴʮʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʪʪʝʨʙʠʷ ʠʟʫʯʝʥʠʝ 

ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʟʦʥ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦ ʚʦʟʨʘʩʪʫ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ ʤʦʱʥʳʭ ʩʠʣʣ ʠ ʜʘʝʢ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ ʤʦʱʥʳʭ ʩʠʣʣ ʠ ʜʘʝʢ ʄʘʣʴʛʫʟʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʠʜʥʦʡ ʬʦʨʤʘʮʠʡ (ɹʘʨʘʥʦʚ ʠ.ʜʨ.1978) ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ 

ʭʨʝʙʪʘ.  ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʩʠʣʣ ʠ ʜʘʝʢ ʄʘʣʴʛʫʟʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ(ʪʘʙʣ.3) 

ʉʫʙʩʦʛʣʘʩʥʳʝ ʤʝʞʧʣʘʩʪʦʚʳʝ ʩʠʣʣʳ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʩʨʝʜʠ ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ 

ʧʦʚʩʝʤʝʩʪʥʦ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʝ, ʩʤʷʪʳʝ  ʚʤʝʩʪʝ ʩ ʧʘʩʪʘʤʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʧʦʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ 

ʚ ʧʣʠʢʘʪʠʚʥʳʝ ʩʢʣʘʜʢʠ ʠʥʝʥʩʠʚʥʦ ʨʘʩʩʣʘʥʮʦʚʘʥʳ ʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʩʪʝʨʪʳ ʪʘʢ, ʯʪʦ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ. ʂʦʛʜʘ ʢʨʫʧʥʳʝ ʙʣʦʢ ʢʩʝʥʦʣʠʪʳ ʤʦʱʥʳʭ ʪʝʣ 

ʦʩʪʘʶʪʩʷ ʩʨʝʜʠ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʂʦʰʨʘʙʘʪʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʥʪʘʢʪʦʚʳʤ ʠ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʚʝʨʛʘʷʩʴ ʧʦʢʨʳʪʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʤʘʢʨʦ ʠ ʤʠʢʨʦ ʪʨʝʱʠʥ. 
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ʊʘʙʣʠʮʘ 1  ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ  ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ɼʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ 

ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ  (ɹʝʛʘʣʠʩʘʡ) ʚ ʩʨʘʚʥʝʥʠʠ  ʩ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ   ʉʝʚʝʨʥʦʛʦ,  

ʖʞʥʦʛʦ ʅʫʨʘʪʘʫ ʠ ɻʦʙʜʫʥʪʘʫ 

 

ʆʢʩʠʜʳ 

ɹʝʛʘʣʠʩʘʡ ʉʝʚ.ʅʫʨʘʪʘʫ ʖʞ.ʅʫʨʘʪʘʫ ɻʦʙʜʫʥʪʘʫ. 

ɻʘʙʙʨʦ-

ʜʠʘʙʘʟ 

ɻʘʙʙʨʦ-ʜʠʘʙʘʟ ʂʘʨʙʦʥʘʪʥʞʠʣʳ ɻʘʙʙʨʦ-ʜʠʘʙʘʟ ɻʘʙʙʨʦ-ʜʠʘʙʘʟ ɻʘʙʙʨʦ-ʜʠʘʙʘʟ 

ɺʝʩʦʚʳʝ  % 

Si02 77.6 58.96 4.42 48.5 49.7 47.9 

Ti02 0.52 0.65 0.06 2 3.4 1.5 

ɸ1203 9.77 11.3 1.11 13.3 13.7 12.2 

Fe203 3.06 5.9 0.65 3.9 2.2 0.8 

FeO 1.28 2.5 <0.25 9.8 12.5 8.9 

MgO 1.21 7.86 3.02 5.7 5.2 6.9 

MnO 0.02 0.23 0.01 0.2 0.2 0.2 

CaO 1.4 9.53 48.78 9.4 5.2 9.3 

Na20 2.18 0.41 0.06 2.2 3 3 

K20 1.81 1.7 0.16 0.3 0.4 0.6 

P205 0.21 0.2 0.01 0.2 0.7 0.2 

S03 0.51 1.06 0.16 0.08  <0.2 

ʉ02 0.12 0.13 <0.1   0.1 

S 0.15 0.37 0.06    

ʇʇʇ 2.1 2.17 41.69   2.9 

ʅ2ʆ 0.31 0.25 0.22 0.3 1.7 0.2 

ʉʆ2 <0.2 0.88 32.18 1.3 0.08 <0.2 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ  ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ   ʠ ʠʭ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ  

ʨʘʟʥʦʩʪʝʡ 

ˉʧʧ 

 

ʂʦʤʧʦʥʝʥʪʳ ʆʨʦʛʦʚʠʢʦʚʘʥʥʳʡ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟ 

ɻʘʙʙʨʦ-ʜʠʘʙʘʟ ʂʘʨʙʦʥʘʪʥʘʷ ʞʠʣʘ ʚ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟʘʭ 

I Si02 40% 35% 8% 

2 Al 2O3 10% 12% 4% 

3 ʉʘ 0 0.2 5% 35% 

4 Na2O 0.2% 2% 0.01 

5 ʂ2 0  0.8  

6 Fe 3% 4% 0.6 

7 Mg 3% 8% 5% 

8 ɺʘ 0.07 0.05  

9 Sr 0.02 0.01 0.05 

10 Mn 0.06 0.03 0.04 

11 V 0.007 0.008  

12 Ti 0.5 0.07 0.08 

13 Cr 0.006 0.007  

14 Cu 0.001 0.006 0.001 

15 Pb  0.002  

16 Zn  0.01  

17 As 0.01   

18 Ni 0.01 0.001 0.001 

19 Co 0.001 0.002  

20 Mo 0.0002 0.0002  

21 W  0.007  

22 Sn 0.0001 0.0007  

23 Be 0.0003 0.002  

24 Li   0.002  

. 
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ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʩʠʣʠʢʘʪʥʦʛʦ ʘʥʘʣʠʟʘ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʄʘʣʴʛʫʟʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʠʟ 

ʦʪʯʝʪʘ ɻʫʩʝʚʘ ɺ.ɸ. ʠ ʜʨ., 1989 ʛ.) 
ʧ/ʧ 1 2 3 4 5 6 7 8 9 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ 

(ʤʠʢʨʦʦʧʨʝʜʝʣʝʥʠʝ) 

ʄʠʢʨʦʟʝʨʥʠʩʪʳʡ ʜʠʘʙʘʟ ɼʠʘʙʘʟ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ 

ɻʘʙʙʨʦ ʉ/ʟ. ʜʠʘʙʘʟ 

ʵʥʜʦʢʦʥʪʘ 

ɿʦʥʘ ʥʘʢʘʣʢʠ 

ʜʘʝʢ ʜʠʘʙʘʟʦʚ 

(ʵʥʜʦʢʦʥʪʘʢʪ) 

ʅʦʤʝʨʘ ʧʨʦʙ 8,3 8,8 8,15 8,13 8,26 8,32 8,4 8,11 8,21 

SiO2 45,12 49,3 48,04 57,8 54 47,2 83,45 71,5 74,5 

Al 2O3 12,3 14,2 13 15,16 13 11,6 13,8 12,7 14,5 

Fe2O3 2,93 1,9 2,41 1,67 0,1 9,58 4,07 1,61 2,41 

FeO 9,43 9 10,54 6,12 11 7,66 3,85 1,72 0,72 

CaO 8,84 7,39 9,25 3,19 5,27 9,18 1,8 0,5 0,5 

MgO 4,48 6,16 5,2 2,8 3,48 3,84 2,48 0,72 1,44 

TiO2 3,18 2,8 3,21 1,7 3 3 1,5 0,48 0,8 

MnO 0,03 0,05 0,05 0,02 0,05 0,09 0,02 0,02 0,02 

P2O5 0,47 0,32 0,37 0,19 0,41 0,35 0,2 0,16 0,04 

K2O 1 1,14 0,57 1,69 1,16 0,93 0,62 3,81 3,57 

Na2O 1,92 4 2,41 4,44 2,8 1,38 4,66 3,54 0,64 

SO3 0,1 0,14 0,1 0,1 0,1 0,1 0,1 0,17 0,1 

CO2 12,37 0,88 0,7 1,18 1,77 0,2 0,2 0,2 0,2 

H2O 0,11 0,15 0,1 0,1 0,1 0,2 0,13 0,1 0,2 

ʧ.ʧ.ʧ. 10,3 3,9 4,11 4,81 6 4,7 3,7 2,67 3,9 

× 100,22 100,3 99,76 99,57 100,1 99,51 100,23 99,58 99,52 

 

ʊʘʢʠʝ ʪʨʝʱʠʥʳ ʙʣʘʛʦʧʨʷʪʩʪʚʫʶʪ ʧʨʦʩʘʯʠʚʘʥʠʶ ʯʝʨʝʟ ʥʠʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʢʦʥʪʘʢʪʝ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘ ʚʩʢʨʳʪʦʛʦ ʰʪʦʣʴʥʝʡ ʠʟ ʢʘʨʴʝʨʘ ʥʘ 10-12ʤ ʦʪ ʫʩʪʴʷ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʠʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʢʨʘʧʣʝʥʠʷʤʠ ʠ 

ʛʥʝʟʜʘʤʠ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʊʘʢʦʝ ʦʙʠʣʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʦʚ ʚ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟʘʭ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʵʢʩʪʨʘʢʮʠʝʡ ʠʟ ʠʭ ʩʦʩʪʘʚʘ ʞʝʣʝʟʘ ʠ ʤʳʰʴʷʢʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʩʦʩʪʘʚʝ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʊʘʢʦʝ ʨʫʜʦʛʝʥʝʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʛʘʙʙʨʦʠʜʦʚ ʧʨʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʨʘʥʠʪʦʠʜʥʦʡ ʤʘʛʤʦʡ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʠ  ʥʘ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʨʫʜʥʳʭ 

ʧʦʣʷʭ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ. 

ʍʘʨʘʢʪʝʨ ʣʦʢʘʣʠʟʘʮʠʠ ʩʫʣʴʬʠʜʳʭ ʤʠʥʝʨʘʣʦʚ ʩʨʝʜʠ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ 

ʧʦʢʘʟʘʥ ʥʘ ʧʨʠʚʦʜʠʤʦʤ ʥʠʞʝ ʨʠʩʫʥʢʝ. 

 

ʈʠʩ. ʆʙʠʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ  

ʩʫʣʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʜʦʣʴ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ 

ʧʨʦʭʦʜʷʱʝʡ ʤʝʞʜʫ ʜʠʘʙʘʟʦʤ   ʠ 

ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ. ʆʥʠ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʠʡ ʠ 

ʛʥʝʟʜ ʧʨʫʨʦʯʝʥʳ ʢ ʦʢʚʘʨʮʦʚʘʥʥʦʤʫ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟʫ. ʅʘ ʢʦʥʪʘʢʪʝ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ  ʩ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʤ ʨʘʟʚʠʪʳ ʛʠʜʨʦʦʢʠʩʣʳ 

ʞʝʣʝʟʘ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠ ʤʘʨʛʘʥʮʘ ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ. 
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ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ 

ʜʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʨʘʤʫ ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʩʠʣʣʦʚ ʠ ʜʘʝʢ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟʦʚ ʩʳʛʨʘʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʥʪʨʫʟʠʚʘ ʥʘ 

ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʦ (W)-ʨʝʜʢʦʟʝʤʝʣʴʥʦʝ (Yb) ʦʨʫʜʝʥʝʥʠʝ. ʇʨʦʮʝʩʩʳ ʨʝʛʦʥʘʣʴʥʦʛʦ, 

ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ  ʩ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʫʩʣʦʚʠʷʤʠ ʩʪʘʥʦʚʣʝʥʠʷ ʂʦʰʨʘʙʘʪʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʰʠʨʦʢʦʤʫ ʧʨʦʷʚʣʝʥʠʶ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʧʦʨʦʜ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʦʨʦʜ ʧʝʨʝʰʣʠ ʚ ʤʦʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ  ʠ ʤʠʛʨʠʨʦʚʘʚ ʚ ʨʫʜʦʣʦʢʘʣʠʟʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʦʪʣʦʞʪʣʠ ʪʘʤ ʩʚʦʡ ʧʦʣʝʟʥʳʡ ʛʨʫʟ ʚ 

ʚʠʜʝ ʨʫʜʥʳʭ ʪʝʣ ʠ ʟʦʥ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  
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ʃʆʂɸʃʀɿɸʎʀʗ ɹʃɸɻʆʈʆɼʅʆʄɽʊɸʃʃʔʅʆʁ ʄʀʅɽʈɸʃʀɿɸʎʀʀ  

ɺ ɺɽʈʍʅɽʄ ʇʈʀʂʆʃʓʄʔɽ 

 

ɽ.ɺ.ʅʠʛʘʡ 

 

ʀʥʩʪʠʪʫʪ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ, ʛ. ʍʘʙʘʨʦʚʩʢ   

 

ɺʝʨʭʥʝʝ ʇʨʠʢʦʣʳʤʴʝ ʦʭʚʘʪʳʚʘʝʪ ʢʨʫʧʥʫʶ ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʨ. 

ʂʦʣʳʤʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʦʥʫ ʩʦʯʣʝʥʝʥʠʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʣʦʢʘ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʩ ʇʨʠʦʭʦʪʩʢʠʤ ʩʝʢʪʦʨʦʤ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʧʣʫʪʦʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ʎʝʣɹ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʚʳʷʩʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ 

ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. 

ɺ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʝʛʠʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʦʯʣʝʥʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ 

ʤʝʟʦʟʦʡʩʢʠʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʜʚʠʞʥʳʭ ʧʦʷʩʦʚ ï ʢʨʫʧʥʦʛʦ ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʠ ʛʠʛʘʥʪʩʢʦʛʦ 

ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ. ʇʝʨʚʳʡ ʧʦʷʩ ʨʘʟʚʠʚʘʣʩʷ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʛʦ 

ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ, ʚʪʦʨʦʡ ï ʧʦ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ.  

ɺʝʨʭʥʝʝ ʇʨʠʢʦʣʳʤʴʝ ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ. ʅʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʯʘʩʪʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ 3-4 ʙʘʣʣʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʨʝʜʢʠʝ ʚ 5-6 ʙʘʣʣʦʚ ʠ ʚʳʰʝ. 

ʆʥ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʠʤʝʶʱʝʡ 

ʤʦʱʥʦʩʪʴ ʜʦ 250-500 ʤ [1].  

ʂ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʪʝʤʝ çʉʦʟʜʘʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʦʩʥʦʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚ ʧʦʣʦʩʝ ʦʧʦʨʥʦʛʦ ʧʨʦʬʠʣʷ 3-ɼɺè, ʚ ʪʦʤ 

ʯʠʩʣʝ çʊʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʦʣʦʩʳ ʧʨʦʬʠʣʷ 3-ɼɺ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʳʡ ʫʯʘʩʪʦʢ)è ʤʘʩʰʪʘʙʘ 1:1000000. ɺ ʩʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʦʡ ʢʘʨʪʳ ʘʚʪʦʨ ʧʨʠʥʷʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ. ʂ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:1 ʤʣʥ. (ʣʠʩʪʳ ʈ-54, ʈ-55 ʠ ʈ-56), ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʢʘʨʪʳ 

ʤʘʩʰʪʘʙʦʚ 1:2,5 ʤʣʥ. ʠ 1:5 ʤʣʥ., ʢʦʩʤʦʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Gugl maps ʠ ʨʷʜ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʝ, ʪʝʢʪʦʥʠʢʝ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ.  

ʄʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʠʩʴ: ʘ) ʦʙʦʙʱʝʥʠʝ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʩʭʝʤ, ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʝʢʪʦʥʠʢʠ, ʤʘʛʤʘʪʠʟʤʘ ʠ 

ʤʝʪʘʣʣʦʛʝʥʠʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʙ) ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʟʦʨʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʦʨʦʛʝʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʧʨʦʩʪʠʨʘʶʱʝʡʩʷ ʦʪ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʜʦ ʧʦʙʝʨʝʞʴʷ ʆʭʦʪʩʢʦʛʦ 

ʤʦʨʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʜʚʫʭ ʢʘʡʥʦʟʦʡʩʢʠʭ ʩʚʦʜʦʚʦ-

ʛʣʳʙʦʚʳʭ ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨ (ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʛʣʳʙ) - ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʡ ʠ ʖʢʘʛʠʨʦ-

ʂʦʣʳʤʩʢʦʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʝʛʠʦʥ ʩ ʝʛʦ ʛʣʘʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʂʦʣʳʤʦ-

ʆʤʫʣʝʚʩʢʠʤ ʧʦʜʥʷʪʠʝʤ, ʋʷʥʜʠʥʦ-ʗʩʘʯʥʝʥʩʢʠʤ ʧʦʷʩʦʤ, ʀʥʴʷʣʠ-ɼʝʙʠʥʩʢʠʤ ʠ ʉʫʛʦʡʩʢʠʤ 

ʩʠʥʢʣʠʥʦʨʠʝʤ, ɸʷʥ-ʖʨʷʭʩʢʠʤ ʠ ɹʘʣʳʛʳʯʘʥʩʢʠʤ ʘʥʪʠʢʣʠʥʦʨʠʝʤ ʠ ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʠʤ 

ʨʠʬʪʦʛʝʥʥʳʤ ʧʨʦʛʠʙʦʤ) ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ɺʝʨʭʥʝʢʦʣʳʤʩʢʫʶ ʛʣʳʙʫ. ɻʨʘʥʠʮʳ 

ʜʚʫʭ ʛʣʳʙ - ʖʢʘʛʠʨʦ-ʂʦʣʳʤʩʢʦʡ ʠ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʝʝ ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʡ - ʚʳʜʝʣʝʥʳ 

ʧʦ ʜʘʥʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʤʘʩʰʪʘʙʦʚ 1:2,5 ʤʣʥ. ʠ 1:5 ʤʣʥ., ʘ ʪʘʢʞʝ 

ʢʦʩʤʦʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Gugl maps ʠ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦʟʨʘʩʪ ʠʭ ʟʘʣʦʞʝʥʠʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʘʣʝʦʮʝʥ-ʵʦʮʝʥʦʚʳʡ - ʦʣʠʛʦʮʝʥʦʚʳʡ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʩʚʦʜʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʝʛʦ ʧʣʶʤʦʚʦʡ 

ʧʨʠʨʦʜʦʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ, ʚ ʧʝʨʠʦʜ 

ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʛʣʳʙ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʦʨʦʰʘʷ ʢʘʡʥʦʪʠʧʥʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʠʤ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʚʳʰʝʥʥʘʷ 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʨʝʛʠʦʥʘ. ɺʝʨʭʥʝʢʦʣʳʤʩʢʘʷ ʛʣʳʙʘ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʝʝ ʩʦʩʪʘʚ 

ʚʭʦʜʷʪ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ.  
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ʈʠʩ. 1. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʟʤʝʱʝʥʠʝ ʚ ʝʝ ʩʦʩʪʘʚʝ 

ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʡ ʠ ʖʢʘʛʠʨʦ-ʂʦʣʳʤʩʢʦʡ ʢʘʡʥʦʟʦʡʩʢʠʭ ʩʚʦʜʦʚʦ-ʛʣʳʙʦʚʳʭ ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨ. ʉʦʩʪʘʚʣʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʭʝʤ ʅ.ʇ. ɸʥʠʢʝʝʚʘ ʠ ʜʨ. [9], ʃ.ʀ. ʂʨʘʩʥʦʛʦ [9], ʅ.ʇ. ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ [3], ʜʘʥʥʳʭ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ, ʢʦʩʤʦʩʥʠʤʢʦʚ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ [13, 14]. ʅʘ ʚʨʝʟʢʝ - ʨʘʡʦʥ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 1 - ʚʳʩʪʫʧʳ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʬʫʥʜʘʤʝʥʪʘ; 2 - ʘʥʪʠʢʣʠʥʦʨʠʠ, ʩʣʦʞʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʥʥʝ- ʠ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʨʦʜ: ʇʣ ï ʇʦʣʦʫʩʥʳʡ, ʊʍ ï ʊʘʩ-ʍʘʷʭʪʘʭʩʢʠʡ, ʇʨ 

ï ʇʨʠʢʦʣʳʤʩʢʠʡ, ʆʤ ï ʆʤʦʣʦʥʩʢʠʡ, ʆʭ ï ʆʭʦʪʩʢʠʡ, ʊʛ ï ʊʘʡʛʦʥʦʩʩʢʠʡ, ʂʆʇ ï ʂʦʣʳʤʦ-ʆʤʫʣʝʚʩʢʦʝ ʧʦʜʥʷʪʠʝ; 3 - 

ʘʥʪʠʢʣʠʥʦʨʠʠ, ʩʣʦʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʤʩʢʦ-ʪʨʠʘʩʦʚʦ-ʶʨʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʨʦʜ: ɸʖ ï ɸʷʥ-

ʖʨʷʭʩʢʠʡ, ɹʇ ï ɹʘʣʳʛʳʯʘʥʩʢʠʡ; 4 - ʗʥʦ-ʀʥʜʠʛʠʨʩʢʠʡ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʡ (ʗʀʄʉ), ʩʣʦʞʝʥʥʳʡ ʢʘʨʙʦʥ-ʧʝʨʤʩʢʦ-

ʪʨʠʘʩʦʚʳʤ ʚʝʨʭʦʷʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ; 5 - ʀʥʜʠʛʠʨʩʢʦʝ (ʀʥ) ʠ ɸʣʘʟʝʡʩʢʦʝ (ɸʣ) ʧʦʜʥʷʪʠʷ, ʩʣʦʞʝʥʥʳʝ ʤʝʟʦʟʦʡʩʢʠʤ ʠ 

ʯʘʩʪʠʯʥʦ ʧʘʣʝʦʟʦʡʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ; 6 - ʘʥʪʠʢʣʠʥʦʨʠʠ, ʩʣʦʞʝʥʥʳʝ ʤʝʟʦʟʦʡʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʨʦʜ: ʊʫ ï 

ʊʫʦʩʪʘʭʩʢʠʡ, ɸʥ ï ɸʥʶʡʩʢʠʡ; 7 - ʤʝʟʦʟʦʡʩʢʠʝ ʧʨʦʛʠʙʳ: ʆʣʜ ï ʆʣʴʜʞʦʡʩʢʠʡ, ʈʯ - ʈʘʫʯʘʥʩʢʠʡ, ʖɸ ï ʖʞʥʦ-

ɸʥʶʡʩʢʠʡ, ʇʨʤ ï ʇʨʠʦʤʦʣʦʥʩʢʠʡ, ʋʄ ï ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʠʡ; 8 - ʩʠʥʢʣʠʥʦʨʠʠ, ʩʣʦʞʝʥʥʳʝ ʪʨʠʘʩʦʚʦ-ʶʨʩʢʠʤʠ 

ʪʝʨʨʠʛʝʥʥʦ-ʬʣʠʰʦʠʜʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ: ʆʣ ï ʆʣʦʡʩʢʠʡ, ʀɼʉ ï ʀʥʴʷʣʠ-ɼʝʙʠʥʩʢʠʡ, ʄɿʉ ï ʄʦʤʦ-ɿʳʨʷʥʩʢʠʡ, ʇʉ 

ï ʇʦʣʦʫʩʥʳʡ, ɹʉ ï ɹʝʨʝʟʦʚʩʢʠʡ, ʉʉ ï ʉʫʛʦʡʩʢʠʡ; 9 - ʤʦʣʘʩʩʳ ʶʨʩʢʠʝ (ʘ) ʠ ʤʝʣʦʚʳʝ (ʙ), ʚʳʧʦʣʥʷʶʱʠʝ ʛʨʘʙʝʥʳ ʠ 

ʨʠʬʪʦʛʝʥʥʳʝ ʧʨʦʛʠʙʳ: ʋʗ ï ʋʷʥʜʠʥʦ-ʗʩʘʯʥʝʥʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ɹʉ - ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʦʛʦ 

ʨʠʬʪʦʛʝʥʥʦʛʦ ʧʨʦʛʠʙʘ; 10 ï ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʡ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʦʷʩ (ʆʏɺʇ); 11-12 ï 

ʢʘʡʥʦʟʦʡʩʢʠʝ ʩʪʨʫʢʪʫʨʳ: 11 - ʀʥʜʠʛʠʨʦ-ʂʦʣʳʤʩʢʘʷ ʚʧʘʜʠʥʘ (ʀʂɺ); 12 - ʂʦʨʷʢʩʢʦ-ʂʘʤʯʘʪʩʢʘʷ ʩʢʣʘʜʯʘʪʦ-ʛʣʳʙʦʚʘʷ 

ʦʙʣʘʩʪʴ (ʂʂʉʆ); 13 - ʛʨʘʥʠʮʳ: ʘ ï ʢʘʡʥʦʟʦʡʩʢʠʭ ʩʚʦʜʦʚʦ-ʛʣʳʙʦʚʳʭ ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨ: I ï ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʡ, II  ï 

ʖʢʘʛʠʨʦ-ʂʦʣʳʤʩʢʦʡ; ʙ - ʆʭʦʪʩʢʦʛʦ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

 

ʈʘʟʤʝʱʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʀʥʴʷʣʠ-

ɼʝʙʠʥʩʢʦʛʦ ʠ ʉʫʛʦʡʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʝʚ, ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʦʛʦ ʨʠʬʪʦʛʝʥʥʦʛʦ ʥʘʣʦʞʝʥʥʦʛʦ 

ʧʨʦʛʠʙʘ, ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ ʠ ɹʘʣʳʛʳʯʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ.  

ʀʥʴʷʣʠ-ɼʝʙʠʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ (ʀɼʉ), ʩʣʦʞʝʥʥʳʡ ʤʦʱʥʳʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʬʣʠʰʦʠʜʥʳʤʠ 

ʪʦʣʱʘʤʠ, ʧʨʦʨʚʘʥʥʳʤʠ ʶʨʩʢʦ-ʤʝʣʦʚʳʤʠ ʠ ʤʝʣʦʚʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʅʘ ʝʛʦ ʧʣʦʱʘʜʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ 30 ʟʦʣʦʪʦʢʚʘʨʮʝʚʳʭ ʞʠʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʶʨʩʢʦ-ʤʝʣʦʚʳʤ, 

ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʤʝʣʦʚʳʤ ʵʪʘʧʘʤʠ ʘʢʪʠʚʠʟʘʮʠʠ ʨʝʛʠʦʥʘ [2, 3], ʠ ʩʚʳʰʝ 200 ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ.  

ɺ ʉʫʛʦʡʩʢʦʤ ʩʠʥʢʣʠʥʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʀɼʉ, ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɻʨʦʤʘʜʘ ʧʨʠʫʨʦʯʝʥʦ ʢ ʤʘʣʦʡ ʠʥʪʨʫʟʠʠ ʨʘʥʥʝ-ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʘ 
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ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʏʝʧʘʢ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʨʦʛʦʚʠʢʘʭ, ʧʨʦʨʚʘʥʥʳʭ ʜʘʡʢʘʤʠ 

ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ [3]. 

ɺ ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʦʤ ʥʘʣʦʞʝʥʥʦʤ ʧʨʦʛʠʙʝ, ʠʩʧʳʪʘʚʰʝʤ ʜʚʝ ʩʪʘʜʠʠ ʦʢʨʘʠʥʥʦ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʧʣʫʪʦʥʦʛʝʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (ʚ ʢʦʥʮʝ 

ʨʘʥʥʝʛʦ ʤʝʣʘ ʠ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ), ʚ ʢʦʥʮʝ ʨʘʥʥʝʛʦ ʤʝʣʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʫʢʘʪ (ʫʥʠʢʘʣʴʥʦʝ), ʃʫʥʥʦʝ, ɸʨʳʣʘʭʩʢʦʝ, ʘ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ - 

ʩʝʨʝʙʨʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʄʝʯʪʘ, ʊʠʜʠʜ, ɻʦʣʴʮʦʚʦʝ, ʊʵʫʪʵʨʵʥʜʞʝʢʩʢʦʝ ʠ ʅʘʧʦʨʠʩʪʦʝ (ʨʠʩ. 2).  

ʄʘʣʪʘʥʦ-ʆʣʴʩʢʠʡ ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʡ ʧʨʦʛʠʙ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ 

ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʚʤʝʱʘʝʪ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʛʘʪʦʚʩʢʦʝ ʠ ʂʘʨʘʤʢʝʥ, 

ʩʝʨʝʙʨʦʨʫʜʥʝr ï ʋɦ ʝʣʴʥʦʝ, ʋʪʝʩʥʦʝ ʠ ʌʠʥʠʰ. ɺʘʞʥʫʶ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ 

ʣʦʢʘʣʠʟʘʮʠʠ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩʳʛʨʘʣʠ ʠ ʜʨʫʛʠʝ ʤʝʣʦʚʳʝ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ 

- ʀʚʘʥʴʠʥʩʢʠʡ, ʅʷʚʣʝʥʛʠʥʩʢʠʡ ʧʨʦʛʠʙʳ, ʚ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ ɼʞʫʣʴʝʪʪʘ ʠ ʅʷʚʣʝʥʛʘ.  

ʂʨʫʧʥʝʡʰʝʝ ʚ ʨʝʛʠʦʥʝ ʅʘʪʘʣʢʠʥʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʟʤʝʱʘʶʱʝʝʩʷ ʚ 

ʊʝʥʴʢʠʥʩʢʦʡ ʟʦʥʝ ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ, ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʝʨʤʩʢʠʭ 

ʫʛʣʝʨʦʜʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ - ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʘʨʛʠʣʣʠʪʘʭ, ʧʨʦʨʚʘʥʥʳʭ ʜʘʡʢʘʤʠ 

ʘʣʴʙʠʪʦʬʠʨʦʚ ʠ ʣʘʤʧʨʦʬʠʨʦʚ, ʘ ʩʘʤʠ ʨʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʶʨʩʢʦ-ʤʝʣʦʚʳʤʠ ʢʚʘʨʮʝʚʳʤʠ 

ʞʠʣʘʤʠ, ʣʠʥʟʘʤʠ ʠ ʧʨʦʞʠʣʢʘʤʠ ʩʨʝʜʠ ʧʨʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜ [1]. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʐʢʦʣʴʥʦʝ 

(ʊʝʥʴʢʠʥʩʢʘʷ ʟʦʥʘ) ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʦʟʜʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʤʫ ʰʪʦʢʫ ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚ 

[2] ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʉʨʝʜʥʝʢʘʥʩʢʦʝ (ɹʘʣʳʛʳʯʘʥʩʢʦʝ ʧʦʜʥʷʪʠʝ) ʠ ʐʪʫʨʤʦʚʩʢʦʝ (ʀʥʴʷʣʠ-

ɼʝʙʠʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ) ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʜʘʡʢʘʤʠ, ʧʦ ʜʘʥʥʳʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ [2, 3].  

ʄʥʦʛʠʝ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʨʘʟʤʝʱʘʶʪʩʷ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ 

ʠʣʠ ʚ ʟʦʥʝ ʠʭ ʚʣʠʷʥʠʷ [4]. ʂ ʧʨʠʤʝʨʫ, ʥʝʙʦʣʴʰʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʆʡʨʠʥʩʢʦʝ ʠ 

ʢʨʫʧʥʦʝ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʂʘʨʘʤʢʝʥʩʢʦʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚʙʣʠʟʠ ʄʘʛʘʜʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. 

ʉʝʨʝʙʨʦ-ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʧʦʨʠʩʪʦʝ, ɻʦʣʴʮʦʚʦʝ, ʄʝʯʪʘ, ʊʠʜʠʜ ʠ ɼʫʢʘʪ 

ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʂʵʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʧʦʩʝʨʝʜʠʥʝ ʶʞʥʦʡ ʯʘʩʪʠ 

ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʦʛʦ ʥʘʣʦʞʝʥʥʦʛʦ ʧʨʦʛʠʙʘ. ʅʝʙʦʣʴʰʠʝ ʩʝʨʝʙʨʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʋʪʝʩʥʦʝ, ʌʠʥʠʰ ʠ ʋʱʝʣʴʥʦʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʶʞʥʦʤʫ ʦʢʦʥʯʘʥʠʶ ʊʝʥʴʢʠʥʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ 

ʨʘʟʣʦʤʘ, ʘ ʟʦʣʦʪʦʨʫʜʥʳʝ ʂʦʥʪʨʘʥʜʠʥʩʢʦʝ ʠ ʏʘʡ-ʖʨʶʠʥʩʢʦʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚʙʣʠʟʠ ʏʘʡ-

ʖʨʴʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʂ ʋʩʪʴ-ʆʤʯʫʛʩʢʦʤʫ ʨʘʟʣʦʤʫ [4] ʧʨʠʫʨʦʯʝʥʳ ʥʝʙʦʣʴʰʠʝ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʨʛʘʛʳʣʢʘʥʩʢʦʝ, ʉʝʥʦʥ ʠ ʤʘʣʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ɺʠʣʢʘ. ʂ 

ʄʳʣʛʠʥʩʢʦʤʫ ʨʘʟʣʦʤʫ [4] ʧʨʠʫʨʦʯʝʥʳ ʐʪʫʨʤʦʚʩʢʦʝ, ʊʫʤʘʥʠʥʩʢʦʝ ʠ ʋʪʠʥʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʩʪʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʣʦʱʘʜʠ: ʘ) ʫʯʘʩʪʢʠ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʊʝʥʴʢʠʥʩʢʦʤʫ, ʋʩʪʴ-ʆʤʯʫʛʩʢʦʤʫ, ʄʘʛʘʜʘʥʩʢʦʤʫ ʠ 

ɸʨʙʫʪʣʠʥʩʢʦʤʫ ʨʘʟʣʦʤʘʤ; ʙ) ʫʯʘʩʪʢʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʤʝʩʪʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ (ʋʣʘʭʘʥʩʢʦʛʦ ʠ ʋʤʘʨʩʢʦʛʦ ʩ ʇʨʘʚʦʦʨʦʪʫʢʘʥʩʢʠʤ ʠ 

ɸʨʙʫʪʣʠʥʩʢʠʤ ʠ ʜʨ.); ʚ) ʧʦʣʷ ʜʘʝʢ, ʰʪʦʢʦʚ ʠ ʩʠʣʣʦʚ ʚʜʦʣʴ ʟʦʥʳ ʇʨʘʚʦʦʨʦʪʫʢʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ.  
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ʈʠʩ. 2. ʉʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʡ ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʤʫ ʦʨʫʜʝʥʝʥʠʶ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʛʦʩ. ʛʝʦʣ. ʢʘʨʪ ʤ-ʙʘ 1:1 ʤʣʥ. ʥʦʚʦʡ 

ʩʝʨʠʠ [1, 2]. 1 - ʢʘʡʥʦʟʦʡʩʢʠʝ ʚʧʘʜʠʥʳ, 2 - ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʧʦʷʩʘ 

(ʆʏɺʇ), ʂʝʪʘʥʜʷ-ʂʫʡʜʫʩʫʥʩʢʦʛʦ ʧʨʦʛʠʙʘ (ʂʂʇ), ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʦʛʦ ʧʨʦʛʠʙʘ (ɹʉʇ); 3 - ʨʘʥʥʝʤʝʣʦʚʘʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʤʦʣʘʩʩʘ ʧʨʠʨʘʟʣʦʤʥʦʡ ʫʛʣʝʥʦʩʥʦʡ ʚʧʘʜʠʥʳ; 4 - ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ: 

ʨʘʥʥʝʤʝʣʦʚʦʡ ʢʦʤʧʣʝʢʩ ɹʘʣʳʛʳʯʘʥʦ-ʉʫʛʦʡʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ ʶʨʩʢʦ-ʤʝʣʦʚʦʡ ʢʦʤʧʣʝʢʩ ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʦʛʦ 

ʧʨʦʛʠʙʘ (ʋʄʇ); 5 - ʩʨʝʜʥʝ-ʧʦʟʜʥʝʶʨʩʢʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ ʋʷʥʜʠʥʦ-ʗʩʘʯʥʝʥʩʢʦʛʦ (ʋʗ) 

ʧʦʷʩʘ; 6 - ʬʣʠʰʦʠʜʥʦ-ʤʦʣʘʩʩʦʠʜʥʳʝ ʬʦʨʤʘʮʠʠ ʪʨʠʘʩʘ ʠ ʶʨʳ: ʀʥʴʷʣʠ-ɼʝʙʠʥʩʢʦʛʦ (ʀɼʉ) ʠ ʉʫʛʦʡʩʢʦʛʦ (ʉʉ) 

ʩʠʥʢʣʠʥʦʨʠʝʚ, ʗʥʦ-ʀʥʜʠʛʠʨʩʢʦʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ (ʗʀʄʉ), ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ (ɸʖɸ); 7 - ʛʣʠʥʠʩʪʦ-

ʢʨʝʤʥʠʩʪʳʝ ʪʫʨʙʠʜʠʪʦʚʳʝ ʠ ʬʣʠʰʝʚʳʝ ʬʦʨʤʘʮʠʠ ʪʨʠʘʩʘ ʠ ʶʨʳ ʗʥʦ-ʀʥʜʠʛʠʨʩʢʦʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ ʠ ʆʭʦʪʩʢʦʛʦ 

ʤʘʩʩʠʚʘ (ʆʄ); 8 - ʧʝʨʤʩʢʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʬʦʨʤʘʮʠʠ ɸʖɸ ʠ ɹʘʣʳʛʳʯʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ɹʇ); 9 - ʨʘʥʥʝ-

ʩʨʝʜʥʝʧʝʨʤʩʢʠʝ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʪʫʬʦʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ ʗʀʄʉ ʠ ʆʄ; 10 - ʦʨʜʦʚʠʢ-ʩʠʣʫʨ-ʜʝʚʦʥʩʢʠʝ 

ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ ʂʦʣʳʤʦ-ʆʤʫʣʝʚʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ʂʆʇ). 11 - ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʧʨʦʪʝʨʦʟʦʷ (ʢʨʠʩʪʘʣʣʦʧʝʩʯʘʥʠʢʠ, ʬʠʣʣʠʪʦʚʳʝ ʠ ʛʨʘʬʠʪ-ʭʣʦʨʠʪʦʚʳʝ ʩʣʘʥʮʳ); 12 - ʚʩrʪʫʧʳ ʧʦʨʦʜ ʘʨʭʝʷ; 13 - 

ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ ʢʠʩʣʦʛʦ (ʘ) ʠ ʩʨʝʜʥʝʛʦ (ʙ) ʩʦʩʪʘʚʦʚ. 14 - ʶʨʩʢʦ-ʤʝʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ; 15 - 

ʨʘʟʣʦʤʳ: ʘ ï ʦʩʥʦʚʥʳʝ ʤʘʛʤʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ, ʙ ï ʧʨʦʯʠʝ, ʚ ï ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʟʣʦʤʦʚ, ʛ ï ʧʦʜ ʨʳʭʣʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ; 16 ï ʥʘʜʚʠʛʠ (ʘ), ʩʢʨʳʪʳʝ ʨʘʟʣʦʤʳ (ʙ); 17 - ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʘ ï ʟʦʣʦʪʦʨʫʜʥʳʝ, ʙ ï ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʳʝ, ʚ ï ʩʝʨʝʙʨʦʨʫʜʥʳʝ; 18 - ʟʦʣʦʪʦʨʦʩʩʳʧʥʳʝ ʫʟʣʳ ʠ ʨʘʡʦʥʳ; 19 ï ʟʘʧʘʜʥʳʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʬʨʘʛʤʝʥʪʳ 

ʛʨʘʥʠʮ ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʡ ʛʝʦʤʦʨʬʦʩʪʨʫʢʪʫʨʳ. ʈʘʟʣʦʤʳ: ʊ ï ʊʝʥʴʢʠʥʩʢʠʡ, ʏʖ ï ʏʘʡ-ʖʨʴʠʥʩʢʠʡ, ʋʤ ï ʋʤʘʨʩʢʠʡ, 

ʋʣ ï ʋʣʘʭʘʥʩʢʠʡ, ʇʆ ï ʇʨʘʚʦʦʨʦʪʫʢʘʥʩʢʠʡ, ɸʊ ï ɸʨʛʘ-ʊʘʩʩʢʠʡ, ɸʨ ï ɸʨʙʫʪʣʠʥʩʢʠʡ, ʄʛ ï ʄʘʛʘʜʘʥʩʢʠʡ; ɺ ï 

ɺʝʪʨʦʚʩʢʦʡ, ʂʨ ï ʂʳʨʯʘʥʩʢʠʡ, ʂʥ ï ʂʵʥʩʢʠʡ, ʄʣ ï ʄʳʣʛʠʥʩʢʠʡ, ʋʆ ï ʋʩʪʴ-ʆʤʯʫʛʩʢʠʡ; ɼ ï ʥʘʜʚʠʛ ɼʦʣʠʥʥʳʡ, 

ʄɹ ï ʄʘʷʢʩʢʦ-ɹʫʣʫʨʩʢʠʡ.  
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ʅʆɺʓɽ ʈʋɼʆʇʈʆʗɺʃɽʅʀʗ ɿʆʃʆʊɸ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ 

ʏɸɻʆʗʅʉʂʆɻʆ ɿʆʃʆʊʆ-ʈʆʉʉʓʇʅʆɻʆ ʋɿʃɸ 

 

ʅ.ʉ. ʆʩʪʘʧʝʥʢʦ, ʆ.ʅ. ʅʝʨʦʜʘ, ʉ.ʀ. ɹʦʨʦʜʘʚʢʠʥ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ʊʝʨʨʠʪʦʨʠʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʘʛʦʷʥʩʢʦʛʦ (ʩʠʥʦʥʠʤ ʉʠʚʘʛʣʠʥʩʢʦʛʦ) ʟʦʣʦʪʦ-ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ 

(ʨʠʩ. 1) ʟʘʥʠʤʘʝʪ ʙʘʩʩʝʡʥ ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ ʨ. ɿʝʷ ʚ ʤʝʞʜʫʨʝʯʴʠ ʄʘʣʦʛʦ ʠ ɹʦʣʴʰʦʛʦ ʏʫʢʘʥʦʚ.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʈʘʟʤʝʱʝʥʠʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʏʘʛʦʷʥʩʢʦʛʦ 

ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ 

1 ï ʜʘʡʢʠ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ (ʘ) ʠ ʰʪʦʢ ʜʠʦʨʠʪʦʚ (ʙ) ʙʫʨʠʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂ1; 2 ï ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ 

ʛʨʘʥʠʪʳ ʚʝʨʭʥʝ-ʘʤʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂ1; 3 ï ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʦʨʩʢʦʡ ʩʝʨʠʠ (ʩʠʣʫʨ); 4 ï ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʯʘʛʦʷʥʩʢʦʡ ʩʚʠʪʳ (ʚʝʥʜ-ʥʠʞʥʠʡ ʢʝʤʙʨʠʡ); 5 ï ʢʦʥʪʫʨ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʢʘʨʴʝʨʘ; 6 ï 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ (ʘ) ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ (ʙ) ʛʨʘʥʠʮʳ; 7 ï ʟʦʣʦʪʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ (ʘ) ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ (ʙ). 

ʈʫʜʦʧʨʦʷʘʣʝʥʠʷ: 1 ï ʄʘʣʦ-ʏʫʢʘʥʩʢʦʝ; 2 ï ɿʝʣʝʥʦʚʩʢʦʝ; 3 ï ʂʘʨʴʝʨʥʦʝ. 

       ʅʘʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʠʨʘʥʠʡ ʟʦʥ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ 
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ʆʥʘ ʩʣʦʞʝʥʘ ʦʪʣʦʞʝʥʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʚʝʥʜ-ʢʝʤʙʨʠʷ (ʯʘʛʦʷʥʩʢʘʷ ʩʚʠʪʘ), 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʠʣʫʨʘ (ʥʦʨʩʢʘʷ ʩʝʨʠʷ) ʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʚʝʨʭʥʝʝ-ʘʤʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʨʘʥʥʝʛʦ ʤʝʣʘ. ʕʪʠ ʧʦʨʦʜʳ ʤʝʩʪʘʤʠ ʧʨʦʨʚʘʥʳ ʰʪʦʢʘʤʠ ʠ ʜʘʡʢʘʤʠ ʜʠʦʨʠʪʦʚ, ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ ʙʫʨʠʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʦʣʴʰʘʷ ʟʘʜʝʨʥʦʚʘʥʥʦʩʪʴ ʠ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʜʝʪʘʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʠ ʚʳʷʚʣʝʥʠʝ ʢʦʨʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʨʦʩʩʳʧʝʡ, ʬʘʢʪʠʯʝʩʢʠ, ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʦʜʥʦ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʦʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʟʦʣʦʪʘ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʄʘʣʳʡ ʏʫʢʘʥ ʠ ʨʷʜ ʨʫʜʥʳʭ ʪʦʯʝʢ. ʅʘʤʠ ʥʘ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚʳʷʚʣʝʥʦ ʜʚʘ ʥʦʚʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ï ɿʝʣʝʥʦʚʩʢʦʝ ʚ ʚʝʨʰʠʥʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʫʯʴʷ 

ʠ ʂʘʨʴʝʨʥʦʝ ï ʫ ʧʦʩ. ʏʘʛʦʷʥ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

1. ʄʘʣʦ-ʏʫʢʘʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ 

ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʫʯʴʷ. ɺʳʷʚʣʝʥʦ ʦʥʦ ʚ ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ (ɺ.ɸ. ʄʠʣʦʚʩʢʘʷ, 1960 ʛ). 

ʇʦʟʜʥʝʝ (ʚ 1984 ʛʦʜʫ) ʶʛʦ-ʟʘʧʘʜʥʘʷ ʝʛʦ ʯʘʩʪʴ ʚʩʢʨʳʪʘ ʢʘʥʘʚʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʥʦ ʢʚʘʨʮʝʚʳʤʠ 

ʞʠʣʘʤʠ ʠ ʟʦʥʘʤʠ ʙʨʝʢʯʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 13 ʪʝʣ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʧʨʦʞʠʣʢʦʚʳʤʠ ʟʦʥʘʤʠ ʩʨʝʜʠ 

ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʜʘʝʢ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ 

ʧʝʩʯʘʥʠʢʦʚ ʩʠʣʫʨʘ. ʄʦʱʥʦʩʪʴ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʟʦʥ ʦʢʚʘʨʮʝʚʘʥʠʷ ʦʪ 0,2 ʜʦ 4,0 ʤ. ʇʨʦʩʪʠʨʘʥʠʝ 

ʠʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ. ʊʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʞʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ 

ʞʠʣʴʥʳʭ ʪʝʣʘʭ ʠ ʧʨʦʞʠʣʢʦʚʳʭ ʟʦʥʘʭ ʦʙʳʯʥʳ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ 0,1-1,3, ʨʝʜʢʦ 7,6 ʛ/ʪ, ʘ ʚ ʨʷʜʝ 

ʧʨʦʙ ʜʦʩʪʠʛʘʶʪ 25,6 ʛ/ʪ (ɸ.ɺ. ʃʦʞʥʠʢʦʚ ʠ ʜʨ, 1985 ʛ.), ʘ ʚ ʰʪʫʬʭ ʢʚʘʨʮʘ ʠʟ ʜʝʣʶʚʠʷ ʜʦ 154 ʛ/ʪ 

(ʜʘʥʥʳʝ ɸ.ɺ. ʄʠʣʦʚʩʢʦʡ). ʆʨʫʜʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ, ʩʪʨʫʢʪʫʨʥʦ ʠ, ʚʝʨʦʷʪʥʦ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ, ʩʚʷʟʘʥʦ ʩ ʙʫʨʠʥʜʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʜʠʦʨʠʪʦʚ ʠ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʝʛʦ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ʖʞʥʝʝ ʵʪʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʥʘʜ ʚʳʭʦʜʘʤʠ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʝʥʜ-ʢʝʤʙʨʠʷ, 

ʠʟʚʝʩʪʝʥ ʨʷʜ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʟʦʣʦʪʘ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Ag, As, Pb, Zn, Sb). ʆʥʠ ʚʳʷʚʣʝʥʳ ʧʨʠ ʜʝʪʘʣʴʥʦʤ (1:10000) 

ʣʠʪʦʭʠʤʠʯʝʩʢʦʤ ʦʧʦʠʩʢʦʚʘʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʨʦʩʩʳʧʝʡ. ʖʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʦʙʦʟʥʘʯʝʥʥʦʡ ʥʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʜʝʪʘʣʴʥʳʤʠ ʧʦʠʩʢʘʤʠ ʥʝ ʦʭʚʘʪʳʚʘʣʘʩʴ. 

ʇʨʦʩʪʠʨʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ.  

ʅʘʤʠ ʥʝʦʜʥʦʢʨʘʪʥʦ (ʚ 1984, 1993 ʠ 2014) ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʥʘ ʨʷʜʝ ʫʯʘʩʪʢʦʚ 

ʧʨʘʚʦʙʝʨʝʞʴʷ ʠ ʣʝʚʦʙʝʨʝʞʴʷ ʨ. ɿʝʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʵʪʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʦʣʦʪʘ ʜʣʷ ʨʦʩʩʳʧʝʡ. ʆʪʙʠʨʘʣʠʩʴ ʰʪʫʬʥʳʝ ʧʨʦʙʳ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚ 

ʤʘʨʰʨʫʪʘʭ, ʥʘ ʦʪʚʘʣʘʭ ʩʚʝʞʠʭ ʦʪʨʘʙʦʪʦʢ ʩʪʘʨʘʪʝʣʴʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʩ ʦʪʚʘʣʦʚ ʢʘʥʘʚ, ʧʨʦʡʜʝʥʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʨʘʙʦʪ ʥʘ ʦʟʥʘʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʘ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʘ. 

2. ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ɿʝʣʝʥʦʚʩʢʦʝ 
ɺ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨʫʯ. ɿʝʣʝʥʦʚʩʢʦʛʦ, ʚ 2,7 ʢʤ ʦʪ ʫʩʪʴʷ, ʧʨʠ ʚʩʢʨʳʪʠʠ ʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʦʪʨʘʙʦʪʢʝ 

ʩʪʘʨʘʪʝʣʷʤʠ ʚ 1993 ʛʦʜʫ ʚʝʨʭʥʝʛʦ ʜʦʙʳʯʥʦʛʦ ʨʘʟʨʝʟʘ, ʥʘʤʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʝʛʦ ʣʝʚʳʡ ʙʦʨʪ. ɼʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʙʳʣ ʜʦʩʪʫʧʝʥ ʨʘʟʙʦʨʥʳʡ ʵʣʶʚʠʡ. ɺ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʙʣʦʤʢʘʤʠ ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʦʚ ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʙʝʣʦʛʦ ʟʝʨʥʠʩʪʦʛʦ 

ʧʦʯʪʠ ʙʝʟ ʩʫʣʴʬʠʜʦʚ. ʕʣʶʚʠʘʣʴʥʳʝ ʨʘʟʚʘʣʳ ʢʚʘʨʮʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʧʝʨʝʯʥʦʡ ʢ ʚʦʜʦʪʦʢʫ 

ʧʦʣʦʩʝ ʥʝ ʤʝʥʝʝ 15 ʤ. ʅʘʤʠ ʦʙʩʣʝʜʦʚʘʥ ʙʦʨʪ ʙʫʜʫʱʝʛʦ ʨʘʟʨʝʟʘ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʧʨʠʤʝʨʥʦ ʥʘ 

300 ʤ. ɺʩʪʨʝʯʘʣʠʩʴ ʝʱʸ ʦʙʣʦʤʢʠ ʢʚʘʨʮʘ ʠ ʧʦʨʬʠʨʠʪʦʚ ʚ ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ. ɺ ʝʜʠʥʠʯʥʳʭ 

ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʙʳʣʦ ʟʘʤʝʨʠʪʴ ʧʨʠʤʝʨʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ: ʘʟʠʤʫʪ ʧʨʦʩʪʠʨʘʥʠʝ ~ 310Á Ž80 
ͤ͊ ̑˭Φ ͍́͊ͦͦ͟ ͙͔͔ͨͪͣͪͤͦ ͔͎͙͔͊͊ͤ͘͡ ͔͙͙ͫͪ ͙͗͡Έͤ·ͻ ͔ͭ͡ ͙ ͦͤ͘ ͤ͊ͪͯ΄͔͙ͤΎ ͫ ͔͙ͭͭͦͤ͟;͔͚ͫͦ͟ 
͎͙͚ͤͦ͡Φ ˤ ͦͭͦ͋ͪ͊ͤͤ·ʭ ʰʪʫʬʥʳʭ ʧʨʦʙʘʭ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʩʦʩʪʘʚʠʣʠ 0,5-1,8 ʛ/ʪ. ɺ ʧʨʦʙʝ, 

ʦʪʦʙʨʘʥʥʦʡ ʥʘ ʧʨʦʪʦʣʦʯʢʫ ʠʟ ʵʣʶʚʠʘʣʴʥʳʭ ʦʙʣʦʤʢʦʚ ʩ ʜʨʝʩʚʦʡ, ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 13,5 ʛ/ʪ, ʘ ʚ 

ʦʪʤʳʪʳʭ ʦʙʣʦʤʢʘʭ 1,8 ʛ/ʪ ʟʦʣʦʪʘ. 

ʊʝʩʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʩ ʜʠʦʨʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ ʥʘʧʦʤʠʥʘʝʪ ʩʠʪʫʘʮʠʶ 

ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʥʘ ʄʘʣʦʤ ʏʫʢʘʥʝ. ɾʠʣʴʥʳʝ ʪʝʣʘ ʟʘʣʝʛʘʶʪ, ʚʠʜʠʤʦ, ʚ 

ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʘʭ ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʭ, ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʠ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ. 

ʉʫʣʴʬʠʜʳ ʚ ʞʠʣʴʥʦʤ ʢʚʘʨʮʝ ʠ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʘʪʩʷ ʥʘ ʫʨʦʚʥʝ <1%, 

ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʠʨʠʪʦʤ. ʅʘʙʣʶʜʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʛʘʣʝʥʠʪʘ ʠ 
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ʭʘʣʴʢʦʧʠʨʠʪʘ. ʉʧʝʢʪʨ ʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ (30-100 ʛ/ʪ) ʤʳʰʴʷʢʘ, 

ʩʚʠʥʮʘ, ʮʠʥʢʘ.  

ɿʘʧʘʜʥʝʝ ʵʪʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ, ʚ ʩʪʘʨʘʪʝʣʴʩʢʦʤ ʨʘʟʨʝʟʝ ʚ ʥʠʟʦʚʴʝ ʨʫʯʴʷ ɻʣʫʙʦʢʦʛʦ, ʧʨʘʚʦʛʦ 

ʧʨʠʪʦʢʘ ʨ. ʖʭʪʘ (ʫ ʤʝʩʪʘ ʝʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʘʚʪʦʜʦʨʦʛʦʡ, ʥʘ ʨʠʩ. 1), ʦʙʥʘʨʫʞʝʥʦ ʤʥʦʛʦ 

ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ, ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʛʨʘʥʠʪʦʚ, ʜʠʦʨʠʪʦʚ, ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, 

ʢʚʘʨʮ-ʩʣʶʜʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʣʦʤʢʘʭ ʧʦʨʦʜ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʧʠʨʠʪʘ. ʉʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʨʷʜʝ ʰʪʫʬʥʳʭ ʧʨʦʙ 

ʚʘʨʴʠʨʫʶʪ ʦʪ 0,1 ʜʦ 0,69 ʛ/ʪ. ɺ ʜʚʫʭ ʧʨʦʙʘʭ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ (ʜʦ 15% ʧʠʨʠʪʘ) 

ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʠʣʠ 4,16 ʠ 14,81 ʛ/ʪ. 

ʅʠʞʝ ʫʩʪʴʷ ʨʫʯ. ɻʣʫʙʦʢʦʛʦ ʚ ʜʦʣʠʥʝ ʨ. ʖʭʪʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʩʪʘʨʘʪʝʣʴʩʢʘʷ ʦʪʨʘʙʦʪʢʘ ʨʦʩʩʳʧʠ 

ʨʘʟʨʝʟʦʤ ʜʦ ʫʩʪʴʷ. ɺ ʦʪʚʘʣʘʭ ʚʝʨʭʥʠʭ ʦʪʨʘʙʦʪʦʢ ʩʨʝʜʠ ʦʙʣʦʤʢʦʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʠ ʢʚʘʨʮ-

ʩʣʶʜʠʩʪʳʭ ʩʣʘʥʮʝʚ ʚʩʪʨʝʯʝʥʦ ʤʥʦʛʦ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ ʥʠʟʦʚʴʝ ʨ. ʖʭʪʘ ʠ 

ʚʝʨʭʦʚʴʝ ʨʫʯ. ɿʝʣʝʥʦʚʩʢʦʛʦ ʧʨʦʭʦʜʠʪ ʨʫʜʦʥʦʩʥʘʷ ʟʦʥʘ, ʘʩʩʦʮʠʠʨʫʶʱʘʷ ʩ ʜʘʡʢʘʤʠ ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ. ʕʪʦ ʨʫʜʥʦʝ ʧʦʣʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ. 

3. ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʂʘʨʴʝʨʥʦʝ 

ɿʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʡ ʪʠʧ ʦʨʫʜʝʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥ ʚ ʠʟʚʝʩʪʥʷʢʦʚʦʤ ʢʘʨʴʝʨʝ ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ 

ʜʦʣʠʥʳ ʨ. ɿʝʷ ʫ ʧʨʠʩʪʘʥʠ ʧʦʩ. ʏʘʛʦʷʥ. ʂʘʨʴʝʨ ʠʤʝʝʪ ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 600 

ʤ. ɺ ʩʝʚʝʨʥʦʡ ʝʛʦ ʯʘʩʪʠ ʦʙʥʘʨʫʞʝʥʳ ʟʦʥʳ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʠ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʚ 

ʧʘʯʢʘʭ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʨʘʟʤʝʱʘʶʱʠʭʩʷ ʚ ʪʦʣʱʝ 

ʙʝʣʳʭ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʅʘ ʚʝʨʭʥʠʭ ʫʩʪʫʧʘʭ ʩʫʣʴʬʠʜʳ ʦʢʠʩʣʝʥʳ, ʧʦʵʪʦʤʫ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦʣʦʩʘʤʠ ʣʠʤʦʥʠʪʠʟʘʮʠʠ. ɿʘʣʝʛʘʥʠʝ ʠʭ ʢʨʫʪʦʝ, 

ʧʨʦʩʪʠʨʘʥʠʝ ʩʝʚʨʦ-ʟʘʧʘʜʥʦʝ, ʧʘʜʝʥʠʝ ʥʘ ʶʛʦ-ʟʘʧʘʜ (70-80Á), ʤʦʱʥʦʩʪʴ ʧʝʨʝʤʝʥʥʘʷ (3-10 ʤ). 

ʊʘʢʦʚʦ ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʠ ʥʘʣʦʞʝʥʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ. ɺ ʥʝʡ, ʧʦʤʠʤʦ 

ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʦʩʪʠ, ʦʪʜʝʣʴʥʳʭ ʜʦʨʫʜʥʳʭ ʠ ʧʦʩʣʝʨʫʜʥʳʭ ʩʢʦʣʦʚʳʭ ʪʨʝʱʠʥ, ʝʩʪʴ 

ʟʦʥʢʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʤʨʘʤʦʨʦʚ, ʩ ʥʘʣʦʞʝʥʠʝʤ ʛʨʘʬʠʪʠʟʘʮʠʠ ʠ ʩʫʣʴʬʠʜʠʟʘʮʠʠ. ʆʙʱʘʷ ʰʠʨʠʥʘ 

ʟʦʥʳ ʥʘʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʦʢʦʣʦ 100 ʤ. ɸ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ ʚ ʤʦʥʦʣʠʪʥʳʭ ʙʝʣʳʭ ʠʟʚʝʩʪʥʷʢʘʭ 

ʢʘʨʴʝʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʜʢʠʝ ʨʘʟʨʦʟʥʝʥʥʳʝ ʪʨʝʱʠʥʳ ʩ ʧʠʨʠʪʦʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʟʘʣʝʛʘʥʠʷ.  

ɺ ʰʪʫʬʥʳʭ ʧʨʦʙʘʭ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʠ ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩʦʜʝʨʞʘʥʠʷ 

ʟʦʣʦʪʘ ʦʪ 0,4 ʜʦ 1,0 ʛ/ʪ ʠ ʚʳʰʝ. ɺ ʧʨʦʙʝ, ʦʪʦʙʨʘʥʥʦʡ ʥʘ ʧʨʦʪʦʣʦʯʢʫ ʚʝʩʦʤ 5 ʢʛ ʠʟ ʪʘʢʠʭ ʧʦʨʦʜ, 

ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʩʦʩʪʘʚʠʣʦ 3,53 ʛ/ʪ, ʘ ʚ ʦʪʤʳʪʦʤ ʠʟ ʥʝʝ ʰʣʠʭʝ ʦʙʥʘʨʫʞʝʥʦ 220 ʟʥʘʢʦʚ ʟʦʣʦʪʘ 

ʨʘʟʤʝʨʘʤʠ 0,15-0,05 ʤʤ ʠ ʤʝʣʴʯʝ. ɺ ʰʪʫʬʝ ʠʟ ʧʨʦʩʣʦʷ ʙʨʝʢʯʠʨʦʚʘʥʥʦʛʦ ʤʨʘʤʦʨʘ ʩ ʛʥʝʟʜʘʤʠ 

ʩʫʣʴʬʠʜʦʚ (3%) ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʩʦʩʪʘʚʠʣʦ 3,5 ʛ/ʪ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʢʦʨʝʥʥʳʝ 

ʚʳʭʦʜʳ ʧʦʨʦʜ ʧʝʨʝʢʨʳʪʳ ʛʣʳʙʦʚʳʤʠ ʦʩʳʧʷʤʠ. 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʚ ʦʙʥʘʞʝʥʥʦʡ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʩʪʝʥʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʘʷ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʟʦʥʘ ʧʦʜ ʥʘʜʚʠʛʦʤ, ʠʤʝʶʱʠʤ ʟʘʣʝʛʘʥʠʝ:, ʘʟʠʤʫʪ ʧʘʜʝʥʠʷ 230Á Ž30-рлϲΦ ˤ ͔͔ 
ʚʠʩʷʯʝʤ ʢʨʳʣʝ ʙʝʣʳʝ ʤʦʥʦʣʠʪʥʳʝ ʠʟʚʝʩʪʥʷʢʠ. ɺ ʣʝʞʘʯʝʤ ʢʨʳʣʝ ï ʧʘʯʢʘ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʩʝʨʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʢʨʫʪʦʛʦ ʟʘʣʝʛʘʥʠʷ 240Á Ž75-80Á. ʅʘ ʪʝʨʨʠʛʝʥʥʳʝ 

ʧʦʨʦʜʳ ʥʘʣʦʞʝʥʘ ʩʫʣʴʬʠʜʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʠ ʦʢʚʘʨʮʝʚʘʥʠʝ. ʄʝʩʪʘʤʠ ʧʦʨʦʜʳ ʧʨʝʚʨʘʱʝʥʳ ʚʦ 

ʚʪʦʨʠʯʥʳʝ ʢʚʘʨʮʠʪʳ ʩ ʩʫʣʴʬʠʜʘʤʠ (ʧʠʨʠʪʦʤ). ɽʜʠʥʠʯʥʳʝ ʢʦʨʦʪʢʠʝ ʞʠʣʳ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ 

ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʢʚʘʨʮʘ ʙʝʟ ʩʫʣʴʬʠʜʦʚ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 10 ʩʤ ʩʝʢʫʪ ʠʭ. ʊʘʢʦʡ ʢʚʘʨʮ ʩʣʘʙʦ 

ʟʦʣʦʪʦʥʦʩʝʥ (0,1 ʛ/ʪ).  

ɺ ʦʩʳʧʠ ʝʩʪʴ ʦʙʣʦʤʢʠ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʢʨʫʧʥʳʤʠ ʤʝʪʘʢʨʠʩʪʘʣʣʘʤʠ 

ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʢʘʡʤʣʝʥʳ ʢʚʘʨʮʝʚʦʡ ʦʪʦʨʦʯʢʦʡ. ɺ ʰʪʫʬʝ 

ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʩʦʩʪʘʚʠʣʦ 1,86 ʛ/ʪ ʅʝʩʦʤʥʝʥʥʦ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʵʪʦʡ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʧʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʟʦʥʘ, ʚʠʜʠʤʦ, ʜʦʚʦʣʴʥʦ ʤʦʱʥʘʷ. ʂʘʨʴʝʨʦʤ ʚʩʢʨʳʪʘ 

ʣʠʰʴ ʝʝ ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 30 ʤ. ɿʦʥʘ ʟʘʩʣʫʞʠʚʘʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ, 

ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ. ɺʝʨʦʷʪʥʦ, ʦʙʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʢʘʨʴʝʨʝ ʟʦʥʳ 

ʵʪʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʦʪʷʞʝʥʥʳʤʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ ʜʦʣʠʥʳ ʨʫʯ. 

ʏʫʧʫʨʛʘʣʠ, ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ ɹʦʣʴʰʦʡ ʏʫʢʘʥ. ɺ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʥʘʟʚʘʥʥʳʤ ʨʫʯʴʝʤ ʠ ʨ. 

ɿʝʷ ʥʘ ʟʘʜʝʨʥʦʚʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘʤʠ ʙʳʣ ʚʩʪʨʝʯʝʥ ʣʦʢʘʣʴʥʳʡ (5 ʭ 5 ʤ) ʫʯʘʩʪʦʢ ʩ ʦʙʣʦʤʢʘʤʠ 
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ʦʞʝʣʝʟʥʝʥʥʳʭ ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ, ʧʨʦʥʠʟʘʥʥʳʭ ʛʫʩʪʦʡ ʩʝʪʴʶ 

ʧʨʦʞʠʣʢʦʚ ʢʚʘʨʮʘ ʩ ʩʫʣʴʬʠʜʘʤʠ (ʦʢʦʣʦ 1-3%). ɸ ʧʨʠ ʨʝʚʠʟʠʠ ʚ 1993 ʛʦʜʫ ʩʪʘʨʦʡ ʨʘʟʚʝʜʦʯʥʦʡ 

ʢʘʥʘʚʳ, ʚʩʢʨʳʚʘʶʱʝʡ ʠʟʚʝʩʪʥʷʢʠ, ʚ ʧʣʘʩʪʝ ʘʣʝʚʨʦʣʠʪʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʢʨʫʪʦʟʘʣʝʛʘʶʱʘʷ 

ʟʦʥʢʘ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 20 ʩʤ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ (ʦʭʨʳ ʟʝʣʸʥʦʛʦ ʠ ʙʫʨʦʛʦ 

ʮʚʝʪʘ) ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʳʰʴʷʢʘ (450-200 ʛ/ʪ), ʩʚʠʥʮʘ (м҈ύΣ ͼ͙ͤ͊͟ ό м҈ύΣ ʩʝʨʝʙʨʘ 

( 10 ʛ/ʪ), ʩʫʣʴʬʠʜʳ (100-200 ʛ/ʪ), ʢʘʜʤʠʷ (1000 ʛ/ʪ), ʢʦʙʘʣʴʪʘ (100-200 ʛ/ʪ). ʕʪʦ ʧʨʦʷʚʣʝʥʠʝ 

(ʨʫʜʥʘʷ ʪʦʯʢʘ) ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʏʘʛʦʷʥ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɿʝʷ ï ʦͨ ʩʭʦʜʩʪʚʫ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʷʤ 
ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʠ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ (ʢʨʫʪʦʝ ʩʫʙʩʦʛʣʘʩʥʦʝ ʟʘʣʝʛʘʥʠʝ ʚ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝ ʩʨʝʜʠ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ). 

ʂʚʘʨʮʝʚʳʡ ʠ ʩʫʣʴʬʠʜʥʳʡ ʪʠʧʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨ. ɿʝʷ, ʝʩʣʠ ʥʝ ʙʨʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ 

ʚʳʰʝʦʧʠʩʘʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʚ ʩʪʘʨʦʡ ʢʘʥʘʚʝ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʣʳʤ ʧʨʠʚʥʦʩʦʤ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʦʣʦʪʫ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ, ʤʳʰʴʷʢʘ (40-100 ʛ/ʪ). ʇʦʵʪʦʤʫ ʚʪʦʨʠʯʥʳʝ ʦʨʝʦʣʳ 

ʥʘ ʫʯʘʩʪʢʘʭ ʪʘʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʜʝʣʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʜ ʜʝʪʘʣʴʥʳʝ ʧʦʠʩʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. 

ʂʨʦʤʝ ʵʪʠʭ ʪʠʧʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨ. ɿʝʠ ʚ ʤʘʨʰʨʫʪʘʭ ʠ ʚ 

ʦʪʚʘʣʘʭ ʨʘʥʝʝ ʧʨʦʡʜʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʩʪʘʨʘʪʝʣʴʩʢʠʭ ʨʘʟʨʝʟʦʚ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ 

ʢʚʘʨʮʝʚʳʭ ʜʞʘʩʧʝʨʦʠʜʦʚ ʧʦ ʠʟʚʝʩʪʥʷʢʘʤ. ɿʘʤʝʱʘʶʱʠʡ ʢʚʘʨʮ ʠʤʝʝʪ ʙʝʣʳʡ ʠʣʠ ʞʝʣʪʦʚʘʪʳʡ 

ʮʚʝʪ, ʧʝʨʝʤʝʥʥʫʶ, ʯʘʱʝ ʪʦʥʢʫʶ ʟʝʨʥʠʩʪʦʩʪʴ, ʦʙʳʯʥʦ ʥʝ ʩʦʜʝʨʞʠʪ ʩʫʣʴʬʠʜʦʚ. ʅʝʨʝʜʢʦ ʦʥ 

ʧʦʨʠʩʪʳʡ (ʦʪ ʚʳʱʝʣʦʯʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ). ɺʩʪʨʝʯʝʥʳ ʪʘʢʞʝ ʦʙʣʦʤʢʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ. 

ʇʦ ʰʪʫʬʥʦʤʫ ʦʧʨʦʙʦʚʘʥʠʶ ʦʥʠ ʦʙʳʯʥʦ ʩʣʘʙʦʟʦʣʦʪʦʥʦʩʥʳ ʠʣʠ ʥʝʟʦʣʦʪʦʥʦʩʥʳ, ʣʠʰʴ ʚ 

ʝʜʠʥʠʯʥʳʭ ʰʪʫʬʘʭ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʩʫʣʴʬʠʜʦʚ ʩʦʜʝʨʞʘʪ ʜʦ 2,2 ʛ/ʪ ʟʦʣʦʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʏʘʛʦʷʥʩʢʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ ʥʘʠʙʦʣʝʝ 

ʟʦʣʦʪʦʥʦʩʥʳ ʟʦʥʳ ʦʢʚʘʨʮʝʚʘʥʠʷ ʠ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʧʦ ʧʘʯʢʘʤ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʩʠʣʠʢʘʪʥʳʭ ʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʤʘʣʳʤʠ ʪʝʣʘʤʠ ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ. ɺ ʧʨʦʪʦʣʦʯʢʘʭ ʪʘʢʠʭ ʧʦʨʦʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʣʢʦʝ ʠ ʪʦʥʢʦʝ ʟʦʣʦʪʦ. ɺʠʜʠʤʦ, ʟʘ ʩʯʝʪ 

ʪʘʢʦʛʦ ʟʦʣʦʪʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʦʩʩʳʧʠ ʧʦ ʤʥʦʛʠʤ ʚʦʜʦʪʦʢʘʤ, ʜʨʝʥʠʨʫʶʱʠʤ ʧʣʦʱʘʜʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʥʜ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʯʘʛʦʷʥʩʢʦʡ 

ʩʚʠʪʳ, ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʠʣʫʨʘ (ʚʦʜʦʪʦʢʠ ʄʘʣʳʡ ʏʫʢʘʥ ʠ ʄʘʣʶʪʢʘ). 

ʇʨʠ ʧʦʢʘ ʩʣʘʙʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʟʦʣʦʪʦ-ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʤʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʧʘʨʘʛʝʥʠʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʤʘʣʳʤʠ ʪʝʣʘʤʠ ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ ʙʫʨʠʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʞʥʝʛʦ ʤʝʣʘ.  

ɿʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ ʠ ʥʘʣʦʞʝʥʘ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʪʦʣʱʠ ʩʠʣʫʨʘ ʠ ʚʝʥʜ-ʢʝʤʙʨʠʷ, ʥʦ, ʯʘʩʪʠʯʥʦ, ʠ ʥʘ 

ʛʨʘʥʠʪʦʠʜʳ ʚʝʨʭʥʝʘʤʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʧʦ 

ʜʨʝʥʠʨʫʶʱʠʤ ʛʨʘʥʠʪʦʠʜʳ ʚʦʜʦʪʦʢʘʤ ï ʨʫʯʴʷʤ ʉʦʚʝʪʩʢʠʡ ʠ ʇʘʚʣʦʚʩʢʠʡ. ɺʳʷʚʣʝʥʥʳʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʚʢʣʶʯʘʶʱʠʝ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʥʳʝ ʧʦʣʷ ʟʘʩʣʫʞʠʚʘʶʪ ʜʝʪʘʣʴʥʦʛʦ 

ʦʧʦʠʩʢʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ. 
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ɿɸɺʀʉʀʄʆʉʊʔ ʇʈʆɹʓ ɿʆʃʆʊɸ ʆʊ ʉʆʉʊɸɺɸ ɺʄɽʑɸʖʑʀʍ ʇʆʈʆɼ ʅɸ 

ʇʈʀʄɽʈɽ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʉɽɺɽʈʅʆʁ ɸʄɽʈʀʂʀ 

 

ʅ.ʉ. ʆʩʪʘʧʝʥʢʦ, ʆ.ʅ. ʅʝʨʦʜʘ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ɺ ʥʘʫʯʥʦʤ ʤʠʨʝ ʫʪʚʝʨʜʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʧʨʦʙʘ ʟʦʣʦʪʘ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘʚʠʩʠʪ ʦʪ 

ʛʣʫʙʠʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1, 2, 3] ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ [2], ʠ ʯʪʦ ʧʨʠʟʥʘʢʘʤʠ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʘ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ [2] ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʡ ʪʠʧ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʇʦʩʤʦʪʨʠʤ, ʪʘʢ ʣʠ ʵʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ 

ʧʨʦʚʠʥʮʠʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ. 

ɻʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʧʨʦʚʠʥʮʠʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ [4] ʚʝʩʴʤʘ ʦʙʰʠʨʥʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʣʦʢʘʣʠʟʘʮʠʠ, ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʤʠʥʝʨʘʣʴʥʳʤ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ, ʩʦʦʪʥʦʰʝʥʠʶ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ ʨʫʜʘʭ ʠ ʧʨʦʙʥʦʩʪʠ ʟʦʣʦʪʘ (ʪʘʙʣ. 

1). ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʪʨʝʪʠʯʥʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ ʠ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʛʣʫʙʠʥʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠ ʠ ʫʟʣʘʤʠ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʧʦʧʝʨʝʯʥʳʤʠ. ʉʬʦʨʤʠʨʦʚʘʥʳ ʦʥʠ ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ. 

ʉʨʝʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʵʪʦʡ ʛʨʫʧʧʳ ʝʩʪʴ ʢʨʫʧʥʳʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʧʦ ʟʘʧʘʩʘʤ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʨʠʧʣ-ʂʨʠʢ (ʰʪʘʪ ʂʦʣʦʨʘʜʦ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ (ʜʦʙʳʪʦ 

ʦʢʦʣʦ 600 ʪ ʟʦʣʦʪʘ). ʉʬʦʨʤʠʨʦʚʘʣʦʩʴ ʵʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʧʣʠʦʮʝʥʝ, ʚ ʦʙʦʩʦʙʣʝʥʥʦʡ 

ʣʦʢʘʣʴʥʦʡ (6,5ʭ3,2 ʢʤ) ʛʨʘʙʝʥʦʦʙʨʘʟʥʦʡ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʝ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʵʧʠʪʝʨʤʘʣʴʥʦʡ ʭʘʣʮʝʜʦʥ-ʢʚʘʨʮʝʚʦʡ ʫʙʦʛʦʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ. ɺ ʦʩʥʦʚʘʥʠʠ 

ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ ʟʘʣʝʛʘʶʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʢʨʘʩʥʳʝ ʛʨʘʥʠʪʳ ʙʘʪʦʣʠʪʘ ʇʘʡʢʩ-ʇʠʢ. 

ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʚʫʣʢʘʥʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʫʬʘʤʠ ʠ ʙʨʝʢʯʠʷʤʠ ʬʦʥʦʣʠʪʦʚ, ʧʨʦʥʠʟʘʥʥʳʤʠ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʜʘʝʢ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ. ʅʘ 

ʨʫʜʥʦʤ ʧʦʣʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʤʝʥʝʝ 10 ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʠʟʤʘ. ʅʘʪʨʠʝʚʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ʧʨʦʷʚʣʝʥʘ ʚ ʥʘʣʠʯʠʠ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʥʝʬʝʣʠʥʘ ʚ ʬʦʥʦʣʠʪʘʭ ʠ ʘʥʘʣʴʮʠʤʘ ʚ ʙʘʟʘʣʴʪʘʭ. ʈʫʜʥʳʝ 

ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʩ ʪʝʣʣʫʨʠʜʘʤʠ. ʇʨʦʙʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 900ă, ʘ 

ʩʦʦʪʥʦʰʝʥʠʝ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ ʨʫʜʘʭ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ 10:1.  

ʀʟ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʧʨʦʙʥʳʤ ʟʦʣʦʪʦʤ ʠ ʚʳʩʦʢʠʤ 

ʦʪʥʦʰʝʥʠʝʤ ʟʦʣʦʪʘ ʢ ʩʝʨʝʙʨʫ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ɹʠʥʛʭʵʤ ʠ ɻʦʣʜʬʠʣʜ. ʕʪʦ ʪʦʞʝ ʜʦʚʦʣʴʥʦ 

ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ, ʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʥʳʝ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʠʥʛʭʵʤ (ʰʪʘʪ ʖʪʘ) ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ. ʆʥʦ ʜʘʣʦ 330 ʪ ʟʦʣʦʪʘ, 

8160 ʤʣʥ. ʪ ʤʝʜʠ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʡ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ ʠ ʠʤʝʝʪ 

ʚʢʨʘʧʣʝʥʥʳʡ ʪʠʧ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʉʬʦʨʤʠʨʦʚʘʣʦʩʴ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʰʪʦʢʝ ʪʨʝʪʠʯʥʳʭ 

ʤʦʥʮʦʥʠʪʦʚ ʥʘʪʨʦʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʧʨʦʨʳʚʘʝʤʦʡ ʠʤ ʪʦʣʱʝ ʢʚʘʨʮʠʪʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ 

ʢʘʨʙʦʥ-ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʦʣʦʪʦ-ʤʝʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʚ ʠʟʚʝʩʪʥʷʢʠ ʥʘ 

1200-1500 ʤ ʦʪ ʠʥʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ. ʀ ʝʩʣʠ ʚ ʰʪʦʢʝ ʜʦʤʠʥʠʨʫʝʪ ʧʦʨʬʠʨʦʚʦʝ ʟʦʣʦʪʦ-ʤʝʜʥʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʩ ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʴʶ ʧʦʣʠʤʝʪʘʣʣʦʚ, ʪʦ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʉʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʵʪʠʭ çʥʝʧʦʨʬʠʨʦʚʳʭè 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʫʜʘʭ (ʛ/ʪ): ʟʦʣʦʪʦ 0,3-1,5 ʛ/ʪ, ʩʝʨʝʙʨʦ 90-150 ʛ/ʪ, ʤʝʜʴ 0,2-0,4%, ʩʚʠʥʝʮ 9-

18%, ʮʠʥʢ 3,5-11%. ʀʟʚʝʩʪʥʷʢʠ ʦʢʚʘʨʮʦʚʘʥʳ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʙʘ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʘ 

ʨʫʜ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʝʜʠʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʦʙʘ ʟʦʣʦʪʘ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ 

ʨʫʜ 850-900ă, ʘ ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʠʯʝʩʢʠʭ ʨʫʜ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʥʠʞʝ 800ă. ʀʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʰʪʦʢʘ ʧʦʷʚʣʷʶʪʩʷ ʞʠʣʳ ʩ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 
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ʠ ʟʦʣʦʪʦʤ Ò 700ă. ʕʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʩʪʘʚʘʤʠ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʨʦʙʦʡ ʟʦʣʦʪʘ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɻʦʣʜʬʠʣʜ (ʰʪʘʪ ʅʝʚʘʜʘ) ʧʦ ʤʘʩʰʪʘʙʘʤ ʫʩʪʫʧʘʝʪ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

(ʜʦʙʳʪʦ 145 ʪ ʟʦʣʦʪʘ ʠ 40 ʪ ʩʝʨʝʙʨʘ). ʆʥʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʘ ʤʠʥʠʤʘʣʴʥʳʭ ʛʣʫʙʠʥʘʭ 

 

ʊʘʙʣʠʮʘ 1 - ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʚʠʥʮʠʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ  

ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʧʦ [4] 

ʈʫʜʥʳʝ ʧʦʣʷ ʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʌʦʨʤʘʮʠʦʥ-
ʥʳʝ ʪʠʧʳ 

ʄʠʥʝʨʘʣʴʥʳʝ 
ʪʠʧʳ 

ʄʦʨʬʦʣʦʛʠ-ʯʝʩʢʠʝ 
ʪʠʧʳ 

ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʠ 
ʦʢʦʣʦʨʫʜʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʇʨʦʙʘ 
ʟʦʣʦʪʘ 

Au:Ag ʚ 
ʨʫʜʝ 

ʂʨʠʧʣ-ʂʨʠʢ 
(ʂʦʣʦʨʘʜʦ) 
ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʭʘʣʮʝʜʦʥ-
ʢʚʘʨʮʝʚʘʷ 
ʙʣʠʟʧʦʚʝʨ-
ʭʥʦʩʪʥʘʷ, 
ʫʙʦʛʦʩʫʣʴ-
ʬʠʜʥʘʷ 
(ʩʫʣʴʬʠʜʦʚ 
<1 %) 

ʊʝʣʣʫʨʠʜʥʳʡ ɾʠʣʳ, 
ʪʨʫʙʦʦʙʨʘʟʥʳʝ 
ʙʨʝʢʯʠʝʚʳʝ ʪʝʣʘ 
(ʪʨʫʙʢʘ ʂʨʝʩʩʦʥ) 

ɺʫʣʢʘʥʦʩʪʨʫʢʪʫʨʘ 
ʪʨʝʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ 6,5ʭ3,2 
ʢʤ ʥʘ ʛʨʘʥʠʪʦʠʜʥʦʤ 
ʦʩʥʦʚʘʥʠʠ (ʙʘʪʦʣʠʪ ʇʘʡʢ 
ʇʠʢ, ʢʨʘʩʥʳʝ ʛʨʘʥʠʪʳ). 
ʉʪʨʫʢʪʫʨʘ ʚʫʣʢʘʥʠʪʦʚ 
ʛʨʘʙʝʥʘ ʦʙʣʦʤʦʯʥʘʷ: ʪʫʬʳ ʠ 
ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ 
ʬʦʥʦʣʠʪʦʚ. 10 ʩʪʘʜʠʡ 
ʚʥʝʜʨʝʥʠʷ ʜʘʝʢ ʣʘʪʠʪʦ-
ʬʦʥʦʣʠʪʦʚ, ʩʠʝʥʠʪʦʚ, 
ʙʘʟʘʣʴʪʦʚ. ɺ ʬʦʥʦʣʠʪʘʭ 
ʚʢʨʘʧʣʝʥʥʠʢʠ ʥʝʬʝʣʠʥʘ, ʚ 
ʙʘʟʘʣʴʪʘʭ - ʘʥʘʣʴʮʠʤ. 

900ă 10:1 

ʈʫʜʥʦʝ ʧʦʣʝ 
ɸʡʜʘʭʦ-ʉʧʨʠʥʛʩ-
ʎʝʥʪʨʘʣ ʉʠʪʠ, 
(ʂʦʣʦʨʘʜʦ) 
ʤʘʣʦʛʣʫʙʠʥʥʦʝ 

ʟʦʣʦʪʦ-
ʩʫʣʴʬʠʜʥʦ-
ʢʚʘʨʮʝʚʳʡ 
ʤʘʣʦ-
ʩʫʣʴʬʠʜʥʳʡ 
ʠ 
ʩʫʣʴʬʠʜʥʳʡ 

ʉʫʣʴʬʠʜʥʦ-
ʪʝʣʣʫʨʠʜʥʳʡ 
ʩ ʢʘʨʙʦʥʘʪʘ-
ʤʠ, ʙʘʨʠʪʦʤ, 
ʬʣʶʦʨʠʪʦʤ 

ɾʠʣʳ ʧʦ ʢʦʥʪʘʢʪʘʤ 
ʜʘʝʢ,  ʚ ʩʣʘʥʮʘʭ - 
ʞʠʣʴʥʳʝ ʟʦʥʳ; ʪʝʣʘ 
ʤʠʥʝʨʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʙʨʝʢʯʠʡ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ 
ʧʦʚʳʰʝʥʥʦʡ ʦʩʥʦʚʥʦʩʪʠ ʠ 
ʛʥʝʡʩʳ ʜʦʢʝʤʙʨʠʷ, 
ʧʨʦʨʚʘʥʥʳʝ ʰʪʦʢʘʤʠ ʠ 
ʜʘʡʢʘʤʠ ʛʨʘʥʦʜʠʦʨʠʪ-
ʧʦʨʬʠʨʦʚ, ʘʣʴʙʠʪʦʚʳʭ 
ʧʦʨʬʠʨʦʚ, ʱʝʣʦʯʥʳʭ 
ʩʠʝʥʠʪʦʚ, ʪʨʘʭʠʪʦʠʜʥʳʭ 
ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ 
ééééééééé... 
ɻʨʘʥʠʪʳ 

 
~800ă 
 
 
 
 
ééé. 
700ă 

1:1 - 3:1 
 
 
 
 
 
éééé 

ʂʦʤʩʪʦʢ (ʅʝʚʘʜʘ) 
ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʟʦʣʦʪʦ-
ʩʫʣʴʬʠʜʥʦ-
ʢʚʘʨʮʝʚʳʡ 

 ʇʦʣʦʛʘʷ (35
0
) 

ʞʠʣʴʥʘʷ ʟʦʥʘ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 100 ʤ, 
ʜʣʠʥʦʡ 
 4 ʢʤ,  

ɺ ʦʩʥʦʚʘʥʠʠ 
ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ - 
ʤʝʪʘʦʩʘʜʢʠ ʠ ʤʝʪʘʚʫʣʢʘʥʠʪʳ 
ʤʝʣʘ, ʧʨʦʨʚʘʥʥʳʝ 
ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ; 
ʨʠʦʣʠʪʦʚʳʝ ʠ ʘʥʜʝʟʠʪʦʚʳʝ 
ʧʦʪʦʢʠ, ʪʫʬʳ, ʙʨʝʢʯʠʠ 
ʵʦʮʝʥ-ʦʣʠʛʦʮʝʥʘ ʧʦʜ 
ʵʢʨʘʥʦʤ ʘʥʜʝʟʠʪʦʚ. 
ʇʣʦʱʘʜʥʘʷ ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ; 
ʦʢʦʣʦ ʞʠʣ - ʦʢʚʘʨʮʝʚʘʥʠʝ ʠ 
ʩʝʨʠʮʠʪʠʟʘʮʠʷ 

ʕʣʝʢʪ-
ʨʫʤ ʠ 
ʘʨʛʝʥ-
ʪʠʪ 

1:22  - 
1:40 

ɻʦʣʜʬʠʣʜ (ʅʝʚʘʜʘ)  
ʛʣʫʙʠʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʷ 300 
ʤ 

ʟʦʣʦʪʦ-
ʩʫʣʴ-ʬʠʜʥʦ-
ʢʚʘʨ-ʮʝʚʳʡ 
(ʩ 
ʢʘʦʣʠʥʠʪʦʤ 
ʠ ʘʣʫʥʠʪʦʤ) 

ʇʠʨʠʪ-ʩʫʣʴ-
ʬʦʩʦʣʴʥʦ-
ʪʝʣʣʫʨʠʜʥʳʡ 

ʇʣʠʪʦʦʙʨʘʟʥʳʝ ʠ 
ʩʣʦʞʥʳʝ ʟʘʣʝʞʠ 
ʘʣʫʥʠʪ-ʢʚʘʨʮʝʚʦʛʦ 
ʩʦʩʪʘʚʘ 

ʇʦʜʩʪʠʣʘʶʱʠʝ ï 
ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʝ ʫʛʣʠʩʪʳʝ 
ʯʝʨ-ʥʳʝ ʩʣʘʥʮʳ ʢʝʤʙʨʠʷ ʩ 
ʪʝʣʘʤʠ ʘʣʷʩʢʠʪʦʚ; ʩʫʙʛʦʨʠ-
ʟʦʥʪʘʣʴʥʘʷ ʪʦʣʱʘ 
ʚʫʣʢʘʥʠʪʦʚ: ʘ) ʥʠʞʥʠʝ 600 ʤ 
ï  ʨʠʦʣʠʪʳ, ʘʥʜʝʟʠʪʳ, 
ʜʘʮʠʪʳ; ʙ) ʚʳʰʝ ï 
ʧʝʩʯʘʥʠʢʠ, ʪʫʬʳ, ʛʨʘʫʚʘʢʢʠ. 
ɼʘʮʠʪʳ ʠ ʘʥʜʝʟʠʪʳ 
ʧʨʝʚʨʘʱʝʥʳ ʚ ʢʚʘʨʮ-ʢʘʦʣʠʥ-
ʘʣʫʥʠʪʦʚʳʡ ʘʛʨʝʛʘʪ ʩ 
ʧʠʨʠʪʦʤ.  

900 - 
990ă 

3,5:1 

ɹʠʥʛʭʝʤ (ʖʪʘ) 
ʤʘʣʦʛʣʫʙʠʥʥʦʝ 

ʤʝʜʥʦ-
ʧʦʨʬʠʨʦʚʘʷ 

ɿʦʣʦʪʦ-
ʩʫʣʴʬʠʜʥʳʡ 

ɿʘʣʝʞʠ ʚʢʨʘʧʣʝʥʥʦ-
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 
ʨʫʜ  

ʐʪʦʢ ʙʨʝʢʯʠʝʚʳʭ 
ʤʦʥʮʦʥʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʡ 
ʠʟʚʝʩʪʥʷʢʠ ʠ ʢʚʘʨʮʠʪʳ 
ʢʘʨʙʦʥ-ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 

850 - 
900ă 
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(ʤʝʥʴʰʝ 300 ʤ), ʚ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʝʡ ʩʣʦʠʩʪʦʡ 600-ʤʝʪʨʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 

ʪʨʝʪʠʯʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʩʦʩʪʘʚʘ ʣʘʪʠʪʦʚ, ʜʘʮʠʪʦʚ ʠ ʘʥʜʝʟʠʪʦʚ Na ʩʧʝʮʠʘʣʠʟʘʮʠʠ. ɺʫʣʢʘʥʠʪʳ 

ʧʦʜʩʪʠʣʘʶʪʩʷ ʪʦʣʱʝʡ ʯʝʨʥʳʭ ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ ʢʝʤʙʨʠʷ, ʚʤʝʱʘʶʱʝʡ ʪʝʣʘ ʘʣʷʩʢʠʪʦʚʳʭ 

ʛʨʘʥʠʪʦʚ. ʅʝʩʦʤʥʝʥʥʘ ʢʘʣʠʝʚʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʵʪʠʭ ʪʠʧʦʚ ʧʦʨʦʜ. ʇʝʨʝʢʨʳʚʘʶʱʘʷ 

ʚʫʣʢʘʥʠʪʳ (ʵʢʨʘʥʠʨʫʶʱʘʷ ʦʨʫʜʝʥʝʥʠʝ) ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʫʬʦʛʝʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʪʫʬʬʠʪʘʤʠ ʠ ʛʨʘʫʚʘʢʢʘʤʠ (ʬʦʨʤʘʮʠʷ ʵʩʤʝʨʘʣʴʜʘ) ʩ ʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʴʶ 150 ʤ. ɼʦʨʫʜʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʨʘʟʠʣʠʩʴ ʚ ʧʣʦʱʘʜʥʦʡ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ ʩ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʭʣʦʨʠʪʘ, ʢʘʣʴʮʠʪʘ, ʘʥʪʠʛʦʨʠʪʘ.  

ʈʫʜʥʳʝ ʟʘʣʝʞʠ ʦʢʨʫʞʝʥʳ ʘʨʛʠʣʣʠʟʠʪʘʤʠ, ʚʥʝʰʥʷʷ ʟʦʥʘ ʢʦʪʦʨʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʣʦʞʝʥʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʠʣʣʠʪʦʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʟʦʥʳ ʦʢʦʣʦʨʫʜʥʦʡ 

ʘʨʛʠʣʣʠʟʘʮʠʠ ʤʝʥʷʝʪʩʷ ʦʪ 6 ʜʦ 65 ʤ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʵʪʦʡ ʟʦʥʝ ʷʚʣʷʶʪʩʷ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʠʣʣʠʪ, ʢʘʦʣʠʥʠʪ ʠ ʢʚʘʨʮ ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʣʣʫʘʟʠʪʘ, 

ʛʝʤʘʪʠʪʘ, ʣʝʡʢʦʢʩʝʥʘ, ʷʨʦʟʠʪʘ, ʛʠʧʩʘ.  

ɺʥʫʪʨʝʥʥʷʷ ʢʚʘʨʮ-ʘʣʫʥʠʪʦʚʘʷ ʟʦʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʙʩʪʚʝʥʥʦ ʨʫʜʥʦʝ ʪʝʣʦ, ʦʪʜʝʣʝʥʥʦʝ ʨʝʟʢʠʤ ʢʦʥʪʘʢʪʦʤ ʦʪ ʘʨʛʠʣʣʠʟʠʪʦʚ. ʕʪʘ ʟʦʥʘ 

ʩʣʦʞʝʥʘ ʘʣʫʥʠʪʦʤ (16%), ʢʘʦʣʠʥʠʪʦʤ (24%), ʦʧʘʣʦʤ (49%), ʛʝʤʘʪʠʪʦʤ, ʷʨʦʟʠʪʦʤ, 

ʛʘʣʣʫʘʟʠʪʦʤ, ʛʠʧʩʦʤ, ʵʧʠʜʦʪʦʤ, ʨʫʪʠʣʦʤ, ʩʫʣʴʬʠʜʘʤʠ (7%). ɸʣʫʥʠʪ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʝʩʴʤʘ 

ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʡ ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʫʜʥʳʝ ʟʦʥʳ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʥʝ ʟʘʪʨʘʛʠʚʘʶʱʠʤʠ ʵʢʨʘʥʠʨʫʶʱʫʶ ʪʦʣʱʫ. ɻʨʘʥʠʮʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʣ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʙʦʚʘʥʠʷ. ɺ ʨʫʜʘʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʠʨʠʪ ʠ ʤʘʨʢʘʟʠʪ, ʦʥʠ ʪʘʢ ʞʝ ʩʦʜʝʨʞʘʪ ʚʠʩʤʫʪʠʥ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʣʣʫʨʠʜʳ, ʛʦʣʜʬʠʣʜʠʪ 

(Cu12Sb4Te2S16), ʬʘʤʘʪʠʥʠʪ (Cu3SbS4), ʧʨʫʩʪʠʪ, ʧʦʣʠʙʘʟʠʪ, ʢʠʥʦʚʘʨʴ, ʩʘʤʦʨʦʜʥʫʶ ʩʝʨʫ.  

ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʙʘ ʟʦʣʦʪʘ 900-

990ă ʠ ʥʠʟʢʘʷ ʩʝʨʝʙʨʠʩʪʦʩʪʴ ʨʫʜ: Au:Ag = 3,5:1. ɸʣʫʥʠʪ ʚ ʢʘʯʝʩʪʚʝ ʥʝʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʚʫʣʢʘʥʠʪʳ 

ʫʛʣʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ɿʜʝʩʴ ʨʫʜʳ ʙʝʜʥʝʶʪ, ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʧʠʨʠʪʘ, ʬʘʤʘʪʠʥʠʪʘ, ʥʦ ʤʘʣʦ 

ʪʝʣʣʫʨʠʜʦʚ ʠ ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʆʯʝʚʠʜʥʦ, ʟʦʣʦʪʦ ʚ ʨʫʜʘʭ ʦʪʣʘʛʘʣʦʩʴ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ 

ʦʙʦʛʘʱʝʥʥʳʭ ʥʘʪʨʠʝʤ ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ ʯʘʩʪʠʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʘʣʠʷ ʚ ʘʣʫʥʠʪʝ.  

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ 

ʭʘʨʘʢʪʝʨ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʨʦʙʫ ʟʦʣʦʪʘ ʚʣʠʷʣʠ ʩʦʩʪʘʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ Na 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʤʝʱʘʶʱʠʭ ʦʨʫʜʝʥʝʥʠʝ. ʇʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʢʘʣʠʝʚʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʥʝ ʦʢʘʟʳʚʘʣʠ. ʈʘʟʚʠʪʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʦʩʥʦʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʦʙʲʝʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʚʫʣʢʘʥʠʪʦʚ ʥʘʪʨʠʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʦʜ ʵʢʨʘʥʦʤ ʬʦʨʤʘʮʠʠ ʵʩʤʝʨʘʣʴʜʘ.  

ʈʫʜʥʦʝ ʧʦʣʝ ɸʡʜʘʭʦ-ʉʧʨʠʥʛʩ-ʎʝʥʪʨʘʣ-ʉʠʪʠ (ʰʪʘʪ ʂʦʣʦʨʘʜʦ) ʩʣʦʞʝʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʦʩʥʦʚʥʦʩʪʠ ʠ ʛʥʝʡʩʘʤʠ ʜʦʢʝʤʙʨʠʷ, ʧʨʦʨʚʘʥʥʳʤʠ 

ʨʘʥʥʝ-ʪʨʝʪʠʯʥʳʤʠ ʰʪʦʢʘʤʠ ʠ ʜʘʡʢʘʤʠ (ʚ ʚʦʟʨʘʩʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) ʛʨʘʥʦʜʠʦʨʠʪ-

ʧʦʨʬʠʨʦʚ, ʘʣʴʙʠʪʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ, ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ, ʪʨʘʭʠʪʦʠʜʥʳʭ 

ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʙʠʦʪʠʪ-ʢʚʘʨʮʝʚʳʭ ʣʘʪʠʪʦʚ. ʃʠʰʴ ʧʦʩʣʝʜʥʠʝ ʠʟ ʥʠʭ ʧʦʩʣʝʨʫʜʥʳʝ. ɾʠʣʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʯʘʩʪʦ ʩʣʝʜʫʶʪ ʢʦʥʪʘʢʪʘʤ ʜʘʝʢ, ʜʦʚʦʣʴʥʦ ʧʨʦʪʷʞʝʥʥʳ, ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʫʶ 

ʤʦʱʥʦʩʪʴ (ʦʪ 1 ʩʤ ʜʦ 12 ʤ). ʀʭ ʤʦʨʬʦʣʦʛʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʩʩʠʚʥʳʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ, ʧʝʛʤʘʪʠʪʘʭ, ʧʦʨʬʠʨʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʩʪʳʝ ʞʠʣʳ, ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ï ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʝ ʞʠʣʴʥʳʝ ʟʦʥʳ. ɺ ʨʫʜʥʦʤ ʧʦʣʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʞʠʣʳ, ʟʦʥʳ ʰʪʦʢʚʝʨʢʦʚ ʠ ʩʪʦʣʙʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʙʨʝʢʯʠʡ ʩ ʧʠʨʠʪ-

ʭʘʣʴʢʦʧʠʨʠʪ-ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɾʠʣʴʥʳʝ ʪʝʣʘ ʩʣʦʞʝʥʳ ʢʚʘʨʮʝʤ ʠ ʭʘʣʮʝʜʦʥʦʤ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʢʘʨʙʦʥʘʪʦʚ, ʬʣʶʦʨʠʪʘ, ʙʘʨʠʪʘ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʠʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʪʝʥʥʘʥʪʠʪʦʤ, ʵʥʘʨʛʠʪʦʤ. ɺʝʩʴʤʘ ʣʦʢʘʣʴʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝʣʣʫʨʠʜʳ ʟʦʣʦʪʘ. ʌʦʨʤʘʮʠʦʥʥʳʡ ʪʠʧ ʨʫʜ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ. ʄʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʨʫʜ ʧʠʨʠʪʦʚʳʡ (ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʟʦʣʦʪʘ ʢ ʩʝʨʝʙʨʫ 1:3), ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʡ (ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Au:Ag = 1:10) 
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ʠ ʪʝʣʣʫʨʠʜʥʳʡ (ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Au:Ag = 1:1 ʯ 3:1). ʇʦʩʣʝʜʥʠʡ ʪʠʧ ʨʫʜ ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʡ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʪʘʜʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʣʦʢʘʣʴʥʦ. ʌʦʨʤʠʨʦʚʘʣʦʩʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 620-150
0
.  

ɺ.ɸ.ʆʙʨʫʯʝʚ [5] ʧʨʠʚʝʣ ʜʘʥʥʳʝ ʧʦ ʞʠʣʝ ʉʢʨʳʪʳʡ ʂʣʘʜ ʵʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, 

ʟʘʣʝʛʘʶʱʝʡ ʩʨʝʜʠ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ ʚ ʚʠʩʷʯʝʤ ʙʦʢʫ ʜʘʡʢʠ ʤʠʥʝʪʪʳ. ɻʨʘʥʠʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʝʨʠʮʠʪ-ʢʘʨʙʦʥʘʪ-ʧʠʨʠʪʦʚʳʡ ʘʛʨʝʛʘʪ (ʚʠʜʠʤʦ ʙʝʨʝʟʠʪ, ʆ.ʅ.ʉ.). ʂʚʘʨʮ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ, ʘ ʠʥʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʞʠʣʴʥʳʤ ʤʠʥʝʨʘʣʦʤ, ʚʤʝʱʘʶʱʠʤ ʩʫʣʴʬʠʜʳ ʠ 

ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʧʨʦʙʘ ʢʦʪʦʨʦʛʦ 700ă. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʩʪʘʚʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʫʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʛʨʘʥʠʮʘʭ ʵʪʦʛʦ ʢʨʫʧʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʨʫʜʝʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʦʩʘʞʜʝʥʠʝʤ ʟʦʣʦʪʘ ʨʘʟʣʠʯʥʦʡ ʧʨʦʙʳ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʦʤʩʪʦʢ (ʰʪʘʪ ʅʝʚʘʜʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʞʠʣʴʥʦʡ 

ʟʦʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 100 ʤ ʠ ʜʣʠʥʦʡ 4-4,5ʢʤ. ʕʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʦʩʩʘʣʴʥʦʝ ʩʢʦʧʣʝʥʠʝ ʨʫʜ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ï ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ (ʜʦʙʳʪʦ 266 ʪ ʟʦʣʦʪʘ 

ʠ ʧʦʯʪʠ 5000 ʪ ʩʝʨʝʙʨʘ). 

ʈʘʟʤʝʱʘʝʪʩʷ ʦʥʦ ʚ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʝ, ʩʣʦʞʝʥʥʦʡ ʣʘʚʘʤʠ, ʪʫʬʘʤʠ ʠ ʙʨʝʢʯʠʷʤʠ 

ʘʥʜʝʟʠʪʦʚ, ʜʘʮʠʪʦʚ ʠ ʨʠʦʣʠʪʦʚ ʵʦʮʝʥʘ. ɺʫʣʢʘʥʠʪʳ ʧʦʜʩʪʠʣʘʶʪʩʷ ʤʝʪʘʦʩʘʜʦʯʥʳʤʠ ʠ 

ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘʚʝʨʰʠʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʧʣʠʦʮʝʥʝ ʤʘʣʦʤʦʱʥʳʤʠ ʠʟʣʠʷʥʠʷʤʠ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚ, ʘ ʚ 

ʧʣʝʡʩʪʦʮʝʥʝ ʦʣʠʚʠʥʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʵʢʨʘʥʘ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ 

ʚʫʣʢʘʥʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,5 ʢʤ.  

ɾʠʣʴʥʘʷ ʟʦʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʙʨʦʩʫ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚ 

ʜʵʚʠʜʩʦʥ ʩ ʘʥʜʝʟʠʪʘʤʠ ʘʣʴʙʘ ʚ ʝʛʦ ʚʠʩʷʯʝʤ ʙʦʢʫ. ʇʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʚʙʣʠʟʠ 

ʞʠʣʳ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʳ (ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʳ), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚ ʥʠʭ ʩʥʠʟʠʣʠʩʴ ʩʦʜʝʨʞʘʥʠʷ ʵʧʠʜʦʪʘ, ʧʦʷʚʠʣʠʩʴ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʮʝʦʣʠʪʳ, ʧʠʨʠʪ, 

ʦʧʘʣ ʠ ʢʨʠʩʪʦʙʘʣʠʪ (ʚʤʝʩʪʦ ʢʚʘʨʮʘ ʠ ʭʘʣʮʝʜʦʥʘ), ʘʜʫʣʷʨ. ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʠ ʠʣʣʠʪʦʤ. ʃʦʢʘʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪ. ʈʫʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʤ 

ʩ ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʘʜʫʣʷʨʘ ʠ ʢʘʣʴʮʠʪʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʠʨʠʪʘ, 

ʛʘʣʝʥʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʘʨʛʝʥʪʠʪʘ, ʩʪʝʬʘʥʠʪʘ ʠ ʜʨ. ʎʝʥʥʳʤʠ ʚ ʨʫʜʘʭ ʷʚʣʷʶʪʩʷ 

ʩʝʨʝʙʨʠʩʪʦʝ ʟʦʣʦʪʦ, ʘʨʛʝʥʪʠʪ, ʧʦʣʠʙʘʟʠʪ. ɹʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʨʘʟʜʨʦʙʣʝʥʥʦʛʦ ʢʚʘʨʮʘ ʤʝʩʪʘʤʠ 

ʙʳʣʠ ʥʝʦʙʳʯʘʡʥʦ ʙʦʛʘʪʳ ʵʪʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʉʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʥʠʭ ʜʦʩʪʠʛʘʣʠ 500 ʛ/ʪ, 

ʩʝʨʝʙʨʘ 1,6 ʤʘʩʩ.%, ʦʪʥʦʰʝʥʠʝ ʚ ʨʫʜʘʭ Au:Ag = 1:22ʯ40. ʅʠʞʝ ʛʦʨʠʟʦʥʪʘ 600 ʤ ʨʫʜʳ 

ʥʘʤʥʦʛʦ ʙʝʜʥʝʝ. ʅʘ ʵʪʠʭ ʛʣʫʙʠʥʘʭ ʦʪʤʝʯʝʥʦ ʧʦʩʪʫʧʣʝʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ +70 
0
ʉ, ʩʦʜʝʨʞʘʱʠʭ 0,29 ʤʛ/ʤ

3
 ʟʦʣʦʪʘ ʠ 2,9 ʤʛ/ʤ

3
 ʩʝʨʝʙʨʘ (ʪʦ ʝʩʪʴ Au:Ag = 

1:10). ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʵʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʝʧʦʣʥʦʡ ʟʘʚʝʨʰʝʥʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʟʦʣʦʪʘ ʧʨʦʚʠʥʮʠʡ 

ɸʤʝʨʠʢʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʘʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, 

ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ Au:Ag ʚ ʨʫʜʘʭ ʠ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ. ɺ ʧʦʣʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6], ʧʨʦʙʘ ʟʦʣʦʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʱʝʣʦʯʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʩ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʤʠ ʬʣʶʠʜʘʤʠ ʥʘ ʧʨʝʜʨʫʜʥʦʤ ʵʪʘʧʝ, ʦʙʦʛʘʱʘʷ ʠʭ ʢʘʣʠʝʤ ʠʣʠ ʥʘʪʨʠʝʤ. ʀʟ 

ʚʳʩʦʢʦʢʘʣʠʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪʣʘʛʘʝʪʩʷ ʥʠʟʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ, ʘ ʠʟ ʚʳʩʦʢʦʥʘʪʨʠʝʚʳʭ ï 

ʚʳʩʦʢʦʧʨʦʙʥʦʝ. ʇʨʠ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʘʭ ʠ ʱʝʣʦʯʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ Au:Ag ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʧʨʦʙʘ ʟʦʣʦʪʘ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪ (ʢʘʢ ʥʘ ʨʫʜʥʦʤ ʧʦʣʝ ɸʡʜʘʭʦ-

ʉʧʨʠʥʛʩ ï ʎʝʥʪʨʘʣ ʉʠʪʠ). ʑʝʣʦʯʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʦʜʩʪʠʣʶʱʠʭ ʧʦʨʦʜ ʪʨʘʥʟʠʪʥʦʡ ʟʦʥʳ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʧʨʦʮʝʩʩʳ ʤʝʪʘʩʦʤʘʪʦʟʘ ʦʩʣʘʙʣʝʥʳ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʘʚ (ʠ ʧʨʦʙʫ) ʟʦʣʦʪʘ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɻʦʣʜʬʠʣʜ ʠ ʂʨʠʧʣ-ʂʨʠʢ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʧʦʜʩʪʠʣʘʝʪʩʷ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʘʣʷʩʢʠʪʘʤʠ 

ʚʝʨʦʷʪʥʦ ʢʘʣʠʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʘ ʧʨʦʙʘ ʟʦʣʦʪʘ ʚʳʩʦʢʘʷ, ʪʘʢ ʢʘʢ ʚʤʝʱʘʶʱʠʝ ʦʨʫʜʝʥʝʥʠʝ 
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ʣʘʪʠʪʳ ʠ ʘʥʜʝʟʠʪʳ ʠʤʝʶʪ ʚʳʩʦʢʦʥʘʪʨʠʝʚʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʢʨʘʩʥʳʝ (ʢʘʣʠʝʚʳʝ) ʛʨʘʥʠʪʳ, ʘ ʟʦʣʦʪʦ ʚ ʨʫʜʘʭ ʚʳʩʦʢʦʧʨʦʙʥʦʝ 

(900-990ă). ʂʩʪʘʪʠ, ʧʝʨʚʦʝ ʠʟ ʥʠʭ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘ ʛʣʫʙʠʥʝ 0,3 ʢʤ, ʚʪʦʨʦʝ ï ʥʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 1 ʢʤ ï ʪʦ ʝʩʪʴ, ʛʣʫʙʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʧʨʦʙʫ ʟʦʣʦʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ. ʉʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ (>1 ʢʤ) ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʠʥʛʭʝʤ ʪʘʢ ʞʝ 

ʩʦʜʝʨʞʠʪ ʤʝʥʝʝ ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ (850-900ă) ʠ ʥʠʞʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʇʝʪʨʦʚʩʢʘʷ ʅ.ɺ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ.  

2. ʅʝʨʦʥʩʢʠʡ ɻ.ʀ. ʊʠʧʦʤʦʨʬʠʟʤ ʟʦʣʦʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ɹʣʘʛʦʚʝʱʝʥʩʢ: 

ɸʤʫʨʅʎ, ɸʤʫʨʂʅʀʀ, 1988. 320 ʩ..  

3. ʅʠʢʦʣʘʝʚʘ ʅ.ɸ. ʇʨʦʙʘ ʵʥʜʦʛʝʥʥʦʛʦ ʟʦʣʦʪʘ // ʊʨʫʜʳ ʎʅʀɻʈʀ. 1970. ɺʳʧ. 143. ʉ. 3-15. 

4. ʐʝʨ ʉ.ɼ. ʄʝʪʘʣʣʦʛʝʥʠʷ ʟʦʣʦʪʘ (ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ, ɸʚʩʪʨʘʣʠʷ, ʆʢʝʘʥʠʷ) ʊ.1.  ʄ.: ʅʝʜʨʘ, 1972. 
195 ʩ. 

5. ʆʙʨʫʯʝʚ ɺ.ɸ. ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄ.-ʃ.: ʆʅʊʀ ʅʂʊʇ ʉʉʉʈ, 1935. 596 ʩ. 

6. ʆʩʪʘʧʝʥʢʦ ʅ.ʉ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʙʳ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʟʦʣʦʪʘ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 
ʱʝʣʦʯʝʡ ʚʦ ʬʣʶʠʜʘʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ // ɼɸʅ, 2006. ʊ.410, ˉ 

3. ʉ. 381-386.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



100 

ʆʉʆɹɽʅʅʆʉʊʀ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʄɸʌʀʊ-ʋʃʔʊʈɸʄɸʌʀʊʆɺʓʍ 

ʀʅʊʈʋɿʀʁ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʂʋʅ-ʄɸʅʔɽ (ʖɻʆ-ɺʆʉʊʆʂ ɸʃɼɸʅʆ-

ʉʊɸʅʆɺʆɻʆ ʑʀʊɸ) 

 

ʃ.ʃ. ʇʝʪʫʭʦʚʘ, ɺ.ʉ. ʇʨʠʭʦʜʴʢʦ, ɺ.ɸ. ɻʫʨʴʷʥʦʚ 

 

ʀʥʩʪʠʪʫʪ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ, ʛ.ʍʘʙʘʨʦʚʩʢ  
 
ʅʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ ʚʳʷʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʘʣʳʝ 

ʠʥʪʨʫʟʠʠ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [1]. ɿʜʝʩʴ ʥʝʙʦʣʴʰʠʝ 

ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʧʨʦʨʳʚʘʶʪ ʤʝʪʘʛʘʙʙʨʦʠʜʳ ʂʫʥ-ʄʘʥʴʝʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʥʝʨʝʜʢʦ ʜʘʣʝʢʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʨʝʜʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʘʨʭʝʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʜʞʘʥʠʥʩʢʦʡ ʩʚʠʪʳ. ʆʙʣʘʩʪʴ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʰʠʨʠʥʦʡ 1-2ʢʤ, 

ʧʨʦʪʷʛʠʚʘʶʱʘʩ̫ʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  ʥʘ 14 ʢʤ, ʦʭʚʘʪʳʚʘʝʪ ʧʣʦʱʘʜʴ  ʙʘʩʩʝʡʥʦʚ 

ʚʝʨʭʥʠʭ ʪʝʯʝʥʠʡ ʨʝʢ ʠ ʨʫʯʴʝʚ ʂʫʙʫʢ, ɹʦʣ. ʠ ʄʘʣ. ʂʫʨʫʤʢʘʥ ï ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ʚʝʨʭʥʝʛʦ 

ʪʝʯʝʥʠʷ ʨ. ʄʘʷ-ʋʜʩʢʘʷ. ɺ ʦʧʦʠʩʢʦʚʘʥʥʦʤ ʂʫʨʫʤʢʘʥʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʚʳʷʚʣʝʥʦ ʦʢʦʣʦ 30  

ʢʨʫʧʥʳʭ ʠ ʜʝʩʷʪʢʠ ʤʝʣʢʠʭ ʠʥʪʨʫʟʠʡ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʨʫʧʧʘʤʠ, ʯʘʩʪʦ 

ʚ ʥʝʩʢʦʣʴʢʦ ʷʨʫʩʦʚ (ʧʦ ʚʝʨʪʠʢʘʣʠ), ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʦʜʠʥʦʯʥʳʝ ʪʝʣʘ. ʇʦʨʦʜʳ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʙʙʨʦ-ʥʦʨʠʪʘʤʠ, ʚʝʙʩʪʝʨʠʪʘʤʠ, ʧʣʘʛʠʦʚʝʙʩʪʝʨʠʪʘʤʠ, ʣʝʨʮʦʣʠʪʘʤʠ. 

ʆʥʠ ʩʣʘʛʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʦʛʦ ʧʘʜʘʶʱʠʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʠ ʩʝʚʝʨ ʧʣʠʪʦʦʙʨʘʟʥʳʝ ʠ 

ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʦʪ 0,1ï1 ʤ ʜʦ 70ï80 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 50ï250 ʤ ʜʦ 1ï3 

ʢʤ, ʠ ʣʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ï ʢʨʫʪʦ ʧʘʜʘʶʱʠʝ ʤʘʣʦʤʦʱʥʳʝ (ʜʦ 1 ʤ) ʠ ʥʝʧʨʦʪʷʞʝʥʥʳʝ 

ʣʠʥʟʦʚʠʜʥʦ-ʠʥʲʝʢʮʠʦʥʥʦʡ ʬʦʨʤʳ ʞʠʣʳ. ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʪʝʣ ʠʤʝʝʪ ʯʝʪʢʠʝ ʩʝʢʫʱʠʝ 

ʢʦʥʪʘʢʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʩʯʘʪʦʩʪʠ ʠ ʛʥʝʡʩʦʚʠʜʥʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ, 

ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ, ʧʣʘʛʠʦʛʥʝʡʩʦʚ ʠ ʤʘʨʘʛʘʡʩʢʠʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ.  

ʆʜʥʘ ʠʟ ʠʥʪʨʫʟʠʡ ï ʊʨʝʫʛʦʣʴʥʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʘ̫ ʚ ʨʘʡʦʥʝ  ʨ. ʄʘʣʳʡ ʂʫʨʫʤʢʘʥ, ʩʣʦʞʝʥʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʠʥʦʛʜʘ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʧʣʘʛʠʦʢʣʘʟ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-, 

ʦʣʠʚʠʥʦʚʳʤʠ, ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-ʦʣʠʚʠʥʦʚʳʤʠ ʚʝʙʩʪʝʨʠʪʘʤʠ, ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ 

ʣʝʨʮʦʣʠʪʘʤʠ,  ʧʣʘʛʠʦʚʝʙʩʪʝʨʠʪʘʤʠ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʦʨʦʜ 

ʫʩʣʦʚʥʳʝ, ʨʘʩʧʣʳʚʯʘʪʳʝ, ʯʘʩʪʦ ʟʘʪʫʰʝʚʘʥʳ ʧʨʦʮʝʩʩʘʤʠ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʎʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʪʝʣʘ, ʩʣʦʞʝʥʥʳʝ ʣʝʨʮʦʣʠʪʘʤʠ, ʠʥʪʝʥʩʠʚʥʦ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʳ, ʘ ʬʣʘʥʛʠ 

ʠʥʪʨʫʟʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʚʝʙʩʪʝʨʠʪʘʤʠ. ʅʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʱʥʦʩʪʴ ʠʥʪʨʫʟʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 17.2 ʤ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʝʣʘ ʜʦʩʪʠʛʘʝʪ 

63.5 ʤ. ɼʨʫʛʘʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʘʷ ʠʥʪʨʫʟʠʷ- ʀʢʵʥ, ʟʘʣʝʛʘʝʪ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʜ ʤʦʱʥʦʡ (ʜʦ 

130 ʤ) ʪʦʣʱʝʡ ʘʨʭʝʡʩʢʠʭ ʤʝʪʘʛʘʙʙʨʦ ʠ ʛʥʝʡʩʦʚ ʠ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʟʘʧʘʜʥʦʛʦ ʦʢʦʥʯʘʥʠʷ 

ʚʦʟʜʳʤʘʝʪʩʷ ʧʦʜ ʫʛʣʦʤ 30ï40. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʵʪʦʛʦ ʪʝʣʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʝʙʩʪʝʨʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʤʝʥʷʶʪʩʷ ʤʦʱʥʦʡ ʧʘʯʢʦʡ ʧʣʘʛʠʦʚʝʙʩʪʝʨʠʪʦʚ, ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʧʝʨʝʩʣʘʠʚʘʥʠʝ  

ʚʝʙʩʪʝʨʠʪʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪʳʝ ʟʜʝʩʴ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʚʝʙʩʪʝʨʠʪʳ 

ʷʚʣʷʶʪʩʷ ʪʦʥʢʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʨʝʞʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʠ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ, ʯʘʩʪʦ 

ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤʠ, ʧʦʨʦʜʘʤʠ;  ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʤʘʩʩʠʚʥʘʷ, ʠʥʦʛʜʘ ʪʘʢʩʠʪʦʚʘʷ ʠ 

ʩʣʘʥʮʝʚʘʪʘʷ ʪʝʢʩʪʫʨʳ. ɺ ʚʝʙʩʪʝʨʠʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʈʘʟʤʝʨ ʠʭ ʟʝʨʝʥ, ʚ ʦʩʥʦʚʥʦʤ, 0.1 - 1 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ 0.2 ï 0.5 ʤʤ.   ʉʪʝʧʝʥʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʨʘʟʣʠʯʥʘ: ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʞʠʭ 

ʜʦ ʭʣʦʨʠʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʠʣʠ ʭʣʦʨʠʪ-ʩʝʨʧʝʥʪʠʥ-ʪʘʣʴʢʦʚʳʭ ʩʣʘʥʮʝʚ. ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʧʦʨʦʜ ʢʫʥ-ʤʘʥʴʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʦʣʠʚʠʥ, ʨʦʤʙʠʯʝʩʢʠʡ ʠ ʤʦʥʦʢʣʠʥʥʳʡ 

ʧʠʨʦʢʩʝʥʳ, ʘʤʬʠʙʦʣʳ, ʧʣʘʛʠʦʢʣʘʟ, ʩʣʶʜʘ, ʰʧʠʥʝʣʠʜʳ.  

ʆʣʠʚʠʥ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʧʦʨʦʜ ʢʫʥ-ʤʘʥʴʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʙʠʜʠʦʤʦʨʬʥʳʤ ʛʘʙʠʪʫʩʦʤ, ʦʙʨʘʟʫʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʟʝʨʥʘ (1-3 ʤʤ, 

ʨʝʜʢʦ ʤʝʥʝʝ 1ʤʤ), ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ ʷʚʣʷʶʪʩʷ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ. ʅʘʠʙʦʣʝʝ 

ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʦʣʠʚʠʥʘ ʪʠʧʠʯʥʳ ʜʣʷ ʣʝʨʮʦʣʠʪʦʚ. ɺ ʥʠʭ ʧʦ ʩʠʩʪʝʤʝ ʤʠʢʨʦʪʨʝʱʠʥ ʨʘʟʚʠʪ 

ʩʝʨʧʝʥʪʠʥ, ʠʥʦʛʜʘ ʦʥ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʧʦʧʝʨʝʯʥʦ-ʚʦʣʦʢʥʠʩʪʳʤ, ʨʝʜʢʦ ʧʣʘʩʪʠʥʯʘʪʳʤ  

ʩʝʨʧʠʥʪʠʥʦʤ ʩ ʧʝʪʝʣʴʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʦʣʠʚʠʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 
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ʫʣʴʪʨʘʤʘʬʠʪʘʭ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ (Fa ʜʦ 15 ʤʘʩ.%), ʚ ʤʘʬʠʪʘʭ ʀʢʵʥʩʢʦʡ ʠʥʪʨʫʟʠʠ ʦʣʠʚʠʥʳ 

ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʳʝ (Fa ʦʪ 22 ʜʦ 30 ʤʘʩ.%). ɺ ʨʘʟʨʝʟʝ ʠʥʪʨʫʟʠʠ ʊʨʝʫʛʦʣʴʥʠʢ ʦʙʥʘʨʫʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʮʠʡ ʩʦʩʪʘʚʦʚ ʦʣʠʚʠʥʦʚ: ʢ ʧʦʜʦʰʚʝ ʠ ʢʨʦʚʣʝ ʪʝʣʘ (ʩʣʦʞʝʥʥʳʭ 

ʚʝʙʩʪʝʨʠʪʘʤʠ) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʞʝʣʝʟʠʩʪʦʩʪʠ. ɺʘʨʠʘʮʠʦʥʥʳʡ ʪʨʝʥʜ ʩʦʜʝʨʞʘʥʠʡ 

ʤʘʨʛʘʥʮʘ ʚ ʦʣʠʚʠʥʘʭ ʘʥʘʣʦʛʠʯʝʥ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʞʝʣʝʟʠʩʪʦʩʪʠ ʠ ʧʦʢʘʟʳʚʘʝʪ ʩʘʤʦʝ ʥʠʟʢʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʣʝʨʮʦʣʠʪʘʭ  (0,06-0,19%), ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʦʣʠʚʠʥʘʭ ʚʝʙʩʪʝʨʠʪʦʚ ʢ 

ʧʦʜʦʰʚʝ ʠ ʢʨʦʚʣʝ ʠʥʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ (0,20-0,27%,). ɺ ʚʝʙʩʪʝʨʠʪʘʭ ʠ ʛʘʙʙʨʦ-ʥʦʨʠʪʘʭ  ʀʢʵʥʩʢʦʛʦ 

ʪʝʣʘ ʦʣʠʚʠʥʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʀʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʉʘ (0,1-0,27%). 

ʈʦʤʙʠʯʝʩʢʠʡ ʧʠʨʦʢʩʝʥ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʙʨʦʥʟʠʪʦʤ. 

ʅʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʙʨʦʥʟʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʣʝʨʮʦʣʠʪʦʚ (f-14.6%-17.6%), ɺ 

ʚʝʙʩʪʝʨʠʪʘʭ ʧʦʜʦʰʚʳ ʠ ʢʨʦʚʣʠ ɻ ʪʦʡ ʠʥʪʨʫʟʠʠ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʞʝʣʝʟʠʩʪʦʩʪʠ ʚ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘʭ ʩʦʩʪʘʚʣʷʶʪ-16,2%-19%. ɸʥʘʣʦʛʠʯʥʳʡ ʪʨʝʥʜ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ 

ʛʣʠʥʦʟʝʤʘ- ʥʝʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʝʥʳ ʚ ʦʨʪʦʧʠʨʦʢʩʝʥʘʭ ʣʝʨʮʦʣʠʪʦʚ (2,55%-3,3%), 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ Al2O3 ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʤʠʥʝʨʘʣʘʭ ʚʝʙʩʪʝʨʠʪʦʚ (2,9%-3,5%). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʙʨʦʥʟʠʪʦʚ ʧʦʨʦʜ ʵʪʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ Cr2ʆ3 (0,01-0,32%), 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʣʝʨʮʦʣʠʪʘʭ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʚʝʙʩʪʝʨʠʪʘʭ. ʅʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʝʥʠʝ  ʢʦʥʮʝʥʪʨʘʮʠʡ Mn ʧʨʦʠʩʭʦʜʠʪ ʢ ʢʨʘʷʤ ʨʘʟʨʝʟʘ, ʘ 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʣʝʨʮʦʣʠʪʦʚʦʡ ʯʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

ʩʦʭʨʘʥʷʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ - ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʨʳʪʘʷ ʨʘʩʩʣʦʝʥʥʦʩʪʴ, ʢʦʛʜʘ ʤʠʥʝʨʘʣʳ ʧʨʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʷʶʪ ʩʚʦʡ ʩʦʩʪʘʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʘʟʦʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ [2]. ʉʦʩʪʘʚ ʨʦʤʙʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʦʚ ʪʝʣʘ ʀʢʵʥ ʛʦʨʘʟʜʦ ʨʘʟʥʦʦʙʨʘʟʥʝʝ: ʦʪ ʙʨʦʥʟʠʪʦʚ 

(Fs12-30 ) ʜʦ ʛʠʧʝʨʩʪʝʥʦʚ ʚ ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʀʢʵʥʩʢʦʛʦ ʪʝʣʘ ʠ ʬʝʨʨʦʛʠʧʝʨʩʪʝʥʦʚ (Fs50-70) ʚ 

ʢʨʦʚʣʝ ʪʝʣʘ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʘʙʙʨʦ. ɾʝʣʝʟʠʩʪʦʩʪʴ ʦʨʪʦʧʠʨʦʢʩʝʥʦʚ ʚ ʚʝʙʩʪʝʨʠʪʘʭ ʚʘʨʴʠʨʫʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ (f=29-33,5%), ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ ʙʨʦʥʟʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʧʦʜʦʰʚʳ ʪʝʣʘ (f=19,9-25,3%). ɻʣʠʥʦʟʝʤʠʩʪʦʩʪʴ ʨʦʤʙʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʦʚ ʚ ʚʝʙʩʪʝʨʠʪʘʭ 

ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ.  

         ʅʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʦʨʦʜʘʭ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ (f-

11-19), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʤ (ʜʦ 5,9 ʤʘʩ.% Al2O3) ʠ ʫʤʝʨʝʥʥʦʭʨʦʤʠʩʪʳʤ 

(ʜʦ 0,8 Cr2O3 ʤʘʩ.%) ʜʠʦʧʩʠʜʘʤ. ɺ ʨʘʟʨʝʟʝ ʵʪʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʤʝʥʷʝʪʩʷ ʦʪ 

ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʜʠʦʧʩʠʜʘ ʚ ʣʝʨʮʦʣʠʪʘʭ (f=11-13%) ʜʦ ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʦʛʦ ʚ ʚʝʙʩʪʝʨʠʪʘʭ; ʢ 

ʧʦʜʦʰʚʝ ʠ ʢʨʦʚʣʠ ʪʝʣʘ ʥʘʙʣʶʜʘʝʤ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʞʝʣʝʟʠʩʪʦʩʪʠ (ʜʦ 16,5%), ʉʭʦʞʠʝ 

ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʦʪʤʝʯʝʥʳ ʜʣʷ ʭʨʦʤʘ; ʚ ʣʝʨʮʦʣʠʪʘʭ ʥʘʠʙʦʣʴʰʠʝ (0,4%-0,8%), ʚ 

ʚʝʙʩʪʝʨʠʪʘʭ ʨʘʟʨʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (0,23%-0,5%). ʆʙʨʘʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʦʧʩʠʜʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ Al2O3 ʠ TiO2 ʚ ʤʘʛʥʝʟʠʘʣʴʥʳʭ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ - ʥʘʠʤʝʥʴʰʘʷ. Cʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʧʦʨʦʜ ʠʥʪʨʫʟʠʠ ʀʢʵʥ ʤʝʥʷʝʪʩʷ ʦʪ 

ʜʠʦʧʩʠʜʦʚ ʚ ʚʝʙʩʪʝʨʠʪʘʭ ʜʦ ʩʘʣʠʪʦʚ ʚ ʛʘʙʙʨʦʠʜʘʭ (f-15-46). ʉʦʜʝʨʞʘʥʠʷ Al2O3, TiO2, FeO, 

MnO ʚ ʮʝʣʦʤ, ʚ ʜʠʦʧʩʠʜʘʭ ʪʝʣʘ ʀʢʝʥ ʚʳʰʝ, ʯʝʤ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Cr2O3, Na2O ʥʠʞʝ. ɺ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʛʘʙʙʨʦʠʜʦʚ Cr2O3 ʠ Na2O ʦʪʩʫʪʩʪʚʫʶʪ.  

         ɸʤʬʠʙʦʣʳ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʢʘʣʴʮʠʝʚʳʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ   

ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʤʠ ʪʠʪʘʥʠʩʪʳʤʠ ʨʘʟʥʦʩʪʷʤʠ (ʜʦ 5,96 ʤʘʩ.% TiO2) ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʀʭ 

ʞʝʣʝʟʠʩʪʦʩʪʴ ʤʝʥʷʝʪʩʷïʦʪ 0,17 ʜʦ 0,40. ɺ ʣʝʨʮʦʣʠʪʘʭ ʦʪʤʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʷ, 

ʭʨʦʤʘ ʠ ʪʠʪʘʥʘ ʚ ʘʤʬʠʙʦʣʘʭ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʤʬʠʙʦʣʘʤʠ ʚʝʙʩʪʝʨʠʪʦʚ, ʪ.ʝ. ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʘʭ (ʦʣʠʚʠʥʘʭ, ʧʠʨʦʢʩʝʥʘʭ) 

ʩʦʭʨʘʥʷʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʨʝʟʫ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʢʨʳʪʘʷ 

ʨʘʩʩʣʦʝʥʥʦʩʪʴ). ʂʦʥʮʝʥʪʨʘʮʠʠ CʘO ʠʤʝʶʪ ʙʣʠʟʢʫʶ ʚʝʣʠʯʠʥʫ ʚ ʘʤʬʠʙʦʣʘʭ ʚʩʝʛʦ ʨʘʟʨʝʟʘ (9-

12,2ʤʘʩ.%). ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʛʣʠʥʦʟʝʤʘ ʠ ʞʝʣʝʟʠʩʪʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ  

ʛʦʚʦʨʠʪʴ ʦ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʬʣʶʠʜʦʚ ʚ ʨʘʩʧʣʘʚʝ, ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ ʚ ʧʦʣʴʟʫ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ [3]. ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʬʠʙʦʣʦʚ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ ʣʦʞʘʪʩʷ ʚ ʧʦʣʷ ʵʜʝʥʠʪ-ʧʘʨʛʘʩʠʪ-ʛʘʩʪʠʥʛʩʠʪʘ, ʠʭ  

ʞʝʣʝʟʠʩʪʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,16 ʜʦ 0,7, ʉʦʜʝʨʞʘʥʠʷ TiO2 ʚ ʘʤʬʠʙʦʣʘʭ ʛʘʙʙʨʦʠʜʦʚ  ʨʝʜʢʦ 

ʧʨʝʚʳʰʘʝʪ 0,5%, ʘ ʚ ʨʦʛʦʚʳʭ ʦʙʤʘʥʢʘʭ ʚʝʙʩʪʝʨʠʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʦʢʩʠʜʘ ʩʫʱʝʩʪʚʝʥʦ 

ʙʦʣʴʰʝ (ʜʦ 5,63%), ʢʦʣʠʯʝʩʪʚʦ Cr2ʆ3 ʦʯʝʥʴ ʥʠʟʢʦʝ (0-0,11%). ɺ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʨʦʛʦʚʳʭ 
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ʦʙʤʘʥʢʘʭ ʬʠʢʩʠʨʫʝʤ ʰʠʨʦʢʠʝ ʢʦʣʝʙʘʥʠʷ ʞʝʣʝʟʠʩʪʦʩʪʠ ʦʪ 0,03 ʜʦ 0,52, ʘ ʚ ʚ ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʳʭ 

ʨʘʟʥʦʩʪʷʭ - ʬʝʨʨʦʯʝʨʤʘʢʠʪʘʭ ʦʪ 0,51 ʜʦ 0,75. ʉʦʜʝʨʞʘʥʠʝ Na2ʆ ʚ ʘʤʬʠʙʦʣʘʭ ʛʘʙʙʨʦʠʜʦʚ 

ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1-0,55%, ʘ ʚ ʘʤʬʠʙʦʣʘʭ ʚʝʙʩʪʝʨʠʪʦʚ ʛʦʨʘʟʜʦ ʚʳʰʝ ʦʪ 1,84-3,08%. ʅʘ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʘʤʬʠʙʦʣʦʚ ʫʢʘʟʳʚʘʝʪ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʞʝʣʝʟʘ ʠ ʭʨʦʤʘ 

ʚ ʨʦʛʦʚʳʭ ʦʙʤʘʥʢʘʭ ʠ ʦʣʠʚʠʥʘʭ, ʧʠʨʦʢʩʝʥʘʭ.  

         ɺ ʧʦʨʦʜʘʭ ɺʦʜʦʨʘʟʜʝʣʴʥʦʛʦ ʪʝʣʘ ʚʩʪʨʝʯʘʶʪʩʷ ʭʨʦʤʰʧʠʥʝʣʠʜʳ (ʨʷʜ ʭʨʦʤʠʪ- 

ʭʨʦʤʧʠʢʦʪʠʪ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ Cr2ʆ3 ʜʦ 18 ʤʘʩ. %. ɺ ʧʦʨʦʜʘʭ ʀʢʵʥʩʢʦʡ ʠʥʪʨʫʟʠʠ ʨʘʟʚʠʪʳ 

ʘʣʶʤʦʰʧʠʥʝʣʠʜʳ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr2O3 ʜʦʩʪʠʛʘʶʪ 10.5 ʤʘʩ.%. 

         ʇʣʘʛʠʦʢʣʘʟ ʚ ʧʦʨʦʜʘʭ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʜʝʟʠʥʦʤ ( 34-47% An), 

ʩʦʜʝʨʞʘʱʠʤ ʜʦ 3.76% Or. ɺ ʣʝʨʮʦʣʠʪʘʭ ʦʥ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʣʴʮʠʷ ʠ 

ʘʣʶʤʠʥʠʷ. ɺ ʀʢʵʥʩʢʦʤ ʪʝʣʝ ʩʦʩʪʘʚ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʘʥʜʝʟʠʥʘ (32% An) ʜʦ 

ʣʘʙʨʘʜʦʨʘ (66% An).  

         ʉʦʩʪʘʚʳ ʩʣʶʜ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʙʠʦʪʠʪ-ʬʣʦʛʦʧʠʪ.  

ɾʝʣʝʟʠʩʪʦʩʪʴ ʬʣʦʛʦʧʠʪʦʚ ʠʟ ʧʦʨʦʜ ʪʝʣʘ ʊʨʝʫʛʦʣʴʥʠʢ ʚʘʨʴʠʨʫʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 22-26%, Al2ʆ3 - 

14.05-15.73 ʤʘʩ.%, Mgʆ-16.18-20.49 ʤʘʩ. %. ɺ ʩʣʶʜʘʭ ʚʝʙʩʪʝʨʠʪʦʚ ʥʠʞʥʠʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʵʪʦʛʦ 

ʪʝʣʘ ʦʪʤʝʯʘʝʤ ʧʦʥʠʞʝʥʥʳʝ ʚ 1,5-2 ʨʘʟʘ ʩʦʜʝʨʞʘʥʠʷ TiO2 ʠ Cr2O3, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ MgO. ʉʣʶʜʳ ʧʦʨʦʜ ʀʢʵʥʩʢʦʛʦ ʪʝʣʘ ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ (13-19 

ʤʘʩ.% ), ʤʝʥʝʝ ʪʠʪʘʥʠʩʪʳʝ. ʂʦʣʠʯʝʩʪʚʦ MgO, TiO2 ʚ ʩʣʶʜʘʭ ʛʘʙʙʨʦʠʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 

ʚ ʙʠʦʪʠʪʘʭ ʚʝʙʩʪʝʨʠʪʦʚ, ʘ Al2ʆ3 ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ. ʉʧʝʮʠʬʠʢʦʡ ʵʪʠʭ ʩʣʶʜ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʨʠʤʝʩʠ Ni (ʜʦ 0,56%). 

         ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʧʦʨʦʜ ʢʫʥ-ʤʘʥʴʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠʥʪʨʫʟʠʡ ʊʨʝʫʛʦʣʴʥʠʢ ʠ ʀʢʵʥ ʦʙʨʘʟʫʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʝʜʠʥʳʡ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʡ ʪʨʝʥʜ, 

ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ MgO ʠ SiO2, TiO2, Al2O3, CaO, 

Na2O. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚ r ʧʦʨʦʜ ʪʝʣ ʊʨʝʫʛʦʣʴʥʠʢ ʠ ʀʢʵʥ ʚ ʢʦʦʨʜʠʥʘʪʘʭ MgO ï Al2O3 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʨʘʟʤʘʭ ʠ ʦʙʨʘʟʫʶʪ, ʥʝ ʧʝʨʝʢʨʳʚʘʷʩʴ, ʝʜʠʥʳʡ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ, 

ʧʦʜʯʝʨʢʠʚʘʶʱʠʡ ʠʭ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ. ʇʦ ʩʫʪʠ, ʦʥʠ ʦʙʲʝʜʠʥʷʶʪ ʜʚʝ ʜʠʩʢʨʝʪʥʳʝ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʝʨʠʠ: ʫʣʴʪʨʘʤʘʬʠʪʦʚʫʶ (ʪʝʣʦ ʊʨʝʫʛʦʣʴʥʠʢ) ʠ ʤʘʬʠʪʦʚʫʶ (ʪʝʣʦ ʀʢʵʥ).  

       ʇʦʨʦʜʳ ʠʥʪʨʫʟʠʠ ʊʨʝʫʛʦʣʴʥʠʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʣʝʨʮʦʣʠʪʘʭ ʠʭ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 4,4 ʜʦ 12,3 ʛ/ʪ, ʚ 

ʚʝʙʩʪʝʨʠʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʤʝʪʥʦ ʚʳʰʝ. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʚʳʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʦʨʤʦʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʙʦʛʘʱʝʥʠʝʤ ʣʝʛʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʷʞʝʣʳʭ ʚ ʣʝʨʮʦʣʠʪʘʭ (La/Yb)N 

4,6-14,7; (Sm/Yb)N=2,0-5,3 ʠ ʫʤʝʨʝʥʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʚʝʙʩʪʝʨʠʪʘʭ: 

(La/Yb)N=1,6-3,5; (Sm/Yb)N=1,5-2,7. ʅʘ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʚʝʙʩʪʝʨʠʪʳ ʠ ʣʝʨʮʦʣʠʪʳ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʭʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʫʧʥʦʠʦʥʥʳʭ ʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹʣʠʟʦʩʪʴ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʵʥʘʯʝʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʜʦʚʦʣʴʥʦ ʩʛʣʘʞʝʥʥʫʶ, ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʬʦʨʤʫ ʢʨʠʚʳʭ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʚʝʙʩʪʝʨʠʪʦʚ. ʆʙʱʝʡ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʨʦʜ ʠʥʪʨʫʟʠʠ ʊʨʝʫʛʦʣʴʥʠʢ ʷʚʣʷʝʪʩʷ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʡ 

Nb-Ta ʤʠʥʠʤʫʤ. ʉʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʘʙʙʨʦ ʠ ʚʝʙʩʪʝʨʠʪʦʚ ʀʢʵʥʩʢʦʡ ʠʥʪʨʫʟʠʠ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʭʦʥʜʨʠʪʫ, ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʙʣʠʟʧʘʨʘʣʣʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, 

ʦʪʣʠʯʘʷʩʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʘʙʩʦʣʶʪʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʘʙʙʨʦʠʜʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ LREE ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MREE, ʪʦʛʜʘ ʢʘʢ ʚ 

ʚʝʙʩʪʝʨʠʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʫʨʦʚʝʥʴ. ʆʜʥʦʡ ʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʙʩʪʝʨʠʪʦʚ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ Nb, Ta ʠ P. 

ʀʟʙʠʨʘʪʝʣʴʥʦʝ ʦʙʝʜʥʝʥʠʝ Nb,Ta ʚ ʠʟʫʯʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʠʭ ʤʘʥʪʠʡʥʦʤ ʠʩʪʦʯʥʠʢʝ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ ʩ 

ʩʫʙʜʫʢʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.                                  

         ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʪʨʦʭʠʤʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʧʦʨʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʯʝʨʝʟ 

ʪʝʣʦ ʊʨʝʫʛʦʣʴʥʠʢ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪ ɹ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʧʦʜʦʰʚʝ ʠ 

ʢʨʦʚʣʝ ʠʥʪʨʫʟʠʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʢʨʳʪʘ ̫ ʩʠʩʪʝʤʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʬʣʶʠʜʦʚ. 

ʇʝʨʝʭʦʜ ʦʪ ʚʝʙʩʪʝʨʠʪʦʚ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʪʝʣʘ ʢ ʣʝʨʮʦʣʠʪʘʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ  ʨʘʩʧʣʘʚʘ ʫ 



103 

ʢʦʥʪʘʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʨʫʟʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʥʝʜʨʝʥʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦʜʥʦʡ ʢʨʫʧʥʦʡ ʧʦʨʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ.    

         ʇʦʚʝʜʝʥʠʝ ʞʝʣʝʟʠʩʪʦʩʪʠ ʢʫʤʫʣʘʪʦʚ ʦʨʪʦ- ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʠʤʠʟʤʫ 

ʧʦʨʦʜ ʀʢʵʥʩʢʦʡ ʠʥʪʨʫʟʠʠ. ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʨʦʜʘʤ ʠʥʪʨʫʟʠʠ 

ʀʢʵʥ ʩʚʦʡʩʪʚʝʥʥʘ ʨʠʪʤʠʯʥʘʷ ʨʘʩʩʣʦʝʥʥʦʩʪʴ ɺ ʠʟʫʯʝʥʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʨʠʪʤʦʚ (ʩʣʦʝʚ). ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʠʥʪʨʫʟʠʷ ʀʢʵʥ ï ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ, ʛʜʝ ʤʘʛʤʘ ʚʥʝʜʨʷʝʪʩʷ 

ʥʝʦʜʥʦʢʨʘʪʥʦ, ʦʪʜʝʣʴʥʳʝ ʚʥʝʜʨʝʥʠʷ ʨʘʟʜʝʣʷʣʠʩʴ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ, ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʫʤʫʣʘʪʦʚ.  

        ʂʘʢ ʚʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʧʦʨʦʜ ʢʫʥ-

ʤʘʥʴʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʥʪʨʫʟʠʡ ʊʨʝʫʛʦʣʴʥʠʢ ʠ ʀʢʵʥ ʦʙʨʘʟʫʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʝʜʠʥʳʡ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʡ ʪʨʝʥʜ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʠʟʦʩʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠ ʩʦʩʪʘʚʦʚ 

ʤʠʥʝʨʘʣʦʚ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʤ ʨʦʜʩʪʚʝ ʧʦʨʦʜ ʠʟʫʯʝʥʥʳʭ ʠʥʪʨʫʟʠʚʦʚ, 

ʪ.ʝ., ʚʝʨʦʷʪʥʦ, ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʦʜʦʥʘʯʘʣʴʥʦʡ ʤʘʛʤʳ.   

         ʀʥʪʨʫʟʠʷ ʊʨʝʫʛʦʣʴʥʠʢ, ʩʣʦʞʝʥʥʘʷ ʣʝʨʮʦʣʠʪʘʤʠ ʠ ʚʝʙʩʪʝʨʠʪʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 

ʚʝʨʭʥʝʤʘʥʪʠʡʥʳʭ ʫʩʣʦʚʠʷʭ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʠʥʝʨʘʣʦʛʠʠ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʠ ʢʩʝʥʦʣʠʪʦʚ ʤʘʥʪʠʡʥʳʭ ʰʧʠʥʝʣʝʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ 

ʚʝʙʩʪʝʨʠʪʦʚ ʠʟ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ. ʅʘʣʠʯʠʷ ʛʘʙʙʨʦʠʜʦʚ ʚ ʨʘʟʨʝʟʝ ʪʝʣʘ ʀʢʵʥ, ʘ ʪʘʢʞʝ 

ʧʦʷʚʣʷʶʱʠʡʩʷ CaO ʚ ʦʣʠʚʠʥʘʭ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ, ʛʠʧʘʙʠʩʩʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʦʜ ʵʪʦʛʦ ʪʝʣʘ. ʀʩʭʦʜʥʦʡ ʤʘʛʤʦʡ ʜʣʷ ʥʠʭ ʧʦʩʣʫʞʠʣ ʜʠʬʬʝʨʝʥʮʠʘʪ, 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦʩʣʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʫʤʫʣʘʪʦʚ ʦʣʠʚʠʥʘ, ʧʠʨʦʢʩʝʥʦʚ ʠʟ ʧʠʢʨʠʪʦʚʦʛʦ 

ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʨʮʦʣʠʪʦʚ ʠ ʚʝʙʩʪʝʨʠʪʦʚ ʠʥʪʨʫʟʠʠ ʊʨʝʫʛʦʣʴʥʠʢ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʘʣʳʝ ʠʥʪʨʫʟʠʠ ʊʨʝʫʛʦʣʴʥʠʢ ʠ ʀʢʵʥ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʘʭ ʚ ʧʨʦʮʝʩʩʝ ʢʫʤʫʣʷʮʠʠ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʨʘʩʧʣʘʚʦʚ (ʫʣʴʪʨʘʤʘʬʠʪʦʚʦʤ, ʤʘʬʠʪʦʚʦʤ ). 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɿʆʃʆʊɸ ʉ ʇʆʃʀʉʀʃʆʂʉɸʅʆɺʆʁ ʉɺʗɿʔʖ ʂɺɸʈʎɽɺʆʁ 

ʄɸʊʈʀʎʓ ʇʈʀʈʆɼʅʓʍ ʄʀʅɽʈɸʃʆɺ 

ʉ.ʄ. ʈʘʜʦʤʩʢʠʡ, ɺ.ʀ. ʈʘʜʦʤʩʢʘʷ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʢʨʳʪʳʭ ʜʨʝʚʥʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʠʧʦ-, ʤʝʟʦ-, 

ʠ ʵʧʠ- ʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʦʚ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʦʙʦʛʘʱʸʥʥʳʭ ʛʘʟʦʞʠʜʢʠʭ ʬʣʶʠʜʦʚ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦ ʨʘʟʣʦʤʘʤ ʠ ʪʨʝʱʠʥʘʤ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʧʦʨʦʜ, ʪʦʛʜʘ ʢʘʢ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ ʚ ʥʠʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʠ 

ʛʨʘʥʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ [1]. ʄʠʥʝʨʘʣʳ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʦʡ ʤʘʪʨʠʮʳ 

ʷʚʣʷʣʠʩʴ ʚʘʞʥʝʡʰʠʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʟʦʣʦʪʘ ʥʘ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʈʫʜʦʦʙʨʘʟʦʚʘʥʠʝ 

ʟʦʣʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʝʜʘʚʥʦ ʥʘ ʬʣʘʥʛʘʭ 

ʇʦʢʨʦʚʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʠʘʤʫʨʴʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʫʜʥʳʝ ʪʝʣʘ 

ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʢʚʘʨʮʝʚʳʭ ʨʘʟʣʦʤʘʭ ʦʨʝʦʣʦʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʦʩʥʦʚʥʳʤ ʧʨʦʷʚʣʷʝʤʳʤ ʩʚʦʡʩʪʚʘʤ 

ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ. ʕʪʦ ʩʚʦʝʦʙʨʘʟʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʦʪʣʦʞʝʥʠʷ 1.72-9.80 ʛ/ʪ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʠ ʧʣʦʭʦ-ʩʦʨʪʠʨʦʚʘʥʥʳʤʠ 

ʙʨʝʢʯʠʷʤʠ. ɿʦʣʦʪʦ ʚ ʥʠʭ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ, ʯʪʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʦʚʳʡ ʧʨʦʤʳʰʣʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʚʠʜ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʥʘʟʚʘʥʥʳʡ 

ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷʤʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʤʠ ʬʘʥʛʣʦʤʝʨʘʪʘʤʠ [2]. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦ ʠʟʫʯʝʥʠʝ 

ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʝʨʝʦʪʣʦʞʝʥʠʡ (ʧʦ ʪʠʧʫ ʩʦʨʙʮʠʷ-ʨʝʛʝʥʝʨʘʮʠʷ). 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʢʚʘʨʮ, ʢʘʢ çʩʫʭʦʡè, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ çʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡè, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʩʠʥʪʝʟʝ. 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʩʦʨʙʮʠʷ ʠʦʥʦʚ ʟʦʣʦʪʘ [AuCl4]
ī 
ʠʟ ʨʘʩʪʚʦʨʦʚ 2ʄ HCl ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ 

ʥʘ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʠʥʝʨʘʣ/ʨʘʩʪʚʦʨ = 1:100, ʥʘ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʘʭ çʩʫʭʦʛʦè [ſSiïO]ɰ ʠ çʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦè  [ſSiOH] ʢʚʘʨʮʘ, ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 1 ʘ ʠ ʙ). 
                                   ́Ɋ                                                                                    ̂Ɋ 

ʈʠʩ. 1. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʟʦʣʦʪʘ ʠʟ ʨʘʩʪʚʦʨʘ 2M HCl ʢʨʝʤʥʝʟʸʤʦʤ:  

ʘ)  ʛʠʜʨʘʪʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ  SiO2Ān H2O, 1 ï ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 0.12 ʯʘʩʘ, 2  ï ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 1 ʯʘʩ.  

ʙ) ʩʫʭʘʷ ʬʦʨʤʘ SiO2, 1 ï ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 0.12 ʯʘʩʘ, 2  ï ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 1 ʯʘʩ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ Au
+
, Au

3+
 ʠʤʝʶʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʃʵʥʛʤʶʨʦʚʩʢʠʡ 

ʚʠʜ ʠ ʩʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ (R) å 50 %. ɼʣʷ Au
3+

 ʩʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ å 80 %, 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʟʦʣʦʪʘ. ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Au ʥʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʢʚʘʨʮʘ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʘʜʩʦʨʙʮʠʠ 
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(ʧʝʨʝʛʠʙʳ ʥʘ ʛʨʘʬʠʢʝ) ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ~1 ʛ/ʪ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ (ʨʠʩ. 

1) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʦʤʝʥʪʘʣʴʥʦʡ ʩʦʨʙʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʢʦʥʪʘʢʪʘ 0.12 ʯ ʥʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤ 

ʦʢʩʠʜʝ ʢʨʝʤʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʪ ʙʳʩʪʨʦ ʠ 

ʝy ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 64.0 %. ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʠʦʥʦʚ ʟʦʣʦʪʘ ʜʦ 50 

ʤʛ/ʣ  ʥʘʙʣʶʜʘʝʪʩʷ ʫʙʳʚʘʥʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 64.0 % ʜʦ 13.2 %. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʝʨʝʛʠʙ ʠʣʠ ʤʘʢʩʠʤʫʤ ʘʜʩʦʨʙʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʧʦʣʥʝʥʠʝ  ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ [ſSiïO]ɰ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʭʦʡ ʬʦʨʤʳ ʢʨʝʤʥʝʟʸʤʘ, ʢʦʪʦʨʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʨʘʚʥʦʮʝʥʥʳ ʮʝʥʪʨʘʤ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʢʨʝʤʥʝʟʸʤʘ [SiOH] [3]. 

ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʧʨʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 1 ʯ ʥʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤ 

ʦʢʩʠʜʝ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʃʥɻʛʤʶʨʦʚʩʢʠʡ ʚʠʜ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʬʣʫʢʪʫʘʮʠʝʡ ʚ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘʭʦʜʠʪʩʷ ʥʘ 35.2 %, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʤʦʤʝʥʪʘʣʴʥʦʡ ʩʦʨʙʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʥʘ ʩʦʨʙʮʠʶ ʥʘʯʠʥʘʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʚʩʣʝʜʩʪʚʠʝ ʩʦʣʴʚʘʪʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ ʜʝʩʦʨʙʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʪʝʩʥʝʥʠʷ ʘʥʠʦʥʘ ʟʦʣʦʪʘ ʘʥʠʦʥʘʤʠ 

ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ. 

ʅʘ ʨʠʩ. 1 ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʟʦʣʦʪʘ ʥʘ ʦʢʩʠʜʝ ʢʨʝʤʥʠʷ ʧʨʠ 

ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 0.12 ʯ ʠ 1 ʯ. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ, ʧʨʠ ʤʦʤʝʥʪʘʣʴʥʦʡ ʩʦʨʙʮʠʠ ʥʘ ʦʢʩʠʜʝ 

ʢʨʝʤʥʠʷ ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 0.12 ʯ, ʠʤʝʝʪ ʪʦʯʢʫ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʣʠʟʢʠʭ ʢ 5.0 

ʤʛ/ʣ ʨʘʚʥʫʶ 65.2 % ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 5.0 ʤʛ/ʣ ʜʦ 50.0 ʤʛ/ʣ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʙʳʚʘʥʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʜʦ 21.3 %. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ, ʧʨʠ 

ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʃʥɻʛʤʶʨʦʚʩʢʠʡ ʚʠʜ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ 

ʜʦʩʪʠʛʘʝʪ 78.9 % ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ 50.0 ʤʛ/ʣ ʠ ʚʳʰʝ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʥʘ 

ʦʢʩʠʜʝ ʢʨʝʤʥʠʷ ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʥʘ 43 % ʚʳʰʝ, ʯʝʤ ʧʨʠ ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ, ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʧʦʣʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʤʘʪʨʠʮʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 

ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʦʨʙʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ ʧʦ 

ʬʦʨʤʫʣʝ  (1): ɻ=(ʉʠʩʭ ï ʉʢʦʥ)ĀVʨʘʩʪʚmʩʦʨʙĀSʫʜ; ʛʜʝ ʉʠʩʭ ʠ ʉʢʦʥ ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʫʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Vʨʘʩʪʚ ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, 

ʨʘʚʥʳʡ 10 ʤʣ; mʩʦʨʙ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ ʩʦʨʙʝʥʪʘ ï 0.02 ʛ; Sʫʜ ï ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʨʙʝʥʪʘ, 

ʤ
2
/ʛ. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʜʣʷ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ 246.48 ʤ
2
/ʛ, ʜʣʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 584.60 ʤ

2
/ʛ.  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʟʦʣʦʪʘ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ.  

ʀʩʭʦʜʷ ʠʟ ʨʘʩʩʯʠʪʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʩʦʨʙʮʠʠ ʥʘ ʤ
2 
ʢʨʝʤʥʝʟʸʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʳʤ ʤʦʥʦʩʣʦʝʤ ʤʝʪʘʣʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʸʤʢʦʩʪʴ ʨʘʚʥʘʷ 80 ʤʢʛ/ʤ
2
 ʦʪʤʝʯʘʣʘʩʴ ʜʣʷ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠ ʩʦʨʙʮʠʠ ʟʦʣʦʪʘ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʅʘʠʤʝʥʴʰʘʷ ʸʤʢʦʩʪʴ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʧʦ ʟʦʣʦʪʫ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 

ʊʘʙʣʠʮʘ 1. ʉʦʨʙʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ  ʩʫʭʦʡ ʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʜʣʷ Au 

 ʀʦʥ ʉʦʨʙʝʥʪ ɺʨʝʤʷ ʩʦʨʙʮʠʠ, ʯ ʉʦʨʙʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ, ʤʢʛ/ ʤ
2
  

 

 

 

[AuCl4]
ī 

 

SiO2 ʩʫʭʘʷ ʬʦʨʤʘ 

0.12 21.6 

1 80.0 

 

SiO2ĀnH2O ʛʠʜʨʘʪʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ 

0.12 7.87 

1 5.62 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʩʦʨʙʮʠʷ Au
3+

 ʦʢʩʠʜʘʤʠ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʬʫʥʢʮʠʝʡ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘʢʣʘʜʳʚʘʶʪ ʩʚʦʝ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʚʦʜʳ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 



106 

ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʣʷ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʟʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʙʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚʩʝʤ ʦʙʲʸʤʦʤ ʨʘʩʪʚʦʨʘ.  

ɺ ʦʙʱʝʤ ʚʠʜʝ, ʧʨʦʮʝʩʩ ʩʦʨʙʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʪʨʝʤ ʩʪʘʜʠʷʤ: ʜʠʬʬʫʟʠʷ ʯʝʨʝʟ ʜʚʦʡʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʨʘʩʪʚʦʨʘ, ʦʢʨʫʞʘʶʱʝʛʦ ʟʝʨʥʦ ʩʦʨʙʝʥʪʘ, ʜʠʬʬʫʟʠʷ ʚ ʟʝʨʥʝ, 

ʭʠʤʠʯʝʩʢʠʡ ʦʙʤʝʥ. ʅʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ ʠʟ ʵʪʠʭ ʩʪʘʜʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʫʪʝʤ ʩʦʣʴʚʘʪʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʡ. 

ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʙʳʩʪʨʝʝ ʚ ʥʘʠʤʝʥʝʝ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʊʘʢ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʧʨʦʪʝʢʘʥʠʷ ʩʦʨʙʮʠʠ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʣʠʤʠʪʠʨʦʚʘʪʴʩʷ ʜʠʬʬʫʟʠʝʡ ʠʦʥʦʚ ʯʝʨʝʟ 

ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ, ʦʢʨʫʞʘʶʱʠʡ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ. ɸʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʘʜʩʦʨʙʮʠʠ ʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʩʚʷʟʝʡ [īOīSi ], 

ʦʢʘʥʯʠʚʘʶʱʠʝʩʷ ʦʙʨʳʚʘʤʠ ʮʝʧʝʡ ʧʦ ʪʠʧʘʤ ʩʫʭʠʭ [ſSiïO]ɰ  ʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ  [ SiOH]. 

   ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʠʟʦʪʝʨʤʘʭ ʩʦʨʙʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɺʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ ʚ ʤʦʥʦʩʣʦʝ, ʪʦʛʜʘ ʢʘʢ  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʟʨʘʩʪʘʶʪ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ, ʢʘʢ  ʠʟʚʝʩʪʥʦ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʘʤʠ ʧʨʠʪʷʞʝʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ. 

 ʄʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [AuCl4]
ī
 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩ ʫʯʝʪʦʤ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʨʝʤʥʝʟʸʤʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʨʙʮʠʠ (ʢʘʪʠʦʥʥʳʡ ʦʙʤʝʥ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʝʤʥʝʟʸʤʦʚ) ʤʘʣʦʚʝʨʦʷʪʥ r ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʟʦʣʦʪʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ SiO2 ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ.  ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʟʘʤʝʱʝʥʠʝ ʫ ʮʝʥʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʝʛʦ ʪʠʧʘ ſSiςOςAuĀ(Cln-1), ʛʜʝ n ï 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ.  

 ʂʨʝʤʥʝʢʠʩʣʦʨʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʨʙʝʥʪʘ ʟʘʨʷʞʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʦʙʨʘʟʫʷ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ (ɼʕʉ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʠʜʨʘʪʥʦʛʦ ʩʣʦʷ ʠ ʠʦʥʦʚ ʆʅ
 

 ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ. ʇʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʠʦʥʳ ʆʅ ʟʘʤʝʱʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ. ɸ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚʭʦʞʜʝʥʠʝ ʠʦʥʦʚ ʟʦʣʦʪʘ ʚ ʜʠʬʬʫʟʠʦʥʥʳʡ 

ʩʣʦʡ, ʘʜʩʦʨʙʮʠʷ ʜʘʥʥʳʭ ʠʦʥʦʚ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʦʣʦʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʦʥʦʚ, ʚʳʪʘʣʢʠʚʘʝʤʳʭ ʚ ʨʘʩʪʚʦʨ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʄʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩ ʫʯʝʪʦʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʨʝʤʥʝʟʸʤʦʚ ʠ ʚ ʩʦʛʣʘʩʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʟʘʤʝʱʝʥʠʶ SN2 ʪʠʧʘ ʠʣʠ 

SN1 ʪʠʧʘ ʫ ʘʪʦʤʦʚ ʟʦʣʦʪʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʟʘʤʝʱʝʥʠʝ ʫ ʘʪʦʤʦʚ ʟʦʣʦʪʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʘʷ ʩʚʷʟʴ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʩʤʝʱʝʥʠʷ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 2ʨ-ʦʨʙʠʪʘʣʷʭ 

ʢʠʩʣʦʨʦʜʘ (ʜʦʥʦʨ) ʚ ʛʨʫʧʧʘʭ ſSiïOH ʥʘ ʩʚʦʙʦʜʥʳʭ 6s- ʠ 6ʨ- ʦʨʙʠʪʘʣʷʭ ʠʦʥʘ Au (III) (ʘʢʮʝʧʪʦʨ), 

ʟʘʚʝʨʰʘʶʱʝʛʦʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ dsp
2
- ʛʠʙʨʠʜʥʦʡ ʦʨʙʠʪʘʣʠ (ʚʤʝʩʪʦ ʦʨʙʠʪʘʣʠ, ʟʘʥʷʪʦʡ ʜʦ 

ʵʪʦʛʦ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʦʡ ʵʣʝʢʪʨʦʥʦʚ ʚʳʪʝʩʥʝʥʥʦʛʦ ʠʟ ʢʦʤʧʣʝʢʩʘ ʣʠʛʘʥʜʘ).  

ʀʩʩʣʝʜʦʚʘʚ ʩʦʨʙʮʠʶ ʟʦʣʦʪʘ ʧʨʠʨʦʜʥʳʤʠ ʢʨʝʤʥʝʟʤyʘʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʭʣʦʨʠʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʨʅ 0-2) ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʢʨʝʤʥʝʟʸʤʘ 

ʘʜʩʦʨʙʮʠʷ ʟʦʣʦʪʘ ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. ɺ ʦʧʳʪʘʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʦ ʥʝʜʝʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʣʠ ʦʙʨʘʟʮʳ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʢʚʘʨʮʘ 

(ʭʘʣʮʝʜʦʥ, ʦʧʘʣ ʠ ʘʣʶʤʦʩʠʣʠʢʘʛʝʣʠ) ʜʦ 70 %, ʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʮʳ ʩʫʭʦʛʦ 

ʥʝʨʫʜʥʦʛʦ ʢʚʘʨʮʘ ï 40 %. 

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʟʦʣʦʪʘ ʚ ʦʧʳʪʘʭ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʭʣʦʨʠʜʦʚ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚ ʥʝʜʝʣʶ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ ʦʧʘʣʘ, ʭʘʣʮʝʜʦʥʘ, ʩʠʣʠʢʘʛʝʣʝʡ ʠ ʥʝʨʫʜʥʳʭ 
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ʢʚʘʨʮʝʚ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʫʜʥʦʛʦ ʢʚʘʨʮʘ ʩ ʚʠʟʫʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ ʟʦʣʦʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʸʥʦʢ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʘʢʪʠʚʥʳʭ ʚ 

ʦʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʠʤʝʶʱʠʭ ʦʢʨʘʩʢʫ ʦʪ ʞʸʣʪʳʭ ʦʪʪʝʥʢʦʚ ʠʦʥʦʚ Au
3+
, ʬʠʦʣʝʪʦʚʳʭ ʦʪʪʝʥʢʦʚ 

ʠʦʥʦʚ Au
+
, ʜʦ ʯʸʨʥʳʭ ʦʪʪʝʥʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʳʭʣʦʛʦ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʟʦʣʦʪʘ Au

0
. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʪʨʘʧʦʣʠʨʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 1 (ʘ) ʠ 1 (ʙ) [2, 3, 4]. 

ʕʪʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʟʦʣʦʪʘ ʥʘ 

ʇʦʢʨʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ɺ ʭʣʦʨʠʜʥʦʤ ʨʘʩʪʚʦʨʝ pH 8-10 ʘʜʩʦʨʙʮʠʷ ʟʦʣʦʪʘ ʥʘʤʥʦʛʦ ʥʠʞʝ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʠ 

ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ ʠ ʟʘ ʥʝʜʝʣʶ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʘʜʩʦʨʙʮʠʠ 

ʦʪʤʝʯʘʝʤʦʡ ʜʣʷ ʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜ. ʆʜʥʘʢʦ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [5]. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʇʨʠʘʤʫʨʴʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʘʪʤʦʩʬʝʨʦʡ, ʩʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (Eh), ʢʦʪʦʨʳʡ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʢʠʩʣʝʥʠʷ ʟʦʣʦʪʘ ʠ ʟʥʘʯʝʥʠʝ ʝʛʦ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ 

ʥʘʜʸʞʥʦ ʠʟʤʝʨʠʪʴ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʦʪʨʘʞʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ Ehïʨʅ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʤʠʥʝʨʘʣʳ ʟʦʣʦʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʜʣʷ ʨʘʩʪʚʦʨʘ 0.35 ʄ ʪʠʦʢʘʨʙʘʤʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Fe]
3+

 ʠ ʅ2SO4 ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0.5 ʄ, ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Au
+
  ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 0.71 

ʤʦʣʴ/ʜʤ
3
 ʧʦ ʜʘʥʥʳʤ [5].  

ɿʘʢʣʶʯʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʠʠ ʟʦʣʦʪʘ ʥʘ ʢʨʝʤʥʝʟʸʤʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʤ̫ʠ  Eh 

ʩʨʝʜʳ, pH ʨʘʩʪʚʦʨʘ, ʧʨʠʨʦʜʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʨʝʤʥʝʟʸʤʘ ʠ ʝʛʦ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ  ʚʝʣʠʯʠʥʫ ʩʦʨʙʮʠʠ 

ʦʢʘʟʳʚʘʝʪ ʨʘʟʤʝʨ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʘ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʟʤʝʨʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʨʙʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʠʠ ʠ ʥʘʦʙʦʨʦʪ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʪʠʧʘ 

ʩʦʨʙʮʠʠ ʥʘ ʢʨʝʤʥʝʟʸʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʦʙʨʘʪʠʤʘʷ ʭʝʤʦʩʦʨʙʮʠʷ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ 

ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʢʨʝʤʥʝʟʤyʘ.   

ɺʳʚʦʜʳ:  

1) ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʙʮʠʷ ʠʦʥʘ Au
3+

 ʥʘ ʜʚʫʭ ʪʠʧʘʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʝʤʥʝʟʸʤʦʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʝʣʝʢʪʠʚʥʦʡ ʠ ʥʝ ʥʦʩʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

2) ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʘ Au
3+

 ʥʘ ʩʫʭʦʤ ʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤ ʦʢʩʠʜʘʭ 

ʢʨʝʤʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʤʘʣʳʭ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

3) ʄʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ ʟʦʣʦʪʘ ʥʘ ʜʚʫʭ ʬʦʨʤʘʭ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʣʝʜʫʶʱʝʛʦ ʪʠʧʘ: ſ Si ï O ï AuĀ(Clnī1), ʛʜʝ n ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ. 
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ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ɼɸʃʔʅɽɻʆʈʉʂʀʁ ʈɸʁʆʅ) 

 

ʃ.ʀ. ʈʦʛʫʣʠʥʘ
1
, ʕ.ɻ. ʆʜʘʨʠʯʝʥʢʦ

1
, ɺ.ɸ. ʇʘʭʦʤʦʚʘ

2 

1
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 
2
 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʀʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ, ʟʘʭʚʘʯʝʥʥʦʡ 

ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠ ʫ ʢʦʛʦ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʪʣʦʞʝʥʠʷ 

ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʄʘʡʤʠʥʦʚʩʢʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚʢʣʶʯʝʥʠʷ ʚ ʩʬʘʣʝʨʠʪʝ ʠ ʢʚʘʨʮʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʤʠʥʝʨʘʣʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʘʜʠʶ ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʘ 

ʢʨʦʤʝ ʪʦʛʦ, ʷʚʣʷʶʪʩʷ ʩʢʚʦʟʥʳʤʠ ʧʨʦʟʨʘʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʜʣʷ ʨʫʜʥʳʭ ʪʝʣ ʄʘʡʤʠʥʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ɺʢʣʶʯʝʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʬʣʶʠʜʦʚ ʠʟʫʯʘʣʠʩʴ ʚ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ NIKON 100 POL 

(ʗʧʦʥʠʷ, Jeol, 2007 ʛ.). ʆʧʳʪʳ ʩ ʬʣʶʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʤʦ- ʠ 

ʢʨʠʦʩʪʦʣʠʢʝ THMS-600 (ʦʪ -196 ʜʦ +600
Á
C), ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ Ñ1,5-2

Á
C. ʄʠʥʝʨʘʣʴʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʠ ʛʘʟʦʚʘʷ ʬʘʟʘ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ LabRam HR 800, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʚʩʪʨʦʝʥʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ He-Ne 

ʣʘʟʝʨʦʤ ʠ ʚʥʝʰʥʠʤ Ar+ ʣʘʟʝʨʦʤ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (ʎʂʇ) ɼɺɻʀ ɼɺʆ ʈɸʅ. 

ʄʘʡʤʠʥʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 35 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʛ. ɼʘʣʴʥʝʛʦʨʩʢʘ 

ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ. ʆʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ ʩʨʝʜʠ ʥʠʞʥʝʤʝʣʦʚʳʭ ʬʣʠʰʦʠʜʥʳʭ ʧʦʨʦʜ ʊʘʫʭʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʬʨʘʛʤʝʥʪʦʤ ʥʝʦʢʦʤʦʚʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ [6]. ʊʝʨʨʝʡʥ ʩʣʦʞʝʥ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ 

ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʨʘʚʝʣʠʪʦʚ. ɺ ʩʝʚʝʨʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʝʨʝʢʨʳʪʳ ʚʝʨʭʥʝʤʝʣʦʚʳʤʠ ʵʬʬʫʟʠʚʘʤʠ ʢʠʩʣʦʛʦ ʨʝʞʝ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ.  

ʈʫʜʦʥʦʩʥʘʷ ʧʣʦʱʘʜʴ ʧʨʠʫʨʦʯʝʥʘ ʢ ʃʠʜʦʚʩʢʦʤʫ ʛʦʨʩʪʫ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ 

ʜʚʫʭ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʄʦʥʦʤʘʭʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʉʤʳʩʣʦʚʩʢʦʡ ʦʩʣʘʙʣʝʥʥʦʡ ʟʦʥʳ [3]. ɺʤʝʱʘʶʱʠʝ ʨʫʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʨʦʜʳ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʨʦʧʠʣʣʠʪʠʟʠʨʦʚʘʥʳ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʟʘʪʨʦʥʫʣ ʧʦʨʦʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʣʦʤʦʚ ʠ ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, 

ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʘʟʚʝʜʘʥʦ ʙʦʣʝʝ 30 ʞʠʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 

(ʦʩʥʦʚʥʦʤ ʧʝʩʯʘʥʠʢʘʭ), ʘ ʪʘʢʞʝ ʰʪʦʢʚʝʨʢ ɿʘʛʘʜʢʘ. ʌʦʨʤʘ ʨʫʜʥʳʭ ʪʝʣ ʩʣʦʞʥʘʷ, ʪʝʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʯʝʪʘʥʠʝʤ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʭ ʞʠʣ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʧʨʦʞʠʣʢʦʚʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ ʠ ʦʨʫʜʝʥʝʣʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ. 

ʇʝʨʚʠʯʥʳʝ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ: ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ, ʭʘʣʴʢʦʧʠʨʠʪ-ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʦʡ ʠ ʙʣʝʢʣʦʨʫʜʥʦ-

ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ. ʅʘ ʄʘʡʤʠʥʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ 

ʘʩʩʦʮʠʘʮʠʠ. ʉʨʝʜʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ - ʘʨʩʝʥʦʧʠʨʠʪ, ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ ʠ 

ʚʳʩʦʢʦʩʝʨʷʙʨʷʥʳʝ ʙʣʝʢʣʳʝ ʨʫʜʳ, ʨʝʜʢʠʝ ï ʧʠʨʘʨʛʠʨʠʪ, ʧʦʣʠʙʘʟʠʪ, ʩʪʝʬʘʥʠʪ, ʘʢʘʥʪʠʪ, 

ʩʘʤʦʨʦʜʥʳʝ ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ. ʉʨʝʜʠ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʪʁʩʷ ʢʘʨʙʦʥʘʪʳ, ʤʫʩʢʦʚʠʪ, ʭʣʦʨʠʪ, ʬʣʶʦʨʠʪ ʠ ʛʝʡʣʘʥʜʠʪ [5]. 

ʅʘ ʄʘʡʤʠʥʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʛʝʥʝʨʘʮʠʠ ʩʬʘʣʝʨʠʪʘ. 

ʈʘʥʥʠʡ ʩʬʘʣʝʨʠʪ-I ʦʙʨʘʟʫʝʪ ʪʝʤʥʦ-ʙʫʨʳʝ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʢʨʠʩʪʘʣʣʳ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ, ʧʦ 

ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʥ ʩʦʜʝʨʞʠʪ FeO ʦʪ 6 ʜʦ 12,75 ʤʘʩ.%. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚ ʥʝʤ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʙʠʣʴʥʘʷ ʵʤʫʣʴʩʠʦʥʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʧʠʨʨʦʪʠʥʘ. ʉʬʘʣʝʨʠʪ-I 
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ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʧʦʩʣʝ ʧʠʨʠʪʘ-I ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ-I, ʦʥ ʟʘʤʝʱʘʝʪʩʷ ʛʘʣʝʥʠʪʦʤ-I ʠ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ-I. ʍʘʣʴʢʦʧʠʨʠʪ-ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʘʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʟʘʤʝʱʘʝʪʩʷ 

ʧʦʟʜʥʠʤʠ ʤʠʥʝʨʘʣʘʤʠ - ʚʳʩʦʢʦʩʝʨʝʙʨʷʥʳʤʠ ʙʣʝʢʣʳʤʠ ʨʫʜʘʤʠ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ-II. ɹʦʣʝʝ 

ʧʦʟʜʥʠʡ ʩʬʘʣʝʨʠʪ-II  ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʝʪʣʦ-ʙʫʨʳʤʠ ʠ ʤʝʜʦʚʦ-ʞʝʣʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʙʝʟ 

ʵʤʫʣʴʩʠʦʥʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ. ɺ ʥʝʤ ʩʦʜʝʨʞʝʥʠʝ FeO ʩʦʩʪʘʚʣʷʝʪ 3-5 ʤʘʩ.%. ʆʧʪʠʯʝʩʢʠ ʚ 

ʘʥʰʣʠʬʘʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ-II ʠ ʙʣʝʢʣʦʡ ʨʫʜʦʡ. 

ʂʚʘʨʮ ʧʨʝʜʩʪʘʚʣʝʥ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʝʤʷ ʛʝʥʝʨʘʮʠʷʤʠ. ʈʘʥʥʠʡ ʢʚʘʨʮ-I ʦʙʨʘʟʫʝʪ 

ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʞʠʣʢʠ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ-I ʠ ʧʠʨʠʪʦʤ-I. ʂʚʘʨʮ-II ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʧʝʨʚʠʯʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʠ ʧʨʦʞʠʣʢʘʤʠ ʭʘʣʴʢʦʧʠʨʠʪ-ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʟʜʥʠʡ ʢʚʘʨʮ-III  

ʦʙʨʘʟʫʝʪ ʤʝʪʘʟʝʨʥʘ ʚ ʤʝʞʟʝʨʥʦʚʳʭ ʧʫʩʪʦʪʘʭ ʠ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʧʦ ʧʨʦʞʠʣʢʘʤ, 

ʩʝʢʫʱʠʤ ʨʫʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 

ʩʬʘʣʝʨʠʪʫ-I ʠ ʢʚʘʨʮʫ-II . 

ʂʨʠʩʪʘʣʣʳ ʩʬʘʣʝʨʠʪʘ-I, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʶ ʦʧʳʪʦʚ ʩ 

ʬʣʶʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʨʝʜʢʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʤʥʦ-ʙʫʨʦʡ ʦʢʨʘʩʢʦʡ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʥʘʤ ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʚʢʣʶʯʝʥʠʷ ʚ ʩʬʘʣʝʨʠʪʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʪʦʣʴʢʦ ʚ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 1-2 ʤʤ. ʇʦ ʬʘʟʦʚʦʤʫ ʥʘʧʦʣʥʝʥʠʶ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʥʥʝʤ ʩʬʘʣʝʨʠʪʝ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʬʣʶʠʜʥʳʝ: ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʝ. ʉʨʝʜʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʨʫʜʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʧʠʨʨʦʪʠʥ, 

ʨʘʟʤʝʨ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 10-50 ʤʢʤ. 

ɻʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ ʦʪ 1-2 ʜʦ 30 ʤʢʤ ʠʤʝʶʪ ʬʦʨʤʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 1). ʆʙʲʝʤ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ ʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 20-30% ʦʪ ʦʙʲʝʤʘ 

ʚʘʢʫʦʣʝʡ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʧʝʨʚʠʯʥʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʬʘʣʝʨʠʪʝ-I ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 230-225
Á
C ʚ ʞʠʜʢʫʶ ʬʘʟʫ. 

 
 

ʈʠʩ. 1. ʇʝʨʚʠʯʥʦʝ ʛʘʟʦʚʦ-ʞʠʜʢʦʝ ʚʢʣʶʯʝʥʠʝ ʚ ʩʬʘʣʝʨʠʪʝ-I 

 

ʂʨʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʚʦʝ ʟʘʤʝʪʥʦʝ ʧʣʘʚʣʝʥʠʝ 

ʣʴʜʘ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʢʣʶʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ -38é-36
Á
C, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʨʘʩʪʚʦʨʝ NaCl, KCl, MgCl2, FeCl3 ʠ FeCl2 [1]. ʃʝʜ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʧʣʘʚʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -1,4
Á
C ʜʦ -1,2

Á
C, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3 ʤʘʩ.% NaCl-ʵʢʚ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʘʤ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʧʝʨʚʠʯʥʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʩʬʘʣʝʨʠʪʝ-I. 

ʂʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ-II, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʦʥʘʣʴʥʳʝ (ʨʠʩ. 2ʘ), ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʝʜʠʥʠʯʥʳ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʢʣʶʯʝʥʠʡ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʨʝʜʥʠʤ ʠ ʢʨʘʝʚʳʤ 

ʟʦʥʘʤ ʨʦʩʪʘ ʢʚʘʨʮʘ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʦʥʘʭ ʥʘʭʦ- 
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ʈʠʩ. 2. ɿʦʥʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ-II, ʩʦʜʝʨʞʘʱʠʡ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ: ʘ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʧʦ ʟʦʥʘʤ ʨʦʩʪʘ ʚ ʢʚʘʨʮʝ; ʙ ï ʢʨʫʧʥʦʝ ʧʝʨʚʠʯʥʦʝ ʜʚʫʭʬʘʟʦʚʦʝ ʚʢʣʶʯʝʥʠʝ, ʦʢʨʫʞʝʥʥʦʝ ʤʝʣʢʠʤʠ ʜʚʫʭʬʘʟʦʚʳʤʠ ʠ 

ʦʜʥʦʬʘʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

 

ʜʷʪʩʷ ʨʘʟʥʦʥʘʧʦʣʥʝʥʥʳʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ (ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ ʩʦʩʪʘʚʣʷʝʪ 40-60% ʠ 10-

30% ʦʪ ʦʙʲʝʤʘ ʚʘʢʫʦʣʝʡ), ʦʜʥʦʬʘʟʦʚʳʝ ʞʠʜʢʠʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʝ (ʨʠʩ. 2ʙ). ɻʘʟʦʚʦ-ʞʠʜʢʠʝ 

ʚʢʣʶʯʝʥʠʷ ʩ ʢʨʫʧʥʳʤʠ ʧʫʟʳʨʴʢʘʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪ ʩʣʦʞʥʫʶ, ʥʝʧʨʘʚʠʣʴʥʫʶ 

ʬʦʨʤʫ, ʠʭ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʳʝ ʩʦʪʥʠ ʤʢʤ. ʄʝʪʦʜʦʤ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʦʩʪʘʚʝ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʉʆ2 ʠ ʉʅ4. 

ɻʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩ ʧʫʟʳʨʴʢʘʤʠ 10-30% ʦʪ ʦʙʲʝʤʘ ʚʘʢʫʦʣʝʡ ʨʘʟʥʦʪʠʧʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʚ ʥʠʭ ʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʛʘʟʦʚʦʛʦ 

ʧʫʟʳʨʴʢʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ ʥʝʧʦʜʚʠʞʝʥ, ʚʦ ʚʪʦʨʦʤ ï ʚʝʩʴʤʘ ʧʦʜʚʠʞʝʥ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʜʚʫʭʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ 

ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʧʫʟʳʨʴʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 220-210
Á
C, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 200
Á
C ʧʫʟʳʨʝʢ ʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʧʦʜʚʠʞʥʳʤ (ʤʝʯʝʪʩʷ). 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʵʚʪʝʢʪʠʢʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʧʫʟʳʨʴʢʦʤ 

(10-30% ʦʪ ʦʙʲʝʤʘ ʚʘʢʫʦʣʝʡ) ʢʦʣʝʙʣʝʪʩʷ ʦʪ -40é-32
Á
C, ʯʪʦ ʪʘʢʞʝ ʙʣʠʟʢʦ ʢ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʧʣʘʚʣʝʥʠʷ ʵʚʪʝʢʪʠʢ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʪ ʞʝ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʠ ʜʣʷ 

ʩʬʘʣʝʨʠʪʘ-I. ʇʣʘʚʣʝʥʠʝ ʣʴʜʘ ʨʘʩʪʚʦʨʦʚ ʚʢʣʶʯʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0,3
Á
C 

ʜʦ 0,6
Á
C, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʤʝʥʝʝ 0,1 ʤʘʩ.% NaCl-ʵʢʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʚʪʦʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʢʨʦʤʝ ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ, ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʢʘ ʧʨʦʟʨʘʯʥʘʷ ʙʣʝʜʥʦ-ʟʝʣʝʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʬʘʟʘ, ʘ ʪʘʢʞʝ 

ʥʝʧʨʦʟʨʘʯʥʘʷ ʬʘʟʘ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ. 

ɼʘʥʥrʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʬʘʣʝʨʠʪʝ-I ʠ 

ʢʚʘʨʮʝ-II, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʶʪ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦ ʪʦʤ ʯʪʦ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʭʣʦʨʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ Na, K, Mg ʠ Fe ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (2,3-0,1 ʤʘʩ.% NaCl-ʵʢʚ), ʚ ʙʣʠʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 230-225
Á
C ʠ 220-

210
Á
C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʫʜʦʥʦʩʥʳʝ ʬʣʶʠʜʳ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘʭʦʜʠʣʠʩʴ 

ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʳʣʠ ʟʘʭʚʘʯʝʥʳ ʚ ʤʦʤʝʥʪ ʠʭ ʚʩʢʠʧʘʥʠʷ ʠ ʜʝʛʘʟʘʮʠʠ. ʅʘ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʚ ʦʜʥʠʭ ʟʦʥʘʭ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʬʘʟ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʞʝ ʟʦʥʘʭ 

ʨʦʩʪʘ ʚ ʢʚʘʨʮʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʜʥʦʬʘʟʦʚʳʝ ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ [4] 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʬʣʶʠʜ. ʏʪʦ ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʥʳʭ 

ʪʝʣ ʚ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʛʝʪʝʨʦʬʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʣʶʠʜʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʢʠʧʝʥʠʷ ʠ ʜʝʛʘʟʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʳʛʨʘʣʦ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʧʨʠ ʦʪʣʦʞʝʥʠʠ 
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ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʄʘʡʤʠʥʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʇʦʜʦʙʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ɸ.ɸ. ɹʦʨʦʚʠʢʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ ʜʣʷ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ɸʩʘʯʠʥʩʢʦʛʦ Au-Ag 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ [2]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʠʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠ ʩʬʘʣʝʨʠʪʝ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʄʘʡʤʠʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʧʦʤʦʞʝʪ ʙʦʣʝʝ 

ʧʦʣʥʦ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ ʠ ʧʦʩʪʨʦʠʪʴ ʛʝʥʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ 

ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʛʨʫʧʧʳ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʠ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ɼɺɻʀ ɼɺʆ ʈɸʅ) ʉ.ʖ. ɹʫʨʘʚʣʝʚʦʡ ʠ ɼ.ɻ. 

ʌʝʜʦʩʝʝʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʢʣʶʯʝʥʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ɼɺʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ 15- I-2-094). 
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ʅɸʅʆɿʆʃʆʊʆ ɺ ʇʆʈʆɼɸʍ, ɸʉʉʆʎʀʀʈʋʖʑʀʍ ʉ ʉɸʄʆʈʆɼʅʓʄ 

ɿʆʃʆʊʆʄ ɺ ʊɽʍʅʆɻɽʅʅʓʍ ʈʆʉʉʓʇʗʍ ʇʈʀɸʄʋʈʔʗ 

 

ʇ.ʇ. ʉʘʬʨʦʥʦʚ
1
, ʀ.ɺ. ʂʫʟʥʝʮʦʚʘ

2
 

 
1
 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

2
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ 

ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ, ʚ ʧʦʨʦʜʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʩʥʳʭ ʩʨʘʩʪʘʥʠʷʭ ʩ 

ʟʝʨʥʘʤʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ, ʦʙʥʘʨʫʞʝʥʳ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ. ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ 

ʨʷʜʘ ʫʯʘʩʪʢʦʚ ʩ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʪʠʧʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʟʦʣʦʪʘ: ʠʟʦʤʝʪʨʠʯʥʦʝ 

ʥʘʥʦʟʦʣʦʪʦ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʥʘʥʦʢʣʘʩʪʝʨʥʦʝ ʟʦʣʦʪʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʭʥʦʛʝʥʝʟʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʤʠʢʨʦʩʢʦʧʝ EVO 40XVP, ʦʩʥʘʱʝʥʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʤ (ʈʕɼ) ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA Energy ʩ ʙʝʟʘʟʦʪʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ 

ʜʝʪʝʢʪʦʨʦʤ. ʀʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʈʕɼ-ʘʥʘʣʠʟʘ ʧʦ 

ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʥʘʥʦʬʘʟ ʤʝʪʦʜʠʢʝ [7].  

ɿʦʣʦʪʦ 1-ʛʦ ʪʠʧʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ 

(ʨʠʩ. 1 ʘ, ʙ).  ʉʨʝʜʠ ʝʛʦ ʚʳʜʝʣʝʥʠʡ  ʧʨʝʦʙʣʘʜʘʶʪ  ʥʘʥʦʯʘʩʪʠʮʳ  ʩʬʝʨʦʠʜʘʣʴʥʦʡ  ʬʦʨʤʳ.    
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ʙ 

 
ʚ 

 

 

 

 

ʈʠʩ. 1. ʄʠʢʨʦʩʥʠʤʢʠ ʥʘʥʦʟʦʣʦʪʘ 1-ʛʦ ʪʠʧʘ ʚ ʧʦʨʦʜʝ-ʩʨʦʩʪʢʝ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ ʠʟ ʪʝʭʥʦʛʝʥʥʦʡ ʨʦʩʩʳʧʠ 

ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʇʨʠʘʤʫʨʴʷ: ʘ ï ʟʝʨʥʦ ʟʦʣʦʪʘ ʚ ʩʨʦʩʪʢʝ ʩ ʧʦʨʦʜʦʡ; ʙ ï ʦʙʱʠʡ ʚʠʜ 

ʫʯʘʩʪʢʘ 1 ʧʦʨʦʜʳ ʩ ʠʟʦʤʝʪʨʠʯʥʳʤ ʥʘʥʦʟʦʣʦʪʦʤ 1-ʛʦ ʪʠʧʘ; ʚ ï ʟʦʥʘ ʚ ʫʯʘʩʪʢʝ 1 ʩ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʟʦʣʦʪʘ (ʩʧ. 1, 2). ʉʥʷʪʦ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 
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ʉʦʩʪʘʚ ʪʘʢʦʛʦ ʟʦʣʦʪʘ ʧʨʦʩʪʦʡ ï 100% Au (ʩʧʝʢʪʨʳ 1 ʠ 2 ʥʘ ʨʠʩ. 1). ʇʨʘʚʜʘ ʥʘ ʩʧʝʢʪʨʘʭ ʝʩʪʴ 

ʪʘʢʞʝ ʣʠʥʠʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʠ ʜʘʝʪ 

ʚʢʣʘʜ ʚ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. ʇʦʜʦʙʥʦʝ ʥʘʥʦʟʦʣʦʪʦ ʨʘʥʝʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʷʜʝ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʠʘʤʫʨʴʷ [5, 6, 8]. ɺ ʮʝʣʦʤ ʞʝ ʥʘʥʦʨʘʟʤʝʨʥʦʝ ʟʦʣʦʪʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚ [1, 4]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩʫʥʢʘ 1, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʳʷʚʣʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ ï ʦʥʠ 

ʭʦʨʦʰʦ ʟʘʧʝʯʘʪʣʝʥʳ. ʕʪʠ ʯʘʩʪʠʮʳ ʙʳʣʠ ʦʙʥʘʞʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʣʦʚ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠ ʦʪʙʦʨʝ 

ʦʙʨʘʟʮʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʚʘʣʦʚ. ɼʨʫʛʘʷ ʞʝ ʯʘʩʪʴ ʥʘʥʦʯʘʩʪʠʮ, ʠ ʠʭ 

ʥʝʤʘʣʦ, ʦʢʘʟʘʣʠʩʴ ʟʘʢʘʧʩʶʣʠʨʦʚʘʥʥʳʤʠ ʚ ʧʦʨʦʜʝ. ʇʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʩʣʦʝʤ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʧʨʦʙʠʚʘʝʪʩʷ ʧʫʯʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚʠʜʠʤʳʤʠ, ʭʦʪʷ ʠ ʩ ʨʘʟʤʳʪʳʤʠ ʢʨʘʷʤʠ. ɼʨʫʛʠʝ ʠʟ 

ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʯʘʩʪʠʮʳ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʝʣʝ-ʝʣʝ, ʦʥʠ ʩʠʜʷʪ ʛʦʨʘʟʜʦ ʛʣʫʙʞʝ. ʈʘʟʤʝʨ 

ʥʘʥʦʯʘʩʪʠʮ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50-100 ʜʦ 500-600 ʥʤ. ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʚʳʜʝʣʝʥʠʷ. ʅʦ ʚ ʮʝʣʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 200-300 ʥʤ. ʅʝʢʦʪʦʨʳʝ ʯʘʩʪʠʮʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ ʩʬʝʨʦʠʜʘʣʴʥʳʝ, ʦʙʲʝʜʝʥʳ ʚ ʛʨʫʧʧʳ ʠʟ ʜʚʫʭ, ʪʨʝʭ ʠ ʙʦʣʝʝ ʠʥʜʠʚʠʜʦʚ. ɺʩʝʛʦ ʥʘ 

ʫʯʘʩʪʢʝ ʧʣʦʱʘʜʴʶ ~ 150 ʤʢʤ
2
 ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʦʪʥʠ ʥʘʥʦʯʘʩʪʠʮ. ʅʝʩʦʤʥʝʥʥʦ, ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʧʦʨʦʜʳ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʚʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʚʳʷʚʣʝʥʥʳʭ ʥʘʥʦʦʙʨʘʟʦʚʘʥʠʡ ʟʦʣʦʪʘ.  

ʉʘʤʘ ʧʦʨʦʜʘ-ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʫʶ ʩʤʝʩʴ ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪʦʚ 

(ʢʘʦʣʠʥʠʪʘ ʠ ʜʨ.) ʠ ʦʢʩʠʜʦʚ ʠ/ʠʣʠ ʛʠʜʨʦʦʢʩʠʜʦʚ Fe ʠ Mn (ʥʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʳ 1 ʠ 3 ʥʘ ʨʠʩ. 2 ʠ ʚ ʪʘʙʣ. 

1).  
 

 

 

 

ʈʠʩ. 2. ʊʦʪ ʞʝ ʫʯʘʩʪʦʢ 1 ʚ ʧʦʨʦʜʝ-ʩʨʦʩʪʢʝ ʩ ʟʦʣʦʪʦʤ, ʥʦ ʧʨʠ ʤʝʥʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʘ ʧʦʨʦʜʳ-

ʤʘʪʨʠʮʳ (ʢʘʢ ʧʨʠʤʝʨ ï ʩʧʝʢʪʨʳ 1 ʠ 3). ʉʥʷʪʦ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥr ʭ ʵʣʝʢʪʨʦʥʘʭ. 
 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʧʦʨʦʜʳ-ʤʘʪʨʠʮʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʥʦʟʦʣʦʪʦ 1-ʛʦ ʪʠʧʘ (ʤʘʩʩ.%) 

ʉʧʝʢʪʨ O Na Mg Al  Si P S Cl K Ca Ti 

ʉʧʝʢʪʨ 1 36.24   14.88 14.29   0.56 0.95 0.38 1.36 

ʉʧʝʢʪʨ 2 39.45 0.33 0.69 11.17 11.81 0.24  0.48 2.48 0.87 0.48 

ʉʧʝʢʪʨ 3 49.68 0.40 0.34 13.73 14.61 0.27 0.24 0.70 1.22 0.46 0.25 

ʉʧʝʢʪʨ 4 44.16   11.07 11.09 0.42 0.35 0.58 0.68 0.77 0.46 

ʉʧʝʢʪʨ 5 41.26  0.34 12.94 12.34 0.32 0.02 0.40 1.19 0.70 0.53 

ʉʧʝʢʪʨ 6 21.99   4.32 5.56   0.82 0.93 0.10 0.74 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ʉʧʝʢʪʨ Mn Fe Ag Sn Au Hg Pb ʉʫʤʤʘ 

ʉʧʝʢʪʨ 1 3.48 5.43  0.84 13.73 2.42 5.45 100.00 

ʉʧʝʢʪʨ 2 3.74 19.32   5.23 2.35 1.36 100.00 

ʉʧʝʢʪʨ 3 4.13 5.59   6.15 1.05 1.17 100.00 

ʉʧʝʢʪʨ 4 2.73 11.94 0.30  12.20 1.15 2.10 100.00 

ʉʧʝʢʪʨ 5 3.29 20.43   3.77 1.02 1.45 100.00 

ʉʧʝʢʪʨ 6 1.98 2.94  10.83 18.13 3.12 28.55 100.00 
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ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʘʤʠ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʦʩʩʳʧʷʭ 

ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. 

ɿʦʣʦʪʦ 2-ʛʦ ʪʠʧʘ ʥʝ ʠʤʝʝʪ ʯʝʪʢʠʭ ʛʨʘʥʠʮ, ʦʥʦ ʢʘʢ ʙʳ ʨʘʟʤʘʟʘʥʦ ʧʦ ʧʦʨʦʜʝ, ʤʝʩʪʘʤʠ 

ʦʙʨʘʟʫʷ ʩʛʫʱʝʥʠʷ (ʨʠʩ. 3, ʚ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʫʯʘʩʪʢʘ). ɺʳʜʝʣʝʥʠʷ ʵʪʦʛʦ ʟʦʣʦʪʘ, ʠ ʚʠʜʠʤʳʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʠʜʠʤʳʝ, ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ Au, Hg, Pb ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʳ 2 ʠ 5 

ʥʘ ʨʠʩ. 3 ʠ ʚ ʪʘʙʣ. 2), ʪ.ʝ. ʦʥʠ ʩʭʦʞʠ ʧʦ ʩʦʩʪʘʚʫ ʩʦ ʤʥʦʛʠʤʠ ʘʤʘʣʴʛʘʤʥʳʤʠ ʬʘʟʘʤʠ, 

ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʦʩʩʳʧʝʡ (ʦʪʚʘʣʦʚ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʜʘʥʥʦʛʦ ʟʦʣʦʪʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʦʛʝʥʝʟʘ. ʇʨʘʚʜʘ, ʟʜʝʩʴ ʵʪʠ ʚʳʜʝʣʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʤʝʩʠ ʩ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʥʠʟʳʚʘʶʪ ʚʝʨʭʥʠʝ ʩʣʦʠ 

ʧʦʨʦʜʥʦʡ ʤʘʪʨʠʮʳ. ʆʙʥʘʨʫʞʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʥʝʷʩʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ Au-Hg-Pb ʩʦʩʪʘʚʦʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʦʪʚʘʣʘʭ ʧʨʦʠʩʭʦʜʠʣʠ ʩʣʦʞʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʥʦʩʘ ʠ ʦʩʘʞʜʝʥʠʷ 

(ʦʪʣʦʞʝʥʠʷ).  

ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʦʩʪʘʚʘ ʵʪʠʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʚʳʜʝʣʝʥʠʡ, ʤʦʞʥʦ 

ʦʙʦʩʥʦʚʘʪʴ ʠʭ ʛʝʥʝʟʠʩ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʟʦʣʦʪʘ, ʚʝʨʦʷʪʥʦ, ʙʳʣʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʳʭʣʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʧʦʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʚ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ. ɸʪʦʤʳ Au, Hg ʠ 

Pb ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʪʣʘʛʘʣʠʩʴ ʥʘ ʵʪʠʭ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʷ ʘʤʘʣʴʛʘʤʥʳʝ ʢʣʘʩʪʝʨʳ, ʧʦʪʦʤ ʮʝʣʳʝ ʛʨʫʧʧʳ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʝʱʝ ʥʝ ʚʠʜʥʳ, ʥʦ ʫʞʝ ʬʠʢʩʠʨʫʶʪʩʷ ʈʕɼ ʩʧʝʢʪʨʦʤʝʪʨʦʤ (ʩʧʝʢʪʨ 5 ʥʘ ʨʠʩ. 3). ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʝʱʝ ʙʦʣʝʝ ʥʝ ʩʦʚʝʨʰʝʥʥʘʷ, ʛʨʫʧʧʳ 

ʘʤʘʣʴʛʘʤʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʩʦʝʜʠʥʷʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʟʘʧʦʣʥʷʣʠ ʵʪʦ ʨʳʭʣʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʟʨʘʩʪʘʷʩʴ ʠ ʦʙʨʘʟʫʷ ʩʛʫʱʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ.  

 
 

 

 

ʈʠʩ. 3. ʋʯʘʩʪʦʢ ʧʦʨʦʜʳ ʩ ʥʘʥʦʟʦʣʦʪʦʤ 2-ʛʦ ʪʠʧʘ ʠ ʪʦʯʢʘʤʠ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʥʝʤ ʘʥʘʣʠʟʦʚ (ʢʘʢ ʧʨʠʤʝʨ ï ʩʧʝʢʪʨʳ 2 ʠ 

5); ʟʜʝʩʴ ʞʝ ï ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʠʮ ʥʘʥʦʟʦʣʦʪʘ 1-ʛʦ ʪʠʧʘ. ʉʥʷʪʦ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

ʊʘʙʣʠʮʘ 2. ʆʙʱʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜʳ-ʤʘʪʨʠʮʳ ʠ ʥʘʥʦʟʦʣʦʪʘ 2-ʛʦ ʪʠʧʘ (ʤʘʩʩ.%) 
 
ʉʧʝʢʪʨ O Al  Si Cl K Ca Ti Mn Fe 

          

ʉʧʝʢʪʨ 1 18.97 5.73 5.26 0.81 0.56 0.20 0.67 2.34 3.73 

ʉʧʝʢʪʨ 2 20.55 4.95 4.96 1.06 0.39 0.44 0.43 1.94 4.13 

ʉʧʝʢʪʨ 3 21.30 7.30 7.28 0.97 0.88 0.13 0.40 2.25 7.11 

ʉʧʝʢʪʨ 4 19.62 5.01 5.83 1.03 1.62 0.34 1.24 3.64 6.44 

ʉʧʝʢʪʨ 5 25.76 11.25 11.13 0.68 1.18 0.44 0.86 4.51 16.37 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ʉʧʝʢʪʨ As Sn Au Hg Pb ʉʫʤʤʘ 

       

ʉʧʝʢʪʨ 1  2.80 17.83 5.13 35.98 100.00 

ʉʧʝʢʪʨ 2  5.51 19.61 4.15 31.89 100.00 

ʉʧʝʢʪʨ 3  2.62 19.86 6.12 23.78 100.00 

ʉʧʝʢʪʨ 4  5.81 15.97 5.08 28.37 100.00 

ʉʧʝʢʪʨ 5 0.26 1.17 16.95 2.58 6.86 100.00 
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ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʦʝ ʥʘʥʦʟʦʣʦʪʦ ʚ ʚʠʜʝ ʥʠʪʝʡ, ʰʘʨʠʢʦʚ ʠ ʜʨ. ʬʦʨʤ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʦʩʩʳʧʷʭ [2, 3], ʧʨʦʷʚʣʷʷʩʴ ʣʠʙʦ ʥʘ ʩʘʤʠʭ ʟʦʣʦʪʠʥʘʭ, ʣʠʙʦ ʚ ʤʝʞʟʝʨʥʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʚ ʘʛʨʝʛʘʪʘʭ ʟʦʣʦʪʘ, ʠ ʦʥʦ ʭʦʨʦʰʦ ʧʦʜʜʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ 

ʥʘʙʣʶʜʝʥʠʶ. ʅʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʜʨʫʛʦʤ ʪʠʧʝ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ï 

ʥʘʥʦʢʣʘʩʪʝʨʥʦʤ. ʊʘʢʠʝ ʚʳʜʝʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʠʜʥʳ ʚ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ, ʥʦ ʦʥʠ ʭʦʨʦʰʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ-ʧʨʠʩʪʘʚʢʦʡ, ʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʚ 

ʩʧʝʢʪʨʝ. ʉ ʧʦʜʦʙʥʳʤʠ ʥʝʚʠʜʠʤʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʨʘʟ ʧʨʠʭʦʜʠʣʦʩʴ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɿʜʝʩʴ ʞʝ ʥʘʤ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜ ʦʪ 

ʥʝʚʠʜʠʤʳʭ (ʩʫʙʪʦʥʢʠʭ ʠʣʠ ʢʣʘʩʪʝʨʥʳʭ) ʬʦʨʤ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʠʤʳʝ ʧʦʜ 

ʤʠʢʨʦʩʢʦʧʦʤ ʬʦʨʤʳ (ʨʠʩ. 3).  

ʉʦʩʪʘʚ ʫʯʘʩʪʢʘ ʧʦʨʦʜʳ ʩ ʥʘʥʦʟʦʣʦʪʦʤ 2-ʛʦ ʪʠʧʘ (ʩʧʝʢʪʨʳ 2 ʠ 5 ʥʘ ʨʠʩ. 3, ʘ ʪʘʢʞʝ ʪʘʙʣ. 2) 

ʧʦʯʪʠ ʩʭʦʞ ʩ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʥʘʥʦʟʦʣʦʪʘ 1-ʛʦ ʪʠʧʘ (ʪʘʙʣ. 1).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʨʦʜʝ-ʤʘʪʨʠʮʝ ʩ ʧʝʨʚʠʯʥʳʤ ʥʘʥʦʟʦʣʦʪʦʤ ʪʦʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʫʙʪʦʥʢʦʝ (òʥʝʚʠʜʠʤʦʝò) ʥʘʥʦʟʦʣʦʪʦ, ʩʦʩʪʦʷʱʝʝ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʠʟ ʛʨʫʧʧ ʘʤʘʣʴʛʘʤʥʳʭ 

ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚʦ ʚʨʝʤʷ ʟʘʣʝʛʘʥʠʷ ʩʨʦʩʪʢʦʚ ʟʦʣʦʪʦ-ʧʦʨʦʜʘ ʚ ʦʪʚʘʣʘʭ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʦʩʣʝʜʥʠʭ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʧʦʨʦʜʳ ʚ 

ʫʯʘʩʪʢʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 2. ɺʦ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʦʯʢʘʭ ʩʦʜʝʨʞʘʪʩʷ ʧʦ 

ʥʝʩʢʦʣʴʢʦ ʠ ʙʦʣʝʝ ʤʘʩʩ.% Au, Ag ʠ Pb (ʪʘʙʣ. 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʨʦʜ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ 

ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ, ʚ ʥʠʭ 

ʫʩʪʘʥʦʚʣʝʥʳ, ʢʘʢ ʧʝʨʚʠʯʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʚʳʜʝʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʝ 

ʩʫʙʪʦʥʢʠʝ ʘʤʘʣʴʛʘʤʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
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ʇ.ʇ. ʉʘʬʨʦʥʦʚ
1
, ʀ.ɺ. ʂʫʟʥʝʮʦʚʘ

2
 

 
1
 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

2
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ ʨʫʜʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʤʘʣʘʷ 

ʯʘʩʪʴ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʠ ʩʫʙʪʦʥʢʠʭ (çʥʝʚʠʜʠʤʳʭè) ʬʨʘʢʮʠʡ ʙʝʟʚʦʟʚʨʘʪʥʦ ʪʝʨʷʝʪʩʷ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʩʢʦʧʠʣʠʩʴ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʦʪʭʦʜʦʚ ʟʦʣʦʪʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʚʠʜʝ ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʧʦʩʦʙʦʚ 

ʠʟʚʣʝʯʝʥʠʷ ʪʦʥʢʦʛʦ ʟʦʣʦʪʘ ʠʟ ʪʝʭʥʦʛʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʫʢʘʟʘʥʥʳʝ ʩʢʣʘʜʠʨʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ 

ʤʦʛʫʪ ʩʥʦʚʘ ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ. ʅʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦʤʠʤʦ ʦʙʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʝʱʝʩʪʚʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʧʦ ʢʘʞʜʦʤʫ ʪʘʢʦʤʫ ʦʙʲʝʢʪʫ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʠʭ 

ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ʅʘ ʧʨʠʤʝʨʝ ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ (ʅɿʋ) ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ (ʦʪʚʘʣʦʚ) ʇʨʠʘʤʫʨʴʷ. ɼʘʥʥʳʡ 

ʟʦʣʦʪʦʥʦʩʥʳʡ ʫʟʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʉʝʣʝʤʜʞʠ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʇʨʠʘʤʫʨʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ. ɼʣʷ ʅɿʋ ʭʘʨʘʢʪʝʨʥʳ ʨʦʩʩʳʧʠ ʩ ʤʝʣʢʠʤ ʠ ʪʦʥʢʠʤ 

ʟʦʣʦʪʦʤ, ʘ ʪʘʢʞʝ ʟʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ, ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʪʠʧʦʚ. ʀʩʪʦʯʥʠʢʘʤʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʚ ʥʘʠʙʦʣʝʝ 

ʙʦʛʘʪʳʭ ʨʦʩʩʳʧʷʭ ʅɿʋ (ʨʦʩʩʳʧʠ ʜʦʣʠʥʳ ʨ. ʅʝʢʣʷ ʠ ʨʫʯ. ɺʝʩʝʣʳʡ) ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʳ (ʈR2-3?)), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚ ʥʠʭ ʤʝʪʘʣʣʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʦʩʩʳʧʝʡ ʅɿʋ 

ʦʪʨʘʙʦʪʘʥʳ ʠ ʧʝʨʝʰʣʠ ʚ ʨʘʟʨʷʜ ʪʝʭʥʦʛʝʥʥʳʭ. ʊʘʢ ʢʘʢ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʦʪʚʘʣʳ, ʜʦʙʳʯʘ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 

ʩʠʭ ʧʦʨ. 

ʆʙʨʘʟʮʳ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʟʝʨʝʥ ʠ 

ʩʨʦʩʪʢʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʨʠʩ.1). ʀʭ ʨʘʟʤʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʘʚʣʷʣʠ ʤʝʥʝʝ 1 

ʤʠʣʣʠʤʝʪʨʘ, ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʜʦʩʪʠʛʘʣʠ 2 - 3 ʤʤ. ʀʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʟʦʣʦʪʘ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʦʛʦ (ʈʕɼ) ʘʥʘʣʠʟʘ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ EVO 40XVP (çCarl Zeissè, ɻʝʨʤʘʥʠʷ). 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʮʝʥʪʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʀɹʄ ɼɺʆ ʈɸʅ. ʄʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʡ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ [2]. ʉʜʝʣʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʘʥʘʣʠʟʦʚ.  
 

 
 

ʈʠʩ. 1. ʄʠʢʨʦʩʥʠʤʢʠ ʪʠʧʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ 

ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʇʨʠʘʤʫʨʴʷ. ʉʥʷʪʦ ʥʘ ʉʕʄ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ.  

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʈʕɼ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʪʝʭʥʦʛʝʥʥʳʭ 

ʨʦʩʩʳʧʝʡ ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʇʨʠʘʤʫʨʴʷ ʚʝʩʴʤʘ ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ 

ʩʦʩʪʘʚʫ. ɺ ʥʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʟʳ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʟʦʣʦʪʘ, 
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ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʦʣʦʪʘ ʩ ʩʝʨʝʙʨʦʤ, ʟʘʢʘʥʯʠʚʘʷ ʘʤʘʣʴʛʘʤʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ-, ʪʨʝʭ- ʠ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʵʣʝʤʝʥʪʦʚ Au, Ag, Hg, Pb. ɸʤʘʣʴʛʘʤʥʳʝ ʬʘʟʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʟʦʣʦʪʘ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʩʦʩʪʘʚʳ ʵʪʠʭ ʬʘʟ, ʠʩʢʣʶʯʘʷ 

ʜʚʦʡʥʳʝ (ʜʘʥʥʳʝ ʚ ʪʘʙʣ. 1), ʧʦʢʘʟʘʥʳ ʥʘ ʪʨʦʡʥʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 2), ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʦʯʝʢ (ʩʦʩʪʘʚʦʚ) ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʙʦʛʘʪʳʭ ʟʦʣʦʪʦʤ ʦʙʣʘʩʪʷʭ. 

 
ʈʠʩ. 2. ʊʨʦʡʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʦʚ ʘʤʘʣʴʛʘʤʥʳʭ ʬʘʟ  

ʘ ï ʩʠʩʪʝʤʘ Au-Ag*-Hg  

Ag*=Ag+Cu+Sb, ʛʜʝ Cu ʠ Sb ï ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʷʜʝ ʬʘʟ. 

ʙ ï ʩʠʩʪʝʤʘ Au*-Hg-Pb 

Au*=Au+Ag+Cu+Zn+Sb, ʛʜʝ Cu, Zn ʠ Sb ï ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʷʜʝ ʬʘʟ; ʩʦʜʝʨʞʘʥʠʝ Ag, 

ʪʘʤ ʛʜʝ ʦʥʦ ʝʩʪʴ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.8 ï 7.5 ʘʪ.%; ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ Ag=11.8%. 

 

ʉʦʩʪʘʚʳ ʬʘʟ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʢʦʣʝʙʣʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. ʅʦ ʤʝʞʜʫ ʪʝʤ, ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʩʪʘʚʦʚ ʬʘʟ 

ʧʨʝʦʙʣʘʜʘʶʪ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʚʳʩʦʢʦʟʦʣʦʪʠʩʪʳʝ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʊʘʢ ʚ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʘʭ Au-Ag ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʩʪʘʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Au 93-98 ʤʘʩʩ.%. ɺ ʘʤʘʣʴʛʘʤʥʳʭ 

ʬʘʟʘʭ ʩʠʩʪʝʤʳ Au-Hg ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ ʬʘʟʳ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ Au 90-94 ʤʘʩʩ.%. 

ɺ ʘʤʘʣʴʛʘʤʘʭ ʩʠʩʪʝʤʳ Au-Ag-Hg ʧʨʝʚʘʣʠʨʫʶʪ ʬʘʟʳ ʩ Au 85-93 ʤʘʩʩ.%. ɺ ʩʚʠʥʝʮ ʩʦʜʝʨʞʘʱʠʭ 

ʘʤʘʣʴʛʘʤʘʭ ʩʠʩʪʝʤʳ Au-Hg-Pb ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʩʪʘʚʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Au 75-95%, ʘ ʚ 

ʘʤʘʣʴʛʘʤʘʭ ʩʠʩʪʝʤʳ Au-Ag-Hg-Pb ï Au 80-87%. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʤʘʣʦ ʬʘʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʪʦʣʴʢʦ ʟʦʣʦʪʦʤ (Au 100%), ʠʭ ʜʦʣʷ ï 15-20% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. 

ɺ ʮʝʣʦʤ, ʝʩʣʠ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʙʫ ʜʣʷ ʚʩʝʭ ʬʘʟ ʧʦ ʘʥʘʣʦʛʠʠ ʩ  ʨʘʩʯʝʪʘʤʠ, ʧʨʦʠʟʚʦʜʠʤʳʤʠ 

ʜʣʷ ʦʙʳʯʥʦʛʦ (ʩʝʨʝʙʨʠʩʪʦʛʦ) ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʘ ʠʤʝʥʥʦ ʧʦ ʬʦʨʤʫʣʝ:  

 
ʛʜʝ Ag* = Ag, ʣʠʙʦ Ag+Hg, ʣʠʙʦ Ag+Hg+Pb, ʪʦ ʚ ʠʟʫʯʝʥʥʦʤ ʪʝʭʥʦʛʝʥʥʦʤ ʟʦʣʦʪʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʶʪ, ʩ ʫʯʝʪʦʤ ʬʘʟ ʩ ʥʘʠʚʳʩʰʝʡ ʧʨʦʙʦʡ 1000ă, ʬʘʟʳ ʩ ʧʨʦʙʦʡ 850-

1000ă. ʕʪʦ ʭʦʨʦʰʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ (ʨʠʩ. 3). ʂʘʢ ʚʠʜʠʤ, 

ʩʨʝʜʠ ʚʩʝʭ ʬʘʟ ʠʭ ʚʳʩʦʢʦʧʨʦʙʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʘʥʠʤʘʝʪ ʛʣʘʚʝʥʩʪʚʫʶʱʝʝ ʤʝʩʪʦ, ʵʪʦ ʧʨʠʤʝʨʥʦ 

75% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʬʘʟ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʚʘʣʦʚ ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʚ ʧʣʘʥʝ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʘʣʴʛʘʤʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʧʨʦʩʪʦʛʦ (Au-Hg) [1] ʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ (Au-Ag-Hg, Au-Hg-Pb, Au-Ag-Hg-Pb) ʩʦʩʪʘʚʦʚ, 

ʥʦ ʠ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʥʠʭ 

ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, (Au,Ag)9(Hg,Pb)1, (Au,Ag)2(Hg,Pb)1, Au4(Hg,Pb)3 ʠ ʜʨ. ʆ 
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ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʜʨʫʛʦʛʦ ʨʝʛʠʦʥʘ 

ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Au9Ag1 ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [4]. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʷʜ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ [5, 2, 6].  

 

ʊʘʙʣʠʮʘ 1 ʀʥʪʝʨʚʘʣʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʬʘʟʘʭ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʵʣʝʤʝʥʪʦʚ (ʤʘʩʩ.%) 
 

 ʉʠʩʪʝʤʘ 
ɼʠʘʧʘʟʦʥʳ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ 

Au Ag Hg Pb 

ʉ
ʘ
ʤ
ʦ
ʨ
ʦ
ʜ
ʥ
ʦ
ʝ

 

ʟ
ʦ
ʣ
ʦ
ʪ
ʦ

 

 

Au 

 

100 - - - 

 

AuïAg 

 

 

88.9ï99.3 

 

0.7ï11.1 
- - 

ɸ
ʤ
ʘ
ʣ
ʴ
ʛ
ʘ
ʤ
ʳ

 

ʟ
ʦ
ʣ
ʦ
ʪ
ʘ

 

 

AuïHg 

 

 

87.8ï99.3 
- 

 

0.7ï12.2 
- 

 

AuïAgïHg 

 

73.3ï93.0 1.0ï13.7 1.7ï22.3 - 

 

AuïHgïPb 

 

42.3ï95.1 - 2.2ï16.7 1.4ï50.4 

 

AuïAgïHgïPb 

 

60.0ï90.2 0.4ï4.7 1.5ï17.4 0.6ï24.0 

 

 
 
ʈʠʩ. 3. ɻʠʩʪʦʛʨʘʤʤʘ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʬʘʟ ʨʘʟʥʦʡ ʧʨʦʙʳ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ 

ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ (ʇʨʠʘʤʫʨʴʝ). 

  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʥʦʛʦʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝ ʪʦʣʴʢʦ ʘʤʘʣʴʛʘʤʠʨʦʚʘʥʠʷ  ʚʦ ʚʨʝʤʷ ʜʦʙʳʯʠ, ʥʦ ʠ 

ʚʣʠʷʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚ ʦʪʚʘʣʘʭ. 

ʅʫʞʥʦ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩʨʝʜʠ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʟʦʣʦʪʝ ʬʘʟ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʩʦʩʪʘʚʣʷʶʪ Pb-ʩʦʜʝʨʞʘʱʠʝ ʘʤʘʣʴʛʘʤʳ. ɹʝʟʫʩʣʦʚʥʦ, ʵʪʦ ʜʝʣʘʝʪ ʪʝʭʥʦʛʝʥʥʦʝ 

ʟʦʣʦʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʯʠʱʝʥʠʷ ʙʦʣʝʝ ʫʧʦʨʥʳʤ ʢ ʭʠʤʠʯʝʩʢʦʤʫ 
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ʚʦʟʜʝʡʩʪʚʠʶ ʤʘʪʝʨʠʘʣʦʤ. ʆʜʥʘʢʦ, ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʧʨʦʙʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʦʣʦʪʘ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʘʢʦʛʦ ʟʦʣʦʪʘ ʥʘʜ ʥʠʟʢʦʧʨʦʙʥʳʤ ʥʠʚʝʣʠʨʫʶʪ ʵʪʦʪ ʥʝʛʘʪʠʚʥʳʡ 

ʤʦʤʝʥʪ. ʇʨʘʚʜʘ ʝʩʪʴ ʝʱʝ ʦʜʥʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʫʩʣʦʞʥʠʪ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ 

ʯʠʩʪʦʛʦ ʟʦʣʦʪʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʦʣʦʪʠʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʳʭ ʩʨʘʩʪʘʥʠʷʭ ʩ 

ʧʦʨʦʜʦʡ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʯʘʩʪʦ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ. 

ʀ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

ʪʝʭʥʦʛʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʅʠʞʥʝʩʝʣʝʤʜʞʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ ʇʨʠʘʤʫʨʴʷ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʝʝ: ʟʦʣʦʪʦ ʠʤʝʝʪ ʛʝʪʝʨʦʛʝʥʥʳʡ ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʟʦʣʦʪʠʥʘʭ ʥʝ ʪʦʣʴʢʦ ʬʘʟ ʟʦʣʦʪʘ ʚʳʩʰʝʡ ʧʨʦʙʳ 1000ă ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Au-Ag, ʥʦ ʠ 

ʘʤʘʣʴʛʘʤʥʳʭ ʬʘʟ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ Au-Hg, ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ Au-Ag-Hg ʠ Au-Hg-Pb, ʠ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ Au-Ag-Hg-Pb ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ï ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ Au, Ag, Hg ʠ Pb.  
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ʉʊʈɸʊʀʌʆʈʄʅʓɪ ʊʀʇʓ ʉɺʀʅʎʆɺʆ-ʎʀʅʂʆɺʓʍ ʈʋɼ ɺ ʂɸʈɹʆʅɸʊʅʓʍ 

 ʊʆʃʑɸʍ ɸʄʋʈʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ɻ.ʌ.ʉʢʣʷʨʦʚʘ  

 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ, ʛ. ʍʘʙʘʨʦʚʩʢ 

 

ʂ ʩʪʨʘʪʠʬʦʨʤʥʳʤ ʦʪʥʦʩʷʪʩʷ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʶ ʧʦʜʯʠʥʝʥʳ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʩʣʦʠʩʪʳʭ ʪʦʣʱ.  

ɼʣʷ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʦʝ ʧʣʦʱʘʜʥʦʝ ʨʘʟʚʠʪʠʝ, ʨʘʟʤʝʱʝʥʠʝ ʚ 

ʬʦʨʤʘʮʠʷʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʣʠʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʳʭ ʩʚʷʟʝʡ ʩ ʠʥʪʨʫʟʠʷʤʠ, ʚʳʜʝʨʞʘʥʥʳʡ ʩʦʩʪʘʚ 

ʨʫʜ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʥʘʭʦʞʜʝʥʠʷ ʨʫʜ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʠ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʫʜʥʦʬʦʨʤʘʮʠʦʥʥʳʭ 

ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʢʦʪʦʨʳʭ ʦʙʦʩʥʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ 

ʎʅʀɻʈʀ.[1]. ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ, ʥʘ ʦʩʥʦʚʝ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ 

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʠʧʦʚʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʫʜʥʦʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ: ʩʪʨʘʪʠʬʦʨʤʥʳʡ ʪʠʧ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ - 

ʤʠʨʛʘʣʠʤʩʘʡʩʢʠʡ (ʤʠʩʩʠʩʠʧʩʢʠʡ), ʪʷʥʴʰʘʥʴʩʢʠʡ; ʩʪʨʘʪʠʬʦʨʤʥʳʡ ʪʠʧ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ -ʤʘʥʩʬʝʣʴʜʩʢʠʡ, ʬʠʣʠʟʯʘʡʩʢʠʡ, ʤʘʣʦʢʘʚʢʘʟʩʢʠʡ (çʢʫʨʦʢʦè). 

ʂ ʪʷʥʴʰʘʥʴʩʢʦʤʫ ʪʠʧʫ ʦʪʥʝʩʝʥʳ ʥʝʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʚ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʢʝʤʙʨʠʡʩʢʠʭ ʠ ʜʝʚʦʥʩʢʦ-

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʪʠʧʘ 

(ʧʨʠʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ, ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ), ʠʟʚʝʩʪʥʳʝ ʥʘ ʏʫʢʦʪʩʢʦʤ, ɹʫʨʝʠʥʩʢʦʤ ʠ 

ʍʘʥʢʘʡʩʢʦʤ ʤʘʩʩʠʚʘʭ, ʚ ʧʨʝʜʝʣʘʭ ʏʫʢʦʪʩʢʦʡ ʠ ʉʪʘʥʦʚʦʡ ʩʢʣʘʜʯʘʪʳʭ ʩʠʩʪʝʤ. ɸʥʘʣʦʛʘʤʠ ʵʪʦʛʦ 

ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʨʝʜʠʥʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ɿʘʧʘʜʥʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ. 

ɹʫʨʝʠʥʩʢʘʷ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʘʷ ʧʨʦʚʠʥʮʠʷ ʚʳʜʝʣʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʈʫʜʦʥʦʩʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʢʝʤʙʨʠʡʩʢʦʛʦ ʠ ʜʝʚʦʥʩʢʦʛʦ 

ʚʦʟʨʘʩʪʦʚ. ɺ ʝʝ ʩʦʩʪʘʚʝ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ: ʏʘʛʦʷʥ-ɼʞʫʨʢʘʥʩʢʘʷ, 

ɿʝʡʩʢʦ-ʋʨʢʘʥʩʢʘʷ, ʄʝʣʴʛʠʥʩʢʘʷ ʠ ʄʘʣʦʭʠʥʛʘʥʩʢʘʷ [2]. 

 ɺ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ ʪʷʥʴʰʘʥʴʩʢʦʛʦ ʪʠʧʘ ʚʳʷʚʣʝʥʳ ʚ 

ʧʨʝʜʝʣʘʭ  ʏʘʛʦʷʥ-ɼʞʫʨʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ,  ʚʢʣʶʯʘʶʱʠʝ  ʏʘʛʦʷʥʩʢʦʝ ʥʝʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥ ʨʷʜ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ, ʚʩʢʨʳʪʳʭ ʥʘ ʣʝʚʦʙʝʨʝʞʴʠ 

ʨ. ɿʝʠ ( ʚ ʝʝ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ), ʚ ʙʘʩʩʝʡʥʘʭ ʝʝ ʧʨʠʪʦʢʦʚ: ɹ. ʠ ʄ. ɼʞʫʨʢʘʥ, ɹʫʨʝʣʴʥʳʡ, ʋʰʫʤʫʥ, 

ɹʫʨʤʘʪʦʚʩʢʠʡ. ʈʫʜʦʥʦʩʥʘʷ ʏʘʛʦʷʥʩʢʘʷ ʟʦʥʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʥʠʶ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʢʤ.  

ɺ ʵʪʦʤ  ʨʘʡʦʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʉʫʭʠʥ,1960; ɺʠʥʪʝʨ,1961; ʉʝʨʝʙʨʷʢʦʚ,1964; ɼʷʪʝʣ,1964; ʍʝʣʴʚʘʩ,1964; 

ʏʫʧʨʘʢʦʚ,1968; ɸʥʪʠʧʠʥʘ, 1969; ʃʦʞʥʠʢʦʚ ʠ ʜʨ., 1984),  ʦʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʪʦʨʳʭ, ,  ʦʪʨʘʞʝʥʳ ʚ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʩ ʚʳʧʦʣʥʝʥʠʝʤ  ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʭ ʤʘʨʰʨʫʪʦʚ 

ɼɺʀʄʉʘ çʇʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʥʘ 

ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ (ʉʢʣʷʨʦʚʘ, 1986; 1995).   

ʏʘʛʦʷʥ-ɼʞʫʨʢʘʥʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ  ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʤʫʨʦ-

ɿʝʡʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʚ ʧʨʝʜʝʣʘʭ ɸʤʫʨʦ-ʄʘʤʳʥʩʢʦʛʦ ʚʳʩʪʫʧʘ ɹʫʨʝʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʈʫʜʦʚʤʝʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʜʚʫʯʣʝʥʥʦʝ, ʩʪʨʦʝʥʠʝ (ʧʦ ʉʝʨʝʙʨʷʢʦʚʫ,1964): ʥʠʞʥʷʷ ʯʘʩʪʴ 

ʝʛʦ ʩʣʦʞʝʥʘ ʘʨʢʦʟʦʚʳʤʠ ʠ ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʚ 

ʩʫʭʘʨʥʠʢʦʚʩʢʫʶ ʩʚʠʪʫ ( ʚʝʨʭʥʠʡ ʧʨʦʪʝʨʦʟʦʡ) 1350 ʤ ʤʦʱʥʦʩʪʴʶ; ʚʝʨʭʥʷʷ - ʢʘʨʙʦʥʘʪʥʦʡ 

ʪʦʣʱʝʡ (ʯʘʛʦʷʥʩʢʘʷ ʩʚʠʪʘ, 1960 ʤ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟʚʝʩʪʥʷʢʘʤʠ ʤʘʩʩʠʚʥʳʤʠ, 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ, ʙʨʝʢʯʠʨʦʚʘʥʥʳʤʠ, ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩ ʧʦʜʯʠʥʝʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ. ʏʘʛʦʷʥʩʢʘʷ ʩʚʠʪʘ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʘʨʢʦʟʦʚʳʭ ʧʝʩʯʘʥʠʢʘʭ ʩʫʭʘʨʥʠʢʦʚʩʢʦʡ 

ʩʚʪʳ ʠ ʩʚʷʟʘʥʘ ʩ ʥʠʤʠ ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ, ʚʳʨʘʟʠʚʰʠʤʩʷ ʧʘʯʢʦʡ ʧʝʨʝʩʣʘʠʚʘʥʠʷ (ʜʦ 10 ʤ) 
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ʧʝʩʯʘʥʠʢʦʚ, ʢʘʨʙʦʥʘʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʚʦʟʨʘʩʪʝ ʪʦʣʱʠ ʘʨʢʦʟʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ. ʈʫʜʦʚʤʝʱʘʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʦʪʥʦʩʠʪʩʷ ʢ ʤʠʦʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʤ ʤʦʨʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʦʡ ʍʠʥʛʘʥʩʢʦʡ ʛʝʦʩʠʥʢʣʠʥʘʣʠ. ɺ ʨʘʡʦʥʝ, ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʰʠʨʦʢʘʷ (ʜʦ 3 ʢʤ) 

ʧʦʣʦʩʘ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ ʢʘʪʘʢʣʘʟʘ, ʚ ʢʦʥʪʫʨʘʭ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ 2 ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʘ -

ʏʘʛʦʷʥʩʢʠʡ ʠ ʉʫʭʘʨʥʠʢʦʚʩʢʠʡ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʳ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʨʘʟʨʳʚʳ ʪʠʧʘ 

ʩʝʢʫʱʠʭ ʩʙʨʦʩʦʚ ʠ ʩʙʨʦʩʦʚ-ʥʘʜʚʠʛʦʚ. ɺ ʦʧʠʩʳʚʘʝʤʦʡ ʟʦʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʏʘʛʦʷʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ɼʞʫʨʢʘʥʩʢʦʝ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʷʚʣʝʥʠʡ. ʈʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚ 

ʠʭ ʨʘʟʤʝʱʝʥʠʠ ʷʚʣʷʶʪʩʷ: ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʧʝʩʯʘʥʠʢʦʚʦʡ 

ʪʦʣʱʘʤʠ,  ʨʘʟʚʠʪʠʝ ʚ ʧʨʝʜʝʣʘʭ ʏʘʛʦʷʥʩʢʦʡ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʣʦʤʘʤʠ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʏʘʛʦʷʥʩʢʦʛʦ, ɹʫʨʤʘʪʦʚʩʢʦʛʦ, 

ʆʚʩʷʥʥʠʢʦʚʩʢʦʛʦ ʨʘʟʣʦʤʦʚ. ʇʦʨʦʜʳ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ ʦʢʚʘʨʮʦʚʘʥʳ, 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʳ, ʢʘʣʴʮʠʪʠʟʠʨʦʚʘʥʳ, ʦʩʚʝʪʣʝʥʳ. 

ʏʘʛʦʷʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʟʦʥʘ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ 

ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʧʨʦʪʷʛʠʚʘʶʱʘʷʩʷ ʥʘ 1,9 ʢʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 500 ʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʨʫʜʳ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʠʧʘ ʞʝʣʝʟʥʦʡ ʰʣʷʧʳ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ 

ʜʦʩʪʠʛʘʶʪ 25 ʠ 42%. ɺ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʩʦʜʝʨʞʘʪʩʷ ʮʠʥʢ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 1.46 ʜʦ 25.4% ʠ 

ʩʚʠʥʝʮ - ʦʪ 0.2 ʜʦ 1.18%. ʇʦ ʧʝʨʚʠʯʥʳʤ ʦʨʝʦʣʘʤ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʢʦʥʪʫʨʳ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʤʥʦʛʠʭ ʵʥʜʦʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ: "ʉʪʨʝʣʢʘ", "ɿʠʤʥʷʷ","14-46", çʖʞʥʦ-ɼʞʫʨʢʘʥʩʢʘʷ", 

"ʄʘʣʦʜʞʫʨʢʘʥʩʢʘʷ","ɹʫʨʝʣʴʥʘʷ", "ɺʦʣʯʴʷ ʗʤʘ" ʠ "ʇʨʘʚʦʙʝʨʝʞʥʦʝ".  

. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ ʠ ʧʠʨʠʪʦʤ ʚ ʚʠʜʝ 

ʚʢʨʘʧʣʝʥʥʦʩʪʝʡ ʠ ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʨʫʜʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʧʨʦʩʣʝʞʝʥʥʦʤ 

ʯʘʩʪʠʯʥʦ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʧʘʜʝʥʠʶ ʚʜʦʣʴ ʢʦʥʪʘʢʪʦʚ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ. ɺ ʧʝʩʯʘʥʠʢʘʭ 

ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʢʦʥʪʘʢʪʘ ʥʘ ʰʠʨʠʥʫ ʜʦ 400 ʤ. 

ʉʫʣʴʬʠʜʠʟʘʮʠʷ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʚʳʨʘʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠʰʴ ʥʘ 250 ʤ ʚ 

ʩʪʦʨʦʥʫ ʦʪ ʢʦʥʪʘʢʪʘ. ʄʦʱʥʦʩʪʴ ʟʦʥʳ ʦʨʫʜʝʥʝʥʠʷ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʧʦ ʩʢʚʘʞʠʥʘʤ ʚʘʨʴʠʨʫʝʪ ʦʪ 

20 ʜʦ 140 ʤ. ʀʥʦʛʜʘ ʝʜʠʥʳʡ ʨʫʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʨʘʟʚʝʪʚʣʷʝʪʩʷ ʥʘ ʩʣʦʠ ʤʦʱʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 37, 36 ʠ 9 ʤ. ʆʧʨʦʙʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥ ʧʣʘʩʪ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜ ʚ 22 ʤ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʱʘ ʚ ʨʫʜʘʭ ʦʪ 0.38 ʜʦ 1.42%, ʮʠʥʢʘ - ʦʪ 1.55 ʜʦ 4.40%, 

ʩʨʝʜʥʝʝ ʩʫʤʤʘʨʥʦʝ - 4.07%, ʉʨʝʜʠ ʙʝʜʥʳʭ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʚ ʜʨʦʙʣʝʥʳʭ ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʘʶʪʩʷ 

ʩʬʘʣʝʨʠʪʦʚʳʝ ʞʠʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʘʣʝʥʠʪ ʠ ʧʠʨʠʪ. ʉʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʥʠʭ ʜʦ 5.16%, ʩʚʠʥʮʘ -

0.95%. ʇʦ ʩʢʚʘʞʠʥʘʤ ʥʘ ʛʣʫʙʠʥʝ ʥʠʞʝ 30ʤ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʜʦʣʠʥʦʦʙʨʘʟʥʘʷ ʚʧʘʜʠʥʘ ʰʠʨʠʥʦʡ 

ʜʦ 400 ʤ ʩ ʨʘʟʚʠʪʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʚʪʦʨʠʯʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 15 ʤ, 

ʧʨʦʩʣʝʞʠʚʘʶʱʠʭʩʷ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʩʦʜʝʨʞʘʪʩʷ 

ʮʠʥʢ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 1.46 ʜʦ 25.4% ʠ ʩʚʠʥʝʮ - ʦʪ 0.2 ʜʦ 1.18%. ɺ ʧʝʩʯʘʥʠʢʘʭ ʩ ʚʠʜʠʤʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʠʨʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ (ʧʨʦʙʳ 5023-1,-2) ʦʧʨʝʜʝʣʝʥʦ ʩʝʨʝʙʨʦ ʚ ʧʦʚʳʰʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,13 ʠ 3.88 ʛ/ʪ, ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙʘʭ ʩʝʨʝʙʨʦ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 0.0005%. ɺ ʝʜʠʥʠʯʥʳʭ ʧʨʦʙʘʭ ʧʝʩʯʘʥʠʢʦʚ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʦʪʘ 

ʜʦʩʪʠʛʘʝʪ 0.1 ʛ/ʪ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ ʠ ʧʠʨʠʪʦʤ, ʚ 

ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʝʡ ʠ ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʨʫʜʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʧʨʦʩʣʝʞʝʥʥʦʤ 

ʯʘʩʪʠʯʥʦ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʧʘʜʝʥʠʶ ʚʜʦʣʴ ʢʦʥʪʘʢʪʦʚ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ. 

ɺ ʧʝʩʯʘʥʠʢʘʭ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʢʦʥʪʘʢʪʘ ʥʘ 

ʰʠʨʠʥʫ ʜʦ 400 ʤ. ʉʫʣʴʬʠʜʠʟʘʮʠʷ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʚʳʨʘʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠʰʴ ʥʘ 250ʤ ʚ ʩʪʦʨʦʥʫ ʦʪ ʢʦʥʪʘʢʪʘ. 

ʄʦʱʥʦʩʪʴ ʟʦʥʳ ʦʨʫʜʝʥʝʥʠʷ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʧʦ ʩʢʚʘʞʠʥʘʤ ʚʘʨʴʠʨʫʝʪ ʦʪ 20 ʜʦ 140 ʤ. 

ʀʥʦʛʜʘ ʝʜʠʥʳʡ ʨʫʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʨʘʟʚʝʪʚʣʷʝʪʩʷ ʥʘ ʩʣʦʠ ʤʦʱʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 37, 

36 ʠ 9 ʤ. 

ʇʦ ʩʢʚʘʞʠʥʘʤ ʥʘ ʛʣʫʙʠʥʝ ʥʠʞʝ 30ʤ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʜʦʣʠʥʦʦʙʨʘʟʥʘʷ ʚʧʘʜʠʥʘ ʰʠʨʠʥʦʡ ʜʦ 

400 ʤ ʩ ʨʘʟʚʠʪʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʚʪʦʨʠʯʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 15 ʤ, 

ʧʨʦʩʣʝʞʠʚʘʶʱʠʭʩʷ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʩʦʜʝʨʞʘʪʩʷ 

ʮʠʥʢ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 1.46 ʜʦ 25.4% ʠ ʩʚʠʥʝʮ - ʦʪ 0.2 ʜʦ 1.18%. 
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ʊʦʣʱʘ ʠʟʚʝʩʪʥʷʢʦʚ ʷʚʣʷʝʪʩʷ ʵʢʨʘʥʦʤ ʜʣʷ ʧʨʦʥʠʢʘʶʱʠʭ ʯʝʨʝʟ ʪʦʣʱʫ ʧʝʩʯʘʥʠʢʦʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ; ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ɺ ʧʝʩʯʘʥʠʢʘʭ ʧʠʨʠʪʘ (10-15%) ʚ 2-5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʬʘʣʝʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ (2-

3%). ʆʢʠʩʣʝʥʥʳʝ ʨʫʜʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʦʣʱʝ ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʛʣʠʥ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʯʘʰʝʦʙʨʘʟʥʳʭ ʚʧʘʜʠʥ. ʅʘʜ ʟʦʥʦʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠʟʚʝʩʪʥʷʢʦʚ 

ʠ ʧʝʩʯʘʥʠʢʦʚ ʦʪʤʝʯʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ - ʜʦ 10-20%. ʆʢʠʩʣʝʥʥʳʝ ʨʫʜʳ - 

ʵʪʦ ʮʝʨʫʩʩʠʪ, ʘʥʛʣʝʟʠʪ, ʩʤʠʪʩʦʥʠʪ, ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ. 

ɺ ʧʝʩʯʘʥʠʢʘʭ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʢʦʥʪʘʢʪʘ ʥʘ 

ʰʠʨʠʥʫ ʜʦ 400 ʤ. ʉʫʣʴʬʠʜʠʟʘʮʠʷ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʚʳʨʘʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠʰʴ ʥʘ 250ʤ ʚ ʩʪʦʨʦʥʫ ʦʪ ʢʦʥʪʘʢʪʘ. ʏʘʛʦʷʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʤʠ ʢʘʢ ʟʦʥʘ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ, 

ʧʨʦʪʷʛʠʚʘʶʱʘʷʩʷ ʥʘ 1.9 ʢʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 500 ʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʨʫʜʳ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʢʦʨʝ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʠʧʘ ʞʝʣʝʟʥʦʡ ʰʣʷʧʳ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʜʦʩʪʠʛʘʶʪ 25 ʠ 42%.  

ɼʞʫʨʢʘʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʫʯ. ɹ. ʠ ʄ.ɼʞʫʨʢʘʥ ʚ 7 ʢʤ ʢ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʏʘʛʦʷʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.ɺʩʢʨʳʪʘ ʨʫʜʦʥʦʩʥʘʷ ʧʦʣʦʩʘ ʤʦʱʥʦʩʪʴʶ ʚ 300 ʤ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ I 200 ʤ. ɺʳʜʝʣʷʶʪʩʷ 5 ʟʦʥ ʦʢʠʩʣʝʥʥʳʭ ʠ ʠʥʪʝʥʩʠʚʥʦ ʚʳʱʝʣʦʯʝʥʥʳʭ 

ʤʝʣʢʦʚʢʨʘʧʣʝʥʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʤʦʱʥʦʩʪʴʶ ʦʪ 3-4 ʤ ʜʦ 34 ʤ. ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ: ʛʘʣʝʥʠʪ ʠ ʩʬʘʣʝʨʠʪ; ʚʪʦʨʠʯʥʳʝ - ʮʝʨʫʩʩʠʪ ʠ ʘʥʛʣʝʟʠʪ. . ʉʚʠʥʝʮ ʠ ʮʠʥʢ ʚ ʩʫʤʤʝ 

ʜʦʩʪʠʛʘʝʪ 1.5-2.9%. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ 1.2%, ʮʠʥʢʘ -4.4%. 

ʀʟ ʘʥʘʣʠʟʘ ʨʘʙʦʪ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʏʘʛʦʷʥ-ɼʞʫʨʢʘʥʩʢʦʤʫ ʨʘʡʦʥʫ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

1.ʐʠʨʦʢʦʝ ʧʣʦʱʘʜʥʦʝ ʨʘʟʚʠʪʠʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ: ʧʦ ʢʦʩʚʝʥʥʳʤ ʠ 

ʧʨʷʤʳʤ ʜʘʥʥʳʤ ʨʫʜʦʥʦʩʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ 50 ʢʤ. 

2.ʃʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ. ɺʩʝʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʠʟʥʘʝʪʩʷ, ʯʪʦ 

ʨʫʜʦʥʦʩʥʦʩʪʴ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʝʝ ʨʘʟʚʠʪʠʷ ʧʨʠʫʨʘʯʠʚʘʝʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʛʦʨʠʟʦʥʪʫ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʪʝʨʨʠʛʝʥʥʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʫʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʟʚʠʪʘ ʚ ʧʝʩʯʘʥʠʢʘʭ ʠ ʙʦʣʝʝ ʩʣʘʙʦ - ʚ ʠʟʚʝʩʪʥʷʢʘʭ. ɺʳʜʝʨʞʘʥʥʘʷ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʨʝʟʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, 

ʧʨʷʤʳʤʠ ʥʘʭʦʜʢʘʤʠ ʦʜʥʦʪʠʧʥʳʭ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜ, ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ 

ʩʦʛʣʘʩʥʦ ʧʨʦʩʪʠʨʘʥʠʶ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ. 

3.  ʆʜʥʦʪʠʧʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ ʙʝʟ ʚʠʜʠʤʦʡ ʩʚʷʟʠ ʩ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ - ʚʢʨʘʧʣʝʥʥʳʡ, ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʡ ʪʠʧ ʨʫʜ. 

4.  ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ: ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ; ʚ ʧʦʜʯʠʥʝʥʥʳʭ 
ʢʦʣʠʯʝʩʪʚʘʭ - ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʠʭ ʦʢʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ. 

5.  ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʚʳʨʘʞʘʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʧʨʦʷʚʣʝʥʠʡ ʢ ʚʳʜʝʣʝʥʥʦʡ 

ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʢ ʟʦʥʘʤ ʨʘʟʚʠʪʠʷ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ. 

 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʠʟʫʯʝʥʠʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʨʘʡʦʥʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. 

1. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʝʰʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʨʘʩʪʝ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʧʝʩʯʘʥʠʢʦʚʦʡ 

ʪʦʣʱʠ, ʦʪʥʦʩʠʤʦʡ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢ ʩʠʥʠʶ, ʢʝʤʙʨʠʶ, ʩʠʣʫʨʫ ʠʣʠ ʜʝʚʦʥʫ (ʩʤ.ʪʘʙʣ. 

112.1 ). ɺʦʟʨʘʩʪ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʟʚʠʪʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ 

ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʘʭ, ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʣʦʚʥʦ ʢʘʢ ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ. ɹʝʟ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ 

ʚʦʟʨʘʩʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʚʳʷʩʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʦʨʫʜʝʥʝʥʠʷ. 

2. ʇʨʦʚʝʜʝʥʥʳʤʠ ʛʦʨʥʳʤʠ ʠ ʙʫʨʦʚʳʤʠ ʨʘʙʦʪʘʤʠ (ʩʢʚʘʞʠʥʘʤʠ ʙʦʣʝʝ 100 ʤ) ʚʩʢʨʳʪʳ ʠ 

ʦʧʨʦʙʦʚʘʥʳ ʦʨʫʜʝʥʝʣʳʝ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ, ʟʦʥʘ ʦʢʠʩʣʝʥʥʳʭ ʠ ʚʳʱʝʣʦʯʝʥʥʳʭ ʨʫʜ. ʌʣʘʥʛʠ ʠ 

ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ ʏʘʛʦʷʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʤʥʦʛʠʭ ʧʨʦʷʚʣʝʥʠʡ ʥʝʜʦʠʟʫʯʝʥʳ. ʅʝ 

ʚʳʷʩʥʝʥʘ ʧʨʠʨʦʜʘ ʤʥʦʛʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ. ɺʩʝʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʪʤʝʯʘʝʪʩʷ 

ʚʳʩʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʨʫʜʥʳʭ ʪʝʣ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʦʛʦ ʩʢʨʳʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚ ʮʝʣʦʤ ʏʘʛʦʷʥ-
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ɼʞʫʨʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʚʳʷʩʥʝʥʠʷ ʚʦʧʨʦʩʦʚ ʩʪʨʘʪʠʛʨʘʬʠʠ ʨʫʜʦʚʤʝʱʘʶʱʝʛʦ ʧʦʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʘʥʦʤʘʣʠʡ, ʚʩʢʨʳʪʠʷ ʟʦʥʳ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ 

ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʤʦʱʥʦʩʪʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 10 ʤ. 

ɺ ʮʝʣʦʤ ʨʘʡʦʥ ʏʘʛʦʷʥ-ɼʞʫʨʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜʥʳʭ ʪʝʣ. ʈʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʧʦʠʩʢʦʚʳʝ  ʬʘʢʪʦʨʳ: 

ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ - ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʘʥʪʠʢʣʠʥʘʣʴʥʳʤ ʩʢʣʘʜʢʘʤ 2-ʛʦ ʧʦʨʷʜʢʘ, ʟʦʥʘʤ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʱʠʭ ʨʘʟʣʦʤʦʚ ʠ ʢʦʥʪʘʢʪʦʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʧʘʯʢʠ ʧʝʩʯʘʥʠʢʦʚ ʩ ʜʦʣʦʤʠʪʘʤʠ, 

ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʩʚʠʥʮʘ ʠ 

ʮʠʥʢʘ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ-ʩʧʫʪʥʠʢʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʦʙʱʠʭ ʧʝʨʩʧʝʢʪʠʚ ʨʘʡʦʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚ.  
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1.ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʧʦʠʩʢʘʤ ʠ ʨʘʟʚʝʜʢʝʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ/ʂʨʠʚʮʦʚɸ.ʀ. ʠ ʜʨ. ï 

ʄ.:ʅʝʜʨʘ. 1985 

2.ʉʢʣʷʨʦʚʘ ɻ.ʌ ʈʫʜʥʦʬʦʨʤʘʮʠʦʥʥʳʝ ʪʠʧʳ ʩʪʨʘʪʠʬʦʨʤʝʥʦʛʦ ʩʚʠʥʮʦʚʦ - ʮʠʥʢʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʌ - ʈʫʜʳ ʠ ʤʝʪʘʣʣʳ - ˉ3, 2015 ʛ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



124 

ʀʅɼʀʂɸʊʆʈʅʆɽ ɿʅɸʏɽʅʀɽ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʋʈɸʅɸ ɺʋʃʂɸʅʀʏɽʉʂʀʍ 

ʇɸʃɽʆɾɽʈʃʆɺʀʅ ɺʅɽʐʅɽʁ ʀ ʇɽʈʀʌɽʈʀʏɽʉʂʆʁ ɿʆʅ 

ɹʆʃʔʐɽʍʀʅɻɸʅʉʂʆɻʆ ʇʆʗʉɸ 

 

ɺ.ɻ. ʍʦʤʠʯ, ʅ.ɻ. ɹʦʨʠʩʢʠʥʘ 

 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʨʘʥʘ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʩʦʧʨʝʜʝʣʴʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʖʛʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ ʠ ɺʝʨʭʥʝʝ ʇʨʠʘʤʫʨʴʝ), ɺʦʩʪʦʢʘ 

ʄʦʥʛʦʣʠʠ ʠ ʉʝʚʝʨʥʦʛʦ ʂʠʪʘʷ (ʉʊʈʄʂ) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʡ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ U ʧʨʦʚʠʥʮʠʠ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʩʨʝʜʠ ʥʠʭ, ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ, ʷʚʣʷʶʪʩʷ 

çʚʫʣʢʘʥʠʪʦʚʳʝè ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʦ-ʰʪʦʢʚʝʨʢʦʚʳʝ ʬʪʦʨ-

ʤʦʣʠʙʜʝʥ-ʫʨʘʥʦʚʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʩʪʨʝʣʴʮʦʚʩʢʦʛʦè ʪʠʧʘ [10]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʉʊʈʄʂ ʷʚʣʷʶʪʩʷ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ, ʂʝʨʫʣʝʥʦ-ɸʨʛʫʥʩʢʠʡ, 

ʖʞʥʦ-ʄʦʥʛʦʣʦ-ʍʠʥʛʘʥʩʢʠʡ (ʖʄʍ) ʠ ʉʦʣʦʥʢʝʨʩʢʠʡ ʧʦʷʩʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʚʦʩʪʦʯʥʦʤʫ 

ʬʣʘʥʛʫ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ (ʋʨʘʣʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ) ʧʦʜʚʠʞʥʦʛʦ ʤʝʛʘʧʦʷʩʘ. ʇʦʩʣʝʜʥʠʡ 

ʦʛʨʘʥʠʯʝʥ ʩ ʶʛʘ ʠ ʩʝʚʝʨʘ ʉʠʥʦ-ʂʦʨʝʡʩʢʠʤ ʠ ʉʠʙʠʨʩʢʠʤ ʢʨʘʪʦʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʝʛʦ 

ʦʩʝʚʦʡ ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥ ʂʝʨʫʣʝʥ-ɸʨʛʫʥʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥ (ʂɸʉ), ʦʪʛʨʘʥʠʯʝʥʥʳʡ ʢʨʘʝʚʳʤʠ 

ʰʚʘʤʠ ʦʪ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʠ ʖʄʍ  ʧʦʷʩʦʚ. ʇʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ 

ʉʊʈʄʂ ɹʦʣʴʰʝʭʠʥʛʘʥʩʢʦʛʦ (I-K) ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ (ɹɺʇʇ), ʚʤʝʩʪʝ ʩ ʝʛʦ 

ʚʥʝʰʥʠʤʠ, ʬʣʘʥʛʦʚʳʤʠ, ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʘʢʪʠʚʥʦʡ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʝ ʘʥʜʠʡʩʢʦʛʦ ʪʠʧʘ [2, 12]. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʝʟʦʟʦʷ ʦʙʨʘʟʫʶʪ ʚ ʨʝʛʠʦʥʝ ʦʙʦʩʦʙʣʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ. 

ɽʛʦ ʧʦʟʜʥʝʪʨʠʘʩ-ʶʨʩʢʠʝ (T3-I1-2) ʥʠʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʣʘʩʩʦʠʜʥʳʤʠ, ʘʩʧʠʜʥʦ-ʬʣʠʰʦʠʜʥʳʤʠ, 

ʘʣʝʚʨʦʣʠʪʦ-ʛʨʘʫʚʘʢʢʦʚʳʤʠ (ʩ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ) ʩʚʠʪʘʤʠ, ʘ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʝ (I2-3-K) ʚʝʨʭʠ -  

ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ (ʯʘʩʪʴʶ ʫʛʣʝʥʦʩʥʳʤʠ) ʤʦʣʘʩʩʘʤʠ ʩ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʳʤʠ, ʜʘʮʠʪ-

ʘʥʜʝʟʠʪʦʚʳʤʠ, ʜʘʮʠʪ-ʪʨʘʭʠʘʥʜʝʟʠʪʦʚʳʤʠ, ʪʨʘʭʠʪ-ʨʠʦʣʠʪʦʚʳʤʠ, ʪʨʘʭʠʘʥʜʝʟʠʙʘʟʘʣʴʪ-ʜʘʮʠʪ-

ʨʠʦʣʠʪʦʚʳʤʠ ʪʦʣʱʘʤʠ (ʰʘʜʘʨʦʥʩʢʘʷ, ʧʨʠʘʨʛʫʥʩʢʘʷ ʩʝʨʠʠ, ʜʦʨʥʦʪʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʪʫʨʛʠʥʩʢʘʷ 

ʩʚʠʪʘ, ʩʚʠʪʳ baigi, zhanjiakou, dabeigou, huajiying ʠ ʜʨ.). ʆʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʥʘʢʦʧʣʝʥʠʷ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ɹɺʇʇ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʨʘʟʦʙʱʝʥʥʳʭ ʜʝʧʨʝʩʩʠʷʭ ʠ 

ʚʧʘʜʠʥʘʭ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ, ɺʦʩʪʦʢʘ ʄʦʥʛʦʣʠʠ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ 

ʬʣʘʥʛʘ (ʙʘʩʩʝʡʥ Guyuan-Duolun) ʧʦʷʩʘ. ʆʥʠ ʩʯʠʪʘʣʠʩʴ ʧʨʝʞʜʝ ʪʠʧʠʯʥʳʤʠ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʥʦ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʘʢʪʦʚʢʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʘʢʚʘʣʴʥʳʭ ʯʘʩʪʝʡ ʢʨʫʧʥʦʛʦ (ɺʝʨʭʥʝʘʤʫʨʩʢʦʛʦ) ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʦʷʩʘ, 

ʦʩʝʚʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ɹɺʇʇ [2, 3]. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʊʈʄʂ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʟʜʝʩʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 

ʠ ʤʠʥʠʤʫʤʦʚ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʦʰʚʘ ʟʝʤʥʦʡ ʢʦʨʳ (ʨʘʟʜʝʣ ʄʦʭʦʨʦʚʠʯʠʯʘ) 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 36-42 ʢʤ [9]. ʅʘ ʤʝʥʴʰʠʭ ʛʣʫʙʠʥʘʭ (ʦʢʦʣʦ 20 ʠ 9-6 ʢʤ) 

ʚʳʜʝʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ çʚʦʣʥʦʚʦʜʥʳʝ ʟʦʥʳè, ʘ ʚ 5-4 ʢʤ ʦʪ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʯʘʛʠ [4, 5, 10]. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʫʨʘʥʦʚʦ-ʨʫʜʥʳʤʠ ʫʟʣʘʤʠ (ʋʈʋ) ʉʊʈʄʂ ʷʚʣʷʶʪʩʷ ʉʪʨʝʣʴʮʦʚʩʢʠʡ 

(ʈʌ), ɼʦʨʥʦʪʩʢʠʡ (ʄʦʥʛʦʣʠʷ) ʠ Guyuan-Doulun (ʂʅʈ). ɸʚʪʦʨʳ ʦʪʥʦʩʷʪ ʢ ʠʭ ʯʠʩʣʫ ʠ 

ʍʘʡʢʪʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ɺʝʨʭʥʝʝ ʇʨʠʘʤʫʨʴʝ), ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʷʚʣʝʥʠʡ U ʠ 

ʂʨʝʤʥʠʩʪʦʝ F-Mo-U ʤʝʩʪʦʨʦʞʜʝʥʠʝ [3, 6]. 

ɼʣʷ ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʚ ʨʝʛʠʦʥʝ ʉʪʨʝʣʴʮʦʚʩʢʦʛʦ ʋʈʋ ʭʘʨʘʢʪʝʨʥʘ ʧʦʯʪʠ ʧʦʣʥʘʷ 

ʩʦʚʤʝʱʝʥʥʦʩʪʴ ʩ ʊʫʣʫʢʫʝʚʩʢʦʡ ʜʝʧʨʝʩʩʠʝʡ, ʟʘʧʦʣʥʝʥʥʦʡ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʠʘʨʛʫʥʩʢʦʡ ʩʝʨʠʠ (I2-3pr) ʠ ʪʫʨʛʠʥʩʢʦʡ (K1tr) ʩʚʠʪʳ. ʅʦʚʝʡʰʠʝ ʧʨʝʮʠʟʠʦʥʥʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʩʝʨʠʠ [10] ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 176-165 Ma (ʙʘʟʘʣʴʪʳ) ʜʦ 

162Ñ2õ156Ñ2 ʠ 155Ñ1 Ma (ʪʨʘʭʠʜʘʮʠʪʳ). ɼʣʷ ʪʫʨʛʠʥʩʢʠʭ ʥʘʢʦʧʣʝʥʠʡ, ʥʝʩʦʛʣʘʩʥʦ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʨʠʘʨʛʫʥʩʢʠʝ, ʭʘʨʘʢʪʝʨʥʘ ʥʝʦʜʥʦʢʨʘʪʥʘʷ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʵʬʬʫʟʠʚʥʦ-
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ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʘʯʝʢ ʨʠʦʣʠʪʦʚ ʩ ʧʦʢʨʦʚʘʤʠ ʧʣʘʛʠʦʙʘʟʘʣʴʪʦʚ. ʇʦʣʫʯʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ [5, 

10] ʜʚʫʭ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʪʨʝʭʵʪʘʧʥʦʡ ʵʚʦʣʶʮʠʠ ʨʠʦʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʊʫʣʫʢʫʝʚʩʢʦʡ ɺʊʉ, 

ʥʘʯʠʥʘʷ ʩ ʠʟʚʝʨʞʝʥʠʷ ʤʠʢʨʦʬʝʣʴʟʠʪ-ʠʛʥʠʤʙʨʠʪʦʚʳʭ ʣʘʚ (143-141 Ma), ʧʦʩʣʝʜʫʶʱʝʛʦ (137-135 

Ma) ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʣʱʠ ʤʦʨʠʥ-ʩʘʥʠʜʠʥʦʚʳʭ ʨʠʦʣʠʪʦʚ, ʩʪʘʥʦʚʣʝʥʠʷ ʚ ʞʝʨʣʦʚʠʥʘʭ 

ʧʘʣʝʦʚʫʣʢʘʥʦʚ ʵʢʩʪʨʫʟʠʚʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ.. ʅʘʠʙʦʣʝʝ ʤʦʣʦʜʳʤʠ (129-127 Ma) ʚ 

ʊʫʣʫʢʫʝʚʩʢʦʡ ɺʊʉ ʩʯʠʪʘʶʪʩʷ ʣʠʥʟʦʚʠʜʥʦ-ʪʨʫʙʯʘʪʳʝ ʪʝʣʘ ʮʝʟʠʝʥʦʩʥʳʭ ʧʝʨʣʠʪʦʚ, 

ʧʨʦʨʳʚʘʶʱʠʝ ʧʦʢʨʦʚʳ ʤʦʨʠʦʥ-ʩʘʥʠʜʠʥʦʚʳʭ ʨʠʦʣʠʪʦʚ, ʘ ʚʦʟʨʘʩʪ U ʦʨʫʜʝʥʝʥʠʷ  - 135 1 Ma 

[10]. ɺʝʥʯʘʶʪ ʨʘʟʨʝʟ ʥʘʢʦʧʣʝʥʠʡ Tʫʣʫʢʫʝʚʩʢʦʡ ɺʊɼ ʦʪʣʦʞʝʥʠʷ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʯʝʭʣʘ ʠʟ 

ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ ʢʫʪʠʥʩʢʦʡ (K1kt) ʩʚʠʪʳ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʧʨʦʩʣʦʠ ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ 

ʙʫʨʦʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʦ ʥʝ ʟʘʪʨʦʥʫʪʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ [5]. 

 ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʊʫʣʫʢʫʝʚʩʢʦʡ ɺʊɼ ʭʘʨʘʢʪʝʨʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʚ ʨʘʟʤʝʱʝʥʠʠ 

ʧʘʣʝʦʞʝʨʣʦʚʠʥ, ʵʢʩʪʨʫʟʠʚʦʚ ʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʬʬʫʟʠʚʥʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʢʨʦʚʦʚ. 

ʇʝʨʚʳʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʜ ʠ ʫ ʛʨʘʥʠʮ ʤʝʩʪʥʦʛʦ (ɻʦʟʦʛʦʨʩʢʦʛʦ) ʚʳʩʪʫʧʘ 

ʧʦʨʦʜ ʦʩʥʦʚʘʥʠʷ ɺʊɼ. ʇʘʣʝʦʞʝʨʣʘ ʚʫʣʢʘʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʢʢʘʤʠ ʠ 

ʵʢʩʪʨʫʟʠʚʘʤʠ ʠʟ ʬʣʶʠʜʘʣʴʥʳʭ, ʩʬʝʨʦʣʠʪʦʚʳʭ, ʩʬʝʨʦʣʦʠʜʥʳʭ ʠ ʙʨʝʢʯʠʝʚʳʭ ʪʝʣ ʨʠʦʣʠʪʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʭ ʩʘʥʠʜʠʥ-ʤʦʨʠʦʥʦʚʳʭ ʨʘʟʥʦʩʪʝʡ.. ʃʘʚʦʚʳʝ ʧʦʢʨʦʚʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʟʘʧʘʜʥʦʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʚʧʘʜʠʥʳ. ɺ ʮʝʣʦʤ ʛʣʫʙʠʥʘ  

ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʥʘ ʧʣʦʱʘʜʠ ʛʦʨʩʪʦʚʦʛʦ ʚʳʩʪʫʧʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 200 ʤ, ʘ ʥʘ ʝʛʦ 

ʢʨʳʣʴʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʧʨʦʩʘʜʢʝ (ʢʘʣʴʜʝʨʝ), ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1000 ʤ. ɺʜʦʣʴ 

ʦʩʝʚʦʡ ʯʘʩʪʠ ʛʦʨʩʪʦʚʦʛʦ ʧʦʜʥʷʪʠʷ (ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ ʠ ʶʞʥʳʤ ʙʦʨʪʘʤʠ ɺʊɼ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʫʣʢʘʥʠʪʳ ʞʝʨʣʦʚʳʭ ʬʘʮʠʡ ʠ ʵʢʩʪʨʫʟʠʚʥʳʝ ʪʝʣʘ.  

ʉʨʝʜʠ ʧʦʨʦʜ ʦʩʥʦʚʘʥʠʷ ʚʧʘʜʠʥʳ ʠʟʚʝʩʪʥʳ ʧʨʦʷʚʣʝʥʠʷ Sn, Pb, Zn ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ CaF2 

(ɻʦʟʦʛʦʨʩʢʦʝ). ɽʱʝ ʦʜʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʬʣʶʦʨʠʪʘ (ʉʪʨʝʣʴʮʦʚʩʢʦʝ) ʨʘʟʤʝʱʝʥʦ ʩʨʝʜʠ 

ʚʫʣʢʘʥʠʪʦʚ ʦʜʥʦʠʤʝʥʥʦʡ ʢʘʣʴʜʝʨʳ. ʇʨʠʤʝʨʥʦ ʚ 20 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʊʫʣʫʢʫʝʚʩʢʦʡ ɺʊɼ 

ʥʘʭʦʜʠʪʩʷ ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʂʣʠʯʢʠʥʩʢʦʛʦ Pb-Zn ʫʟʣʘ [5]. 

ʅʘ ʧʣʦʱʘʜʠ ɼʦʨʥʦʪʩʢʦʛʦ ʋʈʋ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ, ʵʬʬʫʟʠʚʥʦ-

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʵʢʩʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʠʤʝʥʥʦʛʦ (ʜʦʨʥʦʪʩʢʦʛʦ) ʢʦʤʧʣʝʢʩʘ, ʚʦʟʨʘʩʪ 

ʢʦʪʦʨʳʭ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥ 160-144 Ma [7]. ʆʥʠ ʚʦ ʤʥʦʛʦʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʦʣʱʘʤʠ 

ʧʨʠʘʨʛʫʥʩʢʦʡ ʩʝʨʠʠ, ʪʫʨʛʠʥʩʢʦʡ ʩʚʠʪʳ ʊʫʣʫʢʫʝʚʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʧʨʠʯʠʩʣʷʶʪʩʷ ʢ ʩʫʙʱʝʣʦʯʥʦʡ 

ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʉʨʝʜʠ ʚʫʣʢʘʥʠʪʦʚ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʵʢʩʪʨʫʟʠʚʳ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ. ʅʠʞʥʝʤʝʣʦʚʳʝ (K1) ʫʛʣʝʥʦʩʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʜʟʫʥʙʘʠʥʩʢʦʡ ʩʝʨʠʠ ʧʨʠʥʘʜʣʝʞʘʪ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʦʤʫ ʯʝʭʣʫ. 

ɼʦʨʥʦʪʩʢʘʷ ɺʊʉ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʨʘʟʤʝʱʝʥʠʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʬʬʫʟʠʚʥʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʥʘʢʦʧʣʝʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʣʦʦʙʨʘʟʥʦʛʦ 

ʛʦʨʩʪʦʚʦʛʦ ʧʦʜʥʷʪʠʷ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʜʚʝ ʜʝʧʨʝʩʩʠʠ: ʋʣʘʥʩʢʫʶ ʥʘ ʟʘʧʘʜʝ ʠ 

ʕʨʭʪʠʡʥʩʢʫʶ ʥʘ ʚʦʩʪʦʢʝ. ʆʩʥʦʚʥʦʝ ʫʨʘʥʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ (ʚʦʟʨʘʩʪ 138-136 Ma) ʥʝ ʠʤʝʝʪ ʚʳʭʦʜʘ 

ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʟʘʣʝʛʘʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 30 ʜʦ 700 ʤ. ʆʙʳʯʥʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ 90-130 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʠʞʥʷʷ - ʥʘ 400-500 ʤ 

ʛʣʫʙʞʝ [7]. 

ʅʘ ʧʣʦʱʘʜʠ ʫʟʣʘ ʚʳʷʚʣʝʥ ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ Pb-Zn-Ag (ɹʘʷʥʜʫʥ, ʄʫʭʘʨ, ʎʘʚ, ʋʣʘʥ), 

ʬʣʶʦʨʠʪʘ (ɹʘʨʫʫʥ-ʉʫʥʜʞʠʥ, ʍʫʙʙʫʣʘʛ, ʍʦʣʦʦʡ), ʟʦʣʦʪʘ (ʋʨʣʠʡʥʦʙʠʥ), ʤʦʣʠʙʜʝʥʘ (ɸʨʙʫʣʘʛ, 

ɸʚʜʘʨ-ʊʦʣʛʦʡ) ʠ ʚʦʣʴʬʨʘʤʘ (ʏʫʣʫʫʥ-ʍʫʨʠʝʪ) [11]. ɺʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ 

ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʣʘʥ  ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚ ʞʝʨʣʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʘʣʝʦʚʫʣʢʘʥʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

161Ñ7 Ma (K-Ar ʤʝʪʦʜ ʧʦ ʩʝʨʠʮʠʪʫ) [1]. ɺʝʨʦʷʪʥʳʡ ʚʦʟʨʘʩʪ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʘʣʦʩʫʣʴʬʠʜʥʦʡ (ʩ 

ʪʝʣʣʫʨʠʜʘʤʠ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ) ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʨʣʠʡʥʦʙʠʥ ʷʚʣʷʝʪʩʷ 

ʜʦʚʫʣʢʘʥʦʛʝʥʥʳʤ: 180-200 Ma (K-Ar ʤʝʪʦʜ ʧʦ ʤʫʩʢʦʚʠʪʫ). 

ɼʣʷ ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʚ ʨʝʛʠʦʥʝ ʉʪʨʝʣʴʮʦʚʩʢʦʛʦ ʋʈʋ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

çʘʨʝʘʣʘè ʛʨʘʥʠʪʠʟʘʮʠʠ ʜʨʝʚʥʠʭ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ [4, 5]. ʇʦʜʦʙʥʳʡ ʘʨʝʘʣ ʚʳʷʚʣʝʥ ʠ ʚ 

ɼʦʨʥʦʪʩʢʦʤ ʋʈʋ [7].  

Guyuan-Duolun ʋʈʋ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʦʜʥʦʠʤʝʥʥʦʡ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʦʡ ʟʦʥʦʡ (ɺʇɿ), ʥʘʟʳʚʘʝʤʦʡ ʢʠʪʘʡʩʢʠʤʠ ʛʝʦʣʦʛʘʤʠ çʚʫʣʢʘʥʠʯʝʩʢʠʤ ʙʘʩʩʝʡʥʦʤè 
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[15, 19]. ʍʘʨʘʢʪʝʨʥʘ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ: ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ (Yinshan-Liaohe) ʬʣʘʥʛʝ 

ɹɺʇʇ. ʇʦʨʦʜʳ ʦʩʥʦʚʘʥʠʷ çʙʘʩʩʝʡʥʘè, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʋʈʋ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʤʠ ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʛʨʘʥʫʣʠʪʳ, 

ʤʠʢʨʦʛʥʝʡʩʳ, ʢʚʘʨʮʠʪʳ, ʤʨʘʤʦʨʘ, ʢʘʣʠʰʧʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʠʛʤʘʪʠʪʳ) ʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʨʘʟʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. çɹʘʩʩʝʡʥè ʟʘʧʦʣʥʝʥ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (I3-K1) ʯʝʪʳʨʝʭ ʩʚʠʪ: 

baiqi, zhanjiakou, dabekou ʠ huajying. ʆʥʠ ʚ ʮʝʣʦʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʥʘʢʦʧʣʝʥʠʷʤʠ ʧʨʠʘʨʛʫʥʩʢʦʡ 

ʩʝʨʠʠ, ʜʦʨʥʦʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʪʫʨʛʠʥʩʢʦʡ ʩʚʠʪʳ [18]. 

ʋʨʘʥʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ Guyuan-Duolun ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʉɺɺ 

ʧʨʦʩʪʠʨʘʥʠʷ (5ʭ50 ʢʤ), ʚ ʢʦʪʦʨʦʡ ʟʘʢʘʨʪʠʨʦʚʘʥʦ ʙʦʣʝʝ 10 ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʚʠʜʝ 

ʥʝʢʢʦʚ, ʵʢʩʪʨʫʟʠʚʦʚ, ʧʘʣʝʦʞʝʨʣʦʚʠʥ. ʆʥʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 6-7 ʢʣʘʩʪʝʨʘʭ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʷʚʣʝʥʦ ʦʪ 2 ʜʦ 5 ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ U. ɺ ʜʚʫʭ ʢʣʘʩʪʝʨʘʭ ʨʘʟʚʝʜʘʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ Zhangjiaming (ˉ 460) ʠ ˉ534 [11].  

ʉʘʤʳʤ ʢʨʫʧʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʚ ʨʘʡʦʥʝ ʷʚʣʷʝʪʩʷ F-Mo-U ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

Zhangmajing (ˉ 460). ʆʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʵʢʩʪʨʫʟʠʚʫ ʨʠʦʣʠʪ-ʧʦʨʬʠʨʦʚ ʢʨʫʪʦʛʦ (ʥʘ ʉʉɺ) 

ʧʘʜʝʥʠʷ ʩʝʨʧʦʚʠʜʥʦʡ (ʚ ʧʣʘʥʝ) ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 0.5 ʢʤ ʧʝʨʝʤʝʥʥʦʛʦ (50-150 

ʤ) ʩʝʯʝʥʠʷ. ʊʝʣʦ ʨʠʦʣʠʪʦʚ-ʧʦʨʬʠʨʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ˉ 460 ʦʢʨʫʞʝʥʦ ʘʛʣʦʤʝʨʘʪʦʚʦʡ ʤʘʥʪʠʝʡ ʠ 

ʚʤʝʱʘʝʪ ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ ʢʨʠʧʪʦʚʟʨʳʚʘ. ɺʦʟʨʘʩʪ ʨʠʦʣʠʪʦʚ ʵʢʩʪʨʫʟʠʠ 121.9-125 Ma 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʨʘʥʥʝʤʝʣʦʚʦʤ (133-135 ʠ  143 Ma, U-Pb ʤʝʪʦʜ ʧʦ ʮʠʨʢʦʥʫ) 

ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʣʱʠ ʪʨʘʭʠʪʦʚ ʠ ʨʠʦʣʠʪʦʚ [17]. ʆ ʪʘʢʦʤ ʞʝ ʨʘʥʥʝʤʝʣʦʚʦʤ ʚʦʟʨʘʩʪʝ 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ (136.2Ñ2.9 Ma), ʨʠʦʣʠʪʦʚ (138.6Ñ1.4 Ma) ʠ ʨʠʦʣʠʪʦʚʳʭ 

ʧʦʨʬʠʨʦʚ (140.2Ñ1.6 Ma) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʥʦʚʝʡʰʠʝ ʜʘʥʥʳʝ [16]. ɺʦʟʨʘʩʪ U ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʩʪʨʦ ʜʠʩʢʫʩʩʠʦʥʝʥ ï ʦʪ 136 ʜʦ 80-88 ʠ ʜʘʞʝ 24-12 Ma [13, 17]. 

ɺ 3 ʢʤ ʶʛʦ-ʟʘʧʘʜʥʝʝ Zhangjiaming ʩʨʝʜʠ ʧʦʨʦʜ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, 

ʥʘʭʦʜʠʪʩʷ ʢʨʫʧʥʦʝ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ Caijiaying ʤʝʣʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʩ ʨʝʩʫʨʩʘʤʠ ʮʠʥʢʘ, ʧʨʝʚʳʰʘʶʱʠʤʠ 2 ʤʣʥ. ʪ. ɽʱʝ ʜʘʣʝʝ ʢ ʟʘʧʘʜʫ, ʫʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʥʫʪʨʝʥʥʝʡ ʄʦʥʛʦʣʠʠ ʨʘʟʚʝʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʬʣʶʦʨʠʪʘ. ɺʝʩʴʤʘ ʢʨʫʧʥʦʝ - 

Sumochagan Obo (ʚʦʟʨʘʩʪ ~141 Ma) ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 19 ʤʣʥ. ʪ CaF2 [18]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ ʚ ʉʝʨʛʘʯʠʥʩʢʦʡ ɺʇɿ ʠ ʦʜʥʦʠʤʝʥʥʦʡ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ʥʘʭʦʜʠʪʩʷ ʍʘʡʢʪʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ U 

(ʂʨʝʤʥʠʩʪʦʝ), Mo (ʀʣʠʯʠʥʩʢʦʝ), ʟʦʣʦʪʘ ʠ ʧʦʣʠʤʝʪʘʣʣʦʚ (ɹʝʨʝʟʠʪʦʚʦʝ) [14].  

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʝʟʦʟʦʡʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ɺʇɿ ̫ʚʣʷʝʪʩʷ ʍʘʡʢʪʠʥʩʢʠʡ 

ʤʘʩʩʠʚ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʨʫʙʦʧʦʨʬʠʨʦʚʠʜʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ ʩ ʚʝʩʴʤʘ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʵʪʠʭ ʧʦʨʦʜ ʪʘʙʣʠʪʯʘʪʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʨʦʟʦʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ʅʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʍʘʡʢʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʝʩʝʥʳ ʢ 

ʘʤʫʜʞʠʢʘʥʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʜʘʪʠʨʫʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʧʦʟʜʥʝʶʨʩʢʠʡ. ʇʦ ʜʘʥʥʳʤ [8], ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʨʘʥʥʝʤʝʣʦʚʦʡ ʭʘʡʢʪʠʥʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʛʨʘʥʠʪʦʚ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ, ʘʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʧʦ ʜʘʥʥʳʤ RbïSr ʠ Kï

Ar ʤʝʪʦʜʦʚ 132 Ñ 3 Ma, ʘ ʧʦ ʮʠʨʢʦʥʦʤʝʪʨʠʠ [14]  - 137.62 Ñ 0.67 Ma (U-Pb ʤʝʪʦʜ). 

ɺʦʟʨʘʩʪ ʨʫʜ ʂʨʝʤʥʠʩʪʦʛʦ F-Mo-U ʧʦ ʜʘʥʥʳʤ U-Pb ʤʝʪʦʜʘ ʨʘʚʝʥ 93 [6]. ʆʥʦ ʨʘʩʧʦʣʦʞʝʥʦ 

ʚ ɼʝʩʦʚʩʢʦʡ ɺʊɼ, ʧʨʠʤʳʢʘʶʱʝʡ ʩ ʶʛʘ ʢ ʍʘʡʢʪʠʥʩʢʦʤʫ ʤʘʩʩʠʚʫ ʠ ʧʨʠʫʨʦʯʝʥʦ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʧʦʣʠʛʝʥʥʦʡ ʵʢʩʪʨʫʟʠʠ ʬʝʣʴʟʠʪ-ʧʦʨʬʠʨʦʚ (K1) ʦʚʘʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʘʩʪʫʨʘʥ-ʫʨʘʥʠʥʠʪ-ʤʦʣʠʙʜʝʥʠʪʦʚʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ [3, 6]. ɺ 12-15 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʥʝʛʦ 

ʥʘʭʦʜʠʪʩʷ ɹʝʨʝʟʠʪʦʚʦʝ (Au-Pb-Zn) ʨʫʜʥʦʝ ʧʦʣʝ [14]. 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʉʊʈʄʂ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘʋʈʋ. ʉʨʝʜʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʦʣʝʡ 

ʚʫʣʢʘʥʠʪʦʚʦʛʦ ʪʠʧʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ɺʊɼ ʚʥʝʰʥʝʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʝʡ 

ɹɺʇʇ, ʠʥʜʠʢʘʪʦʨʘʤʠ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ U, 

ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʵʢʩʪʨʫʟʠʚʘʤʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʢʨʫʧʥʳʭ F-Mo-U ʫʟʣʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʯʘʩʪʴ  ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʧʨʷʞʝʥʘ ʩ ʪʘʢʠʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʞʝʨʣʦʚʠʥʘʤʠ, ʵʢʩʪʨʫʟʠʷʤʠ, 
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ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ 

ʚʦ ʤʥʦʛʠʭ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʋʈʋ ʉʊʈʄʂ. 
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