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ˏ̃̆̅̆̎̉̆ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1978 ʛʦʜʫ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ɺʊʇ) 

(Francheteau et al, 1979; Spiess et al, 1980) ʠ ɻʘʣʘʧʘʛʦʩʩʢʦʛʦ ʭʨʝʙʪʘ (Corliss et 

al, 1979; ʃʠʩʠʮʳʥ ʠ ʜʨ., 1987). ʅʘ ʧʨʦʪʷʞʝʥʠʠ 40 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʠʦʙʨʝʣʠ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ 

ʥʘʫʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʝʦʩʧʦʨʠʤʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ.  

ʅʘʯʠʥʘʷ ʩ 2006 ʛʦʜʘ, ʠʟʫʯʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʥʘʮʝʣʝʥʦ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɿʘ ʥʝ 

ʩʪʦʣʴ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʨʫʧʥʳʝ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʚʝʜʝʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʆ ʇʄɻʈʕ (ʛ. ʃʦʤʦʥʦʩʦʚ) ʠ ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ɺʩʝ ʜʦʩʪʠʞʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʟʘ ʧʦʯʪʠ 

ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʟʚʦʣʠʣʠ 

ʈʦʩʩʠʠ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʣʠʜʝʨʩʪʚʦ ʚ ʧʨʦʙʣʝʤʝ ʠʟʫʯʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ.  

ɺ 2010 ʛ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʨʛʘʥ ʧʦ ʄʦʨʩʢʦʤʫ ʜʥʫ (ʄʆʄɼ) ʧʨʠ ʆʆʅ 

ʧʨʠʥʷʣ ʧʨʘʚʠʣʘ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʚ 

ɸʪʣʘʥʪʠʢʝ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʘʡʦʥʝ ʤʦʨʩʢʦʛʦ ʜʥʘ. ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ 

ʙʳʣʘ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʨʘʟʚʝʜʦʯʥʳʡ ʫʯʘʩʪʦʢ ʉɸʍ ʦʪ 12Á48Ë ʩ.ʰ. ʜʦ 20Á54Ë 

ʩ.ʰ., ʧʨʠʥʷʪʘʷ ʚ 2012 ʛʦʜʫ. ʂʦʥʪʨʘʢʪ ʥʘ ʨʘʟʚʝʜʢʫ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʫʣʴʬʠʜʦʚ ʤʝʞʜʫ ʄʆʄɼ ʠ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ 

ʈʌ ʙʳʣ ʟʘʢʣʶʯʝʥ 29 ʦʢʪʷʙʨʷ 2012 ʛʦʜʘ. ʈʦʩʩʠʡʩʢʠʡ ʨʘʟʚʝʜʦʯʥʳʡ ʨʘʡʦʥ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʚ ʦʩʝʚʦʡ ʟʦʥʝ 

ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʰʠʨʦʪ 12Á48'36"-20Á54'36" ʩ.ʰ. 

ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 100 ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10ʭ10 ʢʤ ʢʘʞʜʳʡ. 

ʇʦ ʠʩʪʝʯʝʥʠʠ 15-ʣʝʪʥʝʛʦ ʂʦʥʪʨʘʢʪʘ ʪʦʣʴʢʦ 25 ʙʣʦʢʦʚ ʠʟ 100 ʟʘʷʚʣʝʥʥʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʚʦʝʥʠʷ, ʦʩʪʘʣʴʥʳʝ 
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75 ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʣʦʢʦʚ ʙʫʜʫʪ ʚʦʟʚʨʘʱʝʥʳ ʚ ʧʦʣʴʟʦʚʘʥʠʝ ʄʆʄɼ 

(ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015).  

ʈʫʜʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 2012 ʛ. ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʦʪʢʨʳʪʳʤ ʧʦʣʝʤ ʚ ʨʘʤʢʘʭ ʧʦʜʧʠʩʘʥʥʦʛʦ ʚ ʪʦʤ ʞʝ ʛʦʜʫ ʢʦʥʪʨʘʢʪʘ ʩ ʄʆʄɼ ʥʘ 

ʨʘʟʚʝʜʢʫ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʚ ʭʦʜʝ 35-36 ʨʝʡʩʦʚ ʅʀʉ 

çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè, ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʩʦʪʨʫʜʥʠʢʠ ɸʆ 

"ʇʄɻʈʕ", ʌɻɹʋ "ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ", ʌɻɹʋ "ɺʀʄʉ", ʌɻɹʋ "ʎʅʀɻʈʀ" 

ʠ ʆɸʆ "ʉʝʚʤʦʨʛʝʦ". ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʟʥʘʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʫʜʦʛʝʥʝʟʘ, ʥʦ ʠ 

ʧʦʟʚʦʣʠʪ ʧʨʝʜʣʦʞʠʪʴ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʙʣʦʢʦʚ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʦʩʚʦʝʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ɺʳʷʚʣʝʥʠʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʦʮʝʥʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʦʩʚʦʝʥʠʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʠʭ ʪʠʧʳ; 

- ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʨʫʜ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ; 

- ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ; 

- ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʩʚʦʝʥʠʷ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʙʦʣʝʝ 100 

ʦʙʨʘʟʮʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʌɻɹʋ "ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ". ʆʙʨʘʟʮʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ, ʩʫʣʴʬʠʜʥʳʤʠ 
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ʙʨʝʢʯʠʷʤʠ ʠ ʩʫʣʴʬʠʜʩʦʜʝʨʞʘʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʧʦ ʠʪʦʛʘʤ 35 ʠ 36 ʨʝʡʩʦʚ ʅʀʉ 

çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè ʚ 2012 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʌɻɹʋ "ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ" 

ʠ ɸʆ "ʇʄɻʈʕ". 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʧʪʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʟʦʥʜʦʚʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ ʄɹʉ-1. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʌɻɹʋ 

"ɺʉɽɻɽʀ" (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʘʥʰʣʠʬʳ ʠʟʫʯʝʥʳ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Leica 750 

P (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ CamScan MV-2300 (ʘʥʘʣʠʪʠʢ 

ɽ.ʃ. ɻʨʫʟʦʚʘ, ɺʉɽɻɽʀ) ʠ JEOL-JSM-6510 LA (ʘʥʘʣʠʪʠʢ ʆ.ʃ. ɻʘʣʘʥʢʠʥʘ, 

ʀɻɻɼ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦʡ 

ʘʙʩʦʨʙʮʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʌɻɹʋ "ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ" ʠ ɸʆ 

"ʉʝʚʟʘʧʛʝʦʣʦʛʠʷ" (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʠ ICP-MS(ICP-AES) ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʌɻɹʋ "ɺʀʄʉ" (ʛ. ʄʦʩʢʚʘ) ʩ ʧʦʤʦʱʴʶ Elan-6100 ("Perkin-Elmer") ʠ Optima-

4300 DV. ICP-MS ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ 10 ʦʩʥʦʚʥʳʭ: Na2O, MgO, Al2O3, K2O, 

CaO, TiO2, MnO, Fe2O3, Cu, Zn ʠ 9 ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ: Li, V, Cr, Co, Ni, Sr, 

Cd, Ba, Pb; ICP-AES - ʜʣʷ 47 ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ: Li, Be, Sc, Cr, Ga, As, Se, 

Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Te, Cs, Ba, REE, Hf, Ta, W, Re, Au, Tl, 

Pb, Bi, Th, U. ʍʘʣʴʢʦʧʠʨʠʪ ʠʟ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʠʩʩʣʝʜʦʚʘʥ 

ʤʝʪʦʜʦʤ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
63
Cu (ʗʄʈ 

63
Cu) ʥʘ 

ʤʥʦʛʦʠʤʧʫʣʴʩʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʗʄʈ/ʗʂʈ Tecmag-Redstone (ʘʥʘʣʠʪʠʢʠ 

ʄʘʪʫʭʠʥ ɺ.ʃ., ʇʦʛʦʨʝʣʴʮʝʚ ɸ.ʀ., ɻʘʚʨʠʣʝʥʢʦ ɸ.ʅ., ɻʘʨʴʢʘʚʳʡ ʉ.ʆ., 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ). 



7 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

- ʫʪʦʯʥʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ; 

- ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ) ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ;   

- ʫʩʪʘʥʦʚʣʝʥʘ ʣʘʪʝʨʘʣʴʥʘʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʢʦʥʪʫʨʝ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ, ʦʪʨʘʞʘʶʱʘʷ ʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ 

ʨʫʜʦʦʪʣʦʞʝʥʠʷ; 

- ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʧʦʟʚʦʣʷʶʪ 

ʜʘʪʴ ʦʮʝʥʢʫ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦ  

ʧʝʨʚʦʦʯʝʨʝʜʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʦʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ 

(ʈʈʈ). 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

ʇʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ: 

ɺ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʚʳʜʝʣʷʶʪʩʷ 

ʧʠʨʠʪʦʚʳʡ, ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʡ ʠ ʩʬʘʣʝʨʠʪʦʚʳʡ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ, 

ʨʘʟʜʝʣʷʶʱʠʝʩʷ ʥʘ ʩʝʨʥʦ-ʢʦʣʯʝʜʘʥʥʳʡ (Fe-S), ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʡ (Cu-Fe) ʠ 

ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʳʡ (Zn-Fe) ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʩ ʫʩʪʦʡʯʠʚʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺʪʦʨʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ: 

ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ Co, Ni, Se, Sb, Cd, Hg, Pb, Ag, Au, 

ʦʙʨʘʟʫʶʱʠʝ ʪʨʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ: Fe-Sb-Ni, Cu-Co-Se ʠ Zn-Cd-Ag-

Hg-Pb-Au, ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ. 
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ʊʨʝʪʴʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ: 

ʆʩʥʦʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ, 

ʦʪʨʘʞʘʶʱʘʷ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʩʤʝʥʘ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʭ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʨʫʜ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Ni, Co, Se ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʨʫʜʥʦʛʦ ʪʝʣʘ ʩʬʘʣʝʨʠʪʦʚʳʤʠ 

ʨʫʜʘʤʠ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Cd, Ag, Au, Hg ʠ Pb ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʨʫʜʥʦʛʦ ʪʝʣʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 17 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚʢʣʶʯʘʷ 3 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ ʠ 14 

ʧʫʙʣʠʢʘʮʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʚ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

XXI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʐʢʦʣʘ) ʧʦ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ 

(ʄʦʩʢʚʘ, 2015); V ʈʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʐʢʦʣʘ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʅʦʚʦʝ ʚ ʧʦʟʥʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷè (ʄʦʩʢʚʘ, 2015); 

ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʚ ʂʨʘʢʦʚʩʢʦʡ ʛʦʨʥʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ 

(ʂʨʘʢʦʚ, ʇʦʣʴʰʘ, 2015); 11-ʳʡ ʢʦʣʣʦʢʚʠʫʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʌʨʘʡʙʝʨʛʩʢʘʷ 

ʛʦʨʥʘʷ ɸʢʘʜʝʤʠʷ, ɻʝʨʤʘʥʠʷ, 2016); Underwater Mining Conference (ɹʝʨʣʠʥ, 

ɻʝʨʤʘʥʠʷ, 2017); Goldschmidt 2017 Conference (ʇʘʨʠʞ, ʌʨʘʥʮʠʷ. 2017); 

ʖʙʠʣʝʡʥʳʡ ʩʲʝʟʜ ʈʦʩʩʠʡʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ç200 ʣʝʪ ʈʄʆè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017); VII ʈʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʐʢʦʣʘ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅʦʚʦʝ ʚ ʧʦʟʥʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷè 

(ʄʦʩʢʚʘ, 2017). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʘʤʠʤ ʘʚʪʦʨʦʤ ʠʣʠ ʧʦʜ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʣʘʙʦʨʘʪʦʨʠʡ ʧʝʨʚʠʯʥʳʭ ʘʥʘʣʠʟʦʚ, ʦʙʦʙʱʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʨʦʬʝʩʩʦʨʫ ʜ.ʛ.-ʤ.ʥ. ʖ.ɹ. ʄʘʨʠʥʫ ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ. ɸʚʪʦʨ ʛʣʫʙʦʢʦ ʧʨʠʟʥʘʪʝʣʝʥ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʢʘʬʝʜʨʳ ʤʠʥʝʨʘʣʦʛʠʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʧʝʪʨʦʛʨʘʬʠʠ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ 

ʢʨʠʪʠʢʫ ʠ ʧʦʣʝʟʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʜ.ʛ.-ʤ.ʥ. ʉ.ʀ. ɸʥʜʨʝʝʚʫ, ʜ.ʛ.-ʤ.ʥ. ɻ.ɸ. ʏʝʨʢʘʰʝʚʫ, ʢ.ʛ.-ʤ.ʥ. ʉ.ʌ. ɹʘʙʘʝʚʦʡ, ʘ 

ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤ ɸʆ çʇʄɻʈʕè ʀ.ɻ. ɼʦʙʨʝʮʦʚʦʡ, ɺ.ɽ. ɹʝʣʴʪʝʥʝʚʫ, ʀ.ʀ. 

ʈʦʞʜʝʩʪʚʝʥʩʢʦʡ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʦʛʨʦʤʥʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʌɻɹʋ çɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷè ʊ.ʄ. 

ʉʪʝʧʘʥʦʚʦʡ, ʀ.ʄ. ʇʦʨʦʰʠʥʦʡ, ɸ.ɺ. ʌʠʨʩʪʦʚʦʡ, ʄ.ʉ. ʉʪʝʧʘʥʦʚʦʡ ʠ 

ʢʦʣʣʝʢʪʠʚʫ ʦʪʜʝʣʘ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʟʘ 

ʮʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʦʢʘʟʘʥʥʫʶ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻ.ɸ. ʆʣʝʡʥʠʢʦʚʦʡ ʠ ɽ.ʃ. ɻʨʫʟʦʚʦʡ (ɺʉɽɻɽʀ), 

ʆ.ʃ. ɻʘʣʘʥʢʠʥʦʡ (ʀɻɻɼ ʈɸʅ), ɽ.ɻ. ʆʞʦʛʠʥʦʡ ʠ ʉ.ʀ. ɸʥʫʬʨʠʝʚʦʡ (ɺʀʄʉ), 

ɺ.ʃ. ʄʘʪʫʭʠʥʫ (ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ). 
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ː̌́̃́ ρȢ ˍ̎́̌̉̈ ̘̉̈̔̆̎̎̏̒̓̉ ̝̄̉̅̑̏̓̆̑̍́̌̎̏̄̏ 

̝̒̔̌̉̅̎̏̄̏̕ ̠̏̑̔̅̆̎̆̎̉ ̃ ̖̐̑̆̅̆̌́ ˝̏̒̒̉̊̒̋̏̄̏ 

̘̑́̈̃̆̅̏̎̏̄̏ ̑́̊̏̎́ ˞̑̆̅̉̎̎̏-ˍ̘̓̌́̎̓̉̆̒̋̏̄̏ ̖̑̆̂̓́ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ ʪʨʝʭʩʦʪ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʷʩʴ ʚ ʢʘʯʝʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʦʛʦʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʥʠ ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ 

ʨʝʟʝʨʚʥʘʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʤʝʜʠ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʘ ʪʘʢʞʝ ʨʷʜʘ 

ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɻʣʫʙʦʢʦʚʦʜʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ï ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʘʭ, ʦʩʝʚʳʭ ʠ 

ʟʘʦʩʝʚʳʭ ʚʫʣʢʘʥʘʭ, ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʠ ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʘʭ (Rona, 1988; 

Rona, Scott, 1993; Beaulieu et al, 2013) (ʨʠʩʫʥʦʢ 1). ɹʦʣʴʰʠʥʩʪʚʦ ʨʫʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʦʙʥʘʨʫʞʝʥʦ ʥʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʘʭ (65%), ʤʥʦʛʠʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʜʦʣʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ (12%) ʠ ʚ ʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʘʭ (22%) 

(Hannington et al, 2011). 

 

ʈʠʩʫʥʦʢ 1.1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʫʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ (Beaulieu et al, 2013) 
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ʈʘʟʣʠʯʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʦʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ʄʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʦʙʣʘʩʪʝʡ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ ʠʟʦʢʫʙʘʥʠʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʧʠʨʠʪʦʤ, 

ʧʠʨʨʦʪʠʥʦʤ ʠ ʚʪʦʨʠʯʥʳʤʠ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʨʫʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʠʭ ʤʝʜʴʶ ʠ ʟʘʤʝʪʥʳʤ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʨʫʜ ʤʝʜʠ ʥʘʜ ʮʠʥʢʦʤ. ʉʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ 

ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʨʫʜʘʭ ʩʬʘʣʝʨʠʪʘ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʮʠʥʢʘ ʠ ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʠ ʤʝʜʠ 

ʚ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʨʘʥʠʮʘʭ 

ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʩʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʚʨʝʤʝʥʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʘʛʤʘʪʠʟʤʦʤ, ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ (Beaulieu et al, 2013). ʈʘʟʤʝʨʳ ʨʫʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ. ʉʘʤʳʝ 

ʙʦʣʴʰʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʩʦʩʪʘʚʣʷʶʪ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ ʠ ʠʤʝʶʪ ʦʙʱʫʶ ʨʫʜʥʫʶ ʤʘʩʩʫ 

ʨʘʚʥʫʶ 1-5 ʤʣʥ. ʪʦʥʥ (Hannington et al, 2010). 

ɺʧʝʨʚʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʜʦʣʴ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʭʨʝʙʪʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 1977 ʛʦʜʫ ʚʜʦʣʴ ɻʘʣʘʧʘʛʦʩʩʢʦʛʦ ʨʠʬʪʘ, ʛʜʝ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʥʝʦʙʳʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʧʣʳʤʠ 

ʬʣʶʠʜʘʤʠ (17
ʦ
ʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ 2

ʦ
ʉ) (Corliss 

et al, 1979). ɺ 1978 ʛʦʜʫ ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʚʳʝ ʩʢʦʧʣʝʥʠʷ ʤʘʩʩʠʚʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ 

(Francheteau et al, 1979). ʇʝʨʚʳʝ ʘʢʪʠʚʥʳʝ "ʢʫʨʠʣʴʱʠʢʠ" ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 

1979 ʛʦʜʫ ʥʘ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʛʦʜʦʤ ʨʘʥʝʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʛʣʫʙʦʢʦʚʦʜʥʳʝ 

ʤʘʩʩʠʚʥʳʝ ʨʫʜʳ (Spiess et al, 1980). 

ʇʣʘʥʦʤʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ, ʙʳʣʠ ʥʘʯʘʪʳ ʚ 80-ʭ 
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ʛʦʜʘʭ ʤʝʞʜʫ ʪʨʘʥʩʬʦʨʤʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ɿʝʣʸʥʦʛʦ Mʳʩʘ (15Á20' ʩ.ʰ) ʠ 

ɸʪʣʘʥʪʠʩ (30Á ʩ.ʰ). ɺ 1984-86 ʛʛ. ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʜʝʪʘʣʴʥʳʝ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʘʚʪʦʥʦʤʥʳʭ ʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ, ʪʝʣʝ-ʬʦʪʦʫʩʪʘʥʦʚʦʢ, ʩʦʥʘʨʦʚ ʙʦʢʦʚʦʛʦ 

ʦʙʟʦʨʘ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʵʭʦʣʦʪʦʚ, ʙʫʢʩʠʨʫʝʤʳʭ ʫ ʜʥʘ ʩ ʅʀʉ çʈʠʩʝʯʝʨè 

(ʉʐɸ), çɾʘʥ-ʐʘʨʢʦè (ʌʨʘʥʮʠʷ) ʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʙʦʨʪʘ ʅʀʉ 

çɼʞʦʡʜʝʩ ʈʝʟʦʣʶʰʥè (ʉʐɸ) (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 

2015). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʢʨʫʧʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ - ʊɸɻ 

(26Á08' ʩ.ʰ.) ʠ MARK (23Á22' ʩ.ʰ.) ʠ ʥʘʯʘʪʦ ʠʭ ʠʟʫʯʝʥʠʝ (Macdonald, 1984; 

Klinkhammer et al, 1985; Rona et al, 1986). 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʦʚ ʚ ʦʩʝʚʦʡ ʟʦʥʝ 

ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘʯʘʣʠʩʴ ʚ 1985 ʛʦʜʫ, ʧʨʠ ʵʪʦʤ ʚʝʜʫʱʘʷ 

ʨʦʣʴ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʥʘʜʣʝʞʠʪ ɸʆ çʇʄɻʈʕè ʠ ʌɻɹʋ 

çɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷè. ɺ ʭʦʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʡʩʦʚ ʅʀʉ çɻʝʦʣʦʛ 

ʌʝʨʩʤʘʥè, ʅʀʉ çʉʝʚʤʦʨʛʝʦʣʦʛʠʷè ʠ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè 

ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʙʳʣ ʦʪʢʨʳʪ ʨʷʜ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʡ. ʂʦʤʧʣʝʢʩʥʳʝ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʞʝ ʦʪʢʨʳʪʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʨʷʜʦʤ ʦʨʛʘʥʠʟʘʮʠʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʆ ʈɸʅ, ɻɽʆʍʀ ʈɸʅ, 

ʀɻɽʄ ʈɸʅ, ɻʀʅ ʈɸʅ ʠ ʜʨ.). ʀ ʜʦ ʩʠʭ ʧʦʨ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ 

ʠʟʫʯʘʶʪʩʷ ʢʦʣʣʝʢʪʠʚʘʤʠ ʀʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ (ʄʝʣʝʢʝʩʮʝʚʘ 

ʀ.ʖ., ʄʘʩʣʝʥʥʠʢʦʚ ɺ.ɺ., ʄʘʩʣʝʥʥʠʢʦʚʘ ʉ.ʇ.), ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʈɸʅ 

(ʃʝʠʥ ɸ.ʖ., ʅʦʚʠʢʦʚ ɻ.ɺ., ɹʦʛʜʘʥʦʚ ʖ.ɸ., ɹʘʪʫʨʠʥ ɻ.ʅ., ʃʠʩʠʮʳʥ ɸ.ʇ.), 

ʌɻɹʋ "ɺʀʄʉ" (ɻʦʣʝʚʘ ʈ.ɺ., ɼʫʙʠʥʯʫʢ ɺ.ʊ., ʆʞʦʛʠʥʘ ɽ.ɻ.), ʀɻɽʄ ʈɸʅ 

(ɹʦʨʪʥʠʢʦʚ ʅ.ʉ., ʄʦʟʛʦʚʘ ʅ.ʅ., ɸʤʧʣʠʝʚʘ ɽ.ɽ.), ɻɽʆʍʀ ʈɸʅ (ʈʫʩʘʢʦʚ 

ɺ.ʖ.), ɻʀʅ ʈɸʅ (ɻʘʙʣʠʥʘ ʀ.ʌ). 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʢʦʣʣʝʢʪʠʚʦʤ ʀʥʩʪʠʪʫʪʘ 

ʦʢʝʘʥʦʣʦʛʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ɸ.ʇ. ʃʠʩʠʮʳʥʘ (ʉʢʦʨʥʷʢʦʚʘ ʅ.ʉ., 

ɹʘʪʫʨʠʥ ɻ.ʅ., ʄʫʨʜʤʘʘ ʀ.ʆ., ɹʘʟʠʣʝʚʩʢʘʷ ɽ.ʉ., ɾʠʚʘʛʦ ɸ.ɺ., ɹʦʛʜʘʥʦʚ ʖ.ɸ., 

ɽʤʝʣʴʷʥʦʚ ɽ.ʄ. ʠ ʜʨ.), ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʦʥʠʤʘʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʫʜʦʛʝʥʝʟʘ 
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ʠ ʧʦʜʛʦʪʦʚʠʣʠ ʙʝʩʮʝʥʥʫʶ ʧʦʯʚʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ 

ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʢ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʤ. ʉ.ʀ. ɸʥʜʨʝʝʚ ʩʦʟʜʘʣ ʚʦ 

ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʩʝʢʪʦʨ ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʦʣʦʛʠʠ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʦʧʫʙʣʠʢʦʚʘʣ ʩʦʚʤʝʩʪʥʦ ʩ ʀ.ʉ. 

ɻʨʘʤʙʝʨʛʦʤ ʚ 2000 ʛʦʜʫ ʧʝʨʚʫʶ ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʢʘʨʪʫ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

(1:15 000 000). ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʫʯʝʥʳʭ ʇʄɻʈʕ (ʉʘʤʦʚʘʨʦʚ ʄ.ʃ., ʃʘʟʘʨʝʚʘ ʃ.ʀ., 

ɼʦʙʨʝʮʦʚʘ ʀ.ɻ., ɹʝʣʴʪʝʥʝʚ ɺ.ɽ. ʠ ʜʨ.) ʠ ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʠ (ʏʝʨʢʘʰʝʚ 

ɻ.ɸ., ʇʦʨʦʰʠʥʘ ʀ.ʄ., ʉʪʝʧʘʥʦʚʘ ʊ.ɺ., ʉʫʜʘʨʠʢʦʚ ʉ.ʄ. ʠ ʜʨ.). 

ʅʘʯʠʥʘʷ ʩ 1985 ʛʦʜʘ, ʙʳʣ ʠʟʫʯʝʥ ʢʨʫʧʥʳʡ ʦʪʨʝʟʦʢ ʦʩʝʚʦʡ ʟʦʥʳ ʉɸʍ 

(10
ʦ
40ȭ-26

ʦ
30ȭ ʩ.ʰ.) ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʦʚ (ɻʇʉ). ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 16 ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʣʦʱʘʜʴʶ ʦʪ 200 ʜʦ 1200 ʢʤ
2
 ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ. 

ʉ 2006 ʛʦʜʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʥʘʮʝʣʝʥʳ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɿʘ ʥʝ ʩʪʦʣʴ ʙʦʣʴʰʦʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʢʨʫʧʥʳʝ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʚʝʣʠ 

ʩʦʪʨʫʜʥʠʢʠ ʇʄɻʈʕ ʠ ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ. ʉ 2012 ʛ. ʧʦʩʣʝ ʟʘʢʣʶʯʝʥʠʷ 

ʂʦʥʪʨʘʢʪʘ ʥʘ ʨʘʟʚʝʜʢʫ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʤʝʞʜʫ ʄʆʄɼ ʠ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʌ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʛʨʘʥʠʮʘʭ ʟʘʷʚʦʯʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʙʣʦʢʦʚ ʩ ʮʝʣʴʶ 

ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʚʦʝʥʠʷ ʨʫʜʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ɺʩʝ ʜʦʩʪʠʞʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʟʘ ʙʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʫʶ 

ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʟʚʦʣʠʣʠ ʈʦʩʩʠʠ 

ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʣʠʜʝʨʩʪʚʦ ʚ ʧʨʦʙʣʝʤʝ ʠʟʫʯʝʥʠʷ ʩʫʣʴʬʠʜʥʭr ʨʫʜ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ. ʇʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʨʘʙʦʪ (ʦʪ ʧʦʠʩʢʦʚʳʭ ʢ ʧʦʠʩʢʦʚʦ-
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ʦʮʝʥʦʯʥʳʤ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʙʫʨʝʥʠʷ ʠ ʜʦʙʳʯʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʦʚ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʦ ɺʚʝʜʝʥʠʠ, ʈʦʩʩʠʡʩʢʠʡ ʨʘʟʚʝʜʦʯʥʳʡ ʨʘʡʦʥ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʚ ʦʩʝʚʦʡ ʟʦʥʝ 

ʉɸʍ (ʨʠʩʫʥʦʢ 1.2), ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 100 ʙʣʦʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʦ ʠʩʪʝʯʝʥʠʠ 15-

ʣʝʪʥʝʛʦ ʂʦʥʪʨʘʢʪʘ ʪʦʣʴʢʦ 25 ʙʣʦʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʚʦʝʥʠʷ, ʦʩʪʘʣʴʥʳʝ 75 ʙʫʜʫʪ ʚʦʟʚʨʘʱʝʥʳ ʚ ʧʦʣʴʟʦʚʘʥʠʝ 

ʄʆʄɼ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʈʦʩʩʠʡʩʢʠʡ ʨʘʟʚʝʜʦʯʥʳʡ ʨʘʡʦʥ ʥʘʩʯʠʪʳʚʘʝʪ 19 ʨʫʜʥʳʭ ʧʦʣʝʡ 

(ʪʘʙʣʠʮʘ 1.1). ʇʝʨʚʳʤ ʧʦʩʣʝ ʧʦʜʧʠʩʘʥʠʷ ʂʦʥʪʨʘʢʪʘ ʦʪʢʨʳʪʦ ʨʫʜʥʦʝ ʧʦʣʝ 

ʖʙʠʣʝʡʥʦʝ (2012 ʛ.), ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. ɺ 2016 ʛʦʜʫ ʦʪʢʨʳʪʳ ʝʱʝ ʜʚʘ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘ: ʇʦʙʝʜʘ ʠ ʍʦʣʤʠʩʪʦʝ. 
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ʊʘʙʣʠʮʘ 1.1 - ʈʫʜʥʳʝ ʦʙʲʝʢʪʳ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʈʫʜʥʦʝ ʧʦʣʝ 
ɻʦʜ 

ʦʪʢʨʳʪʠʷ 
ʂʦʦʨʜʠʥʘʪʳ ɻʣʫʙʠʥʘ, ʤ ʇʣʦʱʘʜʴ, ʤ

2
 

ʃʦʛʘʯʝʚ-1 1993-94 14Ü45,1ô ʩ.ʰ. 

44Ü58,7ô ʟ.ʜ. 

2900-3000 32360 

ʃʦʛʘʯʝʚ-2 1993-94 14Ü43,2ô ʩ.ʰ. 

44Ü56,28ô ʟ.ʜ. 

2640-2760 11300 

ʇʶʠ ʜʝ ʌʦʣʣʴ 1996 20
o
30,8ô ʩ.ʰ. 

45
o
38,8ô ʟ.ʜ. 

1900-1950 990700 

ɸʰʘʜʟʝ-1 2003 12Ü58,4ô ʩ.ʰ. 

44Ü51,8ô ʟ.ʜ. 

4100-4200 6392 

ɸʰʘʜʟʝ-2 2004 12Ü59,5ô ʩ.ʰ. 

44Ü54,4ô ʟ.ʜ. 

3100-3250 106100 

ʂʨʘʩʥʦʚ 2004 16
o
38,4ô ʩ.ʰ. 

46
o
28,5ô ʟ.ʜ. 

3700-3750 161300 

ʉʝʤʝʥʦʚ-1 2007 13Ü30,9ô ʩ.ʰ. 

44Ü59,24ô ʟ.ʜ. 

2570-2620 56000 

ʉʝʤʝʥʦʚ-2 2007 13Ü31,1ô ʩ.ʰ. 

44Ü59,03ô ʟ.ʜ. 

2370-2750 92000 

ʉʝʤʝʥʦʚ-3 2007 13Ü30,7ô ʩ.ʰ. 

44Ü55ô ʟ.ʜ. 

2400-2600 290000 

ʉʝʤʝʥʦʚ-4 2007 13Ü30,2ô ʩ.ʰ. 

44Ü54,07ô ʟ.ʜ. 

2580-2900 1800000 

ʉʝʤʝʥʦʚ-5 2007 13Ü30,7ô ʩ.ʰ. 

44Ü56,2ô ʟ.ʜ. 

2200-2250 105000 

ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ 2008 20
o
07,75ô ʩ.ʰ. 

45
o
37,35ô ʟ.ʜ. 

2350-2750 398100 

ʇʝʪʝʨʙʫʨʛʩʢʦʝ 2010 19
o
52ô ʩ.ʰ. 

45
o
52ô ʟ.ʜ. 

2800-3100 66063 

ʀʨʠʥʦʚʩʢʦʝ 2011 13Ü20ô ʩ.ʰ. 

44Ü55,6ô ʟ.ʜ. 

2700-2850 19300 

2012 ʛ. ï ʂʦʥʪʨʘʢʪ ʥʘ ʨʘʟʚʝʜʢʫ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ ʉɸʍ 

ʖʙʠʣʝʡʥʦʝ 2012 20
o
09ô ʩ.ʰ. 

45
o
44ô ʟ.ʜ. 

2350-2550 93100 

ʇʦʙʝʜʘ 2016 17Á08,7Ë ʩ.ʰ. 

46
ʦ
23,44Ë ʟ.ʜ 

1950-2400  52000 
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ʈʠʩʫʥʦʢ 1.2 - ʈʦʩʩʠʡʩʢʠʡ ʨʘʟʚʝʜʦʯʥʳʡ ʨʘʡʦʥ, ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ (ʩʭʝʤʘ 

ʩʦʩʪʘʚʣʝʥʘ ʢʦʣʣʝʢʪʠʚʦʤ ʌɻɹʋ çɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷè ʧʦʜ ʨʝʜʘʢʮʠʝʡ  

ʉ.ʀ. ɸʥʜʨʝʝʚʘ) 
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ː̌́̃́ ςȢ ˛̒̏̂̆̎̎̏̒̓̉ ̄ ̘̆̏̌̏̄̉̆̒̋̏̄̏ ̠̒̓̑̏̆̎̉ 

̝̄̉̅̑̏̓̆̑̍́̌̎̏̄̏ ̠̐̏̌ ˫̂̉̌̆̊̎̏̆ 

ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ (ʉɸʍ) ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʄʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʦʚ, 

ʢʦʪʦʨʘʷ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 70000 ʢʤ (Hess, 1962). ʉʢʦʨʦʩʪʴ 

ʩʧʨʝʜʠʥʛʘ ʥʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʘʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,7-1,3 ʜʦ 18 

ʩʤ/ʛʦʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʡ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: ʩ ʤʝʜʣʝʥʥʦʡ (ʤʝʥʝʝ 4 ʩʤ/ʛʦʜ), ʩʨʝʜʥʝʡ (4-8 ʩʤ/ʛʦʜ), 

ʙʳʩʪʨʦʡ (8-12 ʩʤ/ʛʦʜ) ʠ ʫʣʴʪʨʘʙʳʩʪʨʦʡ (ʙʦʣʝʝ 12 ʩʤ/ʛʦʜ) ʩʢʦʨʦʩʪʴʶ 

ʨʘʟʜʚʠʞʝʥʠʷ (ɼʫʙʠʥʠʥ, ʋʰʘʢʦʚ, 2001). ʉɸʍ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʩʧʨʝʜʠʥʛʘ. 

ʈʦʩʩʠʡʩʢʠʡ ʨʘʟʚʝʜʦʯʥʳʡ ʨʘʡʦʥ ʦʭʚʘʪʳʚʘʝʪ 940-ʢʠʣʦʤʝʪʨʦʚʳʡ ʦʪʨʝʟʦʢ 

ʦʩʝʚʦʡ ʟʦʥʳ ʉɸʍ, ʦʛʨʘʥʠʯʝʥ ʪʨʘʥʩʬʦʨʤʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʂʝʡʥ, ɿʝʣʝʥʦʛʦ 

ʄʳʩʘ ʠ ʄʘʨʘʬʦʥ ʠ ʜʝʣʠʪʩʷ ʥʘ ʩʝʛʤʝʥʪʳ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʨʦʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 

2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ʕʪʠ ʩʝʛʤʝʥʪʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʦʪʨʝʟʢʠ ʜʣʠʥʦʡ ʦʪ ʪʨʠʥʘʜʮʘʪʠ ʜʦ ʩʝʤʠʜʝʩʷʪʠ ʜʚʫʭ ʢʠʣʦʤʝʪʨʦʚ, ʦʙʣʘʜʘʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʠʤʝʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʨʘʞʝʥʥʳʝ ʛʨʘʥʠʮʳ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ï ʥʝʪʨʘʥʩʬʦʨʤʥʳʝ ʩʤʝʱʝʥʠʷ 

ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ) (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). 

ʈʫʜʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʝʛʤʝʥʪʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 20Á21' -19Á50' ʩ.ʰ. ʆʩʦʙʘʷ ʩʧʝʮʠʬʠʢʘ ʵʪʦʛʦ 

ʧʨʦʪʷʞʝʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʟʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʩʪʨʦʝʥʠʷ ʨʠʬʪʦʚʦʡ 

ʜʦʣʠʥʳ ʠ ʦʙʨʘʤʣʷʶʱʠʭ ʝʝ ʬʣʘʥʛʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʨʘʞʘʶʱʠʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʝʨʠʦʜ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʥʠʱʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʘʭ (> 4100 ʤ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʣʠʪʦʩʬʝʨʳ ʚ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʝʝ 

ʬʣʘʥʛʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʡʦʥʦʚ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʟʦʥʘʤ ʥʝʪʨʘʥʩʬʦʨʤʥʳʭ 
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ʩʤʝʱʝʥʠʡ) ʧʦ ʚʩʝʤ ʧʨʠʟʥʘʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʨʪʠʥʝ, ʩʚʦʡʩʪʚʝʥʥʦʡ 

ʥʘʠʙʦʣʝʝ "ʛʦʨʷʯʠʤ" ʤʘʛʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʩʝʛʤʝʥʪʘʤ (ɸʥʜʨʝʝʚ, 2008; 

ɽʛʦʨʦʚ ʠ ʜʨ., 2011). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʝʛʤʝʥʪʘ ʷʚʣʷʶʪʩʷ 

ʢʨʫʧʥʦʘʤʧʣʠʪʫʜʥʳʝ (ʙʦʣʝʝ 1000 ʤ), ʩʣʦʞʝʥʥʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʘʟʘʣʴʪʘʤʠ, 

ʢʚʘʟʠʤʦʥʦʣʠʪʥʳʝ ʩʢʣʦʥʳ ʜʦʣʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʩʙʣʠʞʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʨʫʪʦ ʧʘʜʘʶʱʠʭ ʩʙʨʦʩʦʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʩʠʤʤʝʪʨʠʯʥʦʛʦ çʧʨʦʩʝʜʘʥʠʷè ʜʥʠʱʘ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʚʩʣʝʜʩʪʚʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʣʠʪʦʩʬʝʨʳ ʚ ʧʝʨʠʦʜ ʨʝʟʢʦʛʦ ʟʘʪʫʭʘʥʠʷ ʚ ʨʝʛʠʦʥʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʦ 

ʧʨʦʥʠʢʘʶʱʠʭ ʢʨʘʝʚʳʭ ʨʘʟʣʦʤʦʚ ʥʘ ʦʙʦʠʭ ʬʣʘʥʛʘʭ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 

2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʨʘʟʣʦʤʳ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʤʘʛʤʦ- ʠ çʬʣʶʠʜʦʧʦʜʚʦʜʷʱʠʤʠè ʢʘʥʘʣʘʤʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ "ʢʨʘʝʚʦʛʦ" ʪʠʧʘ (Vogt, 1974). ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘ 

ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ ʉɸʍ ʥʘ ʩʪʘʜʠʠ ʝʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʨʝʘʢʪʠʚʠʟʘʮʠʠ 

ʧʨʦʠʟʦʰʝʣ ʤʦʱʥʳʡ ʚʳʙʨʦʩ ʤʘʥʪʠʡʥʳʭ ʬʣʶʠʜʦʚ ʧʦ ʦʙʝʠʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʨʘʥʝʝ ʩʠʩʪʝʤʘʤ ʛʣʫʙʠʥʥʳʭ ʨʘʟʨʳʚʦʚ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʣʘʥʛʘʭ ʜʦʣʠʥʳ, 

ʯʪʦ ʠ ʠʥʠʮʠʠʨʦʚʘʣʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʣʷʭ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ ʠ 

ʖʙʠʣʝʡʥʦʝ. ɺʧʝʨʚʳʝ ʚ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʝ ʉɸʍ ʦʪʢʨʳʪʳ ʜʚʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʦʙʦʠʤ ʙʦʨʪʘʤ 

ʜʦʣʠʥʳ ʠ ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʠʜʝʥʪʠʯʥʳʤ ʩʪʨʫʢʪʫʨʘʤ (ʨʠʩʫʥʦʢ  2.1). ɹʣʠʟʦʩʪʴ 

ʵʪʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʜʠʥʦʡ ʛʣʫʙʠʥʥʦʡ ʟʦʥʳ ʤʘʛʤʘʛʝʥʝʨʘʮʠʠ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠ 

ʨʘʟʛʨʫʟʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦ ʛʣʫʙʠʥʥʳʤ ʢʨʘʝʚʳʤ ʨʘʟʣʦʤʘʤ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʧʦʣʝ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ 

ʯʘʩʪʠ ʧʝʨʚʦʡ ʨʠʬʪʦʚʦʡ ʛʨʷʜʳ, ʷʚʣʷʶʱʝʡʩʷ ʛʨʘʥʠʮʝʡ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ 

ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʥʘ ʰʠʨʦʪʝ 20Á08ȭ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ 

ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʧʝʨʚʦʡ ʟʘʧʘʜʥʦʡ ʨʠʬʪʦʚʦʡ ʛʨʷʜʳ 

ʥʘ ʰʠʨʦʪʝ 20Á09ȭ. ʉʝʛʤʝʥʪʫ ʚ ʩʪʨʫʢʪʫʨʝ ʉɸʍ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ 
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ʨʫʜʥʳʝ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʠ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ, ʧʦ ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ 

ʩʝʛʤʝʥʪʘʮʠʠ (Smith et al, 2008) ʥʝʪ ʘʥʘʣʦʛʦʚ. 

 

ʈʠʩʫʥʦʢ 2.1 - ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʫʜʥʳʭ ʧʦʣʝʡ ʖʙʠʣʝʡʥʦʝ ʠ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ 
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ɺ ʚʳʰʝʥʘʟʚʘʥʥʦʤ ʩʝʛʤʝʥʪʝ ʜʥʠʱʝ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ) ʛʣʫʙʠʥʘʭ - 

ʙʦʣʝʝ 4000 ʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʢʦʤ ʦʭʣʘʞʜʝʥʠʠ ʣʠʪʦʩʬʝʨʳ ʚ ʧʝʨʠʦʜ 

ʟʘʪʫʭʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʬʣʘʥʛʠ ʭʨʝʙʪʘ, ʧʦ ʦʙʦʠʤ 

ʙʦʨʪʘʤ ʜʦʣʠʥʳ, ʧʦ ʚʩʝʤ ʧʨʠʟʥʘʢʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ɺʝʨʦʷʪʥʦ, 

ʩ ʵʪʠʤ ʠ ʩʚʷʟʘʥʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʣʝʡ ʖʙʠʣʝʡʥʦʝ ʠ ɿʝʥʠʪ-

ɺʠʢʪʦʨʠʷ (ʨʠʩʫʥʦʢ 2.2). 

 

ʈʠʩʫʥʦʢ 2.2 - ʇʦʣʦʞʝʥʠʝ ʨʫʜʥʳʭ ʧʦʣʝʡ ʖʙʠʣʝʡʥʦʝ, ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ, ʇʶʠ ʜʝ ʌʦʣʣʴ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʶʨʧʨʠʟ ʚ ʩʪʨʫʢʪʫʨʝ ʉɸʍ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014) 

ʈʠʬʪʦʚʘʷ ʜʦʣʠʥʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʩʠʤʤʝʪʨʠʯʥʘʷ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ, ʠʤʝʝʪ ʰʠʨʠʥʫ 10-11 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʜʥʠʱʘ 5-6 ʢʤ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ 

ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015) (ʨʠʩʫʥʦʢ 2.3). ʊʘʢʘʷ ʬʦʨʤʘ ʠ ʧʘʨʘʤʝʪʨʳ 

ʩʦʭʨʘʥʷʶʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʘ ʚʩʸʤ ʧʨʦʪʷʞʝʥʠʠ ʩʝʛʤʝʥʪʘ. ɻʨʘʥʠʮʳ ʜʦʣʠʥʳ 

ʧʦ ʦʙʦʠʤ ʙʦʨʪʘʤ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 2500-3000 ʤ, ʧʦʛʨʫʞʘʷʩʴ ʢ 

ʶʞʥʦʤʫ ʦʢʦʥʯʘʥʠʶ ʩʝʛʤʝʥʪʘ ʜʦ ʦʪʤʝʪʢʠ 3500 ʤ. ɻʣʫʙʠʥʳ ʜʥʠʱʘ ʩʦʩʪʘʚʣʷʶʪ 

4000-4500 ʤ. ɼʥʠʱʝ ʜʦʣʠʥʳ ʧʦ ʦʙʦʠʤ ʙʦʨʪʘʤ ʦʛʨʘʥʠʯʝʥʦ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ 

- çʩʪʝʥʢʘʤʠè, ʚʳʩʦʪʦʡ ʜʦ 1,5 ʢʤ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʟʘʣʦʞʝʥʠʠ ʦʢʦʣʦ 2 ʢʤ. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʢʣʦʥʦʚ ʚ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʝ ʩʚʷʟʘʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ 

ʥʘʣʠʯʠʝʤ çʢʨʘʝʚʳʭè ʨʘʟʣʦʤʦʚ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ. ʇʦ ʵʪʠʤ ʨʘʟʣʦʤʘʤ 

ʧʨʦʠʩʭʦʜʷʪ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʩʢʣʦʥʘʭ ʦʪ ʧʦʜʥʦʞʠʷ ʜʦ ʚʝʨʰʠʥ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ 

ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ʈʝʣʴʝʬ ʟʘʧʘʜʥʦʛʦ ʬʣʘʥʛʘ ʭʨʝʙʪʘ ʚ 

ʩʝʚʝʨʥʦʤ ʩʝʛʤʝʥʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʨʠʬʪʦʚʳʭ ʛʨʷʜ ʠ 

ʤʝʞʛʨʷʜʦʚʳʭ ʧʦʥʠʞʝʥʠʡ, ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʳʭ ʚ ʨʝʣʴʝʬʝ 

(ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). 

ʅʝʪʨʘʥʩʬʦʨʤʥʳʡ ʨʘʟʣʦʤ 19Á47Ë ʩ.ʰ. ʢ ʶʛʫ ʦʪ ʨʫʜʥʳʭ ʧʦʣʝʡ 

ʖʙʠʣʝʡʥʦʝ ʠ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ ʬʠʢʩʠʨʫʝʪ ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ 

ʢ ʟʘʧʘʜʫ ʥʘ 16 ʢʤ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ʌʦʨʤʘ 

ʨʘʟʣʦʤʘ ʚ ʧʣʘʥʝ, ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʝʛʦ ʚʝʪʚʝʡ, V-ʦʙʨʘʟʥʘʷ: ʦʪ ʘʢʪʠʚʥʦʛʦ 

ʦʪʨʝʟʢʘ ʟʦʥʳ ʨʘʟʣʦʤʘ ʟʘʧʘʜʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʚʝʪʚʠ ʠʤʝʶʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʠ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʦʩʪʠʨʘʥʠʷ. ɻʝʦʤʝʪʨʠʷ ʜʝʬʦʨʤʘʮʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʜʘʥʥʳʡ ʨʘʟʣʦʤ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ, ʯʠʩʪʦ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʘʟʣʦʤʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʩʪʦʷʱʠʡ ʨʘʟʣʦʤ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ ʭʦʜʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʦʥ ʥʝ ʠʤʝʝʪ ʯʝʪʢʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ. 

ɽʛʦ ʙʦʨʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʫʙʰʠʨʦʪʥʳʤʠ ʩʜʚʠʛʘʤʠ, ʘ 

ʷʚʣʷʶʪʩʷ ʩʢʣʦʥʘʤʠ çʥʘʩʪʫʧʘʶʱʠʭè ʥʘ ʥʝʛʦ ʨʠʬʪʦʚʳʭ ʛʨʷʜ. ʖʞʥʘʷ ʞʝ 

ʛʨʘʥʠʮʘ ʨʘʟʣʦʤʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʨʦʚʝʜʝʥʘ ʫʩʣʦʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʣʴʝʬʝ 

ʦʥʘ ʩʦʚʩʝʤ ʥʝ ʚʳʨʘʞʝʥʘ. ɺʧʘʜʠʥʘ ʨʘʟʣʦʤʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 3500-

3750 ʤ, ʘ ʰʠʨʠʥʘ ʟʦʥʳ ʨʘʟʣʦʤʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ - ʦʪ 16 ʜʦ 27 ʢʤ. 

ɺ ʟʦʥʝ ʨʘʟʣʦʤʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʛʦʨʥʳʡ ʤʘʩʩʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ, ʧʦ 

ʜʘʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ (ʨʝʡʩʳ 31 ʠ 33 ʅʀʉ çʇʨʦʬʝʩʩʦʨ 

ʃʦʛʘʯʝʚè), ʤʘʥʪʠʡʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʧʨʦʠʟʦʰʣʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʯʪʦ ʧʨʠʚʝʣʦ 

ʢ ʧʦʜʲʝʤʫ ʙʣʦʢʘ ʵʪʠʭ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʥʘ (Zonenshain et al, 1989). 
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ʈʠʩʫʥʦʢ 2.3 - ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʝʚʝʨʥʦʛʦ ʩʝʛʤʝʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ ʉɸʍ: 1 ï ʩʪʨʫʢʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 2- 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʤʠʥʠʤʫʤʳ ʚʪʦʨʦʡ ʨʠʬʪʦʚʦʡ ʛʨʷʜʳ, 3 ï ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʛʨʘʥʠʮʘ 

ʥʝʪʨʘʥʩʬʦʨʤʥʦʛʦ ʩʤʝʱʝʥʠʷ, 4 ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʫʜʥʳʭ ʧʦʣʝʡ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 

2014) 

ʇʦ ʜʘʥʥʳʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʥʦʛʨʘʤʤ ɻɹʆ çʄɸʂ-1ʄè 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʣʝʞʠʪ ʚ ʟʦʥʝ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʪʳʭ ʦʩʘʜʢʘʤʠ, ʧʨʠʯʝʤ 

ʧʦʩʣʝʜʥʠʝ ʟʘʥʠʤʘʶʪ ʜʦ 70-80 % ʧʣʦʱʘʜʠ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; 

ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʦʨʤʘʣʴʥʦʱʝʣʦʯʥʳʤ ʙʘʟʘʣʴʪʘʤ ʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʪʥʦʰʝʥʠʡ K2O/TiO2 ʠ 
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(La/Sm)n ʢ N-ʪʠʧʫ MORB (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 

2015). 

ʂʦʥʪʫʨ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʦʩʪʘʚʘʷʩʴ 

ʦʪʢʨʳʪʳʤ ʥʘ ʶʛ ʠ ʶʛʦ-ʟʘʧʘʜ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʴ 

ʦʩʘʜʢʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʜʦʩʪʠʛʘʝʪ 5 ʤ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʣʷʝʪ 0,5-1,5 ʤ. ʆʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʛʝʥʥʳʤʠ ʩʠʣʴʥʦ 

ʢʘʨʙʦʥʘʪʥʳʤʠ (ʉʘʉʆ3 Ó 75 %), ʢʘʨʙʦʥʘʪʥʳʤʠ (50 % Ò ʉʘʉʆ3 < 75 %) ʠʣʘʤʠ ʠ 

ʧʪʝʨʦʧʦʜʦʚʳʤʠ ʧʝʩʢʘʤʠ. ɺ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʥʘʨʷʜʫ ʩ ʦʙʳʯʥʳʤʠ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʨʘʟʚʠʪʳ ʤʝʪʘʣʣʦʥʦʩʥʳʝ ʦʩʘʜʢʠ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; 

ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 35 ʨʝʡʩʘ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè ʥʘ ʨʫʜʥʦʤ ʧʦʣʝ 

ʖʙʠʣʝʡʥʦʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʨʫʜʥʳʭ ʪʝʣʘ (ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʠ ʜʨ., 2014; 

ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015). ʆʩʥʦʚʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ (ʨʫʜʥʦʝ ʪʝʣʦ-1) ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 2350-2450 ʤ. ɿʘ ʮʝʥʪʨ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʯʢʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ 20ę09Ë ʩ.ʰ. ʠ 45ę44.6Ë ʟ.ʜ. ʇʦ ʜʘʥʥʳʤ ʧʦʜʚʦʜʥʳʭ 

ʪʝʣʝʥʘʙʣʶʜʝʥʠʡ ʪʝʣʦ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 420 ʭ 260 ʤ. ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʨʦʙ 

ʩʫʣʴʬʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʦʪʦʙʨʘʥ ʩ ʜʘʥʥʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ 

ʥʝʩʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ʈʫʜʥʦʝ ʪʝʣʦ-2 ʨʘʩʧʦʣʦʞʝʥʦ ʚ 400 

ʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʨʫʜʥʦʛʦ ʪʝʣʘ-1 ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 2500-2550 ʤ. ʊʝʣʦ 

ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 200ʭ100 ʤ. ʂʦʥʪʫʨʳ ʨʫʜʥʦʛʦ ʪʝʣʘ 2 ʯʝʪʢʦ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ. ʈʫʜʥʦʝ ʪʝʣʦ-3 ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 2250-2450 ʤ. ɿʘ 

ʮʝʥʪʨ ʨʫʜʥʦʛʦ ʪʝʣʘ-3 ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʯʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 20ę08.7Ë ʩ.ʰ. ʠ 

45ę44,4Ë ʟ.ʜ. ɻʨʘʥʠʮʳ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʝ ʦʢʦʥʪʫʨʝʥʳ. 
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ʈʠʩʫʥʦʢ 2.4 - ɻʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ ʚ ʤʘʩʰʪʘʙʝ 

1:500000, ʩʦʩʪʘʚʣʝʥʥʘʷ ʢʦʣʣʝʢʪʠʚʦʤ ʌɻɹʋ çɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷè ʧʦʜ ʨʝʜʘʢʮʠʝʡ  

ʉ.ʀ. ɸʥʜʨʝʝʚʘ 
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ˏ̜̜̃̏̅ ̐ ̏ ̄̌́̃̆ ς 

1. ʈʫʜʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ, ʦʪʢʨʳʪʦʝ ʧʦ ʠʪʦʛʘʤ 35-36 ʨʝʡʩʦʚ ʅʀʉ 

"ʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚ", ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʫʥʠʢʘʣʴʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʩʝʛʤʝʥʪʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ (ʈʈʈ) ʉɸʍ, ʬʠʢʩʠʨʫʶʱʝʤ ʢʦʥʪʨʘʩʪʥʦʝ 

ʩʪʨʦʝʥʠʝ ʜʥʠʱʘ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʠ ʝʸ ʬʣʘʥʛʦʚ, ʥʘ ʟʘʧʘʜʥʦʤ ʙʦʨʪʫ ʨʠʬʪʦʚʦʡ 

ʜʦʣʠʥʳ ʥʘ ʛʣʫʙʠʥʝ 2500 ʤ. ʉʢʣʦʥʳ ʜʦʣʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʩʙʨʦʩʦʚ, ʩʣʦʞʝʥʥʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʢʝʘʥʠʯʝʩʢʠʤʠ 

ʙʘʟʘʣʴʪʘʤʠ.  

2. ʈʫʜʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʩʦʚʤʝʩʪʥʦ ʩ ʦʪʢʨʳʪʳʤ ʚ 2009 ʛʦʜʫ ʧʦʣʝʤ 

ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʣʫʯʘʡ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʢʘʢ ʧʦ ʧʦʣʦʞʝʥʠʶ ʥʘ ʙʦʨʪʘʭ, ʪʘʢ ʠ ʧʦ 

ʛʣʫʙʠʥʝ. ɹʣʠʟʦʩʪʴ ʵʪʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʜʠʥʦʡ ʛʣʫʙʠʥʥʦʡ ʟʦʥʳ ʤʘʛʤʘʛʝʥʝʨʘʮʠʠ ʩ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʠ ʨʘʟʛʨʫʟʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦ ʛʣʫʙʠʥʥʳʤ ʢʨʘʝʚʳʤ 

ʨʘʟʣʦʤʘʤ. 

3. ʇʦʣʝ ʖʙʠʣʝʡʥʦʝ ʣʝʞʠʪ ʚ ʟʦʥʝ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʙʘʟʘʣʴʪʘʤ N-ʪʠʧʘ MORB. ʂʦʥʪʫʨ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʦʩʪʘʚʘʷʩʴ ʦʪʢʨʳʪʳʤ ʥʘ ʶʛ ʠ ʶʛʦ-ʟʘʧʘʜ. ʅʘ 

ʨʫʜʥʦʤ ʧʦʣʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʨʫʜʥʳʭ ʪʝʣʘ, ʦʩʥʦʚʥʦʝ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 2350-2450 ʤ, ʠʤʝʝʪ ʨʘʟʤʝʨʳ 420 ʭ 260 ʤ ʠ ʥʝʩʝʪ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʦʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 
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ː̌́̃́ σȢ ˙̘̉̎̆̑́̌̏̄̉̆̒̋̉̆ ̏̒̏̂̆̎̎̏̒̓̉ ̘̖̏̋̆́̎̉̆̒̋̉ 

̝̜̖̒̔̌̉̅̎̕ ̑̔̅ 

ʉʫʣʴʬʠʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʠ ʚʥʫʪʨʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 

ʩʣʦʞʝʥʦ ʤʘʩʩʠʚʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ ʠ ʨʫʜʥʳʤʠ ʦʩʘʜʢʘʤʠ (ʂʨʘʩʥʦʚ ʠ 

ʜʨ., 1992). ɿʘʣʝʞʠ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʯʘʩʪʫʶ ʠʟʦʤʝʪʨʠʯʥʳʝ ʭʦʣʤʳ, ʧʦʩʪʨʦʡʢʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ çʯʝʨʥʳʝ ʢʫʨʠʣʴʱʠʢʠè. ʆʙʣʦʤʢʠ ʪʨʫʙ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʫʰʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, ʘ ʟʘʪʝʤ ʮʝʤʝʥʪʠʨʫʶʪʩʷ 

ʧʦʟʜʥʠʤʠ ʩʫʣʴʬʠʜʘʤʠ, ʦʙʨʘʟʫʷ ʩʫʣʴʬʠʜʥʳʝ ʙʨʝʢʯʠʠ ʚ ʮʦʢʦʣʷʭ ʨʫʜʥʳʭ 

ʧʦʩʪʨʦʝʢ (ʂʨʘʩʥʦʚ ʠ ʜʨ., 1992). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʫʜʥʳʝ ʭʦʣʤʳ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʨʠʬʪʦʚʳʭ ʟʦʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʠ 

ʭʨʝʙʪʘ ʕʢʩʧʣʦʨʝʨ (ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ), ʘ ʪʘʢʞʝ 

ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ (ʥʘʧʨʠʤʝʨ, ʂʘʣʠʬʦʨʥʠʡʩʢʠʡ ʟʘʣʠʚ) ʩ 

ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʩʧʨʝʜʠʥʛʘ. ʂʨʫʧʥʳʝ ʨʫʜʥʳʝ ʭʦʣʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʮʝʧʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʧʨʦʩʪʠʨʘʥʠʶ ʩʪʨʫʢʪʫʨ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʊɸɻ (ʂʨʘʩʥʦʚ ʠ ʜʨ., 1992). 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʥʷʪʠʝ çʨʫʜʥʦʝ ʧʦʣʝè. ʈʫʜʥʦʝ ʧʦʣʝ ï ʝʜʠʥʳʡ ʚ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ 

ʣʦʢʘʣʴʥʳʡ ʨʫʜʦʥʦʩʥʳʡ ʫʯʘʩʪʦʢ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʜʥʠʤ ʠʣʠ 

ʩʙʣʠʞʝʥʥʳʤʠ ʨʫʜʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʫʣʴʬʠʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʙʦʨʦʤ ʤʠʥʝʨʘʣʦʚ. ʉʦʩʪʘʚ ʨʫʜ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʦʙʨʘʟʮʘ ʢ ʦʙʨʘʟʮʫ, ʦʜʥʘʢʦ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʢʫʙʘʥʠʪ ʠ 

ʠʟʦʢʫʙʘʥʠʪ, ʧʠʨʨʦʪʠʥ, ʩʬʘʣʝʨʠʪ (ʂʨʘʩʥʦʚ ʠ ʜʨ., 1992; Mozgova et al, 1996, 

1999; Gablina et al, 2000: Fouquet et al, 2010). ʍʘʣʴʢʦʧʠʨʠʪ ʠ ʧʠʨʠʪ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ. ʄʘʨʢʘʟʠʪ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʫʜʥʳʭ 
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ʧʦʣʝʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʙʘʟʘʣʴʪʘʤʠ, ʩʣʘʙʦ ʧʨʦʷʚʣʝʥ ʚ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʇʠʨʠʪ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ 

ʯʘʩʪʦ ʟʘʤʝʱʘʝʪ ʧʠʨʨʦʪʠʥ (Fouquet et al, 2010). ʇʦʷʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʢʦʙʘʣʴʪʦʚʳʭ ʠ ʥʠʢʝʣʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʦ ʚ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʩʫʣʴʬʠʜʘʭ, ʥʘʧʨʠʤʝʨ, ʢʦʙʘʣʴʪ-ʧʝʥʪʣʘʥʜʠʪ, ʢʦʙʘʣʴʪʠʥ, ʤʠʣʣʝʨʠʪ (Krasnov et 

al, 1995; Mozgova et al, 1996, 1999; Fouquet et al, 2010). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʘʭ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʘʟ: ʛʘʣʝʥʠʪ, ʘʢʘʥʪʠʪ, ʘʨʛʝʥʪʦʧʠʨʠʪ ʠ ʘʨʛʝʥʪʠʪ, ʤʦʣʠʙʜʝʥʠʪ, ʟʦʣʦʪʦ, ʙʘʨʠʪ, 

ʘʪʘʢʘʤʠʪ, ʫʨʘʥʠʥʠʪ ʠ ʜʨʫʛʠʝ (Fouquet et al, 2010). ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʤʠʥʝʨʘʣʦʚ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʚʪʦʨʠʯʥʳʤʠ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ (ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ, 

ʜʠʛʝʥʠʪ, ʢʦʚʝʣʣʠʥ) (Gablina et al, 2000; Fouquet et al, 2010). ʉʯʠʪʘʶʱʠʝʩʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩʣʘʙʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʤʝʜʥʦ-ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʨʘʣʘ ʪʘʢʞʝ 

ʩʣʦʞʝʥʳ ʧʠʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʥʦ ʙʦʨʥʠʪ ʚ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ (ɺʠʢʝʥʪʴʝʚ ʠ ʜʨ., 2000), ʩʫʣʴʬʠʜʳ ʮʠʥʢʘ ʧʨʝʦʙʣʘʜʘʶʪ 

ʥʘʜ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʙʣʝʢʣʳʭ ʨʫʜ, ʥʝ ʪʠʧʠʯʥʳʭ ʜʣʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʧʦʣʝʡ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʅ, ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʩʝʨʳ, ʩʦʣʝʥʦʩʪʴ ʠ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ 

(Hannington et al, 1986; Hannington, Scott, 1988; Halbach et al, 1989, 1998; Von 

Damm, 1990; Fouquet et al, 1991; Krasnov et al, 1995). 

ʄʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ (ɹʘʙʘʝʚʘ ʉʫʭʘʥʦʚʘ, 

2017; ʉʫʭʘʥʦʚʘ, 2017). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʭʘʣʴʢʦʧʠʨʠʪ ʙʦʣʝʝ 50%, ʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʪʠʧ ʥʘʟʳʚʘʝʪʩʷ ʧʦ ʵʪʦʤʫ 

ʛʣʘʚʥʦʤʫ ʤʠʥʝʨʘʣʫ. ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʚʩʪʨʝʯʝʥʳ ʧʠʨʠʪʦʚʳʡ, ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʡ, ʤʘʨʢʘʟʠʪʦʚʳʡ, ʩʫʣʴʬʠʜʥʦ-ʤʝʜʥʳʡ, 
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ʩʬʘʣʝʨʠʪʦʚʳʡ ʠ ʧʠʨʨʦʪʠʥʦʚʳʡ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ. ʇʠʨʠʪʦʚʳʡ ʠ 

ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʡ ʪʠʧʳ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ. 

3ȢρȢ ˛̠̂́̚ ̖́̑́̋̓̆̑̉̒̓̉̋́ ̝̜̖̄̉̅̑̏̓̆̑̍́̌̎ ̏̂̑́̈̏̃́̎̉̊ 

̑̔̅̎̏̄̏ ̠̐̏̌ ˫̂̉̌̆̊̎̏̆ 

ʆʙʣʘʩʪʴ ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʛʠʡ 

ʭʦʣʤ ʧʦʯʪʠ ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ. ʀʟʫʯʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩʬʦʢʫʩʠʨʦʚʘʥʦ 

ʥʘ ʨʫʜʥʦʤ ʪʝʣʝ-1, ʩʦʜʝʨʞʘʱʝʤ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʩʫʣʴʬʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ. ʄʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʩʢʘʣʴʥʦʡ ʜʨʘʛʠ ʠ ʪʝʣʝʛʨʝʡʬʝʨʘ ʥʘ 

11 ʩʪʘʥʮʠʡ ʧʨʦʙʦʦʪʙʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʩʠʩʪʝʤʥʦ ʚʚʠʜʫ ʩʣʦʞʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʂʦʥʪʫʨʳ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʪʝʣ ʯʝʪʢʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʩʚʷʟʠ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʪʝʣ ʢʘʨʙʦʥʘʪʥʳʤʠ ʠʣʘʤʠ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʫʨʘ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ ʨʘʟʣʠʯʥʳ ʧʦ ʩʚʦʠʤ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ 

ʚʢʣʶʯʘʶʪ ʤʘʩʩʠʚʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜ, ʙʨʝʢʯʠʝʚʠʜʥʳʝ ʨʫʜʳ, ʧʨʦʞʠʣʢʦʚʦ-

ʚʢʨʘʧʣʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ, ʨʫʜʥʳʝ ʢʦʨʢʠ. ɺ ʧʨʝʜʝʣʘʭ 

ʢʦʥʪʫʨʦʚ ʨʫʜʥʳʭ ʧʦʣʝʡ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʟʘʢʦʥʦʤʝʨʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ. 

ʇʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʢʨʘʧʣʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʬʘʣʝʨʠʪʘ, ʧʠʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ ʚ ʪʘʣʴʢ-ʭʣʦʨʠʪʦʚʳʭ ʠ 

ʦʧʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʇʠʨʠʪ, ʩʬʘʣʝʨʠʪ ʯʘʱʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ, ʭʘʣʴʢʦʧʠʨʠʪ - ʢʩʝʥʦʤʦʨʬʥʳʭ. 

ʈʫʜʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 10-40%. ʈʫʜʥʳʝ ʙʨʝʢʯʠʠ 

ʠʤʝʶʪ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʡ ʩʦʩʪʘʚ ʩ ʨʘʟʤʝʨʦʤ ʦʙʣʦʤʢʦʚ ʦʪ 0,5 ʩʤ ʜʦ 8 ʩʤ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ, ʬʦʨʤʘ ʦʙʣʦʤʢʦʚ ʨʘʟʣʠʯʥʘʷ ʦʪ ʦʢʨʫʛʣʦʡ ʜʦ ʦʩʪʨʦʫʛʦʣʴʥʦʡ. 

ʎʝʤʝʥʪ ʩʫʣʴʬʠʜʥʳʡ ʠʣʠ ʩʫʣʴʬʠʜʥʦ-ʦʧʘʣʦʚʳʡ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʢʦʨʢʠ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʝʪʠʪ-ʤʘʨʛʘʥʮʝʚʳʤʠ ʠ ʛʝʪʠʪ-

ʦʧʘʣʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʊʝʢʩʪʫʨʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʢʦʨʦʢ ʧʦʨʠʩʪʘʷ, 

ʧʷʪʥʠʩʪʘʷ, ʩʣʦʠʩʪʘʷ; ʩʪʨʫʢʪʫʨʘ - ʛʣʦʙʫʣʷʨʥʘʷ, ʧʦʯʢʦʚʠʜʥʘʷ, ʢʦʣʣʦʤʦʨʬʥʘʷ. 
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ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʦʪʣʠʯʘʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨ ʠ ʪʝʢʩʪʫʨ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʧʦʩʪʨʦʝʢ ʠ ʨʫʜʥʳʭ 

ʪʝʣ. ɺ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʪ 

ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʟʝʤʣʠʩʪʳʭ ʜʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʪʘʢ ʢʘʢ ʟʘʢʦʥʦʤʝʨʥʦ ʩ ʝʝ ʠʟʤʝʥʝʥʠʝʤ ʤʝʥʷʶʪʩʷ 

ʧʣʦʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʜ. ʇʦʨʠʩʪʦʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʛʘʧʦʨ 

(ʙʦʣʝʝ 1 ʤʤ), ʤʘʢʨʦʧʦʨ (0,1-1 ʤʤ) ʠ ʤʠʢʨʦʧʦʨ (ʤʝʥʝʝ 0,1 ʤʤ). 

ɻʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʠʟʦʢʫʙʘʥʠʪ ʠ ʩʬʘʣʝʨʠʪ; ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ï ʤʘʨʢʘʟʠʪ, 

ʭʘʣʴʢʦʟʠʥ, ʢʦʚʝʣʣʠʥ, ʙʦʨʥʠʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʨʫʜʳ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ 

ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʘ ï ʧʠʨʠʪʦʚʳʡ, ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʡ ʠ ʩʬʘʣʝʨʠʪʦʚʳʡ.  

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʠʨʠʪʦʚʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʠʧʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʚʠʪʳ ʥʘ ʩʪʘʥʮʠʷʭ ʧʨʦʙʦʦʪʙʦʨʘ 35ʣ59, 35ʣ120-35ʣ125, ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʛʦ 

ʪʠʧʘ ʧʨʦʷʚʣʝʥʳ ʥʘ ʩʪʘʥʮʠʷʭ 35ʣ59, 35ʣ120ī35ʣ122, 35ʣ124, 35ʣ126, 

ʩʬʘʣʝʨʠʪʦʚʳʝ ʨʫʜʳ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳ ʥʘ ʩʪʘʥʮʠʷʭ 35ʣ120 ʠ 35ʣ121 (ʪʘʙʣʠʮʘ 

3.1). ʅʘ ʥʝʢʦʪʦʨʳʭ ʩʪʘʥʮʠʷʭ ʚʳʜʝʣʷʝʤʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʩʦʚʤʝʱʝʥʳ, 

ʦʙʨʘʟʫʷ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝ 

ʧʠʨʠʪʦʚʳʭ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʨʫʜ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʪʘʥʮʠʷʭ 35ʣ59, 35ʣ120, 

35ʣ121, 35ʣ122, 35ʣ124, ʘ ʧʠʨʠʪʦʚʳʭ ʠ ʩʬʘʣʝʨʠʪʦʚʳʭ - ʥʘ ʩʪʘʥʮʠʷʭ 35ʣ120, 

35ʣ121. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ59 ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʠʨʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ. ʊʝʢʩʪʫʨʘ ʨʫʜ 

ʤʘʩʩʠʚʥʘʷ, ʨʝʞʝ ʧʷʪʥʠʩʪʘʷ (ʨʠʩʫʥʦʢ 3.1ʘ). ʉʪʨʫʢʪʫʨʘ ʨʫʜ 

ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʭʘʣʴʢʦʧʠʨʠʪʘ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ 

ʤʠʣʣʠʤʝʪʨʘ ʜʦ 1-2 ʤʤ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʜʥʳ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʳ ʟʝʨʝʥ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʧʦʨʘʤ 

ʠ ʥʝʦʪʯʝʪʣʠʚʳʤ ʢʘʥʘʣʘʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʟʝʨʥʠʩʪʦʩʪʠ ʠ ʭʘʣʴʢʦʧʠʨʠʪ 
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ʧʨʠʦʙʨʝʪʘʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʢʣʠʥʦʚʠʜʥʫʶ ʬʦʨʤʫ. ʄʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʠʨʠʪ 

(ʨʠʩʫʥʦʢ 3.1ʙ-ʛ) ʪʝʩʥʦ ʩʨʘʩʪʘʝʪʩʷ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. ʉʬʘʣʝʨʠʪ ʧʨʠʫʨʦʯʝʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʤʝʞʟʝʨʥʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʘʤ.  

ʊʘʙʣʠʮʘ 3.1 - ʄʠʥʝʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ 

ˉ  

ʩʪʘʥʮʠʠ 
ʄʠʥʝʨʘʣʴʥʳʡ ʪʠʧ 

ʆʙʲʝʤʥʳʡ 

ʧʨʦʮʝʥʪ 
ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 

35ʣ59 

ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 90 
ʍʘʣʴʢʦʧʠʨʠʪ, ʠʟʦʢʫʙʘʥʠʪ, ʭʘʣʴʢʦʟʠʥ, 

ʙʦʨʥʠʪ, ʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ 

ʇʠʨʠʪʦʚʳʡ 10 
ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, 

Ñ ʩʬʘʣʝʨʠʪ, Ñ ʭʘʣʴʢʦʧʠʨʠʪ 

35ʣ60 ʇʠʨʠʪʦʚʳʡ 100 ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ 

35ʣ120 

ʉʬʘʣʝʨʠʪʦʚʳʡ 60 ʉʬʘʣʝʨʠʪ, ʧʠʨʠʪ, Ñ ʤʘʨʢʘʟʠʪ 

ʇʠʨʠʪʦʚʳʡ 30 ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ 

ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 10 
ʍʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, ʠʟʦʢʫʙʘʥʠʪ, Ñ 

ʙʦʨʥʠʪ, Ñ ʪʝʥʦʨʠʪ 

35ʣ121 
ʉʬʘʣʝʨʠʪʦʚʳʡ 60 ʉʬʘʣʝʨʠʪ, ʧʠʨʠʪ, Ñ ʤʘʨʢʘʟʠʪ 

ʇʠʨʠʪʦʚʳʡ 40 ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ 

35ʣ122 

ʇʠʨʠʪʦʚʳʡ 60 
ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ, 

Ñ ʭʘʣʴʢʦʧʠʨʠʪ 

ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 40 
ʍʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ,  

Ñ ʠʟʦʢʫʙʘʥʠʪ, Ñ ʩʬʘʣʝʨʠʪ 

35ʣ123 ʇʠʨʠʪʦʚʳʡ 100 
ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ, 

Ñ ʚʪʦʨʠʯʥʳʝ ʩʫʣʴʬʠʜʳ ʤʝʜʠ 

35ʣ124 
ʇʠʨʠʪʦʚʳʡ 90 ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ 

ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 10 ʍʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, Ñ ʤʘʨʢʘʟʠʪ 

35ʣ125 ʇʠʨʠʪʦʚʳʡ 100 
ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñ ʩʬʘʣʝʨʠʪ,  

Ñ ʭʘʣʴʢʦʧʠʨʠʪ, ʦʢʩʠʜʳ ʞʝʣʝʟʘ 

35ʣ126 ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 100 ʍʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, Ñ ʩʬʘʣʝʨʠʪ 

35ʣ127 ʇʠʨʠʪʦʚʳʡ 100 ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, Ñʩʬʘʣʝʨʠʪ 

36ʣ43 ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 100 ʍʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʣʴʢʦʟʠʥ ʠ 

ʢʦʚʝʣʣʠʥ, ʟʘʤʝʱʘʶʱʠʝ ʭʘʣʴʢʦʧʠʨʠʪ, ʘ ʪʘʢʞʝ ʙʦʨʥʠʪ ʠ ʦʢʩʠʜʳ ʞʝʣʝʟʘ. ʀʟ 
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ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʢʚʘʨʮ, ʘʪʘʢʘʤʠʪ ʠ ʙʘʨʠʪ. ʇʦ 

ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʨʘʟʚʠʪʠʶ ʭʘʣʴʢʦʧʠʨʠʪʘ (50-70%) ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ ʨʫʜʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ59 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ. 

 

ʈʠʩʫʥʦʢ 3.1 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ: ʘ ï ʫʯʘʩʪʦʢ ʨʘʟʚʠʪʠʷ 

ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ ʤʘʩʩʠʚʥʦʡ ʨʫʜʳ ʥʘ ʩʪʘʥʮʠʠ 35ʣ59; ʙ ï ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ 

ʭʘʣʴʢʦʧʠʨʠʪʘ ʚ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ59; ʚ-ʛ - ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ ʨʫʜʘ ʠʟ ʟʝʨʝʥ ʭʘʣʴʢʦʧʠʨʠʪʘ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʥʝʨʫʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʩʪʘʥʮʠʠ 35ʣ59. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ60 ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪʦʤ 

ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʘʨʢʘʟʠʪʘ ʠ ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ 

ʩʬʘʣʝʨʠʪʘ. ʇʠʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ ʩ 

ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʜʦ 0,5 ʤʤ. ɸʛʨʝʛʘʪʳ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʦʢʚʘʨʮʝʚʘʥʠʷ. ʀʥʦʛʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʠʜʠʦʤʦʨʬʥʳʡ ʧʠʨʠʪ ʩ ʦʪʯʝʪʣʠʚʦʡ 

ʢʫʙʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʝʡ. ʄʝʣʢʦʟʝʨʥʠʩʪʳʡ ʤʘʨʢʘʟʠʪ ʩʬʝʨʠʯʝʩʢʦʡ ʠʣʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʟʝʨʝʥ ʦʙʨʘʟʫʝʪ ʪʝʩʥʳʝ ʩʨʘʩʪʘʥʠʷ ʩ ʧʠʨʠʪʦʤ, ʧʨʠʜʘʚʘʷ 
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ʨʫʜʘʤ ʧʷʪʥʠʩʪʫʶ ʪʝʢʩʪʫʨʫ. ʇʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʨʘʟʚʠʪʠʶ ʧʠʨʠʪʘ 

ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ60 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʠʨʠʪʦʚʦʤʫ ʪʠʧʫ. 

ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩʪʘʥʮʠʠ 35ʣ120 ʷʚʣʷʶʪʩʷ 

ʧʠʨʠʪ ʠ ʩʬʘʣʝʨʠʪ ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʘʨʢʘʟʠʪʘ ʠ ʦʧʘʣʘ. ʈʫʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʝ ʠ ʩʬʘʣʝʨʠʪ-ʧʠʨʠʪʦʚʳʝ ʘʛʨʝʛʘʪʳ, ʚ 

ʢʦʪʦʨʳʭ ʧʠʨʠʪ ʠʤʝʝʪ ʢʘʢ ʥʝʧʨʘʚʠʣʴʥʫʶ, ʪʘʢ ʠ ʢʫʙʠʯʝʩʢʫʶ ʬʦʨʤʫ ʟʝʨʝʥ. ɺ 

ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʧʠʨʠʪʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʟʦʥʳ ʨʦʩʪʘ ʠ ʰʪʨʠʭʦʚʢʘ. 

ʇʠʨʠʪʦʚʳʝ ʟʝʨʥʘ ʠ ʘʛʨʝʛʘʪʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʩʬʘʣʝʨʠʪʦʚʦʡ ʦʙʦʣʦʯʢʝ, 

ʫʢʘʟʳʚʘʷ ʥʘ ʧʦʟʜʥʝʝ ʨʘʟʚʠʪʠʝ ʩʬʘʣʝʨʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ (ʨʠʩʫʥʦʢ 3.2ʘ-ʙ). ʇʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʨʘʟʚʠʪʠʶ ʩʬʘʣʝʨʠʪʘ ʨʫʜʳ ʩʪʘʥʮʠʠ 

35ʣ120 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʬʘʣʝʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ. 

 

ʈʠʩʫʥʦʢ 3.2 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ: ʘ-ʙ ï ʨʠʪʤʠʯʥʦʝ 

ʦʙʨʘʩʪʘʥʠʝ ʩʬʘʣʝʨʠʪʦʤ ʟʝʨʝʥ ʠ ʘʛʨʝʛʘʪʦʚ ʧʠʨʠʪʘ ʚ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ120. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ121 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʨʫʜʘʤ 

ʩʪʘʥʮʠʠ 35ʣ120 ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʤʠ ʠ ʩʬʘʣʝʨʠʪ-ʧʠʨʠʪʦʚʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ (ʨʠʩʫʥʦʢ 3.3ʘ). ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʷʪʥʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʛʣʘʚʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʨʘʩʪʘʥʠʷ ʧʠʨʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ 

ʩ ʜʨʫʛʦʡ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʨʢʘʟʠʪ ʠ ʥʝʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ. ʊʝʩʥʳʝ ʩʨʘʩʪʘʥʠʷ ʧʠʨʠʪʘ ʠ ʤʘʨʢʘʟʠʪʘ ʦʙʨʘʟʫʶʪ ʧʦʜʦʙʠʝ 

ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʨʝʜʦʚʘʥʠʷ ʧʠʨʠʪ-

ʤʘʨʢʘʟʠʪʦʚʳʭ ʠ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ. ʇʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ 
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ʨʘʟʚʠʪʠʶ ʩʬʘʣʝʨʠʪʘ ʠ ʧʠʨʠʪʘ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ121 ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʩʬʘʣʝʨʠʪʦʚʦʤʫ ʠ ʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʳʤ ʪʠʧʘʤ ʩ ʨʘʚʥʳʤ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʣʠʙʦ ʩ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʝʨʚʦʛʦ. 

 

ʈʠʩʫʥʦʢ 3.3 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ: ʘ - ʫʯʘʩʪʦʢ ʨʘʟʚʠʪʠʷ 

ʧʦʯʢʦʦʙʨʘʟʥʦʛʦ ʤʘʨʢʘʟʠʪʘ ʚ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ121; ʙ ï ʫʯʘʩʪʦʢ ʨʘʟʚʠʪʠʷ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʠʨʠʪʦʚʦʡ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ122; ʚ ï ʚʝʝʨʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʘʟʚʠʪʠʷ ʧʠʨʠʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ122; ʛ ï ʟʝʨʥʘ ʧʠʨʠʪʘ, ʩʣʘʛʘʶʱʠʝ 

ʤʘʩʩʠʚʥʳʝ ʫʯʘʩʪʢʠ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ122. 

ʈʫʜʳ ʩʪʘʥʮʠʠ 35ʣ122 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʤ, ʪʘʢ ʠ 

ʧʠʨʠʪʦʚʳʤ ʠ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʤ ʩʦʩʪʘʚʘʤʠ (ʨʠʩʫʥʦʢ 3.3ʙ-ʛ). ʍʘʣʴʢʦʧʠʨʠʪ, 

ʩʣʘʛʘʶʱʠʡ ʧʦʨʠʩʪʳʝ ʨʫʜʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʩʥʳʭ ʪʦʥʢʠʭ ʩʨʘʩʪʘʥʠʷʭ ʩ 

ʙʦʨʥʠʪʦʤ ʠ ʭʘʣʴʢʦʟʠʥʦʤ. ʇʠʨʠʪ, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʥʘʨʷʜʫ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʚ 

ʟʦʥʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʩʣʝʜʥʝʛʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʣʦʰʥʳʝ 

ʘʛʨʝʛʘʪʳ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ɺ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ 

ʧʦʜʥʷʪʳʭ ʦʙʨʘʟʮʦʚ ʧʠʨʠʪ ʩʣʘʛʘʝʪ ʧʦʣʦʩʳ.  
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ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ123 ʠʤʝʶʪ ʧʠʨʠʪʦʚʳʡ, ʤʘʨʢʘʟʠʪ-

ʧʠʨʠʪʦʚʳʡ ʩʦʩʪʘʚ (ʨʠʩʫʥʦʢ 3.4ʘ-ʙ). ɺʪʦʨʦʩʪʝʧʝʥʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ 

ʷʚʣʷʝʪʩʷ ʩʬʘʣʝʨʠʪ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʵʪʦʡ ʩʪʘʥʮʠʠ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʨʫʜ ʩ ʙʨʝʢʯʠʝʚʠʜʥʦʡ ʪʝʢʩʪʫʨʦʡ ʥʘʨʘʚʥʝ ʩ 

ʤʘʩʩʠʚʥʳʤʠ ʨʫʜʘʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʠ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʩʪʘʥʮʠʠ 35ʣ123 ʚʘʨʴʠʨʫʶʪ. ʆʙʣʦʤʢʠ 

ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʨʝʞʝ 

ʦʩʪʨʦʫʛʦʣʴʥʫʶ ʩ ʨʝʟʢʠʤʠ ʛʨʘʥʠʮʘʤʠ. ʈʘʟʤʝʨʳ ʦʙʣʦʤʢʦʚ ʚʘʨʴʠʨʫʶʪ ʦʪ ʜʦʣʝʡ 

ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ ʧʝʨʚʳʭ ʩʘʥʪʠʤʝʪʨʦʚ. ʎʝʤʝʥʪ ʙʨʝʢʯʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʙʦ 

ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʘʩʩʦʡ, ʣʠʙʦ ʪʝʩʥʳʤʠ ʩʨʘʩʪʘʥʠʷʤʠ ʩʫʣʴʬʠʜʦʚ ʩ 

ʥʝʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʅʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʩʣʦʞʝʥʘ ʦʧʘʣʦʤ, ʧʨʠʜʘʚʘʷ ʨʫʜʘʤ ʧʷʪʥʠʩʪʫʶ ʪʝʢʩʪʫʨʫ. 

ʅʘ ʩʪʘʥʮʠʠ 35ʣ123 ʧʦʜʥʷʪ ʚʘʣʫʥ ʨʘʟʤʝʨʘʤʠ 85 ʭ 54 ʭ 78 ʩʤ. ɺʘʣʫʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʧʦʩʪʨʦʡʢʫ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʙʨʝʢʯʠʝʚʠʜʥʳʭ ʦʙʣʦʤʢʦʚ (ʦʪ 2 ʜʦ 15 ʩʤ), ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʫʣʴʬʠʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʦʧʘʣʦʤ ʠ ʧʦʢʨʳʪʳʭ ʠʣʘʤʠ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʦʩʪʨʦʡʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʦʥʦʣʠʪʥʦʡ, ʩʣʦʞʝʥʥʦʡ ʩʧʣʦʰʥʳʤʠ ʨʫʜʘʤʠ. ʆʜʥʘʢʦ ʚ ʝʝ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʦʩʦʙʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʨʫʜ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʜʳ ʧʦ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʨʠʩʫʥʦʢ 3.4). ɺ ʮʝʣʦʤ, ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ 

ʜʠʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ123, ʢʘʢ ʤʘʩʩʠʚʥʳʝ, ʪʘʢ ʠ 

ʙʨʝʢʯʠʝʚʠʜʥʳʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ.  

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ124 ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʠʨʠʪʘ 

ʩ ʙʦʣʴʰʠʤ ʨʘʟʚʠʪʠʝʤ ʦʧʘʣʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʩʬʘʣʝʨʠʪ ʠ ʤʘʨʢʘʟʠʪ. 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʳ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʠʨʠʪʘ ʧʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ. ʈʫʜʳ ʩʪʘʥʮʠʠ 

35ʣ124 ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 100% ʧʨʠʥʘʜʣʝʞʘʪ ʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ. 

ʇʠʨʠʪʦʚʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ125 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪʳ ʧʠʨʠʪʘ 

ʠ ʤʘʨʢʘʟʠʪʘ, ʦʙʨʘʟʫʶʱʠʝ ʨʫʜʳ ʧʷʪʥʠʩʪʦʡ ʪʝʢʩʪʫʨʳ (ʨʠʩʫʥʦʢ 3.5ʙ-ʛ). 

ʆʪʜʝʣʴʥʳʝ ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʧʠʨʠʪʦʚʳʝ ʘʛʨʝʛʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
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ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ ʠ ʧʦʨʠʩʪʦʩʪʴʶ. ʇʠʨʠʪ ʠ ʤʘʨʢʘʟʠʪ ʧʦ ʧʦʨʘʤ ʠ 

ʪʨʝʱʠʥʘʤ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʧʠʪʘʥʳ ʦʢʩʠʜʘʤʠ ʠ ʛʠʜʨʦʢʩʠʜʘʤʠ Fe. ɺ ʧʫʩʪʦʪʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʩʬʘʣʝʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʇʦ ʧʨʝʦʙʣʘʜʘʥʠʶ 

ʜʠʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ125 ʩʣʝʜʫʝʪ, ʯʪʦ ʦʥʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ. 

 

ʈʠʩʫʥʦʢ 3.4 - ʉʫʣʴʬʠʜʥʘʷ ʧʦʩʪʨʦʡʢʘ ʩʪʘʥʮʠʠ 35ʣ123. 

ɿʦʥʳ: 1-ɿʦʥʘ ʤʘʩʩʠʚʥʳʭ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʭ ʨʫʜ; 2-ʟʦʥʘ ʤʘʩʩʠʚʥʳʭ ʩʬʘʣʝʨʠʪ-

ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʭ ʨʫʜ; 3-ʟʦʥʘ ʙʨʝʢʯʠʝʚʠʜʥʳʭ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʭ ʨʫʜ; 4-ʟʦʥʘ 

ʛʠʜʨʦʦʢʠʩʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ; 5-ʟʦʥʘ ʦʧʘʣʠʟʘʮʠʠ; 6-ʢʘʥʘʣʳ ʠ ʧʨʦʞʠʣʢʠ, 

ʠʥʢʨʫʩʪʠʨʦʚʘʥʥʳʝ ʦʧʘʣʦʤ, ʩʬʘʣʝʨʠʪʦʤ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ. ʄ-1 ð 

ʤʘʩʩʠʚʥʘʷ ʩʬʘʣʝʨʠʪ-ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʘʷ ʨʫʜʘ; ʄ-2 ð ʤʘʩʩʠʚʥʘʷ ʠ ʛʫʩʪʦʚʢʨʘʧʣʝʥʥʘʷ 

ʩʬʘʣʝʨʠʪ-ʤʘʨʢʘʟʠʪʦʚʘʷ ʨʫʜʘ; ʄ-3 ð ʤʘʩʩʠʚʥʘʷ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʘʷ ʨʫʜʘ; ʄ-4 ð 

ʤʘʩʩʠʚʥʘʷ ʩʬʘʣʝʨʠʪ-ʧʠʨʠʪʦʚʘʷ ʨʫʜʘ ʩ ʦʧʘʣʦʤ ʠ çʣʠʤʦʥʠʪʦʤè; ɹ-1 ð ʙʨʝʢʯʠʝʚʠʜʥʘʷ 

ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʘʷ ʨʫʜʘ ʩ ʩʫʣʴʬʠʜʥʳʤ ʮʝʤʝʥʪʦʤ; ɹ-2 ð ʙʨʝʢʯʠʝʚʠʜʥʘʷ ʤʘʨʢʘʟʠʪ-

ʧʠʨʠʪʦʚʘʷ ʨʫʜʘ ʩ ʦʧʘʣʦʚʦ-ʩʫʣʴʬʠʜʥʳʤ ʮʝʤʝʥʪʦʤ. 
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ʈʫʜʳ ʩʪʘʥʮʠʠ 35ʣ126 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪʳ ʧʠʨʠʪʘ, 

ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʇʠʨʠʪ ʦʙʨʘʟʫʝʪ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʣʘʩʪʠʥʯʘʪʳʤ ʤʘʨʢʘʟʠʪʦʤ, ʧʦʯʢʦʚʠʜʥʳʤ ʩʬʘʣʝʨʠʪʦʤ ʠ ʦʧʘʣʦʤ. ɺ ʧʦʣʦʩʪʷʭ ʠ 

ʤʝʣʢʠʭ ʢʘʥʘʣʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ ʚ ʚʠʜʝ ʟʝʨʥʠʩʪʳʭ ʧʨʦʩʣʦʝʚ ʠ 

ʠʜʠʦʤʦʨʬʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʧʠʨʠʪʦʤ. ɺ ʮʝʣʦʤ, ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪ ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ126 ʭʘʣʴʢʦʧʠʨʠʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʨʘʟʚʠʪʠʝʤ ʙʦʨʥʠʪʘ ʠ ʚʪʦʨʠʯʥʳʭ ʩʫʣʴʬʠʜʦʚ ʤʝʜʠ ʧʦ ʝʛʦ ʢʨʠʩʪʘʣʣʘʤ. 

 

ʈʠʩʫʥʦʢ 3.5 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ: ʘ ï ʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ ʠ ʧʦʯʢʦʦʙʨʘʟʥʳʝ ʘʛʨʝʛʘʪʳ ʤʘʨʢʘʟʠʪʘ ʚ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ124; ʙ-ʛ ï 

ʧʦʣʠʛʝʥʥʳʝ ʘʛʨʝʛʘʪʳ ʧʠʨʠʪʘ ʩ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʮʝʥʪʨʦʤ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʢʦʨʣʫʧʦʡ, 

ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ ʚ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 

35ʣ125.  

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 35ʣ127 ʠʤʝʶʪ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʳʡ ʩʦʩʪʘʚ ʩ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʩʬʘʣʝʨʠʪʦʤ ʠ ʥʝʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʇʠʨʠʪ ʦʙʨʘʟʫʝʪ 

ʤʝʣʢʠʝ (ʜʦ 0,5 ʤʤ) ʦʪʜʝʣʴʥʳʝ ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʠʭ ʩʨʦʩʪʢʠ ʠ 
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ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ, ʤʘʨʢʘʟʠʪ - ʤʝʣʢʠʝ ʦʙʦʩʦʙʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ 

ʘʛʨʝʛʘʪʦʚ ʠ ʦʪʜʝʣʴʥʳʝ ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ɺ ʨʫʜʘʭ ʩʪʘʥʮʠʠ 35ʣ127 

ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʩʬʘʣʝʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʇʦ ʧʨʝʦʙʣʘʜʘʥʠʶ 

ʧʠʨʠʪʘ ʨʫʜʳ ʵʪʦʡ ʩʪʘʥʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʠʨʠʪʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʪʠʧʫ. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʪʘʥʮʠʠ 36ʣ43 ʩʣʦʞʝʥʳ ʤʘʩʩʠʚʥʳʤ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. 

ɽʜʠʥʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʦʩʪʢʘʤ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʧʠʨʠʪʘ, 

ʤʘʨʢʘʟʠʪ ʠ ʩʬʘʣʝʨʠʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ʟʝʨʝʥ ʦʪʩʫʪʩʪʚʫʶʪ. ʈʫʜʳ 

ʩʪʘʥʮʠʠ 36ʣ43 ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʠʧʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

3.2. s ̘̉̍̉̆̒̋̉̊ ̒̏̒̓́̃ ̉ ̘̍̏̑̏̌̏̄̉̆̒̋̉̆̕ ̏̒̏̂̆̎̎̏̒̓̉ 

̜̖̄̌́̃̎ ̜̖̑̔̅̎ ̍̉̎̆̑́̌̏̃ 

ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʤʳʤ ʚʦ ʚʩʝʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, 

ʤʘʨʢʘʟʠʪʦʤ ʠ ʩʬʘʣʝʨʠʪʦʤ. ʇʦʤʠʤʦ ʦʙʦʩʦʙʣʝʥʥʳʭ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʠʨʠʪʦʚʳʭ ʤʘʩʩ ʠ ʢʦʣʣʦʤʦʨʬʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ 

ʧʠʨʠʪʦʤ ʧʠʨʨʦʪʠʥʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʄʘʨʢʘʟʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 

ʢʦʣʣʦʤʦʨʬʥʳʭ ʠ ʟʝʨʥʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʀʟ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʚ ʧʠʨʠʪʝ 

ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ Co ʚ ʢʦʣʠʯʝʩʪʚʝ 0.1 ï 1.6 ʤʘʩ.%., Ni ï ʜʦ 0.2 ʤʘʩ.%., Se 

ï 0.3 ʤʘʩ.%, ʠ Cu - 0.8 - 1.3 ʤʘʩ.% (ʪʘʙʣʠʮʘ 3.2). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʝʨʥʘ ʧʠʨʠʪʘ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʢʨʘʷ 

ʟʝʨʝʥ ʠʟʨʝʟʘʥʳ, ʦʜʥʘʢʦ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʝʱʠʥ ʠ ʧʦʨ (ʨʠʩʫʥʦʢ 3.6ʘ-ʜ). ʏʘʩʪʦ ʧʠʨʠʪ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʤ 

ʩʨʘʩʪʘʥʠʠ ʩ ʢʚʘʨʮʝʤ ʠ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ. ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʟʦʥʳ ʨʦʩʪʘ 

(ʨʠʩʫʥʦʢ 3.6ʝ). 

ɿʝʨʥʘ ʧʠʨʠʪʘ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩʦ ʩʬʘʣʝʨʠʪʦʤ, ʯʘʩʪʦ ʠʤʝʶʪ 

ʢʫʙʠʯʝʩʢʫʶ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 3.7). ɿʝʨʥʘ ʦʪʣʠʯʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʝʱʠʥ ʠ ʧʦʨ. ɺʩʝ ʟʝʨʥʘ ʧʠʨʠʪʘ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʩʬʘʣʝʨʠʪʘ 

ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ ʦʙʠʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 3.2 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʨʠʪʘ 

ˉ ʦʙʨʘʟʮʘ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩ. % 

S Fe Co Ni Se Cu 

35ʣ59-ʄ-1
1
 53.02 46.80 0.16 0.02   

35ʣ59-ʄ-5
1
 52.29 47.71     

35ʣ59-ʄ-6
1
 53.66 46.34     

35ʣ120-ʄ-2
1
 53.26 46.59  0.15   

35ʣ120-ʄ-5
1
 53.30 46.24 0.17  0.29  

35ʣ123-ʄ-3
1
 53.73 46.06 0.12 0.09   

35ʣ124-ʄ-1
1
 

52.71 47.29     

53.22 46.78     

35ʣ125-ʄ-1
1
 53.75 46.25     

35ʣ126-ʄ-1
1
 

52.73 44.44 1.56   1.28 

52.55 45.16 1.50   0.79 

35ʣ154-ʄ-1
1
 53.18 46.33 0.32 0.18   

35ʣ127-ʄ-1
2
 

53.92 46.08     

53.88 46.12     

53.87 46.13     

53.71 46.29     

54.07 45.93     

35ʣ123-ʄ-1
2
 

53.96 46.04     

53.54 46.46     

53.83 46.17     

54.02 45.98     

ʇʨʠʤʝʯʘʥʠʝ: 1- ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʉɽɻɽʀ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ CamScan-

2300; 2 ï ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʀɻɻɼ ʈɸʅ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ JEOL-JSM-6510 LA ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ JED-2200 (JEOL). 
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ʈʠʩʫʥʦʢ 3.6 - ɿʝʨʥʘ ʧʠʨʠʪʘ ʠʟ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʧʠʨʠʪʦʚʳʭ ʨʫʜ (ʘ-ʝ). BSE-ʠʟʦʙʨʘʞʝʥʠʷ 

(ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEOL-JSM-6510 LA ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ JED-2200 JEOL, ʀɻɻɼ ʈɸʅ) 

 
ʈʠʩʫʥʦʢ 3.7 - ɿʝʨʥʘ ʧʠʨʠʪʘ ʠʟ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʩʬʘʣʝʨʠʪʦʚʳʭ ʨʫʜ (ʘ-ʝ). BSE-ʠʟʦʙʨʘʞʝʥʠʷ 

(ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEOL-JSM-6510 LA ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ JED-2200 JEOL, ʀɻɻɼ ʈɸʅ) 
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ʍʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʠʟʦʢʫʙʘʥʠʪ. ɺ ʭʘʣʴʢʦʧʠʨʠʪʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 30.76 ï 38.48, ʘ ʞʝʣʝʟʘ ï 37.86 ï 34.36 ʤʘʩ.%. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʠʟʦʢʫʙʘʥʠʪʘ ʙʣʠʟʦʢ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʷ Cu ʠ Fe 

ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20.90 ï 24.41 ʠ 40.54 ï 43.70 ʤʘʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʪʘʙʣʠʮʘ 3.3). ʄʠʢʨʦʧʨʠʤʝʩʠ (ʚʳʰʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʠʟʘ) ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʠ ʠʟʦʢʫʙʘʥʠʪʝ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

ʊʘʙʣʠʮʘ 3.3 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʠʟʦʢʫʙʘʥʠʪʘ 

ˉ ʦʙʨʘʟʮʘ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩ. % 

S Fe Cu 

ʍʘʣʴʢʦʧʠʨʠʪ 

35ʣ59-ʄ-1
1
 34.70 31.67 33.63 

35ʣ59-ʄ-3
1
 33.66 27.86 38.48 

35ʣ59-ʄ-6
1
 

37.34 31.90 30.76 

35.37 29.37 35.26 

35ʣ122-ʄ-2
1
 34.48 34.36 31.16 

35ʣ123-ʄ-3
1
 35.24 30.98 33.78 

35ʣ126-ʄ-1
1
 34.55 31.46 33.98 

122-ʄ-1
2
 34.78 34.04 31.18 

 35.02 33.63 31.35 

 35.53 33.67 30.80 

ʀʟʦʢʫʙʘʥʠʪ 

35ʣ59-ʄ-2
1
 35.40 43.70 20.90 

35ʣ59-ʄ-3
1
 

35.71 40.54 23.75 

35.52 41.62 22.87 

35ʣ59-ʄ-5
1
 34.17 41.42 24.41 

35ʣ59-ʄ-6
1
 35.08 41.40 23.52 

35ʣ122-ʄ-2
1
 35.13 42.57 22.31 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 

35ʣ124-ʄ-1
1
 

34.57 41.10 24.33 

34.43 41.23 24.34 

34.71 41.03 24.26 

35ʣ122-M-1
2
 

36.34 42.51 21.15 

35.99 42.68 21.34 

36.01 42.45 21.54 

35.49 40.15 24.36 

35.58 41.25 23.16 

35.90 40.68 23.42 

ʇʨʠʤʝʯʘʥʠʝ: 1- ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʉɽɻɽʀ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ CamScan-

2300; 2 ï ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʀɻɻɼ ʈɸʅ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ JEOL-JSM-6510 LA ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ JED-2200 (JEOL). 

ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʭʘʣʴʢʦʧʠʨʠʪʘ 

CuFeS2 ʠʟ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʤʝʪʦʜʦʤ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ 
63
Cu (ʗʄʈ 

63
Cu) (ʄʘʪʫʭʠʥ ʠ ʜʨ., 2017). ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ 

ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʣʦʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʜʝʨ Cu ʚ ʩʪʨʫʢʪʫʨʝ 

ʭʘʣʴʢʦʧʠʨʠʪʘ. ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʘʣʴʢʦʧʠʨʠʪʘ 

(ʨʠʩʫʥʦʢ 3.8ʙ) ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣʠ ʩ ʯʘʩʪʦʪʘʤʠ ʩʧʝʢʪʨʘ ʗʄʈ 
63
Cu ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʭʘʣʴʢʦʧʠʨʠʪʘ (ʨʠʩʫʥʦʢ 3.8a), ʦʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ ʠ 

çʩʣʦʞʥʫʶè ʬʦʨʤʫ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʟʘʤʝʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ. ʍʘʣʴʢʦʧʠʨʠʪ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʥʝʧʦʩʪʦʷʥʝʥ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 3.8 - ʉʧʝʢʪʨʳ ʗʄʈ 
63
Cu ʚ ʣʦʢʘʣʴʥʦʤ ʧʦʣʝ ʚ ʦʙʨʘʟʮʘʭ ʭʘʣʴʢʦʧʠʨʠʪʘ: a ð 

ʊʘʣʥʘʭʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʛ. ʅʦʨʠʣʴʩʢ), ʙ ï ʨʫʜʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ (ʉʨʝʜʠʥʥʦ-

ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ) 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʠʟʦʢʫʙʘʥʠʪʘ (ʄʦʟʛʦʚʘ ʠ ʜʨ., 2002, 2007; Mozgova et al, 

2008; ʅʝʥʘʰʝʚʘ, ʂʨʘʚʯʝʥʢʦ, 2014). ʇʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʠʟʦʢʫʙʘʥʠʪ ʦʪʚʝʯʘʝʪ 

ʢʫʙʘʥʠʪʫ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʠʟʦʪʨʦʧʥʦʩʪʴʶ. ʍʘʣʴʢʦʧʠʨʠʪ ʦʙʨʘʟʫʝʪ ʧʣʘʩʪʠʥʢʠ 

(ʣʘʤʝʣʣʠ) ʚ ʦʩʥʦʚʥʦʡ ʠʟʦʢʫʙʘʥʠʪʦʚʦʡ ʤʘʩʩʝ. ɻʨʫʧʧʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʨʫʛ 

ʜʨʫʛʫ ʧʣʘʩʪʠʥʦʢ ʠʣʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜ ʫʛʣʦʤ 60
ʦ
 ʦʙʨʘʟʫʶʪ ʨʝʰʝʪʯʘʪʳʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ (ʨʠʩʫʥʦʢ 3.9-3.10), ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʧʨʦʪʝʢʘʥʠʠ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʠʟʦʢʫʙʘʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ (ɹʦʛʜʘʥʦʚ ʠ 

ʜʨ., 2015).  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʦʢʫʙʘʥʠʪ ʷʚʣʷʝʪʩʷ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ. ʉʦʩʪʘʚ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʟʦʢʫʙʘʥʠʪʘ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

(ʪʘʙʣʠʮʘ 3.4). ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠʟʦʢʫʙʘʥʠʪ ʦʙʦʛʘʱʝʥ ʤʝʜʴʶ, ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʨʦʪʠʥʦʤ ï ʞʝʣʝʟʦʤ (ʅʝʥʘʰʝʚʘ, ʂʨʘʚʯʝʥʢʦ, 2014). 

ʀʟʦʢʫʙʘʥʠʪ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʷʚʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʥʳʤ ʠ ʤʝʜʴʶ, ʠ ʞʝʣʝʟʦʤ, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʘʩʩʦʮʠʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʥʦ ʠ ʧʠʨʨʦʪʠʥʦʤ. 

 

 



43 

 

ʈʠʩʫʥʦʢ 3.9 - ʉʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ  ʭʘʣʴʢʦʧʠʨʠʪ (Chp) ï ʠʟʦʢʫʙʘʥʠʪ (Icbn) ʚ ʦʙʨʘʟʮʝ 

35ʣ122-ʄ-2 (ʘ) ʠ ʚ ʦʙʨʘʟʮʝ 35ʣ127-ʄ-1 (ʙ). BSE-ʠʟʦʙʨʘʞʝʥʠʷ (ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ CamScan 

MV-2300, ɺʉɽɻɽʀ) 

 

ʈʠʩʫʥʦʢ 3.10 - ʉʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʭʘʣʴʢʦʧʠʨʠʪ (Chp) ï ʠʟʦʢʫʙʘʥʠʪ (Icbn) ʚ ʦʪʜʝʣʴʥʳʭ 

ʟʝʨʥʘʭ. BSE-ʠʟʦʙʨʘʞʝʥʠʷ (ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEOL-JSM-6510 LA, ʀɻɻɼ ʈɸʅ) 
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ʊʘʙʣʠʮʘ 3.4 - ʉʦʩʪʘʚ ʠʟʦʢʫʙʘʥʠʪʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʘʭ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ 

 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩ. % 

ɸʩʩʦʮʠʘʮʠʷ 
S Fe Cu Co Zn 

1
1
 35.56 43.05 20.78 0.57 0.06 Po, Sph 

2
2
 35.83 41.39 21.44  2.24 Sph 

3
2
 35.83 42.60 21.54  0.78 Po, Sph 

4
2
 38.29 39.41 21.23   FexOy 

5
3
 35.89 38.57 25.56   Py, Chp 

7
3
 35.53 41.49 23.14   Chp 

ʇʨʠʤʝʯʘʥʠʝ: ʊʘʙʣʠʮʘ ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ: 
1
 ï ʄʦʟʛʦʚʘ ʠ ʜʨ., 2002; 

2
 ï Mozgova 

et al, 2008, 
3
 ï ʄʦʟʛʦʚʘ ʠ ʜʨ., 2007 

ʉʬʘʣʝʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʫʜʘʭ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʩʪʦʣʙʦʦʙʨʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʩʧʣʦʰʥʳʭ ʤʘʩʩ ʠ ʢʦʣʣʦʤʦʨʬʥʦ-ʩʣʦʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʨʠʩʫʥʦʢ 

3.11). ʉʦʜʝʨʞʘʥʠʝ Zn ʠ Fe ʚ ʩʬʘʣʝʨʠʪʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: 48.99 

ï 61.45 ʤʘʩ.% ʠ 5.97 ï 14.48 ʤʘʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 3.5).  

 

ʈʠʩʫʥʦʢ 3.11 - ʘ) ï ʟʝʨʥʦ ʩʬʘʣʝʨʠʪʘ (Sph) ʚ ʤʘʨʢʘʟʠʪ (Mc) ï ʧʠʨʠʪʦʚʦʤ (Py) ʘʛʨʝʛʘʪʝ ʦʙʨ. 

35ʣ120-M-5; ʙ) ï ʩʬʘʣʝʨʠʪʦʚʘʷ (Sph) ʩʧʣʦʰʥʘʷ ʤʘʩʩʘ ʚ ʦʙʨ. 35ʣ120-M-2. BSE-

ʠʟʦʙʨʘʞʝʥʠʷ (ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ CamScan MV-2300, ɺʉɽɻɽʀ) 
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ʊʘʙʣʠʮʘ 3.5 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʬʘʣʝʨʠʪʘ 

ˉ ʦʙʨʘʟʮʘ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩ. % 

S Zn Fe 

35ʣ59-ʄ-3 31.75 58.18 10.06 

35ʣ120-ʄ-2 

32.57 57.90 9.53 

32.01 60.63 7.36 

32.48 56.48 11.04 

32.58 61.45 5.97 

35ʣ120-ʄ-5 36.84 48.99 14.17 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 

35ʣ124-ʄ-1 34.80 50.73 14.48 

35ʣ154-ʄ-1 33.92 55.85 10.23 

ʇʨʠʤʝʯʘʥʠʝ: ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʉɽɻɽʀ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ CamScan-

2300 

σȢσȢ ˜̝̝̏̒̌̆̅̏̃́̓̆̌̎̏̒̓ ̠̍̉̎̆̑́̌̏̏̂̑́̈̏̃́̎̉ ̃ 

̝̜̖̒̔̌̉̅̎̕ ̖̑̔̅́   ̠̐̏̌ ˫̂̉̌̆̊̎̏̆ 

ʄʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʮʠʢʣʠʯʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʬʣʶʠʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʤʝʩʪʦ ʨʫʜʦʦʪʣʦʞʝʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʷʜʘ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʧʨʠʟʥʘʢʦʤ 

ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢ, ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʦʙʨʘʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ. ʇʠʨʠʪ, ʧʦʤʠʤʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʤʠʥʝʨʘʣ, 

ʟʘʤʝʱʘʶʱʠʡ ʧʠʨʨʦʪʠʥ ʠ ʭʘʣʴʢʦʧʠʨʠʪ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʝʪʘʢʨʠʩʪʘʣʣʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ ʪʦʥʢʠʭ ʩʨʘʩʪʘʥʠʡ ʩ ʤʘʨʢʘʟʠʪʦʤ ʠ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ (ʨʠʩʫʥʦʢ 3.14ʘ). 

ʇʠʨʠʪ I ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʫʧʥʳʤʠ ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʟʝʨʥʘʤʠ, ʩ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ, ʠ ʦʙʨʘʟʫʝʪ ʩʨʘʩʪʘʥʠʷ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ 

(ʨʠʩʫʥʦʢ 3.14ʙ). ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʦʩʪʘʚʘ ʧʠʨʠʪʦʚ I ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʙʘʣʴʪʘ (ʜʦ 5%). ʇʠʨʠʪ II ʦʙʨʘʟʫʝʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʤʘʩʩʳ ʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩ 
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ʤʘʨʢʘʟʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʙʘʨʠʪʦʤ ʠ ʦʧʘʣʦʤ (ʨʠʩʫʥʦʢ 3.14ʚ). ɺ ʢʘʯʝʩʪʚʝ 

ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʚ ʧʠʨʠʪʝ II ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʳʰʴʷʢ ʠ ʩʫʨʴʤʘ (ʜʦ 3.3%). 

ʍʘʣʴʢʦʧʠʨʠʪ I ʦʙʨʘʟʫʝʪ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ (ʨʠʩʫʥʦʢ 3.14ʙ) ʚ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʠʪʦʤ I ʠ ʚʪʦʨʠʯʥʳʤʠ 

ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ. ɺʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʟʘʢʦʥʦʤʝʨʥʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʘʩʩʦʮʠʘʮʠʡ ʚ ʨʫʜʘʭ, ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʳ ʚ ʠʟʤʝʥʝʥʠʠ 

ʝʛʦ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʆʪʥʦʰʝʥʠʝ ʉu/Fe ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1.1 ʜʦ 1.2. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʭʘʣʴʢʦʧʠʨʠʪ I ʩʦʜʝʨʞʠʪ ʧʣʘʩʪʠʥʢʠ 

ʠʟʦʢʫʙʘʥʠʪʘ. ʍʘʣʴʢʦʧʠʨʠʪ II ʩʣʘʛʘʝʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʤʘʩʩʳ ʚ ʧʨʦʞʠʣʢʘʭ ʠ 

ʛʥʝʟʜʘʭ ʠ ʦʙʨʘʟʫʝʪ ʪʦʥʢʠʝ ʩʨʘʩʪʘʥʠʷ ʩ ʧʠʨʠʪʦʤ II (ʨʠʩʫʥʦʢ 3.14ʛ). 

ʍʘʣʴʢʦʧʠʨʠʪ II ʧʨʝʜʩʪʘʚʣʝʥ ʞʝʣʝʟʠʩʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʩ ʦʪʥʦʰʝʥʠʝʤ 

ʉu/Fe ʦʪ 0.79 ʜʦ 0.91. ʄʘʨʢʘʟʠʪ ʨʘʟʚʠʪ ʚ ʪʝʭ ʞʝ ʪʠʧʘʭ ʨʫʜ, ʯʪʦ ʠ ʧʠʨʠʪ, ʩ 

ʢʦʪʦʨʳʤ ʦʥ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʘʩʪʘʥʠʠ, ʥʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʦʙʨʘʟʫʝʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʚʳʜʝʣʝʥʠʷ. ʉʬʘʣʝʨʠʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʫʜʘʭ ʧʦʟʜʥʠʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʨʙʦʥʘʪʘʤʠ, ʧʠʨʠʪʦʤ II, ʛʘʣʝʥʠʪʦʤ 

(ʨʠʩʫʥʦʢ 3.14ʚ). 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʨʘʞʘʶʪ 

ʵʚʦʣʶʮʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ɾʝʣʝʟʦ 

ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ 

Fe
2+

 ʠ Fe
3+

 ʠ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Large, 1977). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ (Helgeson, 1969), ʯʪʦ ʤʠʥʝʨʘʣʳ ʞʝʣʝʟʘ ʚ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ, ʤʘʨʢʘʟʠʪʦʤ, 

ʧʠʨʨʦʪʠʥʦʤ ʠ ʤʘʛʥʝʪʠʪʦʤ, ʦʜʥʘʢʦ, ʩʫʣʴʬʠʜʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʡ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʝʘʢʮʠʝʡ: 

Fe
2+

 + 2H2S + 1/2O2 = FeS2 (ʧʠʨʠʪ) + 2H
+
 + H2O. 

ʄʝʜʴ, ʘʥʘʣʦʛʠʯʥʦ ʞʝʣʝʟʫ, ʥʘʭʦʜʠʪʩʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ 

ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ CuCl
- 

(Large, 1977). ʆʙʨʘʟʦʚʘʥʠʝ ʭʘʣʴʢʦʧʠʨʠʪʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʝʘʢʮʠʝʡ: 

CuCl
-
 + Fe

2+
 + 1/4O2 + 2H2S = CuFeS2 (ʭʘʣʴʢʦʧʠʨʠʪ) + 1/2H2O + 3H

+
 + 3Cl. 
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ʅʘʣʠʯʠʝ ʭʘʣʴʢʦʟʠʥʘ, ʢʦʚʝʣʣʠʥʘ, ʙʦʨʥʠʪʘ ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʭ ʟʦʥ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʠ 

ʦʢʠʩʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʭ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ɹʦʨʥʠʪ ʟʘʤʝʱʘʝʪ ʭʘʣʴʢʦʧʠʨʠʪ I, ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʝʛʦ ʢʨʘʷʤ ʚ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚ ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʧʨʦʞʠʣʢʘʭ; ʭʘʣʴʢʦʟʠʥ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʙʦʨʥʠʪʦʤ; ʢʦʚʝʣʣʠʥ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ 

ʭʘʣʴʢʦʧʠʨʠʪʘ (ʨʠʩʫʥʦʢ 3.14ʙ). ɻʣʘʚʥʳʝ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʳ 

ʦʢʠʩʣʝʥʠʷ - ʭʠʤʠʯʝʩʢʦʝ ʠ ʙʠʦʛʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʟʘ ʩʯʝʪ ʭʘʣʴʢʦʧʠʨʠʪʘ 

ʧʫʪʝʤ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ ʦʙʨʘʟʫʶʪʩʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʠʥʝʨʘʣʳ: 

Å CuFeS2 (ʭʘʣʴʢʦʧʠʨʠʪ) + 4O2 = Cu(SO4) + Fe(SO4); 

Å CuFeS2 + CuSO4 = 2CuS (ʢʦʚʝʣʣʠʥ) + Fe(SO4); 

Å 2CuFeS2 + 3CuSO4 + 3FeSO4 = Cu5FeS4 (ʙʦʨʥʠʪ) + 2Fe2(SO4)3; 

Å Cu5FeS4 + Cu
+2

 = 2Cu2S (ʭʘʣʴʢʦʟʠʥ) + 2CuS + Fe
+2

. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʧʠʨʠʪʘ ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ Fe. 

ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʦʙʦʛʘʱʝʥʳ ʤʝʜʴʶ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ 

ʪʨʝʱʠʥʘʤ ʠ ʧʦʨʘʤ ʚ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʘʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ (ʨʠʩʫʥʦʢ 3.12). 

 

ʈʠʩʫʥʦʢ 3.12 - ʘ) ï ʢʦʚʝʣʣʠʥ (Cv) ʚ ʦʙʨʘʟʮʝ 35ʣ122-ʄ-2; ʙ) ï ʩʬʘʣʝʨʠʪʦʚʳʡ (Sph) 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʦʯʢʦʚʠʜʥʳʡ ʘʛʨʝʛʘʪ ʚ ʦʙʨʘʟʮʝ 35ʣ120-ʄ-5 ʚ ʦʙʦʣʦʯʢʝ ʠʟ ʘʪʘʢʘʤʠʪʘ (At). 

BSE-ʠʟʦʙʨʘʞʝʥʠʷ (ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ CamScan MV-2300, ɺʉɽɻɽʀ) 

ʀʟ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 

ʢʚʘʨʮ, ʘʪʘʢʘʤʠʪ (ʨʠʩʫʥʦʢ 3.12ʙ) ʠ ʙʘʨʠʪ. ʆʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ 

ʚʦʣʘʩʢʠʦʠʪʘ ʠ ʬʠʣʣʠʧʠʪʘ (ʨʠʩʫʥʦʢ 3.13). 
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ʈʠʩʫʥʦʢ 3.13 - ʘ) ï ʚʦʣʘʩʢʠʦʠʪ (Vls) ʚ ʦʙʨʘʟʮʝ 35ʣ123-ʄ-3; ʙ) ï ʬʠʣʣʠʧʠʪ (Phl) ʚ ʦʙʨʘʟʮʝ 

35ʣ127-ʄ-1. BSE-ʠʟʦʙʨʘʞʝʥʠʷ (ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ CamScan MV-2300, ɺʉɽɻɽʀ) 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʥʰʣʠʬʘʭ ʠ ʘʩʩʦʮʠʠʨʫʝʪ 

ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ I ʠ ʧʠʨʠʪʦʤ I (ʨʠʩʫʥʦʢ 3.14ʙ). ɸʚʪʦʨʦʤ ʙʳʣʠ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʚ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʛʦ 

ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ (ɸʥʜʨʝʝʚ ʠ ʜʨ., 2016) ʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʟʦʣʦʪʦ ʤʦʞʝʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ, ʥʦ ʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʩʝʣʝʥʦʤ 

(ʩʝʣʝʥʠʜʳ ʟʦʣʦʪʘ). ʈʘʟʤʝʨ ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 10 

ʤʢʤ, ʟʦʣʦʪʦ ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʩ ʧʨʠʤʝʩʴʶ ʩʝʨʝʙʨʘ ʠ ʤʝʜʠ (ʪʘʙʣʠʮʘ 3.6).  

ʊʘʙʣʠʮʘ 3.6 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʦʪʘ 

ˉ ʦʙʨʘʟʮʘ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩ. % 

Au Ag Cu 

234-M-3/1 86.18 5.94 7.89 

234-ʄ-1 86.49 11.03 2.47 

1354-ʄ-4 

97.39  2.61 

90.27 6.87 2.86 

89.23 7.01 3.76 

86.23 10.08 3.59 

1320-ʄ-1/2 97.95 2.05  

ʇʨʠʤʝʯʘʥʠʝ: ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʉɽɻɽʀ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ CamScan-

2300 
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ɻʘʣʝʥʠʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʟʥʦʩʪʷʭ ʨʫʜ, ʩʣʦʞʝʥʥʳʭ ʩʬʘʣʝʨʠʪʦʤ (ʨʠʩʫʥʦʢ 

3.14ʚ). ʅʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʫʜʘʭ ʩʦʝʜʠʥʝʥʠʷ ʫʨʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʚʠʜʝ 

ʚʢʣʶʯʝʥʠʡ ʚ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʘʭ (ʨʠʩʫʥʦʢ 3.13). ʇʦ ʜʘʥʥʳʤ ICP-MS 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʩʦʩʪʘʚʣʷʝʪ 5 ʛ/ʪ. ʅʘʣʠʯʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʜʠʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

(ʤʝʪʦʜʦʤ 230ʊh/U-ʜʘʪʠʨʦʚʘʥʠʷ) ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʘʢʪʠʚʠʟʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉɸʍ ʠ 

ʦʪʜʝʣʴʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ (Lalou et al, 1990, 1993, 1995; Sturm et al, 2000; 

Kuznetsov et al, 2006, 2007, 2008, 2011; Kuznetsov, Maksimov, 2012). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʣʦʞʝʥʘ 

ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ. 

1. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʦʩʪʦʷʪ ʠʟ ʨʝʣʠʢʪʦʚ ʧʠʨʨʦʪʠʥʘ 

(Po), ʥʝʨʝʜʢʦ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʦʛʦ ʧʠʨʠʪʦʤ (Py) ʠ ʦʢʩʠʛʠʜʨʦʢʩʠʜʘʤʠ 

ʞʝʣʝʟʘ (FexOy) ʧʨʠ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʦʧʘʣʘ (Opl) (ʨʠʩʫʥʦʢ 3.14ʘ). ɺʝʨʦʷʪʥʦ, 

ʧʦʜʦʙʥʳʝ ʩʨʘʩʪʘʥʠʷ ʦʪʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ (?) 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʝ ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʩʫʣʴʬʠʜʥʳʤ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝʤ.  

2. ʀʟʦʢʫʙʘʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ ʠʟʦʢʫʙʘʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ (ChpI+Icbn) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʙʦʨʥʠʪʘ (Bn), ʭʘʣʴʢʦʟʠʥʘ ʠ ʢʦʚʝʣʣʠʥʘ ʚ ʚʠʜʝ 

ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ (ʨʠʩʫʥʦʢ 3.14ʙ). ɸʣʣʦʪʨʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʙʦʨʥʠʪʘ, 

ʭʘʣʴʢʦʟʠʥʘ ʠ ʢʦʚʝʣʣʠʥʘ, ʟʘʧʦʣʥʷʶʱʠʝ ʪʨʝʱʠʥʳ ʠ ʧʦʨʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʠʭ ʧʦʟʜʥʝʤ ʦʙʨʘʟʦʚʘʥʠʠ. ɺ ʘʩʩʦʮʠʘʮʠʷʭ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. 

3. ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ ʩʤʝʥʷʶʪʩʷ ʧʠʨʠʪ-ʤʘʨʢʘʟʠʪʦʚʳʤʠ ʠ 

ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʤʠ (Sph) ʩ ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʛʘʣʝʥʠʪʘ ʠ ʨʘʟʚʠʪʠʝʤ 

ʦʧʘʣʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 3.14ʚ). ʇʠʨʠʪ ʠ ʧʦʜʯʠʥʝʥʥʳʡ 

ʭʘʣʴʢʦʧʠʨʠʪ (PyII+ChpII) ʚ ʜʘʥʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 
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ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʝʩʥʦ ʩʧʣʝʪʝʥʥʳʭ ʚ 

ʩʧʣʦʰʥʫʶ ʨʫʜʥʫʶ ʤʘʩʩʫ (ʨʠʩʫʥʦʢ 3.14ʛ). 

 

ʈʠʩʫʥʦʢ 3.14 - ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ: Po ï 

ʧʠʨʨʦʪʠʥ; Py ï ʧʠʨʠʪ; Chp ï ʭʘʣʴʢʦʧʠʨʠʪ; Mrc ï ʤʘʨʢʘʟʠʪ; Sph ï ʩʬʘʣʝʨʠʪ; Icbn ï 

ʠʟʦʢʫʙʘʥʠʪ; Bn ï ʙʦʨʥʠʪ; Urn ï ʫʨʘʥʠʥʠʪ; Opl ï ʦʧʘʣ; Gn ï ʛʘʣʝʥʠʪ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʦʮʝʩʩʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʚʳʰʝ 300Áʉ) ʷʚʣʷʶʪʩʷ ʧʠʨʨʦʪʠʥ, 

ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʠʟʦʢʫʙʘʥʠʪ; ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤʠ (300ð200Áʉ) ï 

ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ; ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ (ʥʠʞʝ 200Áʉ) ï ʧʠʨʠʪ, 
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ʤʘʨʢʘʟʠʪ (ʪʘʙʣʠʮʘ 3.7). ʈʦʣʴ ʛʝʦʪʝʨʤʦʤʝʪʨʦʚ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʥʘʙʣʶʜʘʝʤʳʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ-ʢʫʙʘʥʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ-ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ-

ʢʦʚʝʣʣʠʥ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 3.7 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʄʠʥʝʨʘʣ 400-300
ʦ
ʉ 300-200

ʦ
ʉ 200-100

ʦ
ʉ 

ʇʠʨʨʦʪʠʥ    

ʇʠʨʠʪ    

ʀʟʦʢʫʙʘʥʠʪ    

ʍʘʣʴʢʦʧʠʨʠʪ    

ʉʬʘʣʝʨʠʪ    

ʄʘʨʢʘʟʠʪ    

ɹʦʨʥʠʪ    

ʍʘʣʴʢʦʟʠʥ    

ʂʦʚʝʣʣʠʥ    

ʇʨʠʤʝʯʘʥʠʝ: ʞʠʨʥʘʷ ʯʝʨʥʘʷ ʣʠʥʠʷ ï ʤʠʥʝʨʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʜʘʥʥʦʡ 

ʩʪʘʜʠʠ, ʩʨʝʜʥʷʷ ʯʝʨʥʘʷ ʣʠʥʠʷ ï ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ, ʩʝʨʘʷ ʣʠʥʠʷ ï ʚʩʪʨʝʯʘʝʪʩʷ 

ʨʝʜʢʦ 

ʉʦʩʪʘʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʜʦʚʦʣʴʥʦ ʙʝʜʝʥ. ʊʘʢ, ʢʦʙʘʣʴʪ 

ʠ ʥʠʢʝʣʴ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʵʪʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʢ ʠʟʦʤʦʨʬʥʘʷ 

ʧʨʠʤʝʩʴ ʚ ʧʠʨʠʪʝ, ʪʦʛʜʘ ʢʘʢ ʚʦʦʙʱʝ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʣʣʝʨʠʪʦʤ, 

ʧʝʥʪʣʘʥʜʠʪʦʤ (ɺʠʢʝʥʪʴʝʚ ʠ ʜʨ., 2000), ʢʦʙʘʣʴʪ-ʧʝʥʪʣʘʥʜʠʪʦʤ (Mozgova et al, 

1996), ʢʦʙʘʣʴʪʠʥʦʤ ʠ ʘʨʩʝʥʠʜʘʤʠ ʨʷʜʘ ʣʝʣʣʠʥʛʠʪ-ʩʘʬʬʣʦʨʠʪ (ʃʝʠʥ ʠ ʜʨ., 

2003), ʣʠʥʥʝʠʪʦʤ ʠ ʥʠʢʝʣʠʥʦʤ (ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2004). ɺ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʧʝʥʪʣʘʥʜʠʪ ʠ 

ʢʦʙʘʣʴʪ-ʧʝʥʪʣʘʥʜʠʪ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ 10-

50% (Fouquet et al, 2010). ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ 
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ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʠʩʪʝʤʳ, 

ʟʘ ʩʯʝʪ ʯʝʛʦ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʦʩʪʘʚʘʷʩʴ ʨʘʩʩʝʷʥʥʳʤʠ ʚ ʩʦʩʪʘʚʝ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ɿʘʡʢʦʚ, ʄʝʣʝʢʝʩʮʝʚʘ, 2005). 

ɺʳʷʚʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʡ. ʊʘʢ, ʚ ʨʫʜʘʭ ʧʦʣʷ 

ʃʦʛʘʯʝʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʖʙʠʣʝʡʥʦʛʦ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʨʘʥʥʠʡ ʧʠʨʨʦʪʠʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʩʫʣʴʬʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʤʝʜʠ; ʦʩʥʦʚʥʘʷ ʩʪʘʜʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʩʩʦʮʠʘʮʠʷʤʠ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʠʟʦʢʫʙʘʥʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʘ 

ʧʦʟʜʥʷʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʠ ʟʘʧʦʣʥʝʥʠʠ ʧʦʨ ʠ 

ʧʫʩʪʦʪ ʤʠʥʝʨʘʣʘʤʠ ʠʟ ʥʦʚʳʭ ʧʦʨʮʠʡ ʬʣʶʠʜʦʚ (ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 2015). ɺ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʮʠʥʢʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʩʪʘʜʠʷʤʠ (ʉʘʤʦʚʘʨʦʚ ʠ ʜʨ., 2015): 

ʧʝʨʚʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʠ ʤʘʨʢʘʟʠʪ-

ʧʠʨʠʪʦʚʳʭ ʨʫʜ ʠ ʚʪʦʨʦʡ ʩ ʨʘʟʚʠʪʠʝ ʢʦʚʝʣʣʠʥ-ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʦʡ ʠ ʧʠʨʠʪ-

ʤʘʨʢʘʟʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ. 
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ˏ̜̜̃̏̅ ̐ ̏ ̄̌́̃̆ σ 

1. ʉʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʩʠʚʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ, ʙʨʝʢʯʠʝʚʠʜʥʳʤʠ ʨʫʜʘʤʠ, 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʨʫʜʥʳʤʠ 

ʢʦʨʢʘʤʠ. ʄʘʩʩʠʚʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʩʣʘʛʘʷ ʩʫʣʴʬʠʜʥʳʝ ʟʘʣʝʞʠ ï ʨʫʜʥʳʝ ʪʝʣʘ. 

2. ʉʨʝʜʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʚʳʜʝʣʝʥʳ ʧʠʨʠʪʦʚʳʡ, 

ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʡ ʠ ʩʬʘʣʝʨʠʪʦʚʳʡ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ, ʛʣʘʚʥʳʝ ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ ʦʙʨʘʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʜʠʩʢʨʝʪʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝ ʨʫʜʦʥʦʩʥʳʭ 

ʨʘʩʪʚʦʨʦʚ.  

3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʘʭ ʧʦʣʷ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩʦʩʪʦʷʪ ʠʟ ʨʝʣʠʢʪʦʚ 

ʧʠʨʨʦʪʠʥʘ, ʥʝʨʝʜʢʦ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʦʛʦ ʧʠʨʠʪʦʤ ʠ ʦʢʩʠʛʠʜʨʦʢʩʠʜʘʤʠ 

ʞʝʣʝʟʘ. ʀʟʦʢʫʙʘʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 

ʨʘʩʧʘʜʘ ʠʟʦʢʫʙʘʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʙʦʨʥʠʪʘ, ʭʘʣʴʢʦʟʠʥʘ ʠ ʢʦʚʝʣʣʠʥʘ. ɺ ʘʩʩʦʮʠʘʮʠʷʭ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ 

ʩʤʝʥʷʶʪʩʷ ʧʠʨʠʪ-ʤʘʨʢʘʟʠʪʦʚʳʤʠ ʠ ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʤʠ ʩ ʨʝʜʢʠʤʠ ʟʝʨʥʘʤʠ 

ʛʘʣʝʥʠʪʘ. ʆʙʦʩʦʙʣʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚʦ ʚʨʝʤʝʥʠ 

ʤʦʞʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʭ ʦʙʦʩʦʙʣʝʥʥʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ 

ʧʦʣʷ. 
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ː̌́̃́ τȢ ː̖̘̆̏̉̍̉̆̒̋̉̆ ̏̒̏̂̆̎̎̏̒̓̉ ̝̜̖̒̔̌̉̅̎̕ ̑̔̅ 

τȢρȢ ː̖̘̠̆̏̉̍̉̆̒̋́ ̗̗̠̒̐̆̉́̌̉̈́̉ ̝̜̖̒̔̌̉̅̎̕ ̑̔̅ 

 ɻʣʘʚʥʳʤʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʷʚʣʷʶʪʩʷ Fe, Cu ʠ Zn, ʧʦʩʣʝʜʥʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʣʝʢʘʶʪ ʧʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ. ʉʦʦʪʥʦʰʝʥʠʝ Cu ʠ Zn 

ʦʯʝʥʴ ʠʟʤʝʥʯʠʚʦ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʣʝʥʠʷ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ. Cu ʠ Zn ʷʚʣʷʶʪʩʷ 

ʛʣʘʚʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ (ʨʠʩʫʥʦʢ 4.1). 

 

ʈʠʩʫʥʦʢ 4.1 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʠ 

ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Cu ʠ Zn (Babaeva, Sukhanova, 2017). ʇʨʠʤʝʯʘʥʠʝ: 

ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʨʫʜʥʳʝ ʧʦʣʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ 

ʨʘʡʦʥʘ; ʩʚʝʪʣʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ï ʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʦʥʘʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; 

ʪʝʤʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ï ʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʦʥʘʭ ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ 
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ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʣʣʝʢʪʠʚʦʤ ʌɻɹʋ "ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ" (ɸʥʜʨʝʝʚ, 2014), ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ: 

- ʩʝʨʥʦ-ʢʦʣʯʝʜʘʥʥʳʡ  Fe-S (Cu < 1%, Zn < 2%); 

- ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʡ  Cu-Fe (Cu > 1%, Zn < 2%); 

- ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʳʡ  Zn-Fe (Zn > 2%, Cu < 1%); 

- ʤʝʜʥʦ-ʮʠʥʢʦʚʳʡ  Cu-Zn (Cu > 1%, Zn > 2%, Cu/2.6 > Zn/7.8); 

- ʮʠʥʢʦʚʦ-ʤʝʜʥʳʡ  Zn-Cu (Cu > 1%, Zn > 2%, Cu/2.6 < Zn/7.8). 

ʉʦʜʝʨʞʘʥʠʝ Cu = 2.6% ʠ Zn = 7.8% ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ɸʥʜʨʝʝʚ, 

2014) ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʯʥʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʫʜʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʝʡ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ 

ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ (Cu-Fe). ɿʘʯʘʩʪʫʶ, 

ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʠʤʝʥʥʦ ʥʘ 

ʵʪʦʤ ʪʠʧʝ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʫʜʘʭ. ɺʦ-ʚʪʦʨʳʭ, 

ʩ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʤʠ ʩʫʣʴʬʠʜʘʤʠ ʉɸʍ ʩʚʷʟʘʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Co, Ni ʠ Se. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʥʦ-ʢʦʣʯʝʜʘʥʥʦʡ ʠ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷʤʠ. ʀʟ 60 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 32 ʦʪʥʦʩʷʪʩʷ ʢ 

ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ Fe-S (53 % ʦʪ ʚʩʝʭ ʚʳʙʦʨʢʠ), 24 ï Cu-Fe (40 %), 4 

ʦʙʨʘʟʮʘ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ Zn-Fe (7 %). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʜʣʷ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʩʦʩʪʘʚʣʷʝʪ 

4.73%, Zn ï 0.73%. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʚ ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʨʫʜʘʭ Cu-Fe 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 13.7%, ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʩʬʘʣʝʨʠʪʦʚʳʭ 

ʨʘʟʥʦʩʪʷʭ Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ï 5.16%. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʨʫʜʥʳʭ ʧʦʣʷʭ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʙʘʟʘʣʴʪʘʭ, ʠ ʥʠʞʝ 

ʩʦʜʝʨʞʘʥʠʡ ʚ ʨʫʜʥʳʭ ʧʦʣʷʭ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ. 
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ɺʳʜʝʣʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʪʠʧʘʤʠ ʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ (Babaeva et al, 2014; ʉʫʭʘʥʦʚʘ ʠ ʜʨ., 2015; 

Sukhanova et al, 2016) (ʪʘʙʣʠʮʘ 4.1). 

ʊʘʙʣʠʮʘ 4.1 - ʉʦʦʪʚʝʪʩʪʚʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ ʄʠʥʝʨʘʣʴʥʳʡ ʪʠʧ ʄʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ 

Fe-S ʇʠʨʠʪʦʚʳʡ 

ʧʠʨʠʪʦʚʘʷ 

ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪʦʚʘʷ 

ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʘʷ 

Cu-Fe ʍʘʣʴʢʦʧʠʨʠʪʦʚʳʡ 

ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ 

ʙʦʨʥʠʪ-ʭʘʣʴʢʦʟʠʥ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ 

ʤʘʨʢʘʟʠʪ-ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʘʷ 

Zn-Fe ʉʬʘʣʝʨʠʪʦʚʳʡ 
ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʘʷ 

ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʘʷ 

ʕʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ ʢʦʤʧʣʝʢʩʥʦ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ (ʉʫʭʘʥʦʚʘ, 2017). 

τȢςȢ ː̖̘̆̏̉̍̉̆̒̋̉̆ ̏̒̏̂̆̎̎̏̒̓̉ ̜̖̐̑̉̍̆̒̎ ̞̌̆̍̆̎̓̏̃ 

ʉʦʧʫʪʩʪʚʫʶʱʠʤʠ ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʦʪʤʝʯʝʥʥʳʤʠ ʟʘʯʘʩʪʫʶ ʚ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʷʚʣʷʶʪʩʷ Ag, Au, Cd, 

Pb, Co, Ni, Mo, Se, Te ʠ ʜʨ. (Kotlinski, 2001; Fouquet et al, 2010; Hein et al, 

2013; ɸʥʜʨʝʝʚ, 2014). ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʠʥʪʝʨʝʩ. ɺ ʪʘʙʣʠʮʝ 4.2. ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Cu, Zn, Pb, Cd, Ag, Au, Ni, Co ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʦʛʥʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Fe ï ʩ 
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ʥʦʨʤʘʣʴʥʦʡ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʚʳʙʦʨʢʠ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʠ ʬʘʢʪʦʨʥʘʷ ʤʘʪʨʠʮʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ ʦʧʨʝʜʝʣʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʦʚ ʩ ʦʙʱʠʤ ʚʝʩʦʤ 57 % ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʥʘʠʙʦʣʝʝ ʧʨʦʷʚʣʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 4.2): 

Fe-S-Sb-Ni, Zn-Cd-Ag-Hg-Pb-Au, Cu-Co-Se, ʦʪʚʝʯʘʶʱʠʝ ʩʨʦʜʩʪʚʫ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʪʠʧʦʤ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ʊʘʢ, ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ Fe-S ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ Fe-S-Sb-Ni, Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ - Cu-

Co-Se, Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ - Zn-Cd-Ag-Hg-Pb-Au. 

 

ʈʠʩʫʥʦʢ 4.2 - ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʩʣʝʚʘ ï ʛʨʘʬʠʢ ʬʘʢʪʦʨʥʳʭ ʥʘʛʨʫʟʦʢ 

ʜʣʷ ʚʳʙʦʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ; ʩʧʨʘʚʘ ï 

ʩʭʝʤʘ ʚʝʪʚʷʱʠʭʩʷ ʩʚʷʟʝʡ ʜʣʷ ʪʦʡ ʞʝ ʚʳʙʦʨʢʠ 

ʅʘ ʩʭʝʤʝ ʚʝʪʚʷʱʠʭʩʷ ʩʚʷʟʝʡ (ʨʠʩʫʥʦʢ 4.2), ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ, ʚʠʜʥʳ ʦʙʦʩʦʙʣʝʥʠʷ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʪʨʝʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʩʦ ʩʚʦʠʤ ʥʘʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. 
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ʅʘʣʠʯʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʘʥʪʘʛʦʥʠʟʤ ʠʭ ʧʦʚʝʜʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʦʙʦʩʦʙʣʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ. Mo, As, Mn, Sn ʥʝ ʦʙʨʘʟʫʶʪ ʟʥʘʯʠʤʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟʫʯʝʥʥʳʭ ʨʫʜ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʬʘʢʪʦʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʫʣʴʬʠʜʥʦʡ ʠ ʥʝʨʫʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʫʜʘʭ; 

ʚʪʦʨʦʡ ʬʘʢʪʦʨ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʵʚʦʣʶʮʠʶ ʧʨʦʮʝʩʩʘ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʟʜʝʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʛʨʘʬʠʢʝ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʙʱʝʡ 

ʚʳʙʦʨʢʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ (ʨʠʩʫʥʦʢ 4.3).  

 

ʈʠʩʫʥʦʢ 4.3 - ɻʨʘʬʠʢ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʨʫʜʥʦʛʦ ʧʦʣʷ ʊɸɻ, ʷʚʣʷʶʱʝʛʦʩʷ ʵʪʘʣʦʥʥʳʤ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ ʩʭʦʞʫʶ 

ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɹʦʛʜʘʥʦʚ ʠ 

ʜʨ., 2015). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ ʤʝʜʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʙʦʛʘʱʝʥʳ Cu, Co ʠ Se, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʟʥʦʩʪʠ 

ʮʠʥʢʦʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ - Zn, Cd, Au, Ag, As ʠ Sb. 
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ψȢφȢυȢ ˪̜̌̆̍̆̎̓ȟ ̗̟́̒̒̏̉̉̑̔̉̆̚ ̒ ̝̟̍̆̅ 

ʉ ʤʝʜʴʶ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʖʙʠʣʝʡʥʦʛʦ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʶʪ Co ʠ Se 

(r(Cu ï Co) = 0.70; r(Cu ï Se) = 0.80). ʉʦʚʤʝʩʪʥʦ ʩ ʤʝʜʴʶ ʢʦʙʘʣʴʪ ʠ ʩʝʣʝʥ 

ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʂʦʙʘʣʴʪ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʥ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʥʝʩʤʦʪʨʷ ʥʘ 30 ʤʝʩʪʦ 

ʚ ʨʷʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (0.0029%) (ɻʨʠʥʚʫʜ, 

ʕʨʥʰʦ, 2008). ʉʝʣʝʥ ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠʡ ʵʣʝʤʝʥʪ, ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ~5ῒ10
-6
% (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). ʉʝʣʝʥ ʷʚʣʷʝʪʩʷ 

ʭʘʣʴʢʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤ ʩ Cu-ʩʦʜʝʨʞʘʱʠʤʠ 

ʢʦʣʯʝʜʘʥʥʳʤʠ ʨʫʜʘʤʠ. ɺʦ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʘʭ ʨʫʜ Se ʥʘ 85-95% 

ʩʚʷʟʘʥ ʩ ʧʠʨʠʪʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʜʦ 5-7% ʩʦ ʩʬʘʣʝʨʠʪʦʤ. ɹʣʠʟʢʠʝ ʠʦʥʥʳʝ 

ʨʘʜʠʫʩʳ ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʭʦʞʜʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʚ ʤʠʥʝʨʘʣʳ ʤʝʜʠ. 

ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʩʝʣʝʥʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʝʜʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ. ɼʣʷ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Co ʠ Se ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʚ 

ʟʥʘʯʝʥʠʷʭ 1048 ʛ/ʪ ʠ 94.3 ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʣʷ ʢʦʙʘʣʴʪʘ ʚ 

ʦʙʨʘʟʮʝ 35ʣ59-ʄ-3 (2294 ʛ/ʪ), ʘ ʜʣʷ ʩʝʣʝʥʘ ï 400 ʛ/ʪ ʚ ʦʙʨʘʟʮʝ 35ʣ59-ʄ-2. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Co ʚ ʨʫʜʘʭ Fe-S ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 193 ʛ/ʪ, 

ʘ ʚ ʨʫʜʘʭ Zn-Fe ʪʠʧ ï 351 ʛ/ʪ. ɼʣʷ Se ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʦ 21.8 ʛ/ʪ ʜʣʷ 

ʨʫʜ Fe-S ʪʠʧʘ ʠ 7 ʛ/ʪ ʜʣʷ ʮʠʥʢʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ.  

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ (ʨʠʩʫʥʦʢ 4.4) ʚʠʜʥʘ 

ʠʭ ʪʝʩʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʡ ʤʝʜʠ ʚ 

ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʚʦʟʨʘʩʪʘʶʪ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ, 

ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʣʠʥʝʡʥʦʡ. 

ʏʝʪʢʦ ʚʳʨʘʞʝʥʳ ʜʚʝ ʦʙʣʘʩʪʠ: ʦʙʣʘʩʪʴ ʩʣʝʚʘ ʥʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʦʩʦʙʣʝʥʠʝ ʪʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʫʜʘʤ Fe-S ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ 

ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ (ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘ ʪʦʯʝʢ ʩ 
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ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Co). ʆʙʣʘʩʪʴ ʩʧʨʘʚʘ ʥʘ ʛʨʘʬʠʢʝ ʷʚʣʷʝʪʩʷ 

ʦʙʦʩʦʙʣʝʥʠʝʤ ʪʦʯʝʢ, ʦʪʚʝʯʘʶʱʠʭ ʨʫʜʘʤ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʦʙʦʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʭ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ. ʎʠʥʢʦʚʳʝ 

ʨʘʟʥʦʩʪʠ ʨʫʜ ʟʘʥʠʤʘʶʪ ʥʘ ʛʨʘʬʠʢʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʛʨʫʧʧʘʤʠ. 

 

ʈʠʩʫʥʦʢ 4.4 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ  

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʈʘʥʝʝ ʘʚʪʦʨʦʤ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʩʝʣʝʥʘ 

ʚ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ (Babaeva et al, 2015; ɹʘʙʘʝʚʘ, 2015; 

ʉʫʭʘʥʦʚʘ, 2015) ʥʘ ʧʨʠʤʝʨʝ 6 ʨʫʜʥʳʭ ʧʦʣʝʡ (ɸʰʘʜʟʝ-1, ɸʰʘʜʟʝ-2, 

ʖʙʠʣʝʡʥʦʝ, ʇʝʪʝʨʙʫʨʛʩʢʦʝ, ʉʝʤʝʥʦʚ-2, ʃʦʛʘʯʝʚ-1), ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʞʝʣʝʟʘ ʚ ʨʫʜʘʭ 

(ʨʠʩʫʥʦʢ 4.5).  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʦʪ 2000 ʛ/ʪ ʜʦ 7000 ʛ/ʪ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʫʜʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 10-25%. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ 

1000-2000 ʛ/ʪ ʭʘʨʘʢʪʝʨʥʳ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʚʩʝʤ ʩʫʣʴʬʠʜʥʳʤ ʨʫʜʘʤ Cu-Fe 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ. ɺ ʮʝʣʦʤ, ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʤʝʥʝʝ 1000 ʛ/ʪ.  
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.5 - ɼʠʘʧʘʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʦʙʘʣʴʪʘ (ʘ) ʠ ʩʝʣʝʥʘ (ʙ) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʡ ʤʝʜʠ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʝʡ ɸʰʘʜʟʝ-1, ɸʰʘʜʟʝ-2, 

ʖʙʠʣʝʡʥʦʝ, ʇʝʪʝʨʙʫʨʛʩʢʦʝ, ʉʝʤʝʥʦʚ-2, ʃʦʛʘʯʝʚ-1  

 

ʈʠʩʫʥʦʢ 4.6 - ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Co ʠ Se ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʝʡ ɸʰʘʜʟʝ-1, 

ɸʰʘʜʟʝ-2, ʖʙʠʣʝʡʥʦʝ, ʇʝʪʝʨʙʫʨʛʩʢʦʝ, ʉʝʤʝʥʦʚ-2, ʃʦʛʘʯʝʚ-1 

ɼʣʷ ʩʝʣʝʥʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ 25-50%, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Se ʦʪ 200 ʜʦ 600 ʛ/ʪ. ʅʘ ʩʘʤʳʝ 

ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Se, ʜʦʩʪʠʛʘʶʱʠʤʠ 1000 ʛ/ʪ, ʧʨʠʭʦʜʠʪʩʷ ʣʠʰʴ 8-9% ʦʪ 
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ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ 10-25% ʠ 25-50%. 

ʆʙʝʜʥʝʥʳ Se ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ 1-10%.  

ɾʝʣʝʟʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʩʝʣʝʥʘ ʚ ʨʫʜʘʭ 

(ʨʠʩʫʥʦʢ 4.6). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʙʘʣʴʪʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʫʜʘʭ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʜʠ ʚ ʠʥʪʝʨʚʘʣʝ 10-25% ʠ ʞʝʣʝʟʘ 30-50%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʩʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ 25-50% ʜʣʷ ʤʝʜʠ ʠ 2-30% 

ʜʣʷ ʞʝʣʝʟʘ. 

ψȢφȢφȢ ˪̜̌̆̍̆̎̓ȟ ̗̟́̒̒̏̉̉̑̔̉̆̚ ̒ ̇̆̌̆̈̏̍ 

ɾʝʣʝʟʦ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ S, 

Sb ʠ Ni (r(Fe ï S) = 0.90; r(Fe ï Sb) = 0.71; r(Fe ï Ni) = 0.64; r(S ï Sb) = 0.83; 

r(Ni ï Sb) = 0.66; r(Ni ï S) = 0.69). ʇʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʥʠʢʝʣʴ ʟʘʥʠʤʘʝʪ 7 ʤʝʩʪʦ ʩʨʝʜʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 22 ʩʨʝʜʠ ʚʩʝʭ 

ʣɻʝʤʝʥʪʦʚ (9.9ῒ10
-3
%) (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). ʅʠʢʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʞʝʣʝʟʦʤ. ʀʦʥʥʳʝ 

ʨʘʜʠʫʩʳ Fe
2+

 ʠ Ni
2+

 ʨʘʚʥʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʚʦʙʦʜʥʦʝ ʠʟʦʤʦʨʬʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʥʠʢʝʣʝʤ ʘʪʦʤʦʚ ʞʝʣʝʟʘ. ʉʫʨʴʤʘ ʷʚʣʷʝʪʩʷ ʭʘʣʴʢʦʬʠʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

(12ῒ10
-5
%), ʥʝʩʤʦʪʨʷ ʥʘ ʚʭʦʞʜʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʦʚ (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). 

ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʥʠʢʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥ ʨʘʚʥʦʤʝʨʥʦ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʨʫʜ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʢʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʨʘʟʮʝ 35ʣ122-ʄ-2 ï 61.4 ʛ/ʪ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ni 

ʚ ʨʫʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 46.7 ʛ/ʪ ʜʣʷ Fe-S ʪʠʧʘ, 49.4 ʛ/ʪ ï Cu-Fe, 47.7 ʛ/ʪ ʜʣʷ Zn-Fe. 

ʇʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʥʠʢʝʣʷ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʘ ʧʦʜʯʠʥʷʝʪʩʷ ʜʨʫʛʠʤ 

ʬʘʢʪʦʨʘʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ (ʨʠʩʫʥʦʢ 4.7) 

ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʝʥʳ ʪʨʠ ʦʙʣʘʩʪʠ. ɺʝʨʭʥʷʷ ʦʙʣʘʩʪʴ ʥʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʫʜʘʤ ʨʘʟʣʠʯʥʦʛʦ 
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ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʙʣʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʥʠʢʝʣʷ. ʆʪʜʝʣʴʥʳʝ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʫʜʘʤ Fe-S ʠ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʦʪʩʢʘʢʠʚʘʶʪ ʦʪ 

ʦʙʱʝʡ ʣʠʥʠʠ ʪʨʝʥʜʘ ʠ ʩʦʜʝʨʞʘʪ ʧʦʥʠʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ. 

 

ʈʠʩʫʥʦʢ 4.7 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʉʫʨʴʤʘ ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ, ʘʥʘʣʦʛʠʯʥʦ ʥʠʢʝʣʶ, ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʨʘʚʥʦʤʝʨʥʦ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Sb ʚ ʨʫʜʘʭ ʪʠʧʘ Fe-S ʩʦʩʪʘʚʣʷʝʪ 19.5 ʛ/ʪ, Cu-Fe ï 29.6 ʛ/ʪ, Zn-Fe ï 

23.2 ʛ/ʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʨʴʤʳ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʙʨʘʟʮʝ 35ʣ120-

ʄ-6 ï 64.9 ʛ/ʪ. 

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʨʴʤʳ ʠ ʞʝʣʝʟʘ (ʨʠʩʫʥʦʢ 4.8) 

ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʝʥʳ ʪʨʠ ʦʙʣʘʩʪʠ, ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʠʢʝʣʷ ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ. ɺʝʨʭʥʷʷ ʦʙʣʘʩʪʴ ʥʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʫʜʘʤ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʫʨʴʤʳ ʠ ʞʝʣʝʟʘ. ʆʙʦʩʦʙʣʷʶʪʩʷ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʣʴʬʠʜʥʳʤ ʨʫʜʘʤ Fe-S ʠ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʙʱʝʡ ʣʠʥʠʠ ʪʨʝʥʜʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʥʠʞʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʫʨʴʤʳ. 
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ʈʠʩʫʥʦʢ 4.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʩʫʨʴʤʳ ʠ ʞʝʣʝʟʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ψȢφȢχȢ ˪̜̌̆̍̆̎̓ȟ ̗̟́̒̒̏̉̉̑̔̉̆̚ ̒ ̗̉̎̋̏̍ 

ʉ Zn ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʶʪ Cd, Ag, Pb ʠ Hg (r(Zn 

ï Cd) = 0.89; r(Zn ï Ag) = 0.51; r(Zn ï Pb) = 0.46; r(Zn ï Hg) = 0.52; r(Cd ï Ag) 

= 0.83; r(Cd ï Hg) = 0.76; r(Pb ï Ag) = 0.75; r(Pb ï Hg) = 0.91). ʂʘʜʤʠʡ, 

ʩʚʠʥʝʮ, ʨʪʫʪʴ ʠ ʩʝʨʝʙʨʦ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʘʜʤʠʡ ï ʪʠʧʠʯʥʳʡ ʧʦʧʫʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜʘʭ. ɽʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʤʦʛʫʪ ʰʠʨʦʢʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʘ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʢʘʜʤʠʡ ʙʣʠʟʦʢ ʢ ʩʫʨʴʤʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

8ῒ10
-6
% (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). ʉʚʠʥʝʮ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠʟ 

ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ (13ῒ10
-4
%) (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). ʊʘʢʘʷ ʚʳʩʦʢʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʪʨʝʭ ʝʛʦ ʠʟʦʪʦʧʦʚ, 

ʷʚʣʷʶʱʠʭʩʷ ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʧʘʜʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʨʷʜʦʚ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʠ ʩʝʨʝʙʨʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʨʘʚʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ 

8ῒ10
-6
% (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʥʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʤʝʯʝʥʳ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʝʨʝʙʨʘ, ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ, ʯʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 

ʥʘʣʠʯʠʠ ʩʠʣʴʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʮʠʥʢʦʤ. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʪʠʧʝ Zn-Fe ʩʦʩʪʘʚʣʷʶʪ 29.1 



66 

ʛ/ʪ, 199, 45.4 ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ Cd, Pb ʠ Ag. ɺ ʨʫʜʘʭ Fe-S 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ: 8.39 ʛ/ʪ ʜʣʷ ʢʘʜʤʠʷ, 

129 ʛ/ʪ ʜʣʷ ʩʚʠʥʮʘ ʠ 16.9 ʛ/ʪ ʜʣʷ ʩʝʨʝʙʨʘ. ɺ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜʘʭ 

ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cd, Pb ʠ Ag ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 11.4 ʛ/ʪ, 75 ʠ 17.4 ʛ/ʪ. 

ɼʣʷ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cd 

ʦʪʤʝʯʝʥʦ ʚ Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʪʠʧʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 29.1 ʛ/ʪ. ɼʣʷ ʦʙʨʘʟʮʘ 

35ʣ120-ʄ-2 ʩʦʜʝʨʞʘʥʠʝ Cd ʩʦʩʪʘʚʣʷʝʪ 45.2 ʛ/ʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ. 

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ (ʨʠʩʫʥʦʢ 4.9) ʚʠʜʥʘ 

ʠʭ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ.  

 

ʈʠʩʫʥʦʢ 4.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʊʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʫʜʘʤ Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ, 

ʦʙʦʩʦʙʣʝʥʳ ʚ ʧʨʘʚʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʦʪʚʝʯʘʶʱʝʡ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʷʤ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʚ ʩʦʩʪʘʚʝ ʨʫʜ. 

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ Pb ʠ Zn (ʨʠʩʫʥʦʢ 4.10) ʚʳʜʝʣʝʥʳ 

ʜʚʝ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʩʦʙʣʝʥʠʶ Fe-S ʨʫʜ ʚʳʰʝ ʣʠʥʠʠ ʪʨʝʥʜʘ ʠ 

Cu-Fe ï ʥʠʞʝ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʜʤʠʷ, ʮʠʥʢʦʚʳʝ ʨʘʟʥʦʩʪʠ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʦʙʦʩʦʙʣʝʥʳ ʚ ʧʨʘʚʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʛʨʘʬʠʢʘ, ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ. 
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ʈʠʩʫʥʦʢ 4.10 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Pb ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ (Fouquet et al, 2010). ʆʜʥʘʢʦ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʚ 

ʮʠʥʢʦʚʳʭ ʨʘʟʥʦʩʪʷʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʩʦʩʪʘʚʣʷʝʪ 199 ʛ/ʪ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʙʨʘʟʮʝ 35ʣ120-ʄ-3 ʚ ʨʘʟʤʝʨʝ 299 ʛ/ʪ. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʦʙʝʜʥʝʥʳ ʨʪʫʪʴʶ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Hg ʚ Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʪʠʧʝ ʩʦʩʪʘʚʣʷʝʪ 2.45 ʛ/ʪ. ɺ ʦʙʨʘʟʮʝ 

35ʣ120-ʄ-3 ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʠʚʳʩʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ï 3.44 ʛ/ʪ.  

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʪʫʪʠ ʠ ʮʠʥʢʘ (ʨʠʩʫʥʦʢ 4.11) 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʭʦʞʝʡ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ. 

ʈʫʜʳ Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʙʦʩʦʙʣʷʶʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩ 

ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʮʠʥʢʘ. ʊʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʫʜʘʤ ʩʝʨʥʦ-

ʢʦʣʯʝʜʘʥʥʦʡ ʠ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʩʠʩʪʝʤʥʦ 

ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ. 
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ʈʠʩʫʥʦʢ 4.11 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʨʪʫʪʠ ʠ ʮʠʥʢʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ Zn-Fe ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ag ï 45.4 ʛ/ʪ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʤʝʯʝʥʦ ʚ 

ʦʙʨʘʟʮʝ 35ʣ120-ʄ-1 ï 93.6 ʛ/ʪ. ʉʝʨʝʙʨʦ ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʦ ʨʘʚʥʦʤʝʨʥʦ ʚ ʨʫʜʘʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ.  

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʨʝʙʨʘ ʠ ʮʠʥʢʘ (ʨʠʩʫʥʦʢ 4.12) ʚʩʝ 

ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ, ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʩʦʜʝʨʞʘʥʠʡ ʩʝʨʝʙʨʘ.  

 

ʈʠʩʫʥʦʢ 4.12 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʩʝʨʝʙʨʘ ʠ ʮʠʥʢʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʈʫʜʳ ʩʝʨʥʦ-ʢʦʣʯʝʜʘʥʥʦʡ ʠ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ Ag ʚ ʩʦʩʪʘʚʝ ʨʫʜ, 

ʦʜʥʘʢʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ. 



69 

ɿʦʣʦʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʩʝʷʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ ~4ῒ10
-9
%. ɺ ʤʦʨʩʢʦʡ ʚʦʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ~1ῒ10

-7
% ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). ɿʦʣʦʪʦ 

- ʩʠʜʝʨʦʬʠʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʦʙʲʷʩʥʷʶʪ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʟʦʣʦʪʘ ʩ Zn ʠ ʜʨʫʛʠʤʠ 

ʧʨʠʤʝʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Au ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ Fe-S ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʨʫʜ. 

ʉʫʣɹʬʠʜʥʳʝ ʨʫʜʳ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ ʦʙʝʜʥʝʥʳ Au (ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʥʝʝ 1 ʛ/ʪ) (Babaeva et al, 2016). ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Au ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘʭ ʩʦʩʪʘʚʣʷʶʪ: 0.75 ʛ/ʪ ʜʣʷ Fe-S, 0.15 ʛ/ʪ ʜʣʷ Cu-Fe ʠ 0.49 

ʛ/ʪ ʜʣʷ Zn-Fe: ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʙʨʘʟʮʝ 35ʣ60-ʄ-2 ï 2.78 ʛ/ʪ.  

ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʮʠʥʢʘ 

(ʨʠʩʫʥʦʢ 4.13) ʦʙʦʩʦʙʣʝʥʳ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ. 

 

ʈʠʩʫʥʦʢ 4.13 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʮʠʥʢʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʆʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʫʜʘʤ Fe-S ʪʠʧʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ, ʥʝʞʝʣʠ Cu-Fe ʪʠʧʘ. ʎʠʥʢʦʚʳʝ ʨʘʟʥʦʩʪʠ 

ʟʘʥʠʤʘʶʪ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ  
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ʅʘ ʙʠʥʘʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ) ʠ ʮʠʥʢʘ (ʨʠʩʫʥʦʢ 4.14) ʦʪʤʝʯʝʥʘ 

ʧʨʷʤʘʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

 

ʈʠʩʫʥʦʢ 4.14 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʩʝʨʝʙʨʘ ʠ 

ʟʦʣʦʪʘ) ʠ ʮʠʥʢʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ɿʦʣʦʪʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʧʨʠʥʘʜʣʝʞʠʪ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʤ ʘʩʩʦʮʠʘʮʠʷʤ ʢʦʣʯʝʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ: 

ʥʘʯʠʥʘʝʪ ʚʳʩʘʞʠʚʘʪʴʩʷ Au ʩ ʤʝʪʘʣʣʘʤʠ ʤʝʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʘ ʟʘʢʘʥʯʠʚʘʝʪ ʩ 

ʤʝʪʘʣʣʘʤʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʆʚʯʠʥʥʠʢʦʚ, 1988). ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Au ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʝʨʠʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʤʝʜʥʦʡ ʠ ʮʠʥʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʛʨʘʥʠʯʥʫʶ 

ʧʦʟʠʮʠʶ, ʟʦʣʦʪʦ ʪʝʩʥʝʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʮʠʥʢʦʤ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʥʳʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʚ ʨʫʜʘʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Cu / Zn < 1 (Fouquet et al, 2010). 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Au ʚ ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜʘʭ 

ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʨʘʝʚʳʝ 

ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʥʳ ʧʨʠ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʟʘʤʝʱʝʥʠʠ ʤʠʥʝʨʘʣʦʚ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʦʣʦʪʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ ʥʘ ʤʘʩʩʠʚʥʳʝ ʩʫʣʴʬʠʜʳ ʚ "ʟʨʝʣʳʭ" ʧʦʩʪʨʦʡʢʘʭ 

(Hannington et al, 1986; 1991). ʈʝʜʢʠʤ ʜʣʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʠʭ 
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ʧʝʨʚʠʯʥʦʤ ʦʩʘʞʜʝʥʠʠ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʬʣʶʠʜʦʚ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ (Hannington et al, 1986; 1991). 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʷʟʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʛʣʘʚʥʳʤ ʨʫʜʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʚ 

ʩʦʜʝʨʞʘʥʠʷʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘʭ. 

ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚʘʨʴʠʨʫʶʪ 

ʦʪ 6 ʜʦ 140 ʛ/ʪ, ʩʫʨʴʤʳ ï ʦʪ 1 ʜʦ 65 ʛ/ʪ, ʢʦʙʘʣʴʪʘ ï ʦʪ 3 ʜʦ 2294 ʛ/ʪ, ʩʝʣʝʥʘ ï 

ʦʪ 5 ʜʦ 400 ʛ/ʪ. ʅʘʠʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʫʜʳ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʥʘʠʤʝʥʴʰʠʤʠ ï Zn-

ʢʦʣʯʝʜʘʥʥʦʛʦ (ʨʠʩʫʥʦʢ 4.15).  

 

ʈʠʩʫʥʦʢ 4.15 - ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ Ni, Sb, Co ʠ Se ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʨʘʟʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʂʘʜʤʠʡ, ʩʚʠʥʝʮ ʠ ʩʝʨʝʙʨʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤʠ ʜʠʘʧʘʟʦʥʘʤʠ 

ʩʦʜʝʨʞʘʥʠʡ ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ: 0.3 ï 140 ʛ/ʪ ʜʣʷ Cd, 1 ï 299 ʛ/ʪ ʜʣʷ Pb, 

3 ï 94 ʛ/ʪ ʜʣʷ Ag. ʈʫʜʳ Fe-S ʠ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʷʚʣʷʶʪʩʷ ʦʙʝʜʥʝʥʥʳʤʠ Cd, Pb, Ag, ʦʜʥʘʢʦ, 

ʜʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʣʠʢ (ʨʠʩʫʥʦʢ 4.16). ʉʫʣʴʬʠʜʥʳʝ 

ʨʫʜʳ Zn-Fe ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ 

ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʜʘʤʠ Fe-S ʠ Cu-Fe ʪʠʧʦʚ 



72 

(ʠʩʢʣʶʯʝʥʠʝ ï ʢʘʜʤʠʡ). ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʦʙʝʜʥʝʥʳ 

ʨʪʫʪʴʶ ʠ ʟʦʣʦʪʦʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 3.4 ʛ/ʪ ʜʣʷ ʨʪʫʪʠ ʠ 

3 ʛ/ʪ ʜʣʷ ʟʦʣʦʪʘ. 

 

ʈʠʩʫʥʦʢ 4.16 - ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ Cd, Pb, Hg, Ag ʠ Au ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʨʘʟʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʤʝʜʥʳʝ ʨʘʟʥʦʩʪʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʦʙʦʛʘʱʝʥʳ Co ʠ Se, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʮʠʥʢʦʚʳʝ ʨʘʟʥʦʩʪʠ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ï Cd, Pb, Hg ʠ Ag. ʅʠʢʝʣʴ ʠ 

ʩʫʨʴʤʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʫʜʘʤʠ ʩʝʨʥʦ-ʢʦʣʯʝʜʘʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʧʝʢʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʘʭ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ 

(ʨʠʩʫʥʦʢ 4.17).  

ʇʦʜʦʙʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʎʠʥʢ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤ ʢʦʤʧʦʥʝʥʪʳ 

(Cd, Pb, Hg, Ag) ʦʪʣʘʛʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ, ʯʝʤ Cu, Co, Se 

(Hannington, Scott, 1988; Tivey et al, 1995). 
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ʈʠʩʫʥʦʢ 4.17 - ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʦʪʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʨʘʟʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʇʦʚʝʜʝʥʠʝ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Cu ʠ Zn, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʤʦʙʠʣʠʟʘʮʠʠ, ʩʦʩʪʘʚʦʤ ʬʣʶʠʜʦʚ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ 

(Hannington et al, 1995; Tivey et al, 1995; Mills  et al, 1996; Metz, Trefry, 2000; 

Petersen et al, 2000). ɹʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʚʠʪʠʝʤ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩ ʠʟʤʝʥʯʠʚʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʫʣʴʬʠʜʦʚ. 

ψȢφȢψȢ ˪̜̌̆̍̆̎̓ȟ ̎̆ ̟̋̏̑̑̆̌̉̑̔̉̆̚ ̒ ̇̆̌̆̈̏̍ȟ ̝̟̍̆̅ ̉ ̗̉̎̋̏̍ 

ʄʦʣʠʙʜʝʥ, ʤʘʨʛʘʥʝʮ, ʦʣʦʚʦ ʠ ʤʳʰʴʷʢ ʥʝ ʦʙʨʘʟʫʶʪ ʟʥʘʯʠʤʳʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʛʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʄʘʨʛʘʥʝʮ 

ʚʭʦʜʠʪ ʚ ʨʷʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʘʚʥʳʤ 0,106 %. ɺ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ Mn ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʞʝʣʝʟʦ-

ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʨʦʢ ʠ ʢʦʥʢʨʝʮʠʡ, ʫʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʚʝʨʜʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. ʅʘʧʨʦʪʠʚ, ʤʳʰʴʷʢ, ʦʣʦʚʦ ʠ 

ʤʦʣʠʙʜʝʥ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

å2 ῒ10
-4
% (ɻʨʠʥʚʫʜ, ʕʨʥʰʦ, 2008). 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ ʨʫʜʘʭ Fe-S ʪʠʧʘ ʩʦʩʪʘʚʣʷʶʪ 61.6 ʛ/ʪ, 

Cu-Fe ï 44.6 ʛ/ʪ, Zn-Fe ï 42.8 ʛ/ʪ. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Mo 
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ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʠʥʘʨʥʳʤ ʛʨʘʬʠʢʦʤ (ʨʠʩʫʥʦʢ 4.18). ʊʦʯʢʠ, ʦʪʚʝʯʘʶʱʠʝ 

ʩʫʣʴʬʠʜʥʳʤ ʨʫʜʘʤ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʝʩʠʩʪʝʤʥʦ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʣʠʥʝʡʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʤʦʣʠʙʜʝʥʘ ʩ ʛʣʘʚʥʳʤʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

 

ʈʠʩʫʥʦʢ 4.18 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʤʦʣʠʙʜʝʥʘ ʠ ʞʝʣʝʟʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʘʨʛʘʥʮʘ (ʨʠʩʫʥʦʢ 4.19). 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Mn ʚ ʨʫʜʘʭ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʩʦʩʪʘʚʣʷʶʪ: Fe-S ï 227 ʛ/ʪ, Cu-Fe ï 274 ʛ/ʪ, Zn-Fe ï 200 ʛ/ʪ.  

 

ʈʠʩʫʥʦʢ 4.19 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 
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ɼʣʷ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʩʦʜʝʨʞʘʥʠʷ As ʚ Fe-S ʠ Cu-Fe 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘʭ ʨʘʚʥʳ 28.2 ʠ 30.4 ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʣʴʬʠʜʥʳʝ 

ʨʫʜʳ ʮʠʥʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ï 128 ʛ/ʪ (ʨʠʩʫʥʦʢ 4.20). ʅʘʠʙʦʣʴʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ As ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʦʙʨʘʟʮʝ 35ʣ121-ʄ-1 ʠ ʩʦʩʪʘʚʣʷʝʪ 245 ʛ/ʪ.  

 

ʈʠʩʫʥʦʢ 4.20 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʤʳʰʴʷʢʘ ʠ ʞʝʣʝʟʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʆʣʦʚʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʤʝʞʜʫ ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ Fe-S ʠ 

Zn-Fe ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 4-5 ʛ/ʪ (ʨʠʩʫʥʦʢ 4.21).  

 

ʈʠʩʫʥʦʢ 4.21 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʦʣʦʚʘ ʠ ʞʝʣʝʟʘ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 
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ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʣʦʚʘ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

Sn ʚ ʨʫʜʘʭ Cu-Fe ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 9 ʛ/ʪ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʠʤʝʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ Fe, 

Cu ʠ Zn, ʤʦʛʫʪ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ 

ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʦʡ.  

τȢσȢ ˛̒̏̂̆̎̎̏̒̓̉ ̠̑́̒̐̑̆̅̆̌̆̎̉ ̜̖̄̌́̃̎ ̜̖̑̔̅̎ ̉ 

̜̖̐̑̉̍̆̒̎ ̞̌̆̍̆̎̓̏̃ ̃ ̋̏̎̓̔̑̆ ̑̔̅̎̏̄̏ ̓̆̌́ 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ArcGIS ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʘʪʠʯʥʳʝ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ. ʋʯʠʪʳʚʘʷ ʥʝʩʠʩʪʝʤʥʦʩʪʴ 

ʧʨʦʙʦʦʪʙʦʨʘ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʳ ArcGIS, ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʥʮʠʷʭ ʧʨʦʙʦʦʪʙʦʨʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʂʨʠʛʠʥʛ (Kriging), ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪ ʣʘʪʝʨʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ (ʨʠʩʫʥʦʢ 4.22). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʜʠ ʦʪʨʘʞʝʥʘ ʚ ʧʦʩʪʝʧʝʥʥʦʤ ʧʝʨʝʭʦʜʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 

1-2% ʢ ʨʫʜʘʤ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ 15-20%. 

ʄʘʢʩʠʤʫʤʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʉʪʘʥʮʠʷ 35ʣ59 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 18.4%, ʩʪʘʥʮʠʷ 35ʣ126 ï 12.1%.  

ʃʘʪʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʮʠʥʢʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʤʝʥʝ ʦʙʝʜʥʝʥʥʳʭ ʮʠʥʢʦʤ ʨʫʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ ʜʦ 1% 
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ʥʘ ʧʝʨʠʬʝʨʠʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʙʦʛʘʪʳʤʠ ʮʠʥʢʦʤ (2% ʠ ʙʦʣʝʝ) ʩʫʣʴʬʠʜʥʳʤʠ 

ʨʫʜʘʤʠ. ʀʤʝʝʪʩʷ ʜʚʘ ʮʝʥʪʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʮʠʥʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʚ ʩʪʘʥʮʠʷʭ 35ʣ120 ʠ 35ʣ121 ʩʦ 

ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ 1.95% ʠ 1.50% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.22 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ArcGIS 10.4 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ɺ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʮʝʥʪʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝ ʩʦʚʧʘʜʘʶʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ, ʩ ʜʨʫʛʦʡ ï ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʫʜʥʦʛʦ ʧʦʣʷ. ɽʱʝ ʦʜʥʘ ʪʦʯʢʘ ʟʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʟʥʘʥʠʠ 

ʘʚʪʦʥʦʤʥʦʩʪʠ ʤʝʜʥʦʛʦ ʠ ʮʠʥʢʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʆʚʯʠʥʥʠʢʦʚ, 1988). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʩʣʦʞʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ni ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʘʥʮʠʷʤ 35ʣ59 

(49.0 ʛ/ʪ) ʠ 35ʣ122 (55.8 ʛ/ʪ). ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʪʷʛʦʪʝʶʪ ʢ 

ʶʞʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ (ʨʠʩʫʥʦʢ 4.18). ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Sb ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʘʥʮʠʷʤ 35ʣ122 (32.4 ʛ/ʪ) ʠ 35ʣ125 (30.2 ʛ/ʪ). 
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ɼʚʘ ʮʝʥʪʨʘ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʫʨʴʤʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʶʞʥʦʡ ʠ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʨʫʜʥʦʛʦ ʪʝʣʘ (ʨʠʩʫʥʦʢ 4.23). 

 

ʈʠʩʫʥʦʢ 4.23 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʠ ʩʫʨʴʤʳ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ArcGIS 10.4 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Co ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʘʥʮʠʷʤ 35ʣ59 

(1198 ʛ/ʪ) ʠ 35ʣ124 (1388 ʛ/ʪ). ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Co ʪʷʛʦʪʝʶʪ ʢ 

ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʤ ʨʫʜʥʦʛʦ ʪʝʣʘ (ʨʠʩʫʥʦʢ 4.24). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʫʯʘʩʪʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʦʙʘʣʴʪʘ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʫʯʘʩʪʢʘʤʠ 

ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʝ ʩʣʦʞʥʦʡ, ʥʝ ʧʨʷʤʦʡ, ʩʚʷʟʠ ʤʝʞʜʫ Co ʠ Cu ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Se ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʘʥʮʠʷʤ 35ʣ59 

(152 ʛ/ʪ) ʠ 35ʣ126 (155 ʛ/ʪ). ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Se ʪʷʛʦʪʝʶʪ ʢ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʤ ʨʫʜʥʦʛʦ ʪʝʣʘ (ʨʠʩʫʥʦʢ 4.24). ɿʦʥʳ 

ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ Se ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʟʦʥʘʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʡ Cu.  
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ʈʠʩʫʥʦʢ 4.24 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʩʝʣʝʥʘ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ArcGIS 10.4 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ag, Au, Cd, Pb, Hg ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʩʪʘʥʮʠʠ 35ʣ120 ï 38.7 ʛ/ʪ, 1 ʛ/ʪ, 23.1 ʛ/ʪ, 207 ʛ/ʪ, 2.18 ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʪʷʛʦʪʝʶʪ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʨʫʜʥʦʛʦ ʪʝʣʘ (ʨʠʩʫʥʦʢ 4.25-4.26). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʤʘʢʩʠʤʫʤʳ ʩʦʜʝʨʞʘʥʠʡ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʜʣʷ ʮʠʥʢʘ. 

 

ʈʠʩʫʥʦʢ 4.25 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ArcGIS 10.4 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 
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ʈʠʩʫʥʦʢ 4.26 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ArcGIS 10.4 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ 

ʬʠʢʩʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʜʠ, ʮʠʥʢʘ 

ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʢʦʥʪʫʨʝ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʄʘʢʩʠʤʫʤʳ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Cu, Co ʠ Se ʨʘʟʦʙʱʝʥʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʮʠʥʢʘ. ʇʦʣʷ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʪʷʥʫʪʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʝʨʠʬʝʨʠʠ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʇʦʣʷ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʠʥʢʘ ʚʳʪʷʥʫʪʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʙʨʦʚʢʠ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʦ ʨʫʜʥʦʝ ʧʦʣʝ, ʯʪʦ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʥʘʧʨʘʚʣʝʥʠʶ 

ʨʫʜʦʚʳʚʦʜʷʱʝʡ ʨʘʟʨʳʚʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʆʙʣʘʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʪʘʧ 

ʨʫʜʘʤ ʤʝʜʠ, ʦʩʣʦʞʥʝʥʳ ʟʦʥʘʤʠ ʨʘʟʚʠʪʠʷ ʮʠʥʢʦʚʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

ɺʝʨʦʷʪʥʦ, ʪʘʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʮʠʥʢʘ ʚʳʟʚʘʥʦ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʜ ʚʳʚʦʜʷʱʠʤʠ ʨʫʜʥʳʡ ʨʘʩʪʚʦʨ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʠ 

ʟʘʪʫʭʘʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɿʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ Zn, 

Cd, Pb, Ag ʠ Au ʧʨʠʫʨʦʯʝʥʘ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʨʫʜʦʧʦʜʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ, ʛʜʝ 
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ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ Zn ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʝʦʜʥʦʟʥʘʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʝʤ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ 

ʦʧʨʦʙʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʨʪʠʥʳ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. 

τȢτȢ ˞̝̜̑́̃̎̉̓̆̌̎̊ ́̎́̌̉̈ ̒̏̒̓́̃̏̃ ̝̜̖̒̔̌̉̅̎̕ ̑̔̅ ̠̐̏̌ 

˫̂̉̌̆̊̎̏̆ ̒ ̅̑̔̄̉̍̉ ̜̄̌̔̂̏̋̏̃̏̅̎̍̉ ̛̏̂̆̋̓́̍̉ 

ɺ ʧʨʝʜʝʣʘʭ ʨʠʬʪʦʚ ʥʠʟʢʦʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʪʠʧʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ (ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 2006). ʇʝʨʚʳʡ ʪʠʧ 

ʧʨʠʫʨʦʯʝʥ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʨʠʬʪʫ, ʛʜʝ ʨʫʜʥʳʝ ʧʦʣʷ ʘʩʩʦʮʠʠʨʫʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʙʘʟʘʣʴʪʘʤʠ (ʊɸɻ, ɹʨʦʢʝʥ ʉʧʫʨ, ʂʨʘʩʥʦʚ ʠ ʜʨ). ɺʪʦʨʦʡ 

ʪʠʧ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ (ʈʵʡʥʙʦʫ, ʃʦʛʘʯʝʚ, ɸʰʘʜʟʝ). ʈʫʜʥʦʝ 

ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʝʨʚʦʤʫ ʪʠʧʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʳʭʦʜʳ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʚ 

ʟʦʥʝ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʩʣʦʞʝʥʳ ʙʣʦʢʘʤʠ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ, ʚʳʚʝʜʝʥʥʳʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ (ʉʠʣʘʥʪʴʝʚ ʠ ʜʨ., 2015). 

ʉʠʣʘʥʪʴʝʚ ʉ.ɸ. ʩ ʢʦʣʣʝʛʘʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʵʪʠ ʟʦʥʳ (ʩʝʛʤʝʥʪʳ ʨʠʬʪʦʚʦʡ 

ʜʦʣʠʥʳ) ʤʦʛʫʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 4.27). 

ɿʘʤʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ Cu, Ni, Co, Se, Sn ʠ Au.  
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ʈʠʩʫʥʦʢ 4.27 - ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʧʦʣʝʡ ʃʘʢʠ ʉʪʨʘʡʢ, ɹʨʦʢʝʥ ʉʧʫʨ, ʊɸɻ, ʉʥʝʡʢ ʇʠʪ, ʈʵʡʥʙʦʫ-1, 

ʃʦʛʘʯʝʚ-1, ɸʰʘʜʟʝ-1, ɸʰʘʜʟʝ-2 (Fouquet et al, 2010) ʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ. ʉʧʝʢʪʨʳ, 

ʚʳʜʝʣʝʥʥʳʝ ʦʨʘʥʞʝʚʳʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʲʝʢʪʘʤ ʙʘʟʘʣʴʪʦʚʳʭ ʩʨʝʜ; ʟʝʣʝʥʳʤ ï 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Cu + Zn ʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 30 %, ʪʦʛʜʘ ʢʘʢ ʚ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ N-MORB - 5-

20 % (Fouquet et al, 2010). ɺʦʧʨʦʩ ʦ ʧʨʠʯʠʥʘʭ ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʴʶ ʩʫʣʴʬʠʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʘʤʠ ʵʪʠ ʧʦʨʦʜʳ ʦʙʝʜʥʝʥʳ ʤʝʜʴʶ (31 ppm) ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ N-MORB (77 ppm) (Anderson, 1989) ʠ ʝʜʚʘ ʣʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʝʜʠ ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʧʦʨʦʜʘʭ: ʜʣʷ N-MORB 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ni ʩʦʩʪʘʚʣʷʝʪ 152 ppm, ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ - 1610 ppm (Anderson, 1989). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʠʢʝʣʴ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʚʷʟʘʥʦ ʦʨʫʜʝʥʝʥʠʝ (Fouquet et al, 2010). ʆʜʥʘʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʥʦ ʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʚʣʠʷʶʱʝʡ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ 

ʛʣʘʚʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʤʝʜʥʦ-
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ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜʘʭ ʧʦʣʝʡ ɸʰʘʜʟʝ-1 ʠ ʖʙʠʣʝʡʥʦʝ (ʨʠʩʫʥʦʢ 4.28). ʈʫʜʥʦʝ 

ʧʦʣʝ ɸʰʘʜʟʝ-1 ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʟʦʥʝ ʧʨʦʷʚʣʝʥʠʷ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʖʙʠʣʝʡʥʦʝ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʙʘʟʘʣʴʪʘʤʠ 

(ʉʫʭʘʥʦʚʘ, 2015).  

 

ʈʠʩʫʥʦʢ 4.28 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʥʠʢʝʣʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ Cu/Fe ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ ɸʰʘʜʟʝ-1 (ʘ) ʠ ʖʙʠʣʝʡʥʦʝ (ʙ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʨʨʝʣʷʮʠʶ ʥʠʢʝʣʷ ʩ ʞʝʣʝʟʦʤ, ʚ ʨʫʜʘʭ ʩ ʦʪʥʦʰʝʥʠʝʤ 

Cu/Fe < 1 ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 100 ʛ/ʪ ʜʣʷ ʧʦʣʷ 

ʖʙʠʣʝʡʥʦʝ ʠ 500 ʛ/ʪ ʜʣʷ ɸʰʘʜʟʝ-1. ʇʦ ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʜʴ ʷʚʥʦ 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʞʝʣʝʟʦʤ (Cu/Fe > 1). ɺ ʩʣʫʯʘʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ɸʰʘʜʟʝ-1 ʪʘʢʠʝ 

ʦʙʨʘʟʮʳ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʥʠʭ ʜʦʩʪʠʛʘʝʪ 2500 ʛ/ʪ. 

ɸʥʘʣʠʟʠʨʫʷ ʘʩʩʦʮʠʘʮʠʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜ ʧʦʣʷ ɸʰʘʜʟʝ-1 ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʨʫʜ ʧʦʣʷ ʖʙʠʣʝʡʥʦʝ (ʉʫʭʘʥʦʚʘ, 2015). ʇʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (400
ʦ
ʉ) ʧʦʜʚʠʞʥʦʩʪʴ ʤʝʜʠ ʠ ʥʠʢʝʣʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʫʜʘʭ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʢʦʙʘʣʴʪʘ. ɺ ʨʫʜʘʭ, 

ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ (91 ppm) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ N-MORB (53 ppm) (Anderson, 1989). 

ʉʝʣʝʥ ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʩʥʳʡ ʵʣʝʤʝʥʪ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (Auclair et al, 1987; Layton-
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Matthews et al, 2008). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ N-MORB (70 ppm) ʧʦʨʦʜʳ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ (0.06 ppm) ʦʙʝʜʥʝʥʳ Se (Anderson, 1989). ʄʦʞʥʦ ʦʞʠʜʘʪʴ ʨʘʟʥʠʮʫ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʝʣʝʥʘ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʘʟʘʣʴʪʘʤʠ ʠ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ. 

ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʚ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʧʝʨʠʜʦʪʠʪʘʤʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʙʦʛʘʱʝʥʳ ʦʣʦʚʦʤ, ʭʦʪʷ ʩʘʤʠ 

ʧʝʨʠʜʦʪʠʪʳ ʦʙʝʜʥʝʥʳ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ (0.79 ppm) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-MORB 

(1.36 ppm) (Anderson, 1989). ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʦʣʦʚʘ 

ʨʝʛʫʣʠʨʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʜʚʠʞʥʦʩʪʴʶ SnCl2 ʚ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʦʣʦʚʘ 

ʚ ʥʠʭ (Fouquet et al, 2010). 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʦʨʨʝʣʷʮʠʝʡ ʟʦʣʦʪʘ ʠ ʮʠʥʢʘ. ɿʦʣʦʪʦ ʚ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ, ʙʦʛʘʪʳʭ ʤʝʜʴʶ, ʘ ʪʘʢʞʝ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʪʨʫʙ 

çʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚè (Fouquet et al, 2010). ʆʩʘʞʜʝʥʠʝ ʟʦʣʦʪʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝʤ ʧʦʨʦʜ, ʩ ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʫʝʪ 

ʦʨʫʜʝʥʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʥʦ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 

ʈʫʜʥʦʝ ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʦʙʝʜʥʝʥʦ ʚʩʝʤʠ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʜʥʳʤʠ ʧʦʣʷʤʠ, ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʩ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʭʦʞʠʤ ʩʧʝʢʪʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ As, Pb ʠ Cd, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʫʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʙʘʟʘʣʴʪʘʭ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʢʦʥʪʫʨʝ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʦʪʢʨʳʪʦ 20 ʨʫʜʥʳʭ ʧʦʣʝʡ, ʩʣʦʞʝʥʥʳʭ ʢʦʣʯʝʜʘʥʥʳʤʠ ʨʫʜʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʥʘ 

ʙʘʟʘʣʴʪʘʭ ʠʣʠ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʘʭ. ʈʫʜʥʳʝ ʦʙʲʝʢʪʳ ʜʝʣʷʪʩʷ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʶʞʥʫʶ, ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʩʝʚʝʨʥʫʶ. 

ʈʫʜʥʳʝ ʧʦʣʷ ʶʞʥʦʡ ʛʨʫʧʧʳ (ɸʰʘʜʟʝ-1, ɸʰʘʜʟʝ-2, ʀʨʠʥʦʚʩʢʦʝ, 

ʉʝʤʝʥʦʚ-1, ʉʝʤʝʥʦʚ-2, ʉʝʤʝʥʦʚ-3, ʉʝʤʝʥʦʚ-4, ʉʝʤʝʥʦʚ-5, ʃʦʛʘʯʝʚ-1, 
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ʃʦʛʘʯʝʚ-2) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʩ ʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Cu. ʕʪʠ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʨʘʟʤʝʱʝʥʳ ʚ ʤʝʛʘʩʝʛʤʝʥʪʝ ʉɸʍ 

ʤʝʞʜʫ ʨʘʟʣʦʤʘʤʠ ɿʝʣʝʥʦʛʦ ʄʳʩʘ ʠ ʄʘʨʘʬʦʥ. 

ʇʷʪʴ ʨʫʜʥʳʭ ʧʦʣʝʡ (ʂʨʘʩʥʦʚ, ʍʦʣʤʠʩʪʦʝ, ʇʦʙʝʜʘ-1, ʇʦʙʝʜʘ-2, ʇʦʙʝʜʘ-

3) ʦʙʨʘʟʫʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʛʨʫʧʧʫ. ʈʫʜʳ ʵʪʠʭ ʧʦʣʝʡ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Cu. ʈʫʜʥʳʝ ʦʙʲʝʢʪʳ ʮʝʥʪʨʘʣʴʥʦʡ ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʫʯʘʩʪʢʝ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ, ʦʪʜʝʣʝʥʥʦʡ ʢʨʫʧʥʳʤ ʥʝʪʨʘʥʩʬʦʨʤʥʳʤ ʨʘʟʣʦʤʦʤ 

18Áʩ.ʰ., ʩʤʝʱʘʶʱʠʤ ʚʩʶ ʦʩʝʚʫʶ ʩʠʩʪʝʤʫ ʉɸʍ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. 

ʉʝʚʝʨʥʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʝʡ ʖʙʠʣʝʡʥʦʝ, ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ, ʇʶʠ-

ʜʝ-ʌʦʣʣʴ, ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʶʨʧʨʠʟ. ɼʣʷ ʩʝʚʝʨʥʦʡ ʛʨʫʧʧʳ 

ʦʙʲʝʢʪʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʠʧʘ ï ʜʚʫʭ ʢʨʫʧʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʥʘ ʜʥʠʱʝ ʜʦʣʠʥʳ (ʇʶʠ-ʜʝ-

ʌʦʣʣʴ ʠ ʉʶʨʧʨʠʟ) ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʪʘʢʠʭ ʞʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʥʘ ʝʝ 

ʙʦʨʪʘʭ, ʚʙʣʠʟʠ ʚʝʨʭʥʝʡ ʙʨʦʚʢʠ ʫ ʦʩʥʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ 

ʨʠʬʪʦʚʳʭ ʛʦʨ (ʖʙʠʣʝʡʥʦʝ ʠ ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ). 

ɺ ʮʝʣʦʤ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʝʣʝʥʘ, ʢʦʙʘʣʴʪʘ ʠ ʤʦʣʠʙʜʝʥʘ, 

ʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ - ʩʝʨʝʙʨʘ, ʢʘʜʤʠʷ ʠ ʥʠʢʝʣʷ (ʨʠʩʫʥʦʢ 4.29). ʊʝʣʣʫʨ ʠ ʠʥʜʠʡ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʝʪʘʣʣʳ (ʤʝʜʴ ʠ 

ʮʠʥʢ) ʩʦʚʤʝʩʪʥʦ ʩ ʟʦʣʦʪʦʤ ʚʘʨʴʠʨʫʶʪ ʚ ʙʦʣʴʰʠʭ ʜʠʘʧʘʟʦʥʘʭ ʩʦʜʝʨʞʘʥʠʡ.  

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʷʤʫʶ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʡ ʥʝ ʩʚʷʟʘʥʳ. ʈʫʜʥʦʝ 

ʧʦʣʝ ʖʙʠʣʝʡʥʦʝ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʩ 

ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʲʝʢʪʘʤʠ, ʦʙʝʜʥʝʥʥʳʤʠ 

ʧʦʧʫʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 
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ʈʠʩʫʥʦʢ 4.29 - ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʩʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʥʝʢʦʪʦʨʳʭ ʧʦʣʝʡ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ ʈʦʩʩʠʡʩʢʦʛʦ ʨʘʟʚʝʜʦʯʥʦʛʦ ʨʘʡʦʥʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ 

ʧʝʨʝʯʥʷ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʢ ʠʟʚʣʝʯʝʥʠʶ ʩʦʚʤʝʩʪʥʦ ʩ 

ʛʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ Se, Te, Ga, 

Ge ʠ Cd; Co, Ni, Ag, Au. 

τȢυȢ ˗̝̜̏̎̓̉̎̆̎̓́̌̎̆ ̘̜̋̏̌̆̅́̎̎̆ ̠̍̆̒̓̏̑̏̇̅̆̎̉ ̃ 

̒̏̐̏̒̓́̃̌̆̎̉̉ ̒ ̜̒̏̃̑̆̍̆̎̎̍̉ ̘̏̋̆́̎̉̆̒̋̉̍̉ 

̝̜̒̔̌̉̅̎̍̉̕ ̑̔̅́̍̉ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʪʠʧ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʠʧʳ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʢʠʧʨʩʢʠʡ (ZnïCu), ʙʝʩʩʠ (Cu, ZnïCu), 

ʫʨʘʣʴʩʢʠʡ (CuïZn) ʠ ʢʫʨʦʢʦ (ʨʫʜʥʦʘʣʪʘʡʩʢʠʡ) (AuïAgïCuïPbïZn) (ʪʘʙʣʠʮʘ 

4.3).  
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ʊʘʙʣʠʮʘ 4.3 - ʊʠʧʳ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(ʄʘʰʢʦʚʮʝʚ, 2013 ʠ ʩʩʳʣʢʠ ʪʘʤ) 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ �d�b�i�j�k�d�h�]�h ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʤ 

ʠʣʠ ʤʝʜʥʦ-ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʨʫʜ ʩ ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʜʠ 

ʥʘʜ ʮʠʥʢʦʤ. ɻʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʩʬʘʣʝʨʠʪ, ʧʝʥʪʣʘʥʜʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ ʠ 






































































































