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ɺ ʩʙʦʨʥʠʢʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʣʫʙʠʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʢʨʫʧʥʝʡʰʠʭ ʘʧʘʪʠʪʦʚʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ  ʦʙʦʛʘʱʝʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʨʝʟʝʨʚʫʘʨʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʨʫʜʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʠ 

ʊʠʤʤʘʥʘ. ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʤʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ ʇʨʠʘʟʦʚʴʷ, ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ, 

ʧʦʢʘʟʘʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʠʩʪʦʯʥʠʢʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ  ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɾʠʜʦʡʩʢʦʛʦ ʠ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ (ɺʦʩʪ. ʉʘʷʥ), ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʧʣʶʤʦʚʦʡ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʋʩʪʴʷʥʩʢʠʡ 

ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ). ʇʦ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʝʤʘʪʠʢʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ  ʖʙʠʣʝʡʥʘʷ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ 

(ʗʢʫʪʠʷ), ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʝʥʜʠʪʦʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ ʙʠʤʦʜʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʉʘʥʪ (ʮʝʥʪʨʘʣʴʥʘʷ ʄʦʥʛʦʣʠʷ) ʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʎʘʛʘʥ-ʋʣʴʩʢʦʛʦ ʧʘʥʪʝʣʣʝʨʠʪʦʚʦʛʦ ʜʘʡʢʦʚʦʛʦ 

ʧʦʷʩʘ (ʉʝʚʝʨʥʘʷ ʄʦʥʛʦʣʠʷ). ʈʘʩʩʤʦʪʨʝʥʳ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʜʢʠʭ ʠ 

ʩʣʦʞʥʳʭ ʩʠʣʠʢʘʪʦʚ ʠʟ ʯʘʨʦʠʪʦʚʳʭ ʧʦʨʦʜ ʛʣʫʙʠʥʥʦʛʦ ʄʫʨʫʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʦʩʪʘʚ 

ʧʠʨʦʢʩʝʥʦʚ ʤʘʩʩʠʚʘ ʀʥʘʛʣʠ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ 

ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʦʩʪʘʚʘʤ ʠ ʧʘʨʘʤʝʪʨʘʤ ʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʥʦʡ ʤʘʛʤʳ 

ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʤʘʩʩʠʚʘ ʋʠʪʢʦʤʩʪ (ʖɸʈ). 

ʂʥʠʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʝʪʨʦʣʦʛʦʚ, ʛʝʦʭʠʤʠʢʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʛʣʫʙʠʥʥʦʤʫ ʱʝʣʦʯʥʦʤʫ ʠ ʢʠʤʙʝʨʣʠʪʦʚʦʤʫ ʤʘʛʤʘʪʠʟʤʫ, ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʚʫʟʦʚ. 
ʄʝʨʦʧʨʠʷʪʠʝ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ ˉ 19-05-20016è) 

 

ʇʝʯʘʪʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʋʯʝʥʦʛʦ ʉʦʚʝʪʘ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ 
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ʉʆɼɽʈɾɸʅʀɽ 

ʇʨʝʜʠʩʣʦʚʠʝ ʨʝʜʘʢʪʦʨʘ 
4 ʇʨʝʜʠʩʣʦʚʠʝ ʨʝʜʘʢʪʦʨʘ 

 

ʂʦʛʘʨʢʦ ʃ.ʅ. ʆʙʦʛʘʱʝʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ï ʠʩʪʦʯʥʠʢ ʢʨʫʧʥʝʡʰʠʭ ʘʧʘʪʠʪʦʚʳʭ ʠ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
5 

ʂʦʛʘʨʢʦ ʃ.ʅ. ʆʙʦʛʘʱʝʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ï ʠʩʪʦʯʥʠʢ ʢʨʫʧʥʝʡʰʠʭ 

ʘʧʘʪʠʪʦʚʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
 

ʅʝʜʦʩʝʢʦʚʘ ʀ.ʃ, ɺʣʘʜʳʢʠʥ ʅ.ɺ.. ʈʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʠʩʪʦʯʥʠʢʠ 

ʚʝʱʝʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʠ ʊʠʤʘʥʘ 
22 

ʅʝʜʦʩʝʢʦʚʘ ʀ.ʃ, ɺʣʘʜʳʢʠʥ ʅ.ɺ.. ʈʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʠʩʪʦʯʥʠʢʠ 

ʚʝʱʝʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʠ ʊʠʤʘʥʘ 
 

ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ., ɹʝʣʦʚ ɸ.ɺ., ɽʨʤʘʢʦʚ ʅ.ʉ., ʃʝʰʫʢʦʚ ʉ.ʀ. ʇʨʠʟʥʘʢʠ 

ʧʣʶʤʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʋʩʪʴʷʥʩʢʠʡ 

ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ) 

61 
ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ., ʇʨʠʟʥʘʢʠ ʧʣʶʤʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʋʩʪʴʷʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ) 
 

ɺʣʘʜʳʢʠʥ ʅ. ɺ., ɸʣʳʤʦʚʘ  ʅ. ɾʠʜʦʡʩʢʠʡ ʤʘʩʩʠʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ: ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ 
96 

ɺʣʘʜʳʢʠʥ ʅ. ɺ., ɸʣʳʤʦʚʘ  ʅ. ɾʠʜʦʡʩʢʠʡ ʤʘʩʩʠʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ: ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ 
 

ɸʣʳʤʦʚʘ ʅ.ɺ., ɺʣʘʜʳʢʠʥ ʅ.ɺ. ɻʝʦʭʠʤʠʷ, ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ 

ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʟʦʥʳ (ʥʘ ʧʨʠʤʝʨʝ ɿʘʰʠʭʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 
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ɸʣʳʤʦʚʘ ʅ.ɺ. ɺʣʘʜʳʢʠʥ ʅ.ɺ. ɻʝʦʭʠʤʠʷ, ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʟʦʥʳ (ʥʘ 

ʧʨʠʤʝʨʝ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

 

ɸʥʬʠʣʦʛʦʚ ɺ.ʅ., ʂʘʙʘʥʦʚʘ ʃ.ʗ., ʀʛʫʤʝʥʮʝʚʘ ʄ.ɸ.ʈʝʛʠʦʥʘʣʴʥʳʡ ʢʘʣʠʝʚʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, 

ʛʨʘʥʠʪʠʟʘʮʠʷ ʛʥʝʡʩʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʋʬʘʣʝʡʩʢʦʛʦ ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 
130 

ɸʥʬʠʣʦʛʦʚ ɺ.ʅ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʢʘʣʠʝʚʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʛʨʘʥʠʪʠʟʘʮʠʷ ʛʥʝʡʩʦʚ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʋʬʘʣʝʡʩʢʦʛʦ 

ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 
 

ʊʠʱʝʥʢʦ ɸ. ʀ., ʇʘʩʳʥʢʦʚ ɸ. ɸ., ɺʘʭʨʫʰʝʚ ɹ. ɸ.  ʑʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʚ ʂʨʳʤʫ (ʢʨʘʪʢʘʷ 

ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) 
145 

ʊʠʱʝʥʢʦ ɸ. ʀ., ʑʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʚ ʂʨʳʤʫ(ʢʨʘʪʢʘʷ ʧʝʪʨʦʛʨʘʬʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
 

ɸʱʝʧʢʦʚ ʀ. ɺ. ɺʣʘʜʳʢʠʥ ʅ. ɺ., ʂʘʣʘʰʥʠʢ ɸ.C., ʄʝʜʚʝʜʝʚ ʅ. ʉ., ʉʘʧʨʳʢʠʥ ɸ. ʀ. 

ʄʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ ʇʨʠʘʟʦʚʴʷ, ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ 
151 

ɸʱʝʧʢʦʚ ʀ. ɺ. ʤʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ ʇʨʠʘʟʦʚʴʷ, ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ 
 

ʉʧʝʮʠʫʩ ɿ.ɺ., ɸʤʠʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚ ɸ.ʉ.  ʆʩʦʙʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʠʤʙʝʨʣʠʪʦʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ  ʖʙʠʣʝʡʥʘʷ 
183 

ʉʧʝʮʠʫʩ ɿ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʪʨʫʙʢʠ  ʖʙʠʣʝʡʥʘʷ 
 

ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ.ʋʥʠʢʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ (ʗʢʫʪʠʷ) 203 

ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ.ʋʥʠʢʘʣʴʥʳʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ (ʗʢʫʪʠʷ) 

 

ʑʝʨʙʘʢʦʚ ʖ.ɼ., ʇʝʨʝʧʝʣʦʚ ɸ.ɹ., ʎʳʧʫʢʦʚʘ ʉ.ʉ., ɼʘʣʘʡ-ʕʨʵʜʵʥʵ ʕ., ʇʫʟʘʥʢʦʚ ʄ.ʖ. 
ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʎʘʛʘʘʥ-ʋʫʣʴʩʢʦʛʦ ʧʘʥʪʝʣʣʝʨʠʪʦʚʦʛʦ ʜʘʡʢʦʚʦʛʦ 

ʧʦʷʩʘ (ʉʝʚ. ʄʦʥʛʦʣʠʷ) 

234 
ʑʝʨʙʘʢʦʚ ʖ.ɼ., ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʎʘʛʘʘʥ-ʋʫʣʴʩʢʦʛʦ 

ʧʘʥʪʝʣʣʝʨʠʪʦʚʦʛʦ ʜʘʡʢʦʚʦʛʦ ʧʦʷʩʘ (ʩʝʚʝʨʥʘʷ ʤʦʥʛʦʣʠʷ) 
 

ɸʥʜʨʝʝʚʘ ʀ.ɸ.,ɹʦʨʠʩʦʚʩʢʠʡ ʉ.ɽ., ʗʨʤʦʣʶʢ ɺ.ɺ. ʄʝʭʘʥʠʟʤʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʝʥʜʠʪʦʚʳʭ ʨʘʩʧʣʘʚʘʭ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ ʙʠʤʦʜʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʉʘʥʪ 

(ʎʝʥʪʨʘʣʴʥʘʷ ʄʦʥʛʦʣʠʷ) 

244 
ɸʥʜʨʝʝʚʘ ʀ.ɸ. ʄʝʭʘʥʠʟʤʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʝʥʜʠʪʦʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ ʙʠʤʦʜʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʉʘʥʪ (ʮʝʥʪʨʘʣʴʥʘʷ ʄʦʥʛʦʣʠʷ) 
 

ʉʦʣʦʚʦʚʘ ʀ.ʇ. ʉʦʩʪʘʚ ʠ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʥʦʡ ʤʘʛʤʳ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʤʘʩʩʠʚʘ 

ʋʠʪʢʦʤʩʪ (ʖɸʈ). ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ 
255 ʉʦʣʦʚʦʚʘ ʀ.ʇ. ʉʦʩʪʘʚ ʠ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʥʦʡ ʤʘʛʤʳ ʫʣʴʪʨʘʤʘʬʠʪʦʚ 

ʤʘʩʩʠʚʘ ʋʠʪʢʦʤʩʪ (ʖɸʈ). ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ 

 

ʄʘʢʨʫʰʠʥʘ ʆ.ɼ., ʄʦʢʨʫʰʠʥ ɸ.ɺ., ʊʝʣʝʞʢʠʥ ɸ.ɸ. ʌʣʶʠʜʥʳʝ ʠ ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʥʝʬʝʣʠʥʝ ʣʦʧʘʨʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʃʦʚʦʟʝʨʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ 
274 ʄʘʢʨʫʰʠʥʘ ʆ.ɼ., ʌʣʠʁʜʥʳʝ ʠ ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʥʝʬʝʣʠʥʝ ʣʦʧʘʨʠʪʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʃʦʚʦʟʝʨʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ 

 

ʂʘʥʝʚʘ ɽ.ɺ., ɺʣʘʜʳʢʠʥ ʅ.ɺ, ʈʘʜʦʤʩʢʘʷ ʊ.ɸ., ʐʝʥʜʨʠʢ ʈ.ʖ., ʉʫʚʦʨʦʚʘ ʃ.ʌ., ʄʠʪʠʯʢʠʥ 

ʄ.ɸ., Mesto E. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʜʢʠʭ ʠ ʩʣʦʞʥʳʭ ʩʠʣʠʢʘʪʦʚ ʠʟ 

ʯʘʨʦʠʪʦʚʳʭ ʧʦʨʦʜ ʄʘʣʦʤʫʨʫʥʩ-ʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  
285 

ʂʘʥʝʚʘ ɽ.ɺ. ʠ ʜʨ. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʜʢʠʭ ʠ ʩʣʦʞʥʳʭ ʩʠʣʠʢʘʪʦʚ 

ʠʟ ʯʘʨʦʠʪʦʚʳʭ ʧʦʨʦʜ ʄʘʣʦʤʫʨʫʥʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ  

 

ʈʘʜʦʤʩʢʘʷ ʊ.ɸ.,ɺʣʘʜʳʢʠʥ ʅ.ɺ., ʉʫʚʦʨʦʚʘ ʃ.ʌ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʨʦʢʩʝʥʦʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʀʥʘʛʣʠ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ) 
306 ʈʘʜʦʤʩʢʘʷ ʊ.ɸ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʨʦʢʩʝʥʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ 

ʤʘʩʩʠʚʘ ʀʥʘʛʣʠ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ) 

 

ʇʦʥʦʤʘʨʝʚ ɻ.ʇ.,ɺʣʘʜʳʢʠʥ ʅ.ɺ. ʀʥʜʠʢʘʪʦʨʥʘʷ ʨʦʣʴ ʰʧʠʥʝʣʴ-ʦʣʠʚʠʥʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʫʥʠʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʂʦʥʜʝʨ 
323 ʇʦʥʦʤʘʨʝʚ ɻ. ʇ. ʀʥʜʠʢʘʪʦʨʥʘʷ ʨʦʣʴ ʰʧʠʥʝʣʴ-ʦʣʠʚʠʥʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 

ʚʫʩʪʘʥʦʚʣʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʫʥʠʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʂʦʥʜʝʨ 

 

ʇʦʥʦʤʘʨʝʚ ɻ.ʇ.,ɺʣʘʜʳʢʠʥ ʅ.ɺ., ʈʘʜʦʤʩʢʘʷ ʊ.ɸ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʨʦʣʴ ʩʦʜʝʨʞʘʥʠʡ ʢʘʣʴʮʠʷ ʚ 

ʩʦʩʪʘʚʘʭ ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʠʟ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ-ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ.  
335 ʇʦʥʦʤʘʨʝʚ ɻ. ʇ.,ɺʣʘʜʳʢʠʥ ʅ.ɺ., ʈʘʜʦʤʩʢʘʷ ʊ.ɸ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʨʦʣʴ ʩʦʜʝʨʞʘʥʠʡ 

ʢʘʣʴʮʠʷ ʚ ʩʦʩʪʘʚʘʭ ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʠʟ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ-ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ.  

 



 

 

ʉʚʝʪʣʦʡ ʧʘʤʷʪʠ ʚʳʜʘʶʱʝʛʦʩʷ ʧʝʪʨʦʣʦʛʘ 

ʀʛʦʨʷ ɼʤʠʪʨʠʝʚʠʯʘ ʈʷʙʯʠʢʦʚʘ ʧʦʩʚʷʱʘʝʪʩʷ 

 

ʇʈɽɼʀʉʃʆɺʀɽ ʈɽɼɸʂʊʆʈɸ  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʛʠʧʦʪʝʟʳ ʧʣʶʤʦʚʦʡ ʪʝʢʪʦʥʠʢʠ ʚ 

ʤʠʨʝ ʠ ʈʦʩʩʠʠ ʧʦʷʚʠʣʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ *ʠʟʫʯʝʥʠʶ ʧʝʪʨʦʣʦʛʠʠ ʠ 

ʛʝʦʭʠʤʠʠ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʧʦʨʦʜʳ ʱʝʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʠʤʙʝʨʣʠʪʳ, ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ. ʑʝʣʦʯʥʳʝ 

ʧʦʨʦʜʳ - ʫʥʠʢʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ɿʝʤʣʠ. ʉ ʥʠʤʠ ʩʚʷʟʘʥʳ ʢʨʫʧʥʝʡʰʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

Nb, Ta, Zr, Y, TR, Cu, P ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʘʤʦʮʚʝʪʦʚ: ʯʘʨʦʠʪʘ, Cr-ʜʠʦʧʩʠʜʘ, ʜʠʘʥʠʪʘ. ɺ ʣʘʤʧʨʦʠʪʘʭ ɸʚʩʪʨʘʣʠʠ ʜʦʙʳʚʘʶʪʩʷ ʘʣʤʘʟʳ. 

ʉʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʚʳʟʳʚʘʣʠ ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʫʯʥʳʝ 

ʩʧʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʫʪʠʭʘʶʪ ʠ ʜʦ ʩʠʭ ʧʦʨ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʶʪ ʠ  ʫʛʣʫʙʣʷʶʪ ʟʥʘʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ 

ʜʘʥʥʳʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʘʥʪʠʡʥʫʶ ʧʨʠʨʦʜʫ 

ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ ʱʝʣʦʯʥʳʭ  ʢʦʤʧʣʝʢʩʦʚ. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʤʦʞʥʦ ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʛʣʫʙʠʥʥʫʶ 

ʛʝʦʜʠʥʘʤʠʢʫ ɿʝʤʣʠ. 

         ʇʨʦʙʣʝʤʘʤ ʧʝʪʨʦʣʦʛʠʠ ʛʣʫʙʠʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, ʢʠʤʙʝʨʣʠʪʦʚ, ʠ ʠʭ 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ) ʠ ʩʚʷʟʠ ʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʧʣʶʤʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʙʳʣʠ 

ʧʦʩʚʷʱʝʥʳ 14 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʤʠʥʘʨʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʀʥʩʪʠʪʫʪʦʤ ɻʝʦʭʠʤʠʠ ʉʆ ʈɸʅ ʚ  
ʧʨʦʰʝʜʰʠʝ ʚ ʛʦʨʦʜʘʭ ʉʠʙʠʨʠ, ʋʨʘʣʘ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʛ. ʄʦʩʢʚʝ, ʘ ʪʘʢ ʞʝ ʚ ʀʪʘʣʠʠ ʠ ʊʫʨʮʠʠ ʩ 

2001 ʧʦ 2014 ʛʦʜʳ.. XV ʩʝʤʠʥʘʨ ʚ 2015 ʛ. ʧʨʦʚʝʜʝʥ ʚ ʂʨʳʤʫ (ʛ. ʉʘʢʠ). 

ʄʘʪʝʨʠʘʣʳ ʵʪʦʛʦ ʩʝʤʠʥʘʨʘ ʥʘʧʝʯʘʪʘʥʳ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʙʦʨʥʠʢʝ.   

ɺ ʩʙʦʨʥʠʢʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʣʫʙʠʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʢʨʫʧʥʝʡʰʠʭ ʘʧʘʪʠʪʦʚʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ  ʦʙʦʛʘʱʝʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʨʝʟʝʨʚʫʘʨʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʨʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʠ ʊʠʤʤʘʥʘ. 

ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʤʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ ʇʨʠʘʟʦʚʴʷ, ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ, ʧʦʢʘʟʘʥʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʠʩʪʦʯʥʠʢʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ  ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɾʠʜʦʡʩʢʦʛʦ ʠ 

ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ (ɺʦʩʪ. ʉʘʷʥ), ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʧʣʶʤʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʋʩʪʴʷʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ). ʇʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʝʤʘʪʠʢʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ  ʖʙʠʣʝʡʥʘʷ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ (ʗʢʫʪʠʷ), ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʝʥʜʠʪʦʚʳʭ ʨʘʩʧʣʘʚʘʭ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ 

ʙʠʤʦʜʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʉʘʥʪ (ʮʝʥʪʨʘʣʴʥʘʷ ʄʦʥʛʦʣʠʷ) ʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʎʘʛʘʥ-ʋʣʴʩʢʦʛʦ ʧʘʥʪʝʣʣʝʨʠʪʦʚʦʛʦ ʜʘʡʢʦʚʦʛʦ ʧʦʷʩʘ (ʉʝʚʝʨʥʘʷ ʄʦʥʛʦʣʠʷ). 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʜʢʠʭ ʠ ʩʣʦʞʥʳʭ ʩʠʣʠʢʘʪʦʚ ʠʟ 

ʯʘʨʦʠʪʦʚʳʭ ʧʦʨʦʜ ʛʣʫʙʠʥʥʦʛʦ ʄʫʨʫʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʦʩʪʘʚ ʧʠʨʦʢʩʝʥʦʚ ʤʘʩʩʠʚʘ ʀʥʘʛʣʠ. 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʩʦʩʪʘʚʘʤ ʠ ʧʘʨʘʤʝʪʨʘʤ ʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʥʦʡ ʤʘʛʤʳ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʤʘʩʩʠʚʘ ʋʠʪʢʦʤʩʪ 

(ʖɸʈ). 

 

ʂʥʠʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʝʪʨʦʣʦʛʦʚ, ʛʝʦʭʠʤʠʢʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʛʣʫʙʠʥʥʦʤʫ 

ʱʝʣʦʯʥʦʤʫ ʠ ʢʠʤʙʝʨʣʠʪʦʚʦʤʫ ʤʘʛʤʘʪʠʟʤʫ, ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʦʚ. 
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ʆʙʦʛʘʱʝʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ï ʠʩʪʦʯʥʠʢ 

ʢʨʫʧʥʝʡʰʠʭ ʘʧʘʪʠʪʦʚʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
 

ʂʦʛʘʨʢʦ ʃ.ʅ. 

 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 
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ɸʙʩʪʨʘʢʪ. ʇʦʷʚʣʝʥʠʝ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʩʚʷʟʘʥʦ ʩ 

ʥʘʯʘʣʦʤ ʧʨʦʷʚʣʝʥʠʡ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ ʠ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʣʝʜʩʪʚʠʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʤʘʥʪʠʠ, ʚʝʜʫʱʝʛʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʠʦʥʥʦʛʦ ʟʦʥʜʘ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʤʘʥʪʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʷʜʘ ʨʝʛʠʦʥʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʘʥʪʠʡʥʳʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ ʩʦʜʝʨʞʘʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚ 

ʃʦʚʦʟʝʨʩʢʦʤ ʩʫʧʝʨʢʨʫʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠ ʨʷʜʝ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʫʶ ʜʚʫʩʪʘʜʠʡʥʫʶ ʤʦʜʝʣʴ ʛʝʥʝʟʠʩʘ 

ʙʦʛʘʪʳʭ ʢʘʣʴʮʠʝʤ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʣʶʤʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʘʥʦʤʘʣʴʥʦʡ ʤʘʥʪʠʠ, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʦʚʝʡʰʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʪʦʤʦʛʨʘʬʠʠ ʠ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ ɿʝʤʣʠ. 
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Abstract. Alkaline magmatism has occurred since 2.5ï2.7 Ga and its abundance has 

continuously increased throughout the Earthôs history. Alkaline rocks appeared on 

the Earth with changes in the geodynamic regime of our planet, i.e., when plume 

tectonics was supplemented by plate tectonics. Global-scale development of plate 

tectonics at the ArcheanïProterozoic boundary initiated subduction of already 

significantly oxidized oceanic crust enriched in volatiles and large-scale mantle 

metasomatism caused the formation of enriched reservoirs as sources of alkaline and 

carbonatite magmatism. Study of metasomatized mantle material showed the 

occurrence of traces of primary carbonatite melts, which are strongly enriched in rare 

elements, according to ionmicroprobe analyses. The results obtained allowed us to 

propose a new two-stage genetic model for Ca-rich carbonatites including (1) 
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metasomatic wehrlitization and carbonatization of mantle material and (2) partial 

melting of wehrlitized mantle with formation of carbonate-rich melts or three 

immiscible liquids (at high alkali contents), i.e., silicate, carbonatitic, and sulfide (at 

high sulfur activity). 

 

ʆɹʆɻɸʑɽʅʅʓɽ ʈɽɿɽʈɺʋɸʈʓ ɺ ʀʉʊʆʈʀʀ ɿɽʄʃʀ 

ʑʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʦʪʥʦʩʠʪʩʷ ʢ ʨʷʜʫ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʬʦʨʤʘʮʠʡ ʤʠʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʝʦʭʠʤʠʠ, ʠʟʦʪʦʧʠʠ ʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ 

ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʠʟ ʦʙʦʛʘʱʝʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʉʫʧʝʨʢʨʫʧʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʝʜʢʦʤʝʪʘʣʴʥʦʛʦ ʩʳʨʴʷ (Nb, Ta, Zr, TR, Sr, Ba), 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʬʦʩʬʦʨʘ ʠ ʘʣʶʤʠʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʵʪʠʭ 

ʧʦʨʦʜʘʭ. ʇʦʯʪʠ 100% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʩʪʨʦʥʮʠʷ, ʙʦʣʝʝ 85% 

ʥʠʦʙʠʷ, ʮʠʨʢʦʥʠʷ, ʮʝʨʠʷ ʩʚʷʟʘʥʳ ʩʦ ʱʝʣʦʯʥʳʤ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ 

ʤʘʛʤʘʪʠʟʤʦʤ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦ-ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʧʦʵʪʦʤʫ ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʳʨʴʝ ʙʫʜʫʱʝʛʦ. 

ʇʨʦʷʚʣʝʥʠʷ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳ ʜʣʷ 

ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʤʦʱʥʳʤʠ ʨʘʟʣʦʤʘʤʠ 

(ʨʠʬʪʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ) ʠ ʟʦʥʘʤʠ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ. ʆʜʥʘʢʦ ʥʘʜʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʱʝʣʦʯʥʳʝ 

ʧʦʨʦʜʳ ʚʦʟʥʠʢʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʠ 

ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʝʥ ʠ ʚ ʤʠʨʦʚʦʤ ʦʢʝʘʥʝ. 

ʕʚʦʣʶʮʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘʤʠ ʛʣʦʙʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʥʪʠʠ, ʢʘʢ ʢʨʫʧʥʝʡʰʝʡ 

ʛʝʦʦʙʦʣʦʯʢʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʘʷ ʠʩʪʦʨʠʷ 

ɿʝʤʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʵʧʠʟʦʜʘʤʠ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʣʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʠ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ. ɺ ʭʦʜʝ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʘʥʪʠʷ ʥʝʧʨʝʨʳʚʥʦ ʜʦʣʞʥʘ ʙʳʣʘ ʪʝʨʷʪʴ ʣʝʛʢʦʧʣʘʚʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ (CaO, Al 2O3, TiO2, ʨʝʜʢʠʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ) ʠ 

ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʨʝʟʢʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ ʩʫʙʩʪʨʘʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʥʳ 

ʚʳʧʣʘʚʣʷʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʦʣʴʢʦ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ, ʦʙʝʜʥʝʥʥʳʝ 

ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʧʣʘʚʳ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʪʝʥʜʝʥʮʠʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʟʚʠʪʠʠ ɿʝʤʣʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘʧʨʦʪʠʚ, ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʨʦʩʪ ʦʙʦʛʘʱʝʥʥʦʩʪʠ 

ʧʝʨʚʠʯʥʳʭ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ (ʙʘʟʘʣʴʪʦʚ, ʧʠʢʨʠʪʦʚ) ʪʠʪʘʥʦʤ, ʣʝʛʢʠʤʠ 

ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ, ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʪʝʯʝʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʨʝʤʝʥʠ [1]. 

ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʢʩʠʨʫʶʪ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʭ 

ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʤʘʥʪʠʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʙʳ 

ʥʝʚʦʟʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʠ ʚ 

ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʦʝ ʚʨʝʤʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢ ʨʘʟʚʠʪʠʶ ʠʜʝʡ 

ʦʙ ʘʢʪʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʘʥʪʠʷ - ʢʦʨʘ [2] , ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 



ʂʦʛʘʨʢʦ ʃ.ʅ. 
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ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʦʙʤʝʥ ʚʝʱʝʩʪʚʦʤ ʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʣʝʜʩʪʚʠʡ ʧʦʜʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʣʦʢʦʚ ʚ 

ʤʘʥʪʠʡʥʦʤ ʩʫʙʩʪʨʘʪʝ. ʅʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʱʝʣʦʯʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʦ ʢʦʣʦʩʩʘʣʴʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʟʚʘʥʦʠʤʝʥʥʦ ʛʝʥʝʨʘʮʠʝʡ ʧʦʜʦʙʥʳʭ 

ʟʦʥ ʚ ʤʘʥʪʠʠ. ʆʙʦʙʱʝʥʠʝ ʦʙʰʠʨʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʰʠʭ 

ʜʘʥʥʳʭ [3] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚʦʟʥʠʢ ʥʘ 

ʨʫʙʝʞʝ 2,5 - 2,7 ʤʣʨʜ. ʣʝʪ. 

 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʱʝʣʦʯʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚʦ 

ʚʨʝʤʝʥʠ. 

 

ʑʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʩʪʘʨʰʝ 2700 ʤʣʥ. ʣʝʪ ʦʪʩʫʪʩʪʚʫʶʪ (ʨʠʩ. 1). ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 1, ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʨʘʩʪʘʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʚʦʟʨʘʩʪʘʝʪ ʠ ʤʦʱʥʦʩʪʴ ʱʝʣʦʯʥʳʭ 

ʬʦʨʤʘʮʠʡ ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʦʙʱʠʡ ʦʙʲʝʤ 

ʤʦʣʦʜʳʭ ʧʣʘʪʦʬʦʥʦʣʠʪʦʚ ʂʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50 ʪʳʩ. ʢʤ3 [4], ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʤʦʱʥʦʩʪʴ ʱʝʣʦʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚʩʝʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʵʧʦʭ ʚʤʝʩʪʝ ʚʟʷʪʳʭ [5]. ʊʘʢʞʝ ʦʪʤʝʯʘʣʩʷ ʨʦʩʪ ʤʘʩʰʪʘʙʦʚ ʱʝʣʦʯʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʚʦ ʚʨʝʤʝʥʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʤʘʛʤʘʪʠʟʤʘ 

ʦʢʝʘʥʦʚ ʠʤʝʝʪ ʪʫ ʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʟʜʘʥʥʦʛʦ ʥʘʤʠ ʙʘʥʢʘ 

ʜʘʥʥʳʭ ʧʦ ʤʘʛʤʘʪʠʟʤʫ ʦʩʪʨʦʚʦʚ ʠ ʧʦʜʚʦʜʥʳʭ ʛʦʨ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, 

ʠʤʝʶʱʝʤʫ ʚ ʦʩʥʦʚʥʦʤ ʱʝʣʦʯʥʦʡ ʭʘʨʘʢʪʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʨʘʩʪʘʝʪ ʚ ʪʝʯʝʥʠʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʷʚʣʝʥʠʝ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʥʘ ʛʨʘʥʠʮʝ ɸʭʝʡ - 

ʇʨʦʪʝʨʦʟʦʡ ʩʦʚʧʘʣʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʢʨʫʧʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʡ. ʕʪʘ 

ʛʨʘʥʠʮʘ - ʦʯʝʥʴ ʚʘʞʥʘʷ ʚʝʭʘ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ: 

1) ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʠʤʝʥʥʦ ʩ ʵʪʠʤ ʨʫʙʝʞʦʤ ʩʚʷʟʳʚʘʶʪ ʩʤʝʥʫ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ - ʢ ʪʝʢʪʦʥʠʢʝ ʧʣʶʤʦʚ 

ʧʨʠʩʦʝʜʠʥʠʣʘʩʴ ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ [6]. 

2) ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʨʫʙʝʞʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʠʩʣʦʨʦʜʥʘʷ ʘʪʤʦʩʬʝʨʘ 

ɿʝʤʣʠ [7] ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʜʠʩʩʠʧʘʮʠʠ 

ʚʦʜʦʨʦʜʘ ʚ ʢʦʩʤʦʩ. ʈʘʥʝʝ ʘʪʤʦʩʬʝʨʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʤʝʩʠ ʉʅ4, H2  ʠ ʉʆ2  [8]. 

3) ʅʘ ʛʨʘʥʠʮʝ ɸʨʭʝʡ - ʇʨʦʪʝʨʦʟʦʡ ʦʪʤʝʯʘʣʩʷ ʩʘʤʳʡ ʤʦʱʥʳʡ ʨʦʩʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʨʝʞʠʤʳ. ʇʦʜ 

ʚʣʠʷʥʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʘʪʤʦʩʬʝʨʳ, ʥʘ ʵʪʦʤ ʨʫʙʝʞʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ "ʦʢʠʩʣʝʥʥʳʭ" ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ ï ʜʞʝʩʧʝʣʣʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ, 

ʧʨʦʠʟʦʰʣʦ ʦʢʠʩʣʝʥʠʝ ʧʘʣʝʦʧʦʯʚ [7]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʨʭʝʡʩʢʠʝ 

ʩʫʧʝʨʛʠʛʘʥʪʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʨʘʥʠʥʠʪʘ ʠ ʧʠʨʠʪʘ (ʪʠʧʘ 

ɺʠʪʚʘʪʝʨʩʨʘʥʜ), ʘ ʪʘʢʞʝ ʩʠʜʝʨʠʪʘ (ʃʘʙʨʘʜʦʨ) ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʚ 

ʧʦʩʪʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʤʠʥʝʨʘʣʳ, ʩʣʘʛʘʶʱʠʝ ʵʪʠ ʨʫʜʳ, ʥʝʫʩʪʦʡʯʠʚʳ ʚ 

ʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ [9], [7]. ɻʣʦʙʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ ʥʘ 

ʨʫʙʝʞʝ ɸʨʭʝʡ - ʇʨʦʪʝʨʦʟʦʡ ʚʳʟʚʘʣʠ ʩʫʙʜʫʢʮʠʶ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʢʠʩʣʝʥʥʦʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʦʩʥʦʚʥʦʤ H2O ʠ CO2), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʣʦ ʢ 

ʚʦʚʣʝʯʝʥʠʶ ʚ ʤʘʥʪʠʡʥʳʝ ʮʠʢʣʳ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɸʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʨʘ - ʤʘʥʪʠʷ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʡ ʣʝʪʫʯʠʭ ʚ ʤʘʥʪʠʠ, ʧʦʪʝʨʷʚʰʝʡ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʦʮʝʩʩʘʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʢʢʨʝʮʠʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ, ʥʦ ʠ 

ʚʳʟʚʘʣʦ ʦʢʠʩʣʝʥʠʝ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʩʪʦʷʚʰʝʛʦ ʚ 

ʜʦʧʨʦʪʝʨʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʩʤʝʩʠ ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ [10]. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʚʦʧʨʦʩʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʨʝʞʠʤʘ ʤʘʥʪʠʡʥʳʭ ʬʣʶʠʜʦʚ ʚʳʷʚʠʣʠ ʛʣʫʙʦʢʫʶ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʤʘʥʪʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɺ ʩʚʝʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ [11], ʚʘʨʠʘʮʠʠ ʬʫʛʠʪʠʚʥʦʩʪʠ 

ʢʠʩʣʦʨʦʜʘ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 5 - 6 ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʚʘʨʮ-ʬʘʡʷʣʠʪ-ʤʘʛʥʝʪʠʪ (QFM). 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʣʠʪʦʩʬʝʨʥʦʡ ʠ 

ʘʩʪʝʥʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʩʢʣʦʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʷʷ ʘʨʭʝʡʩʢʘʷ 

ʣʠʪʦʩʬʝʨʥʘʷ ʤʘʥʪʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʣʤʘʟʦʚ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʚʝʩʴʤʘ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ fO2. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʘʣʤʘʟʘʭ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ 

ʧʦ ʜʘʥʥʳʤ ʈʠʯʘʨʜʩʪʦʥʘ [12] [13] ʠ ʆʟʠʤʳ [14] ʛʦʨʘʟʜʦ ʜʨʝʚʥʝʝ ʚʤʝʱʘʶʱʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʦʣʝʝ 3 ʤʣʨʜ. ʣʝʪ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʙʝʟʥʠʢʝʣʝʚʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ [15] 

ʤʫʘʩʩʦʥʠʪʘ, ʤʘʛʥʝʟʠʦʚʶʩʪʠʪʘ [16] ʠ ʤʝʪʘʥʘ [17], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 
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ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʨʝʚʥʝʡ ʘʨʭʝʡʩʢʦʡ ʤʘʥʪʠʠ. 

ʕʪʠ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʛʝʦʭʠʤʠʠ ʚʘʥʘʜʠʷ ʚ 

ʘʨʭʝʡʩʢʠʭ ʪʦʣʝʠʪʘʭ [18], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʪʥʦʰʝʥʠʷ 

Ti/V ʚ ʧʨʦʮʝʩʩʘʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʧʠʨʦʢʩʝʥʦʚ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʚʘʥʘʜʠʡ. 

ʅʝʜʘʚʥʦ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʘʥʪʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʜʴ ʬʘʟ, ʩʣʘʛʘʶʱʠʭ 

ʷʜʨʦ ɿʝʤʣʠ [19]. ʀʭ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ (ʥʘ 3 ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʥʠʞʝ ʙʫʬʝʨʥʦʡ 

ʩʤʝʩʠ ʚʶʩʪʠʪ - ʞʝʣʝʟʦ [20]). ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʣʠ 

ʚ ʥʘʯʘʣʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ- ʦʢʦʣʦ 4,6 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ ʚʦ ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʜʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ɸʨʢʫʣʫʩʘ ʠ ɼʝʣʘʥʦ [10] ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʤʘʥʪʠʡʥʳʭ ʥʦʜʫʣʝʡ 

ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʷʯʝʝʢ ʧʦʢʘʟʘʣʠ ʚʝʩʴʤʘ ʥʠʟʢʠʝ ʚʝʣʠʯʠʥʳ fʆ2 

ʜʣʷ ʨʷʜʘ ʢʩʝʥʦʣʠʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚʳʭ ʤʝʛʘʢʨʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʙʣʠʟʢʠ ʢ 

ʙʫʬʝʨʫ ʚʶʩʪʠʪ - ʞʝʣʝʟʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɹʘʣʭʘʫʟʘ [21] 

ʫʩʪʘʥʦʚʠʣʠ ʙʦʣʝʝ ʦʢʠʩʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʥʪʠʡʥʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ (ʦʪ -2 ʜʦ 0 log. ʝʜ. ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʝ (QFM) ʠ 

ʦʩʦʙʝʥʥʦ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩʠʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ (ʜʦ 2 log. ʝʜ. ʚʳʰʝ fʆ2 ʙʫʬʝʨ QFM). ʀʟ ʚʩʝʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʬʦʨʤʘʮʠʡ ʥʘʠʙʦʣʝʝ ʦʢʠʩʣʝʥʥʳʤʠ (+3 log. ʝʜ. fʆ2 QFM) ʷʚʣʷʶʪʩʷ ʘʥʜʝʟʠʪʳ ʠ 

ʙʘʟʘʣʴʪʳ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʛʝʥʝʟʠʩ ʢʦʪʦʨʳʭ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥ ʩ 

ʩʫʙʜʫʢʮʠʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʘ ʪʘʢʞʝ ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʦʩʪʨʦʚʦʚ (+2 log. ʝʜʠʥʠʮʳ ʦʪ ʙʫʬʝʨʘ QFM) [21]. ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʢʠʩʣʝʥʥʦʩʪʴ ʚʳʩʦʢʦʱʝʣʦʯʥʳʭ ʣʘʚ ʦʩʪʨʦʚʘ ʊʨʠʥʜʘʜʠ 

(Kogarko et al., 1995), ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʥʘ 3 

ʧʦʨʷʜʢʘ fʆ2 ʙʫʬʝʨʥʦʡ ʩʤʝʩʠ QFM. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ [8] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʷ ʅ2/H2O ʠ 

ʉʆ/ʉʆ2 ʩʦʩʪʘʚʣʷʶʪ 0,01 ʠ 0,03 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʛʦʚʦʨʠʪ ʦ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʥʪʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʨʝʣʠʢʪʦʚ ʙʦʣʝʝ ʜʨʝʚʥʝʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʤʘʥʪʠʠ ʩʨʝʜʠ ʙʦʣʝʝ ʦʢʠʩʣʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʛʦʚʦʨʠʪ ʦ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʤʘʥʪʠʠ ʚ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʦʢʠʩʣʝʥʠʷ 

ʤʘʥʪʠʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ, ʠʤʝʥʥʦ ʩ ʧʦʩʪʘʨʭʝʡʩʢʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʦʛʨʫʞʝʥʠʝ ʦʢʠʩʣʝʥʥʦʡ ʣʠʪʦʩʬʝʨʳ ʚ ʤʘʥʪʠʶ. ʅʘʰʠ ʨʘʩʯʝʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʜʦʧʫʱʝʥʠʠ ʦ ʝʞʝʛʦʜʥʦʤ ʠʟʚʝʨʞʝʥʠʠ ʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʘʭ ʦʢʦʣʦ 

20 ʢʤ3 ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʜʘʣʠ ʦʮʝʥʢʫ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʤʘʥʪʠʶ ʟʘ ʧʦʩʣʝʜʥʠʝ 2.5 ʤʣʨʜ. ʣʝʪ. ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʦʚ 

ʧʦʣʦʞʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʭʨʝʙʪʦʚ ʦʢʦʣʦ 65 ʪʳʩ. ʢʤ, ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʩʧʨʝʜʠʥʛʘ - 5 ʤʤ ʚ ʛʦʜ ʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʤʦʱʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʦʢʦʣʦ 7 ʢʤ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɸ. 

ʍʦʬʤʘʥ [2], ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩʳ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, 

ʧʨʠʥʠʤʘʝʪ ʚʝʣʠʯʠʥʫ ʝʞʝʛʦʜʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʥʪʠʶ - 20 ʢʤ3. 

ɼʦʧʫʩʢʘʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʠʟʤʝʥʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʝ 2-3 % [22], 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʝʞʝʛʦʜʥʳʡ ʧʨʠʪʦʢ ʚʦʜʳ ʚ ʤʘʥʪʠʶ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

1014 ʛ³ʤʦʣʴ/ʛʦʜ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʚʝʣʠʯʠʥʳ ʧʨʠʚʦʜʠʤʦʡ ʂʘʩʪʠʥʛʦʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [23]. ɿʘ 2,5 ʤʣʨʜ. ʣʝʪ, ʧʨʝʜʧʦʣʘʛʘʷ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʣʠʪ, ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 2,5.1023 ʛʨʘʤʤ ʤʦʣʝʡ 

ʚʦʜʳ. ʇʨʠʥʠʤʘʷ ʚʝʩ ʤʘʥʪʠʠ ɿʝʤʣʠ ʦʢʦʣʦ 4,2.1024 ʢʛ (70% ʦʪ ʚʝʩʘ ɿʝʤʣʠ) ʠ 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʦʢʦʣʦ 8% ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʤʘʥʪʠʠ ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʩ ʬʣʶʠʜʦʤ, 

ʦʪʚʝʯʘʶʱʠʤ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʝ ʚʶʩʪʠʪ-ʞʝʣʝʟʦ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 4,7.1024 ʛʨʘʤʤ ʤʦʣʝʡ FeO. ʆʢʠʩʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʤʘʥʪʠʠ ʠʜʝʪ ʧʦ ʨʝʘʢʮʠʠ: 

2FeO + H2O = Fe2O3 + H2 (1), ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʚʦʜʦʨʦʜ ʤʦʞʝʪ ʚʳʜʝʣʷʪʴʩʷ ʚʦ 

ʬʣʶʠʜ ʠ ʚʳʥʦʩʠʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʠ ʜʘʞʝ ʚ ʢʦʩʤʦʩ [8], ʚʳʟʳʚʘʷ 

ʧʦʚʳʰʝʥʠʝ fO2 ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʣʠ 

ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʨʝʘʢʮʠʶ (1), ʪʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ (2,3.1023 ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʦʢʠʩʣʠʪʴ 1/10 ʞʝʣʝʟʘ ʤʘʥʪʠʠ ʠ ʧʦʚʳʩʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʤʘʥʪʠʠ ʜʦ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʚʘʨʮ-ʬʘʷʣʠʪ-ʤʘʛʥʝʪʠʪ, ʢʦʪʦʨʳʡ ʩʝʡʯʘʩ 

ʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʛʝʦʭʠʤʠʢʦʚ [21]. ʇʦ ʜʘʥʥʳʤ ɼʝ ɺʦʨʝ [22], ʦʜʥʘ 

ʪʨʝʪʴ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʚʦʜʳ ʦʪʜʝʣʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ɸ.ɺ.ʉʦʙʦʣʝʚ ʠ ʆ.ʐʘʩʩʠʜʦʥ [24] ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʥʝ ʙʦʣʝʝ 60% ʚʦʜʳ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʤʘʥʪʠʡʥʳʝ ʮʠʢʣʳ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʳ ʥʦʩʷʪ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʦʜʥʘʢʦ, ʥʝʩʦʤʥʝʥʥʦ, ʛʦʚʦʨʷʪ ʦ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʤʘʥʪʠʠ 

ʟʘ ʩʯʝʪ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʚʦʜʳ. ʇʦ ʜʘʥʥʳʤ [23] ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [25] ʚ 

ʤʘʥʪʠʶ, ʧʫʪʝʤ ʧʨʦʮʝʩʩʦʚ ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʪʦʢ ʫʛʣʝʢʠʩʣʦʪʳ, ʨʘʚʥʳʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 6.1012 ʛ³ʤʦʣʴ/ʛʦʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʦʜʦʡ. ʀʥʪʝʨʝʩʥʦ ʚ ʵʪʦʡ ʩʚʷʟʠ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʱʝʣʦʯʥʳʭ ʬʦʨʤʘʮʠʡ 

ʢʘʨʙʦʥʘʪʠʪʳ, ʩʦʩʪʦʷʱʠʝ ʥʘ 20% ʠʟ ʫʛʣʝʨʦʜʘ, ʧʦ ʥʘʰʠʤ ʧʦʜʩʯʝʪʘʤ ʟʘʥʠʤʘʶʪ 

ʥʝ ʙʦʣʝʝ 6-27%. ʉʚʷʟʴ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʛʨʦʤʥʳʤ ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ dʉ13 ʜʣʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ [26]. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ɻʘʣʠʤʦʚʳʤ [27], ʛʣʘʚʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʦʢʠʩʣʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ ʷʚʣʷʝʪʩʷ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʞʝʣʝʟʘ ʚ 

ʷʜʨʦ ɿʝʤʣʠ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʤʘʥʪʠʠ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ. 

ʅʘʰʠ ʦʙʦʙʱʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʣʠʝʚʳʝ ʧʦʨʦʜʳ ʚʦʟʥʠʢʣʠ ʧʦʟʞʝ 

ʥʘʪʨʦʚʳʭ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʧʨʠʤʝʨʥʦ ʥʘ ʨʫʙʝʞʝ 1.5 ʤʣʨʜ. ʣʝʪ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ [28] ʫʩʠʣʠʣʠʩʴ ʧʨʦʮʝʩʩʳ ʧʦʛʨʫʞʝʥʠʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʦʡ ʢʘʣʠʝʤ, ʚ ʤʘʥʪʠʶ. 
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ɻʣʦʙʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ ʚ ʨʘʥʥʝʤ ʧʨʦʪʝʨʦʟʦʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʯʘʣʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʤʘʥʪʠʠ, ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʦʢʠʩʣʝʥʥʘʷ ʬʣʶʠʜʥʘʷ ʬʘʟʘ (H2O + CO2) ʩʧʦʩʦʙʥʘ ʧʝʨʝʥʦʩʠʪʴ 

ʦʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [29]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʘ ʟʘʪʝʤ ʤʘʥʪʠʠ 

ʥʘ ʛʨʘʥʠʮʝ ɸʨʭʝʡ - ʇʨʦʪʝʨʦʟʦʡ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʤʝʥʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʧʣʘʥʝʪʳ ʠ ʨʝʟʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʘ - ʤʘʥʪʠʷ, 

ʧʨʠʚʝʣʠ ʢ ʛʣʦʙʘʣʴʥʳʤ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʚʝʱʝʩʪʚʘ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʦʥ ʚ ʧʦʜʢʦʨʦʚʦʤ 

ʩʫʙʩʪʨʘʪʝ-ʠʩʪʦʯʥʠʢʝ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʉʦʚʧʘʜʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʵʪʠʭ 

ʩʦʙʳʪʠʡ (ʦʢʠʩʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʷʚʣʝʥʠʝ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ) ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʫʯʘʡʥʳʤ ʠ, ʥʝʩʦʤʥʝʥʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʩʚʷʟʴ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʦʷʚʠʚʰʠʩʴ ʚ ʢʦʥʮʝ ɸʨʭʝʷ, ʧʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʧʨʠʯʠʥʘʤ, 

ʱʝʣʦʯʥʳʝ ʤʘʛʤʘʪʠʪʳ, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʇʨʦʪʝʨʦʟʦʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ ʢʦʥʮʘ 

ʚʝʥʜʘ, ʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʰʴ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ (ʨʠʩ1). 

ʅʝʙʦʣʴʰʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʠʤʝʣʦ ʤʝʩʪʦ ʣʠʰʴ ʚ ʢʦʥʮʝ ʩʨʝʜʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, 

ʤʝʞʜʫ 1300 ʠ 1000 ʤʣʥ. ʣʝʪ. ɿʘʪʦ, ʥʘʯʠʥʘʷ ʩ 600 ʤʣʥ. ʣʝʪ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʱʝʣʦʯʥʳʭ ʤʘʛʤʘʪʠʪʦʚ ʧʦʯʪʠ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʣʘ, ʩ 

ʧʠʢʘʤʠ ʥʘ ʫʨʦʚʥʝ ~ 550, 400, 250 ʤʣʥ. ʣʝʪ ʠ, ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ, ʥʘʯʠʥʘʷ ʩ 200-

180 ʤʣʥ. ʣʝʪ, ʜʦʩʪʠʛʥʫʚ ʨʝʢʦʨʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ~ 40 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ, ʪ.ʝ. ʚ 

ʵʦʮʝʥʝ. ʕʪʦʪ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʱʝʣʦʯʥʳʭ ʤʘʛʤʘʪʠʪʦʚ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʧʨʘʚʝʜʣʠʚʳʤ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʦʥʪʠʥʝʥʪʦʚ (ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, 

ɸʬʨʠʢʠ), ʠ ʜʣʷ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʉʠʙʠʨʠ. ʆʪʤʝʯʘʝʪʩʷ ʠ ʨʝʟʢʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʣʘʤʧʨʦʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ, 

ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘ ʦʨʜʦʚʠʢʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ - ʨʘʥʥʝʤ ʧʘʣʝʦʛʝʥʝ 

[30]. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʵʪʘ ʢʘʨʪʠʥʘ ʥʝʩʦʤʥʝʥʥʦ ʠʩʢʘʞʝʥʘ ʪʝʤ 

ʬʘʢʪʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, ʩʣʘʛʘʚʰʠʭ 

ʦʢʝʘʥʩʢʠʝ ʦʩʪʨʦʚʘ ʠ ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ, ʦʢʘʟʘʣʘʩʴ ʧʦʛʣʦʱʝʥʥʦʡ ʚ ʟʦʥʘʭ 

ʩʫʙʜʫʢʮʠʠ. ʕʪʦ ʢʘʩʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʟʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʪʦʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʱʝʣʦʯʥʳʝ ʤʘʩʩʠʚʳ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. 

ɽʩʣʠ ʙʳ ʫʜʘʣʦʩʴ ʫʯʝʩʪʴ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʢʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʚʦ ʚʨʝʤʝʥʠ ʙʳʣʘ ʙʳ ʤʝʥʝʝ ʢʦʥʪʨʘʩʪʥʦʡ. ɼʫʤʘʝʪʩʷ, ʦʜʥʘʢʦ, 

ʯʪʦ ʦʥʘ ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʙʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʵʪʘ ʷʚʥʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʧʨʦʷʚʣʝʥʠʠ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʩ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʚ ʬʘʥʝʨʦʟʦʝ, ʪʨʝʙʫʝʪ ʩʚʦʝʛʦ ʦʙʲʷʩʥʝʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʯʠʩʣʦ ʱʝʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚʦ ʚʥʫʪʨʠʧʣʠʪʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʷʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʘʥʪʠʡʥʳʭ ʩʪʨʫʡ-ʧʣʶʤʦʚ. 

ʃʠʰʴ ʯʘʩʪʴ ʠʭ ʨʘʟʤʝʱʘʣʘʩʴ ʥʘ ʦʩʷʭ ʩʧʨʝʜʠʥʛʘ, ʥʦ, ʪʦʣʴʢʦ ʪʘʤ, ʛʜʝ ʩ ʥʠʤʠ 

ʩʦʯʝʪʘʣʠʩʴ ʛʦʨʷʯʠʝ ʪʦʯʢʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ɸʟʦʨʩʢʠʡ ʘʨʭʠʧʝʣʘʛ ʚ ɸʪʣʘʥʪʠʢʝ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʛʣʫʙʠʥʥʦʤ ʤʘʥʪʠʡʥʦʤ ʫʨʦʚʥʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʜʘʥʥʳʝ 

ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʨʘʥʠʯʥʦʡ ʟʦʥʳ ʤʘʥʪʠʷ-ʷʜʨʦ, 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʵʪʫ ʟʦʥʫ 

ʩʣʵʙʦʚ ʩʫʙʜʫʮʠʨʫʝʤʦʡ ʦʢʝʘʥʩʢʦʡ ʣʠʪʦʩʬʝʨʳ ʠ ʧʦʜʲʝʤʦʤ (ʧʦ ʩʦʩʝʜʩʪʚʫ) 

ʚʦʩʭʦʜʷʱʠʭ ʤʘʥʪʠʡʥʳʭ ʩʪʨʫʡ-ʧʣʶʤʦʚ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʜʘʞʝ ʚ 

ʚʫʣʢʘʥʠʪʘʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʣʫʙʦʢʦ ʚ ʧʨʝʜʝʣʘʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʣʝʜʳ ʧʨʠʩʫʪʩʪʚʠʷ 

ʨʝʮʠʢʣʠʨʦʚʘʥʥʦʛʦ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʥʝʜʘʚʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʛʘʚʘʡʩʢʠʭ ʚʫʣʢʘʥʦʚ [2]. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʝʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, 

ʯʪʦ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ ʩ ʛʦʩʧʦʜʩʪʚʦʤ 

ʦʙʱʝʤʘʥʪʠʡʥʦʡ ʠ ʜʚʫʭʷʨʫʩʥʦʡ - ʨʘʟʜʝʣʴʥʦ ʥʠʞʥʝ- ʠ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. ɺʪʦʨʘʷ ʧʨʝʦʙʣʘʜʘʣʘ ʚ ʵʧʦʭʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʦʚ - 

ʇʘʥʛʝʡ, ʧʝʨʚʘʷ - ʚ ʵʧʦʭʠ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʥʘʯʘʣʘ ʨʘʩʧʘʜʘ. ʂʩʪʘʪʠ, 

ʧʦʷʚʣʝʥʠʝ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʩʦʚʧʘʣʦ ʩ ʵʧʦʭʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʛʦ (ʠʟ ʙʦʣʝʝ 

ʠʣʠ ʤʝʥʝʝ ʫʚʝʨʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ) ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ 

(ʇʘʥʛʝʷ-0). ɺ ʧʝʨʠʦʜʳ ʜʚʫʭʲʷʨʫʩʥʦʡ ʢʦʥʚʝʢʮʠʠ ʩʫʜʙʫʮʠʨʫʝʤʳʝ ʩʣʵʙʳ, ʢʘʢ ʠ 

ʧʨʝʜʧʦʣʘʛʘʣ ɸ. ʈʠʥʛʚʫʜ, [4] ʤʦʛʣʠ ʟʘʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʠ ʠʤʝʥʥʦ ʦʪʩʶʜʘ ʤʦʛʣʠ ʧʦʜʥʠʤʘʪʴʩʷ ʧʣʶʤʳ. ʇʦʩʢʦʣʴʢʫ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʷʟʢʦʩʪʴʶ ʤʘʥʪʠʠ ʠ ʝʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʟʜʝʣʴʥʦʡ ʠʣʠ ʦʙʱʝʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʘ ʠʤʝʥʥʦ: ʩ 

ʧʦʚʳʰʝʥʠʤ ʚʷʟʢʦʩʪʠ, ʚʳʟʚʘʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ɿʝʤʣʠ, ʚʦʟʨʘʩʪʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʦʙʱʝʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʢʦʪʦʨʘʷ, ʦʯʝʚʠʜʥʦ, ʠ 

ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ; ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʚ ʧʦʟʜʥʝʤ ɸʨʭʝʝ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʠʤʝʣʘ ʤʝʩʪʦ ʜʚʫʭʲʷʨʫʩʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʠ ʧʣʶʤʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʟʘʨʦʞʜʘʣʠʩʴ ʚ ʧʦʜʦʰʚʝ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʦʪ ʚʝʨʭʥʝʡ ʢ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʥʘ 

ʛʣʫʙʠʥʝ 660-670 ʢʤ. ɹʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ 

ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʣʷ ʢʦʥʮʘ ʥʝʦʧʨʦʪʝʨʦʟʦʷ. ʆʥʠ ʩʦʚʧʘʣʠ ʩ ʨʘʩʧʘʜʦʤ 

ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʷ (ʥʘʯʘʣʦ ʧʦʟʜʥʝʛʦ ʨʠʬʝʷ) ʠ ʤʦʛʣʠ ʚʳʨʘʟʠʪʴʩʷ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʙʱʝʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɺ ʝʱʝ ʙʦʣʴʰʝʤ ʤʘʩʰʪʘʙʝ ʵʪʦ 

ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʧʦʟʜʥʝʝ, ʚ ʧʝʨʠʦʜ 400-250 ʠ ʦʩʦʙʝʥʥʦ 200-180 ʤʣʥ. ʣʝʪ, ʚ 

ʵʧʦʭʫ ʥʘʯʘʣʘ ʨʘʩʧʘʜʘ ʚʝʛʝʥʝʨʦʚʩʢʦʡ ʇʘʥʛʝʠ. ʀʤʝʥʥʦ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʧʦ 

ʜʘʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʤʥʦʛʠʝ ʩʣʵʙʳ ʩʫʙʜʫʮʠʨʫʝʤʦʡ ʦʢʝʘʥʩʢʦʡ 

ʣʠʪʦʩʬʝʨʳ - ʥʘ ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʠ 

ʖʞʥʦ-ɸʥʶʡʩʢʦʛʦ ʧʘʣʝʦʦʢʝʘʥʦʚ [31], ʩʪʘʣʠ ʜʦʩʪʠʛʘʪʴ ʩʣʦʷ Dò ʚ ʦʩʥʦʚʘʥʠʠ 

ʤʘʥʪʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʜʲʝʤʫ ʧʣʶʤʦʚ ʩ ʵʪʦʡ ʛʣʫʙʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʣʦ ʥʘʯʘʪʴʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʬʣʶʠʜʘʤʠ ʠʟ ʥʠʟʦʚ ʤʘʥʪʠʠ, ʩ ʛʣʫʙʠʥʳ 1000-1200 ʢʤ, ʘ ʥʝ ʩ ʛʨʘʥʠʮʳ ʥʠʞʥʷʷ-

ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ - 670 ʢʤ, ʢʘʢ ʵʪʦ ʩʯʠʪʘʣʦʩʴ ʝʱʝ ʥʝʜʘʚʥʦ. 

ɺʳʷʚʣʝʥʥʦʝ ʥʘʤʠ ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʠʩʪʦʨʠʠ 

ɿʝʤʣʠ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʚ ʦʙʱʝʤʘʥʪʠʡʥʫʶ 

ʢʦʥʚʝʢʮʠʶ ʠ ʘʜʚʝʢʮʠʶ (ʧʣʶʤʳ) ʚʩʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʩʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ ʦʙʤʝʥʦʤ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʠ 

ʟʝʤʥʦʡ ʢʦʨʦʡ, ʠ ʝʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʥʝʜʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʨʠʩʘʡʢʣʠʥʛʘ, ʠ ʚʩʝ 



ʂʦʛʘʨʢʦ ʃ.ʅ. 
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ʚʦʟʨʘʩʪʘʶʱʝʝ ʜʨʝʥʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʠʤʠ ʬʣʶʠʜʥʳʤʠ 

ʧʦʪʦʢʘʤʠ. 

 

ɻʃʆɹɸʃʔʅʓʁ ʄɸʅʊʀʁʅʓʁ ʄɽʊɸʉʆʄɸʊʆɿ ʀ ɻɽʅɽɿʀʉ 

ʆɹʆɻɸʑɽʅʅʓʍ ʈɽɿɽʈɺʋɸʈʆɺ ʇʆɼʂʆʈʆɺʓʍ ɿʆʅ 

ɺ ʢʘʯʝʩʪʚʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʣʝʜʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʡ ʜʝʛʘʟʘʮʠʠ 

ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʬʣʶʠʜʘ (ʚʦʜʳ ʠ 

ʫʛʣʝʢʠʩʣʦʪʳ) ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʧʣʝʥʦʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦ 

ʤʝʭʘʥʠʟʤʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʈʠʥʛʚʫʜʦʤ [25]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʠʤʝʥʥʦ ʨʘʩʧʣʘʚʳ ʥʠʟʢʠʭ ʩʪʝʧʝʥʝʡ ʧʣʘʚʣʝʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʝ ʚʦʜʦʡ ʠ 

ʫʛʣʝʢʠʩʣʦʪʦʡ, ʩʧʦʩʦʙʥʳʝ ʢ ʧʝʨʝʥʦʩʫ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʜʢʠʭ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʱʝʣʦʯʝʡ [25], ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʘʛʝʥʪʘʤʠ 

ʤʝʪʘʩʦʤʘʪʦʟʘ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

[19] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʥʳʡ ʬʣʶʠʜ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʩʠʣʠʢʘʪʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʱʝʣʦʯʘʤʠ. 

ʈʘʥʝʝ ʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ [19] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʨʝʰʘʶʱʘʷ ʨʦʣʴ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʥʝʟʠʩʝ ʱʝʣʦʯʥʳʭ ʤʘʛʤ. ʊʦʣʴʢʦ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʧʨʠʚʥʦʩ ʨʝʜʢʠʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʳ 

ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʨʝʟʢʫʶ ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʱʝʣʦʯʥʳʭ ʤʘʛʤ ʨʝʜʢʠʤʠ ʣʠʪʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʭ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʜʠʦʛʝʥʥʳʭ 

ʠʟʦʪʦʧʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʘʰʠ ʜʘʥʥʳʝ [32], [3] ʧʦ 

ʠʟʦʪʦʧʠʠ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʱʝʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

(ʍʠʙʠʥʩʢʠʡ ʠ ʃʘʚʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚʳ), ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʩʫʧʝʨʛʠʛʘʥʪʩʢʠʝ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʠ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ ʨʝʟʢʦ 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ, ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨ ʠʩʭʦʜʥʦʛʦ 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ - ʠʩʪʦʯʥʠʢʘ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ 

ʤʘʥʪʠʡʥʳʭ ʢʦʨʨʝʣʷʮʠʡ eNd - eSr ʜʘʥʥʳʝ ʜʣʷ ʧʦʨʦʜ ʠ ʨʫʜ ʍʠʙʠʥʩʢʦʛʦ ʠ 

ʃʘʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʧʦʧʘʜʘʶʪ ʚ ʜʝʧʣʝʪʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ [32]. 

ʇʦʜʦʙʥʳʡ ʧʘʨʘʜʦʢʩ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʪʦʣʴʢʦ ʦʯʝʥʴ ʙʳʩʪʨʦʡ ʧʦʜʘʯʝʡ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʠʣʴʥʦ ʦʙʦʛʘʱʝʥʥʦʛʦ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʤʘʥʪʠʡʥʳʡ ʦʯʘʛ ʧʣʘʚʣʝʥʠʷ, ʧʨʠʯʝʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ 

ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʳʤ, ʯʪʦ ʨʘʜʠʦʛʝʥʥʳʝ ʠʟʦʪʦʧʳ (87Sr, 143Nd) ʥʝ ʫʩʧʝʚʘʣʠ 

ʥʘʢʦʧʠʪʴʩʷ ʠ ʠʟʤʝʥʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʟʦʪʦʧʦʚ ʩʪʨʦʥʮʠʷ, ʩʘʤʘʨʠʷ ʠ ʥʝʦʜʠʤʘ ʚ ʠʩʭʦʜʥʦʤ ʤʘʥʪʠʡʥʦʤ ʩʫʙʩʪʨʘʪʝ. 

ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [33], ʘ ʪʘʢʞʝ ʥʘʰʠ ʜʘʥʥʳʝ [34] ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʤʘʥʪʠʠ. ʇʦʷʚʣʝʥʠʝ 

ʘʤʬʠʙʦʣʦʚ, ʬʣʦʛʦʧʠʪʦʚ, ʘʧʘʪʠʪʘ, ʧʝʨʚʠʯʥʳʭ ʢʘʨʙʦʥʘʪʦʚ, ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ 

ʣʠʥʜʩʣʝʠʪ-ʤʘʪʠʘʟʠʪ ʠ ʜʨʫʛʠʭ ʬʘʟ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʩʚʷʟʘʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ ʤʘʥʪʠʡʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʨʘʩʧʣʘʚʘʤʠ ʤʘʣʳʭ ʩʪʝʧʝʥʝʡ ʧʣʘʚʣʝʥʠʷ. ɺ ʵʪʦʡ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʨʘʙʦʪʘ ɼ.ʌʨʘʥʩʠʩʘ [35], ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʩʠʣʴʥʦ ʘʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʦʡ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ. 

ɺʳʩʦʢʦʱʝʣʦʯʥʳʝ ʩʪʝʢʣʘ ʚ ʤʘʥʪʠʡʥʳʭ ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʩʝʥʦʣʠʪʘʭ 

ʙʳʣʠ ʦʧʠʩʘʥʳ ʪʘʢʞʝ ʕʜʛʘʨʦʤ [36]. ʅʘʤʠ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʥʦʜʫʣʝʡ ʦʩʪʨʦʚʦʚ ʄʦʥʪʘʥʘ 

ʂʣʘʨʘ (ʂʘʥʘʨʩʢʠʡ ʘʨʭʠʧʝʣʘʛ) ʠ ʌʝʨʥʘʥʜʦ ʜʠ ʅʦʨʦʥʴʷ (ɹʨʘʟʠʣʠʷ) ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʢʘʨʙʦʥʘʪʘʤʠ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʪʝʢʣʘ, 

ʦʪʚʝʯʘʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ ʧʝʨʝʩʳʱʝʥʥʳʤ ʱʝʣʦʯʘʤʠ ʬʦʥʦʣʠʪʘʤ ʠ ʪʨʘʭʠʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʨʘʮʠʷ ʱʝʣʦʯʥʳʭ ʤʘʛʤ ʚ ʭʦʜʝ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʳ ʚʝʣʠ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʥʪʠʡʥʦʛʦ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. ʅʘʤʠ ʚ ʤʘʥʪʠʡʥʦʤ 

ʩʫʙʩʪʨʘʪʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʤʘʥʪʠʠ ʨʷʜʘ ʦ-ʚʦʚ ɸʪʣʘʥʪʠʢʠ [37] ʙʳʣ ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥ ʧʝʨʚʠʯʥʳʡ ʢʘʨʙʦʥʘʪ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʨʝʘʢʮʠʷʤ: 

2MgSiO3 + CaMg(CO3)2 = 2Mg2SiO4 + CaMgSi2O6 + 2CO2 

3CaMg(CO3)2 + CaMgSi2O6 = 4CaCO3 + 2Mg2SiO4 + CO2 

ɺʦʟʥʠʢʘʶʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠ ʦʣʠʚʠʥʳ ʚʪʦʨʦʡ 

ʛʝʥʝʨʘʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʠʦʥʥʳʡ ʤʠʢʨʦʟʦʥʜ CAMECA, ʤʳ ʧʦʣʫʯʠʣʠ 

ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʘʭ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ (ʂʘʥʘʨʩʢʠʝ ʦ-ʚʘ, ʦ-ʚ 

ʌʝʨʥʘʥʜʦ ʜʝ ʅʘʨʦʥʴʷ, ɺʦʩʪʦʯʥʘʷ ɸʥʪʘʨʢʪʠʜʘ). ɿʥʘʷ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʚʥʦʚʝʩʠʷʭ ʧʠʨʦʢʩʝʥ-

ʢʘʨʙʦʥʘʪʥʳʡ ʨʘʩʧʣʘʚ [38, 40], ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ 

ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʥʪʠʡʥʳʭ ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʠʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʨʘʩʧʣʘʚʘʭ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ ʛʠʛʘʥʪʩʢʦʛʦ 

ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʩʫʧʝʨʢʨʫʧʥʳʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʧʘʜʘʝʪ (ʨʠʩ. 2) ʚ ʠʥʪʝʨʚʘʣ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʤʘʥʪʠʡʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʩʦʩʪʘʚʫ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ [39] ʧʦʢʘʟʘʣʦ ʠʭ ʙʦʣʴʰʦʝ 

ʩʭʦʜʩʪʚʦ. ɺʩʝ ʦʥʠ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤʠ ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ ʠ 

ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʦ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. ʇʦʜʦʙʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʣʝʛʢʠʤʠ ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ), 

ʥʝʩʦʤʥʝʥʥʦ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʛʝʥʝʟʠʩ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚ-ʨʘʩʪʚʦʨʦʚ 

ʦʧʨʝʜʝʣʷʣʩʷ ʨʘʚʥʦʚʝʩʠʷʤʠ ʢʨʠʩʪʘʣʣ-ʨʘʩʧʣʘʚ, ʪʘʢ ʢʘʢ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʢʠʭ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʛʨʘʥʘʪʘʭ, 

ʟʘʤʝʪʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʷʞʝʣʳʤʠ ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚ-ʬʣʶʠʜʘ ʦʪʤʝʯʘʶʪʩʷ 

ʤʠʥʠʤʫʤʳ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, ʥʠʦʙʠʷ (ʨʠʩ. 2), ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [38], ʧʦʢʘʟʘʚʰʠʤʠ ʥʠʟʢʫʶ 
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʞʠʜʢʦʩʪʷʭ.  

ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ (ʨʠʩ. 

2), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʛʦʚʦʨʠʪ ʦ ʱʝʣʦʯʥʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʩʦʩʪʘʚʘʭ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪʘʢ ʢʘʢ ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ [38], ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʘʭ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ.ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ 

ʨʘʟʣʠʯʠʷ ʩʦʩʪʘʚʦʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʚʩʝ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥʳ ʨʝʜʢʠʤʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʣʝʛʢʠʤʠ ʨʝʜʢʠʤʠ 

ʟʝʤʣʷʤʠ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʤʘʥʪʠʡʥʳʭ ʬʣʶʠʜʦʚ, ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʝʦʭʠʤʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʛʝʦʭʠʤʠʠ 

ʤʘʥʪʠʠ. 

 

 

ʈʠʩ. 2 ʉʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʤʘʥʪʠʡʥʳʭ ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʠʭ ʨʘʩʧʣʘʚ-ʬʣʶʠʜʦʚ. 

ʈʘʩʩʯʠʪʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʦʥʥʦʛʦ ʤʠʢʨʦʟʦʥʜʘ ʜʣʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʤʘʥʪʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦ-ʚʘ ʌʝʨʥʘʥʜʦ ʜʝ ʅʘʨʦʥʴʷ, ɺʦʩʪʦʯʥʦʡ 

ɸʥʪʘʨʢʪʠʜʳ, ʂʘʥʘʨʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ. 

  -  - ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʃʦʚʦʟʝʨʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, 

 *-ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʩʭʦʜʷʱʠʝ ʤʘʥʪʠʡʥʳʝ ʧʣʶʤʳ, ʚʳʟʳʚʘʷ ʦʯʝʥʴ 

ʤʘʣʳʝ ʩʪʝʧʝʥʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʫ ʧʦʜʦʰʚʳ ʧʣʶʤʘ), ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʩʧʣʘʚʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ, ʦʙʣʘʜʘʷ ʦʯʝʥʴ 

ʥʠʟʢʠʤʠ ʚʷʟʢʦʩʪʷʤʠ, ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʶʪ ʚ ʚʝʨʭʥʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʪʘʞʠ ʠ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʱʘʶʪ ʤʘʥʪʠʡʥʳʝ ʧʝʨʠʜʦʪʠʪʳ. 

ɼʘʣʴʥʝʡʰʠʡ ʧʦʜʲʝʤ ʜʠʘʧʠʨʘ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʧʣʘʚʣʝʥʠʶ ʨʘʥʝʝ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʱʝʣʦʯʥʳʭ ʤʘʛʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʛʝʥʝʟʠʩʘ 

ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʝʦʭʠʤʠʝʡ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʠʭ ʨʘʩʧʣʘʚ-ʬʣʶʠʜʦʚ, ʦʜʥʘʢʦ ʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʩʪʝʧʝʥʠ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʋʯʠʪʳʚʘʷ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʫʧʝʨʢʨʫʧʥʳʭ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦ ʦʙʝʜʥʝʥʥʳʡ ʨʝʜʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʫʙʩʪʨʘʪ [32], ʤʘʩʩʘ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ-ʠʩʪʦʯʥʠʢʘ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʣʦʩʩʘʣʴʥʦʡ. ʈʘʟʫʤʥʝʝ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʛʠʛʘʥʪʩʢʠʭ ʱʝʣʦʯʥʳʭ 

ʠʥʪʨʫʟʠʡ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩʘʤʦʛʦ ʧʣʶʤʘ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʝʥ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʘʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʚʦʧʨʦʩʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

 

ɻʃʋɹʀʅʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆɹʆɻɸʑɽʅʅʓʍ ʈɽɿɽʈɺʋɸʈʆɺ 

ɺ ʩʚʝʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ, ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚʳʜʝʣʷʶʪ ʜʚʘ ʛʣʦʙʘʣʴʥʳʭ 

ʨʝʟʝʨʚʫʘʨʘ: ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʤʘʥʪʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʙʦʪʘʤʠ ʧʦ 

ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ [41] ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʦʢʦʣʦ 1000ʢʤ ʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʩʣʦʷ Dò-2300. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ 

ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ [41]. ʕʪʠ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʝ ʜʚʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘ (ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʤʘʥʪʠʷ) ʚ ʤʘʥʪʠʡʥʦʤ ʨʝʟʝʨʚʫʘʨʝ 

ɿʝʤʣʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʘʥʝʝ, ʘ ʪʨʠ. ɺʳʷʚʣʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 2/3 ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʠʞʥʷʷ ʤʘʥʪʠʷ-

ʷʜʨʦ (ʨʠʩ. 3) ʠ ʩʦʩʪʘʚʣʷʝʪ 20-30% ʦʪ ʚʩʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ ʚ ʩʘʤʳʭ ʥʠʟʘʭ ʥʠʞʥʝʡ 

ʤʘʥʪʠʠ. ʈʘʟʤʝʨʳ ʠ ʤʦʨʬʦʣʦʛʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ (çʤʝʛʘʧʣʶʤʘè) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ. ɽʩʣʠ 

ʙʳ ʵʪʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠʤʝʣʘ ʪʝʨʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʪʦ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʙʳʣʦ ʙʳ ʚʝʩʴʤʘ ʢʦʨʦʪʢʠʤ ʚʩʣʝʜʩʪʚʠʝ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʪʝʧʣʘ ʠʟ ʷʜʨʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʬʘʟʦʚʳʤ ʨʘʩʧʘʜʦʤ ʩʠʣʠʢʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʦʢʠʩʣʦʚ 

(ʤʘʛʥʝʟʠʦʚʶʩʪʠʪ, ʩʪʠʰʦʚʠʪ) ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 650ʢʙ. ɺʳʜʝʣʝʥʠʝ 

ʤʘʛʥʝʟʠʦʚʶʩʪʠʪʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʞʝʣʝʟʦʤ, ï ʝʱʝ ʦʜʠʥ ʤʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʝʝ ʪʷʞʝʣʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 
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ʘʥʦʤʘʣʴʥʦʛʦ ʩʣʦʷ ʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ɿʝʤʣʠ. ʇʦʪʦʢ ʪʝʧʣʘ ʚʩʝʡ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 44 

TW, ʧʨʠʯʝʤ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʟʝʤʥʦʡ ʢʦʨʳ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ 6 TM [42], ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʦʢ ʪʝʧʣʘ 

ʤʘʥʪʠʠ ʠ ʷʜʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʢʦʣʦ 38 TW. ɼʘʞʝ ʝʩʣʠ ʙʳ ʚʩʷ ɿʝʤʣʷ ʠʤʝʣʘ 

ʭʦʥʜʨʠʪʦʚʳʡ ʩʦʩʪʘʚ, ʪʦ ʝʝ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩʦʩʪʘʚʠʣ ʙʳ ʪʦʣʴʢʦ 31 TW [43]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʚʝʨʜʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪ 25% ʜʦ 90% ʤʘʥʪʠʡʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʜʢʠʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ  

 

  

ʈʠʩ 3 ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ (Van-der-Hilst , 

Karason, 1999). 

 

ʵʣʝʤʝʥʪʦʚ (ʠʩʪʦʯʥʠʢ - ʙʘʟʘʣʴʪʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ MORB), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ɿʝʤʣʠ ʜʦʣʞʝʥ ʙʳʪʴ ʥʠʞʝ 31 TW, ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʵʪʘ ʚʝʣʠʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (44 TW). ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʤʘʥʪʠʠ ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʣʦʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʡ ʦʛʨʦʤʥʫʶ 

ʤʘʩʩʫ ʪʝʧʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʠ U-25,6 ppm [43]. 

ɻʝʥʝʟʠʩ ʦʙʦʛʘʱʝʥʥʦʡ ʨʝʜʢʠʤʠ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʦʥʳ ʚ 

ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʥʝ ʷʩʝʥ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩ 

ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʟʝʨʚʫʘʨʘ, ʚʦʟʥʠʢʰʝʛʦ ʚ 

ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʮʠʢʣʠʥʛʘ ʘʨʭʝʡʩʢʦʡ ʢʦʨʳ, ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʬʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ 
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ʨʝʜʢʠʤʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʦʪʦʢʫ 

ʪʝʧʣʘ ʚ ʵʪʦʡ ʟʦʥʝ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʟʦʥʝ Dò. ɻʦʨʷʯʠʡ ʧʣʦʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʠʞʥʝʡ ʤʘʥʪʠʠ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʦʪʦʢʘ 

ʪʝʧʣʘ ʠʟ ʷʜʨʘ, ʤʦʛ ʚʩʧʣʳʚʘʪʴ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʢʠʭ ʩʫʧʝʨʧʣʶʤʦʚ, 

ʢʘʢ ɸʬʨʠʢʘʥʩʢʠʡ ʠ ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ. ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʂʦʣʴʩʢʦʡ ʱʝʣʦʯʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ) ʠʟ 

ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ ʥʠʞʥʝʡ ʤʘʥʪʠʠ. ʇʦ ʦʮʝʥʢʘʤ [44] ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ 

ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʍʠʙʠʥʩʢʦʛʦ ʠ ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

11000ʢʤ3. ɿʥʘʷ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ [44], 

ʪʘʢʠʭ ʢʘʢ ʮʠʨʢʦʥʠʡ ʠ ʪʦʨʠʡ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʠʪʠʚʥʦʡ 

ʠʣʠ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ - ʠʩʪʦʯʥʠʢʘ ʵʪʠʭ ʧʦʨʦʜ. ʅʘʰʠ ʠʟʦʪʦʧʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ [32], ʯʪʦ ʛʠʛʘʥʪʩʢʠʝ ʱʝʣʦʯʥʳʝ ʠʥʪʨʫʟʠʠ ʂʦʣʴʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʠʟ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʃʦʚʦʟʝʨʩʢʦʡ ʠ ʍʠʙʠʥʩʢʦʡ ʠʥʪʨʫʟʠʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ 

ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 3.7³106 ʢʤ3, ʘ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ- 3.8³107 ʢʤ3. ʕʪʠ 

ʮʠʬʨʳ ʥʝʨʝʘʣʠʩʪʠʯʥʳ, ʦʥʠ ʩʦʧʦʩʪʘʚʠʤʳ ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʶʪ ʦʙʲʝʤʳ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʚʷʟʴ ʂʦʣʴʩʢʦʡ ʱʝʣʦʯʥʦʡ ʧʨʦʚʠʥʮʠʠ ʩ ʢʨʫʧʥʳʤ ʧʣʶʤʦʤ. 

ʅʘʧʨʠʤʝʨ, ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʧʣʶʤʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7³106 

ʢʤ [42]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʨʘʩʯʝʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ, ʚʝʨʦʷʪʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʬʦʨʤʘʮʠʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʢʘʢʠʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʘʥʦʤʘʣʴʥʳʡ ʩʣʦʡ 

ʥʠʞʥʝʡ ʤʘʥʪʠʠ. ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʜʢʠʭ ʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʥʪʠʡʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʧʦʟʚʦʣʷʶʪ ʧʦʜʦʡʪʠ ʢ 

ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʦʤʘʣʴʥʦʤ ʩʣʦʝ ʥʠʞʥʝʡ 

ʤʘʥʪʠʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ [41], ʩʦʜʝʨʞʘʥʠʝ U ʚ 

ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 25.6 ppm. ɼʦʧʫʩʢʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʥʪʠʡʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ, 

ʙʫʜʫʪ ʧʨʠʤʝʨʥʦ ʥʘ 2 ʧʦʨʷʜʢʘ ʚʳʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʝʡ. 

ʂʦʥʝʯʥʦ, ʵʪʠ ʦʮʝʥʢʠ ʥʦʩʷʪ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ 

ʜʦʧʫʱʝʥʠʠ, ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʥʘ 15 % 

(ʦʙʳʯʥʦ ʜʦʧʫʩʢʘʝʤʘʷ ʩʪʝʧʝʥʴ ʧʣʘʚʣʝʥʠʷ ʩʫʧʝʨʧʣʶʤʦʚ), ʚ ʦʙʣʘʩʪʷʭ ʨʘʟʚʠʪʠʷ 

ʧʣʘʪʦʙʘʟʘʣʴʪʦʚ ʧʨʠʚʥʦʩ 5-30 % ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʬʣʶʠʜʘ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʛʝʥʝʨʘʮʠʶ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʙʣʠʟʢʠʭ ʢ ʠʭ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʷʤ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ 

ʤʘʛʤʘʭ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʚʠʯʥʳʝ ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ 

ʱʝʣʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʇʦʣʷʨʥʦʡ ʉʠʙʠʨʠ ʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʈʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʚ 

ʧʨʠʤʠʪʠʚʥʦʡ (0.7 ppm) ʠ ʘʥʦʤʘʣʴʥʦʡ ʤʘʥʪʠʠ (70 ppm), ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʝʤ 
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ʨʘʩʧʣʘʚʝ (ʨʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ï 490 ppm), ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʝ (131 ppm) [44] ʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 5 % ʧʣʘʚʣʝʥʠʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ. ʇʨʠʥʠʤʘʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʦʙʠʷ, ʨʘʩʯʝʪʥʘʷ ʜʦʣʷ 

ʧʨʠʚʥʦʩʘ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʪ - 1.3 %. ʇʨʠ ʜʦʧʫʱʝʥʠʠ 

ʩʪʝʧʝʥʠ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʠ ʚ 1 %, ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʨʘʩʧʣʘʚ-

ʬʣʶʠʜʘ ʙʫʜʝʪ ʦʯʝʥʴ ʤʘʣʦ: ʦʢʦʣʦ 0.013 %. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ [45], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ (ʘʤʬʠʙʦʣʳ, ʩʣʶʜʳ, ʘʧʘʪʠʪ ʠ ʜʨ.) ʚ ʤʘʥʪʠʠ 

ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ - ʜʦʣʠ ʧʨʦʮʝʥʪʘ. ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʦʮʝʩʩʳ ʤʝʪʘʩʦʤʘʪʦʟʘ 

ʚ ʤʘʥʪʠʠ ʚʦʦʙʱʝ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ 

ʇʨʠʚʥʦʩ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʠʤʠ ʨʘʩʧʣʘʚʘʤʠ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʪʝʣʝʥ ʠ ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʨʦʩʪʫ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʷ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ-ʠʩʪʦʯʥʠʢʦʚ ʱʝʣʦʯʥʳʭ ʤʘʛʤ. 

ɻʣʦʙʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʧʦʜʢʦʨʦʚʳʭ ʟʦʥʘʭ ʩʦʧʨʷʞʝʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʘʢʪʠʚʥʦ ʥʘʯʘʚʰʠʤʠʩʷ ʥʘ ʛʨʘʥʠʮʝ 

ɸʨʭʝʡ-ʇʨʦʪʝʨʦʟʦʡ. ɻʝʥʝʟʠʩ ʩʫʧʝʨʢʨʫʧʥʳʭ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʠʞʥʝʡ ʤʘʥʪʠʠ, 

ʚʳʷʚʣʝʥʥʦʛʦ ʥʦʚʝʡʰʠʤʠ ʨʘʙʦʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ [41]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈɸʅ ˉ 22. 
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ɸʙʩʪʨʘʢʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʨʫʜʥʘʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʦ-ʊʠʤʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ: 

ʥʠʦʙʠʝʚʘʷ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʝʚʘʷ ï ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʋʨʘʣʘ, ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ ï ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʠʤʘʥʘ. ʂʘʨʙʦʥʘʪʠʪʳ ʠʣʴʤʝʥʦ-

ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʠʘʩʢʠʪ-ʩʠʝʥʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʋʨʘʣ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʥʠʦʙʠʝʚʳʡ ʪʠʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʩ 

ʧʠʨʦʭʣʦʨʦʚʳʤ ʪʠʧʦʤ ʨʫʜ). ʂʘʨʙʦʥʘʪʠʪʳ ʙʫʣʜʳʤʩʢʦʛʦ ʫʣʴʪʨʘʙʘʟʠʪ-

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʋʨʘʣ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-

ʥʠʦʙʠʝʚʳʡ ʪʠʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʤʦʥʘʮʠʪ-ʵʰʠʥʠʪ-ʢʦʣʫʤʙʠʪ-ʧʠʨʦʭʣʦʨʦʚʳʡ 

ʪʠʧ ʨʫʜ). ʂʘʨʙʦʥʘʪʠʪʳ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʉʨʝʜʥʠʡ ʊʠʤʘʥ) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʮʝʨʠʝʚʦʟʝʤʝʣʴʥʳʡ ʪʠʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʩ 

ʤʦʥʘʮʠʪ-ʙʘʩʪʥʝʟʠʪʦʚʳʤ ʪʠʧʦʤ ʨʫʜ).  Rb-Sr ʠ Sm-Nd ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʠ 

ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʦʨʤʘʮʠʠ ʋʑʂ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʧʣʘʪʬʦʨʤ (ʩ ʫʤʝʨʝʥʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ DM) ʠ ʚ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʨʘʪʦʥʘʭ (ʩ ʥʘʠʙʦʣʝʝ ʛʣʫʙʠʥʥʳʤʠ 

ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʠʧʘ ɽM1). ʏʝʪʣʘʩʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʘʡʢʦʚʳʭ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ Cʨʝʜʥʝʛʦ ʊʠʤʘʥʘ ʠʤʝʝʪ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ 

ʚʝʱʝʩʪʚʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʙʘʚʢʦʡ ʨʝʮʠʢʣʠʨʦʚʘʥʥʦʛʦ ʢʦʨʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʠʦʙʠʷ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʧʠʨʦʭʣʦʨʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ, ʙʘʩʪʥʝʟʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, Rb-Sr ʠ Sm-Nd ʠʟʦʪʦʧʥʘʷ 

ʩʠʩʪʝʤʘʪʠʢʘ, ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ, ʋʨʘʣ, ʊʠʤʘʥ 
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Abstract. The ore specialization of carbonatite complexes of Urals-Timan region has 

been established: niobium and rare earth-niobium ï for the Uralsô carbonatite 

complexes, the rare-earth ï for carbonatites of Timan. The carbonatites of Il'menʦ-

Vishnevogorsky miaskite-carbonatite complex (Southern Urals) are industrial 

niobium type deposits (pyrochlore type of ores). The Buldym ultrabasic-carbonatite 

complex (Southern Urals) are rare earth-niobium type deposits (monazite-aeschynite-

columbite-pyrochlore type of ores). The Chetlassky carbonatite complex (Middle 

Timan) are cerium type deposits of bastnesite carbonatites (with monazite-bastnesite 

type of ores). The Rb-Sr ʠ Sm-Nd isotope characteristics of the Ural carbonatite 

complexes confirm their mantle source and are similar to those of the ultrabasic-

alkaline-carbonatite complexes located in the marginal parts of the platforms (with 

mantle sources of the moderately depleted DM and FOZO types) and in Precambrian 

cratons (with the deepest mantle sources of the EM1 type). The Chetlassky 

carbonatite complex (Middle Timan) has a mantle source with an insignificant 

addition of a recycled crust component. 

 

Keywords: pyrochlore carbonatites, bastnesite carbonatites, niobium and rare earths 

deposits, Rb-Sr and Sm-Nd isotopic systematics, Urals, Timan 

 

 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʠʦʙʠʝʚʳʭ, 

ʪʘʥʪʘʣʦʚʳʭ ʨʫʜ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʷʚʣʷʝʪʩʷ ʦʪʥʝʩʝʥʠʝ ʠʭ ʢ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʪʠʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʘʢ, ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʪʠʧʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʦʪʥʦʩʷʪʩʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʱʝʣʦʯʥʳʭ, ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʠ ʛʨʘʥʠʪʥʳʭ 

ʬʦʨʤʘʮʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʫʜʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ.  

ʉʨʝʜʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʜʝʣʷʝʪʩʷ 3 ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʘ 

(ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʤʘʛʤʘʪʠʟʤʘ, ʩ ʫʯʝʪʦʤ 

ʪʠʧʘ ʱʝʣʦʯʥʦʩʪʠ, ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ) [4, 7]: 1) 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ ʩ ʥʘʪʨʠʝʚʳʤ 

ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ (ʋʑʂ); 2) ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʦ-

ʛʘʙʙʨʦʠʜʥʦʡ (ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ) ʬʦʨʤʘʮʠʠ ʩ ʢʘʣʠʝʚʳʤ ʪʠʧʦʤ 

ʱʝʣʦʯʥʦʩʪʠ; 3) ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʣʠʥʝʡʥʳʤʠ ʟʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʥʝʬʝʣʠʥʦʚʳʤʠ ʠ 

ʱʝʣʦʯʥʳʤʠ ʩʠʝʥʠʪʘʤʠ (ʠʣʠ ʢʦʤʧʣʝʢʩʳ çʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʳʭ ʟʦʥè [1]). ɺ 

ʢʘʯʝʩʪʚʝ 4 ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʘʢʞʝ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʢʘʣʠʝʚʦʡ (ʠ ʥʘʪʨʦʚʦ-ʢʘʣʠʝʚʦʡ) ʩʧʝʮʠʬʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʤʘʛʤʘʤʠ [6, 10].  

ʈʝʜʢʦʤʝʪʘʣʴʥʳʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʬʦʨʤʘʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʠʧʳ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 

 

24 

 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʦʤ 

ʨʫʜʥʳʭ ʪʝʣ, ʨʫʜʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ï ʧʨʠʨʦʜʥʳʤ (ʤʠʥʝʨʘʣʴʥʳʤ) ʪʠʧʦʤ ʨʫʜ, 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʫʜʝ, ʧʦʧʫʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʦʤ ʨʫʜ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʘʤʠ ʪʠʧʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʈʦʩʩʠʠ ʠ ʤʠʨʘ: 1) ʥʠʦʙʠʝʚʳʡ ʚ ʤʘʩʩʠʚʘʭ  ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʧʠʨʦʭʣʦʨʦʚʳʡ ʪʠʧ ʨʫʜ), 

ɹʝʣʦʟʠʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ ʧʨʦʚʠʥʮʠʷ (ʈʦʩʩʠʷ), ʉʝʥʪ-ʆʥʦʨʝ (ʂʘʥʘʜʘ); 2) ʥʠʦʙʠʝʚʳʡ 

ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʝʚʳʡ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʱʝʣʦʯʥʦʡ ʬʦʨʤʘʮʠʠ (ʘʧʘʪʠʪ-ʧʠʨʦʭʣʦʨ-ʢʦʣʫʤʙʠʪʦʚʳʡ ʪʠʧ 

ʨʫʜ), ɹʝʣʦʟʠʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʈʦʩʩʠʷ), ɸʨʘʰʘ (ɹʨʘʟʠʣʠʷ); 3) 

ʥʠʦʙʠʝʚʳʡ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

ʟʦʥ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ (ʧʠʨʦʭʣʦʨʦʚʳʡ ʠ ʢʦʣʫʤʙʠʪ-ʧʠʨʦʭʣʦʨʦʚʳʡ ʪʠʧ 

ʨʫʜ), ʊʘʪʘʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ʈʦʩʩʠʷ; 4) 

ʮʝʨʠʝʚʦʟʝʤʝʣʴʥʳʡ ʚ ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ (ʙʘʩʪʥʝʟʠʪʦʚʳʡ ʪʠʧ ʨʫʜ), 

ʂʘʨʘʩʫʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʈʦʩʩʠʷ), ʄʘʫʥʪʠʥ-ʇʘʩʩ (ʉʐɸ) [25].  

ʉʦ ʱʝʣʦʯʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʠʧʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ: 1) ʮʝʨʠʝʚʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʡ-ʪʘʥʪʘʣʦʚʳʡ ʚ ʤʘʩʩʠʚʘʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʘʛʧʘʠʪʦʚʳʭ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ (ʣʦʧʘʨʠʪʦʚʳʡ ʪʠʧ 

ʨʫʜ), ʃʦʚʦʟʝʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʂʦʣʴʩʢʘʷ ʋʑʂ ʧʨʦʚʠʥʮʠʷ (ʈʦʩʩʠʷ); 2) 

ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʡ-ʪʘʥʪʘʣʦʚʳʡ ʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ (ʮʠʨʢʦʥ-

ʪʘʥʪʘʣ-ʧʠʨʦʭʣʦʨʦʚʳʡ ʩ ʬʪʦʨʠʜʘʤʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʪʠʧ ʨʫʜ), ʂʘʪʫʥʛʠʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʈʦʩʩʠʷ); 3) ʥʠʦʙʠʡ-ʪʘʥʪʘʣʦʚʳʡ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʧʦ 

ʛʨʘʥʠʪʦʠʜʘʤ ʱʝʣʦʯʥʦʛʦ ʨʷʜʘ (ʮʠʨʢʦʥ-ʧʠʨʦʭʣʦʨ-ʢʦʣʫʤʙʠʪʦʚʳʡ ʪʠʧ ʨʫʜ), 

ʋʣʫʛ-ʊʘʥʟʝʢʩʢʦʝ, ɿʘʰʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʈʦʩʩʠʷ) [25]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ ʨʫʜʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʱʝʣʦʯʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʫʜʦʥʦʩʥʦʩʪʠ, ʦʙʳʯʥʦ 

ʜʦʩʪʠʛʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʨʘʟʣʠʯʠʷ ʭʠʤʠʟʤʘ ʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʣʦʞʥʦʩʪʴ ʠ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʪʥʝʩʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʪʠʧʫ. ɿʘʜʘʯʘ ʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʨʫʧʥʝʡʰʠʝ ʧʨʦʚʠʥʮʠʠ 

ʱʝʣʦʯʥʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʥʳ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʦʚ. ʊʘʢ, 

ʧʨʦʚʠʥʮʠʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʢʦʣʴʮʝʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʪʨʦʚʦʡ ʩʧʝʮʠʬʠʢʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʱʠʪʘʭ ʠ ʚ ʦʙʨʘʤʣʝʥʠʠ ʧʨʦʪʦʧʣʘʪʬʦʨʤ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʂʘʨʝʣʦ-ʂʦʣʴʩʢʦʡ (ɹʘʣʪʠʡʩʢʠʡ ʱʠʪ), ʄʘʡʤʝʯʘ-ʂʦʪʫʡʩʢʦʡ, 

ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ, ʉʝʪʪʝ-ɼʘʙʘʥʩʢʦʡ, ɺʦʩʪʦʯʥʦ-ɸʣʜʘʥʩʢʦʡ (ʦʙʨʘʤʣʝʥʠʝ 
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ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ) ʧʨʦʚʠʥʮʠʷʤʠ. ɼʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʵʪʦʛʦ 

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʘ ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʥʠʦʙʠʝʤ, ʮʠʨʢʦʥʠʝʤ, 

ʩʪʨʦʥʮʠʝʤ, ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ, ʙʘʨʠʝʤ, ʚʘʥʘʜʠʝʤ, ʪʠʪʘʥʦʤ, ʬʦʩʬʦʨʦʤ, ʘ ʪʘʢʞʝ 

ʪʘʥʪʘʣʦʤ, ʩʚʠʥʮʦʤ, ʮʠʥʢʦʤ, ʪʦʨʠʝʤ. ʉ ʵʪʠʤ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʤ ʪʠʧʦʤ 

ʩʚʷʟʘʥʳ ʃʦʚʦʟʝʨʩʢʦʝ Ti-REE-Nb-Ta ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʍʠʙʠʥʳ), ʫʥʠʢʘʣʴʥʦʝ ʧʦ 

ʟʘʧʘʩʘʤ ʠ ʢʘʯʝʩʪʚʫ ʨʫʜ Nb-REE ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʊʦʤʪʦʨ (ʗʢʫʪʠʷ), ʢʨʫʧʥʳʝ 

Nb-P ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ - ɹʝʣʘʷ ɿʠʤʘ, ʉʨʝʜʥʷʷ ɿʠʤʘ, 

ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʝ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ), Nb-REE ʏʫʢʪʫʢʦʥʩʢʦʝ (ʏʘʜʦʙʝʮʢʦʝ 

ʧʦʜʥʷʪʠʝ), Nb-REE ʠ U-Th-REE ʂʠʡʩʢʦʝ (ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ); ʅʝʩʢʝ-ɺʘʨʘ ʠ 

ɸʬʨʠʢʘʥʜʘ (ʄʫʨʤʘʥʩʢʘʷ ʦʙʣʘʩʪʴ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ʀʟ 

ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʃʦʚʦʟʝʨʩʢʦʝ, ʥʘ 

ʦʩʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʜʦʙʳʯʘ ʠ ʠʟʚʣʝʯʝʥʠʝ ʥʝ ʚʝʜʫʪʩʷ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʩ ʦʪʩʫʪʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʦ-ʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ ʩ ʢʘʣʠʝʚʳʤ 

ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʠʬʪʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʧʣʘʪʬʦʨʤ ʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ɿʘʧʘʜʥʦ-ɸʣʜʘʥʩʢʦʡ ʧʨʦʚʠʥʮʠʝʡ (ɺ. 

ʉʠʙʠʨʴ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʚʦʛʦ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ (ʋʑʂ), ʚ 

ʥʠʭ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʣʠʰʴ ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ, ʨʝʜʢʠʝ ʟʝʤʣʠ, ʚʘʥʘʜʠʡ, ʩʚʠʥʝʮ, 

ʮʠʥʢ, ʘ ʩʦʜʝʨʞʘʥʠʷ ʥʠʦʙʠʷ, ʮʠʨʢʦʥʠʷ ʠ ʬʦʩʬʦʨʘ ʥʠʟʢʠʝ. ɺ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʘʤʦʮʚʝʪʳ ï ʯʘʨʦʠʪ ʠ ʜʠʘʥʠʪ. ʂʨʫʧʥʝʡʰʠʝ REE ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʵʪʦʛʦ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʩʚʷʟʘʥʳ ʩ ʙʘʩʪʥʝʟʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ï 

ʄʘʫʥʪʠʥ-ʇʘʩʩ (ʉʐɸ) ʠ ɹʘʶʥʴ-ʆʙʦ (ʂʠʪʘʡ), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʤʠʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʮʝʨʠʝʚʦʡ 

ʛʨʫʧʧʳ, ʚ ʈʦʩʩʠʠ ï ʂʘʨʘʩʫʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʎ. ʊʫʚʘ).  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʷʭ ʋʨʘʣʘ ʠ ʉʠʙʠʨʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ çʣʠʥʝʡʥʦ-

ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘè (ʀʣʴʤʝʥʦ-ɺʠʰʥʝʚʦʛʦʨʩʢʠʡ, ʋʨʘʣ; ʇʝʥʯʝʥʛʠʥʩʢʠʡ, 

ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ɺ. ʉʠʙʠʨʴ), ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʠʦʙʠʷ (ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ, C.ʋʨʘʣ; ʊʘʪʘʨʩʢʦʝ, ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʢʨʘʡ, ʉʠʙʠʨʴ). ʕʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʧʝʨʚʳʤʠ ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʈʦʩʩʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʚʝʣʘʩʴ ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʥʠʦʙʠʷ.  

ɺ ʊʠʤʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʪʣʘʩʩʢʠʤ ʜʘʡʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʬʦʨʤʘʮʠʦʥʥʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ [14, 43, 

35 , 37, 38, 44, 24, 39, 41, 31].  

ɼʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ 

(ʋʑʂ), ʢʦʪʦʨʳʝ ʨʘʟʚʠʪʳ ʥʘ ʱʠʪʘʭ ʠ ʚ ʦʙʨʘʤʣʝʥʠʠ ʧʣʘʪʬʦʨʤ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʠʩʪʦʯʥʠʢʠ ʠʭ ʚʝʱʝʩʪʚʘ [56; 58; 66; 68; 78; 59; 57; 64; 10]. ʇʦ ʜʘʥʥʳʤ 

ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʚʷʟʘʥʦ ʩ ʛʣʫʙʠʥʥʳʤ ʤʘʥʪʠʡʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʚʦʟʤʦʞʥʦ, ʩ ʤʘʥʪʠʡʥʳʤʠ ʧʣʶʤʘʤʠ (HIMU, FOZO) ʠ ʩʤʝʰʝʥʠʝʤ ʧʣʶʤʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩ ʦʙʦʛʘʱʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ɽʄ1 [56; 66; 55; 59]. 

ɼʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ (ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʥʘ 

ʊʠʤʘʥʝ, ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ, ʊʷʥʴ-ʐʘʥʩʢʦʡ, ɻʠʤʘʣʘʡʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ 

ʦʙʣʘʩʪʷʭ) ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʠʥʝʡʥʦʛʦ ʪʠʧʘ 

(ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʖ.ʋʨʘʣ) ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʳ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩ 

ʧʣʘʪʬʦʨʤʝʥʥʳʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ 

ʱʝʣʦʯʥʦ-ʛʘʙʙʨʦʠʜʥʦʡ ʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʣʘʚʦʚ, 

ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʘ ʠʭ ʛʝʥʝʨʘʮʠʠ. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʨʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʠʩʪʦʯʥʠʢʦʚ 

ʚʝʱʝʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʴʩʢʦʡ ʠ ʊʠʤʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ 

ʦʙʣʘʩʪʝʡ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʠʘʩʢʠʪ-ʩʠʝʥʠʪ-

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʠ ʙʫʣʜʳʤʩʢʦʛʦ ʫʣʴʪʨʘʙʘʟʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʦʚ 

ʖʞʥʦʛʦ ʋʨʘʣʘ [32; 31; 33; 71], ʘ ʪʘʢʞʝ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʘʡʢʦʚʳʭ 

ʱʝʣʦʯʥʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ [ʅʝʜʦʩʝʢʦʚʘ ʠ 

ʜʨ., 2013]. 

 

 
ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠ 

ʤʠʥʝʨʘʣʘʭ (ʚʩʝʛʦ 35 ʵʣʝʤʝʥʪʦʚ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʙ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʢʦʥʯʘʥʠʷ ʥʘ 

ʪʘʥʜʝʤʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʚ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ çHR/ICP-MS Element 2è (ʀɻɻ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ). 

ʇʦʛʨʝʰʥʦʩʪʴ ʤʫʣʴʪʠʵʣʝʤʝʥʪʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʙʦʣʝʝÑ(8ï10% ʦʪʥ.) ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʘ ʙʦʣʴʰʝ 10ï20 ʧʨʝʜʝʣʘ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ) ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʦʩʴʶ (ʉʨʝʜʥʠʡ 

ʊʠʤʘʥ), ʨʫʜʥʳʭ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʥʠʦʙʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʦʭʣʦʨʦʚ, 

ʵʰʠʥʠʪʦʚ, ʢʦʣʫʤʙʠʪʦʚ) ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʋʨʘʣ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ Cameca SX100 (ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè, ʀɻɻ ʋʨʆ ʈɸʅ, ɼ.ɸ. 

ɿʘʤʷʪʠʥ) ʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ çCAMEBAX-microè ʚ ʀɻʄ ʉʆ ʈɸʅ, 

ʅʦʚʦʩʠʙʠʨʩʢ (ʘʥʘʣʠʪʠʢ ɺ.ɺ. ʐʘʨʳʛʠʥ). ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Jeol JSM-

6390LV ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Oxford INCA Energy 450 X-Max 

80 (ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè, ʀɻɻ ʋʨʆ ʈɸʅ, ʉ.ʇ. ɻʣʘʚʘʪʩʢʠʭ ʠ ʀ.ɸ. ɻʦʪʪʤʘʥ). 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ: ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 15 

ʢɺ, ʪʦʢ ʟʦʥʜʘ 15 ʥʤ, ʨʘʟʤʝʨ ʧʫʯʢʘ 5 ʤʢʤ (ʘʧʘʪʠʪʳ ʠ ʩʠʣʠʢʘʪʳ), 20 ʤʢʤ 

(ʢʘʨʙʦʥʘʪʳ). ʂʘʣʠʙʨʦʚʢʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ 



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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ʦʙʨʘʟʮʦʚ: ʘʧʘʪʠʪ (F), ʞʘʜʝʠʪ (Na, Al), ʦʨʪʦʢʣʘʟ (K), ʨʦʜʦʥʠʪ (Mn), ʛʝʤʘʪʠʪ 

(Fe), ʨʫʪʠʣ (Ti), ʦʢʩʠʜ ʭʨʦʤʘ (Cr), SrSO4 (S, Sr), BaSO4 (Ba), CsLaP4O12 (La), 

CsCeP4O12 (La), ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʩʪʝʢʣʘ REE1 (Pr, Y), REE3 (Sm, Gd), REE4 

(Nd); ʢʦʥʮʝʥʪʨʘʮʠʷ Mg, Ca, Si ʚ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʘʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 

ʜʠʦʧʩʠʜʫ, ʘ ʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ï ʧʦ ʜʦʣʦʤʠʪʫ (Mg), ʢʘʣʴʮʠʪʫ (Ca) ʠ 

ʜʠʦʧʩʠʜʫ (Si).ʋʯʪʝʥʦ ʥʘʣʦʞʝʥʠʝ ʣʠʥʠʠ Nd LŬʥʘ Ce Lɓ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ ʚ ʤʘʢʩʠʤʫʤʝ ï 10 ʩ, ʬʦʥʘ ï 5 ʩ. ʀʟʤʝʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʣʴʮʠʪʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʦʮʝʜʫʨʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ Sr ʠ Nd ʚ ʢʘʨʙʦʥʘʪʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ 

(ʖʞʥʳʡ ʋʨʘʣ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʀɻɻ ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) ʥʘ ʩʝʤʠ-

ʢʘʥʘʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ çFinnigan MAT-262è (RPQ) ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Sr ʠ Nd ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [32]. 

ʀʟʤʝʨʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ (Rb/Sr ʠ Sm/Nd) ʚʘʣʦʚʳʭ ʧʨʦʙ ʧʦʨʦʜ 

(ʤʠʘʩʢʠʪʦʚ, ʩʠʝʥʠʪʦʚ, ʬʝʥʠʪʦʚ) ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ 

(ʦʣʠʚʠʥʠʪʦʚ ʠ ʧʝʨʠʜʦʪʠʪʦʚ) ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʚʠʰʥʝʚʦʛʦʨʩʢʦʡ ʠ ʠʣʴʤʝʥʦʛʦʨʩʢʦʡ ʩʚʠʪ (ʖʞʥʳʡ ʋʨʘʣ) ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚ ɻʀ ʂʅʎ ʈɸʅ (ʛ. ɸʧʘʪʠʪʳ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʤʠ-

ʢʘʥʘʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ çFinnigan MAT-262è (RPQ) ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Sr ʠ Nd ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [2; 32].  

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Sr ʠ Nd ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʠ ʧʦʨʦʜʘʭ 

ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʉʨʝʜʥʠʡ ʊʠʤʘʥ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʀɻɻ ʋʨʆ ʈɸʅ (ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ) ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʦʪʦʧʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ TIMS Triton Plus. ɹʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ Sr ʠ Nd ʚ ʢʘʨʙʦʥʘʪʘʭ ʠ ʘʧʘʪʠʪʘʭ ʠʟ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Sr ʠ Nd ʚ ʚʘʣʦʚʳʭ ʧʨʦʙʘʭ ʧʦʨʦʜ (ʣʘʤʧʨʦʬʠʨʘʭ, ʧʠʢʨʠʪʘʭ, 

ʘ ʪʘʢʞʝ ʚ ʢʠʩʣʦʪʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʣʘʤʧʨʦʬʠʨʦʚ) [33]. 

 

ʂɸʈɹʆʅɸʊʀʊʆɺʓɽ ʂʆʄʇʃɽʂʉʓ ʋʈɸʃʔʉʂʆʁ 

ʉʂʃɸɼʏɸʊʆʁ ʆɹʃɸʉʊʀ 

 

ʈʫʜʦʥʦʩʥʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʋʨʘʣʘ ʩʚʷʟʘʥʳ ʩ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ (ʀɺʂ) ï ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʱʝʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʠʨʘ ʩ 

ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʠ ʩʘʤʦʮʚʝʪʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʛʦ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. ɺ 40ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ ʚ ʀɺʂ 

ʨʘʙʦʪʘʤʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʡ ʵʢʩʧʝʜʠʮʠʠ, ʚʦʟʛʣʘʚʣʷʝʤʦʡ ʄ.ɻ. ʀʩʘʢʦʚʳʤ, 

ʙʳʣʠ ʦʪʢʨʳʪʳ ʵʥʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ ʩ ʧʠʨʦʭʣʦʨʦʚʦʡ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ï ʧʝʨʚʘʷ ʨʫʜʥʘʷ ʟʦʥʘ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʠʦʙʠʷ (ɿʦʥʘ 140), ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʠʨʦʭʣʦʨʩʦʜʝʨʞʘʱʠʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ. ɺ 

ʢʦʥʮʝ 50ʭ ʛʦʜʦʚ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ɺʠʰʥʝʚʦʛʦʨʩʢʠʡ ɻʆʂ ʠ ʥʘʯʘʪʘ 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʝ 50 ʣʝʪ ʧʦʠʩʢʦʚʦ-ʩʲʝʤʦʯʥʳʤʠ ʠ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʤʠ 

ʨʘʙʦʪʘʤʠ ʋʨʘʣʴʩʢʦʡ ɻʉʕ, ɺʠʰʥʝʚʦʛʦʨʩʢʦʡ ɻʈʇ ʄʠʥʮʚʝʪʨʘʟʚʝʜʢʠ, 

ʏʝʣʷʙʠʥʩʢʦʡ ɻʈʕ ʙʳʣʠ ʦʪʢʨʳʪʳ ʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʥʠʦʙʠʷ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʀɺʂ (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʀʣʴʤʝʥʦ-ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʱʝʣʦʯʥʦ-

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ [22, 12]. 

1 ï ʛʨʘʥʠʪʳ (Pz3); 2, 3 ï ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʆ3): 2 ï ʤʠʘʩʢʠʪʳ 

ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, 3 ï ʟʦʥʳ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʢʘʨʙʦʥʘʪʠʪʦʚ, 

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ; 4 ï ʛʘʙʙʨʦ ʦʬʠʦʣʠʪʦʚʦʡ 

ʬʦʨʤʘʮʠʠ (ʆ1); 5 ï ʛʠʧʝʨʙʘʟʠʪʳ  ʦʬʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʆ1); 6 ï ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪʳ 

ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (PR?); 7 ï ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʊʘʛʠʣʦ-

ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ (Pz1); 8 ï ʩʣʘʥʮʳ ʛʨʘʥʘʪʦ-ʩʣʶʜʷʥʳʝ ʠ ʵʢʣʦʛʠʪʳ 



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ ʋʬʘʣʝʡʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ (Pz1); 9 ï ʧʣʘʛʠʦʩʣʘʥʮʳ ʠ 

ʢʚʘʨʮʠʪʳ ʦʙʨʘʤʣʝʥʠʷ ʉʳʩʝʨʪʩʢʦ-ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ (R1-2); 10 ï 

ʧʣʘʛʠʦʛʥʝʡʩʳ, ʛʨʘʥʠʪʥʳʝ ʤʠʛʤʘʪʠʪʳ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʘʤʬʠʙʦʣʠʪʳ, ʢʚʘʨʮʠʪʳ 

ʉʳʩʝʨʪʩʢʦ-ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ ʠ ʋʬʘʣʝʡʩʢʦʛʦ ʩʨʝʜʠʥʥʳʭ ʤʘʩʩʠʚʦʚ (PR1-2); 11 ï 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ ʠ ʥʝʩʦʛʣʘʩʠʷ; 12 ï ʦʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ Nb 

ʠ ʈɿʕ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ (ʮʠʬʨʳ ʚ ʢʨʫʞʢʘʭ): 1 ï ɹʫʣʜʳʤʩʢʦʝ (Nb ʠ ʈɿʕ), 2, 3 ï 

ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ (Nb)  (2 ï ʟʦʥʘ 125; 3 ï ʟʦʥʘ 140, 147), 4 ï ʉʧʠʨʠʭʠʥʩʢʦʝ (ʈɿʕ), 5 ï  

ʉʚʝʪʣʠʥʩʢʦʝ (Nb), 6 ï ʂʘʛʘʥʩʢʦʝ (ʈɿʕ), 7 ï ʇʦʪʘʥʠʥʩʢʦʝ (Nb), 8 ï ʋʚʠʣʴʜʠʥʩʢʦʝ (Nb), 9 ï 

ɹʘʡʜʘʰʝʚʩʢʦʝ (Nb), 10 ï ʀʰʢʫʣʴʩʢʦʝ (Nb), 11 ï ʀʣʴʤʝʥʩʢʦʝ, ʢʦʧʴ 97 (Nb ʠ ʈɿʕ), 12 ï 

ʍʘʣʜʠʭʠʥʩʢʦʝ, 13 ï ʉʫʥʛʫʣʴʩʢʦʝ.  

 

 

ʀʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʣʦʞʝʥʥʳʡ K-Na ʧʣʶʤʘʟʠʪʦʚʳʤʠ 

ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ (ʤʠʘʩʢʠʪʘʤʠ), ʩʠʝʥʠʪʘʤʠ, ʬʝʥʠʪʘʤʠ, Ne-

ʧʝʛʤʘʪʠʪʘʤʠ ʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʩ REE-Zr-Nb-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʖʞʥʦʤ ʋʨʘʣʝ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʉʳʩʝʨʪʩʢʦ-ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ, ʚ 

ʙʣʦʢʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʧʦʨʦʜ ï ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʝ, ʟʘʣʝʛʘʶʱʝʤ ʩʨʝʜʠ 

ʫʨʘʣʴʩʢʠʭ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʀɺʂ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʘʢʦʣʠʪʦʧʦʜʦʙʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʩʩʠʚʦʚ 

ʤʠʘʩʢʠʪʦʚ (20-25Ĭ6 ʢʤ) ï ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʦʡ, ʧʨʦʪʷʛʠʚʘʶʱʝʡʩʷ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 100 ʢʤ ʠ ʩʣʦʞʝʥʥʦʡ ʮʝʧʴʶ 

ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʪʝʣ ʤʠʘʩʢʠʪʦʚ, ʩʠʝʥʠʪʦʚ, ʦʨʝʦʣʘʤʠ ʬʝʥʠʪʦʚ, ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ (cʤ. ʨʠʩ. 1). ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʱʝʣʦʯʥʳʝ (ʥʝʬʝʣʠʥ-ʤʠʢʨʦʢʣʠʥʦʚʳʝ) ʠ ʩʠʝʥʠʪʦʚʳʝ ʧʝʛʤʘʪʠʪʳ, 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʢʘʢ ʚ ʵʥʜʦ-, ʪʘʢ ʠ ʚ ʵʢʟʦʢʦʥʪʘʢʪʘʭ ʤʠʘʩʢʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ. 

ʂʘʨʙʦʥʘʪʠʪʳ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚ ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʤʠʘʩʢʠʪʦʚ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʚ ʧʦʨʦʜʘʭ 

ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ, ʘ ʪʘʢʞʝ ʚ ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʤ ʦʨʝʦʣʝ 

ʤʠʘʩʢʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ [23, 28, 33]. ʈʘʥʥʠʝ ʢʘʨʙʦʥʘʪʠʪʳ (ʩʝʚʠʪʳ I) ʟʘʣʝʛʘʶʪ ʚ 

ʤʠʘʩʢʠʪʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ, ʩʣʘʛʘʶʪ ʣʠʥʟʦʚʠʜʥʳʝ ʠ 

ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ ʩʦʪʥʠ ʤʝʪʨʦʚ ʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 

ʤʝʪʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʨʝʢʯʠʝʚʠʜʥʳʤʠ, ʬʣʶʠʜʘʣʴʥʳʤʠ ʠ ʤʘʩʩʠʚʥʳʤʠ 

ʨʘʟʥʦʩʪʷʤʠ ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʝʬʝʣʠʥ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, 

ʙʠʦʪʠʪ, ʘʢʮʝʩʩʦʨʥʳʡ ʯʝʨʥʳʡ U-(Ta)-ʧʠʨʦʭʣʦʨ, ʮʠʨʢʦʥ, ʠʣʴʤʝʥʠʪ, ʘʧʘʪʠʪ, 

ʤʘʛʥʝʪʠʪ, ʧʠʨʨʦʪʠʥ, ʧʠʨʠʪ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʟʥʦʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʩʝʚʠʪʳ II) 

ʦʙʨʘʟʫʶʪ ʛʥʝʟʜʘ ʠ ʞʠʣʳ ʚ ʪʝʣʘʭ ʨʘʥʥʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʩʠʝʥʠʪʘʭ, ʘ ʪʘʢʞʝ 

ʰʪʦʢʚʝʨʢʠ ʠ ʞʠʣʴʥʳʝ ʪʝʣʘ ʚʳʧʦʣʥʝʥʠʷ ʚ ʵʢʟʦʢʦʥʪʘʢʪʦʚʳʭ ʬʝʥʠʪʦʚʳʭ 

ʦʨʝʦʣʘʭ ʤʠʘʩʢʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ. ʇʦʟʜʥʠʝ ʢʘʨʙʦʥʘʪʠʪʳ ï ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʩ 

ʢʨʫʧʥʳʤʠ (ʜʦ 10ï20 ʩʤ) ʢʨʠʩʪʘʣʣʘʤʠ ʙʠʦʪʠʪʘ, ʘʧʘʪʠʪʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, 

ʢʨʘʩʥʦ-ʙʫʨʦʛʦ ʧʠʨʦʭʣʦʨʘ, ʘʢʮʝʩʩʦʨʥʳʤ ʠʣʴʤʝʥʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, ʧʠʨʠʪʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʙʦʥʘʪʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʤʘʩʩʠʚʘʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ 

ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɹʫʣʜʳʤʩʢʦʤ, ʉʧʠʨʠʭʠʥʩʢʦʤ ʠ ʜʨʫʛʠʭ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʘʭ), ʟʘʣʝʛʘʶʱʠʭ ʚ ʧʦʨʦʜʘʭ ʚʠʰʥʝʚʦʛʦʨʩʢʦʡ ʩʚʠʪʳ 
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(PRvs) ʚ ʦʙʨʘʤʣʝʥʠʠ ʤʠʘʩʢʠʪʦʚʳʭ ʠʥʪʨʫʟʠʚʦʚ (ʩʤ. ʨʠʩ. 1) [34, 23, 26]. ɺ 

ʫʣʴʪʨʘʙʘʟʠʪʘʭ ʢʘʨʙʦʥʘʪʠʪʳ (ʩʝʚʠʪ III) ʜʦʣʦʤʠʪ-ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʦʜʝʨʞʘʪ ʘʤʬʠʙʦʣʳ ʨʷʜʘ ʨʠʭʪʝʨʠʪ-ʤʘʛʥʝʟʠʦʘʨʬʚʝʜʩʦʥʠʪ, ʩʣʶʜʳ ʨʷʜʘ 

ʬʣʦʛʦʧʠʪ-ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ, ʘʢʮʝʩʩʦʨʥʳʝ ʧʠʨʦʭʣʦʨ, ʮʠʨʢʦʥ, ʤʘʛʥʝʪʠʪ, 

ʠʣʴʤʝʥʠʪ, ʧʠʨʨʦʪʠʥ, ʧʠʨʠʪ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʦʱʥʳʤʠ ʟʦʥʘʤʠ ʬʣʦʛʦʧʠʪ-

ʨʠʭʪʝʨʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ɼʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ (ʙʝʬʦʨʩʠʪʳ IV) 

ʩʦʜʝʨʞʘʪ ʤʦʥʘʮʠʪ, ʵʰʠʥʠʪ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʧʠʨʦʭʣʦʨ, ʢʦʣʫʤʙʠʪ, ʬʝʨʩʤʠʪ, 

ʘʧʘʪʠʪ, ʠʣʴʤʝʥʠʪ, ʮʠʨʢʦʥ, ʩʪʨʦʥʮʠʘʥʠʪ ʠ ʜʨʫʛʠʝ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʚ ʟʦʥʝ ʵʥʜʦ- ʠ ʵʢʟʦʢʦʥʪʘʢʪʘ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʠʘʩʢʠʪʦʚʦʛʦ 

ʠʥʪʨʫʟʠʚʘ. ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʠʦʙʠʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 

40ʭ ʛʦʜʘʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʙʦʣʝʝ 50 ʣʝʪ, ʩʚʷʟʘʥʦ ʩ ʧʠʨʦʭʣʦʨʩʦʜʝʨʞʘʱʠʤʠ 

ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʚ ʩ-ʟ ʵʥʜʦʢʦʥʪʘʢʪʝ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʠʘʩʢʠʪʦʚ 

(ɿʦʥʘ 147), ʘ ʪʘʢʞʝ ʚ ʩʝʜʣʦʚʠʜʥʦʡ ʟʘʣʝʞʠ ʤʠʘʩʢʠʪʦʚ (ɿʦʥʘ 140). ʂʨʦʤʝ ʪʦʛʦ, 

ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ 

ʚ ʬʝʥʠʪʦʚʦʤ ʦʨʝʦʣʝ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ (ɿʦʥʘ 125, 135). 

  ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʠʨʦʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʨʘʟʚʝʜʘʥʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʝ. ʉʘʤʦʝ ʢʨʫʧʥʦʝ ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʇʦʪʘʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʠʦʙʠʷ, ʨʘʟʚʝʜʘʥʦ ʚ 1985 

ʛʦʜʫ, ʠ ʟʘʧʘʩʳ ʦʪʥʝʩʝʥʳ ʚ ʨʘʟʨʷʜ ʨʝʟʝʨʚʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʦʪʢʨʳʪʳ 

ʉʚʝʪʣʦʦʟʝʨʩʢʦʝ, ʋʚʠʣʴʜʠʥʩʢʦʝ, ɹʘʡʜʘʰʝʚʩʢʦʝ ʠ ʀʰʢʫʣʴʩʢʦʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʠʨʦʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ [24] (ʩʤ. ʨʠʩ.1). 

ɹʫʣʜʳʤʩʢʦʝ ʠ ʉʧʠʨʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʠʦʙʠʷ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʘ 

ʪʘʢʞʝ ʍʘʣʜʠʭʠʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʚ 

ʦʜʥʦʠʤʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚʙʣʠʟʠ ʟʘʧʘʜʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ, ʙʳʣʠ ʦʪʢʨʳʪʳ ʠ ʨʘʟʚʝʜʘʥʳ ʚ 1980ʭ 

ʛʦʜʘʭ [22]. ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ Nb-REE ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ ʚ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʘʭ ʂʘʛʘʥʩʢʦʛʦ ʠ ʉʠʣʘʯʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʚ 2ʢʤ ʟʘʧʘʜʥʝʝ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ [34, 23]. ɺ ʦʙʨʘʤʣʝʥʠʠ 

ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ ʤʠʘʩʢʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʚ ʫʣʴʪʨʘʙʘʟʠʪʘʭ ʚʦʩʪʦʯʥʦʛʦ 

ʵʢʟʦʢʦʥʪʘʢʪʘ ʦʪʢʨʳʪʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ (ʀʣʴʤʝʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ, ʢʦʧʴ 97) [31]. 

ʀʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʩʣʫʞʠʣ ʧʨʦʪʦʪʠʧʦʤ çʣʠʥʝʡʥʳʭè 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʠʣʠ ʢʦʤʧʣʝʢʩʦʚ çʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘè) ï 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʣʠʥʝʡʥʳʤʠ ʟʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʳʤʠ ʠ 

ʱʝʣʦʯʥʦ-ʩʠʝʥʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʀɺʂ (ʣʠʥʝʡʥʘʷ ʬʦʨʤʘ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ 

ʬʝʥʠʪʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʚʠʜʝ ʞʠʣʴʥʳʭ ʪʝʣ, ʰʪʦʢʚʝʨʢʦʚ ʠ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʟʦʥ), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʩ ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ ʠ ʟʦʥʘʤʠ ʬʝʥʠʪʠʟʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʩʝʨʠʡ 

ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʪʦʚ (ʡʦʣʠʪ-ʫʨʪʠʪʦʚʳʭ, 

ʤʝʣʠʣʠʪʩʦʜʝʨʞʘʱʠʭ ʩʝʨʠʡ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʪʨʦʭʠʤʠʠ ʠ 
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ʛʝʦʭʠʤʠʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʪʣʠʯʘʶʪ ʝʛʦ ʦʪ ʢʦʣʴʮʝʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Na-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʱʝʣʦʯʥʦʡ ʬʦʨʤʘʮʠʠ ʠ 

ʬʦʨʤʘʮʠʠ ʂ-ʱʝʣʦʯʥʦ-ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ 

ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʬʦʨʤʘʮʠʦʥʥʳʡ ʪʠʧ 

çʢʘʨʙʦʥʘʪʠʪʦʚ, ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʣʠʥʝʡʥʳʭ ʟʦʥ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚè [4, 5, 21, 7], ʪʘʢʞʝ ʥʘʟʚʘʥʥʳʡ çʬʦʨʤʘʮʠʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʳʭ ʟʦʥè [2]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʘʥʘʣʦʛʠʯʥʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

çʣʠʥʝʡʥʦʛʦ ʪʠʧʘè, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ ʠ ʬʝʥʠʪʘʤʠ, 

ʠʟʚʝʩʪʥʳ ʥʘ ʋʢʨʘʠʥʝ (ʏʝʨʥʠʛʦʚʩʢʘʷ ʟʦʥʘ), ʚ ʉʠʙʠʨʠ (ʊʘʪʘʨʩʢʘʷ ʟʦʥʘ, 

ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ), ʅʦʨʚʝʛʠʠ (ʉʪʴʸʨʥʝʡ, ʉʦʨʨʦʫ), ʌʠʥʣʷʥʜʠʠ (ʉʠʠʣʠʥʴʷʨʚʝ), 

ʂʘʥʘʜʝ (ʃʦʥʥʠ, ʇʝʨʠ-ʈʠʚʝʨ, ɺʝʨʘʡʪʠ, ʂʘʩʪʠʥʛʪʦʥ, ʂʨʘʚʴʝ, ʅʠʩʠʢʘʪʯ), ʀʥʜʠʠ 

(ʂʦʨʘʪʠ), ɹʨʘʟʠʣʠʠ (ɸʥʜʞʠʢʦ ɼʦʩ ɼʠʘʩ), ɸʚʩʪʨʘʣʠʠ (ʄʫʜ ʊʘʥʢ), ɸʥʛʦʣʝ, 

ʅʘʤʠʙʠʠ. 
 
ʈʋɼʅɸʗ ʀ ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʉʇɽʎʀɸʃʀɿɸʎʀʗ 

ʂɸʈɹʆʅɸʊʀʊʆɺʓʍ ʂʆʄʇʃɽʂʉʆɺ ʋʈɸʃɸ 

 

 ʈʫʜʥʘʷ ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʧʠʨʦʭʣʦʨʘ (ʧʠʨʦʭʣʦʨ, U-

ʧʠʨʦʭʣʦʨ (ʛʘʪʯʝʪʪʦʣʠʪ), REE-ʧʠʨʦʭʣʦʨ (ʤʘʨʠʥʴʷʢʠʪ), ʙʝʪʘʬʠʪ), ʤʠʥʝʨʘʣʘʤʠ 

ʛʨʫʧʧʳ ʵʰʠʥʠʪʘ (ʵʰʠʥʠʪ, ʪʦʨʦʵʰʠʥʠʪ, ʥʠʦʙʦʵʰʠʥʠʪ, ʘʣʶʤʦʵʰʠʥʠʪ), 

ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʢʦʣʫʤʙʠʪʘ (ʢʦʣʫʤʙʠʪ, ʪʠʪʘʥʢʦʣʫʤʙʠʪ, 

ʤʘʛʥʝʟʠʦʢʦʣʫʤʙʠʪ), ʮʠʨʢʦʥʦʤ, ʠʣʴʤʝʥʠʪʦʤ, ʤʦʥʘʮʠʪʦʤ, ʩʬʝʥʦʤ. ʈʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ, ʢʘʢ 

ʠʣʴʤʝʥʦʨʫʪʠʣ, ʬʝʨʩʤʠʪ, ʪʦʨʠʘʥʠʪ, ʢʘʣʴʮʠʦʩʪʨʦʥʠʮʠʘʥʠʪ, ʭʨʦʤʤʘʛʥʠʝʚʳʡ 

ʯʝʚʢʠʥʠʪ, ʉʝ-ʬʝʨʛʫʩʦʥʠʪ, ʜʘʚʠʜʠʪ, ʙʨʠʪʦʣʠʪ, ʮʝʨʠʪ, ʙʘʩʪʥʝʟʠʪ, ʦʨʪʠʪ, 

ʙʘʨʠʣʠʪ, ʢʘʪʘʧʣʝʠʪ [3, 11, 10, 12, 33, 32, 20, 23]. 

ʆʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʧʠʨʦʭʣʦʨ. ʇʠʨʦʭʣʦʨ ʚ ʀɺʂ, 

ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʘʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʡ ʱʝʣʦʯʥʦʡ 

ʤʘʛʤʳ ʠ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʱʝʣʦʯʥʦ-ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʨʝʤʦʙʠʣʠʟʘʮʠʠ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ 

ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʠʨʦʭʣʦʨ ʷʚʣʷʝʪʩʷ ʩʢʚʦʟʥʳʤ ʤʠʥʝʨʘʣʦʤ ʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʦʨʦʜ ï ʚ ʤʠʘʩʢʠʪʘʭ ʠ ʩʠʝʥʠʪʘʭ, 

ʦʩʦʙʝʥʥʦ ʚ ʠʭ ʧʝʛʤʘʪʦʠʜʥʳʭ ʨʘʟʥʦʩʪʷʭ, ʚ ʤʠʘʩʢʠʪ-ʧʝʛʤʘʪʠʪʘʭ (ʙʠʦʪʠʪ-

ʥʝʬʝʣʠʥ-ʤʠʢʨʦʢʣʠʥʦʚʳʭ), ʩʠʝʥʠʪ-ʧʝʛʤʘʪʠʪʘʭ (ʙʠʦʪʠʪ-ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʠ 

ʵʛʠʨʠʥ-ʘʚʛʠʪ-ʤʠʢʨʦʢʣʠʥʦʚʳʭ), ʚ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʭ 

ʧʦʨʦʜʘʭ. ɺ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʠʨʦʭʣʦʨ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʢʘʨʙʦʥʘʪʠʪʘʭ, ʢʘʢ ʨʘʥʥʠʭ, ʪʘʢ ʠ ʧʦʟʜʥʠʭ ʩʪʘʜʠʡ ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʩʸʚʠʪʳ I, ʩʸʚʠʪʳ II, ʩʝʚʠʪʳ III), ʘ ʪʘʢʞʝ ʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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(ʘʣʴʙʠʪʠʪʘʭ, ʬʝʥʠʪʘʭ, ʩʣʶʜʠʪʘʭ, ʬʣʦʛʦʧʠʪ-ʨʠʭʪʝʨʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʠ 

ʜʨ.).  

ɺ ʤʠʘʩʢʠʪʘʭ ʠ ʩʠʝʥʠʪʘʭ ʧʠʨʦʭʣʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ 

ʢʨʠʩʪʘʣʣʘʤʠ ʪʝʤʥʦ-ʙʫʨʦʛʦ, ʠʥʦʛʜʘ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ 0.01-0.1 ʤʤ. ɺ 

ʧʝʛʤʘʪʦʠʜʥʳʭ ʨʘʟʥʦʩʪʷʭ ʨʘʟʤʝʨʳ ʧʠʨʦʭʣʦʨʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 0.5 ʩʤ, ʘ ʚ 

ʧʝʛʤʘʪʠʪʘʭ - ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʨʦʭʣʦʨʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ: ʚ 

ʧʝʛʤʘʪʠʪʘʭ ʠ ʘʣʴʙʠʪʠʪʘʭ ʦʥ ʦʙʨʘʟʫʝʪ ʩʪʨʫʝʚʠʜʥʳʝ ʩʢʦʧʣʝʥʠʷ ʠ ʤʝʣʢʫʶ 

ʨʘʩʩʝʷʥʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ (ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʦʪ 2-3 ʤʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʩʤ).  

 

ʈʠʩ. 2. ʄʦʨʬʦʣʦʛʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʦʭʣʦʨʘ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ 

ʀʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ: ʘ-ʚ ï ʧʠʨʦʭʣʦʨʳ ʨʘʥʥʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʩʪʘʜʠʠ, 

ʇʦʪʘʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ: ʘ ï ʟʝʨʥʦ U-(Ta)-ʧʠʨʦʭʣʦʨʘ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʢʘʚʝʨʥʘʤʠ 

(ʩʝʚʠʪ I), ʚʥʫʪʨʝʥʥʝ ʩʪʨʦʝʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ U-(Ta)-ʧʠʨʦʭʣʦʨʘ (ʩʝʚʠʪ I), ʚ ï 

ʤʥʦʛʦʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʟʝʨʥʝ ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʘ (ʩʝʚʠʪ I); ʛ-ʝ ï ʧʠʨʦʭʣʦʨʳ 



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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ʧʦʟʜʥʝʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʩʪʘʜʠʠ: ʛ) (REE-Sr)-ʧʠʨʦʭʣʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ 

ʧʫʟʳʨʠ, ʩʝʚʠʪ-II, ʇʦʪʘʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʜ) ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ (Sr-REE)-

ʧʠʨʦʭʣʦʨʘ, ʩʝʚʠʪ II, ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʝ) ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʘ 

ʧʠʨʦʭʣʦʨʘ: ʨʝʣʠʢʪʦʚʦʝ ʷʜʨʦ, ʩʣʦʞʝʥʥʦʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤ U-ʩʦʜʝʨʞʘʱʠʤ ʧʠʨʦʭʣʦʨʦʤ 

(ʪʝʤʥʦ-ʩʝʨʦʝ ʚ BSE), ʦʢʘʡʤʣʝʥʥʦʝ (Sr-REE)-ʧʠʨʦʭʣʦʨʦʤ (ʩʚʝʪʣʦ-ʩʝʨʦʝ ʚ BSE), 

ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

ɹʫʣʜʳʤʩʢʠʡ ʢʦʤʧʣʝʢʩ: ʞ ï ʢʨʠʩʪʘʣʣʳ ʧʠʨʦʭʣʦʨʘ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʘʤʬʠʙʦʣʘ (ʬʪʦʨʨʠʭʪʝʨʠʪʘ) ʠ ʤʘʛʥʝʪʠʪʘ ʠʟ ʬʣʦʛʦʧʠʪ-ʨʠʭʪʝʨʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʟ ï 

REE-Th-ʧʠʨʦʭʣʦʨ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʵʰʠʥʠʪʦʤ ʠʟ ʩʣʶʜʠʩʪʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ɹʫʣʜʳʤʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

Am - ʘʤʬʠʙʦʣ, Mt - ʤʘʛʥʝʪʠʪ, Ti-Hm - ʪʠʪʘʥ-ʛʝʤʘʪʠʪ, Ca - ʢʘʣʴʮʠʪ, Ap - ʘʧʘʪʠʪ, Cl - 

ʭʣʦʨʠʪ, Esh - ʵʰʠʥʠʪ. 

ɺ ʨʘʥʥʠʭ ʩʠʣʠʢʦʢʘʨʙʦʥʘʪʠʪʘʭ (ʩʝʚʠʪʘʭ I) ʠ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʢʘʨʙʦʥʘʪʥʦ-

ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ 

ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ (ʇʦʪʘʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʋʚʠʣʴʜʠʥʩʢʦʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ) ʧʠʨʦʭʣʦʨ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʢʨʫʛʣʳʭ 

ʟʝʨʝʥ ʯʝʨʥʦʛʦ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥ U-(Ta)-ʩʦʜʝʨʞʘʱʝʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ (ʫʨʘʥʧʠʨʦʭʣʦʨʦʤ). ʇʦʚʝʨʭʥʦʩʪʴ ʟʝʨʝʥ ʫʨʘʥʧʠʨʦʭʣʦʨʦʚ 

ʯʘʩʪʦ ʠʤʝʝʪ ʩʬʝʨʠʯʝʩʢʠʝ ʢʘʚʝʨʥʳ, ʚʝʨʦʷʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʦʙʣʘʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʧʨʦʙʝʛʘ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ U 

ʠ Th (ʨʠʩ. 2ʘ). ʏʘʩʪʦ ʟʝʨʥʘ ʠ ʢʨʠʩʪʘʣʣʳ ʫʨʘʥʧʠʨʦʭʣʦʨʘ ʩ ʢʨʘʝʚ ʠ ʧʦ ʩʠʩʪʝʤʘʤ 

ʪʨʝʱʠʥ ʧʦʜʚʝʨʛʣʠʩʴ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʪʝʢʩʪʫʨ ʠ ʪʨʝʱʠʥ ʨʘʟʙʫʭʘʥʠʷ (ʨʠʩ. 2ʙ). ɺ 

ʩʝʚʠʪʘʭ I ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʧʠʨʦʭʣʦʨʘ ʪʝʤʥʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʤʫʣʴʪʠʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʘʧʘʪʠʪ, ʢʘʣʴʮʠʪ, ʢʘʣʠʰʧʘʪ, ʭʣʦʨʠʪ, 

ʪʠʪʘʥʛʝʤʘʪʠʪ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʭʚʘʪʘ ʧʠʨʦʭʣʦʨʦʤ 

ʙʦʛʘʪʦʛʦ ʉO2 ʠ H2O ʨʘʩʧʣʘʚʘ (ʨʠʩ. 2 ʚ). ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʧʠʨʦʭʣʦʨʦʚ ʠ ʫʨʘʥʧʠʨʦʭʣʦʨʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ ʷʚʣʷʶʪʩʷ 

ʧʫʩʪʦʪʝʣʳʝ ʩʬʝʨʳ (ʧʫʟʳʨʠ) ʨʘʟʤʝʨʥʦʩʪʴʶ ʤʝʥʝʝ 10 ʤʢʤ, ʬʠʢʩʠʨʫʝʤʳʝ ʢʘʢ 

ʚʦ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʠʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2ʛ). ɺʦʟʤʦʞʥʦ, ʵʪʦ 

ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʢʫ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʩʧʣʘʚʘ (ʚʳʩʦʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʣʝʪʫʯʠʭ), ʠʟ ʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʧʠʨʦʭʣʦʨʳ, ʣʠʙʦ ʵʪʦ 

ʙʳʣʠ ʢʘʧʣʠ ʩʦʣʝʡ, ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩ ʢʘʨʙʦʥʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ.  

ʇʠʨʦʭʣʦʨʳ ʧʦʟʜʥʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʩʝʚʠʪʦʚ II) ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ 

ʇʦʪʘʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʨʘʟʫʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ 

ʢʫʙʦʦʢʪʘʵʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ 0,05-1,5 ʩʤ ʢʨʘʩʥʦ-ʙʫʨʦʛʦ, ʷʨʢʦ-

ʢʨʘʩʥʦʛʦ, ʞʝʣʪʦʛʦ ʠ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ (ʨʠʩ. 2ʜ). ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʩʣʦʞʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ï ʩ ʨʝʣʠʢʪʦʚʳʤʠ ʷʜʨʘʤʠ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ, ʩʣʦʞʝʥʥʳʤʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤ U-ʩʦʜʝʨʞʘʱʠʤ ʧʠʨʦʭʣʦʨʦʤ, ʠ 

ʦʙʨʘʩʪʘʥʠʷʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʷʨʢʦ-ʢʨʘʩʥʦʛʦ ʧʠʨʦʭʣʦʨʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʧʨʦʮʝʩʩʘʭ ʨʘʩʪʚʦʨʝʥʠʷ-ʧʝʨʝʦʪʣʦʞʝʥʠʷ 

ʨʘʥʥʠʭ ʛʝʥʝʨʘʮʠʡ ʧʠʨʦʭʣʦʨʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʣʶʠʜʘ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 2ʝ).  

ɺ ʜʦʣʦʤʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ (ʩʝʚʠʪʘʭ III) ʙʫʣʜʳʤʩʢʦʛʦ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʢʦʤʧʣʝʢʩʘ ʧʠʨʦʭʣʦʨ ʦʙʨʘʟʫʝʪ ʢʨʘʩʥʦ-ʙʫʨʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 0,5-

10 ʩʤ. ɺ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʬʣʦʛʦʧʠʪ-ʨʠʭʪʝʨʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʤʝʣʢʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʞʝʣʪʦ-ʙʫʨʦʛʦ ʧʠʨʦʭʣʦʨʘ 

(ʤʝʪʘʢʨʠʩʪʘʣʣʳ?) ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʘʤʬʠʙʦʣʘ 

(ʬʪʦʨʨʠʭʪʝʨʠʪʘ) (ʨʠʩ. 2ʞ), ʘ ʚ ʩʣʶʜʠʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʫʨʘʥʧʠʨʦʭʣʦʨ (ʦʢʨʫʛʣʳʝ 

ʟʝʨʥʘ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʟʝʣʝʥʦʚʘʪʦ-ʯʝʨʥʳʤʠ ʢʘʡʤʘʤʠ ʨʘʟʤʝʨʦʤ 0,1-0,5 ʩʤ) ʠ 

ʪʝʤʥʦ-ʙʫʨʳʡ REE-Th-ʧʠʨʦʭʣʦʨ, ʦʙʨʘʟʫʶʱʠʡ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʜʦ 15 ʩʤ) 

ʚ ʩʨʘʩʪʘʥʠʠ ʢʨʠʩʪʘʣʣʘʤʠ ʵʰʠʥʠʪʘ-(ʉʝ) (ʨʠʩ. 2ʟ). ɺ ʜʦʣʦʤʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʵʰʠʥʠʪʘ, ʯʝʚʢʠʥʠʪʘ ʠ 

ʢʦʣʫʤʙʠʪʘ. 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʦʣʣʝʢʮʠʠ ʧʠʨʦʭʣʦʨʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʀɺʂ, ʧʝʨʝʜʘʥʥʳʝ ʥʘʤ ʠʟʚʝʩʪʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʠ 

ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʀɺʂ ɺ.ʗ. ʃʝʚʠʥʳʤ, ʘ ʪʘʢʞʝ ʧʠʨʦʭʣʦʨʳ 

ʠ ʜʨʫʛʠʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʙʨʘʥʥʳʝ ʘʚʪʦʨʘʤʠ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 30 ʧʨʦʙ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʀɺʂ ï 

ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ, ʇʦʪʘʥʠʥʩʢʦʛʦ ʠ ɹʫʣʜʳʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʇʫʨʛʠʥʦ ʠ ʋʚʠʣʴʜʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʨʦʭʣʦʨʦʚ ʠ 

ʵʰʠʥʠʪʦʚ ʀɺʂ ʙʳʣ ʠʟʫʯʝʥ ʥʘ ʤʠʢʨʦʟʦʥʜʝ Cameca-100 ʚ ʀɻɻ ʋʨʆ ʈɸʅ 

(ʘʥʘʣʠʪʠʢ ɼ.ɺ. ɿʘʤʷʪʠʥ). 

ʈʫʜʥʘʷ ʥʠʦʙʠʝʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʤʠʘʩʢʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ, ʇʦʪʘʥʠʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʋʚʠʣʴʜʠʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʙʩʪʚʝʥʥʦ 

ʧʠʨʦʭʣʦʨʦʤ, U-(Ta)-ʧʠʨʦʭʣʦʨʦʤ (ʛʘʪʯʝʪʪʦʣʠʪʦʤ), Ti-ʧʠʨʦʭʣʦʨʦʤ 

(ʙʝʪʘʬʠʪʦʤ), Ta-ʩʦʜʝʨʞʘʱʠʤ ʧʠʨʦʭʣʦʨʦʤ, REE- ʠ Sr-ʩʦʜʝʨʞʘʱʠʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʠʨʦʭʣʦʨʦʚ [23, 30]. ʅʘ ɹʫʣʜʳʤʩʢʦʤ ʠ ʉʧʠʨʠʭʠʥʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʘʠʢʩʢʦʛʦ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʥʦʚʥʳʤ ʨʫʜʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʠʨʦʭʣʦʨ (ʚ ʪʦʤ ʯʠʩʣʝ U-(Ta)- ʠ REE-ʩʦʜʝʨʞʘʱʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʠʨʦʭʣʦʨʘ), ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʫʤʙʠʪ, ʵʰʠʥʠʪ, ʤʦʥʘʮʠʪ, ʭʨʦʤʤʘʛʥʝʟʠʦʯʝʚʢʠʥʠʪ [23, 32, 

26].  ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʧʠʨʦʭʣʦʨʦʚʦʡ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʦʚ (ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʢʘʪʠʦʥʘ ʠʣʠ ʘʥʠʦʥʘ ʚ ʧʦʟʠʮʠʷʭ ɺ = Nb, Ti, Ta; A = 

ʉʘ, Na, REE, Y, Sr, Ba, Mn, Mg, U, Th ʠ Y =O, OH, F) [45] ʧʠʨʦʭʣʦʨʳ ʀɺʂ 

ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ U-(Ta)-cʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʠʣ- ʠ 

ʦʢʩʠʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ (ʫʨʘʥʧʠʨʦʭʣʦʨʳ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [60]), ʠ 

ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ (ʚ ʪʦʤ ʯʠʩʣʝ Ta-, REECe- ʠ Sr-ʩʦʜʝʨʞʘʱʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ). ʀʟʤʝʥʝʥʥʳʝ ʧʠʨʦʭʣʦʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʜʨʦʢʩʠʣ-, ʢʝʥʦ- ʠ 

ʛʠʜʨʦʧʠʨʦʭʣʦʨʦʤ [46]. 

ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʧʠʨʦʭʣʦʨʘ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʧʦʨʦʜ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʩʪʘʜʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʱʝʣʦʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ʊʘʢ, U-(Ta)-ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʠʣ- ʠ ʦʢʩʠʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ (15-24 ʤʘʩ. 

% UO2; 1-14 ʤʘʩ. % Ta2O5) ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʩʠʣʠʢʘʪʥʦ-



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʠ ʚ ʨʘʥʥʠʭ ʢʘʨʙʦʥʘʪʠʪʘʭ (ʩʸʚʠʪʳ I) ʇʦʪʘʥʠʥʩʢʦʛʦ ʠ 

ʋʚʠʣʴʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ, ʘ ʪʘʢʞʝ ʥʘ 

ɹʫʣʜʳʤʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʕʪʦʪ ʪʠʧ ʧʠʨʦʭʣʦʨʦʚ, ʚʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ 

ʨʘʥʥʠʡ ʠ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʱʝʣʦʯʥʦ-

ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [27]. 

Ta-cʦʜʝʨʞʘʱʠʝ ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ (1.5-5 ʤʘʩ.% Ta2ʆ5; 0-4.2 ʤʘʩ.% 

UO2) ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʝʬʝʣʠʥʦʚʳʭ ʧʝʛʤʘʪʠʪʘʭ ʚ ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ 

ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ (ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʫʜʥʘʷ ʟʦʥʘ 

147, 140), ʘ ʪʘʢʞʝ ʥʘ ʇʦʪʘʥʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʕʪʦʪ ʧʠʨʦʭʣʦʨ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʝʛʤʘʪʠʪʦʚʦʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʱʝʣʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ. 

ʌʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ c ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Nb2O5 (65-69 

ʤʘʩ.%), ʩ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʠʢʨʦʧʨʠʤʝʩʝʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʤʠʘʩʢʠʪʦʚʳʭ ʧʝʛʤʘʪʦʠʜʘʭ ʠ ʢʘʨʙʦʥʘʪʠʪʘʭ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ 

ʚ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʠʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʠʨʦʭʣʦʨʘ ʩʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʫʜʥʳʝ ʟʦʥʳ 

ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ (ʨʫʜʥʳʝ ʟʦʥʳ 140 ʠ 147) ʠ ɹʫʣʜʳʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʥʠ ʪʘʢʞʝ ʠ ʥʘ ʇʦʪʘʥʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

Sr- ʠ REE-ʩʦʜʝʨʞʘʱʠʝ ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ (3-6 ʤʘʩ.% LREE2ʆ3; 

1.5-4.5 ʤʘʩ.% SrO) ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʟʜʥʠʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʚ ʧʠʨʦʢʩʝʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʞʠʣʘʭ ʠ ʢʘʨʙʦʥʘʪʠʪʘʭ 

ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʛʦ ʬʝʥʠʪʦʚʦʛʦ ʦʨʝʦʣʘ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ʱʝʣʦʯʥʦʡ ʧʦʣʦʩʳ. ɺʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2 ʜ), ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʪ ʢʘʡʤʳ ʚʦʢʨʫʛ U-ʩʦʜʝʨʞʘʱʠʭ 

ʨʝʣʠʢʪʦʚʳʭ ʷʜʝʨ ʧʠʨʦʭʣʦʨʘ (ʨʠʩ. 2 ʝ). REE-Th-cʦʜʝʨʞʘʱʠʝ 

ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʳ (3-4,5 ʤʘʩ.% LREE2ʆ3; 5.9-8.0 ʤʘʩ.% ThO2) ʚ 

ʩʨʘʩʪʘʥʠʠ ʩ ʵʰʠʥʠʪʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʣʶʜʠʩʪʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ 

ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʧʠʨʦʭʣʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʷʭ (ʧʦʟʜʥʝʢʘʨʙʦʥʘʪʠʪʦʚʦʡ) 

ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʪʘʧʦʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʣʣʠʟʠʦʥʥʦʡ ʩʪʘʜʠʠ. ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʩʪʘʚʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠʣʴʤʝʥʦ-

ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʖʞʥʦʛʦ ʋʨʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʭʠʤʠʠ ʧʦʨʦʜ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠ ʤʠʘʩʢʠʪʳ, ʠ ʢʘʨʙʦʥʘʪʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ (HFSE) ʵʣʝʤʝʥʪʦʚ ï ʧʨʝʞʜʝ ʚʩʝʛʦ Nb ʠ Ta, ʘ 

ʪʘʢʞʝ Zr, Hf, V, Ti (ʪʘʙʣ. 1, ʨʠʩ. 3), ʙʣʠʟʢʠʤʠ ʪʘʢʦʚʳʤ ʨʠʬʪʦʛʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʱʝʣʦʯʥʦʡ ʬʦʨʤʘʮʠʠ (ʋʑʂ). 

ʇʨʠ ʵʪʦʤ, ʧʦʨʦʜʳ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʦʛʘʱʝʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʜʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʑʂ-ʬʦʨʤʘʮʠʠ 

ʢʨʫʧʥʦʠʦʥʥʳʤʠ ʣʠʪʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (LILE) ï ʧʨʝʞʜʝ ʚʩʝʛʦ Sr, ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʂ, Rb, Cs, Li, REE, ʯʪʦ ʩʙʣʠʞʘʝʪ ʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʱʝʣʦʯʥʦ-ʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ [8], ʘ ʪʘʢʞʝ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʢʦʣʣʠʟʠʦʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ [47]. ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʦʙʦʛʘʱʝʥʥʦʩʪʴ 

ʚʳʩʦʢʦʟʘʨʷʜʥʳʤʠ (HFSE) ʠ ʢʨʫʧʥʦʠʦʥʥʳʤʠ ʣʠʪʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

(LILE) ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʱʝʣʦʯʥʦ-ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ çʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʦʛʦè ʪʠʧʘ [27].  

ʉʦʜʝʨʞʘʥʠʷ HFSE-ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʥʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʠʣʴʤʝʥʦ-

ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʠʘʩʢʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʛ/ʪ) ï Nb (ʜʦ 1500), Zr 

(ʜʦ 100), Hf (0.5), Ta (3.6), Ti (100-1000), V (10-70), ʩʦʧʦʩʪʘʚʠʤʳ (ʥʦ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ) ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʋʑʂ-ʬʦʨʤʘʮʠʠ (ʚ ʩʨʝʜʥʝʤ 800 ʛ/ʪ ʠ ʜʦ 4% Nb ʠ ʚ ʩʨʝʜʥʝʤ 

47 ʛ/ʪ ʠ ʜʦ 0.2% Ta). ʇʨʠ ʵʪʦʤ, ʢʘʨʙʦʥʘʪʠʪʳ ʀɺʂ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʳ Sr 

(3700-21000 ʛ/ʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʥʠʤʠ ʬʘʮʠʷʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʑʂ (ʚ 

ʩʨʝʜʥʝʤ, 5800 ʛ/ʪ). ʉʦʜʝʨʞʘʥʠʷ ʈɿʕ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʀɺʂ (1500ï3200 ʛ/ʪ) 

ʙʣʠʟʢʠ ʩʦʜʝʨʞʘʥʠʷʤ ʚ ʨʘʥʥʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʋʑʂ. 

 ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Nb2O5 ʠ TR2ʆ3, 

ʧʦʧʫʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʠʧʘʤʠ ʥʠʦʙʠʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ [25] ʚ ʪʘʙʣ. 2. 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Nb2O5 ʚ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʫʜʘʭ ʇʦʪʘʥʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 0.168 %, ʚ ʬʝʥʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 0.126%. 

ʉʦʜʝʨʞʘʥʠʷ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʳ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʫʜ: SrO ï 1%, ZrO2 ï 

0.078%, TR2ʆ3 ï 0.15%, P2O5 ï 1.1%, U ï 0.0065, Th ï 0.0026, Ta2O5 ï 0.0008%. 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Nb2O5 ʚ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʫʜʘʭ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʈʫʜʥʘʷ ʟʦʥʘ 147, 140) ʩʦʩʪʘʚʣʷʶʪ 0.09% ʠ 0.14% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʧʫʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ   ZrO2 ï 0.04, TR2ʆ3 ï0.07%, Ta2O5 ï 

0.001% [23, 13].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʷʚʣʷʶʱʠʡʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʠʣʠ ʬʦʨʤʘʮʠʠ 

çʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʳʭ ʟʦʥè) ʠʤʝʝʪ ʥʠʦʙʠʝʚʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ.  

ʈʫʜʳ ɺʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʇʦʪʘʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʠʦʙʠʝʚʳʤ (ʧʠʨʦʭʣʦʨʦʚʳʤ) ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʦʤ ʨʫʜ (c 

ʧʦʧʫʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ P, REE, Zr, U, Th, Sr), ʘʥʘʣʦʛʠʯʥʳʤ ʪʘʢʦʚʳʤ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʑʂ-ʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ, 

ʩʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ Nb2O5, ʚ ʥʠʭ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʙʦʛʘʪʳʭ ʨʫʜʘʭ (0.2-0.8%) ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʑʂ-

ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʥʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʙʫʣʜʳʤʩʢʦʛʦ 

ʢʘʨʙʦʥʘʪʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʛ/ʪ) ï REE (2000-48000), ʧʨʠ 

LREE/HREE (4-125) ʠ La/Yb (15-3045), Nb (ʜʦ 1600), Sr (3700-12000), Th (ʜʦ 

1400), Ba (200-550) Ti (100-1000), V (10-70), Zr (ʜʦ 40), Hf (0.5) [47], 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʮʠʘʣʴʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚ ʋʑʂ-ʢʦʤʧʣʝʢʩʘʭ. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʫʜʘʭ ʙʫʣʜʳʤʩʢʦʛʦ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Nb2O5 ï 

0.164% (ɹʫʣʜʳʤʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ), Nb2O5 ï 0.22 %, TR2ʆ3 ï 0.71% 
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(ʉʧʠʨʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ) [23]. 
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ʈʠʩ. 3. ʍʦʥʜʨʠʪʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ REE (A) ʠ ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ (ɹ) ʜʣʷ 

ʧʦʨʦʜ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʖʞʥʳʡ ʋʨʘʣ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʘʚʳ ʩʨʝʜʥʝʛʦ ʢʘʣʴʮʠʦʢʘʨʙʦʥʘʪʠʪʘ ʧʦ [Wooley, Kempe, 1989]. 

 

ʕʪʠ ʜʘʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʘʣʠʯʠʝʤ ʨʫʜʥʦʡ REE-Nb-ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(ʧʠʨʦʭʣʦʨ, ʢʦʣʫʤʙʠʪ, ʯʝʚʢʠʥʠʪ, ʵʰʠʥʠʪ, ʤʦʥʘʮʠʪ) ʦʧʨʝʜʝʣʷʶʪ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʝʚʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʫʣʜʳʤʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

  

ʂɸʈɹʆʅɸʊʀʊʓ ʊʀʄɸʅɸ 

 

ʂʘʨʙʦʥʘʪʠʪʳ ʥʘ ʉʨʝʜʥʝʤ ʊʠʤʘʥʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ 60-70ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ 

ʚ ʧʨʝʜʝʣʘʭ ʏʝʪʣʘʩʩʢʦʛʦ ʢʘʤʥʷ ʚ ʩʦʩʪʘʚʝ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʘʡʢʦʚʳʭ 

ʱʝʣʦʯʥʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ [13, 42]. ɺ 80ʭ ʛʦʜʘʭ ʚ ʩʚʷʟʠ ʩ ʧʦʠʩʢʘʤʠ ʢʦʨʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʊʠʤʘʥʘ ʋʭʪʠʥʩʢʦʡ ɻʈʕ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʱʝʣʦʯʥʳʭ ʧʠʢʨʠʪʦʚ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʨʫʧʥʦʦʙʲʝʤʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ 

ʘʣʤʘʟʳ ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ. ɿʜʝʩʴ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʘ 

[24] ʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʘʣʤʘʟʫ [39]. ʇʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʨʦʜʘʭ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ 

ʨʘʟʚʠʪʠʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ [43, 35, 36, 37, 18].   

ʏʝʪʣʘʩʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʘʡʢʦʚʳʭ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚ, ʬʝʥʠʪʦʚ 

ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʉʨʝʜʥʝʤ ʊʠʤʘʥʝ, ʟʘʥʠʤʘʷ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 1000 

ʢʤ2, ʚ ʶ-ʚ ʯʘʩʪʠ ʏʝʪʣʘʩʩʢʦʛʦ ʢʘʤʥʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʚʳʩʪʫʧ 

ʨʠʬʝʡʩʢʠʭ ʧʦʨʦʜ ʚ ʦʙʣʘʩʪʠ ʧʝʨʠʢʨʘʪʦʥʥʦʛʦ ʧʨʦʛʠʙʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

(ʨʠʩ. 4). 

ɺʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ 

ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʪʣʘʩʩʢʦʡ (R2) ʩʚʠʪʳ ʠ 

ʙʳʩʪʨʠʥʩʢʦʡ (R3) ʩʝʨʠʡ. ɼʘʡʢʦʚʳʝ ʪʝʣʘ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʪʨʘʩʩʠʨʫʶʪ ʨʘʟʣʦʤʳ 

ʩ-ʚ ʧʨʦʩʪʠʨʘʥʠʷ, ʦʙʨʘʟʫʷ ʜʘʡʢʦʚʳʝ ʧʦʣʷ. 
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ʈʠʩ. 4. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʂʦʩʴʶʩʢʦʛʦ ʧʦʣʷ) ʧʦ [23]. 1-2 ï ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʯʝʪʣʘʩʩʢʦʡ ʩʚʠʪʳ (PR2 

ct2): 1 ï ʢʚʘʨʮʝʚʳʝ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʠʭ ʬʝʥʠʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʠ, 

ʢʚʘʨʮʠʪʳ; 2 ï ʘʨʛʠʣʣʠʪʳ ʠ ʘʣʝʚʨʦʣʠʪʳ; 3-5 ï ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʪʣʘʩʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (V): 3 ï ʧʠʢʨʠʪʳ, ʣʘʤʧʨʦʬʠʨʳ ʠ ʠʭ ʙʨʝʢʯʠʠ, 4 ï ʢʘʨʙʦʥʘʪʠʪʳ ʂʦʩʴʶʩʢʦʛʦ 

ʤʘʩʩʠʚʘ; 5 ï ʱʝʣʦʯʥʳʝ ʠ ʩʫʙʱʝʣʦʯʥʳʝ ʛʘʙʙʨʦʠʜʳ. ʋʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ: 6 ï ʪʝʣʘ, 

ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, 7 ï ʪʝʣʘ, ʥʝ ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, 8 ï ʪʝʣʘ, 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, 9 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, 10 ï ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʘʥʠʮʳ, 11 ï ʩʢʚʘʞʠʥʳ ʠ ʠʭ ʥʦʤʝʨʘ. 

 

ɺʳʷʚʣʝʥʦ ʦʢʦʣʦ 50 ʪʘʢʠʭ ʧʦʣʝʡ (ʄʝʟʝʥʩʢʦʝ, ʂʦʩʴʶʩʢʦʝ, ɹʦʙʨʦʚʩʢʦʝ ʠ 
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ʆʢʪʷʙʨʴʩʢʦʝ ʠ ʜʨ), ʚ ʢʦʪʦʨʳʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʜʘʝʢ. ɺʝʜʫʱʝʡ 

ʬʦʨʤʦʡ ʪʝʣ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʜʘʡʢʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

ʜʦ 3 ʢʤ. ʀʭ ʤʦʱʥʦʩʪʴ ʦʙʳʯʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,5 ʜʦ 3 ʤ, ʧʨʠ ʵʪʦʤ ʚ ʜʘʡʢʘʭ 

ʬʠʢʩʠʨʫʶʪʩʷ ʨʘʟʜʫʚʳ ʠ ʢʦʣʝʥʦʦʙʨʘʟʥʳʝ ʧʝʨʝʛʠʙʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʱʥʦʩʪʴ ʪʝʣ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʰʪʦʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ 

ʦʩʣʦʞʥʷʶʪʩʷ ʞʠʣʴʥʳʤʠ ʠʥʲʝʢʮʠʷʤʠ ʚʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ. ɺ ʪʝʩʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ, ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ʩ ʜʘʡʢʘʤʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ 

ʥʘʭʦʜʷʪʩʷ ʱʝʣʦʯʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ (ʬʝʥʠʪʳ, ʬʣʦʛʦʧʠʪʦʚʳʝ ʩʣʶʜʠʪʳ, 

ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ) ʠ ʢʘʨʙʦʥʘʪʠʪʳ ʩ ʘʢʮʝʩʩʦʨʥʦʡ 

ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ï ʤʦʥʘʮʠʪʦʤ, ʠʣʴʤʝʥʦʨʫʪʠʣʦʤ, 

ʙʘʩʪʥʝʟʠʪʦʤ, ʢʦʣʫʤʙʠʪʦʤ, ʧʠʨʦʭʣʦʨʦʤ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʛʝʪʠʪ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʠ ʢʚʘʨʮ-ʛʝʪʠʪ-ʛʝʤʘʪʠʪʦʚʳʝ ʧʦʨʦʜʳ [14, 18].  

ʏʝʪʣʘʩʩʢʠʡ ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʧʠʢʨʠʪ-ʣʘʤʧʨʦʬʠʨʦʚʳʤʠ 

ʩʝʨʠʷʤʠ ʩ ʢʘʣʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ (ʦʪ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʳʭ ʜʦ 

ʱʝʣʦʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʦʨʦʜ). ʅʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʙʱʝʣʦʯʥʳʤʠ ʧʠʢʨʠʪʘʤʠ ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʞʠʣʴʥʳʤ 

çʢʠʤʙʝʨʣʠʪ-ʧʠʢʨʠʪʘʤʠè [18, 31]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʡʢʦʚʳʭ ʧʦʨʦʜ ʏʝʪʣʘʩʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʘʤʧʨʦʬʠʨʘʤʠ ʘʣʴʥʝʠʪ-ʧʦʣʴʮʝʥʠʪʦʚʦʛʦ ʨʷʜʘ [14, 

43]. ɸ.ɹ.ʄʘʢʝʝʚ ʧʦʢʘʟʘʣ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʯʘʩʪʠ ʣʘʤʧʨʦʬʠʨʦʚ ʯʝʪʣʘʩʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʢ ʩʧʝʩʩʘʨʪʠʪ-ʢʝʨʩʘʥʪʠʪʦʚʦʤʫ ʨʷʜʫ [24]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʘʡʢʦʚʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʦʞʝʥʘ 

ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʤʠ ʣʘʤʧʨʦʬʠʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʙʘʟʠʩʝ, ʥʘʨʷʜʫ ʩ 

ʬʣʦʛʦʧʠʪʦʤ ʠ ʧʠʨʦʢʩʝʥʦʤ, ʢʘʨʙʦʥʘʪ (5-50%), ʘʧʘʪʠʪ, ʘʤʬʠʙʦʣ, ʛʨʘʥʘʪ. ʂʨʦʤʝ 

ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʳ çʣʘʤʧʨʦʠʪʦʧʦʜʦʙʥʳʝè ʧʠʢʨʠʪʳ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ, 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ (ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʂ2ʆ/Na2O = 2.76-5, K2O/Al 2O3 = 0.52-0.72; (K2O+Na2O) /Al2O3 = 

0.66-1.1) ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʣʘʤʧʨʦʠʪʘʤ (ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʤ 

ʧʦʨʦʜʘʤ) [51]. ʉ çʣʘʤʧʨʦʠʪʦʧʦʜʦʙʥʳʤʠè ʧʠʢʨʠʪ-ʣʘʤʧʨʦʬʠʨʦʚʳʤʠ ʩʝʨʠʷʤʠ 

ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʩʩʦʮʠʠʨʫʶʪ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ. 

ʂʘʨʙʦʥʘʪʠʪʳ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʠʭ ʱʝʣʦʯʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʪʝʭ ʞʝ, ʯʪʦ ʠ ʜʘʡʢʦʚʳʝ ʫʣʴʪʨʘʙʘʟʠʪʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥʘʭ ʩ-

ʚ ʧʨʦʩʪʠʨʘʥʠʷ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʦʥʠ ʧʨʦʷʚʣʝʥʳ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ. ʂʘʨʙʦʥʘʪʠʪʳ ʩʣʘʛʘʶʪ ʞʠʣʦʧʦʜʦʙʥʳʝ ʪʝʣʘ, ʰʪʦʢʚʝʨʢʠ ʠ ʟʦʥʳ 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ, ʯʘʩʪʦ ʟʘʣʝʛʘʶʪ ʚ ʟʘʣʴʙʘʥʜʘʭ ʪʝʣ ʫʣʴʪʨʘʙʘʟʠʪʦʚ. ɺʥʝʰʥʠʝ 

ʯʘʩʪʠ ʪʝʣ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʣʦʞʝʥʳ ʬʣʦʛʦʧʠʪʦʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ (ʧʦ 

ʫʣʴʪʨʘʙʘʟʠʪʘʤ) ʠ ʘʣʴʙʠʪ-ʤʠʢʨʦʢʣʠʥ-ʵʛʠʨʠʥʦʚʳʤʠ ʬʝʥʠʪʘʤʠ (ʧʦ ʚʤʝʱʘʶʱʠʤ 

ʢʚʘʨʮʠʪʦ-ʧʝʩʯʘʥʠʢʘʤ). ʂʘʨʙʦʥʘʪʠʪʳ ʠ ʱʝʣʦʯʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʯʘʩʪʦ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʟʜʫʚʘʤ ʜʘʡʢʦʚʳʭ ʪʝʣ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʱʝʣʦʯʥʦ-

ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʟʚʝʩʪʥʦ ʚ ʂʦʩʴʶʩʢʦʡ ʟʦʥʝ 

ʨʘʟʣʦʤʘ, ʚ ʨʘʡʦʥʝ ʨʘʟʜʫʚʘ ʜʘʡʢʠ ʱʝʣʦʯʥʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ (ʨʠʩ. 4). 



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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ʂʘʨʙʦʥʘʪʠʪʳ ʦʙʨʘʟʫʶʪ ʰʪʦʢ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 300 ʤʝʪʨʦʚ (ʤʘʩʩʠʚ ʨ. ʂʦʩʴʶ), 

ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʬʣʦʛʦʧʠʪʦʚʳʝ ʩʣʶʜʠʪʳ ʠ ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʘ 

ʪʘʢʞʝ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʬʝʥʠʪʳ. ɿʜʝʩʴ ʞʝ ʦʪʤʝʯʘʶʪʩʷ ʰʪʦʢʚʝʨʢʦʚʳʝ 

ʜʫʛʦʦʙʨʘʟʥʳʝ ʟʦʥʳ ʛʝʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʦʨʦʜ ʠ ʢʚʘʨʮ-ʛʝʪʠʪ-ʛʝʤʘʪʠʪʦʚʳʝ 

ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʚʩʝ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ, 

ʟʘʚʝʨʰʘʷ ʧʨʦʮʝʩʩ ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ɾʠʣʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʬʝʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʦʩʘʜʦʯʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʙʳʩʪʨʠʥʩʢʦʡ ʩʝʨʠʠ.  

ɼʘʡʢʦʚʳʝ ʫʣʴʪʨʘʙʘʟʠʪʳ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʦʨʬʠʨʦʚʦʡ ʠ çʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡè 

ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʬʝʥʦʢʨʠʩʪʦʚ ʦʣʠʚʠʥʘ (7-30% ʜʦ 60%), 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ (ʘʚʛʠʪ-Ti-ʘʚʛʠʪ) (5-40%), ʬʣʦʛʦʧʠʪʘ (5-30%), ʧʦʡʢʠʣʦʢʨʠʩʪʳ 

ʬʣʦʛʦʧʠʪʘ ʚ ʤʠʢʨʦʣʠʪʦʚʦʤ ʬʣʦʛʦʧʠʪ-ʧʠʨʦʢʩʝʥʦʚʦʤ ʙʘʟʠʩʝ. ɺ ʙʘʟʠʩʝ ʯʘʩʪʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪ (ʜʦ 20%), ʠʥʦʛʜʘ ʘʧʘʪʠʪ, ʛʨʘʥʘʪ, ʘʤʬʠʙʦʣ. ʅʘʨʷʜʫ ʩ 

ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʚ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʤʝʛʘʢʨʠʩʪʳ ʦʣʠʚʠʥʘ, ʷʨʢʦ-ʟʝʣʝʥʦʛʦ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʙʫʨʦʚʘʪʦ-ʟʝʣʝʥʦʛʦ ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʘ ʪʘʢʞʝ ʢʩʝʥʦʣʠʪʳ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʩʝʨʧʝʥʪʠʥ-ʪʘʣʴʢʦʚʳʭ ʧʦʨʦʜ, ʬʝʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʥʝʡʩʦʚ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ. ɺʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʣʘʤʧʨʦʬʠʨʦʚ, 

ʢʦʪʦʨʳʝ ʥʘʨʷʜʫ ʩ ʬʝʥʦʢʨʠʩʪʘʤʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʬʣʦʛʦʧʠʪʘ ʠ ʦʣʠʚʠʥʘ 

ʩʦʜʝʨʞʘʪ ʢʨʫʧʥʳʝ ʧʦʡʢʠʣʦʢʨʠʩʪʳ ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʦʛʦ ʘʤʬʠʙʦʣʘ (ʜʦ 60%) ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʧʠʨʦʢʩʝʥʘ. ɹʘʟʠʩ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʩʣʦʞʝʥ ʤʠʢʨʦʣʠʪʘʤʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʩʣʶʜʠʩʪʳʤ ʘʛʨʝʛʘʪʦʤ (ʟʘʤʝʱʝʥʥʳʤ ʢʘʣʠʰʧʘʪʦʤ?). 

ʑʝʣʦʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʣʘʤʧʨʦʬʠʨʦʚ ʩʣʦʞʝʥʳ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ 

ʜʘʡʢʦʚʳʝ ʪʝʣʘ (ʚ ʤʝʩʪʘʭ ʨʘʟʜʫʚʦʚ), ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʫʯʘʩʪʢʝ ʂʦʩʴʶ. ɺ 

ʱʝʣʦʯʥʳʭ ʣʘʤʧʨʦʬʠʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʚʢʨʘʧʣʝʥʥʠʢʠ ʦʣʠʚʠʥʘ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʬʣʦʛʦʧʠʪʘ, ʘ ʪʘʢʞʝ ʤʝʛʘʢʨʠʩʪʳ ʦʣʠʚʠʥʘ ʠ ʙʫʨʦʚʘʪʦ-

ʟʝʣʝʥʦʡ ʰʧʠʥʝʣʠ, ʙʘʟʠʩ ʩʣʦʞʝʥ ʠʛʦʣʴʯʘʪʳʤ ʩʠʥʝʚʘʪʦ-ʟʝʣʝʥʳʤ ʘʤʬʠʙʦʣʦʤ, 

ʢʘʨʙʦʥʘʪʦʤ, ʘʧʘʪʠʪʦʤ ʠ ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʦʤ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʦʣʠʚʠʥʘ 

ʟʘʤʝʱʝʥʳ ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ. ʂ ʵʪʠʤ ʧʦʨʦʜʘʤ ʧʨʠʫʨʦʯʝʥʳ ʞʠʣʳ 

ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ɾʠʣʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʂʦʩʴʶʩʢʦʤ ʠ ɹʦʙʨʦʚʩʢʦʤ 

ʫʯʘʩʪʢʝ. ʆʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʦʥʠ ʨʘʟʚʠʪʳ ʚ ʤʘʩʩʠʚʝ ʂʦʩʴʶ, ʛʜʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʛʣʫʙʠʥʦʡ.  ʂʘʨʙʦʥʘʪʠʪʳ ʩʣʦʞʝʥʳ ʤʝʣʢʦ- ʠ 

ʤʠʢʨʦʟʝʨʥʠʩʪʳʤ ʜʦʣʦʤʠʪ-ʘʥʢʝʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ (ʨʝʞʝ ʢʘʣʴʮʠʪʦʤ, 

ʤʘʛʥʝʟʠʪʦʤ) ʠ ʩʦʜʝʨʞʘʪ ʩʣʶʜʳ (ʨʷʜʘ ʬʣʦʛʦʧʠʪ-ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ), ʠʥʦʛʜʘ 

ʱʝʣʦʯʥʳʝ ʘʤʬʠʙʦʣʳ (ʨʷʜʘ ʘʨʬʚʝʜʩʦʥʠʪ-ʵʢʢʝʨʤʘʥʠʪ), ʵʛʠʨʠʥ, ʂʇʐ, ʘʣʴʙʠʪ, 

ʢʚʘʨʮ. ɺ ʧʝʨʝʤʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʢʘʨʙʦʥʘʪʠʪʳ ʩʦʜʝʨʞʘʪ ʘʢʮʝʩʩʦʨʥʳʝ 

ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, ʭʣʦʨʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʘ ʪʘʢʞʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʤʦʥʘʮʠʪ, ʠʣʴʤʝʥʦʨʫʪʠʣ, 

ʙʘʩʪʥʝʟʠʪ, ʧʠʨʦʭʣʦʨ, ʢʦʣʫʤʙʠʪ, ʙʘʜʜʝʣʝʠʪ, ʮʠʨʢʦʥ, ʩʬʝʥ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, 

ʠʣʴʤʝʥʠʪ, ʙʘʨʠʪ, ʪʦʨʠʪ, ʦʨʪʠʪ [18, 15, 16, 40]. ɺ ʛʝʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʠ 

ʢʚʘʨʮ-ʛʝʪʠʪ-ʛʝʤʘʪʠʪʦʚʳʭ ʧʦʨʦʜʘʭ ʪʘʢʞʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-
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ʪʦʨʠʡ-ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ï ʤʦʥʘʮʠʪ, ʙʘʩʪʥʝʟʠʪ, ʢʩʝʥʦʪʠʤ, 

ʢʦʣʫʤʙʠʪ, ʠʣʴʤʝʥʦʨʫʪʠʣ, ʪʦʨʠʪ ʠ ʥʝʦʙʳʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʪʦʨʠʝʚʳʭ ʬʘʟ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʢʘʨʙʦʥʘʪʘʭ [42].  

ʌʦʨʤʘʮʠʦʥʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ ʩʠʭ ʦʩʪʘʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. ɺ ʬʦʨʤʘʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʱʝʣʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʃ.ʉ. ɹʦʨʦʜʠʥʘ ʯʝʪʣʘʩʩʢʠʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

ʢʘʣʠʝʚʦʡ ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʬʦʨʤʘʮʠʠ [9]. ɺ.ʀ. ʉʪʝʧʘʥʝʥʢʦ 

ʦʙʦʩʥʦʚʳʚʘʝʪ, ʯʪʦ ʧʝʨʚʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʝʢ ʙʳʣ ʱʝʣʦʯʥʦʡ 

ʧʠʢʨʠʪʦʚʳʡ, ʘ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ 

ʩʚʷʟʳʚʘʝʪ ʩ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ [38]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʦʪʥʦʩʷʪ ʧʦʨʦʜʳ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʛʨʫʧʧʝ ʣʘʤʧʨʦʬʠʨʦʚʳʭ ʧʦʨʦʜ [14, 

43, 24, 31], ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʧʝʨʚʠʯʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʣʘʤʧʨʦʬʠʨʦʚ ï 

ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʤʘʬʠʯʝʩʢʠʤ ʬʝʥʦʢʨʠʩʪʘʤʠ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʴʶ 

ʱʝʣʦʯʥʳʭ ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

(ʥʘʨʷʜʫ ʩ ʦʣʠʚʠʥʦʤ ʠ ʧʠʨʦʢʩʝʥʦʤ) ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ (ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ, 

Na-Ca-ʘʤʬʠʙʦʣʳ) ʠ ʢʘʨʙʦʥʘʪʥʳʭ (ʧʝʨʚʠʯʥʳʭ) ʤʠʥʝʨʘʣʦʚ. ʋʣʴʪʨʘʤʘʬʠʪʦʚʳʝ 

ʣʘʤʧʨʦʬʠʨʳ ʙʦʛʘʪʳ K, Mg, Cr, Ni, Sr, Ba, REE ʠ ʣʝʪʫʯʠʤʠ, ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ 

Si ʠ ʙʦʣʴʰʝ ʉa, ʯʝʤ ʜʨʫʛʠʝ ʩʠʣʠʢʘʪʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚ ʢʘʨʙʦʥʘʪʠʪʳ [48]. ɸʩʩʦʮʠʘʮʠʠ ʪʘʢʠʭ ʜʘʡʢʦʚʳʭ ʩʝʨʠʡ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʠ ʘʣʤʘʟʳ [50]. 

 

ʈʋɼʅɸʗ ʀ ɻɽʆʍʀʄʀʏɽʉʂɸʗ Cʇɽʎʀɸʃʀɿɸʎʀʗ  

ʂɸʈɹʆʅɸʊʀʊʆɺ ʏɽʊʃɸʉʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ (ʉʈɽɼʅʀʁ 

 ʊʀʄɸʅ) 

 ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʦʩʪʘʚʘʣʘʩʴ ʩʣʘʙʦ ʠʟʫʯʝʥʥʦʡ ʠʟ-ʟʘ ʤʝʣʢʠʭ (ʤʝʥʝʝ 20 ʤʢʤ) ʨʘʟʤʝʨʦʚ 

ʟʝʨʝʥ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʄʠʢʨʦʟʦʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʠʣʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʂʨʦʤʝ ʠʟʚʝʩʪʥʳʭ ʟʜʝʩʴ ʨʘʥʝʝ ʤʦʥʘʮʠʪʘ, ʙʘʩʪʥʝʟʠʪʘ, 

ʧʠʨʦʭʣʦʨʘ, ʢʦʣʫʤʙʠʪʘ, ʠʣʴʤʝʥʦʨʫʪʠʣʘ [18] ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʘʥʢʠʣʠʪ, U-ʧʠʨʦʭʣʦʨ, ʮʠʨʢʦʥ, ʤʦʣʠʙʜʝʥʠʪ, ʘʥʛʣʝʟʠʪ, 

ʩʪʨʦʥʮʠʘʥʠʪ, ʪʦʨʠʪ/ʭʘʪʪʦʥʠʪ, ʢʘʨʙʦʮʝʨʥʘʠʪ, ʠʣʴʤʝʥʦʨʫʪʠʣ [15, 16, 17].  

  ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʘʩʩʠʚʘ 

ʂʦʩʴʶ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʥʥʠʝ ʢʘʣʴʮʠʪʳ ʦʙʦʛʘʱʝʥʳ Ba, TR, Sr (5.44% SrO, 

0.44% BaO, 0.23% La2O3) (ʨʠʩ. 5 ʘ, ʙ, ʛ, ʜ), ʘ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʢʘʣʴʮʠʪʳ ʠʤʝʶʪ 

ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʤʦʨʬʥʳʭ ʧʨʠʤʝʩʝʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ (1.0% SrO, 0.69% 

BaO, 0.01% La2O3), ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʪ ʤʝʣʴʯʘʡʰʠʝ (n ʤʢʤ) ʚʨʦʩʪʢʠ REE-

Sr-ʢʘʨʙʦʥʘʪʳʭ ʬʘʟ ï ʘʥʢʠʣʠʪʘ (Sr0.59-0.68 Ca0.23-0.28)0.97-0.91 (La 0.54-0.55 Ce0.48-0.51)1.01-

1.06 (OH)*H2O ʉʆ3 ʠ ʙʫʨʙʘʥʢʠʪʘ ï (Na2.05-2.26   Ca0.95-0.74)3.0 (Sr1.82-1.71 ʉa0.65-0.83 

La0.13-0.17 Ce0.1-0.16 Ba0.09-0.11)2.87-2.97 (CO3)5. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʨʙʦʥʘʪʘʭ ʦʪʤʝʯʘʶʪʩʷ 

ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʷ ʢʘʨʙʦʮʝʨʥʘʠʪʘ, ʩʪʨʦʥʮʠʘʥʠʪʘ, ʙʘʨʠʪʘ, ʘ  ʢ ʟʝʨʥʘʤ ʬʦʩʬʘʪʦʚ 
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(ʘʧʘʪʠʪʘ) ʪʷʛʦʪʝʶʪ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʤʦʥʘʮʠʪʘ (ʩʤ. ʨʠʩ. 5). ʇʦʟʜʥʠʝ 

ʢʘʨʙʦʥʘʪʥʳʝ ʧʨʦʞʠʣʢʠ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ (ʜʦ n*100 ʤʢʤ) 

ʬʪʦʨʢʘʨʙʦʥʘʪʦʚ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ï ʙʘʩʪʥʝʟʠʪʘ (Ce0.47-0 La 0.45-0.40 Nd0.05-0.06 Pr0.04 

Ca00.02-0.05) 0.99-1.02 (CO3)F (ʨʠʩ. 5ʙ), ʧʘʨʠʟʠʪʘ, ʘ ʪʘʢʞʝ ʚ ʥʠʭ ʦʪʤʝʯʘʝʪʩʷ, ʘʧʘʪʠʪ, 

ʙʘʨʠʪ, ʛʝʤʘʪʠʪ, ʢʚʘʨʮ, ʬʣʶʦʨʠʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, REE-Sr-ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ ï ʬʪʦʨʢʘʨʙʦʥʘʪʳ ʠ 

ʢʘʨʙʦʥʘʪʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʙʘʩʪʥʝʟʠʪ, ʙʫʨʙʘʥʢʠʪ, ʢʘʨʙʦʮʝʨʥʘʠʪ, ʩʪʨʦʥʮʠʘʥʠʪ, 

ʧʘʨʠʟʠʪ ʠ ʜʨ.), ʘ ʪʘʢʞʝ REE-Sr-ʬʦʩʬʘʪʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʤʦʥʘʮʠʪ ʠ Sr-REE-

ʘʧʘʪʠʪ) ʦʙʨʘʟʫʶʪ ʦʙʠʣʴʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʠ ʧʨʦʞʠʣʢʠ ʚ ʢʘʨʙʦʥʘʪʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʝ 

ʨʫʜʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʦʛʘʱʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʭʠʤʠʠ ʣʘʤʧʨʦʬʠʨʦʚ ʠ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ 

ʣʘʤʧʨʦʬʠʨʦʚ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʙʦʛʘʱʝʥʠʝʤ ʢʘʢ ʩʦʚʤʝʩʪʠʤʳʤʠ (Ni, Co, Cr), ʪʘʢ ʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ (REE, Sr, Ba, Nb) (ʪʘʙʣ. 3) [29]. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʝ ʣʘʤʧʨʦʬʠʨʳ ʙʣʠʟʢʠ (ʥʦ ʥʝ ʠʜʝʥʪʠʯʥʳ) 

ʢʘʨʙʦʥʘʪʠʪʘʤ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ [48, 44] ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʦʚ. ɺ ʥʠʭ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ (ʛ/ʪ) Ni (120-460), Co (35-50), Cr (170-895) ʠ ʧʦʥʠʞʝʥʥʳʝ Ba 

(500-1780), Sr (165-1500), Nb (75-110), REE (40-490) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʘʨʙʦʥʘʪʠʪʘʤʠ (ʨʠʩ. 6). ʂʘʨʙʦʥʘʪʠʪʳ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʨʝʜʦʟʝʤʝʣʴʥʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

(ʛ/ʪ) REE (8800-35300), Ba (1600-9600), Sr (1060-9700), Th (20-165), 

ʧʦʥʠʞʝʥʥʳʝ Nb (3-250, ʚ ʩʨʝʜʥʝʤ 110), ʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ï Ni (8-110), Co (1-

44), Cr (9-187) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʤʧʨʦʬʠʨʘʤʠ ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʵʢʩʪʨʫʟʠʚʥʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ [74,75], ʘ ʪʘʢʞʝ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʡ ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ ʩʦʜʝʨʞʘʥʠʷʤ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʨʙʦʥʘʪʠʪʳ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʣʠʟʢʠ ʩʨʝʜʥʝʤʠʨʦʚʳʤ ʩʦʩʪʘʚʘʤ 

ʤʘʛʥʝʟʠʦ- ʠ ʬʝʨʨʦʢʘʨʙʦʥʘʪʠʪʦʚ [52], ʦʪʣʠʯʘʷʩʴ ʦʯʝʥʴ ʥʠʟʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ HREE ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ La/Yb (ʜʦ 

6540) ʠ LREE/HREE (ʜʦ 240) ʦʪʥʦʰʝʥʠʷʤʠ (ʨʠʩ. 7). ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ ʥʠʟʢʠʝ Sr/Ba (0.4-4)ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʠ ʤʘʣʦʛʣʫʙʠʥʥʳʭʢʘʨʙʦʥʘʪʠʪʦʚ [40], ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Cr, Ni, 

ʉo, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʂ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ 

ʧʠʢʨʠʪ-ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʘʛʤ [6].  

ʇʦ ʦʮʝʥʢʝ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʟʘʧʘʩʦʚ ʧʦ ʢʘʪʝʛʦʨʠʠ ʉ2, ʧʨʦʚʝʜʝʥʥʦʡ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʉʨʝʜʥʝʪʠʤʘʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʉɿɻʋ ʠ ʋʭʪʠʥʩʢʦʡ 

ʵʢʩʧʝʜʠʮʠʠ ʂʦʤʠ-ʅʝʥʝʮʢʦʛʦ ɻʋ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ TR2O5 ʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʫʜʘʭ ʂʦʩʴʶʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 1.84 % [17], 

ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʦʪ 1 ʜʦ 4 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʫʜʘʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Nb2O5 ï 0.04% ʥʠʞʝ ʙʦʨʪʦʚʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ʜʣʷ ʥʠʦʙʠʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ Ta2O5 

ï 0.007%. 
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ʈʠʩ. 5. REE-Sr-ʢʘʨʙʦʥʘʪʳ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʉʨʝʜʥʠʡ ʊʠʤʘʥ. 

ʘ) ʠ ʙ) ï ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE): ʘ) ʚʨʦʩʪʢʠ ʙʫʨʙʘʥʢʠʪʘ (ʩʝʨʳʡ), 

ʘʥʢʠʣʠʪʘ (ʩʚʝʪʣʦ-ʩʝʨʳʡ) ʠ ʙʘʨʠʪʘ (ʷʨʢʦ-ʙʝʣʳʝ ʟʝʨʥʘ) ʚ ʢʘʣʴʮʠʪʝ; ʙ) ʚʳʜʝʣʝʥʠʷ ʙʘʩʪʥʝʟʠʪʘ 

(ʙʝʣʳʡ) ʚ ʧʦʟʜʥʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʦʞʠʣʢʘʭ, ʩʝʢʫʱʠʭ ʟʝʨʥʘ ʨʘʥʥʝʛʦ Sr-REE-ʢʘʣʴʮʠʪʘ; 

ʚ) ʠ ʛ) ï ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʘʭ: ʚ) La, ʛ) Sr. Cʧʨʘʚʘ ʥʘ ʦʙʝʠʭ ʬʦʪʦʛʨʘʬʠʷʭ ï 

ʚʳʩʦʢʦʩʪʨʦʥʮʠʝʚʳʡ ʢʘʣʴʮʠʪ (5.44% SrO, 0.44% BaO, 0.23% La2O3), ʩʣʝʚʘ ï 

ʥʠʟʢʦʩʪʨʦʥʮʠʝʚʳʡ ʢʘʣʴʮʠʪ (1.0% SrO, 0.69% BaO, 0.01% La2O3) ʩ ʚʨʦʩʪʢʘʤʠ ʘʥʢʠʣʠʪʘ ʠ 

ʙʫʨʙʘʥʢʠʪʘ, ʚʥʠʟʫ ï ʫʯʘʩʪʦʢ ʟʝʨʥʘ ʘʧʘʪʠʪʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʦʥʘʮʠʪʘ. 

Apt ï ʘʧʘʪʠʪ, Mz ï ʤʦʥʘʮʠʪ, Burb ï ʙʫʨʙʘʥʢʠʪ, Anc ï ʘʥʢʠʣʠʪ, Bst ï ʙʘʩʪʥʝʟʠʪ, barite ï 

ʙʘʨʠʪ. 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ TR2ʆ3 ʠ Nb2O5, ʧʦʧʫʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʦʩʴʶ ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʠʧʘʤʠ ʥʠʦʙʠʝʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʨʠʝʚʦʟʝʤʝʣʴʥʦʤʫ ʪʠʧʫ ʚ ʙʘʩʪʥʝʟʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʘʭ  

ʢʦʤʧʣʝʢʩʘ ʩ ʢʘʣʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ, ʠʤʝʝʪ ʨʝʜʢʦʟʝʤʝʣʴʥʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʈʫʜʳ ʂʦʩʴʶʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ (ʙʘʩʪʥʝʟʠʪʦʚʳʤ) ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʦʤ 

ʨʫʜ (c ʧʦʧʫʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ Fe, Th, Ba, F), ʘʥʘʣʦʛʠʯʥʳʤ ʪʘʢʦʚʳʤ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʦ-ʦʩʥʦʚʥʦʡ  
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ʈʠʩ. 6. ʉʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʘ) ʠ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʣʘʤʧʨʦʬʠʨʦʚ (ʙ) 

ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʉʨʝʜʥʠʡ ʊʠʤʘʥ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʣʴʮʠʦʢʘʨʙʦʥʘʪʠʪʝ, ʤʘʛʥʝʟʠʦʢʘʨʙʦʥʘʪʠʪʝ ʠ 

ʬʝʨʨʦʢʘʨʙʦʥʘʪʠʪʝ ʧʦ [Wooley, Kempe, 1989] ʠ ʘʡʣʠʢʠʪʘʭ [Rock, 1986]. 

 

ʬʦʨʤʘʮʠʠ. ʉʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ TR2O5 (1-4%) ʚ ʥʠʭ ʥʝʩʢʦʣʴʢʦ 

ʥʠʞʝ, ʯʝʤ ʚ ʙʦʛʘʪʳʭ ʨʫʜʘʭ (5-10%) ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ (ʄʘʫʥʪʠʥ-

ʇʘʩʩ ʠ ɹʘʷʥ-ʆʙʦ). 

 

Rb-Sr  ʀ Sm-Nd ʀɿʆʊʆʇʅʓɽ ɼɸʅʅʓɽ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ Rb-Sr- ʠ Sm-Nd- ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʠ 

ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʴʩʢʦʡ ʠ ʊʠʤʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ 

ʦʙʣʘʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4 ʠ ʥʘ ʨʠʩ. 8. 

ɼʣʷ ʧʦʨʦʜ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʘ) ʜʣʷ ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʢʘʨʙʦʥʘʪʠʪ-ʩʠʝʥʠʪ-

ʤʠʘʩʢʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʯʘʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ: 87Sr/86Sr440 = 

0.70336ï0.70380, ŮNd440 (+1.9é+5.8); ʙ) ʜʣʷ ʙʫʣʜʳʤʩʢʦʛʦ ʢʘʨʙʦʥʘʪʠʪ-

ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ï 87Sr/86Sr440 = 0.70455ï0.70513, ŮNd440 (-

2.8é+0.7) (cʤ. ʊʘʙʣ. 4) [30; 33; 32; 71].  

ʅʘʯʘʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʤʝʨʝʥʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʤ (ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ 

ʢʘʨʙʦʥʘʪʠʪ-ʩʠʝʥʠʪ-ʤʠʘʩʢʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ) ʠ ʫʤʝʨʝʥʥʦ ʦʙʦʛʘʱʝʥʥʳʤ ʪʠʧʘ 

ɽʄ1 (ʙʫʣʜʳʤʩʢʠʡ ʢʘʨʙʦʥʘʪʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ) ʤʘʥʪʠʡʥʳʤ 

ʩʦʩʪʘʚʘʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ ʠ ʣʠʥʠʠ ʨʘʟʚʠʪʠʷ ʠʟʦʪʦʧʥʳʭ  

ʩʠʩʪʝʤ ʠʤʝʶʪ  ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʧʣʘʪʬʦʨʤ ʠ ʚ 

ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʨʘʪʦʥʘʭ (ʨʠʩ. 8ʘ).  
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ʈʠʩ. 7. ʍʦʥʜʨʠʪʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʚ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʣʘʤʧʨʦʬʠʨʘʭ 

(ɸ) ʠ ʢʘʨʙʦʥʘʪʠʪʘʭ (ɹ) ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʉʨʝʜʥʠʡ ʊʠʤʘʥ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʘʚʳ REE ʚ ʢʘʣʴʮʠʦʢʘʨʙʦʥʘʪʠʪʝ, ʤʘʛʥʝʟʠʦʢʘʨʙʦʥʘʪʠʪʝ ʠ 

ʬʝʨʨʦʢʘʨʙʦʥʘʪʠʪʝ ʧʦ [Wooley, Kempe, 1989] ʠ ʘʡʣʠʢʠʪʘʭ [Rock, 1986]. 

 

ʊʘʢ, ʥʘ ʜʠʘʛʨʘʤʤʝ 87Sr/86Sr-ŮNd ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʠʣʴʤʝʥʦ-

ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʤʠʘʩʢʠʪ-ʩʠʝʥʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʤʘʥʪʠʡʥʦʛʦ ʪʨʝʥʜʘ, ʥʘ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʝʧʣʝʪʠʨʦʚʘʥʥʫʶ 

(DM) ʠ ʦʙʦʛʘʱʝʥʥʫʶ ʤʘʥʪʠʶ ʪʠʧʘ ɽʄ1. ɸʥʘʣʦʛʠʯʥʘʷ ʣʠʥʠʷ ʨʘʟʚʠʪʠʷ 

ʠʟʦʪʦʧʥʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʂʘʨʝʣʦ-

ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʧʦʢʘʟʳʚʘʷ ʩʤʝʰʝʥʠʝ ʤʘʥʪʠʡʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ DM (ʠʣʠ 

FOZO) ʠ EM1 ʧʨʠ ʧʨʦʮʝʩʩʘʭ ʤʘʛʤʦʛʝʥʝʨʘʮʠʠ [66; 64]. ɹʣʠʟʢʠʝ ʠʟʦʪʦʧʥʳʝ 

ʩʦʩʪʘʚʳ ʪʘʢʞʝ ʠʤʝʶʪ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ (ʄʘʡʤʝʯʘ-ʂʦʪʫʡʩʢʘʷ ʧʨʦʚʠʥʮʠʷ, ɺʦʩʪʦʯʥʦ-ɸʣʜʘʥʩʢʘʷ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 

 

52 

 

ʧʨʦʚʠʥʮʠʷ) [9].  

 

 
 

ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ŮNd ï 87Sr/86Sr (T) ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠʣʴʤʝʥʦ-

ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʠ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʖʞʥʦʛʦ ʋʨʘʣʘ (ɸ) ʠ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ (ɹ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ DM, HIMU, FOZO, 

EM1, EM2, MORB and OIB [62; 79], ʘ ʪʘʢʞʝ ʩ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʱʠʪʦʚ ʠ 

ʧʣʘʪʬʦʨʤ ï ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (KCL) [66; 64], ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

(EACL) [58], ʉʠʙʠʨʠ [9; 65], Aʣʜʘʥʘ [9], ʠ ʩ ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ ï Aʣʪʘʡʩʢʦʡ, ʊʷʥʴ-ʐʘʥʩʢʦʡ, ɻʠʤʘʣʘʡʩʢʦʡ [9, 11; 13]. 

ʋʜʣʠʥʝʥʥʳʡ ʧʫʥʢʪʠʨ ï ʦʙʣʘʩʪʴ ʤʘʥʪʠʡʥʳʭ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦ [62]. 

1-2 ï ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʀɺʂ), ʖ.ʋʨʘʣ: 1 ï ʤʠʘʩʢʠʪʳ, 2 ï ʢʘʨʙʦʥʘʪʠʪʳ, 

3 ï ʩʠʝʥʠʪʳ; 4-5 ï ʙʫʣʜʳʤʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʖ.ʋʨʘʣ: 4 ï ʫʣʴʪʨʘʙʘʟʠʪʳ, 5 ï ʢʘʨʙʦʥʘʪʠʪʳ; 6-8 

ï ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʋʑʂ: 6 ï ɻʫʣʠ, ɽʩʩʝʡ, ɻʦʨʥʦʝ ʦʟʝʨʦ (ʉʠʙʠʨʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ); 7 ï ɸʨʙʘʨʘʩʪʨʘʘʭ, ʀʥʛʠʣʠ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ), 8 ï ʇʝʥʯʝʥʛʠʥʩʢʠʡ, ɹʝʣʘʷ ɿʠʤʘ, 

ʉʨʝʜʥʷʷ ɿʠʤʘ, ɾʠʜʦʡ (ɸʥʛʘʨʩʢʦʝ ʧʦʜʥʷʪʠʝ), ɺʦʩʪ. ʉʠʙʠʨʴ; 9 ï ʢʦʣʣʠʟʠʦʥʥʳʝ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ (ɻʠʤʘʣʘʡʩʢʦʡ, ʊʷʥʴ-ʐʘʥʩʢʦʡ, 

ɸʣʪʘʡʩʢʦʡ). 



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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10-12 ï ʯʝʪʣʘʩʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʉʨʝʜʥʠʡ ʊʠʤʘʥ: 10 ï ʢʘʨʙʦʥʘʪʠʪʳ, 11 ï ʣʘʤʧʨʦʬʠʨʳ, 12 ï 

ʣʘʤʧʨʦʬʠʨʳ [ɹʨʷʥʯʘʥʠʥʦʚʘ, ʄʘʢʝʝʚ, 2010]. 

 

Sr-Nd ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʦʛʘʱʝʥʥʳʤ ʤʘʥʪʠʡʥʳʤ ʩʦʩʪʘʚʘʤ ʪʠʧʘ ɽʄ1 ʠ ʘʥʘʣʦʛʠʯʥʳ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʘʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʠʬʪʦʚʳʭ ʟʦʥ ʱʠʪʦʚ ʩ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʠʥʥʳʤʠ ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʢʦʤʧʣʝʢʩʳ ɺʦʩʪʦʯʥʦ-

ɸʬʨʠʢʘʥʩʢʦʛʦ ʨʠʬʪʘ, ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʠ ɸʥʛʘʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʴ), ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ 

ʧʣʶʤʦʚʦʛʦ HIMU-ʢʦʤʧʦʥʝʥʪʘ [58; 9].  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ Sr-Nd-ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ 

ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ 

ʢʦʣʣʠʟʠʦʥʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ, ʦʙʳʯʥʦ 

ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʭ ʢʦʨʦʚʳʤʠ (ʨʝʮʠʢʣʠʨʦʚʘʥʥʳʤʠ?) ʢʦʤʧʦʥʝʥʪʘʤʠ 

(ʦʙʦʛʘʱʝʥʥʳʭ ʨʘʜʠʦʛʝʥʥʳʤʠ ʠʟʦʪʦʧʘʤʠ Sr ʠ ʥʝʨʘʜʠʦʛʝʥʥʳʤʠ ʠʟʦʪʦʧʘʤʠ 

Nd), ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʥʘ ʊʷʥʴ-ʐʘʥʝ, ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, 

ɻʠʤʘʣʘʷʭ ʠ ʄʦʥʛʦʣʠʠ [9; 11;] (ʩʤ. ʨʠʩ. 8ʘ).  

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʘʤʠʥʘʮʠʠ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʢʦʨʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ Nd-Sr-ʠʟʦʪʦʧʥʳʭ ʣʠʥʠʡ ʩʤʝʰʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ DM ʩ 

ʥʠʞʥʝʢʦʨʦʚʳʤʠ [63] ʠ ʚʝʨʭʥʝʢʦʨʦʚʳʤʠ ʩʦʩʪʘʚʘʤʠ (ʚʤʝʱʘʶʱʠʝ ʜʣʷ ʀɺʂ 

ʛʥʝʡʩʳ ʚʠʰʥʝʚʦʛʦʨʩʢʦʡ ʩʚʠʪʳ) (ʩʤ. ʪʘʙʣ. 4). ʈʘʩʯʝʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʩʤʝʰʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ Sr ʠ Nd c ʫʯʝʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʥʪʠʡʥʦʤ ʠ ʢʦʨʦʚʦʤ ʢʦʤʧʦʥʝʥʪʘʭ [51]. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ʥʠʞʥʝʡ 

ʢʦʨʳ (< 3 %) ʚ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʘʭ ʱʝʣʦʯʥʳʭ ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʩʠʝʥʠʪʦʚ 

ʀɺʂ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʩ ʚʝʨʭʥʝʢʦʨʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʤʘʣʦʚʝʨʦʷʪʥʘ (cʤ. ʨʠʩ. 8ʘ).  

ʀʟʦʪʦʧʥʳʝ Rb-Sr-, Sm-Nd- ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʘʡʢʦʚʳʭ ʱʝʣʦʯʥʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʉʨʝʜʠʡ ʊʠʤʘʥ) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʨʙʦʥʘʪʠʪʳ ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʥʘʯʘʣʴʥʳʝ 

ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ ((87Sr/86Sr)i = 0.70336-0.70369, ŮNd = 5.07-5.71) ʙʣʠʟʢʠʝ 

ʥʝʠʟʤʝʥʝʥʥʳʤ ʣʘʤʧʨʦʬʠʨʘʤ ʠ ʧʠʢʨʠʪʘʤ ((87Sr/86Sr)i = 0.7037-0.7043, 

ŮNd=5.42-6.19). ʕʪʠ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʜʠʥʦʤ 

ʤʘʥʪʠʡʥʦʤ ʠʩʪʦʯʥʠʢʝ ʚʝʱʝʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʣʘʤʧʨʦʬʠʨʦʚ ʯʝʪʣʘʩʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʣʘʤʧʨʦʬʠʨʦʚ ʯʝʪʣʘʩʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʤʝʝʪ ʙʦʣʝʝ ʨʘʜʠʦʛʝʥʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʪʨʦʥʮʠʷ (ʜʦ 87Sr/86Sr 

=0.711) [28; 3], ʯʪʦ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʘʤʧʨʦʬʠʨʘʭ ʀʪʘʣʠʠ ʠ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʨʝʮʠʢʣʠʥʛʘ ʠ ʦʙʦʛʘʱʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ [74,75].  

ʈʘʩʯʝʪ Nd-Sr-ʠʟʦʪʦʧʥʳʭ ʣʠʥʠʡ ʩʤʝʰʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʨʦʜ 

ʯʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʤʦʨʩʢʠʤʠ ʦʩʘʜʦʯʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʙʳʩʪʨʠʥʩʢʦʡ ʩʝʨʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʯʝʪʣʘʩʩʢʦʛʦ 
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ʢʦʤʧʣʝʢʩʘ ʤʘʥʪʠʡʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 95%, ʘ ʚʝʨʭʥʝʢʦʨʦʚʳʡ ï 

ʤʝʥʝʝ 5 % (ʩʤ. ʨʠʩ. 8ʙ).  

 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʘ ʨʫʜʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʦ-ʊʠʤʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʥʠʦʙʠʝʚʘʷ ï ʜʣʷ ʤʠʘʩʢʠʪ-

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʝʚʘʷ ï ʜʣʷ ʫʣʴʪʨʘʙʘʟʠʪ-

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ, ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ ï ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʠʤʘʥʘ. ʄʘʩʰʪʘʙʳ ʦʨʫʜʝʥʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ Nb ʠ LREE ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʋʨʘʣʦ-

ʊʠʤʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ (ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ, ʇʦʪʘʥʠʥʩʢʦʝ, ɹʫʣʜʳʤʩʢʦʝ, 

ʉʧʠʨʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʋʨʘʣ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʂʦʩʴʶ, ʊʠʤʘʥ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʘʯʝʩʪʚʫ ʥʠʦʙʠʝʚʦʛʦ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʩʳʨʴʷ. ʈʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ ʠ ʊʠʤʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ. 

ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʋʨʘʣʘ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʦʨʤʘʮʠʠ çʣʠʥʝʡʥʦ-

ʪʨʝʱʠʥʥʳʭ ʟʦʥè, ʠʤʝʶʪ ʥʠʦʙʠʝʚʫʶ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʝʚʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʊʘʢ, ʠʣʴʤʝʥʦ-ʚʠʰʥʝʚʦʛʦʨʩʢʠʡ ʤʠʘʩʢʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ 

ʢʦʤʧʣʝʢʩ (ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ ʠ ʇʦʪʘʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʠʤʝʝʪ 

ʥʠʦʙʠʝʚʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʩ ʧʠʨʦʭʣʦʨʦʚʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʦʤ ʨʫʜ (c 

ʧʦʧʫʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ Zr, P, REE, U, Th, Sr), ʘʥʘʣʦʛʠʯʥʳʤ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤ Na-ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʨʫʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ Nb2O5 (ʚ ʩʨʝʜʥʝʤ 0.15 %) ʚ ʥʠʭ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ ʙʦʛʘʪʳʭ ʨʫʜʘʭ (0.2-0.8%) ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʘʨʙʦʥʘʪʠʪʘʤʠ Na-ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʫʜʥʘʷ ʥʠʦʙʠʝʚʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʙʩʪʚʝʥʥʦ ʧʠʨʦʭʣʦʨʦʤ, U-(Ta)-ʧʠʨʦʭʣʦʨʦʤ 

(ʛʘʪʯʝʪʪʦʣʠʪʦʤ), Ti-ʧʠʨʦʭʣʦʨʦʤ (ʙʝʪʘʬʠʪʦʤ), Ta-, REE- ʠ Sr-ʩʦʜʝʨʞʘʱʠʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʠʨʦʭʣʦʨʦʚ. 

ʈʫʜʳ ʙʫʣʜʳʤʩʢʦʛʦ ʢʘʨʙʦʥʘʪʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ɹʫʣʜʳʤʩʢʦʝ ʠ ʉʧʠʨʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-

ʥʠʦʙʠʝʚʳʤ (ʤʦʥʘʮʠʪ-ʵʰʠʥʠʪ-ʢʦʣʫʤʙʠʪ-ʧʠʨʦʭʣʦʨʦʚʳʤ) ʪʠʧʦʤ ʨʫʜ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Nb2O5 ï ʚ ʩʨʝʜʥʝʤ 0.16-0.22 

% ʠ TR2ʆ3 ï 0.1-0.71 %), ʙʣʠʟʢʠʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤ Na-ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʥʠʦʙʠʝʚʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʫʣʜʳʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʏʝʪʣʘʩʩʢʠʡ ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ ʂ-ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ ʠʤʝʝʪ ʨʝʜʢʦʟʝʤʝʣʴʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʈʫʜʳ ʂʦʩʴʶʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʨʠʝʚʦʟʝʤʝʣʴʥʳʡ ʪʠʧ ʨʫʜ, ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ TR2ʆ3 (ʚ ʩʨʝʜʥʝʤ 1 %) ʠ ʧʦʧʫʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (Fe, Th, Sr, 

P, Nb, Ta, ʙʘʨʠʪ, ʬʣʶʦʨʠʪ), ʘʥʘʣʦʛʠʯʥʳʤʠ ʪʘʢʦʚʳʤ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂ-ʱʝʣʦʯʥʦ-ʦʩʥʦʚʥʦʡ ʬʦʨʤʘʮʠʠ. ʈʫʜʥʳʝ 



ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, ʅ.ɺ. ɺʣʘʜʳʢʠʥ 
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ʤʠʥʝʨʘʣʳ ï ʢʘʨʙʦʥʘʪʳ ʠ ʬʪʦʨʢʘʨʙʦʥʘʪʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʙʘʩʪʥʝʟʠʪ, 

ʙʫʨʙʘʥʢʠʪ, ʢʘʨʙʦʮʝʨʥʘʠʪ, ʘʥʢʠʣʠʪ, ʩʪʨʦʥʮʠʘʥʠʪ, ʧʘʨʠʟʠʪ), ʘ ʪʘʢʞʝ ʬʦʩʬʘʪʳ 

ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʤʦʥʘʮʠʪ ʠ Sr-REE-ʘʧʘʪʠʪ) ʦʙʨʘʟʫʶʪ ʦʙʠʣʴʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ 

ʠ ʧʨʦʞʠʣʢʠ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʏʝʪʣʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʝ ʨʫʜʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʦʛʘʱʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ TR2O5 (1-4%) ʚ ʥʠʭ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʙʦʛʘʪʳʭ ʨʫʜʘʭ (5-10%) ʪʠʧʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʘʩʪʥʝʟʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʄʘʫʥʪʠʥ-ʇʘʩʩ ʠ ɹʘʷʥ-ʆʙʦ. ʑʝʣʦʯʥʳʝ 

çʣʘʤʧʨʦʠʪʦʧʦʜʦʙʥʳʝè ʧʠʢʨʠʪ-ʣʘʤʧʨʦʬʠʨʦʚʳʝ ʩʝʨʠʠ ʧʦʨʦʜ ʯʝʪʣʘʩʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. 

ʀʟʦʪʦʧʥʳʝ Rb-Sr ʠ Sm-Nd ʩʦʩʪʘʚʳ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʋʨʘʣʘ 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʩ 

ʥʠʞʥʝʢʦʨʦʚʳʤ ʠ (ʠʣʠ) ʧʣʶʤʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʆʥʠ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʦʨʤʘʮʠʠ ʋʑʂ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʨʘʝʚʳʭ 

ʯʘʩʪʷʭ ʧʣʘʪʬʦʨʤ (ʩ ʫʤʝʨʝʥʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ DM) ʠ ʚ 

ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʨʘʪʦʥʘʭ (ʩ ʥʘʠʙʦʣʝʝ ʛʣʫʙʠʥʥʳʤʠ ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʪʠʧʘ ɽM1), ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ (ʦʙʳʯʥʦ ʠʤʝʶʱʠʭ ʩʤʝʰʘʥʥʳʝ 

ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʯʘʩʪʠʠ ʢʦʨʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ).  

ʏʝʪʣʘʩʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʘʡʢʦʚʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ Cʨʝʜʥʝʛʦ 

ʊʠʤʘʥʘ ʠʤʝʝʪ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʙʘʚʢʦʡ 

ʢʦʨʦʚʦʛʦ  ʨʝʮʠʢʣʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʆ.ɺ. ʋʜʦʨʘʪʠʥʦʡ, ɼ.ɸ. 

ɿʘʤʷʪʠʥʫ, ɺ.ɺ. ʐʘʨʳʛʠʥʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʩʦʜʝʡʩʪʚʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ 
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ɸʙʩʪʨʘʢʪ. ʇʨʦʚʝʜʸʥʥʳʝ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ 

çʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠè ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʨʫʜʦʥʦʩʥʦʩʪʠ ʦʜʥʦʛʦ ʨʘʡʦʥʦʚ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʋʩʪʴʷʥʩʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʚʤʝʱʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ 

ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʤʦʨʬʦʤʝ0ʪʨʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ) ʠ 

ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ 

ʜʠʘʧʠʨʘ (ʧʣʶʤʘ) ʠ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʘʣʤʘʟʦʥʦʩʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ 

ʤʘʛʤʘʪʠʟʤʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʠʨʦʧʘ (1206 ʟʸʨʝʥ), ʤʝʥʴʰʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʭʨʦʤʰʧʠʥʝʣʠʜʘ, 

ʦʣʠʚʠʥʘ, ʭʨʦʤʜʠʦʧʩʠʜʘ) ʚ ʘʣʣʶʚʠʠ ʨʘʡʦʥʘ ʚ 3-5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ 

ʨʘʡʦʥʝ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʧʠʨʦʧʦʚ ʘʣʤʘʟʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʛʨʫʧʧʳ 

G10 - ʦʢʦʣʦ 10%.  ɺ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʸʤʘ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʙʥʘʨʫʞʝʥʳ 9 ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʠʟ ʥʠʭ 6 

ʢʨʠʩʪʘʣʣʦʚ (ʢʨʫʧʥʳʝ ʦʢʪʘʵʜʨʳ ʠ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʨʘʟʤʝʨʦʤ ʜʦ 3,8 ʤʤ ʠ ʚʝʩʦʤ ʜʦ 

52 ʤʛ) ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʛʥʦʟʥʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ çʉʝʚʝʨʥʦʝè. ʇʦ 

ʢʦʤʧʣʝʢʩʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʩʝ ʘʣʤʘʟʳ 

ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘʥʠʤʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ɸʨʭʘʥʛʝʣʴʩʢʘ, ʌʠʥʣʷʥʜʠʠ, ʋʨʘʣʘ ʠ ʊʠʤʘʥʘ.  ʕʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʥʦʚʦʛʦ, ʝʱʸ ʥʝ ʠʟʚʝʩʪʥʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʠʣʠ ʠʩʪʦʯʥʠʢʦʚ). ʕʪʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʥʦʚʳʡ ʢʦʨʝʥʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʠʩʪʦʯʥʠʢ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʢʨʫʧʥʦʩʪʴʶ ʘʣʤʘʟʦʚ. ʆʙʥʘʨʫʞʝʥʠʝ 

ʵʪʦʛʦ ʥʦʚʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥʠʝʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʨʦʛʥʦʟʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʢʘʢ ʨʘʡʦʥʘ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʇʨʠʟʥʘʢʠ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʦʙʠʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʩ 

ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ - ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʩ ʧʨʦʛʥʦʟʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʧʦʣʝʤ çʉʝʚʝʨʥʦʝè.  
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Indicators of a plume magmatic activity  in a middle part of 
the Russian platform  (Ustyansky diamond potential region) 

 

Sablukov S.M.,1 Sablukova L.I.,1 Belov A.V.2, Ermakov N.S.2, Leshukov S.I.2 

1OOO INPK çRUSGEOè, Moscow, Russia;  sablukoff@rambler.ru 
2OOO çDiamonds of Arkhamgelskè, Arkhamgelsk, Russia 

 

Abstract  Predictive and prospecting research is the example of çinverse geological 

taskè according to preliminary spatial localization of specific region of a plume 

activity, prediction and estimation of ore potential of one region in a middle part of 

the Russian platform. The Ustyansky potential region is characterized by coinciding 

of all the advantageous regional and local searching suppositions in space 

(morphostructural, tectonic, geologic-stratigpaphical, geophysical, morphometrical, 

mineralogical) and search features. It can be caused by implementing of mantle 

diapir (plume) and can be accompanied by diamong-bearing kimberlitemagmatism. 

Heavy diamond concentrate contents (most of all of pirop (1206 grains), not so many 

of pycroilmenite, chromespinelide, olivine, chromedyopside) in alluvion of the 

region is 3-5 times higher than in the ZimnyBereg diamond-bearing region. 

Furthermore, contents of pirop of diamond paragenesis of the G10 group is about 

10%. In stream sediment samples of minimum amounts, taken from alluvial and 

quaternary deposits, nine diamond crystals had been founded. Six of them 

(octahedrons and dodecahedrons with sizes up to 3,8 mm and weight up to 52 mg) 

had been founded in çSevernoeè kimberlite potential field. According to a complex 

of morphological and physical features all diamonds of the Ustyansky region occupy 

a completely outlier position and have almost no analogues among the diamonds of 

large known deposits and mineral occurrences of Arkhangelsk, Finland, Urals and 

Timan, This might indicate to crystals flowing from a new, still unknown native 

source (or sources) of kimberlite. This new native source of kimberlite may be 

heightened diamond potential and may contain high-quality and big-size diamonds. 

Detection of this new native source will be a final confirmation of predictable 

selection of the Ustyansky region as a region of a plume activity. Features of possible 

similarity of the Arkhangelsk diamond-bearing province to the Yakutsk diamond-

bearing province in relation to patterns of kimberlite position and morphological 

features of diamond crystals, confirm great prospects of diamond-bearance of central 

regions of the European part of Russia at all, and particularly of the Ustyansky region 

with çSevernoyeè kimberlite potential field. 

 

ɺɺɽɼɽʅʀɽ 

ʀʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʣʶʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨ ʛʣʫʙʠʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʫʨʦʚʥʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʤʘʥʪʠʠ.  ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʨʦʜʫʢʪʘʤʠ ʧʣʶʤʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʥʢʨʝʪʥʦʛʦ 

çʧʣʶʤʘè ʦʙʳʯʥʦ ʚʳʷʚʣʷʝʪʩʷ ʫʞʝ çpost factumè, ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʣʶʤʦʚʦʡ 
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ʧʨʠʨʦʜʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ-ʧʨʦʛʥʦʟʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʚʦʟʤʦʞʥʦʛʦ ʠ ʜʘʞʝ ʟʘʚʝʜʦʤʦ ʨʝʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʣʶʤʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʳʷʚʣʝʥʠʷ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʢʦʩʚʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʟʥʘʢʦʚ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʧʦʠʩʢʦʚʳʝ 

ʨʘʙʦʪʳ ʥʘ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʨʨʠʪʦʨʠʷʭ.  ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

çʨʝʰʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠè (ʧʦ ʪʠʧʫ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʪʝʨʤʠʥʘ çʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʟʘʜʘʯʠè).  ʄʥʦʛʦʟʥʘʯʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʨʘʥʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʘʥʥʳʭ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ. ʤʝʪʦʜʦʚ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʨʫʜʦʥʦʩʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʨʘʡʦʥʦʚ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ. 

 

ʆɹʆʉʅʆɺɸʅʀɽ ɿɸɼɸʏʀ 

ʇʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʘʣʤʘʟʳ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʘ 

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 23 ʛʦʜʘ (ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʚ ʬʝʚʨʘʣʝ 1996 ʛ. 

ʪʨʫʙʢʠ ʠʤ. ɻʨʠʙʘ) ʥʝ ʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʫʞʝ ʠʟʚʝʩʪʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ɸʨʭʘʥʛʝʣʴʩʢʘ ʣʠʙʦ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʨʦʢʠ 

ʦʪʢʨʳʪʦʡ ʦʪʨʘʙʦʪʢʠ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤ. ɻʨʠʙʘ), ʣʠʙʦ ʠʟ-ʟʘ ʢʨʘʡʥʝ ʩʣʦʞʥʳʭ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʤʝʶʪ ʥʝʦʪʯʸʪʣʠʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦ 

ʩʨʦʢʘʤ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʪʨʘʪ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ).  ʇʦʪʦʤʫ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʪʢʨʳʪʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʘʣʤʘʟʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʦʚ, ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ.  ʊʘʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʢʨʳʪʳ ʚ ʥʦʚʳʭ, ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʦ ʚ ʮʝʣʦʤ ʚ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ ʧʦʠʩʢʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʦʨʝʥʥʳʝ ʠ ʨʦʩʩʳʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʘʣʤʘʟʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʨʘʝʚʦʡ, ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ɿʠʤʥʠʡ ɹʝʨʝʛ, ʊʝʨʩʢʠʡ ɹʝʨʝʛ, ʂʘʨʝʣʠʷ  

ʠ ʌʠʥʣʷʥʜʠʷ), ʣʠʙʦ ʥʘ ʚʦʩʪʦʢʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ (ʋʨʘʣ ʠ ʊʠʤʘʥ).  ʆʜʥʘʢʦ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠ ʙʦʛʘʪʳʝ ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʧʨʠʫʨʦʯʝʥʳ 

ʦʙʳʯʥʦ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ.  ʇʦʵʪʦʤʫ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʝʪ ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʠʤʝʥʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʇʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʨʘʟʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʳʜʝʣʝʥʥʳʭ [37] ʧʨʦʛʥʦʟʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʦ-ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʥʝ ʚʳʷʚʠʣʠ ʩʝʨʴʸʟʥʳʭ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʧʨʠʟʥʘʢʦʚ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʵʪʠʭ ʧʣʦʱʘʜʷʭ ʧʨʦʷʚʣʝʥʠʡ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (ʅʝʣʠʜʦʚʩʢʦʝ ʧʦʣʝ, ʨʘʡʦʥ 

çʆʨʝʜʝʞè ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ɼʚʠʥʩʢʦ-ʇʠʥʝʞʩʢʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ, 

ʥʠʟʦʚʴʷ ʉʝʚʝʨʥʦʡ ɼʚʠʥʳ (ʜʝʨ. ʆʨʣʝʮʳ), ʅʠʞʥʝ-ʆʥʝʞʩʢʠʡ ʨʘʡʦʥ, ʇʣʝʩʝʮʢʠʡ 

ʨʘʡʦʥ, ʨʘʟʥʳʝ ʨʘʡʦʥʳ ʂʘʨʝʣʠʠ, ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʜʨ.). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʜʝʣʷʝʪʩʷ 

ʦʜʥʘ ʫʥʠʢʘʣʴʥʘʷ ʧʨʦʛʥʦʟʥʦ-ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʷʚʣʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠ 

ʧʨʠʟʥʘʢʠ ʚʝʨʦʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʥʪʠʡʥʦʡ (ʧʣʶʤʦʚʦʡ) ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ.  ʕʪʘ ʧʣʦʱʘʜʴ ï ʋʩʪʴʷʥʩʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʶʛʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʤʝʞʜʫʨʝʯʴʝ ʉʝʚʝʨʥʦʡ 

ɼʚʠʥʳ, ɺʘʛʠ ʠ ʉʫʭʦʥʳ (ʨʠʩ. 1). ʀʟʫʯʝʥʠʝ ʵʪʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʝʩʦʤʥʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ 

ʚ ʋʩʪʴʷʥʩʢʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʨʘʡʦʥʝ,  ʧʨʠʚʦʜʷʪʩʷ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. 

 

ʕʊɸʇʓ ʇʈʆɺɽɼɽʅʀʗ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʍ ʈɸɹʆʊ 

ɺ 70-ʝ ï ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʢ ʩʫʛʫʙʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʚʳʜʝʣʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʨʘʡʦʥʦʚ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦʙʘʚʠʣʠʩʴ ʥʝʟʘʚʠʩʠʤʳʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʥʦʚʳʭ ʛʝʦʪʝʢʪʦʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ: çʅɽʃʀʅɽʁʅɸʗ 

ʄɽʊɸʃʃʆɻɽʅʀʗè (ʑʝʛʣʦʚ ɸ.ɼ) ʠ çʊɽʂʊʆʅʀʂɸ ʆʏɸɻʆɺʓʍ 

ʉʊʈʋʂʊʋʈè ʠʣʠ çʄʆʈʌʆʊɽʂʊʆʅʀʂɸ ʉʊʈʋʂʊʋʈ ʎɽʅʊʈɸʃʔʅʆɻʆ 

ʊʀʇɸè [4,7,22].  ʕʪʠ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʡʦʥʦʚ.  ɹʳʣʦ ʦʪʤʝʯʝʥʦ [24], ʯʪʦ ʨʘʡʦʥʳ 

ʨʘʟʚʠʪʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʱʸʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ 

ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʣʠʣʠʪʠʪʦʚ ʅʸʥʦʢʩʳ ʠ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʨʫʧʥʳʤ ʢʦʣʴʮʝʚʳʤ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʘʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʦʪʯʸʪʣʠʚʦ ʚʳʜʝʣʷʶʱʠʤʩʷ ʚ ʨʝʣʴʝʬʝ ʠ 

ʨʠʩʫʥʢʝ ʨʝʯʥʦʡ ʩʝʪʠ [7].  ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʠ ʚʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʚʦʟʤʦʞʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʡ ʤʝʟʦʟʦʡʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ 

[20,26], ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ, ʯʝʤ ʜʝʚʦʥʩʢʠʝ ʢʠʤʙʝʨʣʠʪʳ ʠ ʤʝʣʠʣʠʪʠʪʳ ɿʠʤʥʝʛʦ 

ɹʝʨʝʛʘ, ʆʥʝʞʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ 12,13,14,16,34]. 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʭ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʦʜʥʘ ʠʟ ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ï ʋʩʪʴʷʥʩʢʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ çʋʩʪʴʷè).   

ʇʝʨʚʳʝ ʰʣʠʭʦʚʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʉʘʙʣʫʢʦʚʳʤ ʉ.ʄ. (ʦʪʜʝʣ 

ʘʣʤʘʟʦʚ ʎʅʀɻʈʀ ʄʠʥɻʝʦ ʉʉʉʈ) ʚ ʩʝʥʪʷʙʨʝ 1984 ʛʦʜʘ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ 

ʨʝʢʠ ʋʩʪʴʷ, ʚʳʷʚʠʣʠ ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʣʣʶʚʠʠ ʤʠʥʝʨʘʣʦʚ-

ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʟʸʨʝʥ ʧʠʨʦʧʦʚ ʛʨʫʧʧʳ G10 
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[27], ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ.  ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʋʩʪʴʷʥʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ [34].   

 

 

ʈʠʩ. 1.  ʆʙʱʝʝ ʧʦʣʦʞʝʥʠʝ ʋʩʪʴʷʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʩʝʚʝʨʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ.  ɹʫʢʚʘʤʠ ʥʘ ʩʭʝʤʝ ʦʙʦʟʥʘʯʝʥʳ: ɿɸʈ ï ɿʠʤʥʝʙʝʨʝʞʥʳʡ 

ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥʘ; ʋɸʈ ï ʋʩʪʴʷʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ; ʄʂ ɿʈ ï ʄʝʛʨʘ-

ʂʝʧʠʥʩʢʘʷ ʟʦʥʘ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ. 

 

ɺ 1990-92 ʛʛ. ʉʘʙʣʫʢʦʚ ʉ.ʄ. ʠ ʉʘʙʣʫʢʦʚʘ ʃ.ʀ. ʧʨʦʚʝʣʠ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʋʩʪʴʷʥʩʢʦʡ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʝ ʠ ʝʸ ʦʙʨʘʤʣʝʥʠʠ. ʇʣʦʱʘʜʴ ʨʘʙʦʪ - 17000 ʢʤ2, ʤʘʩʰʪʘʙ ʨʘʙʦʪ 

1:1 000 000.  ɺʳʧʦʣʥʝʥʦ ʰʣʠʭʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ (ʚʢʣʶʯʘʷ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʨʝʥʥʳʭ ʙʨʝʢʯʠʝʚʳʭ ʧʦʨʦʜ), 

ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ-
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ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʠʟ ʚʩʝʭ ʪʠʧʦʚ ʧʦʨʦʜ.  ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ, ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʨʨʠʪʦʨʠʠ (ʧʦ ʤʝʪʦʜʠʢʝ [9,10]).  ʕʪʠ ʨʘʙʦʪʳ 

ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥʘ  [35].   

ʉ 2001 ʛ. ʧʦ 2017 ʛ. ʥʘ ʋʩʪʴʷʥʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʱʠʝ ʧʦʠʩʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʤʘʩʰʪʘʙʘ 1:50 000 ʧʨʦʚʦʜʠʣʘ ʢʦʤʧʘʥʠʷ ɿɸʆ 

çɸʨʭʘʥʛʝʣʴʩʢʠʝ ʘʣʤʘʟʳè (ʩ 2011 ʛ. ï ʆʆʆ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʦʤʧʘʥʠʝʡ 

ʆʆʆ ʀʅʇʂ çʈʋʉɻɽʆè (ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ). 

ʇʨʦʚʝʜʝʥʦ ʰʣʠʭʦʚʦʝ ʠ ʤʝʣʢʦʦʙʲʸʤʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʣʣʶʚʠʷ, 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ 

(ʚʩʝʛʦ ʦʢʦʣʦ 20 ʪʳʩ. ʧʨʦʙ), ʧʣʦʱʘʜʥʘʷ ʘʵʨʦʤʘʛʥʠʪʥʘʷ ʠ ʥʘʟʝʤʥʘʷ ʤʘʛʥʠʪʥʘʷ 

ʩʲʸʤʢʘ, ʥʘʟʝʤʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʟʘʚʝʨʢʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʙʫʨʦʚʳʤʠ ʩʢʚʘʞʠʥʘʤʠ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʚ 1984-2017 ʛʛ. ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʋʩʪʴʷʥʩʢʫʶ ʤʦʨʬʦʩʪʨʫʢʪʫʨʫ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚ ʦʪʥʦʰʝʥʠʠ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ï çʋʩʪʴʷʥʩʢʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥè [17,18,19].  ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʚʳʷʚʣʝʥʥʳʝ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʧʨʠʟʥʘʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʢʦʨʝʥʥʦʡ ʠ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʵʪʦʡ ʧʣʦʱʘʜʠ. 

 

ʈɽɻʀʆʅɸʃʔʅʓɽ ʇʆʀʉʂʆɺʓɽ ʇʈɽɼʇʆʉʓʃʂʀ 

ʈʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʧʣʶʤʦʚʦʡ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ - ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʷʨʢʦʛʦ 

ʠ ʚʘʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʘʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʘʣʤʘʟʦʚ (ʨʠʩ. 2). 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

- ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʈʫʩʩʢʦʡ ʜʨʝʚʥʝʡ ʧʣʘʪʬʦʨʤʳ (ʦʙʳʯʥʦ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʧʨʠʫʨʦʯʝʥʳ ʠʤʝʥʥʦ ʢ 

ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ); 

- ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʐʝʥʢʫʨʩʢʦʛʦ ɸʨʭʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʵʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʦʯʥʸʥʥʳʤ ʧʨʘʚʠʣʦʤ ʂʣʠʬʬʦʨʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥʘ); 

-  ɿʦʥʘ ʩʪʫʧʝʥʝʦʙʨʘʟʥʦʛʦ ʚʳʧʦʣʘʞʠʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʪʦʛʦ 

ʧʦʛʨʝʙʸʥʥʦʛʦ ʩʢʣʦʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, (ʧʦʛʨʝʙʸʥʥʦʝ çʋʩʪʴʷʥʩʢʦʝ ʧʣʘʪʦè ï 

2,0-2,5 ʢʤ); ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ (1,5-2,5 

ʢʤ); ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦʨʦʚʠʯʠʯʘ (33-35 ʢʤ) (ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʨʦʷʚʣʝʥʠʡ ʤʘʥʪʠʡʥʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ); 

ɿʦʥʘ ʚʣʠʷʥʠʷ ʜʚʫʭ ʘʚʣʘʢʦʛʝʥʦʚ (ʆʥʝʞʩʢʦʛʦ ʠ ʉʨʝʜʥʝʨʫʩʩʢʦʛʦ), ʘ ʪʘʢʞʝ 

ɺʘʞʩʢʦʛʦ ʛʨʘʙʝʥʘ; ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ; ʥʘʣʠʯʠʝ ʟʦʥ ʛʣʫʙʠʥʥʳʭ 

ʨʘʟʣʦʤʦʚ ʤʘʥʪʠʡʥʦʛʦ ʟʘʣʦʞʝʥʠʷ (ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ - 
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ʥʝʦʜʥʦʢʨʘʪʥʦʡ ʛʣʫʙʠʥʥʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʨʘʡʦʥʘ). 

- ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʄʝʛʨʘ-

ʂʝʧʠʥʩʢʦʡ - ʐʝʥʢʫʨʩʢʦʡ ʟʦʥʝ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʤʘʥʪʠʡʥʦʛʦ ʟʘʣʦʞʝʥʠʷ (ʚ 

600 ʢʤ ʩʝʚʝʨʥʝʝ, ʢ ʵʪʦʡ ʞʝ ʟʦʥʝ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʧʨʠʫʨʦʯʝʥ 

ɿʠʤʥʝʙʝʨʝʞʥʳʡ ʧʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ). 

 

 

ʈʠʩ. 2.  ʉʦʚʤʝʱʝʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʝʜʧʦʩʳʣʦʢ ʥʘ ʧʣʦʱʘʜʠ ʋʩʪʴʷʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ.  ɹʫʢʚʘʤʠ ʥʘ ʩʭʝʤʝ 

ʦʙʦʟʥʘʯʝʥʳ: ɻɸ ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʘʥʦʤʘʣʠʷ, ʄɸ ï ʤʘʛʥʠʪʥʘʷ ʘʥʦʤʘʣʠʷ; 
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çɿʘʧʘʜʥʦʝè. 

 

-   ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ 7-ʤʠ-ʙʘʣʴʥʦʡ ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʥʘ ʟʘʧʘʜʥʦʡ ʧʝʨʠʬʝʨʠʠ ʉʫʭʦʥʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ [2] (ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ʪʘʢʦʤʫ ʞʝ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʥʘ ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ 

ɹʝʣʦʤʦʨʩʢʦʛʦ 7-8-ʤʠ ʙʘʣʴʥʦʛʦ ʵʧʠʮʝʥʪʨʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ). 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

- ʂʨʫʧʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʣʴʮʝʚʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ 

ʤʘʥʪʠʡʥʦʛʦ ʟʘʣʦʞʝʥʠʷ [4,22] (ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʨʘʡʦʥʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʢʘʢ ʗʢʫʪʠʠ, ʪʘʢ ʠ ɸʨʭʘʥʛʝʣʴʩʢʘ).  ʅʘ ʢʘʨʪʝ ʩʪʨʘʪʦʠʟʦʛʠʧʩ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʋʩʪʴʷʥʩʢʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʦʢʨʫʛʣʦʛʦ ʢʫʧʦʣʦʚʠʜʥʦʛʦ ʧʦʜʥʷʪʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 50-140 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 

ʦʢʦʣʦ 120 ʢʤ.  ʉʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ: ʟʦʥʘʤʠ 

ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʉɺ ʠ ʉɿ ʧʨʦʩʪʠʨʘʥʠʷ ʦʥʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʛʣʘʚʥʳʝ 

ʯʘʩʪʠ - ʶʛʦ-ʟʘʧʘʜʥʫʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʧʦʜʥʷʪʫʶ, ʩ ʨʘʟʚʠʪʦʡ, ʜʝʥʜʨʦʚʠʜʥʦʡ 

ʨʝʯʥʦʡ ʩʝʪʴʶ (ʦʙʣʘʩʪʴ ʘʨʭʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ) ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ, ʦʧʫʱʝʥʥʫʶ, 

ʩ ʨʠʩʫʥʢʦʤ ʨʝʯʥʦʡ ʩʝʪʠ ʙʣʠʟʢʠʤ ʢ ʣʠʥʝʡʥʦʤʫ (ʦʙʣʘʩʪʴ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ 

ʧʦʷʩʘ).  ʂʫʧʦʣʦʚʠʜʥʦʝ ʧʦʜʥʷʪʠʝ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ 

ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ - ʚʳʭʦʜʘʤʠ ʧʦʨʦʜ ʥʠʞʥʝʪʘʪʘʨʩʢʦʛʦ 

ʧʦʜʲʷʨʫʩʘ ʚ ʦʢʨʫʞʝʥʠʠ ʧʦʨʦʜ ʚʝʨʭʥʝʪʘʪʘʨʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʚʝʨʭʥʝʡ ʇʝʨʤʠ.   

- ʇʨʠʩʫʪʩʪʚʠʝ çʜʦʯʝʨʥʠʭè, ʚ ʪʦʤ ʯʠʩʣʝ ʣʦʢʘʣʴʥʳʭ ʢʦʣʴʮʝʚʳʭ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʨʘʟʤʝʨʘ (ʢ ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʫʨʦʯʝʥʳ ʣʦʢʘʣʴʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ). 

- ʇʨʠʩʫʪʩʪʚʠʝ ʟʦʥ ʜʦʣʛʦʞʠʚʫʱʠʭ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʦʜʯʸʨʢʠʚʘʝʤʳʭ 

ʛʣʫʙʦʢʠʤʠ ʚʨʝʟʘʤʠ ʩʧʨʷʤʣʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʠʯʸʤ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʚʨʝʟ ʠʤʝʝʪ ʜʦʣʠʥʘ ʨʝʢʠ ʋʩʪʴʷ, ʢʦʪʦʨʘʷ ʨʘʟʨʝʟʘʝʪ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʫ ʧʦ ʜʚʫʤ ʨʘʜʠʫʩʘʤ. (ʉʦʙʩʪʚʝʥʥʦ, ʋʩʪʴʷʥʩʢʘʷ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʠ ʥʘʟʚʘʥʘ ʪʘʢ ʧʦ ʥʘʟʚʘʥʠʶ ʨʝʯʢʠ ʋʩʪʴʷ, ʢʦʪʦʨʘʷ ʧʝʨʝʩʝʢʘʝʪ 

ʚʩʶ ʤʦʨʬʦʩʪʨʫʢʪʫʨʫ ʣʦʤʘʥʦʡ ʣʠʥʠʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʧʨʷʤʣʸʥʥʳʭ ʦʪʨʝʟʢʦʚ ʠ 

ʦʙʨʘʟʫʝʪ ʛʣʘʚʥʳʝ, ʨʘʜʠʫʩʥʳʝ, çʢʘʨʢʘʩʥʳʝè ʵʣʝʤʝʥʪʳ ʢʦʣʴʮʝʚʦʡ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ). 

- ʉʧʠʨʘʣʴʥʦ-ʚʠʭʨʝʚʦʝ ʩʪʨʦʝʥʠʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ (ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʝʸ ʦʙʨʘʟʦʚʘʥʠʷ). 

- ʆʙʣʘʩʪʴ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ (ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʨʘʡʦʥʝ ʧʨʦʷʚʣʝʥʠʡ ʧʝʨʤʩʢʦʛʦ ʠ ʧʦʩʪʧʝʨʤʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ). 

ʅʘ ʢʘʨʪʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʢʘʨʪʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʋʩʪʴʷʥʩʢʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʟʦʤʝʪʨʠʯʥʦʛʦ ʢʫʧʦʣʦʚʠʜʥʦʛʦ çʋʩʪʴʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷè ʩ 

ʘʤʧʣʠʪʫʜʦʡ 50-120 ʤ ʚ ʧʨʝʜʝʣʘʭ çɺʘʞʩʢʦʛʦ ʩʚʦʜʘè [23]. (ʆʙʨʘʟʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʧʦʜʥʷʪʠʡ ʨʝʣʴʝʬʘ (ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʦʧʫʩʢʘʥʠʷ 
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ʪʝʨʨʠʪʦʨʠʠ) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʸʪ ʙʨʦʥʠʨʦʚʘʥʠʷ çʪʝʣʘè 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʢʘʨʢʘʩʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ (ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʤʠ 

ʩʚʘʷʤʠ ï ʨʠʩ. 3) (ʧʦ ʆʬʬʤʘʥ ʇ.ɽ.,  ɽʨʤʦʣʝʥʢʦ ʖ.ʇ.)). 

 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʛʝʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

- ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʫʛʣʦʚʳʭ ʥʝʩʦʛʣʘʩʠʡ; 

- ʈʝʟʢʘʷ ʩʤʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʟʜʥʝʧʝʨʤʩʢʫʶ ʵʧʦʭʫ:  

1 - ʥʘ ʛʨʘʥʠʮʝ ʢʘʟʘʥʩʢʦʛʦ ʠ ʪʘʪʘʨʩʢʦʛʦ ʚʝʢʘ (ʚʦʟʜʳʤʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʩʤʝʥʘ ʢʘʟʘʥʩʢʠʭ ʤʦʨʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʪʘʪʘʨʩʢʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

çʙʘʩʩʝʡʥʦʚʳʝè ʦʪʣʦʞʝʥʠʷ); 

2 - ʥʘ ʛʨʘʥʠʮʝ ʨʘʥʥʝʪʘʪʘʨʩʢʦʛʦ ʠ ʧʦʟʜʥʝʪʘʪʘʨʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʩʤʝʥʘ 

ʦʙʣʘʩʪʠ ʩʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʩ 

ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ) ʥʘ ʚʦʩʪʦʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ  (ʩ ʋʨʘʣʘ)). 

- ʆʙʣʘʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʚ ʧʦʟʜʥʝʧʝʨʤʩʢʦʝ ʠ ʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ (çʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʘʷ 

ʥʠʰʘè, ʪʠʧʠʯʥʘʷ ʜʣʷ ʨʘʡʦʥʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʘʢʪʠʚʠʟʘʮʠʠ). 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

- ʉʦʚʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʨʫʧʥʦʡ ʙʨʘʭʠʬʦʨʤʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʘʥʦʤʘʣʠʠ ʠ ʢʨʫʧʥʦʡ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʡ ʙʨʘʭʠʬʦʨʤʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʚ ʦʢʨʫʞʝʥʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʣʠʥʝʡʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʪʠʧʘ (ʯʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʤʘʥʪʠʡʥʦʛʦ 

ʜʠʘʧʠʨʘ).  ʇʨʠʩʫʪʩʪʚʠʝ ʚʥʫʪʨʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʙʨʘʭʠʬʦʨʤʥʳʭ ʘʥʦʤʘʣʠʡ ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʨʘʟʫʧʣʦʪʥʝʥʠʷ (ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʤʘʥʪʠʡʥʦʛʦ 

ʟʘʣʦʞʝʥʠʷ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ).  

- ʇʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ï 

çɸʢʠʯʢʠʥʩʢʦʛʦè (ʉʝʚʝʨʥʦʛʦ) ʠ çɺʘʞʩʢʦʛʦè (ɿʘʧʘʜʥʦʛʦ) (ʧʦ [37]. 
ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʩʚʷʟʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ (ʧʨʝʜʧʦʩʳʣʦʢ) ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ 
ʤʘʥʪʠʡʥʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠʛʨʘʶʪ 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ï ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ 
ʘʥʦʤʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ: 

- ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʡʦʥʘ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʥʝʨʘʣʦʚ-ʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ - ʩʦʪʥʠ ʪʳʩʷʯ 

ʟʸʨʝʥ ʧʠʨʦʧʘ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʤʝʥʴʰʝ ʭʨʦʤʜʠʦʧʩʠʜʘ, ʦʣʠʚʠʥʘ ʠ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ (ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʦʧʦʚ ʚ ʘʣʣʶʚʠʠ ʚ 10-30 ʨʘʟ ʚʳʰʝ, 

ʯʝʤ ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ ʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʨʘʡʦʥʝ  

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ). 

- ʅʝʦʢʘʪʘʥʥʳʝ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ: ʧʠʨʦʧ, ʭʨʦʤʰʧʠʥʝʣʠʜ, ʭʨʦʤʜʠʦʧʩʠʜ, 
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ʦʣʠʚʠʥ ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʘʣʣʶʚʠʠ ʨʘʡʦʥʘ ʚ 3-5 ʨʘʟ ʙʦʣʴʰʝʤ 

ʩʦʜʝʨʞʘʥʠʠ, ʯʝʤ ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʢʣʘʩʩʝ ʢʨʫʧʥʦʩʪʠ +1 ʤʤ (ʧʠʨʦʧ ʠ ʦʩʦʙʝʥʥʦ ʧʠʢʨʦʠʣʴʤʝʥʠʪ); 

- ɺʳʩʦʢʘʷ (ʦʢʦʣʦ 10%) ʜʦʣʷ ʟʸʨʝʥ ʧʠʨʦʧʘ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʘʣʤʘʟʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʛʨʫʧʧʳ G10 (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ).   

ʉʦʚʤʝʱʝʥʠʝ ʚʩʝʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 2) ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ 

ʜʠʘʧʠʨʘ ʠ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʘʣʤʘʟʦʥʦʩʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʚ ʧʨʝʜʝʣʘʭ ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʚ ʝʛʦ ʟʘʧʘʜʥʦʡ (çɿʘʧʘʜʥʦʝè ʧʦʣʝ) ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ (çʉʝʚʝʨʥʦʝè ʧʦʣʝ) ʯʘʩʪʠ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʩʦʚʤʝʱʝʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʟʥʘʢʦʚ ʋʩʪʴʷʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ 

ʨʘʡʦʥ (ʋɸʈ) ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ɿɸʈ), ʨʘʟʣʠʯʠʷ ʪʦʣʴʢʦ ʚ ʚʦʟʨʘʩʪʝ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ: ɿɸʈ ï ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚʦʟʨʘʩʪ D3 ʠ ʋɸʈ ï 

ʧʨʝʜʧʦʣʘʛʘʝʤʳ ʚʦʟʨʘʩʪ PZ3-MZ) 

 

ʂʆʉɺɽʅʅʓɽ ʇʆʀʉʂʆɺʓɽ ʇʈʀɿʅɸʂʀ 

ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʫʜʥʳʭ ʪʝʣ 

ʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʘʣʤʘʟʘ (0,01-0,2 ʛ/ʪ, 

ʨʝʜʢʦ ʜʦ 1 ʛ/ʪ) ʚ ʧʨʘʢʪʠʢʝ ʘʣʤʘʟʦʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʨʷʤʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ï ʪʦ ʝʩʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʙʘʭ ʩʘʤʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʥʦ ʠ ʢʦʩʚʝʥʥʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ - ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʧʨʦʙʘʭ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ (ʜʘʣʝʝ ï ʄʉɸ), ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʄʉɸ 

ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʘʣʤʘʟʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. 

ʇʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ (ʠ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ) ʠʤʝʶʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʦʩʪʘʚʣʷʪʴ ʤʘʪʝʨʠʘʣ ʚ ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʢ ʚʦʟʤʦʞʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʘʣʤʘʟʘ).  ʅʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ ʧʦʜ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʟʘʣʝʛʘʶʪ 

ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʪʘʪʘʨʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʠ ʚʝʪʣʫʞʩʢʦʛʦ 

ʥʘʜʛʦʨʠʟʦʥʪʘ (ʩʝʨʠʠ?) ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ [3,5,11]  ɺʩʝ ʵʪʠ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ (ʜʣʷ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ï çʙʘʩʩʝʡʥʦʚʦʝè) ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʩʚʦʠʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʦʪʨʘʞʘʶʪ ʫʩʣʦʚʠʷ ʠ ʭʘʨʘʢʪʝʨ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠ ʠʟʫʯʝʥʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʨʘʡʦʥʘ:  

ɺʝʨʭʥʷʷ ʇʝʨʤʴ: 

ʂʘʟʘʥʩʢʠʡ ʷʨʫʩ (ʤʦʨʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ, ʪʷʞʸʣʘʷ ʬʨʘʢʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ). 

ʊʘʪʘʨʩʢʠʡ ʷʨʫʩ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ, çʙʘʩʩʝʡʥʦʚʳʝè ʢʘʨʙʦʥʘʪʥʦ-
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ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ): 

ʅʠʞʥʝʪʘʪʘʨʩʢʠʡ ʧʦʜʲʷʨʫʩ, ʋʨʞʫʤʩʢʠʡ ʛʦʨʠʟʦʥʪ: 

ʅʠʞʥʝʫʩʪʴʠʥʩʢʘʷ ʩʚʠʪʘ P2nu ,ʉʫʭʦʥʩʢʘʷ ʩʚʠʪʘ P2sh 

ɺʝʨʭʥʝʪʘʪʘʨʩʢʠʡ ʧʦʜʲʷʨʫʩ: 

ʉʝʚʝʨʦʜʚʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ P2sd ,ɺʷʪʩʢʠʡ ʛʦʨʠʟʦʥʪ P2vt 

ʅʠʞʥʠʡ ʪʨʠʘʩ: 

ɺʝʪʣʫʞʩʢʠʡ ʥʘʜʛʦʨʠʟʦʥʪ T1vtl (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ 

ʧʦʨʦʜʳ). 

 

 

ʈʠʩ. 3.  ʉʭʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʋʩʪʴʷʥʩʢʦʡ ʢʦʣʴʮʝʚʦʡ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ.  

ɺʥʠʟʫ ï ʤʦʜʝʣʴʥʳʡ ʨʘʟʨʝʟ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʦʩʪʘʪʦʯʥʳʭ ʧʦʜʥʷʪʠʡ ʟʘ ʩʯʸʪ ʙʨʦʥʠʨʦʚʘʥʠʷ çʪʝʣʘè ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʢʘʨʢʘʩʦʤ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʩʚʘʷʤʠ (ʧʦ ʆʬʬʤʘʥʫ ʇ.ɽ. ʠ  
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ɽʨʤʦʣʝʥʢʦ ʖ.ʇ.). 

 

 

ʈʠʩ. 4.  ʆʙʱʠʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦ ʜʘʥʥʳʤ 

ʠʟʫʯʝʥʠʷ ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ ʧʦʨʦʜ ʇʝʨʤʠ ʠ ʊʨʠʘʩʘ. 

 

ʆʙʱʠʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʨʘʡʦʥʘ ʦʪʨʘʞʘʝʪ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  ʅʘ ʨʠʩ. 4 ʦʪʯʸʪʣʠʚʦ ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʠʟʦʰʝʜʰʘʷ ʤʝʞʜʫ ʩʫʭʦʥʩʢʠʤ ʠ ʩʝʚʝʨʦʜʚʠʥʩʢʠʤ 

ʚʨʝʤʝʥʝʤ ʠ ʠʟʤʝʥʠʚʰʘʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʥʦʩʘ ʤʘʪʝʨʠʘʣʘ (ʩ 

ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ) ʥʘ ʚʦʩʪʦʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʥʦʩʘ (ʩ ʋʨʘʣʘ).  ʊʝʨʨʠʛʝʥʥʳʝ 

ʧʦʨʦʜʳ ʫʨʞʫʤʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʠʞʥʝʪʘʪʘʨʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʩ 

ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʶʪ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ, ʧʨʠ ʵʪʦʤ çʟʨʝʣʘʷè 

ʮʠʨʢʦʥ-ʠʣʴʤʝʥʠʪ-ʛʨʘʥʘʪʦʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʪʷʞʸʣʦʡ ʬʨʘʢʮʠʠ 

(ʜʘʣʝʝ ï ʪ.ʬ.) ʧʝʩʯʘʥʠʢʦʚ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʩʤʝʥʷʝʪʩʷ ʧʦʯʪʠ ʯʠʩʪʦ 

ʛʨʘʥʘʪʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʩʫʭʦʥʩʢʦʡ ʩʚʠʪʳ.  ʅʦ, ʥʘʯʠʥʘʷ ʩ 

ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʷʞʸʣʦʡ ʬʨʘʢʮʠʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʩʪʘʥʦʚʠʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʤ: ʜʣʷ ʦʪʣʦʞʝʥʠʡ 

ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʠ ʚʷʪʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʭʘʨʘʢʪʝʨʥʘ çʥʝʟʨʝʣʘʷè ʤʘʛʥʝʪʠʪ-

ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʦʚʘʷ ʠ ʤʘʛʥʝʪʠʪ-ʘʤʬʠʙʦʣ-ʵʧʠʜʦʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ.  ʉʭʦʜʥʘʷ, 

ʭʨʦʤʰʧʠʥʝʣʠʜ-ʵʧʠʜʦʪʦʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʠ ʜʣʷ 

ʟʘʣʝʛʘʶʱʠʭ ʚʳʰʝ ʧʦʨʦʜ ʚʝʪʣʫʞʩʢʦʛʦ ʥʘʜʛʦʨʠʟʦʥʪʘ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ, 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʨʘʟʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʦʙʠʣʠʝʤ ʦʢʘʪʘʥʥʳʭ 

ʦʙʣʦʤʢʦʚ ʫʨʘʣʴʩʢʠʭ ʷʰʤʦʠʜʦʚ. 

ʊʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʦʜʝʨʞʘʪ 
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ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ (ʄʉɸ): ʧʠʨʦʧ+ʭʨʦʤʰʧʠʥʝʣʠʜ 

(P2nu, P2sh) ʠʣʠ ʪʦʣʴʢʦ ʭʨʦʤʰʧʠʥʝʣʠʜ (P2sd, P2vt, T1vtl), ʥʦ ʣʠʰʴ ʚ ʜʚʫʭ ʠʟ 

ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ ʄʉɸ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. 

ʉʫʜ̫ ʧʦ ʚʳʩʦʢʦʤʫ, ʜʘʞʝ ʫʨʘʛʘʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ 

ʘʣʤʘʟʘ (ʜʦ 40% ʪʷʞʸʣʦʡ ʬʨʘʢʮʠʠ!), ʦʪʣʦʞʝʥʠʷ ʚʝʪʣʫʞʩʢʦʛʦ ʥʘʜʛʦʨʠʟʦʥʪʘ 

ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ ʚʧʦʣʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʢʦʣʣʝʢʪʦʨʦʤ ʘʣʤʘʟʦʚ, ʦʜʥʘʢʦ ʚ ʥʠʭ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʭʨʦʤʰʧʠʥʝʣʠʜʳ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʘʣʴʥʝʧʨʠʥʦʩʥʦʡ ʭʘʨʘʢʪʝʨ (ʤʝʣʢʠʝ ʨʘʟʤʝʨʳ (-0,25 ʤʤ) 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʢʘʪʘʥʥʦʩʪʠ) ʠ ʥʝʢʠʤʙʝʨʣʠʪʦʚʳʡ ʢʦʨʝʥʥʦʡ ʠʩʪʦʯʥʠʢ (ʥʘ ʵʪʦ 

ʫʢʘʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʤʦʨʬʦʣʦʛʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʨʘʩʪʘʥʠʷ ʩ 

ʫʚʘʨʦʚʠʪʦʤ).  ʂʦʨʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʪʠʭ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʷʚʣʷʶʪʩʷ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʋʨʘʣʘ (ʚʦʩʪʦʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʥʦʩʘ). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʢʦʣʣʝʢʪʦʨʦʤ 

ʘʣʤʘʟʦʚ ʚ ʨʘʡʦʥʝ ʷʚʣʷʶʪʩʷ ʧʝʩʯʘʥʠʢʠ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ 

ʥʠʞʥʝʪʘʪʘʨʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʦ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ: ʧʠʨʦʧʘ (15-236 ʟʥ./10 ʣ, ʜʦ 15000 ʟʥ./1 ʢʛ 

ʪ.ʬ.) ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ (6-125 ʟʥ./10 ʣ, ʜʦ 24000 ʟʥ./1 ʢʛ ʪ.ʬ.).  ʇʠʨʦʧʳ, ʠ 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʪʠʧʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʨʠʩ. 5ʘ,ʙ), ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʜʚʘ ʵʪʘʧʘ 

ʠʭ ʵʢʟʦʛʝʥʥʦʛʦ ʤʦʨʬʦʛʝʥʝʟʘ (ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ): 

1) ʠʥʪʝʥʩʠʚʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʙʨʝʞʥʦ-ʦʟʸʨʥʦʛʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʤʝʣʢʠʝ ʨʘʟʤʝʨʳ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʢʘʪʘʥʥʦʩʪʠ, 

ʧʦʣʠʨʦʚʘʥʥʘʷ ʠ/ʠʣʠ ʰʝʨʦʭʦʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ); 2) ʛʠʧʝʨʛʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ 

(ʜʣʷ ʧʠʨʦʧʦʚ ï ʨʘʩʪʚʦʨʝʥʠʝ çʢʫʙʦʠʜʥʦʛʦè ʪʠʧʘ) ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʳ 

ʚʳʚʝʪʨʠʚʘʥʠʷ.  ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (20-50%, ʜʦ 60% Cr2O3) ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʫʤʝʨʝʥʥʦʭʨʦʤʠʩʪʳʭ, ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʟʸʨʝʥ. ʎʚʝʪ ʧʠʨʦʧʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʠʦʣʝʪʦʚʳʡ, ʤʘʣʠʥʦʚʳʡ ʙʣʝʜʥʳʭ ʪʦʥʦʚ, ʢʨʘʡʥʝ ʨʝʜʢʦ 

ʦʪʤʝʯʘʶʪʩʷ ʧʠʨʦʧʳ  ʢʨʘʩʥʦʚʘʪʦ-ʤʘʣʠʥʦʚʦʛʦ ʠ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. 

ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʧʠʨʦʧʦʚ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʥʠʟʢʦʭʨʦʤʠʩʪʦʡ (1-4% Cr2O3) ʠ ʥʠʟʢʦʪʠʪʘʥʠʩʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʛʨʫʧʧʳ G9 (ʧʦ [27], ʙʦʣʝʝ ʭʨʦʤʠʩʪʳʝ ʧʠʨʦʧʳ 

(ʜʦ 7% Cr2O3) ʝʜʠʥʠʯʥʳ (ʨʠʩ. 5ʚ).  ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʠʟʢʦʭʨʦʤʠʩʪʳʭ ʥʠʟʢʦʢʘʣʴʮʠʝʚʳʭ ʧʠʨʦʧʦʚ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ ʛʨʫʧʧʳ G10 (ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦ [28], ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʧʦʨʦʜʳ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʚʦʟʤʦʞʥʳʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʢʦʣʣʝʢʪʦʨʦʤ ʘʣʤʘʟʦʚ, ʢʦʨʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʤʦʛʣʠ 

ʙʳʪʴ ʩʣʘʙʦʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʧʦʩʪ-ʢʘʟʘʥʩʢʦʛʦ ï ʜʦ-ʪʘʪʘʨʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ ʧʦʟʜʥʝʡ ʧʝʨʤʠ.   

ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ 

ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʠʩʢʦʚʦʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʡʦʥʝ ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʰʣʠʭʦʚʳʭ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʧʨʦʙ ʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʣʣʶʚʠʷ.  ʇʨʠ ʵʪʦʤ ʰʣʠʭʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʫʩʣʦʚʦʛʦ ʘʣʣʶʚʠʷ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʧʦ ʩʫʪʠ, 

ʦʧʨʦʙʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʦʙʦʛʘʱʸʥʥʦʛʦ 

ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ 

(çʣʝʜʥʠʢʦʚʳʡ ʬʦʥè) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, 

ʨʘʟʤʳʚʘʝʤʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʠ ʦʪ ʪʦʯʢʠ ʦʧʨʦʙʦʚʘʥʠʷ (çʘʥʦʤʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷè). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʰʣʠʭʦʚʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʥʝ ʢʘʢ ʣʠʥʝʡʥʦʛʦ (ʣʝʥʪʦʯʥʦʛʦ) ʰʣʠʭʦʚʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ ʚʦʜʦʪʦʢʦʚ, ʘ ʢʘʢ ʧʣʦʱʘʜʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʡʦʥʘ ʩʦʜʝʨʞʘʪ ʩʦʪʥʠ ʪʳʩʷʯ ʟʸʨʝʥ 

ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ (ʧʠʨʦʧʘ, ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʭʨʦʤʜʠʦʧʩʠʜʘ, 

ʦʣʠʚʠʥʘ, ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ), ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʦʧʦʚ ʚ 10-30 ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ ʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʨʘʡʦʥʝ ɽʚʨʦʧʝʡʩʢʦʡ 

ʈʦʩʩʠʠ.  ʇʨʠʯʸʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʨʦʧʦʚ ʠʟ ʘʣʣʶʚʠʷ ʠ ʧʦ ʨʘʟʤʝʨʫ ʟʸʨʝʥ, ʠ ʧʦ 

ʪʠʧʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ, ʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠʤʝʝʪ ʦʪʯʸʪʣʠʚʳʡ 

ʙʠʤʦʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʠʭ ʠʟ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʜʚʫʭ ʪʠʧʦʚ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʪʨʝʪʠʡ ʪʠʧ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ - 

ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ ï ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʜʘʣʴʥʝʧʨʠʥʦʩʥʳʝ 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ  ʥʝʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟ ʛʠʧʝʨʙʘʟʠʪʦʚ ʋʨʘʣʘ ʠ 

ʚʨʷʜ ʣʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʠʩʢʦʚʳʡ ʠʥʪʝʨʝʩ). 

1-ʡ ʪʠʧ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʥʠʟʢʦʭʨʦʤʠʩʪʳʭ ʧʠʨʦʧʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ 

ʭʦʨʦʰʦ ʦʢʘʪʘʥʘ, ʠʤʝʝʪ ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ -0,5+0,25 ʤʤ (ʧʠʨʦʧʳ ʠ 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʛʨʫʧʧʳ ʇ3 ʠ ʍ3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [35], ʠ 

ʧʦ ʚʩʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʜʝʥʪʠʯʥʘ ʵʪʠʤ ʤʠʥʝʨʘʣʘʤ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ ï ʧʝʩʯʘʥʠʢʦʚ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʡ ʧʝʨʤʠ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʚʳʰʝ (ʨʠʩ. 5).  ʆʪʯʸʪʣʠʚʳʡ ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʪʠʭ ʧʠʨʦʧʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚʝʨʭʥʝʡ ʧʝʨʤʠ (ʘ ʚʩʣʝʜ ʟʘ 

ʥʠʤʠ ï ʠ ʚ ʘʣʣʶʚʠʠ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʠʟʘʭ ʨʘʟʨʝʟʘ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʥʘ 

ʟʘʧʘʜʝ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

2-ʡ ʪʠʧ.  ʆʙʨʘʟʫʶʪ ʩʦʚʝʨʰʝʥʥʦ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʠ ʠʤʝʶʪ ʦʩʦʙʫʶ 

ʧʦʠʩʢʦʚʫʶ ʟʥʘʯʠʤʦʩʪʴ ʥʝʦʢʘʪʘʥʥʳʝ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ ʙʣʠʞʥʝʛʦ 

ʩʥʦʩʘ (ʠʣʠ ʄʉɸ 1-ʡ ʛʨʫʧʧʳ, ʜʘʣʝʝ ï ʄʉɸ-1 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [35], 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʨʘʡʦʥʝ 

ʢʠʤʙʝʨʣʠʪʦʚ: ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʠʨʦʧ, ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜ, ʘ 

ʪʘʢʞʝ ʭʨʦʤʜʠʦʧʩʠʜ ʠ ʦʣʠʚʠʥ (ʨʠʩ. 6). 

ʉʦʜʝʨʞʘʥʠʝ ʥʝʦʢʘʪʘʥʥʳʭ ʟʸʨʝʥ ʧʠʨʦʧʘ ʚ ʘʣʣʶʚʠʠ ʨʘʡʦʥʘ ʚ 3-5 ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ.  ʇʠʨʦʧʳ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʨʝʟʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʠʨʦʧʦʚ ʚʝʨʭʥʝʧʝʨʤʩʢʦʛʦ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ (çʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷè ʧʦʚʝʨʭʥʦʩʪʴ 1-ʛʦ ʠ 2-ʛʦ 

ʪʠʧʘ ʧʦ [1], ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʠʟʥʘʢʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ (ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ -1+0,5 ʠ -2+1 ʤʤ), ʚʳʩʦʢʦʡ ʭʨʦʤʠʩʪʦʩʪʴʶ (2-

12%, ʜʦ 14% Cr2O3) ʠ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʟʸʨʝʥ ʧʠʨʦʧʘ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 
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ʛʨʫʧʧʳ G10 (ʦʢʦʣʦ 10%), ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ (ʨʠʩ. 

6ʚ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ. 

 

 

ʈʠʩ. 5.  ʄʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ ʠʟ ʧʦʨʦʜ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʡ 

ʇʝʨʤʠ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ.  ɺʚʝʨʭʫ ʦʙʱʠʡ ʚʠʜ ʟʸʨʝʥ ʧʠʨʦʧʦʚ (ɸ) ʠ 

ʭʨʦʤhʧʠʥʝʣʠʜʦʚ (ɹ).  ɺʥʠʟʫ (ɺ) - ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʧʠʨʦʧʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Cr2O3 ï 

CaO (ʧʦ [19]). 

 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʈʠʩ. 6.  ʄʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ ʠʟ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʋʩʪʴʷʥʩʢʦʛʦ 

ʨʘʡʦʥʘ.  ɺʚʝʨʭʫ ʦʙʱʠʡ ʚʠʜ ʟʸʨʝʥ ʧʠʨʦʧʦʚ (ɸ) ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʚ (ɹ).  ɺʥʠʟʫ (ɺ) - 

ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʧʠʨʦʧʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Cr2O3 ï CaO (ʧʦ [19]). 

 

ʇʠʢʨʦʠʣʴʤʝʥʠʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʘʣʣʶʚʠʠ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ 

ʧʠʨʦʧ, ʦʜʥʘʢʦ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ʟʸʨʝʥ (ʢʣʘʩʩ -4+0,5 ʤʤ), ʧʝʨʚʠʯʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʢʦʨʨʦʟʠʦʥʥʘʷ, ʤʠʢʨʦʙʫʛʦʨʯʘʪʘʷ, çʰʠʧʦʚʘʪʘʷè), 

ʥʘʣʠʯʠʝ ʣʝʡʢʦʢʩʝʥʦʚʳʭ ʢʘʡʤ ʠ ʩʨʘʩʪʘʥʠʝ ʩ ʠʟʤʝʥʸʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ 

ʧʦʨʦʜʦʡ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (4-16% MgO, ʜʦ 3,5% 

Cr2O3) ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʤʝʩʪʥʳʤ ʢʦʨʝʥʥʳʤ 
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ʘʣʤʘʟʦʥʦʩʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʠʩʪʦʯʥʠʢʦʤ. 

ʍʨʦʤʰʧʠʥʝʣʠʜ ʦʪʯʸʪʣʠʚʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚ ʘʣʣʶʚʠʠ ʨʝʜʢʦ, ʦʜʥʘʢʦ ʩʨʝʜʠ ʝʛʦ ʟʸʨʝʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʸʨʥʘ ʘʣʤʘʟʥʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Cr2O3 ʜʦ 69%. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʣʢʠʭ, ʦʢʘʪʘʥʥʳʭ ʥʠʟʢʦʭʨʦʤʠʩʪʳʭ ʧʠʨʦʧʦʚ ʛʨʫʧʧʳ ʇ3 

ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʚ ʟʥʘʢʘʭ ʥʘ 1 ʢʛ ʪʷʞʸʣʦʡ 

ʬʨʘʢʮʠʠ) ʚ ʮʝʣʦʤ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʥʘ 

ʜʦʯʝʪʚʝʨʪʠʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʩʯʘʥʠʢʦʚ ʥʠʞʥʝ-ʫʩʪʴʠʥʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 

ʚʝʨʭʥʝʡ ʧʝʨʤʠ (P2nu), ʙʦʣʝʝ ʪʦʛʦ,  ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʵʪʠʭ ʧʠʨʦʧʦʚ ʚ ʧʦʨʦʜʘʭ ʧʝʨʤʠ ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʷʝʪ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ) ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʧʠʨʦʧʦʚ ʚ ʘʣʣʶʚʠʠ. 

ɸʥʘʣʦʛʠʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪʤʝʯʘʝʪʩʷ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ 

ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ (T1vtl) ʠ ʤʘʢʩʠʤʫʤʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʘʣʣʶʚʠʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʧʦʨʦʜ ʪʨʠʘʩʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ.  ʊʦ, ʯʪʦ ʪʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ-

ʩʧʫʪʥʠʢʠ ʚ ʘʣʣʶʚʠʠ ʧʦ-ʩʫʪʠ ʤʘʨʢʠʨʫʶʪ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʠʟʚʝʩʪʥʳʭ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʧʦʨʦʜ P2nu ʠ T1vtl), ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ 

ʠ ʧʠʨʦʧʳ, ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʳ, ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ 

(ʄʉɸ-1) ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʪʘʢʞʝ ʤʦʛʫʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʪʴ ʠʤʝʥʥʦ ʩʦʩʪʘʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʞʠʜʘʝʤʳʭ ʢʠʤʙʝʨʣʠʪʦʚ. 

 

ʇʈʗʄʓɽ ʇʆʀʉʂʆɺʓɽ ʇʈʀɿʅɸʂʀ 

ʅʘʨʷʜʫ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ 

ʢʦʩʚʝʥʥʳʭ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʨʘʡʦʥʝ ʧʨʦʷʚʣʝʥʠʡ ʤʘʥʪʠʡʥʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ, 

ʧʨʷʤʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ï ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. 

ʇʦʠʩʢʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʆʆʆ çɸʨʭʘʥʛʝʣʴʩʢʠʝ ɸʣʤʘʟʳè ʠ ʆʆʆ 

ʀʅʇʂ çʈʋʉɻɽʆè ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʣʣʶʚʠʷ ʠ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʋʩʪʴʷʥʩʢʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ [18].  ɺ ʧʨʦʙʘʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʸʤʘ  ʦʙʥʘʨʫʞʝʥʦ 9 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ (ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ 20-40 ʣ - 6 ʰʪ. ʠ ʚ ʤʝʣʢʦʦʙʲʸʤʥʳʭ 

ʧʨʦʙʘʭ 0,5 ʤ3; 1 ʤ3; 2 ʤ3 ï 3 ʰʪ.).  ʈʘʟʤʝʨ ʟʸʨʝʥ ʦʪ 0,5 ʜʦ 3,8 ʤʤ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ: -0,5+0,25 ʤʤ ï 1ʰʪ., -1+0,5 ʤʤ ï 5 ʰʪ.,-

2+1 ʤʤ ï 2 ʰʪ., -4+2 ʤʤ ï 1 ʪh.; ʩʨʝʜʥʠʡ ʚʝʩ 8,3 ʤʛ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ 52 ʤʛ 

(1/4 ʢʘʨʘʪʘ).  ɼʚʘ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʘ ʦʙʥʘʨʫʞʝʥʳ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ 

ʠʟ ʦʪʣʦʞʝʥʠʡ ʤʦʨʝʥʳ (ʢʨʠʩʪʘʣʣ ʨʘʟʤʝʨʦʤ 3.8 ʤʤ) ʠ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʢʨʠʩʪʘʣʣ ʨʘʟʤʝʨʦʤ 2,65 ʤʤ).   

ʂʨʠʩʪʘʣʣʳ ʩʘʤʳʝ ʨʘʟʥʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ: ʧʨʝʦʙʣʘʜʘʶʪ ʙʝʩʮʚʝʪʥʳʝ, ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʩʢʘʞʸʥʥʳʝ ʜʦʜʝʢʘʵʜʨʦʠʜʳ (ʜʦ 2,65 ʤʤ) ʠ ʧʣʦʩʢʦʛʨʘʥʥʳʝ 

ʦʢʪʘʵʜʨʳ (ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʦ ʨʘʟʤʝʨʫ ʢʨʠʩʪʘʣʣʳ ï ʧʦʯʪʠ ʜʦ 4-ʭ ʤʤ), 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʚʩʪʨʝʯʝʥ ʦʢʪʘʵʜʨʦʠʜ, ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜ ʠ ʣʠʰʴ ʦʜʠʥ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʩʨʦʩʪʦʢ (ʨʠʩ. 7).  ʊʦʣʴʢʦ ʥʘ ʦʜʥʦʤ, ʩʘʤʦʤ ʤʝʣʢʦʤ ʢʨʠʩʪʘʣʣʝ (ʦʢʪʘʵʜʨʦʠʜʝ) 

ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʟʝʣʸʥʳʝ ʧʷʪʥʘ ʧʠʛʤʝʥʪʘʮʠʠ, ʠ ʥʘ ʦʜʥʦʤ ʜʦʜʝʢʘʵʜʨʦʠʜʝ - 

ʧʦʣʦʩʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ.  ʂʨʠʩʪʘʣʣʳ ʮʝʣʳʝ ʠʣʠ ʩʣʘʙʦ 

ʧʦʚʨʝʞʜʸʥʥʳʝ (ʣʠʰʴ ʦʜʠʥ ʦʩʢʦʣʦʢ ʦʯʝʥʴ ʢʨʫʧʥʦʛʦ ʢʨʠʩʪʘʣʣʘ), ʙʝʟ ʧʨʠʟʥʘʢʦʚ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʠʥʦʛʜʘ ʩ ʦʭʨʠʩʪʳʤʠ ʧʨʠʤʘʟʢʘʤʠ.  ʇʦʯʪʠ ʚʩʝ ʘʣʤʘʟʳ 

ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ. ɺ ʮʝʣʦʤ ʪʘʢʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ. 

 

 

ʈʠʩ. 7. ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʰʣʠʭʦʚʳʭ ʠ 

ʤʝʣʢʦʦʙʲʸʤʥʳʭ ʧʨʦʙʘʭ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ. 

 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟʢʦ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʟʦʪʘ ʚ ɸ-ʬʦʨʤʝ (46-

1300 at.ppm), ʧʨʠ ʨʝʟʢʦ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ (%NB = 

8,4-17,8 ï 4 ʢʨʠʩʪʘʣʣʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IaAB), ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʦʚ, ʫ 

ʢʦʪʦʨʳʭ ʘʟʦʪʘ ʚ ʬʦʨʤʝ çBè ʥʝʪ ʚʦʦʙʱʝ (%NB = 0 ï 4 ʢʨʠʩʪʘʣʣʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IaA), ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʘʞʝ ʚ ʪʘʢʦʡ ʥʝʙʦʣʴʰʦʡ 

ʚʳʙʦʨʢʝ çʙʝʟʘʟʦʪʥʦʛʦè ʢʨʠʩʪʘʣʣʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ IIa (ʨʠʩ. 8ʘ).  ʆʙʱʝʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʯʪʠ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʘʨʷʜʫ ʩ ʨʝʟʢʦ ʧʦʥʠʞʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ, ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʦʯʝʥʴ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʣʝʡʪʝʣʝʪʩ (ʈ-ʮʝʥʪʨ = 0-3,8 ʩʤ-1) ʠ ʚʦʜʦʨʦʜʘ (0-1,07 ʩʤ-1) (ʨʠʩ. 8ʙ,ʚ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʝʟʢʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ, ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 



ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ. ʠ ʜʨ 
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ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʦʚ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ, ʚʧʦʣʥʝ ʦʜʥʦʨʦʜʥʫʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʠ 

ʚʦʜʦʨʦʜʘ ʠʟʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʨʝʜʢʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ 

ʘʣʤʘʟʦʚ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ɻʨʠʙʘ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ) 

ʠ ʌʠʥʣʷʥʜʠʠ. 

 

ʈʠʩ. 8.   ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʋʩʪʴʷʥʩʢʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʤ 

ʨʘʡʦʥʝ.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʡ ʧʨʠʤʝʩʠ ʘʟʦʪʘ (ɸ), ʧʣʝʡʪʝʣʝʪʩ (ɹ), ʠ ʚʦʜʦʨʦʜʘ (ɺ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʘʭ.   

ɸʣʤʘʟʳ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ï ʟʚʸʟʜʳ, ʢʨʫʧʥʘʷ ʟʚʝʟʜʘ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ 8-ʤʠ 

ʢʨʠʩʪʘʣʣʘʤ, ʟʘʰʪʨʠʭʦʚʘʥʥʳʡ ʵʣʣʠʧʩ ï ʦʙʣʘʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ.  ʈʝʧʝʨʥʳʝ ʧʦʣʷ 

ʩʦʩʪʘʚʘ ʘʣʤʘʟʦʚ ʄʠʨʘ ʧʦ ʜʘʥʥʳʤ: [29,20,31].  ʀʟʦʪʝʨʤʳ (ʨʠʩ. ɸ) ʧʦ ʜʘʥʥʳʤ [33]. 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʆʜʥʘʢʦ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʠʥʛʝʥʝʪʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ, ʠʟʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʟʘʥʠʤʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ 

ʠ ʧʣʝʡʪʝʣʝʪʩ, ʘ ʪʘʢʞʝ ʦʯʝʥʴ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ 

ʨʘʚʥʦʚʝʩʥʳʤ (ʨʘʥʥʷʷ ʠ ʛʣʘʚʥʘʷ ʩʪʘʜʠʠ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ). 

ʂʨʠʩʪʘʣʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ (ʧʨʠ ʫʩʣʦʚʥʦʤ ʚʦʟʨʘʩʪʝ 3 

ʤʣʨʜ. ʣʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ [33] ʥʝ ʧʨʝʚʳʰʘʝʪ 1100 ʛʨʘʜʫʩʦʚ ʉ). ʉʫʜʷ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʫʣʴʪʨʘʦʩʥʦʚʥʫʶ 

ʘʩʩʦʮʠʘʮʠʶ (ʧʘʨʘʛʝʥʝʟʠʩ) ʘʣʤʘʟʦʚ.   

(ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʠʤʝʩʝʡ ʚ ʄʠʨʝ ʚʳʜʝʣʷʝʪʩʷ ʥʝ ʪʘʢ ʫʞ ʤʥʦʛʦ ʩʚʦʝʦʙʨʘʟʥʳʭ ʠ ʦʙʦʩʦʙʣʝʥʥʳʭ, 

ʷʨʢʠʭ, çʨʝʧʝʨʥʳʭè ʛʨʫʧʧ ʘʣʤʘʟʦʚ.  ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʗʢʫʪʠʠ, ʠ ɸʨʭʘʥʛʝʣʴʩʢʘ ʩʣʘʙʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʵʪʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʨʝʟʢʦ ʦʙʦʩʦʙʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢʠʤʙʝʨʣʠʪʳ ʠ ʨʦʩʩʳʧʠ ʖʞʥʦʡ 

ɸʤʝʨʠʢʠ (ɹʨʘʟʠʣʠʠ ʠ ɺʝʥʝʩʫʵʣʳ).  ʅʘʠʙʦʣʝʝ ʢʨʘʡʥʝʝ, çʵʢʩʪʨʝʤʘʣʴʥʦʝè 

ʧʦʣʦʞʝʥʠʝ ʧʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʟʘʥʠʤʘʶʪ ʢʠʤʙʝʨʣʠʪʳ ʠ ʨʦʩʩʳʧʠ ʘʣʤʘʟʦʚ 

ʧʦʣʷ ɼʞʫʠʥʘ, ɹʨʘʟʠʣʠʷ.  ɼʣʷ ʵʪʠʭ ʥʘʠʙʦʣʝʝ ʛʣʫʙʠʥʥʳʭ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ (1250ʦʉ) ʘʣʤʘʟʦʚ ʥʠʞʥʝʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʩʘʤʳʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ, ʧʣʝʡʪʝʣʝʪʩ ʠ ʘʟʦʪʘ ʧʨʠ 

ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 90% NB).  

ɼʣʷ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʩʘʤʳʝ ʥʠʟʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ, ʧʣʝʡʪʝʣʝʪʩ, ʧʦʥʠʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʢʨʘʡʥʝ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 5% 

NB) ʠ ʩʘʤʳʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ (ʤʝʥʝʝ 1100
ʦʉ)!  ʊʦ ʝʩʪʴ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ 

ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘʥʠʤʘʶʪ ʪʘʢʦʝ ʞʝ ʢʨʘʡʥʝʝ, çʵʢʩʪʨʝʤʘʣʴʥʦʝè, ʥʦ ʧʨʷʤʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʘʤ ɼʞʫʠʥʳ ʧʦʣʦʞʝʥʠʝ.  ʋʩʪʴʷʥʩʢʠʝ 

ʘʣʤʘʟʳ ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʫʶ ʠ ʦʙʦʩʦʙʣʝʥʥʫʶ, ʷʨʢʫʶ, çʨʝʧʝʨʥʫʶè ʛʨʫʧʧʫ.  

ɼʝʣʦ ʟʘ ʤʘʣʳʤ ï ʦʩʪʘʣʦʩʴ ʪʦʣʴʢʦ ʥʘʡʪʠ ʠ ʠʟʫʯʠʪʴ ʥʝʦʙʳʯʥʳʡ ʢʦʨʝʥʥʦʡ 

ʠʩʪʦʯʥʠʢ ʋʩʪʴʷʥʩʢʠʭ ʘʣʤʘʟʦʚ, ʯʪʦʙʳ ʜʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ, ʥʘʟʚʘʥʠʝ ʵʪʦʡ ʥʦʚʦʡ 

çʨʝʧʝʨʥʦʡè ʛʨʫʧʧʝ ʘʣʤʘʟʦʚ). 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʢʨʠʩʪʘʣʣ, ʥʝ ʚʭʦʜʷʱʠʡ ʚ ʵʪʫ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʫʶ ʠ 

ʦʨʠʛʠʥʘʣʴʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ 

(1413 at.ppm) ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʠ ʘʟʦʪʘ (%NB = 30,8). 

ʇʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʥ ʙʣʠʟʦʢ ʢ ʢʨʠʩʪʘʣʣʘʤ ʘʣʤʘʟʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. 

ʃʦʤʦʥʦʩʦʚʘ, ʦʜʥʘʢʦ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʝʡʪʝʣʝʪʩ (28,1 ʩʤ-1 ï 

ʚʳʰʝ ʚ 3 ʨʘʟʘ!) ʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʳʯʥʦʝ, ʢʨʘʡʥʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʸʤ 

ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ (35,9 ʩʤ-1 ï ʚʳʰʝ ʥʘ ʧʦʨʷʜʦʢ!), ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠ ʵʪʦʪ 

ʢʨʠʩʪʘʣʣ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʝʱʸ ʥʝʠʟʚʝʩʪʥʦʛʦ (ʥʝ ʦʪʢʨʳʪʦʛʦ) ʢʦʨʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ! 



ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ. ʠ ʜʨ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʦʤʧʣʝʢʩʫ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ ʠ ʧʣʝʡʪʝʣʝʪʩ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʟʘʥʠʤʘʶʪ 

ʩʦʚʝʨʰʝʥʥʦ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ 

ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʠ ʋʨʘʣʘ.  ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʠʟʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʥʦʚʦʛʦ, ʝʱʸ ʥʝ ʠʟʚʝʩʪʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʢʦʨʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʥʦʚʳʡ ʢʦʨʝʥʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʠʩʪʦʯʥʠʢ 

ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʴʶ ʠ 

ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʘʣʤʘʟʦʚ.  ʇʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʘʤʳʤʠ ʙʣʠʟʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʷʚʣʷʶʪʩʷ ʘʣʤʘʟʳ ʠʟ ʪʨʫʙʦʢ 

ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʣʤʘʟʳ 

ʪʨʫʙʢʠ ʄʠʨ). 

ʅʠ ʚ ʦʜʥʦʤ ʜʨʫʛʦʤ ʨʘʡʦʥʝ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ (ʚʢʣʶʯʘʷ ʨʘʡʦʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʘʣʤʘʟʦʚ ʋʨʘʣʘ, ʊʠʤʘʥʘ, ɸʨʭʘʥʛʝʣʴʩʢʘ ʠ 

ʌʠʥʣʷʥʜʠʠ) ʪʘʢʠʭ ʥʘʭʦʜʦʢ ʘʣʤʘʟʦʚ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ʥʝ ʙʳʣʦ (ʦʙʳʯʥʦ 

ʝʜʠʥʠʯʥʳʝ ʘʣʤʘʟʳ ʥʘʭʦʜʷʪ ʚ ʢʨʫʧʥʦʦʙʲʸʤʥʳʭ ʧʨʦʙʘʭ ʧʦ 30-50 ʤ3).  ʊʘʢʠʝ 

ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʸʤʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ ʗʢʫʪʠʠ 

(ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ, ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʤ, ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʤ ʠ 

ɸʥʘʙʘʨʩʢʦʤ).  

 

ʃʆʂɸʃʔʅʓɽ ʇʆʀʉʂʆɺʓɽ ʇʈɽɼʇʆʉʓʃʂʀ ʀ ʇʈʀɿʅɸʂʀ.  

ɺʳʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʩʦʚʤʝʱʝʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ 

ʋʩʪʴʷʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ (ʋɸʈ) ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ 

ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ɿɸʈ), ʚ ʢʦʪʦʨʦʤ 

ʦʪʢʨʳʪʳ ʦʢʦʣʦ 80 ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʘ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʠʤ. ɻʨʠʙʘ.  

ʈʘʟʣʠʯʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʚʦʟʨʘʩʪʝ ʠʟʚʝʩʪʥʦʛʦ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ: ʜʣʷ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʨʘʡʦʥʘ ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʟʜʥʠʡ ʜʝʚʦʥ (D3), ʜʣʷ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʵʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʟʜʥʷʷ 

ʧʝʨʤʴ, ʪʘʪʘʨʩʢʠʡ ʚʝʢ ï ʄʝʟʦʟʦʡ (P2t-MZ).  ʇʣʦʱʘʜʴ ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʚ ʮʝʣʦʤ ʦʢʦʣʦ 15 000 ʢʤ2, ʥʦ ʥʝʢʦʪʦʨʳʝ ʠʤʝʶʱʠʝʩʷ 

ʧʦʠʩʢʦʚʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʧʨʠʟʥʘʢʠ ʧʦʟʚʦʣʷʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʧʨʦʷʚʣʝʥʠʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ 

ʜʣʷ ʜʝʪʘʣʴʥʳʭ ʨʘʙʦʪ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʧʣʦʱʘʜʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʧʨʝʜʧʦʩʳʣʢʠ.  ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚ ʧʨʝʜʝʣʘʭ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚʥʫʪʨʠ 

ʦʙʣʘʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʨʘʭʠʬʦʨʤʥʳʭ  ʤʘʛʥʠʪʥʦʡ ʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʘʥʦʤʘʣʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ 

ʨʘʟʫʧʣʦʪʥʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ.  ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʨʘʡʦʥʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ï çɸʢʠʯʢʠʥʩʢʦʝè (ʉʝʚʝʨʥʦʝ) ʧʦʣʝ ʠ çɺʘʞʩʢʦʝè 

(ɿʘʧʘʜʥʦʝ) ʧʦʣʝ [37] (ʨʠʩ. 2). 

 

 

 

ʈʠʩ. 9   ʈʝʟʫʣʴʪʘʪʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʋʩʪʴʷʥʩʢʦʡ ʢʦʣʴʮʝʚʦʡ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ.  ʉʭʝʤʘ ʩʦʚʤʝʱʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʧʣʦʪʥʦʩʪʠ (1), ʠʟʦʪʨʦʧʥʦʩʪʠ 

(2) ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ (3) ʛʠʜʨʦʩʝʪʠ. 

 

ɼʨʫʛʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʟʚʠʪʠʷ ʧʨʦʷʚʣʝʥʠʡ ʤʘʛʤʘʪʠʟʤʘ ʷʚʣʷʶʪʩʷ 



ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ. ʠ ʜʨ 
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ʧʨʝʜʧʦʩʳʣʢʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʫʯʘʩʪʢʠ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʦʙʣʘʩʪʠ ʩʦʚʤʝʱʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʧʣʦʪʥʦʩʪʠ, ʠʟʦʪʨʦʧʥʦʩʪʠ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʠʜʨʦʩʝʪʠ [9,10]. ʊʘʢʠʝ ʫʯʘʩʪʢʠ ʚʳʜʝʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ, ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ. 9).  

ɹʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʧʣʦʱʘʜʠ çʜʦʯʝʨʥʠʭè ʢʦʣʴʮʝʚʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʨʘʟʤʝʨʘ 

(ʢʨʫʛ ʚʝʩʴ, ʢʨʫʛ ʙʦʣʴʰʦʡ, ʢʨʫʛ ʤʘʣʳʡ, ʢʨʫʛ ʩʘʤʳʡ ʤʘʣʳʡ), ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʦʡ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʋʩʪʴʷʥʩʢʦʛʦ 

ʨʘʡʦʥʘ. 

ʆʯʝʥʴ ʚʘʞʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʚʥʫʪʨʠ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʱʘʜʝʡ ï ʢʦʩʚʝʥʥʳʝ ʠ ʧʨʷʤʳʝ 

ʣʦʢʘʣʴʥʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ, ʪʦ ʝʩʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ 

ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘʭ ʘʥʦʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʥʝʨʘʣʦʚ ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ 

ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʠ ʩʘʤʠʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ 

ʚʳʰʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʣʣʶʚʠʷ ʥʘʩʣʝʜʫʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ.  ʅʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʧʣʦʱʘʜʠ ʚʦʟʤʦʞʥʳʭ ʢʦʨʝʥʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʝʩʪʴ ʥʘ ʨʝʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʰʣʠʭʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ çʦʨʝʦʣʦʚ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘè ʫʢʘʟʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʨʦʜʘʭ ʤʠʥʝʨʘʣʦʚ-

ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʠ ʩʘʤʠʭ ʘʣʤʘʟʦʚ. 

ʊʘʢ, ʧʨʠʟʥʘʢʘʤʠ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʠʣʠ 

ʯʘʩʪʠʯʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ, ʥʘʣʠʯʠʝ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ 

(ʢʦʤʧʣʝʢʩʥʦʛʦ) ʦʨʝʦʣʘ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʠʭ ʟʸʨʝʥ (ʢʣʘʩʩʳ ʢʨʫʧʥʦʩʪʠ ʟʸʨʝʥ ʦʪ -0,5 ʤʤ 

ʜʦ +2 ʤʤ), ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʚ 

ʦʨʝʦʣʝ, ʘʥʘʣʦʛʠʯʥʦʝ ʪʘʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ 

ʢʦʨʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ. 

ʀʤʝʥʥʦ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʛʜʝ ʬʠʢʩʠʨʫʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʧʠʨʦʧʘ 

ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ, ʦʙʨʘʟʫʶʱʠʭ ʤʘʣʦʢʦʥʪʨʘʩʪʥʳʝ ʦʨʝʦʣʳ 

ʨʘʩʩʝʷʥʥʦʛʦ ʪʠʧʘ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʱʘʜʠ.  ɿʜʝʩʴ ʞʝ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦʣʥʳʡ ʥʘʙʦʨ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʟʝʨʝʥ ʘʣʤʘʟʘ, 

ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʘʷ ʢʨʫʧʥʦʩʪʴ ʵʪʠʭ ʟʸʨʝʥ (ʜʦ ʢʣʘʩʩʘ -4+2 ʤʤ) ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʥʘʜ ʧʠʨʦʧʦʤ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ).  ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʘʣʤʘʟʘ ʠʤʝʶʪ ʨʝʟʢʦ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ: ʦʪ 0,5 ʤʤ ʜʦ 3,8 ʤʤ (ʦʪ ʢʣʘʩʩʘ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʢʨʫʧʥʦʩʪʠ -0,5+0,25 ʤʤ ʜʦ -4+2 ʤʤ), ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʨʝʦʣʦʚ 

ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʘʣʴʥʝʧʨʠʥʦʩʥʦʛʦ 

ʩʦʨʪʠʨʦʚʘʥʥʦʛʦ (çʢʘʣʠʙʨʦʚʘʥʥʦʛʦè) ʤʘʪʝʨʠʘʣʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ).   

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʢʦʩʚʝʥʥʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ʠ, 

ʥʘʢʦʥʝʮ, ʧʨʷʤʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʠʤʝʥʥʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʣʤʘʟʦʚ (6 ʠʟ 9-ʪʠ ʢʨʠʩʪʘʣʣʦʚ) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʋʩʪʴʷʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʥʘ ʧʣʦʱʘʜʠ ʦʢʦʣʦ 400 ʢʤ2. ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ çɿʠʤʥʠʡè, ʠʟ ʥʠʭ 5 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ (ʚ ʪʦʤ ʯʠʩʣʝ 3 ʩʘʤʳʭ ʢʨʫʧʥʳʭ, ʚʢʣʶʯʘʷ 2 ʦʢʪʘʵʜʨʘ) 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʚʠʜʝ ʝʜʠʥʦʡ ʮʝʧʦʯʢʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʥʘ 

ʧʣʦʱʘʜʠ ʤʝʥʝʝ 100 ʢʤ2.  ʇʨʠ ʵʪʦʤ, ʟʜʝʩʴ ʦʪʤʝʯʝʥʦ ʢʨʘʡʥʝ ʨʝʜʢʦʝ ʜʣʷ 

ʣʝʜʥʠʢʦʚʦʛʦ ʨʘʡʦʥʘ ʷʚʣʝʥʠʝ: ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʥʘʭʦʜʦʢ ʘʣʤʘʟʘ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʣʝʤʝʥʪʳ ʟʘʢʦʥʦʤʝʨʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʫʞʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪ ʦʮʝʥʠʪʴ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʘʣʤʘʟʘ ʋʩʪʴʷʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʚ ʮʝʣʦʤ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʚ ʯʘʩʪʥʦʩʪʠ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʟʥʘʢʦʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʚʥʫʪʨʠ 

ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠʤʝʝʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʸʥʥʳʡ ʠ ʟʘʢʦʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ 

(ʨʠʩ. 10).  ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʫʯʘʩʪʦʢ ʩʦʚʤʝʱʝʥʠʷ ʦʨʝʦʣʦʚ ʤʠʥʝʨʘʣʦʚ-

ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʣʝʜʥʠʢʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʠ ʦʨʘʥʞʝʚʦʛʦ 

ʧʠʨʦʧʘ, ʥʘʭʦʜʦʢ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʣʤʘʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʩʝʭ ʩʘʤʳʭ ʢʨʫʧʥʳʭ 

ʘʣʤʘʟʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ 

ʧʣʦʪʥʦʩʪʠ, ʠʟʦʪʨʦʧʥʦʩʪʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʠʜʨʦʩʝʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʜʝʣʝʥʥʳʤ 

ʧʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʧʦʣʝʤ 

çʉʝʚʝʨʥʳʤè [37].  ʀʤʝʥʥʦ ʵʪʦʪ ʫʯʘʩʪʦʢ ʙʘʩʩʝʡʥʘ ʨʝʢ ɿʠʤʥʷʷ ʠ ʂʦʜʠʤʘ, 

ʚʝʨʭʦʚʴʝʚ ʨʝʢʠ ɺʦʣʶʛʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʦʣʥʦʮʝʥʥʳʭ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʧʦʟʜʥʝʪʘʪʘʨʩʢʦʛʦ ï 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ.   

ʅʘ ʚʦʟʤʦʞʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʦʛʦ ʢʦʨʝʥʥʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʥʠʟʢʦʭʨʦʤʠʩʪʳʭ ʧʠʨʦʧʦʚ 

ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ï ʧʝʩʯʘʥʠʢʘʭ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʡ 

ʧʝʨʤʠ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʚʳʰʝ.  ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʝʜʝʣʘʭ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚʪʦʨʦʛʦ ʥʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ, ʢʠʤʙʝʨʣʠʪʳ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʦʟʜʥʝʧʝʨʤʩʢʠʡ (ʧʦʩʪ-ʢʘʟʘʥʩʢʠʡ ï 

ʜʦ-ʪʘʪʘʨʩʢʠʡ) ʚʦʟʨʘʩʪ.  ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʢʘʪʘʥʥʦʩʪʠ ʟʸʨʝʥ 

ʄʉɸ, ʣʦʢʘʣʠʟʘʮʠʷ ʠʭ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʘ ʠ ʚʦʟʤʦʞʥʘ, ʥʘ 

ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʠ, ʩʦʚʤʝʩʪʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʨʦʜʘʭ ʧʠʨʦʧʘ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʘ ʪʘʢʞʝ ʨʝʟʢʘʷ, ʥʦ 
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ʟʘʢʦʥʦʤʝʨʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʦʙʘʭ ʠ ʧʦ 

ʨʘʟʨʝʟʫ, ʠ  ʧʦ ʧʣʦʱʘʜʠ ʨʘʙʦʪ.  ʆʪʯʸʪʣʠʚʳʡ ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ 

ʧʠʨʦʧʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚʝʨʭʥʝʡ ʧʝʨʤʠ (ʘ ʚʩʣʝʜ ʟʘ ʥʠʤʠ ï ʠ 

ʚ ʘʣʣʶʚʠʠ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʠʟʘʭ ʨʘʟʨʝʟʘ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʥʘ ʟʘʧʘʜʝ 

 

ʈʠʩ. 10  ʉʭʝʤʘ ʩʦʚʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʣʦʢʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ, 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ) ʠ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ. ɹʫʢʚʘʤʠ ʥʘ ʩʭʝʤʝ 

ʦʙʦʟʥʘʯʝʥʳ: ɻɸ ï ʨʝʛʠʦʥʘʣʴʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʘʥʦʤʘʣʠʷ, ʄɸ ï ʨʝʛʠʦʥʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ 

ʘʥʦʤʘʣʠʷ; ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʣʷ: ʂʇʉ ï ʧʦʣʝ çʉʝʚʝʨʥʦʝè, ʂʇɿ ï ʧʦʣʝ 

çɿʘʧʘʜʥʦʝè.  ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʰʣʠʭʦʚʳʝ ʦʨʝʦʣʳ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ) 

ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ (ʄʉɸ-1) ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ; 2 ï 

ʫʯʘʩʪʢʠ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʧʣʦʪʥʦʩʪʠ, ʠʟʦʪʨʦʧʥʦʩʪʠ 

ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʠʜʨʦʩʝʪʠ.  ʈʦʤʙʳ ï ʪʦʯʢʠ ʥʘʭʦʜʦʢ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ (ʨʘʟʤʝʨʳ ʟʥʘʯʢʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʘʟʤʝʨʘʤ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ). 

 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʸʭ ʨʝʢ: ɺʘʛʠ, ʋʩʪʴʠ ʠ 

ʂʦʢʰʝʥʴʛʠ ʠ ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʦ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ çɿʘʧʘʜʥʦʝè [37], ʘ ʪʘʢʞʝ ʩ 

ʦʙʣʘʩʪʴʶ ʣʦʢʘʣʴʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʘʥʦʤʘʣʠʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʣʦʪʥʦʩʪʠ, ʠʟʦʪʨʦʧʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʠʜʨʦʩʝʪʠ, ʨʠʩ. 

9,10).  ʉʫʜʷ ʧʦ ʥʠʟʢʦʭʨʦʤʠʩʪʦʤʫ ʩʦʩʪʘʚʫ ʧʠʨʦʧʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠ ʜʘʞʝ 

ʥʝʩʤʦʪʨʷ ʥʘ ʬʦʨʤʘʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʝʩʯʘʥʠʢʘʭ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ 

ʧʠʨʦʧʦʚ ʛʨʫʧʧʳ G10 ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʧʦ [28], ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ (ʧʦʩʪ-

ʢʘʟʘʥʩʢʦ ï ʜʦ-ʪʘʪʘʨʩʢʦʛʦ) ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ çɿʘʧʘʜʥʦʝè ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʦʯʝʚʠʜʥʳ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʤʘʣʦʚʝʨʦʷʪʥʳ.  ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʧʣʦʱʘʜʠ ʵʪʦʛʦ ʧʦʣʷ ʫʢʘʟʳʚʘʶʪ ʠ ʚʳʷʚʣʝʥʥʳʝ 

ʟʜʝʩʴ ʵʣʝʤʝʥʪʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ (ʠʣʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ?) ʧʨʝʜʧʦʩʳʣʦʢ. 

ɺ ʧʨʝʜʝʣʘʭ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ 

ʙʨʝʢʯʠʝʚʦʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʩʘʤʦʝ ʨʘʟʣʠʯʥʦʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʫʣʢʘʥʠʯʝʩʢʦʝ) ʧʨʦʠʩʭʦʞʜʝʥʠʝ [35].  ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʫʯʝʥʥʳʭ ʙʨʝʢʯʠʡ 

ʦʙʨʘʟʫʝʪ ʩʫʙʩʦʛʣʘʩʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ, 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʥʛʝʥʝʪʠʯʥʳ 

ʚʤʝʱʘʶʱʠʤ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʧʝʨʤʠ.   ɺʩʪʨʝʯʝʥ ʣʠʰʴ ʦʜʠʥ ʚʳʭʦʜ 

ʩʝʢʫʱʝʛʦ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʝʣʘ ʩ ʨʝʟʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʤʦʱʥʦʩʪʴʶ 2-3 ʩʤ 

ʠ ʜʣʠʥʦʡ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ 40 ʩʤ.  ʕʪʦ ʪʝʣʦ ʦʙʨʘʟʦʚʘʥʦ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʸʥʦʡ, 

ʧʦʣʥʦʩʪʴʶ ʛʣʠʥʠʟʠʨʦʚʘʥʥʦʡ ʤʝʣʢʦʧʩʝʬʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ, ʥʘ 60% ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʦʙʣʦʤʢʦʚ ʘʨʛʠʣʣʠʪʦʚ, ʨʝʜʢʦ ʧʝʩʯʘʥʠʢʦʚ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʘʣʝʚʨʠʪʠʩʪʦʡ 

ʛʣʠʥʦʡ. ʆʪʯʸʪʣʠʚʳʭ ʩʣʝʜʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʦʪʤʝʯʘʝʪʩʷ.  ʇʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ ʵʪʦ ʪʝʣʦ, ʚʦʟʤʦʞʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘʧʦʣʥʠʚʰʠʝ ʩʫʙʚʝʨʪʠʢʘʣʴʥʫʶ 

ʪʨʝʱʠʥʫ ʙʦʨʪʦʚʦʛʦ ʦʪʧʦʨʘ  (çʥʝʧʪʫʥʠʯʝʩʢʫʶ ʜʘʡʢʫè?).  ʆʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʠʥʦʡ ʪʠʧ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʡ ʧʦʨʦʜʳ ʥʝʣʴʟʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʵʪʦʡ ʙʨʝʢʯʠʷ 

ʦʪʤʝʯʘʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ - 520 ʛ/ʪ (!!!), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʙʨʝʢʯʠʠ ʚ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ.  ʕʪʦ ʩʝʢʫʱʝʝ 

ʪʝʣʦ ʚʳʩʦʢʦʭʨʦʤʠʩʪʦʡ ʙʨʝʢʯʠʠ (ʦʙʨ. ɻ-168-ʂ/ʉ) ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʫʯʘʩʪʢʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʠʨʦʧʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʚ ʧʝʩʯʘʥʠʢʘʭ 

ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʧʝʨʤʠ ï ʚ ʫʩʪʴʝ ʨ. ʂʦʢʰʝʥʴʛʘ, ʚ ʧʨʝʜʝʣʘʭ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ çɿʘʧʘʜʥʦʝè. 

 

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʜʝʣʝʥʠʝ ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ, ʢʘʢ ʨʘʡʦʥʘ ʧʣʶʤʦʚʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.  ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʥʳʭ ʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ, ʋʩʪʴʷʥʩʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ʩʦʚʤʝʱʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʉɽʍ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ 

ʧʨʝʜʧʦʩʳʣʦʢ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ) 

ʠ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ (ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʜʠʘʧʠʨʘ ʠ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʘʣʤʘʟʦʥʦʩʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ.   ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʩʦʚʤʝʱʝʥʠʝ 

ʣʦʢʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʧʨʦʛʥʦʟʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʷ ʚ ʧʨʝʜʝʣʘʭ ʟʘʧʘʜʥʦʡ (ʧʦʣʝ çɿʘʧʘʜʥʦʝè) ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʋʩʪʴʷʥʩʢʦʡ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ (ʧʦʣʝ çʉʝʚʝʨʥʦʝè).  

ʆʞʠʜʘʝʤʳʝ ʢʠʤʙʝʨʣʠʪʳ ʵʪʠʭ ʜʚʫʭ ʧʦʣʝʡ ʜʦʣʞʥʳ ʨʝʟʢʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ 

ʩʦʩʪʘʚʫ (ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʪʠʧʫ), ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʠ ʚʦʟʨʘʩʪʫ.   

ʉʫʜʷ ʧʦ ʥʘʙʦʨʫ ʠ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ (ʥʠʟʢʦʭʨʦʤʠʩʪʳʝ ʠ 

ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʝ ʧʠʨʦʧ+ʭʨʦʤʰʧʠʥʝʣʠʜ), ʢʠʤʙʝʨʣʠʪʳ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ, 

ʧʦʩʪʢʘʟʘʥʩʢʦ-ʨʘʥʥʝʪʘʪʘʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʩʪʘʚʣʷʚʰʠʝ ʤʘʪʝʨʠʘʣ ʚ 

ʧʦʨʦʜʳ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ, ʤʦʛʫʪ ʙʳʪʴ ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ ʥʝʢʦʪʦʨʳʤ 

ʙʝʟʠʣʴʤʝʥʠʪʦʚʳʤ ʢʠʤʙʝʨʣʠʪʘʤ ʛʣʠʥʦʟʸʤʠʩʪʦʡ ʩʝʨʠʠ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ [15]  ʠ 

ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧʳ 2 ʖʞʥʦʡ ɸʬʨʠʢʠ [32].  ʕʪʠ ʢʠʤʙʝʨʣʠʪʳ ʚ ʣʫʯʰʝʤ 

ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʩʣʘʙʦʘʣʤʘʟʦʥʦʩʥʳ, ʧʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ çɿʘʧʘʜʥʦʝè 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʯʝʚʠʜʥʳ. 

ʅʘʧʨʦʪʠʚ, ʦʞʠʜʘʝʤʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʢʠʤʙʝʨʣʠʪʳ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ (ʧʦʟʜʥʝʪʘʪʘʨʩʢʦʛʦ) ï ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʧʦʩʪʘʚʣʷʚʰʠʝ ʤʘʪʝʨʠʘʣ ʪʦʣʴʢʦ ʚ ʯʝʪʚʝʨʪʠʯʥʳʝ ʧʦʨʦʜʳ, ʩʫʜʷ ʧʦ ʥʘʙʦʨʫ ʠ 

ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ (ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʡ ʧʠʨʦʧ + 

ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʡ ʠ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʡ ʧʠʢʨʦʠʣʴʤʝʥʠʪ), ʘ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʧʨʦʙʘʭ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʸʤʘ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ ʦʢʪʘʵʜʨʦʚ), ʤʦʛʫʪ ʙʳʪʴ ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ 

ʠʣʴʤʝʥʠʪʦʚʳʤ ʢʠʤʙʝʨʣʠʪʘʤ ʞʝʣʝʟʦ-ʪʠʪʘʥʠʩʪʦʡ ʩʝʨʠʠ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ 

(ʪʨʫʙʢʝ ʠʤ. ɻʨʠʙʘ) ʠ ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧʳ 1 ʖʞʥʦʡ ɸʬʨʠʢʠ ʠ ʗʢʫʪʠʠ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ - ʤʝʟʦʟʦʡʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ çʉʝʚʝʨʥʦʝè ʚʝʩʴʤʘ 

ʚʳʩʦʢʠ.  ʐʠʨʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ ʢʨʫʧʥʦʩʪʴ ʠ ʚʳʩʦʢʦʝ 

ʶʚʝʣʠʨʥʦʝ ʢʘʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʣʤʘʟʦʚ ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʘʣʤʘʟʦʚ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʢʘʭ ʠ ʨʦʩʩʳʧʷʭ ʵʪʦʛʦ ʧʦʣʷ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʩʦʚʤʝʱʝʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʄʝʛʨʘ-ʂʝʧʠʥʩʢʦ ï ʐʝʥʢʫʨʩʢʦʡ ʟʦʥʝ 

ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʋʩʪʴʷʥʩʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ 

ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ, ʘ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ çʉʝʚʝʨʥʦʝè ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʳʤ 

ʘʥʘʣʦʛʦʤ ʧʦʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ʠʤ. ɻʨʠʙʘ ʠ (ʠʣʠ)  ʠʤ. ʃʦʤʦʥʦʩʦʚʘ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʠ ʧʦʣʥʫʶ ʘʥʘʣʦʛʠʶ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʠ ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʚ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʤ ʧʦʣʝ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 

11). 

 ɿʠʤʥʝʙʝʨʝʞʥʳʡ ʨʘʡʦʥ ʧʨʠʫʨʦʯʝʥ ʢ ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ VII -VIII -ʤʠ-

ʙʘʣʴʥʦʛʦ ʵʧʠʮʝʥʪʨʘ ɹʝʣʦʤʦʨʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʆʥʝʛʦ-ɼʚʠʥʩʢʠʤ ʘʚʣʘʢʦʛʝʥʦʤ (ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʤ ʚ ʧʦʟʜʥʝʤ 

ʜʝʚʦʥʝ), ʘ ʋʩʪʴʷʥʩʢʠʡ ʨʘʡʦʥ ʧʨʠʫʨʦʯʝʥ ʢ ʟʘʧʘʜʥʦʡ ʧʝʨʠʬʝʨʠʠ VII -ʤʠ-

ʙʘʣʴʥʦʛʦ ʵʧʠʮʝʥʪʨʘ ʉʫʭʦʥʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʉʨʝʜʥʝ-ʈʫʩʩʢʠʤ ʘʚʣʘʢʦʛʝʥʦʤ (ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʤ ʚ ʧʝʨʤʩʢʦ-

ʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ).  ɿʥʘʯʠʪ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʝʚʦʥʩʢʦʛʦ ɹʝʣʦʤʦʨʩʢʦʛʦ 

ʤʘʥʪʠʡʥʦʛʦ ʜʠʘʧʠʨʘ (ʧʣʶʤʘ) ʠ ʧʝʨʤʩʢʦ-ʤʝʟʦʟʦʡʩʢʦʛʦ ʉʫʭʦʥʩʢʦʛʦ ʧʣʶʤʘ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʷʚʣʷʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʞʠʟʥʠ ʨʝʛʠʦʥʘ. 

ʇʦʵʪʦʤʫ ʤʝʞʜʫ ɿʠʤʥʝʙʝʨʝʞʥʳʤ ʠ ʋʩʪʴʷʥʩʢʠʤ ʨʘʡʦʥʘʤʠ ʠʤʝʝʪʩʷ, ʥʘʚʝʨʥʦʝ, 

ʣʠʰʴ ʦʜʥʦ ʚʘʞʥʦʝ ʠ ʦʯʝʚʠʜʥʦʝ ʦʪʣʠʯʠʝ ï ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ.  ʅʘ 

ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʚʦʟʨʘʩʪ ʠʟʚʝʩʪʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʠ ʨʦʜʩʪʚʝʥʥʦʛʦ ʝʤʫ 

ʚʫʣʢʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʙʘʟʘʣʴʪʦʚ ʦʧʨʝʜʝʣʸʥ ʢʘʢ ʧʦʟʜʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʡ ʜʣʷ 

ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ, ʅʸʥʦʢʩʢʦʛʦ ʨʘʡʦʥʘ ʆʥʝʞʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʋʤʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ [12,13,14,16], ʊʝʨʩʢʦʛʦ 

ʙʝʨʝʛʘ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ [6] ʠ ɾʣʦʙʠʥʩʢʦʛʦ ʧʦʣʷ ɹʝʣʦʨʫʩʩʠʠ [23].  

ʋʩʪʘʥʦʚʣʝʥ ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʡ, ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ, ʧʦʟʜʥʝ- ʠ 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ  ʚʦʟʨʘʩʪ ʪʘʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ  ʜʣʷ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ 

ʝʛʦ ʦʙʨʘʤʣʝʥʠʷ (ʢʠʤʙʝʨʣʠʪʳ ʌʠʥʣʷʥʜʠʠ, ʂʠʤʦʟʝʨʦ ʠ ʜʨ.)  ʇʨʦʷʚʣʝʥʠʷ ʙʦʣʝʝ 

ʤʦʣʦʜʦʛʦ, ʧʦʟʜʥʝʧʝʨʤʩʢʦ-ʤʝʟʦʟʦʡʩʢʦʛʦ ʦʩʥʦʚʥʦʛʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʠʟʚʝʩʪʥʳ ʧʦʢʘ ʪʦʣʴʢʦ ʧʦ ʚʦʩʪʦʯʥʦʤʫ ʦʙʨʘʤʣʝʥʠʶ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʥʘ ʊʠʤʘʥʝ ʠ ʋʨʘʣʝ.  ʇʨʠʩʫʪʩʪʚʠʝ ʛʠʘʙʠʩʩʘʣʴʥʦʡ ʠʥʪʨʫʟʠʠ  

ʤʝʣʘʣʝʡʮʠʪʠʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʢʦʨʝʥʥʦʤ ʦʙʥʘʞʝʥʠʠ ʚ ʫʨʝʟʝ ʨʝʢʠ ʉʫʭʦʥʳ 

ʚ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ([8], ʜʘʣʴʥʝʡʰʠʤʠ ʨʘʙʦʪʘʤʠ ʥʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ [36].  

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʯʝʚʠʜʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ (ʘʢʪʠʚʠʟʘʮʠʷ) 

ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʧʦʟʜʝʧʘʣʝʦʟʦʩʢʦ-ʤʝʟʦʟʦʡʩʢʫʶ ʵʧʦʭʫ ʜʦʣʞʥʘ ʙʳʣʘ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠ ʩʠʥʭʨʦʥʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ.  ʇʦʵʪʦʤʫ 

ʤʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʚʧʦʣʥʝ ʤʦʛ ʧʨʦʷʚʠʪʴʩʷ ʠ ʥʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʚ 

ʮʝʣʦʤ, ʠ ʚ ʋʩʪʴʷʥʩʢʦʤ ʨʘʡʦʥʝ ʚ ʯʘʩʪʥʦʩʪʠ.  ʂʠʤʙʝʨʣʠʪʦʚʳʡ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʣʤʘʟʦʥʦʩʥʳʡ) ʠ ʨʦʜʩʪʚʝʥʥʳʡ ʝʤʫ ʚʫʣʢʘʥʠʟʤ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʘʢʪʠʚʥʦ 

ʧʨʦʷʚʠʣʩʷ ʚ ʗʢʫʪʠʠ, ɸʬʨʠʢʝ, ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʝ, ɸʚʩʪʨʘʣʠʠ ʠ ʜʨ..  

ʇʨʠ ʵʪʦʤ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʦʪ ʧʨʦʪʝʨʦʟʦʷ ʜʦ ʤʝʟʦʟʦʷ) 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʦʩʝʜʥʠʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʦ ʠ ʜʘʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʨʘʡʦʥʘ (ʖʞʥʘʷ ɸʬʨʠʢʘ, ɸʚʩʪʨʘʣʠʷ, ʂʘʥʘʜʘ, ʀʥʜʠʷ, 

ʌʠʥʣʷʥʜʠʷ, ʩʝʚʝʨ ʗʢʫʪʠʠ ʠ ʜʨ.). 

ʈʘʟʚʠʪʠʝ ʚ ʧʨʝʜʝʣʘʭ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʦʷʚʣʝʥʠʡ ʤʝʟʦʟʦʡʩʢʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (ʧʦʜʪʚʝʨʞʜʸʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝʤ ʥʘ ʣʦʢʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʟʥʘʢʦʚ) ʛʦʨʘʟʜʦ 
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ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʠ ʣʦʛʠʯʥʦ, ʯʝʤ ʛʠʧʦʪʝʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʣʝʜʥʠʢʘʤʠ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ çʩʣʫʯʘʡʥʘʷè ʥʝʙʳʚʘʣʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʜʘʣʴʥʝʧʨʠʥʦʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʯʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʦ ʚʩʝʤ ʥʝʟʘʚʠʩʠʤʳʤ ʧʨʠʟʥʘʢʘʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ.  ɺ 

ʣʝʜʥʠʢʦʚʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʯʝʚʠʜʥʦʝ ʙʳʩʪʨʦʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ, ʘ ʥʝ ʠʭ 

ʦʙʦʛʘʱʝʥʠʝ.   

 

ʈʠʩ. 11  ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʝ ʧʦʣʝ ʩʝʚʝʨʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ [2].. ʇʦʢʘʟʘʥʳ ʢʦʥʪʫʨʳ 

ʦʙʦʙʱʘʶʱʠʭ ʠʟʦʩʝʡʩʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ (ʚʥʠʟʫ): 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʙʘʣʣʘʭ. 

ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʠʩʢʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʚ ʌʠʥʣʷʥʜʠʠ ʠ 

ʂʘʥʘʜʝ ʜʘ ʠ ʧʨʦʩʪʦ ʧʦ ʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫ.  ʅʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ ʰʣʠʭʦʚʳʤ 

ʦʨʝʦʣʘʤ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʠ ʘʣʤʘʟʦʚ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʥʘ ɹʘʣʪʠʡʩʢʦʤ ʱʠʪʝ ʥʠ ʚ ʂʘʨʝʣʠʠ, ʥʠ ʥʘ ɺʝʪʨʝʥʦʤ ʧʦʷʩʝ, ʥʠ ʚ ʌʠʥʣʷʥʜʠʠ, 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʥʠ ʪʝʤ ʙʦʣʝʝ ʥʘ ʧʣʦʱʘʜʠ ʈʫʩʩʢʦʡ ʧʣʠʪʳ, ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚ 

ʋʩʪʴʷʥʩʢʦʤ ʨʘʡʦʥʝ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʳʝ ʥʘ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʧʦʟʜʥʝ-ʧʝʨʤʩʢʦ - ʤʝʟʦʟʦʡʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ.  ʐʣʠʭʦʚʳʝ ʦʨʝʦʣʳ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʠ ʩʘʤʠʭ ʘʣʤʘʟʦʚ ʥʘ 

ʋʩʪʴʷʥʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪ ʥʝ ʜʘʣʴʥʝʧʨʠʥʦʩʥʦʡ, ʩʣʫʯʘʡʥʳʡ 

(çʘʣʣʦʭʪʦʥʥʳʡè), ʘ ʤʝʩʪʥʳʡ, ʟʘʢʦʥʦʤʝʨʥʳʡ (çʘʚʪʦʭʪʦʥʥʳʡè) ʭʘʨʘʢʪʝʨ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʦʩʩʳʧʝʡ, ʪʦ ʧʦʠʩʢʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ 

ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʣʣʶʚʠʷ ʠ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʋʩʪʴʷʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ.  ʇʨʠ ʵʪʦʤ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, 

ʩʦʚʨʝʤʝʥʥʳʡ ʘʣʣʶʚʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʘʜʢʦʚ ʨʘʡʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʣʠʢʦʤ 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʤʳʚʘ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ  ʠ ʤʦʨʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ.  ʃʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʘʣʣʶʚʠʡ ʬʦʨʤʠʨʫʶʪ ʚ 

ʜʨʝʚʥʠʭ ʜʦʣʠʥʘʭ ʝʜʠʥʳʡ ʧʦ ʩʚʦʝʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʪʝʨʤʠʥʦʤ çʧʨʦʜʫʢʪʠʚʥʳʝ 

ʧʝʩʢʠè ʚ ʧʣʘʥʝ ʧʝʨʩʧʝʢʪʠʚ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ʕʪʘ ʤʦʜʝʣʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʨʦʩʩʳʧʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʝʪʘʣʴʥʳʭ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠ ʦʮʝʥʢʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʧʦʣʷ çʉʝʚʝʨʥʦʝè ʠ ʋʩʪʴʷʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʚ ʮʝʣʦʤ. 

ʊʘʢʠʭ ʷʨʢʠʭ, ʦʪʯʸʪʣʠʚʦ ʧʨʦʷʚʣʝʥʥʳʭ ʠ ʩʦʚʤʝʱʸʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ, 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ) ʠ ʪʝʤ ʙʦʣʝʝ ʧʨʷʤʳʭ ʧʦʠʩʢʦʚʳʭ 

ʧʨʠʟʥʘʢʦʚ (ʧʨʠʩʫʪʩʪʚʠʷ  ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚ ʧʨʦʙʘʭ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʦʙʲʸʤʘ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʥʠʛʜʝ ʥʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʚ ʪ.ʯ. ʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ.  ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʰʣʠʭʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʠ ʚ ʮʝʣʦʤ ʩʠʪʫʘʮʠʶ 

ʘʣʤʘʟʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʋʩʪʴʷʥʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʘʢ ʫʥʠʢʘʣʴʥʫʶ ʜʣʷ ʚʩʝʡ 

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ (ʚʩʝʡ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ), ʘ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪ ʢʘʢ ʚʝʩʴʤʘ ʦʙʥʘʜʸʞʠʚʘʶʱʠʝ. 

.ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʡ 

ʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʪ ʙʦʣʴʰʝ ʥʠʛʜʝ ʚ ʄʠʨʝ! ʕʪʦ: 

1.  ʅʝʙʦʣʴʰʦʝ (ʪʦʣʴʢʦ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʝ) ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʝʯʥʦʡ ʩʝʪʠ (ʭʦʪʷ ʝʩʪʴ ʠ ʷʚʥʘʷ ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴ ʨʝʯʥʦʡ ʩʝʪʠ ʩ 

ʜʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʚʨʝʤʝʥʠ ï ʨʝʢʠ, ʦʩʦʙʝʥʥʦ ʋʩʪʴʷ, ʛʣʫʙʦʢʦ ʧʨʦʨʝʟʘʶʪ 

ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʠ, ʚʝʨʦʷʪʥʦ, ʠʩʧʦʣʴʟʫʶʪ ʨʫʩʣʘ ʜʦʣʝʜʥʠʢʦʚʦʡ, ʯʘʩʪʠʯʥʦ 

ʨʘʥʥʝʣʝʜʥʠʢʦʚʦʡ ʨʝʯʥʦʡ ʩʝʪʠ) ʥʝ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʪʯʸʪʣʠʚʳʤ 

ʣʠʥʝʡʥʳʤ ʰʣʠʭʦʚʳʤ ʦʨʝʦʣʘʤ ʚ ʘʣʣʶʚʠʠ ʠ ʪʝʤ ʙʦʣʝʝ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʢʦʥʪʨʘʩʪʥʳʤ ʠ ʢʦʤʧʘʢʪʥʳʤ ʨʦʩʩʳʧʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʘʣʤʘʟʦʚ. 

2.  ʆʪʩʫʪʩʪʚʠʝ ʚ ʨʘʡʦʥʝ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʢʦʨʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʤ ʤʦʛʣʠ ʙʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʨʝʦʣʳ ʄʉɸ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ, ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʧʦ ʧʣʦʱʘʜʠ, ʯʝʤ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ, ʥʦ ʠʤʝʶʱʠʝ ʩ ʥʠʤʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ (ʧʨʷʤʫʶ) ʩʚʷʟʴ, ʢʦʪʦʨʫʶ ʨʝʘʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʜʦʩʪʫʧʥʳʤʠ, 
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ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʦʙʲʸʤʘʤʠ ʙʫʨʦʚʳʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ.  ʂʘʢ ʵʪʦ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʤʦʛʘʝʪ ʠʩʢʘʪʴ ʪʨʫʙʢʠ ʥʘ ɿʠʤʥʝʤ ɹʝʨʝʛʫ ʠʣʠ ʚ ʚ ʄʘʣʦ-

ʔʦʪʫʦʙʠʥʩʢʦʤ ʠ ʅʘʢʳʥʩʢʦʤ ʧʦʣʝ ʗʢʫʪʠʠ.  

3.  ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʧʣʘʱʝʦʙʨʘʟʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʚʤʝʱʘʶʱʠʭ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʤʦʱʥʦʡ, ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʦʡ ʪʦʣʱʝʡ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʤʦʨʝʥʥʳʭ, ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ, 

ʦʟʸʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʠ ʜʨ.) ʠ ʨʘʟʥʳʭ ʮʝʥʪʨʦʚ ʦʣʝʜʝʥʝʥʠʷ (ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʛʦ), ʘ ʟʥʘʯʠʪ ʠ ʨʘʟʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʣʦʞʥʦʚʳʷʚʣʷʝʤʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ (ʟʘʣʝʛʘʥʠʷ, ʨʘʟʚʠʪʠʷ) ʧʦ ʧʣʦʱʘʜʠ.  ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʦʩʣʘʙʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ çʩʠʛʥʘʣʘè ʦʪ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ï ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʧʣʦʱʘʜʥʳʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠ 

ʥʝʦʯʝʚʠʜʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʪ ʢʦʨʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ; ʘ ʪʘʢʞʝ ʢ ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ çʣʦʞʥʳʭè ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

(ʤʘʛʥʠʪʥʳʭ) ʘʥʦʤʘʣʠʡ ʠ ʜʨ. 

4.  ʉʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʳʡ ʨʘʟʨʝʟ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ 

ʧʦʟʜʥʝʡ ʧʝʨʤʠ, ʯʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ) ʤʝʪʦʜʦʚ. 

5.  ɺʦʟʤʦʞʥʘʷ ʩʣʘʙʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʚʚʠʜʫ ʠʭ ʩʣʘʙʦʡ ʤʘʛʥʠʪʥʦʩʪʠ 

(ʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʠʥʦʛʜʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝʤʘʛʥʠʪʥʳ), ʟʘʩʦʨʸʥʥʦʩʪʠ 

ʢʩʝʥʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʤʦʱʥʳʭ ʦʩʘʜʦʯʥʳʭ 

ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ ʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ, ʢʦʪʦʨʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʳʤʠ ʠ, ʟʥʘʯʠʪ, ʚʝʨʦʷʪʥʦ, 

ʩʣʘʙʦʵʨʦʜʠʨʦʚʘʥʥʳʤʠ. 

6.  ʅʝʣʴʟʷ ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʠ ʚʦʟʤʦʞʥʳʡ ʜʘʡʢʦʚʦ-ʞʠʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʯʘʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ.  

ʋʯʠʪʳʚʘʷ ʪʘʢʫʶ ʩʣʦʞʥʦʩʪʴ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ, 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʧʫʪʴ ʢ ʦʪʢʨʳʪʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ʥʘ 

ʋʩʪʴʷʥʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʣʸʛʢʠʤ - ʧʦʪʨʝʙʫʶʪʩʷ ʩʠʣʳ, ʚʨʝʤʷ, 

ʩʨʝʜʩʪʚʘ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ, ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ (ʤʦʞʝʪ 

ʙʳʪʴ ʜʘʞʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ) ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  ʅʦ ʧʝʨʩʧʝʢʪʠʚʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʋʩʪʴʷʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʩ ʦʞʠʜʘʝʤʳʤ (ʧʨʦʛʥʦʟʥʳʤ) 

ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʧʦʣʝʤ çʉʝʚʝʨʥʦʝè ʚʝʩʴʤʘ ʦʙʥʘʜʸʞʠʚʘʶʱʝ ʚʳʩʦʢʠ. 

 

ɺʓɺʆɼʓ 

ʇʨʦʚʝʜʸʥʥʳʝ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ 

çʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠè ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʨʫʜʦʥʦʩʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤ r
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ʨʘʡʦʥʦʚ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʋʩʪʴʷʥʩʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ 

ʧʨʝʜʧʦʩʳʣʦʢ (ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ) 

ʠ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝʤ 

ʤʘʥʪʠʡʥʦʛʦ ʜʠʘʧʠʨʘ ʠ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʘʣʤʘʟʦʥʦʩʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ 

ʤʘʛʤʘʪʠʟʤʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʧʠʨʦʧʘ (1206 ʟʸʨʝʥ), ʤʝʥʴʰʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʦʣʠʚʠʥʘ, 

ʭʨʦʤʜʠʦʧʩʠʜʘ) ʚ ʘʣʣʶʚʠʠ ʨʘʡʦʥʘ ʚ 3-5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ 

ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʧʠʨʦʧʦʚ ʘʣʤʘʟʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʛʨʫʧʧʳ G10  

- ʦʢʦʣʦ 10%.  

ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʙʥʘʨʫʞʝʥʳ 9 ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ, ʠʟ ʥʠʭ 6 ʢʨʠʩʪʘʣʣʦʚ (ʢʨʫʧʥʳʝ ʦʢʪʘʵʜʨʳ ʠ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʨʘʟʤʝʨʦʤ 

ʜʦ 3,8 ʤʤ ʠ ʚʝʩʦʤ ʜʦ 52 ʤʛ) ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʛʥʦʟʥʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ 

çʉʝʚʝʨʥʦʝè. 

ʇʦ ʢʦʤʧʣʝʢʩʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʩʝ 

ʘʣʤʘʟʳ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘʥʠʤʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ɸʨʭʘʥʛʝʣʴʩʢʘ, ʌʠʥʣʷʥʜʠʠ, ʋʨʘʣʘ ʠ ʊʠʤʘʥʘ.  ʕʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʥʦʚʦʛʦ, ʝʱʸ ʥʝ 

ʠʟʚʝʩʪʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʠʣʠ ʠʩʪʦʯʥʠʢʦʚ). ʕʪʦʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʥʦʚʳʡ ʢʦʨʝʥʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʠʩʪʦʯʥʠʢ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 

ʧʦʚʳʰʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʢʨʫʧʥʦʩʪʴʶ ʘʣʤʘʟʦʚ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʵʪʦʛʦ ʥʦʚʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥʠʝʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʋʩʪʴʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʢʘʢ ʨʘʡʦʥʘ 

ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʠʟʥʘʢʠ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʦʙʠʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ 

ʩ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ - ʋʩʪʴʷʥʩʢʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʩ ʧʨʦʛʥʦʟʥʳʤ ʧʦʣʝʤ çʉʝʚʝʨʥʦʝè.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʨʦʷʪʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʦʢ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʢʨʘʪʝʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʤʦʱʥʳʤʠ ʪʦʣʱʘʤʠ 

ʜʘʣʴʥʝʧʨʠʥʦʩʥʳʭ ʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʷʚʣʝʥʠʝ 

ʚʝɦʝʩʪʚʝʥʥʳʭ ʩʣʝʜʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ.  

ʇʦʵʪʦʤʫ ʧʫʪʴ ʢ ʦʪʢʨʳʪʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʣʸʛʢʠʤ.  ʅʦ 

ʧʝʨʩʧʝʢʪʠʚʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʋʩʪʴʷʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʡʦʥʘ ʚʝʩʴʤʘ 

ʚʳʩʦʢʠ. 

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʧʣʘʥʦʤʝʨʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 



ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ. ʠ ʜʨ 
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ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʋʩʪʴʷʥʩʢʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʨʘʡʦʥʝ (ʠ ʚ 

ʧʨʦʛʥʦʟʥʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ çʉʝʚʝʨʥʦʝè ʚ ʯʘʩʪʥʦʩʪʠ) ʥʝ ʪʦʣʴʢʦ ʚʧʦʣʥʝ 

ʦʙʦʩʥʦʚʘʥʥʦ, ʥʦ ʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ.  
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ɸʙʩʪʨʘʢʪ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ɾʠʜʦʡʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʝʛʦ ʚʦʟʨʘʩʪ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʘʛʤʘʪʠʟʤʘ ʤʘʩʩʠʚʘ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʭʝʤʳ ʤʘʛʤʘʪʠʟʤʘ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʧʘʨʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʤʘʩʩʠʚʘ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʝʜʠʥʳʡ ʪʨʝʥʜ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ. ʇʨʠʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʩʧʝʢʪʨʦʚ TR ʠ ʩʧʘʡʜʝʨ 

ʜʠʘʛʨʘʤʤʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʤʘʩʩʠʚʘ. ʈʫʜʘʤʠ ʥʘ 

ʪʠʪʘʥ ʷʚʣʷʶʪʩʷ ʨʘʥʥʠʝ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ï ʧʠʨʦʢʩʝʥʠʪʳ. ʊʠʪʘʥ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ 

ʚ ʪʨʝʭ ʤʠʥʝʨʘʣʘʭ: ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʝ, ʠʣʴʤʝʥʠʪʝ ʠ ʧʝʨʦʚʩʢʠʪʝ. ɻʣʘʚʥʳʡ ʪʠʧ 

ʪʠʪʘʥʦʚʳʭ ʨʫʜ ï ʧʝʨʦʚʩʢʠʪʦʚʳʡ ï ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʚ ɾʠʜʦʡʩʢʦʤ ʤʘʩʩʠʚʝ. 

ʀʩʭʦʜʷ ʠʟ ʛʝʦʭʠʤʠʠ ʠʟʦʪʦʧʦʚ Sr ʠ Nd, ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʳ ʤʘʩʩʠʚʘ. 

 

The Zhidoy massif of ultrabasic-alkaline rocks and 

carbonatites: its geochemical features, sources and ore 

potential. 
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Abstract. The article describes geological structure of Jidoi massif and its age. The 

scheme of the massif magmatism has been constructed. Double correlation plots of 

petrogenic elements of rocks of the massif in which the unified trend of rock 

structures is observed, are given for verification of correctness of the scheme of 

magmatism. Spectra of TR and spider diagrams of concentrations of rare elements in 

rocks of the massif are given. Piroxenites, early rocks of the massif are ores on 

titanium. Titanium concentrates in three minerals: titanomagnetite, ilmenite and 

perovskite. The main type of titanium ores is perovskitic type, it is known only in 

Jidoi massif. Mantle sources of primary magma of the massif is concluded on the 

basic of geochemistry of isotopes of Sr and Nd. 
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ɺɺɽɼɽʅʀɽ 

ʊʠʪʘʥ ï ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɽʛʦ 

ʢʦʥʮʝʥʪʨʘʪ ʨʘʥʴʰʝ ʧʦʩʪʘʚʣʷʣʠ ʚ ʈʦʩʩʠʶ ʠʟ ʨʦʩʩʳʧʝʡ ʋʢʨʘʠʥʳ, ʠ ʪʝʧʝʨʴ 

ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʜʝʬʠʮʠʪ ʵʪʦʛʦ ʩʳʨʴʷ. ɺ ʈʦʩʩʠʠ ʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ, ʠʟʚʣʝʯʝʥʠʝ ʪʠʪʘʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɺ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʢʨʳʪʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʪʘʥʘ ʥʘ ʄʫʨʫʥʩʢʦʤ ʤʘʩʩʠʚʝ [4], ʛʜʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʚʘʨʮʝʚʘʤʠ ʟʦʥʘʤʠ ʩ ʯʠʩʪʳʤ TiO2 ï ʙʨʫʢʠʪʦʤ, ʘʥʘʪʘʟʦʤ ʠ ʨʫʪʠʣʦʤ, ʠ 

ʪʠʪʘʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ɾʠʜʦʡʩʢʦʤ ʤʘʩʩʠʚʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ 

ʧʠʨʦʢʩʝʥʠʪʘʤʠ ʩ ʧʝʨʦʚʩʢʠʪʦʤ, ʠʣʴʤʝʥʠʪʦʤ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ. ʄʫʨʫʥʩʢʠʡ 

ʤʘʩʩʠʚ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʤ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ 

ɾʠʜʦʡʩʢʠʡ ʤʘʩʩʠʚ ï ʚ 80 ʢʤ ʦʪ ʀʨʢʫʪʩʢʘ, ʚʦʟʣʝ ʧʦʩ. ʊʘʣʴʷʥʳ (ʚ 20 ʢʤ ʦʪʛ. 

ɸʥʛʘʨʩʢʘ) [2] . ʅʘ ɾʠʜʦʡʩʢʦʤ   ʤʘʩʩʚʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʧʦʜʩʯʝʪʫ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʬʠʨʤʦʡ ʆʆʆ 

çʊʠʘʤʠʥ ʈʝʩʫʨʩ ɹʘʡʢʘʣè.  ʈʫʜʳ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ï ʵʪʦ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʠʨʦʢʩʝʥʠʪʳ ʛʣʘʚʥʦʡ ʬʘʟʳ, ʟʘʥʠʤʘʶʱʠʝ 95 % ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ ʠ 

ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʂʨʦʤʝ ʧʠʨʦʢʝʥʠʪʦʚ ʥʘ ʤʘʩʩʠʚʝ ʠʤʝʶʪʩʷ 

ʞʠʣʴʥʳʝ ʪʝʣʘ ʠʡʦʣʠʪʦʚ, ʱʝʣʦʯʥʳʭ ʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʫʨʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʪʝʣʦ 

ʢʘʨʙʦʥʘʪʠʪʘ ʤʦʱʥʦʩʪʴʶ 60 ʤ, ʥʘ ʦʜʥʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ ʮʠʨʢʦʥ-ʧʠʨʦʭʣʦʨʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʢʘʢ ʚ ɹʝʣʦʟʠʤʠʥʩʢʦʤ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʢ ʧʨʦʚʠʥʮʠʠ ʢʦʪʦʨʦʡ ʠ ʦʪʥʦʩʠʪʩʷ 

ɾʠʜʦʡʩʢʠʡ ʤʘʩʩʠʚ. ʇʦʵʪʦʤʫ ʢʘʨʙʦʥʘʪʠʪʳ ʪʦʞʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʥʝʠʟʚʝʩʪʥʦʡ 

ʧʨʠʯʠʥʝ ʚ ʧʫʙʣʠʢʘʮʠʠ [3] ɾʠʜʦʡʩʢʠʡ ʤʘʩʩʠʚ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ɿʘʜʦʡʩʢʠʤ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʧʫʪʘʥʠʮʝ, ʪʘʢ ʢʘʢ ʚ ʇʨʠʩʘʷʥʴʝ ʝʩʪʴ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ɿʘʜʦʡʩʢʠʡ ʤʘʩʩʠʚ. ʇʦʵʪʦʤʫ ʤʘʩʩʠʚʫ ʥʝʦʙʭʦʜʠʤʦ ʚʝʨʥʫʪʴ ʩʪʘʨʦʝ ʥʘʟʚʘʥʠʝ ï 

ɾʠʜʦʡʩʢʠʡ. 

 

ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ ɾʀɼʆʁʉʂʆɻʆ ʄɸʉʉʀɺɸ. 

ɾʠʜʦʡʩʢʠʡ ʤʘʩʩʠʚ ʥʘʭʦʜʠʪʩʷ ʚ 80 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʀʨʢʫʪʩʢʘ, ʥʘ ʨʫʯʴʝ 

ʅʝʬʝʣʠʥʦʚʳʤ, ʧʨʠ ʝʛʦ ʚʧʘʜʝʥʠʠ ʚ ʨ. ɹʦʣʴʰʦʡ ɾʠʜʦʡ [2,5]. ɾʠʜʦʡʩʢʠʡ 

ʤʘʩʩʠʚ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ 0,85 ʢʤ2 ʠ ʠʤʝʝʪ ʧʦʜʢʦʚʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʩ ʜʣʠʥʦʡ 

ʧʦ ʮʝʥʪʨʫ ʠʥʪʨʫʟʠʠ 2 ʢʤ ʧʨʠ ʰʠʨʠʥʝ 600 ʤ. ʇʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʧʦʨʦʜʳ  ʤʘʩʩʠʚʘ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʨ. ɹʦʣʴʰʦʡ ɾʠʜʦʡ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʥʦʚʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ  ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ [1], ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ.1 

ʄʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʦʤ ʐʘʨʳʞʘʣʛʘʡʩʢʦʤ ʙʣʦʢʝ 

ʇʨʠʩʘʷʥʩʢʦʛʦ ʚʳʩʪʫʧʘ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʆʥ ʧʨʦʨʳʚʘʝʪ 

ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʛʥʝʡʩʳ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʚ 

ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʡ ʯʘʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʬʝʥʠʪʳ, ʚʩʢʨʳʪʳʝ ʩʢʚʘʞʠʥʦʡ, 

ʧʨʦʙʫʨʝʥʥʦʡ ʚ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. 

ʄʘʩʩʠʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʠ ʩʣʦʞʝʥ ʥʘ 90 
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% ʨʫʜʥʳʤʠ ʧʠʨʦʢʩʝʥʠʪʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ, 

ʠʣʴʤʝʥʠʪʘ ʠ ʧʝʨʦʚʩʢʠʪʘ. ʉʯʠʪʘʝʪʩʷ [3, 2], ʯʪʦ ʚ ʤʘʩʩʠʚʝ ʯʝʪʳʨʝ ʬʘʟʳ 

ʚʥʝʜʨʝʥʠʷ ï ʧʠʨʦʢʩʝʥʠʪʳ, ʠʡʦʣʠʪʳ, ʩʠʝʥʠʪʳ ʠ ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, 

ʦʜʥʘʢʦ ʪʨʠ ʧʦʩʣʝʜʥʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʧʦ 

ʤʦʱʥʦʩʪʠ ʜʘʡʢʠ, ʠ ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʡʢʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʪʨʫʟʠʡ. ʅʘ 

ʤʘʩʩʠʚʝ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʠʨʦʢʩʝʥʠʪʦʚ, ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʤʠ Ti-ʨʫʜʳ, ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʥʷʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ. ʕʪʦ: 1-ʧʠʨʦʢʩʝʥʠʪʳ ʩ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ (ʨʘʩʧʘʚʰʝʤʩʷ ʥʘ ʤʘʛʥʝʪʠʪ ʠ ʠʣʴʤʝʥʠʪ), ʙʝʟ ʧʝʨʦʚʩʢʠʪʘ; 2-

ʧʠʨʦʢʩʝʥʠʪʳ ʩ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ (ʨʘʩʧʘʚʰʝʤʩʷ ʥʘ ʤʘʛʥʝʪʠʪ ʠ ʠʣʴʤʝʥʠʪ) ʠ 

ʦʪʜʝʣʴʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʠʣʴʤʝʥʠʪʘ; 3-ʧʠʨʦʢʩʝʥʠʪʳ ʩ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ, 

ʠʣʴʤʝʥʠʪʦʤ ʠ ʦʙʦʛʘʱʝʥʥʳʝ ʧʝʨʦʚʩʢʠʪʦʤ ʜʦ 7 %; 4-ʧʠʨʦʢʩʝʥʠʪʳ 

ʩʬʝʥʩʦʜʝʨʞʘʱʠʝ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠ ʙʝʟ 

ʧʝʨʦʚʩʢʠʪʘ (ʥʝ ʨʫʜʥʳʝ). ʇʠʨʦʢʩʝʥʠʪʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʛʠʧʘʙʠʩʩʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʠ ʤʘʩʩʠʚʘ. ʂʨʦʤʝ ʧʠʨʦʢʩʝʥʘ ʤʝʩʪʘʤʠ ʜʦ 5% 

ʧʠʨʦʢʩʝʥʠʪʳ ʩʦʜʝʨʞʘʪ ʙʠʦʪʠʪ. 

             ɼʘʡʢʠ ʱʝʣʦʯʥʳʭ ʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʩʝʢʫʪ ʧʠʨʦʢʩʝʥʠʪʳ ʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʤʘʩʩʠʚʘ ʠ (ʧʦ ʢʝʨʥʫ ʩʢʚʘʞʠʥ ˉ10 ʠ ˉ11) ʥʘ 

 
 

ʈʠʩ. 1. ʅʦʚʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʋʩʣ. ʦʙʦʟʥʘʯʝʥʠʷ: 1- ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, 2- ʬʝʥʠʪʳ, 3- ʜʘʡʢʘ ʣʘʤʧʨʦʬʠʨʦʚ, 4- 

ʧʠʨʦʢʩʝʥʠʪʳ, 5- ʪʝʣʘ ʠʡʦʣʠʪʦʚ, 6- ʜʘʡʢʠ ʩʠʝʥʠʪʦʚ, 7- ʜʘʡʢʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ. ʄʦʱʥʦʩʪʴ ʜʘʝʢ 1-2 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦ 500 ʤ. ʆʥʠ ʩʣʦʞʝʥʳ 

ʤʠʢʨʦʢʣʠʥʦʤ, ʥʝʬʝʣʠʥʦʤ  ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʨʦʢʩʝʥʘ ʠ ʙʠʦʪʠʪʘ. ʀʟ 

ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʬʝʥ (ʪʠʪʘʥʠʪ), ʘʧʘʪʠʪ, ʮʠʨʢʦʥ ʠ ʤʘʛʥʝʪʠʪ. 

 

ɼʘʡʢʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚ ʜʚʫʭ ʤʝʩʪʘʭ ï ʚ ʮʝʥʪʨʝ ʤʘʩʩʠʚʘ 

ʢʘʨʙʦʥʘʪʠʪ (ʤʦʱʥʦʩʪʴʶ 20 ʩʤ) ʩʝʯʝʪ ʜʘʡʢʫ ʩʠʝʥʠʪʘ (ʤʦʱʥʦʩʪʴʶ 1 ʤ), 

ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʝʯʝʪ ʧʠʨʦʢʩʝʥʠʪ ʠ ʚ ʶʞʥʦʡ, ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʯʘʩʪʠ, 

ʛʜʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩʝʢʫʪ ʞʠʣʴʥʦʝ ʪʝʣʦ ʠʡʦʣʠʪʘ. ʊʫʪ ʤʦʱʥʦʩʪʴ ʢʘʨʙʦʥʘʪʠʪʘ  
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʊʘʙʣʠʮʘ 1 

ˉ ʩʢʚ/ʤ SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 

ʇʀʈʆʂʉɽʅʀʊʓ  

"1-/45" 26,97 8,6 3,37 16,26 0,17 8,95 20,26 0,9 0,86 3,73 

"11/72" 27,36 9,04 4,78 15,86 0,19 5,88 16,28 0,9 1,76 2,32 

"11/285" 28,99 6,54 7,06 16,01 0,17 9,49 14,95 1,1 2,77 3,38 

"11/80" 27,57 8,49 5,42 17,79 0,18 8,61 16,01 0,8 2,04 3,09 

"10/35a" 22,02 11,59 1,88 37,96 0,29 6,77 10,28 0,4 0,28 1,05 

"11/270" 35,78 5,33 7,94 17,86 0,3 5,66 13,31 2,2 1,48 1,56 

"11/228" 30,01 7,6 3,75 21,89 0,25 5,69 15,58 1 0,78 2,48 

"10/300" 31,66 5,51 9,89 15,62 0,27 5,12 15,41 3,3 2,24 1,86 

"11/559" 37,92 5,39 9,89 14,02 0,3 3,29 12,83 2,2 2,8 1,15 

"11/698" 28,9 3,88 7,79 15,07 0,37 7,19 17,94 1,8 0,72 1,61 

"10/350" 30,84 5,63 8,89 16,32 0,29 4,38 15,92 3,3 1,3 2,05 

"10/417v" 31,97 4,89 6,61 13,44 0,24 5,7 19,4 2,2 0,16 2,12 

"10/126a" 36,44 2,25 21,32 10,32 0,22 2,4 10,21 12 3,89 0,28 

"10/630" 35,75 3,55 14,47 12,25 0,23 4,26 16,04 6,2 0,11 1,08 

"10/870" 18,23 8,1 0,85 28,81 0,25 6,71 20,92 0,4 0,08 8,45 

"10/417ʛ" 31,97 6,56 2,45 15,83 0,3 6,19 20,28 0,7 0,03 1,81 

"10/756" 33,28 4,05 6,29 17,61 0,25 9,19 14,31 1,3 1,15 0,83 

"10/520" 31,89 5,93 1,93 20,65 0,2 11,6 19,24 0,7 0,2 2,59 

"10/128" 28,89 7,54 4,22 15,94 0,19 11,7 18,04 0,8 1,58 3,46 

"10/950" 30,86 6,56 2,64 17,81 0,18 11,3 20,04 0,6 0,28 3,79 

"11/87" 26,53 11,96 0,56 16,97 0,23 4,98 16,91 0,7 0,14 3,17 

"10/35" 26,72 9,4 1,83 16,89 0,15 8,24 21,14 0,4 0,16 3,87 

"10/114" 28,31 8,22 3,81 17,73 0,22 10,5 18,86 0,8 1,36 3,56 

"11/200" 28,89 8,57 3,53 18,63 0,2 7,02 16,83 1 0,58 2,97 

"11/240" 30,76 7,3 5,47 17,99 0,2 7,67 14,69 1,2 1,66 2,7 

"316/7" 39,02 4,22 9,48 10,04 0,42 3,86 15,9 2,5 0,72 0,99 

"10/420" 33,73 5,64 4,02 13,09 0,27 6,8 21,6 1,5 0,1 2,29 

"10/550" 32,07 2,36 12,51 7,78 0,14 10 25,75 0,8 0,33 6,61 

"10/730" 36 3,81 6,94 17,88 0,25 10,3 14,89 1,8 0,91 1,05 

"328" 29,85 11,21 4,72 18,38 0,23 9,64 22,54 0,8 0,04 2,33 

"330" 36,38 0,45 0,28 52 0,16 4,57 4,72 2,5 0,16 0,29 

"334" 33,53 5,87 4,19 21,18 0,22 10,9 20,29 0,9 0,24 2,77 

"335" 34,01 5,63 4,12 21,01 0,22 11,1 20,3 0,9 0,18 2,57 

"315/10" 45,4 0,84 7,45 12,81 0,18 23,6 6,31 1 0,71 0,27 

"10/450" 33,46 5,54 4,46 21,45 0,23 10,6 20,01 1 0,36 2,88 

"10/733" 39,66 3,68 4,86 19,89 0,29 9,88 18,79 1,3 0,37 1,05 

ʀʁʆʃʀʊʓ  

"10/375" 43,48 1,98 10,67 14,26 0,32 8,78 14,03 3,2 1,36 0,66 

"315/22" 43,39 4,65 13,5 13,97 0,31 4,34 11,12 3,8 2,28 1 

"331" 43,6 3,76 14,24 12,18 0,38 3,13 10,77 4,9 3,51 0,59 

"11/460" 41,15 3,38 9,02 17,69 0,38 4,72 11,98 2,7 3,02 1,51 

"326" 38,79 3,12 15,15 13,08 0,27 4,16 12,17 7,6 2,87 1,13 

"315/11" 48,95 1,33 12,81 14,35 0,19 10,9 8 2,2 0,89 0,5 

"315/17" 48,03 0,15 27,72 2,81 0,04 2,6 12,69 2,1 3,65 0,02 

"10/126" 39 3,13 18,24 10,92 0,21 2,27 10,05 10 0,72 0,38 

"10/417b" 38,28 2,97 17,97 11,29 0,19 3,01 11,8 4,6 2,38 0,84 

"11/496a" 45,21 3,91 13,12 13,25 0,39 2,68 10,98 4,8 1,95 0,72 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

"11/407" 47,48 0,39 13,79 2,89 0,02 0,9 9,37 4,5 5 0,11 

ʉʀɽʅʀʊʓ  

"10/325" 53,45 0,91 15,43 7,82 0,12 5,68 5,74 4,3 3,01 0,31 

"11/405" 52,72 0,98 15,18 6,05 0,07 2,32 5,76 5,3 4,89 0,34 

"11/513" 51,52 2,23 13,48 11,82 0,14 3,98 6,9 4,5 3,19 0,13 

"11/700" 51,48 1,19 14,3 9,71 0,14 6,64 6,65 3,7 2,9 0,41 

"11/390" 52,97 1,44 15,4 9,28 0,18 3,73 3,77 6,2 2,88 0,56 

"11/525" 53 0,58 17,4 6,76 0,16 2,24 4,39 3,7 8,2 0,22 

"11/532" 54,04 0,26 23,45 3,49 0,09 0,16 1,19 7,6 6,91 0,08 

"11/330" 54,84 0,73 16,54 6,3 0,07 2,39 4,67 6,4 3,37 0,24 

"11/539" 57,07 0,71 18,5 4,54 0,12 1,18 3,37 5,5 6,12 0,09 

"11/580" 59,77 0,22 16,87 4,72 0,03 1,28 2,9 4,3 8,29 0,01 

"10/600" 54,06 0,33 19,13 3,75 0,1 0,79 3,26 11 1,03 0,37 

"11/435" 50,6 1,08 12,9 12,69 0,19 6,46 8,45 4,5 1,84 0,1 

"11/539" 57,58 0,7 18,59 4,3 0,11 0,8 3,14 6 5,99 0,09 

"11/532" 53,34 0,26 22,97 3,58 0,08 0,56 1,36 7,9 6,81 0,07 

"10/163" 49,23 0,36 22,85 5,94 0,14 0,85 3,2 9,7 0,43 0,12 

"10/164" 53,21 0,21 19,64 5,79 0,15 1,12 3,7 11 1,23 0,1 

"10/36" 48,31 0,38 22,55 5,42 0,1 0,53 1,36 11 3,57 0,1 

"10/36a" 50,66 0,66 19,84 4,07 0,09 0,93 4,28 6,1 6,32 0,11 

"10/185" 49,9 0,75 18,6 4,92 0,13 1,23 5,27 8,9 2,97 0,5 

"315/4" 53,03 1,46 17,81 6,19 0,13 2,15 6 2 8,22 0,18 

"315/18" 51,26 0,25 23,28 4,64 0,07 3,52 10,71 2,6 2,36 0,04 

"315/20" 55,93 2,71 15,1 14,83 0,22 3,49 7,94 4 0,05 0,94 

"317/9" 55,54 0,9 18,81 5,56 0,16 0,59 3,02 6,6 6,64 0,13 

"329" 53,36 0,53 22,52 5,29 0,08 0,3 1,28 7,1 7,69 0,03 

"332" 55,89 0,22 20,86 4,16 0,09 0,22 1,16 7,8 7,07 0,03 

"315/2" 50,22 1,7 18,45 6,77 0,21 1,42 4,74 5,5 5,09 0,24 

"316/4" 57,1 0,1 23,24 3,02 0,13 0,29 1,32 5,8 7,32 0,03 

"16/175" 52,58 0,22 20,04 2,84 0,12 0,69 3,95 12 1,27 0,27 

"317/8" 63,12 0,23 17,88 2,61 0,07 0,62 2,24 5,6 6,84 0,05 

"317/17" 55,23 0,84 18,93 5,54 0,13 0,68 6,5 4,1 5,41 0,14 

ʌɽʅʀʊʓ  

ç336è 53,64 1,37 15,47 10,09 0,13 4,63 7,11 3,4 2,48 0,59 

ʇʨʠʤʝʯʘʥʠʝ: ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʈʌɸ, ʀɻʍ ʉʆ ʈɸʅ, 2018 ʛ, ʞʝʣʝʟʦ ʦʙʱʝʝ  ʚ ʚʠʜʝ Fe2O3. 

2 ʤ. ʇʘʜʝʥʠʝ ʝʛʦ ʢʦʥʪʘʢʪʘ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦ. ʅʝʜʘʣʝʢʦ ʦʪ ʵʪʦʛʦ ʤʝʩʪʘ 

ʧʨʦʙʫʨʝʥʥʘʷ ʩʢʚʘʞʠʥʘ ʚʦʰʣʘ ʚ ʪʝʣʦ ʢʘʨʙʦʥʘʪʠʪʘ ʤʦʱʥʦʩʪʴʶ  60 ʤ. 

ɺʦʟʤʦʞʥʦ, ʦʥʘ ʧʨʦʙʫʨʝʥʘ ʧʦ ʧʘʜʝʥʠʶ ʜʘʡʢʦʚʦʛʦ ʪʝʣʘ ʢʘʨʙʦʥʘʪʠʪʘ.  

ʂʘʨʙʦʥʘʪʠʪʳ ʢʘʣʴʮʠʪʦʚʳʝ, ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʦʪʠʪʘ, 

ʧʠʨʦʢʩʝʥʘ ʠ ʘʧʘʪʠʪʘ. ɺ ʧʨʦʙʫʨʝʥʥʦʤ ʪʝʣʝ ʢʘʨʙʦʥʘʪʠʪʘ ʠʤʝʝʪʷ ʫʯʘʩʪʦʢ ʩ 

ʮʠʨʢʦʥ-ʧʠʨʦʭʣʦʨʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʘʡʢʠ ʢʘʨʙʦʥʘʪʠʪ 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʫʶ ʧʦʨʦʜʫ, ʩʦʜʝʨʞʘʱʫʶ ʜʦ 50% ʘʣʴʙʠʪʘ. 
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ʇɽʊʈʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʈʆɼ ʄɸʉʉʀɺɸ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ.1 

ɼʠʘʛʨʘʤʤʘ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ 

ʤʘʩʩʠʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2 

ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʱʠʡ ʧʨʝʥʜ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ 

ʚʩʝʭ ʧʦʨʦʜʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʛʦʤʦʜʨʦʤʥʦʩ-

ʪʠ. ʉʨʝʜʠ ʧʠʨʦʢʩʝʥʠʪʦʚ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʨʫʜʦʥʦʩʥʦʛʦ ʤʠʥʝʨʘʣʘ  ʥʘʤʠ 

ʚʳʜʝʣʝʥʦ 4 ʬʘʮʠʠ ï ʩʦʜʝʨʞʘʱʠʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʩʦʜʝʨʞʘʱʠʝ ʠʣʴʤʝʥʠʪ ʠ 

ʧʝʨʦʚʩʢʠʪ ʠ ʩʬʝʥʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʇʦʩʣʝʜʥʷʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʠʫʨʦʯʝʥʘ 

ʢ ʩʝʚʝʨʥʦʤʫ ʢʦʥʪʘʢʪʫ ʤʘʩʩʠʚʘ. ʇʠʨʦʢʩʝʥʠʪʳ ʩʣʦʞʝʥʳ ʘʚʛʠʪʦʤ, ʠʟ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʩʣʶʜʘ ʠ ʨʝʞʝ 

ʢʘʣʴʮʠʪ. ʀʟ ʘʢʮʝʩʩʦʨʥʠʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʤʝʯʝʥʳ ʩʬʝʥ, ʠʣʴʤʝʥʠʪ, ʧʝʨʦʚʩʢʠʪ, 

ʘʧʘʪʠʪ. ɺ ʧʝʛʤʘʪʦʠʜʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʦʚʩʢʠʪʘ ʘʥʦʤʘʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʦʥ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ [1].  

 
ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʈʆɼ ɾʀɼʆʁʉʂʆɻʆ ʄɸʉʉʀɺɸ 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ 

ʤʘʩʩʠʚʘ ʤʝʪʦʜʦʤ ICP-MC (ʀɻʍ ʉʆ ʈɸʅ, ʘʥʘʣʠʪʠʢ ɸ. ʖ. ʄʠʪʨʦʬʘʥʦʚʘ), 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. ʉʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʩʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ 

ʤʘʩʩʠʚʘ ʠʜʝʥʪʠʯʥʳ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʅʘʠʚʳʩʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʧʠʨʦʢʩʝʥʠʪʘʭ ʠ 

ʥʘʠʤʝʥʴʰʠʝ ʚ ʩʠʝʥʠʪʘʭ. ɺ ʩʠʝʥʠʪʘʭ, ʥʘʯʠʥʘʷ ʩ ʛʦʣʴʤʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ. 

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʝʚʨʦʧʠʷ ʧʦʯʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4. ʇʦʚʝʜʝʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʠʨʦʢʩʝʥʠʪʘʭ ʠ ʠʡʦʣʠʪʘʭ ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ. ʋ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʘʥʦʤʘʣʠʠ ʩʚʠʥʮʘ, ʩʪʨʦʥʮʠʷ ʠ ʮʠʨʢʦʥʠʷ ʩ ʛʘʬʥʠʝʤ ʠ ʜʦʚʦʣʴʥʦ ʧʦʣʦʛʠʝ 

ʢʨʠʚʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʩʠʝʥʠʪʘʭ ʦʪʤʝʯʝʥʳ ʜʨʫʛʠʝ ʪʝʥʜʝʥʮʠʠ ï 

ʨʝʟʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʩʪʨʦʥʮʠʷ, ʩʚʠʥʮʘ ʠ ʮʠʨʢʦʥʠʷ ʩ ʛʘʬʥʠʝʤ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʟʜʥʠʭ ʧʦʨʦʜʘʭ ï ʩʠʝʥʠʪʘʭ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ  ʚ ʬʝʥʠʪʘʭ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. 
 

ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʈʆɼ 

 ɾʀɼʆʁʉʂʆɻʆ ʄɸʉʉʀɺɸ 

ʉʦʩʪʘʚʳ ʤʠʥʝʨʘʣʦʚ ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. ɺ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʥʝʬʝʣʠʥ, ʪʘʢ ʠ 

ʢʘʥʢʨʝʥʠʪ. ʇʠʨʦʢʩʝʥ ʚ ʥʠʭ ʘʚʛʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʤʠʢʨʦʢʣʠʥ- ʧʝʨʪʠʪ, ʘʣʴʙʠʪ ʠ ʧʠʨʦʢʩʝʥ ʵʛʠʨʠʥ-ʘʚʛʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ. ɺ ʠʡʦʣʠʪʘʭ  ʧʠʨʦʢʩʝʥ ʪʠʪʘʥ-ʘʚʛʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʣʶʜʘ ï 
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ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʙʠʦʪʠʪ, ʪʠʪʘʥʠʩʪʳʡ ʛʨʘʥʘʪ-ʤʝʣʘʥʠʪ, ʘʧʘʪʠʪ ʠ ʩʬʝʥ ʩʦʜʝʨʞʘʪ 

ʧʨʠʤʝʩʴ ʞʝʣʝʟʘ. ɺ ʧʠʨʦʢʩʝʥʠʪʘʭ ʩʬʝʥ ʩ ʧʨʠʤʝʩʴʶ ʢʨʝʤʥʠʷ, ʘ ʧʝʨʦʚʩʢʠʪ ʙʝʟ 

ʧʨʠʤʝʩʝʡ. 

 

ʈʠʩ.2 ʇʘʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ 

ʤʘʩʩʠʚʘ: 1- ʧʠʨʦʢʩʝʥʠʪʳ, 2- ʠʡʦʣʠʪʳ ʠ 3- ʩʠʝʥʠʪʳ 
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ʈʠʩ. 3  ʉʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  1 ï ʧʠʨʦʢʩʝʥʠʪʳ, 2 ï ʠʡʦʣʠʪʳ,  3 ï ʩʠʝʥʠʪʳ 

 

ʊʘʙʣʠʮʘ  2. 

ʉʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ 

 
 1 2 3 4 5 6 7 8 9 

V    434.7  654.0  186.9  68.27  323.0  66.43  103.3  446.5  189.2  

Cr   6.78  1 1 43.79  4.47  2.84  1.94  64.39  139.9  

Co   37.72  47.17  4.12  13.94  15.20  3.77  2.36  87.02  33.45  

Ni   8.47  14.28  5.56  24.95  9.08  3.57  2.53  42.22  33.09  

Cu   84.32  94.14  11.88  21.95  20.02  7.94  6.55  216.0  28.71  

Zn   170.2  297.5  62.04  74.57  218.1  63.64  54.02  205.4  111.0  

Ga   30.56  27.19  43.11  9.55  34.61  44.88  38.60  20.58  25.00  

Ge   1.64  2.93  0.72  4.56  2.27  0.84  0.89  1.98  1.83  

Rb   27.84  1.92  98.93  3.00  56.41  91.60  105.3  4.78  75.68  

Sr   1438  979  1909  100  3841  1865  1202  628  1601  

Y    44.24  78.42  6.19  12.80  80.62  5.68  5.85  31.44  42.04  

Zr   913.4  606.3  268.2  3.08  1954.5  475  680.7  342.5  376.0  

Nb   271.89  349.58  66.60  8.38  446.7  52.07  82.16  17.55  21.24  

Sn  5.32  10.20  1.81  1.55  8.69  1.09  2.37  4.71  2.80  

Cs  0.43  0.74  1.24  0.82  0.53  1.77  1.96  1.06  0.59  

Ba  244 57.25  3265  94.96  3224  1660  725  81.58  1850  

La  130.2  360.5  11.98  11.69  326.6  13.85  12.36  63.58  134.1  

Ce  276.80  943.5  23.94  25.10  764.5  28.08  31.61  163.4  257.6  

Pr  32.57  100.3  2.84  3.48  74.81  2.87  4.14  24.15  29.79  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ2 

Nd  113.3  377.9  9.52  13.21  254.0  9.85  15.83  108.2  105.5  

Sm  18.77  66.08  1.34  2.62  37.75  1.58  2.85  20.94  16.86  

Eu  5.51  19.00  0.78  0.76  10.76  0.68  0.81  5.57  3.66  

Gd  15.24  50.53  1.48  2.73  27.87  1.30  1.81  16.58  12.95  

Tb  2.13  6.13  0.21  0.40  3.64  0.18  0.34  1.98  1.66  

Dy  10.10  25.46  0.96  1.86  17.31  1.05  1.23  8.60  8.12  

Ho  1.55  3.80  0.28  0.40  3.15  0.17  0.20  1.22  1.47  

Er  3.87  7.77  0.62  0.91  8.04  0.73  0.69  2.64  4.04  

Tm  0.45  0.79  0.12  0.16  0.98  0.11  0.14  0.30  0.59  

Yb  2.64  3.59  0.69  1.08  5.80  0.81  1.19  1.77  3.58  

Lu  0.41  0.47  0.11  0.18  0.74  0.13  0.24  0.22  0.47  

Hf  16.39  19.68  3.69  0.21  29.44  6.54  11.20  10.83  7.00  

Ta  8.12  39.34  1.06  0.30  20.33  0.46  1.36  1.77  1.09  

W   0.56  2.37  0.17  0.94  8.00  1.64  0.69  0.24  1.41  

Tl  0.02  0.03  0.08  0.05  0.01  0.07  0.17  0.04  0.08  

Pb  6.15  13.87  3.37  0.78  8.97  10.78  3.95  0.73  22.86  

Th  9.49  25.33  2.91  0.39  19.54  10.92  4.95  1.87  16.06  

U   1.69  8.16  0.97  0.14  3.47  1.85  1.31  0.31  1.69  

 

ʇʨʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ICP-MS ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʳ, ʎʂʇ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ,  ʘʥʘʣʠʪʠʢ ʄʠʪʦʨʬʘʥʦʚʘ ɸ.ʖ. 2018 ʛʦʜ 

 
ʊʘʙʣʠʮʘ 3 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʚ 

ʩ.%)

 

ʇʨʠʤʝʯʘʥʠʝ: 1-2 ʥʝʬʝʣʠʥ, 3-4 ʢʘʥʢʨʝʥʠʪ, 5-ʤʠʢʨʦʢʣʠʥ, 6-ʘʣʴʙʠʪ, 7-ʘʚʛʠʪ, 8-ʵʛʠʨʠʥ-

ʘʚʛʠʪ, 9-ʪʠʪʘʥʘʚʛʠʪ, 10- ʙʠʦʪʠʪ, 11-ʛʨʘʥʘʪ- ʤʝʣʘʥʠʪ, 12-13 ʘʧʘʪʠʪ, 14-ʩʬʝʥ, 15- ʧʝʨʦʚʩʢʠʪ 

ʄʠʥʝʨʘʣʳ ʠʟ: ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ-1,2,3,4,7,  ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪʦʚ-5, 6, 8, 

ʠʡʦʣʠʪʦʚ-9, 10, 11, 13, 14, ʧʠʨʦʢʩʝʥʠʪʦʚ-12, 15. ʄʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ. 

ʐʠʥʰʠ ʫʥʠʚʝʨʩʠʪʝʪ, ʗʧʦʥʠʷ 2018 ʛ 
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ʈʠʩ.4 ʉʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʧʦʨʦʜ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʊʘʙʣʠʮʘ 4 

ʈʝʜʢʦʟʝʤʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʪʪʨʠʡ (ʚ ppm) ʚ ʩʬʝʥʘʭ ʠ ʘʧʘʪʠʪʘʭ 

 

ʄʠʥʝʨʘʣʳ ʠʟ ʧʦʨʦʜ: 1,4 - ʩʠʝʥʠʪʦʚ, 2,3,8 -  ʠʡʦʣʠʪʦʚ, 5,6,7,9 ïʧʠʨʦʢʩʝʥʠʪʦʚ, 10- 

ʬʝʥʠʪʦʚ 

 

 
 

ʈʠʩ.5 ʉʦʦʪʥʦʰʝʥʠʷ ʛʨʫʧʧ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʪʪʨʠʷ ʚ ʤʠʥʝʨʘʣʘʭ 

ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ.  
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʩʠʥʠʝ ʩʬʝʥʳ ʠʟ ʧʦʨʦʜ- 1-ʧʠʨʦʢʩʝʥʠʪʳ. 2-ʙʠʦʪʠʪʦʚʳʝ 

ʧʠʨʦʢʩʝʥʠʪʳ, 3-ʱʝʣʦʯʥʳʝ ʩʠʝʥʠʪʳ, 4-ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ, 5-ʧʝʛʤʘʪʠʪʳ ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʦʚ. ʂʨʘʩʥʳʝ ʘʧʘʪʠʪʳ ï 6-ʧʠʨʦʢʩʝʥʠʪʳ, 7 ʙʠʦʪʠʪʦʚʳʝ ʧʠʨʦʢʩʝʥʠʪʳ, 8-ʬʝʥʠʪʳ. 

 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʪʪʨʠʷ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʬʝʥʘʭ ʠ ʘʧʘʪʠʪʘʭ (ʧʦ ʜʘʥʥʳʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ). 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʚ 
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ʩʬʝʥʘʭ ʠʟ ʧʠʨʦʢʩʝʥʠʪʦʚ, ʧʨʠʪʦʤ ʚ ʥʠʭ ʵʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ, ʯʝʤ ʚ 

ʘʧʘʪʠʪʘʭ, ʘ ʚ ʠʡʦʣʠʪʘʭ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ. ɺ ʘʧʘʪʠʪʘʭ ʠʟ ʬʝʥʠʪʦʚ ʦʪʤʝʯʝʥʳ 

ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ.  
ʉʦʦʪʥʦʰʝʥʠʷ ʛʨʫʧʧ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʪʪʨʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ɾʠʜʦʡʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʚ ʩʬʝʥʘʭ ʠ ʘʧʘʪʠʪʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.5. ʂʨʘʩʥʦʡ ʣʠʥʠʝʡ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʛʝʥʥʳʝ 

ʩʬʝʥʳ ʠ ʘʧʘʪʠʪʳ ʠʟ ʧʠʨʦʢʩʝʥʠʪʦʚ. 

 

ʀɿʆʊʆʇʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʆʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʉ,ʆ, Nd ʠ Sr  ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʧʨʦʚʝʜʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʐʠʥʰʠ ʋʥʠʚʝʨʩʠʪʝʪʘ, ʗʧʦʥʠʷ [6]. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ  5 ʠ 6. 

ʊʘʙʣʠʮʘ 5 

ɿʥʘʯʝʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ  

ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʤʘʩʩʠʚʘ. 

ˉ ʧ/ʧ Mineral d13ʉ d18ʆ 

1 calcite -5,8 7,2 

2 calcite -5,6 7,5 

3 calcite -5,5 7,1 

4 calcite -5,2 7,5 

5 dolomite -4,9 7,3 

 

ʉʦʦʪʥʦʰʝʥʠʡ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ 

(ʨʠʩ.5-ɹ). ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʠʟʦʪʦʧʦʚ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʧʦʧʘʜʘʶʪ ʚ ʤʘʥʪʠʡʥʳʡ ʢʚʘʜʨʘʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʥʪʠʡʥʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʳ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
 

 
 

ʈʠʩ. 5. ɸ- ʀʟʦʪʦʧʳ Sr-Nd ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ [7], 

ʄʘʩʩʠʚʳ: 1 - ʏʘʜʦʙʝʮ, 2 - ɽʩʩʝʡ, 3 - ɻʫʣʠ, 4 ï ʀʥʛʠʣʠ, 5 ï ɸʨʙʘʨʘʩʪʘʭ, 6 ï ɻʦʨʥʦʝ ʆʟʝʨʦ, 

7ï ʂʠʡʩʢʠʡ, 8 ï ʊʘʪʘʨʩʢʠʡ, 9 ï ɹʝʣʘʷ ɿʠʤʘ, 10 ï ʉʨʝʜʥʷʷ ɿʠʤʘ, 11 ï ʊʘʛʥʘ, 12 ï ɾʠʜʦʡ, ɹ- 

ʀʟʦʪʦʧʳ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʦʜʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 1- ʢʘʨʙʦʥʘʪʠʪʳ, 2- 

ʠʡʦʣʠʪʳ. 
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ʅʘ ʜʠʘʛʨʘʤʤʝ 5-ɸ ʥʘʥʝʩʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʵʧʩʠʣʦʥ Nd ʠ 

ʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʦʚ ʩʪʨʦʥʮʠʷ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʦʙʨʘʤʣʝʥʠʷ  ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʥʘ ʚʦʟʨʘʩʪ 650 ʤʣʥ. ʣʝʪ. ʂʘʨʙʦʥʘʪʠʪʳ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ 

ʵʪʠʤ ʟʥʘʯʝʥʠʷʤ ʨʘʩʧʦʣʦʛʘʶʪʩʷ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʢʘʨʙʦʥʘʪʠʪʘʤ ʉʘʷʥʩʢʦʡ ʛʨʫʧʧʘ 

(ɹʝʣʘʷ, ʩʨʝʜʥʷʷ ɿʠʤʘ ʠ ʊʘʛʥʘ), ʢ ʬʦʨʤʘʮʠʠ ʢʦʪʦʨʳʭ ʦʥʠ ʠ ʦʪʥʦʩʷʪʩʷ [1]. 

ɿʥʘʯʝʥʠʷ ʠʟʦʪʦʧʦʚ ʜʣʷ ʚʩʝʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ, ʯʪʦ ʤʦʞʥʦ ʦʙʴʷʩʥʠʪʴ 

ʩʫʙʜʫʢʮʠʝʡ ʧʦʜ ʧʣʘʪʬʦʨʤʫ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʟʘʣʴʪʦʚ. 

ʀʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʜʣʷ ʧʝʨʚʠʯʥʦʡ 

ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʤʘʛʤʳ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʥʝʯʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʠʪʳ.  

 

ʊʘʙʣʠʮʘ 6 

ɿʥʘʯʝʥʠʷ ʠʟʦʪʦʧʦʚ Sr  ʠ Nd ʚ ʧʦʨʦʜʘʭ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ˉˉ 

Rb 

(ppm) 

Sr 

(ppm) 87Rb/86Sr 87Sr/86Sr 147Sm/144Nd 143Nd/144Nd eNd 

1 0,67 768,04 0,00251 0,702489 0,107504 0,512436 2,8 

2 33,61 1237,86 0,078525 0,704144 0,091018 0,512271 0,9 

3 105,36 881,52 0,345757 0,706185 0,100649 0,512341 1,5 

4 1,03 6050,42 0,000491 0,703351 0,082711 0,512263 1,4 

5 1,79 4658,95 0,001109 0,703389 0,081792 0,512304 2,2 

6 1,08 5908  0,70332  0,51206 3,8 

7 1,34 5437  0,70317  0,51201 2,8 

 

ɺʓɺʆɼʓ 

1.ɺrʜʝʣʝʥʦ ʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʨʫʜʥʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ ï ʩ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʡ , ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʨʫʜʦʡ.  

2. ʅʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʝʜʠʥʳʡ ʪʨʝʥʜ ʩʦʩʪʘʚʦʡ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʛʦʤʦʜʨʦʤʥʦʩʪʠ ʧʦʨʦʜ 

ʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʝʜʠʥʦʡ ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʳ. 

3. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʘʢ ʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʦʜʩʪʚʦ ʧʦʨʦʜ 

ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

4. ʀʩʭʦʜʷ ʠʟ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ï 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʘʷ ʤʘʥʪʠʷ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʳ ɾʠʜʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ 

ʇʨʦʝʢʪʫ IX. 129.1.4. ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 18-05-00073, 19-05-

00388 ɸ),ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʀʅʎ ʉʆ ʈɸʅ, ʙʣʦʢ 1.4  
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ɻʝʦʭʠʤʠʷ, ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʟʦʥʳ (ʥʘ ʧʨʠʤʝʨʝ ɿʘʰʠʭʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 
 

ɸʣʳʤʦʚʘ ʅ.ɺ. ɺʣʘʜʳʢʠʥ ʅ.ɺ., ɼʦʢʫʯʠʮ ʕ.ʖ. 
 

ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ 

ʀʨʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʆ ʈɸʅ 

 

 ɸʙʩʪʨʘʢʪ. ɿʘʰʠʭʠʥʩʢʠʡ ʤʘʩʩʠʚ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ) ʧʨʠʫʨʦʯʝʥ ʢ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʟʦʥʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʱʝʣʦʯʥʦ-

ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɺʳʜʝʣʝʥʳ ʪʨʠ ʬʘʮʠʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʤʘʩʩʠʚʘ 

ʧʦ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ. ʉʘʤʳʝ ʨʘʥʥʠʝ 

ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʩʤʝʥʷʶʪʩʷ 

ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʤʠ, ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʘʣʴʙʠʪʦʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ɸʣʴʙʠʪʠʪʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ REE ʩʚʳʰʝ 10000 ʤʢʛ/ʛ ʠ ʤʝʩʪʘʤʠ ʜʦʩʪʠʛʘʶʪ 15440 

ʤʢʛ/ʛ. ʅʘ ʛʨʘʬʠʢʘʭ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʯʝʪʢʠʝ ʪʨʝʥʜʳ ʩʦʩʪʘʚʦʚ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʚʩʝʭ 

ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʠʟ ʝʜʠʥʦʡ ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʦʪ ʨʘʥʥʠʭ ʬʘʮʠʡ ʢ ʧʦʟʜʥʠʤ. ʉʧʝʢʪʨʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʩʝʭ ʬʘʮʠʡ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʦʜʥʦʪʠʧʥʳ ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʠʭ ʦʙʱʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ. ʉʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʧʦʨʦʜ ʪʘʢʞʝ ʙʣʠʟʢʠ ʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʨʘʟʤʝʨʦʚ ʘʥʦʤʘʣʠʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʝʜʠʥʦʤ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʛʝʥʝʟʠʩʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʘʣʴʙʠʪʠʪʦʚ. 

ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ-ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠ ʨʫʜʘʭ 

ʷʚʣʷʶʪʩʷ ʢʦʣʫʤʙʠʪ-ʪʘʥʪʘʣʠʪ, ʩʪʨʶʚʝʨʠʪ-ʠʣʴʤʝʥʦʨʫʪʠʣ, ʮʠʨʢʦʥ ʠ ʢʩʝʥʦʪʠʤ. ɺ 

ʛʨʘʥʠʪʘʭ ʤʘʩʩʠʚʘ ʥʘʤʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ 

ʟʘʤʝʱʝʥʠʷ ʦʜʥʠʭ ʤʠʥʝʨʘʣʦʚ ʜʨʫʛʠʤʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʨʦʜ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  
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Abstract. The Zashikhinsky massif (Irkutsk region) coinsides with late-Paleozoic East-

Sayan area of rare-metal alkaline-granite magmatism. Three facial varieties of rocks of 

the massif were identidied accordind to the degree of differentiation and ore potential. 

The earliest amphibole-bearing microcline-albite granites change to leycocratic quartz-

albite ones transitioning to significantly albite varieties. Albitites are the most rare-

metal rocks of the deposit. REE contents reach 10000 ug/g, and in some samples reach 

15440 ug/g. Compotitional trands are visible in double correlation plots of rock-

forming and rare elements. Than may be indicative of origin of all facial varieties of 

rocks of the massif from a common parent magma in a differentiation process from 

early facies to late ones. REE spectra plots of all facies of alkaline rocks are rather same 

and only differ in common contents. Spider-diagrams of rocks are also similar and only 

differ in small variations of anomalies sizes. Geological, petrographical and 

geochemical data observed reflect to common magmatic genesis of rare-metal granites 

and albitites. Columbite-tantalite, struverite-ilmenorutile, zircon and xenotime are 

major minerals, which are rare-element concentrators in rocks and ores. We have not 

discovered any metasomatic zoning and replacement of some minerals to other ones 

having metasomatic origin within the borders of the massif.  

 
 

ɺɺɽɼɽʅʀɽ 

ʉ ʧʨʦʷʚʣʝʥʠʷʤʠ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩʚʷʟʘʥʳ ʫʥʠʢʘʣʴʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʢʦʤʧʣʝʢʩʥʦʡ (ʪʘʥʪʘʣ-ʥʠʦʙʠʝʚʦʡ, ʮʠʨʢʦʥʠʝʚʦʡ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ, ʙʝʨʠʣʣʠʝʚʦʡ, ʣʠʪʠʝʚʦʡ ʠ ʜʨ.) ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʇʦ ʤʘʩʰʪʘʙʘʤ ʥʘʢʦʧʣʝʥʠʷ Ta, Nb, Zr, Y, REE ʱʝʣʦʯʥʳʝ 

ʛʨʘʥʠʪʥʳʝ ʤʘʩʩʠʚʳ ï ʚʝʩʴʤʘ ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ, ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʠ. ʂ ʧʦʜʦʙʥʳʤ ʤʘʩʩʠʚʘʤ ʦʪʥʦʩʠʪʩʷ ɿʘʰʠʭʠʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ), ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʟʦʥʳ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʱʝʣʦʯʥʦ-

ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ ʟʦʥʘ ʚʦʟʥʠʢʣʘ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [20], ʛʣʘʚʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʩʣʝʜʥʝʡ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʝʡʰʠʡ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʡ 

ʛʨʘʥʠʪʦʠʜʥʳʡ ʙʘʪʦʣʠʪ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʝʛʦ ʩ ʬʣʘʥʛʦʚ ʨʠʬʪʦʚʳʝ ʟʦʥʳ 

(ʋʜʠʥʦ-ɺʠʪʠʤʩʢʘʷ, ʉʳʥʥʳʨʩʢʘʷ, ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ, ʉʘʡʞʝʥʩʢʘʷ) [11]. 

ʆʙʨʘʟʦʚʘʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ ʚ 

ʢʦʥʮʝ ʢʘʨʙʦʥʘ - ʥʘʯʘʣʝ ʧʝʨʤʠ [20]. 

ɿʦʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʧʦʷʩʘ, ʚʳʪʷʥʫʪʦʛʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʜʦʣʴ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ. ʅʘ 

ʧʨʦʜʦʣʞʝʥʠʠ ʵʪʦʛʦ ʧʦʷʩʘ, ʢ ʩʝʚʝʨʫ ʟʘ ɻʣʘʚʥʳʤ ʉʘʷʥʩʢʠʤ ʨʘʟʣʦʤʦʤ, 

ʥʘʭʦʜʠʪʩʷ ʫʥʠʢʘʣʴʥʦʝ ɿʘʰʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʩʳʨʴʷ 

ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʘʥʪʘʣʘ ʚ ʈʦʩʩʠʠ [9]. ʈʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʥʪʘʣ-ʥʠʦʙʠʝʚʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʪʠʧʫ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʦʙʦʛʘʱʝʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʪʪʨʠʝʚʦʡ ʛʨʫʧʧʳ, ʥʘʠʙʦʣʝʝ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʦʩʷʪ ʜʠʩʢʫʩʩʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʥʦʩʠʣʠ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʠ ʘʩʩʦʮʠʠʨʫʶʱʝʝ 

ʩ ʥʠʤʠ ʦʨʫʜʝʥʝʥʠʝ ʢ ʤʝʪʘʩʦʤʘʪʠʪʘʤ [2, 3, 7]. ʇʦ ʤʥʝʥʠʶ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, 

ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʝ ʱʝʣʦʯʥʳʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ 

ʘʛʧʘʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʩ ʨʷʜʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ [1, 4, 14, 19, 20].  

 

ɸʅɸʃʀʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʧʨʦʚʦʜʠʣʠʩʴ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çʀʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ ʈɸʅ ʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʮʝʥʪʨʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʀʨʅʀʊʋ (ʛ. ʀʨʢʫʪʩʢ).  

ʉʦʜʝʨʞʘʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʳʤ ʩʠʣʠʢʘʪʥʳʤ ʘʥʘʣʠʟʦʤ (ʈʌɸ) ʥʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ CPM-25 ʧʨʦʠʟʚʦʜʩʪʚʘ çʆʨʝʣʥʘʫʯʧʨʠʙʦʨè. 

ʆʙʨʘʟʮʳ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʣʘʚʣʝʥʠʷ ʩ ʬʣʶʩʦʤ ï ʤʝʪʘʙʦʨʘʪʦʤ 

ʣʠʪʠʷ (LiBO2) ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʚ ʪʠʛʣʷʭ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 11000 C. ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʙʘ:ʬʣʶʩ ï 1:2, ʤʘʩʩʘ  ʧʨʦʙʳ 1.25 ʛ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ICP-MS ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ çElement 2è ʬʠʨʤʳ 

çFinniganè ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʤʝʪʦʜʦʤ ʨʘʟʣʦʞʝʥʠʝ ʩʧʣʘʚʣʝʥʠʝʤ ʩ ʤʝʪʘʙʦʨʘʪʦʤ ʣʠʪʠʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (K, Na, Li , Rb, Cs) ʦʧʨʝʜʝʣʝʥʦ 

ʤʝʪʦʜʦʤ ʬʦʪʦʤʝʪʨʠʠ ʧʣʘʤʝʥʠ ʥʘ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʤ ʧʣʘʤʝʥʥʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ɼʌʉ-12. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚʳʭ ʥʘʚʝʩʦʢ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʩʤʝʩʴʶ ʢʠʩʣʦʪ 

HF ʠ HClO4. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ʧʦʛʨʝʰʥʦʩʪʠ 

ʤʝʪʦʜʘ ʬʦʪʦʤʝʪʨʠʠ ʧʣʘʤʝʥʠ (ʤʝʪʦʜʠʢʘ ʉʊʇ ʀɻʍ-009-07). 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʧʨʦʚʝʜʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ JXA-

8200, Jeol. Ltd. (ʗʧʦʥʠʷ), ʩʥʘʙʞʝʥʥʦʛʦ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ (EDS) ʩ SiLi-

ʜʝʪʝʢʪʦʨʦʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 133 ʝɺ ʠ ʧʷʪʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʩ ʚʦʣʥʦʚʦʡ 

ʜʠʩʧʝʨʩʠʝʡ (WDS). 

 

ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʇʆʃʆɾɽʅʀɽ ʀ ʉʊʈʆɽʅʀɽ ʄɸʉʉʀɺɸ 

ɿʘʰʠʭʠʥʩʢʠʡ ʤʘʩʩʠʚ ʱʝʣʦʯʥʳʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʅʠʞʥʝʫʜʠʥʩʢʦʤ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ɺʦʩʪʦʯʥʦʤ 

ʉʘʷʥʝ. ʆʥ ʪʷʛʦʪʝʝʪ ʢ ʟʦʥʝ ʚʣʠʷʥʠʷ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ï ʢʨʘʝʚʦʛʦ 

ʰʚʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʈʘʟʣʦʤ ʪʨʘʩʩʠʨʫʝʪʩʷ ʚʳʭʦʜʘʤʠ ʦʩʘʜʦʯʥʳʭ, 

ʚʫʣʢʘʥʦʛʝʥʥʳʭ, ʠʥʪʨʫʟʠʚʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʰʠʨʦʢʦʛʦ 



ɸʣʳʤʦʚʘ ʅ.ɺ. ɺʣʘʜʳʢʠʥ ʅ.ɺ., ɼʦʢʫʯʠʮ ʕ.ʖ. 
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ʚʦʟʨʘʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʝʥʠʷ ʵʪʦʡ ʟʦʥʳ 

ʷʚʣʷʝʪʩʷ ʧʦʷʩ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠ 

ʢʦʤʘʛʤʘʪʠʯʥʳʭ ʠʤ ʚʫʣʢʘʥʠʪʘʤ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ 

ʦʛʥʠʪʩʢʠʡ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʚʝʨʭʥʝʥʝʨʭʠʥʩʢʘʷ ʩʚʠʪʘ.  

ʄʘʩʩʠʚ ʩʣʦʞʝʥ ʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʨʝʜʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʦʙʦʩʦʙʣʝʥʥʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʚʥʝʜʨʝʥʦ ʚ 

ʍʘʡʣʘʤʠʥʩʢʠʡ ʤʘʩʩʠʚ ʛʨʘʥʠʪʦʠʜʦʚ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʦʛʥʠʪʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [2]. ɺ ʧʣʘʥʝ ʤʘʩʩʠʚ ʠʤʝʝʪ ʵʣʣʠʧʩʦʚʠʜʥʫʶ, ʚʳʪʷʥʫʪʫʶ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʨʤʫ, ʝʛʦ ʧʣʦʱʘʜʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1,3 ʢʤ2 (ʨʠʩ. 1). ɻʣʫʙʠʥʘ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʤ. 

ɺʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ʂʦʩʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʝʛʦ ʚʦʟʨʘʩʪʘ 

ʷʚʣʷʶʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʤʘʩʩʠʚʘ ʢ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʟʦʥʝ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʠʥʪʝʨʚʘʣʦʤ 305-290 ʤʣʥ. ʣʝʪ [20] ʠ ʚʥʝʜʨʝʥʠʝʤ ʚ ʛʨʘʥʠʪʦʠʜʳ ʍʘʡʣʘʤʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʮʝʥʝʥ ʚ 261 Ñ 4 ʤʣʥ. ʣʝʪ [Rb-Sr 

ʠʩʩʣʝʜʦʚʘʥʠʷ, 15]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʝʨʤʩʢʠʡ ʚʦʟʨʘʩʪ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɻʨʘʥʠʪʳ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ - ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ ʩ ʤʘʩʩʠʚʥʦʡ 

ʪʝʢʩʪʫʨʦʡ ʠ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮ, ʤʠʢʨʦʢʣʠʥ ʠ ʘʣʴʙʠʪ, ʚʘʨʠʘʮʠʠ ʢʦʪʦʨʳʭ ʚ 

ʨʘʟʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʛʨʘʥʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʳʝ. ʂ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʱʝʣʦʯʥʦʡ ʘʤʬʠʙʦʣ (ʘʨʬʚʝʜʩʦʥʠʪ), ʧʠʨʦʢʩʝʥ 

(ʵʛʠʨʠʥ), ʩʣʶʜʳ (ʣʝʧʠʜʦʤʝʣʘʥ, ʪʘʡʥʠʦʣʠʪ, ʧʦʣʠʣʠʪʠʦʥʠʪ), ʬʣʶʦʨʠʪ. 

ɸʢʮʝʩʩʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʣʫʤʙʠʪ-ʪʘʥʪʘʣʠʪʦʤ, ʧʠʨʦʭʣʦʨʦʤ, ʤʠʥʝʨʘʣʘʤʠ 

ʛʨʫʧʧʳ ʩʪʨʶʚʝʨʠʪ-ʠʣʴʤʝʥʦʨʫʪʠʣ, ʢʩʝʥʦʪʠʤʦʤ, ʛʘʛʘʨʠʥʠʪʦʤ, ʤʠʥʝʨʘʣʘʤʠ 

ʛʨʫʧʧʳ ʢʨʠʦʣʠʪʘ, ʮʠʨʢʦʥʦʤ, ʪʦʨʠʪʦʤ, ʢʘʨʙʦʥʘʪʘʤʠ ʠ ʩʫʣʴʬʠʜʘʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʛʨʘʥʠʪʘʭ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʣʫʤʙʠʪ-ʪʘʥʪʘʣʠʪ, 

ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʩʪʨʶʚʝʨʠʪ-ʠʣʴʤʝʥʦʨʫʪʠʣ, ʮʠʨʢʦʥ, ʢʩʝʥʦʪʠʤ. ɺ ʱʝʣʦʯʥʳʭ 

ʛʨʘʥʠʪʘʭ ʤʘʩʩʠʚʘ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ 

ʟʘʤʝʱʝʥʠʷ ʦʜʥʠʭ ʤʠʥʝʨʘʣʦʚ ʜʨʫʛʠʤʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʨʦʜ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1].  

ʅʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ 

ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʜʝʣʝʥʳ ʪʨʠ ʬʘʮʠʘʣʴʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ʧʦ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʠ 

ʨʫʜʦʥʦʩʥʦʩʪʠ (ʨʠʩ. 1): 

ɸʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ï ʧʦʨʦʜʳ ʩ 

ʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʛʦʨʦʭʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʠ ʫʜʣʠʥʝʥʥʳʤʠ ʧʨʠʟʤʘʤʠ 

ʯʝʨʥʦʛʦ ʘʤʬʠʙʦʣʘ (ʘʨʬʚʝʜʩʦʥʠʪʘ). ʕʪʘ ʟʦʥʘ ʛʨʘʥʠʪʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʝʜʠʥʦʛʦ ʪʝʣʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʯʘʩʪʠ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʡ ʬʘʮʠʘʣʴʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʦʨʦʜ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʝ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ [2] ʩ ʫʪʦʯʥʝʥʠʷʤʠ 

ʘʚʪʦʨʦʚ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (QIV). ɿʘʰʠʭʠʥʩʢʠʡ ʤʘʩʩʠʚ: 3 ï 

ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʠ ʘʣʴʙʠʪʠʪʳ ʤʘʩʩʠʚʘ (ʬʘʮʠʷ III ), 4 ï ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ-

ʘʣʴʙʠʪ-ʤʠʢʨʦʢʣʠʥʦʚʳʝ ʛʨʘʥʠʪʳ (ʬʘʮʠʷ II), 5- ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-

ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ (ʬʘʮʠʷ I). ʉʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ: 6 ï 

ʧʝʛʤʘʪʦʠʜʥʳʝ ʘʤʬʠʙʦʣʦʚʳʝ ʛʨʘʥʠʪʳ, 7 ï ʛʨʘʥʠʪʳ, ʩʠʝʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ ʦʛʥʠʪʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (D2og), 8 ï ʜʠʦʨʠʪʳ ʭʦʡʪʦ-ʦʢʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (Pz1ho). ʈʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ 

ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ: 2 ï ʩʣʘʥʮʳ, ʤʠʢʨʦʛʥʝʡʩʳ, ʘʤʬʠʙʦʣʠʪʳ ʙʠʨʶʩʠʥʩʢʦʡ ʩʚʠʪʳ (PR1br2) 

 

ʃʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ-ʘʣʴʙʠʪ-ʤʠʢʨʦʢʣʠʥʦʚʳʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ 

ʛʨʘʥʠʪʳ ï ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʢʘʢ ʢʨʫʧʥʳʝ ʛʦʨʦʭʦʚʠʜʥʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ 

ʢʚʘʨʮʘ, ʪʘʢ ʠ ʝʛʦ ʤʝʣʢʠʝ ʟʝʨʥʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ. ɼʘʥʥʘʷ ʬʘʮʠʘʣʴʥʘʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʛʨʘʥʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʃʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ, ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʘʣʴʙʠʪʠʪʳ 

ï ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʜʘʥʥʦʡ ʪʨʝʪʴʝʡ ʬʘʮʠʠ ʛʨʘʥʠʪʦʚ ʦʪ ʜʨʫʛʠʭ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫʯʘʩʪʢʦʚ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʘʣʴʙʠʪʠʪʦʚ ʩʨʝʜʠ ʢʚʘʨʮ-

ʘʣʴʙʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʘʣʴʙʠʪ ʦʪʥʝʩʝʥ ʢ 

ʥʘʪʨʦʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ ʜʦʣʝʡ ʘʥʦʨʪʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʝʥʝʝ 8%. ʕʪʘ 

ʬʘʮʠʘʣʴʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʦʨʦʜ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʫʜʥʳʤ ʫʯʘʩʪʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɹʦʛʘʪʳʝ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʝ Nb2O5 = 0.03 ʤʘʩ. % 

ʠ Ta2O5 = 0.027 ʤʘʩ. %) ʨʘʟʚʠʪʳ ʥʘ ʧʣʦʱʘʜʠ 30 Ĭ1000 ʤ2. ʆʥʠ ʩʣʘʛʘʶʪ ʪʝʣʦ 
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ʩʣʦʞʥʦ-ʧʣʘʩʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 150 ʤ, ʢʨʫʪʦ 

(ʧʦʜ ʫʛʣʦʤ ʙʦʣʴʰʝ 400-500) ʧʘʜʘʶʱʝʝ ʢ ʩʝʚʝʨʫ. ɺʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʤʘʩʩʠʚʘ ʦʥʠ 

ʩʤʝʥʷʶʪʩʷ ʧʦʨʦʜʘʤʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Ta ʠ Nb, ʚ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪʩʷ ʣʠʥʟʳ ʠ ʙʣʦʢʠ ʙʦʛʘʪʳʭ ʨʫʜ [3]. ɸʣʴʙʠʪʠʪʳ ʩʝʯʝʪ 

ʬʣʶʦʨʠʪʩʦʜʝʨʞʘʱʘʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ ʞʠʣʘ ʩ ʮʠʨʪʦʣʠʪʦʤ, ʪʦʨʠʪʦʤ, 

ʢʦʣʫʤʙʠʪʦʤ-ʪʘʥʪʘʣʠʪʦʤ, ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 100 ʤ, 

ʟʘʚʝʨʰʘʶʱʘʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ.  

ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʬʘʮʠʷʤʠ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ʥʝʯʝʪʢʠʝ, ʩ ʧʦʩʪʝʧʝʥʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ. ɺʳʜʝʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʧʦʨʦʜ ʤʘʩʩʠʚʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩʚʷʟʘʥʘ ʩ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʬʣʶʠʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ [1, 4]. 

 

ʇɽʊʈʆʍʀʄʀʏɽʉʂʀɽ ʀ ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ 

ʇʆʈʆɼ 

ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʧʦʨʦʜʳ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʛʧʘʠʪʦʚʳʤ ʱʝʣʦʯʥʳʤ ʛʨʘʥʠʪʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɻʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ (Na2O+K2O ʜʦ 12,68 ʤʘʩ. %), 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ (K2O/Na2O <1) ʠ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʛʧʘʠʪʥʦʩʪʠ (ʂʘ) 1,0-1,2. ʂʨʦʤʝ ʪʦʛʦ, ʛʨʘʥʠʪʳ 

ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Ca, Mg, Al , P, Ba, Sr (ʪʘʙʣ. 1). 

ɺʩʝ ʬʘʮʠʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʨʘʥʠʪʦʚ ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʶʪ ʱʝʣʦʯʥʳʤ 

ʛʨʘʥʠʪʘʤ, ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʤ ʛʨʘʥʠʪʘʤ, ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʤ 

ʣʝʡʢʦʛʨʘʥʠʪʘʤ ʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤ [10], ʥʘ TAS-ʜʠʘʛʨʘʤʤʝ ʦʪʤʝʯʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʱʝʣʦʯʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ 

(ʨʠʩ. 2). ʂʨʦʤʝ ʪʦʛʦ, ʛʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Rb, Li , Y, Zr, Hf, Ta, Nb, Th, U, Zn, Ga, REE (ʪʘʙʣ. 2). ʏʝʪʢʠʝ 

ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʛʨʘʬʠʢʘʭ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʨʦʜ [4] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʭ ʝʜʠʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʚ ʧʨʦʮʝʩʩʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʠʭ ʦʙʦʛʘʱʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʧʝʨʚʦʡ ʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʪʨʝʪʴʝʡ.  

ʆʜʠʥʘʢʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʣʠʥʠʡ ʚ REE ʩʧʝʢʪʨʘʭ ʦʪʨʘʞʘʝʪʩʷ 

ʧʦʚʝʜʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʩʝʭ ʬʘʮʠʡ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ 

ʤʘʩʩʠʚʘ (ʨʠʩ. 2ɸ). ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʨʝʟʢʦ 

ʦʙʦʛʘʱʝʥʳ ʪʷʞʝʣʳʤʠ ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ (La/Yb ~ 0,1), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʜʝʣʷʝʪ ʠʭ ʩʨʝʜʠ ʧʦʨʦʜ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʘʩʩʠʚʦʚ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ. ɼʣʷ 

ʩʧʝʢʪʨʘ REE ʪʠʧʠʯʝʥ ʛʣʫʙʦʢʠʡ ʝʚʨʦʧʠʝʚʳʡ ʤʠʥʠʤʫʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʡ ʩʝʨʠʠ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʩʧʘʡʜʝʨʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 2ɹ) ʪʘʢʞʝ ʩʭʦʜʥʳ ʜʣʷ ʧʦʨʦʜ ʚʩʝʭ ʪʨʝʭ 

ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʉʠʝʥʠʪʳ

ɻʨʘʥʦʩʠʝʥʠʪʳ

ɼʠʦʨʠʪʳ

ʂʚ. ʜʠʦʨʠʪʳ

ɻʨʘʥʦ-

ʜʠʦʨʠʪʳ

ʑʝʣ. ʛʨʘʥʠʪʳ

ʋʤʝʨʝʥʥʦ
ʱʝʣ. ʛʨʘʥʠʪʳ

ɻʨʘʥʠʪʳ

ʑʝʣ. ʣʝʡʢʦʛʨʘʥʠʪʳ

ʋʤʝʨʝʥʥʦ
ʱʝʣʦʯʥʳʝ

ʃʝʡʢʦʛʨʘʥʠʪʳ

ʣʝʡʢʦʛʨʘʥʠʪʳ

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ SiO2-(Na2O+K2O) ʜʣʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ.  

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 - ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ 

(ʬʘʮʠʷ I); 2 -  ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ-ʘʣʴʙʠʪ-ʤʠʢʨʦʢʣʠʥʦʚʳʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʛʨʘʥʠʪʳ 

(ʬʘʮʠʷ II) ;  3 - ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʠ ʘʣʴʙʠʪʠʪʳ (ʬʘʮʠʷ III ). 

 

ɼʣʷ ʩʧʘʡʜʝʨʜʠʘʛʨʘʤʤ ʭʘʨʘʢʪʝʨʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʙʘʨʠʷ, 

ʩʪʨʦʥʮʠʷ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʦʨʠʷ, ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ, ʩʚʠʥʮʘ, ʮʠʨʢʦʥʠʷ, ʛʘʬʥʠʷ. 

ɼʣʷ ʪʷʞʝʣʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʪʪʨʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʣʠʥʠʠ ʩʧʝʢʪʨʘ. 

ʃʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʦʚ [4] ʠ ʙʣʠʟʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ HFSE ʠ REE (ʨʠʩ. 2) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʦʙʦʛʘʱʝʥʠʠ ʧʦʨʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ 

ʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʜʨʫʛʦʡ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʩʝʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ʠʟ ʝʜʠʥʦʡ ʤʘʛʤʳ. ʈʦʜʦʥʘʯʘʣʴʥʳʤ ʜʣʷ 

ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ʤʦʛ ʙʳʪʴ ʧʝʨʝʩʳʱʝʥʥʳʡ ʱʝʣʦʯʘʤʠ ʢʨʝʤʥʝʢʠʩʣʳʡ ʨʘʩʧʣʘʚ. 

 

ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʈʆɼ 

ʄʠʥʝʨʘʣʘʤʠ-ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʪʘʥʪʘʣʘ, ʥʠʦʙʠʷ ʠ ʜʨʫʛʠʭ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠ ʨʫʜʘʭ ʤʘʩʩʠʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʢʦʣʫʤʙʠʪ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʩʪʨʶʚʝʨʠʪ-ʠʣʴʤʝʥʦʨʫʪʠʣ, ʮʠʨʢʦʥ, ʢʩʝʥʦʪʠʤ, 

ʛʘʛʘʨʠʥʠʪ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ. 

ʂʦʣʫʤʙʠʪ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ 

ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʆʙʨʘʟʫʝʪ ʯʝʨʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ (ʢʨʫʧʥʳʝ 2-5 ʤʤ ʠ 

ʤʝʣʢʠʝ ʤʝʥʝʝ 0,5 ʤʤ), ʠʥʦʛʜʘ ʚʳʪʷʥʫʪʳʝ ʢʨʠʩʪʘʣʣʳ.  
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ʊʘʙʣʠʮʘ 2.  

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (ppm) ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ 

 

ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʘʨʬʚʝʜʩʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ (ʬʘʮʠʷ I), 2 ï ʣʝʡʢʦʛʨʘʥʠʪʳ (ʬʘʮʠʷ II), 3 ï 

ʘʣʴʙʠʪʠʪʳ (ʬʘʮʠʷ III ).  

ʕʣʝʤʝʥʪʳ 1 1 1 1 2 2 2 2 3 3 3 3 

Be 4,1 4,4 5,6 3,8 9,7 9,0 89 7,8 30 13,3 10,3 135 

Ti 93 92 113 61 200 270 168 110 324 1564 482 217 

Cr 0,64 5,61 47 16,7 137 128 119 2,45 106 87 162 26 

Co 0,47 0,59 0,56 0,40 1,95 2,91 1,97 0,56 4,47 2,49 6,23 0,65 

Ni 4,7 8,5 12,7 33 11,1 16,0 9,0 4,17 36 10,7 26 12,6 

Cu 4,5 9,6 4,7 7,9 23,7 118,0 22,1 5,3 25,6 24,4 77,3 6,7 

Zn 440 349 706 310 569 409 672 63,6 267 311 695 39,3 

Ga 58 60 70 56 70 74 67 59 67 64 68 73 

Rb 584 437 660 590 377 12,8 461 202 352 35 305 212 

Sr 20 18,8 23 17,9 296 185 194 68 202 283 187 75 

Y 10 22 33 21 322 1055 276 127 406 1232 210 117 

Zr 728 1486 1403 729 6624 3607 5538 2549 3363 4228 8348 2776 

Nb 905 1196 1401 762 2056 3249 2117 1441 2168 1628 2233 1162 

Cs 1,62 1,54 2,22 1,59 0,51 <ʇʆ 0,47 0,83 0,70 <ʇʆ 0,66 1,04 

Ba 1013 855 944 363 1423 1859 1201 764 1488 2255 1521 602 

La 11,9 11,3 25 18,2 11,8 10,6 9,3 8,1 26 31 7,4 6,1 

Ce 39 65 131 53 42 43 32 24 78 99 26 21 

Pr 4,7 9,2 17 6,6 5,7 6,0 4,5 3,5 9,7 14 3,3 3,1 

Nd 14 30 53 21 21 26 16 15 36 60 13 12 

Sm 2,1 6,1 9,7 4,3 8,9 16,9 7,4 5,5 12,4 27,3 5,7 5,5 

Eu 0,08 0,11 0,15 0,10 0,52 3,03 0,66 0,72 1,50 3,24 0,33 0,67 

Gd 1,4 3,4 5,5 3,2 14,2 35 11,7 7,3 18,4 55 11,4 7,5 

Tb 0,22 0,54 0,73 0,53 3,91 9,70 3,14 1,87 4,71 14,8 2,88 1,90 

Dy 2,2 5,1 6,5 4,5 36,6 102 30,6 18,2 43,7 137 29,1 17,0 

Ho 0,6 1,2 1,4 0,9 8,2 25,7 7,3 4,3 10,1 31,0 7,6 4,1 

Er 2,8 5,7 6,3 3,4 34 131 32 20 45 119 36 18 

Tm 0,65 1,27 1,35 0,87 6,36 33,5 6,63 4,76 10,20 21,1 7,55 3,97 

Yb 6,3 11,6 12,1 7,6 54 321 58 43 94 166 67 34 

Lu 0,97 1,78 1,98 1,13 7,36 43,7 7,86 6,20 12,75 21,41 10,03 5,02 

Hf 35 87 64 32 356 211 317 165 257 240 312 131 

Ta 117 172 195 94 280 396 287 231 345 274 157 202 

Pb 100 137 150 80 202 218 352 100 477 180 106 15 

Th 31 52 34 47 402 2102 593 318 1832 500 254 69 

U 23,7 51,3 57,1 18,0 17,6 85,3 23,1 8,1 20,7 19,8 43,0 13,7 
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʜʨʠʪʫ [19] (ɸ) ʠ 

ʩʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʝʜʝʥʦ ʢ ʩʦʩʪʘʚʫ 

ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʧʦ [18] (ɹ) ʚ ʛʨʘʥʠʪʘʭ ʤʘʩʩʠʚʘ [4]. 

 

 

ʈʘʥʝʝ [2] ʚʳʜʝʣʷʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʥʝ ʚ ʧʦʣʥʝʝ ʦʯʝʚʠʜʥʳʭ ʛʝʥʝʨʘʮʠʡ 

ʢʦʣʫʤʙʠʪʦʚ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʚʳʙʦʨʦʢ: 1) ʠʟ ʘʣʴʙʠʪʠʪʦʚ ʠ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ; 2) ʠʟ 

ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ; 3) ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʰʣʠʭʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʤʝʩʴ ʚʩʝʭ ʪʨʝʭ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʠʪʦʚ; 4) 

ʠʟ ʬʨʘʢʮʠʠ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʭ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʧʦʨʦʜ. 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʢʦʣʫʤʙʠʪʘ ʠʟ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʩʪʘʚʘ: MnO 

(0,38-12,06 ʤʘʩ. %), FeOtotal (7,19-19,71 ʤʘʩ. %), Ta2O5 (1,85-18,94 ʤʘʩ. %), 

Nb2O5 (58,88-75,46 ʤʘʩ. %). ʊʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ SnO 

(ʜʦ 0,41 ʤʘʩ. %) ʠ ʧʦʥʠʞʝʥʥʳʝ UO2 ʠ ThO2. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʢʦʣʫʤʙʠʪʘ, ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʢʦʣʫʤʙʠʪʘ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʣʫʤʙʠʪʦʚ ʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʘʭ ʤʘʩʩʠʚʘ (ʤʘʩ. %) 

ʂʦʤʧʦʥʝʥʪ r 1 2 3 4 5ʮ 5ʢ 6 7 8 

TiO2 0,46 1,75 3,19 2,72 0,67 0,73 3,26 1,80 1,50 

FeO 7,92 14,76 19,71 19,86 8,20 7,19 19,37 15,65 16,81 

MnO 12,06 4,58 0,62 0,38 11,42 12,00 1,64 3,62 3,52 

MgO 0,00 0,00 0,17 0,20 0,05 0,00 0,00 0,01 0,12 

Nb2O5 75,28 58,88 68,02 61,81 75,46 73,23 69,36 59,18 69,80 

Ta2O5 4,50 18,75 8,32 14,87 1,85 6,01 6,60 18,94 7,47 

SnO2 0,06 0,29 0,41 0,31 0,02 0,12 0,39 0,28 0,27 

Ce2O3 0,06 0,03 0,00 0,06 0,00 0,02 0,00 0,00 0,01 

Nd2O3 0,00 0,28 0,00 0,00 0,00 0,16 0,17 0,00 0,00 

Yb2O3 0,01 0,09 0,00 0,00 0,06 0,26 0,00 0,01 0,00 

ThO2 0,00 0,00 0,02 0,00 0,12 0,00 0,04 0,00 0,00 

UO2 0,03 0,00 0,01 0,01 0,07 0,00 0,00 0,02 0,00 

ʉʫʤʤʘ 100,38 99,41 100,47 100,22 97,92 99,72 100,83 99,51 99,50 

ʇʨʠʤʝʯʘʥʠʝ: 1-4 ï ʠʟ ʘʣʴʙʠʪʠʪʦʚ (ʬʘʮʠʷ III), 5ʮ, 5ʢ, 6 ï ʠʟ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʭ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ (ʬʘʮʠʷ II), 7, 8 ï ʠʟ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʥʠʪʦʚ ʬʘʮʠʠ II, 5ʮ ï ʘʥʘʣʠʟ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, 5ʢ ï ʘʥʘʣʠʟ ʠʟ ʢʨʘʝʚʦʡ ʯʘʩʪʠ.  

 

ʅʘ ʛʨʘʬʠʢʘʭ ʩʦʦʪʥʦʰʝʥʠʡ Nb2O5/Ta2O5 ʠ FeO/MnO (ʨʠʩ. 3) ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʟʦʛʠʧʩʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚ ʢʦʣʫʤʙʠʪʘʭ ʩʫʱʝʩʪʚʫʝʪ 

ʧʘʨʥʳʡ ʠʟʦʤʦʨʬʠʟʤ Fe+NbźMn+Ta. ʅʘ ʛʨʘʬʠʢʘʭ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʣʫʤʙʠʪʦʚ (ʨʠʩ.) ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʢʠʝ 

ʣʠʥʝʡʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ FeO/MnO ʠ Nb2O5/Ta2O5, ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ Ta2O5-MnO ʠ Nb2O5-FeO. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʦʤʦʨʬʥʳʝ ʟʘʤʝʱʝʥʠʷ ʚ ʢʦʣʫʤʙʠʪʘʭ ʧʨʦʭʦʜʷʪ 

ʦʪʜʝʣʴʥʦ, Fe2+ źMn2+ ʠ Nb5+ źTa5+. 

ʎʠʨʢʦʥ ï ʪʠʧʠʯʥʳʡ ʘʢʮʝʩʩʦʨʥʳʡ ʤʠʥʝʨʘʣ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʧʦʨʦʜʘʭ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʜʦʩʪʠʛʘʝʪ 7 %. ʎʠʨʢʦʥ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʙʘʣʘʥʩʝ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʷʩʴ ʛʣʘʚʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʮʠʨʢʦʥʠʷ ʠ ʛʘʬʥʠʷ ʚ ʱʝʣʦʯʥʳʭ 

ʛʨʘʥʠʪʘʭ. ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʠʧʠʨʘʤʠʜʘʣʴʥʦʛʦ 

ʦʙʣʠʢʘ, ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʤ, ʥʝʨʝʜʢʦ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʟʝʨʝʥ. ɺʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʤʝʣʢʠʝ, ʧʦʣʥʦʩʪʴʶ ʧʨʦʟʨʘʯʥʳʝ, ʦʛʨʘʥʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ.  ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ 
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ʙʣʠʟʦʢ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. ʉʦʦʪʥʦʰʝʥʠʷ Zr ʠ Si ʚ ʥʠʭ ʦʪʚʝʯʘʶʪ ʬʦʨʤʫʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʘ.  

 

 
ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʣʫʤʙʠʪʘʭ. 

 

ʉʦʜʝʨʞʘʥʠʷ HfO2 ʚ ʠʟʫʯʝʥʥʳʭ ʮʠʨʢʦʥʘʭ 3ï4 ʤʘʩ. % ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ZrO2/HfO2 14-20. ɼʣʷ ʤʠʥʝʨʘʣʘ ʭʘʨʘʢʪʝʨʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

Nb2O5 (ʤʝʥʝʝ 0,01 ʤʘʩ. %), Ta2O5 ï ʩʦʪʘʷ ʜʦʣʷ ʧʨʦʮʝʥʪʘ ʠ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Y2O3 (ʦʪ 0,3 ʜʦ 2 ʤʘʩ. %), Yb2O3 (ʦʪ 0,3 ʜʦ 0.8 ʤʘʩ. %), ThO2 (ʜʦ 

1 ʤʘʩ. %), UO2 (ʜʦ 0,1 ʤʘʩ. %). ʏʝʪʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ 

ʮʠʨʢʦʥʦʚ ʤʘʩʩʠʚʘ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʠʭ ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ. 4).  

ɺ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʘʭ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʩʪʨʝʯʝʥʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʮʠʨʢʦʥʘ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ UO2 ï ʮʠʨʪʦʣʠʪ. 

ʎʠʨʪʦʣʠʪʳ ʧʦ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʮʠʨʢʦʥʦʚ, ʚ ʥʠʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʥʠʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ SiO2 ʠ ZrO2, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʟ-ʟʘ 

ʧʨʠʩʫʪʩʪʚʠʷ H2O (ʪʘʙʣ. 4). ʎʠʨʪʦʣʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʘʢʠʭ ʞʝ ʬʦʨʤʘʭ, ʢʘʢ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 

 

122 

 

ʠ ʮʠʨʢʦʥ, ʥʦ ʥʝʧʨʦʟʨʘʯʝʥ ʠ ʦʢʨʘʰʝʥ ʚ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. 
 

 

ʊʘʙʣʠʮʘ 4.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʦʚ ʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʘʭ ʤʘʩʩʠʚʘ (ʤʘʩ. %) 

 

ʂʦʤʧʦʥʝʥʪʳ 

ʎʠʨʢʦʥ ʎʠʨʪʦʣʠʪ 

1 2 3 4 5 1 2 

SiO2   31,41 30,71 31,76 30,37 31,31 25,81 27,58 

TiO2   0,01 0,00 0,00 0,00 0,02 0,01 0,01 

Al 2O3  0,08 0,00 0,00 0,00 0,02 0,30 0,25 

FeO    0,07 0,06 0,05 0,02 0,01 0,94 0,81 

MnO    0,00 0,02 0,02 0,01 0,00 0,00 0,06 

MgO    0,01 0,00 0,00 0,00 0,02 0,01 0,00 

CaO    0,00 0,07 0,01 0,01 0,01 0,80 0,89 

Na2O   0,02 0,01 0,03 0,02 0,03 0,05 0,04 

K2O    0,05 0,01 0,00 0,00 0,01 0,02 0,02 

SrO    0,13 0,04 0,09 0,09 0,16 0,12 0,27 

ZrO2   64,39 62,16 63,41 62,43 66,38 56,13 57,23 

HfO2   3,11 2,73 3,93 2,74 1,83 2,77 2,47 

Nb2O5  0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Ta2O5  0,00 0,00 0,05 0,00 0,00 0,02 0,08 

P2O5   0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Y2O3   0,54 1,30 0,34 1,80 0,24 3,11 2,33 

La2O3  0,02 0,00 0,00 0,04 0,00 0,00 0,00 

Ce2O3  0,12 0,05 0,00 0,00 0,15 0,04 0,06 

Nd2O3  0,09 0,00 0,00 0,00 0,01 0,00 0,04 

Sm2O3  0,02 0,01 0,00 0,00 0,00 0,00 0,01 

Eu2O3  0,00 0,00 0,04 0,00 0,00 0,00 0,01 

Gd2O3  0,04 0,01 0,00 0,01 0,00 0,09 0,05 

Dy2O3  0,06 0,12 0,04 0,19 0,00 0,27 0,22 

Er2O3  0,11 0,18 0,06 0,20 0,05 0,18 0,17 

Yb2O3  0,29 0,84 0,20 0,82 0,14 0,61 0,60 

ThO2   0,00 0,89 0,00 1,12 0,06 3,07 2,25 

UO2    0,05 0,11 0,04 0,14 0,00 0,09 0,21 

PbO    0,00 0,00 0,00 0,00 0,00 0,00 0,00 

F      0,03 0,01 0,01 0,08 0,00 0,05 0,02 

ʉʫʤʤʘ   100,46 99,27 100,05 100,04 100,44 100,24*  101,49* 

ʇʨʠʤʝʯʘʥʠʝ: * ʇʨʠʚʝʜʝʥʘ ʩʫʤʤʘ ʩ ʫʯʝʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 6 ʤʘʩ. % H2O.  

 

ʆʪʤʝʯʘʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʪʦʨʠʪʦʤ ʠ ʬʣʶʦʨʠʪʦʤ. 

ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʳ ʧʦʥʠʞʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ HfO2 (2,5ï2,8 ʤʘʩ. %) ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ZrO2 / HfO2 = 33. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ThO2 (2ï3 

ʤʘʩ. %), Y2O3 (ʜʦ 3 ʤʘʩ. %) ʠ Yb2O3 (0,6 ʤʘʩ. %) ʚ ʮʠʨʪʦʣʠʪʝ, ʚʦʟʤʦʞʥʦ, 

ʦʙʲʷʩʥʷʶʪʩʷ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʟʨʘʯʥʳʤ 

ʮʠʨʢʦʥʦʤ ʠ ʫʯʘʩʪʠʝʤ ʧʨʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ï F ʠ H2O. 
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ʂʩʝʥʦʪʠʤ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʛʨʘʥʠʪʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʩʦʚʝʨʰʝʥʥʦʡ ʩʧʘʡʥʦʩʪʴʶ. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʤʝʥʝʝ 1%. ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʨʝʜʥʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʩʘʤʘʨʠʡ, ʛʘʜʦʣʠʥʠʡ) - 1-3 ʤʘʩ. %, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʠʩʧʨʦʟʠʡ, ʠʪʪʝʨʙʠʡ) 3-6 

ʤʘʩ. % (ʨʠʩ. 4). ʉʦʜʝʨʞʘʥʠʷ ʠʪʪʨʠʷ (41-43 ʤʘʩ. %) ʠ ʬʦʩʬʦʨʘ (36-38 ʤʘʩ. %) 

ʦʪʚʝʯʘʶʪ ʬʦʨʤʫʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʢʩʝʥʦʪʠʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʠʥʝʨʘʣʝ 

ʦʪʤʝʯʘʶʪʩʷ ʪʦʨʠʡ (0,1-1,5 ʤʘʩ. %), ʫʨʘʥ (0,03-0,24 ʤʘʩ. %), ʩʚʠʥʝʮ (0,2-0,3 

ʤʘʩ. %) (ʪʘʙʣ. 5).  
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ʈʠʩ. 4. ʉʧʝʢʪʨ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʩʝʥʦʪʠʤʘʭ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ 

ʭʦʥʜʨʠʪʫ [19]. 

 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʩʪʨʶʚʝʨʠʪ-ʠʣʴʤʝʥʦʨʫʪʠʣ ʦʙʨʘʟʫʶʪ ʠʟʦʤʝʪʨʠʯʥʳʝ 

ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʩʠʣʴʥʳʤ ʘʣʤʘʟʥʳʤ ʙʣʝʩʢʦʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʷʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʝʞʜʫ 

ʠʣʴʤʝʥʦʨʫʪʠʣʦʤ ʠ ʩʪʨʶʚʝʨʠʪʦʤ ʧʨʠ ʙʣʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, 

ʚ ʩʫʤʤʝ ʧʨʝʚʳʰʘʶʱʠʭ 25 ʤʘʩ. %. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʠʭ ʦʪʤʝʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʣʦʚʘ ʜʦ 1,5 ʤʘʩ. % (ʪʘʙʣ. 5).  

ɻʘʛʘʨʠʥʠʪ - ʦʯʝʥʴ ʨʝʜʢʠʡ ʬʪʦʨʠʜ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʪʨʝʯʝʥ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʤʘʩʩʠʚʘʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ 

ʛʨʘʥʠʪʦʚ ʉʇ (ʂʘʟʘʭʩʪʘʥ), ʂʘʪʫʛʠʥʩʢʦʝ (ɿʘʙʘʡʢʘʣʴʝ), ɿʘʰʠʭʠʥʩʢʦʝ 

(ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ), ʋʣʫʛ-ʊʘʥʟʝʢ (ɺʦʩʪʦʯʥʘʷ ʊʳʚʘ). ʄʠʥʝʨʘʣ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʦʡ, ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʦʡ ʨʫʜʦʡ ʥʘ ʪʷʞʝʣʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ 

ɿʘʰʠʭʠʥʩʢʦʤ ʤʘʩʩʠʚʝ ʦʥ ʦʙʥʘʨʫʞʝʥ ʚ ʘʢʮʝʩʩʦʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʦ ʤʥʦʛʠʭ 

ʰʣʠʬʘʭ, ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʩʠʣʴʥʳʤ 

ʜʚʫʧʨʝʣʦʤʣʝʥʠʝʤ, ʢʘʢ ʫ ʢʘʨʙʦʥʘʪʦʚ. ɻʘʛʘʨʠʥʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚʤʝʩʪʝ ʩ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʢʨʠʦʣʠʪʘ, ʬʣʶʦʨʠʪʦʤ, ʢʦʣʫʤʙʠʪʦʤ. ɺ ʩʧʝʢʪʨʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʠʝ ʠ ʪʷʞʝʣʳʝ ʟʝʤʣʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʠʪʪʨʠʷ 44-46 ʤʘʩ. % (ʨʠʩ. 5). ɻʣʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʘʛʘʨʠʥʠʪʘ 

ʷʚʣʷʶʪʩʷ ʥʘʪʨʠʡ, ʢʘʣʴʮʠʡ, ʠʪʪʨʠʡ, ʬʪʦʨ (ʪʘʙʣ. 5).  
 

 

ʊʘʙʣʠʮʘ 5. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʤʘʩ. %) 

 

ʂʦʤʧʦʥʝʥʪʳ 

ʂʩʝʥʦʪʠʤ ɻʘʛʘʨʠʥʠʪ 

ʉʪʨʶʚʝʨʠʪ-

ʠʣʴʤʝʥʦʨʫʪʠʣ 

1 2 3 4 1 2 1 2 

SiO2 0,11 0,16 0,11 0,15 0,04 0,02 - - 

TiO2 <0,01 <0,01 <0,01 <0,01 0,00 0,01 61,90 64,77 

Al2O3 <0,01 <0,01 <0,01 <0,01 0,00 0,00 0,05 0,08 

FeO <0,01 <0,01 <0,01 <0,01 0,19 0,10 7,73 7,92 

MnO <0,01 <0,01 <0,01 <0,01 0,00 0,00 0,01 0,01 

MgO <0,01 <0,01 <0,01 <0,01 8,65 11,62 0,01 0,00 

ZnO - - - - - - - - 

CaO 0,03 0,07 0,08 0,01 - - - - 

Na2O <0,01 <0,01 <0,01 <0,01 10,64 10,41 - - 

K2O <0,01 <0,01 <0,01 <0,01 0,12 0,13 - - 

BaO 0,01 0,03 0,00 0,07 0,00 0,00 0,06 0,01 

SrO <0,01 <0,01 <0,01 <0,01 0,00 0,03 - - 

PbO 0,27 0,28 0,18 0,30 0,29 0,36 - - 

P2O5 36,68 36,70 37,64 37,63 - - - - 

SnO2 <0,01 <0,01 <0,01 <0,01 - - 1,44 1,22 

Nb2O5 0,02 0,08 0,09 0,00 - - 15,01 17,74 

Ta2O5 <0,01 <0,01 <0,01 <0,01 - - 13,54 8,41 

Y2O3 43,07 41,77 41,31 43,42 40,87 44,00 - - 

La2O3 0,00 0,00 0,00 0,00 0,32 0,23 - - 

Ce2O3 <0,01 <0,01 <0,01 <0,01 1,37 0,43 - - 

Nd2O3 - - 0,02 0,57 0,90 0,70 - - 

Sm2O3 0,87 1,72 1,57 0,71 0,71 0,76 - - 

Eu2O3 0,25 0,39 0,37 0,09 - - - - 

Gd2O3 2,15 2,74 2,68 1,63 1,49 1,70 - - 

Dy2O3 4,31 5,08 5,21 3,66 4,05 2,98 - - 

Ho2O3 1,44 1,26 1,27 1,80 1,04 0,96 - - 

Er2O3 3,39 3,31 3,19 1,94 2,65 1,45 - - 

Tm2O3 0,60 0,60 0,50 0,83 0,23 0,16 - - 

Yb2O3 4,39 3,91 4,32 6,17 1,64 0,52 - - 

HfO2 0,22 0,12 0,23 0,13 - - - - 

ThO2 0,72 0,46 0,76 0,05 0,10 0,07 - - 

UO2 0,13 0,08 0,12 0,02 - - - - 

F 0,29 0,31 0,38 0,03 36,91 37,79 - - 

ʉʫʤʤʘ-I 99,03 99,15 99,53 99,40 112,21 114,43 - - 

F-O*  0,12 0,13 0,16 0,01 15,54 15,91 - - 

ʉʫʤʤʘ-II**  98,91 99,02 99,37 99,38 96,67 98,52 99,93 100,18 



ɸʣʳʤʦʚʘ ʅ.ɺ. ɺʣʘʜʳʢʠʥ ʅ.ɺ., ɼʦʢʫʯʠʮ ʕ.ʖ. 
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ʇʨʠʤʝʯʘʥʠʝ: * F-O ï ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ, ʟʘʤʝʥʷʶʱʠʡ ʧʨʠ ʨʘʩʯʝʪʘʭ ʬʪʦʨ; ** ʉʫʤʤʘ-II  

ʧʨʠʚʝʜʝʥʘ ʩ ʚʳʯʝʪʦʤ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 
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ʈʠʩ. 5.   ʉʧʝʢʪʨ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʘʛʘʨʠʥʠʪʘʭ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʧʦ 

ʭʦʥʜʨʠʪʫ [19]. 

 

  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʱʝʣʦʯʥʦʩʪʠ (Na2O+K2O ʜʦ 11.59 

ʤʘʩ. %), ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Ca, Mg, Al , P, Ba, Sr, ʧʨʠʩʫʪʩʪʚʠʝʤ ʱʝʣʦʯʥʳʭ ʪʝʤʥʦʮʚʝʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʘʤʬʠʙʦʣ, ʧʠʨʦʢʩʝʥ, ʩʣʶʜʘ). ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʫʥʠʢʘʣʴʥʦʡ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ Ta-Nb-REE ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ 

ʩʚ̫ʟʳʚʘʝʪʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʣʠʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʨʘʩʧʣʘʚʘ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʤʘʩʩʠʚʘ 

ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʚʧʣʦʪʴ ʜʦ ʨʫʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ), ʬʪʦʨʦʤ, 

ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ Rb/Sr (ʜʦ 34) ʠ 

ʢʦʬɻʬʠʮʠʝʥʪʘ ʘʛʧʘʠʪʥʦʩʪʠ (ʂʘ ʜʦ 1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʩʭʦʜʥʳʭ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʳʭ ʤʘʛʤ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ 

ʦʪʥʦʰʝʥʠʠ Ta, Nb, Zr, REE.  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʟʠʩʘ ʱʝʣʦʯʥʳʭ ʘʛʧʘʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʠ ʩʚʷʟʘʥʥʦʡ 

ʩ ʥʠʤʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ ʵʪʠʭ ʧʦʨʦʜ ʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ [1, 4, 21, 11, 19, 15, 5, 

13]. ʆʪʢʨʳʪʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʦʥʛʦʥʠʪʦʚ - ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ [6], ʪʘʢʞʝ ʧʦʩʣʫʞʠʣʦ ʚʝʩʦʤʳʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚ ʧʦʣʴʟʫ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ, ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʣʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ ʧʦʨʦʜ ʠ ʨʫʜ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ [8, 12, 16]. 

ɹʣʠʟʢʠʤ ʧʦ ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʪʠʧʫ ʩ ɿʘʰʠʭʠʥʩʢʠʤ ʤʘʩʩʠʚʦʤ ʷʚʣʷʝʪʩʷ 

ʂʘʪʫʛʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʛʨʘʥʠʪʦʚ. ɺ ʧʣʘʥʝ ʤʘʩʩʠʚ ï 

ʥʝʙʦʣʴʰʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 2 ʚʳʭʦʜʦʚ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ 3 ʠ 18 ʢʤ2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʂʘʪʫʛʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʝʥʳ ʙʦʣʝʝ ʛʣʫʙʦʢʦ, ʩ ʯʝʤ ʩʚʷʟʘʥʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʨʫʜʦʥʦʩʥʦʩʪʴ ʧʦʨʦʜ. ɺʳʜʝʣʝʥʳ ʧʷʪʴ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʱʝʣʦʯʥʳʭ 

ʛʨʘʥʠʪʦʚ: I-ʙʠʦʪʠʪʦʚʳʝ; II-ʨʠʙʝʢʠʪ-ʙʠʦʪʠʪʦʚʳʝ; III -ʙʠʦʪʠʪ-ʘʨʬʚʝʜʩʦʥʠʪʦʚʳʝ; 

IV-ʘʨʬʚʝʜʩʦʥʠʪʦʚʳʝ; V-ʵʛʠʨʠʥ-ʘʨʬʚʝʜʩʦʥʠʪʦʚʳʝ ʠ ʵʛʠʨʠʥʦʚʳʝ. 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʝʦʙʳʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʬʪʦʨʠʜʦʚ, ʥʘʧʨʠʤʝʨ, ʢʨʠʦʣʠʪʦʤ ʠ ʛʘʛʘʨʠʥʠʪʦʤ. ʇʦʨʦʜʳ 

ʂʘʪʫʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʘʛʧʘʠʪʦʚʳʤ ʱʝʣʦʯʥʳʤ 

ʛʨʘʥʠʪʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʜʢʦʤʝʪʘʣʴʥʳʝ ʛʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ (Na2O+K2O ʜʦ 11,49%), 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ (K2O/Na2O = 0,52-2,44) ʠ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʛʧʘʠʪʥʦʩʪʠ (ʂʘ) ʜʦ 1,4. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Rb, Li , Y, Zr, Hf, 

Ta, Nb, Th, U, Zn, Ga, REE ʠ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ca, Mg, Al , P, Ba, Sr.  

ʑʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʠʤʝʶʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʡ ʩʧʝʢʪʨ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʤʘʣʳʤ ʥʘʢʣʦʥʦʤ ʢʨʠʚʳʭ ʩʧʝʢʪʨʘ ʠ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ Eu ʤʠʥʠʤʫʤʦʤ. ɼʣʷ ʚʤʝʱʘʶʱʠʭ ʥʝʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ 

(ʘʤʬʠʙʦʣʠʪʦʚ ʠ ʩʠʝʥʠʪ ï ʧʦʨʬʠʨʦʚ) ʭʘʨʘʢʪʝʨʝʥ ʧʦʯʪʠ ʭʦʥʜʨʠʪʦʚʳʡ ʩʧʝʢʪʨ 

ʙʝʟ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ Eu. ʅʘʠʚʳʩʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʠʨʦʭʣʦʨʦʚʦʡ ʟʘʣʝʞʠ ʠ ʬʣʶʠʜ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʧʦʨʦʜʘʤ ʩ ʢʨʠʦʣʠʪʦʤ ʠ ʛʘʛʘʨʠʥʠʪʦʤ (ʨʠʩ. 6). ʇʨʠʢʦʥʪʘʢʪʦʚʳʝ ʬʝʥʠʪʳ ʠ ʧʦ 

ʛʥʝʡʩʘʤ ʠ ʩʣʘʥʮʘʤ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʚ ʛʨʘʥʠʪʘʭ, ʭʦʪʷ ʣʠʥʠʠ ʩʧʝʢʪʨʘ ʫ ʥʠʭ ʘʥʘʣʦʛʠʯʥʳ ʛʨʘʥʠʪʥʳʤ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʩʘʤʠ ʛʨʘʥʠʪʳ.  

ʉʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʬʝʥʠʪʦʚ) ʦʪʣʠʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦ. ɼʣʷ ʧʦʩʣʝʜʥʠʭ 

ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʪʪʨʠʷ ʠ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ U, Th, Nb, 

Ta. ʉʧʝʢʪʨʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠʤʝʶʪ ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

(ʨʠʩ. 7). 

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʛʨʘʥʠʪʦʚ ʂʘʪʫʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪ ɿʘʰʠʭʠʥʩʢʦʛʦ, 

ʧʨʠ ʙʣʠʟʢʦʤ ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʨʦʜ, ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʨʘʟʥʠʮʘ ʚ ʤʠʥʝʨʘʣʘʭ-ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘʠʙʦʣʴʰʠʤ ʦʙʨʘʟʦʤ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʮʠʨʢʦʥʝ, ʧʠʨʦʭʣʦʨʝ ʠ ʛʘʛʘʨʠʥʠʪʝ, ʫʢʘʟʳʚʘʷ ʥʘ ʷʚʥʳʝ 

ʦʪʣʠʯʠʷ ʤʝʭʘʥʠʟʤʦʚ ʥʘʢʦʧʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʣʝʥʠʷ 

ʦʙʦʠʭ ʤʘʩʩʠʚʦʚ ʠ ʠʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

 



ɸʣʳʤʦʚʘ ʅ.ɺ. ɺʣʘʜʳʢʠʥ ʅ.ɺ., ɼʦʢʫʯʠʮ ʕ.ʖ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ɿʘʰʠʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʱʝʣʦʯʥʦ-

ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʟʦʥʳ. 

ɺʳʜʝʣʝʥʳ ʪʨʠ ʬʘʮʠʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ: I) 

ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʝ; II) ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ- 
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ʈʠʩ. 6. ʉʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ ʂʘʪʫʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʜʨʠʪʫ [19]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩ. 7. 

  

 
ʈʠʩ. 7. ʉʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ ʂʘʪʫʛʠʥʩʢʦʛʦ ʤʘʩʠʚʘ, 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʝʜʝʥʦ ʢ ʩʦʩʪʘʚʫ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʧʦ [18]. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʘʣʶʤʦʬʪʦʨʠʜʳ, 2 ï ʛʨʘʥʠʪʳ, 3 ï ʧʠʨʦʭʣʦʨʳ.  

 

ʘʣʴʙʠʪ-ʤʠʢʨʦʢʣʠʥʦʚʳʝ; III) ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʝ, 

ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʘʣʴʙʠʪʠʪʳ.  

ɻʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ 

(Na2O+K2O ʜʦ 12,68 ʤʘʩ. %), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ 

ʱʝʣʦʯʥʦʩʪʠ (K2O/Na2O <1) ʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʛʧʘʠʪʥʦʩʪʠ (ʂʘ) 1,0-1,2. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʨʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Rb, Li , Y, Zr, Hf, Ta, Nb, Th, U, Zn, Ga, REE ʠ ʥʠʟʢʠʤʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʩʦʜʝʨʞʘʥʠʷʤʠ Ca, Mg, Al , P, Ba, Sr. 

ʋʩʪʘʥʦʚʣʝʥʳ ʤʠʥʝʨʘʣʳ-ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʚ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʘʭ 

ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʥʪʘʣʠʪ-ʢʦʣʫʤʙʠʪ, ʮʠʨʢʦʥ, 

ʢʩʝʥʦʪʠʤ ʠ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʩʪʨʶʚʝʨʠʪʘ, ʧʦʢʘʟʘʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʵʪʠʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʆʧʨʝʜʝʣʝʥʳ ʠ ʧʨʠʚʝʜʝʥʳ 

ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ ʤʠʥʝʨʘʣʘʭ ʠʟ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ɿʘʰʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ 

ʇʨʦʝʢʪʫ IX. 129.1.4. ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 18-05-00073, 19-05-

00388 , 17-45-388045 ),ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʀʅʎ ʉʆ ʈɸʅ, ʙʣʦʢ 1.4  
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ɸʙʩʪʨʘʢʪ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 
ʛʨʘʥʠʪʦʚ ʋʬʘʣʝʡʩʢʦʛʦ ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʖʞʥʳʡ ʋʨʘʣ) ʠ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʚʘʨʮʘ. ɻʨʘʥʠʪʳ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʘʣʠʝʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʛʥʝʡʩʦʚ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʝʦʜʥʦʨʦʜʥʘʷ 

ʪʝʢʩʪʫʨʘ ʠ ʩʦʩʪʘʚ ʛʨʘʥʠʪʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ  ʬʨʘʛʤʝʥʪʦʚ ʘʤʬʠʙʦʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʘ 

ʪʝʣ ʛʨʘʥʠʪʦʚ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ  ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʩʦʤʘʪʦʟʘ ʦʙʨʘʟʦʚʘʥʳ 

ʤʝʪʘʛʨʘʥʠʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʂʚʘʨʮʝʚʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ ʦʙʨʘʟʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʱʝʥʠʷ 

ʘʤʬʠʙʦʣʠʪʦʚ. ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʘʤʬʠʙʦʣʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ 

ʢʦʣʦʥʢʘ: ʘʤʬʠʙʦʣʠʪ Ÿ ʙʠʦʪʠʪʦʚʳʡ ʩʣʘʥʝʮ  Ÿ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʧʝʛʤʘʪʦʠʜ Ÿ 

ʢʚʘʨʮʝʚʦʝ ʷʜʨʦ. 

 

The regional alkaline metasomatism, granitization of gneiss 

and the metasomatic quartz veins formation in the 

Ufaleysky gneiss ïamphybolite complex (South Ural) 
 

Anfilogov V.N., Kabanova L.Ya., Igumentseva M.A.  

South-Urals Federal Researh Center of Mineralogy angd Geoecology. 

anfilogov@mineralogy.ru 

 
Abstract.The results of geological and petrographic examining of granite of 

Ufaleysky gneiss ïamphybolite complex and origin of quartz deposits are 

discususses. It was established that granite was formed by alkaline metasomatism of 

granitic composition gneiss. The granite has irregular texture and composition and 

contains the fragments of amphybolite. The form of granite bodies keeps the gneiss 

one. It is testifies that it is metasomatic granite, which was formed at temperature 

lower melting one. Quartz bodies of quartz deposits of  the Ufaleysky comlex were 

formed by the process of metasomatic replacement of amphybolite There is the next 

metasomatic sequence: amphybolite Ÿ biotite schist Ÿ quartz feldspathic pegmatoid 
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Ÿ quatrx  core. 

 

ɺɺɽɼɽʅʀɽ 

ʋʬʘʣʝʡʩʢʠʡ ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ʋʨʘʣʴʩʢʦʤ ʧʦʜʥʷʪʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʨʠʬʝʡʩʢʦ-ʚʝʥʜʩʢʠʤ 

ʙʣʦʢʦʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʢʚʘʨʮʝʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʝʡ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʣʦʱʘʜʠ 7x30 

ʢʤ2 ʨʘʟʤʝʱʝʥʦ ʦʢʦʣʦ 3000 ʢʚʘʨʮʝʚʳʭ ʪʝʣ, ʩʣʦʞʝʥʥʳʭ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʠ 

ʤʦʣʦʯʥʦ-ʙʝʣrʤ ʢʚʘʨʮʝʤ. ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ ɻ.ɸ. ʂʝʡʣʴʤʘʥʘ, ɸ.ʀ. ɹʝʣʢʦʚʩʢʦʛʦ, ɺ.ʀ. 

ʃʝʥʥʳʭʘ [2, 3, 4]. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ ʐʘʨʜʘʢʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [8, 9, 10, 11]. ɻʝʦʣʦʛʠʷ ʠ 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʪʝʣ ʠ ʩʣʶʜʷʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʦʧʠʩʘʥʳ ʚ 

ʨʘʙʦʪʘʭ ɽ.ʇ. ʄʝʣʴʥʠʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ, ɺ.ʅ. ʆʛʦʨʦʜʥʠʢʦʚʘ ʠ ʜʨ, ʖ.ɸ. 

ʇʦʣʝʥʦʚʘ [5, 6, 7], ɺ.ʅ ɸʥʬʠʣʦʛʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [1]. ʉʦʛʣʘʩʥʦ ɻ.ɸ. 

ʂʝʡʣʴʤʘʥʫ ʚ ʧʨʝʜʝʣʘʭ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ: 

ʛʥʝʡʩʦʚʦʝ ʷʜʨʦ ʠ ʝʛʦ ʩʣʘʥʮʝʚʦʝ ʦʙʨʘʤʣʝʥʠʝ [3]. ɺ ʷʜʨʝ ʢʦʤʧʣʝʢʩʘ ʟʘʣʝʛʘʶʪ 

ʛʥʝʡʩʦʚʠʜʥʳʝ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ ʫʬʘʣʝʡʩʢʦʡ ʩʚʠʪʳ. ʇʦʜʯʠʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʣʶʜʷʥʳʝ ʛʥʝʡʩʳ. ʋʬʘʣʝʡʩʢʘʷ ʩʚʠʪʘ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ 

ʧʦʜʩʚʠʪʳ ï ʝʛʫʩʪʠʥʩʢʫʶ ʠ ʩʣʶʜʷʥʦʛʦʨʩʢʫʶ. ɽʛʫʩʪʠʥʩʢʘʷ ʩʚʠʪʘ, ʩʣʘʛʘʶʱʘʷ 

ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʥʘ 60% ʩʣʦʞʝʥʘ ʘʤʬʠʙʦʣʠʪʘʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʘʤʬʠʙʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʵʬʬʫʟʠʚʳ ʠ ʪʫʬʳ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʦʨʦʜ ʧʦ ɻ.ɸ. ʂʝʡʣʴʤʘʥʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʣʝʢʦʢʨʘʪʦʚʳʤʠ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʤʠ ʘʧʦʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ [3]. ʀʩʪʦʨʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʋʬʘʣʝʡʩʢʦʛʦ ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʪʨʘʞʝʥʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʚʦʟʨʘʩʪʝ ʩʣʘʛʘʶʱʠʭ ʢʦʤʧʣʝʢʩ ʧʦʨʦʜ.  

 

ʈʠʩ.1. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ 

ʋʬʘʣʝʡʩʢʦʛʦ ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [6]. ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ï 

ʚʦʟʨʘʩʪ çʤʷʛʢʦʡè (ʨʘʥʥʝʡ) ʠ çʞʝʩʪʢʦʡè (ʧʦʟʜʥʝʡ) ʢʦʣʣʠʟʠʡ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʋʬʘʣʝʡʩʢʦʛʦ ʛʥʝʡʩʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʟʘʠʤʩʪʚʦʚʘʥʥʘʷ ʠʟ ʤʦʥʦʛʨʘʬʠʠ ɺ.ʅ. ʆʛʦʨʦʜʥʠʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

[6].  

ʅʘ ʛʠʩʪʦʛʨʘʤʤʝ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʤʘʢʩʠʤʫʤʘ: 1290, 430, 370 ʠ 

310 ʤʣʥ. ʣʝʪ. ʇʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʧʨʦʰʣʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʫʶ ʩʪʘʜʠʶ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ 

ʚʥʝʜʨʝʥʠʷ ʛʠʧʝʨʙʘʟʠʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʦʛʦ ʧʦʷʩʘ ï 

ʛʣʘʚʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʋʨʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ. ʊʨʝʪʠʡ ʠ 

ʯʝʪʚʝʨʪʳʡ ʤʘʢʩʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʋʬʘʣʝʡʩʢʠʤ ʙʣʦʢʦʤ ʢʦʤʧʣʝʢʩʘ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʧʨʦʛʠʙʘ. ɺ ʧʨʝʜʝʣʘʭ ʢʦʤʧʣʝʢʩʘ ʚ ʵʪʦ ʚʨʝʤʷ 

ʧʨʦʠʩʭʦʜʠʣ ʨʝʛʠʦʥʘʣʴʥʳʡ ʢʘʣʠʝʚʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʣ ʤʝʪʘʛʨʘʥʠʪʦʚ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʚʘʨʮʘ. 

 

ɻʈɸʅʀʊʆʀɼʓ ʋʌɸʃɽʁʉʂʆɻʆ ɹʃʆʂɸ 

ɺ ʤʦʥʦʛʨʘʬʠʠ ɻ.ɸ. ʂʝʡʣʴʤʘʥʘ ʧʨʠʚʝʜʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ 

ʋʬʘʣʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ ʢʨʫʧʥʳʡ ʤʘʩʩʠʚ ʛʨʘʥʠʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʨʘʡʦʥʝ ʧʦʩʝʣʢʘ ʅʠʞʥʠʡ ʋʬʘʣʝʡ. ʕʪʦʪ ʤʘʩʩʠʚ ʚʤʝʩʪʝ ʩ ʝʛʦ 

ʦʙʨʘʤʣʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʛʥʝʡʩʘʤʠ ɻ.ɸ. ʂʝʡʣʴʤʘʥ 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʘʢ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʳʡ ʢʫʧʦʣ, ʘʥʘʣʦʛʠʯʥʳʡ ʛʨʘʥʠʪʦ-

ʛʥʝʡʩʦʚʳʤ ʢʫʧʦʣʘʤ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʟʦʥʘʭ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʇʨʠ ʵʪʦʤ ɻ.ɸ. ʂʝʡʣʴʤʘʥ ʩʯʠʪʘʣ, ʯʪʦ ʛʨʘʥʠʪʳ ʚ ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʦʤ ʢʫʧʦʣʝ 

ʠʤʝʶʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ [3]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʘʷ ʠʟ ʨʘʙʦʪʳ ɻ.ʖ. ʐʘʨʜʘʢʦʚʦʡ ɺ.ʇ. ʉʘʚʝʣʴʝʚʘ [11].  

ʇʨʠ ʘʥʘʣʠʟʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʙʣʦʢʘ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʥʝʦʙʳʯʥʘʷ ʬʦʨʤʘ ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʢʘʨʪʝ ʪʝʣ ʛʨʘʥʠʪʘ, ʦʩʦʙʝʥʥʦ ʛʨʘʥʠʪʥʦʛʦ 

ʤʘʩʩʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʨʘʡʦʥʝ ʅʠʞʥʝ-ʫʬʘʣʝʡʩʢʦʛʦ ʧʨʫʜʘ. ʕʪʠ ʛʨʘʥʠʪʳ 

ʟʘʣʝʛʘʶʪ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʩʣʶʜʷʥʦʛʦʨʩʢʦʡ ʩʚʠʪʳ ʠ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ 

ʘʤʬʠʙʦʣʠʪʦʚ, ʩʦʭʨʘʥʷʶʱʠʝ ʧʝʨʚʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʠʡ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʢʘʢ ʠʟʦʤʝʪʨʠʯʥʦʝ ʪʝʣʦ, 

ʟʘʣʝʛʘʶʱʝʝ ʚ ʮʝʥʪʨʝ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʦʛʦ ʢʫʧʦʣʘ [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʚʠʟʠʦʥʥʳʭ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʆɸʆ ʏʝʣʷʙʠʥʩʢʛʝʦʩʲʝʤʢʘ, ʤʘʩʩʠʚ 

ʧʨʠʦʙʨʝʣ ʬʦʨʤʫ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʣʦʭʘʷ ʦʙʥʘʞʝʥʥʦʩʪʴ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʘʩʩʠʚʘ ʢʨʫʧʥʳʭ ʚʳʭʦʜʦʚ ʛʨʘʥʠʪʘ ʧʦʟʚʦʣʷʝʪ 

ʫʩʦʤʥʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʠ ʵʪʘ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ. ɺ ʩʝʨʠʠ ʨʘʙʦʪ ɻ.ʖ. 

ʐʝʨʜʘʢʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʦʩʚʷʱʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʘʤ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʝʥʦ ʥʘ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9, 10, 



ɸʥʬʠʣʦʛʦʚ ɺ.ʅ., ʂʘʙʘʥʦʚʘ ʃ.ʗ., ʀʛʫʤʝʥʮʝʚʘ ʄ.ɸ. 
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11]. ʀʭ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʛʥʝʡʩʘʤʠ ʠ ʘʤʬʠʙʦʣʠʪʘʤʠ. 

 

 

ʈʠʩ.2. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ ʠ ʝʛʦ ʦʙʨʘʤʣʝʥʠʷ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

[11], ʤʘʩʰʪʘʙ 1 : 200 000. 

1 ï ʪʘʛʘʥʘʡʩʢʘʷ ʩʚʠʪʘ: ʩʣʶʜʠʩʪʳʝ ʢʚʘʨʮʠʪʳ, ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʳʝ ʩʣʘʥʮʳ ʩ ʛʨʘʥʘʪʦʤ, 

ʩʪʘʚʨʦʣʠʪʦʚ, ʩʠʣʣʠʤʘʥʠʪʦʤ (RF2); 2 ï ʢʫʨʪʠʥʩʢʘʷ ʩʚʠʪʘ: ʛʨʘʥʘʪ-ʩʣʶʜʷʥʦ- ʢʚʘʨʮʝʚʳʝ 

ʩʣʘʥʮʳ, ʛʨʘʬʠʪʦʚʳʝ ʠ ʩʣʶʜʠʩʪʳʝ ʢʚʘʨʮʠʪʳ, ʘʤʬʠʙʦʣʠʪʳ ʛʨʘʥʘʪʦʚʳʝ ʠ ʮʦʠʟʠʪʦʚʳʝ (RF2); 

3 ï ʩʣʶʜʷʥʦʛʦʨʩʢʘʷ ʩʚʠʪʘ: ʘʤʬʠʙʦʣʠʪʳ, ʥʣʘʛʠʦʛʥʝʡʩʳ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ, ʛʨʘʥʠʪʦ-

ʛʥʝʡʩʳ ʠ ʤʠʛʤʘʪʠʪʳ (PR1); 4 ï ʝʛʫʩʪʠʥʩʢʘʷ ʩʚʠʪʘ: ʘʤʬʠʙʦʣʠʪʳ, ʥʣʘʛʠʦʛʥʝʡʩʳ ʙʠʦʪʠʪʦʚʳʝ 

ʠ ʘʤʬʠʙʦʣʦʚʳʝ, ʤʠʛʤʘʪʠʪʳ (PR1); 5 ïʟʶʟʝʣʴʩʢʘʷ ʩʚʠʪʘ: ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʦʙʘʟʘʣʴʪʳ, 

ʘʣʴʙʠʪ-ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʝ ʠ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ (S1); 6 ï ʢʘʨʘʤʘʣʳʪʘʰʩʢʘʷ + 

ʫʣʫʪʘʫʩʩʢʘʷ ʩʚʠʪʳ: ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʳ, ʜʘʮʠʪʳ, ʥʣʘʛʠʦʨʠʦʣʠʪʳ ʠ ʠʭ ʪʫʬʳ (D2-3); 7-12 ï 

ʠʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ: 7 ï ʥʠʨʦʢʩʝʥʠʪʳ ʠ 8 ï ʛʘʙʙʨʦʠʜʳ ʢʫʨʪʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (RF2); 

9 ï  ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʠʪʳ ʙʠʪʠʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (V0,10 ï ʫʣʴʪʨʘʙʘʟʠʪʳ ʩʘʢʤʘʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʆ3); 11 ï ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʠʪʳ ʫʬʘʣʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (C1-2); 12 ï ʛʨʘʥʠʪʳ ʠ 

ʣʝʡʢʦʛʨʘʥʠʪʳ ʢʠʟʠʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (P2). ʎʠʬʨʳ ʚ ʢʚʘʜʨʘʪʘʭ ï ʛʨʘʥʠʪʦʠʜʥʳʝ ʤʘʩʩʠʚʳ: I 

ï ʅʠʞʥʝʫʬʘʣʝʡʩʢʠʡ, II ï ʅʠʢʦʣʴʩʢʠʡ. ɾʠʨʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʘʜʝʥʠʷ (ɻʋʈ) ʠ ʩʧʣʦʰʥʳʤʠ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ. 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʇɽʊʈʆɻʈɸʌʀʗ ɻʈɸʅʀʊʆʀɼʆɺ ʋʌɸʃɽʁʉʂʆɻʆ ɹʃʆʂɸ 

ɺʝʨʭʥʝ-ʋʬʘʣʝʡʩʢʠʡ ʤʘʩʩʠʚ 

ʅʘ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ʛ. ɺʝʨʭʥʠʡ ʋʬʘʣʝʡ ʥʘ ʥʝʙʦʣʴʰʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʭʦʜʳ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʛʨʘʥʠʪʦʚ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʛʣʳʙʦʚʦʡ ʠ ʤʘʪʨʘʮʝʚʠʜʥʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ɻʨʘʥʠʪʳ ʤʘʩʩʠʚʘ 

ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʤʝʩʪʘʤʠ ʧʦʯʪʠ ʙʝʣʳʝ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʨʝʜʥʝ ʜʦ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ. ɺʩʪʨʝʯʘʶʪʩʷ ʛʨʘʥʠʪʳ ʩ ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ 

ʢʨʫʧʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʨʘʟʤʝʨʦʤ ʜʦ 5-6 ʤʤ. ʉʣʶʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʙʠʦʪʠʪʦʤ ʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʫʩʢʦʚʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦ 5% ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ɺ ʰʣʠʬʘʭ ʧʦʨʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʦʙʲʝʤ. %): ʧʣʘʛʠʦʢʣʘʟ ï 25-35, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ 

ʰʧʘʪ (ʦʨʪʦʢʣʘʟ ʠ ʤʠʢʨʦʢʣʠʥ) ï 30-35, ʢʚʘʨʮ ï 30, ʩʣʶʜʘ (ʙʠʦʪʠʪ+ʤʫʩʢʦʚʠʪ) ï 

5, ʘʤʬʠʙʦʣ ï 2. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʪʘʥʠʪʦʤ, ʘʧʘʪʠʪʦʤ, 

ʮʠʨʢʦʥʦʤ; ʚʪʦʨʠʯʥʳʝ ï ʵʧʠʜʦʪʦʤ, ʮʦʠʟʠʪʦʤ, ʢʣʠʥʦʮʦʠʟʠʪʦʤ. ʇʣʘʛʠʦʢʣʘʟ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʪʯʘʪʳʭ ʟʝʨʝʥ, ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠ ʩʜʚʦʡʥʠʢʦʚʘʥʥʳʭ, 

ʯʘʩʪʦ ʟʦʥʘʣʴʥʳʭ, ʤʝʩʪʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʦʪ 0.5-1 ʜʦ 4-5 

ʤʤ. ʇʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ ʦʣʠʛʦʢʣʘʟʫ An24-26  ɺ ʟʝʨʥʘʭ ʧʣʘʛʠʦʢʣʘʟʘ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʩʨʦʩʪʢʦʚ ʤʫʩʢʦʚʠʪʘ ʩ ʢʚʘʨʮʝʤ.  

ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʦʨʪʦʢʣʘʟʦʤ ʠ ʤʠʢʨʦʢʣʠʥʦʤ. 

ʆʨʪʦʢʣʘʟ ʦʙʨʘʟʫʝʪ ʟʝʨʥʘ ʪʘʙʣʠʪʯʘʪʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ 2-3 ʤʤ, ʤʝʩʪʘʤʠ ʩ 

ʧʨʦʩʪʳʤʠ ʜʚʦʡʥʠʢʘʤʠ. ʄʝʩʪʘʤʠ ʦʨʪʦʢʣʘʟ ʟʘʤʝʱʘʝʪʩʷ ʢʠʩʣʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ, 

ʚ ʢʦʪʦʨʦʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʪʩʷ ʚʢʣʶʯʝʥʠʷ ʯʝʨʚʝʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʟʝʨʝʥ 

ʢʚʘʨʮʘ ï ʤʠʨʤʠʢʠʪʳ (ʨʠʩ.3ʘ). ʄʠʢʨʦʢʣʠʥ ʦʙʨʘʟʫʝʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʟʝʨʥʘ, 

ʨʘʟʤʝʨʦʤ 1.5-2, ʨʝʞʝ 3 ʤʤ, ʩ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʜʚʦʡʥʠʢʘʤʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʧʦ ʘʣʴʙʠʪ-ʧʝʨʠʢʣʠʥʦʚʦʤʫ ʟʘʢʦʥʫ (ʤʠʢʨʦʢʣʠʥʦʚʦʡ 

ʨʝʰʝʪʢʦʡ). ɺ ʟʝʨʥʘʭ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʚʘʨʮʘ 

(ʨʠʩ.3ʙ).  

ʇʣʘʛʠʦʢʣʘʟ ʠ ʦʨʪʦʢʣʘʟ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠʤʝʶʪ ʦʙʱʠʝ 

ʛʨʘʥʠʮʳ ʨʦʩʪʘ, ʤʝʩʪʘʤʠ ʦʙʨʘʟʫʶʪ ʩʨʦʩʪʢʠ. ʄʠʢʨʦʢʣʠʥ ʦʙʨʘʟʦʚʘʣʩʷ ʧʦʟʞʝ. 

ʂʚʘʨʮ ʚ ʧʦʨʦʜʝ ʨʘʩʧʦʣʦʞʝʥ ʥʝ ʨʘʚʥʦʤʝʨʥʦ, ʦʙʨʘʟʫʷ ʤʝʩʪʘʤʠ ʩʨʦʩʪʢʠ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʟʝʨʝʥ, ʨʘʟʤʝʨʦʤ ʜʦ 6-8 ʤʤ. ɿʝʨʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʩʦʜʝʨʞʘʪ 

ʚʥʫʪʨʠʟʝʨʥʦʚʳʝ ʪʨʝʱʠʥʳ ʠ ʩʣʝʜʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚ ʚʠʜʝ 

ʚʦʣʥʠʩʪʦʛʦ ʧʦʛʘʩʘʥʠʷ ʠ ʙʣʦʢʦʚʘʥʠʷ. ʄʝʩʪʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʟʜʥʠʡ ʢʚʘʨʮ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʦ ʧʦʣʦʩʘʤ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʝʨʥʘʭ ʠʩʭʦʜʥʦʛʦ ʢʚʘʨʮʘ. ʆʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, 

ʦʜʥʦʨʦʜʥʳʤ ʧʦʛʘʩʘʥʠʝʤ ʦʪʩʫʪʩʪʚʠʝʤ ʩʣʝʜʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ 

ʚʢʣʶʯʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʝʪʘʩʦʤʘʪʦʟʘ ʦʙʨʘʟʫʝʪʩʷ ʢʚʘʨʮ ʪʨʝʪʴʝʡ 

ʛʝʥʝʨʘʮʠʠ, ʦʙʨʘʟʫʶʱʠʡ ʤʠʨʤʠʢʠʪʳ. 

ʉʣʶʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʘʩʪʠʥʢʘʤʠ ʠ ʪʘʙʣʠʯʢʘʤʠ ʙʠʦʪʠʪʘ, ʨʘʟʤʝʨʦʤ ʜʦ 3-

4 ʤʤ, ʦʢʨʘʰʝʥʥʳʭ ʚ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ, ʨʝʟʢʦ ʧʣʝʦʭʨʦʠʨʫʶʱʠʭ ʜʦ ʩʦʣʦʤʝʥʥʦ-  



ɸʥʬʠʣʦʛʦʚ ɺ.ʅ., ʂʘʙʘʥʦʚʘ ʃ.ʗ., ʀʛʫʤʝʥʮʝʚʘ ʄ.ɸ. 
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ʈʠʩ.3. ʃʝʡʢʦʢʨʘʪʦʚʳʡ ʛʨʘʥʠʪ: ʘ ï ʛʠʧʠʜʠʦʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʘ; ʙ ï ʤʠʢʨʦʢʣʠʥ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʚʘʨʮʘ; ʚ ï ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʩʠʤʧʣʝʢʪʠʪʳ ʚ 

ʧʣʘʛʠʦʢʣʘʟʝ; ʛ ï ʢʚʘʨʮ-ʮʦʠʟʠʪʦʚʳʝ ʠ ʢʚʘʨʮ-ʵʧʠʜʦʪʦʚʳʝ ʩʠʤʧʣʝʢʪʠʪʳ. ʌʦʪʦ ʰʣʠʬʘ 

ɺʋ3/18 ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ. 

 

 

ʈʠʩ.4. ʂʦʥʪʘʢʪ ʘʤʬʠʙʦʣʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ.ɻʨʘʥʠʪʳ ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʦʛʦ ʧʨʫʜʘ 

ʞʝʣʪʦʛʦ.  



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ɹʠʦʪʠʪ ʟʘʤʝʱʘʝʪʩʷ ʤʫʩʢʦʚʠʪʦʤ, ʦʙʨʘʟʫʶʱʠʤ ʩʨʦʩʪʢʠ ʩ ʯʝʨʚʝʦʙʨʘʟʥʳʤ 

(ʨʠʩ.3ʚ) ʢʚʘʨʮʝʤ, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʫʩʢʦʚʠʪʘ ʩʨʦʩʪʢʦʚ ʩ ʢʚʘʨʮʝʤ ʥʝ ʦʙʨʘʟʫʝʪ. ɺ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʤʠ ʩʨʦʩʪʢʘʤʠ ʧʦʚʩʝʤʝʩʪʥʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʚʘʨʮ-ʮʦʠʟʠʪʦʚʳʝ ʠ ʢʚʘʨʮ- ʧɻʠʜʦʪʦʚʳʝ ʩʠʤʧʣʝʢʪʠʪʳ (ʨʠʩ.3ʛ).  

ʅʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʛʦʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʪʘʢʪ ʛʨʘʥʠʪʦʚ ʠ ʚʤʝʱʘʶʱʠʭ  

ʘʤʬʠʙʦʣʠʪʦʚ. ʇʦʚʩʝʤʝʩʪʥʦ ʚʜʦʣʴ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʛʨʘʥʠʪʥʳʭ ʘʧʦʬʠʟ ʚ ʘʤʬʠʙʦʣʠʪʳ. ʅʘ ʢʦʥʪʘʢʪʝ ʩ ʘʤʬʠʙʦʣʠʪʘʤʠ ʛʨʘʥʠʪʳ 

ʠʟʤʝʥʝʥʳ, ʯʘʩʪʦ ʦʙʦʛʘʱʝʥʳ ʙʠʦʪʠʪʦʤ, ʦʙʨʘʟʫʶʪ ʘʧʦʬʠʟʳ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʘʤʬʠʙʦʣʠʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʛʨʘʥʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ (ʨʠʩ.4). 

ʈʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʛʨʘʥʠʪʦʚ ɺʝʨʭʥʝ-ʋʬʘʣʝʡʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʜʘʥʥʳʝ ʛʨʘʥʠʪʳ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʠʥʪʨʫʟʠʚʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ʆʪʩʫʪʩʪʚʠʝ ʟʘʢʘʣʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʘʥʠʪʦʚ ʩ ʘʤʬʠʙʦʣʠʪʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ɺʝʨʭʥʝ-ʋʬʘʣʝʡʩʢʠʝ 

ʛʨʘʥʠʪʳ ʚʥʝʜʨʠʣʠʩʴ ʚ ʧʦʨʦʜʫ, ʧʨʦʛʨʝʪʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 400Üʉ. ʕʪʠ 

ʛʨʘʥʠʪʳ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʵʪʘʣʦʥ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʛʨʘʥʠʪʦʚ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʛʨʘʥʠʪʘʤʠ ʤʘʩʩʠʚʘ 

ʚ ʨʘʡʦʥʝ ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʦʛʦ ʧʨʫʜʘ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʦʛʦ 

ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ, ʟʘʠʤʩʪʚʦʚʘʥʥʘʷ ʠʟ ʨʘʙʦʪʳ ʖ.ʃ. ʈʦʥʢʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

[8]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʥʠʪʦʚ ɺʝʨʭʥʝʛʦ ʋʬʘʣʝʷ ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʠʝ ʛʨʘʥʠʪʳ ʥʝ 

ʦʙʨʘʟʫʶʪ ʩʧʣʦʰʥʦʛʦ ʪʝʣʘ. ʆʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʚʳʭʦʜʦʚ 

ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʢʘʟʘʥʥʳʝ 

ʚ ʨʘʙʦʪʝ [8] ʩʧʣʦʰʥʳʝ ʫʯʘʩʪʢʠ, ʩʣʦʞʝʥʥʳʝ ʛʨʘʥʠʪʘʤʠ, ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʥʘ ʩʭʝʤʝ ʢʘʢ ʪʦʯʢʠ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʦʚ ʛʨʘʥʠʪʘ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʣʝʛʘʶʪ ʪʝʣʘ ʘʤʬʠʙʦʣʠʪʦʚ. 

ʇʝʪʨʦʛʨʘʬʠʷ ʅʠʞʥʝʝ-ʋʬʘʣʝʡʩʢʠʭ ʛʨʘʥʠʪʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʛʨʘʥʠʪʦʚ ɺʝʨʭʥʝʛʦ ʋʬʘʣʝʷ. 

(ʆʙʨ. ʅʋ1/17 ʠ ʅʋ2/17). ʆʙʨʘʟʮʳ ʦʪʦʙʨʘʥʳ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ 

ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʦʛʦ ʧʨʫʜʘ. ɺʥʝʰʥʝ ʵʪʦ ʩʚʝʪʣʳʝ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʟʝʨʥʠʩʪʳʝ 

ʧʦʨʦʜʳ ʩ ʛʥʝʡʩʦʚʠʜʥʦʡ ʪʝʢʩʪʫʨʦʡ, ʧʦʜʯʝʨʢʥʫʪʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʟʦʙʱʝʥʥʳʭ ʠʟʦʛʥʫʪʳʭ ʧʦʣʦʩʦʢ ʪʝʤʥʦʛʦ ʮʚʝʪʘ, ʩʣʦʞʝʥʥʳʭ 

ʩʢʦʧʣʝʥʠʝʤ ʤʝʣʢʠʭ ʟʝʨʝʥ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʰʣʠʬʝ ʩʪʨʫʢʪʫʨʘ 

ʥʝʦʜʥʦʨʦʜʥʘʷ, ʠʟʤʝʥʷʷʩʴ ʦʪ ʤʠʢʨʦ-, ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʜʦ ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʡ, 

ʦʩʪʘʚʘʷʩʴ ʚʝʟʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʟʝʨʥʠʩʪʦʡ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ 

ʦʨʪʦʢʣʘʟʘ ʠ ʤʠʢʨʦʢʣʠʥʘ ʤʝʩʪʘʤʠ ʩʦʟʜʘʶʪ ʧʦʨʬʠʨʦʙʣʘʩʪʠʯʝʩʢʫʶ, ʘ 

ʨʝʣʠʢʪʦʚʳʝ ʦʙʣʦʤʢʠ ʧʣʘʛʠʦʢʣʘʟʘ ʠʣʠ ʢʚʘʨʮʘ ï ʧʦʨʬʠʨʦʢʣʘʩʪʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʥʦʚʥʘʷ ʪʢʘʥʴ ʠʤʝʝʪ ʤʠʢʨʦʛʨʘʥʦʙʣʘʩʪʦʚʫʶ ʠ 

ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʫʶ ʠʣʠ ʛʨʘʥʦʢʣʘʩʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʈʘʟʤʝʨ ʧʦʨʬʠʨʦʙʣʘʩʪ ʦʨʪʦʢʣʘʟʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ʤʤ (ʨʠʩ.6ʘ). ɿʝʨʥʘ 
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ʪʘʙʣʠʪʯʘʪʦʡ ʬʦʨʤʳ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ, ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʢʚʘʨʮʘ, ʵʧʠʜʦʪʘ ʠ ʮʦʠʟʠʪʘ (ʨʠʩ.6ʙ). ɿʝʨʥʘ ʤʠʢʨʦʢʣʠʥʘ ʨʝʜʢʦ 

ʠʤʝʶʪ ʠʜʠʦʤʦʨʬʥʳʡ ʦʙʣʠʢ. ʆʥʠ ʚʩʝʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ 

ʘʣʴʙʠʪ-ʢʚʘʨʮʝʚʳʤ ʘʛʨʝʛʘʪʦʤ (ʨʠʩ.6ʚ). ʇʦʨʬʠʨʦʢʣʘʩʪʳ ʧʣʘʛʠʦʢʣʘʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʦʤʢʘʤʠ ʟʝʨʝʥ, ʠʥʪʝʥʩʠʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ, ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʵʧʠʜʦʪʘ ʠ ʤʫʩʢʦʚʠʪʘ. ʆʙʳʯʥʦ ʧʣʘʛʠʦʢʣʘʟ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠ 

ʩʜʚʦʡʥʠʢʦʚʘʥ, ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ ʘʥʜʝʟʠʥʫ An32-34  ʄʝʩʪʘʤʠ ʚ ʧʦʨʦʜʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʢʦʧʣʝʥʠʷ ʤʝʣʢʠʭ ʟʝʨʝʥ ʪʠʪʘʥʠʪʘ, ʦʙʳʯʥʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʵʧʠʜʦʪʦʤ ʠ (ʠʣʠ) ʮʦʠʟʠʪʦʤ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʘʣʴʙʠʪ-ʢʚʘʨʮʝʚʦʤʫ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʤʫ ʘʛʨʝʛʘʪʫ, ʯʘʩʪʦ ʩ ʧʣʘʩʪʠʥʢʘʤʠ ʤʫʩʢʦʚʠʪʘ (ʨʠʩ.6ʛ). 

 

 

ʈʠʩ.5. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʅʠʞʥʝʫʬʘʣʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʝʛʦ ʦʙʨʘʤʣʝʥʠʷ  [8]. 

1 ï ʛʥʝʡʩʳ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ; 2 ï ʘʤʬʠʙʦʣʠʪʳ; 3 ï ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʠʪʳ; 4 ï 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 5 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 6 ï ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ 

ʠʟʦʪʦʧʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ. 

 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʨʦʜʝ ʩʣʦʡʢʦʚ (ʧʦʣʦʩʦʢ) ʩ ʨʝʣʠʢʪʘʤʠ ʘʤʬʠʙʦʣʘ, 

ʩʢʦʧʣʝʥʠʷʤʠ ʟʝʨʝʥ ʮʦʠʟʠʪʘ, ʵʧʠʜʦʪʘ ʠ ʪʠʪʘʥʠʪʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦ 

ʘʤʬʠʙʦʣʫ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜʳ (ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʘʷ ʠ ʢʣʘʩʪʦʧʦʨʬʠʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ)  
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ʈʠʩ.6. ʅʠʞʥʝ-ʫʬʘʣʝʡʩʢʠʡ ʛʨʘʥʠʪ: ʘ ï ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ; ʙ ï 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʟʝʨʥʦ ʦʨʪʦʢʣʘʟʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ, ʵʧʠʜʦʪʘ ʠ ʮʦʠʟʠʪʘ; ʚ ï 

ʟʝʨʥʘ ʤʠʢʨʦʢʣʠʥʘ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʢʚʘʨʮʝʚʦʤ ʘʛʨʝʛʘʪʝ: ʛ ï ʩʢʦʧʣʝʥʠʷ ʪʠʪʘʥʠʪʘ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʵʧʠʜʦʪʦʤ. ʌʦʪʦ ʰʣʠʬʘ ʅʋ1/17 ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ. 

 

 
 

ʈʠʩ.7. ɻʨʘʥʠʪ: ʘ ï ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʤʠʢʨʦʢʣʠʥʘ; ʙ 

ï ʧʦʨʬʠʨʦʢʣʘʩʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʜʚʦʡʥʠʢʦʤ ʦʨʪʦʢʣʘʟʘ. ʌʦʪʦ 

ʰʣʠʬʘ ʅʋ5/18ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ. 
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ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʦ ʛʥʝʡʩʫ. ʆʙʨʘʟʝʮ ʅʋ5/18. 

ʆʙʨʘʟʝʮ ʛʨʘʥʠʪʘ ʦʪʦʙʨʘʥ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʅʠʞʥʝ-ʋʬʘʣʝʡʩʢʦʛʦ ʧʨʫʜʘ. 

ʈʦʟʦʚʘʪʦ-ʩʝʨʘʷ ʧʦʨʦʜʘ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʟʝʨʥʠʩʪʘʷ ʩ ʣʠʥʟʦʚʠʜʥʳʤʠ 

ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʯʘʩʪʦ ʩ ʨʘʟʤʳʪʳʤʠ ʛʨʘʥʠʮʘʤʠ. 

ʆʙʦʩʦʙʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʦʜʥʦʤ  ʥʘʧʨʘʚʣʝʥʠʠ,  ʩʦʟʜʘʶʪ  

ʛʥʝʡʩʦʚʠʜʥʫʶʪʝʢʩʪʫʨʫ. ɺ ʰʣʠʬʝ ʧʦʨʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʦʜʥʠʭ ʤʝʩʪʘʭ ʩʪʨʫʢʪʫʨʘ ʧʦʨʬʠʨʦʚʠʜʥʘʷ ʩ 

ʚʳʜʝʣʝʥʠʷʤʠ ʟʝʨʝʥ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠʣʠ ʩʢʦʧʣʝʥʠʷʤʠ ʢʚʘʨʮʘ, ʩʦʟʜʘʶʱʠʤʠ 

ʦʙʦʩʦʙʣʝʥʠʷ, ʨʘʟʤʝʨʦʤ ʦʪ 5-6 ʤʤ ʜʦ 1 ʩʤ. ʚ ʜʨʫʛʠʭ ï ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʟʝʨʝʥ ʢʚʘʨʮʘ, ʤʠʢʨʦʢʣʠʥʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʛʣʘʚʥʳʭ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʧʝʨʝʤʝʥʥʦʝ: ʤʝʩʪʘʤʠ ʧʨʝʦʙʣʘʜʘʝʪ ʤʠʢʨʦʢʣʠʥ, 

ʤʝʩʪʘʤʠ ʧʣʘʛʠʦʢʣʘʟ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʤʠʢʨʦʢʣʠʥʦʤ ʠ 

ʦʨʪʦʢʣʘʟʦʤ. ʄʠʢʨʦʢʣʠʥ ʧʨʝʦʙʣʘʜʘʝʪ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 40% ʦʙʲʝʤʘ 

ʧʦʨʦʜʳ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0.1-0.2 ʤʤ ʜʦ 3-4 

ʤʤ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʩʦʟʜʘʶʪ ʧʦʨʬʠʨʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.7ʘ). 

ʄʝʣʢʠʝ ʟʝʨʥʘ ʦʙʳʯʥʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʢʚʘʨʮʝʤ, ʤʝʩʪʘʤʠ 

ʩ ʧʣʘʛʠʦʢʣʘʟʦʤ. 

ʆʨʪʦʢʣʘʟ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 5% ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ɺ 

ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʚʳʜʝʣʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥ ʩʜʚʦʡʥʠʢʦʚʘʥʥʳʤʠ ʟʝʨʥʘʤ, 

ʠʥʪʝʥʩʠʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ (ʨʠʩ.7ʙ), ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ ʠ ʯʘʩʪʦ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʚʘʨʮʝʤ. ʈʘʟʤʝʨ ʚʳʜʝʣʝʥʠʡ ʜʦ 3-4 ʤʤ. 

ʇʣʘʛʠʦʢʣʘʟ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10% ʦʙʲʝʤʘ ʧʦʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʣʢʠʤʠ 

ʟʝʨʥʘʤʠ ʪʘʙʣʠʪʯʘʪʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʩ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʤʠ 

ʜʚʦʡʥʠʢʘʤʠ. ʈʘʟʤʝʨ ʟʝʨʝʥ 0.05-0.1, ʨʝʞʝ 1 ʤʤ. ʇʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ 

ʦʣʠʛʦʢʣʘʟʫ An20-22. 

ʂʚʘʨʮ ʚ ʧʦʨʦʜʝ ʧʨʝʦʙʣʘʜʘʝʪ, ʩʦʩʪʘʚʣʷʷ ~ 45% ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʛʝʥʝʨʘʮʠʷʤʠ. ʂʚʘʨʮ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ï ʟʝʨʥʘ ʨʘʟʥʦʡ 

ʬʦʨʤʳ: ʫʜʣʠʥʝʥʥʦʡ, ʥʝʧʨʘʚʠʣʴʥʦʡ, ʥʦ ʙʣʠʟʢʦʡ ʢ ʠʟʦʤʝʪʨʠʯʥʦʡ  ʨʘʟʤʝʨʦʤ ʦʪ 

0.01-0.03 ʤʤ ʜʦ 4-5 ʤʤ, ʧʦʛʘʩʘʥʠʝ ʚʦʣʥʠʩʪʦʝ. ʂʚʘʨʮ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ï 

ʤʝʣʢʠʝ ʟʝʨʥʘ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʦʜʥʦʨʦʜʥʳʤ ʧʦʛʘʩʘʥʠʝʤ, ʙʝʟ 

ʩʣʝʜʦʚ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʦʡ ʢʚʘʨʮ ʬʦʨʤʠʨʫʝʪ ʦʙʦʩʦʙʣʝʥʠʷ, ʩʦʟʜʘʶʱʠʝ 

ʚʠʜʠʤʦʩʪʴ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʚʳʜʝʣʝʥʠʡ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʪʝʤʥʳʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ʚ ʰʣʠʬʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʩʩʦʮʠʘʮʠʝʡ ʧʣʘʩʪʠʥʦʢ ʙʠʦʪʠʪʘ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʪʠʪʘʥʠʪʘ, ʵʧʠʜʦʪʘ ʠ ʮʦʠʟʠʪʘ. ʇʦʜʦʙʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʨʝʣʠʢʪʘʤʠ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʝʥʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ. 

ʂʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʧʦʨʦʜʳ ʩ ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʥʝʡʩʦʚʠʜʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʇʦʨʦʜʘ ʚ ʮʝʣʦʤ ʠʥʪʝʥʩʠʚʥʦ 

ʙʨʝʢʯʠʨʦʚʘʥʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʩʣʦʝʚ ʠ ʣʠʥʟ. ɺ ʣʠʥʟʘʭ ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʦʜʥʠʭ ʣʠʥʟʘʭ ʩʪʨʫʢʪʫʨʘ ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʘʷ ʠʣʠ 

ʙʣʘʩʪʦʧʦʨʬʠʨʦʚʘʷ. ʂʘʢ ʤʳ ʦʪʤʝʪʠʣʠ ʚʳʰʝ, ʥʝʙʦʣʴʰʠʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

[8] ʦʧʠʩʳʚʘʶʪ ʢʘʢ ʛʨʘʥʠʪʳ, ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʪʝʣʘʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʘʤʬʠʙʦʣʠʪʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʧʦʨʦʜ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ, ʩʣʦʞʝʥʥʳʭ 

ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʦʨʪʦʢʣʘʟʘ, 

ʬʦʨʤʘ ʧʦʨʬʠʨʦʙʣʘʩʪ, ʚʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʧʦʨʬʠʨʦʙʣʘʩʪ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦ ʘʤʬʠʙʦʣʠʪʫ. 

 

ʆʙʨʘʟʝʮ ʅʋ1/18. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʪʝʤʥʦ-ʩʝʨʘʷ ʧʦʨʦʜʘ ʩ  

 

 
 

ʈʠʩ.8. ʇʦʨʬʠʨʦʙʣʘʩʪʦʚʳʡ ʘʤʬʠʙʦʣʠʪ: ʘ ï ʧʣʘʛʠʦʢʣʘʟ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʘʤʬʠʙʦʣʘ; ʙ ï 

ʧʣʘʛʠʦʢʣʘʟ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʘʤʬʠʙʦʣʘ, ʵʧʠʜʦʪʘ ʠ ʢʚʘʨʮʘ; ʚ ï ʧʣʘʛʠʦʢʣʘʟ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʘʤʬʠʙʦʣʘ ʠ ʢʚʘʨʮʘ; ʛ ï ʧʦʨʬʠʨʦʙʣʘʩʪʘ ʦʨʪʦʢʣʘʟ-ʧʣʘʛʠʦʢʣʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ. ʌʦʪʦ ʰʣʠʬʘ ʅʋ1/18 ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ. 

 

 
 

ʈʠʩ.9. ʇʦʨʬʠʨʦʙʣʘʩʪʦʚʳʡ ʘʤʬʠʙʦʣʠʪ: ʘ, ʙ ï ʧʦʨʬʠʨʦʙʣʘʩʪʳ ʦʨʪʦʢʣʘʟʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʘ; ʚ, ʛ ï ʘʧʘʪʠʪ ʠ ʤʘʛʥʝʪʠʪ ʚ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ. ʌʦʪʦ ʰʣʠʬʘ ʅʋ3/18: ʘ, ʙ ï 

ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʚ, ʛ ï ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ 



ɸʥʬʠʣʦʛʦʚ ɺ.ʅ., ʂʘʙʘʥʦʚʘ ʃ.ʗ., ʀʛʫʤʝʥʮʝʚʘ ʄ.ɸ. 
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ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʨʘʟʤʝʨʦʤ 2-3 ʤʤ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʢʦʣʦ 

20% ʦʙʲʝʤʘ ʧʦʨʦʜʳ. 

ɺ ʰʣʠʬʝ ʧʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤ ʘʤʬʠʙʦʣʠʪʦʤ, 

ʩʣʦʞʝʥʥʳʤ ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ 

ʨʘʟʤʝʨʦʤ 0.1-0.5, ʨʝʞʝ 1.0 ʤʤ  ʩ ʥʝʤʘʪʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ 

ʘʤʬʠʙʦʣʠʪʝ ʥʘʭʦʜʷʪʩʷ ʦʙʦʩʦʙʣʝʥʠʷ ʦʢʨʫʛʣʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩ 

ʟʫʙʯʘʪʳʤʠ ʛʨʘʥʠʮʘʤʠ ʨʘʟʤʝʨʦʤ 1-4 ʤʤ . ʆʥʠ ʩʣʦʞʝʥʳ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ. 

ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʩʦʙʣʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ, ʦʨʪʦʢʣʘʟʘ ʠʣʠ ʦʙʦʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʥʝʨʝʜʢʦ ʩ ʧʨʠʤʝʩʴʶ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ  ʟʝʨʝʥ ʢʚʘʨʮʘ.  

ʇʦʨʬʠʨʦʙʣʘʩʪʳ ʧʣʘʛʠʦʢʣʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʝʨʥʘʤʠ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠ 

ʩʜʚʦʡʥʠʢʦʚʘʥʥʳʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʦʣʠʛʦʢʣʘʟʫ An18-20. ɻʨʘʥʠʮʳ 

ʟʝʨʝʥ ʦʙʳʯʥʦ ʟʫʙʯʘʪʳʝ, ʟʝʨʥʘ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʘʤʬʠʙʦʣʘ (ʨʠʩ.8ʘ). ɺ 

ʥʝʢʦʪʦʨʳʭ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ ʚʢʣʶʯʝʥʠʡ ʤʥʦʛʦ ʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʘʤʬʠʙʦʣʦʤ, ʥʦ ʠ ʵʧʠʜʦʪʦʤ, ʮʦʠʟʠʪʦʤ, ʭʣʦʨʠʪʦʤ ʠ ʢʚʘʨʮʝʤ (ʨʠʩ.8ʙ). 

ɺʩʪʨʝʯʘʶʪʩʷ ʧʦʨʬʠʨʦʙʣʘʩʪʳ ʧʣʘʛʠʦʢʣʘʟʘ, ʧʝʨʝʧʦʣʥʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷʤʠ 

ʢʚʘʨʮʘ (ʨʠʩ.8ʚ). 

ʆʪʤʝʯʘʶʪʩʷ ʧʦʨʬʠʨʦʙʣʘʩʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʦʨʪʦʢʣʘʟʘ 

(ʨʠʩ.8ʛ). ʆʥʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʩʠʥʛʝʥʠʪʠʯʥʦʡ ʛʨʘʥʠʮʝʡ ʩʨʘʩʪʘʥʠʷ. ʆʙʘ ʤʠʥʝʨʘʣʘ ʛʫʩʪʦ ʥʘʩʳʱʝʥʳ 

ʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ, ʘʤʬʠʙʦʣʘ, ʮʦʠʟʠʪʘ, ʪʠʪʘʥʠʪʘ ʠ ʤʘʛʥʝʪʠʪʘ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ, ʩʣʦʞʝʥʥʳʭ 

ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʦʨʪʦʢʣʘʟʘ, 

ʬʦʨʤʘ ʧʦʨʬʠʨʦʙʣʘʩʪ, ʚʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʧʦʨʬʠʨʦʙʣʘʩʪ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦ ʘʤʬʠʙʦʣʠʪʫ. 

ʆʙʨʘʟʝʮ ʅʋ3/18. ɺ ʰʣʠʬʝ ʘʤʬʠʙʦʣʠʪ ʥʘʧʦʤʠʥʘʶʪ ʪʝʥʝʚʳʝ ʤʠʛʤʘʪʠʪʳ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʭʘʨʘʢʪʝʨʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʦʨʬʠʨʦʙʣʘʩʪ ʠ ʚʤʝʱʘʶʱʝʡ 

ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. ʇʦʨʬʠʨʦʙʣʘʩʪʳ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 50% ʦʙʲʝʤʘ 

ʧʦʨʦʜʳ, ʬʦʨʤʘ ʦʢʨʫʛʣʦ-ʦʚʘʣʴʥʘʷ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʘʷ, ʝʩʣʠ ʧʦʨʬʠʨʦʙʣʘʩʪʳ 

ʩʦʧʨʠʢʘʩʘʶʪʩʷ (ʨʠʩ.9ʙ). 

ʇʦʨʬʠʨʦʙʣʘʩʪʳ ʩʦʩʪʦʷʪ ʠʟ ʦʨʪʦʢʣʘʟʘ, ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʚʘʨʮʘ. 

ʆʪʤʝʯʘʶʪʩʷ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʬʠʨʦʙʣʘʩʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʜʥʠʤ 

ʤʠʥʝʨʘʣʦʤ ʠʣʠ ʩʣʦʞʥʳʝ, ʠ ʦʙʳʯʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʨʪʦʢʣʘʟʘ. ɺʦ ʚʩʝʭ 

ʤʠʥʝʨʘʣʘʭ ʥʘʭʦʜʷʪʩʷ ʚʢʣʶʯʝʥʠʷ ʢʚʘʨʮʘ, ʘʤʬʠʙʦʣʘ, ʮʦʠʟʠʪʘ, ʵʧʠʜʦʪʘ, 

ʪʠʪʘʥʠʪʘ. 

 

ʄɽʍɸʅʀɿʄ ʆɹʈɸɿʆɺɸʅʀʗ ʂɺɸʈʎɽɺʓʍ ʊɽʃ 

ʂʘʢ ʤʳ ʦʪʤʝʪʠʣʠ ʚʳʰʝ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʙʦʣʝʝ 3000 ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʢʚʘʨʮʝʚʳʭ ʪʝʣ. ʋʥʠʢʘʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʟʘʣʝʛʘʶʪ 

ʚ ʘʤʬʠʙʦʣʠʪʘʭ (ʨʠʩ.10). 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʨʘʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʥʝʡʩʦʚ 

ʢʚʘʨʮʝʚʳʝ ʪʝʣʘ ʚ ʥʠʭ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʂʚʘʨʮʝʚʳʝ ʪʝʣʘ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʣʠʙʦ 
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ʦʙʨʘʟʫʶʪ ʙʣʦʢʠ ʚ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʤ ʧʝʛʤʘʪʦʠʜʝ, ʣʠʙʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ  

 

ʈʠʩ.10. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʧʣʘʥ ʛʦʨʠʟʦʥʪʘ 340 ʤ ʠ ʨʘʟʨʝʟ ʧʦ ʣʠʥʠʠ IV -IV  ʞʠʣʳ 2136. 

1 ï ʧʝʛʤʘʪʦʠʜʳ; 2 ï ʘʤʬʠʙʦʣʠʪʳ; 3 ï ʞʠʣʴʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʢʚʘʨʮ; 4 ï 

ʨʘʟʣʦʤʳ; 5 ï ʨʘʟʨʝʟ ʧʦ ʣʠʥʠʠ IV -IV . 

 

 
 

ʈʠʩ. 11. ʄʠʥʠʘʪʶʨʥʦʝ ʢʚʘʨʮʝʚʦʝ ʪʝʣʦ ʚ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʤ ʧʝʛʤʘʪʦʠʜʝ, 

ʦʙʨʘʟʦʚʘʥʥʦʤ ʚ ʘʤʬʠʙʦʣʠʪʝ. 



ɸʥʬʠʣʦʛʦʚ ɺ.ʅ., ʂʘʙʘʥʦʚʘ ʃ.ʗ., ʀʛʫʤʝʥʮʝʚʘ ʄ.ɸ. 
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ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʛʤʘʪʦʠʜʘ. ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʘʥʦ ʤʠʥʠʘʪʶʨʥʦʝ 

ʢʚʘʨʮʝʚʦʝ ʪʝʣʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʚ ʘʤʬʠʙʦʣʠʪʝ.ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ ʚʩʝ 

ʢʚʘʨʮʝʚʳʝ ʪʝʣʘ ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʞʠʣʘ 175 ï ʩʘʤʦʝ ʢʨʫʧʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ 

ʪʝʣ ʚ ʘʤʬʠʙʦʣʠʪʝ ʧʦʢʘʟʘʥ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʞʠʣʳ 2136 [1]. ʆʩʦʙʝʥʥʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʧʝʪʨʦʛʨʘʬʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ ʧʨʠʤʝʨʝ ʞʠʣʳ 2136 ʤʳ ʥʘʙʣʶʜʘʝʤ ʢʣʘʩʩʠʯʝʩʢʫʶ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ (ʨʠʩ. 12). 

 

 

ʈʠʩ.12. ʉʭʝʤʘ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʞʠʣʝ 2136. 

1 ï ʢʚʘʨʮʝʚʦʝ ʷʜʨʦ; 2 ï ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʧʝʛʤʘʪʦʠʜ; 3 ï ʙʠʦʪʠʪʦʚʳʡ ʩʣʘʥʝʮ; 4 ï 

ʘʤʬʠʙʦʣʠʪ.  

ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʘ. 

 

ʇʨʦʮʝʩʩ ʤʝʪʘʩʦʤʘʪʦʟʘ ʨʘʟʚʠʚʘʣʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪʨʝʱʠʥʳ, 

ʷʚʣʷʶʱʝʡʩʷ ʧʦʜʚʦʜʷʱʠʤ ʢʘʥʘʣʦʤ, ʚ ʩʪʦʨʦʥʫ ʘʤʬʠʙʦʣʠʪʘ. ʇʝʨʚʦʡ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʪʨʝʱʠʥʳ, ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʦʥʘ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʢʚʘʨʮʘ, 

ʢʦʪʦʨʘʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʘʤʬʠʙʦʣʠʪʘ ʨʘʩʪʚʦʨʦʤ ʩʤʝʥʠʣʘʩʴ ʟʦʥʦʡ 

ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʧʝʛʤʘʪʦʠʜʘ, ʘ ʟʘʪʝʤ ʟʦʥʦʡ ʙʠʦʪʠʪʦʚʦʛʦ ʩʣʘʥʮʘ. ʇʦ ʤʝʨʝ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʟʦʥʳ ʧʝʨʝʤʝʱʘʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʤʬʠʙʦʣʠʪʘ ʠ ʦʙʲʝʤ 

ʢʚʘʨʮʝʚʦʛʦ ʷʜʨʘ ʫʚʝʣʠʯʠʚʘʣʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʣʘ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʚʘʨʮʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʢʚʘʨʮʝʚʦʤ ʷʜʨʝ ʫʯʘʩʪʢʦʚ, 

ʩʣʦʞʝʥʥʳʭ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʧʝʛʤʘʪʦʠʜʝ 

ʢʘʨʙʦʥʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʪʚʦʨ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʥʦʩʠʣʩʷ 

ʢʚʘʨʮ, ʠʤʝʣ ʫʛʣʝʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʡ ʩʦʩʪʘʚ. ʕʪʘ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ 

ʟʦʥʘʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʘ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʢʚʘʨʮʘ 

ʋʬʘʣʝʡʩʢʦʛʦ ʙʣʦʢʘ. 
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ʑʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʚ ʂʨʳʤʫ 
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ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè 

 

ɸʙʩʪʨʘʢʪ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 
ʨʘʟʚʠʪʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʘʢʚʘʪʦʨʠʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ. ʂʨʦʤʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʃʦʤʦʥʦʩʦʚʩʢʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʘʢ ʨʘʡʦʥ ʨʘʟʚʠʪʠʷ 

ʩʫʙʱʝʣʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʆʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʤʠʥʝʨʘʣʳ ʫʤʝʨʝʥʥʦ-

ʱʝʣʦʯʥʦʛʦ ʨʷʜʘ, ʚʩʪʨʝʯʝʥʥʳʝ ʚ ɻʝʨʘʢʣʝʡʩʢʦʡ ʛʨʫʧʧʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʨʝʜʥʝʶʨʩʢʠʭ ʧʦʨʦʜʘʭ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʠ ʂʘʨʘʜʘʛʩʢʦʛʦ ʩʨʝʜʥʝʶʨʩʢʦ ï ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ʂʨʳʤʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʂʨʳʤʩʢʠʡ 

ʧʦʣʫʦʩʪʨʦʚ, ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʧʦʜʚʦʜʥʳʡ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʡ ʤʘʩʩʠʚ. 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʂʨʳʤʘ ï ʬʨʘʛʤʝʥʪʘ ɸʣʴʧʠʡʩʢʦ-ɻʠʤʘʣʘʡʩʢʦʡ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, 

ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʩʘʜʦʯʥʳʭ ʬʦʨʤʘʮʠʡ (~90%) ʥʘʜ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (~10%). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʂʨʳʤʫ ʠʟʚʝʩʪʥʳ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ (ʠʥʪʨʫʟʠʚʥʳʝ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ) ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ, ʧʘʣʝʦʟʦʡʩʢʦʛʦ, ʤʝʟʦʟʦʡʩʢʦʛʦ ʠ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʂʨʳʤʘ ʠʟʫʯʘʶʪʩʷ ʚʦʪ ʫʞʝ ʙʦʣʝʝ 300-ʭ ʣʝʪ, 

ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʥʘʫʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ ʚ ʂʨʳʤ ʠʟʚʝʩʪʥʦʛʦ ʥʝʤʝʮʢʦʛʦ 

ʫʯʸʥʦʛʦ-ʵʥʮʠʢʣʦʧʝʜʠʩʪʘ, ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʷ ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʘ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʯʣʝʥʘ ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʇʝʪʨʘ 

ʉʠʤʦʥʘ ʇʘʣʣʘʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʧʝʪʨʦʛʨʘʬʠʠ ʠ ʧʝʪʨʦʣʦʛʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʂʨʳʤʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ ʠ ʧʦ ʩʝʡ 

ʜʝʥʴ. 

ɺ ʂʨʳʤʫ, ʚ ʢʦʨʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʠʤʝʶʪ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʷʜʘ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï 

ʢʠʩʣʦʛʦ ʨʷʜʘ. ʋʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ʂʨʳʤʘ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʣʠ ʢʨʘʡʥʝ ʨʝʜʢʠ (ʩʦʙʩʪʚʝʥʥʦ 

ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ) ʠ, ʚ ʩʠʣʫ ʵʪʦʛʦ, ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʊʘʢ, ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʉʠʚʘʰʩʢʠʤ ʧʣʫʪʦʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʦʪʦʨʳʡ ʨʘʟʚʠʪ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʈʘʚʥʠʥʥʦʛʦ ʂʨʳʤʘ ʠ ʚʩʢʨʳʪ ʝʜʠʥʠʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʙʦʣʴʰʠʭ (ʜʦ 4500 

ʤ) ʛʣʫʙʠʥʘʭ. ɺʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ, 1200 - 1425 ʤʣʥ. ʣʝʪ, 

ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʣʠʝʚʳʤʠ ʘʣʷʩʢʠʪʘʤʠ. 

ʊʨʘʭʠʜʦʣʝʨʠʪʳ ʦʪʤʝʯʝʥʳ ʚ ʩʦʩʪʘʚʝ ʧʘʣʝʦʟʦʡ-ʤʝʟʦʟʦʡʩʢʠʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʅʦʚʦʩʝʣʦʚʩʢʠʤ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʠʢʨʠʪ-ʘʥʜʝʟʠʪʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʆʥ ʚʩʢʨʳʪ ʨʷʜʦʤ 

ʩʪʨʫʢʪʫʨʥʦ-ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ ʩʨʝʜʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ 

ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ (~350 ʤʣʥ. ʣʝʪ) ʬʫʥʜʘʤʝʥʪʘ ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ ʠ 

ʅʦʚʦʩʝʣʦʚʩʢʦʛʦ ʧʦʜʥʷʪʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʫʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʰʪʦʢʘʤʠ, 

ʤʘʣʦʤʦʱʥʳʤʠ ʜʘʡʢʘʤʠ ʠ ʞʠʣʦʦʙʨʘʟʥʳʤʠ ʪʝʣʘʤʠ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʧʠʢʨʠʪʦʚ, ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʪʦʚ ʠ 

ʪʨʘʭʠʜʦʣʝʨʠʪʦʚ. 

ʑʝʣʦʯʥʳʝ ʠʣʠ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʥʝ ʦʪʤʝʯʝʥʳ ʚ ʨʘʥʥʝ - 

ʩʨʝʜʥʝʶʨʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʳ ʚ 

ʉʝʚʝʨʦʢʨʳʤʩʢʠʡ ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʛʘʙʙʨʦ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ, 

ʧʨʦʨʳʚʘʶʱʠʡ ʩʨʝʜʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʈʘʚʥʠʥʥʦʛʦ 

ʂʨʳʤʘ. ɺʩʢʨʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʢʘʨʪʠʨʦʚʦʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 

ʙʦʣʝʝ 2000 ʤ, ʤʦʱʥʦʩʪʴ ʠʥʪʨʫʟʠʚʥʳʭ ʞʠʣʴʥʳʭ ʪʝʣ ʠ ʜʘʝʢ ʩʦʩʪʘʚʣʷʝʪ 30 - 70 

ʤ. ʆʥʠ ʩʣʦʞʝʥʳ ʜʠʦʨʠʪʘʤʠ, ʛʘʙʙʨʦ-ʧʦʨʬʠʨʠʪʘʤʠ, ʤʠʢʨʦʛʘʙʙʨʦ, 

ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ. ʆʪʥʝʩʝʥʠʝ ʢ ʨʘʥʥʝ - ʩʨʝʜʥʝʶʨʩʢʦʤʫ ʚʦʟʨʘʩʪʫ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʟʥʘʯʝʥʠʷʤʠ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʜʠʦʨʠʪʦʚʳʭ ʜʘʝʢ (190 ʤʣʥ. 

ʣʝʪ, ʨʘʥʥʷʷ ʶʨʘ) ʠ ʛʨʘʥʠʪʦʚ (161 ʤʣʥ. ʣʝʪ, ʚʝʨʭʥʷʷ ʶʨʘ). 
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ʉʨʝʜʥʝʶʨʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʚ ɻʦʨʥʦʤ ʂʨʳʤʫ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʧʘʙʠʩʩʘʣʴʥʳʤʠ 

ʠʥʪʨʫʟʠʚʘʤʠ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ, ʦʙʳʯʥʦ ʧʝʨʝʩʳʱʝʥʥʳʭ 

ʢʨʝʤʥʝʟʝʤʦʤ, ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʠʭ ʜʘʡʢʘʤʠ ʠ ʤʘʣʳʤʠ ʠʥʪʨʫʟʠʷʤʠ 

ʜʦʣʝʨʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʦʣʝʨʠʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʯʘʩʪʴ 

ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʩʩʠʚʦʚ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ, ʧʦʯʪʠ ʚʩʝ ʠʥʪʨʫʟʠʚʥʳʝ 

ʤʘʩʩʠʚʳ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʦʣʦʩʝ ʦʪ ʖʞʥʦʙʝʨʝʞʴʷ ʢ ʛ. ʉʠʤʬʝʨʦʧʦʣʴ, 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʡʢʦ- ʠ ʰʪʦʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʪ.ʥ. ʂʘʯʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. 

ʋʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʚ ʩʦʩʪʘʚʝ ʩʨʝʜʥʝʶʨʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʚʠʪʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʨʘʥʥʷʷ ʬʘʟʘ 

ɻʝʨʘʢʣʝʡʩʢʦʡ ʛʨʫʧʧʳ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʘʡʢʦʧʦʜʦʙʥʳʤʠ ʪʝʣʘʤʠ ʧʠʢʨʠʪʦʚ ʠ ʧʠʢʨʦʙʘʟʘʣʴʪʦʚ. ɺ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʤ 

ʢʘʨʴʝʨʝ (ʦʢʨʝʩʪʥʦʩʪʠ ʉʠʤʬʝʨʦʧʦʣʷ) ʦʧʠʩʘʥʳ ʦʩʪʨʦʚʦʜʫʞʥʳʝ 

ʧʦʟʜʥʝʙʘʡʦʩʩʢʠʝ ï ʧʦʟʜʥʝʢʝʣʣʦʚʝʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ - ʪʨʘʭʠʙʘʟʘʣʴʪʳ, 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʳ, ʪʨʘʭʠʘʥʜʝʟʠʪʳ.  

ʅʘʠʙʦʣʴʰʠʡ çʚʝʩè ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʦʩʪʘʚʝ 

ʦʙʨʘʟʦʚʘʥʠʡ ʂʘʨʘʜʘʛʩʢʦʛʦ ʩʨʝʜʥʝʶʨʩʢʦ ï ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ʂʨʳʤʘ. ʊʘʢ, 

ʦʣʠʚʠʥʦʚʳʝ ʪʨʘʭʠʙʘʟʘʣʴʪʳ ʥʘʨʷʜʫ ʩ ʙʘʟʘʣʴʪʘʤʠ, ʜʦʣʝʨʠʪʘʤʠ ʠ 

ʪʨʘʭʠʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ ʦʙʨʘʟʫʶʪ I-ʫʶ ʬʘʟʫ ʫʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʨʘʭʠʙʘʟʘʣʴʪʳ, ʪʝʬʨʠʪʳ ʠ ʦʣʠʚʠʥʦʚʳʝ ʪʝʬʨʠʪʳ ʠʟʚʝʩʪʥʳ ʚ ʩʦʩʪʘʚʝ II-ʦʡ 

ʬʘʟʳ ʦʪʤʝʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʜʝ ʦʙʨʘʟʫʶʪ ʩʝʨʠʶ ʜʘʝʢ ʠ ʥʝʢʢʦʚ ʚʤʝʩʪʝ ʩ 

ʙʠʦʪʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʤʠ ʠ ʜʨʫʛʠʤʠ ʪʨʘʭʠʘʥʜʝʟʠʜʘʮʠʪʘʤʠ (çʢʝʨʘʪʦʬʠʨʘʤʠè), 

ʘʥʜʝʟʠʪʘʤʠ, ʜʘʮʠʪʘʤʠ, ʨʠʦʜʘʮʠʪʘʤʠ, ʪʨʘʭʠʪʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ (ʤʝʣʘʬʠʨʘʤʠ). 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ [2], ʚ ʛʘʙʙʨʦʠʜʘʭ ʂʫʰʥʘʨʸʚʩʢʦʛʦ (ɹʘʭʯʠʩʘʨʘʡʩʢʠʡ 

ʨʘʡʦʥ) ʠ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʛʦ (ʦʢʨʝʩʪʥʦʩʪʠ ʉʠʤʬʝʨʦʧʦʣʷ) ʠʥʪʨʫʟʠʚʦʚ, ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʤʘʣʦʤʦʱʥʳʝ ʜʘʡʢʠ ʢʘʡʥʦʪʠʧʥʳʭ ʬʣʦʛʦʧʠʪʦʚʳʭ ʤʠʥʝʪʪ ʠ 

ʵʛʠʨʠʥʦʚʳʭ ʤʘʨʛʘʥʮʦʚʠʩʪʦ-ʞʝʣʝʟʠʩʪʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ (çʥʘʧʦʤʠʥʘʶʪè - ʧʦ ʘʚʪʦʨʘʤ) ʢʘʢ ʧʦʩʣʝʤʝʣʦʚʳʝ 

ʤʘʥʪʠʡʥʳʝ ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʱʝʣʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʌʣʦʛʦʧʠʪ ʤʠʥʝʪʪ ʙʦʛʘʪ ʪʠʪʘʥʦʤ (TiO2 ʜʦ 6.77 ʤʘʩ. %), ʦʙʦʛʘʱʸʥ ʭʨʦʤʦʤ 

(Cr2O3 ʜʦ 2.14 ʤʘʩ. %) ʠ ʙʘʨʠʝʤ (ɺʘʆ ʜʦ 1.13 ʤʘʩ. %). 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʧʨʝʦʙʣʘʜʘʶʪ Fe-Mn ʢʘʣʴʮʠʪ ʠ 

ʤʘʥʛʘʥʦʢʘʣʴʮʠʪ, ʢʫʪʥʘʛʦʨʠʪ, Mn-Fe ʜʦʣʦʤʠʪ, ʵʛʠʨʠʥ, ʚʩʪʨʝʯʝʥʳ ʪʘʢʞʝ 

ʤʘʛʥʝʟʠʦʘʨʬʚʝʜʩʦʥʠʪ, Cu-Fe ʩʬʘʣʝʨʠʪ, ʭʣʦʨʬʪʦʨʘʧʘʪʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʙʘʜʜʝʣʝʠʪ. ʇʦʟʜʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ï ʛʝʤʘʪʠʪ ʠ ʢʚʘʨʮ (ʧʦ 

ʵʛʠʨʠʥʫ), Fe-Ca ʨʦʜʦʭʨʦʟʠʪ, Ca-Mg ʩʠʜʝʨʠʪ, Zn ʘʣʘʙʘʥʜʠʥ, ʮʝʣʴʟʠʘʥ, Th-

ʩʦʜʝʨʞʘʱʠʡ ʤʦʥʘʮʠʪ, ʮʠʨʢʦʥ (ʧʦ ʙʘʜʜʝʣʝʠʪʫ), ʧʠʨʦʢʩʬʝʨʨʦʠʪ, Mn-Ca 

ʛʨʶʥʝʨʠʪ, ʤʘʥʛʘʥʛʨʶʥʝʨʠʪ (ʜʘʥʥʝʤʦʨʠʪ), ʦʣʤʠʠʪ, Mn-ʜʦʤʠʥʘʥʪʥʳʡ 

ʭʦʣʴʪʰʪʘʤʠʪ, ʛʘʣʝʥʠʪ. ʂʘʨʙʦʥʘʪʠʪʳ ʦʢʨʫʞʝʥʳ ʦʨʝʦʣʦʤ ʬʝʥʠʪʦʚ, ʠʭ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ - ʘʣʴʙʠʪ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʱʝʣʦʯʥʦʡ ʘʤʬʠʙʦʣ. 

ʅʝʜʘʚʥʦ, ʚʧʝʨʚʳʝ ʚ ʂʨʳʤʫ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ (ʂʘʩʘʪʢʠʥ ɸ.ɺ., 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ) ʚ ʢʘʯʝʩʪʚʝ ʥʝʙʦʣʴʰʦʡ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʧʨʠʤʝʩʠ ʚ ʩʦʩʪʘʚʝ ʦʪʦʙʨʘʥʥʳʭ ʥʘʤʠ ʩʝʟʦʥʥʳʭ ʩʫʣʴʬʘʪʥʳʭ ʢʦʨʦʢ ʚ ʟʦʥʝ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʩʨʝʜʥʝʶʨʩʢʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ 

ʧʦʨʦʜʘʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʤʳʩʘ ʌʠʦʣʝʥʪ (ʖʛʦ-ɿʘʧʘʜʥʳʡ ʂʨʳʤ) ʢʘʣʠʦʬʠʣʠʪ 

KAlSiO4 ʠ ʢʘʣʴʩʠʣʠʪ KAlSiO4. ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ 

ʢʘʣʠʦʬʠʣʠʪʘ ʌʠʦʣʝʥʪʘ [d,¡(I,%]: 4.29, 3.76, 3.09, 3.04, 2.82, 2.62, 2.13 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʘʣʦʥʥʦʤʫ ʢʘʦʣʠʦʬʠʣʠʪʫ ʠʟ Vesuvius (Italy) 4.26(15), 

3.76(12), 3.09(100), 3.02(12), 2.814(12), 2.593(30), 2.131(25). ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʢʘʣʴʩʠʣʠʪʘ ʌʠʦʣʝʥʪʘ [d,¡]: 4.36, 4.01, 3.09 (ʦʯʝʥʴ ʩʠʣʥɹʘʷ), 

2.57, 2.48, 2.22 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʘʣʦʥʥʦʤʫ ʢʘʣʴʩʠʣʠʪʫ 4.351(12), 3.973(45), 

3.118(100), 2.579(50), 2.472(15), 2.175 (17). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʘʣʠʦʬʠʣʠʪ ʦʪʤʝʯʝʥ ʚ ʱʝʣʦʯʥʳʭ ʧʠʨʦʢʣʘʩʪʘʭ ʚʫʣʢʘʥʘ 

ɺʝʟʫʚʠʡ (ʀʪʘʣʠʷ) ʠ ʚ ʱʝʣʦʯʥʳʭ ʚʫʣʢʘʥʠʪʘʭ ɸʣʴʙʘʥʩʢʠʭ ʛʦʨ (ʀʪʘʣʠʷ). 

ʂʘʣʴʩʠʣʠʪ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʠʟʚʝʩʪʝʥ ʢʘʢ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʡ ʤʠʥʝʨʘʣ 

ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʫʣʴʪʨʘʢʘʣʠʝʚʦʛʦ ʨʷʜʘ (ʚʫʣʢʘʥʠʪʳ ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦʛʦ 

ʨʠʬʪʘ; ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ ʊʦʩʢʘʥʩʢʦʡ ʠ ʈʠʤʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, 

ʀʪʘʣʠʷ; ʨʠʬʪʦʚʘʷ ʟʦʥʘ ʖʛʦ-ɿʘʧʘʜʥʦʡ ʄʝʢʩʠʢʠ; ʥʠʞʥʝʤʝʣʦʚʳʝ 

ʫʣʴʪʨʘʢʘʣʠʝʚʳʝ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʣʘʚʳ ʠ ʚʫʣʢʘʥʦʢʣʘʩʪʠʪʳ ʰʪʘʪʘ ʄʠʥʘʩ-

ɾʝʨʘʡʩ, ɹʨʘʟʠʣʠʷ; ʢʦʣʮɹʝʚʳʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʠʥʪʨʫʟʠʠ ɹʘʡʢʘʣʴʩʢʦʡ 

ʱʝʣʦʯʥʦʡ ʧʨʦʚʠʥʮʠʠ ï ʉʳʥʥʳʨʩʢʠʡ ʤʘʩʩʠʚ, ʊʘʞʝʨʘʥʩʢʠʡ ʱʝʣʦʯʥʦʡ 

ʢʦʤʧʣʝʢʩ, ʄʫʨʫʥʩʢʠʡ ʤʘʩʩʠʚ ʠ ʜʨ.). ʕʪʠ ʤʠʥʝʨʘʣʳ ʪʨʝʙʫʶʪ ʥʦʚʳʭ ʥʘʭʦʜʦʢ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʟʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ 

ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʫʣʴʪʨʘʢʘʣʠʝʚʦʛʦ ʨʷʜʘ ʠʣʠ ʠʭ ʢʩʝʥʦʣʠʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʡʦʥʘ ʤʳʩʘ ʌʠʦʣʝʥʪ. 

ɺʥʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʂʨʳʤʘ ʦʙʣʘʩʪʴʶ ʨʘʟʚʠʪʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʫʙʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʧʦʜʚʦʜʥʳʡ 

ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʡ ʤʘʩʩʠʚ (ʜʘʣʝʝ ï ʃʇʄ), ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ 

ʤʦʨʩʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʚ 1989 ʛ. ʚ 

45 ʤʠʣʷʭ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʉʝʚʘʩʪʦʧʦʣʷ [3]. ʃʇʄ ʷʚʣʷʝʪʩʷ ʧʦʜʚʦʜʥʳʤ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʫʙʰʠʨʦʪʥʳʭ ʦʨʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ɻʦʨʥʦʛʦ ʂʨʳʤʘ. ʃʇʄ ʩʣʦʞʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʡ ʛʣʫʙʠʥʥʦʩʪʠ. ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʘʣʦ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʠʣʣʠʪʦʚʠʜʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʢʘʨʙʦʥʘ, ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ 

ʪʘʚʨʠʯʝʩʢʠʤ ʬʣʠʰʝʤ, ʚʝʨʭʥʝʤʝʣʦʚʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʛʣʠʥʘʤʠ ʠ ʤʝʨʛʝʣʷʤʠ, 

ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʩʩʠʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 44 ʢʤ, ʘ ʰʠʨʠʥʘ ʦʢʦʣʦ 6 ʢʤ (ʧʦ ʤʝʨʠʜʠʘʥʫ 33Á). ʇʦʜʥʦʞʠʝ 

ʩʢʣʦʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʦ ʩ ʟʘʧʘʜʘ ʠʟʦʙʘʪʘʤʠ 1550-1600 ʤ, ʘ ʩ 

ʚʦʩʪʦʢʘ - 1700-1750 ʤ (ʨʠʩ.1).  

ʄʥʦʛʦʣʝʪʥʝʝ ʠʟʫʯʝʥʠʝ ʃʇʄ ʧʦʟʚʦʣʠʣʦ ʩʦʩʪʘʚʠʪʴ ʢʘʨʪʠʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ. ɺ ʩʘʤʦʡ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʩʢʣʦʥʘ ʥʘ ʛʣʫʙʠʥʘʭ 1400-1750 ʤ ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ 

ʃʇʄ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʙʦʩʦʙʣʝʥʥʳʝ ʚʳʭʦʜʳ ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʧʦʨʦʜ - ʛʘʙʙʨʦ, ʜʠʦʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ, ʪʦʥʘʣʠʪʦʚ ʠ 

ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʠ ʚ ʥʠʞʥʝʡ ʪʘʤ, ʛʜʝ ʥʝʪ ʧʣʫʪʦʥʠʪʦʚ 



ʊʠʱʝʥʢʦ ɸ. ʀ., ʇʘʩʳʥʢʦʚ ɸ. ɸ., ɺʘʭʨʫʰʝʚ ɹ. ɸ. 
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(ʚ ʦʙɦ ʝʡ ʩʣʦʞʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 1700 ʜʦ 800 ʤ), ʦʙʥʘʞʘʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʨʝʤʷ ʩʝʨʠʷʤʠ: 

ʙʦʥʠʥʠʪʦʚʦʡ, ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʠ ʰʦʰʦʥʠʪʦʚʦʡ. ɼʚʝ ʧʝʨʚʳʝ ʩʝʨʠʠ 

ʚʢʣʶʯʘʶʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʚʫʣʢʘʥʠʪʦʚ ʦʪ ʙʘʟʘʣʴʪʦʚ ʜʦ ʧʣʘʛʠʦʨʠʦʣʠʪʦʚ ʠ 

ʨʘʟʚʠʪʳ ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʤʘʩʩʠʚʘ, ʘ ʰʦʰʦʥʠʪʦʚʘʷ ʩʝʨʠʷ 

ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʠ ʩʨʝʜʥʠʝ ʩʫʙʱʝʣʦʯʥʳʝ ʚʫʣʢʘʥʠʪʳ ʠ ʩʣʘʛʘʝʪ ʟʘʧʘʜʥʫʶ 

ʯʘʩʪʴ ʤʘʩʩʠʚʘ. 

 

 

ʈʠʩ. 1. ʕʭʦʛʨʘʤʤʘ ʧʨʦʬʠʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʯʝʨʝʟ ʃʇʄ 

 

ʇʦʨʦʜʳ ʵʪʦʡ ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʷʜʦʤ ʦʩʥʦʚʥʳʭ ʠ ʩʨʝʜʥʠʭ 

ʩʫʙʱʝʣʦʯʥʳʭ ʧʦʨʦʜ: ʘʙʩʘʨʦʢʠʪ ï ʰʦʰʦʥʠʪ ï ʪʨʘʭʠʘʥʜʝʟʠʙʘʟʘʣʴʪ (ʙʘʥʘʢʠʪ) ï 

ʪʨʘʭʠʪ [4]. ʇʦ ʤʥʝʥʠʶ ɽ.ɽ. ʐʥʶʢʦʚʦʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʯʘʩʪʠʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʩʘʥʠʜʠʥʘ) ʚ 

ʩʪʨʦʝʥʠʠ ʬʝʥʦʢʨʠʩʪʘʣʣʦʚ ʧʣʠʛʠʦʢʣʘʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʠʤʠʥʝʨʘʣʴʥʦʛʦ 

ʚʢʨʘʧʣʝʥʥʠʢʘ. ɺʦʢʨʫʛ ʬʝʥʦʢʨʠʩʪʦʚ ʧʣʘʛʠʦʢʣʘʟʘ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʠ 

ʧʣʘʛʠʦʢʣʘʟʦʚʘʷ ʦʪʦʨʦʯʢʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʰʦʰʦʥʠʪʦʚʳʭ 

ʧʦʨʦʜ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʷʩʥʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʱʝʣʦʯʥʦʩʪʠ ʤʘʛʤʳ.  

ʅʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ʪʦʣʱʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʦʩʪʦʢʝ 

ʃʇʄ. ɺʳʭʦʜʳ ʢʠʩʣʳʭ ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʧʦʨʦʜ (çʦʢʝʘʥʠʯʝʩʢʠʭ 

ʧʣʘʛʠʦʛʨʘʥʠʪʦʚè) ʬʦʨʤʠʨʫʶʪ ʚ ʩʘʤʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʦʙʦʩʦʙʣʝʥʥʳʡ 

ʚʳʩʪʫʧ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 200 ʤ, ʦʪʜʝʣʝʥʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʢʦʡ ʦʪ 

ʚʳʭʦʜʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, 

ʘʥʜʝʟʠʪʦʚ, ʧʣʘʛʠʦʨʠʦʜʘʮʠʪʦʚ, ʧʣʘʛʠʦʨʠʦʣʠʪʦʚ). 

 ɺ 7-ʤ ʨʝʡʩʝ ʅʀʉ çʂʠʝʚè (1997) ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʃʇʄ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 

 

150 

 

ʜʨʘʛʠʨʦʚʘʥʠʝʤ ʙʳʣʘ ʧʦʜʥʷʪʘ ʛʣʳʙʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʇʘʩʳʥʢʦʚ, ʐʥʶʢʦʚʘ, 

2003), ʢʦʪʦʨʘʷ ʧʦ ʛʝʥʝʟʠʩʫ ʧʨʝʜʩʪʘʚʣʝ̫ʪ ʩʦʙʦʡ ʛʨʘʚʠʛʝʥʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʫʶ 

ʙʨʝʢʯʠʶ ʠʣʠ ʪʝʨʨʠʛʝʥʥʳʡ ʤʦʥʦʤʠʢʪʦʚʳʡ ʤʝʣʘʥʞ, ʩʚʷʟʘʥʥʳʡ ʩ ʯʝʰʫʡʯʘʪʦ-

ʥʘʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ.  

 

ɺʓɺʆɼʓ: 

ʇʨʠʚʝʜʸʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʂʨʳʤʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʘʢʚʘʪʦʨʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʀʭ ʥʘʣʠʯʠʝ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʠʣʦ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʨʝʛʠʦʥʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʱʝʣʦʯʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥʘʭ ʨʘʟʣʠʯʥʳʭ  ʵʧʦʭ ʵʚʦʣʶʮʠʠ ʦʢʝʘʥʘ 

ʊʝʪʠʩ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʃʦʤʦʥʦʩʦʚʩʢʦʛʦ ʧʦʜʚʦʜʥʦʛʦ 

ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʠʤ ʖʞʥʦ-

ʏʝʨʥʦʤʦʨʩʢʠʤ ʧʦʷʩʦʤ, ʚʦʟʥʠʢʰʠʤ ʚ ʢʦʥʮʝ ʤʝʣʘ - ʥʘʯʘʣʝ ʧʘʣʝʦʛʝʥʘ 

ʚʩʣʝʜʩʪʚʠʝ ʢʚʘʟʠʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʅʝʦʪʝʪʠʩʘ. ʌʨʦʥʪʘʣʴʥʦʡ 

ʯʘʩʪʴʶ ʧʘʣʝʦʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʃʇʄ ʷʚʣʷʣʩʷ ʫʩʪʫʧ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʨʘʡʦʥʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɿʜʝʩʴ, ʚ ʩʠʣʫ ʨʘʟʣʠʯʠʡ ʚ 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʫʶʪʩʷ ʢʨʫʧʥʳʝ 

ʢʦʥʪʨʘʩʪʥʳʝ ʬʦʨʤʳ ʧʦʜʚʦʜʥʦʛʦ ʨʝʣʴʝʬʘ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʬʦʨʤʘʤʠ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʝʥʠʷ ʯʝʰʫʡʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ. ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʱʝʣʦʯʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ 

ʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʷʭ ʂʨʳʤʩʢʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ 

ʨʝʛʠʦʥʘ.  
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ʄʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ ʇʨʠʘʟʦʚʴʷ,  

ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ 
 

ɸʱʝʧʢʦʚ ʀ. ɺ.1, ɺʣʘʜʳʢʠʥ ʅ. ɺ.2, ʂʘʣʘʰʥʠʢ ɸ.C.3, 

 ʄʝʜʚʝʜʝʚ ʅ. ʉ4., ʉʘʧʨʳʢʠʥ ɸ. ʀ.1 

 
1ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 

2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ,  ʀʨʢʫʪʩʢ;  
3ʂʠʨʦʚʦʛʨʘʜʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,ʋ ʢʨʘʠʥʘ;  

 3ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʅʦʚʦʩʠʙʠʨʩʢ, 

 

ɸʙʩʪʨʘʢʪ. ʄʘʥʪʠʡʥʳʝ ʢʩʝʥʦʢʨʠʩʪʳ ʠʟ ʜʝʚʦʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ 
ʇʨʠʘʟʦʚʴʷ (ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ) ʜʘʶʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʛʝʦʪʝʨʤʫ ʧʦ 

ʛʨʘʥʘʪʦʚʦʡ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʡ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ. ʄʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ ʨʝʟʢʦ 

ʨʘʟʜʝʣʝʥʘ ʥʘ 4,2 ɻʇʘ, ʩʫʜʷ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʵʢʣʦʛʠʪʦʚʦʡ ʣʠʥʟʳ ʠ ʭʨʦʤʠʪʦʚ ʥʘ 

ʵʪʦʤ ʫʨʦʚʥʝ ʠ ʠʟʤʝʥʝʥʠʶ ʪʨʝʥʜʘ ʜʣʷ ʠʣʴʤʝʥʠʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Cpx-Ilm-Phl 

ʞʠʣ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ɺʳʜʝʣʝʥʦ 7 ʩʣʦʝʚ: ʩʣʦʡ I- 2,5-1 ɻʇʘ ʦʙʦʛʘʱʝʥ Gar- 

ʧʠʨʦʢʩʝʥʠʪʘʤʠ ʠ Sp-ʧʝʨʠʜʦʪʠʪʘʤʠ (Fe#Ol ~ 0,11-0,14); ʩʣʦʡ II- 2,5-3,2 ɻʇʘ- 

Gar-Sp  ʧʝʨʠʜʦʪʠʪʳ (Fe#Ol ~ 0,08-0,10); ʩʣʦʡ III - 4,3-3,2 ɻʇʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʧʝʨʠʜʦʪʠʪʳ (Fe# ~ 0,07-0,095); ʩʣʦʡ IV ʩʦʜʝʨʞʠʪ ʧʠʨʦʢʩʝʥʠʪʦʚʳʝ ʧʠʨʦʧʳ ʩ 

ʥʘʠʚʳʩʰʠʤ La, ʵʢʣʦʛʠʪʳ ʠ ʧʝʨʠʜʦʪʠʪʳ ʩ ʨʝʘʢʮʠʦʥʥʳʤʠ ʉpx (Fe#Ol ~ 0,10-

0,125); ʩʣʦʡ V - 5.8-5 ɻʇʘ ʛʘʨʮʙʨʛʠʪʳ ʩʫʙ-Ca, ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʝ ʭʨʦʤʠʪʳ ʠ 

Mg-ʠʣʴʤʝʥʠʪʳ; ʩʣʦʡ VI  - 5,8-6,8 ɻʇʘ ʩʦʜʝʨʞʠʪ ʦʙʦʛʘʱʝʥʥʳʝ - Fe ʧʠʨʦʧʳ ʪʠʧʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, Mg-ʵʢʣʦʛʠʪʳ ʠ Cr-Mr ʠʣʴʤʝʥʠʪʳ; ʩʣʦʡ VII  ï 

ʵʪʦ ʙʦʣʝʝ 6.8 ɻʇʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʘʢʮʠʦʥʥʳʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʧʝʨʠʜʦʪʠʪʘʤʠ, ʩʫʜ̫ ʧʦ ʞʝʣʝʟʠʩʪʳʤ ʛʨʘʥʘʪʘʤ. ʇʠʨʦʧʳ ʦʙʦʛʘʱʘʶʪʩʷ LREE, 

LILE ʠ Hf, Zr ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʦʪ 6 ʜʦ 3 ɻʇʘ. ʇʨʠʤʠʪʠʚʥʳʝ ʛʨʘʥʘʪʳ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʠʤʝʶʪ ʦʢʨʫʛʣʳʝ ʩʧʝʢʪʨʳ REE, TRE; ʩʫʙ-Ca 

ʧʠʨʦʧʳ ʠʤʝʶʪ REE ʩʧʝʢʪʨʳ S-ʪʠʧʘ ʩ ʧʝʨʝʛʠʙʦʤ ʥʘ Nd. ʇʝʨʠʜʦʪʠʪʦʚʳʝ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʤʝʶʪ ʥʘʢʣʦʥʥʳʝ ʣʠʥʝʡʥʳʝ ʩʧʝʢʪʨʳ REE cʦ ʩʥʠʞʝʥʠʝʤ ʦʪ Pr 

ʢ La ʠ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ LILE ʠ HFSE. ʆʙʦʛʘʱʝʥʥʘʷ Fe, ʧʠʨʦʢʩʝʥʠʪʦʚʘʷ 

ʛʨʫʧʧʘ ʩ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʤʠ ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʠ LILE ʙʣʠʟʢʠʤʠ ʢ 

ʫʨʦʚʥʷʤ LREE, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʨʠ ʨʝʘʢʮʠʠ ʩ Fe-ʙʦʛʘʪʳʤʠ ʵʢʣʦʛʠʪʘʤʠ. 

ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ HFSE ʠ LILE ʦʙʦʛʘʱʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ ʷʚʣʷʝʪʩʷ 

ʩʫʙʜʫʢʮʠʷ ʬʨʘʛʤʝʥʪʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠʣʠ ʦʩʘʜʢʦʚ ʚ ʨʘʥʥʝʤ - ʩʨʝʜʥʝʤ 

ʘʨʭʝʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʩʦʤʘʪʠʪʦʚ  Amph-Phl ʪʠʧʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʝʘʥʠʯʝʩʢʘʷ ʩʫʙʜʫʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʛʠʙʨʠʜʥʳʤ 

ʤʝʪʘʩʦʤʘʪʠʟʤʦʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʧʣʶʤʦʤ 1.8 Ga, ʢʦʪʦʨʳʡ 

ʩʛʝʥʝʨʠʨʦʚʘʣ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʨʘʩʧʣʘʚʘ ʩ ʧʝʨʝʧʣʘʚʣʝʥʠʝʤ ʩʣʶʜʠʩʪʦ-

ʘʤʬʠʙʦʣʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ TRE ʠ LILE ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 6 ʜʦ 3 ɻʇʘ. 
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Abstract Mantle xenocrysts from Devonian kimberlite pipes in the Priazovie region 

(SE Ukrainian Shield) yield low temperature conditions as determined by garnet 

monomineral thermobarometry. The mantle lithosphere is sharply divided at 4.2 

GPa, marked by high temperature Cpx-Ilm-Phl and eclogitic garnets. Seven layers 

are detected: the shallowest layer at 2.5-1 GPa is enriched mantle (Fe#Ol ~ 0.11 -

0.14) Gar- pyroxenites and Sp peridotites; the second layer at 2.5-3.2 GPa  common 

Gar-Sp  (Fe#Ol 0.08 -0.10) peridotite . Layer III at 4.3-3.2 GPa is typical of Ar-Pr 

peridotites  with Fe# ~0.07 -0.095.    Layer IV contains pyroxenitic Gar with higher 

Ca, eclogites, Chr and Cpx (Fe#Ol ~0.10 -0.125);  V at 5.8 -5 GPa is marked by sub-

Ca garnets, Cr-rich chromites and Mg-Cr ilmenites; layer VI at 5.8-6.8 GPa contains 

Fe-enriched pyropes, almandine eclogoites  and Cr-Mg ilmenites near the lithosphere 

base of; layer VII is > 6.8 GPa consists of ñhotò Fe-rich garnets. Garnets show 

enrichment in LREE, LILE and Hf, Zr with decreasing pressure. Primitive garnets 

have round REE patterns; depleted ones have S-type patterns with an inflection at 

Nd. Garnets from 6.5 to 3 GPa show increasing La/Ybn, Zr-Hf and LILE. Peridotitic 

clinopyroxenes show inclined linear trace element patterns rounded from La to Pr 

with high LILE and HFSE levels. This Fe-rich group shows bell-shaped irregular 

patterns with LILE close to the LREE levels, possibly from reaction with Fe-rich 

eclogites. A possible reason for HFSE and LILE enrichment of the upper part of 

SCLM is subduction of of continental crust or debris in Early-Middle Archean. Later 

subduction was accompanied by hybrid metasomatism in the lower part activated by 

a 1.8 Ga plume which produced pervasive focused melt flow with remelting of mica-

amphibole metasomites giving continuous REE and LILE enrichment from 5.8 to 2.5 

GPa.  

 

Key words: mantle lithosphere Ukrainian shield; Priazovie; kimberlite, garnet; 

ilmenite; thermobarometry; incompatible element,  HFSE, LILE, fluid,  craton, crust 
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ɺɺɽɼɽʅʀɽ 

 ʄʘʥʪʠʷ ʧʦʜ ʋʢʨʘʠʥʩʢʠʤ ʱʠʪʦʤ ʩʣʘʙʦ ʠʟʫʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʯʘʩʪʷʤʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ: ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʝʡ [12] ʠ 

ʌʠʥʣʷʥʜʠʝʡ [27]. ɻʝʦʭʠʤʠʷ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ 

ʫʢʨʘʠʥʩʢʠʭ ʛʝʦʣʦʛʦʚ: [10; 4; 2]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʩʪʨʦʝʥʠʷ ʤʘʥʪʠʠ, ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʂʀʄ) ʧʨʠʘʟʦʚʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʩʪʨʦʝʥʠ ̫

ʤʘʥʪʠʠ ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ (ʋʑ), ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ 

ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 
 

ʃʆʂɸʃʀɿɸʎʀʗ ʂʀʄɹɽʈʃʀʊʆɺ ɺ ɺʆʉʊʆʏʅʆʄ ʇʈʀɸɿʆɺʔɽ ʀ ɼʈʋɻʀʍ  

ʈɽɻʀʆʅɸʍ ʋʂʈɸʀʅʉʂʆɻʆ ʑʀʊɸ 

ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ (ʋʑ) - (ʨʠʩ.1ɸ) ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʘʥʥʝʤ ɸʨʭʝʝ [18; 

42; 43; 49]. ɺ ʧʨʝʜʝʣʘʭ ʋʑ ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʪʝʨʨʝʡʥʦʚ: ɺʦʣʳʥʩʢʠʡ, 

ɼʥʝʩʪʨʦʚʩʢʦ-ɹʫʛʩʢʠʡ, ʈʦʩʠʥʩʢʦ-ʊʠʢʠʯʩʢʠʡ, ʀʥʛʫʣʴʩʢʠʡ, 

ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʠʡ ʠ ʇʨʠʘʟʦʚʩʢʠʡ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ɸ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ. ʊʝʨʨʝʡʥʳ: I ï ɺʦʣʳʥʩʢʠʡ; II  ï 

ɼʥʝʩʪʨʦʚʩʢʦ-ɹʫʛʩʢʦʛʦ; III  ï ʈʦʩʠʥʩʢʦ-ʊʠʩʠʢʩʢʠʡ; IV  ï ʀʥʛʫʣʴʩʢʠʡ; V ï 

ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʠʡ; VI  ï ʇʨʠʘʟʦʚʩʢʠʡ. ɿʚʝʟʜʳ ʦʪʤʝʯʘʶʪ ʜʝʚʦʥʩʢʠʡ 

ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʝʡʥʘʭ: 1. ʇʨʠʘʟʦʚʩʢʠʡ; 2. ɺʦʣʳʥʩʢʠʡ 

(ʇʨʠʧʷʪʩʢʠʡ ʚʘʣ); 3. ʀʥʛʫʣʴʩʢʠʡ (ʂʠʨʦʚʦʛʨʘʜʩʢʘʷ ʆʙʣʘʩʪʴ).  

ɹ. ʉʪʨʫʢʪʫʨʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ ʜʘʥʥʳʤ ʐʫʤʣʷʥʩʢʦʛʦ ʠ 

ʜʨ. (2017) ʧʦ ʢʠʤʙʝʨʣʠʪʘʤ ɹʘʣʪʠʢʠ. 
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ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʠʥʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ (ʂʀʄ) ʠ ʘʣʤʘʟʳ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʨʦʩʩʳʧʷʭ, ʚ ʧʨʝʜʝʣʘʭ ʋʑ ʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʘʭ ʋʢʨʘʠʥʳ (ɺʦʣʳʥʴ, 

ʇʨʠʜʥʝʧʨʦʚʴʝ, ʏʝʨʥʦʤʦʨʩʢʦʝ ʧʦʙʝʨʝʞʴʝ, ɼʦʥʙʘʩʩ, ʇʦʙʫʞʴʝ) [1, 10]. 

ʂʠʤʙʝʨʣʠʪʳ ʠ ʣʘʤʧʨʦʠʪʦʚʳʝ ʪʨʫʙʢʠ, ʞʠʣʳ ʠ ʜʘʡʢʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ 

ʢʘʨʙʦʥʘʪʠʪʘʤʠ, ʱʝʣʦʯʥʳʤʠ ʧʠʢʨʠʪʘʤʠ ʠ ʣʘʤʧʨʦʬʠʨʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʇʨʠʘʟʦʚʩʢʦʡ, ʀʥʛʫʣʴʩʢʦʛʦ, ʂʠʨʦʚʦʛʨʘʜʩʢʦʛʦ ʠ ɺʦʣʳʥʩʢʦʛʦ 

ʪʝʨʨʝʡʥʦʚ [2; 6; 3].  

ɺ ʇʨʠʘʟʦʚʩʢʦʤ ʨʘʡʦʥʝ ʪʨ. ʖʞʥʘʷ ʠ ʪʨ. ʅʦʚʦʣʘʩʧʠʥʩʢʘʷ (ʨʠʩ. 2) ʩʦʩʪʦʷʪ  

 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʚ ʇʨʠʘʟʦʚʴʝ.  

 

ʠʟ ʜʚʫʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ [11]. ʇʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʧʦ ʠʭ Sr-Nd 

ʠʟʦʪʦʧʥʳʤ ʟʥʘʯʝʥʠʷʤ [11], ʙʣʠʞʝ ʢ I ʛʨʫʧʧʝ, ʘ ʙʨʝʢʯʠʠ ʥʘʧʦʤʠʥʘʶʪ 

ʢʠʤʙʝʨʣʠʪʳ II ʛʨʫʧʧʳ ʠ ʩʦʜʝʨʞʘʪ ʬʣʦʛʦʧʠʪʦʚʳʝ ʢʩʝʥʦʢʨʠʩʪʳ ʠ 

ʚʢʨʘʧʣʝʥʥʠʢʠ, ʠʥʦʛʜʘ ʚ ʩʨʦʩʪʢʘʭ ʩ ʠʣʴʤʝʥʠʪʘʤʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʥʠ 

ʩʣʦʞʝʥʳ ʵʨʫʧʪʠʚʥʳʤʠ ʙʨʝʢʯʠʷʤʠ, ʘ ʚ ʥʠʞʥʝʡ - ʧʦʨʬʠʨʦʚʳʤʠ 

ʢʠʤʙʝʨʣʠʪʘʤʠ. ʄʘʥʪʠʡʥʳʝ ʢʩʝʥʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʦʧʦʚʳʤʠ ʜʫʥʠʪʘʤʠ 

ʠ ʛʘʨʮʙʫʨʛʠʪʘʤʠ, ʣʝʨʮʦʣʠʪʘʤʠ ʠ ʧʝʨʠʜʦʪʠʪʘʤʠ ʩ Ilm-Phl ʧʨʦʞʠʣʢʘʤʠ [9]. 

ʊʨʫʙʢʘ ʇʝʪʨʦʚʩʢʘʷ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʩʣʶʜ, ʘ Cpx, Amph, ʠ Ol ʟʘʤʝʱʝʥʳ. 

ʂʠʤʙʝʨʣʠʪʳ ʪʨ. ʖʞʥʘʷ ʠ ʪʨ. ʅʦʚʦʣʘʩʧʠʥʩʢʘʷ ʩʦʜʝʨʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʧʠʨʦʧʳ ʠ 

ʠʣʴʤʝʥʠʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʭʨʦʤʠʪ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʨʫʙʢʘʭ ʇʝʪʨʦʚʩʢʘʷ ʠ 

ʅʘʜʷ. 
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ʆɹʈɸɿʎʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʆʙʨʘʟʮʳ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

(ʂʀʄ) ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʚʝʜʦʯʥʦʤ ʙʫʨʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʠʟ ʢʝʨʥʘ ʚʳʜʝʣʝʥʳ  

ʂʀʄ: - ʛʨʘʥʘʪʳ (Gar), ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ (Cpx), ʠʣʴʤʝʥʠʪʳ (Ilm), ʭʨʦʤʠʪʳ 

(Chr), ʬʣʦʛʦʧʠʪʳ (Phl) ʠ ʘʤʬʠʙʦʣʳ (Amph) ʠʟ ʪʨʫʙʦʢ ʖʞʥʦʡ, 

ʅʦʚʦʣʘʩʧʠʥʩʢʦʡ ʠ ʇʝʪʨʦʚʩʢʦʡ (> 900 ʟʝʨʝʥ), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚ ʀɻʄ ʉʆ 

ʈɸʅ ʥʘ ʤʠʢʨʦʟʦʥʜʝ Camebax-Micro ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʣʝʯʝʥʦ ~80 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʥʘʣʠʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ 

ʇʨʠʧʷʪʩʢʦʡ ʟʦʥʳ [8, 9, 10]. 

 

 

ʈʠʩ. 3. ɺʘʨʠʘʮʠʠ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʭ ʙʘʟʘʣʴʪʦʚ ʠ 

ʱʝʣʦʯʥʳʭ ʧʠʢʨʠʪʦʚ ʚ ʇʨʠʘʟʦʚʴʝ ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʋʑ. 
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 ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʟʝʨʥʘ ʂʀʄ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ (LA-ICP-

MS) ʚ ʀʥʩʪʠʪʫʪʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉʆ ʈɸʅ, ʠʩʧʦʣʴʟʫʷ ʤʘʩʩ 

ʩʧʝʢʪʨʦʤʝʪʨ ñ  ICAP Qò  (Thermo Scientific)  ʩ ʣʘʟʝʨʥʦʡ ʧʨʠʩʪʘʚʢʦʡ NWR 213 

(New Wave Research), Nd YAG: UV 133. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚʘʣʦʚʳʭ ʩʦʩʪʘʚʦʚ 

ʧʦʨʦʜ ʠʟ 8 ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʖʞʥʘʷ ʠ ʅʦʚʦʣʘʩʧʠʥʩʢʘʷ ʠʟʤʝʨʝʥʳ 

ʤʝʪʦʜʦʤ ICP-MS ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ (ʀʨʢʫʪʩʢ) ʥʘ ʤʘʩʩ 

ʩʧʝʢʪʨʦʤʝʪʨʝ Thermo Finnigan. 

 

ʉʆʉʊɸɺʓ ʂʀʄɹɽʈʃʀʊʆɺ ʀ ʂʉɽʅʆʂʈʀʉʊʆɺ. 

ɺɸʃʆɺʓɽ ʉʆʉʊɸɺʓ ʇʆʈʆɼ ʇʈʀɸɿʆɺʉʂʀʍ ʂʀʄɹɽʈʃʀʊʆɺ 

ɺʘʣʦʚʳʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʱʝʣʦʯʥʳʭ 

ʧʠʢʨʠʪʦʚ ʠʟ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʦʙʥʘʨʫʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʢʣʘʩʪʝʨʦʚ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʪʨʝʥʜʦʚ, ʥʘ ʛʨʘʬʠʢʝ SiO2 - K2O. 

ʂʠʤʙʝʨʣʠʪʳ ʀʥʛʫʣʴʩʢʦʛʦ ʙʣʦʢʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚ ʇʨʠʘʟʦʚʴʷ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ CaO, ʪʷʛʦʪʝʶʱʠʤ ʢ 

ʘʡʣʠʢʠʪʘʤ (ʨʠʩ. 3). 

 ʉʦʩʪʘʚʳ ʢʠʤʙʝʨʣʠʪʦʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʙʣʠʟʠ ʩ. ʂʫʭʦʪʩʢʘʷ ɺʦʣʷ [2], 

ʇʨʠʧʷʪʩʢʠʡ ʙʣʦʢ, ʦʙʦʛʘʱʝʥʳ Mg, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʦ SiO2 ʠ TiO2 ʠ ʙʣʠʞʝ ʢ 

ʩʦʩʪʘʚʘʤ ʪʠʧʠʯʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ I-ʦʡ ʛʨʫʧʧʳ [7]. 

 

ɻɽʆʍʀʄʀʗ ɺɸʃʆɺʓʍ ʉʆʉʊɸɺʆɺ 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ 3 ʦʙʨʘʟʮʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 4-ʭ 

ʱʝʣʦʯʥʳʭ ʧʠʢʨʠʪʦʚ. ɺʩʝ ʢʠʤʙʝʨʣʠʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʩʭʦʞʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʥʘʢʣʦʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ REE (La/Ybn = 30-50) ʠ ʚʳʩʦʢʠʤʠ 

LREE Lan~500/PM (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ), ʪʦʛʜʘ ʢʘʢ Pb 

ʚʘʨʴʠʨʫʝʪ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Zr ʠ Hf ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʛʘʪʳʭ 

Zr-ʤʠʥʝʨʘʣʦʚ ʚ ʤʘʪʨʠʮʝ ʅʦʚʦʣʘʩʧʠʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ [9]. ʑʝʣʦʯʥʳʝ 

ʧʠʢʨʠʪʳ ʤʝʥʝʝ ʦʙʦʛʘʱʝʥʳ REE ʠ ʠʤʝʶʪ ʧʣʦʩʢʠʝ ʩʧʝʢʪʨʳ ʩ La/Ybn ~ 5-10. 

ʅʘʢʣʦʥ ʙʦʣʴʰʝ ʜʣʷ ʦʙʦʛʘʱʝʥʥʳʭ ʢʨʫʧʥʳʤʠ ʣʠʪʦʬʠʣʴʥʳʤʠ ʠʦʥʘʤʠ (LILE) 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʘʞʝ ʚʳʰʝ ʜʣʷ Rb, Cs ʠ Ba, ʯʝʤ ʢʠʤʙʝʨʣʠʪʳ. 

ɺʳʩʦʢʦʟʘʨʷʥʳʝ ʵʣʝʤʝʥʪʳ Ta-Nb, Zr-Hf ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʝʧʨʝʩʩʠʶ ʥʘ ʩʧʘʡʜʝʨ-

ʜʠʘʛʨʘʤʤʘʭ Sr ʠ Pb ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʝʭ ʞʝ ʫʨʦʚʥʷʭ, ʯʪʦ ʠ TRE ʠʣʠ ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʠʝ ʧʠʢʠ (ʨʠʩ. 4).  

4.3 ʄʠʥʝʨʘʣʦʛʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʩʝʥʦʢʨʠʩʪʦʚ 

4.3.1 ɻʨʘʥʘʪʳ 

ʇʠʨʦʧʦʚʳʝ ʛʨʘʥʘʪʳ ʚ ʪʨʫʙʢʘʭ ʇʨʠʘʟʦʚʴʷ (ʖʞʥʘʷ, ʅʦʚʦʣʘʩʧʠʥʩʢʘʷ ʠ 

ʇʝʪʨʦʚʩʢʘʷ) ʦʙʨʘʟʫʶʪ ʣʠʥʝʡʥʳʝ ʪʨʝʥʜʳ ʥʘ ʜʠʘʛʨʘʤʤʘʭ Cr2O3-CaO ʜʦ 11 % 

(ʉʦʙʦʣʝʚ ʠ ʜʨ., 1973), ʚ ʦʩʥʦʚʥʦʤ ʚ ʣʝʨʮʦʣʠʪʦʚʦʤ ʧʦʣʝ, ʧʝʨʝʭʦʜʷ ʚ 

ʧʠʨʦʢʩʝʥʠʪʦʚʦʝ ʧʦʣʝ ʧʨʠ 6 % Cr2O3 (ʨʠʩ. 5), ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʛʘʨʮʙʫʨʛʠʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 3 ʜʦ 6 % Cr2O3. ʆʯʝʥʴ 

ʧʦʭʦʞʠʝ ʜʠʘʛʨʘʤʤʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʥʝʝ [2, 10]. ɻʨʘʥʘʪʳ ʠʟ 
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ʇʨʠʧʷʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ [7] ʦʙʥʘʨʫʞʠʚʘʶʪ ʨʘʩʭʦʜʷʱʠʝʩʷ ʪʨʝʥʜʳ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʫʤʝʥʴʰʝʥʠʝʤ CaO ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Cr2O3 (ʩ ʛʣʫʙʠʥʦʡ).  

 

 

 

ʈʠʩ.4. ʉʧʝʢʪʨʳ REE ʠ ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ (ʟʚʝʟʜʦʯʢʠ) ʠ ʱʝʣʦʯʥʳʭ 

ʧʠʢʨʠʪʦʚ (ʪʨʝʫʛʦʣʴʥʠʢʠ ʠ ʢʚʘʜʨʘʪʳ) ʇʨʠʘʟʦʚʴʷ. ɺ ʜʦʧʦʣʥʝʥʠʝ 3 ʘʥʘʣʠʟʘ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠʟ ʩʪʘʪʴʠ ʖʪʢʠʥʘ ʠ ʜʨ. (2004) (ʩʧʣʦʰʥʳʝ ʪʦʯʢʠ). ʅʦʨʤʠʨʦʚʘʥʦ ʥʘ 

ʩʦʩʪʘʚ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ McDonough & Sun (1995). 

 

 

 

ʈʠʩ. 5. ɺʘʨʠʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʛʨʘʥʘʪʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʠʘʟʦʚʩʢʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ. 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʈʠʩ. 6. ɺʘʨʠʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʨʠʘʟʦʚʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ. 

 

ʈʠʩ. 7. ɺʘʨʠʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʠʣʴʤʝʥʠʪʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʨʠʘʟʦʚʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ. 
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4.3.2 Cr-ʜʠʦʧʩʠʜʳ 

ʀʟʫʤʨʫʜʥʦʛʦ ʮʚʝʪʘ ʟʝʨʥʘ Cr-ʜʠʦʧʩʠʜ rʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʨ. 

ʅʦʚʦʣʘʩʧʠʥʩʢʘʷ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʩ 1,8-3,5 % FeO ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʠʜʦʪʠʪʦʚʦʤʫ 

ʪʠʧʫ  ʩ ʩʦʚʤʝʩʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ FeO, TiO2 ʠ Na2O, ʠ ʫʤʝʥʴʰʝʥʠʝʤ Al2O3 ʠ 

Cr2O3 (ʨʠʩ. 6). ʈʘʟʥʦʚʠʜʥʦʩʪʠ Cpx ʩ 4-5 % FeO ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʥʠʟʢʦ- Al2O3 

ʪʠʧʫ, ʠʤʝʶʪ ʩʦʜʝʨʞʘʥʠʷ Na2O (~1.0-2 %) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤ TiO2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Cr-ʜʠʦʧʩʠʜʘʤʠ, ʚ ʩʨʦʩʪʢʘʭ ʩ ʠʣʴʤʝʥʠʪʘʤʠ ʠʟ 

ʷʢʫʪʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʜʨʫʛʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʤʠʨʘ. 

 

 
ʈʠʩ. 8. ɺʘʨʠʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʬʣʦʛʦʧʠʪʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʠʘʟʦʚʩʢʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ. 

4.3.3 ʇʠʢʨʦʠʣʴʤʝʥʠʪʳ 

ʀʣʴʤʝʥʠʪʳ ʠʟ ʪʨʫʙʦʢ ʅʦʚʦʣʘʩʧʠʥʩʢʘʷ ʠ ʖʞʥʘʷ ʚʳʷʚʠʣʠ ʙʣʠʟʢʠʝ 

ʪʨʝʥʜʳ ʦʪ 55 ʜʦ 44 % TiO2. ʂʦʥʮʝʥʪʨʘʮʠʠ Cr2O3 ʥʠʟʢʠ ʜʣʷ ʙʦʛʘʪʳʭ Mg-Ti 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʨʠʩ. 7). ʅʘ ʦʪʨʝʟʢʝ ʩ ʥʠʟʢʠʤʠ Ti ʠ Mg ʩʦʜʝʨʞʘʥʠʝ Cr2O3 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 2-5 % ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʚʝʪʚʝʡ ʪʨʝʥʜʘ ʠʣʴʤʝʥʠʪʦʚ. 

ɸʥʘʣʦʛʠʯʥʦ ʚʦʟʨʘʩʪʘʶʪ ʠ NiO, ʠ V2O5, ʠ ʩʦʜʝʨʞʘʥʠʷ Fe ʠ Al ʣʠʥʝʡʥʦ ʨʘʩʪʫʪ 

ʣʠʥʝʡʥʦ ʧʨʠ ʩʥʠʞʝʥʠʠ Ti. 

 4.3.3 ʌʣʦʛʦʧʠʪʳ ʠ ʘʤʬʠʙʦʣʳ 

ʌʣʦʛʦʧʠʪʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʇʨʠʘʟʦʚʴʷ, ʩʫʜʷ ʧʦ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʷʤ TiO2 ʠ FeO, ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʞʠʣʢʦʚʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ, ʧʦ 
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ʘʥʘʣʦʛʠʠ ʩ ʬʣʦʛʦʧʠʪʘʤʠ ʠʟ ʪʨ. ʉʳʪʳʢʘʥʩʢʦʡ. ʉʦʜʝʨʞʘʥʠʝ Cr2O3 ʜʦʩʪʠʛʘʝʪ 2 

% ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ FeO (ʨʠʩ. 8), ʢʦʪʦʨʳʡ ʪʠʧʠʯʝʥ ʜʣʷ Phl 

ʨʘʩʩʝʷʥʥʦʛʦ ʪʠʧʘ. 

ʈʦʛʦʚʳʝ ʦʙʤʘʥʢʠ Cr - ʪʠʧʘ (ʜʦ 2,3 % Cr2O3) ʨʝʜʢʠ ʠ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ 

Na/K~ 3. ʆʥʠ ʧʦ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠ ʁFʝO ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʩʝʷʥʥʦʤʫ ʪʠʧʫ. 

 

5. ʊʝʨʤʦʙʘʨʦʤʝʪʨʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ  

5.1 ʉʪʨʦʝʥʠʝ ʤʘʥʪʠʡʥʦʡ ʣʠʪʦʩʬʝʨʘ ʇʨʠʘʟʦʚʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 

  ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ P-T-fO2 ʠ ʨʘʟʨʝʟʘ ʤʘʥʪʠʠ ʧʦʜ ʋʑ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʘʥʝʝ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʦʢʩʠ - ʠ 

ʪʝʨʤʦʙʘʨʦʤʝʪʨʳ [17; 16]. ɻʝʦʪʝʨʤʘ ʧʦ ʤʘʥʪʠʡʥʳʭ ʛʨʘʥʘʪʘʤ ʇʨʠʘʟʦʚʴʷ 

ʭʦʣʦʜʥʘʷ (35 ʤʚʪ/ʤ2) ʫ ʦʩʥʦʚʘʥʠʷ ʩʫʙʢʨʘʪʦʥʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ 

(ʉʂʃʄ) ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ (ɺʊ) (45 ʤʚʪ/ʤ2) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʚʙʣʠʟʠ ʧʝʨʝʭʦʜʘ Gar-Sp, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʥʦʛʠʭ ʨʘʡʦʥʦʚ ʗʢʫʪʠʠ [13,14, 

16ʘ,ʙ], ʯʪʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ Opx ʠ Gar-Opx ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ. ɼʣʷ 

ʛʨʘʥʘʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʣʠʪʦʩʬʝʨʘ-ʘʩʪʝʥʦʩʬʝʨʘ (ʃɸɻ) ʦʪʤʝʯʝʥʳ ʦʪʢʣʦʥʝʥʠʷ ʢ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (ɺʊ) ʢʦʥʚʝʢʪʠʚʥʦʡ ʚʝʪʚʠ (40-45 ʤʚʪ/ʤ2). ʊʘʢʞʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ PT ʦʮʝʥʢʠ ʜʣʷ Opx ʠ Cpx ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 6-3 

ɻʇʘ, ʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʠʣʴʤʝʥʠʪʦʚʦʤʫ ʪʨʝʥʜʫ, ʩʚʷʟʘʥʳ ʩ ʚʣʠʷʥʠʝʤ 

ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚ. ɸʣʴʤʘʥʜʠʥʦʚʳʝ ʛʨʘʥʘʪʳ ʵʢʣʦʛʠʪʦʚʦʛʦ ʪʠʧʘ (Fe# ~ 0.3) 

ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʉʂʃʄ (ʨʠʩ. 9), ʨʘʟʜʝʣʷʷ ʠʣʴʤʝʥʠʪʦʚʳʡ 

ʪʨʝʥʜ ʥʘ 4,2 ɻʇʘ.  

ɼʦʚʦʣʴʥʦ ʤʦʱʥʘʷ ʩʫʙʢʨʘʪʦʥʥʘʷ ʤʘʥʪʠʡʥʘʷ ʣʠʪʦʩʬʝʨʘ (ʉʂʃʄ) (~250-

260 ʢʤ -7,5 ɻʇʘ) ʇʨʠʘʟʦʚʴʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ, ʧʠʨʦʧʦʚʳʝ 

ʛʨʘʥʘʪʳ ʧʦ ʞʝʣʝʟʠʩʪʦʩʪʠ (Fe# 0.06-0.09) ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʦʪ 7 ʜʦ 3 ɻʇʘ. ɺ ʩʘʤʦʤ ʚʝʨʭʥʝʤ ʩʣʦʝ I, ʨʘʟʜʝʣʝʥʥʦʤ ʥʘ ʜʚʘ ʧʦʜʩʣʦʷ 

(1,8-2,5 ɻʇʘ), Cpx ʠ Gar ʩ Fe# 0,11 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʤʠʪʠʚʥʳʤ ʛʨʘʥʘʪ - 

ʰʧʠʥʝʣʝʚʳʤ ʧʝʨʠʜʦʪʠʪʘʤ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ 

ɺʠʪʠʤʩʢʦʛʦ ʧʣʘʪʦ ʄʦʥʛʦʣʠʠ (ʂʦʧʳʣʦʚʘ ʠ ʜʨ., 1998), ʘʥʘʣʦʛʠʯʥʳʝ ʛʨʘʥʘʪʳ ʠʟ 

ɺʦʣʳʥʩʢʦʛʦ ʙʣʦʢʘ ʇʨʠʢʘʨʧʘʪʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʪʦʨʦʡ ʩʣʦʡ II (3,2-2,5 GPa) 

ʦʙʨʘʟʦʚʘʥ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʧʠʨʦʧʦʚ (Fe# ~ 0.06-0.085) ʩ Opx ʠ Cpx 

(Fe# ~ 0,1-0,11). ɺ ʩʣʦʝ III (4,2-3,2 ɻʇʘ) ʚʩʪʨʝʯʘʶʪʩʷ ʥʠʟʢʦ-Cr Cpx ʠ Cr-

ʩʦʜʝʨʞʘʱʠʝ ʠʣʴʤʝʥʠʪʳ ʠ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʳʝ ʛʨʘʥʘʪʳ (Fe #0,16). ɻʨʘʥʠʮʘ 

ʤʝʞʜʫ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʤʠ ʉʂʃʄ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʝʨʝʛʠʙʦʤ 

ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʪʨʝʥʜʘ (4,2 ɻʇʘ) ʩ ʨʝʟʢʠʤ ʦʙʦʛʘʱʝʥʠʝʤ Cr ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʉʂʃʄ. ʆʥ ʪʘʢʞʝ ʦʪʤʝʯʝʥ ʧʨʠʩʫʪʩʪʚʠʝʤ ʭʨʦʤʠʪʦʚ ʠ ʙʝʩʭʨʦʤʠʩʪʳʭ ʛʨʘʥʘʪʦʚ. 

ʉʣʦʡ IV (4,8 ï 4,2 ɻʇʘ) ʩʦʜʝʨʞʠʪ ʧʠʨʦʧʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ca, ʘ 

ʪʘʢʞʝ ʦʙʦʛʘʱʝʥʥʳʝ Fe-Cr ʜʠʦʧʩʠʜʳ (Fe# ~ 0,10-0,13) ʥʘ ʛʨʘʥʠʮʝ ʩʦ 

ʩʣʝʜʫʶʱʠʤ ʩʣʦʝʤ. ʉʣʦʡ V ʥʘ ʫʨʦʚʥʝ 4,8-5,8 ɻʇʘ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʩʫʙ- 

ʢʘʣʴʮʠʝʚʳʝ ʠ  
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ʦʙʦʛʘʱʝʥʥʳʝ Mg ʛʨʘʥʘʪʳ. ʇʠʨʦʧʳ (Fe# ~ 0,7-0.13) ʠʟ ʛʦʨʠʟʦʥʪʦʚ IVïV 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʥʘʢʣʦʥʫ ʪʨʝʥʜʳ P-Fe#. ɻʨʘʥʠʮʘ 5,8 ɻʇʘ ʪʘʢʞʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʠʟʢʦ-Fe ʠʣʴʤʝʥʠʪʦʚ, Ti-ʩʦʜʝʨʞʘʱʠʭ 

ʭʨʦʤʠʪʦʚ ʠ ʞʝʣʝʟʠʩʪʳʭ Cpx. ʆʩʥʦʚʘʥʠʝ ʩʣʦʷ ʤʘʨʢʠʨʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʘʣʴʤʘʥʜʠʥʦʚ (Fe~0,2-0,225), ʥʘ ʫʨʦʚʥʝ 5-5,8 ɻʇʘ. ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʧʠʨʦʢʩʝʥʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ ʠʣʴʤʝʥʠʪʦʚʳʤ 

ʪʨʝʥʜʦʤ ʠ ʦʙʦʛʘʱʝʥʥʳʤʠ Fe ʘʣʴʤʘʥʜʠʥʦʚʳʤʠ ʛʨʘʥʘʪʘʤʠ. ɺ ʩʣʦʝ VI ʧʨʠ 5,8-

6,8 ɻʇʘ ʪʨʝʥʜ P-Fe# ʜʣʷ ʧʠʨʦʧʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ Fe# ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ɻʦʨʠʟʦʥʪ VII ʧʨʝʜʩʪʘʚʣʝʥ Mg-ʠʣʴʤʝʥʠʪʘʤʠ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ Fe-ʙʦʛʘʪʳʤʠ ʛʨʘʥʘʪʘʤʠ ʠʟ ʧʦʨʬʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ 

ʧʝʨʠʜʦʪʠʪʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʨ ʋʜʘʯʥʘʷ [12,17].  

 ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʢʩʠʙʘʨʦʤʝʪʨʦʚ ʜʣʷ Gar, 

Ilm, Chr [48], ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ [17]. ʀʟʦʧʣʝʪʳ CO2 ʚ 

ʨʘʩʧʣʘʚʝ ʠ ʧʦʣʦʞʝʥʠʝ ʙʫʬʝʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʙʦʪʝ [46]. ʇʦʣʦʞʝʥʠʝ 

ʘʣʤʘʟʥʦ-ʛʨʘʬʠʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʘʥʦ ʩʦʛʣʘʩʥʦ [19]. ʅʘ ʜʠʘʛʨʘʤʤʝ P-fO2 

ʧʠʨʦʧʦʚʳʝ ʛʨʘʥʘʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʪʨʝʥʜ, ʦʙʳʯʥʳʡ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʚʩʝʛʦ 

ʤʠʨʘ, ʪʨʘʩʩʠʨʫʶʱʠʡ ʨʝʘʢʮʠʶ ʩ ʤʘʥʪʠʡʥʳʤ ʨʘʩʧʣʘʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ 1 ʠʣʠ 10 

% CO3
2 [46]. ʍʨʦʤʠʪʳ, ʚʤʝʩʪʝ ʩ Cr-Cpx, ʪʨʘʩʩʠʨʫʶʪ ʛʨʘʥʠʮʫ ʛʨʘʬʠʪ-ʘʣʤʘʟ ʠ 

ʠʟʤʝʥʷʷʩʴ ʦʪ ʫʩʣʦʚʠʡ fO2 ʦʪ ʙʫʬʝʨʘ EMOG/D ʢ ʟʥʘʯʝʥʠʷʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʜʣʷ ʛʨʘʥʘʪʦʚ. 

 

 

ʈʠʩ. 10.  ɼʠʘʛʨʘʤʤʘ PTXfO2 ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ , ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ 

ʩʪʨʦʝʥʠʝ ʤʘʥʪʠʠ  ʠ ʩʣʦʠʩʪʦʩʪʴ ʉʂʃʄ  ʧʦʜ ʇʨʠʧʷʪʩʢʠʤ ʩʚʦʜʦʤ (ʙʨʝʢʯʠʠ ʙʣʠʟ ʩ. 

ʂʫʭʦʪʩʢʘʷ ɺʦʣʷ). 

 

 5.2 ʀʥʛʫʣʴʩʢʠʡ ʪʝʨʨʝʡʥ, ʂʠʨʦʚʦʛʨʘʜʩʢʠʡ ʨʘʡʦʥ 

 ɼʠʘʛʨʘʤʤʘ PTXfO2 ʜʣʷ ʢʩʝʥʦʢʨʠʩʪʦʚ ʠʟ ʂʠʨʦʚʦʛʨʘʜʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚ 

[3,10] ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʣʠʪʦʩʬʝʨʘ ʠʤʝʝʪ ʪʦʣʱʠʥʫ ʜʦ 220 ʢʤ (6,5 ɻʇʘ) ʩʫʜʷ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʷʤ ʜʣʷ Cr-ʧʠʨʦʧʦʚ. ɼʦʤʠʥʠʨʫʶʱʠʝ Cr-ʰʧʠʥʝʣʠ ʜʘʶʪ PT-

ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʚʳʷʚʣʷʶʪ ɺʊ ʚʝʪʚʴ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʜʦ 3,0 ɻʇʘ (ʨʠʩ. 

10). ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʉʂʃʄ Chr ʦʙʦʛʘʱʝʥʳ Ti. ɻʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʣʦʠ, 

ʩʣʦʠʩʪʦʩʪʴ ʦʙʨʘʟʦʚʘʥʘ 7 ʛʦʨʠʟʦʥʪʘʤʠ, ʉʨʝʜʥʠʡ ʩʣʦʡ ʉʂʃʄ ʪʨʘʩʩʠʨʫʝʪʩʷ Ti- 

ʭʨʦʤʠʪʘʤʠ ʠ ʵʢʣʦʛʠʪʦʚʳʤʠ ʘʣʴʤʘʥʜʠʥʘʤʠ (ʨʠʩ. 10).  
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 5.3 ɺʦʣʳʥʩʢʠʡ ʪʝʨʨʝʡʥ, ʇʨʠʧʷʪʩʢʠʡ ʚʘʣ 

 ʄʘʥʪʠʡʥʳʡ  ʨʘʟʨʝʟ ʧʦʜ ʇʨʠʧʷʪʩʢʠʤ ʙʘʩʩʝʡʥʦʤ (ɺʦʣʳʥʴ), ʧʦʣʫʯʝʥʥʳʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ [10];  ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʪʣʠʯʠʷ ʦʪ ʇʨʠʘʟʦʚʩʢʦʛʦ. ʍʦʣʦʜʥʘʷ (38,5 ʄɺʪ-2) ʛʝʦʪʝʨʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6,5-

5,5 ɻʇʘ. ʅʘʛʨʝʚ ʠ ʧʝʨʝʛʠʙ ʛʝʦʪʝʨʤʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʡ ʚʝʪʚʠ ʧʨʠ 

6,5 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʃɸɻ. ɼʠʘʛʨʘʤʤʘ PTXfO2 ʠʤʝʝʪ ʦʪʣʠʯʠʷ ʦʪ ʇʨʠʘʟʦʚʴʷ 

ʧʦ ʩʣʦʠʩʪʦʩʪʠ ʠ ʩʦʩʪʘʚʘʤ ʛʨʘʥʘʪʦʚ ʠ ʭʨʦʤʠʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ Fe# ʠ 

CaO, ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʤʘʥʪʠʡʥʦʡ ʢʦʣʦʥʥʳ ʩ ʛʣʫʙʠʥʦʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʪʘʢʞʝ ʥʘ 7 ʩʣʦʝʚ, ʢʘʢ ʜʣʷ ʉʂʃʄ ʧʦʜ ʇʨʠʘʟʦʚʴʝʤ 

(ʨʠʩ. 11).  

  ɻʨʘʥʠʮʘ ʣʠʪʦʩʬʝʨʳ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ɺʊ ʦʪʢʣʦʥʝʥʠʷʤ ʠ ʦʙʦʛʘʱʝʥʠʶ 

ʧʠʨʦʧʦʚ Fe-ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 6 ʜʦ 4 ɻʇʘ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ ʙʘʟʳ, 

ʚʳʩʦʢʦ ʉʘ-ʛʨʘʥʘʪʳ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʧʠʨʦʢʩʝʥʠʪʦʚʳʤʠ. ʉʂʃʄ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʭʦʣʦʜʥʳʝ ʫʩʣʦʚʠʷ ʦʪ 5.5 ʜʦ 4.5 GPa ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʛʝʦʪʝʨʤʘ 

ʠʤʝʝʪ ʧʝʨʝʛʠʙ ʢ 45 ʤʚʪ/ʤ2 ~ 4 GPa. ʃɸɻ ʥʝʨʝʛʫʣʷʨʥʦ ʧʨʦʛʨʝʪʘ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ, ʯʝʤ ʧʦʜ ʇʨʠʘʟʦʚʴʝʤ. ɻʨʘʥʘʪʳ ʙʦʣʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʳ 

ʣʠʥʠʠ 1% CO2. ʊʨʝʥʜ ʠʣʴʤʝʥʠʪʦʚ ʙʦʣʝʝ ʦʢʠʩʣʝʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉʂʃʄ, 

ʭʨʦʤʠʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʘʨʠʘʮʠʠ ʦʪ ʧʠʨʦʧʦʚʦʛʦ ʪʨʝʥʜʘ ʜʦ ʙʫʬʝʨʘ 

EMOG/D. 

 

 6. ɻʝʦʭʠʤʠʷ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ  

 6.1 ɻʨʘʥʘʪʳ  

 ʉʧʝʢʪʨʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʠʭ ʩʦʩʪʘʚʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʠʨʦʧʦʚʳʭ 

ʛʨʘʥʘʪʦʚ ʠʟ ʇʨʠʘʟʦʚʴʷ ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ LILE ʠ HFSE. ʄʳ 

ʨʘʟʜʝʣʠʣʠ ʛʨʘʥʘʪʳ, ʩʦʛʣʘʩʥʦ ʠʥʪʝʨʚʘʣʘʤ ʜʘʚʣʝʥʠʷ ʠ ʩʭʦʜʩʪʚʫ ʩʧʝʢʪʨʦʚ TRE, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʢ ʩʦʩʪʘʚʫ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ [31]. ɻʨʘʥʘʪʳ: GR1 ʠʤʝʶʪ 

ʦʢʨʫʛʣʳʡ ʩʧʝʢʪʨ TRE ʩ ʛʦʨʙʠʢʘʤʠ ʥʘ Sm ʠ Gd ʠ ʥʝʙʦʣʴʰʠʤʠ ʤʠʥʠʤʫʤʳ ʚ 

HREE, ʢʘʢ ʫ ʧʠʨʦʢʩʝʥʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ (ʨʠʩ. 12ɸ). ʇʠʨʦʧʳ ʛʨʫʧʧʳ 2 (Gr2) 

ʠʤʝʶʪ ʦʙʳʯʥʳʝ ʦʢʨʫʛʣʳʝ ʩʧʝʢʪʨʳ TRE, ʩ ʫʤʝʥʴʰʝʥʠʝʤ LREE ʠ ʛʣʫʙʦʢʠʤʠ 

ʤʠʥʠʤʫʤʘʤʠ Sr ʠ Ba ʠ ʚʘʨʴʠʨʫʶʱʠʤʠ Pb. ʅʝʦʙʳʯʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ Hf-Zr ʠ Na-Ta, ʘ ʪʘʢʞʝ Rb, Cs (LILE), ʠ ʥʝʙʦʣʴʰʠʝ 

ʪʨʦʛʠ Sr ʠ Pb. ɻʨʘʥʘʪʳ ʛʨʫʧʧʳ 3 (Gr3) ʦʪʥʦʩʷʪʩʷ ʢ S-ʪʠʧʫ ʧʦ ʩʧʝʢʪʨʘʤ REE ʩ 

ʤʠʥʠʤʫʤʘʤʠ ʥʘ Dy ʠ Gd ʠ ʧʝʨʝʛʠʙʦʤ (ʧʠʢʘʤʠ) ʥʘ Nd, Sm, LILE ʠ Rb ʠ 

ʧʦʚʳʰʝʥʳ. ɻʨʘʥʘʪʳ Gr4, Gr5 ʠ Gr6 ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʧʝʢʪʨʦʚ REE, ʢʦʪʦʨʳʝ ʨʝʛʫʣʷʨʥʦ ʠʟʤʝʥʷʶʪʩʷ ʦʪ - ʧʦʯʪʠ ʧʨʷʤʦʣʠʥʝʡʥʳʭ 

(Gr4) ʢ ʠʟʦʛʥʫʪʳʤ ʚ Gr 5-6. ɼʣʷ ʛʨʘʥʘʪʦʚ Gr 5-6 ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʝʛʠʙʳ 

ʩʧʝʢʪʨʦʚ REE ʥʘ Sm ʠ ʤʠʥʠʤʫʤʳ Ce. ʉʧʝʢʪʨʳ REE ʠʤʝʶʪ  
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ʥʝʙʦʣʴʰʠʝ ʥʘʢʣʦʥʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ La/Ybn, ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ 

~1 ʜʣʷ Gr6. ʆʙʦʛʘʱʝʥʠʷ Zr-Hf ʠ Ta-Nb, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʣʷ Gr4, ʠ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʣʘʙʝʝ ʜʣʷ Ta-Nb ʜʣʷ ʛʨʘʥʘʪʦʚ Gr5-6 (SF4, ʨʠʩ. 12ɸ). 

 

 6.2. ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ 

 ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. (G1 Cpx) Cpx 

(ʧʝʨʠʜʦʪʠʪʦʚʳʝ Cr-ʜʠʦʧʩʠʜʳ) ʠʤʝʶʪ ʥʘʢʣʦʥʥʳʝ ʩʧʝʢʪʨʳ ʠ ʧʨʦʛʨʝʩʩʠʚʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ La/Ybn, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ La/Smn ʦʪ 10 ʜʦ 100/PM. 

ʃʝʚʘʷ ʯʘʩʪʴ ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʝʪ ʦʙʦʛʘʱʝʥʠʝ Rb ʠ Th ʠ ʤʝʥʴʰʝ ʚ 

Ba, ʠ ʦʙʱʠʡ ʫʨʦʚʝʥʴ U, Ta, Nb ~ 1/PM (ʧʨʠʤʠʪʠʚʥʘʷ ʤʘʥʪʠʷ) (ʨʠʩ. 12ɹ). 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʧʦʯʪʠ ʨʦʚʥʘʷ. ʇʠʨʦʢʩʝʥʳ (G2Cpx) (ʨʝʘʢʮʠʦʥʥʳʤ ʤʝʞʜʫ 

ʪʨʝʥʜʦʤ Ilm ʠ ʧʝʨʠʜʦʪʠʪʘʤʠ) ʤʝʥʝʝ ʦʙʦʛʘʱʝʥʳ REE ʩ ʦʙʦʛʘʱʝʥʠʝʤ Zr-Hf ʠ 

Nb-Ta ʠ ʚʘʨʴʠʨʫʶʱʠʤ Pb. ʆʜʠʥ ʦʙʨʘʟʝʮ ʠʩʪʦʱʝʥ Th ʠ U. ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʠʟ G3Cpʭ ʠʤʝʝʪ ʥʘʢʣʦʥʥʳʡ ʧʨʷʤʦʡ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʡ 

ʩʧʝʢʪʨ TRE. ɼʨʫʛʠʝ ʠʤʝʶʪ ʧʝʨʝʛʠʙ  LREE (ʨʠʩ. 12ɹ) ʦʪ La ʜʦ Sm. ʆʙʱʠʤ 

ʧʨʠʟʥʘʢʦʤ ʜʣʷ Gr3Cpx ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʘʷ ʣʝʚʘʷ ʯʘʩʪʴ ʩʧʘʡʜʝʨʜʠʘʛʨʘʤʤ ʩ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʠʢʠ Pb ʠ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ 

Sr ʠ Hf-Zr.  

 

 6.3. ʀʣʴʤʝʥʠʪʳ 

 ʀʣʴʤʝʥʠʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʥʳʝ ʩʧʝʢʪʨʳ REE, ʥʦ ʚʩʝ ʦʥʠ ʠʤʝʶʪ 

ʧʠʢʠ HFSE, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʠʣʠʩʴ ʚʳʰʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ TRE ʠ 

ʩʦʦʪʥʦʰʝʥʠʡ La/Ybn (ʨʠʩ. 13ɸ). ʀʤʝʶʪʩʷ ʠʣʴʤʝʥʠʪʳ (Gr1I) ʩ ʦʙʦʛʘʱʝʥʥʳʤ 

ʩʦʩʪʘʚʦʤ (Lan~ 100) ʠ ʥʘʢʣʦʥʥʳʤ TRE (La/Ybn >15), ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʣʴʤʝʥʠʪʘʤ ʤʥʦʛʠʭ ʗʢʫʪʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ. ʆʙʨʘʟʮʳ ʩ ʩʠʣʴʥʦ ʥʘʢʣʦʥʥʳʤʠ 

ʩʧʝʢʪʨʘʤʠ REE ʠ Lan ʥʘ 10/PM ʠʤʝʶʪ ʠʟʛʠʙ ʚʙʣʠʟʠ Sm ʠ ʦʙʦʛʘʱʝʥʳ Sr 

(ʧʨʠʤʝʩʴ ʬʣʶʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ). ʋ ʛʨʫʧʧʳ Gr2I ʫʨʦʚʥʠ Lan ʚ 10/PM, (1-

5)/PM, ʠʤʝʶʪ ʜʚʝ ʚʳʧʫʢʣʳʝ ʚʝʪʚʠ REE ʩ ʧʝʨʝʛʠʙʘʤʠ ʥʘ Sm. ɽʩʪʴ Ce-

ʤʠʥʠʤʫʤʳ, ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ TRE. 

ʆʙʨʘʟʝʮ ʩ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ HFSE ʠ REEn (ʧʨʠ La~500/PM), ʚʝʨʦʷʪʥʦ, 

ʠʤʝʝʪ ʧʨʠʤʝʩʴ ʧʝʨʦʚʩʢʠʪʘ. 

 

 6.3 ʉʣʶʜʳ 

 ʉʣʶʜʳ ʠʤʝʶʪ ʜʚʘ ʪʠʧʘ ʩʧʝʢʪʨʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʦ ʩʭʦʞʠʤʠ ʩʣʝʛʢʘ 

ʚʳʧʫʢʣʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ TRE ʩ ʧʝʨʝʛʠʙʦʤ ʥʘ Sm. ʇʝʨʚʳʡ ʪʠʧ ʥʝʤʥʦʛʦ 

ʚʳʰʝ ʧʦ REE (Lan ʜʦ 10/PM) ʩ ʥʘʢʣʦʥʥʳʤ (La/Ybn ~ 1) ʠ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ 

ʚʳʰʝ ʧʦ LILE ʠ Nb, Ta (La ʜʦ 1/PM), ʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ Th, U ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʫʨʦʚʥʝ REE. ʌʣʦʛʦʧʠʪʳ  ʛʨʫʧʧʳ 2 ʦʙʦʛʘʱʝʥʳ ʚ Nʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʝʤʥʦʞʢʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ REE. ʉʦʜʝʨʞʘʥʠʷ  TiO2 ʠ Cr ʘʥʘʣʦʛʠʯʥʳ Phl ʤʘʥʪʠʡʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʈʠʩ13ɹ).  
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ʈʠʩ. 13ɸ. ʉʧʝʢʪʨʳ ʠ REE ʠ ʩʧʘʡʜʝʨʜʠʘʛʨʘʤʤʳ ʜʣʷ ʤʘʥʪʠʡʥʳʭ ʠʣʴʤʝʥʠʪʦʚ ʠʟ 

ʧʨʠʘʟʦʚʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ; ɹ - ʪʦʞʝ ʜʣʷ ʬʣʦʛʦʧʠʪʦʚ. ʅʦʨʤʠʨʦʚʘʥʦ ʥʘ ʩʦʩʪʘʚ 

ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ McDonough & Sun (1995). 

 

 

 

7. ʆʙʩʫʞʜʝʥʠʝ 

7. 1 ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ ʨʘʟʨʝʟʦʚ ʤʘʥʪʠʠ ʧʦʜ 

ʇʨʠʘʟʦʚʴʝʤ 

 ʄʘʥʪʠʡʥʳʡ ʨʘʟʨʝʟ ʧʦʜ ʇʨʠʘʟʦʚʩʢʠʤ ʪʝʨʨʝʡʥʦʤ ʨʝʟʢʦ ʨʘʟʜʝʣʝʥ ʧʨʠ 4,5 

ɻʇʘ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʙʠʣʠʷ ʠ ʩʦʩʪʘʚʘ ʭʨʦʤʠʪʘ, Cpx ʠ Opx, ʘ ʪʘʢʞʝ 

ʧʦ ʧʝʨʝʛʠʙʫ ʠ ʨʘʩʱʝʧʣʝʥʠʶ ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʪʨʝʥʜʘ, ʥʘʣʠʯʠʶ ʭʨʦʤʠʪʦʚ ʠ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʙʦʛʘʪʳʭ ʞʝʣʝʟʦʤ ʘʣʴʤʘʥʜʠʥʦʚʳʭ ʛʨʘʥʘʪʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʨʝʜʥʠʡ ʩʣʦʡ IV 

ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʣʦʛʠʪʦʚʳʡ ʠ ʧʠʨʦʢʩʝʥʠʪʦʚʳʡ. 

ʉʫʙ-Ca ʧʠʨʦʧʳ ʚ ʇʨʠʘʟʦʚʴʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ 5 ʠ 6 ɻʇʘ, ʚʦʟʤʦʞʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʦʩʥʦʚʘʥʠʷ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ, ʪʘʢ ʢʘʢ 

ʜʫʥʠʪʳ ʚ ʦʬʠʦʣʠʪʦʚʳʭ ʨʘʟʨʝʟʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʘʟʘʣʴʥʳʭ 

ʩʣʦʷʭ. ʋʚʝʣʠʯʝʥʠʝ Fe# ʜʣʷ ʛʨʘʥʘʪʦʚ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ V-VI ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ. Fe-ʦʙʦʛʘʱʝʥʥʳʝ 

ʛʨʘʥʘʪʳ ʥʝ ʫʨʘʚʥʦʚʝʰʝʥʳ ʧʝʨʚʠʯʥʳʤʠ ʛʨʘʥʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʪʠʧʠʯʥʳ ʚ 

ʤʘʥʪʠʠ ɸʨʭʝʡʩʢʦʛʦ ʚʨʝʤʝʥʠ Fe#~0.07-0.08. ɹʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʥʳʝ 

ʛʨʘʥʘʪʳ ʩʚʷʟʘʥʳ ʩ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ, ʚʝʨʦʷʪʥʦ, 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʦʨʬʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʘʭ  [12ʙ, 

15b]. ʉʣʦʠʩʪʦʩʪʴ ʠʟ 7 -6 ʧʣʘʩʪʠʥ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʷ ʤʘʥʪʠʡʥʳʭ 

ʢʦʣʦʥʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʗʢʫʪʠʠ ʠ ʠʤʝʝʪ ʧʝʨʚʠʯʥʫʶ ʩʫʙʜʫʢʮʠʦʥʥʫʶ 

ʧʨʠʨʦʜʫ. ɺ ʮʝʣʦʤ, ʛʣʫʙʠʥʘ ʣʠʪʦʩʬʝʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʋʑ ʩʦʩʪʘʚʣʷʝʪ > 

220 ʢʤ (ʨʠʩ. 9). ɼʠʘʛʨʘʤʤʳ PTʍ ʜʣʷ ʀʥʛʫʣʴʩʢʦʛʦ ʠ ɺʦʣʳʥʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ 

(ʨʠʩ. 10-11) ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. 

 

 7.2. ʀʣʴʤʝʥʠʪʦʚʳʝ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʩʣʶʜʷʥʳʝ ʞʠʣʳ - 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʵʚʦʣʶʮʠʠ ʤʘʛʤʦʧʨʦʚʦʜʷʱʝʡ ʠ ʞʠʣʴʥʦʡ ʩʠʩʪʝʤʳ 

 ʀʣʴʤʝʥʠʪʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉʂʃʄ ʥʠʟʢʦ-Cr ʠ, 

ʚʦʟʤʦʞʥʦ, ʦʪʥʦʩʷʪʩʷ ʢ ʘʩʩʦʮʠʘʮʠʷʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʢʘʥʘʣʘʭ ʜʚʠʞʝʥʠʷ 

ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ, ʘ Cr-ʩʦʜʝʨʞʘʱʠʝ ʘʩʩʦʮʠʘʮʠʠ, ʦʪʥʦʩʷʪʩʷ ʢ 

HT ʤʝʪʘʩʦʤʘʪʠʪʘʤ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʙʣʠʟʠ ʦʩʥʦʚʘʥʠʷ ʣʠʪʦʩʬʝʨʳ ʠ 

ʩʚʷʟʘʥʳ ʩ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʣʠʤʠʢʪʦʚʳʭ 

ʙʨʝʢʯʠʷʭ ʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʤʘʥʪʠʡʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦʜ 

ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʪʨʫʙʢʘʤʠ [13, 14, 15, 17]. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ, ʥʘʯʠʥʘʷ ʩ 

4.5 ɻʇʘ, ʥʘ ʜʠʘʛʨʘʤʤʝ P(GPa)- Cr2O3 ʜʣʷ Ilm ʝʩʪʴ ʜʚʘ ʩʫʙʪʨʝʥʜʘ. ʆʜʠʥ ʩ 

ʧʦʩʪʦʷʥʥʳʤ (~2% Cr2O3) ʠʣʠ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Cr2O3, ʜʨʫʛʦʡ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʨʦʩʪ Cr2O3, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʦʞʠʣʦʢ ʚ ʧʝʨʠʜʦʪʠʪʘʭ, ʢʘʢ 

ʜʣʷ ʉʂʃʄ ʧʦʜ ʉʳʪʳʢʘʥʩʢʦʡ ʪʨʫʙʢʦʡ. ʇʨʦʛʨʝʩʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Cr2O3 ʠ NiO ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʘʩʩʠʤʠʣʷʮʠʠ ʧʝʨʠʜʦʪʠʪʦʚʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ ʞʠʣʳ Ilm-Mica + Cpx, 

ʚʝʨʦʷʪʥʦ, ʙʳʣʠ ʦʢʨʫʞʝʥʳ ʦʢʨʫʞʘʶʱʠʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʛʜʝ ʦʙʦʛʘʱʝʥʥʳʝ 

ʣʝʪʫʯʠʤʠ ʨʘʩʧʣʘʚʘʤʠ ʧʦʩʪʝʧʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠʩʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ 

ʩ ʤʘʥʪʠʝʡ. ʈʘʩʱʝʧʣʝʥʠʝ ʠʣʴʤʝʥʠʪʦʚʳʭ ʪʨʝʥʜʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʜʝʣʴʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʤʦʱʥʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ. 

 ɺ ʧʠʨʦʢʩʝʥʘʭ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʝʜʘʣʝʢʦ ʦʪ ʠʣʴʤʝʥʠʪʦʚ ʚ Fe# 

(G2Cpx) ʨʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʛʘʢʨʠʩʪʦʚʦʤʫ ʪʠʧʫ, 

ʢʘʢ ʚ ʪʨ ɼʘʣʴʥʷʷ, ʌʝʩʪʠʚʘʣʴʥʷʷ ʠ ʜʨ. [14]. ʅʦ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦ Fe# ʩʦʩʪʚʳ 

ʤʝʞʜʫ ʢʣʘʩʪʝʨʦʤ ʵʢʣʦʛʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ ʠ ʠʣʴʤʝʥʠʪʦʚʳʤ ʪʨʝʥʜʦʤ, ʚʝʨʦʷʪʥʦ, 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʧʣʶʤʦʚʳʭ 

ʨʘʩʧʣʘʚʦʚ ʩ ʵʢʣʦʛʠʪʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʠʨʦʢʩʝʥʠʟʘʮʠʠ ʵʢʣʦʛʠʪʦʚ (Smit et 
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al., 2014). 

 

7.3 ɼʘʥʥʳʝ ʦ ʩʦʩʪʘʚʫ ʠ ʧʨʦʮʝʩʩʘʭ ʤʘʥʪʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʦʭʠʤʠʠ 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʘʪʦʚ ʚʩʝʭ ʪʠʧʦʚ ʦʪ ʥʠʞʥʝʡ ʜʦ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʠ (ʨʠʩ. 5, 10), ʘ ʪʘʢʞʝ ʧʠʨʦʢʩʝʥʳ, ʠʣʴʤʝʥʠʪʳ ʠ ʩʣʶʜʳ 

ʧʨʦʷʚʣʷʶʪ ʩʭʦʜʩʪʚʦ ʚ ʩʚʦʝʡ ʛʝʦʭʠʤʠʠ, ʪʘʢʠʝ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ LREE, LILE ʠ HF-Zr-Y (ʨʠʩ.12; 14) [13-17]. ɼʠʘʧʘʟʦʥ ʦʪ Gr1 ʜʦ 

Gr6 ʦʪʨʘʞʘʝʪ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʪ 7 ʜʦ 2,5 ɻʇʘ, ʘ ʨʝʛʫʣʷʨʥʳʡ ʨʦʩʪ LILE, 

LREE ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ Gr1-G2-G3 ʠ Gr4-

Gr5-Gr6 ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ, ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦʛʦ  

ʧʨʦʩʘʯʠʚʘʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʪʫʯʠʤʠ, ʨʘʩʧʣʘʚʦʚ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ 

ʤʘʛʤʳ. ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʦʙʱʝʝ ʦʙʦʛʘʱʝʥʠʝ LILE ʠ ʥʝʩʦʚʤʝʩʪʠʤʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʘʩʩʠʤʠʣʷʮʠʝʡ ʜʨʝʚʥʠʭ ʢʦʨʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Zr-Hf ʜʦʣʞʥʦ ʙʳʣʦ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ 

ʚʦʜʥʳʭ ʨʘʩʧʣʘʚʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʬʠʙʦʣʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (3,5 -1,5 ɻʇʘ), ʚʦʟʤʦʞʥʦ, ʚ ʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʙʜʫʢʮʠʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ 

(ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ) ʠʣʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʩʘʜʢʦʚ. 

ʄʳ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʜʣʷ ʤʠʥʝʨʘʣʦʚ 

(ʄʈ). ɼʣʷ Cpx ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʜʝʞʥʳʡ ʥʘʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʙʠʝʥʠʷ 

(Kd) (Hart & Dunn, 1993), ʘ ʜʣʷ Gar-Green (2000) ʩ ʧʦʧʨʘʚʢʘʤʠ ʜʣʷ U ʠ Cs, Rb 

ʧʦ  \Bedard (2006) ʠ Fulmer et al. (2010). ɼʣʷ ʩʣʶʜ - ʥʘʙʦʨ KD. ɼʣʷ 

ʠʣʴʤʝʥʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ Kd ʧʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ HFSE ʧʦ Klemme [21]. 

 ɺʩʝ ʩʧʝʢʪʨʳ Mʈ ʜʣʷ ʛʨʘʥʘʪʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʘʤʝʪʥʦʝ ʦʙʦʛʘʱʝʥʠʝ 

LILE, ʯʪʦ ʥʝ ʪʠʧʠʯʥʦ ʜʣʷ ʤʘʥʪʠʡʥʳʭ ʛʨʘʥʘʪʦʚ. ʅʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ 

ʜʣʷ ʛʨʘʥʘʪʦʚ Gr1-3 ʠ Gr4-6 (ʈʠʩ.14A) ʛʨʘʥʘʪʳ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʥʪʠʠ ʠʤʝʶʪ 

ʚ ʦʩʥʦʚʥʦʤ ʤʠʥʠʤʫʤʳ Pb, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʘʥʘʪʳ ʠʟ ʚʝʨʭʥʝʡ - ʧʠʢʠ Pb. ɽʩʪʴ 

ʪʘʢʞʝ  ʨʘʟʥʠʮʘ ʚ LILE. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ Ba ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ Rb ʠ Cs, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ  ʛʨʘʥʪʦʚ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ 

ʪʠʧʠʯʥʳ ʧʦʯʪʠ ʧʣʦʩʢʠʝ ʩʧʝʢʪʨʳ LILE.   

ʄʈ ʜʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ Gr1 (ʨʠʩ. 14ɹ) ʧʦ ʣʠʥʝʡʥʳʤ ʩʧʝʢʪʨʘʤʠ TRE 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʬʣʫʢʪʫʘʮʠʷʤʠ Pb, Sr, Ba (ʦʙʳʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʢʘʢ ʩʫʙʜʫʢʮʠʦʥʥʳʝ 

ʬʣʶʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ). ʊʦʣʴʢʦ ʦʜʠʥ ʦʙʨʘʟʝʮ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʠʤʝʝʪ 

ʤʠʥʠʤʫʤ Ta-Nb ʜʣʷ Mʈ. ʅʘʡʜʝʥʳ ʄʈ ʙʝʟ ʵʢʪʨʝʤʫʤʦʚ ʜʣʷ ʛʨʘʥʘʪʦʚ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʧʠʨʦʢʩʝʥʠʪʥʦʛʦ ʪʠʧʘ Gr2 ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉʂʃʄ. 

ʀʩʭʦʜʥʳʝ ʨʘʩʧʣʘʚʳ ʵʪʠʭ ʛʨʘʥʘʪʦʚ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʥʘʢʣʦʥ, 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʦʪʥʦʰʝʥʠʷʤʠ Gar/Cpx ʚ ʠʩʪʦʯʥʠʢʝ ʧʣʘʚʣʝʥʠʷ ʧʝʨʠʜʦʪʠʪʘ ʠ 

ʩʪʝʧʝʥʴʶ ʧʣʘʚʣʝʥʠʷ (F). ʆʙʳʯʥʦ ʧʣʘʚʣʝʥʠʝ F~1% ʩ ʤʦʜʘʣʴʥʳʤʠ 

ʧʨʦʧʦʨʮʠʷʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʧʨʠʤʠʪʠʚʥʳʤ ʣʝʨʮʦʣʠʪʘʤ, ʜʘʝʪ  



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʥʘʢʣʦʥʥʳʝ ʩʧʝʢʪʨʳ REE ʩ La ~ 100/PM ʠ La/Ybn ~ 10 [31]. 

ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʥʘʢʣʦʥ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ F. 

 ʉʧʝʢʪʨʳ S-ʪʠʧʘ ʜʣʷ ʙʦʛʘʪʳʭ Mg ʛʨʘʥʘʪʦʚ Gr3 ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʦʩʘʯʠʚʘʥʠʝ ʨʘʩʧʣʘʚʘ ʚ ʙʦʛʘʪʦʤ ʛʨʘʥʘʪʦʤ ʠʩʪʦʯʥʠʢʝ, ʠ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ HREE. ʉʧʝʢʪʨʳ ʩ ʤʠʥʠʤʫʤʘʤʠ ʚ HFSE ʪʠʧʠʯʥʳ ʜʣʷ 

ʨʘʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʛʘʨʮʙʫʨʛʠʪʘʤʠ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ 

Gar ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʝʪ Cpx. ʋʧʣʦʱʝʥʥʳʝ ʯʘʩʪʠ HREE ʩʧʝʢʪʨʦʚ ʜʣʷ ʛʨʘʥʘʪʦʚ 

ʠ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ HREE ʜʣʷ Mʈ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʦʪʥʦʰʝʥʠʷ Gar/Cpx ʚ ʠʩʪʦʯʥʠʢʝ, ʢʦʪʦʨʦʝ ʥʘʡʜʝʥʦ ʜʣʷ Gr4-6. ʄʈ 

ʨʘʩʧʣʘʚʳ Gr3-Gr6 ʠʤʝʶʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ La/PM, ʙʣʠʟʢʠʝ ʢ 1000 

ʜʣʷ Gr3 ʠ ʜʦ 10000 Gr6, ʯʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ. ʆʥʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʯʝʥʴ ʥʠʟʢʠʭ ʩʪʝʧʝʥʝʡ ʧʣʘʚʣʝʥʠʷ (<0,01), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʠʣʠ ʚ 

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʘʭ.  

 ʉʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ Mʈ ʜʣʷ ʛʨʘʥʘʪʦʚ Gr4-6 ʠʤʝʶʪ ʚʦʛʥʫʪʳʝ ʩʧʝʢʪʨʳ ʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪ  ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʜʲʝʤ Ba, ʜʨʫʛʠʭ LILE ʠ HFSE ʩ ʛʦʨʙʠʢʦʤ Zr-

Hf, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʘʩʩʠʤʠʣʠʨʦʚʘʣʠ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʶʜʳ ʠ ʘʤʬʠʙʦʣʘ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ Zr-Hf ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʣʘʚʣʝʥʠʷ ʘʤʬʠʙʦʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʟʜʝʣʝʥʠʷ ʜʣʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ ʩ ʢʘʣʠʝʤ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧʳ II ʠʣʠ ʣʘʤʧʨʦʠʪʘʤ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʦʟʤʦʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʥʦ ʦʥʠ ʦʙʳʯʥʦ ʚʣʠʷʶʪ ʣʠʰʴ ʥʘ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʤʘʥʪʠʡʥʦʛʦ ʨʘʟʨʝʟʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ 

ʠ ʨʦʩʪ ʣʠʪʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʣʝʛʢʠʤʠ TRE ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ. 

ʋʤʝʥʴʰʝʥʠʝ HREE ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʛʨʘʥʘʪʦʚ, ʚ ʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ.  

 ʄʳ ʦʙʥʘʨʫʞʠʣʠ ʘʤʬʠʙʦʣʳ ʪʦʣʴʢʦ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʨʘʟʨʝʟʘ, 

ʥʦ ʘʥʦʤʘʣʠʠ ʚ HFSE ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ 

ʤʘʥʪʠʡʥʳʭ ʘʤʬʠʙʦʣʦʚ, ʧʦʜʦʙʥʳʭ ʨʠʭʪʝʨʠʪʘʤ ʠʟ ʢʩʝʥʦʣʠʪʦʚ MARID [22], 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 4-6 ɻʇʘ ʠ ʙʦʣʝʝ [47]. ʆʥʠ ʯʘʩʪʦ ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ 

ʠʟʦʪʦʧʦʚ Nd-Sr ʠ Hf ʢ ʢʠʤʙʝʨʣʠʪʘʤ I ʪʠʧʘ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʵʪʠʭ ʤʘʛʤ, ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʦʨʘʥʞʠʪʘʤʠ ʠʣʠ ʜʘʞʝ 

ʩ ʠʩʪʦʯʥʠʢʦʤ HIMU (Howarth, 2018). ʆʙʦʛʘʱʝʥʠʝ Zr ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ɻʨʠʬʬʠʥʦʤ ʢʘʢ ʧʨʠʟʥʘʢ ʬʣʦʛʦʧʠʪʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʠʟʤʘ ʠ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ 

ʵʪʦ ʜʣʷ ʤʘʥʪʠʠ ʧʦʜ ʇʨʠʘʟʦʚʴʝʤ. 

 ʅʘʙʣʶʜʘʝʤʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Ba ʠ LILE 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʣʘʚʣʝʥʠʷ 

ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ (McDonogh, Sun, 1995). ʄʈ ʜʣʷ ʛʨʘʥʘʪʦʚ ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʠʝ ʤʠʥʠʤʫʤʳ Ce, ʦʙʳʯʥʦ ʤʘʨʢʠʨʫʶʱʠʝ ʚʳʩʦʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʪʠʧʠʯʥʳ ʜʣʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ Phl ʠ ʠʣʴʤʝʥʠʪʦʚ. 

ɺʣʠʷʥʠʝ ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʛʦ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʘʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɼʣʷ ʢʘʣʠʝʚʳʭ ʤʘʥʪʠʡʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʪʠʧʠʯʥʦ 

ʦʙʦʛʘʱʝʥʠʝ Rb. ʅʦ ʚ ʥʘʰʝʤ Ba, Sr, Pb - ʢʦʤʧʦʥʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʩʫʙʜʫʢʮʠʦʥʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ  [20] ʧʨʝʦʙʣʘʜʘʣʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʙʦʛʘʱʝʥʠʝ LILE ʠ Sr ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʩʴʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʨʳ 

ʢ, ʚʝʨʦʷʪʥʦ, ʦʙʳʯʥʦʤʫ ʦʢʝʘʥʠʯʝʩʢʦʤʫ ʪʠʧʫ ʩʫʙʜʫʢʮʠʠ . ʅʝʩʢʦʣʴʢʦ ʄʈ ʜʣʷ 

ʛʨʘʥʘʪʦʚ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʤʝʶʪ ʤʠʥʠʤʫʤʳ Ta-Nb, ʯʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ 

ʫʯʘʩʪʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʩʦʢʠ. 

ʅʝʢʦʪʦʨʦʝ ʦʙʦʛʘʱʝʥʠʝ Zr-Hf ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʣʘʚʣʝʥʠʝ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ Amph-Phl. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʩʪʘʚʳ ʄʈ ʩ ʦʙʦʛʘʱʝʥʠʝʤ LILE ʠ Zr-

Hf, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʪʦʨʥʦʝ 

ʧʝʨʝʧʣʘʚʣʝʥʠʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʦʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʠʥʝʨʘʣʳ-

ʢʦʥʮʝʥʪʨʘʪʦʨʳ LILE ʠ HFSE.  

 ɼʨʫʛʘʷ ʚʦʟʤʦʞʥʦʩʪʴ-ʜʨʝʚʥʝʝ ʦʙʦʛʘʱʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʧʨʠ ʩʫʙʜʫʢʮʠʠ 

ʘʨʭʝʡʩʢʦʛʦ ʤʘʣʦʤʦʱʥʦʛʦ  ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚ ʤʘʥʪʠʠ 

ʉʣʵʡʚ ʢʨʘʪʦʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʝʡ, ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʞʠʣʢʦʚʳʤ ʤʝʪʘʩʦʤʘʪʠʟʤʦʤ [45]. 

 ʅʝʨʝʛʫʣʷʨʥʳʝ ʩʧʝʢʪʨʳ ʄʈ ʜʣʷ Cpx (Fe# > 0.15) (ʨʠʩ. 7B; SF4, ʬʠʛ. 

13B) ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʨʘʟʨʝʟʘ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ ʨʝʘʢʮʠʝʡ 

ʧʣʶʤʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʵʢʣʦʛʠʪʘʤʠ (Fe# > 0.2), ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʤʝʶʪ 

ʧʝʨʝʛʠʙʳ ʚ ʩʧʝʢʪʨʘʭ REE ʠ ʘʥʦʤʘʣʠʠ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ [44]. 

 ʇʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʉʂʃʄ, ʬʦʨʤʠʨʦʚʘʣʠ 

ʠʣʴʤʝʥʠʪʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ TRE ʠ ʧʣʦʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ [12,013,14]. 

ɺʩʝ ʦʙʦʛʘʱʝʥʥʳʝ REE ʠʣʴʤʝʥʠʪʳ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʠ 

ʚʳʩʦʢʦʟʘʨʷʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʙʳʯʥʦ ʙʦʛʘʪʳʝ Mg ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ 

ʠʣʴʤʝʥʠʪʳ ʚ ʤʘʥʪʠʠ ʤʘʨʢʠʨʫʶʪ ʣʝʛʢʦʧʣʘʚʢʠʝ ʩʣʦʠ, ʪʘʢʠʝ ʢʘʢ ʤʘʥʪʠʡʥʳʝ 

ʧʠʨʦʢʩʝʥʠʪʳ, ʤʝʪʘʩʦʤʘʪʠʪʳ ʠʣʠ ʵʢʣʦʛʠʪʳ. ʉʧʝʢʪʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʝʨʝʛʠʙ 

ʥʘ Sm ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʩʩʠʤʠʣʷʮʠʠ ʦʙʝʜʥʝʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʝʨʷʣʠ Gar 

ʠ Cpx.- ʠʩʪʦʱʝʥʥʳʝ ʜʫʥʠʪʦʚʳʝ ʞʠʣʳ ʠ ʠʭ ʢʦʥʪʘʢʪʳ. ʇʝʨʝʧʣʘʚʣʝʥʠʝ ʪʘʢʠʭ 

ʩʪʝʥʦʢ ʜʫʥʠʪʦʚ ʚʤʝʩʪʝ ʩ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʠʣʴʤʝʥʠʪʘʤʠ (ʠ 

ʬʣʦʛʦʧʠʪʘʤʠ) ʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʝʨʝʛʠʙʳ, ʧʦʩʢʦʣʴʢʫ ʫʜʘʣʝʥʥʳʝ Cpx ʠ 

ʛʨʘʥʘʪʳ ʠʤʝʣʠ ʨʘʟʥʳʡ ʥʘʢʣʦʥ ʠʭ ʨʠʩʫʥʢʦʚ TRE ʠ ʧʨʦʠʟʚʦʜʠʣʠ ʧʠʢʠ Ta-Nb 

ʜʣʷ ʄʈ  

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʣʴʤʝʥʠʪʦʚ ʦʧʨʝʜʝʣʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʥʘʢʣʦʥ ʠ 

ʩʦʜʝʨʞʘʥʠʝ LREE ʜʣʷ ʄʈ ʩ ʫʨʦʚʥʝʤ La/PM ~1000, ʦʥʠ ʦʙʳʯʥʦ ʩʚʷʟʘʥʥʳ ʩ 

ʧʠʨʦʢʩʝʥʘʤʠ-ʘʚʛʠʪʘʤʠ. ɸʥʦʤʘʣʠʠ Eu ʠ Ce, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Rb, Ba, Cs ʠ ʜʘʞʝ U ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʢʘʤʠ ʛʠʙʨʠʜʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʭ ʵʢʣʦʛʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚʝʨʦʷʪʥʦ, ʩ 

ʧʨʠʤʝʩʴʶ ʩʣʶʜʳ ʚ ʠʩʪʦʯʥʠʢʝ ʧʣʘʚʣʝʥʠʷ. ʇʨʦʞʠʣʢʦʚʳʝ ʠʣʴʤʝʥʠʪʳ ʠʟ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʡʥʳʭ ʨʘʟʨʝʟʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩʦ ʩʣʶʜʦʡ, ʧʦʢʘʟʳʚʘʶʪ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʚ LREE ʠ LILE ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʨʫʧʥʳʭ 

ʧʝʨʝʛʠʙʦʚ. 

 ɺʩʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʘʪʝʨʠʥʩʢʠʝ ʨʘʩʧʣʘʚʳ ʜʣʷ Phl ʦʙʦʛʘʱʝʥʳ LIL E 

ʵʣʝʤʝʥʪʘʤʠ. ʊʝ, ʯʪʦ ʩ ʥʠʟʢʠʤ TRE ʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʘʚʘʤ 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ñʦʙʝʜʥʝʥʥʳʭò ʠʣʴʤʝʥʠʪʦʚ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʠ ʚ ʮʝʣʦʤ. 
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ɹʦʣʝʝ ʫʧʣʦʱʝʥʥʳʝ ʠ ʦʙʦʛʘʱʝʥʥʳʝ TRE ʩʧʝʢʪʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʞʠʣʘʤ ʠʟ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʡʥʳʭ ʢʦʣʦʥʥ. 

 

7.4. ʇʨʠʯʠʥʳ ʚʘʨʠʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʘʭ.  

 ʆʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʦʪʥʦʰʝʥʠʝ La/Ybn ʜʣʷ 

ʤʘʪʝʨʠʥʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʤʠʥʝʨʘʣʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʣʘʚʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʣʝʪʫʯʠʭ ʠ, ʚʝʨʦʷʪʥʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʨʘʥʘʪʘ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʧʝʢʪʨʳ TRE ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʯʘʩʪʦ ʧʦʢʘʟʳʚʘʶʪ ʚʳʧʫʢʣʦ-

ʥʠʩʭʦʜʷʱʠʝ ʩʧʝʢʪʨʳ ʩ ʦʙʦʛʘʱʝʥʠʝʤ Zr-Hf, ʧʦʜʦʙʥʳʝ Mʈ ʜʣʷ 

ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʪʨʠʘʩʦʚʳʭ ʍʘʨʘʤʘʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ . 

ʆʙʳʯʥʦ ʦʙʦʛʘʱʝʥʠʝ LILE ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʬʣʶʠʜʦʚ. ʆʜʥʘʢʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦ ʧʣʦʪʥʦʛʦ ʬʣʶʠʜʘ [50] ʚʳʷʚʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʦʯʪʠ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ. ʉʫʙʜʫʢʮʠʦʥʥʳʝ ʨʘʩʧʣʘʚʳ ʚ 

ʫʩʣʦʚʠʷʭ ʦʢʝʘʥʠʯʝʩʢʦʡ ʜʫʛʠ [20]ʠʤʝʶʪ ʛʣʫʙʦʢʠʝ ʤʠʥʠʤʫʤʳ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʦʙʦʛʘʱʝʥʠʷ LILE ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʣʝʛʢʠʤʠ TRE ʚ ʩʣʫʯʘʝ ʤʘʥʪʠʠ ʇʨʠʘʟʦʚʴʷ. 

  ʃʝʪʫʯʠʝ ʜʦʣʞʥʳ ʨʝʟʢʦ ʩʥʠʞʘʪʴ ʚʷʟʢʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʩʘʯʠʚʘʥʠʶ ʨʘʩʧʣʘʚʦʚ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʘʭ ʠ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦ - ʬʨʘʢʮʠʦʥʥʦʡ  ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ  AFC ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ 

LREE, ʥʦ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʝʨʝʛʠʙʘʤʠ ʩʧʝʢʪʨʦʚ TRE. ʄʳ 

ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʪ 5,5 ʜʦ 23,5 ɻʇʘ ʦʪ ʛʨʘʥʘʪʦʚ 

Gr4 ʜʦ Gr6 ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʚʝʨʦʷʪʥʦ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʧʨʦʩʘʯʠʚʘʥʠʠ ʨʘʩʧʣʘʚʘ ʚ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʢʘʥʘʣʘʭ. ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ ʚ ʤʘʥʪʠʠ ʧʦʜ ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʭʨʝʙʪʘʤʠ , ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʠʣʠ ʩʚʷʟʘʥʳ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʣʶʤʘ. 

 ʇʝʨʝʛʠʙ ʚʙʣʠʟʠ Sm ʠ Nd ʜʣʷ ʛʨʘʥʘʪʦʚ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʢʮʠʶ. 

ʕʪʦʪ ʧʝʨʝʛʠʙ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʜʣʷ ʠʣʴʤʝʥʠʪʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʧʠʨʦʢʩʝʥʦʚ. 

ʋʧʣʦʱʝʥʥʳʝ ʠʣʠ ñʩʨʝʟʘʥʥʳʝò ʩʧʝʢʪʨʳ ʩ ʣʝʛʢʠʤʠ TRE ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʠʟ 

ɺʠʪʠʤʩʢʠʭ ʧʠʢʨʦʙʘʟʘʣʴʪʦʚ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʧʠʨʦʢʩʝʥʳ ʩ ʪʘʢʠʤʠ ʩʧʝʢʪʨʘʤʠ 

TRE ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʧʣʘʚʣʝʥʠʷ ʧʦʨʦʜ ʩʪʝʥʦʢ ʤʘʛʤʘʚʦʜʦʚ, ʛʜʝ 

Cpx ʠʟʙʠʨʘʪʝʣʴʥʦ ʫʜʘʣʷʣʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɺT ʨʘʩʧʣʘʚʘʤʠ, ʘ ʟʘʪʝʤ 

ʨʘʩʪʚʦʨʝʥʠʝ ʩʪʝʥʦʢ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʦʚʳʭ ʛʝʥʝʨʘʮʠʡ ʤʠʥʝʨʘʣʦʚ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʛʨʘʥʘʪʦʚ (ʠ ʠʣʴʤʝʥʠʪʦʚ) ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʜʦʙʥʳʭ ʩʧʝʢʪʨʦʚ. 

ʈʘʩʧʣʘʚʳ ʧʨʦʩʘʯʠʚʘʶʱʠʝʩʷ ʚ ʞʠʣʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʛʘʱʝʥʳ H2O ʠ 

ʜʨʫʛʠʤʠ ʣʝʪʫʯʠʤʠ ʠ ʠʤʝʪʴ ʦʯʝʥʴ ʥʠʟʢʫʶ ʚʷʟʢʦʩʪʴ. ɺ ʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʨʘʥʘʪʘ ʨʘʩʰʠʨʷʝʪʩʷ, ʠ ʛʨʘʥʘʪʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚʤʝʩʪʦ 

ʧʠʨʦʢʩʝʥʦʚ. ʆʙʨʘʟʮʳ TRE ʩ ʜʚʫʤʷ ʚʦʛʥʫʪʳʤʠ ʚʥʠʟ ʚʝʪʚʷʤʠ, ʢʘʢ ʜʣʷ ʇʄʄ 

ʜʣʷ ʠʣʴʤʝʥʠʪʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʫʜʘʣʝʥʠʝ ʢʘʢ Cpx, ʪʘʢ ʠ Gar. 
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 7.5 ʩʭʝʤʘ ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʠ ʚ ʇʨʠʘʟʦʚʴʝ  

 ʇʝʨʠʜʦʪʠʪʦʚʳʝ ʛʨʘʥʘʪʳ ʚ ʇʨʠʘʟʦʚʴʝ ʉʂʃʄ ʠʤʝʶʪ ʜʠʘʧʘʟʦʥ ʦʪ ʥʠʟʢʦ-

Fe-ʛʨʘʥʘʪʦʚ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʨʘʥʥʝ - ʘʨʭʝʡʩʢʦʛʦ ʚʨʝʤʝʥʠ (Griffin &O'Reilly, 

2003) ʜʦ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʪʠʧʘ-ò ʩ Fe#=-0.085. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Zr-

Hf ʚ ʤʠʥʝʨʘʣʘʭ ʉʂʃʄ ʠ ʢʠʤʙʝʨʣʠʪʘʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ K2O ʠ 

LILE ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʦʙʦʛʘʱʝʥʠʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɿʨʝʣʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʫʞʝ 

ʩʫʱʝʩʪʚʦʚʘʣʠ ʥʘ 4,2 ʤʣʨʜ. ʣʝʪ, ʩʫʜʷ ʧʦ ʮʠʨʢʦʥʘʤ ʠʟ Jack Hills ʯʪʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʋʑ [43].  

 ɺʦʟʨʘʩʪʘ ʮʠʨʢʦʥʦʚ [42,43]) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʦʨʝ ʠ ʤʘʥʪʠʠ ʋʑ ʙʳʣʦ 

ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʵʧʠʟʦʜʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (3.8-3.2; 2-2.2 ʠ ~1.8 ʤʣʨʜ. 

ʣʝʪ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʶʤʦʚʳʤ ʠ ʢʦʣʣʠʟʠʦʥʥʳʤ ʩʦʙʳʪʠʷʤ. 

ʋʣʴʪʨʘʤʘʬʠʪʦʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 2,03-2,04 ʤʣʨʜ. ʣʝʪ ʚʳʷʚʣʷʶʪ ʂ- 

ʱʝʣʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʪʦʣʢʥʦʚʝʥʠʝ ʩ ʌʝʥʥʦʩʢʘʥʜʠʝʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʩʫʧʝʨʧʣʶʤʦʚʦʝ ʩʦʙʳʪʠʝ 1,8 Ga ʧʦʨʦʜʠʣʦ ʦʙʠʣʴʥʳʡ ʤʘʛʤʘʪʠʟʤ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ Ti, ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ 

Th-U  [3].  

ɹʣʦʢʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ ʩ ʦʙʦʛʘʱʝʥʠʝʤ LILE, HFSE, ʢʘʢ ʠ ʚ 

ʋʑ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʙʜʫʢʮʠʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ 

ʢʦʥʪʠʥʝʥʪʘʤʠ. ɼʘʞʝ ʤʝʪʘʩʦʤʘʪʦʟ ʨʘʩʧʣʘʚʦʚ ʚʙʣʠʟʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ II ʠ 

ʱʝʣʦʯʥʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʚʢʣʶʯʘʣʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʩʘʜʢʠ. ɺʣʠʷʥʠʝ ʟʨʝʣʦʡ ʢʦʨʳ ʧʨʠ ʩʫʙʜʫʢʮʠʠ 

ʢʦʥʪʠʥʝʥʪʘ ʧʦʜ ʢʦʥʪʠʥʝʥʪ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ ʨʘʩʧʣʘʚʘ-ʬʣʶʠʜʘ, ʧʦʣʫʯʝʥʥʳʡ 

ʠʟ ʩʫʙʜʫʮʠʨʦʚʘʥʥʦʛʦ ʙʦʛʘʪʦʛʦ ʢʨʝʤʥʝʟʝʤʦʤ ʟʨʝʣʦʛʦ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ) ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʠ ʵʢʣʦʛʠʪʘʮʠʠ (ʈʘʥʥʠʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʙʣʦʢʠ ʙʳʣʠ ʛʦʨʘʟʜʦ ʪʦʥʴʰʝ ʠ ʣʝʛʯʝ ʧʦʜʜʘʚʘʣʠʩʴ 

ʩʫʙʜʫʢʮʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʠʞʥʷʷ ʯʘʩʪʴ ʉʂʃʄ ʜʦʣʞʥʘ ʙʳʣʘ ʩʦʩʪʦʷʪʴ ʠʟ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʦ, ʚʝʨʦʷʪʥʦ, ʚʤʝʩʪʝ ʩ ʢʣʠʥʴʷʤʠ  ʢʦʨʦʚʦʛʦ 

ʵʢʣʦʛʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʛʣʘ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ. 

 ɺ ʨʘʥʥʝ-ʩʨʝʜʥʝ ʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ (3,5-2,7 ʤʣʨʜ. ʣʝʪ) ʦʙʠʣʴʥʦʝ ʧʦʷʚʣʝʥʠʝ 

ʚʦʜʳ ʚ ʤʘʥʪʠʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʥʘʯʘʣʦʤ ʘʢʪʠʚʥʦʡ ʩʫʙʜʫʢʮʠʠ ʠ ʨʦʩʪʦʤ 

ʤʦʱʥʳʭ ʣʠʪʦʩʬʝʨʥʳʭ ʢʠʣʝʡ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʧʝʨʧʣʶʤʦʚ ʵʢʣʦʛʠʪʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʨʘʩʧʣʘʚʣʝʥʳ ʚ ʧʦʜʦʰʚʝ ʣʠʪʦʩʬʝʨʳ 8,0 ɻʇʘ. ʀʟ-ʟʘ ʠʥʚʝʨʩʠʠ 

ʧʣʦʪʥʦʩʪʠ ʥʠʞʝ ʛʨʘʥʠʮʳ 8,0 ɻʇʘ ʧʣʶʤʦʚʳʝ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʨʘʩʧʣʘʚʳ 

ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʧʣʘʚʫʯʝʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʠʜʦʪʠʪʦʚ, ʠ ʪʦʣʴʢʦ 

ʢʘʨʙʦʥʘʪʠʪʳ ʠ ʱʝʣʦʯʥʳʝ ʨʘʩʧʣʘʚʳ ʤʦʛʫʪ ʧʦʜʥʠʤʘʪʴʩʷ ʠ ʚʥʝʜʨʷʪʴʩʷ ʚ 

ʣʠʪʦʩʬʝʨʥʳʡ ʢʠʣʴ [40]. ɼʘʣʝʝ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

ʢʠʩʣʦʡ ʢʦʨʳ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ LILE 

ʤʝʪʘʩʦʤʘʪʦʟ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʪʘʢʠʭ ʩʵʥʜʚʠʯʝʡ. 

ɺ ʨʘʥʥʝ -ʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ 250oC ʢʦʨʘ ʤʦʛʣʘ ʙʳʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 



ɸʱʝʧʢʦʚ ʀ. ɺ., ɺʣʘʜʳʢʠʥ ʅ. ɺ., ʂʘʣʘʰʥʠʢ ɸ.C., ʠ ʜʨ. 
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ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ, ʬʝʣʴʟʠʪʦʚʦʡ ʠ ʙʦʛʘʪʦʡ Fe. ʉʫʙʜʫʢʮʠʷ ʪʘʢʠʭ ʩʣʦʝʚ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʛʣʫʙʦʢʦʡ ʠ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʣʘʚʣʝʥʠʝʤ 

ʩʫʙʜʫʮʠʨʫʝʤʦʡ ʧʣʠʪʳ ʠ ʚʥʝʜʨʝʥʠʝʤ ʚʳʧʣʘʚʦʢ ʚ ʉʂʃʄ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʤʘʥʪʠʝʡ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʤʦʛʣʦ ʧʨʦʠʟʚʝʩʪʠ ʦʙʠʣʴʥʳʝ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʉʂʃʄ ʩ ʦʙʠʣʴʥʳʤʠ Amph-

Phl ʞʠʣʘʤʠ. ʅʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ LREE ʠ ʥʝʩʦʚʤʝʩʪʠʤʦʡ ʵʣʝʤʝʥʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʦʢʦʣʦ 150 ʢʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʨʘʩʧʣʘʚʦʚ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʜʲʝʤ ʬʣʶʠʜʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʪʫʧʝʥʯʘʪʳʡ ʧʦʜʲʝʤ ʩ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʣʣʝʢʪʦʨʘʭ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʝʨʠʜʦʪʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ. ʆʙʝ ʤʦʜʝʣʠ 

ʨʝʘʣʠʩʪʠʯʥʳ, ʥʦ ʧʦʩʣʝʜʥʠʝ ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʨʦʢʩʝʥʠʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʦʢʩʝʥʠʪʥʳʭ ʛʨʘʥʘʪʦʚ ʚ 

ʧʨʠʘʟʦʚʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ.  

 ɹʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʚ ʤʘʥʪʠʠ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʨʝʘʢʪʠʚʘʮʠʝʡ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʣʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʣʠʤʝʨʠʪʦʚ. ɹʝʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʪʨʫʜʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ ʢʦʨʦʚʳʝ ʧʨʠʟʥʘʢʠ ʚ ʤʘʥʪʠʡʥʦʤ ʤʘʪʝʨʠʘʣʝ. 

 ɺʦʟʜʝʡʩʪʚʠʝ ʧʣʶʤʘ ʥʘ 2,2 -1,8 ʛʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʦʝʚ  

ʦʩʥʦʚʥʳʭ ʜʘʝʢ [18] ʠ ʙʠʦʪʠʪʦʚʳʭ-ʛʨʘʥʠʪʦʚ, ʘ ʪʘʢʞʝ ʯʘʨʥʦʢʠʪʦʚ. 

ʋʣʴʪʨʘʤʘʬʠʪʦʚʳʝ ʜʘʡʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦ ʱʝʣʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ,  ʢʦʪʦʨʳʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʠʜʝʶ ʨʘʥʥʝʛʦ K- ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʤʘʥʪʠʠ. ʕʪʦ 

ʩʫʧʝʨʧʣʶʤʦʚʦʝ ʩʦʙʳʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʦʣʢʥʦʚʝʥʠʶ ʙʣʦʢʦʚ ʠ 

ʘʤʘʣʴʛʘʤʘʮʠʠ ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʯʪʦ ʙʣʠʟʢʦ ʧʦ ʚʨʝʤʝʥʠ 

ʩʢʫʯʠʚʘʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʝʣ ʚʦʟʤʫʱʝʥʠʝ ʚ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʠ ʧʦʨʦʜʠʣʦ ʢʦʣʣʠʟʠʦʥʥʳʝ Mg-ʛʨʘʥʠʪʳ [49] ʉʘʨʤʘʪʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʶʤʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ 

ʧʨʦʩʘʯʠʚʘʥʠʶ ʨʘʩʧʣʘʚʘ ʚ ʧʨʦʥʠʮʘʝʤʳʭ ʟʦʥʘʭ ʩ ʨʝʘʢʪʠʚʘʮʠʝʡ 

ʤʝʪʘʩʦʤʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʟʜʘʪʴ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ʧʦʪʦʢʠ 

ʨʘʩʧʣʘʚʦʚ, ʧʨʦʥʠʢʘʶʱʠʝ ʯʝʨʝʟ ʪʦʣʩʪʳʝ ʣʠʪʦʩʬʝʨʥʳʝ ʙʣʦʢʠ, ʠ ʩʦʟʜʘʪʴ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʨʘʥʘʪʦʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ 

ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ.  

 ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠ ʧʦʵʪʘʧʥʳʡ ʧʦʜʲʝʤ ʦʙʦʛʘʱʝʥʥʳʭ ʤʘʥʪʠʡʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʣʠʥʟ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʩ ʦʩʘʞʜʝʥʠʝʤ Gar ʠ Cpx. ɼʘʣʴʥʝʡʰʝʝ 

ʧʨʦʭʦʞʜʝʥʠʝ ʫʞʝ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʪʫʯʠʤʠ - ʨʘʩʧʣʘʚʦʚ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʥʪʠʡʥʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ, ʧʨʠʚʝʣʦ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʤʘʥʪʠʡʥʦʛʦ ʨʘʟʨʝʟʘ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʥʦʚʘʥʠʷ 

ʣʠʪʦʩʬʝʨʳ ʜʦ ʄʦʭʦ. ʕʥʝʨʛʠʷ ʜʣʷ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ, ʚʝʨʦʷʪʥʦ, ʙʳʣʘ ʧʨʠʚʥʝʩʝʥʘ 

ʤʘʥʪʠʡʥʳʤ ʧʣʶʤʦʤ 1,8 ʤʣʨʜ.ʣʝʪ (ʨʠʩ. 8).  

 ʆʙʱʝʝ ʦʙʦʛʘʱʝʥʠʝ HFSE, U ʠ LILE ʠ ʦʙʠʣʴʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʢʩʝʥʦʣʠʪʘʭ ʠ ʩʨʝʜʠ ʢʩʝʥʦʢʨʠʩʪʦʚ [6] ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʦʙʦʛʘʱʝʥʠʷ K+HFSE ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ ʠ ʛʠʙʨʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ. ʕʪʦʪ 

ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʞʥʝʡ ʢʦʨʦʡ ʧʦʨʦʜʠʣʠ 

ʛʠʙʨʠʜʥʳʝ ʛʨʘʥʠʪʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʫʢʨʘʠʥʩʢʦʤ ʱʠʪʝ.  

ʊʝʧʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʫʧʝʨʧʣʶʤʦʚ ʚ ʤʘʥʪʠʠ ʠ ʥʠʞʥʝʡ 

ʢʦʨʝ ʚʳʟʳʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʘʤʬʠʙʦʣʦʚ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʧʠʨʦʢʩʝʥʳ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠ HFSE (ʠʟ-ʟʘ ʨʘʟʥʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʤʝʞʜʫ Amph ʠ Cpx). ʊʘʢʠʝ ʨʘʩʧʣʘʚʳ ʤʦʛʫʪ ʙʳʪʴ 

ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ ʢ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤ ʧʝʛʤʘʪʠʪʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʞʥʝʡ ʢʦʨʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

Fe# ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ HFSE ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʷʤʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʣʠʪʦʩʬʝʨʫ.  

ɺ ʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʤʘʥʪʠʡʥʳʝ ʛʝʦʪʝʨʤʳ ʙʣʠʞʝ ʢ 38-40 ʤʚʪ/ʤ2 [39] ʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʩʫʙʜʫʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʣʴʪʨʘʢʘʣʠʝʚʳʤ ʚʫʣʢʘʥʠʟʤʦʤ.  

ɺ ʧʨʝʜʝʣʘʭ ʋʑ ʚ ʧʦʟʜʥʝʝ-ʜʝʚʦʥʩʢʠʡ ʧʝʨʠʦʜ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʣʶʤʦʚʳʤʠ ʱʝʣʦʯʥʳʤʠ ʧʠʢʨʠʪʘʤʠ  

 ʉ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʧʣʶʤʘʤʠ ʚ ʤʘʥʪʠʠ ʦʙʳʯʥʦ ʩʚʷʟʘʥ ʢʘʨʙʦʥʘʪʥʳʡ 

ʤʝʪʘʩʦʤʘʪʦʟ  ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʣ Ilm-Phl-Cpx. ʆʙʦʛʘʱʝʥʠʝ ʠʣʴʤʝʥʠʪʘ LILE 

(SF4, ʨʠʩ. 16), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʥʪʠʡʥʳʝ ʢʦʣʦʥʳ ʚ ʇʨʠʘʟʦʚʴʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʙʦʣʝʝ ʨʘʥʥʝʤʫ Phl-Amph ʤʝʪʘʩʦʤʘʪʠʟʤʫ ʠ ʫʞʝ ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʧʣʶʤʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ. 

 

 7.6 ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʦʙʦʛʘʱʝʥʠʷ ʤʘʥʪʠʠ ʚ LILE ʠ HFSE 

 ʇʦʤʠʤʦ ʤʦʜʝʣʠ ʧʦʣʦʛʦʡ ʩʫʙʜʫʢʮʠʠ ʜʨʫʛʦʡ ʚʦʟʤʦʞʥʦʡ ʤʦʜʝʣʴʶ ʨʦʩʪʘ 

ʢʠʣʷ ʢʦʥʪʠʥʝʥʦʚ ʷʚʣʷʝʪʩʷ ñʧʦʣʝʥʥʠʮʘò ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʩʫʙʜʫʢʮʠʦʥʥʳʭ 

ʧʣʠʪ (Griffin at al., 2003). ʆʪʣʦʞʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʚʦʚʣʝʯʝʥʳ ʚ ʤʘʥʪʠʶ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʦʩʥʦʚʥʦʡ ʤʝʪʘʩʦʤʘʪʠʟʤ ʠ ʥʝʩʦʚʤʝʩʪʠʤʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʧʣʘʚʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʣʘʚʣʝʥʠʠ Amph, 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʛʘʱʝʥʳ HFSE ʠ LILE. ʕʪʠ ʨʘʩʧʣʘʚʳ ʚ ʤʘʥʪʠʠ ʠ 

ʧʨʦʠʟʚʦʜʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ LILE ʠ HFSE ʚ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʘʭ ʚ ʤʘʥʪʠʠ. 

ɼʘʣʴʥʝʡʰʠʡ ʧʝʨʝʭʦʜ ʨʘʩʧʣʘʚʘ ʢ ʄʦʭʦ ʪʘʢʞʝ ʜʦʣʞʝʥ ʧʨʠʚʝʩʪʠ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʤʘʥʪʠʡʥʳʤʠ ʧʣʶʤʘʤʠ (ʧʨʠ 1,8 ʤʣʨʜ. ʣʝʪ) ʪʘʢʞʝ ʤʦʛʣʦ ʨʝʘʢʪʠʚʠʨʦʚʘʪʴ ʵʪʠ 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʩ ʨʫʜʦʦʪʣʦʞʝʥʠʝʤ HFSE, Th-U ʚ ʢʦʨʝ. 

 ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʤʝʣʘʥʞ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʠʩʣʳʭ ʠ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʧʦʨʦʜ  

ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʛʨʘʥʠʮʝ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ 

ʩʣʶʜʷʥʦʤʫ ʠ ʘʤʬʠʙʦʣʦʚʦʤʫ ʤʝʪʘʩʦʤʘʪʠʟʤʫ. ʉʫʙʜʫʢʮʠʷ ʢʦʨʦʚʦʛʦ ʧʝʣʠʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʥʪʠʶ,  ʢʘʢ ʚ ʉʂʃʄ ʧʦʜ ʅʶʨʙʠʥʩʢʦʡ ʪʨʫʙʦʡ  ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠʟʤʘ. ʆʜʥʘʢʦ ʨʠʪʤʠʯʝʩʢʦʝ ʨʘʩʩʣʦʝʥʠʝ 

ʤʘʥʪʠʠ ʧʦʜ ʅʘʢʳʥʩʢʠʤ ʧʦʣʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʥʝ ʙʳʣʘ 

ʩʫʙʜʫʢʮʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ (Ashchepkov et al., 2016, [17, 13, 15, 14]), ʘ 

ʩʢʦʨʝʝ ʣʠʥʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʩʘʜʢʦʚ. 
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ɺʓɺʆɼʓ  

1. ʄʘʥʪʠʡʥʳʡ ʨʘʟʨʝʟ ʧʦʜ ʇʨʠʘʟʦʚʴʝʤ ʚ ʋʢʨʘʠʥʩʢʦʤ ʱʠʪʝ ʠʤʝʣ ʪʦʣʱʠʥʫ 

>250 ʢʤ ʚ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ ʚʨʝʤʷ ʠ ʩʦʩʪʦʷʣ ʠʟ 7 ʩʣʦʝʚ ʩ ʨʝʟʢʦʡ ʛʨʘʥʠʮʝʡ 

ʤʝʞʜʫ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʉʂʃʄ ʧʨʠ 4,2 ɻʇʘ. 

2. ʉʪʨʫʢʪʫʨʘ ʤʘʥʪʠʠ ʩʠʣʴʥʦ ʠʟʤʝʥʯʠʚʘ ʧʦʜ ʦʪʜʝʣʴʥʳʤʠ  ʪʝʨʨʝʡʥʘʤʠ ʚ 

ʧʨʝʜʝʣʘʭ ʋʑ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʉʂʃʄ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ.  

3. ɻʨʘʥʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʝʦʪʝʨʤʝ ʚ ʥʠʞʥʝʡ ʉʂʃʄ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʭʨʦʤʠʪʦʚʳʝ, ʘ ʪʘʢʞʝ ʞʠʣʳ Ilm-Cpx-Phl 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ. 

4. ʄʘʥʪʠʡʥʘʷ ʢʦʣʦʥʥʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʠʜʦʪʠʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʦʛʘʱʝʥʠʝ LREE, LILE ʠ Zr-Hf, ʦʩʦʙʝʥʥʦ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʉʂʃʄ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ ʩ ʨʘʩʧʣʘʚʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʱʝʣʦʯʘʤʠ ʟʘ ʩʯʝʪ 

ʘʩʩʠʤʠʣʷʮʠʠ ʘʤʬʠʙʦʣʦʚ ʠ ʬʣʦʛʦʧʠʪʦʚ. 

5. ɼʨʝʚʥʝʝ ʦʙʦʛʘʱʝʥʠʝ ʤʘʥʪʠʠ ʧʦʜ ʫʢʨʘʠʥʩʢʠʤ ʱʠʪʦʤ ʙʳʣʦ 

ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʚʳʩʦʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʱʝʣʦʯʘʤʠ ʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ 

ʇʨʦʝʢʪʫ IX. 129.1.4. ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 19-05-00788, 18-05-

00073, 19-05-00388 ɸ), ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʀʅʎ ʉʆ ʈɸʅ, ʙʣʦʢ 1.4  
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(ʅʀɻʇ) ɸʂ ɸʃʈʆʉɸ, ʛ. ʄʠʨʥʳʡ 

 

ɸʙʩʪʨʘʢʪ. ɺ ʩʪʘʪʴʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʦʙʦʙʱʠʪʴ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ  ʧʦ 
ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚʝʨʭʥʠʭ ʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ.  

ʀʩʧʦʣʴʟʦʚʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʝʪʨʦʛʨʘʬʠʠ, ʩʦʜʝʨʞʘʥʠʶ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʤʝʟʦʩʪʘʟʠʩʝ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʢʝʨʥʘ ʵʢʩʧʣʦʨʘʟʚʝʜʦʯʥʳʭʩʢʘʞʠʥʛʦʨʠʟʦʥʪʦʚ: (-)280 ï

(-)680ʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʦʣʠʚʠʥʘ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʥʝʤʫ, ʘ ʪʘʢʞʝ 

ʘʚʪʦʣʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʇʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ ʭʘʨʘʢʪʝʨʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʘʥʘʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʘʣʠʥʦʚʳʭ ʧʠʨʦʧʦʚ ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ, 

ʥʝʚʳʩʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʪʠʪʘʥʠʩʪʳʭ ʛʨʘʥʘʪʦʚ, ʜʚʘ ʪʠʧʘ ʩʦʩʪʘʚʦʚ 

ʠʣʴʤʝʥʠʪʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ  ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʨʝʜʥʝʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʟʤʘ ʛʨʘʥʘʪʦʚ ʠ ʜʘʥʥʳʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʛʨʘʥʘʪʦʚ 

ʵʢʣʦʛʠʪʦʚʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʜʘʥʥʦʡ ʪʨʫʙʢʠ, ʩ 

ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʘʣʤʘʟʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʵʢʣʦʛʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʢʣʘʜʝ 

ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʣʤʘʟʦʚ 

ʜʘʥʥʦʡ ʪʨʫʙʢʠ, ʯʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʙʫʩʣʦʚʠʣʦʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ  
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mineralogy of kimberlitic rocks of the upper and deep levels of the Yubileynaya pipe. There are 

given original data on mineral phases contents in kimberlite ground mass,distribution of 

indicator minerals and olivine and its pseudomorphoses as well as autoliths (pyroclasts) in 

kimberlite drill cores of different levels (-)280 ï (-)680m. 

Petrologic evidence suggest that for the kimberlites of the Yubileynaya pipe is characteristic the 

prevalence garnet association of indicator minerals with the relatively low their whole content, 

predominance oflherzolitic pyropes, low content of titanium garnets, two types of ilmenites and 

chromespinelides.The particularity of this pipe is the presence, both eclogite and garnet 

websterite xenoliths as well as their diamondiferous varieties. This evidence is confirmed also by 

the composition of the paragenic associations of indicator minerals that is indicative of essential 

difference of lithospheric mantle under this given pipe in contrast with nearby kimberlitic pipes. 

It is possible to speculate that these peculiarities are specific for the kimberlite pipes of the 

middle diamond productivity. 

Results of the garnets chemistry and the data of the distribution of eclogitic and ultramafic 

garnets in kimberlite concentrate of this pipe with the taking in account quantity of garnet variety 

potentially associated with diamonds suggest anincreased prevalence of eclogitic garnets among 

indicator minerals. This allowed making a statement about essential input of eclogitic 

paragenesis diamonds in the whole diamond production of this pipe. In our opinion these 

peculiarities also determine the increased content of large diamond crystals in kimberlites of the 

Yubileynaya pipe.      

 

ɺɺɽɼɽʅʀɽ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʪʨ. ʖʙʠʣʝʡʥʘʷ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1975 ʛ. ʛʝʦʣʦʛʘʤʠ 

ɸʤʘʢʠʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʀ.ʗ. ɹʦʛʘʪʳʭ, ɺ.ʇ. ʈʦʱʠʥʳʤ, ʕʨʠʥʯʝʢ ʖ.ʄ. ʠ ɺ.ʀ. 

ʃʫʛʦʚʩʢʠʤ. ʂʘʨʴʝʨʥʘʷ ʦʪʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʯʘʪʘ ʚ 1989 ʛʦʜʫ ʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʊʨʫʙʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʄʘʨʭʠ ʚ 

15 ʢʤ ʢ ʉɿ ʦʪ ʧʦʩ. ɸʡʭʘʣ[3, 5]. ʂ ʪʨʫʙʢʝ ʧʨʠʤʳʢʘʝʪ ʩʠʩʪʝʤʘ ʜʘʝʢ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʉɺ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʖɿ 

ʢʦʥʪʘʢʪʘ ʪʨ. ʖʙʠʣʝʡʥʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʨʫʙʢʘ-ʩʧʫʪʥʠʢ ʆʟʝʨʥʘʷ. ʅʘ ʉɿ 

ʬʣʘʥʛʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʪʦʣʱʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ ʟʘʣʝʛʘʝʪ 

ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʪʝʣʦ ʆʪʪʦʨʞʝʥʝʮ, ʢʦʪʦʨʦʝ ʩʫʜʷ ʧʦ ʨʷʜʫ ʬʘʢʪʦʚ [5], 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. ʊʨ. ʖʙʠʣʝʡʥʘʷ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʝʡ ʚ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. ɺ ʧʣʘʥʝ ʦʥʘ ʠʤʝʝʪ 

ʫʜʣʠʥʝʥʥʫʶ, ʙʣʠʟʢʫʶ ʢ ʛʨʫʰʝʚʠʜʥʦʡ ʬʦʨʤʫ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʧʦ ʘʟʠʤʫʪʫ 72Á 

(ʈʠʩ. 1). ʈʘʟʤʝʨ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʜ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʣ 

1293x741 ʤ, ʧʣʦʱʘʜʴ - 560 000 ʤ2. ʉ ʛʣʫʙʠʥʦʡ ʪʨʫʙʢʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʩʫʞʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩʫʞʝʥʠʝ ʝʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʫʤʝʨʝʥʥʦ, ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ, ʥʘʠʙʦʣʝʝ ʨʘʩʰʠʨʝʥʥʳʭ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʯʘʩʪʷʭ. 

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʨʘʩʪʨʫʙ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʜʦ ʛʣʫʙʠʥʳ 130 ʤ (ʘʙʩ. ʦʪʤʝʪʢʘ +420 

ʤ) ʩ ʧʘʜʝʥʠʝʤ ʢʦʥʪʘʢʪʦʚ ʢ ʮʝʥʪʨʫ ʪʝʣʘ ʧʦʜ ʫʛʣʘʤʠ 50-70Á, ʛʣʫʙʞʝ ʫʛʣʳ 

ʧʘʜʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 75-85Á. ʉ ʛʣʫʙʠʥʳ 430 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ 

ʪʨʫʙʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʘʡʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʩ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʠ 

ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ (85-90Á) ʢʦʥʪʘʢʪʘʤʠ. ʃʦʢʘʣʴʥʳʡ ʨʘʟʜʫʚ ʤʦʱʥʦʩʪʠ 



ʉʧʝʮʠʫʩ ɿ.ɺ., ɸʤʠʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚ ɸ.ʉ. 

 

185 

 

ʜʘʡʢʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʚ ʝʛʦ ʖɿ ʯʘʩʪʠ ʥʘ ʫʨʦʚʥʝ ʦʪʤʝʪʦʢ 

+120-220 ʤ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʪʨʫʙʢʠ ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʦʜʳ ʜʚʫʭ ʛʣʘʚʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ: ʬʣʘʥʛʠ 

ʩʣʦʞʝʥʳ ʤʘʩʩʠʚʥʳʤʠ ʧʦʨʬʠʨʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ, ʘ 

ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʥʘʣ, ʥʘʯʠʥʘʷ ʦʪ ʦʩʥʦʚʘʥʠʷ ʯʘʰʝʦʙʨʘʟʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʩ 

ʛʣʫʙʠʥʳ 300 ʤ ʠ ʥʠʞʝ), ʚʳʧʦʣʥʝʥ ʘʚʪʦʣʠʪʦʚʳʤʠ ʙʨʝʢʯʠʷʤʠ ʚʪʦʨʦʡ ʬʘʟʳ. 

 

 

ʈʠʩ. 1. ʆʙʲʝʤʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ (ʚʠʜ ʩ ʶʛʘ), ʧʦ [3]. 

 

ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ, ʩʣʘʛʘʶʱʠʝ ʟʘʧʘʜʥʳʡ ʠ 

ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, 

ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ ʧʣʦʪʥʳʝ, 

ʦʢʨʘʰʝʥʥʳʝ ʚ ʩʝʨʦ-ʟʝʣʝʥʳʝ ʮʚʝʪʘ ʧʦʨʦʜʳ ʩ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ 

ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ 

ʧʦʨʦʜʘʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʧʦʩʪʝʧʝʥʥʳʝ, ʯʝʨʝʟ ʟʦʥʫ ʩʤʝʰʝʥʠʷ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ʜʦ 30 ʤ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʪʨʫʙʢʠ ʠ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʘʪʝʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ɺʳʧʦʣʥʝʥʘ ʦʥʘ 

ʨʘʟʣʠʯʥʳʤʠ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ï ʦʪ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʩʣʘʛʘʶʱʠʭ ʚʝʨʭʥʶʶ ʢʨʘʪʝʨʥʫʶ ʯʘʩʪʴ ʨʘʩʪʨʫʙʘ, ʜʦ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʠʭ ʪʫʬʦʚ ʠ ʪʫʬʦʙʨʝʢʯʠʡ, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ 

ʙʨʝʢʯʠʷʤʠ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʪʨʝʤʳ (ʍʘʨʴʢʠʚ ʠ ʜʨ., 

1998.ɿʦʣʴʥ). ɺ ʦʩʥʦʚʘʥʠʠ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ ʥʘʭʦʜʠʣʘʩʴ ʟʦʥʘ, ʥʘʩʳʱʝʥʥʘʷ 

ʢʨʫʧʥʳʤʠ ʛʣʳʙʘʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʢʩʝʥʦʣʠʪʥʳʡ 

ʧʦʷʩè. 

ɺ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʨʘʪʝʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠʤʝʣʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʝ ʦʩʘʜʦʯʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʯʘʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ "ʨʫʜʥʦʛʦ ʩʪʦʣʙʘ" ʠ ʟʘʥʠʤʘʶʱʠʝ ʜʦ 85 % ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ. ʄʦʱʥʦʩʪʴ ʠʭ ʚʘʨʴʠʨʫʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʚ 

ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ "ʯʘʰʠ" ʜʦ 100-150 ʤ ʚ ʝʝ ʮʝʥʪʨʝ. ʉʦʜʝʨʞʘʥʠʝ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʢʨʘʪʝʨʥʦʡ ʯʘʰʝ ʚʘʨʴʠʨʫʝʪ ʦʪ ʧʝʨʚʳʭ 

ʧʨʦʮʝʥʪʦʚ ʜʦ 60 % ʠʭ ʦʙʲʝʤʘ. ʀʟʨʝʜʢʘ ʚ ʧʦʨʦʜʘʭ ʯʘʰʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʢʩʝʥʦʣʠʪʳ ʤʘʥʪʠʡʳʭ ʧʦʨʦʜ ʠ ʦʙʣʦʤʢʠ ʇʂ, ʩʣʘʛʘʶʱʠʭ ʟʘʧʘʜʥʳʡ ʠ 

ʚʦʩʪʦʯʥʳʡ "ʨʫʜʥʳʝ ʩʪʦʣʙʳ". 

ʅʘ ʛʣʫʙʠʥʝ ʦʪ 70 ʜʦ 150 ʤ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʩʘʜʦʯʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣʱʠ ʙʳʣʠ ʚʩʢʨʳʪʳ ʟʦʥʳ, ʩʣʦʞʝʥʥʳʤʠ ʨʠʪʤʠʯʥʦ-

ʦʩʘʜʦʯʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʧʝʣʠʪʦʤʦʨʬʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩ 

ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʦ- ʠ ʛʨʘʚʝʣʠʪʦʧʦʜʦʙʥʳʭ ʧʦʨʦʜ [ɿʦʣ]. ʇʝʩʯʘʥʠʩʪʳʝ ʧʨʦʩʣʦʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʧʦ ʨʘʟʤʝʨʫ ʦʙʣʦʤʢʦʚ ʥʘ ʤʝʣʢʦ-, ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨ-

ʥʠʩʪʳʝ. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʨʦʩʣʦʷʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʢʠʝ. ʇʨʦʩʣʦʠ ʩʦʙʨʘʥʳ ʚ 

ʟʦʥʳ ʤʦʱʥʦʩʪʴʶ ʦʪ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 1 ʤ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʢʨʘʪʝʨʘ ʵʪʠ ʟʦʥʳ ʙʳʣʠ ʥʘʢʣʦʥʝʥʳ ʥʘ ʟʘʧʘʜ ʧʦʜ ʫʛʣʦʤ 20Á, ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ - 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʧʦʜ ʫʛʣʦʤ 20-25Á, ʪ.ʝ. ʧʘʜʝʥʠʝ ʠʭ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʦʥʮʘʭ 

ʢʨʘʪʝʨʘ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʢ ʮʝʥʪʨʫ ʪʨʫʙʢʠ [5]. 

 

ʇɽʊʈʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʀ 

ʀɿʄɽʅʏʀɺʆʉʊʔ ɺɽʑɽʉʊɺɽʅʅʆɻʆ ʉʆʉʊɸɺɸ 

ʂʀʄɹɽʈʃʀʊʆɺ ʊʈʋɹʂʀ ʖɹʀʃɽʁʅɸʗ 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ 

ʦʙʩʫʞʜʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟ 

ʵʢʩʧʣʦʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʦʧʦʨʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (+)440 ï(+)530 ʤ., 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʦʪʯʝʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ çʂʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ-2è [ʈʦʪʤʘʥ, 

2001], ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟ ʩʢʚʘʞʠʥ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ (-) 280 ï  (-) 660 ʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (2018-2019 ʛʛ.). 

ʉʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ +440, 470, 500, 530 ʤ., 

ʚʳʜʝʣʝʥʳ ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ (ʇʂ) ʠ ʘʚʪʦʣʠʪʦʚʳʝʢʠʤʙʝʨʣʠʪʦʚʳʝ 

ʙʨʝʢʯʠʠ (ɸʂɹ). 

ʇʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʠʤʝʣʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦʛʦ ʨʫʜʥʦʛʦ ʩʪʦʣʙʘ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʚʠʜʝ ʢʩʝʥʦʣʠʪʦʚ 

ʚ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ. ɼʣʷ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ 

ʭʘʨʘʢʪʝʨʥʳ ʩʝʨʳʝ ʮʚʝʪʘ ʠʥʦʛʜʘ ʩ ʙʫʨʦʚʘʪʳʤ ʠ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, 

ʢʣʘʩʪʠʯʝʩʢʠʝ ʤʝʣʢʦ-ʩʨʝʜʥʝʧʦʨʬʠʨʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʠʥʦʛʜʘ ʪʘʢʩʠʪʦʚʳʝ 

ʪʝʢʩʪʫʨʳ ʠʤʠʢʨʦʪʘʢʩʠʪʦʚʳʝ ʪʝʢʩʪʫʨʳ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ I ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 12-16 %, ʨʝʜʢʦ ʜʦ 20 %, ʧʦ 

ʦʣʠʚʠʥʫ II ʛʝʥʝʨʘʮʠʠ 8-12 %, ʠʥʦʛʜʘ 20 %, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 25-30 %. 

ʊʘʢʩʠʪʦʚʳʝ ʪʝʢʩʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʟʢʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ I ʠ II ʛʝʥʝʨʘʮʠʠ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 



ʉʧʝʮʠʫʩ ɿ.ɺ., ɸʤʠʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚ ɸ.ʉ. 
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ʚʠʜʝ ʣʠʥʝʡʥʳʭ ʣʠʙʦ ʥʝʧʨʘʚʠʣʴʥʳʭ ʟʦʥ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʩʝʚʜʦʤʦʨʬʦʟ. ʆʜʥʠ ʟʦʥʳ ʥʘʩʳʱʝʥʳ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ, ʢʘʢ 

ʧʝʨʚʦʡ, ʪʘʢ ʠ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ, ʚ ʜʨʫʛʠʭ ʦʪʤʝʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ, ʪʨʝʪʴʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʬʠʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʄʠʢʨʦʪʘʢʩʠʪʦʚʳʝ ʪʝʢʩʪʫʨʳ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ, ʦʙʳʯʥʦ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʬʣʦʛʦʧʠʪʘ, ʣʦʢʘʣʠʟʫʶʱʠʭʩʷ ʠʣʠ ʚ ʙʣʠʟʠ ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʠʣʠ ʚ ʚʠʜʝ 

ʩʢʦʧʣʝʥʠʡ, ʥʝʨʝʜʢʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʨʙʦʥʘʪʦʤ ʠ ʩʝʨʧʝʥʪʠʥʦʤ, ʦʙʨʘʟʫʷ ʩʛʫʩʪʢʠ 

ʠ ʞʝʣʚʘʢʠ. 

ʇʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ 

ʦʣʠʚʠʥʫ I ʠ II  ʛʝʥʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʳ 

ʩʝʨʧʝʥʪʠʥʦʤ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʢʘʣʴʮʠʪʦʤ. ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʣʠʚʠʥʫ I 

ʛʝʥʝʨʘʮʠʠ ʠʤʝʶʪ ʫʛʣʦʚʘʪʫʶ, ʦʢʨʫʛʣʦ-ʫʛʣʦʚʘʪʫʶ ʬʦʨʤʫ, ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 1 

ʤʤ,  ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 5-6 ʤʤ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 8-10 ʤʤ ʠ ʚ ʝʜʠʥʠʯʥʳʭ ï 15-

18 ʤʤ. ɺʳʧʦʣʥʝʥʳ ʦʥʠ ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ 

ʤʠʥʝʨʘʣʦʚ ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʠʯʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ II 

ʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʜʠʦʤʦʨʬʥʘʷ ʬʦʨʤʘ ʠ ʧʦʚʳʰʝʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ (ʜʦ 0,8-1,0 ʤʤ). 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʠʤʝʶʪ ʢʣʘʩʪʠʯʝʩʢʫʶ 

ʩʨʝʜʥʝ-ʤʝʣʢʦʧʦʨʬʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʦʷʪ ʠʟ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ I 

ʛʝʥʝʨʘʮʠʠ (ʦʙʳʯʥʦ ʦʢʨʫʛʣʦ-ʫʛʣʦʚʘʪʦʡ ʬʦʨʤʳ) ʨʘʟʤʝʨʦʤ 1-5 ʤʤ, ʩʣʦʞʝʥʥʳʭ 

ʚʦʣʦʢʥʠʩʪʳʤ ʠ ʢʨʠʧʪʦʟʝʨʥʠʩʪʳʤ ʩʝʨʧʝʥʪʠʥʦʤ, ʢʘʨʙʦʥʘʪʦʤ ʠ ʨʘʩʩʝʷʥʥʳʤ ʚ 

ʥʝʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ (ʤʘʛʥʝʪʠʪ). ɺ ʧʦʨʦʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ 

ʩʝʨʧʝʥʪʠʥʘ ʠ ʢʘʨʙʦʥʘʪʘ ʧʦ ʠʜʠʦʤʦʨʬʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʦʣʠʚʠʥʘ II ʛʝʥʝʨʘʮʠʠ 

(15-20 %), ʘ ʪʘʢʞʝ ʨʝʜʢʠʝ ʪʘʙʣʠʯʢʠ ʠ ʧʣʘʩʪʠʥʢʠ ʩʣʘʙʦ-ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʬʣʦʛʦʧʠʪʘ II ʛʝʥʝʨʘʮʠʠ (4-5 %) ʨʘʟʤʝʨʦʤ 0,05-0,2 ʤʤ, ʠʜʠʦʤʦʨʬʥʳʝ 

ʢʨʠʩʪʘʣʣʠʢʠ ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʧʝʨʦʚʩʢʠʪʘ (ʦʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 4-5 %) ʨʘʟʤʝʨʦʤ ʜʦ 0,05-0,08 ʤʤ. 

ɸʚʪʦʣʠʪʦʚʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʩʣʘʛʘʣʠ ʚ ʦʩʥʦʚʥʦʤ 

ʮʝʥʪʨʘʣʴʥʳʡ ʨʫʜʥʳʡ ʩʪʦʣʙ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʩʝʨʳʝ, ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʝ ʠ 

ʪʝʤʥʦ-ʩʝʨʳʝ ʮʚʝʪʘ ʩʦ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʟʝʣʝʥʳʤʠ ʦʪʪʝʥʢʘʤʠ, ʩʨʝʜʥʝ-

ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʝ, ʩʨʝʜʥʝʦʙʣʦʤʦʯʥʳʝ ʠ ʨʝʞʝ ʢʨʫʧʥʦ-ʦʙʣʦʤʦʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɸʂɹ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʟʝʨʝʥ ʧʠʨʦʧʘ (0,6-0,9 %, ʠʥʦʛʜʘ ʜʦ 1,1-1,3 % ʦʙʲʝʤʘ), ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʭ 

ʨʘʟʤʝʨʳ, ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ (ʜʦ 0,15-0,4 

%), ʘ ʪʘʢʞʝ ʨʝʜʢʠʝ ʨʝʣʠʢʪʳ ʦʣʠʚʠʥʘ I ʛʝʥʝʨʘʮʠʠ. ɼʘʥʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʣʦʤʢʦʚ ʛʣʫʙʠʥʥʳʭ 

ʧʦʨʦʜ (ʜʦ 1-1,5 %). 

ʉʦʜʝʨʞʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ I ʛʝʥʝʨʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 10-30 %, ʦʙʣʦʤʢʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 2-12 %, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʷ 15-

18 %, ʩʦʜʝʨʞʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ II ʛʝʥʝʨʘʮʠʠ ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ 8-15 %. ɸʚʪʦʣʠʪʦʚʘʷ ʪʝʢʩʪʫʨʘ ʢʠʤʙʝʨʣʠʪʘ-ʮʝʤʝʥʪʘ ʯʝʪʢʦ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʧʨʦʷʚʣʝʥʘ. ɸʚʪʦʣʠʪʳ ʠʤʝʶʪ ʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʠ ʩʦʩʪʦʷʪ ʠʟ ʷʜʨʘ - 

(ʤʠʥʝʨʘʣʳ, ʢʩʝʥʦʣʠʪʳ) ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʟʦʥʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʦʩʥʦʚʥʦʡ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʤʘʩʩʳ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʥʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚ. ʇʦʤʠʤʦ ʘʚʪʦʣʠʪʦʚ ʚ ɸʂɹ ʦʪʤʝʯʘʣʠʩʴ ʦʢʨʫʛʣʳʝ 

ʦʙʣʦʤʢʠ ʧʦʨʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ. ɺʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ ʧʦʨʬʠʨʦʚʳʤʠ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ʚʦʩʪʦʯʥʦʛʦ ʨʫʜʥʦʛʦ ʩʪʦʣʙʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ. 

ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʣʠʚʠʥʫ I ʛʝʥʝʨʘʮʠʠ ʦʙʣʘʜʘʶʪ ʫʛʣʦʚʘʪʦ-ʦʢʨʫʛʣʦʡ, 

ʦʢʨʫʛʣʦʡ ʠʥʦʛʜʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠ ʫʛʣʦʚʘʪʦʡ ʬʦʨʤʦʡ. ʈʘʟʤʝʨʳ ʠʭ ʚʘʨʴʠʨʫʶʪ ʚ 

ʧʨʝʜʝʣʘʭ 1-8 ʤʤ, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʶʪ 10-15 ʤʤ. ʉʣʦʞʝʥʳ ʦʥʠ ʦʙʳʯʥʦ 

ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ ʩ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʨʫʜʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ. 

ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʣʠʚʠʥʫ II ʛʝʥʝʨʘʮʠʠ ʩʫʙʠʜʠʦʤʦʨʬʥʦʡ ʠ ʠʜʠʦʤʦʨʬʥʦʡ 

ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 0,1-0,8 ʤʤ,  ʩʣʦʞʝʥʳ ʢʘʨʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʤ, ʣʠʙʦ 

ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ɸʂɹ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʣʝʜʫʶʱʠʡ 

ʩʦʩʪʘʚ: ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩʝʨʧʝʥʪʠʥʘ ʠ ʢʘʨʙʦʥʘʪʘ ʧʦ ʦʣʠʚʠʥʫ I ʛʝʥʝʨʘʮʠʠ 

ʩʦʩʪʘʚʣʷʣʠ (ʦʢʦʣʦ 15%), ʦʙʳʯʥʦ ʦʢʨʫʛʣʦ-ʫʛʣʦʚʘʪʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʤ 1-8 

ʤʤ; ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʣʠʚʠʥʫ II ʛʝʥʝʨʘʮʠʠʩʦʩʪʘʚʣʷʣʠ (8-14%), ʢʘʢ 

ʧʨʘʚʠʣʦ,ʩʫʙʠʜʠʦʤʦʨʬʥʦʡ ʠ ʠʜʠʦʤʦʨʬʥʦʡ ʬʦʨʤʳ; ʘʚʪʦʣʠʪʳʦʢʨʫʛʣʦʡ 

ʬʦʨʤʳʩʦʩʪʘʚʣʷʣʠ(5-7%), ʦʙʳʯʥʦ ʷʜʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʤʦʱʥʦʩʪʴ ʦʙʦʣʦʯʝʢ ʜʦ 

0,7 ʤʤ), ʚ ʷʜʨʘʭ ï ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʣʠʚʠʥʫ, ʠʥʦʛʜʘ ʢʨʫʧʥʳʝ ʣʝʡʩʪʳ 

ʬʣʦʛʦʧʠʪʘ. ʉʦʩʪʘʚ ʦʙʦʣʦʯʝʢ ʢʘʨʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʡ ʩ ʚʢʨʘʧʣʝʥʠʷʤʠ 

ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʬʣʦʛʦʧʠʪʘ ʠ ʨʝʜʢʠʭ ʤʠʢʨʦʚʢʨʘʧʣʝʥʥʠʢʦʚ ʧʩʝʚʜʦʤʦʨʬʦʟ 

ʧʦ ʦʣʠʚʠʥʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʩʝʥʦʣʠʪʦʚ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ - ʦʪ ʝʜʠʥʠʯʥʳʭ ʥʘʭʦʜʦʢ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʙʨʝʢʯʠʷʭ ʢʨʘʪʝʨʥʦʡ ʬʘʮʠʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʤʫ ʧʦʣʶ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʘʚʪʦʣʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʷʭ (0.5 ʦʙ.%). ʅʘʨʷʜʫ ʩ 

ʢʩʝʥʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ 

ʦʪʤʝʯʘʶʪʩʷ ʢʩʝʥʦʣʠʪʳ ʧʦʨʦʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʦʪ ʝʜʠʥʠʯʥʳʭ 

ʦʙʣʦʤʢʦʚ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʷʭ ʢʨʘʪʝʨʥʦʡ ʬʘʮʠʠ ʜʦ 6 ʦʙ.% ʚ ɸʂɹ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʫʜʥʦʛʦ ʩʪʦʣʙʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʛʝʥʦʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʦʥʢʦʡ 

ʬʨʘʢʮʠʠʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʧʦʣʫʯʝʥʦʩʣʝʜʫʶʱʝʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʤʝʟʦʩʪʘʟʠʩʚ 

ʢʠʤʙʝʨʣʠʪʦʚ (ʈʠʩ. 2). ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʜʦʤʠʥʠʨʦʚʘʣʠʩʝʨʧʝʥʪʠʥ (35%) ʠ 

ʢʘʣʴʮʠʪ (33,4%), ʨʘʩʧʨʦʩʪʨʘʥʝʥʳʜʦʣʦʤʠʪ ʠ ʬʣʦʛʦʧʠʪ, ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (21,3%). ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ, 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʷʩʴ: ʙʘʨʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʛʠʧʩ, ʘʥʛʠʜʨʠʪ, ʧʠʨʠʪ, 

ʤʘʛʥʝʪʠʪ, ʢʨʝʤʥʝʟʸʤ ʠ ʘʤʦʨʬʥʦʝ ʚʝʱʝʩʪʚʦ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʥʘʤʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘʚʳʷʚʣʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʝʨʭʥʠʭ ʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 
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ʪʨʫʙʢʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʩ -280 ʜʦ-660 ʤ. 

ʇʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 
ʪʨʫʙʢʠʖʙʠʣʝʡʥʘʷʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʛʨʷʟʥʦ-

ʟʝʣʝʥʳʤ ʦʪʪʝʥʢʦʤ, ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʠʥʪʝʨʚʘʣʳ, ʦʢʨʘʰʝʥʥʳʝ ʚ ʙʫʨʳʝ 

ʪʦʥʘʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷʤʘʩʩʠʚʥʦʡʪʝʢʩʪʫʨʦʡ ʧʦʨʦʜʳ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ 

 

 

ʈʠʩ. 2. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʤʝʟʦʩʪʘʟʠʩʝ ʢʠʤʙʝʨʣʠʪʦʚʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ: (+) 

440 ï (+)530ʤ,ʪʨʫʙʢʘ ʖʙʠʣʝʡʥʘʷ. 

 

ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʠʤʝʶʪ ʢʣʘʩʪʠʯʝʩʢʫʶ ʩʨʝʜʥʝ-

ʤʝʣʢʦʧʦʨʬʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʧʦʨʦʜʝ ʢʦʥʪʨʘʩʪʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʟʝʨʥʘ 

ʧʦʨʬʠʨʦʚʳʭ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʠ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʉʨʝʜʠ ʧʦʨʬʠʨʦʚʳʭ 

ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʦʨʦʜʳ ʟʘʥʠʤʘʶʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ 

ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ,ʨʝʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʣʠʢʪʳ ʩʚʝʞʝʛʦ ʦʣʠʚʠʥʘ. ʏʘʱʝ 

ʚʩʝʛʦ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩʣʦʞʝʥʳ ʚʦʣʦʢʥʠʩʪʳʤ ʠʣʠʢʨʠʧʪʦʟʝʨʥʠʩʪʳʤ 

ʩʝʨʧʝʥʪʠʥʦʤ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʢʘʨʙʦʥʘʪʦʤ, ʠʥʦʛʜʘʩ ʤʝʣʢʦʡʩʳʧʴʶ ʨʫʜʥʦʛʦ 

ʤʠʥʝʨʘʣʘ (ʛʸʪʠʪʦʤ) ʠʣʠʤʠʢʨʦʚʳʜʝʣʝʥʠʡ ʤʘʛʥʝʪʠʪʘ. ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ ʚʳʜʝʣʝʥʠʡ: ʦʪ ʦʢʨʫʛʣʦʡ ʜʦ ʦʙʣʦʤʦʯʥʦ-ʫʛʣʦʚʘʪʦʡ ʬʦʨʤʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ I ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 22-24%, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚ 

ʩʨʝʜʥʝʤ 5 ʤʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʢʨʦʢʨʠʩʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 14 ʤʤ. ɺ ʧʦʨʬʠʨʦʚʳʭ 

ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʪʘʢ ʞʝʠʥʦʛʜʘʧʨʠʩʫʪʩʪʚʫʶʪ ʧʣʘʩʪʠʥʢʠ ʬʣʦʛʦʧʠʪʘ ʦʢʨʫʛʣʦʡ ʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ,ʨʘʟʤʝʨʦʤ ʜʦ 4 ʤʤ (2-3%). ɺ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʛʨʘʥʘʪʘ (1-2%), ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (2%) ʠ 

ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʘʧʘʪʠʪʘ.ʉʚʷʟʫʶʱʘʷ ʤʘʩʩʘ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ 

ʩʣʦʞʝʥʘ ʚʘʨʴʠʨʫʶʱʠʤʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʩʦʦʪʥʦʰʝʥʠʷʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ 

ʩʝʨʧʝʥʪʠʥʦʤ, ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ II ʛʝʥʝʨʘʮʠʠ, 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʢʘʣʴʮʠʪʦʤ, ʜʦʣʦʤʠʪʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ. 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʰʪʫʬʥʳʭ ʦʙʨʘʟʮʘʭ 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʨʘʟʥʳʭ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ (ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʰʪʫʬʘʭ, ʣʠʥ.%) 

ʉʢʚ.  
ʊʠʧ 

ʧʦʨʦʜ 

ʂʦʣ-

ʚʦ 

ʦʙʨ.  

ʂʩʝʥʦʣʠʪʳ 
ʉʬʝʨʦ-

ʪʘʢʩʠʪʳ 
Gt Ilm 

ʇʩʝʚʜ. 

ʧʦ Ol 
ʦʩʘʜʦʯ. 

ʧʦʨʦʜ 

ʫ.ʦ. 

ʧʦʨʦʜ 
ʤʝʪʘʤ.ʧʦʨʦʜ 

438.1.1  ɸʂɹ 3 9,69 0,45 1,03 4,58 0,12 0,07 16,77 

438.1.1  ʇʂ 2 5,82 0,00 0,93 0,00 0,13 0,06 19,76 

438.1.2  ɸʂɹ 8 7,96 0,60 0,95 3,85 0,03 0,13 16,02 

438.1.2  ʇʂ 1 4,78 0,00 0,00 0,00 0,06 0,12 27,85 

438.2.1  ɸʂɹ 4 8,51 0,41 0,62 3,04 0,15 0,18 19,14 

438.2.1  ʇʂ 4 3,83 0,00 0,00 0,22 0,02 0,12 25,21 

438.2.2  ɸʂɹ 3 8,21 5,43 4,39 2,97 0,02 0,06 19,93 

438.2.2  ʇʂ 6 5,73 0,15 0,00 0,00 0,10 0,03 23,77 

438.3.2  ɸʂɹ 3 16,70 0,59 0,54 15,26 0,09 0,02 5,92 

438.3.2  ʇʂ 7 4,03 0,00 0,32 0,00 0,08 0,01 21,67 

438.3.2  ɸʂɹ 3 16,70 0,59 0,54 15,26 0,09 0,02 5,92 

438.4.2  ɸʂɹ 5 17,32 0,00 0,00 7,92 0,05 0,00 13,37 

438.4.2  ʇʂ 1 1,19 0,00 0,00 0,00 0,00 0,00 23,81 

438.5.2  ɸʂɹ 1 5,89 0,00 0,00 7,06 0,07 0,00 13,96 

438.5.2  ʇʂ 4 3,44 0,00 0,47 0,03 0,05 0,01 21,24 

439.2.1  ɸʂɹ 1 28,96 0,00 0,00 0,00 0,00 0,00 4,71 

439.2.1  ʇʂ 5 4,81 0,00 0,00 0,00 0,02 0,00 20,59 

ʉʨʝʜʥʝʝ 

ʧʦ 

ʪʠʧʘʤ 

ɸʂɹ 28 11,53 0,92 1,00 5,64 0,06 0,08 14,93 

ʇʂ 30 4,44 0,03 0,20 0,03 0,06 0,04 22,48 

ʇʨʠʤʝʯʘʥʠʷ: ʘ) ʪʦʯʥʦʩʪʴ ʧʦʜʩʯʸʪʦʚ ʜʦ 0,01; ʙ)ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʩʯʝʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʰʪʫʬʘʭ, ʣʠʥ.%; ʙ)ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʘʪʘ, ʠʣʴʤʝʥʠʪʘ ʠ ʭʨʦʤʰʧʠʥʝʣʠ - ʚ % ʦʪ ʧʣʦʱʘʜʠ ʩʨʝʟʘ 

ʰʪʫʬʥʦʛʦ ʦʙʨʘʟʮʘ. 

 

ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʢʨʦʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 1. ʆʪʤʝʪʠʤ, ʯʪʦʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʶʪʩʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ 

ʦʣʠʚʠʥʫ, ʢʦʣʠʯʝʩʪʚʦʢʩʝʥʦʣʠʪʦʚʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʚ ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ 

ʚ ʩʨʝʜʥʝʤ ʤʝʥʝʝ 4%. ɺ ɸʂɹ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʙʣʦʤʢʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʧʨʠʥʠʟʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʩʝʥʦʣʠʪʦʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ 

ʧʦʨʦʜ (ʪʘʙʣ. 1). 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʬʠʨʦʚʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʛʝʥʦʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʠʩ. ). ʋʩʣʦʚʠʷ ʩʲʝʤʢʠ: ʜʠʬʨʘʢʪʦʤʝʪʨ ARLX`TRA,CuʂŬ ʠʟʣʫʯʝʥʠʝ, 

V=40 ʢʚ, J=40 ʤʘ., ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨ DTG60AH (Shimadzu), ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 
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20Á/ʤʠʥ, ʊ=1000Áʉ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʨʧʝʥʪʠʥ (52,6%), ʧʨʠ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʣʴʮʠʪʘ (13,2%), ʩʣʶʜʳ (10,1%) ʠ ʭʣʦʨʠʪʘ (5,1%). 

ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʜʦʣʦʤʠʪ, ʧʨʠʩʫʪʩʪʚʫʶʪʘʧʘʪʠʪ, ʧʠʨʦʘʫʨʠʪ, ʛʠʧʩ, ʛʝʤʘʪʠʪ, 

ʧʠʨʠʪ, ʤʘʛʥʝʪʠʪ. 

 

 

 

ʈʠʩ. 3.ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʤʝʟʦʩʪʘʟʠʩʝ ʧʦʨʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ: ï 280 ï 660 ʤ,ʪʨʫʙʢʘ ʖʙʠʣʝʡʥʘʷ. 

 

ɸʚʪʦʣʠʪʦʚʳ ʝʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ (ɸʂɹ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʨʝʢʯʠʝʚʦʡʪʝʢʩʪʫʨʦʡ ʧʦʨʦʜʳʠʘʚʪʦʣʠʪʦʚʦʡʩʪʨʫʢʪʫʨʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʢʠʤʙʝʨʣʠʪʘ. ɸʚʪʦʣʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʢʠʤʙʝʨʣʠʪʘ-ʮʝʤʝʥʪʘ ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʘ. 

ɸʚʪʦʣʠʪʳ ʠʤʝʶʪ ʷʜʝʨʥʫʶ ʠ ʧʦʨʬʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. ʗʜʝʨʥʳʝ ʘʚʪʦʣʠʪʳ 

ʟʘʥʠʤʘʶʪ ʚ ʩʨʝʜʥʝʤ 7% ʧʣʦʱʘʜʠ ʰʣʠʬʘ (ʈʠʩ. 4, ʩʣʝʚʘ). ʈʘʟʤʝʨʳ ʪʘʢʠʭ 

ʚʳʜʝʣʝʥʠʡ ʚ ʨʘʡʦʥʝ 5 ʤʤ, ʥʦ ʨʝʜʢʦ ʜʦʩʪʠʛʘʶʪ ʠ 9 ʤʤ. ʗʜʨʘ ʘʚʪʦʣʠʪʦʚ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʠʣʠ ʩʤʝʱʝʥʳ ʢ ʧʝʨʠʬʝʨʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʩʝʥʦʣʠʪʘʤʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ (ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ), ʘ ʪʘʢ ʞʝ ʧʦʨʬʠʨʦʚʳʤʠ 

ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ: ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ, 

ʟʝʨʥʘʤʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʟʝʨʥʘʤʠ ʛʨʘʥʘʪʘ ʚ ʢʝʣʠʬʠʪʦʚʦʡ ʢʘʡʤʝ. ɸʚʪʦʣʠʪʳ 

ʚʳʜʝʣʷʶʪʩʷ ʪʝʤʥʳʤ ʦʪʪʝʥʢʦʤ ʦʙʦʣʦʯʢʠ (ʧʦʚʳʰʝʥʥʘʷ ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʠ 

ʥʘʩʳʱʝʥʠʝ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ), ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʤʤ. 

ʆʙʦʣʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ ʨʘʟʤʝʨʦʤ, 

ʧʣʘʩʪʠʥʦʢ ʬʣʦʛʦʧʠʪʘ, ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʢʘʨʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʉʦʩʪʘʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʦʙʦʣʦʯʢʠ ʚ 

ʰʣʠʬʘʭ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʣʴʮʠʪ (55%), ʜʦʣʦʤʠʪ (15%), 

ʥʝʧʨʦʟʨʘʯʥʳʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ (15%), ʩʝʨʧʝʥʪʠʥ (5%), ʬʣʦʛʦʧʠʪ (5%).  

ɺ ɸʂɹ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʪʘʢʞʝ ʘʚʪʦʣʠʪʳ ʩ 

ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʈʠʩ. 4, ʩʧʨʘʚʘ). ʇʦʨʬʠʨʦʚʳʝ ʘʚʪʦʣʠʪʳ ʟʘʥʠʤʘʶʪ ʚ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʩʨʝʜʥʝʤ 4% ʧʣʦʱʘʜʠ ʰʣʠʬʘ ʠ ʠʤʝʶʪ ʦʢʨʫʛʣʦ-ʧʨʦʜʦʣʛʦʚʘʪʫʶ ʬʦʨʤʫ 

ʚʳʜʝʣʝʥʠʡ. ʈʘʟʤʝʨ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʥʝ ʙʦʣʝʝ 3 ʤʤ, 

ʤʘʢʩʠʤʫʤ 6 ʤʤ. ɺ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʫʯʘʩʪʦʢ 

ʧʦʨʦʜʳ, ʩʭʦʞʠʡ ʧʦ ʦʙʣʠʢʫ ʩ ʇʂ. ʇʦʨʬʠʨʦʚʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʩʝʚʜʦʤʦʨʬʦʟʦʡ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ ʠʥʦʛʜʘ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʸʥʥʳʝ 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʢʘʨʙʦʥʘʪʦʤ. ʀʭ ʨʘʟʤʝʨʳ ʜʦ 2 ʤʤ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʧʣʘʩʪʠʥʢʠ 

ʬʣʦʛʦʧʠʪʘ 1,2 ʤʤ, ʟʝʨʥʘ ʛʨʘʥʘʪʘ ʩ ʢʝʣʝʬʠʪʦʚʦʡ ʢʘʡʤʦʡ. ʅʝʧʨʦʟʨʘʯʥʳʡ 

ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ʚ ʧʦʨʬʠʨʦʚʳʭ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʚʷʟʫʶʱʘʷ 

ʤʘʩʩʘ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʧʦʨʬʠʨʦʚʳʭʘʚʪʦʣʠʪʦʚ ʩʣʦʞʝʥʘ ʤʠʢʨʦʣʠʪʘʤʠ 

ʢʘʣʴʮʠʪʘ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʩʝʨʧʝʥʪʠʥʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʥʝʧʨʦʟʨʘʯʥʳʤ 

ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ. 

 

 

ʈʠʩ. 4. ʗʜʝʨʥʳʡ ʘʚʪʦʣʠʪ (ʩʣʝʚʘ) ʠ ʧʦʨʬʠʨʦʚʳʡ ʘʚʪʦʣʠʪ (ʩʧʨʘʚʘ) ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. ʌʦʪʦ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 25x 

 

ʇʦʨʬʠʨʦʚʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ɸʂɹ ʠʤʝʶʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʩ 

ʧʦʨʬʠʨʦʚʳʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʇʂ. ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʦʣʠʚʠʥʘ ʟʘʤʝʱʝʥʳ 

ʩʝʨʧʝʥʪʠʥʦʤ, ʯʘʩʪʠʯʥʦ ʢʘʨʙʦʥʘʪʦʤ(ʨʝʣʠʢʪʳ ʩʚʝʞʝʛʦ ʦʣʠʚʠʥʘ 

ʚʩʪʨʝʯʘʶʪʩʷʨʝʜʢʦ),ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦ-ʚʢʨʘʧʣʝʥʥʠʢʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ ʚ ɸʂɹ ʤʝʥʴʰʝ 

ʯʝʤ ʚ ʇʂ ʠ ʩʦʩʪʘʚʣʷʝʪ 15-18 % ʧʣʦʱʘʜʠ ʰʣʠʬʘ. ʈʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʟʝʨʥʘ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʜʦ 3,8 ʤʤ (2%). ɿʝʨʥʘ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠ 

ʧʣʘʩʪʠʥʢʠ ʬʣʦʛʦʧʠʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ 2,9 ʤʤ ʟʘʥʠʤʘʶʪ 1-2 % 

ʧʣʦʱʘʜʠ ʰʣʠʬʘ. ɿʝʨʥʘ ʛʨʘʥʘʪʘ ʚ ʢʝʣʠʬʠʪʦʚʦʡ ʢʘʡʤʝ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 1 % 

ʚʩʝʛʦ ʦʙʲʝʤʘ ʚʢʨʘʧʣʝʥʥʠʢʦʚ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ɸʂɹ ʩʣʦʞʝʥʘ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ 

ʢʘʣʴʮʠʪʦʤ, ʩʝʨʧʝʥʪʠʥʦʤ, ʬʣʦʛʦʧʠʪʦʤ ʠ ʥʝʧʨʦʟʨʘʯʥʳʤ ʨʫʜʥʳʤ 

ʤʠʥʝʨʘʣʦʤ.ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʘʧʘʪʠʪʘ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ɸʂɹ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʇʂ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʇʂ ʚ ɸʂɹ ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʫʙʦʢʦʝ ʟʘʤʝʱʝʥʠʝ (ʜʦ ʩʫʣʴʬʘʪʦʚ) 

ʢʨʫʧʥʳʭ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʦʣʠʚʠʥʘ.  

ɺ ɸʂɹ ʘʥʘʣʦʛʠʯʥʦ ʇʂ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠ 

ʢʩʝʥʦʣʠʪʦʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʇʂ, 



ʉʧʝʮʠʫʩ ɿ.ɺ., ɸʤʠʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚ ɸ.ʉ. 
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ʩʦʜʝʨʞʘʥʠʝ ʦʙʣʦʤʢʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʦʢʦʣʦ 8%.  

ɼʘʥʥʳʝ ʨʝʥʛʝʥʦʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ɸʂɹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʨʝʟʢʦ ʜʦʤʠʥʠʨʫʝʪ ʩʝʨʧʝʥʪʠʥ 

(60,1%), ʩʣʶʜʘ (10,1%), ʢʘʣʴʮʠʪ (7%), ʭʣʦʨʠʪ (6,7%) ʧʨʠ ʧʦʜʯʠʥʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʠʨʦʘʫʨʠʪʘ, ʛʠʧʩʘ, ʛʝʤʘʪʠʪʘ, ʧʠʨʠʪʘ, ʤʘʛʥʝʪʠʪʘ. 

 

 

ʈʠʩ. 5. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝɸʂɹ  

ʪʨʫʙʢʠʖʙʠʣʝʡʥʘʷ (ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ, ï 280 ï 660 ʤ). 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʘʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʦʢʩʠʜʦʚ ʚ ʇʂ ʠ ɸʂɹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ 

ʥʘʡʜʝʥ., ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚ ʚʝʨʭʥʠʭ ʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ. ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʤʙʝʨʣʠʪʘ-ʮʝʤʝʥʪʘ 

ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʢʩʠʜʦʚ TiO2, K2Oʠ P2O5 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʙʨʝʢʯʠʷʤʠ (ʊʘʙʣ. 2), ʦʜʥʘʢʦ ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʢʩʠʜʦʚ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ [[ʭʘʨʴʢ].ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

ʢʠʤʙʝʨʣʠʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʧʦʜʚʝʨʞʝʥ ʥʝʢʦʪʦʨʳʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʴʶ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʢʘʣʴʮʠʪʠʟʘʮʠʠ, ʜʦʣʦʤʠʪʠʟʘʮʠʠ, ʠ 

ʪ.ʜ. ʅʘ ʫʨʦʚʥʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ: CaO, MgO, SiO2, TiO2 ʠ 

ʜʨ.  

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʳ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ 

ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

K2O ʠ Na2ʆ, ʧʨʠ ʧʨʠʤʝʨʥʦ ʥʝʠʟʤʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ Ti2O. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʧʦ ʤʥʝʥʠʶʘʚʪʦʨʦʳ ʨʘʙʦʪʳ [1] ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 

194 

 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʨʘʩʧʣʘʚʦʚ ʠ, ʚʦʟʤʦʞʥʦ, ʧʨʦʜʫʮʠʨʫʝʪ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨ. ʖʙʠʣʝʡʥʘʷ, ʤʘʩ.% 

  Si02 Tiʆ2 Al 2O3 Fe2O3 Caʆ Mgʆ MnO K2O Na2ʆ P2O5 S ʇʧʧ 

  % % % % % % % % % % % % 

1 28,95 1,02 1,94 7,59 9,08 29,18 0,11 0,61 1,11 0,38 0,14 20,06 

2 27,72 1,23 2,2 6,94 10,66 28,64 0,10 0,85 0,37 0,47 0,11 20,16 

3 29,48 1,29 1,72 6,30 10,95 29,47 - 0,27 0,01 0,49 - 20,11 

4 28,55 1,01 1,88 7,06 11,17 28,81 - 0,32 0,11 0,39 - - 

*ʇʨʠʤʝʯʘʥʠʝ: 1-ɸʂɹ (ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ, ʩʨʝʜʥʝʝ ʧʦ 27 ʦʙʨ.); 2-ʇʂ (ʛʣʫʙʦʢʠʝ 

ʛʦʨʠʟʦʥʪʳ, ʩʨʝʜʥʝʝ ʧʦ 35 ʦʙʨ.); 3-ʩʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ (ɺʘʩʠʣʝʥʢʦ ʠ ʜʨ., 

1997); 4-ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʢʠʤʙʝʨʣʠʪʦʚ, ʩʨʝʜʥʝʝ ʧʦ 20 ʦʙʨ. (ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ, ʧʦ 

ʈʦʪʤʘʥ ʠ ʜʨ., 2001) 

ɺ ʨʝʟʫʣʴʪʘʪʝʠʟʫʯʝʥʠʷʚʝʨʭʥʠʭʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ  ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ 

ʫʩʪʘʥʦʚʣʝʥʦ:  

ʘ)ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʠʟʫʯʝʥʥʦʩʪʠ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʝʣʠʢʪʳ 

ʩʚʝʞʝʛʦ ʦʣʠʚʠʥʘ;  

ʙ) ʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭʦʪʤʝʯʝʥʳ ʟʝʨʥʘ ʛʨʘʥʘʪʘ ʚ ʢʝʣʠʬʠʪʦʚʳʭ ʢʘʡʤʘʭ 

ʢʘʡʤʘʭ;  

ʚ) ʷʜʨʘ ʘʚʪʦʣʠʪʦʚʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʷʜʝʨ ʚ ʛʣʫʙʦʢʠʭ 

ʥʘʣʠʯʠʝʤ ʟʝʨʝʥ ʬʣʦʛʦʧʠʪʘ, ʦʪʩʫʪʩʪʚʠʝʤ ʟʝʨʝʥ ʛʨʘʥʘʪʘ ʠ ʥʝʧʨʦʟʨʘʯʥʳʭ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ;  

ʛ) ʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʪʨʫʙʢʠ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʨʬʠʨʦʚʳʝ 

ʘʚʪʦʣʠʪʳ;  

ʜ) ʤʝʟʦʩʪʘʟʠʩ ʢʠʤʙʝʨʣʠʪʦʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʚʝʨʭʥʠʭ ʙʦʣʝʝ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʜʳ ʠ ʭʣʦʨʠʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʤʙʝʨʣʠʪʳ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʤʝʥʴʰʝ ʧʦʜʚʝʨʛʣʠʩʴ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʰʣʠʬʘʭ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʧʨʠʩʫʪʩʪʚʠʝ 

ʨʝʣʠʢʪʦʚ ʩʚʝʞʝʛʦ ʦʣʠʚʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʠʜʸʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʂ2ʆ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʯʪʦ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ ʩ ʛʣʫʙʠʥʦʡ ʦʪʨʘʙʦʪʢʠ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ.  

 

ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ  

ʂʀʄɹɽʈʃʀʊʆɺʊʈʋɹʂʀʖɹʀʃɽʁʅɸʗ 

ʀʥʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ (ʀʄʂ) ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ 
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ʖʙʠʣʝʡʥʘʷʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʘʪʘʤʠ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ~0,02%), 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʤ (~0,001%), ʭʨʦʤʰʧʠʥʝʣʠʜʘʤʠ (~0,01%). ʆʣʠʚʠʥ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʢʠʤʙʝʨʣʠʪʳ ʖʙʠʣʝʡʥʦʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʨʫʙʦʢ ɿʘʨʷ, ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʠʣʴʤʝʥʠʪ, ʠ ɸʡʭʘʣ[3,8]. 

. 

 

ʈʠʩ.6. ʉʦʦʪʥʦʰʝʥʠʝ ʮʚʝʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʘʪʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. 

 ɻʨʘʥʘʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ-ʩʧʫʪʥʠʢʘʤʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʮʚʝʪʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʟʝʨʝʥ ʧʦ 

ʮʚʝʪʘʤ ʚ ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ ʠ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ (ʨʠʩ. 6, 7). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʨʬʠʨʦʚʳʝ 

ʢʠʤʙʝʨʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʝʡ ʩʦʭʨʘʥʥʦʩʪʴʶ ʀʄʂ, ʥʝʞʝʣʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʥʘʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʀʄʂ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ 

ʤʠʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʛʨʘʥʘʪʦʚ ʠʣʴʤʝʥʠʪʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ. ʉʨʘʚʥʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʦʚ ʠʟ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʚʝʨʭʥʠʤ ʛʦʨʠʟʦʥʪʘʤ ʪʨʫʙʢʠ  

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ. 8, 9. 
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ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. 
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ʉʦʩʪʘʚ ʛʨʘʥʘʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʨʘʟʥʦʦʙʨʘʟʝʥ ʠ 

ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʝʪ ʥʘ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʧʨʝʦʙʣʘʜʘʶʪ  ʛʨʘʥʘʪʳ ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ï 50%,ʩʨʝʜʠ ʥʠʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʟʝʨʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Cr2O3 ʦʪ 2 ʜʦ 8 ʤʘʩ.%. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  

ɼʞ. ɼʦʫʩʦʥʘ ʠ ɺ. ʉʪʝʬʝʥʩʘ [6] ʩʨʝʜʠ ʛʨʘʥʘʪʦʚ  ʧʨʝʦʙʣʘʜʘʶʪ  ʭʨʦʤʦʚʳʝ 

ʧʠʨʦʧʳ (ʛʨʫʧʧʘ G9) ʠʤʘʣʦʢʘʣʴʮʠʝʚʳʝ ʭʨʦʤʦʚʳʝ ʧʠʨʦʧʳ (ʛʨʫʧʧʘG10), ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20% ʢʘʢ ʥʘ ʚʝʨʭʥʠʭ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʘʭ. ʆʢʦʣʦ 15% ʩʦʩʪʘʚʣʷʶʪ ʪʠʪʘʥʠʩʪʳʝ ʠ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʝ ʛʨʘʥʘʪʳ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2ʙʦʣʝʝ 0,6 ʤʘʩ.%.ɻʨʘʥʘʪʳ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 15% ʠʛʨʘʥʘʪʳ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 

ʤʝʥʝʝ 15%. ɼʦʣʷ ʛʨʘʥʘʪʦʚ ʘʣʤʘʟʥʦʡ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10%, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʟʚʝʩʪʥʦʡ ʜʠʘʛʨʘʤʤʝ 

ʅ.ɺ.ʉʦʙʦʣʝʚʘ[4]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʛʨʘʥʘʪʦʚ ʛʨʫʧʧʳ 

G10  ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [6].ʋʩʪʘʥʦʚʣʝʥʦʪʘʢʞʝ, ʯʪʦ ʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʪʨʫʙʢʠ ʩʦʜʝʨʞʠʪʩʷ ʥʘ 6% ʙʦʣʴʰʝ ʧʠʨʦʧʦʚ ʠʟ ʦʙʣʘʩʪʠ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʵʢʣʦʛʠʪʦʚʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʨʘʥʘʪʦʚ ʘʣʤʘʟʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ, ʩʦʛʣʘʩʥʦ [7]. 

13). 

 

 

ʈʠʩ. 10. ʂʦʤʧʣʝʢʩʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʘ ʠʣʴʤʝʥʠʪʦʚ ʠʟ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. 

ʇʠʢʨʦʠʣʴʤʝʥʠʪ. ʀʣʴʤʝʥʠʪ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷʚʩʪʨʝʯʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʠʣʴʤʝʥʠʪʘ -5+0,2ʤʤ, ʧʨʝʦʙʣʘʜʘʝʪ ʢʣʘʩʩ -
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1+0,5ʤʤ. ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ 

ʫʛʣʦʚʘʪʦ-ʦʢʨʫʛʣʳʝ ʟʝʨʥʘ, ʙʝʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʛʨʘʥʢʠ, ʚ ʚʠʜʝ 

ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʚʩʪʨʝʯʘʝʪʩʷ ʠʣʴʤʝʥʠʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʣʴʤʝʥʠʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʨʘʟʥʦʦʙʨʘʟʝʥ (ʨʠʩ. 10, 

11). ʀʣʴʤʝʥʠʪ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ MgO 

ʠ Cr2O3, ʚʪʦʨʦʡ ï ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʭʨʦʤʘ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʤʘʨʛʘʥʮʘ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʥʝʭʨʦʤʠʩʪʳʝʧʠʢʨʦʠʣʴʤʝʥʠʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ 9-13ʤʘʩ.% MgO ʠ 1-5 ʤʘʩ.%Cr2O3 (ʨʠʩ. 10, 11). ʉʫʱʝʩʪʚʝʥʥʳʭ 

ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʠʣʴʤʝʥʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʪʨʫʙʢʠ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ: 

ʥʘ ʦʙʦʠʭ ʫʨʦʚʥʷʭ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ ʩ 

ʤʘʩʠʤʫʤʘʤʠ 1,5-2,0 ʠ ~4 ʤʘʩ.% Cr2O3, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʩʝʥʦʛʝʥʥʦʤʫ ʠʣʴʤʝʥʠʪʫ ʠ ʠʣʴʤʝʥʠʪʘʤ ʤʝʟʦʩʪʘʟʠʩʘ. 

ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ. ʈʘʟʤʝʨʳ ʚʳʜʝʣʝʥʠʡ -2+0,5 ʤʤ, ʧʨʝʦʙʣʘʜʘʶʪ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ -

1+0,5ʤʤ. ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʪʨʫʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʬʦʨʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʨʠʩ.11,12), ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʩʪʘʚʦʚ ʰʧʠʥʝʣʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʳʙʦʨʢʝ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ ʦʪʯʘʩʪʠ, ʚʝʨʦʷʪʥʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʥʘʣʠʟʦʚ. ɺ ʠʟʫʯʝʥʥʳʭ ʚʳʙʦʨʢʘʭ ʦʙʦʠʭ ʫʨʦʚʥʝʡ ʧʨʝʦʙʣʘʜʘʶʪ 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʨʦʤʧʠʢʦʪʠʪʫ. ʄʝʥʝʝ 10%  

 

ʈʠʩ.11. ʂʦʤʧʣʝʢʩʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʘ ʠʣʴʤʝʥʠʪʦʚ ʠʟ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ. 



ʉʧʝʮʠʫʩ ɿ.ɺ., ɸʤʠʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚ ɸ.ʉ. 
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ʈʠʩ. 12. ʂʦʤʧʣʝʢʩʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. 

 

ʈʠʩ. 13. ʂʦʤʧʣʝʢʩʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ. 
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ʟʝʨʝʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʣʶʤʦʭʨʦʤʠʪʫ. ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 3% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʦʙʦʠʭ ʫʨʦʚʥʷʭ ʛʣʫʙʠʥʥʦʩʪʠ, 

ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ  Al2O3 -Cr2O3(ʨʠʩ.12, 
 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ ʭʘʨʘʢʪʝʨʥʳ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ: ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʀʄʂ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʘʥʘʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʘʣʠʥʦʚʳʭ ʧʠʨʦʧʦʚ ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ, 

ʥʝʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʠʪʘʥʠʩʪʳʭ ʛʨʘʥʘʪʦʚ, ʜʚʘ ʪʠʧʘ ʩʦʩʪʘʚʦʚ 

ʠʣʴʤʝʥʠʪʦʚ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ  ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷʩʨʝʜʥʝʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ.ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

(2016-2019 ʛʛ.) ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʠʤʙʝʨʣʠʪʦʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʂ2ʆ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʯʪʦ ʥʘ ʨʷʜʫ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʦʣʠ 

ʛʛʨʘʥʘʪʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʘʣʤʘʟʦʥʦʩʥʳʭ ʘʩʩʦʮʠʘʮʠʡʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ ʩ ʛʣʫʙʠʥʦʡ 

ʦʪʨʘʙʦʪʢʠ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʟʤʘ ʛʨʘʥʘʪʦʚ ʠ ʜʘʥʥʳʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʛʨʘʥʘʪʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʪʨʫʙʢʠ 

ʖʙʠʣʝʡʥʘʷ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʩʩʦʮʠʘʮʠʡ ʘʣʤʘʟʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʝʩʴʤʘʚʳʩʦʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʛʨʘʥʘʪʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʪʠʧʘ ʚ ʩʦʩʪʘʚʝ ʀʄʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʢʣʘʜʝ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʣʤʘʟʦʚ ʜʘʥʥʦʡ ʪʨʫʙʢʠ. ɺ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʪʨʫʙʢʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ 6% ʙʦʣʴʰʝ ʧʠʨʦʧʦʚ ʠʟ ʦʙʣʘʩʪʠ ʘʣʤʘʟʦʥʦʩʥʳʭ ʵʢʣʦʛʠʪʦʚʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ.ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʢʘʯʝʩʪʚʦ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʩʯʠʪʘʝʤ ʩʚʦʠʤ ʧʨʠʷʪʥʳʤ ʜʦʣʛʦʤ ʧʦʙʣʘʛʦʜʘʨʠʪʴ 

ʄ.ɺ.ʐʘʣʢʠʥʫ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʤʘʢʨʦʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʩʯʝʪʦʚ ʰʪʫʬʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠ ɺ.ʗ. ɹʘʪʳʨʴ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ. 

 
ʃʀʊɽʈɸʊʋʈɸ 

1. ɺʘʩʠʣʝʥʢʦ ɺ.ɹ., ɿʠʥʯʫʢ ʅ.ʅ., ʂʫʟʥʝʮʦʚʘ ʃ.ɻ. ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʣʤʘʟʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ [ʂʥʠʛʘ]. - ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ. ʉʠʙ. ʧʨʝʜʧʨʠʷʪʠʝ ʈɸʅ, 1997, 

280ʩ. 

2. ɿʦʣʴʥʠʢʦʚ ɻ.ɺ., ʂʦʚʘʣʴʩʢʠʡ ɺ.ɺ., ɿʠʥʯʫʢ ʅ.ʅ. ʠ ʜʨ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʠ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʠʟ ʪʨʫʙʦʢ ɸʣʘʢʠʪʩʢʦʛʦ ʧʦʣʷ.ɺ ʢʥ.: ʄʠʥʝʨʘʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʙʘʟʠʪʦʚʳʭ ʧʦʨʦʜ ʗʢʫʪʠʠ. ʗʢʫʪʩʢ: ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʗʌ ʉʆ ʈɸʅ. 

1979. ʉ. 5-39. 

3. ʂʦʩʪʨʦʚʠʮʢʠʡ ʉ.ʀ., ʉʧʝʮʠʫʩ ɿ.ɺ., ʗʢʦʚʣʝʚ ɼ.ɸ., ʌʦʥ-ʜʝʨ-ʌʣʘʘʩʩ ɻ.ʉ., ʉʫʚʦʨʦʚʘ 

ʃ.ʌ., ɹʦʛʫʰ ʀ.ʅ. ɸʪʣʘʩ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʧʨʦʚʠʥʮʠʠ.  ʄʠʨʥʳʡ, ʪʠʧʦʛʨʘʬʠʷ ʆʆʆ çʄɻʇè, 2015, 480 ʩ. 



ʉʧʝʮʠʫʩ ɿ.ɺ., ɸʤʠʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚ ɸ.ʉ. 

 

203 

 

4. ʉʦʙʦʣʝʚ ʅ.ɺ. ɻʣʫʙʠʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʠ ʧʨʦʙʣʝʤʘ ʩʦʩʪʘʚʘ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ. ʅʦʚʦʩʠʙʠʨʩʢ, 1974. 264 ʩ. 

5. ʍʘʨʴʢʠʚ ɸ.ɼ., ɿʠʥʯʫʢ ʅ.ʅ., ʂʨʶʯʢʦʚ ɸ.ʀ. ʂʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʤʠʨʘ. 

ʄ.: ʅʝʜʨʘ,1998, 555ʩ. 

6. Dawson J.B. and Stephens W.E. Statistical analysis of garnets from kimberlites and 

associated xenoliths // J. Geol. 1975, v. 83, p. 589 - 607. 

7. D. de Bruin. Report on the mineral chemistry of garnet and oxide. 2004. 

8. Spetsius Z.V., Polyanichko V.V., Xarlamova E.I., Tarskix O.V Ivanov A.S. Geology, 

petrography and mineralogy of the Zarya pipe kimberlites. Proceeding of XIII International 

Workshop çDeep-seated magmatism, its sources and plumes è Edited by Dr. N.V. Vladykin 

. 





ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ. 
 

203 

 

 

 

ʋɼʂ 553.81 

 

ʋʥʠʢʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ (ʗʢʫʪʠʷ) 

ʉʘʙʣʫʢʦʚ  ʉ.ʄ.1, ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ.1, ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ.2 

 

1ʆʆʆ ʀʅʇʂ çʈʋʉɻɽʆè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ;  sablukoff@rambler.ru 
2ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ), ʄʠʨʥʳʡ, ʈʦʩʩʠʷ; 

 

ɸʙʩʪʨʘʢʪ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʘʥʪʠʡʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʪʨʫʙʦʢ ʅʶʨʙʠʥʩʢʘʷ, ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʄʘʡʩʢʘʷ 

ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʚʳʷʚʠʣʦ ʠʭ ʥʝʦʙʳʯʥʳʝ, ʠʥʪʝʨʝʩʥʳʝ ʠ ʚʘʞʥʳʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʤʘʥʪʠʡʥʳʡ ʩʫʙʩʪʨʘʪ ʨʘʡʦʥʘ (ʪʠʪʘʥʠʩʪʳʡ ʧʠʨʦʧ), ʨʘʟʚʠʪʠʝ 

ʧʨʦʮʝʩʩʦʚ ʩʫʙʜʫʢʮʠʠ (ʧʠʢʨʦʠʣʴʤʝʥʠʪ, ʭʨʦʤ-ʦʤʬʘʮʠʪ) ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʥʪʠʡʥʳʭ ʚʳʧʣʘʚʦʢ (ʭʨʦʤʜʠʦʧʩʠʜ), ʘ ʪʘʢʞʝ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ çʢʘʣʴʮʠʝʚʦʛʦè (ʭʨʦʤ-ʢʘʣʴʮʠʝʚʦʛʦ ʠ ʪʠʪʘʥ-

ʭʨʦʤ-ʢʘʣʴʮʠʝʚʦʛʦ) ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ (ʟʝʣʸʥʳʡ ʛʨʘʥʘʪ). 

ʊʨʫʙʢʠ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʫʥʠʢʘʣʴʥʳ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʢʘʢ ʩʨʝʜʠ 

ʜʨʫʛʠʭ ʪʨʫʙʦʢ ʗʢʫʪʩʢʦʡ ɸʣʤʘʟʦʥʦʩʥʦʡ ʇʨʦʚʠʥʮʠʠ, ʪʘʢ ʠ ʩʨʝʜʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʄʠʨʘ. 
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Abstract. Detailed study of kimberlites and mantle xenolites from 

Nurbinskaya, Botuobinskaya and Mayskaya pipes of the Nakynsky field 

had shown their unusual interesting and important mineralogical 

features, which point to reduced character of astenospheric influence to a 

mantle substrate of the region (titano-pirop), subduction processes 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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development (pycroilmenite, chrome-omphacite) and mantle melts 

crystallization (chromdyopside), and also point to influence of çcalciumè 

(chrome-calcium and titan-chrome-calcium) mantle metosomatism 

processes (green garnet). Pipes of the Narykinsky field are unique in 

mineralogical features of kimberlites and mantle xenolites whether 

among other pipes of the Yakutsk diamond-bearing province or among 

kimberlite pipes from all over the world. 

 

ɺɺɽɼɽʅʀɽ 

ɸʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ, ʦʪʢʨʳʪʦʛʦ ʚ 1994 ʛʦʜʫ 

[30], ʨʘʩʧʦʣʦʞʝʥʳ ʦʙʦʩʦʙʣʝʥʥʦ, ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ (~300 ʢʤ) ʦʪ 

ʜʨʫʛʠʭ ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʨʠʩ. 1), ʠ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ (ʠ 

ʥʝ ʪʦʣʴʢʦ ʗʢʫʪʠʠ).  ʆʪʢʨʳʪʳʝ ʧʦʟʞʝ ʥʠʭ ʘʣʤʘʟʦʥʦʩʥʳʝ (ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʝ) 

ʢʠʤʙʝʨʣʠʪʳ ʄʝʥʜʘ-ɹʘʨʳʣʘʡʩʢʦʡ ʧʣʦʱʘʜʠ (2007 ʛ., ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ, 

ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʃʝʥʘ, 100 ʢʤ ʶʞʥʝʝ ʛ. ʗʢʫʪʩʢʘ [23]) ʠ ʉʝʣʴʜʶʢʘʨʩʢʦʛʦ ʧʦʣ ̫

(2015 ʛ, ɿʘʧʘʜʥʘʷ ʗʢʫʪʠʷ, 60 ʢʤ ʩʝʚʝʨʥʝʝ ʛ. ʄʠʨʥʳʡ [8]), ʚ ʮʝʣʦʤ (ʥʘ ʜʘʥʥʦʤ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ) ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʦʪ 

ʢʠʤʙʝʨʣʠʪʦʚ ʜʨʫʛʠʭ, ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʭ ʧʦʣʝʡ ɿʘʧʘʜʥʦʡ ʗʢʫʪʠʠ (ʚʦ ʚʩʷʢʦʤ 

ʩʣʫʯʘʝ, ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʪʦʤʫ ʞʝ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤʫ ʪʠʧʫ 

ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ï ʢʠʤʙʝʨʣʠʪʘʤ ɻʨʫʧʧʳ-1 (ʧʦ [39]). 

ʆʩʥʦʚʥʦʝ, ʙʨʦʩʘʶʱʝʝʩʷ ʚ ʛʣʘʟʘ ʚʩʝʤ ʦʪʣʠʯʠʝ ʅʘʢʳʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ 

ʦʪ ʜʨʫʛʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ ï ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʨʝʜʠ ʛʣʫʙʠʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʠʨʦʧʘ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʘʩʩʦʮʠʘʮʠʠ [6,27].  ʂʨʦʤʝ ʪʦʛʦ, 

ʢʠʤʙʝʨʣʠʪʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪʩʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʩʝʭ ʥʝʢʦʛʝʨʝʥʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʣʠʷ, ʨʫʙʠʜʠʷ ʠ ʬʦʩʬʦʨʘ), ʙʦʣʝʝ ʜʨʝʚʥʠʤ 

ʚʦʟʨʘʩʪʦʤ (399 ʤʣʥ. ʣʝʪ, ʨʘʥʥʠʡ ʜʝʚʦʥ [18], ʘ ʥʝ 320-370 ʤʣʥ. ʣʝʪ, ʧʦʟʜʥʠʡ 

ʜʝʚʦʥ ï ʨʘʥʥʠʡ ʢʘʨʙʦʥ [3]) ʠ ʥʝʦʙʳʯʥʳʤʠ ʠʟʦʪʦʧʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʇʨʠ ʚ ʮʝʣʦʤ ʙʣʠʟʢʠʭ ʢ ʜʨʫʛʠʤ ʢʠʤʙʝʨʣʠʪʘʤ ʗʢʫʪʠʠ ʠ ʢʠʤʙʝʨʣʠʪʘʤ ɻʨʫʧʧʳ-

1Nd-Sr ʠʟʦʪʦʧʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ BSE (eNd = +1; eSr = +25 

[19]), ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʢʠʤʙʝʨʣʠʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʙʦʣʝʝ 

ʜʨʝʚʥʠʡ ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ 

(TND(DM) = 1,11 ʤʣʨʜ. ʣʝʪ [5,19]), ʯʝʤ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʢʠʤʙʝʨʣʠʪʦʚ 

ʜʨʫʛʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʣʝʡ ʗʢʫʪʠʠ (TND(DM) = 0,6-0,7 ʤʣʨʜ. ʣʝʪ [2]). 

ʇʦ ʨʝʟʢʦʤʫ ʧʨʝʦʙʣʘʜʘʥʠʶ ʧʠʨʦʧʘ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ ʩʨʝʜʠ ʛʣʫʙʠʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʬʣʦʛʦʧʠʪʦʚʦʤʫ ʩʦʩʪʘʚʫ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚ, ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʥʝʢʦʛʝʨʝʥʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʘʞʝ ʧʦ ʙʦʣʝʝ ʜʨʝʚʥʝʤʫ ʤʦʜʝʣʴʥʦʤʫ ʚʦʟʨʘʩʪʫ ʤʘʥʪʠʡʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ (TND(DM) = 1,11 ʤʣʨʜ. ʣʝʪ 

ʠ 1,25 ʤʣʨʜ. ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʢʠʤʙʝʨʣʠʪʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ 



ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ. 
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ʩʦʧʦʩʪʘʚʣʷʶʪ [5]) ʩ ʙʝʟʠʣʴʤʝʥʠʪʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʣʠʥʦʟʸʤʠʩʪʦʡ ʩʝʨʠʠ 

ɿʦʣʦʪʠʮʢʦʛʦ ʢʫʩʪʘ ɿʠʤʥʝʙʝʨʝʞʥʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ [13]. 

ʆʜʥʘʢʦ ʵʪʦ ʚʠʜʠʤʦʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʩʭʦʜʩʪʚʦ ʚʝʩʴʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ, 

ʩʝʨʴʸʟʥʦʝ ʦʪʣʠʯʠʝ ʠʤʝʝʪʩʷ ʭʦʪʷ ʙʳ ʧʦ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʤʫ, ʩʣʘʙʦ 

ʦʙʦʛʘʱʸʥʥʦʤʫ ʪʠʧʫ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ (eNd = -

2,6 - -4,9; eSr = +4,2 - +18,8 [17]), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʅʘʢʳʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ 

Nd-Sr ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʠʝ ʞʝ ʙʣʠʟʢʠʝ ʢ BSE, ʢʘʢ ʠ ʫ ʜʨʫʛʠʭ ʢʠʤʙʝʨʣʠʪʦʚ 

ʗʢʫʪʠʠ (ʩʤ. ʚʳʰʝ). 

 

 

ʈʠʩ. 1.  ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ. 

 

ʅʦ ʥʘʠʙʦʣʝʝ ʷʨʢʦʝ (ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʥʦʝ) ʦʪʣʠʯʠʝ ʅʘʢʳʥʩʢʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʦʪ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʛʣʫʙʠʥʥʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ (ʚʢʣʶʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʠʭ ʘʣʤʘʟʦʚ), ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʜʘʞʝ 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʝʝ ʦʪʩʫʪʩʪʚʠʝ ʤʝʛʘʢʨʠʩʪʦʚ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʅʘʢʳʥʩʢʠʝ 

ʢʠʤʙʝʨʣʠʪʳ ʙʣʠʞʝ ʢ ʢʠʤʙʝʨʣʠʪʘʤ ʜʨʫʛʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʣʝʡ ʗʢʫʪʠʠ, ʯʝʤ ʢ 

ɿʦʣʦʪʠʮʢʠʤ ʢʠʤʙʝʨʣʠʪʘʤ ɸʨʭʘʥʛʝʣʴʩʢʘ.  ɺ ʅʘʢʳʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ 

ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʛʣʫʙʠʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

ʩʦʜʝʨʞʘʥʠʝ ʚʢʣʶʯʝʥʠʡ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʣʪʦʨʘ-ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ 

ʚ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ, ʨʘʟʤʝʨ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʜʦ 24 ʩʤ ʠ ʚʝʩ ʜʦ 

8,5 ʢʛ (ʚ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ï ʜʦ 5 ʩʤ ʠ ʜʦ 20 ʛ), ʧʠʨʦʧ ʧʦʜʘʚʣʷʶʱʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʭʨʦʤʰʧʠʥʝʣʠʜʦʤ (ʚ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ, ʥʘʦʙʦʨʦʪ, 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʭʨʦʤʰʧʠʥʝʣʠʜ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʧʠʨʦʧʦʤ).  ʉʦʚʝʨʰʝʥʥʦ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʚ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʷʭ: ʰʠʨʦʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʧʦʜʯʸʨʢʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʥʪʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʅʘʢʳʥʩʢʦʤ ʧʦʣʝ; çʫʥʳʣʦʝè 

ʦʜʥʦʦʙʨʘʟʠʝ ʚʢʣʶʯʝʥʠʡ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʚ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ [14] 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʜʠʚʠʪʝʣʴʥʫʶ, ʥʝʦʙʳʯʥʫʶ çʧʨʦʩʪʦʪʫè ʦʙʨʘʟʦʚʘʥʠʷ ʠʭ 

ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.  ʀʩʪʦʯʥʠʢʦʤ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʙʳʣ 

ʧʨʝʜʝʣʴʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠ ʠʩʪʦʱʸʥʥʳʡ ʛʦʤʦʛʝʥʥʳʡ 

çʜʫʥʠʪʦʚʳʡè ʩʫʙʩʪʨʘʪ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ, ʚʝʨʦʷʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢʦʛʦ-ʪʦ 

ʧʨʦʩʪʦʛʦ, ʦʜʥʦʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ, ʥʘʧʨʠʤʝʨ ï ʚʥʝʜʨʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʧʣʫʪʦʥʘ (ʧʦ [9]), ʩʦ ʩʣʘʙʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʚʠʪʠʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʤʝʪʘʩʦʤʘʪʦʟʘ (çʘʚʪʦʤʝʪʘʩʦʤʘʪʦʟè - ʬʣʦʛʦʧʠʪʠʟʘʮʠʷ ʠ ʘʤʬʠʙʦʣʠʟʘʮʠʷ 

[14,15]); ʠʣʠ ʩʣʘʙʦ ʟʘʪʨʦʥʫʪʘʷ ʥʘʣʦʞʝʥʥʳʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʣʠʪʦʩʬʝʨʥʘʷ ʤʘʥʪʠʷ [10].  ɺ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʩʘʤʠ ʛʣʫʙʠʥʥʳʝ 

ʤʠʥʝʨʘʣʳ ʚ ɿʦʣʦʪʠʮʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ (ʦʣʠʚʠʥ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʦʨʪʦʧʠʨʦʢʩʝʥ, 

ʧʠʨʦʧ, ʭʨʦʤʰʧʠʥʝʣʠʜ) ʠʤʝʶʪ ʦʯʝʥʴ ʦʙʳʯʥʳʡ, ʧʨʦʩʪʦʡ ʩʦʩʪʘʚ ʩ ʫʜʠʚʠʪʝʣʴʥʦ 

ʯʸʪʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʤʝʥʷʶʱʠʡʩʷ ʧʦ ʬʘʮʠʷʤ ʛʣʫʙʠʥʥʦʩʪʠ [25] ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [12,14], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

çʧʨʦʩʪʦʪʫè ʠ ʝʜʠʥʦʦʙʨʘʟʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʵʪʦʛʦ ʪʠʧʘ.  ʇʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʛʣʫʙʠʥʥʳʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ (ʤʘʥʪʠʡʥʳʝ ʢʩʝʥʦʣʠʪʳ, ʤʝʛʘʢʨʠʩʪʳ ʠ 

ʢʩʝʥʦʢʨʠʩʪʳ [19]), ʩʚʦʠʤ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ, ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ 

ʥʝʦʙʳʯʥʦʩʪʴʶ ʧʦʜʯʸʨʢʠʚʘʶʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ.  ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʢʩʝʥʦʣʠʪʦʚ ʠ ʤʠʥʝʨʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʪʠʧʳ ʠ ʭʘʨʘʢʪʝʨ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ.  ʕʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʫʯʝʥʠʝ 

ʬʨʘʛʤʝʥʪʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʥʝ ʤʝʥʝʝ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʠ ʙʦʣʝʝ ʚʘʞʥʦ ʠ 

ʠʥʪʝʨʝʩʥʦ, ʯʝʤ ʢʦʩʚʝʥʥʦʝ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʯʝʨʝʟ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʢʠʤʙʝʨʣʠʪʦʚ.  ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʦʙʳʯʥʳ ʠ ʥʝʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ 

ʗʢʫʪʠʠ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʚʠʥʮʠʡ ʄʠʨʘ. ʅʝʢʦʪʦʨʳʝ ʩʘʤʳʝ 

ʷʨʢʠʝ, ʵʬʬʝʢʪʥʳʝ ʠ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ɸʅɸʃʀʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ 

ɿʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ 2006 ʧʦ 2016 ʛ. ʚ ʅʘʢʳʥʩʢʦʤ ʧʦʣʝ ʩ ʨʘʟʥʳʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ) (ʅʶʨʙʠʥʩʢʠʡ ɻʆʂ, ɹʦʪʫʦʙʠʥʩʢʘʷ 

ɻʈʕ, ʄʠʨʥʠʥʩʢʘʷ ɻʈʕ, ʅʀɻʇ) ʠ ʇɸʆ  çɸʃʈʆʉɸ-ʅʶʨʙʘè ʙʳʣʠ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʳ ʪʨʠ ʪʨʫʙʢʠ: ʅʶʨʙʠʥʩʢʘʷ 



ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ. 
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(ʚʤʝʩʪʝ ʩ ʜʘʡʢʦʡ, ʦʯʝʥʴ ʜʝʪʘʣʴʥʦ), ɹʦʪʫʦʙʠʥʩʢʘʷ (ʚʳʙʦʨʦʯʥʦ), ʄʘʡʩʢʘʷ 

(ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ), ʘ ʪʘʢʞʝ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʪʨʫʙʢʠ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʠ 

ʨʦʩʩʳʧʠ: ʅʶʨʙʠʥʩʢʘʷ (1-ʷ, 2-ʷ, 3-ʷ ʦʯʝʨʝʜʴ ʨʘʟʚʝʜʢʠ) ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʢʝʨʥʘ ʩʢʚʘʞʠʥ (ʦʢʦʣʦ ʧʷʪʠ ʜʝʩʷʪʢʦʚ ʩʢʚʘʞʠʥ, 

ʙʦʣʝʝ 10000 ʧʦʛ. ʤ ʢʝʨʥʘ), ʠʟʫʯʝʥʠʝ ʢʘʨʴʝʨʦʚ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʘ ʨʫʜʥʦʛʦ 

ʜʚʦʨʘ.  ʀʟʫʯʘʣʦʩʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʨʫʙʦʢ, ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʢʦʨ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ, ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʠ ʙʘʟʘʣʴʪʦʚ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʛʨʘʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ.  ʀʟʫʯʝʥʠʝ ʪʝʨʨʠʛʝʥʥʳʭ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ ʠ ʧʦʨʦʜ ʨʦʩʩʳʧʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʦʪʥʦʰʝʥʠʠ ʠʭ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ.  ɺʩʝʛʦ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʦ ʙʦʣʝʝ 1000 ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ (ʦʢʦʣʦ 1000 ʰʪ. ʚ ʪʨʫʙʢʝ 

ʅʶʨʙʠʥʩʢʘʷ ʠ ʧʨʠʤʝʨʥʦ ʧʦ 50 ʰʪ. ʚ ʪʨʫʙʢʘʭ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʄʘʡʩʢʘʷ).  

ɺʳʧʦʣʥʝʥ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʢʦʣʦ 100 ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ, ʠʟ ʥʠʭ 

ʦʢʦʣʦ 50 ʧʨʦʙ ʠʟ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ 

ʤʘʢʨʦʦʧʠʩʘʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠ ʤʠʥʝʨʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʘ, 

ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʨʘʥʘʪʦʚ,  ʨʘʩʯʸʪ ʊʈ-ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʧʨʦʚʦʜʠʣʩʷ ʪʘʢʞʝ 

ʧʦʣʥʳʡ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʣʠʭʦʚʳʭ ʠ 

ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ. 

ʄʘʢʨʦʦʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʩ 

ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʦʚ ʄɹʉ-10, NIKON SMZ1500 ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ NIKON ECLIPSE E600 POL.  ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʮʠʬʨʦʚʳʤ ʬʦʪʦʘʧʧʘʨʘʪʦʤ PENTAX Optio 550, 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʘ NIKON SMZ1500 ʠ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ NIKON 

DIGITAL  SIGHT DS-L1. ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʤʠʥʝʨʘʣʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çɻʠʥʮʚʝʪʤʝʪè, ʥʘ ʧʨʠʙʦʨʝ "Camebax-microbeam" 

ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 kV, ʪʦʢʝ 15-20 nA.  ʆʧʨʝʜʝʣʝʥʠʝ ʊʈ-

ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PT-Quick. 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɻʃʋɹʀʅʅʓʍ ʄʀʅɽʈɸʃʆɺ ʀɿ 

 ʂʀʄɹɽʈʃʀʊʆɺ ʅɸʂʓʅʉʂʆɻʆ ʇʆʃʗ 

ʂʠʤʙʝʨʣʠʪʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʥʘʩʪʦʷʱʝʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

çʩʦʢʨʦʚʠʱʥʠʮʝʡè, ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʥʠ ʥʝ ʠʤʝʶʪ 

ʘʥʘʣʦʛʦʚ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚ ʜʨʫʛʠʭ ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʥʦ 

ʠ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚ ʜʨʫʛʠʭ ʧʨʦʚʠʥʮʠʡ ʄʠʨʘ. 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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ʇʠʢʨʦʠʣʴʤʝʥʠʪ 

ɺ ʢʠʤʙʝʨʣʠʪʘʭ ʅʘʢʳʥʘ ʩʨʝʜʠ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʠʨʦʧ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ 

çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʘʩʩʦʮʠʘʮʠʠ.  ʕʪʦ ʚʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʠʭ Nd-Sr 

ʠʟʦʪʦʧʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʞʝ ʙʣʠʟʢʠʤʠ ʢ BSE, ʢʘʢ ʠ ʫ ʜʨʫʛʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ, ʥʘʩʳʱʝʥʥʳʭ ʤʝʛʘʢʨʠʩʪʘʤʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʠʣʠ ʭʦʪʷ 

ʙʳ ʠʭ ʩʦʜʝʨʞʘʱʠʤʠ, ʯʪʦ ʠ ʩ ʠʟʦʪʦʧʥʦʡ, ʠ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʠʭ ʤʘʥʪʠʡʥʳʡ ʩʫʙʩʪʨʘʪ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ.   

ʊʘʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʘʩʩʦʮʠʘʮʠʠ ʚ 

ʅʘʢʳʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʪʝʤ ʙʦʣʝʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚ ʥʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʝ ʫʤʝʨʝʥʥʦʭʨʦʤʠʩʪʳʝ ʪʠʪʘʥʠʩʪʳʝ 

ʧʠʨʦʧʳ ʧʦ ʦʙʣʠʢʫ ʠ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʠʨʦʧʘʤ çʤʝʛʘʢʨʠʩʪʦʚʦʡè 

ʘʩʩʦʮʠʘʮʠʠ ʠʟ ʧʘʨʘʛʝʥʝʟʠʩʘ ʩ ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʤ, ʪʠʧʠʯʥʳʝ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ 

ɻʨʫʧʧʳ-1 (ʚ ʪʦʤ ʯʠʩʣʝ ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ, ʢʠʤʙʝʨʣʠʪʦʚ Fe-Ti-ʩʝʨʠʠ 

ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ ʠ ʜʨ.), ʦʙʳʯʥʦ çʥʘʙʠʪʳʭè ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʤ.  ʕʪʠ ʦʨʘʥʞʝʚʦ-

ʢʨʘʩʥʳʝ ʪʠʪʘʥʠʩʪʳʝ ʧʠʨʦʧʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʅʘʢʳʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʚ ʚʠʜʝ 

ʪʠʧʠʯʥʳʭ çʤʝʛʘʢʨʠʩʪʦʚè - ʢʨʫʧʥʳʭ ʞʝʣʚʘʢʦʚ ʠ ʛʨʘʥʘʪʠʪʦʚ (ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 

5,5 ʩʤ!) (ʨʠʩ. 2ɸ).  ʆʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʤʝʛʘʢʨʠʩʪʳ  

ʦʣʠʚʠʥʘ (ʨʘʟʤʝʨʦʤ ʜʦ 6 ʩʤ) ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʪʠʪʘʥʠʩʪʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʧʠʨʦʧʘ 

ʠ ʢʩʝʥʦʣʠʪʳ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʨʘʟʤʝʨʦʤ ʜʦ 10 

ʩʤ) ʩ ʦʨʘʥʞʝʚʳʤ ʧʠʨʦʧʦʤ çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʘʩʩʦʮʠʘʮʠʠ.  ʆʜʥʘʢʦ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʚʦ ʚʩʝʭ ʵʪʠʭ ʤʘʥʪʠʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʥʝʪ ʚʦʦʙʱʝ. 

ʅʦ ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ (ʠ ʚ ʪʨʫʙʢʝ 

ʅʶʨʙʠʥʩʢʘʷ, ʠ ʚ ʪʨʫʙʢʝ ɹʦʪʫʦʙʠʥʩʢʘʷ, ʠ ʚ ʪʨʫʙʢʝ ʄʘʡʩʢʘʷ) ʚʩʸ ʞʝ ʝʩʪʴ.  ʆʥ 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʪʨʫʙʢʝ 

ʅʶʨʙʠʥʩʢʘʷ (ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʘ ʪʨʫʙʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʦʡ ʥʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʦʡ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ).  

ʇʠʢʨʦʠʣʴʤʝʥʠʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʦʙʳʯʥʳʭ, ʥʦ ʪʦʣʴʢʦ 

ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ (ʧʝʨʠʜʦʪʠʪʘʭ, ʧʠʨʦʢʩʝʥʠʪʘʭ, 

ʵʢʣʦʛʠʪʘʭ), ʣʠʙʦ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ (ʤʘʨʠʜʘʭ, ʛʣʠʤʤʝʨʠʪʘʭ, 

ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʘʭ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ ʪʠʧʘ).  

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ (ʧʝʨʠʜʦʪʠʪʘʭ, 

ʧʠʨʦʢʩʝʥʠʪʘʭ, ʵʢʣʦʛʠʪʘʭ) ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʷʚʣʷʝʪʩʷ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʦʤ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʟʸʨʝʥ ʨʘʟʤʝʨʦʤ ʜʦ 0,5-0,8 ʤʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʣʠʰʴ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʝʪ 0,1-0,5% ʦʙʲʸʤʘ, ʠ ʪʦʛʜʘ ʧʨʦʷʚʣʷʶʪʩʷ 

ʵʣʝʤʝʥʪʳ ʩʠʜʝʨʦʥʠʪʦʚʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜʳ.  ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʘʭ ʠ 

ʧʠʨʦʢʩʝʥʠʪʘʭ ʩʦ ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʨʫʢʪʫʨʦʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ, 

ʜʠʨʝʢʪʠʚʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ: ʮʝʧʦʯʝʯʥʦʡ, ʣʠʥʝʡʥʦʡ, ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʦʪʯʸʪʣʠʚʦ ʧʘʨʘʣʣʝʣʴʥʦ-ʟʦʥʘʣʴʥʳʭ (ʩʣʦʠʩʪʳʭ) ʧʦʨʦʜʘʭ.  ɺ 

ʧʝʨʠʜʦʪʠʪʘʭ ʠ ʧʠʨʦʢʩʝʥʠʪʘʭ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʳ (ʠ ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʡ, ʠ 

ʧʘʥʠʜʠʦʤʦʨʬʥʦʡ, ʠ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ) ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʥʝ 
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ʚʩʪʨʝʯʝʥ. 

ɺʦ ʚʢʣʶʯʝʥʠʷʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ (ʤʘʨʠʜʘʭ, 

ʛʣʠʤʤʝʨʠʪʘʭ) ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʣʠʰʴ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʟʸʨʝʥ ʠ 

ʚ ʘʢʮʝʩʩʦʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ.  ʅʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʘ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, 

ʜʦ 5%, ʦʪʤʝʯʘʝʪʩʷ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʘʭ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ ʪʠʧʘ, 

ʠʥʦʛʜʘ ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘʣʠʯʠʝʤ ʵʣʝʤʝʥʪʦʚ 

 

 
 

ʈʠʩ 2.  ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʤʝʛʘʢʨʠʩʪʦʚ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʦʛʦ ʪʠʪʘʥʠʩʪʦʛʦ ʧʠʨʦʧʘ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ  
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(ɸ) ʠ ʭʨʦʤ-ʦʤʬʘʮʠʪʦʚ: ɹ - ʪʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ, ɺ - ʪʨʫʙʢʘ ɹʦʪʫʦʙʠʥʩʢʘʷ, ɻ - ʪʨʫʙʢʘ 

ʄʘʡʩʢʘʷ. 

 

ʦʪʯʸʪʣʠʚʦʡ ʩʠʜʝʨʦʥʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʨʦʜʳ ʵʪʦʛʦ ʪʠʧʘ ʠ ʯʠʩʪʦ 

 ʚʥʝʰʥʝ, ʠ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʧʦʨʦʜʘʤ 

ʪʠʧʘ ʄɸʈʀɼ ʠ ʛʣʠʤʤʝʨʠʪʘʤ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ, ʚʦʟʤʦʞʥʦ, ʠʤʝʶʪ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ.  ʊʦʛʜʘ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʤʠʥʘ 

çʄɸʈʀɼè (Mica-Amphibole-Rutile-Ilmenite-Diopside), ʧʦʨʦʜʳ ʵʪʦʛʦ ʪʠʧʘ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʚʘʥʳ ʪʝʨʤʠʥʦʤ çʄɸʆʀʊè (Mica-Apatite-Olivine-Ilmenite). 

ʇʠʢʨʦʠʣʴʤʝʥʠʪ ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ TiO2, MgO ʠ Cr2O3, 

ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʝʤʘʪʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʠ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ [44] (ʨʠʩ. 3) ʝʛʦ ʩʦʩʪʘʚ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 

ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʪʠʧʠʯʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʚ ʤʝʛʘʢʨʠʩʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ.  ʉʦʩʪʘʚ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʠʟ ʩʘʤʳʭ ʨʘʟʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ 

(ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ) 

ʦʜʥʦʪʠʧʝʥ ʠ ʦʜʠʥʘʢʦʚʦ ʥʝʦʙʳʯʝʥ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ 

ʛʝʥʝʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʵʪʠʭ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ (ʪʘʙʣʠʮʘ 1).  ʅʝʙʦʣʴʰʠʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʠʣʴʤʝʥʠʪʘʤʠ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ 

ʪʘʢʞʝ ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ ʠ ʤʘʛʥʠʷ ʚ 

ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʠʣʴʤʝʥʠʪʘʭ.  ʊʘʢ ʚ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʘʭ, 

ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʘʭ ʠ ʛʨʘʥʘʪʦʚʳʭ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʭ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʪʠʧʘ ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʩʦʜʝʨʞʠʪ ʚ ʮʝʣʦʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʵʢʣʦʛʠʪʘʭ ʠ ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʭ ʵʢʣʦʛʠʪʦʚʦʛʦ 

ʪʠʧʘ MgO (11.9-15.3% ʧʨʦʪʠʚ  9,98-13,75%) ʠ ʦʩʦʙʝʥʥʦ Cr2O3 (0,5-2,2% 

ʧʨʦʪʠʚ 0,25-0,89%). 

  ʇʠʢʨʦʠʣʴʤʝʥʠʪ ʠʟ ʚʢʣʶʯʝʥʠʡ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ 

ʪʠʧʘ (ʤʘʦʠʪʦʚ) ʠ ʤʘʨʠʜʦʚ, ʭʦʪʷ ʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʠʟ 

ʢʩʝʥʦʣʠʪʦʚ ʧʝʨʠʜʦʪʠʪʦʚ-ʧʠʨʦʢʩʝʥʠʪʦʚ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ 

(7,0-7,7% MgO), ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ ʠ ʘʣʶʤʠʥʠʷ (0-0,08% 

Cr2O3 ʠ 0-0,10% Al 2O3) ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ (0,85-0,95% 

MnO), ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʷʚʣʷʝʪ ʩʭʦʜʩʪʚʦ ʩ ʥʠʤ ʧʦ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʪʠʪʘʥʘ ʠ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʛʝʤʘʪʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; ʝʛʦ ʩʦʩʪʘʚ ʪʘʢʞʝ 

ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʩʦʩʪʘʚʘ ʪʠʧʠʯʥʳʭ ʠʣʴʤʝʥʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʨʘʟʫʝʪ ʝʜʠʥʳʡ ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ ʩ ʠʣʴʤʝʥʠʪʘʤʠ ʠʟ 

ʧʝʨʠʜʦʪʠʪʦʚ-ʧʠʨʦʢʩʝʥʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚ ʢʘʢʦʡ-ʪʦ 

ʤʝʨʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʵʪʠʭ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʣʫʙʠʥʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʪʨʫʙʢʠ. 

ʀʟʫʯʝʥʥʳʝ ʟʸʨʥʘ ʠʣʴʤʝʥʠʪʘ ʠʟ ʢʩʝʥʦʣʠʪʦʚ çʢʦʨʦʚʳʭ ʵʢʣʦʛʠʪʦʚè ʠ 

ʵʢʣʦʛʠʪʦʧʦʜʦʙʥʳʭ ʧʦʨʦʜ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʝʤʘʪʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ MgO 

(ʜʦ 2-3%), ʯʪʦ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʠʣʴʤʝʥʠʪʦʚ ʠʟ ʜʘʝʢ ʠ 
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ʩʠʣʣʦʚ ʜʦʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʧʦʩʪʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʘʟʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ 

[19].  ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ, ʚ ʨʦʩʩʳʧʠ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ 

ʦʙʥʘʨʫʞʝʥʳ ʪʠʧʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʧʠʢʨʦʠʣʴʤʝʥʠʪʳ ʤʝʛʘʢʨʠʩʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ.  ʂʦʨʝʥʥʦʡ ʠʩʪʦʯʥʠʢ ʵʪʠʭ ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʚ ʧʦʢʘ ʥʝʠʟʚʝʩʪʝʥ. 

 

 
 

ʈʠʩ 3.  ʉʦʩʪʘʚ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʠʟ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ: 

ʜʠʘʛʨʘʤʤʘ [44] (ʚʚʝʨʭʫ); ʜʠʘʛʨʘʤʤʘ [34,35] (ʚʥʠʟʫ). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ: ʢʨʫʞʢʠ ï ʛʨʘʥʘʪʦʚʳʝ ʧʝʨʠʜʦʪʠʪʳ; 

ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʛʨʘʥʘʪʦʚʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʠ ʵʢʣʦʛʠʪʳ; ʨʦʤʙʳ ʠ ʢʚʘʜʨʘʪʳ ï ʤʘʨʠʜʳ ʠ 

ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʳ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ ʪʠʧʘ. 

 

 ɽʜʠʥʠʯʥʳʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪʳ ʠʟ ʚʢʣʶʯʝʥʠʡ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ 

ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʪʨʫʙʢʠ ʄʘʡʩʢʘʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠ ʧʦ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘʤ ʠʟ 

ʚʢʣʶʯʝʥʠʡ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. 

ʉʚʦʝʦʙʨʘʟʠʝ ʩʦʩʪʘʚʘ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ï ʦʜʥʘ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ. 
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ʊʘʙʣʠʮʘ 1.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʣʴʤʝʥʠʪʘ ʠʟ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ  

ʅʶʨʙʠʥʩʢʘʷ (ʤʘʩ. %) 

ˉˉ 

ʧ.ʧ. 
ʇʦʨʦʜʘ* ʆʙʨʘʟʝʮ TiO 2 Al 2O3 Cr2O3 FeO MnO MgO ʉʫʤʤʘ 

1 ʇ ʅ-602 58.52 0.49 1.38 24.60 0.40 14.55 99.94 

2 ʇ ʅ-647 57.82 0.65 1.32 25.78 0.28 13.85 99.70 

3 ʇ ʅ-682 57.92 0.21 1.38 25.54 0.31 14.24 99.60 

4 ʇ ʅ-262 59.24 0.08 1.30 23.39 0.42 15.30 99.73 

5 ʇ ʅ-373 56.90 0.51 1.46 27.29 0.64 12.66 99.46 

6 ʂ 18/420-33 57.43 0.20 0.65 29.74 0.34 11.58 99.94 

7 ʂ ʅ-649 58.71 0.51 0.42 25.81 0.59 13.80 99.84 

8 ʂ ʅ-250 57.16 0.42 1.38 28.13 0.52 11.92 99.53 

9 ʂ ʅ-250 57.77 0.35 1.78 26.37 0.55 13.21 100.03 

10 ʂ ʅ-263 58.80 0.23 0.69 27.27 0.29 12.88 100.16 

11 ʂ 26/360-41 56.54 0.49 0.72 29.04 0.33 12.31 99.43 

12 ʂ 26/360-105.5 57.73 0.29 0.63 28.13 0.28 12.55 99.61 

13 ʂ ʅ-887 58.00 0.34 0.61 28.30 0.32 12.71 100.28 

14 ʂ ʅ-889 56.78 0.50 0.50 31.15 0.16 10.83 99.92 

15 ʂʀʄ-Lf  ʅ-355 52.13 0.08 0.03 38.93 0.87 7.20 99.24 

16 ʂʀʄ-Lf  ʅ-355 53.26 0.02 0.06 37.95 0.95 7.23 99.47 

17 ʂʀʄ-Lf  ʅ-355 51.91 0.05 0.00 39.34 0.90 7.05 99.25 

ʇʨʠʤʝʯʘʥʠʝ: * - ʇ ï ʛʨʘʥʘʪʦʚʳʡ ʧʝʨʠʜʦʪʠʪ;  ʂ ï ʛʨʘʥʘʪʦʚʳʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ; ʂʀʄ-Lf ï 

ʧʨʦʪʦʢʠʤʙʝʨʣʠʪ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ ʪʠʧʘ. 

 

ʈʦʟʦʚʳʡ ʧʠʨʦʧ 

ʉʨʝʜʠ ʧʦʜʘʚʣʷʶʱʝʡ ʤʘʩʩʳ ʧʠʨʦʧʦʚ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʦʡ ʛʘʤʤʳ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʠʟʢʦʭʨʦʤʠʩʪʳʝ, 

ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʝ ʙʣʝʜʥʦ-ʨʦʟʦʚʳʝ ʧʠʨʦʧʳ, ʠʤʝʶʱʠʝ ʦʯʝʥʴ ʥʝʦʙʳʯʥʳʡ, 

ʥʝʚʟʨʘʯʥʳʡ ʦʙʣʠʢ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʪʨʫʜʥʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʧʨʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʙ.  ʇʦ ʩʦʩʪʘʚʫ ʵʪʠ ʧʠʨʦʧʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʛʨʘʥʘʪʘʤ ʠʟ ʨʝʜʢʦʛʦ ʪʠʧʘ ʤʘʥʪʠʡʥʳʭ ʚʢʣʶʯʝʥʠʡ ï ʘʣʴʢʨʝʤʠʪʦʚ [11].  ʀʟ 

ʠʟʫʯʝʥʥʳʭ ~1000 ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʚ ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ ʦʙʥʘʨʫʞʝʥ 

ʪʦʣʴʢʦ ʦʜʠʥ, ʥʦ ʢʨʫʧʥʳʡ  ʢʩʝʥʦʣʠʪ ʘʣʴʢʨʝʤʠʪʘ (ʦʙʨ. ʅ-678 ʨʘʟʤʝʨʦʤ 6,2 ʩʤ , 

ʚʝʩʦʤ 350 ʛ) [38].  ʆʜʥʘʢʦ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʜʦʪʨʫʙʦʯʥʦʡ ʜʘʡʢʠ ʅʶʨʙʠʥʩʢʦʡ 

ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʘʪʦʚ ʠʤʝʥʥʦ ʪʘʢʦʛʦ ʪʠʧʘ ʠ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 

4), ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʢʠʤʙʝʨʣʠʪʦʚ ʥʝʷʨʢʠʭ, ʥʦ ʚʝʩʴʤʘ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʛʨʘʥʘʪʦʚ ʠʟ ʘʣʴʢʨʝʤʠʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʚ ʨʘʡʦʥʝ. 

 

ʆʨʪʦʧʠʨʦʢʩʝʥ 

ɼʨʫʛʦʡ ʷʨʢʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʠʤʙʝʨʣʠʪʦʚ 

ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ 

ʚ ʢʠʤʙʝʨʣʠʪʘʭ, ʠ ʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ, ʜʘʞʝ ʚ ʚʠʜʝ ʧʩʝʚʜʦʤʦʨʬʦʟ.  

ʆʙʳʯʥʦ ʤʝʥʝʝ ʦʯʝʚʠʜʥʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ 



ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ. 
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ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʙʝʟ ʪʨʫʜʘ ʚ ʅʘʢʳʥʩʢʠʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ, ʧʨʠ ʵʪʦʤ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʠ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ 

ʦʨʪʦʧʠʨʦʢʩʝʥʫ ʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʘʭ ʅʘʢʳʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʀʟ ʧʨʠʤʝʨʥʦ 1000 ʠʟʫʯʝʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ 4 

ʢʩʝʥʦʣʠʪʘ ʩ ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ: 3 ʢʩʝʥʦʣʠʪʘ ʦʨʪʦʧʠʨʦʢʩʝʥʠʪʘ ʠ 1 ʢʩʝʥʦʣʠʪ 

ʚʝʙʩʪʝʨʠʪʘ.  ʇʦʵʪʦʤʫ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʧʝʨʠʜʦʪʠʪʦʚ ʤʘʥʪʠʡʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʠʟ ʅʘʢʳʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʘ (ʧʦ 

[25]) ʷʚʣʷʝʪʩʷ çʣʝʨʮʦʣʠʪʘʤʠè, ʘ ʧʦ ʤʦʜʘʣʴʥʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ï ʵʪʦ 

ʦʯʝʚʠʜʥʳʝ çʚʝʨʣʠʪʳè. 

ʂʣʠʥʦʧʠʨʦʢʩʝʥ 

ɺʳʜʝʣʝʥʠʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ.  ʇʨʠ ʵʪʦʤ ʚ ʩʠʣʫ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʸʥʥʦʩʪʠ 

ʢʠʤʙʝʨʣʠʪʦʚ (ʩʚʝʞʠʡ ʦʣʠʚʠʥ ʚʩʪʨʝʯʝʥ ʧʦʢʘ ʪʦʣʴʢʦ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʦʙʨʘʟʮʝ 

ˉ 28/159-896 ʥʘ ʛʣʫʙʠʥʝ 896 ʤ!), ʩʚʝʞʠʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ, ʥʦ ʩ ʛʣʫʙʠʥʦʡ, ʧʦ 

ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʠʟʤʝʥʸʥʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʜʦʣʷ ʝʛʦ ʩʚʝʞʠʭ 

ʚʳʜʝʣʝʥʠʡ ʨʘʩʪʸʪ. 

ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʟʸʨʝʥ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʘʥʪʠʡʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ ʅʘʢʳʥʘ ʠʤʝʝʪ ʪʠʧʠʯʥʳʡ ʷʨʢʠʡ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʡ ʮʚʝʪ (ʨʠʩ. 2ɹ-

ɼ).  ʃʠʰʴ ʟʸʨʥʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʭ ʵʢʣʦʛʠʪʦʚ, ʘ ʪʘʢʞʝ 

ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʞʝʣʝʟʦʪʠʪʘʥʦʚʦʡ, 

çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʩʝʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʅʘʢʳʥʘ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 4,5,6. 

ɼʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʘʷ (ʠʟ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ ʚʢʣʶʯʝʥʠʡ) ʭʘʨʘʢʪʝʨʥʳ ʥʝʦʞʠʜʘʥʥʦ 

ʙʣʠʟʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ: ʚʳʩʦʢʘʷ ʢʘʣʴʮʠʝʚʦʩʪʴ (49,9 - ʦʪ 47,6 ʜʦ 50,6), 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ (2-5% Na2O) ʠ ʘʣʶʤʠʥʠʷ (3,5-5,5% Al2O3), 

ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ (1,3-2,4% FeO) ʠ ʤʘʛʥʠʷ (12,6-15,0% MgO) 

ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʭʨʦʤʘ (0,07-4,5% Cr2O3). ʉʦʩʪʘʚ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʣʠʰʴ ʝʜʠʥʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʭʦʜʠʪ ʠʟ ʵʪʠʭ ʫʟʢʠʭ ʨʘʤʦʢ.  

ʊʦʯʥʦ ʪʘʢʠʤʠ ʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ 

ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ (ʘ ʚʝʜʴ ʧʨʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʪʙʠʨʘʣʠʩʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʝ 

ʟʝʨʥʘ ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ï ʨʠʩ. 2ɹ). çʍʚʦʩʪè ʚ 

ʚʳʩʦʢʦʥʘʪʨʠʝʚʦʡ ʠ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ (ʨʠʩ. 4), ʷʚʣʷʝʪʩʷ 

ʥʝʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʭʨʦʤʜʠʦʧʩʠʜʦʚ ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʘʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʥʝʦʙʳʯʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʙʳʣ ʠʟʫʯʝʥ ʝʛʦ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ.  

ʉʫʜʷ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʥʘʪʨʠʷ ʠ 

ʘʣʶʤʠʥʠʷ (ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʞʝʣʝʟʘ), ʚ ʥʠʭ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʘʜʝʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʠ ʵʪʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʤʬʘʮʠʠʪʫ.  ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʜʘ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʢʘʢ ʦʤʬʘʮʠʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʩʴʤʘ ʞʸʩʪʢʠʝ ʨʘʤʢʠ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʦ [28]). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʪʥʝʩʪʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʢ ʦʤʬʘʮʠʪʫ, ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ (ʚʩʝ ʚʝʣʠʯʠʥʳ ï ʚ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮʘʭ): 
ʊʘʙʣʠʮʘ 3.   

ɼʦʣʷ ʦʤʬʘʮʠʪʦʚ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ                       

                    ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ 

ʆʙʲʝʢʪ 

ʂʦʣʠʯʝʩʪʚʦ ʟʸʨʝʥ 
ɼʦʣʷ  

ʦʤʬʘʮʠʪʦʚ, % 
ɺʩʝʛʦ ʆʤʬʘʮʠʪʳ 

ɼʠʦʧʩʠ

ʜ  r

ʊʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ, ʢʠʤʙʝʨʣʠʪʳ 58 54 4 93 

ʊʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ, ʤʘʥʪʠʡʥʳʝ 

ʢʩʝʥʦʣʠʪʳ 
195 171 24 88 

ʊʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ, ʚʩʝʛʦ 253 225 28 89 

ɿʠʤʥʠʡ ɹʝʨʝʛ, Al-ʩʝʨʠʷ (ʤʝʩʪʦʨ. ʀʤ.  

ʃʦʤʦʥʦʩʦʚʘ) 
245 60 185 24 

ɿʠʤʥʠʡ ɹʝʨʝʛ, Fe-Ti-ʩʝʨʠʷ (ʤʝʩʪʦʨ. 

ʀʤ. ɻʨʠʙʘ ʠ ʜʨ.) 
208 67 141 32 

ʐʣʠʭʦʚʳʝ ʧʨʦʙʳ ʠʟ ʘʣʣʶʚʠʷ 

(ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ.) 
376 319 57 85 

 

0,15<Na<=0,75;  AlIV   0 ï 0,15 ;  Fe3+  0 ï 0,12; (Na-Fe3+)/Fe3+ > 1 ; AlIV / 

(Al IV + Fe3+) > 0,15 
ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ ʙʳʣʘ ʦʮʝʥʝʥʘ ʜʦʣʷ ʦʤʬʘʮʠʪʦʚ ʩʨʝʜʠ 

ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ çʭʨʦʤʜʠʦʧʩʠʜʦʚè (ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ 
ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ) ʚ ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ ʠ ʧʦʨʦʜʘʭ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 
ʨʝʛʠʦʥʦʚ (ʪʘʙʣʠʮʘ 3). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʡ ʪʘʙʣʠʮʳ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʠʤʝʥʥʦ ʭʨʦʤ-ʦʤʬʘʮʠʪʘʤʠ, ʘ ʥʝ ʭʨʦʤʜʠʦʧʩʠʜʘʤʠ, ʢʘʢ ʦʙʳʯʥʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠ ʢʘʢ ʦʙʳʯʥʦ ʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʚ ʜʨʫʛʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʨʘʡʦʥʘʭ.  ʊʘʢ, ʚ 

ɿʠʤʥʝʙʝʨʝʞʥʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʨʘʡʦʥʝ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʘʣʤʘʟʦʥʦʩʥʘʷ 

ʧʨʦʚʠʥʮʠʷ) ʜʦʣʷ ʦʤʬʘʮʠʪʦʚ ʩʨʝʜʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʤʝʥʴʰʝ ʯʝʤ ʚ ʪʨʫʙʢʝ 

ʅʶʨʙʠʥʩʢʘʷ ʚ 3-4 ʨʘʟʘ, ʧʨʠʯʸʤ ʤʠʥʠʤʘʣʴʥʘʷ ʜʦʣʷ ʦʤʬʘʮʠʪʦʚ (ʭʨʦʤ-

ʦʤʬʘʮʠʪʦʚ) ʭʘʨʘʢʪʝʨʥʘ ʠʤʝʥʥʦ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. 
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ʃʦʤʦʥʦʩʦʚʘ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʢʠʤʙʝʨʣʠʪʘʤ 

ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ (ʥʘʧʨʠʤʝʨ, [5] ʠ ʜʨ.).  ʆʜʥʘʢʦ ʪʘʢʘʷ ʚʳʩʦʢʘʷ ʜʦʣʷ 

ʦʤʬʘʮʠʪʦʚ ʚ ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʚʩʝ ʥʝ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʵʢʣʦʛʠʪʦʚ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, 

ʥʘʧʨʦʪʠʚ ï ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ 

ʭʘʨʘʢʪʝʨʥʳ ʩʦʚʩʝʤ ʥʝ ʜʣʷ ʵʢʣʦʛʠʪʦʚ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, ʘ ʜʣʷ ʛʨʘʥʘʪʦʚʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ, ʜʠʨʝʢʪʠʚʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ.  ʕʪʦ ʦʯʝʥʴ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʨʠʩʫʥʢʦʚ ʩʦʩʪʘʚʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʜʣʷ 

ʧʝʨʠʜʦʪʠʪʦʚ (ʨʠʩ. 4ɸ; 4ɸ) ʠ ʵʢʣʦʛʠʪʦʚ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʨʠʩ. 4ɹ; 5ɹ).  ʀ 

ʪʦ, ʯʪʦ ʜʦʣʷ ʦʤʬʘʮʠʠʪʦʚ ʚ ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ ʚʳʰʝ ʫ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʯʝʤ ʫ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ, 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʥʝʦʙʳʯʥʳʤ ʩʦʩʪʘʚʦʤ ʚ ʪʨʫʙʢʝ ʦʪʣʠʯʘʶʪʩʷ ʠʤʝʥʥʦ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ (ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʦʪʙʠʨʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʷʨʢʠʝ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ), ʘ 

ʜʣʷ ʵʢʣʦʛʠʪʦʚ ʦʤʬʘʮʠʪʦʚʳʡ ʩʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩʦʚʝʨʰʝʥʥʦ ʝʩʪʝʩʪʚʝʥʝʥ 

ʠ ʦʙʳʯʝʥ. ʅʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ [43] (ʨʠʩ. 5) ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʠʟ ʵʢʣʦʛʠʪʦʚ ʠ ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʩʦʩʪʘʚʫ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʵʢʣʦʛʠʪʦʚ ʛʨʫʧʧʳ çɸè [32], ʘ  

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʪʝʢʩʪʫʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʩʦʩʪʘʚʫ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤ ʢʘʢ ʠʟ ʵʢʣʦʛʠʪʦʚ 

ʛʨʫʧʧʳ çɸè (ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ), ʪʘʢ ʠ ʠʟ ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʵʢʣʦʛʠʪʦʚ 

ʛʨʫʧʧʳ çɺè (ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ)  ʊʦ ʝʩʪʴ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʛʨʘʥʘʪʦʚʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʚ ʮʝʣʦʤ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʤʠ, ʯʝʤ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʠʟ ʵʢʣʦʛʠʪʦʚ ʠ ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ.  ʕʪʦ ʦʯʝʥʴ ʥʝʦʙʳʯʥʳʡ ʬʘʢʪ. 

ʀʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʠʟʫʯʝʥʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʤʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ï ʧʦʯʪʠ 

ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʤʬʘʮʠʪʘʤʠ.  ʅʘ ʵʪʦʤ ʦʙʱʝʤ ʚʳʩʦʢʦʥʘʪʨʦʚʦʤ ʬʦʥʝ ʨʝʟʢʦ 

ʚʳʜʝʣʷʶʪʩʷ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʦʤʬʘʮʠʪʘʤʠ, ʘ, ʢʘʢ ʠ ʧʦʣʦʞʝʥʦ ʢʠʤʙʝʨʣʠʪʘʤ ï 

ʭʨʦʤʜʠʦʧʩʠʜʘʤʠ, ʬʘʢʪʠʯʝʩʢʠ ʝʜʠʥʠʯʥʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʤʘʥʪʠʡʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ 4-ʭ ʪʠʧʦʚ.  ʉʦʚʝʨʰʝʥʥʦ ʦʙʦʩʦʙʣʝʥʥʫʶ ʛʨʫʧʧʫ (ʢʘʢ ʠ ʧʦ ʩʦʩʪʘʚʫ 

ʛʨʘʥʘʪʘ) ʦʙʨʘʟʫʶʪ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʘʪʦʚʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʠ (ʯʘʩʪʠʯʥʦ) ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨ.  

ɼʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʵʪʠʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘʷ ʤʘʛʥʠʟʠʘʣʴʥʦʩʪʴ, 

ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʥʘʪʨʠʷ. ɸʥʘʣʦʛʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʚʳʜʝʣʷʶʪʩʷ 

ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʝʜʠʥʠʯʥʳʭ ʧʠʨʦʧʦʚʳʭ ʛʨʘʥʘʪʠʪʦʚ ʭʨʦʤʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ.  ʄʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʤʠ ʠ ʭʨʦʤʠʩʪʳʤʠ, ʥʦ ʪʘʢʞʝ 

ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʤʠ ʠ ʥʠʟʢʦʥʘʪʨʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ 

ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʞʝʣʝʟʦ-ʪʠʪʘʥʠʩʪʦʡ ʩʝʨʠʠ (ʩ ʛʨʘʥʘʪʘʤʠ 

ʪʠʪʘʥʦʚʦʡ, çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʘʩʩʦʮʠʘʮʠʠ).  ʀ, ʥʘʢʦʥʝʮ, ʯʪʦ ʩʦʚʩʝʤ ʥʝ ʙʳʣʦ 

ʦʯʝʚʠʜʥʦ, ʠʤʝʥʥʦ ʭʨʦʤʜʠʦʧʩʠʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 

ʩʝʨʠʠ ʄɸʈʀɼ (ʚ ʤʘʨʠʜʘʭ). ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʦʩʪʘʣʴʥʳʭ, ʨʝʟʢʦ 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʦʤʬʘʮʠʪʘʤʠ: ʠʣʠ 

ʧʨʦʩʪʦ ʦʤʬʘʮʠʪʘʤʠ (ʵʢʣʦʛʠʪʳ), ʠʣʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʤʠ ʦʤʬʘʮʠʪʘʤʠ 

(ʛʨʘʥʘʪʦʚʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʪʠʧʘ ʠ ɻ ʢʣʦʛʠʪʦʚʦʛʦ 
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ʪʠʧʘ), ʠʣʠ ʭʨʦʤ-ʦʤʬʘʮʠʪʘʤʠ 

 

 

ʈʠʩ 4.  ʉʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. 

 (ɼʠʘʛʨʘʤʤʘ [4, 12,14]): ɸ ï ʠʟ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ 

(ʢʨʫʞʢʠ), ʠ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʚʘʜʨʘʪʳ);  ɹ ï ʠʟ 

ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, ʵʢʣʦʛʠʪʦʚ (ʪʨʝʫʛʦʣʴʥʠʢʠ) ʠ ʤʘʨʠʜʦʚ (ʢʚʘʜʨʘʪ). 

(ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʨʘʥʘʪʦʚʳʝ ʧʝʨʠʜʦʪʠʪʳ ʠ ʭʨʦʤʰʧʠʥʝʣʝʚʳʝ ʧʝʨʠʜʦʪʠʪʳ).  

ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʛʨʘʥʘʪʦʚʳʭ ʠ ʭʨʦʤʰʧʠʥʝʣʝʚʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʦʯʝʥʴ ʙʣʠʟʢʠ, ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤʠ ʠʟ 

ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʚʢʣʶʯʘʷ ʵʢʣʦʛʠʪʳ) ʦʪʯʸʪʣʠʚʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʭʨʦʤʘ (ʤʝʥʴʰʝ 1% ʠ ʙʦʣʴʰʝ 1% Cr2O3, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʧʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʠʢʨʦʠʣʴʤʝʥʠʪ (ʠʣʠ ʨʫʪʠʣ), ʧʦ 

ʩʦʩʪʘʚʫ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩʣʘʙʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʙʝʟʠʣʴʤʝʥʠʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʤ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ).   

ʅʘ ʬʦʥʝ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʤʦʜʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʚʥʝʰʥʝʤʫ ʦʙʣʠʢʫ, ʥʦ ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʪʠʧʥʳʡ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʦʤʬʘʮʠʪ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʝʨʦʷʪʥʦ, ʝʜʠʥʫʶ çʧʘʯʢʫè ʧʦʨʦʜ 

 

 
 

ʈʠʩ. 5.  ʉʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ 

(ʜʠʘʛʨʘʤʤʘ [43]:  

ʚʚʝʨʭʫ - . ʠʟ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ (ʢʨʫʞʢʠ), ʠ 

ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʚʘʜʨʘʪʳ);  ʚʥʠʟʫ ï ʠʟ ʛʨʘʥʘʪʦʚʳʭ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, ʵʢʣʦʛʠʪʦʚ (ʪʨʝʫʛʦʣʴʥʠʢʠ) ʠ ʤʘʨʠʜʦʚ (ʢʚʘʜʨʘʪ). ɸ, ɺ, ʉ ï ʪʠʧʳ 

ʵʢʣʦʛʠʪʦʚ ʧʦ [32]. 

 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʚʳʜʝʣʷʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʛʣʫʙʠʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩ 

ʥʝʦʙʳʯʥʳʤ ʩʦʩʪʘʚʦʤ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ (ʭʦʪʷ ʠ ʦʤʬʘʮʠʪʘ).  ʆʜʠʥ ʠʟ ʪʘʢʠʭ 

ʢʩʝʥʦʣʠʪʦʚ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʛʨʫʧʧʝ ʛʨʘʥʘʪʦʚʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ 
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ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʳʤʠ ʠʣʠ ʘʣʣʦʪʨʠʦʤʦʨʬʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ.  ʆʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʤʝʥʥʦ ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʭʦʞʠʭ ʚʥʝʰʥʝ ʦʙʨʘʟʮʦʚ (ʪʦʣʴʢʦ ʩ ʭʨʦʤʜʠʦʧʩʠʜʘʤʠ), ʩʦʜʝʨʞʠʪ 

ʚʳʩʦʢʦʥʘʪʨʦʚʳʡ ʠ ʚʳʩʦʢʦʛʣʠʥʦʟʸʤʠʩʪʳʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥ (4,97% Na2O; 5,91% 

Al 2O3) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧʠʯʥʦʤʫ ʦʤʬʘʮʠʪʫ, ʠ ʵʪʦ ʧʨʠʪʦʤ, ʯʪʦ 

ʫʤʝʨʝʥʥʦʭʨʦʤʠʩʪʳʡ ʛʨʘʥʘʪ ʵʪʦʛʦ ʦʙʨʘʟʮʘ (3,20% Cr2O3 ʠ 3,26% CaO) 

ʧʨʠʥʘʜʣʝʞʠʪ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʤʫ ʧʘʨʘʛʝʥʝʟʠʩʫ ʭʨʦʤʦʚʦʡ 

(ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ) ʘʩʩʦʮʠʘʮʠʠ!  ʊʘʢʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ 

ʧʘʨʘʛʝʥʝʟʠʩʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʳʯʥʦʩʪʴ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʤʘʥʪʠʡʥʦʤ ʩʫʙʩʪʨʘʪʝ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ. 

ʅʝʦʙʳʯʥʦʩʪʴ ʩʦʩʪʘʚʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʘʷ ʭʦʨʦʰʦ ʚʠʜʥʘ ʠ ʥʘ ʜʠʘʛʨʘʤʤʝ [36] (ʨʠʩ. 6), ʥʘ ʢʦʪʦʨʦʡ ʙʦʣʴʰɸʷ 

ʯʘʩʪʴ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʭ) ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʝ çɺʥʝʢʨʘʪʦʥʥʳʭ 

ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʰʧʠʥʝʥʣʝʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚè, ʧʨʠ ʵʪʦʤ ʚ ʧʦʣʝ 

çɺʥʫʪʨʠʢʨʘʪʦʥʥʳʭ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚè  ʧʦʧʘʜʘʶʪ ʚʩʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʠʟ ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʠ 

(ʯʘʩʪʠʯʥʦ) ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨ, ʙʦʣʴʰʠʥʩʪʚʘ ʭʨʦʤʰʧʠʥʝʣʠʜ-

ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʯʘʩʪʠ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʘ ʠʟ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ - ʪʦʣʴʢʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʛʨʘʥʘʪʦʚʳʭ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʞʝʣʝʟʦ-ʪʠʪʘʥʠʩʪʦʡ ʩʝʨʠʠ (ʩ ʛʨʘʥʘʪʘʤʠ ʪʠʪʘʥʦʚʦʡ, 

çʤʝʛʘʢʨʠʩʪʦʚʦʡè ʘʩʩʦʮʠʘʮʠʠ) ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʤʘʨʠʜʦʚ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ Nimis, 1998 ʚ ʧʦʣʝ çʅʠʟʢʦʛʣʠʥʦʟʸʤʠʩʪʳʭ ʧʝʨʠʜʦʪʠʪʦʚè 

ʧʦʧʘʜʘʶʪ ʪʦʣʴʢʦ ʚʩʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʟ ʤʘʨʠʜʦʚ ʠ 

ʝʜʠʥʠʯʥʳʝ ʟʸʨʥʘ ʠʟ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʳʯʥʦʩʪʴ ʩʦʩʪʘʚʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʤʘʥʪʠʡʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. 

ɺ ʪʨʫʙʢʝ ɹʦʪʫʦʙʠʥʩʢʘʷ (ʨʠʩ. 2ɺ) ʠʟʫʯʝʥʥʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʭʨʦʤ-ʦʤʬʘʮʠʪʳ ʠ ʭʨʦʤʜʠʦʧʩʠʜʳ ʧʨʠʤʝʨʥʦ ʧʦʧʦʣʘʤ (ʯʪʦ, 

ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʤʘʣʦʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʧʦʢʘ ʚʳʙʦʨʢʦʡ 

ʠʟʫʯʝʥʥʳʭ ʟʸʨʝʥ). 

ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʟ ʪʨʫʙʢʠ ʄʘʡʩʢʘʷ (ʨʠʩ. 2ɻ,ɼ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Al2O3 (3,1-6,2%), Na2O (4-6,8%) ʠ Cr2O3 (4-7,2%), 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ FeO (1,7-2,3%) ʠ MgO (ʤʝʥʝʝ 12%).  ʆʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʨʦʤ-ʦʤʬʘʮʠʪʘʤ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʦʡ ʬʘʮʠʠ ʛʣʫʙʠʥʥʦʩʪʠ ʩ 

ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʶʨʠʠʪʦʚʦʛʦ (ʢʦʩʤʦʭʣʦʨʦʚʦʛʦ) ʢʦʤʧʦʥʝʥʪʘ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʤ ʥʝʢʦʪʦʨʳʝ ʪʦʯʢʠ ʠʭ ʩʦʩʪʘʚʦʚ ʚʳʭʦʜʷʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ 

ʧʨʠʚʳʯʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ [36] (ʨʠʩ. 6). 

ɺ ʮʝʣʦʤ, ʧʦ ʥʝʦʙʳʯʥʦʤʫ ʩʦʩʪʘʚʫ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʥʦʜʫʣʠ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʦʡ (ʘ ʪʘʢʞʝ ɹʦʪʫʦʙʠʥʩʢʦʡ ʠ ʄʘʡʩʢʦʡ) ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʥʦʜʫʣʝʡ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʛʣʠʥʦʟʸʤʠʩʪʦʡ ʩʝʨʠʠ ɿʠʤʥʝʛʦ ɹʝʨʝʛʘ 



ɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ  ʧʣʶʤʳ 
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(ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ), ʠ 

ʞʝʣʝʟʦ-ʪʠʪʘʥʠʩʪʦʡ ʩʝʨʠʠ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤ. ɻʨʠʙʘ) [12,14,16], ʘ ʪʘʢʞʝ, 

ʚʝʨʦʷʪʥʦ, ʦʪ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʥʦʜʫʣʝʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʜʨʫʛʠʭ 

ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʠ ʄʠʨʘ).  ʅʝʦʙʳʯʥʳʡ ʩʦʩʪʘʚ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʘʥʪʠʡʥʳʭ ʥʦʜʫʣʝʡ ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥ ʩ 

ʥʝʦʙʳʯʥʳʤʠ  ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʦʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ. 

 

 

ʈʠʩ. 6. ʉʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ 

(ɼʠʘʛʨʘʤʤʘ [36] ʚʚʝʨʭʫ - ʠʟ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ 

(ʢʨʫʞʢʠ), ʠ ʛʨʘʥʘʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʦʪʦʛʨʘʥʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʚʘʜʨʘʪʳ);  ʚʥʠʟʫ ï ʠʟ 

ʛʨʘʥʘʪʦʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, ʵʢʣʦʛʠʪʦʚ (ʪʨʝʫʛʦʣʴʥʠʢʠ) ʠ ʤʘʨʠʜʦʚ (ʢʚʘʜʨʘʪ). 

 



ʉʘʙʣʫʢʦʚ  ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ  ʃ.ʀ., ʉʪʝʛʥʠʮʢʠʡ ʖ.ɹ. 
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ɿʝʣʸʥʳʡ ʛʨʘʥʘʪ 

ɿʝʣʸʥʳʝ ʛʨʘʥʘʪʳ (ʛʨʦʩʩʫʣʷʨ-ʫʚʘʨʦʚʠʪ-ʧʠʨʦʧʳ) ʦʯʝʥʴ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʠʠ, ʖʞʥʦʡ ɸʬʨʠʢʠ, 

ɺʝʥʝʩʫʵʣʳ, ʂʘʥʘʜʳ.  ɺʧʝʨʚʳʝ ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʢʠʤʙʝʨʣʠʪʘʭ 

ʗʢʫʪʠʠ, ʢʩʝʥʦʣʠʪʘʭ ʛʨʦʩʧʠʜʠʪʦʚ ʠ ʚʢʣʶʯʝʥʠʷʭ ʚ ʘʣʤʘʟʳ ʦʧʠʩʘʥʳ ʅ.ɺ. 

ʉʦʙʦʣʝʚʳʤ [24,40,41]. ɿʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʠʤʝʶʪ ʷʨʢʠʡ ʠ ʥʝʦʙʳʯʥʳʡ ʦʙʣʠʢ ʥʘ 

ʦʙʱʝʤ ʬʦʥʝ ʬʠʦʣʝʪʦʚʳʭ ʠ ʢʨʘʩʥʳʭ ʛʨʘʥʘʪʦʚ, ʧʦʵʪʦʤʫ ʚʩʝʛʜʘ ʧʨʠʚʣʝʢʘʣʠ ʢ 

ʩʝʙʝ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠ ʠʥʪʝʨʝʩ.  ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʟʝʣʝʥʳʝ ʛʨʘʥʘʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʜʫʢʪʘʤʠ ʜʨʦʙʣʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʦʩʦʙʦ ʛʣʫʙʠʥʥʳʭ 

(>200 ʢʤ) ʛʨʘʥʘʪʦʚʳʭ ʚʝʨʣʠʪʦʚ [29,31]. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʩʝʥʦʣʠʪʦʚ ʩ 

ʟʝʣʸʥʳʤ ʛʨʘʥʘʪʦʤ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʜʘʡʢʠ ʅʴʶʣʝʥʜʩ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ ʦʣʠʚʠʥ-ʫʚʘʨʦʚʠʪ-

ʭʨʦʤʠʪʦʚʳʭ ʞʠʣ ʥʘ ʫʤʝʨʝʥʥʳʭ ʛʣʫʙʠʥʘʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ (80-90 ʢʤ) [21,37].  

ɺʳʜʝʣʝʥ ʥʦʚʳʡ ʪʠʧ çʤʦʜʘʣʴʥʦʛʦè ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ï çʢʘʣʴʮʠʝʚʳʡè 

ʤʝʪʘʩʦʤʘʪʦʟ (ʩ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: ʭʨʦʤ-ʢʘʣʴʮʠʝʚʳʡ ʠ ʪʠʪʘʥ-ʭʨʦʤ-

ʢʘʣʴʮʠʝʚʳʡ  ʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ). 

ɺ ʅʘʢʳʥʩʢʦʤ ʧʦʣʝ ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʘʥʝʝ ʪʦʣʴʢʦ ʚ 

ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʥʘ ʫʯʘʩʪʢʝ ʍʘʥʠʥʩʢʠʡ (ʚʠʜʠʤʦ, ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʖʨʳ), ʥʦ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʵʪʦʛʦ ʧʦʣʷ ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʨʘʥʝʝ 

ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʙʳʣʠ [7]. ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʨʦʩʩʳʧʝʡ 

ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʥʘʤʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʚ ʪʘʢʦʤ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʢʦʪʦʨʦʝ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʜʘʡʢʠ ʅʴʶʣʝʥʜʩ (ʖɸʈ).   

ʇʝʨʚʳʝ ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʚ ʨʦʩʩʳʧʠ 

ʅʶʨʙʠʥʩʢʘʷ ʚ 2006 ʛ., ʚ 2007-2012 ʛʛ. ʜʝʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘ ʪʨʫʙʢʝ 

ʅʶʨʙʠʥʩʢʘʷ ʠ ʩʦʧʨʷʞʸʥʥʦʡ ʩ ʥʝʡ ʨʦʩʩʳʧʠ ʅʶʨʙʠʥʩʢʘʷ ʧʨʠʚʝʣʠ ʢ 

ʦʙʥʘʨʫʞʝʥʠʶ ʜʝʩʷʪʢʦʚ ʟʸʨʝʥ ʟʝʣʸʥʳʭ ʛʨʘʥʘʪʦʚ ï ʥʦ ʪʦʣʴʢʦ ʚ ʨʦʩʩʳʧʠ!  ɺ 

ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʥʘʤʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʣʢʠʡ 

ʦʩʢʦʣʦʢ ʟʝʣʸʥʦʛʦ ʛʨʘʥʘʪʘ ʨʘʟʤʝʨʦʤ 0,3 ʤʤ, ʧʨʠʯʸʤ ʠʤʝʥʥʦ ʚ ʧʝʨʚʦʡ 

ʧʨʦʪʦʣʦʯʥʦʡ ʧʨʦʙʝ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʦʧʫʱʝʥʘ ʯʝʨʝʟ ʱʝʢʦʚʫʶ ʜʨʦʙʠʣʢʫ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʅʀɻʇ, ʠ ʚʦʟʤʦʞʥʦ, ʧʨʦʯʠʩʪʠʣʘ ʤʝʭʘʥʠʟʤʳ ʦʪ ʦʩʪʘʪʢʦʚ 

ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʳʜʫʱʠʭ ʜʨʦʙʣʝʥʠʡ.  ʕʪʦʪ ʟʝʣʸʥʳʡ ʦʩʢʦʣʦʢ, ʚʝʨʦʷʪʥʦ, 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʟʘʩʦʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʧʷʪʠ ʜʝʩʷʪʢʦʚ 

ʜʨʫʛʠʭ ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʥʠʯʝʛʦ 

ʧʦʜʦʙʥʦʛʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.   

ɺ 2013 ʛ., ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʝʨʥʘ ʧʝʨʚʳʭ ʞʝ ʩʢʚʘʞʠʥ ʧʦ ʪʨʫʙʢʝ 

ɹʦʪʫʦʙʠʥʩʢʘʷ, ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ï ʩʥʘʯʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ñin situò, ʧʨʠ ʧʦʣʝʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ 

ʢʝʨʥʝ ʩʢʚʘʞʠʥ, ʟʘʪʝʤ - ʠ ʚ ʩʣʫʯʘʡʥʳʭ ʦʙʨʘʟʮʘʭ, ʠ ʚ ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙʘʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʵʪʦʡ ʪʨʫʙʢʠ. 

 

ɺ 2014-2016 ʛʛ., ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʝʨʥʘ ʧʝʨʚʳʭ ʞʝ ʩʢʚʘʞʠʥ ʧʦ ʪʨʫʙʢʝ 
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ʄʘʡʩʢʘʷ, ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ï ʩʥʘʯʘʣʘ ʚ ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙʘʭ ʢʠʤʙʝʨʣʠʪʦʚ ʵʪʦʡ ʪʨʫʙʢʠ, ʟʘʪʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ñin situò, ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʩʣʫʯʘʡʥʦ ʦʪʦʙʨʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʵʪʦʡ ʪʨʫʙʢʠ. 

ʄʘʢʨʦʢʨʠʩʪʳ ʟʝʣʸʥʳʭ ʛʨʘʥʘʪʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 4-8 ʤʤ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʦʙʨʘʟʮʘʭ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʄʘʡʩʢʘʷ (ñin situò), ʟʸʨʥʘ ʵʪʠʭ 

ʛʨʘʥʘʪʦʚ ʩʠʣʴʥʦ ʪʨʝʱʠʥʦʚʘʪʳ ʠ ʠʟʤʝʥʝʥʳ ʧʦ ʪʨʝʱʠʥʘʤ, ʧʦʵʪʦʤʫ ʚ 

ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙʘʭ ʦʥʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ 

ʦʙʣʦʤʢʦʚ ʠ ʦʩʢʦʣʢʦʚ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ (ʦʪ ʢʣʘʩʩʘ -4+2 ʤʤ ʜʦ 

 

 
 

ʈʠʩ 7.  ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʤʦʥʦʬʨʘʢʮʠʡ ʟʝʣʸʥʦʛʦ ʛʨʘʥʘʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 

ɹʦʪʫʦʙʠʥʩʢʘʷ: ɸ ï ʧʨʦʙʘ ʩ ʦʜʥʦʮʚʝʪʥʳʤʠ ʛʨʘʥʘʪʘʤʠ; ɹ - ʧʨʦʙʘ ʩ ʨʘʟʥʦʮʚʝʪʥʳʤʠ ʛʨʘʥʘʪʘʤʠ.  

ʂʣʘʩʩ ʢʨʫʧʥʦʩʪʠ -1+0,25 ʤʤ. 

 

ʢʣʘʩʩʘ -0,25 ʤʤ). ʆʪʤʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʩʨʦʩʪʢʠ ʛʨʘʥʘʪʘ ʩ 

ʭʨʦʤʰʧʠʥʝʣʠʜʦʤ.  ʆʪʜʝʣʴʥʳʝ ʢʨʫʧʥʳʝ (3 ʤʤ) ʮʝʣʳʝ, ʥʝʪʨʝʱʠʥʦʚʘʪʳʝ ʟʸʨʥʘ 

ʛʨʘʥʘʪʦʚ ʠʤʝʶʪ ʦʯʝʥʴ ʪʸʤʥʳʡ, ʧʦʯʪʠ ʯʸʨʥʳʡ ʮʚʝʪ ʠ ʧʦ ʩʫʪʠ ʚʠʟʫʘʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʪʦʣʴʢʦ ʧʦ ʩʪʝʢʣʷʥʥʦʤʫ ʙʣʝʩʢʫ ʠ ʝʜʠʥʠʯʥʳʤ 
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ʷʨʢʦ-ʟʝʣʸʥʳʤ ʨʝʬʣʝʢʩʘʤ.  ɺ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 

ɹʦʪʫʦʙʠʥʩʢʘʷ ʩʦʜʝʨʞʘʥʠʝ ʟʝʣʸʥʳʭ ʛʨʘʥʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,2-0,4 ʜʦ 14% 

ʪʷʞʸʣʦʡ ʬʨʘʢʮʠʠ. 

 
 

ʈʠʩ 8.  ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʤʦʥʦʬʨʘʢʮʠʡ ʟʝʣʸʥʦʛʦ ʛʨʘʥʘʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 

ʄʘʡʩʢʘʷ: ɸ ï ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ -4+1 ʤʤ; ɹ-ɽ ï ʤʦʥʦʬʨʘʢʮʠʠ ʮʚʝʪʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʘʪʘ, ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ -1+0,25 ʤʤ. 

 

ɿʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʮʚʝʪʦʚʳʤ ʦʪʪʝʥʢʘʤ 

(ʨʠʩ. 7,8): ʚʩʪʨʝʯʘʶʪʩʷ ʟʸʨʥʘ ʟʝʣʸʥʦʛʦ, ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʦʛʦ, ʩʝʨʦ-ʟʝʣʸʥʦʛʦ, 

ʙʦʣʦʪʥʦʛʦ ʠ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʸʥʦʛʦ ʜʦ ʩʠʥʝʛʦ ʮʚʝʪʘ, ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ 

ʮʚʝʪʫ ʟʝʣʸʥʳʝ ʛʨʘʥʘʪʳ ʠʟ ʪʨʫʙʢʠ ʄʘʡʩʢʘʷ (ʨʠʩ. 8).  ʆʥʠ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 4, ʨʠʩ. 9) ʧʦ ʩʦʜʝʨʞʘʥʠʶ CaO 

(10-26%), Cr2O3  (4-15%), ʊiO2 (0,1-1,86%), FeO (5,5-9%) ʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʫʚʘʨʦʚʠʪ-ʛʨʦʩʩʫʣʷʨʘʤ ʠ ʫʚʘʨʦʚʠʪ-ʧʠʨʦʧʘʤ. ʀʟ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ LREE, Y ʠ ʜʨ., ʥʦ ʦʩʦʙʝʥʥʦ - Zr [21].  

ɼʣʷ ʟʝʨʝʥ ʟʝʣʝʥʳʭ ʛʨʘʥʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʥʘʤʝʯʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʢʝ ʄʘʡʩʢʘʷ ʛʨʘʥʘʪʳ 

ʠʟʫʤʨʫʜʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ CaO (23-

25,5%), Cr2O3 (9-11,0%) ʠ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊiO2 (0,3-0,6%) ʠ FeO 

(5,5-6,5%), ʘ ʛʨʘʥʘʪʳ ʙʫʪʳʣʦʯʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ CaO (15-16%), Cr2O3 (6-8%) ʠ ʊiO2 (0,3-0,6%) ʠ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ FeO (6,0-8,0%). ʈʘʟʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʣʸʥʳʭ 
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