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ʂʦʨʦʣʝʚʘ ʆ., ʇʨʦʢʦʧʴʝʚ ɸ., ʇʦʣʷʥʩʢʠʡ ʆ., ɺʘʩʠʣʴʝʚ ɼ. ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ 
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ʇʃɸʊʌʆʈʄʓ ʀ ɹɸʁʂɸʃʆ-ʇɸʊʆʄʉʂʆɻʆ ʇʆʗʉɸ ɺ ʉʊɺʆʈɽ ʇʈʆʌʀʃʗ 1-ʉɹ-ɺʆʉʊʆʏʅʓʁ ʀ 
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ʂʫʥʛʫʨʮʝʚ ʃ., ɻʦʰʢʦ ɽ., ɹʫʩʣʦʚ ʄ. ʄʆɼɽʃʔ ɻʃʋɹʀʅʅʆɻʆ ʉʊʈʆɽʅʀʗ ʖɾʅʆ-ɺɽʈʍʆʗʅʉʂʆʁ 

ʆʂʈɸʀʅʓ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ ɺ ʇʆɿɼʅɽʄ ʄɽɿʆɿʆɽééééééééééééé.. 

ʂʫʨʘʧʦʚ ʄ., ʇʨʦʩʢʫʨʥʠʥ ɺ., ɹʘʛʘʝʚʘ ɸ., ɹʦʨʠʩʝʥʢʦʚ ʂ. ʂɸʄɽʅʅʆʋɻʆʃʔʅʓʁ ʄɸɻʄɸʊʀɿʄ ʦ. 
ɹʆʃʔʐɽɺʀʂ (ɸʈʍ. ʉɽɺɽʈʅɸʗ ɿɽʄʃʗ) ééééééééééééééééééééééééé. 

ʂʫʪʳʛʠʥ ʈ. ʇʈʆɹʃɽʄɸ ʇɸʃɽʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹʆʉʅʆɺɸʅʀʗ ɻʈɸʅʀʎʓ ɸʈʊʀʅʉʂʆɻʆ 

ʀ ʂʋʅɻʋʈʉʂʆɻʆ ʗʈʋʉʆɺ ɺ ɿɸʇɸɼʅʆʄ ɺɽʈʍʆʗʅʔɽéééééééééééééééééé 

ʃʫʯʠʯʢʘʷ ʄ., ɻʝʨʮʝʚʘ ʄ., ʉʳʩʦʝʚ ʀ. ʈɸʅʅɽʄɽʃʆɺʆʁ ɻʈɸʅʀʊʆʀɼʅʓʁ ʄɸɻʄɸʊʀɿʄ 

ʆɹʃɸʉʊʀ ʉʆʏʃɽʅɽʅʀʗ ɻʃɸɺʅʆɻʆ ʀ ʉɽɺɽʈʅʆɻʆ ɹɸʊʆʃʀʊʆɺʓʍ ʇʆʗʉʆɺ, ɺɽʈʍʆʗʅʆ-

ʂʆʃʓʄʉʂɸʗ ʉʂʃɸɼʏɸʊɸʗ ʆɹʃɸʉʊʔ .......................................................................................................  

ʄʘʢʘʨʦʚ ɸ., ʐʠʙʘʝʚ ʉ. ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆʗɺʃɽʅʀʗ ʉɽʁʉʄʀʏʅʆʉʊʀ ɺ ʖɾʅʆʁ ʏɸʉʊʀ 

ɸʃɼɸʅʉʂʆɻʆ ʑʀʊɸ (ʖɾʅɸʗ ʗʂʋʊʀʗ)éééééééééééééééééééééééé 

ʄʘʢʦʰʠʥ ɺ., ʂʫʪʳʛʠʥ ʈ. ʆ ɹʀʆʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʆʄ ɼɽʃɽʅʀʀ ɺɽʈʍʅɽɻʆ ʂɸʈɹʆʅɸ 

ɺɽʈʍʆʗʅʔʗ ʇʆ ɹʈɸʍʀʆʇʆɼɸʄééééééééééééééééééééééééééé... 

ʅʠʢʦʣʘʝʚ ɸ., ɹʘʨʘʥʦʚ ɺ. ʇɸʃɽʆɹʀʆʈɸɿʅʆʆɹʈɸɿʀɽ ʈɸʅʅɽɼɽɺʆʅʉʂʀʍ ʉʇʀʈʀʌɽʈʀɼ 

ʉɽɺɽʈʆ-ɺʆʉʊʆʂɸ ʈʆʉʉʀʀ, ʀʍ ʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʆɽ ʀ ʇɸʃɽʆɹʀʆɻɽʆɻʈɸʌʀʏɽʉʂʆɽ 

ɿʅɸʏɽʅʀɽééééééééééééééééééééééééééééééééééééééé 

ʆʙʦʣʢʠʥ ɸ., ʆʙʦʣʢʠʥ ɸ. ʉʊʈʆɽʅʀɽ ʅɸɼɺʀɻʆɺʆʁ ɿʆʅʓ ɸʅɼʈʀɸʅʆɺʉʂʆɻʆ ʇʆɼʅʗʊʀʗ  

ɺ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ ʏʋʂʆʊʉʂʆɻʆ ʄʆʈʗ ʇʆ ɼɸʅʅʓʄ ʉɽʁʉʄʆʉʊʈɸʊʀɻʈɸʌʀʀ  

ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʅɽʌʊɽɻɸɿʆʅʆʉʅʆʉʊʀ ...............................................................................................  

ʆʚʯʠʥʥʠʢʦʚ ʈ., ʉʦʨʦʢʠʥ ɸ., ʂʫʜʨʷʰʝʚ ʅ. ʈɽɿʋʃʔʊɸʊʓ U-TH-PB (LA-ICP-MS) 

ɻɽʆʍʈʆʅʆʃʆɻʀʏɽʉʂʀʍ, Sm-Nd ʀɿʆʊʆʇʅʆ-ɻɽʆʍʀʄʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ɻʅɽʁʉʆɺ 

ɼʀʏʋʅʉʂʆʁ ʉɺʀʊʓ ɹʋʈɽʀʅʉʂʆɻʆ ʄɸʉʉʀɺɸ, ʎɽʅʊʈɸʃʔʅʆ-ɸɿʀɸʊʉʂʀʁ ʉʂʃɸɼʏɸʊʓʁ 

ʇʆʗʉ ....................................................................................................................................................................  

ʆʭʣʦʧʢʦʚʘ ʀ., ʂʦʣʦʩʦʚ ʇ. ʅʀʊʏɸʊʓɽ ɹɸʂʊɽʈʀʀ ɺ ʉʊʈʆʄɸʊʆʃʀʊɸʍ ɺɽʅɼɸ 

ɹɽʈɽɿʆɺʉʂʆɻʆ ʇʈʆɻʀɹɸ .............................................................................................................................  

ʇʨʦʢʦʧʴʝʚ ɸ., ɽʨʰʦʚʘ ɺ., ʐʧʠʢʝʨʤʘʥ ɺ., ɺʘʩʠʣʴʝʚ ɼ., ɹʨʫʩʥʠʮʳʥʘ ɽ., ʉʪʦʢʣʠ ɼ. 

ʇʆɿɼʅɽɼʆʂɽʄɹʈʀʁʉʂʀɽ ʆʉɸɼʆʏʅʓɽ ɹɸʉʉɽʁʅʓ ʀ ʄɸɻʄɸʊʀɿʄ ɺʆʉʊʆʂɸ ɺɽʈʍʆʗʅʆ-

ʂʆʃʓʄʉʂʆɻʆ ʆʈʆɻɽʅɸ ...............................................................................................................................  
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ʇʈʀʂʆʃʓʄʉʂʆɻʆ ʊɽʈʈɽʁʅɸ .....................................................................................................................  

ʉʘʚʝʣʴʝʚ ɸ., ʗʨʢʦʚʘ ɼ. ʇɸʃɽʆʇʈʆʊɽʈʆɿʆʁʉʂʀʁ ʎʀʈʂʆʅ ɺ ɻʅɽʁʉɸʍ ɼɸʃɼʓʅʉʂʆɻʆ 

ʊɽʈʈɽʁʅɸ, ɸʅɸɹɸʈʉʂʀʁ ʑʀʊ: ʅʆɺʓɽ ɼɸʅʅʓɽ ʆ ɺʆɿʈɸʉʊʅʆʁ ɻɽʊɽʈʆɻɽʅʅʆʉʊʀ 

ʉɽɺɽʈɸ ʉʀɹʀʈʉʂʆɻʆ ʂʈɸʊʆʅɸ ..................................................................................................................  

ʉʠʚʮʝʚ ɸ., ɸʣʝʢʩʘʥʜʨʦʚ ɸ., ʇʝʪʨʦʚ ɼ. ʉʀʃʀɻʀʈ-ʄɸʈʍʀʅʉʂʆɽ ʇʈʆʗɺʃɽʅʀɽ ʊʗɾɽʃʆʁ 
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ʍʫʜʦʣʝʡ ɸ., ʇʘʚʣʦʚʩʢʘʷ ɽ. ʄɽɿʆɿʆʁʉʂʀɽ ʀ ʇɸʃɽʆʎɽʅʆɺʓɽ ʊɽʂʊʆʅʀʏɽʉʂʀɽ ʉʆɹʓʊʀʗ 

ʅɸ ʉɽɺɽʈʅʆʁ ʀ ɺʆʉʊʆʏʅʆʁ ʆʂʈɸʀʅɸʍ ʉʀɹʀʈʉʂʆɻʆ ʂʈɸʊʆʅɸééééééééé...éé 

 

ɻɽʆʕʂʆʃʆɻʀʗ ʇʈʀʈʆɼʅʆ-ʊɽʍʅʆɻɽʅʅʓʍ ʉʀʉʊɽʄ 
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ɻʦʣʦʣʦʙʦʚʘ ɸ., ʃʝʙʝʜʝʚʘ ʃ. ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʄʀʂʈʆʕʃɽʄɽʅʊʆɺ ɺ ʇʆʏɺɸʍ ɹɸʉʉɽʁʅɸ ʈ. 

ʐɽʉʊɸʂʆɺʂɸ ...................................................................................................................................................  

ɻʦʨʦʭʦʚʘ ʅ. ʅɸɼʄɽʈɿʃʆʊʅʓɽ ɺʆɼʓ ʇʆʁʄɽʅʅʓʍ ʊɸʃʀʂʆɺ ʎɽʅʊʈɸʃʔʅʆʁ ʗʂʋʊʀʀ...........  

ɻʨʠʥʝʥʢʦ ɺ., ɹʘʨʘʥʦʚ ɺ., ɺʘʩʠʣʴʝʚʘ ʊ., ʃʝʛʦʩʪʘʝʚʘ ʗ. ʕʈʆɿʀʆʅʅʓʁ ʉʈɽɿ ï 

ʉʊʈɸʊʀʌʀʎʀʈʆɺɸʅʅʓʁ ʀ ʄʀʅɽʈɸɻɽʅʀʏɽʉʂʀʁ: ɺɿɸʀʄʆʉɺʗɿɸʅʅʓʁ ʇʈʆʎɽʉʉ 

ɻʀʇɽʈɻɽʅɽɿɸ ʀ ʆɹʆʉʆɹʃɽʅʅʓʍ ʌɸʂʊʆʈʆɺ ɻɽʆɼʀʅɸʄʀʂʀ ʉɽɼʀʄɽʅʊɸʎʀʆʅʅʓʍ 

ʇɸʃɽʆɹɸʉʉɽʁʅʆɺ ʀ ʃɸʅɼʐɸʌʊʆɺ ʂʆʅʊʀʅɽʅʊɸʃʔʅʆʁ ʉʋʐʀ .................................................  

ɿʘʨʫʙʠʥʘ ʆ., ɸʡʩʫʝʚʘ ʊ. ʆɹɽʉʇɽʏɽʅʀɽ ʇʈɸɺʀʃʔʅʆʉʊʀ ʆʇʈɽɼɽʃɽʅʀʗ ʄʀʂʈʆʕʃɽʄɽʅʊʆɺ 

ɺ ʇʆʏɺɸʍ ʄɽʊʆɼʆʄ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʀ ʉ ʀʅɼʋʂʊʀɺʅʆ ʉɺʗɿɸʅʅʆʁ ʇʃɸɿʄʆʁ .......  

ɿʫʝʚʘ ʀ., ʏʘʣʘʷ ʆ., ɻʣʷʟʥʝʮʦʚʘ ʖ., ʃʠʬʰʠʮ ʉ., ʇʦʧʦʚʘ ʅ. ɼʀʌʌɽʈɽʅʎʀɸʎʀʗ 

ʋɻʃɽɺʆɼʆʈʆɼʅʓʍ ʇʆʃɽʁ ʊɽʍʅʆɻɽʅʅʆɻʆ ɻɽʅɽɿʀʉɸ ʆʊ ʇʈʀʈʆɼʅʓʍ ʇʆɺɽʈʍʅʆʉʊʅʓʍ 
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ʂʘʣʘʯʝʚʘ ʃ., ʀʚʘʥʦʚʘ ʀ., ʇʦʨʪʥʷʛʠʥ ɸ., ʀʚʘʥʦʚ ɺ., ɹʫʙʥʦʚʘ ɸ. ɻʀɼʈɸʊʆʆɹʈɸɿʆɺɸʅʀɽ ʂɸʂ 

ʆɼʀʅ ʀɿ ʉʇʆʉʆɹʆɺ ɿɸʍʆʈʆʅɽʅʀʗ ɼʀʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ ɺ ʇʆʈʀʉʊʆʁ ʉʈɽɼɽ .....................  

ʂʦʟʣʦʚʘ ɸ., ʀʚʘʥʦʚʘ ʊ. ʇʆʏɺɽʅʅʆ-ʕʂʆʃʆɻʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ɸɻʈʆʇʆʏɺ ʈɽɻʀʆʅʆɺ 

ʉʀɹʀʈʉʂʆɻʆ ʆʂʈʋɻɸ ....................................................................................................................................  

ʂʦʟʣʦʚʘ ɸ., ʋʪʢʠʥʘ ɸ. ʉʆɺʈɽʄɽʅʅʓɽ ʉʊɸʊʀʉʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ɺ ʇʆʏɺʆɺɽɼɽʅʀʀ ...........  
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ɺʠʢʪʦʨ ɸʣʝʢʩʝʝʚ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ IIè,  

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʝʨʩʧʝʢʪʠʚʳ ʦʣʦʚʦʥʦʩʥʦʩʪʠ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ (ʏʘʫʥ-ʏʫʢʦʪʢʘ) 

ʩʚʷʟʘʥʳ ʩ ʪʫʨʤʘʣʠʥʠʪʘʤʠ. ʊʫʨʤʘʣʠʥʠʪʳ ʩʣʘʛʘʶʪ ʤʘʣʳʝ ʠ ʩʨʝʜʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʣʦʚʘ ʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʮʚʠʪʪʝʨʘʤʠ. ʆʙʦʩʥʦʚʘʥʦ ʩʭʦʜʩʪʚʦ 

ʢʘʩʩʠʪʝʨʠʪʘ ʪʫʨʤʘʣʠʥʠʪʦʚ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʢʘʩʩʠʪʝʨʠʪʦʤ ʛʨʝʡʟʝʥʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘʤʠ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʝʩʝʥʳ ʢ ʦʣʦʚʦʥʦʩʥʦʡ ʮʚʠʪʪʝʨ-

ʪʫʨʤʘʣʠʥʠʪʦʚʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ.  

 

GENESIS OF CASSITERITE IN SEVERNY MASSIF TOURMALINITE,  

CHAUN-CHUKOTKA 

Viktor Alekseev  

Empress Catherine II Saint Petersburg Mining University, Russia, St. Petersburg 

 

Abstract. The tin prospects of the Severny massif (Chaun-Chukotka) are associated with 

tourmalinite. Tourmalinite composes small and medium tin deposits and is associated with 

rare metal zwitters. The similarity of the Northern Massif tourmalinite cassiterite with the 

greisen cassiterite of deposits associated with lithium-fluoric granites has been 

substantiated. Hydrothermal-metasomatic rocks of the Severny massif are referred to the 

tin-bearing zwitter-tourmalinite metasomatic formation.  

 

ɺʚʝʜʝʥʠʝ 

ɺ 1937 ʛ. ʥʘ ʧʦʙʝʨʝʞʴʝ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʤʦʨʷ, ʚʦʩʪʦʯʥʝʝ ʏʘʫʥʩʢʦʡ ʛʫʙʳ ʵʢʩʧʝʜʠʮʠʷ 

ɸʨʢʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɻʣʘʚʩʝʚʤʦʨʧʫʪʠ ʦʪʢʨʳʣʘ ʦʣʦʚʦʨʫʜʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚ ʪʫʨʤʘʣʠʥʠʪʘʭ 

ʉʝʚʝʨʥʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ. ʕʢʩʧʝʜʠʮʠʷʤʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 

1990ï2011 ʛʛ. ʚ ʤʘʩʩʠʚʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʮʚʠʪʪʝʨʳ [1], ʢʦʪʦʨʳʝ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩ ʦʣʦʚʦʨʫʜʥʳʤʠ ʪʫʨʤʘʣʠʥʦʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ [2]. ʕʚʦʣʶʮʠʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʨʫʜʥʦʡ ʩʠʩʪʝʤʳ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʘ ʚ ʠʟʤʝʥʝʥʠʠ ʦʪ ʩʪʘʜʠʠ 

ʢ ʩʪʘʜʠʠ ʩʦʩʪʘʚʘ ʘʢʮʝʩʩʦʨʥʳʭ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦ ʚʩʝʭ 

ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʫʩʪʘʥʦʚʣʝʥ ʢʘʩʩʠʪʝʨʠʪ, ʠʤʝʶʱʠʡ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ 

ʪʫʨʤʘʣʠʥʠʪʦʚ. ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʢʘʩʩʠʪʝʨʠʪʘ ʚ ʪʫʨʤʘʣʠʥʠʪʘʭ 

ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʛʝʥʝʟʠʩʘ ʦʣʦʚʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʡʦʥʘ.  

ʆʩʥʦʚʥʦʡ ʨʘʟʜʝʣ 

ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʡʦʥʘ ï ʞʠʣʳ ʪʫʨʤʘʣʠʥʠʪʦʚ ʩ ʢʘʩʩʠʪʝʨʠʪʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʮʚʠʪʪʝʨʘʤʠ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɽʨʛʫʚʝʝʤ, ʂʝʢʫʨʥʦʝ, ʉʪʨʝʤʠʪʝʣʴʥʦʝ, ʊʝʨʨʘʩʦʚʦʝ, ʋʪʠʥʦʝ, ɻʣʫʙʦʢʦʝ, 

ʇʳʨʢʘʢʘʡʩʢʦʝ). ʊʫʨʤʘʣʠʥʠʪʳ ʩʣʘʛʘʶʪ ʢʨʫʪʦʟʘʣʝʛʘʶʱʠʝ ʞʠʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ. ʂ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʦʪʥʦʩʠʪʩʷ ʤʫʩʢʦʚʠʪ-ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʘʷ ʬʘʮʠʷ ʪʫʨʤʘʣʠʥʠʪʦʚ, 

ʨʘʟʚʠʪʘʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʚ ʚʠʜʝ ʟʦʥʘʣʴʥʳʭ ʧʣʠʪʦʦʙʨʘʟʥʳʭ ʪʝʣ ʪʫʨʤʘʣʠʥʠʪʦʚ 

ʤʦʱʥʦʩʪʴʶ 1,5ï2,5 ʤ. ɺ ʩʦʩʪʘʚ ʬʘʮʠʠ ʚʭʦʜʷʪ ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʳʝ ʞʠʣʳ, ʦʢʨʫʞʝʥʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʤʠ ʦʨʝʦʣʘʤʠ ʤʫʩʢʦʚʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ ʧʨʠʤʝʩʴʶ ʢʚʘʨʮʘ, ʪʫʨʤʘʣʠʥʘ, 
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ʬʣʶʦʨʠʪʘ, ʢʘʩʩʠʪʝʨʠʪʘ. ʄʝʞʜʫ ʪʫʨʤʘʣʠʥʦʚʦʡ ʞʠʣʦʡ ʠ ʦʢʦʣʦʞʠʣʴʥʳʤ ʩʣʶʜʠʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʫʨʤʘʣʠʥ-ʢʚʘʨʮʝʚʘʷ ʟʦʥʘ.  

ʆʢʦʣʦʨʫʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ (0,001ï0,15 ʤʤ) 

ʩʘʣʘʪʥʦ-ʟʝʣʝʥʳʝ ʠʣʠ ʙʫʨʦ-ʟʝʣʝʥʳʝ ʧʦʨʦʜʳ. ʄʫʩʢʦʚʠʪ ʦʪʥʝʩʝʥ ʢ ʞʝʣʝʟʠʩʪʦʤʫ ʬʝʥʛʠʪʫ. ʉʪʨʫʢʪʫʨʘ 

ʨʝʣʠʢʪʦʚʘʷ ʛʨʘʥʠʪʦʚʘʷ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʚʘʨʮʘ ʠ ʤʫʩʢʦʚʠʪʘ ʧʝʨʝʤʝʥʥʦʝ, ʧʨʠʩʫʪʩʪʚʫʶʪ (0,5ï7%) 

ʧʘʨʘʣʣʝʣʴʥʦ-h ʝʩʪʦʚʘʪʳʝ ʠ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʝ ʩʨʦʩʪʢʠ ʪʫʨʤʘʣʠʥʘ. ʍʘʨʘʢʪʝʨʥʘ ʚʢʨʘʧʣʝʥʥʦʩʪʴ 

ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʬʣʶʦʨʠʪʘ ʠʣʠ ʠʪʪʨʦʬʣʶʦʨʠʪʘ ʨʘʟʤʝʨʦʤ 0,1ï0,5 ʤʤ. ʂ ʛʥʝʟʜʘʤ ʤʫʩʢʦʚʠʪʘ 

ʧʨʠʫʨʦʯʝʥ ʢʘʩʩʠʪʝʨʠʪ. ʆʩʦʙʳʡ ʪʠʧ ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʘʤʝʱʝʥʠʠ 

ʮʚʠʪʪʝʨʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʭ çʛʨʝʡʟʝʥʦʚè, ʩʣʦʞʝʥʥʳʭ ʢʨʫʧʥʳʤʠ (0,5ï5,0 ʤʤ) 

ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʤʫʩʢʦʚʠʪʘ ʧʦ ʮʠʥʥʚʘʣʴʜʠʪʫ ʠ ʛʨʘʥʦʙʣʘʩʪʦʚʳʤ ʢʚʘʨʮʝʤ; ʭʘʨʘʢʪʝʨʥʦ 

ʟʘʤʝʱʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʮʠʥʥʚʘʣʴʜʠʪʘ ʠ ʪʦʧʘʟʘ ʤʫʩʢʦʚʠʪʦʤ.  

ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʠʤʝʩʠ ʚ ʢʘʩʩʠʪʝʨʠʪʝ ʪʫʨʤʘʣʠʥʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ: FeO 0,97; WO3 0,12; 

TiO2 0,06; Nb 0,05; In 0,02; Ce 0,02; Sc 0,01%. ʉʦʜʝʨʞʘʥʠʝ Fe ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʩʩʠʪʝʨʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 

0,02ï0,06 ʘ.ʬ. ɺ ʦʣʦʚʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʩʩʠʪʝʨʠʪʘ ʜʦʩʪʠʛʘʝʪ 5ï15 %. 

ʂʘʩʩʠʪʝʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʬʦʨʤʘʤʠ: ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʟʦʥʘʣʴʥʳʡ ʙʫʨʳʡ ʢʘʩʩʠʪʝʨʠʪ I ʠ 

ʞʝʣʪʳʡ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ (nĀ0,001 ʤʤ) ʢʘʩʩʠʪʝʨʠʪ II. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʘʩʩʠʪʝʨʠʪ 

ʘʥʘʣʦʛʠʯʝʥ ʢʘʩʩʠʪʝʨʠʪʫ ʪʫʨʤʘʣʠʥʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ: FeO 1.69%, WO3 0,12; TiO2 0,03; Nb 0,05; 

In 0,01; Ce 0,02; Sc 0,01%. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Nb, Sc, Ce ʠ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ In, 

Mo, Be ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʘʩʩʠʪʝʨʠʪʘ II.  

ɺ ʢʘʩʩʠʪʝʨʠʪʝ ʪʫʨʤʘʣʠʥʠʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʤʝʩʠ In (0,002ï0,017%) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ Nb/In (1,2ï27,5). ʅʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʅ.ʅ. ʅʠʢʫʣʠʥʘ [3] 

ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʢʘʩʩʠʪʝʨʠʪ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʙʣʠʟʦʢ ʢ ʢʘʩʩʠʪʝʨʠʪʫ ʛʨʝʡʟʝʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘʤʠ: ɸʣʴʪʝʥʙʝʨʛ, 

ʕʨʝʥʬʨʠʜʝʨʩʜʦʨʬ, ɻʝʡʝʨ (ɻʝʨʤʘʥʠʷ); ʐʝʨʣʦʚʘʷ ɻʦʨʘ, ʆʨʣʦʚʩʢʦʝ (ɿʘʙʘʡʢʘʣʴʝ); ʂʝʩʪʝʨ (ʗʢʫʪʠʷ). 

ʅʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʩʭʦʜʩʪʚʦ ʩ ʢʘʩʩʠʪʝʨʠʪʦʤ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʛʨʝʡʟʝʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ: ʂʘʨʘʜʫʙ (ʇʨʠʘʤʫʨʴʝ), ʄʦʧʘʫ (ʇʨʠʦʭʦʪʴʝ) (ʨʠʩ. 1).  

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʦʩʪʘʚ ʧʨʠʤʝʩʝʡ ʚ ʢʘʩʩʠʪʝʨʠʪʝ 

ʪʫʨʤʘʣʠʥʠʪʦʚ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ñNb/In ï Inò ʧʦ [3]: 1 ï ʢʘʩʩʠʪʝʨʠʪ ʉʝʚʝʨʥʦʛʦ 

ʤʘʩʩʠʚʘ, 2 ï ʢʘʩʩʠʪʝʨʠʪ ʦʣʦʚʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ. ʇʦʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: I ï 

ʢʚʘʨʮʝʚʳʡ ʪʠʧ ʢʘʩʩʠʪʝʨʠʪ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ, 

ʘʩʩʦʮʠʠʨʫʶʱʠʡ ʩ ʛʣʫʙʠʥʥʳʤʠ ʛʨʘʥʠʪʥʳʤʠ 

ʠʥʪʨʫʟʠʷʤʠ; II ï ʦʣʦʚʦʥʦʩʥʳʝ Li-F ʛʨʘʥʠʪʳ ʠ 

ʛʨʝʡʟʝʥʦʚʳʡ, ʢʚʘʨʮʝʚʳʡ ʠ ʢʚʘʨʮ-ʪʦʧʘʟʦʚʳʡ ʪʠʧʳ 

ʢʘʩʩʠʪʝʨʠʪ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ, ʘʩʩʦʮʠʠʨʫʶ-

ʱʠʝ ʩ ʛʠʧʘʙʠʩʩʘʣʴʥʳʤʠ ʛʨʘʥʠʪʥʳʤʠ ʠʥʪʨʫʟʠʷ-

ʤʠ; III ï ʛʨʝʡʟʝʥʦʚʳʡ, ʢʚʘʨʮʝʚʳʡ ʠ ʢʚʘʨʮ-

ʪʦʧʘʟʦʚʳʡ ʪʠʧʳ ʢʘʩʩʠʪʝʨʠʪ-ʢʚʘʨʮʝʚʦʡ 

ʬʦʨʤʘʮʠʠ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠ-

ʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ; IV ï ʪʫʨʤʘʣʠʥʦʚʳʡ ʪʠʧ 

ʢʘʩʩʠʪʝʨʠʪ-ʩʠʣʠʢʘʪʥʦʡ ʬʦʨʤʘʮʠʠ 

 

 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʫʨʤʘʣʠʥʠʪʦʚ ʩʚʷʟʳʚʘʣʠ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʛʨʝʡʟʝʥʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʚʳʜʝʣʝʥʥʳʝ ʢʘʢ çʪʫʨʤʘʣʠʥʦʚʳʝ ʛʨʝʡʟʝʥʳè ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʣʦʚʘ 

ʈʦʩʩʠʠ, ʂʘʟʘʭʩʪʘʥʘ, ɸʥʛʣʠʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʪʫʨʤʘʣʠʥʠʪʳ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʨʝʡʟʝʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [4, 5]. ɹʳʣʘ ʚʳʜʝʣʝʥʘ ʬʦʨʤʘʮʠʷ 

ʪʫʨʤʘʣʠʥ-ʭʣʦʨʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʪʫʨʤʘʣʠʥʠʪʳ ʦʣʦʚʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʤʠʨʘ [6]. ɺ ʢʦʥʮʝ XX ʚʝʢʘ ʚ ʧʨʘʢʪʠʢʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘʢʦʧʠʣʘʩʴ ʦʙʰʠʨʥʘʷ 
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ʠʥʬʦʨʤʘʮʠʷ ʦ ʮʚʠʪʪʝʨ-ʪʫʨʤʘʣʠʥʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʢʨʫʧʥʳʭ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʦʣʦʚʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʇʨʘʚʦʫʨʤʠʡʩʢʦʝ (ʇʨʠʘʤʫʨʴʝ) [7], ʂʫʛʘʨʦʢ ʠ 

ʃʦʩʪ-ʈʠʚʝʨ (ɸʣʷʩʢʘ) [8], ɸʡʙʝʥʰʪʦʢ ʠ ʕʨʝʥʬʨʠʜʝʥʩʜʦʨʬ (ɻʝʨʤʘʥʠʷ) [9] ʠ ʜʨ.  

ʉ ʫʯʝʪʦʤ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʮʚʠʪʪʝʨ-ʪʫʨʤʘʣʠʥʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʳʜʝʣʠʪʴ ʠʭ ʚ ʦʜʥʦʠʤʝʥʥʫʶ ʬʦʨʤʘʮʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʣʦʚʦʥʦʩʥʦʡ ʮʚʠʪʪʝʨ-

ʪʫʨʤʘʣʠʥʠʪʦʚʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ. 

 

ɺʳʚʦʜʳ 

1. ʆʙʦʩʥʦʚʘʥʦ ʩʭʦʜʩʪʚʦ ʢʘʩʩʠʪʝʨʠʪʘ ʪʫʨʤʘʣʠʥʠʪʦʚ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʢʘʩʩʠʪʝʨʠʪʦʤ 

ʛʨʝʡʟʝʥʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘʤʠ. 

2. ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʉʝʚʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʣʦʚʦʥʦʩʥʦʡ ʮʚʠʪʪʝʨ-ʪʫʨʤʘʣʠʥʠʪʦʚʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʏʘʫʥʩʢʦʛʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʄʠʥʦʙʨʥʘʫʢʠ (ʛʦʩ. ʢʦʥʪʨʘʢʪ ˉ 14.740.11.0192, ʛʦʩ. ʟʘʜʘʥʠʝ ˉ 5.2115.2014/K). 
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ʈʊʋʊʀʉʊʆɽ ɿʆʃʆʊʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʂʖʏʖʉ (ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʗʂʋʊʀʀ) 

ɻʘʣʠʥʘ ɸʥʠʩʠʤʦʚʘ, ʃʘʨʠʩʘ ʂʦʥʜʨʘʪʴʝʚʘ 

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʉʆ ʈɸʅ 

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʩʘʤʦʨʦʜʥʦʤʫ 

ʟʦʣʦʪʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʠʥʝʨʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʝ. ʈʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ï ʪʠʧʦʤʦʨʬʥʳʡ ʤʠʥʝʨʘʣ 

ʧʦʟʜʥʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʪʘʜʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʢʠʥʦʚʘʨʴʶ, 

ʘʥʪʠʤʦʥʠʪʦʤ, Hg-ʪʝʪʨʘʵʜʨʠʪʦʤ, ʭʘʣʴʢʦʩʪʠʙʠʪʦʤ, Hg-ʮʠʥʢʝʥʠʪʦʤ, ʩ ʤʠʥʝʨʘʣʘʤʠ 

ʛʨʫʧʧʳ ʘʢʪʘʰʠʪʘ-ʛʨʫʟʜʝʚʠʪʘ. ʇʨʝʦʙʣʘʜʘʝʪ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʘʟʘ ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ Au-Ag-Hg ʠ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʙʠʥʘʨʥʳʝ ʬʘʟʳ: Au-Ag ʠ Au-Hg. ʇʦ 

ʩʦʜʝʨʞʘʥʠʶ ʨʪʫʪʠ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʨʪʫʪʠʩʪʳʤ (>20%) 

ʨʘʟʥʦʩʪʷʤ. ʇʨʠʤʝʩʴ ʵʣʝʤʝʥʪʦʚ (Sb, As, Cu, Pb, Zn, Ni, Co) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʘ ʠ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ ʩ ʤʳʰʴʷʢʦʚʠʩʪʳʤ ʠ ʩʫʨʴʤʷʥʳʤ 

ʪʠʧʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʆʧʠʩʳʚʘʝʤʦʝ ʟʦʣʦʪʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʠʟ ʚʳʩʦʢʦʩʫʣʴʬʠʜʥʳʭ 

ʟʦʣʦʪʦʥʦʩʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʨʪʫʪʴʶ. 
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Abstract. The authors have obtained new data on mineralogy and native gold of the Kucius 

deposit. For the first time, minerals new to the deposit, including mercury-containing 

minerals, have been discovered. Mercury gold is a typomorphic mineral of the late lowï

temperature stages of ore formation and is associated with cinnabar, antimonite, Hg-

tetrahedrite, chalcostibite, Hg-zincenite, and minerals of the aktashite-gruzdevite group. 

The three-component phase of native gold, Au-Ag-Hg, prevails, and binary phases, Au-Ag 

and Au-Hg, are less common. In terms of mercury content, native gold belongs to high-

mercury (>20%) differences. The admixture of elements (Sb, As, Cu, Pb, Zn, Ni, Co) 

indicates the inheritance of components of hydrothermal solutions in the composition of 

gold and emphasizes the genetic relationship of mercury gold with arsenic and antimony 

types of mineralization. The described gold was formed from highly sulfide-bearing 

hydrothermal solutions enriched in mercury with a significant decrease in crystallization 

temperature. 

 

ɺʚʝʜʝʥʠʝ 

ʈʪʫʪʴ ï ʦʜʥʘ ʠʟ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ. ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ 

ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʠʧʦʤʦʨʬʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠ ʧʦʠʩʢʝ ʟʦʣʦʪʦ-ʨʪʫʪʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʠʥʜʠʢʘʪʦʨʦʤ ʩʧʝʮʠʬʠʢʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʘʟʥʳʭ ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʦʚ [1, 2]. ʅʘ ʚʳʩʦʢʫʶ ʨʪʫʪʠʩʪʦʩʪʴ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ ʚʧʝʨʚʳʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ɺ.ʇ. ʉʘʤʫʩʠʢʦʚ 

ʠ ɸ.ʀ. ʉʝʨʛʝʝʥʢʦ [3], ʫʩʪʘʥʦʚʠʚʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ (11,9õ17.0 ʤʘʩ. %) ʠ ʩʝʨʝʙʨʘ (6,4õ7.4 

ʤʘʩ. %). ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʠʟʫʯʠʣʠ ɺ.ɸ. ɸʤʫʟʠʥʩʢʠʡ ʠ ʉ.ɻ. ʄʦʩʢʚʠʪʠʥ [4], 

ʢʦʪʦʨʳʝ ʚʳʷʚʠʣʠ, ʯʪʦ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ ʨʘʟʚʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʘʟʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ Au-Ag-Hg ʠ ʨʝʞʝ ʙʠʥʘʨʥʳʝ ʬʘʟʳ ʩʦʩʪʘʚʘ: Au-Ag, ʠ 

Au-Hg. ɺ ʩʚʷʟʠ ʩ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʚʝʜʢʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ 
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ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ʨʫʜ ʠ ʧʦ ʩʘʤʦʨʦʜʥʦʤʫ ʟʦʣʦʪʫ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʨʪʫʪʠʩʪʦʡ ʝʛʦ 

ʨʘʟʥʦʩʪʠ. 

 

ʈʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ 

ʂʶʯʶʩ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʢʘʨʣʠʥ ʪʠʧʘ ʥʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ [5]. ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʩʣʦʞʝʥʳ ʪʦʥʢʦʩʣʦʠʩʪʳʤ, ʬʣʠʰʦʠʜʥʳʤ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʧʦʣʠʤʠʢʪʦʚʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ 

T3az+ld. ʐʠʨʦʢʦ ʨʘʟʚʠʪʳ ʧʨʦʜʦʣʴʥʦ-ʩʝʢʫʱʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʩ ʧʨʦʞʠʣʢʦʚʦ-

ʚʢʨʘʧʣʝʥʥʳʤ ʩ Au-ʩʫʣʴʬʠʜʥʳʤ (ʘʨʩʝʥʦʧʠʨʠʪ, ʧʠʨʠʪ) ʦʨʫʜʝʥʝʥʠʝʤ ï ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʪʠʧ. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʩʣʘʙʦ ʟʦʣʦʪʦʥʦʩʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʩ ʫʙʦʛʦʡ ʧʠʨʠʪ-ʛʘʣʝʥʠʪʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɾʠʣʴʥʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʝʨʞʥʝʚʳʝ ʢʚʘʨʮ-ʘʥʪʠʤʦʥʠʪʦʚʳʝ ʞʠʣʳ, 

ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ, ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ɺ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 60 ʛʠʧʦʛʝʥʥʳʭ ʠ 20 ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺʧʝʨʚʳʝ ʘʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʝʥʳ 

15 ʥʦʚʳʭ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʝ (ʩʘʤʦʨʦʜʥʘʷ ʤʝʜʴ, 

ʩʘʤʦʨʦʜʥʳʡ ʤʳʰʴʷʢ, ʙʦʨʥʠʪ, ʠʜʘʠʪ, ʪʚʠʥʥʠʪ, ʟʝʣʠʛʤʘʥʠʪ, ʙʫʣʘʥʞʝʨʠʪ, ʛʝʦʢʨʦʥʠʪ, ʨʦʙʠʥʩʦʥʠʪ, 

ʨʷʜ ʘʢʪʘʰʠʪʘ-ʛʨʫʟʜʝʚʠʪʘ, Hg-ʩʬʘʣʝʨʠʪ, Fe-ʪʝʪʨʘʵʜʨʠʪ, ʬʘʤʘʪʠʥʠʪ, ʧʦʣʛʝʤʫʟʠʪ, ʫʣʴʤʘʥʠʪ). 

ʇʨʦʷʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ (ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʘʷ, ʞʠʣʴʥʦ-

ʧʨʦʞʠʣʢʦʚʳʝ ʢʚʘʨʮ-ʟʦʣʦʪʦ-ʘʥʪʠʤʦʥʠʪʦʚʘʷ, ʟʦʣʦʪʦ-ʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪ-ʢʠʥʦʚʘʨʥʘʷ ʠ ʢʚʘʨʮ-

ʢʘʨʙʦʥʘʪ-ʜʠʢʢʠʪʦʚʘʷ) ʠʤʝʶʪ ʝʜʠʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ.  

ɿʦʣʦʪʦ, Au, ʧʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [4, 6, 7, 8] ʘʚʪʦʨʘʤʠ ʚʳʜʝʣʝʥʦ ʧʷʪʴ 

ʛʝʥʝʨʘʮʠʡ ʟʦʣʦʪʘ. ʆʥʦ ̫ʚʣʷʝʪʩʷ ʪʠʧʦʤʦʨʬʥʳʤ ʤʠʥʝʨʘʣʦʤ ʧʨʦʜʫʢʪʠʚʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʨʫʜ.  

ɿʦʣʦʪʦ-I ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣʘʭ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʧʠʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʨʘʥʥʝʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ɿʦʣʦʪʠʥʳ 

ʢʦʤʢʦʚʠʜʥʦ-̫ ʯʝʠʩʪʦʡ ʬʦʨʤʳ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,15-0,4 ʤʤ. ɺ ʢʚʘʨʮʝ 

ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʧʦ ʪʨʝʱʠʥʘʤ ʠ 

ʤʝʞʟʝʨʥʦʚʳʤ ʧʫʩʪʦʪʘʤ. ʊʠʧʦʤʦʨʬʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʟʦʣʦʪʘ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʙʘ (ʩʨʝʜʥʝʤ 616 ă) ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʤʝʩʝʡ ʢʨʦʤʝ ʩʝʨʝʙʨʘ. 

ɿʦʣʦʪʦ-II ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʠʨʠʪʝ ʠ ʘʨʩʝʥʦʧʠʨʠʪʝ ʚ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʭ ʚʢʨʘʧʣʝʥʥʳʭ 

ʨʫʜʘʭ (ʤʝʪʘʩʦʤʘʪʠʪʘʭ). ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʥʠʭ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʛ/ʪ. ʆʜʥʘʢʦ, 

ʚ ʦʙʨʘʟʮʘʭ ʠ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʘʭ ʚʠʜʠʤʦʝ ʟʦʣʦʪʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʟʦʣʦʪʘ ʚ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʤʳʰʣʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɿʦʣʦʪʦ-III ʚʳʜʝʣʷʝʪʩʷ ʚ ʩʪʝʨʞʥʝʚʳʭ ʢʚʘʨʮ-ʘʥʪʠʤʦʥʠʪʦʚʳʭ ʞʠʣʘʭ ʚ ʩʦʩʪʘʚʝ ʢʚʘʨʮ-

ʘʥʪʠʤʦʥʠʪʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʈʘʟʤʝʨʳ ʟʦʣʦʪʠʥ ʚʘʨʴʠʨʫʶʪ ʦʪ 0,16 ʜʦ 0,66 ʤʤ. 

ʆʙʨʘʟʫʝʪ ʘʣʣʦʪʨʠʦʤʦʨʬʥʳʝ ʠ ʬʝʩʪʦʥʯʘʪʳʝ ʟʝʨʥʘ ʚ ʘʥʪʠʤʦʥʠʪʝ, ʢʦʨʨʦʜʠʨʫʷ ʠ ʟʘʤʝʱʘʷ ʝʛʦ. 

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ 3,4 ʚʝʩ. % ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʪʫʪʠ (0,01-0,07 ʚʝʩ. %). ʊʠʧʦʤʦʨʬʥʳʤ ʧʨʠʟʥʘʢʦʤ ʟʦʣʦʪʘ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʩrʦʢʘʷ ʧʨʦʙʘ (ʜʦ 969 ă). 

ɿʦʣʦʪʦ IV ʠʟʫʯʝʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʥʸʤ ʨʪʫʪʠ. ʊʠʧʳ ʨʫʜ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʢʠʥʦʚʘʨʠ, ʘʩʩʦʮʠʠʨʫʶʱʝʡ ʩ 

ʨʪʫʪʠʩʪʳʤ ʟʦʣʦʪʦʤ, ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʨʠʩ. 1.  

ʄʦʨʬʦʣʦʛʠʷ ʠ ʢʨʫʧʥʦʩʪʴ. ɿʦʣʦʪʦ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʠʤʝʝʪ ʞʝʣʪʳʡ, ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʮʚʝʪ, 

ʨʘʟʤʝʨʳ ʟʝʨʝʥ ʦʙʳʯʥʦ ʨʘʚʥʳ 0,02-0,03 ʤʤ, ʨʝʞʝ ʜʦʩʪʠʛʘʶʪ 0,5-2 ʤʤ. ʇʦ ʤʦʨʬʦʣʦʛʠʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʮʝʤʝʥʪʘʮʠʦʥʥʳʝ ʠ ʪʨʝʱʠʥʥʳʝ ʚʠʜʳ (ʨʠʩ. 2). ʀʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʠ ʠʜʠʦʤʦʨʬʥʳʝ 

ʨʘʟʥʦʩʪʠ ʟʦʣʦʪʠʥ ʦʪʤʝʯʘʶʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠ. 

 



13 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʳ ʨʫʜʳ ʩʦ ʨʪʫʪʠʩʪʳʤ ʟʦʣʦʪʦʤ: 

ɸ ï ʙʦʛʘʪʘʷ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʠʥʦʚʘʨʠ ʚ ʢʚʘʨʮ-

ʘʣʝʚʨʦʣʠʪʦʚʦʤ ʤʘʪʝʨʠʘʣʝ, ɹ ï ʧʨʦʞʠʣʢʠ 

ʢʚʘʨʮ-ʢʠʥʦʚʘʨʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʤ ʘʣʝʚʨʦʣʠʪʝ, ɺ ï ʛʥʝʟʜʘ 

ʢʠʥʦʚʘʨʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʥʪʠʤʦʥʠʪʦʤ ʚ 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʤ ʧʨʦʞʠʣʢʝ ʩ ʘʧʦʬʠʟʘʤʠ ʚ 

ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʤ ʘʣʝʚʨʦʣʠʪʝ, ɻ ï ʢʚʘʨʮ-

ʘʥʪʠʤʦʥʠʪʦʚʳʡ ʧʨʦʞʠʣʦʢ ʩ ʨʘʟʚʠʪʦʡ ʧʦ 

ʧʝʨʠʬʝʨʠʠ ʠ ʧʦ ʪʨʝʱʠʥʢʘʤ ʢʠʥʦʚʘʨʴʶ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʮʝʤʝʥʪʘʮʠʦʥʥʦʛʦ ʠ ʪʨʝʱʠʥʥʦʛʦ ʚʠʜʘ 

 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʏʘʩʪʦ ʟʦʣʦʪʦ-IV ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʠʥʦʚʘʨʴʶ ʠ ʩ 

ʧʦʟʜʥʠʤ ʠʛʦʣʴʯʘʪʳʤ ʘʥʪʠʤʦʥʠʪʦʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʢʚʘʨʮʝ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ 

ʦʙʣʠʢʘ. ʅʝʨʝʜʢʦ ʟʦʣʦʪʦ ʢʦʨʨʦʜʠʨʫʝʪʩʷ ʠ ʟʘʤʝʱʘʝʪʩʷ ʪʝʪʨʘʵʜʨʠʪʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʚʝʪʚʷʱʠʝʩʷ ʟʝʨʥʘ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʤʦʨʬʦʣʦʛʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʚʳʜʝʣʷʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʝʞʟʝʨʥʦʚʳʭ 

ʧʦʣʦʩʪʷʭ ʠ ʠʥʪʨʘʨʫʜʥʳʭ ʪʨʝʱʠʥʘʭ ʚ ʢʚʘʨʮʝ, ʢʘʨʙʦʥʘʪʝ ʠ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʘʭ. 

ʏʘʩʪʦ ʢʠʥʦʚʘʨʴ ʦʙʚʦʣʘʢʠʚʘʝʪ ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ (ʨʠʩ. 3, a, b, c), ʠʥʦʛʜʘ ʚʢʨʘʧʣʝʥʠʷ ʟʦʣʦʪʘ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʧʨʦʞʠʣʢʦʚʠʜʥʳʭ ʚʳʜʝʣʝʥʠʷʭ ʩʫʣʴʬʠʜʘ ʨʪʫʪʠ (ʨʠʩ. 3, d). ʀʟ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ 

ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʭʘʣʴʢʦʩʪʠʙʠʪʦʤ ʠ ʨʪʫʪʠʩʪʳʤ ʮʠʥʢʝʥʠʪʦʤ (ʨʠʩ. 3, a, b). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʪʫʪʠʩʪʦʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ (IV ʛʝʥʝʨʘʮʠʷ): a ï ʪʦʥʢʘʷ ʦʙʦʣʦʯʢʘ ʢʠʥʦʚʘʨʠ (Cin) ʚʦʢʨʫʛ 

ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ (IV ʛʝʥʝʨʘʮʠʷ) (Hg-Au), ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ Hg-ʮʠʥʢʝʥʠʪ (Znk) ʠ ʚʢʣʶʯʝʥʠʷ 

ʭʘʣʴʢʦʩʪʠʙʠʪʘ (Csb) ʚ ʨʪʫʪʠʩʪʦʤ ʟʦʣʦʪʝ (IV ʛʝʥʝʨʘʮʠʷ) (Hg-Au), b ï ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ, c ï ʙʦʣʝʝ 

ʤʦʱʥʘʷ ʦʙʦʣʦʯʢʘ ʢʠʥʦʚʘʨʠ (Cin) ʚʦʢʨʫʛ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ (Hg-Au), d ï ʧʨʦʞʠʣʢʠ ʢʠʥʦʚʘʨʠ (Cin) c 

ʚʢʣʶʯʝʥʠʷʤʠ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ (Hg-Au) 
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʉʦʩʪʘʚ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ 2015 ʛ.  

ɻ.ʉ. ɸʥʠʩʠʤʦʚʦʡ [6] ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʨʦʡʥʘ ̫ʜʠʘʛʨʘʤʤʘ Ag-Hg-Au ʧʦ ʩʦʩʪʘʚʫ ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ (ʈʠʩʫʥʦʢ 4) ʧʦ ʩʚʦʠʤ ʜʘʥʥʳʤ ʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ 

[4, 6, 7, 8] . ʇʦ ʜʘʥʥʳʤ ɺ.ʆ. ʂʦʥʳʰʝʚʘ [7] ʠ ɹʝʨʟʦʥʘ ʠ ʜʨ. [8] ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʪʫʪʠ ʦʭʚʘʪʳʚʘʶʪ ʠʥʪʝʨʚʘʣ ʦʪ 0.8 ʜʦ 19 ʤʘʩ. %, ʘ ʩʝʨʝʙʨʘ ï ʦʪ 0.2 ʜʦ 12.3 ʤʘʩ. %, ʧʨʦʙʘ ʤʝʥʷʝʪʩʷ 

ʦʪ 726 ʜʦ 990 ă (NAu= (Au*100/(Au+Ag+Hg)). ʇʦ ʜʘʥʥʳʤ ɺ.ɸ. ɸʤʫʟʠʥʩʢʦʛʦ ʠ ʜʨ. [4] ʠ  

ʉ.ɻ. ʄʦʩʢʚʠʪʠʥʘ [9] ʥʘ ʜʠʘʛʨʘʤʤʝ Au-Ag-Hg ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʟʘʥʠʤʘʝʪ ʦʙʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʧʨʝʜʝʣʴʥʳʤʠ ʩʦʩʪʘʚʘʤʠ Au ï 69.51-97.70 %; Ag ï 0.17-18.51 % ʠ Hg ï 0.04-24.36% ʧʨʠ ʚʘʨʠʘʮʠʠ 

ʧʨʦʙʥʦʩʪʠ ʟʦʣʦʪʘ ʦʪ 700 ʜʦ 987 ă.  

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ɼʠʘʛʨʘʤʤʘ Ag-Hg-Au ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ [6]: 1 ï Au-I, 2 ï 

Au-III, 3-5 ï Au-IV: 3 ï ʜʘʥʥʳʝ ʘʚʪʦʨʦʚ, 4 ï ʧʦ 

ɸ. ɸʤʫʟʠʥʩʢʦʤʫ ʠ ʜʨ. [4], 5 ï ʧʦ ɺ.ʆ. ʂʦʥʳʰʝʚʫ 

[7], ʈ.ʆ. ɹʝʨʟʦʥʫ ʠ ʜʨ. [8], 6 ï V, 7 ï ʦʨʝʦʣʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʨʘʟʥʳʭ 

ʛʝʥʝʨʘʮʠʡ 

 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʠʥʦʚʘʨʴʶ ʠ 

ʨʪʫʪʠʩʪʳʤʠ ʙʣʝʢʣʳʤʠ ʨʫʜʘʤʠ, ʘʢʪʘʰʠʪʦʤ ʠ ʤʠʥʝʨʘʣʘʤʠ ʨʷʜʘ ʘʢʪʘʰʠʪ-ʛʨʫʟʜʝʚʠʪ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

8,28 ʜʦ 25,21 ʤʘʩ. %, ʘ ʩʝʨʝʙʨʘ ï ʦʪ 2,43 ʜʦ 12,64 ʤʘʩ. %, ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 

714 ï 890 ă. ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ Hg ʟʦʣʦʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʪʫʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʚ ʤʘʪʨʠʮʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʦʙʦʛʘʱʝʥʥʳʝ ʨʪʫʪʴʶ ʬʘʟʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʦʣʦʪʠʥ, ʘ ʧʦ ʢʨʘʷʤ ʟʝʨʝʥ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʥʘʯʠʥʘʝʪ 

ʩʥʠʞʘʪʴʩʷ (ʨʠʩ. 5). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʦʣʦʪʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ, ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʝ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʪʫʪʠʩʪʦʡ ʟʦʣʦʪʠʥʝ: ʘ ï ʧʨʦʬʠʣʴ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʪʫʪʠ,  

ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ Au, Ag ʠ Hg. Compo ï ʦʙʱʠʡ ʚʠʜ ʟʦʣʦʪʠʥʳ 

  

ɺ ʨʪʫʪʠʩʪʦʤ ʟʦʣʦʪʝ ʚʳʷʚʣʝʥʳ ʧʨʠʤʝʩʠ Sb, Cu, Pb ʠ Zn (ʪʘʙʣ. 1). ʊʘʢʞʝ ʧʦ ʜʘʥʥʳʤ [4, 9]  

ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʘ ʧʦʩʪʦʷʥʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ As, ʥʝʨʝʜʢʠ ʧʨʠʤʝʩʠ Ni (ʜʦ 0,002ï0,005 %) ʠ Co (ʜʦ 
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0,004ï0,01 %, ʪʘʢʞʝ ʚ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʟʦʣʦʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʤʝʩʴ Pt (0,001ï0,01 %), ʩʧʦʨʘʜʠʯʝʩʢʠ 

ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʤʝʩʠ Mn, Bi ʠ Sn.  

 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ, ʤʘʩʩ. %. 

 Hg Au Ag Fe Cu Sb Pb Zn Total Fineness 

1 9,32 84,16 6,26 0,006 0 0,006 0 0 99,752 844 

2 9,35 85,07 6,58 0 0,002 0,002 0 0,01 101,014 842 

3 11,76 82,61 6,748 0,008 0,009 0 0,047 0,007 101,189 816 

4 12,6 81,4 6,8 0,013 0,007 0,008 0,006 0,002 100,836 807 

5 13,52 80,13 6,95 0,006 0,016 0,002 0,004 0,014 100,642 796 

6 14,35 79,92 7,12 0,006 0,028 0,006 0 0,01 101,44 788 

7 15,48 78,39 7,35 0 0,018 0,011 0,006 0,01 101,265 774 

8 17,52 72,43 9,35 0 0,109 0,007 0,007 0 99,423 729 

9 17,94 72,43 11,03 0 0,056 0 0 0,025 101,481 713 

10 18,48 71,52 10,33 0 0 0,01 0,073 0 100,413 712 

11 22,73 69,23 8,93 0 0 0,025 0,015 0,047 100,977 686 

 

ɿʦʣʦʪʦ V ʛʝʥʝʨʘʮʠʠ (ʛʠʧʝʨʛʝʥʥʦʝ?) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʠʧʝʨʛʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ Sb 

(ʢʝʨʤʝʟʠʪ Sb2S2O, ʩʝʨʚʘʥʪʠʪ Sb2O4), Fe, As (ʛʝʪʠʪ FeOOH, ʛʠʜʨʦʛʝʪʠʪ, ʩʢʦʨʦʜʠʪ), ʉu (ʤʘʣʘʭʠʪ, 

ʘʟʫʨʠʪ) ʠ ʦʢʠʩʣʘʤʠ Sb ʠ Pb ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʦ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʪʫʪʠ ʦʪ 0 ʜʦ 15,78 %, ʩʝʨʝʙʨʘ ï ʦʪ 4,49 ʜʦ 11,21 %. ʇʨʦʙʥʦʩʪʴ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 770 ʜʦ 862 ă, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 821 ă. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʈʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ ʷʚʣʷʝʪʩʷ ʪʠʧʦʤʦʨʬʥʳʤ ʜʣʷ ʟʦʣʦʪʦ-ʘʥʪʠʤʦʥʠʪ-

ʩʫʣʴʬʦʘʥʠʤʦʥʠʪ-ʢʠʥʦʚʘʨʥʦʡ ʞʠʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʝ 

ʦʨʫʜʝʥʝʥʠʝ. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ ʩ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʳʜʝʣʝʥʠʠ ʩ ʧʦʟʜʥʠʤ ʘʥʪʠʤʦʥʠʪʦʤ ʠ ʢʠʥʦʚʘʨʴʶ, ʠ ʙʦʣʝʝ 

ʧʦʟʜʥʝʤ ʦʙʨʘʟʦʚʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʪʨʘʵʜʨʠʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʟʘʚʠʩʠʪ 

ʦʪ ʩʪʝʧʝʥʠ "ʟʘʤʝʱʝʥʠʷ" ʠʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʦʣʦʪʘ ʠ, ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʩʝʨʝʙʨʘ. ʇʦʩʣʝʜʥʝʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʧʨʝʚʳʰʘʝʪ 

ʧʨʝʜʝʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (26.7%), ʫʩʪʘʥʘʚʣʠʚʘʝʤʫʶ ʚ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʟʦʣʦʪʦ-ʨʪʫʪʴ. 

ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʶʯʶʩ ʧʨʠʤʝʩʴ ʵʣʝʤʝʥʪʦʚ (Sb, As, Cu, Pb, Zn, Ni, Co) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʘ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ ʩ ʤʳʰʴʷʢʦʚʠʩʪʳʤ ʠ ʩʫʨʴʤʷʥʳʤ ʪʠʧʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

ʇʦ ʜʘʥʥʳʤ [1, 2], ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʦʪʣʦʞʝʥʠʷ ʨʪʫʪʠ ʠ ʟʦʣʦʪʘ ʠʤʝʝʪ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʚʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥʳ ʚ 

ʦʙʣʘʩʪʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʩʙʨʦʩ ʜʘʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝ 

ʧʨʦʮʝʩʩʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʛʘʟʦʚʦʡ ʬʘʟʳ 

ʚ ʨʘʩʪʚʦʨʝ, ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ ʦʩʘʞʜʝʥʠʶ ʘʪʦʤʘʨʥʦʡ ʬʦʨʤʳ ʨʪʫʪʠ (Hg0aq). 

ʉʦʚʤʝʩʪʥʦ ʩ ʨʪʫʪʴʶ ʦʩʘʞʜʘʶʪʩʷ ʢʚʘʨʮ, ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʟʦʣʦʪʦ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʩʘʤʦʨʦʜʥʦʡ ʨʪʫʪʴʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʦʪʣʦʞʝʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ ʩʘʤʦʨʦʜʥʦʡ ʨʪʫʪʠ, ʢʦʪʦʨʳʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʠʟʙʝʞʥʦ ʙʫʜʫʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʪʫʪʠʩʪʦʛʦ ʟʦʣʦʪʘ ʣʠʙʦ ʘʤʘʣʴʛʘʤʠʜʦʚ ʟʦʣʦʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʠʤʝʶʱʠʭʩʷ ʟʦʣʦʪʘ ʠ ʨʪʫʪʠ [10]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ ʦʙʨʘʟʦʚʘʣʦʩʴ ʠʟ 

ʚʳʩʦʢʦʩʫʣʴʬʠʜʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ As, Hg, Sb ʠ Ag ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʛʨʘʜʠʝʥʪʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 
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ɺʳʚʦʜʳ 

1. ʈʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ ï ʪʠʧʦʤʦʨʬʥʳʡ ʤʠʥʝʨʘʣ ʧʦʟʜʥʠʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʪʘʜʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

2. ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʨʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʮʝʤʝʥʪʘʮʠʦʥʥʳʤ ʠ 

ʪʨʝʱʠʥʥʳʤ ʚʠʜʘʤ, ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʠ ʠʜʠʦʤʦʨʬʥʳʝ ʨʘʟʥʦʩʪʠ ʟʦʣʦʪʠʥ ʦʪʤʝʯʘʶʪʩʷ 

ʩʧʦʨʘʜʠʯʝʩʢʠ. 

3. ʈʪʫʪʠʩʪʦʝ ʟʦʣʦʪʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʢʠʥʦʚʘʨʴʶ, ʘʥʪʠʤʦʥʠʪʦʤ, Hg-ʪʝʪʨʘʵʜʨʠʪʦʤ, 

ʭʘʣʴʢʦʩʪʠʙʠʪʦʤ, Hg-ʮʠʥʢʝʥʠʪʦʤ, ʩ ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʘʢʪʘʰʠʪʘ-ʛʨʫʟʜʝʚʠʪʘ. 

4. ʇʨʝʦʙʣʘʜʘʶʪ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʘʟʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ Au-Ag-Hg ʠ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʙʠʥʘʨʥʳʝ ʬʘʟʳ ʩʦʩʪʘʚʘ: Au-Ag, ʠ Au-Hg. 

5. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʪʫʪʠ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʨʪʫʪʠʩʪʳʤ 

(>20%) ʨʘʟʥʦʩʪʷʤ.  

6. ʇʨʠʤʝʩʴ ʵʣʝʤʝʥʪʦʚ (Sb, As, Cu, Pb, Zn, Ni, Co) ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʘ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʨʪʫʪʠʩʪʦʛʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʩ ʤʳʰʴʷʢʦʚʠʩʪʳʤ ʠ ʩʫʨʴʤʷʥʳʤ ʪʠʧʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

7. ʆʧʠʩʳʚʘʝʤʦʝ ʟʦʣʦʪʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʠʟ ʚʳʩʦʢʦʩʫʣʴʬʠʜʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʨʪʫʪʴʶ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ FUFG-

2024-0006). 
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ʄʆɼɽʃʔ ɻɽʅɽɿʀʉɸ ʀʄʇɸʂʊʅʓʍ ɸʃʄɸɿʆɺ ʇʆʇʀɻɸʁʉʂʆʁ ɸʉʊʈʆɹʃɽʄʓ 

ɺʘʣʝʥʪʠʥ ɸʬʘʥʘʩʴʝʚ 

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘè ʉʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʛʝʥʝʟʠʩʝ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʟʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʛʨʘʬʠʪʘ ʢʘʢ 

ʧʨʝʢʫʨʩʦʨʘ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ, ʧʨʝʢʫʨʩʦʨʦʤ ʢʦʪʦʨʳʭ ʙʳʣ ʛʨʘʬʠʪ,  

ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʛʨʘʬʠʪʘ  

ʚ ʪʘʛʘʤʠʪʝ. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʣʦʥʩʜʝʡʣʠʪ 

ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ, ʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʢʘʞʝʥʠʷ 

ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʣʤʘʟʘ. 

 

MODEL OF GENESIS OF IMPACT DIAMONDS OF THE POPIGAI ASTROBLEMA 

Valentin Afanasiev 

Sobolev Institute of Geology and Mineralogy of SB RAS, 

Novosibirsk, Russia  

 

Abstract. In the genesis of impact diamonds of the Popigai Astroblem, the orientation 

effect associated with the sharp anisotropy of graphite as a precursor of impact diamonds 

plays a decisive role. This hypothesis allows us to explain most of the genetic features of 

impact diamonds, whose precursor was graphite, as well as the presence of a large amount 

of finely dispersed residual graphite in tagamite. Among other things, the proposed 

hypothesis confirms that lonsdaleite is not an independent mineral species, but is the result 

of distortion of the cubic lattice of diamond. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʧʠʛʘʡʩʢʠʡ ʤʝʪʝʦʨʠʪʥʳʡ ʢʨʘʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ʤʠʨʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ, ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʠʭ ʛʝʥʝʟʠʩʘ ʧʦʢʘ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥ ʜʦʩʪʦʚʝʨʥʦ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʚʷʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʩ ʤʘʨʪʝʥʩʠʪʥʳʤ 

ʧʝʨʝʭʦʜʦʤ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟʥʳʝ ʬʘʟʳ, ʢʫʙʠʯʝʩʢʫʶ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʘ. ʕʪʘ ʪʦʯʢʘ ʟʨʝʥʠʷ ʦʙʦʩʥʦʚʘʥʘ ʢʘʢ ʠʟʫʯʝʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ [1]. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ 

ʙʣʘʛʦʧʨʠʷʪʝʥ ʭʦʨʦʰʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʛʨʘʬʠʪ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʢʦʪʦʨʦʛʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʩʤʠʥʘʝʪʩʷ ʠ ʫʧʣʦʪʥʷʝʪʩʷ ʩ ʧʝʨʝʭʦʜʦʤ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩ sp2 

ʚ sp3. ʀʤʝʥʥʦ ʪʘʢʦʡ ʛʨʘʬʠʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʛʥʝʡʩʘʭ ʥʘ ʤʝʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ [2]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʣʤʘʟʳ ʩ ʣʦʥʩʜʝʡʣʠʪʦʤ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ [3]. 

ʄʘʨʪʝʥʩʠʪʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʝʨʝʭʦʜ ʛʨʘʬʠʪʘ ʚ ʘʣʤʘʟʥʳʝ 

ʬʘʟʳ, ʢʨʦʤʝ ʫʜʘʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʠ ʠʭ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʚ ʠʤʧʘʢʪʥʳʭ ʧʦʨʦʜʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʙʦʣʝʝ ʩʣʦʞʥʳʡ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ. 

ʇʦʧʠʛʘʡʩʢʠʡ ʢʨʘʪʝʨ ʦʙʨʘʟʦʚʘʥ ʫʜʘʨʦʤ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʭʦʥʜʨʠʪʘ ʪʠʧʘ L ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 7ï8 ʢʤ. 
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ʇʠʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʩʪʘʜʠʠ ʩʞʘʪʠʷ ʩʦʩʪʘʚʠʣʦ ʩʚʳʰʝ 624 ɻʇʘ, ʘ ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʚʟʨʳʚʘ ʦʢʦʣʦ 1,5Å1023ɼʞ. [4, 5].  

ɻʠʧʦʪʝʟʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚ [6], ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʠʤʧʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʛʨʘʬʠʪʘ ʧʦʨʦʜ ʤʠʰʝʥʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʦʥʩʜʝʡʣʠʪ ï ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩ sp3 ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪ, ʢʦʪʦʨʘʷ ʧʨʠ ʦʪʞʠʛʝ ʧʝʨʝʭʦʜʠʪ ʚ ʢʫʙʠʯʝʩʢʫʶ ʘʣʤʘʟʥʫʶ ʬʘʟʫ [6]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʦʚ 

ʦʭʣʘʞʜʝʥʠʷ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʥʩʜʝʡʣʠʪʘ ʥʝ ʫʩʧʝʚʘʣʦ ʧʝʨʝʡʪʠ ʚ ʘʣʤʘʟʥʫʶ ʬʘʟʫ, ʧʦʵʪʦʤʫ 

ʚ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʘʭ ʩʦʩʫʱʝʩʪʚʫʶʪ ʦʙʝ ʬʘʟʳ ʚ ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ ʛʠʧʦʪʝʟʳ, ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʘʣʤʘʟʦʚ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʣʘʩʴ. ɻʠʧʦʪʝʟʘ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʴʢʦ 

ʚʥʫʪʨʠʢʨʘʪʝʨʥʳʭ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʪʘʛʘʤʠʪʘ. ʇʦ ʥʝʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʝ ʠʟʫʯʘʣʠʩʴ ʷʢʫʪʠʪʳ, ʭʦʪʷ ʦʥʠ ʫʞʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ.  

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ.  

ʗʢʫʪʠʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʤʦʤʝʥʪ ʠʤʧʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ ʚ ʮʝʥʪʨʝ ʢʨʘʪʝʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʚʳʙʨʦʰʝʥʥʳʝ ʟʘ ʧʨʝʜʝʣʳ ʢʨʘʪʝʨʘ, ʙʳʣʠ ʟʘʢʘʣʝʥʳ ʠ ʚ ʧʦʩʪʠʤʧʘʢʪʥʦʡ 

ʠʩʪʦʨʠʠ ʩʦʭʨʘʥʠʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʠʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʣʦʚʠʷʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ [7, 8, 2]. ʇʨʠ ʵʪʦʤ ʚ ʥʠʭ ʩʦʯʝʪʘʶʪʩʷ ʘʣʤʘʟʥʘʷ ʠ ʣʦʥʩʜʝʡʣʠʪʦʚʘʷ ʬʘʟʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʪʠ ʬʘʟʳ ʦʙʨʘʟʫʶʪʩʷ ʚʤʝʩʪʝ, ʠ ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʪʞʠʛʘ ʣʦʥʩʜʝʡʣʠʪʘ  

[7, 8, 2]. ʕʪʦʪ ʬʘʢʪ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʝʞʥʶʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʛʠʧʦʪʝʟʫ. ɻʨʘʬʠʪ ʚ ʷʢʫʪʠʪʘʭ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ.   

ɸʣʤʘʟʳ ʚ ʪʘʛʘʤʠʪʘʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʤʝʥʴʰʠʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠ ʦʪʞʠʛʘʣʠʩʴ, ʯʘʩʪʠʯʥʦ ʫʥʠʯʪʦʞʘʣʠʩʴ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʠ ʛʨʘʬʠʪʠʟʘʮʠʠ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʤʝʥʴʰʠʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʂʘʢ ʠ ʚ ʷʢʫʪʠʪʘʭ, 

ʚ ʥʠʭ ʩʦʯʝʪʘʶʪʩʷ ʢʫʙʠʯʝʩʢʘʷ ʘʣʤʘʟʥʘʷ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʣʦʥʩʜʝʡʣʠʪʦʚʘʷ ʬʘʟʳ, ʥʦ ʠʤʝʝʪʩʷ ʠ 

ʦʩʪʘʪʦʯʥʳʡ ʛʨʘʬʠʪ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʢʫʙʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟ ʦʯʝʥʴ ʰʠʨʦʢʦʝ ï ʦʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ (ʟʝʨʥʘ ʙʝʣʦʛʦ ʮʚʝʪʘ) ʜʦ ʧʨʝʦʙʣʘʜʘʥʠʷ ʣʦʥʩʜʝʡʣʠʪʘ (ʪʝʤʥʳʝ 

ʟʝʨʥʘ). ʆʜʥʘʢʦ ʚ ʪʘʛʘʤʠʪʘʭ ʩʦʜʝʨʞʠʪʩʷ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʦʛʦ ʛʨʘʬʠʪʘ. ʏʪʦʙʳ ʧʦʥʷʪʴ 

ʧʨʠʨʦʜʫ ʵʪʦʛʦ ʛʨʘʬʠʪʘ, ʥʘʤʠ ʠʟʫʯʝʥ ʢʦʥʮʝʥʪʨʘʪ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʪʘʛʘʤʠʪʦʚ ʵʪʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ ʚ ʧʦʩʝʣʢʝ 

ʍʘʪʘʥʛʘ [2]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʬʠʪ ʚ ʪʘʛʘʤʠʪʝ ʦʩʪʘʪʦʯʥʳʡ, ʥʝ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʘʣʤʘʟ, ʘ ʥʝ 

ʨʝʪʨʦʛʨʘʜʥʳʡ, ʠ ʵʪʦ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʤʘʩʰʪʘʙʳ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʚ ʧʦʩʪʠʤʧʘʢʪʥʦʝ ʚʨʝʤʷ 

[2].  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʨʘʥʝʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʦʡ [6] ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ.  

1. ɸʣʤʘʟʥʘʷ ʠ ʣʦʥʩʜʝʡʣʠʪʦʚʘʷ ʬʘʟʳ ʦʙʨʘʟʫʶʪʩʷ ʚʤʝʩʪʝ ʚ ʤʦʤʝʥʪ ʠʤʧʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʣʦʥʩʜʝʡʣʠʪ, ʩʯʠʪʘʶʱʠʡʩʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʦʡ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʝʪʩʷ ʚ ʘʣʤʘʟʥʫʶ ʬʘʟʫ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʪʝʧʝʥʴʶ ʦʪʞʠʛʘ. 

2. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʠʤʧʘʢʪʥʳʭ ʧʦʨʦʜʘʭ, ʠʤʝʝʪ ʦʩʪʘʪʦʯʥʫʶ 

ʧʨʠʨʦʜʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʛʨʘʬʠʪʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʚ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʦʭʨʘʥʷʪʁʩʷ ʩ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘʤʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠʥʘʷ ʩʭʝʤʘ ʛʝʥʝʟʠʩʘ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʲʷʩʥʠʪʴ, ʢʘʢ ʩʦʯʝʪʘʥʠʝ ʘʣʤʘʟʥʳʭ ʬʘʟ ʠ 

ʛʨʘʬʠʪʘ, ʪʘʢ ʠ ʩʦʯʝʪʘʥʠʝ ʢʫʙʠʯʝʩʢʦʛʦ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʘʣʤʘʟʦʚ.  

ʇʦʜ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (ʧʝʨʝʭʦʜʦʤ, ʧʨʝʚʨʘʱʝʥʠʝʤ) ʧʦʥʠʤʘʝʪʩʷ ʦʩʦʙʳʡ ʚʠʜ 

ʬʘʟʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʙʝʟʜʠʬʬʫʟʠʦʥʥʦʤʫ, ʩʜʚʠʛʦʚʦʤʫ 

ʤʝʭʘʥʠʟʤʫ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʘʥʠʟʦʪʨʦʧʠʠ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʧʦʩʢʦʣʴʢʫ 

ʩʪʝʧʝʥʴ ʠ ʬʦʨʤʳ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʨʘʟʥʳʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɻʨʘʬʠʪ ʢʘʢ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʡʥʝ ʘʥʠʟʦʪʨʦʧʥʫʶ ʩʣʦʠʩʪʫʶ 
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ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʦʯʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʷʭ ʠ ʩʣʘʙʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʷʚʣʝʥ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʚʝʢʪʦʨʘ ʫʜʘʨʘ ʧʦ ʛʨʘʬʠʪʫ ʨʝʘʣʠʟʫʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ; ʧʨʠ ʥʘʢʣʦʥʝ ʚʝʢʪʦʨʘ ʫʜʘʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʬʠʪʫ 

ʚʦʟʥʠʢʘʝʪ ʙʘʟʠʩʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʝʛʦ ʩʣʦʝʚ, ʯʘʩʪʠʯʥʦ ʩʥʠʤʘʶʱʝʝ ʥʘʛʨʫʟʢʫ, ʦʙʨʘʟʫʶʪʩʷ ʢʫʙʠʯʝʩʢʘʷ 

ʬʘʟʘ, ʣʦʥʩʜʝʡʣʠʪ ʠ ʦʩʪʘʝʪʩʷ ʛʨʘʬʠʪ; ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʚʝʢʪʦʨʘ ʫʜʘʨʘ 

ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʬʘʟʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʦʩʪʘʝʪʩʷ ʛʨʘʬʠʪ. ɻʨʘʬʠʪ ʚ ʛʥʝʡʩʘʭ ʤʠʰʝʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʧʨʦʠʟʚʦʣʴʥʦ, ʝʩʪʴ ʟʝʨʥʘ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ, ʧʦʵʪʦʤʫ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚʩʝ ʚʘʨʠʘʥʪʳ, ʯʪʦ ʠ ʦʙʲʷʩʥʷʝʪ ʧʘʨʘʜʦʢʩʘʣʴʥʫʶ ʧʦʣʠʬʘʟʥʦʩʪʴ ʠʤʧʘʢʪʥʳʭ 

ʘʣʤʘʟʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʦʛʦ ʛʨʘʬʠʪʘ, ʥʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʘʣʤʘʟ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʝʥʝʟʠʩʝ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʨʝʰʘʶʱʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʟʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʛʨʘʬʠʪʘ ʢʘʢ ʧʨʝʢʫʨʩʦʨʘ 

ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ, ʧʨʝʢʫʨʩʦʨʦʤ ʢʦʪʦʨʳʭ ʙʳʣ ʛʨʘʬʠʪ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʪʘʛʘʤʠʪʝ.  

ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʣʦʥʩʜʝʡʣʠʪ ʥʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ, ʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʢʘʞʝʥʠʷ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʘʣʤʘʟʘ. ʆʙ ʵʪʦʤ ʚʧʝʨʚʳʝ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [9], ʥʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠ ʜʨʫʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ ʞʝ [10]. 
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ʊɸɻɸʄʀʊ ï ʀʄʇɸʂʊʅɸʗ ʇʆʈʆɼɸ ʇʆʇʀɻɸʁʉʂʆɻʆ ʂʈɸʊɽʈɸ, ʇʈʀʈʆɼʅɸʗ 

ʂɽʈɸʄʀʂɸ ʀ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʁ ʄɸʊɽʈʀɸʃ 

ɺʘʣʝʥʪʠʥ ɸʬʘʥʘʩʴʝʚ1, ʀʣʴʷ ʄʘʡʩʶʢ1, ɺʣʘʜʠʤʠʨ ʉʝʥʶʪʴ2 
1 ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘè ʉʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
2 ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ,  

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʛ. ʄʠʥʩʢ  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʪʘʛʘʤʠʪʘ, ʠʤʧʘʢʪʥʦʡ ʧʦʨʦʜʳ ʇʦʧʠʛʘʡʩʢʦʛʦ 

ʤʝʪʝʦʨʠʪʥʦʛʦ ʢʨʘʪʝʨʘ, ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʪʘʜʠʠ: 1 ï ʫʜʘʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʘ, 

ʚʳʟʚʘʚʰʠʡ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʠʥʝʨʘʣʦʚ ʧʦʨʦʜ ʤʠʰʝʥʠ, ʠ 2 ï 

ʧʝʨʝʧʣʘʚʣʝʥʠʝ ʠʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʧʝʨʝʭʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʘ ʧʨʦʮʝʩʩʘ ʚʳʟʚʘʣʠ 

ʛʣʫʙʦʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʤʠʰʝʥʠ, ʚʧʣʦʪʴ ʜʦ ʘʪʦʤʠʟʘʮʠʠ. ʉʦʣʠʜʠʬʠʢʘʮʠʷ 

ʧʝʨʝʛʨʝʪʦʛʦ ʨʘʩʧʣʘʚʘ ʦʙʨʘʟʦʚʘʣʘ ʪʘʛʘʤʠʪ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʪʝʢʣʦʚʘʪʫʶ ʧʦʨʦʜʫ ʩ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ 6,7 ï 7,0 ɻʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʰʠʤ ʩʦʨʪʘʤ, 

ʩʪʘʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʘʛʘʤʠʪ ʢʘʢ ʧʨʠʨʦʜʥʫʶ 

ʢʝʨʘʤʠʢʫ ʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʡ ʤʘʪʝʨʠʘʣ. 
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Abstract. There are two stages in the formation of tagamite, the impact rock of the Popigai 

meteorite crater: 1 ï impact of the space body, which caused the destruction of the crystal 

lattice of the target rock minerals, and 2 ï remelting of the impacted rocks at high 

temperature due to the transition of mechanical energy into thermal energy. Both processes 

together caused deep destruction of the target minerals, up to atomisation. Solidification of 

superheated melt formed tagamite, an essentially glassy rock with very high hardness 

reaching 6.7 ï 7.0 GPa, which corresponds to the highest grades of steel. The results of the 

research allow us to characterise tagamite as a natural ceramic and high-entropy material. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʧʠʛʘʡʩʢʠʡ ʢʨʘʪʝʨ ʦʙʨʘʟʦʚʘʥ ʫʜʘʨʦʤ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʭʦʥʜʨʠʪʘ ʪʠʧʘ L ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 

7ï8 ʢʤ. ʇʠʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʩʪʘʜʠʠ ʩʞʘʪʠʷ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 624 ɻʇʘ, ʘ ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʫʜʘʨʘ 

ʦʢʦʣʦ 1,5Å1023ɼʞ. [1, 2]. ʇʦʨʦʜʘʤʠ ʤʠʰʝʥʠ, ʥʘ ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʣʩʷ ʇʦʧʠʛʘʡʩʢʠʡ ʤʝʪʝʦʨʠʪʥʳʡ 

ʢʨʘʪʝʨ, ʙʳʣʠ ʘʨʭʝʡʩʢʠʝ ʛʥʝʡʩʳ ʭʘʧʯʘʥʩʢʦʡ ʩʝʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʦʨʦʜʫ, ʩʦʩʪʦʷʱʫ  ʁʠʟ ʢʚʘʨʮʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʢ-h ʧʘʪʘ, ʛʠʧʝʨʩʪʝʥʘ, ʛʨʘʥʘʪʘ, 

ʙʠʦʪʠʪʘ, ʛʨʘʬʠʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʧʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ ʦʙʨʘʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʠʤʧʘʢʪʥʳʭ ʧʦʨʦʜ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʪʘʛʘʤʠʪ ï ʧʝʨʝʧʣʘʚʣʝʥʥʳʝ ʧʦʨʦʜʳ ʤʠʰʝʥʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʪʘʛʘʤʠʪʘ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʪʘʜʠʠ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʫʜʘʨ ʨʘʟʨʫʰʠʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʦʚ, ʫʧʣʦʪʥʠʣ ʠʭ 

(ʷʚʣʝʥʠʝ ʜʠʘʧʣʝʢʪʠʟʤʘ) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 



21 

 

ʕʪʫ ʩʪʘʜʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʦʙʨʘʟʮʘʭ ʫʜʘʨʥʦ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʛʥʝʡʩʦʚ, ʚʳʙʨʦʰʝʥʥʳʭ ʠʟ ʮʝʥʪʨʘ ʢʨʘʪʝʨʘ ʠ ʨʘʟʙʨʦʩʘʥʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ, 

ʘ ʪʘʢʞʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʘʪʝʨʘ. ɻʨʘʬʠʪ, ʩʦʜʝʨʞʘʚʰʠʡʩʷ ʚ ʛʥʝʡʩʝ, ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʫʪʝʤ ʙʳʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʠʤʧʘʢʪʥʳʡ ʘʣʤʘʟ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ 

ʥʘʛʨʫʟʢʠ.  

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ ʧʨʦʠʟʦʰʝʣ ʨʝʟʢʠʡ 

ʨʘʟʦʛʨʝʚ ʠʤʧʘʢʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʧʣʘʚʣʝʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʢʨʘʪʝʨʘ ʧʨʝʚʳʰʘʣʘ 

3000ęʉ ʠ ʩʥʠʞʘʣʘʩʴ ʢ ʧʝʨʠʬʝʨʠʠ. ɺ ʢʦʣʴʮʝʚʦʡ ʟʦʥʝ, ʛʜʝ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ 35-60ɻʇʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʣʘ 2000ęʉ, ʦ ʯʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʤʫʘʩʩʘʥʠʪʘ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 1800ęʉ; ʵʪʘ ʟʦʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʨʝʘʣʠʟʫʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʦʪ ʦʙʨʘʪʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ. ɺ ʵʪʦʡ ʟʦʥʝ ʧʨʠ ʩʦʣʠʜʠʬʠʢʘʮʠʠ ʨʘʩʧʣʘʚʘ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʘʛʘʤʠʪ ï ʩʫʱʝʩʪʚʝʥʥʦ ʩʪʝʢʣʦʚʘʪʘʷ ʧʦʨʦʜʘ ʩʦ ʩʣʘʙʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɿʘʜʝʨʞʢʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʝʛʦ ʧʝʨʝʛʨʝʚʦʤ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʪʘʛʘʤʠʪʘ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʜʚʘ: ʫʜʘʨ, ʨʘʟʨʫʰʠʚʰʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʦʚ 

ʤʠʰʝʥʠ, ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʥʠʟʢʦʚʷʟʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʳʝ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʚʝʣʠ ʢ ʛʣʫʙʦʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʩʭʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʚʧʣʦʪʴ ʜʦ ʘʪʦʤʠʟʘʮʠʠ. ʆ ʧʦʩʣʝʜʥʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʪʘʛʘʤʠʪʝ ʤʫʘʩʩʘʥʠʪʘ, ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤ ʢʨʝʤʥʠʡ ʚ ʘʪʦʤʘʨʥʦʡ ʬʦʨʤʝ ʠ ʫʛʣʝʨʦʜ ʚ ʬʦʨʤʝ ʛʨʘʬʠʪʘ, 

ʢʦʪʦʨʦʛʦ ʦʩʪʘʝʪʩʷ ʤʥʦʛʦ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʛʘʤʠʪ ʦʙʣʘʜʘʝʪ 

ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ï 6,7 ï 7,0 ɻʇʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʰʠʤ ʩʦʨʪʘʤ, ʩʪʘʣʠ.  

 

ɺʳʚʦʜʳ 

ʀʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʪʚʝʨʜʦʩʪʠ ʠ 

ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʛʘʤʠʪʘ ʧʦʟʚʦʣʷʶʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʧʨʠʨʦʜʥʫʶ ʢʝʨʘʤʠʢʫ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥr ʡ ʤʘʪʝʨʠʘʣ. ʀʟʫʯʝʥʠʝ ʪʘʛʘʤʠʪʘ, ʘ ʪʘʢʞʝ ʩʪʝʢʦʣ ʩʦʣʠʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʠʟ ʵʧʠʮʝʥʪʨʘ ʫʜʘʨʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʘʪʝʨʘ, ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʦʙʥʘʨʫʞʝʥʠʝ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ.  
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ʂʀʄɹɽʈʃʀʊʆɺʓʁ ʄɸɻʄɸʊʀɿʄ ʊʋʅɻʋʉʉʂʆʁ ʉʀʅɽʂʃʀɿʓ: ʅʆɺʓɽ ɼɸʅʅʓɽ 

ɺʘʣʝʥʪʠʥ ɸʬʘʥʘʩʴʝʚ1, ʃʶʜʤʠʣʘ ʇʦʭʠʣʝʥʢʦ1, ʅʠʢʦʣʘʡ ʇʦʧʦʚ2, ʀʛʦʨʴ ʃʠʭʘʥʦʚ1,  

ʘʢʘʜʝʤʠʢ ʈɸʅ ʅʠʢʦʣʘʡ ʇʦʭʠʣʝʥʢʦ1  
1 ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘè ʉʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
2 ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʚʠʢʘʛʥʠʥʩʢʦʡ ʚʫʣʢʘʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʧʨʦʨʳʚʘʶʱʠʝ ʪʫʬʳ; ʧʦʜ ʧʦʨʦʜʘʤʠ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʠʤʝʝʪʩʷ 

ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ; ʚ ʨʘʟʨʝʟʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʥʘʭʦʜʷʪʩʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʪʦʣʱʠ ʬʫʥʜʘʤʝʥʪʘ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ɿʘʧʘʜʥʦ-ɸʣʜʘʥʩʢʠʡ ʛʨʘʥʠʪ ï ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʪʝʨʨʝʡʥ ʠ 

ʚʳʜʝʣʷʝʤʳʡ ʧʦʜ ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʯʝʭʣʦʤ ʊʫʥʛʫʩʩʢʠʡ ʪʦʥʘʣʠʪ-

ʪʨʦʥʜʴʝʤʠʪʦʛʥʝʡʩʦʚʳʡ ʪʝʨʨʝʡʥ, ʩ ʘʨʭʝʡʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ.  
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Abstract. It was established that the Sivikagnin volcanic-tectonic structure contains 

kimberlite bodies of Mesozoic age that break through tuffs; there is an Upper Paleozoic 

intermediate reservoir of indicator minerals of Middle Paleozoic kimberlites beneath the 

rocks of the Trap Formation; the crustal section beneath this structure contains 

metamorphic strata of the basement of the North Asian craton, which includes the West 

Aldan granite-greenstone terrane and the Tunguska tonalite-trondiemitogneiss terrane, with 

an Archean age of consolidation.  

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʩʫʪʩʪʚʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ (ʧʠʨʦʧʘ, ʭʨʦʤʜʠʦʧʩʠʜʘ, 

ʭʨʦʤʰʧʠʥʝʣʠʜʘ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 1977-1980 ʛʛ. ʚ ʧʨʦʮʝʩʩʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 

1:50000 ʥʘ ʚʦʩʪʦʯʥʦʤ ʙʦʨʪʫ ʊʫʥʛʫʩʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ɹʦʣʴʰʘʷ ʉʠʚʠʢʘʛʥʘ ï ʧʨʘʚʦʛʦ 

ʧʨʠʪʦʢʘ ʨʝʢʠ ɺʝʨʭʥʷʷ ʂʦʯʝʤʘ ï ʚ ʪʫʬʦʚʳʭ ʧʦʨʦʜʘʭ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ. ʇʦʟʜʥʝʝ (1990-1991 ʛʛ.) ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʪʫʬʘʭ ʉʠʚʠʢʘʛʥʳ ɹʦʪʫʦʙʠʥʩʢʘʷ ɻʈʕ ɸʂ ñɸʃʈʆʉɸò ʧʨʦʚʦʜʠʣʘ ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ.  

 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ: ʘ) ʤʠʥʝʨʘʣʳ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʦʷʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʜʠʢʘʪʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ ʠʟ ʵʣʶʚʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ; ʙ) ʩ ʧʨʠʟʥʘʢʘʤʠ ʵʢʟʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ï ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠ 

ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ɸʬʘʥʘʩʴʝʚ, ɿʠʥʯʫʢ, 1999; ɸʬʘʥʘʩʴʝʚ ʠ ʜʨ., 2001). ʊʝ ʠ ʜʨʫʛʠʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʚ ʨʘʟʨʝʟʝ ʪʫʬʦʚ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʤʠʥʝʨʘʣʦʚ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʟʫʯʝʥʥʳʤ ʥʘʤʠ ʦʙʣʦʤʦʯʢʦʤ ʢʠʤʙʝʨʣʠʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʬʦʚ, ʣʶʙʝʟʥʦ ʧʝʨʝʜʘʥʥʳʤ ʥʘʤ  

ɺ.ʇ. ɻʫʙʘʨʝʚʦʡ, ʨʘʙʦʪʘʚʰʝʡ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ 1990-1991 ʛʛ. ʀʟʫʯʝʥʥʳʡ ʦʙʣʦʤʦʢ ʦʧʨʝʜʝʣʝʥʥʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʠʤʝʶʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ, ʧʨʦʨʳʚʘʶʱʠʝ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ 

ʪʫʬʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ñʩʚʝʞʠʭò ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʬʦʚ ʠ ʚ ʛʠʜʨʦʩʝʪʠ ʟʘ ʩʯʝʪ ʵʨʦʟʠʠ ʢʠʤʙʝʨʣʠʪʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʧʣʦʱʘʜʴ ʪʫʬʦʚ, ʟʘʨʘʞʝʥʥʳʭ ʠʥʜʠʢʘʪʦʨʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ (ʧʨʠʤʝʨʥʦ 10Ĭ3 ʢʤ), 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʟʜʝʩʴ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ. ʂʠʤʙʝʨʣʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʞʠʣʘʤʠ, ʜʘʡʢʘʤʠ, ʰʪʦʢʚʝʨʢʘʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ. 

ʂʠʤʙʝʨʣʠʪʳ ʧʨʦʨʳʚʘʶʪ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ ʪʫʬʳ, ʧʦʵʪʦʤʫ ʠʭ ʚʦʟʨʘʩʪ ʤʝʟʦʟʦʡʩʢʠʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʜʨʫʛʠʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ ʜʘʥʥʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʫʨʦʚʥʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʉʦʩʪʘʚʳ ʧʠʨʦʧʦʚ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ʄʠʥʝʨʘʣʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠ 

ʛʠʧʝʨʝʛʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʵʪʠʤ ʧʨʠʟʥʘʢʘʤ ʠʥʜʠʢʘʪʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ ʠʟ 

ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ɺ.ʇ. ɻʫʙʘʨʝʚʘ ʧʝʨʝʜʘʣʘ ʥʘʤ ʦʙʣʦʤʦʢ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʧʦʨʦʜʳ, ʪʘʢʞʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʬʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʛʨʫʙʦʟʝʨʥʠʩʪʳʡ ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʳʡ ʛʥʝʡʩ 

(ʤʝʪʘʧʝʣʠʪ). ʆʙʣʦʤʦʢ ʛʥʝʡʩʘ ʚʳʥʝʩʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʚʠʢʘʛʥʠʥʩʢʦʡ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠʩʫʪʩʪʚʫʶʪ: ʘ ï ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʦʨʳʚʘʶʱʠʝ ʪʫʬʳ;  

ʙ ï ʧʦʜ ʧʦʨʦʜʘʤʠ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʢʦʣʣʝʢʪʦʨ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ; ʚ ï ʚ ʨʘʟʨʝʟʝ ʟʝʤʥʦʡ ʢʦʨʳ 

ʧʦʜ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘʭʦʜʷʪʩʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʪʦʣʱʠ ʬʫʥʜʘʤʝʥʪʘ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʢʨʘʪʦʥʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. 

ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ (ˉ122041400157-9). ʊʝʤʘʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʩ 

ʧʨʦʝʢʪʦʤ ʛʦʩʟʘʜʘʥʠʷ FWZZ-2022-0002. 
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ɺʃʀʗʅʀɽ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʀ ɻɽʆʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ 

ʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʆʉɺʆɽʅʀʗ ʈʆʉʉʓʇʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɿʆʃʆʊɸ 

ʅʘʪʘʣʴʷ ɹʘʪʫʛʠʥʘ 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʠʤ. ʅ.ɺ. ʏʝʨʩʢʦʛʦ ʉʆ ʈɸʅ 

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʥʦʟʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʦʮʝʥʢʠ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʦʷʱʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʮʝʥʢʘ ʛʝʦʣʦʛʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ. ʅʘ ʚʝʣʠʯʠʥʫ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʢʨʘʝʚʦʡ ʚʳʨʘʙʦʪʢʝ ʠ ʙʦʨʪʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʙʝ ʚʣʠʷʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ ʪʦʯʥʦʩʪʠ. 

ʆʰʠʙʢʘ ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʙʣʦʢʝ, ʦʞʠʜʘʝʤʳʭ ʟʘʪʨʘʪ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʜʦʩʪʠʛʘʝʪ 20 ï 30 %, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʭʦʜʠʪ ʜʦ 100 %. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʢʦʥʪʫʨʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

INFLUENCE OF GEOLOGICAL FACTORS AND GEOTECHNOLOGICAL SOLUTIONS 

ON THE EFFICIENCY OF DEVELOPMENT OF ALLUVER GOLD DEPOSITS 

Natalia Batugina 

Chersky Institute of Mining of the North, SB RAS, 

Russia, Yakutsk 

 

Abstract. The article shows that due to the predictive nature of the mining and geological 

assessment, as well as the economic indicators of the future development of alluvial 

deposits, the geological-economic structure of the deposit can only be estimated by 

probabilistic means. The amount of content in the surface and the content of the sample are 

influenced by geological and economic factors, which are determined with some degree of 

precision. The error of estimation of average contents in the block, expected costs, recovery 

rate and other factors reaches 20-30%, in some cases reaching 100%. Establishing 

relationships between mining, geological, technological, economic factors allows to 

quickly manage the development circuit and increase the profit of mining company. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʦʮʝʥʢʝ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʭ ʛʝʦʤʝʪʨʠʟʘʮʠʷ, ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ, ʛʝʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʧʨʦʱʝʥʥʦ, ʙʝʟ ʫʯʝʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ 

ʛʝʦʤʝʪʨʠʠ ʥʝʜʨ ʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʦʚʝʨʥʳʤ ʟʥʘʥʠʷʤ 

ʦ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʇʦʵʪʦʤʫ ʧʣʘʥʠʨʫʝʤʳʝ ʨʘʟʚʝʜʢʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʝ ʦʧʪʠʤʘʣʴʥʳ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʜʦʧʫʩʢʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ, ʩʥʠʞʘʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ [1ï3].  

ʈʘʩʰʠʨʝʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʝʸ ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʩʚʦʝʥʠʶ, ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥʥʦʡ ʛʝʦʣʦʛʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʩ ʛʝʦʤʝʪʨʠʟʘʮʠʝʡ ʢʦʤʧʣʝʢʩʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ.  

ɺ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ 

ʭʘʨʘʢʪʝʨ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʠʥʠʤʘʝʤʳʭ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʨʝʰʝʥʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ ʯʝʨʝʟ ʦʮʝʥʢʫ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʠʙʳʣʴʶ ʧʨʠ ʠʭ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʘʣʴʥʳʡ ʠ ʧʨʠʙʣʠʞʝʥʥʳʡ ʩʧʦʩʦʙʳ ʪʝʦʨʠʠ ʦʰʠʙʦʢ. 

 

ʆʩʥʦʚʥʦʡ ʨʘʟʜʝʣ ʚʘʰʝʡ ʩʪʘʪʴʠ 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʠ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʨʫʧʥʳʭ ʙʣʦʢʘʭ, ʢʦʥʪʫʨʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 

ʮʝʣʦʤ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʊʕʆ ʫʧʨʦʱʝʥʥʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʝʥʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʢʘʯʝʩʪʚʝʥʥʦ. ɼʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦ ʙʣʦʢʘʤ ʩʪʦʠʤʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ʅʝʧʨʝʨʳʚʥʘʷ ʦʮʝʥʢʘ ʠ ʧʝʨʝʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʠʥʦʤʫ ʧʦʜʦʡʪʠ 

ʢ ʧʨʦʙʣʝʤʝ ʢʦʥʜʠʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜ ʢʦʥʜʠʮʠʷʤʠ ʧʦʥʠʤʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʚʝʣʠʯʠʥʳ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ. ɼʣʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ 

ʪʨʫʜʦʝʤʢʦʩʪʠ, ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʙʦʣʝʝ 3-5 ʚʘʨʠʘʥʪʦʚ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʀʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ʢʦʥʜʠʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʜʘʣʝʢʠ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ.  

ɹʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʚʝʜʢʫ, ʦʮʝʥʢʫ, ʦʧʝʨʝʞʘʶʱʝʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʠʭ ʫʯʘʩʪʢʦʚ, ʜʦʧʦʣʥʷʶʪʩʷ ʩʣʫʯʘʷʤʠ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʟʘʥʠʞʝʥʠʷ 

ʟʘʧʘʩʦʚ ʥʘ 10-30% ʠ ʙʦʣʝʝ, ʧʨʦʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʧʨʠ ʥʝʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ ʠ 

ʤʘʣʦʦʙʲʝʤʥʦʤ ʦʧʨʦʙʦʚʘʥʠʠ [4-5] ʠ (ʠʣʠ) ʨʝʜʢʦʡ ʩʝʪʠ ʨʘʟʚʝʜʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʛʝʦʤʝʪʨʠʟʘʮʠʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ 

ʧʦ ʆʡʤʷʢʦʥʩʢʦʤʫ, ʅʝʨʶʥʛʨʠʥʩʢʦʤʫ ʠ ɸʣʜʘʥʩʢʦʤʫ ʨʘʡʦʥʘʤ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʜʦʣʷ 

ʧʨʦʩʪʳʭ ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʟʘʣʝʞʝʡ ʫʤʝʥʴʰʠʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʚʜʚʦʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʩʣʦʞʥʳʭ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʜʠʮʠʡ ʜʣʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ï 

ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʫʩʣʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) ʚ ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ 

ʚʳʨʘʙʦʪʢʘʭ ʧʨʠ ʥʫʣʝʚʦʡ ʚʩʢʨʳʰʝ (ʄʂɺ0) ʠ ʙʦʨʪʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʫʩʣʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) ʚ ʧʨʦʙʝ ʜʣʷ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʧʣʘʩʪʘ ʧʦ ʤʦʱʥʦʩʪʠ (ʉʙ), ʢʦʪʦʨʳʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ ɿ - ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ (ʚʢʣʶʯʘʷ ʘʤʦʨʪʠʟʘʮʠʶ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ) ʥʘ ʜʦʙʳʯʫ 

ʠ ʧʨʦʤʳʚʢʫ 1 ʤ3 ʧʝʩʢʦʚ ʧʨʠ ʥʫʣʝʚʦʡ ʚʩʢʨʳʰʝ ʠ ʧʣʘʪʝʞʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʤʘʩʩʝ ʜʦʙʳʚʘʝʤʳʭ 

ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʫʙ/ʤ3; ɿ =ɿʜ.ʧ.+ɿʧ.ʧ.+ʅɼʇʀ+ɸʬ, ɿʜ.ʧ. ï ʟʘʪʨʘʪʳ ʥʘ ʜʦʙʳʯʫ ʧʝʩʢʦʚ, 

ʨʫʙ/ʤ3; ɿʧ.ʧ. ï ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ (ʧʨʦʤʳʚʢʫ, ʦʙʦʛʘʱʝʥʠʝ) ʧʝʩʢʦʚ, ʨʫʙ/ʤ3; ʅɼʇʀ ï ʥʘʣʦʛ ʥʘ 

ʜʦʙʳʯʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʨʫʙ/ʤ3; ɸʬ ï ʧʣʘʪʝʞʠ ʟʘ ʘʬʬʠʥʘʞ; P ï ʮʝʥʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʛʦ 

ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʧʝʩʢʦʚ, ʨʫʙ.; R ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʫʙʦʞʠʚʘʥʠʷ; J ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʚʦʟʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʝʯʥʳʡ ʪʦʚʘʨʥʳʡ ʧʨʦʜʫʢʪ; ɿʜʧ ï 

ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʧʦ ʜʦʙʳʯʝ ʠ ʦʙʦʛʘʱʝʥʠʶ ʧʝʩʢʦʚ, ʨʫʙ./ʪ (ʨʫʙ./ʤ3).  

ʄʦʜʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʚʳʨʘʙʦʪʢʘʭ ʧʨʠ ʥʫʣʝʚʦʡ ʚʩʢʨʳʰʝ (ʄʂɺ0), ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʙʳʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [5], ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʛʜʝ Dɿ/ɿ, DP/P, DR/R, DJ/J - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʙʘʟʦʚʳʭ ʬʘʢʪʦʨʦʚ (ʘʨʛʫʤʝʥʪʦʚ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɿ, ʈ, R, J.  

ʇʝʨʝʤʝʥʥʳʝ ʚ (3) ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʫʯʘʩʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʰʠʙʢʘʤʠ. ʊʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ 

ʚʳʨʘʙʦʪʢʘʭ ʧʨʠ ʥʫʣʝʚʦʡ ʚʩʢʨʳʰʝ (ʄʂɺ0) ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʜʦʙʳʯʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʧʝʩʢʦʚ (ɿ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ (J), 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʫʙʦʞʠʚʘʥʠʷ (R), ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʌʘʢʪʦʨʳ, ʫʯʠʪʳʚʘʝʤʳʝ ʧʨʠ ʨʘʩʯʝʪʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʝʜʠʥʠʮʳ ʤʝʪʘʣʣʘ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʩʦʚʝʨʰʝʥʥʦ ʜʦʩʪʦʚʝʨʥʦ. ɺʩʝʛʜʘ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʘʢʠʝ-ʪʦ ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʤʳ 

ʫʯʝʩʪʴ ʥʝ ʤʦʞʝʤ ʠ ʢʦʪʦʨʳʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʙʫʜʫʪ ʚʣʠʷʪʴ 

ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʩʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤʠ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ ʠ ʜʠʩʧʝʨʩʠʷʤʠ. ʌʫʥʢʮʠʠ ʵʪʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ. 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʬʫʥʢʮʠʠ ʤʥʦʛʠʭ ʩʣʫʯʘʡʥʳʭ ʧʝʨʝʤʝʥʥʳʭ xi, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʚʥʘ 
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ʛʜʝ 
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µ
 - ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʧʦ xi; sxi ï ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʝʨʝʤʝʥʥʦʡ 

xi (ʛʜʝ ʭi ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ ʬʘʢʪʦʨʦʚ ɿ, P, R, J).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4) ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʛʦ ʤʠʥʠʤʘʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ (Cmin) ʦʪ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʣʠ ʝʛʦ ʫʯʘʩʪʢʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʛʜʝ s ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʨʘʩʯʝʪʘ ʬʘʢʪʦʨʦʚ (ɿ, J, R, P). 

ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʬʘʢʪʦʨʫ ʜʦʩʪʠʛʘʝʪ 10ï30 

%, ʘ ʠʥʦʛʜʘ ʜʦʭʦʜʠʪ ʜʦ 250 % (ʚ ʩʣʫʯʘʝ ʮʝʥʳ), ʪʦ ʦʰʠʙʢʘ ʧʦ ʦʮʝʥʢʝ ʦʞʠʜʘʝʤʦʛʦ Cmin ʙʫʜʝʪ ʙʦʣʝʝ 

30 %, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʜʦʩʪʠʛʘʪʴ 100 %.  

ɺʣʠʷʥʠʝ ʮʝʥʦʚʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʚʳʨʘʙʦʪʢʘʭ ʧʨʠ ʥʫʣʝʚʦʡ ʚʩʢʨʳʰʝ (ʄʂɺ0) ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʏʝʤ ʙʦʣʴʰʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ ʠ ʧʨʦʤʳʚʢʠ 1 ʤ3 

ʧʝʩʢʦʚ, ʪʝʤ ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʤʦʡ ʮʝʥʳ ʥʘ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʘʝʚʦʡ ʚʳʨʘʙʦʪʢʝ 

(ʄʂɺ0). ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ (ʧʘʜʝʥʠʝ) ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʘʝʚʦʡ ʚʳʨʘʙʦʪʢʝ ʚʩʝʛʜʘ ʙʦʣʴʰʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ (ʧʘʜʝʥʠʷ) ʮʝʥʳ ʠ ɻ ʪʦ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʝ 

ʟʘʪʨʘʪ ʢ ʮʝʥʝ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʙʳʣʠ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʟʘʪʨʘʪ ʢ ʮʝʥʝ ʤʝʥʴʰʝ 0,5, ʚʩʝʛʜʘ 

ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʘʪʨʘʪ (ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ), ʘ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʟʘʪʨʘʪ 

ʢ ʮʝʥʝ ʙʦʣʴʰʝ 0,5 ï ʚʩʝʛʜʘ ʙʦʣʴʰʝ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʟʘʪʨʘʪ ʢ ʮʝʥʝ ʙʦʣʴʰʝ 0,5, ʝʩʣʠ ʫ ʥʝʛʦ ʥʝʪ ʭʦʨʦʰʝʛʦ 

ʨʝʟʝʨʚʘ ʚ ʢʘʯʝʩʪʚʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ.  

ɺ ʫʩʣʦʚʠʷʭ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʦʣʦʪʦʜʦʙʳʯʠ ʟʥʘʯʠʤʦʩʪʴ 

ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʝʜʢʠ ʠ ʦʮʝʥʢʠ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʠʭ ʫʯʘʩʪʢʦʚ ʚʦʟʨʘʩʪʘʝʪ. 

 

ɺʳʚʦʜʳ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʥʦʟʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʦʮʝʥʢʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʦʷʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʮʝʥʢʘ 
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ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ. ʅʘ ʚʝʣʠʯʠʥʫ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʘʝʚʦʡ ʚʳʨʘʙʦʪʢʝ ʠ ʙʦʨʪʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʣʠʷʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ 

ʪʦʯʥʦʩʪʠ. ʆʰʠʙʢʘ ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʙʣʦʢʝ, ʦʞʠʜʘʝʤʳʭ ʟʘʪʨʘʪ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʜʦʩʪʠʛʘʝʪ 20ï30 %, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʭʦʜʠʪ ʜʦ 100 %. 
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ʅʆɺʓɽ ʇʆɼʍʆɼʓ ʂ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʖ ʂʈʋʇʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ʉʊʈɸʊɽɻʀʏɽʉʂʀʍ ʄɽʊɸʃʃʆɺ ʅɸ ʉɽɺɽʈʆ-ɺʆʉʊʆʂɽ ʈʆʉʉʀʀ 

 

ɸʣʝʢʩʘʥʜʨ ɺʦʣʢʦʚ  

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʈɸʅ, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ ï 

ʠʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ; ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ; ʧʨʦʚʝʜʝʥʳ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ɻʀʉ-ʘʥʘʣʠʟʘ; 

ʩʦʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʧʨʦʛʥʦʟʥʳʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʢʘʨʪ; ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ. 

 

NEW APPROACHES TO FORECASTING LARGE DEPOSITS OF STRATEGIC METALS IN 

THE NORTH-EAST OF RUSSIA 

Aleksandr Volkov  

Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry of the RAS, 

Moscow, Russia 

 

Abstract. During the research, the main oreïforming systems ï sources of high-tech 

critical metals ï were identified; a database of deposits and promising ore occurrences was 

created; metallogenic studies based on spatial and statistical GIS analysis were performed; 

variants of predictive metallogenic maps of the placement of ore-forming systems were 

compiled; new approaches to forecasting large deposits of strategic metals were developed. 

 

ɺʚʝʜʝʥʠʝ. ɻʣʦʙʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʄʉɹ ʪʨʝʙʫʶʪ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʦʛʝʥʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʦʷʚʠʚʰʘʷʩʷ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʢʦʥʮʝʧʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ (ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ) 

ʩʠʩʪʝʤ ʦʙʨʝʣʘ çʚʪʦʨʦʝ ʜʳʭʘʥʠʝè [1, 2, 3]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʦʡ ʢʦʥʮʝʧʮʠʝʡ ʨʫʜʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʟʝʤʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ [3]. 

ʂʦʥʮʝʧʮʠʷ ʦʙʲʝʜʠʥʷʝʪ çʚʩʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʛʝʥʝʨʘʮʠʶ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè. ʀʟʫʯʝʥʠʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʥʦʟʥʦ-

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʧʦʜʛʦʪʦʚʢʠ ɻʀʉ-ʧʨʦʝʢʪʘ, ʩʦʯʝʪʘʶʱʝʛʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ɻʀʉ-ʘʥʘʣʠʟʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ARCMAP, 

MAPINFO ʠ ʜʨʫʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʛʣʘʚʥʳʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ 

ʩʠʩʪʝʤʳ, ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ (ʪʘʙʣ.); ʩʦʩʪʘʚʣʝʥʘ ʙʘʟʘ 

ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ, 

ʩʦʙʨʘʥʳ ʠʩʭʦʜʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ; ʚʳʧʦʣʥʝʥʳ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ɻʀʉ ʘʥʘʣʠʟʘ. ɼʣʷ ʢʘʞʜʦʡ 
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ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(ʩʤ. ʪʘʙʣ.), ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʘʙʦʨʦʤ ʦʩʥʦʚʥʳʭ ʠ ʚʘʞʥʝʡʰʠʭ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʢʨʠʪʠʯʝʩʢʠʭ) ʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʨʫʜ.  

 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ  

 

ʈʫʜʦʦʙʨʘʟʫʶʱʘʷ 

ʩʠʩʪʝʤʘ 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ 

ʈʫʜʥʦ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʪʠʧ 

ɻʣʘʚʥʳʝ 

ʤʝʪʘʣʣʳ 
ʇʨʠʤʝʩʠ  ʇʨʠʤʝʨʳ  

ʂʦʣʯʝʜʘʥʥʳʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ 

ʦʩʘʜʦʯʥʦ-

ʚʫʣʢʘʥʠʯʝʩʢʠʝ  

ʆʩʪʨʦʚʦʜʫʞʥʳʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʷʩʘ, ʟʦʥʳ 

ʨʠʬʪʦʛʝʥʝʟʘ 

ʄʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʡ 

(VHMS), 

ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠ-

ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

Cu, Zn, 

Pb, Ag, Au 

Bi, Cd, Te, 

In, Se 

ɺʠʢʠʥʛ, 

ʊʫʤʘʥʥʦʝ, 

ʍʦʪʦʡʜʦʭ, 

ʋʛʨʶʤʦʝ  

ʆʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ 

(ʄʠʩʩʠʩʠʧʠ ʪʠʧ) 

ʤʝʜʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ, 

ʥʝʩʦʛʣʘʩʠʡ (U), 

ʜʦʣʠʥʥʳʡ (U) ʠ ʜʨ 

ʇʣʘʪʬʦʨʤʳ, 

ʵʥʩʠʘʣʠʯʝʩʢʠʝ 

ʙʘʩʩʝʡʥʳ, 

ʨʠʬʪʦʛʝʥʥʳʝ ʟʦʥʳ, 

ʧʘʩʩʠʚʥʳʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʦʢʨʘʠʥʳ 

ʉʪʨʘʪʠʬʦʨʤʥʳʝ 

MVT- ʠ SEDEX-

ʪʠʧʳ, ʞʠʣʴʥʳʝ ʨʫʜʳ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʟʦʣʦʪʦʨʫʜʥʳʡ ʚ 

ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ 

ʢʦʤʧʣʝʢʩʘʭ). 

Cu, Co, 

Mn, Zn, 

Pb, U, Ag 

Re, Bi, In, 

Cd, Ge, 

REE, Ag, 

Pb, Zn, Te, 

Sc, Sr, Ga, 

Ga 

ʉʘʨʜʘʥʘ, 

ʇʝʨʝʚʘʣʴʥʦʝ, 

ʋʨʫʡ 

ʇʦʨʬʠʨʦʚʦ-

ʵʧʠʪʝʨʤʘʣʴʥʘʷ (Cu-

Mo-Au ʧʦʨʬʠʨʦʚʳʡ, 

ʵʧʠʪʝʨʤʘʣʴʥʳʡ 

ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʩʫʣʴ-

ʬʠʜʠʟʠʨʦʚʘʥʥʳʡ, 

ʩʢʘʨʥʦʚʳʡ) 

ʆʩʪʨʦʚʦʜʫʞʥʳʝ, 

ʦʢʨʘʠʥʥʦ- ʠ ʚʥʫʪʨʠ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢ

ʠʝ ʧʦʷʩʘ 

ʇʦʨʬʠʨʦʚʳʡ Cu-Au-

Mo, ʵʧʠʪʝʨʤʘʣʴʥʳʡ 

Au-Ag, Ag-Zn-Pb ʠ 

Au-Cu 

Cu, Mo, 

Au, Ag 

Re, Sb, Pt, 

Pd, Pb, Zn, 

Te, In, Se, 

Bi, Cd, W, 

B, REE 

ɼʫʢʘʪ, 

ɻʦʣʴʮʦʚʦʝ, 

ʄʫʪʥʦʚʩʢʦʝ, 

ʇʝʩʯʘʥʢʘ 

ʆʨʦʛʝʥʥʦʡ, ʩʚʷʟʘʥʥʘʷ 

ʩ ʠʥʪʨʫʟʠʚʘʤʠ 

ʛʨʘʥʠʪʦʠʜʦʚ (Mo-

ʧʦʨʬʠʨʦʚʳʡ, 

ʧʝʛʤʘʪʠʪʦʚʳʡ (REE), 

U, ʩʢʘʨʥʦʚʳʡ) 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʷʩʘ, ʦʙʣʘʩʪʠ ʊʄɸ 

ʧʘʩʩʠʚʥʳʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʦʢʨʘʠʥ 

ɿʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʡ 

ʞʠʣʴʥʳʡ, ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝ-

ʚʳʡ, ʛʨʝʡʟʝʥʦʚʳʡ 

Sn-W-F, 

ʧʦʨʬʠʨʦʚʳʡ Mo 

Au, Sn, W, 

U, Mo, B, 

Sb, Li 

Re, Bi, In, 

Cd, Ge, 

REE, Ag, 

Pb, Zn, Te, 

Co, U 

ʂʫʧʦʣ, 

ɼʝʧʫʪʘʪʩʢʦʝʅʝ

ʞʜʘʥʠʥʩ-ʢʦʝ, 

ʄʘʡʩʢʦʝ, 

ʅʘʪʘʣʢʠʥʩʢʦʝ, 

ʉʘʨʳʣʘʭ 

ʄʘʛʤʘʪʠʯʝʩʢʘʷ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚʘʷ (Ni-

Cu, PGE ʠ Fe-V-Ti ʚ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ 

ʠʥʪʨʫʟʠʷʭ) 

ɿʝʣʝʥʦʢʘʤʝʥʥʳʝ 

ʜʦʢʝʤʙʨʠʡʩʢʠʝ 

ʧʦʷʩʘ, ʦʩʪʨʦʚʦʜʫʞ-

ʥʳʝ ʦʬʠʦʣʠʪʳ, 

ʦʨʦʛʝʥʥʳʝ ʧʦʷʩʘ  

ʉʫʣʴʬʠʜʥʳʡ Ni-Cu, 

Ni-Cu-Co ʠ Ni-Cu-

PGE, ʭʨʦʤʠʪʠʪʦʚʳʡ, 

ʦʢʩʠʜʥʳʡ Fe-Ti-V ʩ 

ʤʘʛʥʝʪʠʪʦʤ 

Ni, Cu, 

ʉʦ, PGE, 

Fe, V, Ti,  

Au, Ag, Te, 

Se, U, Zr, 

REE 

ʐʘʥʫʯ, 

ɻʘʣʴʤʦʝʥʘʥ, 

ʊʫʥʜʨʦʚʦʝ 

 

ʉʚʷʟʘʥʥʘʷ ʩ 

ʱʝʣʦʯʥʳʤʠ 

ʠʥʪʨʫʟʠʷʤʠ (ʘʣʤʘʟʳ, 

REE ʠ U-Th-REE 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

ɺʥʫʪʨʠʧʣʠʪʥʘʷ, ʚʩʝ 

ʪʠʧʳ ʙʘʩʩʝʡʥʦʚ ʠ 

ʬʫʥʜʘʤʝʥʪʘ  

ɸʧʘʪʠʪ-

ʥʝʬʝʣʠʥʦʚʳʡ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦ-

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʡ ʚ 

ʨʘʩʩʣʦʝʥʥʳʭ 

ʱʝʣʦʯʥʳʭ 

ʠʥʪʨʫʟʠʷʭ  

ɸʣʤʘʟʳ, 

U, Th, 

REE, Nb, 

Ta, ɺʝ 

Au, Ag, 

Te, Co, Sr, 

Rb, Pb, 

Zn, Zr, Sn 

ɻʦʨʥʦʝ ʆʟʝʨʦ, 

ʍʘʤʥʠʥʩʢʦʝ, 

ʊʝʥʢʝʨʛʠʥʩʢʦʝ 

 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ï ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ, 

ʦʙʫʩʣʦʚʠʚʰʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʠ ʧʦʣʠʭʨʦʥʥʳʡ ʠʥʪʨʫʟʠʚʥʳʡ ʤʘʛʤʘʪʠʟʤ 

ʵʪʘʧʦʚ ʊʄɸ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʘʨʝʘʣʦʚ ʤʠʥʝʨʘʣʴʥʳʭ (ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ) ʩʠʩʪʝʤ 

ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʦʢ ʠ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ. ʇʦ ʩʪʝʧʝʥʠ ʫʯʘʩʪʠʷ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʚʳʜʝʣʷʶʪʩʷ 

ʨʫʜʦʚʤʝʱʘʶʱʠʝ, ʨʫʜʦʥʦʩʥʳʝ, ʨʫʜʦʛʝʥʝʨʠʨʫʶʱʠʝ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ.  

ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʩʨʝʜʘ 

ʨʫʜʦʦʪʣʦʞʝʥʠʷ. ʈʫʜʦʥʦʩʥʳʝ ʬʦʨʤʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʨʫʜʦʚʤʝʱʘʶʱʠʭ, 

ʠ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʦʜʥʦʨʦʜʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʣʫʞʘʱʠʝ ʢʘʢ ʩʨʝʜʦʡ ʨʫʜʦʦʪʣʦʞʝʥʠʷ, 

ʪʘʢ ʠ ʚʦʟʤʦʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ (ʥʘʧʨʠʤʝʨ, ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʨʫʜʳ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 
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ʥʘʣʦʞʝʥʥʳʭ ʵʪʘʧʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʫʜʦʛʝʥʝʨʠʨʫʶʱʠʝ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʬʦʨʤʘʮʠʷʤ 

ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʨʦʣʴ ʠʩʪʦʯʥʠʢʦʚ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʫʜʦʚʤʝʱʘʶʱʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʦʩʥʦʚʘʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʫʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ 

ʚʫʣʢʘʥʠʟʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʪʘʢʞʝ ʛʣʫʙʠʥʥʳʝ ʛʨʘʚʠʤʝʪʨʠʶ, ʤʘʛʥʠʪʦʤʝʪʨʠʶ, 

ʛʝʦʵʣʝʢʪʨʠʢʫ, ʪʝʨʤʦʤʝʪʨʠʶ ʠ ʨʘʜʠʦʤʝʪʨʠʶ. ʊʘʢʠʝ ʥʝʩʝʡʩʤʠʯʝʩʢʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʣʠʯʘʪʴ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ 

ʟʝʤʥʦʡ ʢʦʨʳ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʚ ʤʝʪʘʣʣʦʛʝʥʠʠ ʚʳʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʤʠʨʝ ʚ ʪʝʯʝʥʠʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʣʦʢʘʣʴʥʳʭ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ ʧʦ ʚʳʷʚʣʝʥʠʶ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ɻʀʉ-ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ GOCE (Gravity Field and Steady-State Ocean 

Circulation Explorer): ʛʣʦʙʘʣʴʥʳʝ ʢʘʨʪʳ ʛʣʫʙʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦ, ʤʦʱʥʦʩʪʠ ʠ ʩʪʨʦʝʥʠʷ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʤʦʜʝʣʴ CRUST1.0 [4]. ɺ ʜʦʢʣʘʜʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ Pb-Zn-ʤʝʩʪʦʨʦʞʜʝʥʠʡ MVT, SEDEX ʠ VMS ʪʠʧʦʚ, ʘ ʪʘʢʞʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʂʘʨʣʠʥʩʢʦʛʦ ʪʠʧʘ.  

ɻʨʘʥʠʪʦʠʜʥʳʡ ʤʘʛʤʘʪʠʟʤ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ ʨʘʟʣʠʯʘʝʪʩʷ, ʚ ʮʝʣʦʤ, ʧʦ 

ʩʪʝʧʝʥʠ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʷʩʘʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʘʥʪʠʡʥʳʝ ʠ ʥʠʞʥʝʢʦʨʦʚʳʝ 

ʛʨʘʥʠʪʦʠʜʳ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ. ɺ ʦʨʦʛʝʥʥʳʡ ʵʪʘʧ ʵʚʦʣʶʮʠʷ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʢʦʨʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʛʨʘʥʠʪʦʠʜʳ ʠʣʴʤʝʥʠʪʦʚʦʡ 

ʩʝʨʠʠ. ʆʪʜʝʣʴʥʳʝ ʛʨʘʥʠʪʦʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʟʦʥʘʤʠ ʠ ʦʙʣʘʩʪʷʤʠ ʊʄɸ, ʤʦʛʣʠ ʠʤʝʪʴ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ. ʇʨʦʷʚʣʝʥʠʷ ʠʥʪʨʫʟʠʚʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʘʨʝʘʣʳ. ʊʠʧʠʟʘʮʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʪʦʯʥʠʢʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʫʜʦʚʤʝʱʘʶʱʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ.  

ʉ ʛʨʘʥʠʪʦʠʜʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ (ʠʣʴʤʝʥʠʪʦʚʦʛʦ) ʪʠʧʘ ʩʚʷʟʘʥʘ ʦʨʦʛʝʥʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʩ ʟʦʣʦʪʦʚʠʩʤʫʪʦʚʳʤʠ, ʦʣʦʚʦʚʦʣʴʬʨʘʤʦʚʳʤʠ, ʤʦʣʠʙʜʝʥʠʪ-ʚʦʣʴʬʨʘʤʠʪʦʚʳʤʠ ʠ 

ʤʦʣʠʙʜʝʥʠʪʦʚʳʤʠ ʰʪʦʢʚʝʨʢʦʚʳʤʠ, ʩʢʘʨʥʦʚʳʤʠ ʠ ʛʨʝʡʟʝʥʦʚʳʤʠ ʨʫʜʘʤʠ. ʉ ʦʢʠʩʣʝʥʥʳʤʠ 

(ʤʘʛʥʝʪʠʪʦʚʳʤʠ) ʛʨʘʥʠʪʦʠʜʘʤʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩʢʘʨʥʦʚʦ-ʧʦʨʬʠʨʦʚʘʷ ʠ ʧʦʨʬʠʨʦʚʦ-

ʵʧʠʪʝʨʤʘʣʴʥʘʷ ʤʠʥʝʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʄʦ, Cu, Pb, 

Zn ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ.  

 

ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ ʤʝʪʘʣʣʦʛʝʥʠʠ 

ʧʦʢʘʟʳʚʘʝʪ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʨʘʙʦʪ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ 

ʦʪʦʙʨʘʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ. ʇʦʵʪʦʤʫ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʦʩʪʦʚʝʨʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ (ʘ ʪʘʢʞʝ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ) ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʘʟʚʠʪʠʷ ʢʨʫʧʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʦʙʣʘʩʪʠ ʤʠʛʨʘʮʠʠ ʤʝʪʘʣʣʦʚ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʠ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɸʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, 

ʚʢʣʶʯʘʷ ʚʳʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʦʮʝʥʢʫ ʠʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʅʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʢʨʝʧʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ 

ʜʦʧʦʣʥʝʥʠʷʤʠ, ʚʤʝʩʪʝ ʩ ʥʦʚʳʤʠ ʠʜʝʷʤʠ ʚ ʤʝʪʘʣʣʦʛʝʥʠʠ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʮʝʥʦʢ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʠʭ ʫʩʧʝʰʥʦʡ ʨʘʟʚʝʜʢʠ. 
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ɼʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʘʨʝʘʣʦʚ ʨʘʟʥʦʪʠʧʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʷʤʦʛʦ ʧʨʠʟʥʘʢʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʦʱʘʜʥʘʷ ʨʫʜʦʥʦʩʥʦʩʪʴ (ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ), ʘ 

ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʟʘʧʘʩʦʚ ʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ. ʂ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʦʪʥʦʩʷʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʣʫʙʠʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʩʪʦʯʥʠʢʘʤ ʠ ʨʫʜʦʧʦʜʚʦʜʷʱʠʤ ʢʘʥʘʣʘʤ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦ ʛʣʫʙʠʥʳ 

500 ʤ ʙʣʠʟʢʠ ʢ ʩʚʦʝʤʫ ʠʩʯʝʨʧʘʥʠʶ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʦʤʠʤʦ 

ʚʳʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʚ ʧʨʝʜʝʣʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʉɺʈ, ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʦʚʳʝ ʨʫʜʥʳʝ ʨʘʡʦʥʳ ʩ ʥʝ ʚʳʷʚʣʝʥʥʦʡ ʧʦʢʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʕʪʠ ʨʘʡʦʥʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʪʝʤʳ ɻʦʩʟʘʜʘʥʠʷ ʀɻɽʄ ʈɸʅ  

(ˉ 124022400144-6). 
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ɸʥʥʦʪʘʮʠʷ. ɺʧʝʨʚʳʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ 

ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʧʨʦʪʦʣʦʯʢʠ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʦʛʦ ʤʝʪʘʩʦʤʘʪʠʪʘ 

ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʣʴʢʦʟʠʥʦʤ, ʙʦʨʥʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʪʝʣʣʫʨʠʜʘʤʠ Au, Ag, Cu ʠ Pb. 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʙʥʦʩʪʴʶ ʠ ʧʨʠʤʝʩʴʶ Cu 

(0,4ï7,87%). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʛʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʙʛʨʘʬʠʯʝʩʢʠʝ ʩʨʘʩʪʘʥʠʷ ʩ ʢʘʣʘʚʝʨʠʪʦʤ ʠ ʢʨʝʥʥʝʨʠʪʦʤ. ɺ ʵʪʠʭ ʩʨʘʩʪʘʥʠʷʭ 

ʚʳʷʚʣʝʥʳ ʚʢʣʶʯʝʥʠʷ ʭʘʣʴʢʦʟʠʥʘ, ʙʦʨʥʠʪʘ, ʘʣʪʘʠʪʘ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʘ, ʨʠʢʢʘʨʜʠʪʘ, 

ʧʝʪʮʠʪʘ ʠ ʢʣʘʫʩʪʘʣʠʪʘ. ʅʘʣʠʯʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʘʭ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜ ʠ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ 

ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʟʜʥʝʛʦ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʡ ʩʠʩʪʝʤʳ.  

 

MINERALOGICAL AND GEOCHEMICAL FEATURES OF ORE GOLD OF THE ANABAR 
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Abstract. Mineralogical and geochemical characteristics of ore gold extracted from 

crushed feldspar-quartz metasomatite of the Billyakh zone of the tectonic m®lange of the 

Anabar Shield have been studied in detail for the first time. The ore mineralization is 

represented by chalcocite, bornite, chalcopyrite, Au, Ag, Cu, and Pb tellurides. Native gold 

is characterized by medium and high fineness and Cu impurity element (0.4-7.87%). It has 

been established that its main part is symplectite intergrowths with calaverite and 

krennerite. Inclusions of chalcocite, bornite, altaite, tellurobismuthite, riccardite, petzite 

and clausthalite have been revealed in these intergrowths. The presence of a low-

temperature gold-telluride association in mineral parageneses of mineralized rocks and as 

inclusions in native gold indicates the formation of a late epithermal stage of the gold-

copper-porphyry system.  

 

 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʫ ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʳ 

ʩʙʣʠʞʝʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʢʣʶʯʝʥʳ ʙʣʦʢʠ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʭ ʠ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʚʝʨʭʥʝʘʥʘʙʘʨʩʢʦʡ ʩʝʨʠʠ ʠ 

ʙʣʦʢʠ, ʩʣʦʞʝʥʥʳʝ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʥʝʡʩʘʤʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʭʘʧʯʘʥʩʢʦʡ ʩʝʨʠʠ [1]. 
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ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʝʝ ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥ ɹʠʣʣʷʭʩʢʠʡ ʤʘʩʩʠʚ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ 

ʛʨʘʥʠʪʦʚ (ʨʠʩ. 1).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ: 

1 ï ʭʘʧʪʘʩʳʥʥʘʭʩʢʘʷ ʠ ʙʠʣʣʵʭ-ʪʘʤʘʭʩʢʘʷ ʪʦʣʱʠ ʭʘʧʯʘʥʩʢʦʡ ʩʝʨʠʠ, 2 ï ʚʝʨʭʥʝʘʥʘʙʘʨʩʢʘʷ ʩʝʨʠʷ, 3 ï 

ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ɼʘʣʜʳʥʩʢʦʛʦ ʠ ʍʘʧʯʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ, 4 ï ʤʝʟʦ-

ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʜʠʘʙʘʟʳ ʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ (b-PR3), 5 ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʘʣʷʩʢʠʪʦʚʳʝ ʠ 

ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ (g1-PR1), 6 ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ 

ʛʨʘʥʦʜʠʦʨʠʪʳ, ʤʦʥʮʦʥʠʪʳ, ʛʨʘʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ (g-dPR1), 7 ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʜʠʦʨʠʪʦ-ʩʠʝʥʠʪʳ, 

ʩʠʝʥʠʪʳ ʠ ʛʨʘʥʦ-ʩʠʝʥʠʪʳ, 8 ï ʟʦʥʳ ʤʠʛʤʘʪʠʟʘʮʠʠ ʠ ʛʨʘʥʠʪʠʟʘʮʠʠ, 9 ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ, 10 ï ʪʦʯʢʠ 

ʦʪʙʦʨʘ ʤʝʣʢʦʦʙʲʝʤʥʳʭ ʧʨʦʙ, 11 ï ʧʦʠʩʢʦʚʘʷ ʢʘʥʘʚʘ, 12 ï ʪʦʯʢʘ ʦʪʙʦʨʘ ʧʨʦʙʳ ʀ-638-1 

 

ʀʟʫʯʝʥʳ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʍʘʧʪʘʩʳʥʥʘʭʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, 

ʚʳʜʝʣʝʥʥʦʡ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ɸ.ʇ. ʉʤʝʣʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [2], ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʰʪʫʬʥʦʡ ʧʨʦʙʳ, ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ.  

 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʟʦʣʦʪʦʥʦʩʥʦʤ ʦʙʨʘʟʮʝ ʀ-638-1, ʦʪʦʙʨʘʥʥʦʤ ʩ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʞʜʫʨʝʯʴʷ ʨʨ. 

ʃʝʚʳʡ ʋʣʘʭʘʥ ʍʘʧʪʘʩʳʥʥʘʭ ʠ ʋʣʘʭʘʥ ʍʘʧʪʘʩʳʥʥʘʭ, ʫʩʪʘʥʦʚʣʝʥʳ ʭʘʣʴʢʦʟʠʥ, ʙʦʨʥʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʪʝʣʣʫʨʠʜʳ Au, Ag, Cu, Pb, ʘ ʪʘʢʞʝ ʩʫʣʴʬʦʪʝʣʣʫʨʠʜ Cu. ʉʨʝʜʥʝʧʨʦʙʥʦʝ ʩ ʧʨʠʤʝʩʴʶ 

Cu (ʜʦ 4,79%) ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʭʘʣʴʢʦʟʠʥʦʤ ʠ ʢʘʣʘʚʝʨʠʪʦʤ  

(ʨʠʩ. 2).  
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ʈʠʩʫʥʦʢ 2 ï ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʳ 

ʦʙʨʘʟʮʘ ʀ-381-1: ʘ ï ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʡ 

ʤʝʪʘʩʦʤʘʪʠʪ ʩ ʧʣʝʥʢʦʡ ʢʘʨʙʦʥʘʪʥʳʭ 

ʛʠʜʨʦʦʢʠʩʣʦʚ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ,  

ʙ ï ʟʝʨʥʘ ʭʘʣʴʢʦʟʠʥʘ, ʚ ï ʧʨʦʞʠʣʢʠ ʙʦʨʥʠʪʘ, 

ʛ ï ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʭʘʣʴʢʦʟʠʥʦʤ, ʢʘʣʘʚʝʨʠʪʦʤ ʠ ʪʝʣʣʫʨʠʪʦʤ ʚ 

ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʤʘʪʨʠʮʝ 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʨʫʜʥʦʝ ʟʦʣʦʪʦ ʚʳʷʚʣʝʥʦ ʚ ʘʥʰʣʠʬʘʭ ʦʙʨʘʟʮʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʧʦʠʩʢʦʚʦʡ ʢʘʥʘʚʝ, 

ʧʨʦʡʜʝʥʥʦʡ ʧʦ ʧʨʘʚʦʙʝʨʝʞʴʶ ʨʝʯ. ʃʝʚʳʡ ʋʣʘʭʘʥ ʍʘʧʪʘʩʳʥʥʘʭ (ʨʠʩ. 1). ʆʩʥʦʚʥʳʤʠ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʦʙʨʘʟʮʦʚ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮ ʠ K ʠ Na-Ca ʧʦʣʝʚʳʝ ʰʧʘʪʳ. ɻʣʘʚʥʳʝ 

ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʩʬʘʣʝʨʠʪ ʠ ʛʘʣʝʥʠʪ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʳ ʘʨʩʝʥʦʧʠʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ, ʰʝʝʣʠʪ, ʢʦʚʝʣʣʠʥ, 

ʭʘʣʴʢʦʟʠʥ, ʘʥʪʠʤʦʥʠʪ, ʢʠʥʦʚʘʨʴ, ʩʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ, ʛʝʨʩʜʦʨʬʠʪ ʠ ʟʦʣʦʪʦ. ʐʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʪʝʣʣʫʨʠʜʳ: ʧʝʪʮʠʪ, ʛʝʩʩʠʪ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ, ʭʝʜʣʝʡʠʪ, ʘʣʪʘʠʪ ʠ 

ʤʝʣʦʥʠʪ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʬʦʨʤʠʨʫʝʪ ʤʠʢʨʦʯʘʩʪʠʮʳ (3-8 ʤʢʤ) ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩʨʝʜʠ 

ʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ, ʢʘʣʴʮʠʪʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʝʛʦ ʧʨʦʙʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: 

ʦʪ 551ă ʜʦ 975ă. ʀʟ ʧʨʦʪʦʣʦʯʢʠ ʀ-638-1 ʚʳʜʝʣʝʥʦ 79 ʯʘʩʪʠʮ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʦʙʱʠʤ ʚʝʩʦʤ 

12,1 ʤʛ ʠ ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ: 0,25-0,5 ʤʤ ï 76%, -0,25 ʤʤ ï 24%. 

ʀʟʫʯʝʥʥʦʝ ʟʦʣʦʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʤʢʦʚʠʜʥʳʤʠ ʠ ʫʛʣʦʚʘʪʦ-ʢʦʤʢʦʚʠʜʥʳʤʠ ʬʦʨʤʘʤʠ (ʨʠʩ. 3) ʠ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ (51%) ʠ ʩʨʝʜʥʶʶ (49%) ʧʨʦʙʥʦʩʪʴ. ɺʦ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ 

ʦʧʨʝʜʝʣʝʥʘ ʤʠʢʨʦʧʨʠʤʝʩʴ Cu ï ʦʪ 0,4 ʜʦ 7,87 % (ʪʘʙ. 1).  

 

 
ʈʠʩʫʥʦʢ 3 ï ʄʦʨʬʦʣʦʛʠʷ ʟʦʣʦʪʘ ʧʨʦʪʦʣʦʯʢʠ ʀ-368-1  

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʙʛʨʘʬʠʯʝʩʢʠʝ ʩʨʘʩʪʘʥʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

ʩ ʪʝʣʣʫʨʠʜʘʤʠ Au ï ʢʘʣʘʚʝʨʠʪʦʤ ʠ ʢʨʝʥʥʝʨʠʪʦʤ (ʨʠʩ. 4, ʪʘʙʣ. 2). ʂʘʣʘʚʝʨʠʪ ʠ ʢʨʝʥʥʝʨʠʪ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦʨʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʵʪʠʭ ʩʨʘʩʪʘʥʠʷʭ 
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ʦʙʥʘʨʫʞʝʥʳ ʭʘʣʴʢʦʟʠʥ, ʙʦʨʥʠʪ, ʘʣʪʘʠʪ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ, ʨʠʢʢʘʨʜʠʪ, ʢʣʘʫʩʪʘʣʠʪ ʠ ʧʝʪʮʠʪ.  

ɺ ʮʝʣʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ, ʚʳʜʝʣʝʥʥʦʤ ʠʟ 

ʧʨʦʪʦʣʦʯʢʠ, ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʳ. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʧʨʦʪʦʣʦʯʢʠ 

ʀ-638-1, ʧʦ ʜʘʥʥʳʤ ʈʉʄɸ (ʤʘʩʩʦʚʳʝ %) 

ˉ ʧ/ʧ Cu Ag Au Hg ʉʫʤʤʘ 

1 0,855 12,74 87,97 0,159 101,72 

2 1,7 7,99 91,17 0,147 101,01 

3 0,804 6,59 93,41 0 100,8 

4 1,09 6,7 93,02 0,001 100,81 

5 0,947 14,73 84,58 0 100,25 

6 1,22 9,55 88,23 0,094 99,1 

7 1,47 10,74 87,03 0,116 99,36 

8 1,27 7,81 91,22 0,15 100,44 

9 2,42 14,26 83,97 0,046 100,7 

10 7,87 12,53 79,04 0 99,44 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʫʙʛʨʘʬʠʯʝʩʢʠʝ ʩʨʘʩʪʘʥʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ ʪʝʣʣʫʨʠʜʦʚ 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʢʘʣʘʚʝʨʠʪʘ ʠ ʢʨʝʥʥʝʨʠʪʘ ʧʦ ʜʘʥʥʳʤ ʈʉʄɸ 

(ʤʘʩʩʦʚʳʝ %) 

ʇ. ̄   ʄʠʥʝʨʘʣ Ag Cu Te Au ʉʫʤʤʘ 

1 ʂʘʣʘʚʝʨʠʪ   58,52 39,75 98,27 

2    57,41 40,74 98,16 

3    59,35 39,9 99,25 

4 ʂʨʝʥʥʝʨʠʪ 7.18   58,84 32,52 98,53 

5  4.11 4.59 58,41 30,93 98,05 

 

 

ɺʳʚʦʜʳ 

ʆʙʥʘʨʫʞʝʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʘʭ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜ ʠ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʜʠʩʪʦʤ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ, ʘ ʪʘʢʞʝ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʭʘʣʴʢʦʟʠʥʘ ʠ ʙʦʨʥʠʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʚʳʷʚʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʦʟʜʥʝʛʦ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʵʪʘʧʘ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʡ ʩʠʩʪʝʤʳ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ 

ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʧʨʦʝʢʪʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ FUFG2024-0006 

ʠ ʯʘʩʪʠʯʥʦ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ ʩ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè. 
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ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʇʃʆʊʅʆʉʊʀ ʅɽʌʊʀ ɺ ʅɽʇʉʂʆ-ɹʆʊʋʆɹʀʅʉʂʆʁ ɸʅʊɽʂʃʀɿɽ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ) ʜʚʝ ʪʨʝʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʩʚʷʟʘʥʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʥʜʘ 

ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦ-ʧʨʝʞʥʝʤʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʣʘʙʘʷ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʘʷ, ʘ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʥʜʘ ʝʱʸ ʤʝʥʝʝ ʠʟʫʯʝʥʳ. ɼʦ ʩʠʭ ʧʦʨ ʥʝʷʩʥʳʤʠ ʦʩʪʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʛʝʥʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʦʣʱʘʭ ʨʘʟʣʠʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʮʝʣʴ ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ ʚ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʝ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʝʡ ʥʝʬʪʠ ʚ ʧʣʘʥʝ ʠ ʧʦ ʨʘʟʨʝʟʫ. 
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Abstract. In the Republic of Sakha (Yakutia), two-thirds of the hydrocarbon reserves 

discovered at the fields are associated with deposits of the Vendian age. The validity of the 

potential oil and gas potential of the Vendian terrigenous deposits in the promising areas is 

still characterized as weak and uneven, and the geological and geochemical prerequisites 

for the oil and gas potential of the Vendian carbonate deposits are even less studied. The 

issues of generation, migration and accumulation of hydrocarbons in strata of different ages 

remain unclear. The proposed studies are aimed at establishing the directions of oil and gas 

accumulation. 

 

ɺʚʝʜʝʥʠʝ 

ʀʟ ʩʫʤʤʘʨʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʚʳʷʚʣʝʥʥʳʭ ʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), ʜʚʝ ʪʨʝʪʠ ʟʘʧʘʩʦʚ ʛʘʟʘ ʠ 

ʥʝʬʪʠ ʩʚʷʟʘʥʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʥʜʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʣʘʙʘʷ ʠ ʥʝʨʘʚʥʦʤʝʨʥʘʷ, ʘ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʥʜʘ ʝʱʸ ʤʝʥʝʝ ʠʟʫʯʝʥʳ. 

ɺʩʸ ʝʱʸ ʦʩʪʘʶʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤʠ ʚʦʧʨʦʩʳ ʛʝʥʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʦʣʱʘʭ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʦʣʠ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ [1-2] ʚ ʛʝʥʝʨʘʮʠʠ 

ʋɺ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠʭ ʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʦʣʱʘʭ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʜʘʣʝʢʦ ʥʝ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʦ ʭʘʨʘʢʪʝʨʝ ʨʘʟʤʝʱʝʥʠʷ ʩʢʦʧʣʝʥʠʡ ʋɺ ʥʘ 

ʶʛʦ-ʟʘʧʘʜʝ ʗʢʫʪʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [3], ʠʤʝʶʱʘʷʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʟʘ ʩʯʸʪ ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʋɺ, ʠʟ 

ʧʦʛʨʫʞʝʥʥʳʭ ʟʦʥ ʧʨʠʣʝʛʘʶʱʝʛʦ ʩ ʚʦʩʪʦʢʘ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʋʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʛʦ ʙʦʨʪʘ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ʧʨʦʪʷʞʸʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʩʣʫʞʠʪʴ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʠ ʧʨʦʚʦʜʥʠʢʦʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʪʦʨʦʥʫ ʅɹɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 



38 

 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʧʨʦʛʠʙʘ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʣʦʚʫʰʢʠ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ ʠ 

ʄʠʨʥʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʜʝʩʴ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ʩʯʠʪʘʶʪ ʤʘʣʦʚʝʨʦʷʪʥʳʤ [3]. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʮʝʣʴ ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʝ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʥʝʬʪʠ ʚ ʧʣʘʥʝ ʠ ʧʦ ʨʘʟʨʝʟʫ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʟʨʝʟ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʅɻʆ ʥʘ 75-95% ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʨʙʦʥʘʪʥʦ-ʛʘʣʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʢʝʤʙʨʠʷ. ʊʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʥʜʘ ʨʘʟʚʠʪʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʦʩʥʦʚʘʥʠʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ʀʭ ʩʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʦʱʘʜʷʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 20 ʜʦ 620 ʤ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʢ ʚʦʩʪʦʢʫ ʦʪ 

ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢ ɺʠʣʶʡʩʢʦ-ɼʞʝʨʙʠʥʩʢʦʤʫ. ɺ ʨʘʟʨʝʟʝ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʥʜʘ 

ʚ ʧʨʝʜʝʣʘʭ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ, ʪ.ʝ. 

ʠʤʝʝʪʩʷ ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ: ʦʪʢʫʜʘ ʧʦʷʚʠʣʘʩʴ ʥʝʬʪʴ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʝʥʜʘ, 

ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ? 

ʇʣʦʪʥʦʩʪʴ ʥʝʬʪʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʦʪ ʛʣʫʙʠʥʳ, ʩʦʜʝʨʞʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʚʝʱʝʩʪʚ, ʦʪ ʚʦʟʨʘʩʪʘ, ʦʪ ʦʢʠʩʣʝʥʥʦʩʪʠ, ʦʪ ʙʣʠʟʦʩʪʠ ʢ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʠ ʪ.ʜ. ɺ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʠ ʚʦʟʨʘʩʪʘ 

ʦʪʣʦʞʝʥʠʡ. ʇʦ ʜʘʥʥʳʤ ɸ. ɸ. ʂʘʨʮʝʚʘ [4] ʠʟ 250 ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 175 

ʦʪʤʝʯʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ 30 ï ʦʙʨʘʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʠ ʚ 45 ʩʣʫʯʘʷʭ 

ʯʸʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ (ʨʠʩ. 1). 

ʊʘʢʞʝ ɸ.ɸ. ʂʘʨʮʝʚ (1986) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ 

ʟʘʣʝʞʴ ʧʦ ʚʝʨʦʷʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʤʠʛʨʘʮʠʠ, ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʬʪʝʥʦʚ ʚ ʥʝʡ, ʚ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʷʭ ʧʘʜʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚʳʭ ʋɺ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ 

ʘʥʪʝʢʣʠʟʳ ʚ ʧʣʘʥʝ ʠ ʧʦ ʨʘʟʨʝʟʫ ʧʦʧʳʪʘʝʤʩʷ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʩ 

ʛʣʫʙʠʥʦʡ ʠ ʚʦʟʨʘʩʪʦʤ [ʂʘʨʮʝʚ, 1986] 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʤʦʛʫʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ ʠʩʪʦʯʥʠʢʘ 

ʥʝʬʪʠ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. 

ʄʘʪʝʨʠʘʣʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʧʦ ʧʣʦʪʥʦʩʪʷʤ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʦʪʦʙʨʘʞʘʝʤʳʝ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʘʣʘʥʩʝ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [5]. 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʗʢʫʪʩʢʦʡ ʯʘʩʪʠ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʠ 

ʩʦʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ʦʪʢʨʳʪʳ 24 ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ (ʅɻʂ), 

ʛʘʟʦʥʝʬʪʷʥʳʭ (ɻʅ) ʠ ʥʝʬʪʷʥʳʭ (ʅ) ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ɸʣʠʥʩʢʦʝ ʅɻʂ, ɹʝʪʠʥʯʠʥʩʢʦʝ ʅɻʂ, 

ɺʝʨʭʥʝʚʠʣʶʯʘʥʩʢʦʝ ʅɻʂ, ɺʝʨʭʥʝʧʝʣʝʜʫʡʩʢʦʝ ʅɻʂ, ɺʦʩʪʦʯʥʦ-ɹʝʪʠʥʯʠʥʩʢʦʝ ʅ, ʀʢʪʝʭʩʢʦʝ ʅɻʂ, 

ʂʫʙʘʣʘʭʩʢʦʝ ʅɻʂ, ʂʫʨʫʥʛʩʢʦʝ ɻʅ, ʂʳʪʪʳʛʘʩʩʢʦʝ ʅɻʂ, ʃʝʥʩʢʦʝ ʅɻʂʄ, ʄʘʯʯʦʙʠʥʩʢʦʝ ʅɻʂ, 

ʄʠʨʥʠʥʩʢʦʝ ʅɻʂ, ʅʝʣʙʠʥʩʢʦʝ ʅɻʂ, ʉʝʚʝʨʦ-ʊʘʣʘʢʘʥʩʢʦʝ ɻʅ, ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦe ʅɻʂ, 

ʉʪʘʥʘʭʩʢʦʝ ʅɻʂ, ʉʶʣʴʜʶʢʘʨʩʢʦʝ ʅɻʂ, ʊʘʘʩ-ʖʨʷʭʩʢʦʝ, ʅɻʂ, ʊʘʣʘʢʘʥʩʢʦʝ ʅɻʂ, ʊʝʢʝʩʩʢʦʝ ʅ, 

ʊʳʤʧʫʯʠʢʘʥʩʢʦʝ ʅɻʂ, ʏʘʷʥʜʠʥʩʢʦʝ ʅɻʂ, ʖʞʥʦ-ʉʶʣʴʜʶʢʘʨʩʢʦʝ ʅ ʠ ʖʞʥʦ-ʊʘʣʘʢʘʥʩʢʦʝ ʅɻʂ. 



39 

 

ʇʣʦʪʥʦʩʪʠ ʥʝʬʪʝʡ ʚʟʷʪʳ ʠʟ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ ʟʘʧʘʩʦʚ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [5]. 

ɺʩʝʛʦ ʩʦʙʨʘʥʦ 124 ʦʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʧʦ 24 ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʅʝʧʩʢʦ-

ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʘʣʘʥʩʝ ʟʘʧʘʩʦʚ. 

ʇʦʩʪʨʦʝʥ ʪʦʯʝʯʥʳʡ ʛʨʘʬʠʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʦʪʙʦʨʘ ʧʨʦʙ (ʨʠʩ. 2). ʇʨʠ ʦʪʙʦʨʝ ʥʝʬʪʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ ʧʨʠʥʠʤʘʣʘʩʴ 

ʥʘ ʩʝʨʝʜʠʥʝ ʠʥʪʝʨʚʘʣʘ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ ʩʜʝʣʘʣʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦ ʩʣʝʜʫʶʱʠʤ ʣʠʪʦʣʦʛʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ: 

- ʄʠʨʥʠʥʩʢʠʡ ʩʚʦʜ. ʊʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

- ʄʠʨʥʠʥʩʢʠʡ ʩʚʦʜ. ʂʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

- ʇʝʣʝʜʫʡʩʢʠʡ ʩʚʦʜ. ʊʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

- ʇʝʣʝʜʫʡʩʢʠʡ ʩʚʦʜ. ʂʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

- ɺʠʣʶʯʘʥʩʢʘʷ ʩʝʜʣʦʚʠʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ: ʅʘʠʤʝʥʴʰʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʝʡ 0,839 ʛʨ/ʩʤ3, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 

0,891 ʛʨ/ʩʤ3. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,84-0,87 ʛʨ/ʩʤ3.  

ʆʧʨʝʜʝʣʸʥʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʩ ʛʣʫʙʠʥʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ. ʇʦ ʄʠʨʥʠʥʩʢʦʤʫ ʩʚʦʜʫ ʩʣʘʙʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʝʣʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʄʠʨʥʠʥʩʢʦʛʦ ʩʚʦʜʘ ʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ ʬʠʢʩʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʘʢʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʝʡ ʥʝʬʪʝʡ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʥʷʪʠʝʤ ʚʝʣʠʯʠʥ ʧʣʦʪʥʦʩʪʝʡ ʥʝʬʪʠ ʚ ʥʦʚʳʭ ʦʪʯʝʪʘʭ ʧʦ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʦʜʩʯʝʪʫ ʟʘʧʘʩʦʚ 

ʜʘʥʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʝʡ ʨʘʥʥʠʭ ʦʪʯʝʪʦʚ (ʧʦ ʘʥʘʣʦʛʠʠ).  

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ ʧʫʩʪʦʛʦ ʢʦʨʠʜʦʨʘ ʚ ʦʙʣʘʢʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʢʦʨʠʜʦʨʘ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 0,84 ʛʨ/ʩʤ3 ʥʘ 

ʛʣʫʙʠʥʘʭ 1200-1400 ʤ, ʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ï ʦʪʩʫʪʩʪʚʠʝ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 0,88 ʛʨ/ʩʤ3 ʥʘ 

ʛʣʫʙʠʥʘʭ 1500-1700 ʤ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʦʪ ʛʣʫʙʠʥʳ 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʝʩʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʧʦʩʪʨʦʠʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʪʜʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ ʨʘʩʩʯʠʪʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ (ʨʠʩ. 3). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 0,6349 ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʪʝʨʨʠʛʝʥʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ. ɼʦʙʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʝʡ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ɺʠʣʶʯʘʥʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ, ɺʉ+ʇʊ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʜʦʩʪʠʛʘʝʪ 0,6551.  



40 

 

ʉʣʘʙʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʢʘʨʙʦʥʘʪʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 0,19. ʇʦ ʄʠʨʥʠʩʢʦʤʫ ʩʚʦʜʫ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʷʤʠ ʥʝʬʪʠ ʠ 

ʛʣʫʙʠʥʦʡ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʦʪ ʛʣʫʙʠʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʣʦʛʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ: ʄɺ-ʊ ï ʥʝʬʪʝʡ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʄʠʨʥʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʄɺ-ʂ ï ʥʝʬʪʝʡ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʄʠʨʥʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʄɺ-

ʊʂ ï ʥʝʬʪʝʡ ʚ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʄʠʨʥʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʇʉ-ʊ ï ʥʝʬʪʝʡ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ, ʇʉ-ʂ ï ʥʝʬʪʝʡ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ, ʇʉ-ʊʂ ï 

ʥʝʬʪʝʡ ʚ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ, ɺʉ+ʇʉ-ʊ ï ʥʝʬʪʝʡ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ɺʠʣʶʯʘʥʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʠ ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ, ɺʉ+ʄɺ-ʊ ï ʥʝʬʪʝʡ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ɺʠʣʶʯʘʥʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʠ ʄʠʨʥʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʦʜʝʨʞʠʪ 

ʦʙʨʘʟʮʳ ʣʸʛʢʦʡ ʥʝʬʪʠ, ʭʦʪʷ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʩ ʪʷʞʸʣʳʤʠ ʩʦʨʪʘʤʠ ʥʝʬʪʠ. 

ʅʘʣʠʯʠʝ ʧʫʩʪʦʛʦ ʢʦʨʠʜʦʨʘ ʚ ʪʦʯʝʯʥʦʤ ʛʨʘʬʠʢʝ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʪʦʙʨʘʞʘʝʪ ʫʨʦʚʝʥʴ 

ʟʘʣʝʛʘʥʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʪʣʦʞʝʥʠ ̫ʚʝʥʜʘ. 

ʀʩʭʦʜʷ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʇʝʣʝʜʫʡʩʢʠʡ ʩʚʦʜ 

ʥʘʭʦʜʠʪʩʷ ʙʣʠʟʢʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʝʬʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ 

ʧʨʦʛʠʙʘ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʧʦ ʛʣʫʙʠʥʝ ʚ ʧʨʝʜʝʣʘʭ ʄʠʨʥʠʥʩʢʦʛʦ ʩʚʦʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʝʬʪʝʡ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʟʜʝʩʴ 

ʩʤʝʰʘʣʠʩʴ ʥʝʬʪʠ ʠʟ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʓʛʳʘʪʪʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʂʫʨʝʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ, 

ʛʜʝ, ʥʝʩʦʤʥʝʥʥʦ, ʩʫʱʝʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʚ ʩʦʩʝʜʥʠʝ 

ʨʘʡʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʚ ʨʝʛʠʦʥʝ ʧʨʦʮʝʩʩʘ ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʋɺ ʠʟ ʧʦʛʨʫʞʝʥʥʳʭ ʟʦʥ, ʧʨʠʣʝʛʘʶʱʝʛʦ ʩ 

ʚʦʩʪʦʢʘ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ï çʧʨʝʜʧʘʪʦʤʩʢʠʡè ʛʝʥʝʟʠʩ ʥʝʬʪʝʡ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ 

ʘʥʪʝʢʣʠʟʳ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ. ɻʝʥʝʟʠʩ ʥʝʬʪʝʡ ʄʠʨʥʠʥʩʢʦʛʦ ʩʚʦʜʘ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʉʊʈʋʂʊʋʈʅʓʁ ʂʆʅʊʈʆʃʔ ʇɽɻʄɸʊʀʊʆɺ ʂɸʃɹɸ-ʅɸʈʓʄʉʂʆɻʆ ʊɽʈʈɽʁʅɸ, 

ɺʆʉʊʆʏʅʓʁ ʂɸɿɸʍʉʊɸʅ 

ɸʟʘʤ ʉʦʣʪʘʥʠ-ɼʝʭʥʘʚʠ, ʌʝʨʝʰʪʝʭ ʐʘʙʘʥʠ-ʉʝʬʠʜʘʰʪʠ 

ʐʢʦʣʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʅʘʟʘʨʙʘʝʚ ʋʥʠʚʝʨʩʠʪʝʪ, 

ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʧʨʦʩ ʥʘ ʚʘʞʥʝʡʰʠʝ ʤʝʪʘʣʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʪʠʡ, ʪʨʝʙʫʝʪ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʨʘʟʚʝʜʢʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʄʝʪʦʜʳ ʫʜʘʣʝʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʜʘʝʢ ʠ ʦʙʥʘʞʝʥʠʡ. ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 

ʚʦʩʪʦʢʝ ʂʘʟʘʭʩʪʘʥʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ʧʦ ʠʟʫʯʝʥʠʶ ʛʨʘʥʠʪʥʳʭ ʧʦʨʦʜ 

ʨʘʥʥʝʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʚʷʟʘʥʥʳʭ ʠ/ʠʣʠ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʧʝʛʤʘʪʠʪʦʚʳʭ 

ʧʨʦʷʚʣʝʥʠʡ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʥʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʦʤʦʚ ʠ ʠʭ ʩʚʷʟʠ ʩ ʧʝʛʤʘʪʠʪʦʚʳʤʠ ʜʘʡʢʘʤʠ ʠ ʦʙʥʘʞʝʥʠʷʤʠ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʣʠʥʝʘʤʝʥʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʘʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʛʤʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʉɿ-ʖɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʩʥʦʚʥʦʤʫ ʉɿ-ʖɺ ʥʘʧʨʘʚʣʝʥʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʠʞʘʡʰʠʝ 

ʢʨʫʧʥʳʝ ʨʘʟʣʦʤʳ ʠʤʝʶʪ ɺɿ ʥʘʧʨʘʚʣʝʥʠʝ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʢʦʧʣʝʥʠʡ 

ʧʝʛʤʘʪʠʪʦʚ ʚʙʣʠʟʠ ʵʪʠʭ ʨʘʟʣʦʤʦʚ ʠʣʠ ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʙʣʠʟʣʝʞʘʱʠʭ ʤʝʣʢʠʭ 

ʨʘʟʣʦʤʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʟʣʦʤʳ ʠʛʨʘʶʪ ʨʦʣʴ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʤʠʛʨʘʮʠʠ ʠ ʟʘʣʝʛʘʥʠʶ 

ʧʝʛʤʘʪʠʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʝʛʤʘʪʠʪʦʚʳʭ ʜʘʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʫʜʘʣʝʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʝʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ. 

 

STRUCTURAL CONTROL OF KALBA-NARYM TERRANE PEGMATITES, EAST 

KAZAKHSTAN 

Azam Soltani-Dehnavi 1, Fereshteh Shabani-Sefiddashti, 
1 School of Mining and Geosciences, Nazarbayev University, 6 block, 

Astana, Kazakhstan (azam.soltani@nu.edu.kz/a.soltanidehanvi@gmail.com) 

 

Annotation. Demand for critical metals including lithium requires new exploration tools 

and strategic approaches. Remote sensing and GIS-based techniques can assist to estimate 

the prospectivity of pegmatite dyke and outcrops. The Kalba-Narym Terrane located in East 

Kazakhstan is a natural laboratory for granitic rocks aged early Permian and associated 

and/or non-associated pegmatite occurrences. This study aims to establish a remote-based 

regional investigation of faults and their relationship to pegmatite dykes and outcrops. 

Therefore, the lineament extraction has been performed. The results show that the dominant 

trend of pegmatite swarms is NW-SE which is in accordance with the major trend of 

regional NW-SE faults. Also, the next set of major faults are E-W direction and there are 

several pegmatite clusters proximal to these faults or at the intersection of nearby minor 

faults. We conclude that the faults play a role as conduits facilitating the migration and 

emplacement of pegmatites. This work will be continued by differentiating different types 

of pegmatitic dykes via remote sensing techniques and then the more field verification will 

be performed in the prospective regions.  

 

ɺʚʝʜʝʥʠʝ 

ɸʣʪʘʡʩʢʘʷ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɸɸʂʉ) ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚʢʣʶʯʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 
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ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʷʩʘ, ʚʢʣʶʯʘʷ (1) ʈʫʜʥʦ-ɸʣʪʘʡʩʢʫʶ ʟʦʥʫ ʩ ʤʝʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, (2) ʀʨʪʳʰʩʢʫʶ ʟʦʥʫ ʩʜʚʠʛʘ, ʩʦʜʝʨʞʘʱʫʶ ʤʝʜʥʫʶ ʠ ʟʦʣʦʪʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, 

(3) ʂʘʣʙʘ-ʅʘʨʳʤʩʢʫʶ ʟʦʥʫ ʜʣʷ ʧʨʦʷʚʣʝʥʠʡ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, (4) ɿʘʧʘʜʥʦ-ʂʘʣʙʠʥʩʢʫʶ ʠʣʠ 

ʏʘʨʩʢʫʶ ʟʦʥʫ, ʠʤʝʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ Au, Ag, As, Sb, ʠ (5) ɾʘʨʤʘ-ʉʘʫʨʩʢʫʶ ʟʦʥʫ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʝʪʘʣʣʘʤʠ Cs, Ni, Co, Cu, Au, Hg, Mo, W ʠ ʪ. ʜ. [1-4 ʠ ʩʩʳʣʢʠ ʚ ʥʝʤ]. ʈʘʟʚʠʪʠʝ 

AACS ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʝʡʥʦʚ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʩʜʚʠʛʦʚʳʭ ʩʤʝʱʝʥʠʡ ʠ ʛʣʫʙʦʢʠʭ ʨʘʟʣʦʤʦʚ ʠ/ʠʣʠ ʩʠʩʪʝʤ ʩʜʚʠʛʘ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʚ ʦʪʚʝʪ ʥʘ ʘʢʢʨʝʮʠʶ ʠ ʢʦʣʣʠʟʠʶ ʂʘʟʘʭʩʪʘʥʘ ʠ ʉʠʙʠʨʠ. ʉʨʝʜʠ ʥʠʭ ʂʘʣʙʘ-

ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ ʦʛʨʘʥʠʯʝʥ ʏʘʨʩʢʦʡ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʦʡ ʟʦʥʦʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʠ ʀʨʪʳʰʩʢʦʡ 

ʟʦʥʦʡ ʩʜʚʠʛʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ (ʨʠʩ. 1). ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ ʩʦʩʪʦʠʪ ʠʟ ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʭ 

ʠ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʙʣʦʤʦʯʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʳʪʘʣʠ ʠʥʪʝʥʩʠʚʥʫʶ ʢʦʣʣʠʟʠʦʥʥʫʶ ʩʢʣʘʜʯʘʪʦʩʪʴ ʠ ʤʝʪʘʤʦʨʬʠʟʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʂʘʣʙʘ-

ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʚʢʣʶʯʘʶʱʠʡ ʜʦʙʘʪʦʣʠʪʦʚʳʝ, ʙʘʪʦʣʠʪʦʚʳʝ 

(ʂʘʣʙʘ) ʠ ʧʦʩʪʙʘʪʦʣʠʪʦʚʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [5 ʠ ʩʩʳʣʢʠ ʚ ʥʝʤ]. ʂʘʣʙʠʥʩʢʠʡ ʙʘʪʦʣʠʪ 

ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʷʩʘ, ʪʘʢʠʝ 

ʢʘʢ ɸʩʫʙʫʣʘʢʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (TaïNb, Li-Rb-Be, Cs), ʘ ʪʘʢʞʝ ʦʥʛʦʥʠʪʳ ʜʘʣʝʝ ʥʘ ʩʝʚʝʨʝ [4, 6]. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʧʝʛʤʘʪʠʪʦʚ ʩʚʷʟʘʥʳ ʩ ʢʘʣʙʠʥʩʢʠʤ ʛʨʘʥʠʪʦʤ ʠ ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʛʨʘʥʠʪʥʳʭ ʪʝʣ, 

ʪʦʛʜʘ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʧʝʛʤʘʪʠʪʳ, ʢʘʢ ʩʦʦʙʱʘʝʪʩʷ, ʥʝ ʠʤʝʶʪ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʩ 

ʢʘʣʙʠʥʩʢʠʤ ʛʨʘʥʠʪʦʤ [4, 7]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʘ) ʂʘʨʪʘ ʂʘʟʘʭʩʪʘʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʙ) ʠʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʢʨʘʩʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ, 

ʧʦʢʘʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ, ʠʤʝʶʱʠʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦ-ʁ ʛʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚʳʭ ʜʘʝʢ ʠ ʨʦʝʚ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʤʳ 

ʧʨʠʤʝʥʠʣʠ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ɻʀʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʦʤʦʚ ʚ 

ʪʝʨʨʝʡʥʝ ʠ ʠʟʫʯʝʥʠʷ ʦʩʦʙʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʛʤʘʪʠʪʦʚʳʤʠ ʜʘʡʢʘʤʠ ʠ ʨʘʟʣʦʤʘʤʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʛʤʘʪʠʪʦʚʳʭ 

ʪʝʣ, ʘ ʪʘʢʞʝ ʙʣʠʟʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʝʛʤʘʪʠʪʦʚ ʢ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʢʘʢ ʟʦʥʳ 

ʩʜʚʠʛʘ ʠ ʨʘʟʣʦʤʳ. ʇʦʩʢʦʣʴʢʫ ʨʝʛʠʦʥ ʫʜʘʣʝʥʥʳʡ ʠ ʥʝʨʦʚʥʳʡ, ʵʪʦʪ ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʦʜʭʦʜ 

ʧʦʤʦʛʘʝʪ ʩʫʟʠʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚ, ʯʪʦ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʧʦʣʝʚʦʡ 

ʧʨʦʚʝʨʢʠ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʇʨʠʤʝʥʷʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʝʘʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ 

ʨʘʟʣʦʤʳ, ʜʘʡʢʠ ʠ ʚʳʭʦʜʳ ʧʝʛʤʘʪʠʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʎʄʈ SRTM (ʨʘʟʨʝʰʝʥʠʝ 30 ʤʝʪʨʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ArcGIS 10.6.1. 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʩʪʘʪʴʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʥʝʘʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ ʧʦʜʭʦʜʘ [2, 

4, 7, 8]. ʊʘʢʞʝ ʚ ʩʦʟʜʘʥʥʳʝ ʢʘʨʪʳ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʨʘʟʣʦʤʳ ʠ ʧʨʦʷʚʣʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚ, ʚʳʜʝʣʝʥʥʳʝ 
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ʘʚʪʦʨʘʤʠ. ɺ ʨʘʡʦʥʘʭ ʩ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʦʩʣʝʜʠʪʴ ʣʠʥʝʘʤʝʥʪʳ ʥʝʚʦʟʤʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʦʪʤʝʯʝʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʪʦʯʝʢ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʧʨʦʩʪʠʨʘʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʂʘʣʙʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʉɿ-ʖɿ 

ʦʛʨʘʥʠʯʝʥʦ ʦʩʥʦʚʥʳʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʟʣʦʤʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʂʘʣʙʘ-

ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʣʦʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 

ʠʤʝʶʪ ʧʨʦʩʪʠʨʘʥʠʝ ʉɿ-ʖɺ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʣʦʤʳ ʧʨʦʩʪʠʨʘʥʠʷ ɺ-ɿ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʢʨʫʧʥʳʤʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʤʘʩʰʪʘʙʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʢʪʦʨʝ 

ʪʝʨʨʝʡʥʘ ʚʳʷʚʣʝʥ ʢʨʫʧʥʳʡ ʨʘʟʣʦʤ ʜʣʠʥʦʡ ʦʢʦʣʦ 100 ʢʤ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʳʜʝʣʝʥʠʝ ʣʠʥʝʘʤʝʥʪʘ (ʨʘʟʣʦʤʘ ʠ ʧʝʛʤʘʪʠʪʦʚʦʡ ʜʘʡʢʠ) ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, 

ʧʦʢʘʟʳʚʘʶʱʝʝ ʜʦʤʠʥʠʨʫʶʱʝʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦ-ʁ ʛʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʟʣʦʤʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʪʝʨʨʝʡʥʘ 

 

ʅʘ ʢʘʨʪʝ ʧʝʛʤʘʪʠʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʩʝ ʧʦʣʝ, ʚʳʛʣʷʜʷʪ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʯʝʨʪʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʦʝʚ ʚ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʤ ʪʝʨʨʝʡʥʝ 

ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʉɿ-ʖɺ, ʢʘʢ ʠ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ (ʨʠʩ. 3). 

ʂʨʦʤʝ ʪʦʛʦ, ʣʠʥʝʘʤʝʥʪʥʳʡ ʨʠʩʫʥʦʢ ʧʝʛʤʘʪʠʪʦʚʳʭ ʜʘʝʢ ʚʩʪʨʝʯʘʝʪʩʷ ʚʙʣʠʟʠ (ʦʢʦʣʦ 2 ʢʤ) 

ʨʘʟʣʦʤʦʚ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʠʣʠ ʚʙʣʠʟʠ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʩ ʚʦʩʪʦʢʘ ʥʘ 

ʟʘʧʘʜ ʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʦʝʚ ʠ ʧʦʣʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʨʫʢʪʫʨʥʳʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʟʤʝʱʝʥʠʝʤ ʠ ʫʜʣʠʥʝʥʠʝʤ ʧʝʛʤʘʪʠʪʦʚ, ʥʘʧʨʠʤʝʨ, [9-11]. ʀʟʫʯʝʥʥʳʝ ʧʝʛʤʘʪʠʪʦʚʳʝ 

ʫʜʣʠʥʝʥʠʷ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʠʣʠ ʙʣʠʟʢʦʝ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʨʦʩʪʠʨʘʥʠʶ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʣʫʙʦʢʠʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜ-ʁ ʛʦ-ʚʦʩʪʦʢ ʊʝʨʝʢʪʠʥʩʢʦʛʦ ʠ ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʦʛʦ ʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʜʚʠʛʘ. ɺ 

ʨʘʡʦʥʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʩ 

ʩʝʚʝʨʘ ʥʘ ʶʛ ʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ, ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚʳʭ 

ʩʢʦʧʣʝʥʠʡ/ʨʦʝʚ. ʕʪʠ ʨʘʟʣʦʤʳ ʩʣʫʞʠʣʠ ʢʘʥʘʣʘʤʠ ʠ ʧʫʪʷʤʠ ʤʘʛʤʳ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʷʩʘ. 

ʅʘʧʨʠʤʝʨ, ʢʦʨʠʯʥʝʚʦʝ ʧʦʣʝ ʨʫʜʥʦʛʦ ʫʟʣʘ ɸʩʫʙʫʣʘʢ (ʩʤ. ʨʠʩ. 3, ʚʥʫʪʨʠ ʦʨʘʥʞʝʚʦʛʦ ʢʨʫʛʘ) 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʨʘʟʣʦʤʦʚ ɺ-ɿ, ʉɿ-ʖɺ (ɻʨʝʤʷʯʠʥʩʢʦ-ʂʠʥʩʢʠʡ, ɸʩʫʙʫʣʘʢʩʢʠʡ, 

ɹʝʣʦʛʦʨʩʢʠʡ, ʄʠʨʦʣʶʙʦʚʩʢʠʡ ʠ ʪ. ʜ.). ʈʫʜʥʳʡ ʫʟʝʣ ʊʦʯʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʟʝʣʝʥʦʤ ʧʦʣʝ çʘè, 
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ʥʘʭʦʜʠʪʩʷ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʢʨʫʧʥʦʤʫ ʨʘʟʣʦʤʫ, ʧʨʦʩʪʠʨʘʶʱʝʤʫʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ. ɽʱʝ ʙʦʣʴʰʝ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʦʝʚ ʦʙʥʘʨʫʞʝʥʦ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʪʦʛʦ ʞʝ ʨʘʟʣʦʤʘ ɺ-ɿ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʎʝʥʪʨʘʣʴʥʳʡ ʩʝʢʪʦʨ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʧʦʢʘʟʳʚʘʝʪ ʧʝʛʤʘʪʠʪʦʚʳʝ ʜʘʡʢʠ ʠ ʚʳʭʦʜʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʘʤ ʨʘʟʣʦʤʦʚ. ʈʦʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʪʨʝʥʜʳ ʨʘʟʣʦʤʦʚ ʠ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʜʘʝʢ. ɼʚʘ ʟʝʣʝʥʳʭ ʠ ʦʜʥʦ ʢʦʨʠʯʥʝʚʦʝ ʧʦʣʝ ʧʦʢʘʟʘʥʳ ʚ ʟʝʣʝʥʦʤ ʠ ʦʨʘʥʞʝʚʦʤ ʢʨʫʛʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʝʣʝʥʳʝ ʧʦʣʷ ʠʟʫʯʘʶʪʩʷ ʚ ʨʘʡʦʥʥʦʤ ʤʘʩʰʪʘʙʝ 

 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ Arc-GIS, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʥʝʘʤʝʥʪʳ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʜʘʝʢ ʠ ʨʘʟʣʦʤʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʛʨʫʙʫʶ ʦʮʝʥʢʫ ʦʩʥʦʚʥʳʭ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʦʝʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʩʫʟʠʪʴ ʮʝʣʝʚʳʝ ʦʙʣʘʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʨʘʟʚʝʜʢʝ ʧʝʛʤʘʪʠʪʦʚ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʣʝʚʘʷ 

ʧʨʦʚʝʨʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʛʤʘʪʠʪʘ ʠ ʩʚʷʟʝʡ. ʅʘʢʦʥʝʮ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʚ ʤʘʩʰʪʘʙʝ ʨʘʡʦʥʘ ʟʘʣʝʛʘʥʠʷ ʧʝʛʤʘʪʠʪʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ 

ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʨʘʟʛʨʘʥʠʯʠʚʘʪʴ ʮʝʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʚʝʜʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʤʝʱʝʥʠʝ ʧʝʛʤʘʪʠʪʦʚ ʚ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʤ ʪʝʨʨʝʡʥʝ 

ʩʪʨʫʢʪʫʨʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ. ʉʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ ʚʙʣʠʟʠ ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʦʝʚ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʜʚʘ ʠʣʠ ʪʨʠ ʥʘʙʦʨʘ ʨʘʟʣʦʤʦʚ. ʃʠʥʝʘʤʝʥʪ 

ʧʝʛʤʘʪʠʪʦʚ ʠʤʝʝʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦ-ʁ ʛʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʪʝʥʜʝʥʮʠʡ ʨʘʟʣʦʤʦʚ. ʕʪʦ ʨʝʛʠʦʥʘʣʴʥʦʝ ʤʘʩʰʪʘʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ɻʀʉ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʪʜʘʣʝʥʥʳʭ ʠ ʥʝʨʦʚʥʳʭ 

ʨʝʛʠʦʥʘʭ ʠ ʩʦʜʝʡʩʪʚʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʗ ʭʦʪʝʣ ʙʳ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢʦʣʣʝʛʘʤ ʠʟ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ 

ʘʣʤʘʟʘ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʄʘʢʩʠʤʫ ʂʫʜʨʠʥʫ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ 

ʬʠʥʘʥʩʠʨʫʝʪʩʷ ʛʨʘʥʪʦʤ SMG2023002, ʅʘʟʘʨʙʘʝʚ ʋʥʠʚʝʨʩʠʪʝʪ. 
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ʄʀʅɽʈɸʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʉɸʄʆʈʆɼʅʆɻʆ ɿʆʃʆʊɸ  

ʨ. ʖʍʊʆʏʂɸ ʀ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʈʗɹʀʅʆɺʆɽ (ɸʃɼɸʅʆ-ʉʊɸʅʆɺʆʁ ʑʀʊ) 

ɸʥʘʪʦʣʠʡ ɾʫʨʘʚʣʝʚ, ɸʣʝʢʩʘʥʜʨ ʆʢʨʫʛʠʥ, ɹʦʨʠʩ ɻʝʨʘʩʠʤʦʚ, ɽʚʛʝʥʠʡ ʃʦʩʢʫʪʦʚ,  

ɸʣʝʢʩʝʡ ʀʚʘʥʦʚ, ʄʠʯʠʣ ʀʚʘʥʦʚ 

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʉʆ ʈɸʅ,  

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ʎɸʈʈ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨ. ʖʭʪʦʯʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʘʟʣʠʯʥʦʡ ʦʢʘʪʘʥʥʦʩʪʴʶ, ʨʘʟʤʝʨʘʤʠ ʦʪ 0,1 ʜʦ 0,5 ʤʤ, ʧʨʦʙʥʦʩʪʴʶ ʦʪ 744 ʜʦ 937 ă, 

ʟʝʨʥʠʩʪʳʤ ʠ ʟʦʥʘʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. ʇʦʯʪʠ ʚʩʝ ʟʝʨʥʘ ʧʦʢʨʳʪʳ 

ʚʳʩʦʢʦʧʨʦʙʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʠʟ ʙʦʨʥʠʪʦʚʳʭ ʨʫʜ ʈʷʙʠʥʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʘʩʪʠʮʘʤʠ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 0,2 ʜʦ 0,6 ʤʤ, ʧʨʦʙʥʦʩʪʴʶ ʦʪ 

801 ʜʦ 895 ă, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʠ ʟʦʥʘʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. ʋ ʥʝʢʦʪʦʨʳʭ 

ʟʝʨʝʥ ʦʙʥʘʨʫʞʝʥʦ ʤʥʦʛʦʟʦʥʘʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ag. ɺ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʞʠʣʢʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʟʦʣʦʪʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʙʥʦʩʪʴʶ, ʚʧʣʦʪʴ 

ʜʦ ʵʣʝʢʪʨʫʤʘ ʠ ʢʶʩʪʝʣʠʪʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʘʤʦʨʦʜʥʦʝ 

ʟʦʣʦʪʦ ʨ. ʖʭʪʦʯʢʘ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʷʙʠʥʦʚʦʝ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʩʚʷʟʠ ʩ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʝʟʦʟʦʡʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʧʨʝʜʝʣʘʭ ʎɸʈʈ.  
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Abstract. Mineralogical and geochemical features of native gold from deposits of the 

Central-Aldan ore region (CAOR) were studied. Native gold in alluvial sediments of the 

Yukhtochka River is characterised by different roundness, sizes from 0.1 to 0.5 mm, 

fineness from 744 to 937 ă, grained and zonal internal structure. Almost all grains are 

covered with high grade shells. Native gold from bornite ores of the Ryabinoe deposit is 

represented by particles of 0.2 to 0.6 mm in size, 801 to 895ă fineness, granular and zonal 

internal structure. Some grains have multizonal internal structure due to interleaving of 

zones with increased Ag content. In the intergrain space there is vein-like gold with reduced 

fineness, up to electrum and kustelite. The native gold from Yukhtochka River and 

Ryabinovoye deposit carries information about its relationship with Mesozoic magmatism 

occurrences of the CAOR.  

 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ 

ʷʚʣʷʝʪʩʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ (ʎɸʈʈ). ɺ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʣʦʢʘʣʠʟʦʚʘʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʦʩʩʳʧʥʳʭ, ʘ ʪʘʢʞʝ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʠʟʫʯʝʥʠʶ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʢʦʪʦʨʳʭ ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʧʨʝʜʝʣʘʭ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʠ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʨʝʥʥʳʭ 
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ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1]. ɺ ʵʪʦʤ ʨʘʢʫʨʩʝ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʎɸʈʈ, 

ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʦʠʩʢʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʧʦʜʦʙʥʳʭ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʢʦʤʧʣʝʢʩʘ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʣʦʪʘ ʨ. ʖʭʪʦʯʢʘ, ʘ ʪʘʢʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʷʙʠʥʦʚʦʝ. ʀʟʫʯʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʠʢʨʦʩʢʦʧʝ çʄʠʢʨʦʤʝʜ ʇʦʣʘʨ-3è ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʮʘʨʩʢʦʡ ʚʦʜʢʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨ. ʖʭʪʦʯʢʘ, ʙʝʨʫʱʝʡ ʠʩʪʦʢʠ ʚ ʧʨʝʜʝʣʘʭ 

ʖʭʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʘʤʦʣʘʟʦʚʩʢʦʝ ʠ ɻʘʨʙʫʟʦʚʩʢʦʝ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʯʘʩʪʠʮ ʥʘ ʣʦʪʦʢ ʩ ʨʘʟʣʠʯʥʦʡ 

ʦʢʘʪʘʥʥʦʩʪʴʶ ʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 0,1 ʜʦ 0,5 ʤʤ. ʇʨʦʙʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 744 ʜʦ 

937 ă. ʇʨʠ ʩʪʨʫʢʪʫʨʥʦʤ ʪʨʘʚʣʝʥʠʠ, ʥʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʘʢ ʟʝʨʥʠʩʪʳʝ ʠʥʜʠʚʠʜʳ, ʪʘʢ ʠ 

ʯʘʩʪʠʮʳ ʩ ʥʝʷʩʥʦ ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 1, ʘ) ʠ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʯʘʩʪʠʮʳ ʧʦʢʨʳʪʳ ʚʳʩʦʢʦʧʨʦʙʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ 

ʤʦʱʥʦʩʪʠ ʜʦ 75 ʤʢʤ, ʨʝʞʝ ʦʥʠ ʤʘʣʦʤʦʱʥʳʝ ʠ ʬʨʘʛʤʝʥʪʘʨʥʳʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮʘʭ 

ʦʪʤʝʯʘʶʪʩʷ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʝ ʤʝʞʟʝʨʥʦʚʳʝ ʚʳʩʦʢʦʧʨʦʙʥʳʝ ʧʨʦʞʠʣʢʠ (ʨʠʩ. 1, ʙ).  

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʯʘʩʪʠʮ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʨ. ʖʭʪʦʯʢʘ (ʘ, ʙ, ʚ) ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʈʷʙʠʥʦʚʦʝ (ʚ, ʛ, ʜ).  

ʘ ï ʥʝʷʩʥʦ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʯʘʩʪʠʮʳ, ʙ ï ʤʝʞʟʝʨʥʦʚʳʝ ʚʳʩʦʢʦʧʨʦʙʥʳʝ ʧʨʦʞʠʣʢʠ, ʚ ï ʢʘʡʤʘ ʟʦʣʦʪʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʧʨʠʤʝʩʴ Hg, ʛ ï ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ ʯʘʩʪʠʮʳ, ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʦʣʦʪʦ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʙʥʦʩʪʴʶ (ʪʝʤʥʦ-ʩʝʨʦʝ), ʜ ï ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʯʘʩʪʠʮʳ, ʝ ï ʤʥʦʛʦʟʦʥʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʟʦʣʦʪʠʥʳ. ʀʟʦʙʨʘʞʝʥʠʷ, ʢʨʦʤʝ çʚè ʩʥʷʪʳ ʚ BSE-ʨʝʞʠʤʝ, ʢʦʥʪʨʘʩʪ 

ʫʚʝʣʠʯʝʥ, ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ï ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ag. ʄʘʩʰʪʘʙʥʘʷ ʧʦʣʦʩʘ ï 50 ʤʢʤ 

 

ʄʠʥʝʨʘʣʳ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʤ ʠ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ. 

ɺ ʦʜʥʦʡ ʠʟ ʯʘʩʪʠʮ ʦʙʥʘʨʫʞʝʥʘ ʬʘʟʘ ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ 3 ʤʢʤ, ʩʦʩʪʦʷʱʘʷ ʠʟ (ʚʝʩ. 

%) Cu ï 32,66, As ï 12,88, Sb ï 4,51, Cd ï 2,98, Ag ï 0,94, S ï 19,81, Au ï 16,43. ʇʨʠʤʝʩʴ Au 

ʚʝʨʦʷʪʥʦ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʭʚʘʪʦʤ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚʤʝʱʘʶʱʝʡ ʤʘʪʨʠʮʳ. ʉʫʤʤʘ ʘʥʘʣʠʟʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣ, ʦʜʥʘʢʦ ʠʩʭʦʜʷ ʠʟ ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʵʪʦʪ ʤʠʥʝʨʘʣ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʙʣʝʢʣʳʭ ʨʫʜ. ʄʠʥʝʨʘʣʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʨʘʥʝʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʉʘʤʦʣʘʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [2]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʚʫʭ ʯʘʩʪʠʮʘʭ 

ʠʟʫʯʝʥʥʦʛʦ ʨʦʩʩʳʧʝʧʨʦʷʚʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʨʠʩʪʳʝ ʢʘʡʤʳ ʚʳʩʦʢʦ-, ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʧʨʦʙʥʦʛʦ 

ʟʦʣʦʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ 2,23 ʜʦ 31,02% Hg (ʨʠʩ. 1, ʚ). ʇʦʜʦʙʥʳʝ ʦʙʦʣʦʯʢʠ, ʚʝʨʦʷʪʥʦ, ʠʤʝʶʪ 
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ʪʝʭʥʦʛʝʥʥʳʡ ʛʝʥʝʟʠʩ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʥʝ 

ʠʩʢʣʶʯʘʝʪʩʷ [3].  

ʏʘʩʪʠʮʳ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʠʟʫʯʝʥʥʳʝ ʠʟ ʙʦʨʥʠʪʦʚʳʭ ʨʫʜ ʈʷʙʠʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ 0,2 ʜʦ 0,6 ʤʤ. ʇʨʦʙʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 801 ʜʦ 895 ă. ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʦʚ 

ʚʢʣʶʯʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʜʠʛʝʥʠʪ [4]. ʉʪʨʫʢʪʫʨʥʦʝ ʪʨʘʚʣʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʝ (ʨʠʩ. 1, ʛ) 

ʠ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʯʪʠ ʚʩʝʭ ʯʘʩʪʠʮ (ʨʠʩ. 1, ʜ). ʋ ʥʝʢʦʪʦʨʳʭ ʟʝʨʝʥ ʦʙʥʘʨʫʞʝʥʳ 

ʤʥʦʛʦʟʦʥʘʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Ag. ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʩʥʦʚʥʦʤ ʪʷʛʦʪʝʶʪ ʢ ʦʜʥʦʡ ʠʟ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ 

ʟʦʣʦʪʠʥ (ʨʠʩ. 1, ʝ). ɺ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʞʠʣʢʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ 

ʟʦʣʦʪʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʙʥʦʩʪʴʶ ʚʧʣʦʪʴ ʜʦ ʵʣʝʢʪʨʫʤʘ ʠ ʢʶʩʪʝʣʠʪʘ. 

 

ɺʳʚʦʜʳ 

ʍʦʨʦʰʘʷ ʦʢʘʪʘʥʥʦʩʪʴ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʦʣʦʪʠʥ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʳʭ 

ʚʳʩʦʢʦʧʨʦʙʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʤʝʞʟʝʨʥʦʚʳʭ ʧʨʦʞʠʣʢʦʚ, ʦʪʨʘʞʘʶʪ ʠʩʪʦʨʠʶ ʧʨʝʙʳʚʘʥʠʷ ʯʘʩʪʠʮ  

ʨ. ʖʭʪʦʯʢʘ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʆʙʥʘʨʫʞʝʥʠʝ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʛʨʫʧʧʳ ʙʣʝʢʣʳʭ ʨʫʜ, ʘ ʪʘʢʞʝ ʟʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ ʩʚʷʟʴ 

ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʩ ʧʦʨʦʜʘʤʠ ʖʭʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʵʪʘʧʥʦʡ ʠʩʪʦʨʠʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʢ ʤʘʛʤʘʪʠʟʤʘ, ʪʘʢ ʠ ʦʨʫʜʝʥʝʥʠʷ [2].  

ʏʘʩʪʠʮʳ, ʠʟʫʯʝʥʥʳʝ ʠʟ ʙʦʨʥʠʪʦʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʷʙʠʥʦʚʦʝ ʠʤʝʶʪ ʩʣʦʞʥʦʝ 

ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Cu [5] ʠ ʪʝʩʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʩ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʛʨʘʥʫʣʷʮʠʠ ʠ ʧʨʦʞʠʣʢʦʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʚʳʩʦʢʦʩʝʨʝʙʨʠʩʪʦʡ ʬʘʟʳ 

ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʢʘʢ ʧʨʠʟʥʘʢ ʵʥʜʦʛʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʦʣʦʪʘ [6] ʠ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʦʵʪʘʧʥʳʤ ʩʪʘʥʦʚʣʝʥʠʝʤ ʈʷʙʠʥʦʚʦʛʦ ʧʦʣʷ [7]. ʉʭʦʞʠʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʨʦʝʥʠʶ ʯʘʩʪʠʮʳ ʨʘʥʝʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘʤʠ ʚ ʨʦʩʩʳʧʝʧʨʦʷʚʣʝʥʠʠ ʨʫʯ. ɽʣʦʚʳʡ, ʚ ʩʤʝʞʥʦʤ 

ʕʚʦʪʠʥʩʢʦʤ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʤ ʨʘʡʦʥʝ [5].  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʨ. ʖʭʪʦʯʢʘ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʈʷʙʠʥʦʚʦʝ, ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʝʟʦʟʦʡʩʢʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʚ ʧʨʝʜʝʣʘʭ ʎɸʈʈ, ʦʪʨʘʞʝʥʥʦʡ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʤʠʥʝʨʘʣʘʭ, ʚʢʣʶʯʝʥʠʷʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʆʜʥʘʢʦ ʠʩʪʦʯʥʠʢʘʤʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʤʝʞʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʢʨʦʤʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ, ʚʝʨʦʷʪʥʦ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [8], 

ʦʨʫʜʝʥʝʥʠʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʧʦʨʦʜʘʭ [9], ʘ ʪʘʢʞʝ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ, 

ʠʟʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʚ ɺʝʨʭʥʝ-ʊʠʤʧʪʦʥʩʢʦʤ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʤ ʨʘʡʦʥʝ [10]. ɼʣʷ ʚʳʜʝʣʝʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʦʠʩʢʦʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʝʥʠʝ 

ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ 2024 (ʧʨʦʝʢʪ 

ˉ FUFG-2024-0006) 
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ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ɼʈɽɺʅʀʍ ʆʉɸɼʆʏʅʓʍ 

ɸʃʄɸɿʆʉʆɼɽʈɾɸʑʀʍ ʊʆʃʑ  

ʅʠʢʦʣʘʡ ɿʠʥʯʫʢ 1, 2 
1 ɺʠʣʶʡʩʢʘʷ ɻʈʕ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ), ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ; 

2 ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɸʅ ʈʉ (ʗ), ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥ rʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʬʘʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠ ̫ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʮʝʥʝʥʘ ʨʦʣʴ ʤʝʩʪʥʦʛʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʣʘʧʯʘʥʩʢʦʡ, ʙʦʪʫʦʙʠʥʩʢʦʡ ʠ ʙʦʨʫʣʣʦʡʩʢʦʡ 

ʩʚʠʪ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ. 
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Abstract. Basing on studying geodynamic, facial conditions of formation and material 

composition of Upper Paleozoic sedimentary thicknesses of Malo-Botuobinsky 

diamondiferous region of the Siberian platform the role of local (including kimberlite) 

material in various facial sections of Lapchansky, Botuobinsky, and Borulloysky suites of 

Permian age was evaluated, which allowed delivering recommendations both on 

methodology about importance of individual situations for forecast-prospecting works on 

diamonds.  

 

ɺ ʘʣʤʘʟʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʤʠʨʘ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ 

ʜʨʝʚʥʠʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ [1-9], ʘ ʪʘʢʞʝ ʦʪʣʦʞʝʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʨʘʟʤʳʚʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ [10-14]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʙʳʯʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʪʘʢʞʝ ʦʙʠʣʠʝ ʛʫʤʫʩʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʦʱʥʦʩʪʴ ʂɺ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ʂɺ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʘʷ 

ʜʝʥʫʜʘʮʠʷ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʵʨʦʟʠʦʥʥʦʡ ʩʝʪʠ, ʘ ʥʘ ʧʣʦʩʢʠʭ 

ʚʦʜʦʨʘʟʜʝʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʳʚ ʧʨʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʜʨʝʥʘʞʝ. 

ʉʦʭʨʘʥʷʶʪʩʷ ʦʪ ʨʘʟʤʳʚʘ ʵʣʶʚʠʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʪʦʣʴʢʦ ʧʨʠ ʩʪʝʯʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʧʦʥʠʞʝʥʠʷʭ ʜʨʝʚʥʝʛʦ ʨʝʣʴʝʬʘ ʠ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʧʫʱʝʥʥʳʭ ʙʣʦʢʘʭ. 

ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʂɺ ʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʘʭ ʠʟʫʯʝʥʳ ʚ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʤ (ʄɹɸʈ), 

ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ (ɼɸɸʈ) ʠ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʤ (ʉʄɸʈ) ʨʘʡʦʥʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

(ʉʇ), ʚ ʢʦʪʦʨʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʝʪʨʝʣʳʭ 

ʪʦʣʱ ʩʫʱʝʩʪʚʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʝ ʠ ʩʨʝʜʥʝ-

ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʝ ʚʨʝʤʷ (ʨʠʩ. 1). ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʦʥʮʝ ʜʝʚʦʥʘ 

ʧʨʦʠʟʦʰʣʦ ʩʦʢʨʘʱʝʥʠʝ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ [15-19], ʪʦ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 

ʊʫʥʛʫʩʩʢʦʡ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ (ʊɺʉ) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠʙʨʝʞʥʳʝ ʥʠʟʤʝʥʥʳʝ 

ʨʘʚʥʠʥʳ, ʘ ʥʘ ʶʛʝ ʢʘʢ ʵʪʦʡ, ʪʘʢ ʠ ɺʠʣʶʡʩʢʦʡ ʤʝʟʦʟʦʡʩʢʦʡ ʩʠʥʝʢʣʠʟ (ɺʄʉ), ʚʦʟʥʠʢʣʠ ʨʘʚʥʠʥʳ ʩ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʜʝʥʫʜʘʮʠʦʥʥʳʤʠ 

ʧʣʘʪʦ. ʂʘʤʝʥʥʦʫʛʦʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʘʢʪʠʚʠʟʘʮʠʠ ʦʙʱʝʛʦ ʚʦʟʜʳʤʘʥʠʷ ʉʇ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʵʧʦʭʘ 
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ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʝʥʝʧʣʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʶʚʠʷ 

ʥʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜʘʭ ʧʨʦʪʝʢʘʣʦ ʧʦʩʪʝʧʝʥʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʜʫʢʪʳ ʂɺ ʧʦʩʪʫʧʘʣʠ ʚ ʢʦʨʨʝʣʷʪʠʚʥʳʝ ʪʦʣʱʠ ʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚ ʵʪʦ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʧʘʣʝʦʨʝʣʴʝʬʘ  

[1-5]. 

 
ʈʠʩʫʥʦʢ 1 ï ʕʧʦʭʠ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʘʥʝʨʦʟʦʝ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʉʇ 

 

ʇʦʵʪʦʤʫ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʊɺʉ ʦʪʨʘʞʘʶʪ ʧʦʛʨʝʙʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ ʠ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʦʙʦʛʘʱʝʥʳ ʧʨʦʜʫʢʪʘʤʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʷ ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʘʮʠʶ ʂɺ [6-9]. ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʢʘʨʙʦʥʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʚʦʥʦʤ) ʠʟʤʝʥʷʣʘʩʴ ʤʘʣʦ. ɺ ʊɺʉ ʚ ʢʘʨʙʦʥʝ ʠ ʧʝʨʤʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʧʦʣʫʯʠʣʠ ʥʠʟʤʝʥʥʳʝ ʟʘʙʦʣʦʯʝʥʥʳʝ ʨʘʚʥʠʥʳ ʩ ʫʛʣʝʥʦʩʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺ ʢʦʥʮʝ ʧʝʨʤʩʢʦʛʦ 

ʧʝʨʠʦʜʘ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʉʇ ʥʘʯʘʣʠʩʴ ʠʟʣʠʷʥʠʷ ʣʘʚ ʠ ʚʥʝʜʨʝʥʠʝ ʪʨʘʧʧʦʚ (ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ 

ʧʨʦʷʚʠʚʰʠʝʩʷ ʢ ʥʘʯʘʣʫ ʨʘʥʥʝʛʦ ʪʨʠʘʩʘ). ʂ ʢʦʥʮʫ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʜʣʠʪʝʣʴʥʘʷ ʵʧʦʭʘ ʜʝʥʫʜʘʮʠʠ 

ʟʘʚʝʨʰʠʣʘʩʴ ʧʝʥʝʧʣʝʥʠʟʘʮʠʝʡ ʉʇ. ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʝʥʝʧʣʝʥʠʟʘʮʠʷ ʚ ʩʨʝʜʥʝʤ ʠ ʧʦʟʜʥʝʤ ʪʨʠʘʩʝ 

ʦʙʫʩʣʦʚʣʝʥʘ ʵʧʦʭʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʢʦʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʘʷ ʶʨʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʉʇ. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʡ ʂɺ, ʧʨʠʯʝʤ 

ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʜʝʥʫʜʘʮʠʷ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʦʨʨʝʣʷʪʠʚʥʳʝ ʪʦʣʱʠ 

ʧʨʦʠʩʭʦʜʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ (ʢʘʢ ʠ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ-ʨʘʥʥʝʤ 

ʢʘʨʙʦʥʝ) ʩʣʘʙʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʘʣʝʦʨʝʣʴʝʬʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ [10-14]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʝʚʥʠʭ ʦʩʘʜʦʯʥʳʭ 

ʪʦʣʱ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʟʚʠʪʳʭ ʚ ʧʣʘʥʝ ʜʦʙʳʯʠ ʘʣʤʘʟʦʚ ï ʄɹɸʈ 

ʉʇ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʨʦʩʪʘ ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ 
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ʦʪʣʦʞʝʥʠʷ, ʚ ʨʘʟʨʝʟʝ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ [1-5] ʣʘʧʯʘʥʩʢʘʷ (ʈ1l), ʙʦʪʫʦʙʠʥʩʢʘ ̫(ʈ1b) ʠ 

ʙʦʨʫʣʣʦʡʩʢʘ ̫(ʈ2br) ʩʚʠʪʳ. ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʣʘʧʯʘʥʩʢʦʡ ʩʚʠʪʳ 

ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ: ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ, 

ʜʝʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ, ʦʟʝʨʥʦ-ʣʘʛʫʥʥʳʭ ʠ ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʠ 

ʟʦʥʳ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʧʣʦʱʘʜʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʨʠ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʝ ʦʙʣʘʩʪʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʪʣʦʞʝʥʠʡ ʣʘʧʯʘʥʩʢʦʡ ʩʚʠʪʳ: ʧʦʜʥʦʞʠʡ ʩʢʣʦʥʦʚ ʠ ʢʦʥʫʩʦʚ 

ʚʳʥʦʩʘ, ʨʝʯʥʳʭ ʜʦʣʠʥ (ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ), ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ [6-9]. ʆʙʣʘʩʪʴ 

ʧʦʜʥʦʞʠʡ ʩʢʣʦʥʦʚ ʠ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʦʪʤʝʯʝʥʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ 

ʯʘʩʪʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʆʥʘ ʦʢʘʡʤʣʷʝʪ ʢʨʫʧʥʦʝ ʧʘʣʝʦʧʦʜʥʷʪʠʝ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʴ ʨʝʯʥʳʭ ʜʦʣʠʥ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʚ ʪʦ 

ʚʨʝʤʷ ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ ʙʘʩʩʝʡʥʦʚʳʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʕʪʘ ʦʙʣʘʩʪʴ ʚʢʣʶʯʘʝʪ ʟʦʥʫ ʨʘʟʚʠʪʠʷ 

ʜʝʣʶʚʠʘʣʴʥʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɿʜʝʩʴ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʬʘʮʠʠ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦ-ɦ ʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʕɼ), ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-

ʘʣʝʚʨʠʪʦʚʳʭ ʦʩʘʜʢʦʚ ʧʨʦʣʶʚʠʷ (ʇʈ), ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ 

(ʆɿ), ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʢʨʫʧʥʳʭ ʦʟʝʨ (ʆʂ), ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʠʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ (ɹɿ) ʠ ʦʩʘʜʢʦʚ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ (ɹʊ). ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ 

ʣʘʧʯʘʥʩʢʦʡ ʩʚʠʪʳ ʚ ʩʝʚʝʨʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʥʘʯʘʣʦʩʴ [10-13] ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʧʣʦʱʘʜʷʭ ʩ ʚʳʧʦʣʥʝʥʠʷ ʩ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤ ʜʨʝʚʥʝʛʦ 

ʨʝʣʴʝʬʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʧʝʨʠʦʜ ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʠʠ. ʕʪʦ ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʱʝʙʝʥʢʦʡ 

ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʤ ʠ 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʚʥʫʪʨʝʥʥʠʤ ʯʘʩʪʷʤ ʚʧʘʜʠʥ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ ʠ ʦʟʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ. ɺ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʣʠ ʤʝʣʢʠʝ ʦʟʝʨʥʳʝ ʚʦʜʦʝʤʳ, 

ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʟʘʙʦʣʘʯʠʚʘʥʠʶ, ʯʝʤ ʠ ʦʙʴʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚ 

ʨʘʟʨʝʟʝ ʦʩʘʜʢʦʚ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ. ʆʙʣʘʩʪʴ ʨʝʯʥʳʭ ʜʦʣʠʥ (ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ) ʚʢʣʶʯʘʝʪ ʟʦʥʫ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʪʣʦʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʜʦʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʨʝʣʴʝʬʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʩʢʣʦʥʘʭ ʧʘʣʝʦʧʦʜʥʷʪʠʡ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ ʠ ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʆʙʣʘʩʪʴ ʟʘʣʠʚʥʦ-

ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ ʧʦʣʫʯʠʣʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʢʣʶʯʘʝʪ ʟʦʥʳ 

ʦʟʝʨʥʦ-ʣʘʛʫʥʥʳʭ ʠ ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʦʩʥʦʚʘʥʠʠ 

ʣʘʧʯʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦ-ɦ ʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʦ-

ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʩʘʜʢʦʚ (ʕɼ). ʇʦʩʣʝʜʦʚʘʚʰʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʦʙʫʩʣʦʚʠʣʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʠʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ (ʃɿ). ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ ʦʪʤʝʯʘʶʪʩʷ ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʸʨ (ʆɿ). 

ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʦʪʫʦʙʠʥʩʢʦʡ ʩʚʠʪʳ 

ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, 

ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʧʦʜʚʦʜʥʦ-ʜʝʣʴʪʦʚʳʭ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʦʩʘʜʢʦʚ 

ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʧʨʠ ʫʯʘʩʪʠʠ ʦʟʸʨʥʦ-ʙʦʣʦʪʥʳʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʣʘʛʫʥʥʳʭ 

ʠ ʧʨʦʣʶʚʠʘʣʴʥʦ-ʣʘʛʫʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʦʙʴʝʜʠʥʷʶʪʩʷ 

[14-18] ʚ ʩʣʝʜʫʶʱʠʝ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʝ ʦʙʣʘʩʪʠ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, 

ʧʨʠʙʝʨʝʛʦʚʦʛʦ ʩʠʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ, ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʠ ʦʪʢʨʳʪʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ. ɺ ʥʘʯʘʣʝ ʨʘʥʥʝʧʝʨʤʩʢʦʛʦ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣ 

ʢʦʤʧʣʝʢʩ ʬʘʮʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʛʠʙʘʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦʜʚʠʞʝʥʠʶ ʚʦʜ ʙʘʩʩʝʡʥʘ ʚʛʣʫʙʴ ʩʫʰʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʦʢʨʘʱʘʣʘʩʴ ʧʣʦʱʘʜʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʩʩʝʡʥʦʚʳʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʚ ʨʘʟʨʝʟʝ [19]. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʙʦʪʫʦʙʠʥʩʢʦʡ ʩʚʠʪʳ 

ʧʨʝʦʙʣʘʜʘʶʪ ʬʘʮʠʠ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʨʫʩʣʘ ʠ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ (ʇɼ). ʆʥʠ ʩʣʘʛʘʶʪ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʠ ʚʳʰʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʬʘʮʠʷʤʠ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ 

ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ (ʆʄɹ), ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʙʘʨʦʚ, ʢʦʩ ʠ ʨʦʩʩʳʧʝʡ 
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(ɹʂʇ). ʌʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ) ʦʙʳʯʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ 

ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʦʩʘʜʢʦʚ ʙʘʨʦʚ, ʢʦʩ, ʧʝʨʝʩʳʧʝʡ ʠ ʨʝʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʦʪʣʦʞʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ 

ʦʪʤʝʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʬʘʮʠʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦ-ɦ ʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʦ-

ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʕɼ), ʢʦʪʦʨʳʝ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʬʘʮʠʠ 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). ʅʠʞʥʷʷ ʯʘʩʪʴ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʧʨʦʣʶʚʠʘʣʴʥʦ-

ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʮʠʝʡ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʩʘʜʢʦʚ 

ʧʨʦʣʶʚʠʷ (ʇʈ), ʠʤʝʶʱʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʝʨʝʢʨʳʚʘʷʩʴ ʬʘʮʠʝʡ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ 

ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). ɺ ʨʘʟʨʝʟʝ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆɿ), ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ 

(ɹɿ), ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʢʨʫʧʥʳʭ ʦʟʝʨ (ʆʂ), ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ 

ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ (ʆʄɹ) ʠ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʧʦʜʚʦʜʥʦʡ ʜʝʣʴʪʳ (ʇɼ). 

ɺ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʨʘʟʚʠʪʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʙʦʨʫʣʣʦʡʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ [4-8] 

ʯʝʪʳʨʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ 

ʠ ʧʦʜʚʦʜʥʦʜʝʣʴʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʡ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʦʙʨʘʟʫʶʪ ʪʨʠ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʝ ʦʙʣʘʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʥʘʯʘʣʝ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʨʝʤʝʥʠ: 

ʨʝʯʥʳʭ ʜʦʣʠʥ ʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ ʨʘʚʥʠʥ, ʧʨʠʙʝʨʝʛʦʚʦʛʦ ʩʠʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ 

ʠ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ. ʆʙʣʘʩʪʴ ʨʝʯʥʳʭ ʜʦʣʠʥ ʠ ʣʘʛʫʥʥʦ-ʜʝʣʴʪʦʚʳʭ 

ʨʘʚʥʠʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ. ɸʣʣʶʚʠʘʣʴʥʘʷ ʨʘʚʥʠʥʘ ʧʦʣʫʯʠʣʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ, ʦʢʘʡʤʣʷʷ ʢʨʫʧʥʦʝ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʝ ʧʘʣʝʦʧʦʜʥʷʪʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʣʘʩʴ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʙʣʘʩʪʴʶ ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʟʤʳʚʘ. ɺ ʧʨʝʜʝʣʘʭ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʬʘʮʠʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-

ʛʘʣʝʯʥʳʭ ʦʩʘʜʢʦʚ ʨʫʩʣʘ (ɸʈ) ʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʩʘʜʢʦʚ ʧʦʡʤʳ (ɸʇ). ʄʝʥʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʬʘʮʠʠ: ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʢʨʫʧʥʳʭ ʦʟʝʨ (ʆʂ), ʘʣʝʚʨʠʪʦ-

ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ ʠ ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆʂɿ), ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ, ʘ ʪʘʢʞʝ ʦʩʘʜʢʦʚ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ. ʇʦʩʣʝʜʥʠʝ ʦʙʳʯʥʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʦʚ ʠ ʥʝʨʝʜʢʦ ʪʷʛʦʪʝʶʪ ʢ ʙʦʨʪʘʤ ʜʦʣʠʥʳ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʘʷ ʨʘʚʥʠʥʘ, ʢʦʪʦʨʘʷ ʧʨʠʤʳʢʘʝʪ 

ʥʘ ʚʩʸʤ ʩʚʦʸʤ ʧʨʦʪʷʞʝʥʠʠ ʢ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʦʡ ʟʦʥʝ ʧʦʜʚʠʞʥʦʡ ʜʝʣʴʪʳ. ʆʙʣʘʩʪʴ ʧʨʠʙʝʨʝʛʦʚʦʛʦ 

ʩʠʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʘʮʠʘʣʴʥʫʶ ʟʦʥʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʦʜʚʦʜʥʦʜʝʣʴʪʦʚʳʭ ʦʩʘʜʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʘʮʠʡ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ 

ʧʦʜʚʦʜʥʦʡ ʜʝʣʴʪʳ (ʇɼ), ʥʘ ʢʦʪʦʨʳʭ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʣʝʛʘʶʪ ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ 

ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆɿ) ʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). 

ʆʙʣʘʩʪʴ ʧʦʜʚʦʜʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʟʘʥʠʤʘʝʪ ʟʦʥʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʬʘʮʠʡ 

ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ (ʆʄɹ). ɺ ʦʩʥʦʚʘʥʠʠ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʶʪ ʬʘʮʠʠ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ (ʇɼ) ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʬʘʮʠʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʠʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ 

ʙʦʣʦʪ (ɹɿ), ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʤʠ ʦʩʘʜʢʘʤʠ ʦʪʢʨʳʪʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). 

ʀʪʘʢ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚ ʥʠʞʥʝʧʝʨʤʩʢʦʝ ʚʨʝʤʷ ʚʦʩʭʦʜʷʱʠʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʩʪʨʦʡʢʝ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʝʨʝʨʳʚʘ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʯʘʩʪʠ 

ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʩʣʝʜʦʚʘʚʰʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʛʫʤʠʜʥʳʡ ʢʣʠʤʘʪ 

ʦʙʫʩʣʦʚʠʣʠ ʨʘʟʚʠʪʠʝ ʛʠʧʝʨʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʝʣʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʶʚʠʘʣʴʥʦʛʦ ʯʝʭʣʘ ʥʘ ʠʟʚʝʨʞʝʥʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʨʝʛʠʦʥʘ. ɿʘʤʝʜʣʝʥʠʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʢʦʤʧʝʥʩʠʨʦʚʘʣʦʩʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ʠ ʟʘʢʘʥʯʠʚʘʣʦʩʴ ʨʝʛʨʝʩʩʠʝʡ. 

ʄʠʥʠʤʫʤ ʨʝʛʨʝʩʩʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʨʘʥʥʝʙʦʨʫʣʣʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʤʘʢʩʠʤʫʤ 

ï ʥʘ ʢʦʥʝʮ ʵʪʦʛʦ ʞʝ ʧʝʨʠʦʜʘ. ʂʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ (ʘʣʤʘʟʳ ʠ ʠʭ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ, 

ʧʝʨʝʦʪʣʦʞʝʥʥʳʝ ʚʳʚʝʪʨʝʣʳʝ ʧʨʦʜʫʢʪʳ) ʚ ʬʘʮʠʠ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʦʚ ʧʦʩʪʫʧʘʣ ʟʘ ʩʯʝʪ 
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ʦʙʣʘʩʪʷʭ ʜʝʥʫʜʘʮʠʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʊʀʇʀɿɸʎʀʀ ʂʀʄɹɽʈʃʀʊʆɺ 

ʅʠʢʦʣʘʡ ɿʠʥʯʫʢ 1, 2, ʄʘʨʠʷ ɿʠʥʯʫʢ 2 
1 ɺʠʣʶʡʩʢʘʷ ɻʈʕ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ), ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ; 

2 ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɸʅ ʈʉ (ʗ), ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʦ-

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ï 

ʛʣʘʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʣʤʘʟʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʪʠʧʠʟʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʛʝʥʝʟʠʩʘ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʢʠʤʙʝʨʣʠʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʠʧʦʤʦʨʬʠʟʤʫ ʘʣʤʘʟʦʚ ʠ ʠʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʩʧʫʪʥʠʢʦʚ ʧʦʟʚʦʣʷʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʘʢ ʩʘʤʠ ʢʨʠʪʝʨʠʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʪʘʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʚʳʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʣʦʱʘʜʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʠʩʢʦʚ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʤʙʝʨʣʠʪʳ, ʪʠʧʠʟʘʮʠʷ, ʘʣʤʘʟʳ. 
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Abstract. Materials on technique of investigating geologic-petrophysical and 

petrographical features of kimberlite rocks ï main source of diamonds, are given. Issues of 

typification, classification and genesis of these unique nature formations are briefly 

considered. Importance of carrying out analysis of various mantle rocksô influence on 

productivity of kimberlites is emphasized. The received data on typomorphic features of 

diamonds and their paragenetic satellites allow perfecting both diamondiferousness criteria 

of kimberlite rocks proper, and sufficiently affect the choice of perspective territories and 

areas for forecasting and prospecting of diamond deposits.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʠʟʚʝʩʪʥʦ ʪʨʠ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ: ʤʘʛʤʘʪʠʯʝʩʢʠʡ (ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʠ ʣʘʤʧʨʦʠʪʦʚʳʡ), ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʡ ʠ 

ʠʤʧʘʢʪʥʳʡ. ʀʟ ʥʠʭ ʛʣʘʚʥʳʤ ʢʦʨʝʥʥʳʤ ʪʠʧʦʤ ʷʚʣʷʶʪʩʷ ʢʠʤʙʝʨʣʠʪʳ [1-7], ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʚʩʝʭ 

ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ɿʝʤʣʠ, ʠʟ ʢʦʪʦʨʳʭ ʜʦʙʳʚʘʝʪʩʷ ʦʢʦʣʦ 80% ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚ (ʪʦʣʴʢʦ ʥʘ ʉʠʙʠʨʩʢʦʡ, ɺʦʩʪʦʯʥʦ-

ɽʚʨʦʧʝʡʩʢʦʡ, ɸʬʨʠʢʘʥʩʢʦʡ ʠ ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʘʭ ʠʭ ʧʦʨʷʜʢʘ 2500 ʧʨʦʷʚʣʝʥʠʡ) ʠ 

ʥʘʣʠʯʠʝ ʚ ʜʝʩʷʪʦʡ ʯʘʩʪʠ ʠʟ ʥʠʭ ʧʨʠʟʥʘʢʦʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʤʝʥʝʝ 3% ʪʝʣ. ʇʦ ʟʘʧʘʩʘʤ ʘʣʤʘʟʦʚ ʠ ʨʘʟʤʝʨʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʫʥʠʢʘʣʴʥʳʝ, 

ʢʨʫʧʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʤʝʣʢʠʝ, ʘ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ï ʥʘ ʫʥʠʢʘʣʴʥʦ-, ʚʳʩʦʢʦ-, ʩʨʝʜʥʝ- ʠ 

ʥʠʟʢʦʘʣʤʘʟʦʥʦʩʥʳʝ. ʂʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʪʨʫʙʢʘʤʠ 

ʚʟʨʳʚʘ ʠʣʠ ʜʠʘʪʨʝʤʘʤʠ, ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʙʦʣʝʝ 130 ʣʝʪ. ʀʟ ʥʠʭ, ʘ ʪʘʢʞʝ ʠʟ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘ ʩʯʝʪ ʠʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ï ʨʦʩʩʳʧʝʡ ʟʘ ʚʩʶ 

ʠʩʪʦʨʠʶ ʜʦʙʳʯʠ ʠʟʚʣʝʯʝʥʦ ʙʦʣʝʝ 690 ʪ ʘʣʤʘʟʦʚ. ɹʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʟʥʘʥʦ, ʯʪʦ 

ʘʣʤʘʟ ʢʠʤʙʝʨʣʠʪʦʚ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ (ʧʦʨʷʜʢʘ 150-200 ʢʤ) ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʈ>45 ɻʇɸ, ʊ=950-14000ʉ) ʥʘʤʥʦʛʦ ʨʘʥʴʰʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʪʦ ʝʩʪʴ ʘʣʤʘʟ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ï ʢʩʝʥʦʛʝʥʥʳʡ ʤʠʥʝʨʘʣ. ɽʛʦ ʠʩʪʦʯʥʠʢʦʤ 

ʷʚʣʷʶʪʩʷ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʧʦʨʦʜʳ ï ʧʝʨʠʜʦʪʠʪʳ ʠ ʵʢʣʦʛʠʪʳ, ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ 

ʚʳʥʝʩʝʥʳ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʦʡ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʣʠʪʦʩʬʝʨʳ. ʌʦʨʤʘ ʟʘʣʝʛʘʥʠʷ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ï ʪʨʫʙʢʠ ʠ ʜʘʡʢʠ, ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʩʠʣʣʳ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
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ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʛʨʫʧʧʦʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʝʣ ʠ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʝʣ ʢ ʫʯʘʩʪʢʘʤ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʩ ʢʨʘʪʦʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ [8ï12]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʩʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ, ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʠʭ ʛʝʦʣʦʛʠʠ, 

ʛʝʥʝʟʠʩʘ ʠ ʩʦʩʪʘʚʘ ʦʩʪʘʶʪʩʷ ʥʝ ʨʝʰʝʥʥʳʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʠʣʠ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. 

ʂʠʤʙʝʨʣʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʥʳʝ, ʥʝʜʦʩʳʱʝʥʥʳʝ ʢʨʝʤʥʝʟʝʤʦʤ, 

ʙʦʛʘʪʳʝ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʛʠʙʨʠʜʥʳʝ ʧʦʨʦʜʳ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʱʝʣʦʯʥʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʥʪʠʡʥʳʡ ʠ ʢʦʨʦʚʳʡ ʤʘʪʝʨʠʘʣ ʚ ʚʘʨʴʠʨʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ [13-17]. ʆʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʧʨʦʷʚʣʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʚʦʨʦʥʢʦʦʙʨʘʟʥʳʝ 

ʙʨʝʢʯʠʝʚʳʝ ʜʠʘʪʨʝʤʳ (ʪʨʫʙʢʠ ʚʟʨʳʚʘ), ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʚʝʥʯʘʶʪʩʷ ʢʨʘʪʝʨʥʳʤʠ 

ʧʦʩʪʨʦʡʢʘʤʠ; ʥʘ ʛʣʫʙʠʥʝ (ʦʪ 1000 ʜʦ 2500 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ) ʜʠʘʪʨʝʤʳ ʧʝʨʝʭʦʜʷʪ ʚ ʜʘʡʢʠ. 

ʉʦʭʨʘʥʥʦʩʪʴ ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ çʧʦʩʪʢʠʤʙʝʨʣʠʪʦʚʦʛʦè ɻʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ 

ʪʝʨʨʠʪʦʨʠʠ, ʘ ʢʦʨʥʝʚʳʝ ʯʘʩʪʠ ʚʩʢʨʳʪʳ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʪʨʫʙʢʘʭ ʚ ʩʠʣʫ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʳ 

ʟʘʣʝʛʘʥʠʷ ʠ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʜʘʝʢ (ʞʠʣ). Kʠʤʙʝʨʣʠʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʘʨʭʝʡʩʢʠʭ ʠ ʘʨʭʝʡʩʢʦ-ʥʠʞʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʷʜʝʨ-ʢʨʘʪʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʢʦʨʦʡ, ʤʦʱʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʝʩʪʢʦʡ ʣʠʪʦʩʬʝʨʦʡ ʠ ʥʠʟʢʦʛʨʘʜʠʝʥʪʥʳʤʠ 

ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ. ʄʘʥʪʠʡʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʩʝʥʦʣʠʪʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ, 

ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ ʢʩʝʥʦʟʝʨʥʘʤʠ ʤʠʥʝʨʘʣʦʚ ʠʟ ʥʠʭ ï ʘʣʤʘʟʦʤ, 

ʛʨʘʥʘʪʦʤ-ʧʠʨʦʧʦʤ, ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʤ, ʭʨʦʤʰʧʠʥʝʣʠʜʦʤ, ʦʣʠʚʠʥʦʤ, ʢʣʠʥʦ- ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ, 

ʬʣʦʛʦʧʠʪʦʤ, ʨʝʞʝ ʮʠʨʢʦʥʦʤ, ʘʧʘʪʠʪʦʤ, ʪʠʪʘʥʢʣʠʥʦʛʫʤʠʪʦʤ [18-20]. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 

ʫʩʪʦʡʯʠʚʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʈʊ-ʫʩʣʦʚʠʡ: ʦʪ ʩʪʘʙʠʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʜʦ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʠʨʦʧʘ. ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʤʘʥʪʠʡʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ 

ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʚʠʜʝ ʤʝʟʦʩʪʘʟʠʩʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚʪʦʨʦʡ 

ʛʝʥʝʨʘʮʠʠ ï ʦʣʠʚʠʥ II, ʭʨʦʤʰʧʠʥʝʣʠʜ II, ʠʣʴʤʝʥʠʪ II, ʬʣʦʛʦʧʠʪ II, ʘ ʪʘʢʞʝ ʤʦʥʪʠʯʝʣʣʠʪ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʨʫʪʠʣ, ʧʝʨʦʚʩʢʠʪ ʠ ʢʘʣʴʮʠʪ. ʂʦʨʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʠʤʙʝʨʣʠʪʦʚ ʷʚʣʷʝʪʩʷ: ʘ) 

ʢʩʝʥʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʨʦʜ, ʚʤʝʱʘʶʱʠʭ ʢʠʤʙʝʨʣʠʪʳ; ʙ) ʤʘʪʝʨʠʘʣ, ʧʝʨʝʥʝʩʝʥʥʳʡ ʚ 

ʢʠʤʙʝʨʣʠʪʳ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ. ʉ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʳ ʦʪʚʝʯʘʶʪ ʧʦʨʬʠʨʦʚʳʤ ʱʝʣʦʯʥʳʤ ʧʝʨʠʜʦʪʠʪʘʤ [4-9], ʩʦʜʝʨʞʘʱʠʤ 

ʠʟʙʳʪʦʯʥʳʡ ʬʝʥʦʢʨʠʩʪʦʚʳʡ ʦʣʠʚʠʥ (ʦʙʳʯʥʦ ʟʘʤʝʱʝʥʥʳʡ ʩʝʨʧʝʥʪʠʥʦʤ ʠʣʠ ʢʘʨʙʦʥʘʪʦʤ) ʠ 

ʬʣʦʛʦʧʠʪ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʩʣʦʞʝʥʥʦʡ ʢʘʣʴʮʠʪʦʤ, ʦʣʠʚʠʥʦʤ (ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ 

ʧʦ ʥʝʤʫ) ʠ ʬʣʦʛʦʧʠʪʦʤ. ʆʩʦʙʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʚ ʩʚʷʟʠ ʩ ʜʝʪʘʣʴʥʦʡ 

ʨʘʟʚʝʜʢʦʡ ʠ ʦʪʨʘʙʦʪʢʦʡ ʨʷʜʘ ʚʘʞʥʝʡʰʠʭ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ. ʀʟʫʯʝʥʠʝ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʰʘʛʥʫʣʦ ʦʪ çʩʪʘʥʜʘʨʪʥʦʛʦè ʧʝʪʨʦʛʨʘʬʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘ ʥʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚ ʩʚʷʟʠ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ (ʤʠʢʨʦʨʝʥʪʛʝʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʡ, ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʝ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʠʟʦʪʦʧʠʷ, 

ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟʳ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʪ.ʜ.). 

ɿʘʤʝʪʥʳʤ ʚʢʣʘʜʦʤ ʚ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʨʝʛʠʦʥʘ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʘʢʪʠʢʫ ʨʝʛʫʣʷʨʥʳʭ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʝʩʪʠ ʫʩʧʝʰʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʦʣʝʝ 90% ʦʙʲʝʤʘ ʧʦʨʦʜ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʣʠ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʦʪʢʨʳʪʠʝ ʪʨʫʙʦʢ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ, ʧʨʦʷʚʠʚʰʠʭ 

ʧʨʠʟʥʘʢʠ ʘʥʦʤʘʣʴʥʦʩʪʠ ʚ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, ʨʘʟʚʝʜʢʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʨʷʜʘ ʫʥʠʢʘʣʴʥʳʭ ʜʠʘʪʨʝʤ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ 

ʧʦʷʚʣʝʥʠʝ ʛʨʦʤʘʜʥʦʛʦ ʤʘʩʩʠʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. 

ɼʠʘʪʨʝʤʳ ʢʠʤʙʝʨʣʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʳʯʥʦ cʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

[10-14], ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤʠ [15-18] ʩʚʦʡʩʪʚʘʤʠ, ʤʥʦʛʦʬʘʟʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʧʦʨʦʜ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ: ʧʝʨʚʦʡ ï ʛʠʧʘʙʠʩʩʘʣʴʥʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʦʨʬʠʨʦʚʳʤʠ 

ʢʠʤʙʝʨʣʠʪʘʤʠ, ʠ ʚʪʦʨʦʡ ï ʚʫʣʢʘʥʠʯʝʩʢʦʡ, ʩʣʦʞʝʥʥʦʡ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ 

ʙʨʝʢʯʠʷʤʠ, ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ 

[9-11] ʤʝʞʜʫ ʬʘʟʘʤʠ ʚʥʝʜʨʝʥʠʷ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʠ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʧʠʨʦʧʘ, ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ), ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠ ʧʝʪʨʦʛʝʥʥʳʭ 



58 

 

ʦʢʩʠʜʦʚ (SiO2, TiO2, FeO, MgO, CaO, K2O, Cr2O3). ɸʢʪʫʘʣʴʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʢʩʝʥʦʣʠʪʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʪʦʨʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ʚʦʩʴʤʠ ʜʝʩʷʪʢʦʚ, ʯʪʦ ʚ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʝʰʝʥʠʶ ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ. ʂ ʛʣʘʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʦʪʩʫʪʩʪʚʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʳʪʝʩʥʝʥʥʳʭ ʧʦʨʦʜ ʠ 

ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ; ʩʧʝʮʠʬʠʢʘ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ); ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʨʢʦʚʢʦʦʙʨʘʟʥʘʷ 

ʬʦʨʤʘ (ʬʦʨʤʘ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʢʦʥʫʩʘ); ʩʧʝʢʪʨ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʨʝʭʬʘʮʠʘʣʴʥʳʡ ʨʘʟʨʝʟ (ʢʨʘʪʝʨ, ʜʠʘʪʨʝʤʫ ʠ ʢʦʨʥʝʚʫʶ ʛʠʧʘʙʠʩʩʘʣʴʥʫʶ ʟʦʥʫ) ʠ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ; ʥʘʩʳʱʝʥʥʦʩʪʴ ʣʝʪʫʯʠʤʠ ʧʨʠ ʚʳʩʦʢʦʡ ʜʦʣʝ CO2; ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʭʘʨʘʢʪʝʨ ʜʦʤʠʥʠʨʫʶʱʝʡ ʯʘʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ; ʧʨʠʩʫʪʩʪʚʠʝ 

ʩʣʘʙʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʜʨʫʛʠʝ ʧʨʠʟʥʘʢʠ ʙʳʩʪʨʦʛʦ ʚʥʝʜʨʝʥʠʷ; ʥʘʣʠʯʠʝ 

ʢʩʝʥʦʣʠʪʦʚ ʤʘʥʪʠʡʥʳʭ, ʢʦʨʦʚʳʭ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʧʨʠ ʥʘʠʙʦʣʝʝ ʫʛʣʦʚʘʪʦʡ ʬʦʨʤʝ ʧʦʩʣʝʜʥʠʭ; 

ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʤʘʟʦʚ; ʧʨʠʤʝʨʳ ʧʝʨʝʭʦʜʘ ʜʠʘʪʨʝʤ ʚ ʜʘʡʢʠ; ʧʨʠʟʥʘʢʠ ʚʟʨʳʚʥʦʛʦ ʛʝʥʝʟʠʩʘ; ʥʘʣʠʯʠʝ 

ʜʦʪʨʫʙʦʯʥʳʭ, ʩʠʥʪʨʫʙʦʯʥʳʭ ʠ ʧʦʩʪʪʨʫʙʦʯʥʳʭ ʜʘʝʢ; ʦʪʩʫʪʩʪʚʠʝ ʪʝʨʤʦʤʝʪʘʤʦʨʬʠʟʤʘ; ʰʠʨʦʢʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʞʜʫ ʩʦʦʙʱʝʩʪʚʘʤʠ ʪʝʣ ʠ 

ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʙʳʣʘ ʠ 

ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʨʘʟʜʝʣʦʚ ʚ ʧʨʦʙʣʝʤʝ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʩʚʦʝʦʙʨʘʟʥʳʭ 

ʧʦʨʦʜ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚʦ ʤʥʦʛʠʭ ʠʟ ʥʠʭ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʚʢʣʶʯʘʝʪ 

ʤʥʦʛʦ ʩʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʡ ʪʨʘʢʪʦʚʢʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʥʘʠʙʦʣʝʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʩ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʫʯʝʥʳʤʠ [1ï4]. ʂ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʧʦʟʠʮʠʷʤ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʢʩʪʫʨʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ ï ʤʘʩʩʠʚʥʳʭ (ʧʦʨʬʠʨʦʚʳʭ) ʠ 

ʙʨʝʢʯʠʝʚʳʭ ʠʣʠ ʙʨʝʢʯʠʨʦʚʘʥʥʳʭ (ʵʨʫʧʪʠʚʥʳʝ ʙʨʝʢʯʠʠ) ʢʠʤʙʝʨʣʠʪʦʚ. ɺ ʧʦʨʬʠʨʦʚʳʭ 

ʢʠʤʙʝʨʣʠʪʘʭ ʛʠʧʘʙʠʩʩʘʣʴʥʦʡ ʠʣʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʮʠʠ ʧʦʨʬʠʨʦʚʦʝ ʩʪʨʦʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʦʣʠʚʠʥʘ ʠʣʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʥʠʤ, ʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʩʣʫʞʠʪ 

ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ ʠʣʠ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʘʷ ʩʤʝʩʴ ʩ ʤʠʢʨʦʣʠʪʘʤʠ 

ʦʣʠʚʠʥʘ, ʤʦʥʪʠʯʝʣʣʠʪʘ, ʧʝʨʦʚʩʢʠʪʘ, ʬʣʦʛʦʧʠʪʘ, ʘʧʘʪʠʪʘ, ʠʣʴʤʝʥʠʪʘ ʠ ʤʘʛʥʝʪʠʪʘ, ʧʨʠ ʦʙʳʯʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʮʝʩʩʦʨʥʳʭ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʧʠʨʦʧʦʚ, ʭʨʦʤʠʪʦʚ, ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʚ ʠ ʧʠʨʦʢʩʝʥʦʚ. ɺ 

ʦʩʥʦʚʫ ʚʳʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʪʦʛʦ ʪʠʧʘ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦʣʦʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ (ʬʦʨʤʘ, ʚʝʣʠʯʠʥʘ, ʩʦʜʝʨʞʘʥʠʝ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʚʢʨʘʧʣʝʥʥʠʢʦʚ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʣʠʪʦʚ ʠ ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ. ɺʳʜʝʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʨʘʮʠʡ ʦʣʠʚʠʥʘ ʠ ʬʣʦʛʦʧʠʪʘ, ʘ ʚ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʦʨʦʜ ʬʠʢʩʠʨʫʝʪʩʷ ʚʘʨʴʠʨʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ (ʜʦ ʧʳʣʝʚʠʜʥʳʭ) 

ʚʳʜʝʣʝʥʠʡ ʤʘʛʥʝʪʠʪʘ, ʢʨʠʩʪʘʣʣʠʢʦʚ ʧʝʨʦʚʩʢʠʪʘ, ʘʧʘʪʠʪʘ, ʚʪʦʨʠʯʥʦʡ ʩʣʶʜʳ, ʢʘʣʴʮʠʪʘ ʠ 

ʩʫʣʴʬʠʜʦʚ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ-ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʧʦ ʩʪʘʜʠʷʤ 

(ʛʝʥʝʨʘʮʠʷʤ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʤʝʨʳ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

ʩʦʙʩʪʚʝʥʥʦ ʢʠʤʙʝʨʣʠʪʦʚʦʤʫ ʵʪʘʧʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪʚʝʯʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʠʝ (ʜʦ 1-2 ʤʤ) 

ʢʨʠʩʪʘʣʣʳ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʩ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʛʨʘʥʢʦʡ, ʘ ʧʝʨʚʘʷ 

(ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʘʷ) ʛʝʥʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʦʤʦʯʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ, ʢʨʫʧʥʝʝ ʫʢʘʟʘʥʥʳʭ 

ʨʘʟʤʝʨʦʚ. ʇʦʨʬʠʨʦʚʳʤ ʢʠʤʙʝʨʣʠʪʘʤ ʩʚʦʡʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʠʥʝʨʘʣʦʚ-ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʧʝʨʦʚʩʢʠʪʘ ʥʘ ʬʦʥʝ ʢʘʨʙʦʥʘʪ-

ʩʝʨʧʝʥʪʠʥʦʚʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʀʥʦʛʜʘ ʚ ʜʘʡʢʘʭ ʠʣʠ ʚ ʢʦʨʥʝʚʳʭ ʟʦʥʘʭ ʜʠʘʪʨʝʤ ʧʨʦʷʚʣʷʝʪʩʷ 

ʩʝʛʨʝʛʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʰʘʨʦʚʠʜʥʳʝ ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʢʦʨʥʝʚʳʭ ʟʦʥ), ʢʦʪʦʨʘʷ 

ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʩʢʨʳʪʳʭ ʰʘʭʪʘʤʠ ʢʦʨʥʝʚʳʭ ʟʦʥ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʦʢ (ʇʨʝʤʴʝʨ ʠ ʜʨ.). ɺ ʵʪʠʭ ʧʦʨʦʜʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʠʣʠʢʘʪʦʚ ʠ ʦʢʩʠʜʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʢʘʢ 

ʩʝʛʨʝʛʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʢʘʧʝʣʴ, ʯʪʦ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʛʠʧʘʙʠʩʩʘʣʴʥʦʡ ʩʨʝʜʝ [5-8]. 

ʇʨʦʷʚʣʝʥʠʝ ʙʨʝʢʯʠʝʚʦʡ ʪʝʢʩʪʫʨʳ ʠ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʦʛʦ (ʜʦ 10 ʦʙʲʝʤ. %) ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ ʨʘʤʳ (ʯʝʭʣʘ ʠ ʬʫʥʜʘʤʝʥʪʘ) ʠ ʤʘʢʨʦʢʨʠʩʪʦʚ ʤʘʥʪʠʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʣʫʞʠʪ 

ʧʨʠʟʥʘʢʦʤ ʵʨʫʧʪʠʚʥʦ-ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʵʨʫʧʪʠʚʥʳʭ 
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ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ ʠʣʠ ʧʨʦʩʪʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ (ʠʣʠ ʙʨʝʢʯʠʡ ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ 

ʮʝʤʝʥʪʘ). ʅʘʣʠʯʠʝ ʚ ʧʦʩʣʝʜʥʠʭ ʤʘʢʨʦ- ʠʣʠ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ çʢʠʤʙʝʨʣʠʪ ʚ ʢʠʤʙʝʨʣʠʪʝè 

(ʘʚʪʦʣʠʪʦʚ) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʛʨʫʧʧʫ ʘʚʪʦʣʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ. ʂʨʦʤʝ ʘʚʪʦʣʠʪʦʚ, 

ʧʨʠʤʝʯʘʪʝʣʴʥʳ ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʪʘʢʩʠʪʦʚʳʝ ʪʝʢʩʪʫʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ (ʘʪʘʢʩʠʪʳ ʠ ʵʚʪʘʢʩʠʪʳ), ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʚʦʟʥʠʢʘʪʴ [9-12] ʚ ʨʘʩʧʣʘʚʝ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʝʤ ʚʦʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʨʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʘʭ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʵʚʪʘʢʩʠʪʦʚʫʶ ʠ ʘʪʘʢʩʠʪʦʚʫʶ ʪʝʢʩʪʫʨʳ, ʘ ʩʨʝʜʠ 

ʵʨʫʧʪʠʚʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ, ʥʘʨʷʜʫ ʩ ʘʚʪʦʣʠʪʦʚʦʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʪʘʢʩʠʪʦʚʫʶ ʠ 

ʵʚʪʘʢʩʠʪʦʚʫʶ ʪʝʢʩʪʫʨʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ɺ ʦʪʜʝʣʴʥʳʭ ʜʠʘʪʨʝʤʘʭ ʉʇ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʪʘʢʞʝ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ [13-17] ʤʦʥʪʠʯʝʣʣʠʪʦʚʳʡ ʢʠʤʙʝʨʣʠʪ. ʇʦ ʨʘʟʤʝʨʫ ʦʙʣʦʤʢʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʨʫʧʥʦ-, ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʝ, ʘ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʢʠʤʙʝʨʣʠʪʘ-ʮʝʤʝʥʪʘ ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʬʠʨʦʚʘʷ, ʢʣʘʩʪʦʧʦʨʬʠʨʦʚʘʷ, ʘʚʪʦʣʠʪʦʚʘʷ (ʠʣʠ 

ʣʘʚʦʢʣʘʩʪʠʯʝʩʢʘʷ) ʠ ʣʠʪʦʢʨʠʩʪʘʣʣʦʢʣʘʩʪʠʯʝʩʢʘʷ (ʣʘʚʦʢʨʠʩʪʘʣʣʦʢʣʘʩʪʠʯʝʩʢʘʷ) ʩʪʨʫʢʪʫʨʳ. 

ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʪʠʧʳ ʢʠʤʙʝʨʣʠʪʦʚ ʜʚʫʭ ʬʘʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʷʚʣʷʶʪʩʷ 

ʦʙʱʝʧʨʠʟʥʘʥʥʳʤʠ. ʆʥʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʨʘʟʚʝʜʫʝʤʳʭ ʙʣʦʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʩʦʙʳʭ ʚʦʟʨʘʞʝʥʠʡ, ʢʨʦʤʝ ʧʨʠʤʝʥʝʥʠʷ ʠʣʠ ʥʝ ʧʨʠʤʝʥʝʥʠʷ ʚʫʣʢʘʥʦʣʦʛʠʯʝʩʢʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ, ʥʝ ʚʳʟʳʚʘʶʪ. ɻʦʨʘʟʜʦ ʙʦʣʴʰʝ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʦ ʩ ʜʠʘʛʥʦʩʪʠʢʦʡ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ (ʪʨʫʙʢʠ ʖʙʠʣʝʡʥʘʷ, 

ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ, ʠʤʝʥʠ ʆʜʠʥʮʦʚʘ ʥʘ ʉʇ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʩʘʤʠʭ ʢʨʘʪʝʨʦʚ ʢʘʢ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʟʥʘʝʪʩʷ ʢʘʢ ʥʝʩʦʤʥʝʥʥʳʡ ʬʘʢʪ, ʘ ʥʘʠʤʝʥʦʚʘʥʠʝ ʟʘʧʦʣʥʷʶʱʠʭ 

ʢʨʘʪʝʨʳ ʦʪʤʝʯʝʥʥʳʭ ʪʨʫʙʦʢ ʧʦʨʦʜ ʥʘʰʣʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʬʣʶʠʜʠʟʘʪʳ [18-20]. ʂ ʢʨʘʪʝʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʪʝʨʤʠʥʦʣʦʛʠʶ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ [12-15] ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʢʩʧʣʦʟʠʚʥʦ-

ʦʙʣʦʤʦʯʥʦʡ, ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʦʡ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʠ ʦʩʘʜʦʯʥʦ-ʢʣʘʩʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧ ʧʦʨʦʜ. ʇʨʘʚʦʤʦʯʥʦʩʪʴ ʵʪʦʛʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʜʠʘʪʨʝʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɸʥʛʦʣʳ [6-8]. ɻʨʫʧʧʘ ʵʢʩʧʣʦʟʠʚʥʦ-ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʘ: ʘ) 

ʪʫʬʘʤʠ ʠ ʪʫʬʦʙʨʝʢʯʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʠʤʙʝʨʣʠʪʦʚ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʤʝʩʝʡ; ʙ) ʢʩʝʥʦʪʫʬʘʤʠ ʠ ʢʩʝʥʦʪʫʬʦʙʨʝʢʯʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʠʤʝʩʴ 

ʦʙʣʦʤʢʦʚ ʯʫʞʜʳʭ ʧʦʨʦʜ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 50%. ʊʫʬʦʙʨʝʢʯʠʠ ï ʙʨʝʢʯʠʝʚʳʝ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʣʦʪʥʝʥʠʷ ʠ ʮʝʤʝʥʪʘʮʠʠ 

ʥʝʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʨʳʭʣʦʛʦ ʫʛʣʦʚʘʪʦʛʦ ʠʣʠ ʩʣʘʙʦ ʦʢʘʪʘʥʥʦʛʦ 

ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʪʫʬʦʚʳʡ ʮʝʤʝʥʪ. ʊʫʬʳ 

ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠʟʚʝʨʞʝʥʠʡ ʠ ʬʨʘʛʤʝʥʪʦʚ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʧʣʦʪʥʝʥʥʳʭ ʠ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ. ʇʦʨʦʜʳ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʨʘʟʤʝʨʫ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʦʙʣʦʤʢʦʚ ʥʘ: ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ (ʘʛʣʦʤʝʨʘʪʦʚʳʝ), ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʝ 

(ʧʩʝʬʠʪʦʚʳʝ), ʩʨʝʜʥʝʦʙʣʦʤʦʯʥʳʝ (ʧʩʘʤʤʠʪʦʚʳʝ), ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʝ (ʘʣʝʚʨʠʪʦʚʳʝ), ʘ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʦʙʣʦʤʢʦʚ ï ʥʘ ʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ (ʠʟ ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ), ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʠʯʝʩʢʠʝ (ʠʟ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʦʙʣʦʤʢʦʚ), ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʠ ʩʤʝʰʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ. ɼʠʘʛʥʦʩʪʠʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʜʝʣʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʫʬʦʚ (ʠ ʪʫʬʬʠʟʠʪʦʚ) ʥʝ ʚʩʝʛʜʘ ʧʨʦʩʪʳ ï ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ. ʊʫʬʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʥʦ ʚ ʩʣʘʙʦ ʵʨʦʜʠʨʦʚʘʥʥʳʭ 

ʧʦʣʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʥʛʦʣʳ, ʦʥʠ ʚʭʦʜʷʪ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʚ 

ʩʦʩʪʘʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ 

ʬʨʘʛʤʝʥʪʦʚ ʪʫʬʦʚʳʭ ʚʦʨʦʪʥʠʢʦʚ ʧʦ ʦʙʨʘʤʣʝʥʠʶ ʢʨʘʪʝʨʦʚ ʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʪʫʬʘʤ ʥʝʩʦʤʥʝʥʥʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʨʝʟʢʠʭ 

ʢʦʥʪʘʢʪʦʚ ʩ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ, ʠʭ ʧʨʘʚʠʣʴʥʝʡ ʙʳʣʦ ʙʳ ʥʘʟʚʘʪʴ ʪʫʬʬʠʟʠʪʘʤʠ ï ʠʥʪʨʫʟʠʚʥʳʤʠ 

ʪʫʬʘʤʠ. ʀʥʦʛʜʘ ʠʥʪʝʥʩʠʚʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʮʝʤʝʥʪʘʮʠʷ ʧʦʨʦʜ ʧʨʠʜʘʝʪ ʧʦʨʦʜʘʤ ʦʙʣʠʢ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ ʠ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʪʫʬʘʤ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʩʣʦʠʩʪʳʝ ʪʝʢʩʪʫʨʳ ʠ 

ʭʣʦʨʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʮʝʤʝʥʪʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʵʢʩʧʣʦʟʠʚʥʦ-ʦʙʣʦʤʦʯʥʳʭ 

ʧʦʨʦʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʚʪʦʣʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʢʨʠʩʪʘʣʣʦʚ ʠ 

ʤʠʢʨʦʣʠʪʦʚ ʦʣʠʚʠʥʘ ʠ ʬʣʦʛʦʧʠʪʘ, ʦʪʤʝʯʘʶʪʩʷ ʦʢʨʫʛʣʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʘʬʠʨʦʚʳʭ ʠ 



60 

 

ʩʧʦʨʘʜʦʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʩ ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʳʤ ʙʘʟʠʩʦʤ, ʢʦʪʦʨʳʝ ʩʭʦʞʠ ʩ ʙʦʤʙʘʤʠ ʠ 

ʣʘʧʠʣʣʷʤʠ (ʛʠʧʦʙʦʤʙʘʤʠ), ʪʘʢ ʢʘʢ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʧʦʚʠʪʨʦʬʠʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʜʦʙʥʳʝ ʧʦʨʦʜʳ ʦʪʤʝʯʝʥʳ ʚ ʨʘʟʨʝʟʘʭ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʪʨʫʙʦʢ ɸʥʛʦʣʳ ʠ ʦʪʥʝʩʝʥʳ ʢ 

ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʪʫʬʦʙʨʝʢʯʠʷʤ. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʜʘʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ ʚ 

ʜʠʘʪʨʝʤʦʚʦʡ ʬʘʮʠʠ ʠʣʠ ʚ ʩʦʩʪʘʚʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠʥʲʝʢʮʠʦʥʥʳʭ ʜʘʝʢ ʠʭ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ 

ʪʫʬʬʠʟʠʪʘʤ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʤʥʝʥʠʷʤʠ [9-11], ʯʪʦ ʜʘʥʥʳʝ ʧʦʣʠʛʝʥʥʳʝ 

ʧʦʨʦʜʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʚʟʨʳʚʦʚ ʤʘʛʤʳ ʚ ʧʦʜʚʦʜʷʱʝʤ ʢʘʥʘʣʝ ʥʠʞʝ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʥʘʠʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʩʪʨʦʡʢʘʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʫʬʬʠʪʘʤʠ. ʇʦʩʣʝʜʥʠʝ, ʥʘʨʷʜʫ ʩ ʚʳʙʨʦʰʝʥʥʳʤ 

ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʩʝʥʦʪʫʬʦʚ ʠ 

ʢʩʝʥʦʪʫʬʦʙʨʝʢʯʠʡ, ʩʦʜʝʨʞʘʪ [12-14] ʧʨʠʤʝʩʴ ʥʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʦʙʣʦʤʢʦʚ, ʘ ʪʦʣʴʢʦ ʦʩʘʜʦʯʥʳʭ 

(ʚʤʝʱʘʶʱʠʭ) ʧʦʨʦʜ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 50% (ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 50-90%). ʕʪʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʩʣʘʙʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʫʬʬʠʪʦʚ ʜʨʫʛʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʬʦʨʤʘʮʠʡ: ʧʦ ʨʘʟʤʝʨʫ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʜʝʣʷʶʪʩʷ ʧʩʝʬʠʪʦʚʳʝ, ʧʩʘʤʤʠʪʦʚʳʝ, 

ʘʣʝʚʨʠʪʦʚʳʝ ʠ ʧʝʣʠʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ ʮʝʤʝʥʪʦʤ.  

ɺ ʛʨʫʧʧʫ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʭʦʜʷʪ ʚʫʣʢʘʥʦʢʣʘʩʪʦ-ʦʩʘʜʦʯʥʳʝ, ʪʝʬʨʦʠʜʥʳʝ ʠ 

ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʦʣʝʝ 50%. ʀʟ ʵʪʠʭ ʪʨʝʭ 

ʪʠʧʦʚ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʧʦʢʘ ʨʝʘʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʚʫʣʢʘʥʦʢʣʘʩʪʦ-

ʦʩʘʜʦʯʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ (40-20% ʠ ʤʝʥʝʝ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʙʣʦʤʢʦʚ 

ʙʨʝʢʯʠʡ, ʘʚʪʦʣʠʪʦʚ, ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʪʨʫʜʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʚʫʣʢʘʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ. ʉʨʝʜʠ ʧʝʨʚʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʭʘʨʘʢʪʝʨʫ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚʳʜʝʣʷʶʪʩʷ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʳ, ʪʫʬʦʛʨʘʚʝʣʠʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ, ʪʫʬʦʘʣʝʚʨʦʣʠʪʳ. ɺʫʣʢʘʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʩʦʩʪʦʷʪ ʠʟ ʦʢʘʪʘʥʥʳʭ ʠ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʦʙʣʦʤʢʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʚʫʣʢʘʥʠʪʦʚ. ʆʥʠ ʥʝ ʩʠʥʭʨʦʥʥʳ ʠʟʚʝʨʞʝʥʠʶ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʧʦʩʣʝ ʥʠʚʝʣʠʨʦʚʢʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʞʝʨʣʘ 

(ʢʨʘʪʝʨʘ) ʠʣʠ ʪʝʬʨʦʠʜʦʚ, ʩ ʠʭ ʧʝʨʝʢʨʳʪʠʝʤ. ʊʝʬʨʦʠʜʥʳʝ ʧʦʨʦʜʳ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʠʨʦʜʳ ʧʦʢʘ 

ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʥʦ ʦʥʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʠʭ ʚʳʙʨʦʩʳ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʦʪʦʪʠʧʦʤ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʫʬʦʚ ʠ ʪʫʬʦʙʨʝʢʯʠʡ, 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ ʥʘ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʠʘʪʨʝʤ. ɺʫʣʢʘʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ, ʧʦ ʩʫʱʝʩʪʚʫ, ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʦʩʩʳʧʝʡ 

ʙʣʠʞʥʝʛʦ ʩʥʦʩʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʠʭ ʧʨʠʟʥʘʢʘʤʠ. ʉʨʝʜʠ ʪʘʢʦʚʳʭ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʤʠʢʨʦʮʠʢʣʠʯʥʦʩʪʴ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʙʫʜʫʪ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ɺ ʩʚʷʟʠ ʩ ʦʯʝʥʴ ʙʳʩʪʨʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʵʢʟʦʛʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʦʙʳʯʥʦʡ ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʴʶ ʥʘʟʝʤʥʳʭ ʠ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʚʠʥʮʠʡ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʤʳʪʳ 

ʠʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʣʫʙʦʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʂɺ ʠ ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʧʦʨʦʜ ʦʪʥʦʩʠʪʴ ʠ ʪʫʬʦʙʨʝʢʯʠʠ ʩʦ ʩʣʦʠʩʪʳʤʠ ʪʝʢʩʪʫʨʘʤʠ. 

ʇʦʩʣʝʜʥʶʶ ʛʨʫʧʧʫ (ʦʩʘʜʦʯʥʦ-ʢʣʘʩʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʥʭʨʦʥʥʳʝ ʠ 

ʥʝʩʠʥʭʨʦʥʥʳʝ ʚʫʣʢʘʥʠʟʤʫ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʧʨʝʜʳʜʫʱʠʭ ʧʷʪʠ ʛʨʫʧʧ ʠ ʚʢʣʶʯʘʶʪ ʩʧʝʢʪʨ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʝʡ ʯʘʩʪʠʮ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɻ ʧʠʢʣʘʩʪʠʯʝʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷè, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʩʧʝʢʪʨ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʝʥʝʝ 1-2% (ʥʘʧʨʠʤʝʨ, ʧʝʩʯʘʥʠʢʠ ʩ ʧʨʠʤʝʩʴʶ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ), 

ʛʝʪʝʨʦʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʥʝʝ 1-2%, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʨʘʡʦʥʘ. ɺ ʟʘʚʝʨʰʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʪʠʢʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʭ ʪʠʧʠʟʘʮʠʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʦʣʠ ʩʣʶʜʳ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʢʦʪʦʨʦʡ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʨʦʜʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ: ʙʘʟʘʣʴʪʦʠʜʥʳʡ ʠ 

ʩʣʶʜʷʥʦʡ (ʣʘʤʧʨʦʬʠʨʦʚʳʡ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʚ ʢʘʞʜʦʤ ʪʠʧʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ 

ʪʝʢʩʪʫʨʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ï ʤʘʩʩʠʚʥʳʭ (ʧʦʨʬʠʨʦʚʳʭ) ʢʠʤʙʝʨʣʠʪʦʚ, ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ, 

ʪʫʬʦʚ ʠ ʪʫʬʦʙʨʝʢʯʠʡ. ʋʢʘʟʘʥʥʳʤ ʜʚʫʤ ʪʠʧʘʤ ʢʠʤʙʝʨʣʠʪʦʚ ʦʪʚʝʯʘʶʪ, ʚ ʧʨʠʥʮʠʧʝ, ʜʚʝ ʛʨʫʧʧʳ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ï I ʠ II ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟʠʨʫʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʤʝʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚ ʦʙʲʝʤʝ ʜʠʘʪʨʝʤ Cʇ ʤʦʞʥʦ 
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ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʫʬʳ ʠ ʪʫʬʦʙʨʝʢʯʠʠ ʩʣʘʛʘʶʪ ʚʝʨʭʥʠʝ 

ʯʘʩʪʠ ʢʨʘʪʝʨʦʚ, ʦʙʨʘʟʫʷ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʦʪ 30-35 ʤ (ʪʨʫʙʢʘ ʆʜʠʥʮʦʚʘ) ʜʦ 230-250 ʤ (ʪʨʫʙʢʘ 

ʖʙʠʣʝʡʥʘʷ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʪʦʣʱʘ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʙʳʣʘ ʥʘʨʫʰʝʥʘ ʙʦʣʝʝ 

ʧʦʟʜʥʝʡ ʬʘʟʦʡ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ. ʕʧʠʢʣʘʩʪʠʯʝʩʢʠʡ ʪʫʬʦʛʝʥʥʳʡ 

ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥ ʚ ʢʨʦʚʣʝ ʢʨʘʪʝʨʘ ʪʨʫʙʢʠ ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ ʚ 

ʚʠʜʝ ʧʨʦʩʣʦʝʚ ʠ ʣʠʥʟ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʪʝʛʝʨʶʢʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʘʣʤʘʟʦʚ ʘʚʪʦʣʠʪʦʚʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (ʪʨʫʙʢʠ ʄʠʨ, ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ, ɹʦʪʫʦʙʠʥʩʢʘʷ, ʅʶʨʙʠʥʩʢʘʷ, 

ɸʡʭʘʣ, ʖʙʠʣʝʡʥʘʷ, ʋʜʘʯʥʘʷ ʠ ʜʨ.) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʬʠʨʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʠʧʘʙʠʩʩʘʣʴʥʦʡ 

ʬʘʟʳ, ʘ ʚ ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ (ʪʨʫʙʢʠ 

ɿʘʧʦʣʷʨʥʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ-ʄʘʛʥʠʪʥʘʷ, ɼʘʣʴʥʷʷ, ʀʩʢʦʨʢʘ ʠ ʜʨ.). ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ (ʛʠʧʘʙʠʩʩʘʣʴʥʦʡ) ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʟ ʟʘʧʦʣʥʝʥʠʷ ʜʠʘʪʨʝʤ 

ʚ ʧʨʝʜʝʣʘʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ Cʇ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʨʫʧʧʳ ʪʨʫʙʦʢ: ʘ) ʢʠʤʙʝʨʣʠʪʦʚʳʝ 

ʪʝʣʘ, ʛʜʝ ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʦʙʨʘʟʫʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʫʜʥʳʝ 

ʩʪʦʣʙʳ, ʧʨʠ ʧʨʠʤʝʨʥʳʭ ʦʙʲʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʟʳ 1:1 (ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ, ɹʘʡʪʘʭʩʢʘʷ ʠ ʜʨ.), 1:2 (ɼʘʣʴʥʷʷ, ʉʳʪʳʢʘʥʩʢʘʷ, 

ʄʦʣʦʜʦʩʪʴ ʠ ʜʨ.), 1:4 (ʖʙʠʣʝʡʥʘʷ, ɹʦʪʫʦʙʠʥʩʢʘʷ, ʋʜʘʯʥʘʷ), 1:10 (ʂʦʤʩʦʤʦʣʴʩʢʘʷ, ɻʝʦʬʠʟʠʯʝʩʢʘʷ 

ʠ ʜʨ.); ʙ) ʪʨʫʙʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʙʨʝʢʯʠʠ ʚ ʚʠʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʣʦʤʢʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ (ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ) ʙʣʦʢʦʚ, ʥʝ 

ʦʙʨʘʟʫʷ ʨʫʜʥʳʭ ʩʪʦʣʙʦʚ (ʪʨʫʙʢʠ ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ, ʂʳʣʘʭʩʢʘʷ, ɺʦʩʪʦʢ, ʄʠʨ, ʅʶʨʙʠʥʩʢʘʷ ʠ 

ʜʨ.), ʘ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʙʨʝʢʯʠʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 1:30 ʜʦ 1:100; 3) ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ, ʛʜʝ ʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ʚ ʚʠʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʣʢʠʭ ʦʙʣʦʤʢʦʚ (ʪʨʫʙʢʠ ʠʤ. 

325 ʣʝʪ ʗʢʫʪʠʠ, ʄʘʨʭʠʥʩʢʘʷ, ɿʘʨʷ, ʄʘʨʰʨʫʪʥʘʷ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ, ɿʘʨʥʠʮʘ, ʗʢʫʪʩʢʘʷ, 

ɼʦʣʛʦʞʜʘʥʥʘʷ ʠ ʜʨ.). ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʪʨʫʙʢʘʭ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧ, ʘ ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʠʟʢʦʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʘʞʥʦʩʪʴ ʦʧʪʠʢʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʵʚʦʣʶʮʠʠ ʚʳʜʝʣʷʝʤʳʭ ʪʠʧʦʚ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʝʥʳ ʤʦʥʪʠʯʝʣʣʠʪʩʦʜʝʨʞʘʱʠʝ ʢʠʤʙʝʨʣʠʪʳ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʧʨʦʚʠʥʮʠʠ 

(ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ɺʦʩʪʦʯʥʘʷ, ɼʘʣʴʥʷʷ, ʪʨʫʙʢʠ ɺʝʨʭʥʝ-ʄʫʥʩʢʦʛʦ ʧʦʣʷ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʘʣʤʘʟʦʥʦʩʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʤʠ. ʄʦʥʪʠʯʝʣʣʠʪ ï ʭʘʨʘʢʪʝʨʥʳʡ ʤʠʥʝʨʘʣ 

ʜʣʷ ʤʥʦʛʠʭ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ Cʇ ʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʥʠʭ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʚʪʦʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ. ʄʦʥʪʠʯʝʣʣʠʪʳ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʧʦʣʝʡ ʰʠʨʦʢʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ (ʥʘʧʨʠʤʝʨ, ʋʜʘʯʥʘʷ-

ɺʦʩʪʦʯʥʘʷ) ʤʦʥʪʠʯʝʣʣʠʪʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʤʦʛʫʪ ʨʝʟʢʦ ʦʪʣʠʯʘʪʴʩʷ ʧʦ 

ʛʝʦʭʠʤʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʪʘʚʫ. ɺʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʤʦʥʪʠʯʝʣʣʠʪʳ (Mg/(Mg+Fe) = 92-

97%) ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ (ʪʨʫʙʢʠ ɼʘʣʴʥʷʷ, ʅʦʚʠʥʢʘ ʠ ʜʨ.) ʠʤʝʶʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ. ʉʨʝʜʠ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʢʦʤʘʛʤʘʪʠʯʥʳʭ ʠʤ ʧʦʨʦʜ ʉʇ ʩʣʶʜʷʥʳʝ 

ʢʠʤʙʝʨʣʠʪʳ ʩ ʜʠʦʧʩʠʜʦʤ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ, ʯʝʤ ʤʦʥʪʠʯʝʣʣʠʪʦʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ. ʆʪʜʝʣʴʥʳʝ ʪʝʣʘ, ʩʣʦʞʝʥʥʳʝ ʧʦʜʦʙʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʇ, ʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʦʙʣʦʤʢʦʚ ʚ ʜʠʘʪʨʝʤʘʭ (ʋʜʘʯʥʘʷ, ʉʳʪʳʢʘʥʩʢʘʷ, ʖʙʠʣʝʡʥʘʷ, ʊʘʝʞʥʘʷ) ʠ ʩʣʘʛʘʶʪ 

ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʪʨʫʙʢʠ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ ʚ ʥʠʭ (ʪʨʫʙʢʠ ɿʘʛʘʜʦʯʥʘʷ, ɹʫʢʦʚʠʥʩʢʘʷ). ʀʟ 

ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʚʩʝʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ɿʝʤʣʠ, ʘ ʦʩʥʦʚʥʦʡ 

ʬʦʨʤʦʡ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʦʨʦʥʢʦʦʙʨʘʟʥʳʝ ʙʨʝʢʯʠʝʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʨʫʙʢʠ ʚʟʨʳʚʘ 

ʤʘʘʨ-ʜʠʘʪʨʝʤʦʚʦʛʦ ʪʠʧʘ, ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʚʝʥʯʘʶʪʩʷ ʢʨʘʪʝʨʥʳʤʠ ʧʦʩʪʨʦʡʢʘʤʠ, ʘ ʥʘ 

ʛʣʫʙʠʥʝ (ʦʪ 1000 ʜʦ 2500 ʤ) ʜʠʘʪʨʝʤʳ ʧʝʨʝʭʦʜʷʪ ʚ ʜʘʡʢʠ. ʉʦʭʨʘʥʥʦʩʪʴ ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʣʠʯʠʥʳ çʧʦʩʪʢʠʤʙʝʨʣʠʪʦʚʦʛʦè ɻʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʢʦʨʥʝʚʳʝ ʯʘʩʪʠ ʚʩʢʨʳʪʳ 

ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʪʨʫʙʢʘʭ (ʄʠʨ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ) ʚ ʩʠʣʫ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʠ 

ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʜʘʝʢ (ʞʠʣ). ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʝʭʬʘʮʠʘʣʴʥʳʡ ʨʘʟʨʝʟ (ʢʨʘʪʝʨ, ʜʠʘʪʨʝʤʫ ʠ ʢʦʨʥʝʚʫʶ ʛʠʧʘʙʠʩʩʘʣʴʥʫʶ ʟʦʥʫ) ʠ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ. ʆʙʣʠʢ ʠ ʩʦʩʪʘʚ 

ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ (ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ, ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʠ 

ʘʚʪʦʣʠʪʦʚʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ, ʪʫʬʦʙʨʝʢʯʠʠ ʠ ʪʫʬʳ) ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʝʨʧʝʥʪʠʥ ʠ ʢʘʨʙʦʥʘʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʨʝʰʝʥʠʷ ʥʘ ʙʣʠʞʘʡʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʥʝʪ ʝʜʠʥʦʡ ʦʙʱʝʧʨʠʥʷʪʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʦʥʷʪʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʢʘʢ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

ʊʨʝʙʫʝʪʩʷ ʧʨʠʥʷʪʠʷ ʝʜʠʥʦʡ ʩʭʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʥʘ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. ʇʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ 

ʧʨʦʙʣʝʤʳ ʠʭ ʛʝʥʝʟʠʩʘ, ʧʨʠʨʦʜʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʪʨʝʤ ʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʷʚʣʝʥʠʡ. ʉʨʝʜʠ ʠʩʭʦʜʥʳʭ ʧʦʟʠʮʠʡ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: ʘ) ʚʝʨʦʷʪʥʳʡ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʤʘʛʤʳ, ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʤʠʥʝʨʘʣʦʛʠʝʡ ʠ 

ʛʝʦʭʠʤʠʝʡ ʢʠʤʙʝʨʣʠʪʘ; ʙ) ʫʩʣʦʚʠʷ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ; ʚ) ʚʦʟʤʦʞʥʳʡ çʩʧʫʩʢʦʚʦʡè ʤʝʭʘʥʠʟʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʣʘʚʣʝʥʠʝ ʚ 

ʤʘʥʪʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ɺʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʣʫʙʠʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʭ 

ʟʦʥʜʠʨʦʚʘʥʠʡ ʠ ʠʟʫʯʝʥʠʷ ʢʩʝʥʦʣʠʪʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʜʣʷ ʧʦʟʥʘʥʠʷ ʩʪʨʦʝʥʠʷ ʤʘʥʪʠʠ, 

ʧʨʦʮʝʩʩʦʚ ʢʠʤʙʝʨʣʠʪʦ- ʠ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠʨʦʜʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʜʠʩʢʨʝʪʥʳʭ ʛʨʫʧʧ ʨʘʟʣʠʯʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ, ʷʚʣʷʶʱʠʭʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʘʣʤʘʟʦʚ ʠ ʜʨʫʛʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʢʠʤʙʝʨʣʠʪʳ. ɺʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʥʪʠʡʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚ ʤʘʪʝʨʠʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʩ ʫʯʝʪʦʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʟʘʭʚʘʪʘ ʛʣʫʙʠʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʪʦʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʘʭʚʘʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʊʀʇʆʄʆʈʌʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʈʆʉʉʓʇʅʆɻʆ ɿʆʃʆʊɸ ʈʋʏʔʗ ɸʅʅɽʅʉʂʀʁ 

(ʉʋʊɸʄʉʂʀʁ ʈɸʁʆʅ, ɸʃɼɸʅʆ-ʉʊɸʅʆɺʆʁ ʑʀʊ) 

ɽʛʦʨ ʀʚʘʥʦʚ, ɿʠʥʘʠʜʘ ʅʠʢʠʬʦʨʦʚʘ, ɽʚʛʝʥʠʡ ʃʦʩʢʫʪʦʚ  

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʉʆ ʈɸʅ,  

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 

  

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯʴʷ ɸʥʥʝʥʩʢʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʟʦʣʦʪʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʢʮʠʷʤʠ: 0,5ï1 ʤʤ, 

0,25ï0,5 ʤʤ ʠ 0,1ï0,25 ʤʤ, ʩ ʬʦʨʤʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʢʦʤʢʦʚʘʪʳʝ, ʧʣʘʩʪʠʥʯʘʪʳʝ, 

ʪʘʙʣʠʪʯʘʪʳʝ, ʜʝʥʜʨʠʪʥʳʝ, ʧʨʦʚʦʣʦʯʥʳʝ ʠ ʯʝʰʫʡʯʘʪʳʝ. ʎʚʝʪ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʞʝʣʪʦʛʦ 

ʜʦ ʩʦʣʦʤʝʥʥʦ-ʞʝʣʪʦʛʦ. ʈʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʨʘʩʪʘʥʠʷ ʟʦʣʦʪʘ ʩ ʢʚʘʨʮʝʤ. ʇʨʦʙʥʦʩʪʴ 

ʟʦʣʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʥʠʟʢʘʷ (671ï795ă, 99%), ʪʦʛʜʘ ʢʘʢ ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ (895ă, 1%) 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ. ʄʠʢʨʦʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ï ʧʠʨʠʪʦʤ 

ʠ ʪʠʪʘʥʠʪʦʤ, ʞʠʣʴʥʳʤ ʤʠʥʝʨʘʣʦʤ ï ʢʚʘʨʮʝʤ, ʘ ʪʘʢʞʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ï ʘʣʴʙʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʦʨʪʦʢʣʘʟʦʤ ʠ ʜʨ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʫʯʴʷ ɸʥʥʝʥʩʢʠʡ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʠʩʪʦʯʥʠʢʦʤ ʨʦʩʩʳʧʠ ʷʚʣʷʶʪʩʷ ʢʦʨʝʥʥʳʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʤʘʣʦʩʫʣʴʬʠʜʥʦʡ 

ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ. 
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Abstract. The paper presents a study of typomorphic features of placer gold in the 

Annensky creek. Considering the granulometric composition, gold is mainly represented 

by fractions: 0.5-1 mm, 0.25-0.5 mm and 0.1-0.25 mm, with forms including lumpy, 

lamellar, tabular, dendritic, wire-like, and scaly. The color ranges from yellow to straw-

yellow. Rarely, intergrowths of gold with quartz are observed. The gold fineness is 

predominantly low (671ï795ă, 99%), while medium fineness (895ă, 1%) is rare. 

Microinclusions are represented by ore minerals ï pyrite and titanite, vein mineral ï quartz 

and rock-forming minerals ï albite, epidote, orthoclase, etc. The obtained results of the 

study of the mineralogical and geochemical features of native gold from the alluvial 

deposits of the Annensky creek provide grounds to believe that primary ore occurrences of 

the low-sulfide gold-quartz formation are the source of the placer. 

ɺʚʝʜʝʥʠʝ 

ʆʩʚʦʝʥʠʝ ʉʫʪʘʤʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ ʥʘʯʘʣʦʩʴ ʚ 1891 ʛ. ʩ ʦʪʢʨʳʪʠʝʤ ʨʦʩʩʳʧʠ 

ʟʦʣʦʪʘ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʉʫʪʘʤ (ʨʫʯ. ʅʠʞʥʷʷ ɼʞʝʣʠʥʜʘ). ʉ ʪʝʭ ʧʦʨ ʨʘʡʦʥ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚʢʣʶʯʘʷ ɺʝʨʭʥʝ-ɸʤʫʨʩʢʫʶ ʟʦʣʦʪʦʧʨʦʤʳʰʣʝʥʥʫʶ ʢʦʤʧʘʥʠʶ, ʪʨʝʩʪ 

çʗʢʫʪʟʦʣʦʪʦè ʠ ʯʘʩʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ çʆʨʠʦʥ ɻʨʫʧʧ+è, ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʦʙʳʯʫ ʟʦʣʦʪʘ ʠʟ ʨʦʩʩʳʧʝʡ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʨʘʙʦʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʦʩʪʦʯʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ɺʝʨʭʥʝ-ʉʫʪʘʤʩʢʦʡ 

ʚʧʘʜʠʥʳ, ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʉʫʪʘʤʩʢʦʛʦ ʠ ʊʳʥʜʠʥʩʢʦʛʦ ʙʣʦʢʦʚ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ [1]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ ʩʣʦʞʝʥʘ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ɺ ʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʟʜʝʩʴ ʪʘʢʞʝ, ʢʘʢ ʠ ʥʘ ʚʩʝʤ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʤ 

ʱʠʪʝ, ʧʨʦʷʚʠʣʘʩʴ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʱʝʣʦʯʥʦʡ ʠ ʩʫʙʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʠʟʦʰʣʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʫʟʢʠʝ ʛʨʘʙʝʥʳ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʶʨʩʢʠʤʠ ʠ ʤʝʣʦʚʳʤʠ 

ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʘʣʝʚʨʦʣʠʪʳ) (ʨʠʩ. 1) [ɻʫʨʫʣʝʚ, 

2017ʬ]. 



65 

 

ʈʦʩʩʳʧʠ ʉʫʪʘʤʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʝʨʠʦʜ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ 

ʵʪʘʧʘ. ʈʦʩʩʳʧʠ ʟʘʣʝʛʘʶʪ ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʠʩʪʦʯʥʠʢ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʚ 

ʨʘʡʦʥʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ʈʦʩʩʳʧʠ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʢ ʘʣʣʶʚʠʘʣʴʥʦʤʫ ʜʦʣʠʥʥʦ-

ʨʫʩʣʦʚʳʭ ʠ ʨʝʞʝ ï ʪʝʨʨʘʩʦʚʳʭ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ. ʇʦ ʩʪʨʦʝʥʠʶ ï ɻ ʪʦ ʥʝʚʳʜʝʨʞʘʥʥʳʝ 

ʣʝʥʪʦʦʙʨʘʟʥʳʝ, ʠʥʦʛʜʘ ʩʪʨʫʡʯʘʪʳʝ ʟʘʣʝʞʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʘʧʘʩʦʚ ʨʦʩʩʳʧʝʡ ʦʪʨʘʙʦʪʘʥʘ ʚ 

ʧʨʝʞʥʠʝ ʧʝʨʠʦʜʳ ʦʩʚʦʝʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʦʩʩʳʧʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʤʠ 

ʦʩʪʘʪʦʯʥʦ-ʮʝʣʠʢʦʚʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʧʨʦʜʫʢʪʠʚʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ 

ʮʝʣʠʥʥʳʤʠ ʧʣʦʱʘʜʷʤʠ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʤʠ ʧʝʩʢʘʤʠ. ʄʦʱʥʦʩʪʴ 

ʧʝʩʢʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʚʳʜʝʨʞʘʥʥʘʷ ʦʪ 0,5 ʜʦ 1,9 ʤ (ʚ ʩʨʝʜʥʝʤ 1,2 ʤ). ʄʦʱʥʦʩʪʴ ʪʦʨʬʦʚ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 1,5 ʜʦ 5,8 ʤ (ʚ ʩʨʝʜʥʝʤ 3,0 ʤ). ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʦʪ 0,22 ʜʦ 1,9 ʛ/ʤ3 (ʚ ʩʨʝʜʥʝʤ 0,44 ʛ/ʤ3) 

[ɻʫʨʫʣʝʚ, 2017ʬ]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʫʯʴʷ ɸʥʥʝʥʩʢʠʡ (ʙʘʩʩʝʡʥ ʨ. ʉʫʪʘʤ), ʧʦ ʤʘʪʝʨʠʘʣʘʤ [ɻʫʨʫʣʝʚ, 2017ʬ] ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʦʚ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2 ï ʤʝʣʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʘʣʝʚʨʦʣʠʪʳ, 

ʘʨʛʠʣʣʠʪʳ, ʛʨʘʚʝʣʠʪʳ; 3 ï ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʢʘʨʙʦʥʘʪʥʦʡ ʬʘʮʠʠ, ʩʝʨʠʮʠʪʦʚʳʝ ʠ 

ʭʣʦʨʠʪʦʚʳʝ ʩʣʘʥʮʳ; 4 ï ʘʨʭʝʡʩʢʠʝ ʜʚʫʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʛʠʧʝʨʩʪʝʥʦʚʳʝ ʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ; 

5 ï ʨʘʟʣʦʤʳ; 6ï7 ï ʦʨʝʦʣʳ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ: 6 ï ʩʫʣʴʬʠʜʠʟʘʮʠʷ; 7 ï ʦʢʚʘʨʮʝʚʘʥʠʝ; 8 ï ʧʨʦʷʚʣʝʥʠʷ 

ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʧʦʤʦʨʬʠʟʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʥʝʩʝʪ ʢʦʣʦʩʩʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʠʨʦʜʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ï ʢʘʢ ʦ ʧʝʨʚʠʯʥʦʤ ʵʥʜʦʛʝʥʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ, ʪʘʢ ʠ ʵʢʟʦʛʝʥʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʬʦʨʤʘʮʠʦʥʥʳʡ ʪʠʧ ʦʨʫʜʝʥʝʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʰʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʠʩʢʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʙʣʘʩʪʷʭ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʠ ʚʳʷʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ 

ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʨʫʜʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ [3].  

ʀʟʫʯʝʥʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 2338 

ʟʥʘʢʦʚ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʦʩʩʳʧʠ ʨʫʯʴʷ ɸʥʥʝʥʩʢʠʡ, ʙʘʩʩʝʡʥʘ  

ʨ. ʉʫʪʘʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʤʦʨʬʦʣʦʛʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 
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ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ) ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʠʟʚʝʩʪʥʳʭ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  

 

ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʨʫʯʴʷ ɸʥʥʝʥʩʢʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ɸʥʥʝʥʩʢʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʦʣʦʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʢʮʠʷʤʠ (ʚ %): <4 ʤʤ 

ï 0.06; 1-2 ʤʤ ï 1.88; 0.5-1 ʤʤ ï 10.19; 0.25-0.5 ʤʤ ï 48.52; 0.1-0.25 ʤʤ ï 37.64; <0.1 ʤʤ ï 1.71. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʦʣʦʪʠʥ ʩʦʩʪʘʚʠʣ 3.5 ʤʤ (ʨʠʩ. 2, ʘ).  

 

 
 
ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ɸʥʥʝʥʩʢʠʡ: ʘ ï ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʤʤ; ʙ ï ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʢʦʤʢʠ, ʧʣʘʩʪʠʥʢʠ, ʪʘʙʣʠʯʢʠ, ʧʨʦʚʦʣʦʢʦʚʠʜʥʳʝ, 

ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ, ʯʝʰʫʡʯʘʪʳʝ); ʚ ï ʧʨʦʙʥʦʩʪʴ, ă 

 

ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ (ʨʠʩ. 2, ʙ) ʟʦʣʦʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʦʨʤʘʤʠ ʟʝʨʝʥ (ʚ %): ʢʦʤʢʦʚʠʜʥʳʤʠ ï 85 (ʨʠʩ. 3, ʘ-ʚ), ʪʘʙʣʠʪʯʘʪʳʤʠ ï 1 (ʨʠʩ. 3, ʛ-ʜ), 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ï 10 (ʨʠʩ. 3, ʝ-ʟ), ʜʝʥʜʨʠʪʦʚʠʜʥʳʤʠ ï 2 (ʨʠʩ. 3, ʠ-ʤ), ʧʨʦʚʦʣʦʢʦʚʠʜʥʳʤʠ ï 1 (ʨʠʩ. 

3, ʥ-ʨ) ʠ ʯʝʰʫʡʯʘʪʳʤʠ ï <1. 

ʎʚʝʪ ʟʦʣʦʪʠʥ ʞʝʣʪʳʡ, ʨʝʞʝ ʩʦʣʦʤʝʥʥʦ-ʞʝʣʪʳʡ. ɿʦʣʦʪʠʥʳ ʚ ʦʩʥʦʚʥʦʤ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʝ, 

ʚʳʩʪʫʧʳ ʚʩʝ ʧʨʠʛʣʘʞʝʥʳ, ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʣʦʭʦ ʦʙʨʘʙʦʪʘʥʥʳʝ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʟʝʨʝʥ ʤʝʣʢʦ-h ʘʛʨʝʥʝʚʘʷ, ʠʥʦʛʜʘ ʤʝʣʢʦ-ʩʨʝʜʥʝ-ʢʨʫʧʥʦʷʯʝʠʩʪʘʷ. ɿʘʧʘʜʠʥʳ, ʷʤʢʠ ʟʘʧʦʣʥʝʥʳ 

ʧʝʣʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʫʛʣʫʙʣʝʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʟʝʨʥʘ ʢʚʘʨʮʘ (ʨʠʩ. 3, ʢ) ʠ ʪʝʤʥʦʛʦ 

ʤʠʥʝʨʘʣʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʟʝʨʝʥ ʧʦʢʨʳʪʘ ʩʝʨʦʚʘʪʦʡ ʧʣʝʥʢʦʡ. ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩʨʘʩʪʘʥʠʷ ʟʦʣʦʪʘ 

ʩ ʢʚʘʨʮʝʤ (ʨʠʩ. 3, ʙ, ʛ, ʜ).  

ʄʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʦʩʥʦʚʥʦʤ 

ʥʠʟʢʘʷ ʧʨʦʙʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 671 ʜʦ 795ă ʠ ʩʦʩʪʘʚʣʷʝʪ 98,85%, ʩʨʝʜʥʷʷ 

ʧʨʦʙʥʦʩʪʴ 895ă ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ (1,15%) (ʨʠʩ. 2, ʚ).  
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ʉʢʘʥʠʨʫʶʱʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ JEOL JSM-6480LV ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Energy 350 of Oxford Instruments ʦʧʨʝʜʝʣʝʥʳ 

ʚʳʩʦʢʦʧʨʦʙʥʳʝ 1000ă ʢʘʡʤʳ, ʨʘʟʚʠʪʳʝ ʥʘ ʝʜʠʥʠʯʥʳʭ ʟʦʣʦʪʠʥʘʭ. 

ʄʠʢʨʦʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ï ʧʠʨʠʪʦʤ (ʨʠʩ. 4, ʘ) ʠ ʪʠʪʘʥʠʪʦʤ, 

ʞʠʣʴʥʳʤ ʤʠʥʝʨʘʣʦʤ ï ʢʚʘʨʮʝʤ (ʨʠʩ. 4, ʙ) ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ï ʘʣʴʙʠʪʦʤ (ʨʠʩ. 

4, ʚ), ʵʧʠʜʦʪʦʤ (ʨʠʩ. 4, ʛ), ʦʨʪʦʢʣʘʟʦʤ (ʨʠʩ. 4, ʚ), ʙʠʦʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʨʫʪʠʣʦʤ ʠ ʪʨʫʜʥʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʤʠ ʬʘʟʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʦʢʩʠʜʘ FeAlSi. 

 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʄʦʨʬʦʣʦʛʠʷ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ɸʥʥʝʥʩʢʠʡ. 

ʌʦʨʤʘ ʟʦʣʦʪʘ: ʘ-ʚ ï ʢʦʤʢʦʚʠʜʥʳʝ; ʛ-ʜ ï ʪʘʙʣʠʪʯʘʪʳʝ; ʝ-ʟ ï ʧʣʘʩʪʠʥʯʘʪʳʝ; ʠ-ʤ ï ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ;  

ʥ-ʨ ï ʧʨʦʚʦʣʦʢʦʚʠʜʥʳʝ; ʙ, ʛ, ʜ ï ʟʦʣʦʪʠʥʳ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʢʚʘʨʮʝʤ 
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ʈʠʩʫʥʦʢ 4 ï ʄʠʢʨʦʚʢʣʶʯʝʥʠʷ ʚ ʟʦʣʦʪʝ ʨʫʯ. ɸʥʥʝʥʩʢʠʡ: ʘ ï ʧʠʨʠʪʘ; ʙ ï ʢʚʘʨʮʘ;  

ʚ ï ʘʣʴʙʠʪʘ ʠ ʦʨʪʦʢʣʘʟʘ; ʛ ï ɻʧʠʜʦʪʘ 

 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʫʯʴʷ ɸʥʥʝʥʩʢʠʡ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʨʦʩʩʳʧʠ ʷʚʣʷʶʪʩʷ ʢʦʨʝʥʥʳʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʤʘʣʦʩʫʣʴʬʠʜʥʦʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ 

ʬʦʨʤʘʮʠʠ.   

 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ 

ʢʦʣʣʝʢʮʠʶ ʟʦʣʦʪʘ, ʩʦʙʨʘʥʥʫʶ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ɻʝʥʝʟʠʩʘ ʨʦʩʩʳʧʝʡ ï ʕ.ɼ. ʀʟʙʝʢʦʚʫ, 

ɺ.ɽ. ʌʠʣʠʧʧʦʚʫ, ɸ.ɻ. ʅʠʢʠʬʦʨʦʚʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʦʚ 

ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʧʨʦʝʢʪʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ FUFG-2024-0006. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʉʆɹɽʅʅʆʉʊʀ ɼɽɻʈɸɼɸʎʀʀ ʀʉʂʆʇɸɽʄʆʁ ʄɸʄʆʅʊʆɺʆʁ ʂʆʉʊʀ ʀ ʉʇʆʉʆɹ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɹʀɺʅɽʁ ʄɸʄʆʅʊɸ III-IV ʉʆʈʊʆɺ 

ʊʘʪʴʷʥʘ ʀʩʘʢʦʚʘ, ɽʚʛʝʥʠʷ ʇʝʪʫʭʦʚʘ, ɻʣʝʙ ɹʦʪʚʠʥ, ɺʷʯʝʩʣʘʚ ʇʝʪʨʦʚ,  

ɸʣʝʢʩʘʥʜʨ ʏʠʨʠʢʦʚ, ʊʫʩʢʫʣ ʉʦʣʦʚʴʝʚ 

ʌʀʎ çʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʆ ʈɸʅè, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʙʠʚʥʝʡ ʤʘʤʦʥʪʘ ʧʦʩʣʝ ʜʦʙʳʯʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʨʘʞʝʥʠʝ, ʧʦʪʝʨʷ ʚʣʘʛʠ 

ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʧʨʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ ʪʢʘʥʝʡ ɹʄ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʟʘʱʠʪʳ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ ʦʪ ʙʠʦʟʘʨʘʞʝʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɹʄ III-IV ʩʦʨʪʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʧʨʦʧʠʪʳʚʘʥʠʷ ʨʘʩʪʨʝʩʢʘʚʰʠʭʩʷ ʟʘʛʦʪʦʚʦʢ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʠ ʧʣʦʩʢʦʨʝʣʴʝʬʥʳʭ ʠʟʜʝʣʠʡ. 

 

FEATURES OF DEGRADATION OF FOSSIL MAMMOTH BONE AND METHOD FOR 

RESTORING MAMMOTH TUSKS OF GRADES III-IV 

Tatyana Isakova, Evgeniia Petukhova, Gleb Botvin, Vyacheslav Petrov,  

Alexander Chirikov, Tuskul Solovôev 

FRS ñThe Yakut Scientific Centre of the SB RASò, Yakutsk, Russia 

 

Abstract. The features of mammoth tusks degradation after extraction are revealed. It is 

shown that storage conditions, microbiological contamination, and moisture loss play a 

decisive role in the cracking of tusks. A method for protecting paleontological finds from 

biocontamination during long-term storage is proposed. A method for restoring tusks of 

grades III-IV is presented, which consists in using polymer compositions for impregnating 

cracked blanks suitable for the manufacture of volumetric and flat-relief products. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʘʢʪʠʢʘ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʙʦʨʦʤ ʙʠʚʥʝʡ ʤʘʤʦʥʪʘ (ɹʄ) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʪʝʣʦ ʙʠʚʥʷ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʘʣʴʥʳʭ ʠ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʪʨʝʱʠʥ. ʀʤʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʤʝʨʦʚ ʬʨʘʛʤʝʥʪʦʚ ɹʄ ʠ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ɹʄ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ ʩʦʨʪʘ [1]. ʇʨʠʯʠʥʘʤʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ɹʄ ʷʚʣʷʶʪʩʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ɹʄ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢ, ʦʨʛʘʥʠʯʝʩʢʘ ̫ʩʦʩʪʘʚʣʷʶʱʘ ̫(ʢʦʣʣʘʛʝʥʘ) ʙʠʦʤʠʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʤʦʞʝʪ ʨʘʟʨʫʰʠʪʴʩʷ ʢʘʢ ʦʪ ʧʦʨʘʞʝʥʠ ̫ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʪʘʢ ʠ ʘʛʨʝʩʩʠʚʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʄʠʥʝʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ 

(ɻɸʇ) ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ ʣʠʙʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʤʠʥʝʨʘʣʳ 

ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʠʦʥʥʦʛʦ ʠ ʘʥʠʦʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʜʨʝʰʝʪʢʘʭ. ʆʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ɹʄ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, 

ʷʚʣʷʝʪʩʷ ʨʝʟʢʘʷ ʧʦʪʝʨʷ ʚʣʘʛʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ɹʄ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ 

ʙʠʚʥʝʡ ʩʣʦʥʦʚ, ʠʭ ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʥʠʞʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢ ʧʨʠ ʩʢʣʘʜʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʠʟʜʝʣʠʷ ʣʠʙʦ ʤʫʟʝʡʥʦʤ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ, ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʚ ʪʝʣʝ ɹʄ ʧʨʠ ʭʨʘʥʝʥʠʠ.  
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ɿʘ ʩʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ɹʄ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʧʦʩʪʝʧʝʥʥʦʤ 

ʧʨʠʨʘʩʪʘʥʠʠ ʜʝʥʪʠʥʘ ʠʟ ʧʦʣʦʩʪʠ ʧʫʣʴʧʳ ʚ ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʢʦʥʫʩʦʚ, ʪʝʣʦ ɹʄ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩʚʦʡʩʪʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ɹʄ ʧʦʩʣʝ ʩʞʘʪʠʷ:  

ʘ) ʦʙʨʘʟʮʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ; ʙ) ʫʚʣʘʞʥʝʥʥʳʝ ʦʙʨʘʟʮʳ [2] 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 6 ʤʝʩʷʮʝʚ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ  

ʧʨʠ 20 ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

 

ɺʠʜʥʦ (ʨʠʩ. 1), ʯʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ɹʄ 

ʨʘʩʩʣʘʠʚʘʝʪʩʷ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʷ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʢʦʥʫʩʘʤʠ ʨʦʩʪʘ ʩʚʷʟʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʣʘʙʣʝʥʘ, ʪ.ʝ. ʠʤʝʥʥʦ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʢʦʥʫʩʘʤʠ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ, ʧʦ 

ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ɹʄ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ɹʄ, ʭʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ [2]. 

ʇʦʢʘʟʘʥʦ (ʨʠʩ. 2), ʯʪʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʪʘʧʣʠʚʘʝʤʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʝʱʠʥʳ. ʅʘʠʤʝʥʴʰʝʝ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʦʟʘʨʘʞʝʥʠʷ ɹʄ [3] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʪʘʤʠʥʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʙʲʝʢʪʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦʯʚʘ, ʚʦʟʜʫʭ ʠ ʪ.ʜ.). ɸ ʪʘʢʞʝ 
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ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʨʘʥʝʥʠʷ ʙʠʚʥʝʡ ʥʝ ʷʚʣʷʝʪʩʷ ʛʫʙʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʤʳʚʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ɹʄ (ʨʠʩ. 3). ɺ ʭʦʜʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʳ ʧʣʝʩʥʝʚʳʤʠ ʛʨʠʙʘʤʠ ʠʣʠ ʩʧʦʨʦʦʙʨʘʟʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ (ɹʄ) ʦʪ ʙʠʦʟʘʨʘʞʝʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʭʨʘʥʝʥʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʫʰʢʫ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ ʚ ʧʨʦʚʝʪʨʠʚʘʝʤʦʤ 

ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʯʠʩʪʢʫ ʠ ʦʙʝʩʧʳʣʠʚʘʥʠʝ, ʢʦʥʩʝʨʚʘʮʠʶ ʤʠʢʨʦʪʨʝʱʠʥ 

ʛʠʜʨʦʬʦʙʥʦ-ʙʠʦʮʠʜʥʳʤ ʩʦʩʪʘʚʦʤ [4].  

 

 
ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʦʥʠʡ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʠ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʦʙʨʘʟʮʦʚ 

ʙʠʚʥʷ ʤʘʤʦʥʪʘ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ: 

ʘ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; ʙ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -10Áʉ; ʚ) ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʪʘʧʣʠʚʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ;  

ʛ) ʚ ʧʣʝʥʢʝ, ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ; ʜ) ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ 

 

ʇʨʦʙʣʝʤʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʩʦʨʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɹʄ (IIIïIV ʩʦʨʪʦʚ) ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʧʫʪʝʤ ʧʨʦʧʠʪʳʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʛʦʪʦʚʢʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʜʦʨʦʛʦʡ ʩʫʚʝʥʠʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʦʙʫʯʝʥʠʷ ʢʦʩʪʦʨʝʟʥʦʤʫ ʨʝʤʝʩʣʫ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʩʪʘʚʨʘʮʠʠ 

ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʥʘʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ɹʄ, ʧʨʦʧʠʪʘʥʥʳʝ ʩʤʦʣʦʡ ʤʘʨʢʠ "196ʈɸ ʉʄʆʃɸ 

CRYSTIC" (Scott Bader, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ).  

 

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʧʠʪʳʚʘʥʠʷ ʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ɹʄ III ʩʦʨʪʘ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʘʨʢʠ ʩʤʦʣʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʟʘʛʦʪʦʚʢʠ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ɹʄ III-IV ʩʦʨʪʦʚ. ʆʜʥʘʢʦ ʠʟ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ɹʄ IV ʩʦʨʪʘ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʧʣʦʩʢʦʨʝʣʴʝʬʥʳʝ ʠʟʜʝʣʠʷ, ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʡ ʟʘʛʦʪʦʚʢʠ 

ʨʘʩʩʣʘʠʚʘʶʪʩʷ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ɹʄ/ʩʤʦʣʘ (ʨʠʩ. 5), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʀʟ ʟʘʛʦʪʦʚʦʢ ʠʟ ɹʄ III ʩʦʨʪʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʘʢ 
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ʧʣʦʩʢʦʨʝʣʴʝʬʥʳʝ, ʪʘʢ ʠ ʦʙʲʝʤʥʳʝ ʠʟʜʝʣʠʷ, ʦʜʥʘʢʦ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʠʟʜʝʣʠʷ ʠ ʠʟʜʝʣʠʷ ʩ ʤʝʣʢʠʤʠ ʚʳʩʪʫʧʘʶʱʠʤʠ ʜʝʪʘʣʷʤʠ, ʪʘʢ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʢʘʣʳʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʘ. 

 

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʧʠʪʳʚʘʥʠʷ ʠ ʬʨʝʟʝʨʦʚʘʥʠʷ ɹʄ IV ʩʦʨʪʘ 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ɹʄ ʧʦʩʣʝ ʜʦʙʳʯʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʨʘʞʝʥʠʝ, ʧʦʪʝʨʷ ʚʣʘʛʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʧʨʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ ʪʢʘʥʝʡ ɹʄ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ ʦʪ 

ʙʠʦʟʘʨʘʞʝʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɹʄ III-IV ʩʦʨʪʦʚ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʧʨʦʧʠʪʳʚʘʥʠʷ ʨʘʩʪʨʝʩʢʘʚʰʠʭʩʷ 

ʟʘʛʦʪʦʚʦʢ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʠ ʧʣʦʩʢʦʨʝʣʴʝʬʥʳʭ ʠʟʜʝʣʠʡ. 

 

ɺ ʨrʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʎʂʇ ʌʀʎ ʗʅʎ ʉʆ ʈɸʅ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʫʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʅʀʆʂʊʈ ˉ ʀ125020605556-5. 
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ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʈɽɼʅɽɺʀʃʖʁʉʂʆʁ ʉʊʈʋʂʊʋʈʓ 

ʂʘʣʠʥʠʥ ɸ.ʀ. 

ʌɻɹʋʅ ʌʀʎ çʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ,  

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʋʢʘʟʳʚʘʶʪʩʷ ʨʘʥʥʠʝ ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪ rï ʧʷʪʥʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʬʠʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘʜ 

ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʠʣʘʤʠ 

ʀʇʅɻ ʉʆ ʈɸʅ ʥʘ ʶʞʥʦʡ ʧʝʨʠʢʣʠʥʘʣʠ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ 

ʥʘʜ ʟʦʥʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʣʝʞʝʡ T1-IIʘ ʠ T1-III. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɹ/ʊ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʥʝʬʪʷʥʳʭ ʩʢʦʧʣʝʥʠʡ. 

Cʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʷʤʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ 

ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʩʣʘʙʦʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 
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Annotation. The article provides an overview of the results of direct geochemical studies 

of the Middle Vilyui structure. The early gas-geochemical works and their results are 

indicated ï the spotty nature of profile anomalies over productive structures. The results of 

the work carried out by the forces of IPNG SB RAS on the southern pericline of the 

Srednevilyuyskoye gas condensate field are presented. Relatively high values of benzene 

and toluene were recorded over the zones of occurrence of T1-IIa and T1-III deposits. It is 

assumed that the maximum values of B/T can be confined to the zones of oil accumulations. 

It is concluded that, in combination with other geological and geophysical methods, direct 

geochemical studies will increase the reliability of the forecast of oil and gas potential in 

poorly studied territories. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʨʦʚʦʜʷʪʩʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʠʩʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʊʘʢ, ʟʘ ʧʝʨʠʦʜ 2018-2023 ʛʛ. ʦʪʢʨʳʪʦ 11 

ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟ ʥʠʭ 5 ʧʦ ʟʘʧʘʩʘʤ ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʫʧʥʳʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʢʨʳʪʳ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ ɺʉ-ʊʆ ʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ 

çʉʠʣʘ ʉʠʙʠʨʠè. ʇʨʠ ʵʪʦʤ, ʥʘʜʦ ʟʘʤʝʪʠʪʴ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʵʪʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʝʨʩʧʝʢʪʠʚʳ ʦʧʦʠʩʢʦʚʘʥʠʷ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥ.r ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʭ 

ʤʝʪʦʜʦʚ ʦʧʦʠʩʢʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʷʤʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ.  

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʧʨʷʤʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɽʱʝ ʚ 1976 ʛ. ʚʦ ɺʩʝʩʦʶʟʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʤ ʥʝʬʪʷʥʦʤ 

ʠʥʩʪʠʪʫʪʝ (ɺʅʀɻʈʀ) ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʜʝʛʘʟʘʮʠʠ ʨʫʩʣʦʚʳʭ 
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ʦʩʘʜʢʦʚ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʣʠʥʝʡʥʳʤ 

ʧʨʦʬʠʣʷʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʚʜʦʣʴ ʨʝʯʥʳʭ ʜʦʣʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʤʝʪʦʜʠʢʝ ɺʅʀɻʈʀ ʙʳʣʦ ʥʘʯʘʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʃʝʥʦ-ɺʠʣʶʡʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʜʦʥʥʳʭ ʛʘʟʦʚ ʦʙʫʩʣʘʚʣʠʚʘʣʘʩʴ ʚʳʩʦʢʦʡ ʧʝʩʯʘʥʠʩʪʦʩʪʴʶ ʧʝʨʤʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞʥʳʭ ʬʣʶʠʜʦʫʧʦʨʦʚ ʚ ʩʨʝʜʥʝʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʆʜʥʘʢʦ 

ʦʩʥʦʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʣʦʩʴ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʝʩʯʘʥʳʭ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʙʝʜʥʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʣʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʘʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʡʦʥʝ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʫʯʘʩʪʢʘ, 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʷʪʥʠʩʪʘʷ ʧʨʦʬʠʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʧʦ ʤʝʪʘʥʫ ʠ ʪʷʞʝʣʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʛʦʚʦʨʷʱʘʷ 

ʦ ʪʦʤ, ʯʪʦ ʤʠʛʨʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʜʫʱʠʡ ʦʪ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʡ 

ʟʘʣʝʞʠ, ʚʳʨʘʞʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʥʦʤ ʠ ʛʦʤʦʣʦʛʠʯʝʩʢʠʤ ʨʷʜʦʤ ʉ2-ʉ5, ʧʨʠʯʝʤ ʙʦʣʝʝ ʠʟʦʪʦʧʥʦ 

ʪʷʞʝʣʳʡ ʤʝʪʘʥ ʠ ʚʳʩʰʠʝ ʛʦʤʦʣʦʛʠ (ʙʫʪʘʥ ʠ ʧʝʥʪʘʥ) ʧʨʝʦʙʣʘʜʘʣʠ ʥʘʜ ʢʨʳʣʴʝʚʳʤʠ ʯʘʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʳ. 

 

ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʧʦ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʠʣʘʤʠ ʀʇʅɻ ʉʆ ʈɸʅ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʶʞʥʦʡ 

ʧʝʨʠʢʣʠʥʘʣʠ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʦʭʚʘʪʦʤ ʢʦʥʪʘʢʪʦʚʦʡ ʛʘʟʦʚʦʜʷʥʦʡ ʟʦʥʳ  

(ʨʠʩ. 1). ʇʦʣʝʚʳʝ ʦʧʨʦʙʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʘʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ çʕʭʦ-ɺ-ʌʀɼè [1]. ʍʨʦʤʘʪʦʛʨʘʬ çʕʭʦ-ɺ-ʌʀɼè ʩ ʬʦʪʦʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʥʟʦʣʘ-ʪʦʣʫʦʣʘ-ɻ ʪʠʣʙʝʥʟʦʣʘ-ʢʩʠʣʦʣʘ (ɹʊʕʂ) ʚ ʧʨʦʙʘʭ, 

ʦʪʦʙʨʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ-ʩʦʨʙʝʥʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʬʠʣʴ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʶʞʥʦʡ ʧʝʨʠʢʣʠʥʘʣʠ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ɻʂʄ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, 2 ï ʧʨʦʬʠʣʴ ʦʧʨʦʙʦʚʘʥʠʷ, 3 ï ʛʘʟʦʥʘʩʳʱʝʥʥʘʷ ʟʦʥʘ 

ʟʘʣʝʞʠ ʊ1-III, 4 ï ʛʘʟʦʥʘʩʳʱʝʥʥʘʷ ʟʦʥʘ ʟʘʣʝʞʠ ʊ1-IIa, 5 ï ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʟʨʳʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, 6 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ 

 

ʈʘʟʨʝʟ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʵʪʘʞʦʤ ʛʘʟʦʥʦʩʥʦʩʪʠ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʪʦʢʠ ʛʘʟʘ ʠ ʛʘʟʘ ʩ ʢʦʥʜʝʥʩʘʪʦʤ ʧʦʣʫʯʝʥʳ ʠʟ ʶʨʩʢʠʭ, ʪʨʠʘʩʦʚʳʭ ʠ ʧʝʨʤʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʦʪ 950 ʜʦ 2950 ʤʝʪʨʦʚ. ɺ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʳʜʝʣʝʥʳ 
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ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ: P2-I, T1-I, ʊ1-II, ʊ1-III, J1-I, J3-I, J3-II, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʝʥʘ ʚ ʠʭ ʠʥʜʝʢʩʘʮʠʠ. ɿʘʣʝʞʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʵʪʠʤ 

ʛʦʨʠʟʦʥʪʘʤ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʤʠ ʧʦʢʨʳʰʢʘʤʠ: ʘʨʛʠʣʣʠʪʦʚʳʤʠ 

ʪʦʣʱʘʤʠ ʥʝʜʞʝʣʠʥʩʢʦʡ, ʤʦʥʦʤʩʢʦʡ, ʩʫʥʪʘʨʩʢʦʡ ʠ ʤʘʨʳʢʯʘʥʩʢʦʡ ʩʚʠʪ; ʠʣʠ ʟʘʣʝʛʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʪʠʭ ʧʦʢʨʳʰʢʘʭ (T1-I, T1-II, Jʟ-I). 

ʅʘʠʙʦʣʴʰʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʷʚʣʷʶʪʩʷ ʟʘʣʝʞʠ T1-II ʠ T1-III, ʩ ʥʠʤʠ ʩʚʷʟʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ 

ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʨʘʡʥʝ ʶʞʥʦʡ ʧʝʨʠʢʣʠʥʘʣʠ ʛʘʟʦʚʦʜʷʥʳʝ ʢʦʥʪʘʢʪʳ ʠʤʝʶʪ ʚʩʝʛʦ 2 

ʟʘʣʝʞʠ T1-IIʘ ʠ T1-III. ʇʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ T1-IIʙ ʠʤʝʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʦʣʴʢʦ ʥʘ ʩʝʚʝʨʥʦʡ 

ʧʦʣʦʚʠʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʶʞʥʦʡ 

ʧʝʨʠʢʣʠʥʘʣʠ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ɻʂʄ. 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʥʘ ʧʨʦʬʠʣʝ, ʧʨʦʚʝʜʝʥʥʦʤ ʥʘ ʶʞʥʦʡ ʧʝʨʠʢʣʠʥʘʣʠ 

ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʥʘʜ ʟʦʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʣʝʞʝʡ T1-IIʘ ʠ T1-III. ɺ ʨʘʡʦʥʝ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʘʟʨʳʚʥʦʛʦ 

ʥʘʨʫʰʝʥʠʷ, ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʧʨʦʬʠʣʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʤʝʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʙʝʥʟʦʣʘ, ʵ-ʙʝʥʟʦʣʘ, ʧ-ʢʩʠʣʦʣʘ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʣ-ʙʝʥʟʦʣʘ, ʦ-ʢʩʠʣʦʣʘ ʠ ʧ-ʢʩʠʣʦʣʘ 

ʠʤʝʶʪ 2 ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʝ ʟʦʥʳ ʤʘʢʩʠʤʫʤʦʚ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʨʘʥʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʣʠʙʦ ʥʘʣʠʯʠʝʤ 

ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʅʘʣʠʯʠʝ ʟʘʣʝʞʝʡ ʥʘ ʫʨʦʚʥʝ ʥʝʜʞʝʣʠʥʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ ʥʘ 
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ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʥʝʜʨ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ɸ.ɺ. ʇʦʛʦʜʘʝʚʳʤ [2]. ɿʜʝʩʴ ʥʘ ʦʩʥʦʚʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʣʦʱʘʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʣʝʢʪʦʨʘ 

ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʟʘʣʝʛʘʥʠʷ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ-ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʨʝʥʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʢ ʚʳʷʚʣʝʥʥʳʤ ʟʘʣʝʞʘʤ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʢ ʩʪʨʫʢʪʫʨʘʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʩʢʦʧʣʝʥʠʡ 

ʋɺ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʥʘ 

ʧʣʦʱʘʜʷʭ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʊʶʤʝʥʩʢʦʡ, ʆʤʩʢʦʡ, ʊʦʤʩʢʦʡ, ʂʫʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʷʭ ʠ ʍʄɸʆ 

[3, 4]. ʇʨʠ ʵʪʦʤ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʢ ʥʘʣʠʯʠʷ, ʪʘʢ ʠ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ (ɹ/ʊ). 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ɹ/ʊ ʧʦ ʧʨʦʬʠʣʶ, ʧʨʦʚʝʜʝʥʥʦʤ ʥʘ ʶʞʥʦʡ 

ʧʝʨʠʢʣʠʥʘʣʠ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɹ/ʊ ʚʜʦʣʴ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʛʦ ʧʨʦʬʠʣʷ 

 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʥʠʡ ʦʪʥʦʰʝʥʠʷ 

ɹ/ʊ ʠ ʦʙʱʠʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʥʘʩʳʱʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦ ʪʦʣʱʠʥʝ ʥʝʬʪʷʥʳʤʠ 

ʦʪʦʨʦʯʢʘʤʠ. ɸ ʦʙʱʠʡ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʤ 

ʥʘʩʳʱʝʥʠʝʤ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʠʣʶʡʩʢʦʛʦ ʛʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ, ʛʜʝ 

ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʳʩʪʫʧʘʶʪ ʧʝʨʤʩʢʠʝ ʠ ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʩʦʜʝʨʞʘʪ 

ʢʦʥʜʝʥʩʘʪ. ʉʦʜʝʨʞʘʥʠʝ ʢʦʥʜʝʥʩʘʪʘ ʢʦʣʝʙʣʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 60-65 ʛʨ/ʤ3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ 

ʧʦʢʘʟʘʪʝʣʶ.  

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʪʦʣʱʠʥʝ ʥʝʬʪʷʥʳʝ ʦʪʦʨʦʯʢʠ ʚ ʨʷʜʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʍʘʧʯʘʛʘʡʩʢʦʛʦ ʤʝʛʘʚʘʣʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʪʦʨʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʀʇʅɻ ʉʆ ʈɸʅ [5]. ʇʨʠ ʵʪʦʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʨʦʚʥʝʡ 

ʥʝʬʪʝʧʨʦʷʚʣʝʥʠʡ ʚ ʉʨʝʜʥʝʚʠʣʶʡʩʢʦʤ ʠ ʊʦʣʦʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʧʣʝʥʠʡ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [6]. 

ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɹ/ʊ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʥʝʬʪʷʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʤʘʥʦʚ ʥʘ ʧʫʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʧʨʦʚʝʜʝʥʥʳʭ ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʥʦʤʘʣʠʡʥʳʭ ʟʦʥ ʚ ʧʨʝʜʝʣʘʭ ʠʟʚʝʩʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʘʥʦʤʘʣʠʷʤʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦ-

ʤʝʟʦʟʦʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʘʨʝʥʘʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ. 
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ɿʘʢʣʶʯʝʥʠʝ  

ʈʝʟʫʣʴʪʘʪʳ ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʠʣʶʡʩʢʦʡ 

ʩʠʥʝʢʣʠʟʳ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʥʘ ʥʝʬʪʴ ʠ 

ʛʘʟ. ʅʝʩʦʤʥʝʥʥʦ, ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʷʤʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʧʝʨʩʧʝʢʪʠʚ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʩʣʘʙʦʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʷʤʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʧʨʦʙʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʥʳʤ ʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʩʦ ʩʭʦʞʠʤ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʤ ʨʘʟʨʝʟʦʤ. ʂ ʪʘʢʦʚʳʤ ʪʝʨʨʠʪʦʨʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʇʨʝʜʚʝʨʭʦʷʥʩʢʠʡ ʠ ʃʝʥʦ-ɸʥʘʙʘʨʩʢʠʡ ʧʨʦʛʠʙʳ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ɺʠʣʶʡʩʢʦʡ ʩʠʥʝʢʣʠʟʝ ʫʯʘʩʪʢʠ 

ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʉʝʚʝʨʥʳʡ ʩʢʣʦʥ ʗʢʫʪʩʢʦʛʦ ʧʦʜʥʷʪʠʷ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 
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ʄɽʊʆɼʀʂɸ ʇʆʀʉʂʆɺ ʉʃɽʇʆɻʆ ʆʈʋɼɽʅɽʅʀʗ ɺʀʊɺɸʊɽʈʉʈɸʅɼʉʂʆɻʆ ʊʀʇɸ 

ʅɸ ʉɽɺɽʈʆ-ɿɸʇɸɼɽ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ  

(ʇɽʈʀʌɽʈʀʗ ɸʅɸɹɸʈʉʂʆɻʆ ʑʀʊɸ) 

ʂʘʨʘ ʊ.ɺ., ʂʘʪʢʦʚ ʉ.ʄ., ʐʘʮ ɸ.ʃ., ʗʥʶʰʠʥ ɸ.ʄ.  

ʆʆʆ çɿʦʣʦʪʦ ɸʥʘʙʘʨʘè, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʘ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʦʣʦʪʘ ʈʦʩʩʠʠ ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʠʙʠʨʠ ʠ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ). ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ɸʣʜʘʥʘ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʥʦ ʟʦʣʦʪʦ ʚ ʥʝʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ 

ʦʛʨʦʤʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ʧʦ ʪʝʯʝʥʠʶ ʨ. ɺʠʣʶʡ ʠ ʤʝʞʜʫʨʝʯʴʝ ʨʨ. ʃʝʥʘ ʠ ɸʥʘʙʘʨ. 

ʉʣʘʙʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ ʩʦʭʨʘʥʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦ ʩʣʘʙʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ɸʥʘʙʘʨʘ ʩʭʦʜʥʳ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ɺʠʪʚʘʪʝʨʩʨʘʥʜʘ ï ʟʦʣʦʪʦ, ʧʣʘʪʠʥʦʠʜʳ, ʤʠʥʝʨʘʣʳ ʫʨʘʥʘ ʠ 

ʢʣʘʩʪʦʛʝʥʥʳʝ ʘʣʤʘʟʳ. ʊʝʨʨʠʪʦʨʠʠ ʖʞʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ ʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʜʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡ, ʦʜʥʘʢʦ ʘʥʘʣʦʛʠʯʥʳʝ 

ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʤ ʟʦʣʦʪʦʥʦʩʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʚ ʉʠʙʠʨʠ ʥʝ ʚʩʢʨʳʪʳ ï ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʜʣʷ ʠʭ ʧʦʠʩʢʦʚ ʧʣʦʱʘʜʠ ʧʦʛʨʝʙʝʥʳ ʧʦʜ ʪʦʣʱʝʡ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʠ ʨʠʬʝʡʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ 300-500 ʤ. ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʩʠʙʠʨʩʢʠʭ ʘʣʤʘʟʦʚ ʦʙʷʟʘʥʘ 

ʩʚʦʠʤ ʫʩʧʝʭʦʤ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʠʢʠ ʧʠʨʦʧʦʚʦʡ ʩʲʝʤʢʠ. ɼʣʷ ʧʦʠʩʢʦʚ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚʠʪʚʘʪʝʨʩʨʘʥʜʩʢʦʛʦ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʷʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ ʚʳʭʦʜʷʱʠʝ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

THE METHODOLOGY OF BLIND WITWATERSRAND-TYPE MINERALIZATION 

EXPLORATION IN THE NORTHWEST OF THE SIBERIAN PLATFORM (THE ANABAR 

SHIELD PERIPHERY) 

Kara T.V., Katkov S.M.., Shatz A.L., Yaniushin A.M. 

Anabar Gold LLC, Russia, Moscow 
 

Abstract. The gold resources of Russia predominantly located in Siberia and the Far East, 

including the Sakha Republic (Yakutia). While the Aldan region have been 

comprehensively studied, significant non-industrial gold occurrences are dispersed across 

a vast area, along the Vilyui River and the interfluve between the Lena and Anabar. Poor 

minerogenic data from the Anabar Shield suggests promising opportunities for uncovering 

new deposits. Ore occurrences in the Anabar share a mineralogical association with the 

Witwatersrand deposits, known for their content of gold, platinum, uranium, and diamonds. 

The geological evolution of the South African and Siberian platforms exhibits notable 

similarities; however, similar gold-rich associations remain undiscovered in Siberia. 

Potential exploration areas are buried beneath Phanerozoic and Riphean formations at 

depths between 300-500 meters. The discovery of Siberian diamonds can largely be 

attributed to successful pyrope indicator surveys and modern remote exploration 

technologies now hold the promise of identifying Witwatersrand-type ore formations.  

ʆʩʥʦʚʫ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʈʦʩʩʠʠ ʧʦ ʟʦʣʦʪʫ ʩʦʩʪʘʚʣʷʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ ï ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʏʫʢʦʪʢʘ ʠ ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ). 

ʗʢʫʪʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʦʙʲʝʤʘʤ ʟʦʣʦʪʦʜʦʙʳʯʠ ʚ ʩʪʨʘʥʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʩʪʘʚʘʷ ʦʪ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʠ ʥʝʤʥʦʛʦ ʦʧʝʨʝʞʘʷ ʄʘʛʘʜʘʥʩʢʫʶ ʦʙʣʘʩʪʴ, ʥʦ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʚʳʭʦʜʘ ʥʘ 

ʧʝʨʚʫʶ ʧʦʟʠʮʠʶ. ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʦʪʢʨʳʪʘ ʜʘʚʥʦ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ï ʧʨʦʛʥʦʟ 

ɺʉɽɻɽʀ ʜʣʷ ɸʣʜʘʥʦ-ɺʠʣʶʡʩʢʦʡ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 

5000 ʪʦʥʥ [1]. ʆʜʥʘʢʦ ʟʦʣʦʪʦ ʚ ʥʝʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʥʘ ʦʛʨʦʤʥʦʡ 
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ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ ï ʧʦ ʪʝʯʝʥʠʶ ʨ. ɺʠʣʶʡ ʠ ʤʝʞʜʫʨʝʯʴʝ ʨʨ. ʃʝʥʘ ʠ ɸʥʘʙʘʨ. ɸʥʘʙʘʨʩʢʠʡ ʱʠʪ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ, ʜʦ ʥʝʜʘʚʥʠʭ ʧʦʨ ʥʝ ʠʤʝʣ ʟʥʘʯʠʤʳʭ 

ʟʘʧʘʩʦʚ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ï ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ 2024 ʛ. ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʙʘʣʘʥʩ ʟʘʧʘʩʳ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ (ʉ1+ʉ2 786,6 ʢʛ) ʥʘ ʫʯʘʩʪʢʘʭ ɹʦʨʦʩʢʫ-ʋʥʛʫʦʭʪʘʭ ʠ ʍʘʧʪʘʩʳʥʥʘʭ-2 ʆʣʝʥʝʢʩʢʦʛʦ ʫʣʫʩʘ 

ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ).  

ʉʣʘʙʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʬʣʘʥʛʦʚ ɸʥʘʙʘʨʘ (ʨʠʩ. 1) ʩʦʭʨʘʥʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦ ʩʣʘʙʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ [2]. ʇʨʠ 

ʵʪʦʤ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ɸʥʘʙʘʨʘ ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʩ ʢʨʫʧʥʝʡʰʠʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʶʞʥʦʘʬʨʠʢʘʥʩʢʦʛʦ ɺʠʪʚʘʪʝʨʩʨʘʥʜʘ, ʠʤʝʶʱʝʛʦ ʙʦʛʘʪʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ 

ʧʨʠ ʧʦʧʫʪʥʦʡ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʫʨʘʥʘ ʠ ʘʣʤʘʟʦʚ ʊʝʨʨʠʪʦʨʠʠ 

ʖʞʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ ʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʜʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 2), ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʥʦʛʦʣʝʪʥʷʷ ʠʩʪʦʨʠʷ ʠʭ ʩʨʘʚʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʧʦʠʩʢʘʤʠ 

ʘʣʤʘʟʦʚ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʧʝʭʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʝʠʭ ʧʣʘʪʬʦʨʤ. ʆʜʥʘʢʦ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʘʥʘʣʦʛʠʯʥʳʝ ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʤ ʟʦʣʦʪʦʥʦʩʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʥʝ ʚʩʢʨʳʪʳ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, 

ʪʘʢ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʠʭ ʧʦʠʩʢʦʚ ʧʣʦʱʘʜʠ ʧʦʛʨʝʙʝʥʳ ʧʦʜ ʪʦʣʱʝʡ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʠ 

ʨʠʬʝʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ 300-500 ʤ [3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ.  

ʇʦ ʜʘʥʥʳʤ ɺʉɽɻɽʀ ʠ ʌɻɹʋ ʈʦʩʛʝʦʣʬʦʥʜ 

 

ʈʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 1960ï2000 ʛʛ. ʧʦʢʘʟʳʚʘʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʠʩʢʦʚʳʭ 

ʧʨʠʟʥʘʢʦʚ ʦʨʫʜʝʥʝʥʠʷ ʚʠʪʚʘʪʝʨʩʨʘʥʜʩʢʦʛʦ ʪʠʧʘ ï ʥʘʭʦʜʢʠ ʟʦʣʦʪʦʥʦʩʥʳʭ (ʧʩʝʚʜʦ)ʢʦʥʛʣʦʤʝʨʘʪʦʚ 

ʠ ʛʨʘʚʝʣʠʪʦʚ, ʩʭʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʦʠʜʦʚ, ʥʘʣʠʯʠʝ ʫʨʘʥʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ 

ʢʦʨʝʥʥʳʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʦʣʦʪʘ [6, 7]. ʄʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 

ɸʥʘʙʘʨʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ: ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʤʠʥʝʨʘʣʳ ʧʣʘʪʠʥʦʚʦʡ 

ʛʨʫʧʧʳ, ʢʣʘʩʪʦʛʝʥʥʳʝ ʘʣʤʘʟʳ, ʧʨʠʩʫʪʩʪʚʠʝ ʨʪʫʪʠ ʠ ʧʦʚʳʰʝʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʜʦʧʦʣʥʷʶʪ 

ʩʭʦʜʩʪʚʦ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠ̫ ʤʠ ʖʞʥʦʡ ɸʬʨʠʢʠ. ʈʘʙʦʪʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ 
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ʫʩʪʘʨʝʚʰʠʭ ʛʠʧʦʪʝʟʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʠʪʚʘʪʝʨʩʨʘʥʜ ï ʨʦʩʩʳʧʥʦʡ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ [8] ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʨʦʩʩʳʧʥʦʡ. ʄʘʛʤʘʪʦʛʝʥʥʘʷ ʪʝʦʨʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʢʚʘʨʮʝʚʳʭ ʧʩʝʚʜʦ-ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʟʜʥʝʝ [1]. ʄʝʪʘʣʣʦʛʝʥʠʷ ʫʨʘʥʘ 

ɸʣʜʘʥʩʢʦʛʦ ʠ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʦʚ ʪʘʢʞʝ ʦʧʠʩʘʥʘ [4], ʘ ʜʦʙʳʯʘ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ ʩ ʧʦʧʫʪʥʳʤ 

ʠʟʚʣʝʯʝʥʠʝʤ ʠʟ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ ʠ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʚʝʜʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ 

ʣʝʪ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʷ (ʈʦʟʝʥ, 2003) 

 

ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʷʢʫʪʩʢʠʭ ʘʣʤʘʟʦʚ ʚʦ ʤʥʦʛʦʤ ʦʙʷʟʘʥʘ ʩʚʦʠʤ ʫʩʧʝʭʦʤ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʠʢʠ 

ʧʠʨʦʧʦʚʦʡ ʩʲʝʤʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʥʳ ʨʝʟʝʨʚʳ ʧʣʦʱʘʜʝʡ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʳʭʦʜʷʱʠʭ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʧʦʠʩʢʦʚ ʧʦʛʨʝʙʝʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʦʨʦʜ ʚʠʪʚʘʪʝʨʩʨʘʥʜʩʢʦʛʦ 

ʪʠʧʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ʨʠʩ. 3) ʜʦ ʢʦʩʚʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʨʫʜʥʳʭ ʪʝʣ, ʘʥʘʣʦʛʠʯʥʳʭ ʵʪʘʣʦʥʥʦʤʫ ʦʙʲʝʢʪʫ, ʥʝ 

ʚʳʭʦʜʷʱʠʭ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʟʘʚʝʨʢʠ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʘʨʘʤʝʪʨʳ 
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ʨʫʜʥʳʭ ʪʝʣ ʶʞʥʦʘʬʨʠʢʘʥʩʢʦʛʦ ɺʠʪʚʘʪʝʨʩʨʘʥʜʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʦʡ ʟʘʜʘʯʠ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʛʣʫʙʠʥ. ɺ ʍʍI ʚ. ʦʪʢʨʳʪʠʝ ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 200-300 ʤ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʨʘʟʨʝʰʠʤʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ.  

ʅʘ ɸʥʘʙʘʨʝ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʩʧʝʢʪʠʚʘ ʚʳʷʚʣʝʥʠʷ ʥʝ ʝʜʠʥʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʥʦʚʦʛʦ ʜʣʷ 

ʨʝʛʠʦʥʘ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʟʦʣʦʪʦʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʩʰʪʘʙʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ çɻʝʦʣʦʛʠʷ: ʚʦʟʨʦʞʜʝʥʠʝ ʣʝʛʝʥʜʳè. 

ɺʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʢʘʢ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʫ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʄʉɹ ʟʘ ʩʯʝʪ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ, ʪʘʢ ʠ ʜʣʷ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʦʠʪ ʟʘʜʫʤʳʚʘʪʴʩʷ ʥʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ ʠ ʝʛʦ ʧʝʨʠʬʝʨʠʠ, ʘ ʦ ʚʝʨʦʷʪʥʳʭ ʪʠʧʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʛʦʜʳ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ɼɿɿ ï ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘʷ ʩʲʝʤʢʘ 

 

ɼʠʩʢʫʩʩʠʦʥʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ: ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʡ, 

ʢʘʨʣʠʥʩʢʠʡ ʠʣʠ ʚʠʪʚʘʪʝʨʩʨʘʥʜʩʢʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ, 

ʫʟʣʦʚ ʠ ʧʦʣʝʡ, ʦʜʥʘʢʦ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. ɺʘʞʥʦ ʩʦʟʜʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ, ʛʝʦʭʠʤʠʯʝʩʢʦʡ, ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 

ʦʩʥʦʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ ʠ ʝʛʦ ʧʝʨʠʬʝʨʠʠ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʪʠʢʠ, ʩʧʫʪʥʠʢʦʚʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʩʲʝʤʦʢ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʠʟʫʯʝʥʠ ̫ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʇʦʠʩʢ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ɻ ʪʦ ʧʦʠʩʢ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʪʘʢ ʢʘʢ ʛʝʦʣʦʛʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ï ʩʪʨʫʢʪʫʨʥʘʷ ʛʝʦʣʦʛʠʷ ʚ ʝʝ çʧʦʣʝʟʥʦʤè ʚʝʱʝʩʪʚʝʥʥʦʤ 

ʚʳʨʘʞʝʥʠʠ. ʂʣʶʯʝʚʦʝ ʩʚʦʡʩʪʚʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ï ʝʸ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ 

ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʢʘʢ ʧʨʘʚʠʣʦ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ɺ ʦʙʲʝʤʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʦʣʞʥʳ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʙʦ ʠʩʪʦʯʥʠʢʠ ʟʦʣʦʪʘ, ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʳʝ ʣʦʚʫʰʢʠ ʜʣʷ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʟʘʚʝʨʷʪʴʩʷ ʧʦʠʩʢʦʚʳʤʠ ʙʫʨʦʚʳʤʠ ʨʘʙʦʪʘʤʠ. 

ʉʪʘʪʠʩʪʠʢʘ ʦʪʢʨʳʪʠʡ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʷʚʣʝʥʠʝ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ, 
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ʧʝʨʝʢʨʳʪʳʭ ʙʝʟʨʫʜʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʚʦʟʤʦʞʥʦ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʛʣʫʙʠʥʘʭ (200-600 ʤ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʧʨʘʢʪʠʢʦʡ 

ʚ XXI ʚʝʢʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

ʄʦʣʯʘʥʦʚ ɸ.ɺ. ʠ ʜʨ., ɸʣʜʘʥʦ-ɺʠʣʶʡʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ï ʥʦʚʘʷ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʘʷ ʟʦʣʦʪʦʥʦʩʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʥʘ ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ // ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷ. ï 2021. ï ̄  88. ï ʉ. 39ï64. DOI: 

10.52349/0869-7892_2021_88_39-64 

ʀʟʙʝʢʦʚ ʕ.ɼ., ʇʦʜʲʷʯʝʚ ɹ.ʇ., ʈʘʟʠʥ ʃ.ɺ. ʇʨʦʙʣʝʤʘ ʚʳʷʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɸʥʘʙʘʨʦ-ɸʣʜʘʥʩʢʦʛʦ 

ʢʨʘʪʦʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʘʥʘʣʦʛʦʚ ʟʦʣʦʪʳʭ ʛʠʛʘʥʪʦʚ ʩ ʧʦʧʫʪʥʦʡ ʧʣʘʪʠʥʦʚʦʡ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʴʶ ï 
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ʇɽʈɺʓɽ ɼɸʅʅʓɽ ʆɹ ʋʉʃʆɺʀʗʍ ʆɹʈɸɿʆɺɸʅʀʗ ʂɺɸʈʎɽɺʓʍ ɾʀʃ ʀ ʉʈʆʉʊʂʆɺ 

ʉʆʃʆʃʀʁʉʂʆɻʆ ʇʆɼʅʗʊʀʗ ʆʃɽʅɽʂʉʂʆɻʆ ʉɺʆɼɸ  

(ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ) 

ɺʝʨʦʥʠʢʘ ʂʘʨʜʘʰʝʚʩʢʘʷ1, ɹʦʨʠʩ ɻʝʨʘʩʠʤʦʚ1, ɸʥʘʪʦʣʠʡ ʊʦʤʠʣʝʥʢʦ2, ɺʣʘʜʠʤʠʨ ɹʦʯʘʨʦʚ3 

1 ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʉʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 
2 ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘè ʉʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
3 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʨʝʩʫʨʩʥʳʡ ʮʝʥʪʨ çɻʝʦʤʦʜʝʣʴè, 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩ 

ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʠʟ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʵʝʢʠʪʩʢʦʡ ʩʝʨʠʠ ʠ ʤʝʪʘʨʠʦʣʠʪʦʚ 

ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʢʚʘʨʮʝʚʦʡ ʙʨʝʢʯʠʠ ʠʟ ʟʦʥʳ ʥʘʣʦʞʝʥʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ ʧʝʩʯʘʥʠʢʘʤ ʨʘʥʥʝ-, ʩʨʝʜʥʝʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʚ 

ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʤ ʩʨʦʩʪʢʝ ʨʦʩʩʳʧʠ ʨ. ʉʦʣʦʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʣ ʚ 

ʤʝʪʘʧʝʩʯʘʥʠʢʘʭ ʠ ʨʠʦʣʠʪʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʫʯʘʩʪʠʝʤ K-Na-Mg ʭʣʦʨʠʜʥʦʛʦ ʬʣʶʠʜʘ ʩ 

ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʴʶ ʧʨʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʦʩʪʘʚʝ ʛʘʟʦʚ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ CO2, N2, CH4 ʠ H2S. ɾʠʣʳ ʚ ʙʨʝʢʯʠʷʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʬʣʶʠʜʳ ʠʤʝʣʠ Na-K ʭʣʦʨʠʜʥʳʡ ʩʦʩʪʘʚ ʠ ʥʠʟʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʣʠ N2, CO2 ʠ CH4 ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʢʚʘʨʮʘ ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʛʦ ʩʨʦʩʪʢʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʛʜʝ ʚ 

ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʭʣʦʨʠʜʳ K ʠ Na ʩ ʥʠʟʢʦʡ 

ʩʦʣʝʥʦʩʪʴʶ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʛʘʟʦʚʦʡ ʬʘʟʳ ʉʆ2, N2 ʠ CH4.  

 

FIRST DATA ON THE FORMATION CONDITIONS OF QUARTZ VEINS AND 

INTERGROWTHS OF THE SOLOLI UPLIFT IN THE OLENYOK ARCH (NORTH-EAST 

OF THE SIBERIAN PLATFORM) 
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Abstract. Fluid inclusions in quartz with gold-sulfide mineralization from the Eekite series 

metasandstones and Early Proterozoic metarhyolites, quartz breccia from the zone of 

superimposed gold mineralization on Early-Middle Permian sandstones, and in the gold-

quartz intergrowth of the Sololi River placer were researched. It was found that the veins 

in the metasandstones and rhyolites were formed with the participation of a K-Na-Mg 

chloride fluid with low salinity under medium-temperature conditions. The gases contained 

CO2, N2, CH4, and H2S. The veins in the breccias were formed in a wide range of medium 

temperatures, the fluids had a Na-K chloride composition and a low concentration of salts, 

and also contained N2, CO2, and CH4 in the gas phase. The formation of quartz gold-quartz 

intergrowth occurred at medium temperatures, where the mineral-forming solution 

contained K and Na chlorides with low salinity with enrichment of the gas phase with CO2, 

N2 and CH4. 
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ɺʚʝʜʝʥʠʝ 

ʈʦʩʩʳʧʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʉʦʣʦʣʠʡʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʆʣʝʥʝʢʩʢʦʛʦ ʩʚʦʜʘ ʠʟʚʝʩʪʥʘ ʩ ʩʝʨʝʜʠʥʳ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʠʟʫʯʘʣʘʩʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʘ ʧʨʝʜʤʝʪ ʩʚʷʟʠ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ 

ʵʪʘʧʘ [1-3]. ʆʜʥʘʢʦ, ʧʦʠʩʢʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʢʘʢ ʅʀʀɻɸ, ʇɻʆ 

çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè ʠ çɸʵʨʦʛʝʦʣʦʛʠʷè ʥʝ ʧʨʠʚʝʣʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʪʠʧʦʤʦʨʬʠʟʤʘ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ 

ʚʳʜʝʣʝʥ rʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʦʨʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ [4]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʟʦʣʦʪʦʢʚʘʨʮʝʚʳʭ ʩʨʦʩʪʢʦʚ ʉʦʣʦʣʠʡʩʢʦʛʦ ʧʦʜʥʷʪʠʷ.  

ʀʟʫʯʝʥʠʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʌɺ) ʚ ʢʚʘʨʮʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʉʦʣʦʣʠʡʩʢʦʛʦ ʧʦʜʥʷʪʠʷ 

ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʢʨʠʦʤʝʪʨʠʠ ʠ ʨʘʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʀɻʄ ʉʆ ʈɸʅ. ʄʠʢʨʦʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʢʘʤʝʨʳ Linkam THMSG-600 ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ -196 ʜʦ +600Áʉ. ʉʦʩʪʘʚ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ [5], ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʥʦʩʪʠ ï ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ [6]. ʉʦʩʪʘʚ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʌɺ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʘ ʂʈ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba Lab Ram HR800 [7]. 

 

ʆʩʥʦʚʥʦʡ ʨʘʟʜʝʣ 

ʆʣʝʥʝʢʩʢʠʡ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʨʘʡʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʜʥʦʠʤʝʥʥʦʛʦ ʪʝʨʨʝʡʥʘ ʠ ʧʨʠʫʨʦʯʝʥ 

ʢ ʉʦʣʦʣʠʡʩʢʦʤʫ ʧʦʜʥʷʪʠʶ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ɺ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʫʯʘʩʪʚʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʨʠʬʝʷ, ʚʝʥʜʘ, ʧʝʨʤʠ, ʪʨʠʘʩʘ, ʶʨʳ ʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʣʘʤʠ ʦʩʥʦʚʥʦʛʦ, ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʨʘʥʥʝ-, 

ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʠ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʙʥʘʨʫʞʝʥʘ ʚ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ, ʠʥʲʝʮʠʨʫʶʱʠʭ ʩʣʘʥʮʳ ʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ ʵʝʢʠʪʩʢʦʡ ʩʝʨʠʠ ʠ 

ʤʝʪʘʨʠʦʣʠʪʳ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʂʚʘʨʮʝʚʳʝ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ ʠ 

ʧʨʦʞʠʣʢʠ, ʠʥʲʝʮʠʨʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʝʢʠʪʩʢʦʡ ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʪʚʷʱʠʝʩʷ, 

ʩʦʛʣʘʩʥʳʝ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʠ ʨʝʞʝ ʩʝʢʫʱʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʱʥʦʩʪʴʶ ʜʦ 0.5 ʤ ʚ ʨʘʟʜʫʚʘʭ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 25 ʤ. ɾʠʣʳ ʩʣʦʞʝʥʳ ʤʦʣʦʯʥʦ-ʙʝʣʳʤ ʠ ʩʝʨʳʤ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʢʚʘʨʮʝʤ. 

ʉʝʨʳʡ ʢʚʘʨʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʙʨʘʟʫʝʪ 2 ʛʝʥʝʨʘʮʠʠ, ʩʦʜʝʨʞʠʪ 

ʨʝʜʢʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʛʘʣʝʥʠʪʘ ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. 

ʈʠʦʣʠʪʳ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʦʥʠʟʘʥʳ ʤʘʣʦʤʦʱʥʳʤʠ ʞʠʣʘʤʠ ʠ ʧʨʦʞʠʣʢʘʤʠ 

ʢʚʘʨʮʘ, ʤʦʱʥʦʩʪʴʶ <0.1 ʤ. ʂʚʘʨʮ ʦʪ ʙʝʣʦʛʦ ʜʦ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʡ, ʦʙʨʘʟʫʝʪ 

ʫʜʣʠʥʝʥʥʳʝ ʢʩʝʥʦʤʦʨʬʥʳʝ ʚʳʜʝʣʝʥʠʷ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʞʠʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʢʨʘʧʣʝʥʠʷʤʠ 

ʧʠʨʠʪʘ, ʘʨʩʝʥʦʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʛʘʣʝʥʠʪʘ ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ɿʦʣʦʪʦʩʫʣʴʬʠʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʥʘʣʦʞʝʥʥʘʷ ʧʦ ʟʦʥʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʥʘ ʧʝʩʯʘʥʠʢʠ ʥʳʢʘʙʳʪʩʢʦʡ 

ʩʚʠʪʳ ʨʘʥʥʝ-ʩʨʝʜʥʝʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠʟʤʝʥʝʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʝʢʫʱʠʝ ʠʭ ʢʚʘʨʮ-ʢʘʣʴʮʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʩ ʚʢʨʘʧʣʝʥʥʦʡ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʄʦʱʥʦʩʪʴ ʙʨʝʢʯʠʡ ʜʦʩʪʠʛʘʝʪ ʜʦ 1,5 ʤ. ʂʚʘʨʮ ʦʙʨʘʟʫʝʪ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ 

ʚʳʜʝʣʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʛʘʣʝʥʠʪ, ʪʘʢʞʝ ʚʩʪʨʝʯʝʥʳ ʧʠʨʠʪ, ʢʠʥʦʚʘʨʴ, 

ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ʠ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. ɿʦʣʦʪʦʢʚʘʨʮʝʚʳʡ ʩʨʦʩʪʦʢ ʚʝʩʦʤ 1,62 ʛ ʦʙʥʘʨʫʞʝʥ ʚ 

ʨʫʩʣʦʚʦʤ ʘʣʣʶʚʠʠ ʨ. ʉʦʣʦʣʠ. ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʚʘʨʴʠʨʫʝʪ ʚ ʚʝʩʴʤʘ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 900 ʜʦ 

950ă. ɽʛʦ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʜʚʦʡʥʠʢʘʤʠ. 

ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʈʝʜʜʝʨʘ [8] 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʠʯʥʳʤ ʠ ʚʪʦʨʠʯʥʳʤ. ʇʝʨʚʠʯʥʳʝ ʌɺ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʩʢʦʧʣʝʥʠʡ 

ʣʠʙʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʘʣʝʯʝʥʥʳʤ ʪʨʝʱʠʥʘʤ, ʢʦʪʦʨʳʝ ʩʝʢʫʪ ʢʚʘʨʮʝʚʳʝ ʟʝʨʥʘ. ɺʪʦʨʠʯʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʘʣʝʯʝʥʥʳʤ ʪʨʝʱʠʥʘʤ, ʩʝʢʫʱʠʤ ʢʚʘʨʮʝʚʳʝ ʟʝʨʥʘ. ʀʟʫʯʝʥʥʳʝ ʌɺ 

ʠʤʝʶʪ ʚʳʪʷʥʫʪʫʶ, ʫʛʣʦʚʘʪʫʶ, ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʛʨʘʥʢʠ, ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 45 

ʤʢʤ. ʇʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ 3 

ʪʠʧʘ (ʨʠʩ. 1): 1) ʩʫʱʝʩʪʚʝʥʥʦ-ʛʘʟʦʚʳʝ ï ʦʜʥʦʬʘʟʥʳʝ ʩ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʬʘʟʦʡ; 2) ʛʘʟʦʚʦ-ʞʠʜʢʠʝ 

ï ʜʚʫʭʬʘʟʥʳʝ ʩ ʦʙʲʝʤʦʤ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ ʦʪ 10 ʜʦ 40 ʦʙ.%.; ʠ 3) ʚʦʜʥʦ-ʫʛʣʝʢʠʩʣʦʪʥʳʝ ï 
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ʦʙ.%. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʳ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠʟ ʞʠʣ ʚ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʘʭ ʠ ʩʣʘʥʮʘʭ  

ʨ. ʉʦʣʦʣʠ: ʘ ï ʦʜʥʦʬʘʟʥʳʝ, ʙ ï ʜʚʫʭʬʘʟʥʳʝ, ʚ ï ʪʨʝʭʬʘʟʥʳʝ. ɻ ï ʛʘʟ, ɾ ï ʞʠʜʢʦʩʪʴ 

 

ɺ ʢʚʘʨʮʝ ʠʟ ʞʠʣ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʦʪ 208 ʜʦ 380 Áʉ ʚ ʞʠʜʢʫʶ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʛʜʝ ʤʘʢʩʠʤʫʤ ʦʧʨʝʜʝʣʝʥʠʡ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣ 200 300 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʚʪʝʢʪʠʢʠ ʚʦʜʥʦʡ ʬʘʟʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʭʣʦʨʠʜʦʚ K, Na, Mg ʠ Fe. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.5 ʜʦ 12.3 

ʤʘʩ. % NaCl ɻ ʢʚ. ʇʣʘʚʣʝʥʠʝ ʉʆ2 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ -56.5 ʜʦ -57.6 Áʉ. 

ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʞʠʜʢʦʡ ʉʆ2 ʚ ʪʨʝʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 14.4 30.8 

Áʉ ʚ ʞʠʜʢʫʶ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ. ɺʪʦʨʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʚ ʞʠʜʢʦʩʪʴ ʧʨʠ 160 180 

Áʉ ʠ ʩʦʜʝʨʞʘʪ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ 5.3 6.3 ʤʘʩ. % NaCl ɻ ʢʚ. ɻʘʟʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʝʨʚʠʯʥʳʭ ʌɺ ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ CO2 (40.9 95.3 ʤʦʣ.%), 

ʉʅ4 (0.4 19.4 ʤʦʣ.%) ʠ ʨʝʜʢʦ ʘʟʦʪʦʤ (4.3 84.9 ʤʦʣ.%).  

ʆʙʱʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚ ʧʝʨʚʠʯʥʳʭ ʜʚʫʭʬʘʟʥʳʭ ʌɺ ʚ ʢʚʘʨʮʝ ʠʟ ʞʠʣ 

ʚ ʨʠʦʣʠʪʘʭ ʩʦʩʪʘʚʣʷʝʪ 224 384 Áʉ ʚ ʞʠʜʢʫʶ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 250 300 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʚʪʝʢʪʠʢʠ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʬʘʟʳ ʚʘʨʴʠʨʫʝʪ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ -10.1 ʜʦ -38.0 Áʉ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʦʚ K, Na , Mg ʠ Fe. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.5 ʜʦ 12.0 ʤʘʩ.% NaCl ɻ ʢʚ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʞʠʜʢʦʡ ʉʆ2 ʚ 

ʪʨʝʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20.1 29.7 Áʉ ʚ ʞʠʜʢʫʶ ʬʘʟʫ. ʋʛʣʝʢʠʩʣʦʪʘ 

ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ -54.7é-58.0 ÁC, ʯʪʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʦʡ ʉʆ2 (-56.6 

Áʉ) ʠ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʤʝʩʠ ʥʠʟʢʦʢʠʧʷʱʠʭ ʛʘʟʦʚ. ɺʪʦʨʠʯʥʳʝ ʌɺ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 216 Áʉ ʚ ʞʠʜʢʫʶ ʬʘʟʫ. ʇʦ ʜʘʥʥʳʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʝʨʚʠʯʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʉʆ2 (83.1 100 ʤʦʣ.%), N2 (2.2 87.1 ʤʦʣ.%), ʉʅ4 (0.1 100 

ʤʦʣ.%) ʠ ʚ ʝʜʠʥʠʯʥʦʤ ʩʣʫʯʘʝ H2S (1.4 ʤʦʣ.%).  

ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠʟ ʞʠʣ ʚ ʙʨʝʢʯʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʥʪʝʨʚʘʣʝ ʦʪ 230 ʜʦ 

425 Áʉ ʚ ʞʠʜʢʫʶ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 350 390 Áʉ. ʉʦʣʝʥʦʩʪʴ 

ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 4.3 7.9 ʤʘʩ.% NaCl ɻ ʢʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʭʣʦʨʠʜʦʚ Na ʠ K. ɺʪʦʨʠʯʥʳʝ ʌɺ 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʚ ʞʠʜʢʦʩʪʴ ʧʨʠ 165 180 Áʉ ʠ ʩʦʜʝʨʞʘʪ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ 

5.7 7.9 ʤʘʩ. % NaCl ɻʢʚ. ɻʘʟʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʝʨʚʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ: 

CO2 (16.8 100 ʤʦʣ.%), N2 (70.1 100 ʤʦʣ.%) ʠ CH4 (ʜʦ 1.9 ʤʦʣ.%). 

ɺ ʢʚʘʨʮʝ ʠʟ ʢʚʘʨʮʝʚʦʡ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ ʛʘʣʴʢʠ ʦʙʱʠʡ ʜʠʘʧʘʟʦʥ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʌɺ 

ʩʦʩʪʘʚʣʷʝʪ 250 345 Áʉ ʚ ʞʠʜʢʫʶ ʬʘʟʫ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 

300 350 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʚʪʝʢʪʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʦʙʣʘʜʘʝʪ NaCl ʩ 

ʧʨʠʤʝʩʴʶ K. ʉʦʣʝʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ ʥʝʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.6 ʜʦ 6.9 ʤʘʩ. % NaCl ɻ ʢʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʉʆ2 ʨʘʚʥʘ -56.8 Áʉ. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʌɺ ʧʨʝʦʙʣʘʜʘʝʪ ʉʆ2 (91.0 92.5 

ʤʦʣ.%) ʩ ʧʨʠʤʝʩʴʶ N2 (7 8.5 ʤʦʣ.%) ʠ CH4 (0.5 ʤʦʣ.%). 

 

ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʚʘʨʮʝʚʳʭ 

ʙʨʝʢʯʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (230ï425 Áʉ) ʠʟ ʬʣʶʠʜʘ, ʚ ʩʦʩʪʘʚʝ 
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ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʣʘʜʘʣʠ ʫʛʣʝʢʠʩʣʦʪʘ ʠ ʘʟʦʪ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʩʚʷʟʘʥʦ 

ʩ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʤʝʞʜʫ ʬʣʶʠʜʦʤ ʠ ʘʤʤʦʥʠʡ-ʩʦʜʝʨʞʘʱʠʤʠ ʩʠʣʠʢʘʪʘʤʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʘʟʦʪ ʚ ʬʦʨʤʝ NH4+ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʝʪ ʢʘʣʠʡ ʥʘ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ, ʥʦ ʪʘʢʞʝ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ ʫʯʘʩʪʠʝ ʤʘʥʪʠʡʥʦʛʦ ʘʟʦʪʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʨʝʢʯʠʡ, 

ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʣ ʧʦ ɸʥʘʙʘʨʦ-ʕʝʢʠʪʩʢʦʤʫ ʛʣʫʙʠʥʥʦʤʫ ʨʘʟʣʦʤʫ [9]. ɹʣʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʠʥʲʝʮʠʨʫʶʱʠʭ ʤʝʪʘʧʦʨʦʜʳ 

ʵʝʢʠʪʩʢʦʡ ʩʝʨʠʠ ʠ ʤʝʪʘʨʠʦʣʠʪʳ, ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʠʭ ʵʪʘʧʦʚ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʣʴʢʠ ʢʚʘʨʮʘ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ ʤʦʛʣʠ ʩʣʫʞʠʪʴ 

ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʩ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʭʦʜʩʪʚʦ 

ʚʢʣʶʯʝʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɹʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʟʦʣʦʪʘ ʷʚʣʷʣʠʩʴ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʝʦʙʣʘʜʘʶʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʉʆ2 ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʯʪʦ ʩʳʛʨʘʣʦ ʨʦʣʴ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʠ ʧʨʠʚʝʣʦ 

ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʦʪʘ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ [10]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ22-

27-20033 ʠ ʯʘʩʪʠʯʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ FUFG-

2024-0006. 
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ɿʆʃʆʊʆ-ʊɽʃʃʋʈʀɼʅɸʗ ɸʉʉʆʎʀɸʎʀʗ ʄʀʅɽʈɸʃʆɺ ɺ ʈʋɼɸʍ ʄʋʈʋʅʉʂʆɻʆ 

ʋɿʃɸ (ɸʃɼɸʅʉʂʀʁ ʑʀʊ)  

ʃʘʨʠʩʘ ʂʦʥʜʨʘʪʴʝʚʘ, ɺʝʨʦʥʠʢʘ ʂʘʨʜʘʰʝʚʩʢʘʷ, ɻʘʣʠʥʘ ɸʥʠʩʠʤʦʚʘ 

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʉʆ ʈɸʅ,  

ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʧʝʨʚʳʝ ʚ ʨʫʜʘʭ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʤʠʥʝʨʘʣʦʚ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʪʝʣʣʫʨʠʜʦʤ 

ʥʠʢʝʣʷ ï ʤʝʣʦʥʠʪʦʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʠʣʴʚʘʥʠʪʦʤ, ʢʨʝʥʥʝʨʠʪʦʤ, ʧʝʪʮʠʪʦʤ, ʛʝʩʩʠʪʦʤ 

ʠ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʦʤ ʩʨʝʜʠ ʧʠʨʠʪʘ ʚ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʭ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʧʦʣʷ. 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ (2 ʤʠʢʨʦʥʘ) ʚʳʩʦʢʦʡ ʧʨʦʙʥʦʩʪʠ (920 ă). ʇʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʨʫʜʝʥʝʥʠʝ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʥʘʭʦʜʠʪ 

ʩʭʦʜʩʪʚʦ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ɺʝʨʭʥʝ-ʊʦʢʢʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ʊʘʙʦʨʥʦʝ, ɻʨʦʩʩ 

ʠ ʜʨ.) ʫʛʫʡʩʢʦʛʦ ʪʠʧʘ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɻʨʦʩʩ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʘ ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʅʦ ʚʩʝ ʞʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʤʳʰʴʷʢʘ, ʩʫʨʴʤʳ, ʪʘʣʣʠʷ, ʩʝʨʝʙʨʘ, ʚʠʩʤʫʪʘ, ʦʣʦʚʘ, 

ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʚʘʥʘʜʠʷ, ʯʪʦ ʷʚʠʣʦʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʥʦʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ 

ʧʨʠʨʦʜʳ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʬʘʟʦʚʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʥʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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Abstract. For the first time, a gold-telluride mineral association has been established in the 

ores of the Murunsky cluster. Native gold is intergrown with nickel telluride ï melonite in 

association with sylvanite, krennerite, petzite, hessite and tellurobismuthite among pyrite 

in the syenite porphyry of the Aleksandrovskoye field. Native gold is finely dispersed (2 

microns) and of high fineness (920 ă). According to the structural and geological 

parameters, the mineralization of the Murunsky cluster is similar to the deposits of the 

Verkhne-Tokkinsky ore region (Tabornoye, Gross, etc.) of the Uguysky type. Gold-telluride 

mineralization is also manifested at the Gross deposit. However, the gold ores of the 

Murunsky cluster are distinguished by a more diverse mineralization of arsenic, antimony, 

thallium, bismuth, and tin, which was the result of the complex and diverse nature of its 

formation in the process of long-term multiphase alkaline magmatism and associated 

hydrothermal-metasomatic activity. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʘʣʦʠʟʫʯʝʥʥʳʭ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ (ʨʫʜʥʳʝ ʧʦʣʷ ʉʝʨʝʜʠʥʩʢʦʝ, ɾʝʨʣʦʚʦʝ ʠ ɸʥʜʨʝʝʚʩʢʦʝ) 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ 14 ʥʦʚʳʭ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʚʘ 

ʟʝʨʥʘ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʡ ʩʦʩʪʘʚ ʪʦʛʜʘ ʥʝ ʫʜʘʣʦʩʴ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ 

ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʧʦʨʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʧʝʨʚʦʡ ʥʘʭʦʜʢʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʨʘʥʝʝ ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʫʜʘʭ ʫʯʘʩʪʢʘ 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʫʜ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL JSM-6480LV ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʬʠʨʤʳ OXFORD (ʀɻɸɹʄ ʉʆ ʈɸʅ (ʗʢʫʪʩʢ, ʈʦʩʩʠʷ)). 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʫʜʥʦʝ ʧʦʣʝ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ, ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʵʢʟʦʢʦʥʪʘʢʪʝ ɼʦʛʘʣʜʳʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, ʥʘ ʛʨʘʥʠʮʝ ʬʫʥʜʘʤʝʥʪʘ. ɺʧʝʨʚʳʝ 

ʫʯʘʩʪʦʢ ʚʳʜʝʣʝʥ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʥʘ ʨʫʜʥʦʝ ʟʦʣʦʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪ ʚ 2006-2008 ʛʛ. (ʉʦʢʦʣʦʚ ʠ ʜʨ., 2008ʬ). ɺ ʭʦʜʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ 2021-2023 ʛʛ. ʧʨʦʚʝʜʝʥ 

ʢʦʤʧʣʝʢʩ ʛʦʨʥʦ-ʙʫʨʦʚʳʭ ʨʘʙʦʪ, ʚʩʢʨʳʚʰʠʭ ʟʦʣʦʪʦʨʫʜʥʳʝ ʪʝʣʘ (ʉʦʢʦʣʦʚ ʠ ʜʨ., 2023ʬ).  

ʈʫʜʥʦʝ ʧʦʣʝ ʩʣʦʞʝʥʦ ʧʦʨʦʜʘʤʠ ʨʠʬʝʡʩʢʦʛʦ ʯʝʭʣʘ ï ʦʪʣʦʞʝʥʠʷʤʠ ʢʫʤʘʭʫʣʘʭʩʢʦʡ ʠ ʩʝʥʴʩʢʦʡ 

ʩʚʠʪ, ʦʩʣʦʞʥʝʥʥʳʭ ʩʫʙʧʣʘʩʪʦʚʳʤʠ ʪʝʣʘʤʠ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʙʨʦʩʦ-ʚʟʙʨʦʩʦʚʦʡ 

ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʦʡ. ʉʪʨʫʢʪʫʨʘ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʝʡ ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʦʚʳʭ ʟʦʥ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʠʩʪʝʤʝ ɸʪʙʘʩʪʘʭ-ʊʦʨʛʦʡʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʨʘʟʙʠʪʳʭ ʧʦʧʝʨʝʯʥʳʤʠ ʩʨʳʚʘʤʠ ʂʝʤʝ-

ʂʝʙʝʢʪʠʥʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʘʢ ʣʝʚʳʡ ʩʜʚʠʛ. ʈʫʜʥʳʝ 

ʪʝʣʘ ʦʙʨʘʟʫʶʪ ʢʘʢ ʧʦʣʦʛʠʝ ʟʘʣʝʞʠ, ʧʦʚʪʦʨʷʶʱʠʝ ʧʝʨʚʠʯʥʦʝ ʟʘʣʝʛʘʥʠʝ ʧʦʨʦʜ, ʪʘʢ ʠ 

ʢʨʫʪʦʧʘʜʘʶʱʠʝ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤ ʩʨʳʚʘʤ. ʆʪʤʝʯʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʢ ʫʯʘʩʪʢʘʤ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʚ ʧʦʜʦʰʚʝ ʠ ʢʨʦʚʣʝ ʢʨʫʧʥʳʭ ʩʠʣʣʦʚ, ʚ ʦʙʱʝʤ ʪʷʛʦʪʝʷ ʢ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʥʦʪʦʥʥʦʡ ʪʦʣʱʝ ʤʘʛʤʘʪʠʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʧʘʜʘʶʪ. ɿʦʣʦʪʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʢʨʘʧʣʝʥʥʳʤ ʪʠʧʦʤ, ʦʙʨʘʟʫʶʱʠʤ ʣʠʥʟʦ-ʣʝʥʪʦʦʙʨʘʟʥʳʝ ʟʘʣʝʞʠ. 

ʈʘʟʚʠʪʳ ʢʘʢ ʦʢʠʩʣʝʥʥʳʝ, ʧʦʣʫʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ ʦʭʨʠʩʪʦʛʦ ʦʙʣʠʢʘ, ʪʘʢ ʠ ʩʣʘʙʦ ʦʢʠʩʣʝʥʥʳʝ, 

ʥʝʦʢʠʩʣʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʜʥʦʪʠʧʥʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤ ʧʠʨʠʪʦʤ. 

ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʳʷʚʣʝʥʘ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥʳ ˉ312, ʥʘ ʠʥʪʝʨʚʘʣʝ 3,8 ʤ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 0,67 ʛ/ʪ. ʈʫʜʦʥʦʩʥʘʷ ʧʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʤ ʩ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʚ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ. ʇʦʨʦʜʘ 

ʨʘʩʩʝʯʝʥʘ ʪʦʥʢʠʤʠ ʜʦ 2 ʤʤ ʧʨʦʞʠʣʢʘʤʠ ʧʠʨʠʪʘ (ʨʠʩ. 1).  

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʠʝʥʠʪ-ʧʦʨʬʠʨ ʩ ʧʨʦʞʠʣʢʦʤ 

ʧʠʨʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ʋʚʝʣʠʯʝʥʦ ʚ 2 ʨʘʟʘ 

 

ɺ ʧʠʨʠʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʪʝʣʣʫʨʠʜʦʚ ʨʘʟʤʝʨʦʤ ʥʝ 

ʙʦʣʝʝ 10 ʤʠʢʨʦʥ (ʨʠʩ. 2, ʘ, ʙ). ʆʥʠ ʦʙʨʘʟʫʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʝʨʥʘ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ 

(ʦʚʘʣʴʥʦʡ, ʚʳʪʷʥʫʪʦʡ ʠ ʠʟʦʤʝʪʨʠʯʥʦʡ), ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʨʦʩʪʢʘʭ. ɺʚʠʜʫ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ 

ʟʝʨʝʥ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʩʪʘʚʳ ʪʝʣʣʫʨʠʜʦʚ ʜʘʣʝʢʠ ʦʪ ʠʜʝʘʣʴʥʳʭ. ɺ ʥʠʭ ʧʦʩʪʦʷʥʥʦ ʬʠʢʩʠʨʫʝʪʩʷ 

ʞʝʣʝʟʦ, ʨʝʞʝ ʩʝʨʘ, ʠʟ-ʟʘ ʟʘʭʚʘʪʘ ʟʦʥʜʦʤ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ. ʉʨʝʜʠ ʪʝʣʣʫʨʠʜʦʚ ʨʘʟʣʠʯʘʶʪʩʷ 

ʩʠʣʴʚʘʥʠʪ, ʢʨʝʥʥʝʨʠʪ, ʛʝʩʩʠʪ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ ʠ ʤʝʣʦʥʠʪ. ʏʘʱʝ ʜʨʫʛʠʭ ʚʩʪʨʝʯʘʝʪʩʷ ʩʠʣʴʚʘʥʠʪ.  

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʪʝʣʣʫʨʠʜʦʤ ʥʠʢʝʣʷ ï ʤʝʣʦʥʠʪʦʤ. ʄʠʥʝʨʘʣʳ 

ʟʘʧʦʣʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʦʢʨʫʛʣʳʤ ʟʝʨʥʦʤ ʧʠʨʨʦʪʠʥʘ ʠ ʚʤʝʱʘʶʱʠʤ ʝʛʦ ʧʠʨʠʪʦʤ (ʨʠʩ. 2, 

ʚ, ʛ). ʈʘʟʤʝʨ ʟʦʣʦʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʤʠʢʨʦʥ, ʧʨʦʙʥʦʩʪʴ 920 ă (ʪʘʙʣʠʮʘ 1).  

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ 

ɻʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʨʫʜ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʨʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʬʘʣʝʨʠʪ, ʙʣʝʢʣʳʝ ʨʫʜʳ, ʘʨʩʝʥʦʩʫʣʴʚʘʥʠʪ, ʤʠʥʝʨʘʣʳ Tl, Co, Ni, Bi, Te, Ag, Sn ʠ V 

[1]. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʨʫʜʘʭ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 0.3-1.0 ʛ/ʪ. ʉʘʤʦʨʦʜʥʦʝ 

ʟʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʜʘʭ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʚʠʜʝ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ (ɹʫʜʫʥʦʚ ʠ ʜʨ., 2013ʬ) ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 
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ʦʢʠʩʣʝʥʥʳʤ ʧʠʨʠʪʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ (ʨʠʩ. 3). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʢʣʶʯʝʥʠʝ ʟʦʣʦʪʘ ʨʘʟʤʝʨʦʤ 

0,007ʭ0,01ʤʤ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʦʢʠʩʣʝʥʥʦʤ ʧʠʨʠʪʝ ʚ ʤʫʩʢʦʚʠʪ-ʙʘʨʠʪ-ʧʠʨʠʪ-ʬʣʶʦʨʠʪ-ʢʚʘʨʮʝʚʦʤ 

ʤʝʪʘʩʦʤʘʪʠʪʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 5 ʛ/ʪ ʥʘ ʫʯʘʩʪʢʝ ɾʝʨʣʦʚʳʡ (ʨʠʩ. 3, ʘ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʚʦ ʬʣʶʦʨʠʪ-ʢʚʘʨʮʝʚʦʤ ʤʝʪʘʩʦʤʘʪʠʪʝ 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 3, ʙ), ʥʝʩʫʱʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʤʳʰʴʷʢʦʚʠʩʪʦʛʦ ʧʠʨʠʪʘ, 

ʭʘʣʴʢʦʧʠʨʠʪʘ, ʭʘʣʴʢʦʟʠʥʘ, ʘ ʪʘʢʞʝ ʩʫʣʴʚʘʥʠʪʘ ʠ ʙʣʝʢʣʦʡ ʨʫʜʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʚʝʜʝʥʠʡ ʦ 

ʧʨʦʙʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʘʚʪʦʨʘʤʠ ʥʝ ʧʨʠʚʦʜʠʪʩʷ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʝʣʣʫʨʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ: ʘ ï ʘʥʩʘʤʙʣʴ ʪʝʣʣʫʨʠʜʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ï ʢʨʝʥʥʝʨʠʪʘ (Knn), 

ʩʠʣʴʚʘʥʠʪʘ (Slv) ʠ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʘ (Tbi); ʙ ï ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ, ʩʨʘʩʪʘʥʠʝ ʩʠʣʴʚʘʥʠʪʘ (Slv) ʩ 

ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʦʤ (Tbi); ʚ ï ʩʨʦʩʪʦʢ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au) ʠ ʤʝʣʦʥʠʪʘ (Me) ʥʘ ʛʨʘʥʠʮʝ ʧʠʨʨʦʪʠʥʘ 

(Pyh) ʠ ʧʠʨʠʪʘ (Py); ʛ ï ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ, ʩʨʘʩʪʘʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au) ʠ ʤʝʣʦʥʠʪʘ (Me) 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ ʪʝʣʣʫʨʠʜʦʚ, ʤʘʩʩ.% 

 

ˉˉ ʘʥʘʣʠʟʘ S Fe Ni Ag Te Au Bi ʉʫʤʤ

ʘ 

ʄʠʥʝʨʘʣ 

ʉ-312-3,8 15-1 
 

4.39 
 

3.53 
 

92.54 
 

100.46 ʟʦʣʦʪʦ 

ʉ-312-3,8 2-1 
 

2.28 
 

10.44 61.11 24.83 
 

98.66 ʩʠʣʴʚʘʥʠʪ 

ʉ-312-3,8 3-4 
 

3.01 
 

11.25 61.61 24.96 
 

100.83 ʩʠʣʴʚʘʥʠʪ 

ʉ-312-3,8 30-2 
 

1.35 
 

12.48 62.16 24.04 
 

100.03 ʩʠʣʴʚʘʥʠʪ 

ʉ-312-3,8 29-1 
 

2.4 
 

2.97 56.67 35.78 
 

97.81 ʢʨʝʥʥʝʨʠʪ 

ʉ-312-3,8 5-1    40.90 36.45 24.53  101.89 ʧʝʪʮʠʪ 

ʉ-312-3,8 12-2 
 

1.22 
 

60.16 37.28 
  

98.66 ʛʝʩʩʠʪ 

ʉ-312-3,8 14-5 2.05 4.64 16.0

3 

 
75.3 

  
98.02 ʤʝʣʦʥʠʪ 
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ʉ-312-3,8 15-3 3.3 5 15.3

3 

 
74.78 

  
98.4 ʤʝʣʦʥʠʪ 

ʉ-312-3,8 16-2 2.79 5.16 16.6

4 

 
75.66 

  
100.24 ʤʝʣʦʥʠʪ 

ʉ-312-3,8 30-4 
 

2.32 
  

47.78 
 

48.48 98.58 ʪʝʣʣʫʨʦ-

ʚʠʩʤʫʪʠʪ 

 

ʊʝʣʣʫʨʠʜʳ ʚ ʨʫʜʘʭ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ, ʚʳʷʚʣʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ ʥʘ ʫʯʘʩʪʢʝ ɾʝʨʣʦʚʳʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʝʩʩʠʪʦʤ ʠ Te-ʢʘʥʬʠʣʴʜʠʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʠʩʦʢ ʪʝʣʣʫʨʠʜʦʚ ʧʦʧʦʣʥʠʣʩʷ ʝʱʝ 

ʧʷʪʴʶ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ ï ʢʨʝʥʥʝʨʠʪʦʤ, ʩʠʣʴʚʘʥʠʪʦʤ, ʧʝʪʮʠʪʦʤ, ʤʝʣʦʥʠʪʦʤ ʠ 

ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʦʤ. ʈʘʟʚʠʪʠʝ ʪʝʣʣʫʨʠʜʦʚ ʠ ʠʭ ʫʩʪʦʡʯʠʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ 

ʦʪʤʝʯʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ.  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ (ɹʫʜʫʥʦʚ ʠ ʜʨ., 2013ʬ): ʘ ï ʚʢʣʶʯʝʥʠʝ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au) ʚ ʦʢʠʩʣʝʥʥʦʤ ʧʠʨʠʪʝ (Ght) ʚ ʤʫʩʢʦʚʠʪ-ʙʘʨʠʪ-ʧʠʨʠʪ-ʬʣʶʦʨʠʪ-ʢʚʘʨʮʝʚʦʤ 

ʤʝʪʘʩʦʤʘʪʠʪʝ. ʋʚʝʣ. 1140ʭ. ʄʇʂ-112-116ʤ. ʋʯʘʩʪʦʢ ɾʝʨʣʦʚʳʡ; ʙ ï ʩʨʦʩʪʦʢ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au) ʩ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ (Ccp) ʚʦ ʬʣʶʦʨʠʪ (Fl)-ʢʚʘʨʮʝʚʦʤ(Q) ʤʘʪʝʨʠʘʣʝ. ʋʚʝʣʠʯʝʥʠʝ 300ʭ. ʉ-11-26.3. ʋʯʘʩʪʦʢ 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ 

 

ʇʦ ʤʥʝʥʠʶ ɽ.ʇ. ʉʦʢʦʣʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [2] ʦʨʫʜʝʥʝʥʠʝ ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʧʦ ʩʪʨʫʢʪʫʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʚ ʨʫʜʘʭ, ʢʘʣʠʰʧʘʪʠʟʘʮʠʷ, 

ʥʘʣʠʯʠʝ ʧʦʣʦʛʦʟʘʣʝʛʘʶʱʠʭ ʟʦʥ) ʥʘʭʦʜʠʪ ʩʭʦʜʩʪʚʦ ʩ ʙʦʣʴʰʝʦʙʲʸʤʥʳʤʠ ʨʫʜʘʤʠ ɺʝʨʭʥʝ-

ʊʦʢʢʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ʊʘʙʦʨʥʦʝ, ɻʨʦʩʩ ʠ ʜʨ.) ʫʛʫʡʩʢʦʛʦ ʪʠʧʘ ʩ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʤʝʪʘʣʣʘ. ʇʦ ʜʘʥʥʳʤ ʖ.ɸ. ɿʫʙʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [3] ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʨʦʩʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʝʷʥʥʦʡ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʧʦʨʦʜʳ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʛʝʪʠʪʘ, ʛʠʜʨʦʛʝʪʠʪʘ, ʷʨʦʟʠʪʘ ï ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʧʠʨʠʪʫ. ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʥʝʦʢʠʩʣʝʥʥʳʝ ʟʸʨʥʘ ʧʠʨʠʪʘ ʠ ʦʯʝʥʴ ʨʝʜʢʦ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʛʘʣʝʥʠʪʘ, ʧʠʨʨʦʪʠʥʘ, 

ʤʘʨʢʘʟʠʪʘ, ʭʘʣʴʢʦʟʠʥʘ, ʙʦʨʥʠʪʘ, ʘʢʘʥʪʠʪʘ, ʪʝʣʣʫʨʠʜʦʚ ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʈʘʟʤʝʨ ʟʸʨʝʥ ʟʦʣʦʪʘ 

ʚ ʩʨʝʜʥʝʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʤʢʤ, ʧʨʦʙʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 826 895ă.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʤʠʥʝʨʘʣʦʛʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ. 

ʅʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʫʡʩʢʦʛʦ ʪʠʧʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʘ ʟʦʣʦʪʦ-

ʪʝʣʣʫʨʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (ʢʘʥʬʠʣʴʜʠʪʘ, ʛʝʩʩʠʪʘ ʠ ʧʝʪʮʠʪʘ). ʅʦ ʚʩʝ ʞʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ 

ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʤʳʰʴʷʢʘ, ʩʫʨʴʤʳ, ʪʘʣʣʠʷ, 

ʩʝʨʝʙʨʘ, ʚʠʩʤʫʪʘ, ʦʣʦʚʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʚʘʥʘʜʠʷ, ʯʪʦ ʷʚʠʣʦʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʥʦʡ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʬʘʟʦʚʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʥʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɸɹʄ ʉʆ ʈɸʅ  

(ˉ FUFG-2024-0006). 



91 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʥʜʨʘʪʴʝʚʘ ʃ.ɸ., ɸʥʠʩʠʤʦʚʘ ɻ.ʉ., ʂʘʨʜʘʰʝʚʩʢʘʷ ɺ.ʅ. ʆ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʥʦʩʥʦʛʦ 

ʄʫʨʫʥʩʢʦʛʦ ʫʟʣʘ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ) // ʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ɸʨʢʪʠʢʠ ʠ ʉʫʙʘʨʢʪʠʢʠ. ï 2024. ï ʊ. 29. ï ̄ 3. ï 

ʉ. 345-361.  

2. ʉʦʢʦʣʦʚ ɽ.ʇ., ʄʘʢʦʛʦʥʦʚ ʀ.ɺ., ɹʘʙʢʠʥʘ ʊ.ɻ., ɹʦʥʜʘʨʝʥʢʦ ʅ.ɺ. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʦʡ 

ʤʦʜʝʣʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʄʫʨʫʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ // ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʗʢʫʪʠʠ. ï 2023. ï ʊ. 19. ï 

ˉ 1. ï ʉ. 45-60. 

3. ɿʫʙʢʦʚ ʖ.ɸ., ʉʘʛʠʨ ɸ.ɺ., ʏʚʘʨʦʚʘ ʅ.ɺ. çʋʛʫʡʩʢʠʡè ʪʠʧ ʙʦʣʴʰʝʦʙʲʸʤʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʣʠʥʝʡʥʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʶʛʦ-ʟʘʧʘʜʥʘʷ ʗʢʫʪʠʷ) // ʆʪʝʯʝʩʪʚʝʥʥʘʷ 

ʛʝʦʣʦʛʠʷ. ï 2020. ï ̄2. ï ʉ. 32-45. 



92 

 

DOI: 10.52994/9785751339364-2025-92-96 

ʋɼʂ 553.411.07 

 

ɻɽʆɼʀʅɸʄʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʂʈʋʇʅʆʊʆʅʅɸɾʅʆɻʆ 

ʆʈʆɻɽʅʅʆɻʆ ɿʆʃʆʊʆɻʆ ʆʈʋɼɽʅɽʅʀʗ ɸʃʃɸʍ-ʖʅʔʉʂʆʁ ʀ ʗʅʆ-ʂʆʃʓʄʉʂʆʁ 

ʄɽʊɸʃʃʆɻɽʅʀʏɽʉʂʀʍ ɿʆʅ (ɺʆʉʊʆʏʅɸʗ ʗʂʋʊʀʗ) 

ʃʝʦʥʠʜ ʂʫʥʛʫʨʮʝʚ1, ɽʣʝʥʘ ɻʦʰʢʦ2, ʄʠʭʘʠʣ ɹʫʩʣʦʚ1 
1 ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅè 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
2 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʦʨʦʛʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʠ ʗʥʦ-ʂʦʣʳʤʩʢʦʡ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʤ ʟʦʥʘʤ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ. ɺ ʟʦʥʘʭ ʨʘʟʚʠʪʳ ʤʦʱʥʳʝ 

ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ ʩ ʥʘʜʢʣʘʨʢʦʚʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ. ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʦʙʩʪʘʥʦʚʢʠ ʧʦʜ ʟʦʥʘʤʠ ʦʙʝʩʧʝʯʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʫʙʠʥʥʳʭ ʥʠʞʥʝʢʦʨʦʚʳʭ ʠ 

ʧʦʜʢʦʨʦʚʳʭ ʤʘʛʤʦ-ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ. ʇʦʜ ʖʞʥʳʤ 

ɺʝʨʭʦʷʥʴʝʤ ʵʪʦ ʘʢʪʠʚʥʳʝ ʢʦʣʣʠʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʛʨʫʞʝʥʥʦʡ ʛʨʘʥʠʮʝ 

ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʦʛʦ ʧʦʷʩʘ. ɺ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʦʤ ʨʝʛʠʦʥʝ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʠʟ 

ʢʦʤʧʣʝʢʩʦʚ ʆʡʤʷʢʦʥʩʢʦʛʦ ʧʘʣʝʦʦʢʝʘʥʘ ʥʘ ʦʢʨʘʠʥʝ ʂʦʣʳʤʦ-ʆʤʦʣʦʥʩʢʦʛʦ 

ʩʫʧʝʨʪʝʨʨʝʡʥʘ. ʆʙʝ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ ʩ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʩʞʘʪʠʷ ʩʦ ʩʜʚʠʛʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʢʣʠʚʘʞʠʨʦʚʘʥʠʝ ʯʝʨʥʦʩʣʘʥʮʝʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʪʨʘʥʟʠʪ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦ-ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ ʠʟ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 
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Abstract. Conditions for the formation of large-tonnage orogenic gold deposits in relation 

to the Allah-Yun' and Yano-Kolyma metallogenic zones of Eastern Yakutia are considered. 

ɽhick black shale strata with above-abundance ratio gold contents are common in the 

zones. Geodynamic conditions under zones provided the formation of deep lower crust and 

subcrust magma-fluid ore-forming systems. Under the South Verkhoyansk region, these are 

active collision processes on the submerged boundary of the basement of the Siberian 

Platform and the Verkhoyansk fold-thrust belt. There is a formation of an accretion prism 

from the Oymyakon Paleocean complexes on the margin of the Kolyma-Omolon 

superterrane in the Central Kolyma region. Both zones are located within tectonic zones 

with shear compression stresses, which led to clivaging of black shale complexes, as well 

as the transit of deep fluid, ore, magmatic, and thermal flows from the lower horizons of 

the crust and mantle to the surface.  

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʥʝʦʙʭʦʜʠʤʳ ʪʨʠ 

ʠʟʚʝʩʪʥʳʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷ: 
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1) ʥʘʣʠʯʠʝ ʨʫʜʦʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ (ʤʦʱʥʳʝ ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ); 

2) ʛʣʫʙʠʥʥʳʝ ʩʜʚʠʛʦʚʳʝ ʟʦʥʳ ʚ ʨʝʞʠʤʝ ʪʨʘʥʩʧʨʝʩʩʠʠ (ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʩʜʚʠʛʠ), 

ʜʝʬʦʨʤʘʮʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʷʪ ʢ ʜʨʦʙʣʝʥʠʶ (ʢʣʠʚʘʞʠʨʦʚʘʥʠʶ) ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʢʦʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʚʦʟʴʢʦʨʦʚʳʭ ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʘʥʟʠʪ ʪʝʧʣʘ ʠ ʬʣʶʠʜʦʚ ʠʟ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʦʨʳ ʠ ʤʘʥʪʠʠ; 

3) ʘʢʪʠʚʠʟʘʮʠʷ ʥʠʞʥʝʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʧʦʜ ʵʪʠʤʠ ʩʜʚʠʛʦʚʳʤʠ ʟʦʥʘʤʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʠ 

ʬʣʶʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʨʫʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʙʠʣʠʟʫʶʪ ʟʦʣʦʪʦ ʠʟ 

ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʕʪʠʤ ʪʨʸʤ ʫʩʣʦʚʠʷʤ ʦʪʚʝʯʘʶʪ ɸʣʣʘʭ-ʖʥʴʩʢʘʷ ʠ ʗʥʦ-ʂʦʣʳʤʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ 

ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ. ɺ ʠʭ ʧʨʝʜʝʣʘʭ ʨʘʟʚʠʪʳ ʤʦʱʥʳʝ ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ. ʇʦ ʛʣʫʙʠʥʥʳʤ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʩʜʚʠʛʦʚʳʤ ʟʦʥʘʤ ʦʥʠ ʠʩʧʳʪʘʣʠ ʠʥʪʝʥʩʠʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, 

ʢʣʠʚʘʞʠʨʦʚʘʥʠʝ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʛʣʫʙʠʥʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʠʚʝʜʰʠʭ ʢ ʟʦʥʘʣʴʥʦʤʫ 

ʤʝʪʘʤʦʨʬʠʟʤʫ ʠ ʚʥʝʜʨʝʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʪʨʫʟʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʜ ʖʞʥʳʤ 

ɺʝʨʭʦʷʥʴʝʤ ʧʨʦʭʦʜʠʪ ʧʦʛʨʫʞʝʥʥʘʷ ʛʨʘʥʠʮʘ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʥʘ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʣʠ ʘʢʪʠʚʥʳʝ ʢʦʣʣʠʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ, ʧʨʠʚʝʜʰʠʝ ʢ ʘʢʪʠʚʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʥʠʞʥʝʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ. ʗʥʦ-ʂʦʣʳʤʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʦʤʧʣʝʢʩʘʤʠ ʆʡʤʷʢʦʥʩʢʦʛʦ ʧʘʣʝʦʦʢʝʘʥʘ ʚ 

ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʋʷʥʜʠʥʦ-ʗʩʘʯʥʝʥʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʩʚʷʟʴ ʩ 

ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʝʡ. ɺ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʚ ʦʙʣʘʩʪʠ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʘʥʦʤʘʣʴʥʳʭ ʈ/ʊ 

ʫʩʣʦʚʠʡ ʥʘʭʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʢʘʢ ʠʩʪʦʯʥʠʢ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

 

ɸʨʛʫʤʝʥʪʳ ʧʦ ʧʝʨʚʦʤʫ ʫʩʣʦʚʠʶ 

ʉʚʦʝʦʙʨʘʟʥʳʡ ʵʪʘʧ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʢ ʟʦʣʦʪʦʤʫ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʠʭ 

ʤʝʟʦʟʦʠʜʘʭ, ʚʳʨʘʞʝʥʥʳʡ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ ʠ ʪʝʧʣʘ, ʫʩʠʣʠʚʘʶʱʠʭ ʢʘʢ ʤʦʙʠʣʠʟʘʮʠʦʥʥʫʶ, ʪʘʢ 

ʠ ʪʨʘʥʩʧʦʨʪʥʫʶ ʬʫʥʢʮʠʠ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ, ʚʳʜʝʣʷʝʪ ɺ.ɻ. ʐʘʭʪʳʨʦʚ [1]. ʃʦʢʘʣʠʟʘʮʠʷ ʪʘʢʠʭ 

ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʝʜʝʥʘ ʌ.ʌ. ʊʨʝʪʴʷʢʦʚʳʤ [2], ʢʦʪʦʨʳʡ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʶʛʝ 

ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʟʦʟʦʠʜ (ɺʂʉʄ) ʚʳʜʝʣʠʣ ʪʨʠ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʢʣʠʚʘʞʠʨʦʚʘʥʥʳʭ 

ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ: ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʫʶ, ʅʠʪʢʘʥ-ʊʦʙʳʯʘʥʩʢʫʶ ʠ ɸʷʥ-ʖʨʷʭʩʢʫʶ. ɺ ʖʞʥʦ-

ɺʝʨʭʦʷʥʩʢʦʡ ʟʦʥʝ ʨʘʟʚʠʪʘ ʤʦʱʥʘʷ (ʦʢʦʣʦ 6000 ʤ) ʧʨʦʢʩʠʤʘʣʴʥʘʷ ʪʫʨʙʠʜʠʪʦʚʘʷ ʪʦʣʱʘ, 

ʩʣʘʛʘʶʱʘʷ ʥʠʞʥʶʶ ʚʝʨʭʥʝʢʘʨʙʦʥ-ʥʠʞʥʝʧʝʨʤʩʢʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʚʝʨʭʦʷʥʩʢʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʆʥʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦʣʦʩʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 350 ʢʤ ʠ ʰʠʨʠʥʦʡ ʦʪ 20 ʜʦ 80 ʢʤ ʚʜʦʣʴ 

ʟʘʧʘʜʥʦʛʦ ʢʨʳʣʘ ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ. ʏʝʨʥʦʩʣʘʥʮʝʚʳʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʦʣʱ ʠ ʧʘʯʝʢ ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʦʥʠʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʤʠ 

ʩʧʣʦʰʥʦʛʦ ʢʣʠʚʘʞʘ. ʅʠʪʢʘʥ-ʊʦʙʳʯʘʥʩʢʘʷ ʠ ɸʷʥ-ʖʨʷʭʩʢʘʷ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ. ɺ ɸʷʥ-ʖʨʷʭʩʢʦʤ ʘʥʪʠʢʣʠʥʦʨʠʠ ʤʦʱʥʦʩʪʴ ʧʝʨʤʩʢʦ-

ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ ʩʦʩʪʘʚʣʷʝʪ 3150-3450 ʤ. ɺ ʅʠʪʢʘʥ-ʊʦʙʳʯʘʥʩʢʦʡ ʟʦʥʝ 

ʤʦʱʥʦʩʪʴ ʥʦʨʠʡʩʢʠʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 2500-3000 ʤ. ʂʣʠʚʘʞʠʨʦʚʘʥʥʳʝ 

ʨʘʟʨʝʟʳ ʵʪʠʭ ʟʦʥ ʚʩʢʨʳʚʘʶʪʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʧʦʣʦʩʦʡ ʰʠʨʠʥʦʡ 30-40 ʢʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 300 ʢʤ 

ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ [2]. 

ʂʣʠʚʘʞ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʟʸʨʝʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ 

ʨʘʩʪʚʦʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʦʵʪʦʤʫ, ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʩʧʣʦʰʥʦʤ ʢʣʠʚʘʞʝ, ʛʣʠʥʠʩʪʳʝ 

ʪʦʣʱʠ ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʜʦʣʴʥʦʛʦ ʫʢʦʨʦʯʝʥʠʷ ʩ ʤʠʛʨʘʮʠʝʡ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʜʦʣʴ ʢʣʠʚʘʞʥʳʭ ʟʦʥ. ʆʙʲʸʤ ʧʝʨʝʦʪʣʦʞʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 20% ʦʪ ʦʙʲʸʤʘ ʢʣʠʚʘʞʠʨʦʚʘʥʥʳʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ [2]. 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɻ.ɽ. ʅʝʢʨʘʩʦʚʘ [3], ʨʘʟʛʨʫʟʢʘ ʧʦʜʚʦʜʥʳʭ ʛʠʜʨʦʪʝʨʤ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʯʝʨʥʦʩʣʘʥʮʝʚʦʛʦ ʩʪʨʘʪʦʫʨʦʚʥʷ, ʘ ʚ ʫʟʣʘʭ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʦʧʨʝʜʝʣʷʚʰʠʭ ʛʨʘʥʠʮʳ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʝʦʙʘʩʩʝʡʥʦʚ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʰʝʡ ʤʦʜʝʣʴʶ ʩʪʨʦʝʥʠʷ ʦʢʨʘʠʥʳ 

ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 1), ʛʜʝ ʧʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚʳʜʝʣʝʥʦ ʗʢʫʪʩʢʦʝ ʧʦʜʥʷʪʠʝ ʬʫʥʜʘʤʝʥʪʘ 
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ʧʣʘʪʬʦʨʤʳ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʝʛʦ ʩʫʙʰʠʨʦʪʥʳʝ ʨʘʟʣʦʤʳ, ʧʨʦʩʣʝʞʠʚʘʶʱʠʝʩʷ ʜʦ ʚʦʩʪʦʯʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʬʫʥʜʘʤʝʥʪʘ. ʕʪʠ ʨʘʟʣʦʤʳ ʚʳʭʦʜʷʪ ʥʘ ʧʦʛʨʫʞʝʥʥʫʶ ʛʨʘʥʠʮʫ ʧʣʘʪʬʦʨʤʳ 

ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ: ʅʝʞʜʘʥʠʥʩʢʦʛʦ ʠ 

ɿʘʜʝʨʞʥʠʥʩʢʦʛʦ. ʊʦ ʝʩʪʴ, ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʣʦʤʳ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤʳ ʠʛʨʘʣʠ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʝʱʸ ʥʘ ʵʪʘʧʝ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ, ʣʦʢʘʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʷ ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʦʣʦʪʘ ʚ ʤʝʩʪʘʭ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʠʬʪʦʛʝʥʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠ. 

 

ɸʨʛʫʤʝʥʳ ʧʦ ʚʪʦʨʦʤʫ ʫʩʣʦʚʠʶ 

ʄʦʱʥʳʝ ʛʣʫʙʠʥʥʳʝ ʩʜʚʠʛʦʚʳʝ ʟʦʥʳ ʚ ʨʝʞʠʤʝ ʪʨʘʥʩʧʨʝʩʩʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʝʨʠʠ 

ʩʙʣʠʞʝʥʥʳʭ ʨʘʟʣʦʤʦʚ (ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʩʜʚʠʛʦʚ) ʚ ʖʞʥʦʤ ɺʝʨʭʦʷʥʴʝ ʠ ʧʦ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ 

ʂʦʣʳʤʦ-ʆʤʦʣʦʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ (ʂʆʉ), ʚʳʜʝʣʝʥʳ ʝʱʸ ɻ.ʉ. ɻʫʩʝʚʳʤ [4]. ɼʣʷ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʦʢʨʘʠʥʳ ʂʆʉ ʛʝʦʜʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʡ ʧʦ ʵʪʠʤ ʩʜʚʠʛʦʚʳʤ ʟʦʥʘʤ ʚ ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ ʫʚʷʟʳʚʘʝʪʩʷ ʩ 

ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʚʦʜʢʘ ʧʦ ʢʦʪʦʨʳʤ ʧʨʠʚʝʜʝʥʘ ʖ.ʉ. ʉʘʚʯʫʢʦʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [5]. ʉʦ ʩʨʝʜʥʝʡ ʶʨʳ ʜʦ ʢʦʥʮʘ ʤʝʣʘ ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʧʷʪʴ ʢʦʣʣʠʟʠʦʥʥʳʭ ʩʦʙʳʪʠʡ ʩ 

ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʩʪʨʝʩʩʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʪʤʝʯʘʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʣʠʯʠʝ ʩʜʚʠʛʦʚʦʡ 

ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʠʤʠ ʩ ʢʦʩʦʡ ʢʦʣʣʠʟʠʝʡ, ʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʚʟʙʨʦʩʦʚʳʡ ʭʘʨʘʢʪʝʨ ʥʘʨʫʰʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʢʦʣʣʠʟʠʦʥʥʦ-ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʳʡ ʨʝʞʠʤ. ɺ ʖʞʥʦʤ 

ɺʝʨʭʦʷʥʴʝ ʚʳʜʝʣʷʝʪʩʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʜʝʬʦʨʤʘʮʠʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʩʜʚʠʛʦʚʳʭ ʟʦʥ [6]. ʆʥʠ ʪʘʢʞʝ ʫʚʷʟʳʚʘʶʪʩʷ ʩ ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ɺʂʉʄ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʶʛʘ ɺʂʉʄ. 

1 ï ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ (ʚʢʣʶʯʘʷ ʗʢʫʪʩʢʦʝ 

ʧʦʜʥʷʪʠʝ ʬʫʥʜʘʤʝʥʪʘ ï ʗʇ); 2-3 ʩʪʨʫʢʪʫʨʳ 

ɺʂʉʄ: 2 ï ɿʘʧʘʜʥʦ-ɺʝʨʭʦʷʥʩʢʘʷ ʟʦʥʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʧʫʱʝʥʥʦʡ ʦʢʨʘʠʥʝ 

ʧʣʘʪʬʦʨʤʳ, 3 ï ʎʝʥʪʨʘʣʴʥʦ-ɺʝʨʭʦʷʥʩʢʘʷ ʟʦʥʘ ï 

ʬʨʘʛʤʝʥʪ ʆʡʤʷʢʦʥʩʢʦʛʦ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ; 4-5 ï ʩʪʨʫʢʪʫʨʳ ʂʆʉ, ʚʢʣʶʯʘʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʘʤʠ ʆʡʤʷʢʦʥʩʢʦʛʦ 

ʧʘʣʝʦʦʢʝʘʥʘ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʋʷʥʜʠʥʦ-

ʗʩʘʯʥʝʥʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ: 4 ï ʟʦʥʘ 

ʂʦʣʳʤʩʢʦʡ ʧʝʪʣʠ, 5 ï ʅʝʣʴʢʘʥʦ-ɹʘʣʳʛʳʯʘʥʩʢʘʷ 

ʟʦʥʘ; 6 ï ʆʭʦʪʩʢʠʡ ʢʨʘʪʦʥʥʳʡ ʪʝʨʨʝʡʥ, 7 ï 

ʧʦʛʨʫʞʝʥʥʘʷ ʦʢʨʘʠʥʘ ʆʭʦʪʩʢʦʛʦ ʪʝʨʨʝʡʥʘ; 8 ï 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʩʪʨʫʢʪʫʨ, ʚ ʪ. ʯ. ʩ 

ʥʘʜʚʠʛʦʚʦʡ (ʘ), ʩʙʨʦʩʦʚʦʡ (ʙ) ʠ ʩʜʚʠʛʦʚʦʡ (ʚ) 

ʢʠʥʝʤʘʪʠʢʦʡ; 9 ï ʣʠʥʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʬʠʣʝʡ 2-ɼɺ, 3-ɼɺ ʠ ʂʈɸʊʆʅ ʩ ʧʠʢʝʪʘʤʠ; 10 

ï ʛʨʘʥʠʮʘ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ; 11 ï ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʂʆʉ ʠ ʧʣʘʪʬʦʨʤʳ (ʘ), 

ʩʦ ʩʪʦʨʦʥʳ ʆʭʦʪʩʢʦʛʦ ʪʝʨʨʝʡʥʘ (ʙ); 12 ï 

ʦʨʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ 

 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮ ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʦʡ ʦʢʨʘʠʥʳ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʦʪʠʚʦʩʪʦʷʱʝʡ 

ʝʡ ʦʢʨʘʠʥʳ ʂʆʉ ʦʙʨʘʟʫʝʪ ʚ ʧʣʘʥʝ ʢʣʠʥ, ʦʙʨʘʱʸʥʥʳʡ ʨʘʩʰʠʨʝʥʠʝʤ ʥʘ ʶʛ. ʇʦ çʪʝʢʪʦʥʠʢʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʬʦʨʤʠʨʦʚʘʣʩʷ ʦʨʦʢʣʠʥ, ʧʨʦʠʩʭʦʜʠʣ 

ʧʝʨʝʪʦʢ ʧʦʨʦʜ ʥʘ ʶʛ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʦʤ ʨʝʞʠʤʝ ʧʦ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʘʤ ʨʘʟʣʦʤʦʚ (ʨʠʩ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʣʠʟʠʦʥʥʳʝ ʩʦʙʳʪʠʷ 

ʚʥʫʪʨʠ ɺʂʉʄ (ʚ ʖʞʥʦʤ ɺʝʨʭʦʷʥʴʝ ʠ ʧʦ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ʂʦʣʳʤʦ-ʆʤʦʣʦʥʩʢʦʛʦ 

ʩʫʧʝʨʪʝʨʨʝʡʥʘ) ʚ ʪʝʯʝʥʠʝ ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ ʧʨʠʚʦʜʠʣʠ ʢ ʤʥʦʛʦʢʨʘʪʥʦʡ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʢʦʤʧʨʝʩʩʠʦʥʥʦʤ ʨʝʞʠʤʝ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʣʦ ʢʘʢ ʢʣʠʚʘʞʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʢʦʨʳ, ʪʘʢ ʠ 



95 

 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʚʦʟʴʢʦʨʦʚʳʭ (ʚʠʭʨʝʚʳʭ, ʧʫʣʣ-ʘʧʘʨʪ) ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʘʥʟʠʪ ʪʝʧʣʘ ʠ ʬʣʶʠʜʦʚ ʠʟ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʚ ʵʪʠ 

ʢʣʠʚʘʞʠʨʦʚʘʥʥʳʝ ʪʦʣʱʠ. 

 

ɸʨʛʫʤʝʥʪʳ ʧʦ ʪʨʝʪʴʝʤʫ ʫʩʣʦʚʠʶ 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʬʣʶʠʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʙʠʣʠʟʫʶʪ ʟʦʣʦʪʦ ʠʟ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸ.ʌ. ʂʦʨʦʙʝʡʥʠʢʦʚ [7] ʦʙʦʩʥʦʚʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʫʧʥʳʭ ʠ ʛʠʛʘʥʪʩʢʠʭ ʧʦ ʟʘʧʘʩʘʤ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ (ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʟʦʣʦʪʦʧʣʘʪʠʥʦʚʳʭ ʦʙʲʝʢʪʦʚ) ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʣʫʙʠʥʥʳʭ ʧʦʜʢʦʨʦʚʳʭ ʤʘʛʤʦ-

ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʤʝʪʘʩʦʤʘʪʦʟʘ ʥʘ 

ʧʣʦʱʘʜʷʭ ʩ ʘʥʦʤʘʣʴʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ʛʣʫʙʠʥʥʳʭ ʯʘʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ. ʀʤ 

ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʚʥʫʪʨʠʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʠʟʤ ʧʨʠʚʦʜʠʣ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʚʳʥʦʩʫ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʛʣʫʙʠʥʥʳʭ ʜʫʥʠʪʦʚ, ʧʝʨʠʜʦʪʠʪʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʙʲʝʤʥʦʡ 

ʘʤʬʠʙʦʣʠʪʠʟʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘʛʨʝʪʳʭ ʬʣʶʠʜʦʚ. ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʢʨʫʧʥʳʝ ʠ ʛʠʛʘʥʪʩʢʠʝ 

ʵʥʜʦʛʝʥʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʦʣʷ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʧʣʦʱʘʜʷʭ ʘʢʪʠʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʠʟʤʘ. 

ʊʘʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʧʨʦʷʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʠʟʤʘ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ ʧʨʦʬʠʣʶ 3-ɼɺ, ʧʝʨʝʩʝʢʘʶʱʝʤʫ ʶʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ɺʂʉʄ 

(ʨʠʩ. 1, 2). ɼʣʷ ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʦʡ ʦʢʨʘʠʥʳ ʧʣʘʪʬʦʨʤʳ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʜʘʤʝʥʪʘ ʩ 

ʥʠʞʥʝʡ ʢʦʨʦʡ ɺʉʅʇ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [8], ʷʨʢʦ ʧʨʦʷʚʣʝʥʘ ʦʙʣʘʩʪʴ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʣʫʧʨʦʟʨʘʯʥʦʩʪʠ ʨʦʤʙʦʚʠʜʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 2, ʇʂ 1730-1780 ʢʤ). ʆʪ ʥʝʸ ʚ ʚʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʢʦʨʳ ʧʦʜʥʠʤʘʝʪʩʷ ʢʦʣʦʥʥʘ, ʠʤʝʶʱʘʷ ʣʝʧʝʩʪʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦ ʤʥʝʥʠʶ ɸ.ʄ. 

ʂʫʟʠʥʘ [9] ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʷ ʬʣʶʠʜʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ, ʨʘʟʥʦʨʦʜʥʳʭ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʟʦʥ ʬʣʶʠʜʥʳʭ ʧʦʪʦʢʦʚ. 

 
ʈʠʩʫʥʦʢ 2 ï ʆʪʨʘʞʝʥʠʝ ʬʣʶʠʜʥʦ-ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʚʳʜʝʣʝʥʳ ʞʸʣʪʳʤ ʮʚʝʪʦʤ) ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʧʦ ʧʨʦʬʠʣʶ 3-ɼɺ ʚ ʖʞʥʦʤ ɺʝʨʭʦʷʥʴʝ ʠ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʦʤ ʨʝʛʠʦʥʝ. ʄʝʩʪʦ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʬʠʣʷ ʠ ʥʦʤʝʨʘ ʧʠʢʝʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. ʂʦʥʪʫʨʳ ʩʪʨʫʢʪʫʨ, ʛʨʘʥʠʮʳ ʄ, ʨʘʟʣʦʤʦʚ ʠ 

ʟʦʥʳ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚ ʧʦʜʢʦʨʦʚʦʤ ʩʣʦʝ (ʦʢʦʥʪʫʨʝʥʘ ʨʦʟʦʚʳʤ ʧʫʥʢʪʠʨʦʤ) ʚʳʜʝʣʝʥʳ ʧʦ [8]. 

 

ɼʣʷ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ 

ʖ.ʉ. ʉʘʚʯʫʢʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [10] ʚʳʜʝʣʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ: 

ʰʘʨʴʷʞʥʦ-ʥʘʜʚʠʛʦʚʳʡ ʠ ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʳʡ, ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ ʠʣʠ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ. ʇʦ ʥʘʰʠʤ ʧʦʩʪʨʦʝʥʠʷʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ʢʘʢ ʨʘʟ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʋʷʥʜʠʥʦ-ʗʩʘʯʥʝʥʩʢʦʡ ʧʘʣʝʦʦʩʪʨʦʚʥʦʡ ʜʫʛʠ. ʊʘʢʘʷ ʧʦʟʠʮʠʷ ʫʚʷʟʳʚʘʝʪʩʷ ʠ 

ʩʦ ʩʛʨʫʞʠʚʘʥʠʝʤ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ ʚ ʘʢʢʨʝʮʠʦʥʥʦʤ ʢʣʠʥʝ, ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʠ ʚʳʥʦʩʦʤ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ 

ʬʣʶʠʜʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʨʘʟʣʦʤʥʳʤ ʟʦʥʘʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʘʢʢʨʝʮʠʦʥʥʳʡ ʢʣʠʥ. ʉʜʚʠʛʦʚʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʦʤ ʨʝʞʠʤʝ ʚʜʦʣʴ ʦʢʨʘʠʥʳ ʂʆʉ ʧʨʠʚʝʣʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʣʦʢʘʣʴʥʳʭ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʭʦʨʦʰʦ ʬʠʢʩʠʨʫʝʤʳʭ ʟʦʥʘʤʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʩʪʠ 

ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʚ ʠʥʪʝʨʚʘʣʝ ʇʂ 2040-2560 ʢʤ. ʕʪʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ʟʦʥʳ 

ʦʪʨʘʞʘʶʪ ʧʦʪʦʢʠ ʬʣʶʠʜʦʚ ʩ ʫʨʦʚʥʷ ʥʘʢʣʦʥʥʳʭ ʨʘʟʣʦʤʦʚ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʥʳʭ ʧʦʣʝʡ. ɺ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʦʤ ʨʝʛʠʦʥʝ ʧʨʦʷʚʣʝʥʘ ʪʘʢʞʝ ʠ 
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ʤʘʥʪʠʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪʩʷ ʧʨʦʪʷʞʸʥʥʦʡ ʟʦʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ (ʧʨʦʟʨʘʯʥʦʩʪʠ), ʬʠʢʩʠʨʫʝʤʦʡ ʥʘ ʯʘʩʪʦʪʥʦʤ ʨʘʟʨʝʟʝ ʧʨʦʬʠʣʷ 3-ɼɺ 

(ʨʠʩ. 2) [8]. ɼʘʥʥʘʷ ʟʦʥʘ ʦʪʨʘʞʘʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʘʥʦʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ ʚ 

ʧʦʜʢʦʨʦʚʦʤ ʩʣʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʛʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ 

ʊʨʠ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʠ ʗʥʦ-ʂʦʣʳʤʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ ɺʦʩʪʦʯʥʦʡ 

ʗʢʫʪʠʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʢʨʳʪʳʤʠ ʚ ʥʠʭ ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʪʘʢʦʛʦ ʢʣʘʩʩʘ: 

ʅʝʞʜʘʥʠʥʩʢʠʤ ʠ ʅʘʪʘʣʢʠʥʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ 

ʩʦʯʝʪʘʥʠʝ ʚʩʝʭ ʪʨʸʭ ʫʩʣʦʚʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʪʜʝʣʴʥʦ ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʶ, ʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʤʘʩʰʪʘʙʝ. ʊʘʢ ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʚ ɿʘʧʘʜʥʦ-ɺʝʨʭʦʷʥʩʢʦʡ ʟʦʥʝ ʥʘʜ ʧʦʛʨʫʞʝʥʥʦʡ ʦʢʨʘʠʥʦʡ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤʳ, ʥʦ 

ʟʥʘʯʠʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʪʘʤ ʥʝʪ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʧʨʦʜʦʣʞʝʥʠʷ ʗʥʦ-ʂʦʣʳʤʩʢʦʡ ʟʦʥʳ, ʛʜʝ ʥʝʪ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʭʦʪʷ ʅʠʪʢʘʥ-ʊʦʙʳʯʘʥʩʢʘʷ 

ʯʝʨʥʦʩʣʘʥʮʝʚʘʷ ʟʦʥʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʳ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ 

ʦʢʨʘʠʥʳ ʂʦʣʳʤʦ-ʆʤʦʣʦʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ. ʅʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʙʣʠʞʘʶʱʠʭʩʷ ʧʨʠ ʢʦʣʣʠʟʠʠ 

ʦʢʨʘʠʥ ʧʣʘʪʬʦʨʤʳ ʠ ʩʫʧʝʨʪʝʨʨʝʡʥʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ɺʂʉʄ (ʩʝʚʝʨʦ-ʟʘʧʘʜ ʎʝʥʪʨʘʣʴʥʦ-ɺʝʨʭʦʷʥʩʢʦʡ 

ʟʦʥʳ ʥʘ ʨʠʩ. 1) ʥʝ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʡ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʩʞʘʪʠʷ. ʅʘʧʨʦʪʠʚ, ʚ ʦʙʣʘʩʪʠ ʠʭ ʩʙʣʠʞʝʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʛʨʘʥʠʪʦʠʜʥʳʝ ʧʦʷʩʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʙʩʪʘʥʦʚʢʝ ʨʘʩʪʷʞʝʥʠʷ. 

 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɺ.ʉ. ɻʨʠʥʝʥʢʦ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʠʩʢʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʊʀʇʆʍʀʄʀɿʄ ʉɸʄʆʈʆɼʅʆɻʆ ɿʆʃʆʊɸ ʐɸʄɸʅʀʍʆ-ʉʊʆʃɹʆɺʉʂʆɻʆ ʈʋɼʅʆʛʦ 

ʈɸʁʆʅɸ (ʄɸɻɸɼɸʅʉʂɸʗ ʆɹʃɸʉʊʔ) 

ʀʚʘʥ ʃʠʪʚʠʥʝʥʢʦ  

ʌɻɹʋʅ çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ.ɸ. ʐʠʣʦè 

ɼɺʆ ʈɸʅ, ʈʦʩʩʠʷ, ʛ. ʄʘʛʘʜʘʥ 

 

Aʥʥʦʪʘʮʠʷ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʘ ʦʙʨʘʙʦʪʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ ʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʠʭ ʠ ʊʦʧʦʣʝʚʦ-ʍʝʪʘʯʘʥʩʢʦʛʦ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. 

ɺʳʜʝʣʝʥʦ 7 ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʟʦʣʦʪʘ. ʀʥʜʠʢʘʪʦʨʥʳʤ ʜʣʷ ʐʘʤʘʥʠʭʦ-

ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʦ ʯʝʪʚʝʨʪʦʛʦ (ʩ ʤʘʨʛʘʥʝʮ-ʤʳʰʴʷʢ-ʪʝʣʣʫʨ-

ʚʠʩʤʫʪ-ʧʘʣʣʘʜʠʝʚʦ-ʩʚʠʥʮʦʚʦʡ) ʠ ʰʝʩʪʦʛʦ (ʩ ʞʝʣʝʟʦ-ʚʠʩʤʫʪ-ʩʚʠʥʮʦʚʦ-ʥʠʢʝʣʴ-

ʤʳʰʴʷʢʦʚʦ-ʤʘʨʛʘʥʮʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ) ʪʠʧʦʚ. ʆʥʠ ʥʝʩʚʦʡʩʪʚʝʥʥʳ ʟʦʣʦʪʦ-

ʢʚʘʨʮʝʚʦʤʫ ʦʨʫʜʝʥʝʥʠʶ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʠʭ ʠ ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʤ 

ʧʨʦʷʚʣʝʥʠʷʤ ʊʦʧʦʣʝʚʦ-ʍʝʪʘʯʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ. ʇʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʤ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ, ʦʨʫʜʝʥʝʥʠʝ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ 

ʨʘʡʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʩʚʷʟʘʥʥʦʤʫ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ (Reduced Intrusive Related 

Gold Deposit) ʩ ʟʦʣʦʪʦ-ʛʝʤʘʪʠʪ-ʧʠʨʠʪʦʚʳʤ, ʟʦʣʦʪʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʤ ʠ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʤ ʪʠʧʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

 

TYPOCHEMISTRY OF NATIVE GOLD OF SHAMANIKH-STOLBOVSKY ORE AREA 

(MAGADAN REGION) 

Ivan Litvinenko 

North-East Interdisciplinary Scientific and Research Institute FEB RAS, 

Magadan, Russia 

 

Abstract. The results of microspectral studies of native gold from Shamanikha-Stolbovsky 

and for comparison from the Central Kolyma and Topolevo-Khetachansky ore regions were 

processed using combined methods of cluster analysis. Seven geochemical types of gold 

were identified. The indicator types for the Shamanikha-Stolbovsky district are gold of the 

fourth (with manganese-arsenic-tellurium-bismuth-palladium-lead) and sixth (with iron-

bismuth-lead-nickel-arsenic-manganese specialization) types. They are not typical of the 

gold-quartz mineralization of the Central Kolyma and molybdenum-copper-porphyry 

manifestations of the Topolevo-Khetachansky districts. Based on the geochemical 

specialization of native gold, together with data on the mineral composition of 

microinclusions, the mineralization of the Shamanikha-Stolbovsky region can be classified 

as associated with granitoids (Reduced Intrusive Related Gold Deposit) with gold-

hematite-pyrite, gold-polysulfide and gold-silver-polysulfide types of mineralization. 

 

ɺʚʝʜʝʥʠʝ 

ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʂʦʣʳʤʘ ʥʘ 

ʤʝʞʜʫʨʝʯʴʝ ʝʝ ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ ï ʨʝʢ ʐʘʤʘʥʠʭʘ ʠ ɹʦʣʴʰʘʷ ʉʪʦʣʙʦʚʘʷ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ï ɻ ʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʇʨʠʢʦʣʳʤʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-ʛʣʳʙʦʚʦʛʦ ʧʦʜʥʷʪʠʷ. ʈʘʟʚʠʪʳʝ ʚ 

ʧʨʝʜʝʣʘʭ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʪʦʣʱʠ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʶʪ ʪʨʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʷʨʫʩʘ. ʇʦʚʩʝʤʝʩʪʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʠʥʪʝʥʩʠʚʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʠ 

ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ (ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ) ʩʪʨʫʢʪʫʨʥʦʛʦ ʷʨʫʩʘ. ʆʪʣʦʞʝʥʠʷ 

ʩʨʝʜʥʝʛʦ (ʩʨʝʜʥʝ-ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ) ʠ ʚʝʨʭʥʝʛʦ (ʧʦʟʜʥʝʶʨʩʢʦʛʦ) ʷʨʫʩʦʚ ʠʤʝʶʪ ʣʦʢʘʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 
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ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʠʬʝʡʩʢʠʤʠ ʨʠʦʣʠʪʦʚʳʤʠ, 

ʪʨʘʭʠʨʠʦʣʠʪʦʚʳʤʠ ʧʦʨʬʠʨʘʤʠ ʠ ʧʦʨʬʠʨʦʠʜʘʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʡʢʦʦʙʨʘʟʥʳʝ, 

ʣʠʥʟʦʚʠʜʥʳʝ, ʢʣʠʥʦʚʠʜʥʳʝ ʠ ʜʨʫʛʠʝ ʩʣʦʞʥʳʝ ʧʦ ʬʦʨʤʝ ʟʘʣʝʞʠ, ʭʘʢʜʦʥʩʢʦʛʦ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʂ ʧʦʩʣʝʜʥʝʤʫ ʫʩʣʦʚʥʦ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʟʘʣʝʛʘʶʱʠʝ ʚ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ 

ʭʘʢʜʦʥʩʢʦʡ ʩʝʨʠʠ ʜʘʡʢʠ ʠ ʤʝʞʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʤʝʪʘʙʘʟʠʪʦʚ, ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʠ ʛʘʙʙʨʦ-

ʘʤʬʠʙʦʣʠʪʦʚ. ʄʝʟʦʟʦʡʩʢʠʡ ʵʪʘʧ ʤʘʛʤʘʪʠʟʤʘ ʧʨʦʷʚʠʣʩʷ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʧʦʟʜʥʝʶʨʩʢʦʛʦ 

(ʧʦʟʜʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʛʦ) ʰʪʦʢʘ ʛʨʘʥʠʪʦʚ ʵʜʞʝʢʘʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʜʘʝʢ 

ʜʦʣʝʨʠʪʦʚ ʠ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚ [1]. 

ʈʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʤ 

ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʤ ʨʘʡʦʥʝ, ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʳʭʦʜʘʤ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʧʦʨʦʜ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʦʥʘʤʠ ʧʨʦʞʠʣʢʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ (ʩ ʦʪʜʝʣʴʥʳʤʠ ʤʝʣʢʠʤʠ ʞʠʣʘʤʠ) ʠ 

ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʚ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ, ʨʠʦʣʠʪ-

ʧʦʨʬʠʨʘʭ, ʜʘʡʢʘʭ ʤʝʪʘʜʠʘʙʘʟʦʚ. ɺʦʧʨʦʩʳ ʦ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʤ ʪʠʧʝ, ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʛʝʥʝʟʠʩʝ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʝ ʥʘʰʣʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʨʘʢʪʦʚʘʥʠʷ. ʆʜʥʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʝʝ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ (?) ʘʚʪʦʥʦʤʥʦʡ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʦʛʦ 

ʢʫʧʦʣʘ [2]. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ "ʩʦʙʩʪʚʝʥʥʦ" ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʡ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʡ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʠʧʳ 

ʦʨʫʜʝʥʝʥʠʷ. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʩʢʘʟʳʚʘʶʪ ʤʥʝʥʠʝ ʦ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʟʦʣʦʪʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʇʨʠʢʦʣʳʤʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʦʪʥʦʩʷʪ ʝʛʦ ʢ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʤʫ ʤʘʣʦʩʫʣʴʬʠʜʥʦʤʫ [3, 4, 5] ʠʣʠ ʟʦʣʦʪʦ-

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʤʫ ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʤʫ [6, 7] ʪʠʧʘʤ. 

ɺ ʨʘʙʦʪʝ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʬʦʨʤʘʮʠʦʥʥʦʤ ʪʠʧʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

çLeaderè ʨʘʩʩʤʦʪʨʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʥʝʤ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʦʣʦʪʘ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʠ ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦ-

ʧʦʨʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʡ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʠʭ ʠ ʊʦʧʦʣʝʚʦ-ʍʝʪʘʯʘʥʩʢʦʛʦ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ.  

 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʫʜʥʦ-

ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ 

ʆʙʨʘʟʮʳ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʚʰʝʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ "ʉʝʚʚʦʩʪʛʝʦʣʦʛʠʷ" (ʘʥʘʣʠʪʠʢ ʆʚʝʨʯʝʥʢʦ ʅ.ʇ.) ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: Cu, Bi, Co, Pb, Ni, Mn, Sb, Te, Pd, Fe, Zn, Sn, As, Pt*. ʉʦʜʝʨʞʘʥʠʷ Au ʠ Ag 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ "Camebax" ʚ ʉɺʂʅʀʀ ɼɺʆ ʈɸʅ 

(ʘʥʘʣʠʪʠʢʠ ʄ.ʀ. ʇʘʨʬʝʥʦʚ, ɽ.ʄ. ɻʦʨʷʯʝʚʘ) ʥʘ ʜʫʙʣʠʢʘʪʘʭ ʧʨʦʙ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʟ ʠʭ ʟʥʘʯʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ Co, Sn, Zn 

ʠ Pt ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʥʝ ʚʢʣʶʯʘʣʠʩʴ. 

ʉʨʝʜʩʪʚʘʤʠ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çLeaderè ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʣʘʩʪʝʨ-

ʘʥʘʣʠʟʘ ʧʦ ʢʦʤʧʣʝʢʩʫ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʩ ʫʯʝʪʦʤ ʠʭ ʠʥʜʠʢʘʪʦʨʥʦʡ ʨʦʣʠ ʧʨʦʚʝʜʝʥʘ ʪʠʧʠʟʘʮʠʷ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ ʚʳʜʝʣʝʥʦ 7 ʝʛʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ çʥʦʨʤʠʨʦʚʘʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʥʥʦʡ 

ʚʳʙʦʨʢʝè (ȹ). ʆʥ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ  

(1) ȹ = Ln(ʉʚ/ʉʦ), 

                                                       

* ʐʝʩʪʴ ʘʥʘʣʠʟʦʚ ʦʙʨʘʟʮʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʚʟʷʪʳʝ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʅ.ɸ. ɻʦʨʷʯʝʚʘ, ʂ.ʀ. ɾʠʣʠʥʘ  

(ɻ.ʅ. ɻʘʤʷʥʠʥ, ʅ.ɸ. ɻʦʨʷʯʝʚ, ɺ.ʃ. ʇʦʣʦʚʠʥʢʠʥ, ɸ.ɻ. ɹʘʭʘʨʝʚ,1984 ʛ.), ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ 

ʗʌ ʉʆ ʈɸʅ (ʘʥʘʣʠʪʠʢ ʅ.ʀ. ʇʝʪʨʦʚʘ). 
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ʛʜʝ ʉʚ ʠ ʉʦ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʘ ʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʝ ʠ ʚʦ 

ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʙ (ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʚʩʝʤʠ ʚʳʙʦʨʢʘʤʠ). ʇʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʦʮʝʥʠʚʘʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʥʘʷ ʨʦʣʴ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʳʙʦʨʢʘʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɽʩʣʠ 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʚʳʙʦʨʢʝ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʙ, ʪʦ ʠʭ ʦʪʥʦʰʝʥʠʝ ʙʦʣʴʰʝ 1, ʘ ʧʦʢʘʟʘʪʝʣʴ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʠ ʯʝʤ ʦʥ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʜʠʢʘʪʦʨʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʵʣʝʤʝʥʪ ʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʝ. ɼʠʘʛʨʘʤʤʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʳʙʦʨʢʝ ʷʚʣʷʝʪʩʷ ʜʣʷ ʥʝʝ ʩʚʦʝʦʙʨʘʟʥʳʤ çʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʘʩʧʦʨʪʦʤè.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʜʝʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʜʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.   

 

 

ɼʣʷ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʭʘʨʘʢʪʝʨʥʦ ʩʣʝʜʫʶʱʝʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ: 

1-ʡ ʪʠʧ ï ʩʨʝʜʥʝʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 884 ă) ʩ ʤʝʜʴʶ; 

2-ʡ ʪʠʧ ï ʩʨʝʜʥʝʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 873 ă) ʩʫʨʴʤʷʥʠʩʪʦ-ʤʝʜʠʩʪʦ-ʞʝʣʝʟʠʩʪʦ-

ʧʘʣʣʘʜʠʩʪʦ-ʥʠʢʝʣʠʩʪʦ-ʚʠʩʤʫʪʠʩʪʦ-ʩʚʠʥʮʦʚʠʩʪʦ-ʤʘʨʛʘʥʮʦʚʠʩʪʦ-ʪʝʣʣʫʨʠʩʪʦʝ; 

3-ʡ ʪʠʧ ï ʚʳʩʦʢʦʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 903 ă) ʥʠʢʝʣʠʩʪʦ-ʞʝʣʝʟʠʩʪʦ-ʤʳʰʴʷʢʦʚʠʩʪʦʝ 

ʩ ʤʝʜʴʶ;  

4-ʡ ʪʠʧ ï ʩʨʝʜʥʝʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 870 ă) ʧʘʣʣʘʜʠʩʪʦ-ʩʚʠʥʮʦʚʠʩʪʦʝ ʩ ʞʝʣʝʟʦʤ, 

ʤʘʨʛʘʥʮʝʤ, ʤʳʰʴʷʢʦʤ, ʪʝʣʣʫʨʦʤ, ʚʠʩʤʫʪʦʤ; 

    

 

ʈʠʩʫʥʦʢ 1 - ʀʥʜʠʢʘʪʦʨʥʘʷ ʨʦʣʴ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘʭ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ: ȹ ï 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘʭ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ɺ ʥʘʜʧʠʩʷʭ 

ʥʘ ʜʠʘʛʨʘʤʤʘʭ ï ɻ ʣʝʤʝʥʪʳ, ʠʛʨʘʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʠʥʜʠʢʘʪʦʨʥʫʶ ʨʦʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʠʭ ȹ. ɺ ʩʢʦʙʢʘʭ ʢʫʨʩʠʚʦʤ ï 

ʵʣʝʤʝʥʪʳ, ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʪʦʨʳʭ ʤʝʥʝʝ 0,1. 
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5-ʡ ʪʠʧ ï ʫʤʝʨʝʥʥʦʩʨʝʜʥʝʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 833 ă) ʪʝʣʣʫʨʠʩʪʦ-ʞʝʣʝʟʠʩʪʦ-

ʩʫʨʴʤʷʥʠʩʪʦ-ʚʠʩʤʫʪʠʩʪʦ-ʩʚʠʥʮʦʚʠʩʪʦʝ ʩ ʧʘʣʣʘʜʠʝʤ ʠ ʤʝʜʴʶ;  

6-ʡ ʪʠʧ ï ʫʤʝʨʝʥʥʦʩʨʝʜʥʝʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 857 ă) ʞʝʣʝʟʠʩʪʦ-ʚʠʩʤʫʪʠʩʪʦ-

ʩʚʠʥʮʦʚʠʩʪʦ-ʥʠʢʝʣʠʩʪʦ-ʤʳʰʴʷʢʦʚʠʩʪʦ-ʤʘʨʛʘʥʮʦʚʠʩʪʦʝ ʩ ʤʝʜʴʶ;  

7-ʡ ʪʠʧ ï ʩʨʝʜʥʝʧʨʦʙʥʦʝ (ʩʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ 874 ă) ʧʘʣʣʘʜʠʩʪʦ-ʤʝʜʠʩʪʦ-ʪʝʣʣʫʨʠʩʪʦ-

ʚʠʩʤʫʪʠʩʪʦ-ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʦʚʠʩʪʦʝ. 

ʀʥʜʠʢʘʪʦʨʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ (k) ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʜʦʣʠ ʧʨʦʙ ʟʦʣʦʪʘ ʜʘʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚ ʨʫʜʥʳʭ ʠ 

ʨʦʩʩʳʧʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ ʜʘʥʥʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. ʆʥ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ [8]  

(2) k = ln[(nʤ,ʛĬN)/(nʛĬnʤ)], 

ʛʜʝ nʤ,ʛ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʟʦʣʦʪʘ ʜʘʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʦʙʲʝʢʪʘʭ ʜʘʥʥʦʛʦ 

ʨʘʡʦʥʘ; N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙ ʟʦʣʦʪʘ; nʛ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʟʦʣʦʪʘ ʚ 

ʮʝʣʦʤ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ; nʤ ï ʪʦ ʞʝ ʧʦ ʨʘʡʦʥʘʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ (çʟʘʢʦʥʥʳʤʠè) 

ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʦʙʲʝʢʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʧʨʦʙ 

ʟʦʣʦʪʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ (k). ʏʝʤ ʦʥ ʚʳʰʝ, ʪʝʤ ʙʦʣʴʰʫʶ ʠʥʜʠʢʘʪʦʨʥʫʶ 

ʨʦʣʴ (ʢʘʢ ʠʥʜʠʢʘʪʦʨʥʳʡ ʧʨʠʟʥʘʢ) ʠʛʨʘʝʪ ʜʘʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ ʧʨʦʙ ʟʦʣʦʪʘ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʦʙʲʝʢʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʨʘʡʦʥʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʨʦʙ ʟʦʣʦʪʘ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʦʙʲʝʢʪʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʧʦ ʟʦʣʦʪʦʥʦʩʥʳʤ 

ʨʘʡʦʥʘʤ 

 

ɿʦʣʦʪʦʥʦʩʥʳʡ ʨʘʡʦʥ 
ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ nʤ 

2-ʡ 7-ʡ 5-ʡ 4-ʡ 6-ʡ 1-ʡ 3-ʡ  

ʊʦʧʦʣʝʚʦ-ʍʝʪʘʯʘʥʩʢʠʡ 
6 

1,27 

3 

0,99 

8 

0,96 

1 

-1,21 

1 

-0,11 
ï ï 19 

ʐʘʤʘʥʠʭʦ-

ʉʪʦʣʙʦʚʩʢʦʡ  
ï 

1 

-0,06 

2 

-0,38 

10 

1,15 

3 

1,04 

1 

-1,84 

1 

-0,62 
18 

ɺʝʨʭʥʝ-ʂʦʣʳʤʩʢʠʡ ï ï 
1 

-1,61 

1 

-1,70 
ï 

23 

0,74 

6 

0,63 
31 

nʛ 6 4 11 12 4 24 7 68 

ʇʨʠʤʝʯʘʥʠʝ. ʅʘʜ ʯʝʨʪʦʡ ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ (ʰʪ.), ʧʦʜ ʯʝʨʪʦʡ ï ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ 

ʜʦʣʠ ʧʨʦʙ ʟʦʣʦʪʘ ʜʘʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʦʙʲʝʢʪʘʭ ʜʘʥʥʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ 

(k); nʛ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ (ʰʪ.) ʚ ʮʝʣʦʤ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ; nʤ ï ʪʦ ʞʝ ʧʦ ʟʦʣʦʪʦʥʦʩʥʳʤ ʨʘʡʦʥʘʤ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (k) ʦʛʨʘʥʠʯʝʥʳ ʜʚʦʡʥʦʡ ʨʘʤʢʦʡ ʠ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. ʇʨʦʯʝʨʢ ï 

ʜʘʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʪʠʧ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 1 ʧʦ ʛʝʦʭʠʤʠʯʝʩʦʤʫ ʩʦʩʪʘʚʫ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʐʘʤʘʥʠʭʦ-

ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʠ ʦʪ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ 

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʠʭ, ʠ ʦʪ ʟʦʣʦʪʘ ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ (ʧʦ ʅ.ɸ. 

ʐʠʣʦ ʩ ʩʦʘʚʪʦʨʘʤʠ [9] ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ) ʧʨʦʷʚʣʝʥʠʡ ʊʦʧʦʣʝʚʦ-ʍʝʪʘʯʘʥʩʢʦʛʦ 

ʨʘʡʦʥʦʚ. ʀʥʜʠʢʘʪʦʨʥʳʤ ʜʣʷ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʦ ʯʝʪʚʝʨʪʦʛʦ (ʩ 

ʤʘʨʛʘʥʝʮ-ʤʳʰʴʷʢ-ʪʝʣʣʫʨ-ʚʠʩʤʫʪ-ʧʘʣʣʘʜʠʝʚʦ-ʩʚʠʥʮʦʚʦʡ) ʠ ʰʝʩʪʦʛʦ (ʩ ʞʝʣʝʟʦ-ʚʠʩʤʫʪ-

ʩʚʠʥʮʦʚʦ-ʥʠʢʝʣʴ-ʤʳʰʴʷʢʦʚʦ-ʤʘʨʛʘʥʮʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ) ʪʠʧʦʚ, ʥʝʩʚʦʡʩʪʚʝʥʥʳʭ ʟʦʣʦʪʦ-

ʢʚʘʨʮʝʚʦʤʫ ʦʨʫʜʝʥʝʥʠʶ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʳʤʩʢʠʭ ʠ ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʤ ʧʨʦʷʚʣʝʥʠʷʤ 

ʊʦʧʦʣʝʚʦ-ʍʝʪʘʯʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 2 - ʄʠʢʨʦʧʨʠʤʝʩʠ ʠ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʚ ʩʘʤʦʨʦʜʥʦʤ 

ʟʦʣʦʪʝ ʨʫʜʥʦʛʦ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚ ʪʝʤʘʪʠʯʝʩʢʠʭ (ʂ.ʀ. ɾʠʣʠʥ ʠ ʜʨ., 1984 ʛ.) ʨʘʙʦʪ):  

1 ï ʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; 2 ï ʫʩʪʘʥʦʚʣʝʥʥʳʝ (ʘ) ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ (ʙ) ʢʦʥʪʫʨʳ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʨʠʤʝʯʘʥʠʝ. ʅʘ ʛʠʩʪʦʛʨʘʤʤʘʭ ʤʠʢʨʦʧʨʠʤʝʩʝʡ: ʩʣ - ʩʣʝʜʳ, ʥʜ 

- ʥʝʪ ʜʘʥʥʳʭ. 
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ɺ ʮʝʣʦʤ ʩʦʩʪʘʚ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʠ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʐʘʤʘʥʠʭʦ-

ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ. 2) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʚʠʪʦʝ ʚ ʥʝʤ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʦ ʢ ʢʣʘʩʩʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʩʚʷʟʘʥʥʳʭ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʦʡ RIRGD (Reduced Intrusive Related Gold 

Deposit). ʉʚʦʡʩʪʚʝʥʥʘʷ ʜʣʷ ʥʠʭ ʟʦʥʘʣʴʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ [10] ʚ ʐʘʤʘʥʠʭʦ-ʉʪʦʣʙʦʚʩʢʦʤ ʨʘʡʦʥʝ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʤʝʥʝ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʛʝʤʘʪʠʪ-ʧʠʨʠʪʦʚʦʛʦ ʪʠʧʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦ-

ʧʦʣʠʩʫʣʴʬʠʜʥʳʤ ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʐʘʤʘʥʠʭʦ-

ʉʪʦʣʙʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʘʚʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʝʤ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʨʘʟʚʠʪʦʝ ʚ ʨʘʡʦʥʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʢ ʪʠʧʫ RIRGD ʩ 

ʟʦʣʦʪʦ-ʛʝʤʘʪʠʪ-ʧʠʨʠʪʦʚʳʤ, ʟʦʣʦʪʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʤ ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʤ 

ʪʠʧʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʥʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʠʪʘʥʠʠ ʨʦʩʩʳʧʝʡ ʠʛʨʘʣʦ 

ʦʨʫʜʝʥʝʥʠʝ ʩ ʟʦʣʦʪʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʠ ʂʘʨʪʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʂʦʣʳʤʦ-ʆʤʦʣʦʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʄʘʩʰʪʘʙ 
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ʇɽʊʈʆʃʆɻʀʗ ʄɽɻɸʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʇɽʈʀɼʆʊʀʊʆɺ ʉ ʉʋɹʂɸʃʔʎʀɽɺʓʄ 

ʍʈʆʄʀʉʊʓʄ ʇʀʈʆʇʆʄ ʀɿ ʂʀʄɹɽʈʃʀʊʆɺʆʁ ʊʈʋɹʂʀ ʋɼɸʏʅɸʗ-ɺʆʉʊʆʏʅɸʗ, 

ʉʀɹʀʈʉʂʀʁ ʂʈɸʊʆʅ 

ɺʣʘʜʠʤʠʨ ʄʘʣʴʢʦʚʝʮ1, ʃʶʜʤʠʣʘ ʇʦʭʠʣʝʥʢʦ2, ʉʝʨʛʝʡ ʂʦʩʪʨʦʚʠʮʢʠʡ3, ʅʠʢʦʣʘʡ ʇʦʭʠʣʝʥʢʦ2, 

ɸʥʘʩʪʘʩʠʷ ɻʠʙʰʝʨ1 
1 ɸʂ çɸʃʈʆʉɸè (ʇɸʆ), ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

2 ʀɻʄ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
3 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʙʦʣʝʝ 150 ʢʩʝʥʦʣʠʪʦʚ 

ʤʝʛʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʩʫʙʢʘʣʴʮʠʝʚʳʤ ʭʨʦʤʠʩʪʳʤ ʧʠʨʦʧʦʤ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ-ɺʦʩʪʦʯʥʘʷ, ɼʘʣʜʳʥʩʢʦʝ ʧʦʣʝ, ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʘʥʘʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ Cr2O3>8 ʚʝʩ.% ʠ CaO<5,5 ʚʝʩ.%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʨʥʦ ʚ 80 % ʦʙʨʘʟʮʦʚ ʥʘʤʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʟʦʥʘʣʴʥʦʩʪʴ ʛʨʘʥʘʪʦʚ ʧʦ ʛʣʘʚʥʳʤ ʠ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ. Re-Os ʜʘʪʠʨʦʚʢʠ 

ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ ʚ ʦʣʠʚʠʥʘʭ ʚʳʩʦʢʦ-Os 

ʛʨʫʧʧʳ (TRD 3,51-3,0 ʤʣʨʜ ʣʝʪ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʄɻɼ ʚ ʘʨʭʝʡʩʢʦʝ 

ʚʨʝʤʷ. ɺ ʵʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʪʦʩʬʝʨʳ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (3,6-2,9 ʤʣʨʜ ʣʝʪ [4, 5]). Re-Os ʜʘʪʠʨʦʚʢʠ (TRD 2,12-1,87 ʤʣʨʜ 

ʣʝʪ) ʜʣʷ ʠʥʪʝʨʩʪʠʮʠʦʥʥʳʭ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ ʩʫʣʴʬʠʜʦʚ. ʅʘʭʦʜʢʘ ʢʨʠʩʪʘʣʣʘ ʦʣʠʚʠʥʘ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʩʫʣʴʬʠʜʘ ʠ ʘʣʤʘʟʘ ʩ Re-Os ʜʘʪʠʨʦʚʢʘʤʠ TRD(360) 3.15 ʤʣʨʜ ʣʝʪ ʠ TDM 

3,58 ʤʣʨʜ ʣʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʥʥʝʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʣʠʪʦʩʬʝʨʥʦʡ 

ʤʘʥʪʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. 

 

PETROLOGY OF MEGACRYSTALLINE PERIDOTITES WITH SUBCALCIC CHROME 

PYROPE FROM THE UDACHNAYA-EAST KIMBERLITE PIPE, SIBERIAN CRATON 

Vladimir Malkovets1,2, Ludmila Pokhilenko2, Sergey Kostrovitsky3, Nikolay Pokhilenko2, Anastasia 

Gibsher1,2 
1 Public Joint Stock Company çALROSAè, Novosibirsk, Russia  

2 VS Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia 
3 Institute of Geochemistry SB RAS, Irkutsk, Russia 

 

Annotation. In this study we present the results of studying more than 150 xenoliths of 

megacrystalline peridotites with subcalcium chromium pyrope from the Udachnaya-

Vostochnaya kimberlite pipe, Daldynskoe field, Siberian craton. The overwhelming 

majority of garnets belong to the harzburgite-dunite association with the content of 

Cr2O3>8 wt. % and CaO < 5.5 wt. %. As a result of the conducted geochemical studies, 

zoning of garnets by major and rare elements was revealed in approximately 80% of the 

samples. Re-Os dating of primary mineral inclusions of Fe-Ni MSS sulfides in olivines of 

the high-Os group (TRD 3.51-3.0 Ga) indicates the formation of MHD in the Archean time. 

The lithosphere of the Siberian craton was formed in this age interval (3.6-2.9 Ga [4, 5]). 

Re-Os dates (TRD 2.12-1.87 Ga) for interstitial Fe-Ni MSS sulfides clearly indicate a 

younger age of this sulfide generation. The discovery of an olivine crystal with sulfide 

inclusions and diamond with Re-Os dates TRD(360) 3.15 Ga and TDM 3.58 Ga indicates an 

early stage of diamond crystallization in the lithospheric mantle of the Siberian Craton. 
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ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʠʩʢ ʠ ʦʮʝʥʢʘ ʢʦʨʝʥʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʪʘʣʠ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʚ ʘʣʤʘʟʦʜʦʙʳʚʘʶʱʝʡ ʠʥʜʫʩʪʨʠʠ. ʅʘʙʣʶʜʘʝʤʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʯʠʩʣʘ ʚʥʦʚʴ ʚʳʷʚʣʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʩʦʜʝʨʞʘʱʠʭ ʘʣʤʘʟʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʠʢ, ʠʭ ʧʦʠʩʢʘ ʠ ʦʮʝʥʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʦʠʩʢʘ ʠ ʦʮʝʥʢʠ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʨʝʙʫʝʪ ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩʘʤʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢ ʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʘʣʤʘʟʦʚ ʚ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ. 

ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ ʚʳʥʦʩʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʥʠʢʘʣʴʥʦ 

ʩʚʝʞʠʭ ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ. ʂ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʛʨʫʧʧ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ 

ʦʪʥʦʩʷʪʩʷ ʤʝʛʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʳ (ʄɻɼ) ʩ ʩʫʙʢʘʣʴʮʠʝʚʳʤ ʭʨʦʤʠʩʪʳʤ 

ʧʠʨʦʧʦʤ. ʂʩʝʥʦʣʠʪʳ ʄɻɼ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʠʟ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʦʣʠʚʠʥʘ (ʜʦ 10 ʩʤ), 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʩʫʙʢʘʣʴʮʠʝʚʦʛʦ ʭʨʦʤʠʩʪʦʛʦ ʧʠʨʦʧʘ, ʭʨʦʤʠʪʘ, ʩʫʣʴʬʠʜʦʚ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʘʣʤʘʟʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʢʩʝʥʦʣʠʪʦʚ ʄɻɼ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 

ʩ ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʪʠʧʘ ʚ ʘʣʤʘʟʘʭ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʅʘ ʵʪʦʤ 

ʦʩʥʦʚʘʥʠʠ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʄɻɼ ʷʚʣʷʶʪʩʷ 

ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʉʠʙʠʨʩʢʠʭ ʘʣʤʘʟʦʚ [1, 3, 8].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʡ ʢʦʣʣʝʢʮʠʠ ʢʩʝʥʦʣʠʪʦʚ ʄɻɼ ʠʟ ʫʥʠʢʘʣʴʥʦ ʩʚʝʞʝʛʦ ʙʣʦʢʘ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʦ ʙʣʠʟʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ ʄɻɼ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ [2]. ʉʦʜʝʨʞʘʥʠʝ Fo ʚ ʦʣʠʚʠʥʘʭ ʤʝʛʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʠʨʦʧʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠʟ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ 90.4ï94.1 ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ Fo 92.67 (n=99). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Fo ʚ ʦʣʠʚʠʥʘʭ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ (92.82 

ʤʘʩ. %, n=78) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʣʠʚʠʥʘʤʠ ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ (92.2, n=20). ʉʦʜʝʨʞʘʥʠʝ 

ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʠʨʦʧʘʭ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚʘʨʴʠʨʫʝʪ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʝʣʘʭ (ʤʘʩ. %): Cr2O3 4ï15.1, CaO 0.86ï6.54, TiO2 0.01ï0.4, ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ (Mg# = 

[100Mg/(Mg+Fe)]) 82.4ï86.7. ʍʨʦʤʠʪʳ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚ ʚʦʩʴʤʠ ʤʝʛʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʝʨʠʜʦʪʠʪʘʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʦʧʘʤʠ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. ʆʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr2O3 63.2ï65.8 ʤʘʩ. % (n=8), ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

Al2O3 4.4ï5.6 (n=8), TiO2 0.04ï0.29 (n=8) ʠ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ Fe3+/(Fe3++Cr+Al) (Fe3+ ʙʳʣʦ 

ʨʘʩʩʯʠʪʘʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ). ʇʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠʟʫʯʝʥʥʳʝ ʭʨʦʤʠʪʳ 

ʩʭʦʜʥʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʭʨʦʤʠʪʦʚ ʚ ʘʣʤʘʟʳ. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe3+ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʭʨʦʤʠʪ 

ʩʦʜʝʨʞʘʱʠʭ ʤʝʛʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ ʦ ʢʨʘʡʥʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʣʦʞʝʥʥʳʭ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʢʠʩʣʝʥʠʶ ʤʠʥʝʨʘʣʦʚ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ [6]. 

ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʳ: Mg# 87.8ï93.6, 100Ca/(Ca + Mg) 86.2ï89.9, 

Na2O 2.4ï3.5 ʤʘʩ. %, TiO2 0.15ï0.26 ʤʘʩ. %, Cr2O3 2.2ï3.5 ʤʘʩ. %, FeO ~ 1.7 ʤʘʩ. %. ʕʥʩʪʘʪʠʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ (Mg# 92.6ï94.2) ʠ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʧʨʠʤʝʩʝʡ Al2O3 (0.4 ʤʘʩ. %) ʠ Cr2O3 (0.35 ʤʘʩ. %) ʥʘʨʷʜʫ ʩ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ CaO (0.06ï0.9 ʤʘʩ. %). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʣʝʜʳ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʄɻɼ, ʢʦʪʦʨʳʝ ʧʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳ ʩ ʧʦʧʘʜʘʥʠʝʤ 

ʢʩʝʥʦʣʠʪʦʚ ʚ ʢʠʤʙʝʨʣʠʪʦʚʫʶ ʤʘʛʤʫ, ʣʠʙʦ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʵʪʦʤʫ ʩʦʙʳʪʠʶ. ʇʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʘʥʘʪʦʚ ʠʤʝʝʪ ʢʝʣʠʬʠʪʦʚʳʝ ʢʘʡʤʳ (ʦʨʪʦʧʠʨʦʢʩʝʥ+ʭʨʦʤʰʧʠʥʝʣʠʜÑ 

Ñʢʣʠʥʦʧʠʨʦʢʩʝʥ), ʦʨʪʦʧʠʨʦʢʩʝʥ ʚ ʢʘʡʤʘʭ ʟʘʤʝʱʘʝʪʩʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ, ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ 

ʦʙʥʘʨʫʞʝʥʘ ʞʠʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʜʞʝʨʬʠʰʝʨʠʪ+ʤʘʛʥʝʪʠʪ+ʤʦʥʪʠʯʝʣʣʠʪ, ʢʦʪʦʨʘʷ ʥʝʫʩʪʦʡʯʠʚʘ 

ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʢʘʡʤ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʦ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʠʣʠ 

ʧʨʝʜʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʬʣʶʠʜʘʤʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʠʥʭʨʦʥʥʳʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʚʦʟʤʦʞʥʦʛʦ ʩʢʨʳʪʦʛʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʄɻɼ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ (ʤʝʪʦʜʦʤ ʈʄɸ) ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

(ʤʝʪʦʜʦʤ ʚʪʦʨʠʯʥʦ ʠʦʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ: CAMECA SIMS ims5f) ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʨʦʧʦʚ 

ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʠʭ ʟʦʥʘʣʴʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʨʥʦ ʚ 80 % ʦʙʨʘʟʮʦʚ ʥʘʤʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʟʦʥʘʣʴʥʦʩʪʴ ʛʨʘʥʘʪʦʚ ʧʦ ʛʣʘʚʥʳʤ ʠ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ. ɺ ʛʨʘʥʘʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʡ CaO ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ. ʂ ʧʨʠʤʝʨʫ, ʚ ʦʜʥʦʤ ʠʟ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Cr2O3 ʚ ʮʝʥʪʨʝ ʠ ʢʨʘʝ ʟʝʨʥʘ, ʩʦʜʝʨʞʘʥʠʝ CaO ʚ ʩʘʤʦʡ ʚʥʝʰʥʝʡ ʢʘʡʤʝ ʟʝʨʥʘ 

(ʤʦʱʥʦʩʪʴʶ ʜʦ 100 ʤʢʤ) ʩʦʩʪʘʚʣʷʣʦ 23 ʤʘʩ. %, ʪʦʛʜʘ ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʥʘ ʦʥʦ 

ʩʦʩʪʘʚʣʷʣʦ 1,3 ʤʘʩ. %.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʛʨʘʥʘʪʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʠʧʠʯʥʳʝ S-ʦʙʨʘʟʥʳʝ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

REE. ʍʦʥʜʨʠʪ-ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ REE ʚʘʨʴʠʨʫʶʪ ʦʪ ʩʠʣʴʥʦ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ, ʪʠʧʠʯʥʳʭ 

ʜʣʷ ʛʨʘʥʘʪʦʚ ʄɻɼ, ʜʦ ʩʣʘʙʦ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ, ʠʣʠ ʜʦ ʥʦʨʤʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʣʝʨʮʦʣʠʪʦʚʳʭ ʛʨʘʥʘʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʣʠʯʠʷ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ 27 ʟʝʨʝʥ 

ʛʨʘʥʘʪʦʚ. ʇʦʜʘʚʣʷʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʘʤʝʪʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʜʣʷ Sr, Zr, Hf ʠ 

LREE. ʅʘʤʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʪʠʧʘ ʟʦʥʘʣʴʥʦʩʪʠ: 1) ʦʙʦʛʘʱʝʥʠʝ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ LREE ʠ Sr, 2) 

ʦʙʝʜʥʝʥʠʝ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ LREE ʠ Sr, 3) ʦʙʦʛʘʱʝʥʠʝ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ MREE-HREE ʙʝʟ 

ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʦʙʦʛʘʱʝʥʠʷ LREE ʠ Sr. ʅʘʣʠʯʠʝ ʧʨʦʬʠʣʝʡ ʦʙʦʛʘʱʝʥʠʷ (ʦʙʝʜʥʝʥʠʷ) ʧʦ 

ʦʩʥʦʚʥʳʤ ʠ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʦʤ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ 

ʩʦʙʳʪʠʠ, ʢʦʪʦʨʦʝ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʚʥʝʜʨʝʥʠʶ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ʥʘ ʧʝʨʚʳʝ ʩʦʪʥʠ ʠʣʠ 

ʤʠʣʣʠʦʥʳ ʣʝʪ [10].  

ɼʝʪʘʣʴʥʦʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʩʝʥʦʣʠʪʦʚ ʄɻɼ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʦʙʠʣʴʥʳʭ 

ʩʫʣʴʬʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʪʠʧʘʤ: ʩʫʣʴʬʠʜʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʥʪʝʨʩʪʠʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʦʣʠʚʠʥʝ. 

ɼʝʪʘʣʴʥʦʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʩʫʣʴʬʠʜʦʚ: 1) 

ñʧʝʨʚʠʯʥʳʝò ʚʢʣʶʯʝʥʠʷ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ ʚ ʦʣʠʚʠʥʝ (ʪʨʝʱʠʥʳ ʚʦʢʨʫʛ ʩʫʣʴʬʠʜʦʚ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ), 2) ʚʢʣʶʯʝʥʠʷ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ ʚ ʦʣʠʚʠʥʝ, ʥʦ ʟʝʨʥʘ ʩʫʣʴʬʠʜʦʚ ʦʢʨʫʞʝʥʳ 

ʜʞʝʨʬʠʰʝʨʠʪʦʚʦʡ ʢʘʡʤʦʡ (ʢ ʩʫʣʴʬʠʜʘʤ ʵʪʦʡ ʛʨʫʧʧʳ ʚʝʜʫʪ ʪʨʝʱʠʥʳ, ʩʝʢʫʱʠʝ ʦʣʠʚʠʥ), 3) 

ʠʥʪʝʨʩʪʠʮʠʦʥʥʳʝ Fe-Ni MSS ʩʫʣʴʬʠʜʳ ʩ ʜʞʝʨʬʠʰʝʨʠʪʦʚʦʡ ʢʘʡʤʦʡ, 4) ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʥʪʝʨʩʪʠʮʠʦʥʥʳʝ ʟʝʨʥʘ ʜʞʝʨʬʠʰʝʨʠʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ Os ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʛʨʫʧʧʳ ʩʫʣʴʬʠʜʦʚ: ʚʳʩʦʢʦ-Os (>120 ʛ/ʪ Os) 

ʠ ʥʠʟʢʦ-Os (<35 ʛ/ʪ Os).  

In situ Re-Os ʜʘʪʠʨʦʚʘʥʠʝ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʤʦʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪʘ: 1) ʚʳʩʦʢʦ-Os ʛʨʫʧʧʘ TRD 3,51-3,0 ʤʣʨʜ ʣʝʪ ʠ TDM 3,9-3,2 ʤʣʨʜ ʣʝʪ; 2) ʥʠʟʢʦ-

Os ʛʨʫʧʧʘ TRD 2,12-1,87 ʤʣʨʜ ʣʝʪ ʠ TDM 2,98-2,83 ʤʣʨʜ ʣʝʪ. ʅʘʣʠʯʠʝ ʜʞʝʨʬʠʰʝʨʠʪʦʚʳʭ ʢʘʡʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʫʣʴʬʠʜʳ ʥʝ ʙʳʣʠ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ Re ʠ Os. ʂʨʦʤʝ 

ʪʦʛʦ, Os ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʤʦʙʠʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʢʦʪʦʨʳʡ ʢʨʘʡʥʝ ʪʨʫʜʥʦ ʧʝʨʝʥʦʩʠʪʩʷ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʬʣʶʠʜʘʤʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Os ʜʘʞʝ ʚ ʩʫʣʴʬʠʜʘʭ ʥʠʟʢʦ-Os ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ 

ʥʘʤ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʚʥʦʩʘ Os ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʨʫʰʝʥʠʷ Os 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʫʣʴʬʠʜʘʭ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ, ʤʳ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʳʭ ʪʦʣʴʢʦ TRD (Re-depletion) ʤʦʜʝʣʴʥʳʝ ʜʘʪʠʨʦʚʢʠ.  

Re-Os ʜʘʪʠʨʦʚʢʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ ʚ ʦʣʠʚʠʥʘʭ 

ʚʳʩʦʢʦ-Os ʛʨʫʧʧʳ (TRD 3,51ï3,0 ʤʣʨʜ ʣʝʪ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʄɻɼ ʚ ʘʨʭʝʡʩʢʦʝ 

ʚʨʝʤʷ. ɺ ʵʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʪʦʩʬʝʨʳ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ 

(3,6-2,9 ʤʣʨʜ ʣʝʪ [4, 5]). Re-Os ʜʘʪʠʨʦʚʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʫʣʴʬʠʜʦʚ ʚ ʘʣʤʘʟʘʭ 

ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ: 3,51ï3,1 ʤʣʨʜ ʣʝʪ 

[7].  

Re-Os ʜʘʪʠʨʦʚʢʠ (TRD 2,12ï1,87 ʤʣʨʜ ʣʝʪ) ʜʣʷ ʠʥʪʝʨʩʪʠʮʠʦʥʥʳʭ Fe-Ni MSS ʩʫʣʴʬʠʜʦʚ 

ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ ʩʫʣʴʬʠʜʦʚ, ʯʪʦ ʪʘʢʞʝ 
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ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʠʥʪʝʨʩʪʠʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʫʣʴʬʠʜʳ ʵʪʦʡ ʛʨʫʧʧʳ, ʩ 

ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʪʨʘʞʘʶʪ ʚʨʝʤʷ ʥʘʣʦʞʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʤʘʣʴʛʘʤʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʝʡʥʦʚ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʝʛʦ ʩʦʚʨʝʤʝʥʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʕʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʥʘʜʝʞʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʮʠʨʢʦʥʘʭ ʠʟ ʢʦʨʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ, 

ʚʳʥʦʩʠʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʘʤʠ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ [9]. 

ʉʨʝʜʠ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʃ.ʅ. ʇʦʭʠʣʝʥʢʦ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʢʨʠʩʪʘʣʣ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʘʣʤʘʟʘ ʠ ʩʫʣʴʬʠʜʘ [11]. Re-Os ʜʘʪʠʨʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʩʫʣʴʬʠʜʘ ʚ ʢʨʫʧʥʦʤ ʢʨʠʩʪʘʣʣʝ ʦʣʠʚʠʥʘ ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʚʦʟʨʘʩʪʘ ï TRD(360) 3.15 ʤʣʨʜ 

ʣʝʪ ʠ TDM 3,58 ʤʣʨʜ ʣʝʪ. ɼʘʥʥʘʷ ʥʘʭʦʜʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʥʥʝʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ 

ʚ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ï ʬʘʢʪʠʯʝʩʢʠ ʥʘ ʩʘʤʳʭ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʪʦʩʬʝʨʳ. 
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ɻɽʆʃʆɻʆ-ʉʊʈʋʂʊʋʈʅɸʗʗ ʇʆɿʀʎʀʗ ʉɽʈɽɹʈʗʅʆ-ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇʈʆɻʅʆɿ 

ʄʘʢʩʠʤ ʄʘʣʳʭ 1, ɸ.ɸ. ɹʳʢʦʚ2, ʀ.ʀ. ʈʘʢʠʪʠʥ 2  
1 ʗʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʋʂè, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

2 ʆʆʆ çʇʨʦʛʥʦʟ-ʉʝʨʝʙʨʦè. ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ  

 

ɸʥʥʦʪʘʮʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʵʨʦ-ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʩʝʨʝʙʨʷʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ ʧʦʢʘʟʘʣʠ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʨʫʜʥʳʭ ʪʝʣ ʢ ʩʫʙʰʠʨʦʪʥʳʤ ʨʘʟʣʦʤʘʤ ʚ ʵʢʟʦʢʦʥʪʘʢʪʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ʅʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʨʫʜʦʚʤʝʱʘʶʱʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, 

ʢʘʨʪʠʨʫʝʤʳʝ ʜʘʡʢʘʤʠ ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʝʙʨʷʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʇʨʦʛʥʦʟ, ʗʢʫʪʠʷ, 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ, ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ.  
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Abstract. Results of aero-magnetic prospecting and electrical exploration works at silver-

polymetallic deposit Prognoz showed the confinement of ore bodies to sublatitudinal faults 

in the exocontact of the granodiorite massif. The deposit is widely developed ore-bearing 

tectonic disturbances mapped by dikes of granodiorite composition are widely developed 

at the deposit.  

Keywords: silver-polymetallic deposit Forecast, Yakutia, tectonic disturbances, magnetic 

prospecting, electrical prospecting.  

 

ʈʝʛʠʦʥʘʣʴʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʨʦʛʥʦʟ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ɸʣʣʘʭ-ʅʝʣʴʛʝʩʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʉʨʝʜʥʝ-ʉʘʨʪʘʥʛʩʢʦʡ ʟʦʥʳ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʨʘʟʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʦʙʨʘʟʫʝʪʩʷ ʨʘʟʨʳʚʥʦʡ ʢʘʨʢʘʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʨʫʢʪʫʨʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɸʣʣʘʭ-ʅʝʣʴʛʝʩʠʥʩʢʠʡ ʨʘʟʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʦʥʫ ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʦʚʳʭ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʦʨʩʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

ɸʨʘʥʛʘʩʯʘʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ. ʉʨʝʜʥʝ-ʉʘʨʪʘʥʛʩʢʠʡ ʨʘʟʣʦʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʩʙʨʦʩʦʚ ʠ ʩʙʨʦʩʦ-ʩʜʚʠʛʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʨʘʟʙʠʚʘʶʱʠʭ 

ɸʨʘʥʛʘʩʯʘʥʩʢʫʶ ʘʥʪʠʢʣʠʥʘʣʴ ʥʘ ʪʨʠ ʙʣʦʢʘ: ʩʝʚʝʨʥʳʡ, ʶʞʥʳʡ ʠ ʦʧʫʱʝʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʭ, 

ʮʝʥʪʨʘʣʴʥʳʡ ʙʣʦʢ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʫʨʦʯʝʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʫʜʥʳʭ ʪʝʣ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʧʨʝʜʝʣʘʭ 

ʉʨʝʜʥʝ-ʉʘʨʪʘʥʛʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʩʫʙʰʠʨʦʪʥʳʝ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʦʧʝʨʷʶʱʠʝ ʨʘʟʨʳʚʳ, ʷʚʣʷʶʱʠʝʩʷ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʜʥʳʭ ʪʝʣ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚ ʨʫʜʥʦʤ ʧʦʣʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʨʦʛʥʦʟ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʘ. ʅʠʞʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤʠ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (ʣʘʜʠʥʩʢʦʛʦ, ʘʥʠʟʠʡʩʢʦʛʦ, ʢʘʨʥʠʡʩʢʦʛʦ, 

ʥʦʨʠʡʩʢʦʛʦ ʷʨʫʩʦʚ), ʧʨʦʨʳʚʘʝʤʳʤʠ ʜʘʡʢʘʤʠ ʢʝʨʩʘʥʪʠʪʦʚ ʧʦʟʜʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ, ʨʠʦʣʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɺʝʨʭʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʳʭʣʳʤʠ 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 



108 

 

ʉʪʨʫʢʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʦʨʠʝʥʪʠʨʦʚʦʢ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʞʝ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʢʣʘʜʯʘʪʦʩʪʴ, ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʠʥʪʨʫʟʠʠ, ʨʫʜʥʳʝ ʪʝʣʘ 

(ʨʠʩ. 1). ʈʫʜʥʦʝ ʧʦʣʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ ʧʨʠʫʨʦʯʝʥʦ ʢ ʟʘʧʘʜʥʦʤʫ ʵʢʟʦʢʦʥʪʘʢʪʫ ʢʨʫʧʥʦʛʦ 

ʠʥʪʨʫʟʠʚʘ ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ [1]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2020 ʛ. 

ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʯʝʪʢʦ ʧʨʦʩʣʝʞʝʥʘ ʟʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ ʦʨʫʜʝʥʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʅʝʣʴʛʝʩʠʥʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚʟʙʨʦʩʦʚ. ʉ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʝ ʧʦʣʝ ʦʛʨʘʥʠʯʝʥʦ 

ʤʘʪʝʨʠʥʩʢʦʡ ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʡ ʠʥʪʫʨʟʠʝʡ, ʚ ʟʘʧʘʜʥʦʤ ʵʢʟʦʢʦʥʪʘʢʪʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʦʧʦʜʚʦʜʷʱʠʭ ʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʟʣʦʤʦʚ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, 

ʢʘʨʪʠʨʫʝʤʳʭ ʚ ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʝʨʠʝʡ ʜʘʝʢ ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʠ ʜʘʮʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ 

 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































