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ʈɽɼɸʂʎʀʆʅʅʓʁ ʉʆɺɽʊ 

 

ɻʃɸɺʅʓʁ 

ʈɽɼɸʂʊʆʈ: 

ɺɸʃʀʋʃʃʀʅ ʈʠʤ ɸʙʜʫʣʣʦʚʠʯ, ʘʢʘʜʝʤʠʢ-ʩʝʢʨʝʪʘʨʴ ʆʪʜʝʣʝʥʠʷ 

ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ 

ɹʘʰʢʦʨʪʦʩʪʘʥè, ʘʢʘʜʝʤʠʢ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ; 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʝʦʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɿɸʄɽʉʊʀʊɽʃʀ 

ɻʃɸɺʅʆɻʆ 

ʈɽɼɸʂʊʆʈɸ: 

ʂʋɿʅɽʎʆɺɸ ɸʣʴʬʠʷ ʈʘʰʠʪʦʚʥʘ, ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

çɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 ʄɸʉɸɻʋʊʆɺ ʈʠʤ ʍʘʢʠʤʦʚʠʯ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸʢʘʜʝʤʠʠ 

ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè, 

ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  ʟʘʩʣʫʞʝʥʥʳʡ 

ʛʝʦʣʦʛ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʟʘʩʣʫʞʝʥʥʳʡ ʛʝʦʣʦʛ ʈʝʩʧʫʙʣʠʢʠ 

ɹʘʰʢʦʨʪʦʩʪʘʥ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 ʉɸɺɽʃʔɽɺ ɼʤʠʪʨʠʡ ɽʚʛʝʥʴʝʚʠʯ, ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌɻɹʅʋ çʋʬʠʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢè, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
 

ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ: 

 

ɸʅɼʈɽɽɺ  

ɺʘʜʠʤ ɽʚʛʝʥʴʝʚʠʯ 

ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ, 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɸʢʘʜʝʤʠʷ ʥʘʫʢ 

ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɹɽʃʆɻʋɹ  

ɽʣʝʥʘ ɺʠʪʘʣʴʝʚʥʘ 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʌɻɹʋʅ çʖʞʥʦ-

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʛ. ʄʠʘʩʩ, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  

ɹʈʋʉʅʀʎʓʅ 

ɸʣʝʢʩʝʡ ʀʣʴʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ ʌɻɹʆʋ 

ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

ɺʀʂɽʅʊʔɽɺ  

ʀʣʴʷ 

ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʛʨʘʬʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɿʅɸʄɽʅʉʂʀʁ 

ʉʝʨʛʝʡ ɽʚʛʝʥʴʝʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʘʣʝʦʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ, 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌɻɹʅʋ çʋʬʠʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢè, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
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ʀɹʃɸʄʀʅʆɺ  

ʈʫʩʪʝʤ 

ɻʠʣʴʙʨʘʭʤʘʥʦʚʠʯ 

ʇʨʦʬʝʩʩʦʨ ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʂɸɿɸʅʎɽɺɸ  

ʊʘʤʘʨʘ 

ʊʠʤʦʬʝʝʚʥʘ 

ɸʢʘʜʝʤʠʢ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ, 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɸʢʘʜʝʤʠʷ ʥʘʫʢ 

ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè; ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ 

ʛʝʦʣʦʛʠʠ ʌɻɹʅʋ çʋʬʠʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʂʀʉʀʅ  

ɸʣʝʢʩʘʥʜʨ 

ʖʨʴʝʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʝʦʭʠʤʠʠ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʠʤ.ʘʢʘʜ. ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʛʦ, ʋʨʘʣʴʩʢʦʝ 

ʦʪʜʝʣʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ   

ʂʀʉʃʆɺ  

ɽʚʛʝʥʠʡ 

ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. 

ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʛ. ʋʣʘʥ-ʋʜʵ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  

ʂʅɽʃʃɽʈ  

ʃʝʦʥʠʜ ɽʬʠʤʦʚʠʯ 

ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ  ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʩʢʚʘʞʠʥ, ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʬʠʣʠʘʣ ʚ ʛ. ʆʢʪʷʙʨʴʩʢʠʡ), ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ 

(ʛ. ʆʢʪʷʙʨʴʩʢʠʡ), ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛ. ʆʢʪʷʙʨʴʩʢʠʡ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʂʆɺɸʃɽɺ  

ʉʝʨʛʝʡ 

ɻʨʠʛʦʨʴʝʚʠʯ 

ɼʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʌɻɹʅʋ çʋʬʠʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢè, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʂʆʊɽʅɽɺ  

ʖʨʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡè, ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʃʆɹɸʅʂʆɺ  

ɺʘʣʝʨʠʡ 

ʄʠʭʘʡʣʦʚʠʯ 

ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çɻʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡè, ʌɻɹʆʋ 

ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʋʬʘ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʄʋʉʊɸʌʀʅ  

ʉʘʙʠʨ ʂʘʙʠʨʦʚʠʯ 

ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ, ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ, 

ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè, ʜʦʢʪʦʨ  

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

ʇʆʇʂʆɺ  

ɺʘʩʠʣʠʡ ʀʚʘʥʦʚʠʯ 

ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ, ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʛʝʦʪʝʭʥʠʢʠ, 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

ʇʋʏʂʆɺ  

ɺʠʢʪʦʨ ʅʠʢʦʣʘʝʚʠʯ 

 

ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʠʤ.ʘʢʘʜ. ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʛʦ, 

ʋʨʘʣʴʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ   



 

_______________________________________________________________________________ 
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ɾʫʨʥʘʣ ʚʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ. 

ʋʯʨʝʜʠʪʝʣ,ɹ ʨʝʜʘʢʮʠ ̫ʠ ʠʟʜʘʪʝʣʴ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

çɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè.  

ɸʜʨʝʩ ʫʯʨʝʜʠʪʝʣʷ, ʨʝʜʘʢʮʠʠ ʠ ʠʟʜʘʪʝʣʷ:  

450008, ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ, ʛ. ʋʬʘ, ʫʣ. ʂʠʨʦʚʘ, ʜ. 15, ʢʘʙ.218.  

ʊʝʣ./ʌʘʢʩ: +7 (347) 276-40-77. 

ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: geology-akademia@yandex.ru   

 

É ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

çɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè, 2024 

 

Ð Ð Ð 

  

ʇʈʀʑɽʇɸ  

ʆʣʝʛ ʄʠʭʘʡʣʦʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʧʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʉɸɺɽʃʔɽɺ  

ɺʠʢʪʦʨ ɸʣʝʢʩʝʝʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʌɻɹʆʋ ɺʆ 

çʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠ ̫

ʉʅɸʏɽɺ 

ɸʣʝʢʩʘʥʜʨ 

ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌɻɹʅʋ çʋʬʠʤʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢè, 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛ. ʋʬʘ, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

ʋʉʇɽʅʉʂʀʁ 

ɹʦʨʠʩ ɺʘʜʠʤʦʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ, ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ 

(ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʏɸʁʂʆɺʉʂʀʁ  

ʀʣʴʷ ʀʚʘʥʦʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʝʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʌɻɹʋʅ çɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪè ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʏɽʈʅʓʐʆɺ 

ɸʣʝʢʩʝʡ ʀʚʘʥʦʚʠʯ 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʧʝʪʨʦʛʨʘʬʠʠ ɻʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ, ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʐʋʄʀʃʆɺ 

ɸʣʝʢʩʘʥʜʨ 

ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʬʠʟʠʢʠ, ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. 

ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ: 

ɸɾɻɸʃʀɽɺ  

ɼʫʣʘʪ ʂʘʣʠʤʦʚʠʯ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʝ ʠ ʛʝʦʭʠʤʠʠ, 

ʅʝʢʦʤʤʝʨʯʝʩʢʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɸʪʳʨʘʫʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ.ʉʘʬʠ ʋʪʝʙʘʝʚʘè, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ, ʛ. ɸʪʳʨʘʫ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

ɾʆʃʊɸɽɺ  

ɻʝʨʦʡ ɾʦʣʪʘʝʚʠʯ 

ɼʠʨʝʢʪʦʨ ʊʆʆ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ʂ. ʀ. ʉʘʪʧʘʝʚʘè,  

ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛ. ɸʣʤʘʪʳ, 

ʂʘʟʘʭʩʪʘʥ 

mailto:geology-akademia@yandex.ru
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ʅʘʫʯʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʫʙʣʠʢʫʶʪʩʷ ʩʪʘʪʴʠ ʚ ʩʝʪʝʚʦʤ 

ʠʟʜʘʥʠʠ  

 

çɻʝʦʣʦʛʠʷ. ʀʟʚʝʩʪʠʷ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚè 

 

1.6.1 ʆʙʱʘʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ. ɻʝʦʪʝʢʪʦʥʠʢʘ ʠ ʛʝʦʜʠʥʘʤʠʢʘ 

1.6.3 ʇʝʪʨʦʣʦʛʠʷ, ʚʫʣʢʘʥʦʣʦʛʠʷ 

1.6.4 ʄʠʥʝʨʘʣʦʛʠʷ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. ɻʝʦʭʠʤʠʷ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

1.6.6 ɻʠʜʨʦʛʝʦʣʦʛʠʷ 

1.6.9 ɻʝʦʬʠʟʠʢʘ 

1.6.10 ɻʝʦʣʦʛʠʷ, ʧʦʠʩʢ, ʨʘʟʚʝʜʢʘ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʤʠʥʝʨʘʛʝʥʠʷ  

1.6.11 ɻʝʦʣʦʛʠʷ, ʧʦʠʩʢ, ʨʘʟʚʝʜʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

1.6.21 ɻʝʦʵʢʦʣʦʛʠʷ 

2.8.3 ɻʦʨʥʦʧʨʦʤʳʰʣʝʥʥʘʷ ʠ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʘʷ ʛʝʦʣʦʛʠʷ, ʛʝʦʬʠʟʠʢʘ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʝ ʜʝʣʦ ʠ ʛʝʦʤʝʪʨʠʷ ʥʝʜʨ 

2.8.4 ʈʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
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 ʠʤ. ʉʘʬʠ ʋʪʝʙʘʝʚʘè, ʛ. ɸʪʳʨʘʫ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

É ɹʘʡʤʫʨʟʘʝʚʘ ɾʘʥʥʘ ɹʘʡʤʫʨʟʘʝʚʥʘ, 

ʅʝʢʦʤʤʝʨʯʝʩʢʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘè,  

ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʝʟʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʝ ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ (ʥʘʜʩʦʣʝʚʦʡ 

ʢʦʤʧʣʝʢʩ), ʋʩʪʶʨʪ-ɹʦʟʘʰʠʥʩʢʦʛʦ ʠ ʄʘʥʛʳʰʣʘʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ɿʘʧʘʜʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ. ʉ ʫʯʝʪʦʤ ʚʳʩʦʢʦʡ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ  ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʘʚʪʦʨʘʤʠ ʦʙʦʩʥʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʬʘʢʪʦʨʳ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

(ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʠ ʧʨʦʤʳʩʣʦʚʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ) ʚ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʩʥʦʚʥʦʡ ʫʧʦʨ 

ʧʨʠ ʵʪʦʤ ʩʜʝʣʘʥ ʥʘ ʦʙʦʩʥʦʚʘʥʠʠ ʠ ʧʨʦʛʥʦʟʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʦʥ ʠ ʠʥʪʝʨʚʘʣʦʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʟʨʝʟʘ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩ 

ʫʯʝʪʦʤ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʠʘʩʦʚʦʡ ʪʦʣʱʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ 

ʪʝʢʪʦʥʠʢʠ ʚ ʨʘʟʨʝʟʝ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʋʩʪʶʨʪ-ɹʦʟʘʰʠʥʩʢʦʛʦ ʠ ʄʘʥʛʳʰʣʘʢʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʪʝʛʦʨʠʷ ʥʠʟʢʦʦʤʥʳʭ ʪʨʠʘʩʦʚʳʭ ʠ ʶʨʩʢʠʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʦʙʦʩʥʦʚʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʨʝʟʘ (ʢʝʧʨʦʢ ʠ ʚʘʣʘʥʞʠʥʩʢʠʡ 

ʛʦʨʠʟʦʥʪ ʥʠʞʥʝʛʦ ʤʝʣʘ). ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ 

ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʦ ʣʦʢʘʣʴʥʳʤ ʧʣʦʱʘʜʷʤ ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ 

(ʂʝʥʙʘʡ, ʂʝʤʝʨʢʦʣʴ, ʄʳʥʪʝʢʝ ʖʞʥʳʡ, ʉʘʟʪʦʙʝ ʖʞʥʦʝ, ʄʘʢʘʪ ɺʦʩʪʦʯʥʳʡ, 

ʅʦʚʦʙʦʛʘʪʠʥʩʢʘʷ ʟʦʥʘ ʠ ʜʨ.), ʋʩʪʶʨʪ-ɹʦʟʘʰʠ ʠ ʄʘʥʛʳʰʣʘʢʘ (ɹʘʢʘʥʜ, 

ʇʠʦʥʝʨʩʢʦʝ, ʂʦʤʩʦʤʦʣʴʩʢʦʝ, ʆʡʤʘʰʘ ʠ ʜʨ.). ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʠ 

ʜʝʪʘʣʠʟʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦʧʦʣʥʝʥʘ ʦʙʲʝʢʪʠʚʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʥʘʣʠʯʠʝʤ ʢʦʥʜʠʮʠʦʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʦʩʥʦʚʘʥʳ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʪ.ʯ.: ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ 
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ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ. ɼʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʫʯʝʥʠʶ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʧʦʣʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʘʚʘ ʨʘʟʨʝʟʘ, 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʜʩʦʣʝʚʦʡ ʢʦʤʧʣʝʢʩ, ʶʞʥʘʷ ʯʘʩʪʴ, ʇʨʠʢʘʩʧʠʡʩʢʘʷ 

ʚʧʘʜʠʥʘ, ʋʩʪʶʨʪ-ɹʦʟʘʰʠ, ʄʘʥʛʳʰʣʘʢ, ʣʦʚʫʰʢʘ, ʤʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʟʨʝʟ, 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 

POSSIBILITIES FOR IMPROVING THE PREDICTIVE ASSESSMENT OF  MESOZOIC 
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Summary. The article examines the structural features of Mesozoic deposits in 

the section of the southern part of the Caspian basin (supra-salt complex), the Ustyurt-

Bozashinsky and Mangyshlak basins of Western Kazakhstan. Taking into account the 

high predictive assessment of the hydrocarbon potential of these deposits and the 

significant volume of geological and geophysical data, the authors substantiate 

additional favorable factors and the need for an integrated consideration of data based 

on the integrated application of geophysical methods (seismic exploration and field 

geophysical methods) in order to expand oil and gas content in the analysis of local 

structures. The main emphasis is placed on the justification and forecast of additional 

zones and intervals of productivity of the section. The solution to the assigned problems 

is demonstrated taking into account a separate consideration of the Triassic strata under 

the conditions of salt-dome tectonics in the section of the Peri-Caspian Depression, as 

well as the specific environment of carbonate sedimentation of the Ustyurt-

Bozashinsky and Mangyshlak basins. Also, separate consideration is given to the 

category of low-resistivity Triassic and Jurassic productive layers, and the rather high 

probability of productivity of unconventional intervals of the section (caprock and 

Valanginian horizon of the Lower Cretaceous) is substantiated. An analysis of various 

facies environments of sediment accumulation was carried out in local areas of the 

south of the Peri-Caspian Depression (Kenbai, Kemerkol, Mynteke Yuzhny, Saztobe 

Yuzhnoye, Makat Vostochny, Novobogatinskaya zone, etc.), Ustyurt-Bozashi and 

Mangyshlak (Bakand, Pionerskoye, Komsomolskoye, Oymasha, etc.). A 

comprehensive study and detailing of promising objects is supplemented by the 

objective need to substantiate the structural factor and the availability of qualified 

seismic materials. As a result of the research, new opportunities and prerequisites for 

predicting and expanding the stratigraphic range of oil and gas content of Mesozoic 
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deposits have been substantiated, including: for regions with a sufficiently high degree 

of knowledge. Practical recommendations for further study have been given based on 

a more complete assessment of the composition of the section, from the point of view 

of identifying additional oil and gas-saturated intervals.  

Key words: suprasalt sequence, southern part of the Peri-Caspian depression, 

Ustyurt-Bozashi, Mangyshlak, trap, Mesozoic deposits, section, oil and gas content, 

geophysical researches. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʦʩʪʘʥʦʚʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʢʦʨʝʥʥʦʛʦ 

ʚʦʩʧʦʣʥʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʧʦ ʥʝʬʪʠ ʠ ʛʘʟʫ ʚ ʤʘʩʰʪʘʙʝ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ, 

ʋʩʪʶʨʪ-ɹʦʟʘʰʠʥʩʢʦʛʦ ʠ ʄʘʥʛʳʰʣʘʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ɿʘʧʘʜʥʳʡ ʂʘʟʘʭʩʪʘʥ) 

ʩʪʘʚʠʪ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠ ̫ʫʩʧʝʰʥʦʩʪʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʧʦ 

ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ (ʩʪʨʫʢʪʫʨ). ʆʜʥʠʤ ʠʟ 

ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ ʥʘ ʧʨʝʜʤʝʪ ʚʳʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʆʧʳʪ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʙʲʝʢʪʠʚʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʷ çʩʪʝʧʝʥʴ 

ʠʟʫʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘè ʠ çʜʝʪʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʘè ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʜʘʥʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʦʪʚʦʜʠʪʩʷ ʢʘʯʝʩʪʚʫ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ʜʘʣʝʝ ï ɻʀʉ), ʟʘʥʠʤʘʶʱʠʭ 

ʢʣʶʯʝʚʳʝ ʧʦʟʠʮʠʠ ʚ ʦʮʝʥʢʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʨʘʟʨʝʟʘ ʠ ʦʙʲʝʢʪʠʚʥʦʤ 

ʚʳʜʝʣʝʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʦʧʨʦʙʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʤʝʪʦʜʦʚ ɻʀʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʝʟʘ ʠ ʨʝʰʝʥʠʶ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʦʙʲʝʢʪʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠ ʘʥʘʣʠʟʝ 

ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʦʮʝʥʢʝ ʤʘʩʰʪʘʙʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʩʢʨʳʚʘʝʤʦʛʦ ʨʘʟʨʝʟʘ.  

ɼʝʪʘʣʴʥʘʷ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʘ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʦʧʨʦʙʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʠ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʢʦʩʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʥʦʪʦʡ ʜʘʥʥʳʭ ʠ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ ʨʘʟʨʝʟʘ, ʫʯʝʪʘ ʪʦʥʢʠʭ 

ʠ ʤʘʣʦʤʦʱʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʠ ʥʝʫʯʪʝʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʭʚʘʪʘ ʠʟʫʯʘʝʤʦʛʦ ʨʘʟʨʝʟʘ ʥʘʜʣʝʞʘʱʠʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ 

ɻʀʉ. ʋʩʧʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʧʦʚʳʰʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʧʦ ʤʝʨʝ ʢʦʪʦʨʦʡ 

ʥʘʨʘʙʘʪʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʢʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʜʣʷ ʜʘʥʥʦʛʦ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʟʦʥʳ).  



 

_______________________________________________________________________________ 
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ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʮʝʥʢʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʝʜʫʶʱʫʶ, ʚʩʣʝʜ ʟʘ ʜʘʥʥʳʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ɻʀʉ, ʙʦʣʴʰʫʶ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʛʥʦʟ ʠ ʦʢʦʥʪʫʨʠʚʘʥʠʝ 

ʣʦʚʫʰʝʢ ʠ ʟʘʣʝʞʝʡ ʋɺ. ʅʝʦʞʠʜʘʥʥʳʡ ʧʘʨʘʜʦʢʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʥʘʜʩʦʣʝʚʦʡ ʢʦʤʧʣʝʢʩ ʠ 

ʤʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, 

ʄʘʥʛʳʰʣʘʢʘ ʠ ʋʩʪʶʨʪ-ɹʦʟʘʰʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʬʦʥʜʘ ʢʦʥʜʠʮʠʦʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ 

(ʦʙʲʝʢʪʦʚ) ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʦʛʦ ʙʫʨʝʥʠʷ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1 ï ɹʘʩʩʝʡʥʳ ɿʘʧʘʜʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʤʝʟʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ, 

ʛʜʝ: 1 ï ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʦʚ (ʇɺ ï ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʚʧʘʜʠʥʘ, ʋ-ɹ ï ʋʩʪʶʨʪ-ɹʦʟʘʰʠʥʩʢʠʡ, ʄ ï 

ʄʘʥʛʳʰʣʘʢʩʢʠʡ ʙʘʩʩʝʡʥ), 2 ï ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʣʠ, 3 ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 4 ï ʦʙʣʘʩʪʥʳʝ ʮʝʥʪʨʳ ʠ ʢʨʫʧʥʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ.  

ʂʨʫʧʥʝʡʰʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ɸ ï ɸʩʪʨʘʭʘʥʩʢʦʝ, ʂ ï ʂʘʰʘʛʘʥ, ʊ ï ʊʝʥʛʠʟ, ʂʨ ï 

ʂʦʨʦʣʝʚʩʢʦʝ, ʋ ï ʋʟʝʥʴ. ʍʘʨʘʢʪʝʨʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: 1 ï 

ʄʳʥʪʝʢʝ ʖʞʥʳʡ, 2 ï ɾʘʥʘʪʘʣʘʧ, 3 ï ʅʦʚʦʙʦʛʘʪʠʥʩʢʘʷ ʛʨʫʧʧʘ, 4 ï ɼʘʨʘʡʤʦʣʘ, 5 ï ʂʝʥʙʘʡ, 

6 ï ʉʘʛʠʟ, 7 ï ʄʘʢʘʪ ɺʦʩʪʦʯʥʳʡ, 8 ï ʄʘʩʘʙʘʡ, 9 ï ʂʘʨʘʪʦʙʝ, 10 ï ʉʘʟʪʦʙʝ ʖʞʥʦʝ (ʊʘʩʳʤ), 

11 ï ʇʨʦʨʚʠʥʩʢʘʷ ʟʦʥʘ, 12 ï ʂʘʨʘʞʘʥʙʘʩ, 13 ï ʂʦʤʩʦʤʦʣʴʩʢʦʝ, 14 ï ʊʝʧʢʝ, 15 ï ɹʘʢʘʥʜ, 16 ï 

ʆʡʤʘʰʘ, 17 ï ʇʠʦʥʝʨʩʢʦʝ. 
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ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʤʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʫʢʘʟʘʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪ ʚ ʩʝʙʝ 

ʚʩʝ ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʧʦʩʦʙʥʳʡ, ʢʘʢ ʚʠʜʥʦ, 

ʩʝʨʴʝʟʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʚʦʩʧʦʣʥʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ [1, 14].  

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʦʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʚʦʜʠʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʩʚʷʟʠ ʩ ʚʳʨʘʙʦʪʢʦʡ ʵʬʬʝʢʪʠʚʥʳʭ çʧʦʜʭʦʜʦʚè ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʥʘ ʧʦʠʩʢʦʚʦʤ ʵʪʘʧʝ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʥʠʝ ʛʣʘʚʥʳʭ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʜʘʣʝʝ ï ʃʉʂ) ʚ ʨʘʟʨʝʟʝ ʙʘʩʩʝʡʥʦʚ ʠ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ. ɺʤʝʩʪʝ ʩ 

ʵʪʠʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʘ ʤʦʞʝʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʚʳʩʦʢʠʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʯʝʪʘʥʠʠ ʠ ʢʦʤʧʣʝʢʩʝ 

ʤʝʪʦʜʦʚ ɻʀʉ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʜʭʦʜʳ ʠ ʘʥʘʣʠʟ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ (ʣʦʚʫʰʝʢ) 

ʚ ʨʘʟʨʝʟʝ ʤʝʟʦʟʦʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʘʩʩʝʡʥʦʚ ɿʘʧʘʜʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 100 ʣʝʪ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʦʪʜʝʣʴʥʦ ʚ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʝ (ʶʞʥʳʡ ʠ ʚʦʩʪʦʯʥʳʡ ʙʦʨʪ) ʫʩʪʘʥʦʚʣʝʥʦ ʙʦʣʝʝ 120 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʩʚʦʜʘʤ ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ ʠ ʠʭ ʧʝʨʠʬʝʨʠʡʥʳʤ 

ʫʯʘʩʪʢʘʤ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʢʘʨʥʠʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ.  

ʇʨʘʢʪʠʢʘ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʟʨʝʟʘ ʦʪʣʦʞʝʥʠʡ (ʬʦʨʤʘʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʛʣʠʥʠʩʪʦʩʪʴ, ʢʘʨʙʦʥʘʪʥʦʩʪʴ ʧʦʨʦʜ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʨʝʜʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʘʨʢʠʨʫʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ) ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ [6, 7]. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʨʭʥʝʡ ʤʝʟʦʟʦʡʩʢʦʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʉʝʚʝʨʥʦʛʦ ʋʩʪʶʨʪʘ ʠ ʄʘʥʛʳʰʣʘʢʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʳ ʧʨʠʩʫʪʩʪʚʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʝ 

ʜʘʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʥʝʦʜʥʦʟʥʘʯʥʳ ʠ ʨʘʟʣʠʯʥʳ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ çʧʦʢʘʟʘʪʝʣʴʥʘè ʶʞʥʘʷ ʙʦʨʪʦʚʘʷ ʟʦʥʳ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʚʧʘʜʠʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ 100 % ʚʳʷʚʣʝʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ 

ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ, ʫʞʝ ʠʟʫʯʝʥʳ ʛʣʫʙʦʢʠʤ ʧʦʠʩʢʦʚʳʤ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʧʦʠʩʢʦʚʳʤ ʙʫʨʝʥʠʝʤ. ʇʨʦʚʦʜʠʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʝ 

ʚ ʮʝʣʷʭ ʧʦʠʩʢʘ ʠ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʪ.ʝ.: ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʦʚʳʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ çʧʫʩʪʳʭè ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ (ʜʘʣʝʝ 

ï ɻʈʈ). ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʦʚʫʰʝʢ ʚ 

ʥʘʜʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ɻʈʈ ʦʧʨʝʜʝʣʷʝʪ 

ʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʯʝʪʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ 



 

_______________________________________________________________________________ 
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ʤʦʛʣʠ ʙʳ ʦʧʨʝʜʝʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʟʘʣʝʞʝʡ ʋɺ ʠ ʧʦʜʙʦʨʘ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʙʲʝʢʪʦʚ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʣʦʢʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʚʠʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, 

ʥʘʜ ʩʦʣʷʥʳʤʠ ʢʫʧʦʣʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʦʭʨʘʥʥʦʩʪʠ 

ʥʘʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʧʦʣʥʦʪʦʡ ʨʘʟʨʝʟʘ), ʨʘʟʤʝʨʘʤʠ ʠ ʦʩʪʘʣʴʥʳʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʥʠʝʤ ʙʣʦʢʦʚʦʡ 

ʪʝʢʪʦʥʠʢʠ ʠ ʜʨ. [4]. 

ɼʣʷ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʩʚʷʟʴ 

ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʧʦʜʩʦʣʝʚʦʛʦ ʠ ʥʘʜʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʜʚʠʛʘʝʪʩʷ ʢʘʢ ʜʦʢʘʟʘʥʥʳʡ ʧʦʩʪʫʣʘʪ [1, 2]. ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʵʪʘ ʛʠʧʦʪʝʟʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʨʘʭ ʚʩʝ ʝʱʝ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʲʝʢʪʠʚʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ.  

ʉʣʝʜʫʝʪ, ʥʘʨʷʜʫ ʩ ʬʘʢʪʦʨʦʤ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ, ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʨʘʟʣʦʤʦʚ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʘʤʧʣʠʪʫʜʘ, ʥʘʧʨʘʚʣʝʥʠʝ, 

ʨʘʩʢʨʳʪʦʩʪʴ ʠ ʪ.ʜ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʥʘʣʠʯʠʝ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʮʝʥʠʚʘʝʤʳʭ ʨʝʟʝʨʚʫʘʨʦʚ [11, 16, 

17, 18, 20]. ɺʳʜʝʣʝʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʝʡʩʤʦʚʦʣʥʦʚʳʭ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ, 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ, ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ [19]. ʆʩʥʦʚʥʦʡ 

ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʣʦʤʥʫʶ ʪʝʢʪʦʥʠʢʫ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ï 

ʧʣʘʥʝʪʘʨʥʳʝ ʨʘʟʣʦʤʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʟʦʥʳ ʨʘʟʫʧʣʦʪʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʦʩʥʦʚʥʳʤʠ ʪʦʯʢʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʋɺ.  

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʘʢʪʦʨ ʥʘʣʠʯʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʣʦʚʫʰʢʠ ʥʘ ʩʚʦʜʘʭ 

ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ ʥʘ ʣʠʥʠʷʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʇʦʩʣʝʜʥʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʬʘʢʪʦʨʦʚ, ʦʮʝʥʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʣʦʚʫʰʢʠ, ʥʘʣʠʯʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʟʦʥʘʣʴʥʳʭ ʧʦʢʨʳʰʝʢ.  

ɺʩʝ ʟʘʪʨʦʥʫʪʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ 

ʧʣʘʥʦʤʝʨʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʦʛʦ ʙʫʨʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʨʫʧʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ 

ʫʯʝʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ, ʚ 

ʦʪʥʦʰʝʥʠʠ ʠʟʫʯʝʥʠʷ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʳʜʝʣʝʥʠʷ ʚ ʥʠʭ 

ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʜʩʦʣʝʚʦʡ 

ʢʦʤʧʣʝʢʩ ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʘ ʪʘʢʞʝ ʪʨʠʘʩʦʚʳʝ ʠ ʶʨʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ ʄʘʥʛʳʰʣʘʢʘ ʠ ʉʝʚʝʨʥʦʛʦ ʋʩʪʶʨʪʘ (ʨʠʩ. 1). ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʯʘʩʪʥʳʝ çʧʦʜʭʦʜʳè, ʧʦʟʚʦʣʷʶʱʠʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʫʣʫʯʰʠʪʴ ʤʝʪʦʜʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʦʮʝʥʢʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
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ʨʘʟʨʝʟʘ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ.  

ʊʨʠʘʩʦʚʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʆʪʣʦʞʝʥʠʷ ʪʨʠʘʩʘ ʚʳʧʦʣʥʷʶʪ 

ʦʙʰʠʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʢʫʧʦʣʴʥʳʭ ʤʫʣʴʜ ʚ ʨʘʟʨʝʟʝ ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʚʧʘʜʠʥʳ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʩʥʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʩʦʣʷʥʦʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ʄʠʛʨʠʨʦʚʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʘʟʨʝʟ ʧʦ ʧʣʦʱʘʜʠ ʤʝʞʜʫʨʝʯʴʷ ʋʨʘʣ-ɺʦʣʛʘ  

ʠ ʦʪʨʘʞʝʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʨʦʩʪʘ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ (ʧʦ ʜʘʥʥʳʤ ʊʆʆ çɾʘhʘʥè, 2008) 

 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʥʠʞʥʝʪʨʠʘʩʦʚʫʶ, ʩʨʝʜʥʝʪʨʠʘʩʦʚʫʶ ʠ ʚʝʨʭʥʝʪʨʠʘʩʦʚʫʶ ʵʧʦʭʫ [9, 13]. 

ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʧʘʯʝʢ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ ʧʦ ʤʘʩʰʪʘʙʘʤ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʧʝʮʠʬʠʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ çʩʦʣʷʥʦʡ 

ʢʫʧʦʣ ï ʤʫʣʴʜʘè. ɺ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʪʨʝʟʢʘʭ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʧʦʜʲʸʤʘ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ (ʩʫʰʘ) ʠ ʟʦʥʳ 

ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʛʠʙʘʥʠʷ (ʚʦʜʦʝʤ, ʙʘʩʩʝʡʥ). ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʚʜʦʣʴ ʢʦʥʪʫʨʘ ʢʫʧʦʣʘ 

ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʣʘ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ (ʙʘʟʠʩ ʵʨʦʟʠʠ) 

ʤʝʞʜʫ ʩʫʰʝʡ ʠ ʧʦʥʠʞʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʚʰʘʷ ʙʝʨʝʛʦʚʫʶ ʧʦʣʦʩʫ. ʉ ʫʯʝʪʦʤ 

ʬʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʚ ʵʪʦʡ ʧʦʣʦʩʝ ʩʦʩʪʘʚʣʷʝʪ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʜʦ 400 ʤ ʠ ʙʦʣʝʝ [9].  

ɿʘʣʝʞʠ ʚ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʚʦʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʫʧʦʣʫ, ʪʘʢ ʠ ʧʦ ʩʪʝʧʝʥʠ 
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ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʣʦʚʫʰʢʠ ʩ ʫʯʝʪʦʤ ʦʨʠʝʥʪʠʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʚʝʨʦʷʪʥʳʭ 

ʢʘʥʘʣʦʚ ʤʠʛʨʘʮʠʠ ʋɺ ʩ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ. ʇʨʦʜʫʢʪʠʚʥʳʝ ʣʦʚʫʰʢʠ ʩʨʝʜʥʝʛʦ 

ʪʨʠʘʩʘ ʪʷʛʦʪʝʶʪ ʢ ʧʝʨʠʬʝʨʠʠ ʢʫʧʦʣʘ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʥʝʢʦʪʦʨʦʤ ʦʪʜʘʣʝʥʠʠ 

ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʝʨʦʷʪʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʣʝʞʝʡ ʚ ʥʠʞʥʝʤ ʪʨʠʘʩʝ ʚ ʨʘʟʨʝʟʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʫʧʦʣʘ, 

ʘ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʣʦʚʫʰʝʢ ʟʘ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʴʶ ʢʫʧʦʣʘ 

ʙʣʠʞʝ ʢ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ çʧʝʨʝʭʦʜʘè ʢ ʧʨʠʣʝʛʘʶʱʝʡ ʤʫʣʴʜʝ. ɺ ʦʩʥʦʚʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʟʨʝʟʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ 

ʧʨʝʜʝʣʘʭ ʢʫʧʦʣʘ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥ (ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ), ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘʧʘʤ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʢʫʧʦʣʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʦʙʩʪʘʥʦʚʦʢ ʠ ʟʦʥʘʣʴʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʚʦʜʦʝʤʘ (ʨʠʩ. 2). ɿʦʥʳ ʨʘʟʚʠʪʠʷ 

ʚʝʨʦʷʪʥʳʭ ʣʦʚʫʰʝʢ ʚ ʦʪʣʦʞʝʥʠʷʭ ʥʠʞʥʝʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ ʤʦʛʣʠ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʣʘʥʝ [6, 7].  

ɺʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʶʨʩʢʠʭ ʠ ʤʝʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʚ ʨʘʟʨʝʟʝ ʥʘʜʢʫʧʦʣʴʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʚ 

ʨʘʟʨʝʟʝ ʚʝʨʭʥʝʶʨʩʢʦʡ ʠ ʘʧʪʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʡ 

ʧʦʢʨʳʰʢʠ. ɹʝʨʝʛʦʚʘʷ ʟʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʧʣʘʩʪʳ-

ʢʦʣʣʝʢʪʦʨʳ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʜʦ 20-25 %, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦʢʨʫʛ ʢʫʧʦʣʘ ʚ ʚʠʜʝ 

ʧʦʣʦʩʳ ʱʠʨʠʥʦʡ ʥʝ ʙʦʣʝʝ 1 ʢʤ [9]. ɺʳʢʣʠʥʠʚʘʥʠʝ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ʚʙʣʠʟʠ 

ʢʫʧʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʦʚʫʰʝʢ ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʦʛʦ 

ʪʠʧʘ, ʚ ʪ.ʯ., ʩʚʷʟʘʥʥʳʭ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʚʳʢʣʠʥʠʚʘʥʠʝʤ ʠ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʣʠʥʠʷʤ ʨʘʟʣʦʤʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʪʨʠʘʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʵʪʘʧʥʦʩʪʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʚʫʰʝʢ ʠ ʟʘʣʝʞʝʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ, ʦʪʤʝʯʝʥʥʳʤʠ ʚʳʰʝ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ [5].  

ɺ ʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ 

ʦʨʳʩʢʘʟʛʘʥʩʢʠʡ ʪʠʧ ʟʘʣʝʞʝʡ, ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʥʳʡ ʚ ʨʘʟʨʝʟʝ ʦʜʥʦʠʤʝʥʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʝʩʢʦʣʴʢʦ ʠʥʦʡ ʪʠʧ ʟʘʣʝʞʝʡ, ʙʦʣʴʰʝ ʠ ʭʘʨʘʢʪʝʨʥʦ ʩʚʷʟʘʥʥʳʡ ʩ 

ʟʦʥʘʤʠ ʨʘʟʚʠʪʠʷ ʢʘʨʥʠʟʦʚ, ʠʟʚʝʩʪʝʥ ʢʘʢ ʢʦʪʳʨʪʘʩʩʢʠʡ ʪʠʧ. ʂʘʨʥʠʟʳ ʚ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʰʠʨʠʥʘ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʩ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ 2 ʢʤ ʠ ʙʦʣʝʝ. ɺ ʮʝʣʦʤ, ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʭʦʞʠʤʠ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʖʞʥʦ-ʕʤʙʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʂʝʥʙʘʡ (ʂʦʪʳʨʪʘʩ ʉʝʚʝʨʥʳʡ, ʄʦʣʜʘʙʝʢ 

ɺʦʩʪʦʯʥʳʡ), ʀʩʢʝʥʝ, ʄʘʩʘʙʘʡ, ʉʘʛʠʟ, ʂʝʤʝʨʢʦʣʴ, ʂʦʞʘ ʖʞʥʳʡ ʠ ʜʨ.(ʨʠʩ. 3).  

ʍʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʷʚʣʷʶʪʩʷ ʨʘʟʨʝʟʳ ʩʢʚʘʞʠʥ ˉ 401 

ʂʘʨʘʪʦʙʝ, ɻ-3 ɼʘʨʘʡʤʦʣʘ ɺʦʩʪʦʯʥʘʷ, ɻ-5 ʂʘʞʠʛʘʣʠ, ɻ-1 ʂʦʥʳʨ, ˉ 100 ʄʘʩʘʙʘʡ 

ʠ ʜʨ. 
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ʈʠʩ.3 ï ʉʭʝʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʥʘʜʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ  

ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ 
 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʦʮʝʩʩʳ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʥʠʞʝ ʩʣʝʜʫʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʦʩʪʘʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ 

ʪʨʠʘʩʦʚʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ.   

- ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʭ ʫʧʣʦʪʥʝʥʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʶʨʩʢʠʤʠ 

ʠ ʤʝʣʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴ ʠ 

ʚʠʜʦʠʟʤʝʥʝʥʥʦʩʪʴ ʧʦʨʦʜ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

- ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʧʦʣʠʤʠʢʪʦʚʳʡ ʩʦʩʪʘʚ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʵʪʠʤ 

ʤʝʣʢʦ- ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, 

ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʥʘʨʫʰʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʢʘʟʘʥʠʷʤʠ ʢʨʠʚʦʡ ɻʂ ʠ ʟʥʘʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʛʣʠʥʠʩʪʦʩʪʠ. ʀʥʦʛʜʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ɻʂ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʛʣʠʥʠʩʪʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʦʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʇʦʠʩʢʦʚʳʝ ʦʙʲʝʢʪʳ ʧʦʜʢʘʨʥʠʟʥʦʛʦ ʪʠʧʘ. ʅʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪɹ  ʚ ʨʘʟʨʝʟʝ 

ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʡʦʥ ʅʦʚʦʙʦʛʘʪʠʥʩʢʦʡ ʛʨʫʧʧʳ ʩʦʣʷʥʳʭ 

ʢʫʧʦʣʦʚ (ʅʦʚʦʙʦʛʘʪʠʥʩʢ ʖʛʦ-ɿʘʧʘʜʥʳʡ, ʅʦʚʦʙʦʛʘʪʠʥʩʢ ɿʘʧʘʜʥʳʡ, 

ʅʦʚʦʙʦʛʘʪʠʥʩʢ ʥʘʜʢʘʨʥʠʟʥʳʡ) ʚ ʶʞʥʦʤ ʤʝʞʜʫʨʝʯʴʝ ʋʨʘʣ-ɺʦʣʛʘ [10, 14, 15]. 

ʇʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʜʢʘʨʥʠʟʥʦʛʦ ʪʠʧʘ ʯʘʱʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʣʫʙʠʥʘʤʠ ʠ ʧʦ ʢʘʨʦʪʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʦʝ 
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ʩʭʦʜʩʪʚʦ ʩ ʶʨʩʢʠʤʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʟʘʣʝʛʘʶʱʠʤʠ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ. ɼʘʥʥʦʝ ʩʭʦʜʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʣʝʞʝʡ ʋɺ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʧʨʦʨʳʚʦʤ ʠ 

ʨʘʩʧʦʣʟʘʥʠʝʤ ʩʦʣʠ (ʨʠʩ. 4).  
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Ia-I  -ʙ  ʫ ʢʨʫʪʦʛʦ ʫʩʪʫʧʘ ʩʦʣʷʥʦʛʦ ʤʘʩʩʠʚʘ

IIa - IIʙ-ʥʘʜ ʩʦʣʷʥʳʤ ʢʘʨʥʠʟʦʤ

-ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʷʥʳʭ ʤʘʩʩ

 
 

ʈʠʩ. 4 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʥʘ ʧʝʨʠʬʝʨʠʠ ʩʦʣʷʥʳʭ ʤʘʩʩʠʚʦʚ 

(ʧʦ ʜʘʥʥʳʤ ʆʙʨʷʜʯʠʢʦʚʘ ʆ.ʉ., 2018) 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʦʣʠ ʠ ʩ ʢʘʞʜʳʤ ʤʦʤʝʥʪʦʤ (ʵʪʘʧʦʤ) 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʠʩʧʳʪʳʚʘʶʪ 

ʘʥʘʣʦʛʠʯʥʳʡ ʩʪʨʝʩʩ ʠ ʥʘʧʨʷʞʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ), ʢʘʢ ʪʝ ʞʝ ʩʘʤʳʝ 

ʧʦʨʦʜʳ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʩʦʣʷʥʦʡ ʢʘʨʥʠʟ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʵʢʨʘʥʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʢʦʥʩʝʨʚʘʮʠʠ 

ʪʷʞʝʣʦʡ ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʣʘʛʘʝʤ, ʩʦʭʨʘʥʷʶʪʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʥʠʷ ʧʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʨʦʜ-

ʢʦʣʣʝʢʪʦʨʦʚ (ʜʘʣʝʝ ï ʌɽʉ). ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʤʝʯʘʝʪʩʷ 



 

 

ɻʝʦʣʦʛʠʷ. ʀʟʚʝʩʪʠʷ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ / Geology.  

Proceedings of the Department of Earth Sciences and Natural Resources, 2024, ˉ 1 (34) 

22 

 

ʧʦʚʳʰʝʥʥʳʡ ʛʝʦʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ, ʚʳʩʦʢʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʘ.  

ʅʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʦʣʱʠʥʘʤʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʨʘʟʨʝʟʝ ʄʘʥʛʳʰʣʘʢʘ ʠ 

ʋʩʪʁʨʪ-ɹʦʟʘʰʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʂ ʦʪʣʦʞʝʥʠʷʤ ʪʨʠʘʩʘ (ʩʨʝʜʥʠʡ ʠ ʚʝʨʭʥʠʡ 

ʪʨʠʘʩ), ʥʘʨʷʜʫ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʶʨʳ, ʚ ʵʪʠʭ ʙʘʩʩʝʡʥʘʭ ʧʨʠʫʨʦʯʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʥʝʬʪʷʥʳʝ ʠ ʛʘʟʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʟʘʣʝʞʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʢʣʦʥʦʚ ɾʘʟʛʫʨʣʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ (ʄʘʭʘʪ, ɾʘʨʪʳ ʠ ʜʨ.) ʠ 

ɹʦʣʴʰʦʡ ʄʘʥʛʳʰʣʘʢʩʢʦʡ ʬʣʝʢʩʫʨʳ (ʇʠʦʥʝʨʩʢʦʝ, ʊʫʯʠʩʢʝʥ, ʋʣʴʢʝʥʜʘʣʝ, 

ɹʘʢʘʥʜ). 

ɺʳʩʦʢʘʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʧʦ ʦʪʣʦʞʝʥʠʷʤ ʪʨʠʘʩʘ ʠ ʶʨʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʣʠʟʦʩʪʴʶ ʢ ʟʦʥʘʤ 

ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ ɾʝʪʳʙʘʡ-ʋʟʝʥʴʩʢʦʡ ʩʪʫʧʝʥʠ, ʇʝʩʯʘʥʥʦʤʳʩʩʢʦ-

ʈʘʢʫʰʝʯʥʦʛʦ ʧʦʜʥʷʪʠʷ (ʉʝʚʝʨʦ-ʈʘʢʫʰʝʯʥʦʝ, ɾʠʣʘʥʜʳ, ʉʘʨʩʝʥʙʘʡ, ʆʡʤʘʰʘ) ʠ 

ʂʘʨʘʛʠʠʥʩʢʦʡ ʩʝʜʣʦʚʠʥʳ (ʂʘʨʘʛʠʝ ʉʝʚʝʨʥʳʡ, ɼʦʣʠʥʥʦʝ, ʂʘʨʠʤʘʥ, ɸʣʘʪʦʙʝ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʝʟʘ ʄʘʥʛʳʰʣʘʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʷʚʣʷʝʪʩʷ ʢʘʨʙʦʥʘʪʥʳʡ 

ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʪʨʠʘʩʘ. ɼʦʣʛʠʝ ʛʦʜʳ ʠʟʫʯʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ ʪʨʠʘʩʘ 

ʩʯʠʪʘʣʦʩʴ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʠʩʢʦʚ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʘʢ ʚ ʨʘʟʨʝʟʝ ʠʟʚʝʩʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʟʝʥʴ, ɾʝʪʳʙʘʡ, ʂʘʨʘʤʘʥʜʳʙʘʩ, ʊʝʥʛʝ ʠ ʜʨ., ʪʘʢ ʠ ʥʘ 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʣʦʢʘʣʴʥʳʭ ʧʣʦʱʘʜʷʭ. ʉʦ ʚʨʝʤʝʥʝʤ ʠ ʦʙʲʝʢʪʠʚʥʦ ʘʢʮʝʥʪ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʣʩʷ ʢ 

ʶʛʫ ʚ ʩʪʦʨʦʥʫ ɾʘʟʛʫʨʣʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʧʦʣʦʩʳ ɹʦʣʴʰʦʡ ʄʘʥʛʳʰʣʘʢʩʢʦʡ 

ʬʣʝʢʩʫʨʳ. ɺʩʢʨʳʪʳʝ ʧʦʩʣʝ ʙʫʨʝʥʠʷ ʦʙʨʘʟʮʳ ʢʝʨʥʘ ʠ ʧʦʨʦʜʳ ʠʟ ʪʨʠʘʩʦʚʦʡ ʪʦʣʱʠ 

ʦʧʳʪʥʳʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʯʠʢʠ ʩʦ ʩʪʘʞʝʤ ʧʨʦʟʚʘʣʠ çʟʚʝʥʷʱʠʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠè. ʅʘ 

ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʚʩʢʨʳʪʠʷ ʪʨʠʘʩʦʚʦʡ ʪʦʣʱʠ ʧʨʦʚʦʜʢʘ ʧʦʠʩʢʦʚʳʭ 

ʩʢʚʘʞʠʥ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʫʛʣʫʙʣʝʥʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʢʨʘʱʘʣʦʩʴ.  

ʂʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʪʨʠʘʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʝʤʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʚʢʣʶʯʝʥʠʝʤ ʵʬʬʫʟʠʚʥʳʭ 

ʧʦʨʦʜ, ʤʝʩʪʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʦʩʪʴ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ. 

ʊʨʝʱʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ çʟʘʣʝʯʝʥʦè ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʌɽʉ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʟʫʧʣʦʪʥʝʥʥʳʤ ʧʨʠʨʘʟʣʦʤʥʳʤ ʫʯʘʩʪʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ çʦʩʣʘʙʣʝʥʥʳʝè ʟʦʥʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʙʣʠʟʠ ʨʘʟʣʦʤʦʚ, ʧʦʨʠʩʪʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 20-23 

%. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʧʨʠʨʦʜʘ ʟʦʥ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʌɽʉ, ʥʝ ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʭʝʤʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ, ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʡ ʩʝʪʠ ʪʨʝʱʠʥ ʧʨʠ 

ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʷʭ, ʢʦʪʦʨʘʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʝʨʝʭʦʜʦʤ 

ʚ ʧʫʩʪʦʪʳ ʨʘʩʪʚʦʨʝʥʠʷ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʜʨ.  



 

_______________________________________________________________________________ 
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ʅʠʟʢʦʦʤʥʳʝ ʪʨʠʘʩʦʚʳʝ ʠ ʶʨʩʢʠʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʂʦʤʧʣʝʢʩʥʘʷ 

ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʨʠʘʩʦʚʳʭ ʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ 

ʨʘʟʚʠʪʠʝ ʚ ʨʘʟʨʝʟʝ ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʉʝʚʝʨʥʦʛʦ ʋʩʪʶʨʪʘ ʠ 

ʄʘʥʛʳʰʣʘʢʘ ʥʠʟʢʦʦʤʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ.  

ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʣʝʢʪʦʨʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʩʳʱʝʥʠʷ ʠʤʝʶʪ ʚʳʜʝʣʝʥʥʳʝ ʧʣʘʩʪʳ-ʢʦʣʣʝʢʪʦʨʳ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʘʘʣʝʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʩʨʝʜʥʝʡ ʶʨʳ. ʇʦ 

ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʨʘʟʨʝʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʧʦʜʦʰʚʝʥʥʘʷ ʯʘʩʪʴ 

ʢʦʤʧʣʝʢʩʘ) ʩʣʦʞʝʥ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʙʘʟʘʣʴʥʳʝ 

ʢʦʥʛʣʦʤʝʨʘʪʳ), ʢʦʪʦʨʳʝ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʥʷʶʪʩʷ 

ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ. ʇʣʦʭʘʷ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʩʪʴ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʣʦʪʥʘʷ ʠʭ ʫʧʘʢʦʚʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʠʣʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 5).  

 

ʈʠʩ. 5 ï ʅʠʟʢʦʦʤʥʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʨʘʟʨʝʟʝ  ʧʣʦʱʘʜʠ ʄʘʢʘʪ ɺʦʩʪʦʯʥʳʡ 
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ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʜʝʣʝʥʠʝ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʝʨʝʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ɻʀʉ ʧʨʦʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʦʡ ʚʝʣʠʯʠʥʦʡ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʪʦʣʦʛʠʠ ʠ 

ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʚʝʨʷʣʘʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʧʦ ʢʝʨʥʫ 

ʠ ʜʘʥʥʳʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʩʣʦʚʥʦʩʪʴ 

ʚʳʜʝʣʝʥʥʳʭ ʧʣʘʩʪʦʚ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʥʠʤ ʭʘʨʘʢʪʝʨʘ ʥʘʩʳʱʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʦʰʠʙʢʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʚ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʧʘʯʝʢ, ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʦʧʨʝʜʝʣʝʥʠʷ çʧʩʝʚʜʦʢʦʣʣʝʢʪʦʨʦʚè, ʪʘʢ ʠ ʚ 

ʩʪʦʨʦʥʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʨʘʟʥʦʩʪʝʡ ʦʪ ʠʩʪʠʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʢ 

ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʦʪʣʦʞʝʥʠʷʤ ʠ ʧʨʦʧʣʘʩʪʢʘʤ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʣʝʛʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʨʘʟʨʝʟʝ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ, ʪ.ʝ. ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 2500 ʤ ʙʦʣʝʝ. ɺ ʦʩʥʦʚʝ 

ʚʳʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʠʭ ʧʦʥʠʞʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʬʦʥʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʛʣʠʥ. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʞʝ 

ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

- ʇʦʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʣʠʥ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʫʧʣʦʪʥʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʚ ʨʘʟʜʝʣʝ ʩʭʝʤʦʡ ʠ ʵʪʘʧʥʦʩʪʴʶ 

ʚʳʜʝʣʝʥʠʷ ʚʦʜʳ, ʧʦʤʠʤʦ ʨʳʭʣʦʩʚʷʟʘʥʥʦʡ ʧʦʨʦʚʦʡ ʚʦʜʳ, ʪʘʢʞʝ çʚʳʞʠʤʘʝʪʩʷè 

ʯʘʩʪʴ ʤʝʞʩʣʦʡʥʦʡ ʚʦʜʳ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ (ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʛʝʦʩʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ) ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʩʚʳʰʝ 95-100Áʉ). ɺ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʪʘʢʦʤʫ ʠʥʪʝʥʩʠʚʥʦʤʫ ʫʧʣʦʪʥʝʥʠʶ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪ.ʢ. ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʛʘʥʠʷ ʛʣʠʥʳ ʥʘ ʪʝʭ ʞʝ ʛʣʫʙʠʥʘʭ 

ʚ ʨʘʟʨʝʟʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʠʤʝʶʪ ʠʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ. 

- ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʧʦ ʟʥʘʯʝʥʠʶ ʌɽʉ 

ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʧʦʨʷʜʢʘ 18-25%. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ʦʜʥʦʨʦʜʥʳʭ ʛʣʠʥ, ʚʳʞʘʪʦʡ ʠʟ ʥʠʭ ʧʣʦʪʥʦʡ ʚʦʜʝ ʥʝʢʫʜʘ ʙʳʣʦ 

ʵʤʠʛʨʠʨʦʚʘʪʴ, ʢʨʦʤʝ ʢʘʢ ʚ ʧʝʩʯʘʥʳʝ ʧʣʘʩʪʳ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤ ʩʘʤʳʤ 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʭ ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ.  

- ɺʳʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʥʘʩʳʱʘʶʱʠʭ ʧʦʨʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ.  

ɺ ʮʝʣʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʥʠʟʢʦʦʤʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ 

ʶʨʝ ʷʚʣʷʶʪʩʷ ʶʨʩʢʠʝ ʛʦʨʠʟʦʥʪʳ ʚ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʝʚʝʨʥʦʛʦ ʋʩʪʶʨʪʘ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʨʘʡʦʥʦʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʚʧʘʜʠʥʳ ʠ ʄʘʥʛʳʰʣʘʢʘ (ɸʨʳʩʪʘʥʦʚʩʢʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ, ʂʦʣʪʳʢ, ɽʣʝʤʝʩ 

ɿʘʧʘʜʥʳʡ, ʐʘʣʚʘ, ɾʝʪʳʙʘʡ, ʇʨʦʨʚʠʥʩʢʘʷ ʟʦʥʘ ʠ ʜʨ.). 
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ʇʨʦʜʫʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ ʚ ʢʝʧʨʦʢʝ. ʇʦʨʦʜʘ-ʢʝʧʨʦʢ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʠʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʥʠʟʢʠʤʠ ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʧʝʨʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʠ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʚʩʢʨʳʪʠʷ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʘ. ʋʯʠʪʳʚʘʷ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ, ɻʀʉ, ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʠʟʫʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʦʜʥʦʟʥʘʯʥʦʝ 

ʩʫʞʜʝʥʠʝ ʚ ʦʮʝʥʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʌɽʉ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʩʳʱʝʥʥʦʩʪʠ (ʨʠʩ. 6).  

ɼʣʷ ʙʘʩʩʝʡʥʦʚ ɿʘʧʘʜʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʬʦʥʪʘʥʥʦʛʦ ʧʨʠʪʦʢʘ ʣʝʛʢʦʡ ʥʝʬʪʠ ʠʟ ʦʪʣʦʞʝʥʠʡ ʢʝʧʨʦʢʘ ʚ ʩʢʚʘʞʠʥʝ ɻ-4 

ʧʣʦʱʘʜʠ ʄʳʥʪʝʢʝ ʖʞʥʳʡ (ʤʝʞʜʫʨʝʯʴʝ ʋʨʘʣ-ɺʦʣʛʘ). ɼʝʙʠʪ ʥʝʬʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 

547-550.5 ʤ ʩʦʩʪʘʚʠʣ 20 ʤ3/ʩʫʪ (4 ʤʤ ʨʝʞʠʤ). ʆʪʤʝʯʘʣʩʷ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥʳ ʥʘ ʜʘʥʥʦʤ ʨʝʞʠʤʝ. ɼʨʫʛʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʦʪʣʦʞʝʥʠʡ ʢʝʧʨʦʢʘ ʷʚʣʷʝʪʩʷ ʩʢʚʘʞʠʥʘ ˉ 401 ʂʘʨʘʪʶʙʝ, ʚ 

ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥ ʬʦʥʪʘʥʥʳʡ ʧʨʠʪʦʢ ʣʝʛʢʦʡ ʥʝʬʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 1652-1654 ʤ ʥʘ 

ʚʦʩʪʦʢʝ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʜʫʢʪʠʚʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʥʠʷʤʠ ɻʂ, ʯʪʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ.  

ʀʟʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʣʘʥʞʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʠʞʥʝʛʦ ʥʝʦʢʦʤʘ 

(ʥʠʞʥʠʡ ʤʝʣ). ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʜʣʷ ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʚʧʘʜʠʥʳ ʚʧʝʨʚʳʝ ʚʘʣʘʥʞʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ (K1v) ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʨʘʟʨʝʟʘ ʚʳʜʝʣʝʥ ʚ 1978 ʛ. ʩ ʦʪʢʨʳʪʠʝʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʠʩʠʤʙʘʡ (ɺʦʮʘʣʝʚʩʢʠʡ ʕ.ʉ.). ɼʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʪʘʢʞʝ 

ʧʨʦʜʫʢʪʠʚʝʥ ʠ ʠʤʝʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʜʠʮʠʠ ʥʘ ʨʷʜʝ ʧʣʦʱʘʜʝʡ ʶʛʘ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ: ɹʦʨʘʥʢʦʣʴ, ʇʨʦʨʚʠʥʩʢʘʷ ʟʦʥʘ, ʉʘʟʪʦʙʝ ʖʞʥʦʝ 

(ʊʘʩʳʤ) ʠ ʜʨ.  
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1 2 3 4 5 Combined Porosity 

1) ʂɺ 

2) ɻʂ 

3) ɿʦʥʜ 

ʂʉ 

ɻʣ. 

(ʤ) 

1-3) ɿʦʥʜʳ 

ɹʂɿ 

4) ʇʉ 

1) ɻʘʤʤʘ-

ʛʘʤʤʘ 

ʢʘʨʦʪʘʞ 

2) ʅɻʂ 

1) ɸʂ 1-7) ʆʙʲʝʤʥʘʷ ʤʦʜʝʣʴ 

ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ (0-

100 % ʠ ʚ ʜʦʣʷʭ 

ʝʜʠʥʠʮʳ). 

8) ʆʙʲʝʤ ʚʦʜʳ. 

1) ʂ ʧʦʨ.ʦʙʱ.; 2) ʂ ʧʦʨ.ʵʬʬ.; 

3) ʩʚʷʟ. ʚʦʜʘ; 4) ʦʙʱ.ʦʙʲʝʤ 

ʚʦʜʳ; 5) ʦʩʪʘʪʦʯʥʳʝ ʋɺ; 6) 

ʧʦʜʚʠʞʥʳʝ ʋɺ; 7) ʦʙʲʝʤ 

ʚʦʜʳ 

ʈʠʩ. 6 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʢʝʧʨʦʢʘ ʠ ʶʨʳ ʧʦ ʩʢʚʘʞʠʥʝ ɻ-4 ʄʳʥʪʝʢʝ ʖʞʥʳʡ  

(ʠʥʪ. 400-600 ʤ) ʚ ʤʝʞʜʫʨʝʯʴʝ ʋʨʘʣ-ɺʦʣʛʘ. ɸ ï ʇʨʦʤʳʩʣʦʚʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʟʨʝʟʘ. ɹ ï ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʡ ʤʝʪʦʜʦʚ ɻʀʉ 

(ʧʦ ʜʘʥʥʳʤ ʂʘʙʳʰʝʚʘ ʇ.ɿ.; ɿʂʕɻʀʉ, 1990-1992 ʛ.) 
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ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʧʦʩʣʝʜʫʶʱʝʤ, ʚʘʣʘʥʞʠʥʩʢʠʡ 

ʛʦʨʠʟʦʥʪ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʶʞʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʧʨʠʙʦʨʪʦʚʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ [12]. ʅʘ ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʚʧʘʜʠʥʳ ʜʘʥʥʳʡ ʛʦʨʠʟʦʥʪ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʨʦʜʠʨʦʚʘʥ. ɻʣʫʙʠʥʘ ʨʘʟʤʳʚʘ, 

ʠʥʦʛʜʘ ʦʭʚʘʪʳʚʘʝʪ ʥʠʞʝ ʟʘʣʝʛʘʶʱʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʶʨʳ.  

ɺʘʣʘʥʞʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʫʩʣʦʚʥʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ (ʨʠʩ. 7).  
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1 2 3 4 5 6 7 Combined Porosity 

ɻʣ. 

(ʤ) 

ɺʦʟʨʘʩʪ  1) ʂɺ ʠ 

ɼʉ; 2) 

ɻʂ; 3) 

ɿʦʥʜ ʂʉ 

1) ɹʂ; 

2) ʇʉ 

1-3) 

ɿʦʥʜʳ 

ɹʂɿ  

1) ɻʘʤʤʘ-

ʛʘʤʤʘ 

ʢʘʨʦʪʘʞ; 

2) ʅɻʂ 

1) 

ɸʂ 

1-5) ʆʙʲʝʤʥʘʷ 

ʤʦʜʝʣʴ ʨʘʟʣʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (0-100 % 

ʠ ʚ ʜʦʣʷʭ ʝʜ.); 6) 

ʦʙʲʝʤ ʥʝʬʪʠ; 7) 

ʦʙʲʝʤ ʚʦʜʳ 

1) ʂ ʧʦʨ.ʦʙʱ.; 2) ʂ 

ʧʦʨ.ʵʬʬ.; 3) ʩʚʷʟ. ʚʦʜʘ; 

4) ʦʙʱ.ʦʙʲʝʤ ʚʦʜʳ; 5) 

ʦʩʪʘʪʦʯ. ʋɺ-ʳ; 6) 

ʧʦʜʚʠʞ. ʋɺ-ʳ; 7) ʦʙʲʝʤ 

ʚʦʜʳ 

ʈʠʩ.7 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʘʣʘʥʞʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ ʩʢʚʘʞʠʥʝ ˉ 806 ʉʘʟʪʦʙʝ ʖʞʥʦʝ 

(ʊʘʩʳʤ) ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ. ɸ ï ʇʨʦʤʳʩʣʦʚʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʘ. ɹ ï ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʡ ʤʝʪʦʜʦʚ ɻʀʉ 

(ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʠ çBNG Ltdè, 2010 ʛ.) 
 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʤʠ 

ʦʩʘʜʢʘʤʠ ï ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʣʘʩʪʦʚ ʠ ʧʨʦʩʣʦʝʚ ʧʝʩʯʘʥʠʢʘ, 

ʘʣʝʚʨʠʪʦʛʣʠʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʠ ʛʣʠʥ, ʦʪʤʝʯʘʝʪʩʷ ʢʘʨʙʦʥʘʪʥʳʡ ʮʝʤʝʥʪ. 

ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʧʣʦʪʥʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʧʨʠʤʝʩʷʤʠ ʘʥʛʠʜʨʠʪʦʚ. ʇʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ 
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ʩʦʩʪʘʚʫ ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʦ ʤʥʦʛʦʤ ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ʬʠʣʠʧʧʦʚʩʢʠʤ ʛʦʨʠʟʦʥʪʦʤ 

ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʡ ʧʝʨʤʠ. ʇʦ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʌɽʉ ʚʳʜʝʣʷʝʪʩʷ 

ʥʠʞʥʷʷ ʯʘʩʪʴ ʛʦʨʠʟʦʥʪʘ, ʛʜʝ ʧʦʨʠʩʪʦʩʪʴ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ 

ʜʦʭʦʜʠʪ ʜʦ 22-23 % (ʚ ʩʨʝʜʥʝʤ 18-20 %). ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚ ʢʘʨʙʦʥʘʪʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʚʳʱʝʣʘʯʠʚʘʥʠʠ, 

ʢʘʚʝʨʥʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʜʨ.).  

ʇʦ ʢʘʨʦʪʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʟʨʝʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘ ʬʦʥʝ ʧʣʦʪʥʳʭ ʠ ʩʠʣʴʥʦ 

ʫʧʣʦʪʥʝʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʩʣʫʯʘʝ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʝʬʪʝʥʘʩʳʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʘ ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ 2.5-6 ʦʤʤ, ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 10-200 ʦʤʤ. ʇʨʠ 

ʚʦʜʦʥʘʩʳʱʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 0.2-0.5 ʦʤ 

ʤ. 

ʋʯʠʪʳʚʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ɻʀʉ, ʥʠʞʥʠʝ ʜʚʝ ʯʘʩʪʠ ʚ 

ʨʘʟʨʝʟʝ ʚʘʣʘʥʞʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʫʯʝʪʦʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠ ʢ ʚʝʨʭʥʝʡ ʶʨʝ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʨʭʥʝʶʨʩʢʘʷ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʘʯʢʘ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʦʢʨʳʰʢʦʡ 

ʜʣʷ ʥʠʞʝ ʟʘʣʝʛʘʶʱʝʡ ʯʘʩʪʠ ʶʨʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʍʦʪʷ ʚ ʢʘʨʙʦʥʘʪʘʭ ʚʝʨʭʥʝʡ ʶʨʳ ʧʦ 

ʜʘʥʥʳʤ ɻʀʉ ʥʝʨʝʜʢʦ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʳʭ ʧʨʦʩʣʦʝʚ ʠ 

ʛʦʨʠʟʦʥʪʦʚ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʝʱʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦ ʧʨʠʯʠʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʧʣʘʥʦʤʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʩʚʷʟʠ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʚʳʰʝ ʧʨʦʤʳʩʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʤʘʩʰʪʘʙʝ 

ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʜʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ 

ʚʘʣʘʥʞʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʯʘʩʪʠ 

ʧʣʘʥʦʤʝʨʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʘ ʥʦʚʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʉʣʝʜʫʝʪ ʧʨʠʥʷʪʴ 

ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘ ʨʷʜʝ ʧʣʦʱʘʜʝʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʚʠʜʫ ʥʝʯʝʪʢʦʛʦ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʦʪʥʝʩʝʥʠʷ ʢ ʢʘʨʙʦʥʘʪʥʦʡ ʚʝʨʭʥʝʡ ʶʨʝ, 

ʚʘʣʘʥʞʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʥʝʫʯʪʝʥʥʳʤ ʠ ʥʝʦʧʨʦʙʦʚʘʥʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʪʤʝʯʝʥʥʳʤ ʚʳʰʝ ʤʘʪʝʨʠʘʣʘʤ ʧʦʣʫʯʝʥʳ ʦʙʲʝʢʪʠʚʥʳʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʝʟʝʨʚʫʘʨʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʅʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʘ.  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʟʦʟʦʡʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʫʪʦʯʥʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʟʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʪʠʧʠʯʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʨʦʜʥʦ-

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘʢʦʧʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʘʢʮʝʥʪʠʨʦʚʘʪʴʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ 

ʩʝʡʩʤʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʠ ʧʨʦʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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ɺ ʜʘʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʦʞʥʦ ʚʧʦʣʥʝ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 3ɼ-ʄʆɻʊ ï ʄʫʣʴʪʠʬʦʢʫʩʠʥʛ 

(ʜʘʣʝʝ ï Mʌ), ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ çʉʠʛʥʘʣ/ʇʦʤʝʭʘè [8]. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʜʝʪʘʣʴʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʘ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʪʨʦʝʥʠʝ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦʡ ʤʘʩʩʠʚʥʦʡ ʪʦʣʱʠ. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʧʦʨʷʜʢʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʤʘʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʩʪʘ 

(ʩʪʝʧʝʥʴ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ, ʧʝʩʯʘʥʠʩʪʦʩʪʴ, ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʧʣʘʩʪʢʦʚ ʥʘ ʢʦʣʣʝʢʪʦʨ 

ʠ ʥʝʢʦʣʣʝʢʪʦʨ).  

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ɻʀʉ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ 3ɼ-ʄʆɻʊ ʪʝʭʥʦʣʦʛʠʠ ʄʌ, ʧʦʣʘʛʘʝʤ, ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʠʩʢʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ 

ʤʝʟʦʟʦʡʩʢʦʡ ʪʦʣʱʝ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʜʩʦʣʝʚʳʤ ʦʪʣʦʞʝʥʠʷʤ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʦʡ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ. 

ɺʳʚʦʜʳ: 

1. ɼʝʪʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʶʛʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʋʩʪʶʨʪ-ɹʦʟʘʰʠʥʩʢʦʛʦ ʠ 

ʄʘʥʛʳʰʣʘʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʫʪʦʯʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʝʟʘ, ʚ ʪ.ʯ.: ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʚʠʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʠ 

ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

2. ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʱʝʥʠʷ 

ʙʣʠʞʘʡʰʝʡ ʟʦʥʳ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠ ʧʣʦʱʘʜʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʭʘʨʘʢʪʝʨ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʌɽʉ ʧʦ ʨʘʟʨʝʟʫ ʠ ʧʦ ʣʘʪʝʨʘʣʠ. 

3. ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʜʝʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚʧʦʣʥʝ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʘʢʪʠʚʘ, 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʪʝʦʪʜʘʯʠ ʠ ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ ʩʳʨʴʷ. 

4. ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʘ ʤʝʪʦʜʘʤʠ ɻʀʉ 

ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʦʡ ʚ ʧʣʘʥʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ 

ʥʝʬʪʝʦʪʜʘʯʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʨʘʟʨʝʟʘ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʦʚ ɻʀʉ. 

5. ʋʪʦʯʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʠʟʫʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʥʦʚʳʝ çʧʦʜʭʦʜʳè ʚ 

ʦʮʝʥʢʝ ʨʘʟʨʝʟʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʫʯʝʪʘ 

ʣʠʪʦʣʦʛʠʠ ʠ ʬʘʮʠʘʣʴʥʦʛʦ çʥʘʧʦʣʥʝʥʠʷè ʨʘʟʨʝʟʘ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ. ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʦʝ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ 
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ʧʦʠʩʢʦʚʠʢʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʠʟʫʯʝʥʠʝ ʪʦʥʢʠʭ 

ʧʣʘʩʪʦʚ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʨʘʟʨʝʟʦʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʣʝʜʫʝʪ ʨʘʩʮʝʥʠʚʘʪʴ 

ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ, ʯʪʦ ʟʘʚʝʜʦʤʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʝʨʦʷʪʥʳʭ ʣʦʚʫʰʝʢ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ. 

6. ʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʄʌ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʘʪʝʨʠʘʣʘʤʠ 

ɻʀʉ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʨʘʟʨʝʟʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʩʣʘʛʘʶʱʠʭ ʝʛʦ ʧʦʨʦʜ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʦʩʥʦʚʥʳʤ ʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʤʘʩʩʠʚʘ ʚʝʜʫʱʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʣʥʦʩʪʴʶ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤ ʫʣʴʪʨʘʤʘʬʠʪʘʤ, 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʚ ʘʥʪʠʛʦʨʠʪʦʚʦʡ ʬʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʵʧʠʜʦʪ-

ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʝʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʦʪʦʣʠʪʦʤ ʜʣʷ ʘʥʪʠʛʦʨʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʩʣʫʞʠʣʠ ʛʘʨʮʙʫʨʛʠʪʳ 

ʦʬʠʦʣʠʪʦʚʦʛʦ ʪʠʧʘ. ɼʣʷ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʥʳ ʦʯʝʥʴ ʥʠʟʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ çʙʘʟʘʣʴʪʦʠʜʥʳʭè ʦʢʩʠʜʦʚ (CaO, Al2O3, TiO2, ʱʝʣʦʯʝʡ) ʠ 

ʚʳʩʦʢʠʝ - ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (MgO, Ni, Cr), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ 

ʩ ʨʝʩʪʠʪʘʤʠ ʦʪ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʇʦʨʦʜʳ 

ʚʝʨʣʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ 

ʚ ʦʬʠʦʣʠʪʦʚʳʭ ʛʘʙʙʨʦ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʘʭ. ʅʠʟʢʘʷ ʪʠʪʘʥʠʩʪʦʩʪʴ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʦʩʪʘʚ ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʭʦʜʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʩ ʤʘʬʠʪʘʤʠ 

ʦʩʪʨʦʚʥʳʭ ʜʫʛ ð ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʨʘʩʧʣʘʚʦʚ ʦʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ 

ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʠʨʦʣʠʪʘ.  
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Summary. This paper examines the geological structure of the Aminevsky 

mafic-ultramafic massif, describes the petrographic features of its constituent rocks, 

analyzes petrochemical data on the basic and ultrabasic rocks of the massif, and 

characterizes the distribution of rare earth elements. It is shown that the leading role in 

the structure of the massif belongs to completely serpentinized ultramafic rocks, 

metamorphosed in the antigorite facies, which are compared with the epidote-

amphibolite facies of regional metamorphism. It is concluded that petrographic and 

geochemical features indicate that ophiolite-type harzburgites served as the protolith 

for the antigorite serpentinites. Serpentinites of the massif are characterized by very 

low contents of all ñbasaltoidò oxides (CaO, Al2O3, TiO2, alkalis) and high contents of 

refractory components (MgO, Ni, Cr), which allows them to be compared with restites 

from partial melting of the upper mantle source. The rocks of the wehrlite-

clinopyroxenite-gabbro association are comparable in geochemical features to similar 

formations present in ophiolitic gabbro-ultrabasic massifs. Low titanium content, 

predominantly calc-alkaline composition and low content of rare earth elements 

indicate the similarity of the studied rocks with island arc mafic rocks which were 

crystallize from melts of rather high degrees of partial melting of pyrolite. 

 

Key words: ultramafic rock, mafic rock, ophiolite, restite, partial melting, 
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ɺʚʝʜʝʥʠʝ. ɸʤʠʥʝʚʩʢʠʡ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʡ ʤʘʩʩʠʚ ʧʨʠʫʨʦʯʝʥ ʢ 

ʛʨʘʥʠʮʝ ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʤʝʛʘʟʦʥʳ ʩ ɸʨʘʤʠʣʴʩʢʦ-ʉʫʭʪʝʣʠʥʩʢʦʡ ʟʦʥʦʡ 

ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. ʆʜʥʠʤ ʠʟ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ɸʨʘʤʠʣʴʩʢʦ-ʉʫʭʪʝʣʠʥʩʢʦʡ ʟʦʥʳ, 

ʢʦʪʦʨʳʝ ʧʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʜʚʠʥʫʪʳ ʚ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʩʪʨʫʢʪʫʨʳ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʘ 

ʚ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ 

ʤʝʛʘʟʦʥʳ, ʩʦʚʤʝʩʪʥʦ ʦʙʨʘʟʫʷ ʝʜʠʥʳʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʙʘʩʩʝʡʥ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ [1, 2, 3]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʯʝʥʴ ʮʝʥʥʦʡ ʜʣʷ 

ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʜʨʝʚʥʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

[1, 4]. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 1) ʦʮʝʥʢʘ 

ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 2) ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠʟʫʯʝʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ.  
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ʈʝʟʫʣʴʪʘʪʳ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʘʩʩʠʚʘ. ɸʤʠʥʝʚʩʢʠʡ ʤʘʩʩʠʚ ʚ 

ʧʣʘʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʦʝ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʣʦ 

ʰʠʨʠʥʦʡ ʦʪ 0,5 ʢʤ ʥʘ ʶʛʝ ʜʦ 3 ʢʤ ʥʘ ʩʝʚʝʨʝ, ʜʣʠʥʦʡ ʦʢʦʣʦ 10 ʢʤ, ʝʛʦ ʧʣʦʱʘʜʴ 

ʩʦʩʪʘʚʣʷʝʪ 22 ʢʤ2 (ʨʠʩ. 1).  

 
ʈʠʩ. 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ  

ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʛʜʝ: ʘ ï ʧʦ ɺ.ʅ.ʇʫʯʢʦʚʫ [1, 6]; ʙ ï ʧʦ ɸ.ɺ.ʄʦʠʩʝʝʚʫ ʠ ʜʨ. (2002 ʛ.), ʅ.ʉ.ʂʫʟʥʝʮʦʚʫ ʠ ʜʨ. (2011 

ʛ.) ʩ ʫʧʨʦʱʝʥʠʷʤʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ï ʘ: 1 ï ʇʨʝʜʫʨʘʣʴʩʢʠʡ ʢʨʘʝʚʦʡ ʧʨʦʛʠʙ, 2 ï ɿʘʧʘʜʥʦʫʨʘʣʴʩʢʘʷ ʟʦʥʘ 

ʰʝʣʴʬʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 3 ï ɿʘʧʘʜʥʦʫʨʘʣʴʩʢʘʷ ʟʦʥʘ ʙʘʪʠʘʣʴʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 4 ï 

ʎʝʥʪʨʘʣʴʥʦ-ʋʨʘʣʴʩʢʘʷ ʟʦʥʘ (ʨʠʬʝʡ), 5 ï ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʘʷ ʤʝʛʘʟʦʥʘ, 6 ï ɺʦʩʪʦʯʥʦ-

ʋʨʘʣʴʩʢʘʷ ʤʝʛʘʟʦʥʘ, 7 ï ʟʦʥʘ ɻʣʘʚʥʦʡ ʩʫʪʫʨʥʦʡ ʟʦʥʳ ʋʨʘʣʘ (çɻʣʘʚʥʳʡ ʋʨʘʣʴʩʢʠʡ ʨʘʟʣʦʤè); 

ʙ: 1 ï ʩʦʩʥʦʚʩʢʘʷ ʪʦʣʱʘ (C1ss): ʧʦʣʠʤʠʢʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʠ 

ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʳ, ʠʟʚʝʩʪʥʷʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ, 2 ï ʢʨʘʩʥʦʢʘʤʝʥʩʢʘʷ 

ʪʦʣʱʘ (D3kr): ʣʘʚʳ, ʣʘʚʦʙʨʝʢʯʠʠ, ʪʫʬʳ ʚʫʣʢʘʥʠʪʦʚ ʦʪ ʙʘʟʘʣʴʪʦʚʦʛʦ ʜʦ ʨʠʦʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʢʘʢ ʱʝʣʦʯʥʳʭ, ʪʘʢ ʠ ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ , 3 ï ʩʫʭʪʝʣʠʥʩʢʘʷ ʪʦʣʱʘ (D2-3sh): ʧʝʩʯʘʥʠʢʠ, 

ʛʨʘʚʝʣʠʪʳ, ʘʣʝʚʨʦʣʠʪʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʢʩʝʥʦʪʫʬʳ ʧʝʧʣʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʩʣʦʠ ʫʛʣʝʨʦʜʠʩʪʦ-

ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʪʫʬʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, 4 ï ʙʫʣʘʪʦʚʩʢʘʷ ʪʦʣʱʘ (S1-2bl): ʩʣʘʥʮʳ 

ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʫʛʣʝʨʦʜʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ, ʫʛʣʝʨʦʜʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʦ-

ʛʣʠʥʠʩʪʳʝ, 5 ï ʰʝʤʝʪʦʚʩʢʘʷ ʪʦʣʱʘ (O2sm): ʣʘʚʳ ʠ ʪʫʬʳ ʙʘʟʘʣʴʪʦʚ, ʧʨʦʩʣʦʠ ʢʨʝʤʥʠʩʪʳʭ 
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ʪʫʬʬʠʪʦʚ ʠ ʷʰʤʦʠʜʦʚ, 6 ï ʛʨʘʥʠʪʦʠʜʳ ɺʘʥʜʳʰʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, 7 ï ʛʘʙʙʨʦʠʜʳ, 8 ï 

ʩʝʨʧʝʥʪʠʥʠʪʳ ʘʥʪʠʛʦʨʠʪʦʚʳʝ, 9 ï ʪʘʣʴʢ-ʩʝʨʧʝʥʪʠʥʦʚʳʝ, ʪʘʣʴʢ-ʢʘʨʙʦʥʘʪʥʳʝ, ʭʣʦʨʠʪ-

ʩʝʨʧʝʥʪʠʥʦʚʳʝ ʧʦʨʦʜʳ ʧʦ ʫʣʴʪʨʘʙʘʟʠʪʘʤ. ʇʨʠʤʝʯʘʥʠʝ: ʜʘʣʝʝ ʚ ʪʝʢʩʪʝ ʯʝʪʳʨʝʭʟʥʘʯʥʳʝ ʥʦʤʝʨʘ 

ʜʘʥʳ ʩ ʣʠʪʝʨʦʤ çʇʣè, ʘ ʜʚʫʟʥʘʯʥʳʝ ï ʩ ʣʠʪʝʨʦʤ çɸʤè. 

 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʥ ʩʨʝʟʘʝʪʩʷ ʛʨʘʥʠʪʘʤʠ ɺʘʥʜʳʰʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʘ ʶʛʝ 

- ʨʝʟʢʦ ʩʫʞʘʝʪʩʷ, ʧʝʨʝʭʦʜʷ ʚ ʮʝʧʦʯʢʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʣʠʥʟ. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʠʰʥʝʚʩʢʦʡ 

ʪʦʣʱʠ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ [5]. ʅʘ ʟʘʧʘʜʝ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʢʦʣʦ 5 ʢʤ, ʫʣʴʪʨʘʤʘʬʠʪʳ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʢʨʝʤʥʠʩʪʳʤʠ ʠ ʫʛʣʝʨʦʜʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ 

ʙʨʶʭʦʚʩʢʦʡ ʪʦʣʱʠ (S1-2).  

ʄʘʩʩʠʚ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ ʜʦʨʦʛʦʡ ʋʡʩʢʦʝ - ʂʠʜʳʰ, ʧʨʠʤʝʨʥʦ ʧʦ ʵʪʦʡ 

ʞʝ ʣʠʥʠʠ ʧʨʦʭʦʜʠʪ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʤʝʥʝʝ ʠʟʤʝʥʝʥʥʫʶ 

(ʩʝʨʧʝʥʪʠʥʠʪʦʚʫʶ) ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʠ ʶʞʥʫʶ, ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʨʘʙʦʪʘʥʥʫʶ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ʈʘʟʣʠʯʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʦʪʨʘʞʝʥʳ ʪʘʢʞʝ ʠ ʚ ʨʝʣʴʝʬʝ 

ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʙʣʦʢʦʚ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʧʨʠʧʦʜʥʷʪʘ, ʩʣʘʙʦ ʟʘʣʝʩʝʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʨʘʩʯʣʝʥʝʥʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʣʫʯʰʝʡ ʦʙʥʘʞʝʥʥʦʩʪʴʶ. 

ʖʞʥʘʷ ʯʘʩʪʴ, ʥʘʧʨʦʪʠʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ, ʩʣʘʙʦ ʦʙʥʘʞʝʥʥʘʷ. 

ʇʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʝʚʝʨʥʳʡ ʙʣʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 500 ʤ (ʊʫʨʙʘʥʦʚ ʠ ʜʨ., 1975 ʛ.). ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ 

ʤʘʩʩʠʚʦʤ ʥʝʦʜʥʦʨʦʜʥʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʫʣʴʪʨʘʙʘʟʠʪʘʭ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʝʪʠʪʘ. ʖʞʥʘʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʤʠ, 

ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʤʠ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ. ʉʣʦʞʝʥʳ ʦʥʠ ʢʘʨʙʦʥʘʪʦʤ - 

ʙʨʝʡʥʝʨʠʪʦʤ (40-75%), ʘʥʪʠʛʦʨʠʪʦʤ (ʜʦ 30%), ʪʘʣʴʢʦʤ (ʜʦ 25%), ʘʢʪʠʥʦʣʠʪʦʤ 

(ʜʦ 5%), ʪʨʝʤʦʣʠʪʦʤ (ʜʦ 3%), ʭʣʦʨʠʪʦʤ (ʜʦ 10%). ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʘʨʙʦʥʘʪʥʳʝ, ʪʘʣʴʢ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ.  

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʤʘʩʩʠʚʥʳʝ 

ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ ʩ ʤʝʣʢʦʧʣʘʩʪʠʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʠʢʘʤʠ ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʩʝʨʧʝʥʪʠʥʘ ʷʚʣʷʝʪʩʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 815-830̄ ʉ, ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʘʥʪʠʛʦʨʠʪʘ ʪʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 750-790̄ ʉ, ʭʨʠʟʦʪʠʣ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʤʫ ʧʠʢʫ ʚ ʠʥʪʝʨʚʘʣʝ 700-740̄  (ʨʠʩ. 2).  
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ʈʠʩ. 2 ï ʊʝʨʤʦʛʨʘʤʤʳ ʧʦʨʦʜ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʛʜʝ: ʘ ï ʚʝʨʣʠʪ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʡ (ʘʥʪʠʛʦʨʠʪ, ʭʨʠʟʦʪʠʣ), ʙ ï ʩʝʨʧʝʥʪʠʥʠʪ 

ʭʨʠʟʦʪʠʣ-ʘʥʪʠʛʦʨʠʪʦʚʳʡ, ʚ ï ʩʝʨʧʝʥʪʠʥʠʪ ʘʥʪʠʛʦʨʠʪʦʚʳʡ, ʛ ï ʩʝʨʧʝʥʪʠʥ-ʭʣʦʨʠʪ-ʢʘʨʙʦʥʘʪʥʘʷ 

ʧʦʨʦʜʘ ʧʦ ʫʣʴʪʨʘʙʘʟʠʪʫ. 
 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʩʝʨʧʝʥʪʠʥʠʪʳ ʩʠʣʴʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳ ʠ ʤʝʩʪʘʤʠ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʝʥʳ ʚ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʭ 

ʪʝʨʤʦʛʨʘʤʤʘʭ.  

ʉʨʝʜʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʚʙʣʠʟʠ ʜʦʣʠʥʳ ʨ.ʋʡ ʢʘʨʪʠʨʫʝʪʩʷ ʩʫʙʠʟʦʤʝʪʨʠʯʥʦʝ 

ʪʝʣʦ ʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 1 ʢʤ2. ʆʙʥʘʞʝʥʠʷ 

ʚʝʨʣʠʪʦʚ ʠ ʧʠʨʦʢʩʝʥʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʦʙʳʯʥʦ ʢ ʧʦʥʠʞʝʥʥʳʤ ʫʯʘʩʪʢʘʤ ʨʝʣʴʝʬʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʚʘʨʴʠʨʫʝʪ ʦʪ ʧʝʨʚʳʭ ʧʨʦʮʝʥʪʦʚ ʜʦ ʧʦʯʪʠ 

ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʨʠʩ. 3). 
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ʈʠʩ. 3 ï ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, 

ʛʜʝ: 1 ï ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ, 2 ï ʛʘʙʙʨʦʠʜʳ ʘʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʳʝ, 3 ï 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʘʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʳʝ, ʦʣʠʚʠʥʦʚʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ, 4 ï ʚʝʨʣʠʪʳ 

ʘʥʪʠʛʦʨʠʪʠʟʠʨʦʚʘʥʥʳʝ. ʇʨʠʤʝʯʘʥʠʝ: ʥʘ ʚʨʝʟʢʝ ï ʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʨʘʟʨʝʟʘ ʩʝʨʧʝʥʪʠʥʠʪ-

ʚʝʨʣʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʙʥ.5021 ʠ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. 

 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ ʧʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʩʪʨʦʝʥʠʷ ʩʝʨʧʝʥʪʠʥʠʪ-ʚʝʨʣʠʪ-ʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʚʦʛʦ ʨʘʟʨʝʟʘ ʚ ʦʙʥ. 

5021 (ʨʠʩ.3). ɺʦʩʪʦʯʥʝʝ ʚʩʢʨʳʪʦʛʦ ʚ ʧʨʦʤʦʠʥʝ ʫʯʘʩʪʢʘ ʦʙʥʘʞʘʶʪʩʷ 

ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʨ. 5021-4. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ 

ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʘʷ, ʤʝʩʪʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʘʷ ʧʝʪʝʣʴʯʘʪʘʷ 

ʪʝʢʩʪʫʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʩʝʪʠ ʧʨʦʩʝʯʝʢ ʧʳʣʝʚʠʜʥʦʛʦ ʤʘʛʥʝʪʠʪʘ. ɺ 

ʧʦʨʦʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʢʮʝʩʩʦʨʥʳʡ ʭʨʦʤʰʧʠʥʝʣʠʜ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 1%. ʆʥ 

ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ ʩʦ ʩʛʣʘʞʝʥʥʳʤʠ ʢʨʘʷʤʠ ʨʘʟʤʝʨʦʤ 

0,3-0,5 ʤʤ. ʅʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ (?) ʩʝʨʧʝʥʪʠʥʘ ʧʦ 

ʧʠʨʦʢʩʝʥʫ. 

ʅʘ ʦʪʨʝʟʢʝ ʦʪ ʦʙʥ. 5021-3 ʜʦ ʦʙʥ.5021 ʨʘʟʨʝʟ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʝʨʣʠʪ-

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚʳʡ ʩʦʩʪʘʚ, ʠʥʦʛʜʘ ʧʝʨʝʭʦʜʷ ʚ ʤʝʣʘʥʦʢʨʘʪʦʚʦʝ ʛʘʙʙʨʦ 

(ʦʙʨ.5021-1ʘ). ʆʣʠʚʠʥ ʚ ʧʦʨʦʜʘʭ ʥʘʮʝʣʦ ʟʘʤʝʱʝʥ ʘʥʪʠʛʦʨʠʪʦʤ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ 

ʧʝʨʝʢʨʝʱʝʥʥʦ-ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.4), ʧʩʝʚʜʦʤʦʨʬʥʫʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʠʯʥrʤ ʟʝʨʥʘʤ ʦʣʠʚʠʥʘ. ʉʫʜʷ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʨʬʦʣʦʛʠʠ 

ʘʥʪʠʛʦʨʠʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʟʝʨʥʘ ʦʣʠʚʠʥʘ ʠʤʝʣʠ ʨʘʟʤʝʨʳ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʤ ʜʦ 

1,5-2 ʤʤ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʦʢʨʫʛʣʳʝ ʦʯʝʨʪʘʥʠʷ. ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʘʣʠʚʦʦʙʨʘʟʥʳʝ ʚʥʝʜʨʝʥʠʷ ʘʥʪʠʛʦʨʠʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʟʝʨʥʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʘ 

ʪʘʢʞʝ ʧʦʡʢʠʣʠʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ.  
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ʈʠʩ. 4 ï ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ɸʤʠʥʝʚʩʢʦʛʦ  

ʤʘʩʩʠʚʘ 
 

ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʟʘʪʨʦʥʫʪ ʚʪʦʨʠʯʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʘʥʠʝ 

çʧʩʝʚʦʜʦʧʦʨʬʠʨʦʚʦʡè ʩʪʨʫʢʪʫʨʳ: ʚ ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʦʤ ʤʘʪʨʠʢʩʝ 

ʘʧʦʦʣʠʚʠʥʦʚʦʛʦ ʘʥʪʠʛʦʨʠʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʙʣʠʪʯʘʪʳʝ ʟʝʨʥʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, 

ʨʘʟʤʝʨ ʠʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,2-0,4 ʤʤ ʜʦ 2-3 ʤʤ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʯʝʤ 
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ʙʦʣʴʰʝ ʚ ʧʦʨʦʜʝ ʧʠʨʦʢʩʝʥʘ, ʪʦ ʪʝʤ ʙʦʣʝʝ ʠʜʠʦʤʦʨʬʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʝʛʦ 

ʚʳʜʝʣʝʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʧʠʨʦʢʩʝʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʦʡʥʠʢʦʚʘʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʢʦʨʝʝ ʚʩʝʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʂʣʠʥʦʧʠʨʦʢʩʝʥ 

ʠʥʦʛʜʘ ʟʘʤʝʱʝʥ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʘʤʬʠʙʦʣʘʤʠ ʘʢʪʠʥʦʣʠʪ-ʪʨʝʤʦʣʠʪʦʚʦʛʦ 

ʨʷʜʘ (ʰʣ. 5021-1), ʨʝʞʝ ï ʵʧʠʜʦʪ-ʭʣʦʨʠʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ. ɺ ʚʝʨʣʠʪʘʭ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʛʠʦʢʣʘʟʘ, 

ʢʦʪʦʨʳʡ ʯʘʱʝ ʚʩʝʛʦ ʟʘʤʝʱʝʥ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʘʛʨʝʛʘʪʦʤ ʭʣʦʨʠʪʘ, ʵʧʠʜʦʪʘ ʠ 

ʧʨʝʥʠʪʘ. ɺ ʦʙʨʘʟʮʝ 5021-3 ʬʠʢʩʠʨʫʝʪʩʷ ʙʨʝʢʯʝʝʚʠʜʥʘʷ ʪʝʢʩʪʫʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʜʨʦʙʣʝʥʠʠ ʧʠʨʦʢʩʝʥʦʚʳʭ ʟʝʨʝʥ ʠ ʚʥʝʜʨʝʥʠʷ ʘʥʪʠʛʦʨʠʪʘ ʚʜʦʣʴ ʪʨʝʱʠʥ ʚ ʧʦʨʦʜʝ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʥʘʨʫʰʝʥʥʦʩʪʴ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʪʝʨʧʝʣ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

 

ʈʠʩ.5 ï ɸʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʳʝ ʛʘʙʙʨʦʠʜʳ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ɻʘʙʙʨʦʠʜʳ ʩʣʘʛʘʶʪ ʥʝʚʳʩʦʢʠʡ ʫʚʘʣ, ʦʪʚʝʪʚʣʷʶʱʠʡʩʷ ʦʪ ʚʝʨʰʠʥʳ ʭʨʝʙʪʘ 

(ʛ.ʋʣʫʪʘʫ) (ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 5). ɺ ʩʦʩʪʘʚʝ ʪʝʣʘ ʧʨʝʦʙʣʘʜʘʶʪ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʤʝʟʦʢʨʘʪʦʚʳʝ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʛʘʙʙʨʦʠʜʳ, 

ʟʜʝʩʴ ʪʘʢʞʝ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʝʨʣʠʪʳ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ 

(ʦʙʥ. ʇʣ-5027, 5029). ʖʞʥʝʝ ʩʨʝʜʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦ ʤʦʱʥʦʩʪʠ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʛʘʙʙʨʦʠʜʦʚ ʠ ʘʧʦʛʘʙʙʨʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

(ʦʙʥ. ɸʤ-6, 15). ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʩʝʚʝʨʥʦʛʦ ʙʣʦʢʘ ʤʘʩʩʠʚʘ ʦʙʥʘʞʝʥʘ ʧʣʦʭʦ, ʟʜʝʩʴ 

ʥʘʨʷʜʫ ʩ ʜʝʣʶʚʠʘʣʴʥʦ-ʵʣʶʚʠʘʣʴʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʚʩʪʨʝʯʘʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʣʳʙʦʚʳʝ ʨʘʟʚʘʣʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʠ ʦʪʜʝʣʴʥʳʝ ʢʦʨʝʥʥʳʝ 

ʚʳʭʦʜʳ ʢʚʘʨʮʝʚʳʭ ʞʠʣ (ʦʙʥ. ʇʣ-5024). 

ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʛʘʙʙʨʦʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ. ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʟʝʨʥʠʩʪʘʷ, ʥʝʤʘʪʦʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʨʝʞʝ ï ʙʣʘʩʪʦʛʘʙʙʨʦʚʘʷ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ (ʰʣ. 5029-1) ʧʣʘʛʠʦʢʣʘʟ ʧʝʣʠʪʠʟʠʨʦʚʘʥ, ʘ ʰʠʨʦʢʠʝ ʧʨʠʟʤʳ 

ʧʝʨʚʠʯʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʟʘʤʝʱʝʥʳ ʘʤʬʠʙʦʣʦʚʳʤ ʘʛʨʝʛʘʪʦʤ. ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳ 

ʩʣʫʯʘʠ, ʢʦʛʜʘ ʩʦʭʨʘʥʷʶʪʩʷ ʨʝʣʠʢʪʳ ʩʚʝʞʝʛʦ ʧʣʘʛʠʦʢʣʘʟʘ, ʘ ʧʠʨʦʢʩʝʥ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʝʥ ʫʜʣʠʥʝʥʥʳʤʠ ʧʨʠʟʤʘʤʠ ʘʤʬʠʙʦʣʦʚ, ʠʤʝʶʱʠʤʠ ʭʘʨʘʢʪʝʨʥʳʝ 

çʟʘʥʦʟʠʩʪʳʝè ʦʢʦʥʯʘʥʠʷ (ʨʠʩ. 5). ʈʘʟʤʝʨ ʟʝʨʝʥ ʚʘʨʴʠʨʫʝʪ ʦʙʳʯʥʦ ʚ ʧʨʝʜʝʣʘʭ 0,1-

0,5 ʤʤ, ʨʝʞʝ ï ʜʦ 1 ʤʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʚ ʧʦʨʦʜʘʭ ʤʝʞʜʫ ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʮʚʝʪʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʚʘʨʴʠʨʫʝʪ ʦʪ ʤʝʣʘʥʦʛʘʙʙʨʦ ʠ ʧʣʘʛʠʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʩʦʜʝʨʞʘʥʠʝ 

ʧʣʘʛʠʦʢʣʘʟʘ <15%) ʜʦ ʤʝʟʦʢʨʘʪʦʚʦʛʦ ʛʘʙʙʨʦ (ʩʦʜʝʨʞʘʥʠʝ ʧʣʘʛʠʦʢʣʘʟʘ > 50%). 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ. ʋʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ 

ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʝʥʳ ʚ ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʠ ʭʨʠʟʦʪʠʣ-

ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʩʪʳʤ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠ ʥʘ 95-99% ʩʦʩʪʦʷʪ ʠʟ ʦʢʠʩʣʦʚ ʢʨʝʤʥʠʷ, ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ. ʀʟ ʜʨʫʛʠʭ 

ʧʝʪʨʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʰʴ ʉʘʆ ʠ 

Al 2O3 (ʜʦ 5%), ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ (ʪʘʙʣʠʮʘ 1).  

ʈʝʟʫʣʴʪʘʪʳ ʥʦʨʤʘʪʠʚʥʳʭ ʧʝʨʝʩʯʝʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ [7, 8] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʨʷʜʘ 

ʷʚʣʷʶʪʩʷ ʛʘʨʮʙʫʨʛʠʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʣʠʚʠʥʘ 65-70%, ʨʦʤʙʠʯʝʩʢʦʛʦ ʧʠʨʦʢʩʝʥʘ 

25-35% ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʤʝʥʝʝ 5%. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʞʝʣʝʟʠʩʪʦʩʪʴ 

(f= 12,85-16,42 %), ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʘʟʘʣʴʪʦʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: Al 2O3 (0,98-

1,57%, ʚ ʣʝʨʮʦʣʠʪʘʭ ʜʦ 4,65%), ʉʘʆ (0,005-2,14%) ʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ (ʜʦ 0,5%).  
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ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʨʧʝʥʪʠʥʠʪʘʭ 
 3 4 5 6 7 8 9 

ˉ ʦʙʨ. ɸʤ-8 ɸʤ-16 4813 4818ɻ ʇʣ-12/20 ʇʣ-12/22 ʇʣ-12/19 

SiO2 39,5 36 41,35 52,23 40,4 41,38 38,94 

TiO2 0,1 0,06 0,1 0,12 0,13 0,07 0,03 

Al 2O3 0,6 1,1 0,7 0,72 4,65 0,98 1,57 

Fe2O3 14 14,5 4,65 6,88 4,73 8,08 9,85 

FeO - - 3,96 3,02 4,54 2,8 3,48 

MnO 0,09 0,1 0,05 0,15 0,13 0,19 0,15 

MgO 35,2 36,4 37,08 30,1 33,41 34,06 35,24 

CaO 0,5 0,5 0,05 0,05 1,64 2,14 0,05 

Na2O 0,12 0,12 0,07 0,03 0,41 0,49 0,06 

K2O 0,05 0,05 0,07 0,03 0,08 0,08 0,07 

P2O5 ʩʣ. ʩʣ. 0,06 0,04 0,027 0,009 0,005 

ʧʧʧ 9,76 11,24 12,2 7 10,3 9,42 10,82 

ʩʫʤʤʘ 99,92 100,1 100,3 100,3 100,5 99,7 100.21 

Cr 3241 2945      

Ni 675 265      

ʉʦ 76 71      

Sc 16 11   20,9 34,4 15,9 

Hf 0,24 0,077   0,28 0,52 0,0 

Ta     0,0 0,0 0,2 

Th 0,42 0,75   0,28 0,66 0,89 

U 1,03 0,94   3,75 2,19 0,5 

La 0,4 0,52   0,22 0,39 0,072 

Ce 0,86 1,09   0,68 0,91 0,19 

Pr 0,1 0,14   0,13 0,12 0,033 

Nd 0,39 0,59   0,82 0,53 0,18 

Sm 0,11 0,17   0,37 0,16 0,066 

Eu 0,031 0,013   0,036 0,01 0,062 

Gd 0,19 0,23   0,59 0,26 0,13 

Tb 0,035 0,036   0,1 0,047 0,023 

Dy 0,26 0,22   0,61 0,34 0,17 

Ho 0,066 0,05   0,15 0,085 0,045 

Er 0,22 0,14   0,45 0,27 0,14 

Tu 0,041 0,022   0,07 0,05 0,027 

Yb 0,27 0,13   0,44 0,33 0,18 

Lu 0,053 0,021   0,075 0,063 0,036 

Cr*  1130 1670   2457 2017 2129 

Ni*  1140 830   990 450 760 

Co* 85 57   96 98 134 

ʇʨʠʤʝʯʘʥʠʝ: ʩʦʜʝʨʞʘʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʠʩʣʦʚ ʜʘʥʳ ʚ ʚʝʩ.% (ʩʠʣʠʢʘʪʥʳʡ ʘʥʘʣʠʟ), ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ï ʚ ʛ/ʪ (ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ), * - ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 
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ɺ ʩʝʨʧʝʥʪʠʥʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ ʪʠʧʠʯʥʳʭ 

ʨʝʩʪʠʪʘʭ (600-1000 ʛ/ʪ), ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʠ ʭʨʦʤʘ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʪʘʢʦʚʳʤʠ. ɺ ʚʝʨʣʠʪʘʭ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʭ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʛʘʙʙʨʦʠʜʘʤʠ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʪʨʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʭʦʜʥʳ ʩ ʪʘʢʦʚʳʤʠ ʚ ʩʝʨʧʝʥʪʠʥʠʪʘʭ, ʚ ʛʘʙʙʨʦʠʜʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʥʠʢʝʣʷ, ʙʦʣʝʝ ʨʝʟʢʦʝ ï ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʠ ʧʦʯʪʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʙʘʣʴʪʘ (ʪʘʙʣʠʮʘ 2).  

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʠʨʦʢʩʝʥʠʪʘʭ ʠ ʛʘʙʙʨʦʠʜʘʭ 

 1 2 3 4 5 6 7 8 9 

ˉ 

ʦʙʨ. ʇʣ-12/6 ʇʣ-12/8 

ʇʣ-

12/18 ɸʤ-15/2 ʇʣ-12/1 ʇʣ-12/3 

ʇʣ-

12/11 

ʇʣ-

12/13 

ʇʣ-

12/17 

SiO2 53,58 50,56 48,02 44 54,02 52,16 48,68 49,38 49,2 

TiO2 0,07 0,19 0,1 0,11 0,29 0,3 0,1 0,14 0,13 

Al 2O3 2,77 4,99 1,28 16,9 17,45 11,06 14,25 15,0 16,28 

Fe2O3 2,21 1,54 4,37 9 1,8 2,16 2,18 2,65 2,87 

FeO 6,03 6,16 3,34 - 3,61 5,4 3,61 3,97 4,17 

MnO 0,12 0,19 0,2 0,12 0,1 0,16 0,14 0,11 0,11 

MgO 21,22 18,95 26,06 13,0 6,25 12,71 12,1 10,49 10,49 

CaO 10,95 13,36 10,28 12,5 8,93 10,33 14,69 13,54 12,96 

Na2O 0,4 0,64 0,36 1,54 4,9 2,7 1,38 1,52 1,56 

K2O 0,05 0,12 0,08 0,1 0,12 0,14 0,08 0,12 0,12 

P2O5 0,03 0,009 0,005 - 0,053 0,027 0,011 0,04 0,01 

ʧʧʧ 2,42 2,36 5,36 2,48 1,9 1,86 1,94 2,8 2,06 

ʩʫʤʤʘ 99,85 99,06 99,45 99,75 99,42 99,01 99,16 99,77 99,96 

Cr    514      

Ni          

ʉʦ    48      

Sc 29,3 70,7 53,7 45 27,8 64,7 49,9 37,8 51,3 

Hf 0,64 0,39 0,77 0,35 0,49 0,6 0,34 0,82 2,14 

Ta  1,41    0,43 0,96   

Th 0,14 0,23 0,18  0,065 0,58  0,17 0,53 

U 0,54 2,14 0,93 1,16 2,7 2,93 2,91 0,43 2,08 

La 0,16 1,0 0,68 0,32 0,45 0,35 0,86 0,2 0,31 

Ce 0,58 2,27 1,59 0,88 1,57 1,41 1,76 0,63 0,97 

Pr 0,12 0,32 0,22 0,14 0,31 0,33 0,22 0,13 0,18 

Nd 0,82 1,48 1,09 0,71 2,24 2,75 0,9 0,81 1,14 

Sm 0,4 0,46 0,37 0,25 1,02 1,36 0,24 0,37 0,48 

Eu 0,038 0,023 0,16 0,022 0,25 0,064 0,057 0,34 0,3 

Gd 0,74 0,7 0,5 0,37 1,53 1,78 0,34 0,5 0,86 

Tb 0,14 0,12 0,079 0,06 0,23 0,24 0,05 0,076 0,14 

Dy 0,91 0,74 0,47 0,38 1,39 1,35 0,3 0,44 0,9 

Ho 0,23 0,18 0,11 0,085 0,32 0,28 0,067 0,095 0,22 

Er 0,77 0,54 0,29 0,24 0,87 0,7 0,18 0,25 0,65 
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 1 2 3 4 5 6 7 8 9 

Tu 0,14 0,09 0,047 0,038 0,13 0,096 0,28 0,037 0,11 

Yb 0,84 0,52 0,27 0,22 0,71 0,47 0,15 0,19 0,63 

Lu 0,17 0,093 0,045 0,037 0,12 0,071 0,026 0,033 0,11 

Cr* 1398 978 2102 600 230 464 299 320 345 

Ni*  70 180 930 160 470  300   

Co* 49 46 51 64 26 43 42 27 32 

ʇʨʠʤʝʯʘʥʠʝ: 1, 3 ï ʧʠʨʦʢʩʝʥʠʪʳ, 2 ï ʚʝʨʣʠʪ, 4-9 ï ʛʘʙʙʨʦʠʜʳ; ʩʦʜʝʨʞʘʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ 

ʦʢʠʩʣʦʚ ʜʘʥʳ ʚ ʚʝʩ.% (ʩʠʣʠʢʘʪʥʳʡ ʘʥʘʣʠʟ), ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ï ʚ ʛ/ʪ (ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ), * - ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘ ʬʦʥʝ ʚ ʮʝʣʦʤ ʟʘʢʦʥʦʤʝʨʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʦʚʝʜʝʥʠʷ ʥʠʢʝʣʷ ʠ ʭʨʦʤʘ ʦʪ ʛʘʙʙʨʦ ʢ 

ʩʝʨʧʝʥʪʠʥʠʪʘʤ, ʚ ʜʠʩʢʨʝʪʥʳʭ ʛʨʫʧʧʘʭ ʧʦʨʦʜ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʦʥʘ ʚ ʚʝʨʣʠʪ-

ʧʠʨʦʢʩʝʥʠʪʦʚʦʡ ʯʘʩʪʠ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʩʦʜʝʨʞʘʥʠʡ ʚ 

ʧʦʨʦʜʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ ʭʨʦʤ, ʠ ʦʣʠʚʠʥʘ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʛʦ 

ʥʠʢʝʣʴ.  

ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʧʦʨʦʜ ʛʘʙʙʨʦʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʨʠʩʫʥʢʝ 6. 

 
ʈʠʩ. 6 ï ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʧʦʨʦʜ ʛʘʙʙʨʦʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʆʙʨʘʪʠʤʩʷ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʜʣʷ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ SiO2 - 

(Na2O+K2O), SiO2 ï (Fe2O3+FeO)/MgO (ʜʠʘʛʨʘʤʤʘ ʄʠʘʰʠʨʦ), AFM, ACM 

(ʨʠʩ.6). ɼʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʜʝʣʷʪʴ 

ʧʦʨʦʜʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʟʣʠʯʥʳʤ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʝʨʠʷʤ: ʱʝʣʦʯʥʦʡ, 

ʩʫʙʱʝʣʦʯʥʦʡ, ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʠ ʪʦʣʝʠʪʦʚʦʡ. ʇʦ ʢʨʠʪʝʨʠʶ ʄʠʷʰʠʨʦ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʤ. ʇʦʜʦʙʥʘʷ ʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʦʪ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʢ ʛʘʙʙʨʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ AFM.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʫʣʴʪʨʘʙʘʟʠʪʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʛʢʠʤʠ.  

ɺ ʮʝʣʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚ ʧʦʨʦʜʘʭ ʙʣʠʟʢʦ ʢ ʭʦʥʜʨʠʪʦʚʦʤʫ, ʘ 

ʩʦʦʪʥʦʰʝʥʠʝ LaN<YbN ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʥʝʩʝʥʠʝ ʠʭ ʢ ʫʤʝʨʝʥʥʦ 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʤʫ ʨʝʩʪʠʪʫ. 

ɺ ʛʘʙʙʨʦʠʜʘʭ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʝ ʥʘ ʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʝ ʚ ʩʝʨʧʝʥʪʠʥʠʪʘʭ. ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ ʚʳʜʝʣʷʝʪʩʷ ʪʠʧ ʩ 

ʄ-ʦʙʨʘʟʥʳʤ ʚʠʜʦʤ ʢʨʠʚʦʡ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʣʘʥʪʘʥʦʠʜʦʚ.  

ʌʦʨʤʘ ʢʨʠʚʦʡ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʨʝʜʥʠʭ ʈɿʕ 

(Sm, Dy, Gd) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʝʛʢʠʤ ʠ ʪʷʞʝʣʳʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ 

ʝʚʨʦʧʠʷ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʛʘʙʙʨʦ ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʠʧʠʯʥʦ ʦʬʠʦʣʠʪʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʭʦʥʜʨʠʪ-

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʨʷʜʫ ʦʪ La ʜʦ Lu. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʘʙʙʨʦ 

ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʧʦʜʦʙʥʳʤ ʪʠʧʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʫʨʦʚʥʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʤʥʦʛʠʤ ʦʬʠʦʣʠʪʦʚʳʤ ʙʘʟʠʪʘʤ [9]. ɺ 

ʚʝʨʣʠʪʘʭ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʝʞʜʫ ʪʘʢʦʚʳʤʠ ʚ ʨʝʩʪʠʪʘʭ ʠ ʛʘʙʙʨʦ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʷʞʝʣʳʤʠ ʠ ʣʝʛʢʠʤʠ 

ʈɿʕ ʚ ʮʝʣʦʤ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ, ʪʦ ʝʩʪʴ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʫʶ ʣʠʥʠʶ ʥʘ ʫʨʦʚʥʝ 2-3 ʝʜʠʥʠʮ ʭʦʥʜʨʠʪʦʚʦʛʦ ʫʨʦʚʥʷ (ʨʠʩ. 7). 
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ʈʠʩ. 7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʣʴʪʨʘʤʘʬʠʪʘʭ ʠ 

ʛʘʙʙʨʦʠʜʘʭ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʛʜʝ: ʘ ï ʛʘʙʙʨʦʠʜʳ, ʙ ï ʚʝʨʣʠʪʳ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ, ʚ ï ʩʝʨʧʝʥʪʠʥʠʪʳ 

 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ 

ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦʟʚʦʣʷʶʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʭʦʜʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʦʬʠʦʣʠʪʦʚʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʝʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ (ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʶ, 

ʘʤʬʠʙʦʣʠʟʘʮʠʶ). ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʪʠʧʠʯʥʳʤʠ ʜʣʷ 

ʦʬʠʦʣʠʪʦʚ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ ʠ ʦʧʠʩʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ [10]. 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʢ ʘʥʪʠʛʦʨʠʪʦʚʦʡ ʬʘʮʠʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 
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ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʝʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ [11]. ʇʦ 

ʧʝʪʨʦʭʠʤʠʠ ʠ ʥʦʨʤʘʪʠʚʥʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠʟʫʯʝʥʥʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʠʧʠʯʥʳʤʠ ʨʝʩʪʠʪʦʚʳʤʠ ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ ʦʬʠʦʣʠʪʦʚ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʙʳʣʠ ʨʘʥʝʝ ʩʜʝʣʘʥʳ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʧʝʥʪʠʥʠʪʦʚ 

ʂʫʣʠʢʦʚʩʢʦʛʦ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚʤʝʩʪʝ ʩ ɸʤʠʥʝʚʩʢʠʤ ʚ 

ʄʠʘʩʩ-ʂʫʣʠʢʦʚʩʢʠʡ ʧʦʷʩ [12, 13]. ɺʝʨʦʷʪʥʦ, ʧʨʦʪʦʣʠʪʦʤ ʧʦʣʥʦʩʪʴʶ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʷʚʣʷʣʠʩʴ ʛʘʨʮʙʫʨʛʠʪʳ.  

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʢʘʨʪʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʦʨʦʜ, ʚʢʣʶʯʘʶʱʠʡ 

ʛʘʙʙʨʦʠʜʳ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʩ ʨʝʣʠʢʪʘʤʠ ʚʝʨʣʠʪʦʚ. ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʧʝʨʝʭʦʜʥʳʭ ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʦʬʠʦʣʠʪʦʚ ʠ ʥʠʟʦʚ ʨʘʟʨʝʟʘ ʢʦʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ (ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʝʡ ʠ ʪʠʪʘʥʘ) ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʘʥʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʚʝʨʣʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʚʫʶ 

ʘʩʩʦʮʠʘʮʠʶ ʢ ʦʬʠʦʣʠʪʦʚʦʤʫ ʪʠʧʫ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɸʤʠʥʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʘ 

ʪʘʢʞʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ, ʧʦʟʚʦʣʠʣʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. 

1. ɺ ʩʪʨʦʝʥʠʠ ʤʘʩʩʠʚʘ ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʣʥʦʩʪʴʶ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤ ʫʣʴʪʨʘʤʘʬʠʪʘʤ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʚ ʘʥʪʠʛʦʨʠʪʦʚʦʡ 

ʬʘʮʠʠ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʝʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ. ʉʫʜʷ ʧʦ ʨʷʜʫ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʪʦʣʠʪʦʤ ʜʣʷ ʘʥʪʠʛʦʨʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʩʣʫʞʠʣʠ ʛʘʨʮʙʫʨʛʠʪʳ 

ʦʬʠʦʣʠʪʦʚʦʛʦ ʪʠʧʘ. 

2. ɼʣʷ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʥʳ ʦʯʝʥʴ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ 

çʙʘʟʘʣʴʪʦʠʜʥʳʭè ʦʢʩʠʜʦʚ: CaO, Al2O3, TiO2, ʱʝʣʦʯʝʡ ʠ ʚʳʩʦʢʠʝ - ʪʫʛʦʧʣʘʚʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: MgO, Ni, Cr. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʨʝʩʪʠʪʘʤʠ ʦʪ 

ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. 

3. ʇʦʨʦʜʳ ʚʝʨʣʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʦʬʠʦʣʠʪʦʚʳʭ ʛʘʙʙʨʦ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʘʭ. ʅʠʟʢʘʷ 

ʪʠʪʘʥʠʩʪʦʩʪʴ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʦʩʪʘʚ ʠ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʭʦʜʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ 

ʩ ʤʘʬʠʪʘʤʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ð ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʨʘʩʧʣʘʚʦʚ ʦʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʝʡ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʠʨʦʣʠʪʘ. 
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The relevance of the study is determined by the fact that a detailed study of the material and 

elemental composition of carbonates of organogenic structures formed on ancient shelves and which 

experienced varying degrees of influence of secondary processes on the rocks is of both scientific and 

practical interest for petroleum geologists. Using X-ray fluorescence analysis (XRF) methods, the 

article examines the distribution of major and trace elements in two types of dolomites of the 

Kamyshlin horizon of the Kazan stage of the Gorsky uplift: oolitic and relict-organogenic calcareous 

dolomites. Based on genetic classifications of carbonates, these deposits were classified; most of the 
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rocks were classified as calcareous dolomites. Based on the results of the XRF study, their 

organogenic nature, transformation and recrystallization were confirmed. Limestones and dolomites 

contain information about the paleoenvironment and paleoclimate, and the distribution of major and 

trace elements is an effective tool for reconstructing the paleogeographic conditions of the formation 

and transformation of sedimentary strata, while at the same time, geochemical and petrophysical 

studies allow optimizing the system for developing high-viscosity oil fields. 

Key words: Kazanian stage, geochemistry, carbonate sediments, dolomite, super-viscous oil. 

 

ɺʚʝʜʝʥʠʝ. ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʩʘʜʦʯʥʦʤ 

ʯʝʭʣʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ɺʦʣʛʦ-ʂʘʤʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʦʱʥʦʡ ʪʦʣʱʠ ʤʦʨʩʢʠʭ ʠ ʣʘʛʫʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʀʟʫʯʘʝʤʦʝ ɻʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʚʝʨʭʚʷʟʢʠʭ ʥʝʬʪʝʡ (ʉɺʅ) 

ʀʛʣʘʡʢʠʥʩʢʦʡ ʧʣʦʱʘʜʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʫʨʝʥʠʷ ʦʪʢʨʳʪʦ ʝʱʝ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ ʧʨʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʠʟʫʯʝʥʠʠ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʄʝʣʝʢʝʩʩʢʦʡ ʚʧʘʜʠʥʳ 

ʩʪʨʫʢʪʫʨʥʳʤ ʙʫʨʝʥʠʝʤ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʢʘʤʳʰʣʠʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ, 

ʷʚʣʷʶʪʩʷ ʦʦʣʠʪʦʚʳʡ ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ ʜʦʣʦʤʠʪ ʠ ʨʝʣʠʢʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʡ 

ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ ʜʦʣʦʤʠʪ (ʨʠʩ. 1). ʀʟ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪʤʝʯʘʶʪʩʷ 

ʢʘʣʴʮʠʪʠʟʘʮʠʷ ʠ ʩʫʣʴʬʘʪʠʟʘʮʠʷ. ʂʦʣʣʝʢʪʦʨ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠʥʪʝʥʩʠʚʥʦ 

ʥʝʬʪʝʥʘʩʳʱʝʥ. ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʢʘʤʳʰʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʟʘʣʝʛʘʶʪ ʧʦʜ 

ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʨʘʩʥʦʷʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʠ 

ʧʦʜʩʪʠʣʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʘʥʛʠʜʨʠʪʘʤʠ ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫʩʘ. ɿʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ 

ʦʙ̡ʝʢʪʘ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʢʘʨʙʦʥʘʪʥʳʝ ʪʦʣʱʠ ʦʨʛʘʥʦʛʝʥʥʳʭ 

ʧʦʩʪʨʦʝʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʜʨʝʚʥʠʭ ʰʝʣʴʬʘʭ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʝʨʚʠʯʥʫʶ 

ʧʦʨʠʩʪʦʩʪʴ ʠ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʣʦʚʫʰʢʘʤʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɸ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢʦʣʣʝʢʪʦʨʘ ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʟʘʣʝʞʝʡ ʉɺʅ.  

 
ʈʠʩ. 1 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ ʧʦʨʦʜ ʢʘʤʳʰʣʠʥʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, 
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ʛʜʝ: I - ʨʝʣʠʢʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʡ ʜʦʣʦʤʠʪ, ʩʣʦʞʝʥʥʳʡ ʢʦʣʦʥʠʷʤʠ ʤʰʘʥʦʢ ʚ ʧʨʠʞʠʟʥʝʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ (ʫʚ.Ĭ0,5; ʥʠʢʦʣʠ II); II - ʦʦʣʠʪʦʚʳʡ ʜʦʣʦʤʠʪ, (ʫʚ.Ĭ0,5; ʥʠʢʦʣʠ II); III - ʛʣʘʫʢʦʥʠʪ ʚ 

ʨʝʣʠʢʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʦʤ ʜʦʣʦʤʠʪʝ, (ʫʚ. Ĭ5; ʥʠʢʦʣʠ +), IV - ʦʙʣʦʤʢʠ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʠ 

ʛʣʘʫʢʦʥʠʪ ʚ ʛʣʠʥʠʩʪʦʤ ʜʦʣʦʤʠʪʝ, (ʫʚ. Ĭ2; ʥʠʢʦʣʠ +). ʃʝʛʝʥʜʘ: Ool ï ʦʦʠʜʳ, Cr ï ʢʨʠʥʦʠʜʝʠ, 

B ï ʤʰʘʥʢʠ, S ï ʚʦʜʦʨʦʩʣʠ, gl ï ʛʣʘʫʢʦʥʠʪ, vol ïʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ 

 

ɺʧʝʨʚʳʝ ʚ ʉʨʝʜʥʝʤ ʇʦʚʦʣʞʴʝ ʦʦʣʠʪʦʚʳʝ ʜʦʣʦʤʠʪʳ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ɹ.ʇ. ʂʨʦʪʦʚʘ [1]. ʆʥ ʩʯʠʪʘʣ, ʯʪʦ 

ʜʦʣʦʤʠʪʠʟʘʮʠʷ ʦʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʨʦʮʝʩʩʘʤʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʣʥʦʮʝʥʥʦ ʢʝʨʥʦʚʳʡ ʠ ʢʘʨʦʪʘʞʥʳʡ ʤʘʪʝʨʠʘʣ ɻʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉɺʅ ʥʘʯʘʣʠ ʠʟʫʯʘʪʴ ʩ 70-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ ʥʘ ʢʘʬʝʜʨʝ ʛʝʦʣʦʛʠʠ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʚ ʪʨʝʩʪʝ çʊʘʪʥʝʬʪʝʛʘʟʨʘʟʚʝʜʢʘè ʇʆ 

çʊʘʪʥʝʬʪʴè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʳʭ ʦʙʦʙʱʝʥʥʳʭ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʧʨʝʜʝʣʘʭ ɻʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʜʝʣʝʥʦ ʜʚʘ ʪʠʧʘ ʧʦʨʦʜ ʢʦʣʣʝʢʪʦʨʦʚ: 

ʨʝʣʠʢʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʝ ʠ ʦʦʣʠʪʦʚʳʝ ʜʦʣʦʤʠʪʳ [2]. ɺ ʨʘʙʦʪʝ [3] ʉ.ʉ. ʕʣʣʝʨʥʦʤ 

ʚ ʨʘʟʨʝʟʝ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ (ʢʘʤʳʰʣʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ) 

ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʧʣʘʩʪʘ, ʦʪʚʝʯʘʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʤ ʮʠʢʣʘʤ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ [4] ʅʫʨʛʘʣʠʝʚʦʡ ʅ.ɻ. ʜʦʧʦʣʥʝʥʘ ʩʭʝʤʘ ʉ.ʉ. ʕʣʣʝʨʥʘ 

ʠ ʧʨʠʚʝʜʝʥʘ ʪʠʧʠʟʘʮʠʷ ʧʦʨʦʜ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ. ɺ ʨʘʙʦʪʝ [5] ʋʩʧʝʥʩʢʠʤ ɹ.ɺ. 

ʧʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʚʳʷʚʣʝʥʳ ʚʦʩʝʤʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ ʠ ʧʨʠʚʝʜʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʵʪʠʤ ʬʘʢʪʦʨʘʤ. 

ʅʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʜʦʣʦʤʠʪʦʚʳʭ ʩʝʢʮʠʡ 

ʨʘʟʨʝʟʦʚ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʠ ʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ [6] ʄʫʭʫʪʜʠʥʦʚʦʡ ʅ.ɻ.  

ʚʳʜʝʣʝʥʳ ʜʚʘ ʪʠʧʘ ʜʦʣʦʤʠʪʦʚ - ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

(ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ). ʇʝʨʚʳʝ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʩʫʣʴʬʘʪʘʤʠ ʠ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʧʫʪʝʤ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠʟʚʝʩʪʢʦʚʳʭ ʠʣʦʚ ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ 

ɻʘʡʜʠʥʛʝʨʘ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʜʦʣʦʤʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʠʙʦ ʚ ʧʨʦʮʝʩʩʝ 

ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠʥʬʠʣʴʪʨʫʶʱʠʤʠʩʷ ʨʘʩʪʚʦʨʘʤʠ MgS04 ʠ MgCl2, 

ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʷʤ ɻʘʡʜʠʥʛʝʨʘ ʠ ʄʘʨʠʥʴʷʢʘ, ʣʠʙʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʠʟʚʝʩʪʥʷʢʠ ʦʢʠʩʣʷʶʱʠʭʩʷ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʨʘʙʦʪʝ [7] ʦʙʩʫʞʜʘʝʪʩʷ, ʯʪʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʚʫʰʝʢ ʉɺʅ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ɻʦʨʩʢʦʡ, ʦʢʘʟʘʣʘ ʚʣʠʷʥʠʝ ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʥʦʚ 

ʠ ʧʘʣʝʦʧʦʜʥʷʪʠʡ ʵʨʦʟʠʦʥʥʦ-ʦʩʪʘʥʮʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʘʢʤʘʨʩʢʦʛʦ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʣʘ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʧʘʣʝʦʛʠʧʩʦʤʝʪʨʠʠ ʨʝʣʴʝʬʘ ʜʥʷ 

ʢʘʟʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ ʢʘʤʳʰʣʠʥʩʢʦʝ ʚʨʝʤʷ ʥʘʜ ʦʩʪʘʥʮʘʤʠ ʦʙʨʘʟʦʚʘʣʠʩʴ 

çʙʘʥʢʦʚʩʢʠʝè ʦʪʤʝʣʠ, ʩ ʦʪʣʦʞʝʥʠʝʤ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. 

ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʣʦʚʫʰʝʢ ʉɺʅ ɻ.ɸ. ʇʝʪʨʦʚ ʩʚʷʟʳʚʘʝʪ ʩ ʣʠʪʦʬʘʮʠʝʡ ʦʦʣʠʪʦʚʳʭ 

ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ɻʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʪʝʢʪʦʥʦ-

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʚʥʝʰʥʝʡ ʙʦʨʪʦʚʦʡ ʟʦʥʳ 
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ʋʩʪʴ-ʏʝʨʝʤʰʘʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʂʘʤʩʢʦ-ʂʠʥʝʣʴʩʢʦʡ ʩʠʩʪʝʤʳ 

ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʛʠʙʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥ ʦʨʛʘʥʦʛʝʥʥʳʡ ʛʝʥʝʟʠʩ ʩʪʨʫʢʪʫʨʳ [8]. ʆʙʨʘʟʦʚʘʥʠʝ 

ʥʠʞʥʝʢʘʟʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ 

ʄʝʣʝʢʝʩʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ɺ ʥʘʯʘʣʝ ʢʘʟʘʥʩʢʦʛʦ ʚʝʢʘ, ʫʩʠʣʠʚʰʠʝʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʧʫʩʢʘʥʠʷ ʧʨʠʚʝʣʠ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʥʥʝʢʘʟʘʥʩʢʦʝ ʤʦʨʝ 

ʜʦʩʪʠʛʣʦ ʚ ʢʘʤʳʰʣʠʥʩʢʦʝ ʚʨʝʤʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʨʦʩʪʘ ɻʦʨʩʢʦʡ 

ʦʨʛʘʥʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [8]. ʀʟʤʝʥʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 

ʧʝʨʠʦʜʳ ʥʘʨʘʩʪʘʶʱʝʡ ʨʝʛʨʝʩʩʠʠ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʦʙʠʣʴʥʦʤʫ ʚʳʧʘʜʝʥʠʶ ʦʦʣʠʪʦʚ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ɻʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʢʨʘʩʥʦʷʨʩʢʦʝ ʚʨʝʤʷ ʦʙʱʠʡ ʧʦʜʲʝʤ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʨʠʚʥʦʩ ʪʝʨʨʠʛʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʝʣʠ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʦʛʝʥʥʦʡ ʧʦʩʪʨʦʡʢʠ.  

ʊʘʢ ʢʘʢ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠʟʳʩʢʘʥʠʷ ʥʝ ʜʘʣʠ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʫʩʣʦʚʠʡ 

ʠ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʦʨʩʢʦʡ ʣʦʚʫʰʢʠ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʤʳʰʣʠʥʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ 

ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ɻʦʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʟʘʣʝʞʠ ʉɺʅ. 

ɿʘʜʘʯʘʤʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ 

ʠʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʩʣʦʚʠʡ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ ʦʨʛʘʥʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʜʨʝʚʥʠʭ ʰʝʣʴʬʘʭ, ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʣʝʦʩʨʝʜʝ ʠ 

ʧʘʣʝʦʢʣʠʤʘʪʝ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʘʚʥʳʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ.  

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʘʭ, ʤʦʛʫʪ ʣʠʙʦ ʟʘʤʝʱʘʪʴ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʛʨʫʧʧ, Ca2+ ʠʣʠ CO3
2-, ʣʠʙʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʚ ʚʠʜʝ ʜʝʬʝʢʪʦʚ ʨʝʰʝʪʢʠ ʠ/ʠʣʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʠʣʠ 

ʨʘʩʪʚʦʨʦʚ [9]. ʊʦʣʴʢʦ 1% ʢʦʥʮʝʥʪʨʘʮʠʠ Mg ʠ Sr ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʤʝʥʥʳʭ ʧʦʟʠʮʠʷʭ 

ʚʥʫʪʨʠ ʢʘʨʙʦʥʘʪʘ, ʦʩʪʘʣʴʥʳʝ ʟʘʤʝʱʝʥʳ Cʘ. ɺʩʝ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʢʘʨʙʦʥʘʪʦʚ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʵʣʝʤʝʥʪʳ (Sr, Mg ʠ Na), ʦʙʳʯʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 100 ʜʦ 1000 ppm, ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʦʙʳʯʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʥʝʝ ʯʝʤ 10 ppm [10].  

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʦʚ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ ʯʝʪʢʦ 

ʦʪʨʘʞʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠ: ʦʢʠʩʣʳ CaO, MgO, MnO, FeO ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʘʨʙʦʥʘʪʥʫʶ ʯʘʩʪʴ, ʘ SiO2, TiO2, Al2O3, Fe2O3, K2O, Na2O ï ʥʝʨʘʩʪʚʦʨʠʤʳʡ 

ʦʩʪʘʪʦʢ [11].  

ʄʝʪʦʜʳ. ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʘʚʪʦʨʘʤʠ ʙʳʣʠ 

ʠʟʫʯʝʥʳ 30 ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʢʘʤʳʰʣʠʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʆʪʙʦʨ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʩʷ ʠʟ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʰʝʩʪʠ ʩʢʚʘʞʠʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʩʦʭʨʘʥʥʦʩʪʠ ʢʝʨʥʘ ɻʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦ 

ʩʚʦʜʥʦʤʫ ʨʘʟʨʝʟʫ ɻʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉɺʅ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʆʙʨʘʟʝʮ ˉ2/8001 ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʨʠʛʝʥʥʦʡ ʧʦʨʦʜʦʡ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝ ʫʯʠʪʳʚʘʣʩʷ. 

 

 
ʈʠʩ. 2 ï ʉʚʦʜʥʳʡ ʨʘʟʨʝʟ ɻʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉɺʅ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʤʝʩʪʘ 

ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʦ ʨʘʟʨʝʟʫ,  
ʛʜʝ: ʩʠʥʠʝ ʢʨʫʞʢʠ ï ʨʝʣʠʢʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʡ ʜʦʣʦʤʠʪ, ʢʨʘʩʥʳʝ ï ʦʦʣʠʪʦʚʳʡ ʜʦʣʦʤʠʪ, 

ʟʝʣʝʥʳʝ ï ʛʣʠʥʠʩʪʳʡ ʜʦʣʦʤʠʪ, ʛʦʣʫʙʦʡ ï ʧʝʣʦʠʜʥʳʡ ʜʦʣʦʤʠʪ, ʞʝʣʪʳʡ - ʠʟʚʝʩʪʥʷʢ. 

 

ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʈʌɸ: ʦʙʨʘʟʮʳ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʢʝʨʥʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʤʘʪʨʠʢʩʘ ʧʦʨʦʜʳ) ʠʟʤʝʣʴʯʘʣʠʩʴ ʜʦ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10. 

ʅʘʚʝʩʢʘ ʦʙʨʘʟʮʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʤʘʩʩʦʡ 0,5 ʛ, ʧʦʤʝʱʘʣʘʩʴ ʚ ʢʝʨʘʤʠʯʝʩʢʠʡ ʪʠʛʝʣʴ 

ʠ ʧʨʦʢʘʣʠʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100Áʉ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (ʇʇʇ). ɼʨʫʛʘʷ ʥʘʚʝʩʢʘ ʦʙʨʘʟʮʘ, ʤʘʩʩʦʡ 4 ʛ, 

ʩʤʝʰʠʚʘʣʘʩʴ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʦʩʢʦʤ ʠ ʧʨʝʩʩʦʚʘʣʘʩʴ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʙʦʨʥʦʡ 
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ʢʠʩʣʦʪʳ ʩ ʫʩʠʣʠʝʤ ʚ 300 ʢʅ. ɸʥʘʣʠʟ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ Geoquant, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʙʦʨʦʚ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʮʘʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʩʯʝʪʘ ʠ ʤʝʪʦʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʩʧʝʢʪʨ 

ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Bruker Spectra Plus WDX, 

Bruker AXS Eval2. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟ ʩʧʝʢʪʨʘ ʫʜʘʣʝʥʳ ʠʣʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʳ 

ʦʰʠʙʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʘʨʘʟʠʪʥʳʝ ʧʠʢʠ, ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʷʚʣʝʥʠʷ ʠ ʤʘʪʨʠʯʥʳʝ ʵʬʬʝʢʪʳ. ɼʣʷ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʣʠʯʠʥʳ ʇʇʇ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʪʠʧʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 

ʢʘʤʳʰʣʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɻʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʪʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ DʉI ʠ ʜʠʘʛʨʘʤʤʘ ʃ.ɺ. 

ɸʥʬʠʤʦʚʘ (MgO-CaO) [11]. 

ʇʦʩʪʨʦʝʥʠʝ ʪʨʦʡʥʦʡ ʜʠʘʛʨʘʤʤʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʈʌɸ 

ʚʳʧʦʣʥʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ [12], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ 

ʫʨʘʚʥʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʧʨʦʮʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʣʴʮʠʪʘ 

(C), ʜʦʣʦʤʠʪʘ (D) ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ (I), ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʙʨʘʟʝʮ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʨʦʜʳ. ʕʪʠ ʧʨʦʮʝʥʪʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʨʦʡʥʦʡ ʜʠʘʛʨʘʤʤʳ DʉI 

(ʜʦʣʦʤʠʪ-ʢʘʣʴʮʠʪ-ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ) ʠ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ 

ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʧʦ 14 ʣʠʪʦʬʘʮʠʘʣʴʥʳʤ ʟʦʥʘʤ, ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ B.Martinet and J.Sougy, 1957 [13] (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ʊʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ DʉI ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʧʦ ʠʭ 

ʤʘʩʩʦʚʦʤʫ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʴʮʠʪʘ (%) (ʉ), ʜʦʣʦʤʠʪʘ (%) (D) ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʦʢʘ (I) [13], 
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ʛʜʝ: 1) dolomites; 2) siliceous dolomites; 3) dolomitic cherts; 4) calcareous dolomites; 5) calcareous-

siliceous dolomites; 6) dolomitic-calcareous cherts; 7) dolomitic limestones; 8) dolomitic-siliceous 

limestones; 9) calcareous-dolomitic cherts; 10) more or less magnesian limestones; 11) more or less 

magnesian siliceous limestones; 12) more or less magnesian calcareous cherts; 13) impure cherts; 

14) cherts.  

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʦʙʨʘʟʮʦʚ: ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʟʘʣʝʛʘʝʪ ʚ ʦʙʣʘʩʪʷʭ 

4, 5 (ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʜʦʣʦʤʠʪʳ), ʨʝʣʠʢʪʦʚʦ-

ʦʨʛʘʥʦʛʝʥʥʳʡ ʜʦʣʦʤʠʪ ʯʘʱʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʠʟʚʝʩʪʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ 

ʜʦʣʦʤʠʪʦʤ, ʦʦʣʠʪʦʚʳʡ ʜʦʣʦʤʠʪ - ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʘʚʥʳʭ ʯʘʩʪʷʭ ʩʣʦʞʝʥ 

ʠʟʚʝʩʪʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʜʦʣʦʤʠʪʦʤ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ ʜʦʣʦʤʠʪʦʤ, ʨʝʞʝ 

ʜʦʣʦʤʠʪʦʤ ʠ ʜʦʣʦʤʠʪʦʚʦ-ʛʣʠʥʠʩʪʳʤ ʠʟʚʝʩʪʥʷʢʦʤ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ (ʨʠʩ. 3). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʨʠʬʝʷ ɹʘʰʢʠʨʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ 

ʃ.ɺ. ɸʥʬʠʥʦʚ [11] ʚʳʜʝʣʠʣ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʪʠʧʳ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʢʘʨʙʦʥʘʪʦʚ. ɻʨʘʬʠʢ, ʧʦʩʪʨʦʝʥʥʳʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ CaO-MgO, ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʪʨʝʥʜʳ, ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤʠ ʩʭʝʤʘʤʠ L. 

Cayeux, ʉ.ɻ. ɺʠʰʥʷʢʦʚʘ [14] ʠ ɽ.ʂ. ʌʨʦʣʦʚʦʡ ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʦʚ, ʧʦ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʨʷʜʦʚ ʠʟʚʝʩʪʥʷʢ-ʜʦʣʦʤʠʪ, ʜʦʣʦʤʠʪ-ʤʘʛʥʝʟʠʪ. ʕʪʦʪ ʞʝ 

ʛʨʘʬʠʢ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʯʝʨʝʟ ʩʦʜʝʨʞʘʥʠʷ CaO ʠ MgO ʦʪʨʘʞʘʝʪ ʚ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜʘʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʠʭ ʥʘ ʯʠʩʪʳʝ, ʛʣʠʥʠʩʪʳʝ, ʤʝʨʛʝʣʠ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʩʣʘʥʮʳ. 

ɺʩʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʮʳ ʧʦ ʜʠʘʛʨʘʤʤʝ ʃ.ɺ. ɸʥʬʠʤʦʚʘ [11] (ʨʠʩ. 4) 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʷʭ ʜʦʣʦʤʠʪ ʢʘʣʴʮʠʪʦʚʳʡ (ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ) ʠ ʠʟʚʝʩʪʥʷʢ 

ʜʦʣʦʤʠʪʦʚʳʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʦʪʥʝʩʝʥʳ ʢ ʛʣʠʥʠʩʪʳʤ ʠ ʯʠʩʪʳʤ 

ʢʘʨʙʦʥʘʪʘʤ, ʪʨʠ ʦʙʨʘʟʮʘ (ˉ 170, 261, 3/8001) ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʨʛʝʣʷʤʠ. 
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ʈʠʩ. 4 ï ɼʠʘʛʨʘʤʤʘ ʃ.ɺ. ɸʥʬʠʤʦʚʘ (MgO-CaO) ʜʣʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ,  

ʛʜʝ: I ï ʯʠʩʪʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, II ï ʛʣʠʥʠʩʪʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ,  

III ï ʤʝʨʛʝʣʠ, IV ï ʢʘʨʙʦʥʘʪʥʳʝ ʩʣʘʥʮʳ [11] 

 

ɼʦʣʦʤʠʪ (CaMg(CO3)2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʩ 

ʢʘʣʴʮʠʪʦʤ (CaCO3) ʠ ʤʘʛʥʝʟʠʪʦʤ (MgCO3). ʂʘʣʴʮʠʪ, ʤʘʛʥʝʟʠʪ ʠ ʜʦʣʦʤʠʪ 

ʩʦʩʪʘʚʣʷʶʪ ʛʨʫʧʧʫ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʪʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʳ ʢ 

ʩʪʨʫʢʪʫʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ NaCl ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʫʙʠʯʝʩʢʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʧʦʜʘʚʣʝʥʘ ʚʜʦʣʴ ʝʝ ʜʠʘʛʦʥʘʣʴʥʦʡ ʦʩʠ. ɼʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ ʟʘʤʝʥʷʝʪ 

ʘʥʠʦʥ ʥʘʪʨʠʷ, ʘ ʢʘʨʙʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʟʘʤʝʥʷʝʪ ʠʦʥ ʭʣʦʨʘ. ʂʘʨʙʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʥʝ 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʤʘʛʥʝʟʠʪʝ ʠ 

ʢʘʣʴʮʠʪʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʛʣʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʘ ʫʛʣʝʨʦʜ 

ʥʘʭʦʜʠʪʩʷ ʚ ʝʛʦ ʮʝʥʪʨʝ. ʅʝʙʦʣʴʰʠʝ ʠʩʢʘʞʝʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʩʦʭʨʘʥʷʶʪ 

ʩʪʨʫʢʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦʣʦʤʠʪʘ [15]. 

ɺʝɦ ʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʜʦʣʦʤʠʪʘ: ʦʢʠʩʴ ʢʘʣʴʮʠʷ (ʉʘʆ) 30,4%, ʦʢʠʩʴ ʤʘʛʥʠʷ 

(MgO) 21,7%, ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ (ʉʆ2) 47,9%. ʉʪʨʫʢʪʫʨʘ ʝʛʦ ʧʦʜʦʙʥʘ ʩʪʨʫʢʪʫʨʝ 

ʢʘʣʴʮʠʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʣʦʤʠʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʠʦʥʳ ʢʘʣʴʮʠʷ ʉʘ2+ ʠ ʤʘʛʥʠʷ Mg2+ ʯʝʨʝʜʫʶʪʩʷ ʚʜʦʣʴ ʪʨʦʡʥʦʡ ʦʩʠ. ɼʦʣʦʤʠʪ ʠʤʝʝʪ 

ʪʨʠʛʦʥʘʣʴʥʫʶ ʩʠʥʛʦʥʠʶ. ɿʘʤʝʱʝʥʠʝ ʢʨʫʧʥʳʭ ʘʪʦʤʦʚ ʢʘʣʴʮʠʷ ʤʝʥʴʰʠʤʠ ʧʦ 

ʨʘʟʤʝʨʫ ʘʪʦʤʘʤʠ ʤʘʛʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʜʦʣʦʤʠʪʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʣʦʤʠʪʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʢʘʨʙʦʥʘʪʥʳʤ ʧʝʨʚʠʯʥʳʤ ʤʠʥʝʨʘʣʦʤ, ʭʠʤʠʝʡ 

ʜʦʣʦʤʠʪʠʟʠʨʫʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[16]. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʘʭ, ʤʦʛʫʪ 
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ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, Ca2+ ʠʣʠ CO3
2-, 

ʘʜʩʦʨʙʠʨʫʶʱʠʤʠʩʷ ʥʘ ʚʥʝʰʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʜʝʬʝʢʪʳ 

ʨʝʰʝʪʢʠ ʠ/ʠʣʠ ʢʘʢ ʟʘʛʨʷʟʥʷʶʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʠʣʠ ʚʢʣʶʯʝʥʠʷ [10]. 

ʕʣʝʤʝʥʪʳ ʩ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ Ca (Fe, Mn, Zn ʠ ʜʨ.) 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ [9], ʘ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʨʦʜʳ. ʉʪʨʦʥʮʠʡ Sr, ʫ ʢʦʪʦʨʦʛʦ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʙʣʠʟʢʠʡ ʢ ʠʦʥʥʦʤʫ ʨʘʜʠʫʩʫ ʉʘ, 

ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʣʴʮʠʪʘ ʠ ʜʦʣʦʤʠʪʘ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʚ ʢʘʣʴʮʠʪʝ ʜʦʩʪʠʛʘʝʪ 7000 ppm [16], ʚ ʜʦʣʦʤʠʪʝ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 500 ʜʦ 800 ppm [17]. ʆʪʥʦʰʝʥʠʝ Mn/Sr ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʢʘʨʙʦʥʘʪʘʭ [18, 19]. ɺ ʢʘʯʝʩʪʚʝ 

ʛʨʘʥʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʥʠʤʘʶʪ: ʜʣʷ ʜʦʣʦʤʠʪʦʚ Mn/Sr=2, 

ʜʣʷ ʠʟʚʝʩʪʥʷʢʦʚ Mn/Sr=0,2, ʚʳʰʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʦʨʦʜʘ ʩʯʠʪʘʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ, ʥʠʞʝ ï ʥʝ ʠʟʤʝʥʝʥʥʦʡ [19]. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʙʦʣʴʰʠʥʩʪʚʫ 

ʦʙʨʘʟʮʦʚ ʜʦʣʦʤʠʪʦʚʳʭ ʧʦʨʦʜ ɻʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉɺʅ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʥʘʯʝʥʠʷ Mn/SrÓ2, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʜʳ. 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʠʬʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Sr ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʬʘʮʠʘʣʴʥʳʤʠ ʪʠʧʘʤʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʩʘʜʢʦʚ (ʠʩʢʣʶʯʘʷ ʵʚʘʧʦʨʠʪʦʚʳʝ ʣʘʛʫʥʳ, ʛʜʝ ʚʦʟʤʦʞʥʘ ʭʠʤʠʯʝʩʢʘʷ ʦʩʘʜʢʘ 

ʮʝʣʝʩʪʠʥʘ), ʥʦ ʜʣʷ ʠʩʢʦʧʘʝʤʳʭ ʨʠʬʦʚ, ʭʘʨʘʢʪʝʨʥʦ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ Sr: ʩʦʜʝʨʞʘʥʠʷ Sr ʚ, ʥʠʭ ʯʘʱʝ ʚʩʝʛʦ ʧʦʥʠʞʝʥʳ [20]. ʅʠʟʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʠʬʦʚ, ʪʘʢ ʢʘʢ ʦʨʛʘʥʦʛʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʠ ʥʝʨʝʜʢʦ ʚʳʭʦʜʷʪ ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʢʘʨʙʦʥʘʪʳ ʪʝʨʷʶʪ ʩʪʨʦʥʮʠʡ ʠ ʦʙʦʛʘʱʘʶʪ ʠʤ ʜʦʥʥʳʝ ʚʦʜʳ. ʊʘʢʞʝ 

ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʚʳʥʦʩʘ, ʩʚʷʟʘʥʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʨʦʜ [21]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʙʘʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜ ɻʦʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Sr ʚ ʮʝʣʦʤ ʥʠʟʢʠʝ 20-136 ppm, ʭʦʪʷ ʚ 

ʪʨʝʭ ʧʨʦʙʘʭ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 1148,8-3422,3 ppm (ʦʙʨʘʟʮʳ 309/7993, 

50/8001, 56/8001), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʦʣʦʤʠʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ 

ʤʦʨʩʢʦʡ ʚʦʜʦʡ (Ḑ500ï800 ppm, ʥʘʧʨʠʤʝʨ, [22]). ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ: ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʦʨʛʘʥʦʛʝʥʥʘʷ ʧʨʠʨʦʜʘ ɻʦʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴ 

ʩʣʘʛʘʶʱʠʭ ʝʛʦ ʙʠʦʭʝʤʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʟʘʣʝʞʠ ʉɺʅ 

ʧʨʦʮʝʩʩʘʤ ʨʘʟʨʫʰʝʥʠʷ [8]. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʪʨʠʷ Na, ʨʘʚʥʳʝ 535-12178 ppm, ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥ 

ʚʳʧʘʜʘʣ ʚ ʦʩʘʜʦʢ ʠʟ ʩʦʣʝʚʳʭ ʞʠʜʢʦʩʪʝʡ ʥʝ ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [16]. 

ʂʦʥʮʝʥʪʨʘʮʠʠ Fe ʠ Mn ʚ ʜʦʣʦʤʠʪʝ ʦʪʨʘʞʘʶʪ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ [23], ʪʘʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʜʦʣʦʤʠʪʠʟʠʨʫʶʱʠʭ ʞʠʜʢʦʩʪʷʭ [24]. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʘʨʛʘʥʮʘ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ Mn-ʩʦʜʝʨʞʘʱʠʝ ʦʪʣʦʞʝʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʝ ʚ 
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ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʘʩʩʝʡʥʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʧʨʠʚʥʝʩʝʥʥʳʝ ʚʦ ʚʨʝʤʷ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʠʣʠ ʜʠʘʛʝʥʝʟʘ [25]. ʂʦʥʮʝʥʪʨʘʮʠʠ Fe ʠ Mn ʚ ʤʦʨʩʢʠʭ ʜʦʣʦʤʠʪʘʭ 

ʚʘʨʴʠʨʫʶʪ ʦʪ 3 ʜʦ 50 ʛ/ʪ [18]. ʂʦʥʮʝʥʪʨʘʮʠʷ Mn ʚ ʜʦʣʦʤʠʪʘʭ ɻʦʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 61-1017 ppm, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʦʩʘʞʜʝʥʠʝʤ 

ʠʟ ʩʦʣʝʥʳʭ ʙʘʩʩʝʡʥʦʚʳʭ ʬʣʶʠʜʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ Fe ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

550-8122 ppm. ɺ ʦʙʨʘʟʮʝ 261/7993 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, 

ʨʘʚʥʦʝ 18069 ppm, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʟʜʝʩʴ ʦʩʪʘʪʢʦʚ 

ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʠ ʛʣʘʫʢʦʥʠʪʘ (ʨʠʩ. 1 IV).  

ʇʦʷʚʣʝʥʠʝ TiO2 ʚ ʦʙʨʘʟʮʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʦʣʠʪʦʚʳʤ, ʤʝʩʪʘʤʠ 

ʧʝʩʯʘʥʠʩʪʳʤ ʦʦʣʠʪʦʚʳʤ ʜʦʣʦʤʠʪʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸ ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ TiO2/Al 2O3 ʚ 

ʛʣʠʥʠʩʪʦʤ ʜʦʣʦʤʠʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʠʤʠʯʝʩʢʦʤ ʚʳʚʝʪʨʠʚʘʥʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʫʪʠʛʝʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ (ʨʠʩ. 1 III), ʷʚʣʷʶʱʝʛʦʩʷ ʠʥʜʠʢʘʪʦʨʦʤ 

ʛʘʣʴʤʠʨʦʣʠʟʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʣʘʛʦʧʨʠʷʪʥʳ ʤʝʩʪʘ ʤʝʜʣʝʥʥʦʛʦ ʦʪʣʦʞʝʥʠʷ ʦʩʘʜʢʦʚ 

[26], ʘ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʝʨʳʚʘʭ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʚ ʢʘʤʳʰʣʠʥʩʢʦʝ 

ʚʨʝʤʷ. 

ɺʳʚʦʜʳ.  

1. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʈʌɸ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʡ B. 

Martinet and J.Sougy, 1957 ʠ ʃ.ɺ. ɸʥʬʠʤʦʚʘ ʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʜʳ-

ʢʦʣʣʝʢʪʦʨʳ ʢʘʤʳʰʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ɻʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʜʦʣʦʤʠʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʣʦʤʠʪʳ, ʠʤʝʶʱʠʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʙʠʦʭʝʤʦʛʝʥʥʳʡ ʛʝʥʝʟʠʩ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʳʤ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠ 

ʤʠʢʨʦʦʧʠʩʘʥʠʷʤʠ ʢʝʨʥʘ. 

2. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʜʦʣʦʤʠʪʘʭ ʢʘʤʳʰʣʠʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ Mn/Sr ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʚʳʰʝ 2, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴ ʜʦʣʦʤʠʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʨʦʜʳ. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Sr 

(20-136 ppm) ʚ ʢʘʨʙʦʥʘʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʨʛʘʥʦʛʝʥʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ɻʦʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʘ ʪʘʢʞʝ ʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʦʣʠʪʦʚʳʡ 

ʜʦʣʦʤʠʪ ʠ ʨʝʣʠʢʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʡ ʜʦʣʦʤʠʪ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʘʣʝʦʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʦʪʦʙʨʘʟʠʣʦʩʴ ʠ ʥʘ ʢʣʘʩʪʝʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ.  
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʚʷʟʘʥʘ ʩ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʚ ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʯʘʩʪʠ ʈɹ ʠ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʬʪʝʥʦʩʥʦʩʪʠ. ɼʝʪʘʣʴʥʳʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʨʘʟʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʳ 

ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʦʤʠʪʘ. ɺ ʪʦʤ ʯʠʩʣʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʪʠʧʠʯʥʳʝ ʰʝʩʪʠʫʛʦʣʴʥʳʝ 

ʧʠʥʘʢʦʠʜʘʣʴʥʳʝ ʬʦʨʤʳ, ʩʣʘʛʘʶʱʠʝ ʧʨʦʩʣʦʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-

ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ɼʘʥʥʳʝ ʣʠʪʦʪʠʧʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ. ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʦʥ 

ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ.  
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HORIZONS OF THE LOWER PERMIAN  CARBONATE COMPLEX IN THE 
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Summary. The article presents the results of a study of deposits of the filippov horizon of the 

kungurian stage on the territory of the South Tatarian Arch. The relevance of the study of these 

deposits is associated with their insufficient knowledge in the platform part of the Republic of 

Bashkortostan and the prospects for industrial oil-bearing capacity. Detailed petrographic and 

electron microscopic studies made it possible to identify different morphological forms of dolomite 

crystals. In particular, atypical hexagonal pinacoidal shapes were identified, composing layers with 

increased reservoir properties. These lithotypes can be considered as potential reservoirs. Studying 

the patterns of their distribution will allow us to highlight the lithological-facial criterion - one of the 

main ones in identifying the most promising oil and gas accumulation zones. 
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ɺʚʝʜʝʥʠʝ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʚ ʥʠʞʥʝʧʝʨʤʩʢʦʤ 

ʢʘʨʙʦʥʘʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 39 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 35 ʠʟ 

ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʇʨʝʜʫʨʘʣʴʩʢʦʤ ʧʨʦʛʠʙʝ ʠ ʪʦʣʴʢʦ 4 ʚ ʧʣʘʪʬʦʨʤʝʥʥʦʡ 

ʯʘʩʪʠ ɹʘʰʢʦʨʪʦʩʪʘʥʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʶʪ ʚʦʧʨʦʩʳ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʥʠʞʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ [1]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʠʟʫʯʝʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʠʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʥʝʙʦʣʴʰʠʤʠ ʛʣʫʙʠʥʘʤʠ 

ʟʘʣʝʛʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʧʝʰʥʳʤ ʦʧʳʪʦʤ ʦʩʚʦʝʥʠʷ ʦʙʲʝʢʪʦʚ-ʘʥʘʣʦʛʦʚ ʚ ʩʦʩʝʜʥʠʭ 

ʨʝʛʠʦʥʘʭ. ʆʩʥʦʚʥʳʝ ʥʝʬʪʝʧʨʦʷʚʣʝʥʠʷ ʚ ʟʦʥʝ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʣʘʩʪʫ ʂ4 ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʘ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʟʘʧʘʩʦʚ ʚʩʝʛʦ ʥʠʞʥʝʧʝʨʤʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʅɻʂ) ʚ ʵʪʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʜʘʥʥʦʛʦ ʧʣʘʩʪʘ 

ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ, ʩʠʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʌɽʉ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʘʢʦʛʦ 

ʪʠʧʘ ʢʦʣʣʝʢʪʦʨʦʚ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʨʦʜ ʠ ʚʣʠʷʥʠʶ ʠʭ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʆʪʣʦʞʝʥʠʷ ʧʣʘʩʪʘ ʂ4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʣʦʤʠʪʘʤʠ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʩʫʣʴʬʘʪʠʟʠʨʦʚʘʥʥʳʤʠ, ʧʨʦʩʣʦʷʤʠ ʩ ʧʨʠʤʝʩʴʶ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦʨʠʩʪʳʤʠ ʠ ʢʘʚʝʨʥʦʟʥʦ-ʧʦʨʠʩʪʳʤʠ, ʫʯʘʩʪʢʘʤʠ ʪʨʝʱʠʥʦʚʘʪʳʤʠ 

(ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʪʨʝʱʠʥ ʠ ʥʘʩʣʦʝʥʠʡ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʦʝ ʚʝʱʝʩʪʚʦ, ʠʥʦʛʜʘ 

ʙʠʪʫʤ). ʇʦʨʦʜʳ ʦʜʥʦʨʦʜʥʳʝ ʤʘʩʩʠʚʥʳʝ ʠ ʩʣʦʠʩʪʳʝ, ʫʯʘʩʪʢʘʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʝ. 

ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʫʩʪʦʪʘʤʠ, ʨʝʞʝ ʢʘʚʝʨʥʘʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʧʦʣʳʤʠ 

ʨʠʟʦʢʨʝʮʠʷʤʠ ʠ ʠʥʦʛʜʘ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʘʤʠ. ʅʝʬʪʝʥʘʩʳʱʝʥʠʝ ʢʘʢ 

ʧʦʩʣʦʡʥʦʝ, ʪʘʢ ʠ ʨʘʚʥʦʤʝʨʥʦʝ, ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʉʫʣʴʬʘʪʠʟʘʮʠʷ 

ʧʨʦʷʚʣʝʥʘ ʚ ʟʘʧʦʣʥʝʥʠʠ ʧʫʩʪʦʪ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ, ʛʥʝʟʜʦʚʠʜʥʳʭ ʠ 

ʣʠʥʟʦʚʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʦʜʥʦʨʦʜʥʳʭ ʧʨʦʩʣʦʝʚ ʘʥʛʠʜʨʠʪʦʚ 

ʨʘʟʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ. 

ʄʝʪʦʜʠʢʘ ʨʘʙʦʪ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ 24 ʩʢʚʘʞʠʥʘʤ. ʆʙʲʝʤ 

ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʣ 218 ʤ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 170 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ.  

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʣʠʬʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʤʠʢʨʦʩʢʦʧʝ 

Olympus BX53 ʩ ʮʠʬʨʦʚʦʡ ʤʠʢʨʦʩʢʦʧʥʦʡ ʚʠʜʝʦʢʘʤʝʨʦʡ SIMAGIS XS-3CU. 

ʆʧʠʩʘʥʠʝ ʣʠʪʦʪʠʧʦʚ ʜʘʥʦ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʈ. ɼʘʥʵʤʘ [2]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʛʘʟʦʚʦʣʶʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʠʙʦʨʝ ɸʈ-608 

ʧʨʦʠʟʚʦʜʩʪʚʘ CORETEST Systems (ʉʐɸ), ʥʘ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦ ʛʝʣʠʶ ʤʝʪʦʜʦʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʜ, ʤʦʨʬʦʣʦʛʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan Vega Compact c ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʘʥʘʣʠʟʘʪʦʨʦʤ Xplorer 15 Oxford Instruments. 

ʋʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʬʠʣʠʧʧʦʚʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ɺ ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʫʶ ʵʧʦʭʫ ʪʝʨʨʠʪʦʨʠʷ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ 

ʩʚʦʜʘ, ɹʠʨʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʠ ɹʣʘʛʦʚʝʱʝʥʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʧʨʠʧʦʜʥʷʪʫʶ ʦʙʣʘʩʪʴ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʦʢʨʳʪʫʶ ʥʝʛʣʫʙʦʢʠʤ 

ʤʦʨʝʤ ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʝʥʦʩʪʠ, ʦʪʢʨʳʪʳʤ ʚ ʩʪʦʨʦʥʫ ʇʨʠʫʨʘʣʴʷ, ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʠʟʚʝʩʪʥʷʢʦʚ ʠ 

ʜʦʣʦʤʠʪʦʚ. ɺ ʥʘʯʘʣʝ ʩʘʢʤʘʨʦ-ʘʩʩʝʣʴʩʢʦʛʦ ʚʨʝʤʝʥʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʤʝʣʢʦʚʦʜʥʫʶ ʯʘʩʪʴ ʰʝʣʴʬʘ ʠ ʧʨʠʙʨʝʞʥʫʶ ʟʦʥʫ, ʫʥʘʩʣʝʜʦʚʘʥʥʫʶ ʦʪ 

ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʵʧʦʭʠ. ʂʘʢ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʘʢ ʠ ʚʚʝʨʭ ʧʦ 

ʨʘʟʨʝʟʫ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ ʜʦʣʦʤʠʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʩʫʣʴʬʘʪʠʟʘʮʠʠ [3, 

4]. 

ɺ ʢʫʥʛʫʨʩʢʦʝ ʚʨʝʤʷ ʪʝʨʨʠʪʦʨʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʤʝʣʢʦʚʦʜʥʳʡ ʙʘʩʩʝʡʥ ʣʘʛʫʥʥʦʛʦ ʪʠʧʘ, ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʩʳʭʘʶʱʠʡ ʠ 

ʟʘʩʦʣʦʥʷʶʱʠʡʩʷ (ʨʠʩ. 1). ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʢʨʘʠʥʳ ʣʘʛʫʥʳ ï ʚ ʦʙʣʘʩʪʠ ʩʪʦʢʘ 

ʩʦʣʝʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʙʳʣʘ ʥʝʚʳʩʦʢʦʡ, ʫ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ï ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʪʦʢʘ 

ʫʨʘʣʴʩʢʠʭ ʧʨʝʩʥʳʭ ʚʦʜ ʦʙʦʟʥʘʯʠʣʘʩʴ ʧʦʣʦʩʘ ʦʧʨʝʩʥʝʥʠʷ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʫʨʦʯʝʥʘ ʠ ʟʦʥʘ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ, 

ʩʦʣʝʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʚʦʟʨʘʩʪʘʣʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʱʥʳʭ 

ʘʥʛʠʜʨʠʪʦʚʦ-ʜʦʣʦʤʠʪʦʚʳʭ ʪʦʣ,ɦ ʩʣʘʛʘʶʱʠʭ ʬʠʣʠʧʧʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ. ɺ 

ʧʝʨʠʦʜʳ ʥʝʢʦʪʦʨʦʛʦ ʫʛʣʫʙʣʝʥʠʷ ʙʘʩʩʝʡʥʘ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʩʥʝʥʠʷ, 

ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʩʦʦʙʱʝʥʠʝʤ ʩ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʳʭ ʧʨʦʩʣʦʝʚ 

ʜʦʣʦʤʠʪʦʚ [4, 5]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʬʠʣʠʧʧʦʚʩʢʦʝ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʘʥʛʠʜʨʠʪʦʚʦ-ʜʦʣʦʤʠʪʦʚʳʝ ʧʘʯʢʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʦʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ, ʘ ʚ ʠʨʝʥʴʩʢʦʝ ʚʨʝʤʷ ʛʠʧʩʦʚʦ-ʘʥʛʠʜʨʠʪʦʚʳʝ, ʩʦʣʝʥʦʩʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʧʦʨʦʜʘʤʠ ʧʦʢʨʳʰʢʘʤʠ. 
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ʈʠʩ. 1. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʢʘʨʪʘ ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʘ  

(ʧʦ ʉʶʥʜʶʢʦʚʫ ɸ.ɿ., 1975 ʩ ʠʟʤʝʥʝʥʠʷʤʠ). 

 

ɺʳʜʝʣʝʥʥʳʝ ʚ ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʯʘʩʪʠ ʟʦʥʳ V, VI ʠ VII (ʨʠʩ. 1) ʦʪʣʠʯʘʶʪʩʷ 

ʩʪʝʧʝʥʴʶ ʟʘʩʦʣʦʥʝʥʥʦʩʪʠ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʘʷ ʧʦʚʣʠʷʣʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʫʤʤʘʨʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʦʣʦʤʠʪʦʚ ʠ ʘʥʛʠʜʨʠʪʦʚ ʠ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʦʤʠʪʘ. ɺ ʭʦʜʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) ʦʪʣʦʞʝʥʠʡ ʬʠʣʠʧʧʦʚʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ 

ʜʦʣʦʤʠʪʘ: ʦʪ ʧʝʣʠʪʦʤʦʨʬʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʩʩʳ, ʩʪʘʥʜʘʨʪʥʳʭ ʨʦʤʙʠʯʝʩʢʠʭ 

ʬʦʨʤ ʜʦ ʤʝʥʝʝ ʪʠʧʠʯʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ, ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʠ ʧʠʥʘʢʦʠʜʘʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2ʘ, 2ʚ). ʇʝʣʠʪʦʤʦʨʬʥʳʝ ʨʘʟʥʦʩʪʠ ʩʣʦʞʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ 

ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 0,005 ʤʤ, ʥʝʨʝʜʢʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʜʦ ʩʫʙʠʜʠʦʤʦʨʬʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʘʤʠ ʜʦ 0,01 ʤʤ, ʨʝʞʝ 0,1 ʤʤ. ʈʦʤʙʦʵʜʨʳ ʠʜʠʤʦʨʬʥʳʝ, 

ʨʘʟʤʝʨʘʤʠ ʜʦ 0,1 ʤʤ, ʨʝʜʢʦ ʩ ʚʳʱʝʣʦʯʝʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ. ɺʳʜʝʣʷʶʪʩʷ 

ʪʘʢʞʝ ʙʦʯʦʥʢʦʚʠʜʥʳʝ, ʪʘʙʣʠʪʯʘʪʳʝ ʠ ʯʝʰʫʡʯʘʪʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩ. 2ʙ, 

2ʛ), ʷʚʣʷʶʱʠʝʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʧʝʨʝʭʦʜʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʦʪ ʨʦʤʙʠʯʝʩʢʠʭ ʢ 

ʰʝʩʪʠʫʛʦʣʴʥʳʤ ʧʠʥʘʢʦʠʜʘʣʴʥʳʤ ʢʨʠʩʪʘʣʣʘʤ. 



 

_______________________________________________________________________________ 
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ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʠ ʰʣʠʬʦʚ (ʘ, ʙ) ʠ ʉʕʄ-ʩʥʠʤʢʠ (ʚ, ʛ) ʜʦʣʦʤʠʪʦʚ 

ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʣʦʞʝʥʥʳʭ ʥʝʪʠʧʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ:  
ʘ, ʚ ï ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʰʣʠʬʝ ʠ ʧʠʥʘʢʦʠʜʘʣʴʥʳʝ, ʰʝʩʪʠʫʛʦʣʴʥʳʝ, 

ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘ ʉʕʄ ʚ ʜʦʣʦʤʠʪʝ ʩ ʨʝʣʠʢʪʦʚʦʡ ʤʠʢʨʦʙʠʘʣʴʥʦ-ʚʦʜʦʨʦʩʣʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ; ʙ, ʛ ï ʪʦʥʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʠ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʰʣʠʬʝ ʠ ʙʦʯʦʥʢʦʚʠʜʥʳʝ, 

ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʥʘ ʉʕʄ ʚ ʜʦʣʦʤʠʪʝ ʪʦʥʢʦʨʠʩʪʘʣʣʠʯʝʩʢʦʤ.  

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʠʨʦʜʝ ʢʨʠʩʪʘʣʣʳ ʜʦʣʦʤʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʦʡ 

ʦʩʥʦʚʥʦʛʦ ʨʦʤʙʦʵʜʨʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʜʠʦʤʦʨʬʥʦʩʪʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ 

ʦʧʠʩʘʥʳ ʥʝʪʠʧʠʯʥʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ ʠ ʪʝ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ [6, 7, 8]. ʀʭ ʰʝʩʪʠʫʛʦʣʴʥʘʷ ʧʠʥʘʢʦʠʜʘʣʴʥʘʷ 

ʬʦʨʤʘ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʧʨʦʩʪʦʛʦ ʨʦʤʙʦʵʜʨʘ ʠ ʙʘʟʦʧʠʥʘʢʦʠʜʘ, ʧʨʠʯʝʤ 

ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʘʟʦʧʠʥʘʢʦʠʜ ʧʨʝʦʙʣʘʜʘʝʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʡ ʬʦʨʤʳ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ, 

ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ: ʫʤʝʥʴʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʪʘʶʱʝʛʦ ʨʘʩʪʚʦʨʘ, ʠʟʤʝʥʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ, 

ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʦʜʳ ʧʨʠ ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʝʥʠʝ ʨʝʪʠʢʫʣʷʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʛʨʘʥʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʛʨʘʥʝʡ 

ʚ ʧʦʨʷʜʢʝ [7]. 
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ʄʠʨʦʚʦʡ ʦʧʳʪ ʠʟʫʯʝʥʠʷ ʥʝʪʠʧʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʦʤʠʪʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʢʫʥʛʫʨʩʢʠʭ ʩʦʣʝʡ ʇʝʨʤʩʢʦʛʦ 

ʢʨʘʷ [9, 10], ʚ ʨʘʟʨʝʟʘʭ ʧʝʨʤʩʢʠʭ ʜʦʣʦʤʠʪʦʚ ʚ ɻʝʨʤʘʥʠʠ [11], ʚ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜʘʭ ʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ 

[12] ʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʦʣʦʤʠʪʘ ʚ 

ʤʦʨʩʢʠʭ ʵʚʘʧʦʨʠʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʧʝʨʚʠʯʥʳʭ ʢʘʨʙʦʥʘʪʦʚ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʬʠʣʠʧʧʦʚʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʝʣʢʦʚʦʜʥʦʤ 

ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʙʘʩʩʝʡʥʝ, ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʩʳʭʘʚʰʝʤ ʠ ʟʘʩʦʣʦʥʷʚʰʝʤʩʷ [3, 

4]. ɺ ʠʟʫʯʘʝʤʳʭ ʨʘʟʨʝʟʘʭ ʥʝʪʠʧʠʯʥʘʷ ʧʠʥʘʢʦʠʜʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʦʨʠʩʪʳʤ ʠ ʨʘʟʫʧʣʦʪʥʝʥʥʳʤ ʧʦʨʦʜʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʜʦʣʦʤʠʪʘʤʠ ʦʦʣʠʪʦʚʳʤʠ, ʜʦʣʦʤʠʪʘʤʠ ʩ ʨʝʣʠʢʪʦʚʦʡ ʤʠʢʨʦʙʠʘʣʴʥʦ-

ʚʦʜʦʨʦʩʣʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʜʦʣʦʤʠʪʘʤʠ ʪʦʥʢʦ-ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩ 

ʨʠʟʦʢʨʝʮʠʷʤʠ ʠ ʙʠʦʪʫʨʙʘʮʠʷʤʠ ʟʦʥʳ ʩʫʙʘʵʨʘʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʩʠʣʝʥʠʝ 

ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ ʚ ʬʠʣʠʧʧʦʚʩʢʦ-ʠʨʝʥʴʩʢʦʝ ʚʨʝʤʷ ʠ ʫʩʳʭʘʥʠʝ ʙʘʩʩʝʡʥʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ ʚ ʟʦʥʝ ʘʵʨʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʯʘʩʪʠʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʥʝʝ 

ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʜʦʣʦʤʠʪʘ. 

ʃʠʪʦʣʦʛʦ-ʧʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʣʦʞʝʥʠʡ 

ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʃʠʪʦʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ʬʠʣʠʧʧʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ 5 ʣʠʪʦʪʠʧʦʚ. ʇʨʠ ʪʠʧʠʟʘʮʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʤʦʨʬʦʣʦʛʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʦʤʠʪʦʚ, ʜʘʚʘʣʘʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʨʦʜ. ʊʘʢʞʝ ʙʳʣ ʚʳʜʝʣʝʥ ʣʠʪʦʪʠʧ 6, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʛʠʜʨʠʪʦʤ, ʢʦʪʦʨʳʡ 

ʠʛʨʘʝʪ ʨʦʣʴ ʬʣʶʠʜʦʫʧʦʨʘ.  

ʃʠʪʦʪʠʧ 1. ɼʦʣʦʤʠʪ ʤʠʢʨʦ-ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʧʦʨʠʩʪʳʡ. ʉʪʨʫʢʪʫʨʘ 

ʠ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ: ʚ ʰʣʠʬʘʭ ʠʛʦʣʴʯʘʪʳʝ ʬʦʨʤʳ, ʥʘ ʉʕʄ ʪʘʙʣʠʪʯʘʪʳʝ, 

ʰʝʩʪʠʫʛʦʣʴʥʳʝ, ʧʠʥʘʢʦʠʜʘʣʴʥʳʝ, ʧʣʘʩʪʠʥʯʘʪʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ, ʠʥʦʛʜʘ ʩ 

ʚʳʱʝʣʦʯʝʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ. ʊʝʢʩʪʫʨʘ: ʥʘʢʣʦʥʥʦ-ʪʦʥʢʦʩʣʦʠʩʪʘʷ, 

ʪʦʥʢʦʩʣʦʠʩʪʘʷ. ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʧʦʨʘʤʠ, ʨʝʞʝ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʌɽʉ ʚ ʧʨʝʜʝʣʘʭ 12,6-34,8%, ʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 27,62 ʤɼ. 

ʃʠʪʦʪʠʧ 2. ɼʦʣʦʤʠʪ ʤʠʢʨʦ-ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʧʦʨʠʩʪʳʡ. ʉʪʨʫʢʪʫʨʘ 

ʠ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ: ʠʜʠʦʤʦʨʬʥʳʝ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ, 

ʯʘʩʪʦ ʩ ʚʳʱʝʣʦʯʝʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ (ʨʠʩ. 3ʙ). ʊʝʢʩʪʫʨʘ: ʤʘʩʩʠʚʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ. ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʘʤʠ. ɿʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʌɽʉ 

ʜʦʩʪʠʛʘʶʪ 18,4%, ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ï 18,72 ʤɼ. 



 

_______________________________________________________________________________ 
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ʃʠʪʦʪʠʧ 3. ɼʦʣʦʤʠʪ ʤʠʢʨʦ-ʪʦʥʢʦ-, ʧʨʦʩʣʦʷʤʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʩ 

ʨʝʣʠʢʪʦʚʦʡ ʤʠʢʨʦʙʠʘʣʴʥʦ-ʚʦʜʦʨʦʩʣʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʨʠʩʪʳʡ. ʉʪʨʫʢʪʫʨʘ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ: ʚ ʰʣʠʬʘʭ ʠʛʦʣʴʯʘʪʳʝ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʝ ʬʦʨʤʳ, ʥʘ 

ʉʕʄ ʪʘʙʣʠʪʯʘʪʳʝ, ʰʝʩʪʠʫʛʦʣʴʥʳʝ, ʧʠʥʘʢʦʠʜʘʣʴʥʳʝ, ʧʣʘʩʪʠʥʯʘʪʳʝ ʬʦʨʤʳ 

ʢʨʠʩʪʘʣʣʦʚ, ʫʯʘʩʪʢʘʤʠ ʧʝʣʠʪʦʤʦʨʬʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʘʩʩʘ (ʨʠʩ. 3ʘ). 

ʊʝʢʩʪʫʨʘ: ʪʦʥʢʦʩʣʦʠʩʪʘʷ. ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʘʤʠ. ɿʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʌɽʉ ʜʦʩʪʠʛʘʶʪ 

33%, ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʦ 10,84 ʤɼ. 

ʃʠʪʦʪʠʧ 4. ɼʦʣʦʤʠʪ ʪʦʥʢʦ-ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʠʥʦʛʜʘ ʩ ʨʝʣʠʢʪʘʤʠ 

ʙʠʦʢʣʘʩʪʦʚ, ʧʣʦʪʥʳʡ ʩ ʨʝʜʢʠʤʠ ʧʦʨʘʤʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ: 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʠʜʠʦʤʦʨʬʥʳʝ ʬʦʨʤʳ ʠ ʩʧʣʦʰʥʳʝ ʧʝʣʠʪʦʤʦʨʬʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʩʩʳ, ʨʝʜʢʦ ʧʦ ʧʫʩʪʦʪʘʤ ʦʪʤʝʯʘʶʪʩʷ ʠʛʦʣʴʯʘʪʳʝ ʠ 

ʙʦʯʦʥʢʦʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʨʠʩ. 3ʛ). ʊʝʢʩʪʫʨʘ: ʪʦʥʢʦʩʣʦʠʩʪʘʷ, ʤʘʩʩʠʚʥʘʷ. 

ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʧʦʣʥʝʥʦ ʩʫʣʴʬʘʪʘʤʠ (ʨʠʩ. 3ʚ), 

ʨʝʜʢʦ ʦʪʤʝʯʘʶʪʩʷ ʦʪʢʨʳʪʳʝ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʳ. ɿʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦ 

ʜʘʥʥʳʤ ʌɽʉ ʥʘ ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʷ ʧʦʨ ʜʦʩʪʠʛʘʶʪ 30%, ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 0,1-22,1 ʤɼ. 

ʃʠʪʦʪʠʧ 5. ɼʦʣʦʤʠʪ ʦʦʣʠʪʦʚʳʡ/ʩ ʨʝʣʠʢʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʨʝʡʥʩʪʦʫʥ 

ʠʟʚʝʩʪʥʷʢʦʚ ʧʝʣʦʠʜʥʳʭ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʩʫʣʴʬʘʪʠʟʠʨʦʚʘʥʥʳʡ. ʉʪʨʫʢʪʫʨʘ ʠ 

ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ: ʨʦʤʙʦʵʜʨʳ ʠʜʠʦʤʦʨʬʥʳʝ ʠ ʩʫʙʠʜʠʦʤʦʨʬʥʳʝ, 

ʫʯʘʩʪʢʘʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʠʥʢʨʫʩʪʘʮʠʠ ʧʫʩʪʦʪ) ʰʝʩʪʠʫʛʦʣʴʥʳʝ, 

ʧʣʘʩʪʠʥʯʘʪʳʝ (ʨʠʩ. 3ʝ). ʊʝʢʩʪʫʨʘ: ʩʣʘʙʦʩʨʝʟʘʥʥʘʷ, ʢʦʩʦʩʣʦʠʩʪʘʷ. ʇʫʩʪʦʪʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʣʝʯʝʥʦ ʩʫʣʴʬʘʪʘʤʠ (ʨʠʩ. 3ʜ), ʫʯʘʩʪʢʘʤʠ 

ʩ ʦʪʢʨʳʪʳʤʠ ʤʝʞʬʦʨʤʝʥʥʳʤʠ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʘʤʠ. ɿʥʘʯʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʌɽʉ ʜʦʩʪʠʛʘʶʪ 16,4%, ʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ 1,29-13,36 ʤɼ.  

ʃʠʪʦʪʠʧ 6. ɸʥʛʠʜʨʠʪʳ ʨʘʟʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʧʣʦʪʥʳʝ, ʩ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʜʦʣʦʤʠʪʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. ʉʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ: ʩʥʦʧʦʚʠʜʥʳʝ, 

ʚʦʣʦʢʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ, ʥʝʧʨʘʚʠʣʴʥʳʝ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʟʝʨʥʘ. ʊʝʢʩʪʫʨʘ: 

ʤʘʩʩʠʚʥʘʷ, ʨʝʞʝ ʧʷʪʥʠʩʪʘʷ. 

  



 

 

ɻʝʦʣʦʛʠʷ. ʀʟʚʝʩʪʠʷ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ / Geology.  

Proceedings of the Department of Earth Sciences and Natural Resources, 2024, ˉ 1 (34) 

72 

 

 

ʘ   ʙ  

ʚ   ʛ  

ʜ   ʝ  

ʈʠʩ. 3. ʌʦʪʦʛʨʘʬʠʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ:  
ʘ ï ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʜʦʣʦʤʠʪʝ ʩ ʨʝʣʠʢʪʦʚʦʡ ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ; ʙ ï 

ʨʦʤʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʱʝʣʦʯʝʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʚ ʜʦʣʦʤʠʪʝ ʤʠʢʨʦ-

ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ; ʚ ï ʩʫʙʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʜʦʣʦʤʠʪʝ ʩ 

ʫʯʘʩʪʢʘʤʠ ʩʫʣʴʬʘʪʠʟʘʮʠʠ; ʛ ï ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦ ʨʠʟʦʢʨʝʮʠʷʤ ʚ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʜʦʣʦʤʠʪʝ; ʜ ï ʜʦʣʦʤʠʪʳ ʦʦʣʠʪʦʚʳʝ, ʩʫʣʴʬʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦ 

ʧʫʩʪʦʪʘʤ; ʝ ï ʜʦʣʦʤʠʪʳ ʦʦʣʠʪʦʚʳʝ ʩ ʠʛʦʣʴʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʦ ʩʪʝʥʢʘʤ ʧʫʩʪʦʪ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦʣʦʤʠʪʦʚ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʚʳʙʦʨʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʠʪʦʪʠʧʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʘʞʜʳʡ ʠʟ ʣʠʪʦʪʠʧʦʚ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-

ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʨʠʩ. 4). 


