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ÙÌßÖÌ Ô ÔÙÙÚÎÌâÔë 

ÝÑÜÔë ÏÑÚ×ÚÏÔãÑÝÖÔá Ô ÞÑáÙÔãÑÝÖÔá ÙÌßÖ 
ßăüñðôþñ÷Ĉ òÿüùì÷ì: 

Þìðòôöýöôõ ùìĂôúùì÷Ĉùćõ ÿùôîñüýôþñþ 
Òÿüùì÷ úýùúîìù î 2014 ï. Îćāúðôþ 4 üìóì î ïúð. 

 
ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ ɾʋʈʅɸʃɸ: 

ʍʫʰʚʘʭʪʟʦʜʘ ʂʦʙʠʣʜʞʦʥ 

ʍʫʰʚʘʭʪ 

ɼʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʇɽʈɺʓʁ ɿɸʄɽʉʊʀʊɽʃʔ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 

ʉʘʬʘʨʤʘʤʘʜʟʦʜʘ 

ʉʘʬʘʨʤʘʤʘʜ ʄʫʙʦʨʘʢʰʦ 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʢʝ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ɿɸʄɽʉʊʀʊɽʃʀ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 

ʆʩʧʘʥʦʚʘ ʅʘʨʠʤʘ 

ʂʘʞʝʥʦʚʥʘ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʂʦʤʠʣʦʚ ʆʜʠʥʘ 

ʂʦʤʠʣʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʏʃɽʅʓ ʈɽɼɸʂʎʀʆʅʅʆʁ ʂʆʃʃɽɻʀʀ: 

ɺʘʣʠʝʚ ʐʘʨʠʬ 

ʌʘʡʟʫʣʣʦʝʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʌʘʡʟʠʝʚ ɸʙʜʫʣʭʘʢ 

ʈʘʜʞʘʙʦʚʠʯ 

ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ ʄʇʀ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɸʙʜʫʨʘʭʠʤʦʚ ʉʘʜʨʠʜʜʠʥ 

ʗʤʠʥʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ 

ʛʝʦʛʨʘʬʠʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʍʫʜʞʘʥʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɹ. ɻʘʬʫʨʦʚʘ 

ʂʘʨʠʤʦʚ ʌʘʨʰʝʜ 

ʍʠʣʦʣʦʚʠʯ 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ 

ʄʇʀ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʄʫʭʘʙʙʘʪʦʚ ʍʦʣʥʘʟʘʨ 

ʄʫʭʘʙʙʘʪʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʫʨʠʟʤʘ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʝʦʛʨʘʬʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉ. ɸʡʥʠ 

ʉʘʠʜʦʚ ʄʠʨʟʦ 

ʉʠʛʙʘʪʫʣʣʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʀʢʨʦʤʦʚ ʀʩʤʦʥʢʫʣ 

ʀʩʪʘʤʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʝʣʠʦʨʘʮʠʠ, ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ 

ʦʭʨʘʥʳ ʟʝʤʝʣʴ ʊʘʜʞʠʢʩʢʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʐ. ʐʦʭʪʝʤʫʨʘ 

ʈʫʟʠʝʚ ɼʞʫʨʘ 

ʈʘʭʠʤʥʘʟʘʨʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʉʘʤʠʭʦʚ ʐʦʥʘʚʨʫʟ 

ʈʘʭʠʤʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɸʥʜʘʤʦʚ ʈʘʜʞʘʙʘʣʠ 

ʐʘʤʩʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ɸʥʩʦʨ ʉʦʭʠʙʦʚʠʯ ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʝʥʝʥʜʞʤʝʥʪʘ Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

ɻʘʡʨʘʪʦʚ ʄʘʣʠʢʜʦʜ 

ʊʦʧʦʣʘʥʛʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ʆʤʘʜʢʫʣ 

ʍʘʤʨʦʢʫʣʦʚʠʯ 

Öìùðôðìþ þñāùôăñýöôā ùìÿö, ðúĂñùþ, óìøñýþôþñ÷ʴ ʜʝʢʘʥʘ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʡ 
ïñú÷úïôăñýöúïú Āìöÿ÷Ĉþñþì Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ 28.02.2022, ˉ73 

ɾʫʨʥʘʣ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʠʟʜʘʥʠʶ ʚ 

ʀʟʜʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʊʅʋ. 

ɸʜʨʝʩ ʀʟʜʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ:734025, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʧʨʦʩʧʝʢʪ ʈʫʜʘʢʠ, 17. 

E-mail: vestnik-tnu@mail.ru 
ʊʝʣ.: (+992 37) 227-74-41 

ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ 

ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ). ɾʫʨʥʘʣ ʧʝʯʘʪʘʝʪʩʷ ʥʘ 

ʪʘʜʞʠʢʩʢʦʤ, ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ. 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ: 624.131 

ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʀ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʈɽɿʋʃʔʊɸʊʓ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸ ʋʏɸʉʊʂɽ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʇʈʆɽʂʊʀʈʋɽʄʆɻʆ 

ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʆʈʋɾɽʅʀʗ ɻʕʉ ʉɸʅʆɹʆɼ (ɿɸʇɸɼʅʓʁ ʇɸʄʀʈ) 

 

ɸʟʠʤʰʦʝʚ ʄ.ʄ., ɸʥʜʘʤʦʚ ʈ.ʐ.
 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʍʘʨʘʢʪʝʨ ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʝʥ [6,ʩ.64]. ʇʨʠʩʪʫʧʘʷ ʢ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʢʨʘʪʮʝ 

ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʦʙʱʝʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʇʘʤʠʨʘ.  

ɻʦʨʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʇʘʤʠʨʘ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʠ ʧʨʠʨʦʜʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ɿʜʝʩʴ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʚʦʝʦʙʨʘʟʥʳʝ ʣʘʥʜʰʘʬʪʳ: ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ, 

ʘʣʴʧʠʡʩʢʠʝ, ʚʝʯʥʳʭ ʩʥʝʛʦʚ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʧʫʩʪʳʥʴ. ʆʥʠ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʚʣʘʞʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʬʦʨʤʠʨʫʶʱʠʭ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʇʘʤʠʨ ʩʯʠʪʘʝʪʩʷ 

ʘʨʠʜʥʳʤ ʧʫʩʪʳʥʥʦ-ʩʪʝʧʥʳʤ ʨʘʡʦʥʦʤ [2,4].  

ʇʘʤʠʨ ʚ ʮʝʣʦʤ, ʢʘʢ ʛʦʨʥʘʷ ʩʪʨʘʥʘ, ʧʦ ʩʚʦʠʤ ʘʙʩʦʣʶʪʥʳʤ ʚʳʩʦʪʘʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʯʘʡʰʠʤ ʥʘʛʦʨʴʷʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʚʥʝʰʥʝʤʫ ʦʙʣʠʢʫ ʨʝʣʴʝʬʘ, 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʦʙʨʘʟʥʳʤ, ʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ 

ʦʙʣʘʩʪʠ: ɺʦʩʪʦʯʥʳʡ ʇʘʤʠʨ ʠ ɿʘʧʘʜʥʳʡ ʇʘʤʠʨ (ɻʦʨʥʳʡ ɹʘʜʘʭʰʘʥ). ʊʘʢʦʝ ʞʝ ʜʝʣʝʥʠʝ 

ʇʘʤʠʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, ʥʦ ʠ ʧʦ ʛʝʦʭʨʦʥʦʣʦʛʠʠ 

ʚʦʟʨʘʩʪʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʇʘʤʠʨ ʜʝʣʷʪ ʥʘ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ: 

ɺʦʩʪʦʯʥʳʡ ʠ ɿʘʧʘʜʥʳʡ ʇʘʤʠʨ: 1) ʦʙʣʘʩʪʴ ɺʦʩʪʦʯʥʦʛʦ-ʇʘʤʠʨʩʢʦʛʦ ʨʝʣʴʝʬʘ ʠ 2) ʦʙʣʘʩʪʴ 

ɿʘʧʘʜʥʦ-ʇʘʤʠʨʩʢʦʛʦ ʨʝʣʴʝʬʘ. 

ʆʙʣʘʩʪʴ ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʫʙʦʢʦ ʠ ʨʝʟʢʦ 

ʨʘʩʯʣʝʥʸʥʥʳʤ ʨʝʣʴʝʬʦʤ ʘʣʴʧʠʡʩʢʦʛʦ ʪʠʧʘ. ɻʦʨʥʳʡ ʨʝʣʴʝʬ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʢʘʢ ʠ ʚʩʝʡ 

ʦʙʣʘʩʪʠ ʇʘʤʠʨʘ, ʧʦ ʩʚʦʝʤʫ ʛʝʥʝʟʠʩʫ ʷʚʣʷʝʪʩʷ ʩʢʫʣʴʧʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ, ʦʥ 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʷʜʘ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩ ʵʥʜʦʛʝʥʥʳʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʵʢʟʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʣʠʩʴ: ʚʦʜʥʦ-ʵʨʦʟʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʣʝʜʥʠʢʦʚʘʷ 

ʵʢʟʘʨʘʮʠʷ ʠ ʜʝʥʫʜʘʮʠʷ.  

ʂ ʵʥʜʦʛʝʥʥʳʤ, ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʬʘʢʪʦʨʘʤ, ʦʪʥʦʩʷʪʩʷ ʦʛʨʦʤʥʦʝ ʥʦʚʝʡʰʝʝ 

ʵʧʝʡʨʦʛʝʥʠʯʝʩʢʦʝ ʧʦʜʥʷʪʠʝ ʇʘʤʠʨʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ.  ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ɸʟʠʘʪʩʢʦʤ ʛʦʨʥʦʤ ʧʦʷʩʝ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʯʘʣʘʩʴ 10-12 ʤʣʥ. 

ʣʝʪ ʥʘʟʘʜ ʚ ʢʦʥʮʝ ʤʠʦʮʝʥʘ- ʥʘʯʘʣʝ ʧʣʠʦʮʝʥʘ [5]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʦʣʠʥ ʙʘʩʩʝʡʥ ʨ. ʇʷʥʜʞ 

ʥʘʯʘʣʦʩʴ ʫʞʝ ʚ ʨʘʥʥʝʤ ʥʝʦʛʝʥʝ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʪʨʝʪʠʯʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʥʘ 

ʪʝʨʨʘʩʘʭ ʜʦʣʠʥ. ʂ ʢʦʥʮʫ ʥʝʦʛʝʥʘ ʨʨ. ʇʷʥʜʞ, ɹʘʨʪʘʥʛ ʠ ɻʫʥʪ ʧʨʦʪʝʢʘʣʠ ʚ ʰʠʨʦʢʠʭ 

ʜʝʧʨʝʩʩʠʷʭ, ʘ ʠʭ ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ ʦʭʚʘʪʠʣʠ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʪʝʨʨʠʪʦʨʠʠ ʇʘʤʠʨʘ [7]. 

ʈʝʣʴʝʬ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʣʠʥʫ ʩ ʫʱʝʣʴʷʤʠ ʠ ʨʫʯʴʷʤʠ, 

ʩʣʦʞʝʥʥʫʶ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʜʝʥʫʜʘʮʠʠ ʧʦʨʦʜʘʤʠ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʯʘʩʪʦʢ, 

ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʧʦʜʚʦʜʷʱʠʝ ʪʫʥʥʝʣʠ ˉ1 ʠ ˉ2, ʥʝʧʨʦʭʦʜʠʤʳʡ, ʚʩʷ ʧʣʦʱʘʜʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʤʝʝʪ ʩʢʘʣʠʩʪʳʡ ʨʝʣʴʝʬ (ʨʠʩ.1).  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʩʘʤʠʭ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, 

ʪʘʢ ʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʟʦʥʫ ʠʭ ʚʣʠʷʥʠʷ. ʆʥʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʢʦʪʦʨʳʝ ʜʠʢʪʫʶʪ ʘʜʝʢʚʘʪʥʳʡ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ [1]. 
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ʈʠʩ.1. ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ: ʘ) ʂʘʨʪʘ ʩʭʝʤʘ ʨʘʡʦʥ ʨʘʙʦʪ, ʙ) ʧʨʦʝʢʪʠʨʫʝʤʳʝ 

ʧʦʜʚʦʜʷʱʠʝ ʪʫʥʥʝʣʠ, ʫʯʘʩʪʦʢ ʐʠʜʟ 

Fig.1. Study area: a) Map-scheme of the area of work, b) Projected supply tunnels, Shidz area 

 
ɹʫʨʦʚʳʝ ʨʘʙʦʪʳ. ɺ 2016-2017 ʛʛ. ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʆʙʱʝʩʪʚʦʤ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʂʘʰʬ ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ ʚ ʧʨʦʭʦʜʢʝ ʩʢʚʘʞʠʥ. ɼʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʪʠʧʘ BT 5107 TZJDPP 100-5F1 (ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʂʅʈ) ʠ ʉʂɹ-4 (ʧʨʦʠʟʚʦʜʩʪʚʦ ʈʦʩʩʠʷ). ʉʪʘʥʢʦʤ BT 5107 TZJDPP 100-5F1 ʙʫʨʠʣʠʩʴ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ. ʉʪʘʥʢʦʤ ʉʂɹ-41 ʙʫʨʠʣʠʩʴ ʥʘʢʣʦʥʥʳʝ ʩʢʚʘʞʠʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʜ 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʘʣʤʘʟʥʳʝ ʢʦʨʦʥʢʠ ʜʠʘʤʝʪʨʦʤ 110, 93 ʠ 76 ʤʤ [8]. 

ʇʨʠ ʙʫʨʝʥʠʠ ʜʣʷ ʧʨʠʸʤʘ ʢʝʨʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʚʦʡʥʘʷ ʢʦʣʦʥʢʦʚʘʷ ʪʨʫʙʘ ʜʠʘʤʝʪʨʦʤ 76 ʤʤ. 

ɹʫʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦ ʩʧʣʦʰʥʳʤ ʦʪʙʦʨʦʤ ʢʝʨʥʘ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʩʦʩʪʘʚ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʠʟ ʩʢʚʘʞʠʥʳ ˉ14 ʥʘ ʧʦʡʤʝʥʥʦʤ ʫʯʘʩʪʢʝ ʢʠʰʣʘʢʘ ʐʠʜʟ  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

 

ʊʘʙʣ.1. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʛʨʫʥʪʦʚ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʫʯʘʩʪʢʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

Table 1. The results of laboratory determinations of soils of fluvioglacial deposits in the area 

of the projected hydrogeological structure 
ˉ
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1 ʠ ʨʠʩ. 2, ʚ ʨʳʭʣʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ TCR (total core 

recovery ï ʧʦʣʥʦʪʘ ʚʳʭʦʜʘ ʢʝʨʥʘ) ʠ RQD (rock quality designation ï ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ) ʙʳʣʠ ʤʝʥʝʝ 30%, ʚ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʘʭ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʣʠ 60-90%, 

ʤʝʩʪʘʤʠ 100% (ʨʠʩ. 3). ʇʦ ʜʘʥʥʳʤ ʢʦʣʦʥʢʦʚʦʛʦ ʙʫʨʝʥʠʷ ʩʦ ʩʧʣʦʰʥʳʤ ʦʪʙʦʨʦʤ ʢʝʨʥʘ ʥʘ 

ʫʯʘʩʪʢʝ ʐʠʜʟ ʠ ʂʘʣʦʪ, ʤʘʩʩʠʚ (RQD) ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʭʦʨʦʰʝʛʦ ʜʦ ʦʯʝʥʴ ʭʦʨʦʰʝʛʦ. RQD ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʧʨʝʚʳʰʘʝʪ 75%. ʀʥʪʝʨʚʘʣʳ ʩ ʧʣʦʭʠʤ ʠ ʩʨʝʜʥʠʤ ʢʘʯʝʩʪʚʦʤ ʩʢʘʣʴʥʦʛʦ 

ʛʨʫʥʪʘ ʚ ʤʘʩʩʠʚʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʚʷʟʘʥʳ ʩ ʟʦʥʘʤʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ɺ ʮʝʣʦʤ, ʩʢʘʣʴʥʳʝ ʛʨʫʥʪʳ, ʧʦ ʜʘʥʥʳʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʧʦʡʤʝʥʥʦʤ ʫʯʘʩʪʢʝ ʐʠʜʟ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 35-40 ʤ. 
 

ʈʠʩ.2. ʆʪʙʦʨ ʢʝʨʥʘ ʠʟ ʨʳʭʣʳʭ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

Fig.2. Core sampling from loose 

Quaternary deposits 

ʈʠʩ.3. ʆʪʙʦʨ ʢʝʨʥʘ ʠʟ ʩʢʘʣʴʥʦʛʦ 

ʤʘʩʩʠʚʘ 

Fig.3. Core sampling from a rock mass 

  

 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʟʘʤʝʨʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʦʚ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺʕɿ) ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ Super Sting R1/IP (ʨʠʩ.4 ʘ) ʠ ʤʝʪʦʜʦʤ 2D-ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤ ʧʨʠʙʦʨʦʤ Ares-II.  

ɺʝʨʪʠʢʘʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ (ɺʕɿ). ɺʳʧʦʣʥʝʥʦ ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ 

ʨʝʢʠ ʇʷʥʜʞ, ʥʘ ʫʯʘʩʪʢʝ ʜʘʤʙʳ ʠ ʛʦʣʦʚʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘ 4-ʭ ʪʦʯʢʘʭ, ʨʷʜʦʤ ʩʦ ʩʢʚʘʞʠʥʘʤʠ 

ˉ4, ˉ5, ˉ10 ʠ ˉ14. 

ʊʦʯʢʠ ɺʕɿ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʬʠʣʝ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ, ʠ ʠʤʝʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʤʝʪʦʜʦʚ ʠ ʜʘʥʥʳʭ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ɺʕɿ ʧʦʯʪʠ ʩʦʚʧʘʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ, ʯʪʦ ʦʪʦʙʨʘʞʝʥʦ ʚ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʡ ʪʘʙʣ. 2. ʋʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 17 ʤ. 

ɺ ʮʝʣʦʤ, ʧʦ ʜʘʥʥʳʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʩʢʚʘʞʠʥʳ 

-̄4 ˉ-5 ï̄10 ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ 59-67 ʤ. 

ʇʝʨʚʳʡ ʛʦʨʠʟʦʥʪ ʟʘʣʝʛʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 (ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ) ʜʦ 51-54 ʤ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 249-947 ʆʤĿʤ. ɻʨʫʥʪʳ ʫʚʣʘʞʥʝʥʳ ʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. 
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ʊʘʙʣ.2. ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʧʦ ʩʢʚʘʞʠʥʝ ˉ 4 

Table 2. Comparative graphs for well No. 4 

ʄʝʪʦʜ 

ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ 

ʄʝʪʦʜ ɺʕɿ ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʘʚ ʧʦʨʦʜ 

  ʉʢʚʘʞʠʥʘ ˉ 4 ʜʦ ʛʣʫʙʠʥʳ 23 ʤ 

ʩʢʘʣʴʥʳʡ ʛʨʫʥʪ ʥʝ ʦʪʤʝʯʘʝʪʩʷ 

   

  

 

ʇʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʜʦ ʠʥʪʝʨʚʘʣʘ 67 ʤ. ɻʣʳʙʳ, ʚʘʣʫʥʳ, 

ʛʘʣʝʯʥʠʢ, ʱʝʙʝʥʴ, ʧʝʩʦʢ. 

ɺʦʜʦʥʘʩʳʱʝʥʥʳʝ. 

 

  

ʀʥʪʝʨʚʘʣ >67 ʤ. ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ 

ʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʚʦʜʥʳʝ. 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʥʘ ʛʣʫʙʠʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʨʫʥʪʦʚ 1200-1730 ʆʤĀʤ ʠ ʙʦʣʝʝ. ɼʘʥʥʫʶ ʠʥʚʝʨʩʠʶ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʘʣʠʯʠʝʤ ʛʣʳʙ, ʚʘʣʫʥʦʚ ʠ ʜʘʞʝ ʦʩʪʘʥʮʝʚ ʠʟ ʧʦʨʦʜ ʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʤʝʨʳ ʠʭ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʜʦ 15 ʠ ʙʦʣʝʝ ʤ. 

ɺʪʦʨʦʡ ʛʦʨʠʟʦʥʪ ʟʘʣʝʛʘʝʪ ʥʠʞʝ ʠʥʪʝʨʚʘʣʘ 51-54 ʤ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 947 ʜʦ 3600 ʠ ʙʦʣʝʝ ʆʤĿʤ. ɺʳʩʦʢʦʦʤʥʳʝ ʛʨʫʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʦʨʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠʥʪʨʫʟʠʚʘʭ. ɺʪʦʨʦʡ ʛʦʨʠʟʦʥʪ ʚʳʜʝʣʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 67-110, 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʦʚ 2150,9 ʆʤĿʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʣʦʪʥʳʤʠ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʠʥʪʨʫʟʠʚʘʤʠ [8]. 

ʕʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʩʢʚʘʞʠʥʘʤ ʠ ʰʫʨʬʘʤ ʚʜʦʣʴ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ 

ʙʝʨʝʛʘ ʨʝʢʠ ʇʷʥʜʞ ʥʘ ʫʯʘʩʪʢʝ ʐʠʜʟ (ʊʘʜʞʠʢʠʩʪʘʥ) ʠ ʏʦʩʥʫʜ (ɸʬʛʘʥʠʩʪʘʥ) (ʨʠʩ 4.ʙ). ʀʟ-ʟʘ 

ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ, ʥʘʣʠʯʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ 

ʦʛʨʦʤʥʳʭ ʛʣʳʙ, ʚʘʣʫʥʦʚ ʠ ʦʩʪʘʥʮʝʚ ʧʦʨʦʜ ʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ ʣʠʥʠʷ ʧʨʦʬʠʣʷ ʧʦʣʫʯʠʣʘʩʴ 

ʣʦʤʘʥʥʦʡ, ʯʪʦ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [8].  

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘ) ʧʨʠʙʦʨ Super Sting R1/IP, ʙ) ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, 

ʧʨʦʣʦʞʝʥʥʳʡ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʨʝʢʠ ʇʷʥʜʞ (ʨʠʩ. 4). 

ʈʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʇʷʥʜʞ, ʚʜʦʣʴ ʝʸ ʨʫʩʣʘ. ɺʘʨʠʘʥʪ ʫʩʪʘʥʦʚʢʠ 

Sʩhlumberger ï ʠʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʶʪʩʷ 2 ʩʣʦʷ ʩ ʨʘʟʣʠʯʥʳʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʨʫʥʪʦʚ (ʨʠʩ. 5). 

ʇʝʨʚʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʡ ʠʤʝʝʪ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦ 1019 

ʆʤĿʤ. ɻʨʫʥʪʳ ʜʦ ʛʣʫʙʠʥʳ 7-22 ʤ ʩʫʭʠʝ. ɻʣʫʙʞʝ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʥʪʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ 273-739 ʆʤĿʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʛʦʨʠʟʦʥʪʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʠʥʪʝʨʚʘʣʘʭ 45-120 ʤ, 130-185 ʤ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 7 ʜʦ 10 ʤ ʦʪʤʝʯʘʶʪʩʷ 

ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʦʚ ʜʦ 273 ʆʤĿʤ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʩʠʣʴʥʳʤ ʚʦʜʦʥʘʩʳʱʝʥʠʝʤ ʛʨʫʥʪʦʚ. ɿʜʝʩʴ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʨʫʩʣʘ ʧʦʜʟʝʤʥʳʭ 
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ʧʦʪʦʢʦʚ. ʇʦ ʜʘʥʥʳʤ ɺʕɿ ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 17-22 ʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

 

ʈʠʩ. 4. ʇʨʠʤʝʨ ʧʨʦʬʠʣʴ ˉ 1 ʧʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨʝʢʠ ʇʷʥʜʞ 

Fig. 4. Example profile No. 1 right side of the Pyanj river valley 

 
 

ɺ ʠʥʪʝʨʚʘʣʝ 0-200 ʤ ʧʨʦʬʠʣʴ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʨʝʢʠ ʇʷʥʜʞ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʨʫʩʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʨʭʥʠʭ 

ʩʣʦʝʚ ʨʘʟʨʝʟʘ ʟʘ ʩʯʸʪ ʫʚʣʘʞʥʝʥʠʷ ʛʨʫʥʪʦʚ. 

ʉʨʝʜʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʚʳʩʦʢʦʦʤʥʳʭ ʛʨʫʥʪʦʚ ʩ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʝʝ 1019 ʆʤĿʤ, ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʘʣʠʯʠʝʤ 

ʩʫʭʠʭ ʛʣʳʙ, ʚʘʣʫʥʦʚ ʠ ʦʩʪʘʥʮʝʚ ʧʣʦʪʥʳʭ ʧʦʨʦʜ ʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʱʥʦʩʪʴ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʜʦʩʪʠʛʘʝʪ 15-67 ʠ ʙʦʣʝʝ ʤ.  

ɺʪʦʨʦʡ ʩʣʦʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 40-250 ʤ ʦʪ 

ʥʫʣʝʚʦʛʦ ʧʠʢʝʪʘ. ʇʨʠ ʵʪʦʤ ʚ ʠʥʪʝʨʚʘʣʝ 40-85 ʤ ʩʢʘʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 

15-20 ʤ. ɿʘʪʝʤ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʦʨʝʥʥʦʛʦ ʣʦʞʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 48-59 ʤ. ʇʦ 

ʜʘʥʥʳʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʢʘʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 

ʛʣʫʙʠʥʘʭ 48 ʠ 59 ʤ. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʜʦʩʪʠʛʘʝʪ 1480-38788 ʆʤĿʤ [8].  

 

ʈʠʩ. 5. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ʨʷʜʦʤ c ʩʢʚʘʞʠʥʘʤʠ 

ˉ 4 ʠ ˉ 5 ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʨʝʢʠ ʇʷʥʜʞ 

Fig. 5. Geophysical research using the method of electrical tomography near wells No. 4 and 

No. 5 on the right side of the Pyanj River 

 
ɺʳʧʦʣʥʠʣʠ: ʄ.ʅʘʨʟʫʣʦʝʚ, ʗ.ɸʥʜʨʫʱʫʢ, ɼ.ʈʘʭʠʤʦʚ, ɸ.ɸʭʤʝʜʦʚ 

 

  

)͋ )͊ 
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ʇʨʠʤʝʨ ʧʨʦʬʠʣʴ ˉ 2 ʣʝʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨʝʢʠ ʇʷʥʜʞ. ʈʘʩʧʦʣʦʞʝʥ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ 

ʨʝʢʠ ʇʷʥʜʞ, ʚʜʦʣʴ ʝʸ ʨʫʩʣʘ. ʇʨʦʬʠʣʴ ʧʨʦʪʷʥʫʪ ʦʪ ʛʦʨ ʚ ʩʪʦʨʦʥʫ ʨʝʢʠ ʇʷʥʜʞ. ɺʘʨʠʘʥʪ 

ʫʩʪʘʥʦʚʢʠ Dipole-Dipole, ʠʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʳʟʚʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʶʪʩʷ 2 ʩʣʦʷ ʩ ʨʘʟʣʠʯʥʳʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʛʨʫʥʪʦʚ. ʇʝʨʚʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʡ ʠʤʝʝʪ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦ 1057 

ʆʤĿʤ. ɻʨʫʥʪʳ ʜʦ ʛʣʫʙʠʥʳ 20-25 ʤ ʩʫʭʠʝ. ɻʣʫʙʞʝ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʥʪʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ 302-522 ʆʤĿʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʛʦʨʠʟʦʥʪʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʠʥʪʝʨʚʘʣʘʭ 70-90 ʤ, 160-185 ʤ ʠ 240-275 ʠ ʜʘʣʝʝ ʜʦ ʨʫʩʣʘ ʨʝʢʠ ʥʘ ʛʣʫʙʠʥʘʭ 

ʦʪ 8-10 ʜʦ 25-30 ʤ ʦʪʤʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʥʪʦʚ ʜʦ 522 ʆʤĿʤ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʩʠʣʴʥʳʤ ʚʦʜʦʥʘʩʳʱʝʥʠʝʤ ʛʨʫʥʪʦʚ. ɿʜʝʩʴ 

ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʨʫʩʣʘ ʧʦʜʟʝʤʥʳʭ ʧʦʪʦʢʦʚ. ʅʘ ʫʢʘʟʘʥʥʳʭ ʛʨʫʥʪʘʭ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʛʨʫʥʪʦʚ ʜʦʩʪʠʛʘʝʪ 9-13% [8] (ʨʠʩ. 6). 

ʉʨʝʜʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʚʳʩʦʢʦʦʤʥʳʭ ʛʨʫʥʪʦʚ ʩ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʝʝ 1400 ʆʤĿʤ, ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʘʣʠʯʠʝʤ 

ʛʣʳʙ, ʚʘʣʫʥʦʚ ʠ ʦʩʪʘʥʮʝʚ ʧʣʦʪʥʳʭ ʧʦʨʦʜ ʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʠ ʫʯʘʩʪʢʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ 16% ʜʦ 27% ʠ ʙʦʣʝʝ. 

ɺ ʠʥʪʝʨʚʘʣʝ 160-275 ʤ ʧʨʦʬʠʣʴ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʨʝʢʠ ʇʷʥʜʞ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʨʫʩʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʨʭʥʠʭ ʩʣʦʸʚ ʨʘʟʨʝʟʘ ʟʘ ʩʯʸʪ 

ʫʚʣʘʞʥʝʥʠʷ ʛʨʫʥʪʦʚ. ʄʦʱʥʦʩʪʴ ʧʝʨʚʦʛʦ ʩʣʦʷ ʜʦʩʪʠʛʘʝʪ 30-52 ʠ ʙʦʣʝʝ ʤ.  

 

ʈʠʩ. 6. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʠʣʷ 2 ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ʧʦ ʣʝʚʦʤʫ 

ʙʦʨʪʫ ʨʝʢʠ ʇʷʥʜʞ (ʀʩʣʘʤʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ɸʬʛʘʥʠʩʪʘʥ) 

Fig. 6. Geophysical survey of profile 2 by electrotomography on the left bank of the Pyanj 

River (Islamic Republic of Afghanistan) 

 
ɺʳʧʦʣʥʠʣʠ: ʄ.ʅʘʨʟʫʣʦʝʚ, ʗ.ɸʥʜʨʫʱʫʢ, ɼ.ʈʘʭʠʤʦʚ, ɸ.ɸʭʤʝʜʦʚ. 

 

ɸʥʘʣʠʟʠʨʫʷ ʚʩʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ, ʧʨʦʣʦʞʝʥʥʳʝ ʧʦ ʣʝʚʦʤʫ ʠ ʧʨʘʚʦʤʫ ʙʦʨʪʫ 

ʨʝʢʠ ʇʷʥʜʞ ʠ ʨʘʟʨʝʟ ʩʢʚʘʞʠʥ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʨʝʢʠ ʇʷʥʜʞ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
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ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʪ 40 ʤ ʜʦ 60 ʤ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʛʣʳʙʘʤʠ, ʚʘʣʫʥʘʤʠ, 

ʛʘʣʝʯʥʠʢʘʤʠ, ʱʝʙʥʝʤ, ʜʨʝʩʚʦʡ, ʧʝʩʢʘʤʠ, ʩʫʧʝʩʷʤʠ, ʚ ʦʩʥʦʚʥʦʤ, ʘʣʣʶʚʠʘʣʴʥʦ-ʣʝʜʥʠʢʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʛʣʫʙʠʥʝ ʦʪ 40 ʤ ʜʦ 80 ʤ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʤʦʱʥʳʡ ʛʦʨʠʟʦʥʪ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʨʘʟʜʝʣʸʥʥʳʡ ʥʘ 2, ʚʦʟʤʦʞʥʦ, ʥʘ 3 ʧʦʪʦʢʘ ʩʫʭʠʤʠ 

ʚʳʩʦʢʦʦʤʥʳʤʠ ʛʨʫʥʪʘʤʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʜʦʣʠʥʘʭ ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ ʙʳʣʦ 2-3 ʵʪʘʧʘ ʦʣʝʜʝʥʝʥʠʷ. ʃʝʜ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ 

ʬʦʨʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2,ʩ.118]. ʄʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 

ʦʩʪʘʚʘʣʠʩʴ ʦʛʨʦʤʥʳʝ ʦʩʪʘʥʮʳ, ʛʣʳʙʳ, ʚʘʣʫʥʳ ʩʦ ʱʝʙʥʝʤ, ʛʨʘʚʠʝʤ, ʛʘʣʴʢʦʡ, ʧʝʩʢʦʤ ʚ ʚʠʜʝ 

ʟʘʧʦʣʥʠʪʝʣʷ.  ɺ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ, ʘʥʘʣʠʟʠʨʫʷ ʤʘʪʝʨʠʘʣʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ɻʕʉ ʉʘʥʦʙʦʜ, ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʟʘʷʚʠʪʴ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ ʨʝʢʠ ʇʷʥʜʞ 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ 59-67 ʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʭʘʦʪʠʯʝʩʢʠʤ 

ʥʘʛʨʦʤʦʞʜʝʥʠʝʤ ʛʣʳʙ, ʚʘʣʫʥʦʚ, ʛʘʣʝʯʥʠʢʦʚ, ʱʝʙʥʷ ʩ ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. ʉʨʝʜʠ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʬʠʢʩʠʨʫʶʪʩʷ ʛʨʫʥʪʳ ʩ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʦʪ ʙʦʣʝʝ 1000 ʆʤĿʤ ʜʦ 3786 ʆʤĿʤ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʳʭ ʦʩʪʘʥʮʝʚ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ [8]. 
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ÞÌפ׳ÔפÚÞÔ ÏÑÚàÔÓÔÖ ÎÌ ÏÑÚ×ÚÏÄ-Øß׳ÌÙÐÔÝ ÐÌÜ ØÔÙÞÌפÌÔ ÝÚáÞØÚÙÔ 

ÔÙäÚÚÞÔ ÏÔÐÜÚÞÑáÙÔÖÔÔ ÍÌ ×ÚÔ׳Ì ÏÔÜÔàÞÌäßÐÌÔ ÙÍÚ-Ô ÝÌÙÚÍÚÐ (ÛÚØÔÜÔ 

 (ÌÜÍנ

Ðìü ôù øìץú÷ì ùìþôֹוì״úô þìץ״ôץúþô ïñúĀôóôö îì øÿ״ìùðôý ïñú÷úïôô ÷úô״ìô ÙÍÚ Ýìùúíúð, öô ìó 

þìüìĀô ּתìøĆôċþô ðúüúô øìýĆÿ÷ôċþìĄ øì״ðÿðô µÖìĄĀ½ ïÿóìüúùôðì Ąÿð, úîìüðì Ąÿðììýþ. ׳ìøì øôýú÷״ú 
ìó ùìþôֹוì״úô þìץ״ôץúþôô ֹוìøĆúîìüðìĄÿðì, ðìü ðúôüìô þìðץôץúþô ïñú÷úïôô Ùñüÿïú״ô Ýìùúíúð ðìü 

Þúֹוôöôýþúù þôíץô ýúóôĄùúøì ìó 3 ùúċíüô ýú÷ô 2016 íú áìóôùìô Úסúāúù úôð íì üÿĄðô ôץþôýúð 
ïÿóìüúùôðì Ąÿðììýþ. 

Øìõðúùô þìðėôėúþ ץôýøìþô āÿüðô Ûúøôüô נìüíĒ íÿðì, úù ìó ֹוìùÿí îì סìüí íú ״ìîóìô ץìþúüöĘ״״úô 
ëóïÿ÷úø, öô ýìü״ìðô ðìî÷ìþ íú ּתÿø״ÿüôô Ôý÷úøôô ÌĀסúùôýþúù øñïÿóìüìð, ״ìøýìü״ìð ìýþ. Ðìü ÷úô״ì 
ûìüøìöÿùôô 15 ăú״, ìó ֹוÿø÷ì 9 ûìüøìăú״ ðìü ץì÷ìøüìîô ּתÿø״ÿüôô Þúֹוôöôýþúù (ּתÞ), 6 ûìüøìăú״ ðìü 

 ûñĄíôù Ąÿðì íÿð. Ìó ýìíìíô ùìíÿðìùô üúĕĕúô (ÔÌתּ) úùôýþúùסÿüôô Ôý÷úøôô ÌĀ״ÿøתּ ì÷ìøüìîôץ
ðìüúøìðïúĕ íì øôùþìץì״úô ûìüøìöÿùĒ ðìü øôùþìėìô ÔÜÌ ÿýÿ÷ĕúô ïñúĀôóôöĒ íú þúøúïüìĀôċô ĉ÷ñöþüôö 
îì óúùðô ýñõýøôö ïÿóìüúùðì Ąìÿðììùð. Ðìü øôùþìץì״úô ּתÿø״ÿüôô Þúֹוôöôýþúù Ďìõü ìó ðÿ ÿýÿ÷ô 

ùúøíìüĄÿðìô þìðץôץúþô ïñúĀôóôö óúùðô ĉ÷ñöþüôöôô ìøÿð ïÿóìüúùôðì Ąÿð. Ìó üô 10 ûüúĀô÷, ìó ֹוÿø÷ì 
3-þú ðìü ״ÿðÿðô ּתÿø״ÿüôô Þúֹוôöôýþúù îì 7-þú ðìü ״ÿðÿðô ּתÿø״ÿüôô Ôý÷úøôô ÌĀסúùôýþúù þìðץôץúþ״úô 

ïñúĀôóôö ïÿóìüúùôðì Ąÿðìùð. 
Öì÷ôðîúòì״ú: ïñúøúüĀú÷úïôċ, üñ÷ĈñĀ, ûìüøìăú״, þìðץôץúþô ïñúĀôóôö, ĉ÷ñöüúþúøúïüìĀ, íÿüôĄô 

ìøÿðôô ĉ÷ñöþüôö, ÙÍÚ Ýìùúíúð. 
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ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʀ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸ 

ʋʏɸʉʊʂɽ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʇʈʆɽʂʊʀʈʋɽʄʆɻʆ ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʆʈʋɾɽʅʀʗ ɻʕʉ 

ʉɸʅʆɹʆɼ (ɿɸʇɸɼʅʓʁ ʇɸʄʀʈ) 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʉʘʥʦʙʦʜʩʢʦʡ ɻʕʉ, ʚʳʧʦʣʥʝʥʥrʝ ʆʙʱʝʩʪʚʦʤ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʂʘʰʬ. ɺʩʝ ʧʨʠʤʝʨʳ ʙʳʣʠ 

ʩʦʙʨʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʸʥʥr ʭ  ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ Geological investigation of Sanobod HPP 

Feasibility study in Tajikistan ʜʦʛʦʚʦʨʫ ʦʪ 3 ʥʦʷʙʨʷ 2016 ʛ. ʩ Aga Khan Fund for Economic Development. 

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʨʘʡʦʥ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ. ʆʥ ʦʛʨʘʥʠʯʝʥ ʩ 

ʶʛʘ ʠ ʟʘʧʘʜʘ ʚʦʜʦʨʘʟʜʝʣʦʤ ʗʟʛʫʣʝʤʩʢʦʛʦ ʭʨʝʙʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʨʘʥʠʮʘ ʩ ʀʩʣʘʤʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʦʡ ɸʬʛʘʥʠʩʪʘʥ. ʇʨʦʝʢʪʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʙʫʨʝʥʠʝ 15 ʩʢʚʘʞʠʥ ʢʦʣʦʥʢʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ 9 ʩʢʚʘʞʠʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (ʈʊ), 6 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʩʣʘʤʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ɸʬʛʘʥʠʩʪʘʥ (ʀʈɸ). ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʲʝʟʜʥʳʭ ʧʫʪʝʡ ʢ ʤʝʩʪʘʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʈɸ, 

ʚʟʘʤʝʥ ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʊ ʢʨʦʤʝ ʜʚʫʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ 

10 ʧʨʦʬʠʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 3 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʊ ʠ 7 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʈɸ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʦʨʬʦʣʦʛʠʷ, ʨʝʣʴʝʬ, ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ɻʕʉ ʉʘʥʦʙʦʜ. 
 

GEOPHYSICAL AND ENGINEERING -GEOLOGICAL RESEARCH AT THE CONSTRUCTION SITE OF 

THE SANOBOD HYDROPOWER PLANT PROJECT (WESTERN PAMIR)  

This article presents the results of geophysical and engineering-geological studies for the Sanobod HPP carried 

out by Kashf Limited Liability Company. All examples were collected from the results of the study, conducted under 

the project Geological investigation of Sanobod HPP Feasibility study in Tajikistan contract dated November 3, 2016, 

with Aga Khan Fund for Economic Development. 

The study area is a small section of the Western Pamir. It is bounded from the south and west by the watershed 

of the Yazgulem Ridge, along which the state border with the Islamic Republic of Afghanistan runs. The project 

provides for drilling of 15 boreholes, including 9 boreholes in the territory of the Republic of Tajikistan (RT), 6 

boreholes in the territory of the Islamic Republic of Afghanistan (IRA). Instead, due to absence of access roads to the 

wells drilling locations in the territory of IRA, it was recommended to conduct geophysical exploration by the methods 

of electro-tomography and seismic sounding. On the territory of RT, in addition to these two methods of geophysical 

research, vertical electrical sounding was carried out. Geophysical surveys were carried out on 10 profiles, including 3 

on the territory of RT and 7 on the territory of IRA. 

Keywords: geomorphology, relief, drilling work, geophysical research, electrical tomography, vertical electrical 

sounding, HPP Sanobod. 
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ʋɼʂ 553.98.(575.3) 

ʇʃɸʉʊʆɺʓɽ ɺʆɼʓ ʅɽʌʊɽɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʊɸɼɾʀʂʉʂʆʁ 

ɼɽʇʈɽʉʉʀʀ 

 

ɿʠʸʝʚ ɼʞ.ʐ., ɸʣʘʤʭʦʥʦʚʘ ɸ.ɸ., ɻʘʨʠʙʤʘʭʤʘʜʦʚʘ ʉ.ʅ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʝʨʚʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʵʪʦʡ ʩʪʘʪʴʠ ʷʚʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ 

ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʠ ʚʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ. ʇʨʦʙʳ ʚʦʜʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʘʩʴ ʚ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ ʧʨʠ ʧʨʠʣʠʚʝ ʠ ʛʣʫʙʠʥʥʳʤʠ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘʤʠ ʪʠʧʘ 

ʇɼ-ʆɿ, ʇɼ, ʇɼ-3ʤ ʠ ʜʨʫʛʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʥʘ ʧʨʦʤʳʩʣʘʭ ʠ 

ʥʘ ʨʘʟʚʝʜʦʯʥʳʭ ʧʣʦʱʘʜʷʭ. 

ʆʪʙʦʨ ʧʨʦʙ ʠ ʘʥʘʣʠʟʳ ʚʦʜʳ ʚʳʧʦʣʥʠʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʣʝʜʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ: ɼʂʃ 

ʉʨʝʜɸʟʅʀʇʀʥʝʬʪʴ, ʊʘʜʞʠʢʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɺʅʀɻʅʀ, ʎʅʀʃ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʣʦʛʠʠ ʊʘʜʞ. 

ʉʉʈ ʠ ʜʨ. ʉʦʙʨʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʥʘ ʧʨʦʤʳʩʣʘʭ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʨʘʟʚʝʜʢʠ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ (30-ʝ ʛʦʜʳ ʜʦ 2023 ʚʢʣʶʯʠʪʝʣʴʥʦ). 

ʀʤʝʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʝʟʦʚ ʧʣʦʱʘʜʝʡ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʣʘʩʪʳ ʙʦʣʴʰʝ ʦʧʨʦʙʦʚʘʥʳ, ʯʝʤ ʥʘ ʧʫʩʪʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. ʄʝʟʦʟʦʡʩʢʠʝ ʠ ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʦʜʝʨʞʘʪ ʨʷʜ ʚʦʜʦʥʦʩʥʳʭ ʪʦʣʱ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ, ʤʦʱʥʦʩʪʠ, 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʭʘʨʘʢʪʝʨʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʚʳʰʝ- ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ 

ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ [1]. 

ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʤʠ ʚʳʜʝʣʝʥʳ ʚʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ (ʧʦ ʤʦʱʥʦʩʪʠ) ʧʨʠʨʦʜʥʳʝ ʨʝʟʝʨʚʫʘʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʝʨʠʝʡ ʚʦʜʦʥʦʩʥʳʭ ʪʦʣʱ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʦʱʥʳʤʠ ʨʝʛʠʦʥʘʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ (ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ) 

ʚʦʜʦʫʧʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʣʠʨʫʶʪ ʵʪʠ ʪʦʣʱʠ ʦʪ ʧʦʩʪʠʣʘʶʱʠʭ ʠʣʠ 

ʚʳʰʝʣʝʞʘʱʠʭ ʚʦʜʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

ʄʦʱʥʦʩʪʴ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ ʦʪ ʧʝʨʚʳʭ ʩʦʪʝʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤ. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʦʜʦʥʦʩʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʣʠʰʴ ʚ 

ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ çʦʢʦʥè ʥʘ ʫʯʘʩʪʢʘʭ ʣʦʢʘʣʴʥʳʭ ʨʘʟʤʳʚʦʚ ʚʦʜʦʫʧʦʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʤʝʩʪʘʭ ʠʟʤʝʥʝʥʠʷ ʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

ʈʝʛʠʦʥʘʣʴʥʳʤʠ ʚʦʜʦʫʧʦʨʘʤʠ, ʨʘʟʜʝʣʷʶʱʠʤʠ ʚʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, 

ʷʚʣʷʶʪʩʷ ʧʦ ʨʘʟʨʝʟʫ ʩʚʝʨʭʫ ʚʥʠʟ: ʪʫʨʢʝʩʪʘʥʩʢʠʝ, ʩʫʟʘʢʩʢʠʝ ʛʣʠʥʠʩʪʳʝ, ʛʠʧʩʦʚʦ-

ʘʥʛʠʜʨʠʪʦʚʳʝ ʩʣʦʠ (ʩʚʠʪʘ ɻʦʟʥʘʫ), ʪʫʨʦʥʩʢʠʝ, ʥʠʞʥʝʘʣʴʙʩʢʠʝ ʛʣʠʥʠʩʪʳʝ ʠ ʚʝʨʭʥʝʶʨʩʢʠʝ 

ʩʦʣʝʥʦʩʥʳʝ ʪʦʣʱʠ. ʄʦʱʥʦʩʪʴ ʚʦʜʦʫʧʦʨʦʚ ʠʟʤʝʨʷʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʧʝʨʚʳʭ 

ʩʦʪʝʥ ʤ. 

ɺʦʜʦʫʧʦʨʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʴʶ, 

ʤʦʛʫʪ ʥʘʜʸʞʥʦ ʦʪʜʝʣʠʪʴ ʦʜʠʥ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʦʪ ʜʨʫʛʦʛʦ ʠ ʩʦʟʜʘʪʴ ʨʝʟʢʦ ʦʪʣʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʩʚʷʟʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʨʘʟʦʙʱʝʥʥʦʩʪʴʶ 

ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʦʙʦʩʦʙʣʝʥʥʳʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ. ʄʥʦʛʠʝ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʚʦʜʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤʠ, ʜʨʫʛʠʝ ï ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ. ʄʝʞʜʫ ʩʦʙʦʡ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʨʘʟʜʝʣʝʥʳ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɺʦʜʦʦʙʤʝʥ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʟʘʪʨʫʜʥʸʥ ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʯʘʩʪʷʭ ʙʘʩʩʝʡʥʘ, ʥʦ ʦʥ ʚʦʟʤʦʞʝʥ ʚ ʩʣʫʯʘʝ ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ 

ʚʳʢʣʠʥʠʚʘʥʠʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʳ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ I, II , III  ʠ ʜʨʫʛʠʭ ʧʦʨʷʜʢʦʚ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠʚʦʜʠʪʩʷ 

ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʚ ʥʘʯʘʣʝ ʥʝʬʪʷʥʳʭ, ʥʝʬʪʝʛʘʟʦʚʳʭ, ʛʘʟʦʚʳʭ, ʘ ʟʘʪʝʤ çʧʫʩʪʳʭè (ʨʘʟʚʝʜʦʯʥʳʭ) 

ʧʣʦʱʘʜʝʡ.  

 

 



14 

 

ʊʘʙʣʠʮʘ 1. ɺʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ 

Table 1. Water-bearing complexes of oil and gas fields in Tajikistan 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʙʘʩʩʝʡʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɺʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʇʨʠʤʝʯʘʥʠʝ 

1. ɺʘʭʰʩʢʠʡ 

ʩʫʙʙʘʩʝʡʥ 

ʂʠʯʠʢ-ɹʝʣʴ ʵʦʮʝʥʦʚʳʡ, ʧʘʣʝʦʮʝʥ-

ʤʘʘʩʪʨʠʭʩʢʠʡ, ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʡ 

ɺʦ ʚʩʝʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʝʥʳ 

ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ 

ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ 

ɸʢʙʘʰ-ɸʜʳʨ ʵʦʮʝʥʦʚʳʡ, ʧʘʣʝʦʮʝʥ- 

ʤʘʘʩʪʨʠʭʩʢʠʡ ʪʫʨʦʥʩʢʠʡ 

 

ʂʳʟʳʣ-ʊʫʤʰʫʢ ʅʝʦʛʝʥʦʚʳʡ, ʵʦʮʝʥʦʚʳʡ, 

ʧʘʣʝʦʮʝʥ-ʤʘʘʩʪʨʠʭʩʢʠʡ 

 

2. ʂʫʣʷʙʩʢʠʡ 

ʙʘʩʩʝʡʥ 

ɹʝʰʪʝʥʪʷʢ ʥʝʦʛʝʥʦʚʳʡ, ʦʣʠʛʦʮʝʥʦʚʳʡ, 

ʵʦʮʝʥʦʚʳʡ, ʧʘʣʝʦʮʝʥʦʚʳʡ,  

ʚʝʨʭʥʝʤʝʣʦʚʦʡ 

 

3. ɿʘʧ. ɹʘʙʘʪʘʛʩʢʘʷ 

ʟʦʥʘ ʧʦʜʥʷʪʠʷ 

ʉʝʚ. ʂʫʨʛʘʥʯʘ ʵʦʮʝʥʦʚʳʡ, ʧʘʣʝʦʮʝʥʦʚʳʡ, 

ʚʝʨʭʥʝʤʝʣʦʚʦʡ, ʥʠʞʥʝʤʝʣʦʚʦʡ, 

ʶʨʩʢʠʡ 

 

4. ɼʫʰʘʥʙʠʥʩʢʠʡ 

ʩʫʙʙʘʩʩʝʡʥ 

ʐʘʘʤʙʘʨʳ ʥʝʦʛʝʥʦʚʳʡ, ʵʦʮʝʥʦʚʳʡ, 

ʧʘʣʝʦʮʝʥ-ʤʘʘʩʪʨʠʭʩʢʠʡ, ʩʝʥʦʤʘʥ-

ʪʫʨʦʥʩʢʠʡ, ʥʠʞʥʝʤʝʣʦʚʦʡ, 

ʶʨʩʢʠʡ 

 

ʂʦʤʩʦʤʦʣʴʩʢʦʝ ʥʝʦʛʝʥ-ʧʘʣʝʦʮʝʥʦʚʳʡ, 

ʚʝʨʭʥʝʤʝʣʦʚʦʡ, ʥʠʞʥʝʤʝʣʦʚʦʡ, 

ʶʨʩʢʠʡ 

 

ɸʥʜʳʛʝʥ ʧʘʣʝʦʮʝʥʦʚʳʡ, ʤʘʘʩʪʨʠʭʩʢʠʡ 

ʪʫʨʦʥʩʢʠʡ, ʩʝʥʦʤʘʥ-

ʚʘʣʘʥʞʠʥʩʢʠʡ, ʶʨʩʢʠʡ 

 

 

1. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʠʯʠʢ-ɹʝʣʴ. ʅʘ ʵʪʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʣʘʩʪʦʚʳʝ ʚʦʜʳ ʠʟʫʯʝʥʳ 

ʜʦ ʩʝʥʦʤʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʢʣʶʯʠʪʝʣʴʥʦ. ɺ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʜʝʣʝʥʳ ʪʨʠ 

ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʘ. ʇʝʨʚʳʡ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʩʪʨʦʪʦʡ ʚ ʠʟʤʝʥʝʥʠʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʦʩʪʘʚʘ ʚʦʜ. ʀʤʝʝʪ ʤʝʩʪʦ ʩʚʦʙʦʜʥʳʡ ʚʦʜʦʦʙʤʝʥ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ. ɺʦʜʳ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʫʣʴʬʘʪ-ʠʦʥʘ, ʯʪʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1. ʊʠʧ ʚʦʜʳ ï ʚ ʦʩʥʦʚʥʦʤ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʩʢʚʘʞʠʥʘ 46 ʚʩʢʨʳʣʘ ʥʠʞʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺʪʦʨʦʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʠʯʠʢ-ɹʝʣʴ ʥʘʤʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘ. ɺ ʧʨʝʜʝʣʘʭ ʦʪʣʦʞʝʥʠʡ ʙʫʭʘʨʳ ʠʤʝʶʪʩʷ ʟʘʣʝʞʠ ʥʝʬʪʠ (I ʠ II  

ʛʦʨʠʟʦʥʪʳ), ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʥʘʤʠ ʚʳʜʝʣʝʥʳ ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʠ ʟʘʢʦʥʪʫʨʥʳʝ ʚʦʜʳ. ɺʦ 

ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʭ ʚʦʜʘʭ (ʨʘʩʩʦʣʘʭ) ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʦ (ʨʠʩ. 2), ʘ ʩʫʣʴʬʘʪ-ʠʦʥ ʦʪʩʫʪʩʪʚʫʝʪ. ʄʠʥʝʨʘʣʠʟʘʮʠʠ ʜʦʭʦʜʠʪ ʜʦ 175 

ʛ/ʣ. ɺ ʧʨʝʜʝʣʘʭ ʙʫʭʘʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʝʙʠʪ ʚʦʜʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʫʨʦʚʥʷ ʚ ʩʢʚʘʞʠʥʘʭ 

ʜʦʩʪʠʛʘʶʪ 8-11 ʤ
3
/ʩʫʪʢʠ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʢʘʢ ʚ ʘʢʜʞʘʨʩʢʦʤ, ʪʘʢ ʚ 

ʤʘʘʩʪʨʠʭʩʢʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʨʘʩʩʦʣʴʥʘʷ ʠ ʜʦʩʪʠʛʘʝʪ ʜʦ 205 ʛ/ʣ (ʩʢʚ.35, ʠʥʪ. 1580-1513 ʤ, 

ʤʘʘʩʪʨʠʭ). 

ɺʦʜʳ ʪʨʝʪʴʝʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʝʧʢʠʤʠ ʨʘʩʩʦʣʘʤʠ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 226 ʛ/ʣ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʤʝʪʘʤʦʨʬʠʟʘʮʠʝʡ. 

2. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɸʢʙʘʰ-ɸʜʳʨ. ɺ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʙʘʰ-

ɸʜʳʨ ʪʘʢ ʞʝ, ʢʘʢ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʠʯʠʢ-ɹʝʣʴ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʝ ʞʝ ʪʨʠ ʚʦʜʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʘ (ʪʘʙʣʠʮʘ 1). ʉʦʩʪʘʚ ʚʦʜ ʵʦʮʝʥʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʩʫʣʴʬʘʪʥʦʩʪʴʶ ʠ ʧʦʥʠʞʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʠʭ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 30-50 ʛ/ʣ. ʊʠʧ ʚʦʜʳ ï ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ, ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚ ʚʦʜ ʠʟʤʝʥʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʚʪʦʨʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 



15 

 

ʢʦʤʧʣʝʢʩʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʧʦʨʦʜʘʤ ʧʘʣʝʦʮʝʥʘ ʠ ʚʝʨʭʥʝʛʦ ʩʝʥʦʥʘ, ʚ ʙʫʭʘʨʩʢʦʤ 

ʛʦʨʠʟʦʥʪʝ ʚʳʜʝʣʝʥʳ ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʠ ʟʘʢʦʥʪʫʨʥʳʝ ʚʦʜʳ. ʇʝʨʚʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 154 ʛ/ʣ ʧʨʦʪʠʚ 45 ʛ/ʣ ʚ ʟʘʢʦʥʪʫʨʥʳʭ. ɺ ʩʦʩʪʘʚʝ ʛʘʟʦʚ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʚʦʟʨʘʩʪʘʝʪ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʘʢʜʞʘʨʘ ʠ ʩʝʥʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʦʣʘʤʠ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 205 ʛ/ʣ. ʊʨʝʪʠʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʳʤʠ ʧʦʨʦʜʘʤʠ ʪʫʨʦʥʩʢʦʛʦ ʷʨʫʩʘ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʝʧʢʠʝ ʨʘʩʩʦʣʳ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʜʦʭʦʜʠʪ ʜʦ 217 ʛ/ʣ, πȢφφ. 

3. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʉʝʚʝʨʥʘʷ ʂʫʨʛʘʥʯʘ. ɺ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʚʳʜʝʣʝʥʳ ʧʷʪʴ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʪʘʙʣʠʮʘ 1). ʕʦʮʝʥʦʚʳʝ (ʘʣʘʡʩʢʠʝ) ʚʦʜʳ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʟʘʣʝʞʘʤʠ ʥʝʬʪʠ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʠʟʚʝʩʪʥʷʢʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 9,3 ʛ/ʣ ʜʦ 26,5 ʛ/ʣ. ʊʠʧ ʚʦʜʳ, ʧʦ 

ɺ.ɸ. ʉʫʣʠʥʫ /95/, ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. ɼʝʙʠʪʳ ʚʦʜ ʚ ʩʢʚʘʞʠʥʘʭ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ, ʠ ʚʩʝ 

ʩʢʚʘʞʠʥʳ, ʚʩʢʨʳʚʰʠʝ ʧʝʨʚʳʡ ʢʦʤʧʣʝʢʩ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʘ. 

ʈʘʩʪʚʦʨʸʥʥʳʝ ʛʘʟʳ ʚ ʚʦʜʝ, ʚʟʷʪʦʡ ʠʟ ʠʥʪʝʨʚʘʣʘ 1020-1070 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʪʷʞʸʣʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ. ɺʪʦʨʦʡ 

ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʨʛʘʥʯʘ ʧʨʝʜʩʪʘʚʣʝʥ ʙʫʭʘʨʩʢʠʤ ʠ ʘʢʜʞʘʨʩʢʠʤ 

ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ɺʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʪ 

10 ʜʦ 47 ʛ/ʣ. ʊʠʧ ʚʦʜʳ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʳʡ ʠ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ. ɺʝʨʭʥʝʤʝʣʦʚʦʡ 

ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʨʘʩʩʦʣʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 140 ʛ/ʣ ʜʦ 180 ʛ/ʣ. ʈʘʩʭʦʜʳ ʚʦʜʳ ʚ 

ʩʢʚʘʞʠʥʘʭ ʥʠʟʢʠʝ, ʩʦʩʪʘʚʣʷʶʪ 1,4-7,2 ʤ
3
/ʩʫʪ. ʅʠʞʥʝʤʝʣʦʚʦʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ (ʘʣʴʙ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʱʸ ʙʦʣʝʝ ʢʨʝʧʢʠʤʠ ʨʘʩʩʦʣʘʤʠ (ʦʪ 200 ʛ/ʣ ʜʦ 280 ʛ/ʣ). ɼʝʙʠʪ ʩʢʚʘʞʠʥ 

ʥʠʟʢʠʡ ï 0,6 ʤ
3
/ʩʫʪ. ʇʦʨʦʜʳ ʚʝʨʭʥʝʶʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʥʛʠʜʨʠʪʘʤʠ ʠ ʩʦʣʷʤʠ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʩʩʦʣʦʚ ʜʦʭʦʜʠʪ ʜʦ 320 ʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʥʘʪʨʠʷ. 

3. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʰʪʝʥʪʷʢ. ɺ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʪʘʙʣʠʮʘ 1). 

ʅʝʦʛʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʠʟʫʯʝʥ ʩʪʨʫʢʪʫʨʥʳʤ ʙʫʨʝʥʠʝʤ. ʇʝʩʯʘʥʠʢʠ 

ʥʝʦʛʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʥʠʟʢʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ 

ʚʦʜʳ. ɺ ʦʣʠʛʦʮʝʥʦʚʦʤ ʚʦʜʦʥʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ ʦʧʨʦʙʦʚʘʥʳ ʩʫʤʩʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʉʫʤʩʘʨʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʩʦʜʝʨʞʠʪ ʨʘʩʩʦʣʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 140 ʛ/ʣ. ʕʦʮʝʥʦʚʳʡ 

ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʨʠʰʪʘʥʩʢʦʛʦ, ʪʫʨʢʝʩʪʘʥʩʢʦʛʦ ʠ ʘʣʘʡʩʢʦʛʦ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʇʝʨʚʳʝ ʜʚʘ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʨʠʛʝʥʥʳʤʠ, ʘ ʧʦʩʣʝʜʥʠʡ ï 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ɺ ʧʨʝʜʝʣʘʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʵʦʮʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ 

ʛʣʫʙʠʥʦʶ. ɺʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʩʦʜʝʨʞʠʪ ʚʦʜʳ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʪʠʧʘ ʩ ʥʠʟʢʦʡ (4 ʛ/ʣ) 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʩʨʝʜʥʠʡ ï ʪʫʨʢʝʩʪʘʥʩʢʠʡ ï ʚʦʜʳ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʦʛʦ ʪʠʧʘ (6 ʛ/ʣ) ʠ ʪʨʝʪʠʡ 

ʛʦʨʠʟʦʥʪ ï ʘʣʘʡʩʢʠʡ ï ʨʘʩʩʦʣʳ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʦʛʦ ʠ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʪʠʧʘ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 55 ʜʦ 260 ʛ/ʣ. ʉʦʩʪʘʚ ʚʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʛʦʨʠʟʦʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʘʟʦʪʦʤ, ʫʛʣʝʢʠʩʣʦʪʦʡ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʪʘʥʦʤ, ʘ 

ʘʣʘʡʩʢʠʝ ʚʦʜʳ ʦʙʦʛʘʱʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʥʦʤ. 

ʇʘʣʝʦʮʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʙʫʭʘʨʩʢʠʤ ʠ ʘʢʜʞʘʨʩʢʠʤ ʚʦʜʦʥʦʩʥʳʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ. ɺʦʜʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʪʠʧʘ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪ 36 ʜʦ 250 

ʛ/ʣ. ɺʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʝ ʛʘʟʳ ʙʫʭʘʨʩʢʠʭ ʩʣʦʸʚ ʙʦʣʴʰʝ ʦʙʦʛʘʱʝʥʳ ʪʷʞʸʣʳʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʯʝʤ ʚʦʜʳ ʘʢʜʞʘʨʘ. ɺ ʥʠʟʘʭ ʘʢʜʞʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʘʤʠ ʚʩʪʨʝʯʝʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʜʘʚʣʝʥʠʷ, ʙʦʣʴʰʝ ʫʩʣʦʚʥʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ [4]. ɺ ʚʝʨʭʥʝʤʝʣʦʚʦʤ 

ʚʦʜʦʥʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʩʢʨʳʪ ʠ ʦʧʨʦʙʦʚʘʥ ʪʦʣʴʢʦ ʩʝʥʦʥʩʢʠʡ ʥʘʜʲʷʨʫʩ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 

ʨʘʩʩʦʣʦʚ ʜʦʭʦʜʠʪ ʪʘʤ ʜʦ 258 ʛ/ʣ. ɼʘʚʣʝʥʠʝ ʚ ʩʝʥʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʥʠʞʝ, ʯʝʤ ʚ ʘʢʜʞʘʨʩʢʠʭ. 

ʇʨʠ ʧʨʦʭʦʜʢʝ ʩʝʥʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʘʣʠʩʴ ʚʦʜʦʛʘʟʦʥʝʬʪʝʧʨʦʷʚʣʝʥʠʷ ʠʟ ʠʥʪʝʨʚʘʣʘ 

2362-2368 ʤ, ʜʝʙʠʪʳ ʛʘʟʘ ʜʦʭʦʜʠʣʠ ʜʦ 380-420 ʪʳʩ. ʤ
3
/ʩʫʪ, ʘ ʥʝʬʪʠ ï 250-300 ʪ/ʩʫʪ. 
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ʈʠʩ. 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢʘʤʧʘʥ-ʤʘʘʩʪʨʠʭʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʶʛʦ-

ʟʘʧʘʜʘ ʊʘʜʞʠʢʠʩʪʘʥʘ 

Fig. 1. Chemical composition of groundwater in the Campanian-Maastrichtian deposits of 

southwestern Tajikistan 

 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʂʫʨʛʘʥʯʘ, 2 ï ʐʘʘʤʙʘʨʳ, 3 ï ʂʦʤʩʦʤʦʣʴʩʢʦʝ, 4 ï ʈʦʭʘʪʠ, 5 ï ʂʳʟʳʣ-ʊʫʤʰʫʢ, 6 ï 

ɸʢʙʘʰ-ɸʜʳʨ, 7 ï ʂʠʯʠʢ-ɹʝʣʴ, 8 ï ʂʠʯʠʢ-ɼʦʥʛʦʫʟ. 

 

5.ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʳʟʳʣ-ʊʫʤʰʫʢ. ɺ ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʘ. ʇʝʨʚʳʡ ʥʝʦʛʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʝʥ ʩʣʘʙʦ ʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤ ʧʝʩʯʘʥʠʢʦʤ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥʳ. ɺʦʜʳ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʣʸʥʳʝ ʠ ʨʘʩʩʦʣʳ (ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʜʦ 64,4 ʛ/ʣ), ʪʠʧ, ʧʦ ɺ.ɸ. ʉʫʣʠʥʫ, ʩʫʣʴʬʘʪʥʦ-

ʥʘʪʨʠʝʚʳʡ.  

ʉʨʝʜʠ ʤʦʱʥʳʭ ʛʣʠʥʠʩʪʳʭ ʪʦʣʱ ʦʣʠʛʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʪʦʥʢʠʝ, 

ʤʦʱʥʦʩʪʴʶ ʜʦ 7 ʤ, ʧʝʩʯʘʥʠʢʠ (ʠʩʬʘʨʘ + ʭʘʥʘʙʘʜʩʢʠʭ ʠ ʨʠʰʪʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ), ʚʦʜʳ 

ʠʩʬʘʨʘ + ʭʘʥʘʙʘʜʩʢʠʭ ʧʝʩʯʘʥʠʢʦʚ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ï 22,3 ʛ/ʣ (ʪʠʧ 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ). 

ɿʘʤʝʪʥʦ, ʯʪʦ ʚʦʜʳ ʨʠʰʪʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʙʦʛʘʱʝʥʳ ʩʫʣʴʬʘʪʘʤʠ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʵʪʠ ʚʦʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ ʩʫʣʴʬʘʪʦʚ ʠʟ ʧʦʨʦʜ ʧʨʠ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʕʦʮʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʦʞʝʥ ʠʟʚʝʩʪʥʷʢʘʤʠ, 

ʤʝʨʛʝʣʷʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʤʦʱʥʦʩʪʴʶ 60-90 ʤ. ʍʦʪʷ ʵʦʮʝʥʦʚʳʡ (ʘʣʘʡʩʢʠʡ) ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 

ʤʦʱʥʳʤʠ ʪʦʣʱʘʤʠ ʛʣʠʥ, ʯʝʨʝʟ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ çʦʢʥʘè ʩʶʜʘ ʧʦʧʘʜʘʶʪ 
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ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʧʣʘʩʪʦʚʳʝ ʚʦʜʳ ʵʦʮʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʜʝʙʠʪʘʤʠ. 

ʇʘʣʝʦʮʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʦʞʝʥ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʤʝʨʛʝʣʝʡ ʠ 

ʘʥʛʠʜʨʠʪʦʚ. ɺ ʢʦʤʧʣʝʢʩʝ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʘ. ɺ ʧʨʝʜʝʣʘʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘʤʠ ʚʳʜʝʣʝʥʳ ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʠ ʟʘʢʦʥʪʫʨʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ 

ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʣʝʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ [2]. 

ɺ ʙʫʭʘʨʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʨʘʩʩʦʣʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 100-202 ʛ/ʣ ʦʪʤʝʯʝʥʳ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʢʚʘʞʠʥʘʭ 21, 17, 18 ʠ ʜʨʫʛʠʭ, ʘ ʩʣʘʙʦʩʦʣʸʥʳʝ ʚʦʜʳ ʦʪʤʝʯʝʥʳ ʚ ʢʨʳʣʴʝʚʳʭ 

ʯʘʩʪʷʭ ʩʪʨʫʢʪʫʨʳ (ʩʢʚ. ˉ7, 17, 23 ʠ ʜʨ.). ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʟʘʣʝʞʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ.  

 

ʈʠʩ. 2. ɻʠʜʨʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʳʟʣ-ʊʫʤʰʫʢ ʧʦ V ʛʦʨʠʟʦʥʪʫ ʢʨʦʚʣʠ 

ʢʘʤʧʘʥ-ʤʘʘʩʪʨʠʭʪʩʢʦʛʦ ʷʨʫʩʘ 

Fig. 2. Hydrochemical map of the Kyzl-Tumshuk deposit along the V horizon of the top of the 

Campanian-Maastrichtian stage 

 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:

 
ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʤʛ.-ʵʢʚ.% 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʩʢʚʘʞʠʥ ʧʘʣʝʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʪʠʧ ʚʦʜʳ ʦʜʠʥʘʢʦʚ ï ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ. 

ɺʦʜʦʦʙʠʣʴʥʦʩʪʴ ʧʘʣʝʦʮʝʥʦʚʳʭ ʧʦʨʦʜ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʨʘʟʣʠʯʥʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 170 ʜʦ 222 ʤ
3
/ʩʫʪ. ɸʢʜʞʘʨʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ 

ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʩʦʣʘʤʠ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 226 ʛ/ʣ. ʕʪʠ ʚʦʜʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʘʮʠʠ. ɺʝʨʭʥʝʤʝʣʦʚʦʡ (ʩʝʥʦʥʩʢʠʡ) ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʝʥ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɺʦʜʦʦʙʠʣʴʥʦʩʪʴ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 

ʦʪʣʦʞʝʥʠʡ ʘʢʜʞʘʨʘ (ʧʘʣʝʦʮʝʥʘ). 

ʅʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʢʘʨʪʝ (ʨʠʩ. 2.) ʠ ʩʚʦʜʥʦʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʧʦ ʩʝʥʦʥʩʢʠʤ 

ʦʪʣʦʞʝʥʠʷʤ ʦʪʤʝʯʝʥʦ ʩʣʝʜʫʶʱʝʝ: 1) ɺʳʜʝʣʷʶʪʩʷ ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʠ ʟʘʢʦʥʪʫʨʥʳʝ ʚʦʜʳ, 

ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʜʦ 200 ʛ/ʣ); ʦʪʥʦʰʝʥʠʝ  

zNa/zCl ʚ ʵʪʠʭ ʚʦʜʘʭ ʤʝʥʴʰʝ 0,72, ʘ ʚ ʟʘʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥʘʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ (65 ʛ/ʣ). 2) ʆʪʤʝʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʤʝʪʘʤʦʨʬʠʟʘʮʠʷ ʚʦʜ zNa/zCl ʦʪ ʢʨʳʣʴʝʚ ʢ ʩʚʦʜʦʚʦʡ 

ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ʈʠʩ. 3. ʉʚʦʜʥʳʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʳʟʳʣ-ʊʫʤʰʫʢ 

Fig. 3. Consolidated hydrogeological section of the Kyzyl-Tumshuk deposit 

 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʧʝʩʯʘʥʠʢ ʤʝʨʛʝʣʠ  ʚʦʜʦʫʧʦʨʳ ʠʟʚʝʩʪʥʷʢʠ  ʛʣʠʥʘ 

ʘʥʛʠʜʨʠʪ  ʛʠʧʩʳ ʭʣʦʨʠʜʥʦ-ʢʘʣʠʝʚʳʝ ʚʦʜʳ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ 

 ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʚʦʜʳ  

ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʝ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ 65 ʜʦ134 

ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʦʙʲʸʤ-% 

 

6. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʦʤʩʦʤʦʣʴʩʢʦʝ (ʃʫʯʦʙ). ɺ ʨʘʟʨʝʟʝ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʘ (ʪʘʙʣʠʮʘ 1). ʅʝʦʛʝʥ-ʧʘʣʝʦʮʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʚʢʣʶʯʘʝʪ ʥʝʦʛʝʥʦʚʳʡ, ʘʣʘʡʩʢʠʡ, ʙʫʭʘʨʘ-ʘʢʜʞʘʨʩʢʠʡ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʅʝʦʛʝʥʦʚʳʡ 

ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʝʥ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ɺʦʜʳ ʵʪʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʚʩʢʨʳʪʳʝ ʩʢʚʘʞʠʥʦʡ 84, ʠʤʝʶʪ ʥʠʟʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ï 14-16 ʛ/ʣ; ʪʠʧ ʚʦʜʳ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. ɸʣʘʡʩʢʠʡ ʛʦʨʠʟʦʥʪ ʚʩʢʨʳʪ ʩʢʚʘʞʠʥʘʤʠ 84, 81 ʠ ʜʨ. ɺʦʜʳ ʵʪʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʢʠʩʣʳʝ, ʨʅ=6,8-7,0, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ï 12-14 ʛ/ʣ, ʪʠʧ ʚʦʜʳ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ. 

ɹʫʭʘʨʘ-ʘʢʜʞʘʨʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʨʘʟʣʠʯʥʳʝ. ɿʜʝʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʭʣʦʨʠʜʥʦ-

ʢʘʣʴʮʠʝʚʳʡ, ʪʘʢ ʠ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ ʠ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʳʡ ʪʠʧʳ ʚʦʜ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 4,2 ʛ/ʣ ʜʦ 50,6 ʛ/ʣ. ʉʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ ʙʫʭʘʨʳ ʠ 

ʘʢʜʞʘʨʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʜʘʤ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʦʤʩʦʤʦʣʴʩʢʦʝ ʩʠʣʴʥʦ ʨʘʟʚʠʪʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ 
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ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʟʢʦ ʢ ʛʦʨʥʦʤʫ ʦʙʨʘʤʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʧʠʪʘʥʠʷ ʙʘʩʩʝʡʥʘ. ɺʩʝ 

ʵʪʦ ʩʦʟʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʣʘʩʪʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜʦʥʘʧʦʨʥʳʭ ʘʥʦʤʘʣʠʡ [1]. 

ɺʝʨʭʥʝʤʝʣʦʚʦʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʥʦʥʩʢʠʝ, ʪʫʨʦʥʩʢʠʝ, 

ʩʝʥʦʤʘʥʩʢʠʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʢʦʪʦʨʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 

ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʝ. ʊʠʧ ʚʦʜʳ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 65 ʜʦ 232 

ʛ/ʣ, ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʦʪʤʝʯʝʥʘ ʚ ʩʢʚʘʞʠʥʝ 81, ʠʥʪʝʨʚʘʣ 1140-1115 ʤ (ʩʝʥʦʤʘʥ). 

ʅʠʞʥʝʤʝʣʦʚʦʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʜʝʣʠʪʩʷ ʥʘ ʘʣʴʙ, ʘʧʪ, ʙʘʨʨʝʤ, 

ʛʦʪʝʨʠʚʩʢʠʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʚʩʢʨʳʪ ʩʢʚʘʞʠʥʘʤʠ 89, 90, 182, 183, 180, 190 ʠ ʜʨ. 

ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ. ʍʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ ʪʠʧ 

ʚʦʜʳ ʚʩʢʨʳʪ ʩʢʚʘʞʠʥʦʡ 183 ʚ ʠʥʪʝʨʚʘʣʝ 1148-1134 ʤ (ʘʣʴʙ), ʩʢʚʘʞʠʥʦʡ 90, ʠʥʪʝʨʚʘʣ 1650-

1630 ʤ (ʘʧʪ+ʙʘʨʨʝʤ), ʩʢʚʘʞʠʥʦʡ 191, ʠʥʪʝʨʚʘʣ 1768-1740 ʤ (ʛʦʪʝʨʠʚ). ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʠʭ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 23 ʛ/ʣ ʜʦ 58 ʛ/ʣ. ʅʘ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʧʦʣʫʯʝʥʳ ʚʦʜʳ ʩʣʘʙʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʤ ʠ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʤ ʪʠʧʘʤʠ. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ 

ʚʦʜ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ (ʩʢʚ. 89, 190, 

87, 189 ʠ ʜʨ.), ʘ ʠʤʝʶʱʠʝʩʷ ʚ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʳ ʭʣʦʨʢʘʣʴʮʠʝʚʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ 

ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʣʠʥʟʳ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʚʦʜʘʤ. 

ʖʨʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʘʛʘʝʪʩʷ ʠʟ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʛʠʧʩʦʚʳʭ 

ʧʦʨʦʜ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʪʠʧʘ, 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪ 35 ʛ/ʣ ʜʦ 144,6 ʛ/ʣ. ʄʠʥʠʤʘʣʴʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (14,9 ʛ/ʣ) ʠʤʝʶʪ ʚʦʜʳ 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʪʠʧʘ (ʩʢʚʘʞʠʥʘ 189, ʠʥʪʝʨʚʘʣ 1865-1856 ʤ). 

ʉʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ ʦʪʣʦʞʝʥʠʡ ʶʨʳ ʠʛʨʘʶʪ ʧʦʜʯʠʥʸʥʥʫʶ ʨʦʣʴ, ʧʦ ʚʩʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʵʪʠ ʚʦʜʳ ʥʝ ʧʨʠʩʫʱʠ ʶʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʚʦʟʤʦʞʥʦ, ʦʥʠ ʯʝʨʝʟ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ ʧʨʦʥʠʢʣʠ ʠʟ ʚʳʰʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ. 

7. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɸʥʜʳʛʝʥ. ɺ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ: ʵʦʮʝʥ-ʧʘʣʝʦʛʝʥʦʚʳʡ, ʩʝʥʦʥ-ʪʫʨʦʥʩʢʠʡ, 

ʩʝʥʦʤʘʥ-ʙʘʨʨʝʤʩʢʠʡ, ʛʦʪʝʨʠʚ-ʚʘʣʘʥʞʠʥʩʢʠʡ, ʶʨʩʢʠʡ (ʪʘʙʣʠʮʘ 1). ʇʝʨʚʳʡ ʚʦʜʦʥʦʩʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʚʦʜʳ ʩʣʘʙʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʦ 3,7-3,8 ʛ/ʣ, ʪʠʧ ʚʦʜʳ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. 

ʕʪʠ ʚʦʜʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʚʦʜʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʥʠʢʣʠ ʯʝʨʝʟ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ çʦʢʥʘè. ɺ ʥʠʟʘʭ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʝʪʩʷ ʘʢʜʞʘʨʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ 

ʛʦʨʠʟʦʥʪ, ʩʦʜʝʨʞʠʪ ʨʘʩʩʦʣʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 63 ʛ/ʣ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʪʠʧʘ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʧʣʘʩʪʦʚʘʷ ʚʦʜʘ ʘʢʜʞʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʝʜʠʤʝʥʪʦʛʝʥʥʦʡ, ʟʜʝʩʴ ʚʣʠʷʥʠʝ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʉʝʥʦʥ-ʚʝʨʭʥʝʪʫʨʦʥʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʦʪ ʚʳʰʝʟʘʣʝʛʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ 

ʧʘʣʝʦʮʝʥʘ ʦʪʜʝʣʷʝʪʩʷ 50-60-ʤʝʪʨʦʚʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʦʣʘʤʠ ʩʦ ʩʨʝʜʥʝʡ ʤʝʪʘʤʦʨʬʠʟʘʮʠʝʡ. 

ʉʝʥʦʤʘʥ-ʙʘʨʨʝʤʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʘʤʠ, ʤʝʨʛʝʣʷʤʠ 

ʛʣʠʥʠʩʪʳʤʠ. ʆʪ ʚʳʰʝʣʝʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʜʝʣʷʝʪʩʷ ʥʠʞʥʝʪʫʨʦʥʩʢʠʤʠ 

ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʪʦʣʱʘʤʠ ʤʦʱʥʦʩʪʴʶ 120-130 ʤ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʦʢʦʣʦ ʚʦʩʴʤʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ 

ʚʳʜʝʣʝʥʳ ʚʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʠ ʟʘʢʦʥʪʫʨʥʳʝ ʚʦʜʳ. ɺʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʭʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʪʠʧʦʤ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 14-25 ʛ/ʣ, ʪʠʧ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. ʇʦ ʚʩʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʵʪʠ ʚʦʜʳ ʧʨʦʥʠʢʘʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ ʯʘʩʪʠ 

ʩʪʨʫʢʪʫʨ. 

ɺʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʝ ʛʘʟʳ ʩʝʥʦʤʘʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʟʦʪʦʤ ʠ 

ʫʛʣʝʢʠʩʣʦʪʦʡ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʟʘʤʝʪʥʦ ʧʦʚʳʰʝʥʦ ʚ ʚʦʜʘʭ ʘʧʪʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

8. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʐʘʘʤʙʘʨʳ. ɺ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʐʘʘʤʙʘʨʳ ʙʫʨʝʥʠʝʤ ʚʩʢʨʳʪʘ ʠ ʠʟʫʯʝʥʘ ʚʩʷ ʤʝʟʦʟʦʡʩʢʘʷ ʠ ʢʘʡʥʦʟʦʡʩʢʘʷ ʚʦʜʦʥʦʩʥʘʷ ʪʦʣʱʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʟʜʝʩʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʰʝʩʪʴ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʪʘʙʣʠʮʘ 1). 

ʅʝʦʛʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʊʠʧ ʚʦʜʳ 

ʥʝʦʛʝʥʘ, ʧʦ ɺ.ɸ. ʉʫʣʠʥʫ, ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 6,3 ʜʦ 12 ʛ/ʣ. ɺ 
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ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʛʘʟʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʜʦ 90%, ʠʥʦʛʜʘ ʢʠʩʣʦʨʦʜʘ ʜʦ 98% ʧʦ ʦʙʲʸʤʫ. 

ʉʦʣʝʚʦʡ ʠ ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʦʜ ʥʝʦʛʝʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʚʦʜʳ ʩʤʝʰʘʥʳ ʩ ʤʦʣʦʜʳʤʠ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ. 

ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩ ï ʵʦʮʝʥʦʚʳʡ (ʘʣʘʡʩʢʠʡ) ï ʩʦʜʝʨʞʠʪ ʟʘʣʝʞʠ ʥʝʬʪʠ. ɿʜʝʩʴ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʘʢ ʨʘʩʩʦʣʳ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ, ʪʘʢ ʠ ʩʣʘʙʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʩʫʣʴʬʘʪʥʦ-

ʥʘʪʨʠʝʚʦʛʦ ʪʠʧʘ. ʅʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ (6-29 ʛ/ʣ) ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʳ 

ʩʫʣʴʬʘʪʘʤʠ. ɺ ʩʦʩʪʘʚʝ ʚʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʝʝʪ ʘʟʦʪ. 

ʇʘʣʝʦʮʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʙʫʭʘʨʩʢʦʛʦ ʠ ʘʢʜʞʘʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2 ʛ/ʣ ʜʦ 7 ʛ/ʣ, ʚʦʜʳ ʧʦ ʪʠʧʫ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʝ, 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ. 

ʉʝʥʦʥʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʦʞʝʥ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʨʦʜʦʡ ʩ ʭʦʨʦʰʝʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʚʦʜʳ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ. 

ɺʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʡ ʛʘʟ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʝʪʘʥʘ. ɺ ʪʫʨʦʥ-ʩʝʥʦʤʘʥʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʩʩʦʣʳ 

(ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪ 148 ʛ/ʣ ʜʦ 200 ʛ/ʣ). ɺ ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʪʘʥ. 

ʅʠʞʥʝʤʝʣʦʚʦʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʦʭʚʘʪʳʚʘʝʪ ʘʣʴʙʩʢʠʝ, ʘʧʪʩʢʠʝ, ʚʘʣʘʥʞʠʥ-

ʛʦʪʝʨʠʚʩʢʠʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʩʩʦʣʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 100 ʜʦ 287 ʛ/ʣ (ʚʳʰʝ ʚ ʘʣʴʙʝ). ɺ 

ʚʦʜʥʦʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʘʭ ʚʘʣʘʥʞʠʥʘ ʠ ʛʦʪʝʨʠʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʥʘ ʠ ʵʪʘʥʘ. ʉʪʘʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚʦʜ ʥʠʞʥʝʛʦ ʤʝʣʘ ʦʪʜʝʣʷʶʪʩʷ ʥʠʞʥʝʤʝʣʦʚʳʤʠ 

ʛʠʧʩʦʚʳʤʠ ʠ ʚʝʨʭʥʝʶʨʩʢʠʤʠ ʘʥʛʠʜʨʠʪʦ-ʩʦʣʝʥʦʩʥʳʤʠ ʪʦʣʱʘʤʠ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 40 ʤ. 

ɺʦʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʶʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʷʢʠ ʩ ʧʨʦʩʣʦʷʤʠ 

ʘʥʛʠʜʨʠʪʘ. ɺ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʘʤʙʘʨʳ ʚʳʜʝʣʷʝʪʩʷ XV ʧʨʦʜʫʢʪʠʚʥʳʡ 

ʛʦʨʠʟʦʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʛʘʟʦʚʫʶ ʟʘʣʝʞʴ.  

ʇʣʘʩʪʦʚʳʝ ʚʦʜʳ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʤʠ ʨʘʩʩʦʣʘʤʠ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʥʫʪʨʠʢʦʥʪʫʨʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʨʠʜʘʤʠ ʥʘʪʨʠʷ. ɺ ʟʘʢʦʥʪʫʨʥʳʭ ʚʦʜʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʟʘʢʦʥʪʫʨʥʳʭ ʚʦʜ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

38 ʜʦ 94 ʛ/ʣ. 

ʅʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʢʘʨʪʝ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʯʸʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʟʦʥʳ ʚʥʫʪʨʠ 

ʛʘʟʦʚʦʜʥʳʭ ʢʦʥʪʘʢʪʦʚ (ɻɺʂ) ʩ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (161 ʛ/ʣ ï ʩʢʚ. 70; 149 ʛ/ʣ ï ʩʢʚ. 76), 

ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʷ =0,45 õ 0,67; ʟʘ ɻɺʂ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ  ʜʦ 1,55. 
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ʈʠʩ. 4. ʉʚʦʜʥʳʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʘʤʙʘʨʳ 

Fig. 4. Summary hydrogeological section of the Shaambary field 

 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʢ ʨʠʩ. 4. 

ʧʝʨʝʣʠʚʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ  ʚʦʜʦʫʧʦʨʳ  ʛʠʧʩʳ ʛʘʟ    

ʠʟʚʝʩʪʥʷʢʠ  ʘʣʝʚʨʦʣʠʪʳ  ʨʳʭʣʳʝ ʣʸʩʩʦʚʠʜʥʳʝ ʧʦʨʦʜʳ 

ʛʨʘʥʠʪʳ  ʛʣʠʥʳ  ʧʝʩʯʘʥʠʢ  ʠʟʚʝʩʪʥʷʢ-ʨʘʢʫʰʝʯʥʠʢ 

ʘʥʛʠʜʨʠʪ  ʢʦʥʛʣʦʤʝʨʘʪʳ  ʥʝʬʪʴ  ʩʪʘʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ 
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ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʝ ʚʦʜʳ  ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʳʝ ʚʦʜʳ 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ  ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ 

   

ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʝ 
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ÚÍ׳ÚÔ פÌÍÌÞÔÔ ÖÚÙ׳ÚÔ ÙÌàÞß ÏÌÓÔ ÛÌÝÞáÌØÔÇÚ ÐÌÜ ÞÚּתÔÖÔÝÞÚÙ 

Úí״úô ץìíìþôô öúù״úô ùìĀþÿ ïìóô ûìýþāìøôô þúĔôö íì ċöăìùð öúøû÷ñöý״ú ìó üĘô þìüöôí îì 

øôùñüì÷óìþýôċìĄúù íì öúøû÷ñöý״ú ֹוÿðú öìüðì øñĄìîìùð. Øôýú÷ ðìü öúùô Öôăôöíñ÷ (Ûìþôùìö) ֹוÿðú 
öìüðì Ąÿðìùð, öúøû÷ñöýô úí״úô óñüôóìøôùĒ íì ĉúýñù ûì÷ñúïñù øìúýþüôāþ. Øôýú÷, ðìü öúùô Öôăôöíñ÷ 
(Ûìþôùìö) ֹוÿðú öìüðì Ąÿðìùð, öúøû÷ñöýô úí״úô óñüôóìøôù íì ĉúýñù ûì÷ñúïñù øìúýþüôāþ îì ýñùúøìù-
þÿüúù. 

Úíô öúøû÷ñöýô ċöÿø íú þìüöôí îì øôùñüì÷ìĄúù ìó öúøû÷ñöýô ðÿĊø îì ýñĊø Āìüץ øñöÿùìùð. Úí״úô  
öúøû÷ñöýô ċöÿø  ìýúýìù øôùñüì÷ôóìþýôċìĄúù ûìýþ 10-20 ï/÷ íÿðì, íú úí״úô ôùĀô÷þüìþýôúùĒ ì÷úץì 
ðúüìùð. Úí״úô öúøû÷ñöýô ðÿĊø îì ýñĊøôù íúĄìùð, øôùñüì÷ôóìþýôċô íì÷ìùð 50-120 ï/÷ íÿðì, íú 

øôöüúĉ÷ñøñùþ״ú  (ôúð, íüúø, íúü, ìøøúùôõ) íúõ øñíúĄìð. Ðìü öúøû÷ñöýô ðÿĊøÿ ýñĊø øôùñüì÷ôóìþýôċô 
úí íì÷ìùð øñĄìîìð, ìó 175 þú 226 ï/÷. Ðìü öúøû÷ñöýô ðÿĊø óì÷ñòô ùìĀþ ðìü ץìíìþô íÿāúüú ֹוúõ ðúüìùð.  

Öì÷ôðîúòìāú: öúù, øôùñüì÷ôóìþýôċ, ăú״״ú, ץìíìþ״úô óñüôúí, ùìøÿùì״úô ûì÷ñúïñù, øñóúóúõ, 

ăÿץÿü, ùìĀþ, ïìó, úíìùíúü. 

 

ʇʃɸʉʊʆɺʓɽ ɺʆɼʓ ʅɽʌʊɽɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʊɸɼɾʀʂʉʂʆʁ ɼɽʇʈɽʉʉʀʀ 

ɺʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʥʠʟʠʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʩʦʚ. ʂʠʯʠʢʙʝʣʴʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʇʘʪʠʥʘʢ) ʚʳʜʝʣʝʥʦ ʥʘ ʵʦʮʝʥ-

ʧʘʣʝʦʛʝʥʦʚʳʡ ʤʘʘʩʪʨʠʭʪʩʢʠʡ ʠ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʉʦʩʪʘʚ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʦʜ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʦʤʧʣʝʢʩʦʚ: ʚʦʜʳ 

ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʥʠʟʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 10-20 ʛ/ʣ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʚʦʜʘʤ, ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ï 50-120 ʛ/ʣ, ʙʦʛʘʪʳ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ (ʡʦʜ, ʙʨʦʤ, ʙʦʨ, ʘʤʤʦʥʠʡ). ɺʦ ʚʪʦʨʦʤ ʠ 

ʪʨʝʪʴʝʤ ʢʦʤʧʣʝʢʩʘʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 175 ʜʦ 226 ʛ/ʣ, ʚʦ ʚʪʦʨʦʤ ʢʦʤʧʣʝʢʩʝ ʦʪʤʝʯʘʶʪʩʷ 

ʟʘʣʝʞʠ ʥʝʬʪʠ ʚ ʧʘʨʦʚʦʤ ʩʣʦʝ.  

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʦʨʫʜʝʥʝʥʠʝ, ʩʢʚʘʞʠʥʳ, ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʧʘʣʝʦʛʝʥ, ʤʝʟʦʟʦʡ 

ʧʨʦʙʳ, ʛʣʫʙʠʥʘ, ʥʝʬʪʴ, ʛʘʟ. 

 

AQUIFERS OF LOW -LYING OIL AND GAS FIELDS IN TAJIKISTAN  

The aquifers of low-lying oil and gas fields in Tajikistan are divided into several complexes in terms of their 

composition and mineralization. The composition and mineralization of the waters of the first complex differ from the 

waters of the second and third complexes: the waters of the first complex have a low mineralization of 10ï20 g/l and are 

classified as infiltration waters. have a high mineralization of 50-120 g/l, are rich in trace elements (iodine, bromine, 

boron, ammonium). In the second and third complexes, water mineralization increases from 175 to 226 g/l; in the 

second complex, oil deposits are noted in the steam. 

Keywords: deposit, mineralization, wells, aquifers, Paleogene, Mesozoic samples, depth, oil, gas. 
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ʆ ʇʈʀʏʀʅʅʆ-ʉʃɽɼʉʊɺɽʅʅʆʁ ʉɺʗɿʀ ɻʈɸʅʀʊʆʀɼʆɺ- ʀ ʈʋɼʆɻɽʅɽɿɸ 

 

ʅʠʸʟʦʚ ɸ.ʉ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ɽʜʠʥʩʪʚʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʈʄʉ ʧʦʣʘʛʘʝʪ ʛʝʥʝʨʘʮʠʶ ʦʨʫʜʝʥʝʥʠʷ ʢʘʢ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡ 

/ʠʣʠ ʟʘʚʝʨʰʘʶʱʠʡ ʧʨʦʮʝʩʩ [28]. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʢʘʟʘʥʦ ʮʝʣʳʤ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ (ʩʚʦʡʩʪʚ): 

- ʤʘʛʤʘʪʦʛʝʥʥʳʤ ʪʠʧʦʤ ʦʨʫʜʝʥʝʥʠʷ; 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʴʶ ʦʨʫʜʝʥʝʥʠʷ ʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ;  

- ʩʦʥʘʭʦʞʜʝʥʠʝʤ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʝʜʠʥʳʭ ʛʝʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ; 

- ʠʟʦʪʦʧʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʴʶ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʦʨʫʜʝʥʝʥʠʷ; 

- ʰʠʨʦʢʠʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʘʢʮʝʩʩʦʨʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪ, 

ʘʨʩʝʥʦʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ ʠ ʜʨ.), ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʦʨʫʜʝʥʝʥʠʶ ʚ ʦʨʝʦʣʘʭ ʠ ʨʫʜʘʭ; 

- ʩʢʚʦʟʥʳʤ ʨʘʟʚʠʪʠʝʤ ʢʨʫʛʘ ʠʥʜʠʢʘʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʷʜʫ 

ʛʨʘʥʠʪʦʠʜʳĄʘʧʣʠʪʳĄʢʚʘʨʮʝʚʳʝ ʞʠʣʳĄʨʫʜʳ ʠ ʜʨ.  

ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ) ʠʟʦʙʨʘʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʨʫʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʠ ʚ ʵʥʜʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʩ 

ʛʨʘʥʠʪʦʠʜʘʤʠ.  

 

  

 

ʉʭʝʤʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʨʫʜʦʛʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩʦ ʩʧʫʪʥʠʢʘʤʠ ʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʣʘʪʠʘʥʜʝʟʠʪʦʚʳʭ, ʧʣʶʤʘʟʠʪʦʚʳʭ ʠ ʪʦʣʝʠʪʦʚʳʭ 

ʛʨʘʥʠʪʦʠʜʘʭ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʨʫʜʘʭ 

(ʧʫʥʢʪʠʨ): ʘ - ʟʦʣʦʪʘ (nʛʨʥʜ=110; nʨʫʜ=r1270); ʙ ï 

ʦʣʦʚʘ (nʛʨʥʜ=38; nʨʫʜ=r230);; ʚ ï ʞʝʣʝʟʘ (nʛʨʥʜ=39; 

nʨʫʜʳ=230);. 

 

ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʚʠʜʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʧʘʨʳ, ʧʨʦʷʚʠʚʰʠʝʩʷ ʚ ʛʨʘʥʠʪʦʠʜʘʭ, 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʠ ʚ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʕʪʦ ʧʦʜʚʦʜʠʪ ʢ ʫʪʚʝʨʞʜʝʥʠʶ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʠ/ʠʣʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ.  

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʚʷʟʴ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ɻʠʩʩʘʨʦ-

ɸʣʘʝ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʚ ʧʣʘʥʝ ʝʝ ʢʦʨʨʝʣʷʮʠʠ ʩ ʦʙʱʝʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʝʛʠʦʥʘ, ʦʙʦʙʱʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʤʦʜʝʣʠ. ʀʟʚʝʩʪʥʳʝ ʦʙʱʝʪʘʜʞʠʢʠʩʪʘʥʩʢʠʝ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [2, 5, 7, 15, 20, 33], ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ 

ʧʨʝʞʥʠʝ, ʬʠʢʩʠʩʪʩʢʠʝ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʢʨʦʚʦʚ, ʧʦ 

ʩʫʪʠ ʦʪʨʘʞʘʶʪ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʚʪʦʨʠʯʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ʠ ʪʦʣʴʢʦ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʥʝ ʩʧʦʩʦʙʥʳ ʚʳʷʚʠʪʴ ʦʙʱʫʶ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ 
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(ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʫʶ) ʢʘʨʪʠʥʫ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʛʝʦʣʦʛʠʠ, ʥʘ ʩʤʝʥʫ ʜʦʤʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚ 

ʤʝʪʘʣʣʦʛʝʥʠʠ, ʢʦʛʜʘ ʧʣʦʱʘʜʠ ʩ ʪʠʧʠʯʥʳʤʠ ʨʫʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʨʦʩʪʦ 

ʦʢʦʥʪʫʨʠʚʘʣʠʩʴ ʠ ʠʤʝʥʦʚʘʣʠʩʴ ʦʙʣʘʩʪʷʤʠ, ʟʦʥʘʤʠ, ʫʟʣʘʤʠ, ʧʨʠʰʣʘ ʧʣʝʡʪ-ʪʝʢʪʦʥʠʢʘ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʉɺʂ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤʠ ʨʷʜʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʠʧʘʤʠ ʠ ʩʦʯʝʪʘʥʠʷʤʠ ʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʧʣʝʡʪ- ʠ ʧʣʶʤ-

ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʦʙʠʣʠʟʤʘ, ʘʢʪʫʘʣʠʟʤʘ, ʠʩʪʦʨʠʟʤʘ ʠ 

ʧʨʘʛʤʘʪʠʟʤʘ ʩʧʦʩʦʙʥʘ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʟʚʘʥʥʳʭ ʠʤʠ 

ʦʨʫʜʝʥʝʥʠʡ [9]. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʧʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ ʛʝʥʝʨʘʮʠʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʚʝʣʠʩʴ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦ [36], ʭʦʪʷ ʚʩʝ ʙʦʣʴʰʝ ʧʦʷʚʣʷʶʪʩʷ 

ʤʥʝʥʠʷ ʦ ʩʣʦʞʥʦʩʪʠ, ʝʩʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʠ, ʛʝʦʜʠʥʘʤʠʢʠ ʠ ʦʨʫʜʝʥʝʥʠʷ [1, 6, 12]. ʇʦʩʪʝʧʝʥʥʦ, 

ʥʦ ʫʚʝʨʝʥʥʦ, ʩʪʦʨʦʥʥʠʢʠ ʜʦʤʝʥʥʦʡ ʤʝʪʘʣʣʦʛʝʥʠʠ ʧʨʠʭʦʜʷʪ ʢ ʧʨʠʟʥʘʥʠʶ ʪʦʛʦ, ʯʪʦ çʪʠʧ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʪʠʧʦʤ ʙʘʟʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [29], ʘ ʪʘʢʞʝ ï ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʦʤ ʩʣʘʛʘʶʱʠʭ ʬʦʨʤʘʮʠʡ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʦʤ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

ʅʘ ʨʘʟʚʠʪʠʝ ʦʨʫʜʝʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʧʨʠʤʝʨʝ 

ɿʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ ʥʝʜʘʚʥʦ ʙʳʣʦ ʘʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʙʝʜʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ [25]. 

ʈʝʘʣʴʥʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʨʫʜʦʥʦʩʥʦʩʪʴ ʛʨʘʥʠʪʦʠʜʦʚ ʥʘʭʦʜʷʪ ʩʚʦʝ ʦʙʲʷʩʥʝʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʚʳʰʝʚʳʷʚʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʈʄʉ. ʊʘʢ, ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ 

I-ʪʠʧʘ ʚ ʤʠʨʝ ʠʟʚʝʩʪʥʳ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Cu, Au, Mo, ʧʦʣʠʤʝʪʘʣʣʦʚ ʠ ʜʨ. ʆʥʠ 

ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʦʥʦʩʥʳʤʠ ʠ ʛʝʥʝʨʠʨʫʶʪ ʟʦʣʦʪʦ-ʰʝʝʣʠʪʦʚʳʝ, ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ, 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʊʫʨʢʝʩʪʘʥʦ-ɸʣʘʝ ʩ ʪʘʢʠʤʠ 

ʛʨʘʥʠʪʦʠʜʘʤʠ ʩʚʷʟʘʥʳ ʤʝʜʥʦ-ʟʦʣʦʪʦʨʫʜʥʦʝ, ʟʦʣʦʪʦ-ʤʳʰʴʷʢʦʚʦʝ, ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʠ ʩʢʘʨʥʦʚʦ-ʰʝʝʣʠʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʷ [27]. ɺ ɻʠʩʩʘʨʦ-ɸʣʘʝ S- ʠ I-ʛʨʘʥʠʪʳ ʨʘʟʣʠʯʘʶʪʩʷ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ʉ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʠʥʪʨʫʟʠʷʤʠ S-ʛʨʘʥʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ U, Sn, W ʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʧʝʛʤʘʪʠʪʳ, ʘ ʩ I-ʛʨʘʥʠʪʘʤʠ ʘʩʩʦʮʠʠʨʫʶʪʩʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉu, Mo, W, ɸu ʠ ʧʦʣʠʤʝʪʘʣʣʦʚ. 

ʉʫʙʜʫʢʮʠʦʥʥʳʝ ʠ ʢʦʣʣʠʟʠʦʥʥʳʝ ʦʙʣʘʩʪʠ ʚ ʤʠʨʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʤʝʱʘʶʱʠʤʠ ʜʣʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʠʥʜʦʥʝʟʠʡʩʢʠʡ ʧʦʷʩ) [37, 

39]. ʉʫʙʜʫʢʮʠʦʥʥʳʝ ʟʦʥʳ, ʚ ʮʝʣʦʤ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʦʣʦʪʦʛʝʥʝʨʠʨʫʱʠʝ [32]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʦʢʠʩʣʝʥʥʳʭ ʤʘʛʤ, ʙʦʛʘʪʳʭ ʟʦʣʦʪʦʤ ʠ ʣʝʪʫʯʠʭ (ʭʣʦʨʘ), ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʟʦʣʦʪʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʬʣʶʠʜʘʤʠ. ʌʘʢʪʦʨʘʤʠ ʨʫʜʦʣʦʢʘʮʠʠ ʩʣʫʞʘʪ 

ʧʦʛʨʫʞʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ, ʪʝʧʣʦʚʦʝ ʚʳʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚʳʧʣʘʚʢʘ 

ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʤʘʛʤʳ ʠʟ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ, ʝʝ ʚʥʝʜʨʝʥʠʝ ʚʚʝʨʭ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʈʄʉ 

[42]. ʉʠʜʝʨʦʬʠʣʴʥʦʝ ʟʦʣʦʪʦ ʢʣʠʥʘ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʩʫʣʴʬʠʜʦʚ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʩ ʭʣʦʨ-ʛʠʜʨʦʪʝʨʤʘʤʠ [31, 41]. ʉʨʝʜʠ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʚʳʧʣʘʚʦʢ, ʦʩʦʙʝʥʥʦ, 

ʚʳʩʦʢʦʟʦʣʦʪʦʥʦʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʩʫʙʜʫʢʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʂʘʣʠʝʚʳʝ 

ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥ, ʨʘʟʚʠʪʳʭ ʦʪ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ 

ʚʛʣʫʙʴ ʢʦʥʪʠʥʝʥʪʘ, ʠʤʝʶʱʠʭ ʢʨʫʪʳʝ ʥʘʢʣʦʥʳ ʩʫʙʜʫʢʮʠʨʫʶʱʝʡ ʧʣʠʪʳ, ʙʦʛʘʪʳ ʟʦʣʦʪʦʤ (Au-

ʧʦʨʬʠʨʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʃʫʩʦʥ, ʀʥʜʦʥʝʟʠʷ) [8, 10, 11, 35].  

ɺʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɻʠʩʩʘʨʦ-ɸʣʘʷ, ʢʘʢ ʧʨʠʟʥʘʶʪ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʷʚʣʷʶʪʩʷ ʨʠʬʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʗʛʥʦʙʩʢʦʛʦ ʧʘʣʝʦʦʢʝʘʥʘ [24, 40], ʚʜʦʣʴ 

ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʩʪʨʦʡʢʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʦʣʦʪʦ ʚ ʥʠʭ 

ʙʳʣʦ ʧʝʨʝʦʪʣʦʞʝʥʦ ʚ ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚʙʣʠʟʠ ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (VïO1-

2) [19]. ʅʘ ʵʪʦ ʯʝʪʢʦ ʫʢʘʟʳʚʘʝʪ ʠ ʪʦ, ʯʪʦ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʳʭʦʜʷʪ ʟʘ ʘʨʝʘʣ ʨʘʟʚʠʪʠʷ ʤʝʪʘʚʫʣʢʘʥʠʪ-ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ [22, 28]. 

ʂʦʣʣʠʟʠʦʥʥʳʝ ʟʦʥʳ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʂʦʣʣʠʟʠʷ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʩ ʦʩʪʨʦʚʥʦʡ ʜʫʛʦʡ ʤʦʞʝʪ ʧʦʨʦʜʠʪʴ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʢʨʫʧʥʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʃʘʜʦʣʘʤ, ʅʦʚʘʷ ɻʚʠʥʝʷ, Auïʧʦʨʬʠʨʦʚʦʝ ɽʤʧʝʨʦʨ [23]. 

ʈʫʜʦʥʦʩʥʦʩʪʴ ʢʦʣʣʠʟʠʦʥʥʳʤ-ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ, ʧʦ ʊʘʫʩʦʥʫ ʃ.ɺ. ʠ ʂʦʟʣʦʚʫ ɺ.ɼ., 
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ʩʚʷʟʘʥʘ ʩ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʛʣʫʙʠʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʦʯʘʛʦʚ, ʧʦ ʩʭʝʤʝ ɹʦʫʵʥʘ. ʅʦ ʜʘʥʥʳʝ ʧʦ ʈɿʕ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʩʪʴ ʛʨʘʥʠʪʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ, 

ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʦʙʳʯʥʦ EU-ʤʠʥʠʤʫʤʦʤ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʦʩʦʙʝʥʥʦʩʪʴ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʠʥʪʨʫʟʠʡ. ʇʦ ʤʥʝʥʠʶ ʂʦʟʣʦʚʘ ɺ.ɼ. [16], ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʣʣʠʟʠʦʥʥʳʭ ʠ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʀʄɽʖʊ ʙʣʠʞʝ ʢ ʂʃɸʈʂʆɺʓʄ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ çʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʨʫʜʥʳè. ʊʦʣʴʢʦ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʪʘʭ, 

ʚ ʨʷʜʫ ʜʠʦʨʠʪʳ ï ʛʨʘʥʦʜʠʦʨʠʪʳ ï ʛʨʘʥʠʪʳ ï ʣʝʡʢʦʛʨʘʥʠʪʳ ʩʦʜʝʨʞʘʥʠʷ ʤʦʛʫʪ ʋʄɽʈɽʅʅʆ 

ɺʆɿʈɸʉʊɸʊʔ, ʀ ʇʆʕʊʆʄʋ ɻʈɸʅʀʊʓ, ʦʙʦʛʘʱʝʥʥʳʝ ʛʨʘʥʠʪʦʬʠʣʴʥʳʤʠ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʫʜʦʥʦʩʥʳʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʇʆɿɼʅɽ- ʀ ʇʆʉʊʆʈʆɻɽʅʅʓʁ ʤʘʛʤʘʪʠʟʤ ʟʦʥ ʛʣʫʙʠʥʥʳʭ 

ʨʘʟʣʦʤʦʚ, ʪ.ʝ. ʇʆɿɼʅɽ- ʠ ʇʆʉʊʂʆʃʃʀɿʀʆʅʅʓʁ (ʇʆʉʊʉʋɹɼʋʂʎʀʆʅʅʓʁ) ʤʘʛʤʘʪʠʟʤ ʟʦʥ 

ʢʦʣʣʠʟʠʡ-ʩʫʙʜʫʢʮʠʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʦʟʜʥʠʭ ʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

(ʪ.ʥ.ʉʋɹʉɽʂɺɽʅʊʅʓʁ); ʜʠʬʬʝʨʝʥʮʠʘʪʳ ʚ ʨʷʜʫ ʛʨʘʥʦʜʠʦʨʠʪʳ ï ʛʨʘʥʠʪʳ - ʣʝʡʢʦʛʨʘʥʠʪʳ, ʛʜʝ 

ʫʩʪʦʡʯʠʚʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʣʣʠʟʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʣʠʪ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ʅʘʧʨʠʤʝʨ, ʢʦʣʣʠʟʠʷ ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʠ ʅʦʚʦʛʚʠʥʝʡʩʢʦʡ ʧʣʠʪ ʧʨʠʚʝʣʘ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʣʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʠʟʚʝʩʪʥʳʝ Cu-Au-ʧʨʦʬʠʨʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʇʘʧʫʘ-ɻʚʠʥʝʷ, ɹʠʥʛʭʘʤ, ʉʐɸ). ʂʦʣʣʠʟʠʠ ʪʠʧʘ ʜʫʛʘ-ʜʫʛʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʢʨʫʧʥʳʡ ʟʦʣʦʪʦʨʫʜʥʳʡ ʫʟʝʣ ʨʘʡʦʥʘ ʄʦʣʫʢʢʩʢʦʛʦ ʧʨʦʣʠʚʘ) [26]. 

ʄʝʭʘʥʠʟʤ ʩʚʷʟʠ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʨʫʜʦʛʝʥʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʤ. ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ 

ʩʭʝʤʳ ʠ ʤʦʜʝʣʠ. ʊʘʢ, ʂʦʤʧʘʥʠʯʝʥʢʦ ɺ.ʅ., ʨʘʩʩʤʘʪʨʠʚʘʷ ʈʄʉ ʥʘ ʫʨʦʚʥʝ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ 

ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʦʣʦʥʥʳ, ʘʧʨʠʦʨʥʦ ʜʦʧʫʩʢʘʣ ʧʦʜʧʠʪʳʚʘʥʠʝ ʵʥʝʨʛʠʝʡ (ʠ ʚʝʱʝʩʪʚʦʤ, ʪ.ʝ. 

ʣʝʪʫʯʠʤʠ) çʩʥʠʟʫè [17, ʩ.4], ʘ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʬʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʫʜʥʳʭ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʠʢʚʘʮʠʦʥʥʦʡ (ʬʣʶʠʜʥʦ- ʣʠʢʚʘʮʠʦʥʥʦʡ) ʠ 

ʵʤʘʥʘʮʠʦʥʥʦʡ (ʬʣʶʠʜʥʦ-ʵʤʘʥʘʮʠʦʥʥʦʡ) ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

ɼʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ (Ni, Mo, Cr, Cu, Co, Fe ʠ ʜʨ.) ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʝʱʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʨʫʜ ʠ ʧʦʨʦʜʠʚʰʠʭ ʠʭ ʛʨʘʥʠʪʦʠʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ [14, 30], 

ʯʪʦ ʦʪʨʘʞʘʝʪ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʫʜʦʛʝʥʥʳʤʠ ʠ ʧʝʪʨʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʨʘʩʧʣʘʚʘʭ.  

ɺʝʱʝʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʈʄʉ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʤʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʩʢʚʦʟʥʫʶ ʧʨʠʨʦʜʫ ʦʪ 

ʛʝʥʝʨʘʮʠʠ ʤʘʛʤʳ ʜʦ ʦʪʣʦʞʝʥʠʷ ʚ ʨʫʜʘʭ [34]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟʚʠʪʠʠ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʛʨʘʥʠʪʦʠʜʘʤʠ ʦʨʫʜʝʥʝʥʠʷ, ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘ: 

ʧʝʨʝʤʝʥʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ (Cu, Au, Sn ʠ ʜʨ.) ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʛʝʥʝʨʘʮʠʶ 

ʨʘʟʣʠʯʥʳʭ ʠʭ ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʣʝʤʝʥʪʘʤʠïʥʦʩʠʪʝʣʷʤʠ (H, O, 

S, Cl, F, As, C ʠ ʜʨ.) [4, 21 ʠ ʜʨ.]. ʉ ʩʠʩʪʝʤʥʦʡ ʧʦʟʠʮʠʠ, ʜʣʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʭ ʦʩʥʦʚʥʳʭ 

ʤʘʛʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʭ ʣʠʢʚʘʮʠʦʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ʧʫʪʝʤ ʦʙʦʩʦʙʣʝʥʠʷ ʨʫʜʥʦʡ ʬʘʟʳ ʦʪ 

ʩʠʣʠʢʘʪʥʦʡ [21 ʠ ʜʨ.], ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʃʠʢʚʘʮʠʷ ʚ ʈʄʉ ʩʨʝʜʥʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʬʦʨʤʝ: ʯʘʩʪʴ ʨʫʜʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩ ʩʠʣʠʢʘʪʥʦʡ 

ʬʘʟʦʡ ʬʣʶʠʜʘʭ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʠʤʠ ʟʘ ʧʨʝʜʝʣʳ ʦʯʘʛʘ. ɺ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʤʘʥʪʠʡʥʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ, ʚ ɿʝʨʘʚʰʘʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʠ ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʟʦʥʘʭ, ʧʨʦʬʠʣʴ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʥʠʤʠ ʦʨʫʜʝʥʝʥʠʷ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʠ ʜʝʬʠʮʠʪʥʦ-ʮʝʥʪʨʦʙʝʞʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ʂʦʨʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʨʫʜʝʥʝʥʠʝʤ çʢʦʨʦʚʳʭè 

ʘʩʩʦʮʠʘʮʠʡ. ɻʨʘʥʠʪʦʬʠʣʴʥʳʝ, ʯʘʩʪʦ ʜʝʬʠʮʠʪʥʦ-ʮʝʥʪʨʦʙʝʞʥʳʝ ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʵʣʝʤʝʥʪʳ 

(Sn, W, Nb, Ta, B, Be, U, Th ʠ ʜʨ.), ʚʩʝ ʙʦʣʴʰʝ ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʛʤʝ, ʚ ʭʦʜʝ 

ʵʦʣʶʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʥʝʝ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʥʘ ʩʠʣʠʢʘʪʥʫʶ ʠ 

ʬʣʶʠʜʥʫʶ ʬʘʟʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʚʳʚʝʜʝʥʠʝ ʠʟ ʟʦʥʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʵʤʘʥʘʮʠʦʥʥʳʤ ʧʫʪʝʤ.  

ʇʨʠ ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʪʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, 

ʠʤʝʶʱʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ, ʤʝʥʷʝʪʩʷ ʬʣʶʠʜʥʦ-ʵʤʘʥʘʮʠʦʥʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴʩʷ 
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ʦʨʫʜʝʥʝʥʠʝʤ. ʈʘʙʦʪʘʤʠ ʩʠʙʠʨʩʢʠʭ ʛʝʦʭʠʤʠʢʦʚ [3, 13, 16 ʠ ʜʨ.] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʛʣʫʙʦʢʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚʳʟʳʚʘʝʪ ʨʝʜʢʦʤʝʪʘʣʣʴʥʫʶ ʨʫʜʦʥʦʩʥʦʩʪʴ ʛʨʘʥʠʪʦʚ, ʘ ʩʘʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦʨʦʞʜʝʥʘ ʠʟʥʘʯʘʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ 

ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ ʣʝʪʫʯʠʤʠ ʠ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʊʫʪ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʨʫʛ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʦʟʣʦʚʘ ɺ.ɼ. ʦʙʳʯʥʦ ʦʭʚʘʪʳʚʘʝʪ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʦʥ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ, ʚʳʜʝʣʷʝʪ ʚ ʦʩʦʙʫʶ ʛʨʫʧʧʫ, ʦʙʳʯʥʦ ʷʚʣʷʶʱʠʝʩʷ ʨʫʜʦʥʦʩʥʳʤʠ 

[3, 16, 18, 30 ʠ ʜʨ.]. 

ʉ ʦʙʱʝʩʠʩʪʝʤʥʦʡ ʧʦʟʠʮʠʠ ʥʘʭʦʜʠʪ ʦʙʲʷʩʥʝʥʠʝ ʠ ʦʪʤʝʯʝʥʥʦʝ ʤʥʦʛʠʤʠ ʰʠʨʦʢʦʝ 

ʨʘʟʚʠʪʠʝ ʤʘʛʥʝʪʠʪʘ ʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʛʨʘʥʠʪʦʠʜʦʚ, ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʦʢʠʩʣʝʥʥʦʩʪʴ 

[38]. ʇʨʠʯʠʥʦʡ ʦʢʠʩʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʪʢʨʳʪʦʩʪʴ ʩʠʩʪʝʤʳ (ʢʘʤʝʨʳ), ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʝʝ ʟʘʢʨʳʪʦʩʪʠ ʞʝʣʝʟʦ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʳ ʚʝʜʫʱʠʭ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʢʠʩʣʝʥʥʳʝ 

ʛʨʘʥʠʪʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (ʚ ʩʨʝʜʥʝʤ 200-700 ʝʜ.ʉɻʉ), ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ï 20-100. 

ʇʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʝʩʥʦʡ, ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ, ʤʘʪʝʨʠʘʣʠʟʦʚʘʥʥʦʡ ʚ ʚʠʜʝ ʈʄʉ. ʈʄʉ ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʨʘʟʚʠʚʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɻʠʩʩʘʨʦ-ɸʣʘʷ.  
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Ì×ÚפÌØÌÙÐÔÔ ÝÌÍÌÍÔê ÙÌÞÔּתÌÎÔÔ ÛÌÕÐÚÔäÔ ÏÜÌÙÔÞÚÔÐ׳Ú ÎÌ ØÌæÐÌÙ׳Ú 

Ðìü øìץú÷ì ùôĄúù ðúðì Ąÿðììýþ, öô ċïúùìïôô ץôýø״úô þìüöôíôô ýôýþñøì״úô øìĆðìù-øìïøìþôö 
(ÝØØ) øñþìîúùìð íúôýô ûìõðúôĄô øôùñüì÷ôóìþýôċô øìĆðìùðúü ״ìøăÿù üìîìùðô ״ìøýìĀìü Č ùô״ú 
ïìüðìð. ãÿùôù øñāìùôóø øÿüìööìí îì ïÿùúïÿù íÿðì, ċö ץìþúü úøô÷״úüú, ìó ץìíô÷ô: ùìîĆô øìïøìîôô 

øôùñüì÷ôóìþýôċ, ùìóðôöôô Āìóúõôô øìĆðìù îì ֹוôýø״úô ïüìùôþúôð״ú, ֹוúõïôüĄìîôô ïüìùôþúôð״ú îì 
øìĆðìù״ú ðìü ÿùýÿü״úô ÿøÿøôô ïñúýúāþúü îì ýúāþúü״úô ïñú÷úï, ċöֹוôùýôô ôóúþúûôô ïüìùôþúôð״ú îì 
øìĆðìù״ú, øìîֹוÿðôċþô ýìüúýìüôô øôùñüì÷״úô öìøČĀþô (ìöýñýúüôô) øìĆðìù ðìü ïüìùôþúôð״ú (ûôüôþ, 

ìüýñùúûôüôþ, āì÷Ĉöúûôüôþ, ïì÷ñùôþ, ýÿ÷Āôð״úô ìýþìþ, øôý, ýÿüøì îì ס.), öô ðìü úüñú÷״ú îì øìĆðìù״ú ðìü 
óÿ״ÿüúþ״ú ״ìøüú״ìùð, ôùăÿùôù üÿĄðô ÿùýÿü״úô āúýô øìĆðìù ðìü ״ìøì ץôþĆì״úô þìî÷ôðô øìïøì - ìó 

ïüìùôþúôðāú, ìû÷ôþ״ú þú ûìõ״úô öîìüþý îì øìĆðìù״ú, ðìü íìü øñïôüìð. Íú ôýþôĀúðì ìó þì״÷ô÷ô 
öúüüñ÷ċþýôúù ì÷úץìøìùðôô ýþìþôýþôöôô ÿùýÿü״úô øìĆðìù ðìü ïüìùôþúôð״ú îì öúù״úô ĉùðúïñùôô ðìü 
Ąìö÷״úô ïÿùúïÿù íú ïüìùôþúôð״ú ì÷úץìøìùð úĄöúü öìüðì Ąÿðìùð. Øìîúð״úô ûñĄùô״úðĄÿðì ìó üúíôþìô 

óôă, ïñùñþôö îì ״ìøíìýþô ïüìùôþúôð״ú íú øìĆðìù״úô ïÿùúïÿù, öô ðìü Ąìö÷ô ÝØØ óú״ôü Ąÿðììùð, 
Ąì״úðìþ øñðô״ìùð. ÝØØ íú ðôïìü øìֹוøìì״úô ðôïìüô ïñú÷úïôñ, öô ðìü øìü״ô÷ì״úô øÿìõċùô þì״ìîîÿ÷úþô 
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ïñúðôùìøôöôô ׳ôýúüÿ Ú÷úõ ״ìøăÿù ץôýøô þìüöôíôô ÞôČù-äúùô ּתìùÿí üÿĄð ČĀþììùð, ì÷úץìøìùðôô 
ĀìóúôĊ îìץþ óÿ״ÿü øñùìøúċùð. 

Öì÷ôðîúòìĕú: Þúֹוôöôýþúù, ïüìùôþúôð״ú, øìĆðìù, ýôýþñøìô øìĆðìù-øìïøìî, ì÷úץìøìùð, 

ðôìïüìøøìô öúüüñ÷ċþýôúù, øñāìùôóøô þìî÷ôðô øìĆðìù, ĉøìùìþýôċ, ðôĀĀñüñùýôìþýôċ. 
 

ʆ ʇʈʀʏʀʅʅʆ-ʉʃɽɼʉʊɺɽʅʅʆʁ ʉɺʗɿʀ ɻʈɸʅʀʊʆʀɼʆɺ- ʀ ʈʋɼʆɻɽʅɽɿɸ 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʝʜʠʥʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʈʄʉ) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ 

ʛʝʥʝʨʘʮʠʷ ʦʨʫʜʝʥʝʥʠʷ ʢʘʢ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡ ʠʣʠ ʟʘʚʝʨʰʘʶʱʠʡ ʧʨʦʮʝʩʩ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʩʣʦʞʥʳʡ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʠ ʚʢʣʶʯʘʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʤʘʪʦʛʝʥʥʳʡ ʪʠʧʦʤ ʦʨʫʜʝʥʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʙʣʠʟʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʪʝʣ, ʥʘʭʦʞʜʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʝʜʠʥʳʭ ʛʝʦʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʘʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʠʟʦʪʦʧʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʦʨʫʜʝʥʝʥʠʷ, ʰʠʨʦʢʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʨʫʜʥʳʭ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, 

ʙʣʝʢʣʳʝ ʨʫʜʳ ʠ ʜʨ.), ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʦʨʫʜʝʥʝʥʠʶ ʚ ʦʨʝʦʣʘʭ ʠ ʨʫʜʘʭ, ʘ ʪʘʢʞʝ ʩʢʚʦʟʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʩʝʭ ʟʚʝʥʴʷʭ ʤʘʛʤʘʪʦʛʝʥʝʟʘ - ʦʪ ʛʨʘʥʠʪʦʠʜʦʚ, ʘʧʣʠʪʦʚ ʜʦ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʨʫʜ. ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʮʝʜʫʨʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʢʨʳʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʠ 

ʵʥʜʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ. ʇʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʝʩʥʦʡ, ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ ʛʨʘʥʠʪʦʠʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ, 

ʤʘʪʝʨʠʘʣʠʟʦʚʘʥʥʦʡ ʚ ʚʠʜʝ ʈʄʉ. ʈʄʉ ʧʨʦʷʚʣʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʨʘʟʚʠʚʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɻʠʩʩʘʨʦ-ɸʣʘʷ 

ʢʘʢ ʯʘʩʪʠ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʛʨʘʥʠʪʦʠʜʳ, ʦʨʫʜʝʥʝʥʠʝ, ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʚʷʟʴ, 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʤʝʭʘʥʠʟʤ ʨʫʜʦʛʝʥʝʨʘʮʠʠ, ʵʤʘʥʘʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ.  

 
ON THE CAUSE AND EFFECT RELATIONSHIP THE GENESIS  OF GRANITOIDS AND ORES  

The article shows that with the unity of the components of ore-magmatic systems (OMS), the generation of 

mineralization can occur as an accompanying or final process. Such a mechanism is complex and diverse and includes a 

number of factors, such as the magmatic type of mineralization, the spatial proximity of mineralization and granitoid 

bodies, the presence of granitoids and mineralization in common geostructural elements, geological structures, the 

isotopic identity of granitoids and mineralization, the wide presence of ore accessory minerals (pyrite) in granitoids , 

arsenopyrite, chalcopyrite, galena, fahlore, etc.), accompanying mineralization in aureoles and ores, as well as the 

through development of indicator elements in all links of magmatogenesis - from granitoids, aplites to quartz veins to 

ores. Using the procedure of correlation analysis, the statistical relationship of ore elements in granitoids and 

endogenous deposits associated in various forms with granitoids is revealed. The presented materials testify to the close, 

genetic and conjugated relationship of granitoids with various mineralization, materialized in the form of RMS. RMS 

show spatio-temporal interconnection with other geological complexes, developing at certain stages of the geodynamic 

evolution of Gissar-Alai as part of the Southern Tien Shan. 

Keywords: Tajikistan, granitoids, mineralization, ore-magmatic system, relationship, correlation diagram, ore 

generation mechanism, emanation, differentiation. 
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ʋɼʂ:55.551 

ʀʉʊʆʈʀʗ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ ɸʌɻɸʅʆ-ʊɸɼɾʀʂʉʂʆɻʆ 

ɹɸʉʉɽʁʅɸ ɺ ʇʆɿɼʅɽʄ ʄɽʃɽ 

 

ʀʰʘʥʦʚ ʄ.ʍ., ʐʘʨʠʧʦʚʘ ʄ.ʀ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʧʦʟʜʥʝʤ ʤʝʣʝ ʪʝʨʨʠʪʦʨʠʷ ʶʛʦ-ʚʦʩʪʦʢʘ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʙʳʣʘ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ 

ʦʪʜʝʣʴʥʳʭ ʙʘʩʩʝʡʥʘ: ʖʞʥʦ-ʊʘʜʞʠʢʩʢʠʡ, ʌʝʨʛʘʥʩʢʠʡ ʠ ʇʘʤʠʨʩʢʠʡ [4,ʩ.101]. ɺ ʨʘʥʥʝʤ ʘʣʴʙʝ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʪʫʧʣʝʥʠʝ ʤʦʨʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʣʘʛʫʥ. ʇʨʠʭʦʜʷʱʠʡ ʥʘ ʢʦʥʝʮ ʘʣʴʙʩʢʦʛʦ ʚʝʢʘ ʩʝʥʦʤʘʥʩʢʠʡ ʚʝʢ ʟʥʘʤʝʥʫʝʪʩʷ 

ʥʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʝʡ, ʟʘʭʚʘʪʠʚʰʝʡ ʪʝʨʨʠʪʦʨʠʶ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʶʞʥʦʛʦ ʩʢʣʦʥʘ 

ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ, ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ɼʘʨʚʘʟʘ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʤʦʨʝ ʟʘʭʦʜʠʣʦ ʠ ʚ ʚʦʩʪʦʯʥʫʶ 

ʯʘʩʪʴ ʇʘʤʠʨʘ. ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʦʥʝ ʥʠʩʭʦʜʷʱʠʭ ʠ ʚʦʩʭʦʜʷʱʠʭ ʜʚʠʞʝʥʠʡ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʦʡ ʩʤʝʥʳ ʤʦʨʩʢʠʭ ʠ ʣʘʛʫʥʥʳʭ ʫʩʣʦʚʠʡ. ʃʠʰʴ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ ʤʦʨʩʢʦʡ ʨʝʞʠʤ ʩʫʱʝʩʪʚʦʚʘʣ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʝʥʦʤʘʥʩʢʦʛʦ 

ʚʝʢʘ (ʨʠʩ. 1).  

 

ʈʠʩ. 1. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʢʘʨʪʘ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʚ ʨʘʥʥʝʤ ʩʝʥʦʤʘʥʝ 

Fig. 1. Lithofacies map of the Tajik depression and adjacent mountainous areas in the Early 

Cenomanian 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1-21: ʘ- ʨʘʟʨʝʟʳ, ʙ- ʩʢʚʘʞʠʥʳ, ʚ- ʯʠʩʣʠʪʝʣʝ-ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʤʦʱʥʦʩʪʴ: 1- ɸʫʣʷʪ, 2- ɸʢ-

ʂʘʧʯʠʛʘʡ, 3- ʃʷʣʴ-ʄʠʢʘʨ, 4- ɹʠʙʠ-ʏʝʢʘ, 5- ɸʢ-ʉʫ, 7- ʉʘʥʛ-ʇʘʨ, 8- ʉʘʨʠ-ʍʦʩʦʨ, 9- ʍʠʨʤʘʥʞʦʫ, 10- ʀʜʞʠ-ɼʘʨʘ, 

11- ʃʷʡʨʫʥ, 12- ɼʞʫʨʴʷʟ, 13- ɿʘʫʨʘʥ, 14-ʄʘʛʠʘʥ, 15- ʂʫʪʫʨʛʘʥ, 16- ɼʘʨʘʫʪ-ʂʫʨʛʘʥ, 17- ɹʘʨʜʦʙʘ, 18- ʀʨʢʝʰʪʘʤ, 

19- ʂʳʟʳʣ-ɼʞʠʠʢ, 20- ʀʰʠ, 21- ʂʘʢ-ɹʝʣʝʩ. ʆʪʣʦʞʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʛʦ ʤʦʨʷ: 22- ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʛʣʠʥʳ, 

ʨʝʞʝ ʧʝʩʯʘʥʠʢʠ ʠ ʠʟʚʝʩʪʥʷʢʠ. ʄʦʨʩʢʠʝ ʠ ʣʘʛʫʥʥʳʝ ʦʪʣʦʞʝʥʠʷ: 23- ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʷʤʠ 

ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩ ʛʠʧʩʘʤʠ. ʆʪʣʦʞʝʥʠʷ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʠ ʣʘʛʫʥʥʳʝ: 24- ʩʝʨʳʝ ʠ 

ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ: 25- ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ï ʢʨʘʩʥʦʮʚʝʪʥʳʝ 

ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʳ ʚ ʥʠʞʥʝʡ ï ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʘʛʨʝʛʘʪʳ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ. 

ʆʪʣʦʞʝʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʨʘʚʥʠʥ, ʚʨʝʤʝʥʘʤʠ ʟʘʣʠʚʘʚʰʠʭʩʷ ʤʦʨʝʤ: 26- ʢʨʘʩʥʦʮʚʝʪʥʳʝ, ʨʝʞʝ, ʩʝʨʳʝ ʧʝʩʯʘʥʠʢʠ ʠ 

ʛʣʠʥʳ: 27- ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʢʦʥʛʣʦʤʝʨʘʪʳ. ʌʘʮʠʠ ʥʝʩʤʝʥʥʳʭ ʨʘʚʥʠʥ: 28- ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ, 

29- ʢʦʥʛʣʦʤʝʨʘʪʳ, 30- ʦʙʣʘʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʤʳʚʘ, 31- ʣʠʥʠʠ ʨʘʚʥʳʭ ʤʦʱʥʦʩʪʝʡ: ʘ- ʜʦʩʪʦʚʝʨʥʳʝ, ʙ- 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ, 32- ʛʨʘʥʠʮʳ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ, ʜʦʩʪʦʚʝʨʥʳʝ, 33- ʛʨʘʥʠʮʳ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ, 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ, 34- ʦʙʣʘʩʪʠ ʩʥʦʩʘ, 35- ʛʣʘʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 36- ʜʚʫʩʪʚʦʨʢʠ, 37- 

ʛʘʩʪʨʦʧʦʜʳ, 38- ʘʤʤʦʥʠʪʳ, 39- ʤʦʨʩʢʠʝ ʝʞʠ, 40- ʙʨʦʭʠʦʣʦʜʳ, 41- ʢʦʨʘʣʣʳ, 43- ʬʦʨʘʤʠʥʠʬʝʨʳ, 44- ʦʩʪʨʦʢʦʜʳ. 
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ʈʘʥʥʠʡ ʩʝʥʦʤʘʥ. ʅʘ ʟʘʧʘʜʝ, ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢ ʂʘʬʠʨʥʠʛʘʥ ʠ ɺʘʭʰ, 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʨʘʥʥʝʤ ʩʝʥʦʤʘʥʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʛʦ ʤʦʨʷ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠʛʠʙʘʥʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ. ʆʩʴ ʧʨʠʛʠʙʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ. 

ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʢ ʚʦʩʪʦʢʫ ʩʚʷʟʴ ʩ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ ʫʭʫʜʰʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʢʨʦʤʝ 

ʤʦʨʩʢʠʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ, ʨʝʞʝ, ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ, ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʣʘʛʫʥʥʳʝ (ʛʠʧʩʳ, 

ʛʣʠʥʳ, ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʢʠ) ʦʩʘʜʢʠ.  

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʘ ʟʦʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʫʙʤʝʨʠʜʠʘʣʴʥʦʤʫ ʚʳʪʷʥʫʪʦʤʫ 

ʧʦʜʥʷʪʠʶ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʤʝʞʜʫ ʨʝʢʘʤʠ ɺʘʭʰ-ʊʘʠʨ-ʉʫ ʠ ʇʨʠʜʘʨʚʘʟʩʢʦʛʦ ʧʨʦʛʠʙʘ. 

ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʙʣʘʩʪʠ ʩʥʦʩʘ (ɻʠʩʩʘʨʩʢʠʡ ʭʨʝʙʝʪ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʡ ɼʘʨʚʘʟ) 

ʣʘʛʫʥʥʳʝ ʛʠʧʩʳ ʟʘʤʝʱʘʶʪʩʷ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʛʣʠʥʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ ʠ, ʯʘʩʪʠʯʥʦ, 

ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ. ɺ ʨʘʡʦʥʝ ɼʘʨʚʘʟʘ ï ʘʢʪʠʚʘʮʠʷ ʚʦʩʭʦʜʷʱʠʭ ʜʚʠʞʝʥʠʡ ʠ ʩʥʦʩ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʠʛʠʙʘʥʠʝʤ ʧʨʠʣʝʛʘʶʱʝʡ ʯʘʩʪʠ ʤʦʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʚ ɼʘʨʚʘʟʩʢʦʤ ʧʨʦʛʠʙʝ ʩʦʩʪʘʚʣʷʣʠ ʜʦ 200-250 ʤ [2]. 

ʅʘ ʇʘʤʠʨʝ ʨʘʟʚʠʪʳ ʦʜʥʦʦʙʨʘʟʥʳʝ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 200 ʤ.  

ʇʦʟʜʥʠʡ ʩʝʥʦʤʘʥ. ɺ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʧʦʟʜʥʝʛʦ ʩʝʥʦʤʘʥʘ ʥʘ ʙʦʣʴʰʦʡ ʯʘʩʪʠ 

ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʘʮʠʠ, ʫʥʘʩʣʝʜʦʚʘʥʥʦʡ ʩ ʥʠʞʥʝʛʦ 

ʩʝʥʦʤʘʥʘ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʨʘʡʦʥ ʥʝʛʣʫʙʦʢʦʛʦ 

ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɿʜʝʩʴ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ ʤʦʱʥʦʩʪʴʶ 50-54 ʤ. ʂ 

ʚʦʩʪʦʢʫ ʤʦʱʥʦʩʪʴ ʧʝʩʯʘʥʠʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʙʳʣʘ 

ʧʨʠʧʦʜʥʷʪʘ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʣʘ ʩʚʦʙʦʜʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʤʦʨʩʢʠʭ ʚʦʜ ʥʘ ʚʦʩʪʦʢ. ʇʦʵʪʦʤʫ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ɻʠʩʩʘʨʩʢʦʛʦ, ʂʘʨʘʪʝʛʠʥʩʢʦʛʦ ʠ ɼʘʨʚʘʟʩʢʦʛʦ 

ʭʨʝʙʪʦʚ, ʢʨʦʤʝ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʣʘʛʫʥʥʳʝ, ʘ ʚ ɸʣʘʡʩʢʦʤ ʨʘʡʦʥʘʭ ï ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʩʘʜʢʠ.  

ʉʚʷʟʴ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʇʘʤʠʨʦʤ, ʚʦʟʥʠʢʰʘʷ ʚʦ ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ 

ʪʘʛʘʨʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ ɿʘʘʣʘʡʩʢʠʡ ʧʨʦʛʠʙ. ʅʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ ʊʘʛʘʨʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʠ ʜʦ ʢʦʥʮʘ ʪʫʨʦʥʘ, ʇʘʤʠʨʩʢʠʡ ʙʘʩʩʝʡʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʣʘʛʫʥʫ, ʛʜʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʠʧʩʳ, ʤʝʨʛʝʣʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʢʘʤʝʥʥʘʷ ʩʦʣʴ.   

ʂʦʥʝʮ ʧʦʟʜʥʝʛʦ ʩʝʥʦʤʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʫʛʣʫʙʣʝʥʠʝʤ ʤʦʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʠ ʫʣʫʯʰʝʥʠʝʤ ʝʛʦ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ. ʕʪʠ ʫʩʣʦʚʠʷ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʜʥʦʬʘʮʠʘʣʴʥʳʭ, ʛʣʠʥʠʩʪʳʭ, ʨʝʞʝ ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ 

ʚʧʘʜʠʥʳ. ʄʦʱʥʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 30 ʤ ʜʦ 60 ʤ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʢʘʨʪʘ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʚ ʨʘʥʥʝʤ ʪʫʨʦʥʝ 

Fig. 2. Lithofacies map of the Tajik depression and adjacent mountainous areas in the Early 

Turonian 
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1-33- ʨʘʟʨʝʟʳ: 1- ɻʘʟ-ɼʘʛʘʥʘ, 2- ʐʠʨʘʙʘʜ, 3- ɸʫʣʷʪ, 4- ɸʢ-ʈʘʙʘʪ, 5- ʋʨʷ-ɼʘʨʴʷ, 6- ɹʠʙʠ-ʏʝʢʘ, 7- ʏʘʨʨʦʭ, 8- ɸʢ-

ʉʫ, 9- ɼʘʩ-ɻʠʨʷʢ, 10- ʊʫʪʢʘʫʣ, 11- ʊʫʨʩʦʚ, 12- ʉʘʨʠ-ʍʦʩʦʨ, 13- ʊʫʧʘʣʘʥʛ, 14- ʐʘʨʛʫʥʴ, 15- ʆʙʠ-ɿʘʨʘʥʛ, 16- 

ʇʦʰʤʠ-ʂʫʥʜ, 17- ʂʫʨʫʢ, 18- ɼʞʫʨʴʷʟ, 19- ʄʘʛʠʘʥ, 20- ʍʫʰʠʢʘʪ, 21- ʈʘʚʘʪ, 22- ʂʦʤʩʦʤʦʣʦʙʦʜ, 23- ʃʷʡʨʫʥ, 24- 

ʈʦʚʠʢʘ, 25- ɸʥʞʠʨʦʫ, 26- ʂʫʪʫʨʛʘʥ, 27- ʊʝʢʝʣʠʢ, 28- ɼʘʨʘʫʪ-ʂʫʨʛʘʥ, 29- ɹʦʨʜʦʙʘ, 30- ʀʨʭʝʰʪʘʤ, 31- ʂʳʟʳʣ-

ɼʞʠʠʢ, 32- ʄʝʨʛʝʥ-ɼʘʚʘʥ, 33- ɸʢ-ʉʦʡ. ʆʪʣʦʞʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ: 34- ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʷʤʠ 

ʤʝʨʛʝʣʝʡ, 35 -ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʛʣʠʥʳ ʠ ʘʣʝʚʨʦʣʠʪʳ, 36- ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʛʣʠʥʳ, ʚ ʢʨʦʚʣʝ ï ʨʘʢʫʰʝʯʥʠʢʠ, 38- 

ʩʝʨʳʝ ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ: 39- ʩʝʨʳʝ ʠ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʛʣʠʥʳ, 

ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ. 40-53- ʪʦ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ.1.  

 

ʈʘʥʥʠʡ ʪʫʨʦʥ (ʨʠʩ. 2). ʈʘʩʰʠʨʝʥʠʝ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʥʘʯʘʚʰʝʝʩʷ ʚ ʧʦʟʜʥʝʤ ʩʝʥʦʤʘʥʝ, 

ʧʨʦʜʦʣʞʘʣʦʩʴ ʠ ʚ ʨʘʥʥʝʤ ʪʫʨʦʥʝ. ʋʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʥʥʝʤ ʪʫʨʦʥʝ ʦʩʪʘʶʪʩʷ 

ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʚ ʢʦʥʮʝ ʩʝʥʦʤʘʥʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʛʣʠʥʳ, ʥʘ ʶʛʝ ï ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʨʛʝʣʝʡ. ʇʦ ʤʥʝʥʠʶ 

ʌʨʦʣʝʥʢʦʚʘ [4,ʩ.106], ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʩʥʝʥʠʝ ʤʦʨʩʢʠʭ 

ʚʦʜ ʩ ʦʙʥʦʚʣʝʥʠʝʤ ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʨʘʡʦʥʝ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʟʦʥʳ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʝʨʳʝ, ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʛʣʠʥʳ ʠ ʧʝʩʯʘʥʠʢʠ. ʄʦʱʥʦʩʪʴ ʥʠʞʥʝʛʦ ʪʫʨʦʥʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 14 ʤ ʥʘ ʩʝʚʝʨʝ ʜʦ 15 ʤ ʥʘ ʟʘʧʘʜʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʘʤʠʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʘʥʥʝʛʦ ʪʫʨʦʥʘ ʤʘʣʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʩʝʥʦʤʘʥʩʢʦʛʦ.  

ɺ ʧʦʟʜʥʝʤ ʪʫʨʦʥʝ (ʜʘʩʛʠʨʷʢʩʢʦʝ ʚʨʝʤʷ) ʥʘʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʤʦʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʣʠʰʴ ʥʘ ʟʘʧʘʜʝ ʦʥ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʥʥʝʪʫʨʦʥʩʢʠʭ. ʋʤʝʥʴʰʝʥʠʝ ʛʣʫʙʠʥʳ ʩ ʶʛʘ 

ʥʘ ʩʝʚʝʨ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʟʨʝʟʝ ʧʨʦʩʣʦʝʚ ʫʩʪ ʨʫʯʥʠʢʦʚ. ɺ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʣʠʥʠʩʪʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʦʩʘʜʢʠ.  

ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʭʦʜʷʱʠʭ ʜʚʠʞʝʥʠʡ ʠ ʦʙʤʝʣʝʥʠʝ ʙʘʩʩʝʡʥʘ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʢ ʢʦʥʮʫ ʧʦʟʜʥʝʛʦ ʪʫʨʦʥʘ (ʚ ʛʘʨʤʩʢʦʝ ʚʨʝʤʷ) ʧʨʠʚʝʣʦ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ 

ʦʪʤʝʣʠʚʘʥʠʶ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʘʛʫʥʥʳʭ ʦʩʘʜʢʦʚ-ʛʠʧʩʦʚ, 

ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʛʣʠʥ ʠ ʧʝʩʯʘʥʠʢʦʚ. ʄʦʨʩʢʠʝ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ.  

ʅʘʯʘʣʦ ʢʦʥʴʷʢʩʢʦʛʦ ʚʝʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʦʚʳʤ ʮʠʢʣʦʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʛʨʝʩʩʠʠ. ʅʘ ʬʦʥʝ ʧʫʣʴʩʠʨʫʶʱʠʭ ʜʚʠʞʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʧʨʠʛʠʙʘʥʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʪʦʣʱʘ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʜʥʦʦʙʨʘʟʠʝ ʬʘʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, 

ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʝʞʠʤʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɺʘʭʰ, ʛʜʝ ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ ʩʤʝʥʷʣʠʩʴ ʣʘʛʫʥʥʳʤʠ. ʆʩʥʦʚʥʘʷ ʨʦʣʴ 

ʚ ʨʘʟʨʝʟʝ ʧʨʠʥʘʜʣʝʞʠʪ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤ ʠ ʢʨʘʩʥʦʮʚʝʪʥʳʤ ʧʝʩʯʘʥʠʢʘʤ ʠ ʛʣʠʥʘʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, 150-210 ʤ, ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʶʛʝ ʊʘʜʞʠʢʩʢʦʡ 

ʜʝʧʨʝʩʩʠʠ.  

ʈʘʥʥʠʡ ʩʘʥʪʦʥ. ʅʦʨʤʘʣʴʥʳʝ ʤʦʨʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚ ʢʦʥʴʷʢʩʢʦʤ ʚʝʢʝ, ʚ 

ʮʝʣʦʤ ʩʦʭʨʘʥʠʣʠʩʴ ʠ ʚ ʨʘʥʥʝʤ ʩʘʥʪʦʥʝ ï ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚ ʧʦʨʦʜ, ʥʦ 

ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʦʩʪʘʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʜʥʦʦʙʨʘʟʥʳʝ ʛʣʠʥʠʩʪʳʝ ʦʩʘʜʢʠ, ʢʦʪʦʨʳʝ ʢ ʚʦʩʪʦʢʫ ʚ 

ʨʘʡʦʥʝ ɼʘʨʚʘʟʘ ʟʘʤʝʱʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɺ ʩʝʚʝʨʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʨʷʜʫ ʩ ʛʣʠʥʘʤʠ 

ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʝʩʯʘʥʳʝ ʧʦʨʦʜʳ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʧʨʦʛʠʙʘʥʠʝ ʤʦʨʩʢʦʛʦ ʜʥʘ 

ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʠʙʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʥʠʞʥʝʛʦ ʩʘʥʪʦʥʘ 

ʩʦʩʪʘʚʣʷʶʪ 180 ʤ. 
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ʇʦʟʜʥʠʡ ʩʘʥʪʦʥ (ʨʠʩ. 3). ʅʘ ʛʨʘʥʠʮʝ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʩʘʥʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʠʟʘʮʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʣʘʩʪʝʡ ʩʥʦʩʘ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʨʝʟʢʦ ʠʟʤʝʥʠʣʦ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʦʧʫʩʢʘʥʠʷ 

ʤʦʨʩʢʦʛʦ ʜʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʷʜʘ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʘʥʥʝʩʘʥʪʦʥʩʢʠʭ. ʊʘʢ, ʥʘ ʤʝʩʪʝ ʟʘʧʘʜʥʦʛʦ ɹʘʡʩʫʥʩʢʦʛʦ 

ʧʨʦʛʠʙʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ ʨʘʥʥʝʤ ʩʘʥʪʦʥʝ, ʦʙʦʩʦʙʣʷʝʪʩʷ ʧʦʜʥʷʪʠʝ, ʨʘʟʜʝʣʷʶʱʝʝ ʜʚʝ 

ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʛʠʙʘʚʰʠʝʩʷ ʟʦʥʳ ï ʄʘʛʠʘʥʩʢʘʷ ʠ ɸʢʪʘʫʩʢʘʷ.  ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʚʝʨʭʥʝʛʦ ʩʘʥʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 186 ʤ, ʥʘ ʚʦʩʪʦʢʝ. ɺ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʂʳʟʳʣ-ʉʫ ʠ ʆʙʠ-ʄʘʟʦʨ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʛʠʙ, ʦʪʜʝʣʷʶʱʠʡʩʷ ʦʪ ɸʢʪʘʫʩʢʦʛʦ ʧʨʦʛʠʙʘ ʗʚʘʥʩʢʠʤ ʧʦʜʥʷʪʠʝʤ. ʋʯʘʩʪʢʠ 

ʙʘʩʩʝʡʥʘ, ʙʣʠʟʢʠʝ ʢ ʤʦʨʩʢʠʤ, ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʙʦʣʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʜʘʤʠ, 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʳʭ ʦʪʨʦʛʦʚ ʠ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ. ʅʘ 

ʚʦʩʪʦʢʝ ʇʘʤʠʨʘ ʚ ʵʪʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʠʧʩʳ ʠ ʢʦʨʠʯʥʝʚʳʝ ʘʣʝʚʨʦʣʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ 

ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 150 ʤ.  

 

ʈʠʩ. 3. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʢʘʨʪʘ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʚ ʧʦʟʜʥʝʤ ʩʘʥʪʦʥʝ 

Fig. 3. Lithofacies map of the Tajik depression and adjacent mountainous areas in the late 

Santonian 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1-34: ʘ- ʨʘʟʨʝʟʳ, ʙ- ʩʢʚʘʞʠʥʳ: 1- ɻʘʟ-ɼʘʛʘʥʘ, 2- ɸʫʣʷʪ, 3- ʋʨʘ-ɼʘʨʴʷ, 4- ʂʘʧʯʠʛʘʡ, 5- ʃʷʣ-ʄʠʢʘʨ, 6- ʏʘʨʨʦʭ, 7- 

ɼʘʨʙʘʟʘ-ʂʘʤ, 8- ʍʦʜʞʘ-ʂʘʟʠʘʥ, 9- ʂʘʨʘ-ɼʫʤ, 10- ɸʢ-ɹʫʣʘʢ, 11- ɻʘʨʜʘʥʠ-ʋʰʪʠ, 12- ʍʦʜʞʘ-ʄʘʩʪʦʥ, 13- ʊʫʪʢʘʫʣ, 

14- ɹʘʛʠ-ʄʘʛʠʤ, 15- ɼʘʩ-ɻʠʨʷʢ, 16 -ʉʘʨʠ-ʍʦʩʦʨ, 17- ʍʦʯʠʣʴʸʨ, 18- ʇʦʰʤʠ-ʂʫʥʜ, 19- ʆʙʠ-ɿʘʨʘʥʛ, 20- ʊʫʧʦʣʘʥʛ, 

21- ʈʘʚʘʪ, 22- ʍʫʰʠʢʘʪ, 23- ɺʠʰʠʩʪ, 24- ʄʘʛʠʘʥ, 25- ɼʘʩ-ɻʠʨʷʢ, 26- ɼʘʰʪʠ-ɻʫʨʢ, 27- ʆʙʠ-ʇʠʪʦʫʜʫ, 28- ʀʜʞʫ-

ɼʘʨʘ, 29- ɸʥʜʞʠʨʦʫ, 30- ʂʫʪʫʨʛʘʥ, 31- ɼʘʨʘʫʪ-ʂʫʨʛʘʥ, 32- ʂʘʢ-ɹʝʣʝʩ, 33- ʉʘʩʳʢ-ʉʫ. ʆʪʣʦʞʝʥʠʷ ʤʝʣʢʦʛʦ ʤʦʨʷ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ: 34- ʛʣʠʥʳ, 35- ʛʣʠʥʳ ʠ ʧʝʩʯʘʥʠʢʠ. ʃʘʛʫʥʥʳʝ ʦʪʣʦʞʝʥʠʷ: 36- ʯʝʨʝʜʦʚʘʥʠʝ ʛʠʧʩʦʚ 

ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʠ ʩʝʨʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʛʣʠʥ, 37- ʪʦ ʞʝ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ, 38- ʛʠʧʩʳ, 

ʘʣʝʚʨʦʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ. ʆʪʣʦʞʝʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʨʘʚʥʠʥ, ʚʨʝʤʝʥʘʤʠ ʟʘʣʠʚʘʚʰʠʭʩʷ ʤʦʨʝʤ: 39-  ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ 

ʧʝʩʯʘʥʠʢʠ; 40- ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʳ. 41-47- ʪʦ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ.1. 
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ʈʘʥʥʠʡ ʢʘʤʧʘʥ. ʅʘʯʘʣʦ ʨʘʥʥʝʛʦ ʢʘʤʧʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʫʛʣʫʙʣʝʥʠʶ 

ʙʘʩʩʝʡʥʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʝʛʦ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ, ʛʜʝ ʧʦʨʦʜʳ ʨʘʥʥʝʛʦ ʢʘʤʧʘʥʘ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ʤ. ɿʜʝʩʴ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʦʩʘʜʢʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʛʣʠʥ, 

ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʣʘʩʴ 

ʠʟʚʝʩʪʥʷʢʘʤʠ, ʘ ʥʘ ʇʘʤʠʨʝ ʦʪʣʠʯʘʣʠʩʴ ʢʘʨʙʦʥʘʪʥʳʝ ʦʩʘʜʢʠ. ɺ ʨʘʡʦʥʘʭ ʭʨʝʙʪʦʚ ɹʘʙʘʪʘʛ, 

ʂʘʨʰʠ-ʊʘʫ, ɻʘʨʜʘʥʠ-ʋʰʪʠ ʤʦʨʩʢʠʝ ʫʩʣʦʚʠʷ ʯʘʩʪʦ ʩʤʝʥʷʣʠʩʴ ʣʘʛʫʥʥʳʤʠ. ɺ ʧʦʟʜʥʝʤ ʢʘʤʧʘʥʝ 

(ʨʠʩ. 4) ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ ʨʘʩʰʠʨʷʝʪ ʩʚʦʠ ʛʨʘʥʠʮʳ ʥʘ ʩʝʚʝʨ ʯʝʨʝʟ ɸʣʘʡʩʢʠʡ ʧʨʦʣʠʚ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʚʷʟʴ ʩ ʌʝʨʛʘʥʩʢʠʤ ʙʘʩʩʝʡʥʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪ ʨʘʥʥʝʛʦ ʢʘʤʧʘʥʘ ʚ ʧʦʟʜʥʝʤ 

ʢʘʤʧʘʥʝ ʥʘʤʝʯʘʝʪʩʷ ʨʝʟʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʘʢʢʫʤʫʣʷʮʠʠ. ʆʙʦʩʦʙʣʷʶʪʩʷ ʜʚʘ ʧʨʦʛʠʙʘʚʰʠʭʩʷ ʫʯʘʩʪʢʘ: ʟʘʧʘʜʥʳʡ (ɹʘʡʩʫʥ-ʐʠʨʘʙʘʜʩʢʠʡ) ʠ 

ʚʦʩʪʦʯʥʳʡ (ʗʭʩʫʡʩʢʠʡ). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʩʫʙʤʝʨʠʜʠʘʣʴʥʦ ʚʳʪʷʥʫʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʟʜʝʣʷʚʰʘʷ 

ʵʪʠ ʧʨʦʛʠʙʳ, ʫʯʘʩʪʢʠ ʤʝʞʜʫʨʝʯʴʷ ʉʫʨʭʘʥʜʘʨʴʷ-ɺʘʭʰ ʠ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʝʪʘ. 
 

ʈʠʩ. 4. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʢʘʨʪʘ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʚ ʧʦʟʜʥʝʤ ʢʘʤʧʘʥʝ 

Fig. 4. Lithofacies map of the Tajik depression and adjacent mountainous areas in the Late 

Campanian 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1-30- ʨʘʟʨʝʟʳ: 1- ɸʫʣʷʪ, 2- ɻʘʟ-ɼʘʛʘʥʘ, 3- ʂʘʛʥʦʪ, 4- ɸʢ-ʊʘʫ, 5- ʀʩʪʳʤ-ʊʘʫ, 6- ʍʦʜʞʘ-ʂʘʟʠʘʥ, 7- ɸʢʜʞʘʨ, 8- 

ɹʠʙʠ-ʏʝʢʘ, 9- ʉʘʥʛ-ʊʫʜʘ, 10- ɸʢ-ʉʫ, 11- ʂʘʨʘ-ʂʫʟ, 12- ɸʩʩ-ɻʠʨʷʢ, 13- ʄʠʨʟʦʠ, 14- ʊʫʨʩʦʚ, 15- ʃʶʯʦʙ, 16- ʆʙʠ-

ɿʘʨʘʥʛ, 17- ʊʫʧʘʣʘʥʛ, 18- ɼʞʫʨʴʷʟ, 19- ʉʘʨʠ-ʍʦʩʦʨ, 20- ɼʘʰʪʠ-ɻʫʨʢ, 21- ʍʠʨʤʘʥʞʦʫ, 22- ɿʠʜʜʝ-ɼʘʨʘ, 23- 

ʄʘʛʠʘʥ, 24- ʂʰʪʫʤ, 25- ʍʫʰʠʢʘʪ, 26- ʇʘʭʫʨʜ, 27- ʈʘʚʘʪ, 28- ʂʘʢ-ɹʝʣʝʩ, 29- ʂʫʣʝʥʢʘ-ʊʘ,h 30- ɿʘʨʪʘʰ-ʂʦʣ. 

ʆʪʣʦʞʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ: 31- ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ï ʛʣʠʥʳ, ʚʳʰʝ ï ʧʝʩʯʘʥʠʢʠ; 32- ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʣʠʥʳ, ʚʳʰʝ ï 

ʠʟʚʝʩʪʥʷʢʠ; 33- ʧʝʩʯʘʥʠʢʠ, 34- ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ, 35 -ʛʣʠʥʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʤʝʩʪʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ, 36- ʠʟʚʝʩʪʥʷʢʠ. ʆʪʣʦʞʝʥʠʷ ʥʠʟʤʝʥʥʳʭ ʨʘʚʥʠʥ: 37- ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ, 

ʢʦʥʛʣʦʤʝʨʘʪʳ; 38- ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ. 39-40- ʪʦ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ.1.  

 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʯʘʩʪʢʦʚ ʩʫʱʝʩʪʚʦʚʘʣʘ ʦʧʨʝʜʝʣʸʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ 

ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝʤ ʛʣʠʥ ʠ ʧʝʩʯʘʥʠʢʦʚ, ʠ ʧʦ ʤʝʨʝ 

ʜʚʠʞʝʥʠʷ ʥʘ ʚʦʩʪʦʢ ʧʝʩʯʘʥʠʢʠ ʠ ʛʣʠʥʳ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʱʘʣʠʩʴ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʘ 

ʥʘ ʧʨʠʧʦʜʥʷʪʳʭ ʫʯʘʩʪʢʘʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʝʩʯʘʥʳʝ ʠʟʚʝʩʪʥʷʢʠ.  

ʀʥʪʝʥʩʠʚʥʦʝ ʧʨʠʛʠʙʘʥʠʝ ʜʥʘ ʇʘʤʠʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʠʤ 

ʙʘʩʩʝʡʥʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʇʘʤʠʨʝ ʦʛʨʦʤʥʳʭ ʩʣʦʝʚ ʠʟʚʝʩʪʥʷʢʦʚ, ʤʦʱʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʣʘ 700 ʤ [4,c.109]. 

ʄʘʘʩʪʨʠʭʪʩʢʠʡ ʚʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 60-70% ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ 

ʚʧʘʜʠʥʝ ʩʦʢʨʘʱʝʥʠʝʤ ʧʣʦʱʘʜʠ ʤʦʨʩʢʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʥʘʨʫʰʘʝʪʩʷ ʩʚʷʟʴ ʩ ʌʝʨʛʘʥʩʢʠʤ 

ʙʘʩʩʝʡʥʦʤ, ʥʦ ʩʚʷʟʴ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʇʘʤʠʨʩʢʠʤ ʦʩʪʘʸʪʩʷ ʫʩʪʦʡʯʠʚʦʡ. ɺ ʪʦ 
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ʞʝ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʧʫʣʴʩʠʨʫʶʱʠʭ ʜʚʠʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʦʪʤʝʯʘʶʪʩʷ ʨʘʟʨʝʟʳ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʥʠʞʥʠʝ ʠʣʠ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʄʘʘʩʪʨʠʭʪʘ 

(ʥʘʧʨʠʤʝʨ: ʇʘʰʤʠ-ʂʫʥʜ, ʂʫʨʫʛ, ʃʫʯʦʙ, ʂʘʨʘ-ʊʘʛ, ʘ ʪʘʢʞʝ ʥʘ ɹʘʙʘʪʘʛʝ, ʂʘʨʰʠʪʘʫ ʠ ʜʨʫʛʠʝ). 

ʅʘ ʟʘʧʘʜʝ, ʥʘ ʤʝʩʪʝ ɹʘʡʩʫʥʘ, ɹʘʡʩʫʥ-ʐʠʨʘʙʘʩʪʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ ʢʦʤʧʘʥʝ ʚ 

ʄʘʘʩʪʨʠʭʪʝ, ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ ʧʝʩʯʘʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʙʨʝʢʯʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʚʦʩʪʦʯʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ï ʭʨʝʙʪʳ ʟʘʧʘʜʥʳʡ ɸʢʪʘʫ, ɸʨʢ-ʪʘʫ ʋʩʪʳʥʪʘʫ, ɹʘʙʘʪʘʛ, 

ɻʘʡʨʘʪʘʚ ʠ ʜʨʫʛʠʝ. ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʭʘʨʘʢʪʝʨʥʦ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʨʩʢʠʝ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʤʝʥʷʶʪʩʷ ʣʘʛʫʥʥʳʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʄʘʘʩʪʨʠʭʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʟʨʝʟʝ ɸʢʪʘʫ (58 ʤ). ʅʘ ʚʦʩʪʦʢʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʦʜʥʦʨʦʜʥʳʝ 

ʠʟʚʝʩʪʥʷʢʠ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʣʠ ʠ ʚ ʧʨʝʜʝʣʘʭ ɸʣʘʡʩʢʠʭ ʨʘʡʦʥʦʚ ʯʝʨʝʟ 

ɿʘʘʣʘʡʩʢʠʡ ʧʨʦʣʠʚ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʠʣʩʷ ʩ ʇʘʤʠʨʦʤ. 
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɸʥʜʨʝʝʚ ʖ.ʅ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʦ ʛʨʘʥʠʮʝ ʦʪʜʝʣʦʚ ʤʝʣʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʟʘʧʘʜʥʦʤ ɼʘʨʚʘʟʝ / ʖ.ʅ. ɸʥʜʨʝʝʚ, ʄ.ʈ. 
ɼʞʘʣʠʣʦʚ, ɸ.ʗ. ʌʨʦʣʝʥʢʦʚʘ // ɼʦʢʣ. ɸʅ ʊʘʜʞ. ʉʉʈ. ï 1970. -ˉ3. -ʪ. 12. -ʉ.15. 

2. ɼʞʘʣʠʣʦʚ ʄ.ʈ. ʉʭʝʤʘ ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ / ʄ.ʈ. ɼʞʘʣʠʣʦʚ // 

ɼʦʢʣ. ɸʅ ʊʘʜʞ. ʉʉʈ. -ɼʫʰʘʥʙʝ, 1968. ï ʊ II . -ˉ8. -316 ʩ. 

3. ʂʦʨʯʘʛʠʥ ɺ.ʀ. ʉʭʝʤʘ ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ. / 
ɺ.ʀ. ʂʦʨʯʘʛʠʥ   // ɺ ʩʙ.: çʇʨʦʙʣʝʤʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘè. -ɼʫʰʘʥʙʝ: ʀʨʬʦʥ, 1969. ï ɺʳʧ. I. -

225 ʩ.   

4. ʌʨʦʣʝʥʢʦʚʘ ɸ.ʗ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ʇʘʤʠʨʘ / ɸ.ʗ. ʌʨʦʣʝʥʢʦʚʘ, ʄ. 

ʕʛʘʤʙʝʨʜʠʝʚ, ʖ.ʉ. ʖʨʛʘʝʚ // ʋʟʙʝʢʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. - 1969. -ˉ4. -445 ʩ.   

 

ÞÌæÜÔáÔ ÔÙÖÔäÚàÔ ÏÑÚ×ÚÏÔÔ ׳ÌÎÓÌÔ ÌàנÚÙß ÞÚּתÔÖ ÐÌÜ ÍßÜÔ ÚáÔÜÔÙ 

Ðìü øìץú÷ìô øìóöÿü þìĆüôāô ôùöôĄúĀô ïñú÷úïôô ״ìîóìô ÌĀסúùÿ Þúֹוôö ðìü ðìîüìô íÿüô íú÷úô 
ðôðì íìüúøìðì Ąÿðììýþ, îì þìýùôĀô þüìùýïüñýý îì üñïüñýýôô ״ìîóìô íì״ü ðìü ״ìü ċö ðìîüì״úô ïñú÷úï 

ðúðì øñĄìîìùð. ÞìýùôĀô øÿāþìýìüô Ąìüúôþô þìĄìööÿ÷ô ״ìü ċö ðìîüìô ïñú÷úïôô öúùĕúô íÿüô íú÷úĒ 
úîìüðì Ąÿðììýþ. 

Öì÷ôðîúòì״ú: íÿüô úāôüôù, ֹוìùÿíÿ Ąìüץô ÚýôČô Øìüöìó, üñֹוìô íì״ü, ôîìóĄìîôô Āìþýôċ, 
ðôïìüïÿùĄìîôô סìĀý, ״ìîóìô ֹוìùÿíô Þúֹוôö, ״ìîóìô Ûúøôü, üñóôĄô Ú÷úõ, ìýüô Øììýþüôāþ. 

 

ʀʉʊʆʈʀʗ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ ɸʌɻɸʅʆ-ʊɸɼɾʀʂʉʂʆɻʆ ɹɸʉʉɽʁʅɸ ɺ ʇʆɿɼʅɽʄ 

ʄɽʃɽ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚʦ ʚʨʝʤʷ 

ʚʝʨʭʥʝʛʦ ʤʝʣʘ ʠ ʜʘʸʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ ʨʝʛʨʝʩʩʠʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʝʨʠʦʜʘ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʤʝʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʟʜʥʠʡ ʤʝʣ, ʶʛʦ-ʚʦʩʪʦʢ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʤʦʨʩʢʦʡ ʨʝʞʠʤ, ʩʤʝʥʘ ʬʘʮʠʡ, ʠʟʤʝʥʝʥʠʝ 

ʤʦʱʥʦʩʪʝʡ, ʖʞʥʦ-ʊʘʜʞʠʢʩʢʠʡ ʙʘʩʩʝʡʥ, ʇʘʤʠʨʩʢʠʡ ʙʘʩʩʝʡʥ, ɸʣʘʡʩʢʠʡ ʧʨʦʣʠʚ, ʄʘʘʩʪʨʠʭʪʩʢʠʡ ʚʝʢ.  

 

THE HISTORY OF THE GEOLOGICAL DEVELOPMENT OF THE AFGHAN -TAJIK BASIN IN THE 

LATE CRETACEOUS  

The article examines the history of the geological development of the Afghan-Tajik basin in the Upper 

Cretaceous, characterizes the onset and regression of the marine basin at each stage of geological time. A brief 

description of the conditions for the formation of each geological period of the Upper Cretaceous sediment is given. 

Keywords: Late Cretaceous, south-east of Central Asia, marine regime, change of facies, change of capacities, 

connection of the South Tajik basin with the Pamir, Alai Strait, Maastrichtian Age. 
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(1939), ʉʫʪʫʣʦʚʘ ʅ.ʅ. (1936), ɻʝʮʝʚʘ ʈ.ɺ., ʐʠʬʨʠʥ ʉ.ɿ. (1937), ɻʝʩʩʝ ɺ.ʅ., (1944), ɻʝʩʩʝ 

ɺ.ʅ., ʂʘʣʘʡʪʘʥ ʄ.ɻ. (1944), ʅʠʢʠʪʠʥ ʀ.ʂ. (1943, 1946, 1948), ʄʘʛʘʢʴʷʥ (1948), ɻʦʣʦʚʠʥʘ 

ɽ.ʄ. (1948), ʆʚʯʠʥʠʢʦʚ ʉ.ʂ. (1946-1959), ɸʙʜʫʣʣʘʝʚ ʍ.ʄ. (1947), ɹʝʣʦʚ ʀ.ɺ. (1949), ʂʘʨʧʘʥ 

ʃ.ɺ. (1958), ɽ.ʅ. ɻʦʨʝʮʢʘʷ (1961), ɹʘʨʘʪʦʚ ʈ.ɹ. (1949, 1954, 1956, 1966, 1982), ʂʫʭʪʠʢʦʚ ʄ.ʄ. 

(1956-1964), ʅʝʜʟʚʝʮʢʠʡ ɸ.ʇ. (1957), ʊʘʨʘʩʝʥʢʦ ɸ.ɻ. (1950, 1959, 1961), ɻʦʣʜʙʝʨʛ ʀ.ʉ. (1957, 

1961), ɹʘʨʘʪʦʚ ʈ.ɹ., ɹʣʦʭʠʥʘ ʅ.ɸ. (1957-1958), ɹʘʙʘʭʦʜʞʘʝʚ ʉ.ʄ. (1959), ʂʫʪʝʥʝʮ ɺ.ɸ., 

ʄʫʰʢʠʥ (1962, 1964), ʍʘʩʘʥʦʚ ɸ.ʍ. (1960, 1961), ɻʦʨʝʮʢʦʡ ɽ.ʅ. (1961-1962), ʄʦʨʦʟʝʥʢʦ ʅ.ʂ. 

(1962), ɹʣʦʭʠʥʘ ʅ.ɹ. (1975), ʆʨʤʘʥʦʚʘ ʈ.ɸ., ɺʦʣʴʥʦʚ ɹ.ɸ. (1997), ʂʝʥʜʞʘʝʚ ɸ.ɸ., ɸʣʠʝʚ ɸ.ɻ., 

ɹʦʙʦʜʞʘʥʦʚ ɸ.ʌ. (2002), ɸʣʠʝʚ ɸ.ɻ. (2010), ɹʘʨʘʪʦʚ ʈ., ʍʦʜʞʠʝʚ ɸ.ʂ., ʄʘʤʘʜʞʘʥʦʚ ʖ. 

(2012), ʌʘʡʟʠʝʚ ɸ.ʈ. (2017-2020), ʆʰʫʨʤʘʤʘʜʦʚ ɸ.ʂ. (2019) ʠ ʜʨ. 

ɺʳʷʚʣʝʥʥʳʝ ʵʥʜʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʨʘʡʦʥʘ (ʩʢʘʨʥʦʚʦ-ʤʘʛʥʝʪʠʪʦʚʳʝ, ʩʢʘʨʥʦʚʦ-ʢʘʩʩʠʪʝʨʠʪ-ʰʝʝʣʠʪʦʚʳʝ, ʧʝʛʤʘʪʠʪʦʚʦï

ʛʨʝʡʟʝʥʦʚʳʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʠʧʳ) ʛʝʥʝʪʠʯʝʩʢʠ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʢʨʫʧʥʦʛʦ ɻʠʩʩʘʨʩʢʦʛʦ 

ʙʘʪʦʣʠʪʘ [5]. ʇʝʨʚʳʡ ʪʠʧ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ɻʠʩʩʘʨʩʢʦʛʦ 

ʭʨʝʙʪʘ, ʛʜʝ ʚʳʷʚʣʝʥʦ ʦʢʦʣʦ 80 ʩʢʘʨʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʢʦʥʪʘʢʪʝ ʩʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ 

ʠʥʪʨʫʟʠʚʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ) [4; 5]. ʍʘʨʘʢʪʝʨʥʘʷ ʠʭ 

ʬʦʨʤʘ- ʣʠʥʟʦ- ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʟʘʣʝʞʠ, ʛʥʝʟʜʘ ʠ ʞʠʣʳ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʨʦʚ ʜʦ 50-300 ʤ ʠ ʙʦʣʝʝ. ɿʜʝʩʴ ʤʘʛʥʝʪʠʪʦʚʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʠ 

ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʨʫʜʥʳʭ ʣʠʥʟ ʨʘʟʤʝʨʦʤ ʦʪ 1ʭ5 ʜʦ 5ʭ50 ʤ ʩ ʠʟʤʝʥʯʠʚʦʡ ʤʦʱʥʦʩʪʴʶ. 

ʃʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʦʙʣʠʢ ʨʘʡʦʥʘ, ʚ ʮʝʣʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʝʨʮʠʥʩʢʠʤ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʮʠʢʣʦʤ, ʧʦʣʫʯʠʚʰʠʤ ʟʜʝʩʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʉʢʘʨʥʦʚʦ-ʤʘʛʥʝʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʍʘʨʘʥʛʦʥ, 

ʷʚʣʷʶʱʝʡʩʷ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ʨ. ɺʘʨʟʦʙ, ʛʝʥʝʪʠʯʝʩʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʛʘʙʙʨʦ-

ʧʣʘʛʠʦʛʨʘʥʠʪʦʠʜʘʤʠ ʖʞʥʦʛʦ ɻʠʩʩʘʨʘ. ʀʥʪʝʨʝʩʫʶʱʠʡ ʥʘʩ ʦʙʲʝʢʪ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʨʝʜʥʠʡ 

ʍʘʨʘʥʛʦʥ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʨ. ɻʝʣʦʩ, ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ɼʘʨʘʠ ʗʛʥʦʙʠ 

(ʨʠʩ. 1). ɿʜʝʩʴ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʨʘʩʯʣʝʥʸʥʥʳʡ, ʤʝʩʪʘʤʠ ʩʢʘʣʠʩʪʳʡ, ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ 

ʜʦʩʪʠʛʘʝʪ 30-40Ü. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʞʥʦʤ ʢʨʳʣʝ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ 

ʩʢʣʘʜʢʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʷʜʨʦ ʢʦʪʦʨʦʡ ʧʨʦʨʚʘʥʦ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ 

ʭʦʜʞʘʤʘʬʨʘʯʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʉ2h). ɿʜʝʩʴ ʢʨʳʣʴʷ ʩʢʣʘʜʢʠ ʦʩʣʦʞʥʝʥʳ ʨʘʟʨʳʚʥʳʤ 

ʥʘʨʫʰʝʥʠʝʤ (ʚʟʙʨʦʩʦʤ), ʧʘʜʘʶʱʠʤ ʥʘ ʩʝʚʝʨ ʧʦʜ ʫʛʣʦʤ 80
0
. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʦʱʘʜʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʠʚʘʝʪ ʝʛʦ ʢ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ (55
0
) ʠ ʚʦʩʪʦʯʥʦʛʦ (80

0
) ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʦʧʝʨʷʶʱʠʭ ʠʭ ʨʘʟʨʳʚʦʚ (ʨʠʩ. 2). ʇʦ 

ʟʦʥʘʤ ʥʘʨʫʰʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʛʠʧʝʨʛʝʥʥʘʷ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʘʩʩʦʮʠʘʮʠʝʡ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʦʢʠʩʠʜʦʚ ʞʝʣʝʟʘ, ʤʘʣʘʭʠʪʘ, ʘʫʨʠʭʘʣʴʮʠʪʘ, ʘʣʣʦʬʘʥʘ ʠ ʜʨ. [5; 2; 

1] (ʨʠʩ. 3).  
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ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʧʣʘʛʠʦʛʨʘʥʠʪʳ 

ʯʝʪʚʝʨʪʦʡ ʬʘʟʳ ʭʦʜʞʘʤʘʬʨʘʯʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʉ2h) ʩ ʢʩʝʥʦʣʠʪʘʤʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʚʫʣʢʘʥʠʪʘʤʠ ʢʘʨʘʪʘʛʩʢʦʡ ʩʚʠʪʳ ʨʘʥʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ (ʨʠʩ. 1) [6].  

 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʦʱʘʜʠ ʩʢʘʨʥʦʚʦ-ʨʫʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʨʝʜʥʝʛʦ ʍʘʨʘʥʛʦʥʘ. ʄʘʩʰʪʘʙ 1:10000 

Fig. 2. Schematic geological map of the deposit area of the skarn-ore deposit of Middle 

Kharangon. Scale 1:10000

 

 
1. ʄʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʝ ʙʘʟʘʣʴʪʳ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʘʥʜʝʟʠʪʳ, ʩʧʠʣʠʪʳ; 2. ɹʝʣʳʝ ʠ 

ʩʝʨʦʚʘʪʳʝ ʤʨʘʤʦʨʘ, ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ; 3. ʉʚʝʪʣʦ-ʩʝʨʳʝ ʣʝʡʢʦʛʨʘʥʦʜʠʦʨʠʪʳ, ʪʦʥʘʣʠʪʳ ʠ 
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ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ ʍʦʜʞʘʤʘʬʨʘʜʞʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ V-ʡ ʬʘʟʳ; 4. ʂʚʘʨʮʝʚʳʝ ʞʠʣʳ; 5. ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʠ 

ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʝʤʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʜʳ ʞʝʣʝʟʘ; 6. 

ʀʟʤʝʥʝʥʥʳʝ ʘʨʛʠʣʣʠʪʳ; 7. ʈʘʟʣʦʤʳ; 8. ʇʣʦʱʘʜʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 9. ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ. 

 

ʈʠʩ. 3. ɻʠʧʝʨʛʝʥʥʘʷ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

Fig. 3. Hypergene ore mineralization in deposits 

 
1 2  

 
3 4 

1 ï 2 ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ (ʢʘʨʴʝʨ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 3 ï ʚʳʜʝʣʝʥʠʝ ʤʘʣʘʭʠʪʘ, ʘʫʨʠʭʘʣʴʮʠʪʘ ʠ ʘʣʣʦʬʘʥʘ ʠ ʜʨ. 

ʚ ʧʫʩʪʦʪʘʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʪʨʝʱʠʥʘʭ; 4 ï ʩʪʝʥʢʘ ʢʘʨʴʝʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʥʘ ʬʦʪʦ ï ʉʘʬʘʨʘʣʠʝʚ ʅ.ʉ.). 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʵʢʟʦʢʦʥʪʘʢʪʫ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʭʦʜʞʘʤʘʬʨʘʯʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʚʫʣʢʘʥʠʪʘʤʠ ʢʘʨʘʪʘʛʩʢʦʡ ʩʚʠʪʳ (ʉ1-2ʢr), ʟʘʥʠʤʘʷ ʧʣʦʱʘʜʴ ʨʘʟʤʝʨʦʤ 20ʭ300 ʤ, 

ʯʪʦ ʩʨʝʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʍʘʨʘʥʛʦʥʘ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ [3]. ʅʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʘʟʚʠʪʳ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʙʠʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ 

ʩʢʘʨʥʳ. ʆʨʫʜʝʥʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʙʠʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʠʟʚʝʩʪʢʦʚʳʤ ʛʨʘʥʘʪ-ʧʠʨʦʢʩʝʥʦʚʳʤ 

ʩʢʘʨʥʘʤ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʜʝʩʴ ʩʨʝʜʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʘʤʬʠʙʦʣ-ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʠ ʵʧʠʜʦʪ-ʭʣʦʨʠʪʦʚʳʭ ʧʦʨʦʜ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʪʨʠ ʤʘʛʥʝʪʠʪʦʚʳʭ 

ʨʫʜʥʳʭ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʣʘʩʪʦʦʙʨʘʟʥʫʶ ʠ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ (ʨʠʩ. 4), ʤʦʱʥʦʩʪʴʶ 1-

12 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 165 ʤ. 
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ʈʠʩ. 4. ʉʦʛʣʘʩʥʦʝ ʟʘʣʝʛʘʥʠʝ 

ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜʥʳʭ ʪʝʣ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

Fig. 4. Consistent occurrence of 

magnetite ore bodies of the 

deposit 

 

 

 

1. ʄʘʩʩʠʚʥʦʝ ʧʣʘʩʪʦʦʙʨʘʟʥʦʝ ʨʫʜʥʦʝ 

ʪʝʣʦ ʩʨʝʜʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ; 2. 

ʄʘʛʥʝʪʠʪʦʚʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʚ ʟʦʥʝ 

ʨʘʟʨʳʚʘ: ʘ) ʇʣʘʩʪʦʦʙʨʘʟʥʦʝ ʨʫʜʥʦʝ 

ʪʝʣʦ; ʙ) ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

ʆʥʠ, ʚ ʦʩʥʦʚʥʦʤ, ʩʣʦʞʝʥʳ ʛʨʘʥʘʪʦʤ, ʧʠʨʦʢʩʝʥʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʤʘʨʪʠʪʦʤ, ʧʠʨʠʪʦʤ, ʦʢʩʠʜʘʤʠ 

ʠ ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ [1]. ʇʦ ʛʝʥʝʟʠʩʫ, ʠʭ ʩʯʠʪʘʶʪ ʠʟʚʝʩʪʢʦʚʦ-

ʤʘʛʥʝʟʠʘʣʴʥʳʤʠ [3-4], ʥʦ ʚ ʟʦʥʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʚʠʟʫʘʣʴʥʦ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦ ʜʥʫ ʜʦʙʳʯʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʘʨʴʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʝ 

ʦʜʥʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʥʘ ʪʨʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʪʝʣʘ. ʇʝʨʚʦʝ 

ʨʫʜʥʦʝ ʪʝʣʦ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʜʚʘ ʜʨʫʛʠʭ ï ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ 

ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜʥʳʭ ʪʝʣ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ. ɼʣʠʥʘ ʧʝʨʚʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 

165 ʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ, ʝʛʦ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1,0 ʤ, ʘ ʚ ʢʘʨʴʝʨʝ, ʥʘ 

ʚʦʩʪʦʢʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ 12 ʤ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʩʪʠʨʘʥʠʝ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʩ ʧʘʜʝʥʠʝʤ 70
0
 ʥʘ ʶʛʦ-ʟʘʧʘʜ, ʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʥʘ ʫʨʦʚʥʝ 

ʜʦʙʳʯʥʦʛʦ ʢʘʨʴʝʨʘ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʣʠʥʟʳ ʩ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ (70Ü) ʧʦʜ ʫʛʣʦʤ 40Ü ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜ (342Ü) ʧʦʜ ʫʛʣʦʤ 40Ü. ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʝʪʠʪʦʚʦʝ ʨʫʜʥʦʝ 

ʪʝʣʦ ʧʨʦʨʳʚʘʶʪ ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʍʦʜʞʘʤʘʬʨʘʯʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ (55
0
) ʠ ʚʦʩʪʦʯʥʦʛʦ (80

0
) ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʦʧʝʨʷʶʱʠʭ ʠʭ 

ʨʘʟʨʳʚʦʚ, ʛʜʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʩʝ ʨʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʠ ʝʜʠʥʦʛʦ 

ʣʠʥʟʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ, ʥʘ ʛʣʫʙʠʥʝ ʨʘʩʱʝʧʣʷʶʱʠʝʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʙʣʠʞʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ï ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʪʝʣʘ. 
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ÆÚÕÏÔÜäÌÎÔÔ ÏÑÚ×ÚÏÄ-ÝÚáÞÚÜÔÔ ÖÚÙÔ ÝÖÌÜÙÄ-ØÌÏÙÑÞÔÞÔ áÌÜÌÙÏÚÙÔ ØÔ¾ÙÌ 

Ìó þìðėôėúþô øìĆ÷ÿø øñïìüðìð, öô āÿðô öúùô áìüìùïúùô ØôČùì ðìü ùÿþìô ÿíÿüô ðÿ üìāùìô 

ýìøþìĄúù Ąôøú÷ÿ Ąìü (55̧ ) îì Ąìü (80̧ ) îì üìāúô íìüô úùú íì îÿÿð úøìðì, ìó ôìþô øúüĀú÷úï 

ìøìô þìùìúô øìĆðìù ôýøúô ċö þìùìô ÷ôùóìøúùìùð íÿðì, ðìü òìüĀ ðìü ýìøþô Ąôøú÷ÿ ìüí îì 
ùìóðôöþìü íì üô óìøôù íì þìùì״úô ì÷ú״ôðìô û÷ìýþøúùìùð þìץýôø øñĄìîìùð.  

Öì÷ôðîúòìĕú: Öúù, ýöìüùĕú, øìïùñþôþ, ýúāþúü, ûôüôþ, øìĆðìù, ïüìùìþ. 

 

ɻɽʆʃʆɻʆ-ʉʊʈʋʂʊʋʈʅɸʗ ʇʆɿʀʎʀʗ ʉʂɸʈʅʆɺʆ-ʄɸɻʅɽʊʀʊʆɺʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʉʈɽɼʅʀʁ ʍɸʈɸʅɻʆʅ 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʨʝʜʥʠʡ ʍʘʨʘʥʛʦʥ, ʦʥʦ ʦʙʨʘʟʦʚʘʣʦʩʴ 

ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ (55
0
) ʠ ʚʦʩʪʦʯʥʦʛʦ (80

0
) ʧʨʦʩʪʠʨʘʥʠʷ ʠ 

ʦʧʝʨʷʶʱʠʭ ʠʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʛʜʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʩʝ ʨʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʠ ʝʜʠʥʦʛʦ 

ʣʠʥʟʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ, ʨʘʩʱʝʧʣʷʶʱʝʛʦʩʷ ʥʘ ʛʣʫʙʠʥʝ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ï ʥʘ 
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GEOLOGICAL AND STRUCTURAL POSITION OF THE SKARN -MAGNETITE DEPOSIT MIDDLE  

KHARANG ON 

The deposit Middle Kharangon itself was formed at the point of intersection of two faults of northeast (55Á) and 

east (80Á) strike and faults feathering them, and morphologically all ore bodies are parts of a single lenticular body, 

splitting in a northwesterly direction at depth and closer to the surface ï into separate sheet-like bodies. 

Keywords: deposit, skarn, magnetite, structure, pyrite, ore, garnet. 
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ʆʉʆɹɽʅʅʆʉʊʀ ɻɽʆʃʆɻʀʀ ʀ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʂʆʄʇʃɽʂʉʓ 

ʂʋʄ-ʄɸʅʆʈʉʂʆɻʆ ʈʋɼʅʆɻʆ ʇʆʃʗ 

 

ʄʫʨʦʜʟʦʜʘ ɸ.ɸ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʎʝʥʪʨʘʣʴʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ (ʎʊ) ʠʟʚʝʩʪʝʥ ʢʘʢ ʟʦʣʦʪʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ [3; 2]. ɿʜʝʩʴ ʨʘʟʚʠʪʳ ʜʝʩʷʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ʆʩʥʦʚʫ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ ʩʦʩʪʘʚʣʷʶʪ ʵʥʜʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʝʨʘʚʰʘʥʩʢʦʛʦ 

ʛʦʨʥʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʠʥʛ-

ʄʘʛʠʘʥʩʢʦʡ ʛʨʫʧʧʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʇʘʢʨʫʪ, ʏʫʣʙʦʠ. ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʞʠʜʘʝʪʩʷ 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʧʨʝʣʝʚʢʘ ʥʘ ʩʝʚʝʨʝ ʨʝʩʧʫʙʣʠʢʠ, 

ʚʝʜʫʪʩʷ ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʜʨʫʛʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʠʨʦʩʪʘ 

ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʠʣʠ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʠʣʠ 

ʠʟʚʝʩʪʥʳʭ (ʥʦ ʥʝʜʦʠʟʫʯʝʥʥʳʭ) ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ. ʂ ʨʘʟʨʷʜʫ ʪʘʢʦʚʳʭ ʦʪʥʦʩʠʪʩʷ ʏʦʨʝ-

ɼʫʦʙʠʥʩʢʦʝ ʠ ʂʫʤ-ʄʘʥʦʨʩʢʦʝ ʨʫʜʥʳʝ ʧʦʣʷ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɿʝʨʘʚʰʘʥ. 

ʈʘʟʨʘʙʦʪʢʘ ʛʨʫʧʧʳ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʝʨʘʚʰʘʥʩʢʦʛʦ ʛʦʨʥʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

ʚʳʛʦʜʥʦ ʪʝʤ, ʯʪʦ ʩ ʟʘʚʝʨʰʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʥʥʝʣʷ çʀʩʪʠʢʣʦʣè ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʘʩʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʝʛʠʦʥʘ, ʧʦʷʚʠʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʧʫʪʝʤ 

ʚʳʷʚʣʝʥʠʷ ʠʣʠ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʠʣʠ ʠʟʚʝʩʪʥʳʭ (ʥʦ ʥʝʜʦʠʟʫʯʝʥʥʳʭ) 

ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ. ʂ ʨʘʟʨʷʜʫ ʪʘʢʦʚʳʭ ʦʪʥʦʩʠʪʩʷ ʂʫʤ - ʄʘʥʦʨʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʚ ʩʨʝʜʥʝʤ 

ʪʝʯʝʥʠʠ ʨ. ɿʝʨʘʚʰʘʥ. 

ʀʟʫʯʝʥʠʝʤ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 

ʟʘʥʠʤʘʣʠʩʴ ʆ.ɹ. ɹʘʨʘʪʦʚ, ʅ.ɸ. ɹʣʦʭʠʥʘ, ʂ.ɺ. ɺʘʟʠʨʦʚ, ɹ.ɸ. ɺʦʣʴʥʦʚ, ɺ.ʀ. ɺʦʣʴʬʩʦʥ, ɽ.ʅ. 

ɻʦʨʰʢʦʚ, ɺ.ɸ. ʂʘʨʧʦʚʘ, ʅ.ʄ. ʄʘʜʘʣʠʝʚ, ʄ.ʄ. ʄʘʤʘʜʚʘʬʦʝʚ, ʉ.ɸ. ʄʦʨʦʟʦʚ, ɺ.ʀ. ʉʫʰʢʦʚ, 

ʂ.ɸ. ʍʘʨʴʢʝʚʠʯ, ɸ.ʍ. ʍʘʩʘʥʦʚ ʠ ʜʨ. ʋʩʠʣʠʷʤʠ ʛʝʦʣʦʛʦʚ ʚ ʎʊ ʚʳʷʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘʟʚʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʠ, 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʝʥʝʟʠʩʘ ʟʦʣʦʪʦʧʨʦʷʚʣʝʥʠʡ ʨʝʛʠʦʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʦ ʟʦʣʦʪʦʨʫʜʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʎʊ ʨʘʟʚʠʪʳ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʧʨʦʷʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʟʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ, ʩʦʧʫʪʩʪʚʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ. ʆʜʥʘʢʦ ʧʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʳʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʫʶ ʩʪʝʧʝʥʴ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠʭ ʦʮʝʥʢʘ ʚ ʮʝʣʦʤ ʥʝ ʦʩʫʱʝʩʪʚʣʝʥʘ. ɽʩʣʠ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ɼʞʠʣʘʫ, ʊʘʨʦʨ, ʏʦʨʝ, ɼʫʦʙʘ, ʂʦʤʠʯʦʨʘ, 

ʄʦʩʨʠʬ, ɼʫʦʙʘ) ʩʦʩʪʘʚʣʝʥ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʜʦʢʣʘʜ (ʊʕɼ), ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ (ʊʕʆ), ʪʦ ʜʣʷ ʦʩʪʘʚʰʝʡʩʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʨʦʷʚʣʝʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʦʚʩʝ ʥʝ ʧʨʦʚʝʜʝʥʘ. 

ɺ ʎʊ ʚʳʜʝʣʝʥ ʨʷʜ ʟʦʣʦʪʦʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ: ʟʦʣʦʪʦ ï ʩʠʣʠʢʘʪʥʳʝ (ʩʢʘʨʥʦʚʘʷ), 

ʚʦʣʴʬʨʘʤʦʚʦʨʫʜʥʦ-ʩʢʘʨʥʦʚʘʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ, ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʘʷ (ʟʦʣʦʪʦ - ʘʣʴʙʠʪ - 

ʢʚʘʨʮʝʚʘʷ), ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ, ʨʪʫʪʥʦ-ʩʫʨʴʤʷʥʦʝ (ʟʦʣʦʪʦ-

ʩʫʨʴʤʷʥʦʝ), ʢʦʤʧʣʝʢʩʥʘʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ, ʩʫʣʴʬʠʜʥʦ-ʬʣʶʦʨʠʪʦʚʘʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ, 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠ-ʩʝʨʝʙʨʷʥʘʷ. 

ʉʨʝʜʠ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʟʦʣʦʪʦʧʨʦʷʚʣʝʥʠʡ ʎʊ ʦʩʦʙʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʂʫʤ-

ʄʘʥʦʨʩʢʦʝ. ʆʥʦ ʚ ʛʝʦʛʨʘʬʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʘʯʥʳʡ ʦʙʲʝʢʪ 

ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʩʬʝʨʫ ʨʘʟʨʘʙʦʪʢʠ. ʂʫʤʩʢʦʝ, ʤʘʣʦʩʫʣʴʬʠʜʥʦʝ, 

ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚ ʧʣʘʥʝ ʧʦʩʪʘʥʦʚʢʠ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʘʤ. ʉʣʘʙʦʝ ʦʙʲʝʤʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʷʚʣʝʥʠʷ ʪʨʝʙʫʝʪ 

ʧʨʠʚʣʝʯʝʥʠʷ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʨʫʜ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʮʝʥʠʚʘʪʴ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʳ. ʇʨʠʚʝʜʝʤ ʝʛʦ ʢʨʘʪʢʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 
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ʂʫʤ-ʄʘʥʦʨʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʧʦʣʝ ʨʘʟʚʠʪʦ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ɿʝʨʘʚʰʘʥʩʢʦʛʦ ʭʨʝʙʪʘ. 

ɿʘʧʘʜʥʦʡ ʛʨʘʥʠʮʝʡ ʨʘʡʦʥʘ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨ. ʂʫʤ, ʘ ʚʦʩʪʦʯʥʦʡ ï 

ʤʝʨʠʜʠʘʥ ʩʣʠʷʥʠʷ ʨʨ. ʄʘʥʦʨ ʠ ʇʦʡʤʘʟʦʨ. ɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʨʘʡʦʥʘ ʧʨʦʷʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʳ ɺ.ʅ. ɽʬʠʤʝʥʢʦ, ɻ.ɸ. ʄʘʟʠʪʦʚʳʤ, ɼ.ɸ. ʉʪʘʨʰʠʥʠʥʳʤ, ɸ.ɹ. ɼʦʚʛʦʞʠʚʦʤ ʠ ʜʨ. ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʂʫʤ-ʄʘʥʦʨʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ɿʝʨʘʚʰʘʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ. ʆʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʩʨʝʜʠ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩʠʣʫʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʦʚʳʤʠ 

ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ, ʢʨʝʤʥʠʩʪʳʤʠ, ʘʣʴʙʠʪ-ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʳʤʠ 

ʩʣʘʥʮʘʤʠ. ʇʨʦʷʚʣʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʶʞʥʦʤʫ ʢʨʳʣʫ ɿʘʨʘʚʰʘʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʦʩʣʝʜʥʷʷ ʦʩʣʦʞʥʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʈʫʜʥʳʝ ʪʝʣʘ 

ʠʤʝʶʪ ʧʣʘʩʪʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʆʥʠ ʩʫʙʩʦʛʣʘʩʥʦ ʧʣʘʩʪʫʶʪʩʷ ʩ ʩʠʣʫʨʠʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʈʫʜʥʳʝ ʪʝʣʘ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʧʦʯʪʠ ʥʘ 6 ʢʤ ʧʨʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 50-300 ʤ. ʅʘ ʧʨʦʷʚʣʝʥʠʠ 

ʚʳʷʚʣʝʥʳ ʪʨʠ ʟʦʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ: ʩʝʚʝʨʥʘʷ, ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʶʞʥʘʷ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ 

ʩʨʝʜʥʝʤ ʜʦ 1400 ʤ. ɿʦʥʳ ʦʛʨʘʥʠʯʝʥʳ ʨʘʟʣʦʤʘʤʠ. 

ʅʘ ʂʫʤ-ʄʘʥʦʨʩʢʦʤ ʧʨʦʷʚʣʝʥʠʠ ʦʧʨʦʙʦʚʘʥʠʝʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʢ ʧʝʨʠʬʝʨʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʨʫʜʝʥʝʥʠʷ 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʤʘʩʰʪʘʙʳ ʦʨʫʜʝʥʝʥʠʷ ʢ ʚʦʩʪʦʢʫ ʜʦʣʞʥʳ ʨʘʩʰʠʨʷʪʴʩʷ, ʘ ʥʘ ʛʣʫʙʠʥʫ ʧʨʦʛʥʦʟ ʭʘʨʘʢʪʝʨʘ 

ʦʨʫʜʝʥʝʥʠʷ ʧʨʠ ʨʘʚʥʳʭ ʪʝʥʜʝʥʮʠʷʭ ʢ ʥʘʩʳʱʝʥʠʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʟʚʠʪʠʷ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʂʫʤ-

ʄʘʥʦʨʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʯʪʦ ʦʪʚʝʨʛʘʝʪ ʚʳʚʦʜʳ ʧʨʝʞʥʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤʠ ʬʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʠ 

ʘʣʝʚʨʠʪʦʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʵʪʠ ʧʦʨʦʜʳ ʠʤʝʶʪ ʧʦʩʪʝʧʝʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʩʝʨʠʮʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʩʣʦʡʢʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʯʪʠ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʤʝʱʘʶʰʠʝ ʧʦʨʦʜʳ 

ʧʦʜʚʝʨʞʝʥʳ ʭʣʦʨʠʪʠʟʘʮʠʠ, ʩʝʨʠʮʠʪʠʟʘʮʠʠ, ʦʢʚʘʨʮʝʚʘʥʠʶ ʠ ʠʥʦʛʜʘ ʧʨʦʧʠʪʘʥʳ ʩʫʣʴʬʠʜʘʤʠ. 

ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʟʦʥʘʭ ʣʦʢʘʣʠʟʘʮʠʠ ʦʨʫʜʝʥʝʥʠʷ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʢʦʥʪʨʘʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʦʣʦʪʘ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʨʝʟʢʦ ʠ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʫʙʳʚʘʝʪ. 

ɺʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

[7; 8]. ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʨʦʜ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʳʤʠ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʨʘʟʥʦʩʦʩʪʘʚʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 6 ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ: 

1. ɸʣʣʶʚʠʘʣʴʥʳʤ, 

2. ʇʨʦʣʶʚʠʘʣʴʥʳʤ, 

3. ɸʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʤ, 

4. ɻʨʘʚʠʪʘʮʠʦʥʥʳʤ (ʢʦʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʤ), 

5. ɻʣʷʮʠʘʣʴʥʳʤ, 

6. ʇʦʣʠʛʝʥʝʪʠʯʝʩʢʠʤ. 

ʂʘʞʜʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʠ ʠʩʩʣʝʜʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ [5; 6; 10]. 

1. ʂ ʘʣʣʶʚʠʘʣʴʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʧʣʠʦʮʝʥ-ʩʦʚʨʝʤʝʥʥʳʝ (N2-QIVʘl) ʦʪʣʦʞʝʥʠʷ 

ʪʝʨʨʘʩ, ʧʦʡʤ ʠ ʨʫʩʝʣ ʨʝʢ ʠ ʠʭ ʧʨʠʪʦʢʦʚ. ʕʪʦ ʦʙʳʯʥʦ ʛʘʣʝʯʥʠʢʠ, ʧʝʩʢʠ ʠ ʩʫʧʝʩʠ, ʨʝʜʢʦ ï 

ʩʫʛʣʠʥʢʠ. 

2. ʇʨʦʣʶʚʠʘʣʴʥʳʡ ʪʠʧ ʚʢʣʶʯʘʝʪ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦ-ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 

(QIVpr) ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʠ ʨʫʩʝʣ ʚʦʜʦʪʦʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ ʛʨʫʥʪʦʚ ʩ 

ʧʝʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. ʉʨʝʜʠ ʥʠʭ ʦʙʳʯʥʦ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ 

ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʘʷ ʬʨʘʢʮʠʷ. 
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3. ɸʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ï ʵʪʦ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦ-

ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (QIVʘl+pr) ʧʦʡʤ ʠ ʧʣʠʦʮʝʥ-ʩʨʝʜʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (N2-

QIIIʘl+pr) ʧʦʡʤ. ʇʝʨʚʳʡ ʧʦʜʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʝʩʷʤʠ, 

ʛʘʣʝʯʥʠʢʘʤʠ ʠ ʚʘʣʫʥʘʤʠ, ʘ ʚʪʦʨʦʡ ï ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ. 

4. ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʪʠʧ ʩʦʩʪʦʠʪ ʠʟ 3 ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʚʳʡ ï 

ʢʦʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦ-ʩʦʚʨʝʤʝʥʥʳʭ (QIII -QIVgr1) 

ʢʦʣʣʶʚʠʘʣʴʥʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʢʣʦʥʦʚ. ʆʥʠ ʠʟʚʝʩʪʥʳ ʩʨʝʜʠ ʛʝʦʣʦʛʦʚ ʢʘʢ 

ʦʩʳʧʥʳʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʥʦʨʘʟʤʝʨʥʳʝ ʛʣʳʙʳ, ʱʝʙʝʥʴ, ʜʨʝʩʚʘ, ʚʝʩʴʤʘ ʯʘʩʪʦ ʩ 

ʩʫʧʝʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʩʫʧʝʩʠ, ʨʝʜʢʦ ï ʩʫʛʣʠʥʢʠ. ɺʪʦʨʦʡ ʪʠʧ ï 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦ-ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʲʝʜʠʥʝʥʥʳʝ (QIII -QIVgr2) ʢʦʣʣʶʚʠʘʣʴʥʳʝ, ʜʝʣʶʚʠʘʣʴʥʳʝ, 

ʩʦʣʠʬʣʶʢʮʠʦʥʥʦ-ʢʦʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʩʫʧʝʩʝʡ. ʂ ʪʨʝʪʴʝʤʫ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʦʪʥʦʩʷʪʩʷ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦ-

ʩʦʚʨʝʤʝʥʥʳʝ (QIII -QIVgr3) ʦʙʚʘʣʴʥʦ-ʦʧʦʣʟʥʝʚʳʝ ʦʪʣʦʞʝʥʠʷ (ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʩʫʧʝʩʠ, ʧʝʩʢʠ). ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʪʠʧ ʚ ʨʘʡʦʥʝ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʀʤʠ ʟʘʥʷʪʳ 

ʩʢʣʦʥʳ ʛʦʨ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʝʩʴ ʩʝʚʝʨʥʳʡ ʩʢʣʦʥ ɿʝʨʘʚʰʘʥʩʢʦʛʦ ʭʨʝʙʪʘ. 

5. ɻʣʷʮʠʘʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʥʝʨʘʩʯʣʝʥʸʥʥʳʤʠ 

ʣʝʜʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (Qgl), ʚʢʣʶʯʘʶʱʠʤʠ ʚʘʣʫʥʳ, ʛʣʳʙʳ, ʱʝʙʝʥʴ, ʛʨʘʚʠʡ, ʧʝʩʢʠ ʠ 

ʩʫʧʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ. 

6. ʇʦʣʠʛʝʥʝʪʠʯʝʩʢʠʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʚʢʣʶʯʘʝʪ ʩʨʝʜʥʝʯʝʪʚʝʨʪʠʯʥʳʝ (QIIIʨl) ʣʝʩʩʦʚʳʝ 

ʠ ʣʝʩʩʦʚʠʜʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. 

ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʪʠʧʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ, 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʤʦʨʩʢʦʡ, ʤʦʨʩʢʦʡ ʠ ʠʥʪʨʫʟʠʚʥʦʡ. ʂʘʞʜʘʷ ʬʦʨʤʘʮʠʷ ʚʢʣʶʯʘʝʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʪʠʧʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ʌʦʨʤʘʮʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʣʘʩʩʦʚʳʤʠ (ʢʦʥʛʣʦʤʝʨʘʪʳ, 

ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʨʘʚʝʣʠʪʳ, ʛʣʠʥʳ, ʘʨʛʠʣʣʠʪʳ) N-Q ʠ ʫʛʣʝʥʦʩʥʳʤʠ (ʩʣʘʥʮʳ, 

ʧʝʩʯʘʥʠʢʠ, ʛʣʠʥʳ, ʫʛʣʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ) J ʪʠʧʘʤʠ c ʧʝʩʪʨʳʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ. 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʤʦʨʩʢʘʷ ʬʦʨʤʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʪʝʨʨʠʛʝʥʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩ ʨʘʟʥʦʩʦʩʪʘʚʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʝʩʯʘʥʠʢʠ, ʛʨʘʚʝʣʠʪʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʢʨʝʤʥʠʩʪʳʝ ʠ 

ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʘʣʝʚʨʦʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʚʫʣʢʘʥʠʪʳ ʠ ʢʨʝʤʥʠ. 

ʄʦʨʩʢʠʝ ʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʨʘʡʦʥʝ ʂʫʤ-

ʄʘʥʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʝʨʨʠʛʝʥʥʳʝ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ, 

ʢʘʨʙʦʥʘʪʥʳʝ, ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ: ʠʟʚʝʩʪʥʷʢʠ, 

ʜʦʣʦʤʠʪʳ, ʤʝʨʛʝʣʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʠʧʩʳ, ʩʣʘʥʮʳ, ʢʨʝʤʥʠ, ʵʬʬʫʟʠʚʳ. 

ʀʥʪʨʫʟʠʚʥʳʝ ʬʦʨʤʘʮʠʠ ʨʘʟʚʠʪʳ ʬʨʘʛʤʝʥʪʘʨʥʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʦʠʜʘʤʠ ʠ 

ʩʨʝʜʥʝ-ʦʩʥʦʚʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʠʟʫʯʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂʫʤ-ʄʘʥʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʠʛʨʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ [4; 9; 7]. 
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áßÝßÝÔëÞÇÚÔ ÏÑÚ×ÚÏÔë ÎÌ ÏÑÚ×ÚÏÔëÔ ØßÇÌÙÐÔÝÔÔ ØÌÕÐÚÙÔ ØÌæÐÌÙÔÔ פßØ-
ØÌÙÚÜ 

Ðìü øìėú÷ìô øìóöÿü þìîýôĀô ÿøÿøôô ïñú÷úïĒ îì āÿýÿýôċþĕúô ĔúõïôüĄìîôĊ ûìĕùĄìîôô øìֹוøìì״úô 

øÿ״ìùðôýôô ïñú÷úïĒ ðìü øôùþìėìô óÿĕÿüúþĕúô þô÷÷úô øìõðúùô øìĆðìùôô Öÿø-Øìùúü ðìü ÞúĔôöôýþúùô 
ØìüöìóĒ øìîüôðô þìĕô ėìüúü ïôüôĀþììùð. Øÿìõċù Ąÿðì ìýþ, öô øìĔøììĕúô øÿĕìùðôýôô ïñú÷úïĒ ðìü 
øôùþìėì ìó 6 þôûĕúô ïÿùúïÿùô ïñùñþôöôô ĕúóôüìóìøúù îì 3 Āúüøìþýôċĕúô þìüöôíìĄúù ïÿùúïÿù 
ôíúüìþìùð. 

Öì÷ôðîúòì״ú: ÞúĔôöôýþúùô ØìüöìóĒ, óÿĕÿüúþĕúô þô÷÷ú, øìõðúùô øìĆðìùôô Öÿø-Øìùúü, 
öúøû÷ñöý״úô øÿ״ìùðôý-ïñú÷úï. 
 

ʆʉʆɹɽʅʅʆʉʊʀ ɻɽʆʃʆɻʀʀ ʀ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʂʆʄʇʃɽʂʉʓ ʂʋʄ-

ʄɸʅʆʈʉʂʆɻʆ ʈʋɼʅʆɻʆ ʇʆʃʗ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʡʦʥʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂʫʤ-ʄʘʥʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʎʝʥʪʨʘʣʴʥʳʡ 

ʊʘʜʞʠʢʠʩʪʘʥ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚ ʨʘʡʦʥʝ ʩʦʩʪʦʷʪ ʠʟ 6 ʨʘʟʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 3 ʨʘʟʥʦʩʦʩʪʘʚʥʳʭ ʬʦʨʤʘʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʥʪʨʘʣʴʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ, ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʨʦʷʚʣʝʥʠʷ, ʂʫʤ-ʄʘʥʦʨʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. 

 

FEATURES OF GEOLOGY AND ENGINEERING AND GEOLOGICAL COMPLEXES OF THE KUM -

MANOR ORE FIELD  

The article discusses the general geological conditions and features of the development of engineering-

geological complexes in the area of gold manifestations of the Kum-Manor ore field (Central Tajikistan). It was found 

out that the engineering-geological complexes in the area consist of 6 different genetic types of modern sediments and 3 

heterogeneous formations. 

Keywords: Central Tajikistan, gold manifestations, Kum-Manor ore field, engineering-geological complexes. 
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ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʇʈʀʈʆɼʅʓʍ ʊʀʇʆɺ ʈʋɼʆɺʄɽʑɸʖʑʀʍ ʇʆʈʆɼ ʉ 

ɼʀʉʇɽʈʉʅʓʄ ɿʆʃʆʊʆʄ ʀ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʋɻʃɽʈʆɼɸ ʅɸ ʀɿɺʃɽʏɽʅʀɽ 

ɿʆʃʆʊɸ 

 

ʄʘʭʩʫʪʦʚ ʆ.ɼ.,
 
ʐʘʨʠʧʦʚ ʍ.ʊ., ʋʤʘʨʦʚ ʐ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʋʟʙ., 

ʅʘʚʦʠʡʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʋʟʙ. 

 

ʋʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ 

ʧʨʠʩʫʱʠʭ ʨʫʜʝ ʩʚʦʡʩʪʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʨʫʜʝ, 

ʫʚʝʣʠʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʨʫʜʳ, ʘ ʪʘʢʞʝ ʥʝʧʦʜʜʘʶʱʠʡʩʷ 

ʦʙʨʘʙʦʪʢʝ ʭʘʨʘʢʪʝʨ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [8; 6]. ʄʠʥʝʨʘʣʦʛʠʷ ʟʦʣʦʪʳʭ ʨʫʜ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʝʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʧʦʨʥʳʭ ʩʚʦʡʩʪʚ ʨʫʜ 

[11]. ɹʳʩʪʨʦʝ ʠʩʪʦʱʝʥʠʝ ʨʫʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʣʦʞʥʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ ʨʫʜ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ ʨʫʜʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩ ʧʨʠʙʳʣʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʟʥʘʥʠʷ ʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜʘʭ ʟʦʣʦʪʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [4]. ɿʦʣʦʪʦʨʫʜʥʳʝ ʨʫʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ ï 

ʩʚʦʙʦʜʥʦ ʠʟʤʝʣʴʯʘʝʤʳʝ (ʥʝʫʧʦʨʥʳʝ) ʠ ʫʧʦʨʥʳʝ (ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ). ʈʫʜʳ ʩʚʦʙʦʜʥʦʛʦ 

ʧʦʤʦʣʘ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʦʙʨʘʙʦʪʢʝ. ɿʦʣʦʪʦ ʚ ʪʘʢʠʭ ʨʫʜʘʭ ʠʟʚʣʝʢʘʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʣʠ ʧʨʷʤʳʤ ʮʠʘʥʠʨʦʚʘʥʠʝʤ. ʋʧʦʨʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʨʫʜʳ, 

ʥʘʧʨʦʪʠʚ, ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ 

ʮʠʘʥʠʨʦʚʘʥʠʝʤ. ʊʫʛʦʧʣʘʚʢʦʩʪʴ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʠʥʝʨʘʣʦʛʠʠ ʨʫʜʳ. ʋʧʦʨʥʳʝ 

ʟʦʣʦʪʳʝ ʨʫʜʳ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ 

ʩʫʣʴʬʠʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʢʨʝʤʥʠʩʪʦʡ ʧʫʩʪʦʡ ʧʦʨʦʜʦʡ ʠ ʟʘʧʝʨʪʦ ʚ ʥʠʭ, ʟʦʣʦʪʦ ʩʚʷʟʘʥʦ ʩ 

ʘʢʪʠʚʥʳʤ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʩ ʜʨʫʛʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ. ʇʝʨʚʳʝ ʜʚʘ ʠʟ ʵʪʠʭ ʪʠʧʦʚ ʫʧʦʨʥʳʭ ʨʫʜ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʊʝʢʫʱʘʷ 

ʜʠʩʢʫʩʩʠʷ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʫʛʣʝʨʦʜʠʩʪʳʭ ʫʧʦʨʥʳʭ ʨʫʜʘʭ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʣʝʪ ʜʦʣʷ ʟʦʣʦʪʘ, ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ ʪʝʭʥʠʯʝʩʢʠ 

ʧʨʦʩʪʳʭ ʟʦʣʦʪʳʭ ʨʫʜ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʩʭʝʤʘʤ, 

ʥʝʫʢʣʦʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʟʦʣʦʪʘ, ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ ʪʘʢʠʭ ʨʫʜ, ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʦʪʨʘʙʦʪʘʥʥʳʝ 

ʩʭʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʦʧʝʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, ʬʣʦʪʘʮʠʠ, ʦʙʞʠʛʘ, ʧʣʘʚʢʠ, 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʜʨ. [7]. 

ɺ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʚʩʝ ʙʦʣʴʰʝ ʚʦʚʣʝʢʘʶʪʩʷ ʫʧʦʨʥʳʝ 

ʨʫʜʳ. ɹʣʘʛʦʜʘʨʷ ʚʩʝ ʙʦʣʴʰʝʤʫ ʚʦʚʣʝʯʝʥʠʶ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ 

ʫʞʝ ʩʝʛʦʜʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʦʣʦʪʘ. ɺ 

ʦʩʥʦʚʥʦʤ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʚʘ ʬʘʢʪʦʨʘ: ʚʦ-ʧʝʨʚʳʭ, ʦʪʢʨʳʪʠʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʧʦʨʥʦʛʦ ʟʦʣʦʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ [1]. ʇʦ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʦʚ, ʠʤʝʥʥʦ 

ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʟʦʣʦʪʳʭ ʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ 

ʤʠʨʝ. ʋʛʣʝʨʦʜʠʩʪʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʨʫʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ. ʅʘ 

ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʙʦʣʝʝ 2% ʚʩʝʭ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ. ʅʦ ʜʣʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ 

ʨʫʜ ʋʟʙʝʢʠʩʪʘʥʘ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʛʦʣʴʥʘʷ ʨʫʜʘ 

ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʦʙʳʯʝ ʥʘ ʅʘʚʦʠʡʩʢʦʤ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʙʠʥʘʪʝ 

(ʅɻʄʂ). ɿʦʣʦʪʦ ʚ ʪʘʢʠʭ ʨʫʜʘʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʘʭ, ʘ ʩʘʤʠ 

ʤʠʥʝʨʘʣʳ ʧʦʢʨʳʪʳ ʫʛʣʝʨʦʜʠʩʪʳʤ ʩʣʦʝʤ. ʉʣʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʠʭ ʨʫʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʫʛʦʣʴ ʵʢʨʘʥʠʨʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʟʦʣʦʪʘ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʢʨʦʤʝ ʪʦʛʦ, 

ʚʳʱʝʣʦʯʝʥʥʳʡ ʤʝʪʘʣʣ ʩʦʨʙʠʨʫʝʪʩʷ ʫʛʣʝʨʦʜʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʚʳʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʩʥʠʞʘʝʪʩʷ [9]. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʨʫʜ 

ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [10; 5]. ɿʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʚ ʅɻʄʂ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʟʘʚʦʜʝ ʧʨʠʤʝʨʥʦ ʥʘ 10% [3; 2].  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʥʳʝ, ʪʝʢʩʪʫʨʥʳʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚʠʟʫʘʣʴʥʦ ʚʳʜʝʣʝʥʥʳʭ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʪʠʧʦʚ 1, 

2, 3 ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʭʚʦʩʪʘʭ 

ʬʣʦʪʘʮʠʠ, ʢʦʥʜʠʮʠʦʥʥʳʤ ʜʣʷ ʪʘʢʠʭ ʪʠʧʦʚ ʨʫʜ ʷʚʣʷʝʪʩʷ ʧʦʤʦʣ ʜʦ 0,074 ʤʤ, ʯʪʦʙʳ ʚʩʢʨʳʪʴ 

ʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ. ɺʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʭʚʦʩʪʘʭ ʬʣʦʪʘʮʠʠ ʦʢʘʟʳʚʘʝʪ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʚ ʩʦʩʪʘʚʝ ʯʝʪʚʝʨʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʪʠʧʘ, ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʠ ʛʝʦʣʦʛʦ- ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ 

ʩʤʝʰʘʥʥʦʛʦ ʨʫʜ ʧʠʣʦʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʘʫʛʳʟʪʘʫ, ʛʜʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʉʦʨʛ.(1,2-2,0%) ʧʨʠʫʨʦʯʝʥʦ ʢ ʯʝʨʥʳʤ ʙʠʪʫʤʠʥʦʟʥʳʤ ʤʠʣʦʥʠʪʘʤ ʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʟʦʥ ʩ ʦʙʠʣʴʥʦʡ ʪʦʥʢʦ ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɿʜʝʩʴ 

ʟʦʣʦʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ. ʄʦʱʥʦʩʪʴ ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʟʦʥ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,1 ʜʦ 1 

ʤ, ʨʝʜʢʦ ʜʦ 1,5-2 ʤ ʠ ʥʝ ʧʦʜʜʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʝ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʪʨʘʙʦʪʢʠ. ɹʠʪʫʤʠʥʦʟʥʳʝ ʤʠʣʦʥʠʪʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʠ ʩʦʩʪʘʚʣʷʶʪ 5-6% ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ ʨʫʜ. 

ʋʛʣʝʨʦʜʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʂʦʢʧʘʪʘʩʩʢʠʭ ʨʫʜ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʛʨʝʛʘʪʳ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʦʨʛʘʥʠʢʠ ʚ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ, 

ʨʘʩʩʝʷʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʠʛʤʝʥʪʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʮʝʤʝʥʪʠʨʫʶʪ ʠʭ. 

ʉʘʤʦ ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦ, ʩʪʝʧʝʥʴ ʝʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʠʟʢʘʷ. 

ɿʦʣʴʥʦʩʪʴ ʫʛʣʝʨʦʜʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 94,08-95,0%. ʇʦ ʭʘʨʘʢʪʝʨʫ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʫʜʝ ʦʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʨʘʩʩʝʷʥʥʦʝ ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʨʘʩʪʚʦʨʠʤʳʭ 

(ʙʠʪʫʤʦʠʜʥʳʡ) ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ (ʢʝʨʦʛʝʥ) ʢʦʤʧʦʥʝʥʪʦʚ. ʉʫʣʴʬʠʜʳ ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʣʘʥʮʘʭ 

ʠ ʯʝʨʥʳʭ ʙʠʪʫʤʠʥʦʟʥʳʭ ʤʠʣʦʥʠʪʘʭ ʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠ ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʟʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʢʨʳʪʳ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ, ʦʙʨʘʟʫʷ ʩʚʦʝʦʙʨʘʟʥʳʝ ʘʛʨʝʛʘʪʳ ï ʬʨʦʤʙʦʠʜʳ, ʦʪʜʝʣʠʪʴ 

ʩʫʣʴʬʠʜʳ ʦʪ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʦʪ ʩʫʣʴʬʠʜʦʚ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʠʤʝʣʦʩʴ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʪʦʡʢʦʩʪʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʚ ʮʠʘʥʠʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʦʩʘʞʜʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʛʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʩʪʚʦʨʝʥʥʳʤ ʟʦʣʦʪʫ ʠ ʩʝʨʝʙʨʫ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʠʩʭʦʜʥʦʡ ʨʫʜʝ ʫʛʣʝʨʦʜʠʩʪʳʭ ʚʝʱʝʩʪʚ 

ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʩʦʨʙʠʨʦʚʘʪʴ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠʟ ʮʠʘʥʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʫʚʝʣʠʯʠʚʘʷ 

ʪʝʤ ʩʘʤʳʤ ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʩ ʭʚʦʩʪʘʤʠ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ. 

ʊʝʧʝʨʴ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʟʦʣʦʪʘ ʥʘ ʫʛʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ Au(CN)2
-
. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʛʦʚʦʨʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʞʜʘʝʤʦʛʦ ʟʦʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠ ʧʦʣʥʦʪʘ 

ʧʝʨʝʭʦʜʘ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ ʫʛʦʣʴ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʨʫʜ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

1) ʧʨʷʤʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ʨʫʜʳ ʠʣʠ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʦʙʨʘʙʦʪʢʠ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʨʙʮʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʨʫʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ; 

2) ʮʠʘʥʠʨʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ (ʢʝʨʦʩʠʥʘ, ʩʢʠʧʠʜʘʨʘ, 

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʤʘʩʣʘ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʠʩʪʳʭ ʯʘʩʪʠʮ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʜʘʣʴʥʝʡʰʠʡ ʢʦʥʪʘʢʪ ʵʪʠʭ ʯʘʩʪʠʮ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʮʠʘʥʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʟʦʣʦʪʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ, ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʭʚʦʩʪʦʚ ʮʠʘʥʠʨʦʚʘʥʠʷ ʨʫʜʳ ʠʣʠ ʢʦʥʮʝʥʪʨʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 
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ʜʝʩʦʨʙʝʥʪʘʤʠ (ʮʠʘʥʠʜʘʤʠ, ʩʝʨʦʡ ʠʣʠ ʝʜʢʦʡ ʱʝʣʦʯʴʶ, ʫʭʫʜʰʘʶʱʠʤʠ ʫʩʣʦʚʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʮʠʘʥʠʨʦʚʘʥʠʷ ʨʫʜʳ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʧʘʩʩʠʚʘʮʠʠ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜʘʭ ʠ ʢʦʥʮʝʥʪʨʘʪʘʭ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʮʠʘʥʠʨʦʚʘʥʠʶ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʩʳʨʴʷ: 

1) ʧʨʦʢʘʣʠʚʘʥʠʝ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦ-ʘʢʪʠʚʥʦʛʦ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʨ 

ʯʘʩʪʠ ʫʛʣʷ ʧʫʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; 

2) ʩʞʠʛʘʥʠʝ ʫʛʣʝʨʦʜʘ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʚʦʟʜʫʭʘ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʚʨʷʜ ʣʠ ʙʫʜʝʪ ʧʨʘʢʪʠʯʥʳʤ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʝʥ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʫʛʣʝʨʦʜʠʩʪʳʭ ʨʫʜ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʜʘʣʝʥʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ. 

ɺ C-O2 ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ: 

1) ʠʟʚʣʝʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ ʠʟ ʨʫʜʳ ʧʝʨʝʜ ʮʠʘʥʠʨʦʚʘʥʠʝʤ ʧʫʪʝʤ ʬʣʦʪʘʮʠʦʥʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʠʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʢʘʣʠʚʘʥʠʷ; 

2) ʟʘʤʝʥʘ ʮʠʘʥʠʜʘ ʜʨʫʛʠʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʟʦʣʦʪʘ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʨʙʮʠʠ ʤʝʪʘʣʣʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʨʫʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʦʙʥʳʝ ʦʧʳʪʳ 

ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʫʛʣʝʚʦʜʠʩʪʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʷʤʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʫʜ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʵʪʦ ʩʳʨʴʝ ʩ 

ʧʨʠʝʤʣʝʤʳʤʠ ʪʝʭʥʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʢʝʢʝ 

ʦʩʪʘʣʦʩʴ ʦʪ 20 ʜʦ 50% ʟʦʣʦʪʘ ʦʪ ʮʠʘʥʠʨʦʚʘʥʠʷ ʦʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʨʫʜʝ. 

ʉʧʦʩʦʙ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʮʠʘʥʠʨʦʚʘʥʠʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ 

ʨʫʜ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʤʠʥʝʨʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ 

(ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʩʝʣ, ʢʝʨʦʩʠʥʘ ʠ ʜʨ.) ʩʚʷʟʘʥ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʤʘʪʝʨʠʘʣʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʝʨʦʩʠʥ ʠ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʠʩʧʘʨʷʶʪʩʷ ʙʝʟʚʦʟʚʨʘʪʥʦ, ʪʝʨʷʷ 

ʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʠ ʥʘʨʫʰʘʝʪʩʷ ʵʢʦʣʦʛʠʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʦʨʦʞʘʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʞʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʬʘʙʨʠʢʠ ʧʦʜʭʦʜʷʱʠʤ ʩʧʦʩʦʙʦʤ ʜʝʩʦʨʙʮʠʠ ʟʦʣʦʪʘ ʠʟ 

ʮʠʘʥʠʩʪʳʭ ʭʚʦʩʪʦʚ ʷʚʣʷʝʪʩʷ ʪʱʘʪʝʣʴʥʘʷ ʧʨʦʤʳʚʢʘ ʢʝʢʘ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤʠ ʠʣʠ ʩʚʝʞʠʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʮʠʘʥʠʜʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʢʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʫʣʴʧʳ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʚʘʨʢʦʡ ʢʝʢʘ. ɹʝʟʚʦʜʥʳʡ ʘʤʤʠʘʢ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʜʝʩʦʨʙʝʥʪʦʤ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʪʣʦʞʠʚʰʠʭʩʷ ʥʘ ʫʛʣʷʭ, ʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʪʤʳʚʢʠ ʟʦʣʦʪʘ ʠ 

ʩʝʨʝʙʨʘ ʦʪ ʭʚʦʩʪʦʚ ʮʠʘʥʠʨʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. 

ɻʦʨʘʟʜʦ ʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʨʥʠʩʪʳʭ ʱʝʣʦʯʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ Na2S. ʆʜʥʘʢʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ 

ʩʚʷʟʘʥʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʩʥʠʞʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʛʨʘʬʠʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʨʦʜʥʦʡ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʘ, ʢʦʪʦʨʘʷ ʟʘʤʝʪʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʧʫʣʴʧʫ ʢʝʨʦʩʠʥʘ ʠʣʠ 

ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʛʨʘʬʠʪʘ ʚ ʢʦʥʮʝʥʪʨʘʪ ʥʝʚʳʩʦʢʘ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ ʦʩʪʘʝʪʩʷ ʚ ʭʚʦʩʪʘʭ ʬʣʦʪʘʮʠʠ: 

ʉ+ O2=CO+110,44 ʢɼʞ. 

ʉʆ+ ʆ2=ʉʆ2+282,69 ʢɼʞ. 

ʉ+ʉʆ2=2ʉʆ-172,22 ʢɼʞ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʠʟʙʳʪʢʝ ʫʛʣʝʨʦʜʘ ʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ ʩʢʦʨʝʝ 

ʦʙʨʘʟʫʝʪʩʷ ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʝʝ ʜʚʫʦʢʠʩʴ. ʇʦʩʢʦʣʴʢʫ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʩʠʣʴʥʳʤ ʦʢʩʠʜʦʤ, ʫʛʣʝʨʦʜ ʙʫʜʝʪ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. 
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ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ 

ʦʙʞʠʛʘ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʫʜʘʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʠʟ ʨʫʜʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʫʪʝʤ ʝʝ ʦʢʠʩʣʝʥʠʷ ʧʦ ʨʝʘʢʮʠʠ: ʉ + ʆ2 = ʉʆ2. 

ʕʪʘ ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʪʦʧʣʠʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʟʦʡʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʚʦʨʝʥʥʳʤ ʟʦʣʦʪʫ ʠ ʩʝʨʝʙʨʫ. 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʦʙʱʝʥʠʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʇʨʠʤʝʥʷʣʠʩʴ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʩʪʘʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʷʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʧʨʦʙʠʨʦʯʥʳʡ, ʬʘʟʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʉʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʛʣʝʨʦʜʘ ʚ ʪʚʝʨʜʦʤ ʧʨʦʜʫʢʪʝ (ʪʘʙʣ.1). ʉʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚʳʰʝ 500Áʉ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʘʨʩʝʥʦʧʠʨʠʪ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʫʜʝ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

 

ʊʘʙʣʠʮʘ 1. ʉʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʙʞʠʛʘ 

Table 1. The degree of carbon burnout in time at different firing temperatures 

 ̄ ɺʨʝʤʷ ʦʙʞʠʛʘ, ʤʠʥ. 
ʉʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ % 

400
0
C 500

0
C 600

0
C 

1 0 0 0 0 

2 10 0 0 0 

3 20 2 85 10 

4 30 4 15 215 

5 40 5 20 27 

6 50 7,5 24 38 

7 60 10 33,5 46 

8 70 15 43 54,5 

9 80 23 52,5 66 

10 90 30 64 74 

11 100 37,5 66 80 

12 120 50 71,5 85 

13 140 54,5 77 89 

14 160 60 80,5 90,5 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʢʨʫʧʥʦʩʪʴʶ 0,075 - 0, 10 ʤʤ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ 

ʭʘʣʴʢʦʧʠʨʠʪʘ - 357Áʉ; ʧʠʨʠʪʘ - 405Áʉ; ʧʠʨʨʦʪʠʥ - 444Áʉ. ʇʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʫʣʴʬʠʜʳ 

ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʦʙʲʝʤʝ ʨʫʜʳ ʦʙʨʘʟʫʶʪʩʷ ʣʝʛʢʦʧʣʘʚʢʠʝ ʵʚʪʝʢʪʠʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʣʘʚʣʝʥʠʝ ʯʘʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʫʛʣʝʨʦʜʘ. ʕʪʦʤʫ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʪʦ, ʯʪʦ 

ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400-600Áʉ. ʃʦʜʦʯʢʠ ʠ 

ʧʦʜʚʝʩʢʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʢʘʞʜʳʝ 5 ʤʠʥʫʪ. ʆʜʥʘʢʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʣ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʨʝʞʠʤʝ ʠ ʩʢʦʨʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʙʳʣʘ ʥʝʙʦʣʴʰʦʡ. 

ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʮʠʘʥʠʨʦʚʘʥʠʠ 

ʦʛʘʨʢʘ. ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʪʘ ʚ ʦʛʘʨʢʝ ʩʦʩʪʘʚʠʣʘ 93ʛ/ʪ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʯʠ 550-600Áʉ. ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

ʚʨʝʤʝʥʠ ʦʙʞʠʛʘ 120-150 ʤʠʥʫʪ. ɼʘʣʴʥʝʡʰʝʝ ʫʜʝʨʞʘʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʢʘʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʢʨʳʚʘʝʪʩʷ ʧʣʝʥʢʦʡ ʦʢʩʠʜʦʚ ʠ ʧʨʝʢʨʘʱʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʦʢʠʩʣʷʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʦʢʠʩʣʠʪʝʣʝʤ. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʠʪ ʚ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʚʝʱʝʩʪʚ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʯʝʥʴ ʤʘʣ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʮʠʘʥʠʨʦʚʘʥʠʠ ʦʛʘʨʢʘ ʦʪ ʚʨʝʤʝʥʠ 

Fig. 1. Dependence of the degree of gold extraction during cyanidation of cinder on time 

 
 

ʅʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʪʝʣʝʞʝʢ ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʚ ʧʫʣʴʧʝ. ʅʘ ʨʠʩ. 

2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ 550-600Áʉ, ʚʨʝʤʷ ʦʙʞʠʛʘ 150 ʤʠʥʫʪ. 

ɼʘʥʥʳʝ ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʊ: ɾ 1:5/1:6 ʧʫʣʴʧʳ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʊ:ɾ ʧʫʣʴʧʳ 

Fig. 2. Dependence of the degree of gold extraction on the ratio of T:W of the pulp 

 
 

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʦʙʞʠʛʝ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʨʝʟʫʣʴʪʘʪʳ ʫʜʘʣʝʥʠʷ ʫʛʣʝʨʦʜʠʩʪʦʛʦ 
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ʚʝʱʝʩʪʚʘ ʠʟ ʨʫʜʳ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʨʫʜʳ ʚ ʣʦʜʢʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʝʥʷʝʪ ʢʘʨʪʠʥʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʦʙʘʭ ʦʩʪʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ ʧʨʠ ʮʠʘʥʠʨʦʚʘʥʠʠ. ʇʝʨʝʛʨʝʚ 

ʰʠʭʪʳ ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʦʚ, ʯʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʤʝʪʘʣʣʘ ʩ ʭʚʦʩʪʘʤʠ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʙʳ ʧʦʣʫʯʘʪʩʷ ʚ 

ʧʦʨʠʩʪʦʤ ʚʠʜʝ. ʈʝʘʢʮʠʠ ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʄʘʪʝʨʠʘʣʳ ʥʝ ʙʫʜʫʪ 

ʩʣʠʧʘʪʴʩʷ ʠʟ-ʟʘ ʩʧʣʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʣʠʰʥʝʝ ʪʝʧʣʦ ʙʫʜʝʪ ʫʥʝʩʝʥʦ ʚʦʩʭʦʜʷʱʠʤ 

ʛʘʟʦʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʦʙʞʠʛʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥʦ ʜʦ 60-80 ʤʠʥʫʪ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ ʧʦʯʪʠ ʚʜʚʦʝ. 
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ÚØÊÓÔäÔ ÞÌæÝÔÜÔ ÆÔÙÝÇÚÔ ÞÌÍÔÔÔ ÐÚáÔÜ ÞÔ××ÚÔ ÐÔÝÛÜÑÝÝ ÎÌ ÖÌÜÍÚÙÇÚÔ 

ÚÜÏÌÙÔÖÄ ÍÌ ÆßÐÚ ÖÌÜÐÌÙÔ ÞÔ××Ú 

Ðìü øìץú÷ì øìýĆì÷ì״úô þìöøô÷ô þñāùú÷úïôċô öúüöìüðô øìĆðìù״úô þô÷÷úô þúíúîìü îì 
öúùýñùþüìþ״ú íìüüìý Ąÿðììýþ. ÛñĄùô״úð öìüðì øñĄìîìð, öô ìĄČô āúø ûñĄ ìó ýôìùôðôóìþýôċ íì 
úöýôðĄìî íúóûÿāþ öìüðì Ąìîìð. Ôù ìó úù ýìíìí ìýþ, öô øìĆðìù״úô úþìĄ þúíúîìü ðìü þìüöôíô øìĆðìù״úô 

ûôüôþ, āì÷öúûôüôþ, ìüýñùúûôüôþ îì סìõüì þô÷÷ú øìîֹוÿðìùð, ðìü ùìîíìþô āÿð, ôù øìĆðìù״ú íú ץìíìþô 
ìùïôĄþ ô״úþì öìüðì øñĄìîìùð, öô ýìøìüìùúöôô ýôìùôóìþýôċô þô÷÷úüú āñ÷ñ öú״ôĄ øñðô״ìð. Ôýíúþ 
Ąÿðììýþ, öô ðìü Ąìüúôþô úöýôðĄìîô ìùïôĄþ ĕìùïúøô íú úöýôïñù ðìøôðìùìĄ øñýóìð îì øôùñüì÷״ú íì 

 úô øìĆðìùĒ ìó״óôċ øñĄìîìùð. Àìõü ìó ôù, ðìü Ąìüúôþô ĕìüúüìþô íì÷ìùð ðúùìוú þìֹ״úô þìüöôíôô úù״ÿóĆוֹ
ýìíìíô ùúíìüúíìü îìýñĆĄìîôô āôøôċîôìĄúù ùúíÿð øñĄìîìùð. 

Öì÷ôðîúòì״ú: øìĆðìù״úô þô÷÷úô þúíúîìü, öúùýñùþüìþ״ú, íôüČùöÿùôô úöýôðĄìî, ûôüôþ, 
āì÷öúûôüôþ, ìüýñùúûôüôþ, ìùïôĄþ, ýìøìüìùúöôô öúüöìüð, þìֹוóôċô øìĆðìù״ú, þìĀýôüô þñüøôö. 
 
ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʇʈʀʈʆɼʅʓʍ ʊʀʇʆɺ ʈʋɼʆɺʄɽʑɸʖʑʀʍ ʇʆʈʆɼ ʉ ɼʀʉʇɽʈʉʅʓʄ 

ɿʆʃʆʊʆʄ ʀ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʋɻʃɽʈʆɼɸ ʅɸ ʀɿɺʃɽʏɽʅʀɽ ɿʆʃʆʊɸ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ 

ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʀʩʭʦʜʥʦʝ ʩʳʨʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʚʝʨʛʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʦʙʞʠʛʫ ʧʝʨʝʜ ʮʠʘʥʠʨʦʚʘʥʠʝʤ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʫʧʦʨʥʳʭ ʨʫʜʘʭ ʟʦʣʦʪʦ ʩʦʜʝʨʞʠʪʩʷ ʚ ʪʘʢʠʭ ʤʠʥʝʨʘʣʘʭ, ʢʘʢ ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʘʨʩʝʥʦʧʠʨʠʪ ʠ ʜʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʤʠʥʝʨʘʣʳ ʦʢʨʫʞʝʥʳ ʩʣʦʝʤ ʫʛʣʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʘʥʠʨʦʚʘʥʠʷ ʟʦʣʦʪʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʦʣʴ ʛʦʨʠʪ ʧʨʠ 

ʧʨʦʜʫʚʢʝ ʢʠʩʣʦʨʦʜʦʤ, ʘ ʤʠʥʝʨʘʣʳ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʤʠʥʝʨʘʣʴʥʳʝ ʟʝʨʥʘ ʜʝʩʪʨʫʢʪʠʨʫʶʪʩʷ ʠʟ-ʟʘ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʦʨʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʨʫʜʳ, ʢʦʥʮʝʥʪʨʘʪʳ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ, ʧʠʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʫʛʦʣʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ, ʨʘʟʣʦʞʝʥʠʝ ʤʠʥʝʨʘʣʦʚ, ʪʝʨʤʠʯʝʩʢʦʝ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ. 

 

ESTABLISHMENT OF CHEMICAL -MINERALOGICAL COMPOSITION OF CARBON MONOXIDE OF 

GOLD-CONTAINING RAW AND THE CONDITIONS OF  THEIR  DECOMPOSITION  

The article deals with the issues of improving the technology for processing refractory gold ores and 

concentrates. The feedstock is proposed to be subjected to oxidative roasting before cyanidation. This is since refractory 

ores contain gold in minerals such as pyrite, chalcopyrite, arsenopyrite, etc. In turn, these minerals are surrounded by a 

layer of coal, which significantly reduces the efficiency of gold cyanidation. It has been proven that under conditions of 

oxidative combustion, coal burns when blown with oxygen, and minerals decompose into their constituent components. 

Keywords: refractory gold ores, concentrates, oxidative roasting, pyrite, chalcopyrite, arsenopyrite, coal, 

processing efficiency, mineral decomposition, thermal interpretation. 
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ʂ ʈɸɼʀʆɺʆʃʅʆɺʓʄ ʄɽʊʆɼɸʄ ʇʆʀʉʂɸ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇʆʃɽɿʅʓʍ 

ʀʉʂʆʇɸɽʄʓʍ 

 

ɼʘʤʠʥʦʚ ʐ.ʈ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜ. ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ  ʤʝʪʦʜʳ ʨʘʜʠʦʚʦʣʥʦʚʦʛʦ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠ 

ʦʪʨʘʞʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʠʠ ʚ ʧʦʛʣʦʱʝʥʠʠ, ʦʪʨʘʞʝʥʠʠ, ʧʨʝʣʦʤʣʝʥʠʠ, 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʜʠʬʨʘʢʮʠʠ ʨʘʜʠʦʚʦʣʥ ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ ʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʞʩʢʚʘʞʠʥʥʦʛʦ ʠ ʤʝʞʚʳʨʘʙʦʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʥʝʤ ʨʫʜʥʳʭ ʪʝʣ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ ʤʝʜʥʳʭ, 

ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʚʦʣʴʬʨʘʤʦʚʳʭ, ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ, ʦʣʦʚʦʨʫʜʥʳʭ, 

ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʳʭ, ʧʝʛʤʘʪʠʪʦʚʳʭ ʠ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [4; 2]. ʂ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʟʦʥʜʠʨʦʚʘʥʠʷʤ (ʕʄɿ) ʦʪʥʦʩʠʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ 

ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ. ɺ ʕʄɿ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʣʷ, ʘʧʧʘʨʘʪʫʨʘ, ʤʝʪʦʜʠʢʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʧʦʩʦʙʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʚʳʙʦʨ ʫʩʪʘʥʦʚʦʢ ʠ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʳ 

ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʕʄɿ, ʥʘ ʠʟʫʯʘʝʤʦʤ ʫʯʘʩʪʢʝ ʟʘ ʩʯʝʪ 

ʛʝʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʦʢ ʠʣʠ ʩʢʠʥ-ʵʬʬʝʢʪʘ ʜʦʙʠʚʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʥʦʩʪʠ 

ʨʘʟʚʝʜʢʠ. ʉʢʠʥ-ʵʬʬʝʢʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʦʜʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʟʥʦʩʦʤ, ʘ ʫʚʝʣʠʯʝʥʠʝ 

ʛʣʫʙʠʥʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʝʨʠʦʜʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ (ʊ) ʠʣʠ ʚʨʝʤʝʥʠ 

ʠʟʫʯʝʥʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʷ (ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ) ʚ ʩʨʝʜʝ (t) [1].  ʇʨʠʥʮʠʧ ʨʘʜʠʦʚʦʣʥʦʚʦʛʦ 

ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ (ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʤʢʦʩʪʠ) ʠʩʪʦʯʥʠʢʘ, 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʥʘʩʪʨʦʝʥʥʦʛʦ ʥʘ ʩʦʙʩʪʚʝʥʥʫʶ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʚʝʱʝʩʪʚʦʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʨʫʜ.  

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʬʠʟʠʢʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʣʫʯʝʥʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [1]. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʦʪʨʘʞʸʥʥʳʝ ʦʪ ʛʨʘʥʠʮ ʛʨʫʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʧʨʠʥʠʤʘʶʪʩʷ ʧʨʠʸʤʥʦʡ ʘʥʪʝʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɻʝʦʨʘʜʘʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʣʦʢʘʣʴʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʩʢʨʳʪʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʣʠ ʜʨʫʛʠʭ ʩʪʨʦʝʥʠʡ. ʐʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʬʠʟʠʢʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʠʟʣʫʯʝʥʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [6]. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʦʣʥʳ, ʦʪʨʘʞʸʥʥʳʝ ʦʪ ʛʨʘʥʠʮ ʛʨʫʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, 

ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʠʸʤʥʦʡ ʘʥʪʝʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɻʝʦʨʘʜʘʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʧʦʠʩʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʆʙʲʝʢʪʳ 

ʤʘʣʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʕʄɺ, ʨʘʟʤʝʨʘ ʥʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʨʘʟʨʝʟʘʭ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʭ ʚʦʣʥ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʠʩʢʫ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʪrʝ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʜʠʦʚʦʣʥ 

ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʮʠʡ ɻʫʩʭʦʨ ʠ ʆʙʙʨʫʜʦʥ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʟʚʝʥʘ: ʧʝʨʝʜʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʨʘʜʠʦʚʦʣʥʳ, ʠ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʪʨʘʢʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʦ ʙʝʟʫʧʨʝʯʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʫʩʣʦʚʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʥʘ ʫʯʘʩʪʢʝ, ʨʘʟʜʝʣʷʶʱʝʤ 

ʧʝʨʝʜʘʶʱʫʶ ʠ ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʩʣʘʙʣʝʥʠʶ ʠ ʠʩʢʘʞʝʥʠʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʫ ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭʠ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ 
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ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʣʝ ʩʠʛʥʘʣʘ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʨʘʟ ʧʨʝʚʳʰʘʣʦ ʫʨʦʚʝʥʴ 

ʧʦʤʝʭ. ɺʦ-ʚʪʦʨʳʭ, ʩʠʛʥʘʣʳ ʥʝ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ ʯʨʝʟʤʝʨʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, ʥʝʠʟʙʝʞʥʦ 

ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥʳ ʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʝ (ʥʘʧʨʠʤʝʨ, ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʚ 

ʪʦʣʱʝ ɿʝʤʣʠ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ ʪ.ʧ.) ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʝ ʝʸ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʚ ʘʪʦʤʘʭ 

ʠ ʤʦʣʝʢʫʣʘʭ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʣʥʳ ʠ ʧʝʨʝʠʟʣʫʯʝʥʠʝʤ ʠʤʠ 

ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ. ɽʩʣʠ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʚʦʣʥʳ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 

ʧʦʣʷ, ʪʦ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ ʩ ʯʘʩʪʦʪʦʡ ʧʨʠʰʝʜʰʝʡ ʚʦʣʥʳ. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʦʥʳ ʠʟʣʫʯʘʶʪ ʚʪʦʨʠʯʥʳʝ ʨʘʜʠʦʚʦʣʥʳ 

ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʬʘʟʘʤʠ. ʉʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʧʝʨʚʠʯʥʦʡ ʠ 

ʧʝʨʝʠʟʣʫʯʸʥʥʦʡ ʚʦʣʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥʳ ʩ ʘʪʦʤʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʛʣʦʱʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. ʇʦʛʣʦʱʝʥʠʝ ʠ 

ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʨʝʜʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ [3]. 

ɺ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʦʙʳʯʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʚ 

ʘʪʤʦʩʬʝʨʝ. ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʟʝʤʥʘʷ 

ʘʪʤʦʩʬʝʨʘ, ʩʪʨʫʢʪʫʨʘ ʠʦʥʦʩʬʝʨʳ ʠ ʪ.ʜ.  

ʇʦ ʟʘʢʦʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʦʪʨʘʞʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʢʦʪʦʨʦʡ 

ʪʦʯʢʝ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʠ, ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʫʯʘʩʪʢʦʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʢʨʫʞʘʶʱʠʤ ʪʦʯʢʫ ʦʪʨʘʞʝʥʠʷ. ʕʪʦʪ ʫʯʘʩʪʦʢ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʧʝʨʚʦʡ ʟʦʥʳ ʌʨʝʥʝʣʷ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʚʘʷ ʟʦʥʘ ʌʨʝʥʝʣʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ rʬ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ 

ʚʥʝʰʥʝʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ L ʠ ʜʣʠʥʳ ʚʦʣʥʳ  ‗ [3]:  

                                      ὶʬ
ὒϽ‗

ς
ȟ                                                              ρ 

ʛʜʝ  ὶʬ ʨʘʜʠʫʩ ʟʦʥʳ ʌʨʝʥʝʣʷ. 

ɽʩʣʠ ʚʦʣʥʘ ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʢʣʦʥʥʦ, ʪʦ ʧʝʨʚʘʷ ʟʦʥʘ ʌʨʝʥʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʣʣʠʧʩ, ʙʦʣʴʰʘʷ ʦʩʴ ʢʦʪʦʨʦʛʦ ʚʳʪʷʥʫʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʨʠʩ. 1. 

ʈʘʟʤʝʨʳ ʧʝʨʚʦʡ ʟʦʥʳ ʌʨʝʥʝʣʷ ʥʘ ʨʝʘʣʴʥʳʭ ʋʂɺ ʪʨʘʩʩʘʭ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʢʠʣʦʤʝʪʨʳ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʠ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʠʜʝʘʣʴʥʦ ʨʦʚʥʦʡ ʦʜʥʦʨʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʩʪʨʦʛʦʡ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʠ ʚ ʪʦʯʥʦʩʪʠ, ʩʦʚʧʘʜʘʶʪ ʩ 

ʜʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. 

 

ʈʠʩ. 1. ɿʦʥʘ ʌʨʝʥʝʣʷ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

Fig. 1. Fresnel zone when reflected from the earth's surface 

 

 

 

 

 

 

ʇʨʠ ʥʝʨʦʚʥʦʡ ʠʣʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʦʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʦʧʪʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳ. ɽʩʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʥʘʜ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʦ, ʧʨʝʞʜʝ ʯʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʦʪʨʘʞʘʶʱʝʡ ʦʙʣʘʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʪʨʘʞʘʶʱʘʷ 

ʦʙʣʘʩʪʴ ʧʘʜʘʝʪ ʥʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʦʟʝʨʦ), ʪʦʛʜʘ ʢʘʢ ʧʝʨʝʜʘʶʱʠʝ ʠ 

ʧʨʠʝʤʥʳʝ ʧʫʥʢʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʫʰʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʙʝʨʝʛʘ, ʪʦ ʧʨʠ 

ʨʘʩʯʝʪʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʦʜʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʭʘʨʘʢʪʝʨ ʧʦʣʷ ʙʫʜʝʪ ʪʘʢʦʡ, ʢʘʢ ʝʩʣʠ ʙʳ ʚʩʷ ʪʨʘʩʩʘ ʧʨʦʭʦʜʠʣʘ ʥʘʜ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ɽʩʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʥʘʜ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʦ 

ʨʘʩʩʝʷʥʠʝ ʨʘʜʠʦʚʦʣʥ ʥʝʨʦʚʥʦʩʪʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ï ʢ ʩʛʣʘʞʠʚʘʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʦʣʥ ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʮʠʡ ɻʫʩʭʦʨ ʠ ʆʙʙʫʨʜʦʥ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ. ʅʘ ʫʯʘʩʪʢʝ ʈʈʉ çɻʫʩʭʦʨè ʠ çʆʙʙʫʨʜʦʥè ʥʘʙʣʶʜʘʣʠʩʴ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ɻʫʩʭʦʨ ʠ ʆʙʙʫʨʜʦʥ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90 ʢʤ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʩʪʘʥʮʠʠ çɻʫʩʭʦʨè ʠ 

çʆʙʙʫʨʜʦʥè. 1 - ʧʨʷʤʦʡ ʣʫʯ, 2- ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ 

Fig. 2. Scheme of radio wave propagation between the sections of the station "Guskhor" and 

"Obburdon". 1 - direct beam, 2 - reflected beam 
 

 

 
 

ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ɼʫʰʘʥʙʝïʍʫʜʞʘʥʜ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʮʠʬʨʦʚʘʷ ʨʘʜʠʦʨʝʣʝʡʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ ʪʠʧʘ çNERAè ʥʦʨʚʝʞʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʯʘʩʪʦʪʘʭ 3.9 - 4.1 ɻɻʮ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʳ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʦʚ ʚ ʧʫʥʢʪʝ 

ʧʨʠʝʤʘ: 

 

ʊʘʙʣʠʮʘ 
 ʈʘʜʠʦ 

ʩʪʚʦʣ 1 

ʈʘʜʠʦ 

ʩʪʚʦʣ 2 

ʈʘʜʠʦ 

ʩʪʚʦʣ 3 

ʈʘʜʠʦ 

ʩʪʚʦʣ 4 

ʈʘʜʠʦ 

ʩʪʚʦʣ 5 

ʈʘʜʠʦ 

ʩʪʚʦʣ 6 

ʈʘʜʠʦ 

ʩʪʚʦʣ 

(ʨʝʟʝʨʚ) 

ʏʘʩʪʦʪʘ (ʄʛʮ) 3930 3970 4010 4050 4090 4130 4170 

ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ (dBm) 

ʥʘʧʨʘʚʣʝʥʠʝ ʆʙʙʫʨʜʦʥ 

-60-63 -62-65 -64-66 -58-61 -60-63 -63-65 -58-62 

ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ (dBm) 

ʥʘʧʨʘʚʣʝʥʠʝ ɻʫʩʭʦʨ 

-59-60 -59-61 -60-61 -58-59 -59-60 -58-60 -57-58 

 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʝʟʦʥʥʦʩʪʴ ʚ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʜʘʸʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʝʩʪʠ ʜʘʣʴʥʝʡʰʠʝ ʧʦʠʩʢʠ 

ʤʝʩʪʘ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʧʦʨʦʜ ʚ ʨʘʡʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʟʘʤʠʨʘʥʠʡ, ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ.    
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ʋɼʂ 552.1 

ʈɽɼʂʆʕʃɽʄɽʅʊʅʓʁ ʉʆʉʊɸɺ ɸʄʌʀɹʆʃɸ ɺ ʑɽʃʆʏʅʓʍ ɹɸɿʀʊɸʍ 

ʖɾʅʆɻʆ ʊʗʅʔ-ʐɸʅʗ 
 

ʄʘʣʘʭʦʚ ʌ.ɸ., ʉʘʬʘʨʘʣʠʝʚ ʅ.ʉ.  

ɻʣʘʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʝʦʣʦʛʠʠ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ,  

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʉʨʘʚʥʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʛʘʢʨʠʩʪʦʚ ʘʤʬʠʙʦʣʘ ʠʟ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʦʚ 

ʨʘʟʥʳʭ ʟʦʥ ʧʦʢʘʟʳʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (ʪʘʙʣ.1). ʄʝʛʘʢʨʠʩʪʳ ʘʤʬʠʙʦʣʦʚ 

ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʟʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚ ʮʝʣʦʤ ʧʦʥʠʞʝʥʥʦʡ ʪʠʪʘʥʠʩʪʦʩʪʴʶ ʠ 

ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʝʥʥʦʡ ʢʘʣʠʝʚʦʩʪʴʶ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʗʛʥʦʙʩʢʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦ- ɻʠʩʩʘʨʩʢʦʡ 

ʟʦʥʘʤʠ), ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ Rb, Ba ʠ ʤʝʥʴʰʝ Ni ʠ ʉʦ. ɸʤʬʠʙʦʣ ʠʟ ʚʢʣʶʯʝʥʠʡ ʛʘʙʙʨʦ 

ʗʛʥʦʙʩʢʦʡ ʟʦʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʤʬʠʙʦʣʫ ʛʦʨʥʙʣʝʥʜʠʪʦʚ ï ʛʘʙʙʨʦ ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʟʦʥʳ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ Li, ʦʪʯʘʩʪʠ Sr ʠ ʤʝʥʴʰʝ ï Rb, F ʠ Ni. ɼʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʘʤʬʠʙʦʣʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʡ Cs, Cr, Pb, Sn. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤ 

ʩʣʶʜʘʤ ʘʤʬʠʙʦʣʳ ʦʙʝʜʥʝʥʳ Ti, Li , Rb, Cs, Ba, Cr, F, Ni, Tl ʠ ʦʙʦʛʘʱʝʥʳ Sr, V. ʅʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʯʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʘʤʬʠʙʦʣʦʚ ʦʪ ʠʭ ʭʠʤʠʟʤʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʪʠʪʘʥʠʩʪʦʩʪʠ ʠ ʞʝʣʝʟʠʩʪʦʩʪʠ. ʃʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʘʤʬʠʙʦʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ Rb (8-9 ʛ/ʪ) ʧʨʠ ʧʘʜʝʥʠʠ K/Na ʜʦ 0.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ F ʥʝ ʩʚʷʟʘʥʦ ʩ 

ʢʘʣʠʝʚʦʩʪʴʶ ʠʟʫʯʝʥʥʳʭ ʘʤʬʠʙʦʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʥʠʷ K ʠ F ʨʘʩʪʫʪ ʚ 

ʩʣʶʜʘʭ ʧʘʨʘʣʣʝʣʴʥʦ [1]. 

ʄʝʛʘʢʨʠʩʪʳ ʘʤʬʠʙʦʣʦʚ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʤʠʥʝʨʘʣʘʤ 

ʊʦʢʠʥʩʢʦʛʦ ʉʪʘʥʦʚʠʢʘ ʠ ʇʨʠʙʘʡʢʘʣʴʷ [2; 5] ʟʥʘʯʠʪʝʣʴʥʦ ʚ 3-4 ʨʘʟʘ ʦʙʦʛʘʱʝʥʳ Li ʠ V; ʧʨʠ 

ʵʪʦʤ ʭʠʤʠʟʤ ʩʨʘʚʥʠʚʘʝʤʳʭ ʢʝʨʩʫʪʠʪʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ K/Na) ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʦʢ, ʢʘʢ 

ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Cr, Ni, Co). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʩʪ ʩʨʘʚʥʝʥʠʝ ʛʝʦʭʠʤʠʠ ʘʤʬʠʙʦʣʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ çʯʝʨʥʦʡè Ti-

ʩʝʨʠʠ ʦʙʦʠʭ ʨʝʛʠʦʥʦʚ. ʆʙʦʛʘʱʝʥʥʦʩʪʴ ʨʷʜʘ ʘʤʬʠʙʦʣʦʚ ʪʫʛʦʧʣʘʚʢʠʤʠ ʩʠʜʝʨʦʬʠʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʦʤ ʩʨʝʜʳ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʟʚʠʚʘʣʠʩʴ ʘʤʬʠʙʦʣʳ: ʪʘʢ, 

ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʝ ʧʘʨʛʘʩʠʪʳ ʩʚʷʟʘʥʳ ʩ ʧʝʨʠʜʦʪʠʪʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ. 

ʄʝʛʘʢʨʠʩʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʢʦʛʜʘ 

ʧʝʨʚʠʯʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʟʘʤʝʱʘʝʪʩʷ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʟʜʥʝʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʧʨʠʚʥʝʩʝʥʥʳʤʠ ʬʣʶʠʜʘʤʠ (ʨʘʩʧʣʘʚʘʤʠ). ʇʨʷʤʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʧʦ F 

ʚ ʤʘʥʪʠʡʥʳʭ ʧʘʨʛʘʩʠʪʘʭ (0.01-0.04%) ʠ ʢʝʨʩʫʪʠʪʘ (0.09-0.17%) [1] ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʪʷʥʴʰʘʥʴʩʢʠʝ ʘʤʬʠʙʦʣʳ ʥʝʩʢʦʣʴʢʦ ʦʙʦʛʘʱʝʥʳ F (0.12-0.25%). ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʤʝʶʪʩʷ 

ʝʜʠʥʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ F ʚ ʧʘʨʛʘʩʠʪʘʭ ʠʟ ʢʩʝʥʦʣʠʪʦʚ ʰʧʠʥʝʣʝʚʳʭ ʣʝʨʮʦʣʠʪʦʚ ʄʦʥʛʦʣʠʠ 

(0.3-0.4%), ʧʨʝʚʳʰʘʶʱʠʝ ʵʪʦʪ ʫʨʦʚʝʥʴ [4].  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʘʤʬʠʙʦʣʦʚ ʚ ʮʝʣʦʤ ʧʦʚʪʦʨʷʶʪ, ʭʦʪʷ ʠ çʚ 

ʦʩʣʘʙʣʝʥʥʦʤ ʚʠʜʝè, ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʥʪʠʡʥʳʭ ʩʣʶʜ [3].  ʆʜʥʘʢʦ ʘʤʬʠʙʦʣʳ ʢʘʢ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʠʥʜʠʢʘʪʦʨʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʝʤ 

ʩʣʶʜʳ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʤʬʠʙʦʣʘʭ ʠ ʚʤʝʱʘʶʱʠʭ ʱʝʣʦʯʥʳʭ 

ʙʘʟʠʪʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʥʝ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʪ ʨʷʜ 

ʚʢʣʶʯʘʝʪ ʢʘʢ ʪʫʛʦʧʣʘʚʢʠʝ ʩʠʜʝʨʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (Cr, Ni), ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʠ 

ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (Li, Rb, Cs, Ba, Pb), ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚʳʰʝ ʚ ʱʝʣʦʯʥʳʭ 

ʙʘʟʠʪʘʭ, ʯʝʤ ʚ ʘʤʬʠʙʦʣʘʭ, ʚ 4-10 (ʜʦ 30) ʨʘʟ. ɹʣʠʟʢʠ ʢ ʬʦʥʫ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʦʚ ʠʣʠ ʜʘʞʝ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠ ʚ ʘʤʬʠʙʦʣʘʭ ʩʦʜʝʨʞʘʥʠʷ Ti, F, Co, Sn. ʉʫʱʝʩʪʚʝʥʥʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʘʤʬʠʙʦʣʦʚ ʠ ʚʤʝʱʘʶʱʠʭ ʙʘʟʠʪʦʚ ʩʣʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʝʩʣʠ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʤʝʛʘʢʨʠʩʪʦʚ ʘʤʬʠʙʦʣʘ ʠ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ 

ʚʢʣʶʯʝʥʠʡ ʩ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ, ʪ.ʝ. ʩ ʧʦʟʠʮʠʡ ʠʭ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʦʛʦ 

(ʢʫʤʫʣʘʪʥʦʛʦ) ʛʝʥʝʟʠʩʘ. ʋʯʠʪʳʚʘʷ ʤʘʣʫʶ ʨʦʣʴ ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʤʬʠʙʦʣʝ, 

ʧʦʩʣʝʜʥʠʡ ʜʦʣʞʝʥ ʙʳʣ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʠʟ ʧʦʟʜʥʠʭ (ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ) ʧʦʨʮʠʡ 
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ʤʘʛʤʳ. ʆʜʥʘʢʦ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʩʪʫʧʘʝʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʨʝʟʢʦ ʧʦʥʠʞʝʥʥʳʤ (ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʱʝʣʦʯʥʳʤ ʙʘʟʠʪʘʤ) ʬʦʥʦʤ ʚ ʘʤʬʠʙʦʣʝ Li, Rb, Cs, Ba, Pb, ʦʙʳʯʥʦ 

ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʭʦʜʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʦ ʢʩʝʥʦʛʝʥʥʦʡ ʧʨʠʨʦʜʝ ʘʤʬʠʙʦʣʘ ʠ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ 

ʧʦʨʦʜ ʚ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʘʭ, ʘ ʛʣʘʚʥʦʝ ï ʦ ʝʛʦ ʫʯʘʩʪʠʠ ʚ ʩʫʙʩʪʨʘʪʘʭ ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ ʪʦʞʝ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʤʬʠʙʦʣ ʥʝ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʦʤ 

ï ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʠʥʜʠʢʘʪʦʨʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʗʩʥʦ, ʯʪʦ ʘʤʬʠʙʦʣ ʥʝ 

ʤʦʛ ʙʳʪʴ ʛʣʘʚʥʳʤ çʚʢʣʘʜʯʠʢʦʤè ʜʣʷ ʫʞʝ ʫʧʦʤʷʥʫʪʳʭ Li, Rb, Cs, Ca, Cr, Ni, Pb, ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʪʦʨʳʭ ʚ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʘʤʬʠʙʦʣʘʭ (ʚ ʵʪʦʡ ʨʦʣʠ ʚʳʩʪʫʧʘʣʠ, 

ʚʝʨʦʷʪʥʦ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʩʣʶʜʳ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ, ʦʣʠʚʠʥʳ, Cr-ʰʧʠʥʝʣʠ). ʆʜʥʘʢʦ ʘʤʬʠʙʦʣ 

ʤʦʛ ʠʛʨʘʪʴ ʨʦʣʴ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ çʧʦʩʪʘʚʱʠʢʦʚè Ti, F, H2O 

(ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʣʶʜʘʤʠ), Ca, Al , V, Cʦ (ʩʦ ʩʣʶʜʘʤʠ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤʠ, ʰʧʠʥʝʣʠʜʘʤʠ, K-Na- 

ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ). ʄʝʥʝʝ ʟʘʤʝʪʥʦ ʟʥʘʯʝʥʠʝ ʘʤʬʠʙʦʣʘ ʜʣʷ K, Na, Sr, Ba, ʚʦʟʤʦʞʥʦ, Nb ʠ Zr, 

ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʢʝʨʩʫʪʠʟʠʨʦʚʘʥʥʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʛʦʨʥʙʣʝʥʜʠʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʘʤʬʠʙʦʣ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʣʝʛʢʦʧʣʘʚʢʠʤ ʤʠʥʝʨʘʣʦʤ, ʯʝʤ ʩʣʶʜʳ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ Ti, Ca, F, V ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʣʠ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʳ ʧʣʘʚʣʝʥʠʷ 

ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʕʪʠ ʨʘʩʩʫʞʜʝʥʠʷ ʠʤʝʶʪ ʩʤʳʩʣ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʘʤʬʠʙʦʣ 

ʠ ʘʤʬʠʙʦʣʦʚʳʝ ʧʦʨʦʜʳ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʥʘ ʫʨʦʚʥʝ ʟʘʨʦʞʜʝʥʠʷ 

ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʭ ʤʘʛʤ. ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʤʬʠʙʦʣʘ ʠ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ 

ʥʦʜʫʣʝʡ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʘ ʚ ʨʝʛʠʦʥʝ ʩ ʩʘʤʳʤʠ ʚʝʨʭʥʠʤʠ ʯʘʩʪʷʤʠ ʤʘʥʪʠʠ ʠ ʢʦʨʦʤʘʥʪʠʡʥʳʤ 

ʩʣʦʝʤ. 
 

ʊʘʙʣʠʮʘ 1. ʈʝʜʢʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʦʚ (ʛ\ʪ) 

Table 1. Rare element composition of amphiboles (g/t) 
 ̄ f TiO2  Li  Rb Cs F Ba Sr Cr Ni V Co Pb Sn 

1 35 3.3 5 29 <2 0.16 590 380 25 36 270 38 3.7 2.6 

2 33 3.3 8 24 <1 0.25 - 425 - 63 - - - - 

X1 34 3.3 7 26 <1 0.20 590 402 25 50 270 38 3.7 2.6 

3 46 5.5 3 16 <2 0.12 300 380 <10 35 210 62 2.5 2.9 

4 30 4.5 14 36 2.8 0.17 - 170 68 - - - - - 

5 48 3.3 11 19 <1 0.15 - 340 - 40 - - - - 

6 45 6.0 1 8 <1 0.18 - 425 - 10 - - - - 

X2 42 4.8 9 19 1 0.16 300 330 36 28 210 62 2.5 2.9 

7 36 4.7 2 24 <1 0.19 - 340 - 63 - - - - 

8 34 4.2 4 18 <1 0.22 - 420 - 71 - - - - 

9 35 5.5 2 10 <1 0.19 - 340 - 32 - - - - 

X3 35 4.8 6 16 1 0.20 - 367 - 55 - - - - 

X4 38 4.5 7 19 1 0.18 445 358 33 44 240 50 3.1 2.8 

10 38 5.2 2 6 - - 268 650 32 40 644 66 - - 

11 - 6.0 - 20 - - 440 940 46 - - 69 - - 

12 47 4.0 5 17 <1- 0.24 - 595 - 71 - - - - 

13 - - - - <1 - 470 540 <10 59 270 72 - - 

14 37 4.3 5 14 1 0.24 - 425 - 55 - - - - 

15 45 5.8 16 9 <1 0.17 - 680 - 47 - - - - 

X5 43 4.7 9 13 - 0.20 470 560 <10 58 270 72 - - 

16 27 4.3 4 5 - - 453 850 1020 295 724 55 - - 

 

ʇʨʠʤʝʯʘʥʠʝ: ʟʦʥʳ, ʨʝʛʠʦʥʳ: 1-2, 12-14 ï ʖʞʥʦ-ɻʠʩʩʘʨʩʢʘʷ, 3-6, 15- ʗʛʥʦʙʩʢʘʷ, 7-9- 

ʎʝʥʪʨʘʣʴʥʦ ïɻʠʩʩʘʨʩʢʘʷ (ʍ1, ʍ2, ʍ3 ï ʩʨʝʜʥʠʝ ʧʦ ʟʦʥʘʤ, ʍ4, ʍ5 ï ʩʨʝʜʥʠʝ ʧʦ ʖ.ʊʷʥʴ-ʐʘʥʶ); 

10, 16 ï ʊʦʢʠʥʩʢʠʡ ʉʪʘʥʦʚʠʢ [5], 11- ʇʨʠʙʘʡʢʘʣʴʝ [2]. ʉʨʝʜʥʠʝ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʛʘʢʨʠʩʪʘʤ ɸʤ (Li, Rb, Cs ʚ ʗʛʥʦʙʩʢʦʡ ʟʦʥʝ ï 15, 18 ʠ <2 ʛ\ʪ, ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʟʦʥʝ ï 14, 9 ʠ 5, 6, 16 ʠ <2 ʛ\ʪ; ʚ ʢʩʝʥʦʣʠʪʘʭ ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʟʦʥʳ 

ï 0,23%, ʗʛʥʦʙʩʢʦʡ ï 0.12%). ʉʦʜʝʨʞʘʥʠʷ Tl ʚ ʦʙʨ.1 ʠ 3 ï <0.5 ʛ\ʪ, ʚ ʩʝʨʠʠ ʦʙʨ. 11 Sc-30, Zr-

47, Nb-19 ʛ\ʪ. ʈʝʜʢʠʝ ʵʣʝʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʳ ʭʠʤʠʯʝʩʢʠʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ 
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ʧʣʘʤʝʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʚ ʣʘʙ. ʉʠʙʛʝʦʭʠ ʈɸʅ ʠ ʀɻ ɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʉʦʜʝʨʞʘʥʠʝ TiO2 ʠ F ʧʨʠʚʝʜʝʥʦ ʚ ʤʘʩʩ %. 
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ÆÌÙßÍÄ 
Ðìü øìöú÷ì ùôĄúù ðúðì Ąÿðììýþ, öô āÿýÿýôċþĕúô ïñúāôøôċîôô ìøĀôíú÷ĕú ÿøÿøìù āÿýÿýôċþô 

ûñĄþìü øÿėìüüìüĄÿðìô ûüúþýñýýĕúô øñþìýúøìþôóøüú ðìü øìùþôċô íú÷úôô ÞôČù-äúùô ÆìùÿíĒ þìöüúü 

øñöÿùìùð. Øÿúôýìô þìýôøúþô ĉ÷ñøñùþúô ùúðôü ðìü ìøĀôíú÷ú îì ôùýúô íìóôþôô ôĄúüôô 

Ĕúöÿùìùðì ùôĄúù ðúð, öô úùú ìó ôìþô øôėðúüô ċö ìþúü ĉ÷ñøñùþú úíô÷ô øÿúôýì ùñýþìùð. Íì ôù 

ýô÷ýô÷ì ìø ĉ÷ñøñùþúô ýôðñüúĀô÷ôô øÿĄöô÷ïÿðúó îì ìø íìĆóñ ĉ÷ñøñùþúô ÷ôþúĀô÷ îì āì÷öúĀô÷ 

ðúāô÷ øñĄìîìùð, öô öúùýñùþüìþýôċô úùú ðìü ôùýúô íìóôþôô ôĄúü ùôýíìþ íì ìøĀôíú÷ú íñĄþìü ìýþ. 
Öì÷ôðîúòì״ú: øñïìöüôýþì÷״ú, ìøĀôíú÷״ú, ĉ÷ñøñùþ״úô ùúðôü, ûôüúöýñù, óúùìô ëïùúí, óúùìôô 

 .úü, øìïøìûìõðúĄìîץú, íìóôþĕúô ôĄ״ôýúüô Øìüöìó, øôėðúü, ĕúüí÷ñùðôþ׳
 
ʈɽɼʂʆʕʃɽʄɽʅʊʅʓʁ ʉʆʉʊɸɺ ɸʄʌʀɹʆʃɸ ɺ ʑɽʃʆʏʅʓʍ ɹɸɿʀʊɸʍ ʖɾʅʆɻʆ ʊʗʅʔ-ʐɸʅʗ 

ɺ ʩʪʘʪʴʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʘʤʬʠʙʦʣʦʚ ʚ ʮʝʣʦʤ ʧʦʚʪʦʨʷʶʪ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʫʶ 

ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʘʤʬʠʙʦʣʘʭ ʠ ʚʤʝʱʘʶʱʠʭ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʥʝ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʪ ʨʷʜ ʚʢʣʶʯʘʝʪ ʢʘʢ ʪʫʛʦʧʣʘʚʢʠʝ ʩʠʜʝʨʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʠ 

ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚʳʰʝ ʚ ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʘʭ, ʯʝʤ ʚ ʘʤʬʠʙʦʣʘʭ.  

ʂʣʶʯʝʚʝ ʩʣʦʚʘ: ʤʝʛʘʢʨʠʩʪʳ, ʘʤʬʠʙʦʣʳ, ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʠʨʦʢʩʝʥ, ʗʛʥʦʙʩʢʘʷ ʟʦʥʘ, ʎʝʥʪʨʘʣʴʥʦ-

ɻʠʩʩʘʨʩʢʘ ̫ʟʦʥʘ, ʩʦʜʝʨʞʘʥʠʝ, ʛʦʨʥʙʣʝʥʜʠʪʳ, ʱʝʣʦʯʥʳe ʙʘʟʠʪʳ, ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

 

RARE ELEMENT COMPOSITION OF AMPHIBOLE IN ALKALINE BASITES OF THE SOUTHERN TIEN -

SHAN 

Thus, the geochemical features of amphiboles generally repeat the previously established specificity of 

metasomatism processes in the upper mantle of the Southern Tien Shan. A comparison of the distribution of rare 

elements in amphiboles and host alkaline mafic rocks showed that they are not comparable in terms of the contents of a 

number of elements. This series includes both refractory siderophile elements and some lithophile and chalcophile 

elements, the concentration of which is higher in alkaline mafic rocks than in amphiboles. 

Keywords: megacrysts, amphiboles, rare elements, pyroxene, Yagnob zone, Central Hissar zone, content, 

hornblendites, alkaline mafic rocks, magma formations. 
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ʈʋʟ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ, 

ʅʘʚʦʠʡʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʋʟ, ʛ. ʅʘʚʦʠ, ʋʟʙʝʢʠʩʪʘʥ, 

ɻʋ çʀɻʀʈʅʀɻʄè
 
ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

ʷʚʣʷʝʪʩʷ ʋʩʪʶʨʪʩʢʠʡ ʨʝʛʠʦʥ, ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ, ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʩʷ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʋɺ-ʩʳʨʴʷ), ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʶʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. ʈʘʟʨʝʟ ʶʨʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚʩʝʤʠ ʪʨʝʤʷ ʦʪʜʝʣʘʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʠʞʥʠʭ ʷʨʫʩʦʚ ʥʠʞʥʝʡ 

ʶʨʳ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʉʘʤʩʢʦʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʝ, ʧʨʦʙʫʨʝʥʥʦʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʨʦʛʠʙʘ, 

ʩʣʘʙʦʠʟʫʯʝʥʥʦʛʦ ʛʣʫʙʦʢʠʤ ʙʫʨʝʥʠʝʤ. ʅʘʠʙʦʣʴʰʝʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʠʟʚʣʝʯʝʥʥʳʡ ʠʟ 

ʠʥʪʝʨʚʘʣʘ 3700-3706 ʤ ʙʦʛʘʪʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʳ: Coniopteriscf. hymenophylloides (Brongn.) Sew., C. 

spectabilis Bric., C. zindonensis Bric., NilssoniavittaeformisPrynada, Anozamites minor (Brongn) 

Nathorct, Nilssoniaformosa Vachrameeva et Vasina, Podozamitescf, lanceolatus (L et H) var 

intermedius Heer. ɺʦʟʨʘʩʪ ʠʭ ʦʧʨʝʜʝʣʝʥ ʘʚʪʦʨʘʤʠ ʠ ʧʦʜʪʚʝʨʞʜʸʥ ʗ.ʍ. ʀʤʠʥʦʚʳʤ ʠ ʅ.ʇ. 

ɻʦʤʦʣʠʮʢʠʤ ʢʘʢ ʩʨʝʜʥʝʶʨʩʢʠʡ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʝʜʠʥʠʯʥʳʭ ʬʦʨʤ (Anozamites), ʧʦ ʅ.ʇ. 

ɻʦʤʦʣʠʮʢʦʤʫ, ʦʥ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʠʟʦʚ ʩʨʝʜʥʝʡ ʶʨʳ. ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʚʦʡʩʪʚʝʥʥʳ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʶʛʦ-

ʟʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ ɻʠʩʩʘʨʘ, ʌʝʨʛʘʥʝ, ɺʦʩʪʦʯʥʦʤʫ ʋʨʘʣʫ, ʉʠʙʠʨʠ ʠ ʂʘʟʘʭʩʪʘʥʫ.  

ʆʩʥʦʚʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʰʠ ʜʥʠ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʝʱʝ 

ʚ ʥʘʯʘʣʝ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʪʘʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʢʘʢ ʊ.ʊ. 

ʈʘʜʶʰʢʠʥʘ, ɺ.ʅ. ʇʦʣʷʢʦʚ, ʄ.ʉ. ʈʦʜʦʚʠʣʴʩʢʠʡ, ʄ.ɸ. ʇʝʪʨʦʩʷʥʮ, ʃ.ʉ. ʇʦʟʝʤʦʚʘ, 

ʃ.ʆ.ʊʘʨʘʩʦʚʘ, ʂ.ɸ.ɸʣʠʤʦʚ, ʃ.ʉ.ʍʘʯʠʝʚʘ, ʉ.ʉ. ɸʡʭʦʜʞʘʝʚ, ʍ.ʍ. ɸʚʘʟʭʦʜʞʘʝʚ, ɾ.ʖ. 

ʖʣʜʘʰʝʚ, ʄ.ʅ. ʅʘʨʪʦʜʞʠʝʚ, ɸ.ʇ. ʇʘʡʟʫʣʣʘʝʚ, ɸ.ɸ. ɸʙʠʜʦʚ, ɻ.ʉ. ɸʙʜʫʣʣʘʝʚ, ʉ.ʊ. ʍʫʩʘʥʦʚ, 

ɻ.ɹ.ɽʚʩʝʝʚʘ, ɻ.ɻ. ɼʞʘʣʠʣʦʚ, ɹ.ʀ. ʍʫʜʘʡʙʝʨʛʘʥʦʚ ʠ ʜʨ. [1, 2,3,4,5,6, 7, 8].  

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʯʝʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ 1971 ʛ. 

ʥʘ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʩʦʚʝʱʘʥʠʠ ʧʦ ʤʝʟʦʟʦʶ ʉʨʝʜʥʝʡ ɸʟʠʠ ʙʳʣ ʧʨʠʥʷʪ 

ʧʨʦʝʢʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʫʪʚʝʨʞʜʝʥʥʳʡ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ 

ʂʦʤʠʪʝʪʦʤ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʦʯʪʠ ʚʩʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʶʨʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʩʤʝʞʥʳʝ ʷʨʫʩʘ, ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ 

ʢʦʪʦʨʳʭ ʥʘʤʝʯʘʣʦʩʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʜʘʥʥʳʭ 

ʧʨʦʤʳʩʣʦʚʦʡ ʛʝʦʬʠʟʠʢʠ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ 

ʧʦʠʩʢʦʚʳʭ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ (ɻʈʈ), ʥʘʢʦʧʣʝʥʠʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦ ʨʘʟʙʫʨʠʚʘʝʤʳʤ ʨʘʟʨʝʟʘʤ, ʠʭ ʨʘʩʯʣʝʥʝʥʠʝ ʠ ʢʦʨʨʝʣʷʮʠʷ ʫʪʦʯʥʷʣʠʩʴ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ɻʘʨʙʠʡ ʂʫʘʥʳʰ, ɹʝʩʢʘʣʘ, פʫʡʠ ʐʘʨץʠʡ 

ɹʝʨʜʘʭ, ɺʦʩʪʦʯʥʳʡ ɹʝʨʜʘʭ, ɸʨʘʣ, ɸʨʢʘ-ʂʫʥʛʨʘʜ, ʂʳʟʳʣ-ʐʘʣʳ 1ʧ (5005 ʤ). ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʚʳ ʚ ʚʦʟʨʘʩʪʥʫʶ ʪʨʘʢʪʦʚʢʫ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʶʨʩʢʦʡ ʪʦʣʱʠ ʩ 

ʫʪʦʯʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʪʜʝʣʴʥʳʭ ʷʨʫʩʦʚ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʨʠʙʣʠʟʠʣʦ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʢ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ (ʩʤ. ʨʠʩ. 1). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʠʟʫʯʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʠ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠʟ ʢʝʨʥʘ ʧʨʦʙʫʨʝʥʥʳʭ ʦʧʦʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ, ʧʦʠʩʢʦʚʦ-

ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʋʩʪʶʨʪʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʉʘʤʩʢʘʷ-1ʧ, ʉʝʚʝʨʥʘʷ ʋʨʛʘ-1, ʉʝʚ. ɸʨʘʣ-1, 

ɸʨʘʣ-1, 2, ɺʦʩʪ. ɹʝʨʜʘʭ-5,6,13, ʄʫʡʥʘʢ-1, ɸʨʢʘ-ʂʫʥʛʨʘʜ-1ʧ, ʊʘʭʪʘʢʘʠʨ-1, ɸʢʯʘʣʘʢ-4, 13 ʠ 

ʉʝʚ. ʂʦʩʢʘʣʘ-1. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʪʧʝʯʘʪʢʦʚ, ʩʜʝʣʘʥʥʳʝ ʚ ʵʪʠʭ ʩʢʚʘʞʠʥʘʭ ʙʳʣʠ 

ʘʧʨʦʙʠʨʦʚʘʥʳ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʩʪʘʪʢʘʤ ʉʨʝʜʥʝʡ ɸʟʠʠ ʅ.ʇ. 
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ɻʦʤʦʣʠʮʢʠʤ, ʈ.ʄ. ʍʫʜʘʡʙʝʨʛʘʥʦʚʳʤ ʠ ʗ.ʍ. ʀʤʠʥʦʚʳʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʥʝʩʪʠ 

ʫʪʦʯʥʝʥʠʷ ʚ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʩʭʝʤʫ ʶʨʳ ʋʩʪʶʨʪʘ. 

 

ʈʠʩ. 1. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʋʩʪʶʨʪʘ 

Fig. 1. Stratigraphic scheme of the Jurassic deposits of Ustyurt 

 
 

ʆʜʥʠʤ ʠʟ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʩʪʨʘʪʠʛʨʘʬʠʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʜʝʣʝʥʠʡ ʥʠʞʥʝʛʦ ʦʪʜʝʣʘ ʶʨʳ, ʦʪʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʥʘʯʘʣʝ 
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ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʦ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʤ ʢʦʤʧʣʝʢʩʘʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʥʘ ʧʣʦʱʘʜʷʭ ʂʫʣʘʥʜʳ, ʂʫʛʝʩʝʤ ʠ ʐʘʭʧʘʭʪʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʫʩʠʣʠʷʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʤʥʦʛʠʭ ʣʠʪʦʣʦʛʦʚ, ʩ ʫʯʝʪʦʤ ʧʨʦʤʳʩʣʦʚʦʡ ʛʝʦʬʠʟʠʢʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʶʨʳ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘ ʧʣʦʱʘʜʷʭ ɸʨʘʣ, ɹʝʨʜʘʭ, ʄʫʡʥʘʢ, ɸʨʢʘ-ʂʫʥʛʨʘʜ, ʊʘʭʪʘʢʘʠʨ, ʉʘʤʩʢʘʷ, 

ɸʢʯʘʣʘʢ ʠ ʉʝʚ. ʂʦʩʢʘʣʘ. ʆʜʥʘʢʦ ʨʝʚʠʟʠʷ ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʥʦʚʴ 

ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʟʨʝʟʦʚ ʵʪʠʭ ʧʣʦʱʘʜʝʡ ʧʦʟʚʦʣʠʣʘ ʦʪʣʦʞʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʢʘʢ 

ʥʠʞʥʝʶʨʩʢʠʝ, ʦʪʥʝʩʪʠ ʢ ʩʨʝʜʥʝʡ ʶʨʝ. 

ʉʨʝʜʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʥʦʪʦʥʥʦʡ ʪʦʣʱʝʡ ʩʝʨʦʮʚʝʪʥʳʭ, ʩʚʝʪʣʦ-

ʩʝʨʳʭ, ʢʨʘʩʥʳʭ, ʢʨʘʩʥʦ-ʧʝʩʪʨʳʭ, ʟʝʣʝʥʳʭ, ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʳʭ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ, ʛʦʣʫʙʳʭ, 

ʪʝʤʥʦ-ʩʝʨʳʭ, ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʠʩʪʳʭ ʧʦʨʦʜ ʩ ʦʙʫʛʣʠʚʰʠʤʠʩʷ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʘ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ - ʩ ʧʨʦʩʣʦʷʤʠ ʫʛʣʷ, ʛʜʝ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʧʣʘʩʪʳ ʥʝ ʚʳʜʝʨʞʘʥʳ, 

ʠʤʝʶʱʠʝ ʯʘʩʪʦ ʣʠʥʟʦʚʠʜʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʩʨʝʜʥʝʡ ʶʨʳ 

ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʦʧʫʱʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʋʩʪʶʨʪʘ, ʚ ʨʘʡʦʥʘʭ ʐʘʭʧʘʭʪʳ, ɹʘʨʩʘʢʝʣʴʤʝʩ, ʉʘʤʩʢʘʷ ʠ 

ʉʫʜʦʯʴʝ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1200 ʤ ʜʦ 2400 ʤ. 

ʀʟ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʡ ʶʨʳ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʥʘ ʧʣʦʱʘʜʠ 

ʄʫʡʥʘʢ-1 ʚ ʠʥʪʝʨʚʘʣʝ 2580-2590 ʤ. ɺ ʠʥʪʝʨʚʘʣʝ 2580-2590 ʤ ɹ.ʀ. ʍʫʜʘʡʙʝʨʛʘʥʦʚʳʤ ʠ ʂ.ɸ. 

ɸʣʠʤʦʚʳʤ [3,8] ʦʧʨʝʜʝʣʝʥʳ ʩʧʦʨʳ ʧʘʧʦʨʦʪʥʠʢʦʦʙʨʘʟʥʳʭ - CyathiditesminorCouper, 

TripartinavariabilaMal., Converrucosisporitesdisporituberculatus ʠ ʧʳʣʴʮʘ ʛʦʣʦʩʝʤʝʥʥʳʭ - 

Classopollis, Piceapollenites, Disaccites, Inaperturopollenitesmagnus, Ginkgocycadophytus, 

Bennetitesdilucidus ɺolh., ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʘʣʝʥ-ʙʘʡʦʩʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʝʚʝʨʥʦʛʦ 

ʂʘʚʢʘʟʘ, ʊʫʘʨʢʳʨʘ ʠ ʖʞʥʦʛʦ ʄʘʥʛʳʰʣʘʢʘ [3,5]. 

ɸʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 2580-2590 ʤ ʦʙʥʘʨʫʞʝʥʳ ʩʪʝʙʣʠ ʠ ʦʪʧʝʯʘʪʢʠ 

ʨʘʩʪʝʥʠʡ ʨʦʜʦʚ Pterophyllumsf.anarcanum Schimp., Nilssoniavittae formis Pryn., ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳʝ ʚ ʘʘʣʝʥ-ʙʘʡʦʩʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 

ʅʘ ʧʣʦʱʘʜʠ ʉʝʚʝʨʥʳʡ ɸʨʘʣ-1 ʚ ʠʥʪʝʨʚʘʣʘʭ 3250-3260 ʤ, 3160-3175 ʤ ʚ 

ʧʝʩʯʘʥʦʘʣʝʚʨʠʪʦʚʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʘʭ ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʦʪʧʝʯʘʪʢʠ ʨʦʜʦʚ Nillsoniavittaeformis Pryn., N.inonyeri Yok., ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʩʨʝʜʥʝʶʨʩʢʠʡ ʚʦʟʨʘʩʪ (ʘʘʣʝʥ-ʙʘʡʦʩ). ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʭʚʦʱʠ ʚʩʪʨʝʯʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 3930-

3933 ʤ ʚ ʛʣʠʥʘʭ ʠ ʘʣʝʚʨʦʧʝʣʠʪʘʭ. 

ʅʘ ʧʣʦʱʘʜʠ ɸʨʢʘ-ʂʫʥʛʨʘʜ-1 ʚ ʠʥʪʝʨʚʘʣʝ 3339-3345 ʤ ʦʙʥʘʨʫʞʝʥʳ ʣʠʩʪʦʚʳʝ ʦʪʧʝʯʘʪʢʠ 

ʨʦʜʦʚ Eboraciasp. ʠ Elatocladussubzamioides Mocl., ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʘʪʘ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʝʥ 

ʨʦʜ Podozamitessp., ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʙʘʪʘ. ɺ ʠʥʪʝʨʚʘʣʝ 3935-3941 ʤ ʚʳʜʝʣʝʥʘ ʧʳʣʴʮʘ 

ʛʦʣʦʩʝʤʝʥʥʳʭ Classopollis, SciadopituspollenitesmacroverrucosusIljina, Ginkgocycadophytus ʠ 

ʣʠʩʪʦʚʳʝ ʦʪʧʝʯʘʪʢʠ ʨʦʜʦʚ Equisetites, Coniopteris, Cladophlebis, Nilssonia, ʦʪʚʝʯʘʶʱʠʝ 

ʙʘʡʦʩʩ-ʙʘʪʩʢʦʤʫ ʚʦʟʨʘʩʪʫ [3,5,8]. 

ʅʘ ʧʣʦʱʘʜʠ ɺʦʩʪʦʯʥʳʡ ɹʝʨʜʘʭ-5 ʚ ʠʥʪʝʨʚʘʣʘʭ 1942-1946 ʤ, 2190-2198 ʤ, 2355-2360 ʤ, 

2430-2434 ʤ, 2707-2713 ʤ ʦʧʨʝʜʝʣʝʥʳ ʣʠʩʪʦʚʳʝ ʦʪʧʝʯʘʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʦʜʘʤʠ 

Equisetitesbeanie Sew., Marratiopsissp., Neocalamiteshoerensis ʅʘlle, 

Coniopterishymenophylloides Brik., ʙʘʪ-ʙʘʡʦʩʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʠʥʪʝʨʚʘʣʝ 1782-1758 ʤ ɹ.ʀ. 

ʍʫʜʘʡʙʝʨʛʘʥʦʚʳʤ ʠ ʂ.ɸ. ɸʣʠʤʦʚʳʤ [3,8] ʦʧʨʝʜʝʣʝʥ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʢʦʤʧʣʝʢʩ: 

Cyathiditessp; Cyathiditesg minor Couper, ʉ. junctusAlim., Leiotriletes sp., Toroisporis sp., 

Lophotrilites sp., 0smundacidites sp. ʆ. jurassicus (ʂ-ʄ) ʂuz; Camptotriletessp; Tripartinavariabila 

Maljavkina; Disaccites sp., Araucariacitessp., ɸustralis Cookson, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ, ʊʫʘʨʢʳʨʘ ʠ ʖʞʥʦʛʦ ʄʘʥʛʳʰʣʘʢʘ [5,8]. ʅʘ 

ʧʣʦʱʘʜʠ ɺʦʩʪʦʯʥʳʡ ɹʝʨʜʘʭ-6 ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʚʘʣʘ 2247-2257 ʤ ʥʘʡʜʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʦʪʧʝʯʘʪʢʠ ʨʦʜʘ Pseudotorellinalongifolinasp. nov. Dolud., ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʄʘʥʛʳʰʣʘʢʝ 

ʠ ʊʫʘʨʢʳʨʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʨʝʜʥʝʶʨʩʢʠʡ ʚʦʟʨʘʩʪ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ. 

Ha ʧʣʦʱʘʜʠ ɺʦʩʪʦʯʥʳʡ ɹʝʨʜʘʭ-7 ʚ ʠʥʪʝʨʚʘʣʘʭ 2231-2236 ʤ, 2433-2437 ʤ, 2649-2655 ʤ 

ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʧʝʯʘʪʢʠ Coniopterisspectabilis Brick, 

C.hymenophylloides Brik., C.zindanensis Brick., Eboracialobifolia Thomas., Equisetitesbeanii 

Sew., Cladophlebislobifolia Brongn., Anozamitesminor (Brongn.), Podozamiteslanceolatusvar. 

Intermedius Heer. Brachyphyllummamillare Brongn., Nilssonia sp., Hausmania sp., 
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Pityophyllumnordenskoi (Heer.) Nath., Ginkgosp., ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʩʨʝʜʥʝʶʨʩʢʦʤʫ (ʢʝʣʣʦʚʝʡ-

ʙʘʪ, ʘʘʣʝʥ-ʙʘʡʦʩ) [8] ʚʦʟʨʘʩʪʫ. 

Ha ʧʣʦʱʘʜʠ ɸʨʘʣ ʚ ʠʥʪʝʨʚʘʣʘʭ 3863-3867 ʤ (ʩʢʚ. ˉ1), 4020-4021 ʤ, 4040-4042 ʤ (ʩʢʚ. 

ˉ2) ʠ 4133-4135 ʤ (ʩʢʚ. ˉ3) ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʧʝʯʘʪʢʠ ʨʦʜʦʚ ʠ 

ʚʠʜʦʚ Coniopterisgorumofesis Brick., C.pubcherrima Brick., C.spectabilis Brick., Nilssoniasp., 

ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʨʝʜʥʝʶʨʩʢʦʤʫ (ʘʘʣʝʥʙʘʡʦʩ) ʚʦʟʨʘʩʪʫ. 

ʅʘ ʧʣʦʱʘʜʠ ʉʝʚʝʨʥʘʷ ʋʨʛʘ-1 ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʚʘʣʘ 2310-2316 ʤ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

ʘʣʝʚʨʦʣʠʪʘʭ ʚʩʪʨʝʯʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʨʦʜʘ Coniopterisfurssenkoi Pryn., ʢʦʪʦʨʳʡ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʐʫʨʘʙ-ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ (ʢʝʣʣʦʚʝʡ). ɺ ʠʥʪʝʨʚʘʣʝ 

2510-2515 ʤ ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʪʧʝʯʘʪʢʠ ʨʦʜʦʚ Taeniopteris, Podozamites, 

Hausmania, ʚʩʪʨʝʯʝʥʥʳʝ ʚ ʦʪʣʦʞʝʥʠʷʭ ʩʨʝʜʥʝʡ ʶʨʳ (ʙʘʡʦʩ) ʄʘʥʛʳʰʣʘʢʘ ʠ ʚʠʜ 

Nilssoniapolymorpha Seh. ʀʟ ʙʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʊʘʰʢʫʪʘʥʘ ʚ ʠʥʪʝʨʚʘʣʘʭ 2510-2515 ʤ , 2815-

2827 ʤ, 2900-2905 ʤ, 3060-3065 ʤ, 3402-3404 ʤ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʧʝʯʘʪʢʠ 

Nilssoniasp., Hausmanialeiena Sz., Clathropterisobovate Oisivar. MagnaTur.-Kot., ʠʟʚʝʩʪʥʳʝ ʠʟ 

ʩʨʝʜʥʝʡ ʶʨʳ (ʘʘʣʝʥ-ʙʘʡʦʩ) ʄʘʥʛʳʰʣʘʢʘ [3,5,8 ]. 

ʅʘ ʧʣʦʱʘʜʠ ʉʘʤʩʢʘʷ -1ʧ ʚ ʠʥʪʝʨʚʘʣʘʭ 3150-3167,5 ʤ; 3406-3412 ʤ; 3412-3418 ʤ; 3700-

3706 ʤ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʧʝʯʘʪʢʠ 

Coniopterisspectabilis Brick., C.hymenophylloides (Brongn.) Sew., C.zindanensis Brick., 

Eboracialobifolia (Pinll.) Thomas., Equisetitesbeanii Sew., Cladophlebislobifolia Brongn., 

Anomozamites minor (Brongn.) Sew., Podozamiteslanceolatus var. intermedius Heer., 

Brachyphyllummamillare Brongn., Nilssonianiformoza Vachrameeva et Vasina, Hausmannia sp., 

Pityophyllumnordenskoi (Heer.) Nath., Ginkgosp., ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʩʨʝʜʥʝʶʨʩʢʦʤʫ (ʢʝʣʣʦʚʝʡ-ʙʘʪ, ʘʘʣʝʥ-ʙʘʡʦʩ). ɺ ʠʥʪʝʨʚʘʣʘʭ 2520-2526 ʤ, 2716-2722 ʤ, 3150-

3167,5 ʤ, 3412-3418 ʤ ɹ.ʀ. ʍʫʜʘʡʙʝʨʛʘʥʦʚʳʤ ʠ ʂ.ɸ. ɸʣʠʤʦʚʳʤ [3,8] ʦʧʨʝʜʝʣʝʥ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʦʡ ʢʦʤʧʣʝʢʩ Eqtlisetitesvariabilis Vinogradova, Cyathiditessp; Cyathiditesminor Couper, 

ʉ.junctus Alim., Leiotriletessp., Toroisporissp., Lophotrilitessp., 0smundaciditessp., ʆ.jurassicus 

(ʖʄ) ʂʰ; Camptotriletessp; Tripartinavariabila Maljavkina; Disaccitessp., Araucariacitessp., 

ɸ.australis Cookson. 

ʅʘ ʧʣʦʱʘʜʠ ʊʘʭʪʘʢʘʠʨ-1 ʚ ʠʥʪʝʨʚʘʣʘʭ 3202-3210 ʤ, 3274-3281 ʤ, 3375-3385 ʤ, 3410-

3417 ʤ, 3630-3641 ʤ ʘʚʪʦʨʘʤʠ ʦʪʦʙʨʘʥ ʢʝʨʥ ʠ ʚ ʥʠʭ ʚʩʪʨʝʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʪʧʝʯʘʪʢʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ Neocalamitessp., N.hoerensis ʅʘʥʝ, ʉʦniopterisspectabilis Brick., 

Plicatavar. Brick., Cladophlebisdenticulate (Brongn.), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʫʶʢʩʢʦʡ, ʯʘʨʪʘʰʩʢʦʡ 

ʩʚʠʪʘʤ ʥʠʞʥʝʡ (ʪʦʘʨ) ʠ ʩʨʝʜʥʝʡ (ʘʘʣʝʥ-ʙʘʡʦʩ) ʶʨʝ ɺʦʩʪʦʯʥʦʡ ʌʝʨʛʘʥʳ (ʄ.ʀ. ɹʨʠʢ) [3,5,8]. 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚʩʪʨʝʯʝʥ ɺ.ʇ. ʇʨʦʩʚʠʨʷʢʦʚʦʡ ʧʦ ʧʝʨʠʬʝʨʠʠ ʭʨʝʙʪʘ 

ʂʘʨʘʪʘʫ ʠ ɺʦʩʪʦʯʥʳʡ ʂʘʨʘʪʘʫ ʚ ʩʨʝʜʥʝʡ ʶʨʝ (ʘʘʣʝʥ-ʙʘʡʦʩ) ʠ ʥʘ ʄʘʥʛʳʰʣʘʢʝ. 

ʅʘ ʧʣʦʱʘʜʠ ɸʢʯʘʣʘʢ-4 ʠ ɸʢʯʘʣʘʢ-13 ʚ ʠʥʪʝʨʚʘʣʘʭ 3145-3153 ʤ ʠ 3152-3162 ʤ ʘʚʪʦʨʘʤʠ 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʧʝʯʘʪʢʠ Nilsssoniasp., Taeniopterisvittata Brong. ʠ ʦʪʧʝʯʘʪʢʠ 

ʢʨʫʧʥʳʭ ʚʝʝʨʦʚʠʜʥʳʭ ʣʠʩʪʴʝʚ Ginkgosibirica, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʨʝʜʥʝʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ (ʪʦʥʘʰʠʥʩʢʘʷ ʩʚʠʪʘ) ʄʘʥʛʳʰʣʘʢʘ. 

ʅʘ ʧʣʦʱʘʜʠ ʉʝʚʝʨʥʳʡ ʂʦʩʢʘʣʘ-1 ʚ ʠʥʪʝʨʚʘʣʘʭ 2613-2625 ʤ ʠ 2927-2940 ʤ ʚʩʪʨʝʯʝʥʳ 

ʦʪʧʝʯʘʪʢʠ ʨʘʩʪʝʥʠʡ ʨʦʜʦʚ Uralophyllumkuschlini Sixt., Nilssoniavittaeformis Prynada, 

Equisetitessp., Hausmanniasp., ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʘʣʝʥʙʘʡʦʩʩʢʦʤʫ ʚʦʟʨʘʩʪʫ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʄʘʥʛʳʰʣʘʢʘ, ʊʫʘʨʢʳʨʘ ʠ ʖʛʦ-ʟʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ ɻʠʩʩʘʨʘ. 

ɿʘʢʣʶʯʝʥʠʝ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚ ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʨʘʪʠʛʨʘʬʠʠ 

ʶʨʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʋʩʪʶʨʪʘ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʠ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʢʦʤʧʣʝʢʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘʨʷʜʫ ʩ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ, ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʤʠ ʠ ʜʨ., ʜʘʝʪ 

ʙʦʣʝʝ ʧʦʣʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ 

ʢʦʨʨʝʣʷʮʠʠ ʶʨʩʢʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ.  
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PLANT IMPRESSIONS OF THE JURASSIC DEPOSITS OF THE USTYURT REGION AND THEIR 

STRATIGRAPHIC SIGNIFICANCE  

This article substantiates the relevance of research, the combined use of various paleontological methods, in 

particular, floristic and palynological methods, which, along with geophysical, lithofacies, and others, provide more 

complete material for use in detailed subdivision and correlation of Jurassic continental deposits. 
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ɺʦʧʨʦʩ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʢʣʘʜʯʘʪʦʩʪʠ ɸʊɺ ʠ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ ʘʥʪʠʢʣʠʥʘʣʝʡ 

ʪʨʘʢʪʫʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʏʘʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1] ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʣʘʜʦʢ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʩʨʳʚʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʧʦ 

ʧʣʘʩʪʠʯʥʦʡ ʚʝʨʭʥʝʶʨʩʢʦʡ ʩʦʣʷʥʦ-ʛʠʧʩʦʚʦʡ ʪʦʣʱʝ. ʉʚʷʟʴ ʤʝʞʜʫ ʜʠʩʣʦʢʘʮʠʷʤʠ ʬʫʥʜʘʤʝʥʪʘ 

ʠ ʥʘʜʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʵʪʦʤ ʦʪʨʠʮʘʝʪʩʷ. ʇʦʜ ʥʘʜʩʦʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʦʞʠʜʘʝʪʩʷ 

ʩʧʦʢʦʡʥʘʷ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʜʩʦʣʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʛʨʫʞʝʥʥʘʷ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ (6 

ʢʤ ʠ ʙʦʣʝʝ). 

ʉʦʛʣʘʩʥʦ ʜʨʫʛʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [5; 6], ʜʦʧʫʩʢʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʣʘʜʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʣʠʟʢʠʭ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʦʜʚʠʞʢʘʤ ʙʣʦʢʦʚ ʬʫʥʜʘʤʝʥʪʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʠʩʣʦʢʘʮʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʠ ʯʝʭʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʧʨʝʤʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʩʢʣʘʜʢʠ ʚ ʧʨʝʜʝʣʘʭ ɸʊɺ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʩʦʯʝʪʘʥʠʷ ʙʣʦʢʦʚʳʭ 

ʧʦʜʚʠʞʝʢ ʬʫʥʜʘʤʝʥʪʘ ʠ ʣʦʢʘʣʴʥʦʛʦ ʩʨʳʚʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʧʦ ʚʝʨʭʥʝʶʨʩʢʦʡ 

ʩʦʣʷʥʦ-ʛʠʧʩʦʚʦʡ ʪʦʣʱʝ. ʂʘʞʜʦʡ ʢʨʫʧʥʦʡ ʩʢʣʘʜʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʜʝʣʴʥʳʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʩʤʝʱʝʥʥʳʡ ʧʦ ʨʘʟʨʳʚʫ, ʙʣʦʢ ʬʫʥʜʘʤʝʥʪʘ.  

ɽʩʣʠ ʧʦʜʳʪʦʞʠʪʴ ʵʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʫʶ ʦʙʱʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʨʨʠʪʦʨʠʠ ɸʊɺ. ʄʝʞʜʫ ʚʳʩʦʢʦ ʧʦʜʥʷʪʳʤʠ ʛʦʨʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ 

ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʥʘ ʩʝʚʝʨʝ (ɻʠʩʩʘʨʦ-ɿʝʨʘʚʰʘʥʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʦʪʤʝʪʢʘʤʠ ʨʝʣʴʝʬʘ ʜʦ 4-6 

ʢʤ), ʇʘʤʠʨʘ ʠ ɹʘʜʘʭʰʘʥʘ ʥʘ ʚʦʩʪʦʢʝ (ʩ ʦʪʤʝʪʢʘʤʠ ʨʝʣʴʝʬʘ ʜʦ 7 ʢʤ), ɻʠʥʜʫʢʫʰʘ ʥʘ ʶʛʝ (ʩ 

ʚʳʩʦʪʘʤʠ ʜʦ 3-7 ʢʤ) ʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʨʦʜ ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʫʶ 

ʩʠʥʢʣʠʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʤʝʞʛʦʨʥʦʡ ʚʧʘʜʠʥʳ, ʢʦʪʦʨʘʷ ʚʳʩʦʢʦ ʧʨʠʧʦʜʥʷʪʘ (ʜʦ 2,5 ʢʤ) 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʞʛʦʨʥʘʷ ʚʧʘʜʠʥʘ, ʯʝʨʝʟ ɹʘʡʩʫʥʩʢʠʡ ʛʨʘʙʝʥ, 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʨʘʚʥʠʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʤʝʛʘʥʪʠʢʣʠʥʘʣʠ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ 

ɻʠʩʩʘʨʘ. 

ʈʘʟʥʠʮʘ ʚ ʦʪʤʝʪʢʘʭ ʟʘʣʝʛʘʥʠʷ ʧʦʜʦʰʚʳ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʝʞʜʫ ʙʦʨʪʘʤʠ ʠ 

ʥʘʠʙʦʣʝʝ ʧʨʦʛʥʫʪʳʤʠ ʟʦʥʘʤʠ ʟʘʚʝʜʦʤʦ ʧʨʝʚʳʰʘʝʪ 12 ʢʤ ʠ ʙʦʣʝʝ. ɺ ʨʝʣʴʝʬʝ ʚʧʘʜʠʥʳ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʛʦʨʥʳʝ ʤʘʩʩʠʚʳ, ʦʪʚʝʯʘʶʱʠʝ ʢʨʫʧʥʳʤ 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʤ ʩʢʣʘʜʢʘʤ ʠ ʛʦʨʩʪʘʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʞʛʦʨʥʳʤʠ ʚʧʘʜʠʥʘʤʠ ʠ 

ʧʨʦʛʠʙʘʤʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ,  ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚʧʘʜʠʥʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ, ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʤ ʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ, ʘ ʧʦ ʛʨʦʤʘʜʥʳʤ 

ʘʤʧʣʠʪʫʜʘʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʙʦʣʴʰʠʤ ʤʦʱʥʦʩʪʷʤ 

ʚʩʝʭ ʧʦʩʣʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʛʝʥʝʟʠʩʘ, ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ [6].  
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ʇʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʶʨʳ, ʤʝʣʘ, ʧʘʣʝʦʛʝʥʘ, ʥʝʦʛʝʥʘ [8], ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 

ʤʝʟʦʟʦʡʩʢʦ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʧʨʦʛʠʙʘʥʠʷ, 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʘʣʝʦʩʪʨʫʢʪʫʨʳ, ʦʩʣʦʞʥʝʥʥʳʝ ʨʘʟʣʦʤʘʤʠ 

ʧʦ ʙʦʨʪʦʚʳʤ ʯʘʩʪʷʤ. ʆʙʱʝʝ ʚʦʟʜʳʤʘʥʠʝ ʧʘʣʝʦʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʦʚ ʚʧʘʜʠʥʳ, ʢʘʢ ʥʘ ʩʝʚʝʨ, ʪʘʢ ʠ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ɺ ʵʪʠʭ ʞʝ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ 

ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʦʚʫʰʝʢ. ʇʦ ʜʘʥʥʳʤ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʨʷʜʫ ʩ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʠ ʩʦʣʷʥʦ-ʜʠʘʧʠʨʦʚʳʤʠ ʣʦʚʫʰʢʘʤʠ 

ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʦʚʫʰʝʢ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʪʠʧʦʚ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʥʥʦ ʬʘʮʠʘʣʴʥʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʠʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʸʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʢʨʳʚʘʶʪ ʦʙʱʫʶ 

ʢʘʨʪʠʥʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʟʦʥʘʭ ʧʦʠʩʢʘ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [14].  

ʊʝʢʪʦʥʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʟʘʣʝʞʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʚʠʪʳ ʥʘ ʤʥʦʛʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ [8; 11; 12]. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʛʫʩʪʦʡ ʩʝʪʠ ʨʘʟʨʳʚʦʚ ʠ 

ʯʝʰʫʡʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʚ ɸʊɺ. ʊʘʢʠʝ ʣʦʚʫʰʢʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʘ ʨʘʟʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʭ - ʜʦ 6 ʢʤ ʠ ʙʦʣʝʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʘʭʦʜʷʪʩʷ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʇʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ 

Fig. 1. Longitudinal and transverse geological profiles 

 
ʆʪʣʦʞʝʥʠʷ: 1 - ʢʠʤʝʨʠʜʞ-ʪʠʪʦʥʩʢʠʝ, 2 - ʢʝʣʣʦʚʝʡ-ʦʢʩʬʦʨʜʩʢʠʝ; 3 - ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 4 - ʧʨʦʙʫʨʝʥʥʳʝ 

ʩʢʚʘʞʠʥʳ; 5-ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ; 6 - ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ. ɼʇ - ɼʫʰʘʥʙʠʥʩʢʠʡ ʧʨʦʛʠʙ, ʂɸɿ - 

ʂʘʬʠʨʥʠʛʘʥʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴʥʘʷ ʟʦʥʘ, ɺʉɿ - ɺʘʭʰʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴʥʘʷ ʟʦʥʘ. ʆɸɿ - ʆʙʠʛʘʨʤʩʢʘʷ 

ʘʥʪʠʢʣʠʥʘʣʴʥʘʷ ʟʦʥʘ, ʂʉɿ - ʂʫʣʷʙʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴʥʘʷ ʟʦʥʘ, ʉʉɿ - ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴʥʘʷ ʟʦʥʘ. 

 

ʉʫʱʝʩʪʚʫʶʪ ʤʥʝʥʠʷ, ʯʪʦ ʚ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥʘʭ 

(ʂʘʬʠʨʥʠʛʘʥʩʢʘʷ, ʆʙʠʛʘʨʤʩʢʘʷ) ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʝʩʥʦ ʩʞʘʪʳ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ 

ʥʠʭ ʥʠʞʥʠʡ ʧʘʣʝʦʛʝʥ ʚʳʚʝʜʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʚʝʩʴʤʘ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳ 

ʜʣʷ ʧʦʠʩʢʦʚ ʢʨʫʧʥʳʭ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ ʣʠʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʦʚʫʰʝʢ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʚ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ ʚʨʝʤʷ ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʙʝʣ. 

ʏʪʦʙʳ ʨʘʟʚʠʚʘʪʴ ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦʠʩʢʦʚ ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʦʚʫʰʝʢ ʜʣʷ ɸʊɺ ʩ ʫʯʝʪʦʤ 

ʩʚʦʝʦʙʨʘʟʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ, ʦʩʦʙʝʥʥʦ ʚ ʥʝʦʛʝʥ-

ʘʥʪʨʦʧʦʛʝʥʦʚʦʝ ʚʨʝʤʷ; 

- ʠʩʧʦʣʴʟʫʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʦʚʫʰʝʢ 

ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʦʛʦ ʪʠʧʘ, ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʣʷ ʩʣʦʞʥʦ 

ʧʦʩʪʨʦʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ ɸʊɺ; 
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- ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʦʚʫʰʝʢ, ʪʘʢ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʜʘʥʥʳʤʠ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʷʚʣʝʥʠʶ ʟʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʚʳʢʣʠʥʠʚʘʥʠʷ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ɸʊɺ ʷʚʣʷʝʪʩʷ ʀʣʷʢʩʢʘʷ ʰʠʨʦʪʥʘʷ ʟʦʥʘ ʩʜʚʠʛʦʚ. ʇʦ ʜʘʥʥʳʤ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʀʣʷʢʩʢʦʤʫ ʨʘʟʣʦʤʫ ʧʨʦʠʟʦʰʣʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʩʤʝʱʝʥʠʝ ʪʠʧʘ ñʩʙʨʦʩò, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʬʫʥʜʘʤʝʥʪ ɼʫʰʘʥʙʠʥʩʢʦʛʦ 

ʧʨʦʛʠʙʘ ʦʢʘʟʘʣʩʷ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʜʘʤʝʥʪʘ ʩʦʙʩʪʚʝʥʥʦʡ ʜʝʧʨʝʩʩʠʠ ʥʘ 1,5-2,0 ʢʤ, ʘ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʟʦʥʳ ï ʜʦ 10-12 ʢʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʩʝʛʦʜʥʷ ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ 

ʥʘ ʨʦʣʴ ʀʣʷʢʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ɸʊɺ [11].  

ʆʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʚʦʧʨʦʩ ʚʩʢʨʳʪʠʷ ʚʝʨʭʥʝʶʨʩʢʦʛʦ ʛʘʟʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʤʦʥʦʬʘʮʠʘʣʴʥʦʡ ʪʦʣʱʝʡ ʩʦʣʷʥʦ-ʛʠʧʩʦʚʳʭ ʧʦʨʦʜ ʩ 

ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʦʚ, ʢʦʪʦʨʫʶ ɺ.ʇ. ʄʠʨʦʰʥʠʯʝʥʢʦ ʚʳʜʝʣʠʣ ʚ ʛʘʫʨʜʘʢʩʢʫʶ ʩʚʠʪʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʙʫʨʝʥʠʷ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʚ ʧʨʝʜʝʣʘʭ ɸʊɺ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʵʪʦʪ ʛʨʘʙʝʥ ʦʙʨʘʟʥʦʡ ʚʧʘʜʠʥʳ, ʛʘʫʨʜʘʢʩʢʘʷ ʩʚʠʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʙʦ ʛʠʧʩʘʤʠ (ʘʥʛʠʜʨʠʪʘʤʠ) ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʦʚ, ʣʠʙʦ ʠʤʝʝʪ 

ʪʨʝʭʯʣʝʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʦʠʪ ʠʟ ʥʠʞʥʠʭ ʛʠʧʩʦʚ-ʘʥʛʠʜʨʠʪʦʚ, ʩʨʝʜʥʝʡ 

ʩʦʣʝʥʦʩʥʦʡ ʪʦʣʱʠ ʠ ʚʝʨʭʥʠʭ ʘʥʛʠʜʨʠʪʦʚ. ʉʚʠʪʘ ʟʘʣʝʛʘʝʪ ʚ ʚʠʜʝ ʣʠʥʟʳ ʦʛʨʦʤʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚʦ ʚʧʘʜʠʥʘʭ ʠʟʤʝʨʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʢʠʣʦʤʝʪʨʘʤʠ ï ʜʦ 3-4 ʢʤ ʠ ʙʦʣʝʝ 

[2],  ʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʥʷʪʠʡ ʦʥʘ ʥʝʨʝʜʢʦ ʧʦʣʥʦʩʪʴʶ ʚʳʢʣʠʥʠʚʘʝʪʩʷ ʠʣʠ ʬʘʮʠʘʣʴʥʦ ʧʝʨʝʭʦʜʠʪ 

ʚ ʤʘʣʦʤʦʱʥʫʶ ʧʘʯʢʫ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʩʣʠʚʘʶʱʠʭʩʷ ʚ ʦʜʥʦ ʮʝʣʦʝ ʩ 

ʢʨʘʩʥʦʮʚʝʪʘʤʠ ʥʠʞʥʝʢʘʨʘʙʠʣʴʩʢʦʡ ʧʦʜʩʚʠʪʳ.   

ɸʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʧʣʦʱʘʜʷʤ, ʧʨʠʤʳʢʘʶʱʠʤ ʢ ʧʨʘʚʦʤʫ ʙʝʨʝʛʫ 

ɸʤʫ ɼʘʨʴʠ ï ʉʦʭʠʣʠ, ɸʡʚʘʜʞ, ʂʫʤ, ʂʘʨʘʜʫʤ, ʅʘʡʯʠ ï ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ɸʡʚʘʜʞʩʢʦʛʦ ʚʳʩʪʫʧʘ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤ ʩʢʣʘʜʯʘʪʳʤ 

ʦʩʥʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʡ ʧʨʦʩʪʠʨʘʝʪʩʷ ʩʫʙʰʠʨʦʪʥʦ. 

ɺʳʩʪʫʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʣʫʙʦʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʧʘʣʝʦʟʦʡʩʢʦʛʦ 

ʩʢʣʘʜʯʘʪʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʜʘʣʴʥʝʡʰʝʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʭ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨʝʢʠ ɸʤʫ-ɼʘʨʴʠ 

ʧʦʤʦʛʫʪ ʚʳʷʩʥʠʪʴ ʩʪʨʦʝʥʠʝ ʠ ʧʨʠʨʦʜʫ ʵʪʦʛʦ ʜʨʝʚʥʝʛʦ ʧʦʜʥʷʪʠʷ. ʂʘʢ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʨʝʚʥʝʛʦ ʟʘʣʦʞʝʥʠʷ, ɸʡʚʘʜʞʩʢʠʡ ʚʳʩʪʫʧ ʬʫʥʜʘʤʝʥʪʘ ʙʫʜʝʪ ʟʘʤʝʪʝʥ ʧʦ 

ʦʪʩʫʪʩʪʚʠʶ ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʳʭ ʯʘʩʪʷʭ, 

ʩʦʢʨʘʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʤʝʣʦʚʳʭ, ʧʘʣʝʦʛʝʥʦʚʳʭ ʠ ʥʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦ ʙʦʣʝʝ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤ ʧʝʨʝʨʳʚʘʤ ʚ  ʥʘʢʦʧʣʝʥʠʠ ʦʩʘʜʢʦʚ ʠ ʙʦʣʴʰʠʤ ʠʭ ʯʠʩʣʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʤʝʟʦ-ʢʘʡʥʦʟʦʷ. ɺʤʝʩʪʝ ʩ ʧʦʛʨʫʞʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ ʙʫʜʝʪ ʦʪʤʝʯʘʪʴʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʤʦʱʥʦʩʪʠ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʢʘʢ ʟʘ ʩʯʝʪ ʤʝʣʦʚʳʭ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʝʥʠʷ ʶʨʩʢʠʭ ʩʦʣʝʥʦʩʥʳʭ 

ʦʪʣʦʞʝʥʠʡ.  

ʋʤʝʩʪʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʧʨʦʙʫʨʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ ʥʘ ʧʣʦʱʘʜʠ ʉʦʭʠʣʠ, ɸʡʚʘʜʞ ʦʪʨʠʮʘʶʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʇʨʠʘʤʫʜʘʨʴʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ 

ʬʫʥʜʘʤʝʥʪʝ ʪʦʣʴʢʦ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ɸʤʫ-ɼʘʨʴʠ, ʢʦʪʦʨʳʡ ʷʢʦʙʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʫʶ 

ʠʩʪʦʨʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʘʚʦ- ʠ ʣʝʚʦʙʝʨʝʞʥʳʭ ʨʘʡʦʥʦʚ. ʉʚʦʝ ʩʫʞʜʝʥʠʝ ʦʥʠ 

ʙʘʟʠʨʫʶʪ ʥʘ ʪʦʤ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ, ʚ 

ʣʝʚʦʙʝʨʝʞʥʦʡ ʝʝ ʯʘʩʪʠ ʥʘ ʨʘʟʤʳʪʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʛʝʥʘ ʠ ʤʠʦʮʝʥʘ 

ʣʦʞʘʪʩʷ ʜʨʝʚʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ.  

ʄʳ ʥʘʭʦʜʠʤ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ, ʪʘʢʞʝ ʟʘʣʝʛʘʶʪ 

ʜʨʝʚʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʧʦʨʦʜʳ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʣʦʠ ʧʘʣʝʦʛʝʥʘ ʠ ʜʘʞʝ ʤʝʣʘ (ʉʦʭʠʣʠ, 

ʩʢʚ. ˉˉ 1,3, ɸʡʚʘʜʞ, ʩʢʚ. ˉˉ 1,2).  

ʀʜʝʥʪʠʯʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʣʝʚʦʛʦ (ʘʬʛʘʥʩʢʦʛʦ) ʠ ʧʨʘʚʦʛʦ (ʪʘʜʞʠʢʩʢʦʛʦ) 

ʙʝʨʝʛʘ ɸʤʫ-ɼʘʨʴʠ, ʛʜʝ ʜʨʝʚʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʨʘʟʤʳʚʦʤ ʧʝʨʝʢʨʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʛʦʨʠʟʦʥʪʳ ʧʘʣʝʦʛʝʥʘ ʠ ʜʘʞʝ ʤʝʣʘ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ ʜʣʷ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ 

ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʦʙʱʠʡ ʧʦʜʲʝʤ ʠ ʫʩʠʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ 

ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ɸʊɺ ʙʳʣʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʠʩʭʦʜʷʱʠʭ ʜʚʠʞʝʥʠʡ. ɺʝʨʦʷʪʥʦ, ʚ ʥʘʯʘʣʝ 
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ʚʝʨʭʥʝʡ ʶʨʳ, ʢʦʛʜʘ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ɸʊɺ ʧʨʝʦʙʣʘʜʘʣʠ ʥʠʩʭʦʜʷʱʠʝ ʜʚʠʞʝʥʠʷ, ʟʦʥʘ 

ʨʘʟʚʠʪʠʷ ɸʡʚʘʜʞʩʢʦʛʦ ʧʘʣʝʦʧʦʜʥʷʪʠʷ ʦʪʜʝʣʷʣʘ ɸʊɺ ʦʪ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ɸʬʛʘʥʠʩʪʘʥʘ, 

ʢʦʪʦʨʘʷ, ʧʦ ʅ. ʇ. ʊʫʘʝʚʫ [15], ʩʯʠʪʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ɺʝʨʭʥʝ-ɸʤʫʜʘʨʴʠʥʩʢʦʡ ʚʧʘʜʠʥʳ 

(ʜʝʧʨʝʩʩʠʠ). ʕʪʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩ ʶʛʘ 

ʦʙʨʘʤʣʷʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʳʨʘʞʝʥʥʳʤ ʉʝʚʝʨʦ-ɸʬʛʘʥʩʢʠʤ ʚʳʩʪʫʧʦʤ.  

ʇʦʜʦʙʥʘʷ ʘʥʘʣʦʛʠʷ ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ɸʬʛʘʥʠʩʪʘʥʘ, 

ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʝ ʪʦʣʱʠ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʤʝʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʜʦ 2 ʢʤ,  ʩʦʟʜʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɸʡʚʘʜʞʩʢʦʛʦ ʧʘʣʝʦʧʦʜʥʷʪʠʷ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʢʦʪʦʨʦʝ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʰʠʨʦʪʥʦ ʚʜʦʣʴ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʝʢʠ ɸʤʫ-ɼʘʨʴʠ, ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚʝʨʭʥʝʶʨʩʢʠʡ (ʢʝʣʣʦʚʝʡ+ʦʢʩʬʦʨʜ) ʛʘʟʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 

3,5-4,0 ʢʤ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ɸʡʚʘʜʞʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʄʆɻʊ ʠ ʚʢʣʶʯʝʥʘ ʚ ʬʦʥʜ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 1986 ʛ. ɻʦʨʠʟʦʥʪ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʜʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ï ʚʝʨʭʥʠʡ ʤʝʣ (ʪʫʨʦʥ). ʂʨʦʤʝ ʜʚʫʭ ʧʨʦʙʫʨʝʥʥʳʭ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ˉ 1 (2298 ʤ, 

ʥʠʞʥʠʡ ʤʝʣ), ˉ 2 (1065 ʤ, ʚʝʨʭʥʠʡ ʤʝʣ), ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʙʳʣʠ ʧʨʦʙʫʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʢʚʘʞʠʥʳ ˉ 10 (1822 ʤ, ʥʝʦʛʝʥ), ˉ 11 (854 ʤ, ʚʝʨʭʥʠʡ ʤʝʣ), ˉ 14 (1103 ʤ, ʚʝʨʭʥʠʡ ʤʝʣ).  

ʉʪʨʫʢʪʫʨʘ ɸʡʚʘʜʞ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʫʶ ʩʢʣʘʜʢʫ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ, ʩʚʦʜ ʢʦʪʦʨʦʡ ʨʘʟʤʳʪ ʜʦ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʪʨʫʢʪʫʨʘ ʧʦʜʛʦʪʦʚʣʝʥʘ 

ʧʦ ʦʪʨʘʞʘʶʱʝʤʫ ʦʧʦʨʥʦʤʫ ʛʦʨʠʟʦʥʪʫ (ʪʫʨʦʥʩʢʠʡ ʷʨʫʩ). ʈʘʟʤʝʨʳ ʩʢʣʘʜʢʠ ʧʦ ʟʘʤʢʥʫʪʦʡ 

ʠʟʦʛʠʧʩʝ ʤʠʥʫʩ 700 ʤ ʩʦʩʪʘʚʣʷʶʪ 5,25ʭ2,25 ʢʤ
2
, ʘʤʧʣʠʪʫʜʘ 200 ʤ. 

ɿʘʧʘʜʥʦʝ ʠ ʚʦʩʪʦʯʥʦʝ ʢʨʳʣʴʷ ɸʡʚʘʜʞʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʣʦʞʥʝʥʳ ʨʘʟʨʳʚʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʇʣʦʩʢʦʩʪʴ ʩʙʨʘʩʳʚʘʪʝʣʷ ʦʙʦʠʭ ʥʘʨʫʰʝʥʠʡ 

ʧʘʜʘʝʪ ʥʘ ʟʘʧʘʜ. ʅʘʨʫʰʝʥʠʝ, ʦʩʣʦʞʥʷʶʱʝʝ ʟʘʧʘʜʥʦʝ ʢʨʳʣʦ, ʦʪʜʝʣʷʝʪ ɸʡʚʘʜʞʩʢʫʶ ʩʢʣʘʜʢʫ 

ʦʪ ʂʦʡʢʠʪʘʫʩʢʦʡ, ʚʟʙʨʦʰʝʥʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʡ. ʅʘ ʫʨʦʚʥʝ ʤʘʘʩʪʨʠʭʪʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ʵʪʦ ʥʘʨʫʰʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʚʘʞʠʥʝ ˉ 14.  

ʈʘʟʨʳʚʥʦʝ ʥʘʨʫʰʝʥʠʝ, ʦʩʣʦʞʥʷʶʱʝʝ ʚʦʩʪʦʯʥʦʝ ʢʨʳʣʦ ɸʡʚʘʜʞʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ, 

ʦʪʜʝʣʷʝʪ ʝʝ ʦʪ ʇʨʠʢʘʬʠʨʥʠʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ. ʇʦ ʵʦʮʝʥʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ ʦʥʦ ʬʠʢʩʠʨʫʝʪʩʷ 

ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʢʚʘʞʠʥʝ ˉ10. ʉʝʚʝʨʥʘʷ ʧʝʨʠʢʣʠʥʘʣʴ ʩʢʣʘʜʢʠ ʦʩʣʦʞʥʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʥʘʨʫʰʝʥʠʝʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ.  

ʇʦ ʚʩʝʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʦʜʫʢʪʠʚʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʤʝʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʣʘʥʦʚ. ʉʪʨʫʢʪʫʨʝ ʦʪʚʝʯʘʝʪ ʛʨʘʚʠʘʥʦʤʘʣʠʷ, ʚ ʧʣʘʥʝ ɸʡʚʘʜʞʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʜʥʦʠʤʝʥʥʦʡ ʢʦʩʤʦʘʥʦʤʘʣʠʝʡ [3].  

ʉʫʤʤʠʨʫʷ ʠʟʣʦʞʝʥʥʦʝ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʶʞʥʦʡ ʯʘʩʪʠ ʂʘʬʠʨʥʠʛʘʥʩʢʦʡ ʟʦʥʳ 

ʥʠʩʭʦʜʷʱʠʝ ʜʚʠʞʝʥʠʷ ʢʘʣʝʜʦʥʩʢʦʛʦ ʵʪʘʧʘ ʩʤʝʥʠʣʠʩʴ ʚʦʩʭʦʜʷʱʠʤʠ ʜʚʠʞʝʥʠʷʤʠ 

ʛʝʨʮʠʥʩʢʦʛʦ ʵʪʘʧʘ ʥʘ ʛʨʘʥʠʮʝ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ. ɺ ʢʦʥʮʝ ʥʠʞʥʝʡ ʧʝʨʤʠ 

ʟʘʢʦʥʯʠʣʩʷ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʶʛʘ ʂʘʬʠʨʥʠʛʘʥʩʢʦʡ ʟʦʥʳ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɸʡʚʘʜʞʩʢʠʡ ʧʘʣʝʦʚʳʩʪʫʧ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʙʰʠʨʦʪʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʛʝʨʮʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʐʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʢʦʤʧʘʥʠʝʡ ARKeX [1]. 

ʂʨʦʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʧʦʜʥʷʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʟʜʝʩʴ ʪʘʢʞʝ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʯʘʩʪʠʯʥʦʝ ʚʳʢʣʠʥʠʚʘʥʠʝ, ʘ ʚʦʟʤʦʞʥʦ, ʠ ʬʘʮʠʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʦʱʥʦʡ 

ʪʦʣʱʠ ʛʘʣʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʛʘʫʨʜʘʢʘ ʥʘ ʯʠʩʪʦ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʜʦʩʪʠʞʠʤʦʩʪʴ ʢʝʣʣʦʚʝʡ-ʦʢʩʬʦʨʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʡ 

ʶʨʳ ʙʫʨʝʥʠʝʤ.  

ʂʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʥʝʛʦ ʟʘʣʦʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɸʡʚʘʜʞʩʢʦʛʦ 

ʧʘʣʝʦʚʳʩʪʫʧʘ ï ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʪʨʠʘʩʦʚʳʭ ʠ ʥʠʞʥʝ- ʠ ʩʨʝʜʥʝʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ, ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʠʭ ʤʦʱʥʦʩʪʠ. ʂ ʩʝʚʝʨʫ, ʚ ʩʪʦʨʦʥʫ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʦʚ ɸʊɺ, ʥʘʨʷʜʫ ʩ ʧʦʛʨʫʞʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʦʟʨʘʩʪʘʥʠʝ ʤʦʱʥʦʩʪʠ 

ʦʪʣʦʞʝʥʠʡ ʯʝʭʣʘ, ʢʘʢ ʟʘ ʩʯʝʪ ʤʝʣʦʚʳʭ, ʪʘʢ ʠ ʪʨʠʘʩʦʚʳʭ ʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ  ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ 

ɸʡʚʘʜʞʩʢʦʛʦ ʧʘʣʝʦʚʳʩʪʫʧʘ ʪʘʢʞʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ ʥʘ ʶʛʝ ɸʊɺ.  



71 

 

ɺʜʦʣʴ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʝʢʠ ɸʤʫ-ɼʘʨʴʠ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʦʤʘ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʥʘ ʨʘʟʤʳʪʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ, ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʛʝʥʘ ʠ ʤʠʦʮʝʥʘ ʣʦʞʘʪʩʷ 

ʜʨʝʚʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʦʡ ʪʝʢʪʦʥʦ-

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʜʣʷ ʵʪʠʭ ʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʠʣʳ ʪʷʞʝʩʪʠ [1]. 
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ÌàÜÚäÞÌÔ פÌÐÔØÔÔ ÌÕÎÌּת ÎÌ ÙÌפäÔ ÚÙ ÐÌÜ ÞÌäÌÖÖß×Ô ÖÚÙ׳ÚÔ ÙÌàÞß ÏÌÓ 

Ðìü øìץú÷ìô óñüíìČù úôð íì ôøöúùôċþô øìîֹוÿðôċþô ìĀüúĄþìô ץìðôøôô Ìõîìֹו ðìü ״ÿðÿðô ֹוìùÿíôô 

 ìץúô ùìĀþÿ ïìó ðìü ôù øôùþì״úõïôüĄìîôô öúùוֹ Ąô úù ðìü þìĄìööÿ÷ îìץôö îì ùìוúùÿ Þúֹסìîóìô ÌĀ״
ôíüúóô ùìóìü Ąÿðììýþ.  

Ýúāþô ״ìøøúùìùðô ïñú÷úïôô ýú״ô÷ô ăìû (״ÿðÿðô ּתÿø״ÿüôô Ôý÷úøôô ÌĀסúùôýþúù) îì üúýþô 
üÿðāúùìô Ìøÿ ÐìüČ (״ÿðÿðô ּתÿø״ÿüôô Þúֹוôöôýþúù), öô ðìü úù ץìíìþ״úô þì״Ąôùôô ץìðôøÿ÷ìõČøô ăúüċö 

íú ýìü״ìðô ùúÿýþÿîúü ýìץĀô ץìíìþ״úô ûì÷ñúïñù îì ״ìþþú þìíúĄôüüú ûÿĄôðììùð, ðì÷ú÷ìþ ìó úù øñðô״ìð, 
öô ðìü ôùþô״úô óìøúùô ûì÷ñúóúõ ôù øôùþìץì óñüô þìĆýôüô Ąìðôðô ״ìüìöìþ״úô þñöþúùôö ץìüúü ðúĄþ. Ôù 
 þôþúù-וúô ċöăìùðöô÷úøñþüôô óìøúùô öôøñüôֹ״ú ùìøìöוֹ úùôýþúùô Ąôøú÷, öô ðìü úùסìøøúùìùð íú ÌĀ״

 ôöוúùÿ Þúֹסìîóìô ÌĀ״ ìùÿíôôוֹ ÿðÿðô״ ìðôøôüú ðìüץ ÿðôċþô ìĀüúĄþìôוÿóÿü ùìðúüìùð, ôøöúùôċþô øìîֹ״
øñðô״ìð, öô ðìü úù øñþìîúù ץìíìþô ïìóðúüô öñ÷÷úîñõ-úöýĀúüðüú ðìü òìüĀ״úô þú 4,0 öø ðìýþüìý ùìøÿð. 

Öì÷ôðîúòì״ú: Ìõîìֹו, ûì÷ñúóúõ, öñ÷÷úîñõ-úöýĀúüð, öôøñüôֹו-þôþúù, ïìó, ùìøìö, ÌĀסúùôýþúùô 

Ąôøú÷. 

 

ɸʁɺɸɼɾʉʂʆɽ ʇɸʃɽʆʇʆɼʅʗʊʀɽ ʀ ɽɻʆ ʈʆʃʔ ɺ ʌʆʈʄʀʈʆɺɸʅʀʀ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ʋɻʃɽɺʆɼʆʈʆɼʆɺ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʶʛʝ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ ɸʡʚʘʜʞʩʢʦʛʦ 

ʧʘʣʝʦʧʦʜʥʷʪʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ.  
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ʀʜʝʥʪʠʯʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʣʝʚʦʛʦ (ʘʬʛʘʥʩʢʦʛʦ) ʠ ʧʨʘʚʦʛʦ (ʪʘʜʞʠʢʩʢʦʛʦ) ʙʝʨʝʛʘ ɸʤʫ-ɼʘʨʴʠ, ʛʜʝ 

ʜʨʝʚʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʨʘʟʤʳʚʦʤ ʧʝʨʝʢʨʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʘʣʝʦʛʝʥʘ ʠ ʜʘʞʝ ʤʝʣʘ, ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ ʜʣʷ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʦʙʱʠʡ ʧʦʜʲʝʤ ʠ ʫʩʠʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʚʧʘʜʠʥʳ ʙʳʣʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʠʩʭʦʜʷʱʠʭ 

ʜʚʠʞʝʥʠʡ. 

ʇʦʜʦʙʥʘʷ ʘʥʘʣʦʛʠʷ ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ɸʬʛʘʥʠʩʪʘʥʘ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʝ ʪʦʣʱʠ ʩʦʣʝʡ, ʩʦʟʜʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɸʡʚʘʜʞʩʢʦʛʦ ʧʘʣʝʦʧʦʜʥʷʪʠʷ ʩ 

ʧʘʣʝʦʟʦʡʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʢʦʪʦʨʦʝ ʧʨʦʩʪʠʨʘʝʪʩʷ ʰʠʨʦʪʥʦ ʚʜʦʣʴ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʝʢʠ ɸʤʫ-ɼʘʨʴʠ, ʚ ʟʦʥʝ 

ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚʝʨʭʥʝʶʨʩʢʠʡ (ʢʝʣʣʦʚʝʡ+ʦʢʩʬʦʨʜ) ʛʘʟʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 

4,0 ʢʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʡʚʘʜʞ, ʧʘʣʝʦʟʦʡ, ʢʝʣʣʦʚʝʡ-ʦʢʩʬʦʨʜ, ʢʠʤʝʨʠʜʞ-ʪʠʪʦʥ, ʛʘʟ, ʩʦʣʴ, ʉʝʚʝʨʥʳʡ 

ɸʬʛʘʥʠʩʪʘʥ. 

 

THE AIVADJ PALEUPLIFT AND ITS ROLE IN THE FORMATION OF HYDROCARBON DEPO SITS 

The article deals with the issue of the existence of the Ayvadzh paleouplift in the south of the Afghan-Tajik 

depression, which can contribute to the formation of hydrocarbon deposits in this area. 

The identical geological structure of the left (Afghan) and right (Tajik) banks of the Amu-Darya, where ancient 

Quaternary deposits with erosion cover various horizons of the Paleogene and even Cretaceous, suggests that here the 

Upper Paleozoic time was characterized by a general rise and intensification of tectonic processes. At the same time, the 

central parts of the Afghan-Tajik depression were under the influence of downward movements. 

Such an analogy with neighboring structures on the territory of Northern Afghanistan, where many kilometers of 

salt strata are absent, creates the possibility of the existence of the Aivadzh paleouplift with a Paleozoic basement, 

which extends latitudinally along the right bank of the Amu Darya River, in the development zone of which the Upper 

Jurassic (Callovian + Oxford) gas-bearing complex can be found at depths. up to 4.0 km. 

Keywords: Ayvaj, Paleozoic, Callovian-Oxfordian, Kimmeridgian-Tithonian, gas, salt, Northern Afghanistan. 
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ʋʃʋʏʐɽʅʀɽ ɺʓʅʆʉɸ ʂɽʈʅɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʅʆɺʓʍ ʀʅʅʆɺɸʎʀʆʅʅʓʍ 

ʈɸɿʈɸɹʆʊʆʂ 

 

ʅʘʨʠʤʦʚ ʈ.ɸ., ʋʤʘʨʦʚ ʐ.ɸ., ʅʝʩʪʝʨʦʚʘ ʃ.ʀ., ɸʭʤʝʜʦʚ ʉ.ʉ., ʈʘʭʤʝʜʦʚ ʊ.ʌ., ʊʘʣʙʦʥʦʚ ʈ.ʄ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʀɻʀʈʅʀɻʄ)è ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ, 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʫʪʦʯʥʷʝʪʩʷ 

ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠ ʙʫʨʝʥʠʠ ʧʦʠʩʢʦʚʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʦʨ ʢʝʨʥʘ (ʦʙʨʘʟʮʳ ʛʦʨʥʳʭ ʧʦʨʦʜ) [1, 2]. 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚ ʫʪʦʯʥʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʥʦʚ, ʧʦʜʥʷʪʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʣʘʩʪʘ ʩ ʧʦʤʦʱʴʶ 

ʢʝʨʥʦʦʪʙʦʨʦʯʥʳʭ ʩʥʘʨʷʜʦʚ. ɸʢʪʫʘʣʴʥʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʥʝʩʢʦʣʴʢʦ 

ʤʦʜʠʬʠʢʘʮʠʡ ʢʝʨʥʦʦʪʙʦʨʦʯʥʳʭ ʩʥʘʨʷʜʦʚ ʩ ʧʨʠʩʚʦʝʥʥʳʤʠ ʠʤ ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ: çʅʝʜʨʘè, 

çʉʠʣʫʨè, çʂʝʤʙʨʠʡè ʠ ʜʨʫʛʠʝ. ʅʘ ʚʩʝʭ ʢʝʨʥʦʦʪʙʦʨʦʯʥʳʭ ʩʥʘʨʷʜʘʭ ʢʝʨʥ ʬʦʨʤʠʨʫʝʪʩʷ 

ʙʫʨʠʣʴʥʦʡ ʛʦʣʦʚʢʦʡ ʠʣʠ ʢʦʨʦʥʢʦʡ, ʦʩʥʘʱʸʥʥʦʡ ʟʫʙʮʘʤʠ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ. ʈʘʥʝʝ 

ʢʝʨʥʦʦʪʙʦʨʦʯʥʳʝ ʩʥʘʨʷʜʳ ʠ ʰʘʨʦʰʝʯʥʳʝ ʙʫʨʠʣʴʥʳʝ ʛʦʣʦʚʢʠ ʧʨʠʦʙʨʝʪʘʣʠʩʴ ʧʦ ʠʤʧʦʨʪʫ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘʣʘʞʝʥʦ ʚ ʈʦʩʩʠʠ, ʂʠʪʘʝ ʠ ʉʐɸ.  

ʉʝʡʯʘʩ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʸʭ ʰʘʨʦʰʝʯʥʳʝ ʙʫʨʠʣʴʥʳʝ ʛʦʣʦʚʢʠ ʪʠʧʘ 

ç6 ɺʂè ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩ.1), ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʪʙʦʨʘ ʢʝʨʥʘ ʚ 

ʧʦʨʦʜʘʭ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ. ɹʫʨʠʣʴʥʳʝ ʛʦʣʦʚʢʠ ʪʠʧʘ ç6ɺʂè-çʉɿè ʩʦʩʪʦʷʪ ʠʟ ʢʦʨʧʫʩʘ ʠ ʪʨʝʭ 

ʰʘʨʦʰʝʢ, ʢʦʪʦʨʳʝ ʩʤʦʥʪʠʨʦʚʘʥʳ ʥʘ ʮʘʧʬʘʭ ʢʦʨʧʫʩʘ. ʐʘʨʦʰʢʠ ʚʦʦʨʫʞʝʥʳ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʟʫʙʢʘʤʠ ʩ ʢʣʠʥʦʚʠʜʥʦʡ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʈʘʟʨʫʰʝʥʠʝ 

ʧʦʨʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʞʫʱʝ-ʜʨʦʙʷʱʝʤ ʨʝʞʠʤʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ɺʦ 

ʚʨʝʤʷ ʨʘʙʦʪ ʧʦ ʦʪʙʦʨʫ ʢʝʨʥʘ ʩ ʙʫʨʠʣʴʥʦʡ ʛʦʣʦʚʢʦʡ ç6 ɺʂè-çʉɿè (ʨʠʩ. 1) ʚ ʧʦʨʦʜʘʭ III  ʠ V 

ʢʘʪʝʛʦʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʜʨʦʙʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʢʦʣʴʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʢʝʨʥʘ. 
 

ʈʠʩ. 1. ʊʨʝʭʰʘʨʦʰʝʯʥʘʷ ʙʫʨʠʣʴʥʘʷ ʛʦʣʦʚʢʘ ʪʠʧʘ ç6 ɺʂè-çʉɿè 

Fig. 1. Three-cone drilling head type "6 VK" - "SZ"  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʫʨʠʣʴʥʳʭ ʛʦʣʦʚʦʢ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʝʥʳ ʥʦʚʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʚʧʝʨʚʳʝ. ɺ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʥʦʩʘ ʢʝʨʥʘ ʠʟ 

ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʥʘ ʰʝʩʪʠ ʣʦʧʘʩʪʥʘʷ 

ʙʫʨʠʣʴʥʘʷ ʛʦʣʦʚʢʘ ʩ ʥʘʠʤʝʥʦʚʘʥʠʝʤ ʠ ʰʠʬʨʦʤ ç6 ʃɹʂ-187,3/80ʄʉɿè (ʨʠʩ. 2) ʨʝʞʫʱʝ-

ʠʩʪʠʨʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʙʦʨʘ ʢʝʨʥʘ ʚ ʤʷʛʢʠʭ, ʩʨʝʜʥʝ-ʤʷʛʢʠʭ, 
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ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ ʧʦʨʦʜʘʭ III  ʠ V ʢʘʪʝʛʦʨʠʠ ʩ ʢʝʨʥʦʧʨʠʝʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʪʠʧʘ çʅʝʜʨʘè 

ʠ çʉʠʣʫʨè ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʢʝʨʥʦʦʪʙʦʨʦʯʥʦʛʦ ʩʥʘʨʷʜʘ 

(ʂʆʉ), ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ɻʋ çʀɻʀʈʅʀɻʄè. 
 

ʈʠʩ. 2. ʐʝʩʪʠʣʦʧʘʩʪʥʘʷ ʙʫʨʠʣʴʥʘʷ ʛʦʣʦʚʢʘ ʪʠʧʘ ç6 ʃɹʂè-çʄʉɿè 

Fig. 2. Six-blade drilling head of the type "6 LBK" - "MSZ"  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʦʚʘʷ ʙʫʨʠʣʴʥʘʷ ʛʦʣʦʚʢʘ ʪʠʧʘ ç6 ʃɹʂ-187,3/80ʄʉɿè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʴʥʳʡ 

ʢʦʨʧʫʩ ʩ ʰʝʩʪʴʶ ʣʦʧʘʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʟʫʙʴʷʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠʟ ʩʧʣʘʚʘ ʤʘʨʢʠ çɺʂ-8è. ʂʦʨʧʫʩ ʠʤʝʝʪ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʨʝʟʴʙʫ çɿ-150è, ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 21210-75. ʅʦʚʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ ï ʙʫʨʠʣʴʥʘʷ ʛʦʣʦʚʢʘ  

ç6ʃɹʂ-187,3/80ʄʉɿè ï ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʦʨʦʥʦʢ ʪʝʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʝʨʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʠʞʝ ʥʘ 30 ʤʤ ʦʪ ʦʩʥʦʚʥʦʡ ʪʦʨʮʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʠ ʦʩʥʘʱʝʥʘ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʟʫʙʮʘʤʠ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʉʣʝʜʫʝʪ ʧʦʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʝʡ ʧʨʦʜʫʢʮʠʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚʘʣʶʪʥʳʝ 

ʩʨʝʜʩʪʚʘ. ʇʨʦʤʳʚʢʘ ʟʘʙʦʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʰʝʩʪʴ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʘ 16 ʤʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʣʦʧʘʩʪʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʙʫʨʠʣʴʥʦʡ ʛʦʣʦʚʢʠ ʪʠʧʘ ç6 

ʃɹʂ-187,3/80ʄʉɿè ʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʢʚʘʞʠʥʝ ˉ1 ʇ 

ʧʣʦʱʘʜʠ ʂʦʥʯʘ ɿʘʨʘʬʰʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ [2]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʚʳʥʦʩ ʢʝʨʥʘ ʫʣʫʯʰʠʣʩʷ ʠ ʜʦʩʪʠʛ 50%-100%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʝʦʣʦʛʘʤ ʥʘ 

ʧʨʘʢʪʠʢʝ ʙʦʣʝʝ ʨʝʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʝ ʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʨʠʩʫʥʢʘʭ 3, 4 ʠ 5. ʅʘ ʨʠʩ. 3. ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʯʝʪʢʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʫʨʠʣʴʥʳʝ ʛʦʣʦʚʢʠ ʪʠʧʦʚ ç6 ɺʂè-

çʉɿè ʠ ç6 ʃɹʂè-çʄʉɿè ʙʦʣʝʝ 2 ʪ ʚʳʥʦʩ ʢʝʨʥʘ ʫʭʫʜʰʘʝʪʩʷ. ʇʨʠ ʥʘʛʨʫʟʢʘʭ ʥʘ ʙʫʨʠʣʴʥʳʝ 

ʛʦʣʦʚʢʠ 2-2,5 ʪ ʚʳʭʦʜ ʢʝʨʥʘ ʩʦʩʪʘʚʠʣ 60-100%, ʘ ʧʨʠ ʙʦʣʴʰʝʡ ʥʘʛʨʫʟʢʝ ʚʳʭʦʜ ʢʝʨʥʘ 

ʩʦʩʪʘʚʠʣ ï 30-40%. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʪʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʙʫʨʠʣʴʥʳʝ ʛʦʣʦʚʢʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 2 ʪ. 
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ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʥʪʘ ʚʳʥʦʩʘ ʢʝʨʥʘ ʦʪ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʫʨʠʣʴʥʳʝ ʛʦʣʦʚʢʠ 

ʪʠʧʦʚ ç6 ɺʂè-çʉɿè ʠ ç6 ʃɹʂè-çʄʉɿè 

Fig.3. Dependence of the percentage of core removal on the axial load on the drill heads of 

types "6 VK" - "SZ" and "6 LBK" - "MSZ"  

 
 

ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʥʪʘ ʚʳʥʦʩʘ ʢʝʨʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʨʠʣʴʥʳʭ ʛʦʣʦʚʦʢ ʪʠʧʦʚ ç6 ɺʂè ʠ ç6 ʃɹʂè 

Fig.4. Dependence of the percentage of core recovery on the speed of rotation of the rotor 

using drill heads of types "6 VK" and "6 LBK"  

 
 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʘ ʢʝʨʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʨʠʣʴʥʳʭ ʛʦʣʦʚʦʢ 

Table 1. Results of core sampling using drill heads 
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