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ʅɸʋʂɸ ʀ ʀʅʅʆɺɸʎʀʗ 

ʉɽʈʀʗ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɾʫʨʥʘʣ ʦʩʥʦʚʘʥ ʚ 2014 ʛ. ɺʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ. 

ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ ɾʋʈʅɸʃɸ: 

ʅʘʩʨʠʜʜʠʥʟʦʜʘ ʕʤʦʤʘʣʠ 

ʉʘʡʬʠʜʜʠʥ 

ɼʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅɸʅʊ, 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 ʌʦʪʝʭ 

ɸʙʜʫʚʘʢʠʣʦʚʠʯ 

ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ 

ʛʦʨʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

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 ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ 

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

ʤʝʥʝʥʜʞʤʝʥʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʘʡʨʘʪʦʚ ʄʘʣʠʢʜʦʜ 

ʊʦʧʦʣʘʥʛʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ʆʤʘʜʢʫʣ 

ʍʘʤʨʦʢʫʣʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ: 691.5 

ʄɽʉʊʅʓɽ ʂɸʋʉʊʀʏɽʉʂʀɽ ɼʆʃʆʄʀʊʆɺʓɽ ɺʗɾʋʑʀɽ ɺɽʑɽʉʊɺɸ 

ʉʆɻɼʀʁʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ʄʠʨʜʞʘʤʦʣʦʚ ɸ.ʄ., ɼʞʫʨʘʢʫʣʦʚ ʄ.ʈ.  

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ʂʘʫʩʪʠʯʝʩʢʠʤ ʜʦʣʦʤʠʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦʰʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʢʘʣʴʮʠʷ ʠ ʧʦʣʫʯʘʝʤʳʡ ʧʦʤʦʣʦʤ ʜʦʣʦʤʠʪʘ, ʦʙʦʞʞʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600-700 

Áʉ. 

ɼʦʣʦʤʠʪ - ʵʪʦ ʛʦʨʥʘʷ ʧʦʨʦʜʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 90% (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʠʥʝʨʘʣʘ ʜʦʣʦʤʠʪ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢ ʢʣʘʩʩʫ ʢʘʨʙʦʥʘʪʦʚ, ʠ ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ CaMg(CO3)2. ʈʘʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʯʠʩʪʦʛʦ ʜʦʣʦʤʠʪʘ: MgCʆ3 ð 45,8%, 

CaCO3 ð 54,2%. ɺ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʢʩʠʜʳ ʦʥ ʩʦʜʝʨʞʠʪ MgO ð 21,87%, CaO ð 30,41%, CO2 ð 

47,72%. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʦʣʦʤʠʪʝ ʤʦʛʫʪ ʙʳʪʴ ʦʢʩʠʜʳ SiO2, FeO, Fe2O3, Al2O3, MnO, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʜʨ. ʕʪʦʪ ʤʠʥʝʨʘʣ ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ ʬʨʘʥʮʫʟʩʢʦʛʦ ʭʠʤʠʢʘ ʠ ʤʠʥʝʨʦʣʦʛʘ ɼ. ɼʦʣʦʥʴʸ 

(1753ï1801). ɼʦʣʦʤʠʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʷʢʘ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʙʦʣʝʝ ʩʠʣʴʥʳʤ 

ʙʣʝʩʢʦʤ ʠ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʝʭ ʞʝ 

ʮʝʣʝʡ, ʯʪʦ ʠ ʠʟʚʝʩʪʥʷʢ. ʅʦ ʚʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʣʦʤʠʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, 

ʢʘʢ ʥʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʝʪʘʣʣʫʨʛʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʛʥʝʫʧʦʨʦʚ, ʧʦʣʫʯʝʥʠʝ ʤʘʛʥʠʷ ʠ ʜʨ. ʕʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʦʤ 

ʚʘʣʶʪʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ. 

ʆʙʞʠʛ ʜʦʣʦʤʠʪʘ ʠ ʚʷʞʫʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʥʝʛʦ. ʇʨʠ ʥʘʛʨʝʚʝ ʜʦʣʦʤʠʪ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ 

ʦʢʩʠʜʳ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ [3,ʩ.448]: 

MgCO3 Ā CaCO3 Ÿ MgO + CaO + CO2 (1)  

MgCO3 Ÿ MgO + CO2 (2) 

CaCO3 Ÿ Ca + CO2 (3)  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʷʞʫʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʟʥʘʯʝʥʠʷ. ʈʘʟʣʦʞʝʥʠʝ MgCO3 ʥʘ MgO ʠ Cʆ2 ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ 700ï750 Áʉ, ʘ ʨʘʟʣʦʞʝʥʠʝ CaCO3 ʥʘ CaO ʠ CO2 ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 900 Áʉ [2,ʩ.472]. ʈʝʟʢʦʡ 

ʛʨʘʥʠʮʳ ʨʘʟʣʦʞʝʥʠʷ MgCO3 ʠ CaCO3 ʚ ʫʢʘʟʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʳʜʝʣʝʥʠʝ ʉʆ2 

ʠʟ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠ ʯʘʩʪʠʯʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. ʊʘʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʷʞʫʱʠʝ: 

ï ʢʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ; 

ï ʜʦʣʦʤʠʪʦʚʳʡ ʮʝʤʝʥʪ; 

ï ʜʦʣʦʤʠʪʦʚʘʷ ʠʟʚʝʩʪʴ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [10,ʩ.3-5]:  

ʘ) ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ 

(ʢʩʠʣʠʪ, ʬʠʙʨʦʣʠʪ ʠ ʜʨ.);  

ʙ) ʧʝʥʦʙʝʪʦʥ ʥʘ ʤʘʛʥʝʟʠʘʣʴʥʦʤ ʚʷʞʫʱʝʤ;  

ʚ) ʦʙʣʠʮʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ʛ) ʢʨʦʚʝʣʴʥʳʝ ʙʝʟʘʩʙʝʩʪʦʚʳʝ ʣʠʩʪʳ ʥʘ ʤʘʛʥʝʟʠʘʣʴʥʦʤ ʚʷʞʫʱʝʤ. 

ʄʘʛʥʝʟʠʘʣʴʥʳʝ ʚʷʞʫʱʠʝ ʠʤʝʶʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ: ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʠ ʠʟʛʠʙʝ, 

ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʟʘʧʦʣʥʠʪʝʣʷʤʠ, ʙʳʩʪʨʳʡ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʚ ʵʪʠ ʩʦʩʪʘʚʳ ʚʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ (ʩʠʣʠʢʘʪʳ, ʬʦʩʬʘʪʳ 

AlPO4, MgHPO4, ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʤʘʛʥʠʷ, ʮʝʦʣʠʪʳ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʧʨʦʧʠʪʢʘ ʠʟʜʝʣʠʡ ʚʝʱʝʩʪʚʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʟʘʱʠʪʥʳʝ ʧʣʝʥʢʠ [1,ʩ.12-14]. 

ɼʦʣʦʤʠʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʦʣʦʤʠʪʦʚʳʝ ʦʛʥʝʫʧʦʨʳ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʵʣʝʢʪʨʦʧʝʯʝʡ, ʢʦʚʰʝʡ, 

ʢʦʥʚʝʢʪʦʨʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʝʡ ʠ ʜʨ. [6,ʩ.173-175]. ʕʪʠ ʦʛʥʝʫʧʦʨʳ ʠʤʝʶʪ ʰʠʨʦʢʦʝ 
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ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʮʝʤʝʥʪʥʳʭ ʧʝʯʝʡ, ʦʥʠ ʫʩʪʦʡʯʠʚʳ ʢ 

ʦʩʥʦʚʥʦʤʫ (ʢʣʠʥʢʝʨʥʦʤʫ) ʨʘʩʧʣʘʚʫ. 

ɼʦʣʦʤʠʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʛʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʤʘʛʥʠʷ ʠʟ ʦʙʦʞʞʝʥʥʦʛʦ ʜʦʣʦʤʠʪʘ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʩʦʟʜʘʥʠʝ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʩʳʨʴʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

[9; 13; 16,ʩ.25]. ʀʤʝʝʪʩʷ ʤʠʨʦʚʦʡ ʦʧʳʪ, ʢʦʛʜʘ ʪʘʢʦʝ ʛʦʩʫʜʘʨʩʪʚʦ, ʢʘʢ ʂʠʪʘʡ, ʨʘʩʧʦʣʘʛʘʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʧʘʩʘʤʠ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ, ʩʪʘʣʦ ʚ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ 

ʧʦʩʪʘʚʱʠʢʦʤ ʤʘʛʥʠʷ ʚ ʤʠʨʝ. ʊʘʢ, ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʂʠʪʘʝ ʦʢʦʣʦ 600ï700 

ʪʳʩ. ʪ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80% ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠʯʝʤ ʣʶʙʦʧʳʪʥʳʤ ʬʘʢʪʦʤ ʩʣʫʞʠʪ 

ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʵʪʦʪ ʤʝʪʘʣʣ ʚʦʟʨʦʩ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʩʘʤʦʤ ʂʠʪʘʝ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30% ʤʠʨʦʚʦʛʦ ʩʧʨʦʩʘ. ʕʢʩʧʘʥʩʠʷ ʤʘʛʥʠʷ ʚ ʂʠʪʘʝ ʥʘʯʘʣʘʩʴ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʟʘʤʝʥʳ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ 

[7,ʩ.47]. ʄʘʛʥʠʡ - ʩʘʤʳʡ ʣʝʛʢʠʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʘʣʣ. ʇʨʠ 

ʧʣʦʪʥʦʩʪʠ 1,74 ʛ/ʩʤ
3
 ʦʥ ʚ 4,5 ʨʘʟʘ ʣʝʛʯʝ ʞʝʣʝʟʘ, ʚ 5 ʨʘʟ - ʤʝʜʠ, ʚ 2,6 ʨʘʟʘ - ʪʠʪʘʥʘ ʠ ʚ 1,6 ʨʘʟʘ - 

ʘʣʶʤʠʥʠʷ. ʄʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʭʦʨʦʰʝʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʠ ʜʝʤʧʬʠʨʫʶʱʝʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚ 100 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʜʶʨʘʣʶʤʠʥʠʷ, ʠ ʚ 20 ʨʘʟ, ʯʝʤ ʫ ʣʝʛʠʨʫʶʱʝʡ ʩʪʘʣʠ 

[11, http://www.maerz.com /rce_tech_ru.pdf.]. ʕʪʠ ʩʧʣʘʚʳ ʥʝʟʘʤʝʥʠʤʳ ʚ ʜʝʪʘʣʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ, ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʘʣʶʤʠʥʠʝʚʳʝ ʥʘ 20%, ʘ ʩʪʘʣʴʥʳʝ ʥʘ 50%. 

ʈʳʥʦʢ ʤʘʛʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʠʟʜʝʣʠʡ ʠʟ ʣʝʛʢʠʭ ʘʣʶʤʠʥʠʝʚʳʭ ʠ 

ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ (40ï60%) ʜʣʷ ʘʚʠʘ- ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ; ʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ 

ʨʘʩʢʠʩʣʝʥʠʷ, ʜʝʩʫʣʴʬʘʮʠʠ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʯʫʛʫʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʩ 

ʰʘʨʦʚʠʜʥʳʤ ʛʨʘʬʠʪʦʤ (ʜʦ 11ï16%); ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʛʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʢʦʨʨʦʟʠʠ (ʜʦ 8%); ʚ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʫʜʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ 

ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ (Ti, Hf, Zr ʠ ʜʨ.) (7ï15%). ʉʦʩʪʘʚʳ ʠʟ ʧʦʨʦʰʢʦʚ ʤʘʛʥʠʷ ʩ ʦʢʠʩʣʠʪʝʣʷʤʠ 

ʩʣʫʞʘʪ ʢʘʢ ʟʘʞʠʛʘʪʝʣʠ ʠ ʦʩʚʝʪʠʪʝʣʠ [5; 12,ʩ.440]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʣʦʤʠʪ - ʜʚʦʡʥʘʷ ʫʛʣʝʢʠʩʣʘʷ ʩʦʣʴ ʤʘʛʥʠʷ ʠ 

ʢʘʣʴʮʠʷ (ʄgʉʆ3, ʉʘʉʆ3) - ʩʣʘʛʘʝʪ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʂʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ, ʧʦʣʫʯʘʝʤʳʡ ʦʙʞʠʛʦʤ ʠ ʧʦʤʦʣʦʤ ʜʦʣʦʤʠʪʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ (ʚʷʞʫʱʠʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʦʣʥʠʪʝʣʠ ʜʣʷ ʙʝʪʦʥʦʚ, ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨʧʠʯʘ), 

ʤʝʪʘʣʣʫʨʛʠʠ (ʬʫʪʝʨʦʚʢʘ ʧʝʯʝʡ), ʧʨʦʠʟʚʦʜʩʪʚʝ (ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʠʤʝʨʳ, 

ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ), ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʢʘʢ ʫʜʦʙʨʝʥʠʝ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ 

ʦʙʦʛʘʱʝʥʠʷ ʧʦʯʚʳ ʤʘʛʥʠʝʤ [4,ʩ.16]. 

ʆʙʳʯʥʦ ʜʦʣʦʤʠʪʳ ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 20% ʄgʆ, 30% ʉʘʆ ʠ 45% ʉʆ2. 

ʆʙʞʠʛʘʷ ʜʦʣʦʤʠʪʳ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʦʞʥʦ ʠʟʛʦʪʦʚʣʷʪʴ ʢʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʄgʆ ʠ ʉʘʉʆ3 ʠ ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ 650-750Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ; 

ʜʦʣʦʤʠʪʦʚʳʡ ʮʝʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʄgO, ʉʘʆ ʠ ʉʘʉʆ3 ʠ ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ 750-850ʉ
ʦ
 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʚ ʪʦʥʢʠʡ ʧʦʨʦʰʦʢ, ʟʘʪʚʦʨʷʝʪʩʷ ʚʦʜʦʡ, ʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʞʘʪʠʷ ʪʨʘʤʙʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʩʪʚʦʨʘ 1:3 ʯʝʨʝʟ 28 ʩʫʪ ʪʚʝʨʜʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʨʢʘʤʠ 25-50, ʘ ʪʘʢʞʝ ʜʦʣʦʤʠʪʦʚʫʶ ʠʟʚʝʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʄgO ʠ ʉʘʆ ʠ 

ʧʦʣʫʯʘʝʤʫʶ ʧʨʠ 900-950Áʉ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʤʘʛʥʝʟʠʪʘ. ɼʦʣʦʤʠʪ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʞʠʛʘʶʪ ʧʨʠ 650-750Áʉ ʚ ʰʘʭʪʥʳʭ 

ʧʝʯʘʭ ʩ ʚʳʥʦʩʥʳʤʠ ʪʦʧʢʘʤʠ ʠ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʘʭ [10,ʩ.77]. 

ʂʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ ʥʘʨʘʚʥʝ ʩ ʢʘʫʩʪʠʯʝʩʢʠʤ ʤʘʛʥʝʟʠʪʦʤ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʩʠʣʦʣʠʪʘ, ʬʠʙʨʦʣʠʪʘ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ. ʧ.  

ʇʨʠ ʧʦʠʩʢʝ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʚʷʞʫʱʝʛʦ ʚ 

ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

- ʫʜʘʣʸʥʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʜʦʨʦʛ; 

- ʩʪʝʧʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ ʢ ʧʦʣʝʟʥʦʤʫ ʠʩʢʦʧʘʝʤʦʤʫ ʠ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 

- ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ; 

ɼʨʫʛʠʤ ʚʠʜʦʤ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʚʷʞʫʱʝʛʦ ʷʚʣʷʝʪʩʷ ʢʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝ ʤʝʥʝʝ 15% ʦʢʩʠʜʘ ʤʘʛʥʠʷ, ʘ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʳʚʘʥʠʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 30-35%. 

ʉʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ ʷʚʣʷʝʪʩʷ ʜʦʣʦʤʠʪʳ.  
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ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʧʦʠʩʢʘ: ʙʳʣʠ ʠʟʳʩʢʘʥʠ ̫ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʣʦʤʠʪʘ ʚ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ 

ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʚʷʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʦʠʩʢʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʪʚʝʯʘʣʠ ʥʘʰʠʤ ʢʨʠʪʝʨʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 23673.5-2020 [2]: 

1. ɹʦʜʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ï ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʣʦʱʘʜʠ ʀʩʬʘʨʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʩʚʷʟʘʥʦ ʩ ʛ. ʀʩʬʘʨʦʡ ʘʚʪʦʜʦʨʦʛʦʡ, ʜʣʠʥʦʡ 42 ʢʤ. ɹʣʠʞʘʡʱʠʝ: ɺʦʨʫʭ, ɹʫʣʘʢʙʦʰʠ, 

ʂʰʝʤʳʰ, ʈʘʫʪ, ʐʫʨʘʙ. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʪʫʪʥʳʡ ʨʫʜʥʠʢ ʉʳʤʘʧ, 

ʫʛʦʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʐʫʨʘʙ, ʥʝʬʪʦʧʨʦʤʳʩʣ rʅʝʬʪʝʘʙʘʜ ʠ ʂʠʤ. ʇʠʪʴʝʚʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʚʦʜʦʡ ʨʘʡʦʥ ʦʙʝʩʧʝʯʝʥ. 

ʂʦʥʜʠʮʠʦʥʥʳʝ ʟʘʧʘʩʳ ʜʦʣʦʤʠʪʦʚ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (MgO) ʩʚʳʰʝ 19% 

ʩʦʩʪʘʚʣʷʶʪ 45ʤʣʥ.ʪʦʥʥ, ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ (ʩʦʜʝʨʞʘʥʠʝ MgO= 17- 19%) ʩʚʳʰʝ 104,5 ʤʣʥ.ʪʦʥʥ. 

2. ʋʯʘʩʪʦʢ ˉ3 ï ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʯʢʠ ʂʰʝʤʳʰ, ʶʞʥʝʝ ʢʠʰʣʘʢʘ ɺʦʨʫʭ, 

ʩʣʦʞʝʥ ʜʦʣʦʤʠʪʘʤʠ ɼ
1
 3 ï ɼ

2
 2 ʚʦʟʨʘʩʪʘ, ʛʨʫʙʦʩʣʦʠʩʪʳʤʠ, ʩʝʨʦʛʦ ʠ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. 

ʄʦʱʥʦʩʪʴ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 18%, ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ (ʉʘʆ) -30%, ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

(SiO2) ï 2,2%, ʩʫʤʤʘ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ï 1,8%.  

3. ʋʯʘʩʪʦʢ ˉ4 ï ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ɹʫʣʘʢʙʘʰʠ, ʚ 4ʢʤ ʚʦʩʪʦʯʥʝʝ ʢ. 

ɺʦʨʫʭ, ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʣʦʤʠʪʘʤʠ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʪʘʢʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ. 

ɼʣʠʥʘ ʫʯʘʩʪʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ʢʤ, ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 250-300ʤʝʪʨʦʚ. 

ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (MgO) ʩʦʩʪʘʚʣʷʝʪ 17-19%, ʥʝʨʘʩʪʚʦʨʠʤʳʡ 

ʦʩʪʘʪʦʢ ï 4-6%. 

4. ʋʯʘʩʪʦʢ ˉ5 ï ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ɹʫʣʘʢʙʘʰʠ, ʚ 5-6 ʢʤ ʚʦʩʪʦʯʥʝʝ ʢ. ɺʦʨʫʭ. 

ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʘ ï 300 ʤʝʪʨʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʄgO) ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 18-

20%, ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ï 2- 4%. 

5. ʋʯʘʩʪʦʢ ˉ6 ï ʨʘʩʧʦʣʦʞʝʥ ʚ 2-ʭ ʢʠʣʦʤʝʪʨʘʭ ʶʞʥʝʝ ʢʠʰʣʘʢʘ ɹʫʣʘʢʙʘʰʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʦʢʩʠʜʘ ʤʘʛʥʠʷ (MgO) ʧʦ ʧʨʦʬʠʣʶ ʩʦʩʪʘʚʣʷʝʪ 19,6%, ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ (ʉʘʆ) ï 30,7%, SiO2=2,7%, 

Al2O3=0,9%. 

6. ɹʝʰʢʝʥʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 4-4,5 ʢʤ ʩʝʚʝʨʦ ï ʟʘʧʘʜʥʝʝ 

ʧʦʩ.ʂʘʥʩʘʡ ʄʘʪʯʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʩʚʷʟʘʥʦ ʧʦʣʝʚʦʡ ʜʦʨʦʛʦʡ, ʞʝʣʝʟʥʦ ï ʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ 

ʃʝʥʠʥʘʙʘʜ ʩʚʷʟʘʥʘ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ ʘʚʪʦʜʦʨʦʛʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 47-48ʢʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ 

ʜʦʣʦʤʠʪʘʤʠ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʄgO) ʩʦʩʪʘʚʣʷʝʪ 20,47%, ʉʘʆ=30,84%, 

Fe2O3=0,39%, Al2O3=0,27%, SiO2=3,6%. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʟʘʧʘʩʳ ʜʦʣʦʤʠʪʦʚ ʧʨʠ ʛʣʫʙʠʥʝ ʦʪʨʘʙʦʪʢʠ 30 ʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʪʁ 23,1 ʤʣʥ. 

ʪʦʥʥ. ʀʩʧʳʪʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʜʦʣʦʤʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʩʪʝʢʦʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʦʛʘʱʝʥʠʷ (ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʜʦ 0,1 ï 0,28%) ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʩʪʦʚʦʛʦ ʩʪʝʢʣʘ, ʩʪʝʢʣʦʪʘʨʳ.  

7. ʂʘʣʢʘʥ ï ɸʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 7 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ 

ʢʠʰʣʘʢʘ ʉʘʨʜʦʙ, ʚ 20ʢʤ ʢ ʩʝʚʝʨʫ-ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʧʦʩʝʣʢʘ ʂʫʨʫʩʘʡ, ʩʚʷʟʘʥʦ ʧʦʣʝʚʦʡ ʜʦʨʦʛʦʡ. 

ʀʩʧʳʪʳʚʘʣʦʩʴ ʢʘʢ ʩʳʨʴʸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʢʣʘ. ʇʨʦʜʫʢʪʠʚʥʘʷ ʪʦʣʱʘ ʜʦʣʦʤʠʪʦʚ ʠʤʝʝʪ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ 300 ʤʝʪʨʦʚ ʧʨʠ ʤʦʱʥʦʩʪʠ 91ʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʛʣʠʥʠʩʪʳʤʠ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʄgO) = 19,43%, ʉʘʆ = 31,19%, ɬʝ2ʆ3 = 0,80%, ɸ12O3 = 0,31%, SiO2= 

1,99%, ʧʧʧ = 45,54%. 

8. ʄʦʛʦʣʪʘʫʩʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 28 ʢʤ ʦʪ ʨʘʡʦʥʘ ɹʫʩʪʦʥ; 

ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʘʷ ʜʦʨʦʛʘ ɹʫʩʪʦʥ - ɹʝʢʘʙʘʜ ʧʨʦʭʦʜʠʪ ʚ 0,5 ʢʤ ʟʘʧʘʜʥʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʛʨʫʥʪʦʚʘʷ ʜʦʨʦʛʘ 4 ʢʤ. ʈʝʣʴʝʬ ʩʢʘʣʠʩʪʳʡ, ʨʘʩʯʣʝʥʸʥʥr ʡ. 

ɼʦʣʦʤʠʪʳ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʧʣʘʩʪʦʚʦʛʦ ʟʘʣʝʛʘʥʠʷ, ʰʠʨʠʥʘ ʚʳʭʦʜʘ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠʥ r 100-600 ʤʝʪʨʦʚ. ɺʳʜʝʣʝʥ ʧʣʘʩʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 4000 ʤ ʤʦʱʥʦʩʪʴʶ 

30-105 ʤ (ʩʨʝʜʥʷʷ 61 ʤʝʪʨ), ʰʠʨʠʥʘ ʚʳʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 100-500 ʤʝʪʨʦʚ. ɼʦʣʦʤʠʪʳ ʪʸʤʥʦ-ʩʝʨʦʛʦ 

ʮʚʝʪʘ ʩ ʠʩʢʨʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʪʦʥʢʦ ʠ ʪʦʣʩʪʦ ʩʣʦʠʩʪʳʝ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʄgʆ)=20,11%, ʉʘʆ=29,9%, ɬʝ2ʆ3=0,70%, ɸ12O3 

=0,81%, SiO2= 3,19%, ʧʧʧ = 45,09%. 
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ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʟʘʧʘʩʳ ʧʨʠ ʛʣʫʙʠʥʝ ʦʪʨʘʙʦʪʢʠ 30 ʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʶʪ 18,3 ʤʣʥ.ʪ. 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳ 

ʜʣʷ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

9. ʄʝʩʪʦʨʦʞʜʝʥʠʝ çʌʘʨʭʘʜʩʢʠʝ ʩʢʘʣʳè - ʨʘʩʧʦʣʦʞʝʥʦ ʚ 7 ʢʠʣʦʤʝʪʨʘʭ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ 

ʞ.ʜ. ʩʪʘʥʮʠʠ ɹʝʢʘʙʘʜ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʉʳʨʜʘʨʴʷ, ʚʦʩʪʦʯʥʝʝ ʌʘʨʭʘʜʩʢʦʡ ɻʕʉ. ʉ ʨʘʡʦʥʦʤ 

ʅʘʫ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʦʝʜʠʥʷʝʪʩʷ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ ʜʦʨʦʛʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 5-6 ʢʠʣʦʤʝʪʨʦʚ. 

ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʛʦʨʠʩʪʳʡ, ʩʢʘʣʴʥʳʡ, ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ 320-380 ʤʝʪʨʦʚ. ɺʦʜʥʳʡ ʠʩʪʦʯʥʠʢ 

- ʨʝʢʘ ʉʳʨʜʘʨʴʷ ʧʨʦʪʝʢʘʝʪ ʨʷʜʦʤ, ʶʞʥʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [14,ʩ.107; 15,ʩ.183]. 

ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʄgʆ) = 17,96-18,61%, ʉʘʆ = 31,75- 32,43%, ʈ2O5 = 1,72-

2,52%, SiO2=1,60-2,90%, ɬʝ2ʆ3 = 1,13-1,33%, ɸ12ʆ3 = 0,50-0,59%, Sʆ3 =0,12-0,15%, ʧʧʧ = 45,32-

45,47%. 

ʆʙʲʝʤʥʳʡ ʚʝʩ ʧʦʨʦʜʳ 2,61 ʪ/ʤ
3
, ʦʛʥʝʫʧʦʨʥʦʩʪʴ 1770 ʉ

ʦ
. 

ɿʘʧʘʩʳ ʜʦʣʦʤʠʪʦʚ ʦʪʥʝʩʝʥʳ ʢ ʟʘʙʘʣʘʥʩʦʚʳʤ ʠ ʫʪʚʝʨʞʜʝʥʳ ʢʘʢ ʦʛʥʝʫʧʦʨʥʦʝ ʩʳʨʴʸ ʧʦ 

ʢʘʪʝʛʦʨʠʠ ʉ1 = 490 ʪʳʩʷʯ ʪʦʥʥ ʢʘʢ ʬʣʶʩʳ ʧʦ ʢʘʪʝʛʦʨʠʠ ɸ = 1869 ʪʳʩʷʯ ʪʦʥʥ. 

ʇʨʦʝʢʪʥʘʷ ʤʦʱʥʦʩʪʴ ʢʘʨʴʝʨʘ 27 ʪʳʩʷʯ ʪʦʥʥ ʚ ʛʦʜ. ʇʝʨʩʧʝʢʪʠʚʘ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʘ. 

10. ʗʥʪʘʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ - ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ 2-3 ʢʤ ʢ ʶʛʦ-

ʚʦʩʪʦʢʫ ʦʪ ʨʘʡʮʝʥʪʨʘ ɹʫʩʪʦʥ, ʩʚʷʟʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ ʜʦʨʦʛʦʡ. ɼʦʣʦʤʠʪʳ 

ʧʨʠʛʦʜʥʳʝ ʢʘʢ ʩʳʨʴʸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʢʣʘ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʣʦʞʝʥʦ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʜʦʣʦʤʠʪʘʤʠ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʠʟʚʝʩʪʥʷʢʘʤʠ. ɺʳʜʝʣʝʥ ʧʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ ʚʳʭʦʜʘ ʜʦʣʦʤʠʪʦʚ ʜʣʠʥʦʡ 750 ʤʝʪʨʦʚ, 

ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ 106ʤ. ɼʦʣʦʤʠʪʳ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʤʘʩʩʠʚʥʦʛʦ ʩʣʦʞʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʄgʆ) = 19,26%, ʉʘʆ = 31,90%, ɬʝ2ʆ3 = 0,44%, ɸ12ʆ3 = 0,20%, 

SiO2 = 1,28%, ʧʧʧ = 46,42%. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʟʘʧʘʩʳ ʜʦʣʦʤʠʪʦʚ ʧʨʠ ʛʣʫʙʠʥʝ ʦʪʨʘʙʦʪʢʠ 30ʤ ʩʦʩʪʘʚʣʷʶʪ 5,772 ʤʣʥ.ʪʦʥʥ. 

11. ʊʘʢʬʦʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʜʦʣʦʤʠʪʦʚ - ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʗʛʥʦʙ, ʚ 

1,5 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʢʠʰʣʘʢʘ ʊʘʢʬʦʥ. ʇʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʫʯʘʩʪʦʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ. ʇʦʨʦʜʳ ʦʙʥʘʞʘʶʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʚʠʜʝ ʫʟʢʦʡ ʧʦʣʦʩʳ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʩ ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ 10-20 

ʤʝʪʨʦʚ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʚʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ 160-170 ʤʝʪʨʦʚ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ - ʪʸʤʥʦ-ʩʝʨʳʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ ʠ 

ʜʦʣʦʤʠʪ.r ʇʣʦʩʢʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʟʠʷʶʱʠʭ ʪʨʝʱʠʥ ʧʦʢʨʳʪʳ ʙʫʨʳʤʠ ʦʭʨʘʤʠ ʛʠʜʨʦʦʢʠʩʣʦʚ 

ʞʝʣʝʟʘ. ʉʚʝʪʣʦ-ʩʝʨʳʝ ʠ ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ ʥʘ ʩʝʚʝʨʝ ʫʯʘʩʪʢʘ 11 ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʩʣʘʥʮʘʤʠ [8]. 

ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ - ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʫʶ 

ʧʣʘʩʪʦʚʫʶ ʟʘʣʝʞʴ ʩ ʢʨʫʪʳʤ ʧʘʜʝʥʠʝʤ ʧʦʨʦʜ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʋʩʣʦʚʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʪʢʨʳʪʳʤ ʢʘʨʴʝʨʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. 

ʇʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʛʦʜʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʫʪʦʚʦʛʦ ʢʘʤʥʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʥʦʚʦʛʦ ʢʘʤʥʷ ʠ ʱʝʙʥʷ ʧʦʨʦʜʳ ʥʝ ʧʨʠʛʦʜʥʳ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʣʘʙʳʭ ʟʝʨʝʥ, ʠʭ ʠʛʣʦʚʘʪʦʡ ʬʦʨʤʳ, ʚʳʩʦʢʦʛʦ ʦʙʲʸʤʥʦʛʦ ʚʝʩʝ, ʭʦʪʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʦʥʠ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʵʪʠ ʚʠʜʳ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

12. ʋʯʘʩʪʦʢ ˉ 3 ʧʦ ʨ. ʀʩʢʘʥʜʝʨ-ʜʘʨʴʷ - ʨʘʩʧʦʣʦʞʝʥ ʚ 2-3 ʢʤ ʦʪ ʫʩʪʴʷ, ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ 400 ʤʝʪʨʦʚ. ʀʟʚʝʩʪʥʷʢʠ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʧʣʦʪʥʳʝ, ʤʘʩʩʠʚʥʳʝ, ʰʠʨʠʥʘ ʚʳʭʦʜʘ 

ʧʦ ʙʝʨʝʛʘʤ 800ʤ. ʉʨʝʜʥʝʝ ʚʦʟʚʳʰʝʥʠʝ ʥʘʜ ʜʦʨʦʛʦʡ 100ʤ. ɿʘʧʘʩʳ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 8,3 

ʤʣʥ.ʪʦʥʥ. 

ʀʟʚʝʩʪʥʷʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ: ʦʢʩʠʜ ʤʘʛʥʠʷ (ʄgʆ) = 17,7%, ʉʘʆ 

= 46,0%, SiO2 = 0,38%, ɸ12ʆ3+ɬʝ2ʆ3 = 1,0%, ʧʧʧ= 45,68%. ʀʟʚʝʩʪʥʷʢʠ ʩʠʣʴʥʦ 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʳ. 

13. ʀʟʚʝʩʪʥʷʢʠ ʧʦ ʨ. ʌʦʥ-ɼʘʨʴʷ - ʫʯʘʩʪʦʢ ˉ 4 - ʚʳʭʦʜ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʨʝʢʠ ʚ 2-3 ʢʤ ʦʪ 

ʧʘʨʦʤʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʛ. ɸʡʥʠ. ʀʟʚʝʩʪʥʷʢʠ ʦʙʨʘʟʫʶʪ ʫʟʢʦʝ ʫʱʝʣʴʝ ʩ ʦʪʚʝʩʥʳʤʠ ʩʢʘʣʘʤʠ ʩ 

ʧʨʝʚʳʰʝʥʠʝʤ ʥʘʜ ʘʚʪʦʜʦʨʦʛʦʡ 200- 100ʤ. ʐʠʨʠʥʘ ʜʦʣʠʥʳ 50-60ʤ. ɼʦʨʦʛʘ ʧʨʦʭʦʜʠʪ ʧʦ ʣʝʚʦʤʫ 

ʙʝʨʝʛʫ. ɺ 600- 800 ʤʝʪʨʘʭ ʦʪ ʢʠʰʣʘʢʘ ʇʝʪʠ ʠʤʝʝʪʩʷ ʧʣʦʱʘʜʢʘ ʙʦʣʝʝ 3 ʛʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʜʦʙʳʯʝ ʠʟʚʝʩʪʥʷʢʘ. ʀʟʚʝʩʪʥʷʢʠ ʪʸʤʥʦ-ʩʝʨʦʛʦ, ʠʥʦʛʜʘ ʜʦ ʯʸʨʥʦʛʦ ʮʚʝʪʦʚ, 
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ʢʨʝʧʢʠʝ, ʤʘʩʩʠʚʥʳʝ, ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ 170 ʤʝʪʨʦʚ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 570ʤ, ʰʠʨʠʥʘ 290ʤ. 

ʇʨʠʤʝʨʥʳʝ ʟʘʧʘʩʳ ʙʦʣʝʝ 73 ʤʣʥ. ʪʦʥʥ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʦʢʩʠʜ ʤʘʛʥʠʷ (ʄgʆ) =18,3%, ʉʘʆ=34,1%, SiO2=1,2%, 

ɸ12ʆ3+ɬʝ2ʆ3=0,50%, ʧʧʧ =45,93%. 

14. ʀʟʚʝʩʪʥʷʢʠ ʧʦ ʨʝʢʝ ɿʝʨʘʚʰʘʥ, ʫʯʘʩʪʦʢ ˉ 6 - ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʫʯʴʷ 

ʀʦʨʳ-ʉʘʡ, ʚ 40 ʤʝʪʨʘʭ ʩʝʚʝʨʥʝʝ ʢʠʰʣʘʢʘ ʀʦʨʳ. ʀʟʚʝʩʪʥʷʢʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʠʤʝʝʪʩʷ 

ʧʣʦʱʘʜʢʘ ʜʣʷ ʜʦʙʳʯʠ. ʇʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʭʦʨʦʰʠʝ, ʤʦʱʥʦʩʪʴ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʦʪ 0,3 ʜʦ 1,5ʤ. 

ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʙʦʣʝʝ 490 ʤʝʪʨʦʚ, ʰʠʨʠʥʘ ʧʨʠʤʝʨʥʦ 260ʤ, ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ 

ʥʘʜ ʫʨʦʚʥʝʤ ʧʣʦʱʘʜʢʠ 200ʤ. ʇʨʠʤʝʨʥʳʝ ʟʘʧʘʩʳ 93 ʤʣʥ.ʪʦʥʥ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʦʢʩʠʜ ʤʘʛʥʠʷ (ʄgʆ) = 20,0%, ʉʘʆ = 32,32%, ɬʝ2ʆ3 = 0,38%, ɸ12ʆ3 = 

0,41%, SiO2= 0,21%, ʉʆ2 = 46,17%, ʧʧʧ = 46,34. 

15. ʀʟʚʝʩʪʥʷʢʠ - ʨʘʢʫʰʝʯʥʠʢʠ. ʋʯʘʩʪʦʢ ˉ1 - ʚʳʭʦʜ ʙʝʣʳʭ, ʩʝʨʦʚʘʪʦ-ʙʝʣʳʭ, ʧʣʦʪʥʳʭ, 

ʤʦʥʦʣʠʪʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ-ʨʘʢʫʰʝʯʥʠʢʦʚ, ʚ 500 ʤʝʪʨʘʭ ʥʘ ʚʦʩʪʦʢ ʦʪ ʨʫʯʴʷ ʍʫʯ-ʍʘʣʚʫʡ-ʉʘʡ, 

ʚʜʦʣʴ ʘʚʪʦʜʦʨʦʛʠ ʀʦʨʳ-ʄʠʥʫʦʥʘ. ʇʨʦʪʷʞʸʥʥʦʩʪʴ 240ʤ, ʰʠʨʠʥʘ 400ʤ, ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

ʪʦʣʱʠʥʘ 19ʤ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʄgʆ=19,58%, ʉʘʆ=30,36%, ɬʝ2ʆ3=0,26%, ɸ12ʆ3 =0,47%, Sʆ2 =1,34%, 

ʉʆ2 =46,44%, ʰʰ= 46,53%. 

ɿʘʧʘʩʳ 1300 ʪʳʩʷʯ ʪʦʥʥ, ʠʟʚʝʩʪʥʷʢʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʩʪʝʥʦʚʦʡ 

ʰʪʫʯʥʳʡ ʢʘʤʝʥʴ. 

16. ʋʯʘʩʪʦʢ ˉ 2 ʥʘʭʦʜʠʪʩʷ ʚ 300-350 ʤʝʪʨʘʭ ʢ ʟʘʧʘʜʫ ʦʪ ʢʠʰʣʘʢʘ ʀʦʨʳ. ʀʟʚʝʩʪʥʷʢ-

ʨʘʢʫʰʝʯʥʠʢ ʩʝʨʦʚʘʪʦ-ʙʝʣʦʛʦ, ʠʥʦʛʜʘ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ, ʤʦʥʦʣʠʪʥʳʡ, ʧʣʦʪʥʳʡ. 

ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʫʯʘʩʪʢʘ 250ʤ ʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ 450ʤ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʄgʆ=19,64%, ʉʘʆ=30,65%, ɬʝ2ʆ3=0,37%, ɸ12ʆ3=0,53%, Sʆ2=1,97%, 

ʧʧʧ=45,29%. 

ɿʘʧʘʩʳ ʩʦʩʪʘʚʣʷʶʪ 3,6 ʤʣʥ. ʪʦʥʥ. ʅʘʣʠʯʠʝ ʧʣʦʱʘʜʢʠ, ʭʦʨʦʰʠʝ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʩʦʟʜʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ. 

17. ʋʯʘʩʪʦʢ ˉ 3 - ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʫʯʴʷ ɻʘʨʠʙʘʢ-ʉʘʡ, ʚ 850ʤ ʩʝʚʝʨʥʝʝ 

ʢʠʰʣʘʢʘ ɻʘʨʠʙʘʢ, ʠʟʚʝʩʪʥʷʢ-ʨʘʢʫʰʝʯʥʠʢ ʤʝʣʢʦʧʦʜʦʙʥʳʡ, ʙʝʣʳʡ, ʩʝʨʦʚʘʪʦ-ʙʝʣʳʡ, ʤʦʥʦʣʠʪʥʳʡ. 

ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʫʯʘʩʪʢʘ 620ʤ, ʰʠʨʠʥʘ 390ʤ. ɿʘʧʘʩʳ ʦʢʦʣʦ 4200 ʪʳʩʷʯ ʪʦʥʥ. ɺ 50 ʤʝʪʨʘʭ 

ʧʨʦʭʦʜʠʪ ʘʚʪʦʜʦʨʦʛʘ ɻʘʨʠʙʘʢ- ʀʦʨʳ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʄgʆ=18,70%, ʉʘʆ=26,71%, SiO2=6,34%, ɸ12ʆ3=0,36%, ʈ2ʆ5=0,55%, 

ɬʝ2ʆ3 = 0,26%, ʧʧʧ=44,72%. 

18. ʋʯʘʩʪʦʢ ˉ 4 - ʨʘʩʧʦʣʦʞʝʥ ʚ 270-350 ʤʝʪʨʘʭ ʦʪ ʢʠʰʣʘʢʘ ʈʦʯ, ʣʝʚʳʡ ʙʝʨʝʛ ʨʫʯʴʷ ʋʯʢʦʣ-

ʉʘʡ. ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʘ 9,5ʤ, ʦʙʥʘʞʘʝʪʩʷ ʤʦʱʥʦʩʪʴ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ 1,0-2,5ʤ. ɿʘʧʘʩʳ ʙʦʣʝʝ 4 

ʤʣʥ.ʪʦʥʥ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʄgO=18,67%, ʉʘʆ=30,34%, Siʆ2=2,96%, ɸ12ʆ3=0,56%, 

ɬʝ2ʆ3=0,19%, ʧʧʧ=45,71%, Sʆ3=0,39%, ʈ2ʆ5=0,34%. ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ 420ʤ, ʩ 

ʩʝʚʝʨʘ ʥʘ ʶʛ- 650ʤ. ɸʚʪʦʜʦʨʦʛʘ ʈʦʯ -ʈʘʙʘʪ-ʀʦʨʳ. 

19. ʋʯʘʩʪʦʢ ˉ5 ʨʘʩʧʦʣʦʞʝʥ ʚ 80-100 ʤʝʪʨʘʭ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʦʪ ʢʠʰʣʘʢʘ ɸʤʦʥʜʘʨʘ, 

ʘʥʘʣʦʛʠʯʝʥ ʠʟʚʝʩʪʥʷʢʫ-ʨʘʢʫʰʝʯʥʠʢʫ ʫʯʘʩʪʢʘ ˉ4. ʅʘʣʠʯʠʝ ʧʣʦʱʘʜʢʠ (150-800ʤ) ʩʦʟʜʘʝʪ 

ʫʜʦʙʥʳʝ ʤʝʩʪʘ ʜʣʷ ʟʘʣʦʞʝʥʠʷ ʢʘʨʴʝʨʘ. 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʄgʆ=17,37%, ʉʘʆ=26,77%, SiO2=13,8%, ɸ12ʆ3=1,48%, ɬʝ2ʆ3=0,65%, 

ʧʧʧ=36,16%. 

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʠʟʚʝʩʪʥʷʢʦʚ 16 ʤʝʪʨʦʚ, ʜʣʠʥʘ ʫʯʘʩʪʢʘ 600ʤ, ʰʠʨʠʥʘ 350ʤ. ɿʘʧʘʩʳ 

ʦʢʦʣʦ 3 ʤʣʥ.ʪʦʥʥ. 

20. ʋʯʘʩʪʦʢ ˉ 6 ʨʘʩʧʦʣʦʞʝʥ ʚ 600 ʤʝʪʨʘʭ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʦʪ ʢʠʰʣʘʢʘ ʄʠʥʜʦʨʘ. 

ʄʦʱʥʦʩʪʴ 8ʤ, ʧʦʜʭʦʜʠʪ ʘʚʪʦʜʦʨʦʛʘ ʀʦʨʳ-ʄʠʥʜʦʥʘ. ɼʣʠʥʘ ʫʯʘʩʪʢʘ 350ʤ, ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ 

850ʤ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ɿʘʧʘʩʳ ʦʢʦʣʦ 3 ʤʣʥ.ʪʦʥʥ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʄgO=18,97%, ʉʘʆ=31,16%, ɸ12ʆ3=0,46%, Fʝ2ʆ3=0,21%, SiO2=1,88%, 

ʉʆ2=46,40% [4]. 

ɺʳʚʦʜʳ. ʎʝʣʴ ʁ ʠ ʟʘʜʘʯʝʡ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦʠʩʢʘ ʜʦʣʦʤʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʥʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 

ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʥʘ 2026-2030 ʛʦʜʳ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʧʨʠʨʦʜʥʳʡ ʜʦʣʦʤʠʪ ʠ ʝʛʦ 

ʧʨʦʜʫʢʮʠ ̫ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʭʦʪʷ ʚ ʈʝʩʧʫʙʣʠʢʠ ʝʩʪʴ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʜʦʣʦʤʠʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʣʦʤʠʪʘ ʠ ʝʛʦ ʧʨʦʜʫʢʮʠʠ ʚ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 
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ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʵʢʦʥʦʤʠʢʠ ʠ ʩʥʠʟʠʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʣʦʤʠʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʦʣʦʤʠʪ ʷʚʣʷʝʪʩʷ ʤʝʩʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʟʘʤʝʥʠʪ 

ʧʨʦʚʦʟʠʤʫʶ ʠʟ ʥʝʛʦ ʧʨʦʜʫʢʮʠʶ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ. 

ɿʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝ ʪʨʝʙʫʪʁ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʘʞʝʥʠʡ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʟʘʛʨʫʞʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʛʨʘʚʠʡʥʦʡ, ʩʦʨʪʠʨʦʚʦʯʥʳʝ, ʟʘʚʦʜʳ, ʢʠʨʧʠʯʥʳʝ ʠ ʮʝʤʝʥʪʥʳʝ ʮʝʭʠ 

ʦʙʞʠʛʘ, ʘ ʪʘʢʞʝ ʮʝʭʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʚʝʩʪʠ), ʢʦʪʦʨʳʝ ʚ ʉʦʛʜʠʡʩʢʠʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪʩʷ ʚ ʀʩʬʘʨʝ, 

ɻʫʣʠʩʪʘʥʝ, ɹʦʙʦʜʞʦʥ ɻʘʬʫʨʦʚʝ, ɸʡʥʠʥʩʢʦʤ ʨʘʡʦʥʝ ʠ ʪ.ʜ. 

ʆʙʞʠʛ ʜʦʣʦʤʠʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 700-900
0
ʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ, 

ʜʦʣʦʤʠʪʦʚʦʛʦ ʮʝʤʝʥʪʘ ʠ ʜʦʣʦʤʠʪʦʚʦʡ ʠʟʚʝʩʪʠ. ʇʦʣʫʯʝʥʠʝ ʜʨʫʛʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʢʘʫʩʪʠʯʝʩʢʦʛʦ 

ʜʦʣʦʤʠʪʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩ ̫ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʞʜʦʡ ʦʪʨʘʩʣʠ.  
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɹʘʨʙʘʥʷʛʨʵ, ɺ.ɼ. ɺʦʣʦʩʪʦʡʢʠʡ ʜʦʣʦʤʠʪʦʚʳʡ ʙʨʠʢʝʪ ʩʦ ʩʚʦʙʦʜʥʳʤ CaO ʥʘ ʦʩʥʦʚʝ ʃʠʩʴʝʛʦʨʩʢʦʛʦ ʜʦʣʦʤʠʪʘ / 

ɺ.ɼ. ɹʘʨʙʘʥʷʛʨʵ, ʃ.ɽ. ɿʫʙʘʢʦʚʘ // ʆʛʥʝʫʧʦʨʳ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ. - ˉ10. -ʉ.12-14.  

2. ɹʫʪʪ, ʖ.ʄ. ʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ / ʖ.ʄ. ɹʫʪʪ, ʄ.ʅ. ʉʳʯʝʚ, ɺ.ɺ. ʊʠʤʦʰʝʚ. -ʄ.: 

ɺʳʩʰʘʷ ʰʢʦʣʘ, 1980. -472 ʩ.  

3. ɺʘʛʘʥʪʦʚ, ɸ.ʇ. ʂʩʠʣʦʣʠʪ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ) / ɸ.ʇ. ɺʘʛʘʥʪʦʚ. -ʄ: ʄʝʪʘʣʣʫʨʛʠʷ, 1984. -448 ʩ.  

4. ɻʦʨʰʢʦʚ B.C. ʄʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ / B.C. ɻʦʨʰʢʦʚ, ɺ.ɺ. ʊʠʤʘʰʦʚ, ɺ.ɻ. 

ʉʘʚʝʣʴʝʚ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1981. 

5. ɻʆʉʊ 1216-99. ʇʦʨʦʰʦʢ ʤʘʛʥʝʟʠʪʦʚʳʡ ʢʘʫʩʪʠʯʝʩʢʠʡ.  

6. ɻʆʉʊ 23673.5-2020. ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ. ɼʦʣʦʤʠʪ ʜʣʷ ʩʪʝʢʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

7. ɼʦʣʦʤʠʪʦʚʳʡ ʦʛʥʝʫʧʦʨ: ʧʘʪ. ʈɹ ˉ6910. ʇʨʠʦʨʠʪʝʪ ʦʪ 27.12.2001 / ɺ.ʅ. ɻʦʥʯʘʨʠʢ, ʀ.ɸ. ɹʝʣʦʚ, ʆ.-ɻ. ɹʘʮʝʚʠʯʫʩ 

// ʆʛʥʝʫʧʦʨ ʥʘ ʦʩʥʦʚʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʣʦʤʠʪʘ. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ï 2001. -ˉ3. -ʉ.16.  

8. ɼʫʰʝʚʠʥʘ, ɸ.ʄ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʣʦʤʠʪʦʚ: ʘʚʪʦʨʝʬ. ʜʠʩ. é ʢʘʥʜ. ʪʝʭʥ. 
ʥʘʫʢ: 05.17.11. / ɸ.ʄ. ɼʫʰʝʚʠʥʘ. -ɹʘʨʥʘʫʣ, 2005. -23 ʩ.  

9. ɿʘʷʚʢʘ 55-126561 ʗʧʦʥʠʷ, ʂʃ ʉ 04 ɺ 17/05 ʉ 04 ɺ 13/24. ʄʘʛʥʝʟʠʘʣʴʥʳʡ ʮʝʤʝʥʪ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʦʡ, 

ʦʙʨʘʟʫʶʱʝʡ ʭʝʣʘʪʥʳʝ ʩʚʷʟʠ // ʉʠʥʛʫ ʂʕʅ, ʂʦʩʫʛʘ ʂʵʠʨʦ, ʅʘʩʫ ʍʘʢʫʪʦ, ʉʵʢʠʩʫʡ ʂʘʛʘʢʫ ʢʦʛʸ ʢ.ʢ. - ˉ 54 23854. 

ɿʘʷʚʣ. 20.03.79 ʆʧʫʙʣ. 30.09.80.  

10. ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠʟ ʜʦʣʦʤʠʪʦʚʦʛʦ 

ʩʳʨʴʷ / ɹʠʙʢʘʫ ʄ.ʗ. [ʠ ʜʨ.] // ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. - 1997. -ˉ5. -ʉ.3-5.  

11. ʋʪʢʠʥ, ʅ.ʀ. ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ / ʅ.ʀ. ʋʪʢʠʥ. -ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1985. -440 ʩ. 

12. ʌʠʨʤʘ Maerz ofenbou AG. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: http://www.maerz.com /rce_tech_ru.pdf.  

13. ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʝʨʘʤʠʢʠ ʠ ʦʛʥʝʫʧʦʨʦʚ / ʧʦʜ ʨʝʜ. ʇ.ʇ. ɹʫʜʥʠʢʦʚʘ. -ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1972. -552 ʩ.  
14. Æÿüìėÿ÷úî Ø.Ü. ÔýþôĀúðìô ûìýøúùðìô öúüāúùìĕúô öúüöìüðô ýìùï ĕìùïúøô ôýþñĕýú÷ô øìýú÷ñĕĕúô 
ýúāþøúùĒ / Ø.Ü. Æÿüìėÿ÷úî // ØìĔì÷÷ìô ùìóìüôċîĒ îì ô÷øôĊ ôýþñĕýú÷Ē. ÖôĄúîìüó. ÐÌÞ. - 2024. -Ĝ4(105). 
-Ý.105-108. 

15. Æÿüìėÿ÷úî Ø.Ü. ÔýþôĀúðìíìüôô ûìüþúîĕú ĕìøăÿù ýìüăìĄøìô íìðìýþúüôô ï÷ìóÿü íìüúô ôýþñĕýú÷ô 
øìýùÿúþĕúô ýìĀú÷Ē / Ø.Ü. Æÿüìėÿ÷úî, Ì.Ø. ØôüĔìøú÷úî, á.Ç. Ýìôðúî // ÛìČøô ûú÷ôþñāùôöĒ. ÐÞÞ íì 
ùúøô Ø.Ý. ÚýôøĒ. -ÐÿĄìùíñ, 2024. -Ĝ1(65). -Ý.181-185.  

16. ʐʫʙʠʥ, ɺ.ʀ. ʆʛʥʝʫʧʦʨʳ ʜʣʷ ʮʝʤʝʥʪʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʝʡ / ɺ.ʀ. ʐʫʙʠʥ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʞʘʨʦʩʪʦʡʢʠʭ ʮʝʤʝʥʪʦʚ ʠ ʙʝʪʦʥʦʚ. -ʄ.: ʅʘʫʢʘ, 1986. -ʉ.173ï175.  

 
ØÚÐÐÌÇÚÔ ãÌÝÛÌÙÐÌÔ ÐÚ×ÚØÔÞÔÔ ÖÌßÝÞÔÖÔÔ ØÌÇÌ××Ä ÐÌÜ ÎÔ×ÚëÞÔ ÝßÀÐ 
Ðìü ôù øìėú÷ì ĔÿýþÿĔĘô öúùĕúô ðú÷úøôþ îì þìĕ÷ô÷ô öôøôČîôô úùĕú ðìü îô÷úċþô ÝÿĎð ûñĄùôĕúð 

Ąÿðììýþ, óñüú ÞúĔôöôýþúù øôùþìėìô öĘĕĒ íÿðì, ðúüúô óìāôüìĕúô íÿóÿüïô øìĕýÿ÷úþĕúô þìíôĒ íìüúô ýúāþøúù 
îì íìüúô ðôïìü ýúĕìĕúô āúĔìïôô āì÷ė øñíúĄìð. Ðú÷úøôþ ýìùïñýþ, öô óôČðì ìó 90% (îúíìýþì íì öúù) ìó 
øôùñüì÷ô ðú÷úøôþ ôíúüìþ ìýþ, öô íì ýôùĀô öìüíúùìþĕú þìì÷÷ÿė ðúĄþì, Āúüøÿ÷ìô āôøôċîôô úù ÝìØ 
øñíúĄìð. Þìüöôíô ðÿüÿýþô ðú÷úøôþô þúóì: MgCÚ3 ­ 45,8%, CaCO3 ­ 54,2% øñíúĄìð. Ìó üĘô úöýôðĕú, úù 
ðúüúô MgO  ­ 21,87%, CaO ­ 30,41%, CO2 ­ 47,72% ìýþ. Öúøûúùñùþĕúô ðú÷úøôþ øñþìîúùìùð úöýôðĕúô SiO2, 
FeO, Fe2O3, Al2O3, MnO, úüïìùôöĒ îì Ďìõüìüú ðìü íìü ïôüìð. Çìùïúøô ûÿāþìùô ðú÷úøôþ, úù íì øìïùôõ, 
öì÷ýôõ, ïìóô öìüíúù, ïìóô öìüíúù îì Ďìõüì þìėýôø öìüðì øñĄìîìð: 

MgCO3 ¼ CaCO3 Ÿ MgO + CaO + CO2 (1)  
MgCO3 Ÿ MgO + CO 2 (2) 

CaCO3 Ÿ Ca + CO2 (3)  
Îúíìýþì íì ĕìüúüìþô ûìóôĄ, øìĕýÿ÷úþĕúô ăìýûìùðì íìüúô ýúāþøúùĒ íú þìüöôíô ïÿùúïÿù îì íú øìėýìð 

ôýþñĕýú÷ öìüðì øñĄìîìð. Þìėýôø öìüðìùô MgCO3 íì MgO  îì CÚ2 ðìü ĕìüúüìþô 700 ¬ 7500 Ý, ðìü ĕú÷ñ, öô 
þìėýôøúþô Ýì ÝÚ3 íì ÝÚ ĕìùïúøô ïìüø öìüðìù þú 9000 Ý íì ìøì÷ øñúċð. Îúíìýþì íì úù ðìü þìüöôíìĄ 
ðúĄþìùô ôù Č úù øìĕýÿ÷úþĕúô ĔÿðúĄìîìùðì, øìĕýÿ÷úþô óñüôù Āìüė öìüðì øñĄìîìð: ðú÷úøôþô öìÿýþôöĒ; 
ýñøñùþô ðú÷úøôþĒ; úĕìöô ðú÷úøôþĒ. Àìõü ìó ôù ċöăìùð üúĕô ýúāþìùô øìýú÷ñĕĕúô ýúāþøúùôüú Ĕÿðú öìüðìù 
øÿøöôù ìýþ: ì) øìîúðĕúô ýúāþøúùô ïìüøôðôĕĒ íú ûÿüöÿùìùðìĕúô úüïìùôöĒ (öýô÷ôþ, Āôíüú÷ôþ îì Ďìõüìĕú); í) 
ûñùúíñþúù ðìü ăìýûìùðìĕúô øìïùñóôì÷Ē; î) øìýú÷ñĕĕúô üĘõíìýþöÿùĒ; ï) üĘõûÿĄĕúô íúøûÿĄôô íñìýíñýþ íú 
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ăìýûìùðìĕúô øìïùñóôì÷Ē. Àìõü ìó ôù, ðú÷úøôþ ðìü ôýþñĕýú÷ô øìîúðĕúô úþìĄïôüìùðì, íìüúô üĘõûÿĄ öìüðìùô 
öÿüìĕúô íìüėĒ, ðĘ÷ô ýúāþøùúùĒ, öúùîñöþúüĕú, öÿüìĕúô ăìüāóìùìùðì îì ôùăÿùôù íìüúô íì ðìýþ úîìüðìùô 
ðú÷úøôþô öìÿýþôöĒ þìîìýýÿþô ûÿāþìù îì øìõðìöÿùĒ, öô ðìü ýúāþøúù ĕìøăÿù øúððìĕúô ăìýûìùðì, ûÿüöÿùìùðì 
íìüúô íñþúù, āôĄþô ýô÷ôöìþ, øñþì÷÷ÿüïôċ (üĘûÿĄ öìüðìùô öÿüì), ôýþñĕýú÷ô üìùïĕú îì ÷ìöĕú, ûú÷ôøñüĕú, 
øìĕýÿ÷úþô üìðôúþñāùôöĒ îì ôùăÿùôù ðìü öôĄúîìüóĒ ĕìøăÿù ùÿüôĕú íìüúô íñóìüìüïìüðúùĒ îì ĎìùĒ 
ïìüðúùðìùô āúö íú øìïùôõ ôýþôĀúðì øñĄìîìð. Ðìü ùìþôĔìô öúüĕúô ĔÿýþÿĔĘĒ ðìü îô÷úċþô ÝÿĎðô ÞúĔôöôýþúù, 
öúùĕúô óñüôù øÿìõċù öìüðì Ąÿðììùð, öô íì øñĆČüĕú îì þì÷ìíúþô ÝÍÐ- ô øú ĔìîúíïĘ øñíúĄìùð. Þìùĕú ðìü 
îô÷úċþô ÝÿĎð 20 öúùô ðú÷úøôþ íú ĔúõïôüĄìîôô ðìėôėô ĔÿïüúĀôô øôėðúüô úöýôðô øìïùôõ îì íìĆóñ 
óìāôüìĕúô ĉĕþôøú÷Ē, ôùăÿùôù øÿîúĀôė íÿðìùô úùĕú ĕìøăÿù ìĄČô āúø íìüúô ýúĕìĕúô ïÿùúïÿù øÿìõċù öìüðì 
Ąÿðììùð.  

Öì÷ôðîúòìĕú: ðú÷úøôþ, øìïùñóôþ, øìîúð, öúùĕú, öìüíúùìþ, öì÷ýôõ, ïôðüúýô÷ôöìþĕú, øìýú÷ñĕĕúô 
úþìĄíìüðúü, üĘõûÿĄ, öúüöìüð, øìĆðìùĕú, ìĄČô āúø, øìïùôõ, øñĆČüĕú, óìāôüìĕú. 

 

ʄɽʉʊʅʓɽ ʂɸʋʉʊʀʏɽʉʂʀɽ ɼʆʃʆʄʀʊʆɺʓɽ ɺʗɾʋʑʀɽ ɺɽʑɽʉʊɺɸ ʉʆɻɼʀʁʉʂʆʁ ʆɹʃɸʉʊʀ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʠʩʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʣʦʤʠʪʘ ʠ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʉʦʛʜʠʡʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʪʘʢ ʢʘʢ ʊʘʜʞʠʢʠʩʪʘʥ ʷʚʣʷʝʪʩʷ ʛʦʨʥʳʤ ʢʨʘʝʤ, ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɼʦʣʦʤʠʪʦʤ ʷʚʣʷʝʪʩʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 

90% (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʠʥʝʨʘʣʘ ʜʦʣʦʤʠʪ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢ ʢʣʘʩʩʫ ʢʘʨʙʦʥʘʪʦʚ, ʠ 

ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ CaMg(CO3)2. ʈʘʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʯʠʩʪʦʛʦ ʜʦʣʦʤʠʪʘ: MgCʆ3 ð 

45,8%, CaCO3 ð 54,2%. ɺ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʢʩʠʜʳ ʦʥ ʩʦʜʝʨʞʠʪ MgO ð 21,87%, CaO ð 30,41%, CO2 ð 47,72%. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʦʣʦʤʠʪʝ ʤʦʛʫʪ ʙʳʪʴ ʦʢʩʠʜʳ SiO2, FeO, Fe2O3, Al2O3, MnO, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʜʨ. ʇʨʠ ʦʙʞʠʛʝ 

ʜʦʣʦʤʠʪʘ ʦʥ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʦʢʩʠʜʳ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ: 

MgCO3 Ŀ CaCO3 Ÿ MgO + CaO + CO2 (1)  

MgCO3 Ÿ MgO + CO2 (2) 

CaCO3 Ÿ Ca + CO2 (3)  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʷʞʫʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʥʘʟʥʘʯʝʥʠʷ. ʈʘʟʣʦʞʝʥʠʝ MgCO3 ʥʘ MgO ʠ Cʆ2 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 700ï750 Áʉ, ʘ ʨʘʟʣʦʞʝʥʠʝ CaCO3 ʥʘ CaO 

ʠ CO2 ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 900Áʉ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚʳʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʫ  ʁʧʨʦʜʫʢʮʠ:ʁ ʢʘʫʩʪʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ; ʜʦʣʦʤʠʪʦʚʳʡ ʮʝʤʝʥʪ; ʜʦʣʦʤʠʪʦʚʘʷ ʠʟʚʝʩʪʴ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʘ) ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ (ʢʩʠʣʠʪ, ʬʠʙʨʦʣʠʪ ʠ ʜʨ.); ʙ) ʧʝʥʦʙʝʪʦʥ ʥʘ ʤʘʛʥʝʟʠʘʣʴʥʦʤ ʚʷʞʫʱʝʤ; ʚ) 

ʦʙʣʠʮʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʛ) ʢʨʦʚʝʣʴʥʳʝ ʙʝʟʘʩʙʝʩʪʦʚʳʝ ʣʠʩʪʳ ʥʘ ʤʘʛʥʝʟʠʘʣʴʥʦʤ ʚʷʞʫʱʝʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʦʣʦʤʠʪ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʵʣʝʢʪʨʦʧʝʯʝʡ, ʢʦʚʰʝʡ, ʢʦʥʚʝʢʪʦʨʦʚ, 

ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ ʧʫʪʸʤ ʦʙʞʠʛʘ ʠ ʧʦʤʦʣʦʤ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʪʁʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʘʢ ʚʷʞʫʱʠʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʦʣʥʠʪʝʣʠ ʜʣʷ ʙʝʪʦʥʦʚ, ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨʧʠʯʘ, 

ʤʝʪʘʣʣʫʨʛʠʠ (ʬʫʪʝʨʦʚʢʠ ʧʝʯʝʡ), ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʠʤʝʨʦʚ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʢʘʢ ʫʜʦʙʨʝʥʠʝ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʦʙʦʛʘʱʝʥʠʷ ʧʦʯʚʳ ʤʘʛʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʦʠʩʢʘ ʚ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʪʚʝʯʘʶʪ ʥʘʰʠʤ ʢʨʠʪʝʨʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ. ɺʩʝʛʦ ʚ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʳ 20 ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʜʦʣʦʤʠʪʘ, ʩ ʪʦʯʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ, ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʟʘʧʘʩʘʤ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʣʦʤʠʪ, ʤʘʛʥʝʟʠʪ, ʤʘʪʝʨʠʘʣ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʘʨʙʦʥʘʪ, ʢʘʣʴʮʠʡ, ʛʠʜʨʦʩʠʣʠʢʘʪʳ, 

ʦʛʥʝʫʧʦʨʳ, ʬʫʪʝʨʦʚʢʘ, ʨʘʟʨʘʙʦʪʢʘ, ʠʩʢʦʧʘʝʤʳʝ, ʩʳʨʴʸ, ʤʘʛʥʠʡ, ʢʨʠʪʝʨʠʡ, ʟʘʧʘʩʳ.  

 

LOCA L CAUSTIC DOLOMITE BINDERS OF SOGD REGION  

This paper presents the exploration of dolomite deposits and their chemical analysis in the Sughd region, as 

Tajikistan is a mountainous region with a large reserve of natural materials for construction and other sectors of the 

national economy. Dolomite is a rock composed of more than 90% (depending on the deposit) of the mineral dolomite, a 

carbonate with a chemical formula of CaMg(CO3)2. The composition of pure dolomite is: 45.8% MgCO3, 54.2% CaCO3. In 

terms of oxides, it contains 21.87% MgO, 30.41% CaO, and 47.72% CO2. Dolomite may contain oxides such as SiO2, FeO, 

Fe2O3, Al2O3, MnO, organic matter, and others. When dolomite is fired, it decomposes into magnesium and calcium oxides 

and carbon dioxide [1]: 

MgCO3 Ŀ CaCO3 Ÿ MgO + CaO + CO2 (1) 

MgCO3 Ÿ MgO + CO2 (2) 

CaCO3 Ÿ Ca + CO2 (3) 

Depending on the firing temperature, binders for construction of various compositions and purposes can be 

produced. The decomposition of MgCO3 into MgO and CO2 occurs at 700ï750ÁC, and the decomposition of CaCO3 into 

CaO and CO2 occurs upon heating to 900ÁC. Depending on the content of these or other decomposition products, the 

following products are distinguished: caustic dolomite; dolomite cement; dolomite lime. Furthermore, several areas of 

construction materials development can be identified: a) thermal insulation structural materials with organic fillers (xylitol, 

fiberboard, etc.); b) foam concrete with magnesite binder; c) cladding materials; d) asbestos-free roofing sheets with 

magnesite binder. Dolomite is also used in the production of refractory materials, for lining electric furnaces, ladles, 

convectors, and rotary kilns, as well as for producing caustic dolomite by firing and grinding. This dolomite is widely used 

in construction as a binder, filler for concrete, sand-lime brick, metallurgy (furnace linings), paint and varnish production, 

polymers, and electronic components. It is also used in agriculture as a fertilizer for deoxidizing and enriching soil with 
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magnesium. As a result of exploration in the Sughd region of Tajikistan, the following deposits were identified that meet 

our criteria and GOST requirements. In total, 20 dolomite deposits in the Sughd region alone were identified, with precise 

geographic locations, magnesium oxide content, and some potential reserves, as well as their suitability as raw materials for 

various industries. 

Keywords: dolomite, magnesite, material, deposits, carbonate, calcium, hydrosilicates, refractories, lining, 

development, minerals, raw materials, magnesium, criteria, reserves. 
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ʋɼʂ: 622.1:519.254 

ʆɹ ʆɹʈɸɹʆʊʂɽ ʈɽɿʋʃʔʊɸʊʆɺ ʅɽʈɸɺʅʆʊʆʏʅʓʍ ʄɸʈʂʐɽʁɼɽʈʉʂʀʍ 

ʀɿʄɽʈɽʅʀʁ ʋɻʃʆɺ ʀ ʈɸʉʉʊʆʗʅʀʁ (ʀɿ ʇʈɸʂʊʀʂʀ) 

 

ʄʫʨʦʜʟʦʜʘ ʀ.ɸ., ʄʫʨʦʜʟʦʜʘ ɸ.ɸ., ʅʠʸʟʠ ɸ.ʉ.  

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ɺʚʝʜʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʤʘʨʢʰʝʡʜʝʨʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʚʥʦʪʦʯʥʳʝ ʠ ʥʝʨʘʚʥʦʪʦʯʥʳʝ 

ʠʟʤʝʨʝʥʠʷ [1; 11]. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʚʥʦʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 

ʨʘʙʦʪʘʭ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʨʫʜʥʦʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʟʘʜʘʯʝʡ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʶʪʩʷ ʥʝʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʜʠʥʘʢʦʚʳʝ 

ʫʩʣʦʚʠʷ ʧʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ, ʨʦʚʥʦ ʠ ʧʨʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ [13; 2], ʠʟʤʝʨʝʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ: ʨʘʟʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ, ʨʘʟʥʳʝ ʧʦʛʦʜʥʳʝ (ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ) ʫʩʣʦʚʠʷ, 

ʨʘʟʥʳʝ ʪʝʭʥʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠ ʜʨ. ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʧʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʧʨʘʢʪʠʢʝ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʨʢʰʝʡʜʝʨʠʠ ʨʘʚʥʦʪʦʯʥʳʝ ʠ 

ʥʝʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʙʝʟ ʨʘʟʙʦʨʘ, ʦʙʳʯʥʳʤʠ, ʧʦʜʨʫʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ 

ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʧʦʢʘʟʘʪʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʘʚʦʤʝʨʥʦʩʪʴ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʦʙʨʘʙʦʪʢʠ ʪʦʣʴʢʦ ʚʝʜʝʥʠʝʤ ʚʝʩʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʦʜʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʝʚ ʧʨʘʢʪʠʢʠ, ʢʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʥʝʨʘʚʥʦʪʦʯʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, ʥʘʤʠ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʝʚʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʢʘʨʴʝʨʝ 

çʏʫʣʙʦʠè, ʛʜʝ ʠʜʝʪ ʦʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ (ɸʡʥʠʥʩʢʠʡ ʨʘʡʦʥ, ʉʦʛʜʠʡʩʢʘʷ 

ʦʙʣʘʩʪʴ) ʩ ʧʦʤʦʱʴʶ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ Leica TS16 ʚ ʪʝʯʝʥʠʝ ʧʦʣʛʦʜʘ 

ʜʚʫʤʷ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ 

(ʤʝʪʦʜʦʤ ʧʦʣʫʧʨʠʸʤʦʚ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʤʠ ʞʝ ʧʨʦʚʝʜʝʥʦ ʥʠʚʝʣʠʨʦʚʘʥʠʝ IV ʢʣʘʩʩʘ ʩ ʧʦʤʦʱʴʶ 

ʥʠʚʝʣʠʨʦʚ ʅ05 ʠ ʅ1 (ʤʝʪʦʜʦʤ ʠʟ ʩʝʨʝʜʠʥʳ).  

ʈʝʟʫʣʴʪʘʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

ʥʝʨʘʚʥʦʪʦʯʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʥʳʤʠ 

ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʥʳʭ ʧʨʠʙʦʨʦʚ. ʅʝʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʨʘʚʥʦʪʦʯʥʳʭ.  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʷʜ ʟʥʘʯʝʥʠʡ (ʠʟʤʝʨʝʥʠʡ) 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʝʥʳ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʪʦʯʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʚʣʘʞʥʦʩʪʴ ʠ ʜʨ.) ʦʜʥʠʤ ʠʩʧʦʣʥʠʪʝʣʝʤ. ʇʨʠʤʝʨʘʤʠ ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ, 

ʥʘʧʨʠʤʝʨ, ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʠʣʠ ʫʛʣʘ ʧʦʣʠʛʦʥʘ ʧʨʠ ʫʩʪʦʡʯʠʚʳʭ (ʥʝʠʟʤʝʥʥʳʭ) ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦʜʥʠʤ ʤʘʨʢʰʝʡʜʝʨʦʤ (ʛʝʦʜʝʟʠʩʪʦʤ), 

ʧʦ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʛʨʘʤʤʝ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ.  

ɸ ʥʝʨʘʚʥɞʪɞʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʝʩʪʴ ʠʟʤʝʨʝʥʠʷ ɞʧʨʝʜʝʣʝʥʥɞʛɞ ʧʘʨʘʤʝʪʨʘ ʨʘʟʥʳʤʠ ʧɞ 

ʪɞʯʥɞʩʪʠ ʧʨʠʙɞʨʘʤʠ, ʚ ʨʘʟʥʳʭ ʫʩʣɞʚʠʷʭ, ʨʘʟʥʳʤʠ ʠʩʧɞʣʥʠʪʝʣʷʤʠ [6]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʝ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʟʘʢʦʥʫ, ʯʘʩʪʦ 

ʥʦʨʤʘʣʴʥʦʤʫ (ʛʘʫʩʩʦʚʩʢʦʤʫ). ʀ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ʯʪʦ ʙʳʚʘʝʪ 

ʢʨʘʡʥʝ ʨʝʜʢʦ), ʪʦ ʚ ʢʘʞʜʳʡ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚʥʦʩʷʪ ʧʦʧʨʘʚʢʫ, ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʝʸ. 

ɸ ʧʨʠʤʝʨʘʤʠ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʨʷʜʘʭ ʠʟʤʝʨʝʥʠʡ - ʦʮʝʥʢʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [10; 15]. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʛʨʫʧʧʳ ʠʟʤʝʨʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʤʝʨʝʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʘʨʘʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʤʝʪʦʜʘʤʠ, 

ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʪʦʨʳʭ ʥʝʨʘʚʥʳ, ʨʘʟʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ, ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʦʞʥʳʭ, ʪʦʯʥʝʝ ʧʝʨʝʤʝʥʯʠʚʳʭ, ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʡʦʥ ʢʘʨʴʝʨʘ çʏʫʣʙʦʠè, ʪʨʫʜʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʣʠʥ ʠʣʠ ʫʛʣʘ, ʝʩʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠʣʠ ʝʛʦ ʜʘʚʣʝʥʠʝ, ʨʦʚʥʦ ʢʘʢ ʠ ʚʣʘʞʥʦʩʪʴ, ʠʟʤʝʥʠʪʩʷ, ʪʦ ʨʘʚʥʦʪʦʯʥʦʩʪʴ 
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ʠʟʤʝʨʝʥʠʡ ʥʘʨʫʰʠʪʩʷ, ʠ ʧʦʣʫʯʘʪʩʷ ʜʘʥʥʳʝ ʩʣʦʞʥʦʡ ʧʨʠʨʦʜʳ. ʊʘʢʠʝ ʜʘʥʥʳʝ, ʚ ʮʝʣʦʤ, ʦʪʥʦʩʷʪ ʢ 

ʥʝʨʘʚʥʦʪʦʯʥʳʤ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ [12; 5; 14].  

ɽʩʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʳʯʥʳʡ, ʪ.ʥ. ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʪʦ ʥʝʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʩʠʣʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠʤ 

ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʥʝ ʤʦʛʫʪ. ɼʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ ʫʯʠʪʳʚʘʶʪ ʚʝʩʘ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʨʷʜ [9]. 

ʊʘʢ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʝʤ ʚʚʦʜʘ ʚʝʩʘ ʠʟʤʝʨʝʥʠʡ 

ὴ. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʧʨʠʩʚʘʠʚʘʶʪ ʦʪʜʝʣʴʥʳʡ ʚʝʩ ”. ʇʨʠʚʝʜʝʤ 
ʬʦʨʤʫʣʫ ʚʚʦʜʘ ʚʝʩʘ ʠʟʤʝʨʝʥʠʡ:  

ὴ
ὧ

ά
 

 
ʛʜʝ ʩ ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ, ʧʨʠʥʠʤʘʝʤʦʝ ʢʘʢ ʢʦʥʩʪʘʥʪʘ, m ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʕʪɞ ʪʠʧʠʯʥʳʡ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʧɞʜʭɞʜ, ʧɞʢʘʟʳʚʘʶʱʠʡ, ʯʪɞ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʝʛɞ, 

ʥʘʧʨʠʤʝʨ, ʤʝʪɞʜɞʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪɞʚ, ʙɞʣʝʝ ʪʦʯʥʳʤ ʠʟʤʝʨʝʥʠʷʤ (ʩ ʤʝʥʴʰʝʡ ů) ʧʨʠʜʘʝʪʩʷ 

ʙʦʣʴʰʠʡ ʚʝʩ (p). 

ʀʪʘʢ, ʠʤʝʷ ʨʷʜ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ l1, l2,.., ln, ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʩʨʝʜʥʠʤʠ 

ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ m1, m2, ... ʪʧ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʭ ʚʝʩʘ. 

ὴ
ὧ

ά
Ƞ ὴ

ὧ

ά
Ƞ ὴ

ὧ

ά
Ƞ  

 
Ƀʢɞʥʯʘʪʝʣʴʥɞʝ, ʥʘʜʝʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤɞʡ ʚʝʣʠʯʠʥʳ ʢʘʢ ɞʙʱʫʶ 

ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʩʝʨʝʜʠʥʫ ʠʣʠ çʚʝʩɞʚɞʝ ʩʨʝʜʥʝʝè ɞʧʨʝʜʝʣʷʶʪ ʧɞ ʬɞʨʤʫʣʝ: 

  
ɽʩʣʠ ʚʝʩ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 1, ʪʦɺ 

ὧ ά ‘ 

 
ɸ ʚʝʩ i-ʛʦ ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὴ
‘

ά
ȟ  

 
ʛʜʝ ɛ - ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʝʜʠʥʠʮʳ ʚʝʩʘ. 

ʇʦʧʨʘʚʢʠ ɡ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

‡ ὒ ὒȟ‡ ὒ ὒȟȣ ‡ ὒ ὒȟ  

 
ʉʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʠʤʝʶʱʝʛʦ ʚʝʩ, ʨʘʚʥʳʡ 

ʝʜʠʥʠʮʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

‘
ὴ‡

ὲ ρ
 

 
ʉʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʱʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʩʝʨʝʜʠʥʳ L0 ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὓ
‘

ὴ
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ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʠʙʦʨʘ ʠʣʠ ʤʝʪʦʜʘ ʠʟʤʝʨʷʣʘʩʴ 

ʚʝʣʠʯʠʥʘ, ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢɞʪɞʨɞʡ X ʠʟʚʝʩʪʥɞ, ʪɞ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧɞʛʨʝʰʥɞʩʪʴ [7], 

ʠʟʤʝʨʷʝʤʘʷ ʩ ʚʝʩɞʤ ʝʜʠʥʠʮʘ, ɞʧʨʝʜʝʣʷʝʪʩʷ ʬɞʨʤʫʣɞʡ, ʘʥʘʣɞʛʠʯʥɞʡ ʬɞʨʤʫʣʝ ɻʘʫʩʩʘ: 

‘
ὴȹ

ὲ
 

 
ʅʘ ʧʨʘʢʪʠʢʝ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʝ çʏʫʣʙʦʠè ʚ ɸʡʥʠʥʩʢʦʤ ʨʘʡʦʥʝ 

ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ) ʥʝʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʪʁʩʷ ʩʘʤʳʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ.  
 

ʌʨʘʛʤʝʥʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʨʘʡʦʥʘ ʨʘʙʦʪ 

Fragment of a topographic map of the work area 

 
 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʬʦʨʤʫʣ, ʧʨʠʚʦʜʠʤ ʧʨʦʮʝʜʫʨʳ ʠ ʪʝʭʥʠʢʫ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʷʪʠʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ ʚ ʨʘʡʦʥʝ ʢʘʨʴʝʨʘ çʏʫʣʙʦʠè ʩʦʛʣʘʩʥʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ [4].  

ʂʘʞʜʳʡ ʫʢʘʟʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʩʝʨʠʠ 

ʧʦʚʪʦʨʥʳʭ ʧʨʠʝʤʦʚ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ï ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ 

ʫʛʣʘ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚʝʩ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʨʘʚʝʥ ʝʜʠʥʠʮʝ [8]. 

  

 

SRM 

KN-1 

 

KN-2 

 

ʋʊ 
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ʊʘʙʣʠʮʘ 1. ɾʫʨʥʘʣ ʦʙʨʘʙʦʪʢʠ ʫʛʣʦʚʳʭ ʠʟʤʝʨʝʥʠʡ 

Table 1. The journal of angular measurements processed 

ʀʟʤʝʨʝʥʠʝ, i 
ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ 

ʏʠʩʣʦ 

ʧʨʠʝʤʦʚ 
ɺʝʩ pi ɡi pi ɡi pi‡ 

1 65Á42ǋ18,3ǌ 8 4 3,5 14,11 49,80 

2 65Á42ǋ22,0ǌ 4 2 -0,2 -0,34 0,06 

3 65Á42'19,7ǌ 8 4 2,1 8,51 18,12 

4 65Á42ǋ24,1ǌ 2 1 -2,3 -2,27 5,16 

5 65Á42ǋ28,5ǌ 6 3 -6,7 -20,01 133,52 

ʉʫʤʤʘ 28 14 -3,5 0,00 206,67 

 

ʈʝʰʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʩʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʝʩ 

ʝʜʠʥʠʯʥɞʛɞ ʠʟʤʝʨʝʥʠʷ ʟʘ ʙʘʟɞʚɞʝ ʟʥʘʯʝʥʠʝ, ʪɞ ʚʝʩ ʩʨʝʜʥʝʛɞ, ʧɞʣʫʯʝʥʥɞʛɞ ʠʟ n ʠʟʤʝʨʝʥʠʡ, ʙʫʜʝʪ 

ʩɞɞʪʚʝʪʩʪʚɞʚʘʪʴ ʢɞʣʠʯʝʩʪʚʫ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ (n). ʉʣʝʜɞʚʘʪʝʣʴʥɞ, ʚʝʩ ʢʘʞʜɞʛɞ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʪʘʙʣʠʮʝ 1 ʧʷʪʠ ʨʝʟʫʣʴʪʘʪɞʚ ʤɞʞʝʪ ʙʳʪʴ ʫʩʪʘʥɞʚʣʝʥ ʨʘʚʥʳʤ ʯʠʩʣʫ ʧʨɞʠʟʚʝʜʝʥʥʳʭ ʧʨʠʝʤɞʚ 

ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʵʪɞʛɞ ʨʝʟʫʣʴʪʘʪʘ. 

ʋʯʠʪʳʚʘʷ ʚɞʟʤɞʞʥɞʩʪʴ ʧʨɞʠʟʚɞʣʴʥɞʛɞ ʚʳʙɞʨʘ ɞʙʱʝʛɞ ʤʥɞʞʠʪʝʣʷ ʩ ʚ ʬɞʨʤʫʣʘʭ, ʚʩʝ ʚʝʩʘ 

ʤɞʛʫʪ ʙʳʪʴ ʫʤʥɞʞʝʥʳ ʥʘ ɞʜʥɞ ʠ ʪɞ ʞʝ ʯʠʩʣɞ. ɺ ʜʘʥʥɞʤ ʢɞʥʢʨʝʪʥɞʤ ʩʣʫʯʘʝ, ʚʝʩʘ ʜɞʣʞʥʳ ʙʳʪʴ 

ʧʨɞʧɞʨʮʠɞʥʘʣʴʥʳ ʢɞʣʠʯʝʩʪʚʫ ʚʳʧɞʣʥʝʥʥʳʭ ʧʨʠʝʤɞʚ. ɺ ʪʘʙʣʠʮʝ 1 ʟʘ ʝʜʠʥʠʮʫ ʚʝʩʘ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚʝʩ ʨʝʟʫʣʴʪʘʪʘ, ʧɞʣʫʯʝʥʥɞʛɞ ʚ ʭɞʜʝ ʜʚʫʭ ʧʨʠʝʤɞʚ ʠʟʤʝʨʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʧʨʦʚʦʜʠʤ ʚʳʯʠʩʣʝʥʠʝ. 

ὒ φυÁτςǋ
τϽρψȟσ ςϽςςȟπ τϽρωȟχ ρϽςτȟρ σϽςψȟυ

τ ς τ ρ σ
 φυÁτςǋςρȟψǌ  

 

‘
ςπφȟφχ

υ ρ
χȟρωǌ 

ὓ
χȟρωǌ

Ѝρτ
ρȟωςǌ 

ɺʪʦʨʦʡ ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʠʟ ʧʨʘʢʪʠʢʠ ʚʳʩʦʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʂ ʫʟʣʦʚʦʡ ʪʦʯʢʝ ʋʊ 

(ʩʤ.ʨʠʩʫʥʦʢ) ʤʝʞʜʫ ʪʨʝʤʷ ʨʝʧʝʨʘʤʠ: SRM, KN-1 ʠ KN-2 ʙʳʣʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʣʦʞʝʥʳ ʭʦʜʳ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ IV ʢʣʘʩʩʘ, ʠʟʤʝʨʝʥʳ ʜʣʠʥʳ ʭʦʜʦʚ, ʚʳʩʦʪʳ ʠʩʭʦʜʥʳʭ ʨʝʧʝʨʦʚ ʠ ʧʨʝʚʳʰʝʥʠʷ 

ʩʦʛʣʘʩʥʦ [3] (ʪʘʙʣʠʮʘ 2).  

 

ʊʘʙʣʠʮʘ 2. ɾʫʨʥʘʣ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʠʩʪʠʥʥʳʭ ʚʳʩʦʪ ʠʩʭʦʜʥʳʭ ʨʝʧʝʨʦʚ 

Table 2. The journal of true height measurements processed for initial benchmarks 

ʀʩʭʦʜʥʳʝ 

ʨʝʧʝʨʳ 

ɺʳʩʦʪʘ 

ʨʝʧʝʨʦʚ 
ʇʨʝʚʳʰʝʥʠʝ 

ɺʳʩʦʪʘ 

ʫʟʣʦʚʦʡ 

ʪʦʯʢʠ 

ɼʣʠʥʘ 

ʭʦʜʘ L, ʢʤ 
ɺʝʩ, pi ɡi ʤʤ pi ɡi pi‡ 

SRM 2203,729 247,072 2450,801 6,30 0,16 -28 -4,39 121,68 

KN-1 2196,872 253,857 2450,729 3,20 0,31 44 13,85 613,63 

KN-2 2965,041 -514,245 2450,796 2,40 0,42 -23 -9,45 214,46 

ʉʫʤʤʘ       11,90 0,89 -6 0,00 949,77 

 

ʋʯʠʪʳʚʘʷ ʚʝʩʘ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʚʳʩʦʪʳ ʫʟʣʦʚʦʡ ʪʦʯʢʠ,  

- ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ;  

- ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʦʙʱʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʚʳʰʝʥʠʷ ʚ 

ʥʠʚʝʣʠʨʥʦʤ ʭʦʜʝ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ Ѝὒȟ ʛʜʝ L ï ʵʪʦ ʜʣʠʥʘ ʭʦʜʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʢʠʣʦʤʝʪʨʘʭ.  

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʝʩʘ ʧʨʝʚʳʰʝʥʠʡ ʭʦʜʦʚ ʨʘʚʥʳ ʦʙʨʘʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʜʣʠʥ ʥʠʚʝʣʠʨʥʳʭ ʭʦʜʦʚ ʠ ʢʚʘʜʨʘʪʦʚ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ L [1]. 
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ʇʨʠʥʠʤʘʷ ὴ  , ʚʳʯʠʩʣʷʝʤ ʠʩʪʠʥʥʫʶ ʜʣʠʥʫ ʭʦʜʘ: 

ὒ ςτυπ
πȟρφφȟσπ  πȟσρσȟςπ  πȟτςςȟτπ

πȟψω
ςτυπȟχχσ ʤ 

 ‘
ȟ

ςρȟψ ̍  ̍

ὓ
ςρȟψ

πȟψω
ςτȟυ ʤʤ 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʩʪʫʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʮʠʬʨʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʘ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʛʝʦʜʝʟʠʠ, ʤʘʨʢʰʝʡʜʝʨʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʩ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪɞʯʥɞʩʪʴ ʮʠʬʨɞʚʳʭ ʛʝɞʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ɞʩʪʘʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʬʘʢʪɞʨɞʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʥʘʜʝʞʥɞʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 

ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʠʚʦʜʷ ʢ ʥʝʪʦʯʥʳʤ ʨʝʰʝʥʠʷʤ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʝʩʫʨʩʘʤʠ. 

ɺʳʰʝ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʮʠʬʨʦʚʳʭ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʳʩʦʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʫʪʝʤ 

ʠʥʪʝʛʨʘʮʠʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ.  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʡ ʧʦʣʦʞʝʥʠʷ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʦʰʠʙʢʠ 

ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠ ̫ʧʨʠ 95% ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ.  

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɿʘʚʝʨʰʘʷ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ɞʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʩʲʝʤʢʠ ʩ ʫʩʪʘʥɞʚʣʝʥʥʳʤʠ 

ʚʳʩɞʢɞʪɞʯʥʳʤʠ ʢɞʥʪʨɞʣʴʥʳʤʠ ʪɞʯʢʘʤʠ ʩ ʠʩʧɞʣʴʟɞʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪɞʜɞʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʝʪɞʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪɞʚ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ɞʰʠʙʢʘ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ɞʪʢʣɞʥʝʥʠʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ɞʪʢʣɞʥʝʥʠʷ ɞʪ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

[4], ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ, ʥʘʧʨʠʤʝʨ 

ISO 17123-4 [16]. 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) [7], ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʧʨʦʮʝʜʫʨʦʡ ʘʥʘʣʠʟʘ ʠ ʢʦʨʨʝʢʮʠʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʚ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ. ʄʅʂ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠ ̫

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʝʨʦʷʪʥʦʩʪʠ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʪʘʭʝʦʤʝʪʨ Leica 

TS16 ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʫʶ ʬʫʥʢʮʠʶ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʫʩʪʨʘʥʷʶʱʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ʄʅʂ ʢʨʦʤʝ ʧʨʦʯʝʛʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʚʥʝʩʝʥʥʳʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘʭ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ 

ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʄʅʂ ʥʘʤʠ ʧʨʠʤʝʥʝʥ ʧʨʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʧʣʘʥʦʚʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʪʘʙʣʠʮʘ 1), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʠ 

ʥʘʜʝʞʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ. 

ʄʅʂ ʛʘʨʘʥʪʠʨʫʝʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ [1]. ʇʣʘʥʦʚʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʝʩʢʦʣʴʢʦ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ, ʠʤʝʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʢʦʦʨʜʠʥʘʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. ʉʝʪʴ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʠ 2 ʨʘʟʨʷʜʘ: 

ʢʣʘʩʩ 1, ʢʣʘʩʩ 2, ʨʘʟʨʷʜ I ʠ ʨʘʟʨʷʜ II (ʩʤ.ʨʠʩʫʥʦʢ). ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʯʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʠ ʝʝ ʨʘʟʤʝʨʘʭ. ʊʦʯʥʦʩʪʴ ʠ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴ ʩʝʪʠ ʚʳʯʠʩʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʄʅʂ [13]. 
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ʋʯʠʪʳʚʘʷ ʧʨʠʤʝʥʝʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʠʢ ʥʘ ʧʨʘʢʪʠʢʝ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ, ʩʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ ʦʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʤʝʩʪʦ ʧʨʠ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪʘʭ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʤʘʨʢʰʝʡʜʝʨʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʝʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʢʦʨʨʝʢʪʥʦ. ʅʝʪʦʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤɞʜʝʣʠ, ɞʰʠʙʢʠ ɞʢʨʫʛʣʝʥʠʷ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙɞʨ 

ʧʘʨʘʤʝʪʨɞʚ ʤɞʛʫʪ ʩʥʠʟʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳ ʥʘʜʝʞʥʘʷ ʧʨʦʚʝʨʢʘ ʠ ʚʘʣʠʜʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʪʘʭʝʦʤʝʪʨ Leica TS16 ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʧʦʩʦʙʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʜʠʩʧʝʨʩʠʠ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʙʨʦʩ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʤʝʪʦʜʳ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʠ ʩʨʘʟʫ ʠʩʢʣʶʯʠʪʴ 

ʛʨʫʙʳʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʠʣʠ ʫʯʪʝʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʠʭ ʧʨʦʮʝʜʫʨʘ ï ʵʪʦ ʚʳʯʠʩʣʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʠ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʝʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʅʂ, ʢʦʪʦʨʳʡ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩʝʪʠ. ɻʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʄʅʂ ʷʚʣʷʝʪʩʷ 

ʤʠʥʠʤʠʟʘʮʠʷ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ, ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʠ ʠʩʢʣʶʯʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ 

ʫʤʝʥʴʰʘʷ ʧʦʛʨʝʰʥʦʩʪʠ. ʂʦʨʨʝʢʪʠʨʦʚʢʠ ʙʳʣʠ ʧʨʠʣʦʞʝʥʳ ʥʝ ʪʦʣʴʢʦ ʢ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ 

ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ (ʩʤ.ʨʠʩʫʥʦʢ) ʠ ʥʠʚʝʣʠʨʥʦʡ ʩʝʪʠ IV ʢʣʘʩʩʘ (ʩʤ. ʪʘʙʣʠʮʘ 2), ʥʦ ʠ ʢ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ ʩʲʝʤʢʘʤ ʥʘ ʢʘʨʴʝʨʝ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ï ʨʝʛʫʣʷʨʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʨʠʙʦʨʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʦ ʠʟʚʝʩʪʥʳʤ ʵʪʘʣʦʥʥʳʤ 

ʩʪʘʥʜʘʨʪʘʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ. ʊʘʭʝʦʤʝʪʨʳ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ 

ʢʦʤʧʘʨʠʨʦʚʘʥʠʝʤ ʩ ʪʦʯʥʦ ʠʟʤʝʨʝʥʥʳʤʠ ʙʘʟʦʚʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʥʠʚʝʣʠʨʳ ʧʦ ʙʘʟʠʩʥʳʤ ʚʳʩʦʪʥʳʤ 

ʦʪʤʝʪʢʘʤ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ï ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʚ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ) ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʚʳʯʠʩʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʣʠʯʠʥʳ (ʢʦʦʨʜʠʥʘʪʳ, ʨʘʩʩʪʦʷʥʠʷ, ʚʳʩʦʪʳ).  

ʇʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ*ʤʦʜʝʣʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʩʯʝʪʫ ʦʞʠʜʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʦʪʢʣʦʥʝʥʠʡ ʠʟʤʝʨʝʥʠʡ, ʚʳʷʚʣʝʥʠʶ ʚʝʨʦʷʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʰʠʙʦʢ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʧʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʩʲʝʤʢʘʭ, ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ 

ʛʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ ʥʘ ʢʘʨʴʝʨʘʭ ʥʘʤʠ ʙʳʣ ʩʦʙʣʶʜʝʥ ʚʘʞʥʳʡ ʧʨʠʥʮʠʧ ï 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʜʘʥʥʳʭ. ʀʟʤʝʨʷʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʪʦʯʢʠ ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʷʚʣʷʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʊʘʢʘʷ ʧʨʦʚʝʨʢʘ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ 

ʧʦʚʳʰʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʯʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚ ʠ 

ʚʳʩʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʚʝʰʠʚʘʥʠʷ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ.  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʚʥʦʪʦʯʥʦʩʪʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʟʘʜʘʯʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʱʘʷ ʰʘʥʩ ʥʘ 

ʨʝʰʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ ʨʘʩʯʝʪʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʪʦʯʥʦʩʪʠ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʚʝʩʘ 

ʠʟʤʝʨʝʥʠʡ. 
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ÐÌÜ ÍÚÜÌÔ ÖÚÜÖÌÜÐÔ ÙÌÞÔÆÌÇÚÔ ãÑÙÖßÙÔÔ ÙÚÍÌÜÚÍÌÜÔ ØÌÜÖäÑÕÐÑÜÔÔ ÖßÙÆÇÚ 

ÎÌ ØÌÝÚàÌÇÚ (ÌÓ ÞÌÆÜÔÍÌ) 
Ðìü ìøì÷ôČþô øìüöĄñõðñüĒ, öô ðìü úù ìùðúóìïôüôĕúô íìüóôČðì (þìöüúüĒ) ĕìøñĄì Ĕú ðúüìð, 

øìĆ÷ÿøúþô íìðìýþúøìðì ìöýìü îìėþ ċöĔôùýì ùñýþ. ÞìĆøôùô ċöĔôùýôô ìùðúóìïôüôĕú ðìü ĔìüìČùô öúüĕúô 
øìüöĄñõðñüôô ðìü ôýþôāüúĔô öúùĕú îìóôĀìô ìøì÷ìù Ďìõüôôøöúù ìýþ. Öúüöìüðô ìùðúóìïôüôĕúô 
ïÿùúïÿùĔôùýì þìîìýýÿþô ÿýÿ÷ĕúô ðôïìü, íìāÿýÿý íú îúüôð öìüðìùô øìĀĕÿøô îìóùô ìùðúóìïôüĒ ìùĔúø ðúðì 
øñĄìîìð. Öúüöìüðô ùìþôĔìĕúô ìùðúóìïôüôĕúô ïÿùúïÿùĔôùýìô øìüöĄñõðñüĒ ìöýìü îìėþ ìùðúóìïôüôĕúô 
öÿùĔĕú îì íì÷ìùðôĕúüú ðìü íìü øñïôüìð. Öúüöìüðô ìùðúóìïôüôĕú íú îìóùĕúô ìùðúóìïôüĒ ùì þìùĕú 
íìĕúðôĕôô ðìėôėôô ÿøÿøôô ìùðúóìïôüĒ, íì÷öô ðìėôėôô ċö ìùðúóìïôüôüú ùôó øÿìõċù øñöÿùìð. Öúüöìüðô 
ìùðúóìïôüôĕúô ïÿùúïÿùĔôùýì ðìü ìøì÷ôČþô øìüöĄñõðñüĒ ĕìùïúøô ôýþôāüúĔô öúùĕú øÿíüìø ìýþ, óñüú úù 
ìüóČíôô öúĀôô ðìėôėôô úùĕúüú þìĆøôù øñöÿùìð. Ðìü øìėú÷ì ìėôðìñ ìýúýùúö öìüðì øñĄìîìð, öô ðìü 
öúüöìüðô ùìþôĔìĕúô ìùðúóìïôüôĕúô ïÿùúïÿùĔôùýìô øìüöĄñõðñüĒ ĕôýúíöÿùôô ăÿùôù ùôĄúùðôĕìùðìĕú, íì 
øúùìùðô ėôøìþô øôČùì, ýìĕñĕôċþ îì ýìĕîô øôČùìô öîìðüìþĒ íúċð íú ôýþôĀúðì ìó îìóùĕúô ìùðúóìïôüĒ ìùĔúø 
ðúðì Ąìîìð. ÔýþôĀúðìô ÿýÿ÷ĕúô ïÿùúïÿùô øÿýþìėô÷ ôøöúù ðúð, öô ùì þìùĕú āìþúïôĕúô ðìĎì÷ îì ýôýþñøìþôîĒ 
øÿìõċù îì íìüþìüìĀ öìüðì Ąìîìùð, íì÷öô ôùăÿùôù ĕÿðÿðô ėôøìþĕúô ĉĕþôøú÷Ē îì ĉĆþôøúðùúöô øìĆ÷ÿøúþô 
íìðìýþúøìðì øÿìõċù öìüðì Ąìîìð. Øñþúðô (ÿýÿ÷ô) öîìðüìþĕúô āÿüðþìüôù ðìü úûþôøôóìþýôċ öìüðìùô 
ì÷úėìøìùðôô íìõùô ìùðúóìïôüôĕúô íìðìýþúøìðì îì ìüóôĄĕúô ùìóìüôċîôô úùĕú ýìøìüìùúöôô íì÷ìùðô āÿðüú 
ùôĄúù ðúð. 

Öì÷ôðîúòìĕú: øìüöĄñõðñüôċ, ìùðúóìïôüôĕúô ċöĔôùýì îì ïÿùúïÿùĔôùýì, îìóùô ìùðúóìïôüĒ, öúüöìüð, 
ýìĕñĕôċþô ìùðúóìïôüĒ. 

 

ʆɹ ʆɹʈɸɹʆʊʂɽ ʈɽɿʋʃʔʊɸʊʆɺ ʅɽʈɸɺʅʆʊʆʏʅʓʍ ʄɸʈʂʐɽʁɼɽʈʉʂʀʍ ʀɿʄɽʈɽʅʀʁ ʋɻʃʆɺ ʀ 

ʈɸʉʉʊʆʗʅʀʁ (ʀɿ ʇʈɸʂʊʀʂʀ) 

ɺ ʤʘʨʢʰʝʡʜʝʨʠʠ, ʛʜʝ ʚʩʝʛʜʘ ʧʨʦʠʟʚʦʜʷʪ ʠʟʙʳʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʯʘʩʪʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʥʝʨʘʚʥʦʪʦʯʥʳʤʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʛʦʨʥʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʟʘʜʘʯʝʡ. ʆʙʨʘʙʦʪʢʘ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʚʚʝʜʝʥʠʝʤ ʧʦʥʷʪʠʷ ʚʝʩ ʠʟʤʝʨʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʯʘʩʪʦ ʢʘʩʘʝʪʩʷ ʫʛʣʦʚ ʠ ʚʳʩʦʪ. ʆʙʨʘʙʦʪʢʘ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʮʝʣʦʤ, ʥʦ ʠ ʪʦʯʥʦʩʪʴ ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪʘʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʠʙʦ ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ ʠʭ ʪʦʯʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚʳʯʠʩʣʝʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʩʨʝʜʥʝʝ, ʪʦʯʥʦʩʪʴ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʧʦʩʦʙʦʚ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʠ ʠʩʢʣʶʯʠʪʴ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ 

ʛʨʫʙʳʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʥʘʜʝʞʥʦʩʪʴ 
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ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʷʚʠʣ ʩʝʙʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʭ ʟʥʘʯʝʥʠʷʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʨʢʰʝʡʜʝʨʠʷ, ʨʘʚʥʦʪʦʯʥʳʝ ʠ ʥʝʨʘʚʥʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʚʝʩ ʠʟʤʝʨʝʥʠʡ, ʦʙʨʘʙʦʪʢʘ, 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

 

ON PROCESSING THE RESULTS OF UNEQUAL-ACCURACY MINING SURVEYING MEASUREM ENTS OF 

ANGLES AND DISTANCES (FROM PRACTICE)  

In mine surveying, where redundant measurements are always taken, the resulting data is often unequal. Ensuring 

uniform measurement accuracy in mining surveying operations is a virtually impossible task. Processing unequal 

measurements is accomplished through other methods, particularly by introducing the concept of measurement weight. 

Processing the results of unequal mine surveying measurements often involves angles and heights. Processing 

measurements with measurement weights allows for not only an assessment of the overall measurement accuracy but also 

the accuracy of a single measurement. Processing unequal measurements in mine surveying operations during mineral 

deposit development is currently relevant because it ensures an adequate assessment of their accuracy. This article 

substantiates the idea that when processing the results of unequal mine surveying measurements, the calculation of 

parameters such as mean, accuracy, and root mean square error should be performed using measurement weights. The use 

of multiple, independent methods allowed us not only to identify and eliminate rare gross and systematic errors, but also to 

quantify the range of probable values and the reliability of the obtained data. The least-squares method proved to be the 

most effective, being used to optimize the relationship between the obtained measurements and their theoretical values. 

Keywords: Mine surveying, equally accurate and unequal measurements, measurement weights, processing, 

measurement accuracy. 
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ʋɼʂ: 556.06(575.32) 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʆʉʓʇɽʁ ʇɸʄʀʈɸ 

 

ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ  

 

ʊʘʜʞʠʢʠʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. ɻʦʨʳ ʟʘʥʠʤʘʶʪ 93% ʦʪ ʚʩʝʡ 

143,1 ʪʳʩ. ʢʤ
2
. ɺʩʝ ʩʪʨʘʥʳ, ʛʨʘʥʠʯʘʱʠʝ ʩ ʊʘʜʞʠʢʠʩʪʘʥʦʤ, ʥʘ ʟʘʧʘʜʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ 

ʋʟʙʝʢʠʩʪʘʥ, ʥʘ ʩʝʚʝʨʝ ʂʳʨʛʳʟʩʪʘʥ, ʥʘ ʚʦʩʪʦʢʝ ʂʠʪʘʡ ʠ ʥʘ ʖʛʝ ɸʬʛʘʥʠʩʪʘʥ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʛʦʨʥʳʤʠ ʩʪʨʘʥʘʤʠ. ɻʠʛʘʥʪʩʢʠʝ ʛʦʨʳ ʊʷʥʴ-ʐʘʥʷ ʠ ʇʘʤʠʨʘ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʦʡ 

ʦʨʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʣʠʢ ʊʘʜʞʠʢʠʩʪʘʥʘ [9,ʩ.778]. 

ʅʘ ʦʩʥʦʚʝ ʨʝʣʴʝʬʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʶ ʊʘʜʞʠʢʠʩʪʘʥʘ ʫʩʣʦʚʥʦ ʜʝʣʷʪ 

ʥʘ ʧʷʪʴ ʢʨʫʧʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ: ʉʝʚʝʨʥʳʡ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ, 

ʎʝʥʪʨʘʣʴʥʳʡ, ʖʛʦ-ɿʘʧʘʜʥʳʡ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʳʡ (ʨʠʩ.1) [8,ʩ.5]. 
 

ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ 

Figure 1. The map of engineering-geological regions of Tajikistan 

 
 

ɺ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʝʥʜʝʥʮʠʡ ʨʝʣʴʝʬʘ, 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ: ʚʳʩʦʢʦʛʦʨʥʘ ̫ ʠ ʚʳʩʦʢʦʝ 

ʧʣʦʩʢʦʛʦʨʴʝ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ. 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʳʩʦʢʦʛʦʨʠʡ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʣʝʜʝʥʝʥʠʝʤ. ʆʣʝʜʝʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʩʝʛʜʘ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʪʦʣʱ, ʬʘʢʪʦʨʦʤ ʩʦʟʜʘʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʟʘʪʦʨʦʚ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʠ ʧʨʠʯʠʥʦʡ 

ʩʝʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʜʧʨʫʞʠʚʘʥʠʝ ʨʝʯʥʳʭ ʜʦʣʠʥ ʚʩʣʝʜʩʪʚʠʝ ʩʭʦʜʘ ʤʘʩʩ r ʧʫʣʴʩʠʨʫʶʱʠʭ 

ʣʝʜʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʸʟʥʫʶ ʫʛʨʦʟʫ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʨʝʟʢʦʛʦ ʧʨʦʨʳʚʘ ʚʦʜʳ ʝʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʙʨʦʩʘ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʚʦʜʳ ʚʥʠʟ ʧʦ ʜʦʣʠʥʘʤ. ʇʝʨʝʢʨʳʪʠʝ ʨʝʯʝʢ ɸʙʜʫʢʘʛʦʨ ʠ 

ɼʫʩʪʠʨʦʟ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɺʘʥʯ ʚ ʤʘʝ 1965 ʛʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ [1,c.376]. 

ʀʥʪʝʥʩʠʚʥʦʝ ʦʪʪʘʠʚʘʥʠʝ ʣʝʜʥʠʢʦʚ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʧʦʣʥʝʥʠʶ ʤʦʨʝʥʥʳʭ ʦʟʸʨ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʨʳʚʦʤ ʚʦʜʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʦʜʦ-ʢʘʤʝʥʥʳʭ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ. ʆʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʖʛʦ-

ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʢʣʦʥʘʭ ʩ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ. 

ʇʦʩʪʦʷʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʝʣʴʝʬʘ, ʨʘʟʨʫʰʘʶʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʝʯʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʩʠʣʴʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʫʩʠʣʝʥʥʦʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʧʨʠʚʝʣʠ ʢ ʰʠʨʦʢʦʤʫ ʨʘʟʚʠʪʠʶ 

ʦʩʳʧʝʡ ʚ ʧʨʝʜʝʣʘʭ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʦʩʳʧʝʡ ʥʘ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʭ ʫʯʸʪ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-
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ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ. ʂʨʫʧʥʝʡʰʠʝ ʦʩʳʧʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʜʥʦʞʠʷʤ ʶʞʥʳʭ ʩʢʣʦʥʦʚ ʭʨʝʙʪʦʚ 

ʈʫʰʘʥʩʢʦʛʦ, ɺʘʥʯʩʢʦʛʦ ʠ ɼʘʨʚʘʟʩʢʦʛʦ [1,c.376]. 

ɼʨʫʛʠʤ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʤ ʵʢʟʦʛʝʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʧʨʝʜʝʣʘʭ ʖʛʦ-

ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʷʚʣʷʶʪʩʷ ʦʙʚʘʣʳ. ʕʪʠ ʦʙʚʘʣ r ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʶʪ ʛʨʘʥʜʠʦʟʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʆʥʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠ ̫ ʠ ʦʙʨʫʰʝʥʠ ̫ ʧʦʨʦʜ ʧʦ 

ʦʩʣʘʙʣʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʠʢʦʥʪʘʢʪʦʚʳʤ ʟʦʥʘʤ (ʋʩʦʡʩʢʠʡ ʠ 

ʜʨ.). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʯʸʪ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʙʚʘʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ (ʇʘʤʠʨ) ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ 

ʦʙʚʘʣʦʚ ʠ ʦʩʳʧʝʡ [1,c.376]. 

ʆʜʥʘʢʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʦʙʚʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʦʚ, 

ʤʦʱʥʦʩʪʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʪʝʧʝʥʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʙʣʠʟʦʩʪʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʘ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʟʘʪʨʫʜʥʝʥʘ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʦʮʝʥʢʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʦʙʣʘʩʪʠ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ 

ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʚʦʡʩʪʚʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʷʚʣʷʪʴʩʷ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʠʯʠʥʦʡ ʠʣʠ ʦʜʥʠʤ 

ʠʟ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʡ, ʦʩʳʧʝʡ ʠ ʦʙʚʘʣʦʚ. 

ʆʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʘʣʦ ʠʟʫʯʝʥʘ, ʠ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʟʥʘʥʠʷʭ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʝʛʠʦʥʘ ʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʩʦʩʪʦʷʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. 
 

ʈʠʩʫʥʦʢ 2. ʀʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʦʩʳʧʝʡ ʇʘʤʠʨʘ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure 2. Talus inventory map of Pamir (Faizulloev Sh.A) 

 
 

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʤʝʨʟʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠʫʨʦʯʝʥʘ ʢ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʧʨʠʤʝʨʥʦ 

ʥʘ ʚʳʩʦʪʝ 3800 ʤ. ʇʣʦʱʘʜʠ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ 35% ʪʝʨʨʠʪʦʨʠʠ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʝʨʟʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʣʠʥʟ 

ʪʘʣʠʢʦʚ ʚ ʙʦʣʝʝ ʨʳʭʣʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʝ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʴʜʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʢʨʘʡʥʝ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʝʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
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ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʛʨʷʟʝʢʘʤʝʥʥʳʝ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ 

[1,c.376]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʩʳʧʠ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ 

ʊʘʜʞʠʢʠʩʪʘʥʝ, ʠ ʦʮʝʥʠʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʦʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʤʦʛʫʪ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʢʘʢ ʦʩʳʧʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʠ ʧʦʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʢʘʨʪ ʦʧʘʩʥʦʩʪʠ, ʟʦʥʠʨʦʚʘʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʤʝʨ ʧʦ ʨʠʩʢʘʤ. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʘʢʪʠʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʦʣʟʥʝʡ ʤʝʪʦʜ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʝʪʦʜʦʚ [4,c.184]. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʩʪʦʡ ʣʦʛʠʢʝ: ʝʩʣʠ ʦʧʦʣʟʥʠ ʚ ʧʨʦʰʣʦʤ 

ʯʘʱʝ ʚʦʟʥʠʢʘʣʠ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʩ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʚ ʙʫʜʫʱʝʤ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʦʩʪʴ ʩʜʝʣʘʣʘ 

ʝʛʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʥʷʪʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʠʥʪʫʠʪʠʚʥʦʡ ʦʩʥʦʚʝ ʤʝʪʦʜ ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʛʣʷʜʥʳʝ ʠ ʣʸʛʢʠʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʞʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ [13,ʩ.184]. 

ɺ ʮʝʥʪʨʝ ʤʝʪʦʜʘ ʥʘʭʦʜʠʪʩʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʠʟʫʯʘʝʤʦʛʦ 

ʨʘʡʦʥʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ [13,ʩ.184]. 

ʀʤʝʥʥʦ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʧʦʣʟʥʷʤʠ ʠ ʬʘʢʪʦʨʘʤʠ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [3]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ [12,ʩ.34], ʚʢʣʶʯʘʷ ʢʨʫʪʠʟʥʫ ʠ ʵʢʩʧʦʟʠʮʠʶ ʩʢʣʦʥʦʚ, 

ʚʳʩʦʪʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ [7,ʩ.32-33], ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ [15,c.66], ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

ʚʣʘʞʥʦʩʪʠ [15,c.67], ʘ ʪʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʠʧʳ ʧʦʯʚ, 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʘʥʘʣʠʟ ʚʢʣʶʯʘʶʪʩʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ [2,ʩ.788-792], ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʩʪʝʧʝʥʴ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʩʢʣʦʥʦʚ [11,ʩ.102]. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʢʘʞʜʳʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ 

ʙʳʣʦ ʚʳʷʚʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʯʘʩʪʦ ʦʧʦʣʟʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʧʘʨʘʤʝʪʨʘ [14,ʩ.1040-1042]. ʅʘʧʨʠʤʝʨ, ʫʢʣʦʥ ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʸʥ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʢʣʘʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʛʠʤ, ʫʤʝʨʝʥʥʳʤ ʠ ʢʨʫʪʳʤ ʩʢʣʦʥʘʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʱʘʜʴ, ʢʦʪʦʨʫʶ ʦʥ ʟʘʥʠʤʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʣʦʱʘʜʴ ʠʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʧʦʣʟʥʠ. ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʥʘʩʢʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʧʦʣʟʥʠ ʚ 

ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʘʝʤʦʛʦ ʨʘʡʦʥʘ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ ʠ ʥʘʛʣʷʜʥʘ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʝʜʠʥʠʮʫ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʦʣʟʥʠ ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ, ʯʝʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʧʨʠ ʠʭ ʩʣʫʯʘʡʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʢʣʦʥʦʚ. ɿʥʘʯʝʥʠʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʥʘʧʨʦʪʠʚ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʝ 

ʫʩʣʦʚʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʢʣʘʩʩʦʚ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ 

ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʝʜʠʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʟʥʘʯʘʝʪ ʠʥʜʝʢʩ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʡ 

ʩʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ. ɼʘʣʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʜʣʷ 

ʢʘʞʜʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʷʯʝʡʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʦʧʦʣʟʥʝʚʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ɺ ʢʦʥʮʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʪʨʦʠʪʩʷ ʢʘʨʪʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʦʪ ʥʠʟʢʦʡ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʧʨʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠ ʚʳʙʦʨʝ ʧʣʦʱʘʜʦʢ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʚʳʜʝʣʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ. 
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ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜʳ ʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ [6,c.18]. ʉʨʝʜʠ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʤʝʪʦʜ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʧʦʢʘʟʘʣ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ [5,ʩ.121]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʣʝʛʢʦ ʧʨʠʤʝʥʠʤ ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ ʦʩʳʧʝʡ. 

ʈʘʩʯʸʪ ʚʳʷʚʣʝʥʠʷ ʚʝʩʦʚ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʥʠʞʝʧʨʠʚʝʜʸʥʥʦʡ ʬʦʨʤʫʣʝ. 

FR
NcellNcellϳ

ВNcellВNcellϳ
 (1) 

FRi ï ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ; 

Ncell(Si) ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ ʦʧʦʣʟʥʷʤʠ ʚ ʢʣʘʩʩʝ; 

Ncell(Ni) ï ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚ ʢʣʘʩʩʝ; 

× Ncell(Si) ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ ʦʧʦʣʟʥʷʤʠ ʥʘ ʢʘʨʪʝ; 

× Ncell(Ni) ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʥʘ ʢʘʨʪʝ. 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ. ʊʦʯʥʦʩʪʴ ʢʘʨʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ 

ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʚʠʟʫʘʣʴʥʦ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʝʣʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ. ʉʘʤʳʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʷʚʣʷʝʪʩʷ ROC-ʘʥʘʣʠʟ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ, ʠʣʠ ʚʘʣʠʜʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʫʩʪʴ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʥʦ ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪ ʚʦʧʨʦʩ ʧʦ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ ʜʘʸʪ ʟʘʢʦʥʥʦʝ ʧʨʘʚʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʪ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. 

ɺʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ - ʵʪʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ. ɺʘʣʠʜʘʮʠʷ ʤʦʜʝʣʝʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʦʧʦʣʟʥʷʤ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʦʚʝʨʠʠ ʢ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣ.̫ ɺʘʣʠʜʘʮʠʷ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʠʣʠ 

ʧʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʢʘʨʪʳ ʧʨʦʛʥʦʟʘ ʦʧʦʣʟʥʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʅʘ ʩʘʤʦʤ 

ʜʝʣʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʦ ʪʦʣʴʢʦ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʪʝʤ, 

ʠʤʝʝʪ ʣʠ ʤʝʩʪʦ (ʠʣʠ ʠʤʝʣʦ ʤʝʩʪʦ) ʩʙʦʡ ʚʦ ʚʨʝʤʝʥʠ ("ʧʦʜʦʞʜʠʪʝ ʠ ʧʦʩʤʦʪʨʠʪʝ"), ʥʦ ʵʪʦ ʥʝ ʦʯʝʥʴ 

ʫʜʦʙʥʳʡ ʤʝʪʦʜ, ʪʘʢ ʢʘʢ ʦʥ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʢʘʨʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ 

ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʘʨʪʳ ʦʧʘʩʥʦʩʪʝʡ ʩ ʢʘʨʪʠʥʦʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʦʣʟʥʝʡ. 

ʏʘʩʪʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʦʮʝʥʦʢ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʦʧʦʣʟʥʝʚʳʭ ʠ ʥʝʦʧʦʣʟʥʝʚʳʭ ʟʦʥ. ʇʨʦʛʥʦʟ ʦʧʦʣʟʥʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʦʣʝʝ ʩʪʘʨʦʡ ʢʘʨʪʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʦʣʟʥʝʡ, ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʦʧʦʣʟʥʝʡ [5,ʩ.121].  

ʇʨʠ ʦʮʝʥʢʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʦʧʦʣʟʥʷʤ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʦʰʠʙʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

(ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʊʠʧʳ ʦʰʠʙʦʢ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

Table 1. Types of errors in forecasting 

1 ʆʧʦʣʟʥʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʡʦʥʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʢʘʢ ʩʪʘʙʠʣʴʥʳʝ 

2 ʆʧʦʣʟʥʠ ʤʦʛʫʪ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʡʦʥʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʢʘʢ 

ʥʝʩʪʘʙʠʣʴʥʳʝ 
 

ʇʝʨʚʳʡ ʪʠʧ ʦʰʠʙʦʢ ʷʚʣʷʝʪʩʷ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤ (ʦʰʠʙʢʘ ʪʠʧʘ I), ʘ ʚʪʦʨʦʡ ʪʠʧ ï 

ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʦʰʠʙʢʘ ʪʠʧʘ II). 

ɺʘʣʠʜʘʮʠʷ ʢʘʨʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʦʙʳʯʥʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ʤʝʞʨʘʡʦʥʥʳʭ ʪʘʙʣʠʮ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʤʘʪʨʠʮʘ ʧʫʪʘʥʠʮʳ ʠʣʠ 

ʪʘʙʣʠʮʘ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʨʦʛʘ ʥʝʧʨʝʨʳʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʜʚʦʠʯʥʦʡ ʢʘʨʪʝ (ʢʣʘʩʩʳ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ 

ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ), ʘ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʚʦʠʯʥʦʡ ʢʘʨʪʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʦʣʟʥʝʡ 

(ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʦʧʦʣʟʥʝʡ).  

ʂʨʦʩʩ-ʪʘʙʫʣʷʮʠʷ (ʪʘʙʣ. 2) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʙʣʘʩʪʝʡ ʧʝʨʝʢʨʳʪʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʙʠʥʘʨʥʳʤʠ ʢʘʨʪʘʤʠ. ɺʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʣʝʜʫʶʱʠʝ: ʦʧʦʣʟʥʝʚʳʝ ʨʘʡʦʥʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʨʘʡʦʥʳ (ʠʩʪʠʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ); 

ʩʚʦʙʦʜʥʳʝ ʦʪ ʦʧʦʣʟʥʝʡ ʨʘʡʦʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʥʝʚʦʩʧʨʠʠʤʯʠʚʳʝ ʨʘʡʦʥʳ (ʠʩʪʠʥʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ); ʦʧʦʣʟʥʝʚʳʝ ʨʘʡʦʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʥʝʚʦʩʧʨʠʠʤʯʠʚʳʝ 
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ʨʘʡʦʥʳ (ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ); ʠ ʩʚʦʙʦʜʥʳʝ ʦʪ ʦʧʦʣʟʥʝʡ ʨʘʡʦʥʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʨʘʡʦʥʳ (ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ) [10,ʩ.88]. 
 

ʊʘʙʣʠʮʘ 2. ʄʘʪʨʠʮʘ ʧʫʪʘʥʠʮʳ 

Table 2. Confusion matrix 
ʂʨʠʪʝʨʠʠ ʅʘʙʣʶʜʘʝʤʳʡ 

ʇʨʝʜʩʢʘʟʘʥʥʳʡ X3 X4 

X1 a b 

X2 c d 
 

ʛʜʝ: a ï ʠʩʪʠʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ;  

d ï ʠʩʪʠʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ;  

b ï ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ (ʪʠʧ ʦʰʠʙʢʠ II);  

c ï ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ (ʪʠʧ ʦʰʠʙʢʠ I); 

)( ca

a
ʴʥʦʩʪʴʏʫʚʩʪʚʠʪʝʣ

+
=  (2); 

)( db

d
ʩʪʴʉʧʝʮʠʬʠʯʥʦ

+
=  (3); 

AUC ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʦʣʠʛʦʥʦʚ ʤʝʞʜʫ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ: 

)(*)(
2

1
1

2

1

1

1

++

+

+

+-=ä iiii

n

i

yyxxAUC  (4); 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʳʧʝʡ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ ʊʘʜʞʠʢʠʩʪʘʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʥʘ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʩ ʫʢʣʦʥʦʤ ʦʪ 0 ʜʦ 10Á ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 0,13. ʉʢʣʦʥʳ ʩ ʢʨʫʪʠʟʥʦʡ ʦʪ 10 ʜʦ 20Á ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ - 0,57. 

ʅʘ ʩʢʣʦʥʘʭ ʩ ʢʨʫʪʠʟʥʦʡ 20ï30Á ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1,14. 

ɼʘʣʝʝ ʩʢʣʦʥʳ ʩ ʢʨʫʪʠʟʥʦʡ 30ï40Á, ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʷ 1,64, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʳʧʝʡ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪʥʦʩʪʠ (1,91) ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʢʣʦʥʦʚ ʩ ʢʨʫʪʠʟʥʦʡ 40ï50Á. ʉʢʣʦʥʳ ʩ ʢʨʫʪʠʟʥʦʡ ʙʦʣʝʝ 50Á 

ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʢʣʘʩʩʦʤ - 1,54. ɺ ʮʝʣʦʤ, 

ʢʨʫʪʳʝ ʩʢʣʦʥʳ ʩ ʫʢʣʦʥʦʤ ʦʪ 30 ʜʦ 50Á ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʦʩʳʧʦʦʙʨʘʟʫʶʱʠʤʠ ʟʦʥʘʤʠ, ʛʜʝ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʦʩʳʧʠ. 

ɺʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʦʩʳʧʝʡ. ɼʦ 

ʚʳʩʦʪʳ 2000 ʤ ʦʩʳʧʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʨʠ ʵʪʦʤ ʚ ʜʚʫʭ ʧʝʨʚʳʭ ʚʳʩʦʪʥʳʭ ʢʣʘʩʩʘʭ 

ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʨʘʚʥʦ ʥʫʣʶ. ɺ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 2500ï3000 ʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʠʡ ʨʦʩʪ ʢʦʨʨʝʣʷʮʠʠ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 2,26. ʉʢʣʦʥʳ ʥʘ 

ʚʳʩʦʪʘʭ 3000-3500 ʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤ ʟʥʘʯʝʥʠʝʤ - 2,13. ʅʘʯʠʥʘʷ ʩʦ ʩʣʝʜʫʶʱʝʛʦ 

ʚʳʩʦʪʥʦʛʦ ʢʣʘʩʩʘ, ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. 

ɸʥʘʣʠʟ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʘʤ 300-400 ʤʤ (1,92) ʠ 400-500 ʤʤ (1,57), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʦʚʦʮʠʨʫʶʱʫʶ ʨʦʣʴ ʫʤʝʨʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʠʞʝ 

ʝʜʠʥʠʮʳ. 
 

ʊʘʙʣʠʮʘ 3. ʂʘʨʪʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʳʧʝʡ ʇʘʤʠʨʘ 

Table 3. Talus susceptibility map of Pamir 
ʅʘʟʚʘʥʠʝ ʬʘʢʪʦʨʘ  ʂʣʘʩʩ     FR 

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ 117-200 15461056 0,18 302 0,00 0,02 

 200-300 11817754 0,13 6266 0,06 0,48 

 300-400 27036962 0,31 57641 0,59 1,92 

 400-500 18388397 0,21 32137 0,33 1,57 

 500-690 15212472 0,17 1424 0,01 0,08 

ʇʠʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʦʚ 0.07-0.45 16647701 0,19 25313 0,26 1,37 

 0.45-0.84 18527194 0,21 18631 0,19 0,91 

 0.84-1.22 17027826 0,19 16644 0,17 0,88 
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 1.22-1.61 19636632 0,22 21190 0,22 0,98 

 1.61-2 16550372 0,19 15992 0,16 0,87 

ʀʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ 0-6 21160560 0,24 14299 0,15 0,61 

 6-12 4747149 0,05 1738 0,02 0,33 

 12-18 4909816 0,06 3590 0,04 0,66 

 18-24 4221223 0,05 4000 0,04 0,86 

 24-30 3362655 0,04 3274 0,03 0,88 

 >30 50042862 0,57 70965 0,73 1,28 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ  29427728,00 0,33 37643 0,38 1,16 

  34570583 0,39 36438 0,37 0,95 

  17044765 0,19 18516 0,19 0,98 

  5831345 0,07 4805 0,05 0,74 

  1569843 0,02 464 0,00 0,27 

ʇʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ -34,7--1,35 1658215 0,03 4679 0,05 1,67 

 -1,35--0,53 6672020 0,12 16498 0,17 1,46 

 -0,53-0,02 22228629 0,38 34161 0,35 0,91 

 0,02-0,8 22584488 0,39 33649 0,34 0,88 

 0,8-35,6 4789450 0,08 8817 0,09 1,09 

ʇʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ -38,8--1,67 1991478 0,03 4271 0,04 1,27 

 -1,67--0,68 5822008 0,10 10375 0,11 1,06 

 -0,68--0,029 33436590 0,58 49263 0,50 0,87 

 -0,029-0,9 14574470 0,25 28497 0,29 1,16 

 0,9-45 2108255 0,04 5398 0,06 1,52 

ɼʠʩʪʘʥʮʠʷ ʦʪ ʨʘʟʣʦʤʦʚ (ʤ) 0-3 11778532 0,13 13264 0,14 1,02 

 3-6 10568419 0,12 13919 0,14 1,19 

 6-9 9947071 0,11 12878 0,13 1,17 

 0-12 9047880 0,10 11934 0,12 1,19 

 >12 47012840 0,53 45775 0,47 0,88 

ɼʠʩʪʘʥʮʠʷ ʦʪ ʨʝʢ 0-2000 17223950 0,19 28170 0,29 1,48 

 2000-4000 16097019 0,18 13146 0,13 0,74 

 4000-6000 14035795 0,16 14067 0,14 0,91 

 6000-8000 11238991 0,13 12542 0,13 1,01 

 8000-10000 8610770 0,10 10710 0,11 1,12 

 10000-12000 6251980 0,07 7451 0,08 1,08 

 >12000 15047914 0,17 11780 0,12 0,71 

ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ (ʛʨʘʜʫʩ) 0-10 18254536 0,21 2657 0,03 0,13 

 10-20 19023181 0,21 12038 0,12 0,57 

 20-30 21678666 0,24 27274 0,28 1,14 

 30-40 18821580 0,21 34234 0,35 1,64 

 40-50 8260823 0,09 17477 0,18 1,91 

 >50 2451149 0,03 4186 0,04 1,54 

ʕʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ ʈʦʚʥʘʷ 149122 0,00 0 0,00 0,00 

 ʉʝʚʝʨʥʘʷ 10459190 0,12 8519 0,09 0,74 

 ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ 10892849 0,12 11368 0,12 0,94 

 ɺʦʩʪʦʯʥʘʷ 11697243 0,13 13114 0,13 1,01 

 ʖʛʦ-ʚʦʩʪʦʯʥʘʷ 10833593 0,12 10287 0,11 0,86 

 ʖʞʥʘʷ 11046257 0,12 8418 0,09 0,69 

 ʖʛʦ-ʟʘʧʘʜʥʘʷ 11557087 0,13 15566 0,16 1,22 

 ɿʘʧʘʜʥʘʷ 11634136 0,13 17514 0,18 1,36 

 ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ 10220458 0,12 13080 0,13 1,16 

ɺʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ (ʤ) 228-1000 104860 0,00 0 0,00 0,00 

 1000-1500 410319 0,00 0 0,00 0,00 

 1500-2000 853126 0,01 796 0,01 0,84 

 2000-2500 1758621 0,02 2046 0,02 1,05 

 2500-3000 3536971 0,04 8838 0,09 2,26 

 300-3500 5937962 0,07 13973 0,14 2,13 

 3500-4000 15737360 0,18 18343 0,19 1,05 

 4000-7445 60150716 0,68 53870 0,55 0,81 
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ʇʠʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʨʘʪʥʳʡ 

ʵʬʬʝʢʪ, ʧʦʩʢʦʣʴʢʫ ʥʘʠʤʝʥʴʰʝʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ. 
 

ʈʠʩʫʥʦʢ 3. ʂʘʨʪʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʳʧʝʡ ʇʘʤʠʨʘ 

Figure 3. Talus susceptibility map of Pamir 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʢʣʘʩʩ 

ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʳʧʝʡ. ɺ ʦʩʪʘʣʴʥʳʭ ʢʣʘʩʩʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ. 

ɺʳʷʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʧʨʦʬʠʣʴʥʦʡ ʢʨʠʚʠʟʥʝ (1,52), ʘ ʪʘʢʞʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʨʦʬʠʣʴʥʦʡ ʢʨʠʚʠʟʥʝ (1,27). 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʦʩʳʧʝʡ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʨʘʟʣʦʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʣʘʩʩʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ, 

ʧʨʝʚʳʰʘʶʪ ʝʜʠʥʠʮʫ. 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʚ ʯʝʪʳʨʸʭ ʢʣʘʩʩʘʭ ʢʘʨʪʳ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʨʝʢ ʧʨʝʚʳʰʘʶʪ ʝʜʠʥʠʮʫ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʩʪʘʣʴʥʳʭ ʪʨʸʭ ʢʣʘʩʩʘʭ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʠʤʝʝʪ ʥʠʟʢʠʡ ʚʝʩ. 
 

ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪʳ ROC-ʘʥʘʣʠʟʘ 

Figure 4. Results of ROC-analysis 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʢʣʦʥʳ ʩ ʟʘʧʘʜʥʦʡ (1,36), ʶʛʦ-ʟʘʧʘʜʥʦʡ (1,22) ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ (1,16) 

ʵʢʩʧʦʟʠʮʠʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʚʝʩʘʤʠ. 

ʆʩʪʘʣʴʥʳʝ ʢʣʘʩʩʳ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʨʝʢ, ʠʤʝʶʪ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʚ ʢʣʘʩʩʘʭ ʧʣʘʥʦʚʦʡ ʢʨʠʚʠʟʥʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 0,88 ʜʦ 1,67. ɿʥʘʯʝʥʠʷ ʚʳʰʝ ʝʜʠʥʠʮʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ ʢʣʘʩʩʦʚ 

ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

ROC-ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʤʦʜʝʣʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʳʧʝʡ. ɿʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʜ ROC-ʢʨʠʚʦʡ ʩ ʟʥʘʯʝʥʠʝʤ AUC = 0,714 (ʨʠʩ. 4) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʴ ʢʦʨʨʝʢʪʥʦ ʨʘʟʣʠʯʘʝʪ ʫʯʘʩʪʢʠ ʩ ʥʘʣʠʯʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʦʩʳʧʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʤʦʜʝʣʠ, ʝʸ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʸ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʦʩʳʧʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʇʘʤʠʨʝ 

(ʖʛʦ-ɺʦʩʪʦʯʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ). 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʩʳʧʝʡ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ ʊʘʜʞʠʢʠʩʪʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʪʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʝʜʫʱʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʥʦʩʪʴ ʦʩʳʧʝʡ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʢʣʦʥʦʚ ʩ 

ʫʢʣʦʥʘʤʠ 30-50Á, ʛʜʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʅʘ 

ʧʦʣʦʛʠʭ ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʝ ʦʩʳʧʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ. 

ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʳʧʝʡ ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʪʥʘʷ 

ʟʦʥʘʣʴʥʦʩʪʴ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʩʳʧʝʡ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʨʝʜʥʝʛʦʨʥʳʤ ʚʳʩʦʪʘʤ 2500ï3500 

ʤ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ ʢʨʫʪʳʝ ʩʢʣʦʥʳ, ʠʥʪʝʥʩʠʚʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʩʝʟʦʥʥʦʝ 

ʧʨʦʤʝʨʟʘʥʠʝ ʠ ʚʳʩʦʢʘʷ ʨʘʩʯʣʝʥʸʥʥʦʩʪʴ ʨʝʣʴʝʬʘ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʷʩʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ 4000 

ʤ, ʯʘʩʪʦʪʥʦʩʪʴ ʦʩʳʧʝʡ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʜʥʠʢʦʚʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ. 

ʈʦʣʴ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʩʳʧʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ (300ï500 ʤʤ ʚ ʛʦʜ), 

ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʠʣʠ ʯʨʝʟʤʝʨʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʩʳʧʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʥʝ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʚʣʘʞʥʝʥʠʶ, ʘ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʩʦʯʝʪʘʥʠʶ ʚʣʘʛʠ. 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚʳʨʘʞʝʥʥʳʡ ʧʠʢʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ ʛʨʫʥʪʦʚ, ʚ ʧʨʝʜʝʣʘʭ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʢʘʟʳʚʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʚʣʠʷʥʠʝ. ɿʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ PGA ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘʜ ʧʨʷʤʳʤ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʳʧʝʡ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʝʨʝʨʘʙʦʪʢʫ ʨʝʣʴʝʬʘ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʯʘʩʪʦʪʥʦʩʪʠ ʦʩʳʧʝʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʠʚʥʦʝ ʧʦʜʤʳʚʘʥʠʝ ʩʢʣʦʥʦʚ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʳʭʣʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʚʠʪʠʝ ʣʦʢʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦ, ʧʣʘʥʦʚʘʷ ʠ ʧʨʦʬʠʣʴʥʘʷ 

ʢʨʠʚʠʟʥʘ ʩʢʣʦʥʦʚ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ: ʚʦʛʥʫʪʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʘʢʢʫʤʫʣʷʮʠʠ ʚʣʘʛʠ ʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʢʠ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʨʦʬʠʣʴʥʦʡ ʢʨʠʚʠʟʥʳ, ʛʜʝ ʫʩʢʦʨʷʝʪʩʷ ʠʣʠ ʟʘʤʝʜʣʷʝʪʩʷ ʩʪʦʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʦʩʳʧʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ. 

ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʚ ʟʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʨʘʟʣʦʤʘʤ, ʦʪʨʘʞʘʶʪ ʦʩʣʘʙʣʝʥʠʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʸʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʩʢʣʦʥʦʚ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʙʣʠʟʦʩʪʴ 

ʢ ʨʝʯʥʦʡ ʩʝʪʠ: ʥʘʠʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʦʩʳʧʝʡ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʫʯʘʩʪʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʨʫʩʝʣ ʨʝʢ, ʛʜʝ ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ, ʧʦʜʤʳʚʘ ʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʩʢʣʦʥʦʚ. 

ʕʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ ʦʢʘʟʳʚʘʝʪ ʚʪʦʨʠʯʥʦʝ, ʥʦ ʨʘʟʣʠʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʦʩʳʧʝʡ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʫʰʝʥʠʶ ʩʢʣʦʥʳ ʟʘʧʘʜʥʦʡ, ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 
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ʵʢʩʧʦʟʠʮʠʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʥʩʦʣʷʮʠʠ, ʨʝʞʠʤʦʤ ʩʥʝʛʦʪʘʷʥʠʷ ʠ 

ʩʝʟʦʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. 
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ÛÑäÏÊÔÔ ÍÌÎßÆßÐÚÔÔ ÝÌÙÏÌàÞÔäÇÚÔ ÛÚØÔÜ 

Ðìü þìĕėôėúþ úøô÷ĕúô ôðúüìöÿùìùðìô þìĄìööÿ÷ô ýìùïìĀþôĄĕúô Æìùÿíÿ-äìüėôô ÞúĔôöôýþúù 
øìîüôðô íìüüìýĒ ėìüúü ïôüôĀþììùð. Øôùþìėì íú üñ÷ñĀô íì÷ìùðöĘĕĒ îì íì÷ìùðôô ĕìøîúüô ÞúĔôöôýþúùô 
Æìùÿíÿ-äìüėĒ þìîýôĀ øñĄìîìð, öô ðìü úù Ąìö÷ïôüôô ýìùïìĀþôĄĕú íú þìĆýôüô ċāíìùðĒ îì üìîìùðĕúô 
ïôðüú÷úïĒ îúíìýþìïĒ ðúüìð. áÿýÿýôċþĕúô ìýúýôô øúüĀúøñþüĒ, ôù öÿùĔô ùôĄñíĒ, ýìøþô āúíôĄô ùôĄñíôĕú, 
íì÷ìùðôô øÿþ÷ìė, ôùðñöýô ėÿîîìô ĔìüìČù, Ąìö÷ô ùôĄñíôĕú îì ôùăÿùôù øìýúĀì ìó ðìüČĕú îì öìĀôĄĕúô 
þñöþúùôöĒ íì ĕôýúí øñüìîìùð. Íú ôýþôĀúðì ìó ÿýÿ÷ô þìĎõôüČĀþìô ùôýíìþô íìýúøìð, ýìĕøô ĕìü ċö úøô÷ ðìü 
ĉĕþôøú÷ôċþô þìĄìööÿ÷ô ýìùïüñóôĄĕú íì þìîüô øôėðúüĒ ìüóČíĒ öìüðì Ąÿð. Ðìü ìýúýô ùìþôĔìĕú, øúðñ÷ô 
ĉĕþôøú÷ôċþô þìĄìööÿ÷ô ýìùïìĀþôĄĕú þìĕôċ öìüðì Ąÿð, öô íìüúô ûñĄïĘôô øôùþìėìĕúô āìþìüùúö ôýþôĀúðì 
øñĄìîìð. ÙìþôĔìĕú ùôĄúù øñðôĕìùð, öô úøô÷ĕúô ìýúýĒ ôù öÿùĔô ùôĄñíĒ (30¬50¸), íì÷ìùðôô øÿþ÷ìė 2500¬
3500 ø, íúüôĄúþô ìþøúýĀñüĒ (300¬500 øø) îì ôùðñöýô ėÿîîìô ĔìüìČù (>30) íì ĕôýúí øñüìîìùð. Úøô÷ĕúô 
øìüíÿþ íì þìĆýôüô ýñõýøôöĒ ðìü þìĄìööÿ÷ô ýìùïìĀþôĄĕú ùìėĄô öìøþìü ðúüìùð. ÛìĕùĄìîôô Āìóúïôô 
ýìùïüñóôĄĕú ôùăÿùôù ìó Ąìö÷ô ùôĄñíôĕú îì øìýúĀì ìó öìĀôĄĕúô þñöþúùôöĒ îì ðìüČĕú îúíìýþìïĒ ðúüìùð. 

Öì÷ôðîúòìĕú: ýìùïüñóôĄĕú, öÿùĔô ùôĄñíĒ, íúüôĄúþĕúô ìþøúýĀñüĒ, ôùðñöýô ėÿðüìþô ĔìüìČù, Ąìö÷ô 
ùôĄñíôĕú, øìýúĀì ìó öìĀôĄĕúô þñöþúùôöĒ, øúðñ÷ô úýñíûìóôüôô ýìùïüñóôĄĒ. 

 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʆʉʓʇɽʁ ʇɸʄʀʈɸ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʬʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʳʧʝʡ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ (ʇʘʤʠʨ) 

ʊʘʜʞʠʢʠʩʪʘʥʝ. ʊʝʨʨʠʪʦʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʛʦʨʥʳʤ ʠ ʚʳʩʦʢʦʧʣʦʩʢʦʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ, 

ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʳʧʝʡ ʦʢʘʟʳʚʘʶʪ ʩʦʚʨʝʤʝʥʥʦʝ ʦʣʝʜʝʥʝʥʠʝ, ʤʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʆʩʥʦʚʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, 
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ʵʢʩʧʦʟʠʮʠʷ, ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, ʢʨʠʚʠʟʥʘ, ʘ ʪʘʢʞʝ ʙʣʠʟʦʩʪʴ ʨʘʟʣʦʤʦʚ ʠ ʨʝʢ. ɸʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʢʣʘʜ 

ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʚ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʳʧʝʡ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʳʧʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʟʦʥʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʪʨʠʛʛʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʨʫʪʳʝ ʩʢʣʦʥʳ (30ï50Á), ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ 2500ï3500 ʤ, 

ʫʤʝʨʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ (300ï500 ʤʤ ʦʩʘʜʢʦʚ) ʠ ʩʠʣʴʥʳʝ ʧʦʪʦʢʠ (>30 ʧʦ ʠʥʜʝʢʩʫ ʤʦʱʥʦʩʪʠ). ʌʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʧʠʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʦʚ), ʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʳʧʝʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʘʥʦʚʦʡ ʠ ʧʨʦʬʠʣʴʥʦʡ ʢʨʠʚʠʟʥʳ ʩʢʣʦʥʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʣʠ ʫʩʢʦʨʝʥʠʝ ʩʪʦʢʘ, ʠ ʙʣʠʟʦʩʪʠ ʨʘʟʣʦʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʳʧʠ, ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, ʢʨʠʚʠʟʥʘ, 

ʨʘʟʣʦʤʳ, ʤʦʜʝʣʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

 

PREDICTION OF TALUS ACCURENCE OF PAMIR  

This study investigates factors controlling talus formation in Southeastern Tajikistan. The region is characterized by 

high-mountain and high-plateau relief of the Eastern Pamirs, where modern glaciation, permafrost, and hydrological 

processes significantly influence landslide development. Key morphological factors include slope steepness, aspect, 

altitudinal zonation, stream power index, plan and profile curvature, and proximity to faults and rivers. Using a modified 

frequency ratio method, the contribution of each factor to landslide occurrence was quantitatively assessed. Based on these 

results, a landslide susceptibility model was developed to predict the most hazardous areas. Results indicate that the main 

triggers are steep slopes (30ï50Á), mid-elevations of 2500ï3500 m, moderate precipitation (300ï500 mm), and high stream 

power (>30). Seismic-related factors (peak ground acceleration) have a relatively smaller effect. The spatial distribution of 

landslides also depends on plan and profile curvature, which influence runoff concentration and acceleration, as well as 

proximity to faults and streams.  

Keywords: landslides, slope steepness, precipitation, stream power index, profile curvature, faults, susceptibility 

model. 
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ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. 

ʆʩʠʤʠ ʚ ʛ. ʍʫʜʞʘʥʜʝ 

 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʸʥʥʳʭ ʤʝʩʪ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʤʫ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʛʜʝ ʦʨʦʰʘʝʤʳʝ ʟʝʤʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʟʝʤʝʣʴ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʝʨʦ-ʙʫʨʳʭ ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚ. 

ʇʦ ʢʨʠʪʝʨʠʷʤ ʌɸʆ/ʖʅɽʉʂʆ (ʇʫʩʪʳʥʠ, 1986) ʘʨʠʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʜʝʣʷʪʩʷ ʥʘ 4 

ʢʘʪʝʛʦʨʠʠ: 1) ʵʢʩʪʨʘʘʨʠʜʥʳʝ (ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʤʝʥʴʰʝ 100 ʤʤ); 2) ʘʨʠʜʥʳʝ (100-200 ʤʤ); 3) 

ʧʦʣʫʘʨʠʜʥʳʝ (200-400 ʤʤ); 4) ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ (400-800 ʤʤ). ɸʨʠʜʥʦʩʪʴ ʢʣʠʤʘʪʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʪʘʢʞʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʫʚʣʘʞʥʝʥʠʷ ʀʚʘʥʦʚʘ (ʂʋ, ʀʚʘʥʦʚ, 1954), ʪ.ʝ. ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʷʝʤʦʩʪʠ [5,ʩ.29].  

ʂʘʤʝʥʠʩʪʳʝ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʣʦʤʢʠ ʪʚʝʨʜʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʚʦʡʩʪʚʘ, ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ, ʬʦʨʤ ʠʟ ïʟʘ ʥʠʟʢʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʜʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʠʩʴ ʙʨʦʩʦʚʳʤʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʟʝʤʣʠ ʩ ʪʘʢʠʤʠ ʧʦʯʚʘʤʠ ʩʪʘʣʠ ʦʩʚʘʠʚʘʪʴʩʷ, 

ʧʦʵʪʦʤʫ ʢ ʥʠʤ ʧʦʚʳʩʠʣʩʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʂʘʤʝʥʠʩʪʳʝ ʧʦʯʚʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢ 

ʉʨʝʜʥʝʡ ɸʟʠʠ, ʶʛʘ ʂʘʟʘʭʩʪʘʥʘ, ɸʨʤʝʥʠʠ ʠ ɸʟʝʨʙʘʡʜʞʘʥʘ.  

ʊʘʢʞʝ ʧʦʯʚʳ ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ï ʙʫʭʘʨʩʢʦʤ ʦʘʟʠʩʝ, ʌʝʨʛʘʥʩʢʦʡ 

ʜʦʣʠʥʝ ʠ ʚ ʛʦʣʦʜʥʦʡ ʩʪʝʧʠ, ʚ ʶʞʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ï ʚ ʂʘʨʘʛʘʥʜʳ, ʚ ʂʠʨʛʠʟʠʠ- ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ 

ʤʘʩʩʠʚʦʚ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚ ʃʝʡʣʝʢʩʢʦʤ ʨʘʡʦʥʝ, ʚ ʆʰʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʚ ʇʨʠʠʩʩʳʢʫʣʝ [16,ʩ.21].  

ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʵʪʠ ʧʦʯʚʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʜʦʣʴ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ ʉʳʨ-ɼʘʨʴʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ɹʦʙʦʜʞʦʥ ɻʘʬʫʨʦʚʩʢʦʤ, ɸʰʪʩʢʦʤ, ɼʞ. ʈʘʩʫʣʦʚʩʢʦʤ ʠ ʂʘʥʠʙʘʙʜʘʤʩʢʦʤ ʨʘʡʦʥʘʭ 

ʉʫʛʜʩʢʦʡ ʦʙʣʘʩʪʠ (ɻʨʘʙʦʚʩʢʘʷ, 1956, ʃʝʦʥʪʴʝʚʘ ʠ ʂʫʪʝʤʠʥʩʢʠʡ, 1966) [12; 9; 15]. 

ʆʩʥʦʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʱʝʙʥʷ ʠʣʠ 

ʛʘʣʴʢʠ ʪʚʝʨʜʳʭ ʧʦʨʦʜ. ʆʥʠ ʫʩʠʣʠʚʘʶʪ ʠʭ ʢʩʝʨʦʤʦʨʬʥʦʩʪʴ, ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʠ ʫʤʝʥʴʰʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ 

(ɻʨʘʙʦʚʩʢʘʷ, 1956).  

ʄʝʣʢʦʟʝʤ, ʟʘʧʦʣʥʷʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʱʝʙʥʝʤ ʠʣʠ ʛʘʣʴʢʦʡ, ʪʘʢʞʝ ʤʝʥʷʝʪ ʩʚʦʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʦʪʘʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʥʦʚʦʦʩʚʘʠʚʘʝʤʳʝ ʩʝʨʦ-ʙʫʨʳʝ ʢʘʤʝʥʠʩʪʳʝ ʧʦʯʚʳ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ʇʦʯʚʳ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʌɸʆ/ʖʅɽʉʂʆ ʦʪʥʦʩʷʪʩʷ ʢ ʘʨʠʜʥʳʤ, ʛʜʝ ʛʦʜʦʚʘʷ 

ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ï 200 ʤʤ. 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʦʚʦʦʩʚʘʠʚʘʝʤʳʝ ʩʝʨʦ-ʙʫʨʳʝ ʢʘʤʝʥʠʩʪʳʝ ʧʦʯʚʳ. ʕʪʠ ʧʦʯʚʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʤʝʥʠʩʪʳʤ (ʩʝʨʦ-ʙʫʨʳʝ ʱʝʙʥʠʩʪʳʝ ʠ ʛʨʘʚʠʡʥʳʝ), ʛʜʝ ʤʝʣʢʦʟʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʧʝʩʢʘ ʠ ʩʫʧʝʩʠ.  

ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ ʦʧʳʪʥʦʛʦ ʧʣʦʱʘʜʢʠ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʜʚʘ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘ. ʆʜʠʥ ʚ ʩʝʨʝʜʠʥʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʦʱʘʜʢʠ ʫʯʘʩʪʢʘ, ʘ ʚʪʦʨʦʡ - 

ʚ ʩʝʨʝʜʠʥʝ ʥʠʞʥʝʡ ʯʘʩʪʠ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʦʧʠʩʘʥʠʝ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ.  

ʈʘʟʨʝʟ 1 (ʥʠʞʥʷʷ ʯʘʩʪʴ ʫʯʘʩʪʢʘ). 0 ï 16 ʩʤ. - ʋʧʣʦʪʥʝʥʥʳʡ ʩʣʦʡ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, 

ʚʣʘʞʥʳʡ ʩʢʝʣʝʪʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʦʩʥʦʚʥʦʤ ʦʩʪʨʦʢʦʥʝʯʥʦʡ ʬʦʨʤʳ, 

ʤʝʣʢʦʟʸʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʧʝʩʴʶ ʩ ʧʦʨʦʭʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʝʩʯʘʥʦʡ ʧʦʯʚʳ. 

16 ï 39 ʩʤ. ï ʇʦʜʧʘʭʦʪʥʳʡ ʩʣʦʡ ʙʦʣʝʝ ʚʣʘʞʥʳʡ, ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʩʝʨʦʛʦ ʮʚʝʪʘ, 

ʤʝʣʢʦʟʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʧʝʩʴʶ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʫʛʣʠʥʢʘ, ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʭʦʚʘʪʘʷ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʦʙʢʘʪʘʥʥʳʝ ʢʨʫʧʥʳʝ ʢʘʤʥʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʠ ʠʭ ʦʙʣʦʤʢʠ. 

39 ï 57 ʩʤ. - ʉʣʦʡ ʚʣʘʞʥʦʛʦ ʧʝʩʢʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʘʩʥʦʛʦ ʠ ʪʝʤʥʦʛʦ ʮʚʝʪʘ ʚ ʩʤʝʩʠ ʩ 

ʛʨʘʚʝʣʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʨʘʩʩʳʧʯʘʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʤʝʣʢʠʝ ʢʦʨʝʰʢʠ, ʢʘʤʝʥʠʩʪʳʡ 

ʤʘʪʝʨʠʘʣ ʥʝʦʙʢʘʪʘʥʥʳʡ ʢʨʘʩʥʦʚʘʪʦ- ʙʫʨʦʛʦ ʮʚʝʪʘ. 
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57 ï 67 ʩʤ.- ʇʨʦʩʣʦʡʢʘ ʛʨʘʚʝʣʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʨʘʩʥʦʚʘʪʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ, ʚʣʘʞʥʘʷ 

ʨʘʩʩʳʧʯʘʪʘʷ, ʠʥʦʛʜʘ ʩ ʙʝʣʦʡ ʧʨʠʩʳʧʢʦʡ, ʚʩʪʨʝʯʘʝʪʩʷ ʯʝʨʥʦʚʘʪʦ- ʢʨʘʩʥʘʷ ʧʣʦʩʢʘʷ ʛʘʣʴʢʘ. 

67- 105 ʩʤ -.ɻʨʘʚʝʣʠʩʪʦ-ʛʘʣʝʯʥʠʢʦʚʳʡ ʩʣʦʡ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʘʩʥʦʛʦ ʠ 

ʩʝʨʦʛʦ ʠ ʧʝʨʝʤʝʰʘʥ ʩ ʧʝʩʢʦʤ ʪʘʢʠʭ ʞʝ ʮʚʝʪʦʚ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʨʫʧʥʳʝ ʢʘʤʥʠ. 

ʈʘʟʨʝʟ 2 (ʚʝʨʭʥʷʷ ʯʘʩʪʴ). 0 - 25 ʩʤ. ʇʣʦʪʥʳʡ ʚʣʘʞʥʳʡ ʩʣʦʡ, ʤʝʣʢʦʟʝʤ ʩʳʧʫʯʠʡ, ʩʦʩʪʦʠʪ 

ʠʟ ʧʝʩʢʘ ʠ ʩʫʧʝʩʠ ʩʝʨʦʛʦ ʮʚʝʪʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦ ʢʘʤʝʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʤʝʨʦʤ 10ʭ12 

ʩʤ ʠ ʱʝʙʝʥʢʠ. 

25 ï 41 ʩʤ. ʧʦʜʧʘʭʦʪʥʳʡ ʚʣʘʞʥʳʡ ʩʣʦʡ, ʫʧʣʦʪʥʝʥʥʳʡ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʚʝʣʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʝʨʝʤʝʱʝʥʥʦʛʦ ʩ ʧʝʩʢʘʤʠ, ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʣʢʦʟʝʤ 

ʩʳʧʫʯʠʡ. ɺʩʪʨʝʯʘʶʪʩʷ ʥʝʦʢʘʪʘʥʥʳʝ ʢʨʫʧʥʳʝ ʢʘʤʥʠ (6 ʭ 8 ʩʤ). 

41 ï 62 ʩʤ. ɺʣʘʞʥʳʡ ʧʝʩʯʘʥʳʡ ʩʣʦʡ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

ʛʨʘʚʠʷ ( 2 ʭ 3 ʩʤ), ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʤʘʩʩʘ ʩʳʧʫʯʘʷ, ʥʝ ʩʢʨʝʧʣʸʥʥʘʷ. 

62 ï 90 ʩʤ. ɺʣʘʞʥʳʡ ʧʝʩʯʘʥʳʡ ʩʣʦʡ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʨʘʟʤʝʨʘ ʢʨʘʩʥʦʚʘʪʦ ï ʙʫʨʦʛʦ ʮʚʝʪʘ ʩ 

ʧʨʠʤʝʩʴʶ ʤʝʣʢʦʡ ʱʝʙʸʥʢʠ. 

90 -105 ʩʤ. ʦʯʝʥʴ ʚʣʘʞʥʳʡ ʩʣʦʡ, ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ, ʧʝʨʝʩʳʧʘʥʥʳʡ ʤʝʣʢʠʤ ʧʝʩʢʦʤ, ʩ 

ʚʦʟʤʦʞʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʧʩʘ ʠʣʠ ʢʘʨʙʦʥʘʪʦʚ. 

ʇʦʯʚʳ ʦʧʳʪʥʦʛʦ ʧʣʦʱʘʜʢʠ ʧʦ ʧʨʦʬʠʣʶ ʨʘʟʨʝʟʦʚ ʜʦ ʛʣʫʙʠʥʳ ʦʜʥʦʛʦ ʤʝʪʨʘ, ʚʩʢʠʧʘʝʪ ʦʪ 

10% ʨʘʩʪʚʦʨʘ HCl (ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ) [2; 3; 9]. 

ɼʘʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʯʚʳ 

ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦ ʧʨʦʬʠʣʶ ʥʝʦʜʥʦʨʦʜʥʳʝ. ɺ ʚʝʨʭʥʝʤ ʘʢʪʠʚʥʦʤ ʩʣʦʝ ʧʦʯʚʳ (0 ï 40 ʩʤ) 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʨʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʤʝʣʢʦʟʝʤ, ʩʦʩʪʦʷʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʝʩʢʘ ʠ ʩʫʧʝʩʝʡ. 

ɺ ʵʪʦʡ ʪʦʣʱʝ ʧʦʯʚʳ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʦʢʘʪʘʥʥʳʝ ʢʘʤʥʠ ʜʠʘʤʝʪʨʦʤ 5 ï 8 ʩʤ, ʚʦ ʚʪʦʨʦʤ 

ʧʦʜʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ (40 ï 100 ʩʤ)ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʬʨʘʢʮʠʷʤʠ ʷʚʣʷʝʪʩʷ ʱʝʙʝʥʢʘ, ʛʨʘʚʠʡ ʠ 

ʛʘʣʴʢʘ, ʧʝʨʝʤʝʰʝʥʥʳʝ ʩ ʢʨʫʧʥʳʤ ʧʝʩʢʦʤ.  

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʣʢʦʟʝʤʠʩʪʦʡ ʠ ʢʘʤʝʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ ʧʦ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʘʤʝʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  
 

ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʣʢʦʟʝʤʠʩʪʦʡ ʠ ʢʘʤʝʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʚ ʩʝʨʦ-ʙʫʨʦʡ ʱʝʙʥʠʩʪʦ-

ʢʘʤʝʥʠʩʪʦʡ ʧʦʯʚʝ ʉʫʛʜʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

Table 1. Distribution of Fine-Earth and Stony Fractions in Grey-Brown Gravelly-Stony Soils of 

the Sughd Region of the Republic of Tajikistan 
ɻʣʫʙʠʥʘ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ,ʩʤ 

ʉʦʜʝʨʞʘʥʠʝ ʚ % ʦʪ ʤʘʩʩʳ ʧʦʯʚʳ ʉʦʩʪʘʚ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ (%) 

ʩ ʜʠʘʤʝʪʨʦʤ, ʩʤ 

ʤʝʣʢʦʟʝʤʘ ʂʘʤʝʥʠʩʪʦ-

ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ 

10-5 5-3 3-1 1-0,5 0,5-03 

ʈʘʟʨʝʟ 1 

0 - 16 47,8 52,2 10,8 5,2 16,4 12,2  

16 - 39 54,8 45,2 11,9 6,6 12,9 10,1  

39 - 57 38,5 61,5 12,8 11,8 15,0 13,9  

57 ï 67 30,6 69,4 19,5 11,8 19,4 16,4  

67 - 105 31,8 68,2 3,7 2,7 31,6 21,0  

ʈʘʟʨʝʟ 2 

0 ï 25 50 50 3,7 8,3 15,0 14,9  

25 ï 41 46,3 53,7 3,0 5,1 18,1 17,0  

41 ï 62 40,5 59,5 - 2,0 25,2 21,3  

62 - 105 38,5 61,5 3,2 3,2 19,8 23,2  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʟʝʤʘ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʤʘʩʩʳ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ 

ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 32 ʜʦ 55% ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʤʝʥʠʩʪʦ- ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 0,3 ʩʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 45 ʜʦ 68%. ɺ 

ʚʝʨʭʥʝʤ (0 ï 40 ʩʤ) ʤʝʣʢʦʟʝʤʠʩʪʦʤ ʫʩʣʦʚʥʦ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʚ ʩʨʝʜʥʝʤ ʥʘ ʜʘʥʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʟʝʤʘ ʩʦʩʪʘʚʣʷʝʪ 50%, ʦʩʪʘʣʴʥʳʝ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʜʦʣʶ 

ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ. ɺ ʥʠʞʥʝʤ (40 ï 100 ʩʤ) ʱʝʙʸʥʯʘʪʦ-ʢʘʤʝʥʠʩʪʦʤ ʩʣʦʝ ʧʦʯʚʳ 
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ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʟʝʤʘ ʨʝʟʢʦ ʧʘʜʘʝʪ ʠ ʚ ʩʨʝʜʥʝʤ ʧʦ ʜʘʥʥʳʤ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 37%, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 63% ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʜʦʣʶ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ [12; 10].  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʧʨʝʜʝʣʘʭ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦ ʦʙʱʝʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʤʝʣʢʦʟʝʤʠʩʪʦʡ ʠ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʆʜʥʘʢʦ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ , ʪ.ʝ, ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʨʘʟʤʝʨʦʚ ʢʘʢ ʤʝʞʜʫ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʪʘʢ ʠ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤʠ ʨʘʟʨʝʟʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʚʦʤ ʧʦʯʚʝʥʥʦʤ ʨʘʟʨʝʟʝ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ: 10-5 

ʩʤ, 3-1 ʩʤ ʠ 1,0-0,5 ʩʤ, ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ: ʚ ʩʣʦʝ 0-40 ʩʤ ʜʦ 75-77%, ʚ ʩʣʦʝ 40-60 ʩʤ 

ʜʦ 67% ʠ ʚ ʩʣʦʝ 60-100 ʩʤ ʜʦ 82-89% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ [10].  

ɺʦ ʚʪʦʨʦʤ ʧʦʯʚʝʥʥʦʤ ʨʘʟʨʝʟʝ ʢʘʨʪʠʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʨʘʟʨʝʟʘʤʠ 

ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ: 3-1 ʩʤ, 1,0-0,5 ʩʤ ʠ 0,5-0,3 ʩʤ, 

ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ: ʚ ʩʣʦʝ 0,25 ʩʤ ʜʦ 76%, ʚ ʩʣʦʝ 25-60 ʩʤ ʜʦ 83-85% ʠ ʚ ʩʣʦʝ 60-100 

ʩʤ ʜʦ -0% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʜʚʫʭ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, 

ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʥʝʙʦʣʴʰʦʤ ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ, ʚʠʜʥʦ, ʯʪʦ ʩʝʨʦ-ʙʫʨʳʝ ʢʘʤʝʥʠʩʪʳʝ ʧʦʯʚʳ 

ɸʰʪʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ [3; 4; 10]. ʕʪʠ ʧʦʯʚʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚ ʉʝʚʝʨʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʦʡ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴʶ 

ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ, ʘ ʚ ʩʦʩʪʘʚʝ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ 

ʷʚʣʷʶʪʩʷ ʱʝʙʝʥʢʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ʇʦʵʪʦʤʫ ʵʪʠ ʧʦʯʚʳ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀ. ʉ. ɸʣʠʝʚʘ, 

ʦʪʥʝʩʝʥʳ ʢ ʩʝʨʦ-ʙʫʨʳʤ ʢʘʤʝʥʠʩʪʦ-ʱʝʙʝʥʯʘʪʳʭ ʧʦʯʚʘʤ. ʂ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʘʤʝʥʠʩʪʦ-ʱʝʙʝʥʯʘʪʳʤ ʧʦʯʚ ʦʪʥʦʩʷʪʩʷ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ 

ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʧʦ ʠʭ ʨʘʟʤʝʨʘʤ (ʪʘʙʣ.2); ʘ, ʦʙʲʝʤʥʘʷ ʠ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʤʝʣʢʦʟʝʤʘ 

ʠ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʧʦʯʚʳ (ʪʘʙʣ. 3).  
 

ʊʘʙʣʠʮʘ 2. ʆʙʲʝʤʥʘʷ ʤʘʩʩʘ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ 

ʊable 2. Bulk Density of the Stony-Skeletal Soil Fraction 
 ̄

ɻʝʥʝʪʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʳ, ʩʤ 
ʈʘʟʤʝʨʳ ʬʨʘʢʮʠʠ, ʩʤ 

10-5 5-3 3-1 1-0,5 0,5-0,3 

ʈʘʟʨʳʚ 1 

1.  0-16 2,90 2,70 2,80 2,50 2,60 

2.  16-39 2,38 2,57 2,80 2,50 2,36 

3.  39-57 2,66 2,36 2,80 2,60 2,50 

4.  57-67 2,70 2,35 2,61 2,60 2,50 

5.  67-105 2,85 2,50 2,55 2,45 2,50 

6.  0-60 2,64 2,54 2,80 2,53 2,48 

7.  0-100 2,73 2,52 2,67 2,45 2,48 

ʈʘʟʨʳʚ 2 

8.  0-25(15) 2,85 2,70 2,66 2,53 2,55 

9.  25-41 2,60 2,75 2,54 2,54 2,50 

10.  41-62 - 2,58 2,40 2,60 2,50 

11.  62-90 - 2,52 2,41 2,56 2,50 

12.  90-105 3,00 3,00 2,79 2,58 2,61 

13.  0-60 2,75 2,67 2,54 2,55 2,52 

14.  0-100 2,80 2,70 2,54 2,56 2,52 

 

ʆʙʲʝʤʥʘʷ ʤʘʩʩʘ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʪʘʢ ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜʚʝʨʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʤ̫, ʜʦʩʪʠʛʘʶʱʠʤ ʦʪ 

2,35 ʜʦ 3,00 ʛ/ʩʤ
3
, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʥʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʏʪʦ 

ʞʝ ʢʘʩʘʝʪʩʷ ʦʙʲʝʤʥʦʡ ʤʘʩʩʳ ʤʝʣʢʦʟʝʤʘ ʠ ʝʝ ʢʦʣʝʙʘʥʠʡ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ ʠ 

ʧʦʯʚʝʥʥʳʤ ʨʘʟʨʝʟʘʤ (ʪʘʙʣ. 3), ʪʦ ʦʥʘ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʘʷ ï ʜʦ 1,80 

ʛ/ʩʤ
3
. 

ʅʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʦʪ 1,64 ʜʦ 1,75 ʛ/ʩʤ
3 
ʚ

 
ʧʝʨʚʦʤ ʨʘʟʨʝʟʝ ʠ ʦʪ 1,66 ʜʦ 1,80 

ʛ/ʩʤ
3 
ʚʦ ʚʪʦʨʦʤ.

. 
ɽʱʝ ʤʝʥʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʤʝʣʢʦʟʝʤʘ 
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ʦʪ 2,67 ʜʦ 2,75 ʛ/ʩʤ
3. 
ʚʝʣʠʯʠʥʘ ʦʙʱʝʡ ʧʦʟʦʨʥʦʩʪʠ ʤʝʣʢʦʟʝʤʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʙʲʝʤʥʦʡ ʠ 

ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʤʝʣʢʦʟʝʤʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 34 ʜʦ 40%. 
 

ʊʘʙʣʠʮʘ 3. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʣʢʦʟʝʤʘ ʩʝʨʦ-ʙʫʨʳʭ ʢʘʤʝʥʠʩʪʦ-ʱʝʙʥʠʩʪʳʭ 

ʧʦʯʚ 

Table 3. Some Physical Properties of the Fine-Earth Fraction of Grey-Brown Stony-Gravelly 

Soils 
ʅʦʤʝʨ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ ʛʦʨʠʟʦʥʪʘ, 

ʩʤ 

ʆʙʲʝʤʥʘʷ ʤʘʩʩʘ, 

ʛ/ʩʤ
3 

ʋʜʝʣʴʥʘʷ ʤʘʩʩʘ, 

ʛ/ʩʤ
3
 

ʆʙɦʘʷ ʧʦʨʦʟʥʦʩʪʴ, 

% 

1 

0,16 1,64 2,73 40 

16-39 1,67 2,73 39 

39-57 1,72 2,75 38 

57-67 1,75 2,71 36 

67-105 1,71 2,72 38 

2 

0,25 1,66 2,69 39 

25-41 1,69 2,67 38 

41-62 1,80 2,72 34 

62-90 1,70 2,68 37 

90-100 1,71 2,71 37 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʤʝʥʠʩʪʦ-ʱʝʙʥʠʩʪʳʭ ʧʦʯʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʥʠʭ ʦʯʝʥʴ ʤʘʣʦ ʩʦʜʝʨʞʠʪʩʷ ʤʝʣʢʦʟʝʤʘ ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʝ ʧʦʯʚʳ. ɺ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʣʢʦʟʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʥʘ ʧʝʩʢʘ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʩ 

ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʩʫʧʝʩʠ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʤʝʩʪʝ ʩ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʝʡ 

ʩʦʟʜʘʸʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: ʥʠʟʢʫʶ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʚʳʩʦʢʫʶ ʬʠʣʴʪʨʘʮʠʶ [10]. 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʨʠ ʇʇɺ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʧʘʩ ʚʣʘʛʠ ʨʘʩʯʝʪʥʦʛʦ ʩʣʦʷ 

ʧʦʯʚʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ.4, ʟʥʘʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʠʟʤʝʨʝʥʥʳʝ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʜʘʣʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʰʠʙʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʝʚʳʤ ʩʧʦʩʦʙʦʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʧʦʯʚʘʭ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʢʘʤʝʥʠʩʪʦʩʪʠ (ʏʘʧʦʚʩʢʘʷ, ʀʩʣʘʤʦʚ ʀ., 

ɼʞʘʣʠʣʦʚ ɸ.ʐ., ʅʘʩʨʫʣʣʦʝʚ ɸ.ɼ.), ʠʟ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʦʙʲʝʤʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʝʡʪʨʦʥʥʳʤ ʚʣʘʛʦʤʝʨʦʤ ʅʀɺ-1 ʠ ʅʀɺ-2. ʉʨʝʜʥʷʷ ʦʙʲʝʤʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʩʪʦʷ ʧʦʯʚʳ, ʠʟʤʝʨʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʅʀɺ-2, ʜʣʷ ʢʘʤʝʥʠʩʪʦ-ʱʝʙʥʠʩʪʳʭ ʧʦʯʚ ʧʦʩʣʝ ʠʭ 

ʥʘʩʳʱʝʥʠʷ, ʩʦʩʪʘʚʠʣʘ 11,8%, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʧʘʩ ʚʦʜʳ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʧʨʠ ʅʀɺ 

ʨʘʚʝʥ 1180 ʤ
3
/ʛʘ [4; 11]. 

ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʦʨʦʰʝʥʠʝʤ ʭʣʦʧʯʘʪʥʠʢʘ ʥʘ 

ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚʘʭ, ʥʘʨʷʜʫ ʩʦ ʟʥʘʯʝʥʠʝʤ ʟʘʧʘʩʘ ʚʦʜʳ ʧʨʠ ʅʀɺ, ʨʝʰʘʶʱʠʤ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʯʚ, ʢʦʪʦʨʳʝ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʤʝʨʘ ʧʦʣʠʚʥʳʭ ʩʪʨʫʡ ʧʨʠ ʙʦʨʦʟʜʦʚʦʤ ʩʧʦʩʦʙʝ ʧʦʣʠʚʘ.  

 

ʊʘʙʣʠʮʘ 4. ɺʣʘʞʥʦʩʪʴ ʠ ʟʘʧʘʩ ʚʣʘʛʠ ʧʨʠ ʇʇɺ (ʧʨʝʜʝʣʴʥʦ-ʧʦʣʝʚʦʡ ʚʣʘʛʦʝʤʢʦʩʪʠ) 

ʢʘʤʝʥʠʩʪʦ-ʱʝʙʥʠʩʪʳʭ ʧʦʯʚ 

Table 4. Moisture Content and Water Storage at Field Capacity (FC) of Stony-Gravelly Soils 

 ̄ ɻʣʫʙʠʥʘ, ʩʤ 
ɺʣʘʞʥʦʩʪʴ ʧʦʯʚ, % ɿʘʧʘʩ ʚʦʜʳ ʧʨʠ ʇʇɺ, ʤ

3
/ʛʘ 

ʅʀɺ-2 ʊʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʝʚʦʡ ʅʀɺ-2 ʊʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʝʚʦʡ 

1.  0,20 11,0 13,1 220 262 

2.  20-40 12,2 9,2 244 184 

3.  40-60 11,5 9,2 230 184 

4.  60-80 12,2 9,3 244 186 

5.  80-100 12,2 10,0 244 200 

6.  0-100 11,8 10,2 1182 1016 
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ʉʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʤ ʨʘʟʜʝʣʷʪʴ ʢʘʪʝʛʦʨʠʠ ʧʦʯʚ ʜʣʷ ʦʨʦʰʝʥʠʷ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʧʠʪʳʚʘʥʠʷ ʧʦʣʠʚʥʦʡ ʥʦʨʤʳ 1000 ʤ
3
/ʛʘ. ʉ.ʀ. ɼʦʣʛʦʚʳʤ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʨʝʭ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ ʚʦʜʳ ʚ 

ʧʦʯʚʫ. ʆʥʘ ʩʦʩʪʘʚʠʣʘ ʦʪ 1-ʛʦ ʜʦ 3-ʭ ʯʘʩʦʚ, ʯʪʦ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʉ.ʀ. ɼʦʣʛʦʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʘʪʝʛʦʨʠʠ ʧʦʯʚ ʩ ʚʳʩʦʢʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ [1; 6,ʩ.40; 7; 21,ʩ.189].  

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʯʚ, ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ, ʪʘʢʞʝ 

ʧʦʪʚʝʨʜʠʣʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʯʚʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʧʦʯʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ (ʨʠʩ.1). 

 

ʈʠʩ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʧʠʪʳʚʘʥʠʷ ʚʦʜʳ ɤ (ʩʤ/ʩʫʪʢʠ) ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʊ 

(ʤʠʥʫʪ) 

Figure 1. Dependence of the Water Infiltration Rate ɤ (cm/day) on the Duration of Time T 

(minutes) 

 
 

ɺ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʦʮʝʩʩ ʚʧʠʪʳʚʘʥʠʷ ʚʦʜʳ ʚ ʧʦʯʚʫ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʦ ʠ ʝʝ 

ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 500 ʩʤ/ʩʫʪʢʠ, ʥʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʦʢʦʣʦ 4-ʭ ʯʘʩʦʚ ʩ ʤʦʤʝʥʪʘ ʧʦʜʘʯʠ ʚʦʜʳ 

ʩʢʦʨʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ ʚʦʜʳ ʚ ʧʦʯʚʫ ʧʘʜʘʝʪ ʜʦ 350 ʩʤ/ʩʫʪʢʠ, ʘ ʧʨʠ ʩʪʘʜʠʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʧʨʦʮʝʩʩʘ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʩʤ/ʩʫʪʢʠ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ (ʊ, ʤʠʥ.) 

ʠ ʩʢʦʨʦʩʪʴʶ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ (wʚʧ, ʩʤ/ʩʫʪʢʠ) ʧʦ ʩʧʦʩʦʙʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʯʠʪʘʥʦ 

ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (r) ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ  

wʚʧ
1585

0ȟ28
 (1) 

ʧʨʠ r  0,90 Ñ0,03 n 41. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʞʜʫ wʚʧ ʠ ʊ ʩʚʷʟʴ ʪʝʩʥʘʷ, ʢʨʠʚʦʣʠʥʝʡʥʘʷ, ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʩʪʝʧʝʥʥʦʛʦ ʚʠʜʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʩʝʨʦ-ʙʫʨʳʭ ʤʘʣʦʤʦʱʥʳʭ, ʱʝʙʥʠʩʪʦ-ʢʘʤʝʥʥʳʭ. ʄʦʱʥʦʩʪʴ ʚʝʨʭʥʝʛʦ 

ʤʝʣʢʦʟʝʤʠʩʪʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40ʩʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ 50% ʤʝʣʢʦʟʝʤʘ ʠ 50% 

ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ. ɺ ʥʠʞʥʝʤ (40-100ʩʤ) ʱʝʙʸʥʯʘʪʦ-ʢʘʤʝʥʠʩʪʦʤ ʩʣʦʝ ʧʦʯʚʳ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 30 ʜʦ 40%. ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ ʩʦʩʪʘʚʝ ʢʘʤʝʥʠʩʪʦ-

ʩʢʝʣʝʪʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ 10-5 ʩʤ, 3-1 ʩʤ ʠ 1-0,5 ʩʤ, ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʣʦʝ 

0-40 ʩʤ ʜʦ 70-77%, ʘ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʜʦʩʪʠʛʘʶʪ 82-89% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʤʝʥʠʩʪʦ-

ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴ  ʁʤʝʣʢʦʟʝʤʠʩʪʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ɸʰʪʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʥʝʤ ʧʝʩʢʘ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʩʫʧʝʩʠ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 
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ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʠ ʚ ʧʦʯʚʝ ʩʦʟʜʘʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ: ʢʨʘʡʥʝ ʥʠʟʢʘʷ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ï ʜʦ 1200 ʤ
3
/ʛʘ ʚ ʤʝʪʨʦʚʦʤ 

ʩʣʦʝ ʠ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ï ʜʦ 300 ʩʤ/ʩʫʪʢʠ.  

ʅʘʡʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʩʪʝʧʝʥʥʦʛʦ ʚʠʜʘ (1), ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴ 

ʚʧʠʪʳʚʘʥʠʷ ʚʦʜʳ ʠ ʬʠʣʴʪʨʘʮʠʶ ʧʦʯʚ.  
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ÞÚÆÔÖÔÝÞÚÙ 
Óìøôùĕúô ýìùï÷úā ðìü ėôýøô óôČðô ĕÿðÿðô Ĕÿøĕÿüôĕúô ÚýôČô ØìüöìóĒ (ÞúĔôöôýþúù, Êóíñöôýþúù, 

ÉôüĎôóôýþúù), Ĕìùÿíôô Éìóúėôýþúù, ôùăÿùôù Ìüøìùôýþúù îì ÚóìüíúõĔúù îìýñĆ ûìĕù Ąÿðììùð. Ðìü 
ÞúĔôöôýþúù ôù āúöĕú ìó ĕìøîúüôĕúô ùìóðôöĘĕĒ þú ýúĕô÷ô ÝôüðìüČ, ìó Ĕÿø÷ì ðìü ùúĕôċĕúô ÍúíúĔúù 
ÀìĀÿüúî, ÌĄþ, Æìííúü Üìýÿ÷úî îì Öúùôíúðúøô îô÷úċþô ÝÿĎð ûìĕù ïìüðôðììùð. Ðìü øìėú÷ìô øìóöÿü 
þìĕ÷ô÷ô āÿýÿýôċþĕúô úíôĊ-Āôóôöôô āúöĕúô ýìùï÷úāôô îô÷úċþô ÝÿĎð (ùúĕôċô ÌĄþ) úîìüðì Ąÿðììýþ. Ôù 
āúöĕú íì ïÿüĘĕô āúöĕúô ùìîöúüìøĄÿðìô āúöôýþìüĒ-ėìĕîìüìùïô ýìùï÷úāÿ ĄìĎì÷ðúü øìùýÿí øñíúĄìùð. 
Þìĕ÷ô÷ô íÿüôĄĕúô ïÿóìüúùôðìĄÿðì ùôĄúù øñðôĕìð, öô āÿýÿýôċþĕúô úíôĊ-Āôóôöôô āúöĕúô āúöôýþìüĒ-
ėìĕîìüìùïô ýìùï÷úā ăÿùôùìùð: îìóùô ĕìĔøĒ îúíìýþì íì ăÿėÿüôô ĔúõïôüĄìîĒ 1,64¬1,75 ï/ýøį, óôăôô ĕìėôėĒ 

2,72¬2,75 ï/ýøį-üú þìĄöô÷ øñðôĕìð, öúîúöùúöôô ÿøÿøĒ ðìü ėìíìþô íú÷úĒ 40% îì ðìü ėìíìþĕúô ûúČùĒ 36¬38% 
øñíúĄìð. Ìó Ĕôĕìþô þìüöôíô ýôĀìþĒ ėôýøô āúöô øìĕôù ìýúýìù ìó üñïĕúô ìùðúóìĕúô ïÿùúïÿù íú úøñāþìô öìøô 
üñïāúö ôíúüìþ íÿðì, ðìü ċöĔúċïĒ íú Āüìöýôċô ýìùï÷úā-ýöñ÷ñþĒ āÿýÿýôċþĕúô ùúøÿýúôðô úíôô āúöüú íì îÿĔÿð 
øñúüìð, ċĆùñ ėúíô÷ôċþô ûìýþô ùôïúĕðúüôô úí (11,8%) îì Āô÷þüìþýôċô íì÷ìùð.  
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Öì÷ôðîúòìĕú: āúöĕúô íôČíúùĒ, üìîìùðĕúô ôíþôðúôô āúöĕúýô÷ĄìîĒ, ÿĀÿėĕúô ïñùñþôöĒ (þìĄāôýĒ) îì 
ì÷úøìþĕú, þìüöôíô ïüìùÿ÷úøñþüĒ, þìüöôíô øôöüúìïüñïìþĒ, øìýýìô ĕìĔøĒ, øìýýìô āúý, öúîúöĒ, ðôýûñüýùúöĒ, 
óôăĒ, ýìùï÷úāĒ, Āüìöýôċ, úíïÿóìüúùĒ, Āô÷þüìþýôċ-ûú÷úôĄ, ýìùïüñóì, ĄìĎì÷, öìüíúùìþĕú, āúöô øìĕôù. 

 

ɺʆɼʅʆ - ʌʀɿʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʂɸʄɽʅʀʉʊʆ-ʑɽɹʅʀʉʊʓʍ ʇʆʏɺ ʉʆɻɼʀʁʉʂʆʁ 

ʆɹʃɸʉʊʀ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʂʘʤʝʥʠʩʪʳʝ ʧʦʯʚʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢ ʉʨʝʜʥʝʡ ɸʟʠʠ 

(ʊʘʜʞʠʢʠʩʪʘʥ, ʋʟʙʝʢʠʩʪʘʥ, ʂʠʨʠʟʩʪʘʥ), ʶʛʘ ʂʘʟʘʭʩʪʘʥʘ, ɸʨʤʝʥʠʠ ʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʵʪʠ ʧʦʯʚʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʜʦʣʴ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ ʉʳʨ-ʜʘʨʴʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɹʦʙʦʜʞʦʥ ɻʘʬʫʨʦʚʩʢʦʤ, ɸʰʪʩʢʦʤ, 

ɼʞ.ʈʘʩʫʣʦʚʩʢʦʤ ʠ ʂʘʥʠʙʘʙʜʘʤʩʢʦʤ ʨʘʡʦʥʘʭ ʉʫʛʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʸʥ ʘʥʘʣʠʟ ʚʦʜʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ (ɸʰʪʩʢʠʡ ʨʘʡʦʥ). ʕʪʠ ʧʦʯʚʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʦʚʦʦʩʚʦʝʥʥʳʤ ʩʝʨʦ-ʙʫʨʳʤ ʢʘʤʝʥʠʩʪʦ-ʱʝʙʥʠʩʪʳʤ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʜʥʦ-

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʦ-ʙʫʨʳʭ ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚ, ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʛʦʨʠʟʦʥʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 1, 64 ï 1.?5 ʛ /ʩʤ
3
, ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ 2,72 -2,75 ʛ/ʩʤ

3
, ʘ ʦʙʰʘʷ ʧʦʨʦʟʥʦʩʪʴ 40% ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʠ 36- 38% ʚ 

ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʣʢʦʟʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʥʘ ʧʝʩʢʘ ʨʘʟʣʠʯʥʦʡ 

ʢʨʫʧʥʦʩʪʠ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʩʫʧʝʩʠ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʤʝʩʪʝ ʩ ʢʘʤʝʥʠʩʪʦ-ʩʢʝʣʝʪʥʦʡ ʬʨʘʢʮʠʝʡ ʩʦʟʜʘʸʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: ʥʠʟʢʫʶ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ(11,8%) ʠ ʚʳʩʦʢʫʶ 

ʬʠʣʴʪʨʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʫʩʪʳʥʥʳʝ ʧʦʯʚʳ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʛʝʥʝʪʠʯʝʩʢʠʝ 

(ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ) ʛʦʨʠʟʦʥʪʳ ʠ ʧʨʠʟʥʘʢʠ. ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʤʠʢʨʦʘʛʨʝʛʘʪʥʳʡ ʩʦʩʪʘʚ, ʦʙʲʸʤʥʘʷ ʤʘʩʩʘ, 

ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ, ʧʦʨʠʩʪʦʩʪʴ, ʜʠʩʧʝʨʩʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʢʘʤʝʥʠʩʪʦʩʪʴ, ʬʨʘʢʮʠʷ, ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʬʠʣʴʪʨʘʮʠʷ, 

ʱʝʙʝʥʴ, ʛʘʣʴʢʘ, ʢʘʨʙʦʥʘʪʳ, ʤʝʣʢʦʟʝʤ. 

 

PHYSICAL AND WATER CLASSIFICATION OF STONY SOILS OF THE SUGHD REGION OF THE 

REPUBLIC OF TAJIKISTAN  

Stony soils are widely distributed across a significant part of the territories of the Central Asian republics 

(Tajikistan, Uzbekistan, Kyrgyzstan), southern Kazakhstan, Armenia, and Azerbaijan. In Tajikistan, these soils occur along 

the middle course of the Syr Darya River, including the Bobojon Gafurov, Asht, Jabbor Rasulov, and Konibodom districts 

of the Sughd region. This article presents an analysis of the water-physical properties of stony soils in the Sughd region 

(Asht district). These soils belong to newly reclaimed gray-brown stony-gravelly soils. The analysis of the examined soil 

profiles shows that the water-physical characteristics of gray-brown stony soils are as follows: bulk density, depending on 

the depth of the horizons, ranges from 1.64 to 1.75 g/cmį; particle density is 2.72ï2.75 g/cmį; and total porosity is 40% in 

the upper layer and 36ï38% in the lower horizons. In terms of qualitative composition, the fine earth fraction consists 

predominantly of sands of various sizes with a small admixture of sandy loam, which, together with the stony-skeletal 

fraction, results in unfavorable water properties of the soil: low water-holding capacity (11.8%) and high filtration rate. 

Keywords: desert soils, genetic (diagnostic) horizons and features, particle-size distribution and microaggregate 

composition, bulk density, particle density, porosity, dispersity, density, stoniness, fraction, water permeability, filtration, 

gravel, pebbles, carbonates, fine earth. 
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1. Introduction. Granitoid magmatism in the Central Pamir, encompassing the Cenozoic 

(Shatput, Tuzakchi) and Cambrian (Panghazjilga, Zorburulyuk) complexes, is characterized by rocks 

of diverse origins, ranging from subduction-related melting of mantle sources to post-collisional partial 

melting of metasomatized mantle and crustal dehydration-driven melt generation [1; 5ï6; 8; 11; 14]. 

Thus, the geological framework of the Central Pamir reflects a prolonged tectono-magmatic evolution 

from the Cambrian to the Cenozoic. Their spatial distribution, mineralogical and geochemical 

characteristics, and structural relationships with the surrounding rocks largely constrain the 

geodynamic history of the Pamir. Nevertheless, many aspects of the intrusive complexes of the Central 

Pamir remain insufficiently studied. 

Detailed studies on the tectonic evolution and magmatism of the Central Pamir, as well as the 

geological characteristics of the Panghazjilga complex, have been comprehensively addressed in 

numerous publications [5ï6 and references therein]. However, the petrographic characteristics and 

mineral composition of the diorites of the Panghazjilga magmatic complex are insufficiently studied. 

The present study aims to provide a detailed petrographic characterization and to determine the 

chemical composition of rock-forming minerals in diorites from the Panghazjilga complex in the 

eastern part of the Central Pamir tectonic zone. 

2. The Panghazjilga complex is represented by the large Panghazjilga massif composed of 

diorites, quartz diorites, and granodiorites, as well as by several smaller intrusions of similar 

lithologies distributed along the Koindy, Kulma, and Karadzhilgakry river valleys, as well as the 

Tohterek River and right bank of the Shatput River [2; 4; 5ï6; 9ï10; 12; Fig. 2 in 7] (Fig. 1). 

The rocks of the Panghazjilga massif are exposed in the middle reaches of the Panghazjilga 

River, on the watershed between the Kultuk and Akjilga rivers, as well as in the lower reaches of the 

Shver-Ayryk River (Fig. 1). The gneissic fabric observed in the rocks of the massif is inherited in 

nature, as evidenced by undeformed xenoliths of the country rocks [13]. 

3. Materials and Methods. As a result of field investigations conducted along the Panghazjilga 

River valley, representative samples of the main lithological varieties of the Panghazjilga complex 

(Panghazjilga massif), including quartz diorites, granodiorites, and monzodiorites (MMEs), were 

collected. The chemical composition of minerals was analyzed using a CAMECA SX-100 electron 

microprobe operating at an accelerating voltage of 15 kV and a beam current of 20 nA (analyst: N.N. 

Farrakhova, Zavaritsky Institute of Geology and Geochemistry, Ural Branch, Russian Academy of 

Sciences). 

4. Field observations in the upper reaches of the Panghazjilga River valley suggest that the 

Panghazjilga complex, dominated by diorites, quartz diorites, and granodiorites, is characterized by 

intricate geological interactions with the surrounding lithologies (Figs. 1, 2). In the vicinity of contacts 

with younger granites and quartz syenites belonging to the Shatput and Tuzakchi complexes, the 

initially massive rocks of the Panghazjilga complex commonly develop a gneissic fabric. In places, 

melanocratic inclusions are present within the quartz diorites and granodiorites, among which mafic 

microgranular enclaves (MMEs) can be identified (Figs. 2bïd). These enclaves hosted by the quartz 

diorites and granodiorites (Figs. 1, 2cïd) are generally rounded to elliptical in shape and frequently 

exhibit lobate or crenulate margins. Reaction rims at the contacts between the enclaves and the host 

granitoids, as well as hornfelsing of the enclave material, are absent. The rocks of the complex are 

transected by granite veins and pegmatites with variable orientations (Figs. 2a, c, e). 
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Figure 1. Geological map of the Panghazjilga area, eastern part of the Central Pamir [3] 

 
 

A distinct, well-defined contact is observed between the Panghazjilga quartz diorite (PNDZ21-2) 

and the granites of the Shatput complex (Figs. 2a, e). With decreasing distance to the granitic contact, 

the quartz diorite displays a modest increase in the modal abundances of plagioclase, KïNa feldspar, 

and quartz, resulting in a gradual compositional shift toward granodiorite. 
 

Figure 2. Field relationships showing interactions between quartz diorites of the Panghazjilga 

complex, Shatput granites, pegmatites, and MMEs 

 
(a) ï contact between quartz diorites and pegmatites; (b) ï granodiorite; (cïd) ïMMEs; (e) ï a granitic vein of the Shatput 

complex intruding the quartz diorite. 

 

The UïPb age of zircon obtained from one such enclave (PNDZ21-10) is close to the zircon ages 

from the host rocks of the massif [5]. Quartz diorites typically display a gneissic texture. The vein suite 

associated with the studied massif is represented by rare dioriteïaplite dikes. In addition, the rocks of 

the massif are crosscut by veins of Cenozoic leucocratic granites of the Shatput complex [8], alkaline 

syenite porphyries not related to the Panghazjilga complex, and granitic pegmatites. The UïPb zircon 

age of the granitic pegmatites (PNDZ21-9p) overlaps, within analytical uncertainty, with the 

emplacement of the Panghazjilga massif and yields an age of 527 Ñ 5 Ma [5]. Furthermore, UïPb 
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zircon ages of 517 Ñ 1 Ma and 520 Ñ 2 Ma obtained from quartz diorites and granodiorites of the 

Panghazjilga massif indicate a Cambrian age of emplacement [5]. 

5. Petrography and Mineral Chemistry. Quartz diorites and granodiorites of the Panghazjilga 

complex, based on their modal and chemical composition [Table 4 in 5], from quartz diorites 

(PNDZ21-2) to granodiorites (PNDZ21-11), distinguished by variable abundances of ferromagnesian 

minerals, primarily amphibole and biotite. Their textures are predominantly equigranular, ranging from 

fine- to medium-grained in the quartz diorites (PNDZ21-2) to coarse-grained in the granodiorites 

(PNDZ21-11). The microstructure is hypidiomorphicïgranular (Fig. 3a). Granodiorites display a 

massive fabric, whereas quartz diorites exhibit a weakly developed gneissic fabric governed by the 

preferred orientation of biotite flakes and amphiboleïbiotite aggregates (Figs. 3bïc). 

 

Figure 3. Cross-polarized photomicrographs of thin sections from rocks 

 
(a) ï structure and texture of quartz diorite (PNDZ21-2); (b-ʩ) ï biotiteïamphibole aggregate aligned along gneissosity 

foliation (PNDZ21-2); (d, f) ï amphiboleïbiotite aggregate containing irregular inclusions of quartz and plagioclase within 

amphibole (PNDZ21-11); (e) ï myrmekite (PNDZ21-11). Mineral abbreviations here and below follow [15]. 

 

Quartz diorites and granodiorites. The studied rocks display considerable variation in modal 

mineralogy. Plagioclase contents increase from approximately 25 vol.% in the quartz diorites 

(PNDZ21-2) to about 45ï50 vol.% in the granodiorites (PNDZ21-11). KïNa feldspar constitutes a 

relatively constant proportion of ~7ï8 vol.% across both lithologies, whereas quartz abundances rise 
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from ~5 vol.% in the quartz diorites to ~10 vol.% in the granodiorites. In contrast, amphibole is more 

abundant in the quartz diorites (up to ~15 vol.%) and decreases to ~8 vol.% in the granodiorites, while 

biotite contents range from ~25 vol.% in the quartz diorites to ~12 vol.% in the granodiorites. 

Plagioclase is dominated by andesine (Table 1), with minor oligoclase, and typically occurs as tabular 

idiomorphic to subidiomorphic crystals reaching 1.5ï2.0 mm in length (average ~1 mm) and showing 

well-developed polysynthetic twinning; antiperthitic intergrowths are locally developed within 

individual grains. KïNa feldspar is represented by orthoclase (Table 1) and forms anhedral to irregular 

grains up to 1.5ï2.5 mm in size (average ~1 mm). Plagioclase commonly hosts mineral inclusions, and 

myrmekitic textures locally develop along grain boundaries with adjacent KïNa feldspar (Fig. 3e). 

Amphibole in both quartz diorites and granodiorites predominantly forms anhedral grains up to 1.7ï

2.0 mm (average ~0.7 mm) and is mainly represented by pargasite, which exhibits green pleochroism 

(Table 2, Fig. 4). The Mg# values of pargasite are slightly higher in the quartz diorites (0.53ï0.56) 

compared to those in the granodiorites (0.44ï0.51). Differences are also noted in the halogen content 

of amphiboles: in granodiorite, F = 0.19ï0.28 wt.% and Cl = 0.07ï0.12 wt.%, whereas in quartz 

diorite, F = 0.35ï0.43 wt.% and Cl = 0.23ï0.30 wt.%. Amphibole, often occurring together with biotite 

or alone, forms aggregates up to 3 mm in size (Fig. 3f). Rounded inclusions of quartz, and more rarely 

plagioclase, are commonly observed within amphibole grains (Figs. 3d, f). Biotite (Table 3, Fig. 4) 

occurs as flakes ranging from 1.6 mm (PNDZ21-2) to 2.5 mm (PNDZ21-11), or as aggregates up to 3 

mm in size. Biotite from granodiorites differs from that in quartz diorites by a lower Mg# (0.48ï0.50 

in granodiorites versus 0.52ï0.55 in quartz diorites) and lower halogen contents (F = 0.27ï0.38 wt.% 

and Cl = 0.13 wt.% in granodiorite biotite; F = 0.58ï0.78 wt.% and Cl = 0.24ï0.29 wt.% in quartz 

diorite biotite). Occasionally, ore mineral and titanite inclusions are observed within biotite. Quartz is 

anhedral with respect to the other minerals and often exhibits blocky or mosaic extinction. Grain sizes 

range from less than 0.1 mm to 2.5 mm. Locally, recrystallized quartz patches are observed. Accessory 

minerals include zircon, apatite, titanite, magnetite, and rutile. 

 

Table 1. Compositions of feldspars from the Panghazjilga complex rocks and MME, in wt.% 
Numb

er  
PNDZ21-2 PNDZ21-11 

PND

Z 

sampl

e 

21-7 

SiO2 
57.8

1 

57.8

2 
57.87 58.10 

58.0

9 
58.22 58.30 

58.5

1 

64.7

2 

56.9

4 

57.2

8 

57.9

8 

63.8

4 

64.0

9 

64.3

4 

57.6

3 

Al 2O3 
25.8

5 

25.9

1 
26.36 26.46 

25.8

0 
26.15 25.99 

25.6

4 

18.2

3 

26.0

4 

25.7

0 

25.4

5 

18.1

2 

18.3

0 

18.0

7 

26.0

7 

FeO 0.14 0.11 0.12 0.11 0.17 0.14 0.18 0.13 0.08 0.06 0.07 0.21 0.03 
BD

L 

BD

L 
0.14 

CaO 8.67 8.75 9.05 8.78 8.18 8.73 8.66 8.29 
BD

L 
9.17 8.70 8.20 0.07 0.02 

BD

L 
8.66 

BaO 0.11 0.20 0.10 0.04 0.05 0.04 0.01 0.04 1.00 
BD

L 

BD

L 
0.12 0.69 0.68 0.87 0.08 

Na2O 6.84 6.71 6.61 6.92 6.81 6.77 7.05 6.72 1.11 6.81 6.84 7.24 1.46 1.14 1.20 6.92 

K2O 0.28 0.29 0.22 0.24 0.33 0.26 0.28 0.29 
14.8

0 
0.19 0.28 0.26 

14.6

2 

14.8

0 

14.8

9 
0.23 

Total 99.7 
99.7

7 

100.3

3 

100.6

5 

99.4

3 

100.2

8 

100.4

7 

99.6

2 

99.9

4 

99.2

1 

98.8

6 

99.4

6 

98.8

3 

99.0

3 

99.3

7 

99.7

2 

Si 2.60 2.60 2.59 2.58 2.62 2.60 2.59 2.63 3.00 2.57 2.59 2.60 2.98 2.99 3.00 2.58 

Al  1.37 1.37 1.39 1.39 1.37 1.38 1.36 1.36 1.00 1.38 1.37 1.35 1.00 1.01 0.99 1.38 

Fe 0.01 
BD

L 
BDL BDL 0.01 0.01 0.01 0.01 

BD

L 

BD

L 

BD

L 
0.01 

BD

L 

BD

L 

BD

L 
0.01 

Ca 0.42 0.42 0.43 0.42 0.40 0.42 0.41 0.40 
BD

L 
0.44 0.42 0.40 

BD

L 

BD

L 

BD

L 
0.42 

Ba 
BD

L 

BD

L 
BDL BDL 

BD

L 
BDL BDL 

BD

L 
0.02 

BD

L 

BD

L 

BD

L 
0.01 0.01 0.02 BDL 

Na 0.60 0.59 0.57 0.60 0.60 0.59 0.61 0.59 0.10 0.60 0.60 0.63 0.13 0.10 0.11 0.60 

K 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.88 0.01 0.02 0.02 0.87 0.88 0.89 0.01 

Note. PNDZ21-2 ï quartz diorite; PNDZ21-11 ï granodiorite; PNDZ21-7 ï MME in quartz diorite. BDL ï below detection 

limit.  
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Table 2. Compositions of amphiboles from the Panghazjilga complex rocks and MME, in wt.% 
Numb

er  
PNDZ21-2 PNDZ21-11 PNDZ21-7 

sampl

e 

SiO2 
43.1

0 

43.6

9 

43.9

3 

43.9

9 

44.1

8 
44.7 

45.0

6 

40.9

0 

43.4

5 

43.5

4 

43.5

9 

44.2

2 

44.8

1 

42.8

8 

43.4

5 

43.7

7 

TiO2 1.08 0.98 0.90 1.02 0.95 1.01 0.67 1.17 1.04 1.12 0.75 0.58 0.86 1.15 1.42 1.08 

Al 2O3 9.73 9.34 8.83 9.58 9.74 8.88 8.59 
11.6

2 
9.71 9.43 9.46 8.45 8.43 9.59 8.96 8.69 

FeO 
18.2

3 

18.8

4 

18.4

2 

18.2

8 

18.4

8 

17.4

8 

17.5

3 

20.4

6 

19.6

5 

19.6

1 

19.4

6 

19.4

6 

18.8

1 

17.6

8 

17.3

4 

17.4

8 

MnO 0.39 0.42 0.44 0.35 0.29 0.36 0.37 0.46 0.52 0.55 0.46 0.47 0.48 0.41 0.39 0.44 

MgO 
10.3

2 

10.1

7 

10.4

8 

10.6

0 

10.2

5 

10.9

1 

11.3

0 
7.90 8.84 9.09 9.34 9.68 9.71 

10.2

1 

10.8

1 

10.6

7 

CaO 
12.0

8 

11.8

6 

11.9

3 

12.0

9 

11.8

7 

12.0

5 

11.9

8 

11.8

6 

11.8

1 

12.0

0 

11.9

3 

12.0

8 
11.9 

11.8

8 

12.0

3 

12.0

0 

Na2O 1.19 1.23 1.19 1.29 1.26 1.20 1.19 1.17 1.07 1.05 1.09 0.94 0.98 1.40 1.35 1.28 

K2O 1.36 1.22 1.12 1.22 1.26 1.11 1.07 1.50 1.20 1.17 1.08 0.87 0.94 1.25 1.19 1.07 

F 0.43 0.40 0.39 0.38 0.35 0.38 0.38 0.24 0.24 0.21 0.28 0.22 0.19 0.29 0.29 0.24 

Cl 0.29 0.30 0.23 0.27 0.28 0.24 0.24 0.12 0.11 0.10 0.07 0.12 0.10 0.25 0.27 0.22 

Total 
98.1

7 

98.4

5 

97.8

5 

99.0

5 

98.9

1 

98.2

9 

98.3

7 

97.3

7 

97.6

1 

97.8

5 

97.5

0 

97.0

9 

97.1

9 

96.9

7 

97.4

8 

96.9

2 

Si 6.53 6.60 6.65 6.58 6.61 6.70 6.74 6.31 6.62 6.62 6.64 6.75 6.81 6.56 6.60 6.67 

Al(IV

) 
1.47 1.40 1.35 1.42 1.39 1.30 1.26 1.69 1.38 1.38 1.36 1.25 1.20 1.44 1.40 1.33 

Al(VI

) 
0.27 0.26 0.23 0.27 0.33 0.27 0.25 0.42 0.37 0.31 0.34 0.27 0.31 0.29 0.20 0.23 

Ti 0.12 0.11 0.10 0.12 0.11 0.11 0.08 0.14 0.12 0.13 0.09 0.07 0.10 0.13 0.16 0.12 

Fe
3+

 0.27 0.31 0.30 0.28 0.27 0.23 0.30 0.26 0.23 0.23 0.27 0.29 0.22 0.22 0.21 0.22 

Fe
2+

 2.01 2.03 2.00 1.97 2.00 1.94 1.85 2.36 2.27 2.27 2.18 2.18 2.17 2.04 1.98 2.00 

Mg 2.33 2.29 2.37 2.36 2.29 2.44 2.52 1.82 2.01 2.06 2.12 2.20 2.20 2.33 2.45 2.42 

Mn
2+

 0.05 0.05 0.06 0.04 0.04 0.05 0.05 0.06 0.07 0.07 0.06 0.06 0.06 0.05 0.05 0.06 

Fe
2+

 0.03 0.04 0.03 0.04 0.04 0.02 0.04 0.02 
BD

L 

BD

L 
0.02 0.02 

BD

L 
0.01 0.01 0.01 

Ca 1.92 1.91 1.91 1.92 1.90 1.94 1.91 1.93 1.93 1.94 1.92 1.92 1.94 1.94 1.94 1.94 

Ca 0.04 0.01 0.02 0.02 
BD

L 

BD

L 
0.01 0.04 

BD

L 
0.02 0.03 0.06 

BD

L 
0.01 0.02 0.02 

Na 0.35 0.36 0.35 0.37 0.37 0.35 0.35 0.35 0.32 0.31 0.32 0.28 0.29 0.42 0.40 0.38 

K 0.26 0.24 0.22 0.23 0.24 0.21 0.20 0.30 0.23 0.23 0.21 0.17 0.18 0.24 0.23 0.21 

Mg# 0.53 0.52 0.53 0.54 0.53 0.56 0.56 0.44 0.47 0.48 0.49 0.50 0.51 0.54 0.55 0.55 

Note. PNDZ21-2 ï quartz diorite; PNDZ21-11 ï granodiorite; PNDZ21-7 ï MME in quartz diorite. 

 

Table 3. Compositions of biotites from the Panghazjilga complex rocks and MME, in wt.% 
Number sample PNDZ21-2 PNDZ21-11 PNDZ21-7 

SiO2 36.04 36.39 36.73 36.78 37.19 35.41 35.68 35.91 36.01 36.08 36.08 35.93 36.17 

TiO2 3.30 3.67 3.26 3.57 3.07 3.66 3.37 3.04 3.25 3.17 3.39 3.18 3.32 

Al 2O3 13.73 13.65 13.91 13.63 13.60 14.57 14.29 15.09 14.16 14.57 14.23 13.85 13.67 

Cr2O3 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.08 0.22 

FeO 20.48 20.29 20.23 20.17 19.74 21.77 22.18 20.70 22.23 21.20 21.89 18.63 19.88 

MnO 0.22 0.25 0.28 0.23 0.26 0.31 0.23 0.21 0.29 0.36 0.29 0.32 0.27 

MgO 11.27 11.30 11.76 11.64 12.14 10.29 10.19 10.39 10.30 10.08 10.14 12.12 11.39 

Na2O 0.08 0.08 0.11 0.11 0.07 0.10 0.06 0.10 0.07 0.09 0.08 0.09 0.12 

K2O 9.28 9.35 9.38 9.48 9.39 8.94 9.31 9.46 9.29 9.42 9.32 9.31 9.19 

F 0.60 0.58 0.76 0.61 0.78 0.35 0.27 0.37 0.32 0.38 0.31 0.76 0.65 

Cl 0.24 0.26 0.29 0.25 0.28 0.14 0.14 0.13 0.14 0.14 0.13 0.22 0.23 

Total 95.24 95.82 96.71 96.46 96.52 95.54 95.72 95.40 96.06 95.49 95.86 94.46 95.09 

Si 2.80 2.81 2.81 2.82 2.84 2.75 2.77 2.78 2.79 2.80 2.79 2.80 2.81 

Al(IV)  1.20 1.19 1.19 1.18 1.16 1.25 1.23 1.22 1.21 1.20 1.21 1.20 1.19 
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Al(VI)  0.19 0.21 0.19 0.05 0.18 0.08 0.08 0.15 0.08 0.13 0.09 0.07 0.06 

Ti 0.06 0.05 0.07 0.21 0.07 0.21 0.20 0.18 0.19 0.19 0.20 0.19 0.19 

Cr BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.01 0.01 

Fe
2+

 1.33 1.31 1.30 1.29 1.26 1.41 1.44 1.34 1.44 1.38 1.42 1.21 1.29 

Mn 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 

Mg 1.31 1.30 1.34 1.33 1.38 1.19 1.18 1.20 1.19 1.17 1.17 1.41 1.32 

Na 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.02 

K 0.92 0.92 0.92 0.93 0.92 0.89 0.92 0.93 0.92 0.93 0.92 0.93 0.91 

Mg# 0.52 0.53 0.54 0.54 0.55 0.49 0.48 0.50 0.48 0.49 0.48 0.57 0.53 

Note. PNDZ21-2 ï quartz diorite; PNDZ21-11 ï granodiorite; PNDZ21-7 ï MME in quartz diorite. 

 

Secondary alterations are manifested as mild sericitization of plagioclase, pelitization of KïNa 

feldspar, partial chloritization of biotite and amphibole, and partial actinolization of magnesian 

hornblende, as well as the formation of secondary epidote associated with biotite and amphibole. 
 

Figure 4. Compositions of biotites (a) and amphiboles (b) from rocks of the Panghazjilga 

complex. PNDZ21-2 ï quartz diorite; PNDZ21-11 ï granodiorite; PNDZ21-7 ï MME.  

 
 

Mafic microgranular enclaves (MMEs). The MMEs observed in samples PNDZ21-7 and 

PNDZ21-10 vary in size from several centimeters up to 20 cm and exhibit differing proportions of 

mafic and felsic phases (Figs. 2bïd). The compositional differences among these enclaves likely 

reflect variable degrees of interaction or contamination with the surrounding quartz diorite. For 

detailed analysis, enclaves were selected that, based on their textural and structural features, could be 

reliably classified as mafic microgranular enclaves (MMEs). 

The MMEs are represented by monzodiorite (samples PNDZ21-7 and PNDZ21-10). The texture 

ranges from fine- to medium-grained, with a hypidiomorphic-granular microstructure and grain sizes 

of approximately 0.5 mm, locally poikilitic (quartz and plagioclase inclusions are observed within 

amphibole) (Figs. 5aïd). The rock exhibits a massive texture and consists of amphibole approximately 

30ï40 vol.%, plagioclase approximately 40 vol.%, KïNa feldspar approximately 7 vol.%, biotite 

approximately 10 vol.%, with quartz present at about 1 vol.%. 

Plagioclase is represented by andesine (Table 1), with grain sizes ranging from <0.5 to 1.5 mm 

(average ~1 mm). KïNa feldspar is anhedral and forms grains up to 0.5 mm in size. Locally, 

myrmekitic intergrowths are observed. Quartz fills the interstitial spaces between earlier-crystallized 

minerals, and individual quartz grains do not exceed 0.5 mm in size. Quartz occurs mainly as rounded 

inclusions and, less frequently, as irregularly shaped grains within amphibole. 

Amphibole is predominantly pargasite (Table 2, Fig. 4) and occurs as individual grains up to 1.5 

mm, as well as in larger aggregates reaching 2.5 mm, frequently associated with biotite(Figs. 5b, d). In 

terms of composition, pargasite from the melanocratic enclave is very similar to pargasite from the 

granodiorites and quartz diorites of the Panghazjilga complex, and its magnesian index (Mg# = 0.54ï

0.55) is comparable to that of pargasite from the quartz diorites. In terms of halogen composition, the 

pargasite from the melanocratic enclave shows fluorine contents (F = 0.24ï0.29 wt.%) similar to those 

in granodiorite, while its chlorine content (Cl = 0.22ï0.27 wt.%) is comparable to that of pargasite in 

quartz diorite. Amphibole frequently hosts rounded inclusions of quartz and plagioclase. 

Biotite is present as flakes up to 1 mm in length and in aggregates with amphibole, and is the 

dominant mica phase (Table 3; Fig. 4). Its major-element composition, Mg# values, and fluorine and 

chlorine contents in the melanocratic enclave closely resemble those of biotite from the quartz diorites. 
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A notable characteristic of biotite from the MMEs is the presence of Cr O , reaching up to 0.22 wt.%, 

whereas chromium is absent in biotite from the surrounding host rocks. Accessory minerals include 

apatite, zircon, monazite, and magnetite. 

 

Figure 5. Cross-polarized photomicrographs of thin sections from MMEs within quartz diorite: 

(aïd) ï MMEs. 

 
 

Secondary alterations are manifested as weak saussuritization of plagioclase, pelitization of Kï

Na feldspar, partial actinolization of primary amphibole, and chloritization of biotite. 

The MME (PNDZ21-10) crosscut by a pegmatitic vein is comparable in texture and structure to 

enclave PNDZ21-7 (Figs. 5aïb). 

The MME (PNDZ21-10) consists of amphibole ~60 vol.%, plagioclase ~17 vol.%, KïNa 

feldspar ~10 vol.%, biotite ~10 vol.%, and quartz ~3 vol.% (Figs. 5cïd). Amphibole is mainly 

represented by common hornblende, occurring as individual grains up to 1.5 mm and as larger 

aggregates, frequently associated with biotite (Figs. 5cïd). Biotite is present as flakes up to 1 mm long 

and also forms aggregates with amphibole. Plagioclase is predominantly andesine, with grain sizes 

ranging from <0.5 to 1.5 mm (average ~1 mm). KïNa feldspar is anhedral and forms grains up to 0.5 

mm in size. Locally, myrmekitic intergrowths are observed. Quartz fills the interstitial spaces between 

earlier-crystallized minerals, and individual quartz grains do not exceed 0.5 mm in size. Quartz 

commonly occurs as rounded, and more rarely as irregularly shaped inclusions within amphibole. 

Similar MMEs, as well as their host quartz diorites, are commonly transected by pegmatitic veins up to 

2 cm thick (Fig. 2c). 

Small inclusions (possibly xenoliths) with fine-grained textures and isometric to elongated 

shapes are also observed in the granodiorite (Fig. 2b). These inclusions are primarily composed of 

biotite aggregates. They differ from the MMEs in quartz diorites, where amphibole is the 

predominantmineral (Figs. 2cïd and 5aïd). 

6. Conclusions. The occurrence of MMEs, represented by monzodiorites within quartz diorites 

and granodiorites, along with the overall rock association, suggests that both mafic and felsic magmas 

played a role in the magma generation process. Ferromagnesian minerals in the MMEs were likely 

originally enriched in chromium, as indicated by Cr O  contents of up to 0.2 wt.% in biotite from 

monzodiorite (PNDZ21-7; Table 3). The predominance of amphibole and the absence of pyroxene in 

quartz diorites, granodiorites, and monzodioritic MMEs indicate that amphibole was the main early-

crystallizing mineral. The significant presence of amphibole and biotite in the mineral assemblages 

highlights the important role of H O during magma crystallization. 
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áßÝßÝÔëÞÇÚÔ ÛÑÞÜÚÏÜÌàÄ ÎÌ ÞÌÜÖÔÍÔ ØÔÙÑÜÌ×ÔÔ ÐÔÚÜÔÞÇÚÔ ÖÚØÛ×ÑÖÝÔ 

ÛÚÙÀÚÓÆÔ×ÏÌ, ÛÚØÔÜÔ ØÌÜÖÌÓÄ 
ÙìþôĔìĕúô þìĕėôėúþô øÿĀìýýì÷ô ûñþüúïüìĀĒ îì øôùñüì÷úïôô ðôúüôþĕúô öîìüýĒ, ïüìùúðôúüôþĕú îì 

øúùýúðôúüôþĕú (ØØÑ) ìó öúøû÷ñöýô ÛúùĎúóĔô÷ïì, îúėñĆ ðìü ėôýøô Ąìüėôô Ûúøôüô ØìüöìóĒ ûñĄùôĕúð 
øñïìüðìùð. Øÿìõċù öìüðì Ąÿð, öô ðôúüôþĕúô öîìüýĒ îì ïüìùúðôúüôþĕúô ôù öúøû÷ñöý íú ýúāþúüô 
ïôûôðôúøúüĀ-ðúùìùúö îì þñöýþÿüìô øìýýôîĒ þú ýÿýþ-ïùñõýĄìö÷ þìîýôĀ øñČíìùð. áÿýÿýôċþô ìýúýôô 
øôùñüì÷úïôô ôù Ĕôùýĕú ĕÿöøüúùôô ûìüìïñùñóô ìøĀôíú÷ (ûìüïìýôþ) îì íôúþôþ ðìü Ąìüúôþô ûÿüüì ùìíÿðìùô 
ûôüúöýñù øñíúĄìð, öô íì öüôýþì÷÷ôóìþýôċ ìó ïÿðúāþìô úíĒ ôĄúüì øñöÿùìð. ÞìĎõôüČíôĕúô øÿùþìóìø ðìü 
þìüöôíô øôùñüì÷ĕúô þôüìüìùï úĄöúü ïìüðôðìùð: ìøĀôíú÷ĕú îì íôúþôþĕú ìó ùìîĆĕúô íñĄþìü ìýúýôô Ĕôùýĕú 
íú ìðìðô øìïùñóôì÷Ē (Mg#) íì÷ìùðþìü îì öúùýñùþüìþýôċĕúô ìĀóÿðìô öúøûúùñùþĕúô íÿĎĄìîìùðì (÷ñþÿăôā) 
(F, Cl) āúý øñíúĄìùð. ØìîĔÿðôċþô ðúāô÷ìĕúô øôöüúðúùìô øìĀôöĒ (ØØÑ) íú þìüöôíô øúùýúðôúüôþĒ îì 
þìøúýĕúô ĀñýþúùăìĄìö÷ ðì÷ñ÷ô íñîúýôþìô ĔìüìČùĕúô ïôíüôðôóøô øìïøì íì ĕôýúí øñüìîìð. Íôúþôþĕúô ØØÑ 
ðúüúô āüúø (þú 0.22% øìý. CrO ) íÿðì, ûìõðúôĄô ìøôė (øìùþôċîĒ)-ô úùĕúüú ùôĄúù øñðôĕìùð, öô ìó 
íôúþôþĕúô Ĕôùýĕúô ôĕúþìöÿùìùðì (ðôúüôþĕúô öîìüýĒ) Āìüė øñöÿùìùð. ØìĆ÷ÿøúþô íìðìýþúøìðì íì þìîüô 
üìîĄìù ïÿîúĕĒ øñðôĕìð, öô öúøû÷ñöýô øìóöÿü ðìü ùìþôĔìô ïôíüôðôóøô øìïøìô ìó úí ýñüĄÿðì ðìü Ąìüúôþô 
öìùúüô ĀìĆú÷ô āÿĄöĒ ûìõðúĄÿðììýþ. 

Öì÷ôðîúòìĕú: Öúøû÷ñöýô ÛúùĎúóĔô÷ïì, Ûúøôüô ØìüöìóĒ, ðôúüôþô öîìüýĒ, ïüìùúðôúüôþ, ðúāô÷ìĕúô 
øôöüúðúùìô øìĀôöĒ (ØØÑ), ûñþüúïüìĀôċ, ìøĀôíú÷, íôúþôþ, øìïøìô ìó úí ýñüĄÿðì. 
  

https://doi.org/10.1016/j.epsl.2017.10.041
https://doi.org/10.1016/j.lithos.2025.108251
https://doi.org/10.1029/2003TC001583
https://doi.org/10.1093/petrology/egae024
https://doi.org/10.1180/mgm.2021.43


46 

ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʄʀʅɽʈɸʃʔʅʓʁ ʉʆʉʊɸɺ ɼʀʆʈʀʊʆɺ 

ʇɸʅɻɸɿɼɾʀʃɻʀʅʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ, ʎɽʅʊʈɸʃʔʅʓʁ ʇɸʄʀʈ  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ 

ʜʠʦʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʤʦʥʮʦʜʠʦʨʠʪʦʚ (ʄʄɽ) ʇʘʥʛʘʟʜʞʠʣʛʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʘʤʠʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪʳ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʜʦ ʩʣʘʙʦʛʥʝʡʩʦʚʠʜʥʦʡ ʪʝʢʩʪʫʨʦʡ. ɻʣʘʚʥʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʡ ʧʘʨʘʛʝʥʝʟʠʩ ʘʤʬʠʙʦʣʘ (ʧʘʨʛʘʩʠʪʘ) ʠ ʙʠʦʪʠʪʘ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʧʠʨʦʢʩʝʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠʟ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ. ɺʳʷʚʣʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ 

ʚ ʩʦʩʪʘʚʝ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʘʤʬʠʙʦʣʳ ʠ ʙʠʦʪʠʪʳ ʠʟ ʦʩʥʦʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʤʘʛʥʝʟʠʘʣʴʥʳʤ ʯʠʩʣʦʤ (Mg#) ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (F, Cl). ʅʘʣʠʯʠʝ ʚ 

ʧʦʨʦʜʘʭ ʤʘʬʠʯʝʩʢʠʭ ʤʠʢʨʦʛʨʘʥʫʣʷʨʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʄʄɽ) ʤʦʥʮʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʬʝʩʪʦʥʯʘʪʳʤʠ 

ʢʦʥʪʘʢʪʘʤʠ ʩʣʫʞʠʪ ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʨʦʮʝʩʩʦʚ ʛʠʙʨʠʜʠʟʤʘ ʤʘʛʤ. ɹʠʦʪʠʪʳ ʠʟ MME ʩʦʜʝʨʞʘʪ ʭʨʦʤ (ʜʦ 

0.22 ʤʘʩ.% Cr O ), ʤʘʨʢʠʨʫʶʱʠʡ ʠʭ ʛʣʫʙʠʥʥʦʝ (ʤʘʥʪʠʡʥʦʝ) ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʠʦʪʠʪʦʚ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ (ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʙʨʠʜʠʟʤʘ ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ ʤʘʛʤʳ ʚ ʦʙʩʪʘʥʦʚʢʝ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʘʥʛʘʟʜʞʠʣʛʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʎʝʥʪʨʘʣʴʥʳʡ ʇʘʤʠʨ, ʢʚʘʨʮʝʚʳʡ ʜʠʦʨʠʪ, ʛʨʘʥʦʜʠʦʨʠʪ, 

ʤʘʬʠʯʝʩʢʠʝ ʤʠʢʨʦʛʨʘʥʫʣʷʨʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʄʄɽ), ʧʝʪʨʦʛʨʘʬʠʷ, ʘʤʬʠʙʦʣ, ʙʠʦʪʠʪ, ʚʦʜʦʥʘʩʳʱʝʥʥʘʷ ʤʘʛʤʘ. 

 

PETROGRAPHIC FEATURES AND MINERAL COMPOSITION OF DIORITES FROM THE PANGHAZJILGA 

COMPLEX, CENTRAL PAMIR  

The results of a detailed petrographic and mineralogical study of quartz diorites, granodiorites, and monzodiorites 

(mafic microgranular enclaves, MME) from the Panghazjilga complex in the eastern part of the Central Pamir are 

presented. It was established that the quartz diorites and granodiorites of the complex are characterized by a 

hypidiomorphic-granular structure and a massive to weakly gneissic texture. The main mineralogical feature of the rocks is 

the dominant paragenesis of amphibole (pargasite) and biotite in the complete absence of pyroxene, indicating 

crystallization from a water-saturated melt. Systematic variations in the composition of mafic minerals were revealed: 

amphiboles and biotites from more mafic rock varieties possess a higher magnesium number (Mg#) and elevated 

concentrations of volatile components (F, Cl). The presence of mafic microgranular enclaves (MMEs) of monzodioritic 

composition with crenulated contacts within the rocks serves as direct evidence for magma hybridization processes. 

Biotites from the MMEs contain chromium (up to 0.22 wt.% Cr O ), marking their deep (mantle) origin, in contrast to 

biotites from the host rocks (quartz diorites). The obtained data unequivocally indicate that the complex was formed as a 

result of hybridization of a water-saturated magma in an active continental margin setting. 

Keywords: Panghazjilga complex, Central Pamir, quartz diorite, granodiorite, mafic microgranular enclaves 

(MMEs), petrography, amphibole, biotite, water-saturated magma. 
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Ìíðÿ÷÷úĕóúðì à.Ì.  

Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô ÌØÔÞ 
 
Íìĕüô ùúô÷ Ąÿðìù íì øìėýìðĕúô ðìü ûñĄ ïÿóúĄþì, þìĕ÷ô÷ô øÿėúôýìîôô āÿýÿýôċþĕúô 

ïñú÷úïôîÿ ýúāþúüĒ îì ûìõðúôĄô öúùĕúô úùôöýô øìüøìüĒ, øÿìõċù ùìøÿðìùô þìĆýôüô úùĕú 
íì þìĄìööÿ÷ô øìĆðìùĕú, úøĘóôĄô þìüöôíô øôùñüì÷Ē îì ÿùýÿüĕú ¬ úøñāþìĕú ðìü ðúāô÷ô 
øôùñüì÷ĕú ïÿóìüúùôðì Ąÿðìùð. Ôùăÿùôù íìĕüô øÿėìüüìü ùìøÿðìùô āÿýÿýôċþĕúô 
þôûúøúüĀôô úùĕú, ûìüìøñþüĕúô ĀôóôöôĊ öôøôČîôô øÿĕôþô øôùñüì÷ĕúýô÷öÿùìùðì ðìü 
ìýúýô úøĘóôĄô ðúāô÷Ąìîôô øúñĆ ðìü úùôöý îì øìĆðìùĕúô ĕìøüúĕô úù, øÿìõċù îì þìĕ÷ô÷ô 
úøô÷ĕúô ìýúýôô ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô úùôöý îì ðìü ìýúýô úùĕú öúüöìüðô 
øñĆČüĕúô ĔÿýþÿĔĘ îì ûñĄïĘĒ îì Ďìõüìĕú íì üúĕ øúùðì Ąÿðìùð. 

Úùôöýô øìüøìüĒ, ôù ċö øìĔøÿô øôùñüì÷Ē-ïñúöôøôČîôñýþ, öô ðìü úù ĔÿóĆĕúô 
úüïìùôöĒ îì ĎìõüôúüïìùôöĒ íìõùô āÿð ðìü øÿùúýôíìþô ĕìøíìýþìïĒ ėìüúü ðúüìùð. 
Íôþÿøúôðĕú íúĄìùð, ċö ĔÿóĆô ĔÿðúùìĄìîìùðìô ôù øìĔøÿĆ øìĕýÿí ČĀþì, ìāíúüúþüú ðìü 
āÿýÿýô Āìóú îì øÿĕôþô øôùñüì÷ĕúýô÷ĄìîĒ ûñĄöìĄ øñùìøúċð. 

Íìüúô ïÿóìüúùôðìùô þìĕ÷ô÷ĕúô þñüøúíìüúïñúöôøôČîĒ ùìóìü íì ðôïìü øôùñüì÷ĕú 
úùôöýô øìüøìüĒ úíĆñöþô ìýúýĒ îì øÿĕôø øìĕýÿí øñČíìð. Ðìü îúíìýþìïĒ íì ôù øôùñüì÷, 
ðôïìü øôùñüì÷ĕúô ĕìøüúĕðÿăúüĄìîìùðì - ýñ÷ñýþôù, íìüôþ, Ā÷Ċúüôþ, öîìüý îì ïìĔ ùôó 
øìîüôðô úøĘóôĄÿ þìĕ÷ô÷ ėìüúü ðúðì Ąÿðìùð. 

Íúċð ïÿĀþ, öô þìĕėôėúþô þñüøúíìüúïñúöôøôČîĒ ĕìùïúøô úøĘóôĄô Ąìüúôþô 
ûìõðúôĄô úùôöýô øìüøìüĒ íú ðÿĄîúüôĕúô øÿìõċùñ îúíìýþì ìýþ, öô íú øìĕðÿð íÿðìùô 
ðúāô÷ìĕú (ĕÿíúíăìĕú) ðìü āÿðô øôùñüì÷, ìùðúóìô āÿüðô úùĕú ìó ýìíìíô Ąìüúôþô øìāýÿýô 
ĀôóôöôĊ öôøôČîôô þìĕĄôùĄìîôô úù, ôùăÿùôù ûìĕùĄìîôô ùúăôóô øôùñüì÷ĕúô 
ûìüìïñùñþôöĒ, öô íìüúô þìĕėôėúþ øÿîúĀôėìùð, ì÷úėìøìùðìùð. 

Ô÷úîì íìü ôù, û÷ìýþôùöìĕúô úùôöý ðìü óñüô øôöüúýöúû ìöýìü îìėþ āôüììùð, íôùúíìü 
ôù, ðìü ôù Ĕú "ðÿăìùðĄìîĒ"-ô þìýîôüĕú øÿĄúĕôðì öìüðì øñĄìîìð, öô ôù ìó ýìíìíô 
ðÿüìĀþìùôô íì÷ìùðô øôùñüì÷ ìýþ. 

ÚøĘóôĄô ùìøÿùìĕúô úùôöýô øìüøìüĒ ìó öúùĕú îì ûìðôðìĕúô ïÿùúïÿù, ăĒ üìïìîĒ îì ăĒ 
öìüýþĒ ùôĄúù ðúð, öô ðìü þìüöôíô úù ùìøÿðĕúô óñüôùô øôöüúðúāô÷ìĕú øìîĔÿðìùð: 1) 
øìĕ÷ÿ÷ĕúô úíĒ (ċöĀìóìîĒ îì ðÿĀìóìîĒ); 2) ïìóô öìüíúùĒ îì ïìóô öìüíúùÿ úíĒ; 3) 
öìüíúïôðüôð îì 4) ýìāþ [11]. 

Ðúāô÷ìĕúô ýìāþ ðìü úùôöýô øìüøìüĒ ìó ðú÷úøôþ, ýÿ÷Āÿüô āÿðüĘõ, ïìĔ, ýñ÷ñýþôù, 
øìïùñóôþ, ïôðüúøìïùñóôþ, ýÿ÷Āôðĕú, ïôðüúúöýôðĕúô úĕìù, úöýôðĕúô öüñøùôõ, øôùñüì÷ĕúô 
ïô÷Ē îì Ďìõüì øñíúĄìùð. Ðìü úùôöýô øìüøìüĒ úùĕú úðìþìù ðìü øôėðúüô øìĕðÿð 
øìîĔÿðìùð. Ôýþôýùú øìĆðìùĕúô ïô÷Ē øñíúĄìùð, öô ðìü ėìíìþĕúô íì ôýþô÷úĕ µïô÷Ē½ íì 
øôėðúüô óôČð øìîĔÿðìùð. Íúċð ėìõð öìüð, öô ùì þìùĕú øôùñüì÷-ýûÿþùôöĕú ĕìøăÿù 
ðúāô÷ìĕúô ýìāþ ðÿăúü øñĄìîìùð, íì÷öô ûúüìĕúô Ĕôùýĕúô ìþüúĀ ĕìùïúøô þìĕĄôùĄìîôô 
úùôöýĕúô øìüøìüĒ ùôó ûìõðú øñĄìîìùð [11].  

Ðìü úùôöýô øìüøìüĒ ðúāô÷ìĕúô ïìóô öìüíúù îì ðÿúöýôðô öìüíúù ùúíìüúíìü 
øÿĄúĕôðì øñĄìîìùð. Úùĕú, íñĄþìü ðìü þìùìĕúô üìïøúùìùð îì ÷ôùóìĄìö÷ ôùöôĄúĀ 
ČĀþììùð. Ìùðúóìô úùĕú ìó 0,005 þú 0,05 øø ìýþ. Ðúāô÷ìĕúô ïìóô öìüíúù ìýúýìù íú 
ýñïüñïìþýôċĕúô ċöĀìóìîĒ, öìøþìü ðÿĀìóìîĒ ôĀúðì öìüðì øñĄìîìùð. Ïúøúïñùôóìþýôċô 
ĕÿíúíăìĕúô ðÿĀìóìîĒ ðìü ĕìüúüìþô 24-30 ̧Ý ðìü Āìóìô ïìóĒ íì ðìýþ úîìüðì øñĄìîìð. 

ÍìĆóìù øìĕ÷ÿ÷ĕúô ýñĀìóìîôô úöýôðô öìüíúùĒ-úíĒ íú íìüþìüôô Ąìðôðô øìĕ÷ÿ÷ô úíĒ 
ûìõðú øñĄìîìùð. Éôýøìù ïúøúïñùôóìþýôċĄìîôô ôù ðúāô÷ìĕú ðìü ĕìüúüìþô 27-28̧Ý íì ìøì÷ 
øñúċð. Ðìü ìýúýô ôù ðúāô÷ìĕú, ėôøìþô ĀôĄúüô øìĕ÷ÿ÷ĕúô øôùñüì÷ĕúýô÷ĄìîĒ ĕôýúí öìüðì 
Ąÿðìùð. Úðìþìù ðìü ùìþôĔìô ĔĘĄôðìùô øìĕ÷ÿ÷ĕú ĕÿíúíăìĕúô ðÿúöýôðô öìüíúùĒ-úíĒ íì 
îÿĔÿð øñúċùð. 

Ðìü ìöýìüô ùìøÿùìĕúô úøĘāþìĄÿðì ìó öúùĕú îì ûìõðúôĄô úùôöýĕúô øìüøìüôô 
ûìõðúôĄìĄúù ïÿùúïÿù ðúāô÷Ąìîôô öìüíúïôðüôðĕú (íôþÿøĕú) ėìõð öìüðì Ąÿðììùð. Ðìü 
úùĕú ðúāô÷ìĕúô íôþÿøĒ ùúíìüúíìü þìėýôø öìüðì Ąÿðììùð îì ăÿù ėúôðì, ðìü üìāĕúô 
þúüôöþìü (öúùýñùþüìþĕú)-ô úùôöýô øìüøìüĒ, öô āÿýÿýôċþô ôíþôðúĒ ðúüìùð, øìĕðÿð 
øñĄìîìùð. 
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Úùĕú ðìü ì÷úĕôðìïĒ Č þìüôėô ïÿüĘĕôô 2-4 ĕÿíúíăì îì Č íñĄþìü ìó úù Ĕúõïôüìùð. 
Ôùăÿùôù ïÿüĘĕô ðúāô÷ìĕú ðìü Ąìö÷ô óìùĔôüĕú øìîĔÿðìùð, öô íú þìėýôøúþô ùúíìüúíìüô 
Āìóìĕúô þìüöôíôô úùĕú þìîýôĀ øñĄìîìùð. Ôù óìùĔôüĕú íñ ċïúù ėúùÿùôċþ ùôýíìþ íì 
ĕìøðôïìü Č ùôýíìþ íì ÿùýÿüĕúô ýúāþúüĒ -þñöýþÿüìîôô øôùþìėìĕúô ìĀóúôĄ ðìü úùôöý Ĕúõ 
ðúðì Ąÿðììùð. éĕþôøú÷ øñüìîìð, öô íìĆóñ ìó ôù ðúāô÷ìĕú ðÿĊøðìüìĔì íúĄìùð. 

äìö÷ô þìüöôíô ðúāô÷ìĕúô öìüíúïôðüôðĕú ìýúýìù ùúðÿüÿýþ, ïúĕĕú íìõóìĄìö÷ îì 
ðìüúóüĘċ ìýþ. Öúùýñüîìþĕúñ ùôó øÿĄúĕôðì øñĄìîìùð, öô Ąìö÷ô öüôýþì÷÷ĕúô øìùĀĒ íì 
ùìøÿðô ûìõðúôĄúþô øÿðìîîìüô öìĔô ïìíôþÿýĕúô üúøíúĉðüì÷Ē îì ýöì÷ñùúĉðüĒ ðúüìùð. 
Ìùðúóìô þìüöôíô öìüíúïôðüôðĕú ìó 0,015 þú 0,1 øø, íìĆóìù íì 0,3-0,4 øø øñüìýìð [11]. 

Öúùýñüîìþĕúô íôþÿøúôðĕú ýôùïñùñþôöĒ (ìýúýĒ) îì ĉûôïñùñþôöĒ (ðÿîÿøðìüìĔìîĒ) 
øñĄìîìùð. ãÿù ėúôðì, ðúāô÷ìĕúô ýôùïñùñþôöĒ øÿðìîîìü, íìõóìîĒ íú ÿùýÿüĕúô øìùĀôô 
íÿüôĄ øñíúĄìùð. Ðúāô÷ìĕúô ðÿîÿøðìüìĔì Ąìö÷ô ėìþüìïĒ îì ùúøÿùþìóìø ðúüìùð. 
Ùìøÿðĕúô óñüôùô ðúāô÷ìĕú Ĕÿðú öìüðì øñĄìîìùð: ċöĀìóìîĒ, ðÿĀìóìîĒ îì ýñĀìóìîĒ 
[14,ý.98].  

Ô÷úîì íìü ôù, ðìü ċö ùìøÿùì ðúāô÷ Ąÿðìùô ðÿ Āìóìô öìüíúïôðüôðĕúô øúñô 
úøñāþìùìĄìîìùðì ėìõð öìüðì Ąÿð, öô ðìü úùĕú ĕìüðÿ Āìóì íì þìîüô îúóñĕ Ĕÿðú öìüðì 
Ąÿðììýþ. Íìüúô öúùýñüîìþĕú øìîĔÿð ùìíÿðìùô öìðúø ċö Ąìö÷ô ėúùÿùôċþôô þìėýôøúþô 
Āìóìĕú āúýýìùð: øôėðúü îì þìüöôíô ôù Č úù Āìóìĕú ðúôøĒ ùñýþìùð îì øñþìîúùìùð ðìü 
ĕÿðÿðô îìýñĆ þìĎõôü Číìùð. Øìýì÷ìù, ðúüúôô Āìóìô ïìóĒ ìó 3 þú 75% îì íñĄþìü ìó úù ìýþ. 

Çìùïúøô ïìüø öìüðìùô ĕÿíúíăìĕúô ðÿĀìóìïôô ïìó - øúñĆô öìüíúïôðüôðĕú ìó íìõù 
üìĀþìùô ĕÿíúíăìĕúô ïìó, ċĆùñ ïúøúïñùôóìþýôċô úùĕú ðìü ĕìüúüìþô 90-116̧ Ý íì ìøì÷ úøìð. 
Ïìüø öìüðìùô ðúāô÷ìĕúô ðÿĀìóìîôô ùìîĆô (Òÿî+Ìí) íúôýô ĕì÷Ąìîôô Āìóìô ýìāþ ĕìùïúøô 
ĕìüúüìþô 200¹30 Ý ïìüðôð. Çìùïúøô ïìüø öìüðìùô ðúāô÷ìĕúô íôþÿøĕúô ìøúüĀĒ, üìùïô 
úùĕú ìó ėìĕîìüìùïô þúüôö þú óìüð üìîĄìù øñĄìîìùð. 

ØìîĔÿðôċþô øúððìĕúô úüïìùôöĒ ĕìùïúøô úøĘóôĄô ÔÖ- ýûñöþüĕúô ùìøÿùìĕúô úùôöýô 
øìüøìüĒ, öô ðìü íúíô ėìí÷Ē íìüüìýĒ Ąÿðììùð, āÿí ĕÿĔĔìþïÿóúüĒ öìüðì øñĄìîìð. 

Þìîìýýÿþô þìĕ÷ô÷ĕúô ÷ĊøôùñýþýñùþĒ-íôþÿøôùú÷úïĒ øôėðúüô íôþÿøúôðĕúô Ì ðìü 
ùìøÿùìĕúô úùôöýô øìüøìüĒ, öô øôėðúüô úùĕú ìó 0,0018 þú 0,008 (øôČùì - 0,003%) íú 
þìùúýÿíô ĉöýþüìöþô ā÷úüúĀúüø íì ĉöýþüìöþô ýûôüþô íñùóú÷Ē 1:3 (Ĕìðîì÷ô 1) þìĎõôü 
øñČíìð, øÿìõċù öìüðì Ąÿð. 

 
Æìðîì÷ô 1. Íôþÿøúôðĕú ðìü úùôöýô øìüøìüĒ 

Table 1. Bitumoids in marble onyx 
Ĝ
Ĝ 

Öúù  Üìùïĕúô öìûô÷÷ċüĕú % þìüöôí  áÍ/ 
ÝÍÍ 

Ùìøÿð  

ü/
þ 

 Ðìü 
ā÷úüúĀúüø 

Ðìü 
ýûôüþúíñùóú÷ 

áÍ ÝÍÍ ĔìøĆ  áÍ ÝÍÍ 

1 2 4 5 6 7 8 9 10 11 

1 ÐìùĎìüì ÙúüôùĔĒ-
óìüð 

óìüð 0.0009 0.0018 0.0027 1:2 ØÝÍÌ ØÝÍÌ 

2 Úíô-Öôôö óìüð óìüð 0.0009 0.0018 0.0027 1:2 ØÝÍÌ ØÝÍÌ 

3 ÔĄøì óìüð óìüð 0.00010 0.0022 0.0032 1:2 ØÝÍÌ ÝÍÌ 

4 áúĔì 
Úíôïìüø 

óìüð óìüð 0.0006 0.0018 0.0024 1:3 ØÝÍÌ ØÝÍÌ 

5 Óôððñĕ óìüð óìüð 0.0025 0.0025 0.005 1:1 ØÝÍÌ ØÝÍÌ 

6 áìüìùïúù óìüð óìüð 0.0004 0.0018 0.0022 1:4.5 ØÝÍÌ ØÝÍÌ 

7 äÿüāìö óìüð ÙúüôùĔĒ-óìüð 0.0007 0.0034 0.0041 1:4 ØÝÍÌ ØÝÍÌ 

8 Ûìþüÿ óìüð ÙúüôùĔĒ-óìüð 0.0012 0.0025 0.0037 1:2 ØÝÍÌ ØÝÍÌ 

9 ëĎùúí ÙúüôùĔĒ-
óìüð 

óìüð 0.0018 0.0025 0.0043 1:1.5 ØÝÍÌ ØÝÍÌ 

10 ÏÿĄúü ÙúüôùĔĒ-
óìüð 

Óìüðÿ 
ėìĕîìüìùïô 
üìîĄìù 

0.0021 0.0041 0.0062 1:2 ØÝÍÌ ÝÍÌ 

11 ãúüñ óìüð óìüð 0.0017 0.0025 0.0027 1:1.5 ØÝÍÌ ØÝÍÌ 
ÝÍÌ 

12 Þìöúí óìüð óìüð 0.0009 0.0020 0.0029 1:2 ØÝÍÌ ØÝÍÌ 
ÝÍÌ 

13 ÛúĄÿø óìüð óìüð 0.00010 0.002 0.0030 1:2 ØÝÍÌ ØÝÍÌ 

14 Üôööô óìüð óìüð 0.0009 0.0025 0.0034 1:2.8 ØÝÍÌ ØÝÍÌ 
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15 ¾üĒ óìüð óìüð 0.0009 0.0018 0.0027 1:2 ØÝÍÌ 
×ÍÌ 

ØÝÍÌ 
×ÍÌ 

16 Ýñ÷íÿü óìüð óìüð 0.0006 0.0018 0.0024 1:3 ØÝÍÌ ØÝÍÌ 

17 Ûüúøñòÿþú
ăùìċ-Ùúîìċ 

óìüð óìüð 0.0008 0.0018 0.0026 1:2 ØÝÍÌ ØÝÍÌ 

18 ÑĄñö-¾÷ óìüð óìüð 0.0010 0.0021 0.0031 1:2 ØÝÍÌ ØÝÍÌ 

19 Ïìÿüðìö Éìĕîìüìùïô 
ýìíó 

Éìĕîüìùïô ýìíó 0.0025 0.0025 0.005 1:1 ÝÍÌ ÝÍÌ 

 
Ðúāô÷ìĕúô øÿĕôþô øôùñüì÷ĕúýô÷ĄìîĒ ðìü úùôöýô øìüøìüĒ ĕìø ôíþôðúĒ îì ĕìø 

ðÿĊøðìüìĔì øñíúĄìùð. Øìùýÿíôċþô úùĕú íì ôù Č úù ýôùĀô ïñùñþôöĒ ðìü ìýúýô ì÷úøìþĕúô 
ìýúýĒ, øÿîúĀôėô þìýùôĀúþô ïñùñþôöôô Ù.Û. Ñüøìöúî [4], öô ðìü úù ĕÿíúíăìĕúô ìîîì÷ôċ 
ðúāô÷Ąÿðìĕúñüú ðìüíìü øñïôüôĀþìùð, öô ðìü ì÷úĕôðìïĒ íñüÿù ìó þìüėôĄĕú Ĕúõïôü 
Ąÿðììùð, ôùăÿùôù úùĕúñ, öô ðìü ĉ÷ñøñùþĕúô íÿüôðìĄÿðìô øôùñüì÷ĕú Ĕúõïôü Ąÿðììùð. Íì 
ðúāô÷ìĕúô ôíþôðúĒ ôùăÿùôù úùĕúñ ðúāô÷ øñĄìîìùð, öô ðìü óñüô þìüöôíô ðúāô÷ìĕúô ýìāþô 
øôùñüì÷ĕúô ïÿùúïÿùô ĕìøüúĕ Ĕúõïôüìùð îì íú úùĕú ðìü ì÷úėììùð. Ôù ðúāô÷ìĕú ìöýìü îìėþ 
íì ýìøþô üìāùúöĒ ûìüì÷÷ñ÷ ùôïìüúùôðì Ąÿðììùð, öô Āìóúô ôùþñüýþôþýôúùôüú ôĄĎú÷ 
øñöÿùìùð. Íì ðúāô÷ìĕúô ðÿîÿøðìüìĔì îì ðÿîÿøðìüìĔìô íñïúùì, øÿîúĀôėô ôù ïÿüĘĕíìùðĒ, 
ðúāô÷ìĕúñ, öô ðìü þìüėôĄĕúô ôùöôĄúĀČĀþì Ĕúõïôüìùð, ðúāô÷ øñĄìîìùð. Úùĕú úðìþìù 
øúñĆô ċöĀìóìîĒ øñíúĄìùð. 

Ðúāô÷ìĕúô ôíþôðúĒ úðìþìù íú üìāĕúô üìîĄìù, ìýúýìù ìó ùìî öüôýþì÷÷Ąÿðìô úùôöýô 
øìüøìüĒ øìĕðÿð öìüðì øñĄìîìùð. Ðìü íìüúíìüô øúñĆĕúô ċöĀìóìïĒ, ðìü íìõùô úùĕú 
ðúāô÷ìĕúô ċïúùìô ðÿĀìóìîôô ïìó-øúñĆ ùôó ûìõðú öìüðì Ąÿðìùð. Ðúāô÷ìĕúô øúñĆô ċöĀìóìĒ 
îúíìýþì ìó Ąìö÷ Āìüė øñöÿùìùð: øÿðìîîìü, øÿðìîîìü - ðìüúóüĘċ îì ðìüúó, öô íú ÿùýÿüĕúô 
íÿüôĄ íìüþìüĒ ðúüìð. 

Ìùðúóì ìó ýìðċö þú ðìĕċöô øô÷÷ôøñþüĕú íÿðì, ïúĕĕú íì 1 øø øñüìýìð. Ðúāô÷ìĕúô ïìó-
øúñĆ Ąìö÷ĕúô ðìüúó, ėÿíÿüĒ, íìõóìîĒ, ýñöÿùĔì îì ăúüöÿùĔì ðúüìùð. Ìöýìü îìėþ úùĕú íú 
öúùĀôïÿüìþýôċô ùúðÿüÿýþ þìùóôø öìüðì øñĄìîìùð. ÍìĆóìù ðúāô÷ìĕú Ąìö÷ô öüôýþì÷÷ĕúô 
øìùĀĒ, ìýúýìù ûüôóøìĕúô þüôïúùì÷Ē îì üúøíúĉðüĕúüú ðúüìùð. Ìùðúóìĕúô ðúāô÷ĄìîĒ 
ýìðĕú îì ðìĕċöô øô÷÷ôøñþü øñíúĄìùð. 

Þìùúýÿíô Āìóìô ïìóĒ íú øúñĆ ðìü þìüöôíô ðúāô÷ìĕúô ðÿĀìóìïĒ ìó 1:35 þú 1:6 þìĎõôü 
øñČíìð. Ïúøúïñùôóìþýôċô úùĕú ìó üĘô ùìîĆô ċöÿø - íì Āìóìô øúñĆ ðìü ĕÿðÿðô ĕìüúüìþô 50 - 
200̧Ý íì ìøì÷ øñúċð. Ïñþñüúïñùôóìþýôċ ĕìùïúøô 10-50̧  āÿùÿö Ąÿðìùô þìĔĕôóúþ (ðìýþïúĕ) íì 
ìøì÷ øñúċð [14,ý.100]. 

ãÿùôù ðúôüìô îìýñô ĕìüúüìþô ïñþñüúïñùôóìþýôċ íì øìîĔÿðôċþô øúððìĕúô ûìüüúù, 
ûñĄ ìó ĕìøì, úöýôðô öìüíúù [12,ý.89], öô ðìü úùôöýô øìüøìüĒ þìîìýýÿþô þìĕ÷ô÷ô 
āüúøìþúïüìĀĒ úĄöúü öìüðì Ąÿðììýþ, ôùăÿùôù øìîĔÿðôċþô íìùðô ìíýúüíýôċô úù (2350-2400 
ýø-1 ) ðìü ýûñöþüĕúô ÔÖ-ô úùôöýĕú ì÷úėìøìùð ìýþ. 

Ðìü íìõùô ðúāô÷ìĕúô ðÿĀìóìîôô øÿĕôþô øôùñüì÷ĕúýô÷öÿùìùðì ôùăÿùôù ðúāô÷ìĕúô 
ìùúøì÷ôñ ĕìýþìùð, öô þìüöôíô Āìóìô ïìóôüú ċöíúüì óôČð øñöÿùìùð. Îìėþñ úùĕú þú ĕìüúüìþô 
380̧Ý ïìüø öìüðì Ąÿðìùð, ïúøúïñùôóìþýôċô ûÿüüì íì ðìýþ ùìúøìð, ïìüăìùðñ ìùðìöñ 
öìøĄìîôô Āìóìô ïìó øÿĄúĕôðì Ąÿð. 

Ðìü íìĆóñ ðúāô÷ìĕúô ìùúøì÷Ē, öô þìùúýÿíô ïìó íì øúñĆ 1:3 - 1:5 ìýþ, ïúøúïñùôóìþýôċ 
ðìü ĕìüúüìþô 350 - 370̧Ý íú íìüėìüúüĄìîôô Āìóìĕú ðìü þìùúýÿíô ûñĄþìüìô úùĕú ĕìùïúøô 
āÿùÿö Ąÿðìù íì ìøì÷ øñúċð. Çìøăÿùôù, ðúāô÷ìĕúô íú þìüöôíô ïìóôô ùìóìüüìý øìîĔÿðìùð, 
öô íì Āìóìô ïìóĒ ïúøúïñùôóìþýôċ øñĄìîìùð [15,ý.48]. 

äìüþô ìýúýôô ûìõðúôĄô ðúāô÷ìĕúô ìùúøì÷ôüú íúċð ûìðôðìô öìùðì Ąÿðìùô 
ðúāô÷ìĕúô ėÿíÿüĒ îì ðìüúóĄÿðì ðúùôýþ. Ô÷úîì íìü ôù, ûìõðúôĄô ăÿùôù ðúāô÷ìĕúô 
ìùúøì÷Ē íì ĔúõïôüĄìîôô øúððìĕúô ùìóðôö ðìü ðñîúüĕúô îìöÿú÷ĕú ì÷úėìøìùð ìýþ. 

Ðìü ċö îìėþ, íú ðìüùìóìüðúĄþô öúùýñùþüìþýôċô ûìýþô øìĕ÷ÿ÷ĕúô ðúāô÷ìĕú, ðìü 
ýÿüìþô íì ðìýþ úîìüðìùô ùìþôĔìĕúô ôüüìþýôúùì÷Ē íú ýÿüĆìþô íì÷ìùðô ïìüøôðôĕĒ íì 
ėôøìþô ĕìüúüìþĕúô ïúøúïñùôóìþýôċ þìĆýôüô ùìóìüüìý üìýúùôðìù ìó ĉĕþôøú÷ ðÿü ùñýþ. 

Ìöýìü îìėþ óñüô øôöüúýöúû, ðìü û÷ìýþôùöìĕúô úùôöý ċö ïÿüĘĕô ðúāô÷ìĕúô ïÿùúïÿùô 
ûÿü ìó úíĒ þú þìüöôíô ìý÷ìù ïìó øÿĄúĕôðì öìüðì øñĄìîìð. ØìîĔÿðôċþô úùĕú ðìü þìùìĕúô 
üìïøúùìùð îì ėìíìþøúùìùðô úùôöý íì ėìõð ïôüôĀþì Ąÿðììýþ. ÛìõðúôĄô ôù ðúāô÷ìĕúô 
ïÿùúïÿùûÿüĄÿðì íú ĔĘĄôðìùô øìĕ÷ÿ÷ĕú ì÷úėìøìùð ìýþ [1,ý.126]. 
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Ðìü ôù ĕú÷ìþ, Āìóìĕúô Ĕÿðúöÿùìùðì ðìü ðúāô÷ìĕú øñþìîúùìùð Āìóìĕúô ô÷úîìïôñüú, 
öô ðìü ôù ĕìüúüìþ úøñāþìùìĄìîìùðììùð, íì āÿð ïôüìùð. Ôù ðúāô÷ìĕú íìüúô øÿìõċù 
öìüðìùô ĕìüúüìþ îì ĀôĄúü ìó úùĕú, ìó Ĕÿø÷ì ðìü ÷ìĕóìô ĔĘĄôðìùô øìĕ÷ÿ÷ĕú øÿîúĀôė 
ùñýþìùð, ïìüăìùðñ úùĕú āÿýÿýôċþô ôíþôðúĒ ðúüìùð [13] 

Ðìü āÿ÷úýì ĕìøôùüú íúċð óôöü öìüð, öô þìüöôí, Ąìö÷ĕú îì ĕú÷ìþĕúô ĔúõïôüĄìîĒ îì 
āÿýÿýôċþĕúô ûìĕùĄìîôô íôþÿøĕú îì ðìü øìĔøÿĆ, ĕìøì ðúāô÷ìĕú ðìü þìüöôíô úùôöýô 
øìüøìüĒ ìó øìîĔÿðôċþô øúððìĕúô úüïìùôöĒ, öô þìîìýýÿþô öìĀôĄĕú, āú÷ôïôĕúô Ĕôùýĕúô 
öĘĕĒ ðìü üìîìùðô ûìõðúĄìîôô úùĕú îì ĕìøăÿùôù, ðìü ĔìüìČùĕúô ïÿùúïÿùô ĀôóôöĒ-
øñāìùôöĒ íì øôČù øñúċùð, ýìāþ îúíìýþìïĒ ðúüìùð. ØìîĔÿðôċþô úùĕú ăÿù ðúāô÷ìĕú ðìü 
þìüöôíô úùôöýô øìüøìüĒ, ûñĄ ìó ĕìøì, ìó öĘăôĄô Ā÷Ċôðĕúô öìüíúïôðüôþĕú üìîúíôþô óôČð 
ðúĄþì, ôùðôöìþúüô ìýúýôô úøô÷ĕúô øôùñüì÷ĕúýô÷ĄìîĒ øñíúĄìùð. 

ÚøĘóôĄ îì þìĕėôėô ðúüúôô íôþÿøĕú ðìü úùôöýô øìüøìüĒ íì øú ðìü ðìėôė ùìøÿðìùô 
Ąìüúôþô ûìõðúôĄô øôùñüì÷ĕú, øìüĕô÷ìĕúô ĕúýô÷Ąìîôô úùĕú îì ðôïìü ėúùÿùôċþĕú ôøöúù 
Āìüúĕìø øñúîìüìð. 

Þìüöôí îì āÿýÿýôċþùúöôô ðúāô÷ìĕúô íôþÿøúôðĒ ðìü úùôöýĕúô øìüøìüĒ ðìü ìĀóúôĄô 
øôėðúüô Āüìöýôċô üìîĎìùĒ, öô ðìü úù öìüíúïôðüôðĕú íìüþìüĒ ðúüìùð, óúĕôü øñĄìîìð. 
éöýþüìöþô ā÷úüúĀúüø íú øìîĔÿðôċþô ùìîĆĕúô üìîĎìùðúü (üìîĎìùĕúô þú 50 % îì óôČðþìü, 
ėìþüúùĕúô óôČð), ėìþüúùĒ (ėìþüúùô óôČð, úýúüô ìýĀì÷þĕú) îì þú ìùðúóìñ ýìíÿö (íôþÿøôô 
úóúðô Ì) ìó ùìøÿðĕúô íôþÿø āúý ìýþ. ÞìîýôĀô ĕìøĄìíñĕüú íú ĉöýþüìöþô ýûôüþĒ-íñùóú÷Ē 
íôþÿøúôðĕú ðúüú ĕìýþìùð. Úðìþìù íìüúô ûìõðúôĄúþô íì÷ìùðĕìüúüìþ þìüöôíô íôþÿøúôðô 
ýìíÿö îì íìüúô Āúüøìþýôċĕúô ûìýþĕìüúüìþ îì ïôûñüïñùĒ ¬ üìîĎìùĒ -ėìþüúùĒ āúýýìùð.  

áÿýÿýôċþô øÿĕôøøô þìüöôíô øìĕ÷ÿ÷ĕúô øôùñüì÷Ē øìîĔÿðôċþô ðúôøôô 
ûìõîìýþìïôĕúô íôþÿøúôðĒ ðìü úùĕú íì øôėðúüô ïÿùúïÿù øñíúĄìð. Úðìþìù íìüúô 
ûìõðúôĄúþô íì÷ìùðĕìüúüìþ øôėðúüô íìüþìüôðúĄþìô íôþÿøô ýìíÿö îì íì Āúüøìþýôċĕúô 
ûìýþĕìüúüìþ îì ïôûñüïñùĒ ìýúýìù ùìîĆĕúô üìîĎìùðúü-ėìþüúùðúü îì ėìþüúùĒ āúýýìùð. 

Ðìü Ąìüúôþô øú íìüþìüĒ ðúĄþìùô ùìîĆô íôþÿøĕúô ùìĀþÿ ėìþüúù Ąìĕúðìþ ìó úù 
øñðôĕìð, öô þìėýôøĄìîôô öìüíúïôðüôðĕú ðìü Ąìüúôþô þñüøúðôùìøôöôô ùìøÿðô 
ïôûñüïñùĒ íì ìøì÷ úøìðììùð. Ôù ðì÷ñ÷ Ąìĕúðìþô úù ìýþ, öô øìùíìô öìüíúïôðüôðĕú, 
ôùăÿùôù āÿðô öìüíúùìþô öì÷ýôõ Ĕôùýĕúô ìþüúĀ íÿðìùð. 

Ðúüúôô ùìóìüüìýô CO2, öô ìĀóúôĄô ĀôĄúüô ûúüýôì÷Ē îì SO4
2--üú þìĆøôù øñöÿùìð, 

ĕì÷Ąìîìùðìïôô öì÷ýôþ (úĕìöýìùï) (Øô÷÷ñü, 1952)-ô Ĕôùýĕúô ìþüúĀüú ûÿüóĘü øñöÿùìð. Àìõü 
ìó ôù, ĕì÷Ąìîìùðìïôô CaCO3 íñîúýôþì íì óôČðĄìîôô PÚ2 îúíìýþì ìýþ, öô íú ìĀóúôĄô 
ĀôĄúüô ÿøÿøôô úù óôă ì÷úėìøìùð ìýþ [6]. 

ÝìĀìüíìüöÿùôô øúððìĕú (Ýì îì ÝÚ2) îì îúüôðĄìîôô øôùíìĆðìô úùĕú íì øôùþìėìĕúô 
þìüėôĄðúü ðìü Ąìö÷ô ôúùĕú-íôöìüíúùìþ íì ìøì÷ øñúċð. ÆúõïôüĄìîôô CaCO3 úðìþìù íú 
öúĕôĄô ĀôĄúü ðìü ýôýþñøì ì÷úėìøìùð ìýþ. 

ØìîĔÿðôċþô íôþÿøúôðĕú ìó úù ïÿîúĕĒ øñðôāìð, öô ðìü üìîìùðô ĕúýô÷Ąìîôô 
øôùñüì÷ĕú, ðìü ðìîüìĕúô úāôüôùô úù îìóĆôċþ íìüėìüúüĄìîìùðì íÿð. Ôùüú øìîĔÿð íÿðìùô 
ýÿ÷Āôðĕúô Fe, Zn, Pb îì Hg ðìü þìüöôíô úùôöýô øìüøìüĒ þìýðôė øñöÿùìð. 

Îì ðìü ĕú÷ìþô øìîĔÿðì íìüþìüô ðúĄþìùô íôþÿøúôðô üìîĎìùðúüÿ ėìþüúùĒ ìó úù 
Ąìĕúðìþ øñðôĕìð, öô þìėýôøĄìîôô öìüíúïôðüôðĕú ðìü Ąìüúôþô þñüøúðôùìøôöôô ùìøÿðô 
ïôûñüïñùĒ íì ìøì÷ úøìðììùð. Øìùíìô öìüíúïôðüôðĕú, ôùăÿùôù āÿðô öìüíúùìþô öì÷ýôõ, 
Ĕôùýĕúô ìþüúĀ íÿðìùð, āÿýÿýìù íú ùìóìüðúĄþô úù, öô ìöýìüô ûìõðúôĄô úùôöýĕúô øìüøìüĒ 
ðìü Ĕôùýĕúô ùìĀþðúüô ûì÷ñúïñù îì íĘü Ĕúõïôü Ąÿðììùð. 

Øú ôù Ĕú ðìü āÿýÿýô øúðñ÷ô ïñùñþôöôô þìĄìööÿ÷Číôô íôþÿøúôðĕú ðìü úùôöýô 
øìüøìüĒ ôýþúðì øñïÿóìüñø. Øú ðìü ìýúýô øÿĄúĕôðìĕúîÿ þìĕ÷ô÷ĕúô þñüøúíìüúïñúöôøôČîĒ, 
ýûñöþüúýöúûĒ, ÷ĊøôùñýþýñùþĒ-íôþÿøôùú÷úïĒ îì ðìėôė ùìøÿðìùô øúüĀú÷úïôċô ðúāô÷ìĕú 
ĕú÷ìþô ûìĕùĄìîôô úùĕú øñþìîúùñø øúðñ÷ô øÿöìøøì÷ô ĕúýô÷ĄìîĒ îì þìĄìööÿ÷ô 
íôþÿøúôðĕú ðìü úùôöýô øìüøìüôüú ûñĄùôĕúð ùìøúñð. Þôíėô øÿĄúĕôðìĕúîÿ þìĕ÷ô÷ĕúô 
ïÿóìüúùôðìô øú øÿþúíôėô ôù øúðñ÷ þìĄìööÿ÷Číôô úùôöýô øìüøìüĒ îì øìîĔÿðôċþô 
ðúāô÷ìĕúô íôþÿøúôðĒ ðìü úù øìüĕô÷ì íì øìüĕô÷ì îì ðìü Ąìüúôþô þìĎõôüČíìùðìô 
þñüøúðôùìøôöĒ íì ìøì÷ úøìðììýþ. 

Øìüĕô÷ìô ôíþôðúĒ íú øÿĕúĔôüìþô Ā÷Ċôðĕúô öìüíúïôðüôððúü, öô ðúüúô CO, H O, 
ôúùĕúô íôöìüíúùìþ îì øúððìĕúô úüïìùôöĒ íÿðìùð, þìîýôĀ øñĄìîìð. Ôù Ā÷Ċôðĕú 
þìîìýýÿþô îìõüúùìĕúô þìüėôĄĒ îì āú÷ôïôĕúîÿ öúîúöôĕúô Ĕôùýĕúô öĘĕôô öìüíúùìþôô ïôüðÿ 
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ìþüúĀ íì ĕìüìöìþ úøìðì, ðìü øìîüôðô øìîĔÿðôċþô ĀôĄúü îì ĕìüúüìþô ùôýíìþìù íì÷ìùð (þú 
350¬380¸Ý) íì øôùþìėìĕúô îìõüúùìĕúô þìüėôĄĒ îúüôð ïìüðôðììùð [5]. 

Ðìü ôù Ĕú ðìü þìüöôíô úùôöýô øìüøìüĒ íôþÿøúôðĕúô ýìíÿö îì üìîĎìùĒ, ìýúýìù ðìü 
Ąìö÷ô ðúāô÷ìĕúô ýôùïñùñþôöĒ þìĄìööÿ÷ ČĀþììùð. Úùĕú íñĄþìü íú úùôöýô ĄìĀĀúĀÿ ýúĀ 
îì üìîĄìù ì÷úėìøìùð íÿðì, ôùĆôöúýïìüô Ąìüúôþô ùôýíìþìù íìüėìüúüöÿùìùðì îì 
ĕìüúüìþĕúô íì÷ìùð øñíúĄìùð. 

Ðìü øìîüôðñ íú ûìýþ Ąÿðìùô ĕìüúüìþÿ ĀôĄúü îì ĀìĆú÷Ąìîôô üìîìùðĕúô ïôûñüïñùĒ 
øìüĕô÷ìô ðÿîÿø úĎúó øñČíìð. Ðìü ôù Ąìüúôþ íôþÿøúôðĕúô üìîĎìùĒ-ėìþüúùĒ îì ėìþüúùĒ 
íìüþìüĒ ûìõðú ùìøÿðì, ðúāô÷ìĕúô ĉûôïñùñþôöĒ þìĄìööÿ÷ ČĀþììùð. Ôù ðúāô÷ìĕú ìýúýìù ðìü 
îìõüúùìĕúô þìüėôĄĒ Ĕúõïôü Ąÿðììùð. 

Íôþÿøúôðĕú ðìü üìîìùðô øôùñüì÷ĕúýô÷Ąìîôô úùôöýô øìüøìüĒ ùìėĄô øÿĕôø îì 
ĕì÷öÿùìùðìüú øñíúóìùð. Íôþÿøúôðĕú ùì þìùĕú ĔÿóĆô þìüöôíôô ðúāô÷ìĕú øìĕýÿí øñĄìîìùð, 
íì÷öô ðìü üìîìùðĕúô øôùñüì÷ĕúýô÷ĄìîĒ ùìėĄô ĀìĆú÷ô ïñúāôøôċîôüú ùôó øñíúóìùð. 
Çÿóÿüô úùĕú íì þìĎõôüČíôô øÿĕôþô úöýôðÿ-íìüėìüúüöÿùìùðì, ìĀóúôĄô ĕì÷Ąìîìùðìïôô 
öìüíúùìþĕú îì ôùþôėú÷ô ôúùĕúô øñþì÷÷Ē øÿýúôðìþ øñöÿùìùð. 

ØìîĔÿðôċþô íôþÿøúôðĕú íú ýÿ÷Āôðĕúô Fe, Zn, Pb îì Hg üúíôþìô óôă ðúüìð, öô ôù 
ĕú÷ìþ ìó ùìėĄô øÿĕôþô íìüėìüúüöÿùìùðì ðìü øìüĕô÷ìĕúô úāôüôùô þìĄìööÿ÷ô úùôöý 
Ąìĕúðìþ øñðôĕìð. Ðìü ăÿùôù Ąìüúôþô øÿýúôð ýÿ÷Āìþĕú øñþìîúùìùð þú ýÿ÷Āôðĕú íìüėìüúü 
Ąìîìùð, öô ôù íì þìĄìööÿ÷ô ûìüìïñùñóôýĕúô āúý úîìüðì øñüìýúùìð. 

Ô÷úîì íìü ôù, ðúāô÷ìĕúô íôþÿøúôðĒ øñþìîúùìùð ĕìøăÿù øúððìĕúô 
øÿĕúĀôóìþöÿùìùðì (öúùýñüîìþúüĕú) íìüúøìð ùìÿøðì, ðúāô÷ìĕúô ôíþôðúôüú ìó þìĎõôüČíôô 
øôùíìĆðì ĕôĀó ùìøúċùð. Ôù ĕú÷ìþ øÿĕÿøøôċþô ìýúýôüú íìüúô ðìüöô þìĀýôüô ðÿüÿýþô 
Āìöþÿ ðì÷ñ÷ĕúô þñüøúíìüúïñúöôøôČîĒ ðúüìð. 

ÛìòÿĕôĄô þôûúøúüĀôô ðúāô÷ìĕúô íôþÿøúôðĒ ðìü þìüöôíô úùôöýô øìüøìüĒ ïÿîúĕô 
úùìùð, öô öô øúüĀú÷úïôċ, ìùðúóìïôüôĕú, þìüöôíô ĀìóìîĒ îì ĕú÷ìþô ûìĕùĄìîôô Āìóìîôô 
úùĕú ðì÷ñ÷ô úùìùð, öô úù úøô÷ĕú øñþìîúùìùð ăÿù øñĆČüô ìýúýĒ îì øÿĕôøøô íúĉĆþôøúðô 
Ąìüúôþô øôùñüì÷ĕúýô÷ĄìîĒ ûìóôüÿĀþì Ąìîìùð. 

ãô þìîüñ ðìü íú÷ú óôöü ùìøÿðñø, ðúāô÷ìĕúô ċöĀìóìïĒ Ąìö÷ô øÿðìîîìü îì íìõóìĄìö÷ 
ðúĄþì, ìýúýìù ðìü ĕÿöøüúù íÿðìùô Ąìüúôþô ÿýþÿîúü îì ĕìüúüìþô íì÷ìùð øìĆ÷ÿøúþ 
øñðôĕìùð. Ðìü ĕú÷ñ öô ðúāô÷ìĕúô Ąìö÷ĕúô ùúøÿùþìóìø, ėìþüìïĒ îì ýñĀìóìîĒ ùôĄúùìô 
üìîìùðĕúô þìöüúüĒ, ĔĘĄôĄ îì óÿð þìĎõôüČíôô ìùðúóìĕúô ĀôóôöôĊ öôøôČîĒ øñíúĄìùð. 

Úøô÷ĕúñ ăÿù Āìüėôċþô ðúāô÷ìĕúô ïìóôîÿ øúñĆïĒ, ĕìüúüìþô ĔìüìČùĕúô 
ïúøúïñùôóìþýôċ îì ïñþñüúïñùôóìþýôċ ðìü øÿìõċù îì ðìėôė ùìøÿðìùô ìóùìî íìüėìüúü 
ùìøÿðìùô üìîìùðô ôùöôĄúĀČíôô úùôöýô øìüøìüĒ öÿøìö øñüìýúùìùð. ÏÿóìĄþì ìó úù, 
Āìóìĕúô ýìāþ ùôó ðìü ðúāô÷ìĕú ðìü ôù øìýĆì÷ì øÿýúôðìþ øñùìøúċùð [3,ý.16]. 

Çìøôùüú íúċð óôöü öìüð, öô ðìü ûìĕùĄìîôô øôùñüì÷ôóìþýôċô úùôöýô øìüøìüĒ ăìùð 
úøô÷ þìĆýôüô íñîúýôþìô āÿðüú øñüìýúùìð, öô øÿĕôøþìüôù îì ìýúýôþìüôùìĄúù ôùĕúċùð: 

ì) - ýúāþúüĕúô þñöþúùôöĒ, öô ðìü āÿýÿýô øìîĔÿð íÿðìùô îìõüúùìĕúô þñöþúùôöĒ ¬ 
öìĀôðìĕú, þìüėôĄĕú îì Ąôöìýþìĕú øìĆ÷ÿøúþ ûñĄùôĕúð øñöÿùìð; 

í) ¬ þìüöôíô ÷ôþú÷úïôô Ĕôùýĕúô öĘĕôô ïôüðÿ ìþüúĀ, öô ìó øìîĔÿðôċþô Ĕôùýĕúô 
öìüíúùìþĒ îì ùìĀþðúü ïÿîúĕĒ øñðôĕìùð; 

î) ¬ ìøì÷ÿ ĀìĆú÷ôċþô ðúāô÷ìĕúô öìüíúïôðüôððúü, öô íñîúýôþì ðìü ĔìüìČùô ôùþôėú÷ 
ðúðìù îì þìĕĄôùĄìîôô øúððìĕú ùìėĄô øÿĕôøüú øñíúóìùð; 

ï) ¬ Ąìüúôþô þñüøúðôùìøôöĒ, öô ĕìüúüìþ, ĀôĄúü îì üñĔìô úöýôðô 
íìüėìüúüöÿùìùðìüú øñøúùìð; 

ñ) ¬ ĔìüìČùĕúô ïôûñüïñùĒ, öô þìĆýôüúþô úùĕú íì þìĎõôüČíôô þìüöôí îì øúüĀú÷úïôċô 
ðúāô÷ìĕúô íôþÿøúôðĕú ùìėĄô øÿĕôøüú øñíúóìùð. 

Ðìü þìĕėôėÿ ûìòÿĕôĄô āÿð îì þìöċ íì ùìþôĔìĕúô þìĕėôėúþ øú ăìùð øñĆČüÿ 
ùôĄìùðôĕìùðìĕúô øÿĕôøüú øÿìõċù ùìøÿðñø, öô ìýúýôþìüôùìĄúù ôùĕúċùð: 

1). øìîĔÿð íÿðìùô ðúāô÷ìĕúô íôþÿøúôðĒ ăÿù ôùĆôöúýïìüô ĔìüìČùĕúô Ā÷Ċôðôô ėìí÷Ē; 
2). ðúðÿïôüôĀþô úùôöýô øìüøìüĒ íú Ĕôùýĕúô öĘĕôô öìüíúùìþĒ îì ùìĀþðúü; 
3). ðúüúôô ûìüìïñùñóôýô ýÿ÷ĀôðĒ ðìü úùôöýô øìüøìüĒ; 
4). ì÷úøìþĕúô ĔĘĄôĄô ðúāô÷ìĕú îì øìĕ÷ÿ÷ĕúô øìîĔÿðì; 
5). ðúðìĕúô úøĘóôĄô ÔÖ-ýûñöþüúýöúûĒ îì ÷ĊøôùñýýñùþĒ [2,ý.34]. 
ëöñ ìó øÿĄöô÷úþô øÿĕôø ðìü ĔìüìČùô ûìòÿĕôĄô øú, ôù øÿìõċù ùìøÿðìùô ì÷úėìô 

þìüìĀìõù øôČùô Ĕôùýĕúô ïôüðÿ ìþüúĀ îì þìüöôíô Āìóìîôîÿ øôėðúüô íôþÿøúôðĕú ðìü 
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þìüöôíô úùôöýô øìüøìüĒ øìĕýÿí øñüìĀþ. Ðìėôė öìüðì Ąÿð, öô üìāùúöĒ îì ėìíìþĕúô 
úùôöýô øìüøìüôô āôüìîÿ þúüôöô ðúüúô üìùïĕúô ïÿùúïÿù - ėìĕîìüìùï, óìüðÿ ėìĕîìüìùï îì 
ýìíóþúí ðìü íôýČü øìîüôðĕú ðúüúô ĎÿùĄìîôô íñĄþìüô íôþÿøúôðĕúċùð. ÏÿóìĄþì ìó úù, 
ùôĄúùìĕúô ðúüúôô üìùïĕúô óìüð îì ùúüôùĔĒ ïÿîúĕô úùìùð, öô ðúāô÷ìĕúô íôþÿøúôðĒ 
ìýúýìù üìîĎìùĒ îì ýìíÿöìùð. Ðúüúôô üìùïô ėìĕîìüìùï îì ýìíóþúí íúĄìð íì óôČðĄìîôô 
øôėðúüô Āüìöýôċĕúô ėìþüúùĒ îì ôĄþôüúöô ôúùĕúô FeĮ îì Feį Ąìĕúðìþ øñðôĕìð. Çìøôùüú 
íúċð óôöü öìüð, öô üìùï ċöñ ìó úøô÷ĕúô ìýúýĒ ðìü Ąôùúāþô þìüöôíô úüïìùôöĒ îì 
Ąìüúôþĕúô øôùñüì÷ôóìþýôċô úùôöýô øìüøìüĒ øìĕýÿí øñĄìîìð. Àìõü ìó úù, üìùï ðìü 
íìĕúðôĕôô ýôĀìþô úùôöýô øìüøìüĒ ùôó ùìėĄô øÿĕôø îì ìýúýôüú øñíúóìð. 

Íìüúô ðìüöô ûÿüüì îì ðìėôėÿ ìøôėô āÿýÿýôċþĕúô ïñùñþôöôô ðúāô÷ìĕúô íôþÿøúôðĒ 
ðìü þìüöôíô úùôöýô øìüøìüĒ, øÿėúôýìô úùĕú íú íôþÿøúôðĕúô ðôïìü Āúüøìþýôċĕúô 
öìüíúùìþĒ ìĕìøøôċþô ìîîì÷ôùðìüìĔì ðúüìùð. Þìĕ÷ô÷ĕú îì ðúðìĕú ùôĄúù øñðôĕìùð, öô 
ðúāô÷ìĕúô íôþÿøúôðôô úùôöýô øìüøìüĒ ðúüúô ċö ėìþúü ùôĄúùìĕúô Āìüėöÿùìùðì 
øñíúĄìùð [7,ý.190]. 

Ùìāÿýþ, íìüúô úùĕú ìĀóì÷ôċþô ðúāô÷ìĕúô ûìõðúôĄô ýôùïñùñþôöôðúĄþì āúýýìùð, öô 
ôù ìĀóì÷ôċþ ìó ôĄþôüúöô íñîúýôþìô öìüíúïôðüôðĕú ðìü øìüĕô÷ìĕúô ôíþôðúôô ĔìüìČùô 
øôùñüì÷ĕúýô÷Ąìîôô úùĕú ïÿîúĕĒ øñðôĕìùð. Ðìü ċö ėìþúü Āúüøìþýôċĕúô öìüíúùìþĒ 
ðúāô÷ìĕúô íôþÿøúôðĒ ìýúýìù ûìõðúôĄô ĉûôïñùñþôöĒ ðúüìùð îì íñîúýôþì íì ĔìüìČùĕúô 
ïôûñüïñùĒ üúíôþìô óôă ðúüìùð. 

ÍìĆðìù, ðìü þìüöôíô úùôöýô øìüøìüĒ ðúāô÷ìĕúô íôþÿøúôðĒ, ûñĄ ìó ĕìøì, íú ðúüúôô 
Āìóìĕúô ïìóĒ (CO , CH  îì úøñāþìĕúô úùĕú) ûìõüìîĒ øñùìøúċùð, ðìü ĕú÷ñ öô ðìü 
ûìõðúôĄúþô þüìîñüþôùĕú îì Ĕôùýĕúô ìþüúĀô úĕìöýìùïĕú ìĀóì÷ôċþô ðúāô÷ìĕúô øúñĆïĒ íì 
ùìóìü øñüìýìùð [8].  

ÙôĄúùìô ýñĊø, ôù ïÿùúïÿùôô þìüöôíô Āüìöýôúùôô íôþÿøúôðĕú - üìîĎìùĒ, üìîĎìùôîÿ 
ėìþüúùĒ îì ėìþüúùôìùð, öô ðìü úùôöýô øìüøìüĒ ðúüúô Ĕúõôîìóöÿùôô îìýñĆ øñíúĄìùð, öô 
ôù ĔúõôîìóöÿùĒ íì ĔìüìČùĕúô ïÿùúïÿùô ûìõðúĄìîĒ îì ĉîú÷Ċþýôċô Ā÷Ċôðĕúô ðúāô÷ô úùĕú 
øÿîúĀôėìþ øñöÿùìð. 

Îìõüúùìĕúô þñöþúùôöĒ ðìü ĔìüìČùô ôùþôėú÷ îì øÿĕúĔôüìþô ðúāô÷ìĕúô öìüíúïôðüôðĒ 
ðìü þìüöôíô úùôöýô øìüøìüĒ ùìėĄô öì÷úù øñíúóìùð îì úøô÷ô ìýúýĒ øìĕýÿí øñĄìîìùð. 

ÛìòÿĕôĄô íìüúĕøúùðì îì íì ôþøúøüìýúùôðìô øú ùôĄúù øñðôĕìùð, öô ėôýøô 
íñĄþìüô ûìðôðìĕú îì öúùĕúô úùôöýô øìüøìüĒ ðìü øôùþìėìĕúô ìó ÷ôĕúóô þñöþúùôöĒ ĀìĆú÷, 
ì÷ì÷āÿýÿý ėìð-ėìðô ïôüñĕĕúô íÿüôĄô îìõüúùìĕúô þìüėôĄĒ Ĕúõïôü Ąÿðììùð. 

Øñýìóìð óôöü ùìøÿð, öô ôù îìõüúùìĕúô þìüėôĄðúü íì ýôĀìþô ôùþôėú÷ðôĕìùðìô 
øÿĕôøøô Ā÷Ċôðĕúô øôùñüì÷ĕúýô÷öÿùìùðì āôóøìþ îì ðúāô÷Ąìîôô øìĕ÷ÿ÷ĕúô 
öìüíúïôðüôððúüüú íì øÿĕôþô ìþüúĀô Ĕôùýĕúô öìüíúùìþĒ þìĆøôù øñöÿùìùð. Ôùăÿùôù, ðìü 
ôù ĕú÷ìþĕú, ċĆùñ ðìü øìîüôðô øìîĔÿð íÿðìùô Ąìüúôþô øÿýúôð ðúāô÷ìĕúô öìüíúïôðüôðĒ 
ėúðôüìùð, öô ðìü ċö îìėþ ĕìøüúĕ íú øìĕ÷ÿ÷ĕúô íôöìüíúùìþĒ ðìü ĕìüìöìþ íúĄìùð îì ðìü 
ùìþôĔìô ôîìóĄìîôô ĀôĄúü îì ĕìüúüìþ ĕìøăÿù þìĕĄôù ðìü ċö Ĕúõ Ďÿù úċùð [9]. 

Ðìü íôýČü ùìøÿùìĕúô øìîüôðô þìĕėôė ėìüúüðúðìô øú ìČù ïìüðôð, öô ìóùìî 
ĀìĆú÷Ąìîôôô îìõüúùìĕúô þìüėôĄĒ íì ûìõðúĄìîĒ îì þìüìėėôČíôô øìĕ÷ÿ÷ĕúô ðÿĊøðìüìĔì 
îì ìùúøì÷Ē ýìíìí øñĄìîìùð. Îì ðìü úùĕú íñïÿĀþÿïĘ þìùúýÿíô øôČùìô Āìóìĕúô ïìóĒ îì 
øúñĆïĒ Ąôððìþ ðôïìüïÿù îì þìĎõôü øñČíìùð.  

Çìùïúøô ûìòÿĕôĄ øú øÿìõċù ùìøÿðñø, öô øÿþúíôėĄìîôô Ā÷Ċôðĕú ðìü ĔìüìČùô 
ĕúýô÷Ąìîôô úùôöýô øìüøìüĒ íú ôîìóĄìîôô þìüöôíô ïìóĒ îì øúñĆïôô úùĕú üìîúíôþô óôă 
ðúüìùð. Ôù ðìü úù øìîüôðñýþ, öô ðìü øÿĕôþô øìîĔÿðì öìüíúïôðüôðĕú íñĄþìü ðìü Ąìö÷ô 
øìĕ÷ÿ÷ĕú îì Č ðúāô÷ìĕúô ċöĀìóìîĒ ìüóô ĕìýþĒ ðúüìùð. 

Çìùïúøô ïÿóìüúùôðìùô þìĕėôėúþô þñüøúíìüúïñúöôøôČîĒ íì øú ìČù ïìüðôð, öô íú 
øÿüÿüô óìøúù íú ùìóìüðúĄþô ûìýþ Ąÿðìùô ĕìüúüìþ øìĕ÷ÿ÷ĕúô Ā÷ĊôðĒ ĕú÷ìþô 
ïñþñüúïñùôüú ýúĕôí øñĄìîìùð. Îì ì÷íìþþì ôù ĕú÷ìþ ðìü íì øôČù úøìðìùô ðúāô÷ìĕúô 
ðÿĀìóìîĒ îì ýñĀìóìîĒ úîìüðì øñüìýúùìð.  

Çìøôùüú íúċð óôöü ùìøÿð, öô ðìü íìüúíìüô øìîĔÿð íÿðìù îì þìĆýôü üìýúùôðìùô 
úøô÷ĕúô öôøôČîĒ íì ĔìüìČùô øôùñüì÷ĄìîĒ ôùăÿùôù üìîìùðĕúô ĀôóôöĒ-øñāìùôöĒ ùôó ðìü 
ôùöôĄúĀČíôô ðúāô÷ìĕúô Ā÷ĊôðĒ ùìėĄô ýúóìùðì îì øÿĕôø øñíúóìùð.  

Çìøôù þìüôė, þìĕ÷ô÷ô ûìĕùĄìîôô ðúāô÷ìĕú, Ąìö÷ĕúô ĔúõïôüĄìîôô úùĕú ðìü 
þìüöôíô úùôöýô øìüøìüĒ íì øú ôøöúù øñðôĕìð, öô ùì þìùĕú Ąìüúôþô ĕúýô÷Ąìîôô 
öôøôČîĒ, íì÷öô þìĆüôāô ðñĀúüøìþýôċĄìîôô Ĕôùýĕú ùôó íìüėìüúü öìüðì Ąìîìð. 
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Ðìü ùìþôĔìô ïÿóìüúùôðìùô ûìòÿĕôĄ íì øú ìČù ïìĄþ, öô þìĕėôėúþô ïñúöôøôČîĒ 
íìČùïìüô úùìùð, öô íôþÿøúôðĕú ėúíô÷ôċþô ðúüúôô íñĄþìüô ĎÿùĄìîôô ÿùýÿüĕúô ùúðôü 
ĕìýþìùð. Ðìü þìüöôíô úùôöýô øìüøìüĒ, āúýýì ðìü ðúāô÷ìĕúô íôþÿøúôðôô úù ùìėĄô 
ÿùýÿüĕúñ ăÿù úĕìù, øìùïìù, üÿĕ, øôý, ýôøúí îì ôùăÿùôù íìĆóñ ÿùýÿüĕúô ùúðôüô ðôïìü ùôó 
ĕìýþìùð. 

ØìîĔÿðôċþô íôþÿøúôðĕú ðìü úùôöýô øìüøìüĒ - ĕìøăÿù Āìóìô ôùþôėú÷ðôĕìùðì îì 
Ďÿùöÿùìùðì ðìü ĔìøĆĄìîôô ÿùýÿüĕúô øñþì÷÷Ē Ąôùúāþì Ąÿðììýþ. Îúėñìù, ðìü øÿĕôþô 
ýú÷ôøÿ øÿýúôð îì íìüėìüúüöÿùìùðì, ôù ÿùýÿüĕú ėúðôüìùð ðìü îúíìýþìïĒ íú øúððìĕúô 
úüïìùôöĒ øìĔøÿĕúñüú ĕúýô÷ öÿùìùð, öô ÿýþÿîúüôüú ðìü øìĕ÷ÿ÷ĕú þìĆøôù ùìøúċð [10,ý.5]. 

Íú ïÿóìĄþô óìøúù îì øÿüÿüô îìėþ ĕìùïúøô ôîìóĄìîôô Ąìüúôþĕúô 
þñüøúíìüúïñúöôøôČîĒ ôù öúøû÷ñöýĕú ìó íìõù üìĀþìîÿ öúĕôĄ øñČíìùð îì ÿùýÿüĕú íì 
ùìøÿðô øôùñüì÷ĕúô ýÿ÷ĀôðĒ Č úöýôðĒ ðìü Ĕúñ Ďÿù øñĄìîìùð. 

ÙìþôĔìĕú îì āÿ÷úýìĕúô íìðìýþúîìüðìô øú ðìü íìüúíìüô ìĕìøøôċþô ùìóìüôċîĒ 
ðúĄþìù ôùăÿùôù ìĕìøøôċþô øÿĕôøøô ìøì÷Ē ùôó ðúüìùð. Ðìü ìýúýô ûìòÿĕôĄô 
ïÿóìüúùôðìô øú îì ùìþôĔìĕúô íì ðìýþúîìüðìô øú øìĆ÷ÿø ïìĄþ, öô ðúāô÷ìĕúô íôþÿøúôðĒ 
íì øú ôøöúùôċþ øñðôĕìùð þú: - Ąìüúôþĕúô þñüøúíìüúïñúöôøôČîôô þìĄìööÿ÷Číôô úùôöýô 
øìüøìüĒ øÿìõċù öìüðì Ąìîìùð; - øìüĕô÷ìùúöôô ïÿùúïÿùĔìùíìîôô üìîìùðô 
øôùñüì÷ĕúýôĄìîĒ ðìü úùôöýô øìüøìüĒ íìĕú ðúðì Ąìîìð; - øôùþìėìĕúô úċùðìðúü îì 
Āìõóùúö íìĕüô ïÿóìüúùôðìùô öúüĕúô ĔÿýþÿĔĘĒ-ôöþôĄúĀĒ ðìü ûìðôðìîÿ öúùĕúô ùìî íì ùìîô 
úùôöýô øìüøìüĒ ìüóČíĒ ïìüðìùð; - ýôĀìþô úüúôĄôô úùôöýô øìüøìüĒ íìĕúðôĕĒ öìüðì 
Ąìîìð îì Ď. 

Þìĕėôėúþô ïÿóìüúùôðìĄÿðì ùôĄúù ðúðìùð, öô íôþÿøúôðĕú ĔÿóĆô øÿĕôøøô þìüöôíô 
ðúāô÷ìĕúô úùôöýô øìüøìüĒ íÿðì, ôþþô÷úúþô ìüóôĄøìùðüú ðìü íúüìô Ąìüúôþô ûìõðúôĄ, 
øìüĕô÷ìĕúô þìĄìööÿ÷ îì ĉîú÷Ċþýôċô Ā÷Ċôðĕúô øôùñüì÷ĕúýô÷öÿùìùðì ùôïúĕ øñðúüìùð. 

Þìüöôí, øúüĀú÷úïôċ îì āÿýÿýôċþĕúô Āìóìîôô ðúāô÷ìĕúô íôþÿøúôðĒ ìó øìùíìô 
öìüíúïôðüôðĕú, üñòôøô þñüøúðôùìøôöĒ îì üìîìùðĕúô ïôûñüïñùĒ îúíìýþìïôô óôă ðúüìùð. 
Øìùíìô ìýúýôô öìüíúïôðüôðĕú îì öì÷ýôõ Ĕôùýĕúô ìþüúĀ, øìāýÿýìù Ĕôùýĕúô ùìĀþðúüô 
ûì÷ñúïñù îì íĘü øñíúĄìùð. 

ÙìþôĔìĕúô íìðìýþúøìðì íìüúô ĀìĕøôĄô ìøôėþìüô ïñùñóôýô úùôöýô øìüøìüĒ, 
þìöøô÷ô øñĆČüĕúô ĔÿýþÿĔĘ îì ìüóČíôô öúùĕú, ôùăÿùôù íìüúô þìĕėôėúþô øôùíìĆðìô 
ïñúāôøôċîĒ ìĕìøøôċþô ùìóìüüìý ðúüìùð. 

Øìėú÷ì ðìü ðúôüìô ÷úôĕìô ô÷øôô úóøúôĄïúĕô ûñþüú÷úïôċ îì ïñúöôøôČô ÔÏÝÓÞÝ 
ÌØÔÞ Ĝ ÏÜ 0121 TJ 1167 úøúðì öìüðì Ąÿðììýþ. 
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ÍÔÞßØÚÔÐÇÚ ÐÌÜ ÚÙÔÖÝÔ ØÌÜØÌÜÄ 

Þìüöôí, Ąìö÷ĕúô ĔúõïôüĄìîĒ îì āÿýÿýôċþĕúô þìėýôøúþô íôþÿøúôðĕú îì ðìü øìĔøÿĆ, ĕìøì ðúāô÷ìĕú 
ðìü úùôöýô øìüøìüĒ ìó øúððìĕúô úüïìùôöĒ, öô þìîìýýÿþô þìüėôĄĕú, āú÷ôïôĕúô Ĕôùýĕúô öĘĕĒ ðìü üìîìùðô 
ĕúýô÷Ąìîôô úùĕú îì ĕìøăÿùôù ðìü ĔìüìČùĕúô ïÿùúïÿùô ïñú÷úïĒ ûìõðú øñĄìîìùð, îúíìýþìïôô óôČð ðúüìùð. 
ØìîĔÿðôċþô úùĕú ăÿù ðúāô÷ìĕú ðìü þìüöôíô úùôöýô øìüøìüĒ, ûñĄ ìó ĕìøì, ìó öĘăôĄô Ā÷Ċôðĕúô 
öìüíúïôðüôþĕú üìîúíôþô óôČð ðúĄþì, ôùðôöìþúüô ìýúýôô úøô÷ĕúô øôùñüì÷ĕúýô÷ĄìîĒ øñíúĄìùð. ÚøĘóôĄ îì 
þìĕėôėô ðúüúôô íôþÿøĕú ðìü úùôöýô øìüøìüĒ íì øú ðìü ðìėôė ùìøÿðìùô Ąìüúôþô ûìõðúôĄô øôùñüì÷ĕú, 
øìüĕô÷ìĕúô ĕúýô÷Ąìîôô úùĕú îì ðôïìü ėúùÿùôċþĕú ôøöúùôċþô îìýñĆ Āìüúĕìø øñúîìüìð. 

Öì÷ôðîúòìĕú: íôþÿøúôðĕú, úùôöýô øìüøìüĒ, ĉöýþüìöþ, öìüíúïôðüôþĕú, Ĕôùýĕúô ùìĀþðúü. 
 

ɹʀʊʋʄʆʀɼʓ ɺ ʄʈɸʄʆʈʅʆʄ ʆʅʀʂʉɽ 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʪʫʤʦʠʜʳ, ʤʨʘʤʦʨʥʳʡ ʦʥʠʢʩ, ʵʢʩʪʨʘʢʪ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʝʬʪʝʥʦʩʥʳʝ ʧʦʨʦʜʳ. 

 

BITUMOIDS IN MARBLE ONYX  

The composition, occurrence forms, and distribution characteristics of bitumens, as well as of inclusions in marble 

onyx in general, largely depend on organic substances that penetrate through fractures, cavities, and pores of rocks during 

their formation, as well as during various geological processes. Their occurrence as inclusions within marble onyx is 

primarily associated with the migration of hydrocarbon fluids and serves as a key indicator of mineral-forming processes. 

The study and investigation of bitumen content in marble onyx provide broad opportunities for clarifying the conditions of 

mineral formation, the stages of their development, and other regularities. 

Keywords: bitumoids, marble onyx, extract, hydrocarbons, petroleum-bearing rocks. 
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ÞÐß: 553.41+622.1(575.3-191.2) 
áßÝßÝÔëÞÇÚÔ ÞÌäÖÔ× ÎÌ ÌØÌ×ÔÝÚÓÔÔ ÖÚÜÇÚÔ ØÌÜÖäÑÕÐÑÜÄ ÐÌÜ 

ÔÝÞÔáÜÚÆÔ ÖßäÚÐÔ ÖÚÙÔ ÞÔ××ÚÔ ãß×ÍÚÄ (ÙÚÇÔëÔ ÌÕÙÄ) 
 

Øÿüúðóúðì Ô.Ì., Øÿüúðóúðì Ì.Ì. 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

 
Øÿėìððôøì. Öúùô þô÷÷úô ãÿ÷íúĒ ðìü íú÷úúíô ĕìîóìô ðìüČô ÔýöìùðìüðìüČ îúėñĆ ìýþ. 

Öúù ĕìùĘó ðìü øôČùìô ìýüô ïÿóìĄþì öìĄĀ Ąÿðì, þìüôėô ôöþôĄúĀô ûñĄìöĒ îì þìĀýô÷Ē 
úøĘāþì Ąÿðììýþ. Öúùô ãÿ÷íúĒ ėìí÷ìù ĕìøăÿù ċö ėôþĆìô öúùô Öúùăúă, öô ìýúýìù ĕìøăÿù 
öúùô ýôøúí øìĆüÿĀ ìýþ, ĕôýúíôðì øñĄìîìð. 
 

Üìýøô 1. áìüôþìô ÿøÿøôô ĔúõïôüĄìîôô öúùô þô÷÷úô ãÿ÷íúĒ 
Figure 1. General map of the Chulboi gold mine location 

 
Øìõðúùô öúù ìó Ĕìùÿíÿ Ąìüė íì Ąôøú÷ÿ Ďìüí íì ðìüúóôô 200-230 ø þÿ÷ öìĄôðì, 

ûìĕùúôô úù íì ĕôýúíô øôČùì 100-110 ø øñíúĄìð, øìýúĕìþô ÿøÿøôô öúù ðìü üĘõô óìøôù ðÿ 
ïñöþìüüú þìĄöô÷ øñðôĕìð. 

Ïñú÷úïôċô øìõðúùô øìĆðìùôô ãúüñ îì öúùô ãÿ÷íúĒ ĕìùĘó ðìü ėìüùô IX-X, íôùúíìü 
öìĄĀô öúùô ýôøúí îì ôýþôāüúĔô ðìýþôô úù úĎúó ČĀþììýþ. ÔýþôāüúĔ, ì÷íìþþì, ðìü ĕìĔøô 
öìø îì ûÿüüì ðìýþĒ, íú ôýþôĀúðì ìó ûÿþöÿ íú÷Ďì îì ùñüÿô íúóĘ ýÿüìþ øñïôüôĀþ. Ýú÷ĕúô 
1933-1960 ðìü óìøúùô ĄÿüìîĒ, øìõðúùô øìĆðìùôô ãúüñ îì öúùô ãÿ÷íúĒ øìîüôðô úøĘóôĄô 
ýôýþñøìîĒ ėìüúü ïôüôĀþìùð. ÚĎúó ìó ýú÷ô 1964 øìõðúù íú ÿýÿ÷ĕúô ÿøÿøôïñú÷úïĒ, 
ïñúĀôóôöìîĒ, ïñúāôøôċîĒ, ôùăÿùôù þìĕėôėúþĕúô øìîóÿĒ Āìüú ïôüôĀþì Ąÿðì, ðìü ìþüúĀ îì 
ĕÿðÿðô úù ìöýíìüðúüôĕúô ïñú÷úïĒ, ïñúĀôóôöôô øôėČýô øôČùì îì āÿüð ïÿóìüúùôðì Ąÿðìùð. 
Ðìü úøĘóôĄô ïñú÷úïôċ, ýþüìþôïüìĀôċ, ûñþüúïüìĀôċ, øôùñüì÷úïôċ îì ðôïìü āÿýÿýôċþĕúô úù, 
ïÿóìüúùôðìùô öúüĕúô ìööúýĒ, ĔÿýþÿĔĘõ îì ôöþôĄúĀĒ ïñú÷úïĕú îì ú÷ôøúùô ôýþñĕýú÷úþ îì 
øÿìýýôýìĕúô ô÷øĒ, íì ìøýú÷ô Íìíöôùì ×.Ì., Îìóôüúî Ö.Î., Îôùúïüìðúî Û.Ð., ÏúüĄöúî 
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Ñ.Ù., Ðúîòôöúî Ì.Ý., Ôîìùúîì Þ.Ù., ÔîìĄñùýñî Ì.Ï., Ö÷ôøúî Ï.Ö., Ö÷ÿùùôöúî Ý.Ô., 
×ìîüÿýñîôă Ì.Ô., ×ñ÷ñĄÿý Î.×., Øìïìöċù Ô.Ï., Øìüöúîýöôõ Ì.Û., ØìüþôĄñî Î.Ø., 
Øñùìöúî Ï.Ù., ÝþìüĄôùôù Ð.Ì., äìðăôùñî Ì.Ý., áìüöñîôă Ð.Ì., êýÿûúî á.Ø. îì ðôïìüúù 
ýìĕø ïÿóúĄþìùð. 

ÚøĘóôĄ îì ûìòÿĕôĄô öúùô ãÿ÷íúĒ, ðìü ėìþúüô ðôïìü öúùĕúô þô÷÷úôô ĔÿøĕÿüĒ 
ì÷ì÷āÿýÿý íìĆðô ėìíÿ÷ô Íìüùúøìô üÿĄðô øôùíìĆðìô ôýþôāüúĔô øñþì÷÷ĕúô ėôøìþíìĕú þú 
ýú÷ô 2000, öô ĕìùĘó ðìü úĎúóô ôýþôė÷ú÷ô øô÷÷Ē ėìí÷ Ąÿðì íÿð, Ĕúùùúö ïìüðôð.  

Ðìü ùìþôĔìô þìĕėôėúþô þÿ÷úùĒ ýúāþúüô ïñú÷úïĒ, øìïøìþôóø, øôùñüì÷úïôċ, 
þñöþúùôöì, ėúùÿùôċþĕúô ĔúõïôüĄìîôô øìõðúùô øìĆðìùôô ãúüñ îì öúùô ãÿ÷íúĒ øÿĄìāāìý 
öìüðì Ąÿðììùð [4; 13].  

Ìõùô óìøúù öúùô þô÷÷úô ãÿ÷íúĒ þìüôėô öÿĄúð ¬ íú öìüõñü ôýþôāüúĔ öìüðì øñĄìîìð. 
Ðìü ôýþôāüúĔô öÿĄúð öúüĕúô øìüöĄñõðñüĒ ėôýøô ĕìþøôô öúüĕúô öĘĕĒ-ïñú÷úïĒ øìĕýÿí 
øñČíìùð. Ïìüăìùðñ öúüĕúô øìüöĄñõðñüĒ, öô þôíėô ýìùìðĕúô øñĆČüôô øìîĔÿðì ïÿóìüúùôðì 
øñĄìîìùð, íì ĕìø øúùìùð îì ċöüìùï øñíúĄìùð, ìøøú ðìüîúėñĆ, ÿýÿ÷ îì øÿùðìüôĔìô úùĕú 
îúíìýþì ìó āÿýÿýôċþĕúô ïñú÷úïôô öúù øñþìîúùìùð Āìüė öÿùìùð.  

Ðìü øìėú÷ìô øìóöÿü āÿýÿýôċþĕúô þìĄöô÷ îì ïÿóìüúùôðìùô öúüĕúô øìüöĄñõðñüĒ ðìü 
ôýþôāüúĔô öÿĄúðô öúùô þô÷÷úô ãÿ÷íúĒ (ùúĕôċô Ìõùôô îô÷úċþô ÝÿĎð) ùôĄúù ðúðì 
Ąÿðììýþ. 

Øñþúðĕúô þìĕėôėúþ. Ðìü þìĕėôėúþô øìóöÿü ÿýÿ÷ĕú îì øñþúðĕúô ïÿùúïÿù ôýþôĀúðì 
Ąÿðììùð. ßýÿ÷ô øìĆøÿ÷ ¬ øÿĄúĕôðìĕúô ýìĕüúôô ïñú÷úïĒ íìüúô úøĘóôĄô ýúāþúüô 
ïñú÷úïôô öúù øìîüôðô ôýþôĀúðì ėìüúü ïôüôĀþ. Úù ôøöúùôċþ ðúð, öô āÿýÿýôċþĕúô 
ýþüìþôïüìĀôċ, øìïøìþôóø îì þñöþúùôô øìĕì÷÷ô öúù øÿĄìāāìý öìüðì Ąìîìð. 

Øñþúðô ðôïìüô þìĕėôėúþ ÿýÿ÷ô ìýíúíĒ íÿð, öô úù ûÿüüì ìó Ĕúùôíô þìāñúøñþüô 
üúíúþôöÿùúùôðìĄÿðìô Leica TS16 ìøì÷Ē ïìüðôð îì ôøöúù ðúð, öô øúðñ÷ô (ìøýô÷ìô) 
ïñúøñþüôô öúù øìþüìĕ Ąÿð. 

Øñþúðô ýñĊø ¬ ÿýÿ÷ô öúøûĊþñüĒ-íìüùúøìîĒ íìüúô öúüöìüðô ùìþôĔìĕúô 
ìùðúóìïôüôĕúô øìüöĄñõðñüĒ ôýþôĀúðì Ąÿð. Ôù øñþúð ôùăÿùôù íìüúô þìĕôċô ùìėĄìô 
(û÷ìùô) øìĕì÷÷ô öúü, ĕôýúíöÿùôô ĕìĔøô öúüĕú øìîüôðô ôýþôĀúðì íÿð.  

Öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñüĕú íú ôýþôĀúðì ìó þñāùú÷úïôċĕúô øÿúýôü ìøì÷Ē 
Ąÿðì, ôøöúù øñðôĕìùð, öô öúüĕú íú ýìĕñĕôô öúĀĒ îì ðìü ýìþĕô íì÷ìùð ìùĔúø ðúðì Ąìîìùð 
[12]. 

Ðìü øìüöĄñõðñüôċ ÿýÿ÷ô øìĆøÿ÷þìüôù ìööúýôô þìāñúøñþüĒ íÿðì, úùüú ðìü Ąìüúôþĕú 
ïÿùúïÿù ôýþôĀúðì øñíìüìùð. 

Öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñü ìó Ĕúùôíô øÿì÷÷ôċ íú þìāñúøñþüô 
üúíúþôöÿùúùôðìĄÿðìô Leica TS16 ïÿóìüúùôðì øñĄìîìùð. Ìóíìýöô ôù ìýíúí ċöñ ìó 
øÿúýôüþìüôù îì öúøô÷þìüôù ìýíúíô øìüöĄñõðñüĒ íÿðì, ðìü ĔÿøĕÿüĒ þìùĕú ðìü öúùô 
þô÷÷úô ãÿ÷íúĒ ôýþôĀúðì øñĄìîìð, þìîýôĀô úùüú ðìü óñü øÿĀìýýì÷þìü øñúîìüñø. 

 

Üìýøô 2. Ùìøÿðô ÿøÿøôô þìāñúøñþüô 
üúíúþôöÿùúùôðìĄÿðìô Leica TS16 

Figure 2. General view of the Leica TS16 robotic total 
station 

Üìýøô øÿì÷÷ôĀ 

Þìāñúøñþüô üúíúþôöÿùúùôðìĄÿðìô Leica TS16 ċöñ ìó ìýíúíĕúô øÿúýôüô ïñúðñóĒ¬
øìüöĄñõðñüĒ øìĕýÿí øñČíìð (üìýøô 2) îì ðìü ĔÿøĕÿüĒ ĕìøìïĒ ăìùð ìðìð ìó ôù ìýíúí 
øìîüôðô ôýþôĀúðì ėìüúü ðúüìð. 
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Þìāñúøñþüô Leica TS16 P R500 ċö ìýíúíô üúíúþôöÿùúùôðìĄÿðìô āÿðúøĘó íÿðì, ðìü 
øÿĕôþô þìĆøôùúþô íìüùúøìîôô Leica Captivate öúü øñöÿùìð. Úù ðúüúô Āÿùöýôċô ĔÿýþÿĔĘô 
Āìîüôô ôùĆôöúýöÿùìùðì øñíúĄìð, öô ĕìþþú ûìý ìó ėìþĆô öĘþúĕô þìøúý íìõùô ðìýþïúĕĕú 
ìýíúíüú íì þìîüô āÿðöúü íì ôùĆôöúýöÿùìùðì üìîúùì øñöÿùìð. 

ÙôĄúùðôĕìùðìĕúô ÿøÿøôô þìāñúøñþüô Leica TS16 P R500: 
- ðìėôėôô öÿùĔô 3ǌ; 
- ĔÿýþÿĔĘô āÿðöúüô ôùĆôöúýöÿùìùðì; 
- ìööúýôô üúíúþĒ ìó Ĕúùôíô ċö úûñüìþúü; 
- öìĄôðìùô úíĆñöþĕúô āìþþĒ îì øôùþìėìîĒ ðìü ýìĕüú; 
- öúü íú Āìõ÷ĕúô öì÷úùĕìĔøô DXF (þú 50 ØÍ); 
- Āÿùöýôċô ĔÿýþÿĔĘô Āìîüôô ôùĆôöúýöÿùìùðì. 
Íìüúô ĔÿýþÿĔĘô ĀìîüĒ îì ùôĄúùïôüĒ íì ôùĆôöúýöÿùìùðì, ôýþïúĕô ÿøÿøôô Leica TS16 

P R500 ðúüúô þñāùú÷úïôċô ATRplus øñíúĄìð. Ìïìü ĔÿýþÿĔĘõô ûüôóøì ìó ýìíìíô øúùñì ïÿø 
Ąìîìð, Āÿùöýôċô PowerSearch ìýíúíüú íì þìîüô āÿðöúü íú ôùĆôöúýöÿùìùðì ìó ùìî 
ĕìøúĕìùï øñöÿùìð. 

ØìĔøììô íìüùúøìîôô Leica Captivate, öô íú þìāñúøñþüô Leica TS16 P R500 ĕìøúĕìùï 
Ąÿðììýþ, Āÿùöýôċô ìýíúíüú íñĕþìü øñöÿùìð. ØìĔøÿô þìøúøô íìüùúøìĕú íì úýúùĒ ðìü 
üĘõāìþ Ĕúõïôü öìüðì Ąÿðììýþ, öô ùôČó íì öÿĄúðìùô Ĕìðîì÷ĕúô ô÷úîìïôüú ìó íìõù øñíìüìð. 

Íì þÿĀìõ÷ô ðìýþïôüôô îúüôðúþô Āìõ÷ĕúô DXF ôøöúù ûìõðú øñĄìîìð, öô íú úù ăô 
ĕìøăÿù óìøôùì (þìöċïúĕ) îì ăô ĕìøăÿù āìüôþìô ĀìĆú÷ öúü öìü÷ì Ąìîìð. Çìøóìøúù, ðúôüìô 
îìýñô ĕôýúíöÿùôĕúô ïñúøñþüôċô öúúüðôùìþìĕú ùôó ðìýþüìýìùð. 

Çìøì øìĆ÷ÿøúþô ìööúýôô þìāñúøñþüĒ ðìü ĉöüìùô ýñùýúüôô üìùïìô 800 x 480 ûôöýñ÷ 
ðúĄþì, öô ðìü ĔìüìČùô öúüĒ üìîĄìù ìýþ, ùôĄúù ðúðì øñĄìîìð, öô ôù öúüüú ðìü üñĔìô ùÿüô 
ðÿüìāĄúù úýúù øñöÿùìð. Ö÷ìîôìþÿüìô 37-þÿïøìîôô ì÷ôĀíúĒ-üìėìøĒ ðìü ĕìüðÿ þìüìĀô 
ìýíúí Ĕúõïôü ìýþ, öô ôøöúù øñðôĕìð ìùðúóìïôüôüú ðìü ðÿ þìüìĀ ėÿ÷ìõ ìùĔúø ðúð. 

Çìøôù þìüôė, þìāñúøñþüô üúíúþôöÿùúùôðìĄÿðìô ċö ôýþïúĕô ÿøÿøôô üúíúþôô 
øÿĕìùðôýôô íì÷ìùðýôĀìþ íú ðìėôėôô ìùðúóìïôüôô öÿùĔô 1"-5", íì ðìýþ úîìüðìùô 
ìîþúøìþôô ĕìðìĀ (ATRplus) îì ýöìùöÿùĒ øñíúĄìð, öô íìüúô öúüô ċö úûñüìþúü ûñĄíôùĒ 
Ąÿðììýþ. Úù íú øìýúĀìýìùĔĒ íñ ôùĆôöúý (R500/R1000 m), þñāùú÷úïôċô PowerSearch 
(ĔÿýþÿĔĘô ĀìîüĒ) îì DynamicLock (ðìüČĀþô ĕìðìĀô ĕìüìöìþöÿùìùðì) øÿĔìĕĕìó ìýþ îì ðìü 
íìüùúøìô Leica Captivate-üú ðìü Windows CE öúü øñöÿùìð, üñõþôùïô øÿĕúĀôóìþôô IP55 
ðúüìð îì ðìü ðôìûìóúùô ĕìüúüìþôô ìó ¬20¸C þú +35¸C öúü øñöÿùìð. 

áÿýÿýôċþĕúô ìýúýôô þñāùôöôô Leica TS16 ăÿùôùìùð: 
- øìýúĀìýìùĔ (íñ ôùĆôöúý): 500 ø (R500) Č 1000 ø (R1000). 
- ðôìûìóúùô ûüôóøì: þú 3500 ø (ðìü ĕú÷ìþô ðôìûìóúùô îìýñĆ - þú 10,000 ø). 
- ðìėôėôô ìùðúóìïôüôô āìþþĒ: 1 øø + 1.5 ppm (íìüúô ċö ûüôóøì). 
- þñāùú÷úïôċĕúô üúíúþôô ôíúüìþ ìó 1) ATRplus: íì ðìýþ úîìüðìùô āÿðöúüô ĕìðìĀ îì 

ûìõïôüĒ. 2) PowerSearch: íì ðìýþ úîìüðìùô óÿðô ĕìðìĀ ÔùĆôöúýöÿùìùðì (360¸) îì 3) 
DynamicLock: ĕìðìĀô ĕìüìöìþöÿùìùðìüú ėÿ÷Ā øñöÿùìð îì ùôïúĕ øñðúüìð. 

- öìøñüì: TS16 I ìó öìøñüìô îìýñĆöÿùĔĒ (5 MP) íìüúô ùôĄúùïôüĒ îì ĉĔúðô öúùþÿüĕúô 
ìöý ôýþôĀúðì øñíìüìð. 

- ôùþñüĀñõýĕú: USB, Bluetooth, WLAN (Wi-Fi), SD öúüþ. 
- ðôýû÷ñõ: ĉöüìùô ýñùýúüôô üìùïìô 5 ðĊõøĒ (WVGA).  
- āúþôüìô ðúāô÷Ē 2 ÏÍ. 
- āÿýÿýôċþĕúô āúýýì: ýôýþñøìô óôððô üìíÿðìù (ðÿóðĒ) LOC8, EGL, ăñùöÿùôô 

ìîþúøìþôô íì÷ìùðĒ. 
Leica TS16 ðìü öúùĀôïÿüìþýôċĕúô ïÿùúïÿù (A, P, M, I) ðìýþüìý ìýþ, öô íìüúô 

îìóôĀìĕúô øÿĄìāāìýô øÿĕìùðôýĒ îì þì÷ìíúþô ìîþúøìþôóìþýôċ øÿþúíôė öìüðì Ąÿðììùð. 
Leica TS16 øñþìîúùìð ôùăÿùôù þìîìýýÿþô øúĕîúüì ùôó øìĆ÷ÿøúþ ïôüìð Č ôùþôėú÷ öÿùìð [9]. 

ÙìþôĔìĕú. Þìĕėôėúþô ìùĔúøðúðìô øú øÿĄìāāìý öìüð, öô ýúāþúüô ïñú÷úïôô öúùô 
þô÷÷úô ãÿ÷íúĒ øÿüìööìí íÿðì, úù ìó āÿýÿýôċþô ýúāþúüôîÿ ïñú÷úïôô øìõðúùô øìĆðìùôô 
Öúùăúă îúíìýþì ìýþ. 

Øôùþìėìô øìĆðìùô ØúĎôČùÿ Éìüìöÿ÷ öúùô øìĆðìùô Öúùăúă îì ċö ėìþúü ûìõðúôĄĕúô 
øìĆðìùüú ðìü Ďìüí îì Ąìüėô úù ðìü íìü øñïôüìð, öô ðìü ýìøþô ìüóĒ þÿ÷ øñöìĄìùð îì 
ėôýøô Ĕìùÿíôô ùúĕôċô ÔýöìùðìüöĘ÷ îì ĕìîóìô ðìüČô ÉìüúöĘ÷üú Āìüú øñïôüìùð [13]. 
Éôýøìþô ïñú÷úïôô öúùô øìĆðìùô Öúùăúă ìó ðú÷úøôþĕúô S2 úĎúó øñĄìîìð. Ìó ýìíìíô 
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þìĎõôüúþô øñþìýúøìþôþôô Ąìðôð, úùĕú ìó Ĕúùôíô ïñú÷úïĕúô ôýþñĕýú÷úþ ĕìøăÿù ûúüĀôüĕúô 
öîìüýôô øñþìøúüĀôóøĄÿðì ĕôýúíôðì Ąÿðì íÿðìùð, ìøøú øìĆ÷ÿø Ąÿð, öô úùĕú ðú÷úøôþ 
øñíúĄìùð [4]. ÀìĀýôô ðú÷úøôþĕú þú 40 øñþü ìýþ. Ðìü íú÷úô ðú÷øôþĕú úĕìöýìùïĕúô C1 
āúíôðììùð, öô 350 øñþü ĎìĀýĒ ðúüìùð. Éìíìþô íú÷úôô úùĕú ýîôþìô ðìüìāþôýÿüāô (C2+3dr) 
ôíúüìþ ìó üñïýìùïĕú, ì÷ñîüú÷ôþĕú, ý÷ìùñþýĕú îì ïüìîñ÷ôþĕú øñíĄìð, öô þú 750 øñþü ĎìĀýĒ 
ðúüìùð. 

Ìó Ĕôĕìþô ýúāþúüĒ, öúùô øìĆðìùô Öúùăúă ċö ėìþúü āÿýÿýôċþĕúô āúý ðúüìð, öô úùüú ìó 
ðôïìü öúùĕúô ýôøúíÿ ýÿüøì ðìü øôùþìėìô øìĆðìùôô ÓìüìĀĄúùÿ Çôýúü Āìüė øñöÿùìð. 
Øÿĕôøþìüôùô ôùĕú ĔúõïôüĄìîôô úù ðìü öìùúüô Ĕìùÿíôô øôùþìėìô þñöþúùôöôô Çôýúüô 
ØìüöìóĒ øñíúĄìð, öô ðúüúô ĀìĆú÷ôċþô þñöþúùôöôô Ąìðôð øñíúĄìð. Ôù ìó ýìíìíô 
ĔúõïôüĄìîôô øìõðúùô øìĆðìù ðìü ûìõîìùðô ðÿ øôùþìėìô ýúāþúüĒ-þñöþúùôöĒ øñíúĄìð, öô 
íú ýôýþñøìô Ąôöìýþìĕúô ýÿíûìüì÷÷ñ÷Ē îì øÿüìööìíñ, öô íú ýúāþúüĕúô ðñüôùì ì÷úėìøìùðÿ 
øìĕðÿð ìýþ. Ðìü ċöñ ìó ôù Ąôöìýþìĕú Ąôöìýþìô íÿóÿüïô ĎñĔôĄô öĘăìùðìô (îóíüúýú-ùìðîôï) 
ÉìüúöĘ÷ øñíúĄìð, öô þìîìýýÿþô úù ðú÷úøôþĕú îì ýìùïĕúô úĕìöýìùï ìó Ąôøú÷ íì íú÷úô 
ėìíìþĕúô þñüüôïñùôô ûì÷ñúóúô íú÷ú íìüúøìðììùð, öô ôù íìüúô øìĕ÷ÿ÷ĕúô øìĆðìùðúüô 
ýôøúíÿ ýÿüøì ĕìøăÿù ûìüðìô ĎìõüôøÿėìüüìüĒ āôóøìþ öìüðììùð.  

ÙìėĄô þìùóôøöÿùìùðìô øìĆðìùô Ąôöìýþìĕúô íú÷úöìĄìùðìô ÉìüúöĘ÷ íú øìĕðÿð 
íÿðìùô öúùô Öúùăúă øÿìõċù öìüðì øñĄìîìð, öô íú ĕìĔøô óôČðô øìĆðìù îì þìüöôíô 
íôýČüĔÿóĆôô úù ì÷úėìøìùð ìýþ. Íìü āô÷úĀô ðôïìü öúùĕúô ýôøúíÿ ýÿüøì ðìü ÞúĔôöôýþúùô 
ØìüöìóĒ, öúùô Öúùăúă ôùăÿùôù íú úù íñùìóôü ìýþ, öô úù Ąôöìýþìĕúô óñüô ýúāþúüĕúô 
þñöþúùôöôô óñüô üĘĎñĔôĄĒ ėìüúü ïôüôĀþì ìýþ.  

Öúùô þô÷÷úô ãÿ÷íúĒ íì ïÿüĘĕô öúùĕúô øôČùì îì ûìýþĕìüúüìþôô ĉûôþñüøì÷Ē øìùýÿí 
ìýþ. Öúù ïÿùúïÿùþìüöôí íÿðì, ìó øìĆðìùĕúô þô÷÷ú, ýÿüøì îì ýôøúí, öô ðìü Ąìüúôþô 
ÿøÿøôô ïñú÷úïôĊ þñöþúùôöĒ ûìõðú Ąÿðììùð, ôíúüìþ ìýþ. Þìüöôíô øìĆðìùĕúô öúùô ãÿ÷íúĒ 
ìýúýìù ìó øôùñüì÷ĕúô ìùþôøúùôþ, öôùúîìü îì ûôüôþ ôíúüìþ íÿðì, ĕìøóìøúù, øôùñüì÷ĕúô 
ĕìøüúĕ íì øúùìùðô ïÿüĘĕô þô÷÷úô āÿðüĘõ, ýĀì÷ñüôþ, øìüöìóôþ, ìüýñùúûôüôþ, üñì÷ïìü, 
ïñøìþôþ, íÿ÷ìùòñüôþ, ïñþôþ ùôó ðúüìð. 

Ðìü ĔúõïôüĄìîôô øìĆðìùĕú ðìü ĕÿðÿðô öúù ăÿùôù ėúùÿùôċþô ìøôė úĄöúü Ąÿðììùð, 
öô þôíėô úù øìĆðìùĕúô ýôøúí îì þô÷÷úðúü ðìü ėôþĆìĕúô íì ýìþĕô üĘõô óìøôù ùìóðôö, 
øìĆðìùĕú ýÿüøì ðìü ėôþĆìĕúô øìüöìóĒ, ĎìüíĒ îì ûúČùôô öúù Ĕúõïôü Ąÿðììùð. ãÿùôù 
ėúùÿùôċþô ĔúõïôüĄìîôô øìĆðìùĕú íìüúô ìüóČíôô ðÿüùìøúô öúù ðìü ėôþĆìĕúô ĕìøýúċ îì 
òìüĀô úù ăÿù ðì÷ñ÷ øÿìüüôĀĒ øñĄìîìð. 

Öúùô þô÷÷úô ãÿ÷íúĒ ìõùô óìøúù øìîüôðô ôýþôāüúĔ ėìüúü ïôüôĀþì, ĕìøì ýú÷ ìó úù 
øôėðúüô óôČðô þô÷÷ú ôāüúĔ øñĄìîìð, öô úù ðìü üÿĄðô ýìùúìþô øìĆðìùô ÞúĔôöôýþúù 
ýìĕøô ùìøúČù øñïÿóúüìð.  

Ìõùô óìøúù ìýúýìù íú ÿýÿ÷ô öÿĄúð ôýþôāüúĔ øñĄìîìð. Ðìü øìõðúùô öúù ùìėíĕúô 
óñüôóìøôùĒ ùôó ĕìýþìùð, ìøøú úùĕú ĕìðìĀô ôöþôĄúĀĒ ðúüìùð îì ì÷Ćúù ðìü ôýþôāüúĔô öúù 
ýìĕø ùìðúüìùð. 

Çìøìô üìîìùðô ôýþôāüúĔô öúùô ãÿ÷íúĒ íú öúüĕúô øìüöĄñõðñüĒ Āìüú ïôüôĀþì 
øñĄìîìùð, óñüú íñ þìĆøôùúþô øìüöĄñõðñüĒ þìĕôċô ùìėĄìô öúüöìüð, øÿĄìāāìý ùôĄúù 
ðúðìùô øìîėñô üìāùìöĕúô þìüöôĄĒ (íìüúô üñóì îì ûúüìöÿùôô øìĆðìù îì íìüúô íì 
öúüöìüðô øôùíìĆðì üìîúù öìüðìùô úùĕú), ùôĄúù ðúðìùô ýìøþô öúüĕúô øìĆðìùôĊ öĘĕĒ, 
ĕôýúíöÿùôô óìāôüìĕú, ċĆùñ ĕìĔøô ôāüúĔô øìĆðìù, ôùăÿùôù ĕìĔøô Ĕôùýĕúô íñøìĆðìùô 
ĕìøüúĕô úùĕú ĕìþøĒ øñíúĄìùð. 

Ðìü ÞúĔôöôýþúù öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñüĕú þôíėô ýìùìðĕúô øñĆČüôô 
ėìíÿ÷Ąÿðì ïÿóìüúùôðì øñĄìîìùð [7; 8; 5; 14]. 

Øÿĕúöôøìô ùìþôĔìĕú. Íìüúô øÿìõċù öìüðìùô ĕìĔøô öúüĕúô öĘĕĒ îì ýúāþøúùĒ, íú 
øìöýìðô ĕôýúíöÿùôô āìüúĔúþô øú÷ôċîôô öìùðìù îì öìĄúùôðìùô øìĆðìùĕúô öĘĕĒ 
ìööúýôĕúô øìüöĄñõðñüĒ øúĕñ ċö øìüúþôíì ðìü üĘóô ċöÿøô øúĕ ïÿóìüúùôðì øñĄìîìùð.  

Þìîüñ øìĆ÷ÿø ìýþ, öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñüĕú ìøì÷ôČþñýþ, öô ðìü øìîóñĕúô 
öÿĄúðô ôýþôāüúĔô öúùĕúô øìĆðìù ïÿóìüúùôðì øñĄìîìùð. ÇìðìĀô ìýúýôô úùĕú 
ïÿóìüúùôðìùô ăñùöÿùôĕúô ĀìóúĒ ðìü üĘô óìøôù îì ðìü íìĆóñ ĕú÷ìþĕúô óìüÿüĒ (øìýì÷ìù, 
ĕìùïúøô ôýþôāüúĔô øìĔøììîĒ, ċĆùñ ċöĔúċô üĘõôóìøôùôĊ óñüôóìøôùôô öúù), ăñùöÿùôĕúô 
óñüôóìøôùĒ øñíúĄìð [1; 11]. Ðìü ìýúýô ùìþôĔìĕúô öúüĕúô øìüöĄñõðñüĒ û÷ìùĕú, íÿüôĄĕú 
îì ðôìïüìøøìāú þìüþôí ðúðì øñĄìîìùð, öô íìüúô ôýþôāüúĔô öúù øìîúðô ìýúýĒ øìĕýÿí 
øñČíìùð. 
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Øìėýìðô ìýúýôô öúüĕúô øìüöĄñõðñüĒ, ôù þìĆøôùô üìîìùðô ôöþôĄúĀ îì Č ôýþôāüúĔô 
øìĆðìù îì ôùăÿùôù öúüĕúô ýúāþøúùĒ (ôùĄúúþĕúô öĘĕĒ, þñāùôöĒ, Čüôüìýúù, íôùúĕú, 
ôùĀüìýúāþúü îì Ďìõüì) ðìü ĕÿðÿðô úíĆñöþô ôýþôāüúĔô ýìüîìþĕúô óñüôóìøôùĒ, þìĕôċô 
ĕÿĔĔìþĕúô ôýþôāüúĔĒ îì ïüìĀôöĒ, øÿìõċù ùìøÿðìùô ĕìĔøô öúüĕúô ôýþôāüúĔô øìĆðìùĒ îì 
ýúāþøúùĒ, ïñúøñþüôóìþýôċô Ąìüúôþô ûìõðúôĄô öìùðìùôĕúô Āúôðìùúö, þìĆøôùô Ąìüúôþô 
íñāìþìüô öúüĕúô öĘĕĒ øñíúĄìð [15; 6; 10]. Úùĕú ôùăÿùôù ðìü øìîüôðĕúô óìüÿüĒ íìüúô 
øìĕĀÿóôċþ (öúùýñüîìþýôċ) Č ìóùìîýúóôô (üñöúùýþüÿöýôċ) öúùô óñüôóìøôùĒ Č üĘôóìøôùĒ 
ìùĔúø ðúðì øñĄìîìùð. 

ØÿùðìüôĔìô öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñüĕú ìó ýúāþìù îì þìîýñìô Ąìíìöìĕúô 
ìýúýĒ îì öúüĒ ðìü üĘõô óìøôù; ôùþôėú÷ô ìùðúóìĕúô ÷úôĕìîôô ĕìĀüôČþ, ôùĄúúþ, íôùú îì Ď. 
ðìü øìîóñô öìüõñüĕú; ìùðúóìïôüôĕú ðìü ôùĄúúþô üĘõôóìøôùĒ (îì óñüôóìøôùĒ), ĕìĀüôČþô 
íìüúô ôýþôāüúĔô øìĆðìù øÿėìüüìüĄÿðì; øÿìõċù ùìøÿðìùô øôùþìėìĕúô āìþìüùúö; ìüóČíôô 
ĕú÷ìþô óìāôüìĕúô öìùðìùôĕúô Āúôðìùúö; íìĕôýúíïôüôô ĕìĔøô ôýþôāüúĔ; þìüþôí ðúðìùô 
ùìėĄìĕú îì ðôìïüìøøìĕú; øúùôþúüôùïô ýìüĕìð îì ĕú÷ìþô ėôþĆìĕúô ôýþôāüúĔô øìĆðìù; 
ìÿðôþô øìüöĄñõðñüĒ ôíúüìþ ìýþ (üìýøô 3). 
 

Üìýøô 3. Ìööúýôô ýìĕùô öìüõñü íú øìėýìðô 
ĕôýúíöÿùôô ĕìĔøô ôýþôāüúĔ 
Figure 3. Surveying the quarry to calculate 
production volume   

Üìýøô øÿì÷÷ôĀ 
 

ÚíĆñöþô ìööúýĒ ðìü öìüõñüĕú üñ÷ñĀ îì ĕú÷ìþô ýìþĕô óìøôù, øìüóìĕúô øìĆðìùĕú, 
öìùúüìĕúô íú÷úĒ îì ûúČùôô óôùìĕúô öìüõñü, ýìþĕô øìõðúùô öúüĒ îì ùôĄñíôĕúô öìùúüĕúô 
óôùìĕú, ûìüþúîĕú, ăĘíĕúô ûìüøìöÿùôĊ þìüöúùìùðì, üúĕĕúô ùìė÷ôČþĒ îì ì÷úėì, āìþĕúô íìüė 
îì Ďìõüì øíúĄìùð. 

Öúüĕúô øìüöĄñõðñüĒ íú ÿýÿ÷ĕúô øÿúýôü: ìýíúíĕúô ĉ÷ñöþüúùĒ, øúĕîúüìîĒ, íú 
ôýþôĀúðì ìó ýôýþñøìô GPS, þìĕėôėô Āúþúïüìøøñþüôô ĕìîúĒ Č óìøôùĒ, ÿýÿ÷ô þìāñúøñþüĒ îì 
Ďìõüì ìùĔúø ðúðì øñĄìîìùð. 

ÔýþôāüúĔô øìĆðìù íú ÿýÿ÷ô öÿĄúð (ôùăÿùôù íú ôýþô÷úĕô ôýþôāüúĔô üĘõôóìøôùôô 
øìĆðìùĕú øìĆ÷ÿø ìýþ) ċö ÿýÿ÷ô ôýþôāüúĔô øìĆðìùĕúô Āúôðìùúö ìó öúùĕúô öìùðìùôĕúô 
Āúôðìùúö øñíúĄìð. Úù íìüúô ôýþôāüúĔô óìāôüìĕúñ ôýþôĀúðì øñĄìîìð, öô ðìü òìüĀô ùì 
úù ėìðìü óôČð Ĕúõïôüìùð Č ýúāþøúùô ăúĕĕúüú Č ùìėíĕúüú (Ąìāþì Č Ąþú÷ùċüú) þì÷ìí 
ùìøñöÿùìùð. 

Çìùïúøô ôýþôāüúĔô öÿĄúðô (üĘõôóìøôùôô) öúùô ãÿ÷íúĒ ĕìðìĀô ìýúýôô ìööúýĒ ôùĕú 
øñíúĄìùð:  

¬ ðìü üĘô óìøôù: ìööúýôô üñ÷ñĀ îì úíĆñöþĕú, ðìĕìùìô ăúĕĕúô ĔÿýþÿĔĘôîÿ úíûìüþú, 
ôùĄúúþĕúô ùìė÷ôČþĒ, āìþĕúô íìüė, āìþĕúô ì÷úėì, íôùúĕú îì ôùĄúúþĕú ðìü øìõðúùô 
ýìùúìþĒ, ĔĘõíúüĕúô úíûìüþú, ûìüþúîĕúô ðúôøĒ îì øÿîìėėìþôô Ĕôùýĕúô öĘĕĒ, ìùíúüô 
øìĆðìùāú, Ĕúõĕúô ùìøÿùìïôüôôô øìĆðìù îì Ďìõüì; 

¬ ðìü ĕìĀüôČþĕú (ìýúýìù - öìüõñü): öìùúüìĕúô íú÷úĒ îì ûúČùôô óôùìĕúô öìüõñü, 
üúĕĕúô øúĄôùïìüð, Ďÿ÷íìĕú, āìþþô íìüė, üĘóìùôô øìĆðìùĕú ðìü ýìþĕô óìøôù, øôùþìėìĕúô 
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Ąôöìýþìĕúô þñöþúùôöĒ, ðìĕìùìĕú îì āìþĕúô öúüĕúô ôöþôĄúĀôĊ þìüöôĄĒ, ðüñùìòĒ, 
ýìüĕìðô þìøúýô Ĕôùýĕúô üĘõöìĄô öúù îì øìĆðìù. 

Øìėýìðô ìööúýôĕúô øìüöĄñõðñüĒ ðìü öìüõñüô öúù ôù þìĕôċô ĕÿĔĔìþĕúô ôýþôāüúĔĒ îì 
ïüìĀôöĒ, øÿìõċù ùìøÿðìùô ĕìĔøô öúüĕúô ôýþôāüúĔô øìĆðìùĒ îì ýúāþøúùĒ, 
ïñúøñþüôóìþýôċô øìõðúùô (Āìóúô) öìùðìùôĕúô Āúôðìùúö, þìĆøôùô Ąìüúôþô íñāìþìüô 
öúüĕúô öĘĕĒ øñíúĄìð [1; 7; 5; 14]. Ðìü ôýþôāüúĔô öúùô ãÿ÷íúĒ ìõùô óìøúù ĕìøìô ôù 
ĕìðìĀĕú ûìõïôüĒ öìüðì øñĄìîìùð. 

Ùìøÿðĕúô ìööúýôĕúô øìüöĄñõðñüĒ ðìü öúùô ãÿ÷íúĒ ïÿùúïÿùìùð:  
- ìööúýôĕúô ÿĀÿėĒ ¬ øÿìõċùöÿùôô öúúüðôùìþìĕúô á îì ß-ô úíĆñöþĕú;  
- ìööúýôĕúô ìøÿðĒ ¬ øÿìõċùöÿùôô íì÷ìùðôô Z (øìýì÷ìù, øìîóñõô ôāüúĔ);  
- ìööúýôĕúô øìĔøììîĒ ¬ øÿìõċùöÿùôô ĕìü ýñ öúúüðôùìþìĕúô úíĆñöþĕú: X, Y, Z (Ù). Ôù 

ùìøÿð ìó ĕìøì øìĆøÿ÷ ìýþ, óñüú þìāñúøñþüô üúíúþôöÿùúùôðìĄÿðì ôøöúùôċþ øñðôĕìð, öô ôù 
ăúü ìùðúóì ăñù öìüðì Ąìîìùð (üìýøô 4). 
 

 

Üìýøô 4. ÆìüìČùô öúüôô ìööúýôô ðìĕ÷ñóô ùìėíô 
ôöþôĄúĀĒ íú þìāñúøñþüô ĉ÷ñöþüúùôô Leica TS16  
Figure 4. The process of mine surveying of the exploration 
tunnelportal using a Leica TS16 electronic tacheometer  

 
Ýô÷ýô÷ìîôċþô (ðìîüôċþô) ìööúýôĕúô øìüöĄñõðñüĒ ðìü öìüõñüô ãÿ÷íúĒ îúíìýþì ìó 

ĉĕþôČĔúþô ôýþñĕýú÷Ē øÿėìüüìü öìüðì øñĄìîìð. Úðìþìù ìó üĘõô ÷úôĕìô ôýþôāüúĔô öúù 
ðìîüôċþ ùì öìøþìü ìó ċö øìüúþôíì ðìü ýñøúĕì íÿðì, ĕìùïúøô ôýþôāüúĔô öúù ùì öìøþìü ìó 
ċö øìüúþôíì ðìü ĄìĄ øúĕ øÿėìüüìü öìüðì øñĄìîìð.  

Ðìėôėôô ìööúýôĕúô øìüöĄñõðñüĒ ðìü ôýþôāüúĔô öÿĄúðô öúù þôíėô þì÷ìíúþô øñĆČüĒ 
íú ùôĄúùðôĕìùðìĕúô óñüôù þìîýôĀ öìüðì øñĄìîìð [15; 2; 10¬17]:  

¬ Āìüėôċþô íìõùô þìüĕô úíĆñöþ ðìü ùìėĄì þìüôėô ðÿ ìööúýĒ ¬ ùì óôČðì ìó 1 øø; 
¬ Āìüėôċþô ì÷úøìþĕúô íì÷ìùðĒ ìó ðÿ øÿìõċùöÿùĒ ¬ ùì óôČðì ìó 40 ýø; 
¬ þìýúðÿĀô ôùþôėú÷ô ûôöñþ ðìü û÷ìù ¬ ùì íñĄþìü ìó 0,5 øø; 
­ āìùïúøô ìööúýĒ íú ìýíúíĕúô úûþôöõ øìýúĀìô íìõùô ûôöñþāú îì ìó ìýíúí þú 

úíĆñöþô ìööúýôĄìîìùðì îúíìýþì ìó úíĆñöþ îì øôėČýô ìööúýĒ ôùþôāúí öìüðì øñĄìîìð. 
áÿ÷úýì. Ðìü ÿøÿø, þìîüñ ìó þìĕ÷ô÷ô øìîúðô úîìüðìô øÿì÷÷ôĀúù íìüøñúċð, ðìü 

ôýþôāüúĔô öÿĄúðô (üĘõôóìøôùôô) öúùô þô÷÷úô ãÿ÷íúĒ, îúėñĆ ðìü ùúĕôċô ÌõùĒ ÿýÿ÷ĕú îì 
ìýíúíÿ þìĕĔôóúþô øÿúýôü ôýþôĀúðì Ąÿðì, öúüĕúô øìüöĄñõðñüĒ, ìó Ĕÿø÷ì, ìööúýôĕúô 
øìüöĄñõðñüĒ, ĕôýúíô ĕìĔøô öúüĕú, ĕìĔøô øìĆðìùô ôāüúĔĄÿðì îì ðôïìü ùìøÿðô öúüĕú 
þôíėô þì÷ìíúþô ýìùìðĕúô øñĆČüôô øìîĔÿðì ðìü ýìþĕô óìüÿüĒ îì ýìĕñĕôô íì÷ìùð ïÿóìüúùôðì 
Ąÿðìùð.  

Ìó øìîúðô úîìüðìĄÿðì ăÿùôù íìüøñúċð, öô öúùô þô÷÷úô ãÿ÷íúĒ íì ïÿüĘĕô öúùĕúô 
øôČùì îì ûìýþĕìüúüìþôô ĉûôþñüøì÷Ē øìùýÿí ìýþ. Öúù ïÿùúïÿùþìüöôí íÿðì, ìó øìĆðìùĕúô 
þô÷÷ú, ýÿüøì îì ýôøúí, öô ðìü Ąìüúôþô ÿøÿøôô ïñú÷úïôĊ þñöþúùôöĒ ûìõðú Ąÿðììùð, 
ôíúüìþ ìýþ. Þìüöôíô øìĆðìùĕúô öúùô ãÿ÷íúĒ ìýúýìù ìó øôùñüì÷ĕúô ìùþôøúùôþ, öôùúîìü 
îì ûôüôþ ôíúüìþ íÿðì, ĕìøóìøúù, øôùñüì÷ĕúô ĕìøüúĕ íì øúùìùðô ïÿüĘĕô þô÷÷úô āÿðüĘõ, 
ýĀì÷ñüôþ, øìüöìóôþ, ìüýñùúûôüôþ, üñì÷ïìü, ïñøìþôþ, íÿ÷ìùòñüôþ, ïñþôþ ùôó ðúüìð. 

Ðìü ĔúõïôüĄìîôô øìĆðìùĕú ðìü ĕÿðÿðô öúù ăÿùôù ėúùÿùôċþô ìøôė úĄöúü Ąÿðììùð, 
öô þôíėô úù øìĆðìùĕúô ýôøúí îì þô÷÷úðúü ðìü ėôþĆìĕúô íì ýìþĕô üĘõô óìøôù ùìóðôö, 
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øìĆðìùĕú ýÿüøì ðìü ėôþĆìĕúô øìüöìóĒ, ĎìüíĒ îì ûúČùôô öúù Ĕúõïôü Ąÿðììùð. ãÿùôù 
ėúùÿùôċþô ĔúõïôüĄìîôô øìĆðìùĕú íìüúô ìüóČíôô ðÿüùìøúô öúù ðìü ėôþĆìĕúô ĕìøýúċ îì 
òìüĀô úù ăÿù ðì÷ñ÷ øÿìüüôĀĒ øñĄìîìð. 

Öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñüô ùúøíìüĄÿðì ìøì÷ôČþñýþ, öô ðìü øìîóñĕúô öÿĄúðô 
ôýþôāüúĔô öúùĕúô øìĆðìù ïÿóìüúùôðì øñĄìîìùð. ÇìðìĀô ìýúýôô úùĕú ïÿóìüúùôðìùô 
ăñùöÿùôĕúô ĀìóúĒ ðìü üĘô óìøôù îì ðìü íìĆóñ ĕú÷ìþĕúô óìüÿüĒ (øìýì÷ìù, ĕìùïúøô 
ôýþôāüúĔô øìĔøììîĒ, ċĆùñ ċöĔúċô üĘõôóìøôùôĊ óñüôóìøôùôô öúù), ăñùöÿùôĕúô 
óñüôóìøôùĒ íú ýìĕñĕôô öúĀĒ øñíúĄìð. Ðìü ìýúýô ùìþôĔìĕúô öúüĕúô øìüöĄñõðñüĒ û÷ìùĕú, 
íÿüôĄĕú îì ðôìïüìøøìĕú þìüþôí ðúðì øñĄìîìùð, öô íìüúô ôýþôāüúĔô öúù øìîúðô ìýúýĒ 
øìĕýÿí øñČíìùð.  

Öúù ìõùô óìøúù øìîüôðô ôýþôāüúĔ ėìüúü ïôôüôĀþì, ĕìøì ýú÷ ìó úù øôėðúüô óôČðô 
þô÷÷ú ôāüúĔ øñĄìîìð, öô úù ðìü üÿĄðô ýìùúìþô øìĆðìùô ÞúĔôöôýþúù ýìĕøô ùìøúČù 
øñïÿóúüìð. 

Öúüĕúô øìüöĄñõðñüĒ üìîìùðô ðúôøôô ôýþñĕýú÷Ē íÿðì, øÿùþìóìø îì íñþìùùìĀÿý ðìü 
þìøúøô ðìîüìô ôýþôāüúĔô öÿĄúðô öúùô þô÷÷úô ãÿ÷íúĒ ïÿóìüúùôðì øñĄìîìùð.  
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áßÝßÝÔëÞÇÚÔ ÞÌäÖÔ× ÎÌ ÌØÌ×ÔÝÚÓÔÔ ÖÚÜÇÚÔ ØÌÜÖäÑÕÐÑÜÄ ÐÌÜ ÔÝÞÔáÜÚÆÔ 

ÖßäÚÐÔ ÖÚÙÔ ÞÔ××ÚÔ ãß×ÍÚ (ÙÚÇÔëÔ ÌÕÙÄ) 
Ðìü öúùô þô÷÷úô ãÿ÷íúõ, öô ðìü ùúĕôċô ÌõùĒ Ĕúõïôü ìýþ, ìõùô óìøúù ôýþôāüúĔô øìĆðìù ìýúýìù íú 

ôýþôĀúðì ìó ôýþôāüúĔô öÿĄúð (öìüõñü) ìùĔúø ðúðì øñĄìîìð. Ðìü ôýþôāüúĔô öÿĄúðìô öúùô ãÿ÷íúõ ÿýÿ÷ĕú îì 
þìĔĕôóúþô øÿúýôü ôýþôĀúðì øñĄìîìùð îì ìøì÷ôČþô øìüöĄñõðñüĒ, ìó Ĕÿø÷ì ûñĄíÿüðô ðìĀþìüô íìėìõðïôüĒ 
(ĉ÷ñöþüúùĒ), ĕôýúí öìüðìùô ĕìĔøô öúüĕú, øìĆðìùĕúô ôýþôāüúĔĄÿðì îì ðôïìü öúüĕú, øÿîúĀôėô þì÷ìíúþô 
øñĆČüôô ĔúüĒ ðìü ýìþĕô íì÷ìùð ìùĔúø ðúðì øñĄìîìùð. Ìøì÷ôČþô øìüöĄñõðñüĒ ðìü þÿ÷ô ðìîüìô ôýþôāüúĔ 
øÿùþìóìø îì ûìõîìýþì ìùĔúø ðúðì øñĄìîìùð îì üìîìùðô ûìõîìýþìô ôýþñĕýú÷úþüú ôĀúðì øñöÿùìùð. Þìøúøô 
üìîìùðô üÿĄð ðìü öúùô ãÿ÷íúõ íú ìøì÷ôČþô øìüöĄñõðñüĒ Āìüú ïôüôĀþì Ąÿðììýþ, öô úù ôøöúù øñðôĕìð þú 
ùìėĄìô üÿĄð, ĔúõïôüĄìîôô ăúĕĕúô (üìāùìöĕúô) þìüöôĄĒ, ýìøþô ôýþôāüúĔ, üÿĄðô üìîìùðô ôýþôāüúĔô öúù îì 
ĕôýúí öìüðìùô óìāôüìĕú, ċĆùñ ĕìĔøô øìĆðìùô ôýþôāüúĔĄìîìùðì îì ĕìĔøô Ĕôùýĕúô ìó øìĆðìù úüôô ûìüþúî 
øìüíÿþ íì úù øÿìõċù öìüðì Ąìîìð. Ðìü üìîìùðô öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñü ýô÷ýô÷ìîôċþô (ðìîüôċþô) 
úùĕú, öô îúíìýþì ìó þì÷ìíúþô ôýþñĕýú÷Ē þìĆôù öìüðì øñĄìîìð, üôúċ öìüðì Ąÿð: ýìùìðĕúô øñĆČüĒ þì÷ìí 
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øñöÿùìùð, öô ðìîüôċþô öúüĕúô ùì øìüöĄñõðñüĒ ċö øìüúþôíì ðìü ċö öîìüþì÷ (ýñøúĕì) íúċð íúĄìð. Ðìü 
ôýþôāüúĔô öúù íúĄìð, ôù ðìîüôċþ ðìü ùôøýú÷ ùì öìøþìü ìó ċö øìüúþôíìüú þìĄöô÷ øñðôĕìð. Þì÷ìíúþô ìýúýôô 
ýìùìðĕúô øñĆČüĒ íì öúüĕúô øìüöĄñõðñüĒ ðìü öìüõñü ôù üôúċô ĕìþøôô ĕÿðÿðô āìþúïôĕúô ôøöúùûìóôü 
øñíúĄìð, öô îúíìýþì ìó úíĆñöþô ìööúýĒ ìó 0,5 øø þú 1,0 øø íìüúô øìîėñô ùìėĄìîĒ îì ùì óôČðì ìó 40 ýø ¬ 
íìüúô íì÷ìùðôĕúô üñ÷ñĀ øÿėìüüìü öìüðì Ąÿðììùð. 

Öì÷ôðîúòìĕú: ÞúĔôöôýþúù, ùúĕôċô ÌõùĒ, öúùô þô÷÷úô ãÿ÷íúõ, ïñú÷úïôċ, öúüĕúô øìüöĄñõðñüĒ, 
ìööúýĒ, øÿìõċù öìüðìùô ĕìĔø, íìĕôýúíïôüôô óìāôüìĕú. 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʈɻɸʅʀɿɸʎʀʀ ʀ ʇʈʆɺɽɼɽʅʀʗ ʄɸʈʂʐɽʁɼɽʈʉʂʀʍ ʈɸɹʆʊ ʇʈʀ ʆʊʂʈʓʊʆʁ 

ʈɸɿʈɸɹʆʊʂɽ ɿʆʃʆʊʆʈʋɼʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʏʋʃɹʆʀ (ɸʁʅʀʅʉʂʀʁ ʈɸʁʆʅ) 

ʅʘ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʏʫʣʙʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ɸʡʥʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʫʣʙʦʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʦʚ, ʨʘʩʯʝʪ 

ʦʙʲʝʤʦʚ ʨʘʙʦʪ, ʦʙʲʝʤʦʚ ʜʦʙʳʪʦʡ ʨʫʜʳ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʨʘʙʦʪ, ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʄʘʨʢʰʝʡʜʝʨʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʦ ʠ 

ʧʦʩʪʦʷʥʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʜʦʙʳʯʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʏʫʣʙʦʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪʩʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤʠ ʨʘʙʦʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʥ ʨʘʟʨʘʙʦʪʢʠ, ʦʙʦʟʥʘʯʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ, ʫʢʘʟʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʦʙʳʯʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʪʴ ʟʘʧʘʩʳ, ʪ.ʝ. ʦʙʲʝʤ ʠʟʚʣʝʢʘʝʤʦʡ ʨʫʜʳ, ʘ ʪʘʢʞʝ ʦʙʲʝʤ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʫʩʪʳʭ ʧʦʨʦʜ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʝ ʩʦʙʣʶʜʘʣʘʩʴ ʠʭ ʯʘʩʪʦʪʘ 

(ʧʝʨʠʦʜʠʯʥʦʩʪʴ), ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ: ʠʥʩʪʨʫʢʮʠʠ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʩʦʩʪʘʚʣʷʣʘ ʦʜʠʥ ʨʘʟ ʚ 3 ʤʝʩʷʮʘ (ʢʚʘʨʪʘʣʴʥʦ). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʧʦʣʫʛʦʜʠʠ. 

ɻʠʜʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʢ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ ʨʘʙʦʪʘʤ ʥʘ ʢʘʨʴʝʨʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʧʨʝʜʝʣʦʚ ʚʦʟʤʦʞʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ ï ʦʪ 

0,5 ʤʤ ʜʦ 1,0 ʤʤ ʜʣʷ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʥʝ ʙʦʣʝʝ 40 ʩʤ ʜʣʷ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʨʝʣʴʝʬʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ɸʡʥʠʥʩʢʠʡ ʨʘʡʦʥ, ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʏʫʣʙʦʡ, ʛʝʦʣʦʛʠʷ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʨʘʙʦʪʳ, ʩʲʝʤʢʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ, ʫʯʝʪ ʟʘʧʘʩʦʚ. 

 

FEATURES OF ORGANIZING AND CONDUCTING OF MINE SURVEYING WORKS IN OPEN-MINING OF 

THE CHULBOI GOLD DEPOSIT (AYNINSKY DISTRICT)  

At the Chulboy gold deposit, located in the Ayni district, mining is currently conducted primarily using open-pit 

mining. Modern methods and equipment are used in open-pit mining at the Chulboy deposit, and surveying operations, 

including logbook maintenance, calculation of work volumes, ore extracted, and other tasks, are carried out to a high 

standard in accordance with current regulatory requirements. Surveying operations are conducted regularly and 

continuously throughout the mining period and represent a continuous production process. Surveying operations cover the 

entire development process at the Chulboy deposit, enabling the development of a development plan, the location of 

blastholes, the direction of mining and quarry development, and the calculation of reserves, i.e., the volume of extractable 

ore and the volume of associated waste rock. 

Keywords: Tajikistan, Ayni district, Chulboy gold deposit, geology, mine surveying, surveying, volume 

determination, reserve accounting. 
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ÞÐß: 551.324 (575.3) 
ÞÌÙÌÓÓß×¾ÍÔÔ ÇÚ×ÌÞÔ ÛÔÜëáÇÚÔ ÛÌ×ÐÚÜÌÖÔ ÇÌÎÓÌÔ ÐÌÜ¾Ô 

ÓÌÜÌàäÚÙ ÐÌÜ äÌÜÚÔÞÔ ÞÌÀÕÔÜ¾ÍÔÔ ÔÉ×ÔØ  
 

Üìýÿ÷óúðì Ç.Ç., Éúðôüúî Ç.Ý. 
Øìüöìóô úøĘóôĄô ûôüċāĕúô Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù  

 
Øÿėìððôøì. µÞìĎõôüČíôô ôė÷ôø íì þìøúøô Ĕìùíìĕúô ĀìĆú÷ôċþô ôùýúù, ýúĕìĕúô 

ôėþôýúðôĊ ôĔþôøúĒ, óìāôüìĕúô þìíôĒ îì øÿĕôþô ìþüúĀ þìĆýôüô ìøôė øñüìýúùìð. Þìíôôýþ, 
öô ðìü ùìþôĔìô þìĎõôüúþô ôė÷ôøĒ ðìîúøô ýú÷ĕúô úāôü ðìü ýìüúýìüô Ĕìĕúù ĕìüúüìþô 
üñöúüðôô ĕìîú, øôėðúüô óôČðô ĕúðôýìĕúô ýĘāþúü îì þÿĀúùĕúô Ąìðôð íì ìøì÷ úøìðì, 
ýìíìíïúüô íÿĕüúùĕúîÿ úĀìþĕúô Āì÷úöìþúîìü øñïìüðìð½ [7,ý.4]. µÖúĕôĄČíôô ûôüċāĕú ðìü 
ôù üìîìùð āñ÷ñ ùìóìüüìý øñíúĄìùð îì øÿĄöô÷úþô óôČðñüú úôð íì øìýúô÷ô þìĆøôùô úí íì 
øôČù øñúüìùð½ [3]. µØÿîúĀôėô ìüóČíôĊ þìĕ÷ô÷ĕúô øìîĔÿðì þú ýú÷ô 2030 þìĆøôùúþô úí íì 
ĕìü ýìüô ìĕú÷Ē íì ĕìððô ùôĕúôîÿ āìþìüùúöô āÿð ¬ öìøþìü ìó 1,7 ĕìóúü ø3 ðìü ċö ýú÷ 
øñüìýìð. Ðìü øÿėúôýì íúċð ïÿĀþ, öô ôù ùôĄúùðôĕìùðì ðìü ýú÷ĕúô 60-ÿøô ìýüô ïÿóìĄþì 
þìėüôíìù íì 6 ĕìóúü ø3 íìüúô ċö úðìø ðìü ċö ýú÷ íìüúíìü íÿð½ [11,ý.6]. 

µÔøüĘóĕú 145 öôĄîìüô ú÷ìø ìó ðìüČĕúô ýìüĕìðïÿóìü ôýþôĀúðì øñöÿùìùð, öô 21 
öôĄîìü ðìü ýìüïìĕô ðìüČĕúô ýìüĕìðïÿóìü ėìüúü ðúüìùð. ÞúĔôöôýþúù ðìü øôùþìėìñ Ĕúõïôü 
Ąÿðììýþ, öô ðúüúô óìāôüìĕúô íÿóÿüïô ûôüċāĕúô ìóôø îì ôėþôðúüô ïôðüúĉùñüïñþôöĒ ðìü 
øôùþìėì øñíúĄìð½ [6,ý.5]. µÐìü ĕÿðÿðô Æÿøĕÿüôô ÞúĔôöôýþúù ùôó íú÷úüìîôô ìøôėô 
ĕìüúüìþô ĕìîú øÿĄúĕôðì ïìüðôðì, ðìîúøô ýú÷ĕúô 1940 þú 2023 ĕìüúüìþô øôČùìô ýú÷úùì 
íìüúô ĕìü ðìĕýú÷ìô ôù ðìîüì ìó + 0,10Ý þú + 0,20Ý ìĀóÿðììýþ. Çìüúüìþô üĘóĕúô ïìüøþìüôù 
þú 400Ý îì ìó ôùĕìø íì÷ìùðþìü ìĀóúôĄ ČĀþì, ðìü øìùúþôėô öĘĕýúü ìĀóúôĄô ĕìüúüìþ íì 
+0,3 -+0,50Ý îì ðìü ùúĕôċĕúô íì÷ìùðöĘĕ íì +0,2 - +0,40Ý øñüìýìð½ [7,ý.5]. ÚøĘóôĄô ĕú÷ìþô 
ûôüċāĕúô ÞúĔôöôýþúù ôøüĘóĕú ìó øìùĀôìþ āú÷ô ùìíÿðì, íì øú ôøöúù øñðôĕìð, öô îìóĆô 
ûôüċāĕúüú ðìü ýú÷ĕúô úċùðì úøĘóôĄ ùìøúñø [10]. 

Øôùþìėìô úøĘóôĄĒ. µÇìîóìô ðìüČô ÓìüìĀĄúù ċöñ ìó íÿóÿüïþìüôù þìĆøôùöÿùìùðìô úí 
ðìü ĕÿðÿðô Æÿøĕÿüôô ÞúĔôöôýþúù îì Ĕÿøĕÿüôĕúô ûúČùúí íì Ąÿøúü øñüìîìð. ØÿîúĀôėô 
øìĆ÷ÿøúþĕúô Ú.Û. äñ÷ïúî øìõðúùô ÿøÿøôô ċāíìùðô íì 700 öø2 øñüìýìð. Çìîóì ðúüúô 1272 
ûôüċā íÿðì, öô 892 þúô úùĕú ìó 0,1 öø2 öì÷úùþìü øñíúĄìùð, øìýúĕìþô 686,7 öø2 üú ôĄĎú÷ 
øñöÿùìùð½ [2,ý.11]. µÍÿóÿüïþìüôù Ąúāúíĕúô ûôüċāô óìüìĀĄúù ûôüċāĕúô Üìøì øìýúĕìþìĄ 
22,3 öø2, ûôüċāô Þüú øìýúĕìþìĄ 2,2 öø2, Ðôĕìðìùï øìýúĕìþìĄ 2 öø2 øñíúĄìð½ [11,ý.62].  

ÐìüČô Ûì÷ðúüìö ċöñ ìó Ąúāúíĕúô ðìüČô ÓìüìĀĄúù íì ĕôýúí üìĀþì, ðúüúô 8 ûôüċā íú 
øìýúĕìþô 9,6 öø2 øñíúĄìð.  

Íìüúô úøĘóôĄô ĕú÷ìþô ûôüċāĕúô ĕìîóìô ðìüČô Ûì÷ðúüìö ċöñ ìó Ąúāúíĕúô ðìüČô 
ÓìüìĀĄúù íì ĕôýúí üìĀþì, íìüúô þìĕėôėúþ ôùþôāúí ùìøÿðñø, öô ðúüúô 8 ûôüċā íú 
øìýúĕìþô 9,6 öø2. ðìü ðìîüìô ýú÷ĕúô 1993, 2000 îì 2024 ôùþôāúí öìüðì Ąÿð. Íú ôýþôĀúðì ìó 
øìîúðĕúô ô÷øô îì íìüùúøìĊ ýúøúùìĕúô þìĔðôðöÿùìùðìô ûñĄüìĀþì. Ðìü øìððô ìîîì÷ 
øÿėúôýìöÿùúùĒ ìó àñĕüôýþô ûôüċāĕúô ÔÆäÝ íú íìüùúøìô Googie Earth Pro øÿėúôýì 
ùìøÿðì, ýôûìý íú üúĕô óúùðôüúùĒ-Āúýô÷ìîĒ íì üìėìøïÿóúüôô ûôüċāĕú ĄÿüÿĆ ùìøÿðñø. 

ßýÿ÷ô öúü. Íú ôýþôĀúðì ìó ýúøúùìô earthexplorer/usgs/gov ìöýĕúô Āúýô÷ìîôô 
øúĕîúüìĕúô Landsat-7 îì Landsat-8 îúíìýþì íì ýú÷ĕúô 1993, 2000 îì 2024 ðìýþüìý ùìøÿðñø. 
Ìöýĕúñ, öô íìüúô úøĘóôĄ ôùþôāúí øñïìüðìùð, íúċð þúóì îì íñìíü íúĄìùð. Íìĕüô ðìýþüìý 
ùìøÿðìùô ìöýĕúô þúóì øú ðìîüìô íìĆðô ìööÿøÿ÷ôċþýôúùôüú ôùþôāúí ùìøÿðñø, öô óñüú ðìü 
ôù ðìîüì ûôüċāĕú ûÿüüì ìó íìüĀ úóúð Ąÿðììùð. Ðìîüìô íìĆðô ìööÿøÿ÷ôċþýôúùĒ ìó 10-ÿøô 
ìîïÿýþ þú 20-ÿøô ýñùþċíüú ðìü íìü øñïôüìð. Ûìý ìó ôùþôāúí îì ìöýíìüðúüô ùìøÿðìù ðìü 
íìüùúøìô ArcGis 10.5 îúíìýþì íì ýú÷ĕúô 1993, 2000 îì 2024 Shapefile þìüþôí ðúðì, ìöýĕúüú 
øÿîúĀôėô ýú÷ìĄúù Ĕú íì Ĕú ùìøÿðñø. 

ÙìþôĔìĕú. Çìùïúøô ôýþôĀúðìô íìüùúøìô ArcGis 10.5, þôíėô þì÷ìíúþô ÿýÿ÷ĕúô 
þìĕėôėúþ ûìý ìó Ĕú íì Ĕú ïÿóúüôô ýú÷ĕú øú íìüúô øÿìõċù ùìøÿðìùô øìüóĕúô ûôüċāĕú, ċĆùñ 
íì ûú÷ôïúùöìĄĒ ĄÿüÿĆ ùìøÿðì, îúíìýþì íì ýú÷ĕúô øÿìõċùïìüðôðì, øìýúĕìþô ûôüċāĕú îì 
ĕú÷ìþô öúĕôĄČíôìĄúù øÿìõċù ïìüðôð, öô ùìþôĔìĕúċĄ ðìü (Ĕìðîì÷ô 1) ûñĄùôĕúð öìüðì 
øñĄìîìð. Ðìü Ĕìðîì÷ þìùìóóÿ÷Číôô ûôüċĕúô øìîóñô Ûì÷ðúüìö ðìü Ąìüúôþô þìĎõôüČíôô 
ôė÷ôø îúíìýþì íì ýú÷ĕúô 1993-2024 ôùĆôöúý ïìüðôðììýþ, öô āñ÷ñ ùôïìüúùöÿùìùðì ìýþ. 
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Æìðîì÷ô 1. Þìùìóóÿ÷Číôô øìýúĕìþô ûôüċāĕúô øìîóñô ðìüČô Ûì÷ðúüìö 
Table 1. Decline in glacierarea of the Paldorak River 

Ĝ 
Üìėìø
ô 

ûôüċā 

ÙìîĆô 
øúüĀú÷úïĒ 

Øìîėñô 
ÿøÿøôô 
ûôüċā 

Öìþì÷úï 
ÔÆäÝ 

Øìýúĕìþô þìĎõôüČíôô ûôüċāĕú, öø2 

1968 
(öø2) 

1993 
(öø2) 

2000 
(öø2) 

2024 
(öø2) 

1993-
2000 
(öø2) 

 
% 

1993-
2024 
(öø2) 

 
% 

1 334 ÖìüîĒ-
îúðôïĒ 

äôøú÷ÿĎìüí 0,8 0,428 0,189 0,107 0,239 55,8 0,321 75 

2 335 ÎúðôïĒ äôøú÷ÿĎìüí 1,7 1,292 1,104 0,943 0,188 14,5 0,349 27 

3 336 ÎúðôïĒ äôøú÷ÿĎìüí 1,2 0,519 0,384 0,268 0,135 26 0,251 48,3 

4 337 ÖìüîĒ-
îúðôïĒ 

äôøú÷ÿĎìüí 1,3 0,592 0,321 0,175 0,271 45,7 0,417 70,4 

5 338 ÖìüîĒ äôøú÷ÿĎìüí 1 0,426 0,205 0,11 0,221 51,8 0,316 74,1 

6 339 ÖìüîĒ äôøú÷ÿĎìüí 1,2 0,512 0,39 0,297 0,122 23,8 0,215 41,9 

7 340 ÎúðôïĒ äôøú÷ÿĎìüí 1,1 0,831 0,482 0,315 0,349 41,9 0,516 62 

8 341 ÎúðôïĒ äôøú÷ÿĎìüí 1,3 0,406 0,271 0,223 0,135 33,2 0,183 45 
ÆìøĆ íì ĕôýúíô øôČùì: 9,6 5,006 3,346 2,438 1,66 33,1 2,568 51,2 

 
Üìýøô 1. Øìîóñô ûôüċāĕúô Ûì÷ðúüìö 

Figure 1. Paldorak Glacier Area 

 
 

Øú ðìü üìîìùðô ôýþôĀúðìô íìüùúøì øìĆ÷ÿø ùìøÿðñø, öô íìüùúøì øìýúĕìþ îì íì 
îúýôþìô Ĕìðîì÷ ėôýøìþô ĕú÷ìþô óìíúùìô ûôüċā îì ĕú÷ìþô öÿùÿùôô ûôüċāüú ăñù ùìøÿðì, 
þìùìóóÿ÷Číôô ûôüċāĕúüú øÿìõċù ùìøÿðì, ăÿùôù ùìþôĔìĕú ïôüôĀþñø úôðô ûôüċāĕúô øìîóñô 
Ûì÷ðúüìö, ûôüċāô Ĝ 334-75%, Ĝ335-27%, Ĝ336-48,3%, Ĝ337-70,4%, Ĝ338-74,1%, Ĝ339-
41,9%, Ĝ340-62%, îì Ĝ341-45% þìĄöô÷ ðúð. Ðìü øìĔøÿĆ ûôüċāĕúô øìîóñô Ûì÷ðúüìö íì 
ĕôýúíô øôČùì 51,2% ðìü ðìîüìĕúô ìó ýú÷ĕúô 1993 þú 2024 öúĕôĄ ČĀþììùð.  

Îúíìýþì íì ùìøÿðô ùìîĆô øúüĀú÷úïôċĄúù ûôüċāĕú ïÿùúïÿù úí Ąÿðììùð. Ûôüċāĕúô 
ùìøÿðô öìüîĒ-îúðôïĒ 25%-ô øìýúĕìþô ÿøÿøôô ûôüċāĕúô ĕìîóìüú þìĄöô÷ ùìøÿðì, ìó ýú÷ô 
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1993 þú ýú÷ô 2024 0,738 öø2 Č 36,9% øìýúĕìþô āÿðüú ìó ðìýþ ðúðììùð. Ìó Ĕìðîì÷ô 1 îì 
ðôìïüìøøìô üìýøô 2, íì ăÿùôù āÿ÷úýì úøìðìù ÷úóôø, öô ðìü øìîóñô ðìüČô Ûì÷ðúüìö 
ûôüċāĕú ìó Ĕôĕìþô íì ùìîĆĕúô øúüĀú÷úïĒ Ĕÿðú öìüðì Ąÿðììùð. Ìó Ąÿøúüìô 8 ûôüċā íú 
øìýúĕìþô 9,6 öø2 øìĆ÷ÿø ïìüðôð, öô ìó ôùĕú ûôüċāĕúô Ĝ334 îì Ĝ337 íì ùìîĆô øúüĀú÷úïôô 
©ÖìüîĒ-îúðôïĒª ðúāô÷ íÿðì, ûôüċāĕúô Ĝ335, Ĝ336, Ĝ340 îì Ĝ341 íì ùìîĆô øúüĀú÷úïôô 
©ÎúðôïĒª îì ûôüċāĕúô Ĝ338, Ĝ339 íì ùìîĆô © ÖìüîĒª ðúāô÷ øñíúĄìð. 

 
Æìðîì÷ô 2. Þìùìóóÿ÷Číôô ûôüċāĕú îúíìýþì íì ùìîĆô øúüĀú÷úïôċĄúù 

Table 2. Glacier decline depending on their morphology type 

ÙìîĆô 
øúüĀú÷úïĒ 

äÿøúüìô 
ûôüċāĕú 

Øôėðúüô 
ÿøÿøĒ, % 

Þìùìóóÿ÷ô øôČùìô øôùþìėìĕú ìó üĘõô ùìîĆô 
øúüĀú÷úïĒ ðìü þÿ÷ô ýú÷ĕúô 1993-2024 

1993-2000 öø2 % 1993-2024 öø2 % 
ÎúðôïĒ 4 50 0,807 20,1 1,299 32,4 

ÖìüîĒ 2 25 0,343 17,1 0,531 26,5 

ÖìüîĒ-
îúðôïĒ 

2 25 0,51 25,5 0,738 36,9 

 
Üìýøô 2. Ðôìïüìøøìô öúĕôĄČíôô ûôüċāĕú ìó üĘõô ùìîĆô øúüĀú÷úïôċĄúù 

Figure 2. Diagram of glacier retreat by morphology type 

 
 

Óìíúùìô ûôüċāô øìóöÿü ýú÷ô 1993 ðìü íì÷ìùðôô 3600 ø Ĕúõïôü íÿðì, þú ýú÷ô 2024- 400 
ø ėìĀú üìĀþì îì ðìü íì÷ìùðôô 4000 ø ėìüúü ïôüôĀþììýþ. Ìó ýú÷ô 1993 þú ýú÷ô 2024- 0,516 
öø2 öúĕôĄ ČĀþììýþ, öô ðìü ċö ýú÷ íì 13 ø üúýþ øñúċð. 

Ûôüċāô Ĝ334 ðìü ėôýøìþô Ąôøú÷ÿĎìüíôô ĕìîóì Ĕúõïôü íÿðì, øÿîúĀôėô ©àñĕüôýþô 
ûôüċāĕúô ÔÆäÝª ðìüúóôô ûôüċā 1 öø íÿðì, øìýúĕìþìĄ 0,8 öø2 þìĄöô÷ øñðôĕìð. Ûôüċā íì 
ùìøÿðô ûôüċāĕúô öìüîĒ-îúðôïĒ ðúāô÷ Ąÿðì, ùÿėþìô íì÷ìùðþìüôùìĄ 4400 øñþþüú ðìü íìü 
øñïôüìð. ØÿîúĀôėô ùìþôĔìô þìĕėôėúþ øìýúĕìþô ûôüċā ýú÷ô 1993- 0,428 öø2, ýú÷ô 2000- 
0,189 öø2 îì ýú÷ô 2024 íúĄìð, 0,107 öø2 ïìüðôðììýþ.  

Óìíúùìô ûôüċāô øìóöÿü ýú÷ô 1993 ðìü íì÷ìùðôô 3880 ø Ĕúõïôü íÿðì, ôù ùôĄúùðúð 
ðìü ýú÷ô 2024 þìĎõôü ČĀþì, óìíúùìô ûôüċā 320 ø íì ėìĀú üìĀþì ðìü íì÷ìùðôô 4200 ø ėìüúü 
ïôüĀþììýþ (üìýøô 3). 

äìüúôþô ôė÷ôøô øìîóñô ûôüċāĕúô ðìüČô Ûì÷ðúüìö. Ùúĕôċô ÖĘĕôýþúùô Øìýþăúĕ ðìü 
ėôýøìþô öĘĕôô Ĕìùÿíÿ Ąìüėôô îô÷úċþô ÝÿĎð, ðìü ùìóðôöôô ýìüïìĕô ðìüČô ÓìüìĀĄúù 
Ĕúõïôü Ąÿðììýþ, öô ôù Ĕú íú ùúøô Øìýþăúĕ ùôó øìĆüÿĀ íÿðì, ðìü øôČùô ėìþúüöĘĕĕúô 
Þÿüöôýþúù îì ÓìüìĀĄúù Ĕúõïôü øñíúĄìð. Ùúĕôċô øìóöÿü ìó Ĕìùÿí íú ùúĕôċô ÜìĄþ, ðìü 
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https://www.wikiwand.com/ru/articles/%D0%97%D0%B5%D1%80%D0%B0%D0%B2%D1%88%D0%B0%D0%BD
https://www.wikiwand.com/ru/articles/%D0%97%D0%B5%D1%80%D0%B0%D0%B2%D1%88%D0%B0%D0%BD
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Ĕìùÿíÿ Ďìüí íú ùúĕôċô ÌõùĒ, ðìü Ąôøú÷ÿ Ďìüí íú ùúĕôċô ÐñîìĄþôă îì ðìü Ąôøú÷ íú 
ùúĕôċĕúô ×ñõ÷ñö îì Íúðöìùðô îô÷úċþô Íúðöìùðô ÉôüĎôóôýþúù ĕìøýìüĕìð ìýþ. 

 
Üìýøô 3. ÙìþôĔìïôüĒ ìó þìĎõôüČíôô ûôüċāĕúô øìîóñô ðìüČô Ûì÷ðúüìö ðìü ðìîüìô ýú÷ĕúô 

1993-2024 íú ôýþôĀúðìô ìó íìüùúøìô Arcgis 10.5 
Figure 3. Results of glacier changes in the Paldorak River area during the period 1993-2024 using 

Arcgis 10.5 software 

 
 

Üìýøô 4. áìüôþìô ôė÷ôøôô ĕìîóìô ðìüČô Ûì÷ðúüìö 
Figure 4. Climate map of the Paldorak River Basin 

 
 

µäìüúôþô ôė÷ôøôô îúðôô ÓìüìĀĄúù ÿøÿøìù íú øìîėñô ïñúïüìĀôô úù îúíìýþìïĒ 
ðúĄþì, ċĆùñ ðÿüôô āñ÷ñ óôČð ìó ÿöČùÿýĕú îì íìĕüĕú îì üñ÷ñĀô ùúĕìøîúüô íì÷ìùðöĘĕ øÿìõċù 
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öìüðì øñĄìîìð. Ìó ôù üĘ, ôė÷ôø íú ôė÷ôøô öúùþôùñùþì÷Ē üúýþ úøìðì, íúüôĄúþô öìø, 
ĕìîúô āÿĄö, öìøìíüĒ îì üìðôìþýôċô úĀþúíĒ íì÷ìùð øñíúĄìð. Ðìü ĕìîóìô ðìüČô ÓìüìĀĄúù 
üñ÷ñĀô öĘĕĒ þìĆýôü üìýúùôðì íì îúüôð ïìüðôðìùô ìùíĘĕô ĕìîú îì þìėýôøô íúüôĄúþ ùôó 
þìĆýôüô öì÷úù øñüìýúùìð. Ðìü îúðĒ íì ĕôýúíô øôČùì ĕìü ýú÷ ìó 100 þú 400 øø íúüôĄúþ 
Ąÿðì, ìó Ďìüí íì Ąìüė óôČð øñĄìîìð½ [12]. 

Îúðôô ÓìüìĀĄúù ìó üĘô Ąìüúôþô ùìøùúöĒ íì ðÿ óñüøôùþìėì: Ąìüėô îì ĎìüíĒ þìėýôø 
øñĄìîìð. 

äìüėĒ - āñ÷ñ āÿĄö ¬ ôù óñüøôùþìėì ðìü ėôýøô íú÷úôô ðìüČô ÓìüìĀĄúù Ĕúõïôü ìýþ, 
öô ðìü úù þìùĕú ċöăìùð ėôþĆìĕúô āÿüðô ĕìøîúü øìîĔÿðìùð. 

ÀìüíĒ- ðìü ĎìüíĒ ðñĕìô ßüøñþìù Ĕúõïôü íÿðì, îúðôô ðìüČô ÓìüìĀĄúùüú ĕìùïúøô íì 
ûúČù Āìüúøìðìù îìýñĆ ùìøÿðì, øìõðúùĕúô ĕìøîúüôô íìüúô öôĄúîìüóĒ øÿîúĀôė øìîĔÿð 
ìýþ. 

àìüėô ìýúýôô íìõùô øôùþìėìĕúô ĎìüíĒ îì ĄìüėĒ ðìü üñĔìô ùìøĒ ðôðì øñĄìîìð. 
Çìùïúøñ, öô ðìü óñüøôùþìėìô ĎìüíĒ ĕìü ýú÷ 250-350 øø íúüôĄúþ øñíúüìð, ìîĔô úùĕú 

ðìü øúĕĕúô óôøôýþúùÿ íìĕúü øÿĄúĕôðì öìüðì øñĄìîìð, ðìü óñüøôùþìėìô ĄìüėĒ íúĄìð 
200-250 øø üú þìĄöô÷ ðúðì, íì þìüìĀô øúĕĕúô ïìüøþìü øñüìîìð. Çìü ýú÷ ìó ĕìøì óôČð 
íúüôĄúþ ðìü øôČùìô øúĕĕúô øìüþ îì ôĊ÷ øñíúüìð. 

Ðìü óñüøôùþìėìĕúô ĎìüíĒ þú íì÷ìùðôô 1400 ø øôùþìėìĕúô ùôø āÿĄö îì ìó íì÷ìùðôô 
ìó ýìþĕô íìĕü ìó 1400 þú 1800 ø øôùþìėìĕúô āñ÷ñ āÿĄö îì ìó 1800 þú 2400 ø āÿĄöĒ îì 
íú÷úþìü ìó úù ùôøāÿĄö øñíúĄìð. 

Øôùþìėìô ĄìüėĒ āñ÷ñ āÿĄöþìü ìýþ. Ðìü ôù Ĕú øôùþìėìô āñ÷ñ āÿĄö þú íì÷ìùðôô 1900 
ø, āÿĄö ìó 1900 þú 2400 ø, ùôøāÿĄö ìó 2400 þú 2700 ø îì ìó úù íú÷ú āñ÷ñ āÿĄö ìýþ. 

Óôøôýþúùô ôù ĕìîóì þú íì÷ìùðôĕúô 1500¬1600 ø øÿ÷úôø îì þú íì÷ìùðôĕúô 2200¬2300 
ø öìøñ ýìüð îì þú íì÷ìùðôĕúô 2900¬3000 ø îì íú÷úþìü ìó úù ýìüð øñíúĄìð. Çìüúüìþô 
øôČùìô ýú÷úùì ìó 4¬7 ¸Ý ðìü íú÷úúíô ðìüČ 120Ý ðìü ûúČùúíô úù íúĄìð, ðìü øúĕĕúô 
óôøôýþúù ĕìüúüìþ øñþìîúùìð þú -20-35 ¸C ûìýþ Ąìîìð. 

Ðìîúøùúöôô óôøôýþúùĕúô ûìýþþìüôù þìėüôíìù 30-40 üĘó ðìîúø øñöÿùìð îì íú þÿ÷ 
öìĄôðìùô óôøôýþúùĕú þú 80-140 üĘó óôČð øñĄìîìùð. 

áÿýÿýôċþĕúô ðìîüìô ýìüð ĕìüúüìþô øôùôøì÷ôô øÿþ÷ìėô ùôýíìþìù ûìýþô ĕìîúüú ðìü 
íìü øñïôüìùð, öô ðìü íìĆóñ ýú÷ĕú íì -26-33̧Ý øñüìýìð. Ðìü āÿùÿöþìüôùô øúĕô ĕìüúüìþô 
øôČùìô ċöøúĕìô ĕìîú ðìü ėôýøô Ďìüíôô îúðĒ 1-2 ¸Ý îì ðìü Ąìüė 5-8 Ý̧ øñíúĄìð. 

Ìó ĕìøì øúĕô ïìüøþìüôù øúĕô ôĊ÷ íÿðì, ĕìüúüìþô øôČùìô øúĕô ôĊ÷ 25̧ C ðìü ėôýøô 
ûúČùôô îúðĒ îì þú 15¸C ðìü ėôýøô íú÷úĒ øñíúĄìð. Ìó ĕìøì ĕìüúüìþô íì÷ìùðô øìöýôøì÷Ē 
ðìü Ąìüė ìó 30 ¸Ý þú 34 ¸Ý îì ðìü ėôýøô Ďìüíôô îúðĒ þú 40 ¸Ý þú 42 ¸Ý íì÷ìùð øñíúĄìð [4]. 

ÝÿüĆìþô øôČùìô Ąìøú÷ ðìü ċö øúĕ ìó 1,5 - 2 ø/ý ðìü ûúČùúíô îúðô îì þú 2,5 - 4 ø/ý ðìü 
íú÷úúíô úù øÿĄúĕôðì öìüðì øñĄìîìð. 

Ûúõïúĕô ĕìîúýìùĔôô Ðñĕìîó ðìü íì÷ìùðôô 2564 øñþü ìó ýìþĕô íìĕü Ĕúõïôü íÿðì, ðìĕ 
öô÷úøñþü ðÿüþìü ìó Ąìüė ûôüċā îúėñĆ ìýþ, öô íì ðìüČô ÓìüìĀĄúù úíìĄ øñüñóìð. Ûúõïúĕô 
Ðñĕìîó ðìü øôùþìėìô ôė÷ôøô ùúöôĀúċ ùìøùúö Ĕúõïôü íÿðì, þúíôýþúùìĄ ïìüø îì 
óôøôýþúùìĄ øÿĆþìðô÷ øñíúĄìð. Ðìîúøùúöôô ùÿüô úĀþúí 2097 ýúìþ ðìü ċö ýú÷üú þìĄöô÷ 
øñðôĕìð. Çìüúüìþô øôČùìô ýú÷úùì + 4,3 0 Ý þìĄöô÷ ðúðì, ðìîüìô íñýìüðĒ íì ĕôýúíô øôČùì 
152 üĘóüú þìĄöô÷ øñðôĕìð [8]. 

Çìüúüìþô øôČùìô øúĕô āÿùÿöþìüôù, ôù øúĕô ċùîìü íÿðì -7,1 Ç þìĄöô÷ øñðôĕìð. 
Çìüúüìþô øôČùìô ĕìîú -10,9 ̧  C ìýþ, ìøøú ðìü îìėþô îúüôð ïìüðôðìùô ìùíĘĕô ĕìîúô ýìüð úù 
øñþìîúùìð þú -26-29 ̧  Ý ûìýþ Ąìîìð. Ìøøú üĘóúùì ðìü Āìý÷ô óôøôýþúù ĕìîú øñþìîúùìð ðìü 
íìĆóñ üĘóĕú þú 6-8¸C ïìüø Ąìîìð. 

Çìüúüìþô øôČùìô øúĕĕúô ïìüøþìüôù - ôĊ÷ îì ìîïÿýþ øñíúĄìð, öô 15,1 - 15,2 0 Ý. Ðìü 
ïìüøþìüôù øúĕĕú üĘóúùì ĕìîú þú 20-250Ý îì øìöýôøÿø þú 28 ¸Ý ðìüìĔì ïìüø øñĄìîìð. Ðìü 
íìüúíìüô ôù, ìïìü ĕìüúüìþô øôČùìô øôùôøì÷Ē ðìü øúĕĕúô þúíôýþúù 6-9 ¸Ý íúĄìð, ðìü 
ýú÷ĕúô āÿùÿöþìüôù ðìü íìĆóñ üĘóĕú Ąìíúùì þú 20Ý ðìüìĔì āÿùÿö øñĄìîìð. 

Øôėðúüô ýú÷úùìô íúüôĄúþ 315 øø-üú þìĄöô÷ ðúðì, ðìü øúĕĕúô ìûüñ÷-øìõ îì 
øôėðúüô öìøô íúüôĄúþ ðìü øúĕĕúô ìîïÿýþ-ýñùþċíüĈ ðôðì øñĄìîìð. Éôýøô óôČðô íúüôĄúþ 
(47%) ðìü Āìý÷ô íìĕúü, 12% ðìü øúĕĕúô óôøôýþúù, 13% þôüìøúĕ îì 28% ðìü þúíôýþúù üúýþ 
øñúċð. 

Ùìøùúöôô øôČùìô ýú÷úùìô ùôýíĒ 50% îì øôČùìô øúĕúùì ìó 39 þú 56% üú þìĄöô÷ 
øñðôĕìð. 
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ÞìĆýôüô ĕìüúüìþ îúíìýþì íì ðôïìüïÿùĄìîôô þìĎõôüČíôô ôė÷ôø. Ðìü ùúĕôċĕúô îúðôô 
ÓìüìĀĄúù, ì÷ì÷āÿýÿý ùúĕôċô Øìýþăúĕô ÖĘĕĒ ôùăÿùôù ðìü ýìüúýìüô ÞúĔôöôýþúù, 
íì÷ìùðĄìîôô ĕìüúüìþô øôČùìô ĕìîú ìó 0,010 ðìü öĘĕĕú þú 0,02 0 ðìü ċö ýú÷ ðìü ûúČùúíô ðìüČ 
ôðúøì ðúüìð (üìýøô 5). 

 

Üìýøô 5. Çìüúüìþô øôùôøì÷ôô ûúõïúĕô Ðñĕìîó 
Figure 5. Minimum temperature at Dehavs base 

 
 
Ýô÷ýô÷ìô üÿþíìíìùðĒ ùôĄúù øñðôĕìð, öô ìó 20 ýú÷ô ïìüøþìüôù 14 ýú÷ìĄ ðìü 

ùúĕôċĕúô îúðôĊ öĘĕôô ÓìüìĀĄúù îì 11 ýú÷ô ðôïìüìĄ ðìü íì÷ìùðöĘĕĕú, öô íì ýú÷ĕúô 2000-
ÿø üúýþ øñúċð, 8 ýú÷ô úù íìüúô þìøúøô îúðĒ ðìü ĕú÷ìþô øìĆøÿ÷Ē ėìüúü ðúüìð, ðìü (üìýøô 
6) āÿí ôùôöúý Ąÿðììýþ. 

 
Üìýøô 6. ÜĘõāìþô 20 ýú÷ô ïìüøþìüôùô ĕìîóìô ðìüČô ÓìüìĀĄúù 
Figure 6. List of the 20 warmest years in the Zarafshan River Basin 

 
ÞìĎõôüČíôô ĕìüúüìþô øôČùìô øìöýôøì÷Ē îì øôùôøì÷ôô úøñāþì ðìü þìøúøô 

øôùþìėìĕúô îúðôô ÓìüìĀĄúù íì÷ìùðĄìîôô úùĕú ôðúøì ðúüìð. Íì÷ìùðĄìîôô ĕìüúüìþô 
øìöýôøì÷ôô ðìü ėôýøìþô øìüöìóôô îúðĒ (0,17 ¸Ý ðìü ċö ýú÷) øÿĄúĕôðì øñĄìîìð, ðìü 
íì÷ìùðöĘĕĕú îì îúðôĕú íúĄìð, ýú÷ñ 0,12¬0,13 ¸Ý íì÷ìùð øñĄìîìð. Çìüúüìþô øôùôøì÷ôô 
ĕìîú ðìü öĘĕĕú 0,12¸C îì ðìü íì÷ìùðöĘĕĕú 0,07 ¸C ðìü ċö ýú÷ ċöíúüì íì÷ìùð Ąÿðììýþ (üìýøô 
7). 

ÞìøúĊ÷ô ôùðôöìþúüĕúô ìýúýôô ôė÷ôø ðìü ðìĕýú÷ìô úāôü ùôĄúù øñðôĕìùð, öô ìó 
ĕìøìô ðìîüìĕúô ïìüøþìüôù ðìĕ ýú÷ô úāôü íì Ąÿøúü øñüìîìð. Íì÷ìùðĄìîôô ĕìüúüìþô 
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øôČùìô ýú÷úùìô ĕìîú, ûñĄ ìó ĕìøì, íì íì÷ìùð Ąÿðìùô ĕìüúüìþô øìöýôøì÷Ē îì øôùôøì÷Ē 
ðìü øúĕĕúô Āñîüì÷ îì øìüþ îúíìýþìïô ðúüìð (Ĕìðîì÷ô 3). 

 

Üìýøô 7. ÞìøúĊ÷ô þìĎõôüČíôô ĕìüúüìþô øôČùìô øìöýôøì÷Ē îì øôùôøì÷Ē 
Figure 7. Trend of changes in average maximum and minimum temperatures 

 
 
Æìðîì÷ô 3. ÐôïìüïÿùĄìîôô ĕìüúüìþô ĕìîú ìó øñĆČü íìüúô ýú÷ĕúô 2014-2023 

Table 3. Air temperature deviation from the norm for 2014-2023 
Ðñĕìîó Ô II  III  IV  Î VI  VII  VIII  IX  X XI  XII  ýú÷ 
ÙôĄúùðúðô 
øôČùìô øúĕ  -0,3 1.2 1.5 0,5 0.6 -0,1 0.2 -0,8 0.4 -0,2 -0,2 0,8 0.3 

ÙôĄúùðúðô 
øìöýôøì÷Ē  0.3 1.6 1.8 0,9 1.3 0.3 0,8 -0,8 0.6 0.2 -0,2 1.0 0,8 
ÙôĄúùðúðô 
øôùôøì÷Ē 0,0 1.2 1.7 0,0 0,0 -0,4 0.3 -0,8 0.3 -0,2 0,0 -0,4 0.1 
Ýìùïôýþúù 

             ØôČùìô øúĕ 1.2 2.5 2.3 1.2 1.4 0.4 0,9 -0,4 1.0 0.1 -0,2 1.3 1.0 
 Øìöýôøì÷Ē  1.1 2.4 2.3 1.5 1.7 0,7 1.5 0.2 1.7 0.3 -0,7 1.1 1.1 
Øôùôøì÷Ē  1.6 2.3 2.3 0,9 1.1 0.3 0,8 -0,1 0,9 0.2 -0,2 1.0 0,9 
ÛìùĔìöñùþ 

             ØôČùì 2.0 2.6 2.5 1.2 1.7 1.3 1.4 0.1 0,9 0,5 -0,9 0.6 1.1 
øìöýôøì÷Ē 1.5 2.3 2.5 1.4 1.9 1.2 1.1 0,5 1.3 -0,1 -1.6 0,5 1.0 

øôùôøì÷Ē 3.0 3.2 2.4 0,8 1.7 1.2 1.7 1.5 1.6 0,8 0.1 1.1 1.6 

 
Çìùïúøô þìĕ÷ô÷ô ĕìüúüìþô ĕìü-øúĕìô ĕìîú, þôíėô Ĕìðîì÷ô 3 ăÿùôù ùìþôĔì ðúð. Ìó 

ĕìøì óôČð íì÷ìùð Ąÿðìùô ĕìüúüìþô ĕìîú ðìü øúĕĕúô Āñîüì÷Ĉ îì øìüþ íì ìøì÷ úøìð. Øúĕô 
ìîïÿýþ ðìü íì÷ìùðöĘĕĕú āÿùÿö Ąÿð, ĕìüúüìþ ėìüôí ċö ðìüìĔì ûìýþ Ąÿð. Ðìü øúĕô ùúċíü 
þìøúĊ÷ô ûìýþĄìîôô ĕìüúüìþ ðìü þìøúøô îúðôô ÓìüìĀĄúù øÿĄúĕôðì öìüðì Ąÿð (Ĕìðîì÷ô 
4). 

Ðìü ùúĕôċĕúô öĘĕĒ îì îúðôïĒ ýú÷ĕúô 2014-2023 ïìüøþìüôù ýú÷ĕú íÿðì, ĕìüúüìþô 
øôČùìô ýú÷úùìô ĕìîú ìó øñĆČü 0,1-2,2 ¸Ý íì÷ìùð íÿð. áÿùÿöþìüôù ýú÷, ýú÷ô 2020 íÿð, öô 
ĕìüúüìþô øôČùìô ýú÷úùì 0,1-0,2 ¸Ý ûìýþþìü ìó øñĆČü íÿð. Ïìüøþìüôù ýú÷ ðìü þìøúøô 
ðìîüìô øÿĄúĕôðìĕúô øñþñúüú÷úïĒ ýú÷ô 2023 íÿð. Ðìü íì÷ìùðöĘĕĕú ýú÷ô āÿùÿöþìüôù ýú÷ô 
2017 íÿð, îì÷ñ ïìüøþìüôù ýú÷, ýú÷ô 2023 íÿð (Ĕìðîì÷ô 4). 

ÞìĀúîÿþ ðìü þìėýôøúþô íúüôĄúþ ðìü îúðôô ÓìüìĀĄúù, ûñĄ ìó ĕìøì, íì āÿýÿýôċþĕúô 
úüúïüìĀôô úù îúíìýþì ìýþ. Îúðôô þìùïô ðìüìô ÓìüìĀĄúù āÿĄö íÿðì, íúüôĄúþô ýú÷úùì 
þìėüôíìù 350 øø þìĄöô÷ øñðôĕìð, ðìü ėôýøô øìüöìóôô îúðĒ þú 200 øø öìø øñĄìîìð. 
ÍúüôĄúþô øìöýôøì÷Ē ðìü øúĕĕúô øìüþ îì øìõ îì ĕìððô ìėì÷ô íúüôĄúþ ðìü þúíôýþúù üÿā 
øñðôĕìð. ÍúüôĄúþô øìöýôøì÷ôô ĄìíúùìüĘóĒ ðìü þìøúøô ðìîüìô øÿĄúĕôðì 58 øø ðìü 
ÛìùĔìöñù îì 41 øø ðìü Ðñĕìîó îì Ýìùïôýþúù Ąÿðììýþ. 
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Æìðîì÷ô 4. Çìüúüìþô øôČùìô ĕìîú ðìü ĕìîóìô ÓìüìĀĄúù 
Table 4. Average air temperature in the Zarafshan basin 

 ÐôïìüïÿùĄìîôô øôČùìô ýú÷úùìô ĕìüúüìþô ĕìîú ðìü ĕìîóìô ÓìüìĀĄúù (2014-23) 

 Ðñĕìîó  Ýìùïôýþúù ÛìùĔìöñùþ 

Ýú÷ 
øôČù
ì 

øìöýôøì÷
Ē 

øôùôøì÷
Ē 

øôČù
ì 

Øìöýôøì
÷Ē 

øôùôøì÷
Ē 

øôČù
ì 

øìöýôøì÷
Ē 

øôùôøì÷
Ē 

2014 -0,5 -0,1 -0,5 0.2 0,5 0.2 0.3 -0,2 0.2 

2015 0.2 0.2 0.2 0,5 0,9 1.1 0.6 0.1 1.6 

2016 0,0 0.2 0,0 1.4 1.7 1.4 1.3 1.4 1.8 

2017 -0,6 -0,5 -0,6 1.2 1.1 0,9 1.0 1.0 1.7 

2018 -0,4 0.3 -0,4 1.1 1.3 1.1 1.2 1.2 1.6 

2019 0.1 0.6 0.1 0,7 0,5 0,9 1.0 0,8 1.8 

2020 -0,4 1.5 -0,4 -0,1 0,0 0.1 -0,2 -0,5 0.3 

2021 0,5 1.7 0,5 1.3 1.8 0,9 2.4 2.2 2.1 

2022 1.2 1.7 1.2 1.5 1.6 1.3 1.7 1.7 2.3 

2023 1.1 2.0 1.1 1.8 2.0 1.6 2.2 2.6 2.2 
ØôČù
ì 0.1 0,8 0.1 1.0 1.1 0,9 1.1 1.0 1.6 

 
ÍúüôĄúþô ýú÷úùì üĘ íì óôČð Ąÿðìù ðúĄþì, ôù þìøúĊ÷ íñĄþìü ìó ýú÷ĕúô 2000-ÿø ðìü 

îúðôĕú îì öĘĕôýþúùĕú îì ðìü ðìĕýú÷ìô úāôü ðìü íì÷ìùðöĘĕĕú øÿĄúĕôðì øñĄìîìð. Ðìü 
ÛìùĔìöñù øôėðúüô ýú÷úùìô íúüôĄúþ āñ÷ñ óôČð Ąÿðììýþ. Ðìü úù Ĕú ĕúðôýìĕúô íúüôĄúþô ìó 
øñĆČü óôČð íì ìøì÷ úøìðììùð. Çìøóìøúù, ðìü ôù Ĕú íìüúô þìĕ÷ô÷, øú ìó ýñ ûúõïúĕô 
ĕìîúăñùöÿùôñ, öô ðìü ĕìîóìô ÓìüìĀĄúù ĀìĆú÷ôċþ øñöÿùìùð, øìĆ÷ÿøúþĕú úôðô íúüôĄúþüú 
úøúðìô þìĕ÷ô÷ ėìüúü ðúðñø þú ôù, öô þìĀúîÿþô ėôýøìþô íú÷úô ĕìîóì ùôýíìþ íì ėôýøìþĕúô 
øôČùì îì ûúČùĒ Āìĕøú ïìüðìð. Ðìü ėôýøô öĘĕýúüô îúðĒ þìøúĊ÷ô 10-15% óôČð Ąÿðìùô 
íúüôĄúþ íì ùìóìü øñüìýìð (üìýøô 5). 

 

Üìýøô 8. ÞìøúĊ÷ô ĔìøĆĄìîôô íúüôĄúþô ýú÷úùì 
Figure 8. Annual precipitation accumulation trend 

 

 
Ðìü øôČùô ðìîüìĕúô āÿùÿö îì ïìüøô ýú÷ þìėýôøúþô ùìóìüüìýô ĔìøĆĄìîôô íúüôĄúþ 

øÿĄúĕôðì øñĄìîìð. Ðìü öĘĕĕú ĔìøĆĄìîôô íúüôĄúþ ðìü ðìîüìô āÿùÿö 40-50 Āúôó, ðìü 
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ûúČùúíô ÓìüìĀĄúù íúĄìð, ėìüôí 75%-üú þìĄöô÷ øñðôĕìð. Ðìü ðìîüìô ïìüø íì ôýþôýùúô 
ùúĕôċô ÛìùĔìöñù, ĔìĆøô íúüôĄúþ ðìü ĕìððô øÿĆþìðô÷ øúùð, öô ĕìþþú ðìü Āìý÷ô ïìüøú 
ĔìĆøô íúüôĄúþ āñ÷ú óôČð øñĄìîìð (Ĕìðîì÷ô 5). 

 

Æìðîì÷ô 5. ÐôïìüïÿùĄìîôô ĔìøĆĄìîôô íúüôĄúþ, ìó øñĆČü% ðìü ĕìîóìô ÓìüìĀĄúù 
Table 5. Variation in precipitation accumulation, % from the norm in the Zarafshan basin 

  Ýú÷ĕú ÐÝ ÐÏ Ýú÷ĕú ÐÝ ÐÏ Ýú÷ĕú ÐÝ ÐÏ 
Ðñĕìîó Ýìùïôýþúù ÛìùĔìöñùþ 

2014 17 70 5 -20 -11 -20 75 95 70 

2015 40 61 30 3 37 3 75 121 32 
2016 46 34 39 44 27 44 89 39 115 
2017 -2 53 -9 -8 18 -8 82 133 63 
2018 26 62 16 0 33 0 52 28 76 

2019 52 32 54 17 5 17 53 83 19 
2020 22 1 30 24 -36 24 52 22 88 
2021 -20 79 -53 -58 10 -58 -13 23 -59 
2022 39 78 23 29 42 29 129 144 121 

2023 -7 19 -14 -58 21 -58 21 55 -30 
 

Ðìü ðìîüìô þìĕėôėúþ ðìü îúðôô ÓìüìĀĄúù ýú÷ĕúñ, öô ùìøôô ìó øñĆČü óôČð íÿð, 
íñĄþìü øÿĄúĕôðì øñĄìîìð. ÙôĄúùðôĕìùðìô øÿýíĒ ôù ĔìøĆĄìîôô ùìóìüüìýô íúüôĄúþ ðìü 
ðìîüìô āÿùÿöĒ øñíúĄìð. Ôù íì íñĕþìü Ąÿðìùô ùìøôô āúö îì ĔìøĆĄìîôô íúüôĄúþ íìüúô 
øìîýôøô öôĄþ øÿýúôðìþ øñöÿùìð. 

 

Æìðîì÷ô 6. Ðôùìøôöìô þìĎõôüČíôô ĔìøĆĄìîôô øúĕúùìô íúüôĄúþ, % ìó øñĆČü (2014-23) ðìü 
ĕìîóìô ÓìüìĀĄúù 

Table 6. Dynamics of changes in monthly precipitation accumulation, % of the norm (2014-23) in 
the Zarafshan basin 

  Ô II  III  IV  Î VI  VII  VIII  IX  X XI  XII  ýú÷ 
Ðñĕìîó 29 59 49 -17 19 46 19 26 2 8 83 -4 21 
Ýìùïôýþúù 18 46 29 -27 1 89 14 143 -10 4 35 -58 2 
ÛìùĔìöñùþ 61 110 83 15 104 210 -49 106 -7 102 155 -22 61 

 

ÞìøúĊ÷ô ÿøÿøôô öìøĄìîôô íúüôĄúþ ðìü øúĕĕúô ðñöìíü, ìûüñ÷ ðìü öĘĕĕú îì 
øôùþìėìĕúô øôČùìô îúðôĕú îì ðìü ûúČùúí íúĄìð, øúĕĕúô ôĊ÷ îì ýñùþôċíü íì øÿĄúĕôðì 
øñüìýìð. ÍúüôĄúþô øúĕúùì ðìü øúĕĕúô Āñîüì÷ÿ øìüþ îì ðìü ùúĕôċô ÛìùĔìöñùþ ðìü 
øúĕĕúô ôĊùÿ ùúċíü óôČð Ąÿðììýþ (Ĕìðîì÷ô 4). Ðìü ùúĕôċĕúô îúðĒ îì öĘĕĒ ðìü øúĕĕúô øìõ-
ýñùþċíü íúüôĄúþô öìø (øñĆČü 3-12 øø) øñíúüìð îì ðìü ôù ðìîüì óôČð Ąÿðìùô íúüôĄúþ, 
āÿýÿýìù ðìü Ąìüúôþô ĕìüúüìþô íì÷ìùðô ĕìîú ìĕìøøôċþô ìøì÷Ē ùìðúüìð.  

 

Üìýøô 9. Ìöýô öĘ÷ĕúô ûôüċāôñ, öô ðìü óìíúùìô ûôüċāĕúô Ĝ335 îì Ĝ336 øìîóñô Ûì÷ðúüìö 
ûìõðú ïìüðôðììýþ 

Figure 9. Photograph of glacial lakes found at the mouth of glaciers No. 335 and No. 336 in the 
Paldorak area 
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ÛñĄïĘôô þìĎõôüČíôô ôė÷ôø îúíìýþì íì ĕìîóìô ÓìüìĀĄúù, ðìü øôýú÷ô ûôüċāĕúô 
Ûì÷ðúüìö. Ýñùìüôċĕúô ĉĕþôøú÷ôô þìĎõôüČíôô ôė÷ôø, öô ðìü ìýúýô ïìüðôĄô ÿøÿøôô 
ìþøúýĀñüì þìĕôċ Ąÿðììùð, úðìþìù ðìü øÿėúôýì íú ôė÷ôøô îúėñĒ ìüóôĄĕúô ĕìüúüìþüú 
ùúðôðì øñïôüìùð. 

Ðìü øìîüôðô íúüôĄúþ, øúðñ÷ĕú Ąìö÷ô îúėñôô íúüôĄúþüú ėìùúìþíìāĄ þìîýôĀ 
ùìøñöÿùìùð. Øìýì÷ìù, þú ýú÷ô 2050 ìĀóúôĄô íúüôĄúþô ýú÷úùì ðìü Ðñĕìîó 15 Āúôó îì ðìü 
îúðôĕú 27 Āúôó ûñĄíôùĒ Ąÿðì íÿð, ìøøú øÿþììýýôĀúùì þú ýú÷ô 2023 ì÷÷ìöìõ ðìü Ðñĕìîó 
15 Āúôó îì ðìü ÛìùĔìöñùþ öìüôí 70 Āúôó óôČð Ąÿðììýþ. 

Ðìü ĕìîóìô ÓìüìĀĄúù ûñĄïĘôĕúô øúðñ÷ô ûñĄïĘĒ øñöÿùìùð, öô þú ýú÷ô 2050, ĕìüúüìþ 
2¸Ý íú÷ú øñüìîìð. ÞìøúĊ÷ô ýú÷úùìô ĕìüúüìþ þú ýú÷ô 2023 íú÷úüìîôô 1,1-1,2¸Ý _üú ùôĄúù 
øñðôĕìð. Éôýøĕúô öĘĕĒ îì ðìü íì÷ìùðöĘĕĕú 0,80 Ý þìĄöô÷ ðúð [15]. 

áìþìüĕú. Íôùúíìü ïìüøĄìîôô íú ýÿüĆìþô ôė÷ôø îì úí Ąÿðìùô øôėðúüô óôČðô 
ûôüċāĕú ðìü ĕìîóìô øìóöÿü ðìü óìíúùìô ûôüċāĕúô Ĝ335 îì Ĝ336 ðÿ öĘ÷ íú øìýúĕìþô 
ÿøÿøôô 0,95 öø2, ðìü íì÷ìùðôô ìó ýìþĕô íìĕü 3950 ø íì îÿĔÿð úøìðììýþ. 

Óìíúùìô ôù öĘ÷ĕúüú ìýúýìù ċā îì øìüñùìĕú (ýìùï, ėÿø, ÷úõ) þìĄöô÷ øñðôĕìð. Íú 
íì÷ìùð Ąÿðìùô ĕìüúüìþô ĕìîú ċāĕú íú ýÿüĆìþ úí Ąÿðì, āìþìüô öìùðìĄìîôô öĘ÷ĕúüú íì 
øôČù øñúüìð, öô ôù öĘ÷ĕú þú ðñĕìô Ûì÷ðúüìö ðìü øìýúĀìô 8,4 öø Ĕúõïôü Ąÿðììýþ. 
Çìøóìøúù, íúċð ėìõð ùìøÿð, öô ðìü øìîóñô øìóöÿü øúĕô ìîïÿýþô ýú÷ô 2025 îúíìýþì íì 
üìîìùðĕúô þìíôĒ, úøìðìùô ċüă íì øôČù úøìðì, öĘ÷ô þìíôôüú íú øìýúĕìþô 0,2 öø2 þìĄöô÷ 
ðúðì, ìó ðñĕìô Ûìððúüìö ðìü øìýúĀìô 1,24 öø ðÿü Ĕúõïôü øñíúĄìð. Ðìü ùìþôĔìô 
öìùðìĄìîôô ôù öĘ÷ĕú ĕìĔøô óôČðô úí íì ûúČù ĕìüìöìþ öìüðì, ċö ėôýøô ðñĕìô Ûì÷ðúüìöüú 
Ąÿýþì āôýúüúþô ĔúùôĊ øú÷ôüú íì îÿĔÿð úîìüðìùìĄ ìó ĉĕþôøú÷ ðÿü ùñýþ.  

 

Üìýøô 10. Ìöýô öĘ÷ô þìíôôô íìîÿĔÿðúøìðì 
Figure 10. Photo of a naturally formed lake 

 
áÿ÷úýì. Þôíėô ©àñĕüôýþô ûôüċāĕúô ÝÝÝÜª ðìü ĕìîóìô ðìüČô Ûì÷ðúüìö 8 ûôüċāô 

āÿüðÿ íÿóÿüï íú øìýúĕìþô 9,6 öø2 îÿĔÿð ðúüìð. Íôùúíìü ïìüøĄìîôô ôė÷ôø ìó 5,006 öø2 ýú÷ô 
1993 ôù ùôĄúùðúð ðìü ýú÷ô 2024 þú íì 2,568 öø2 öúĕôĄ ČĀþììýþ. Ðìü ĕìîóìô ðìüČô 
Ûì÷ðúüìö ìýúýìù ûôüċāĕúô îúðôïĒ, öìüîĒ îì öìüîĒ-îúðôïĒ ðôðì øñĄìîìùð, öô ìó ĕìøì óôČð 
ûôüċāĕúô öìüîĒ îúðôïĒ öúĕôĄ ČĀþììùð. Íú ðìüùìóìüðúĄþô íú÷úüìîô ĕìüúüìþ îì 
ïìüøĄìîôô ôė÷ôø ðìü ðìĕýú÷ìĕúô úċùðì ûôüċāĕúô ôù ĕìîóì ìó ĉĕþôøú÷ ðÿü ùñýþ, öô ûÿüüì 
úí Ąìîìùð. Þìĕ÷ô÷ĕúô ïÿóìüúùôðì øÿìõċù ùìøÿðìùð, öô ðìü ėôýøìþô óìíúùìô ûôüċāô 
Ûì÷ðúüìö ìùôėþìüìĄ ðìü óìíúùìô ûôüċāĕúô Ĝ335 îì Ĝ336 ûìõðú ïìüðôðìùô öĘ÷ĕúô 
ûôüċāĒ øÿĄúĕôðì Ąÿðììýþ, öô ðìü úċùðìô ùìóðôö āìþìüô öìùðìĄìîôô öĘ÷ĕúô ûôüċāĒ ìó 
ĉĕþôøú÷ ðÿü ùñýþ. Çìøóìøúù, íì øìĆ÷ÿøúþô ýúāþúüĕúô îìöú÷ìþðúüô ðìî÷ìþĒ îì Øìėúøúþô 
ôĔüúôċô ĕúöôøôċþô ðìî÷ìþĒ üìýúùôðì øñĄìîìð, öô úôðô îìóĆô íì øôČùúøìðì Ĕôĕìþô ðìėôė 
îì ô÷øìù ìýúýùúö ùìøÿðìùô ĕú÷ìþô üìāùìĄìîôô öĘ÷ĕúô ûôüċāĒ ĉöýûñðôþýôċô ô÷øĒ íú 
Ĕì÷íô øÿþìāìýýôýúùô ýúĕìîĒ þìĄöô÷ îì ïÿóìüúùôðìùô ăúüìĕúô óìüÿüĒ ìó øìùĀôìþ āú÷Ē 
ùñýþ.  

Ðìü ùúĕôċĕúô îúðôô ÓìüìĀĄúù íì÷ìùð Ąÿðìùô ĕìüúüìþô ĕìîú ĕìø íì ĕôýúíô øôČùì, 
øìöýôøì÷Ē îì øôùôøì÷Ē øÿĄúĕôðì Ąÿðì ôýþúðììýþ. Ðôïìüïÿùôĕúô óôČð ðìü øôùþìėìĕúô 
öĘĕĒ íì ìøì÷ úøìðì ôýþúðììýþ. Ðìü øôùþìėìĕúô íì÷ìùðöĘĕ ìĀóúôĄô ĕìüúüìþô øìöýôøÿø ìó 
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íì÷ìùð Ąÿðìùô ĕìüúüìþô øôùôøì÷Ē óôČð Ąÿðì ôýþúðììýþ; ðìü øìĔüúô øúíìõùô ðìüČ 
þìėüôíìù ċö āñ÷ îì ðìü ûúČùúíô ĕìîóìô ÓìüìĀĄúù íì÷ìùðĄìîôô ĕìüúüìþô øôùôøì÷Ē ìó 
íú÷úüìîôô ĕìüúüìþô øìöýôøì÷Ē óôČð Ąÿðì ôýþúðììýþ. 

Ðìĕýú÷ìô úāôü þìøúĊ÷ô íì÷ìùðĄìîôô ìĀóúôĄô ĕìüúüìþ ùôĄúù ðúð, öô ýú÷ĕúô 2021-
23 ïìüøþìüôù ðìîüì ðìü þìĆüôāô øÿĄúĕôðìĕúô ĕìîúýìùĔĒ íì Ąÿøúü øñüìîìð.  

Íì ìøì÷ úøìðìùô óôČðĄìîôô íúüôĄúþô ýú÷úùì íì ìøì÷ úøìðì ôýþúðììýþ îì þìėýôøúþô 
íúüôĄúþĕú ùôýíìþ íì ìüóôĄĕúô ûñĄíôùôùìøÿðìô øúðñ÷ĕú íì ìùðúóìô íñĄþìü Āìüė 
øñöÿùìùð. 

Íì ïÿĀþìô ú÷ôøúùô Ĕìĕúù, þìøúĊ÷ô íú÷úüìîôô ĕìüúüìþ ðìü ûìùĔ ýú÷ô úċùðì ôðúøì 
āúĕìð ðúĄþ îì øìĆ÷ÿøúþô ôė÷ôøĒ ðìü íúüìô íú÷úüìîôô ĕìüúüìþô ĕìîúüú ûìõïôüĒ öìüðìù 
÷úóôø ìýþ . 

Íì÷ìùð Ąÿðìùô ĕìüúüìþ ðìü ðìîüìô ýìüðĒ íì öìø Ąÿðìùô ðìîúøùúöôô ėìíìþô íìüĀ îì 
öìø ïìüðôðìùô øôėðúüô úí ðìü íìüĀ þìĆýôü øñüìýúùìð. 

ÚïúĕĒ ČĀþìù ìó ûìõúøìðĕúô þìĎõôüČíôô ôė÷ôø îì úėôíìþĕúô úù íìüúô ėìíÿ÷ô 
ėìüúüĕúô úėô÷úùì ðìü íìùìėĄìïôüôô üÿĄðô ôėþôýúðôô ĔÿøĕÿüĒ öÿøìö øñöÿùìð. 
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ÞÌÙÌÓÓß×¾ÍÔÔ ÇÚ×ÌÞÔ ÛÔÜëáÇÚÔ ÛÌ×ÐÚÜÌÖÔ ÇÌÎÓÌÔ ÐÌÜ¾Ô ÓÌÜÌàäÚÙ ÐÌÜ 

äÌÜÚÔÞÔ ÞÌÀÕÔÜ¾ÍÔÔ ÔÉ×ÔØ  
Ðìü øìėú÷ì üìîìùðô þìùìóóÿ÷Číôô ûôüċāĕúô øìîóñô Ûì÷ðúüìö, ċöñ ìó Ąúāúíĕúô ìýúýôô ðìüČô 

ÓìüìĀĄúù, ðìü Ąìüúôþô þìĎõôüČíôô ôė÷ôø øìîüôðô úøĘóôĄ ėìüúü ðúðì Ąÿðììýþ. Þìĕėôėúþ íú ôýþôĀúðì ìó 
àñĕüôýþô ûôüċāĕúô ÔÆäÝ, ìöýĕúô Āúýô÷ìîôô øúĕîúüìĕúô Landsat-7 îì Landsat-8 (ýú÷ĕúô 1993, 2000 îì 
2024) îì þìĕ÷ô÷ô GIS ðìü íìüùúøìô ArcGIS 10.5 ìùĔúø ðúðì Ąÿð. ÙìþôĔìĕú ùôĄúù øñðôĕìùð, öô øìýúĕìþô 8 
ûôüċā íú øìýúĕìþô ÿøÿøôô 9,6 öøĮ ðìü ðìîüìô ýú÷ĕúô 1993¬2024 íì ĕôýúíô øôČùì 51,2% öúĕôĄ ČĀþììýþ. Ìó 
üĘô ùìîĆô øúüĀú÷úïĒ, ûôüċāĕúô öìüîĒ-îúðôïĒ íì÷ìùðþìüôù ýìþĕô þìùìóóÿ÷ČíĒ ðúĄþì, (36,9%) þìĄöô÷ ðúð. 
Þìĕ÷ô÷ô ôùðôöìþñüĕúô ôė÷ôøôô ûúõïúĕô Ðñĕìîó ùôĄúù øñðôĕìð, öô íì÷ìùðĄìîôô ĕìüúüìþô ĕìîú îì 
öìøĄìîôô ùìøùúöĒ úøô÷ĕúô ìýúýôô úíĄìîôô ûôüċāĕú íì Ąÿøúü øñüìîìùð. Ôù üìîìùðĕú íúôýô ûìõðú 
Ąÿðìùô öĘ÷ĕúô ûôüċāĒ ðìü óìíúùìô ûôüċāĕú øñïìüðìùð, öô āìîĀô öìùðìĄìîĒ îì āôýúüúþô íÿóÿüïñ íì ìĕú÷ôô 
ûúČùúí íì îÿĔÿð øñúċð. Ôùăÿùôù ðìü øìýúĀìô 1,24 öø ðÿüþìü ìó ðñĕìô Ûì÷ðúüìö, íôùúíìü öìùðì Ąÿðìùô ċüă 
îì íìýþìùô ýìþĕô ðìüČ öĘ÷ñ íú øìýúĕìþô 0,2 öø2 íì îÿĔÿð úøìð, öô ôù āìîĀô āôýúüúþüú ðìĕăìùð āúĕìð öìüð. 

Öì÷ôðîúòìĕú: Ûôüċāĕú, Ûì÷ðúüìö, ÓìüìĀĄúù, Landsat, ArcGIS, þìùìóóÿ÷, ôė÷ôø, øúüĀú÷úïôċ, 
úíĄìîĒ, øúùôþúüôùï, ĕìüúüìþ, íúüôĄúþ, öĘ÷, ðìüČ, āìþìüĕú. 
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ɼɽɻʈɸɼɸʎʀʗ ʉʆʉʊʆʗʅʀʗ ʃɽɼʅʀʂʆɺ ʇɸʃɼʆʈɸʂʉʂʆɻʆ ɹɸʉʉɽʁʅɸ ʈɽʂʀ ɿɸʈɸʌʐɸʅ ɺ 

ʋʉʃʆɺʀʗʍ ʀɿʄɽʅɽʅʀʗ ʂʃʀʄɸʊɸ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʦʚ ʨʘʡʦʥʘ ʇʘʣʜʦʨʘʢ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʠʪʦʢʦʚ ʨʝʢʠ ɿʘʨʘʬʰʘʥ, ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʘʪʘʣʦʛʘ 

ʣʝʜʥʠʢʦʚ ʉʉʉʈ, ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ Landsat-7 ʠ Landsat-8 (1993, 2000 ʠ 2024 ʛʛ.), ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ɻʀʉ-ʘʥʘʣʠʟʘ 

ʚ ʧʨʦʛʨʘʤʤʝ ArcGIS 10.5. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʣʦʱʘʜʴ ʚʦʩʴʤʠ ʣʝʜʥʠʢʦʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 9,6 ʢʤĮ ʚ 

ʧʝʨʠʦʜ 1993ï2024 ʛʛ. ʩʦʢʨʘʪʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 51,2%. ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ 

ʜʝʛʨʘʜʘʮʠʠ (36,9%) ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʢʘʨʦʚʦ-ʜʦʣʠʥʥʳʭ ʣʝʜʥʠʢʦʚ. ɸʥʘʣʠʟ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʩʪʘʥʮʠʠ 

ɼʝʭʘʚʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʝʜʥʠʢʦʚʳʭ ʦʟʸʨ ʥʘ ʷʟʳʢʘʭ ʣʝʜʥʠʢʦʚ, ʯʪʦ 

ʩʦʟʜʘʸʪ ʫʛʨʦʟʫ ʧʨʦʨʳʚʘ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʱʝʨʙʫ ʜʣʷ ʥʘʩʝʣʝʥʠ ̫ʥʠʞʝʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʊʘʢʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,24 ʢʤ ʦʪ ʜʝʨʝʚʥʠ ʇʘʣʜʦʨʘʢ, ʚʩʣʝʜʩʪʚʠʝ ʩʭʦʜʘ ʦʧʦʣʟʥʷ ʠ ʧʝʨʝʢʨʳʪʠʷ ʨʫʩʣʘ ʨʝʢʠ 

ʦʙʨʘʟʦʚʘʣʦʩʴ ʦʟʝʨʦ ʧʣʦʱʘʜʴʶ 0,2 ʢʤ
2
, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʥʘʥʝʩʝʥʠʷ ʫʱʝʨʙʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʜʥʠʢʠ, ʇʘʣʜʦʨʘʢ, ɿʘʨʘʬʰʘʥ, Landsat, ArcGIS, ʜʝʛʨʘʜʘʮʠʷ, ʢʣʠʤʘʪ, ʤʦʨʬʦʣʦʛʠʷ, ʪʘʷʥʠʝ, 

ʤʦʥʠʪʦʨʠʥʛ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʘʜʢʠ, ʦʟʝʨʦ, ʨʝʢʘ, ʦʧʘʩʥʦʩʪʴ. 

 

DEGRADATION OF THE PALDORAK GLACI ER SYSTEM IN THE ZARAFSHAN RIVER BASIN UNDER 

CLIMATE CHANGE  

This article examines the process of glacier degradation in the Paldorak area, one of the major tributaries of the 

Zarafshan River, under conditions of climate change. The study is based on data from the USSR Glacier Catalogue, 

satellite images from Landsat-7 and Landsat-8 (1993, 2000, and 2024), and GIS analysis conducted in ArcGIS 10.5. The 

results show that the area of eight glaciers with a total surface of 9.6 kmĮ decreased by an average of 51.2% between 1993 

and 2024. Among the morphological types, cirque-valley glaciers exhibited the highest rate of degradation (36.9%). 

Analysis of climatic parameters from the Dehavz meteorological station indicates that increasing air temperature and 

decreasing humidity are the key factors contributing to glacier melt. These processes lead to the formation of glacial lakes 

at glacier tongues, which pose a risk of outburst and can cause significant damage to downstream populations.Also, at a 

distance of 124 km from the village of Paldorak, due to a landslide and the blockage of the river channel, a lake with an 

area of 0,2 km
2
 was formed, which will significantly increase the risk of damage. 

Keywords: glaciers, Paldorak, Zarafshan, Landsat, ArcGIS, degradation, climate, morphology, melting, monitoring, 

temperature, precipitation, lake, river, danger.  
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ÞÐß: 549+556.314 
ÍÌæÓÑ ÉÚÙßÙÔëÞÇÚÔ ÆÚÕÏÔÜäÌÎÔÔ ÓßÇßÜÚÞÔ ÚÙÔÖÝÔ ØÌÜØÌÜÄ ÐÌÜ 

ÞÚÆÔÖÔÝÞÚÙ 
 

Ìíðÿ÷÷úĕóúðì à.Ì.  
Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô ÌØÔÞ 

 
ÚøĘóôĄô ûìõðúôĄô úùôöýĕúô øìüøìüĒ ðìü ÞúĔôöôýþúù ùôĄúù øñðôĕìð, öô úùĕú íú 

îìõüúùĄìîôô ùìîôùô þñöþúùôöĒ îì ûìõðúôĄĕúô öìüýþĒ ýìāþ ì÷úėìøìùðĒ ðúüìùð. Ìïìü íì 
ùìóìü ïôüñø, öô öìüýþĕú úðìþìù Ĕúùôíô îìõüúùìĕúô þñöþúùôöĒ øìõ÷ ðúüìùð, ûìý úāôüôùüú 
úøô÷ô ìýúýôô ùìóúüìþöÿùìùðìô øôùñüì÷ôóìþýôċô úùôöýĒ ðìü øôùþìėì ĕôýúí öìüðìù 
øÿøöôù ìýþ.  

Ôù ì÷úøìþ ìýúýô þìýùôĀúþô óÿĕÿüúþô úùôöýô øìüøìüôüú þìĄöô÷ øñðôĕìð, öô ðìü 
ĕìøìô øôùþìėìĕúô øÿìõċùĄÿðìô ýúāþúüĒ - Āúüøìþýôúùôô ÞôČùĄúùô ĔìùÿíĒ (Çôýúüô 
ĔìùÿíĒ, ÓìüìĀĄúùÿ Çôýúü, Þÿüöôýþúùÿ ÓìüìĀĄúù îì Þÿüöôýþúù) îì ðñûüñýýôċô ÞúĔôö 
ûìõðú Ąÿðììùð. 

Ðìü øôùþìėìĕúô ûìĕùĄÿðìô öúùÿ óÿĕÿüúþô úùôöýô øìüøìüĒ ýñ ùìøÿðô ìýúýôô 
ýúāþúüĒ-øúüĀú÷úïĒ íñĄþìü þìĄìööÿ÷ ČĀþììùð (ùôï. íì Ĕìðîì÷ô 1): - üìïìøúùìùð ðìü 
þìüėôĄĕúô üúýþô ĔÿðúĄìîĒ; - þìùìĕúô ėìíìþøúùìùð (÷ôùóìĄìö÷) ðìü þìüėôĄĕúô øÿîúĀôė; 
- ýìüûĘĄĕú, ÷ôùóìĕú îì ðôïìü Ąìö÷ĕúô ûìõðúôĄĕúô úîñóúù, öô ðìü āú÷ôïôô Ďúüĕúô öìüýþĒ 
øìĕðÿðìùð [5]. 

Ðìü ÞôČùĄúùô ĔìùÿíĒ øôėðúüô íñĄþìüô óÿĕÿüúþô úùôöýô øìüøìüĒ ðìü øôùþìėìô 
Çôýúüô ĔìùÿíĒ úĄöúü Ąÿðììýþ (ùôï. íì Ĕìðîì÷ô 1). Ôù øôùþìėì íú þìėýôøúþô óôăô 
óÿĕÿüúþô úùôöýô øìüøìüĒ, öô íì ĕì÷ėìĕúô ăôùĕúô ýôùö÷ôùì÷Ē øìĕðÿð ìýþ, Āìüė øñöÿùìð. 
Ðìü øôùþìėìô Çôýúüô ĔìùÿíĒ óÿĕÿüúþô ùìøÿðĕúô ċöÿø îì ðÿîÿøô ýúāþúüĒ-øúüĀú÷úïĒ āñ÷ñ 
ôùöôĄúĀ ČĀþììýþ: 1) þìùìĕúô üìïøúùìùð, öô íú þìüėôĄĕúô ĔÿðúĄìîĒ ì÷úėìøìùð; 2) 
þìùìĕúô ÷ôùóìĄìö÷ ðìü þìüėôĄĕúô ėìíìþôô øÿîúĀôė Ĕúõïôüìùð. 

Ðúüúôô ìýúýôô óìāôüìô úùôöýô øìüøìüĒ ðìü þìùìĕúô üìïøúùìùðô ùìøÿðô ċöÿøô 
ýúāþúüĒ-øúüĀú÷úïĒ øÿþìøìüöìó Ąÿðììýþ. Ùìøúċùðìïúùô ôù ùìøÿð Āìõóùúö îì úċùðìðúü 
øñíúĄìùð, öô ðìü ìõùô óìøúù ðÿ öúù îì óôČðì ìó ýìð óÿĕÿüúþüú ðìüíìü øñïôüìùð. 
Ùìøúċùðìô öì÷úùþìüôù öúùô Ûìþüÿ øñíúĄìð, öô ðìü øôýú÷ô úù øú āÿýÿýôċþĕúô óÿĕÿüúþô 
ôù óñüïÿüĘĕüú íìüüìýĒ āúĕñø öìüð.  

Öúùô Ûìþüÿ. Øìýúĕìþô ÿøÿøôô öúùô øìóöÿü þìėüôíìù 1,0 öø2 øñíúĄìð, ðìü ôùþôĕúô 
Ĕìùÿíÿ Ďìüíôô ýôùö÷ôùì÷ô Ûìþüÿ Ĕúõïôü ìýþ îì ìó öúùĕúô ÷ìïÿùìîÿ íìĕüĒ îì þìĕĄôùôĕúô 
öúùþôùñùþì÷ôô íĘüô ûúČùĒ ôíúüìþ ìýþ. ãôùĕú, öô 12 öø ðìüúóĒ îì 4 öø ûìĕùúĒ ðúüìùð, 
āúíôĄô Ąôøú÷ÿ ĄìüėĒ ðúĄþì, ðìü ėìùúþĕú ìĀþôĄô øúô÷ (15-20̧ )-üú ðúüìùð. Ðìü ôù Ĕú ðÿ 
þìíìėìô öúùýñùþüìþýôċô úùôöýĕúô øìüøìüĒ Ĕÿðú öìüðì Ąÿðììùð, öô ìó Ĕôĕìþô ĀìóúĒ íú 
ïúüôóúùþĕúô úĕìöðúüô ðìü íú÷ú óôöüïìüðôðìô ėìíìþô ÷ìþúíìù ì÷úėìøìùðìùð. Ìïìü ðìü 
ïúüôóúùþĕúô íú÷úĒ þìùìĕúô øÿýþìėô÷ øÿĄúĕôðì öìüðì Ąìîìùð, úù ïúĕ ėôýøô ìýúýôô 
üìïĕúô þìĕėôėĄÿðì ðìü ÿĀÿėô ûúČùĒ ĔìøĆ Ąÿðììýþ. Æôùýĕúô þüìîñüþôùĒ úùĕúüú íì ðÿ 
ėôýø - ĎìüíĒ îì ĄìüėĒ Ĕÿðú øñöÿùìùð. ÏÿüĘĕô Ďìüíôô üìïĕú ėìð-ėìðô ùôĄñíôô îúðĒ 
Ĕúõïôü íÿðì, øìýúĕìþô ðìüúóôìĄ 300 ø îì ûìĕùúôô 80 ø, ïÿüĘĕô ĄìüėĒ íúĄìð, ðìü öÿùĔô 
450 íì ùôĄñíôô îúðôô ðìüČô Ûìþüÿ Ĕúõïôü íÿðì, øìýúĕìþô 300 ā 100 ø-üú ðìüíìü øñïôüìð. 

Øìýýìô ìýúýôô üìïĕú íú úùôöýô øìüøìüôô öúùðôþýôúùĒ ðìü ùìėĄì üìāô 
öìøúùĄìö÷üú þìĄöô÷ øñðôĕìð, öô öúùĀôïÿüìþýôċô Ĕôùýĕúô ìþüúĀüú þìöüúü øñöÿùìð îì 
ðìü þìüėôĄĕúô āúíôĄô Ąôøú÷ÿ ĎìüíĒ (äÀ 310-320̧) Ĕúõïôü Ąÿðììýþ. ÍìĆóìù ðìü úù 
üìïĕúô þÿùÿöô öì÷ýôþô øôöüúöüôýþì÷÷Ē øÿĄúĕôðì øñĄìîìùð îì ðìü ýìüĕìðô úù íú 
ăôùýĕúô ìþüúĀ ĔìøĆĄìîôô øôùñüì÷ĕúô øìĆðìùôô ùúĄìĀĀúĀ íì ėìõð ïôüôĀþì øñĄìîìùð 
[13]. 

Çìøôùüú íúċð óôöü öìüð, öô ðìü øìýúĕìþô øìõðúùô öúùô Ûìþüÿ Ąÿøúüìô óôČðô üìïĕú 
îì üìāĕúô úùôöýô øìüøìüĒ øìîĔÿðìùð. Öúùô úùôöýô øìüøìüô Ûìþüÿ ìó ýú÷ô 1985 þú ôøüĘó 
þìĆøôùöÿùìùðìô ìýúýôô ìĄČô āúøô þôĔúüìþôô Æÿøĕÿüôô ÞúĔôöôýþúù íÿðì, óìāôüìô 
ùìîĆĕúô úù íì ýìðĕú þúùùì øñüìýìð [12]. 

Íì óÿĕÿüúþô ùìøÿðô ðÿîÿøô ýúāþúüĒ-øúüĀú÷úïĒ ðìü øôùþìėìô Çôýúüô ĔìùÿíĒ, öô ðìü 
úù úùôöýô øìüøìüĒ íú þìüėôĄĕúô øÿîúĀôė øìĕðÿð ìýþ, ûìõðúôĄô óÿĕÿüúþô úċùðìðúüô 
Üôööôüú øìüíÿþ øñðúùìùð. Úù ðìü ėìùúþô Ąôøú÷ÿ Ďìüíôô ìùþôö÷ôùì÷ô ÝìîÿüĎúù îúėñĆ 
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ìýþ, öô ðìü øôùþìėìô ûìõðúôĄ ìó þìĕĄôùĕúô þñüüôïñùôô ðìîüìô íĘüô ûúČùĒ ôíúüìþ ìýþ. 
 

Æìðîì÷ô 1. Ùìøÿðĕúô ýúāþúüĒ îì øúüĀú÷úïôô óÿĕÿüúþô úùôöýô øìüøìüĒ 
Table 1. Structural and morphological types of appearance of marble 

Øôùþìėìĕú
ô ýúāþúüĒ-
Āúüøìþýôú
ùĒ 

Ýúāþúüĕúô 
ìþüúĀ 

Ùìøÿðĕúô ýúāþúüĒ îì 
øúüĀú÷úïĒ 

Æôùýĕúô ìþüúĀ Ýôùùÿ ýú÷ Ùìøÿùìĕúô öúùĕú 
îì óÿĕÿüúþ 

 
ÓìüìĀĄúùÿ 
Çôýúü 

ÞìĕĄôùĕúô 
öìüíúùìþôô 
ìýúýô 
ăôùùúöĒ 

1. Þìùìĕúô üìïøúùìùð, öô 
íú öìĀôĄĕúô 

üúýþìĀþìùðì îúíìýþììùð 

Ðú÷úøôþĕú, 
úĕìöýìùïĕúô 
ðú÷úøôþĄÿðì, 
úĕìöýìùïĕú 

Ýô÷ÿü  
 

 Îúðúûìðùúñ 

2. Þìùìĕúô ėìíìþĒ, öô íì 
öìĀôĄĕúô øÿîúĀôė 

øìĕðÿðìùð 

Æô÷ìî 

3. ÝìüûĘĄĕú, 
ýþì÷ìöþôþĕú, öô ðìü 

Ďúüĕúô öìüýþĒ øìĕðÿðìùð 

Ðñîúù  ØìüĎÿóúü, Öúùô-
Ùÿėüì 

Çôýúüô 
ÆìùÿíĒ 

äìüùôüĕúô 
ăôùùúöôô 
öìĔô 

ýôùö÷ôùì÷Ē 
 

1. Þìùìĕúô üìïøúùìùð, öô 
íì öìĀôðìĕúô ĔÿðúĄÿðì 

øìĕðÿðìùð 

Üñïýìùïĕúô 
öìüíúùìþĒ, 
úĕìöýìùïĕú 

Íÿü, 
ûì÷ñúïñù 

Ûìþüÿ, Þìöúí, 
áúĔì-Ýìùïāúö 

2. Þìùìĕúô ÷ôùóìøúùìùð, 
öô öìĀôĄĕúô øÿîúĀôėô 
ėìíìþĒ ì÷úėìøìùðìùð 

Íÿü Üôööô 

Þÿüöôýþúù 
­ 

ÓìüìĀĄúù 

- 3. ÝìüûĘĄĕú, 
ýþì÷ìöþôþĕú, öô ðìü 
Ďúüĕúô öìüýþĒ øìĕðÿðìùð 

Úĕìöýìùïĕú, 
øìüøìüĕú 

ðñîúù ¾üĒ 

Þÿüöôýþúù - 3. Ûÿýþ÷úėô öì÷ýôþĒ, öô 
íú öìüýþô ėìðôø 
ì÷úėìøìùðìùð 

Úĕìöýìùïĕúô 
øñþìøúüĀôĄÿð

ì 

öìüíúù ÞĊċ-ØÿĊù, áúĔì 
Ïúü-1, 

ÞĊċðòìõ÷ìÿ, 
Öúùô-Ïÿþ 
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ÞìĄìööÿ÷ô ôù ýúāþúü íú ûìõðúôĄô āú÷ôïôĕúô íìõùô ĄìĎì÷ĕú îì ėìíìþô üñïýìùï 

ĕìøüúĕĒ øñöìüð, öô íì ĔúõïôüĄìîôô úùôöýô øìüøìü ðìü Ąìö÷ô ÷ôùóìĕú îì ėìíìþăìĕú ðìü 
úùĕú øÿýúôðìþ öìüð. Ðìüúóôô ÿøÿøôô øôùþìėìô ðúüúô øôùñüì÷ôóìþýôċô úùôöý þìėüôíìù 
100 ø-üú þìĄöô÷ øñðôĕìð. Øìýúĕìþô ÷ôùóìĕú íì 2 x 3 ø Č íñĄþìü ðìü øìîüôðô ĎìĀýôô 0,4-
0,5 ø øñüìýìð îì ĎìĀýôô ÷ôùóìĕú ðìü ýìøþô ýÿíìüóĒ āÿüð øñĄìîìð îì ùì íñĄþìü ìó 9-10 ýø-
üú þìĄöô÷ øñðôĕìð [13]. 

Ðìü ýìþĕô íú÷úôô ðñîúüìô þìüėôĄĕú íìĆóìù Ąìö÷ĕúô úîñóúù, ìýúýìù ûìõðúôĄúþô 
ýþì÷ìöþôþĒ ôùöôĄúĀ øñČíìùð. Úùôöýô øìüøìüôô óÿĕÿüúþô Üôööô ðúüúô üìùïô óìüð íú 
íìùðĕúô íúüôö íÿðì, îì÷ñ üìāùúöôô ýÿýþ ðúüìð, āñ÷ñ óôă ìýþ îì ðìüìĔìô ĄìĀĀúĀôċþìĄ 
ûìýþ ìýþ. 

Þìĕöÿüýôô ėìþĄÿðìô ÞôČùĄúùô ĔìùÿíĒ (øôùþìėìĕúô ÓìüìĀĄúùÿ Çôýúü, Þÿüöôýþúùÿ 
ÓìüìĀĄúù îì Þÿüöôýþúù) ðìü øÿùúýôíìþ íì úùôöýô øìüøìüĒ íì þìîüô ûÿüüì úøĘāþì 
Ąÿðììùð. Úù ìó þìĕĄúùôĕúô ôùþüÿóôîĒ îì øñþìøúüĀôöôô ĉüìô ûì÷ñúóúõ íú íúėôøúùðìĕúô 
āÿüðô ýìüûĘĄô û÷ìþĀúüøìîĒ (Ċüì ¬ íĘü - ûì÷ñúïñù) ôíúüìþ ìýþ. 

Ìïìü íì ùìóìü ïôüñø, öô ðìü ĕÿðÿðô øôùþìėìô ýúāþúüĒ-Āúüøìþýôúùôô ÓìüìĀĄúùÿ 
Çôýúü Ĕôùýĕúô öìüíúùìþĒ ĕìøăÿù Ĕúõïôüöÿùìùðìô øôùñüì÷ôóìþýôċô úùôöýĒ ðìü ðìîüìô 
ýô÷ÿü, ðìü øôùþìėìô Þÿüöôýþúùÿ ÓìüìĀĄúù - ðìü Āúýô÷ìô îìėþ ìó ðñîúùô ûúČù þú öìüíúùô 
øúíìõùĒ îì ðìü øôùþìėìô Þÿüöôýþúù - ìó ðñîúùô ûúČù þú öìüíúùô ûúČù íì þìîüô îìýñĆ 
ôùöôĄúĀ ČĀþììùð, úù îìėþ úċùðìíôùôô ðìü ôù Ĕôùýĕú ûìõðú öìüðìùô óÿĕÿüúþô ùìîô ôù 
ýìùïô úüúôĄĒ öì÷úù ìýþ [11]. 
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Ðìü óìøúùô ôøüĘóì ðìü ėôýøìþô þúĔôöôýþúùôô ÞôČùĄúùô ĔìùÿíĒ ùìóðôö íì 23 
ùìøÿðô úùôöýô øìüøìüĒ øìĆ÷ÿø ìýþ, öô ìó úù 8-þúìĄ ĕìøăÿù ùìøúċùðìô ùìøÿðô ýìîÿøô 
ýúāþúüĒ-øúüĀú÷úïĒ ðìü Ďúüĕúô öìüýþĒ Ĕúõïôü Ąÿðììùð îì íúėôøúùðììĄ ùìøúċùðìïúùô 
ùìøÿðô ċöÿø îì ðÿîÿøô ùìøÿðĕúô ýúāþúüĒ-øúüĀú÷úïĒ øìĕýÿí øñĄìîìùð. 

Àìõü ìó ôù, ċöñ ìó āÿýÿýôċþĕúô Āìüėöÿùìùðìô ôù ùúĕôċ ðìü íìüúíìüô ùìîĆô öì÷ýôþĒ 
āñ÷ñ îìýñĆ ûìĕù Ąÿðìùô úùôöýô ìüìïúùôþĒ øñíúĄìð. Ôù ùìîĆĕúô úùôöý ðìü ĕÿðÿðô ċö 
óÿĕÿüúþ ĕìø ċöĔúċ (Îúðúûìðùìċ îì Ď.) îì ĕìø ðìü ì÷úĕôðìïĒ (öĘĕô Ìüìïúùôþ, Æô÷ìî îì Ď.) 
îúøñāĘüìùð. 

Óÿĕÿüúþô ùìîĆô ċöÿøô ýúāþúüĒ-øúüĀú÷úïĒ ìýúýìù ðìü øôùþìėìĕúô ĄôöìùôĄ 
ôùöôĄúĀ ČĀþì, ðìü þìüėôĄĕúô öÿĄúðô þñöþúùôöĒ íì ùìøÿðô úîñóìĕú óúĕôü øñĄìîìð.  

Óÿĕÿüúþô ùìøÿðô ýìîÿøô ýúāþúüĒ - øúüĀú÷úïôô úùôöýô øìüøìüĒ ðìü ĕÿðÿðô Çôýúüÿ 
Ú÷úõ úċùðìíôùôô āÿí ðúüìùð, óñüú ðìü ôù Ĕú öúîúöôĕúô ýñüĄÿøúüô öìüýþĒ ðìü Ĕôùýĕúô 
öìüíúùìþĒ íì îÿĔÿð úøìðììùð (ùôï. íì Ĕìðîì÷ô 2). 

Ðìü ðñûüñýýôċô þúĔôö öúùĕúîÿ óÿĕÿüúþô úùôöýô øìüøìüĒ úðìþìù ðìü ăôùĕúô øúô÷ô 
ĀúùìĄìö÷, ôùăÿùôù ðìü øìîóñĕúô ėìùúþĕúô øúô÷ Ĕúõïôü øñĄìîìùð. Ðìü ôù Ĕú ðìü íìõùô 
óÿĕÿüúþô úùôöýô øìüøìüĒ ùìøúċùðìïúùô ĕìü ýñ ùìøÿðô ýúāþúüĒ îì øúüĀú÷úïĒ ùôó Āìüė 
øñöÿùìùð. 

Óÿĕÿüúþô úùôöýô øìüøìüĒ ðìü ðñûüñýýôċô þúĔôö, öô íì ùìøÿðô ċöÿøô ýúāþúüĒ - 
øúüĀú÷úïĒ øìùýÿí ìýþ, ùôó îìýñĆ ûìĕù Ąÿðììýþ, ïìüăìùðñ ìó Ĕôĕìþô óôăôô ĔúõïôüĄìîĒ 
ùôýíìþ íì óÿĕÿüúþô ùìøÿðô ĕìøĄìíñĕô øôùþìėìô Çôýúüô ĔìùÿíĒ öìøìùð. Íì ýôĀìþô 
øôýú÷ô ôù ùìøÿð ûìðôðìĕúô øìĆðìùô ÔĄøì 1 îì ÔĄøì 2- ìùð îì ĕìøóìøúù, íì ûìðôðìô 
ÔĄøì 3, öô ùìøúċùðìô ùìøÿðô ðÿîÿøô ýúāþúüĒ - øúüĀú÷úïĒ øñíúĄìð, ðôėėìþô øìāýÿý 
ðúðì Ąÿð [5]. 

Øìõðúùô öúùô ÔĄøì ôùþôĕúô Ĕìùÿíÿ Ďìüíôô ėìþúüöĘĕĕúô Æñþôøþìÿüú ðìüíìü 
øñïôüìð, öô ðìü ėôýøô Ąôøú÷ôô ìùþôö÷ôùúüôÿøô ÖúĀìüùôĕúù Ĕúõïôü ìýþ. Øìýúĕìþô öúù 
0,5 öø2 øñíúĄìð, öô ðìü úù 3 ùìøÿðô úùôöýô øìüøìüĒ üìîĄìù Āìüė øñöÿùìð: ÔĄøì 1, 
ÔĄøì 2 îì ÔĄøì 3.  
 

Æìðîì÷ô 2. ÙìþôĔìĕúô úøúüôô ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô úùôöýĒ ðìü ĕÿðÿðô 
ÞúĔôöôýþúù 

Table 2. Statistical results of the location of mineralization onyx in the territory of Tajikistan 
ÙôĄúùðúðô óÿĕÿüúþ äÿøúüìô 

ÿøÿøôô 
óÿĕÿüúþ 

Óÿĕÿüúþ íñ 
ìĄČô öúùðôþ-
ýôúùĒ 

Óÿĕÿüúþ íú 
ìĄČô öúùðôþ-
ýôúùĒ 

Öúù 

1 2 3 4 5 
Ûúċô ăôùùúöôô ÞôČùĄúùô ĔìùÿíĒ 

äÿøúüìô ÿøÿøĒ ìó ôùĕú: 
Ðìü þìĕĄôùôĕúô ăìĕúüċöÿøôù 
Ðìü Ĕôùýĕúô öìüíúùìþôô ûì÷ñúóúõ 
Ðìü ïüìùúðôúüôþĕú 
ÞìüúîôĄĕú ðìü øôùþìėìô ĄôöìùôĄ 
ÞìüúîôĄĕú ðìü Ďúüĕúô öìüýþĒ 
ÞìüúîôĄĕú ðìü þìüėôĄĕú 

23 
7 
15 
1 
12 
8 
3 

23 
7 
15 
1 
12 
8 
3 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

ÙôĄñíôô Ĕìùÿíôô ėìþúüöĘĕĕúô Çôýúü 

äÿøúüìô ÿøÿøĒ, ìó úùĕú: 
Ðìü þìĕĄôùôĕúô ðìîüìô ăìĕúüċöÿøôù 
Ðìü þìĕĄôùôĕúô íÿü-ûì÷ñúïñù 
Ìó úù Ĕÿø÷ì ðìü þìĕĄôùôĕúô: 
ûì÷ñúïñù 
íÿüô íú÷úĒ 
íÿüô ûúČùĒ 
ðìü þìĕĄôùôĕúô Ċüì 
ðìü þìĕĄôùôĕúô ûì÷ñúóúõ 
ðìü úĕìöýìùïĕú 
ðìü úĕìöýìùïĕúô üñïĒ 
ðìü ïüìîñ÷÷ôþĕú, üñïýìùïĕú îì Ď. 
ðìü Ďúüĕú 
ðìü þìüėôĄĕúô ĔÿðúĄÿðì îì ėìíìþĒ 
ðìü øôùþìėìĕúô ĄôöìùôĄ 

58 
1 
52 
 
7 
11 
34 
1 
4 
19 
31 
7 
1 
42 
15 

27 
1 
23 
 
3 
6 
14 
- 
3 
9 
15 
2 
1 
17 
9 

29 
- 

27 
 
4 
5 
18 
1 
1 
10 
14 
5 
- 

23 
6 

2 
- 
2 
 
- 
- 
2 
- 
- 
- 
2 
- 
- 
2 
- 
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Ðñûüñýýôô ÞúĔôö 
äÿøúüìô ÿøÿøĒ, ìó ôù ðìü þìĕĄôùĕúô: 
- ûì÷ñúïñù 
íÿüô íú÷úĒ 
íÿüô ûúČùĒ 
ðìü úĕìöýìùïĕú 
ðìü üñïýìùïĕúô úĕìöýìùïĒ 
ðìü Ďúüĕú 
ðìü þìüėôĄĕúô Ĕÿðúïúùì  
ðìü øôùþìėìĕúô ĄôöìùôĄ 

29 
18 
8 
3 
20 
9 
1 
20 
8 

20 
11 
8 
1 
15 
5 
- 

14 
6 

8 
6 
- 
2 
4 
4 
1 
5 
2 

1 
1 
- 
- 
1 
- 
- 
1 
0 

ÞúĔôöôýþúù 

äÿøúüìô ÿøÿøĒ ìó ôùĕú: 
Ðìü þìĕĄôùĕúô ăìĕúüċöÿøôù 
Ðìü þìĕĄôùĕúô íÿü-ûì÷ñúïñù 
Ðìü þìĕĄôùĕúô Ċüì 
Ðìü þìĕĄôùĕúô ûì÷ñúóúõ 
Ðìü þìĕĄôùĕúô þúöñøíüôõ 
Ðìü úĕìöýìùïĕú 
Ðìü üñïýìùïĕúô úĕìöýìùïĒ 
Ðìü ðôïìü Ĕôùýĕú 
Ðìü Ďúüĕú 
Ðìü öìĀôðìĕúô ĔÿðúĄÿðì 
- ðìü øôùþìėìĕúô ĄôöìùôĄ  

118 
 
8 
81 
1 
27 
1 
61 
40 
9 
10 
65 

78 
 
8 
43 
- 

26 
1 
46 
20 
4 
9 
34 

37 
 
- 

35 
1 
1 
- 

14 
18 
5 
1 
28 

3 
 
- 
3 
- 
- 
- 
1 
2 
- 
- 
2 

Ì÷úėìô øôùñüì÷ôóìþýôċô úùôöýĒ íú āúíôĄô ýúāþúüĕúô ìþüúĀ 
-øúô÷ (0-300) 
-ùôĄñí (30-600) 
-üúýþ (60-900) 
 øìĆ÷ÿøúþ ùñýþ 

8 
7 
78 
25 

8 
6 
42 
22 

0 
1 
33 
3 

0 
0 
3 
0 

 
Æìùíìĕúô ĔúõïôüĄìîôô øìĆðìùĄìîôô úùôöý ðìü ĕÿðÿðô ÞúĔôöôýþúù, öô íú úøô÷ĕúô 

ïñúþñöþúùôöĒ, ýúāþúüĒ, ÷ôþú÷úïĒ, ýþüìþôïüìĀĒ îì ïñúøúüĀú÷úïĒ øÿìõċù øñïìüðìùð, 
íìüüìýĒ öìüðì øñĄìîìùð.  

Úøô÷ô ïñúþñöþúùôöĒ. Þìĕėôėúþô ûìĕùĄìîôô óÿĕÿüúþô úùôöýô øìüøìüĒ ùôĄúù 
øñðôĕìð, öô úùĕú ðìü øôùþìėìĕúô ìó Ĕôĕìþô þñöþúùôöĒ ĀìĆú÷ô Óìøôù - ðìü øôùþìėìĕúô 
îÿ÷ėúùôóøô ĕúóôüìóìøúù îì øôùþìėìĕúô ìó Ĕôĕìþô ýñõýøôöĒ ĀìĆú÷ ûìĕù Ąÿðììùð [6]. 
Çÿðÿðô þìĕėôėúþĒ, ìó Ĕÿø÷ì ýôýþñøìô ėìþĄÿðìô ÞôČùĄúùô ĔìùÿíĒ îì ûìýþāìøôô ÞúĔôö 
ðìü øìüĕô÷ìô ì÷ûôô þñöþúùúïñùñó āñ÷ñ ĀìĆú÷ íÿð [5]. 

Íìüúô ÞôČùĄúùô ĔìùÿíĒ ôù øìüĕô÷ì íú ôùöôĄúĀô üìîìùðĕúô Ąìðôðô ĀìĆú÷Ąìîôô 
þñöþúùôöôô öúùýú÷ôðìþýôċô ėìþĄÿðìô ûì÷ñúóúõ íú þìíðô÷ô úùĕú íì ýúāþúüĕúô ïÿùíìóðúü 
íñ óÿĕÿüúþô ùìøúČùô ĀìĆú÷ôċþô øìïøìþĒ āúý ìýþ. 

àìĆú÷ĄìîĒ ðìü ôù Ĕú ìó ùìî íìüėìüúü Ąÿðìùô þìüöôĄĕúô ėìðôøĒ îì þìüöôĄĕúô ùìî, 
öô íú ĀìĆú÷ôċþô øìĕ÷ÿ÷ĕúô ïôðüúþñüøì÷ôô ûìýþĕìüúüìþ, óÿĕÿüúþô úùôöýô øìüøìüĒ îì 
ðôïìü ûìõðúôĄúþô ïôðüúþñüøì÷Ē, öô íì ôù îìõüúùìĕúô þìüėôĄôô üúýþìĀþìùðì 
îúíìýþììùð, ôĀúðì ČĀþììýþ. 

Íìüúô ðñûüñýýôċô ÞúĔôö, öô úù Ĕú þìĄìööÿ÷ô ùôĕúôô ùìėĄìô þñöþúùôöôô øÿúýôü ðìü 
ðìîüìô ăìĕúüċöÿøôù íì îÿėÿĆ ûìõîìýþììýþ, ôùăÿùôù øôùñüì÷ĄìîĒ íú îìõüúùìĕúô ĀìĆú÷ô 
ðôóĆĊùöþôîĒ øìĕðÿð ìýþ, āúý øñíúĄìð.  

Ðìü ÞôČùĄúùô ĔìùÿíĒ øôùþìėìô ýúāþúüĒ-Āúüøìþýôúùôô Çôýúüô ĔìùÿíĒ íñĄþìü 
ĀìĆú÷ íÿðì, ėôýøìþô ìýúýôô ûìõðúôĄô úùôöýô øìüøìüĒ ðìü ôù Ĕú ĔìøĆ Ąÿðììýþ.  

Úøô÷ô ýúāþúüĒ. Ôù úøô÷ Ąìö÷ô ìýúýôô ùìóúüìþ ìó íú÷úô øôùñüì÷ôóìþýôċô úùôöýô 
øìüøìüĒ ðìü øôùþìėì øñíúĄìð. Ðìü íú÷ú ĕìùïúøô øÿìõċù öìüðìùô ùìøÿðĕúô ýúāþúüĒ îì 
øúüĀú÷úïôô óÿĕÿüúþô úùôöýô øìüøìüĒ ĕìøôù úøô÷ ìýúýô þìýùôĀ ïìüðôð, öô ùìėĄô 
øÿĕôøøô úùüú ðìü ùìóúüìþô Āìóúôô øôùñüì÷ôóìþýôċô úùôöý ùôĄúù øñðôĕìð. ëĆùñ, 
ì÷úėìøìùðôô øôùñüì÷ôóìþýôċô úùôöý íú þìüėôĄĕúô öì÷úù, ýúāþúüĕúô ăôùùúö, āÿýÿýôċþô 
āúíôĄô þìíìėìĕúô Ĕôùýĕúô ìþüúĀ îì ýúāþúüĕúüú øÿìõċù øñýúóìð.  

ÚøĘóôĄô óÿĕÿüúþô úùôöýô øìüøìüĒ ìó ùÿėþìô ùìóìüô ýúāþúüĒ ùôĄúù øñðôĕìð, öô 
úùĕú ðìü ėôýøìþĕúô ìùðìöñ öÿĄúðìô ýôýþñøìĕúô üúýþĎì÷þìùðì, ėìð-ėìðô āúíôĄ, þìüėôĄĕú, 
øìāýÿýìù ðìü Ĕúõĕúô íÿüôĄ Č ċöĔúċĄìîôô þìüėôĄĕúô ĔÿðúĄìîìùðìô ðÿ ýìøþĕú, ðìü 
øôùþìėìĕúô îìõüúùìĕúô ûìüðìĄìö÷, ðìü øìîóñĆĕúô íìõùôĕìøðôïìüôô Ĕôùýĕúô ðúüúô 
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āúýôċþĕúô ĀôóôöĒ îì øñāìùôöôô ïÿùúïÿù, ðìü Ąìüùôüĕú (ýôùö÷ôùì÷ĕú) îì ûñüôö÷ôùì÷ĕú 
(ìùþôö÷ôùì÷ĕú)-ô ăôùĕúô øúô÷, āÿýÿýìù ðìü ĕú÷ìþô øìîĔÿð íÿðìùô ăôùĕúô øìõðì, 
Ā÷ñöýÿüìĕú, ôùăÿùôù ðìü āú÷ôïôô Ďúüĕúô öìüýþĒ Ĕúõïôü Ąÿðììùð, öô ðìü ìöýìü øìîüôðĕú 
íì ûñüôö÷ôùì÷ĕúô ăôùĕúô øúô÷ô ìùþôö÷ôùì÷Ē øìĕðÿð ìýþ. 

Üúíôþìô íìõùô øôùñüì÷ôóìþýôċô úùôöý îì þìüėôĄĕúô íÿóÿüï āñ÷ñ üìîĄìù ôĀúðì 
ČĀþììýþ. Ôù øìāýÿýìù íì ăÿùôù þìüėôĄĕúô öì÷úù, øúùìùðô þìüėôĄĕúô áúĔì Úíôïìüø îì 
þìüėôĄô ìýúýôô Çôýúü, öô þÿ÷ùúöôìĄúù ýìðĕú öô÷úøñþüüú þìĄöô÷ øñðôĕìùð, ðìā÷ ðúüìð. 

Ôù þìüėôĄĕúô ïñüþýôùĒ øìāýÿýìù ðìü ðìîüìô þñöþúïñùñóô ì÷ûĒ ĀìĆú÷ íÿðìùð îì 
ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô ĕìüúüìþô ûìýþô ïôðüúþñüøì÷Ē, ìó Ĕÿø÷ì úùôöýüú ðìü 
ĕÿðÿðô øôùþìėì ùìóúüìþ øñöÿùìùð [3]. 

Úðìþìù, öúùĕú îì óÿĕÿüúþô úùôöýô øìüøìüĒ ðìü ìöýìü øìîüôðĕú (74-þú ìó 118 ĕú÷ìþ îì 
Č 62,7%) íñîúýôþì ðìü ùìóðôöôô þìüėôĄĕú Ĕúõïôüìùð îì Č ðìü øìýúĀìô øÿìõċù ìó þìüėôĄĕú 
ðìü öìĀôðìĕúô ûìüðìô úùĕú Ĕúõïôüìùð. Ðìü ôù íúíìþ þìüėôĄô ăÿėÿüô áúĔì-Úíôïìüø 
øìîėñô øìāýÿýüú ôĄĎú÷ øñöÿùìð, ïìüăìùðñ øôùñüì÷ôóìþýôċ ăÿù ėúôðì, íñîúýôþì ðìü 
øôùþìėìô ôù þìüėôĄ îì ôùăÿùôù ðìü ðôïìü þìüėôĄĕú øÿĄúĕôðì öìüðì ùìøñĄìîìð. 

Ðìü ôù øôùþìėìĕú øôėðúüô öúĀôô óÿĕÿüúþ (43 ìðìð ìó 118 Č 36,4%) Ĕúõïôü Ąÿðììùð. 
Ðìü ôù Ĕú ăìùð ėúùÿùôċþĕú íì ėìõð ïôüôĀþì Ąÿðììýþ îì íì ăÿùôù āÿ÷úýìñ øñúñø, öô 
Ĕôùýĕú ĕìü ėìðìü öÿĕìùþìü îì ïôüôĀþúüô øñþìøúüĀúó Ąÿðì íúĄìùð, ì÷úėìô íìõùô 
øôùñüì÷ôóìþýôċô úùôöý îì îìõüúùĄìîôô ðôóĊùöþôîĒ ĕìøúù ėìðìü üìîĄìùþìü ėìõð öìüðì 
øñĄìîìð. 

Øìýì÷ìù, ðìü Ûúøôü îì Éìüìøìóúü, öô ðìü úù Ĕú Ĕôùýĕúô ėìðôøô ûì÷ñúóúõ îì 
ûñĄìóöñøíüôõ íìüþìüĒ ðúüìùð, øìĆðìùĄìîôô úùôöý þìùĕú ðìü øôùþìėìĕúô ðôóĆĊùöþôîôô 
íüñöăôċĄÿðì îì ĄôöìùôĄ ôùöôĄúĀ øñČíìð. ÙìėĄô ôù ùìîĆô øìĆðìùĄìîĒ ðìü ìýúýô 
ăôùĕúýô÷Ąìîôô ûì÷ñúóúõô ÞôČùĄúùô ĔìùÿíĒ ùôó ùìóìüüìý ìýþ (ìó 15 óÿĕÿüúþ 12 ĕú÷ìþ Č 
80%, öô ùìøúċùðìïúùô ùìøÿðô ċöÿøô ýúāþúüĒ-øúüĀú÷úïĒ øñíúĄìùð). 

Ðìü øôùþìėìô ýúāþúüĒ-Āúüøìþýôúùôô Çôýúüô ĔìùÿíĒ îì ðñûüñýýôċô þúĔôö, öô ìó 
þìĕĄôùĕúô øñóú-öìõùúóúõ ôíúüìþ ìýþ, ùìėĄô úùĕú þú ìùðúóìñ ûìýþ Ąÿðììýþ (øÿþìùúýôíìù 
15 ìó 58 îì 8 ìó 29 îì Č 25,9% îì 27,6%). Ðìü ôù Ĕú, þìîüñ ïĘČ ùìóúüìþô ýþüìþôïüìĀôô 
øôùñüì÷ôóìþýôċ îÿĔÿð ðúüìð îì ėúùÿùôċþô ėìõðĄÿðìüú øñþìîúù íìüúô øìėýìðĕúô ûñĄïĘĒ 
îì ĔÿýþÿĔĘ ôýþôĀúðì íÿüð [12]. 

Ðìü íúüìô üúíôþìô íìõùô øôùñüì÷ôóìþýôċô úùôöý îì ýúāþúüĕúô ăôùùúö, ðìü 
øôùþìėìô ýúāþúüĒ-Āúüøìþýôúùôô Çôýúüô ĔìùÿíĒ, öô ėôýøô óôČðô ûìõðúôĄô úùôöýô 
øìüøìüĒ ĔìøĆ øñĄìîìð, øìĆðìùĄìîĒ ìýúýìù ðìü Ąìüùôüĕúô ăôùĕúô ýôùö÷ôùì÷ôô øúô÷ 
øìĕðÿð øñĄìîìð. 

Ðìü ìöýìüô øìîüôðĕú (50 ĕú÷ìþ ìó 84 Č 63% óÿĕÿüúþñ, öô ðìü íúüìô úùĕú øìĆ÷ÿøúþ 
øìîĔÿð ìýþ) ùÿėþìĕúô øôùñüì÷ôóìþýôċ ðìü ýôùö÷ôùì÷ĕúô þìüþôíô ðÿîÿø îì ýñĊø 
Ĕúõïôüìùð. Ðìü ðñûüñýýôċô þúĔôö óÿĕÿüúþô úùôöýô øìüøìüĒ úðìþìù ðìü ûñüôö÷ôùì÷ĕúô 
ăôùĕúô ìùþôö÷ôùì÷ôô øúô÷, ôùăÿùôù ðìü øôùþìėìĕúô ėìùúþĕúô øúô÷Ē, öô ðìü ùìóðô 
ûñüôö÷ôùì÷ĕú Ĕúõïôü Ąÿðììùð îì íú ėìíìþĕúô ìùþôĀúüøìîôô ûìýþìøû÷ôþÿðì 
øÿüìööìíìùð. 

Ôù ìó þìĕ÷ô÷ô úøúüôô ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô úùôöý ùôó íìüĆì÷ú ðôðì 
øñĄìîìð, öô 24 ĕú÷ìþ ìó 84 øìîüôð Č 28,6 Āúôóô óÿĕÿüúþñ, öô ðìü íúüìô úùĕú øìĆ÷ÿøúþ 
øìîĔÿð ìýþ, ðìü ėìùúþĕú îì ċöĔúċĄìîôô ìùþôö÷ôùì÷ĕúô þìüþôíô ðÿĊø îì ýñĊø Ĕúõïôü ìýþ. 
Ðìü ìöýìüô øìîüôðĕú ôù øìĆ÷ÿøúþ íì ðñûüñýýôċô þúĔôö, ðÿüÿýþþìüìĄ íì ėôýøô 
þúĔôöôýþúùôô úù øìüíÿþ ìýþ. 

Ðìü Ĕúõïôüöÿùôô øôùñüì÷ôóìþýôċô úùôöý þìüėôĄùúöôô Ĕôùýĕúô íú ýôýþñøìô 
þìüėôĄĕúô ĔÿðúĄìîĒ ì÷úėìøìùð ùìėĄô øÿĕôø øñíúóìð. Úù ôùăÿùôù íì þìĄìööÿ÷ô 
öìùðìĄìîĒ îì ýôýþñøìô þìüėôĄĕúô öìĄôĄ, ôùăÿùôù āìþúĕúô āÿüð, öô Ąúāìĕúô îúĕôðĕúô 
ýúāþúüôô öì÷úùþìü øñíúĄìùð, úîìüðì øñüìýúùìð. Ðìü ìöýìüô ĕú÷ìþĕú úùĕú ċöíúüì 
üúýþìĀþìùðì øñíúĄìùð (78 ĕú÷ìþ ìó 93 îì Č 93,9% óÿĕÿüúþñ, öô ðìü íúüìô úùĕú øìĆ÷ÿøúþ 
øìîĔÿð ìýþ).  

Ìó ùÿėþìô ùìóìüô ýúāþ íìüúô ôùöôĄúĀô úùĕú, ăÿùúù öô ðìü íú÷ú óôöü ïìüðôð, 
ûñüôö÷ôùì÷ĕú (ìùþôö÷ôùì÷ĕú) îì Ąìüùôüĕú (ýôùö÷ôùì÷ĕú)-ô ăôùĕúô øúô÷ øÿýúôðþìüìùð. 
Ðìü ôù Ĕú Ĕôùýĕúô ìþüúĀ ìĀþôĄô øúô÷ ðúüìùð, öô íì øôùñüì÷ôóìþýôċ þìĆýôüô ýÿðøìùð 
øñüìýúùìð: 76 ìó 86 ĕú÷ìþ îì Č 88,4% óÿĕÿüúþñ, öô ðìü íúüìô úùĕú øìĆ÷ÿøúþ øìîĔÿð ìýþ, íì 
Ĕôùýĕúô ìĀþôĄìĄúù ìó 0 þú 300 øìĕðÿð ìýþ. 
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Úøô÷ô ÷ôþú÷úïĒ. Ôù úøô÷ ðìü íìõùô ðôïìü úøô÷ĕú øìîėñô íìüþìüôðúĄþìüú ôĄĎú÷ 
ùìøÿðì, ĔúõïôüĄìîôô óÿĕÿüúþ îì öúùĕúô úùôöýô øìüøìüôüú ðìü ĕÿðÿðô øôùþìėìĕúô 
ïÿùúïÿùô ÞúĔôöôýþúù íì þìîüô îúóñĕ ùìóúüìþ øñöÿùìð. ÙìėĄô úù ìó úù ôíúüìþ ìýþ, öô ĕìøì 
öúùĕúô øìĆ÷ÿø îì óÿĕÿüúþô úùôöýô øìüøìüĒ íú þìĕĄôùôĕúô þìüöôíôô ìýúýìù öìüíúùìþĒ 
(102 ĕú÷ìþ ìó 118 Č 86,4%) øìĕðÿðìùð Č íú úùĕú þìüôėô ĀìóúĒ ì÷úėìøìùðìùð [5]. 

Þôíėô þìĕ÷ô÷ĕúô úøúüĒ, öúùĕú îì óÿĕÿüúþô úùôöýô øìüøìüĒ ðìü úĕìöýìùïĕú (61 
ĕú÷ìþ ìó 118 Č 51,7%), üñïýìùïĕúô úĕìöýìùïðúü (40 ĕú÷ìþ ìó 118 Č 33,9%), ì÷ñîüú÷ôþĕú, 
ĄìĎì÷ĕú, øìüøìüĕú, öúùï÷úøñüìþĕú îì íìĆóñ ðôïìü Ĕôùýĕú Ĕúõïôü Ąÿðììùð.  

ØìĆ÷ÿø ìýþ, öô ùìóúüìþô ÷ôþú÷úïĒ Č þìĆýôüô Ĕôùýĕúô ìþüúĀ íì þìĕĄôùôô øúððìĕúô 
øôùñüì÷Ē, ûñĄ ìó ĕìøì, íú āÿýÿýôċþĕúô øÿýúôðô ĀôóôöĒ, øñāìùôöĒ îì öôøôČîôô Ĕôùýĕú 
øÿìõċù öìüðì øñĄìîìð. 

Ðìü øìîüôðô øú, úāôüôù ðìü ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô úùôöý, öô ðìü ìöýìüô 
ĕú÷ìþĕú (86,4%) íì Ĕôùýĕúñ, öô ĕìøăÿù øìùíìô ìýúýôô øúððìĕúô øôùñüì÷Ē āôóøìþ 
øñöÿùìùð îì ĀìĆú÷ùúöôô öôøôČîôüú óôČð öìüðììùð (Ĕôùýĕúô öìüíúùìþôô ïÿùúïÿù) 
øìĕðÿðìùð, ùìėĄô íìüþìüôðúĄþì íúóôð.  

Æôùýĕúô ìþüúĀ øñþìîúùìùð íì þìĄìööÿ÷ô øôùñüì÷ôóìþýôċô úùôöý ĕìø ðìü îìėþô 
ûìõðúôĄô øìĕ÷ÿ÷ĕúô øôùñüì÷Ē îì ĕìø ðìü îìėþô þìĕĄôùĄìîôô øúððìĕúô øôùñüì÷Ē 
ĕìùïúøô ïìüðôĄô øìĕ÷ÿ÷ĕúô øôùñüì÷ĕúýô÷öÿùĒ þìĆýôüô øÿìõċù, ìöýìü îìėþ ĕìþþú 
ĕì÷öÿùìùðì ðúĄþì íúĄìùð. 

Óÿĕÿüúþô úùôöýô øìüøìüĒ íú óìāôüìô öúùðôþýôúùĒ ìýúýìù ðìü ïúüôóúùþĕúô ĎìĀýô 
Ĕôùýĕúô úĕìöýìùïô íú ėìíìþăìĕúô þÿùÿöô íì úí þúíúîìü øìĕðÿð øñĄìîìùð. ÞìĕĄôùĕúô 
ïô÷Ē ìöýìü îìėþ ĕìøăÿù Ĕôùýĕúô úíùúïÿóìü ìøì÷ øñöÿùìùð.  

ØìĆ÷ÿø ìýþ, öô íìüúô ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô ïôðüúþñüøì÷Ē, āÿýÿýìù îìėþñ 
öô úù ìýúýìù ðìü ùìþôĔìô íì ìøì÷ úøìðìùô þìüėôĄĕúô öÿĄúð íì îÿĔÿð øñúċð, íì Ďìõü ìó 
þìüöôíô ÷ôþú÷úïôô Ĕôùýĕúô ìþüúĀ ĕìùïúøô þìĕĄôùô øúððìĕúô øôùñüì÷Ē, āúýôċþĕúô 
ĀôóôöĒ îì øñāìùôöôô úùĕú íú ėúíô÷ôċþô øìõðì öìüðìù îì ùôïúĕ ðúĄþìùô ýôýþñøìĕúô 
ðìüúóÿøüô ìùðìöñ öÿĄúðìô þìüėôĄĕú ùôó øÿĕôø ìýþ. 

ÜÿĄðô ôù þìüėôĄĕú ðìü ÿĀÿėĕúô íìõùôėìíìþĕúô þÿùÿöô Ĕôùýĕúô ðúüúô āúýôċþĕúô 
ĀôóôöĒ îì øñāìùôöôô ïÿùúïÿù íìüúô ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċ øÿýúôð íÿðì, ìöýìü 
îìėþ øìĆðìùĄìîôô úùôöýüú ðìüíìü øñïôüìð. Ðìü ôù Ĕú ċöñ ìó āÿýÿýôċþĕúô āúýô āúýôċþĕúô 
ĀôóôöôĊ øñāìùôöôô Ĕôùýĕú ìó úù ôíúüìþ ìýþ, öô ĕìùïúøô íÿüôðì Ąÿðìùô þìüėôĄĕúô 
øôùñüì÷ôô Ĕôùýĕúô ėìíìþôô ýúāþ îì þìüöôíìĄúù ïÿùúïÿù, øìõðúùĕúô øôùñüì÷Ē þìùĕú ðìü 
Ĕúõĕúñ íì îÿĔÿð øñúċùð, öô úùĕú ðìü ĕìøúù Ĕôùýĕúô øÿýúôð øñïÿóìüìùð. 

Ìĕìøøôċþô öì÷úùüú íìüúô üìîìùðĕúô øôùñüì÷ĕúýô÷ĄìîĒ úðìþìù Ĕôùýĕúñ ðúüú 
ĕìýþìùð, öô āúýôċþô íì úí þúíúîìüĒ ðúüìùð. ØìĆ÷ÿø ìýþ, öô ôù ïÿùì Ĕôùýĕú ċö ùìîĆ 
ÿĀÿėĕúô ýìüíìùð øñíúĄìùð, öô þìùĕú íì ĕì÷öÿùìùðì ïÿóìüìùðì Č ùìïÿóìüìùðì øñíúĄìùð, 
öô ðìü úù Ĕú íìüúô ðìü óñüô ôù ïÿùì ÿĀÿėĕúô ùúïÿóìüìùðì Ĕúõïôü öìüðìùô Ąìö÷ĕúô 
øôùñüì÷Ē Ąìüúôþô øÿýúôð Āìüúĕìø úîìüðì øñĄìîìð. 

ÎìóôĀìĕúô ăÿùôù ĉöüìùüú ìöýìü îìėþ Ĕôùýĕúô ïô÷Ē ôĔüú øñöÿùìùð. ÙìėĄô ôù Ĕôùýĕú 
ðìü ĔúõïôüĄìîôô øôùñüì÷ôóìþýôċô úùôöýô ĕìøìô ùìøÿðĕúô ïñùñþôöĒ öì÷úù ìýþ, öô ðìü 
íú÷ú íúüĕú þìĆöôð Ąÿðì íÿð. Øìîăÿðôċþô Ĕôùýĕúô ïô÷Ē ùì þìùĕú ĔúõïôüĄìîôô 
øôùñüì÷ôóìþýôċ îì øôėČýô úùüú øÿìõċù øñöÿùìð, íì÷öô ċöñ ìó Ąìüþĕúô óìüÿüôñ øñíúĄìð, 
öô íì ýôĀìþô ìĄČô āúø îì āúýôċþĕúô úüúôĄôô úù þìĆýôü øñüìýúùìð. 

Ôùăÿùôù íúċð ïÿĀþ, öô Ĕôùýĕúô ìþüúĀô öìùúüĒ, öô ìó Ĕôĕìþô ÷ôþú÷úïĒ (öôøôČîĒ) 
øÿýúôð (úĕìöýìùïĕú îì ðôïìü Ĕôùýĕúô öìüíúùìþĒ) øñíúĄìùð, ôùăÿùôù þìĕĄôùôô 
øìĆðìùĄìîôô úùôöý øñíúĄìùð. 

Éúùÿùôċþĕúô óôöüĄÿðì ðìü ċöĔúċïĒ íú úøô÷ĕúô ùìóúüìþôô ýúāþúüĒ îì ðôïìü 
úøô÷ĕúñ, öô øôùñüì÷ôóìþýôċüú ùìóúüìþ øñöÿùìùð, íìüúô ôùþôāúíô ýìøþĕúô ûñĄïĘĒ öúüĕúô 
ĔÿýþÿĔĘĒ îì ìüóČíĒ øÿĕôøìùð. 

Úøô÷ô ýþüìþôïüìĀĒ. Ôù úøô÷ ðìü öúùĕú îì óÿĕÿüúþô úùôöýô øìüøìüĒ ðìü øìîóñĕúô 
ĔúõïôüĄìîôô úùĕú ùìėĄô øÿĕôø øñíúóìð. ØìĆ÷ÿø ìýþ, öô ôù úøô÷ ìöýìü îìėþ ùì ðìü 
Ąìö÷ô ýúĀ, íì÷öô ĕìøăÿù úøô÷ô ÷ôþú÷úïôĊ ýþüìþôïüìĀĒ óÿĕÿü öìüðì, þìøúøô āúýôċþĕúô 
Ĕôùýĕúô íìüúô øìĆðìùĄìîĒ øÿýúôðüú ðìü ýìþĕô øÿìõċùô ýþüìþôïüìĀĒ ĔìøĆ øñöÿùìð. 

Íì ýôĀìþô ăÿùôù Ĕôùýĕú, ðìü øôýú÷ô øú, ăÿù ėúôðì þìĕĄúùôĕúô ïÿùúïÿùô öìüíúùìþĒ 
ðôðì íìüúøìðì øñĄìîìùð. ÚøĘóôĄô ûìĕùĄìîôô ûìðôðìĕúô úùôöýô øìüøìüĒ ðìü íìõùô 
Ĕôùýĕúô ýôùùÿ ýú÷ìĄúù ïÿùúïÿù ùôĄúù øñðôĕìð, öô ėôýøô óôČðô ûìðôðìĕú ðìü 
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þìĕĄôùôĕúô ùôýíìþìù Ĕìîúùô ėìíìþô û÷ìþĀúüøìô ĉüìô øñóú-öìõùúóúõ (90 ĕú÷ìþ ìó 118 îì Č 
72,3%) Ĕúõïôü Ąÿðììùð [14]. 

Ôù, ìėôðìô øú, íì íì÷ìùð Ąÿðìùô ĀìĆú÷ôċþô öôøôČîôô Ĕôùýĕúô öìüíúùìþôô ôù ýôùùÿ 
ýú÷ îúíìýþì ìýþ, öô ôù íì ðìüìĔìô íì÷ìùðô þìüėôĄùúöĒ, öúîúöĄìîĒ, öìø øñþìøúüĀúóĄÿðì 
îì ðôïìü āúýôċþĕúô úùĕú îúíìýþì ìýþ. Ìïìü íì øôùþìėìĕúô ì÷úĕôðì ùìóìü ìĀöìùñø, ûìý 
íìüúô Ûúøôü, Éìüìøìóúü îì ûúċô ăôùùúöôô ÞôČùĄúùô ĔìùÿíĒ ì÷úėìøìùðôô óÿĕÿüúþ ðìü 
íìõùô Ĕôùýĕúô ĉüìô ûì÷ñúóúõ (íì Ďìõü ìó þìĕĄôùôĕúô ðìîüìô ăìĕúüċöÿøôù) āúý ìýþ. 
ÍìüĆìöý, ðìü ùôĄñíôô Ĕìùÿíôô ėìþúüöĘĕĕúô Çôýúü ėìüôí ĕìøìô öúùÿ óÿĕÿüúþ (93,1 Āúôó) 
ðìü þìĕĄôùĕúô ĉüìô øñóú-öìõùúóúõ Ĕúõïôü Ąÿðììùð. 

Úøô÷ô ýþüìþôïüìĀĒ. Ôù úøô÷ ðìü öúùĕú îì óÿĕÿüúþô úùôöýô øìüøìüĒ ðìü øìîóñĕúô 
ĔúõïôüĄìîôô úùĕú ùìėĄô øÿĕôø øñíúóìð. ØìĆ÷ÿø ìýþ, öô ôù úøô÷ ìöýìü îìėþ ùì ðìü 
Ąìö÷ô ýúĀ, íì÷öô ĕìøăÿù úøô÷ô ÷ôþú÷úïôĊ ýþüìþôïüìĀĒ óÿĕÿü öìüðì, þìøúøô āúýôċþĕúô 
Ĕôùýĕúô íìüúô øìĆðìùĄìîĒ øÿýúôðüú ðìü ýìþĕô øÿìõċùô ýþüìþôïüìĀĒ ĔìøĆ øñöÿùìð. 

Úùĕú ðìü íìõùô Ĕôùýĕúô öìüíúùìþôô ûì÷ñúóúõ øìĕðÿð Ąÿðì, íì ýĘô îìõüúùìĕúô 
þñöþúùôöĒ üìîĄìù öìĄôĄ øñöÿùìùð. Øôùñüì÷ôóìþýôċô öìüýþúþôûĒ ðìü þìĕĄôùôĕúô 
øÿúýôü, ĕìø ðìü ûì÷ñúöìüýþĕú îì ĕìø ðìü þñüøúöìüýþĕú ôùöôĄúĀ ČĀþììùð. áú÷ïôĕúô íì 
ùúø öìüýþô µöĘü½, öô ðúüúô øôùñüì÷ôóìþýôċô úùôöý ĕìýþìùð, āñ÷ñ îìýñĆ þìĄìööÿ÷ ČĀþì, 
āú÷ôïôĕúô íúėôøúùðìô ýôýþñøìĕúô þìĆøôùúþô øìĆðìùĕúô ýÿüøì-ýôøúí, ýÿüí-üÿĕ îì ðôïìü 
óÿĕÿüúþô ïôðüúþñüøì÷ôüú ûÿü øñöÿùìùð. 

Øôýú÷ô üìîĄìùô úù óÿĕÿüúþô úùôöýô øìüøìüôô Çìõðìüöúù ìýþ, öô ðìü ĕÿðÿðô öúùô 
ýÿüøì-ýôøúíô öúùô ĕìøùúø îúėñĆ íÿðì, ðìü úù Ĕú øìĆðìùĄìîôô úùôöý ðìü öúîúöôĕúô 
µöĘü½ - öìüýþ ôùöôĄúĀ ČĀþì, ïúĕ-ïúĕ ĕìùïúøô öúüĕúô ôýþôāüúĔô øìĆðìùĕúô ùúøíÿüðì 
úĄöúü öìüðì øñĄìîìð [1]. Íìüúô øÿìõċù öìüðìùô óÿĕÿüúþô ùìîô úùôöýô øìüøìüĒ ðìü 
ĕÿðÿðô ûúċô ăôùùúöôô ÞôČùĄúùô ĔìùÿíĒ þìĕĄôùôĕúô öìüíúùìþôô ðìîüìĕúô ýô÷ÿü-ðñîúù-
öìüíúù îì íìüúô ùôĄñíôô Ĕìùÿíôô ėìþúüöĘĕĕúô Çôýúü îì ðñûüñýýôċô þúĔôö þìĕĄôùôĕúô 
íÿü-ûì÷ñúïñùĒ úċùðìðúüìùð.  

Ùìøÿðĕúô ýúāþúüĒ îì øúüĀú÷úïôô øÿìõċùĄÿðì, ýìüĀô ùìóìü ìó þìĀĀúîÿþô 
āÿýÿýôċþĕúô ýúāþúüĒ, øúüĀú÷úïĒ îì ýúāþúüô øÿĄìāāìýô ïñú÷úïĒ, āÿýÿýôċþĕúô ÿøÿøĒ ùôó 
ðúüìùð. Ìöýìüôċþô ûìõðúôĄúþ ðìü þìĕĄôùĕúô Ĕìîúù (J-Q1), öô ìýúýìù þìüöôíô öìüíúùìþĒ 
(úĕìöýìùïĕú, üñïýìùïĕúô úĕìöðúü, úĕìöýìùïĕúô üñïðúü, ì÷ñîüú÷ôþĕú îì øìüøìüĕú) ðúüìùð, 
Ĕúõïôü Ąÿðììùð, öô ðìü ìöýìü øìîüôðĕú íìüúô íì îÿĔÿð úîìüðìùô úùôöýô øìüøìüĒ ĕìøăÿù 
øìîúðô ôíþôðúĒ āôóøìþ øñöÿùìùð [7]. 

Çìøôù þìüôė, ėúùÿùôċþĕúô ûìĕùĄìîôô øôùñüì÷ôóìþýôċô úùôöý ðìü ĕÿðÿðô 
ÞúĔôöôýþúù ìýúýìù ìó üĘô úøô÷ĕúô ýúāþúüôîÿ ÷ôþú÷úïĒ îì þú ìùðúóìñ íú úøô÷ĕúô 
ýþüìþôïüìĀĒ, ïñúøúüĀú÷úïĒ îì ïñúþñöþúùôöĒ øÿìõċù öìüðì øñĄìîìð. 

ÛìõðúĄìîôô úùôöýô øìüøìüĒ ðìü øôùþìėìĕúô ïñþñüúïñùôô ìĀóúċùðìô ýúāþúüô 
ïñú÷úïĒ Ĕúõïôü Ąÿðììùð, öô ðìü øìîĔÿðôċþô Ĕôùýĕúô ðúüúô āúýôċþĕúô ĀôóôöĒ, øñāìùôöĒ 
îì öôøôČîôô ïÿùúïÿù (öìüíúùìþĒ, þñüüôïñùĒ-öìüíúùìþĒ íú ėìíìþĕúô ĉöüìùĒ), öô íú 
îìõüúùìĕúô ăôùùúöÿ þìüėôĄĒ øÿüìööìíìùð (ăôùĕúô öìĔĄÿðì, öô íú Ā÷ñöýÿüìĕú îì 
íÿüôĄĕú øÿüìööìí Ąÿðììùð, ì÷úėìĕúô Ĕôùýĕúô íì ĕìø øúùìùð, ýôýþñøìĕúô þìüėôĄĕú îì 
öìĀôðìĕú, øìāýÿýìù íì þìîüô ïÿùúïÿù ùôïìüúùôðìĄÿðì, ûúüìĕú îì Ďìõüì), ôĀúðì öìüðì 
øñĄìîìùð [8]. 

Þìüþôíô øÿėìüüìüĄÿðìô ėúùÿùôċþĕú îì Ąìüúôþô þìĄìööÿ÷ô øôùñüì÷ôóìþýôċô úùôöý 
íì ûñĄïĘôô øìėýìðùúöô úù ðìü ėôþĆìĕúô ì÷úĕôðìô øôùþìėì øÿýúôðìþ øñöÿùìð. Ðìü ìýúýô 
ôù ĕÿðÿðô ùôĄñíôô Ĕìùÿíôô ėìþúüöĘĕĕúô Çôýúüüú íìüúô öìĄĀô ùìîĆĕúô ïÿùúïÿùô öúùĕú 
ăÿù úċùðìùúö þìîýôċ öìüðìù øÿøöôù ìýþ. 

Ðñûüñýýôċô þúĔôö íìüúô úùôöýô øìüøìüĒ, øôý÷ô ùôĄñíôô Ĕìùÿíôô ėìþúüöĘĕĕúô 
Çôýúü, þìùĕú ðìü üúíôþì íì ôù ùìîĆô ýúāþúüĒ îì øúüĀú÷úïôô øìĆðìùĄìîĒ óÿĕÿüúþô 
ÐìùĎìüì úċùðìðúü ìýþ [9].  

Çìøôù þìüôė, ûìðôðìĕú îì öúùĕúô úùôöýô øìüøìüĒ ðìü ýúāþúüô þñöþúùôöôô øôùþìėì 
øìîėñô øÿìõċùüú ôĄĎú÷ ùìøÿðì, āÿýÿýôċþô āìþþĒ-ïôüñĕôô þìėýôøúþô úùĕú íúôýô íì îÿĔÿð 
úøìðìùô ýñ øôùþìėìô ðìü ýìøþô ìüóĒ ðìüúóĄÿðì, öô ìó Ĕôĕìþô øôùþìėìîĒ íú þìüėôĄĕúô 
ăÿėÿü ôðúüì öìüðì øñĄìîìùð, øÿýúôðìþ öìüðììýþ [10]. 

ÆìøĆíìýþô øìîúðô ðìü íú÷ú óôöüĄÿðì ùôĄúù øñðôĕìð, öô óÿĕÿüúþô úùôöýô øìüøìüĒ 
ðìü øôùþìėìĕúô ïñþñüúïñùôô ìĀóúċùðìô ýúāþúüô ïñú÷úïĒ Ĕúõïôü íÿðì, íú øìîĔÿðôċþô 
Ĕôùýĕúô ðúüúô āúýôċþĕúô ĀôóôöĒ, øñāìùôöĒ îì öôøôČîôô ïÿùúïÿù (öìüíúùìþĒ, þñüüôïñùĒ-



82 

öìüíúùìþĒ íú ėìíìþĕúô þìĕĄôùĕúô øÿĕúĀôóìþöÿùìùðì), öô íú üìāþĕúô ėìþĄÿðì îì 
ùúþìøúø (ėìþüìĕúô ĕìøîúü, øìāýÿýìù íú øìîĔÿð íÿðìùô Ā÷ñöýÿüì, ì÷úėìô Ĕôùýĕúô ċöāñ÷ì, 
ýôýþñøìĕúô þìüėôĄĕú, öìĀôðìĕú îì Ďìõüì) øÿüìööìí Ąÿðì, ĔúõïôüĄìîôô úùĕú íú úøô÷ĕúô 
ýúāþúüĒ, ÷ôþú÷úïĒ, ýþüìþôïüìĀĒ, ïñúøúüĀú÷úïĒ îì ĕìøăÿùôù, ïñúþñöþúùôöĒ ùìóúüìþ öìüðì 
øñĄìîìð [2].  

Øÿìõċù îì āìüôþìýúóôô ôù ėôþĆìĕú íú øìĔøÿô íñĄþìüô úøô÷ĕúô ðúüúô ûìüìøñþüĕúô 
øÿýúôð øìüĕô÷ìô ìîîì÷ô ûñĄïĘĒ øñíúĄìð. Ðìü øìüĕô÷ìô ðÿîÿø øôùþìėìĕúô 
øìĕì÷÷ôĄìîôô óÿĕÿüúþô úùôöýô øìüøìü ðìü ðúôüìô ôù øôùþìėì îì ðìü ýìîÿø - øôùþìėìĕúô 
úċùðìðúüñ, öô ðìü úùĕú øôùñüì÷ôóìþýôċô ýìùúìþôô úùôöý íì ìøì÷ øñúċð, øÿìõċù öìüðì 
øñĄìîìùð [15]. 

Íì ôøöúùôċþô øìîĔÿðôċþô ăÿùôù øìîóñĆĕú ðìü íìüúíìüô úøô÷ĕúô ùìóúüìþöÿùìùðìô 
øìĆðìù íú øñĆČüĕúô øôùñüì÷úïĒ îì þñøúíìüúïñúöôøôČîĒ, ôùăÿùôù øôùþìėìĕúô íìüúøìðô 
úíĕúô þñüøôöĒ îì øôùñüì÷ôô ïìóô öìüíúùüú ùôĄúù ðúðìù øÿøöôù ìýþ. 

áìüôþìô ûñĄïĘôô øôùþìėì íú ôýþôĀúðì ìó úøô÷ĕúô øÿýúôð (ýúāþúüĒ, ÷ôþú÷úïĒ, 
ýþüìþôïüìĀĒ îì ïñúøúüĀú÷úïĒ) þìüþôí ðúðì Ąÿð [14]. ØñĆČüĕúô öúüöìüðìĄÿðì ôøöúù 
ðúðìùð, öô øìõðúùĕúô úċùðìðúü ìó üĘô ìĕìøøôċþìĄúù íì ýñ ïÿüĘĕ þìėýôø öìüðì Ąìîìùð. 

Íì ïÿüĘĕô ċöÿø øìõðúùĕúô úċùðìðúü ðìü öìùúüĕú îì îìýñĆĄìîôô öúùýþüÿöýôċĕúô 
ýúāþúüĕúô ùìóúüìþô øìĆðìùô øìõðúùĕúô øìĆðìùôô ðúüúô öúùĕúô ýìùúìþĒ îì íì ïÿüĘĕô 
ðÿîÿø ėôþĆìĕúô úċùðìðúü, öô ðìü ĕÿðÿðô øìõðúùĕúô øìĆðìù îúėñĆ ïìüðôðììùð, íú 
óìāôüìĕúô öìøô ûìõðúôĄô ìĄČô āúøô āÿĄýôĀìþ ðúāô÷ øñĄìîìùð [6]. 

Øìõðúùĕúô íúėôøúùðì, öô öúøíôùìþýôċĕúô øÿýúôðô úøô÷ĕúô ùìóúüìþöÿùìùðìô 
øìĆðìùĕúô ðúüúô ìĕìøøôċþô öìøþìü ðúüìùð, íì ïÿüĘĕô ýìîÿø ðúāô÷ öìüðì Ąÿðììùð [16]. 
Ðìü ôù øìõðúùĕú þìîýôċ ðúðì øñĄìîìð, öô þìĕėôėúþô ôöþôĄúĀĒ îì øìāýÿýïìüðúùôðìĄÿðìô 
þìĀýô÷ĕúô ïÿùúïÿù íú ôýþôĀúðì ìó öúüĕúô öĘĕĒ îì ûìüøìöÿùĒ: ðìü ėôþĆìĕúô úċùðìðúüô 
ïÿüĘĕô 1- ûìüøìöÿùôô ôöþôĄúĀĒ þìîýôċ öìüðì øñĄìîìð; ïÿüĘĕô ȽȽ - úøĘóôĄô ô÷úîìïôô 
øôùþìėìĕúô ėìí÷ìù öìĄĀĄÿðì îì öúüĕúô ĔÿýþÿĔĘĒ-íìĕúðôĕĒ íú öúüĕúô ûìüøìöÿùĒ; ðìü 
øôùþìėìĕúô úċùðìðúüô ïÿüĘĕô ȽȽȽ - ĔÿýþÿĔĘĕúô øÿĀìýýì÷ ïÿóìüúùôðì Ąìîìùð. 

Ìïìü øôùþìėìô úùôöýðúüüú ÿøÿøìù íì ùìóìü ïôüñø, øôùþìėìô Çôýúüô ĔìùÿíĒ, öô íì 
öìĄĀô ùìøÿðĕúô ċöÿø îì ðÿîÿøô ýúāþúüĒ-øúüĀú÷úïôô (öúùĕúô üìïĒ îì ėìíìþĒ) 
øìĆðìùĕúýô÷ĄìîĒ þìāìýýÿý ðúüìð, úċùðìðúüþìüôù øñíúĄìð. ÍìĆðìù, ìó ÷ôĕúóô úċùðìðúüĒ 
øôùþìėìô úùôöýðúüô ÞúĔôöôýþúùô ĔìùÿíĒ øñíúĄìð. 

Úù íìüúô úùôöýô øìüøìü, ôùăÿùôù øôý÷ô øôùþìėìô Çôýúüô ĔìùÿíĒ þìùĕú ùôýíìþ íì 
ùìîĆô ċöÿøô øìĆðìùĄìîĒ, øìýì÷ìù, øìõðúùô ïÿüĘĕô óÿĕÿüúþô ÐìùĎìüì, úċùðìðúü ìýþ. 
Øôùþìėìô Þÿüöôýþúù-ÓìüìĀĄúù íìüúô øÿìõċù öìüðìùô öúùĕúô ùìøÿðô öìüýþĒ ðìü 
øôùþìėìĕúô ìóāÿðöÿùôô öìüýþ ðìü Ĕôùýĕúô öìüíúùìþĒ, øìāýÿýìù ðìü Ĕúõĕúñ, öô 
øôùñüì÷ôóìþýôċô ïôðüúþñüøì÷ôô ûìýþĕìüúüìþ íì ìøì÷ øñúċð (öúîúöĕúô öìüýþĒ), öô íú 
îìõüúùöÿùôĕúô ðìüìĔìô ċöÿø ôðúüì öìüðì øñĄìîìùð. 

Øìėú÷ì ðìü ðúôüìô ÷úôĕìô ô÷øôô úóøúôĄïúĕô ûñþüú÷úïôċ îì ïñúöôøôČô ÔÏÝÓÞÝ 
ÌØÔÞ Ĝ ÏÜ 0121 TJ 1167 úøúðì öìüðì Ąÿðììýþ.  
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ÍÌæÓÑ ÉÚÙßÙÔëÞÇÚÔ ÆÚÕÏÔÜäÌÎÔÔ ÓßÇßÜÚÞÔ ÚÙÔÖÝÔ ØÌÜØÌÜÄ ÐÌÜ ÞÚÆÔÖÔÝÞÚÙ 

Úùôöýô øìüøìüĒ ðìü ĕÿðÿðô øôùþìėìĕúô ïÿùúïÿùô ÞúĔôöôýþúù íì þìîüô îìýñĆ îì ùôĕúċþ ùúíìüúíìü 
þìĄìööÿ÷ ČĀþììùð, öô ðìü íìõùô Ĕôùýĕúô ïÿùúïÿùô þìĕĄôùĒ, øñþìøúüĀôöĒ îì ĕìþþú øìïøìîĒ (ïüìùôþúôðĕú), 
öô ýôùùÿ ýú÷ô ïñú÷úïôô þúöñøíüôõ îì þú ðìîüìô ăìĕúüċöÿøôùüú ðúüúìùð, Ĕúõïôüìùð. ÆúõïôüĄìîôô íñĄþìüô 
úùĕú ðìü ĕÿðÿðô øôùþìėìô ýúāþúüĒ-Āúüøìþýôúùôô Çôýúüô ĔìùÿíĒ øÿĄúĕôðì øñĄìîìð. Óÿĕÿüúþô úùôöýô 
øìüøìüĒ ðìü øôùþìėìĕúô ìó Ĕôĕìþô þñöþúùôöĒ ĀìĆú÷þìüôù Ĕúõïôü Ąÿðììùð îì ôù ċöñ ìó āÿýÿýôċþĕúô āúýô 
øôùñüì÷Ąìîôô úùôöý øñíúĄìð, öô ĕìùïúøô ìüóČíôô ðÿüùìøúô øôùþìėì îì ėôýøĕúô ì÷úĕôðìô úù íúċð íì 
ùìóìü ïôüôĀþì Ąìîìð. Ðìü øìėú÷ìô øìóöÿü íìĆóñ Ĕìùíìĕúô ĔúõïôüĄìîôô øìĆðìùĄìîôô úùôöý ðìü øôùþìėì, 
öô íú úøô÷ĕúô ïñúþñöþúùôöĒ, ýúāþúüĒ, ÷ôþú÷úïĒ, ýþüìþôïüìĀĒ îì ïñúøúüĀú÷úïĒ øÿìõċù øñïìüðìùð, íìüüìýĒ 
öìüðì øñĄìîìùð.  

Öì÷ôðîúòìĕú: úùôöýô øìüøìüĒ, ėúùÿùôċþĕúô ĔúõïôüĄìîĒ, ÞôČùĄúùô ĔìùÿíĒ, Çôýúüÿ Ú÷úõ, 
ðñûüñýýôċô þúĔôö, úøô÷ĕú.  

 

ʅɽʂʆʊʆʈʓɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʈɸɿʄɽʑɽʅʀʗ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʄʈɸʄʆʈʅʆɻʆ 

ʆʅʀʂʉɸ ɺ ʊɸɼɾʀʂʀʉʊɸʅɽ 

ʄʨʘʤʦʨʥʳʡ ʦʥʠʢʩ ʰʠʨʦʢʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʆʥ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʨʝʜʠ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʘʜʦʯʥʳʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ (ʛʨʘʥʠʪʦʠʜʦʚ), ʦʪʥʦʩʷʱʠʭʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʠ ʤʝʟʦʟʦʡʩʢʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʢʦʤʧʣʝʢʩʘʤ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʶʞʥʦʡ ʯʘʩʪʠ ɻʠʩʩʘʨʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʨʘʤʦʨʥʦʛʦ ʦʥʠʢʩʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʆʥʠ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʢʨʘʩʢʠ, ʪʝʢʩʪʫʨ ʠ ʚʳʩʦʢʠʤʠ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ. ɸ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʥʠʢʩʘ ʚ ʨʝʛʠʦʥʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ, ʩʪʨʫʢʪʫʨʥʳʤʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʨʘʤʦʨʥʳʡ ʦʥʠʢʩ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ, ʖʞʥʳʡ ʊʷʥʴ-ʐʘʥʴ, ɻʠʩʩʘʨ, ʪʘʜʞʠʢʩʢʘʷ 

ʜʝʧʨʝʩʩʠʷ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

 

SOME REGULARITIES IN THE DISTRIBUTION OF MARBLE ONYX DEPOSITS IN TAJIKISTAN  

Marble onyx is widely but unevenly distributed across various regions of Tajikistan. It occurs among rocks of 

different compositions, mainly metamorphic as well as igneous (granitoid) formations, which mostly belong to the Late 

Paleozoic and Mesozoic geological complexes. The most significant occurrences are confined to the southern part of the 

Gissar structuralïformational zone. The deposits of marble onyx are mainly associated with tectonic faults and are 

characterized by specific mineralogical features. They attract attention due to their diverse colors, textures, and high 

decorative properties. This article discusses the main regularities of distribution and the conditions of formation of onyx 

deposits in the region, determined by geotectonic, structural, lithological, stratigraphic, and geomorphological factors. 

Keywords: marble onyx, distribution regularities, Southern Tien Shan, Gissar, tojik depression, formation 

conditions. 
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ÔÉ×ÔØ 
 

Ùìýüÿ÷÷úñî à.á., Ïÿ÷ìĕøìðóúðì Ì.Ì., Íÿþìñî Ø.É., Ôóìþÿ÷÷úóúðì Ü.á. 
Ôùýþôþÿþô øìýĆì÷ìĕúô úí, ïôðüúĉùñüïñþôöì îì ĉöú÷úïôċô ÌØÔÞ,  

Ôùýþôþÿþô ô÷øôĊ þìĕėôėúþôô üÿĄðô ÿýþÿîúü îì ôėþôýúðô ýìíóô ÐÍÝÝÞ, 
Øìüöìóô úøĘóôĄô ûôüċāĕúô ÌØÔÞ, 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

 
Øÿėìððôøì. ÞìĎõôüČíôô ôė÷ôø íì öúĕôĄČíôô ûôüċāĕúô ÞúĔôöôýþúù íñîúýôþì þìĆýôü 

üìýúùôðì, ðìü ùìþôĔì úíĕúñ, öô ìó ôù ûôüċāĕú ĕúýô÷ øñĄìîìð, þìîìýýÿþô ðìüČĕúô ÛìùĔ, 
ÎìāĄ, ÖúĀìüùôĕúù îì ðôïìü Ąúāúíĕú íì ðìüČô Ìøÿ îì þìîìýýÿþô ðìüČô ÔýĀìüì îì ðôïìü 
Ąúāúíĕú íì ðìüČô Ýôü îúüôð øñĄìîìð. Þôíėô úøúü, ôù ðÿ ðìüČ óôČðì 40% îì 20%-ô ĕìĔøô 
ÿøÿøôô óìāôüìĕúô úíôô ÚýôČô Øìüöìóôüú þìĆøôù ùìøÿðì, ùôČóĕúô ĕìČþìù øÿĕôøøô 
þìėüôíìù 80 øô÷÷ôúù ùìĀìü ìĕú÷ôô öôĄîìüĕúô ûúČùúíüú ėúùñĆ øñýúóìùð. Þôíėô 
þìĕ÷ô÷ĕúô Íìüùúøìô øÿĕôþô óôýþô Ýúóøúùô Øô÷ì÷ô Øÿþþìĕôð (UNEP), ïÿóúüôĄĕúô 
Íúùöô ÆìĕúùĒ îì þìĕėôėúþô ICIMOD, ĕôýýìô úíô ìó ûôüċāĕú ĕúýô÷Ąÿðì ðìü ĕìĔøô øôČùìô 
ýú÷úùìô ĔìüìČùô ðìüČô Ìøÿ þìėüôíìù 30%¬50%-üú þìĄöô÷ ðúðì, ðìü ýú÷ĕúô āÿĄö ôù 
ùôĄúùðúð øñþìîúùìð þú 70% íì÷ìùð Ąìîìð [11; 8]. 

Þôíėô øìĆ÷ÿøúþô Ýúóøúùô ÿøÿøôĔìĕúùôô øñþñúüú÷úïôċ (WMO) ýú÷ĕúô 1970¬2020 
ĕìüúüìþô øôČùìô ĕìîú ðìü ÞúĔôöôýþúù ìó 1,5Ç þú 2,0̧ C íì÷ìùð Ąÿðììýþ, öô ôù ìó 
ùôĄúùðúðô øôČùìô Ĕìĕúùôô íú÷úüìîôô ĕìüúüìþ ðìü ĕìøôù ðìîüì þìėüôíìù 1,1̧ C āñ÷ñ 
íñĄþìü ìýþ. Ðìü íìĆóñ øôùþìėìĕúô íì÷ìùðöĘĕô Ûúøôü îì ėìþúüöĘĕĕúô ÞČùĄúù ôù 
ìĀóúôĄô ĕìüúüìþ íúó ĕìø ùìóìüüìý íÿðì, ìó 2,0̧ C þú 2,5̧ C øñüìýìð. ØÿîúĀôėô øìĆ÷ÿøúþô 
þìĕ÷ô÷ôĊ ùìóúüìþĒ [3] ðìü 30 ýú÷ô úāôü ýÿüĆìþô ìĀóúôĄô ĕìüúüìþ ðìü öôĄîìü ĕìü 10 ýú÷ì 
ìó 0,4̧ C þú 0,6̧ C üìýôðì, íìĆð ìó ýú÷ô 2010 ĕìþþú ĕú÷ìþĕúñ íì ėìõð ïôüôĀþì Ąÿðììùð, öô 
ðìü ċö ýú÷ ĕìüúüìþ íñĄ ìó 1 Ç íú÷ú üìĀþììýþ (üìýøô 1).  

 
Üìýøô 1. ÞìĎõôüČíôô ĕìüúüìþô øôČùìô ÞúĔôöôýþúù [3] 

Figure 1. Average temperature changes in Tajikistan 

 
ØÿîúĀôėô øìĆ÷ÿøúþô ôù ÌïñùþĒ [15] ðìü øôùþìėìĕúô ÞúĔôöôýþúù, öô íì÷ìùðôô úùĕú 

óôČðì ìó 1000 øñþü ìýþ øÿððìþô 70 ýú÷ô úāôü þìøúĊ÷ô îúóñĕô íì÷ìùðĄìîôô ĕìüúüìþ 
øÿĄúĕôðì øñĄìîìð. áÿýÿýìù ìó ýú÷ô 1985 ôùĔúùôí ĕìüúüìþ ûìõîìýþì íú÷ú øñüìîìð. Ðìü 
øôùþìėìĕúô öĘĕĒ, öô ðìü íì÷ìùðôô óôČðì ìó 2500 øñþü Ĕúõïôü øñíúĄìùð, ïìüøĄìîôô 
ùìóìüüìý ùôó íì ėìõð ïôüôĀþì Ąÿðì, ĕìüúüìþô øôČùìô ýú÷úùì ìó 1,2̧ C þú 1,9̧ C óôČð 
Ąÿðììýþ (üìýøô 1). 
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Ðìü ùìþôĔìô þìĆýôüô ïìüøĄìîôô ôė÷ôø ðìü øôùþìėìĕúô öĘĕôýþúù, ûôüċāĕúô 
ÞúĔôöôýþúù íú ýÿüĆìþô øôČùìô ýú÷úùì ìó 0,5% þú 1% ìėôíùôĄôùĒ ùìøÿðì, ýÿüĆìþô 
ìėôíüìîôô ûôüċāô ÎìùĔċā (àñðăñùöú) ìó 10 ø/ýú÷ ðìü ìýüô XX þú 16 ø/ýú÷ ðìü ìõùô óìøúù 
ìĀóÿðììýþ.  

Ìîîì÷ôù þìĕėôėúþô ô÷øĒ ðìü ûôüċāô ÎìùĔċā (àñðăñùöú) ĕìùĘó ðìü ùôøìô ðÿĊøô ìýüô 
XIX óñüô üúĕíìüôô Î.à. ÚĄìùôù ìùĔúø ðúðì Ąÿðììýþ. Ðìü ýú÷ô 1928, ĕìùïúøô íìüïÿóúüôô 
ĉöýûñðôþýôċô øÿĄþìüìöô Æÿøĕÿüôô Ú÷øúù îì Ôþþôĕúðô äÿüìîĒ ìîîì÷ôù øìüúþôíì 
āìüôþìô þúûúïüìĀôô ýôýþñøìô ûôüċāĕúô ÎìùĔċā (àñðăñùöú) þìüþôí ðúðì Ąÿð, öô ôù 
ôøöúùôċþô ôðúøì ðúðìùô ĉöýûñðôþýôċĕúô þìĕėôėúþôô øôùíìĆðìô ûôüċāĄôùúýĕú, 
ïôðüú÷úïĕú îì øñþñúüú÷úïĕú ïìüðôð. Ýú÷ô 1933 ðìü þìüìĀô ăìûô ûôüċāô ÎìùĔċā 
(àñðăñùöú) ðìü íì÷ìùðôô 4169 øñþü ìó ýìþĕô íìĕü, ûúõïúĕô úíÿĕìîúĄôùúýĒ íì ùúøô 
ìöìðñøôö Ù.Û. Ïúüíÿùúî íÿùČð öìüðì Ąÿð [2]. 

ÍìĆð ìó ûúĄāĘüôô Ôþþôĕúðô äÿüìîĒ þú ýú÷ĕúô ùìóðôö íì 2010 øìĆ÷ÿøúþ úôð íì 
øúùôþúüôùïô ûôüċāĕú ėìþĆ Ąÿðììýþ. ÔùþôĄúüô µàñĕüôýþô ûôüċāĕúô Ôþþôĕúðô äÿüìîĒ½ 
þìėüôíìù ðìü ýú÷ĕúô 1950 úĎúó ČĀþì, þú ìîîì÷ô ýú÷ĕúô 1980 íì ôþøúø üìýôðììýþ, ìöýìüô úù 
ðìü ðìîüìô ýú÷ĕúô 1960-1970 þìĕôċ Ąÿðì, øìùíìĆìĄ ìýúýìù āìüôþìĕúô þúûúïüìĀôô 
1:100000 îì 1:50000 øñíúĄìùð. 

 
Üìýøô 2. ÎìóĆô ĕúóôüìô øúùôþúüôùïô ûôüċāĕúô ÞúĔôöôýþúù [10] 

Figure 2. Current status of glacier monitoring in Tajikistan 

 
ßýÿ÷ĕúô þìĕėôėúþ. ßýÿ÷ô øÿĄúĕôðìô íñîúýôþì. Íìüúô øÿìõċù ùìøÿðìùô þìĎõôüČíôô 

ðìüúóôô ûôüċā ÿýÿ÷ô øÿĄúĕôðìô íñîúýôþì ôýþôĀúðì íÿüðì øñĄìîìð, öô ôù ÿýÿ÷üú ôùăÿùôù 
ÿýÿ÷ô ăñùìöô ùÿėþìô ì÷úøìþĒ øñùúøìùð, ċöñ ìó üúĕĕúô ýúðì îì ýìøìüìíìāĄô øÿìõċù 
ùìøÿðìùô þìĎõôüČíôô ðìüúóôô ûôüċā øñíúĄìð.  

ßýÿ÷ô øÿĄúĕôðìô Ďìõüôøÿýþìėôø. Ðìü ôù ÿýÿ÷ íìüúô ðìüČĀþô þìĎõôüČíôô 
ðìüúóøÿððìþô ðìüúóôô ûôüċāĕú āìüôþìĕúô ìĉüúĀúþúøñþüôô ðìîüìĕúô ïÿùúïÿù, øìĆ÷ÿøúþô 
þìýîôüĕúô øúĕîúüìîĒ Č āìüôþìĕúô þúûúïüìĀôô ïñúðñóôô ðìîüìĕúô øÿāþì÷ôĀ øÿėúôýì öìüðì 
øñĄìîìùð. ÔýþôĀúðìô ùôóúøô ôþþô÷úúþô ĔÿĎüúĀĒ (GIS) îì þìĕėôėúþô Āúýô÷ìîĒ ôĔüúô ôù 
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ÿýÿ÷üú ýúðì îì óÿð øñïìüðúùìð. Íìüúô ùôĄúù ðúðìùô íÿóÿüïôô þìĎõôüČíôô ûôüċāĕúô 
ìùðúóìĕúô ïÿùúïÿù þìùúýÿíô öĘþúĕĄìîôô ðìüúóôô ûôüċāĕú (ɔc) ôýþôĀúðì øñĄìîìð: 

ɾ
Ў
ρππ̂1̃ 

ðìü ôù Ĕú L - ðìüúóôô ûôüċā (íú îúĕôðô øñþü) øñíúĄìð, öô ìó üĘô āìüôþìô 
þúûúïüìĀôô ûôüċā ðìü ăñùöÿùôô ėìí÷Ē øÿìõċù öìüðì Ąÿðììýþ; ȹL - Āìüėô ðìüúóôô ûôüċā 
íìõùô ðÿ ðìîüìô ăñùöÿùôô ûìõðìüûìõüú ùôĄúù øñðôĕìð. 

ØÿĄúĕôðìĕúô øìýúĕìþô ûôüċāĕú íñĄþìü ðìü ìýúýô āìüôþìĕúô þúûúïüìĀĒ, öô 
þìîìýýÿþô ìýíúíĕúô ïñúðñóôô ýìĕüúĒ, ìöýíìüðúüôô ĀìóúĒ, ìöýíìüðúüôô ýþñüñúìóóìøôùôô 
ýìĕüúĒ, ïñúðñóôċ, ăñùöÿùôô GNSS îì ÿýÿ÷ĕúô þìĕėôėúþô Āúýô÷ìîĒ þìĕôċ Ąÿðììùð, 
ïÿóìüúùôðì øñĄìîìð. 

ßýÿ÷ô ăñùöÿùĒ íú ôýþôĀúðìô þñúðú÷ôþĕúô ïñúðñóĒ. Íú ôýþôĀúðì ìó ìýíúíô 
þñúðú÷ôþĕúô ïñúðñóĒ øôùþìėìô ûôüċā íì āìüôþìô þúûúïüìĀôô øôėČýô öì÷úù þìýîôü öìüðì 
øñĄìîìð, öô ðìü ùìþôĔì øìĆ÷ÿøúþ úôð íì øìýúĕìþô ûôüċā îì þìĎõôüČíôô úù íì ðìýþ úîìüðì 
øñĄìîìð. Ôù ÿýÿ÷ îìėþ îì óìĕøìþô óôČðüú þì÷ìí øñöÿùìð, öô ðúüúô ôýþôĀúðìô øìĕðÿð íÿðì, 
þìùĕú ðìü øìüĕô÷ìĕúô ôíþôðúôô āìüôþìýúóôô ûôüċā ôýþôĀúðì øñĄÿð. Øìýì÷ìù, ýú÷ĕúô 
1970 - 1980 íú ÿýÿ÷ô ăñùöÿùĒ íú ôýþôĀúðìô ìýíúíô þñúðú÷ôþ āìüôþìô þúûúïüìĀôô ûôüċāĕú 
íìüúô þìüþôí ðúðìùô àñĕüôýþô ûôüċāĕúô ÞúĔôöôýþúù ôýþôĀúðì íÿüðì øñĄÿð îì ìõùô 
óìøúù ðìü íìüúíìüô ôùöôĄúĀô þñāùú÷úïôċô þìĕėôėúþô Āúýô÷ìîĒ ôù ÿýÿ÷ íìüúô 
øÿĄúĕôðìĕúô ûôüċāĕú āñ÷ñ öìø ôýþôĀúðì øñĄìîìð. 

Ìöýíìüðúüôô ýþñüñúôô óìøôùĒ îì ìöýíìüðúüôô ĀìóúĒ. Íìüúô øÿìõċù ùìøÿðìùô 
þìĎõôüČíôô ûôüċā ÿýÿ÷ô ìöýíìüðúüôô ýþñüñúôô óìøôùĒ ôýþôĀúðì øñĄìîìð. Íú ôýþôĀúðì ìó 
Āúþúþñúðú÷ôþ, ûôüċāĕú ðìîüì íì ðìîüì ðìü ìýúýô ÿýþÿîúüô ìöýíìüðúüĒ ýÿüìþ øñïôüìùð. 
Ûìý ìó úù ðìü Ąìüúôþô úóøúôĄïúĕĒ íú Čüôô ìýíúíô āÿðöúüô (ìîþúøìþôöÿùúùôðìĄÿðìô) 
āìüôþìýúóôô ýþñüñú āìüôþìô þúûúïüìĀôô øôėČýô öì÷úùþìüôùô ûôüċā þìĕôċ öìüðì øñĄìîìð. 
Ðìü øÿėúôýì íú ìĉüúĀúþúïñúðñóôċ îì þìýîôüĕúô øúĕîúüìĒ, Āúþúïñúðñóôċô ýþñüñúôô 
óìøôùĒ ðìėôėôċþô íì÷ìùð ðúüìð. Ìøøú ðìü íìĆóñ øôùþìėìĕúñ, öô ðúüúô ðÿĄîúüôĕúô 
øìāýÿý øñíúĄìùð, ôýþôĀúðìô ìöýíìüðúüôô ýþñüñúôô óìøôùĒ øÿĄöô÷ íÿðì øñþìîúùìð. Ðìü 
ăÿùôù ĕú÷ìþĕú ÿýÿ÷ô ċöĔúċô ìöýíìüðúüôô ýþñüñúôô óìøôùĒ îì ĀìóúĒ íìüúô þìüþôí ðúðìùô 
āìüôþìĕú íì öúü íÿüðì øñĄìîìð. 

ØñĆČüĕúô ìýúýĒ ôùĕúüú ðìüíìü øñïôüìùð: 
- āìüôþìô þúûúïüìĀôüú íú ėìþĆôċþô 600 dpi ðìü Āúüøìþô öì÷úù ýöìù öìüðìù; 
- íú ôýþôĀúðìô ôøöúùôċþĕúô ÝÏÔ (GIS) - þñāùú÷úïôċ āìüôþìô ýöìùñüĄÿðìüú íì þìîüô 

ïñúøñþüĒ ôý÷úĕ öìüðì, þú ðìėôėôô ôý÷úĕ ðìü ĕÿðÿðô ùôø ûôöýñ÷ íúĄìð; 
- öìùúüô ûôüċāüú íú ôýþôĀúðì ìó ÿýÿ÷ô þìĀýôüô îôóÿì÷Ē (visual interpretation) 

ôýþôāüúĔ ùìøÿðì, íìüúô øÿìõċù öìüðìùô āìþþô ėôýøìþô îúðôĕú Č ėÿ÷÷ìĕú ìó DEM Č Google 
Earth ôýþôĀúðì íÿüðì, ýôûìý íú þìüóô ðìýþĒ ôý÷úĕ øñùìøúċùð. 

ßýÿ÷ô ìöýíìüðúüôô üìėìøĒ. Ìöýíìüðúüôô üìėìøĒ ôøöúù øñðôĕìð, öô íì Ĕúõô ìýíúíĕúô 
ìùĆìùìîôô ìùì÷úïĒ Č þìĕ÷ô÷ôô ìöýíìüðúüĒ öúü öÿùìð îì þñāùôöìĕúô öúüöìüðô þìýîôü îì 
öúøûĊþñüĒ íì ìøì÷ íìüúîìüðì Ąìîìùð. Íú ôýþôĀúðìô öúøûĊþñü, üìîìùðĕúô ìöýíìüðúüĒ 
ìîþúøìþĒ öìüðì øñĄìîìùð, ÿýÿ÷ô ìùĆìùìîôô ăñùöÿùôô ðìýþĒ ùôó ôîìó øñĄìîìð, ýìøìüìùúöĒ 
óôČð îì óìĕøìþô öúüĒ öìø öìüðì øñĄìîìð. Çú÷ú ìöýíìüðúüôô üìėìøĒ ðìü îôóÿì÷ôóìþýôċô 
ýñìùðúóì (3D), ùìîýúóôô øìĆ÷ÿøúþô ýôýþñøìô ôþþô÷úúþôô ĔÿĎüúĀĒ (ïñúïüìĀĒ), 
ìöýíìüðúüôô üìėìøôô ùìóðôö îì ðôïìü ýúĕìĕú ôýþôĀúðì øñĄìîìð. Çìùïúøô ăñù ùìøÿðìùô 
þìĎõôüČíôô ûôüċā ôù ÿýÿ÷ íì ċö îúýôþìô ĔÿðúùìĄìîìùðì þìíðô÷ ČĀþììýþ îì ýñùýúüĕúô 
ïÿùúïÿù (÷ìóñüĒ, üìðìüĒ, úûþôöĒ) îì û÷ìþĀúüøìĕúô ïÿùúïÿù (ĕìîúûìõøúĒ, ĕìîúĒ, 
ĀìóúùìîìüðĒ, óìøôùĒ) ðìü úù íñĄþìü ôýþôĀúðì íÿüðì øñĄìîìùð. 

ÙìþôĔìĕú. ØìĆ÷ÿøúþ úôðô ûôüċāĕúô ÞúĔôöôýþúù ìýúýìù ìó Ĕúùôíô àñĕüôýþô 
(Öìþì÷úïô) ûôüċāĕúô Ýúóøúùô Æìĕúùôô Ûôüċāĕú [5; 1; 14], öô íì ùìĄü üìýôðììýþ, ôýþôĀúðì 
Ąÿðììýþ. Ðìü àñĕüôýþô RGI 7.0 íìüĀĕúô øìîýôøĒ, ėôýøĕúô ûôüċāĕúô ùñýþĄÿðì Č 
ĔÿðúĄÿðì, øìýĆì÷ìĕúô ĔúõïôüĄìîôô ĔÿĎüúĀĒ îì ýìüĕìðĕúô ċāíìùðôô ùúðÿüÿýþ íì þìîüô 
ùìóìüüìý þìöøô÷ ČĀþììýþ. Àìõü ìó ôù, ðìü RGI 6.0 þìėüôíìù 35% ýìùìĕúô þìĕôċô Āñĕüôýþô 
ûôüċāĕú íì ýú÷ô 2000 þìėüôíìù ûìùĔ ýú÷ Č íñĄþìü Āìüė øñöìüðìùð (ôù üìėìø ðìü RGI 7.0 
íì 23% öúĕôĄ ČĀþììýþ) îì ýú÷ô ìýúýôô þìĕôċô Āñĕüôýþô ûôüċāĕúô ÞúĔôöôýþúù ìýúýìù íì 
ýú÷ô 2000 üúýþ øñúċð [9]. 
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Þôíėô øÿėúôýìô øìĆ÷ÿøúþô ûôüċāĕú ìó üĘõô RGI 7.0 (ýú÷ô 2000) [9] îì øìĆ÷ÿøúþô 
þìĀýôüĄÿðìô ýú÷ô 2023 øÿìõċù ïìüðôð, öô ðìü ðìîúøô óôČðì ìó 20 ýú÷ô úāôü øìýúĕìþô 
ÿøÿøôô ûôüċāĕúô ĕÿðÿðô Æÿøĕÿüôô ÞúĔôöôýþúù 7,62% öìø Ąÿðììýþ. Ôù ĕú÷ìþ íì öúĕôĄô 
øôČùìô ýú÷úùìô 0.33% íìüúíìü ìýþ îì ìýúýìù íú ùúûìðôðĄìîôô ûôüċāĕúô āÿüð îúíìýþì 
øñíúĄìð. Ðìü øôùþìėìĕúô ïÿùúïÿù ùôĄúùðôĕìùðìô ÿøÿøôô öúĕôĄô øìýúĕìþô ûôüċāĕú ìó 
4,10% þú 22,28% Āìüė øñöÿùìð, ðìü ĕú÷ñ öô öúĕôĄô øôČùìô øìýúĕìþô ċö ûôüċā ìó 0,046 þú 
0,076 öøĮ-üú þìĄöô÷ øñðôĕìð.  

Øìýúĕìþ îì ðìüúóĒ ûìüìøñþüĕúô øÿĕôøøô ïñúøñþüôô ûôüċāĕú øñíúĄìùð. Ðìü 
þìĕėôėúþô øÿāþì÷ôĀ, ìó ėìíô÷ô øúðñ÷ýúóôô öúĕôĄČíôô ûôüċāĕú, øúðñ÷ýúóôô þìĎõôüČíôô 
Ąìö÷ô ïñúøñþüĒ îì ïôðüú÷úïôċô ûôüċāĕú úùĕú ĕìøăÿù ûìüìøñþüĕúô ìýúýôô íÿùČðĒ îì 
øìĕðÿðôċþĕúô ýìüĕìðĒ āôóøìþ øñöÿùìùð.  

 
Æìðîì÷ô 1. äìüĕô ûôüċāĕúô øÿĄúĕôðìĄÿðìô ÞúĔôöôýþúù 

Table 1. Overview of observed glaciers in Tajikistan 
Ûìüìøñ
þü 

Ùúøô ûôüċā Øìöúù (¸N, 
¸E) 

Îìėþô úĎúó Îìėþô 
ìùĔúø 

ØìùíìĆ éóúĕ 

Þ
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ô
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ô
ô
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ì
þ
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ÞÚÆÜ Ð 38.45, 73.55 1970 2001 RGI5.0  

Óß×ØÌÜÞ 38.86, 73.00 2001 2018 RGI5.0  
ÎÌÙÆëá 38.71, 72.33 2000 2011 RGI5.0  
ÚÖÞëÍÜ 39.18, 73.00 1946 2000 RGI5.0  
áÔÜÝÚÙ 38.66, 72.18 1974 2000 WGMS (1988)  
ëÙ ÜÔÛÖÌ 39.00, 72.10 1966 2000 WGMS (1988), 

RGI5.0 
 

ÝÖÚÏÌã 38.72, 71.50 1971 2000 WGM S (1988), 
RGI5.0 

 

ÞßÜÚ 39.53, 70.13 1968 2000 WGMS (1988)  
 ÎÌÙÆëá  38.71, 72.33 1958 1990 WGMS Þìùĕú 10 

øìüúþôíì 
øÿĄúĕôðì 
Ąÿðììýþ 

Þ
ìĎ
õ
ô
ü
Č
í
ô
ô

 ð
ì
ü
ú
ó
ô
ô

 û
ô
ü
ċ
ā

 

ÉÔÓÔ×ÏÚ
ÜßØ 

38.2, 72.84 1960 1985 WGMS 1961, 1962, 
1964¬1968 / 1973 

/ 1975 

ØÌÓÚÜ  38.62, 71.57 1962 1990 WGMS 1963, 1968¬1969, 
1971¬1974, 1977, 

1988¬1989 
ëÙ ÜÔÛÖÌ 39.00, 72.10 1962 1990 WGMS 1966, 1971¬1974, 

1985 
ÜÌØÌ 39.17, 70.45 1960 1990 WGMS 1961¬1962, 

1971¬1976, 1989 
ÝÖÚÏÌã 38.72, 71.50 1975 1990 WGMS  

ÞìĎõôü
Číôô 
ĎìĀýĒ 

ÎÌÙÆëá  38.71, 72.33 2009; 1928¬
1958; 1958¬
2000; 1928¬

2000 

Lambrech
t et al., 
2014 

  

Ìó üìýøô þìėýôøúþô ûôüċāĕú ðìü ìýúýô ýìþĕô øìýúĕìþ (üìýøô 3) íìüøñúċð, öô ðìü 
ÞúĔôöôýþúù ûôüċāĕúñ, öô øìýúĕìþìĄúù ðìü íìõùô 0-20 öøĮ ėìüúü ðúüìùð, öúĕôĄô 
ùìóìüüìýüú ùôĄúù øñðôĕìùð, íìāÿýÿý ûôüċāĕú íú øìýúĕìþô 1-5 öøĮ. Ûôüċāĕúô öìøþìü ìó 0,1 
öøĮ ĄÿøúüììĄúù íì þìîüô îúóñĕ öìø Ąÿðììýþ, îì÷ñ öúĕôĄô ÿøÿøôô øìýúĕìþ ùôýíìþ íì 
ûôüċāĕúô 1-5 öøĮ öìøþìü ìýþ. Ôù ìýúýìù ìó úù îúíìýþì ìýþ, öô ðìü ôù ïÿüĘĕ ûôüċāĕúô óôČðñ 
ûÿüüì ùúûìðôð Ąÿðììùð, îì÷ñ íì ýìíìíô āñ÷ú ĕìø āÿüð íÿðìùô āÿðô ûôüċāĕú öúĕôĄô 
ÿøÿøôô øìýúĕìþ ăìùðúù óôČð ùñýþ.  

Ûôüċāĕúô íú øìýúĕìþô >50 öøĮ ùúîúíìýþì ìó øìýúĕìþ Č Ąÿøúüì, þìĎõôüúþô ùìóìüüìý 
ùìðúüìð. Ìýúýìù íì úù āúþôü ìýþ, öô ėôýøìþô ûúČùôô ôù ïÿùì ûôüċāĕú íú øúüñùì ûĘĄúùôðì 
Ąÿðììýþ îì øôėðúüô öúĕôĄô úùĕú øôý÷ô ûôüċāô ÎìùĔċā (àñðăñùöú) āñ÷ñ øìĕðÿð ìýþ, öô 
ðìü 10 ýú÷ô úāôü øìýúĕìþìĄ þìùĕú 0,5 öøĮ öúĕôĄ ČĀþììýþ (üìýøô 3b). Ìó Ĕôĕìþô þìĎõôüČíôô 
Ąÿøúüìô ûôüċāĕú öúĕôĄ íñĄþìü ðìü ûôüċāĕúô öìøþìü ìó 0,1 öøĮ îì 0,5¬0,1 öøĮ ðôðì 
øñĄìîìð.  
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Üìýøô 3. ÞìĎõôüČíôô ûôüċāĕúô ÞúĔôöôýþúù ðìü ìýúýô ïÿüĘĕíìùðôô øìýúĕìþ 
Figure 3. Changes in Tajikistan's glaciers based on area classification 

 
(1) ÞìĎõôüČíôô ðìüúóôô ûôüċāĕúô øìĆøÿ÷ôô ùìóúüìþĄìîìùðì 

 

ØìĆ÷ÿøúþô øìüíÿþ íì öúĕôĄČíôô ûôüċāĕúô ÞúĔôöôýþúù ðìü ðìîüìĕúô øÿāþì÷ôĀ 
ùôĄúù øñðôĕìùð, öô ėôýøìþô óìíúùìô úùĕú þìøúĊ÷ô ýÿüĆìþČĀþìô ìėôíùôĄôùĒ ðúüìð. Ðìü 
ýú÷ĕúô 1960-1969 óìíúùìô ûôüċāĕú þìøúĊ÷ô ĕìüìöìþ íì ýìøþô ûñĄ ðúĄþìùð, ýÿüĆìþô 
øôČùìô ĕìüìöìþô úùĕú þìėüôíìù 15 ø ðìü ċö ýú÷üú þìĄöô÷ ðúð. Ìó 10 ûôüċāô þìĕėôėĄÿðì 
ėôýøìþô óìíúùìô 5 ûôüċā íú ýÿüĆìþô 2,6 þú 222,7 ø/ý íì ýìøþô ûñĄ ĕìüìöìþ ùìøÿðììùð, ðìü 
ĕú÷ñ öô ėôýøìþô óìíúùìô 5 ûôüċāô ðôïìü íú ýÿüĆìþô 31.8 þú 7.83 ø/ý íì ýìøþô ìėôí ĕìüìöìþ 
ùìøÿðìùð. Ðìü ýú÷ĕúô 1970-1979 ìėôíüìîôô ÿøÿøôô ėôýøìþô óìíúùìô ûôüċāĕú āñ÷ñ ýÿýþ íì 
ùìóìü øñüìýôð, ýÿüĆìþô øôČùìô ìėôíüìîĒ þìėüôíìù 1,9 ø ðìü ċö ýú÷üú þìĄöô÷ ðúð. Ìó 
Ĕÿø÷ì, 61,3% ûôüċāĕúô þìĕėôėĄÿðì þìøúĊ÷ô ìėôíüìîôüú íú ýÿüĆìþô ìó 66,7 þú 2 ø/ýú÷ 
ùôĄúù ðúðìùð; 16,1% ûôüċāĕúô þìĕėôėĄÿðì þìøúĊ÷ô ĕìüìöìþ íì ýìøþô ûñĄ íú ýÿüĆìþô ìó 
5,0 þú 81,6 ø/ýú÷ ùôĄúù ðúðìùð; 22,6%-ô ûôüċāāúô þìĕėôėĄÿðì āú÷ìþô øÿĆþìðô÷üú ùôĄúù 
ðúðìùð. 

Ýú÷ĕúô 1980-1989 ýÿüĆìþô ìėôíüìîôô ėôýøìþô óìíúùìô ûôüċāĕú íñĄþìü Ąÿð, ýÿüĆìþô 
øôČùìô ìėôíüìîĒ ðìü ċö ýú÷ íì 9,7 ø ìĀóúôĄ ČĀþì, 92% ûôüċāĕúô þìĕėôėĄÿðì þìøúĊ÷ô 
ìėôíüìîôüú íú ýÿüĆìþô 125 þú 1,5 ø/ý ùôĄúù ðúðìùð. 

Ðìü ùôøìô ìýüô XX (1933-1972) ýÿüĆìþô ìėôíüìîôô ôù ûôüċā ðìü ĕÿðÿðô 13,59 þú 
28,20 ø/ýú÷ ėìüúü ðúĄþ. Ðìü ùôøìô ðÿĊøô ìýüô XX îì úĎúóô ìýüô XXI ýÿüĆìþô ìėôíüìîôô 
úù íì þìîüô ùìóìüüìý öúĕôĄ ČĀþì, íì 8,97 þú 15,13 ø/ýú÷ íìüúíìü ïìüðôð. Ìøøú ðìü 10 ýú÷ô 
úāôü þìøúĊ÷ô ìĀóÿðìô ìėôíüìîôô úù øÿĄúĕôðì øñĄìîìð, öô ýÿüĆìþô øôČùìô ìėôíüìîĒ ðìü 
ĕÿðÿðô 35 þú 52 øñþü ðìü ċö ýú÷üú þìĄöô÷ øñðôĕìð (üìýøô 3).  

ØÿîúĀôėô øìĆ÷ÿøúþô úøúüĒ [10] ðìü üìýøô 3 ùôĄúù ðúðì Ąÿðììýþ, öô ĄìĄ āìþ 
ùôĄúùðôĕìùðìô ýìþĕô ìėôíüìîôô ûôüċāĕúô ïÿùúïÿùüú ôĀúðì øñùìøúċð.  

Ûôüċāô Ðôĕôðìùï (Ĝ314) þÿ÷ô ýú÷ĕúô 1960 - 1975 ýÿüĆìþô ìėôíüìîôô ýÿýþ ðúĄþì (5-15 
ø/ýú÷), ýú÷ĕúô 1975-1990 íì ìėôíüìîôô íúýÿüĆìþ ïÿóìĄþ (15-25 ø/ýú÷). Ûôüċāô Ïìüøú 
ýÿüĆìþô þìĎõôüČíôô Ąìðôðþìüôù ðúĄþ: ýú÷ô 1965 øÿîìėėìþìù íì þìîúóÿù ùìóðôö Ąÿð (~0 
ø), îì÷ñ íìĆð ìó ýú÷ô 1970 íúýÿüĆìþ ìėôí üìĀþ, øìāýÿýìù ðìü ýú÷ĕúô 1980-1990 (10-25 
ø/ýú÷), öô ðìü ðìîúøô 30 ýú÷ óôČðì ìó 35 øñþü ìėôíüìîĒ ùìøÿð. Ûôüċāô Ðìĕìùðìüì þìøúøô 
ðìîüì íì ìėôíüìîôô ĕìøîúü ðÿăúü Ąÿðì, ýÿüĆìþô øôČùìô ĕìüìöìþ 0,67 ø ðìü ċö ýú÷üú 
þìĄöô÷ ðúð. 

Ûôüċāô áìðôüĄì (×ìĎòúù) ðìü ýú÷ĕúô 1960-1970 þìøúĊ÷ô öìøô ĕìüìöìþ íì ýìøþô 
ûñĄ ðúĄþì, ìøøú íìĆð ìó ýú÷ô 1970 ûìõîìýþì ìėôíüìîĒ ùìøÿð [10]. Ðìü øìĔøÿĆ, ûôüċāĕú 
ðìü Æÿøĕÿüôô ÞúĔôöôýþúù ðìü øôČùìĕúô ìýüô XX øìüĕô÷ìô ìėôíüìîôô íúýÿüĆìþüú ìó ýìü 
ïÿóìüúùôðìùð, ðìü úāôüô ìýüô XX øìüĕô÷ìô ìėôíüìîôô ýÿýþ îì ðìü ìõùô óìøúù íúó íì 
øìüĕô÷ìô ìėôíüìîôô íúýÿüĆìþ îúüôð Ąÿðììùð (üìýøĕúô 4 îì 5). 
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Üìýøô 4. ÞìĎõôüČíôô ðìüúóôô ûôüċāĕúô ùìóúüìþĄìîìùðì [10] 
Figure 4. Changes in the length of monitored glaciers 

 
Üìýøô 5. ÞìĎõôüČíôô ėôýøô óìíúùìô ûôüċāĕú Ĝ156 îì Ĝ153 ðìü ðìîúøô 50 ýú÷ô úāôü 

Figure 5. Changes in the tongue section of glaciers No. 156 and No. 153 over the past 50 years 

 
 (2) ÞìĎõôüČíôô øìýúĕìþô ûôüċāĕú 
 

Ðìü Æÿøĕÿüôô ÞúĔôöôýþúù Ąÿøúüìô ûôüċāĕúñ, öô íìüúô øÿĄúĕôðìô ðúôøĒ øÿìõċù 
Ąÿðììùð, āñ÷ñ öìø ìýþ. Ìóíìýöô ėôýøô óôČðô øìýúĕìþô ûôüċāĕú íú øúüñùì ûĘĄôðì Ąÿðììýþ, 
ôù úøô÷ íì ùìþôĔìĕúô þìĕ÷ô÷ô þìýîôüĕúô öìõĕúùôô øìîĔÿðìô úùĕú þìĆýôüô öì÷úùô āÿðüú 
øñüìýúùìð. ØÿîúĀôėô øìĆ÷ÿøúþô [10] îì [9] øìýúĕìþô ûôüċāô Óÿ÷øìüþ ðìü ýú÷ô 2011 
íìüúíìü íì 3,79 öøĮ íÿð îì ðìü ýú÷ô 2018 þú 3,66 öøĮ ìĀóÿð, ċĆùñ øìýúĕìþô úù 0,13 öøĮ öìø 
Ąÿð, öô øñĆČüô ýú÷úùìô öìøĄìîĒ 0,2% øñíúĄìð. 

Ìøøú, ×ô ãòôþóñ [12] ðìü ìýúýô þìĀýôüô øìĆ÷ÿøúþô þìĕėôėúþô Āúýô÷ìîĒ íì āÿ÷úýìñ 
úøìð, öô øìýúĕìþô ûôüċāô ÎìùĔċā ðìü ýú÷ô 2000 íìüúíìü íì 712,18 öøĮ îì ðìü ýú÷ô 2017 
íìüúíìü 711,96 öøĮ íÿðììýþ, öô ôù ìó øìĆ÷ÿøúþô [10] îì [9] Āìüėôċþô ùìóìüüìýô āÿðüú 
ðúüìð. 

Ìïìü þìùĕú þìĎõôüúþô ùôýíĒ íì ùìóìü ïôüôĀþì Ąìîìð, ûìý ðìü ýú÷ĕúô 2000-2018 
øìõðúùô ûôüċāô ÎìùĔċā āñ÷ñ öìø Ąÿðììýþ. 

 

Æìðîì÷ô 2. ÞìĎõôüČíôô øìýúĕìþô ûôüċāĕúô øÿĄúĕôðìĄìîìùðìô ĕÿðÿðô ÞúĔôöôýþúù 
Table 2. Changes in the area of observable glaciers in Tajikistan 

Ùúøô ûôüċā Öúúüðôùìþìĕú 
( Ņ, Ȩ) 

Ýú÷ô 
úĎúó 

Øìýúĕìþ 
(öøĮ) 

Ýú÷ô 
ìùĔúø 

Øìýúĕìþ 
(öøĮ) 

ØñĆČüô ýú÷úùìô 
þìĎõôüČíĒ íú (%) 

Óÿ÷øìüþ 38.86, 73.00 2001 3.79 2018 3.66 -0.20 
Úöþċíüýöôõ 39.18, 73.00 1946 32.00 2000 9.67 -1.29 

áôüýúù 38.66, 72.18 1974 23.3 2000 23.48 0.03 
ëù Üôûöì 39.00, 72.10 1966 17.1 2000 4.56 -2.16 
Ôýöúïìă 38.72, 71.50 1971 12.6 2000 14.48 0.51 

Þÿüú 39.53, 70.13 1968 4.10 2000 4.21 0.08 
(2) ÞìĎõôüČíôô ĎìĀýĒ/óìāôüìô ûôüċā 

 

ÞìĎõôüČíôô ĎìĀýôô ûôüċāô ÎìùĔċā ĕìøñĄì þìîìĔĔÿĕô ìýúýôô ûôüċāĄôùúýôô 
íìõùì÷øô÷ì÷Ē íÿðì, íìü ìýúýô āìüôþìĕúô þìĆüôāô þúûúïüìĀĒ, øúðñ÷ĕúô úûþôöôô íì÷ìùðô 
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üìėìøĒ (KH -9, SPOT5 îì Pl®iades) [13] ÷ìóñüô ICESat îì ăñùöÿùôô GNSS, ðìü þÿ÷ô ùìóðôö 
íì 100 ýú÷ (1928-2021) ýÿüĆìþô øôČùìô þìĎõôüČíôô ĎìĀýôô ėôýøìþô øìüöìóôô ûôüċā 0,46 
ø/ýú÷ þìĄöô÷ ðúðììýþ.  

Ðìü ðìîüìô ýú÷ĕúô 1928-1958 ðúôüìô úøĘóôĄ îì þìĕėôė ðìü ûôüċā øìĕðÿð íÿð îì 
þìùĕú ðìü øôùþìėìĕúô ûúČùôô ûôüċā, ċĆùñ ðìü íì÷ìùðôô 4900 øñþü ìó ýìþĕô íìĕü þìĕėôėúþ 
ìùĔúø ðúðì Ąÿðì íÿð; ðìü þÿ÷ô ôù 30 ýú÷, ėôýøìþô ûúČùôô ûôüċā (óìíúùì) íì øôėðúüô 
øôČùì öúĕôĄ ČĀþì (- 0,31 ø/ýú÷), ðìü øôùþìėìĕúô ìýúýĒ, ċĆùñ ðìü íì÷ìùðôĕúô 3700 îì 4900 
øñþü þìĎõôüúþ ùìóðôö íì ýôĀü íÿð. Ðìü ðìîüìô ýú÷ĕúô 1958-1980, þìøúĊ÷ô öúĕôĄČíôô 
ùìóìüüìýüú ðìü ĕìøìô øôùþìėìô ûôüċā øÿĄúĕôðì ùìøÿðñø, öô öúĕôĄČíôô øìöýôøì÷Ē íì 
1,44 ø/ýú÷ íìüúíìü íÿð. Ðìü ðìîüìô ýú÷ĕúô 1980-2010, ýÿüĆìþô øôČùìô öúĕôĄČíĒ ðìü 
ėôýøìþô óìíúùìô ûôüċā 0,68 ø/ýú÷-üú þìĄöô÷ ðúð. Ðìü ðìîüìô ýú÷ĕúô 2010-2021 ðìü ĕìøìô 
ėôýøìþĕúô ûôüċā þìøúĊ÷ô öúĕôĄČíĒ øÿĄúĕôðì ïìüðôð, ýÿüĆìþô öúĕôĄČíôô ėôýøìþô 
óìíúùìô ûôüċā þìėüôíìù -0,87 ø/ýú÷ îì ðìü ĕìøìô ėôýøĕú íì -0,31 ø/ýú÷ íìüúíìü íÿð (üìýøô 
6). 
Üìýøô 6. ÞìĎõôüČíôô ĎìĀýôô ûôüċāô ÎìùĔċā (àñðăñùöú) ðìü ðìîúøô 100 ýú÷ô úāôü) [4] 

Figure 6. Changes in the thickness of the Vanjyakh (Fedchenko) glacier over the past 100 years 

 
 
Íìüúô øôėðúüô íñĄþìü øÿėúôýì ùìøÿðìùô ðìîüìĕúô ïÿùúïÿù øú ýÿüĆìþô öìøĄìîôô 

ĎìĀýôô ûôüċāüú íìüúô øôùþìėìĕúô Āìüúïôüô ĕìøìô ôù ðìîüìĕú ĕôýúí öìüðñø. Øÿìõċù 
öìüðì Ąÿð, öô ðìü ðìîüìô ýú÷ĕúô 1928-2021 ýÿüĆìþô øôČùìô öúĕôĄČíôô ĎìĀýôô ûôüċā ¬ 0,55 
ø/ýú÷ íÿðì, ýú÷ĕúô 1928-1958 ýÿüĆìþô öúĕôĄČíĒ íì - 0,27 ø/ýú÷ íìüúíìü ìýþ. Ðìü ðìîüìô 
þìėîôøôô ýú÷ĕúô 1980-2010 ýÿüĆìþô öúĕôĄČíôô ĎìĀýĒ íì ýìþĕô øôČùìô ðìüúóøÿððìþ ùìóðôö 
íÿð (-0.59 ø/ýú÷) îì ðìü ðìîúøô ýú÷ĕúô 2010¬2021 ýÿüĆìþô öúĕôĄČíôô ĎìĀýĒ -0.79 ø/ýú÷üú 
þìĄöô÷ ðúð, öô ôù ìó þìøúĊ÷ô ýÿüĆìþô íì÷ìùðô öúĕôĄČíôô ĎìĀýôô ûôüċā ðìü øôùþìėìô 
óìíúùìô úù Ąìĕúðìþ øñðôĕìð. ÙìþôĔìô øìóöÿü øÿîúĀôė íú þìĕ÷ô÷ĕúô ûñĄôùì ìýþ, öô 
íìüúô ýú÷ĕúô 2000 - 2011 îì 2011 - 2016 ýÿüĆìþô þìîúóÿùô øìýýìô ûôüċā ðìü ėôýøìþô óìíúùì 
- 0.27¹0.05 ø.ĉ.ú./ýú÷ îì -0.51¹0.04 ø.ĉ.ú./ýú÷ ĕôýúí Ąÿðììýþ (ùôïìüñð íì üìýøô 7). 

 
Üìýøô 7. ÞìĎõôüČíôô ĎìĀýôô ûôüċāô ÎìùĔċā (àñðăñùöú) ðìü ðìîúøô 20 ýú÷ô úāôü (a-Āìüėô 

SRTM îì TanDEM -X; b-Āìüėô TanDEM -X [7] 
Figure 7. Changes in the thickness of the Vanzhyakh (Fedchenko) glacier over the past 20 years (a-

difference between SRTM and TanDEM -X; b-difference between TanDEM-X 
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Ýú÷ô 2009 ĎìĀýôô ûôüċāô ÎìùĔċā (àñðăñùöú) ìùðúóìïôüĒ öìüðì Ąÿð. Ðìü ùìþôĔìô 
íÿüôĄô ûôüċā ðìü íì÷ìùðôô 4950 øñþü ìó ýìþĕô íìĕü ùôýíìþìù Ąìö÷ô øìĆøÿ÷ôô îúðĒ 
úĄöúü öìüðì Ąÿð, öô ĎìĀýôô øìöýôøì÷Ē þìėüôíìù ðìü øìüöìóô ûôüċā (~780 ¹ 50 ø) üúýþ 
øñúċð. ÙôĄñíôĕúô ðÿ þìüìĀ ùôýíìþìù ĕìøîúü íÿðì, öÿùĔô øôČùìô ùôĄñíôĕú 35¸ ìýþ. 
Ùìîíìþô ðÿĊø ðìü íì÷ìùðôô óôČðì ìó 4950 øñþü ĎìĀýôô āñ÷ñ Ąìíñĕüú ùôĄúù øñðôĕìð, öô 
ôù úøô÷ ïÿîúĕô úù ìýþ, öô þìïô ûôüċā ðìü ôù øôùþìėì ĕìøîúü ìýþ (üìýøô 8). 

 
Üìýøô 8. ÛüúĀô÷ĕúô ĎìĀýôô ûôüċāô ÎìùĔċā (àñðăñùöú) íú ôýþôĀúðìô üìðìp [6] 

Figure 8. Thickness profiles of the Vanjyakh (Fedchenko) glacier using radar 
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ìó 1000 øñþü ìýþ, ðìü 70 ýú÷ô úāôü þìøúĊ÷ô îúóñĕô íì÷ìùðĄìîôô ĕìüúüìþ øÿĄúĕôðì øñĄìîìð. Øìėú÷ì ðìü 
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ìýúýô øñþúðú÷úïôċô þìĕ÷ô÷ô ìðìíôČþ îì øìĆ÷ÿøúþô øÿĄúĕôðìîĒ ìýúý ČĀþì, íúĉĆþôøúðĒ îì ìýúýùúöôô ô÷øôô 
ùìþôĔìĕúüú þìĆøôù øñùìøúċð. 

Öì÷ôðîúòì: þìĎõôüČíôô ôė÷ôø, ûôüċāĕúô ÞúĔôöôýþúù, ïìüøĄìîôô ï÷úíì÷Ē, óìāôüìĕúô úíôô ÚýôČô 
ØìüöìóĒ, ìėôíùôĄôùôô ûôüċāĕú, øúùôþúüôùïô ûôüċāĕú, ÿýÿ÷ĕúô þìĕėôėúþô Āúýô÷ìîĒ (GIS, þìýîôüĕúô 
øúĕîúüìĒ), ðìüČĕúô Ìøÿ îì Ýôü. 

 

ʉʆʉʊʆʗʅʀɽ ʃɽɼʅʀʂʆɺ ʊɸɼɾʀʂʀʉʊɸʅɸ ɺ ʋʉʃʆɺʀʗʍ ɻʃʆɹɸʃʔʅʆɻʆ ʀɿʄɽʅɽʅʀʗ ʂʃʀʄɸʊɸ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʦʚ ʠ 

ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʨʝʛʠʦʥʘ. ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʣʝʜʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʎʝʣʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʩʝʩʪʦʨʦʥʥʷ̫  ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʡ ʣʝʜʥʠʢʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʪʝʥʜʝʥʮʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʦʭʨʘʥʝ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (WMO), ʚ ʨʝʛʠʦʥʘʭ 

ʊʘʜʞʠʢʠʩʪʘʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʳʩʦʪʘʭ ʩʚʳʰʝ 1000 ʤʝʪʨʦʚ, ʟʘ ʧʦʩʣʝʜʥʠʝ 70 ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʯʸʪʣʠʚʘʷ 

ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʪʘʪʴʷ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʥʘʫʯʥʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʫʯʥʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʣʝʜʥʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʦʪʩʪʫʧʣʝʥʠʝ ʣʝʜʥʠʢʦʚ, ʤʦʥʠʪʦʨʠʥʛ ʣʝʜʥʠʢʦʚ, ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɻʀʉ, 

ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ), ʨʝʢʠ ɸʤʫʜʘʨʴʷ ʠ ʉʳʨʜʘʨʴʷ. 

 

STATE OF GLACIERS IN TAJIKISTAN UNDER CON DITIONS OF GLOBAL CLIMATE CHANGE  

This article substantiates the significance of studying the glaciers of Tajikistan as a strategic source of water 

resources for Central Asia. The geographical, climatic, and hydrological characteristics of the country are examined, and 

the impact of global warming on glacier dynamics and the regional water balance is demonstrated. The necessity of glacier 

conservation under conditions of climate change and their international importance are emphasized. The objectives of the 

study include a comprehensive assessment of the current state and changes of glaciers, forecasting future trends, and 

developing recommendations for their protection and rational use. The article is based on a methodology that includes the 

analysis of scientific literature and observational data, which ensures the reliability and scientific validity of the obtained 

results. The methodology relies on the analysis of scientific literature and observational data, thereby ensuring the 

credibility and scientific soundness of the findings. 

Keywords: climate change, glaciers of Tajikistan, global warming, water resources of Central Asia, glacier retreat, 

glacier monitoring, remote sensing methods (GIS, satellite imagery), Amu Darya and Syr Darya rivers. 
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ÞÐß: 911.6 (575.3) 
×ÌÙÐäÌàÞÇÚÔ ÜÑÖÜÑÌÞÝÔÚÙÔÔ ÞÚÆÔÖÔÝÞÚÙ ÎÌ ÔÝÞÔàÚÐÌÔ ÚÙÇÚ 

 
ØìĔôðúî Ú.ä., Øôüóúóúðì Ü.Ø., ÙúðôüĒ ä.Æ. 
Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù 

 
Øÿėìððôøì. ×ìùðĄìĀþ ĕìøăÿù ĔÿóĆô þúøô ĉöúýôýþñøìô Óìøôù øìĕýÿí øñČíìð. 

ÞìĄìööÿ÷ îì þìĕìîîÿ÷ô ÷ìùðĄìĀþ ðìü ÿøÿø þìĕìîîÿ÷ô ĉöúýôýþñøìĕúô Óìøôùüú Āìüúïôü 
ìýþ.  

Ôýþô÷úĕô µ÷ìùðĄìĀþ½ öì÷ôøìô ú÷øúùĒ µdie handschoft½ íÿðì, þìĕþÿ÷÷ìĀóĒ ĕìøăÿù 
µùìøÿð½, µ÷ìùðĄìĀþ½ þìüĔÿøì øñĄìîìð. Íú ôù øìĆùú ìîîì÷ôù íúü ðìü ìðìíôČþĕúô 
ïñúïüìĀôô ùñøôý, ðìü ôíþôðúô ìýüô XlX ûìõðú Ąÿð. Ðìü ïñúïüìĀôċô üÿý íú þìĄìííÿýô 
öúüĕúô ×.Ý. Íñüï îì Ï.à. Øúüúóúî ĕìøăÿù ĕìøøìĆùúô øìĔøÿô ĕÿðÿðô þìíôĒ îúüôð 
Ąÿðììýþ.  

Ðìü ċöñ ìó ìýìüĕúô ìýúýïÿóúüĕúô ô÷øô ïñúïüìĀôċ Ðúöÿăìñî Î.Î. (1846-1903) íú ùúøô 
µÐìĄþĕúô øú ðìü ïÿóìĄþì îì ôøüĘó½ (µÙìĄô ýþñûô ûüñòðñ ô þñûñüĈ½), ýú÷ô 1892, ìîîì÷ôù 
øìüúþôíì þìĕ÷ô÷ô ðìėôėô ÷ìùðĄìĀþĕúô ðìĄþĒ, ûìõðúôĄô úùĕú, ĕú÷ìþô úùîìėþì îì 
ðôïìüïÿùĄìîôìĄúù íìüüìýĒ ïìüðôðì íÿð. Çìøôù þìîü, Ðúöÿăìñî Î.Î. ċöñ ìó ìîîì÷ôù 
ìýúýïÿóúüúùô ÷ìùðĄìĀþĄôùúýĒ ĕôýúíôðì øñĄìîìð [8,ý.12]. 

Ìîîì÷ôù øìüúþôíì ôýþô÷úĕô µ÷ìùðĄìĀþ½-üú ĕìøăÿù øìĀĕÿøô ô÷øĒ, ×.Ý. Íñüï (1913), 
öô ðìü úù ĕìøúĕìùïýúóôô ĔÿóĆĕúô þìíôĒ ¬ üñ÷ñĀ, ôė÷ôø, āúö îì ú÷ìøô ùìíúþúþ ðìü ĕÿðÿðô 
øÿìõċù íì ùìóìü øñüìýìð, ôýþôĀúðì íÿüðììýþ [13,ý.7].  

àìùùô ÷ìùðĄìĀþĄôùúýĒ íúĄìð, ĕìøăÿù ċö Ąúāìô ì÷úĕôðìô ô÷øôô Āìùùô ïñúïüìĀĒ, 
ðìü ýú÷ĕúô 50-ÿøô ìýüô ïÿóìĄþì ûìõðú Ąÿðììýþ. Ôù ôýþô÷úĕ ûìý ìó ăúûô øúùúïüìĀôċô 
Ôýìăñùöú Ì.Ï. µØìýĆì÷ìĕúô ìýúýôô ïñúïüìĀôċô þìíôĒ½, öô úùüú ðìü ìýúýô þìĕėôėúþĕúô 
ô÷øôìĄ ýú÷ô 1953 ùìĄü ùìøÿðììýþ, ûìõðú ïìüðôðììýþ [6,ý.3-10].  

Ìýúýïÿóúüúùô ô÷øô ÷ìùðĄìĀþĄôùúýĒ ðìü Üúýýôċ ×.Ý. Íñüï, Ï.Ù. Îćýúþýöôõ, Ï.à. 
Øúüúóúî îì ðôïìüúù, ùìøúċùðìïúùô øìöþìíô Î.Î. Ðúöÿăìñî (ìîîì÷ĕúô ìýüô áá), ðìü 
āúüôĔì ïñúïüìĀô ùñøôý Ó. Ûìýìüïñ øñíúĄìùð. Úùĕú øôùþìėìĕúô āúöüú úøĘāþì, ėúùÿùôċþô 
íì øôùþìėìĕú þìėýôø Ąÿðìùô ÷ìùðĄìĀþĕúüú öúü öìüðì íìüúøìðììùð. 

×ìùðĄìĀþĄôùúýĒ ăÿù ô÷øô øÿýþìėô÷ íì ýô÷ýô÷ìô ô÷øĕúô þìíôĒ-ïñúïüìĀĒ ðúāô÷ 
øñĄìîìð, öô úùĕú üìîìùðĕú îì ĕúðôýìĕúô þìíôôüú úøĘāþì, íì ðúôüìô ô÷øĕú úôð íì Óìøôù 
ðúāô÷ øñĄìîìùð. Íì ô÷øĕúô þìíôôĊ ïñúïüìĀĒ ïñúøúüĀú÷úïôċ, ôė÷ôøĄôùúýĒ, ïôðüú÷úïôċô 
āÿĄöĒ, ÿėČùÿýúøĘóĒ, íôúïñúïüìĀôċ, ïñúïüìĀôċô þìíôĒ îì Ď. øìùýÿí øñíúĄìùð. ÚíĆñöþô 
úøĘóôĄô ĕìøìô úùĕú ċö ¬ Óìøôù íÿðì, ìøøú ýìøþô úøĘóôĄĒ ïÿùúïÿù ìýþ. 

Çìøìô öúøû÷ñöýĕúô þìíôĒ-ĕÿðÿðĒ Č ïñúýôýþñøì íì ċöðôïìü ì÷úėìøìùð íÿðì, ýôýþñøìô 
ôñüìüāôċô ÷ìùðĄìĀþôüú þìĄöô÷ øñðôĕìùð. Ìó Ĕôĕìþô øÿüìööìíôô āÿð, ĕìøìô 
öúøû÷ñöýĕúô þìíôĒ-ĕÿðÿðĒ ìó ýìþĕô ôíþôðúĒ (Āìþýôċĕú Č øôöüú÷ìùðĄìĀþĕú) þú ėìíìþô 
÷ìùðĄìĀþĒ (íÿóÿüïþìüôù ïñúýôýþñøì), ċö ýô÷ýô÷ìô ċïúùìô ôñüìüāĒ Č ýôýþñøìô þìöýúùúøôüú 
(Ąìíìöìô øÿüìööìíô ôñüìüāôüú) þìĄöô÷ øñðôĕìùð. 

Øñþúðĕúô þìĕėôėúþ. Ïñúýôýþñøìô þìíôìþ: Āìþýôċ, øìîóñĆ, øìĕì÷, ÷ìùðĄìĀþ ĔÿóĆĕúô 
ì÷úĕôðìô ïñúïüìĀĒ ĕôýúí øñČíìùð. Ýú÷ô 1963, Î.Í. Ýúăìîì ûñĄùôĕúð ùìøÿð, öô úíĆñöþĕúñ, 
öô ïñúïüìĀôċô þìíôĒ øñúøĘóìð, ïñúýôýþñøì ùúøôðì Ąìîìùð. ØìĀĕÿøô ïñúýôýþñøì ùôýíìþ 
íì Öúøû÷ñöýĕúô þìíôĒ-ĕÿðÿðĒ îìýñĆþìü øñíúĄìð. Öúøû÷ñöý þìùĕú ðìü ėôýøĕúô ì÷úĕôðìô 
ėìíìþô ïñúïüìĀĒ, óñüĕÿðÿðô úù ôýþôĀúðì Ąÿðì, íì ėìíìþô ïñúïüìĀĒ ðìü ÿøÿø ðìāú÷ìþ 
ùìøñöÿùìð. Çìøôù þìîü ôýþô÷úĕô µïñúýôýþñøì½ ĕìø úíĆñöþĕúô ïñúïüìĀôċô þìíôĒ îì ĕìø 
÷ìùðĄìĀþĄôùúýôüú íú ùôĄúù ðúðìùô ÿÿøÿøôċþô Ąúāìĕúô ïÿùúïÿùô úù ðìü íìü øñïôüìð 
[5,ý.7].  

Ðô÷āúĕ ïñúýôýþñøì (ùìøÿð, óñüùìøÿð, óúþ îì Ď.) øñþìîúùìùð ìó üĘô ċïúù ùôĄúùìô āúý 
(öüôþñüôċ) øÿþþìĕôð Ąìîìùð. Ìó üĘô ôù ùôĄúùìĕúô ì÷úĕôðì úùĕú ïÿüĘĕíìùðĒ öìüðì 
øñĄìîìð. Íìüúô ÷ìùðĄìĀþĄôùúýĒ ùôó ċöăìùð ùìøÿðô ïÿüĘĕíìùðĒ (ö÷ìýôĀôöìþýôċ) 
ûñĄùôĕúð ïìüðôðììýþ. Ìîîì÷ôù ïÿüĘĕíìùðôĕúô ÷ìùðĄìĀþüú ú÷ôøúù Ìüøìùð Ð.×., 
Ïîúóðñþýöôõ Ù.Ì., Ôýìăñùöú Ï.Ì., Øô÷öúî à.Ù., Ùôöú÷ìñî à.Ì. ýôûìý; ïÿüĘĕíìùðôô 
ïñúāôøôöôô ÷ìùðĄìĀþüú Ûú÷ôùúî Í.Í., Ûñüñ÷øìù Ì.Ô. îì Ï÷ìóúîýöôõ Ø.Ì. 
ïÿóìüúùôðììùð [3,ý.15]. 
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ÙìėĄìô þìöýúùúøôô ïñúýôýþñøìĕúô ÷ìùðĄìĀþôô ìùðúóìĕúô øìĕì÷÷Ē ðìü ìõùô óìøúù 
ėìíÿ÷ïìüðôðìüú, öô Öìóìöúî ûñĄùôĕúð ùìøÿðììýþ, ðìü Ĕìðîì÷ô 1 øñúüñø. Ðìü ôù Ĕìðîì÷ 
ïñúýôýþñøìĕúô ùìîĆô ýúāþĒ-ïñùñþôöĒ Č øúüĀúýþüÿöþÿüôô ýìþĕô ûìýþþìüôùô øôùþìėìîĒ 
(÷ìùðĄìĀþĒ), øìĕì÷÷Ē îì ðôïìü ýìþĕĕúô øìĕì÷÷Ē úîìüðì Ąÿðììùð. Çìü ċö ïñúýôýþñøìô 
ýìþĕô ûúČùĒ ÿùýÿüô ýúāþúüôô ýìþĕô ïñúýôýþñøìô ýìþĕô íì÷ìùðþìü ĕôýúí øñĄìîìð [7,ý.54]. 

 

Æìðîì÷ô 1. Óôùìĕú îì ìùðúóìĕúô ïñúýôýþñøìô øìĕì÷÷ôô ÷ìùðĄìĀþôô ĕìøîúüôĕú 
Table 1. Ranks and dimensions of local landscape geosystems of plains 

Óôùìô ïñúýôýþñøì Ìùðúóìô øìõðúùô ôĄĎú÷øñùìøÿðì, öø2 

×ìùðĄìĀþ 20 ¬ 50 îì óôČðì ìó úù 
Øìĕì÷ 5 ¬ 50 

ØìîóñĆ  ìó 0,5 - 3 ø2 þú 10 ¬ 20 ø2 
àìþýôċ ìó 10 - 20 ø2 þú 1 ¬ 3 ø2 
 

Çìøôùüú ėìõð öìüðìù íìøìîüôð ìýþ, öô þìėýôøúþô ðìü Ĕìðîì÷ô íú÷ú úîìüðìĄÿðì 
íìüúô ïñúýôýþñøìĕúô ĕìøîúüôĕú ðÿüÿýþ øñúċð.  

Ìó üĘô ïÿüĘĕíìùðôô ðìü íú÷ú óôöüïìüðôðì, ÷ìùðĄìĀþĕúô ĕÿðÿðô ÞúĔôöôýþúù íì 
÷ìùðĄìĀþĕúô øôùþìėìîĒ îì øìĕì÷÷Ē îúüôð øñĄìîìð. Üñ÷ñĀô þìíôìþô ÞúĔôöôýþúù āñ÷ú 
øÿüìööìí íÿðì, íì þìîüô ìøÿðĒ óÿðþìĎõôüČíìùðì øñíúĄìð. 

ÙìþôĔìĕú. Þìĕ÷ô÷ô úüúïüìĀĒ-ïñúøúüĀú÷úïôô üñ÷ñĀô ÞúĔôöôýþúù ùôĄúù øñðôĕìð, öô 
úù íú ïÿùúïÿùüìùïôô āÿð, ĕìø ìó Ĕôĕìþô óúĕôüĒ îì ĕìø ìó üĘô ûìõðúôĄ Āìüė øñöÿùìð. Ôù 
ĕú÷ìþ íú úù Ąìüĕ ðúðì øñĄìîìð, öô ĕÿðÿðô ÞúĔôöôýþúùô øÿúýôü ìó úāôüô óìøúùô ûì÷ñúïñù 
(66-23 ø÷ù. ýú÷ ûñĄ) ýìü öìüðì þú íì ôøüĘó ĕìüìöìþĕúô þñöþúùôöôô ûÿüĄôððìþ îì 
ïÿùúïÿùýìøþ íì ìøì÷ úøìðì ôýþúðììùð. 

Íú þìĆýôüô ĕìüìöìþĕúô þñöþúùôöĒ ðìü ĕÿðÿðô ĔÿøĕÿüĒ øôùþìėìĕúô öĘĕôô 
ýìüíìĀì÷ìööìĄôðì, îúðôĕúîÿ ðìüìĕúô íìõùôöĘĕĒ, ĎÿùĄìîôô Ĕôùýĕúô öĘĕĒ ûìõðú Ąÿðììùð. 
Íú þìĆýôüô üìîìùðĕúô ĉöóúïñùĒ Ąìö÷ĕúô ïÿùúïÿùô üñ÷ñĀô ûìõðúĄÿðì íì ðÿ ïÿüĘĕô ìýúýĒ: 
ðñùÿðìþýôúùĒ îì ìööÿøÿ÷ċþôîĒ Ĕÿðú öìüðì øñĄìîìùð. 

Ìó üĘô µÌþ÷ìýô ÆäÝ ÞúĔôöôýþúù½ (µÌþ÷ìý Þìðòôöýöúõ ÝÝÜ½), ĕÿðÿðô Æÿøĕÿüôô 
ÞúĔôöôýþúù íì ðÿ ĕÿðÿðô ôė÷ôøĒ: ÛñĄìóúýôČïĒ îì ÚýôČôøìüöìóĒ Ĕÿðú öìüðì Ąÿðììýþ 
[2,ý.53]. 

Ú÷ôøúùô þúĔôöôýþúùôô ĄÿüìîĒ Ñüñøôùì Ù.Ö., Ýôðúüñùöú Ï.Í., ÝþìùĊöúîôă Ö.Î, 
ÝþìùĊöúîôă Ø.Í., Þìðòôñî ß.Þ., ßýöúîì Ü.Ì., öô ýú÷ôČùô óôČð ðìü ýìøþô 
÷ìùðĄìĀþĄôùúýĒ þìĕėôėúþ íÿüðì, ðìü ìýúýô þìėýôøúþô ĕÿðÿðĕúô ôė÷ôøĒ ÷ìùðĄìĀþĕúô 
þìíôĒ-ùìíúþúþôô Ĕÿøĕÿüôüú íì ùìøÿðĕúô ïÿùúïÿù, íú ùìóìüðúĄþô øôùþìėìĕúô ìøÿðĒ îì 
þìėýôøúþô ùìøÿðĕúô āúö Ĕÿðú ùìøÿðììùð [12].  

Çìøăÿùôù, ðìü íúüìô ÷ìùðĄìĀþĕúô íìĆóñ øôùþìėìĕúô ÞúĔôöôýþúù ðìü ìýìüĕúô ðôïìü 
ú÷ôøúùô ýúĕìô ïñúïüìĀôċ øìĆ÷ÿøúþô ïÿùúïÿù úîìüðì Ąÿðììýþ [1; 11]. 

×ñöôù ðìü ôù ïÿüĘĕíìùðôô óôöüïìüðôðì íì þìîüô øÿĄìāāìý ôýþôĀúðì íÿüðìùô 
÷ìùðĄìĀþĕú ðìü ýúĕìô ýìõČĕĒ ðìüĔ ùìïìüðôðììýþ, ĕìüăìùð ăìùðñ ìó ÷ìùðĄìĀþĕú íìüúô 
îìüóôĄ þìîýôċ ïìüðôðì íúĄìùð ĕìø.  

Ôýþôüúĕìþô úøøìîĒ îì ýìõČĕĒ ċö ýìøþô ûÿüþìîìĔĔÿĕô ìĕú÷Ē ïìüðôðììýþ, öô úùüú 
ýúĕìô üñöüñìþýôúùĒ íì þìùóôø øñðìüúüìð [16]. ëöñ ìó ýìøþĕúñ, öô íñîúýôþì íì ýúĕìô ýìõČĕĒ 
ì÷úėìøìùðĒ ðúüìð, ôù ÷ìùðĄìĀþô üñöüñìþýôúùĒ íì ĕôýúí øñüìîìð, öô øìėúøô øìāýÿýüú 
ðìü ô÷øô ÷ìùðĄìĀþĄôùúýĒ ôĄĎú÷ øñùìøúċð. 

Íì ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ ðúāô÷ øñĄìîìùð: øôùþìėìĕúô ôýþôüúĕìþôô ýúĕô÷ĕúô 
íìĕüĒ, øìüöìóĕúô ÷ôòìüúùôô öĘĕĒ, óúùìĕúô Ĕìùïì÷ûìüöĕúô ùìóðôĄìĕüĒ, öúøû÷ñöýĕúô 
ýìõČĕĒ-üñöüñìþýôúùĒ ðìü öĘĕĕú, ûìüöĕúô øô÷÷Ē, øìøùÿĆïúĕĕú îì ûìüîìüôĄïúĕĕú.  

Þìėýôøúþô ĕÿðÿðĕúô ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ, ðìü ðô÷āúĕ ðìî÷ìþ ùúíìüúíìü ýÿüìþ 
øñïôüìð, ìó úù Ĕÿø÷ì ðìü ĕÿðÿðô Æÿøĕÿüôô ÞúĔôöôýþúù. ÞúĔôöôýþúù öôĄîìüô öĘĕôýþúù íì 
ĕôýúí øñüìîìð îì ìó ôù üĘ, ðìü úù þìøúøô ùìøÿðĕúô ýìõČĕôô üñöüñìþýôúùôüú íì üúĕ 
øúùðìù ôøöúùûìóôü øñíúĄìð. Ôù ôøöúùôċþĕúô Āìüúîúùô ýìøþô ýìĕČĕôüú íì ôùúíìþ 
ïôüôĀþì, ðìü íìùðô 35-ô Ýþüìþñïôċô üÿĄðô ýìõČĕĒ ðìü Æÿøĕÿüôô ÞúĔôöôýþúù íìüúô 
ðìîüìô þú ýú÷ô 2030, öô íú ėìüúüô Çÿöÿøìþô Æÿøĕÿüôô ÞúĔôöôýþúù ìó 1 ìîïÿýþô ýú÷ô 2018, 
Ĝ372 øìāýÿý ôù ýìøþüú ėìõð ùìøÿðììùð [14]. 
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Ìó üĘô ĀìĆú÷ôċþô ìøì÷Ē ùìøÿðĕúô óñüôùô ÷ìùðĄìĀþĕúô üñöüñìþýôúùôüú Ĕÿðú 
øñöÿùìùð: 

1. ×ìùðĄìĀþĕúô üñöüñìþýôúùĒ- þìíúíìþôô øôùþìėìĕúô öÿüúüþĒ. Ôùïÿùì ÷ìùðĄìĀþĕú 
íúċð óìāôüìô āúýô āÿýÿýôċþô þìíúíìþĒ ¬ íì÷ùñú÷úïôüú íúċð ðúüú íúĄìùð. Ðìü úùĕú 
øÿĕôþô þìíôĒ ðôïìüïÿù öìüðì Ąÿðì, ýúāþìùô ýìùìþúüôċĕú, þìíúíìþïúĕĕú, öô ðúüúô íúĎĕú, 
ûìüöĕú, û÷ċòĕú îì ĕìîóĕú íì üúĕ øúùðì øñĄìîìð.  

2. ÜñöüñìþýôúùĒ-ýú÷ôøïìüðúùĒ - ðìü ôù ùìøÿðô ÷ìùðĄìĀþ óìāôüìô íì÷ùñú÷úïĒ 
ûñĄíôùĒ ùìĄÿðììýþ, ÷ñöôù øÿĕôþô þìíôôô āñ÷ú øÿýúôð, ôė÷ôøô íìüúĕìþ îì Ď. þìĆøôù 
øñíúĄìð. Úðìþìù úùĕúüú ðìü ùìóðôöôô Ąìĕüĕúô öÿüúüþĒ þìĄöô÷ øñöÿùìùð. Ðìü úù 
ûìùýôúùìþĕú, ôýþôüúĕìþïúĕĕú, öñøûôùï, Ąìíìöìô ùìė÷ôČþ, û÷ċò, ûôČðìüúĕì, Ĕìùïì÷ĕúô 
þúóì îì úíìùíúüĕú ûñĄíôùĒ ïìüðôðììýþ [9].  

3. ÜñöüñìþýôúùĒ-îìüóôĄĒ ¬ ìýúýìù ðìü öĘĕĕú þìĄöô÷ öìüðì øñĄìîìð. Úðìþìù ôù ïÿùì 
þìíôìþ ðìýþùúüìýôðì íÿðì, úù Āÿùôöÿ÷ñüĕú, üúĕĕúô þìùúíĒ (öìùìþ) îì āôóøìþüìýúùôô 
ùìĔúþðôĕìùðìïúùüú ðìü íìü øñïôüìð.  

4. Üñöüñìþýôċô þìĆ÷ôøĒ ¬ îìóôĀìô þìĆ÷ôøôüú ðúüìð. Úù ðìü øìîóñĆĕúô íñùìóôüô 
þìíôĒ îì ĀìüĕìùïĒ - íúĎĕúô øô÷÷Ē, øìüöìóĕúô Āìüĕìùïôô ėìðôøĒ þìĄöô÷ öìüðì øñĄìîìð. 

Ìöýìüô øìĔøììĕúô üñöüñìþýôúùĒ ðìü ĉöúþúùĕú (øôùþìėìĕúô ïÿóìüìùðì) Ĕúõïôü öìüðì 
øñĄìîìùð. ÝìõČĕúùüú ïÿùúïÿùüìùïôô þìíôĒ Ĕì÷í øñöÿùìð. ÝìõČĕúùñ, öô þìíôìþô îìĕĄĒ îì 
ùúúíúðüú íñ ċïúù ôùĀüìýúāþúü ìĀóì÷þìü øñðúùìùð, ûÿüôýþĕú ùúøôðì øñĄìîìùð. 

×ìùðĄìĀþô üñöüñìþýôúùĒ ¬ ôù øìĔøììô þìíôôñ øñíúĄìð, öô ðìü úù ìøì÷ô (îìóôĀìô) 
ýú÷ôøïìüðúùĒ îì ôýþôüúĕìþô úðìøúù ìó ĕôýúíô óìāôüìĕúô þìíôĒ îì øÿþúíôėïìüðúùôô 
ôùĀüìýúāþúü íì üúĕ øúùðì øñĄìîìð. ×ìùðĄìĀþĕúô üñöüñìþýôúùĒ íñĄþìü ðìü øôùþìėìĕúô 
ýñüìĕú÷Ē îì ðìü øôùþìėìĕúô íìüúô ôýþôüúĕìþ îì ĀìĆú÷ôċþô ĕìČþô ýú÷ôø øÿýúôð þìĄìööÿ÷ 
øñČíìùð. Íú ðÿ üúĕ ôùýúùôċþ íì ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ þìĆýôü øñüìýúùìð, öô úù 
ýìíìíïúüô þìĎõôüúþĕú øñïìüðìùð. 

ëöÿø ¬ ôù þìĆýôüô þñāùúïñùĒ íì ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ: ôĀ÷úýĄìîôô øÿĕôþô 
óôýþ ìó ĕôýúíô ûìüþúîĕúô ýìùúìþĒ, öô ýìíìíô ùìóìüüìýô ðñïüìðìþýôċô ÷ìùðĄìĀþ øñïìüðìð. 
Ôù þìĆýôüô þñāùúïñùĒ íú ýìíìíô îìõüúùĄìîôô Ąìüúôþô ýìùôþìüôĊ-ïôïôñùĒ îì 
þìýìîîÿüúþô ĉýþñþôöĒ íì øÿĕôþ, íìüúô üñöüñìþýôċ øñïìüðìð. Ìó ôù üĘ, ôýþôĀúðì íÿüðìùô 
ôùïÿùì øôùþìėìĕú óôýþ ùúøÿýúôð ïìüðôðì, íìüúô ýì÷úøìþôô ôýþôüúĕìþăôČù óìüìüúîìü 
øñïìüðìð.  

Ýìíìíô ðÿĊø íúĄìð, ôù þìĎõôüðôĕôô ÷ìùðĄìĀþ, íìüúô þìíìðÿ÷úþĕúô üñöüñìþýôúùĒ 
íì ĕôýúí øñüìîìð. Ðìü ôù ĕú÷ìþ, ýÿāìù ðìü íúüìô þìĎõôüúþĕúô ùìóìüüìý ðìü ýìøþô 
üñöüñìþýôċ øñüìîìð, öô íì ÷ìùðĄìĀþô øÿìõċù, ċĆùñ ïÿóìüôĄ ìó ýìþĕô ÿýþÿîúüôô úù 
ùôïìüúùôðì Ąÿðììýþ.  

×ìùðĄìĀþĕúô üñöüñìþýôúùĒ íì ïÿüĘĕô ÷ìùðĄìĀþĕúô ìùþüúûúïñùôô Ďìõüôôýþñĕýú÷Ē 
ðúāô÷ ïìüðôðì, ĀìĆú÷ôċþô úù íì ðìüìĔìô ùôïúĕðúüôô ĕú÷ìþô þìíôĒ øÿìõċù öìüðì øñĄìîìð. 

Ìøøú, ðìü íôýČü øìîüôðĕú þìĆýôüô ìùþüúûúïñùĒ íì ĔÿóĆĕúô þìíôôô ôù ÷ìùðĄìĀþĕú 
íì ðìüìĔìñ øñüìýìð, öô íúôýô îìõüúùĄìîôô ûÿüüìô ôù ĉöúýôýþñøì øñïìüðìð. Íì ôýþôĀúðìô 
üñöüñìþýôċ ðúðìùô óìøôù, úùüú ìó ôýþôýøúüô ýìùúìþĒ îì ðôïìü úô÷ĕúô øìùĀôô íì úù 
þìĆýôüüìýúùìùðì ĕôĀó øñùìøúċð. Ìó ôù üĘ, ôýþôĀúðìô üñöüñìþýôúùôüú øñþìîúù ĕìøăÿù 
úøô÷ô ĕôĀóô øÿĕôþô óôýþ øÿìüüôĀĒ öìüð. Øìýì÷ìù, ĕìùïúøô þìĆýôýô íúĎĕúô øô÷÷Ē îì 
úýúüāúùì-øìøùÿĆïúĕĕú, ĕìðìĀĕúô üñöüñìþýôúùĒ íú ĕìðìĀô ĕôĀóô þìíôìþ ðìü ĕú÷ìþô 
ùìóðôö íì ĕú÷ìþô þìíôôô úù ĕìøúĕìùï øñïìüðìùð. 

Ôùýúù ðìü ðìîúøô ĀìĆú÷ôċþô öúüôô āÿð íì ôýþôüúĕìþĕúô ïÿùúïÿù: ýú÷úùì (üÿāýìþĒ, 
þìĆþô÷), ĕìĀþôùì (üĘóĕúô ôýþôüúĕìþ) îì ĄìíúùìüĘóĒ øñíìüúċð. Ìó ôù üĘ, þìĄöô÷ îì 
ýúāþøúùô ÷ìùðĄìĀþĕúô üñöüñìþýôúùôüú íúċð ìó ìýúýô Ąìüúôþ îì øÿĕ÷ìþô ôýþôüúĕìþô 
úðìøúù íì ùìėĄì ïôüôĀþ. Îì ôù öúü þú ðìüìĔìñ ìøì÷Ē ïìĄþì ôýþúðììýþ. ÍúĎĕúô 
ôýþôüúĕìþôîÿ öĘ÷ĕú íìüúô úííúóĒ îì ýìùìþúüôċĕúô ôýþôüúĕìþôĒ-þìíúíìþĒ ðìü ĕÿðÿðô 
þìøúøô Ąìĕüĕúô ĔÿøĕÿüĒ ýúāþì Ąÿðì ôýþúðììùð. ÐÿĊø ðìü ìþüúĀô Ąìĕüĕúô öì÷úù 
ýúāþøúùô þÿüíìóìĕúîÿ ôýþôüúĕìþïúĕĕú îì øìüöìóĕúô ýìõČĕĒ íúøìüúø ôðúøì ðúüìùð, öô 
ìõùô óìøúù úùĕú íì þìøúøô þì÷ìíúþĕúô ýìõČĕôô øÿúýôü ĔìîúíïĘõ øñíúĄìùð. Çìøóìøúù 
ðìü ĕÿðÿðô ĔÿøĕÿüĒ Ûìüöô øô÷÷Ē øìîĔÿð ìýþ, öô ðìü ĕÿðÿðô úù ùôó þìøúøô ùìøÿðĕúô 
÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ îì øôùþìėìĕúô ýìČĕìþĒ Ĕúõïôü öìüðì Ąÿðììýþ [10,ý.20-26].  

Øÿĕúöôøìô ùìþôĔìĕú. Øôùþìėìĕúô üñöüñìþýôúùôô þìíôĒ íú íìüþìüôċþô ôýþôüúĕìþô 
ýþìþýôúùìüĒ ėìüôí ðìü ĕìøì øôùþìėìĕúô ìó Ĕôĕìþô üñöüñìþýôúùĒ ôùöôĄúĀČĀþìô 
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ÞúĔôöôýþúù øìîĔÿð íÿðì, íú ýôýþñøìô øìüöìóĕúô ýìõČĕĒ, āúùìĕúô ôýþôüúĕìþĒ îì 
ýìùìþúüôċĕú, öô ðìü øÿĕôþô þìíôĒ, úðìþìù ðìü ýúĕô÷ô úíìùíúüĕú îì öĘ÷ĕú ýúāþì Ąÿðììùð, 
øÿìüüôĀĒ øñĄìîìùð.  

áÿýÿýôċþô āúýô ôù ïÿüĘĕô øôùþìėìĕúô üñöüñìþýôúùĒ íú āìþýìõü îì ôýþôüúĕìþô 
ýþìþýôúùìüôô ċöĔúċ íú úù ì÷úėìøìùð ìýþ, öô ðìü úù ýìõČĕ øñþìîúùìð ìó üìîìùðô 
ôýþôüúĕìþô āÿð ìó ðÿ îì óôČðì ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ ðôðìù öÿùìð. ÝìõČĕ ðìü ðìîúøô 
ôýþôüúĕìþô ăìùðüĘóìô āÿð øñþìîúùìð ìîîì÷ ðìü ċö ÷ìïñü, ýôûìý íú āìþýìõüô øÿìõċù íì 
ðôïìü ôýþôüúĕìþïúĕ (÷ìùðĄìĀþô üñöüñìþýôúùôô ðôïìü) ýìĀìü öÿùìð. Øôýú÷ô ôù ïÿùì 
ýìĀìüĕúüú ðìü íìõùô ÷ìïñüô öĘĕôô µÌüþÿă½ íú öĘ÷ĕúô Ì÷úîÿððôù îì Č ýìĀìü ùìøÿðìù ìó 
ĕìîóìô ðìüČô ÉìüìþúĎ íú ìĎíìĕúô Øÿüì îì ÌùïÿĄþ íì ÔýöìùðìüöĘ÷ îì ăìùðôù øôýú÷ĕúô 
ðôïìü ðôðìù øÿøöôù ìýþ. Ìó ôù üĘ, ì÷úėìøìùðôô óôăô ĕÿðÿðĕúô ôýþôüúĕìþĕúô 
üñöüñìþýôúùôüú íú íìüþìüôċþô ôýþôüúĕìþô ýìĀìüĒ (ûôČðìïìüðĒ) îì ïÿóìüìùðìïôô úù ìó ċö 
ùìøÿð íì ðôïìüìĄ, āÿýÿýìù ðìü öĘĕýúü íñĄþìü ðôðìù øÿøöôù ìýþ. 

×ìùðĄìĀþĕúô üñöüñìþýôúùĒ íñîúýôþì íú ôýþô÷úĕô ôýþôĀúðìô þìíôìþô üñöüñìþýôúùĒ 
ì÷úėìøìùðĒ ðúüìð. ÍìĆóñ øìĀĕÿøĕúñüú íìüüìýĒ øñöÿùñø, öô ôù ÷ìùðĄìĀþĕúüú ĕìøăÿù 
ùìøÿðô óìāôüì íìĕú øñðôĕìùð. Ùúîúíìýþì ìó Ĕú÷ôíôċþ îì ïÿùúïÿùüìùïôô óìāôüìĕúô 
üñöüñìþýôúùĒ îì ôùĀüìýúāþúüô íì úù þìì÷÷ÿėðúĄþì, þìĄöô÷ô ĀìĆú÷ôċþĕúô üñöüñìþýôúùĒ 
Ąìüþĕúô øÿìõċùñüú þì÷ìí øñöÿùìð, öô ôùĕú: 

- ÞìíôĒ (øôýú÷, ôė÷ôøô ïìüøÿ øÿ÷úôø ĕìøăÿù Ąìüþô ìýúýĒ íìüúô ôýþôüúĕìþ ðìü 
ýúĕô÷ô úíìùíúüĕú). 

- àìüĕìùïĒ-þìĆüôāĒ (øôýú÷, Ĕúõĕúñ íì ĕìČþ îì ĀìĆú÷ôċþô Ąìāýúùô íÿóÿüïô ýúĕìô 
ô÷øÿ Āìüĕìùï ì÷úėìøìùð, öô úùüú ĕìøăÿù ýìõČĕôô þìĆ÷ôøĒ îì ĀìüĕìùïĒ ôýþôĀúðì 
øñíìüìùð). 

- ÔĔþôøúĒ (þì÷ìíúþô óôČð íì øôùþìėìĕúô ôýþôüúĕìþĒ, ÿüíìùôóìþýôċô óôČð îì Ď.) íì 
ĕôýúí øñüìîìùð. 

Íì øÿĕôþô ÷ìùðĄìĀþô üñöüñìþýôúùĒ þìĆýôüô ôùýúùĒ íìĄþìü íì ùìóìü øñüìýìð, öô øú 
ăìùðñ ìó úùüú íìüüìýĒ øñùìøúñø. 

ëöñ ìó ùìøÿðĕúô ìýúýôô þìĆýôü íì øÿĕôþô ÷ìùðĄìĀþô üñöüñìþýôúùĒ, ôù ûúõøú÷öÿùôô 
ôù ĕÿðÿð ìó þìüìĀô ýìõČĕúùÿ øñĕøúùúù øñíúĄìð, öô úù þìĆýôüô ùìóìüüìýüú íúėĒ 
øñïÿóúüìð. Ôù üìîìùð íì ĀôĄÿüðìĄìîĒ, āÿĄöĄìîôô āúö, öúĕôĄô ïÿóìüôĄô ĕìîú îì ùìøĒ, 
ùôïúĕðúüôô ĕìîú îì úíüú ðìü íìü øñïôüìð, úîìüðì øñüìýúùìð. Ðìü øôùþìėìĕúô ùôĄñíôĕú, 
ĄÿýþìĄìîôîÿ öÿăôĄô āúö îì ĉüúóôċ íì ìøì÷ úøìðì, ðìü óìøôùĕúô üñïÿ āúöĒ íúĄìð, Ąìøú÷ 
îìóôðì úùüú üĘĀþì øñíìüìð. ÞìĎõôüúþô íñĄþìü ðìü óìøôùĕúô íú üìýþìùôĕú ûĘĄôðìĄÿðì 
íì ìøì÷ øñúċð. Ðìü øìùóìüìĕúô Ĕìùïì÷óúü ùìøÿðĕúô ì÷ìĀô Ĕìùïì÷ þìðüôĔìù ìó íìõù 
øñüìîìùð îì Ĕúô āÿðüú íì ðôïìü ùìøÿðĕúô ì÷ìĀĕú, öô íì öìø íÿðìùô ùìøĒ îì Ąìüúôþĕúô 
ùúøÿýúôð ÿýþÿîúüþìüìùð, ôîìó øñöÿùìùð. 

Îìėþñ āúö Ąÿýþì øñĄìîìð, üñĄìĕúô ðìüìāþúù ìó āúö íñüÿù øúùðì, üñĄìĕúô āÿüð āÿĄö 
Ąÿðì øñĄôöìùìùð îì ðìüìāþ óìôĀ øñïìüðìð. Úðìþìù, ìîîì÷ôù Ąÿðì ðìüìāþúùô ýĘóìùíìüï 
ùúíÿð øñĄìîìùð: ìüăì íú ýôýþñøìô üñĄìô ùìúùėìðìü ăÿėÿü îì ýìùìîíìü ðìü üñïāúöĕú, öô 
óÿð āúöüú ðìü óñüô üñĄìĕúô āÿð ïÿø øñöÿùìùð. Ðìü Ąìüúôþô øÿýúôð, Ĕúô úùĕúüú ùìøÿðĕúô 
ðÿĊøðìüìĔì íì øúùìùðô íñð, ú÷ÿăì îì ðôïìü ùìøÿðĕú øñïôüìùð. Îìėþñ ðìüìāþúù íñøúü 
øñĄìîìùð, ėúíô÷ôċþô úùĕú íìüúô íìüėìüúüĄìîĒ ùôó ýÿýþ øñĄìîìð îì úùĕú ìó øñîìðôĕĒ 
øñøúùìùð îì Č íú øôėðúüô āñ÷ñ öìø øñîì øñðôĕìùð. Àìõü ìó ôù, þÿāøô íìĆóñ ùìøÿðĕúô 
ðìüìāþúù ùìøñþìîúùìùð ðìü āúöô óôă üñĄì ðìîúùìùð (Č þìîìýýÿþô úù ýìíóìùð) îì ùìîðìĕúô 
Ĕìîúùô øìîĔÿðì ùôó ìó ýìíìíô íìð Ąÿðìùô Ąìüúôþô ĎôóúĒ øñøôüìùð. Üìîìùðô 
ðôïìüïÿùĄìîôô ÷ìùðĄìĀþô üñöüñìþýôúùĒ ùì ċöíúüì, íì÷öô úĕôýþì-úĕôýþì íú ïÿóìĄþô îìėþ 
íì ìøì÷ øñúċð. 

ßýþÿîúüôô ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ íì þìĆýôüô úøô÷ĕúôô íñüÿùì ïÿùúïÿù 
øñíúĄìð Ðìü ĕìøúù ċö Ąìüúôþô þìĆýôüô íñüÿùì ýÿüĆìþô üìîìùðô ðôïüñýýôċô (íìðĄìîôô 
ĕú÷ìþô ĉöúýôýþñøì) ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ ïÿùúïÿù øñïÿóìüìð. ëĆùñ, ċö ùìøÿð 
÷ìùðĄìĀþĕú ðìü øìîüôðô þìĆýôüô üñöüñìþýôúùĒ øñþìîúùìùð ðìü ðìîúøô 1-2 ýú÷, 
ðôïìüìĄúù íúĄìùð ðìü øÿĕ÷ìþô íñĄþìü ìó 10 ýú÷ ðñïüìðìþýôċ (ðôïìüïÿù) Ąìîìùð. Ôù 
üìîìùð íì ĕú÷ìþ ÿýþÿîúüôô ÷ìùðĄìĀþô üñöüñìþýôúùĒ íì þìĆýôüô øÿĕôþô íñüÿùì, ûñĄ ìó 
ĕìøì, íì ėúíô÷ôċþô āÿðíìüėìüúüöÿùôô ÷ìùðĄìĀþ øìùýÿí ðúùôýþì øñĄìîìð. 

Ðìü ĕÿðÿðô Æÿøĕÿüôô ÞúĔôöôýþúù ôùïÿùì ÷ìùðĄìĀþĕúô íì þìĆýôüô íñüÿùì íñĄþìü 
ÿýþÿîúüüú ðìü ĕÿðÿðĕúô ùìóðôö íì øìĕì÷ĕúô ìĕú÷ôùôĄôù (Ąìĕüÿ ðñĕúþ) îúāĘüðìù øÿøöôù 
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ìýþ. Óñüú íú ïÿóìĄþô ýú÷ĕú, úùĕú ì÷÷ìöìõ íì úù øÿĕôþô öìøÿ íñĄ þìĆýôüöÿùìùðì øÿþúíôė 
ïìüðôðììùð. 

Íì ÿýþÿîúüôô þìíôôô ÷ìùðĄìĀþĕú úøô÷ĕúô ôĔþôøúĒ ùôó þìĆýôüô ùìóìüüìý 
øñüìýúùìùð, öô øñþìîúùìð íúôýô þìĎõôüČíôô úù ïìüðìð. Øìýì÷ìù, ÿýþÿîúüôô íôúýñùúóĕú 
íú ôĀ÷úýĄìîôô ĕìîú öúĕôĄ øñČíìð. Ôù þìîìýýÿþô üÿĄðô úėô÷úùìô Āìóúĕúô ĔìøĆôċþĒ îì 
þìþíôėô ăúüìĕú íìüúô ĕôĀóô þìíôìþ, öô þìĎõôüúþô øìùĀôô øÿĕôþô óôýþüú ûñĄïôüĒ Č 
öúĕôĄ øñðôĕìùð, íì ìøì÷ øñúċð. Ðìü ôù ĕú÷ìþ, ùì ðìü íúüìô ÿýþÿîúüôô ĉĕþôøú÷Ē, íì÷öô 
ðìü íúüìô ÿýþÿîúüôô îúėñĒ ýÿāìù øñüìîìð. Ìøøú, ôù ĕú÷ìþ ìó þìüìĀô ðôïìü āìþìüô ìó íìõù 
üìĀþìùô óñíúôô þìíôôô ÷ìùðĄìĀþüú íì øôČù øñúüìð. Ìó ôù üĘ, ðôïìüïÿùýúóôô øÿĕôþ íúċð 
íú úøúðìïôô ĔôððĒ: íìĕôýúíïôüôô Ąÿøúüìô øÿìõċùô ôùĄúúþĕúô øñĆøúüĒ, Ĕúõïôüöÿùôô 
úėô÷úùìô üúĕ îì Ąìíìöìô ûôČðìüúĕìĕú, ôùþôāúíô Ĕúõĕúô øÿîúĀôėô ìó ùÿėþìô ùìóìüô 
ĉöú÷úïĒ íìüúô ïÿ÷āìùìĀüĘóĒ íñāìþìü îì ðôïìü úøô÷ĕú íì üúĕ øúùðì Ąìîìð. 

ÞìĆýôüô ýìõČĕĒ îì ĉöýöÿüýôċĕú ìó þìĆýôüô ôýþôüúĕìþô úøøìîĒ îì øìĕì÷÷Ē, ìýúýìù ðìü 
üìîìùðô ûúõøú÷öÿùĒ Āìüė øñöÿùìð. Óñüú ýìõČĕĒ îì ĉöýöÿüýôċĕú ðìü øìĕì÷ Ąìíìöìô 
ûìõüúĕìĕúüú íúėĒ øñïÿóúüìð. Ðìü ôù üìîìùð, ûñĄ ìó ĕìøì, ûìõüúĕì îì øôùþìėìô ìþüúĀô úù 
ėìþúü øìüĕô÷ìĕúô ûìõðìüûìõüú ìó ýìü øñïÿóìüúùìùð. Ðìü øìüĕô÷ìô ìîîì÷, üìýþìùôĕúô ìó 
ĕìøì ùúóÿö îì ýìþĕô íú÷úôô Ĕìùïì÷ þìĆýôü øñíôùìùð. Ðìü øìüĕì÷ìô úāôü íúĄìð, ûìõüúĕì 
îìýñĆ ïìüðôðì, ýìāþ Ąÿðì, ìó üìýþìùôĕú úóúð øñĄìîìð. Ðìü ìþüúĀô úù íúĄìð, þìùĕú 
üìýþìùôĕúô íì ăìėôðìùÿ þìĆýôüĕúô ðôïìü ÿýþÿîúü øñüĘċùðÿ āì÷úý. 

Ô÷úîì íìü üìîìùðĕúô ÷ÿăĄìîĒ îì îìýñĆĄìôô ûìõüúĕìĕú, ôùăÿùôù ðìü ôùïÿùì 
ïñúýôýþñøìĕú ĔúüôĄìîôô úí ðìü ûìõüúĕìĕú, ðìü øìîüôðĕúô íúüôĄúþ íì ùìóìü øñüìýìð, öô 
úù øñþìîúùìð íì ĉüúóôċ, øôùíìĆð ĄÿýþìĄìîĒ îì îìýñĆĄìîôô ûìõüúĕì úîìüðì üìýúùìð. Ðìü 
ôù üìîìùð øñþìîúùìùð üìýþìùôĕúô íñïúùì íì ôù øÿĕôþ îúüôð ïìüðôðì, ðìü øìýôü ûìĕù 
Ąÿðì, øñóú- îì øôöüúĀìÿùìô ÷ìùðĄìĀþüú þìĎõôü ðôĕìùð. 

ëöñ ìó ýìíìíĕúô ìýúýôô úėôíìþĕúô øìùĀôô ôýþôĀúðìô ĕÿðÿðĕúô üñöüñìþýôúùĒ, ôù ìó 
øñĆČü óôČð íÿðìùô ôýþôüúĕìþöÿùìùðìïúùĒ îúėñĒ ìó ĕìððô ìöýìüô ýìüíúüôô 
ôĔúóìþðúðìĄÿðì øñíúĄìð. Ôù íúôýô îìõüúùĄìîôô ÷ìùðĄìĀþ îì ìó ðìýþ ðúðìùô ėúíô÷ôċþô 
āÿðíìüėìüúüöÿùôô úùĕú øñïìüðìð. Úðìþìù ăÿùôù øôùþìėìĕú Ĕúóôíìô ĉýþñþôöôô þìíôĒ îì 
ĀìüúĎìþôüú óÿð ìó ðìýþ øñðôĕìùð. 

ÚøĘóôĄô Ąìíìöìô ûìõüìĕìĕúô ýìõČĕĒ îì ìþüúĀô úùĕú øìĆ÷ÿøúþô óìüÿüôüú íìüúô 
ėìíÿ÷ô ėìüúüĕú ðìü íúüìô ôðúüìöÿùôô ĕìüìöìþ, úíúðúùĒ, þìĎõôü ðúðìùô øìýôü îì Ďìõüì 
Āìüúĕìø øñúüìð. Ðìü ùôĕúċþ, ĕìøìô ôù íì ûñĄïôüôô úėôíìþĕúô ùúøìþ÷ÿíô ôýþôĀúðìô 
üñöüñìþýôċô øôùþìėì îì ùôïúĕ ðúĄþìùô ôėþôðúüô ĀìüúĎìþôô úù øÿýúôðìþ øñöÿùìð. 

ëöñ ìó üúĕĕúô øÿúýôüô ûñĄïôüôô úėôíìþĕúô øìùĀôô þìĆýôüô üñöüñìþýôúùĒ, ôù 
ÿýÿ÷ĕúô ìùĆìùìîôô þìėýôøúþô ôýþôüúĕìþöÿùìùðìïúù ðìü ĕÿðÿðĕú, øÿîúĀôėô ýìþĕô 
ýìüíúüôô üñöüñìþýôúùôô ôĔúóìþðúðìĄÿðì íìüúô öúøû÷ñöýô þìíĒ-ĕÿðÿðôô ðúðìĄÿðì 
øñíúĄìð. Ýìüíúüôĕúô üñöüñìþýôúùĒ ĕìøăÿù Ąÿøúüìô ôýþôüúĕìþöÿùìùðìïúù ðìü ċö îúĕôðô 
øìýúĕìþ ðìü ċö îúĕôðô îìėþ, ĕìùïúøô ċö ùìøÿðô øÿĄìāāìýô ôýþôüúĕìþ øÿìõċù öìüðì 
øñĄìîìùð. Ôėþôðúüô íñøìõ÷úùô üñöüñìþýôúùĒ øñþìîúùìð íúôýô öúĕôĄČíôô ĕÿðÿðô 
üñöüñìþýôúùĒ (ûúõøú÷ öìüðìùô üìýþìùôĕú, ôĀ÷úý öìüðìùô ìþüúĀ îì Ďìõüì) ïìüðìð.  

ÐìüìĔìô øÿìõċùô ÿýþÿîúüĒ ðìü ôėþôðúüô üñöüñìþýôúùĒ îÿĔÿð ðúüìð. Øìýì÷ìù, ċöñ ìó 
ăñùìöĕú ûñĄíôùô øñùìøúċð, öô ĕìüìöìþô 200 ùìĀìü ðìü ċö ïñöþúü Ĕìùïì÷, íúôýô 
ùúíÿðĄìîôô ûÿüüìô úù ïìüðôðì øñþìîúùìð. ØñĆČüĕúô ýìüíúüĕúô ôĔúóìþðúðìĄÿðì, öô ìó 
Ĕúùôíô øÿĕìėėôėúùô ïÿùúïÿù ûñĄùôĕúð Ąÿðììùð, āñ÷ñ Āìüė øñöÿùìùð îì ùìíÿðìùô 
ĕÿĔĔìþĕúô ċïúùìô øñĆČüĒ ðìü ôù øìýĆì÷ì íìĆóìù íúôýô öìøíÿðôĕúô ĔôððĒ ðìü þìĕôċô úùĕú 
øñïìüðìð. 

Øÿìõċù öìüðìùô ôėþôðúüô üñöüñìþýôúùôô øôùþìėìĕúô öĘĕĒ ùôýíìþ íì øôùþìėìĕúô 
ĕìøîúüôĕú āÿýÿýôċþĕúô āúýô āÿðüú ðúüìð. äìüúôþô øÿĄìāāìýô þìíôĒ, ìó ėìíô÷ô ùôĄñíĒ, 
ùìøÿðô āúö, ĎìĀýôô ûüúĀô÷ô āúö îì ðôïìü úøô÷ĕú íúċð íì ùìóìü ïôüôĀþì Ąìîìùð, öô ôù 
îìóôĀìüú øÿüìööìíþìü øñïìüðúùìð. Ðìü āÿýÿýô íìĕôýúíïôüôô ôėþôðúüô üñöüñìþýôúùĒ ðìü 
íìĆóñ öôĄîìüĕú íì üúĕ øúùðì Ąÿðììýþ.  

Ìõùô óìøúù þìĄöô÷ô ôù øìýĆì÷ì ìó þìüìĀô Öÿøôþìô ýìõČĕôô ùìóðô Çÿöÿøìþô 
Æÿøĕÿüôô ÞúĔôöôýþúù íì üúĕ øúùðì ùìĄÿðììý. Ì÷íìþþì, ùìíÿðìùô ôùïÿùì øìĆ÷ÿøúþĕú 
ýìíìíĕúô āÿðüú ðúüìð: 

- Øÿüìööìíôô āñ÷ú óôČðô üñ÷ñĀô ÞúĔôöôýþúù. 
- Ðìýþüìý ùìíÿðìùô øìĆ÷ÿøúþĕúô óìüÿüĒ íìüúô þìĕėôėúþ. 
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- Ûÿüüì úøĘāþì ùìĄÿðìùô ÷ìùðĄìĀþĕú ðìü ĕÿðÿðô ĔÿøĕÿüĒ. 
Ýìüíúüôô ûôČðìüúĕì íúċð ėúíô÷ôċþô ïÿóìüúùìùðìïôô úùüú ðìü üĘó, øìîýôø îì ýú÷, 

ðìüúóôô āìþýìõü îì øôėðúüô üúĕô þìõùìøÿðì ðìü ċö ĄìíúùìüĘó, ûñăÿþúíôô úù, øôėðúüô 
ôýþïúĕĕú îì ėúíô÷ôċþô ĎÿùĔúôĄô úù îì íúó ðôïìü ùôĄúùðôĕìùðìĕúüú íúċð íì ĕôýúí ïôüìð. 
Íìĕôýúíïôüôô ĕìü ċöñ ìó ôù ùôĄúùðôĕìùðìĕú ðìü ĕú÷ìþô øÿìõċù, íúċð íì þìĕėôėúþĕúô 
øìāýÿý ðìü îìóĆô þìíôĒ þìöċ öÿùìð. Óñüú íìĕôýúíïôüôô üìîìùðĕúô óôöüïìüðôðì øñþìîúùìð 
íì ûñĄüìĀþô ýìõČĕĒ, ôýþôüúĕìþô íúĀìüúĎìþô ýìõČĕúù îì íñāìþìüôô úùĕú øÿýúôðìþ öÿùìð. 

Ðìü ðô÷āúĕ ùìøÿðô ĀìĆú÷ôċþô ôùýúùĒ íúċð ûüôùýôûĕúô ìýúýôô øÿĕúĀôóìþô þìíôìþ 
üôúċ öìüðì Ąìîìð. Çìùïúøô íì ùìėĄìïôüôô ýôýþñøìĕúô þìíôĒ-þñāùôöĒ íúċð ûüôùýôûĕúô 
ïñúýôýþñøì, āÿýÿýôċþô íÿþÿùôô úù îì ðôïìü ĔÿóĆĕú íì ĉĆþôíúü ïôüôĀþì Ąìîìð [4,ý.127].  

Ðìü ôýþôĀúðìíìüôô üñöüñìþýôúùôô ĕÿðÿðĕú ìöýìü îìėþ íú óôððôċþĕúô íìõùôýúĕìîĒ Č 
ðúāô÷ôýúĕìîĒ îúøñāĘüìð, öô úù øñþìîúùìð íì ĕú÷ìþĕúô øÿĄöô÷ô ðúüúô ìĕìøøôċþô 
ĉöú÷úïĒ úîìüìð. ãÿùôù ĕú÷ìþĕú āñ÷ú óôČðìùð. Ôù íì úù ðì÷ú÷ìþ øñöÿùìð, öô ýúĕìô 
øôùþìėìĕúô üñöüñìþýôúùĒ ýñüĔìùíì íÿðì, ýúāþúüô úùĕú óìøôùĕúô öôĄúîìüóĒ îì Ĕìùïì÷, 
øôùþìėìĕúô ôýþôėúøìþĒ, üúĕÿ ùìė÷ôČþ, ôùăÿùôù íìĆóñ øôùþìėìĕúô þìíôôô 
øÿĕúĀôóìþĄìîìùðìüú ðìü íìü øñïôüìð. Ðìü ĕú÷ñ, öô øìùĀôìþĕúô üñöüñìþýôúùĒ îì ĕìü ċöñ 
ìó ùìøÿðĕúô ùúøíìüĄÿðìô ôðúüìöÿùôô øÿĕôþô óôýþ íìüāĘüð øñāĘüìùð, øÿĄöô÷úþ ûìõðú 
øñĄìîìùð. Ìó ôù üĘ, ĕìùïúøô ìýúýùúööÿùôô ĕìü ċö øôùþìėìô ĉöú÷úïĒ-ïñúïüìĀĒ, íìüúô ĕìü 
ċö ėì÷ìøüìîô üñöüñìþýôúùĒ ùì þìùĕú ôėþôðúüô þìíôôô úù íìüúô üÿĄðô üñöüñìþýôúùĒ îì 
ýìõČĕĒ, íì÷öô þìøúøô ùìøÿðĕúô ðôïìüô ôðúüìöÿùôô øÿĕôþô óôýþ îì ĕìøúĕìùïôô ĕÿðÿðôô 
úùĕúüú úøĘāþìù øÿĕôø ìýþ.  

Àìõü ìó ôù, øôùþìėìô þìĕėôėúþ íúċð ùì þìùĕú íú øôùþìėìô üñöüñìþýôúùôô úċùðì (Č 
ôøüĘóì) øìĕðÿð öìüðì Ąìîìð, íì÷öô ìó ðúôüìô úù íñüÿù üìĀþì, ĕìøìô öúüāúùìĕúô 
ĕìøýúċüú ĕìøăÿù øìùíìĆĕúô ĉĕþôøú÷ôô þìĆýôü íì ôù ĕÿðÿð þìĕ÷ô÷ ùìøúċð. ãÿùôù 
Āìüúïôüôô ĕÿðÿð ôøöúù øñðôĕìð, öô ûìõðúôĄ îì Ąôððìþô þñóÿþÿùðĄìîôô îìóĆôċþĕúô 
íìĕýìùïñó ûñĄïĘĒ öìüðì Ąìîìð. áìüôþìô ÷ìùðĄìĀþüú íìüúô øÿìõċù öìüðìù îì þìĕ÷ô÷ô 
ĕú÷ìþĕúô øÿìõċù, ĕìøăÿù ìýúýô öìüþúïüìĀĒ ôýþôĀúðì íÿüðìù ÷úóôø ìýþ, óñüú øìĕó 
Ąìüúôþô þìíôĒ íú ùôĄúù ðúðìùô āìüìöþñüô ôùöôĄúĀô îìóĆôċþô ĉöú÷úïĒ, íìĆóìù āÿðô 
ôøöúùôċþô ûìõðúôĄô úùüú øÿìõċù øñöÿùìð. 

Çú÷ìþĕúô øìýĆì÷ìĕúô íìĕýìùïñó ùì þìùĕú ðìü óôððôċþ íì øìùĀôìþô üñöüñìþýôúùĒ (îì 
íì úù ùìóðôö þìíúíìþĒ-öÿüúüþĒ) îì ôýþôĀúðìô ĎìõüôüñöüñìþýôúùĒ (óôððôċþĕúô 
íìõùôýúĕìîĒ), íì÷öô ôýþôýùú Č øÿāú÷ôĀìþô íìõùô ùìøÿðĕúô ïÿùúïÿùô ôýþôĀúðìô 
üñöüñìþýôúùôô óìāôüìĕúô þìíôĒ (ðúāô÷ôýúĕìîĒ) ùôó óÿĕÿü øñïìüðìð. Ôù ïÿùì øìýĆì÷ìĕú 
ðìü ĕÿðÿðô þìøúøô ùìøÿðĕúô üñöüñìþýôċ, ðìü ĔÿøĕÿüĒ íì ăìĄø øñüìýìð.  

Ìõùô óìøúù, ðìü ĔÿøĕÿüĒ üìîìùðô ÿüíìùôóìþýôċ ùôó āñ÷ñ ðìü ìîĔ øñíúĄìð. Ôù 
üìîìùð öúüøìùðúùô ýúĕìô ýìõČĕĒ îì ðôïìü ýúāþúüĕúô øìüíÿþ íì Ĕìùïì÷, öôĄúîìüóĒ, ĕôĀóô 
øÿĕôþô óôýþ îì ðôïìüúùüú íì úù îúðúü øñýúóìð, öô ðìü ýìøþô ôùöôĄúĀ îì þìĄìööÿ÷ ðúðìùô 
ýúĕìô üñöüñìþýôúùĒ, ðìü ĕÿðÿðô Ąìĕü îì ìþüúĀô úù þìĄöô÷ ùìøÿðìùô ÷ìùðĄìĀþĕúô 
üñöüñìþýôúùĒ ýìĆĊ öĘĄôĄ öÿùìùð.  

Ìó íìõùô ĕìøì ùìøÿðĕúô ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ (þìíúíìþĒ, ýú÷ôøïìüðúùĒ, 
îìüóôĄĒ îì þìĆ÷ôøĒ), - ÷ìùðĄìĀþĕúô ĀìüúĎìþĒ îì þìĆ÷ôøĒ - íìüúô þìĆ÷ôøô ĉöú÷úïĒ 
íñĄþìü øÿîúĀôė ìýþ. ÎìóôĀìô ìýúýôô úù ¬ ôù þìĄìööÿ÷ô óñĕùĒ îì øìĆùìîôô ôùýúù ðìü 
ċöĔúċïĒ íú þìüíôċô ìā÷úėĒ øñíúĄìð. ØìĄĎÿ÷ôċþĕúô ìýúýôô üñöüñìþýôúùĒ, - ôù ýìĀìü 
öìüðìù íì øìîóñĆĕúô þìíôĒ îì Āìüĕìùïôô ðúüúô ìüóôĄô íì÷ìùðô ô÷øĒ, øìĆùìîĒ îì 
ĉýþñþôöĒ øñíúĄìùð. ÞìĄöô÷ ùìøÿðìùô ĉöýöÿüýôċĕú íì ăÿùôù ĕÿðÿðĕú, ùì þìùĕú ìó 
þìøúĄúô øìîóñĆĕú, ôùăÿùôù ĄôùúýúĒ íú āúýôċþĕúô ìýúýôô úùĕú, þìĆüôā, þìĎõôüúþĕúô 
óìøúùôîÿ Āìóúôô úùĕú, Ąôùúýúô íú üìýøÿ úôùĕúô øìüðÿøô úù øìĕì÷÷ îì þìüóô ìùĆìùìîôô 
ĕìČþô úùĕú îì Ďìõüìüú ðìü íìü øñïôüìùð [15,ý.102-106]. 

Ðìü ýìþĕô ĔÿøĕÿüôċîĒ, øôùþìėìĕúô ÷ìùðĄìĀþĕúô þìíôĒ-üñöüñìþýôúùĒ (Ø×ÞÜ) 
þìĄöô÷ öìüðì øñĄìîìùð, öô ðìü úùĕú þìĄìööÿ÷ô ÷ìùðĄìĀþĕúô þìíôĒ ùìėĄô ìýúýôüú 
øñíúóìùð. Ðìü ôù Ĕú üñĔìô øìāýÿýñ øÿėìüüìü öìüðì øñĄìîìð, öô íìü ìýúýô ċöĔúċ öìüðìùô 
ôýþôĀúðìô úėô÷úùìô üñöüñìþýôúùĒ îì ĕôĀóô óìāôüìĕúô þìíôôô Ø×ÞÜ ìýúý ČĀþììýþ. Ôù 
üñĔì íìüúô íì ĕìððô ìöýìü üìýúùôðìùô ĕôĀóô øìĔøììĕúô þìíôĒ, íì÷ìùð íìüðúĄþìùô 
ÿýþÿîúüôô úùĕú îì íú ôù îìýô÷ì ìĀóúôĄô ôėþôðúüô øôùþìėìĕúô üñöüñìþýôúùĒ ùôïìüúùôðì 
øñĄìîìð.  
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Ðìü ýôýþñøìĕúô üñ÷ñĀĕúô üñöüñìþýôúùôô øìėúøô øìĕì÷÷Ē ðúĄþì, öô íìüúô ėúùñĆ 
öìüðìùô ùôČóĕúô öĘþúĕøÿððìþô ôýþôüúĕìþĒ þìüĕüñóĒ ïìüðôðììùð, øôùþìėìĕúô 
üñöüñìþýôúùôô ýìþĕìĄúù ðôïìüüú þìĄöô÷ öìüðìù ôøöúùûìóôü øñíúĄìð. Ðìü úùĕú 
ÿùýÿüĕúô ìùþüúûúïñùĒ - úíìùíúüĕú, ýúĕô÷ĕúô ýÿùĆĒ, íúĎĕúîÿ Ĕìùïì÷óúüĕú îì ĔìüìČùĕúô 
úíôô ýÿùĆĒ íìüþìüĒ ðúüìùð. 

Íìüúô ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ, ôýþôĀúðìô ĕìøìĔúùôíì íì øúùìùðô öôĄúîìüóĒ, 
ûìüîìüôĄô üìýþìùôĕúô øìāýÿý, Ąôöúü íú ôĔúóìþùúøì āúý øñíúĄìð. Ïÿùúïÿùüìùïôô 
ĀìĆú÷ôċþĕúô ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ íúôýô þìĄìööÿ÷ô ýúāþúüô ïÿùúïÿù ðìü ôù ýúāþúü 
øñïìüðìð. 

×ìùðĄìĀþ øÿùþìóìø ðìü þìĎõôüúþ íÿðì, úù Ąìö÷ô ðÿïúùìïôüú ðúüìð. Ìó ċö þìüìĀ 
þìĎõôüúþô ÷ìùðĄìĀþ Ąìö÷ô íìüėìüúüĄìîìùðìïĒ îì ðìîüôüú ðúĄþì, íì ðôïìüïÿùĄìîôô 
ýúāþô ÷ìùðĄìĀþ ùìøñúüìð. Øôýú÷, ûìõôĕìøúôô øìîýôøôô ýú÷. Ùì þìùĕú ùìøÿðô óúĕôüôô 
íôýČü ÷ìùðĄìĀþĕú ðìü Āìý÷ĕúô ïÿùúïÿùô ýú÷ ðôïìüïÿù øñĄìîìð, ôùăÿùôù ĕìøìô üìîìùðĕúô 
ĀìĆú÷ôċþìĄúù ùôó þìĎõôü øñČíìùð. Ðìü ÷ìùĄìĀþĕúô øôùþìėìĕúô øÿĆþìðô÷, øìýýìô ýìíóô 
ĀìĆú÷ (îñïñþìþýôúùĒ) þìùĕú ðìü øìîýôøô ïìüøú øñüĘċùð, ðìü øìîýôøô āÿùÿöĒ íúĄìð, 
ĕìøìô üìîìùðĕú ĎìõüôĀìĆú÷ ïìüðôðì, íìüĀûĘĄ øñïìüðìùð. Ðìü ĕú÷ñ, öô ăÿùôù þìĎõôüúþĕú 
ĕìü ýú÷ þìöüúü øñČíìð, ýúāþô ÷ìùðĄìĀþ íñþìĎõôü øñøúùìð. ãÿùôù ĕú÷ìþ ðôùìøôöĒ ìó 
ÿýþÿîúüôô ÷ìùðĄìĀþ ïÿîúĕĒ øñðôĕìùð.  

Ìó ĕú÷ìþô ðôùìøôöĒ íúċð ýìøþô ĉîú÷Ċþýôúùôüú Āìüė öìüð. Óñüú ĉîú÷Ċþýôċ üìîìùðô 
íìüùìïìüðìùðì íÿðì, øúĕôċþô þìĄìööÿ÷Číôô ÷ìùðĄìĀþüú ôĀúðì îì ðôïìüïÿùĄìîôô ýúāþô 
úùüú ôùĆôöúý øñùìøúċð. ßýþÿîúüôô ýúāþô ÷ìùðĄìĀþ ùôó ùôýíĒ øñíúĄìð. ×ìùðĄìĀþ 
ðúôøú íú ýÿüĆìþô ïÿùúïÿù ðìü þìĎõôüúþ øñíúĄìð.  

Íìüúô ùìóìüüìý Ąÿðìùô þìĎõôüúþô ýúāþô ÷ìùðĄìĀþ, îìėþô þÿ÷úùĒ ÷úóôø ìýþ. 
ÞìĄìööÿ÷ô ÷ìùðĄìĀþ ĕìø íú ýìíìíô þìĆýôüúþô íñüÿùĒ (ĕìüìöìþô þñöþúùôöĒ, þìĎõôüúþô 
ï÷úíì÷ôô ôė÷ôøĒ) îì ĕìø ðúāô÷Ē (āÿðþìĄìööÿ÷ČíĒ, öô ðìü øñāìùôóøô úù üĘõûĘĄô 
üìýþìùôĕú îì ì÷úėìô úù íú ĔÿóĆĕúô ìíôúþĒ ùìėĄô øÿĕôø øñíúóìð) ìøì÷Ē øñïìüðìð.  

Øìüöìóĕúô ÷ôòìüúùôô öĘĕĒ, ôùĄúúþĕúô øÿüìööìíô øÿĕìùðôýĒ íÿðì, ðìü ðúøìùìô 
öĘĕĕúô íìüĀûĘĄ, óìøôùĕúô íìüĀûĘĄô íìüúô ÷ôòìüúùĒ øÿýúôð ýúāþì øñĄìîìùð. 
ÙôĄñíôĕúô öĘĕôüú íú üúĕĕúô øìāýÿý øÿĔìĕĕìó ïìüðúùôðì ðìü úùĕú ôùĄúúþĕúô 
øÿĕìùðôýôô ýìøþô ĀìĆú÷ôċþìĄúù ïÿùúïÿùüú ùìýí øñöÿùìùð. Úùĕú ċöėìþúü 
āôóøìþüìýúùôĕúô øÿĕìùðôýôüú íì øúùìùðô: üúĕĕúô þìùúíôĊ öÿüýôïĒ, öúøû÷ñöýĕúô 
ôýþôėúøìþĒ, ìùíúüĕúô ùôïúĕðúüôô þìĕĔôóúþĕú, ûìüöôùïĕú, ùÿėþìĕúô ì÷úėì îì 
āôóøìþüìýúùôô øìôĄĒ, üúĕĕúô ùìė÷ôČþĒ, āôóøìþüìýúùôô ùìĔúþðôĕìùðìïúù îì Ďìõüìĕúüú 
ðìü íìü øñïôüìùð.  

Óúùìĕúô Ĕìùïì÷ûìüöĕúô ùìóðôĄìĕüĒ îì ûìüöĕú íìüúô ôýþôüúĕìþô öĘþúĕøÿððìþô 
ôýþôėúøìþöÿùìùðìïúùô Ąìĕü ûñĄíôùĒ ïìüðôðììýþ. áÿýÿýôċþô āúýô ôù ïÿùì Ĕìùïì÷ĕú ¬ ôù, 
øìîĔÿðôċþô øìýýôîĕúô üìýþìùôĕúîÿ ðìüìāþúùô ïÿùúïÿùô øÿýúôð íì úù øÿĕôþ íì ĕôýúí 
øñüìîìð, öô úù íñĄþìü íú ðìýþô úðìø Ąôùúùðì Ąÿðììýþ. Óúùìĕúô Ĕìùïì÷ûìüöĕú íú üúĕĕúô 
ûôČðìïìüðÿ ðÿăìüāìïìüðĕú, øìõðúùĕúô íúóôô íìăìïúù îì ðôïìü ùìøÿðĕúô ýúāþúüĕú øÿĔìĕìó 
ïìüðúùôðì øñĄìîìð. ßùýÿüĕúô þñāùúïñùĒ íúċð íú íìĕôýúíïôüôô íñāìþìüôô ĉöú÷úïĒ íì 
ĕôýúí ïôüôĀþì îì ýúāþì Ąìîìùð. 

Ûìüöĕúô øô÷÷Ē ¬ ôù ĕÿðÿðĕúô øìĔøììîĒ, ĕÿðÿĕúô ûú÷ôĀÿùöýôúùì÷ôô þìíôôĊ-
āúĔìïôðúüĒ, íìüúô øÿĕúĀôóìþô ÷ìùðĄìĀþ íì ïÿùúïÿùüìùïôô íôú÷úïĒ îì ĕìøăÿùôù, íìüúô 
ôýþôüúĕìþ îì ýìõČĕĒ øñíúĄìð.  

Çÿðÿðô ûìüöĕúô øô÷÷Ē: øìøùÿĆïúĕĕú, ûìüîìüôĄïúĕĕú, Čðïúüôĕúô þìíôôüú, öô íìüúô 
þìĕėôėúþĕúô ô÷øĒ ûñĄíôùĒ ïìüðôðììùð, ðìü íìü øñïôüìð. Çìøăÿùôù, ðìü ôù ïÿùì ûìüöĕú 
āìþýìõüĕúô øìāýÿýô ýìõČĕĒ îì ôùĀüìýúāþúüô øÿĕìùðôýĒ, ûñĄþìāþìĕúô øìĆ÷ÿøúþðôĕìùðì, 
üúĕĕúô øìāýÿïìüðúùôðìĄÿðì, øìõðúùĕúô þìøúĄúöÿùĒ, ûúõïúĕĕúô ô÷øĒ, íôùúĕúô øìĆøÿüĒ 
îì Ďìõüìüú ðìü āÿð ðúüúċùð. Ôù ûìüöĕú øìõðúùĕúô āñ÷ú öì÷úùüú Āìüúïôü íÿðì, ðìü ĕÿðÿðô 
úùĕú óìøôùĕúô öôĄúîìüóĒ ùôó ûñĄíôùĒ Ąÿðììýþ.  

ØìøùÿĆïúĕĕú íúĄìùð, ĕÿðÿðĕúñ øñíúĄìùð, öô ìó þìüìĀô ðìî÷ìþ ĕôĀó ïìüðôðì, ìó 
öúüĕúô āúĔìïôðúüĒ íìüúîìüðì Ąÿðììùð îì þìùĕú íìüúô öúüĕúô ô÷øĒ-þìĕėôėúþô ûñĄùôĕúð 
ïìüðôðììùð. 

ÛìüîìüôĄïúĕĕú ĕÿðÿðĕúñ øñíúĄìùð, öô ðìü úùĕú íì þìîüô ðúôøĒ îì Č øÿîìėėìþĒ 
Ąìö÷ĕúô ì÷úĕôðìô āúĔìïôðúüĒ íú øìėýìðô ĕôĀóô ċö îì Č ċöăìùð ùìøÿðô ÿùýÿüĕúô ĉöú÷úïĒ, 
ùìíúþúþÿ ĕìõîúùúþ íì üúĕ øúùðì øñĄìîìð.  
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ÝìõČĕôô ċāôĊ íìüĀĒ, öô ċöñ ìó ýìøþĕúô ýìõČĕôô üñöüñìþýôúùĒ øìùýÿí øñČíìð, ìýúýìù 
ðìü ÷ìùĄìĀþĕúô ùìøÿðô ĀìüúĎìþĒ ìøì÷Ē öìüðì øñĄìîìð. Ôù ùìøÿðô ýìõČĕôüú ùì þìùĕú 
ðìü ÷ìùðĄìĀþĕúô óôöüïìüðôðì, íì÷öô ðìü ðôïìü ùìøÿðĕúô ÷ìùðĄìĀþĕú ùôó íì üúĕ øúùðìù 
øÿøöôù ìýþ.  

áÿ÷úýì. Ìó þìĕ÷ô÷ô ùìþôĔìĕúô þìĕėôėúþ ăÿùôù íìüøñúċð, öô ïÿüĘĕíìùðôô 
÷ìùðĄìĀþĕú ôøöúù Āìüúĕìø øñúîìüìð þú ĔúõïôüöÿùĒ îì ôùöôĄúĀðôĕôô ėÿîîìĕúô öúüĒ, 
úøĘóôĄô óìāôüìĕúô þìíôĒ, þìüìėėĒ ðúðìùô ýúĕìĕúô āúĔìïôô ėôĄ÷úė îì ðôïìü ýìøþĕúô 
āúĔìïôô āì÷ė íìüúô íì þìîüô øÿöìøì÷ íì ùìėĄì ïôüôĀþì, ýìøìüìùúö ôýþôĀúðì íÿüðì 
Ąìîìð. 

Øìėú÷ì ðìü ðúôüìô ×úôĕìô öúüĕúô ô÷øĒ-þìĕėôėúþô äÿĆíìô ïñúïüìĀôċ îì óúùðöÿùúùôô 
Āúýô÷ìîôô Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù ðìü øìîóÿô ©Þìĕôċô āìüôþìô ïñúĉöú÷úïôô 
ðìüìô ÉìüìþúĎ íú øìėýìðô øÿìüüôĀôô øìùóìüì îì ìüóČíôô óìüĀôċþô þìíôĒ-ýìõČĕôô úùª 
þìĕôċ Ąÿðììýþ. 
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ìýúýôô úù úîìüðì Ąÿðììýþ. ×ìùðĄìĀþô üñöüñìþýôúùĒ îì ýìøþĕúô ìýúýôô þìĄìööÿ÷Číôô úù ðìü øìėú÷ì þìîýôĀ 
ïìüðôðì, ýìøþĕúô ìýúýôô ôýþôĀúðìô úù øìîüôðô þìĕ÷ô÷ ėìüúü ðúðì Ąÿðììýþ. Çìøóìøúù, úøô÷ĕúô ìýúýôô 
ûñĄüìĀþ îì øúùñìĕú ðìü øìėú÷ìô øìóöÿü øìîüôðô øÿĕúöôøì ėìüúü ðúðì Ąÿðììýþ. Ìĕìøøôċþô ìøì÷ôô 
ùìøÿðĕúô ïÿùúïÿùô ÷ìùðĄìĀþĕúô üñöüñìþýôúùĒ îì ôøöúùôċþĕúô úù ðìü øôùþìėìĕúô ïÿùúïÿùô ÞúĔôöôýþúù 
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ʈɽʂʈɽɸʎʀʆʅʅʓɽ ʃɸʅɼʐɸʌʊʓ ʊɸɼɾʀʂʀʉʊɸʅɸ ʀ ʀʍ ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʠʩʪʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʫʢʠ ʦ ʣʘʥʜʰʘʬʪʘʭ ʠ ʝʝ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʧʠʩʘʥ ʨʝʢʨʝʘʮʠʦʥʥʳʡ ʣʘʥʜʰʘʬʪ ʠ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ 

ʨʘʟʚʠʪʠʷ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʝʛʦ ʧʨʦʙʣʝʤʳ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʠʧʦʚ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʦʢʘʟʘʥʳ ʬʘʢʪʦʨʳ ʠʭ ʧʦʣʴʟʳ 

ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʩʣʦʚʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʠʨʦʜʳ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʩʧʦʩʦʙʘʭ ʟʘʱʠʪʳ ʠʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʛʦʨʥʳʭ 

ʨʘʡʦʥʘʭ, ʬʘʢʪʦʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʥʝʧʦʧʨʘʚʠʤʦʛʦ ʫʱʝʨʙʘ. ʆʧʠʩʘʥʦ ʨʘʟʚʠʪʠʝ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʨʝʛʠʦʥʦʚ 

ʊʘʜʞʠʢʠʩʪʘʥʘ, ʫʢʘʟʘʥʳ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʜʳʭʘ (ʜʦʩʫʛʦʚʳʡ, ʣʝʯʝʙʥʳʡ, ʪʫʨʠʩʪʠʯʝʩʢʠʡ) ʠ 

ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʢʨʝʘʮʠʦʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʬʘʢʪʦʨʳ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ ʠ ʧʫʪʠ ʠʭ ʫʣʫʯʰʝʥʠʷ ʚ ʛʦʨʦʜʘʭ, ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʘʭ ʠ ʜʨʫʛʠʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʣʘʥʜʰʘʬʪ, ʨʝʢʨʝʘʮʠʷ, ʪʫʨʠʟʤ, ʧʘʨʢʠ, ʛʦʨʳ, ʦʪʜʳʭ, ʪʝʨʨʠʪʦʨʠʷ. 

 

RECREATIONAL LANDSCAPES OF TAJIKISTAN AND THEIR USE  

This article provides a brief overview of the history of landscape science and its main areas of study. It describes the 

recreational landscape and the main trends in its development, analyzing its main uses. It also examines the key factors in 

the development of landscape science and its main challenges. The practical significance of recreational landscape types 

and their potential in various regions of the Republic of Tajikistan are examined. Their economic benefits are highlighted. 

It is shown that certain conditions for organizing recreational activities are based on the economic potential of recreational 

landscape zones for improving the natural environment of these areas and ways to protect their environment. The 

sustainability of recreational landscapes in mountainous regions, as well as factors for restoration and irreparable damage, 

are considered. Developed recreational regions of Tajikistan are described, identifying ways to utilize various types of 

recreation (leisure, therapeutic, and tourist) and their relationships with various recreational landscapes. Factors for their 

effective use in the country's economy and ways to improve it in cities, national parks, and other favorable recreational 

areas are presented. 

Keywords: Tajikistan, landscape, recreation, tourism, parks, mountains, recreation, territory. 
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ÐÌÎÜÌÇÚÔ ÙÑÚÏÑÙ ÎÌ ãÚÜëÖßØÔÙÔ ÛÚØÔÜ 
 

Éúðôüúî Ì.Ì., Ìýìðÿ÷÷úñî Ö.Ü., Óìõðÿ÷÷úóúðì Ý.Ç., ÌĊíúî Ô.Ý.  
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

 
Øÿėìððôøì. Øôùþìėìô úøĘāþìĄìîìùðì ìó üĘõô ýúāþô øÿüìööìíôô ïñú÷úïĒ îì 

ïñúøúüĀú÷úïĒ ðúĄþìù ĕìĔøô óôČðô ôùĄúúþô øÿĕìùðôýĒ, ýúāþìùô ėìíìþô íú÷úôô óìøôù 
ýúāþì øñĄìîìùð úøúðì ùìøÿðìùô ÷úôĕìĕúô ôùĀôüúðôüú þì÷ìí øñùìøúċð. Íì ėìíìþô 
íú÷úôô Óìøôù üìîìùðĕúô ĉöóúïñùĒ: ĄÿýþìĄìîôô ĉüúóôúùĒ, ÷ìĎòôĄĕú, ċüăĕú, ýñ÷ĕú îì 
ĕìùïúøô ýñüĄìîôô āúöĕúô āÿĄö íú úí, úíĄìîôô Ąìðôðô ċāĕú îì Ďìõüì ðúôøú þìĆýôüô 
āÿðüú øñüìýúùìð. 

Øìîúð îì ÿýÿ÷ĕúô þìĕėôėúþ. Çÿðÿðô Ûúøôüüú āìþþô þìüėôĄô Ðìüîúóÿ ÉìüúöĘ÷ Ĕÿðú 
øñöÿùìð. Ýìüĕìðô ĄìüėĒ, Ąìüþìù ðìü Ąôøú÷ íú ìüóô 730, ýôûìý ìó ėìþúüöĘĕô ØÿóöĘ÷, 
ìĎíìô ØìüĔúùúõ, öĘ÷ô Þÿüÿøþúõ îì ðìĕìùìô ðìüČô Øìþý øñïÿóìüìð [10].  

Ðìü øôùþìėìô Ûúøôü ðÿ ùúĕôċô ïñúøúüĀú÷úïĒ Ĕÿðú öìüðì øñĄìîìð: Ûúøôüô ÀìüíĒ 
îì Ûúøôüô äìüėĒ.  

Ðìü íìõùô ôù ėìþúüöĘĕĕú îúðôĕúô ðìüČĕúô Øÿöýÿ, Úíôāôùïúí, Úíôāÿøúí, ÎìùĔ, 
ëóïÿ÷úø, Íìüþìùï, Àÿùþ íú äúĕðìüì, Ûúøôü îì íú÷úúíô ðìüČô ÛìùĔ Ĕúõïôüìùð (üìýøô 1) 
[1; 10]. 

áÿýÿýôċþô ìýúýôô üñ÷ñĀô Ûúøôüô ÀìüíĒ íìüþìüôô óôČðô Ąìö÷ĕúô ûìõðúôĄô 
ðñùÿðìþýôúùĒ îì ýúāþúüô þìíìėúþĕúô úùĕú øñíúĄìð. 

Îúíìýþì íì āÿýÿýôċþĕúô ðñùÿðìþýôúùĒ ýñ ýìþĕô üñ÷ñĀ Ĕÿðú öìüðì Ąÿðììýþ, öô ĕìü ċö 
ýìþĕ Ąìö÷ô üñ÷ñĀô íì āÿð āúý ðúüìùð: Ąìö÷ô ėìðôøìô üñ÷ñĀ, ýìþĕô ú÷ôïúþýñùôô 
ĕìøîúüĄÿðì îì ėôýøô íú÷úôô üñ÷ñĀ. 

 
Üìýøô 1. Çìîóìô ðìüČĕúô ĕÿðÿðĒ Ûúøôü 

Figure 1. Pamir territorial river basin 

 
 

 


