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ɸʥʜʨʻʻʚʘ ʆ.ʆ., ɹʫʯʠʥʩʴʢʘ ɺ.ʆ., ɻʦʜʦʚʩʴʢʘ ʇ.ɭ. 

ɭɺʈʆʇɽʁʉʔʂɸ ɻɽʆʃʆɻɯʏʅɸ ʉʇɯɺʇʈɸʎʗ ɼʃʗ ʋʇʈɸɺʃɯʅʅʗ 

ʄɯʅɽʈɸʃʔʅʀʄʀ ʈɽʉʋʈʉɸʄʀ: ɼʆʉɺɯɼ ʇʈʆɭʂʊʋ GSEU éééééééé... 5 
ɹʘʙʯʫʢ ɼ.M. 
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ɻɽʆʍɯʄɯʏʅʀʁ ʊɸ ʄɯʅɽʈɸʃʆɻɯʏʅʀʁ ɸʅɸʃɯɿʀ ʂɽʈɸʄɯʏʅʀʍ ɺʀʈʆɹɯɺ ɿ 
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ɹʽʣʝʮʴʢʠʡ ʆ.ʃ., ʇʘʚʣʦʚʘ ʆ.ʆ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʉɽɼʀʄɽʅʊɸʎɯɰ ʊɸ ʇɽʊʈʆɻʈɸʌɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ɺɯɼʂʃɸɼɯɺ ʂɸʅʀʃɯɺʉʔʂʆɰ ʉɽʈɯɰ ɺɽʈʍʅʔʆɻʆ ɺɽʅɼʋ ɺ ʄɽɾɸʍ 

ɻʆʈʀʅʉʔʂʆɰ ʉʌɿéééééééééééééééééééééééééé..é 18 
ɹʨʫʯʢʦ ʄ.ʈ., ʄʠʪʨʦʭʠʥ ʆ.ɺ. 

ʇɽʊʈʆɻʈɸʌɯʗ ʄɸɻʄɸʊʀʏʅʀʍ ʇʆʈɯɼ ɿ ʆʉʊʈʆɺɯɺ ɼɸʅɽɹʈʆɻ (ɹɽʈɽɻ 
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ɹʫʙʣʷʩʴ ɺ.ʄ., ʐʝʚʯʝʥʢʦ ʆ.ʃ. 
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ɻɯɼʈʆɻɽʆɼʀʅɸʄɯʏʅʀʍ ʗɺʀʑ ɺ ɿʆʅɯ ɺɯʃʔʅʆɻʆ ɺʆɼʆʆɹʄɯʅʋ ééééé 25 
Buynevich I.V. 

DETECTION AND ANALYSIS OF MINERALOGICAL ANOMALIES  

IN AEOLIAN STRATA: AN INTEGRATED APPROACH ééééééééééé.. 29 
ɹʫʯʠʥʩʴʢʘ ɸ.ɺ., ʎʽʣʴʤʘʢ ʆ.ɺ., ɹʫʨʙʘʥ ʂ.ɸ. 

ʄʋɿɽɰ ʗʂ ʉʇʆʉɯɹ ɿɹɽʈɽɾɽʅʅʗ ɻɽʆʃʆɻɯʏʅʆɰ ɯʅʌʆʈʄɸʎɯɰ (ʅɸ ʇʈʀʂʃɸɼɯ 

ʄɯʅɽʈɸʃʆɻɯʏʅʆɻʆ ʄʋɿɽʖ ɯʄɽʅɯ ɭɺɻɽʅɸ ʃɸɿɸʈɽʅʂɸ) éééééééé. 33 
ɹʫʯʠʥʩʴʢʘ ɯ.ɺ., ʃʘʟʘʨ ɻ.ɯ. 

ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ʇʆʐʀʈɽʅʅʗ ɽʃɽʄɽʅʊɯɺ ɼʆʄɯʐʆʂ ʋ ɺʋɻɯʃʃɯ 

ʃʔɺɯɺʉʔʂʆ-ɺʆʃʀʅʉʔʂʆɻʆ ʂɸʄôʗʅʆɺʋɻɯʃʔʅʆɻʆ ɹɸʉɽʁʅʋ ééééé... 38 
ɺʠʩʦʮʴʢʠʡ ʆ.ɹ., ʉʪʝʧʘʥʶʢ ʃ.ʄ., ʐʫʤʣʷʥʩʴʢʠʡ ʃ.ɺ., ɹʘʨʘʥ ɸ.ʄ. 

ʋʈɸʅ-ʉɺʀʅʎɽɺʀʁ ɺɯʂ ɿɸ ʎʀʈʂʆʅʆʄ ɻʈɸʅɯʊʋ ɹɯʆʊʀʊʆɺʆɻʆ 

ʂʈʆʇʀɺʅʀʎʔʂʆɻʆ ʂʆʄʇʃɽʂʉʋ (ɯʅɻʋʃʔʉʔʂʀʁ ʄɽɻɸɹʃʆʂ) ééééé.. 43 
ɻʘʣʘʤʘʡ ɸ.ʈ., ʉʠʜʦʨ ɼ.ɺ., ʄʘʢʩʠʤʫʢ ʉ.ɺ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɼɸʅʀʍ ʊɽʈʄʆɹɸʈʆɻɽʆʍɯʄɯʏʅʀʍ ʊɸ ɯɿʆʊʆʇʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ ʋ ʄʆɼɽʃʖɺɸʅʅɯ ʇʈʆʎɽʉɯɺ ʋʊɺʆʈɽʅʅʗ ʂʆʈʀʉʅʀʍ 

ʂʆʇɸʃʀʅ (ʥʘ ʧʨʠʢʣʘʜʽ ʝʦʮʝʥʦʚʦʛʦ ʙʘʩʝʡʥʫ ɼʘʚʝʥʢʦʫ) ééééééééééé. 46 
ɻʝʥʝʨʘʣʦʚʘ ʃ.ɺ., ɻʝʥʝʨʘʣʦʚ ɸ.ɺ., ʂʦʩʪʶʢ ʆ.ɺ. 

ʅʀɾʅʔʆɽʆʎɽʅʆɺʀʁ ʃɯʊʆɻɽʅɽɿ ʌʆʅʆɺʀʍ ʋʊɺʆʈɽʅʔ 

ɿʆɺʅɯʐʅʔʆʂɸʈʇɸʊʉʔʂʆɻʆ ʇɸʃɽʆɹɸʉɽʁʅʋ (ʋʂʈɸɰʅʉʔʂɯ ʂɸʈʇɸʊʀ) é.. 50 
ɻʥʽʜʝʮʴ ɺ.ʇ., ɻʨʠʛʦʨʯʫʢ ʂ.ɻ., ʈʝʚʝʨ ɸ.ʆ., ʂʦʭʘʥ ʆ.ʄ. 

ʃɯʊʆʌɸʎɯɸʃʔʅɸ ɿʆʅɸʃʔʅɯʉʊʔ ʂɽʈʃɽʋʊʉʔʂʀʍ ɺɯɼʂʃɸɼɯɺ ɸɿʆɺʆ-

ʏʆʈʅʆʄʆʈʉʔʂʆɻʆ ʆʉɸɼʆɺʆ-ʇʆʈʆɼʅʆɻʆ ɹɸʉɽʁʅʋ ééééééééé.. 54 
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ʄɽɾʀʈɯʏʅʆɻʆ ʈʆɼʆɺʀʑɸ ʊɸ ɰʍ ʈʋɼʆʅʆʉʅɯʉʊʔ ééééééééééé. 67 
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ʉʊɸʅʎɯɰ çɸʂɸɼɽʄɯʂ ɺɽʈʅɸɼʉʔʂʀʁè ééééééééééééééééé.. 71 
ʄʝʨʝʞʢʦ ʄ. 
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ʋʄʆɺ ʌʆʈʄʋɺɸʅʅʗ ʊɸ ʇʈʆɻʅʆɿʋ ʈʆɿʉʀʇʅʀʍ ʈʆɼʆɺʀʑ (ʅɸ 

ʇʈʀʂʃɸɼɯ ʊʈʆʉʊʗʅʀʎʔʂʆɻʆ ʈʆɼʆɺʀʑɸ) éééééééééééééé... 74 
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ʇɽʈʐɯ ɼɸʅɯ ʇʈʆ ɻɽʆʃʆɻɯʖ ʆʉʊʈʆɺɯɺ ɼɸʅɽɹʈʆɻ (ɹɽʈɽɻ ɻʈɽʗʄɸ 

ɸʅʊɸʈʂʊʀʏʅʆɻʆ ʇɯɺʆʉʊʈʆɺɸ) éééééééééééééééééééé 76 
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CHARACTERISTICS OF (LA-GD) CHONDRITE-NORMALIZED PATTERNS OF 
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ʄʽʭ ɼ.ɺ. 

ʄɯʅɽʈɸʃʆɻɯʏʅɸ ʊɸ ɻɽʆʍɯʄɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʊɽʍʅʆɻɽʅʅʀʍ 

ɺɯɼʍʆɼɯɺ ɻɯʈʅʀʏʆ-ɿɹɸɻɸʏʋɺɸʃʔʅʀʍ ʂʆʄɹɯʅɸʊɯɺ ʋʂʈɸɰʅʀ ʗʂ 

ʆʉʅʆɺɸ ɼʃʗ ɰʍ ʂʃɸʉʀʌɯʂɸʎɯɰ ʗʂ ɺʊʆʈʀʅʅʀʍ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ é 
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ʅʘʫʤʝʥʢʦ ɭ.ɺ., ʂʘʣʽʥʽʯʝʥʢʦ ɸ.ʄ., ɹʦʥʜʘʨʝʥʢʦ ʉ.ʄ., ɹʘʛʤʫʪ ʄ.ʄ., 
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ʆʉʆɹʃʀɺʆʉʊɯ ʉʂʃɸɼʋ ɯ ʉʊʈʋʂʊʋʈʀ ʂʈʀʉʊɸʃɯɺ ʄɸɻʅɽʊʀʊʋ ɿ 

ʂɸʃʔʎʀʌɯʈɯɺ ɿɸɺɸʃʃɯɺʉʔʂʆɻʆ ʂɸʈôɭʈʋ (ɿɸ ɼɸʅʀʄʀ 

ʄɯʂʈʆɿʆʅɼʆɺʆɻʆ ɸʅɸʃɯɿʋ ɯ ʄɸɻʅɯʊʅʀʍ ʄɽʊʆɼɯɺ) ééééééééé... 
87 
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ʃɯʊʆʃʆɻɯʗ ɯ ʋʄʆɺʀ ʋʊɺʆʈɽʅʅʗ ʂʈɽʁɼʗʅʀʍ ɺɯɼʂʃɸɼɯɺ ʋʂʈɸɰʅʉʔʂʀʍ 

ʂɸʈʇɸʊ (ʇɽʈʉʇɽʂʊʀɺʀ ʅɸʌʊʆɻɸɿʆʅʆʉʅʆʉʊɯ) éééééééééééé 91 
ʈʝʰʝʪʥʠʢ ʄ.ʄ., ʐʫʤʣʷʥʩʴʢʠʡ ʃ.ɺ., ʉʪʘʨʦʢʘʜʦʤʩʴʢʠʡ ɼ.ʃ. 

ɺʂʃʖʏɽʅʅʗ ʋ ʌʃʖʆʈʆ-ɸʇɸʊʀʊɸʍ ɿ ɻʈɸʅɯʊʆɰɼɯɺ ɻɸʁʉʀʅʉʔʂʆɻʆ 

ɹʃʆʂʋ ʋʂʈɸɰʅʉʔʂʆɻʆ ʑʀʊɸ ééééééééééééééééééééé 95 
ʊʦʤʫʨʢʦ ʃ.ʃ., ʐʥʶʢʦʚʘ ʂ.ɭ., ɹʻʣʴʩʴʢʠʡ ɺ.ʄ., ʂʫʰʥʽʨ ʉ.ɺ., ʃʠʪʚʠʥʝʥʢʦ ʖ.ʆ. 

ɿɽʃɽʅɸ ʐʇɯʅɽʃʔ ɺ ʇʆʈʆɼɸʍ ɯʅɻʋʃʔʉʔʂʆɻʆ ʄɽɻɸɹʃʆʂʋ 

ʋʂʈɸɰʅʉʔʂʆɻʆ ʑʀʊɸ éééééééééééééééééééééééé... 99 
ʊʫʟʷʢ ʗ., ʂʽʨʯʘʥʦʚʘ ʆ. 

ɺɯɼ ʉʂɸʄôʗʅɯʃʆʉʊɯ ɼʆ ʎʀʌʈʆɺʆɰ ɽʇʆʍʀ: 120 ʈʆʂɯɺ 
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ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʨʽʰʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʨʝʩʫʨʩʥʠʭ ʚʠʢʣʠʢʽʚ ʜʝʜʘʣʽ ʙʽʣʴʰʝ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʢʦʣʝʢʪʠʚʥʽ ʟʫʩʠʣʣʷ ʪʘ ʤʽʞʥʘʨʦʜʥʝ ʧʘʨʪʥʝʨʩʪʚʦ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʥʘʜʨʘ, ʟʝʤʥʫ 

ʧʦʚʝʨʭʥʶ ʪʘ ʤʦʨʩʴʢʝ ʜʥʦ ð ʚʽʜ ʧʦʰʫʢʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʎʽ ʟʥʘʥʥʷ ʜʦʧʦʤʘʛʘʶʪʴ ʫʟʛʦʜʞʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʨ ʽ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɼʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʯʝʨʝʟ ʪʽʩʥʫ ʢʦʦʧʝʨʘʮʽʶ ʯʠʩʣʝʥʥʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ: 

ʥʘʫʢʦʚʠʭ ʽ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʛʨʦʤʘʜʷʥʩʴʢʦʾ ʩʧʽʣʴʥʦʪʠ, ʚʽʜ 

ʧʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ. ʉʘʤʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʣʝʞʠʪʴ 

ʚ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʜʣʷ ɭʚʨʦʧʠ, ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦʨʽʯʥʫ 

ʩʧʽʚʧʨʘʮʶ ʥʘʮʽʦʥʘʣʴʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ ɭʚʨʦʧʠ: ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞ, ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡ, ʦʙʤʽʥ ʟʥʘʥʥʷʤʠ, ʨʦʟʚʠʪʦʢ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ.[1] 

ʇʨʦʻʢʪ ɻʝʦʣʦʛʽʯʥʘ ʉʣʫʞʙʘ ʜʣʷ ɭʚʨʦʧʠ (ʥʘʜʘʣʽ - GSEU) ʻ ʢʣʶʯʦʚʦʶ ʻʚʨʦʧʝʡʩʴʢʦʶ 

ʩʪʨʘʪʝʛʽʯʥʦʶ ʽʥʽʮʽʘʪʠʚʦʶ, ʩʧʨʷʤʦʚʘʥʦʶ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʤʝʨʝʞʽ ʩʧʽʚʧʨʘʮʽ 

ʛʝʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ, ʱʦ ʱʦ ʦʙ'ʻʜʥʫʻ 48 ʧʘʨʪʥʝʨʽʚ ʟ 35 ʢʨʘʾʥ [2, 3]. 

ɺʽʜ ʋʢʨʘʾʥʠ ʚ ʮʴʦʤʫ ʧʨʦʝʢʪʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ 4 ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʟʘʣʫʯʝʥʽ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʥʠʟʢʠ ʨʦʙʦʯʠʭ ʥʘʧʨʷʤʢʽʚ ʧʨʦʝʢʪʫ. ɻʆ çʉʧʽʣʢʘ ʛʝʦʣʦʛʽʚ ʋʢʨʘʾʥʠè ʟʘʚʜʷʢʠ ʟʘʣʫʯʝʥʠʤ 

ʝʢʩʧʝʨʪʘʤ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʨʦʙʦʪʽ ʟʘ 4 ʥʘʧʨʷʤʘʤʠ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʨʠʪʠʯʥʫ 

ʩʠʨʦʚʠʥʫ, ʛʝʦʪʝʨʤʘʣʴʥʫ ʝʥʝʨʛʝʪʠʢʫ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʦʬʰʦʨʥʫ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʫ, ʪʘ 

ʟʜʽʡʩʥʶʻ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʨʦʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʤʝʞʘʭ ʧʨʦʝʢʪʫ. [4] 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ, ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ XXI ʩʪʦʣʽʪʪʽ ʣʶʜʩʪʚʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʚʠʢʣʠʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʜʝʜʘʣʽ ʛʦʩʪʨʽʰʠʤʠ ʩʪʘʶʪʴ ʥʝʩʪʘʯʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʾʭ 

ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɽʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʤʘʛʘʻ ʰʚʠʜʢʠʭ, 
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ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʽ ʩʢʦʦʨʜʠʥʦʚʘʥʠʭ ʜʽʡ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. ʊʦʤʫ ʚʠʥʠʢʣʘ 

ʽʥʽʮʽʘʪʠʚʘ ʩʪʚʦʨʝʥʥʷ  ʻʜʠʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ɭʚʨʦʧʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʜʣʷ ɭʚʨʦʧʠ (GSEU) ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ 

ʫ ʪʦʯʥʽʡ ʪʘ ʧʝʨʝʚʽʨʝʥʽʡ ʛʝʦʣʦʛʽʯʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʩʫʯʘʩʥʠʭ ʛʣʦʙʘʣʴʥʠʭ 

ʚʠʢʣʠʢʽʚ, ʧʽʜʪʨʠʤʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʫʧʨʘʚʣʽʥʥʷ ʜʦʚʢʽʣʣʷʤ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʄʘʡʙʫʪʥʷ ʩʣʫʞʙʘ ʩʪʘʥʝ ʧʣʘʪʬʦʨʤʦʶ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʥʘʫʢʦʚʮʷʤʠ, ʧʦʣʽʪʠʢʘʤʠ ʪʘ 

ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ. 

GSEU ʧʨʘʛʥʝ ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ð ʮʝʥʪʨ ʟʥʘʥʴ, ʜʘʥʠʭ ʽ ʝʢʩʧʝʨʪʠʟʠ, 

ʱʦ ʧʽʜʪʨʠʤʘʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʽ ʢʣʽʤʘʪʠʯʥʠʡ ʧʝʨʝʭʽʜ ɭʚʨʦʧʠ, ʟʤʝʥʰʠʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʽʤʧʦʨʪʫ ʨʝʩʫʨʩʽʚ ʽ ʧʽʜʚʠʱʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ɭʉ. 

ʅʘʫʢʦʚʠʤ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ɭʚʨʦʧʠ ʩʣʫʛʫʻ 

ʉʪʨʘʪʝʛʽʯʥʘ ʧʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʥʦʚʘʮʽʡ (SRIA) ʥʘ 2025ï2034 ʨʦʢʠ [5]. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ 

ʜʣʷ ɭʚʨʦʧʠ (GSE) ʧʨʦʻʢʪ GSEU ʟʙʠʨʘʻ ʜʘʥʽ, ʨʦʟʨʦʙʣʷʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʪʘ 

ʬʦʨʤʫʻ ʤʝʨʝʞʫ ʝʢʩʧʝʨʪʽʚ. ʇʨʦʻʢʪ GSEU ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʚʽʜʫ ʽʩʥʫʶʯʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ. ɺ ʨʘʤʢʘʭ ʧʨʦʻʢʪʫ ʨʦʟʨʦʙʣʷʻʪʴʩʷ 

ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʘ ʩʪʨʫʢʪʫʨʘ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʪʨʠʤʢʘ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʦʾ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʧʨʦʻʢʪʫ ʻ [2, 3]: 

1.ʈʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʫ ʛʘʨʤʦʥʽʟʦʚʘʥʫ ʩʣʫʞʙʫ ʟ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʘʢʮʝʥʪʦʤ ʥʘ: ʂʨʠʪʠʯʥʽ ʩʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ (CRM), ʈʝʩʫʨʩʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʽʜʟʝʤʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʩʪʽʡʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʥʦʩʽʾʚ, ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ, ɼʠʥʘʤʽʢʫ ʪʘ ʷʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ɻʝʦʣʦʛʽʯʥʫ ʪʘ ʢʣʽʤʘʪʠʯʥʫ 

ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥ, ʆʩʥʦʚʥʫ ʛʝʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

2. ʉʪʚʦʨʠʪʠ ɭʚʨʦʧʝʡʩʴʢʠʡ ʮʝʥʪʨ ʽʟ ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʟ ʤʝʪʦʶ 

ʩʧʨʠʷʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʶ ʈʘʤʢʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʩʫʨʩʽʚ ʆʆʅ (UNFC) ʪʘ ʉʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʆʆʅ (UNRMS). 

3. ʈʦʟʨʦʙʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʦʾ EGDI ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʩʪʚʦʨʝʥʠʭ ʚ 

ʨʘʤʢʘʭ ʧʨʦʻʢʪʫ ʪʘ ʧʦʟʘ ʥʠʤ, ʟ ʤʝʪʦʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ, ʩʧʨʠʷʶʯʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡ ʪʘ ʟʤʽʮʥʝʥʥʶ ʨʠʥʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ. 

4.ʉʪʚʦʨʠʪʠ ɿʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʫ ʧʣʘʪʬʦʨʤʫ ʙʘʟʦʚʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʟʥʘʥʴ ʷʢ ʻʜʠʥʠʡ 

ʚʽʜʢʨʠʪʠʡ ʧʦʨʪʘʣ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʻʢʪʫ, ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ, 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʘʨʪʥʝʨʽʚ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. 

5. ʇʨʦʜʦʚʞʠʪʠ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʥʘʜʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʟʥʘʥʴ ʪʘ ʧʦʩʣʫʛ. 

ʇʨʦʝʢʪ ʦʭʦʧʣʶʻ ʜʝʢʽʣʴʢʘ ʥʘʧʨʷʤʽʚ: ʄʽʥʝʨʘʣʴʥʘ ʩʠʨʦʚʠʥʘ, ɻʝʦʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ, 

ʈʝʩʫʨʩʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʋʟʙʝʨʝʞʞʷ ʪʘ ʤʦʨʝ, ʅʘʣʘʰʪʫʚʘʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ, 

ɭʚʨʦʧʝʡʩʴʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ (EGDI). 

ʉʝʨʝʜ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʧʨʦʻʢʪʫ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ çʄʽʥʝʨʘʣʴʥʘ ʩʠʨʦʚʠʥʘè, 

ʘʜʞʝ ʚʦʥʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʪʘ 

ʟʤʽʮʥʝʥʥʷ ʨʝʩʫʨʩʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ɭʚʨʦʧʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. 

ʋ ʨʘʤʢʘʭ ʧʨʦʻʢʪʫ ʥʘʧʨʷʤʦʢ çʄʽʥʝʨʘʣʴʥʘ ʩʠʨʦʚʠʥʘè ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʜʣʷ 

ʦʮʽʥʢʠ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʨʝʩʫʨʩʽʚ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ.  

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʪʘ ʮʽʣʝʡ, ʷʢʽ ʟʘʟʥʘʯʝʥʽ ʛʨʘʥʪʦʚʠʤ ʧʨʦʝʢʪʦʤ GSEU, ʧʦ ʤʽʥʝʨʘʣʴʥʽʡ 

ʩʠʨʦʚʠʥʽ, ʻ:  

- ʇʝʨʝʦʮʽʥʢʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʝʩʫʨʩʽʚ CRM ʫ ʦʥʰʦʨʥʠʭ ʪʘ ʦʬʰʦʨʥʠʭ 

ʨʦʜʦʚʠʱʘʭ, ʦʮʽʥʢʘ ʨʝʩʫʨʩʽʚ ʚʽʜʭʦʜʽʚ ʛʽʨʥʠʮʪʚʘ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʢʨʠʪʠʯʥʫ ʩʠʨʦʚʠʥʫ, 

ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʝʣʝʥʦʛʦ ʧʝʨʝʭʦʜʫ. 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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- ʉʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʎʝʥʪʨʫ ʧʝʨʝʜʦʚʦʛʦ ʜʦʩʚʽʜʫ ɽʉ ʟʽ ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ (EU ICE-SRM). 

- ʉʧʨʠʷʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʶ ʆʙ'ʻʜʥʘʥʦʾ ʂʣʘʩʠʬʽʢʘʮʽʾ ʨʝʩʫʨʩʽʚ ʆʨʛʘʥʽʟʘʮʽʾ 

ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ (UNFC) ʪʘ ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙ'ʻʜʥʘʥʠʭ 

ʅʘʮʽʡ (UNRMS) ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʽʥʝʨʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ɭʚʨʦʧʽ.  

ʆʯʽʢʫʚʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘ ʥʘʧʨʷʤʢʦʤ ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ:  

ʧʝʨʚʠʥʥʽ ʪʘ ʚʪʦʨʠʥʥʽ ʦʥʰʦʨʥʽ ʨʝʩʫʨʩʠ CRM - ʦʮʽʥʝʥʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʝʨʚʠʥʥʦʾ ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʠʷʚʣʝʥʦ ʙʫʜʴ-ʷʢʽ 

ʧʨʦʛʘʣʠʥʠ ʚ ʜʘʥʠʭ ʪʘ ʦʥʦʚʣʝʥʦ ʙʘʟʠ ʟʥʘʥʴ, ʦʮʽʥʝʥʦ ʧʦʪʝʥʮʽʘʣ ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʝʨʚʠʥʥʦʾ 

ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʦ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʽ ʢʘʨʪʠ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʦʮʽʥʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʭʦʜʠ ʛʽʨʥʠʮʪʚʘ ʷʢ ʜʞʝʨʝʣʘ ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ; 

ʦʬʰʦʨʥʽ ʨʝʩʫʨʩʠ CRM ï ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʦʩʥʦʚʥʽ ʤʝʪʘʣʦʛʝʥʽʯʥʽ ʤʦʜʝʣʽ, 

ʚʠʟʥʘʯʝʥʽ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʝʛʽʦʥʠ ʪʘ ʧʨʦʚʽʥʮʽʾ ʜʣʷ ʥʝʨʦʟʚʽʜʘʥʠʭ ʨʦʜʦʚʠʱ 

ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʧʘʥ-ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʷʭ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʞʝ ʨʦʟʨʦʙʣʝʥʦ ʽ ʨʦʟʤʽʱʝʥʦ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ ʧʝʨʰʽ ʚʝʨʩʽʾ 

ʥʘʩʪʫʧʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [2]:  

- ɿʚʽʪ ñɭʚʨʦʧʝʡʩʴʢʽ ʦʥʰʦʨʥʽ ʧʝʨʚʠʥʥʽ ʨʝʩʫʨʩʠ CRMò. ɿʚʽʪ ʧʨʝʜʩʪʘʚʣʷʻ ʥʦʚʫ 

ʦʮʽʥʢʫ 30 CRM ʟʘ ʩʧʠʩʢʦʤ 2023 ʨʦʢʫ (ʙʝʟ ʛʝʣʽʶ ʪʘ ʢʨʝʤʥʽʶ). ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʤʽʩʪʠʪʴ 

ʦʮʽʥʢʫ ʦʩʥʦʚʥʠʭ ʨʦʜʦʚʠʱ CRM ʽʟ ʪʘʙʣʠʮʷʤʠ ʪʘ ʢʘʨʪʘʤʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʟʘʧʘʩʠ, 

ʚʠʜʦʙʫʪʦʢ ʽ ʩʪʘʥ ʛʽʨʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʨʫʛʘ ʯʘʩʪʠʥʘ ð ʧʨʦʛʥʦʟʥʘ ʦʮʽʥʢʘ 11 ʢʣʶʯʦʚʠʭ 

CRM. ʆʩʪʘʥʥʷ ʯʘʩʪʠʥʘ ʘʥʘʣʽʟʫʻ ʟʙʽʨ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʪʘ ʛʘʨʤʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʫ ɭʚʨʦʧʽ ʪʘ 

ʟʘʟʥʘʯʘʻ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ; ʚʪʦʨʠʥʥʽ ʜʞʝʨʝʣʘ CRM, ʪʘʢʽ ʷʢ ʚʽʜʭʦʜʠ, 

ʧʦʢʠ ʥʝ ʦʭʦʧʣʝʥʽ. 

- ɿʚʽʪ ñɭʚʨʦʧʝʡʩʴʢʽ ʦʬʰʦʨʥʽ ʨʝʩʫʨʩʠ CRMò. ɿʚʽʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʯʘʩʪʠʥ. ʇʝʨʰʘ ʚʢʣʶʯʘʻ ʙʘʟʫ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚʽʪ ʧʨʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ʤʦʨʩʴʢʠʭ 

ʨʦʜʦʚʠʱ ʫ ʧʘʥôʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʷʭ, ʘ ʪʘʢʦʞ ʾʭʥʽ ʛʝʥʝʪʠʯʥʽ ʤʦʜʝʣʽ, ʟ ʦʩʦʙʣʠʚʠʤ 

ʘʢʮʝʥʪʦʤ ʥʘ ʝʢʦʥʦʤʽʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʦʜʦʚʠʱʘ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ. ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ 

ʩʪʘʥʫ ʨʦʟʚʽʜʢʠ ʪʘ ʚʠʜʦʙʫʪʢʫ ʤʦʨʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʛʫʣʷʪʦʨʥʠʭ ʚʠʤʦʛ, 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ ʡ 

ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʢʦʥʪʝʢʩʪʽ. 

- ɸʪʣʘʩ ʨʝʩʫʨʩʽʚ CRM ɭʚʨʦʧʠ, ʚʢʣʶʯʥʦ ʟ ʧʘʥôʻʚʨʦʧʝʡʩʴʢʠʤʠ ʢʘʨʪʘʤʠ ʧʦʪʝʥʮʽʘʣʫ 

ʪʘ ʩʧʨʠʷʪʣʠʚʦʩʪʽ ʜʣʷ ʦʥʰʦʨʥʠʭ ʪʘ ʦʬʰʦʨʥʠʭ ʨʝʩʫʨʩʽʚ ʝʥʝʨʛʝʪʠʯʥʦ ʢʨʠʪʠʯʥʠʭ ʪʘ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʻʢʪʫ GSEU ʻ ʧʨʦʩʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʈʘʤʢʦʚʦʾ 

ʂʣʘʩʠʬʽʢʘʮʽʾ ʨʝʩʫʨʩʽʚ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ (UNFC) ʪʘ ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ (UNRMS). ʆʩʢʽʣʴʢʠ ʂʣʘʩʠʬʽʢʘʮʽʷ UNFC - ʮʝ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʩʫʨʩʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ.  

ɿʘ ʮʠʤ ʥʘʧʨʷʤʢʦʤ ʥʘ ʩʪʦʨʽʥʮʽ ʧʨʦʝʢʪʫ ʦʧʨʠʣʶʜʥʝʥʦ ʜʨʫʛʫ ʨʝʜʘʢʮʽʶ ɿʚʽʪʫ ʟ ʤʝʪʦʜʦʣʦʛʽʾ 

ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʛʘʨʤʦʥʽʟʘʮʽʾ ʜʘʥʠʭ ʥʘ ʨʽʚʥʽ ɭʉ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ UNFC.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʪʘ ʧʨʦʟʦʨʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 

ʩʪʚʦʨʝʥʦ ɭʚʨʦʧʝʡʩʴʢʠʡ ʮʝʥʪʨ ʧʝʨʝʜʦʚʦʛʦ ʜʦʩʚʽʜʫ ʟʽ ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ (EU 

ICE-SRM), ʱʦ ʩʪʘʥʝ ʮʝʥʪʨʦʤ ʨʦʟʚʠʪʢʫ ʟʥʘʥʴ ʽ ʢʦʤʧʝʪʝʥʮʽʡ. ʎʝʥʪʨ  ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʝ ʷʢ 

ʤʝʨʝʞʘ ʧʘʨʪʥʝʨʽʚ ʽ ʝʢʩʧʝʨʪʽʚ, ʢʦʦʨʜʠʥʫʶʯʠ ʤʝʪʦʜʦʣʦʛʽʯʥʽ, ʪʝʭʥʽʯʥʽ ʪʘ ʦʩʚʽʪʥʽ ʟʘʭʦʜʠ, ʘ 

ʪʘʢʦʞ ʧʽʜʪʨʠʤʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʮʝʥʪʨʫ ʚʢʣʶʯʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʽʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʚʽʪʥʦʩʪʽ ʟʘ 

UNFC, ʨʦʟʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʡ UNFC ʥʘ ʝʥʝʨʛʝʪʠʢʫ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ 

ʚʽʜʭʦʜʠ ʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʦʾ ʤʝʨʝʞʽ ʝʢʩʧʝʨʪʽʚ ʪʘ 

ʧʽʜʪʨʠʤʢʫ ʾʭ ʧʽʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʤʦʥʽʟʦʚʘʥʦʛʦ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ.  

ʅʘ ʩʪʦʨʽʥʮʽ EU ICE-SRM ʧʦʩʪʽʡʥʦ ʥʘʧʦʚʥʶʻʪʴʩʷ ʙʘʟʘ ʟ ʥʘʚʯʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ 

ʨʦʟʤʽʱʝʥʽ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ. ʅʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ: 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ (ʜʣʷ ʚʩʽʭ), ʧʨʘʢʪʠʯʥʽ ʢʝʡʩʠ (ʜʣʷ ʧʨʘʢʪʠʢʽʚ) ʽ ʢʚʘʣʽʬʽʢʘʮʽʷ ʪʨʝʥʝʨʽʚ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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(ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʚʠʢʣʘʜʘʯʽʚ). ʇʨʦʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʪʨʠʤʢʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʦʻʢʪʽʚ 

ʟʘ UNFC, ʩʪʚʦʨʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʝʻʩʪʨʽʚ ʨʝʩʫʨʩʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ 

ʧʨʦ ʩʠʨʦʚʠʥʫ. [2] 

ɺʠʩʥʦʚʢʠ. ʇʨʦʝʢʪ Geological Service for Europe (GSEU) ʬʦʨʤʫʻ ʥʦʚʠʡ ʝʪʘʧ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʛʝʦʥʘʫʢʦʚʦʾ ʩʧʽʚʧʨʘʮʽ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʨʘʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʛʘʨʤʦʥʽʟʦʚʘʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. 

ʅʘʧʨʷʤʦʢ çʄʽʥʝʨʘʣʴʥʘ ʩʠʨʦʚʠʥʘè ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ ʦʥʰʦʨʥʠʭ ʽ ʦʬʰʦʨʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʢʣʶʯʥʦ ʟ ʚʽʜʭʦʜʘʤʠ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʥʠʮʪʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʩʪʘʥʜʘʨʪʽʚ UNFC ʫʥʽʬʽʢʫʻ ʦʮʽʥʢʫ ʨʝʩʫʨʩʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʧʽʣʴʥʫ ʤʦʚʫ ʜʣʷ ʥʘʫʢʠ, 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʜʝʨʞʘʚʥʠʭ ʽʥʩʪʠʪʫʮʽʡ ʨʽʟʥʠʭ ʢʨʘʾʥ. ɭʚʨʦʧʝʡʩʴʢʠʡ ʮʝʥʪʨ ʧʝʨʝʜʦʚʦʛʦ 

ʜʦʩʚʽʜʫ EU ICE-SRM ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚʠʪʦʢ ʟʥʘʥʴ ʽ ʢʦʤʧʝʪʝʥʮʽʡ, ʛʘʨʤʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʪʘ 

ʧʜ̔ʛʦʪʦʚʢʫ ʝʢʩʧʝʨʪʽʚ.  

GSEU ʟʘʢʣʘʜʘʻ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʟʦʨʦʛʦ ʡ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, 

ʧʽʜʪʨʠʤʫʶʯʠ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʝʨʝʭʽʜ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʥʦʾ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ɭʚʨʦʧʠ. 

ʋʢʨʘʾʥʘ ʷʢ ʘʢʪʠʚʥʠʡ ʫʯʘʩʥʠʢ ʮʴʦʛʦ ʧʨʦʝʢʪʫ ʦʪʨʠʤʫʻ ʟʤʦʛʫ ʘʜʘʧʪʫʚʘʪʠ ʚʣʘʩʥʽ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʧʦʩʠʣʠʪʠ ʤʽʞʥʘʨʦʜʥʫ ʩʧʽʚʧʨʘʮʶ ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʫ ʩʧʽʣʴʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʧʨʦʩʪʽʨ ɭʚʨʦʧʠ.  
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The author considers some aspects of the current state of regulatory and legal regulation 

and functioning of the oil and gas complex of Ukraine. 

Today, in the context of military aggression by the Russian Federation, improving the 

regulatory framework and functioning of the oil and gas complex  is of extremely important 

strategic importance, namely, ensuring the security of the state in strategically important 

resources, sustainable economic and social growth, as well as taking into account the 

requirements for improving domestic legislation in line with European Union legislation. 

 

MODERN ASPECTS OF REGULATORY AND LEGAL REGULATION OF THE OIL 

AND GAS COMPLEX OF UKRAINE  

 

Babchuk D. M. 

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤʫ 

ʨʝʛʫʣʶʚʘʥʥʶ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʈʌ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʨʩʫ ʜʝʨʞʘʚʠ ʥʘ ʻʚʨʦʧʝʡʩʴʢʫ 

ʽʥʪʝʛʨʘʮʽʶ. ʅʘʬʪʦʛʘʟʦʚʠʡ ʩʝʢʪʦʨ ʻ ʥʝ ʣʠʰʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʛʘʣʫʟʟʶ ʝʢʦʥʦʤʽʢʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʘʣʝ ʡ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʇʽʩʣʷ ʥʘʙʫʪʪʷ ʋʢʨʘʾʥʦʶ ʩʪʘʪʫʩʫ ʢʘʥʜʠʜʘʪʘ ʚ ʯʣʝʥʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, 

ʧʠʪʘʥʥʷ ʛʘʨʤʦʥʽʟʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʘʢʪʘʤʠ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ ʩʪʘʣʦ 

ʥʝʚʽʜʚʦʨʦʪʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. ʎʝ ʚʠʤʘʛʘʻ ʥʝ ʣʠʰʝ ʧʝʨʝʥʝʩʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʠʨʝʢʪʠʚ, 

ʘʣʝ ʡ ʛʣʠʙʦʢʦʾ ʩʠʩʪʝʤʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʚʥʫʪʨʽʰʥʽʭ ʤʝʭʘʥʽʟʤʽʚ ʣʽʮʝʥʟʫʚʘʥʥʷ, 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʠʥʢʽʚ ʛʘʟʫ ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ, 

ʩʧʨʠʯʠʥʝʥʠʭ ʚʦʻʥʥʠʤ ʩʪʘʥʦʤ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʆʢʨʝʤʽ ʘʩʧʝʢʪʠ ʥʦʚʘʮʽʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʧʨʘʚʘ ʪʘ 

ʚʠʦʢʨʝʤʣʝʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʧʨʘʚʘ ʷʢ ʢʦʤʧʣʝʢʩʥʦʾ ʛʘʣʫʟʽ ʧʨʘʚʘ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʦ ʚ 

ʧʨʘʮʷʭ ʈ. ʂʽʨʽʥʘ (ʂʽʨʽʥ, 2024). ʇʠʪʘʥʥʷ, ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʘʚʦʚʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʜʦ ʧʨʘʚʘ ɭʉ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʋʢʨʘʾʥʦʶ 

ʤʽʞʥʘʨʦʜʥʠʭ ʫʛʦʜ ʚʽʜʤʽʯʘʣʠ ʨʽʟʥʽ ʚʯʝʥʽ, ʩʝʨʝʜ ʷʢʠʭ: ɺ. ɻ. ɹʫʪʢʝʚʠʯ, ʄ. ɺ. 

ɹʫʨʦʤʝʥʩʴʢʠʡ, ɸ. ʉ. ɼʦʚʛʝʨʪ, ʆ. ɺ. ɿʘʜʦʨʦʞʥʠʡ, ɺ. ɯ. ʂʠʩʽʣʴ. 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʨʝʛʫʣʶʚʘʥʥʶ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʟʦʩʝʨʝʜʞʫʚʘʣʘʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʠʪʘʥʥʷʭ ʣʽʙʝʨʘʣʽʟʘʮʽʾ 

ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʨʠʥʢʫ ʪʘ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ. ʆʜʥʘʢ, ʥʘʫʢʦʚʘ 

ʧʨʦʙʣʝʤʘ, ʷʢʫ ʘʚʪʦʨ ʧʫʙʣʽʢʘʮʽʾ  ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʩʚʽʪʣʠʪʠ, ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʩʤʠʩʣʝʥʥʷ ʥʦʚ̔ʪʥʽʭ ʘʩʧʝʢʪʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʚʠʥʠʢʣʠ ʪʘ 

ʙʫʜʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʚʧʣʠʚʫ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʠʩʢʦʨʝʥʠʭ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʾʾ ʚʠʨʽʰʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʥʘʛʘʣʴʥʦʶ 

ʧʦʪʨʝʙʦʶ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʧʨʦʟʦʨʦʾ ʧʨʘʚʦʚʦʾ ʙʘʟʠ, ʟʜʘʪʥʦʾ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʨʠʟʠʢʠ ʪʘ ʩʪʚʦʨʠʪʠ 

ʩʧʨʠʷʪʣʠʚʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʢʣʽʤʘʪ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʪʘ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʜʦʙʫʪʢʫ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʛʣʷʜ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʅɻʂ. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʭʦʧʣʶʻ ʩʫʢʫʧʥʽʩʪʴ 

ʟʘʢʦʥʽʚ, ʧʽʜʟʘʢʦʥʥʠʭ ʘʢʪʽʚ, ʤʽʞʥʘʨʦʜʥʠʭ ʫʛʦʜ ʪʘ ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʬʝʨʽ ʚʠʜʦʙʫʪʢʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ 

ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʥʘʬʪʠ ʡ ʛʘʟʫ. 

ɼʦ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʂʦʥʩʪʠʪʫʮʽʶ ʋʢʨʘʾʥʠ, ʂʦʜʝʢʩ ʋʢʨʘʾʥʠ ʧʨʦ 

ʥʘʜʨʘ, ɹʶʜʞʝʪʥʠʡ ʢʦʜʝʢʩ, ʇʦʜʘʪʢʦʚʠʡ ʢʦʜʝʢʩ ʪʘ ʟʘʢʦʥʠ ʚ ʩʬʝʨʽ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʇʽʜʟʘʢʦʥʥʽ ʥʦʨʤʘʪʠʚʥʽ ʘʢʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʫʢʘʟʽʚ, ʧʦʩʪʘʥʦʚ, ʥʘʢʘʟʽʚ, 

ʨʦʟʧʦʨʷʜʞʝʥʴ ʪʘ ʽʥʰʠʭ ʚʽʜʦʤʯʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʯʦʾ ʽʥʽʮʽʘʪʠʚʠ ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʨ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʝʨʞʘʚʥʠʭ ʽʥʩʪʠʪʫʮʽʡ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʾʭ ʧʦʚʥʦʚʘʞʝʥʴ 

ʢʦʞʝʥ ʩʫʙôʻʢʪ ʟʘʢʦʥʦʜʘʚʯʦʾ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʽʥʽʮʽʘʪʠʚʠ ʚʠʜʘʻ ʚʽʜʧʦʚʽʜʥʽ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ ʚ ʩʬʝʨʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʥʘʜʨ 

(ɹʘʣʝʛʘ, 2019). 

ɺʠʜʽʣʠʤʦ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʘʩʧʝʢʪʠ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅɻʂ ʋʢʨʘʾʥʠ.  

 
ʈʠʩ. 1. ɯʻʨʘʨʭʽʯʥʘ ʙʫʜʦʚʘ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʅɻʂ (ʟʘ ʚʣʘʩʥʠʤʠ ʜʘʥʠʤʠ 

ʘʚʪʦʨʘ) 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʨ ʷʢ ʦʙôʻʢʪʽʚ ʚʣʘʩʥʦʩʪʽ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʫ ʟʘʢʨʽʧʣʝʥʦ ʩʪʘʪʪʝʶ 13, 14 ʂʦʥʩʪʠʪʫʮʽʾ ʋʢʨʘʾʥʠ (ʂʦʥʩʪʠʪʫʮʽʷ 

ʋʢʨʘʾʥʠ, 1996). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʂʦʥʩʪʠʪʫʮʽʾ, ʟʜʽʡʩʥʝʥʥʷ ʚʽʜ ʽʤʝʥʽ 

ʥʘʨʦʜʫ ʋʢʨʘʾʥʠ ʚʠʢʣʶʯʥʠʭ ʤʘʡʥʦʚʠʭ ʧʨʘʚ ʥʘʜʘʥʦ ʦʨʛʘʥʘʤ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʪʘ ʦʨʛʘʥʘʤ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʾʭ ʧʦʚʥʦʚʘʞʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʜʘʚʯʦ. 

ɹʘʟʦʚʽ ʧʦʣʦʞʝʥʥʷ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʦʩʥʦʚʥʠʤʠ ʟʘʢʦʥʘʤʠ ʋʢʨʘʾʥʠ, ʱʦ 

ʨʝʛʫʣʶʶʪʴ ʩʬʝʨʫ ʅɻʂ ʻ: ʂʦʜʝʢʩ ʋʢʨʘʾʥʠ ʧʨʦ ʥʘʜʨʘ ï ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʥʘʜʨʘʤʠ, ʚʠʜʘʯʫ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ, ʦʭʦʨʦʥʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʽʚ; ɿʘʢʦʥ 

ʋʢʨʘʾʥʠ "ʇʨʦ ʥʘʬʪʫ ʽ ʛʘʟ" ï ʨʝʛʫʣʶʻ ʧʠʪʘʥʥʷ ʨʦʟʚʽʜʢʠ, ʚʠʜʦʙʫʪʢʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʬʪʠ ʡ ʛʘʟʫ; ɿʘʢʦʥ ʋʢʨʘʾʥʠ "ʇʨʦ ʨʠʥʦʢ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ" 

ï ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʠʥʢʫ ʛʘʟʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ, ʚʠʟʥʘʯʘʻ 

ʧʨʠʥʮʠʧʠ ʜʽʷʣʴʥʦʩʪʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʩʧʦʞʠʚʘʯʽʚ; ɿʘʢʦʥ ʋʢʨʘʾʥʠ "ʇʨʦ ʫʛʦʜʠ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʧʨʦʜʫʢʮʽʾ" ï ʨʝʛʫʣʶʻ ʧʦʨʷʜʦʢ ʫʢʣʘʜʘʥʥʷ ʫʛʦʜ ʤʽʞ ʜʝʨʞʘʚʦʶ ʪʘ ʽʥʚʝʩʪʦʨʘʤʠ 

ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ; ɿʘʢʦʥ ʋʢʨʘʾʥʠ "ʇʨʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ" ï 

ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʅʘʩʪʫʧʥʠʤ ʘʩʧʝʢʪʦʤ ʟʜʽʡʩʥʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʩʬʝʨʘ ʣʽʮʝʥʟʫʚʘʥʥʷ ʪʘ ʥʘʜʘʥʥʷ 

ʜʦʟʚʦʣʽʚ ʥʘ ʨʦʟʨʦʙʢʫ, ʚʠʜʦʙʫʪʦʢ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʨʦʙʢʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʬʪʠ ʪʘ ʛʘʟʫ. ʇʠʪʘʥʥʷ ʥʘʜʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʪʘ 

ʧʨʦʮʝʜʫʨʘ ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʡʦʛʦ ʜʽʾ, ʧʝʨʝʦʬʦʨʤʣʝʥʥʷ, ʚʠʜʘʯʽ ʜʫʙʣʽʢʘʪʘ, ʟʫʧʠʥʝʥʥʷ 

ʜʽʾ ʯʠ ʘʥʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʫ ʪʘ ʚʥʝʩʝʥʥʷ ʜʦ ʥʴʦʛʦ ʟʤʽʥ ʚʠʟʥʘʯʘʻ ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʦʨʷʜʢʫ ʥʘʜʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ ʥʘ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠè (ʇʦʩʪʘʥʦʚʘ ʂʄʋ ʧʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʦʨʷʜʢʫ ʥʘʜʘʥʥʷ 

˴͙ͦͤͫͭͭͯͼ͜Ύ ͙̂ͪ͊ͤ͟͝

˻͍ͫͤͦͤ͜ ͙͊ͦͤ͘͟ ͭ͊ ͔͙ͦ͒ͫ͟͟ ͙̂ͪ͊ͤ͟͝ ͍ ͫͺ͔ͪ͜ ˹˥˴

˶͜ͼ͔͍ͤͯ͊ͤͤ͘Ύ ͭ͊ 
͍͒ͦ͘͜͡Έͤ͊ 
͙͔ͫͫͭͣ͊

˻͍ͨͦ͒͊ͭͯ͊ͤͤ͟Ύ 
ͭ͊ ͔ͪͤͭͤ͜ ͔ͨ͊ͭ͗͜͡

˩͎ͦͦ͟͜͡;͔ͤ 
͔͎ͪͯ͡Ό͍͊ͤͤΎ

˸͔͗ͤ͊ͪͦ͒ͤ͜ 
͔͎ͪͯ͡Ό͍͊ͤͤΎ

˱͙ͤͫͭͭͯͼ͚͔ͤ͜ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ, 2011), ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʫʛʦʜʠ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʧʨʦʜʫʢʮʽʾè. 

ʃʽʮʝʥʟʫʚʘʥʥʷ ʪʘ ʜʦʟʚʽʣʴʥʘ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʇʦʩʪʘʥʦʚʫ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ˉ 615 ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʥʘʜʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ ʥʘ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʪʘ ɼʝʨʞʘʚʥʫ ʩʣʫʞʙʫ ʛʝʦʣʦʛʽʾ ʪʘ ʥʘʜʨ ʋʢʨʘʾʥʠ, ʷʢʘ ʟʜʽʡʩʥʶʻ 

ʚʠʜʘʯʫ ʣʽʮʝʥʟʽʡ ʥʘ ʨʦʟʚʽʜʢʫ ʪʘ ʚʠʜʦʙʫʪʦʢ ʚʫʛʣʝʚʦʜʥʽʚ. 

ɼʦ ʧʠʪʘʥʥʷ  ʘʩʧʝʢʪʽʚ ʬʽʥʘʥʩʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʚ ʩʬʝʨʽ ʅɻʂ 

ʚʽʜʥʦʩʠʪʴʩʷ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʪʘ ʨʝʥʪʥʽ ʧʣʘʪʝʞʽ. ʌʽʥʘʥʩʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʨʽʯʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʜʝʨʞʘʚʥʠʡ ʙʶʜʞʝʪè ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʢ ʪʘ 

ʥʘʢʘʟʘʤʠ ʛʦʣʦʚʥʦʛʦ ʨʦʟʧʦʨʷʜʥʠʢʘ ʢʦʰʪʽʚ, ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, 

çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʘʩʧʦʨʪʫ ʙʶʜʞʝʪʥʦʾ ʧʨʦʛʨʘʤʠ 2404020 çʈʦʟʚʠʪʦʢ 

ʤʽʥʝʨʘʣʴʥʦʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠè (ɹʘʣʝʛʘ, 2019). 

ʇʣʘʪʥʽʩʪʴ ʥʘʜʘʥʥʷ ʥʘʜʨ ʫ ʢʦʨʠʩʪʫʚʘʥʥʷ ʦʢʨʝʤʦ ʚʠʟʥʘʯʝʥʦ ʇʦʜʘʪʢʦʚʠʤ ʢʦʜʝʢʩʦʤ 

ʋʢʨʘʾʥʠ (ʇʦʜʘʪʢʦʚʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, 2010), ʱʦ ʨʝʛʫʣʶʻ ʚʽʜʥʦʩʠʥʠ ʫ ʩʬʝʨʽ ʩʧʨʘʚʣʷʥʥʷ 

ʨʝʥʪʥʦʾ ʧʣʘʪʠ ʟʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ, ʧʦʨʷʜʦʢ ʾʾ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʧʣʘʪʥʠʢʽʚ, ʾʭ ʧʨʘʚʘ 

ʪʘ ʦʙʦʚôʷʟʢʠ,  ʢʦʤʧʝʪʝʥʮʽʶ ʢʦʥʪʨʦʣʶʶʯʠʭ ʦʨʛʘʥʽʚ. ʈʦʟʧʦʜʽʣ ʨʝʥʪʥʦʾ ʧʣʘʪʠ ʟʘ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʟʘ ʨʽʚʥʷʤʠ ʙʶʜʞʝʪʽʚ (ʜʝʨʞʘʚʥʠʡ ʪʘ ʤʽʩʮʝʚʠʡ) ʚʠʟʥʘʯʝʥʦ 

ɹʶʜʞʝʪʥʠʤ ʢʦʜʝʢʩʦʤ. 

ʅʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅɻʂ ʻ 

ʧʨʠʡʥʷʪʪʷ ʥʦʨʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʧʦʢʣʠʢʘʥʽ ʨʝʛʫʣʶʚʘʪʠ ʚʽʜʥʦʩʠʥʠ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʧʨʘʮʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʪʘ ʦʨʛʘʥʘʤʠ ʤʽʩʮʝʚʦʛʦ  ʪʘ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ 

ʦʙʠʨʘʶʪʴʩʷ ʛʨʦʤʘʜʷʥʘʤʠ ʛʨʦʤʘʜ ʘʙʦ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʷʢ ʦʩʥʦʚʥʠʭ ʚʣʘʩʥʠʢʽʚ ʨʝʩʫʨʩʽʚ. 

ɽʢʦʣʦʛʽʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ "ʇʨʦ ʦʭʦʨʦʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ" ʟʦʙʦʚôʷʟʫʻ ʢʦʤʧʘʥʽʾ ʜʦʪʨʠʤʫʚʘʪʠʩʴ 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ "ʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ" ï 

ʚʠʤʘʛʘʻ ʧʨʦʭʦʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʜʦʙʫʪʢʫ. 

ɸʩʧʝʢʪ ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ, ʧʦʢʣʠʢʘʥʠʭ ʟʜʽʡʩ-

ʥʶʚʘʪʠ ʟʘʢʦʥʦʜʘʚʯʽ ʪʘ ʨʝʛʫʣʷʪʠʚʥʽ ʬʫʥʢʮʽʾ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘ ʨʝʛʫʣʶʶʪʴʩʷ ʨʷʜʦʤ ʟʘʢʦ-

ʥʽʚ, ʧʦʩʪʘʥʦʚ, ʨʦʟʧʦʨʷʜʞʝʥʴ, ʫʢʘʟʽʚ ʪʘ ʥʘʢʘʟʽʚ. ʑʦ ʚ ʮʽʣʦʤʫ ʨʝʛʫʣʶʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥ-

ʥʷ ʜʝʨʞʘʚʥʠʭ ʽʥʩʪʠʪʫʮʽʡ ʚ ʩʬʝʨʽ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʾʭ ʢʦʤʧʝʪʝʥʮʽʾ. ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʮʝʥʪʨʘʣʴʥʠʡ ʦʨʛʘʥ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʫ 

ʩʠʩʪʝʤʽ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽ ʬʦʨʤʫʻ ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʽ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʡʦʛʦ ʟʘʚʜʘʥʥʷ 

ʪʘ ʧʦʚʥʦʚʘʞʝʥʥʷ ʚʠʟʥʘʯʝʥʽ ʇʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥ-

ʥʷ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠè.  

ʆʩʥʦʚʥʠʤʠ ʢʦʥʪʨʦʣʶʶʯʠʤʠ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʠʤʠ ʦʨʛʘʥʘʤʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ 

ʨʝʛʫʣʶʶʯʫ ʬʫʥʢʮʽʶ  ʫ ʩʬʝʨʽ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʅɻʂ ʻ: ʄʽʥʝʥʝʨʛʦ ï ʚʠʟʥʘʯʘʻ 

ʧʦʣʽʪʠʢʫ ʚ ʛʘʣʫʟʽ ʝʥʝʨʛʝʪʠʢʠ; ʅʂʈɽʂʇ ï ʨʝʛʫʣʶʻ ʪʘʨʠʬʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣ ʛʘʟʫ; ɼʝʨʞʛʝʦʥʘʜʨʘ ï ʚʠʜʘʻ ʜʦʟʚʦʣʠ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ; 

ɼʝʨʞʝʢʦʽʥʩʧʝʢʮʽʷ ï ʟʜʽʡʩʥʶʻ ʝʢʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ ʨʦʟʚʠʪʢʫ 

ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ, ʱʦ ʚʠʟʥʘʯʝʥʦ ʪʘ ʟʘʢʨʽʧʣʝʥʦ ʚ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ 

ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè. 

ʄʽʞʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʜʦ ʨʠʥʢʫ ɭʉ. ʇʨʘʚʦʚʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʋʢʨʘʾʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʽʞʥʘʨʦʜʥʠʭ 

ʜʦʛʦʚʦʨʽʚ, ʫʛʦʜ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ, ʽʥʚʝʩʪʫʚʘʥʥʷ, 

ʚʠʜʦʙʫʪʦʢ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʘ. 

ʋ ʟʚôʷʟʢʫ ʽʟ ʧʨʠʡʥʷʪʦʶ ʋʛʦʜʦʶ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʟ ɭʉ, ʥʘʩʪʫʧʥʠʤ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʝʢʪʦʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ ʻʚʨʦʧʝʡʩʴʢʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʄʽʞʥʘʨʦʜʥʝ ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ɭʉ, ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʠʭ ʫʛʦʜ 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ, 

ʽʥʚʝʩʪʫʚʘʥʥʷ, ʚʠʜʦʙʫʪʦʢ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʬʪʦʛʘʟʦʚʦʛʦ 

ʩʝʢʪʦʨʘ, ʱʦ ʩʧʨʠʷʻ ʚʽʜʢʨʠʪʦʩʪʽ ʨʠʥʢʫ, ʟʘʣʫʯʝʥʥʶ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʟʤʽʮʥʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ. 

ʄʽʞʥʘʨʦʜʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʽʤʧʣʝʤʝʥʪʫʻʪʴʩʷ ʯʝʨʝʟ:  

1. ʄʽʞʥʘʨʦʜʥʽ ʫʛʦʜʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ:  ɼʦʛʦʚʽʨ ʜʦ ɽʥʝʨʛʝʪʠʯʥʦʾ ʭʘʨʪʽʾ (ECT), ʋʛʦ-

ʜʘ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʟ ɭʉ, ɭʚʨʦʧʝʡʩʴʢʝ ʝʥʝʨʛʝʪʠʯʥʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ, ʂʦʥʚʝʥʮʽʷ ʆʆʅ ʟ 

ʤʦʨʩʴʢʦʛʦ ʧʨʘʚʘ (UNCLOS), ʇʘʨʠʟʴʢʘ ʫʛʦʜʘ (2015 ʨ.) 

2. ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ:ɼʠʨʝʢʪʠʚʘ 2009/73/ɭʉ ï ʧʨʦ ʟʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʨʠʥʢʫ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; ɼʠʨʝʢʪʠʚʘ 94/22/ɭʉ ï ʧʨʦ ʥʘʜʘʥʥʷ ʜʦʟʚʦʣʽʚ ʥʘ ʨʦʟʚʽʜʢʫ ʪʘ ʚʠʜʦʙʫʪʦʢ 

ʥʘʬʪʠ ʡ ʛʘʟʫ; ʈʝʛʣʘʤʝʥʪ (ɭʉ) ˉ715/2009 ï ʧʨʦ ʫʤʦʚʠ ʜʦʩʪʫʧʫ ʜʦ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʝʨʝʞ. 

3. ɽʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ:ɺʠʢʦʥʘʥʥʷ ʫʤʦʚ ʂʽʦʪʩʴʢʦʛʦ ʧʨʦʪʦʢʦʣʫ ʪʘ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ; 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ISO 14001 ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ; ʂʦʥʪʨʦʣʴ ʟʘ 

ʚʠʢʠʜʘʤʠ ʤʝʪʘʥʫ ʪʘ ʉʆ  ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʽʥʽʮʽʘʪʠʚ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʈʝʢʦʤʝʥʜʘʮʽʾ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʘʩʧʝʢʪʽʚ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʅɻʂ) ʋʢʨʘʾʥʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ 

ʥʝʟʘʚʝʨʰʝʥʠʡ ʝʪʘʧ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʂʣʶʯʦʚʠʡ ʚʠʩʥʦʚʦʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʘ ʙʘʟʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʅɻʂ ʚ ʮʽʣʦʤʫ 

ʩʬʦʨʤʦʚʘʥʘ ʪʘ ʤʽʩʪʠʪʴ ʝʣʝʤʝʥʪʠ ʣʽʙʝʨʘʣʽʟʘʮʽʾ ʪʘ ʛʘʨʤʦʥʽʟʘʮʽʾ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʥʦʨʤʘʤʠ, ʘʣʝ ʚʠʷʚʠʣʘʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʩʪʽʡʢʦʶ ʜʦ ʚʠʢʣʠʢʽʚ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʈʌ 

ʪʘ ʥʝ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʨʠʩʢʦʨʝʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ɭʉ. 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʦʟʨʠʚʽ ʤʽʞ ʩʪʨʘʪʝʛʽʯʥʠʤʠ 

ʮʽʣʷʤʠ (ʯʣʝʥʩʪʚʦ ʚ ɭʉ ʪʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ) ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʾʭ 

ʜʦʩʷʛʥʝʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʥʝʛʘʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʷʢ ʥʦʨʤʘʪʠʚʥʦʾ, ʪʘʢ ʽ ʽʥʩʪʠʪʫʮʽʡʥʦʾ 

ʩʢʣʘʜʦʚʠʭ ʅɻʂ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ, ʧʨʠʩʢʦʨʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʟʘʣʫʯʝʥʥʷ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʽʜʙʫʜʦʚʫ ʪʘ ʨʦʟʚʠʪʦʢ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʧʨʦʧʦʥʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʟʛʨʫʧʦʚʘʥʽ ʟʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʚʝʢʪʦʨʘʤʠ. 

1. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʩʢʣʘʜʦʚʘ 

1. ʇʨʠʩʢʦʨʝʥʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ acquis communautaire: ɿʘʚʝʨʰʠʪʠ ʧʦʚʥʫ ʽʤʧʣʝ-

ʤʝʥʪʘʮʽʶ ʚʩʽʭ ʧʦʣʦʞʝʥʴ ʊʨʝʪʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʘʢʝʪʘ, ʘ ʪʘʢʦʞ ɼʠʨʝʢʪʠʚʠ 2009/73/ɭʉ 

ʱʦʜʦ ʩʧʽʣʴʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʠʥʢʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʈʝʛʣʘʤʝʥʪʫ REMIT 

ʱʦʜʦ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʜʦʙʨʦʯʝʩʥʦʩʪʽ ʦʧʪʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʠʥʢʽʚ.  

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ (Lex Specialis): ʋʭʚʘʣʠʪʠ ʩʧʝʮʽʘʣʴ-

ʥʠʡ ʟʘʢʦʥ ʘʙʦ ʚʥʝʩʪʠ ʟʤʽʥʠ ʜʦ ʂʦʜʝʢʩʫ ʧʨʦ ʥʘʜʨʘ, ʷʢʽ ʙ ʛʘʨʘʥʪʫʚʘʣʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʥʚʝʩ-

ʪʠʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʨʦʻʢʪʽʚ ʫ ʩʬʝʨʽ ʚʠʜʦʙʫʪʢʫ.  

3. ʇʝʨʝʛʣʷʜ ʧʨʘʚʦʚʦʛʦ ʨʝʞʠʤʫ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ: ʈʦʟʨʦʙʠʪʠ 

ʪʠʤʯʘʩʦʚʽ ʘʙʦ ʧʦʩʪʽʡʥʽ ʧʨʘʚʦʚʽ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʧʨʦʮʝʜʫʨʠ ʧʨʦʜʦʚʞʝʥʥʷ ʜʽʾ 

ʣʽʮʝʥʟʽʡ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʽʚ ʥʘ ʨʦʟʚʽʜʢʫ/ʚʠʜʦʙʫʪʦʢ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ 

ʚʽʜ ʙʦʡʦʚʠʭ ʜʽʡ ʘʙʦ ʙʫʣʠ ʜʝʦʢʫʧʦʚʘʥʽ. 

2. ɯʥʩʪʠʪʫʮʽʡʥʘ ʩʢʣʘʜʦʚʘ 

1. ʇʦʩʠʣʝʥʥʷ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʧʦʚʥʦʚʘʞʝʥʴ ʈʝʛʫʣʷʪʦʨʘ: ɿʤʽʮʥʠʪʠ ʽʥʩʪʠʪʫ-

ʮʽʡʥʫ ʪʘ ʬʽʥʘʥʩʦʚʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʅʂʈɽʂʇ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʡʢʨʘʱʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʧʨʘʢʪʠʢ (ACER). ʎʝ ʚʢʣʶʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʾ ʧʨʦʮʝʜʫʨʠ ʧʨʠʟʥʘʯʝʥʥʷ ʯʣʝʥʽʚ, 

ʟʘʭʠʩʪ ʚʽʜ ʧʦʣʽʪʠʯʥʦʛʦ ʪʠʩʢʫ ʪʘ ʥʘʜʘʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ: ɿʘʚʝʨʰʠʪʠ ʨʝʬʦʨʤʫ ʢʦʨʧʦʨʘʪʠ-

ʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʜʝʨʞʘʚʥʠʭ ʢʦʤʧʘʥʽʷʭ ʅɻʂ (ʟʦʢʨʝʤʘ, ʅɸʂ "ʅʘʬʪʦʛʘʟ ʋʢʨʘʾʥʠ") 

ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʠʭ ʥʘʛʣʷʜʦʚʠʭ ʨʘʜ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʆɽʉʈ ʪʘ ɿʘ-

ʢʦʥʫ "ʇʨʦ ʢʦʨʧʦʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ", ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʚʥʫ ʧʨʦʟʦʨʽʩʪʴ ʬʽʥʘʥʩʦʚʦʾ ʜʽʷ-

ʣʴʥʦʩʪʽ ʪʘ ʦʧʝʨʘʮʽʡ ʽʟ ʟʘʢʫʧʽʚʣʽ/ʧʨʦʜʘʞʫ ʛʘʟʫ. 
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3. ʎʠʬʨʦʚʽʟʘʮʽʷ ʪʘ ʧʨʦʟʦʨʽʩʪʴ: ʈʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʻʜʠʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʣʘ-

ʪʬʦʨʤʠ ʟ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʫʙʣʽʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ ʜʘʥʠʭ, ʱʦ ʥʝ 

ʩʪʘʥʦʚʣʷʪʴ ʜʝʨʞʘʚʥʦʾ ʯʠ ʢʦʤʝʨʮʽʡʥʦʾ ʪʘʻʤʥʠʮʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦʟʚʦʣʠʪʴ ʋʢʨʘʾʥʽ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʦ 

ʘʜʘʧʪʫʚʘʪʠ ʩʚʽʡ ʥʘʬʪʦʛʘʟʦʚʠʡ ʩʝʢʪʦʨ ʜʦ ʚʠʤʦʛ ɭʉ, ʘʣʝ ʡ ʩʪʚʦʨʠʪʠ ʥʝʦʙʭʽʜʥʽ ʧʨʘʚʦʚʽ ʪʘ 

ʽʥʩʪʠʪʫʮʽʡʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʣʘʩʥʦʛʦ 

ʚʠʜʦʙʫʪʢʫ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʫ ʻʜʠʥʠʡ 

ʻʚʨʦʧʝʡʩʴʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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ɺʀʈʆɹɯɺ ɿ ʄɽʊʆʖ ɰʍ ʉʆʈʊʋɺɸʅʅʗ 
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The paper presents the results of microprobe analysis (EDS) of fragments of Bronze Age 

ceramic products from the Kaniv location. The chemical composition of the ceramic dough 

was determined and the mineral composition of the descriptors was identified. Accessory 

and hypergene minerals of clays were also studied. Five ceramic samples and five 

individual samples were distinguished based on the difference in the chemical composition 

of clays and mineral content. 

 

GEOCHEMICAL AND MINER ALOGICAL ANALYSIS OF CERAMIC 

PRODUCTS FOR THE PURPOSE OF THEIR SORTING 

 

Belskyi V.M., Derhay A.S., Korokhina A.V., Kanunikova L.I . 

 

ɺʩʪʫʧ. ʋʧʨʦʜʦʚʞ 1957-1972 ʨʨ. ʝʢʩʧʝʜʠʮʽʻʶ ʂʅʋ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʟʘ 

ʫʯʘʩʪʽ ɯʥʩʪʠʪʫʪʫ ʘʨʭʝʦʣʦʛʽʾ ʧʨʦʚʦʜʠʣʠʩʷ ʘʨʭʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʷʜʫ ʩʝʣʠʱ-

ʧʦʩʝʣʝʥʴ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʚ ʨʘʡʦʥʽ ʂʘʥʝʚʘ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʦʜʥʦʡʤʝʥʥʝ ʛʥʽʟʜʦ ʧʘʤôʷʪʦʢ, 

ʢʫʣʴʪʫʨʥʽ ʰʘʨʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʧʨʠʥʘʣʝʞʥʽ ʜʦʙʽ ʨʘʥʥʴʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʙʨʦʥʟʠ. 

ɺʽʜʢʨʠʪʽ ʧʦʩʝʣʝʥʥʷ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʂʘʥʽʚʩʴʢʠʭ ʜʠʩʣʦʢʘʮʽʷʭ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʛʝʦʣʦʛʽʯʥʦ ʪʘ ʘʨʭʝʦʣʦʛʽʯʥʦ ʚʽʜ ɯɯ ʧʦʣ. ʍɯʍ ʩʪ. ʊʫʪ ʚʠʷʚʣʝʥʦ ʰʝʨʝʛ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʧʦʩʝʣʝʥʴ, ʟʦʢʨʝʤʘ ʜʦʙʠ ʙʨʦʥʟʠ. ɺʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʢʫʣʴʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʮʴʦʛʦ ʯʘʩʫ ʻ ʧʘʤôʷʪʢʠ ʩʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʦʾ ʢʫʣʴʪʫʨʠ. ʉʝʨʝʜ ʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʚ 

ʤʝʞʘʭ ʜʠʩʣʦʢʘʮʽʡ ï ʂʘʥʽʚ ɯ-V (ɯʩʢʦʚʱʠʥʘ, ʇʽʜʥʽʞʞʷ ɺʝʣʠʢʦʛʦ ʩʢʽʬʩʴʢʦʛʦ ʛʦʨʦʜʠʱʘ, 

ʂʥʷʞʘ ɻʦʨʘ, ʇʠʣʠʧʝʥʢʦʚʘ ʛʦʨʘ, ɹʘʙʝʥʢʽʚʩʴʢʘ ʃʝʚʘʜʘ), ʇʝʢʘʨʽ ɯɯ-V (ɻʦʨʦʜʢʠ, ɺʠʩʦʢʘ 

ʛʦʨʘ-ʎʝʛʝʣʴʥʷ, ʅʠʟʴʢʘ ʛʦʨʘ, ɻʦʨʦʜʢʠ), ʉʝʣʠʱʝ ɯ-IV (ʉʝʨʝʜʥʷ ʛʦʨʘ, ʇʨʠʣʽʟ, ɹʘʙʠʥʘ ʛʦʨʘ, 

ɹʫʛʘʻʚʝ, ɼʽʜʽʚ ʰʧʠʣʴ), ʍʤʽʣʴʥʘ ɯ-ɯɯ (ʩ. ʍʤʽʣʴʥʘ, ʩ. ʍʫʪʽʨ-ʍʤʽʣʴʥʘ, ʫʨ. ɼʫʙʨʽʚʢʘ) 

(ɹʦʥʜʘʨʴ, 1974). ʎʽ ʧʦʩʝʣʝʥʥʷ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʄ. ʄ. ɹʦʥʜʘʨʝʤ ʥʘ 2 ʭʨʦʥʦʣʦʛʽʯʥʽ ʛʨʫʧʠ ï 

ʩʪʘʨʰʫ ʪʘ ʤʦʣʦʜʰʫ. ʂʝʨʘʤʽʢʘ ʦʙʦʭ ʛʨʫʧ ʚʽʜʤʽʥʥʘ ʷʢ ʟʘ ʩʪʫʧʝʥʝʤ ʚʠʧʘʣʫ, ʪʘʢ ʽ, ʤʝʥʰʦʶ 

ʤʽʨʦʶ, ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ. ʎʝʡ ʧʦʜʽʣ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚ ʪʝʭʥʽʮʽ ʦʙʨʦʙʢʠ ʢʝʨʘʤʽʯʥʦʛʦ ʪʽʩʪʘ 

ʪʘ ʡʦʛʦ ʧʽʜʛʦʪʦʚʢʠ, ʷʢʘ ʧʝʨʝʚʘʞʥʦ ʙʨʘʣʘʩʷ ʧʦʨʫʯ ʟ ʧʦʩʝʣʝʥʥʷʤ.  

ʇʽʜ ʯʘʩ ʘʨʭʝʦʣʦʛʽʯʥʦʾ ʨʦʟʚʽʜʢʠ, ʧʨʦʚʝʜʝʥʦʾ ʇʦʨʦʩʴʢʦʶ ʝʢʩʧʝʜʠʮʽʻʶ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʊ. ʉ. ʇʘʩʩʝʢ ʥʘ ʨʷʜʽ ʧʘʤôʷʪʦʢ ʜʦʙʠ ʝʥʝʦʣʽʪʫ-ʙʨʦʥʟʠ (ʂʦʥʦʥʯʘ, ʍʤʽʣʴʥʘ, 

ʇʝʢʘʨʽ, ɻʨʠʱʝʥʮʽ) ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʛʝʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʥʘʜ ʷʢʠʤʠ ʟʘʣʷʛʘʣʠ ʢʫʣʴʪʫʨʥʽ 

ʰʘʨʠ: ʧʽʜʤʦʨʝʥʥʽ ʧʽʩʢʠ, ʩʽʨʦ-ʙʽʣʽ ʧʽʩʢʠ ʙʫʯʘʮʴʢʦʛʦ ʷʨʫʩʫ, ʟʝʣʝʥʽ ʧʽʩʢʠ ʢʘʥʽʚʩʴʢʦʛʦ 

ʷʨʫʩʫ, ʛʣʠʥʠ ʶʨʩʴʢʦʛʦ ʯʘʩʫ (ʇʘʩʩʝʢ, 1949). ʂʫʣʴʪʫʨʥʠʡ ʰʘʨ ʜʦʙʠ ʙʨʦʥʟʠ ʧʦʨʫʰʝʥʠʡ 

ʧʽʟʥʽʰʠʤʠ ʧʦʩʝʣʝʥʥʷʤʠ ʨʘʥʥʴʦʛʦ ʟʘʣʽʟʥʦʛʦ ʚʽʢʫ. ʇʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʽʜʭʦʜʫ, ʘ ʩʘʤʝ ʤʽʥʝʨʘʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʨʘʟʢʽʚ 

ʢʝʨʘʤʽʢʠ. 

ʗʢ ʚʽʜʦʤʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʫʩʘʜʢʠ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʨʽʱʠʥʘʤ ʪʘ ʥʘʜʘʥʥʷ ʢʝʨʘʤʽʮʽ 

ʙʽʣʴʰʦʾ ʤʽʮʥʦʩʪʽ ʚ ʛʣʠʥʫ ʜʦʜʘʚʘʣʠ ʩʧʝʮʽʘʣʴʥʽ "ʟʥʝʞʠʨʶʚʘʣʴʥʽ" ʤʘʪʝʨʽʘʣʠ, ʚʽʜʦʤʽ ʷʢ 

ʦʧʽʩʥʶʚʘʯʽ. ʉʢʣʘʜ ʮʠʭ ʜʦʤʽʰʦʢ ʚʘʨʽʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʪʨʘʜʠʮʽʡ 
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ʢʫʣʴʪʫʨʠ, ʘʣʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʙʫʣʠ: ʧʽʩʦʢ, ʜʨʽʙʥʦ ʪʦʚʯʝʥʠʡ ʢʘʤʽʥʴ ʘʙʦ ʰʘʤʦʪ ʪʘ 

ʦʨʛʘʥʽʯʥʽ ʜʦʤʽʰʢʠ (ʧʦʜʨʽʙʥʝʥʽ ʯʝʨʝʧʘʰʢʠ, ʪʦʚʯʝʥʘ ʢʽʩʪʢʘ ʘʙʦ ʥʘʚʽʪʴ ʨʦʩʣʠʥʥʽ ʨʝʰʪʢʠ). 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʢʝʨʘʤʽʯʥʦʛʦ ʪʽʩʪʘ ʪʘ ʤʦʞʣʠʚʦʛʦ ʚʠʜʽʣʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʟʥʘʢ ʚ ɯɻʄʈ ʅɸʅ ʋʢʨʘʾʥʠ ʟ 

ʫʣʘʤʢʽʚ ʢʝʨʘʤʽʢʠ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʧʣʦʩʢʦʧʦʣʽʨʦʚʘʥʽ ʘʥʰʣʽʬʠ (21 ʰʪʫʢʘ), ʷʢʽ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʟʦʥʜʘ, ʤʝʪʦʜʦʤ ɽɼʉ. ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ 

ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨ JCXA733 ʟ EDS ʧʨʠʩʪʘʚʢʦʶ (JEOL, ʗʧʦʥʽʷ), ʫʤʦʚʠ ʟʡʦʤʢʠ: 

ʧʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ 20 ʢɺ, ʩʪʨʫʤ ʟʦʥʜʘ 20 ʥɸ, ʜʽʘʤʝʪʨ ʟʦʥʜʘ 10 ʤʢʤ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʣʠʥʠʩʪʦʾ ʤʘʪʨʠʮʽ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ ʚ ʮʽʡ ʤʘʪʨʠʮʽ ʟʘʢʦʥʩʝʨʚʦʚʘʥʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫ ʤʽʥʝʨʘʣʦʛʽʯʥʦʤʫ ʪʘ ʛʝʦʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ.  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʛʣʠʥʠʩʪʦʾ ʤʘʪʨʠʮʽ ʚʠʟʥʘʯʘʚʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʪʦʯʢʘʭ ʧʦ ʟʨʘʟʢʫ 

ʢʝʨʘʤʽʢʠ ʪʘ ʟʚʦʜʠʚʩʷ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʧʦ ʟʨʘʟʢʫ. ɿ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ 

ʟʨʘʟʢʽʚ ʟʘ ʩʢʣʘʜʦʤ ʛʣʠʥʠʩʪʦʾ ʤʘʪʨʠʮʽ ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʤʝʪʦʜ ʥʦʨʤʫʚʘʥʥʷ.  

ɼʣʷ ʤʘʪʨʠʮʽ ʦʙʨʘʭʦʚʫʚʘʣʠʩʷ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʤʽʨʽʚ ʧʦ ʧôʷʪʠ ʪʦʯʢʘʭ. 

ɺʠʟʥʘʯʘʚʩʷ ʚʤʽʩʪ ʛʦʣʦʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʢʩʠʜʘʭ ʽʟ ʜʦʣʝʶ >1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʤʘʩʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʤʠ ʧʦʙʫʜʫʚʘʣʠ ʣʽʥʽʡʥʽ ʜʽʘʛʨʘʤʠ 

ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ (ʨʠʩ. 1). ʅʦʨʤʫʚʘʥʥʷ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʶ ʜʣʷ 

ʚʩʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ Y=X/AVERAGE(X1éXn), ʜʝ Y ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ, X 

ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʣʠʥʷʥʦʾ ʤʘʪʨʠʮʽ ʜʣʷ ʦʢʨʝʤʦʛʦ ʟʨʘʟʢʘ ʢʝʨʘʤʽʢʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʟʦʥʜʫ ʣʝʛʢʦ ʚʠʜʽʣʠʪʠ 

ʨʽʟʥʦʚʠʜʠ ʦʧʽʩʥʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʘʢʮʝʩʦʨʥʽ ʤʽʥʝʨʘʣʠ, ʱʦ ʟʙʝʨʝʛʣʠʩʷ ʫ ʛʣʠʥʽ (ʪʘʙʣ. 1 ʽ 2). 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʽʥʝʨʘʣʠ-ʦʧʽʩʥʶʚʘʯʽ ʤʘʶʪʴ ʨʦʟʤʽʨ >200 ɛm ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʫʩʽʭ 

ʟʨʘʟʢʘʭ ʢʚʘʨʮʦʤ, ʨʽʜʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʂʇʐ ʪʘ ʧʣʘʛʽʦʢʣʘʟ, ʱʝ ʨʽʜʰʝ ʙʽʦʪʠʪ ʪʘ ʤʫʩʢʦʚʽʪ, 

ʽ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʟʨʘʟʢʫ ʚʠʷʚʣʝʥʦ ʦʨʪʦʢʣʘʟ, ʨʦʛʦʚʫ ʦʙʤʘʥʢʫ ʪʘ ʧʽʨʦʢʩʝʥ. ɼʫʞʝ ʯʘʩʪʦ ʫ 

ʚʠʛʣʷʜʽ ʦʧʽʩʥʶʚʘʯʽʚ ʪʨʘʧʣʷʶʪʴʩʷ ʦʨʛʘʥʽʯʥʽ ʨʝʰʪʢʠ ʪʘ ʰʘʤʦʪ (ʫʣʘʤʢʠ ʽʥʰʦʾ ʢʝʨʘʤʽʢʠ). 

ʊʘʙʣʠʮʷ 1. ʄʽʥʝʨʘʣʠ ʚʠʢʦʨʠʩʪʘʥʽ, ʷʢ ʦʧʽʩʥʶʚʘʯʽ. 

ˉ 

ʘʥʰʣ. 

ʢʚʘʨʮ ʂʇʐ ʧʣʘʛʽʦʢʣʘʟ ʘʥʦʨʪʦ-

ʢʣʘʟ 

ʙʽʦʪʠʪ ʤʫʩʢʦʚʽʪ ʨʦʛʦʚʘ 

ʦʙʤʘʥʢʘ 

ʧʽʨʦ-

ʢʩʝʥ 

ʦʨʛʘʥʽʯʥʽ 

ʨʝʰʪʢʠ 

1 + - - - - - - - + 

2 + + - - - - - - + 

3 + - - - + - - - - 

4 + + - - - + - - + 

5 + + - - - - - - + 

6 + + + - - - - - + 

7 + - - - - - - - - 

8 + - - - - - - - - 

9 + - - - - - - - + 

10 + + - - - - - - + 

11 + - ʙʽʪʦʚʥʽʪ + - - + + - 

12 + - - - - - - - + 

13 + - - - + - - - + 

14 + +sh - - - - - - + 

15 + - - - - - - - - 

16 + + + - + - - - - 

17 + - - - - - - - - 

18 + + + - + - - - - 

19 + - - - - - - - + 

20 + - - - + - - - - 

21 + + - - - - - - - 

ʇʨʠʤʽʪʢʘ: + ʧʨʠʩʫʪʥʽ, - ʚʽʜʩʫʪʥʽ, +sh - ʜʘʥʠʡ ʤʽʥʝʨʘʣ ʚʠʷʚʣʝʥʦ ʫ ʩʢʣʘʜʽ ʰʘʤʦʪʫ. 
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ʉʝʨʝʜ ʫʩʽʻʾ ʚʠʙʽʨʢʠ ʫʥʽʢʘʣʴʥʠʡ ʩʢʣʘʜ ʦʧʽʩʥʶʚʘʯʽʚ ʧʨʠʩʫʪʥʽʡ ʣʠʰʝ ʫ ʟʨʘʟʢʫ 11, ʥʝ 

ʪʠʧʦʚʠʤʠ ʪʫʪ ʻ: ʙʽʪʦʚʥʽʪ (ʪʦʜʽ ʢʦʣʠ ʚʩʽ ʽʥʰʽ ʟʥʘʭʽʜʢʠ ʧʣʘʛʽʦʢʣʘʟʽʚ ʙʣʠʟʴʢʽ, ʟʘ ʚʤʽʩʪʦʤ 

ʘʥʦʨʪʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʜʦ ʦʣʽʛʦʢʣʘʟʫ), ʘʥʦʨʪʦʢʣʘʟ, ʨʦʛʦʚʘ ʦʙʤʘʥʢʘ ʪʘ ʧʽʨʦʢʩʝʥ. 

ʊʘʢʠʡ ʩʢʣʘʜ ʤʽʛ ʜʘʪʠ ʝʣʶʚʽʡ ʧʦ ʦʩʥʦʚʥʠʭ ʧʣʫʪʦʥʽʯʥʠʭ ʧʦʨʦʜʘʭ, ʘʙʦ ʚʨʫʯʥʫ ʧʦʜʨʽʙʥʝʥʘ 

ʩʘʤʘ ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ. ʅʘʪʦʤʽʩʪʴ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʛʣʠʥʠʩʪʦʾ ʤʘʪʨʠʮʽ ʚʧʠʩʫʻʪʴʩʷ ʜʦ 

ʦʩʥʦʚʥʦʾ ʚʠʙʽʨʢʠ (ʨʠʩ. 1a ) ʟ ʯʽʪʢʠʤʠ ʧʦʟʠʪʠʚʥʠʤ ʧʽʢʘʤʠ P2O5 ʽ CaO, ʪʘ ʥʝʛʘʪʠʚʥʠʤ 

ʧʽʢʦʤ K2O 

ɼʦ ʘʢʮʝʩʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʛʣʠʥʽ ʤʠ ʚʽʜʥʝʩʣʠ, ʷʢ ʩʪʽʡʢʽ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

(ʮʠʨʢʦʥ, ʤʦʥʘʮʠʪ, ʘʧʘʪʠʪ, ʽʣʴʤʝʥʽʪ, ʨʫʪʠʣ, ʛʨʘʥʘʪ), ʪʘʢ ʽ ʤʽʥʝʨʘʣʠ ʛʽʧʝʨʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ (ʙʝʨʪʴʻʨʠʥ, ʰʘʤʦʟʠʪ, ʨʘʙʜʦʬʘʥ, ʬʦʩʬʦʨʠʪ). ʉʝʨʝʜ ʫʩʽʭ ʟʨʘʟʢʽʚ ʧʦ ʚʤʽʩʪʫ 

ʮʠʭ ʤʽʥʝʨʘʣʽʚ ʩʫʪʪʻʚʦ ʚʠʜʽʣʷʻʪʴʩʷ ʣʠʰʝ ʟʨʘʟʦʢ ˉ16 ʽ ʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʥʴʦʤʫ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʟʘʣʽʟʘ ʪʘʢʠʭ ʷʢ ʰʘʤʦʟʠʪ ʯʠ ʙʝʨʪʴʻʨʠʥ, ʷʢʽ ʻ ʦʟʥʘʢʦʶ ʧʨʠʙʝʨʝʞʥʦ-

ʤʦʨʩʴʢʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʛʣʠʥʠ. ʊʘʢʦʞ ʮʝʡ ʟʨʘʟʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ K2O ʽ ʥʠʟʴʢʠʤ TiO2 ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 1f), ʱʦ ʯʽʪʢʦ 

ʚʠʦʢʨʝʤʣʶʻ ʡʦʛʦ ʽʟ ʚʠʙʽʨʢʠ. 

ʊʘʙʣʠʮʷ 2. ɸʢʮʝʩʦʨʥʽ ʪʘ ʛʽʧʝʨʛʝʥʥʽ ʤʽʥʝʨʘʣʠ ʚ ʛʣʠʥʽ 

ˉ 

ʘʥʰʣ. 

ʙʝʨʪʴʻʨʠʥ/ 

ʰʘʤʦʟʠʪ 

ʮʠʨ-

ʢʦʥ 

ʤʦʥʘʮʠʪ/ 

ʨʘʙʜʦʬʘʥ 

ʮʝʨʽ-

ʘʥʽʪ 

ʘʧʘ-

ʪʠʪ 

ʬʦʩ-

ʬʦʨʠʪ 

ʪʠʪʘʥʦ-

ʤʘʛʥʝʪʠʪ 

ʽʣʴʤʝ-

ʥʽʪ 

ʨʫ-

ʪʠʣ 

ʙʘ-

ʨʠʪ 

ʛʨʘ-

ʥʘʪ 

1 + + - - + + - - - - - 

2 + + - - - + - + - - - 

3 + + - - - - - + - - - 

4 + + - - - + - - + + - 

5 + + + - + + - - - - - 

6 + + - - - - - - + - - 

7 + + - - - - - - + - - 

8 + + - - - - - - + - - 

9 + + + - - + - - - - - 

10 + + + - - - - + - - - 

11 + + - - - - + + - - - 

12 + + - - + - - - + - - 

13 + + - + + + - + - - - 

14 + - - - - - - + +sh - - 

15 + + - - - + - - - - - 

16 - + + - - - - + - - + 

17 + + + - - + - + - - + 

18 + - - - - + - + - - - 

19 + + - - + + - - + - - 

20 + + + - - - - - + - - 

21 + + - - + - - - + - - 

ʇʨʠʤʽʪʢʘ: + ʧʨʠʩʫʪʥʽ, - ʚʽʜʩʫʪʥʽ, +sh - ʜʘʥʠʡ ʤʽʥʝʨʘʣ ʚʠʷʚʣʝʥʦ ʫ ʩʢʣʘʜʽ ʰʘʤʦʪʫ. 

ʇʦʙʫʜʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʛʣʠʥʠʩʪʦʾ ʤʘʪʨʠʮʽ, 

ʥʦʨʤʘʪʠʚʥʽ ʢʨʠʚʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʛʨʫʧʫʚʘʣʠʩʷ ʚ ʦʢʨʝʤʽ ʚʠʙʽʨʢʠ (ʨʠʩ. 

1). ɼʦ ʥʘʡʙʽʣʴʰʦʾ ʚʠʙʽʨʢʠ ʫʚʽʡʰʣʠ 12 ʟʨʘʟʢʽʚ (ʨʠʩ.1ʘ), ʜʦ ʥʘʩʪʫʧʥʦʾ ʟʘ ʟʥʘʯʠʤʽʩʪʶ ï 5 

(ʨʠʩ. 1b), ʱʝ ʪʨʠ ʚʠʙʽʨʢʠ ʤʽʩʪʷʪʴ ʧʦ ʜʚʽ ʢʨʠʚʽ (ʨʠʩ. 1c,d,e) ʽ ʧôʷʪʴ ʟʨʘʟʢʽʚ ʟʘ ʩʚʦʾʤ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʚʽʜ ʽʥʰʠʭ ʚʠʙʽʨʦʢ (1f). 

ʅʘʡʙʽʣʴʰʘ ʚʠʙʽʨʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤʠ ʧʽʢʘʤʠ P2O5  ̔ CaO, ʪʘ 

ʥʝʛʘʪʠʚʥʠʤ ʧʽʢʦʤ K2O (ʨʠʩ. 1ʘ). ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʬʦʩʬʦʨʫ ʪʘ ʢʘʣʴʮʽʶ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ 

ʚʢʘʟʫʻ ʥʘ ʤʦʨʩʴʢʝ ʧʦʭʦʜʞʝʥʥʷ ʛʣʠʥʠ. ɺʠʙʽʨʢʘ ʽʟ ʯʽʪʢʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʧʽʢʘʤʠ P2O5, 

CaO ʽ K2O ʧʨʝʜʩʪʘʚʣʝʥʘ ʧôʷʪʴʤʘ ʟʨʘʟʢʘʤʠ ʛʣʠʥʠʩʪʦʾ ʤʘʪʨʠʮʽ ʽʟ ʰʘʤʦʪʫ (ʨʠʩ. 1b). ʄʠ 

ʚʚʘʞʘʻʤʦ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʛʣʠʥʘ ʝʣʶʚʽʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɼʣʷ 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 

17 

ʧʦʷʩʥʝʥʥʷ ʽʥʰʠʭ ʚʠʙʽʨʦʢ ʥʝʦʙʭʽʜʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʦʙʰʠʨʥʦʾ 

ʙʘʟʠ ʜʘʥʠʭ.  

 

 

 
ʈʠʩ. 1. ɺʠʙʽʨʢʠ ʟʨʘʟʢʽʚ ʢʝʨʘʤʽʢʠ ʟʘ ʩʭʦʞʦʶ ʧʦʚʝʜʽʥʢʦʶ ʢʨʠʚʠʭ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʢʝʨʘʤʽʯʥʦʛʦ ʪʽʩʪʘ. ʘ - ʚʠʨʘʟʥʽ ʧʦʟʠʪʠʚʥʽ ʧʽʢʠ P2O5 ʽ CaO, ʪʘ 

ʥʝʛʘʪʠʚʥʠʡ ʧʽʢ K2O; b ï ʯʽʪʢʽ ʥʝʛʘʪʠʚʥʽ ʧʽʢʠ P2O5, CaO ʽ K2O; c ï ʣʽʥʽʾ ʙʝʟ ʚʠʨʘʟʥʠʭ 

ʚʽʜʭʠʣʝʥʴ; d - ʚʠʨʘʟʥʽ ʥʝʛʘʪʠʚʥʠʡ ʧʽʢ P2O5 ʪʘ ʧʦʟʠʪʠʚʥʽ ʧʽʢʠ CaO ʽ K2O; e - ʧʦʟʠʪʠʚʥʠʡ 

ʧʽʢ K2O ʧʨʠ ʥʝʛʘʪʠʚʥʠʭ P2O5 ʪʘ CaO; f ï ʢʨʠʚʽ, ʷʢʽ ʥʝ ʩʭʦʞʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʥʘ ʞʦʜʥʫ ʟ 

ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʚʠʙʽʨʦʢ. 

ʎʠʬʨʘ ʽʟ ʧʦʟʥʘʯʢʦʶ sh ʧʨʠʩʚʦʶʚʘʣʘʩʴ ʘʥʘʣʽʟʫ ʢʝʨʘʤʽʯʥʦʛʦ ʪʽʩʪʘ ʰʘʤʦʪʫ. 

 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʘʨʭʝʦʣʦʛʽʾ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʢʝʨʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ, ʜʦʟʚʦʣʷʻ ʩʦʨʪʫʚʘʪʠ ʾʭ ʟʘ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ ʪʘ ʛʝʦʭʽʤʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʇʨʠ ʫʤʦʚʽ ʩʪʚʦʨʝʥʥʷ ʦʙʰʠʨʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʢʨʠʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʚôʷʟʫʚʘʪʠ ʢʝʨʘʤʽʯʥʽ 

ʚʠʨʦʙʠ ʜʦ ʨʦʜʦʚʠʱ ʩʠʨʦʚʠʥʠ, ʪʘʢʦʞ ʤʦʞʥʘ ʙʫʜʝ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʢʫʣʴʪʫʨʥʽ ʪʘ 

ʪʦʨʛʦʚʽ ʚʟʘʻʤʦʜʽʾ ʩʪʘʨʦʜʘʚʥʽʭ ʩʫʩʧʽʣʴʩʪʚ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

ɹʦʥʜʘʨʴ ʅ. ʅ. [1974] ʇʦʩʝʣʝʥʠʷ ʢʘʥʝʚʩʢʦʡ ʛʨʫʧʳ / ʇʦʩʝʣʝʥʠʷ ʉʨʝʜʥʝʛʦ ʇʦʜʥʝʨʧʦʚʴʷ 

ʵʧʦʭʠ ʨʘʥʥʝʡ ʙʨʦʥʟʳ. ʂʠʝʚ: ɺʠʱʘ ʰʢʦʣʘ. ʉ. 12-91 

ʇʘʩʩʝʢ ʊ. ʉ. [1949] ʇʦʨʦʩʴʢʘ ʘʨʭʝʦʣʦʛʽʯʥʘ ʝʢʩʧʝʜʠʮʽʷ 1945 ʨ. ɸʇ ʋʈʉʈ, ʊʦʤ ɯ. ʂʠʾʚ: 

ɺʠʜʘʚʥʠʮʪʚʦ ɸʅ ʋʈʉʈ, 1949. ʉ. 209-221.  
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ʆʉʆɹʃʀɺʆʉʊɯ ʉɽɼʀʄɽʅʊɸʎɯɰ ʊɸ ʇɽʊʈʆɻʈɸʌɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ɺɯɼʂʃɸɼɯɺ ʂɸʅʀʃɯɺʉʔʂʆɰ ʉɽʈɯɰ ɺɽʈʍʅʔʆɻʆ ɺɽʅɼʋ ɺ ʄɽɾɸʍ 

ɻʆʈʀʅʉʔʂʆɰ ʉʌɿ  

 

ɹʽʣʝʮʴʢʠʡ ʆ.ʃ., ʇʘʚʣʦʚʘ ʆ.ʆ. 

 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, biletskyi.ol@gmail.com, 

pavlovagelena@gmail.com 

 

The authors examined the stratotype section of Upper Vendian Kanilovo Group deposits 

near the village of Kamenka within the Gorinskaya structural-facies zone. The bedding 

patterns of the siltstones and sandstones of this group, as well as their petrographic 

features, were identified. Lateral variations in bed thickness, the presence of thin, non-

parallel intralayer bedding, and redeposition of interlayer material were found to indicate 

the influence of climatic factors due to short-term changes in sediment formation 

conditions. Deluvial-proluvial wash-offs from nearby territories occasionally penetrate into 

the sedimentation basin, changes in the speed and power of bottom currents occur, and 

storm precipitation (the ñepisodesò of the Kanilovo period) occurs. Tectonic reorganization 

of the area led to changes in the sources of detrital material and the depth of the 

sedimentation basin, which affected the composition of parasteresis fragments and 

minerals in the middle part of the series section. 

 

FEATURES OF SEDIMENTATION AND PETROGRAPHIC CHARACTERISTICS 
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ɺʩʪʫʧ. ʂʘʥʠʣʽʚʩʴʢʘ ʩʝʨʽʷ ʥʘʣʝʞʠʪʴ ʜʦ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ 

ʨʦʟʨʽʟʫ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʧʣʠʪʠ ʪʘ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʽʟʥʴʦʝʜʽʘʢʘʨʩʴʢʽ ʦʩʘʜʦʚʽ ʧʨʦʮʝʩʠ ʥʘ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʦʢʨʘʾʥʽ 

ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. ɰʾ ʚʠʚʯʝʥʥʷ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ ʪʨʘʥʩʛʨʝʩʠʚʥʦ-ʨʝʛʨʝʩʠʚʥʠʭ ʮʠʢʣʽʚ, ʜʠʥʘʤʽʢʠ 

ʙʘʩʝʡʥʽʚ ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ ʤʦʨʩʴʢʠʭ ʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʫ ʧʝʨʝʜʢʝʤʙʨʽʡʩʴʢʠʡ ʯʘc.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʧʨʦʪʷʛʦʤ ʤʘʡʞʝ 

200 ʨʦʢʽʚ, ʚ ʷʢʠʭ ʙʨʘʣʠ ʫʯʘʩʪʴ ʙʽʣʴʰʝ 40 

ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʮʠʪʦʚʘʥʠʭ ʚ ʛʝʦʣʦʛʽʯʥʽʡ 

ʣʽʪʝʨʘʪʫʨʽ, ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʬʘʮʽʾ ʢʘʥʠʣʽʚʩʴʢʦʾ 

ʩʝʨʽʾ, ʷʢʽ ʤʘʶʪʴ ʮʠʢʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʙʘʩʝʡʥʫ 

ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ ʚ ʫʤʦʚʘʭ ʢʦʤʧʝʥʩʦʚʘʥʦʛʦ 

ʧʨʦʛʠʥʘʥʥʷ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʤʦʛʠʣʽʚ-

ʧʦʜʽʣʴʩʢʦʾ ʩʝʨʽʾ ʽʟ ʩʧʨʷʤʦʚʘʥʦʶ ʟʤʽʥʦʶ ʫʤʦʚ 

(ʐʝʭʫʥʦʚʘ ʪʘ ʽʥ. 2018). ɿʘ ʧʝʨʝʜʚʦʻʥʥʝ 

ʧʽʚʩʪʦʨʽʯʯʷ ʨʷʜ ʜʦʩʣʽʜʥʠʢʽʚ (ɿʘʾʢʘ-ʅʦʚʘʮʴʢʠʡ, 

ɺʝʣʽʢʘʥʦʚ, ʂʦʚʘʣʴ, 1968; ʂʦʨʝʥʯʫʢ, 1980-1981; 

ʂʠʨʴʷʥʦʚ,1993; Kirôyanov, 2006; ɯʚʘʥʯʝʥʢʦ, 

2007; ɺʻʣʽʢʘʥʦʚ, 2009 ʪʘ ʽʥ.) ʚʠʜʽʣʠʣʠ ʛʦʣʦʚʥʽ 

ʧʨʠʥʮʠʧʠ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʦʜʽʣʫ ʨʠʬʝʶ 

ʋʢʨʘʾʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʩʢʣʘʜʦʚʠʭ 

ʚʽʜʢʣʘʜʽʚ ʚʝʥʜʫ ï ʤʦʛʽʣʽʚ-ʧʦʜʽʣʴʩʢʦʾ ʪʘ 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʟ ʥʘʥʝʩʝʥʥʷʤ ʟʘʢʠʥʫʪʦʛʦ ʢʘʨôʻʨʫ ʩ. ʂʘʤôʷʥʢʘ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʢʘʥʠʣʽʚʩʴʢʦʾ ʩʝʨʽʡ. ɺʦʥʠ ʟʘʟʥʘʯʘʣʠ, ʱʦ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʪʨʘʪʠʛʨʘʬʽʾ ʚʝʥʜʫ ʋʢʨʘʾʥʠ ʤʘʻ 

ʚʝʣʠʢʝ ʩʚʽʪʦʚʝ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ. ʇʨʦʪʝ ʙʘʛʘʪʦ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʪʘ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ ʜʣʷ ʚʝʥʜʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʢʘʥʠʣʽʚʩʴʢʠʭ, ʟʦʢʨʝʤʘ, ʟʘʣʠʰʠʣʠʩʷ ʥʝʜʦʚʠʚʯʝʥʠʤʠ. 

ɺʣʘʩʥʝ ʮʴʦʤʫ ʡ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʘ ʨʦʙʦʪʘ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨʘʤʠ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ 

ʩʪʨʘʪʠʪʠʧʦʚʠʡ ʨʦʟʨʽʟ ʚʝʨʭʥʴʦʛʦ ʚʝʥʜʫ ʪʘ ʚʽʜʽʙʨʘʥʽ ʟʨʘʟʢʠ ʧʦʨʽʜ ʚ ʟʘʢʠʥʫʪʦʤʫ ʢʘʨóʻʨʽ ʩ. 

ʂʘʤóʷʥʢʘ (ʨʠʩʫʥʦʢ 1). ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʣʦʛʽʯʥʠʭ 

ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ (ɯɻʅ) ʪʘ ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. 

ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ (ɯɻʄʈ). ɺʠʚʯʝʥʥʷ ʧʨʦʟʦʨʠʭ ʰʣʽʬʽʚ ʪʘ ʬʦʪʦʬʦʪʦʬʽʢʩʘʮʽʷ 

ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ Carl Zeiss Axio Imager 2 for materials.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʂʘʥʠʣʽʚʩʴʢʘ ʩʝʨʽʷ ʚ ʤʝʞʘʭ ɻʦʨʠʥʩʴʢʦʾ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʽʘʣʴʥʦʾ ʟʦʥʠ ʟʘʣʷʛʘʻ ʟ ʨʦʟʤʠʚʦʤ ʥʘ ʚʽʜʢʣʘʜʘʭ ʤʦʛʠʣʽʚ-ʧʦʜʽʣʴʩʴʢʽʡ ʩʝʨʽʾ 

ʧʽʟʥʴʦʛʦ ʚʝʥʜʫ (ɺʝʣʽʢʘʥʦʚ, 2009). ɺʦʥʘ ʧʝʨʝʢʨʠʪʘ ʨʽʚʥʝʥʩʴʢʦʶ ʩʚʽʪʦʶ ʙʘʣʪʽʡʩʴʢʦʾ ʩʝʨʽʾ 

ʥʠʞʥʴʦʛʦ ʢʝʤʙʨʽʶ (ʉʪʨʘʪʠʛʨʘʬʽʷ...,2013). ɿʘ ʩʚʦʾʤ ʧʦʣʦʞʝʥʥʷʤ ʚ ʨʦʟʨʽʟʽ 

ʚʝʨʭʥʴʦʢʘʥʠʣʽʚʩʴʢʘ ʪʦʚʱʘ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʽʟ ʩʪʫʜʝʥʠʮʴʢʦʶ ʩʚʽʪʦʶ ʇʦʜʽʣʣʷ (ɺʝʣʽʢʘʥʦʚ, 

2009). ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʙʽʪ ʟ ʛʣʠʙʠʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʢʘʥʠʣʽʚʩʴʢʫ ʩʝʨʽʶ 

ʨʦʟʜʽʣʷʣʠ ʥʘ ʜʚʽ ʪʦʚʱʽ (ʨʠʪʤʠ) ʥʠʞʥʶ ʪʘ ʚʝʨʭʥʶ, ʧʽʟʥʽʰʝ - ʥʘ ʨʘʢʽʚʩʴʢʫ ʪʘ ʞʠʪʥʽʚʩʴʢʫ 

(ʉʪʨʘʪʠʛʨʘʬʽʷ...,2013). ʈʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʽʟʫ ʧʦʨʽʜ ʢʘʥʠʣʽʚʩʴʢʦʾ ʩʝʨʽʾ, 

ʨʦʟʢʨʠʪʦʛʦ ʢʘʨóʻʨʦʤ ʙʽʣʷ ʩ.ʂʘʤóʷʥʢʘ, ʩʪʘʣʘ ʬʽʢʩʘʮʽʷ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʘʨʫʚʘʪʦʾ 

ʪʦʚʱʽ: ʥʝʨʠʪʤʽʯʥʝ ʯʝʨʛʫʚʘʥʥʷ ʜʨʽʙʥʦ- ʪʘ ʪʦʥʢʦʟʝʨʥʠʩʪʠʭ ʧʽʩʢʦʚʠʢʽʚ ʟ ʘʣʝʨʦ-

ʧʽʩʢʦʚʠʢʘʤʠ, ʘʣʝʚʨʦʣʽʪʘʤʠ ʪʘ ʘʨʛʽʣʽʪʘʤʠ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʪʽʥʢʠ ʢʘʨóʻʨʫ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʨʽʟʦʤ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2. 

ɿʥʠʟʫ ʚʛʦʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ:  

3,80-2,60 ʤ ï ʧʽʩʢʦʚʠʢʠ ʞʦʚʪʦ-ʩʽʨʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ 

ʜʦ ʪʦʥʢʦʟʝʨʥʠʩʪʠʭ, ʰʘʨʫʚʘʪʽ, ʧʦ ʧʣʦʱʠʥʘʭ 

ʥʘʰʘʨʫʚʘʥʥʷ ʪʨʽʱʠʥʫʚʘʪʽ, ʫ ʧʦʢʨʽʚʣʽ ʩʽʨʽ ʟ ʣʝʜʴ 

ʧʦʤʽʪʥʠʤ ʟʝʣʝʥʠʤ ʚʽʜʪʽʥʢʦʤ; 

2,60-2,68 ʤ ï ʧʨʦʰʘʨʦʢ ʘʣʝʚʨʦʣʽʪʫ ʞʦʚʪʦ-ʩʽʨʦʛʦ 

ʢʦʣʴʦʨʫ, ʪʦʥʢʦʰʘʨʫʚʘʪʦʛʦ, ʩʠʣʴʥʦ ʚʠʚʽʪʨʝʥʦʛʦ, 

ʧʨʦʰʘʨʦʢ ʜʝʬʦʨʤʦʚʘʥʠʡ ʧʽʩʢʦʚʠʢʦʤ, ʱʦ ʟʘʣʷʛʘʻ 

ʚʠʱʝ; 

2,68-2,13 ʤ ï ʧʽʩʢʦʚʠʢ ʞʦʚʪʦ-ʩʽʨʠʡ ʜʦ ʨʫʜʦʛʦ, 

ʤʘʩʠʚʥʠʡ, ʪʦʥʢʦʟʝʨʥʠʩʪʠʡ; 

2,13-2,05 ʤ ï ʘʨʛʽʣʽʪ ʩʽʨʦ-ʟʝʣʝʥʦ-ʞʦʚʪʠʡ, 

ʪʦʥʢʦʰʘʨʫʚʘʪʠʡ, ʩʣʘʥʮʶʚʘʪʠʡ ʩʠʣʴʥʦ ʚʠʚʽʪʨʝʥʠʡ; 

2,05-1,85 ʤ ï ʘʣʝʚʨʦʧʽʩʢʦʚʠʢ ʞʦʚʪʦ-ʩʽʨʠʡ, ʧʦ 

ʧʣʦʱʠʥʘʤ ʥʘʰʘʨʫʚʘʥʥʷ ʟʙʘʛʘʯʝʥʠʡ ʣʫʩʦʯʢʘʤʠ 

ʩʣʶʜʠ; 

1,85-1,53 ʤ ï ʘʣʝʚʨʦʣʽʪʠ ʪʘ ʘʨʛʽʣʽʪʠ ʩʠʣʴʥʦ 

ʚʠʚʽʪʨʝʥʽ, ʞʦʚʪʦ-ʩʽʨʽ ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʽ 

ʪʦʥʢʦʰʘʨʫʚʘʪʽ, ʩʣʶʜʠʩʪʽ ʫ ʧʦʢʨʽʚʣʽ ʟ ʚʢʣʶʯʝʥʥʷʤ, 

ʤʦʞʣʠʚʦ, ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʘʙʦ 

ʤʘʨʛʘʥʮʝʚʦʦʢʩʠʜʥʠʭ ʞʫʨʘʚʯʠʢʽʚ. 

1,53-0,40 ʤ ï ʘʣʝʚʨʦʧʽʩʢʦʚʠʢʠ, ʘʣʝʚʨʦʣʽʪʠ ʩʚʽʪʣʦ-

ʞʦʚʪʦ-ʩʽʨʽ, ʪʦʥʢʦʧʣʠʪʯʘʩʪʽ, ʧʦ ʧʣʦʱʠʥʘʭ 

ʩʣʘʥʮʶʚʘʪʦʩʪʽ - ʪʨʽʱʠʥʫʚʘʪʽ ʪʘ ʟʙʘʛʘʯʝʥʽ ʣʫʩʦʯʢʘʤʠ ʩʣʶʜʠ, ʚʥʫʪʨʽʰʥʷ ʪʝʢʩʪʫʨʘ 

ʢʦʩʦʰʘʨʫʚʘʪʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʣʘʥʮʶʚʘʪʦʩʪʽ.  

0,40-0,00 ʤ ï ʛʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʰʘʨ. 

*(ʇʨʠʤʽʪʢʘ. ʅʘ ʬʦʪʦʛʨʘʬʽʾ ʚʽʜʩʣʦʥʝʥʥʷ ʩʚʽʪʣʠʤʠ ʦʚʘʣʘʤʠ ʧʦʟʥʘʯʝʥʽ ʜʽʣʷʥʢʠ ʜʝ 

ʚʠʷʚʣʝʥʽ ʦʚʘʣʴʥʽ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʽ ʚʥʫʪʨʽʰʥʴʦʧʣʘʩʪʦʚʽ ʝʣʝʤʝʥʪʠ ʚ ʧʽʩʢʦʚʠʢʘʭ, 

ʤʦʞʣʠʚʦ, ʙʽʦʤʦʨʬʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʧʦ ʤ`ʷʢʦʪʽʣʠʤ ʄʝtazoa), ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʈʠʩʫʥʦʢ 2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʩʪʽʥʢʠ ʢʘʨ'ʻʨʫ ʟ ʧʦʟʥʘʯʝʥʥʷʤ 

ʤʽʩʮʴ ʚʽʜʙʦʨʫ ʧʨʦʙ ʜʣʷ ʟʨʘʟʢʽʚ 

ʰʣʽʬʽʚ, ʧʦʟʥʘʯʝʥʽ ʙʽʣʠʤʠ 

ʢʚʘʜʨʘʪʘʤʠ) 
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ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ. ʏʝʨʚʦʥʠʤ ʦʚʘʣʦʤ ʧʦʟʥʘʯʝʥʘ ʜʽʣʷʥʢʘ ʧʽʩʢʦʚʠʢʘ ʟ 

ʯʽʪʢʦʶ ʢʦʩʦʶ ʰʘʨʫʚʘʪʽʩʪʶ.  

ɺʠʢʦʥʘʥʽ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʩʢʦʚʠʢʽʚ ʪʘ ʘʣʝʚʨʦ-ʧʽʩʢʦʚʠʢʽʚ ʧʦʢʘʟʘʣʠ 

ʥʘʩʪʫʧʥʝ.  

ɺ ʚʝʨʭʘʭ ʨʦʟʨʽʟʫ [1] ï ʘʣʝʚʨʦ-ʧʽʩʢʦʚʠʢʠ ʪʘ ʧʽʩʢʦʚʠʢʠ ʥʝʦʜʥʦʨʽʜʥʽ ʟʘ ʛʨʘʥʫʣʦʤʝʪʨʽʻʶ ʽ 

ʟʤʽʥʶʪʴʩʷ ʧʦ ʣʘʪʝʨʘʣʽ ʚʽʜ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ (0,1-0,15 ʤʤ) ʜʦ ʩʝʨʝʜʥʴʦ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ 

(0,3-1,2 ʤʤ) ʟ ʭʚʠʣʷʩʪʦ-ʰʘʨʫʚʘʪʦʶ ʽ ʩʣʘʥʮʶʚʘʪʦʶ ʪʝʢʩʪʫʨʦʶ ʪʘ ʧʣʠʪʯʘʪʦʶ ʦʢʨʝʤʽʩʪʶ. 

ɿʘ ʩʢʣʘʜʦʤ ʚʦʥʠ ʘʨʢʦʟʦʚʽ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ ʥʘʜ ʢʚʘʨʮʦʤ, ʘ ʧʣʘʛʽʦʢʣʘʟʫ 

ʥʘʜ ʤʽʢʨʦʢʣʽʥʦʤ. ɼʦʜʘʪʢʦʚʽ ʤʽʥʝʨʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʬʦʨʤʦʚʘʥʠʤʠ ʣʫʩʢʘʤʠ ʙʽʦʪʠʪʫ 

(ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʟʙʝʨʝʞʝʥʥʦʩʪʽ) ʪʘ ʤʫʩʢʦʚʽʪʦʤ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʝʨʥʘ ʢʣʘʩʪʦʛʝʥʥʦʛʦ 

ʛʨʘʥʘʪʫ. ʇʦʣʴʦʚʽ ʰʧʘʪʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʤʽʰ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʚʠʚʽʪʨʝʣʠʭ ʟʝʨʝʥ 

ʫʣʘʤʢʦʚʦʾ ʬʦʨʤʠ ʪʘ çʩʚʽʞʠʭè, ʥʝ ʟʤʽʥʝʥʠʭ ʢʣʘʩʪʠʯʥʠʭ ʟʝʨʝʥ. ɿʘ ʬʦʨʤʦʶ ʟʝʨʥʘ ʢʚʘʨʮʘ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʪʠʧʠ: ʦʚʘʣʴʥʽ ʧʦʜʦʚʞʝʥʽ; ʧʦʜʦʚʞʝʥʽ ʩʢʦʣʴʯʘʪʽ, ʛʦʩʪʨʦʢʫʪʥʽ; 

ʽʟʦʤʝʪʨʠʯʥʽ ʛʦʩʪʨʦʢʫʪʥʽ. ʇʦʜʦʚʞʝʥʽ ʬʦʨʤʠ ʦʨʽʻʥʪʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʢʫ ʽ ʩʪʚʦʨʶʶʪʴ 

ʭʚʠʣʷʩʪʦ-ʰʘʨʫʚʘʪʫ ʪʝʢʩʪʫʨʫ ʧʦʨʦʜʠ. ʉʣʶʜʠ ʦʙʣʷʤʦʚʫʶʪʴ ʟʝʨʥʘ ʜʝʪʨʠʪʫ, 

ʜʝʬʦʨʤʫʶʪʴʩʷ ʪʘ ʨʦʟʱʝʧʣʶʶʪʴʩʷ. ɼʽʣʷʥʢʠ ʧʽʱʘʥʦʛʦ ʦʩʘʜʫ, ʷʢʽ ʚʦʥʠ ʧʦʢʨʠʚʘʶʪʴ ʧʨʠ 

ʦʩʘʜʞʝʥʥʽ ʻ ʪʦʥʢʠʤʠ ʟʘ ʧʦʪʫʞʥʽʩʪʶ, ʘ ʚ ʨʦʟʨʽʟʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʣʶʜʠʩʪʠʤʠ ʧʨʦʰʘʨʢʘʤʠ, 

ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʧʣʠʪʯʘʪʦʾ ʦʢʨʝʤʦʩʪʽ. ʎʝʤʝʥʪ ʧʽʩʢʦʚʠʢʽʚ ï ʢʘʦʣʽʥʽʪʦʚʠʡ ʟ 

ʩʫʪʪʻʚʦʶ ʜʦʤʽʰʢʦʶ ʛʽʜʨʦʦʢʠʩʣʽʚ ʟʘʣʽʟʘ. ɺʽʥ ʦʢʦʥʪʫʨʶʻ ʫʣʘʤʢʦʚʽ ʟʝʨʥʘ, ʩʪʚʦʨʶʶʯʠ 

ʩʠʥʩʝʜʠʤʝʥʪʘʮʽʡʥʠʡ ʦʙʣʷʤʽʚʦʯʥʠʡ ʪʠʧ ʮʝʤʝʥʪʘʮʽʾ, ʥʝʨʽʜʢʦ ʤʽʞ ʟʝʨʥʘʤʠ ʫʪʚʦʨʶʶʯʠ 

ʚʽʣʴʥʽ ʧʦʨʠ. ʊʘʢʠʡ ʪʠʧ ʩʣʶʜʠʩʪʦʛʦ ʪʦʥʢʦʰʘʨʫʚʘʪʦʛʦ ʧʽʩʢʦʚʠʢʫ ʤʽʛ ʩʬʦʨʤʫʚʘʪʠʩʷ ʧʨʠ 

ʩʣʘʙʢʽʡ ʜʠʥʘʤʽʮʽ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʝʧʽʟʦʜʠʯʥʦ ʟʤʽʥʶʚʘʣʘʩʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. 

ʍʘʨʘʢʪʝʨ ʜʝʪʨʠʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʚʩʷ ʧʦ ʣʘʪʝʨʘʣʽ, ʥʘʚʽʪʴ ʚ 

ʤʝʞʘʭ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ ʽ ʟʤʽʥʶʚʘʚʩʷ ʧʦ ʨʦʟʨʽʟʫ ʚ ʯʘʩʽ, ʚʢʘʟʫʻ, ʷʢ ʤʽʥʽʤʫʤ, ʥʘ ʜʚʘ ʜʞʝʨʝʣʘ 

ʧʦʩʪʘʯʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ï 1) ʧʝʨʝʤʠʚ ʨʘʥʥʽʭ ʚʝʨʩʪʚ ʦʩʘʜʢʽʚ ʘʙʦ 2) ʜʝʣʶʚʽʘʣʴʥʦ-

ʧʨʦʣʶʚʽʘʣʴʥʠʡ ʟʤʠʚ ʽʟ ʩʫʭʦʜʦʣʫ ʢʦʨʠ ʭʽʤʽʯʥʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʨʘʥʘʪ-ʚʤʽʩʥʠʭ 

ʛʨʘʥʽʪʦʾʜʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʬʽʟʠʯʥʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʥʝʡʩʽʚ. 

 

ʘ ʙ  

ʈʠʩʫʥʦʢ 3. ʌʨʘʛʤʝʥʪ ʰʣʽʬʘ ʘʣʝʚʨʦʧʽʩʢʦʚʠʢʘ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʢʘʥʠʣʽʚʩʴʢʦʾ 

ʩʝʨʽʾ [1A] ʘ- ʘʥʘʣʽʟʘʪʦʨ ʚʚʝʜʝʥʠʡ, ʙ- ʙʝʟ ʘʥʘʣʽʟʘʪʦʨʘ. 

 

ɺ ʥʠʟʘʭ ʨʦʟʨʽʟʫ [5]ï ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʜʽʙʥʽ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʤ ʟʘ 

ʛʨʘʥʫʣʦʤʝʪʨʽʻʶ ʪʘ ʩʢʣʘʜʦʤ ʪʦʥʢʦ-ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʘʨʢʦʟʦʚʽ ʧʽʩʢʦʚʠʢʠ ʪʘ ʘʣʝʚʨʦ-

ʧʽʩʢʦʚʠʢʠ ʟ ʨʦʟʤʽʨʦʤ ʫʣʘʤʢʽʚ ʚʽʜ 0,05 ʜʦ 0,24 ʤʤ (ʧʝʨʝʚʘʞʘʶʪʴ ʟʝʨʥʘ 0,1-0,16 ʤʤ ʚ 

ʜʽʘʤʝʪʨʽ. ʋʣʘʤʢʦʚʽ ʟʝʨʥʘ ʚ ʙʽʣʴʰʦʩʪʽ ʤʘʶʪʴ ʽʟʦʤʝʪʨʠʯʥʫ, ʙʘʛʘʪʦʢʫʪʥʫ ʬʦʨʤʫ, ʨʽʜʰʝ ï 

ʧʦʜʦʚʞʝʥʫ. ɿʝʨʥʘ ʧʝʨʝʚʘʞʥʦ ʛʦʩʪʨʦʢʫʪʥʽ, ʥʝʦʙʢʦʯʝʥʽ. ʇʨʦʪʝ ʽʥʦʜʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʦʚʘʣʴʥʽ.ʊʝʨʠʛʝʥʥʽ ʫʣʘʤʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ 73% ʦʙóʻʤʫ ʧʽʩʢʦʚʠʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʦʣʴʦʚʠʤʠ ʰʧʘʪʘʤʠ, ʧʨʦʜʫʢʪʘʤʠ ʾʭʥʴʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʢʚʘʨʮʦʤ, ʟʝʨʥʘʤʠ ʢʨʝʤʝʥʠʩʪʠʭ 

ʧʦʨʽʜ (ʤʽʢʨʦʢʚʘʨʮʠʪʘʤʠ, ʷʰʤʘʤʠ, ʢʨʝʤʝʥʷʤʠ, ʭʘʣʮʝʜʦʥʦʣʽʪʘʤʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ), 

ʣʫʩʢʘʤʠ ʩʣʶʜ ʘʣʦʪʠʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʤʫʩʢʦʚʽʪʦʤ, ʙʽʦʪʠʪʦʤ, ʭʣʦʨʠʪʦʤ, 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʛʽʜʨʦʩʣʶʜʦʶ). ʇʦʨʷʜ ʟ ʮʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʚ ʘʢʮʝʩʦʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʽ ʜʝʪʨʠʪʦʚʽ 

ʟʝʨʥʘ ʮʠʨʢʦʥʫ, ʤʦʥʘʮʠʪʫ, ʪʫʨʤʘʣʽʥʫ, ʛʨʘʥʘʪʫ, ʘʧʘʪʠʪʫ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʡ ʚʫʛʣʠʩʪʽ 

ʨʝʰʪʢʠ. ʎʝʤʝʥʪ ʧʦʨʦʜʠ ʟʘʣʽʟʠʩʪʦ-ʛʣʠʥʠʩʪʠʡ ʩʤʝʢʪʠʪ-ʢʘʦʣʽʥʽʪʦʚʠʡ. ɺ ʡʦʛʦ ʩʢʣʘʜ ʪʘʢʦʞ 

ʚʭʦʜʷʪʴ: ʧʝʣʽʢʘʥʽʪ, ʩʫʣʴʬʽʜʠ, ʰʘʤʦʟʠʪ, ʛʣʘʫʢʦʥʽʪ, ʢʦʣʦʬʘʥ, ʘ ʪʘʢʦʞ ʧʝʣʽʪʦʚʠʡ ʤʘʪʝʨʽʘʣ 

ʾʭ ʪʦʥʢʦʛʦ ʧʝʨʝʪʠʨʘʥʥʷ. ʎʝ ʚʩʝ ʩʢʣʘʜʘʻ ʤʽʞʟʝʨʥʦʚʠʡ ʤʘʪʨʠʢʩ, ʱʦ ʬʦʨʤʫʻ ʦʙʣʷʤʽʚʦʯʥʠʡ 

ʪʠʧ ʮʝʤʝʥʪʘʮʽʾ ʦʩʦʙʣʠʚʦ ʧʨʠ ʢʦʥʬʦʨʤʥʦʤʫ ʧʨʠʣʷʛʷʥʥʽ ʟʝʨʝʥ ʤʽʞ ʩʦʙʦʶ, ʥʘ ʙʽʣʴʰ 

ʨʦʟʫʱʽʣʴʥʝʥʠʭ ʤʽʞʛʨʫʜʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ï ʚʽʜʢʨʠʪʠʡ ʧʦʨʦʚʠʡ ʪʠʧ ʚʠʧʦʚʥʝʥʥʷ, ʱʦ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝʧʦʚʥʠʤ ʧʦʨʦʚʠʤ ʥʘ ʩʪʠʢʫ ʪʨʴʦʭ ʽ ʙʽʣʴʰʝ ʟʝʨʝʥ. ɺ ʩʝʨʝʜʠʥʽ ʨʦʟʨʽʟʫ ʜʦ 

ʦʟʥʘʯʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʜʘʻʪʴʩʷ ʪʘʢʦʞ ʢʦʨʜʽʻʨʠʪ ʪʘ ʢʦʨʜʽʻʬʘʛʽʪ, ʱʦ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ ʤʽʛʨʘʮʽʾ ʫʣʘʤʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʜʞʝʨʝʣ ʧʦʩʪʘʯʘʥʥʷ ʫ 

ʟʚôʷʟʢʫ ʽʟ ʧʨʦʷʚʘʤʠ ʙʣʦʢʦʚʦʾ ʪʝʢʪʦʥʽʢʠ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʇʽʩʢʦʚʠʢʠ ʢʘʥʠʣʽʚʩʴʢʦʾ ʩʝʨʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʣʘʩʪʦʚʦ-

ʣʽʥʟʦʧʦʜʽʙʥʠʤ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʟʘʣʷʛʘʥʥʷʤ ʽʟ ʟʤʽʥʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʚ ʦʢʨʝʤʠʭ 

ʧʣʘʩʪʘʭ ʽʟ ʝʣʝʤʝʥʪʘʤʠ ʧʦʪʦʢʦʚʦʾ (ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʾ) ʢʦʩʦʾ ʰʘʨʫʚʘʪʦʩʪʽ. ʇʦʚʝʨʭʥʽ 

ʧʣʘʩʪʽʚ ʥʝʨʽʚʥʽ, ʙʫʛʨʠʩʪʽ. ʄʽʞʧʣʘʩʪʦʚʽ ʘʣʝʚʨʦ-ʘʨʛʽʣʽʪʠ ʩʢʣʘʜʝʥʽ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʶ 

ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʩʪʦʶ ʞʦʨʩʪʚʦʶ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʝʨʝʚʽʜʢʣʘʜʘʥʥʷ ʚʞʝ ʯʘʩʪʢʦʚʦ 

ʢʦʥʩʦʣʽʜʦʚʘʥʦʛʦ ʘʣʝʚʨʦ-ʤʫʣʦʚʦʛʦ ʦʩʘʜʢʫ. ʊʘʢʘ ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʝʡ ʧʣʘʩʪʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʤʠʚʘʥʥʷ ʦʩʘʜʢʽʚ ʩʚʽʜʯʠʪʴ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʥʝ ʧʨʦ ʪʝʢʪʦʥʽʯʥʫ ʮʠʢʣʽʯʥʽʩʪʴ, 

ʘ ʧʨʦ ʚʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟ ʢʦʨʦʪʢʦʯʘʩʥʦʶ ʟʤʽʥʦʶ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʦʩʘʜʢʫ, 

ʱʦ ʝʧʽʟʦʜʠʯʥʦ ʚʠʥʠʢʘʶʪʴ ʚ ʙʘʩʝʡʥʽ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʢʫ (ʜʝʣʶʚʽʘʣʴʥʽ ʟʤʠʚʠ ʟ 

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ, ʰʪʦʨʤʽʪʠ, ʥʘʛʦʥʥʽ ʧʦʪʦʢʠ ʪʦʙʪʦ çʝʧʽʟʦʜʠʪʠè) ʚ ʢʘʥʠʣʽʚʩʴʢʠʡ ʯʘʩ. 

ɿʤʽʥʘ ʩʢʣʘʜʫ ʫʣʘʤʢʦʚʦʛʦ ʧʘʨʘʩʪʝʨʝʟʠʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝʢʪʦʥʽʯʥʫ ʧʝʨʝʙʫʜʦʚʫ ʫ ʮʝʡ ʯʘʩ 

ʽʟ ʟʤʽʥʦʶ ʜʞʝʨʝʣ ʧʦʩʪʘʯʘʥʥʷ ʫʣʘʤʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʣʠʙʠʥʠ ʙʘʩʝʡʥʫ.  

ʊʦʤʫ, ʥʘʩʪʫʧʥʘ ʜʝʪʘʣʽʟʘʮʽʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʦʧʦʨʥʦʛʦ ʨʦʟʨʽʟʫ ʚʽʜʢʣʘʜʽʚ ʢʘʥʠʣʽʚʩʴʢʦʾ 

ʩʝʨʽʾ ʷʢ ʪʨʘʜʠʮʽʡʥʠʤʠ, ʪʘʢ ʽ ʥʦʚʽʪʥʽʤʠ ʤʝʪʦʜʘʤʠ (ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤ̔ ʢʨʦʩʢʦʧʽʾ, ʷʢ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʦʩʘʜʢʽʚ, ʪʘʢ ʽ ʚʠʢʦʧʥʠʭ ʨʝʰʪʦʢ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʭ ʪʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʧʘʨʘʩʪʝʨʝʟʠʩʥʠʭ ʘʩʦʮʽʘʮʽʡ, ʧʨʠʪʘʤʘʥʥʠʭ ʮʽʡ ʩʝʨʽʾ, 

ʫʪʦʯʥʝʥʥʷ ʦʙôʻʤʫ ʪʘ ʛʨʘʥʠʮʴ ʩʝʨʽʾ, ʘ ʪʘʢʦʞ ʧʣʦʱʽ ʾʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ) ʚʥʝʩʝ ʟʥʘʯʥʠʡ 

ʚʢʣʘʜ. ʗʢ ʧʨʠʢʣʘʜ ï ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʜʽʘʢʘʨʽʶ ʇʦʜʽʣʴʩʴʢʦʛʦ ʚʠʩʪʫʧʫ 
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(ɹɽʈɽɻ ɻʈɽʗʄɸ ɸʅʊɸʈʂʊʀʏʅʆɻʆ ʇɯɺʆʉʊʈʆɺɸ) 

 

ɹʨʫʯʢʦ ʄ.ʈ.1,2, ʄʠʪʨʦʭʠʥ ʆ.ɺ. 1, 3 

 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ,  

2ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤʝʥʽ ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 
3ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

 

The Dannebrog Islands are a small island group within the Wilhelm Archipelago, located 

near the Ukrainian Antarctic Station ñAkademik Vernadskyò. Despite their proximity to the 

station, these islands remained among the least studied in terms of geology until the first 

systematic geological survey conducted in 2020. Fieldwork and subsequent petrographic 

analyses revealed that the geological structure of the islands is dominated by intrusive 

magmatic formations of acidic and intermediate composition. The main plutonic rocks are 

represented by granodiorites and quartz monzodiorites, whose textures indicate their deep-

seated magmatic origin. Detailed petrographic studies refined the field classification of 

mafic rocks previously identified as gabbroids. Their porphyritic texture suggest a 

hypabyssal origin, and they are therefore redefined as gabbroic porphyrites. In addition, 

the presence of mafic dykes of basaltic and andesitic composition was documented. These 

dykes are interpreted as post-plutonic subvolcanic intrusions that penetrated the host 

granitoids after their complete crystallization and subsequent exhumation. 

 

PETROGRAPHY OF IGNEOUS ROCKS FROM THE DANNEBROG ISLANDS 

(GRAHAM COAST OF THE ANTARCTIC PENINSULA)  

 

Bruchko M.R., Mytrokhyn O.V. 

  

ɺʩʪʫʧ. ʄʦʨʩʴʢʘ ʘʢʚʘʪʦʨʽʷ ʥʘʚʢʦʣʦ ʋʢʨʘʾʥʩʴʢʦʾ ʘʥʪʘʨʢʪʠʯʥʦʾ ʩʪʘʥʮʽʷ çɸʢʘʜʝʤʽʢ 

ɺʝʨʥʘʜʩʴʢʠʡè (ʋɸʉ) ʷʚʣʷʻ ʩʦʙʦʶ ʰʭʝʨʥʝ ʤʽʣʢʦʚʦʜʜʷ ʚʩʽʷʥʝ ʯʠʩʝʣʴʥʽ ʦʩʪʨʦʚʘʤʠ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ɸʨʭʽʧʝʣʘʛʫ ɺʽʣʴʛʝʣʴʤʘ. ɰʭ ʛʝʦʣʦʛʽʯʥʘ ʚʠʚʯʝʥʽʩʪʴ ʚʢʨʘʡ ʥʝʦʜʥʦʨʽʜʥʘ. ʇʦʨʫʯ 

ʟ ʚʽʜʥʦʩʥʦ ʜʦʙʨʝ ʚʠʚʯʝʥʠʤʠ, ʻ ʦʢʨʝʤʽ ʦʩʪʨʦʚʘ ʪʘ ʮʽʣʽ ʾʭ ʛʨʫʧʠ, ʜʝ ʪʽʣʴʢʠ ʥʝʱʦʜʘʚʥʦ 

ʧʦʯʘʣʠ ʧʨʦʚʦʜʠʪʠ ʨʝʛʽʦʥʘʣʴʥʽ ʛʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦ ʥʠʭ, ʟʦʢʨʝʤʘ, ʥʘʣʝʞʘʪʴ 

ʦʩʪʨʦʚʠ ɼʘʥʝʙʨʦʛ, ʥʘ ʷʢʠʭ ʣʠʰʝ ʫ 2020 ʨʦʮʽ ʟʜʽʡʩʥʠʣʠ ʧʣʘʥʦʤʽʨʥʫ ʛʝʦʣʦʛʽʯʥʫ ʟʡʦʤʢʫ. 

ɰʾ ʚʠʢʦʥʘʚʮʽ ʟôʷʩʫʚʘʣʠ, ʱʦ ʥʘ ʪʨʴʦʭ ʥʘʡʙʽʣʴʰʠʭ ʦʩʪʨʦʚʘʭ ʮʽʻʾ ʛʨʫʧʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽ 

ʽʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʥʽ ʫʪʚʦʨʝʥʥʷ. ɺʠʚʯʝʥʥʷ ʟʽʙʨʘʥʦʾ ʢʦʣʝʢʮʽʾ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʱʝ 

ʪʨʠʚʘʻ, ʘʣʝ ʚʞʝ ʟʘʨʘʟ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʟʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʾʭ ʧʝʪʨʦʛʨʘʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦ 2020 ʨʦʢʫ ʜʘʥʽ ʧʨʦ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʦʩʪʨʦʚʽʚ 

ɼʘʥʝʙʨʦʛ ʦʙʤʝʞʫʚʘʣʠʩʴ ʣʠʰʝ ʦʜʥʠʤ ʩʪʠʩʣʠʤ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ ʦʧʠʩʦʤ ʟʨʘʟʢʘ 

çʘʚʛʽʪʦʚʦʛʦ ʪʦʥʘʣʽʪʫè J.699.1, ʱʦ ʙʫʚ ʚʽʜʽʙʨʘʥʠʡ ʥʘ ʷʢʦʤʫʩʴ ʟ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʠʭ 

ʦʩʪʨʦʚʽʚ ʮʽʻʾ ʛʨʫʧʠ (ʉurtis, 1966). ʅʘʚʝʜʝʥʠʡ ʫ ʟʛʘʜʘʥʦʤʫ ʦʧʠʩʽ ʢʽʣʴʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ 

ʩʢʣʘʜ ʟʘ ʩʫʯʘʩʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʚʽʜʧʦʚʽʜʘʻ ʥʝ ʪʦʥʘʣʽʪʫ, ʘ ʢʚʘʨʮʦʚʦʤʫ ʜʽʦʨʠʪʫ. 

ʋʯʘʩʥʠʢʠ ʩʝʟʦʥʥʦʛʦ ʟʘʛʦʥʫ 25-ʾ ʋʢʨʘʾʥʩʴʢʦʾ ʘʥʪʘʨʢʪʠʯʥʦʾ ʝʢʩʧʝʜʠʮʽʾ ʆ.ʄʠʪʨʦʭʠʥ ʪʘ 

ɺ.ɹʘʭʤʫʪʦʚ ʟʜʽʡʩʥʠʣʠ ʛʝʦʣʦʛʽʯʥʫ ʟʡʦʤʢʫ, ʷʢʘ ʦʭʦʧʠʣʘ ʪʨʠ ʥʘʡʙʽʣʴʰʽ ʦʩʪʨʦʚʠ ʟ ʛʨʫʧʠ 

ɼʘʥʝʙʨʦʛ. ʇʝʨʰʽ ʜʘʥʽ ʧʨʦ ʛʝʦʣʦʛʽʶ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ ʤʽʩʪʷʪʴʩʷ ʫ ʪʝʟʘʭ ʜʦʧʦʚʽʜʽ 

(ʄʠʪʨʦʭʠʥ ʪʘ ʽʥ., 2025), ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʮʴʦʤʫ ʞ ʟʙʽʨʥʠʢʫ.  

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʆʙʨʦʙʣʝʥʘ ʥʘʨʘʟʽ ʛʝʦʣʦʛʽʯʥʘ 

ʢʦʣʝʢʮʽʷ ʚʢʣʶʯʘʣʘ 13 ʟʨʘʟʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ 11 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʣʫʪʦʥʽʯʥʠʤʠ ʧʦʨʦʜʘʤʠ, 2 ï 

ʛʽʧʘʙʽʩʘʣʴʥʠʤʠ. ʇʝʪʨʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʫ ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾè 

ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ɼʣʷ ʫʩʽʭ ʟʨʘʟʢʽʚ ʙʫʣʠ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʚʠʛʦʪʦʚʣʝʥʽ ʧʨʦʟʦʨʽ ʰʣʽʬʠ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ 

ʇʆʃɸʄ ʈʇ-1. ʂʽʣʴʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʩʪʦʣʠʢʘ ɸʥʜʽʥʘ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʦʣʦʚʥʫ ʨʦʣʴ ʫ 

ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʦʙʩʪʝʞʝʥʠʭ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ ʚʽʜʽʛʨʘʶʪʴ ʽʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʥʽ 

ʫʪʚʦʨʝʥʥʷ ʧʣʫʪʦʥʽʯʥʦʾ ʬʘʮʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʜʦʤʽʥʫʶʪʴ ʜʽʦʨʠʪʦʾʜʠ ʪʘ ʛʨʘʥʽʪʦʾʜʠ. ʅʘʙʘʛʘʪʦ 

ʤʝʥʰ ʧʦʰʠʨʝʥʽ ʛʘʙʨʦʾʜʠ, ʘ ʪʘʢʦʞ ʜʘʡʢʦʚʽ ʧʦʨʦʜʠ ʙʘʟʘʣʴʪʦʾʜʦʛʦ ʪʘ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ. 

ɼʽʦʨʠʪʦʾʜʠ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ. ʅʠʤʠ ʩʢʣʘʜʝʥʠʡ ʦʩʪʨʽʚ ɼʘʥʝʙʨʦʛ-ɯɯɯ 

ʪʘ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ï ɼʘʥʝʙʨʦʛ-ɯɯ. ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʮʝ ʩʽʨʽ ʬʘʥʝʨʠʪʦʚʽ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ 

ʧʦʨʦʜʠ ʤʝʟʦʢʨʘʪʦʚʦʛʦ ʩʢʣʘʜʫ. ʇʨʠʩʫʪʥʽʩʪʴ ʤʘʬʽʯʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘʜʘʻ ʾʤ ʪʘʢʩʠʪʦʚʦʾ 

ʪʝʢʩʪʫʨʠ. ʉʝʨʝʜ ʚʢʣʶʯʝʥʴ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʤʽʢʨʦʜʽʦʨʠʪʽʚ ʥʘ ʤʘʥʽʨ mafic 

magmatic enclaves, ʘ ʪʘʢʦʞ ʢʩʝʥʦʣʽʪʠ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʭ ʛʘʙʨʦʾʜʽʚ. ʋ ʰʣʽʬʘʭ ʜʽʦʨʠʪʦʾʜʠ 

ʤʘʶʪʴ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ. ʆʩʪʘʥʥʷ ʧʦʜʝʢʫʜʠ ʤʘʻ 

ʭʘʨʘʢʪʝʨ ʤʦʥʮʦʥʽʪʦʚʦʾ. ʂʽʣʴʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʜʽʦʨʠʪʦʾʜʽʚ ʚʽʜʧʦʚʽʜʘʻ 

ʢʚʘʨʮʦʚʦʤʫ ʤʦʥʮʦʜʽʦʨʠʪʫ. ɻʦʣʦʚʥʠʤʠ ʧʦʨʦʜʦʪʚʽʨʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʻ ʧʣʘʛʽʦʢʣʘʟ, ʢʚʘʨʮ, 

ʢʘʣʽʰʧʘʪ, ʨʦʛʦʚʘ ʦʙʤʘʥʢʘ ʪʘ ʙʽʦʪʠʪ. ʋ ʜʨʫʛʦʨʷʜʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ 

ʢʣʽʥʦʧʽʨʦʢʩʝʥ. ɺʪʦʨʠʥʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʢʣʶʯʘʻ ʩʝʨʠʮʠʪ, ʭʣʦʨʠʪ ʪʘ ʝʧʽʜʦʪ. 

ɸʢʮʝʩʦʨʥʠʤʠ ʻ ʩʬʝʥ, ʘʧʘʪʠʪ ʪʘ ʥʝʧʨʦʟʦʨʽ ʤʽʥʝʨʘʣʠ.  

ɻʨʘʥʽʪʦʾʜʠ ʟʘ ʧʦʰʠʨʝʥʽʩʪʶ, ʚʦʯʝʚʠʜʴ, ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʜʽʦʨʠʪʦʾʜʘʤ. ɻʨʘʥʽʪʦʾʜʠ 

ʩʢʣʘʜʘʶʪʴ ʩʭʽʜʥʫ ʯʘʩʪʠʥʫ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ-ɯ ʪʘ ɼʘʥʝʙʨʦʛ-ɯɯ. ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʮʝ 

ʩʚʽʪʣʦ-ʩʽʨʽ ʪʘ ʨʦʞʝʚʫʚʘʪʦ-ʩʽʨʽ ʬʘʥʝʨʠʪʦʚʽ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ ʧʦʨʦʜʠ ʣʝʡʢʦʢʨʘʪʦʚʦʛʦ 

ʩʢʣʘʜʫ. ʋ ʚʽʜʩʣʦʥʝʥʥʷʭ ʚʦʥʠ ʧʦʜʝʢʫʜʠ ʚʠʷʚʣʷʶʪʴ ʨʦʟʧʣʠʚʯʘʩʪʫ ʩʤʫʛʘʩʪʫ ʪʝʢʩʪʫʨʫ. 

ʉʤʫʛʠ, ʪʦʚʱʠʥʦʶ ʚʽʜ 2-3 ʜʦ 10-40 ʩʤ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜʪʽʥʢʦʤ ʟʘʙʘʨʚʣʝʥʥʷ ï ʨʦʞʝʚʦ-

ʩʽʨʽ ʯʝʨʛʫʶʪʴʩʷ ʟʽ ʩʚʽʪʣʦ-ʩʽʨʠʤʠ. ʋ ʰʣʽʬʘʭ ʛʨʘʥʽʪʦʾʜʠ ʚʠʷʚʣʷʶʪʴ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʫ 

ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʥʘʙʣʠʞʝʥʫ ʜʦ ʛʨʘʥʽʪʥʦʾ. ɰʭ ʢʽʣʴʢʽʩʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ 

ʩʢʣʘʜ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʦʜʽʦʨʠʪʫ. ɻʦʣʦʚʥʽ ʧʦʨʦʜʦʪʚʽʨʥʽ ʤʽʥʝʨʘʣʠ ï ʧʣʘʛʽʦʢʣʘʟ, ʢʚʘʨʮ ʪʘ 

ʢʘʣʽʰʧʘʪ. ɹʽʦʪʠʪ ʪʘ ʨʦʛʦʚʘ ʦʙʤʘʥʢʘ ʧʨʠʩʫʪʥʽ ʫ ʜʨʫʛʦʨʷʜʥʽʡ ʢʽʣʴʢʦʩʪʽ. ɺʪʦʨʠʥʥʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʥʠʩʪʠʤʠ ʤʽʥʝʨʘʣʘʤʠ, ʩʝʨʠʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ ʪʘ ʝʧʽʜʦʪʦʤ. 

ʉʝʨʝʜ ʘʢʮʝʩʦʨʽʾʚ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʩʬʝʥ, ʘʧʘʪʠʪ ʪʘ ʮʠʨʢʦʥ.  

ɻʘʙʨʦʾʜʠ ʟʘʟʚʠʯʘʡ ʪʨʘʧʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʚʝʣʠʢʠʭ ʢʩʝʥʦʣʽʪʽʚ ʫ ʜʽʦʨʠʪʦʾʜʘʭ. 

ʃʠʰʝ ʥʘ ʦʩʪʨʦʚʽ ɼʘʥʝʙʨʦʛ-ɯɯ ʨʦʟʤʽʨʠ ʪʘʢʠʭ ʢʩʝʥʦʣʽʪʽʚ ʩʷʛʘʶʪʴ ʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. 

ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʛʘʙʨʦʾʜʠ ʮʝ ʪʝʤʥʦ-ʩʽʨʽ ʧʦʨʦʜʠ, ʷʢʽ ʚʽʟʫʘʣʴʥʦ ʟʜʘʶʪʴʩʷ ʬʘʥʝʨʠʪʦʚʠʤʠ. 

ɺʦʥʠ ʧʦʤʽʪʥʦ ʪʝʤʥʽʰʽ ʟʘ ʜʽʦʨʠʪʦʾʜʠ, ʪʦʤʫ ʤʦʞʝ ʩʢʣʘʩʪʠʩʷ ʧʦʤʠʣʢʦʚʝ ʚʨʘʞʝʥʥʷ, ʱʦ 

ʛʘʙʨʦʾʜʠ ʤʘʶʪʴ ʤʝʣʘʥʦʢʨʘʪʦʚʠʡ ʩʢʣʘʜ. ɸʣʝ ʚʠʚʯʝʥʥʷ ʰʣʽʬʽʚ ʮʴʦʛʦ ʥʝ ʧʽʜʪʚʝʨʜʞʫʻ, ʫʩʽ 

ʚʦʥʠ ʻ ʤʝʟʦʢʨʘʪʦʚʠʤʠ. ʋ ʰʣʽʬʘʭ ʛʘʙʨʦʾʜʠ ʤʘʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʦ-ʟʝʨʥʠʩʪʫ 

ʧʦʨʬʽʨʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʧʣʫʪʦʥʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

ɿʥʘʯʥʫ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʦʨʦʜʠ ʩʢʣʘʜʘʶʪʴ ʜʦʚʦʣʽ ʚʝʣʠʢʽ ʽʜʽʦʤʦʨʬʥʽ ʢʨʠʩʪʘʣʠ 

ʧʣʘʛʽʦʢʣʘʟʫ ʪʘ ʘʤʬʽʙʦʣʽʟʦʚʘʥʦʛʦ ʢʣʽʥʦʧʽʨʦʢʩʝʥʫ. ʄʽʞ ʥʠʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʴʰ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʟʘʛʘʣʴʥʘ ʤʘʩʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʧʣʘʛʽʦʢʣʘʟʦʤ, ʢʚʘʨʮʦʤ, ʨʦʛʦʚʦʶ 

ʦʙʤʘʥʢʦʶ, ʢʣʽʥʦʧʽʨʦʢʩʝʥʦʤ ʪʘ ʙʽʦʪʠʪʦʤ. ʋ ʘʢʮʝʩʦʨʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʧʨʠʩʫʪʥʽ ʩʬʝʥ, 

ʘʧʘʪʠʪ ʪʘ ʥʝʧʨʦʟʦʨʽ ʤʽʥʝʨʘʣʠ.  

ɹʘʟʘʣʴʪʦʚʘ ʜʘʡʢʘ ʚʭʦʜʠʪʴ ʜʦ ʨʦʶ ʤʘʬʽʯʥʠʭ ʜʘʡʦʢ, ʱʦ ʽʥʪʨʫʜʫʶʪʴ ʛʨʘʥʽʪʦʾʜʠ ʥʘ 

ʧʽʚʥʽʯʥʦʤʫ ʟʫʙʝʨʝʞʞʽ ʦʩʪʨʦʚʘ ɼʘʥʝʙʨʦʛ-ɯ. ɼʘʡʢʦʚʘ ʧʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʝʣʝʥʫʚʘʪʦ-

ʩʽʨʠʤ ʘʬʘʥʽʪʦʚʠʤ ʙʘʟʘʣʴʪʦʤ, ʚ ʷʢʦʤʫ ʪʨʘʧʣʷʶʪʴʩʷ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʚʢʣʶʯʝʥʥʷ 

ʫʣʴʪʨʘʤʘʬʽʯʥʠʭ ʧʦʨʽʜ. ʋ ʰʣʽʬʽ ʟôʷʩʦʚʫʻʪʴʩʷ, ʱʦ ʮʽ ʚʢʣʶʯʝʥʥʷ ʩʢʣʘʜʝʥʽ ʟʤʽʥʝʥʠʤʠ 

ʧʽʨʦʢʩʝʥʽʪʘʤʠ. ʉʘʤ ʞʝ ʙʘʟʘʣʴʪ ʚʠʷʚʣʷʻ ʤʽʢʨʦʧʦʨʬʽʨʦʚʫ ʩʪʨʫʢʪʫʨʫ. ʌʝʥʦʢʨʠʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʢʣʶʯʥʦ ʤʘʬʽʯʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʛʦʣʦʚʥʫ ʨʦʣʴ ʛʨʘʻ 

ʢʣʽʥʦʧʽʨʦʢʩʝʥ. ʄʝʥʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʜʝʬʦʨʤʦʚʘʥʽ ʬʝʥʦʢʨʠʩʪʠ ʙʘʟʘʣʴʪʠʯʥʦʾ ʨʦʛʦʚʦʾ 

ʦʙʤʘʥʢʠ. ʂʨʽʤ ʥʠʭ, ʪʨʘʧʣʷʶʪʴʩʷ ʧʦʚʥʽ ʧʩʝʚʜʦʤʦʨʬʦʟʠ ʧʦ ʱʝ ʦʜʥʦʤʫ ʤʘʬʽʯʥʦʤʫ 

ʤʽʥʝʨʘʣʫ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʢʘʨʙʦʥʘʪʘʤʠ ʪʘ ʪʘʣʴʢʦʤ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʤʘʻ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟ ʥʝʯʽʪʢʠʤʠ ʦʟʥʘʢʘʤʠ ʬʣʶʾʜʘʣʴʥʦʩʪʽ. ʆʩʪʘʥʥʷ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʦʨʽʻʥʪʘʮʽʻʶ 

ʤʽʢʨʦʣʽʪʽʚ ʧʣʘʛʽʦʢʣʘʟʫ ʪʘ ʙʘʟʘʣʴʪʠʯʥʦʾ ʨʦʛʦʚʦʾ ʦʙʤʘʥʢʠ. ɺ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʥʠʤʠ 
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ʟʥʘʭʦʜʷʪʴʩʷ ʽʥʪʝʨʛʨʘʥʫʣʷʨʥʽ ʟʝʨʥʘ ʢʣʽʥʦʧʽʨʦʢʩʝʥʫ, ʥʝʧʨʦʟʦʨʠʭ ʤʽʥʝʨʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʩʢʫʧʯʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʢʘʣʴʮʠʪʫ ʪʘ ʭʣʦʨʠʪʫ. 

ɸʥʜʝʟʠʪʦʚʘ ʜʘʡʢʘ ʽʥʪʨʫʜʫʻ ʛʨʘʥʽʪʦʾʜʠ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʦʩʪʨʦʚʘ ɼʘʥʝʙʨʦʛ-ɯ. 

ɼʘʡʢʦʚʘ ʧʦʨʦʜʘ ʤʘʻ ʥʝʦʜʥʦʨʽʜʥʦ-ʧʣʷʤʠʩʪʝ ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʝ ʟʘʙʘʨʚʣʝʥʥʷ ʟ ʯʠʩʝʣʴʥʠʤʠ 

ʧʦʨʬʽʨʦʚʠʤʠ ʚʢʨʘʧʣʝʥʥʷʤʠ ʧʣʘʛʽʦʢʣʘʟʫ ʫ ʙʽʣʴʰ ʪʝʤʥʽʡ ʘʬʘʥʽʪʦʚʽʡ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ. ʋ 

ʰʣʽʬʽ ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʨʬʽʨʦʚʘ ʩʪʨʫʢʪʫʨʘ. ʌʝʥʦʢʨʠʩʪʠ ʧʣʘʛʽʦʢʣʘʟʫ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ 

ʟʘʤʽʱʫʶʪʴʩʷ ʢʘʣʴʮʠʪʦʤ ʪʘ ʧʨʝʥʽʪʦʤ. ɼʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʘ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʤʽʢʨʦʣʽʪʘʤʠ ʧʣʘʛʽʦʢʣʘʟʫ ʪʘ ʥʝʧʨʦʟʦʨʦʛʦ ʤʽʥʝʨʘʣʫ. ɺ ʽʥʪʝʨʩʪʠʮʽʷʭ ʤʽʞ ʥʠʤʠ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʭʣʦʨʠʪ, ʢʘʨʙʦʥʘʪ ʪʘ ʝʧʽʜʦʪ.  

ɺʠʩʥʦʚʢʠ.  

1. ʇʝʪʨʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʰʠʨʦʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʥʘ 

ʦʩʪʨʦʚʘʭ ɼʘʥʝʙʨʦʛ ʽʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ. 

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʙʫʜʦʚʠ ʟʘʩʚʽʜʯʫʶʪʴ ʛʣʠʙʠʥʥʽ ʫʤʦʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʛʤʠ 

ʪʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʧʣʫʪʦʥʽʯʥʦʛʦ ʢʣʘʩʫ. ɿʘ ʢʽʣʴʢʽʩʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʫʪʦʥʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʢʚʘʨʮʦʚʽ ʤʦʥʮʦʜʽʦʨʠʪʠ ʪʘ 

ʛʨʘʥʦʜʽʦʨʠʪʠ.  

2. ɻʘʙʨʦʾʜʠ, ʷʢʽ ʪʨʘʧʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʩʝʥʦʣʽʪʽʚ ʫ ʧʣʫʪʦʥʽʯʥʠʭ ʫʪʚʦʨʝʥʥʷʭ 

ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ, ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʫʤʽʱʫʶʯʠʭ ʧʦʨʽʜ ʩʚʦʻʶ ʚʢʨʘʡ 

ʥʝʨʽʚʥʦʤʽʨʥʦʟʝʨʥʠʩʪʦʶ ʧʦʨʬʽʨʦʚʠʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɰʭ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʧʣʫʪʦʥʽʯʥʠʭ 

ʧʦʨʽʜ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʠ. ɹʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤʠ ʻ ʛʽʧʘʙʽʩʘʣʴʥʽ ʫʤʦʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʛʘʙʨʦʾʜʽʚ. 

ɿôʷʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʦʪʨʘʧʣʷʥʥʷ ʾʭ ʢʩʝʥʦʣʽʪʽʚ ʫ ʤʘʛʤʫ ʜʽʦʨʠʪʦʾʜʽʚ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

3. ʄʘʬʽʯʥʽ ʜʘʡʢʠ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ ʟʘ ʾʭ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʥʘʣʝʞʘʪʴ ʜʦ ʩʫʙʚʫʣʢʘʥʽʯʥʠʭ ʫʪʚʦʨʝʥʴ. ɿʘ ʩʢʣʘʜʦʤ ʩʝʨʝʜ ʥʠʭ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʜʘʡʢʠ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʪʘ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ. ʎʝ ʪʠʧʦʚʽ ʧʦʩʪ-ʧʣʫʪʦʥʽʯʥʽ ʪʨʽʱʠʥʥʽ ʽʥʪʨʫʟʽʾ, ʱʦ 

ʚʢʦʨʽʥʶʚʘʣʠʩʷ ʫ ʚʤʽʩʥʽ ʛʨʘʥʽʪʦʾʜʠ ʧʽʩʣʷ ʾʭ ʧʦʚʥʦʛʦ ʟʘʩʪʠʛʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʝʢʩʛʫʤʘʮʽʾ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  

Curtis R. [1966]. The petrology of the Graham Coast, Graham Land. British Antarctic 

Survey Scientific reports. 1966. ˉ50. P.1-51. 

ʄʠʪʨʦʭʠʥ ʆ.ɺ., ɹʘʭʤʫʪʦʚ ɺ.ɻ., ɹʨʫʯʢʦ ʄ.ʈ. [2025]. ʇʝʨʰʽ ʜʘʥʽ ʧʨʦ ʛʝʦʣʦʛʽʶ 

ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ (ɹʝʨʝʛ ɻʨʝʷʤʘ ɸʥʪʘʨʢʪʠʯʥʦʛʦ ʧʽʚʦʩʪʨʦʚʘ). ɿʙʽʨʥʠʢ ʧʨʘʮʴ 

ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʜ ʤʽʥʝʨʘʣʦʛʽʾ ʽ ʛʝʦʛʥʦʟʽʾ ʜʦ ʛʝʦʭʽʤʽʾ, ʧʝʪʨʦʣʦʛʽʾ ʪʘ 

ʛʝʦʬʽʟʠʢʠ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ ʍʍɯ ʩʪʦʨʽʯʯʷè (MinGeoIntegration), ʂʠʾʚ, 

12-14 ʣʠʩʪʦʧʘʜʘ 2025 ʨʦʢʫ. 
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ʂʆʄʇʃɽʂʉʋɺɸʅʅʗ ɻɽʆʌɯɿʀʏʅʀʍ ʄɽʊʆɼɯɺ ʇʈʀ ɺʀɺʏɽʅʅɯ ɻɯɼʈʆ- 

ɻɽʆɼʀʅɸʄɯʏʅʀʍ ʗɺʀʑ ɺ ɿʆʅɯ ɺɯʃʔʅʆɻʆ ɺʆɼʆʆɹʄɯʅʋ 

1ɹʫʙʣʷʩʴ ɺ.ʄ., 2ʐʝʚʯʝʥʢʦ ʆ.ʃ. 
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bublias@ukr.net, 
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shevch62@gmail.com 

  

The value of these investigations primarily lies in the combination of traditional and new 

investigation methods, which make it possible to better reveal the mechanisms of 

sedimentation in rocks of the aeration zone. In the first place, the role of influx of 

electrodynamic and microgeodynamic processes on water transport in rocks of the aeration 

zone is discussed. A number of non-standard approaches to assessing the vitality of 

groundwater and forecasting their resources are reviewed.  
  

COMPREHENSION OF GEOPHYSICAL METHODS IN THE VIRTUATION OF 

HYDRO-GEODYNAMIC RESPONSES OF GROUNDWATER 

  

Bublias V.N., Shevchenko O.L. 

  

ɺʩʪʫʧ. ʇʦʚʝʜʽʥʢʘ ʚʦʣʦʛʠ ʚ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ (ɿɸ) ʪʘ ʾʾ ʫʯʘʩʪʴ ʫ ʞʠʚʣʝʥʥʽ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ɻɺ) ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʜʫʞʝ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʘʤ ʽ ʷʚʠʱʘʤ ʚ ʟʝʤʥʽʡ ʢʦʨʽ. 

ɿʘ ʩʫʯʘʩʥʦʛʦ ʨʽʚʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʻ ʽʤʦʚʽʨʥʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʇʦʢʘʟʥʠʢʠ ʘʙʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʚʦʣʦʛʠ ʪʘ ʾʾ ʩʪʘʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʪʘ 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ: 1) ʚʦʜʥʦʙʘʣʘʥʩʦʚʦʛʦ ï ʟʘ ʦʜʥʽʻʶ ʟ 

ʧʨʠʙʫʪʢʦʚʠʭ ʘʙʦ ʚʠʪʨʘʪʥʠʭ ʩʢʣʘʜʦʚʠʭ; 2) ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ï ʟʘ ʟʤʽʥʘʤʠ ʦʙôʻʤʫ, ʚʠʪʨʘʪ 

ʽ ʰʚʠʜʢʦʩʪʽ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ; 3) 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ï ʟʘ ʢʦʣʠʚʘʥʥʷʤʠ ʪʠʩʢʽʚ (ʧʦʪʝʥʮʽʘʣʽʚ) ʧʦʨʦʚʦʾ ʚʦʣʦʛʠ; 4) 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ï ʟʘ ʟʤʽʥʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʧʝʚʥʠʭ ʰʘʨʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ 

ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ɸʣʝ, ʥʘʚʽʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ, 

ʤʝʪʦʜʦʣʦʛʽʡ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʴʦʚʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʛʽʜʨʦʬʽʟʠʯʥʽʡ ʥʘʫʮʽ ʥʘ 

ʩʴʦʛʦʜʥʽ ʥʝ ʚʜʘʻʪʴʩʷ ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʷʩʥʠʪʠ ʥʠʟʢʫ ʷʚʠʱ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʫʭʦʤ ʚʦʣʦʛʠ ʚ 

ʟʦʥʽ ʘʝʨʘʮʽʾ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʋ ʩʚʽʡ ʯʘʩ (ʊʢʘʯʝʥʢʦ ʂ.ɼ. 1965) ʥʘ ʧʦʣʽʛʦʥʽ çʌʝʦʬʘʥʽʷè ʚʩʪʘʥʦʚʠʚ, ʱʦ 

ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʢʘʧʽʣʷʨʥʦʾ ʢʘʡʤʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʘʻ ʧʨʦʪʠʣʝʞʥʫ ʚʘʨʽʘʮʽʶ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʘʨʽʘʮʽʻʶ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. ʅʘʤʠ (ʐʝʚʯʝʥʢʦ ʪʘ ʽʥ., 2016) ʽ ʨʷʜʦʤ 

ʜʦʩʣʽʜʥʠʢʽʚ ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʽ ʧʽʩʣʷ ʜʦʱʫ ʨʽʚʝʥʴ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʫ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʟʥʠʞʫʻʪʴʩʷ. ʇʦʨʫʰʫʻʪʴʩʷ ʢʣʘʩʠʯʥʘ ʩʭʝʤʘ ʨʫʭʫ ʚʦʣʦʛʠ ʚ ʟʦʥʽ ʘʝʨʘʮʽʾ ʚ 

ʭʦʣʦʜʥʽ ʧʦʨʠ ʨʦʢʫ (ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʚ ʩʪʦʨʦʥʫ ʭʦʣʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʫ), ʢʦʣʠ ʯʘʩʪʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʬʽʣʴʪʨʘʮʽʷ ʟʘʤʽʩʪʴ ʚʠʩʭʽʜʥʠʭ ʧʦʪʦʢʽʚ. ɺʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ ʧʦʩʪʘʶʪʴ 

ʪʘʢʦʞ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʨʫʭʫ ʚʦʣʦʛʠ ʚ ʟʦʥʽ ʘʝʨʘʮʽʾ ʚ ʧʦʩʫʰʣʠʚʠʭ ʨʘʡʦʥʘʭ (ʨʘʡʦʥʘʭ ʽʟ 

ʚʽʜôʻʤʥʠʤ ʙʘʣʘʥʩʦʤ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ), ʜʝ ʽʥʬʽʣʴʪʨʘʮʽʷ ʚ ʢʣʘʩʠʯʥʦʤʫ ʾʾ 

ʨʦʟʫʤʽʥʥʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ, ʘ ʞʠʚʣʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʬʽʢʩʫʻʪʴʩʷ. ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ 

ʨʫʭʫ ʚʦʣʦʛʠ ʚ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʟʦʥʘʭ (ʄɻɿ) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʷʚʠʱʝ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʫ ʄɻɿ ʽ ʥʘ ʧʨʠʣʝʛʣʠʭ ʬʦʥʦʚʠʭ ʜʽʣʷʥʢʘʭ. ʈʝʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʚʦʣʦʛʠ ʯʘʩʪʦ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ 

ʚʦʣʦʛʠ. 

ɺʘʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʚʠʷʚʣʝʥʠʭ ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ ʫ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽʡ ʥʘʫʮʽ ʻ ʜʝʬʽʮʠʪ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʠʪʥʦʾ ʷʢʦʩʪʽ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ (ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʋʢʨʘʾʥʽ), ʟʘʧʘʩʽʚ ʷʢʠʭ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʪʘʻ ʚʩʝ ʤʝʥʰʝ. ʂʨʽʤ ʟʘʙʨʫʜʥʝʥʥʷ 
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ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚʧʣʠʚʦʚʠʤ ʯʠʥʥʠʢʦʤ ʩʢʦʨʦʯʝʥʥʷ ʾʭ ʟʘʧʘʩʽʚ ʚʠʩʪʫʧʘʻ ʘʨʠʜʠʟʘʮʽʷ 

ʢʣʽʤʘʪʫ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥ ʟʘʧʘʩʽʚ ʚʦʣʦʛʠ ʪʘ ʨʝʩʫʨʩʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʻ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ, ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

(ʐʅʄ) ʪʘ ʜʦʩʢʦʥʘʣʽʰʠʭ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʨʦʪʝ, ʽʥʦʜʽ ʮʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʠʥʮʠʧʦʚʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ 

ʜʦʤʽʥʫʶʯʠʭ ʯʠʥʥʠʢʽʚ ʚ ʦʢʨʝʤʠʭ ʣʘʥʜʰʘʬʪʥʠʭ ʫʤʦʚʘʭ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʥʝʩʝʥʥʷ ʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦ ʨʝʛʣʘʤʝʥʪʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʧʦʣʽʛʦʥʘʭ ʪʘ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʠʭ ʩʪʘʥʮʽʷʭ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʠʭ 

ʫʤʦʚʘʭ. ʂʦʤʧʣʝʢʩ ʮʠʭ ʜʘʥʠʭ ʧʦʚʠʥʝʥ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʨʘʚʠʣ 

ʤʦʥʽʪʦʨʠʥʛʫ ʢʣʽʤʘʪʠʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʜʣʷ ʟʘʚʯʘʩʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʤʽʥ, - ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʩʪʘʥʫʪʴ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʮʽʡ ʩʬʝʨʽ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʰʫʢʫ ʽ ʜʦʩʣʽʜʞʝʥʴ ʜʦʜʘʪʢʦʚʠʭ ʥʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʽʩʪʦʪʥʠʡ 

ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʽ ʝʢʦʣʦʛʽʯʥʠʡ ʾʭ ʩʪʘʥ. ɿʘʚʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʜʘʩʪʴ ʙʽʣʴʰʝ ʯʘʩʫ (ʟʘʣʝʞʥʦ ʚʽʜ ʚʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ) ʥʘ ʨʦʟʨʦʙʢʫ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʨʘʪʝʛʽʾ ʘʜʘʧʪʘʮʽʾ ʪʘ ʧʨʘʚʠʣ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

 ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʮʽʥʢʠ ʨʝʩʫʨʩʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʫ ʜʚʦʭ ʧʣʦʱʠʥʘʭ ï ʚ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ ʽ 

ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ. ʆʩʢʽʣʴʢʠ ʯʠʥʥʠʢʠ ʨʫʭʫ ʚʦʣʦʛʠ ʚ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʽ ʽʟ ʯʠʥʥʠʢʘʤʠ ʞʠʚʣʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʪʦ ʣʦʛʽʯʥʠʤ ʙʫʜʝ ʥʝ ʨʦʟʛʣʷʜʘʪʠ ʾʭ 

ʦʢʨʝʤʦ. ɸ ʫ ʦʙʣʘʩʪʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʭʘʨʘʢʪʝʨ ʢʦʣʠʚʘʥʥʷ 

ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ ʥʘ 

ʚʦʜʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʻ ʨʷʜ ʥʝʜʦʦʮʽʥʝʥʠʭ ʷʚʠʱ, ʘʙʦ ʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ, ʷʢʽ ʥʝ 

ʩʧʨʦʤʦʞʥʽ ʨʦʟʢʨʠʪʠ ʩʫʪʥʽʩʪʴ ʚʧʣʠʚʫ ʮʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʚʦʣʦʛʦʦʙʤʽʥ. ʊʦʤʫ ʤʠ 

ʧʨʦʧʦʥʫʻʤʦ ʨʦʟʛʣʷʥʫʪʠ ʟʚʠʯʘʡʥʽ ʯʠʥʥʠʢʠ ʧʽʜ ʽʥʰʠʤ ʢʫʪʦʤ, ʚʥʝʩʪʠ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʪʘ 

ʤʝʪʦʜʠʯʥʽ ʟʤʽʥʠ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ:  

1) ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫ ʟʚôʷʟʢʫ ʽʟ ʚʠʚʯʝʥʥʷʤ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʽ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʟʦʥ ʟôʷʚʠʣʦʩʴ ʨʷʜ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʧʣʠʚ ʄɻɿ ʥʘ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʽ ʨʫʭ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ï ʚ ʤʝʞʘʭ ʮʠʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ ʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʬʦʥʦʚʽ (ʐʝʚʯʝʥʢʦ ʪʘ ʽʥ, 2016). 

2) ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʻ ʧʦʪʨʝʙʘ ʩʝʨʡʦʟʥʠʭ ʜʦʦʧʨʘʮʶʚʘʥʴ ʚ ʯʘʩʪʠʥʽ ʦʮʽʥʢʠ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʽʟ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʅʘʡʧʦʰʠʨʝʥʽʰʘ ʤʝʪʦʜʠʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʪʨʘʥʩʧʽʨʘʮʽʾ ʚʦʣʦʛʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʟʠʤʝʪʨʽʚ, ʜʝ 

ʤʦʥʦʣʽʪʠ ˇʨʫʥʪʫ ʥʝ ʤʘʶʪʴ ʧʨʠʨʦʜʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽʟ ʤʘʪʝʨʠʥʩʴʢʦʶ ʧʦʨʦʜʦʶ, ʤʘʻ 

ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʦʩʦʙʣʠʚʦ, ʢʦʣʠ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʘ ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ. 

3) ɺʠʚʯʝʥʥʷ ʨʦʣʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʫ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ ʘʪʤʦʩʬʝʨʠ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ 

ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʻʪʴʩʷ. ʊʘʢ, ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣʘʭ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽʟ 

ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ (ɻɻʀ-3000) ʥʘ ʤʝʪʝʦʩʪʘʥʮʽʷʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʘ 

ˇʨʫʥʪʦʟʥʘʚʮʽ ʽ ʘʛʨʦʥʦʤʠ ʨʽʜʢʦ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʟʘʧʘʩʫ 

ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ. ɼʘʥʠʡ ʯʠʥʥʠʢ ʟʘ ʫʤʦʚ ʰʪʦʨʤʦʚʦʛʦ ʚʽʪʨʫ, ʚʦʣʦʛʦʛʦ ˇʨʫʥʪʫ 

ʽ ʜʝʬʽʮʠʪʫ ʚʦʣʦʛʠ ʚ ʘʪʤʦʩʬʝʨʽ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʢʽʣʴʢʦʭ ʛʦʜʠʥ) ʚʠʩʫʰʫʻ 

ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʜʦ 5 ʽ ʙʽʣʴʰʝ ʩʘʥʪʠʤʝʪʨʽʚ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʚʦʜʘ ʥʘʩʪʫʧʥʦʛʦ 

ʥʝʚʝʣʠʢʦʛʦ (ʽ ʥʘʚʽʪʴ ʩʝʨʝʜʥʴʦʛʦ) ʜʦʱʫ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʤʦʯʫʚʘʥʥʷ ʮʴʦʛʦ ʰʘʨʫ ʽ ʾʭ 

ʚʦʣʦʛʘ ʽ ʥʝ ʥʘʜʭʦʜʠʪʴ ʜʦ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

4) ɺʘʞʣʠʚʦʶ (ʥʝ ʟʘʚʞʜʠ ʧʨʘʚʠʣʴʥʦ ʦʮʽʥʝʥʦʶ) ʩʪʘʪʪʝʶ ʞʠʚʣʝʥʥʷ ɻɺ ʻ 

ʧʘʨʦʧʦʜʽʙʥʘ ʚʦʣʦʛʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʘʨʘ ʚ ʧʦʨʦʜʘʭ ɿɸ ʟʘʚʜʷʢʠ ʜʠʬʫʟʽʾ, 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʨʫʭʘʻʪʴʩʷ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʨʽʜʢʘ ʾʾ ʬʘʟʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʯʽʨʥʷ ʢʦʥʜʝʥʩʘʮʽʡʥʘ ʚʦʣʦʛʘ (ʩʝʨʧʘʥʦʢ) ʚ ʫʤʦʚʘʭ 

ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 10 ʩʤ. ɺ ʧʦʩʫʰʣʠʚʠʭ ʨʝʛʽʦʥʘʭ, ʚ ʪ.ʯ. 

ʨʘʡʦʥʘʭ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʪʝʧʫ, ʧʨʦʮʝʩ ʢʦʥʜʝʥʩʘʮʽʾ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʨʦʰʝʥʥʷ, ʻ ʦʩʥʦʚʥʠʤ 

ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ. 

5) ʋ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ ʻ ʧʦʪʨʝʙʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚ ʷʢʦʩʪʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʛʝʥʪʘ ʟ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʽʟ ʪʝʧʣʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ɿɸ ʚ ʩʪʦʨʦʥʫ ʭʦʣʦʜʥʠʭ, ʘ ʟ ʽʥʰʦʛʦ ï ʚ ʷʢʦʩʪʽ ʯʠʥʥʠʢʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʽ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʦʩʫʭ, ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʤʽʱʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʧʽʚʥʽʯ 

ʧʦʩʫʰʣʠʚʦʾ ʽ ʥʝʜʦʩʪʘʪʥʴʦ ʟʚʦʣʦʞʝʥʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ (ʈʦʤʘʱʝʥʢʦ ʪʘ ʽʥ, 2020). 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʝʥʝʨʛʦʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʥʠʟʢʫ ʥʦʚʠʭ ʯʠʥʥʠʢʽʚ ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɺʘʞʣʠʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʻ ʟôʷʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʚʟʘʻʤʦʜʽʾ 

ʝʥʜʦʛʝʥʥʠʭ ʽ ʝʢʟʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʨʦʣʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʞʠʚʣʝʥʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ.  

ʅʘ ʚʦʜʫ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʽʟ ʘʪʤʦʩʬʝʨʠ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ, ʽ ʧʦʨʦʜʠ ʟʦʥʠ ʘʝʨʘʮʽʾ 

ʜʽʶʪʴ ʩʠʣʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʧʽʜ ʚʧʣʠʚʦʤ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʽʚ, 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ, ʧʝʨʝʭʦʜʠ ʚʦʜʠ ʫ ʨʽʟʥʽ ʬʘʟʦʚʽ ʪʘ ʷʢʽʩʥʽ ʩʪʘʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʫʤʦʚ ʽ ʩʠʣ ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʢʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʯʠʥʥʠʢʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʜʠʬʫʟʽʷ, ʚʩʤʦʢʪʫʶʯʽ ʪʠʩʢʠ, ʛʨʘʚʽʪʘʮʽʷ ʪʘ ʽʥ.), ʫ ʧʝʨʝʤʽʱʝʥʥʽ ʚʦʣʦʛʠ ʚ 

ʧʦʨʠʩʪʠʭ ʧʫʭʢʠʭ ˇʨʫʥʪʘʭ ʚʘʞʣʠʚʫ ʤʽʛʨʘʮʽʡʥʫ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʶʪʴ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ 

ʝʣʝʤʝʥʪʠ ʧʦʨʽʜ ɿɸ, ʤʝʭʘʥʽʯʥʽ (ʧʨʫʞʥʽ) ʭʚʠʣʽ ʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʘʪʤʦʩʬʝʨʠ ʽ ʣʽʪʦʩʬʝʨʠ. 

ʆʪʞʝ, ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʜʦʧʦʚʥʠʪʠ ʧʝʨʝʣʽʢ ʦʙʦʚôʷʟʢʦʚʠʭ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʢʘʟʥʠʢʽʚ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘʩʪʫʧʥʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ:  

1) ɺ ʧʨʠʨʦʜʥʦʤʫ ʟʘʣʷʛʘʥʥʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʢʣʘʜʥʦʤʫ 

ʛʝʦʜʠʥʘʤʽʯʥʦʤʫ ʩʪʘʥʽ, ʩʪʚʦʨʝʥʦʤʫ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ. ʇʨʠ ʚʠʚʯʝʥʥʽ 

ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʽ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʷʚʽʚ ʜʦʤʽʥʫʶʯʠʭ ʧʦʣʽʚ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʽ ʜʦʩʣʽʜʞʝʥʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʷʢʘ ʩʪʘʣʘ ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ ʄɻɿ (ɹʫʙʣʷʩʴ, 2009). 

ɺ ʤʝʞʘʭ ʮʠʭ ʜʽʣʷʥʦʢ ʨʦʟʚʠʥʝʥʘ ʩʠʩʪʝʤʘ ʟʦʥ ʰʚʠʜʢʦʾ ʤʽʛʨʘʮʽʾ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʤʝʭʘʥʽʯʥʽ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ, ʛʝʦʭʽʤʽʯʥʽ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʪʘ ʽʥ. ʧʨʦʮʝʩʠ, ʷʢʽ ʤʘʶʪʴ 

ʟʥʘʯʥʦ ʚʠʱʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʬʦʥʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ. ɼʦʤʽʥʫʶʯʠʤ ʬʘʢʪʦʨʦʤ 

ʾʭ ʨʦʟʚʠʪʢʫ ʻ ʧʨʫʞʥʽ ʭʚʠʣʽ, ʛʝʥʝʨʦʚʘʥʽ ʨʦʪʘʮʽʡʥʠʤʠ ʽ ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʩʠʣʘʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʘʭ ʟʝʤʥʦʾ ʢʦʨʠ, ʦʙʫʤʦʚʣʝʥʠʭ, ʡʤʦʚʽʨʥʦ, ʟʤʽʥʦʶ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʽ ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʩʠʣʘʤʠ ʉʦʥʮʷ ʽ ʄʽʩʷʮʷ. 

2) ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʨʫʩʽ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʘʻ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʘʩʦʮʽʡʦʚʘʥʠʭ 

ʤʦʣʝʢʫʣ ʚʦʜʠ. ɺʦʜʘ ʤʘʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʯʫʪʣʠʚʽʩʪʴ ʟʘʚʜʷʢʠ ʥʘʷʚʥʠʤ ʫ ʥʽʡ ʥʝ 

ʩʢʦʤʧʝʥʩʦʚʘʥʠʤ ʟʘʨʷʜʘʤ, ʱʦ ʩʧʦʥʫʢʘʻ ʾʾ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ (ʩʪʚʦʨʶʻ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʘʩʦʮʽʘʮʽʾ, ʘʙʦ ʢʣʘʩʪʝʨʠ) ʽ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ 

ʟʤʽʥʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʫʪʚʦʨʝʥʥʽ ʬʘʟʦʚʠʭ ʥʝʩʪʘʙʽʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʜʦ ʨʫʭʫ, ʘʙʦ ʧʝʚʥʦʾ ʚʟʘʻʤʦʜʽʾ (ʭʽʤʽʯʥʦʾ, 

ʬʽʟʠʯʥʦʾ). ɿôʷʩʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʧʨʠʯʠʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʦʧʝʨʘʪʠʚʥʫ 

ʦʨʛʘʥʽʟʘʮʽʶ ʧʝʚʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʩʪʝʤ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ ʾʭ ʨʦʣʴ ʫ ʨʷʜʽ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʘʭ. ʄʘʡʞʝ ʚʩʽ ʧʨʦʮʝʩʠ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʫʯʘʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣ. ʈʠʪʤʽʯʥʽ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 

ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʘʪʤʦʩʬʝʨʠ ʽ ʣʽʪʦʩʬʝʨʠ, ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴ ʽʦʥʠ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʽ ʚʽʣʴʥʠʭ ʤʦʣʝʢʫʣ ʚʦʜʠ. 

3) ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʟʥʘʥʥʷ ʬʽʟʠʯʥʦʾ ʤʽʛʨʘʮʽʡʥʦʾ ʩʫʪʽ ʧʦʨʦʚʠʭ 

ʨʦʟʯʠʥʽʚ ʫ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ ʤʘʶʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʫʞʥʽ ʧʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʢʽʣʴʢʘ ʬʫʥʢʮʽʡ: ʘ) ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʫʶʪʴ ʚʝʨʭʥʽ ʰʘʨʠ 

ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʬʦʨʤʫʶʯʠ ʰʣʷʭʠ ʰʚʠʜʢʦʾ ʤʽʛʨʘʮʽʾ; ʙ) ʚʽʙʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ 

ʟʚʽʣʴʥʷʶʪʴ ʩʦʨʙʦʚʘʥʫ ʧʣʽʚʢʦʚʫ ʚʦʣʦʛʫ ʽʟ ʧʦʚʝʨʭʦʥʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʯʘʩʪʦʢ, ʧʝʨʝʚʦʜʷʯʠ ʾʾ ʚ ʩʪʘʥ ʥʝʟʚôʷʟʘʥʦʾ (ʚʽʣʴʥʦʾ) ʚʦʣʦʛʠ, ʷʢʘ ʘʢʪʠʚʥʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʽʜ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʚʧʣʠʚʦʤ ʨʽʟʥʦʧʦʣʷʨʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨʷʜʞʝʥʠʭ (ʚʽʜôʻʤʥʠʭ) 

ʧʦʣʽʚ (ɹʫʙʣʷʩʴ, 2009).  

ʅʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʛʝʦʩʬʝʨʽ ʻ 

ʘʪʤʦʩʬʝʨʘ, ʜʝ ʨʽʟʥʽ ʤʦʣʝʢʫʣʠ ʽʦʥʽʟʫʶʪʴʩʷ ʪʘ ʦʪʨʠʤʫʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ɿʝʤʣʽ. ɼʘʥʽ ʟʘʨʷʜʠ ʬʦʨʤʫʶʪʴ ʩʪʘʪʠʯʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ, ʷʢʽ ʧʦʩʪʽʡʥʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ ʣʽʪʦʩʬʝʨʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʻ ʨʫʭ 

ʬʣʶʾʜʽʚ ʚ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽ ʞʠʚʣʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ɹʫʙʣʷʩʴ ʪʘ ʽʥ, 2008).  

ɺʨʘʭʫʚʘʥʥʷ ʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʫʭ ʬʣʶʾʜʽʚ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʽ ʾʭ ʮʠʢʣʽʯʥʠʭ ʟʤʽʥ ʻ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʘʥʫ ʨʝʩʫʨʩʽʚ ʥʝ ʣʠʰʝ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʘʣʝ ʽ ʛʣʠʙʰʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ. 

ʆʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʩʪʽ ʻ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʥʘ ʨʝʩʫʨʩʠ ʧʨʽʩʥʠʭ ʚʦʜ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʪʘ ʨʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʾ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʚ ʫʤʦʚʘʭ ʮʠʭ ʟʤʽʥ. ʗʢ ʚʽʜʦʤʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʛʣʦʙʘʣʴʥʽ ʟʤʽʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

ʘʪʤʦʩʬʝʨʽ. ʊʦʤʫ ʽ ʧʝʨʰʠʤ ʥʘʩʣʽʜʢʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʻ ʤʝʪʝʦʨʦʣʦʛʽʯʥʘ ʧʦʩʫʭʘ. 

ʈʝʘʛʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʾ (ʧʦʨʦʚʦʾ) ʚʦʣʦʛʠ ʪʘ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ ʥʘ ʟʤʽʥʠ ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ. ʆʪʞʝ, ʽʩʥʫʶʪʴ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʨʷʜʫ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʜʦʩʪʘʪʥʴʦ ʚʧʝʚʥʝʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʥʘʩʪʘʥʥʷ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʧʦʩʫʭʠ ʜʣʷ ʪʝʨʠʪʦʨʽʡ ʽʟ ʧʝʚʥʠʤʠ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʎʽʥʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʣʷʛʘʻ ʫ 

ʢʦʤʧʣʝʢʩʫʚʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʟʥʘʪʠ 

ʧʨʠʨʦʜʫ ʧʝʚʥʠʭ ʷʚʠʱ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʝʪʝʦʨʦʣʦʛʽʾ, ʛʽʜʨʦʣʦʛʽʾ ʽ ʛʽʜʨʦʛʝʦʣʦʛʽʾ. 

ʆʪʨʠʤʫʚʘʥʽ ʟʥʘʥʥʷ ʨʦʟʰʠʨʶʶʪʴ ʥʘʰʫ ʫʷʚʫ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʦʮʽʥʶʚʘʥʥʷ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʫ ʧʝʨʝʚʽʨʮʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʻ ʾʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʫ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ ʯʽʪʢʽ ʧʘʨʘʤʝʪʨʠ ʦʢʨʝʤʠʭ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʨʫʭʫ 

ʚʦʣʦʛʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʣʠʯʠʥ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʜʽʻʥʪʽʚ, ʨʽʟʥʠʭ ʟʘ ʧʨʠʨʦʜʦʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʧʦʨʦʜʘʭ, ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠʟʝʤʥʦʾ 

ʘʪʤʦʩʬʝʨʠ, ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʾ ʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʧʝʚʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ 

ʷʚʠʱ ʪʦʱʦ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʦʮʽʥʦʢ ʽ 

ʧʨʦʛʥʦʟʽʚ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʩʥʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʠʪʥʦʾ ʚʦʜʠ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʚʠʤʽʨʷʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ, ʛʽʜʨʦʣʦʛʽʯʥʽ, ʛʽʜʨʦʬʽʟʠʯʥʽ ʪʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʜʦʮʽʣʴʥʦ 

ʚʢʣʶʯʠʪʠ ʜʦ ʨʝʛʣʘʤʝʥʪʫ ʥʘ ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʪʘʥʮʽʷʭ ʚʽʜʧʦʚʽʜʥʠʭ ʫʩʪʘʥʦʚ. 
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IN AEOLIAN STRATA: AN INT EGRATED APPROACH  
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coast@temple.edu 

 

Heavy-mineral concentrations (HMCs) in aeolian sedimentary sequences occur in a variety 

of modes, from grain-thick laminae to layers of economic value (placers). Detection of 

HMCs is faciliated by their color contrast, often as dark anomalies (e.g., ñblack sandsò) in 

a light (e.g., quartz-dominated) matrix. Therefore, simple color-intensity analysis becomes 

a useful tool for assessing relative presence of darker fractions. In the subsurface, even 

thin layers produce high-amplitude anomalies in high-resolution georadar images, 

especially in the presence of magnetite and other ferrimagnetic components. In situ 

measurements and subsamples can then be analyzed using low-field magnetic 

susceptibility, thereby providing an additional proxy for paleo-energy conditions (e.g., 

aerodynamic sorting) responsible for a particular thickness and concentration of 

mineralogical anomalies. 

 

ɺʀʗɺʃɽʅʅʗ ʊɸ ɸʅɸʃɯɿ ʄɯʅɽʈɸʃʆɻɯʏʅʀʍ ɸʅʆʄɸʃɯʁ  

ɺ ɽʆʃʆɺʀʍ ʐɸʈɸʍ: ʂʆʄʇʃɽʂʉʅʀʁ ʇɯɼʍɯɼ 

 

ɹʫʡʥʝʚʠʯ ɯ.ɺ.  

 

Introduction. A diverse suite of heavy minerals forms heavy-mineral concentrations 

(HMCs) in aeolian sequences, which may attain economically viable accumulations 

(Stanaway, 2012; Van Gosen et al., 2014). Thin HMCs accentuate sedimentary structures 

(Lewis and Titheridge, 1978; Buynevich et al., 2011)(Fig. 1 inset) and can serve as indicators 

of energy regime and provenance (Komar and Wang, 1984; Pupienis et al., 2017; Buynevich 

et al., 2024). Regardless of their source, these mineralogical anomalies can put constraints on 

aero-dynamic conditions responsible for their formation (Buynevich et al., 2007; Lindhorst 

and Betzler, 2016; Ludwig et al., 2017; Vilumaa et al., 2016). Ferrimagnetic (mainly 

magnetite) and paramagnetic components also result in distinct low-field magnetic 

susceptibility (MS) anomalies and often generate high-amplitude signal return in ground-

penetrating radar (GPR) images (Buynevich et al., 2007).  

In recent years, image color-intensity (ICI) analysis of macrophotographs of trench 

walls and outcrops, as well as microphotographs (Porter, 2000; Buynevich, 2024) are 

replacing labor-intensive and time-consuming mineralogical analyses and heavy-liquid 

separation. The goal of this paper is to present an example of integrated dataset focused on 

detection and assessment of HMCs in a Holocene aeolian sequence. 

Results and interpretation. In recent years, the author has analyzed aeolian HMCs 

from a number of sites using geophysical (GPR), magnetic (MS), lithological (granulometric 

statistics), and image analysis (ImageJ) methods (Fig. 1). The key aspect of data collection 

and processing is the ability to refine all methodological aspects in order to rapidly and 

effectively detect and quantify HMCs in variable databases. The correlation of subsurface 

(electromagnetic signal response amplitude profiles), magnetic susceptibility, mineralogical, 

and grayscale values can be achieved over a range of databases (areal maps, vertical and 

horizontal profiles, etc.). Such approach generates spatial and temporal patterns that can be 

used for local cross-correlation and for assessing the paleo-dynamic forcing (e.g., shear stress 

related to wind speed and aerodynamic sorting). 
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Figure 1 Study site locations with aeolian heavy-mineral concentrations (HMCs). Inset: 

thin dark HMCs in an active coastal dune in equatorial Brazil. 

 

The example presented here features an aeolian slipface (lateral accretion) sequence 

along the Curonian Spit, Lithuania (Figs. 1 and 2). In shallow trenches and surface exposures, 

in situ low-field MS measurements yield anomalously high values proportional to magnetite 

fraction, with pure quartz being diamagnetic (Fig. 2A). In the ImageJ ICI analysis of a section 

of the trench photograph, it is possible to differentiate the inverse grayscale (IG; white: IG=0; 

black: IG=255) of very dark/black (magnetite, ilmenite, biotite, etc.; IG>200), mid-range hues 

(feldspars, dark garnets; IG~50ï200) and light grains (fractured garnets, quartz; IG<50; Fig. 

2B and C). High-amplitude reflections (bounding surfaces) in the 200 MHz radargram (Fig. 

2D) correspond to buried soils and HMCs of variable thickness. ICI analysis of a 

representative profile E on the GPR image is used to demonstrate the pattern (temporal 

distribution) of the relative color intensity expressed as an IG image (Fig. 2B) and a 16-color 

rendition (Fig. 2E). A 16-color rendition of a GPR segment at E shows a similar trend (Fig. 

2F). 

Conclusions. The example presented here demonstrates that an integrated approach is 

needed to detect, map, sample, and analyze heavy-mineral concentrations in aeolian 

lithosomes, particularly where the nature of wind-blown sediments presents sampling 

challenges. High-resolution geophysical imaging (e.g., 200-900 MHz GPR) provides initial 

information about signal amplitude patterns that can be used to plan ground-truth (trenching, 

coring). Low-field magnetic susceptibility values provide important information about the 

HMC magnitude, especially magnetite content and can be used for mineralogical sampling 

(e.g., opaque fraction analysis). Image color-intensity analysis is performed on a suite of 

surfaces (bedding planes), stratigraphic sections (natural exposures and trench walls), trench-

wall peels, sediment cores, GPR images, and strewn slides (Buyneviich et al., 2024). 

Quantitative analysis of one or multiple datasets can then be used to determine or constrain 

the (paleo-)environmental indices responsible for HMC formation (paleo-anemometry). 
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Figure 2 Integrated mapping and analysis of aeolian HMCs (Curonian Spit, 

Lithuania): A) In situ MS values of HMCs and quartz-rich (Q) matrix; B) ICI plot of 

a segment in A (dark blue - HMC); C) HMC microphotograph; D) 200 MHz GPR image of 

lateral accretion surfaces, with paleosols and HMCs; E) IG profile along a section shown in 

D; F) 16-color rendition of section E.  
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Geological museums of any orientation, subordination or size play an important role in the 

preservation, systematization and transmission of geological information. They not only 

demonstrate collections of minerals, rocks or fossil remains, but also serve as powerful 

scientific and educational centers that preserve and generalize existing information, as well 

as provide new opportunities for geological science and education. In the article, the 

authors analyze the scientific, educational and historical significance of geological 

museums using the example of the Yevhen Lazarenko Mineralogical Museum. 

 

MUSEUMS AS A WAY OF PRESERVING GEOLOGICAL INFORMATION (ON 

THE EXAMPLE OF THE YEVHEN LAZARENKO MINERALOGICAL MUSEUM)  

 

Buchynska A.V., Tsilmak O.V., Burban K.A. 

 

ɺʩʪʫʧ. ɻʝʦʣʦʛʽʯʥʽ ʤʫʟʝʾ ʙʫʜʴ-ʷʢʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ, ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʯʠ ʨʦʟʤʽʨʫ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʝʨʝʞʝʥʥʽ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɺʦʥʠ ʥʝ ʣʠʰʝ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʦʣʝʢʮʽʾ ʤʽʥʝʨʘʣʽʚ, ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʯʠ 

ʚʠʢʦʧʥʠʭ ʨʝʰʪʦʢ, ʘ ʡ ʩʣʫʛʫʶʪʴ ʧʦʪʫʞʥʠʤʠ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʽʤʠ ʮʝʥʪʨʘʤʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ 

ʪʘ ʫʟʘʛʘʣʴʥʶʶʪʴ ʚʞʝ ʽʩʥʫʶʯʫ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ ʪʘ ʦʩʚʽʪʠ. 

ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʷʢ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʡ ʤʫʟʝʡ ʫ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ʧʨʦʡʰʦʚ 

ʢʽʣʴʢʘ ʝʪʘʧʽʚ (çʧʦʢʦʣʽʥʥʷè), ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʚ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʗʢʱʦ ʥʘʚʯʘʥʥʷ ʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʤʫʟʝʾʚ çʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷè, ʪʦ ʚ ʤʽʨʫ 

ʟʤʝʥʰʝʥʥʷ ʘʙʦ ʚʠʯʝʨʧʘʥʥʷ ʩʚʦʛʦ ʧʝʨʚʽʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʦʥʠ ʩʪʘʣʠ ʽʣʶʩʪʨʘʮʽʻʶ ʜʦ 

ʽʩʪʦʨʽʾ ʥʘʫʢʠ ʪʘ ʨʦʟʚʠʪʢʫ ʚʠʱʦʾ ʰʢʦʣʠ ï çʜʨʫʛʠʤ ʧʦʢʦʣʽʥʥʷè. ʅʘ ʨʫʙʝʞʽ XX-XXI  ʩʪ. ʽʟ 

ʧʣʠʥʦʤ ʢʨʠʟʠ ʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ ʙʦʨʦʪʴʙʠ ʟʘ ʘʙʽʪʫʨʽʻʥʪʽʚ ʤʫʟʝʾ 

ʩʪʘʣʠ ʯʘʩʪʠʥʦʶ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʩʪʨʘʪʝʛʽʾ ʟ ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʣʘʥʮʶʛʦʤ ʽʟ 

ʛʨʦʤʘʜʩʴʢʽʩʪʶ, ʪʨʘʥʩʬʦʨʤʫʚʘʚʰʠʩʴ ʫ çʪʨʝʪʻ ʧʦʢʦʣʽʥʥʷè (ʄʫʨʘʚʩʴʢʘ, 2017). 

ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʽʤʝʥʽ ɭʚʛʝʥʘ ʃʘʟʘʨʝʥʢʘ (ʥʘʜʘʣʽ ï ʄʫʟʝʡ), ʩʪʚʦʨʝʥʠʡ ʚ 

1852-1853 ʥʘʚʯʘʣʴʥʦʤʫ ʨʦʮʽ, - ʧʝʨʰʘ ʩʪʨʫʢʪʫʨʥʘ ʦʜʠʥʠʮʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʫ 

ʃʴʚʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ (ʃʘʟʘʨʝʥʢʦ, 1961: 

ɹʫʯʠʥʩʴʢʘ, ʎʽʣʴʤʘʢ, 2023). ʄʫʟʝʡ ʤʘʻ ʫʥʽʢʘʣʴʥʝ ʥʘʫʢʦʚʝ, ʦʩʚʽʪʥʻ ʪʘ ʽʩʪʦʨʠʯʥʝ ʟʥʘʯʝʥʥʷ, 

ʽ ʥʘ ʧʨʠʢʣʘʜʽ ʡʦʛʦ ʢʦʣʝʢʮʽʡ ʪʘ ʥʘʧʨʷʤʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʙʣʝʤʘʪʠʢʫ 

ʽʩʪʦʨʠʯʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʾʾ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 

ʅʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ. ʂʦʣʝʢʮʽʷ ʄʫʟʝʶ ʩʢʣʘʜʘʻ ʧʦʥʘʜ 14 ʪʠʩʷʯ ʟʨʘʟʢʽʚ ʤʽʥʝʨʘʣʽʚ ʽ 

ʦʭʦʧʣʶʻ ʚʩʽ ʢʦʥʪʠʥʝʥʪʠ ɿʝʤʣʽ, ʚʢʣʶʯʥʦ ʟ ɸʥʪʘʨʢʪʠʜʦʶ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʫʟʝʡʥʠʭ 

ʟʨʘʟʢʽʚ, ʟʽʙʨʘʥʠʭ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʪʘ ʰʠʨʦʢʘ ʛʝʦʛʨʘʬʽʷ ʨʝʛʽʦʥʽʚ ʾʭʥʴʦʛʦ ʚʽʜʙʦʨʫ ʜʘʶʪʴ 

ʥʘʫʢʦʚʮʷʤ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʨʽʚʥʷʥʴ ʪʘ ʥʘʫʢʦʚʠʭ ʚʠʩʥʦʚʢʽʚ 

ʫ ʛʘʣʫʟʽ ʤʽʥʝʨʘʣʦʛʽʾ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʫ ʄʫʟʝʾ ʪʨʠʚʘʻ ʨʦʙʦʪʘ ʧʦ ʩʪʚʦʨʝʥʥʶ ʜʝʪʘʣʴʥʠʭ ʦʧʠʩʽʚ ʤʫʟʝʡʥʠʭ 

ʢʦʣʝʢʮʽʡ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʧʫʙʣʽʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʮʠʭ ʦʧʠʩʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʙʽʣʴʰʝʥʥʶ 

ʥʘʫʢʦʚʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ ʢʦʣʝʢʮʽʡ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ. ɿʘʨʘʟ ʄʫʟʝʡ ʧʦʧʦʚʥʶʻʪʴʩʷ 

ʦʜʠʥʦʯʥʠʤʠ ʧʦʜʘʨʫʥʢʘʤʠ ʟʨʘʟʢʽʚ ʚʽʜ ʧʨʦʬʝʩʽʦʥʘʣʽʚ-ʛʝʦʣʦʛʽʚ ʪʘ ʣʶʙʠʪʝʣʽʚ-

ʢʦʣʝʢʮʽʦʥʝʨʽʚ. ɸʣʝ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʦʛʣʠ ʙʠ ʥʘʙʫʪʠ ʦʙʤʽʥʠ ʟʨʘʟʢʘʤʠ ʤʽʞ ʤʫʟʝʷʤʠ, 

ʥʘʚʯʘʣʴʥʠʤʠ ʟʘʢʣʘʜʘʤʠ ʪʘ ʥʘʫʢʦʚʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʱʦ ʨʦʟʰʠʨʠʣʦ ʙʠ ʙʘʟʫ ʟʥʘʥʴ ʪʘ 
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ʚʥʫʪʨʽʰʥʴʦʜʝʨʞʘʚʥʫ ʽ ʤʽʞʥʘʨʦʜʥʫ ʩʧʽʚʧʨʘʮʶ. ʇʦʜʽʙʥʽ ʦʙʤʽʥʠ ʙʫʣʠ ʟʘʧʦʯʘʪʢʦʚʘʥʽ 

ɭʚʛʝʥʦʤ ʃʘʟʘʨʝʥʢʦʤ, ʜʝʢʘʥʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʪʘ ʨʝʢʪʦʨʦʤ ʃʴʚʽʚʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʱʝ ʚ 1950-70ʪʠʭ ʨʦʢʘʭ - ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʤʽʥʠ ʟʨʘʟʢʽʚ ʟ ʇʨʘʟʴʢʠʤ 

ʥʘʮʽʦʥʘʣʴʥʠʤ ʤʫʟʝʻʤ, ɭʨʝʚʘʥʩʴʢʠʤ ʪʘ ʊʙʽʣʽʩʴʢʠʤ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ, ʇʽʚʥʽʯʥʦ-ʉʭʜ̔ʥʠʤ 

ʛʝʦʣʦʛʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʂʅʈ, ʂʦʨʦʣʽʚʩʴʢʠʤ ʤʫʟʝʻʤ ʆʥʪʘʨʽʦ ʟ ʂʘʥʘʜʠ ʪʘ ʽʥ.  

ʂʦʣʝʢʮʽʷ ʄʫʟʝʶ ʤʘʻ ʟʥʘʯʥʫ ʥʘʫʢʦʚʫ ʮʽʥʥʽʩʪʴ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʤʽʩʪʠʪʴ ʟʨʘʟʢʠ ʤʽʥʝʨʘʣʽʚ ʟ ʦʙ'ʻʢʪʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʘʪʫʩ Type locality 

(ʪʠʧʦʚʘ ʤʽʩʮʝʚʽʩʪʴ, ʜʝ ʙʫʚ ʥʝ ʪʽʣʴʢʠ ʟʥʘʡʜʝʥʠʡ, ʘʣʝ ʡ ʚʧʝʨʰʝ ʥʘʫʢʦʚʦ ʦʧʠʩʘʥʠʡ ʧʝʚʥʠʡ 

ʤʽʥʝʨʘʣʴʥʠʡ ʚʠʜ, ʨʽʟʥʦʚʠʜ ʘʙʦ ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ). ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʄʫʟʝʾ ʟʘʬʽʢʩʦʚʘʥʦ 

ʙʣʠʟʴʢʦ 50 ʝʢʩʧʦʥʘʪʽʚ ʤʽʥʝʨʘʣʴʥʠʭ ʚʠʜʽʚ ʽ ʨʽʟʥʦʚʠʜʽʚ ʟ ʪʠʧʦʚʠʭ ʨʦʜʦʚʠʱ. ɺ ʨʽʟʥʠʭ 

ʝʢʩʧʦʟʠʮʽʷʭ ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʟʨʘʟʢʠ ʤʽʥʝʨʘʣʴʥʠʭ ʚʠʜʽʚ ʟ ʫʢʨʘʾʥʩʴʢʠʭ ʪʠʧʦʚʠʭ ʨʦʜʦʚʠʱ 

(ʨʦʜʦʚʠʱ ʟ ʊL ʜʣʷ ʜʘʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʚʠʜʫ): ʢʘʨʧʘʪʠʪ (ʆʣʝʥʝʚʦ, ɿʘʢʘʨʧʘʪʩʴʢʘ 

ʦʙʣʘʩʪʴ), ʩʠʥʛʝʥʽʪ (ʂʘʣʫʰ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ), ʘʣʫʥʽʪ (ʄʫʞʽʻʚʦ, ɿʘʢʘʨʧʘʪʩʴʢʘ 

ʦʙʣʘʩʪʴ), ʜʦʥʙʘʩʠʪ (ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ). ɺ ʢʦʣʝʢʮʽʾ ʄʫʟʝʶ ʥʘʷʚʥʽ ʟʨʘʟʢʠ ʤʽʥʝʨʘʣʽʚ ʟ 

ʪʠʧʦʚʠʭ ʨʦʜʦʚʠʱ ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ: ʨʦʜʦʭʨʦʟʠʪ (ʨʦʜʦʚʠʱʝ ʂʘʚʥʽʢ, ʈʫʤʫʥʽʷ), ʥʘʛʽʛʘʽʪ 

(ʨʦʜʦʚʠɦ ʝ ʉʝʢʝʨʠʤʙ, ʈʫʤʫʥ̫̔ ), ʥʘʫʤʘʥ̔ʪ (ʨʫʜʥʠʡ ʨʘʡʦʥ ʊ̔ʣʢʝʨʦʜʝ, ʉʘӢʢʩʦʥ̫̔ -ɸӢʥʛʘʣɹʪ, 

ʅʽʤʝʯʯʠʥʘ), ʩʪʝʬʘʥʽʪ (ʌʨʝʡʙʝʨʛ, ʉʘʢʩʦʥʽʷ, ʅʽʤʝʯʯʠʥʘ) ʪʘ ʽʥʰʽ. 

ʄʫʟʝʡ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʝʨʝʞʝʥʥʽ ʟʨʘʟʢʽʚ ʤʽʥʝʨʘʣʽʚ ʟ ʛʝʦʣʦʛʽʯʥʠʭ 

ʦʙ'ʻʢʪʽʚ, ʜʦʩʪʫʧ ʜʦ ʷʢʠʭ ʥʠʥʽ ʦʙʤʝʞʝʥʠʡ ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʠʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʥʘʫʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ (ʘʙʦ ʜʦʚʠʚʯʝʥʥʷ) ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɺ ʝʢʩʧʦʟʠʮʽʾ 

"ʄʽʥʝʨʘʣʠ ʋʢʨʘʾʥʠ" ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʨʘʟʢʠ ʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʢʽʣʴʢʦʭ ʥʝʜʦʩʪʫʧʥʠʭ 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʦʙ'ʻʢʪʽʚ. ɺ ʢʦʣʝʢʮʽʾ ʥʘʷʚʥʽ ʟʨʘʟʢʠ ʩʘʤʦʨʦʜʥʦʾ ʩʽʨʢʠ, ʙʘʨʠʪʫ ʪʘ ʮʝʣʝʩʪʠʥʫ ʟ 

ʗʟʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʷʢʝ ʚ ʧʝʨʽʦʜ 2002-2006 ʨʦʢʽʚ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʚʠʜʦʙʫʪʢʫ ʩʽʨʢʠ ʧʝʨʝʪʚʦʨʝʥʝ ʥʘ ʨʝʢʨʝʘʮʽʡʥʫ ʟʦʥʫ ʟ ʦʟʝʨʦʤ ʉʽʨʢʘ (ʥʘʡʛʣʠʙʰʝ ʰʪʫʯʥʝ 

ʦʟʝʨʦ ʚ ʋʢʨʘʾʥʽ). ʎʽʥʥʠʤʠ ʻ ʟʨʘʟʢʠ ʧʨʠʭʦʚʘʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʚʽʜʤʽʥʠ ʩʬʘʣʝʨʠʪʫ ʙʨʫʥʢʽʪʫ 

ʟ ʊʨʫʩʢʘʚʮʷ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺ ʢʽʥʮʽ 1950-ʭ ʨʦʢʽʚ ɭʚʛʝʥ ʃʘʟʘʨʝʥʢʦ ʚʠʷʚʠʚ ʙʨʫʥʢʽʪ ʚ 

ʦʜʥʽʡ ʽʟ ʰʪʦʣʝʥʴ, ʱʦ ʩʪʘʣʦ ʜʨʫʛʦʶ ʟʥʘʭʽʜʢʦʶ ʮʴʦʛʦ ʨʽʟʥʦʚʠʜʫ ʩʬʘʣʝʨʠʪʫ ʚ ʩʚʽʪʽ, ʘ ʥʘ 

ʜʘʥʠʡ ʯʘʩ ʮʽ ʰʪʦʣʴʥʽ ʟʨʫʡʥʦʚʘʥʽ. ɭ ʚ ʤʫʟʝʡʥʽʡ ʝʢʩʧʦʟʠʮʽʾ ʪʘʢʦʞ ʟʨʘʟʢʠ ʦʟʦʢʝʨʠʪʫ ʟ 

ʦʟʦʢʝʨʠʪʦʚʠʭ ʰʘʭʪ ɹʦʨʠʩʣʘʚʘ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʪʦʧʣʝʥʽ. ʉʝʨʝʜ 

ʟʨʘʟʢʽʚ ʟ ʥʝʜʦʩʪʫʧʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʰʠʭ ʢʨʘʾʥ - ʢʨʽʦʣʽʪ ʟ ʚʠʯʝʨʧʘʥʦʛʦ 

ʨʦʜʦʚʠʱʘ ɯʚʽʪʪʫʫʪ (ʬʴʦʨʜ ɸʨʩʫʢ, ʤʫʥʽʮʠʧʘʣʽʪʝʪ ʉʝʨʤʝʨʩʫʢ, ɻʨʝʥʣʘʥʜʽʷ), ʱʦ ʙʫʣʦ 

ʻʜʠʥʠʤ ʚ ʩʚʽʪʽ ʨʦʜʦʚʠʱʝʤ ʮʴʦʛʦ ʤʽʥʝʨʘʣʫ, ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʫ ʧʨʦʮʝʩʽ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʘʣʶʤʽʥʽʶ; ʦʧʘʣʠ ʟ ʦʜʥʽʻʾ ʟ ʟʘʢʨʠʪʠʭ ʰʘʭʪ ʨʦʜʦʚʠʱʘ 

ɼʫʙʥʽʢ (ʩ. ʏʝʨʚʝʥʠʮʷ, ʇʨʷʰʽʚʩʴʢʠʡ ʢʨʘʡ, ʉʣʦʚʘʯʯʠʥʘ); ʨʦʜʦʭʨʦʟʠʪ ʟ ʟʘʢʨʠʪʦʛʦ ʚ 1928 

ʨʦʮʽ ʨʫʜʥʠʢʘ ʈʦʪʝʥʙʝʨʛ (ʆʙʝʨʥʘʡʟʝʥ, ʨʘʡʦʥ ʈʝʡʥ-ʃʘʥ, ʟʝʤʣʷ ʈʝʡʥʣʘʥʜ-ʇʬʘʣʴʮ, 

ʅʽʤʝʯʯʠʥʘ), ʙʘʨʠʪ ʟʽ ʟʨʫʡʥʦʚʘʥʦʾ ʰʘʭʪʠ ɽʤʤʘ ʃʫʾʟʘ (ʨʦʜʦʚʠʱʝ ɻʫʘʥʘʢʦ, ʊʘʣʴʪʘʣʴ, 

ʧʨʦʚʽʥʮʽʷ ɸʥʪʦʬʘʛʘʩʪʘ, ʏʠʣʽ); ʢʘʨʙʦʥʘʪʥʽ ʦʥʽʢʩʠ ʟʽ ʟʨʫʡʥʦʚʘʥʦʾ ɻʘʫʨʜʘʮʴʢʦʾ ʧʝʯʝʨʠ 

(ʦʢʦʣʠʮʽ ʤ. ʄʘʛʜʘʥʣʠ, ʄʘʛʜʘʥʣʠʥʩʴʢʠʡ ʨʘʡʦʥ, ʃʝʙʘʧʩʴʢʠʡ ʚʝʣʘʷʪ, ʊʫʨʢʤʝʥʽʩʪʘʥ) ʪʘ ʽʥ. 

ɿʘʙʝʟʧʝʯʫʶʯʠ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʦʾ ʢʦʣʝʢʮʽʾ ʟʨʘʟʢʽʚ, ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʻ 

ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʙʘʟʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʽʥʝʨʘʣʽʚ, ʾʭʥʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʨʬʦʣʦʛʽʾ, 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʥʝʪʠʯʥʽ ʫʤʦʚʠ 

ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʦʙ'ʻʢʪʫ. ɼʣʷ ʩʪʘʨʠʭ ʤʫʟʝʡʥʠʭ ʟʨʘʟʢʽʚ ʟôʷʚʣʷʻʪʴʩʷ ʟ ʯʘʩʦʤ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʥʦʚʠʤʠ ʙʽʣʴʰ ʧʨʝʮʠʟʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʥʘʚʽʪʴ ʚʽʜʢʨʠʪʪʷ 

ʥʦʚʠʭ ʤʽʥʝʨʘʣʽʚ. ʊʘʢ ʧʨʠ ʜʝʪʘʣʴʥʽʡ ʢʘʪʘʣʦʛʽʟʘʮʽʾ ʟ ʦʧʠʩʦʤ ʢʦʣʝʢʮʽʾ ʢʘʨʙʦʥʘʪʥʠʭ ʦʥʽʢʩʽʚ 

ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ ʧʨʦʚʝʜʝʥʝ ʙʽʣʴʰ ʜʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʣʴʮʠʪʦʚʦʛʦ ʦʥʽʢʩʫ ʟ 

ɻʘʫʨʜʘʮʴʢʦʾ ʧʝʯʝʨʠ (ʊʫʨʢʤʝʥʽʩʪʘʥ). ɿʨʘʟʦʢ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʥʽʢʩʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʚʽʜʧʦʣʽʨʦʚʘʥʠʤ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʟʨʽʟʦʤ ʬʨʘʛʤʝʥʪʘ ʩʪʘʣʘʢʪʠʪʫ, ʷʢʠʡ 1985 ʨ. ʫ ʬʦʥʜʠ 

ʄʫʟʝʶ ʧʝʨʝʜʘʚ ʚʠʧʫʩʢʥʠʢ ʛʝʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 1966 ʨ. 

ɺʦʣʦʜʠʤʠʨ ʃʝʩʽʚ. ʋ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʃʅʋ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʥʘ ʩʢʘʥʽʚʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʈɽʄʄɸ 

102 02, ʫʢʦʤʧʣʝʢʪʦʚʘʥʦʤʫ ʝʥʝʨʛʦʜʠʩʧʝʨʩʥʠʤ ʘʥʘʣʽʟʘʪʦʨʦʤ EDAR (ʘʥʘʣʽʪʠʢ ʈ.ʗ. 

ʉʝʨʢʽʟ), ʟʜʽʡʩʥʝʥʦ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʩʢʣʘʜʫ ʢʘʨʙʦʥʘʪʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʢʘʣʴʮʠʪʦʚʠʭ ʦʥʽʢʩʽʚ ʟ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ, ʘ ʪʘʢʦʞ ʚʽʜʢʨʠʪʦ 

ʛʽʧʦʪʝʪʠʯʥʠʡ ʥʦʚʠʡ ʤʽʥʝʨʘʣ - Mg-Ca-Zn ʢʘʨʙʦʥʘʪ, ʱʦ ʤʦʞʝ ʥʘʣʝʞʘʪʠ ʜʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʫ AB3(CO3)4 ʪʘ ʙʫʪʠ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤ ʟ ʛʘʥʪʠʪʦʤ CaMg3(CO3)4 (ʎʽʣʴʤʘʢ ʪʘ ʽʥ., 2025). 

ʆʩʚʽʪʥʻ ʟʥʘʯʝʥʥʷ. ɻʝʦʣʦʛʽʯʥʽ ʤʫʟʝʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʝ ʣʠʰʝ ʚ 

ʟʙʝʨʝʞʝʥʥʽ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʚ ʾʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʪʘ ʧʝʨʝʜʘʯʽ ʥʘʩʪʫʧʥʠʤ 

ʧʦʢʦʣʽʥʥʷʤ. ɺʘʛʦʤʝ ʟʥʘʯʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʦʞ ʤʫʟʝʾ ʜʣʷ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʛʝʦʣʦʛʽʯʥʦʾ 

ʥʘʫʢʠ ʩʝʨʝʜ ʨʽʟʥʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï ʩʪʫʜʝʥʪʽʚ ʪʘ ʰʢʦʣʷʨʽʚ. ʊʘʢ, 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ ʽʤʝʥʽ ɭʚʛʝʥʘ ʃʘʟʘʨʝʥʢʘ ʽ ʰʠʨʦʢʘ 

ʛʝʦʛʨʘʬʽʷ ʾʭ ʚʽʜʙʦʨʫ ʜʦʟʚʦʣʷʻ ʚʽʜʚʽʜʫʚʘʯʘʤ ʥʘʦʯʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʤʽʥʝʨʘʣʠ ʟ ʨʽʟʥʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʽ ʛʝʥʝʪʠʯʥʠʭ ʪʠʧʽʚ ʨʦʜʦʚʠʱ, ʱʦ ʩʧʨʠʷʻ ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʚʽʪʫ.  

ʇʨʦʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʟʽ ʩʪʫʜʝʥʪʘʤʠ, ʥʘʧʠʩʘʥʥʷ ʢʫʨʩʦʚʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ 

ʨʦʙʽʪ, ʚʝʜʝʥʥʷ ʩʪʫʜʝʥʪʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʪʝʤʘʪʠʯʥʽ ʝʢʩʢʫʨʩʽʾ ʽ ʚʠʩʪʘʚʢʠ, ʩʘʤʦʩʪʽʡʥʝ 

ʚʽʜʚʽʜʫʚʘʥʥʷ ï ʚʩʝ ʮʝ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʄʫʟʝʾ. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʽʤʝʥʽ ɭʚʛʝʥʘ ʃʘʟʘʨʝʥʢʘ ʧʨʠʡʤʘʻ ʚ ʩʝʙʝ ʥʝ ʣʠʰʝ ʩʪʫʜʝʥʪʽʚ 

ʨʽʜʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ. ʇʦʩʪʽʡʥʠʤʠ ʚʽʜʚʽʜʫʚʘʯʘʤʠ ʽ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʄʫʟʝʶ ʻ 

ʛʝʦʤʦʨʬʦʣʦʛʠ, ˇʨʫʥʪʦʟʥʘʚʮʽ, ʫʨʙʘʥʽʩʪʠ ʪʘ ʪʫʨʠʟʤʦʣʦʛʠ ʟ ʛʝʦʛʨʘʬʽʯʥʦʛʦ, ʝʢʦʣʦʛʠ ʟ 

ʙʽʦʣʦʛʽʯʥʦʛʦ, ʢʨʠʩʪʘʣʦʭʽʤʽʢʠ ʟ ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʽʚ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ɿʥʘʭʦʜʷʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʚʦʾʭ ʬʘʭʦʚʠʭ 

ʟʥʘʥʴ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʄʽʥʝʨʘʣʦʛʽʯʥʦʤʫ ʤʫʟʝʾ ʘʨʭʽʪʝʢʪʦʨʠ ʪʘ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʮʽ ʟ ʅʋ çʃʴʚʽʚʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè, ʨʝʩʪʘʚʨʘʪʦʨʠ ʟ ʃʴʚʽʚʩʴʢʦʛʦ ʬʘʭʦʚʦʛʦ 

ʢʦʣʝʜʞʫ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʽ ʫʞʠʪʢʦʚʦʛʦ ʤʠʩʪʝʮʪʚʘ ʽʤ. ɯ. ʊʨʫʰʘ, ʘʛʨʦʭʽʤʽʢʠ ʟ ʃʴʚʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʽʤʝʥʽ ʉ.ɿ. 

ɻʞʠʮʴʢʦʛʦ, ʟʥʘʚʮʽ ʤʠʪʥʦʾ ʩʧʨʘʚʠ ʟ ʃʴʚʽʚʩʴʢʦʛʦ ʪʦʨʛʽʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ɺ ʥʘʰ ʯʘʩ, ʢʦʣʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ 

ʧʨʠʨʦʜʥʠʯʠʤʠ ʥʘʫʢʘʤʠ, ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʤʫʟʝʡʥʘ ʨʦʙʦʪʘ ʟʽ ʰʢʦʣʷʨʘʤʠ. 

ʂʨʽʤ ʪʠʧʦʚʠʭ ʰʢʽʣʴʥʠʭ ʝʢʩʢʫʨʩʽʡ, ʧʨʘʮʽʚʥʠʢʘʤʠ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ ʽʤʝʥʽ ɭʚʛʝʥʘ 

ʃʘʟʘʨʝʥʢʘ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʪʝʤʘʪʠʯʥʠʭ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʥʷʪʴ ʜʣʷ ʫʯʥʽʚ ʨʽʟʥʦʛʦ ʚʽʢʫ. 

ʎʽʢʘʚʘ ʬʦʨʤʘ ʧʨʦʚʝʜʝʥʥʷ ʤʫʟʝʡʥʠʭ ʟʘʥʷʪʴ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʩʧʨʠʡʥʷʪʪʶ ʧʦʜʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʛʝʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʚ ʮʽʣʦʤʫ. 

ɿʥʘʯʝʥʥʷ ʜʣʷ ʽʩʪʦʨʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʫ ʃʴʚʽʚʩʴʢʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʦʬʽʮʽʡʥʦ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚ 1852-1853 ʥʘʚʯʘʣʴʥʦʤʫ ʨʦʮʽ, ʘ ʜʦ ʪʦʛʦ 

ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʢʦʣʝʢʮʽʾ ʽʩʥʫʚʘʣʠ ʫ ʩʢʣʘʜʽ ʂʘʙʽʥʝʪʫ ʧʨʠʨʦʜʥʠʯʦʾ ʽʩʪʦʨʽʾ, ʱʦ ʙʫʚ 

ʟʘʩʥʦʚʘʥʠʡ ʱʝ 1784 ʨʦʢʫ. ɿʘ ʩʚʦʶ ʜʦʚʛʫ ʽʩʪʦʨʽʶ ʄʫʟʝʡ ʟʙʝʨʽʛʘʻ ʥʝ ʣʠʰʝ ʤʫʟʝʡʥʽ 

ʛʝʦʣʦʛʽʯʥʽ ʝʢʩʧʦʥʘʪʠ, ʘ ʽ ʙʘʛʘʪʦ ʽʩʪʦʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ ʚʠʜʘʪʥʠʭ 

ʤʽʥʝʨʘʣʦʛʽʚ, ʷʢʽ ʪʫʪ ʧʨʘʮʶʚʘʣʠ, ʜʠʣʝʨʩʴʢʠʭ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʮʝʥʪʨʽʚ, ʮʽʢʘʚʠʭ ʽʩʪʦʨʠʯʥʠʭ 

ʧʦʜʽʡ, ʪʦʙʪʦ ʟʘʛʘʣʦʤ ʽʩʪʦʨʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ.  

ʇʝʨʰʠʡ ʤʫʟʝʡʥʠʡ ʜʦʢʫʤʝʥʪ ï ʧʝʨʝʧʠʩ ʟʨʘʟʢʽʚ ʤʽʥʝʨʘʣʽʚ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʢʦʣʝʢʮʽʾ, ʟʨʦʙʣʝʥʠʡ 1849 ʨʦʢʫ ʧʨʦʬʝʩʦʨʦʤ ɻʽʘʮʠʥʪʦʤ ʃʦʙʘʞʝʚʩʴʢʠʤ, 

ʟʘʚʽʜʫʚʘʯʝʤ ʢʘʬʝʜʨʠ ʧʨʠʨʦʜʥʠʯʦʾ ʽʩʪʦʨʽʾ, ʟʘʩʥʦʚʥʠʢʦʤ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ. ɺ 

ʘʨʭʽʚʽ ʄʫʟʝʶ ʟʙʝʨʝʞʝʥʽ ʢʘʪʘʣʦʛʠ ʝʢʩʧʦʥʘʪʽʚ, ʷʢʽ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʚ ʘʚʩʪʨʦ-ʫʛʦʨʩʴʢʠʡ, 

ʧʦʣʴʩʴʢʠʡ, ʨʘʜʷʥʩʴʢʠʡ ʪʘ ʫʢʨʘʾʥʩʴʢʠʡ ʧʝʨʽʦʜʠ. ɺ ʢʘʪʘʣʦʛʘʭ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʨʘʟʢʽʚ 

ʚʢʘʟʘʥʠʡ ʨʽʢ ʽ ʜʞʝʨʝʣʦ ʥʘʜʭʦʜʞʝʥʥʷ (ʬʽʨʤʘ-ʜʠʣʝʨ, ʟʙʽʨʢʘ ʧʝʚʥʦʛʦ ʜʦʩʣʽʜʥʠʢʘ, ʜʘʨ, 

ʦʙʤʽʥ ʤʽʞ ʤʫʟʝʷʤʠ). ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʪʦʨʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʝʢʮʽʾ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʠʭ ʮʽʢʘʚʠʭ 

ʘʩʧʝʢʪʽʚ ʽʩʪʦʨʽʾ ʄʫʟʝʶ.  

1864 ʨ. ʫ ʃʴʚʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʚʽʜʢʨʠʪʦ ʢʘʬʝʜʨʫ ʤʽʥʝʨʘʣʦʛʽʾ, ʟ ʷʢʦʶ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʘ ʽʩʪʦʨʽʷ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ. ɰʾ ʧʝʨʰʠʤ ʟʘʚʽʜʫʚʘʯʝʤ ʽ ʢʝʨʽʚʥʠʢʦʤ ʤʫʟʝʶ 

ʩʪʘʚ ʧʨʦʬʝʩʦʨ ʌʝʨʜʠʥʘʥʜ ʎʠʨʢʝʣʴ ï ʟʘʩʥʦʚʥʠʢ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚ ʤʽʥʝʨʘʣʦʛʽʾ ʽ 

ʧʝʪʨʦʛʨʘʬʽʾ. ʋ ʄʫʟʝʾ ʜʦʩʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʢʦʣʝʢʮʽʷ ʪʦʥʢʠʭ ʟʨʽʟʽʚ ʤʽʥʝʨʘʣʽʚ ʪʘ ʧʦʨʽʜ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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(ʰʣʽʬʽʚ), ʚʠʛʦʪʦʚʣʝʥʠʭ ʎʠʨʢʝʣʝʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʟʦʨʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʧʨʦʭʽʜʥʦʤʫ 

ʩʚʽʪʣʽ. 

ʎʽʢʘʚʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʽʩʪʦʨʠʯʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʻ ʢʘʪʘʣʦʛ, ʫʢʣʘʜʝʥʠʡ ʌʝʣʽʢʩʦʤ 

ʂʨʦʡʮʝʤ ʫ 1880 ʨʦʮʽ. ʌʝʣʽʢʩ ʂʨʦʡʮ - ʤʽʥʝʨʘʣʦʛ ʽ ʧʝʪʨʦʛʨʘʬ, ʦʜʠʥ ʟ ʟʘʩʥʦʚʥʠʢʽʚ 

ʇʦʣʴʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʧʨʠʨʦʜʦʟʥʘʚʮʽʚ ʽʤ. ʂʦʧʝʨʥʠʢʘ (1874) ʽ ʡʦʛʦ ʧʝʨʰʠʡ ʧʨʝʟʠʜʝʥʪ, 

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʽʥʝʨʘʣʦʛʽʾ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (1870-1887), ʜʠʨʝʢʪʦʨ 

ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ (ʇʘʚʣʠʰʠʥ ʪʘ ʽʥ., 2019). ɺ ʮʝʡ ʢʘʪʘʣʦʛ ʚʚʽʡʰʣʠ ʟʨʘʟʢʠ 

ʧʨʠʜʙʘʥʽ ʫ 70-ʭ ʨʦʢʘʭ ʍɯʍ ʩʪʦʣʽʪʪʷ. ɺ ʧʝʨʽʦʜ ʜʦ 1880 ʨʦʢʫ ʄʫʟʝʡ ʟʘʢʫʧʦʚʫʚʘʚ 

ʧʝʨʝʚʘʞʥʦ ʟʨʘʟʢʠ ʤʽʥʝʨʘʣʽʚ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʠʣʝʨʽʚ: 

çMineralien-Geschªft von Krantzè ɸʚʛʫʩʪʘ ʂʨʘʥʮʘ ʫ ʌʨʘʡʙʫʨʟʽ (ʅʽʤʝʯʯʠʥʘ), çChemische 

Fabrik & Mineralhandlungè ʊʝʦʜʦʨʘ ʐʫʛʘʨʜʪʘ ʟ ʄʫʩʢʘʫ (ʟʘʨʘʟ ɹʘʜ-ʄʫʩʢʘʫ, ʨʘʡʦʥ 

ɻʝʨʣʽʮ (ʅʽʤʝʯʯʠʥʘ)), çMineralien-Naturalien und M¿nz-Comptoirè ʃʝʦʧʦʣʴʜʘ ɽʛʝʨʘ ʫ 

ɺʽʜʥʽ (ɸʚʩʪʨʽʷ). ɿ ʢʽʥʮʷ 1870-ʭ ʨʦʢʽʚ ʨʦʟʧʦʯʘʣʠ ʚʝʜʝʥʥʷ ʥʦʚʦʛʦ ʢʘʪʘʣʦʛʫ, ʷʢʠʡ ʪʘʢʦʞ 

ʟʙʝʨʽʛʩʷ ʚ ʘʨʭʽʚʘʭ ʄʫʟʝʶ. ɿʘ ʧʝʨʽʦʜ 1881-1913 ʨʨ. ʢʦʣʝʢʮʽʷ ʄʫʟʝʶ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 

ʧʦʥʘʜ 2500 ʟʨʘʟʢʽʚ ʟ ʤʘʡʞʝ 40 ʜʞʝʨʝʣ ʧʦʧʦʚʥʝʥʥʷ (ʎʽʣʴʤʘʢ ʪʘ ʽʥ, 2025). ʆʩʥʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʮʝʡ ʧʝʨʽʦʜ ʙʫʣʠ ʖʟʝʬ ʉʝʤʽʨʘʜʩʴʢʠʡ, ʜʠʣʝʨʩʴʢʽ ʮʝʥʪʨʠ 

ʂʨʘʥʮʘ, ɹʝʨʥʘʨʜʘ ʐʪʫʨʪʮʘ, ʊʝʦʜʦʨʘ ʐʫʛʘʨʜʪʘ, ʃʝʦʧʦʣʴʜʘ ɽʛʝʨʘ ʪʘ ɽʤʽʣʴ 

ɼʫʥʽʢʦʚʩʢʴʢʠʡ (ʦʜʠʥ ʟ ʜʠʨʝʢʪʦʨʽʚ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ). ɿʦʢʨʝʤʘ ʫ ʄʫʟʝʾ ʚ ʦʢʨʝʤʽʡ 

ʚʽʪʨʠʥʽ ʝʢʩʧʦʥʫʻʪʴʩʷ ʧʦʣʽʨʦʚʘʥʠʡ ʟʨʽʟ ʩʢʘʤôʷʥʽʣʦʛʦ ʜʝʨʝʚʘ ʜʽʘʤʝʪʨʦʤ 80 ʩʤ ʟʽ ʰʪʘʪʫ 

ɸʨʠʟʦʥʘ (ʥʠʥʽ ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʘʨʢ Petrified Forest), ʧʨʠʚʝʟʝʥʠʡ ɽʤʽʣʝʤ ɼʫʥʽʢʦʚʩʴʢʠʤ ʟ 

ʧʦʜʦʨʦʞʝʡ ʇʽʚʥʽʯʥʦʶ ɸʤʝʨʠʢʦʶ ʥʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪ. ʎʝʡ ʝʢʩʧʦʥʘʪ ʻ ʬʨʘʛʤʝʥʪʦʤ 

ʩʪʦʚʙʫʨʘ ʜʨʝʚʥʽʭ ʘʨʘʫʢʘʨʽʡ Araucarioxylon arixonicum ʟ ʚʽʜʜʽʣʫ ʭʚʦʡʥʠʭ, ʷʢʽ ʨʦʩʣʠ ʥʘ 

ɿʝʤʣʽ ʙʣʠʟʴʢʦ 225 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ. ɼʝʨʝʚʠʥʘ ʟʙʝʨʝʛʣʘ ʟʘʛʘʣʴʥʫ ʬʦʨʤʫ, ʘʣʝ ʚʪʨʘʪʠʣʘ 

ʢʣʽʪʠʥʥʫ ʙʫʜʦʚʫ. ʎʝʣʶʣʦʟʘ ʟʘʤʽʩʪʠʣʘʩʷ ʭʘʣʮʝʜʦʥʦʤ ʽ ʛʽʜʨʦʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ. 

ʇʩʝʚʜʦʤʦʨʬʦʟʘ ʟ ɸʨʠʟʦʥʠ ʻ ʦʢʨʘʩʦʶ ʄʫʟʝʶ ʽ ʥʝʟʤʽʥʥʦ ʜʠʚʫʻ ʚʽʜʚʽʜʫʚʘʯʽʚ ʩʚʦʾʤ 

ʩʪʨʦʢʘʪʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ. 

ʅʦʚʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʦʟʧʦʯʘʚʩʷ ʟ 1944 ʨ.; ʚʽʥ ʧʦʚôʷʟʘʥʠʡ ʟ ʽʤʝʥʝʤ ɭ.ʂ. ʃʘʟʘʨʝʥʢʘ, ʷʢʠʡ ʫ ʪʦʤʫ ʞ ʨʦʮʽ 

ʦʯʦʣʠʚ ʢʘʬʝʜʨʫ ʤʽʥʝʨʘʣʦʛʽʾ, ʘ 1945 ʨ. ʦʨʛʘʥʽʟʫʚʘʚ ʛʝʦʣʦʛʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ, ʩʪʘʚ ʡʦʛʦ 

ʧʝʨʰʠʤ ʜʝʢʘʥʦʤ, ʘ ʧʽʟʥʽʰʝ ʽ ʨʝʢʪʦʨʦʤ (1951ï1963) ʫʥʽʚʝʨʩʠʪʝʪʫ. ʇʽʜ ʡʦʛʦ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʙʫʣʦ ʦʨʛʘʥʽʟʦʚʘʥʦ ʥʠʟʢʫ ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʚʠʾʟʜʽʚ ʫ ʨʽʟʥʽ ʨʝʛʽʦʥʠ (ɺʦʣʠʥʴ, 

ʂʘʨʧʘʪʠ, ʇʦʜʽʣʣʷ, ʋʨʘʣ, ɿʘʙʘʡʢʘʣʣʷ ʪʘ ʽʥ.), ʧʽʜ ʯʘʩ ʷʢʠʭ ʟʽʙʨʘʥʦ ʚʝʣʠʯʝʟʥʠʡ ʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʢʘʤôʷʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʟʥʘʯʥʦ ʧʦʧʦʚʥʠʚ ʢʦʣʝʢʮʽʾ ʄʫʟʝʶ 

ʪʘ ʩʧʨʠʷʚ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʶ. ɿ 1997 ʨʦʢʫ ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʃʴʚʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʥʦʩʠʪʴ ʽʤôʷ ɭʚʛʝʥʘ ʃʘʟʘʨʝʥʢʘ ʽ 

ʧʠʰʘʻʪʴʩʷ ʮʠʤ. 

ʇʨʘʮʽʚʥʠʢʠ ʄʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ ʽʤʝʥʽ ɭʚʛʝʥʘ ʃʘʟʘʨʝʥʢʘ ʟ ʚʝʣʠʢʦʶ 

ʟʘʮʽʢʘʚʣʝʥʽʩʪʶ ʜʦʩʣʽʜʞʫʶʪʴ ʜʝʪʘʣʽ ʩʪʘʥʦʚʣʝʥʥʷ ʤʫʟʝʡʥʦʾ ʢʦʣʝʢʮʽʾ, ʘ ʨʘʟʦʤ ʟ ʮʠʤ ï 

ʽʩʪʦʨʽʾ ʚʽʜʦʤʠʭ ʛʝʦʣʦʛʽʚ ʪʘ ʤʽʥʝʨʘʣʦʛʽʚ ʪʘ ʮʽʢʘʚʠʭ ʧʦʜʽʡ ʤʠʥʫʣʦʛʦ ʯʘʩʫ. 

ɺʠʩʥʦʚʢʠ. ɻʝʦʣʦʛʽʯʥʽ ʤʫʟʝʾ ʙʫʣʠ, ʻ ʽ ʟʘʣʠʰʘʪʠʤʫʪʴʩʷ ʦʩʝʨʝʜʢʘʤʠ, ʷʢʽ ʧʦʢʣʠʢʘʥʽ 

ʟʙʝʨʽʛʘʪʠ, ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʘ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʫ ʛʝʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʮʝ ʤʫʟʝʾ ʤʘʶʪʴ ʚʘʛʦʤʝ ʥʘʫʢʦʚʝ ʪʘ ʦʩʚʽʪʥʻ ʟʥʘʯʝʥʥʷ, ʜʦ ʷʢʦʛʦ ʜʦʜʘʻʪʴʩʷ 

ʮʽʥʥʽʩʪʴ ʜʘʚʥʦ ʩʪʚʦʨʝʥʠʭ ʤʫʟʝʾʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʪʦʨʽʾ ʛʝʦʣʦʛʽʾ. ʉʫʯʘʩʥʽ ʤʫʟʝʾ 

ʧʨʘʛʥʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʦ-ʥʦʚʦʤʫ, ʧʨʠʚʝʨʪʘʶʯʠ ʜʦ ʩʝʙʝ ʫʚʘʛʫ ʨʽʟʥʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʧʦʧʫʣʷʨʠʟʫʶʯʠ ʛʝʦʣʦʛʽʯʥʽ ʥʘʫʢʠ. ɿʦʢʨʝʤʘ ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʽʤʝʥʽ ɭʚʛʝʥʘ 

ʃʘʟʘʨʝʥʢʘ, ʟʘʩʥʦʚʘʥʠʡ ʷʢ ʤʫʟʝʡ çʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷè, ʫʩʧʽʰʥʦ ʧʨʦʡʰʦʚ ʫʩʽ ʝʪʘʧʠ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʦ ʤʫʟʝʶ çʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷè ʽ ʥʠʥʽ ʧʨʦʚʘʜʠʪʴ ʧʦʧʫʣʷʨʠʟʘʮʽʡʥʫ 
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The processes of coal-forming peatland formation (areal waterlogging) are determined by 

tectonic, landscape and climatic factors. Under the influence of the tectonic factor, a 

specific pattern is formed that facilitates the processes preceding coal formation. The layer-

by-layer distribution of trace elements in the cross-section of coal seams reflects a periodic 

change in the conditions of water-mineral supply to the peat deposits. Increased 

concentrations of trace elements tend to the peripheral areas of the seams or are confined 

to intra-formational faults. For the coal seams of the Lviv-Volyn coal basin, a general 

regular decrease in the concentration of elements from the northeast to the southwest is 

observed, which indicates the existence of a predominant source area (area of 

erosion/denudation) in the northeast of the basin. 

 

REGULARITIES OF THE DISTRIBUTION OF IMPURITY ELEMENTS IN COAL 

OF THE LVIV -VOLYN ʉʆAL BASIN 
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ɺʩʪʫʧ. ʋʪʚʦʨʝʥʥʷ ʚʫʛʣʝʥʦʩʥʠʭ ʬʦʨʤʘʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʤʠ, 

ʧʘʣʝʦʪʝʢʪʦʥʽʯʥʠʤʠ, ʧʘʣʝʦʢʣʽʤʘʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʧʦʩʪʫʧʘʻ ʚ ʙʘʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʽʾ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʻ ʛʝʦʪʝʢʪʦʥʽʯʥʠʡ ʯʠʥʥʠʢ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʽ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. 

ɿʘʛʘʣʴʥʘ ʟʦʣʴʥʽʩʪʴ, ʩʢʣʘʜ ʟʦʣʠ, ʪʦʚʱʠʥʘ ʚʫʛʽʣʴʥʦʛʦ ʰʘʨʫ, ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʩʢʣʘʜ ʪʘ 

ʩʪʫʧʽʥʴ ʚʫʛʣʝʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʥʘʷʚʥʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ï 

ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʢʣʘʜ ʪʘ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʦʨʬʦʫʪʚʦʨʝʥʥʷ ʻ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʚʫʛʣʝʪʚʦʨʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʥʘ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʥʛʝʥʝʪʠʯʥʝ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʅʘ ʩʪʘʜʽʷʭ 

ʜʽʘʛʝʥʝʟʫ ʽ ʢʘʪʘʛʝʥʝʟʫ ʡʜʝ ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ, ʾʭʥʻ ʯʘʩʪʢʦʚʝ ʚʠʥʝʩʝʥʥʷ ʟʘ ʤʝʞʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʝʧʽʛʝʥʝʪʠʯʥʝ ʟʙʘʛʘʯʝʥʥʷ ʟʘʚʜʷʢʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʡ 

ʝʧʽʛʝʥʝʪʠʯʥʠʤ ʢʦʥʮʝʥʪʨʘʮʽʷʤ ʥʘ ʚʽʜʥʦʚʥʠʭ, ʩʽʨʢʦʚʦʜʥʝʚʠʭ ʪʘ ʩʦʨʙʮʽʡʥʠʭ ʙʘʨôʻʨʘʭ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʪʦʨʬʦʚʠʱʝ ʻ ʧʦʨʦʜʠ ʦʙʣʘʩʪʽ ʟʥʦʩʫ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʾʭʥʴʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ ʟʫʤʦʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʪʨʠʚʘʣʽʩʪʶ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʧʝʨʝʨʚʠ, ʢʣʽʤʘʪʠʯʥʠʤʠ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʭʽʤʽʢʦ-

ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʦʨʽʜ, ʨʝʣʴʻʬʦʤ ʤʽʩʮʝʚʦʩʪʽ ʟʥʦʩʫ (ʄʝʪʘʣʣʦʛʝʥʠʷé, 1988). 

ɽʣʝʤʝʥʪʠ ʧʝʨʝʥʦʩʷʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤʠ ʪʘ ʚʦʜʥʠʤʠ ʰʣʷʭʘʤʠ. ʇʝʨʝʚʘʞʘʻ ʤʽʛʨʘʮʽʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʽʦʛʝʥʥʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ, 

ʭʽʤʽʯʥʠʤʠ ʪʘ ʢʦʣʦʾʜʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʚ ʦʙʣʘʩʪʽ ʩʝʜʠʤʝʥʪʘʮʽʾ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʧʨʠ 

ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʽ, ʪʘʢ ʽ ʝʧʽʛʝʥʝʟʽ. ɿʘ ɸ. ɯ. ʇʝʨʝʣʴʤʘʥʦʤ ʚʠʜʽʣʷʶʪʴ ʚʽʩʽʤ ʛʝʥʝʪʠʯʥʠʭ ʪʠʧʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʤʝʥʪʽʚ: ʤʝʭʘʥʦʛʝʥʥʠʡ, ʙʽʦʛʝʥʥʠʡ, ʩʦʨʙʮʽʡʥʠʡ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ, 

ʩʽʨʢʦʚʦʜʥʝʚʠʡ, ʦʢʠʩʣʶʚʘʣʴʥʠʡ, ʚʫʛʣʝʢʠʩʣʠʡ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ. ʂʦʞʝʥ ʟ ʥʠʭ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʤ ʪʠʧʘʤ ʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨôʻʨʽʚ (ʇʝʨʝʣʴʤʘʥ, 1979). 

ʅʘ ʩʪʫʧʽʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ, ʾʭʥʽʡ ʷʢʽʩʥʠʡ ʩʪʘʥ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚ 

ʢʦʥʪʫʨʘʭ ʪʦʨʬʦʚʠʱʘ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʛʦʣʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʭʘʨʘʢʪʝʨ ʧʦʨʽʜ 
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ʥʘʚʢʦʣʦ ʪʦʨʬʦʚʠʱʘ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʨʝʛʽʦʥʫ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʧʨʦʮʝʩʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʨʽʜ ʦʙʣʘʩʪʝʡ ʟʥʦʩʫ, ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʙʽʦʤʘʩʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʾʾ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʽ ʚʦʜʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʦʨʬʦʚʠʱʘ, ʪʝʢʪʦʥʽʢʘ ʨʘʡʦʥʫ, 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʘʭ ʚʠʚʽʪʨʶʚʘʥʥʷ 

(ʄʝʪʘʣʣʦʛʝʥʠʷé, 1988). 

ʉʢʣʘʜ ʝʣʝʤʝʥʪʽʚ-ʜʦʤʽʰʦʢ ʚʫʛʽʣʣʷ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʜʦʩʠʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʽ ʩʬʦʨʤʫʚʘʚʩʷ ʚ ʧʝʨʽʦʜ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʪʘ ʚʥʘʩʣʽʜʦʢ ʚʪʦʨʠʥʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʾʭʥʴʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ. ɽʣʝʤʝʥʪʠ-ʜʦʤʽʰʢʠ ʚʫʛʽʣʣʷ ʙʘʩʝʡʥʫ 

ʚʠʚʯʘʣʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʡ ʦʮʽʥʢʠ ʢʦʨʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʩʫʧʫʪʥʴʦʛʦ ʚʠʣʫʯʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʫʛʽʣʣʷ ʪʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʢʩʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ-ʜʦʤʽʰʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ 

ʯʘʩ ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʧʝʨʝʨʦʙʣʝʥʥʷ.  

ʋ ʨʦʟʧʦʜʽʣʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ, ʪʘʢ ʽ ʚʫʛʣʝʥʦʩʥʽʡ ʪʦʚʱʽ ʚ 

ʮʽʣʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ (ɹʠʢ, 1991; ɹʠʢ, ɻʘʻʚʩʴʢʠʡ, 1991; ɹʠʢ, 

ʋʟʽʶʢ, 2000). ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʽ ʙʫʜʦʚʘ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʨʽʜ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʚʫʛʣʝʥʦʩʥʫ ʪʦʚʱʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʾʭʥʴʦʛʦ ʫʪʚʦʨʝʥʥʷ ʪʘ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʠʟʥʘʯʠʪʠ ʛʝʦʭʽʤ̔ʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʢ̔ʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʚʫʛ̔ʣʣʷ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʦʤʽʰʦʢ ʫ ʚʫʛʽʣʣʽ ʃɺɹ.  

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʘʥʘʣʽʟʠ 

ʩʝʨʝʜʥʴʦʧʣʘʩʪʦʚʠʭ ʧʨʦʙ, ʚʠʢʦʥʘʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʣʘʙʦʨʘʪʦʨʽʷʤʠ ʃʴʚʽʚʩʴʢʦʾ ʛʝʦʣʦʛʦ-

ʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʝʢʩʧʝʜʠʮʽʾ ʪʘ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ 

ʋʢʨʘʾʥʠ ʫ 80ï90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ 

ʙʘʩʝʡʥ (ʃɺɹ) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʃʴʚʽʚʩʴʢʦʤʫ ʧʨʦʛʠʥʽ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʤʝʞʘʭ ʙʽʣʴʰ 

ʢʨʫʧʥʦʛʦ ʽ ʧʨʦʪʷʞʥʦʛʦ ʃʴʚʽʚʩʴʢʦ-ʃʶʙʣʽʥʩʴʢʦʛʦ ʧʘʣʝʦʟʦʡʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʧʽʚʜʝʥʥʦ-

ʟʘʭʽʜʥʦʾ ʦʢʨʘʾʥʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʠʥʮʠʧʫ 

ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ ï ʮʝ ʦʜʠʥ ʟ ʪʝʢʪʦʥʽʯʥʠʭ ʝʪʘʧʽʚ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʾ ɺʦʣʠʥʦ-ʇʦʜʽʣʣʷ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʃʴʚʽʚʩʴʢʦ-ʃʶʙʣʽʥʩʴʢʠʡ ʛʝʨʮʠʥʩʴʢʠʡ ʧʝʨʝʜʦʚʠʡ ʧʨʦʛʠʥ (D2ïC2). ɿʘ 

ʙʫʜʦʚʦʶ, ʩʪʫʧʝʥʝʤ ʚʫʛʣʝʥʦʩʥʦʩʪʽ, ʫʤʦʚʘʤʠ ʫʪʚʦʨʝʥʥʷ ʚ ʩʢʣʘʜʽ ʥʠʞʥʴʦ-

ʩʝʨʝʜʥʴʦʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʬʦʨʤʘʮʽʾ ʙʘʩʝʡʥʫ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʧʽʜʬʦʨʤʘʮʽʾ. ʅʠʞʥʷ ï 

ʙʦʣʦʪʥʦ-ʤʦʨʩʴʢʘ ʨʝʛʨʝʩʠʚʥʘ ʧʽʜʬʦʨʤʘʮʽʷ, ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʷʢʦʾ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʧʦʢʨʽʚʣʽ 

ʚʘʧʥʷʢʘ N3. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʽʜʢʣʘʜʠ ʚʽʟʝʡʩʴʢʦʛʦ ʽ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ 

ʩʝʨʧʫʭʦʚʩʴʢʦʛʦ ʷʨʫʩʽʚ. ɺʝʨʭʥʷ ï ʚʠʩʦʢʦʚʫʛʣʝʥʦʩʥʘ ʘʣʶʚʽʘʣʴʥʦ-ʙʦʣʦʪʥʦ-ʦʟʝʨʥʦ-ʣʘʛʫʥʥʘ 

ʨʝʛʨʝʩʠʚʥʦ-ʪʨʘʥʩʛʨʝʩʠʚʥʘ ʧʽʜʬʦʨʤʘʮʽʷ ʚʢʣʶʯʘʻ ʚʽʜʢʣʘʜʠ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʩʝʨʧʫʭʦʚʩʴʢʦʛʦ ʽ ʙʘʰʢʠʨʩʴʢʠʡ ʷʨʫʩʠ (ʂʦʨʨʝʣʷʮʠʷé2007)  

ɸʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʧʝʚʥʽ ʚʠʩʥʦʚʢʠ, ʱʦʜʦ ʧʦʰʠʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ-ʜʦʤʽʰʦʢ (ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ (ʋʛʣʝʥʦʩʥʳʝé, 1983; ɹʘʨʪʦʰʠʥʩʴʢʘ, ɹʠʢ ʪʘ ʽʥ., 1983)):  

- ʫ ʚʫʛʽʣʣʽ ʥʠʞʥʴʦʛʦ ʢʘʨʙʦʥʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʧʦʩʪʽʡʥʦ ʧʨʠʩʫʪʥʽ 

Al, Ba, Ca, Fe, Ga, Mg, Mn, Mo, Ni, P, Si, Sr, Ti, Zn (ʢʦʝʬʽʮʽʻʥʪ ʟʫʩʪʨʽʯʘʥʥʷ 100 %). 

ʄʘʡʞʝ ʫ ʚʩʽʭ ʚʫʛʽʣʴʥʠʭ ʧʨʦʙʘʭ ʟʘʬʽʢʩʦʚʘʥʦ As, Be, Cr, Cu, Pb, V (ʢʦʝʬʽʮʽʻʥʪ 

ʟʫʩʪʨʽʯʘʥʥʷ 97ï99 %). ʄʝʥʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʽ Co, Ge, La, Sc, Zr (ʢʦʝʬʽʮʽʻʥʪ ʟʫʩʪʨʽʯʘʥʥʷ 

73ï88 %). ʅʝʟʥʘʯʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʫ ʚʫʛʽʣʣʽ ʢʦʨʠʩʪʫʻʪʴʩʷ Na, Pb (ʢʦʝʬʽʮʽʻʥʪ 

ʟʫʩʪʨʽʯʘʥʥʷ 5ï27 %). 

- ʙʽʣʴʰʽʩʪʴ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʫʛʽʣʣʽ ʚ 

ʢʣʘʨʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ: Pb, Al, Ba, Be, Cu, Ga, La, Ni, P, Pb, Sc, Si, Sn, Sr, Ti, Zn; ʚ 

ʧʦʦʜʠʥʦʢʠʭ ʚʠʧʘʜʢʘʭ ʚʤʽʩʪ ʜʝʷʢʠʭ ʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʚʠʱʫʻ ʢʣʘʨʢʦʚʠʡ. 

- ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʥʥʠʤ ʚʤʽʩʪʦʤ ʫ ʚʫʛʽʣʣʽ ʨʽʟʥʠʭ ʷʨʫʩʽʚ. ʋ 

ʧʣʘʩʪʘʭ ʚʽʟʝʡʩʴʢʦʛʦ ʷʨʫʩʫ ʢʦʥʮʝʥʪʨʘʮʽʷ Ge ʚʠʱʝ ʢʣʘʨʢʦʚʦʾ, ʘ ʚ ʩʝʨʧʫʭʦʚʩʴʢʦʤʫ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʨʢʫ; Ca ʫ ʚʽʟʝʡʩʴʢʦʤʫ ʚʫʛʽʣʣʽ ʤʽʩʪʠʪʴʩʷ ʚ ʢʣʘʨʢʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʫ 

ʩʝʨʧʫʭʦʚʩʴʢʠʭ ï ʥʠʞʯʝ ʢʣʘʨʢʘ. ʂʽʣʴʢʽʩʪʴ Co ʚ ʧʣʘʩʪʘʭ ʚʽʟʝʡʩʴʢʦʛʦ ʷʨʫʩʘ ʥʠʞʯʝ ʢʣʘʨʢʘ, 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʚ ʩʝʨʧʫʭʦʚʩʴʢʠʭ ï ʥʘʚʧʘʢʠ, ʙʽʣʴʰʝ; ʫ ʚʽʟʝʡʩʴʢʦʤʫ ʚʫʛʽʣʣʽ ʚʽʜʧʦʚʽʜʘʘʻ ʢʣʘʨʢʫ, ʚ 

ʩʝʨʧʫʭʦʚʩʴʢʠʭ ï ʧʝʨʝʚʠʱʫʻ ʢʣʘʨʢ. ʆʪʞʝ, ʚʚʨʝʭ ʧʦ ʨʦʟʨʽʟʫ ʚʫʛʣʝʥʦʩʥʦʾ ʪʦʚʱʽ ʫ ʚʫʛʽʣʣʽ 

ʟʨʦʩʪʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʦ, Cr, Mg, Na, Zn, V ʽ ʟʤʝʥʰʫʻʪʴʩʷ ï Ge.  

ʉʢʣʘʜ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʽ ʚʫʛʣʝʥʦʩʥʠʭ ʬʦʨʤʘʮʽʷʭ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ: ʩʢʣʘʜʦʤ ʽ 

ʩʪʫʧʝʥʝʤ ʤʝʪʘʤʦʨʬʽʟʤʫ ʚʫʛʽʣʣʷ, ʬʘʮʽʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʫʛʣʝʥʦʩʥʠʭ 

ʚʽʜʢʣʘʜʽʚ, ʛʝʦʩʪʨʫʢʪʫʨʥʠʤ ʪʠʧʦʤ ʚʫʛʣʝʥʦʩʥʦʾ ʬʦʨʤʘʮʽʾ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤ ʨʝʞʠʤʦʤ ʽ 

ʛʝʦʭʽʤʽʻʶ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʋʥʘʩʣʽʜʦʢ ʮʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʣʦʩʷ ʚʫʛʽʣʣʷ ʜʦʩʠʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʚʫʛʽʣʣʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ: 1) ʟʥʘʯʥʠʤ 

ʧʨʠʚʥʝʩʝʥʥʷʤ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 2) ʜʦʩʪʘʪʥʴʦ ʯʘʩʪʠʤʠ ʟʤʽʥʘʤʠ ʦʙʩʪʘʥʦʚʦʢ, ʱʦ 

ʧʨʠʚʦʜʠʣʦ ʜʦ ʟʤʽʥʠ ʞʠʚʣʝʥʥʷ ʪʦʨʬʦʚʠʱ; 3) ʚʪʦʨʠʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ; 4) ʤʦʞʣʠʚʦʶ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʶ ʜʽʷʣʴʥʽʩʪʶ.  

ʆʜʥʠʤ ʟ ʯʠʥʥʠʢʽʚ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʤʽʛʨʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʻ ʚʝʣʠʯʠʥʘ 

ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʫ. ʍʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʟ ʤʘʣʠʤ ʽʦʥʥʠʤ ʨʘʜʽʫʩʦʤ ʟʜʘʪʥʽ ʚ ʩʢʣʘʜʽ ʦʨʛʘʥʽʯʥʠʭ 

ʢʠʩʣʦʪ ʧʝʨʝʤʽʱʘʪʠʩʷ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ (ʖʜʦʚʠʯ, ʂʝʨʪʠʩ ʠ ʜʨ., 1985). ɼʣʷ 

ʦʮʽʥʢʠ ʟʚôʷʟʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟ ʦʙʣʘʩʪʷʤʠ ʟʥʦʩʫ ʚ ʧʨʘʢʪʠʮʽ ʛʝʦʭʽʤʽʯʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʦʢʣʘʜʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʜʽʣʷʪʠ ʾʭ ʟʘ ʚʝʣʠʯʠʥʦʶ ʽʦʥʥʠʭ ʨʘʜʽʫʩʽʚ 

(r) ʥʘ ʪʨʠ ʛʨʫʧʠ: < 0,5¡ ï Ge, Cr, ɺʝ; 0,5ï0,87 ¡ ï Ga, Mo, Ni, Co, Pb, Zn, Sn, Cu; > 0,87 

¡ ï Zr, TR [6]. ɼʽʣʷʥʢʠ ʪʦʨʬʦʚʠʱʘ, ʱʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʦʙʣʘʩʪʝʡ ʟʥʦʩʫ, ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ 

ʙʽʦʭʽʤʽʯʥʦʛʦ ʙʘʨôʻʨʫ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʨʫʭʦʤʽʩʪʴ ʝʣʝʤʝʥʪʽʚ.  

ʅʘ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘʤʠ ʢʘʨʪʦ-ʩʭʝʤʘʭ ʧʦʰʠʨʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʪʷʞʽʶʪʴ ʜʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʜʽʣʷʥʦʢ ʘʙʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʚʥʫʪʨʽʰʥʴʦʬʦʨʤʘʮʽʡʥʠʭ ʨʦʟʤʠʚʽʚ; 

ʥʘʡʙʽʣʴʰ ʟʙʘʛʘʯʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ-ʜʦʤʽʰʢʘʤʠ ʻ ʥʠʞʥʽ ʧʣʘʩʪʠ ʚʫʛʣʝʥʦʩʥʦʾ ʪʦʚʱʽ. 

ɿʙʘʛʘʯʝʥʥʷ ʚʫʛʽʣʣʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʚ ʟʦʥʘʭ ʨʦʟʤʠʚʽʚ ʦʙʫʤʦʚʣʝʥʝ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʫʤʦʚ 

ʟʘʣʷʛʘʥʥʷ ʚʫʛʣʝʪʚʦʨʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʮʠʭ ʟʦʥʘʭ (ɹʫʯʠʥʩʴʢʘ, 2017). ʊʦʨʬ ʽ ʩʘʧʨʦʧʝʣʴ 

ʧʽʜʜʘʶʪʴʩʷ ʤʝʭʘʥʽʯʥʦʤʫ ʜʨʦʙʣʝʥʥʶ ʽ ʧʝʨʝʤʠʚʫ. ʄʽʢʨʦʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʩʫʩʧʝʥʟʽʷʭ (ʟʘʚʠʩʘʭ) ʫ ʚʦʜʥʠʭ ʧʦʪʦʢʘʭ, ʱʦ ʬʦʨʤʫʶʪʴ ʨʦʟʤʠʚʠ, ʽʥʪʝʥʩʠʚʥʦ ʢʦʥʪʘʢʪʫʶʪʴ 

ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʽ ʤʽʥʝʨʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʽ ʘʢʫʤʫʣʶʶʪʴʩʷ ʪʫʪ 

ʚʥʘʩʣʽʜʦʢ ʩʦʨʙʮʽʡʥʦʛʦ ʪʠʧʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ ʧʝʚʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɹʽʣʴʰʝ çʟʘʩʤʽʯʝʥʥʷè ʚʫʛʽʣʣʷ ʥʠʞʥʽʭ ʧʣʘʩʪʽʚ ʚʫʛʣʝʥʦʩʥʦʾ ʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʩʪʫʧʣʝʥʥʷ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʝʧʽʛʝʥʝʪʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ 

ʚʫʛʣʠʩʪʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʧʝʚʥʽ ʛʝʦʭʽʤʽʯʥʽ ʙʘʨôʻʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɺ ʤʝʞʘʭ ʮʠʭ ʪʝʟ ʧʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʢʘʨʪʦ-ʩʭʝʤʠ ʧʦʰʠʨʝʥʥʷ ʩʚʠʥʮʶ ʧʦ 

ʧʣʘʩʪʘʭ v6 ʽ n8 ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʃɺɹ, ʷʢʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʦʙʠʜʚʘ ʮʽ ʧʦʣʦʞʝʥʥʷ (ʨʠʩʫʥʦʢ).  

ʅʘ ʢʘʨʪʘʭ ʧʦʰʠʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦ ʧʣʦʱʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʝ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ. 

ʆʩʥʦʚʥʠʡ ʧʨʠʚʥʦʩ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʧʘʣʝʦʪʦʨʬʦʚʠʱʘ, ʱʦ ʙʫʣʠ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ ʧʣʘʩʪʽʚ, ʚʽʜʙʫʚʘʚʩʷ ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ ʟ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʱʠʪʘ ʧʦʚʝʨʭʥʝʚʦ-ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ. ʊʝʨʠʛʝʥʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘ ʜʘʣʝʢʠʭ 

ʰʣʷʭʘʭ ʤʽʛʨʘʮʽʾ ʚʪʨʘʯʘʻ ʩʚʽʡ ʨʝʩʫʨʩ ʝʣʝʤʝʥʪʽʚ ʽ ʧʦʪʨʘʧʣʷʻ ʫ ʚʫʛʣʝʪʚʦʨʥʝ ʪʦʨʬʦʚʠʱʝ 

ʚʞʝ ʟʙʽʜʥʝʥʠʤ. ʊʘʢʦʞ ʧʦʩʪʫʧʦʚʦ ʚʪʨʘʯʘʶʪʴʩʷ ʽ ʪʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʨʦʟʯʠʥʝʥʥʷ. ʇʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʢʦʨʽʥʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʚʪʨʘʯʘʶʪʴʩʷ 

ʚʩʽ ʦʨʝʦʣʠ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʜʦʩʷʛʘʶʪʴ ʚʽʜʜʘʣʝʥʠʭ ʦʙʣʘʩʪʝʡ 

ʪʦʨʬʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʞʝ çʩʪʝʨʠʣʴʥʠʤʠè (ʖʜʦʚʠʯ, 1978). ɼʽʣʷʥʢʠ ʪʦʨʬʦʚʠʱʘ, ʱʦ 

ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʦʙʣʘʩʪʝʡ ʟʥʦʩʫ, ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʙʽʦʭʽʤʽʯʥʦʛʦ ʙʘʨôʻʨʫ, ʷʢʠʡ ʦʙʤʝʞʫʻ 

ʨʫʭʦʤʽʩʪʴ ʝʣʝʤʝʥʪʽʚ. 

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʻ ʥʝʦʜʥʦʨʽʜʥʠʤ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʽ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʰʘʨʽʚ, ʷʢʽ ʬʦʨʤʫʚʘʣʠʩʷ ʚ ʥʝʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʧʝʪʨʦʛʝʥʝʪʠʯʥʠʭ ʪʠʧʽʚ ʚʫʛʽʣʣʷ ʫ ʦʜʥʦʤʫ ʧʣʘʩʪʽ. ʇʦʰʘʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʤʝʪʘʣʽʚ ʫ ʨʦʟʨʽʟʽ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʽʦʜʠʯʥʫ ʟʤʽʥʫ ʫʤʦʚ ʚʦʜʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʪʦʨʬôʷʥʠʭ ʧʦʢʣʘʜʽʚ, ʷʢʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʽʜʩʠʣʝʥʥʽ ʘʙʦ ʧʦʩʣʘʙʣʝʥʥʽ ʩʪʫʧʝʥʷ 

ʧʨʦʪʦʯʥʦʩʪʽ ʘʙʦ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʬʦʨʤ ʝʣʝʤʝʥʪʽʚ. 

 

 
ʈʠʩ. 1. ʂʘʨʪʦ-ʩʭʝʤʠ ʧʦʰʠʨʝʥʥʷ ʩʚʠʥʮʶ ʧʦ ʧʣʘʩʪʘʭ v6 ʽ n8 ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ 

ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ (ɹʫʯʠʥʩʴʢʘ, ʃʘʟʘʨ, 2015) 

 

ɺʽʜʤʽʯʘʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠʢʦʥʪʘʢʪʦʚʠʭ ʟ ʚʤʽʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʧʘʯʦʢ 

ʚʫʛʽʣʣʷ. ʈʽʟʥʽ ʝʣʝʤʝʥʪʠ ʧʦ ʨʽʟʥʦʤʫ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʠ ʫʤʦʚ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʽ ʢʦʥʪʘʢʪʥʘ 

ʟʦʥʘ ʧʝʨʝʚʘʞʥʦ ʩʪʘʻ ʛʝʦʭʽʤʽʯʥʠʤ ʙʘʨôʻʨʦʤ. ʄʽʛʨʘʮʽʷ ʡʰʣʘ ʷʢ ʟʽ ʩʪʦʨʦʥʠ ʚʫʛʽʣʴʥʦʛʦ 

ʰʘʨʫ, ʪʘʢ ʽ ʟʽ ʩʪʦʨʦʥʠ ʚʤʽʩʥʠʭ ʧʦʨʽʜ. ɿʥʘʯʝʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʯʘʩʪʦ ʻ ʚʠʟʥʘʯʥʠʤ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʧʦʚʝʜʽʥʢʠ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʨʦʟʯʠʥʘʭ: ʙʫʜʝ ʚʽʥ ʤʽʛʨʫʚʘʪʠ ʯʠ ʫʪʚʦʨʶʚʘʪʠ 

ʧʝʚʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʊʘʢʦʞ ʚʽʜ ʟʤʽʥʠ ʨʅ ʟʘʣʝʞʠʪʴ ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ ʯʠ ʜʝʩʦʨʙʮʽʾ ʝʣʝʤʝʥʪʫ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʽʩʥʫʻ ʩʚʽʡ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ pH, ʚ ʷʢʦʤʫ ʚʽʥ ʤʽʮʥʦ 

ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʩʦʨʙʝʥʪʘʭ, ʘ ʟʘ ʤʝʞʘʤʠ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʽʥ ʜʝʩʦʨʙʫʻʪʴʩʷ ʽ ʚʠʤʠʚʘʻʪʴʩʷ ʽʟ 

ʩʦʨʙʝʥʪʫ. ʂʦʥʪʘʢʪʥʽ ʟʦʥʠ ï ʮʝ ʥʝ ʪʽʣʴʢʠ ʟʦʥʠ ʩʠʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʚʫʛʽʣʣʽ, 

ʘʣʝ ʜʣʷ ʦʢʨʝʤʠʭ ʟ ʥʠʭ ʽ ʟʦʥʠ ʜʝʬʽʮʠʪʫ. Ge, Sc, Ni, V, Mo, Cr, Zr, Ti, Cu ʟʙʘʛʘʯʫʶʪʴʩʷ ʚ 

ʧʨʠʢʦʥʪʘʢʪʦʚʠʭ ʰʘʨʘʭ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʋʤʦʚʠ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ Ba, Sr, La, Pb, Ag, 

Ga, ʦʯʝʚʠʜʥʦ, ʙʫʣʠ ʥʝʩʧʨʠʷʪʣʠʚʽ ʽ ʮʽ ʝʣʝʤʝʥʪʠ ʧʨʦʭʦʜʠʣʠ ʜʘʥʠʡ ʛʝʦʭʽʤʽʯʥʠʡ ʙʘʨôʻʨ, ʥʝ 

ʬʽʢʩʫʶʯʠʩʴ ʪʘʤ, ʘʙʦ ʚʠʥʦʩʠʣʠʩʷ, ʩʪʚʦʨʶʶʯʠ ʟʦʥʠ ʜʝʬʽʮʠʪʫ (ʖʜʦʚʠʯ, 1978). 

ɺʠʩʥʦʚʢʠ. ʇʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʪʚʦʨʥʦʛʦ ʪʦʨʬʦʚʠʱʘ (ʧʣʦʱʠʥʥʦʛʦ ʟʘʙʦʣʦʯʫ-

ʚʘʥʥʷ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʢʪʦʥʽʯʥʠʤʠ, ʣʘʥʜʰʘʬʪʥʠʤʠ ʽ ʢʣʽʤʘʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʽʜ 

ʚʧʣʠʚʦʤ ʪʝʢʪʦʥʽʯʥʦʛʦ ʯʠʥʥʠʢʘ ʬʦʨʤʫʻʪʴʩʷ ʧʝʚʥʘ ʩʭʝʤʘ, ʱʦ ʩʧʨʠʷʻ ʧʨʦʮʝʩʘʤ, ʱʦ ʧʝʨʝ-

ʜʫʁʪʴ ʚʫʛʣʝʫʪʚʦʨʝʥʥʶ: ʽʩʥʫʻ ʟʛʣʘʜʞʝʥʠʡ ʧʦʭʠʣʦ-ʭʚʠʣʷʩʪʠʡ ʨʝʣʴʻʬ, ʜʝ ʧʨʦʮʝʩʠ ʝʨʦʟʽʾ 

ʚʦʜʦʟʙʦʨʽʚ ʤʘʡʞʝ ʧʨʠʧʠʥʠʣʠʩʷ; ʥʘ ʚʦʜʦʟʙʦʨʘʭ ʧʦʯʠʥʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʢʽʨ ʚʠʚʽʪʨʶ-

ʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʜʥʦʩʥʦʛʦ ʪʝʢʪʦʥʽʯʥʦʛʦ ʩʧʦʢʦʶ ʽ ʛʫʤʽʜʥʦʛʦ ʞʘʨʢʦʛʦ ʢʣʽʤʘʪʫ; ʪʝʢʪʦʥʽʯ-

ʥʝ ʧʽʜʥʷʪʪʷ ʟʨʽʟʫʻ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘ ʧʽʜʥʷʪʪʷʭ ʽ ʧʨʦʜʫʢʪʠ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʟ ʮʠʭ ʢʽʨ 

ʟʘʧʦʚʥʶʶʪʴ ʜʝʧʨʝʩʽʾ ʨʝʣʴʻʬʫ; ʚ ʜʝʧʨʝʩʽʷʭ, ʱʦ ʟʘʧʦʚʥʝʥʽ ʩʠʧʢʠʤ ʛʣʠʥʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ, 

ʧʽʜʥʽʤʘʻʪʴʩʷ ʨʽʚʝʥʴ ʛʨʫʥʪʦʚʠʭ ʚʦʜ, ʥʘʩʪʫʧʘʻ ʟʘʙʦʣʦʯʫʚʘʥʥʷ. ʂʠʩʣʽ ʘʢʪʠʚʥʽ ʚʦʜʠ ʩʧʨʠʷ-

ʶʪʴ ʦʩʘʜʞʝʥʥʶ ʧʝʚʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʇʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʷʞʽ-

ʶʪʴ ʜʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʜʽʣʷʥʦʢ ʚʠʭʦʜʫ ʧʣʘʩʪʽʚ ʘʙʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʚʥʫʪʨʽʰʥʴʦʬʦʨʤʘʮʽʡ-
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ʥʠʭ ʨʦʟʤʠʚʽʚ. ɼʣʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʃɺɹ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʟʘʢʦʥʦʤʽʨʥʝ ʟʤʝʥ-

ʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʚʘʞʘʶʯʦʾ ʦʙʣʘʩʪʽ ʟʥʦʩʫ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʙʘʩʝʡʥʫ.  
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ʋʈɸʅ-ʉɺʀʅʎɽɺʀʁ ɺɯʂ ɿɸ ʎʀʈʂʆʅʆʄ ɻʈɸʅɯʊʋ ɹɯʆʊʀʊʆɺʆɻʆ 

ʂʈʆʇʀɺʅʀʎʔʂʆɻʆ ʂʆʄʇʃɽʂʉʋ (ɯʅɻʋʃʔʉʔʂʀʁ ʄɽɻɸɹʃʆʂ) 

 

ɺʠʩʦʮʴʢʠʡ ʆ.ɹ. 1, ʉʪʝʧʘʥʶʢ ʃ.ʄ. 1, ʐʫʤʣʷʥʩʴʢʠʡ ʃ.ɺ.1-3, ɹʘʨʘʥ ɸ.ʄ. 1 
1ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʧʨ. ʇʘʣʣʘʜʽʥʘ, 34, ʂʠʾʚ-142, ʋʢʨʘʾʥʘ, 03142.vysotsky@nas.gov.ua 
2Institute of Geological Sciences of the Polish Academy of Sciences, Krakow, Poland; 

3Curtin University, School of Earth and Planetary Sciences, Perth, Australia,  

 

The results of optical-microscopic study of the internal structure of zircon crystals and 

uranium-lead isotope dating of these crystals from crystalline rocks of the Ingul megablock 

(sample 12534/4), conducted at the Australian National University, Canberra, Australia, 

are presented. The vast majority of zircon crystals are characterized by fine "magmatic" 

zoning. Some crystals contain zircon relics of substrate rocks, and in single, usually opaque 

crystals, the central parts are isotropic.For zircon isolated from biotite porphyry-like 

granite, the weighted average age value according to the 207Pb/206Pb ratio is 2056Ñ22 Ma, 

which is in good agreement with the age interval of formation of granites of the 

kropyvnytskyi complex. 

 

URANIUM -LEAD AGE BY ZIRCON OF BIOTITE GRANITE OF THE 

KROPYVNYTSKY COMPLEX (INGUL MEGABLOCK)  

Vysotsky O.B., Stepaniuk L.M., Shumlyanskyy L.V. , Baran A.M.  

 

ɺʩʪʫʧ. ɯʥʛʫʣʴʩʴʢʠʡ ʤʝʛʘʙʣʦʢ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʷʚʣʷʻ ʩʦʙʦʶ ʜʽʣʷʥʢʫ ʧʝʨʝʚʘʞʥʦ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʾ ʟʝʤʥʦʾ ʢʦʨʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʫ, ʨʦʟʪʘʰʦʚʘʥʫ ʤʽʞ 

ɼʥʽʩʪʨʦʚʦ-ɹʫʟʴʢʠʤ ʪʘ ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʠʤ ʘʨʭʝʡʩʴʢʠʤʠ ʢʨʘʪʦʥʘʤʠ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʟʘ ʧʣʦʱʝʶ ʨʦʟʚʠʪʢʫ ʩʫʪʪʻʚʦ ʧʝʨʝʚʘʞʘʶʪʴ ʫʪʚʦʨʝʥʥʷ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʥʛʫʣʦ-ʽʥʛʫʣʝʮʴʢʦʶ ʩʝʨʽʻʶ. ʇʦ ʧʦʨʦʜʘʤ ʩʝʨʽʾ 

(ʨʦʜʽʦʥʦʚʩʴʢʘ ʩʚʽʪʘ) ʨʦʟʚʠʚʘʶʪʴʩʷ ʛʨʘʥʽʪʦʾʜʠ, ʚʠʦʢʨʝʤʣʝʥʽ ʚ ʜʚʘ ʢʦʤʧʣʝʢʩʠ ï 

ʥʦʚʦʫʢʨʘʾʥʩʴʢʠʡ ʽ ʢʨʦʧʠʚʥʠʮʴʢʠʡ (ʂʦʨʝʣʷʮʽʡʥʘ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʘ ʩʭʝʤʘ..., 2004). 

ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʥʘʤʠ ʙʫʣʦ 

ʚʽʜʽʙʨʘʥʦ ʧʨʦʙʫ ʛʨʘʥʽʪʦʾʜʽʚ 12534/4 ï ʛʨʘʥʽʪʠ ʧʦʨʬʽʨʦʧʦʜʽʙʥʽ (ʢʨʦʧʠʚʥʠʮʴʢʠʡ 

ʢʦʤʧʣʝʢʩ), ʚʽʜʽʙʨʘʥʽ ʽʟ ʢʝʨʥʫ ʩʚʝʨʜʣʦʚʠʥʠ 12534, ʛʣ. 50,8 ʤ, ʚʽʜʧʦʚʽʜʥʦ (ʨʦʜʽʦʥʽʚʩʴʢʠʡ 

ʧʨʦʬʽʣʴ, ʟʘʣʠʰʢʠ ʢʝʨʥʫ ʽʟ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʢʝʨʥʦʩʭʦʚʠʱʽ ɯɻʄʈ ʅɸʅ 

ʋʢʨʘʾʥʠ).  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʢʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʪʘ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ 

ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʘʢʮʝʩʦʨʥʦʛʦ ʮʠʨʢʦʥʫ ʽʟ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ 

ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ (ʧʨʦʙʘ 12534/4 ʢʨʦʧʠʚʥʠʮʴʢʠʡ ʢʦʤʧʣʝʢʩ) ʚ Australian National 

University, ʤ. ʂʘʥʙʝʨʨʘ, ɸʚʩʪʨʘʣʽʷ. ɸʥʘʣʽʪʠʯʥʘ ʧʨʦʮʝʜʫʨʘ ʪʘ ʫʤʦʚʠ U-Pb ʘʥʘʣʽʟʫ ʙʫʣʠ 

ʧʦʜʽʙʥʠʤʠ ʜʦ ʦʧʠʩʘʥʠʭ (Williams, 1998). ɺʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʚʠʚʯʘʣʠ 

ʫ ʰʪʫʯʥʠʭ ʧʨʝʧʘʨʘʪʘʭ ʤʝʪʦʜʦʤ ʢʘʪʦʜʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʚ ʧʨʦʭʽʜʥʦʤʫ ʩʚʽʪʣʽ ʧʽʜ 

ʙʽʥʦʢʫʣʷʨʦʤ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ.  

ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ ʬʦʪʦʛʨʘʬʫʚʘʣʠ ʧʽʜ ʦʧʪʠʯʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ Carl Zeiss Axio 

Imager 2 for materials ʪʘ ʙʽʥʦʢʫʣʷʨʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ SZM-45T2. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʣʘ ʚ ʟôʷʩʫʚʘʥʥʽ ʯʘʩʫ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʽʪʽʚ ʢʨʦʧʠʚʥʠʮʴʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʷ. 

ɻʨʘʥʽʪʠ ʙʽʦʪʠʪʦʚʽ ʧʦʨʬʽʨʦʧʦʜʽʙʥʽ ʢʨʦʧʠʚʥʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʫ. ʧʨʦʙʘ 12534/4, 

ʛʣ. 50,8 ʤ. ɻʨʘʥʽʪ ʙʽʦʪʠʪʦʚʠʡ ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʡ, ʩʽʨʠʡ, ʤʘʩʠʚʥʠʡ, ʩʣʘʙʦ ʟʘʯʝʧʣʝʥʠʡ 

ʚʠʚʽʪʨʶʚʘʥʥʷʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʬʽʨʦʧʦʜʽʙʥʘ ʟ ʝʣʝʤʝʥʪʘʤʠ ʤʽʨʤʝʢʽʪʦʚʦʾ, ʦʩʥʦʚʥʦʾ ʤʘʩʠ 

ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ, ʜʨʽʙʥʦ-ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʘ. ʇʦʨʬʽʨʦʧʦʜʽʙʥʽ ʚʠʜʽʣʝʥʥʷ ʩʢʣʘʜʘʶʪʴ 
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10-12% ʦʙôʻʤʫ ʧʦʨʦʜʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʣʽʻʚʠʤ ʧʦʣʴʦʚʠʤ ʰʧʘʪʦʤ, ʨʦʟʤʽʨʦʤ 5-10 ʤʤ 

(ʨʠʩ.4).  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʦʨʦʜʠ, %: ʧʣʘʛʽʦʢʣʘʟ 35-40, ʢʘʣʽʰʧʘʪ 31-36, ʢʚʘʨʮ 20-24, 

ʙʽʦʪʠʪ 12-15, ʤʫʩʢʦʚʽʪ ʜʦ 1. ɺʪʦʨʠʥʥʽ: ʩʝʨʠʮʠʪ, ʤʫʩʢʦʚʽʪ, ʢʚʘʨʮ, ʭʣʦʨʠʪ, ʝʧʽʜʦʪ. 

ɸʢʮʝʩʦʨʥʽ: ʘʧʘʪʠʪ, ʮʠʨʢʦʥ. 

ʎʠʨʢʦʥ ï ʧʝʨʝʚʘʞʥʦ ʧʨʠʟʤʘʪʠʯʥʽ ʽ ʢʦʨʦʪʢʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʢʨʠʩʪʘʣʠ (ʂʚʠʜ. ʚʽʜ 1,2- 

2.0 ʜʦ 2,5) ʟʨʽʜʢʘ ʪʨʘʧʣʷʶʪʴʩʷ ʚʠʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʟ ʂʚʠʜ. ʜʦ 4-5. ʆʛʨʘʥʝʥʥʷ 

ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʧʨʦʩʪʝ, ʦʙʫʤʦʚʣʝʥʝ ʢʦʤʙʽʥʘʮʽʻʶ ʛʨʘʥʝʡ ʪʫʧʠʭ 

ʙʽʧʽʨʘʤʽʜ ʽ ʛʨʘʥʝʡ ʦʜʥʽʻʾ ʽʟ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʧʦʷʩʫ. ɺ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʘʭ ʫ ʬʦʨʤʫʚʘʥʥʷ 

ʛʦʣʽʚʦʢ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʛʨʘʥʽ ʛʦʩʪʨʠʭ ʧʽʧʽʨʘʤʽʜ. ʂʨʠʩʪʘʣʘʤ ʚ ʮʽʣʦʤʫ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʟʘʦʢʨʫʛʣʝʥʽ ʢʦʥʪʫʨʠ, ʥʘʩʘʤʧʝʨʝʜ ʛʦʣʽʚʢʠ ʽ ʨʝʙʨʘ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʧʦʷʩʫ. ʇʦʚʝʨʭʥʷ 

ʛʨʘʥʝʡ ʨʽʚʥʘ, ʙʣʠʩʢʫʯʘ, ʚʪʽʤ ʫ ʙʘʛʘʪʴʦʭ ʰʘʛʨʝʥʝʚʘ. 

ɿʘ ʢʦʣʴʦʨʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʘ ʛʘʤʘ, ʚʽʜ ʙʣʽʜʦ-ʢʦʨʠʯʥʝʚʠʭĚ ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʠʭ ʥʘʧʽʚ-ʧʨʦʟʦʨʠʭ ʜʦ ʩʽʨʫʚʘʪʦ-ʢʦʨʠʯʥʝʚʠʭ ʽ ʢʦʨʠʯʥʝʚʠʭ ʥʝ ʧʨʦʟʦʨʠʭ. ɹʣʠʩʢ 

ʩʢʣʷʥʠʡ. 

ʋ ʧʦʣʽʨʦʚʘʥʠʭ ʟʨʽʟʘʭ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʦʥʢʦʶ çʤʘʛʤʘʪʠʯʥʦʶè ʟʦʥʘʣʴʥʽʩʪʶ (ʨʠʩ. 1 a-d, i, j). ɺ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʘʭ ʧʨʠʩʫʪʥʽ 

ʨʝʣʽʢʪʠ ʮʠʨʢʦʥʫ ʧʦʨʽʜ ʩʫʙʩʪʨʘʪʫ (ʨʠʩ.1 e-h, k, l). ɺ ʧʦʦʜʠʥʦʢʠʭ, ʟʘʟʚʠʯʘʡ ʥʝ ʧʨʦʟʦʨʠʭ 

ʢʨʠʩʪʘʣʘʭ, ʮʝʥʪʨʘʣʴʥʽ ʯʘʩʪʠʥʠ ʽʟʦʪʨʦʧʽʟʦʚʘʥʽ (ʨʠʩ.1 b, c). 

 

 
ʈʠʩ. 1. ʄʽʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʣʽʨʦʚʘʥʠʭ ʟʨʽʟʽʚ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʽʟ ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʛʦ 

ʛʨʘʥʽʪʘ, ʧʨʦʙʘ 12534/4 (ʨʦʜʽʦʥʽʚʩʴʢʠʡ ʧʨʦʬʽʣʴ, ʩʚ. 12534, ʛʣ. 50,8 ʤ.) ʧʨʦʩʚʽʯʫʶʯʠʡ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʤʽʢʨʦʩʢʦʧ, ʟʘ ʦʜʥʦʛʦ ʥʽʢʦʣʷ (a-I, k) ʪʘ ʟ ʘʥʘʣʽʟʘʪʦʨʦʤ (j, l) 

 

ɸʥʘʣʽʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʽʟ ʛʨʘʥʽʪʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.2 (ʧʨʦʙʘ 12534/4) . 
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ʈʠʩ. 2. ʋʨʘʥ-ʩʚʠʥʮʝʚʘ ʜʽʘʛʨʘʤʘ ʟ ʢʦʥʢʦʨʜʽʻʶ ʜʣʷ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʽʟ 

ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʛʦ ʛʨʘʥʽʪʫ, ʧʨʦʙʘ 12534/4 

 

ɼʠʩʢʦʨʜʘʥʪʥʽʩʪʴ ʚʽʢʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 18,7% ʜʦ -79,4 %, ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʚʽʢʫ (ʚʽʜ 

2331Ñ31 ʜʦ 1875Ñ96) ʤʣʥ ʨʨ, ʚ ʪʽʤ ʜʠʩʢʦʨʜʘʥʪʥʽʪʴ ʤʝʥʰʝ 3% ʤʘʶʪʴ 10 ʽʟ 15 ʜʘʪʫʚʘʥʴ. 

ʉʝʨʝʜʥʻ ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʚʽʢʫ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ 207Pb/206Pb, ʨʦʟʨʘʭʦʚʘʥʝ ʜʣʷ 13 

ʜʘʪʫʚʘʥʴ, ʜʠʩʢʦʨʜʘʥʪʥʽʩʪʴ ʷʢʠʭ ʤʝʥʰʝ 10% ʩʢʣʘʜʘʻ 2056Ñ22 ʤʣʥ ʨʨ. ʑʦ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʪʫʚʘʥʥʷʤʠ ʮʠʨʢʦʥʽʚ ʽʟ ʛʨʘʥʽʪʽʚ ʢʨʦʧʠʚʥʠʮʴʢʦʛʦ (ʢʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ) 

ʢʤʧʣʝʢʩʫ (ʑʝʨʙʘʢ,1995; ʑʝʨʙʘʢ, 2008; ʐʫʤʣʷʥʩʴʢʠʡ, 2015). 

 

 

ɺʠʩʥʦʚʢʠ.  

ʇʦʨʬʽʨʦʧʦʜʽʙʥʽ ʛʨʘʥʽʪʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦ ʧʦʨʦʜʘʤ ʨʦʜʽʦʥʽʚʩʴʢʦʾ ʩʚʽʪʠ 

ʩʬʦʨʤʫʚʘʣʠʩʷ ʫ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʾ (2060-2040 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ) ʚʧʨʦʜʦʚʞ ʢʨʦʧʠʚʥʠʮʴʢʦʛʦ 

ʝʪʘʧʫ. 
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Integrated thermobarogeochemical and isotopic investigations of the evaporite sequences 

in the eastern Chinese Dawenkou Basin have proven highly informative for addressing 

long-standing questions concerning both the overall genesis of evaporites and the specific 

processes of salt mineral formation. 

 

APPLICATION OF THERMOBAROGEOCHEMICAL AND ISOTOPIC DATA TO 

THE MO DELING OF ORE FORMATION PROCESSES: A CASE STUDY FROM 

THE EOCENE DAWENKOU  

 

Galamay A.R., Sydor D.V., Maksymuk S.V. 

 

ɺʩʪʫʧ. ʉʦʣʝʥʦʩʥʠʡ ʙʘʩʝʡʥ ɼʘʚʝʥʢʦʫ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʉʭʦʜʽ ʂʠʪʘʶ ʚ ʧʨʦʚʽʥʮʽʾ 

ʐʘʥʴʜʫʥ. ʍʦʯʘ ʡʦʛʦ ʧʣʦʱʘ ʣʠʰʝ 320 ʢʤ2, ʧʨʦʪʝ ʫ ʥʴʦʤʫ ʤʽʩʪʠʪʴʩʷ 15 ʤʣʨʜ. ʪ. ʛʽʧʩʫ ʥʘ 

ʧʣʦʱʽ 135 ʢʤ2, 1,5 ʤʣʨʜ. ʪ. ʛʘʣʽʪʫ ʥʘ ʧʣʦʱʽ 36 ʢʤ2, 9 ʤʣʥ. ʪ. ʢʘʣʽʡʥʦ-ʤʘʛʥʽʻʚʠʭ ʩʦʣʝʡ ʥʘ 

ʧʣʦʱʽ 5 ʢʤ2 ʽ 0,25 ʤʣʨʜ. ʪ. ʧʨʠʨʦʜʥʦʾ ʩʽʨʢʠ ʥʘ ʧʣʦʱʽ 40 ʢʤ2 (Wang et al., 2003). ʏʝʨʝʟ 

ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ ʽ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʢʨʦʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ, ʧʨʦ 

ʜʞʝʨʝʣʘ ʩʦʣʝʡ ʫ ʙʘʩʝʡʥʽ ɼʘʚʝʥʢʦʫ ʜʦʪʝʧʝʨ ʪʦʯʘʪʴʩʷ ʩʫʧʝʨʝʯʢʠ. ʊʘʢʦʞ ʜʠʩʢʫʩʽʡʥʠʤ ʜʣʷ 

ʮʴʦʛʦ ʙʘʩʝʡʥʫ ʻ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʩʦʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʩʦʣʽ ʚʠʩʦʢʠʭ ʩʪʘʜʽʡ ʟʛʫʱʝʥʥʷ ʨʦʧʠ.  

ʊʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʝʥʴ ʫ ʛʘʣʽʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʥʦʚʠʪʠ ʚʩʽ 

ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ ʜʘʚʥʴʦʛʦ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʜʽʷʭ ʟʛʫʱʝʥʥʷ ʨʦʟʩʦʣʽʚ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʝʨʤʦʤʘʨʦʛʝʦʭʽʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʣʽʪʫ ʽ 

ʽʟʦʪʦʧʥʠʭ ʜʘʥʠʭ ʘʥʛʽʜʨʠʪʫ ʙʘʩʝʡʥʫ ʚʠʟʥʘʯʠʪʠ ʜʞʝʨʝʣʘ ʡʦʛʦ ʩʦʣʝʡ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʛʘʣʦʛʝʥʝʟʫ ʽ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʤʽʥʝʨʘʣʦʛʝʥʝʟʫ. 

ʆʙôʻʢʪ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʽʙʨʘʥʦ ʟʨʘʟʢʠ ʛʘʣʽʪʫ ʽ ʘʥʛʽʜʨʠʪʫ 

ʽʟ ʩʚ. XZK-101, ʱʦ ʧʨʦʙʫʨʝʥʘ ʚ 2018 ʨ. ɻʝʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʇʽʚʜʝʥʥʦʛʦ ʐʘʥʴʜʫʥʘ 

ʢʦʣʦ ʤ. ʄʘʥʴʯʞʫʘʥ (ʨʠʩ. 1). ʂʨʽʤ ʘʥʛʽʜʨʠʪʫ, ʢʘʤôʷʥʦʾ ʩʦʣʽ, ʫ ʨʦʟʨʽʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘʷʚʥʽ 

ʛʣʘʫʙʝʨʠʪ, ʤʽʨʘʙʽʣʽʪ, ʥʘʬʪʦʚʽ ʩʣʘʥʮʽ ʪʘ ʘʨʛʽʣʽʪʠ. 

ɻʘʣʽʪ ʻ ʫʥʽʢʘʣʴʥʠʤ ʤʽʥʝʨʘʣʦʤ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʟʘʛʘʣʦʤ, ʽ ʩʦʣʝʥʦʩʥʠʭ, ʟʦʢʨʝʤʘ. 

ʁʦʛʦ ʫʥʽʢʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʘ) ʧʝʨʝʚʘʞʥʦ, ʣʠʰʝ ʫ ʮʴʦʤʫ ʤʽʥʝʨʘʣʽ 

ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʩʢʝʣʝʪʥʽ ʬʦʨʤʠ, ʱʦ ʯʽʪʢʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʷʢ 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʽ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʯʠʩʣʝʥʥʽ ʬʣʶʾʜʥʽ ʚʢʣʶʯʝʥʥʷ, ʷʢʽ ʧʦ ʩʫʪʽ ʷʚʣʷʶʪʴʩʷ 

ʤʽʢʨʦʢʨʘʧʣʠʥʘʤʠ ʩʦʣʝʨʦʜʥʠʭ ʙʘʩʝʡʥʽʚ, ʟʘʭʦʧʣʝʥʠʤʠ ʧʽʜ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʽʥʝʨʘʣʫ; ʙ) 

ʛʘʣʽʪ ï ʛʦʣʦʚʥʠʡ ʧʦʨʦʜʦʪʚʽʨʥʠʡ ʤʽʥʝʨʘʣ ʝʚʘʧʦʨʠʪʽʚ, ʧʽʜ ʯʘʩ ʛʘʣʦʛʝʥʝʟʫ ʚʽʥ ʩʫʧʨʦʚʦʜʞʫʻ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʩʦʣʷʥʠʭ ʤʽʥʝʨʘʣʽʚ ʜʦ ʝʚʪʦʥʽʯʥʦʾ ʩʪʘʜʽʾ ʟʛʫʱʝʥʥʷ ʨʦʟʩʦʣʽʚ; ʚ) ʥʘ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʽʡ ʩʪʘʜʽʾ ʫ ʛʘʣʽʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚʪʦʨʠʥʥʽ ʬʣʶʾʜʥʽ ʚʢʣʶʯʝʥʥʷ, ʨʦʟʩʦʣʠ 

ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ ʣʽʪʠʬʽʢʘʮʽʾ ʚʽʜʢʣʘʜʽʚ.  
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʘ ʬʘʮʽʘʣʴʥʘ ʢʘʨʪʘ ʙʘʩʝʡʥʫ ɼʘʚʝʥʢʦʫ: 1 ï ʛʽʧʩʠ/ʘʥʛʽʜʨʠʪʠ; 2 ï ʤʫʣʠ-

ʩʪʠʡ ʜʦʣʦʤʽʪ; 3 ï ʢʘʤôʷʥʘ ʩʽʣʴ; 4 ï ʂ-Mg ʩʦʣʽ; 5 ï ʨʦʟʣʦʤʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ; 6 ï ʨʦʟʣʦ-

ʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; 7 ï ʨʦʟʤʽʱʝʥʥʷ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʘʧʽ ʂʠʪʘʶ  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʦʟʩʦʣʽʚ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʜʦʩʣʽʜʞʝʥʦ ʫʣʴʪʨʘʤʽʢʨʦʭʽʤʽʯʥʠʤ 

ʤʝʪʦʜʦʤ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʚʠʜʦʙʫʪʽ ʩʢʣʷʥʠʤʠ ʢʘʧʽʣʷʨʘʤʠ ʽʟ ʚʢʣʶʯʝʥʴ 

ʤʽʢʨʦʦʙôʻʤʠ (ʤʽʥʽʤʘʣʴʥʦ 0,0003 ʤʤ3) ʨʦʟʩʦʣʽʚ ʪʘ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʝʜʦʚʠʤ ʩʝʨʝʜ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ (LA-ICP-MS, Cryo-SEM-EDS, ɽSEM-EDS, Extraction-IC) ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʚʢʣʶʯʝʥʴ ʫ ʩʦʣʷʭ. ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ 

ʽʦʥʫ ʫ ʨʦʟʩʦʣʽ ʫʣʴʪʨʘʤʽʢʨʦʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʩʪʘʥʦʚʠʪʴ 10ï16% (Galamay et al., 2020). 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʽʟʦʪʦʧʽʚ ʩʽʨʢʠ ʽ ʢʠʩʥʶ (ŭ34S ʽ ŭ18ʆ) ʘʥʛʽʜʨʠʪʫ 

ʩʦʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʬʽʟʠʢʠ ʂʠʪʘʡʩʴʢʦʾ 

ɸʢʘʜʝʤʽʾ ʥʘʫʢ (IGGCAS) ʥʘ ʛʘʟʦʚʦʤʫ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽ Finnigan Delta S. ɼʣʷ ʘʥʘʣʽʟʫ 

ʽʟʦʪʦʧʫ ʩʽʨʢʠ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʍʘʣʘʩʘ ʽ ʐʘʨʘʥ (Halas, Szaran, 

1999). ʈʝʟʫʣʴʪʘʪʠ ʽʟʦʪʦʧʽʚ ʩʽʨʢʠ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʚ ʤʝʞʘʭ Ñ0,3ă. ɿʥʘʯʝʥʥʷ ŭ18O ʙʫʣʠ 

ʦʙʯʠʩʣʝʥʽ ʰʣʷʭʦʤ ʥʦʨʤʘʣʽʟʘʮʽʾ ʩʢʣʘʜʫ 18O/16O ʫ ʟʨʘʟʢʫ ʜʦ ʟʥʘʯʝʥʥʷ Vienna Standard 

Mean Ocean Water (VSMOW). ʋʩʽ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʽ ʜʦ 0,2 ă. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʋ ʛʘʣʽʪʽ ʚʠʷʚʣʝʥʦ ʦʜʥʦʬʘʟʦʚʽ (ʨʽʜʢʽ) ʪʘ ʙʘʛʘʪʦʬʘʟʦʚʽ 

ʬʣʶʾʜʥʽ ʚʢʣʶʯʝʥʥʷ. ɹʘʛʘʪʦʬʘʟʦʚʽ ʤʽʩʪʷʪʴ ʪʘʢʽ ʩʘʤʦʩʪʽʡʥʽ ʬʘʟʠ: ʨʦʟʩʽʣ, ʛʘʟ, ʚʦʜʦʨʦʩʪʽ, 

ʪʝʨʠʛʝʥʥʠʡ ʤʘʪʝʨʽʘʣ, ʜʨʽʙʥʽ ʘʥʽʟʦʪʨʦʧʥʽ ʢʨʠʩʪʘʣʠʢʠ, ʨʽʜʢʽ ʚʫʛʣʝʚʦʜʥʽ. ʌʦʨʤʘ ʚʢʣʶʯʝʥʴ 

ʫ ʛʘʣʽʪʽ ʢʫʙʽʯʥʘ, ʙʣʠʟʴʢʘ ʜʦ ʢʫʙʽʯʥʦʾ ʯʠ ʥʝʧʨʘʚʠʣʴʥʘ. ɺʦʥʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʟʦʥʘʭ 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʜʦʥʥʦʛʦ ʛʘʣʽʪʫ, ʭʘʦʪʠʯʥʦ ʫ ʚʦʜʷʥʦ-ʧʨʦʟʦʨʦʤʫ ʛʘʣʽʪʽ, ʧʦ 

ʧʣʦʱʠʥʘʭ ʩʧʘʡʥʦʩʪʽ ʤʽʥʝʨʘʣʫ ʪʘ ʚʟʜʦʚʞ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʠʭ ʩʽʯʥʠʭ ʪʨʽʱʠʥ.  

ʋ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ ʚʤʽʩʪ (ʛ/ʣ) ʂ+, Mg2+ ʽ SO4
2- 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜʧʦʚʽʜʥʦ: 27,6ï32,9; 41,5ï32,7; 66,6ï30,7. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʢʦʣʠʚʘʥʥʷʤ ʚʤʽʩʪʫ (ʛ/ʣ) ʂ+, 

Mg2+ ʽ SO4
2-, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʽʦʥʽʚ ʚʽʜʧʦʚʽʜʥʦ: 25,1ï56,2; 18,5ï106,0; 2,5ï

124,6. ɿʥʘʯʝʥʥʷ ŭ34S ʘʥʛʽʜʨʠʪʫ ʙʘʩʝʡʥʫ ɼʘʚʝʥʢʦʫ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ +10,9 ʜʦ +35,7 ă 

(CDT), ʘ ʽʟʦʪʦʧʥʽ ʜʘʥʽ ʢʠʩʥʶ ʘʥʛʽʜʨʠʪʫ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ +14,7 ï +19,4ă. 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʝʦʮʝʥʦʚʠʭ ʤʦʨʩʴʢʠʭ ʝʚʘʧʦʨʠʪʘʭ ʟʥʘʯʝʥʥʷ ŭ34S ʽ 

ŭ18O ʘʥʛʽʜʨʠʪʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ +10,9ï+22,4ă (Claypool et al., 1980). ʆʪʞʝ, ʦʪʨʠ-

ʤʘʥʽ ʟʥʘʯʝʥʥʷ ŭ34S ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʘʣʴʥʠʭ ʤʦʨʩʴʢʠʭ ʟʥʘʯʝʥʴ. 

ʆʙʚʘʞʯʝʥʥʷ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʩʽʨʢʠ ʘʥʛʽʜʨʠʪʫ ʙʘʩʝʡʥʫ ʤʦʛʣʦ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʫʣʴʬʘʪʫ ʪʘʢ ʽ, ʧʝʨʝʜʫʩʽʤ, ʯʝʨʝʟ ʨʦʟʯʠʥʝʥʥʷ ʽ ʧʝʨʝʚʽʜ-

ʢʣʘʜʝʥʥʷ ʨʘʥʽʰʝ ʫʪʚʦʨʝʥʠʭ ʛʽʧʩ/ʘʥʛʽʜʨʠʪʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʦʪʦʯʫʶʯʽ ʙʘʩʝʡʥ 

ʛʦʨʠ ɯ-ʄʝʥ, ʷʢʽ ʤʽʩʪʷʪʴ ʛʽʧʩ ʢʝʤʙʨʽʡʩʴʢʦʛʦ ʽ ʦʨʜʦʚʠʮʴʢʦʛʦ ʚʽʢʫ (Xiao et al., 2010) ʙʫʣʠ 

ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʩʫʣʴʬʘʪ-ʽʦʥʫ ʜʣʷ ʨʦʟʩʦʣʽʚ ʙʘʩʝʡʥʫ. ʍʦʯʘ ʧʨʦʮʝʩ ʾʭʥʴʦʛʦ ʚʠʣʫʛʦʚʫ-

ʚʘʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʚ ʜʦ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʽʟʦʪʦʧʽʚ ʩʽʨʢʠ, ʦʜʥʘʢ ŭ34S ʚʦʜʠ ʨʦʟʯʠʥʥʠʢʘ ʽʩʪʦ-

ʪʥʦ ʟʤʽʥʶʚʘʚʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ŭ34S ʧʦʨʽʜ ʽ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʚʠʣʫʛʦʚʫʚʘʣʠʩʷ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ ŭ34S ʘʥʛʽʜʨʠʪʫ ʙʘʩʝʡʥʫ ʜʦ +35,7ă ʩʧʨʠʯʠʥʷʣʦʩʴ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷʤ 

ʢʝʤʙʨʽʡʩʴʢʠʭ ʩʫʣʴʬʘʪʥʠʭ ʧʦʨʽʜ. ɿʤʽʰʫʶʯʠʩʴ ʟ ʣʝʛʰʠʤ ʩʫʣʴʬʘʪʦʤ ʤʦʨʩʴʢʦʾ ʯʠ ʨʽʯʢʦʚʦʾ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʚʦʜʠ, ʩʫʣʴʬʘʪ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʤʘʚ ʧʨʦʤʽʞʥʠʡ, ʙʽʣʴʰ ʦʙʚʘʞʯʝʥʠʡ (ʱʦʜʦ ʤʦʨʩʴʢʦʛʦ ʯʠ 

ʨʽʯʢʦʚʦʛʦ) ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʉ̔ ʨʢʠ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʙʘʩʝʡʥʫ ʽʟ ʤʦʨʩʴʢʦʶ ʚʦʜʦʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʢʫ ʚʠʢʦʨʠʩʪʘʥʘ ʜʽʘʛʨʘʤʘ ɭʥʝʢʝ ʩʠʩʪʝʤʠ Na-K-Mg-SO4-Cl-H2O (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ʩʢʣʘʜʫ ʨʦʟʯʠʥʽʚ ʚʢʣʶʯʝʥʴ ʫ ʛʘʣʽʪʽ ʥʘ ʜʽʘʛʨʘʤʽ ɭʥʝʢʝ 

ʜʣʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʥʘʩʠʯʝʥʦʾ ʧʦ ʛʘʣʽʪʫ ʧʨʠ 25  (Eugster, 1980). Eoc ï ʪʦʯʢʘ ʩʢʣʘʜʫ 

ʝʦʮʝʥʦʚʠʭ ʤʦʨʩʴʢʠʭ ʨʦʟʩʦʣʽʚ, ʟʛʫʱʝʥʠʭ ʜʦ ʩʪʘʜʽʾ ʦʩʘʜʞʝʥʥʷ ʛʘʣʽʪʫ (Ayora et al., 1994) 

ʆʩʢʽʣʴʢʠ ʨʦʟʩʦʣʠ ʙʘʩʝʡʥʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʝʦʮʝʥʦʚʠʭ ʤʦʨʩʴʢʠʭ ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ ʩʫʣʴʬʘʪʫ, ʚʦʥʠ ʥʘ ʭʽʤʽʯʥʽʡ ʜʽʘʛʨʘʤʽ ɭʥʝʢʝ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʠʞʯʝ ʪʦʯʢʠ ʩʢʣʘʜʫ 

ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʝʦʮʝʥʫ.  

ʆʪʞʝ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʙʘʩʝʡʥʫ ɼʘʚʝʥʢʦʫ ʥʠʞʯʝ 

ʪʦʯʢʠ ʩʢʣʘʜʫ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʝʦʮʝʥʫ ʟʫʤʦʚʣʝʥʦ ʥʘʜʭʦʜʞʝʥʥʷʤ ʥʘʜʣʠʰʢʦʚʦʛʦ SO Į  

ʚʥʘʩʣʽʜʦʢ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʢʝʤʙʨʽʡʩʴʢʦ-ʦʨʜʦʚʠʮʴʢʠʭ ʛʽʧʩʽʚ ʩʫʭʦʜʦʣʫ.  

ʉʦʣʷʥʠʡ ʤʽʥʝʨʘʣʦʛʝʥʝʟ. ɿ ʩʦʣʷʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʢʨʽʤ ʛʘʣʽʪʫ, ʫ ʙʘʩʝʡʥʽ ɼʘʚʝʥʢʦʫ 

ʚʠʷʚʣʝʥʽ: ʛʣʘʫʙʝʨʠʪ, ʪʝʥʘʨʜʠʪ, ʧʦʣʽʛʘʣʽʪ, ʣʝʚʝʾʪ, ʚʘʥʪʛʦʬʽʪ, ʘʩʪʨʘʭʘʥʽʪ, ʢʽʟʝʨʠʪ, 

ʘʬʪʠʪʘʣʽʪ, ʣʘʥʛʙʝʡʥʽʪ, ʘ ʫ ʣʽʪʦʣʦʛʽʯʥʦʤʫ ʨʦʟʨʽʟʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʩʝʨʝʜ 

ʝʚʘʧʦʨʠʪʦʚʠʭ ʤʽʥʝʨʘʣʽʚ ʚʠʷʚʣʝʥʦ ʣʠʰʝ ʛʘʣʽʪ, ʘʥʛʽʜʨʠʪ, ʤʽʨʘʙʽʣʽʪ ʪʘ ʛʣʘʫʙʝʨʠʪ. ʇʨʦʪʝ, 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʽ ʨʦʟʩʦʣʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ K , 

MgĮ  ʪʘ SO Į  (ʟʘʢʣʶʯʥʠʭ ʩʪʘʜʽʡ ʦʩʘʜʞʝʥʥʷ ʛʘʣʽʪʫ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ, ʢʨʽʤ ʛʘʣʽʪʫ 

ʪʘ ʩʫʣʴʬʘʪʽʚ ʥʘʪʨʽʶ/ʢʘʣʴʮʽʶ (ʤʽʨʘʙʽʣʽʪʫ, ʛʣʘʫʙʝʨʠʪʫ, ʛʽʧʩʫ), ʩʫʣʴʬʘʪʠ ʤʘʛʥʽʶ 

(ʥʘʧʨʠʢʣʘʜ, ʛʝʢʩʘʛʽʜʨʠʪ) ʪʘ ʭʣʦʨʠʜʠ ʢʘʣʽʶ (ʥʘʧʨʠʢʣʘʜ, ʩʠʣʴʚʽʥ) ʤʦʛʣʠ ʦʩʘʜʞʫʚʘʪʠʩʷ ʥʘ 

ʩʫʤʽʞʥʠʭ ʜʽʣʷʥʢʘʭ ʫ ʙʘʩʝʡʥʽ, ʜʝ ʫʤʦʚʠ ʩʝʜʠʤʝʥʪʘʮʽʾ ʜʣʷ ʥʠʭ ʙʫʣʠ ʩʧʨʠʷʪʣʠʚʠʤʠ. ɼʣʷ 

ʦʩʘʜʞʝʥʥʷ ʝʧʩʦʤʽʪʫ ʚʤʽʩʪ ʄʘʛʥʽʶ ʫ ʨʦʟʩʦʣʘʭ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 73 ʛ/ʣ, ʘ ʚʤʽʩʪ SO4
2- 

ʩʪʘʥʦʚʠʪʠ ʧʦʥʘʜ 90 ʛ/ʣ; ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʩʠʣʴʚʽʥʫ ʚʤʽʩʪ ʂʘʣʽʶ ʫ ʨʦʟʩʦʣʘʭ ʤʘʻ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 33 ʛ/ʣ ( McCaffrey et al., 1987).  

ɿʥʠʞʝʥʠʡ ʚʤʽʩʪ SO4
2- ʚ ʦʢʨʝʤʠʭ ʟʨʘʟʢʘʭ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʫ ʙʘʩʝʡʥ 

ʩʣʘʙʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ, ʷʢʽ ʤʽʩʪʠʣʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ Ca(HCO3)2. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʪʦʢʫ 

ʪʘʢʠʭ ʚʦʜ ʚʽʜʙʫʚʘʣʦʩʴ ʚʠʩʦʣʶʚʘʥʥʷ ʛʽʧʩʫ ʘʙʦ ʛʣʘʫʙʝʨʠʪʫ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ca/Na ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ). ʆʩʢʽʣʴʢʠ ʫ ʣʽʪʦʣʦʛʽʯʥʽʡ ʢʦʣʦʥʮʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʘʥʛʽʜʨʠʪ ʽ ʛʣʘʫʙʝʨʠʪ, ʮʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʢʦʣʠʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ca/Na ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ. ɹʽʣʴʰ ʥʽʞ ʜʚʦʨʘʟʦʚʝ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ SO4
2- ʫ ʟʨ. DWK-7 (ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʡʦʛʦ ʚʤʽʩʪʦʤ ʫ ʟʨ. DWK-9) 

ʧʦʚôʷʟʘʥʦ, ʧʝʨʝʚʘʞʥʦ, ʟ ʚʠʩʦʣʶʚʘʥʥʷʤ ʛʽʧʩʫ, ʢʨʠʩʪʘʣʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʛʘʣʽʪʽ 

ʟʨʘʟʢʘ. 

ɺʠʷʚʣʝʥʽ ʫ ʛʘʣʽʪʽ ʩʠʩʪʝʤʠ ʪʨʽʱʠʥ ʚʠʥʠʢʣʠ ʚʥʘʩʣʽʜʦʢ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʙʫ-

ʣʠ ʰʣʷʭʘʤʠ ʧʨʦʥʠʢʥʝʥʥʷ ʬʣʶʾʜʽʚ ʫ ʢʨʠʩʪʘʣʠ ʛʘʣʽʪʫ. ʇʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʛʘʣʽʪʫ ʚʽʜʙʫʚʘ-

ʣʘʩʴ ʟʘ ʧʽʜʚʠʱʝʥʦʛʦ ʪʠʩʢʫ, ʷʢʠʡ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ (ʚʩʪʘʥʦʚʣʝʥʦ ʧʦ çʟʘʢʽʧʘʥʥʶè ʨʦʟʩʦʣʽʚ 
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ʫ ʤʦʤʝʥʪ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʚʢʣʶʯʝʥʴ) ʧʝʨʝʚʠʱʫʚʘʚ ʥʦʨʤʘʣʴʥʠʡ ʘʪʤʦʩʬʝʨʥʠʡ. ɺʧʣʠʚ 

ʪʝʢʪʦʥʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʩʦʣʝʥʦʩʥʽ ʚʽʜʢʣʘʜʠ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʩʣʽʜʘʭ ʧʝʨʝʤʽʱʝʥʥʷ ʚʝʣʠ-

ʢʠʭ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʪʘ ʨʦʟʜʨʦʙʣʝʥʦʩʪʽ ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʛʘʣʽʪʽ. ʋ ʩʦʣʝʥʦʩ-

ʥʽʡ ʪʦʚʱʽ ʮʠʨʢʫʣʶʚʘʣʠ ʨʦʟʩʦʣʠ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: ʘ) ʽʟ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʝʥʠʤ (ʚʽʜʥʦʩʥʦ 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ) ʚʤʽʩʪʦʤ ʂ+, Mg2+ ʽ SO4
2-; ʙ) ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʂ+, Mg2+ ʪʘ ʟʥʠ-

ʞʝʥʠʤ ʩʫʣʴʬʘʪ-ʽʦʥʫ; ʚ) ʽʟ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʂ+ ʽ ʧʽʜʚʠʱʝʥʠʤ ï Mg2+ ʽ SO4
2-; ʛ) ʽʟ ʟʥʠ-

ʞʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʫʩʽʭ ʽʦʥʽʚ. ʋ ʩʢʣʘʜʽ ʨʦʟʩʦʣʽʚ ʦʢʨʝʤʠʭ ʚʢʣʶʯʝʥʴ ʚʤʽʩʪ Mg2+ ʟʥʘʯ-

ʥʦ ʧʽʜʚʠʱʝʥʠʡ. ʈʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʚʪʦʨʠʥʥʠʭ ʚʢʣʶʯʝʥʴ ʚʢʘ-

ʟʫʻ ʥʘ ʪʝ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʮʠʭ ʚʢʣʶʯʝʥʴ ʫʩʧʘʜʢʦʚʘʥʠʡ ʚʽʜ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ 

ʪʘ ʫ ʨʽʟʥʽʡ ʤʽʨʽ ʟʤʽʥʝʥʠʡ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ʜʠʚ. ʨʠʩ. 2). ɺʩʪʘʥʦʚʣʝʥʽ ʫ 

ʚʢʣʶʯʝʥʥʷʭ ʨʦʟʩʦʣʠ ʟ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʄʘʛʥʽʶ (106 ʛ/ʣ), ʦʯʝʚʠʜʥʦ, ʻ ʟʘ-

ʣʠʰʢʦʚʠʤʠ ʨʦʟʩʦʣʘʤʠ (ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ) ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʣʘʥʛʙʝʡʥʽʪʫ ʟʘ ʨʘʭʫʥʦʢ ʥʝ-

ʩʪʘʙʽʣʴʥʠʭ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʛʝʢʩʘʛʽʜʨʠʪʫ ʪʘ ʩʠʣʴʚʽʥʫ. ʎʽ ʨʦʟʩʦʣʠ ʟʘʣʠʰʘʣʠ ʤʝʞʽ ʢʘʣʽʡ-

ʥʠʭ ʰʘʨʽʚ ʩʫʤʽʞʥʠʭ ʨʘʡʦʥʽʚ ʙʘʩʝʡʥʫ, ʤʽʛʨʫʶʯʠ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʜʽʣʷʥʢʫ ʧʦ ʩʠʩʪʝʤʘʭ 

ʪʨʽʱʠʥ.  

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʛʘʣʦʛʝʥʝʟʫ ʽ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ 

ʤʽʥʝʨʘʣʦʛʝʥʝʟʫ ʙʘʩʝʡʥʫ ɼʘʚʝʥʢʦʫ (ʉʭʽʜʥʠʡ ʂʠʪʘʡ). ʉʚʽʜʯʝʥʥʷʤ ʤʦʨʩʴʢʦʾ ʪʨʘʥʩʛʨʝʩʽʾ ʚ 

ʙʘʩʝʡʥʽ ʻ ʧʦʜʽʙʥʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʦʥʽʚ ʫ ʨʦʟʩʦʣʘʭ ʽʟ ʤʦʨʩʴʢʠʤʠ ʨʦʟʩʦʣʘʤʠ ʝʦʮʝʥʫ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʩʫʣʴʬʘʪʽʚ ʫ ʨʦʟʩʦʣʘʭ ʙʫʣʠ ʢʝʤʙʨʽʡʩʴʢʦ-ʦʨʜʦʚʠʮʴʢʽ ʛʽʧʩʠ 

ʩʫʭʦʜʦʣʫ. ɿʥʘʯʥʝ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʽʦʥʽʚ ʫ ʨʦʟʩʦʣʘʭ ʦʙʫʤʦʚʣʶʚʘʣʦʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʫ ʩʦʣʝʨʦʜʥʦʤʫ ʙʘʩʝʡʥʽ, ʟʦʢʨʝʤʘ ʚʠʩʦʣʶʚʘʥʥʷʤ ʛʽʧʩʫ ʪʘ ʛʣʘʫʙʝʨʠʪʫ ʧʽʜ ʯʘʩ 

ʛʘʣʽʪʦʚʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʩʦʣʽʚ ʚʩʪʘʥʦʚʣʝʥʦ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʙʘʩʝʡʥʽ ʣʘʥʛʙʝʡʥʽʪʫ ʟʘ ʨʘʭʫʥʦʢ ʥʝʩʪʘʙʽʣʴʥʠʭ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ 

ʛʝʢʩʘʛʽʜʨʠʪʫ ʪʘ ʩʠʣʴʚʽʥʫ. ʍʦʯʘ ʢʘʣʽʡʥʦ-ʤʘʛʥʽʻʚʽ ʩʦʣʽ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʙʘʩʝʡʥʫ ʥʝ ʢʨʠʩʪʘʣʽʟʫʚʘʣʠʩʷ, ʜʘʥʽ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʚʪʦʨʠʥʥʠʭ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ 

ʛʘʣʽʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʪʠʯʥʠʭ ʜʦ ʥʝʾ ʜʽʣʷʥʢʘʭ 

ʧʦʣʽʛʘʣʽʪʦʚʠʭ, ʢʽʟʝʨʠʪʦʚʠʭ ʽ ʣʘʥʛʙʝʡʥʽʪʦʚʠʭ ʰʘʨʽʚ ʩʝʨʝʜ ʩʦʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ. 
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The authors studied the Lower Eocene flysch of the Manyava formation of Skibʘ and 

Boryslav-Pokut nappes of the Outer Carpathians. They consist of layers of background 

hemipelagites represented by argillites and episodic turbidites characterized by sandstones. 

In the studied background argillites of the Lower Eocene, montmorillonite and chlorite 

account for the predominant part of the volume of rock-forming minerals. This indicates a 

high probability of the contribution of the femic magmatic component to the background 

petrophrase of their lithogenesis. On the paleodynamic discriminant diagrams, the 

figurative points of the Lower Eocene argillites form distribution trends that cover the 

petrochemical fields of geodynamic conditions from passive to active margins of the 

sedimentation basin. The results obtained confirm the complex mixed volcanogenic-

sedimentary lithogenesis in the Lower Eocene Outer Carpathian sedimentary basin. 

 

LOWER EOCENE LITHOGENESIS OF BACKGROUND FORMATIONS OF  

THE OUTER CARPATHIAN PALEOBASIN (UKRAINIAN CARPATHIANS)  
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ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʘʜʦʚʠʭ, ʟʦʢʨʝʤʘ ʬʣʽʰʦʚʠʭ ʧʦʨʽʜ, ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʪʘ ʨʝʯʦʚʠʥʥʦʛʦ ʘʥʘʣʽʟʽʚ ʨʦʟʰʠʨʶʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʾʭ ʛʝʥʝʟʠʩ ʪʘ ʩʧʨʠʷʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʤʦʜʝʣʝʡ ʪʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʾ ʝʚʦʣʶʮʽʾ 

ʙʘʩʝʡʥʽʚ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʚʯʝʥʥʽ ʬʣʽʰʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʽʛʨʘʶʪʴ ʧʝʣʽʪʦʚʽ ʧʦʨʦʜʠ. 

ɺʦʥʠ ʟʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʬʦʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʙʘʩʝʡʥʘ  ̔

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʜʽʾ, ʷʢʽ ʚ ʥʴʦʤʫ ʚʽʜʙʫʚʘʣʠʩʴ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʬʣʽʰʦʚʠʭ ʫʪʚʦʨʝʥʴ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʦʤʽ ʟ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ. ɺʠʢʦʥʘʥʽ ʨʦʙʦʪʠ ʜʘʣʠ ʟʤʦʛʫ ʜʽʡʪʠ ʨʦʟʫʤʽʥʥʷ, ʱʦ ʬʣʽʰ ʥʘʛʨʦʤʘʜʞʫʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʫʤʦʚʣʝʥʠʭ ʜʽʻʶ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ ʽ ʧʦʨʦʜʞʝʥʠʭ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʧʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ (ɻʥʠʣʢʦ, 2010, Posamentier, 

Walker, 2006). ʇʨʦʮʝʩʠ ʣʽʪʦʛʝʥʝʟʫ ʬʣʽʰʦʚʠʭ ʫʪʚʦʨʝʥʴ ʢʦʥʩʝʨʚʫʶʪʴʩʷ ʨʽʟʥʦʚʠʜʘʤʠ 

ʦʩʘʜʽʚ, ʷʢʽ ʚʽʜʦʤʽ ʷʢ ʣʽʪʦʜʠʥʘʤʽʯʥʽ (ʛʝʥʝʪʠʯʥʽ, ʬʘʮʽʘʣʴʥʽ) ʪʠʧʠ. ɺʠʦʢʨʝʤʣʶʶʪʴ ʜʝʢʽʣʴʢʘ 

ʛʨʫʧ ʣʽʪʦʜʠʥʘʤʽʯʥʠʭ ʪʠʧʽʚ ʚʽʜʢʣʘʜʽʚ. ʆʜʥʘ ʛʨʫʧʘ ï ʮʝ ʦʩʘʜʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʭ 

ʧʦʪʦʢʽʚ ʪʠʧʫ çʯʘʩʪʠʥʢʘ ʟʘ ʯʘʩʪʠʥʢʦʶè. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʣʘʛʽʪʘʤʠ  ̔

ʛʝʤʽʧʝʣʘʛʽʪʘʤʠ ʽ ʥʘʣʝʞʠʪʴ ʬʦʥʦʚʠʤ ʚʽʜʢʣʘʜʘʤ. ɼʨʫʛʘ ʛʨʫʧʘ ʦʭʦʧʣʶʻ ʦʩʘʜʠ ʝʧʽʟʦʜʠʯʥʠʭ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ (ʛʨʘʚʽʪʠʪʠ: ʪʫʨʙʽʜʠʪʠ, ʛʨʝʡʥʽʪʠ,  ʜʝʙʨʠʪʠ, ʦʣʽʩʪʦʩʪʨʦʤʠ), ʷʢʽ 

ʘʢʫʤʫʣʶʶʪʴ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʡ ʤʘʪʝʨʽʘʣ. ʌʦʥʦʚʽ ʪʘ ʝʧʽʟʦʜʠʯʥʽ ʚʽʜʢʣʘʜʠ ʨʠʪʤʽʯʥʦ-

ʮʠʢʣʽʯʥʦ ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ ʽ ʘʢʫʤʫʣʶʶʪʴʩʷ ʚ ʧʦʟʘʰʝʣʴʬʦʚʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʉʫʯʘʩʥʽ 

ʜʦʩʣʽʜʥʠʢʠ ʨʝʢʦʥʩʪʨʫʶʚʘʣʠ ʧʘʣʝʦʦʢʝʘʥʦʛʨʘʬʽʯʥʽ ʧʨʦʮʝʩʠ ʦʩʘʜʢʦʥʘʛʨʦʤʘʜʞʝʥʥʷ 

ʚʽʜʢʣʘʜʽʚ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʦ-ʝʦʮʝʥʦʚʠʭ ʬʣʽʰʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ ʟʘ 

ʬʦʨʘʤʽʥʽʬʝʨʦʚʠʤʠ ʘʩʦʮʽʘʮʽʷʤʠ. ɿʘ ʾʭ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʟʘʟʥʘʯʝʥʠʡ ʯʘʩ ʚʽʜʢʣʘʜʠ 

ʬʦʨʤʫʚʘʣʠʩʴ ʫ ʤʦʨʩʴʢʦʤʫ ʙʘʩʝʡʥʽ ʥʦʨʤʘʣʴʥʦʾ ʩʦʣʦʥʦʩʪʽ ʥʘ ʛʣʠʙʠʥʘʭ ʥʠʞʥʴʦʾ ʙʘʪʽʘʣʽï

ʘʙʽʩʘʣʽ ʧʦʙʣʠʟʫ ʘʙʦ ʥʠʞʯʝ ʨʽʚʥʷ ʢʘʨʙʦʥʘʪʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ (ɻʥʠʣʢʦ ʪʘ ʽʥ., 2021). 

 ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 
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ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʭ ʬʦʥʦʚʠʭ ʘʨʛʽʣʽʪʽʚ ʫ ʉʢʠʙʦʚʦʛʦ ʽ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʛʦ ʧʦʢʨʠʚʽʚ, 

ʫʪʦʯʥʝʥʥʽ ʩʢʣʘʜʫ ʽ ʧʘʣʝʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʣʽʪʦʛʝʥʝʟʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʜʘʥʠʭ 

 ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨʠ ʜʦʩʣʽʜʠʣʠ ʬʦʥʦʚʽ 

ʘʨʛʽʣʽʪʠ ʥʠʞʥʴʦʝʦʮʝʥʦʚʦʾ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʤʝʪʦʜʘʤʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʪʫʨʥʦʛʦ, ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʦʛʦ, ʣʽʪʦʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ, 

ʧʝʪʨʦʛʝʦʭʽʤʽʯʥʦʛʦ, ʧʘʣʝʦʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʽʚ. ɺʠʢʦʨʠʩʪʘʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʨʛʽʣʽʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʟʠ ʬʨʘʢʮʽʾ ʤʝʥʰʝ 0,001 ʤʤ ʟ ʧʦʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪ, 

ʚʽʜʦʤʽ ʟʘ ʜʞʝʨʝʣʘʤʠ (ɻʘʙʠʥʝʪ ʠ ʜʨ., 1976; ʇʘʚʣʫʥʴ ʪʘ ʽʥ., 2024). 

ɼʣʷ ʝʚʦʣʶʮʽʾ ʨʦʟʫʤʽʥʴ ʧʘʣʝʦʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚʠʚʯʝʥʥʷ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʣʘ ʪʝʢʪʦʥʽʯʥʘ ʩʭʝʤʘ ʽ ʤʦʜʝʣʴ ʛʝʦʣʦʛʽʯʥʦʾ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʩʴʢʠʭ 

ʂʘʨʧʘʪ ʟ ʧʦʟʠʮʽʡ ʪʝʢʪʦʥʽʢʠ ʧʣʠʪ, ʩʢʣʘʜʝʥʘ ʆ.ʄ. ɻʥʠʣʢʦʤ (ɻʥʠʣʢʦ ʪʘ ʽʥ., 2021). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʘʡʦʥ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʠʨʽʯʯʽ ɼʥʽʩʪʝʨ ʪʘ ʉʚʽʯʘ ʫ ʉʢʠʙʦʚʦʤʫ ʪʘ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʤʫ ʧʦʢʨʠʚʘʭ. 

ɺʠʚʯʘʣʠʩʴ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʨʦʟʨʽʟʠ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʭ (ʚʝʨʭʥʽʡ ʪʘʥʝʪïʥʠʞʥʽʡ ʽʧʨ) 

ʫʪʚʦʨʝʥʴ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ (250ï350 ʤ). ɺʦʥʘ ʟʘʣʷʛʘʻ ʟʛʽʜʥʦ ʥʘ ʤʘʩʠʚʥʠʭ ʽ 

ʪʦʚʩʪʦʰʘʨʫʚʘʪʠʭ ʩʚʽʪʣʦ-ʩʽʨʠʤʠ, ʞʦʚʪʫʚʘʪʠʤʠ ʧʽʩʢʦʚʠʢʘʭ ʩʝʨʝʜʥʴʦ-

ʚʝʨʭʥʴʦʧʘʣʝʦʮʝʥʦʚʦʾ ʷʤʥʝʥʩʴʢʦʾ ʩʚʽʪʠ ʽ ʧʝʨʝʢʨʠʪʘ ʧʩʘʤʽʪʘʤʠ ʥʠʞʥʴʦ-

ʩʝʨʝʜʥʴʝʦʮʝʥʦʚʦʶ (ʚʝʨʭʥʽʡ ʽʧʨ-ʣʶʪʝʪ) ʚʠʛʦʜʩʴʢʦʾ ʩʚʽʪʠ (ɻʥʠʣʢʦ ʪʘ ʽʥ., 2021). 

ʄʘʥʷʚʩʴʢʘ ʩʚʽʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʝʜʥʴʦ- ʪʘ ʪʦʥʢʦʨʠʪʤʽʯʥʠʤ ʬʣʽʰʝʤ, ʜʣʷ ʷʢʦʛʦ ʪʠʧʦʚʽ 

ʪʫʨʙʽʜʠʪʠ (ʧʽʩʢʦʚʠʢʠ, ʘʣʝʚʨʦʣʽʪʠ, ʘʨʛʽʣʽʪʠ) ʟ ʝʣʝʤʝʥʪʘʤʠ ʮʠʢʣʽʪʫ ɸ. ɹʦʫʤʘ ʊʚʩd, ʷʢʽ 

ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ ʟ (ʛʝʤʠ)ʧʝʣʘʛʽʪʘʤʠ (ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʠʤʠ ʪʘ ʟʝʣʝʥʢʫʚʘʪʦ-ʩʽʨʠʤʠ ʘʨʛʽʣʽʪʘʤʠ ʟ 

ʣʽʥʟʘʤʠ ʪʘ ʧʨʦʰʘʨʢʘʤʠ ʭʘʣʮʝʜʦʥʦʣʽʪʽʚ). (ɻʝʤʽ)ʧʝʣʘʛʽʪʠ ʻ ʬʦʥʦʚʠʤʠ ʘʨʛʽʣʽʪʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʛʦʤʦʛʝʥʥʫ ʤʘʩʠʚʥʫ ʪʝʢʩʪʫʨʫ ʘʙʦ ʪʦʥʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʣʘʤʽʥʘʮʽʶ, ʷʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʦʚʽʣʴʥʫ ʘʢʫʤʫʣʷʮʽʶ ʟ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʭ ʧʦʪʦʢʽʚ. ʋ ʩʢʣʘʜʽ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʽʡ ʩʚʽʪʽ 

ʥʘʷʚʥʽ ʪʘʢʽ ʤʽʥʝʨʘʣʠ: 36,0ï74,1 % ʛʽʜʨʦʩʣʶʜʠ, 2,3ï34,0 % ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʭʣʦʨʠʪʫ 

4,4ï29,05 % (ɻʘʙʠʥʝʪ ʠ ʜʨ., 1976; ʇʘʚʣʫʥʴ ʪʘ ʽʥ., 2024).  

ʇʝʪʨʦʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʩʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʟʘ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʶ ʜʽʘʛʨʘʤʦʶ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ (ʇʘʚʣʫʥʴ ʪʘ ʽʥ., 2024). 

ʅʘ ʥʽʡ ʢʦʨʝʣʶʶʪʴʩʷ ʤʦʜʫʣʽ ʥʦʨʤʦʚʘʥʦʾ ʣʫʞʥʦʩʪʽ (ʅʂʄ) ʪʘ ʬʝʤʽʯʥʦʩʪʽ (ʌʄ): 

(Na2O+K2O)/Al 2O3ï(FeO+Fe2O3+MnO+MgO)/SiO2. ʅʘ ʜʽʘʛʨʘʤʽ ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ 

ʩʢʣʘʜʫ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʛʦʣʦʚʥʦ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʧʦʣʽ ɯɯ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʧʦʣʽ ɯV, ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʘʩʦʮʽʘʮʽʡ ʭʣʦʨʠʪ-

ʛʽʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʢʣʘʜʫ, ʪʘ ʧʦʣʽ V, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʦʶ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʶ ʩʫʤʽʰʰʶ ʭʣʦʨʠʪ+ ʤʦʥʪʤʦʨʽʣʦʥʽʪ+ʛʽʜʨʦʩʣʶʜʘ. ʊʘʢʘ ʣʦʢʘʣʽʟʘʮʽʷ 

ʩʢʣʘʜʽʚ ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ ʘʨʛʽʣʽʪʽʚ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʥʘʤʠ ʷʢ ʜʫʞʝ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ 

ʚʽʜ ʩʫʪʪʻʚʦ ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʠʭ (ʩʤʝʢʪʠʪʦʚʠʭ) ʘʨʛʽʣʽʪʽʚ ʜʦ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ 

ʭʣʦʨʠʪ+ ʤʦʥʪʤʦʨʠʣʦʥʽʪ+ʛʽʜʨʦʩʣʶʜʘ.  
ɼʣʷ ʪʠʧʽʟʘʮʽʾ ʧʘʣʝʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ 

ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʟʘ ʧʝʪʨʦʭʽʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʥʦʚʠʭ 

(ʛʝʤʠ)ʧʝʣʘʛʽʪʽʚ (ʘʨʛʽʣʽʪʽʚ) ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʫʣʴʥʽ ʜʽʘʛʨʘʤʠ.  
ʅʘ ʙʽʥʘʨʥʽʡ ʜʽʘʛʨʘʤʽ (FeO*+MgO)ïTiO2 ʟʘ (Bhatia, 1983) ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ 

ʩʢʣʘʜʫ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʚ ʧʦʣʽ ɺ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʛʝʦʜʠʥʘʤʽʯʥʠʤ ʦʙʩʪʘʥʦʚʢʘʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʩʪʨʽʚʥʠʭ ʜʫʛ ʪʘ ʣʦʢʘʮʽʷʤ ʧʦʙʣʠʟʫ ʚʽʜ 

ʥʴʦʛʦ. ʏʘʩʪʠʥʘ ʪʦʯʦʢ ʪʷʞʽʻ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʦʙʣʘʩʪʽ ʦʢʝʘʥʽʯʥʠʭ ʦʩʪʨʽʚʥʠʭ ʜʫʛ (ɸ) ʪʘ 

ʾʾ ʦʢʨʘʾʥ.  

ʊʘʢʠʡ ʞʝ ʭʘʨʘʢʪʝʨ ʨʦʟʤʽʱʝʥʥʷ ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ ʩʢʣʘʜʫ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ 

ʩʚʽʪ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʘ ʜʽʘʛʨʘʤʽ ɹʭʘʪʠʷ (FeO*+MgO)ïAl2O3/SiO2 (Bhatia, 1983). 

ʅʘ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʽʡ ʜʠʩʢʨʠʤʽʥʘʥʪʥʽʡ ʜʽʘʛʨʘʤʽ F1ïF2 ʟʘ (Bhatia, 1983) 

ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʢʣʘʜʫ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʭ ʘʨʛʽʣʽʪʽʚ ʛʦʣʦʚʥʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʧʦʣʷʭ  



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʧʘʩʠʚʥʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʢʨʘʾʥ (ʈʄ), ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʫʣʢʘʥʽʯʥʠʭ ʜʫʛ (ʉɯɸ), 

ʘʢʪʠʚʥʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʢʨʘʾʥ (ɸʉʄ) , ʬʦʨʤʫʶʯʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʡ ʪʨʝʥʜ ʚ 

ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ F1 = 1,14...-1,90.  

ʅʘ ʜʠʩʢʨʠʤʽʥʘʥʪʥʽʡ ʧʘʣʝʦʛʝʦʜʠʥʘʤʽʯʥʽ ʜʽʘʛʨʘʤʠ CaOïNa2OïK2O ʟʘ (Bhatia, 

1983) ʨʝʟʫʣʴʪʘʪʠ ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʘʥʘʣʽʟʽʚ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʫ 

ʜʚʽ ʛʨʫʧʠ ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ. ʆʜʥʘ ʛʨʫʧʘ ʧʦʪʨʘʧʣʷʻ ʫ ʧʦʣʝ ʧʘʩʠʚʥʦʾ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ 

ʦʢʨʘʾʥʠ, ʜʨʫʛʘ ʛʨʫʧʘ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʥʘ ʤʝʞʽ ʧʦʣʽʚ ʦʢʝʘʥʽʯʥʠʭ ʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ 

ʦʩʪʨʽʚʥʠʭ ʜʫʛ.  

ʅʘʷʚʥʽʩʪʴ ʜʚʫʭ ʛʨʫʧ ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʩʢʣʘʜʽ (ʛʝʤʽ)ʧʝʣʘʛʽʪʽʚ, ʽʤʦʚʽʨʥʦ, 

ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʟʫʣʴʪʘʪ ʜʦʤʽʥʘʥʪʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜʤʽʥʥʠʭ ʜʞʝʨʝʣ ʤʽʥʝʨʘʣʴʥʦʾ 

ʨʝʯʦʚʠʥʠ ʥʘ ʣʽʪʦʛʝʥʝʟ ʘʨʛʽʣʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ: ʛʽʧʝʨʛʝʥʥʦʛʦ ʪʘ ʛʽʧʦʛʝʥʥʦʛʦ. ʊʘʢʝ ʞ 

ʨʦʟʤʽʱʝʥʥʷ ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʘ ʙʽʥʘʨʥʽʡ 

ʜʽʘʛʨʘʤʽ SiO2ïK2O/Na2O ʟʘ (Roser, Korsch, 1986) . 

ʅʘʤʠ ʩʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʦʜʠʥ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʡ ʝʧʽʟʦʜ ʨʦʟʧʦʜʽʣʫ ʧʝʪʨʦʭʽʤʽʯʥʠʭ 

ʜʘʥʠʭ ʫ ʬʦʥʦʚʠʭ ʫʪʚʦʨʝʥʥʷʭ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. 

ʇʦʜʽʙʥʠʡ ʪʨʝʜ ʨʦʟʧʦʜʽʣʫ ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʟʘʛʘʣʴʥʠʭ ʨʠʩʘʭ ʧʨʠʪʘʤʘʥʥʠʡ 

ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʦ-ʝʦʮʝʥʦʚʠʤ ʬʣʽʰʦʚʠʤ ʧʦʨʦʜʘʤ ʚ ʮʽʣʦʤʫ ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ (ʇʘʚʣʫʥʴ 

ʪʘ ʽʥ., 2024). ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʪʦʪʦʞʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʧʦʜʽʜʫ 

ʧʝʪʨʦʭʽʤʽʯʥʠʭ ʩʢʣʘʜʽʚ ʧʝʣʽʪʦʚʠʭ ʧʦʨʽʜ ʦʧʠʩʘʥʽ ʜʣʷ ʢʨʝʡʜʦʚʦ-ʦʣʽʛʦʮʝʥʦʚʠʭ ʘʨʛʽʣʽʪʽʚ 

ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʉʠʮʽʣʽʡʩʴʢʦʛʦ ʜʦʤʝʥʫ ʪʘ ʨʘʥʥʴʦʥʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʭ (ʚʝʨʭʥʽʡ ʨʠʬʝʡï

ʚʝʥʜ) ʛʣʠʥʠʩʪʠʭ ʫʪʚʦʨʝʥʴ ɭʥʽʩʝʡʩʴʢʦʛʦ ʧʘʩʤʘ.  
ʇʨʦ ʟʤʽʰʘʥʠʡ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʚʠʡ ʭʘʨʘʢʪʝʨ ʥʠʞʥʴʦʝʦʮʝʥʦʚʦʛʦ ʣʽʪʦʛʝʥʝʟʫ 

ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʩʚʽʜʯʘʪʴ ʫʪʚʦʨʝʥʥʷ ʨʫʜʥʦʾ (ʟʘʣʽʟʦʤʘʥʛʘʥʦʚʦʾ) 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʷʢʽ ʛʝʥʝʨʦʚʘʥʽ ʘʢʪʠʚʽʟʘʮʽʻʶ ʩʠʥʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ 

ʙʘʩʝʡʥʫ ʩʝʜʠʤʝʥʪʘʮʽʾ. ʅʘ ʛʽʜʨʠʜʥʠʡ ʣʽʪʦʛʝʥʝʟ ʚʢʘʟʫʶʪʴ ʧʽʜʚʠʱʝʥʽ ʚʤʽʩʪʠ ʝʣʝʤʝʥʪʽʚ 

çʤʘʥʪʽʡʥʦʾè ʘʩʦʮʽʘʮʽʾ (Mn, Fe),Co, Ni, Cu, Zn, Ag ʫ ʨʫʜʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʪʘ 

ʩʪʨʦʢʘʪʦʢʦʣʽʨʥʠʭ ʘʨʛʽʪʘʭ (ʇʘʚʣʫʥʴ ʪʘ ʽʥ., 2024). ɿʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʧʦʤʽʪʥʠʡ ʚʤʽʩʪ 

ʛʣʘʫʢʦʥʽʪʫ ʚ ʫʣʘʤʢʘʭ ʧʽʩʢʦʚʠʢʽʚ ʤʘʥʷʚʩʴʢʾ ʩʚʽʪʠ, ʩʢʨʝʤʥʽʣʽʩʪʴ ʧʦʨʽʜ, ʥʘʷʚʥʽʩʪʴ 

ʧʨʦʰʘʨʢʽʚ ʭʘʣʮʝʜʦʥʦʣʽʪʽʚ. ɺ ʘʨʛʽʣʽʪʘʭ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʚʽʜʤʽʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ 

ʘʚʪʠʛʝʥʥʦʛʦ Fe-ʤʦʥʪʤʦʨʠʣʦʥʽʪ ʪʘ ʭʣʦʨʠʪʫ, ʷʢʽ ʟʘ ʩʫʯʘʩʥʠʤʠ ʜʘʥʠʤʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʦʥʦʩʥʠʭ ʦʩʘʜʽʚ ʦʢʝʘʥʽʚ ʽ ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʽ 

ʦʟʥʘʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʢʘʤʫʬʣʴʦʚʘʥʠʡ ʚʧʣʠʚ ʝʥʜʦʛʝʥʥʦʛʦ ʯʠʥʥʠʢʘ ʨʝʯʦʚʠʥʠ ʥʘ ʧʨʦʮʝʩʠ 

ʣʽʪʦʛʝʥʝʟʘ ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʘ.  

ʇʨʠ ʤʽʢʨʦʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʭ ʩʪʨʦʢʘʪʦʢʦʣʽʨʥʠʭ 

ʘʨʛʽʣʽʪʘʭ ʩʧʝʮʽʘʣʽʩʪʠ ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʥʘ ʤʘʣʽ ʨʦʟʤʽʨʠ ʬʦʨʘʤʽʥʽʬʝʨ ʪʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ 

ʩʪʨʫʢʪʫʨʫ ʩʪʽʥʢʠ ʾʭ ʯʝʨʝʧʘʰʦʢ. ɿʘ ʾʭ ʜʫʤʢʫ ʨʦʟʚʠʪʦʢ ʢʘʨʣʽʢʦʚʠʭ ʬʦʨʤ ʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʾʭ ʤʫʰʣʴ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʤʽʥʦʶ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʽʚ 

(ɻʥʠʣʢʦ ʉ., ɻʥʠʣʢʦ O., 2010). ʄʠ ʧʽʜʪʨʠʤʫʻʤʦ ʾʭ ʧʦʛʣʷʜ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ, 

ʚʠʨʘʞʝʥʦʛʦ ʚ ʟʤʽʥʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʜʦʥʥʠʭ ʧʦʪʦʢʽʚ ʚ ʙʘʩʝʡʥʽ, ʧʨʦʪʝ ʥʝ 

ʚʠʢʣʶʯʘʻʤʦ ʦʣʽʛʦʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʬʦʨʘʤʽʥʽʬʝʨ ʝʥʜʦʛʝʥʥʦʾ 

(ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ) ʘʢʪʠʚʥʦʩʪʽ ʚ ʉʢʠʙʦʚʦʤʫ ʪʘ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʽʡ ʯʘʩʪʠʥʘʭ 

ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. 

ʅʠʞʥʴʦʝʦʮʝʥʦʚʠʡ ʧʝʨʽʦʜ ʚ ʨʦʟʚʠʪʢʫ ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʚ ʦʢʝʘʥʽ 

ʊʝʪʽʩ ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʽʦʜʫ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʠʙʣʝʥʥʷ ʟʘ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʤʽʞ 

ʦʢʨʘʾʥʘʤʠ ʤʽʢʨʦʢʦʥʪʠʥʝʥʪʽʚ ɸʣʴʢʘʧʘ ʪʘ ʊʠʩʽʷïɼʘʢʽʷ ʟ ʧʽʚʜʝʥʥʦʛʦ ʟʘʭʦʜʫ ʪʘ ʧʘʩʠʚʥʦʶ 

ʦʢʨʘʾʥʦʶ ɭʚʨʘʟʽʾ ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ. ɺ ʩʝʨʝʜʥʴʦʤʫ-ʧʽʟʥʴʦʤʫ ʝʦʮʝʥʽ ʦʢʨʘʾʥʠ 

ʘʢʪʠʚʽʟʫʶʪʴ ʟʙʣʠʞʫʚʘʥʥʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ɭʚʨʘʟʽʻʶ, ʧʦʩʪʫʧʦʚʦ ʟʘʢʨʠʚʘʶʯʠ ʙʘʩʝʡʥ ʪʘ 

ʬʦʨʤʫʶʯʠ ʬʣʽʰʦʚʦ-ʤʦʣʘʩʦʚʘ ʢʦʤʧʦʟʠʮʽʡʥʫ ʘʢʨʝʮʽʡʥʫ ʧʨʠʟʤʫ (ʥʘʩʫʚʥʫ ʩʧʦʨʫʜʫ) 

ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ (ɻʥʠʣʢʦ ʪʘ ʽʥ., 2021). 

 ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʫʪʦʯʥʠʪʠ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ  

ʬʦʥʦʚʠʭ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʭ ʘʨʛʽʣʽʪʽʚ ʤʘʥʷʚʩʴʢʦʾ ʩʚʽʪʠ ʉʢʠʙʦʚʦʛʦ ʪʘ ɹʦʨʠʩʣʘʚʩʴʢʦ-

ʇʦʢʫʪʩʴʢʦʛʦ ʧʦʢʨʠʚʽʚ, ʷʢʽ ʥʘʣʝʞʘʣʠ ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. ʋ ʚʠʚʯʝʥʠʭ 
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ʬʦʥʦʚʠʭ ʘʨʛʽʣʽʪʘʭ ʥʠʞʥʴʦʛʦ ʝʦʮʝʥʫ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʪʘ ʭʣʦʨʠʪʫ ʥʘʣʝʞʠʪʴ ʧʝʨʝʚʘʞʘʶʯʘ 

ʯʘʩʪʠʥʘ ʦʙôʻʤʫ ʧʦʨʦʜʦʫʪʚʦʨʶʶʶʯʠʭ ʤʽʥʝʨʘʣʽʚ ʧʦʨʽʜ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʚʥʝʩʢʫ ʫ ʬʦʥʦʚʠʡ ʧʝʪʨʦʬʦʥʜ ʾʭ ʣʽʪʦʛʝʥʝʟʫ ʬʝʤʽʯʥʦʾ ʤʘʛʤʘʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʅʘ 

ʧʘʣʝʦʜʠʥʘʤʽʯʥʠʭ ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʭ ʜʽʘʛʨʘʤʘʭ ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʭ 

ʘʨʛʽʣʽʪʽʚ ʉʢʠʙʦʚʦʛʦ ʪʘ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʛʦ ʧʦʢʨʠʚʽʚ ʬʦʨʤʫʶʪʴ ʪʨʝʥʜʠ 

ʨʦʟʧʦʜʽʣʫ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʧʝʪʨʦʭʽʤʽʯʥʽ ʧʦʣʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚʽʜ ʧʘʩʠʚʥʠʭ ʜʦ 

ʘʢʪʠʚʥʠʭ ʦʢʨʘʾʥ ʙʘʩʝʡʥʫ ʩʝʜʠʤʝʥʪʘʮʽʾ. ʄʘʛʤʘʪʦʛʝʥʥʠʡ ʤʘʪʝʨʽʘʣ, ʧʦ ʷʢʦʤʫ ʨʦʟʚʠʚʘʚʩʷ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪ (ʽ ʯʘʩʪʢʦʚʦ ʭʣʦʨʠʪ) ʫ ʚʠʚʯʝʥʠʭ ʬʦʥʦʚʠʭ ʘʨʛʽʣʽʪʘʭ ʤʽʛ ʧʦʭʦʜʠʪʠ ʟ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ. ɽʥʜʦʛʝʥʥʽ ʜʞʝʨʝʣʘ ʤʘʛʤʘʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʥʽʮʽʡʦʚʘʥʽ ʢʦʥʚʝʨʛʝʥʪʥʠʤʠ 

ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʦʜʽʷʤʠ ɿʦʚʥʽʰʥʴʦʢʘʨʧʘʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʧʨʦʷʚʠ 

ʚʫʣʢʘʥʽʯʥʦʾ (ʝʢʩʛʘʣʷʮʽʡʥʦʾ, ʝʢʩʧʣʦʟʠʚʥʦʾ) ʪʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʟʜʦʚʞ 

ʨʦʟʨʠʚʥʠʭ ʟʦʥʘʭ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʢʣʘʜʥʠʡ ʟʤʽʰʘʥʠʡ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʚʠʡ ʥʠʞʥʴʦʝʦʮʝʥʦʚʠʡ ʣʽʪʦʛʝʥʝʟ ʚ ʙʘʩʝʡʥʽ ʦʩʘʜʢʦʥʘʛʨʦʤʘʜʞʝʥʥʷ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

ɻʘʙʠʥʝʪ ʄ.ʇ., ʂʫʣʴʯʠʮʢʠʡ ʗ.ʆ., ʄʘʪʢʦʚʩʢʠʡ ʆ.ʀ. ɻʝʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 

ʋʢʨʘʠʥʩʢʠʭ ʂʘʨʧʘʪ [1976] ï ʊ. 1. ï ʃʴʚʦʚ ï 200 ʩ. 

ɻʥʠʣʢʦ ʆ.ʄ. [2010] ʇʨʦ ʩʝʜʠʤʝʥʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʬʣʽʰʝʚʠʭ ʚʽʜʢʣʘʜʽʚ ʋʢʨʘ-

ʾʥʩʴʢʠʭ ʂʘʨʧʘʪ // ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ ɯʥ-ʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ. ï ʂʠʾʚ. ïɺʠʧ. 3. 

ï ʉ. 32ï37.  

ɻʥʠʣʢʦ ʉ., ɻʥʠʣʢʦ O. [2010] ʈʘʥʥʴʦʝʦʮʝʥʦʚʽ ʘʛʣʶʪʠʥʦʚʘʥʽ ʬʦʨʘʤʽʥʽʬʝʨʠ ʽ ʩʝʜʠʤʝʥʪʦ-

ʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʬʣʽʰʫ ʄʦʥʘʩʪʠʨʝʮʴʢʦʛʦ ʪʘ ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʠʚʽʚ ʋʢʨʘ-

ʾʥʩʴʢʠʭ ʂʘʨʧʘʪ // ɻʝʦʣʦʛʽʷ ʽ ʛʝʦʭʽʤʽʷ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ. ï ˉ 1(150). ï ʉ. 43ï59.  

ɻʥʠʣʢʦ ʆ., ɻʥʠʣʢʦ ʉ., ʂʫʣʷʥʜʘ ʄ., ʄʘʨʯʝʥʢʦ ʈ. [2021] ʊʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʽʡʥʘ ʝʚʦʣʶ-

ʮʽʷ ʧʝʨʝʜʦʚʦʾ ʯʘʩʪʠʥʠ ʥʘʩʫʚʥʦʾ ʩʧʦʨʫʜʠ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ // ɻʝʦʣʦʛʽʷ ʽ ʛʝʦʭʽʤʽʷ ʛʦ-

ʨʶʯʠʭ ʢʦʧʘʣʠʥ. ï ˉ1ï2 (183ï184). ï ʉ. 45ï59. https://doi.org/10.15407/ggcm2021.01-

02.045 

ʇʘʚʣʫʥʴ ʄ. ʄ., ɻʝʥʝʨʘʣʦʚ ɸ.ɺ., ɻʝʥʝʨʘʣʦʚʘ ʃ.ɺ., ʂʦʩʪʶʢ ʆ.ɺ. [2024] ɺʝʨʭʥʴʦʢʨʝʡʜʦ-

ʚʦ-ʥʠʞʥʴʦʝʦʮʝʥʦʚʽ ʘʨʛʽʣʽʪʠ ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ (ʧʝʪʨʦʭʽʤʽʯʥʠʡ ʪʘ ʧʘʣʝʦʛʝʦʜʠʥʘʤʽʯʥʠʡ 

ʘʩʧʝʢʪʠ) // ɻʝʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. ï ˉ 3 (388). ï ʉ. 31ï47. 

https://doi.org/10.30836/igs.1025-6814.2024.3.304322  

Bhatia M.R. [1983] Plate Tectonics and Geochemical Composition of Sandstone // The Jour-

nal of Geology. ï No 91. ï P.611ï627. http://dx.doi.org/10.1086/628815 

Posamentier H.W., Walker R.G. [2006 ] Deep-Water Turbidites and Sub-marine Fans Facies 

Models Revisited // SEPM Special Publica-tion. ï No. 84. ï 122 p. 

https://doi.org/10.2110/pec.06.8 

Roser B.D., Korsch R.J. [1986] Determination of tectonic setting of sandstone-mudstone 

suites using SiO2 content and K2O/Na2O ratio // J. Geol. ï No 94. ï P. 635ï650. 

  

https://doi.org/10.15407/ggcm2021.01-02.045
https://doi.org/10.15407/ggcm2021.01-02.045
https://doi.org/10.30836/igs.1025-6814.2024.3.304322
http://dx.doi.org/10.1086/628815
https://doi.org/10.2110/pec.06.8


ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 

54 

 

ʃɯʊʆʌɸʎɯɸʃʔʅɸ ɿʆʅɸʃʔʅɯʉʊʔ ʂɽʈʃɽʋʊʉʔʂʀʍ ɺɯɼʂʃɸɼɯɺ ɸɿʆɺʆ-

ʏʆʈʅʆʄʆʈʉʔʂʆɻʆ ʆʉɸɼʆɺʆ-ʇʆʈʆɼʅʆɻʆ ɹɸʉɽʁʅʋ 

 

ɻʥʽʜʝʮʴ ɺ.ʇ., ɻʨʠʛʦʨʯʫʢ ʂ.ɻ., ʈʝʚʝʨ ɸ.ʆ., ʂʦʭʘʥ ʆ.ʄ.  
 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ, 

vgnidets53@gmail.com; kosagri@ukr.net; kohanom8@gmail.com  

 

As a result of the conducted research, the spatio-age features of the lithologic-lithologic 

structure of the Kerleut stratum of the Maykop of the Azov-Black Sea sedimentary and rock 

basin were clarified. Four lithological complexes were distinguished: sand-siltstone 

(clastogens over 60%); siltstone (50ï60%); argillite-siltstone (40ï60%) and argillite (less 

than 40%), which are characterized by the regularity of replacement from the marginal 

parts to the depocenters of the depression. The specificity of the lithological structure of the 

Kerleutskaya stratum was revealed, the sections of which are composed of 20ï84 lithmites 

of regional, zonal and local distribution, 20ï200 m thick, siltstone (23%), mixed (22%) and 

clayey (55%) fields. Several levels of development of different-rank siltstone-sand units 

(K1ïK2ïK3ïK4) have been identified, and the features of their spatial distribution have 

been established. 

LITOFACIAL ZONING OF THE KERLEUT DEPOSITS OF THE  

AZOV -BLECK SEA SEDIMENTARY BASIN  

 

Hnidec V.P., Hryhorchuk K.G., Rever ɸ. ʆ., Kokhan ʆ.ʄ.  

 

ɺʩʪʫʧ. ʋ ʩʢʣʘʜʽ ʤʘʡʢʦʧʩʴʢʦʛʦ ʦʩʘʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ɸʟʦʚʦ-ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ 

ʦʩʘʜʦʚʦ-ʧʦʨʦʜʥʦʛʦ ʙʘʩʝʡʥʫ ʚʽʜʢʣʘʜʠ ʩʝʨʝʜʥʴʦʛʦ ʤʘʡʢʦʧʫ ʻ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʚ 

ʝʢʦʥʦʤʽʯʥʦʤʫ ʘʩʧʝʢʪʽ, ʘ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʦʚʝʜʝʥʘ ʚʽʜʢʨʠʪʪʷʤ ʯʠʩʣʝʥʥʠʭ ʨʦʜʦʚʠʱ 

ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʷʢ ʥʘ ʪʝʨʝʥʘʭ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ, ʪʘʢ ʽ ʂʝʨʯʝʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ (ɯʚʘʥʶʪʘ, 

1998).  

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʰʣʷʭʠ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ɻʝʦʣʦʛʽʷ ʤʘʡʢʦʧʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ɸʟʦʚʦ-ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʚʠʚʯʝʥʘ 

ʚʢʨʘʡ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʅʘʡʜʝʪʘʣʴʥʽʰʝ ʚʦʥʠ ʜʦʩʣʽʜʞʝʥʘ ʥʘ ʪʝʨʝʥʘʭ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ, 

ʇʽʚʥʽʯʥʦʛʦ ʪʘ ɿʘʭʽʜʥʦʛʦ ʇʨʠʯʦʨʥʦʤʦʨôʷ, ʂʝʨʯʝʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ. ʅʘʡʤʝʥʰʝ ï ʚ 

ʤʝʞʘʭ ʘʢʚʘʪʦʨʽʡ ʏʦʨʥʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ. ʋ ʨʦʙʦʪʘʭ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʥʠʟʢʫ ʧʠʪʘʥʴ ʟ ʛʝʦʣʦʛʽʾ ʚʽʜʢʣʘʜʽʚ ʤʘʡʢʦʧʫ ʟʘʛʘʣʦʤ. ɼʝʪʘʣʴʥʝ ʞ ʚʠʚʯʝʥʥʷ 

ʣʽʪʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʫʪʚʦʨʝʥʴ ʢʝʨʣʝʫʪʫ, ʧʝʨʝʜʫʩʽʤ ɯʥʜʦʣʦ-

ʂʫʙʘʥʩʴʢʦʛʦ ʧʨʦʛʠʥʫ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ. ɺʣʘʩʥʝ ʮʷ ʧʨʦʙʣʝʤʘ: ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʫ ʧʦʰʠʨʝʥʥʷ ʧʦ ʣʘʪʝʨʘʣʽ ʪʘ ʚ ʨʦʟʨʽʟʽ ʢʝʨʣʝʫʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʦʩʘʜʦʚʠʭ ʪʽʣ 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʚ ʢʦʥʪʝʢʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʫ ʧʦʜʘʣʴʰʦʤʫ ʫʤʦʚ ʾʭ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʃʽʪʦʣʦʛʽʯʥʝ ʨʦʟʯʣʝʥʫʚʘʥʥʷ 

ʨʦʟʨʽʟʽʚ ʩʚʝʨʜʣʦʚʠʥ ʧʨʦʚʝʜʝʥʦ ʰʣʷʭʦʤ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ɻɼʉ (ʨʘʜʽʦʘʢʪʠʚʥʽ 

ʤʝʪʦʜʠ). ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʦʩʘʜʦʚʠʭ ʪʽʣ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʟôʷʩʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʚʠʜʽʣʝʥʥʷ ʣʽʪʤʽʪʽʚ, ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ (ʂʘʨʦʛʦʜʠʥ, 1980). ɼʘʥʠʡ ʧʽʜʭʽʜ ʘʧʨʦʙʦʚʘʥʠʡ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʤʘʡʢʦʧʩʴʢʠʭ ʥʘʰʘʨʫʚʘʥʴ ʇʽʚʥʽʯʥʦʢʨʠʤʩʴʢʦʛʦ ʪʘ ɯʥʜʦʣʦ-ʂʫʙʘʥʩʴʢʦʛʦ 

ʧʨʦʛʠʥʽʚ (ɻʥʽʜʝʮʴ ʪʘ ʽʥ., 2023).  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. 

ʃʽʪʦʬʘʮʽʾ ʪʘ ʪʠʧʠ ʨʦʟʨʽʟʽʚ ʢʝʨʣʝʫʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ 

ʍʘʨʘʢʪʝʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʦʚʱʠʥ ʢʝʨʣʝʫʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʟʘʩʚʽʜʯʫʻ 

ʫʩʧʘʜʢʦʚʘʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʥʠʟʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ 

ʨʘʥʥʴʦʤʘʡʢʦʧʩʴʢʦʛʦ ʯʘʩʫ (ɻʥʽʜʝʮʴ ʪʘ ʽʥ., 2023). ʎʝ ʩʪʦʩʫʻʪʴʩʷ ɯʥʜʦʣʴʩʴʢʦʾ, 

ʂʘʟʘʥʪʠʧʩʴʢʦʾ, ɹʘʛʝʨʽʚʩʴʢʦʾ, ʇʨʠʤʦʨʩʴʢʦʾ, ɸʟʦʚʩʴʢʦʾ ʜʝʧʨʝʩʽʡ, ʇʽʚʜʝʥʥʦʢʝʨʯʝʥʩʴʢʦʛʦ 
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ʧʨʦʛʠʥʫ ʪʘ ʄʦʰʢʘʨʽʚʩʴʢʦ-ʌʦʥʪʘʥʽʚʩʴʢʦ-ɻʦʨʥʦʩʪʘʾʚʩʴʢʦʾ ʽ ʂʨʘʩʥʦʢʫʪʩʴʢʦ-ɹʘʛʝʨʽʚʩʴʢʦ-

ʊʘʤʘʥʩʴʢʦʾ ʛʨʷʜ. ʑʦʧʨʘʚʜʘ ʾʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʟʘʟʥʘʣʘ ʧʝʚʥʠʭ ʟʤʽʥ. ʊʘʢ, ʟʥʘʯʥʦ ʟʨʦʩʣʘ 

ʧʣʦʱʘ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʽʩʪʴ ʄʦʰʢʘʨʽʚʩʴʢʦʛʦ, ʌʦʥʪʘʥʽʚʩʴʢʦʛʦ ʪʘ ɻʦʨʥʦʩʪʘʾʚʩʴʢʦʛʦ 

ʧʽʜʥʷʪʴ, ʷʢʽ ʦʢʦʥʪʫʨʶʶʪʴʩʷ ʽʟʦʧʘʭʽʪʘʤʠ 500ï600 ʤ. ɺʦʥʠ ʥʘʙʫʣʠ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʪʘ 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ ɻʦʨʥʦʩʪʘʾʚʩʴʢʝ ʧʽʜʥʷʪʪʷ ʧʨʘʢʪʠʯʥʦ ʦʙôʻʜʥʘʣʦʩʷ 

ʟ ʂʨʘʩʥʦʢʫʪʩʴʢʠʤ ʪʘ ɹʘʛʝʨʽʚʩʴʢʠʤ. ʊʘʤʘʥʩʴʢʝ ï ʞ ʨʦʟʬʦʨʤʦʚʫʚʘʣʦʩʷ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ 

ʟʨʦʩʣʘ ʧʣʦʱʘ ʇʨʠʤʦʨʩʴʢʦ-ɹʘʛʝʨʽʚʩʴʢʦ-ʊʘʤʘʥʩʴʢʦ-ɸʟʦʚʩʴʢʦʾ ʜʝʧʨʝʩʽʾ, ʚ ʦʩʴʦʚʽʡ ʟʦʥʽ 

ʷʢʦʾ ʪʦʚʱʠʥʘ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʫʪʚʦʨʝʥʴ ʧʝʨʝʚʠʱʫʻ 2500 ʤ. ʅʘʪʦʤʽʩʪʴ ʚ ɯʥʜʦʣʴʩʴʢʽʡ ʪʘ 

ʂʘʟʘʥʪʠʧʩʴʢʽʡ ʜʝʧʨʝʩʽʷʭ ʦʩʪʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1800 ʤ, ʘ ʚ ʇʽʚʜʝʥʥʦʢʝʨʯʝʥʩʴʢʦʤʫ ʧʨʦʛʠʥʽ 

ï ʥʝ ʧʝʨʝʚʠʱʫʻ 1000 ʤ. 

ɺʽʜʢʣʘʜʠ ʢʝʨʣʝʫʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʤʽʥʫʚʘʥʥʷʤ ʛʣʠʥʠʩʪʠʭ ʣʽʪʦʪʠʧʽʚ, ʚʤʽʩʪ 

ʷʢʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 32 ʜʦ 63 % (ʩʝʨʝʜʥʻ 55 %) ʯʘʩʪʦ ʟ ʜʦʤʽʰʢʦʶ ʧʩʘʤʦ-ʘʣʝʚʨʠʪʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʇʨʦʰʘʨʢʠ (0,05ï5 ʤ) ʧʽʩʢʦʚʠʢʽʚ (0ï10 %, ʩʝʨʝʜʥʻ 3 %) ʪʘ ʘʣʝʚʨʦʣʽʪʽʚ (31ï59 

%, ʩʝʨʝʜʥʻ 42%) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʨʦʩʪʦʨʦʚʦ-ʚʽʢʦʚʠʤ ʧʦʰʠʨʝʥʥʷʤ ʽ 

ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʝʨʭʥʴʦʢʝʨʣʝʫʪʩʴʢʦʛʦ ʧʽʜʛʦʨʠʟʦʥʪʫ. 

ɼʦʚʦʣʽ ʧʦʪʫʞʥʽ (ʜʦ 40 ʤ) ʧʣʘʩʪʠ ʧʽʩʢʦʚʠʢʽʚ ʨʦʟʚʠʥʝʥʽ ʣʠʰʝ ʫ ʧʽʚʥʽʯʥʠʭ ʪʘ ʩʭʽʜʥʠʭ 

ʨʘʡʦʥʘʭ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ ʪʘ ʇʽʚʥʽʯʥʦʤʫ ʇʨʠʯʦʨʥʦʤʦʨôʾ (ʉʪʨʽʣʢʦʚʘ, ɯʥʜʦʣʴʩʴʢʘ ʪʘ 

ʽʥʰʽ ʧʣʦʱʽ). 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʪʦʚʱʠʥ ʪʘ ʣʽʪʦʬʘʮʽʡ ʢʝʨʣʝʫʪʫ ɸʟʦʚʦ-ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʦʩʘʜʦʚʦ-

ʧʦʨʦʜʥʦʛʦ ʙʘʩʝʡʥʫ. ʇʽʜʥʷʪʪʷ: ɯ ï ɻʽʨʩʴʢʦʢʨʠʤʩʴʢʝ, ɯɯ ï ʎʝʥʪʨʘʣʴʥʦʢʨʠʤʩʴʢʝ, ɯɯɯ ï 

ʉʝʨʝʜʥʴʦʘʟʦʚʩʴʢʝ. ɯʥʜʦʣʦ-ʂʫʙʘʥʩʴʢʠʡ ʧʨʦʛʠʥ, ʜʝʧʨʝʩʽʾ: ɯV ï ɯʥʜʦʣʴʩʴʢʘ, V ï 

ʂʘʟʘʥʪʠʧʩʴʢʘ, VI ï ɸʟʦʚʩʴʢʘ, VII ï ɹʘʛʝʨʽʚʩʴʢʘ, VIII ï ʇʨʠʤʦʨʩʴʢʘ; ʚʠʩʪʫʧʠ: X ï 

ʉʝʣʝʟʥʽʚʩʴʢʠʡ, ʍɯ ï ʌʦʥʪʘʥʽʚʩʴʢʦ-ɻʦʨʥʦʩʪʘʾʚʩʴʢʠʡ, ʍɯɯ ï ɹʘʛʝʨʽʚʩʴʢʠʡ. IX ï 

ʇʽʚʜʝʥʥʦʢʝʨʯʝʥʩʴʢʠʡ ʧʨʦʛʠʥ  

 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʧʩʘʤʦ-ʘʣʝʚʨʦʣʽʪʦʚʠʭ ʧʨʦʰʘʨʢʽʚ ʚ ʨʦʟʨʽʟʽ ʩʝʨʝʜʥʴʦʤʘʡʢʦʧʩʴʢʦʾ 

ʪʦʚʱʽ: 1 ï ʧʦʥʘʜ 60 %, 2 ï 50ï60 %, 3 ï 40ï50 %, 4 ï ʤʝʥʰʝ 40 %; 5 ï ʚʽʜʢʣʘʜʠ ʚʽʜʩʫʪʥʽ. 

6 ï ʩʚʝʨʜʣʦʚʠʥʘ ʪʘ ʚʤʽʩʪ (%) ʧʽʩʢʦʚʠʢʽʚ ʪʘ ʘʣʝʚʨʦʣʽʪʽʚ. 7 ï ʽʟʦʧʘʭʽʪʠ. 

ɺʠʜʽʣʝʥʦ ʯʦʪʠʨʠ ʣʽʪʦʣʦʛʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʧʽʱʘʥʦ-ʘʣʝʚʨʦʣʽʪʦʚʠʭ 

ʧʦʨʽʜ (ʨʠʩ. 1). ɺ ʦʩʴʦʚʠʭ ʟʦʥʘʭ ʜʝʧʨʝʩʽʡ ʪʘ ʥʘ ʩʭʠʣʘʭ ɹʘʛʝʨʽʚʩʴʢʦʛʦ ʧʽʜʥʷʪʪʷ ʨʦʟʚʠʥʝʥʽ 

ʚʽʜʢʣʘʜʠ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʜʦʤʽʥʫʶʪʴ ʛʣʠʥʠʩʪʽ ʣʽʪʦʪʠʧʠ (ʢʣʘʩʪʠʯʥʠʭ ʚʽʜʤʽʥ ʤʝʥʰʝ 40 %). 

ʎʽ ʫʪʚʦʨʝʥʥʷ ʦʙʣʷʤʦʚʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʽʟ ʚʤʽʩʪʦʤ ʫʣʘʤʢʦʚʠʭ ʨʽʟʥʦʚʠʜʽʚ 40ï50%, ʷʢʽ 
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ʫ ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘʤʽʱʫʶʪʴʩʷ ʚʽʜʢʣʘʜʘʤʠ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʽʩʢʦʚʠʢʽʚ ʪʘ 

ʘʣʝʚʨʦʣʽʪʽʚ (50ï60 %). ɼʣʷ ʨʘʡʦʥʫ ʉʪʨʽʣʢʦʚʦʾ ʪʘ ɯʥʜʦʣʴʩʴʢʦʾ ʧʣʦʱ ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʨʽʟʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʦʩʪʘʥʥʽʭ (ʧʦʥʘʜ 60 %). 

ʋʩʝʨʝʜʥʝʥʠʡ ʩʢʣʘʜ ʢʝʨʣʝʫʪʩʴʢʦʾ ʪʦʚʱʽ ɸʟʦʚʦ-ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʦʩʘʜʦʚʦʛʦ 

ʙʘʩʝʡʥʫ ʥʘʩʪʫʧʥʠʡ: ʚʤʽʩʪ ʧʽʩʢʦʚʠʢʽʚ ʫ ʨʦʟʨʽʟʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0 ʜʦ 10 % (ʩʝʨʝʜʥʻ 3 %), 

ʘʣʝʚʨʦʣʽʪʽʚ ï ʚʽʜ 31 ʜʦ 59 % (42 %), ʘʨʛʽʣʽʪʽʚ ï ʚʽʜ 32 ʜʦ 63 % (55 %). 

 
ʈʠʩ. 2. ʊʠʧʦʚʽ ʣʽʪʦʣʦʛʽʯʥʽ 

ʪʘ ʣʽʪʤʦʣʦʛʽʯʥʽ ʨʦʟʨʽʟʠ 

ʢʝʨʣʝʫʪʩʴʢʦʾ ʪʦʚʱʽ ɸʟʦʚʦ-

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʦʩʘʜʦʚʦ-

ʧʦʨʦʜʥʦʛʦ ʙʘʩʝʡʥʫ, ʩʭʝʤʘ 

ʨʦʟʤʽʱʝʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʘ 

ʣʽʪʤʦʣʦʛʽʯʥʘ ʪʨʠʢʫʪʥʘ 

ʜʽʘʛʨʘʤʘ. 1 ï ʘʨʛʽʣʽʪʠ; 2 ï 

ʘʣʝʚʨʦʣʽʪʠ; 3 ï ʧʽʩʢʦʚʠʢʠ. 

ʂ1ïʂ4 ï ʢʣʘʩʪʦʛʝʥʥʽ ʧʘʯʢʠ, 

(ʟʘ ʇʣʘʭʦʪʥʠʤ, 1971). 
 

ʈʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ 

ʢʝʨʣʝʫʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ 

ʜʦʚʦʣʽ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʠʡ ʚ 

ʤʝʞʘʭ ʩʭʽʜʥʠʭ ʨʘʡʦʥʽʚ 

ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ ʪʘ 

ʟʘʭʽʜʥʠʭ ï ʂʝʨʯʝʥʩʴʢʦʛʦ 

ʧʽʚʦʩʪʨʦʚʘ ʅʘʪʦʤʽʩʪʴ ʚ 

ʤʝʞʘʭ ʮʝʥʪʨʘʣʴʥʠʭ ʨʘʡʦʥʽʚ 

ʂʝʨʯʝʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʪʘ 

ʘʢʚʘʪʦʨʽʾ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ 

ʜʘʥʽ ʫʪʚʦʨʝʥʥʷ ʚʠʚʯʝʥʽ 

ʬʨʘʛʤʝʥʪʘʨʥʦ. 

ʋ ʣʽʪʤʦʣʦʛʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʢʝʨʣʝʫʪʩʴʢʦʾ 

ʪʦʚʱʽ ʨʝʛʽʦʥʫ ʚʠʜʽʣʝʥʦ ʚʽʜ 

20 ʜʦ 84 ʣʽʪʤʽʪʽʚ ʟʤʽʰʘʥʦʛʦ 

(ɯɯɯ), ʘʣʝʚʨʦʣʽʪʦʚʦʛʦ (IVïV) 

ʪʘ ʛʣʠʥʠʩʪʦʛʦ (ʘʨʛʽʣʽʪʦʚʦʛʦ, VIïVII) ʧʦʣʽʚ, ʪʦʚʱʠʥʦʶ ʧʝʨʝʚʘʞʥʦ 20ï40 ʤ, ʧʦʦʜʠʥʦʢʽ ʜʦ 

200 ʤ (ʨʠʩ. 2). ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʜʦʤʽʥʫʶʪʴ ʛʣʠʥʠʩʪʽ ʣʽʪʤʽʪʠ, ʚʤʽʩʪ ʷʢʠʭ ʣʦʢʘʣʴʥʦ ʩʷʛʘʻ 93 

% ʨʦʟʨʽʟʫ, ʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʨʝʛʽʦʥʫ ʩʪʘʥʦʚʣʷʪʴ 54 %. ɿʤʽʰʘʥʽ ʪʘ ʘʣʝʚʨʦʣʽʪʦʚʽ ʣʽʪʤʽʪʠ 

ʚʽʜʤʽʯʘʶʪʴʩʷ ʧʦʩʪʽʡʥʦ ʚ ʧʨʠʙʣʠʟʥʦ ʚ ʦʜʥʘʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ï 22ï23 % ʘʣʝ 

ʣʦʢʘʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʚʽʜʽʛʨʘʶʪʴ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ. ʊʘʢ ʘʣʝʚʨʦʣʽʪʦʚʽ ʣʽʪʤʽʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʰʠʨʝʥʽ ʫ ʩʭʽʜʥʠʭ ʨʘʡʦʥʘʭ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ (ʧʽʚʥʽʯʥʠʡ ʪʘ ʟʘʭʽʜʥʠʡ 

ʙʦʨʪ ɯʥʜʦʣʴʩʴʢʦʾ ʜʝʧʨʝʩʽʾ) ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʚʝʨʭʥʴʦʢʝʨʣʝʫʪʩʴʢʦʛʦ ʨʦʟʨʽʟʫ 

ʮʝʥʪʨʘʣʴʥʠʭ ʨʘʡʦʥʽʚ ʂʝʨʯʝʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ (ʜʠʚ. ʨʠʩ. 2).  

ɺʠʩʥʦʚʢʠ. ɿôʷʩʦʚʘʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʚʽʢʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʽʪʦʣʦʛʦ-ʣʽʪʤʦʣʦʛʽʯʥʦʾ 

ʙʫʜʦʚʠ ʢʝʨʣʝʫʪʩʴʢʦʾ ʪʦʚʱʽ ʤʘʡʢʦʧʫ ɸʟʦʚʦ-ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʦʩʘʜʦʚʦ-ʧʦʨʦʜʥʦʛʦ 

ʙʘʩʝʡʥʫ. ɺʠʜʽʣʝʥʦ ʯʦʪʠʨʠ ʣʽʪʦʣʦʛʽʯʥʽ ʢʦʤʧʣʝʢʩʠ: ʧʽʱʘʥʦ-ʘʣʝʚʨʦʣʽʪʦʚʠʡ (ʢʣʘʩʪʦʛʝʥʽʚ 

ʧʦʥʘʜ 60 %); ʘʣʝʚʨʦʣʽʪʦʚʠʡ (50ï60 %); ʘʨʛʽʣʽʪʦ-ʘʣʝʚʨʦʣʽʪʦʚʠʡ (40ï60 %) ʪʘ ʘʨʛʽʣʽʪʦʚʠʡ 

(ʤʝʥʴʰʝ 40 %), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʟʘʤʽʱʝʥʥʷ ʚʽʜ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥ 
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ʜʦ ʜʝʧʦʮʝʥʪʨʽʚ ʜʝʧʨʝʩʽʾ. ɺʠʷʚʣʝʥʘ ʩʧʝʮʠʬʽʢʘ ʣʽʪʤʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʢʝʨʣʝʫʪʩʴʢʦʾ ʪʦʚʱʽ, 

ʨʦʟʨʽʟʠ ʷʢʦʾ ʩʢʣʘʜʝʥʽ 20ï84 ʣʽʪʤʽʪʘʤʠ ʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʟʦʥʘʣʴʥʦʛʦ ʪʘ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʰʠʨʝʥʥʷ, ʪʦʚʱʠʥʦʶ 20ï200 ʤ, ʘʣʝʚʨʦʣʽʪʦʚʦʛʦ (23 %), ʟʤʽʰʘʥʦʛʦ (22 %) ʪʘ 

ʛʣʠʥʠʩʪʦʛʦ (55 %) ʧʦʣʽʚ. ɺʠʦʢʨʝʤʣʝʥʦ ʜʝʢʽʣʴʢʘ ʨʽʚʥʽʚ ʨʦʟʚʠʪʢʫ ʨʽʟʥʦʨʘʥʛʦʚʠʭ 

ʘʣʝʚʨʦʣʽʪʦ-ʧʽʱʘʥʠʭ ʧʘʯʦʢ (ʂ1ïʂ2ïʂ3ïʂ4), ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʦʰʠʨʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

ɯʚʘʥʶʪʘ, ʄ. ʄ. (ʈʝʜ.). (1998). ɸʪʣʘʩ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ ʋʢʨʘʾʥʠ: ʊ. VI. ʇʽʚʜʝʥʥʠʡ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʝʛʽʦʥ. ʎʝʥʪʨ ɭʚʨʦʧʠ. 

ɻʥʽʜʝʮʴ, ɺ. ʇ., ɻʨʠʛʦʨʯʫʢ, ʂ. ɻ., ʂʦʭʘʥ, ʆ. ʄ., ʈʝʚʝʨ, ɸ. ʆ., ɹʘʣʘʥʜʶʢ, ʃ. ɺ. (2023). 

ʃʽʪʦʛʝʥʝʟ ʤʘʡʢʦʧʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʤʝʛʘʧʨʦʛʠʥʫ. 

http://iggcm.org.ua/wp-content/uploads/2023/12/ʃɯʊʆɻɽʅɽɿ ʄɸʁʂʆʇʉʔʂʀʍ-

ɺɯɼʂʃɸɼɯɺ.pdf 
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ʇʣʘʭʦʪʥʳʡ, ʃ. ɻ., ɻʨʠʛʦʨʴʝʚʘ, ɺ. ɸ., ɻʘʡʜʫʢ, ʀ. ʉ., ʈʦʤʦʚ, ɺ. ɹ., ʃʘʛʫʪʠʥ, ɸ. ɸ. (1971). 
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ʥʘ ʶʛʝ ʋʢʨʘʠʥʳ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, 4(31), 41ï51. 
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ɯʉʊʆʈɯʗ ʂɸʊɸɻɽʅɽɿʋ ʊɸ ʅɸʌʊʆɻɸɿʆʋʊɺʆʈɽʅʅʗ ʋ ɺɯɼʂʃɸɼɸʍ 
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The difference in the catagenesis regime of sedimentary formations in different parts of the 

Dobrudja foredeep has been established. These features determined the difference in the 

dynamics of naphthidogenesis: the main phase of oil and gas accumulation in the 

Tuzlivska depression is associated with the first, and in the Furmanivska-Primorska 

depression - with the second cycle of catagenesis. At the same time, in the first case, oil 

formation prevailed, and in the second - gas formation, and the main source of 

hydrocarbons was the Middle and Lower Devonian deposits, respectively. 

 

HISTORY OF CATAGENES IS AND OIL AND GAS FORMATION IN THE 

DEVONIAN DEPOSITS OF THE DOBRUDJA FOREDEEP 

 

Hnidec V.P., Hryhorchuk K.G., Koshil L.B., Yakovenko M.B. 

 

ɺʩʪʫʧ. ɺʽʜʢʣʘʜʠ ʜʝʚʦʥʫ ʇʝʨʝʜʜʦʙʨʫʜʟʴʢʦʛʦ ʧʨʦʛʠʥʫ ʧʝʨʤʘʥʝʥʪʥʦ ʚʠʢʣʠʢʘʶʪʴ 

ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʷʚʣʝʥʥʷʤ ʉʭʽʜʥʦʩʘʨʘʪʩʴʢʦʛʦ, 

ɾʦʚʪʦʷʨʩʴʢʦʛʦ, ʉʘʨʠʷʨʩʴʢʦʛʦ ʪʘ ɿʘʨʽʯʥʝʥʩʴʢʦʛʦ ʥʘʬʪʦʚʠʭ ʩʢʫʧʯʝʥʴ, ʘ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʯʠʩʣʝʥʥʠʭ ʧʨʦʷʚʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʰʣʷʭʠ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʋ ʨʦʙʦʪʘʭ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ (ɻʥʽʜʝʮʴ ʪʘ ʽʥ., 2024), ʙʫʣʠ 

ʚʠʚʯʝʥʽ ʣʽʪʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʟôʷʩʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʚʦʥʩʴʢʦʛʦ 

ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʪʦʚʱʽ ʧʝʨʝʜʫʩʽʤ ʚ ʘʩʧʝʢʪʽ 

ʧʦʰʠʨʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʚʫʛʣʝʚʦʜʥʽʚ (ɺɺ). ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʥʘʬʪʦʛʘʟʦʚʠʭ ʩʠʩʪʝʤ (ʅɻʉ) ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʞ ʦʩʪʘʥʥʽʭ ʩʪʘʥʦʚʠʪʴ 

ʚʘʞʣʠʚʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʄʝʪʦʶ 

ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟôʷʩʫʚʘʥʥʷ ʦʥʪʦʛʝʥʝʟʫ ʚʠʷʚʣʝʥʠʭ ʨʦʜʦʚʠʱ ʪʘ ʦʮʽʥʢʘ ʧʝʨʩʧʝʢʪʠʚ 

ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʇʝʨʝʜʜʦʙʨʫʜʟʴʢʦʛʦ ʧʨʦʛʠʥʫ ʚ ʮʽʣʦʤʫ ʥʘ ʦʩʥʦʚʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʥʘʬʪʦʛʘʟʦʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʬʪʦʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʫʪʚʦʨʝʥʥʷ ɺɺ, ʣʦʢʘʣʽʟʘʮʽʾ ʰʣʷʭʽʚ ʾʭ ʤʽʛʨʘʮʽʾ ʪʘ ʟʦʥ ʘʢʫʤʫʣʷʮʽʾ ˇʨʫʥʪʫʚʘʣʠʩʷ 

ʥʘ ʬʣʶʾʜʦʜʠʥʘʤʽʯʥʽʡ ʢʦʥʮʝʧʮʽʾ ʢʘʪʘʛʝʥʝʟʫ (ɻʨʠʛʦʨʯʫʢ, 2012).  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʬʪʦʛʘʟʦʤʘʪʝʨʠʥʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʫ 

ʇʝʨʝʜʜʦʙʨʫʜʟʴʢʦʤʫ ʧʨʦʛʠʥʽ ʩʣʫʛʫʚʘʣʠ ʫʪʚʦʨʝʥʥʷ ʨʦʟʽʚʩʴʢʦʾ ʽ ʢʦʯʫʣʽʡʩʴʢʦʾ ʩʚʽʪ 

ʥʠʞʥʴʦʛʦ, ʙʘʟʘʣʴʥʽ ʯʘʩʪʠʥʠ ʮʠʢʣʽʪʽʚ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ ʪʘ çʯʦʨʥʦʩʣʘʥʮʦʚʽè ʛʦʨʠʟʦʥʪʠ 

ʥʘ ʤʝʞʽ ʬʨʘʥʩʴʢʦʛʦ ʪʘ ʬʘʤʝʥʩʴʢʦʛʦ ʷʨʫʩʽʚ (ɻʥʽʜʝʮʴ ʪʘ ʽʥ., 2023). 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʅɻʉ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʽʩʪʦʨʽʾ ʢʘʪʘʛʝʥʝʟʫ ʪʘ ʣʽʪʦʬʣʶʾʜʦʜʠʥʘʤʽʢʠ ʦʩʘʜʦʚʠʭ ʥʘʰʘʨʫʚʘʥʴ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʪʘ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʨʘʡʦʥʽʚ ʇʝʨʝʜʜʦʙʨʫʜʟʴʢʦʛʦ ʧʨʦʛʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʩʝʚʜʦʩʚʝʨʜʣʦʚʠʥʠ ʧʦ ʜʝʧʦʮʝʥʪʨʘʭ ʊʫʟʣʽʚʩʴʢʦʾ (ɸ) ʪʘ ʌʫʨʤʘʥʽʚʩʴʢʦ-ʇʨʠʤʦʨʩʴʢʦʾ (ɹ) 

ʜʝʧʨʝʩʽʡ (ʈʠʩ. 1).  

ʈʝʞʠʤ ʢʘʪʘʛʝʥʝʟʫ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ ʊʫʟʣʽʚʩʴʢʦʾ ʪʘ ʌʫʨʤʘʥʽʚʩʴʢʦ-ʇʨʠʤʦʨʩʴʢʦʾ 

ʜʝʧʨʝʩʽʡ ʚʽʜʨʽʟʥʷʚʩʷ (ʈʠʩ. 1). ʊʘʢ, ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʷʚʠʣʦʩʷ ʜʚʘ ʮʠʢʣʠ 

ʢʘʪʘʛʝʥʝʟʫ: ʧʝʨʰʠʡ ʟʘʚʝʨʰʠʚʩʷ ʫ ʨʘʥʥʽʡ ʶʨʽ, ʜʨʫʛʠʡ ï ʨʘʥʥʽʡ ʢʨʝʡʜʽ. ʇʨʠ ʮʴʦʤʫ ʪʨʝʙʘ 

ʧʽʜʢʨʝʩʣʠʪʠ ʟʥʘʯʥʫ ʪʨʠʚʘʣʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʧʽʜʝʪʘʧʫ ʧʝʨʰʦʛʦ ʮʠʢʣʫ (ʩʝʨʝʜʥʽʡ ʢʘʨʙʦʥ-

ʨʘʥʥʷ ʶʨʘ). ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʬʽʢʩʫʻʪʴʩʷ ʪʨʠ ʮʠʢʣʠ, ʷʢʽ ʟʘʢʽʥʯʫʚʘʣʠʩʷ ʫ ʩʝʨʝʜʥʴʦʤʫ 
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ʢʘʨʙʦʥʽ, ʨʘʥʥʽʡ ʶʨʽ ʪʘ ʧʘʣʝʦʛʝʥʽ. ɿʥʘʯʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʘʢʪʠʚʥʦʛʦ ʧʽʜʝʪʘʧʫ ʚʽʜʨʽʟʥʷʚʩʷ 

ʪʨʝʪʽʡ ʮʠʢʣ (ʨʘʥʥʷ ʢʨʝʡʜʘ-ʧʘʣʝʦʛʝʥ). 

ʂʨʽʤ ʪʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʥʫʨʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʛʨʽʚʫ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ 

ʮʠʢʣʫ ʙʫʣʠ ʥʝʦʜʥʘʢʦʚʠʤʠ. ʊʘʢ, ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʠʥʫ ʰʚʠʜʢʽʩʪʴ 

ʦʩʘʜʦʚʦʛʦ ʧʦʨʦʜʦʫʪʚʦʨʝʥʥʷ ʩʪʘʥʦʚʠʣʘ 45ï60 ʤ/ʤʣʥ. ʨʦʢʽʚ, ʘ ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ï ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 30ï45 ʤ/ʤʣʥ. ʨʦʢʽʚ (ʈʠʩ. 2). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʛʝʥʝʨʫʶʯʠ ʧʘʯʢʠ ʜʦʩʷʛʣʠ ʛʨʘʜʘʮʽʡ ʢʘʪʘʛʝʥʝʟʫ ʄʂ2 (ʚʝʨʭʥʽʡ ʜʝʚʦʥ), ʄʂ3 (ʩʝʨʝʜʥʽʡ 

ʜʝʚʦʥ) ʪʘ ʄʂ4ïʄʂ5 (ʥʠʞʥʽʡ ʜʝʚʦʥ), ʘ ʚ ʜʨʫʛʦʤʫ ï ʣʠʰʝ ʇʂ, ʄʂ1 ʪʘ ʄʂ2, ʚʽʜʧʦʚʽʜʥʦ. ʋ 

ʇʨʠʤʦʨʩʴʢʦ-ʌʫʨʤʘʥʽʚʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ʧʦʜʽʙʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚʽʜʢʣʘʜʠ ʜʝʚʦʥʫ 

ʜʦʩʷʛʣʠ ʣʠʰʝ ʫ ʧʝʨʤ-ʨʘʥʥʴʦʶʨʩʴʢʠʡ ʯʘʩ (2-ʡ ʮʠʢʣ ʢʘʪʘʛʝʥʝʟʫ). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʦʜʝʣʽ ʧʝʨʽʦʜʠʟʘʮʽʾ 

ʢʘʪʘʛʝʥʝʟʫ ʫ ʧʩʝʚʜʦʩʚʝʨʜʣʦʚʠʥʘʭ. ɽʢʩʬʽʣʴʪʨʘʮʽʡʥʠʡ ʝʪʘʧ ʢʘʪʘʛʝʥʝʟʫ: 1 ï ʧʘʩʠʚʥʠʡ 

ʧʽʜʝʪʘʧ, 2 ï ʘʢʪʠʚʥʠʡ ʧʽʜʝʪʘʧ; 3 ï ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʠ; 4 ï ʨʝʛʽʦʥʘʣʴʥʽ ʟʦʥʠ 

ʨʦʟʫʱʽʣʴʥʝʥʥʷ. ʆʩʘʜʦʚʽ ʢʦʤʧʣʝʢʩʠ: 5 ï ʛʣʠʥʠʩʪʠʡ, ʟʙʘʛʘʯʝʥʠʡ ʆʈ, 6 ï ʪʝʨʠʛʝʥʥʠʡ, 7 ï 

ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʠʡ. 

 

ʆʪʞʝ, ʥʘʧʨʠʢʽʥʮʽ ʧʝʨʰʦʛʦ ʮʠʢʣʫ ʫ ʊʫʟʣʽʚʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ʩʢʣʘʣʠʩʷ ʩʧʨʠʷʪʣʠʚʽ 

ʫʤʦʚʠ ʜʣʷ ʤʘʩʰʪʘʙʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʤʽʛʨʘʮʽʾ ɺɺ, ʷʢʘ ʚʽʜʙʫʚʘʣʘʩʷ ʧʦ ʪʨʴʦʭ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʟʦʥʘʭ ʨʦʟʫʱʽʣʴʥʝʥʥʷ (ʜʠʚ. ʨʠʩ. 2). ʇʦ ʚʝʨʭʥʽʡ ï ʟ çʯʦʨʥʦʩʣʘʥʮʦʚʠʭè ʫʪʚʦʨʝʥʴ (ʬʨʘʥ-

ʬʘʤʝʥ) ʫ ʥʘʧʨʷʤʢʫ ʥʘ ʧʽʚʥʽʯ, ʧʽʚʜʝʥʴ ʪʘ ʟʘʭʽʜ ʥʘʜʭʦʜʠʣʠ ʥʝʚʝʣʠʢʽ ʧʦʨʮʽʾ ʛʘʟʫ ʨʘʥʥʴʦʾ 

ʛʝʥʝʨʘʮʽʾ. ʅʘʬʪʦʚʽ ɺɺ ʤʘʩʦʚʦ ʫʪʚʦʨʶʚʘʣʠʩʷ ʫ ʥʘʰʘʨʫʚʘʥʥʷʭ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ, ʟʚʽʜʢʠ 

ʧʝʨʝʤʽʱʫʚʘʣʠʩʷ ʫ ʪʝʨʠʛʝʥʥʽ ʚʽʜʢʣʘʜʠ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ (ʥʘ ʙʦʨʪʘʭ ʜʝʧʨʝʩʽʾ) ʪʘ ʫ 

ʧʨʠʧʽʜʦʰʦʚʥʫ ʯʘʩʪʠʥʫ ʝʡʬʝʣʴʩʴʢʠʭ ʫʪʚʦʨʝʥʴ (ʟʘʭʽʜʥʘ ʮʝʥʪʨʠʢʣʽʥʘʣʴ). ʇʦ ʥʠʞʥʽʡ ʟʦʥʽ 

ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʛʘʟʦʚʽ ɺɺ ʥʘʜʭʦʜʠʣʠ ʫ ʧʽʜʩʪʝʣʷʶʯʽ ʪʦʚʱʽ ʪʘ ʪʝʨʠʛʝʥʥʫ ʯʘʩʪʠʥʫ 

ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ ʟ ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʚ ʥʘʧʨʷʤʢʫ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʟʜʽʡʤʘʥʥʷ 

ʛʦʨʠʟʦʥʪʽʚ. 

ʋ ʌʫʨʤʘʥʽʚʩʴʢʦ-ʇʨʠʤʦʨʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ɺɺ ʬʣʶʾʜʠ ʪʘʢʦʞ ʧʝʨʝʤʽʱʫʚʘʣʠʩʷ ʧʦ 

ʪʨʴʦʭ ʟʦʥʘʭ ʨʦʟʫʱʽʣʴʥʝʥʥʷ. ʇʦ ʚʝʨʭʥʽʡ ʤʽʛʨʫʚʘʚ ʛʘʟ ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʷʢʠʡ ʫ ʟʘʭʽʜʥʦʤʫ 

ʪʘ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʥʘʜʭʦʜʠʚ ʛʦʣʦʚʥʦ ʫ ʪʝʨʠʛʝʥʥʫ ʪʦʚʱʫ ʥʠʞʥʴʦʛʦ, ʘ ʫ 

ʧʽʚʥʽʯʥʦʤʫ ï ʫ ʥʘʰʘʨʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ. ɿ çʯʦʨʥʦʩʣʘʥʮʦʚʠʭè ʫʪʚʦʨʝʥʴ 

ʦʩʪʘʥʥʴʦʛʦ ʧʦ ʜʚʦʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʦʥʘʭ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʥʝʚʝʣʠʢʽ ʧʦʨʮʽʾ ʥʘʬʪʦʚʠʭ ɺɺ 

ʧʦʩʪʫʧʘʣʠ ʧʝʨʝʚʘʞʥʦ ʫ ʧʽʜʩʪʝʣʷʶʯʠ ʚʽʜʢʣʘʜʠ ʪʘ ʯʘʩʪʢʦʚʦ ï ʪʝʨʠʛʝʥʥʫ ʯʘʩʪʠʥʫ 

ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ.  

ʋ ʧʝʨʤ-ʨʘʥʥʴʦʶʨʩʴʢʠʡ ʯʘʩ ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʝʛʽʦʥʫ ʧʨʦʜʦʚʞʫʚʘʚʩʷ 

ʘʢʪʠʚʥʠʡ ʧʽʜʝʪʘʧ ʧʝʨʰʦʛʦ ʮʠʢʣʫ ʢʘʪʘʛʝʥʝʟʫ ʽ ʪʨʠʚʘʣʠ ʧʨʦʮʝʩʠ ʤʽʛʨʘʮʽʾ ɺɺ ʧʦ ʟʛʘʜʘʥʠʭ 

ʟʦʥʘʭ ʨʦʟʫʱʽʣʴʥʝʥʥʷ. ɺʪʽʤ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʽʚ ʟʘʟʥʘʣʘ ʜʝʷʢʦʾ ʣʘʪʝʨʘʣʴʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʫʣʦ ʩʧʨʠʯʠʥʝʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʮʝʡ ʯʘʩ, 

ʱʦ ʬʽʢʩʫʻʪʴʩʷ ʤʽʥʣʠʚʽʩʪʶ ʪʦʚʱʠʥʠ ʧʝʨʤ-ʪʨʽʘʩʦʚʠʭ ʚʽʜʢʣʘʜʽʚ (ʚʽʜ 0 ʫ ʩʚ. 

ʉʭʽʜʥʦʩʘʨʘʪʩʴʢʘ-2 ʜʦ 643 ʤ ʫ ʩʚ. ɹʘʣʘʙʘʥʽʚʩʴʢʘ-1) (ʨʠʩ. 2). ʎʝ ʜʦʟʚʦʣʠʣʦ ʥʘʤʽʪʠʪʠ ʪʨʠ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʩʤʫʛʠ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʦʩʘʜʦʚʦʛʦ ʧʦʨʦʜʦʫʪʚʦʨʝʥʥʷ: ʮʝʥʪʨʘʣʴʥʘ ï ʤʝʥʰʝ 1 ʤ/ʤʣʥ.ʨ.; 

ʧʽʚʜʝʥʥʘ ï 1ï3 ʤ/ʤʣʥ.ʨ. ʪʘ ʧʽʚʥʽʯʥʘ ï ʙʽʣʴʰʝ 3 ʤ/ʤʣʥ.ʨ.. ʆʪʞʝ, ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʽ ʬʣʶʾʜʥʽ 

ʧʦʪʦʢʠ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʫʙʽʢ ʩʪʨʫʢʪʫʨ ʉʘʨʘʪʩʴʢʘ, ʉʭʽʜʥʦʩʘʨʘʪʩʴʢʘ, ʗʨʦʩʣʘʚʩʴʢʘ; ʤʝʥʰ 

ʤʘʩʰʪʘʙʥʘ ʤʽʛʨʘʮʽʷ ʚʽʜʙʫʚʘʣʘʩʷ ʫ ʧʽʚʜʝʥʥʦʤʫ ʪʘ ʦʩʦʙʣʠʚʦ ʧʽʚʥʽʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ.  

 

 
 

ʈʠʩ. 2. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʥʫʨʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʥʘ ʧʘʩʠʚʥʠʭ ʧʽʜʝʪʘʧʘʭ (ʘ) ʪʘ ʤʦʜʝʣʽ 

ʣʽʪʦʬʣʶʾʜʦʜʠʥʘʤʽʢʠ (ʙ) ʥʘ ʘʢʪʠʚʥʠʭ ʧʽʜʝʪʘʧʘʭ ʧʦʩʣʽʜʦʚʥʠʭ (ɯ, ɯɯ,ɯɯɯ ) ʮʠʢʣʘʭ 

ʢʘʪʘʛʝʥʝʟʫ: ʘ: 1 ï ʧʦʥʘʜ 45 ʤ/ʤʣʥ. ʨʦʢʽʚ, 2 ï 30ï45, 3 ï 15ï30, 4 ï ʤʝʥʰʝ 15. 5 ï 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ. 6 ï ʧʩʝʚʜʦʩʚʝʨʜʣʦʚʠʥʠ. 7 ï ʧʝʨʝʪʠʥʠ. ʙ: ʆʩʘʜʦʚʽ ʢʦʤʧʣʝʢʩʠ: 1 ï 

ʛʣʠʥʠʩʪʠʡ, ʟʙʘʛʘʯʝʥʠʡ ʆʈ, 2 ï ʪʝʨʠʛʝʥʥʠʡ, 3 ï ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʠʡ; 4 ï 

ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʠ; 5 ï ʨʝʛʽʦʥʘʣʴʥʽ ʟʦʥʠ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ; ʨʝʛʽʦʥʘʣʴʥʽ ʬʣʶʾʜʥʽ 

ʧʝʨʝʪʦʢʠ: 6 ï ʥʘʬʪʘ, 7 ï ʛʘʟ: ʘ ï ʨʘʥʥʴʦʾ, ʙ ï ʧʽʟʥʴʦʾ ʛʝʥʝʨʘʮʽʡ, 8 ï ʜʦʜʝʚʦʥʩʴʢʽ 

ʚʽʜʢʣʘʜʠ. 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʋ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʠʥʫ ʫ ʧʝʨʤʽ-ʨʘʥʥʽʡ ʶʨʽ ʧʨʦʷʚʠʚʩʷ ʜʨʫʛʠʡ ʮʠʢʣ 

ʢʘʪʘʛʝʥʝʟʫ, ʷʢʠʡ ʙʫʚ ʦʩʥʦʚʥʠʤ ʚ ʽʩʪʦʨʽʾ ʥʘʬʪʦʛʘʟʦʫʪʚʦʨʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʮʝʡ ʯʘʩ ʪʫʪ 

ʚʽʜʙʫʣʦʩʷ ʽʥʪʝʥʩʠʚʥʝ ʟʘʥʫʨʝʥʥʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʛʨʽʚ ʛʝʥʝʨʫʶʯʠʭ ʪʦʚʱ (ʜʠʚ. ʨʠʩ. 2). 

ʅʘ ʘʢʪʠʚʥʦʤʫ ʧʽʜʝʪʘʧʽ ʢʘʪʘʛʝʥʝʟʫ ʚʫʛʣʝʚʦʜʥʽ ʧʝʨʝʤʽʱʫʚʘʣʠʩʷ ʧʦ ʜʚʦʭ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʟʦʥʘʭ ʨʦʟʫʱʽʣʴʥʝʥʥʷ. ɺʝʨʭʥʷ ï ʜʨʝʥʫʚʘʣʘ ʛʝʥʝʨʫʶʯʽ ʧʘʯʢʠ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʚʝʨʭʥʴʦʛʦ 

ʜʝʚʦʥʫ. ʆʩʥʦʚʥʘ ʤʘʩʘ ɺɺ (ʥʘʬʪʦʚʘ ʬʘʟʘ) ʥʘʜʭʦʜʠʣʘ (ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ) ʫ 

ʪʝʨʠʛʝʥʥʫ ʯʘʩʪʠʥʫ ʚʽʜʢʣʘʜʽʚ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ ʟ ʧʦʜʘʣʴʰʠʤ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʤ 

ʧʝʨʝʤʽʱʝʥʥʷʤ. ʇʝʚʥʽ ʧʦʨʮʽʾ ʬʣʶʾʜʽʚ ʤʦʛʣʠ ʤʽʛʨʫʚʘʪʠ (ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ) 

ʫ ʥʘʰʘʨʫʚʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʜʝʚʦʥʫ ʪʘ ʥʠʞʥʴʦʛʦ. ʇʦ ʥʠʞʥʽʡ ʟʦʥʽ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʟ 

ʚʽʜʢʣʘʜʽʚ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ ʛʘʟʦʚʽ ɺɺ ʥʘʜʭʦʜʠʣʠ ʧʝʨʝʚʘʞʥʦ ʫ ʧʽʜʩʪʝʣʷʶʯʠ ʫʪʚʦʨʝʥʥʷ 

(ʛʦʣʦʚʥʦ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ). 

ʊʨʝʪʽʡ (ʌʫʨʤʘʥʽʚʩʴʢʦ-ʇʨʠʤʦʨʩʴʢʘ ʜʝʧʨʝʩʽʷ) ʪʘ ʜʨʫʛʠʡ (ʊʫʟʣʽʚʩʴʢʘ ʜʝʧʨʝʩʽʷ) 

ʮʠʢʣʠ ʢʘʪʘʛʝʥʝʟʫ ʨʦʟʧʦʯʘʣʠʩʷ ʫ ʩʝʨʝʜʥʽʡ ʶʨʽ. ɺʦʥʠ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʚʽʜʨʽʟʥʷʣʠʩʷ 

ʪʨʠʚʘʣʽʩʪʶ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʘʥʫʨʝʥʥʷ: ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʮʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʠ 

ʙʽʣʴʰʠʤʠ. 

ʋ ʊʫʟʣʽʚʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ʧʝʚʥʽ ʧʦʨʮʽʾ ɺɺ ʤʽʛʨʫʚʘʣʠ ʧʦ ʜʚʦʭ ʟʦʥʘʭ ʨʦʟʫʱʽʣʴʥʝʥʥʷ 

(ʈʠʩ. 2). ʆʙôʻʤʠ ʬʣʶʾʜʽʚ ʙʫʣʠ ʥʝʟʥʘʯʥʠʤʠ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʚʝʣʠʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʥʫʨʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʟʥʘʯʥʫ ʘʢʫʤʫʣʷʮʽʶ ʣʽʪʦʬʣʶʾʜʥʦʾ ʝʥʝʨʛʽʾ. ʇʦ ʚʝʨʭʥʽʡ ʟʦʥʽ 

ʤʽʛʨʫʚʘʣʠ ʥʘʬʪʦʚʽ ɺɺ ʟ ʚʽʜʢʣʘʜʽʚ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʯʘʩʪʢʦʚʦ ʚʝʨʭʥʴʦʛʦ ʜʝʚʦʥʫ. ʇʨʠ ʮʴʦʤʫ 

ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ɺɺ ʙʫʣʘ ʥʝʟʥʘʯʥʦʶ ʽ ʧʦʩʪʫʧʘʣʠ 

ʚʦʥʠ ʧʝʨʝʚʘʞʥʦ ʫ ʚʽʜʢʣʘʜʠ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ. ʋ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʪʘ ʧʽʚʜʝʥʥʦ-

ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʦʙôʻʤʠ ʬʣʶʾʜʽʚ ʙʫʣʠ ʙʽʣʴʰʠʤʠ ʽ ʤʽʛʨʫʚʘʣʠ ʚʦʥʠ ʫ ʥʘʰʘʨʫʚʘʥʥʷ 

ʥʠʞʥʴʦʛʦ ʪʘ ʯʘʩʪʢʦʚʦ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ. 

ʇʦ ʥʠʞʥʽʡ ʟʦʥʽ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʟʘʭʽʜʥʦʾ ʮʝʥʪʨʠʢʣʽʥʘʣʽ ʜʝʧʨʝʩʽʾ 

ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʧʦʪʽʢ ʛʘʟʦʚʠʭ ɺɺ, ʷʢʽ ʫʪʚʦʨʶʚʘʣʠʩʷ ʫ ʛʝʥʝʨʫʶʯʠʭ ʧʘʯʢʘʭ 

ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ ʽ ʥʘʜʭʦʜʠʣʠ ʫ ʡʦʛʦ ʪʝʨʠʛʝʥʥʫ ʪʦʚʱʫ. ʅʘʪʦʤʽʩʪʴ ʚʙʽʢ ʙʦʨʪʽʚ ï 

ʽʩʥʫʚʘʣʘ ʤʽʛʨʘʮʽʷ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʛʘʟʫ ʟ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ ʫ ʧʽʜʩʪʝʣʷʶʯʠ ʚʽʜʢʣʘʜʠ. 

ʋ ʌʫʨʤʘʥʽʚʩʴʢʦ-ʇʨʠʤʦʨʩʴʢʽʡ ʜʝʧʨʝʩʽʾ çʧʨʘʮʶʚʘʣʘè ʣʠʰʝ ʥʠʞʥʷ ʟʦʥʘ 

ʨʦʟʫʱʽʣʴʥʝʥʥʷ, ʧʦ ʷʢʽʡ ʤʽʛʨʫʚʘʚ ʛʘʟ ʷʢ ʚ ʪʝʨʠʛʝʥʥʽ ʧʘʯʢʠ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ, ʪʘʢ ʽ 

ʧʽʜʩʪʝʣʷʶʯʠ ʫʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʫ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʝʧʨʝʩʽʾ ʽʩʥʫʚʘʚ ʱʝ ʡ ʟʫʩʪʨʽʯʥʠʡ 

ʧʦʪʽʢ ʟ ʩʝʨʝʜʥʴʦʜʝʚʦʥʩʴʢʠʭ ʥʘʰʘʨʫʚʘʥʴ ʜʝʧʦʮʝʥʪʨʫ. ʋ ʧʦʜʘʣʴʰʦʤʫ ɺɺ ʤʽʛʨʫʚʘʣʠ ʟʘ 

ʟʜʽʡʤʘʥʥʷʤ ʧʨʦʥʠʢʥʠʭ ʛʦʨʠʟʦʥʪʽʚ.  

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʽʜʤʽʥʥʽʩʪʴ ʨʝʞʠʤʫ ʢʘʪʘʛʝʥʝʟʫ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ ʫ 
ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʇʝʨʝʜʜʦʙʨʫʜʟʴʢʦʛʦ ʧʨʦʛʠʥʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʩʥʦʚʥʘ ʬʘʟʘ 

ʥʘʬʪʦʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʫ ʊʫʟʣʽʚʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ʧʦʚôʷʟʘʥʘ ʟ ʧʝʨʰʠʤ, ʘ ʫ ʌʫʨʤʘʥʽʚʩʴʢʦ-

ʇʨʠʤʦʨʩʴʢʽʡ ï ʜʨʫʛʠʤ ʮʠʢʣʦʤ ʢʘʪʘʛʝʥʝʟʫ. ʇʨʠ ʮʴʦʤʫ, ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʘʞʘʣʦ 

ʥʘʬʪʦ-, ʘ ʚ ʜʨʫʛʦʤʫ ï ʛʘʟʦʫʪʚʦʨʝʥʥʷ, ʘ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ɺɺ ʩʣʫʛʫʚʘʣʠ ʚʽʜʢʣʘʜʠ 

ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ, ʚʽʜʧʦʚʽʜʥʦ. 
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Information is provided on the chemical composition of ilmenite from continental deposits 

of the Aptian-Lower Albian Andriyivskyi and Birzulivskyi phosphate-titanium ore deposits. 

Maps showing the distribution of ilmenite with different oxide contents in continental 

deposits are presented. Ilmenite from redeposited kaolins is less altered than that from 

sandy deposits. Within the Birzulivskyi deposit, the proportion of ilmenite with a significant 

degree of alteration is greater than within the Andriyivskyi deposit. 

 

LATERAL DISTRIBUTION OF ILMENITE WITH DIFFERENT OXIDE 

CONTENTS IN THE APT -LOWER ALBIAN DEPOSITS OF THE ANDR IYI VSKYI  

AND BYRZULIVSKY I  DEPOSITS OF PHOSPHATE-TITANIUM ORES  

 

Kovalchuk M.S., Kroshko Yu.V. 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʷʢʦʩʪʽ ʧʽʛʤʝʥʪʥʦʛʦ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʚʽʜ 

ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʽʣʴʤʝʥʽʪʫ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʚʽʜʦʤʠʭ ʨʦʜʦʚʠʱʘʭ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʽ 

ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʽʚ ʥʘ ʧʦʯʘʪʢʫ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʽ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ [4, 5]. ʊʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟôʷʩʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʝ ʧʦʰʠʨʝʥʥʷ 

ʽʣʴʤʝʥʽʪʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʪʘ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʟʤʽʥʝʥʦʩʪʽ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʬʦʨʤʘʮʽʡʥʽʡ ʦʜʠʥʠʮʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʥʝʨʘʣʫ ʧʣʦʱ ʜʝʥʫʜʘʮʽʾ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʜʣʷ ʧʦʰʫʢʫ ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʟʩʠʧʽʚ ʫ 

ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʽ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʛʘʙʨʦ-

ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚʠʦʢʨʝʤʣʝʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʤʘʩʰʪʘʙʫ 

1 :50 000 (ɻ.ʄ. ʂʘʨʧʦʚ,1963 ʨ.; ɺ.ɻ. ɿʣʦʙʝʥʢʦ, 1963, 1966 ʨʨ.). ʇʦʰʫʢʠ ʽʣʴʤʝʥʽʪʦʚʠʭ 

ʨʦʟʩʠʧʽʚ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ ʚ ʤʝʞʘʭ ʃʝʙʝʜʠʥ-ɹʘʣʘʢʣʽʡʩʴʢʦʾ ʜʝʧʨʝʩʽʾ ʪʘ 

ʚʽʜʢʨʠʪʪʷ ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚʠʢʦʥʘʥʦ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʄ.ʉ. ʌʝʜʦʨʝʥʢʘ (1969ï

1970 ʨʨ). ɸʥʜʨʽʾʚʩʴʢʘ ʜʽʣʷʥʢʘ ʪʘ ɹʠʨʟʫʣʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ɺ.ɯ. ʉʢʦʨʦʙʘʯ ʧʨʦʪʷʛʦʤ 1971ï1973 pp. ʋ 1974 ʨ. ʄ.ʄ. ʂʘʣʴʥʘʷ, ʃ.ʉ. 

ɻʘʣʝʮʴʢʠʡ, ɸ.ʄ. ɿʘʡʮʝʚʘ ʜʦʩʣʽʜʠʣʠ ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ ʧʽʛʤʝʥʪʥʦʛʦ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʚʽʜ 

ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʽʣʴʤʝʥʽʪʫ. ʇʨʦʪʷʛʦʤ 1974ï1976 pp. ʨʦʙʦʪʘʤʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɺ.ɯ. 

ʉʢʦʨʦʙʘʯ, ɺ.ɻ. ʂʘʨʤʘʟʝʥʢʦ ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢʦʚʦ-ʦʮʽʥʦʯʥʽ ʨʦʙʦʪʠ ʥʘ ɸʥʜʨʽʾʚʩʴʢʽʡ 

ʜʽʣʷʥʮʽ ʪʘ ʧʦʧʝʨʝʜʥʶ ʨʦʟʚʽʜʢʫ ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʋ 1993 ʨ. ʄ.ʉ. ʂʦʚʘʣʴʯʫʢ 

ʫʟʘʛʘʣʴʥʠʚ ʜʘʥʽ ʱʦʜʦ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʤʝʞʘʭ 

ʃʝʙʝʜʠʥ-ɹʘʣʘʢʣʽʡʩʴʢʦʾ ʧʘʣʝʦʜʦʣʠʥʠ. ʋ 2006 ʨ. ʈʦʟʩʠʧʥʝ ɹʠʨʟʫʣʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ 

ʜʝʪʘʣʴʥʦ ʨʦʟʚʽʜʘʥʦ ʫ 2006 ʨ. ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɯ.ʉ. ɼʫʰʝʥʢʦ. ɼʝʪʘʣʴʥʝ ʡʦʛʦ ʛʝʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʄ.ʄ. ʃʝʚʯʝʥʢʦ (2009ï2012 ʨʨ.) ʽ ʅ. ʐʘʬʨʘʥʩʴʢʦʶ 

(2016 ʨ.). ɿ 2016 ʨ. ɸʥʜʨʽʾʚʩʴʢʝ ʽ ɹʠʨʟʫʣʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʘʚʪʦʨʘʤʠ 

ʧʫʙʣʽʢʘʮʽʾ.  

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ 

ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʚʪʦʨʽʚ ʱʦʜʦ ʨʫʜʦʥʦʩʥʦʩʪʽ ɸʥʜʨʽʾʚʩʴʢʦʛʦ ʪʘ 

ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʽʣʴʤʝʥʽʪʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ 

ʦʢʩʠʜʽʚ ʫ ʤʝʞʘʭ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ (ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2024), ɸʚʨʘʤʽʚʩʴʢʦʛʦ, ɿʘʭʽʜʥʦʛʦ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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(ʂʨʦʰʢʦ, ʂʦʚʘʣʴʯʫʢ, 2025, ʘ), ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ (ʂʨʦʰʢʦ, ʂʦʚʘʣʴʯʫʢ, 2025, ʙ) ʨʦʜʦʚʠʱ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ. ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʷʢʦʩʪʽ ʽʣʴʤʝʥʽʪʫ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟ 

ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ, ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʦʨʜʠʥʘʪʠ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽʣʴʤʝʥʽʪʫ. ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ ʟʜʽʡʩʥʝʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ Golden Software Surfer, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʽʣʴʤʝʥʽʪʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʪʘ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʟʤʽʥʝʥʦʩʪʽ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʘʧʪʫ-ʥʠʞʥʴʦʛʦ 

ʘʣʴʙʫ ɸʥʜʨʽʾʚʩʴʢʦʛʦ ʽ ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʣʶʚʽʘʣʴʥʠʤʠ ʽ 

ʜʝʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʷʢʽ ʟ ʨʦʟʤʠʚʦʤ ʟʘʣʷʛʘʶʪʴ ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʚ ʤʝʞʘʭ ʪʝʢʪʦʥʽʯʥʦ-ʝʨʦʟʽʡʥʦʾ ʧʘʣʝʦʜʦʣʠʥʠ. ʂʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʙʫʣʘ ʜʞʝʨʝʣʦʤ ʽʣʴʤʝʥʽʪʫ ʽ ʧʣʦʪʠʢʦʤ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ. 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʤʠ ʢʘʦʣʽʥʘʤʠ ʽ ʧʽʩʢʘʤʠ 

ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ, ʢʘʦʣʽʥʠʩʪʠʤʠ. 

ɺʤʽʩʪ ʦʢʩʠʜʽʚ (%) ʚ ʽʣʴʤʝʥʽʪʽ ʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʘʧʪʫ-ʥʠʞʥʴʦʛʦ ʘʣʴʙʫ 

ɸʥʜʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘʢʠʡ : TiO2 ï 44,71ï56,2; FeO ï 24,2ï35,75; Fe2O3 ï 8,53ï

21,78; FeO/Fe2O3 ï 1,11ï4,15; V2O5 ï 0,11ï0,17; P2O5 ï 0,017ï0,10; Cr2O3 ï 0,023ï0,027. 

ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʣʴʤʝʥʽʪʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʚ ʘʧʪ-ʥʠʞʥʴʦʘʣʴʙʩʴʢʠʭ 

ʚʽʜʢʣʘʜʘʭ ɸʥʜʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.  

ɺʤʽʩʪ ʦʢʩʠʜʽʚ (%) ʚ ʽʣʴʤʝʥʽʪʽ ʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʘʧʪʫ-ʥʠʞʥʴʦʛʦ ʘʣʴʙʫ 

ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘʢʠʡ : TiO2 ï 47,02ï66,11; FeO ï 3,48ï43,58; Fe2O3 ï 2,96ï

28,61; FeO/Fe2O3 ï 0,13ï14,72; V2O5 ï 0,011ï0,24; P2O5 ï 0,016ï0,15; Cr2O3 ï 0,002ï0,032. 

ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʣʴʤʝʥʽʪʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʚ ʘʧʪ-ʥʠʞʥʴʦʘʣʴʙʩʴʢʠʭ 

ʚʽʜʢʣʘʜʘʭ ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

ɼʽʣʷʥʢʠ ʧʦʰʠʨʝʥʥʷ ʽʣʴʤʝʥʽʪʫ ʟʽ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ Fe2O3, ʥʝʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ FeO 

ʽ ʥʘʡʤʝʥʰʠʤ ʚʽʜʥʦʰʝʥʥʷʤ FeO/Fe2O3 ʧʨʦʩʪʦʨʦʚʦ ʟʙʽʛʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʦʙʦʭ ʨʦʜʦʚʠʱ. 

ɺʠʩʥʦʚʢʠ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʣʴʤʝʥʽʪʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ 

ʦʢʩʠʜʽʚ ʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʘʧʪʫ-ʥʠʞʥʴʦʛʦ ʘʣʴʙʫ ɸʥʜʨʽʾʚʩʴʢʦʛʦ ʽ 

ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʦʙʫʤʦʚʣʝʥʽ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʤʽʥʝʨʘʣʫ ʪʘ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷʤ ʚ 

ʝʣʶʚʽʾ, ʬʘʮʽʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚ ʨʘʥʥʴʦʢʨʝʡʜʦʚʫ ʝʧʦʭʫ ʪʘ 

ʟʤʽʥʝʥʥʷʤ ʤʽʥʝʨʘʣʫ ʧʨʦʪʷʛʦʤ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽʣʴʤʝʥʽʪʫ ʟ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʨʦʜʦʚʠʱ ʧʦʜʽʙʥʠʡ, ʦʜʥʘʢ ʚ ʤʝʞʘʭ ɹʠʨʟʫʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

ʯʘʩʪʢʘ ʟʤʽʥʝʥʦʛʦ ʝʢʟʦʛʝʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽʣʴʤʝʥʽʪʫ ʙʽʣʴʰʘ, ʘʥʽʞ ʚ ʤʝʞʘʭ 

ɸʥʜʨʽʾʚʩʴʢʦʛʦ. ʊʫʪ, ʧʦʨʷʜ ʟ ʤʘʡʞʝ ʥʝʟʤʽʥʝʥʠʤ ʽʣʴʤʝʥʽʪʦʤ ʧʨʠʩʫʪʥʽ ʟʝʨʥʘ ʽʣʴʤʝʥʽʪʫ ʟʽ 

ʟʥʘʯʥʠʤ ʩʪʫʧʝʥʝʤ ʟʤʽʥʝʥʦʩʪʽ. ɺʤʽʩʪ ʚ ʽʣʴʤʝʥʽʪʽ Cr2O3 ï ʥʝʟʥʘʯʥʠʡ. ɯʣʴʤʝʥʽʪ ʟ 

ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʽʚ ʤʝʥʰ ʟʤʽʥʝʥʠʡ, ʘʥʽʞ ʽʣʴʤʝʥʽʪ ʟ ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʽ ʪʨʠʚʘʣʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʽʣʴʤʝʥʽʪʫ ʚ ʧʽʱʘʥʠʭ 

ʫʪʚʦʨʝʥʥʷʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʤʠ ʢʘʦʣʽʥʘʤʠ. 
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The ore bearing capacity of the weathering crust, continental deposits of the Lower 

Cretaceous and coastal-marine deposits of the Upper Cretaceous within the Serednya 

section of the Mezhyrichne deposit is briefly characterized. Attention is focused on the 

Lower Cretaceous continental deposits of the Irshanska suite. Based on the attribute base 

for these deposits, maps were created (isogypsum maps of the sole and surface of the 

deposits, isopachite thickness map, map of the average ilmenite content). 

 

CONTINENTAL DEPOSITS OF THE IRSHAN SKA SUITE IN THE SECTION 

SEREDNYA OF THE MEZH YRICHNE DEPOSIT  AND THEIR ORE CONTENT  

 

Kovalchuk M.S., Figura L.A. 

 

ɺʩʪʫʧ. ʋ ʤʝʞʘʭ ɺʦʣʠʥʩʴʢʦʛʦ ʮʠʨʢʦʥʽʡ-ʪʠʪʘʥʦʚʦʨʫʜʥʦʛʦ ʨʘʡʦʥʫ ʧʦʰʠʨʝʥʽ 

ʝʥʜʦʛʝʥʥʽ (ʘʧʘʪʠʪ-ʽʣʴʤʝʥʽʪʦʚʽ, ʘʧʘʪʠʪ-ʽʣʴʤʝʥʽʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʽ), ʝʣʶʚʽʘʣʴʥʽ (ʘʧʘʪʠʪ-

ʽʣʴʤʝʥʽʪʦʚʽ, ʽʣʴʤʝʥʽʪʦʚʽ) ʽ ʨʦʟʩʠʧʥʽ ʨʦʜʦʚʠʱʘ (ʮʠʨʢʦʥʽʡ-ʪʠʪʘʥʦʚʠʭ ʤʽʥʝʨʘʣʽʚ ʟ 

ʘʧʘʪʠʪʦʤ) ʟʜʝʙʽʣʴʰʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʫ. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʨʦʟʚʽʜʘʥʠʭ ï 

ʄʝʞʠʨʽʯʥʝ ʨʦʜʦʚʠʱʝ ʽʣʴʤʝʥʽʪʫ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧôʷʪʠ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ: ʆʩʠʥʦʚʦʾ, ʖʨʩʴʢʦʾ, ʉʝʨʝʜʥʴʦʾ, ɭʤʠʣʽʚʩʴʢʦʾ ʪʘ ɹʫʢʽʥʩʴʢʦʾ (ʌʽʛʫʨʘ, 

ʂʦʚʘʣʴʯʫʢ, 2023-ʙ). ɽʢʩʧʣʫʘʪʘʮʽʷ ʨʦʜʦʚʠʱʘ ʧʦʯʘʣʘʩʷ ʫ 2001 ʨʦʮʽ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʚʽʜʧʨʘʮʴʦʚʫʶʪʴʩʷ ʟʘʧʘʩʠ ʖʨʩʴʢʦʾ ʜʽʣʷʥʢʠ; ʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ɭʤʠʣʽʚʩʴʢʦʾ ʪʘ ʉʝʨʝʜʥʴʦʾ 

ʜʽʣʷʥʦʢ ʚʽʜʧʨʘʮʴʦʚʘʥʽ, ʘ ʟʘʧʘʩʠ ɹʫʢʽʥʩʴʢʦʾ ʪʘ ʆʩʠʥʦʚʦʾ ï ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʝʟʝʨʚʽ (ʌʽʛʫʨʘ, 

ʂʦʚʘʣʴʯʫʢ, 2022). ʄʘʢʩʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʘʙʨʦ-ʧʝʨʠʜʦʪʠʪʽʚ ʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʦʣʽʚʽʥʦʚʦʛʦ ʛʘʙʨʦ. ʈʫʜʥʝ ʪʽʣʦ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʩʢʣʘʜʝʥʝ ʢʘʦʣʽʥʽʪʦʤ, ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʤ, ʛʽʜʨʦʩʣʶʜʘʤʠ; ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʧʨʦʬʽʣʶ ʧʨʠʩʫʪʥʽ ʥʝʧʦʚʥʽʩʪʶ ʨʦʟʢʣʘʜʝʥʽ ʧʦʨʦʜʦʫʪʚʦʨʶʚʘʣʴʥʽ ʪʘ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʤʝʞʘʭ 

ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ï 721,8 ʢʛ/ʤ3 (ʅʝʩʪʝʨʝʥʢʦ, 2018). ʊʫʪ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚʽʜʥʝʩʝʥʘ 

ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ. ʇʦʚʩʶʜʥʦ ʚ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʧʨʦʜʫʢʪʠʚʥʘ ʪʦʚʱʘ ʩʢʣʘʜʝʥʘ 

ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʤʠ ʜʝʣʶʚʽʘʣʴʥʦ-ʘʣʶʚʽʘʣʴʥʠʤʠ, ʘʣʶʚʽʘʣʴʥʠʤʠ ʽ ʦʟʝʨʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ 

ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʷʢʘ ʚ ʣʽʪʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʽʩʢʘʤʠ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ 

ʢʘʦʣʽʥʠʩʪʠʤʠ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʤʠ ʢʘʦʣʽʥʘʤʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʟʘʧʽʩʦʯʝʥʦʩʪʽ. ʂʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʻ ʧʣʦʪʠʢʦʤ ʜʣʷ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʷʢʽ ʚʠʧʦʚʥʶʶʪʴ ʜʘʚʥʽ ʪʝʢʪʦʥʽʯʥʦ-ʝʨʦʟʽʡʥʽ ʜʦʣʠʥʠ. 

ʏʘʩʪʢʦʚʦ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ ʚʽʜʥʦʩʷʪʴ ʚʽʜʢʣʘʜʠ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ ʪʫʨʦʥʩʴʢʦʛʦ ʷʨʫʩʫ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ, ʪʘ ʜʫʞʝ ʨʽʜʢʽʩʥʦ ï 

ʫʪʚʦʨʝʥʥʷ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʫʞʝ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʽ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ. ʈʫʜʦʥʦʩʥʽʩʪʴ ʆʩʠʥʦʚʦʾ, ʖʨʩʴʢʦʾ ʽ ɹʫʢʠʥʩʴʢʦʾ, ɭʤʠʣʽʚʩʴʢʦʾ 

ʜʽʣʷʥʦʢ ʥʘʤʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ (ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022, 2023-

ʘ, 2023-ʙ, 2025 ï ʫ ʜʨʫʮʽ). ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʣʽʩʥʦʾ ʢʘʨʪʠʥʠ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽ 

ʨʫʜʦʥʦʩʥʦʩʪʽ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ, ʫ ʮʽʡ ʧʫʙʣʽʢʘʮʽʾ ʧʦʜʘʥʦ ʢʦʨʦʪʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ, 

ʥʘ ʚʽʜʩʪʘʥʽ 0,3 ʢʤ ʚʽʜ ʧʽʚʥʽʯʥʦʾ ʦʢʦʣʠʮʽ ʩ. ɭʤʠʣʽʚʢʘ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʄʝʞʠʨʽʯʥʝ ʨʦʜʦʚʠʱʝ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ɾʠʪʦʤʠʨʩʴʢʦʶ ʝʢʩʧʝʜʠʮʽʻʶ ʚ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ 1953ï1958 ʨʨ. ʋʧʨʦʜʦʚʞ 1971ï1975 ʨʨ. ʚ 

ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ ɯʨʰʠʥʩʴʢʠʤ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʤ ʢʦʤʙʽʥʘʪʦʤ ʧʨʦʚʝʜʝʥʦ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ. ʋ ʧʝʨʽʦʜ ʟ 1988 ʨ. ʧʦ 1989 ʨ. ʫ ʤʝʞʘʭ ʉʝʨʝʜʥʴʦʾ ʜʽʣʷʥʢʠ 

ʧʨʦʚʝʜʝʥʘ ʜʦʨʦʟʚʽʜʢʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ ʢʘʨʪʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʠ ʛʝʦʣʦʛʽʯʥʫ 

ʙʫʜʦʚʫ ʪʘ ʟôʷʩʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʣʴʤʝʥʽʪʚʤʽʩʥʠʭ ʚʽʜʢʣʘʜʽʚ. ɿ 1995 ʨʦʢʫ ʥʘ 

ʄʝʞʠʨʽʯʥʦʤʫ ʨʦʜʦʚʠʱʽ ʧʨʦʚʦʜʠʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʙʫʨʽʥʥʷ. ʋ 2015 ʨʦʮʽ ʦʪʨʠʤʘʥʦ 

ʉʧʝʮʽʘʣʴʥʠʡ ʜʦʟʚʽʣ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʟ ʤʝʪʦʶ 

ʚʠʜʦʙʫʚʘʥʥʷ ʪʠʪʘʥʦʚʠʭ ʨʫʜ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʪʘ ʧʽʩʢʫ. ʋ 2017 

ʨʦʮʽ ʧʨʦʚʝʜʝʥʘ ʧʦʚʪʦʨʥʘ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʟʘʣʠʰʢʫ ycix ʚʠʷʚʣʝʥʠʭ ʟʘʧʘʩʽʚ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʄʝʞʠʨiʯʥʦʛʦ ʨʦʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʡ ʥʘ ʉʝʨʝʜʥʽʡ ʜʽʣʷʥʮʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʙʫʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʨʦʜʦʚʠʱʘ, ʤʦʨʬʦʣʦʛʽʷ 

ʨʫʜʥʠʭ ʪʽʣ; ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʫʜ ʟʘ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʪʠʧʘʤʠ; ʪʝʭʥʦʣʦʛʽʾ ʟʙʘʛʘʯʝʥʥʷ ʨʫʜ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʤʠʩʣʦʚʦʾ ʧʝʨʝʨʦʙʢʠ 

ʢʦʥʮʝʥʪʨʘʪʽʚ; ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ, ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʽʨʥʠʯʦʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʨʦʟʨʦʙʢʠ 

ʨʦʜʦʚʠʱʘ; ʦʮʽʥʝʥʦ ʚʧʣʠʚ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ ʥʘ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; ʚʠʩʚʽʪʣʝʥʘ ʤʝʪʦʜʠʢʘ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʇʨʦʩʪʦʨʦʚʝ ʧʦʰʠʨʝʥʥʷ 

ʨʫʜʦʥʦʩʥʦʩʪʽ ʚ ʤʝʞʘʭ ʆʩʠʥʦʚʦʾ (ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022), ʖʨʩʴʢʦʾ (ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 

2023-ʘ), ɹʫʢʽʥʩʴʢʦʾ (ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2023-ʙ), ɭʤʠʣʽʚʩʴʢʦʾ (ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2025 ï 

ʫ ʜʨʫʮʽ) ʜʽʣʷʥʦʢ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʥʘʤʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ.  

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ 

ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʚʪʦʨʽʚ ʟʽ ʩʪʨʫʢʪʫʨʥʦ-ʣʽʪʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʨʢʦʥ-ʽʣʤɹʝʥʽʪʦʚʠʭ ʨʦʟʩʠʧʽʚ, ʟʦʢʨʝʤʘ ʡ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʄʝʞʠʨʽʯʥʦʛʦ 

ʨʦʜʦʚʠʱʘ. ʌʘʢʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ ʙʫʣʠ ʚʠʨʦʙʥʠʯʽ 

ʟʚʽʪʠ. ɿʦʢʨʝʤʘ ʟʚʽʪ ʅʝʩʪʝʨʝʥʢʦ ʊ. (ʂʨʠʚʠʡ ʈʽʛ, 2018) çʇʦʚʪʦʨʥʘ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʘ 

ʦʮʽʥʢʘ ʟʘʧʘʩʽʚ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʦʚʠʭ ʨʫʜ (ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ, ɽʤʽʣʽʚʩʴʢʘ, 

ʖʨʩʴʢʘ, ʆʩʠʥʦʚʘ ʪʘ ɹʫʢʠʥʩʴʢʘ)è ʙʫʚ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʪʨʠʙʫʪʠʚʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 

ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʟʜʽʡʩʥʝʥʦ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ. ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʟʘʙʝʟʧʝʯʝʥʥʷʭ Golden Software Strater, 

Golden Software Surfer. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ.  
ʅʘ ʦʩʥʦʚʽ ʘʪʨʠʙʫʪʠʚʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʥʘʤʠ ʩʪʚʦʨʝʥʦ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʣʴʻʬ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ, ʪʦʚʱʠʥʫ ʽ ʣʘʪʝʨʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ, 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ, ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʚʝʨʭʥʴʦʾ 

ʢʨʝʡʜʠ ʪʘ ʚ ʧʦʨʦʜʘʭ ʨʦʟʢʨʠʚʫ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʜʽʘʛʥʦʩʪʦʚʘʥʦ 

(ʅʝʩʪʝʨʝʥʢʦ, 2018): ʫ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ (265,6 ʢʛ/ʤ3); ʫ ʜʝʣʶʚʽʘʣʴʥʠʭ ʛʨʘʚʽʡʥʦ-

ʛʘʣʴʢʦʚʠʭ ʧʽʱʘʥʠʩʪʠʭ ʢʘʦʣʽʥʘʭ (461,6 ʢʛ/ʤ3); ʫ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʘʭ (426,9 ʢʛ/ʤ3); 

ʫ ʧʽʩʢʘʭ ʨʽʟʥʦʟʝʨʥʠʩʪʠʭ (356,7 ʢʛ/ʤ3), ʫ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʤʫ ʛʦʨʠʟʦʥʪʽ (244,6 ʢʛ/ʤ3). ʋ 

ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʧʣʘʩʪʽ ʽʣʴʤʝʥʽʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʝʟʤʽʥʝʥʠʤʠ ʽ ʯʘʩʪʢʦʚʦ ʟʤʽʥʝʥʠʤʠ ʚ 

ʝʢʟʦʛʝʥʥʠʭ ʫʤʦʚʘʭ ʧʨʦʮʝʩʘʤʠ ʟʝʨʥʘʤʠ (ʚʤʽʩʪ TiO2 ʚ ʽʣʴʤʝʥʽʪʽ 52,0ï62,4 %). 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʫ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ ʩʢʣʘʜʘʶʪʴ ʥʠʞʥʴʦʢʨʝʡʜʦʚʽ ʚʽʜʢʣʘʜʠ 

ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʫ ʮʽʡ ʧʫʙʣʽʢʘʮʽʾ ʤʠ ʧʨʝʜʩʪʘʚʠʤʦ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʨʝʯʦʚʠʥʥʽ ʧʘʨʘʤʝʪʨʠ ʮʠʭ ʫʪʚʦʨʝʥʴ (ʨʠʩ. 1). 

ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ Cʝʨʝʜʥʷ ʧʨʦʜʫʢʪʠʚʥʠʡ ʧʣʘʩʪ ʩʢʣʘʜʝʥʠʡ ʧʽʩʢʦʤ ʢʘʦʣʽʥʠʩʪʠʤ 

ʜʨʽʙʥʦ-ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤ, ʢʘʦʣʽʥʘʤʠ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʤʠ, ʧʽʩʢʦʤ ʢʘʦʣʽʥʠʩʪʠʤ ʚʝʣʠʢʦ-

ʨʽʟʥʦʟʝʨʥʠʩʪʠʤ, ʧʽʩʢʦʤ ʛʣʠʥʠʩʪʠʤ, ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʤ ʛʦʨʠʟʦʥʪʦʤ, ʩʫʧʽʩʢʦʤ, ʛʣʠʥʦʶ. 

ʇʝʨʝʚʘʞʘʶʪʴ ʫ ʩʢʣʘʜʽ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʧʝʨʝʚʽʜʢʣʘʜʝʥʽ ʢʘʦʣʽʥʠ, ʷʢʽ ʯʘʩʪʦ 

ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ ʟ ʧʽʩʢʘʤʠ.  

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ 157ï188,2 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 31,2 ʤ), ʧʦʢʨʽʚʣʽ ï 165,6ï

192,5 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 26,9 ʤ). ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ 

ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʽʚ ʧʨʷʤʠʡ ʩʠʣʴʥʠʡ (+ 0,89); ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ 

ʧʽʩʢʽʚ ï ʧʨʷʤʠʡ ʧʦʤʽʨʥʠʡ (+ 0,32); ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʧʽʩʢʽʚ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ 
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ʢʘʦʣʽʥʽʚ ï ʧʨʷʤʠʡ ʩʠʣʴʥʠʡ (+ 0,71); ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʦʚʝʨʭʥʽ ʧʽʩʢʽʚ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ 

ʢʘʦʣʽʥʽʚ ï ʧʨʷʤʠʡ ʧʦʤʽʨʥʠʡ (+ 0,33). ʗʢ ʧʨʘʚʠʣʦ, ʜʽʣʷʥʢʘʤ ʟʘʛʣʠʙʣʝʥʥʷ ʧʽʜʦʰʚʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ (ʜʠʚ. ʨʠʩ. 1, ʘ, ʙ). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ 

ʽʣʴʤʝʥʽʪʫ ʚ ʧʽʩʢʘʭ 0,1ï161,7 ʢʛ/ʤ3; ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʘʭ ï 3,95ï256,1 ʢʛ/ʤ3. 

ʊʦʚʱʠʥʘ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʤ ʜʦ 29,5 ʤ (ʩʝʨʝʜʥʻ 12,13 ʤ). 

ɼʽʣʷʥʢʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʧʨʦʩʪʦʨʦʚʦ 

ʟʙʽʛʘʶʪʴʩʷ ʟ ʜʽʣʷʥʢʘʤʠ ʥʘʡʙʽʣʴʰʦʾ ʪʦʚʱʠʥʠ ʚʽʜʢʣʘʜʽʚ (ʜʠʚ. ʨʠʩ. 1, ʚ, ʛ). ʂʦʨʝʣʷʮʽʡʥʠʡ 

ʟʚôʷʟʦʢ ʤʽʞ ʪʦʚʱʠʥʦʶ ʧʽʩʢʽʚ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤ ʚʤʽʩʪʦʤ ʫ ʥʠʭ ʽʣʴʤʝʥʽʪʫ ʧʨʷʤʠʡ 

ʩʣʘʙʢʠʡ (+ 0,29); ʘ ʫ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʘʭ ï ʚʽʜʩʫʪʥʽʡ. 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 1. ɯʟʦʛʽʧʩʠ ʧʽʜʦʰʚʠ (ʘ), ʧʦʚʝʨʭʥʽ (ʙ), ʽʟʦʧʘʭʽʪʠ ʪʦʚʱʠʥʠ(ʚ) ʪʘ ʽʟʦʛʽʧʩʠ 

ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ (ʛ) ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ. 

 

ʊʠʧʦʚʽ ʢʦʣʦʥʢʠ ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʨʽʟʥʠʭ ʧʦʨʦʜʘʭ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʧʝʨʝʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.  

ɺʠʩʥʦʚʢʠ. ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʟʥʘʯʥʽ ʚʤʽʩʪʠ 

ʽʣʴʤʝʥʽʪʫ ʜʽʘʛʥʦʩʪʦʚʘʥʦ ʫ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʚ 

ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʷʢʘ ʟ ʨʦʟʤʠʚʦʤ ʟʘʣʷʛʘʻ 

ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ 

ʩʚʽʪʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ, ʱʦ ʟ ʨʦʟʤʠʚʦʤ ʟʘʣʷʛʘʶʪʴ ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʽ ʧʦʨʦʜʘʭ 

ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ ʪʘ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʠʚʫ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʧʽʜʩʪʠʣʘʶʯʠʭ 

ʫʪʚʦʨʝʥʴ. ɼʦ ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ ʜʽʣʷʥʢʠ ʚʽʜʥʝʩʝʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ 

ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʣʶʚʽʘʣʴʥʦ-ʘʣʶʚʽʘʣʴʥʠʤʠ, ʘʣʶʚʽʘʣʴʥʠʤʠ ʽ 

ʦʟʝʨʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ɼʣʷ ʚʽʜʢʣʘʜʽʚ ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʥʽ ʧʝʨʝʧʘʜʠ ʚʠʩʦʪ ʧʽʜʦʰʚʠ ʽ 

ʧʦʢʨʽʚʣʽ, ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘ ʣʘʪʝʨʘʣʣʶ ʪʦʚʱʠʥʠ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ 

ʽʣʴʤʝʥʽʪʫ. ʊʘʢʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʙʫʜʦʚʠ ʽ ʨʫʜʦʥʦʩʥʦʩʪʽ ʚʽʜʢʣʘʜʽʚ ʦʙʫʤʦʚʣʝʥʘ 

ʬʘʮʽʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʪʘ ʯʘʩʪʢʦʚʠʤ ʨʦʟʤʠʚʦʤ ʧʨʦʪʷʛʦʤ 

ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʾ. ɼʣʷ ʜʽʣʷʥʢʠ ʯʽʪʢʦ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʘ ʪʨʘʥʟʠʪʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʽ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʨʽʚʥʽ. 
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ʈʠʩ. 2. ʊʠʧʦʚʽ ʢʦʣʦʥʢʠ ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʫ ʨʽʟʥʠʭ ʧʦʨʦʜʘʭ ʚ ʧʝʨʝʪʠʥʽ 
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ʇɽʈʐɸ ɿʅɸʍɯɼʂɸ ɯɻʅɯʄɹʈʀʊɯɺ ɺ ʈɸʁʆʅɯ ʋʂʈɸɰʅʉʔʂʆɰ 

ɸʅʊɸʈʂʊʀʏʅʆɰ ʉʊɸʅʎɯɰ çɸʂɸɼɽʄɯʂ ɺɽʈʅɸɼʉʔʂʀʁè 
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The paper presents the results of a petrographic study of ignimbrites ï a new object in the 

area of the Ukrainian Antarctic Akademik Vernadsky station. It has been established that 

the ignimbrites are a part of the Mesozoic Argentine Islands Formation. Samples, initially 

identified during field studies as dacitic tuffs, during petrographic investigation revealed 

characteristic features of ignimbrites, including pseudofluidal microstructure, relict 

fiamme, and a pyroclastic texture. The studied rocks have undergone significant 

hydrothermal-metasomatic alterations with the formation of secondary minerals and 

recrystallization of volcanic glass. 
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ɺʩʪʫʧ. ʋʢʨʘʾʥʩʴʢʘ ʘʥʪʘʨʢʪʠʯʥʘ ʩʪʘʥʮʽʷ çɸʢʘʜʝʤʽʢ ɺʝʨʥʘʜʩʴʢʠʡè (ʋɸʉ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦ. ɻʘʣʽʥʜʝʟ. ʆʩʪʘʥʥʽʡ ʥʘʣʝʞʠʪʴ ʜʦ ʦʩʪʨʽʚʥʦʾ ʛʨʫʧʠ ɸʨʛʝʥʪʠʥʩʴʢʽ 

ʦʩʪʨʦʚʠ ʫ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʘʨʭʽʧʝʣʘʛʫ ɺʽʣʴʛʝʣʴʤʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʙʽʣʷ ɹʝʨʝʛʫ ɻʨʝʷʤʘ 

ɸʥʪʘʨʢʪʠʯʥʦʛʦ ʧʽʚʦʩʪʨʦʚʘ. ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ɸʨʛʝʥʪʠʥʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʪʘ ʦ. ɻʘʣʽʥʜʝʟ 

ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʚʫʣʢʘʥʦʛʝʥʥʽ ʧʦʨʦʜʠ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ. ɰʭ ʧʝʪʨʦʣʦʛʽʾ 

ʧʨʠʩʚʷʯʝʥʦ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʙʽʣʴʰ ʥʽʞ ʧʽʚʩʪʦʨʽʯʯʷ ʪʦʤʫ. 

ɸʚʪʦʨʠ ʮʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʧʝʨʫʶʪʴ ʜʦʚʦʣʽ ʦʙʤʝʞʝʥʠʤʠ ʜʘʥʠʤʠ ʩʪʦʩʦʚʥʦ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ 

ʪʘ ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʽʩʮʝʚʠʭ ʚʫʣʢʘʥʽʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʽ ʥʠʤʠ 

ʧʝʪʨʦʛʨʘʬʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʥʘʜʪʦ ʜʘʣʝʢʽ ʚʽʜ ʩʫʯʘʩʥʠʭ. ʇʨʠʨʦʜʥʦ, ʱʦ 

ʟʘ ʪʘʢʠʭ ʦʙʩʪʘʚʠʥ ʥʘʚʽʪʴ ʧʦʙʣʠʟʫ ʚʽʜ ʋɸʉ ʯʘʩ ʚʽʜ ʯʘʩʫ ʟʥʘʭʦʜʷʪʴ ʨʘʥʽʰ ʥʝ ʚʠʷʚʣʝʥʽ 

ʚʠʜʠ ʚʫʣʢʘʥʽʪʽʚ. ʊʘʢʠʤʠ, ʟʦʢʨʝʤʘ, ʻ ʽʛʥʽʤʙʨʠʪʠ, ʷʢʽ ʥʝʱʦʜʘʚʥʦ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʫ 

ʟʨʘʟʢʘʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʦ. ɻʘʣʽʥʜʝʟ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʛʥʽʤʙʨʠʪʘʤʠ ʟʚʫʪʴ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʛʘʨʷʯʠʭ ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ 

ʧʦʪʦʢʽʚ (Schminske, 2004). ɰʭ ʧʦʭʦʜʞʝʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʟ ʝʢʩʧʣʦʟʠʚʥʠʤʠ ʚʠʚʝʨʞʝʥʥʷʤʠ 

ʚʫʣʢʘʥʽʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʫ ʚ ʦʨʦʛʝʥʽʯʥʠʭ ʦʙʣʘʩʪʷʭ ʘʙʦ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʚʝʣʠʢʠʭ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʨʦʚʽʥʮʽʡ ʧʦʟʘ ʤʝʞʘʤʠ ʦʨʦʛʝʥʽʚ. ʋʧʝʨʰʝ ʪʝʨʤʽʥ çʽʛʥʽʤʙʨʠʪè, ʷʢʠʡ ʫ 

ʧʝʨʝʢʣʘʜʽ ʟ ʣʘʪʠʥʠ ʟʥʘʯʠʪʴ çʚʦʛʥʷʥʠʡ ʜʦʱè, ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ 1932 ʜʣʷ ʩʧʝʯʝʥʠʭ 

ʪʫʬʽʚ ʅʦʚʦʾ ɿʝʣʘʥʜʽʾ (Marshall, 1932). ɿ ʪʦʛʦ ʯʘʩʫ ʮʽ ʧʦʨʦʜʠ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʫ ʙʘʛʘʪʴʦʭ 

ʦʙʣʘʩʪʷʭ ʧʦʰʠʨʝʥʥʷ ʚʫʣʢʘʥʽʯʥʠʭ ʫʪʚʦʨʝʥʴ, ʫ ʪʦʤʫ ʨʘʭʫʥʢʫ ʽ ʚ ɸʥʪʘʨʢʪʠʮʽ. ɿʦʢʨʝʤʘ, 

ʽʛʥʽʤʙʨʠʪʠ ʚʽʜʦʤʽ ʫ ʩʢʣʘʜʽ ɺʫʣʢʘʥʽʯʥʦʾ ʛʨʫʧʠ ɸʥʪʘʨʢʪʠʯʥʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʚ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɿʝʤʣʽ ʇʘʣʤʝʨʘ. ɰʭ ʚʠʚʝʨʞʝʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʟ ʢʨʫʧʥʠʤʠ ʚʫʣʢʘʥʽʯʥʠʤʠ 

ʮʝʥʪʨʘʤʠ, ʱʦ ʫ ʤʝʟʦʟʦʾ ʬʦʨʤʫʚʘʣʠ ʤʘʛʤʘʪʠʯʥʫ ʜʫʛʫ ʥʘʜ ʟʦʥʦʶ ʩʫʙʜʫʢʮʽʾ (Leat and 

Scarrow, 1994). ʅʘ ʩʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ɸʥʪʘʨʢʪʠʯʥʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʧʦʪʫʞʥʽ ʽʛʥʽʤʙʨʠʪʦʚʽ 

ʪʦʚʱʽ ʚʠʷʚʣʝʥʽ ʫ ʩʢʣʘʜʽ ʩʝʨʝʜʥʴʦ-ʶʨʩʴʢʦʾ ɺʫʣʢʘʥʽʯʥʦʾ ʛʨʫʧʠ ɿʝʤʣʽ ɻʨʝʷʤʘ (Riley et al., 

2010). ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʽ ʽʛʥʽʤʙʨʠʪʠ ʻ ʯʘʩʪʠʥʦʶ ʚʝʣʠʢʦʾ ʤʘʛʤʘʪʠʯʥʦʾ ʧʨʦʚʽʥʮʽʾ, ʟ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʾ ʨʦʟʧʦʯʘʚʩʷ ʨʦʟʧʘʜ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʫ ɻʦʥʜʚʘʥʘ. 

ʇʝʨʰʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʥʘʭʽʜʢʫ ʽʛʥʽʤʙʨʠʪʽʚ ʫ ʨʘʡʦʥʽ ʋɸʉ ʟôʷʚʠʣʦʩʷ ʫ ʪʝʟʘʭ 

ʜʦʧʦʚʽʜʝʡ VIII ʄʽʞʥʘʨʦʜʥʦʾ ʘʥʪʘʨʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (Mytrokhyn and Bakhmutov, 
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2017). ɿʘʫʚʘʞʠʤʦ, ʾʭ ʜʽʘʛʥʦʩʪʠʢʘ ʤʘʣʘ ʩʫʪʦ ʧʦʧʝʨʝʜʥʽʡ ʭʘʨʘʢʪʝʨ ʽ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʥʝ 

ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʋ 2017 ʨʦʮʽ ʄʠʪʨʦʭʠʥ ʆ.ɺ. 

ʜʦʩʣʽʜʞʫʶʯʠ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʚʫʣʢʘʥʽʯʥʠʭ ʧʦʨʽʜ ʚʽʜʽʙʨʘʚ ʥʘ ʟʘʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ʦ. 

ɻʘʣʽʥʜʝʟ ʜʝʢʽʣʴʢʘ ʟʨʘʟʢʽʚ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʟʚʘʚ çʜʘʮʠʪʦʚʠʤʠ ʪʫʬʘʤʠè. ʆʜʠʥ ʟ ʮʠʭ 

ʟʨʘʟʢʽʚ, ʷʢʠʡ ʚʠʷʚʠʚ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʦʟʥʘʢʠ ʩʧʝʯʝʥʦʛʦ ʪʫʬʫ ʟ ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʚʢʣʶʯʝʥʥʷʤʠ ʬôʷʤʝ ʙʫʚ ʟʘʣʠʰʝʥʠʡ ʫ ʜʝʤʦʥʩʪʨʘʮʽʡʥʽʡ ʛʝʦʣʦʛʽʯʥʽʡ ʢʦʣʝʢʮʽʾ ʥʘ ʋɸʉ ʧʽʜ 

ʥʘʡʤʝʥʫʚʘʥʥʷʤ çʽʛʥʽʤʙʨʠʪè. ʇʝʪʨʦʛʨʘʬʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʰʪʠ ʟʨʘʟʢʽʚ ʚʠʢʦʥʘʣʘ 

ʄʘʰʠʨʦʚʘ ɸ.ʖ. ɺʠʚʯʝʥʥʷ ʧʨʦʟʦʨʠʭ ʰʣʽʬʽʚ ʧʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʪʨʠ ʟʨʘʟʢʠ çʜʘʮʠʪʦʚʠʭ ʪʫʬʽʚè ʟ ʟʘʭʽʜʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ʦ. ɻʘʣʽʥʜʝʟ ʚʠʷʚʣʷʶʪʴ 

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʛʥʽʤʙʨʠʪʽʚ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʻ ʟʨʘʟʢʠ ʽʛʥʽʤʙʨʠʪʽʚ ʟ ʪʦʯʢʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ˉ83ɸ (65ʦ14ô54,5ôôS; 64o15ô12,5ôôW). ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʧʨʦʪʷʞʥʦʛʦ 

ʙʝʨʝʛʦʚʦʛʦ ʚʽʜʩʣʦʥʝʥʥʷ ʩʢʣʘʜʝʥʘ ʧʦʭʠʣʦʶ ʩʠʣʦʧʦʜʽʙʥʦʶ ʽʥʪʨʫʟʽʻʶ ʤʽʢʨʦʜʽʦʨʠʪʽʚ. 

ʆʩʪʘʥʥʷ ʭʦʯʘ ʽ ʧʽʜʩʪʠʣʘʻ ʧʽʨʦʢʣʘʩʪʠʯʥʽ ʧʦʨʦʜʠ, ʘʣʝ ʟʘ ʛʝʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʻ 

ʤʦʣʦʜʰʦʶ ʟʘ ʥʠʭ. ɻʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʟʤʽʥʝʥʽ ʧʽʨʦʢʣʘʩʪʠʯʥʽ ʧʦʨʦʜʠ ʬʦʨʤʫʶʪʴ ʚʝʨʭʥʶ 

ʯʘʩʪʠʥʫ ʚʽʜʩʣʦʥʝʥʥʷ. ʋ ʙʘʛʘʪʴʦʭ ʚʽʜʥʦʰʝʥʥʷʭ ʚʦʥʠ ʧʦʜʽʙʥʽ ʜʦ ʣʘʧʽʣʝʚʠʭ ʪʫʬʽʚ ʟ ʽʥʰʠʭ 

ʤʽʩʮʴ ʥʘ ɻʘʣʽʥʜʝʟʽ ʪʘ ʩʫʩʽʜʥʽʭ ʦʩʪʨʦʚʘʭ. ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʩʚʦʻʨʽʜʥʘ ʩʧʣʦʱʝʥʘ 

çʬôʷʤʝʧʦʜʽʙʥʘè ʬʦʨʤʘ ʣʘʧʽʣʽʚ ʪʘ ʾʭ ʧʘʨʘʣʝʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ ʫ ʩʫʙʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, 

ʱʦ ʤʘʻ ʘʟʠʤʫʪ ʧʨʦʩʪʷʛʘʥʥʷ 5ʦ. ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʜʣʷ ʟʨʘʟʢʽʚ ʚʣʘʩʪʠʚʝ ʩʚʽʪʣʦ-ʩʽʨʝ ʽʟ 

ʟʝʣʝʥʫʚʘʪʠʤ ʚʽʜʪʽʥʢʦʤ ʟʘʙʘʨʚʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ. ʅʘ ʥʽʡ ʚʠʜʽʣʷʶʪʴʩʷ ʧʦʧʝʣʦʚʽ (<2 

ʤʤ) ʽ ʣʘʧʽʣʝʚʽ (2-64 ʤʤ) ʫʣʘʤʢʠ ʟ ʧʝʨʝʚʘʞʘʶʯʠʤ ʨʦʟʤʽʨʦʤ ʚʽʜ 4 ʜʦ 10 ʤʤ. ɰʭ 

ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʩʪʘʥʦʚʠʪʴ ʜʦ 40-45% ʚʽʜ ʦʙôʻʤʫ ʧʦʨʦʜʠ, ʟ ʷʢʠʭ ʙʣʠʟʴʢʦ 30% 

ʧʨʠʧʘʜʘʻ ʥʘ ʣʘʧʽʣʝʚʽ ʯʘʩʪʢʠ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ ʟôʷʩʫʚʘʣʦʩʴ, ʱʦ 

ʜʣʷ ʤʘʪʨʠʢʩʫ ʟʨʘʟʢʽʚ ʭʘʨʘʢʪʝʨʥʘ ʪʘʢ ʟʚʘʥʘ ʧʩʝʚʜʦʬʣʶʾʜʘʣʴʥʘ ʤʽʢʨʦʪʝʢʩʪʫʨʘ, ʷʢʫ 

ʥʘʜʘʶʪʴ ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʚʽʪʨʦʢʣʘʩʪʠ. ɺʦʥʠ ʯʘʩʪʦ ʤʘʶʪʴ ʚʠʪʷʛʥʫʪʽ, ʩʧʣʦʱʝʥʽ ʬʦʨʤʠ, 

ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ çʨʦʟʽʨʚʘʥʽè ʢʽʥʮʽ, ʱʦ ʥʘʛʘʜʫʶʪʴ ʷʟʠʢʠ ʧʦʣʫʤôʷ. ʊʘʢʽ ʫʪʚʦʨʝʥʥʷ 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʬôʷʤʝ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʽʛʥʽʤʙʨʠʪʽʚ ʻ 

ʽʥʪʝʥʩʠʚʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʽ ʟʤʽʥʠ. ɺʦʥʠ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʚʥʦʾ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʫʣʢʘʥʽʯʥʦʛʦ ʩʢʣʘ, ʷʢʝ ʧʝʨʝʪʚʦʨʝʥʝ ʥʘ ʬʝʣʴʟʠʪ ï ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʡ 

ʘʛʨʝʛʘʪ ʣʫʞʥʠʭ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ ʪʘ ʢʚʘʨʮʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʫʪʪʻʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ, ʜʦʙʨʝ ʟʙʝʨʽʛʘʶʪʴʩʷ ʨʝʣʽʢʪʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʽʛʥʽʤʙʨʠʪʽʚ: 

ʣʘʧʽʣʝʚʘ ʧʽʨʦʢʣʘʩʪʠʯʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʣʘʤʢʘʤʠ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʬôʷʤʝ ʪʘ ʣʽʪʦʢʣʘʩʪʽʚ ʢʠʩʣʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ. ʇʦʧʝʣʦʚʽ 

ʯʘʩʪʢʠ, ʦʢʨʽʤ ʥʘʟʚʘʥʠʭ, ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʢʨʠʩʪʘʣʦʢʣʘʩʪʠ ʧʣʘʛʽʦʢʣʘʟʫ ʽ ʢʚʘʨʮʫ. ʇʝʨʚʠʥʥʠʡ 

ʤʘʬʽʯʥʠʡ ʤʽʥʝʨʘʣ ʧʦʚʥʽʩʪʶ ʟʘʤʽʱʝʥʠʡ ʧʨʦʜʫʢʪʘʤʠ ʚʪʦʨʠʥʥʠʭ ʟʤʽʥ, ʷʢʽ ʯʘʩʪʦ 

ʬʦʨʤʫʶʪʴ ʘʛʨʝʛʘʪʠ ʢʘʣʴʮʠʪʫ, ʝʧʽʜʦʪʫ ʪʘ ʭʣʦʨʠʪʫ. ʉʧʽʣʴʥʠʤʠ ʘʢʮʝʩʦʨʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ 

ʻ ʮʠʨʢʦʥ ʽ ʘʧʘʪʠʪ, ʪʘʢʦʞ ʫ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʽ ʥʝʧʨʦʟʦʨʽ ʤʽʥʝʨʘʣʠ. ʇʝʚʥʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʟʨʘʟʢʽʚ ʻ ʩʪʫʧʽʥʴ ʧʦʩʪʤʘʛʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʠʡ, ʚʽʨʦʛʽʜʥʦ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʽʜʜʘʣʝʥʦʩʪʽ ʚʽʜ ʥʠʞʯʝʟʘʣʷʛʘʶʯʦʾ ʽʥʪʨʫʟʽʾ. ʅʘʩʢʨʽʟʥʘ ʚʪʦʨʠʥʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʷʚʦʶ ʝʧʽʜʦʪʫ, ʭʣʦʨʠʪʫ, ʢʘʣʴʮʠʪʫ ʽ ʩʝʨʠʮʠʪʫ.  

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʫʚʘʥʽ ʽʛʥʽʤʙʨʠʪʠ ʻ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʤ ʦʙôʻʢʪʦʤ ʷʢ ʜʣʷ ʨʘʡʦʥʫ 

ʋɸʉ ʥʘ ʦ. ɻʘʣʽʥʜʝʟ, ʪʘʢ ʽ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ɸʨʛʝʥʪʠʥʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʟʘʛʘʣʦʤ. ɺʦʥʠ ʻ 

ʯʘʩʪʠʥʦʶ ʣʽʪʦʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʶʨʩʴʢʦ-ʢʨʝʡʜʦʚʦʛʦ ʚʽʢʫ ï ɺʫʣʢʘʥʦʛʝʥʥʦʾ 

ʪʦʚʱʽ ɸʨʛʝʥʪʠʥʩʴʢʠʭ ʦʩʪʨʦʚʽʚ. ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʠʭ ʧʦʨʽʜ ʻ 

ʽʛʥʽʤʙʨʠʪʦʚʘ ʙʫʜʦʚʘ, ʱʦ ʚʢʣʶʯʘʻ: ʯʠʩʣʝʥʥʽ ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʬôʷʤʝ, 

ʧʩʝʚʜʦʬʣʶʾʜʘʣʴʥʽʩʪʴ ʤʘʪʨʠʢʩʫ, ʢʨʠʩʪʘʣʦʢʣʘʩʪʠ ʢʚʘʨʮʫ ʽ ʧʣʘʛʽʦʢʣʘʟʫ ʪʘ ʣʽʪʦʢʣʘʩʪʠ. ʋʩʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʽʜʜʘʶʪʴʩʷ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʠʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʠʤ ʟʤʽʥʘʤ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʧʝʨʚʠʥʥʝ ʚʫʣʢʘʥʽʯʥʝ ʩʢʣʦ ʧʦʚʥʽʩʪʶ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʝ, ʘ ʚʪʦʨʠʥʥʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʷʚʦʶ ʝʧʽʜʦʪʫ, ʭʣʦʨʠʪʫ, ʩʝʨʠʮʠʪʫ ʪʘ ʢʘʣʴʮʠʪʫ. 

ʇʝʨʚʠʥʥʠʤʠ ʟʙʝʨʝʞʝʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʻ ʢʚʘʨʮ, ʯʘʩʪʢʦʚʦ ʧʣʘʛʽʦʢʣʘʟ, ʮʠʨʢʦʥ ʪʘ ʘʧʘʪʠʪ. 
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ʉʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ ʧʦʨʽʜ ʚʚʘʞʘʻʪʴʩʷ ʧʦʤʽʨʥʠʤ. ʇʝʪʨʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ ʟʨʘʟʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʨʽʜ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ.  
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The paper presents a methodology of paleogeomorphological reconstruction that enables 

the restoration of sedimentary basin evolution and tracing the conditions of placer deposit 

formation. The method is based on the integration of stratigraphic, lithofacies, and 
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ʇʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʷʢ ʝʬʝʢʪʠʚʥʠʡ 

ʤʝʪʦʜ ʫ ʚʠʚʯʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ. ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ 

ʫ ʟʜʘʪʥʦʩʪʽ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʦʟʚʠʪʦʢ ʨʝʣʴʻʬʫ, ʧʨʦʩʪʝʞʫʚʘʪʠ ʥʘʧʨʷʤʢʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʫʣʘʤʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʟʥʘʯʘʪʠ ʜʽʣʷʥʢʠ, ʜʝ ʚʽʜʙʫʚʘʣʘʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʞʢʠʭ 

ʤʽʥʝʨʘʣʽʚ. ʆʩʦʙʣʠʚʦ ʮʽʥʥʠʤ ʮʝ ʻ ʜʣʷ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ, ʜʝ ʨʫʜʦʥʦʩʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝ ʣʠʰʝ ʚʠʭʽʜʥʠʤ ʜʞʝʨʝʣʦʤ ʟʥʦʩʫ, ʘ ʡ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ, ʷʢʽ 

ʢʦʥʪʨʦʣʶʚʘʣʠ ʫʤʦʚʠ ʧʝʨʝʚʽʜʢʣʘʜʘʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʘʞʢʠʭ ʤʽʥʝʨʘʣʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ. ʉʧʝʨʰʫ 

ʬʦʨʤʫʻʪʴʩʷ ʫʤʦʚʥʠʡ ʩʪʨʘʪʠʛʨʘʬʦ-ʬʘʮʽʘʣʴʥʠʡ ʨʦʟʨʽʟ ʟʘ ʘʥʘʣʦʛʘʤʠ ʪʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ, ʘ ʪʘʢʦʞ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʣʘʩʫ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ (ɸʪʣʘʩé, 1960), ʷʢʠʡ 

ʚʽʜʦʙʨʘʞʘʻ ʛʽʧʦʪʝʪʠʯʥʝ ʧʦʰʠʨʝʥʥʷ ʤʦʨʩʴʢʠʭ, ʣʘʛʫʥʥʠʭ ʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʬʘʮʽʡ ʫ ʨʽʟʥʽ 

ʝʧʦʭʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʡʤʦʚʽʨʥʫ ʧʦʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʪʘ ʦʢʨʝʩʣʠʪʠ 

ʟʤʽʥʠ ʩʝʨʝʜʦʚʠʱ ʫ ʯʘʩʽ. ʇʦʪʽʤ ʮʝʡ ʨʦʟʨʽʟ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʟ ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʙʫʨʽʥʥʷ ʪʘ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʩʫʪʥʽ 

ʘʙʦ ʜʝʥʫʜʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʝʨʚʽʩʥʘ ʙʫʜʦʚʘ ʙʘʩʝʡʥʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʜʘʚʥʽʭ ʧʦʚʝʨʭʦʥʴ. 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʝʨʦʟʽʡʥʽ ʨʽʚʥʽ, ʧʘʣʝʦʜʦʣʠʥʠ, ʤʝʞʽ ʧʦʰʠʨʝʥʥʷ ʘʣʶʚʽʘʣʴʥʠʭ ʽ ʣʘʛʫʥʥʠʭ 

ʩʠʩʪʝʤ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʪʝʞʠʪʠ ʥʘʧʨʷʤʢʠ ʪʨʘʥʩʧʦʨʪʫ ʫʣʘʤʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʜʽʣʷʥʢʠ, ʜʝ ʚʽʜʙʫʚʘʣʘʩʷ ʘʢʫʤʫʣʷʮʽʷ ʚʘʞʢʠʭ ʤʽʥʝʨʘʣʽʚ. 

ʈʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʯʘʩʦʚʠʭ ʟʨʽʟʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽʥʪʝʨʚʘʣ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʭʦʧʣʶʻ ʶʨʫ ï ʥʝʦʛʝʥ. ɺ ʮʝʡ ʧʝʨʽʦʜ 

ʪʫʪ ʚʽʜʙʫʚʘʣʠʩʷ ʧʦʚʪʦʨʥʽ ʪʨʘʥʩʛʨʝʩʽʾ ʪʘ ʨʝʛʨʝʩʽʾ ʉʭʽʜʥʦʛʦ ʇʘʨʘʪʝʪʽʩʫ, ʬʦʨʤʫʚʘʥʥʷ 

ʨʽʯʢʦʚʠʭ ʽ ʣʘʛʫʥʥʠʭ ʩʠʩʪʝʤ ʪʘ ʥʝʦʜʥʦʨʘʟʦʚʝ ʧʝʨʝʚʽʜʢʣʘʜʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʽʚ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʧʣʫʪʠʥʫ. ɺ ʽʥʰʠʭ ʨʘʡʦʥʘʭ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʢʫ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʡ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʯʘʩʦʚʽ ʤʝʞʽ ʙʫʜʫʪʴ 

ʚʽʜʤʽʥʥʠʤʠ. ʎʝ ʨʦʙʠʪʴ ʤʝʪʦʜʠʢʫ ʘʜʘʧʪʠʚʥʦʶ ʜʦ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʢʦʥʪʝʢʩʪʽʚ ʪʘ 

mailto:geoinsgeo@gmail.com
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ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫ, ʘʜʞʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʘʣʶʚʽʘʣʴʥʠʭ ʽ ʜʝʣʴʪʦʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʻ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʤʦʜʝʣʽ çʜʞʝʨʝʣʦ ï ʪʨʘʥʩʧʦʨʪ ï 

ʢʦʥʮʝʥʪʨʘʮʽʷè (Pohl, 2022). ʋ ʚʠʧʘʜʢʫ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʞʝʨʝʣʦʤ ʙʫʣʠ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʘʭ, ʪʨʘʥʩʧʦʨʪ ʟʜʽʡʩʥʶʚʘʚʩʷ ʬʣʶʚʽʘʣʴʥʠʤʠ ʪʘ 

ʣʘʛʫʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜʙʫʣʘʩʷ ʫ ʧʘʣʝʦʛʝʥʦʚʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʪʘ 

ʜʝʣʴʪʦʚʠʭ ʚʽʜʢʣʘʜʘʭ, ʷʢʽ ʡ ʩʪʘʣʠ ʛʦʣʦʚʥʠʤʠ ʨʫʜʦʥʦʩʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʧʦʷʩʥʠʪʠ ʛʝʥʝʟʠʩ ʚʽʜʦʤʠʭ ʨʦʜʦʚʠʱ, ʘ ʡ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫ ʥʦʚʠʭ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʘʧʨʷʤʽʚ ʧʘʣʝʦʩʪʦʢʫ, ʣʦʢʘʣʽʟʘʮʽʷ ʧʘʣʝʦʜʦʣʠʥ ʽ ʘʥʘʣʽʟ ʛʝʦʭʽʤʽʯʥʠʭ 

ʪʨʝʥʜʽʚ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʪʦʯʥʽʩʪʴ ʧʦʰʫʢʽʚ ʪʘ ʟʤʝʥʰʫʶʪʴ ʨʠʟʠʢʠ ʧʨʠ ʦʮʽʥʮʽ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʜʽʣʷʥʦʢ. 

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʻ 

ʢʦʤʧʣʝʢʩʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʽʥʪʝʛʨʫʻ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ, ʣʽʪʦʣʦʛʦ-ʬʘʮʽʘʣʴʥʽ ʪʘ ʛʝʦʭʽʤʽʯʥʽ 

ʜʘʥʽ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʨʦʟʚʠʪʢʫ ʦʩʘʜʦʚʦʛʦ ʙʘʩʝʡʥʫ ʡ 

ʜʦʟʚʦʣʷʻ ʥʘʜʽʡʥʦ ʚʠʟʥʘʯʘʪʠ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ. ʅʘ ʧʨʠʢʣʘʜʽ 

ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʦʷʩʥʠʪʠ 

ʧʦʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʘ ʡ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫ ʥʦʚʠʭ ʽʣʴʤʝʥʽʪʦʥʦʩʥʠʭ ʨʦʟʩʠʧʽʚ ʫ ʤʝʞʘʭ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. 

 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
Pohl, W. L. (2022). Metallogenic models as the key to successful exploration ð a review and 

trends. Mineral Economics, 35(3), 373ï408. 

ɸʪʣʘʩ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʋʢʨʘʾʥʩʴʢʦʾ ʽ ʄʦʣʜʘʚʩʴʢʦʾ ʈʉʈ (ʟ ʝʣʝʤʝʥʪʘʤʠ ʣʽʪʦʬʘʮʽʡ) 

ʤʘʩʰʪʘʙʫ 1:2 500 000 / ɹʦʥʜʘʨʯʫʢ ɺ. ɻ. (ʚʽʜʧ. ʨʝʜ.). ï ʂʠʾʚ: ɺʠʜ-ʚʦ ɸʅ ʋʈʉʈ, 1960. ï 

60 ʩ. 
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ʇɽʈʐɯ ɼɸʅɯ ʇʈʆ ɻɽʆʃʆɻɯʖ ʆʉʊʈʆɺɯɺ ɼɸʅɽɹʈʆɻ  

(ɹɽʈɽɻ ɻʈɽʗʄɸ ɸʅʊɸʈʂʊʀʏʅʆɻʆ ʇɯɺʆʉʊʈʆɺɸ) 

 

ʄʠʪʨʦʭʠʥ ʆ.ɺ. 1, 2, ɹʘʭʤʫʪʦʚ ɺ.ɻ.3, ɹʨʫʯʢʦ ʄ.ʈ.1 

 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ,  

2ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ  
3ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤʝʥʽ ʉ.ɯ.ʉʫʙʙʦʪʠʥʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

 

The Dannebrog Islands is small island group in the Wilhelm Archipelago located west of 

the Graham Coast of the Antarctic Peninsula. Ukrainian scientists carried out the first 

geological survey on the Dannebrog Islands in 2020. It was found that the geology of the 

three largest Dannebrog Islands is similar to that of the nearest and better-studied Booth, 

Hovgaard, Pl®neau and Vedel islands. The geological structure of newly studied islands is 

dominated by unmetamorphosed plutonic rocks namely dioritoids and granitoids. The age 

of the Dannebrog granitoids is apparently identical to their analogues on Booth Island for 

which Paleocene U-Pb zircon isotopic dating has been obtained by predecessors. The 

dioritoids were likely formed somewhat earlier than the granitoids. The oldest rocks are 

xenoliths of gabbroids found in dioritoids on Danebrog-II Island. Basaltic and andesitic 

dykes intrude the granitoids on Danebrog-I Island. They belong to Late Cenozoic mafic 

dyke swarm that traced from Roca and Cruls Islands through Vedel Island to the 

Dannebrog Islands in the northeastern direction. Evidence of glacial abrasion and moraine 

deposits on the Dannebrog Islands was formed during the Last Glacial Maximum in the 

Pleistocene, when the Wilhelm Archipelago and the entire surrounding area were covered 

by a massive ice sheet. 

 

FIRST DATA ON THE GEOLOGY OF THE DANNEBROG ISLANDS  

(GRAHAM COAST OF THE ANTARCTIC PENINSULA)  

 

Mytrokhyn O.V., Bakhmutov V.G., Bruchko M.R. 

 

ɺʩʪʫʧ. ʆʩʪʨʦʚʠ ɼʘʥʝʙʨʦʛ ï ʥʝʚʝʣʠʢʘ ʦʩʪʨʽʚʥʘ ʛʨʫʧʘ, ʷʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʦʙʣʠʟʫ 

ɹʝʨʝʛʫ ɻʨʝʷʤʘ ɸʥʪʘʨʢʪʠʯʥʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʥʘ ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ ʚʽʜ ʦ. ɹʫʪ. ʈʘʟʦʤ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤʠ ʦʩʪʨʦʚʘʤʠ ɹʫʪ, ɺʘʫʚʝʨʤʘʥc, ʇʣʝʥʦ, ʍʦʚʛʘʘʨʜ, ɺʝʜʝʣ ʪʘ ʄʽʨʽʘʜʠ ʚʦʥʠ 

ʥʘʣʝʞʘʪʴ ʜʦ ʘʨʭʽʧʝʣʘʛʫ ɺʽʣʴʛʝʣʴʤʘ. ʅʘ ʧʽʚʜʥʽ ʮʴʦʛʦ ʘʨʭʽʧʝʣʘʛʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ɸʨʛʝʥʪʠʥʩʴʢʽ ʦʩʪʨʦʚʠ, ʜʝ ʨʦʟʤʽʱʝʥʘ ʋʢʨʘʾʥʩʴʢʘ ʘʥʪʘʨʢʪʠʯʥʘ ʩʪʘʥʮʽʷ çɸʢʘʜʝʤʽʢ 

ɺʝʨʥʘʜʩʴʢʠʡè. ʐʭʝʨʥʝ ʤʽʣʢʦʚʦʜʜʷ ʟ ʯʠʩʝʣʴʥʠʤʠ ʧʽʜʚʦʜʥʠʤʠ ʩʢʝʣʷʤʠ ʩʫʪʪʻʚʦ 

ʫʩʢʣʘʜʥʶʶʪʴ ʤʦʨʝʧʣʘʚʩʪʚʦ ʚ ʘʢʚʘʪʦʨʽʾ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ. ɭʜʠʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʾʭ 

ʜʦʩʷʛʥʝʥʥʷ ʻ ʤʦʪʦʨʥʽ ʯʦʚʥʠ çɿʦʜʽʘʢè. ɸʣʝ ʚʽʜʜʘʣʝʥʽʩʪʴ ʚʽʜ ʋɸʉ, ʥʝʩʧʨʠʷʪʣʠʚʽ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʥʝʧʝʨʜʙʘʯʫʚʘʥʘ ʣʴʦʜʦʚʘ ʦʙʩʪʘʥʦʚʢʘ ʩʪʚʦʨʶʶʪʴ ʟʥʘʯʥʽ 

ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʚʠʩʘʜʢʠ ʥʘ ʫʟʙʝʨʝʞʞʷ. ʊʦʤʫ ʦʩʪʨʦʚʠ ɼʘʥʝʙʨʦʛ ʜʦʩʽ ʣʠʰʘʣʠʩʷ ʤʘʡʞʝ ʥʝ 

ʚʠʚʯʝʥʠʤʠ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʦʩʪʨʦʚʠ ɼʘʥʝʙʨʦʛ 

ʟôʷʚʠʣʠʩʷ ʥʘ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪʘʭ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʍɯʍ ʩʪʦʨʽʯʯʷ, ʥʘ ʛʝʦʣʦʛʽʯʥʠʭ 

ʢʘʨʪʘʭ ʚʦʥʠ ʟʘʣʠʰʘʣʠʩʷ çʥʝʟʘʬʘʨʙʦʚʘʥʠʤʠè ʘʞ ʜʦ 2020 ʨʦʢʫ, ʢʦʣʠ ʾʭ ʜʦʩʣʽʜʠʣʠ 

ʫʢʨʘʾʥʩʴʢʽ ʛʝʦʣʦʛʠ. ʇʦʙʽʞʥʘ ʟʛʘʜʢʘ ʧʨʦ ʦʜʠʥ ʟ ɼʘʥʝʙʨʦʛʽʚ ʤʽʩʪʠʪʴʩʷ ʫ ʚʽʜʦʤʽʡ ʨʦʙʦʪʽ 

ñThe petrology of the Graham Coast, Graham Landò (ʉurtis, 1966), ʜʝ ʥʘʚʝʜʝʥʦ ʩʪʠʩʣʠʡ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʦʧʠʩ ʟʨʘʟʢʘ çʪʦʥʘʣʽʪʫè ʟ ʥʘʡʙʽʣʴʰ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʦʩʪʨʦʚʘ ʮʽʻʾ 

ʛʨʫʧʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘ ʩʫʯʘʩʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʮʝʡ ʟʨʘʟʦʢ ʤʘʻ ʥʘʟʠʚʘʪʠʩʴ ʢʚʘʨʮʦʚʠʡ 

ʜʽʦʨʠʪ. ʉʪʦʩʦʚʥʦ ʪʦʯʥʦʛʦ ʤʽʩʮʷ ʡʦʛʦ ʚʽʜʙʦʨʫ ʤʦʞʥʘ ʣʠʰʝ ʟʜʦʛʘʜʫʚʘʪʠʩʴ, ʱʦ ʮʝ ʦʜʠʥ ʟ 

ʥʝʚʝʣʠʢʠʭ ʦʩʪʨʽʚʮʽʚ ʟʘʭʽʜʥʽʰʝ ʦ. ʇʣʝʥʦ. ʅʘʙʘʛʘʪʦ ʢʨʘʱʝ ʜʦʩʣʽʜʞʝʥʘ ʛʝʦʣʦʛʽʷ 

ʥʘʡʙʣʠʞʯʠʭ ʜʦ ɼʘʥʝʙʨʦʛʽʚ ʦʩʪʨʦʚʽʚ, ʟʦʢʨʝʤʘ ï ʦʦ. ɹʫʪ, ʍʦʚʛʘʘʨʜ, ʇʣʝʥʦ ʪʘ ɺʝʜʝʣ 
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(ʉurtis, 1966; ʄʠʪʨʦʭʠʥ ʪʘ ɹʘʭʤʫʪʦʚ, 2020; ʄʠʪʨʦʭʠʥ ʪʘ ʽʥ., 2021). ɿôʷʩʦʚʘʥʦ, ʱʦ ʪʫʪ 

ʧʦʰʠʨʝʥʽ ʧʣʫʪʦʥʠ ʛʘʙʨʦʾʜʽʚ, ʜʽʦʨʠʪʽʚ ʪʘ ʛʨʘʥʽʪʦʾʜʽʚ, ʷʢʽ ʽʥʪʨʫʜʫʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ ʫ 

ʛʦʤʦʜʨʦʤʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɼʣʷ ʛʨʘʥʦʜʽʦʨʠʪʽʚ ʦ.ɹʫʪ ʦʪʨʠʤʘʥʽ U-Pb ʽʟʦʪʦʧʥʽ ʜʘʪʫʚʘʥʥʷ 

ʧʦ ʮʠʨʢʦʥʘʤ, ʷʢʽ ʟʘʩʚʽʜʯʠʣʠ ʾʭ ʧʘʣʝʦʮʝʥʦʚʠʡ ʚʽʢ (Zheng et al., 2018). ʅʘʡʤʦʣʦʜʰʠʤʠ 

ʽʥʪʨʫʟʠʚʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʥʘ ʘʨʭʽʧʝʣʘʟʽ ɺʽʣʴʛʝʣʴʤʘ ʚʚʘʞʘʶʪʴʩʷ ʨʦʾ ʤʘʬʽʯʥʠʭ ʜʘʡʦʢ 

ʧʽʟʥʴʦ-ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ (Mytrokhyn et al., 2023). 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʋ 2020 ʨʦʮʽ ʆ.ʄʠʪʨʦʭʠʥ ʪʘ 

ɺ.ɹʘʭʤʫʪʦʚ ʟʜʽʡʩʥʠʣʠ ʛʝʦʣʦʛʽʯʥʫ ʟʡʦʤʢʫ, ʷʢʘ ʦʭʦʧʠʣʘ ʪʨʠ ʥʘʡʙʽʣʴʰʽ ʦʩʪʨʦʚʠ ʟ ʛʨʫʧʠ 

ɼʘʥʝʙʨʦʛ. ʆʩʢʽʣʴʢʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʘ ʪʦʧʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ ʥʘ ʮʶ ʧʣʦʱʫ ʚʽʜʩʫʪʥʷ, 

ʛʝʦʣʦʛʽʯʥʽ ʤʘʨʰʨʫʪʠ ʪʘ ʧʫʥʢʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʢʦʩʤʦʟʥʽʤʦʢ Google Earth 

(ʨʠʩ.1). ʇʦʣʴʦʚʽ ʦʧʠʩʠ ʚʽʜʩʣʦʥʝʥʴ ʪʘ ʢʦʣʝʢʮʽʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʘ ʚʢʣʶʯʘʣʘ 13 ʟʨʘʟʢʽʚ, 

ʦʙʨʦʙʣʷʣʠʩʷ ʚ ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾè ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ʇʝʪʨʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʽʬʽʚ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ 

ʚʠʢʦʥʘʣʠ ʄ.ɹʨʫʯʢʦ ʪʘ ʆ.ʄʠʪʨʦʭʠʥ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʂʦʩʤʦʟʥʽʤʦʢ Google Earth ʚʽʜ 26.01.2004 ʟ ʢʘʨʪʦʶ ʬʘʢʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʣʦʛʽʯʥʦʾ ʟʡʦʤʢʠ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ 19.02.2020 ʪʘ 

3.03.2020. 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʄʘʨʰʨʫʪʥʘ ʛʝʦʣʦʛʽʯʥʘ ʟʡʦʤʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʫ ʜʨʫʛʽʡ 

ʧʦʣʦʚʠʥʽ ʣʶʪʦʛʦ ʪʘ ʥʘ ʧʦʯʘʪʢʫ ʙʝʨʝʟʥʷ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʠʭ ʦʩʪʨʦʚʽʚ 

ɼʘʥʝʙʨʦʛ ʚʢʨʠʪʘ ʧʦʩʪʽʡʥʠʤ ʩʥʽʛʦʚʦ-ʣʴʦʜʦʚʠʤ ʧʦʢʨʠʚʦʤ. ɸʣʝ ʚʟʜʦʚʞ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʟ 

ʧʽʜ ʥʴʦʛʦ ʧʦʚʩʶʜʥʦ ʦʛʦʣʶʶʪʴʩʷ ʢʦʨʽʥʥʽ ʚʠʭʦʜʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽʥʪʨʫʟʠʚʥʦ-

ʤʘʛʤʘʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʧʣʫʪʦʥʽʯʥʽ ʧʦʨʦʜʠ 

ʜʽʦʨʠʪʦʚʦʛʦ ʩʢʣʘʜʫ. ɰʭ ʯʠʩʝʣʴʥʽ ʦʛʦʣʝʥʥʷ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʚʟʜʦʚʞ ʧʽʚʥʽʯʥʦʛʦ ʪʘ 

ʟʘʭʽʜʥʦʛʦ ʫʟʙʝʨʝʞ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ-ɯɯ ʪʘ ɼʘʥʝʙʨʦʛ-ɯɯɯ. ʎʝ ʩʽʨʽ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ 

ʧʦʨʦʜʠ ʤʝʟʦʢʨʘʪʦʚʦʛʦ ʩʢʣʘʜʫ. ɰʭ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʚʢʣʶʯʝʥʴ 

ʙʽʣʴʰ ʪʝʤʥʠʭ ʤʘʬʽʯʥʠʭ ʧʦʨʽʜ. ʏʘʩʪʠʥʘ ʚʢʣʶʯʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʽʢʨʦʜʽʦʨʠʪʘʤʠ ʪʘ 

ʤʘʶʪʴ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ mafic magmatic enclaves. ʂʨʽʤ ʥʠʭ ʪʨʘʧʣʷʶʪʴʩʷ 

ʚʢʣʶʯʝʥʥʷ ʛʘʙʨʦʾʜʽʚ, ʷʢʽ, ʚʦʯʝʚʠʜʴ, ʻ ʢʩʝʥʦʣʽʪʘʤʠ. ʆʢʨʝʤʽ ʢʩʝʥʦʣʽʪʠ ʛʘʙʨʦʾʜʽʚ ʥʘ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ʦ.ɹʫʪ-ɯɯ ʩʷʛʘʶʪʴ ʨʦʟʤʽʨʽʚ 6-7 ʤ. ɺ ʦʜʥʦʤʫ ʤʽʩʮʽ ʥʘ 
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ʦ.ɼʘʥʝʙʨʦʛ-ɯɯɯ ʜʽʦʨʠʪʦʚʽ ʧʦʨʦʜʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ ʞʠʣʘʤʠ ʛʨʘʥʽʪʦʾʜʽʚ. 

ʋʩʷ ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ ʦ. ɼʘʥʝʙʨʦʛ-ɯ ʩʢʣʘʜʝʥʘ ʛʨʘʥʽʪʦʾʜʘʤʠ. ɰʭ ʧʨʦʪʷʞʥʽ ʚʠʭʦʜʠ 

ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʽ ʥʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ʦ. ɼʘʥʝʙʨʦʛ-ɯɯ. ʎʝ ʩʚʽʪʣʦ-ʩʽʨʽ 

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ ʧʦʨʦʜʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʽʦʨʠʪʦʾʜʽʚ ʣʝʡʢʦʢʨʘʪʦʚʠʤ ʩʢʣʘʜʦʤ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʢʚʘʨʮʫ. ʄʘʬʽʯʥʠʭ ʚʢʣʶʯʝʥʴ ʚ ʥʠʭ ʧʦʤʽʪʥʦ ʤʝʥʰʝ, ʘ ʤʽʩʮʷʤʠ ʚʦʥʠ 

ʟʦʚʩʽʤ ʚʽʜʩʫʪʥʽ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʚ ʛʨʘʥʽʪʦʾʜʘʭ ʧʦʜʝʢʫʜʠ ʪʨʘʧʣʷʶʪʴʩʷ ʜʽʣʷʥʢʠ ʟʽ ʩʤʫʛʘʩʪʦʶ 

ʙʫʜʦʚʦʶ. ʅʘ ʦ.ɼʘʥʝʙʨʦʛ-ɯ ʛʨʘʥʽʪʦʾʜʠ ʽʥʪʨʫʜʫʶʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ ʤʘʬʽʯʥʠʤʠ ʜʘʡʢʘʤʠ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. ɿʘʟʥʘʯʝʥʽ ʜʘʡʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʙʘʟʘʣʴʪʦʾʜʥʠʡ ʘʙʦ 

ʘʥʜʝʟʠʪʦʚʠʡ ʩʢʣʘʜ. 

ʇʦʚʝʨʭʥʷ ʚʠʱʝʦʧʠʩʘʥʠʭ ʢʦʨʽʥʥʠʭ ʚʠʭʦʜʽʚ ʜʽʦʨʠʪʦʾʜʽʚ ʪʘ ʛʨʘʥʽʪʦʾʜʽʚ ʚʠʷʚʣʷʻ 

ʦʟʥʘʢʠ ʣʴʦʜʦʚʠʢʦʚʦʾ ʝʢʟʘʨʘʮʽʾ. ɺ ʟʘʧʘʜʠʥʘʭ ʢʦʨʽʥʥʦʛʦ ʨʝʣʴʻʬʫ ʪʨʘʧʣʷʶʪʴʩʷ 

ʥʝʟʮʝʤʝʥʪʦʚʘʥʽ ʤʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʨʫʙʦʫʣʘʤʢʦʚʠʤ ʩʢʣʘʜʦʤ, 

ʧʦʛʘʥʠʤ ʩʦʨʪʫʚʘʥʥʷʤ ʪʘ ʧʦʤʽʨʥʦʶ ʦʙʢʘʪʘʥʽʩʪʶ ʫʣʘʤʢʽʚ. ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ 

ʝʨʘʪʠʯʥʽ ʫʣʘʤʢʠ ï ʚʘʣʫʥʠ, ʛʘʣʴʢʘ ʪʘ ʱʝʙʽʥʴ ʪʘʢʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʥʝ ʚʠʷʚʣʝʥʽ ʫ 

ʢʦʨʽʥʥʦʤʫ ʟʘʣʷʛʘʥʥʽ. ʉʝʨʝʜ ʥʠʭ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʝʨʘʪʠʢʠ ʘʥʜʝʟʠʪʽʚ ʪʘ ʚʫʣʢʘʥʽʯʥʠʭ ʪʫʬʽʚ, 

ʯʝʨʚʦʥʠʭ ʣʫʞʥʦʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʛʨʘʥʽʪʽʚ, ʘ ʪʘʢʦʞ ʬʽʣʽʪʽʚ ʪʘ ʩʣʶʜʷʥʠʭ ʩʣʘʥʮʽʚ, 

ʟʽʤôʷʪʠʭ ʫ ʩʢʣʘʜʥʽ ʩʢʣʘʜʢʠ. 

ɺʠʩʥʦʚʢʠ.  

1. ɻʝʦʣʦʛʽʷ ʪʨʴʦʭ ʥʘʡʙʽʣʴʰʠʭ ʦʩʪʨʦʚʽʚ ɼʘʥʝʙʨʦʛ ʻ ʧʦʜʽʙʥʦʶ ʜʦ ʥʘʡʙʣʠʞʯʠʭ ʪʘ 

ʢʨʘʱʝ ʚʠʚʯʝʥʠʭ ʦʩʪʨʦʚʽʚ ʘʨʭʽʧʝʣʘʛʫ ɺʽʣʴʛʝʣʴʤʘ ï ɹʫʪ, ʍʦʚʛʘʘʨʜ, ʇʣʝʥʦ ʪʘ ɺʝʜʝʣ. 

ɻʦʣʦʚʥʫ ʨʦʣʴ ʚ ʾʭ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʚʽʜʽʛʨʘʶʪʴ ʥʝʤʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʽʥʪʨʫʟʠʚʥʦ-

ʤʘʛʤʘʪʠʯʥʽ ʫʪʚʦʨʝʥʥʷ ʧʣʫʪʦʥʽʯʥʦʾ ʬʘʮʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ 

ʜʽʦʨʠʪʦʾʜʠ ʪʘ ʛʨʘʥʽʪʦʾʜʠ. 

2. ɻʝʦʣʦʛʽʯʥʠʡ ʚʽʢ ʛʨʘʥʽʪʦʾʜʽʚ ɼʘʥʝʙʨʦʛ, ʚʦʯʝʚʠʜʴ, ʻ ʪʦʪʦʞʥʠʤ ʟ ʾʭ ʘʥʘʣʦʛʘʤʠ ʥʘ 

ʦ.ɹʫʪ, ʜʣʷ ʷʢʠʭ ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʘʣʝʦʮʝʥʦʚʽ U-Pb ʽʟʦʪʦʧʥʽ ʜʘʪʫʚʘʥʥʷ ʧʦ 

ʮʠʨʢʦʥʘʤ. ɼʽʦʨʠʪʦʾʜʠ, ʚʦʯʝʚʠʜʴ, ʬʦʨʤʫʚʘʣʠʩʷ ʜʝʱʦ ʨʘʥʽʰ ʛʨʘʥʽʪʦʾʜʽʚ, ʘ ʥʘʡʜʘʚʥʽʰʠʡ 

ʚʽʢ ʤʘʶʪʴ ʢʩʝʥʦʣʽʪʠ ʛʘʙʨʦʾʜʽʚ ʟ ʦ. ɼʘʥʝʙʨʦʛ-ɯɯ. 

3. ɼʘʡʢʠ ʙʘʟʘʣʴʪʦʾʜʥʦʛʦ ʪʘ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʽʥʪʨʫʜʫʶʪʴ ʛʨʘʥʽʪʦʾʜʠ ʥʘ ʦ. 
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NATURAL NODULAR MONAZITES  
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The paper presents the results of a study on the parameters of chondrite-normalized rare 

earth element patterns (LaïGd), including LaN/NdN ratios and cerium (Ce/Ce*), 

neodymium (Nd/Nd*), and europium (Eu/Eu*) anomalies in nodular monazites from 

phyllite-like slates of the Skelyuvatka Formation of the Precambrian Krivoy Rog Series 

(Ukraine), placers of La Monnerie (France), Urasalah Creek in the Kular Range (Siberia), 

and carbonaceous slates surrounding the Kara astrobleme on Morango Island (Pai-Khoi). 

The study reveals similarities in LaN/NdN ratios but distinct differences in Ce/Ce*, Nd/Nd*, 

and Eu/Eu* anomalies of the Ln patterns, which may reflect variations in the 

physicochemical conditions during the natural crystallization of nodular monazite grains. 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʍʆʅɼʈʀʊ-ʅʆʈʄʆɺɸʅʀʍ ʉʇɽʂʊʈɯɺ ʃɸʅʊɸʅʆɰɼɯɺ (LA -

GD) ʅʆɼʋʃʗʈʅʀʍ ʄʆʅɸʎʀʊɯɺ 

 

ʄʠʭʘʣʴʯʝʥʢʦ ɯ.ɯ. 

 

Introduction.  Monazite (LnPO ) is one of the most important minerals for studying 

the lanthanide series elements (Ln) due to its ability to efficiently concentrate Ln, Th, 

and U within its crystal lattice. The lanthanide pattern provides rich information for 

reconstructing crystallization conditions, interactions with melts or fluids, as well as 

subsequent epigenetic transformations of crystals. The primary value of such analyses 

lies in identifying characteristic anomalies and asymmetries in lanthanide patterns, which 

arise from specific lanthanide fractionation mechanisms. Since 1936, a distinct variety of 

monazite ï nodular monazite (kularite) ï has been recognized, characterized by the 

presence of inclusions of rock-forming minerals from the host low-grade metamorphic or 

metasedimentary rock. Numerous chemical analyses of this monazite variety have 

revealed significant compositional variability, most notably the zoning of Ln and Th 

distribution within individual grains. 

Analysis of previous studies, problem statement, and relevance of its resolution. To 

date, a substantial body of data on the chemical composition of natural nodular monazites has 

been published; however, most of these studies characterized bulk grain samples or individual 

spot analyses of separate crystals. In recent years, research employing localized analytical 

techniques has been published, enabling the characterization of lanthanide (Ln) compositions 

within individual zones of nodular monazitesðat least across the LaïGd segment of the Ln 

pattern. 

In 2025, findings on the variability of europium anomaly values (Eu/Eu*) in Ln patterns 

of natural monazite-group minerals of diverse genesis were reported (Mihalchenko, 2025). 

Particularly pronounced variations in Eu/Eu* were observed between Ln patterns of rare 

monazite-(La) and monazite-(Sm) samples. It was concluded that the high variability of 

Eu/Eu* values in the studied spectra results from fractionation of lanthanides during mineral-

forming processes. 

One distinctive feature of natural monazite crystals is the presence of elevated Nd 

concentrations in their core regions ï up to Mz-(Nd) ï alongside elevated Eu contents, 

accompanied by correspondingly lower concentrations of La and Ce. This compositional 

pattern should be reflected in the estimates of LaN/NdN ratios and in cerium (Ce/Ce*), 
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neodymium (Nd/Nd*), and europium (Eu/Eu*) anomalies calculated from chondrite-

normalized Ln concentrations in the chemical composition of nodular monazites. 

Purpose of the study: to identify and evaluate the characteristics of chondrite-

normalized rare earth element spectra (LaïGd) in crystals of nodular monazite. 

Materials and methodology. This study is based on both our own analytical data on 

the chemical composition of nodular monazite grain (Mihalchenko et al., 2024) and published 

datasets (Lazareva et al., 2018; Kovalchuk & Shumilova, 2020; Tuduri et al., 2023). 

To characterize the REE patterns, the following parameters were selected: LaN/NdN 

ratios and estimates of cerium (Ce/Ce*), neodymium (Nd/Nd*), and europium (Eu/Eu*) 

anomalies, calculated from chondrite-normalized concentrations of REEs measured in the 

chemical composition of nodular monazite. 

Based on chemical analyses, mass fractions of lanthanides (La, Ce, Pr, Nd, Sm, Eu, Gd) 

were determined. For each element, a concentration coefficient was calculated using the 

formula: LnN=Lni/LnH, where LnN is the concentration coefficient of the lanthanide, Lni is the 

mass fraction of the lanthanide in the sample, and LnH is the mass fraction of the lanthanide in 

CI chondrite (Sun & McDonough, 1989). Spider diagrams were subsequently constructed 

using these normalized values. 

Cerium (Ce/Ce*), neodymium (Nd/Nd*), and europium (Eu/Eu*) anomalies were 

calculated using the following equations: Ce/Ce*= CeN/(LaNĿNdN)1/2; 

Nd/Nd*=NdN/(PrNĿSmN)1/2; Eu/Eu*=EuN/(SmNĿGdN)1/2; where LaN, CeN, PrN, NdN, SmN, EuN, 

GdN represent the chondrite-normalized concentrations of the respective elements in the 

sample, normalized to their corresponding CI chondrite abundances (Sun & McDonough, 

1989). Statistical analysis was performed using arithmetic mean values (ave) of the respective 

parameters. 

Results and Their Discussion. The LaN/NdN ratios, Ce/Ce*, Nd/Nd*, and Eu/Eu* 

derived from chemical analyses of nodular monazite are summarized in the table. The results 

of the conducted studies reveal significant variations in the LaN/NdN ratios, Ce/Ce*, Nd/Nd*, 

and Eu/Eu*, both within the entire analyzed sample set of nodular monazite and among 

individual monazite grains. 

The LaN/NdN ratios range from 0.1407 to 4.6443; Ce/Ce* from 0.915 to 1.640; Nd/Nd* 

from 0.529 to 4.796; and Eu/Eu* from 0.0426 to 1.6833 (see Table). Given the significant 

variability observed in these parameters among individual samples and chemical analyses of 

each grain of nodular monazite, further analysis of the parameters was conducted on a per-

grain basis. 

Nodular monazite from the Skelyuvatska Formation of the Kryvyi Rih Series 

(Ukrainian Shield) (samples nos. 1ï23) exhibits a zoned structure composed of Mz-(Ce) 

(relict core), Mz-(Nd) (grain nucleus), and Mz-(Ce) (grain rim). 

For the relict cores (samples nos. 10ï13), the measured parameters are as follows: 

LaN/NdN ratios ranges from 0.9689 to 1.9636 (average = 1.4801); Ce/Ce* from 1.12 to 1.33 

(average = 1.23); Nd/Nd* from 0.53 to 1.08 (average = 0.77); and Eu/Eu* from 0.16 to 1.41 

(average = 0.67). For the grain nuclei (samples nos. 7ï9, 14ï16), LaN/NdN ratios from 0.1407 

to 0.2865 (average = 0.1949); Ce/Ce* from 1.25 to 1.640 (average = 1.39); Nd/Nd* from 0.83 

to 0.96 (average = 0.89); and Eu/Eu* from 0.28 to 1.68 (average = 0.94). For the grain rims 

(samples nos. 1ï6, 17ï23), LaN/NdN ratios from 0.9846 to 4.5000 (average = 2.5926); Ce/Ce* 

from 1.14 to 1.51 (average = 1.33); Nd/Nd* from 0.57 to 1.30 (average = 0.77); and Eu/Eu* 

from 0.16 to 1.24 (average = 0.77). 

The grains of nodular monazites L2G7 and L5G3 from the La Monnerie placer deposit 

exhibit a zoned structure. The core zones display higher concentrations of Nd (up to mz-

(Nd)), whereas the outer zones are enriched in Ce (mz-(Ce)) (Tuduri et al, 2023). 
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Table. Results of calculations for LaN/NdN ratios, cerium anomaly (Ce/Ce*), 

neodymium anomaly (Nd/Nd*), and europium anomaly (Eu/Eu*) based on chemical 

analyses of nodular monazites (Mz*). 
ˉ Mz LaN/NdN Ce/Ce* Nd/Nd*  Eu/Eu*  ˉ Mz LaN/NdN Ce/Ce* Nd/Nd*  Eu/Eu*  

1 2 3 4 5 6 1 2 3 4 5 6 

1 Ce 2.2617 1.22 1.30 - 32 Ce 0.7123 1.01 1.23 0.85 

2 Ce 4.5000 1.18 0.63 - 33 Nd 0.5623 0.93 1.21 0.79 

3 Ce 4.2042 1.27 0.87 - 34 Ce 0.8425 1.03 1.21 0.80 

4 Ce 1.9239 1.51 0.57 - 35 Ce 0.8569 1.04 1.35 0.83 

5 Ce 1.7477 1.14 0.84 - 36 Ce 0.9184 1.04 1.22 0.81 

6 Ce 2.0941 1.39 0.80 - 37 Ce 0.8415 1.04 1.35 0.83 

7 Nd 0.1484 1.26 0.88 0.70 38 Ce 0.7331 1.01 1.31 0.81 

8 Nd 0.1498 1.64 0.88 1.36 39 Ce 2.7575 1.09 1.44 0.96 

9 Nd 0.2492 1.27 0.83 1.07 40 Ce 2.6162 1.12 1.41 0.97 

10 Ce 1.9636 1.24 0.53 0.61 41 Ce 2.6073 1.11 1.42 0.96 

11 Ce 1.6557 1.33 0.74 0.49 42 Ce 2.4927 1.13 1.41 0.95 

12 Ce 0.9689 1.12 1.08 1.41 43 Ce 2.4549 1.12 1.40 0.99 

13 Ce 1.3323 1.25 0.75 0.16 44 Ce 2.6457 1.12 1.43 0.91 

14 Nd - - 0.96 0.28 45 Ce 4.6443 1.09 1.46 0.88 

15 Nd 0.1407 1.55 0.91 1.68 46 Ce 2.7864 1.10 1.44 0.92 

16 Nd 0.2865 1.25 0.87 0.54 47 Ce 2.4715 1.11 1.42 0.91 

17 Ce 0.9846 1.19 0.96 - 48 Ce 4.0394 1.09 1.48 0.92 

18 Ce 1.3375 1.50 0.60 0.96 49 Ce 2.8869 1.25 1.26 0.46 

19 Ce 1.6743 1.46 0.90 0.16 50 Ce 2.5095 1.51 1.46 0.59 

20 Ce 2.9226 1.36 0.61 0.74 51 Ce 1.3709 1.47 1.46 0.47 

21 Ce 2.3210 1.34 0.65 1.24 52 Ce 0.6256 1.33 1.28 0.61 

22 Ce 3.3942 1.44 0.66 - 53 Ce 0.2955 1.13 1.09 0.53 

23 Ce 4.3380 1.29 0.70 - 54 Nd 0.2920 1.14 1.08 0.67 

24 Ce 0.7392 1.02 1.27 0.87 55 Nd 0.2774 1.16 1.12 0.53 

25 Ce 0.7001 1.03 1.28 0.86 56 Nd 0.3074 1.17 1.06 0.59 

26 Nd 0.4522 0.92 1.21 0.77 57 Nd 0.4860 1.31 1.04 0.59 

27 Ce 0.7073 1.02 1.30 0.87 58 Ce 0.8017 1.39 1.36 0.28 

28 Ce 0.7295 1.03 1.31 0.87 59 Ce 1.5263 1.51 1.55 0.55 

29 Ce 0.7298 1.04 1.31 0.86 60 Ce 3.6785 1.57 1.55 1.03 

30 Ce 0.6496 0.97 1.21 0.83 61 Ce 4.3603 1.16 1.24 0.64 

31 Ce 0.7312 1.01 1.26 0.86 62 Nd 0.2287 1.00 1.10 - 

*Note: samples nos. 1ï23 were calculated using data from (Mihalchenko et al., 2024); nos. 

24ï48 from (Tuduri et al., 2023); nos. 49ï61 from (Lazareva et al., 2018); and nos. 62 from 

(Kovalchuk & Shumilova, 2020). Explanations are provided in the main text. 

Grain L2G7 . LaN/NdN ratios for the core (analyses nos. 24ï33 in the table) range from 

0.4522 to 0.7392 (average = 0.6714); Ce/Ce* ranges from 0.92 to 1.04 (average = 1.00); 

Nd/Nd* ranges from 1.21 to 1.31 (average = 1.26); Eu/Eu* ranges from 0.77 to 0.87 (average 

= 0.84). LaN/NdN ratios for the rim (analyses nos. 39ï43) range from 2.4549 to 2.7575 

(average = 2.5857); Ce/Ce* ranges from 1.09 to 1.13 (average = 1.11); Nd/Nd* ranges from 

1.40 to 1.44 (average = 1.42); Eu/Eu* ranges from 0.95 to 0.99 (average = 0.97). 

Grain L5G3 . LaN/NdN ratios for the core (analyses nos. 34ï38) range from 0.7331 to 

0.9184 (average = 0.8385); Ce/Ce* ranges from 1.01 to 1.04 (average = 1.03); Nd/Nd* ranges 

from 1.21 to 1.35 (average = 1.29); Eu/Eu* ranges from 0.80 to 0.83 (average = 0.82). 

LaN/NdN ratios for the rim (analyses nos. 44ï48) range from 2.4715 to 4.6443 (average = 

3.3174); Ce/Ce* ranges from 1.09 to 1.12 (average = 1.10); Nd/Nd* ranges from 1.42 to 1.48 

(average = 1.45); Eu/Eu* ranges from 0.88 to 0.92 (average = 0.91). 

Nodular monazite from placer concentrates of the Urasalakh Creek gold placer deposit 

in the Kular Range. The probable source of the monazite is Permian black shales of the Kular-

Nera terrane (Lazareva E.V. et al., 2018). 

Analyzes of core of this monazite (nos. 53ï56) LaN/NdN ratios are within the range of 

0.2774 to 0.3074 (average = 0.2931); Ce/Ce* ranges from 1.13 to 1.17 (average = 1.15); 

Nd/Nd* ranges from 1.06 to 1.12 (average = 1.08); Eu/Eu* ranges from 0.53 to 0.67 (average 
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= 0.58). Rim analyses (nos. 49ï52 and 57ï61) show LaN/NdN ratios ranging from 0.4840 to 

4.3603 (average = 2.0273); Ce/Ce* ranges from 1.16 to 1.57 (average = 1.39); Nd/Nd* ranges 

from 1.04 to 1.55 (average = 1.36); Eu/Eu* ranges from 0.59 to 0.61 (average = 0.60). 

Nodular monazite (sample 221/1-1) from carbonaceous shales surrounding the Kara 

astrobleme, Morango Island (Pay-Khoy) (Kovalchuk & Shumilova, 2020) (analysis no. 62 in 

the table): LaN/NdN = 0.2287; Ce/Ce* = 1.00; Nd/Nd* = 1.10. 

 

Conclusions 
1. For all analyzed monazite grains, the LaN/NdN ratio of the core significantly differs from 

that of the rim. Specifically, the average LaN/NdN value for cores is less than 1, whereas for 

rims it is considerably greater than 1. This contrast reflects the distinct chemical compositions 

of the core and rim domains in nodular monazite grains. 

2. Monazite grains from the Skelyuvatska Formation and the Urasalakh Creek placer deposit 

exhibit a positive average Ce/Ce* anomaly. In contrast, nodular monazite grains from the La 

Monnerie placer deposit show no Ce/Ce* anomaly in their cores and only a weak positive 

Ce/Ce* anomaly in their rims. 

3. Significantly higher Nd concentrations in the cores (mz-(Nd)) compared to the rims (mz-

(Ce)) of nodular monazite grains from the Skelyuvatska Formation result in more pronounced 

negative average Nd/Nd* anomalies in the rim than in the core. Conversely, nodular monazite 

grains from the La Monnerie placer deposit and the Urasalah Creek placer deposit demon-

strate a positive average Nd/Nd* anomaly in the core and rim, moreover, the average Nd/Nd* 

anomaly of the rim is significantly larger than the average Nd/Nd* anomaly of the core. 

4. Nodular monazite grains from the La Monnerie placer deposit exhibit a weak negative 

average Eu/Eu* anomaly in their cores and lack any Eu/Eu* anomaly in their rims. In 

contrast, for nodular monazite from the Skelyuvatska Formation, the average Eu/Eu* value of 

the core zone is substantially lower than that of the rim. In monazite grains from the 

Urasalakh Creek placer deposit, the negative average Eu/Eu* anomalies are nearly identical in 

both core and rim domains. 
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Technogenic waste from Ukraineôs mining industry-such as tailings, waste rock, and 

dumps-has traditionally been viewed as an environmental burden. However, their 

mineralogical and geochemical composition indicates the presence of valuable components, 

as well as rare and dispersed elements. Analysis of data from the Kryvyi Rih, Nikopol, and 

Zhovti Vody regions demonstrates that many of these wastes meet the geological criteria for 

mineral resources in terms of target component content. The author proposes a 

scientifically grounded classification of such wastes as secondary mineral resources, which 

would enable a change in their legal status, attract investment into processing technologies, 

and integrate them into circular material flows. This approach would enhance Ukraineôs 

resource security and support its commitments within the framework of European 

integration. 

 

MINERALOGICAL AND GEOCHEMICAL CHARACTERISTICS OF 

TECHNOGENIC WASTES FROM UKRAINIAN MINING AND BENEFICIATION 

PLANTS AS A BASIS FOR THEIR CLASSIFICATION AS SECONDARY MINERAL 

RESOURCES 

 

Mikh D.V. 

 

ɺʩʪʫʧ. ʋʢʨʘʾʥʘ ʤʘʻ ʦʜʥʽ ʟ ʥʘʡʙʽʣʴʰʠʭ ʫ ɭʚʨʦʧʽ ʟʘʧʘʩʽʚ ʟʘʣʽʟʥʠʭ, ʤʘʨʛʘʥʮʝʚʠʭ ʪʘ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ. ʇʨʦʪʝ ʩʪʦʣʽʪʪʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʧʨʠʟʚʝʣʦ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʥʘʜ 

5 ʤʣʨʜ ʪʦʥʥ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ. ʉʴʦʛʦʜʥʽ ʮʽ ʚʽʜʭʦʜʠ ʬʦʨʤʘʣʴʥʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ 

ʚʽʜʭʦʜʠ ɯ-ɯɯ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ, ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ 

ʪʦʡ ʞʝ ʯʘʩ, ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʚʠʤʘʛʘʶʪʴ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʚʪʦʨʠʥʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʂʣʶʯʦʚʠʤ ʥʘʫʢʦʚʠʤ 

ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʪʘʢʦʛʦ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʻ ʜʝʪʘʣʴʥʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʪʘ ʛʝʦʭʽʤʽʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ, ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʭʥʦʛʝʥʥʽ ʚʽʜʭʦʜʠ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ 

ʢʦʤʙʽʥʘʪʽʚ (ɻɿʂ) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʤʘʩʰʪʘʙʥʽʰʠʭ ʜʞʝʨʝʣ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʋʢʨʘʾʥʽ. ʅʘʢʦʧʠʯʝʥʥʷ ʭʚʦʩʪʽʚ ʟʙʘʛʘʯʝʥʥʷ, ʰʣʘʤʽʚ, ʚʽʜʚʘʣʽʚ 

ʧʦʨʦʜʠ ʪʘ ʽʥʰʠʭ ʚʽʜʭʦʜʽʚ ʚʠʜʦʙʫʚʥʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʥʦʚʠʪʴ ʥʝ ʣʠʰʝ 

ʝʢʦʣʦʛʽʯʥʫ ʟʘʛʨʦʟʫ, ʘʣʝ ʡ ʧʦʪʝʥʮʽʡʥʠʡ ʨʝʩʫʨʩ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʮʽʡ ʧʨʦʙʣʝʤʽ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʨʦʙʦʪʠ ʚʯʝʥʠʭ,  

(ɻʫʙʽʥʘ, ʇʦʢʘʣʶʢ ʪʘ ʽʥ. 2023), (ɹʫʣʘʭ 2017), (ɸʩʪʨʝʣʽʥ ʪʘ ʽʥ. 2008), ʷʢʽ ʨʦʟʛʣʷʜʘʣʠ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ, ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʙʢʠ ʪʝʭʥʦʛʝʥʥʠʭ 

ʚʽʜʭʦʜʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʘʛʘʪʦ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ʤʽʩʪʷʪʴ ʟʘʣʠʰʢʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʟʘʣʽʟʦ, ʤʽʜʴ, ʮʠʥʢ, ʢʦʙʘʣʴʪ, ʨʽʜʢʽʩʥʽ ʪʘ ʨʦʟʩʽʷʥʽ ʝʣʝʤʝʥʪʠ), ʷʢʽ ʟʘ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʝʥʽ. ɺʦʜʥʦʯʘʩ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʦʧʠʩʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʚʪʦʨʠʥʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 
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ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʪʝʭʥʦʛʝʥʥʠʭ ʫʪʚʦʨʝʥʴ ɻɿʂ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʘ ʙ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, 

ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ 

ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʧʝʨʝʨʦʙʢʠ, ʫʧʦʚʽʣʴʥʶʻ ʽʥʪʝʛʨʘʮʽʶ ʪʝʭʥʦʛʝʥʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ ʚʠʨʦʙʥʠʯʽ ʣʘʥʮʶʛʠ ʪʘ ʩʪʨʠʤʫʻ ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʫ ʩʬʝʨʽ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ. 

ʇʨʦʙʣʝʤʘ, ʷʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ ʧʨʦ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʪʘ ʛʝʦʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʝʭʥʦʛʝʥʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʫʢʨʘʾʥʩʴʢʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʢʘʪʝʛʦʨʽʾ çʚʪʦʨʠʥʥʽ ʢʦʨʠʩʥʽ 

ʢʦʧʘʣʠʥʠè, ʱʦ ʙʣʦʢʫʻ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʦʻʢʪʠ ʟ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʢʽʣʴʢʦʤʘ ʯʠʥʥʠʢʘʤʠ: 

ǒ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʝʨʚʠʥʥʦʾ ʩʠʨʦʚʠʥʠ; 

ǒ ʟʨʦʩʪʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʠʩʢʫ ʚʽʜ ʥʘʢʦʧʠʯʝʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʤʘʩʠʚʽʚ; 

ǒ ʧʦʪʨʝʙʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ ʢʦʥ-

ʪʝʢʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʨʫʢʪʫʨ; 

ǒ ʥʘʷʚʥʽʩʪʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙ-

ʢʠ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʾʭ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʾ ʪʘ ʛʝʦʭʽʤʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʚʪʦʨʠʥʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ǒ ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʛʝʦʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ɻɿʂ ʋʢʨʘʾʥʠ. 

ǒ ʈʦʟʨʦʙʠʪʠ ʢʨʠʪʝʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʚʪʦʨʠʥʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʥʘ ʦʩʥʦʚʽ ʾʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʤʽʥʝʨʘʣʦʛʽʯʥʦʾ ʬʦʨʤʠ ʝʣʝʤʝʥʪʽʚ ʪʘ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ. 

ǒ ʆʙˇʨʫʥʪʫʚʘʪʠ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʫ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʧʦʣʝ ʋʢʨʘʾʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʩʧʨʠʷʪʠ ʬʦʨʤʫʚʘʥʥʶ ʥʘʫʢʦʚʦʾ ʦʩʥʦʚʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʛʝʥʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʟʤʝʥʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʩʝʢʪʦʨʫ 

ʥʘ ʟʘʩʘʜʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʻ ʪʨʠ 

ʨʝʛʽʦʥʠ: 

ǒ ʂʨʠʚʙʘʩ (ʟʘʣʽʟʥʽ ʨʫʜʠ): ʭʚʦʩʪʠ ʎʝʥʪʨʘʣʴʥʦʛʦ, ɯʥʛʫʣʝʮʴʢʦʛʦ, ʇʽʚʥʽʯʥʦʛʦ ɻɿʂ; 

ǒ ʅʽʢʦʧʦʣʴʩʴʢʠʡ ʙʘʩʝʡʥ (ʤʘʨʛʘʥʮʝʚʽ ʨʫʜʠ): ʰʣʘʤʠ ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ɻɿʂ; 

ǒ ɾʦʚʪʽ ɺʦʜʠ (ʫʨʘʥʦ-ʪʠʪʘʥʦʚʽ ʨʫʜʠ): ʚʽʜʭʦʜʠ ɯʨʰʘʥʩʴʢʦʛʦ ɻɿʂ. 

ɺʠʢʦʨʠʩʪʘʥʦ: 

ǒ ʧʫʙʣʽʢʘʮʽʾ ʧʨʦʬʽʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʴ; 

ǒ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʢʦʥʜʠʮʽʷʤʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʨʫʜʠ (ʟʛʽʜʥʦ ʟ 

çɯʥʩʪʨʫʢʮʽʻʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʣʘʩʠʬʽʢʘʮʽʾ ʟʘʧʘʩʽʚ ʽ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʜʝʨʞʘ-

ʚʥʦʛʦ ʬʦʥʜʫ ʥʘʜʨ ʜʦ ʨʦʜʦʚʠʱ ʨʫʜ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ (ʟʘʣʽʟʘ, ʤʘʨʛʘʥʮʶ ʪʘ ʭʨʦʤʫ)è, 2022 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ: 

ǒ ʭʚʦʩʪʠ ʂʨʠʚʙʘʩʫ ʤʽʩʪʷʪʴ ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʢʚʘʨʮ, ʚʤʽʩʪ Fe - 15-28% (ɻʫʙʽʥʘ, 

ʇʦʢʘʣʶʢ ʪʘ ʽʥ. 2023), ʧʨʦʤʠʩʣʦʚʘ ʢʦʥʜʠʮʽʷ ʥʘ ʙʽʜʥʽ ʨʫʜʠ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ - 18-20%; 

ǒ ʤʘʨʛʘʥʮʝʚʽ ʰʣʘʤʠ ʅʽʢʦʧʦʣʷ - ʧʩʽʣʦʤʝʣʘʥ, ʧʽʨʦʣʶʟʠʪ, Mn - 6-18% (ɹʫʣʘʭ 2017), 

ʢʦʥʜʠʮʽʷ - 10-15%; 

ǒ ʪʠʪʘʥʦʚʤʽʩʥʽ ʚʽʜʭʦʜʠ ɾʦʚʪʠʭ ɺʦʜ - ʽʣʴʤʝʥʽʪ, ʣʝʡʢʦʢʩʝʥ, TiO  - 5-12% - ʢʦʥʜʠʮʽʷ 

- 6-8% (ɸʩʪʨʝʣʽʥ ʪʘ ʽʥ. 2008). 

ʂʨʽʤ ʪʦʛʦ, ʫ ʭʚʦʩʪʘʭ ʚʠʷʚʣʝʥʦ ʚʪʦʨʠʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Sc (20-50 ʛ/ʪ), V (0,3-0,8%).  
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ʎʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʙʘʛʘʪʦ ʚʽʜʭʦʜʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʙʦ ʧʝʨʝʚʠʱʫʶʪʴ ʤʽʥʽʤʘʣʴʥʽ 

ʧʨʦʤʠʩʣʦʚʽ ʢʦʥʜʠʮʽʾ. ʆʪʞʝ, ʟ ʛʝʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʦʥʠ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʢʦʨʠʩʥʠʤʠ 

ʢʦʧʘʣʠʥʘʤʠ.  

ʉʫʯʘʩʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʥʘʜʨ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ ʥʝ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʛʝʥʥʠʭ ʫʪʚʦʨʝʥʴ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɿʦʢʨʝʤʘ, ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʜʨʘè (1994) ʪʘ çʇʨʦ ʚʽʜʭʦʜʠè 

(1998) ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʦʛʝʥʥʽ ʚʽʜʭʦʜʠ ʚʠʢʣʶʯʥʦ ʷʢ ʦʙôʻʢʪʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʝ ʧʝʨʝʜʙʘʯʘʶʯʠ ʤʝʭʘʥʽʟʤʽʚ ʾʭ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʷʢ ʨʝʩʫʨʩʽʚ. 

ʎʝ ʩʪʚʦʨʶʻ ʧʨʘʚʦʚʫ ʢʦʣʽʟʽʶ: ʟ ʦʜʥʦʛʦ ʙʦʢʫ - ʚʽʜʭʦʜʠ ʧʽʜʣʷʛʘʶʪʴ ʦʙʣʽʢʫ, ʟʙʝʨʽʛʘʥʥʶ ʪʘ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ, ʟ ʽʥʰʦʛʦ - ʾʭ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʠʤ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʠʭ ʢʨʠʪʝʨʽʾʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʷʢ ʚʪʦʨʠʥʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 

ʈʦʟʨʦʙʣʝʥʘ ʚ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

ǒ ʛʝʦʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ (ʥʘʷʚʥʽʩʪʴ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ); 

ǒ ʤʽʥʝʨʘʣʦʛʽʯʥʽʡ ʬʦʨʤʽ (ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ); 

ǒ ʝʢʦʥʦʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʨʠʜʘʪʥʦʩʪʽ (ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ). 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʪʝʭʥʦʛʝʥʥʽ ʤʘʩʠʚʠ ʥʘ: 

ǒ ʚʽʜʭʦʜʠ ʟ ʚʠʩʦʢʠʤ ʨʝʩʫʨʩʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʢʘʥʜʠʜʘʪʠ ʥʘ ʧʦʚʪʦʨʥʝ ʟʙʘʛʘʯʝʥʥʷ 

ʘʙʦ ʚʠʣʫʯʝʥʥʷ ʨʽʜʢʽʩʥʠʭ ʤʝʪʘʣʽʚ); 

ǒ ʚʽʜʭʦʜʠ ʟ ʩʝʨʝʜʥʽʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, 

ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚôʷʞʫʯʠʭ ʪʦʱʦ); 

ǒ ʚʽʜʭʦʜʠ ʟ ʥʠʟʴʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʧʦʪʨʝʙʫʶʪʴ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽ-

ʛʘʥʥʷ ʯʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ). 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʫ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʧʦʣʝ ʋʢʨʘʾʥʠ ʧʨʦʧʦʥʫʻʪʴʩʷ: 

ǒ ɺʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʜʨʘè, ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ 

çʚʪʦʨʠʥʥʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠè ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʚʦʚʦʛʦ ʩʪʘʪʫʩʫ ʪʝʭʥʦʛʝʥʥʠʭ ʫʪʚʦ-

ʨʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʷʤ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʢʣʶʯʠʪʠ ʪʘʢʽ 

ʦʙôʻʢʪʠ ʜʦ ɼʝʨʞʘʚʥʦʛʦ ʙʘʣʘʥʩʫ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽ ʥʘʜʘʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʜʦʟʚʦ-

ʣʠ ʥʘ ʾʭ ʨʦʟʨʦʙʢʫ. 

ǒ ʈʦʟʨʦʙʢʘ ʦʢʨʝʤʦʛʦ ʧʽʜʟʘʢʦʥʥʦʛʦ ʘʢʪʫ (ʥʘʧʨʠʢʣʘʜ, ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ), ʱʦ ʟʘʪʚʝʨʜʞʫʻ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʮʽʥʢʠ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦ-

ʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʚʪʦʨʠʥʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦ-

ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ǒ ɸʜʘʧʪʘʮʽʷ ɼʝʨʞʘʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ʟʛʽʜʥʦ ʟ ʂʦʜʝʢʩʦʤ 

ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ) ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʢʘʪʝʛʦʨʽʾ çʪʝʭʥʦʛʝʥʥʽ ʨʦʜʦʚʠʱʘè 

ʘʙʦ çʚʪʦʨʠʥʥʽ ʨʦʜʦʚʠʱʘè, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʾʭ ʦʙʣʽʢ, ʦʮʽʥʢʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʥʘ ʟʘʛʘʣʴʥʦ-

ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ. 

ǒ ɻʘʨʤʦʥʽʟʘʮʽʷ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʜʠʨʝʢʪʠʚʘʤʠ, ʟʦʢ-

ʨʝʤʘ ʟ ɼʠʨʝʢʪʠʚʦʶ 2008/98/ɭʉ ʱʦʜʦ ʚʽʜʭʦʜʽʚ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʽʻʨʘʨʭʽʶ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ-

ʭʦʜʘʤʠ, ʜʝ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʘ ʤʘʶʪʴ ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʫʪʠʣʽʟʘʮʽʻʶ ʪʘ 

ʟʘʭʦʨʦʥʝʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ. ʊʝʭʥʦʛʝʥʥʽ ʚʽʜʭʦʜʠ ʛʽʨʥʠʯʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʠʡ 

ʛʝʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʷʢ ʚʪʦʨʠʥʥʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʪʘʢ ʷʢ ʾʭ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʪʘ 

ʛʝʦʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʯʘʩʪʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʤʠʩʣʦʚʠʤ ʢʦʥʜʠʮʽʷʤ ʥʘ ʧʝʨʚʠʥʥʽ ʨʫʜʠ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʨʠʷʪʠʤʝ ʬʦʨʤʫʚʘʥʥʶ ʨʠʥʢʫ 

ʚʪʦʨʠʥʥʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʟʘʣʫʯʝʥʥʶ ʽʥʚʝʩʪʠʮʽʡ ʫ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ 

ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ, ʩʢʦʨʦʯʝʥʥʶ ʦʙʩʷʛʽʚ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʟʤʝʥʰʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ, ʧʽʜʚʠʱʝʥʥʶ ʨʝʩʫʨʩʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʩʠʨʦʚʠʥʠ. 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʇʦʜʷʢʠ. ɸʚʪʦʨ ʚʜʷʯʥʠʡ ʥʘʫʢʦʚʦʤʫ ʢʝʨʽʚʥʠʢʫ ʟʘ ʤʝʪʦʜʠʯʥʫ ʧʽʜʪʨʠʤʢʫ ʪʘ 

ʢʦʣʝʛʘʤ ʟ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʟʘ ʥʘʜʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

ɯʥʩʪʨʫʢʮʽʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʣʘʩʠʬʽʢʘʮʽʾ ʟʘʧʘʩʽʚ ʽ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʜʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʥʘʜʨ ʜʦ ʨʦʜʦʚʠʱ ʨʫʜ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ (ʟʘʣʽʟʘ, ʤʘʨʛʘʥʮʶ ʪʘ ʭʨʦʤʫ): 
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ʄʽʥʝʨʘʣ. ʞʫʨʥ. 2023. 45, ˉ 1. C. 59-71. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʉʂʃɸɼʋ ɯ ʉʊʈʋʂʊʋʈʀ ʂʈʀʉʊɸʃɯɺ ʄɸɻʅɽʊʀʊʋ ɿ 

ʂɸʃʔʎʀʌɯʈɯɺ ɿɸɺɸʃʃɯɺʉʔʂʆɻʆ ʂɸʈôɭʈʋ (ɿɸ ɼɸʅʀʄʀ 

ʄɯʂʈʆɿʆʅɼʆɺʆɻʆ ɸʅɸʃɯɿʋ ɯ ʄɸɻʅɯʊʅʀʍ ʄɽʊʆɼɯɺ) 
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The study of the structure and composition of magnetite from carbonate rocks using a 

complex of analytical and magnetic methods showed that a significant Mn content and its 

heterogeneity are observed on the surface of the crystals. According to FMR data, Mn- and 

Mg-magnetite phases were found in the magnetite solid solution. It is assumed that these 

are phases of the decomposition of the magnetite solid solution with such impurities during 

the genesis of carbonate rocks. 
 

FEATURES OF THE COMPOSITION AND STRUCTUR E OF MAGNETITE 

OF CARBONATE ROCKS A CCORDING TO DATA FRO M MICROPROBE 

ANALYSIS AND MAGNETI C METHODS 

 

Kalinichenko A.M., Bondarenko S.M., Bagmut M.M, Kalinichenko, O.A. Maslak-

Gudyma N.P. 

 

ɺʩʪʫʧ. ɿʘʚʘʣʽʾʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʜʞʝʨʝʣʦʤ ʚʠʜʦʙʫʪʢʫ 

ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʛʨʘʬʽʪʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʝ ʧʨʘʮʶʻ ʟ 1933 ʨʦʢʫ. ɺʠʚʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʮʴʦʛʦ ʨʦʜʦʚʠʱʘ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʨʦʟʫʤʽʥʥʷ ʩʢʣʘʜʥʠʭ ʽ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʭ 

ʫʤʦʚ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʧʦʰʫʢʠ ʪʘ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ. ʂʨʠʩʪʘʣʠ ʤʘʛʥʝʪʠʪʫ ʟʥʘʭʦʜʠʣʠ ʥʘ ʮʴʦʤʫ ʨʦʜʦʚʠʱʽ ʜʦʩʠʪʴ 

ʜʘʚʥʦ, ʘʣʝ, ʷʢ ʥʝ ʜʠʚʥʦ, ʜʦʩʽ ʮʝʡ ʤʽʥʝʨʘʣ ʥʝ ʙʫʣʦ ʛʨʫʥʪʦʚʥʦ ʚʠʚʯʝʥʦ: ʜʦ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʝʪʠʪ ʷʢ ʟ ʢʘʣʴʮʠʬʽʨʽʚ ʪʘ ʩʢʘʨʥʽʚ ɿʘʚʘʣʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʪʘʢ ʽ ʟ ʡʦʛʦ 

ʦʢʦʣʠʮʴ, ʙʫʚ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʦ ʦʧʠʩʘʥʠʡ ʚ ʤʦʥʦʛʨʘʬʽʾ ñʄʽʥʝʨʘʣʦʛʽʷ ʇʦʜʽʣʣʷò 

(ʃʘʟʘʨʝʥʢʦ ɭ.ʂ., ʉʨʝʙʨʦʜʦʣʴʩʴʢʠʡ ɹ.ɯ., 1969), ʘʣʝ ʥʘʚʝʜʝʥʽ ʪʘʤ ʨʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʤʽʰʢʽʚ Mn (0.01%). ɿʘʩʣʫʛʦʚʫʻ 

ʫʚʘʛʠ ʩʘʤ ʬʘʢʪ ʧʨʠʩʫʪʥʦʩʪʽ ʫ ʛʣʠʙʦʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʧʦʨʦʜʘʭ ʢʨʠʩʪʘʣʽʚ ʤʘʛʥʝʪʠʪʫ, 

ʘʥʘʣʽʟ ʷʢ ʭʽʤʽʯʥʠʭ, ʪʘʢ ʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢʦʛʦ ʤʦʞʝ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ 

ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ɿʘʚʘʣʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ.  

ɸʥʘʣʽʟʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʛʥʝʪʠʪʫ ɿʘʚʘʣʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʽ ʧʨʠʩʚʷʯʝʥʦ ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ - ʜʦʩʣʽʜʠʪʠ ʪʠʧʦʤʦʨʬʽʟʤ ʤʘʛʥʝʪʠʪʫ ʪʘ ʚʠʷʚʠʪʠ ʟʤʽʥʠ ʚ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ʽ ʤʘʛʥʽʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʽ ʤʘʛʥʽʪʥʠʭ ʤʝʪʦʜʽʚ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ.  
ɿʨʘʟʢʠ ʢʨʠʩʪʘʣʽʚ ʤʘʛʥʝʪʠʪʫ (ʜʦ 7 ʤʤ ʫʧʦʧʝʨʝʯʥʠʢʫ) ʫ ʚʠʛʣʷʜʽ ʱʽʪʦʢ ʥʝʚʝʣʠʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʥʘ ʢʘʨʙʦʥʘʪʥʽʡ ʧʦʨʦʜʽ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʦʜʥʠʤ ʟ ʘʚʪʦʨʽʚ (ɭ.ɺ.ʅʘʫʤʝʥʢʦʤ) ʚ 

ʪʨʽʱʠʥʘʭ ʢʘʣʴʮʠʬʽʨʽʚ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʙʦʨʪʫ ɿʘʚʘʣʽʾʚʩʴʢʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʢʘʨôʻʨʘ. 

ʊʠʧʦʚʦʶ ʤʽʥʝʨʘʣʴʥʦʶ ʘʩʦʮʽʘʮʽʻʶ ʜʣʷ ʤʘʛʥʝʪʠʪʫ ʚ ʮʠʭ ʧʦʨʦʜʘʭ ʻ ʢʨʠʩʪʘʣʠ ʢʘʣʴʮʠʪʫ 

ʨʽʟʥʦʛʦ ʛʘʙʽʪʫʩʫ, ʨʦʤʙʦʝʜʨʠʯʥʽ ʢʨʠʩʪʘʣʠ ʜʦʣʦʤʽʪʫ, ʨʽʜʰʝ ʢʨʠʩʪʘʣʠ ʧʽʨʠʪʫ, ʷʢʽ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʚʢʨʠʪʽ ʟ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʥʦʶ ʧʣʽʚʢʦʶ. ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʩʝʨʝʜ ʢʨʠʩʪʘʣʽʚ 

ʧʝʨʝʚʘʞʘʻ ʦʢʪʘʝʜʨʠʯʥʠʡ ʛʘʙʽʪʫʩ (ʨʠʩ.1ʘ), ʪʘʢʦʞ ʬʽʢʩʫʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʜʢʽʩʥʽ 

ʢʫʙʽʯʥʽ ʢʨʠʩʪʘʣʠ.  

mailto:kyivmineralogist@gmail.com
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ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʝʪʠʪʫ ʙʫʣʠ ʤʽʢʨʦʟʦʥʜʦʚʠʡ ʘʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ, ʪʝʨʤʦʤʘʛʥʽʪʥʠʡ (ʊʄɸ) ʘʥʘʣʽʟʠ, ʪʘ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ (ʌʄʈ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʫ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʤʘʛʥʝʪʠʪʫ ʟʘ ʦʟʥʘʢʦʶ 

ʜʦʤʽʰʢʽʚ ʽʦʥʽʚ ʤʘʨʛʘʥʮʶ. ʂʨʠʩʪʘʣʠ ʦʢʩʠʜʽʚ ʥʘʣʝʞʠʪʴ ʜʦ ʨʽʜʢʽʩʥʦʾ ʤʘʛʥʝʪʠʪ 

(FeĮ Feį O ) - ʷʢʦʙʩʠʪʦʚʦʾ (MnĮ Feį O ) ʩʝʨʽʾ. ʇʨʦʤʽʞʥʽ ʩʢʣʘʜʠ ʤʽʩʪʷʪʴ ʟʤʽʥʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ MnĮ  ʽ FeĮ  ʫ ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʧʦʟʠʮʽʷʭ. ɺ ʤʘʛʥʝʪʠʪʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʽʢʨʦʭʽʤʽʯʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʫ ʨʦʟʧʦʜʽʣʫ ʄnO ʚʽʜ 0,1 ʪʘ ʜʦ 8 ʤʘʩ.%..(ʨʠʩ.1,C). ʇʨʠ 

ʮʴʦʤʫ ʪʠʧʦʚʠʡ ʬʦʥ ʽʟʦʤʦʨʬʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʤʘʥʛʘʥʫ ʫ ʤʘʛʥʝʪʠʪʽ ʩʢʣʘʜʘʻ 0,1-0,2 

ʤʘʩ.%. ɺʤʽʩʪ ʽʥʰʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ ʘʥʘʣʽʪʠʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʤʝʪʦʜʘ. ʋ BSE-

ʟʦʙʨʘʞʝʥʥʷʭ ʚ ʩʝʨʝʜʠʥʽ ʢʨʠʩʪʘʣʽʚ ʯʽʪʢʦ ʬʽʢʩʫʶʪʴʩʷ ʩʣʘʙʦ ʢʦʥʪʨʘʩʪʥʽ ʨʦʩʪʦʚʽ ʧʦʣʦʩʠ ʪʘ 

ʧʣʷʤʠʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʦʢʠʩʣʝʥʥʷ) 

ʤʘʛʥʝʪʠʪʫ ʚ ʤʘʛʛʝʤʽʪ ʯʠ ʛʝʤʘʪʠʪ (ʨʠʩ.1b). ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʤʦʞʝ ʪʘʢʦʞ ʙʫʪʠ 

ʚʤʽʩʪ FeO, ʜʝʱʦ ʥʠʞʯʠʡ, ʥʽʞ ʚ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʤʘʛʥʝʪʠʪʫ ( ~ 94 %), ʱʦ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʯʘʩʪʢʦʚʝ ʦʢʠʩʣʝʥʥʷ (ʤʘʛʛʝʤʽʪʠʟʘʮʽʶ) ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʤʘʛʥʝʪʠʪʫ.  

 (a) 

 (b)  (c) 

 

ʈʠʩ.1. ʂʨʠʩʪʘʣʽʯʥʠʡ ʤʘʛʥʝʪʠʪ ʽʟ ɿʘʚʘʣʣʽʚʩʴʢʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʢʘʨôʻʨʫ. ɸ ï ʱʽʪʢʘ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʤʘʛʥʝʪʠʪʫ ʪʘ ʢʘʣʴʮʠʪʫ ʥʘ ʢʘʨʙʦʥʘʪʥʽʡ ʧʦʨʦʜʽ; B ï ʤʘʛʥʝʪʠʪ ʟ 

ʩʣʘʙʦ ʢʦʥʪʨʘʩʪʥʠʤʠ ʨʦʩʪʦʚʠʤʠ ʧʦʣʦʩʠ ʪʘ ʧʣʷʤʠʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʩʚʽʪʣʝ), ʱʦ 

ʫʪʚʦʨʠʣʠʩʷ ʚ ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʦʢʠʩʣʝʥʥʷ) ʤʘʛʥʝʪʠʪʫ ʚ ʤʘʛʛʝʤʽʪ ʯʠ 

ʛʝʤʘʪʠʪ, ʟʦʙʨʘʞʝʥʥʷ ʫ BSE; ʉ ï- ʜʽʘʛʨʘʤʘ FeO-ʄnO ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʢʩʠʜʽʚ ʩʝʨʽʾ 

ʤʘʛʥʝʪʠʪ-ʷʢʦʙʩʠʪ, ʈʉʄɸ (ʧʨʠʣʘʜ JXA 8200). 

 

ʊʝʨʤʦʤʘʛʥʽʪʥʠʡ ʘʥʘʣʽʟ ʟ ʜʦʩʪʫʧʦʤ ʧʦʚʽʪʨʷ ʟʨ. ɿʘ-1 ʧʨʠ ʥʘʛʨʽʚʽ ʧʨʦʪʷʛʦʤ 1-ʛʦ 

ʮʠʢʣʫ ʥʘʛʨʽʚ/ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 700 ʦʉ ʧʦʢʘʟʫʻ ʦʜʠʥ ʽʥʪʝʥʩʠʚʥʠʡ ʧʽʢ ʟʤʝʥʰʝʥʥʷ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ MS ʟʘ 578 ʽ 560 
ʦʉ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ (ʨʠʩ.1). ʊʘʢʽ ʟʥʘʯʝʥʥʷ 

ʪʦʯʦʢ ʂʶʨʽ ʧʨʠ ʥʘʛʨʽʚʽ ʊʉ
h ʽ ʊʉ

ʩ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʤʘʛʥʝʪʠʪ ʙʣʠʟʴʢʠʡ ʟʘ 

ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ. ɿʥʘʯʥʝ ʟʤʽʱʝʥʥʷ ʊʉ
ʩ ʚ ʩʪʦʨʦʥʫ ʥʠʟʴʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ ʚʢʘʟʫʻ ʥʘ ʦʢʠʩʣʝʥʥʷ ʤʘʛʥʝʪʠʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʤʽʥ ʚ ʩʪʨʫʢʪʫʨʽ 

ʪʦʯʢʘ ʂʶʨʽ ʟʘ ʮʠʢʣ ʥʘʛʨʽʚ/ʦʭʦʣʦʜʞʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (ʅʘʛʘʪʘ, 1956). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.2. ʊʝʨʤʦʤʘʛʥʽʪʥʠʡ ʘʥʘʣʽʟ ʤʘʛʥʝʪʠʪʫ ʟʘ 1-ʡ, 3-ʡ ʽ 5-ʡ ʮʠʢʣ ð ʘ, b ʽ c, 

ʚʽʜʧʦʚʽʜʥʦ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʮʠʢʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ, ʷʢʝ ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʤʘʛʛʝʤʽʪʠʟʘʮʽʾ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ, ʘʙʦ ʜʦʤʽʰʢʠ ʢʘʨʙʦʥʘʪʽʚ ʫ 

ʤʽʢʨʦʚʢʣʶʯʝʥʥʷʭ ʘʙʦ ʟʨʦʩʪʢʘʭ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 5 ʮʠʢʣʽʚ ʊʄɸ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʜʫʞʝ ʩʣʘʙʢʝ (13 %) ʦʢʠʩʣʝʥʥʷ ʪʘʢʦʛʦ 

ʤʘʛʥʝʪʠʪʫ ʧʨʠ ʥʘʛʨʽʚʽ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ ʧʦʚʽʪʨʷ ʜʦ 700 ʦʉ, ʪʦʙʪʦ ʚʠʱʝ ʡʦʛʦ ʪʦʯʢʠ 

ʂʶʨʽ 580 ʦʉ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘʛʨʽʚ ʧʨʠʨʦʜʥʦʛʦ ʤʘʛʥʝʪʠʪʫ ʟ ʨʽʟʥʠʭ ʨʦʜʦʚʠʱ ʟ ʜʦʩʪʫʧʦʤ 

ʧʦʚʽʪʨʷ ʜʦ ʪʘʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʤʘʛʥʝʪʠʪʫ (Schmigt, 

1955). ʂʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ 1-ʛʦ ʮʠʢʣʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʜʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ MS ʽ ʧʨʦʷʚʠʣʦʩʴ 

ʧʣʝʯʝ ʙʽʣʷ 610 ʦʉ, ʷʢʝ ʩʢʦʨʽʰʝ ʚʢʘʟʫʻ ʥʘ ʧʦʤʽʪʥʫ ʤʘʛʛʝʤʽʪʠʟʘʮʽʶ ʤʘʛʥʝʪʠʪʫ (Boer, 

1999), ʥʽʞ ʜʦʤʽʰʢʫ ʢʘʨʙʦʥʘʪʽʚ. ʄʘʛʛʝʤʽʪʠʟʘʮʽʷ ʤʘʛʥʝʪʠʪʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘ 2-ʛʦ 

ʮʠʢʣʫ ʧʦʷʚʦʶ ʧʽʢʫ ʟʤʝʥʰʝʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʙʽʣʷ 420 ʦʉ, ʷʢʠʡ ʯʘʩʪʢʦʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʽ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ, ʘ ʟʘ 3-ʛʦ ʮʠʢʣʫ ʣʠʰʝ ʧʨʠ ʥʘʛʨʽʚʽ, ʽ ʟʥʠʢʘʻ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. 

ʆʢʠʩʣʝʥʥʷ ʤʘʛʥʝʪʠʪʫ ʯʝʨʝʟ ʤʝʪʘʩʪʘʙʽʣʴʥʫ ʬʘʟʫ ʤʘʛʛʝʤʽʪʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʟʤʽʱʝʥʥʽ ʊʩ
h ʟ 

578 ʜʦ 587 ʽ 591 ʦʉ ʧʨʠ ʥʘʛʨʽʚʽ ʽ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʨʘʢʪʠʯʥʦ ʦʜʥʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ 560, 565 ʽ 565 ʟʘ 1, 2 ʽ 3-ʡ ʮʠʢʣʠ ʊʄɸ, ʚʽʜʧʦʚʽʜʥʦ. ɿʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʽ 

ʩʢʣʘʜʫ ʤʘʛʥʝʪʠʪʫ ʟʘ ʮʽ ʮʠʢʣʠ, ʡʤʦʚʽʨʥʦ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʽ ʩʫʪʪʻʚʦ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʜʨʦ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘʩʪʫʧʥʽ ʜʚʘ ʮʠʢʣʠ ʊʄɸ ʧʦʢʘʟʘʣʠ 

ʪʘʢʦʞ ʦʢʠʩʣʝʥʥʷ ʤʘʛʥʝʪʠʪʫ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ ʤʘʛʛʝʤʽʪ, ʘʣʝ ʪʦʯʢʘ ʂʶʨʽ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʣʠʰʘʣʘʩʴ ʥʘ 570 ʦʉ. ʊʘʢʘ ʪʦʯʢʘ ʚʢʘʟʫʻ ʥʘ ʥʝʟʥʘʯʥʽ ʟʘʤʽʱʝʥʥʷ ʟʘʣʽʟʘ 

ʤʘʨʛʘʥʮʝʤ ʚ ʦʙôʻʤʽ ʢʨʠʩʪʘʣʫ (ʜʦ 5 % Mnʆ), ʪʘʢ ʷʢ ʜʣʷ Mn-ʤʘʛʥʝʪʠʪʫ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʙʽʣʷ 500-510 ʦʉ (ʅʘʛʘʪʘ, 1956).  

ʂʨʽʤ ʊʄɸ, ʧʨʦʚʦʜʠʣʠ ʟʘʧʠʩʠ ʩʧʝʢʪʨʽʚ ʌʄʈ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ ɿʘ-1 ʽ ʧʽʩʣʷ 5-ʪʠ 

ʮʠʢʣʽʚ (ʟʨ. ɿʘ-1-5). ʉʧʝʢʪʨ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ ʪʠʧʦʚʠʡ ʜʣʷ ʩʣʘʙʦ ʟʤʽʥʝʥʦʛʦ ʤʘʛʥʝʪʠʪʫ 

ʧʽʩʣʷ 5-ʮʠʢʣʽʚ ʦʢʠʩʣʝʥʥʷ ʩʪʘʚ ʪʠʧʦʚʠʤ ʜʣʷ ʟʥʘʯʥʦ ʤʘʛʛʝʤʽʪʠʟʦʚʘʥʦʛʦ ʤʘʛʥʝʪʠʪʫ 

(ʂʘʣʽʥʽʯʝʥʢʦ, 2023). ʇʨʦʛʨʽʚ ʟʨʘʟʢʘ ɿʘ-1-5 ʟʘ 1000 ʦʉ ʧʨʦʪʷʛʦʤ 10 ʭʚ ʧʦʢʘʟʘʚ ʩʧʝʢʪʨ, 

ʬʦʨʤʘ ʷʢʦʛʦ ʚʢʘʟʫʻ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʩʣʘʙʦ ʟʤʽʥʝʥʦʛʦ ʤʘʛʥʝʪʠʪʫ ï ʬʘʟʫ, ʷʢʫ ʤʦʞʣʠʚʦ 

ʚʽʜʥʝʩʪʠ ʜʦ Mn-ʤʘʛʥʝʪʠʪʫ ʽ ʛʝʤʘʪʠʪʫ. ʇʦʷʚʘ ʬʘʟʠ Mn-ʤʘʛʥʝʪʠʪʫ ʧʦʚôʷʟʘʥʘ ʟ ʟʥʘʯʥʠʤ 

ʦʢʠʩʣʝʥʥʷʤ ʤʘʛʥʝʪʠʪʫ, ʢʦʤʧʦʥʝʥʪʘ ʷʢʦʛʦ ʧʨʠʛʥʽʯʫʚʘʣʘ ʢʦʤʧʦʥʝʥʪʠ ʽʥʰʠʭ ʬʘʟ. 

ʎʝ ʧʽʜʪʚʝʨʜʠʣʦʩʴ ʦʢʠʩʣʝʥʥʷʤ ʤʘʛʥʝʪʠʪʫ ʧʨʠ ʥʘʛʨʽʚʽ ʟ ʚʽʜʢʨʠʪʠʤ ʜʦʩʪʫʧʦʤ 

ʧʦʚʽʪʨʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 20, 300 ð 950 ʯʝʨʝʟ 100ʦ ʟ ʚʠʪʨʠʤʢʦʶ 10 ʭʚ ʧʨʠ ʢʦʞʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʇʨʦʛʨʽʚ ʜʦ 400 ʥʝ ʧʦʢʘʟʫʻ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʚ ʧʘʨʘʤʝʪʨʘʭ ʩʧʝʢʪʨʽʚ, ʘ ʚ 

ʽʥʪʝʨʚʘʣʽ ʜʦ 800 ʦʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ, ʘʣʝ 

ʢʨʠʩʪʘʣʽʯʥʘ ʽ ʤʘʛʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʝʪʠʪʫ ʟʙʝʨʽʛʘʶʪʴʩʷ (ʨʠʩ.2 ʘ, ʙ).  
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(ʘ)      (b) 

ʈʠʩ.3 ʉʧʝʢʪʨʠ ʌʄʈ ʟʨ. ɿʘ-1 ʧʨʠ ʧʦʝʪʘʧʥʦʤʫ ʧʨʦʛʨʽʚʫ ʜʦ ʊ=950, 900, 800, 600, 400 

ʽ 20 ʦʉ, 1-6, ʚʽʜʧʦʚʽʜʥʦ (ʘ ) ʽ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (b). 

ʐʽʩʪʴ ʚʫʟʴʢʠʭ ʣʽʥʽʡ ʥʘ ʘ ð ʝʪʘʣʦʥ, Mn2+ ʚ MgO. 

 

 ɿʘ 900 ʦʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʦʢʠʩʣʝʥʥʷ ʤʘʛʥʝʪʠʪʫ ʜʦ ʛʝʤʘʪʠʪʫ, ʚ ʩʧʝʢʪʨʽ ʟʥʠʢʘʻ ʡʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʦʚʘ - ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʬʦʨʤʦʶ, ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʝʢʪʨʫ ʦʢʠʩʥʝʥʦʛʦ Mn- ʽ Mg-ʤʘʛʥʝʪʠʪʫ (ʨʠʩ.2). ʇʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʜʚʽ ʬʘʟʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʦʛʨʽʚʦʤ ʟʘ 950 ʦʉ, ʢʦʣʠ ʙʽʣʴʰ ʰʠʨʦʢʘ ʢʦʤʧʦʥʝʥʪʘ Mn-

ʤʘʛʥʝʪʠʪʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʽ ʥʘ ʙʽʣʴʰʦʤʫ ʨʝʟʦʥʘʥʩʥʦʤʫ ʧʦʣʽ ʧʨʠʙʣʠʟʥʦ 

ʪʘʢʦʾ ʞ ʰʠʨʠʥʠ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪʘ ʚʽʜ ʦʢʠʩʥʝʥʦʛʦ ʜʦʤʽʰʢʦʚʦʛʦ Mg-ʤʘʛʥʝʪʠʪʫ - 

Mg-ʤʘʛʛʝʤʽʪʫ. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʜʚʽ ʬʘʟʠ Mn- ʽ Mg-ʰʧʽʥʝʣʽ ʻ ʬʘʟʘʤʠ ʨʦʟʧʘʜʫ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʤʘʛʥʝʪʠʪʫ ʟ ʮʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʨʠ ʛʝʥʝʟʠʩʽ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ. 

  

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʤ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʩʪʨʫʢʪʫʨʠ ʽ 

ʩʢʣʘʜʫ ʤʘʛʥʝʪʠʪʫ ʽʟ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʥʘʯʥʠʡ ʚʤʽʩʪ Mnʆ ʽ ʡʦʛʦ 

ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ. ɿʘ ʚʝʣʠʯʠʥʦʶ ʟʩʫʚʫ ʪʦʯʢʠ ʂʶʨʽ 

ʤʘʛʥʝʪʠʪʫ ʟ 580 ʜʦ 570 ʦʉ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʤʽʩʪ Mnʆ ʚ ʦʙôʻʤʽ ʜʦ 5 ʤʘʩ %. 

 ʇʦʚʝʨʭʥʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʽʚ ʤʘʛʥʝʪʠʪʫ ʦʢʠʩʣʶʻʪʴʩʷ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ ʤʘʛʛʝʤʽʪ ʟʘ 3-

ʮʠʢʣʠ ʥʘʛʨʽʚ/ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 700 ʦʉ, ʘ ʚ ʦʙôʻʤʽ ʦʢʠʩʣʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʜʦʩʪʫʧʦʤ 

ʧʦʚʽʪʨʷ ʟʘʢʽʥʯʫʻʪʴʩʷ ʟʘ 900, ʘ ʚʞʝ ʟʘ 950 ʦʉ ʧʨʦʷʚʣʷʶʪʴʩʷ ʬʘʟʠ ʦʢʠʩʥʝʥʦʛʦ ʤʘʛʥʝʪʠʪʫ - 

ʤʘʛʛʝʤʽʪʫ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʬʘʟʠ Mn- ʽ Mg-ʰʧʽʥʝʣʽ ʻ ʬʘʟʘʤʠ ʨʦʟʧʘʜʫ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʤʘʛʥʝʪʠʪʫ ʟ ʪʘʢʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʨʠ ʛʝʥʝʟʠʩʽ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ. 
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The lithological and facies features and conditions of formation of Cretaceous deposits of 

the Ukrainian Carpathians and prospects of their oil and gas potential are considered. 

These deposits (Spas, Shipot and Stryj Formation) contain sandstones that can be 

industrial reservoirs for hydrocarbons. Thick sandy strata in the middle part formed as 

deposits of gravity flows at the second level of avalanche sedimentation, at the foot of the 

continental slope of the northern continental margin of the Tethys Ocean. Formation of 

bituminous parent-rocks-of-oil siliceous-clayse sediment ationsis related to deceleration of 

processes of terigenous sedimentation and phases of ocean anoxic events of ʆɸɽ- 1 

(Barem-Alb). 

 

LITHO LOGY AND CONDITIONS OF FORMAT ION OF CRETACEOUS DEPOSITS 

OF THE UKRAINIAN CAR PATHIANS (PROSPECTS OF OIL AND GAS 

POTENTIAL)  

 

Popp I . T., Havryshkiv  H. Ya., Haievska Yu., Moroz P.V. 

 

ʂʨʝʡʜʷʥʽ ʬʣʽʰʦʚʽ ʚʽʜʢʣʘʜʠ ʧʽʚʥʽʯʥʦʛʦ ʩʭʠʣʫ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʦʚʱ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʽʢʫ ʥʝ ʤʽʩʪʷʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ. ɺ ʥʠʭ ʥʘʷʚʥʽ 

ʦʢʨʝʤʽ ʧʨʦʷʚʠ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ (ʂʦʣʦʜʽʡ ʪʘ ʽʥ., 2004). ʊʦʤʫ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʦʙôʻʢʪʦʤ ʜʣʷ ʧʦʰʫʢʽʚ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʾʭ ʜʝʪʘʣʴʥʦʛʦ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʪʘ ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ . 

ʃʽʪʦʣʦʛʦ-ʬʘʮʽʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʂʨʝʡʜʷʥʽ ʚʽʜʢʣʘʜʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʟʥʘʯʥʽʡ 

ʪʝʨʠʪʦʨʽʾ ʛʽʨʩʴʢʦʾ ʩʧʦʨʫʜʠ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ (ʂʦʣʦʜʽʡ ʪʘ ʽʥ., 2004). ʆʩʥʦʚʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʥʘʰʠʭ ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʠʭ, ʣʽʪʦʣʦʛʽʯʥʠʭ, ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʽ 

ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʫʛʣʝʮʝʚʤʽʩʥʽ ʩʢʨʝʤʝʥʽʣʽ ʪʝʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʽ ʚʽʜʢʣʘʜʠ 

ʰʠʧʦʪʩʴʢʦʾ ʽ ʩʧʘʩʴʢʦʾ ʩʚʽʪ (ʚʝʨʭʥʽʡ ʙʘʨʝʤ-ʘʣʴʙ) ʽ ʚʘʥʷʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʪʝʨʠʛʝʥʥʠʡ 

ʬʣʽʰ ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ (ʚʝʨʭʥʽʡ ʪʫʨʦʥ ï ʥʠʞʥʽʡ ʧʘʣʝʦʮʝʥ). 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʟʦʧʝʣʘʛʽʯʥʠʭ ʚʝʨʭʥʴʦʙʘʨʝʤ-ʘʣʴʙʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ 

ʰʠʧʦʪʩʴʢʦʾ ʽ ʩʧʘʩʴʢʦʾ ʩʚʽʪ, ʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʆʈ) ʽ ʙʽʦʛʝʥʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ ʚ ʪʝʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʠʭ ʧʦʨʦʜʘʭ, ʥʘʷʚʥʽʩʪʴ ʚ ʪʦʚʱʽ ʧʨʦʚʝʨʩʪʢʽʚ ʩʠʣʽʮʠʪʽʚ 

(ʬʪʘʥʽʪʽʚ, ʩʧʦʥʛʦʣʽʪʽʚ, ʛʝʟʽʚ) ʽ ʜʽʘʛʝʥʝʪʠʯʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʢʦʥʢʨʝʮʽʡ. ʎʽ ʦʩʘʜʦʚʽ ʪʦʚʱʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʤʠ ʷʢ ʥʘʬʪʦʛʘʟʦʤʘʪʝʨʠʥʩʴʢʽ ʽ ʧʦʪʝʥʮʽʡʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʽ. 

ʆʩʘʜʦʚʘ ʪʦʚʱʘ ʰʠʧʦʪʩʴʢʦʾ ʩʚʽʪʠ ʚʽʜʩʣʦʥʶʻʪʴʩʷ ʚ ʂʨʦʩʥʝʥʩʴʢʽʡ, ɼʫʢʣʷʥʩʴʢʽʡ, 

ʏʦʨʥʦʛʦʨʩʴʢʽʡ, ʉʚʠʜʦʚʝʮʴʢʽʡ, ʂʨʘʩʥʦʰʦʨʩʴʢʽʡ ʟʦʥʘʭ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʈʫʤʫʥʩʴʢʠʭ ʂʘʨʧʘʪ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤ ʽ ʣʽʪʦʣʦʛʽʯʥʠʤ ʘʥʘʣʦʛʦʤ ʰʠʧʦʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʻ 

ʰʘʨʠ ɸʫʜʽʷ. ɺ ʥʠʞʥʴʦʰʠʧʦʪʩʴʢʽʡ ʧʽʜʩʚʽʪʽ ʜʦʛʦʨʠ ʟʘ ʨʦʟʨʽʟʦʤ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʪʦʚʱʽ: 

ʛʣʠʥʠʩʪʘ ʽ ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʘ. ɺʝʨʭʥʴʦʰʠʧʦʪʩʴʢʘ ʧʽʜʩʚʽʪʘ ʩʢʣʘʜʝʥʘ ʩʝʨʝʜʥʴʦ- ʽ 

ʛʨʫʙʦʰʘʨʫʚʘʪʠʤʠ ʤʽʮʥʠʤʠ ʢʚʘʨʮʦʚʠʤʠ, ʟʨʽʜʢʘ ʛʣʘʫʢʦʥʽʪʦʚʠʤʠ ʧʽʩʢʦʚʠʢʘʤʠ, ʱʦ 

ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ ʟ ʧʨʦʰʘʨʢʘʤʠ ʪʝʤʥʦ-ʩʽʨʠʭ ʽʟ ʟʝʣʝʥʫʚʘʪʠʤ ʚʽʜʪʽʥʢʦʤ ʘʨʛʽʣʽʪʽʚ ʽ 

ʘʣʝʚʨʦʣʽʪʽʚ. ʇʦʨʦʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʨʦʟʩʽʷʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʙʽʦʛʝʥʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ, ʘ ʪʘʢʦʞ ʧʘʨʘʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʢʦʥʢʨʝʮʽʡʥʽ ʫʪʚʦʨʝʥʥʷ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʢʣʘʜʫ, ʟʘʟʚʠʯʘʡ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʰʠʧʦʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɺʽʜʢʣʘʜʠ ʩʧʘʩʴʢʦʾ ʩʚʽʪʠ ʨʦʟʚʠʥʝʥʽ ʫ ʚʽʜʩʣʦʥʝʥʥʷʭ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʉʢʠʙʦʚʦʾ ʟʦʥʠ, ʚ ʙʘʩʝʡʥʽ ʨʽʢ ɼʥʽʩʪʨʘ ʽ ʉʪʨʠʷ. ʅʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ (ʙʣʠʟʴʢʦ 4 5 ʢʤ) 

ʚʦʥʠ ʨʦʟʢʨʠʪʽ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʃʫʛʠ-1 ʽ ʐʝʚʯʝʥʢʦʚʦ-1. ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʩʧʘʩʴʢʽ 

ʚʽʜʢʣʘʜʠ ʚ ʇʦʣʴʩʴʢʠʭ ʂʘʨʧʘʪʘʭ. ʅʠʞʥʴʦʩʧʘʩʴʢʫ ʧʽʜʩʚʽʪʫ (100 ʤ) ʩʢʣʘʜʘʶʪʴ ʯʦʨʥʽ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʙʽʪʫʤʽʥʦʟʥʽ ʘʨʛʽʣʽʪʠ ʟ ʪʦʥʢʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʩʢʨʝʤʝʥʽʣʠʭ ʧʽʩʢʦʚʠʢʽʚ. ɯʥʦʜʽ ʚ ʥʠʭ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʣʽʥʟʦʧʦʜʽʙʥʽ ʢʘʨʙʦʥʘʪʥʽ ʢʦʥʢʨʝʮʽʾ. ɼʦʛʦʨʠ ʟʘ ʨʦʟʨʽʟʦʤ ʯʦʨʥʽ ʘʨʛʽʣʽʪʠ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʦʪʫʞʥʫ ʪʦʚʱʫ ʤʘʩʠʚʥʠʭ ʪʝʨʰʽʚʩʴʢʠʭ ʧʽʩʢʦʚʠʢʽʚ, ʷʢʘ ʚ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʬʘʮʽʘʣʴʥʦ ʟʘʤʽʱʫʻʪʴʩʷ ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʤ ʬʣʽʰʦʤ. ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ 

(90ï105 ʤ) ʚʝʨʭʥʴʦʩʧʘʩʴʢʦʾ ʧʽʜʩʚʽʪʠ ʩʢʣʘʜʝʥʘ ʯʦʨʥʠʤʠ ʩʢʨʝʤʝʥʽʣʠʤʠ ʘʨʛʽʣʽʪʘʤʠ ʟ 

ʧʨʦʰʘʨʢʘʤʠ ʯʦʨʥʠʭ ʩʠʣʽʮʠʪʽʚ (ʬʪʘʥʽʪʽʚ) ʽ ʪʝʤʥʦ-ʩʽʨʠʭ ʩʢʨʝʤʝʥʽʣʠʭ ʧʽʩʢʦʚʠʢʽʚ. 

ʈʽʟʥʦʟʝʨʥʠʩʪʽ ʛʨʫʙʦʚʝʨʩʪʚʫʚʘʪʽ ʤʘʩʠʚʥʽ ʪʝʨʰʽʚʩʴʢʽ ʧʽʩʢʦʚʠʢʠ (1,5 25 ʤ) ʥʘ ʚʝʣʠʢʠʭ 

ʛʣʠʙʠʥʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʣʝʢʪʦʨʘʤʠ ʥʘʬʪʠ. 

ʉʝʥʦʤʘʥ-ʥʠʞʥʴʦʪʫʨʦʥʩʴʢʽ ʚʽʜʢʣʘʜʠ ʛʦʣʦʚʥʽʥʩʴʢʦʾ ʩʚʽʪʠ (ʜʦ 100 ʤ), ʨʦʟʚʠʥʝʥʽ ʚ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʉʢʠʙʦʚʦʾ ʟʦʥʠ ʂʘʨʧʘʪ (ʙʘʩʝʡʥʠ ʨʽʢ ɼʥʽʩʪʨʘ ʽ ʉʪʨʠʷ) ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʽʨʠʤʠ ʩʢʨʝʤʝʥʽʣʠʤʠ ʬʫʢʦʾʜʥʠʤʠ ʚʘʧʥʷʢʘʤʠ ʤʝʨʛʝʣʷʤʠ ʟ ʧʨʦʰʘʨʢʘʤʠ 

ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʭ ʽ ʪʝʤʥʦ-ʩʽʨʠʭ ʘʨʛʽʣʽʪʽʚ ʽ ʘʣʝʚʨʦʣʽʪʽʚ, ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʬʘʮʽʘʣʴʥʦ ʟʘʤʽʱʫʶʪʴʩʷ ʩʪʨʦʢʘʪʦʶ ʪʦʚʱʦʶ ʽʣʝʤʢʽʥʩʴʢʦʾ ʩʚʽʪʠ (ʜʦ 380ī400 ʤ), 

ʩʢʣʘʜʝʥʦʶ ʯʝʨʚʦʥʠʤʠ ʽ ʩʽʨʦ-ʟʝʣʝʥʠʤʠ ʘʨʛʽʣʽʪʘʤʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʠʭ 

ʤʝʨʛʝʣʽʚ. ɺ ʂʨʦʩʥʝʥʩʴʢʽʡ, ɼʫʢʣʷʥʩʴʢʽʡ, ʏʦʨʥʦʛʦʨʩʴʢʽʡ, ʉʚʠʜʦʚʝʮʴʢʽʡ, ʂʨʘʩʥʦʰʦʨʩʴʢʽʡ 

ʟʦʥʘʭ ʨʦʟʚʠʥʝʥʘ cʪʨʦʢʘʪʘ ʛʣʠʥʠʩʪʘ ʪʦʚʱʘ ʷʣʦʚʝʮʴʢʦʾ ʩʚʽʪʠ (ʩʝʥʦʤʘʥ-ʪʫʨʦʥ), ʧʦʜʽʣʝʥʘ 

ʥʘ ʜʚʽ ʧʽʜʩʚʽʪʠ: ʥʠʞʥʶ (20ī30 ʤ), ʧʨʝʜʩʪʘʚʣʝʥʫ ʯʝʨʚʦʥʠʤʠ ʽ ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʠʤʠ 

ʥʝʚʘʧʥʷʢʦʚʠʩʪʠʤʠ ʘʨʛʽʣʽʪʘʤʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʟʝʣʝʥʠʭ ʘʨʛʽʣʽʪʽʚ ʪʘ ʚʝʨʭʥʶ (100ī200 ʤ), 

ʩʢʣʘʜʝʥʫ ʯʝʨʛʫʚʘʥʥʷʤ ʧʘʢʝʪʽʚ ʩʚʽʪʣʦ-ʟʝʣʝʥʠʭ ʽ ʟʝʣʝʥʠʭ ʥʝʚʘʧʥʷʢʦʚʠʩʪʠʭ ʘʨʛʽʣʽʪʽʚ ʟ 

ʦʢʨʝʤʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʧʽʩʢʦʚʠʢʽʚ. 

ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʨʦʟʩʽʷʥʦʾ ʆʈ ʽ ʜʽʘʛʝʥʝʪʠʯʥʦʛʦ ʧʽʨʠʪʫ ʚ ʥʠʭʥʴʦʢʨʝʡʜʦʚʠʭ 

ʚʽʜʢʣʘʜʘʭ ʻ ʩʚʽʜʯʝʥʥʷʤ, ʱʦ ʾʭ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟ ʽ ʜʽʘʛʝʥʝʟ ʚʽʜʙʫʚʘʚʩʷ ʚ ʙʝʟʢʠʩʥʝʚʠʭ 

ʚʽʜʥʦʚʥʠʭ ʫʤʦʚʘʭ. ʋʚʝʨʭ ʧʦ ʨʦʟʨʽʟʫ ʚʦʥʠ ʟʤʽʥʶʶʪʴʩʷ ʤʝʨʛʝʣʠʩʪʠʤʠ ʧʦʨʦʜʘʤʠ 

ʛʦʣʦʚʥʽʥʩʴʢʦʾ ʩʚʽʪʠ ʽ ʩʪʨʦʢʘʪʠʤʠ ʛʣʠʥʠʩʪʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʽʣʝʤʢʽʥʩʴʢʦʾ ʽ ʷʣʦʚʝʮʴʢʦʾ 

ʩʚʽʪ, ʷʢʽ ʥʘʛʨʦʤʘʜʞʫʚʘʣʠʩʷ ʚ ʦʢʠʩʥʽʡ ʦʙʩʪʘʥʦʚʮʽ.. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʴʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʦʨʥʽ ʽ ʪʝʤʥʦ-ʩʽʨʽ ʘʨʛʽʣʽʪʠ ʚʝʨʭʥʴʦʰʠʧʦʪʩʴʢʦʾ ʧʽʜʩʚʽʪʠ (ʘʣʴʙ) 

ʟʤʽʥʶʶʪʴʩʷ ʩʧʦʯʘʪʢʫ ʟʝʣʝʥʠʤʠ, ʘ ʧʦʪʽʤ ʯʝʨʚʦʥʠʤʠ ʘʨʛʽʣʽʪʘʤʠ ʥʠʞʥʴʦʷʣʦʚʝʮʴʢʦʾ 

ʧʽʜʩʚʽʪʠ (ʪʫʨʦʥ). ʅʝ ʚʽʜʤʽʯʘʻʪʴʩʷ ʞʦʜʥʦʛʦ ʚʠʧʘʜʢʫ, ʱʦʙ ʯʦʨʥʽ ʘʙʦ ʪʝʤʥʦ-ʩʽʨʽ ʛʣʠʥʠʩʪʽ 

ʧʦʨʦʜʠ ʧʝʨʝʰʘʨʦʚʫʚʘʣʠʩʷ ʟ ʯʝʨʚʦʥʠʤʠ. ʋ ʚʽʜʩʣʦʥʝʥʥʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ 

ʯʝʨʛʫʚʘʥʥʷ ʯʦʨʥʠʭ ʘʨʛʽʣʽʪʽʚ ʟ ʪʝʤʥʦ-ʩʽʨʠʤʠ ʽ ʟʝʣʝʥʠʤʠ, ʘʙʦ ʟʝʣʝʥʠʭ ʟ ʯʝʨʚʦʥʠʤʠ. ʎʝ, ʥʘ 

ʥʘʰʫ ʜʫʤʢʫ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʚ`ʷʟʦʢ ʟʘʙʘʨʚʣʝʥʥʷ ʧʦʨʽʜ ʟ ʛʝʦʭʽʤʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʩʝʜʠʤʝʥʪʘʮʽʾ (ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʚʽʜʥʦʚʥʠʭ ʜʦ ʦʢʠʩʥʠʭ ʫʤʦʚ), ʘ ʥʝ ʟ ʧʝʨʽʦʜʠʯʥʠʤ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʫ ʙʘʩʝʡʥ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʯʠ ʦʩʘʜʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʝʚʥʦʛʦ ʩʢʣʘʜʫ. ɿʽ 

ʟʤʽʥʦʶ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (Eh) ʟʤʽʥʶʚʘʚʩʷ ʽ ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʤʽʰʦʢ ʚ ʘʨʛʽʣʽʪʘʭ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʾʭ ʟʘʙʘʨʚʣʝʥʥʷ. 

ʂʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʽ ʚʽʜʢʣʘʜʠ ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ (1150ï1800 ʤ) ʉʢʠʙʦʚʦʾ ʟʦʥʠ 

ʂʘʨʧʘʪ ʽ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʦʭʦʧʣʶʶʪʴ ʨʦʟʨʽʟ ʚʽʜ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʪʫʨʦʥʩʴʢʦʛʦ ʷʨʫʩʫ ʜʦ ʥʠʟʽʚ ʧʘʣʝʦʮʝʥʫ. ɺʦʥʠ ʻ ʧʦʪʝʥʮʽʡʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʤʠ. 

ʇʽʩʢʦʚʠʢʠ ʽ ʘʣʝʚʨʦʣʽʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʨʦʜʘʤʠ-ʢʦʣʝʢʪʦʨʘʤʠ ʚʫʛʣʝʚʦʜʥʽʚ. ʉʪʨʠʡʩʴʢʽ 

ʚʽʜʢʣʘʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʧʽʜʩʚʽʪʠ ʪʘ ʟʛʽʜʥʦ ʟʘʣʷʛʘʶʪʴ ʥʘ ʪʝʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʠʭ 

ʫʪʚʦʨʝʥʥʷʭ ʛʦʣʦʚʥʽʥʩʴʢʦʾ ʩʚʽʪʠ, ʟ ʷʢʠʤʠ ʧʦʚôʷʟʘʥʽ ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ. 

ʅʠʞʥɹʦʩʪʨʠʡʩʴʢʘ ʧʽʜʩʚʽʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʰʘʨʦʚʫʚʘʥʥʷʤ ʧʦʪʫʞʥʠʭ ʧʣʘʩʪʽʚ 

ʧʽʩʢʦʚʠʢʽʚ (ʜʦ 1,5 ʤ) ʟ ʧʘʯʢʘʤʠ ʪʦʥʢʦʨʠʪʤʽʯʥʦʛʦ ʯʝʨʛʫʚʘʥʥʷ ʧʽʩʢʦʚʠʢʽʚ, ʘʣʝʚʨʦʣʽʪʽʚ ʽ 

ʘʨʛʽʣʽʪʽʚ ʪʘ ʧʦʦʜʠʥʦʢʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʩʢʨʝʤʝʥʽʣʠʭ ʬʫʢʦʾʜʥʠʭ ʤʝʨʛʝʣʽʚ, ʧʦʜʽʙʥʠʭ ʜʦ 

ʛʦʣʦʚʥʽʥʩʴʢʠʭ. ɺ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ (ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ ʉʢʠʙʦʚʦʾ ʟʦʥʠ) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʬʘʮʽʘʣʴʥʦ ʣʽʪʦʣʦʛʽʯʥʠʭ ʪʠʧʠ ʨʦʟʨʽʟʽʚ ʥʠʞʥʴʦʩʪʨʠʡʩʴʢʦʾ ʧʽʜʩʚʽʪʠ: 

ʨʠʙʥʠʮʴʢʠʡ (ʙʘʩʝʡʥʠ ʨʽʢ ʉʪʨʠʡ ʪʘ ʆʧʽʨ) ʽ ʷʨʝʤʯʘʥʩʴʢʠʡ (ʙʘʩʝʡʥʽ ʨ. ʇʨʫʪ). ɺ 

ʨʠʙʥʠʮʴʢʦʤʫ ʪʠʧʽ ʨʦʟʨʽʟʫ (ʙʘʩʝʡʥ ʨʽʢ ʉʪʨʠʡ ʪʘ ʆʧʽʨ) ʥʠʞʥʴʦʩʪʨʠʡʩʴʢʘ ʧʽʜʩʚʽʪʘ 

ʩʢʣʘʜʝʥʘ ʩʝʨʝʜʥʴʦ- ʽ ʪʦʚʩʪʦʨʠʪʤʽʯʥʠʤ ʛʣʠʥʠʩʪʦ-ʧʽʱʘʥʠʤ ʬʣʽʰʝʤ, ʚ ʷʢʦʤʫ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʦʰʘʨʢʠ ʢʨʝʤʝʥʠʩʪʠʭ ʤʝʨʛʝʣʽʚ. ʗʨʝʤʯʘʥʩʴʢʠʡ ʪʠʧ ʨʦʟʨʽʟʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʯʝʨʛʫʚʘʥʥʷʤ ʧʽʩʢʦʚʠʢʽʚ, ʘʣʝʚʨʦʣʽʪʽʚ, ʘʨʛʽʣʽʪʽʚ ʪʘ ʤʝʨʛʝʣʽʚ. 

ʉʝʨʝʜʥʴʦʩʪʨʠʡʩʴʢʘ ʧʽʜʩʚʽʪʘ ʧʦʨʽʚʥʷʥʦ ʥʠʞʥʴʦʩʪʨʠʡʩʴʢʦʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʰʠʤ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʨʦʟʚʠʪʢʦʤ ʧʦʪʫʞʥʠʭ ʧʽʱʘʥʠʭ ʚʝʨʩʪʚ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʤʝʨʛʝʣʠʩʪʠʭ ʧʨʦʰʘʨʢʽʚ. ɺʽʜʢʣʘʜʠ 

ʚʝʨʭʥʴʦʩʪʨʠʡʩʴʢʦʾ ʧʽʜʩʚʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʦʥʢʦʨʠʪʤʽʯʥʠʤ ʯʝʨʛʫʚʘʥʥʷʤ ʧʽʩʢʦʚʠʢʽʚ, 

ʘʣʝʚʨʦʣʽʪʽʚ ʽ ʘʨʛʽʣʽʪʽʚ. 

ʋʤʦʚʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ. ʌʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʪʦʚʱ ʚʝʨʭʥʴʦʛʦ ʙʘʨʝʤʫ-

ʘʣʴʙʫ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʧʦʚôʷʟʘʥʽ (ʉʝʥʴʢʦʚʩʴʢʠʡ ʪʘ ʽʥ., 2012, 2018) ʟ ʬʘʟʦʶ 

ʦʢʝʘʥʽʯʥʠʭ ʙʝʟʢʠʩʥʝʚʠʭ ʧʦʜʽʡ ʆɸɽ-1, ʷʢʘ ʚʩʝʨʝʜʠʥʽ ʢʨʝʡʜʷʥʦʛʦ ʧʝʨʽʦʜʫ ʰʠʨʦʢʦ 

ʧʨʦʷʚʠʣʘ ʩʝʙʝ ʫ ʉʚʽʪʦʚʦʤʫ ʦʢʝʘʥʽ (Jenkyns, 2010, Shlanger, Jenkyns, 1976). 

ʉʝʜʠʤʝʥʪʘʮʽʷ ʮʠʭ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ ʚʽʜʙʫʚʘʣʘʩʷ ʚ ʟʦʥʽ ʢʠʩʥʝʚʦʛʦ ʤʽʥʽʤʫʤʫ, 

ʧʝʨʝʚʘʞʥʦ ʥʠʞʯʝ ʛʣʠʙʠʥʠ ʢʘʨʙʦʥʘʪʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ (ɻʂʂ). ʇʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ 

ʥʠʞʥʴʦʢʨʝʡʜʷʥʠʭ ʯʦʨʥʦʩʣʘʥʮʝʚʠʭ ʜʦ ʚʝʨʭʥʴʦʢʨʝʡʜʷʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʽ ʩʪʨʦʢʘʪʠʭ 

(ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʭ ʽ ʯʝʨʚʦʥʠʭ) ʚʽʜʢʣʘʜʽʚ ʚʚʝʨʭ ʧʦ ʨʦʟʨʽʟʫ ʻ ʩʚʽʜʯʝʥʥʷʤ ʟʤʽʥʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʫʤʦʚ ʚ ʧʨʠʜʦʥʥʠʭ ʚʦʜʘʭ ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʙʘʩʝʡʥʫ ʚʽʜ ʘʥʘʝʨʦʙʥʠʭ ʚʽʜʥʦʚʥʠʭ 

ʜʦ ʘʝʨʦʙʥʠʭ ʦʢʠʩʥʠʭ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ (ʨʠʩʫʥʦʢ). ʏʝʨʚʦʥʽ ʛʣʠʥʠʩʪʽ 

ʚʝʨʩʪʚʠ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʷʣʚʝʮʴʢʦʾ ʩʚʽʪʠ (ʩʝʥʦʤʘʥ) ʻ ʩʚʽʜʯʝʥʥʷʤ ʛʣʦʙʘʣʴʥʦʾ ʧʦʜʽʾ 

CORBs (Cretaceous Oceanic Red Beds) (ɻʥʠʣʢʦ ʪʘ ʽʥ., 2023), ʢʦʣʠ ʚ ʧʝʣʘʛʽʘʣʽ ʦʢʝʘʥʽʯʥʠʭ 

ʙʘʩʝʡʥʽʚ ʧʝʨʝʚʘʞʘʣʠ ʨʽʟʢʦʢʠʩʥʽ ʫʤʦʚʠ. 

ɺ ʢʨʝʡʜʷʥʦʤʫ ʧʝʨʽʦʜʽ ʚ ʂʘʨʧʘʪʩʴʢʦʤʫ ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʤʫ ʙʘʩʝʡʥʽ ʧʦʯʘʣʠʩʷ 

ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʚʝʣʠ ʜʦ ʧʦʪʫʞʥʦʛʦ ʬʣʽʰʦʥʘʛʨʦʤʘʜʞʝʥʥʷ, ʧʦʚôʷʟʘʥʦʛʦ ʟʽ ʩʪʘʜʽʻʶ 

ʟʘʢʨʠʪʪʷ ʦʢʝʘʥʽʯʥʦʛʦ ʙʘʩʝʡʥʫ. ɺ ʮʠʭ ʫʤʦʚʘʭ ʩʝʜʠʤʝʥʪʘʮʽʷ ʙʽʦʛʝʥʥʠʭ ʢʘʨʙʦʥʘʪʽʚ 

ʚʽʜʙʫʚʘʣʘʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟ ʦʩʘʜʞʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʨʠʚʦʜʠʣʦ ʜʦ ʚʽʜʢʣʘʜʽʚ ʟʤʽʰʘʥʦʛʦ ʩʢʣʘʜʫ. ɻʦʨʠʟʦʥʪʠ ʚʽʜʥʦʩʥʦ ʯʠʩʪʠʭ ʚʘʧʥʷʢʽʚ ʽ 

ʤʝʨʛʝʣʽʚ ʚ ʪʦʚʱʽ ʬʣʽʰʫ ʪʨʘʧʣʷʶʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ. ɰʭ ʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʧʦʚôʷʟʫʚʘʪʠ ʟ 

ʝʧʦʭʘʤʠ ʩʧʦʚʽʣʴʥʝʥʦʾ ʪʝʨʠʛʝʥʥʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ. ɹʽʦʛʝʥʥʝ ʢʘʨʙʦʥʘʪʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚ 

ʂʘʨʧʘʪʩʴʢʦʤʫ ʬʣʽʰʦʚʦʤʫ ʙʘʩʝʡʥʽ ʚʽʜʙʫʚʘʣʦʩʷ ʚʠʱʝ ʨʽʚʥʷ ɻʂʂ ʧʘʨʘʣʝʣʴʥʦ ʟ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷʤ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʫʣʘʤʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʽʜʥʽʞʞʽ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʭʠʣʫ (ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʣʘʚʠʥʥʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ), ʱʦ ʧʨʠʚʝʣʦ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʫʞʥʦʾ ʪʦʚʱʽ ʟʤʽʰʘʥʠʭ ʚʘʧʥʷʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʪʝʨʠʛʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ 

ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ, ʷʢʽ ʯʘʩʪʦ ʚʠʩʪʫʧʘʶʪʴ ʧʦʨʦʜʘʤʠ-ʢʦʣʝʢʪʦʨʘʤʠ ʥʘʬʪʠ ʽ ʛʘʟʫ. 

ʉʝʜʠʤʝʥʪʦʛʝʥʥʠʡ ʢʘʨʙʦʥʘʪ, ʷʢ ʦʜʠʥ ʟ ʛʦʣʦʚʥʠʭ ʧʦʨʦʜʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʽʨʠʭ ʚʘʧʥʷʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʪʝʨʠʛʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʢʘʨʧʘʪʩʴʢʦʛʦ ʬʣʽʰʫ, ʚ 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʡ ʙʘʩʝʡʥ ʧʦʧʘʜʘʚ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʚ ʤʝʟʦʧʝʣʘʛʽʯʥʦʤʫ 

ʙʘʩʝʡʥʽ ʚʽʜʙʫʚʘʣʘʩʷ ʙʽʦʛʝʥʥʘ ʢʘʨʙʦʥʘʪʥʘ ʩʝʜʠʤʝʥʪʘʮʽʷ ʚʠʱʝ ʨʽʚʥʷ ɻʂʂ. ʇʦ-ʜʨʫʛʝ, 

ʙʽʦʛʝʥʥʽ ʢʘʨʙʦʥʘʪʠ ʩʧʦʯʘʪʢʫ ʚʽʜʢʣʘʜʘʣʠʩʷ ʥʘ ʰʝʣʴʬʽ, ʘ ʧʦʪʽʤ ʟʥʦʩʠʣʠʩʷ ʚ ʧʽʜʥʽʞʞʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʭʠʣʫ, ʪʦʙʪʦ ʥʘ ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʣʘʚʠʥʥʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ, ʨʘʟʦʤ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʂʦʣʠ ʪʝʤʧʠ ʪʝʨʠʛʝʥʥʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ ʨʽʟʢʦ 

ʩʧʦʚʽʣʴʥʶʚʘʣʠʩʷ ʫ ʟʚôʷʟʢʫ ʟ ʪʨʘʥʩʛʨʝʩʽʷʤʠ ʤʦʨʷ, ʫʪʚʦʨʶʚʘʣʠʩʷ ʚʘʧʥʷʢʦʚʠʩʪʽ ʘʙʦ 

ʤʝʨʛʝʣʠʩʪʽ ʚʽʜʢʣʘʜʠ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ. ɺ ʢʨʝʡʜʷʥʠʭ ʬʣʽʰʦʚʠʭ ʚʽʜʢʣʘʜʘʭ 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʽ ʉʢʣʘʜʯʘʩʪʠʭ ʂʘʨʧʘʪ ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʧʦʢʠ ʱʦ ʥʝ ʚʠʷʚʣʝʥʦ, ʧʨʦʪʝ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʦʙôʻʢʪʦʤ ʜʣʷ ʾʭ ʧʦʰʫʢʽʚ. 

ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʮʷ ʧʨʦʙʣʝʤʘ ʻ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʯʝʨʧʘʥʥʷʤ ʟʘʧʘʩʽʚ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ 

ʢʘʨʧʘʪʩʴʢʦʛʦ ʬʣʽʰʫ ʽ ʧʦʰʠʨʝʥʥʷʤ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ 

ʛʣʠʙʦʢʦʟʘʣʷʛʘʶʯʽ ʛʦʨʠʟʦʥʪʠ (ʐʣʘʧʽʥʩʴʢʠʡ ʪʘ ʽʥ., 2020, 2024). ʏʦʨʥʽ ʙʽʪʫʤʽʥʦʟʥʽ 

ʢʨʝʤʝʥʠʩʪʦ-ʛʣʠʥʠʩʪʽ ʚʽʜʢʣʘʜʠ ʩʧʘʩʴʢʦʾ ʽ ʰʠʧʦʪʩʴʢʦʾ ʩʚʽʪ (ʙʘʨʨʝʤ-ʘʣʴʙ) ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʷʢ ʥʘʬʪʦʛʘʟʦʤʘʪʝʨʠʥʩʴʢʽ ʽ ʧʦʪʝʥʮʽʡʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʽ ʪʦʚʱʽ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʟʥʘʢ ʧʦʨʽʜ ʰʠʧʦʪʩʴʢʦʾ ʽ ʩʧʘʩʴʢʦʾ ʩʚʽʪ ʻ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʨʦʟʩʽʷʥʦʾ ʆʈ. 

ɺʤʽʩʪ ʉʦʨʛ ʚ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʙʽʪʫʤʽʥʦʟʥʠʭ ʘʨʛʽʣʽʪʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,44 ʜʦ 10,17 %, ʚ 

ʘʣʝʚʨʦʣʽʪʘʭ ï 0,13ï2,35 %, ʧʽʩʢʦʚʠʢʘʭ ï 0,12ï1,99 %. ʇʦʪʝʥʮʽʡʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ 

ʚʫʛʣʝʚʦʜʥʽʚ ʻ ʧʣʘʩʪʠ ʧʩʘʤʽʪʦʚʠʭ ʧʦʨʽʜ ʩʧʘʩʴʢʦʾ ʩʚʽʪʠ, ʟʦʢʨʝʤʘ ʪʝʨʰʽʚʩʴʢʽ ʧʽʩʢʦʚʠʢʠ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʷʚʠ ʥʘʬʪʦʛʘʛʦʩʥʦʩʪʽ ʚʠʷʚʣʝʥʽ ʚ ʩʧʘʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʇʦʣʴʱʽ ʪʘ ʚ ʰʘʨʘʭ ɸʫʜʽʷ, ʷʢʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʫʤʫʥʽʾ ʻ ʘʥʘʣʦʛʦʤ ʰʠʧʦʪʩʴʢʦʾ ʩʚʽʪʠ. 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 

94 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʰʫʢʽʚ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʽʡ 

ʟʦʥʽ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʽ ʚ ʧʽʚʥʽʯʥʠʭ ʩʢʠʙʘʭ ʉʢʠʙʦʚʦʾ ʟʦʥʠ ʻ ʪʘʢʦʞ ʚʽʜʢʣʘʜʠ 

ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ. ʃʽʪʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ, ʘ 

ʩʘʤʝ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʾʭ ʩʢʣʘʜʽ ʧʦʪʫʞʥʠʭ ʘʣʝʚʨʠʪʦ-ʧʽʩʢʫʚʘʪʠʭ ʧʣʘʩʪʽʚ, ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʰʠʨʝʥʥʷ ʟʦʥ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ. ʅʝʛʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʦʛʽʨʰʫʚʘʚ 

ʢʦʣʝʢʪʦʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʩʢʦʚʠʢʽʚ ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ ʙʫʣʘ ʾʭ ʧʽʜʚʠʱʝʥʘ ʢʘʨʙʦʥʘʪʥʽʩʪʴ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʛʽʜʥʦ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʇʦʧʧ, 2005) ʫ 

ʧʘʣʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ (ʷʤʥʝʥʩʴʢʘ, ʚʠʛʦʜʩʴʢʘ, ʤʝʥʽʣʽʪʦʚʘ ʩʚʽʪʠ) ʥʘʡʢʨʘʱʽ ʢʦʣʝʢʪʦʨʩʴʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʧʽʩʢʦʚʠʢʠ ʟ ʛʽʜʨʦʩʣʶʜʠʩʪʠʤ ʽ ʢʨʝʤʝʥʠʩʪʦ-ʛʽʜʨʦʩʣʶʜʠʩʪʠʤ 

ʮʝʤʝʥʪʦʤ, ʪʦʜʽ ʷʢ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʽ ʧʦʨʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʴʙʩʷ ʷʢ ʥʝʢʦʣʝʢʪʦʨʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʢʨʝʡʜʷʥʦʤʫ ʦʩʘʜʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ 

ʩʬʦʨʤʫʚʘʣʠʩʷ ʷʢ ʪʦʚʱʽ ʧʩʘʤʽʪʦʣʽʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʚʫʛʣʝʚʦʜʥʽʚ, ʪʘʢ ʽ 

ʙʽʪʫʤʽʥʦʟʥʽ ʥʘʬʪʦʤʘʪʝʨʠʥʩʴʢʽ ʢʨʝʤʝʥʠʩʪʦ-ʛʣʠʥʠʩʪʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʟʫʤʦʚʠʣʦ ʾʭ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʽʩʪʴ. 

ʇʦʪʫʞʥʽ ʧʽʩʢʫʚʘʪʽ ʪʦʚʱʽ ʩʧʘʩʴʢʦʾ, ʰʠʧʦʪʩʴʢʦʾ ʽ ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʢʦʣʝʢʪʦʨʘʤʠ ʥʘʬʪʠ ʽ ʛʘʟʫ. ɺʦʥʠ ʻ ʚʽʜʢʣʘʜʘʤʠ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ 

ʣʘʚʠʥʥʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ, ʚ ʧʽʜʥʽʞʞʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʭʠʣʫ ʧʽʚʥʽʯʥʦʾ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ 

ʦʢʨʘʾʥʠ ʦʢʝʘʥʫ ʊʝʪʽʩ. ʋʪʚʦʨʝʥʥʷ ʙʽʪʫʤʽʥʦʟʥʠʭ ʥʘʬʪʦʤʘʪʝʨʠʥʩʴʢʠʭ ʢʨʝʤʝʥʠʩʪʦ-

ʛʣʠʥʠʩʪʽ ʚʽʜʢʣʘʜʽʚ ʩʧʘʩʴʢʦʾ ʽ ʰʠʧʦʪʩʴʢʦʾ ʩʚʽʪ ʧʦʚôʷʟʘʥʝ ʟʽ ʩʧʦʚʽʣʴʥʝʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʝʨʠʛʝʥʥʦʛʦ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʽ ʬʘʟʦʶ ʦʢʝʘʥʽʯʥʠʭ ʙʝʟʢʠʩʥʝʚʠʭ ʧʦʜʽʡ ʆɸɽ-1 

(ʙʘʨʨʝʤ-ʘʣʴʙ). ɺ ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʡʤʦʚʽʨʥʠʤ ʻ ʨʦʟʚʠʪʦʢ ñʥʝʪʨʘʜʠʮʽʡʥʠʭò ʢʦʣʝʢʪʦʨʽʚ 

ʪʨʽʱʠʥʥʦʛʦ ʪʠʧʫ. 
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Apatite is a widely distributed mineral that serves as an indicator of the chemical 

composition of rocks. This paper presents the features and composition of inclusions in 

apatites from rocks of the Haisyn complex (also known as "sobites"), which are widely 

distributed in the junction zone between the Ros-Tikych and Dniester-Bouh regions of the 

Ukrainian Shield. Inclusions in fluoro-apatite are represented by both monomineral and 

polymineral aggregates, which are the result of crystallisation of the entrapped granitoid 

melt. The presence of amphiboles, graphite and carbonates in the form of inclusions in 

apatite indicates that the original melt contained fluid components, primarily water and 

carbon dioxide.  

 

INCLUSIONS IN FLUORO -APATITES FROM GRANITODIES OF THE HAISYN 

BLOCK OF THE UKRAINIAN SHIELD  

 

Reshetnyk M.M., Shumlyanskyy L.V., Starokadomsky D.L. 

 

ɺʩʪʫʧ. ɸʧʘʪʠʪ ʻ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʽʥʝʨʘʣʦʤ, ʩʣʫʛʫʻ ʽʥʜʠʢʘʪʦʨʥʦʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʭʦʜʽ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʭ, ʧʝʪʨʦʣʦʛʽʯʥʠʭ ʪʘ ʤʝʪʘʣʦʛʝʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ (ʂʨʠʚʜʠʢ ʪʘ ʽʥ., 2011; Mao et al., 2016; Bruand et al., 2019; 2020; Antoine et 

al., 2020; OôSullivan et al., 2020; Sun et. al., 2021; Wang et al., 2022; ɼʫʙʠʥʘ ʪʘ ʽʥ.., 2022; 

Kieffer et al., 2024).  

ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʢʣʘʜ ʚʢʣʶʯʝʥʴ ʚ ʘʧʘʪʠʪʘʭ ʟ ʧʦʨʽʜ 

ʛʘʡʩʠʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʪʘʢ ʟʚʘʥʽ "ʩʦʙʽʪʠ"), ʱʦ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʟʦʥʽ 

ʟʯʣʝʥʫʚʘʥʥʷ ʈʦʩʠʥʩʴʢʦ-ʊʽʢʠʮʴʢʦʛʦ ʪʘ ɼʥʽʩʪʨʦʚʩʴʢʦ-ɹʫʟʴʢʦʛʦ ʨʘʡʦʥʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʱʠʪʘ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʉʦʙʽʪʠ ʛʘʡʩʠʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʜʦʩʣʽʜʞʝʥʽ ʥʘʤʠ ʨʘʥʽʰʝ ʽʟʦʪʦʧʥʦ-

ʛʝʦʭʽʤʽʥʠʤʠ ʪʘ ʧʝʪʨʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ (Reshetnyk et al., 2023, 2025). ɿôʷʩʦʚʘʥʦ ʱʦ ʮʽ 

ʧʦʨʦʜʠ ʤʘʶʪʴ U-Pb ʚʽʢ ʟʘ ʮʠʨʢʦʥʦʤ ʫ 2087 Ñ 16 ʤʣʥ ʨʨ. ɿ ʜʘʥʠʤʠ ʱʦʜʦ ʽʟʦʪʦʧʥʦʛʦ 

ʩʢʣʘʜʫ ʛʘʬʥʽʶ ʚ ʮʠʨʢʦʥʘʭ ʪʘ ʥʝʦʜʠʤʫ ʚ ʘʧʘʪʠʪʘʭ, ʜʞʝʨʝʣʦʤ ʚʠʭʽʜʥʠʭ ʨʦʟʧʣʘʚʽʚ ʩʦʙʽʪʽʚ 

ʙʫʣʠ ʙʽʣʴʰ ʜʘʚʥʽ (ʤʝʟʦʘʨʭʝʡʩʴʢʽ) ʢʦʨʦʚʽ ʧʦʨʦʜʠ. ɿʘ ʜʘʥʠʤʠ (ʃʽʩʥʘ ʪʘ ʽʥ., 2023; 

Francovschi et al., 2024) ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʽ ʛʨʘʥʽʪʦʾʜʠ ʤʘʶʪʴ 

ʶʚʝʥʽʣʴʥʽ ʽʟʦʪʦʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʾʭ ʚʠʧʣʘʚʣʷʥʥʷ ʟ ʤʦʣʦʜʠʭ ʥʘ ʪʦʡ 

ʯʘʩ ʢʦʨʦʚʠʭ ʧʦʨʽʜ. ɼʝʷʢʽ ʧʦʨʦʜʠ ʧʨʦʷʚʣʷʶʪʴ ʟʤʽʰʘʥʽ ʽʟʦʪʦʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʉʪʝʧʘʥʶʢ ʪʘ ʽʥ., 2025), ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚ ʾʭ ʜʞʝʨʝʣʽ ʷʢ ʶʚʝʥʽʣʴʥʠʭ, ʪʘʢ ʽ 

ʙʽʣʴʰ ʜʘʚʥʽʭ ʢʦʨʦʚʠʭ ʧʦʨʽʜ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʽʦʨʠʪʽʚ ʪʘ ʛʨʘʥʦʜʽʦʨʠʪʽʚ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʪʘʢʦʛʦ ʚ ʙʽʣʴʰ ʜʘʚʥʽʭ ʪʦʥʘʣʽʪ-ʪʨʦʥʜʴʻʤʽʪ-ʛʨʘʥʦʜʽʦʨʠʪʦʚʠʭ ʘʩʦʮʽʘʮʽʷʭ ʨʘʡʦʥʫ, ʭʦʯʘ ʽ 

ʧʨʦʷʚʣʷʻ ʜʝʷʢʝ ʟʙʘʛʘʯʝʥʥʷ ʱʦʜʦ ʙʽʣʴʰʦʩʪʽ ʥʝʢʦʛʝʨʝʥʪʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʪʞʝ, 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʽ ʛʨʘʥʽʪʦʾʜʠ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ. 
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ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʦ ʚʢʣʶʯʝʥʥʷ ʫ 

ʬʣʶʦʨʦ-ʘʧʘʪʠʪʽ ʟʽ ʟʨʘʟʢʽʚ (8-2078 ʪʘ 19-2078) ʚʽʜʽʙʨʘʥʠʭ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʚʽʜʩʣʦʥʝʥʥʽ 

(48,928080 N, 29,192112 E) ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʩ. ʉʠʪʢʽʚʮʽ ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ ʨ. ɻʦʨʦʜʠʱʝ (ʣʽʚʘ 

ʧʨʠʪʦʢʘ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ). ʌʣʶʦʨʦ-ʘʧʘʪʠʪ ʚʠʜʽʣʝʥʦ ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ 

ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ 

ʟʙʘʛʘʯʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʩʪʦʣʘ, ʚʘʞʢʠʭ ʨʽʜʠʥ ʪʘ ʤʘʛʥʽʪʥʦʛʦ 

ʩʝʧʘʨʘʪʦʨʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʝʥʴ ʫ ʬʣʶʦʨʦ-ʘʧʘʪʠʪʘʭ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ZEISS Ultra Plus ʫ ʎʝʥʪʨʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ 

ʽʤ. ɻʝʣʴʤʛʦʣʴʮʘ (GFZ Helmholtz Centre for Geosciences) ʚ ʤ. ʇʦʪʩʜʘʤ (ʅʽʤʝʯʯʠʥʘ). 

ʇʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʽʚʥʽ 15 ʢɺ. 

 

ʈʝʟʫʣʴʪʘʪʠ. ɸʧʘʪʠʪʠ ʟ ʤʦʥʮʦʩʽʻʥʽʪʫ ʤʽʩʪʷʪʴ ʚʢʣʶʯʝʥʥʷ ʽʥʰʠʭ ʤʽʥʝʨʘʣʽʚ: ʢʚʘʨʮʫ, 

ʘʤʬʽʙʦʣʫ, ʙʽʦʪʠʪʫ, ʢʘʣʽʻʚʦʛʦ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ, ʧʣʘʛʽʦʢʣʘʟʫ, ʤʦʥʘʮʠʪʫ, ʢʘʨʙʦʥʘʪʽʚ Ca, 

Fe, Mn ʪʘ Mg, ʤʘʛʥʝʪʠʪʫ ʪʘ ʛʨʘʬʽʪʫ (ʈʠʩ. 1).  

ʆʜʥʠʤ ʟ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʭ ʚʢʣʶʯʝʥʴ ʻ ʤʦʥʘʮʠʪ, ʷʢʠʡ ʫʪʚʦʨʶʻ ʜʨʽʙʥʽ 

ʢʨʠʩʪʘʣʠ, ʱʦ ʚʘʨʽʶʶʪʴ ʟʘ ʬʦʨʤʦʶ ʚʽʜ ʽʟʦʤʝʪʨʠʯʥʠʭ ʜʦ ʨʽʟʢʦ ʚʠʪʷʛʥʫʪʠʭ, 

ʛʦʣʢʦʧʦʜʽʙʥʠʭ (ʫ ʧʝʨʝʪʠʥʽ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʽ ʢʨʠʩʪʘʣʠ ʟʘʟʚʠʯʘʡ ʟʘʢʦʥʦʤʽʨʥʦ 

ʦʨʽʻʥʪʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʈʠʩ. 1). ʂʘʨʙʦʥʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ: ʢʘʣʴʮʠʪʦʤ, 

ʩʠʜʝʨʦʧʣʝʟʠʪʦʤ (ʤʘʛʥʝʟʽʘʣʴʥʠʤ ʩʠʜʝʨʠʪʦʤ), ʪʘ ʘʥʢʝʨʠʪʦʤ. ʂʘʣʴʮʠʪ ʤʽʩʪʠʪʴ ʜʦʤʽʰʢʫ 

MnO ï ʚ̔ ʜ 1 ʜʦ 5 %. ʉʠʜʝʨʦʧʣʝʟʠʪʠ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ MgO ï 12-14  %, ʘ ʪʘʢʦʞ 

ʜʦʤʽʰʢʠ MnO ï ʙʽʣʷ 1 %, ʪʘ ʉʘʆ ï ʚʽʜ 1 ʜʦ 3 %. ɸʥʢʝʨʠʪ ʚʤʽʱʫʻ ʜʦ 16 % MgO, 8-9 % 

FeO, ʘ ʪʘʢʦʞ ʙʽʣʷ 1 % MnO (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʷ 1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʢʣʶʯʝʥʴ ʚ ʬʣʶʦʨʦ-ʘʧʘʪʠʪʘʭ ʚʠʟʥʘʯʝʥʠʡ ʝʣʝʢʪʨʦʥʥʠʤ 

ʩʢʘʥʫʶʯʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ZEISS Ultra Plus (ʚʤʽʩʪ, ʚʘʛʦʚʽ %). 

 
 F MgO Al 2O3 SiO2 P2O5 K 2O CaO MnO Fe2O3 La2O3 Ce2O3 Nd2O3 Na2O TiO 2 

A-1  1.41 2.17 82.59  0.3 5.3  8.23      

A-2   18.54 66.53  14.58       0.35  

A-3 0.3 0.76 0.41 1.28  0.32 84.73 8.64 3.57      

A-4  15.09 8.21 44.86   2.14  29.69      

A-5    1.53 39.15  1.32   5.05 34.46 18.5   

A-6 6.99    0.68  5.71  86.63      

A-7     36.97  7.56  0.45 6.73 34.02 14.27   

A-8     38.58  4.99   7.51 35.97 12.95   

A-9 8.02 2.33   1.08  4.11  84.46      

A-10 0.12 0.69   4.52  90.76 1.51 2.4      

A-11 0.12 0.87   21.53  69.62 6.37 1.5      

B-1  13.62 15.52 39.3 1.27 8.48   19.78     2.03 

B-2   18.74 67.13  13.19       0.94  

B-3   24.62 61.24   6.98      7.17  

B-4   0.54 99.06   0.4        

B-5   23.65 62.21  0.11 6.61      7.42  
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B-6   24.04 61.66   7.11      7.19  

B-7   23.57 62.19   6.78      7.45  

B-8 6 1.49 17.2 61.75  0.61 4.07      6.3 2.58 

C-1  25.74   3.37  49.84 1.43 19.61      

C-2 7.65 2.33     3.69  86.32      

C-3  10.03 5.53 20 17.14  27.11  20.19      

C-4  0.35  0.51 3  92.95 1.92 1.26      

C-5  16.52 7.11 46.92 0.65  3.45  25.35      

C-6 1.2   0.97 39.65  25.97   4.07 21.12 7.03   

(ʊʦʯʢʠ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʘʤ, ʧʦʟʥʘʯʝʥʠʤ ʥʘ ʨʠʩ.1.) 

 

ʂʚʘʨʮ ʪʘ ʤʘʛʥʝʪʠʪ ʟʘʟʚʠʯʘʡ ʫʪʚʦʨʶʶʪʴ ʜʨʽʙʥʽ, ʨʦʟʤʽʨʘʤʠ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʤʽʢʨʦʤʝʪʨʽʚ, ʽʟʦʤʝʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ (ʨʠʩ.1). ʇʦʣʴʦʚʽ ʰʧʘʪʠ ʪʨʘʧʣʷʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ 

ʩʢʣʘʜʽ ʜʦʚʦʣʽ ʢʨʫʧʥʠʭ (ʜʦ 25-30 ɛm) ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʂʘʣʽʻʚʽ ʧʦʣʴʦʚʽ ʰʧʘʪʠ 

ʤʽʩʪʷʪʴ ʚʽʜ 3 ʜʦ 10 % ʘʣʴʙʽʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʪʦʜʽ ʷʢ ʧʣʘʛʽʦʢʣʘʟʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʠʩʣʠʭ 

ʘʥʜʝʟʠʥʽʚ (Ab65-67An33-35) . ɹʽʦʪʠʪ ʤʘʻ ʟʘʣʽʟʠʩʪʽʩʪʴ f = 0,42-0,47 ʪʘ ʤʽʩʪʠʪʴ 2,0-3,7 % 

TiO2. ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʽʦʪʠʪʫ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ Luhr et al. (1984), ʩʪʘʥʦʚʠʪʴ 

630-700 . ɸʤʬʽʙʦʣʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʠʟʴʢʦʢʘʣʴʮʽʻʚʠʭ ʤʘʛʥʝʟʽʘʣʴʥʦ-ʟʘʣʽʟʠʩʪʠʭ ʚʽʜʤʽʥ 

(ʘʥʪʦʬʽʣʽʪ-ʞʝʜʨʠʪ; ʤʽʩʪʷʪʴ 45-47 % SiO2, 7-8 % Al2O3, 25-30 % Fe2O3, 15-16 % MgO, ʪʘ 

2,1-3,5% CaO). ʊʠʩʢ ʧʽʜ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʘʤʬʽʙʦʣʫ ʟʘ ʯʠʩʣʝʥʥʠʤʠ ʙʘʨʦʤʝʪʨʘʤʠ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʤʽʩʪʽ Al2O3 (ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʨʦʩʫ MagMin_PT, G¿nd¿z and 

Asan, 2023), ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ 2-3,5 ʢɹʘʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʣʠʙʠʥʘʤ ʫ 7-15 ʢʤ. ɿʘ ʘʤʬʽʙʦʣ-

ʧʣʘʛʽʦʢʣʘʟʦʚʠʤ ʪʝʨʤʦʙʘʨʦʤʝʪʨʦʤ (Blundy and Holland, 1990) ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 735-790 , ʘ ʪʠʩʢ ï ʙʽʣʷ 2 ʢɹʘʨ. ɻʨʘʬʽʪ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚ ʷʢʦʩʪʽ ʜʨʽʙʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʚ ʧʣʘʛʽʦʢʣʘʟʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʫʪʚʦʨʶʚʘʚ 

ʘʛʨʝʛʘʪʥʝ ʚʢʣʶʯʝʥʥʷ ʚ ʘʧʘʪʠʪʽ (ʈʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ɿʦʙʨʘʞʝʥʥʷ ʚʢʣʶʯʝʥʴ ʚ ʘʧʘʪʠʪʽ ʧʽʜ ʝʣʝʢʪʨʦʥʥʠʤ ʩʢʘʥʫʶʯʠʤ ʤʽʢʨʦʩʢʦʧʦʤ. 

ʊʦʯʢʠ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ: ɸ) 1 ï ʢʚʘʨʮ; 2 ï ʢʘʣʽʻʚʠʡ ʧʦʣʴʦʚʠʡ ʰʧʘʪ; 3, 10, 11 

ï ʢʘʨʙʦʥʘʪ; 4 ï ʘʤʬʽʙʦʣ; 5, 7, 8 ï ʤʦʥʘʮʠʪ; 6, 9 ï ʤʘʛʥʝʪʠʪ. ɺ) 1 ï ʙʽʦʪʠʪ; 2 ï ʢʘʣʽʻʚʠʡ 

ʧʦʣʴʦʚʠʡ ʰʧʘʪ; 3, 5, 6, 7 ï ʧʣʘʛʽʦʢʣʘʟ; 4 ï ʢʚʘʨʮ; 8 ï ʛʨʘʬʽʪ. ʉ) 1, 4 ï ʢʘʨʙʦʥʘʪ; 2 ï 

ʤʘʛʥʝʪʠʪ; 3, 5 ï ʘʤʬʽʙʦʣ; 6 ï ʤʦʥʘʮʠʪ. 

 

ʆʢʨʽʤ ʤʦʥʦʤʽʥʝʨʘʣʴʥʠʭ ʚʢʣʶʯʝʥʴ, ʽʥʦʜʽ ʪʨʘʧʣʷʶʪʴʩʷ ʧʦʣʽʤʽʥʝʨʘʣʴʥʽ ʘʛʨʝʛʘʪʠ, ʷʢʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘʭʦʧʣʝʥʦʛʦ ʛʨʘʥʽʪʦʾʜʥʦʛʦ ʨʦʟʧʣʘʚʫ. ʅʘ ʈʠʩ. 1 

ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʜʦʩʣʽʜʞʝʥʠʭ ʥʘʤʠ ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʭ ʚʢʣʶʯʝʥʴ. ʇʝʨʰʝ ʟ ʚʢʣʶʯʝʥʴ 

(ʈʠʩ. 1ɸ) ʩʢʣʘʜʝʥʝ ʚʠʜʦʚʞʝʥʠʤ ʢʨʠʩʪʘʣʦʤ ʢʚʘʨʮʫ ʨʦʟʤʽʨʘʤʠ 30Ĭ13 ɛm, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʟʨʦʩʪʘʥʥʽ ʟ ʟʝʨʥʘʤʠ ʢʘʣʽʻʚʦʛʦ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ, ʘʤʬʽʙʦʣʫ, ʢʘʨʙʦʥʘʪʫ ʽ ʤʦʥʘʮʠʪʫ 
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ʥʝʧʨʘʚʽʣʴʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʘʤʠ ʜʦ 10Ĭ15 ɛm. ɼʨʫʛʝ ʚʢʣʶʯʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʘʛʨʝʛʘʪ 

ʢʨʠʩʪʘʣʽʚ ʤʽʥʝʨʘʣʽʚ ʨʦʟʤʽʨʘʤʠ ʜʦ 35Ĭ25 ɛm, ʷʢʠʡ ʚʢʣʶʯʘʻ ʙʽʦʪʠʪ, ʢʘʣʽʻʚʠʡ ʧʦʣʴʦʚʠʡ 

ʰʧʘʪ, ʧʣʘʛʽʦʢʣʘʟ, ʢʚʘʨʮ ʪʘ ʛʨʘʬʽʪ (ʨʠʩ.1ɺ).   

 

ɺʠʩʥʦʚʢʠ. ɺʢʣʶʯʝʥʥʷ ʫ ʬʣʶʦʨʦ-ʘʧʘʪʠʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʤʦʥʦʤʽʥʝʨʘʣʴʥʠʤʠ ʪʘʢ ʽ 

ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘʭʦʧʣʝʥʦʛʦ 

ʛʨʘʥʽʪʦʾʜʥʦʛʦ ʨʦʟʧʣʘʚʫ. ʅʘʷʚʥʽʩʪʴ ʘʤʬʽʙʦʣʽʚ, ʛʨʘʬʽʪʫ ʪʘ ʢʘʨʙʦʥʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʚʢʣʶʯʝʥʴ 

ʚ ʘʧʘʪʠʪʽ ʩʚʽʜʯʠʪʴ, ʱʦ ʚʠʭʽʜʥʠʡ ʨʦʟʧʣʘʚ ʤʽʩʪʠʚ ʬʣʶʾʜʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʝʨʝʜʫʩʽʤ ʚʦʜʫ ʪʘ 

ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ.  
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pluton of the Inhul megablock is described and analyzed for the first time. Two varieties 

were identified: gahnite and kreittonite. Information on the distribution of other spinel 

typesðmagnesian and ferrousðin various rocks of the Inhul megablock is provided. 
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ɺʩʪʫʧ. ʅʘ ʋʢʨʘʾʥʩʴʢʦʤʫ ʱʠʪʽ (ʋʑ), ʧʝʨʝʚʘʞʥʦ ʚ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʠʭ 

ʫʪʚʦʨʝʥʥʷʭ, ʧʦʰʠʨʝʥʘ ʘʣʶʤʦʰʧʽʥʝʣʴ ʟʝʣʝʥʦʛʦ ʢʦʣʽʨʫ ʨʽʟʥʠʭ ʚʽʜʪʽʥʢʽʚ. ʅʘʡʧʦʰʠʨʝʥʽʰʽ 

ʟʘʣʽʟʠʩʪʘ ʽ ʤʘʛʥʝʟʽʘʣʴʥʘ ʰʧʽʥʝʣʽ, ʘ ʮʠʥʢʦʚʘ ʰʧʽʥʝʣʴ ʻ ʨʽʜʢʽʩʥʦʶ. ɸʣʶʤʦʰʧʽʥʝʣʽ 

ʦʧʠʩʘʥʦ ʚ ʩʭʽʜʥʽʡ ʽ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ ʋʑ, ʘ ʦʪ ʧʨʦ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʧʦʚʽʜʦʤʣʝʥʴ 

ʦʙʤʘʣʴ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ɺʦʣʠʥʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ ʋʑ ʟʝʣʝʥʘ ʰʧʽʥʝʣʴ 

ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʦʧʠʩʫʚʘʣʘʩʴ ʚ ʨʽʟʥʠʭ ʧʦʨʦʜʘʭ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʧʣʫʪʦʥʫ (ʂʇ). ɺ ʩʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʂʇ ʚ ʙʘʩʝʡʥʽ ʨ. ɯʨʰʘ ʥʘ ʢʦʥʪʘʢʪʽ ʛʨʘʥʽʪʽʚ ʨʘʧʘʢʽʚʽ ʟ ʦʩʥʦʚʥʠʤʠ ʧʦʨʦʜʘʤʠ 

ʥʦʨʠʪʦʚʦʛʦ ʩʢʣʘʜʫ ʚ ʧʝʛʤʘʪʠʪʦʚʠʭ ʞʠʣʘʭ ʚʽʜʟʥʘʯʝʥʦ (ʉʦʙʦʣʝʚ, 1947) ʢʩʝʥʦʣʽʪʠ 

ʩʠʣʽʤʘʥʽʪ-ʢʦʨʜʽʻʨʠʪ-ʰʧʽʥʝʣʝʚʠʭ ʨʦʛʦʚʠʢʽʚ (ʢʨʠʩʪʘʣʦʩʣʘʥʮʽʚ?), ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʰʧʽʥʝʣʴ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʟʝʨʝʥ, ʱʦ ʽʥʦʜʽ ʫʪʚʦʨʶʶʪʴ ʣʘʥʮʶʞʢʠ, ʟʝʣʝʥʦʛʦ ʘʙʦ ʛʫʩʪʦ-

ʟʝʣʝʥʦʛʦ ʜʦ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʽʟʦʤʝʪʨʠʯʥʦʾ, ʢʚʘʜʨʘʪʥʦʾ, ʧʦʜʦʚʞʝʥʦʾ ʬʦʨʤʠ, ʘ ʪʘʢʦʞ 

ʧʩʝʚʜʦʤʦʨʬʦʟʠ ʧʦ ʩʠʣʽʤʘʥʽʪʫ ʫ ʚʠʛʣʷʜʽ ʛʦʣʦʢ. 

ʇʽʚʥʽʯʥʽʰʝ ʫ ʂʇ, ʚ ʨʘʡʦʥʽ ʩ. ɯʛʥʘʪʧʽʣʴ, ʘʤʘʟʦʥʽʪʦʚʽ ʤʝʪʘʩʦʤʘʪʠʪʠ (ɿʽʥʯʝʥʢʦ, 

ʐʫʤʣʷʥʩʴʢʠʡ, 1997) ʩʝʨʝʜ ʛʨʝʡʟʝʥʽʟʦʚʘʥʠʭ ʜʨʽʙʥʦʦʚʦʾʜʥʠʭ ʛʨʘʥʽʪʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ 

ʢʨʫʧʥʠʡ ʢʩʝʥʦʣʽʪ ʩʣʘʙʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʚʠʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʠʭ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʨʝʣʽʢʪ 

ʢʨʦʚʣʽ ʂʇ), ʤʽʩʪʷʪʴ 10-12% ʪʝʤʥʦ-ʟʝʣʝʥʦʾ ʰʧʽʥʝʣʽ ʛʝʨʮʠʥʽʪʦʚʦʛʦ ʪʠʧʫ. ʐʧʽʥʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʽʜʽʦʤʦʨʬʥʠʭ (ʦʢʪʘʝʜʨʠ, ʢʫʙʦʦʢʪʘʝʜʨʠ) ʟʝʨʝʥ, ʣʽʥʟʦʚʠʜʥʠʭ ʩʢʫʧʯʝʥʴ, 

ʪʦʥʢʠʭ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʧʨʦʰʘʨʢʽʚ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʽʥʦʜʽ ʨʘʟʦʤ ʟ ʛʨʘʥʘʪʦʤ, ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ 

ʧʝʨʝʚʘʞʥʦ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʦʩʪʘʥʥʽʭ ʟ ʛʨʘʥʽʪʘʤʠ. 

ɼʝʪʘʣʴʥʦ ʚʠʚʯʘʣʘʩʴ ʪʝʤʥʦ-ʟʝʣʝʥʘ ʰʧʽʥʝʣʴ ʚ ʢʩʝʥʦʣʽʪʘʭ ʧʦʨʽʜ çʨʘʤʠè (ʙʽʦʪʠʪ-

ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʢʨʠʩʪʘʣʦʩʣʘʥʮʽʚ ʪʘ ʛʥʝʡʩʽʚ) ʚ ʘʤʬʽʙʦʣʦʚʠʭ ʪʘ ʙʽʦʪʠʪ-ʘʤʬʽʙʦʣʦʚʠʭ 

ʨʘʧʘʢʽʚʽʧʦʜʽʙʥʠʭ ʛʨʘʥʽʪʦʾʜʘʭ ʄʘʣʠʥʩʴʢʦʾ ʪʘ ʇʫʛʘʯʽʚʩʴʢʦʾ ʜʽʣʷʥʦʢ ʛʦʣʦʚʥʦʾ ʽʥʪʨʫʟʠʚʥʦʾ 

ʬʘʟʠ ʂʇ (ɻʨʫʱʠʥʩʴʢʘ ʪʘ ʽʥ, 2010, 2011). ʐʧʽʥʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʩʦʢʦʟʘʣʽʟʠʩʪʠʤ 

ʨʽʟʥʦʚʠʜʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ ʯʠʩʪʦʛʦ ʛʝʨʮʠʥʽʪʫ (FeAl2O4). ʐʧʽʥʝʣʴ ʟʘʙʘʨʚʣʝʥʘ ʚ ʪʝʤʥʦ-

ʟʝʣʝʥʠʡ ʢʦʣʽʨ, ʾʾ ʩʢʫʧʯʝʥʥʷ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʙʽʦʪʠʪʫ, ʽʥʢʦʣʠ ʬʦʨʤʫʶʯʠ 

ʣʘʥʮʶʞʢʠ. ʄʦʣʴʥʘ ʜʦʣʷ ʛʝʨʮʠʥʽʪʦʚʦʛʦ ʤʽʥʘʣʫ ʩʢʣʘʜʘʻ 0,749 ï 0,873 ʚ ʧʦʨʦʜʘʭ 

ʇʫʛʘʯʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ, 0,773 ï 0,841 ï ʚ ʧʦʨʦʜʘʭ ʄʘʣʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ. ʋ ʩʢʣʘʜʽ ʰʧʽʥʝʣʽ 

ʢʨʽʤ Mg ʽ Mn ʚʽʜʤʽʯʝʥʦ ʜʦʤʽʰʢʠ Zn: ʚ ʧʦʨʦʜʘʭ ʄʘʣʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ 0,38-1,24 % ZnO ʷʢ 

ʧʦʩʪʽʡʥʘ ʜʦʤʽʰʢʘ, ʘ ʇʫʛʘʯʽʚʩʴʢʦʾ ï 1,08% ZnO ʦʜʥʦʨʘʟʦʚʦ. 

ɺ ʇʨʠʘʟʦʚʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ ʤʘʛʥʝʟʽʘʣʴʥʘ ʰʧʽʥʝʣʴ ʚʽʜʤʽʯʘʣʘʩʴ ʚ ʤʨʘʤʦʨʘʭ ʽ 

ʢʘʣʴʮʠʬʽʨʘʭ ʛʥʝʡʩʦʚʠʭ ʩʝʨʽʡ, ʘ ʤʘʛʥʝʟʽʘʣʴʥʦ-ʟʘʣʽʟʠʩʪʘ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʣʝʦʥʘʩʪ) ï ʚ 

ʚʠʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʠʭ ʢʦʨʫʥʜ-ʩʠʣʽʤʘʥʽʪʦʚʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ (ʃʘʟʘʨʝʥʢʦ ʪʘ ʽʥ, 
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1981). ʊʘʢʦʞ ʚ ʇʨʠʘʟʦʚôʾ ʚ ʛʨʘʥʽʪʥʠʭ ʧʝʛʤʘʪʠʪʘʭ ʧʦ ʨ. ʏʦʢʨʘʢ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʜʢʽʩʥʫ ʜʣʷ ʋʢʨʘʾʥʠ ʮʠʥʢʦʚʫ ʰʧʽʥʝʣʴ ï ʛʘʥʽʪ ï ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʩʚʽʪʣʦ-

ʩʽʨʠʤ ʢʚʘʨʮʝʤ, ʛʨʘʥʘʪʦʤ, ʤʫʩʢʦʚʽʪʦʤ, ʢʦʣʫʤʙʽʪʦʤ (ʄʠʥʝʨʘʣʳ ʋʢʨʘʠʥʳ, 1990). 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ.ɺ ɯʥʛʫʣʴʩʢʦʤʫ ʤʝʛʘʙʣʦʮʽ (ɯʄ) 

ʪʘ ʚ ʧʨʠʣʝʛʣʽʡ ɻʦʣʦʚʘʥʽʚʩʴʢʽʡ ʰʦʚʥʽʡ ʟʦʥʽ (ɻʐɿ) ʥʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʝʣʝʥʫ 

ʰʧʽʥʝʣʴ ʚ ʧʨʦʙʘʭ ʢʠʩʣʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ ʢʘʨʙʦʥʘʪʥʠʭ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʦʜ, 

ʚʽʜʽʙʨʘʥʠʭ ʟʘ ʤʽʞʚʽʜʦʤʯʦʶ ʧʨʦʛʨʘʤʦʶ çʇʦʣʽʛʦʥè ʟʽ ʩʚʝʨʜʣʦʚʠʥ, ʨʽʜʰʝ ʢʘʨ'ʻʨʽʚ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʙʣʠʟʫ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ. 

ʐʧʽʥʝʣʴ ʚʠʚʯʘʣʘʩʴ ʚ ʧʨʦʪʦʣʦʯʥʠʭ ʧʨʦʙʘʭ, ʽʥʢʦʣʠ ʚ ʰʣʽʬʘʭ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ. ɺ ʛʨʘʥʽʪʘʭ 

ʨʘʧʘʢʽʚʽ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ (ʂʅʇ), ʦʢʨʽʤ ʰʣʽʬʽʚ, ʩʢʣʘʜ ʰʧʽʥʝʣʽ 

ʚʠʚʯʘʚʩʷ ʚ ʟʨʘʟʢʘʭ ʟ ʢʘʨ'ʻʨʫ ʉʽʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʦʪʦʨʘ 

JXA-733 ʪʘ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ JSM-6700F ʚ ɯɻʄʈ ʅɸʅ ʋʢʨʘʾʥʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʙʘʛʘʯʝʥʠʤʠ ʥʘ ʰʧʽʥʝʣʴ ʻ ʨʦʟʢʨʠʪʽ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʧʝʛʤʘʪʦʾʜʥʽ ʛʨʘʥʘʪʚʤʽʩʥʽ ʛʨʘʥʽʪʠ ʩ. ʃʠʧʥʷʞʢʘ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʨʘʡʦʥʫ 

(ʥʘ ʟʘʭʽʜ ʚʽʜ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ). ɺʤʽʩʪ ʰʧʽʥʝʣʽ ʚ ʥʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 5-8 ʜʦ 

258ï297 ʛ/ʪ, ʘʩʦʮʽʶʶʯʽ ʤʽʥʝʨʘʣʠ ï ʩʠʣʽʤʘʥʽʪ (ʜʦ 1797 ʛ/ʪ), ʛʨʘʥʘʪ (153-15993 ʛ/ʪ), 

ʪʫʨʤʘʣʽʥ, ʜʶʤʦʨʪʴʻʨʠʪ; ʫ ʜʚʦʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʰʧʽʥʝʣʽ 

ʟ ʛʣʠʙʠʥʦʶ ʚʽʜʙʦʨʫ ʧʨʦʙ, ʧʘʨʘʣʝʣʴʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʚʤʽʩʪ ʛʨʘʥʘʪʫ. ʐʧʽʥʝʣʴ ʤʘʻ ʙʣʽʜʦ- 

ʯʠ ʪʝʤʥʦ-ʟʝʣʝʥʠʡ ʢʦʣʽʨ ʽ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ n = 1,820-1,826 ï ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʡ ʜʣʷ 

ʟʚʠʯʘʡʥʦʾ ʤʘʛʥʝʟʽʘʣʴʥʦʾ ʰʧʽʥʝʣʽ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʷʢ ʟʘʣʽʟʠʩʪʦʤʫ, ʪʘʢ ʽ 

ʮʠʥʢʦʚʦʤʫ ʾʾ ʨʽʟʥʦʚʠʜʘʤ. ʆʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ ʥʘʡʽʤʦʚʽʨʥʽʰʠʡ, ʦʩʢʽʣʴʢʠ ʚ ʦʜʥʽʡ ʧʨʦʙʽ 

ʮʠʥʢʦʚʫ ʰʧʽʥʝʣʴ ï ʛʘʥʽʪ ï ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ ʘʥʘʣʽʟʦʤ. ɺ ʪʦʤʫ ʞ 

ʨʘʡʦʥʽ ʚ ʦʛʦʣʝʥʥʽ ʥʘ ʨ. ʏʦʨʥʠʡ ʊʘʰʣʠʢ ʚ ʙʽʦʪʠʪ-ʛʨʘʥʘʪʦʚʦʤʫ ʘʧʣʽʪʽ ï 4 ʛ/ʪ ʰʧʽʥʝʣʽ. ʊʫʪ 

ʮʝʡ ʤʽʥʝʨʘʣ ʟʝʣʝʥʫʚʘʪʦ-ʙʽʨʶʟʦʚʦʛʦ ʢʦʣʴʦʨʫ ʘʩʦʮʽʶʻ ʟ ʩʠʣʽʤʘʥʽʪʦʤ (15 ʛ/ʪ) ʽ ʛʨʘʥʘʪʦʤ 

(3678 ʛ/ʪ); ʤʘʻ ʪʘʢʦʞ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ n = 1,816. ʅʘ ʩʭʽʜ ʚʽʜ 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʰʧʽʥʝʣʽ ʚ ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʤʘʣʦ: ʚ ʧʝʛʤʘʪʦʾʜʥʦʤʫ ʛʨʘʥʽʪʽ ʟʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʩ. ʂʣʠʥʮʽ ʂʨʦʧʠʚʥʠʮʴʢʦʛʦ ʨʘʡʦʥʫ ʾʾ ʚʤʽʩʪ ʚʩʴʦʛʦ 0,7 ʛ/ʪ ʧʨʠ ʚʠʩʦʢʦʤʫ 

ʚʤʽʩʪʽ ʛʨʘʥʘʪʫ (12065 ʛ/ʪ) ʽ ʧʦʤʽʨʥʦʤʫ ï ʩʠʣʽʤʘʥʽʪʫ (130 ʛ/ʪ). 

ɺ ʯʘʨʥʦʢʽʪʦʾʜʘʭ ɯʄ ʰʧʽʥʝʣʴ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚ ʧʦʦʜʠʥʦʢʠʭ ʟʝʨʥʘʭ ʚ ʧʨʦʪʦʣʦʯʢʘʭ ʷʢ 

ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʝʥʜʝʨʙʽʪʽʚ ʥʘ ʩʭʽʜ ʚʽʜ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ï ʥʘ ʨ. ɯʥʛʫʣ ʚ ʩ. 

ʃʘʚʨʦʚʢʘ ʪʘ ʥʘ ʨ. ɺʝʨʙʣʶʞʢʘ, ʪʘʢ ʽ ʤʘʛʤʘʪʠʯʥʠʭ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɯʄ 

ʧʦʙʣʠʟʫ ɻʐɿ ï ʚ ʝʥʜʝʨʙʽʪʽ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʨ. ʈʦʩʴ, ʘ ʪʘʢʦʞ ʚ ʛʨʘʥʦʩʽʻʥʽʪʽ ʧʦ ʨ. 

ɺʝʣʠʢʘ ɺʠʩʴ ʚ ʩ. ʂʘʣʴʥʽʙʦʣʦʪʘ (8 ʛ/ʪ). ɿʘʟʚʠʯʘʡ ʰʧʽʥʝʣʴ ʘʩʦʮʽʶʻ ʟ ʛʨʘʬʽʪʦʤ; ʚ ʝʥʜʝʨʙʽʪʽ 

ʩ. ʃʘʚʨʦʚʢʘ ʽ ʚ ʛʨʘʥʦʩʽʻʥʽʪʽ ʨ. ɺʝʣʠʢʘ ɺʠʩʴ ï ʟ ʛʨʘʥʘʪʦʤ (ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦ 235 ʛ/ʪ ʽ 60 

ʛ/ʪ), ʧʨʠʯʦʤʫ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʥʘʪ ʻ ʜʫʞʝ ʚʠʩʦʢʦʟʘʣʽʟʠʩʪʠʤ, ʤʘʡʞʝ ʯʠʩʪʠʤ 

ʘʣʴʤʘʥʜʠʥʦʤ, ʪʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʯʽʢʫʚʘʪʠ ʽ ʪʘʢʠʡ ʩʘʤʠʡ ʟʘʣʽʟʠʩʪʠʡ ʩʢʣʘʜ ʰʧʽʥʝʣʽ. 

ɸʣʝ ʥʽ: ʚ ʝʥʜʝʨʙʽʪʽ ʩ ʃʘʚʨʦʚʢʘ ʰʧʽʥʝʣʴ, ʱʦ ʧʨʠʩʫʪʥʷ ʫ ʰʣʽʬʘʭ (ʜʦ 1%) ʫ ʚʠʛʣʷʜʽ 

ʦʢʨʝʤʠʭ ʽʜʽʦʤʦʨʬʥʠʭ ʟʝʨʝʥ ʩʚʽʪʣʦ-ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ, ʤʘʻ ʥʠʟʴʢʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ 

n = 1,715, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʥʘʡʤʘʛʥʝʟʽʘʣʴʥʽʰʦʾ ʰʧʽʥʝʣʽ. 

ɺ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʦʜʘʭ ï ʢʘʣʴʮʠʬʽʨʘʭ ʥʝʦʘʨʭʝʡʩʴʢʦʾ ʙʫʟʴʢʦʾ ʩʝʨʽʾ ï ʰʧʽʥʝʣʴ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʰʣʽʬʘʭ ʚ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 1 ʜʦ 7% ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʦʣʽʚʽʥʦʤ (ʬʦʨʩʪʝʨʽʪʦʤ) ʽ 

ʜʽʦʧʩʠʜʦʤ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ ɻʐɿ ʫ ʚʝʨʭʽʚôʷʭ ʨ. ʉʠʥʶʭʘ. ɺ ʘʤʬʽʙʦʣʽʪʽ (ʘʢʪʠʥʦʣʽʪʽʪʽ), ʱʦ 

ʟʘʣʷʛʘʻ ʧʽʜ ʢʘʣʴʮʠʬʽʨʘʤʠ, ʚʤʽʩʪ ʰʧʽʥʝʣʽ ʟʨʦʩʪʘʻ ʜʦ 8 %. ɿʘʭʽʜʥʽʰʝ ɻʐɿ, ʚ 

ɼʥʽʩʪʨʦʚʩʴʢʦ-ɹʫʟʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ (ʢʘʨ'ʻʨ ʩʤʪ. ɿʘʚʘʣʣʷ), ʰʧʽʥʝʣʴ ʬʽʢʩʫʻʪʴʩʷ ʚ 

ʢʘʣʴʮʠʬʽʨʘʭ ʚ ʘʥʘʣʦʛʽʯʥʽʡ ʘʩʦʮʽʘʮʽʾ. ɺ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ɻʐɿ ʚʩʪʘʥʦʚʣʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʰʧʽʥʝʣʽ ï 1944 ʛ/ʪ ï ʫ ʞʠʣʴʥʦʤʫ ʢʘʣʴʮʠʬʽʨʽ ʟ ʃʽʚʦʙʝʨʝʞʥʦʛʦ 

ʢʘʨ'ʻʨʫ ʤ. ʇʝʨʚʦʤʘʡʩʴʢʘ. ʊʫʪ ʰʧʽʥʝʣʴ ʟʝʣʝʥʫʚʘʪʦ-ʙʣʘʢʠʪʥʦʛʦ ʢʦʣʴʦʨʫ ʤʘʻ n = 1,739, 

ʪʦʙʪʦ ʧʨʠʪʘʤʘʥʥʠʡ ʤʘʛʥʝʟʽʘʣʴʥʽʡ ʰʧʽʥʝʣʽ; ʘʩʦʮʽʶʻ, ʦʢʨʽʤ ʦʣʽʚʽʥʫ, ʟ ʜʽʦʧʩʠʜʦʤ (15461 

ʛ/ʪ), ʙʽʦʪʠʪʦʤ (185 ʛ/ʪ). ʅʘ ʩʭʦʜʽ, ʚ ʩʭʦʞʠʭ ʢʘʣʴʮʠʬʽʨʘʭ ʧʨʦʪʝʨʦʟʦʡʩʴʢʦʾ ʽʥʛʫʣʦ-

ʽʥʛʫʣʝʮʴʢʦʾ ʩʝʨʽʾ ʟʽ ʩʚʝʨʜʣʦʚʠʥ ʂʣʠʥʮʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ, ʰʧʽʥʝʣʴ ʘʩʦʮʽʶʻ ʟ ʬʦʨʩʪʝʨʽʪʦʤ 

ʙʝʟ ʜʽʦʧʩʠʜʫ. 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ɺ ʛʦʣʦʚʥʠʭ ʨʽʟʥʦʚʠʜʘʭ ʧʦʨʽʜ ʂʅʇ ʰʧʽʥʝʣʴ ʥʝ ʚʩʪʘʥʦʚʣʝʥʘ, ʘʣʝ ʚʦʥʘ ʙʫʣʘ 

ʟʥʘʡʜʝʥʘ ʚ ʰʣʽʬʘʭ ʛʨʘʥʘʪ-ʤʫʩʢʦʚʽʪ-ʙʽʦʪʠʪʦʚʦʛʦ ʛʨʘʥʦʬʽʨʦʚʦʛʦ ʛʨʘʥʽʪʫ ʧʽʜ ʯʘʩ ʧʨʦʛʨʘʤʠ 

çʇʦʣʽʛʦʥè ʚ ʢʘʨ'ʻʨʽ ʉʽʚʘʯ. ʗʢ ʽ ʚ ʫʩʽʭ ʚʠʱʝ ʦʧʠʩʘʥʠʭ ʚʠʧʘʜʢʘʭ, ʰʧʽʥʝʣʴ ʜʽʘʛʥʦʩʪʦʚʘʥʘ 

ʦʧʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʢʩʝʥʦʣʽʪʽʚ ʚ ʛʨʘʥʽʪʘʭ ʨʘʧʘʢʽʚʽ ʂʅʇ ʤʠ ʟʥʘʡʰʣʠ ʽ 

ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʟʦʥʜʫ ʰʧʽʥʝʣʴ ʚ ʟʨʘʟʢʘʭ ʟ ʪʦʛʦ ʩʘʤʦʛʦ ʢʘʨ'ʻʨʫ. 

ʋ ʛʨʘʥʽʪʘʭ ʨʘʧʘʢʽʚʽ ʂʅʇ ʢʩʝʥʦʣʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʣʘʛʽʦʛʥʝʡʩʘʤʠ ʯʝʯʝʣʽʾʚʩʴʢʦʾ 

ʩʚʽʪʠ ʽʥʛʫʣʦ-ʽʥʛʫʣʝʮʴʢʦʾ ʩʝʨʽʾ, ʩʝʨʝʜʥʽʤʠ ʯʘʨʥʦʢʽʪʦʾʜʘʤʠ ʪʘʰʣʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ 

ʨʦʞʝʚʠʤʠ ʛʨʘʥʽʪʘʤʠ ʢʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɿʝʣʝʥʘ ʰʧʽʥʝʣʴ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʣʠʰʝ ʫ ʢʩʝʥʦʣʽʪʘʭ ʨʦʞʝʚʠʭ ʛʨʘʥʽʪʽʚ (ʐʥʶʢʦʚʘ, ʊʦʤʫʨʢʦ ʪʘ ʽʥ. 2023). ɺ 

ʢʽʨʦʚʦʛʨʘʜʩʴʢʠʭ ʛʨʘʥʽʪʘʭ ʰʧʽʥʝʣʴ ʥʽʢʦʣʠ ʥʝ ʦʧʠʩʫʚʘʣʘʩʴ. 

ʈʦʞʝʚʠʡ ʛʨʘʥʽʪ ï ʣʝʡʢʦʢʨʘʪʦʚʘ ʧʦʨʦʜʘ ʤʘʩʠʚʥʦʾ ʪʝʢʩʪʫʨʠ. ʇʽʜ ʤʽʢʨʦʩʢʦʧʦʤ 

ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʜʠ ʪʠʧʦʚʘ ʛʨʘʥʽʪʥʘ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʦʨʦʜʠ (%): ʂʇʐ ï 50, 

ʧʣʘʛʽʦʢʣʘʟ ï 10, ʢʚʘʨʮ ï ʜʦ 40, ʙʽʦʪʠʪ ï 3, ʛʨʘʥʘʪ ʚʽʜʩʫʪʥʽʡ. ɸʢʮʝʩʦʨʥʽ ʤʽʥʝʨʘʣʠ: ʘʧʘʪʠʪ, 

ʨʫʜʥʠʡ. ʋ ʰʣʽʬʘʭ ʧʦʨʦʜʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʩʭʦʞʽ ʥʘ ʰʣʽʨʦʚʽ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʢʩʝʥʦʣʽʪʠ 

ʛʥʝʡʩʽʚ ʨʦʟʤʽʨʦʤ ʚʽʜ 8 ʜʦ 11 ʤʤ ʧʦ ʜʦʚʛʽʡ ʦʩʽ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʣʽʥʟʦʧʦʜʽʙʥʽ ʯʠ ʪʨʠʢʫʪʥʽ 

ʪ̔ ʣʘ ʟ ʛʦʩʪʨʦʢʫʪʥʠʤʠ ʢʽʥʮʷʤʠ, ʽʥʦʜʽ ʭʚʠʣʷʩʪʽ, ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʮʽʡ, ʘʙʦ 

ʨʦʟʜʽʣʝʥʽ ʥʘ ʤʝʥʰʽ ʣʽʥʟʠ, ʟʦʨʽʻʥʪʦʚʘʥʽ ʟʛʽʜʥʦ ʟ ʧʝʨʚʽʩʥʦʶ ʩʣʘʥʮʶʚʘʪʽʩʪʶ ʚ ʚʠʭʽʜʥʽʡ 

ʧʦʨʦʜʽ. ʋ ʩʢʣʘʜʽ ʪʘʢʠʭ ʰʣʽʨʽʚ (ʤʽʢʨʦʢʩʝʥʦʣʽʪʽʚ?), ʷʢʽ ʤʘʶʪʴ ʤʽʢʨʦʛʨʘʥʦʙʣʘʩʪʦʚʫ 

ʩʪʨʫʢʪʫʨʫ, ʧʣʘʛʽʦʢʣʘʟ, ʢʚʘʨʮ, ʥʦʚʦʫʪʚʦʨʝʥʽ ʟʝʣʝʥʘ ʰʧʽʥʝʣʴ ʪʘ ʙʽʦʪʠʪ (ʨʠʩ.). ʋ 

ʩʭʨʝʱʝʥʠʭ ʥʽʢʦʣʷʭ ʚʦʥʠ ʤʘʶʪʴ ʯʽʪʢʽ ʢʦʥʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʟʝʨʥʠʩʪʦʩʪʽ ʚʽʜ 

ʤʽʢʨʦʢʩʝʥʦʣʽʪʫ (0,04-0,06 ʤʤ) ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʫ ʟʦʥʫ (0,3-0,7 ʤʤ) ʜʦ ʚʣʘʩʥʝ ʛʨʘʥʽʪʫ (1-3 

ʤʤ). ʊʦʥʢʽ ʣʝʡʩʪʠ ʥʦʚʦʩʪʚʦʨʝʥʦʛʦ ʙʽʦʪʠʪʫ ʬʦʨʤʫʶʪʴ ʩʚʦʻʨʽʜʥʠʡ çʧʘʨʢʘʥè ʧʦ ʧʝʨʠʬʝʨʽʾ 

ʰʣʽʨʫ, ʨʦʟʪʘʰʦʚʫʶʯʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʡʦʛʦ ʢʦʥʪʫʨʫ. 

 
ʈʠʩ 1. ʎʠʥʢʦʚʘ ʰʧʽʥʝʣʴ (ʪʝʤʥʦ-ʟʝʣʝʥʝ) ʚ ʰʣʽʬʽ ʨʦʞʝʚʦʛʦ ʛʨʘʥʽʪʫ ʟ ʢʩʝʥʦʣʽʪʫ ʚ ʛʨʘʥʽʪʽ 

ʨʘʧʘʢʽʚʽ ʂʅʇ, ʥʽʢʦʣʽ ɯɯ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʰʧʽʥʝʣʴ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʽʢʨʦʢʩʝʥʦʣʽʪʘʭ ʛʥʝʡʩʫ ʚ ʨʦʞʝʚʦʤʫ ʛʨʘʥʽʪʽ, 

ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʢʩʝʥʦʣʽʪʦʤ ʚ ʛʨʘʥʽʪʽ ʨʘʧʘʢʽʚʽ ʂʅʇ. ʐʧʽʥʝʣʴ ʥʘʣʝʞʠʪʴ ʜʦ ʤʘʡʞʝ 

ʙʝʟʤʘʛʥʽʻʚʦʾ ʘʣʶʤʦʰʧʽʥʝʣʽ, ʚʤʽʩʪ MgO ʥʝ ʧʝʨʝʚʠʱʫʻ 0,69%. ɺʠʷʚʣʝʥʦ ʾʾ ʜʚʘ ʨʽʟʥʦʚʠʜʠ, 

ʦʙʠʜʚʘ ʤʘʶʪʴ ʜʫʞʝ ʚʠʪʨʠʤʘʥʠʡ ʩʢʣʘʜ, ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʤʽʢʨʦʟʦʥʜʘʤʠ: 1) 

ʛʘʥʽʪ (ʮʠʥʢʦʚʘ ʰʧʽʥʝʣʴ) ʟ ʬʦʨʤʫʣʦʶ (Zn0,587-0,604Fe0,320-0,321Mg0-0,031)Al 2,022-2,059O4 , ʚ 

ʥʴʦʤʫ ʚʤʽʩʪ ZnO ʚʽʜ 27,07 ʜʦ 27,49% ʽ 2) ʢʨʝʡʪʦʥʽʪ (ʧʝʨʝʭʽʜ ʚʽʜ ʛʘʥʽʪʘ ʜʦ ʛʝʨʮʠʥʽʪʘ) ʟ 

ʬʦʨʤʫʣʦʶ (Fe0,665-0,674 Zn0,221-0,235Mg0-0,029)Al2,044-2,061O4 , ʚʤʽʱʫʻ 10,46-11,09% ZnO. ɺ 

ʦʙʦʭ ʨʽʟʥʦʚʠʜʘʭ ʢʦʣʽʨ ʦʙʫʤʦʚʣʝʥʠʡ ʜʦʤʽʰʢʦʶ ʭʨʦʤʫ (ʚʤʽʩʪ Cr2O3 ʜʦ 0,41%). ʇʝʨʰʠʡ 

ʨʽʟʥʦʚʠʜ ï ʮʝ ʥʘʡʙʽʣʴʰ ʮʠʥʢʦʚʘ ʰʧʽʥʝʣʴ, ʷʢʫ ʜʦʪʝʧʝʨ ʟʥʘʡʜʝʥʦ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʋʑ. ɺʠʚʯʝʥʠʡ ʚ ʧʝʛʤʘʪʠʪʘʭ ʇʨʠʘʟʦʚôʷ (ʄʠʥʝʨʘʣʳ ʋʢʨʘʠʥʳ, 

1990) ʛʘʥʽʪ ʚʤʽʱʫʻ ʚʽʜ 24,59 ʜʦ 37,78 % ZnO ʽ ʤʘʻ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ n = 1,805. 
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ʅʝ ʟôʷʩʦʚʘʥʦ ʧʠʪʘʥʥʷ ʧʨʦ ʜʞʝʨʝʣʦ ʮʠʥʢʫ. ɺ ʨʦʞʝʚʦʤʫ ʛʨʘʥʽʪʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʛʘʥʽʪ, 

ʚʤʽʩʪ ʮʠʥʢʫ ʩʪʘʥʦʚʠʪʴ 53 ppm, ʱʦ ʚʜʚʽʯʽ ʤʝʥʰʝ, ʥʽʞ ʫ ʛʨʘʥʽʪʽ ʨʘʧʘʢʽʚʽ (112 ppm), ʚ 

ʷʢʦʤʫ ʨʦʞʝʚʠʡ ʛʨʘʥʽʪ ʻ ʢʩʝʥʦʣʽʪʦʤ. 

ɺʠʩʥʦʚʢʠ. ʋʪʚʦʨʝʥʥʷ ʤʘʛʥʝʟʽʘʣʴʥʦʾ ʰʧʽʥʝʣʽ ʚ ʢʘʣʴʮʠʬʽʨʘʭ, ʜʝ ʚʦʥʘ ʘʩʦʮʽʶʻ ʟ 

ʬʦʨʩʪʝʨʽʪʦʤ, ʙʝʟʩʫʤʥʽʚʥʦ ʻ ʥʘʩʣʽʜʢʦʤ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʽʟʤʫ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ. 

ɺ ʯʘʨʥʦʢʽʪʦʾʜʘʭ ʰʧʽʥʝʣʴ, ʷʢʘ ʪʘʢʦʞ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʤʘʛʥʝʟʽʘʣʴʥʦʶ, ʤʘʡʞʝ ʟʘʚʞʜʠ 

ʘʩʦʮʽʶʻ ʟ ʛʨʘʥʘʪʦʤ ʽ ʛʨʘʬʽʪʦʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʫʤʦʚʠ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. ɺ 

ʘʧʣʽʪ-ʧʝʛʤʘʪʦʾʜʥʠʭ ʛʨʘʥʽʪʘʭ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʜʣʠʰʢʫ ʛʣʠʥʦʟʝʤʫ (ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʠʩʫʪʥʽʩʪʴ ʩʠʣʽʤʘʥʽʪʫ, ʜʶʤʦʨʪʴʻʨʽʪʫ, ʪʫʨʤʘʣʽʥʫ) ʫʪʚʦʨʶʻʪʴʩʷ ʮʠʥʢʦʚʘ ʰʧʠʥʝʣʴ. 

ɸʣʶʤʦʰʧʽʥʝʣʴ ʚ ʛʨʘʥʽʪʘʭ ʨʘʧʘʢʽʚʽ ʚʝʣʠʢʠʭ ʧʣʫʪʦʥʽʚ (ʂʇ ʽ ʂʅʇ) ʚʩʪʘʥʦʚʣʝʥʘ 

ʣʠʰʝ ʚ ʢʩʝʥʦʣʽʪʘʭ ʜʘʚʥʽʰʠʭ ʧʦʨʽʜ ï ʛʥʝʡʩʽʚ, ʢʨʠʩʪʘʣʦʩʣʘʥʮʽʚ, ʢʽʨʦʚʦʛʨʘʜʩʴʢʠʭ ʛʨʘʥʽʪʽʚ. 

ʌʦʨʤʠ ʚʠʜʽʣʝʥʴ ʰʧʽʥʝʣʽ ʩʭʦʞʽ; ʜʣʷ ʂʇ ʜʦʚʝʜʝʥʦ ʾʾ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʤʦʨʬʽʯʥʝ 

ʧʦʭʦʜʞʝʥʥʷ (ɻʨʫʱʠʥʩʴʢʘ ʪʘ ʽʥ, 2011). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʂʇ, ʜʝ ʰʧʽʥʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʝʨʮʠʥʽʪʦʤ, ʚ ʂʅʇ ʚʩʪʘʥʦʚʣʝʥʽ ʮʠʥʢʦʚʽ ʨʽʟʥʦʚʠʜʠ ʰʧʽʥʝʣʽ ï ʛʘʥʽʪ ʽ ʢʨʝʡʪʦʥʽʪ. 

ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʜʣʷ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʋʑ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʘ 

ʮʠʥʢʦʚʘ ʰʧʽʥʝʣʴ, ʥʽʞ ʟʘʣʽʟʠʩʪʘ. 
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ɺɯɼ ʉʂɸʄôʗʅɯʃʆʉʊɯ ɼʆ ʎʀʌʈʆɺʆɰ ɽʇʆʍʀ:  

120 ʈʆʂɯɺ ʇɸʃɽʆʅʊʆʃʆɻɯʏʅʆʄʋ ʄʋɿɽʖ ʃʅʋ ɯʄɽʅɯ ɯɺɸʅɸ ʌʈɸʅʂɸ 

 

ʊʫʟʷʢ ʗ.ʄ.1, ʂʽʨʯʘʥʦʚʘ ʆ.1 

 
1ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʃʴʚʽʚ, 

yarynatuzyak@gmail.com 

 

This article explores the challenges and opportunities of the digital transformation of the 

Paleontological Museum at Ivan Franko National University of Lviv, marking its 120th 

anniversary. Based on the museumôs extensive fossil collection and an interdisciplinary 

research methodology, the study highlights the potential of digital technologies ï such as 

3D scanning, GIS, virtual and augmented reality ï for the preservation, study, and 

popularization of paleontological heritage. The results include preliminary digital 

inventory, creation of interactive models, and development of educational AR materials. 

The discussion outlines strategic prospects for the museumôs evolution into a center of 

digital paleontology, open science, and international collaboration. 
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ʋ 2025 ʨʦʮʽ ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʚʽʜʟʥʘʯʘʻ 120 ʨʦʢʽʚ ʚʽʜ ʜʥʷ ʩʚʦʛʦ ʟʘʩʥʫʚʘʥʥʷ ï ʧʦʜʽʶ, ʱʦ ʻ ʥʝ ʣʠʰʝ 

ʶʚʽʣʝʻʤ, ʘ ʡ ʥʘʛʦʜʦʶ ʦʩʤʠʩʣʠʪʠ ʰʣʷʭ, ʷʢʠʡ ʧʨʦʡʜʝʥʦ ʚʽʜ ʧʝʨʰʠʭ ʝʢʩʧʦʥʘʪʽʚ ʜʦ 

ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʋʧʨʦʜʦʚʞ ʧʦʥʘʜ ʩʪʦʣʽʪʪʷ ʤʫʟʝʡ ʙʫʚ ʥʝ ʣʠʰʝ ʩʭʦʚʠʱʝʤ 

ʩʢʘʤôʷʥʽʣʦʩʪʝʡ, ʘ ʡ ʞʠʚʠʤ ʧʨʦʩʪʦʨʦʤ ʥʘʫʢʠ, ʦʩʚʽʪʠ ʪʘ ʢʫʣʴʪʫʨʥʦʾ ʧʘʤôʷʪʽ. 

120-ʨʽʯʥʠʡ ʶʚʽʣʝʡ ï ʮʝ ʽʩʪʦʨʽʷ ʣʶʜʝʡ, ʽʜʝʡ ʪʘ ʚʽʜʢʨʠʪʪʽʚ, ʱʦ ʬʦʨʤʫʚʘʣʠ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʤʠʥʫʣʝ ɿʝʤʣʽ. ʎʝ ʪʘʢʦʞ ʤʦʤʝʥʪ, ʢʦʣʠ ʤʫʟʝʡ ʚʩʪʫʧʘʻ ʚ ʥʦʚʫ ʝʧʦʭʫ ï ʝʧʦʭʫ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʚʽʜʢʨʠʪʦʾ ʥʘʫʢʠ ʪʘ ʛʣʦʙʘʣʴʥʦʾ ʩʧʽʚʧʨʘʮʽ. ʄʠ ʧʨʘʛʥʝʤʦ ʥʝ ʣʠʰʝ 

ʟʙʝʨʽʛʘʪʠ, ʘ ʡ ʧʝʨʝʦʩʤʠʩʣʶʚʘʪʠ ʩʧʘʜʱʠʥʫ, ʨʦʙʠʪʠ ʾʾ ʜʦʩʪʫʧʥʦʶ, ʽʥʪʝʨʘʢʪʠʚʥʦʶ ʪʘ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʧʦʩʪʘʻ ʷʢ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʧʨʦʩʪʽʨ, ʱʦ ʧʦʻʜʥʫʻ ʥʘʫʢʦʚʫ, ʦʩʚʽʪʥʶ, ʢʫʣʴʪʫʨʥʫ ʪʘ ʩʦʮʽʘʣʴʥʫ ʤʽʩʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʫ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, 

ʛʣʦʙʘʣʽʟʘʮʽʾ ʥʘʫʢʠ ʪʘ ʧʦʪʨʝʙʠ ʫ ʟʙʝʨʝʞʝʥʥʽ ʧʨʠʨʦʜʥʦʾ ʽ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ. ʉʴʦʛʦʜʥʽ 

ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʽʩʪ ʤʽʞ ʛʝʦʣʦʛʽʯʥʠʤ ʤʠʥʫʣʠʤ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʘʡʙʫʪʥʽʤ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʠʡ ʤʫʟʝʡ ʃʅʋ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʤʘʻ ʧʦʥʘʜ ʩʪʦʣʽʪʥʶ 

ʽʩʪʦʨʽʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʫ ʛʘʣʫʟʽ ʩʪʨʘʪʠʛʨʘʬʽʾ, ʧʘʣʝʦʙʽʦʣʦʛʽʾ, ʝʚʦʣʶʮʽʡʥʦʾ 

ʛʝʦʣʦʛʽʾ, ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʘʣʝʦʥʪʦʣʦʛʽʾ ʪʘ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʛʝʦʣʦʛʽʾ. ʂʦʣʝʢʮʽʾ ʤʫʟʝʶ ʩʪʘʣʠ 

ʦʩʥʦʚʦʶ ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʘʢʘʜʝʤʽʯʥʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʜʠʩʝʨʪʘʮʽʡ ʪʘ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ. ʆʜʥʘʢ 

ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʣʦʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʰʠʨʦʢʦʾ ʘʫʜʠʪʦʨʽʾ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʙʤʝʞʝʥʫ ʽʥʪʝʛʨʘʮʽʶ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ ʙʘʟʘʤʠ 

ʜʘʥʠʭ ʪʘ ʥʝʜʦʩʪʘʪʥʶ ʧʦʧʫʣʷʨʠʟʘʮʽʶ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫʥʽʢʘʣʴʥʽ ʥʘʫʢʦʚʽ 

ʨʝʩʫʨʩʠ ʤʫʟʝʶ ï ʟʦʢʨʝʤʘ ʬʦʩʠʣʽʾ, ʘʨʭʽʚʠ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ 

ï ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʫ ʩʫʯʘʩʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʪʘ ʦʩʚʽʪʥʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʮʠʬʨʦʚʦʾ ʨʝʧʨʝʟʝʥʪʘʮʽʾ ʢʦʣʝʢʮʽʡ ʦʙʤʝʞʫʻ ʜʦʩʪʫʧ ʜʦ ʥʠʭ ʜʣʷ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʫʯʘʩʪʴ ʤʫʟʝʶ ʚ 
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ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʻʢʪʘʭ. ʎʠʬʨʦʚʽʟʘʮʽʷ (ʜʽʜʞʠʪʘʣʽʟʘʮʽʷ) ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ï ʮʝ 

ʢʨʦʢ ʜʦ ʚʽʜʢʨʠʪʦʾ ʥʘʫʢʠ ʜʦʩʪʫʧʥʦʾ ʜʣʷ ʚʩʽʭ (ʊʫʟʷʢ ʗ., ʎʽʭʦʥʴ ʉ., ʐʠʣʦ ɭ., ɹʫʙʥʷʢ ɯ., 

2024; MacLeod N., Guralnick R., 2020; Beaman R.S., Cellinese N., 2012; Koller D., Levoy 

M., 2006; European Commission. 2021; UNESCO, 2022). 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʫʤʦʚʣʝʥʘ ʢʽʣʴʢʦʤʘ ʯʠʥʥʠʢʘʤʠ: 

¶ ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʚʽʜʢʨʠʪʦʾ ʥʘʫʢʠ ʪʘ FAIR-ʧʨʠʥʮʠʧʽʚ (Findable, Accessible, 

Interoperable, Reusable). 

¶ ʇʦʪʨʝʙʘ ʚ ʮʠʬʨʦʚʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʫʟʝʾʚ ʷʢ ʯʘʩʪʠʥʠ ʦʩʚʽʪʥʴʦʾ ʪʘ ʥʘʫʢʦʚʦʾ ʝʢʦ-
ʩʠʩʪʝʤʠ. 

¶ ʄʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʤʫʟʝʶ ʚ ʻʚʨʦʧʝʡʩʴʢʽ ʜʦʩʣʽʜʥʠʮʴʢʽ ʽʥʽʮʽʘʪʠʚʠ. 

¶ ɺʘʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ ʚ ʫʤʦ-
ʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʮʠʬʨʦʚʽʟʘʮʽʷ, ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʷ ʪʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʽʥʪʝʛʨʘʮʽʷ 

ʜʽʷʣʴʥʦʩʪʽ ʤʫʟʝʶ ʻ ʥʝ ʣʠʰʝ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ, ʘ ʡ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ 

ʢʨʦʢʘʤʠ ʜʦ ʡʦʛʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʌʘʢʪʠʯʥʘ ʙʘʟʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʥʽʢʘʣʴʥʽʡ ʢʦʣʝʢʮʽʾ ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ, ʱʦ ʻ ʥʘʫʢʦʚʠʤ ʦʙôʻʢʪʦʤ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʜʙʘʥʥʷ (2022), ʷʢʘ ʥʘʣʽʯʫʻ ʧʦʥʘʜ 18 000 ʟʨʘʟʢʽʚ ʚʠʢʦʧʥʠʭ ʨʝʰʪʦʢ, 

ʟʽʙʨʘʥʠʭ ʫʧʨʦʜʦʚʞ ʜʚʦʭ ʩʪʦʣʽʪʴ ʫ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ, ʇʦʜʽʣʣʽ, ʂʨʠʤʫ, ʘ ʪʘʢʦʞ 

ɭʚʨʦʧʽ, ʇʥ ʽ ʇʜ ɸʤʝʨʠʮʽ, ɸʟʽʾ, ɸʬʨʠʮʽ. ʂʦʣʝʢʮʽʷ ʩʢʣʘʜʝʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʪʠʧʘʤʠ ʬʽʪʦ- 

ʽ ʟʦʦʬʦʩʠʣʽʡ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʝʨʽʦʜʽʚ; ʤʽʢʨʦʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ; 

ʛʨʘʬʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʘʨʭʽʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ; ʬʦʪʦʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʟʨʘʟʢʘʤʠ, ʱʦ 

ʤʘʶʪʴ ʽʩʪʦʨʠʢʦ-ʥʘʫʢʦʚʫ ʮʽʥʥʽʩʪʴ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʧʦʻʜʥʫʻ: 

1. ʂʣʘʩʠʯʥʽ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ï ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʩʪʨʘʪʠʛʨʘʬʽʯʥʫ ʢʦʨʝ-

ʣʷʮʽʶ ʽ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʦʩʘʜʦʚʠʭ ʪʦʚʱ, ʪʘʢʩʦʥʦʤʽʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ. 

2. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ï 3D-ʩʢʘʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʬʦʪʦʛʨʘʤʤʝʪʨʽʷ, ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨ-

ʘʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʽʨʪʫʘʣʴʥʠʭ ʝʢʩʧʦʟʠʮʽʡ. 

3. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (GIS) ï ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʽʩʮʴ ʟʥʘʭʽʜʦʢ ʪʘ ʨʝ-

ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʝʦʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. 

4. ɹʽʦʽʥʬʦʨʤʘʪʠʢʘ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ï ʜʣʷ ʘʥʘʣʽʟʫ ʝʚʦʣʶʮʽʡʥʠʭ ʪʨʝʥʜʽʚ, 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ. 

5. ɯʩʪʦʨʠʢʦ-ʥʘʫʢʦʚʠʡ ʘʥʘʣʽʟ ï ʚʠʚʯʝʥʥʷ ʚʥʝʩʢʫ ʤʫʟʝʶ ʫ ʨʦʟʚʠʪʦʢ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ 

ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ. 

ɼʦ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʣʝʞʘʪʴ: 

1. 3D-ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʬʦʪʦʛʨʘʤʤʝʪʨʽʷ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʮʠʬʨʦʚʠʭ ʤʦ-

ʜʝʣʝʡ ʚʠʢʦʧʥʠʭ ʨʝʰʪʦʢ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʦʥʣʘʡʥ-ʝʢʩʧʦʟʠʮʽʷʭ, ʥʘʫ-

ʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʦʩʚʽʪʥʽʭ ʧʣʘʪʬʦʨʤʘʭ. 

2. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (GIS). ɼʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʽʩʮʴ ʟʥʘʭʽʜʦʢ, ʨʝ-

ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʝʦʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʫ ʛʣʦʙʘʣʴʥʽ ʛʝʦʣʦʛʽʯʥʽ 

ʙʘʟʠ. 

3. ʎʠʬʨʦʚʽ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʦʥʣʘʡʥ-ʘʨʭʽʚʠ. ʉʪʚʦʨʝʥʥʷ ʚʽʜʢʨʠʪʠʭ ʢʘʪʘʣʦʛʽʚ ʢʦʣʝʢʮʽʡ ʟ 

ʤʝʪʘʜʘʥʠʤʠ, ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʥʘʫʢʦʚʠʤʠ ʦʧʠʩʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ 

FAIR. 

4. ɺʽʨʪʫʘʣʴʥʘ ʪʘ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (VR/AR). ɼʣʷ ʨʦʟʨʦʙʢʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʦʩʚʽʪʥʽʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ çʦʞʠʚʠʪʠè ʚʠʢʦʧʥʽ ʦʨʛʘʥʽʟʤʠ ʪʘ ʩʝʨʝʜʦʚʠʱʘ 

ʾʭ ʽʩʥʫʚʘʥʥʷ. 

5. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʙʘʯʝʥʥʷ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʨʘʟʢʽʚ, ʚʠʷʚʣʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʘʪʝʨʥʽʚ ʪʘ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʧʘʣʝʦʥ-

ʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. 

6. ʎʠʬʨʦʚʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʘʣʝʦʝʢʦʩʠʩʪʝʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʜʘʚʥʽʭ ʝʢʦʩʠʩʪʝʤ ʥʘ 

ʧʽʜʩʪʘʚʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʭʽʤʽʯʥʠʭ ʜʘʥʠʭ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʙʝʨʽʛʘʪʠ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʦʣʝʢʮʽʾ, ʘ 

ʡ ʽʥʪʝʛʨʫʚʘʪʠ ʾʭ ʫ ʩʫʯʘʩʥʠʡ ʥʘʫʢʦʚʠʡ ʜʠʩʢʫʨʩ, ʩʪʚʦʨʶʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʩʚʽʪʠ, 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʥʘʫʢʠ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ 

ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʦʛʦ ʤʫʟʝʶ, ʟʦʢʨʝʤʘ: 

1. ʅʘʫʢʦʚʘ ʽʥʪʝʛʨʘʮʽʷ: ʆʮʠʬʨʦʚʘʥʽ ʟʨʘʟʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʙʘʟ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, GBIF, Paleobiology Database), ʱʦ ʩʧʨʠʷʪʠʤʝ ʛʣʦʙʘʣʴʥʽʡ 

ʚʠʜʠʤʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʾ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʦʾ ʩʧʘʜʱʠʥʠ ʪʘ ʟʘʣʫʯʝʥʥʶ ʜʦ ʤʽʞʥʘʨʦʜ-

ʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʢʦʥʩʦʨʮʽʫʤʽʚ. 

2. ʆʩʚʽʪʥʷ ʽʥʥʦʚʘʮʽʷ: ɺʽʨʪʫʘʣʴʥʽ ʪʫʨʠ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʦʜʝʣʽ ʪʘ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʬʦʨʤʘʪʠ ʥʘʚʯʘʥʥʷ ʜʣʷ ʰʢʽʣ, ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʪʘ ʥʝ-

ʬʦʨʤʘʣʴʥʦʾ ʦʩʚʽʪʠ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ STEM-ʧʨʦʛʨʘʤ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ 

ʥʘʫʢʠ ʩʝʨʝʜ ʤʦʣʦʜʽ. 

3. ʂʫʣʴʪʫʨʥʘ ʜʠʧʣʦʤʘʪʽʷ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ: ʎʠʬʨʦʚʽ ʝʢʩʧʦʟʠʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʽ 

ʦʥʣʘʡʥ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʜʽʘʩʧʦʨʠ, ʽʥʦʟʝʤʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʪʫʨʠʩʪʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʢʫʣʴʪʫʨʥʦʤʫ ʜʽʘʣʦʛʫ ʪʘ ʟʙʝʨʝʞʝʥʥʶ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʧʘʜʱʠʥʠ. 

4. ɿʙʝʨʝʞʝʥʥʷ ʪʘ ʙʝʟʧʝʢʘ: ʆʮʠʬʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʨʝʟʝʨʚʥʝ ʟʙʝʨʝʞʝʥʥʷ ʢʦʣʝʢʮʽʡ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʚ ʫʤʦʚʘʭ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʽʡʥʦʶ, ʩʪʠʭʽʡʥʠʤʠ 

ʣʠʭʘʤʠ ʘʙʦ ʬʽʟʠʯʥʠʤ ʟʥʦʰʝʥʥʷʤ ʝʢʩʧʦʥʘʪʽʚ. 

5. ʌʽʥʘʥʩʦʚʘ ʩʪʽʡʢʽʩʪʴ: ʎʠʬʨʦʚʽ ʧʨʦʜʫʢʪʠ (ʥʘʧʨʠʢʣʘʜ, ʦʥʣʘʡʥ-ʢʫʨʩʠ, ʚʽʨʪʫʘʣʴʥʽ 

ʚʠʩʪʘʚʢʠ, NFT-ʨʝʧʨʝʟʝʥʪʘʮʽʾ ʫʥʽʢʘʣʴʥʠʭ ʟʨʘʟʢʽʚ) ʤʦʞʫʪʴ ʩʪʘʪʠ ʜʞʝʨʝʣʦʤ ʜʦʜʘʪ-

ʢʦʚʠʭ ʜʦʭʦʜʽʚ ʜʣʷ ʤʫʟʝʶ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʥʘ ʤʘʡʙʫʪʥʻ. ʋ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʤʫʟʝʡ ʤʦʞʝ ʩʪʘʪʠ: 

¶ ʎʝʥʪʨʦʤ ʮʠʬʨʦʚʦʾ ʧʘʣʝʦʥʪʦʣʦʛʽʾ ʚ ʋʢʨʘʾʥʽ, ʱʦ ʧʦʻʜʥʫʻ ʥʘʫʢʫ, ʦʩʚʽʪʫ ʡ ʪʝʭʥʦ-

ʣʦʛʽʾ; 

¶ ʇʘʨʪʥʝʨʦʤ ʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʻʢʪʘʭ, ʟʦʢʨʝʤʘ ʚ ʨʘʤʢʘʭ Horizon 

Europe; 

¶ ʃʽʜʝʨʦʤ ʫ ʩʬʝʨʽ ʚʽʜʢʨʠʪʦʾ ʥʘʫʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, ʟʥʘʥʴ, ʧʨʠʨʦʜ-

ʥʦʾ ʽ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʜʣʷ ʚʩʽʭ ʦʭʦʯʠʭ. 

ɺʠʩʥʦʚʢʠ. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʫʟʝʶ 

ʷʢ ʥʘʫʢʦʚʦʾ, ʦʩʚʽʪʥʴʦʾ ʪʘ ʢʫʣʴʪʫʨʥʦʾ ʽʥʩʪʠʪʫʮʽʾ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʟʙʝʨʽʛʘʪʠ 

ʢʦʣʝʢʮʽʾ, ʘ ʡ ʨʦʙʠʪʠ ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʘʫʜʠʪʦʨʽʾ. 

ʆʮʠʬʨʫʚʘʥʥʷ ʤʫʟʝʡʥʠʭ ʬʦʥʜʽʚ ʩʧʨʠʷʻ ʽʥʪʝʛʨʘʮʽʾ ʤʫʟʝʶ ʚ ʤʽʞʥʘʨʦʜʥʽ ʥʘʫʢʦʚʽ 

ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʫʯʘʩʪʴ ʫ ʚʽʜʢʨʠʪʠʭ ʙʘʟʘʭ ʜʘʥʠʭ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʮʠʬʨʦʚʽ ʬʦʨʤʘʪʠ (3D-ʤʦʜʝʣʽ, AR/VR, ʦʥʣʘʡʥ-ʝʢʩʧʦʟʠʮʽʾ) ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʶʪʴ ʦʩʚʽʪʥʽʡ ʧʦʪʝʥʮʽʘʣ ʤʫʟʝʶ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ STEM-ʦʩʚʽʪʠ ʪʘ 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʥʘʫʢʠ ʩʝʨʝʜ ʤʦʣʦʜʽ. 

ʎʠʬʨʦʚʘ ʨʝʧʨʝʟʝʥʪʘʮʽʷ ʩʧʘʜʱʠʥʠ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʫʣʴʪʫʨʥʦʾ 

ʜʠʧʣʦʤʘʪʽʾ, ʟʙʝʨʝʞʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʽʤʽʜʞʫ 

ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ ʚ ʩʚʽʪʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʮʠʬʨʦʚʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʯʥʫ ʜʦʨʦʞʥʶ 

ʢʘʨʪʫ, ʟʘʣʫʯʠʪʠ ʪʝʭʥʽʯʥʽ ʨʝʩʫʨʩʠ, ʧʽʜʚʠʱʠʪʠ ʮʠʬʨʦʚʫ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʪʘ 

ʘʢʪʠʚʽʟʫʚʘʪʠ ʧʘʨʪʥʝʨʩʪʚʘ ʟ ʘʢʘʜʝʤʽʯʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʡ ʢʫʣʴʪʫʨʥʠʤʠ 

ʽʥʩʪʠʪʫʮʽʷʤʠ. 

ʄʘʡʙʫʪʥʻ ʤʫʟʝʶ ï ʫ ʧʦʻʜʥʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʾ ʥʘʫʢʦʚʦʾ ʩʧʘʜʱʠʥʠ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʪʚʦʨʠʪʠ ʡʦʛʦ ʥʘ ʮʝʥʪʨ ʮʠʬʨʦʚʦʾ ʧʘʣʝʦʥʪʦʣʦʛʽʾ, 

ʚʽʜʢʨʠʪʦʾ ʥʘʫʢʠ ʪʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʩʧʽʚʧʨʘʮʽ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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ʉʊɯʂ ɿɸɺʀʉʃʀʍ ʉɽɼʀʄɽʅʊɯɺ ɼʅɯʇʈɸ ʊɸ ɼʋʅɸʖ ï ɸʂʊʋɸʃʔʅɯʉʊʔ 

ɼʆʉʃɯɼɾɽʅʔ ʊɸ ʇɽʈʐɯ ʈɽɿʋʃʔʊɸʊʀ 

 

ʅʘʩʻʜʢʽʥ ɭ.ɯ.1,2, ɻʘʚʨʠʣʶʢ ʈ.ɹ.2,3, ʌʝʜʦʩʝʻʥʢʦʚ ʉ.ɻ.1, ʉʪʘʜʥʽʯʝʥʢʦ ʉ.ʄ.3, 

ɿʝʤʩʴʢʠʡ ɼ.ɺ.3 

 

 
1ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ çʎʝʥʪʨ ʧʨʦʙʣʝʤ ʤʦʨʩʴʢʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ 

ʦʩʘʜʦʚʦʛʦ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʅɸʅ ʋʢʨʘʾʥʠè, ʂʠʾʚ, 22lex22s@ukr.net; 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ ʋʢʨʘʾʥʠ, ʂʠʾʚ, nasedevg@ukr.net; 

3ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, gavrilyuk.ruslan@gmail.com; 

stadnichenkosm@gmail.com, Denua@yahoo.com  

 

The aim of the study was to identify the patterns of distribution of the material composition 

of suspended sediments in the lower sections of the basins of Ukraineôs largest rivers ï the 

Dnipro and the Danube. Determining the qualitative characteristics of suspended 

sediments, in combination with quantitative indicators from state monitoring data, is a 

promising approach for developing an information base on their overall condition and 

distribution. 

Analysis of the obtained data will contribute to understanding the ecological processes 

occurring in surface watercourses and their impact on the environment and human 

activities. Continuity of such research and the formation of long-term data series make it 

possible to substantiate predictive indicators, assess both short-term and long-term 

environmental impacts, and provide a reliable foundation for planning and implementing 

activities aimed at restoring the natural state of river systems and the adjacent marine areas 

within their zone of influence.  

 

DISCHARGE OF SUSPENDED SEDIMENTS IN THE DNIPRO AND DANUBE 

RIVERS ï RELEVANCE OF RESEARCH  AND FIRST RESULTS 

 

Nasiedkin Ye. I., Havryliuk R. B., Fedoseenkov S. G., Stadnichenko S.M., Zemskyi D.V. 

 

ɺʩʪʫʧ. ɿʥʘʯʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʩʠʣʠʚʩʷ ʪʘ ʩʪʘʚ ʙʽʣʴʰ 

ʨʽʟʥʦʧʣʘʥʦʚʠʤ ʚʥʘʩʣʽʜʦʢ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʨʦʩʽʡʩʴʢʦʾ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ, ʟʘʟʥʘʣʠ ʨʽʯʢʠ 

ʋʢʨʘʾʥʠ. ɺʽʡʥʘ ʧʨʠʟʚʦʜʠʪʴ ʷʢ ʜʦ ʩʧʣʝʩʢʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʣʠʭʘ, ʪʘʢʠʭ ʷʢ ʟʥʠʱʝʥʥʷ 

ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʪʘʢ ʽ ʜʦ ʧʦʩʠʣʝʥʥʷ ʯʠʥʥʠʢʽʚ ʪʨʠʚʘʣʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ, 

ʟʦʢʨʝʤʘ, ʟʙʽʣʴʰʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʢʚʘʪʦʨʽʶ ʥʠʞʥʴʦʛʦ ɼʫʥʘʶ. 

ʇʨʦʪʷʛʦʤ ʚʽʡʥʠ ʧʦʩʠʣʶʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʢʫʤʫʣʷʪʠʚʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʪʘ ʪʨʠʚʘʣʦʶ ʜʽʻʶ ʥʘ ʩʢʣʘʜʦʚʽ ʥʝ ʪʽʣʴʢʠ ʨʽʯʢʦʚʠʭ, ʘʣʝ ʡ ʤʦʨʩʴʢʠʭ ʝʢʦʩʠʩʪʝʤ 

ʚ ʟʦʥʘʭ ʾʭ ʚʟʘʻʤʦʜʽʾ. ɻʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʻ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚʝʣʠʢʠʭ ʚʦʜʥʠʭ ʘʨʪʝʨʽʡ, ʟʦʢʨʝʤʘ ɼʥʽʧʨʘ ʪʘ ɼʫʥʘʶ, ʱʦ ʚ 

ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʪʘ ʣʽʪʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʧʦʥʠʟʟʽ ʨʽʯʦʢ ʪʘ ʧʨʠʣʝʛʣʠʭ ʜʽʣʷʥʢʘʭ ʤʦʨʩʴʢʠʭ ʘʢʚʘʪʦʨʽʡ ʟ ʩʫʪʪʻʚʠʤʠ 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. ʉʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʨʝʞʠʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ï ʧʝʨʰʠʡ ʢʨʦʢ ʜʦ ʨʦʟʨʦʙʢʠ ʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʟʘʭʦʜʽʚ ʟ ʢʦʥʪʨʦʣʶ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨʽʯʢʦʚʠʭ ʪʘ ʤʦʨʩʴʢʠʭ ʘʢʚʘʪʦʨʽʡ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʨʦʟʧʦʜʽʣʫ ʚ ʨʽʯʢʘʭ ʪʘ ʚʠʥʦʩʫ ʚ 

ʤʦʨʝ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʦʜʠʥ ʤʘʩʠʚ ʜʘʥʠʭ 

ʷʢʽʩʥʠʭ ʪʘ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ (ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʩʝʜʠʤʝʥʪʽʚ). ɯ 

ʷʢʱʦ ʜʘʥʽ ʱʦʜʦ ʨʝʞʠʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʢʽʣʴʢʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʠʩʽ ʥʘ ʩʪʘʥʮʽʷʭ 

ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʷʚʥʽ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ, ʪʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʾʾ ʷʢʽʩʥʽ 

mailto:gavrilyuk.ruslan@gmail.com
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ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʢʨʝʤʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ ʩʝʜʠʤʝʥʪʽʚ.  

ɼʝʨʞʘʚʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ 

ʩʫʤʠ ʟʘʚʠʩʣʠʭ ʫ ʚʦʜʽ ʨʝʯʦʚʠʥ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʫʩʽʤʘ ʧʫʥʢʪʘʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʩʪʫʧʥʽ ʥʘ ʦʥʣʘʡʥ ʧʦʨʪʘʣʽ ɼʝʨʞʚʦʜʘʛʝʥʩʪʚʘ çʄʦʥʽʪʦʨʠʥʛ ʪʘ ʝʢʦʣʦʛʽʯʥʘ 

ʦʮʽʥʢʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠè (ɼʝʨʞʘʚʥʝ ʘʛʝʥʪʩʪʚʦ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, 2025), 

ʜʝ ʨʦʟʤʽʱʝʥʽ ʜʘʥʽ ʪʨʠʚʘʣʠʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʦʶ ʤʝʨʝʞʝʶ ʧʫʥʢʪʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʟʦʢʨʝʤʘ ʥʘ ʫʢʨʘʾʥʩʴʢʽʡ ʜʽʣʷʥʮʽ ʥʠʞʥʴʦʛʦ ɼʫʥʘʶ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʻ ʯʘʩʪʦʪʘ ʟʘʤʽʨʽʚ ï ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʥʘ ʤʽʩʷʮʴ. ʊʘʢʠʡ ʽʥʪʝʨʚʘʣ ʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʟʦʥʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜʠ 

ʘʢʪʠʚʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʤʽʥ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʫʥʢʪʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ ʚ ʥʠʞʥʽʡ 

ʪʝʯʽʾ ʨʽʯʢʠ ɼʥʽʧʨʦ ʚ ʤʝʞʘʭ ʤ. ɿʘʧʦʨʽʞʞʷ (ʥʘ ʙʘʟʽ ʬʽʣʽʘʣʫ ɼʝʨʞʘʚʥʦʾ ʥʘʫʢʦʚʦʾ ʫʩʪʘʥʦʚʠ 

ñʎʝʥʪʨ ʧʨʦʙʣʝʤ ʤʦʨʩʴʢʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʦʩʘʜʦʚʦʛʦ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʅɸʅ 

ʋʢʨʘʾʥʠò) ʫ 2015 ʨ., ʘ ʪʘʢʦʞ ʫ 2025 ʨ. ʥʘ ʜʽʣʷʥʮʽ ʜʝʣʴʪʠ ɼʫʥʘʶ (ʤ. ɺʠʣʢʦʚʝ) ʟʘʚʜʷʢʠ 

ʟʫʩʠʣʣʷʤ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʮʝʥʪʨʫ ʋʢʨʘʾʥʠ. ʎʝ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʽ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ (Ye. I. Nasiedkin ʪʘ ʽʥ, 2024; Nasiedkin Ye. I. ʪʘ ʽʥ, 2025).  

ɼʣʷ ʪʨʠʚʘʣʠʭ ʙʝʟʧʝʨʝʨʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʚʠʩʣʠʭ ʩʝʜʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠʣʘʜʠ, ʱʦ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚ ʩʪʘʥʜʘʨʪʽ ISO 5667-17:2008, ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʜʦ ʪʠʧʫ çʧʘʩʠʚʥʽ ʧʨʦʙʦʚʽʜʙʽʨʥʠʢʠè. ʇʨʝʜʩʪʘʚʣʷʶʯʠ ʩʦʙʦʶ ʬʘʢʪʠʯʥʦ ʦʜʠʥ ʟ 

ʚʘʨʽʘʥʪʽʚ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʧʘʩʪʦʢ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʟʘʚʠʩʣʠʭ 

ʩʝʜʠʤʝʥʪʽʚ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʦʪʦʢʽʚ, ʧʘʩʠʚʥʽ ʧʨʦʙʦʚʽʜʙʽʨʥʠʢʠ ʬʽʢʩʫʶʪʴʩʷ ʫ ʚʦʜʽ ʥʘ 

ʟʘʜʘʥʠʭ ʛʣʠʙʠʥʘʭ, ʜʝ ʚʦʥʠ ʥʘʧʦʚʥʶʶʪʴʩʷ ʟʘʚʠʩʣʦʶ ʨʝʯʦʚʠʥʦʶ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʾʾ 

ʦʩʽʜʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʠʢ ʢʦʨʦʪʢʦʯʘʩʦʚʦʛʦ ʟʘʤʽʨʫ ʚʤʽʩʪʫ ʟʘʚʠʩʽ ʚ ʚʦʜʽ, ʱʦ ʷʢ 

ʧʨʘʚʠʣʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʩʘʥʽʪʘʨʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʫʣʦʚʣʶʚʘʯʽʚ ʟʘʚʠʩʽ ʩʢʣʘʜʘʻ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʽ 

ʧʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʤʦʞʝ ʩʷʛʘʪʠ ʤʽʩʷʮʴ ʽ ʙʽʣʴʰʝ.  

ʇʨʦʪʷʛʦʤ 2025 ʨʦʢʫ, ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʧʘʩʪʦʢ ʪʨʠʚʘʻ ʚʽʜʙʽʨ ʽ 

ʘʥʘʣʽʟ ʬʘʢʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʙʦʭ ʪʦʯʢʘʭ ʤʦʥʽʪʦʨʠʥʛʫ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ɼʥʽʧʨʘ ʙʘʟʘ 

ʜʘʥʠʭ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟ 2015 ʨʦʢʫ, ʜʣʷ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ ʨ. ɼʫʥʘʡ ʦʪʨʠʤʘʥʦ ʧʝʨʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 6 ʤʽʩʷʮʽʚ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʘʥʽ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʱʦʜʦ 

ʟʘʚʠʩʣʠʭ (ʩʫʩʧʝʥʜʦʚʘʥʠʭ) ʨʝʯʦʚʠʥ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘ ʙʘʛʘʪʦʨʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʣʷ 

ɼʥʽʧʨʘ ʚ ʧʦʥʠʟʟʽ ɿʘʧʦʨʽʞʞʷ (ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ 2015ï2018 ʨʨ., 12 ʟʘʤʽʨʽʚ) ʩʝʨʝʜʥʽʡ ʾʭ 

ʚʤʽʩʪ ʩʢʣʘʜʘʻ 5,00 ʤʛ/ʜʤ3 ʟ ʥʝʟʥʘʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ ʣʽʪʥʽ ʤʽʩʷʮʽ, 

ʜʦ 5,50 ʤʛ/ʜʤ3. ʊʘʢʠʡ, ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʚ ʯʘʩʽ ʪʘ ʙʝʟ ʧʝʨʝʚʠʱʝʥʴ ɻɼʂ ʨʦʟʧʦʜʽʣ 

ʟʘʚʠʩʣʠʭ ʯʘʩʪʠʥʦʢ, ʚʽʨʦʛʽʜʥʦ, ʚʣʘʩʪʠʚʠʡ ʟʨʝʛʫʣʴʦʚʘʥʠʤ ʨʽʚʥʠʥʥʠʤ ʨʽʯʢʘʤ ʪʘ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ʇʫʥʢʪ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʥʠʟ ʟʘ ʪʝʯʽʻʶ ʚʽʜ ʛʨʝʙʣʽ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʷʢʝ ʘʢʫʤʫʣʶʻ 

ʩʝʜʠʤʝʥʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʥʴʦʛʦ. ʎʝʡ ʞʝ ʩʝʨʝʜʥʽʡ ʙʘʛʘʪʦʨʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ɼʫʥʘʶ 

ʫ ʩʪʚʦʨʽ ʤ. ɺʠʣʢʦʚʝ (ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ 2004-2025 ʨʨ., 233 ʟʘʤʽʨʠ) ʩʢʣʘʜʘʻ 39 ʤʛ/ʜʤ3 ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ 2,8 ʤʛ/ʜʤ3 (ʩʽʯʝʥʴ 2004 ʨ.) ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʭ 160 ʤʛ/ʜʤ3 (ʞʦʚʪʝʥʴ 

2017 ʨ.), ʽ ʤʘʻ ʟʥʘʯʥʽ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʤʝʞʘʭ ʨʽʯʥʦʛʦ ʮʠʢʣʫ.  

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ 

ʧʘʩʪʢʘʭ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʩʝʜʠʤʝʥʪʽʚ ʜʣʷ ʦʙʦʭ ʪʦʯʦʢ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʷʢ ʧʝʚʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ, ʪʘʢ ʽ ʩʧʽʣʴʥʽ ʨʠʩʠ.  

ɼʣʷ ɼʥʽʧʨʘ ʧʨʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʤʫ ʙʘʛʘʪʦʨʽʯʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʚʘʛʠ ʩʫʭʦʾ ʧʨʦʙʠ ʫ 

4 ʛ, ʙʘʛʘʪʦʨʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘ ʪʝʧʣʠʡ ʧʝʨʽʦʜ (ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ ʪʨʘʚʥʷ ï ʧʝʨʰʘ ʧʦʣʦʚʠʥʘ 

ʚʝʨʝʩʥʷ) ʩʢʣʘʚ ʟʥʘʯʝʥʥʷ 6,5 ʛ, ʟʘ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ (ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ ʣʠʩʪʦʧʘʜʘ ï ʧʝʨʰʘ 

ʧʦʣʦʚʠʥʘ ʙʝʨʝʟʥʷ) ï 2,6 ʛ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʚ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʪʝʧʣʠʡ ʧʝʨʽʦʜ, (ʤʘʢʩʠʤʫʤ ï 12,3 ʛ), ʤʽʥʽʤʘʣʴʥʽ ï ʚ ʭʦʣʦʜʥʠʡ (1,1 ʛ). 

ʉʫʩʧʝʥʜʦʚʘʥʽ ʩʝʜʠʤʝʥʪʠ ɼʫʥʘʶ, ʚʽʜʽʙʨʘʥʽ ʧʨʦʪʷʛʦʤ 2025 ʨʦʢʫ, ʚ ʮʽʣʦʤʫ ʤʘʣʠ 

ʽʥʰʫ ʪʝʥʜʝʥʮʽʶ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʽ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʧʦʢʘʟʥʠʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʢʦʧʠʯʝʥʥʷ. ʇʨʠ ʩʝʨʝʜʥʴʦʤʫ ʧʦʢʘʟʥʠʢʫ ʟʘ ʥʘʚʝʜʝʥʠʡ ʧʝʨʽʦʜ 1200 ʛ. ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ 

ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʠ ʟʠʤʦʚʦʤʫ ʧʝʨʽʦʜʫ ï 720 ʛ, ʤʘʢʩʠʤʫʤʠ ï ʣʽʪʥʽʤ ʤʽʩʷʮʷʤ 

(4000 ʛ). ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥ ʚ ʩʢʣʘʜʽ ʦʩʥʦʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ ʦʙʦʭ ʨʽʯʦʢ. ɿʘʛʘʣʦʤ, ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʥʦʤʫ ʦʙʩʷʟʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʘʢʦʧʠʯʝʥʠʭ ʟʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʜʥʽʧʨʦʚʩʴʢʦʾ ʟʘʚʠʩʽ, ʜʣʷ ʧʨʦʙ ʜʫʥʘʡʩʴʢʦʾ 

ʨʝʯʦʚʠʥʠ ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ ʜʚʘ ʟʨʘʟʢʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʣʠ ʨʽʟʥʽ ʯʘʩʦʚʽ ʧʝʨʽʦʜʠ ï 

ʤ̔ ʥʽʤʘʣʴʥʠʭ ʦʙʩʷʛʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʧʘʩʪʢʘʭ (ʙʝʨʝʟʝʥʴ) ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʩʝʨʧʝʥʴ ). 

ʂʦʤʧʣʝʢʩʥʽ ʝʣʝʢʪʨʦʥʥʦʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʤʦʨʬʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʘʢʨʦʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. 

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʦʯʢʦʚʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʦʙʦʭ ʨʽʯʦʢ ʦʩʥʦʚʥʦʶ ʫʪʚʦʨʶʶʯʦʶ 

ʢʦʤʧʦʥʝʥʪʦʶ ʻ ʢʨʝʤʥʝʟʝʤ (SiO2), ʱʦ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 85 %, ʪʘ ʛʣʠʥʦʟʝʤ (Al2O3), 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʩʷʛʘʶʪʴ 8%. ʆʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʨʘʛʤʝʥʪʘʤʠ 

ʟʝʨʝʥ ʢʚʘʨʮʫ, ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ (ʂʇʐ, ʘʥʦʨʪʠʪʫ), ʩʣʶʜʠ (ʙʽʦʪʠʪʫ) ʧʩʘʤʽʪʦʚʦʾ ʪʘ 

ʘʣʝʚʨʠʪʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʤʽʢʨʦʘʛʨʝʛʘʪʘʤʠ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ. ɯʥʰʽ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ CaO (ʜʦ 5 %); K2O (ʜʦ 1 %); SO3 (ʜʦ 4 %).  

ʅʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʤʘʻ ʟʚ'ʷʟʦʢ ʟ ʩʝʟʦʥʥʠʤʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʦʟʧʦʜʽʣ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ 

(ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʦʢʩʠʜʠ ʟʘʣʽʟʘ) ʪʘ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. ɼʣʷ ʜʥʽʧʨʦʚʩʴʢʦʾ ʟʘʚʠʩʽ ʚ 

ʤʝʞʘʭ ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʦʩʝʨʝʜʢʫ ɿʘʧʦʨʽʞʞʷ, ʜʝ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʤʘʻ 

ʪʝʭʥʦʛʝʥʥʝ ʧʦʭʦʜʞʝʥʥʷ ʽ ʧʦʪʨʘʧʣʷʻ ʚ ʨʽʯʢʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʘʪʤʦʩʬʝʨʥʠʤ ʰʣʷʭʦʤ (Ye. I. 

Nasedkin ʪʘ ʽʥ, 2023), ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʻ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ. ɿʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʽʚ ʚʦʜʥʠʭ ʤʘʩ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʭ ʧʝʨʝʥʦʩʫ ʥʘʚʝʩʥʽ, ʚʽʨʦʛʽʜʥʦ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʫʚʘʪʠ ʚ 

ʧʘʩʪʢʘʭ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʯʘʩʪʠʥʦʢ ʘʝʨʦʟʦʣʴʥʠʭ ʚʠʢʠʜʽʚ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʟ ʚʠʟʥʘʯʝʥʦʶ ʧʨʦʤʠʩʣʦʚʠʤʠ ʮʠʢʣʘʤʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘ ʚʦʜʥʫ ʧʦʚʝʨʭʥʶ ʚ 

ʤʝʞʘʭ ʰʣʝʡʬʽʚ ʦʩʘʜʞʝʥʥʷ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʫ ʩʢʣʘʜʽ ʟʨʘʟʢʫ ʟʘ ʚʝʨʝʩʝʥʴ ʤʽʩʷʮʴ ʚʤʽʩʪ 

(%) FeO+Fe2O3 ʩʷʛʥʫʚ 24,95; Mnʆ ï 3,4-13,9; TiO2 ï ʜʦ 2,14. ɼʣʷ ʧʨʦʙʠ, ʚʽʜʽʙʨʘʥʦʾ 

ʧʨʦʪʷʛʦʤ ʙʝʨʝʟʥʷ, ʪʝʨʠʛʝʥʥʽ ʤʽʥʝʨʘʣʠ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʪʘʢʦʞ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʬʨʘʛʤʝʥʪʽʚ ʟʝʨʝʥ ʦʢʩʠʜʫ ʟʘʣʽʟʘ ʚʽʜ ʘʣʝʚʨʠʪʦʚʦʾ (20-30 ʤʢʤ) ʜʦ ʧʝʣʽʪʦʚʦʾ (2-3 

ʤʢʤ) ʨʦʟʤʽʨʥʦʩʪʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ FeO+Fe2O3 ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 7,35 

% ʟʘʛʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ ʟʨʘʟʢʫ, ʘ ʚʤʽʩʪ ʽʥʰʠʭ ʦʢʩʠʜʽʚ ʙʫʚ ʤʝʥʰʝ ʦʜʠʥʠʮʽ.  

ɼʣʷ ʨʦʟʧʦʜʽʣʫ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʚ ʧʨʦʙʘʭ ʟʘʚʠʩʣʠʭ ʩʝʜʠʤʝʥʪʽʚ ɼʫʥʘʶ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʪʝʥʜʝʥʮʽʷ. ɺ ʩʢʣʘʜʽ ʟʨʘʟʢʫ, ʚʽʜʽʙʨʘʥʦʛʦ ʚ ʙʝʨʝʟʥʽ ʤʽʩʷʮʽ (ʨʠʩ. 

1), ʩʝʨʝʜ ʪʝʨʠʛʝʥʥʠʭ ʤʽʥʝʨʘʣʽʚ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʨʘʛʤʝʥʪʽʚ 

ʟʝʨʝʥ ʦʢʩʠʜʫ ʟʘʣʽʟʘ ʚʽʜ ʧʩʘʤʽʪʦʚʦʾ (ʜʦ 100 ʤʢʤ) ʜʦ ʧʝʣʽʪʦʚʦʾ (1-2 ʤʢʤ) ʨʦʟʤʽʨʥʦʩʪʽ; 

ʟʝʨʥʘ ʩʫʣʴʬʘʪʫ ʙʘʨʽʶ (ʜʦ 20 ʤʢʤ); ʮʠʨʢʦʥʫ (20-30 ʤʢʤ); ʽʣʴʤʝʥʽʪʫ (15 ʤʢʤ), ʘ ʪʘʢʦʞ 

ʽʣʴʤʝʥʽʪʫ ʟ ʧʽʨʦʬʘʥʽʪʦʚʦʶ ʤʦʣʝʢʫʣʦʶ (Mnʆ) ʨʦʟʤʽʨʦʤ ʜʦ 20 ʤʢʤ ʘ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ 

ʬʨʘʛʤʝʥʪʠ ʟʝʨʝʥ ʩʫʣʴʬʽʜʫ ʟʘʣʽʟʘ ʘʣʝʚʨʠʪʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (10 ʤʢʤ). ʉʝʨʧʥʝʚʘ ʧʨʦʙʘ 

ʩʝʨʝʜ ʪʝʨʠʛʝʥʥʠʭ ʤʽʥʝʨʘʣʽʚ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʤʽʩʪʠʪʴ ʦʜʠʥʠʯʥʽ ʬʨʘʛʤʝʥʪ ʟʝʨʥʘ ʽʣʴʤʝʥʽʪʫ 

ʘʣʝʚʨʠʪʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (10 ʤʢʤ) ʪʘ ʦʢʩʠʜʫ ʟʘʣʽʟʘ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʦʙʽ ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʧʨʠʩʫʪʥʽʩʪʴ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ ʜʝʪʨʠʪʫ (ʚʦʜʦʨʦʩʪʽ) > 100 ʤʢʤ. 

ɺ ʢʦʥʪʝʢʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ɼʫʥʘʡ ʽ ɼʥʽʧʨʦ ʥʝ ʪʽʣʴʢʠ 

ʥʘʡʙʽʣʴʰʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʚ ʏʦʨʥʝ ʤʦʨʝ ʦʙʩʷʛʽʚ ʚʦʜʥʦʛʦ ʩʪʦʢʫ ʪʘ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ 

ʡ ʪʘʢʦʞ ʥʘʡʙʽʣʴʰʽ çʜʦʥʦʨʠè ʚ ʥʘʜʭʦʜʞʝʥʥʽ ʟʘʙʨʫʜʥʝʥʴ: ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʧʣʘʩʪʠʢʫ ʪʘ 

ʤʽʢʨʦʧʣʘʩʪʠʢʫ, ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʩʧʦʣʫʢ ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʽ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥʽ. ɼʘʥʽ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʚʠʥʦʩʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʟʘʚʠʩʣʽʡ 
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ʬʦʨʤʽ ʦʙʦʤʘ ʨʽʯʢʘʤʠ, ʷʢʽ ʻ ʩʧʽʚʩʪʘʚʥʠʤʠ ʟ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʾʭ ʨʦʟʯʠʥʥʦʛʦ 

ʩʪʦʢʫ (ʄʠʪʨʦʧʦʣʴʩʢʠʡ ɸ.ʖ. ʪʘ ʽʥ., 1982).  

 

 
ʈʠʩ. 1. ʊʝʨʠʛʝʥʥʽ ʤʽʥʝʨʘʣʠ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ ɼʫʥʘʶ (ʙʝʨʝʟʝʥʴ 

2025 ʨ.). ɽʣʝʢʪʨʦʥʥʦʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ: ʘ) ʟʝʨʥʦ ʦʢʩʠʜʫ ʟʘʣʽʟʘ ʧʩʘʤʽʪʦʚʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ; ʙ) ʬʨʘʛʤʝʥʪ ʟʝʨʥʘ ʦʢʩʠʜʫ ʟʘʣʽʟʘ ʜʨʽʙʥʦʘʣʝʚʨʠʪʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ; ʚ) 

ʩʠʣʴʥʦʢʦʨʦʜʦʚʘʥʝ ʟʝʨʥʦ ʙʘʨʠʪʫ; ʛ) ʟʝʨʥʦ ʮʠʨʢʦʥʫ. 

 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʝ, ʱʦ ʧʨʠʨʦʜʥʠʡ ʙʘʣʘʥʩ ʤʽʞ 

ʨʦʟʧʦʜʽʣʦʤ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʫ ʨʦʟʯʠʥʽ ʪʘ ʟʘʚʠʩʣʽʡ ʬʦʨʤʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ: ʟʤʽʥʠ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʽʨʫ, ʩʢʣʘʜʫ ʪʘ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʚ ʚʦʜʽ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ, ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʽ 

ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʘʢʚʘʪʦʨʽʾ. ɿʘʚʠʩʣʘ ʬʦʨʤʘ ʤʽʛʨʘʮʽʾ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʩʦʨʙʮʽʻʶ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʯʘʩʪʠʥʢʘʭ ʨʽʟʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚ ʦʙʤʽʥʥʽʡ ʬʦʨʤʽ 

(70-80%), ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʨʫʭʦʤʠʭ 

ʩʝʜʠʤʝʥʪʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ.  

ɺʠʥʽʩ ʧʣʘʩʪʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʩʢʣʘʜʽ ʟʘʚʠʩʣʦʾ ʨʝʯʦʚʠʥʠ ʨʽʯʦʢ 

ʡʦʛʦ ʙʘʩʝʡʥʫ ʩʢʣʘʜʘʻ ʟʥʘʯʥʽ ʚʝʣʠʯʠʥʠ, ʽ ʜʣʷ ʦʜʥʦʛʦ ʪʽʣʴʢʠ ɼʫʥʘʶ, ʟʘ ʤʦʜʝʣʴʥʠʤʠ ʪʘ 

ʥʘʪʫʨʥʠʤʠ ʦʮʽʥʢʘʤʠ (L.C.M. Lebreton 2017; A. Lechner. 2014), ʩʷʛʘʻ 1 4,2 ʪ/ʜʦʙʫ. 

ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʧʦʣʽʤʝʨʽʚ ʚ ʟʨʘʟʢʘʭ ʚʽʜʽʙʨʘʥʦʾ 

ʟʘʚʠʩʽ ʟʘʩʚʽʜʯʠʣʠ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ ʪʘ ʜʦʚʦʣʽ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʩʢʣʘʜ, ʬʦʨʤʫ ʪʘ 

ʨʦʟʤʽʨʠ (ʅʘʩʻʜʢʽʥ ɭ., ɻʘʚʨʠʣʶʢ ʈ. (2025) ʐʪʫʯʥʽ ʧʦʣʽʤʝʨʠ ʚ ʨʝʯʦʚʠʥʥʦʤʫ ʩʢʣʘʜʽ 

ʟʘʚʠʩʣʠʭ ʩʝʜʠʤʝʥʪʽʚ ʧʦʥʠʟʟʷ ɼʫʥʘʶ. 80 ʨʦʢʽʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʫ: ʥʦʚʽ ʪʨʝʥʜʠ 

ʨʦʟʚʠʪʢʫ ʛʝʦʣʦ-ʛʽʯʥʦʾ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ : ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʧʨʠʩʚʷʯʝʥʦʾ 

80-ʨʽʯʯʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ 

ʌʨʘʥʢʘ / ɺʽʜʧ. ʨʝʜ. ʄ. ʇʘʚʣʫʥʴ. ï ʃʴʚʽʚ : ʃʅʋ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ. ʩ. 205-208.). 

ʂʣʘʩʠʬʽʢʘʮʽʶ ʾʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ (Volodymyr 

Iemelianov ʪʘ ʽʥ, 2024; ɺ.ʆ. ɭʤʝʣʴʷʥʦʚ ʪʘ ʽʥ, 2025), ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ 

ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʥʠʮʴʢʽ ʢʘʪʝʛʦʨʽʾ.ɺ ʨʦʟʧʦʜʽʣʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʠʧʽʚ ʬʨʘʛʤʝʥʪʽʚ ʄʇ 

ʜʦʤʽʥʫʶʪʴ ʚʦʣʦʢʥʘ, ʟʦʢʨʝʤʘ ʢʦʣʴʦʨʦʚʽ, ʘ ʪʘʢʦʞ ʧʣʘʩʢʽ ʯʠ ʧʣʽʚʢʦʧʦʜʽʙʥʽ ʬʨʘʛʤʝʥʪʠ 

ʧʣʘʩʪʠʢʽʚ. ʇʽʜʪʚʝʨʜʞʝʥʽ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ ʭʽʤʽʯʥʽ ʪʠʧʠ ʧʦʣʽʤʝʨʽʚ ʚʢʣʶʯʘʣʠ ʪʘʢʽ 

ʩʧʦʣʫʢʠ ʷʢ ʧʦʣʽʧʨʦʧʽʣʝʥ, ʧʦʣʽʝʪʠʣʝʥ, ʧʦʣʽʩʪʠʨʦʣ ʪʘ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ.  

ʋ ʟʚôʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʣʫʯʝʥʥʷ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʢʨʦʧʣʘʩʪʠʢʫ 

ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʥʘʪʫʨʥʦʾ ʨʝʯʦʚʠʥʠ (ʚʽʜ 200 ʛ) ʘʥʘʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ɼʥʽʧʨʘ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ, ʘʣʝ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʽʥ ʚʭʦʜʠʪʴ ʚ ʪʨʽʡʢʫ ʨʽʯʦʢ ï 

ʥʘʡʙʽʣʴʰʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʣʘʩʪʠʢʽʚ ʜʦ ʙʘʩʝʡʥʫ ʏʦʨʥʦʛʦ ʤʦʨʷ ʨʘʟʦʤ ʟ ɼʫʥʘʻʤ ʪʘ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ɼʦʥʦʤ. 

ɺʠʩʥʦʚʢʠ. ɺ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʥʠʟʢʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʨʦʟʧʦʜʽʣʫ ʚ ʯʘʩʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʨʽʯʢʦʚʦʾ ʟʘʚʠʩʽ ɼʥʽʧʨʘ ʪʘ ɼʫʥʘʶ 

ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʧʨʦʮʝʜʫʨʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʙʦʚʽʜʙʦʨʫ ʯʘʩʪʠʥʦʢ ʟ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʤʠ ʧʘʩʪʢʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫ ʽ 

ʘʢʫʤʫʣʷʮʽʾ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ, ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʽʯʢʦʚʠʭ 

ʝʢʦʩʠʩʪʝʤ, ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʶ ʚʦʜʥʠʭ ʪʽʣ, ʤʦʨʩʴʢʽ ʚʦʜʠ ʚ ʤʝʞʘʭ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʦʪʦʢʘʤʠ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʚ ʙʘʟʘʭ 

ʜʘʥʠʭ ʪʘʢʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʻ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʯʘʩʪʠʥʦʢ, ʟʤʽʥʠ ʚ ʨʦʟʧʦʜʽʣʽ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ (ʤʽʥʝʨʘʣʴʥʘ ï ʦʨʛʘʥʽʯʥʘ ï ʘʥʪʨʦʧʦʛʝʥʥʘ 

ʩʢʣʘʜʦʚʽ), ʣʽʪʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʚʤʽʩʪ ʟʘʙʨʫʜʥʶʚʘʯʽʚ (ʟʦʢʨʝʤʘ, ʬʦʨʤ ʟʘ 

ʨʦʟʯʠʥʥʽʩʪʶ), ʩʝʟʦʥʥʽʩʪʴ ʪʘ ʥʠʟʢʘ ʽʥʰʠʭ.  

ʑʦʤʽʩʷʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʽʦʜʫ ʟʘ ʫʤʦʚ ʟʘʣʫʯʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʠʟʢʫ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʬʦʨʤʫʚʘʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʚʠʩʣʠʭ ʩʝʜʠʤʝʥʪʽʚ ʪʘ ʧʨʠʨʦʜʥʠʤʠ 

ʪʘ ʪʝʭʥʦʛʝʥʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʨʽʯʦʢ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʟʘʭʦʜʠ ʟ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʠʭ ʪʽʣ, ʘ ʪʘʢʦʞ 

ʚʽʜʢʨʠʻ ʋʢʨʘʾʥʽ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʚ ʻʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʴ.  
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The paper examines rocks composed of exotic clastic material collected near the town of 

Boryslav (Lviv region, Drohobych district). Petrographic analysis of transparent 

sections showed that the fragments are mainly represented by quartz, quartzites, 

quartzi te-like rocks, and effusive rocks. The mineral composition and structural-

textural features indicate metamorphism within the greenschist facies. 

 

PETROGRAPHIC CHARACTERISTICS OF EXOTIC CLASTS IN THE 

DEPOSITS OF THE VOROTYSHCHA FORMATION OF THE BORYSLAV -

POKUTTYA NAPPE (TYSMENYTSIA RIVER AREA,  UKRAINIAN 

CARPATHIANS)  

 

Tsar M. M. 

 

ɺʩʪʫʧ. ɽʢʟʦʪʠʯʥʽ ʧʦʨʦʜʠ ð ʮʝ ʧʦʨʦʜʠ ʘʙʦ ʫʣʘʤʢʠ ʧʦʨʽʜ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜ ʬʣʽʰʝʚʠʭ ʽ ʤʦʣʘʩʦʚʠʭ ʚʽʜʢʣʘʜʽʚ 

ʂʘʨʧʘʪ ʪʘ ʇʝʨʝʜʢʘʨʧʘʪʪʷ, ʩʝʨʝʜ ʷʢʠʭ ʚʦʥʠ ʟʘʣʷʛʘʶʪʴ (ʌʝʜʫʱʘʢ, 1962). ɼʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ ʮʠʭ ʧʦʨʽʜ ʥʠʥʽ ʛʣʠʙʦʢʦ ʧʦʭʦʚʘʥʝ ʧʽʜ ʥʘʩʫʚʘʤʠ ʂʘʨʧʘʪʩʴʢʦʾ ʩʧʦʨʫʜʠ ʡ ʥʝ 

ʚʠʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʶ (ɺʷʣʦʚ ʪʘ ʽʥ., 1981; ɻʥʠʣʢʦ, ɺʘʱʝʥʢʦ, 2004; ʪʘ ʽʥ.). 

ʋ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʤʫ ʧʦʢʨʠʚʽ ʧʦʨʦʜʠ ʟ ʝʢʟʦʪʠʯʥʠʤʠ ʫʣʘʤʢʘʤʠ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʥʘʤʠ ʫ ʚʽʜʢʣʘʜʘʭ ʚʦʨʦʪʠʱʝʥʩʴʢʦʾ ʩʚʽʪʠ ʚ ʨʘʡʦʥʽ ʨ. ʊʠʩʤʝʥʠʮʽ 

(ɼʨʦʛʦʙʠʮʴʢʠʡ ʨʘʡʦʥ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ). ʎʽ ʝʢʟʦʪʠʯʥʽ ʫʣʘʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʛʨʘʚʝʣʽʪʘʤʠ ʪʘ ʜʨʽʙʥʦʛʘʣʴʢʦʚʠʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʩʢʣʘʜʝʥʠʤʠ ʢʚʘʨʮʦʤ, ʢʚʘʨʮʠʪʘʤʠ ʪʘ 

ʢʚʘʨʮʝʧʦʜʽʙʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʝʬʫʟʠʚʥʠʤʠ ʧʦʨʦʜʘʤʠ ʩʝʨʝʜʥʴʦʛʦ-ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ, 

ʫʣʘʤʢʘʤʠ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ, ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʝʢʟʦʪʠʯʥʽ ʧʦʨʦʜʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʣʦʚʠʚʯʝʥʠʤʠ ʽ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ. 

ʅʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʝʢʟʦʪʠʯʥʠʭ ʫʣʘʤʢʽʚ ʫ ʚʽʜʢʣʘʜʘʭ ʚʦʨʦʪʠʱʝʥʩʴʢʦʾ ʩʝʨʽʾ 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʟʨʦʙʠʚ ʄ. ʖ. ʌʝʜʫʱʘʢ (ʌʝʜʫʱʘʢ, 1962). ʊʘʢʦʞ, ʟʛʘʜʢʠ 

ʧʨʦ ʮʽ ʚʽʜʢʣʘʜʠ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʫ ʧʨʘʮʷʭ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʧʦʣʴʩʴʢʠʭ ʛʝʦʣʦʛʽʚ: (ɻʥʠʣʢʦ, 

ɺʘʱʝʥʢʦ, 2004; Oszczypko etc., 2012, 2014 ʪʘ ʽʥ.). 

ʆʩʢʽʣʴʢʠ ʝʢʟʦʪʠʯʥʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʽ 

ʧʘʣʝʦʪʝʢʪʦʥʽʯʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʨʦʟʰʠʨʝʥʥʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʜʝʪʘʣʴʥʦʤʫ ʚʠʚʯʝʥʥʽ ʮʠʭ ʧʦʨʽʜ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ 

ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ. ɿʦʢʨʝʤʘ, ʧʨʦʚʝʜʝʥʦ ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ 

ʘʥʘʣʽʟ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʟʨʘʟʢʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʜʠʮʽʾ ʚ ʨʘʡʦʥʽ ʨ. 

ʊʠʩʤʝʥʠʮʽ (ʤ. ɹʦʨʠʩʣʘʚ).  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʤʝʞʘʭ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʛʦ 

ʧʦʢʨʠʚʫ ʝʢʟʦʪʠʯʥʽ ʫʣʘʤʢʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʫ ʩʢʣʘʜʽ ʛʨʘʚʝʣʽʪʽʚ ʽ ʢʦʥʛʣʦʤʝʨʘʪʽʚ 

ʚʦʨʦʪʠʱʝʥʩʴʢʦʾ ʩʚʽʪʠ ʫ ʨʫʩʣʽ ʨʽʯʢʠ ʊʠʩʤʝʥʠʮʽ. ʆʜʠʥ ʽʟ ʫʣʘʤʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʛʨʘʚʝʣʽʪʦʤ, ʷʢʠʡ ʜʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʩʢʦʧʽʯʥʦ (ʟʨʘʟʦʢ ˉ 2/ɹ). 

mailto:maritsar14@gmail.com
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ʇʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʨʽʙʥʦ-ʩʝʨʝʜʥʴʦʫʣʘʤʢʦʚʠʤ, ʧʦʣʽʤʽʢʪʦʚʠʤ ʛʨʘʚʝʣʽʪʦʤ ʟ 

ʛʣʠʥʠʩʪʦ-ʧʩʘʤʽʪʦʚʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʤʘʩʠʚʥʘ, ʤʽʮʥʦ ʟʮʝʤʝʥʪʦʚʘʥʘ, ʩʽʨʦʛʦ ʪʘ ʙʫʨʫʚʘʪʦ-

ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ. ɺʽʜʟʥʘʯʘʻʪʴʩʷ ʢʘʪʘʢʣʘʩʪʠʯʥʘ ʡ ʟʙʝʨʝʞʝʥʘ ʩʝʜʠʤʝʥʪʦʛʝʥʥʘ ʩʪʨʫʢʪʫʨʘ. 

(ʨʠʩ.1. ɸ). 

ʄʽʢʨʦʩʢʦʧʽʯʥʦ ʧʝʨʝʚʘʞʘʶʪʴ ʫʣʘʤʢʠ ʢʚʘʨʮʫ, ʟʦʢʨʝʤʘ ʢʚʘʨʮʠʪʠ ʪʘ ʢʚʘʨʮʠʪʦʧʦʜʽʙʥʽ 

ʧʦʨʦʜʠ ʟ ʛʨʘʥʦʙʣʘʩʪʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ.1. ɹ). ʅʘ ʦʢʨʝʤʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʫʣʘʤʢʠ ʩʣʘʙʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʘʣʝʚʨʦʧʝʣʽʪʽʚ ʽʟ ʥʘʢʣʘʜʝʥʥʷʤ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ 

ʩʣʘʥʮʶʚʘʪʦʩʪʽ ʥʘ ʤʽʢʨʦʰʘʨʫʚʘʪʫ ʪʝʢʩʪʫʨʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʦʩʪʩʝʜʠʤʝʥʪʦʛʝʥʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʣʝʧʽʜʦʛʨʘʥʦʙʣʘʩʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʨʬʽʨʦʙʣʘʩʪʘʤʠ 

ʢʚʘʨʮʫ. 

ʆʟʥʘʢʦʶ ʤʝʪʘʤʦʨʬʽʟʤʫ ʻ ʤʽʢʨʦʢʣʽʚʘʞ ʫ ʛʨʘʚʽʡʥʠʭ ʫʣʘʤʢʘʭ ʢʚʘʨʮʫ ð ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʣʫʩʢʫʚʘʪʦʾ ʙʫʜʦʚʠ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʜʽʣʝʥʥʷ ʤʽʥʝʨʘʣʫ ʥʘ ʤʽʢʨʦʣʽʪʦʥʠ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ çʰʠʧʦʧʦʜʽʙʥʘè ʩʪʨʫʢʪʫʨʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʢʦʚʟʘʥʥʷ 

(ʟʝʣʝʥʦʩʣʘʥʮʝʚʘ ʬʘʮʽʷ), ʟ ʚʨʦʩʪʘʥʥʷʤ ʩʝʨʠʮʠʪʫ ʫ ʢʨʘʡʦʚʽ ʯʘʩʪʠʥʠ ʟʝʨʝʥ ʢʚʘʨʮʫ. 

ʉʝʨʝʜ ʛʨʘʚʝʣʽʪʦʚʠʭ ʫʣʘʤʢʽʚ ʪʨʘʧʣʷʶʪʴʩʷ ʨʝʣʽʢʪʠ ʝʬʫʟʠʚʥʠʭ ʧʦʨʽʜ (ʩʝʨʝʜʥʴʦ-

ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ) ʟ ʪʨʘʭʽʪʦʾʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʇʦʣʽʤʽʢʪʦʚʠʡ ʩʢʣʘʜ ʧʦʨʦʜʠ 

ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʩʘʤʽʪʦ-ʛʨʘʚʝʣʽʪʦʚʽ ʫʣʘʤʢʠ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʛʽʦʢʣʘʟ. 

ʅʘʷʚʥʽʩʪʴ ʘʫʪʠʛʝʥʥʠʭ ʤʽʥʝʨʘʣʽʚ (ʢʚʘʨʮ, ʘʣʴʙʽʪ, ʩʝʨʠʮʠʪ, ʭʣʦʨʠʪ, ʨʫʜʥʠʡ ʤʽʥʝʨʘʣ), 

ʘ ʪʘʢʦʞ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦ-ʙʣʘʩʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʢʣʽʚʘʞʫ ʚʢʘʟʫʻ ʥʘ ʧʨʦʛʨʝʩʠʚʥʠʡ 

ʤʝʪʘʤʦʨʬʽʟʤ ʜʦ ʨʽʚʥʷ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʾ ʬʘʮʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʥʝʤʘ ʧʽʜʪʚʝʨʜʞʝʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʮʠʭ ʝʢʟʦʪʠʯʥʠʭ 

ʫʣʘʤʢʽʚ. ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʤʝʛʘʧʦʢʨʠʚʫ ʂʘʨʧʘʪ, 

ʧʝʨʝʜʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʛʦ ʩʪʘʚ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʠʡ ʧʦʢʨʠʚ, ʫʪʚʦʨʠʣʦʩʷ 

ʧʽʜʥʷʪʪʷ ʬʦʨʣʘʥʜʫ (fore-bulge), ʷʢʝ ʩʪʘʣʦ ʧʦʩʪʘʯʘʪʠ çʝʢʟʦʪʠʯʥʠʡè ʤʘʪʝʨʽʘʣ (ɻʥʠʣʢʦ, 

ɺʘʱʝʥʢʦ, 2004). 

ɺʠʩʥʦʚʢʠ. ɽʢʟʦʪʠʯʥʽ ʫʣʘʤʢʠ ʚʦʨʦʪʠʱʝʥʩʴʢʦʾ ʩʚʽʪʠ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʛʦ 

ʧʦʢʨʠʚʫ ʟʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʾ 

ʬʘʮʽʾ ʤʝʪʘʤʦʨʬʽʟʤʫ. ʁʤʦʚʽʨʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʝʢʟʦʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʛʣʦ ʙʫʪʠ 

ʧʽʜʥʷʪʪʷ ʬʦʨʣʘʥʜʫ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʂʘʨʧʘʪʩʴʢʦʛʦ ʤʝʛʘʥʘʩʫʚʫ. ʇʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ 

ʝʢʟʦʪʠʯʥʠʭ ʧʦʨʽʜ ʜʦʧʦʤʦʞʝ ʢʨʘʱʝ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʡ ʧʘʣʝʦʪʝʢʪʦʥʽʯʥʽ 

ʫʤʦʚʠ ʨʝʛʽʦʥʫ ʪʘ ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

ɻʥʠʣʢʦ ʆ.ʄ., ɺʘʱʝʥʢʦ ɺ.ʆ. [2004] ɽʚʦʣʶʮʽʷ ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʦʛʦ ʪʘ 

ʉʘʤʙʽʨʩʴʢʦʛʦ ʧʦʢʨʠʚʽʚ ʪʘ ʪʝʢʪʦʥʽʯʥʘ ʧʦʟʠʮʽʷ ʤʽʦʮʝʥʦʚʠʭ ʤʦʣʘʩʦʚʠʭ ʙʘʩʝʡʥʽʚ 

(ʋʢʨʘʾʥʩʴʢʝ ʇʨʠʢʘʨʧʘʪʪʷ) // ɻʝʦʜʠʥʘʤʽʢʘ. ï ˉ 1(4). ï ʉ. 24ï32. 

Oszczypko N., Uchman A., Bubniak I. [2012] Foreland provenance of thick conglomerates in 

the early stage of Carpathian Foredeep development: the case of the Sloboda conglomerate 

(lower Miocene), western Ukraine // Geol. Quart. ï 56(4). ï P. 789ï802. 

 

 

ʈʠʩʫʥʦʢ 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʨʘʟʢʘ (ɸ) ʪʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʛʨʘʚʝʣʽʪʫ ʟ ʝʢʟʦʪʠʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ (ɹ) (ʨʘʡʦʥ ʨ. ʊʠʩʤʝʥʠʮʷ, ʤ. ɹʦʨʠʩʣʘʚ). 
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The Golyatynska structure is located in the Khust district of the Transcarpathian region. 

There is a problem related to the age and structural position of the deposits of the 

Golyatynska anticline, located in the front part of the Bitlyan-Svydovet subnape of the 

Krosno nappe. An important argument in favor of considering it not as a tectonic remnant, 

but as a structure that takes its place in this sub-cover, and not as the mythical Sub-Silesian 

zone for this area, is that the Oligocene sediments of the Golyatynska anticline belong to 

the Bitlyan subtype of the Krosno lithotype, which is characterized by an excessively 

reduced thickness of the menilite facies in the lower part of the Oligocene section. This is 

rather not only an important, but also a decisive argument, which indicates its belonging 

precisely to the Bitlyansko-Svydovetsky subcover, which we present for the first time in this 

work. 
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OF THE KROSNEN ROOF 
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ɺʩʪʫʧ. ɻʦʣʷʪʠʥʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʍʫʩʪʩʴʢʦʤʫ ʨʘʡʦʥʽ ɿʘʢʘʨʧʘʪʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ɯʩʥʫʻ ʧʨʦʙʣʝʤʘ ʧʦʚôʷʟʘʥʘ ʟ ʚʽʢʦʤ ʽ ʩʪʨʫʢʪʫʨʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʚʽʜʢʣʘʜʽʚ 

ɻʦʣʷʪʠʥʩʴʢʦʾ ʘʥʪʠʢʣʽʥʘʣʽ, ʨʦʟʤʽʱʝʥʽʡ ʚ ʯʦʣʦʚʾʡ ʯʘʩʪʠʥʽ ɹʽʪʣʷʥʩʴʢʦ-ʉʚʠʜʦʚʝʮʴʢʦʛʦ 

ʩʫʙʧʦʢʨʠʚʫ ʂʨʦʩʥʝʥʩʴʢʦʛʦ ʧʦʢʨʠʚʫ ʚ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʂʘʨʧʘʪ ʚ ʙʘʩʝʡʥʽ ʨ. ʈʽʢʠ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ. ʏʘʩʪʠʥʘ ʛʝʦʣʦʛʽʚ ʚʽʜʢʣʘʜʠ ʚ ʾʾ ʷʜʝʨʥʽʡ ʯʘʩʪʠʥʽ ʜʘʪʫʶʪʴ ʥʠʞʥʴʦʶ ʢʨʝʡʜʦʶ. 

ʇʽʜʩʪʘʚʦʶ ʜʣʷ ʮʴʦʛʦ ʚʠʩʥʦʚʢʫ ʙʫʣʘ ʟʥʘʭʽʜʢʘ ʧʦ ʦʜʥʽʡ ʟ ʧʨʠʪʦʢ ʨ. ɻʦʣʷʪʠʥʢʠ ʫʣʘʤʢʘ 

ʘʤʦʥʽʪʘ ʽ ʟʥʘʭʽʜʢʘ ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʥʝ ʚ ʢʦʨʽʥʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʘ ʚ ʘʣʶʚʽʾ. ʉ. ɯ. ʇʘʩʪʝʨʥʘʢ 

ʚʠʟʥʘʯʠʚ ʡʦʛʦ ʷʢ Hamites sp. (ʂʫʣʴʯʠʮʴʢʠʡ, ʃʦʟʳʥʷʢ, 1967; ɻʘʙʠʥʝʪ ʪʘ ʽʥ., 1976). ʅʘ 

ʧʽʜʩʪʘʚʽ ʯʦʛʦ ʚʦʥʠ ʧʨʠʜʽʣʠʣʠ ʮʽ ʚʝʨʩʪʚʠ ʜʦ ʰʠʧʦʪʩʴʢʦʾ ʩʚʽʪʠ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ. ɼʦ ʪʘʢʦʛʦ 

ʞ ʧʦʛʣʷʜʫ ʩʭʠʣʷʚʩʷ ʇ. ʖ. ʃʦʟʠʥʷʢ (ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ..,1971). ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʧʨʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʩʢʣʘʜʽ ɻʦʣʷʪʠʥʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜʢʣʘʜʽʚ ʰʠʧʦʪʩʢʦʾ ʩʚʽʪʠ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ 

ʽ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʫ ʚʝʥʛʣʦʚʝʮʴʢʽʡ ʬʘʮʽʾ ʟô̫ ʚʠʣʠʩʴ ʧʫʙʣʽʢʘʮʽʾ (ɻʥʠʣʢʦ, 2010, 2022; 

ɻʥʠʣʢʦ, ʇʦʥʦʤʘʨʴʦʚʘ, 2006). ʋ ʧʨʦʪʠʣʝʞʥʽʩʪʴ ʮʴʦʤʫ ʛʝʦʣʦʛʠ, ʷʢʽ ʧʨʦʚʦʜʠʣʠ ʪʫʪ 

ʛʝʦʣʦʛʦ-ʟʥʽʤʘʣʴʥʽ ʨʦʙʦʪʠ ʜʦʪʨʠʤʫʚʘʣʠʩʴ ʜʫʤʢʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʫʪ ʚʽʜʢʣʘʜʽʚ ʢʨʝʡʜʠ 

(ʂʫʟʦʚʝʥʢʦ ɺ. ɺ., ɾʠʛʫʥʦʚʘ ɿ.ʌ., ɹʫʥʜʘ ɺ. ɸ. ʆʪʯʝʪ ʦ ʛʨʫʧʧʦʚʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʜʦʠʟʫʯʝʥʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʲʝʤʢʝ ʤʘʩʰʪʘʙʘ 1:50000 ʥʘ ʧʣʦʱʘʜʠ ɺʳʰʢʦʚ ʀʚʘʥʦ-

ʌʨʘʥʢʦʚʩʢʦʡ ʠ ɿʘʢʘʨʧʘʪʩʢʦʡ ʦʙʣʘʩʪʝʡ ʋʉʉʈ ʚ 1978-1982 ʛ.ʛ. (ʣʠʩʪʳ ʄ-34-120-ɸ, ɺ; 

ʄ-34-131-ɹ; ʄ-34-132-ɸ, ɺ). ʃʴʚʦʚʩʢʘʷ ɻʕ,ʃʴʚʦʚ, 1982. ï 218ʩ.). ʆʪʞʝ, ʟʘ ʜʘʥʠʤʠ ɺ. ɺ. 

ʂʫʟʦʚʝʥʢʘ ʨʦʟʨʽʟ ɻʦʣʷʪʠʥʩʴʢʦʾ ʩʢʣʘʜʢʠ ʧʦ ʧʦʪʦʢʫ ɻʦʣʷʪʠʥʩʴʢʠʡ (ʣʽʚʘ ʧʨʠʪʦʢʘ ʨ. 

ɻʦʣʷʪʠʥʢʠ ï ʘʙʦ ɻʦʣʷʪʠʥʢʘ ʄʘʣʘ) ʩʢʣʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʚʽʜʢʣʘʜʠ. ɿʘ ʣʽʪʦʣʦʛʽʯʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʾʾ ʷʜʝʨʥʘ ʯʘʩʪʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʧʘʯʦʢ: 1ïʪʝʤʥʦʢʦʣʽʨʥʘ (100 ʤ). 

ʯʝʨʛʫʚʘʥʥʷ ʧʽʱʘʥʠʭ ʽ ʛʣʠʥʠʩʪʠʭ ʧʘʯʦʢ, ʧʽʩʢʦʚʠʢʠ ʚ ʧʽʱʘʥʠʭ ʧʘʯʢʘʭ ʩʽʨʽ, ʧʦʣʽʤʽʢʪʦʚʽ, 

ʨʽʟʥʦʟʝʨʥʠʩʪʽ, ʢʨʝʤʝʥʠʩʪʽ, ʥʝʚʘʧʥʠʩʪʽ, ʪʦʚʩʪʦʚʝʨʩʪʚʫʚʘʪʽ, ʫ ʧʽʜʦʰʚʽ ʯʘʩʪʦ ʟ ʛʨʘʚʽʻʤ 

ʯʦʨʥʠʭ ʢʨʝʤʝʥʠʩʪʠʭ ʘʨʛʽʣʽʪʽʚ; 2ïʧʽʱʘʥʘ (ʜʦ 140 ʤ), ʧʽʩʢʦʚʠʢʠ ʩʽʨʽ, ʩʚʽʪʣʦ- ʽ ʪʝʤʥʦ-ʩʽʨʽ, 

ʧʦʣʽʤʽʢʪʦʚʽ, ʨʽʟʥʦʟʝʨʥʠʩʪʽ, ʥʝʢʘʨʙʦʥʘʪʥʽ, ʜʫʞʝ ʤʽʮʥʽ, ʯʘʩʪʦ ʢʚʘʨʮʠʪʦʚʠʜʥʽ, ʛʨʫʙʦ 

ʰʘʨʫʚʘʪʽ ʽ ʙʨʠʣʦʚʽ; 3ïʘʨʛʽʣʽʪʦʚʘ (ʜʦ 160ʤ) ʟ ʧʝʨʝʚʘʛʦʶ ʘʨʛʽʣʽʪʽʚ ʚʠʰʥʝʚʦ- ʯʝʨʚʦʥʠʭ, 
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ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʟʨʽʜʢʘ ʟʝʣʝʥʠʭ, ʥʝʚʘʧʥʠʩʪʠʭ, ʢʨʝʤʝʥʠʩʪʠʭ, ʜʫʞʝ ʤʽʮʥʠʭ, ʥʝʨʽʚʥʦ ʨʦʟʩʣʘʥʮʴʦʚʘʥʠʭ; 4ï

ʘʨʛʽʣʽʪʦʚʘ (ʜʦ 90 ʤ), ʪʦʥʢʦʨʠʪʤʽʯʥʝ ʧʝʨʝʰʘʨʫʚʘʥʥʷ ʘʨʛʽʣʽʪʽʚ ʟʝʣʝʥʠʭ ʽ ʪʝʤʥʦ-ʩʽʨʠʭ ʜʦ 

ʯʦʨʥʠʭ. ʈʦʟʨʽʟ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʤʽʢʨʦʬʘʫʥʦʶ: ʫ ʧʘʯʮʽ 1 ï Hyperammina 

lineariformis(Myatl.), Hyperammina aff. maxima(Friedberg), H. cylindrica Glaessner, 

Proteonina complanata (Franke), Nodellum rhumbleri(Franke); ʫ ʧʘʯʮʽ 2ï ʚ ʥʠʞʥʽʡ ʾʾ 

ʯʘʩʪʠʥʽ ʫ ʜʚʦʭ ʚʟʽʨʮʷʭ, ʢʨʽʤ ʧʝʨʰʠʭ ʜʚʦʭ ʚʠʜʽʚ ʟʥʘʡʜʝʥʽ Cyclammina amplectens 

(Grzyb.) ʫ ʧʘʯʮʽ 3 ʚʠʟʥʘʯʝʥʽ ʪʽ ʞ ʚʠʜʠ ʤʽʢʨʦʬʘʫʥʠ ʚ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ. ʅʘ ʧʣʦʱʽ 

ʅʦʚʦʩʝʣʠʮʷ ʚ ʤʝʞʘʭ ʷʢʦʾ ʨʦʟʤʽʱʫʚʘʣʘʩʴ ɻʦʣʷʪʠʥʩʴʢʘ ʩʢʣʘʜʢʘ ʆ. ʃ. ɸʨʮʘʙʢʘ ʽ ʃ. ɺ. 

ʄʘʥʘʢʦʚʘ ʚʽʢ ʫʩʽʭ ʯʦʪʠʨʴʦʭ ʧʘʯʦʢ ʧʨʠʜʽʣʠʣʠ ʜʦ ʝʦʮʝʥʫ (ɸʨʮʘʙʢʘ ʆ. ʃ., ʄʘʥʘʢʦʚʘ ʃ. ɺ. 

ʆʪʯʝʪ ʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʧʣʦʱʘʜʠ ʅʦʚʦʩʝʣʠʮʘ 

ɿʘʢʘʨʧʘʪʩʢʦʡ ʦʙʣʘʩʪʠ ʋʉʉʈ. ʊʨʝʩʪ ñʃʴʚʦʚʥʝʬʪʝʛʘʟʨʘʟʚʝʜʢʘñ. ʃʴʚʦʚʩʢʘʷ ɻʇʂ ï 

ʃʴʚʦʚ, 1959. ï 175 ʩ. ʌʦʥʜʠ ɼʇ ñɿʘʭʽʜʫʢʨʛʝʦʣʦʛʽʷ), ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʬʘʫʥʠ (ʤʽʢʨʦʧʘʣʝʦʥʪʦʣʦʛ ʅ. ʗ. ɹʦʷʨʠʥʮʝʚʘ).  

ɸʥʘʣʽʟʫʚʘʣʠ ʯʠʩʣʝʥʥʽ ʚʟʽʨʮʽ ʟ ʧʦʪʦʢʽʚ ʈʫʜʘʚʝʮʴ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʧʨʠʪʦʢ ʨ. 

ɻʦʣʷʪʠʥʢʠ. ʋ ʧʘʯʮʽ 1 ʟʥʘʡʜʝʥʽ ʪʘʢʽ ʚʠʜʠ: Ammodiscus aff. glabratus (Cush. et Jarv.), 

Haplophragmoides aff. walteri (Grzyb.), Hyperammina cylindrica Glaessner, H. ex gr. nova 

Mjatliuk, Proteanina complanata (Franke), Nodellum rhumbleri (Franke), Trochamminoides 

irregularis White ʋ ʧʘʯʮʽ 2-3 ʚʠʟʥʘʯʝʥʽ Hyperammina lineariformis(Myatl.), Reophax 

splendidus Grzyb. R. duplex Grzyb.. Recurvoides retroseptus Grzyb.; ʫ ʧʦʢʨʽʚʣʽ ʧʘʯʢʠ 3- 

Hyperammina latissima (Grzyb.); ʫ ʧʘʯʮʽ 4 ï Hyperammina lineariformis(Myatl.), 

Cyclammina amplectens (Grzyb.), Reophax splendidus Grzyb., Rhezakina epigona (Rhezak). 

ɿʥʘʭʽʜʢʠ ʞ ʘʤʦʥʽʪʘ Hamites sp. ʽ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʦʾ ʤʽʢʨʦʬʘʫʥʠ ʚ ʙʽʣʴʰ ʤʦʣʦʜʠʭ 

ʚʽʜʢʣʘʜʘʭ, ʧʦʷʩʥʶʶʪʴʩʷ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷʤ ʮʽʻʾ ʬʘʫʥʠ, ʱʦ ʻ ʷʚʠʱʝʤ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ 

ʫ ʢʘʨʧʘʪʩʴʢʦʤʫ ʬʣʽʰʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ɸʚʪʦʨʠ ʜʘʥʦʾ ʩʪʘʪʪʽ ʚʽʜʥʦʩʷʪʴ ʧʘʯʢʫ 1 ʜʦ 

ʧʘʣʝʦʮʝʥʫ, ʧʘʯʢʫ 2 ʜʦ ʧʘʣʝʦʮʝʥʫ-ʩʝʨʝʜʥʴʦʛʦ ʝʦʮʝʥʫ, ʧʘʯʢʠ 3 ʽ 4 ʜʦ ʚʝʨʭʥʴʦʛʦ ʝʦʮʝʥʫ. 

ɻʨʫʧʘ ʛʝʦʣʦʛʽʚ ʋʢʨɼɻʈɯ ʟʘ ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʽ ʜʘʥʠʤʠ ʧʘʣʝʦʥʪʦʣʦʛʽʾ 

ʚʽʜʥʝʩʣʠ ʧʘʯʢʫ 1 ʜʦ ʥʠʞʥʴʦʰʠʧʦʪʩʴʢʦʾ ʧʽʜʩʚʽʪʠ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ (ʟʥʘʭʽʜʢʘ ʘʤʦʥʽʪʫ, ʱʦ 

ʥʘ ʜʫʤʢʫ ʉ. ɯ. ʇʘʩʪʝʨʥʘʢʘ ʥʘʛʘʜʫʻ ʥʠʞʥʴʦ-ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʡ ʚʠʜ Hamites sp). ʇʘʯʢʫ 2 

ʚʦʥʠ ʧʦʨʽʚʥʷʘʣʠ ʟ ʚʝʨʭʥʴʦʰʠʧʦʪʩʴʢʦʶ ʧʽʜʩʚʽʪʦʶ ɼʫʢʣʷʥʩʴʢʦ-ʏʦʨʥʦʛʦʨʩʴʢʦʛʦ ʧʦʢʨʠʚʫ. 

ɿ ʥʠʟʽʚ ʧʘʯʢʠ 3 ʥʘʚʦʜʷʪʴʩʷ ʪʘʢʽ ʘʛʣʶʪʠʥʦʚʘʥʽ ʬʦʨʘʤʽʥʽʬʝʨʠ: Uvigerinammina jankoj 

Majzon, Plectorecurvoides alternans Noth, Trochammina globigeriniformis (Parker et Jones) 

ʪʘ ʽʥʰʽ. ʋ ʚʝʨʭʘʭ ʮʽʻʾ ʞ ʧʘʯʢʠ ʟʥʘʡʜʝʥʽ ʥʠʞʥʴʦʧʘʣʝʦʛʝʥʦʚʽ ʮʠʢʣʘʤʤʽʥʠ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʨʦʟʨʽʟʫ ʜʘʥʽ ʜʦʩʣʽʜʥʠʢʠ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʧʘʯʢʠ 3, 

ʪʦʚʱʠʥʘ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ 35 ʤ, ʦʭʦʧʣʶʻ ʚʩʽ ʣʘʥʢʠ ʨʦʟʨʽʟʫ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ (ɻʘʙʠʥʝʪ ʪʘ 

ʽʥ., 1976). 

ɺʝʨʭʥʴʦʢʨʝʡʜʦʚʽ ʚʽʜʢʣʘʜʠ ʪʘʢʦʾ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʟʥʘʭʦʜʷʪʴ ʘʥʦʣʦʛʽʾ ʩʝʨʝʜ 

ʦʜʥʦʚʽʢʦʚʠʭ ʧʦʨʽʜ ʉʢʠʙʦʚʦʛʦ, ʂʨʦʩʥʝʥʩʴʢʦʛʦ ʪʘ ɼʫʢʣʷʥʩʴʢʦʛʦ-ʏʦʨʥʦʛʦʨʩʴʢʦʛʦ 

ʧʦʢʨʠʚʽʚ. ʊʦʚʱʠʥʘ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʫ ʮʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʦʜʠʥʠʮʷʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 700 ʜʦ 

3500 ʤ. ʏʝʨʝʟ ʮʝ, ʥʘʟʚʘʥʽ ʚʠʱʝ ʘʚʪʦʨʠ ʧʦʷʩʥʠʣʠ ʜʘʥʝ ʧʨʦʪʠʨʽʯʯʷ ʪʠʤ, ʱʦ ʪʘʢʽ ʞ 

ʩʢʦʨʦʯʝʥʽ ʨʦʟʨʽʟʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʉʫʙʩʽʣʝʟʴʢʦʾ ʟʦʥʠ. ʇʨʦʪʝ ʮʝ ʥʝ ʪʘʢ, 

ʙʦ ʚʦʥʠ ʚʽʜʩʫʪʥʽ ʽ ʚ ʉʫʙʩʽʣʝʟʴʢʽʡ ʟʦʥʽ. ʊʘʢ ʟ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʯʝʨʝʟ ʥʘʬʪʦʚʝ 

ʨʦʜʦʚʠʱʝ ɺʝʥʛʣʶʚʢʘ ʚʠʚʦʜʠʪʴʩʷ, ʱʦ ʪʦʚʱʠʥʘ ʣʠʰʝ ʚʝʥʛʣʦʚʝʮʴʢʠʭ ʤʝʨʛʝʣʽʚ ʩʢʣʘʜʘʻ 

ʧʦʥʘʜ 200 ʤ. (Karnkowski, 1993). ɺ ʧʨʘʮʽ (Huss, 1957) ʜʦʩʣʽʜʥʠʮʷ ʦʢʨʝʩʣʶʻ ʪʦʚʱʠʥʫ 

ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʚʝʣʠʯʠʥʦʶ 155-255 ʤ. ʊʘʢʽ ʞ ʮʠʬʨʠ (250 ʤ) ʥʘʚʦʜʷʪʴ ʧʦʣʴʩʴʢʽ ʛʝʦʣʦʛʠ 

(Gucik, Wojcik, 1982).  

ɻʦʣʷʪʠʥʩʴʢʘ ʘʥʪʠʢʣʽʥʘʣʴ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʨʦʥʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ɹʽʪʣʷʥʩʴʢʦ-

ʉʚʠʜʦʚʝʮʴʢʦʛʦ ʩʫʙʧʦʢʨʠʚʫ. ʅʝʱʦʜʘʚʥʦ ʩʧʨʦʙʫ ʦʙʛʨʫʥʪʫʚʘʪʠ ʧʨʠʥʘʣʝʞʥʽʩʪʴ 

ɻʦʣʷʪʠʥʩʴʢʦʾ ʘʥʪʠʢʣʽʥʘʣʽ ʜʦ ʉʫʙʩʽʣʝʟʴʢʦʾ ʟʦʥʠ ʟʨʦʙʠʚ ʪʘʢʦʞ ʆ. ʄ. ɻʥʠʣʢʦ (ɻʥʠʣʢʦ, 

2010, 2022). ɿʥʘʶʯʠ, ʱʦ ʉʫʙʩʽʣʝʟʴʢʘ ʟʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ 

ʤʽʞ ʉʢʦʣʴʩʴʢʦʶ ʪʘ ʉʽʣʝʟʴʢʦʶ ʦʜʠʥʠʮʷʤʠ (ʘʥʘʣʦʛʘʤʠ ʥʘʰʠʭ ʉʢʠʙʦʚʦʛʦ ʽ 

ʂʨʦʩʥʝʥʩʴʢʦʛʦ ʧʦʢʨʠʚʽʚ), ʚʽʥ ʚʠʨʽʰʠʚ ɻʦʣʷʪʠʥʩʴʢʫ ʘʥʪʠʢʣʽʥʘʣʴ ʨʦʟʤʽʩʪʠʪʠ ʫ ʪʘʢʦʤʫ ʞ 
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ʧʦʣʦʞʝʥʥʽ. ɼʣʷ ʮʴʦʛʦ ʚʽʥ ʨʦʟʨʫʙʘʚ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʤ ʥʘʩʫʚʦʤ ʊʫʨʢʽʚʩʴʢʠʡ ʩʫʙʧʦʢʨʠʚ 

ʂʨʦʩʥʝʥʩʴʢʦʛʦ ʧʦʢʨʠʚʫ ʽ ʧʽʜʚʽʚ ʜʦ ʬʨʦʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʮʽʻʾ ʘʥʪʠʢʣʽʥʘʣʽ ʡʦʛʦ ʧʽʚʜʝʥʥʦ-

ʩʭʽʜʥʫ ʜʽʣʴʥʠʮʶ, ʩʪʚʦʨʠʚʰʠ ʽʣʶʟʽʶ ʪʦʛʦ, ʱʦ ʮʝ ʯʘʩʪʠʥʘ ʉʢʠʙʦʚʦʾ ʦʜʠʥʠʮʽ, ʟʘʤʽʩʪʠʚʰʠ 

ʊʫʨʢʽʚʩʴʢʽʡ ʩʫʙʧʦʢʨʠʚ ʉʣʘʚʩʴʢʦʶ ʩʢʠʙʦʶ (ɻʥʠʣʢʦ, 2010). ɿ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʢʘʨʪ, 

ʚʠʢʦʥʘʥʠʭ ʮʠʤ ʜʦʩʣʽʜʥʠʢʦʤ, ʪʝʢʪʦʥʽʯʥʦʾ ʽ ʛʝʦʣʦʛʽʯʥʦʾ ʧʦʤʽʪʥʦ, ʱʦ ʪʘʤ ʮʝʡ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʡ ʥʘʩʫʚ ʧʦ ʽʥʰʦʤʫ ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʚʽʜʪʠʥʢʫ ʨ. ʉʣʘʚʢʘ. ʅʘ ʪʝʢʪʦʥʽʯʥʽʡ 

ʤʘʧʽ ʚʽʥ ʟʘʭʦʜʠʪʴ ʥʘ ʧʨʘʚʠʡ ʾʾ ʙʝʨʝʛ, ʘ ʥʘ ʛʝʦʣʦʛʽʯʥʽʡ ʚʽʥ ʚʽʜʯʫʪʥʦ ʚʠʢʨʠʚʣʝʥʠʡ. ʎʝ, ʥʘ 

ʥʘʰʫ ʜʫʤʢʫ, ʟʨʦʙʣʝʥʦ ʜʣʷ ʪʦʛʦ ʱʦʙ ʥʝ ʨʦʟʨʠʚʘʪʠ ʝʦʮʝʥʦʚʽ ʚʽʜʢʣʘʜʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʬʨʦʥʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʗʣʠʥʢʫʚʘʪʩʴʢʦʾ ʣʫʩʢʠ. ɼʽʡʩʥʦ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʥʘʩʫʚ ʟʦʥ, ʷʢʱʦ 

ʚʽʥ ʨʦʟʨʠʚʘʻ ʦʜʥʫ ʽ ʪʫ ʞ ʩʪʨʫʢʪʫʨʫ. ɺʽʥ ʪʘʢʦʞ ʥʝ ʚʨʘʭʫʚʘʚ, ʱʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ ʥʘ ʧʣʦʱʽ ʂʣʠʤʝʮʴ, ʚʽʥ ʨʦʟôʻʜʥʫʻ ʘʞ ʯʦʪʠʨʠ ʣʫʩʢʠ ʩʢʣʘʜʝʥʽ ʧʦʨʦʜʘʤʠ 

ʦʜʥʦʛʦ ʚʽʢʫ ʽ ʩʪʨʫʢʪʫʨʥʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ. 

 

 
 

ʈʠʩ. 1. ɻʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʽ ʣʽʪʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ ʨʦʟʨʽʟ ɻʦʣʷʪʠʥʩʴʢʦʾ 

ʘʥʪʠʢʣʽʥʘʣʽ. 1ïʧʘʣʝʦʮʝʥ, 2ïʧʘʣʝʦʮʝʥ-ʩʝʨʝʜʥʽʡ ʝʦʮʝʥ, 3ïʝʦʮʝʥ ʚʝʨʭʥʽʡ, 4ïʦʣʽʛʦʮʝʥ 

ʥʠʞʥʽʡï ʛʦʣʦʚʝʮʴʢʘ ʩʚʽʪʘ, 5ïʥʘʩʫʚ ɹʽʪʣʷʥʩʴʢʦ-ʉʚʠʜʦʚʝʮʴʢʦʛʦ ʩʫʙʧʦʢʨʠʚʫ, 6ï

ʥʠʞʥʴʦʢʨʝʤʝʥʝʚʠʡ ʛʦʨʠʟʦʥʪ, 7ïʤʘʨʰʨʫʪʥʠʡ ʭʽʜ ɺ. ɺ. ʂʫʟʦʚʝʥʢʘ (1984 ʨ.). 

 

ʑʦʧʨʘʚʜʘ, ʚ ʦʩʪʘʥʥʽʡ ʩʚʦʾʡ ʩʪʘʪʪʽ ʆ. ʄ. ɻʥʠʣʢʦ ʬʘʢʪʠʯʥʦ ʣʽʢʚʽʜʫʚʘʚ ʪʘʢʫ ʩʪʨʫʢʪʫʨʥʫ 

ʦʜʠʥʠʮʶ ʷʢ ʊʫʨʢʽʚʩʴʢʠʡ ʩʫʙʧʦʢʨʠʚ ʂʨʦʩʥʝʥʩʴʢʦʛʦ ʧʦʢʨʠʚʫ ʽ ʰʪʫʯʥʦ ʧʽʜʚʽʚ ʉʢʠʙʦʚʠʡ 

ʧʦʢʨʠʚ ʧʽʜ ɻʦʣʷʪʠʥʩʴʢʫ ʘʥʪʠʢʣʽʥʘʣʴ (ɻʥʠʣʢʦ, 2022), ʟʣʽʢʚʽʜʫʚʘʚʰʠ ʽ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʡ ʥʘʩʫʚ, ʷʢʠʡ ʚʽʥ ʟʦʙʨʘʟʠʚ ʫ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʪʪʽ (ɻʥʠʣʢʦ, 2010) ʽ 

ʧʽʜʪʚʝʨʜʠʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʥʘʰʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʡʦʛʦ ʰʪʫʯʥʽʩʪʴ. ɿʘ ʆ. ʄ. ɻʥʠʣʢʦʤ 

ɻʦʣʷʪʠʥʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ï ʮʝ, ʚʽʨʦʛʽʜʥʦ, ñʣʽʥʟʘ ʚʠʪʠʩʢʘʥʥʷò, ʘʥʪʠʢʣʽʥʘʣʴʥʝ ʷʜʨʦ ʷʢʦʾ 

ʩʢʣʘʜʝʥʝ ʜʝʬʦʨʤʦʚʘʥʠʤ ʥʠʞʥʴʦʢʨʝʡʜʦʚʦʚʠʤ ʬʣʽʰʦʤ ʪʘ ʧʣʘʩʪʠʯʥʠʤʠ 

ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʤʠ ʛʣʠʥʠʩʪʦ-ʤʝʨʛʝʣʠʩʪʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʛʦʣʷʪʠʥʩʴʢʦʾ ʪʦʚʱʽ. ʅʘ ʡʦʛʦ 

ʜʫʤʢʫ, ʮʝ ʚʠʪʠʩʢʘʥʥʷ, ʦʯʝʚʠʜʥʦ, ʚʽʜʙʫʣʦʩʷ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ 
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ʟʫʤʦʚʣʶʚʘʣʦʩʴ ʪʨʘʥʩʧʨʝʩʠʚʥʠʤʠ (ʟʩʫʚ+ʩʪʠʩʢ) ʨʫʭʘʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʚʽʜʥʦʩʥʦ ʪʦʥʢʠʡ 

ʧʣʘʩʪʠʯʥʠʡ ʉʫʙʩʽʣʝʟʴʢʠʡ ʧʦʢʨʠʚ ʙʫʚ ʨʦʟʪʷʛʥʝʥʠʡ ʥʘ ʦʢʨʝʤʽ ʪʝʢʪʦʥʽʯʥʽ ʣʽʥʟʠ (ʚʝʣʠʢʽ 

ʙʫʜʠʥʠ?), ʨʦʟʤʽʱʝʥʽ ʤʽʞ ʞʦʨʩʪʢʠʤ ʬʣʽʰʝʤ ʩʫʩʽʜʥʽʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʢʨʠʚʽʚ. 

ʇʦʷʩʥʠʪʠ ʪʘʢʠʡ ʩʢʦʨʦʯʝʥʠʡ ʨʦʟʨʽʟ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ, ʨʦʟʤʠʚʦʤ ʯʘʩʪʠʥʠ ʚʽʜʢʣʘʜʽʚ 

ʘʙʦ ʪʝʢʪʦʥʽʯʥʠʤ ʚʠʪʠʩʢʘʥʥʷʤ ʥʝ ʤʦʞʥʘ. ʎʝ ʩʫʧʝʨʝʯʠʣʦ ʙ ʨʝʟʫʣʴʪʘʪʘʤ (ʇʦʥʦʤʘʨʴʦʚʘ, 

2007), ʷʢʘ ʚʠʜʽʣʠʣʘ ʫ ʩʢʦʨʦʯʝʥʦʤʫ ʨʦʟʨʽʟʽ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʽ ʫʩʽ ʙʝʟ ʚʠʥʷʪʢʫ ʷʨʫʩʠ. ʊʘʢʦʞ 

ʧʽʜʦʟʨʽʣʠʤ ʻ ʬʘʢʪ ʣʽʪʦʣʦʛʽʯʥʦʾ ʪʦʪʦʞʥʦʩʪʽ ʪʝʤʥʦʢʦʣʽʨʥʠʭ ʚʝʨʩʪʚ ʝʦʮʝʥʦʚʦʛʦ ʽ 

ʥʠʞʥʴʦʢʨʝʡʜʦʚʦʛʦ ʚʽʢʫ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʤʘʡʞʝ ʚʧʨʠʪʫʣ ʧʦ ʨʦʟʨʽʟʫ. ʎʝʡ ʬʘʢʪ ʚʟʘʛʘʣʽ 

ʟʜʘʻʪʴʩʷ ʥʝʡʤʦʚʽʨʥʠʤ. 

ɿʘʣʠʰʘʻʪʴʩʷ ʚʠʟʥʘʪʠ, ʱʦ ʰʠʧʦʪ ʥʝʩʧʨʘʚʘʞʥʽʡ, ʘ ʥʠʞʥʴʦ ʽ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʘ ʬʘʫʥʘ 

ʧʝʨʝʚʽʜʢʣʘʜʝʥʽ. ʏʠʩʣʝʥʥʽ ʬʘʢʪʠ ʪʘʢʦʛʦ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ, ʥʘʚʦʜʠʪʴ (ʉʦʚʯʠʢ, 1979).  

ɺʠʩʥʦʚʢʠ. ɺʘʞʣʠʚʠʤ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʢʦʨʠʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʚʘʞʘʪʠ ʾʾ ʥʝ ʪʝʢʪʦʥʽʯʥʠʤ 

ʦʩʪʘʥʮʝʤ, ʘ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʟʘʡʤʘʻ ʩʚʦʻ ʤʽʩʮʝ ʫ ʩʢʣʘʜʽ ʮʴʦʛʦ ʩʫʙʧʦʢʨʠʚʫ, ʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʤʽʬʽʯʥʫ ʜʣʷ ʮʴʦʛʦ ʨʘʡʦʥʫ ʉʫʙʩʽʣʝʟʴʢʫ ʟʦʥʫ, ʻ ʪʝ, ʱʦ ʦʣʽʛʦʮʝʥʦʚʽ ʚʽʜʢʣʘʜʠ 

ɻʦʣʷʪʠʥʩʴʢʦʾ ʘʥʪʠʢʣʽʥʘʣʽ (ʚʘʨʪʦ ʜʦʜʘʪʠ, ʱʦ ʥʘ ʦʙʦʭ ʾʾ ʢʨʠʣʘʭ) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʙʽʪʣʷʥʩʴʢʦʛʦ ʧʽʜʪʠʧʫ ʢʨʦʩʥʝʥʩʴʢʦʛʦ ʣʽʪʦʪʠʧʫ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʜʪʦ ʩʢʦʨʦʯʝʥʘ 

ʪʦʚʱʠʥʘ ʤʝʥʽʣʽʪʦʚʦʾ ʬʘʮʽʾ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʦʣʽʛʦʮʝʥʫ (ʚʩʴʦʛʦ 90 ʤ ʚʠʱʝ 

ʥʠʞʥʴʦʢʨʝʤʝʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ ɻʦʣʷʪʠʥʩʴʢʽʡ ʩʪʨʫʢʪʫʨʽ). ʎʝ ʩʢʦʨʽʰʝ ʥʝ ʪʽʣʴʢʠ 

ʚʘʞʣʠʚʠʡ, ʘ ʡ ʚʠʨʽʰʘʣʴʥʠʡ ʘʨʛʫʤʝʥʪ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʾ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʩʘʤʝ ʜʦ 

ɹʽʪʣʷʥʩʴʢʦ-ʉʚʠʜʦʚʝʮʴʢʦʛʦ ʩʫʙʧʦʢʨʠʚʫ, ʷʢʠʡ ʤʠ ʚʧʝʨʰʝ ʥʘʚʦʜʠʤʦ ʚ ʮʽʡ ʧʨʘʮʽ (ʨʠʩ.1). 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 
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The petrographical and mineralogical characteristics of charnockitoids from the central 

part of the Ukrainian Shield are presented. The need for petrographic study, prior to 

modern analytical investigations, is emphasized, especially for Neoarchean enderbites. 

Among them, two contrasting types have been distinguished based on petrography, namely 

Yatran and Ingul. 
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ɺʩʪʫʧ. ʏʘʨʥʦʢʽʪʦʾʜʠ ï ʦʨʪʦʧʽʨʦʢʩʝʥ-ʚʤʽʩʥʽ ʤʘʛʤʘʪʠʯʥʽ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʽ ʧʦʨʦʜʠ 

ʚʽʜ ʩʝʨʝʜʥʽʭ ʜʦ ʢʠʩʣʠʭ. ʅʘ ʋʢʨʘʾʥʩʴʢʦʤʫ ʱʠʪʽ (ʋʑ) ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʯʘʨʥʦʢʽʪʦʾʜʠ 

ʚʠʷʚʣʝʥʽ ʫ ʙʽʣʴʰʦʩʪʽ ʤʝʛʘʙʣʦʢʽʚ. ɺʦʥʠ ʚʠʚʯʘʣʠʩʷ ʚʽʪʯʠʟʥʷʥʠʤʠ ʧʝʪʨʦʛʨʘʬʘʤʠ 

ʫʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʦ ʫ ʤʦʥʦʛʨʘʬʽʾ (ʂʨʠʚʜʽʢ ʪʘ ʽʥ, 2011). 

ɻʦʣʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʥʘʡʜʘʚʥʽʰʠʤ ʝʥʜʝʨʙʽʪʘʤ ʛʘʡʚʦʨʦʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ 

ʯʘʨʥʦʝʥʜʝʨʙʽʪʘʤ ʣʽʪʠʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʚʽʜʧʦʚʽʜʥʦ, ʉʝʨʝʜʥʴʦʛʦ ʪʘ ɺʝʨʭʥʴʦʛʦ 

ʇʦʙʫʞʞʷ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʋʑ. ɸʣʝ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʯʘʨʥʦʢʽʪʦʾʜʠ 

ʧʦʰʠʨʝʥʽ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʋʑ, ʚ ʤʝʞʘʭ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʪʘ ʚ 

ɻʦʣʦʚʘʥʽʚʩʴʢʽʡ ʰʦʚʥʽʡ ʟʦʥʽ (ɻʐɿ). 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʧʨʠʢʽʥʮʽ 80-ʭ ʨʦʢʽʚ ʫ ʮʴʦʤʫ ʨʘʡʦʥʽ, ʧʝʨʝʚʘʞʥʦ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʤʘʩʦʚʝ ʩʠʩʪʝʤʘʪʠʯʥʝ ʦʧʨʦʙʫʚʘʥʥʷ 

ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʫ ʨʘʤʢʘʭ ʤʽʞʚʽʜʦʤʯʦʾ ʧʨʦʛʨʘʤʠ çʇʦʣʽʛʦʥè ʟ ʦʛʦʣʝʥʴ ʪʘ ʢʘʨ'ʻʨʽʚ, ʨʽʜʰʝ 

ʩʚʝʨʜʣʦʚʠʥ ʫ ʙʘʩʝʡʥʽ ʇʽʚʜʝʥʥʦʛʦ ɹʫʛʫ ʚʟʜʦʚʞ ʨʽʯʦʢ ɻʥʠʣʠʡ ʪʘ ɻʽʨʩʴʢʠʡ ʊʽʢʠʯʠ, ɯʥʛʫʣ, 

ʉʠʥʶʭʘ ʪʘ ʾʾ ʧʨʠʪʦʢʽʚ ʗʪʨʘʥʴ, ʏʦʨʥʠʡ ʊʘʰʣʠʢ ʽ ɺʝʣʠʢʘ ɺʠʩʴ; ʫ ʙʘʩʝʡʥʽ ɼʥʽʧʨʘ ï 

ʚʟʜʦʚʞ ʨʽʯʦʢ ʈʦʩʴ, ʊʷʩʤʠʥ ʪʘ ʡʦʛʦ ʧʨʠʪʦʢʫ ɻʥʠʣʠʡ ʊʘʰʣʠʢ, ɯʥʛʫʣʝʮʴ ʪʘ ʡʦʛʦ ʧʨʠʪʦʢʽʚ 

ɹʦʢʦʚʝʥʴʢʘ ʽ ɺʝʨʙʣʶʞʢʘ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʣʦ ʚ ʫʥʽʬʽʢʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʚʯʝʥʥʷ ʮʠʭ 

ʧʦʨʽʜ. ʂʦʞʥʘ ʚʽʜʽʙʨʘʥʘ ʧʨʦʙʘ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʷ ʰʣʽʬʘʤʠ, ʛʝʦʭʽʤʽʯʥʦʶ ʥʘʚʘʞʢʦʶ ʜʣʷ 

ʘʥʘʣʽʟʫ ʥʘ ʛʦʣʦʚʥʽ ʧʝʪʨʦʛʝʥʥʽ, ʨʽʜʢʽʩʥʽ ʪʘ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʘ ʪʘʢʦʞ 

ʧʨʦʪʦʣʦʯʢʦʶ ʜʣʷ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʈʝʟʫʣʴʪʘʪʠ ʯʘʩʪʢʦʚʦ ʧʫʙʣʽʢʫʚʘʣʠʩʷ 

(ʑʝʨʙʘʢʦʚ, 2005), ʘʣʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢ ʽ ʥʝ ʙʫʣʦ ʟʘʚʝʨʰʝʥʦ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʽʩʣʷ ʨʝʪʝʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʙʫʣʦ ʦʙʨʘʥʦ 36 ʧʨʦʙ ʧʦʨʽʜ çʇʦʣʽʛʦʥʘè, ʷʢʽ ʚʚʘʞʘʣʠʩʷ 

ʯʘʨʥʦʢʽʪʦʾʜʘʤʠ ʪʘ ʙʫʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʛʝʦʭʽʤʽʯʥʦʛʦ ʪʘ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʯʘʨʥʦʢʽʪʦʠʜʦʚ ʥʝʤʠʥʫʯʝ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʾʭ ʢʦʨʝʢʪʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ. ʅʝʨʽʜʢʦ ʪʨʘʧʣʷʻʪʴʩʷ, ʱʦ ʘʚʪʦʨʠ, ʷʢʽ ʦʪʨʠʤʘʣʠ 

ʥʦʚʽ ʛʝʦʭʽʤʽʯʥʽ ʜʘʥʽ ʱʦʜʦ ʦʢʨʝʤʠʭ ʤʽʥʝʨʘʣʽʚ, ʥʝʭʪʫʶʪʴ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ ʪʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʩʘʤʦʾ ʧʦʨʦʜʠ ʽ ʜʘʶʪʴ ʪʘʢʽʡ ʧʦʨʦʜʽ ʜʦʚʽʣʴʥʫ ʥʘʟʚʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʫʤʽʥʥʷ ʾʾ 

ʧʦʭʦʜʞʝʥʥʷ ʽ ʥʘʚʽʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʽʨʥʠʭ ʚʠʩʥʦʚʢʽʚ. ʇʝʪʨʦʛʨʘʬʽʯʥʠʡ ʪʘ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʯʘʨʥʦʢʽʪʦʾʜʽʚ çʇʦʣʽʛʦʥʘè ʚʠʚʯʘʣʠʩʷ ʚ ʰʣʽʬʘʭ ʪʘ ʧʨʦʪʦʣʦʯʢʘʭ. 

ʉʚʽʪʣʽ ʤʽʥʝʨʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʚʘʨʮʝʤ ʪʘ ʧʣʘʛʽʦʢʣʘʟʦʤ, ʯʘʩʪʦ ʢʘʣʽʻʚʠʤ ʧʦʣʴʦʚʠʤ 
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ʰʧʘʪʦʤ (ʂʇʐ). ɿ ʪʝʤʥʦʢʦʣʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʦʢʨʽʤ ʦʨʪʦʧʽʨʦʢʩʝʥʫ, ʯʘʨʥʦʢʽʪʦʾʜʠ ʟʘʚʞʜʠ 

ʤʽʩʪʷʪʴ ʙʽʦʪʠʪ, ʯʘʩʪʦ ï ʢʣʽʥʦʧʽʨʦʢʩʝʥ, ʨʽʜʢʦ ï ʧʝʨʚʠʥʥʫ ʨʦʛʦʚʫ ʦʙʤʘʥʢʫ; ʟ ʦʣʽʚʽʥʽʚ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʬʘʷʣʽʪ. ʇʦʨʦʜʦʫʪʚʦʨʶʚʘʣʴʥʽ ʪʘ ʜʝʷʢʽ ʘʢʮʝʩʦʨʥʽ ʤʽʥʝʨʘʣʠ ʘʥʘʣʽʟʫʚʘʣʠʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʽʚ JCXA-733 ʠ JXA-733(Jeol). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʏʘʨʥʦʢʽʪʦʾʜʠ ï ʧʝʨʚʽʩʥʦ ʤʘʛʤʘʪʠʯʥʽ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʽ 

ʧʦʨʦʜʠ. ɻʦʣʦʚʥʘ ʧʝʪʨʦʛʨʘʬʽʯʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʯʘʨʥʦʢʽʪʦʾʜʽʚ, ʷʢʽ ʟʘʟʥʘʣʠ ʛʨʘʥʫʣʽʪʦʚʦʛʦ 

ʤʝʪʘʤʦʨʬʽʟʤʫ, ï ʰʠʨʦʢʠʡ ʨʦʟʚʠʪʦʢ ʢʨʠʩʪʘʣʦʙʣʘʩʪʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʯʝʨʝʟ ʱʦ ʯʘʨʥʦʢʽʪʦʾʜʠ 

ʯʘʩʪʦ ʦʧʠʩʫʚʘʣʠʩʷ ʷʢ ʛʥʝʡʩʠ; ʱʦʜʦ ʥʘʡʜʘʚʥʽʰʠʭ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʟ'ʷʚʠʚʩʷ ʥʘʚʽʪʴ ʪʝʨʤʽʥ 

çʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩè. ʋ ʚʠʚʯʝʥʠʭ ʧʦʨʦʜʘʭ ʧʝʨʝʚʘʞʘʻ ʛʨʘʥʦʙʣʘʩʪʦʚʘ ʩʝʨʝʜʥʴʦ-ʜʦ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʘ, ʽʥʦʜʽ ʧʝʨʝʭʽʜʥʘ ʜʦ ʣʝʧʽʜʦʛʨʘʥʦʙʣʘʩʪʦʚʦʾ; ʯʘʩʪʦ 

ʨʽʟʥʦʟʝʨʥʠʩʪʘ, ʛʝʪʝʨʦʙʣʘʩʪʦʚʘ ʘʞ ʜʦ ʧʦʨʬʽʨʦʙʣʘʩʪʦʚʦʾ ʪʘ ʛʣʦʤʝʨʦʙʣʘʩʪʦʚʦʾ. ɹʽʣʴʰʽʩʪʴ 

ʧʦʨʽʜ ʚʠʷʚʣʷʶʪʴ ʛʥʝʡʩʦʚʠʜʥʫ ʪʝʢʩʪʫʨʫ, ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʜʠʨʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʤʥʦʢʦʣʽʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʽ, ʽʥʦʜʽ, ʧʣʘʛʽʦʢʣʘʟʘ. ʂʘʪʘʢʣʘʟʦʚʘʥʽ ʧʦʨʦʜʠ 

ʤʘʶʪʴ ʛʨʘʥʦʙʣʘʩʪʦʚʫ ʢʘʪʘʢʣʘʩʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʟʨʽʜʢʘ ʜʦ ʮʝʤʝʥʪʥʦʾ ʘʙʦ ʥʘʚʽʪʴ 

ʤʽʣʦʥʽʪʦʚʦʾ, ʚ ʷʢʽʡ ʜʠʨʝʢʪʠʚʥʽʩʪʴ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʠʪʷʛʥʫʪʽʩʪʶ ʢʚʘʨʮʝʚʠʭ ʟʝʨʝʥ. 

ʅʝʤʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʯʘʨʥʦʢʽʪʦʾʜʠ ʤʘʶʪʴ ʤʘʛʤʘʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ: ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʫ, 

ʽʥʦʜʽ ʩʣʘʙʦ ʧʦʨʬʽʨʦʧʦʜʽʙʥʫ, ʨʽʜʢʦ ï ʧʦʡʢʽʣʽʪʦʚʫ ʽ ʥʘʚʽʪʴ ʤʦʥʮʦʥʽʪʦʚʫ, 

ʧʘʥʘʣʦʪʨʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʫ ʘʙʦ ʛʘʙʨʦʚʫ. ʄʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʘʪʘʢʣʘʟʦʚʘʥʽ ʜʦ ʧʦʷʚʠ ʮʝʤʝʥʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʅʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽʡ ʜʽʘʛʨʘʤʽ TAS ʚʠʚʯʝʥʽ ʯʘʨʥʦʢʽʪʦʾʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʝʨʝʜʥʽʭ ʪʘ 

ʢʠʩʣʠʭ ʧʦʨʦʜ, ʧʝʨʝʚʘʞʘʶʪʴ ʧʦʨʦʜʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʫ, ʤʝʥʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʨʦʜʠ 

ʧʽʜʚʠʱʝʥʦʾ ʣʫʞʥʦʩʪʽ. ɼʦ ʦʩʪʘʥʥʽʭ ʥʘʣʝʞʘʪʴ ʯʘʨʥʦʢʽʪʦʾʜʠ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ, 

ʜʝʷʢʽ ʧʦʨʦʜʠ ʨ. ɺʝʣʠʢʘ ɺʠʩʴ ʪʘ ʚʩʽ ï ʄʘʣʦʩʤʽʣʷʥʩʴʢʦʛʦ ʢʘʨ'ʻʨʫ ʥʘ ʨ. ɻʥʠʣʠʡ ʊʘʰʣʠʢ 

(ʦʩʪʘʥʥʽ ʚʠʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ ʣʫʞʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ Na2O, ʘ ʥʝ K2O). 

ɿʛʽʜʥʦ ʟ ʇʝʪʨʦʛʨʘʬʽʯʥʠʤ ʢʦʜʝʢʩʦʤ ʋʢʨʘʾʥʠ (1999), ʧʦʜʚʽʡʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʨʪʦʧʽʨʦʢʩʝʥ-ʚʤʽʩʥʠʭ ʩʝʨʝʜʥʽʭ ʧʦʨʽʜ ʧʽʜʚʠʱʝʥʦʾ ʣʫʞʥʦʩʪʽ 

(ʤʘʥʛʝʨʠʪ ï ʛʽʧʝʨʩʪʝʥʦʚʽ ʤʦʥʮʦʥʽʪ, ʢʚʘʨʮʦʚʽ ʤʦʥʮʦʜʽʦʨʠʪ ʘʙʦ ʤʦʥʮʦʥʽʪ, ʡʦʪʫʥʽʪ ï 

ʛʽʧʝʨʩʪʝʥʦʚʠʡ ʤʦʥʮʦʜʽʦʨʠʪ) ʪʘ ʢʠʩʣʠʭ ʧʦʨʽʜ ʥʦʨʤʘʣʴʥʦʾ ʣʫʞʥʦʩʪʽ (ʝʥʜʝʨʙʽʪ ï 

ʛʽʧʝʨʩʪʝʥʦʚʽ ʪʦʥʘʣʽʪ ʘʙʦ ʪʨʦʥʜôʻʤʽʪ, ʯʘʨʥʦʝʥʜʝʨʙʽʪ ï ʛʽʧʝʨʩʪʝʥʦʚʠʡ ʛʨʘʥʦʜʽʦʨʠʪ, 

ʯʘʨʥʦʢʽʪ ï ʛʽʧʝʨʩʪʝʥʦʚʠʡ ʛʨʘʥʽʪ). ɼʝʷʢʽ ʧʝʪʨʦʣʦʛʠ ʧʨʦʧʦʥʫʶʪʴ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 

ʩʧʝʮʽʘʣʴʥʦʾ çʯʘʨʥʦʢʽʪʦʚʦʾè ʥʦʤʝʥʢʣʘʪʫʨʠ ʽ ʧʨʦʩʪʦ ʧʝʨʝʜ ʥʘʟʚʦʶ ʧʦʨʦʜʠ ʟʘ TAS 

ʜʦʜʘʚʘʪʠ ʧʨʠʩʪʘʚʢʫ Opx-, ʘʣʝ ʤʠ ʢʦʨʠʩʪʫʻʤʦʩʷ ʚʢʘʟʽʚʢʘʤʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʧʝʪʨʦʢʦʜʝʢʩʘ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʨʘʚʞʥʽ ʝʥʜʝʨʙʽʪʠ (ʪʦʙʪʦ ʆʨʭ-ʪʦʥʘʣʽʪʠ) ʻ ʣʠʰʝ ʚ ʛʘʡʚʦʨʦʥʩʴʢʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʇʦʙʫʞʞʷ, ʘ ʚ ʮʝʥʪʨʽ ʋʑ ʮʝ ʆʨʭ-ʪʨʦʥʜôʻʤʽʪʠ. 

ɿʘʩʪʦʩʦʚʘʥʘ ʜʦ ʚʠʚʯʝʥʠʭ ʯʘʨʥʦʢʽʪʦʾʜʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʪʨʦʭʽʤʽʾ, ʤʘʛʤʘʪʠʯʥʘ 

çʯʘʨʥʦʢʽʪʦʚʘè ʥʦʤʝʥʢʣʘʪʫʨʘ ʽʥʦʜʽ ʚʩʪʫʧʘʻ ʫ ʩʫʧʝʨʝʯʥʽʩʪʴ ʽʟ ʨʝʘʣʴʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ 

ʩʢʣʘʜʦʤ ʧʦʨʦʜʠ. ʊʘʢ, ʥʘʟʚʘʥʽ ʤʘʥʛʝʨʠʪʘʤʠ ʢʚʘʨʮʦʚʽ ʤʦʥʮʦʜʽʦʨʠʪʠ ʨʨ. ɺʝʣʠʢʘ ɺʠʩʴ ʽ 

ɻʥʠʣʠʡ ʊʘʰʣʠʢ ʥʝ ʤʽʩʪʷʪʴ, ʷʢ ʥʘʣʝʞʠʪʴ ʜʣʷ ʪʘʢʠʭ ʧʦʨʽʜ, ʩʘʤʦʩʪʽʡʥʠʭ ʟʝʨʝʥ ʂʇʐ. ɯ, 

ʥʘʚʧʘʢʠ, ʜʝʷʢʽ ʜʽʦʨʠʪʠ ʪʘ ʢʚʘʨʮʦʚʽ ʜʽʦʨʠʪʠ ʨʨ. ʈʦʩʴ, ʉʠʥʶʭʘ ʪʘ ʊʷʩʤʠʥ ʤʽʩʪʷʪʴ ʡʦʛʦ ʫ 

ʢʽʣʴʢʦʩʪʽ 2-10%, ʱʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʮʴʦʛʦ ʚʠʜʫ. ʂʇʐ ʻ ʥʘʚʽʪʴ ʫ ʛʘʙʨʦʜʽʦʨʠʪʽ ʨ 

ʗʪʨʘʥʴ (10%); ʚ ʥʴʦʤʫ, ʷʢ ʽ ʚ ʽʥʰʠʭ ʛʘʙʨʦʜʽʦʨʠʪʘʭ ʽ ʥʘʚʽʪʴ ʛʘʙʨʦ ʨʨ. ɻʽʨʩʴʢʠʡ  ̔ɻʥʠʣʠʡ 

ʊʽʢʠʯʠ, ʤʽʩʪʠʪʴʩʷ ʟʘʙʦʨʦʥʝʥʠʡ ʜʣʷ ʮʴʦʛʦ ʚʠʜʫ ʢʚʘʨʮ ʚ ʢʽʣʴʢʦʩʪʽ 5-15%, ʯʝʨʝʟ ʱʦ ʚʦʥʠ ʽ 

ʚʚʘʞʘʣʠʩʷ ʯʘʨʥʦʢʽʪʦʾʜʘʤʠ. ʋ ʢʠʩʣʽʰʠʭ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ ʚʤʽʩʪ ʢʚʘʨʮʫ ʩʪʘʥʦʚʠʪʴ 7-

25%, ʘ ʚ ʢʠʩʣʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 15 ʜʦ 40 %; ʚ ʝʥʜʝʨʙʽʪʘʭ ʩʪʽʡʢʦ 28-32% ʢʚʘʨʮʫ. 

ʇʣʘʛʽʦʢʣʘʟ ʫ ʢʠʩʣʠʭ ʧʦʨʦʜʘʭ ï ʦʣʽʛʦʢʣʘʟ, ʟʘʟʚʠʯʘʡ ʯʽʪʢʦ ʪʦʥʢʦ ʧʦʣʽʩʠʥʪʝʪʠʯʥʦ 

ʟʜʚʽʡʥʠʢʦʚʘʥʠʡ, ʟʨʽʜʢʘ ʩʝʨʠʮʠʪʠʟʦʚʘʥʠʡ. ʁʦʛʦ ʚʤʽʩʪ ʫ ʯʘʨʥʦʢʽʪʘʭ, ʛʨʘʥʽʪʘʭ ʽ 

ʯʘʨʥʦʝʥʜʝʨʙʽʪʘʭ ʩʪʘʥʦʚʠʪʴ 24-32% (ʙʽʣʴʰʝ ʪʽʣʴʢʠ ʚ ʯʘʨʥʦʝʥʜʝʨʙʽʪʘʭ ʨ. ʉʠʥʶʭʘ ï ʜʦ 

55%); ʚ ʝʥʜʝʨʙʽʪʘʭ ʚʤʽʩʪ ʧʣʘʛʽʦʢʣʘʟʫ 35-62%. ɺ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ ʧʣʘʛʽʦʢʣʘʟ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʥʜʝʟʠʥʦʤ, ʨʽʜʢʦ ʦʣʽʛʦʢʣʘʟʦʤ, ʡʦʛʦ ʚʤʽʩʪ 45-65%; ʢʨʽʤ ʜʨʽʙʥʠʭ 

ʪʦʥʢʦʟʜʚʽʡʥʠʢʦʚʘʥʠʭ ʟʝʨʝʥ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʝʣʠʢʽ ʧʨʦʩʪʽ ʜʚʽʡʥʠʢʠ. ɺ ʢʚʘʨʮʦʚʦʤʫ 

ʜʽʦʨʠʪʽ ʨ. ʈʦʩʴ ʜʨʽʙʥʽ ʪʘʙʣʠʪʯʘʩʪʽ ʟʝʨʥʘ ʧʣʘʛʽʦʢʣʘʟʫ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʡʢʽʣʽʪʦʚʦ ʚ ʂʇʐ ʪʘ 

ʢʚʘʨʮʽ. ɼʣʷ ʩʝʨʝʜʥʽʭ ʧʦʨʽʜ ʨ. ʗʪʨʘʥʴ ʭʘʨʘʢʪʝʨʥʽ ʨʽʜʢʽʩʥʽ, ʧʦʛʘʥʦ ʦʬʦʨʤʣʝʥʽ, 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʢʣʠʥʦʧʦʜʽʙʥʽ ʜʚʽʡʥʠʢʠ, ʘ ʜʣʷ ʩʝʨʝʜʥʽʭ ʧʦʨʽʜ ʨ. ɻʥʠʣʠʡ ʊʘʰʣʠʢ ï ʜʫʞʝ ʪʦʥʢʽ ʯʝʨʝʟ 

ʘʣʴʙʽʪʠʟʘʮʽʶ ʜʚʽʡʥʠʢʠ ʘʙʦ ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ. 

ɺʘʞʣʠʚʘ ʧʝʪʨʦʛʨʘʬʽʯʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ï ʥʘʷʚʥʽʩʪʴ ʘʥʪʠʧʝʨʪʠʪʽʚ 

ʟʘʤʽʱʝʥʥʷ. ʋ ʧʦʨʦʜʘʭ çʇʦʣʽʛʦʥʘè ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʥʪʠʧʝʨʪʠʪʠ ï ʧʦʜʦʚʞʝʥʽ, ʣʽʥʟʦʚʠʜʥʽ, 

ʢʨʘʧʝʣʴʥʽ, ʪʘʙʣʠʪʯʘʩʪʽ ï ʧʦʰʠʨʝʥʽ ʫ ʧʣʘʛʽʦʢʣʘʟʽ ʧʦʚʩʶʜʥʦ, ʾʭ ʥʝʤʘʻ ʣʠʰʝ ʫ 

ʧʦʟʙʘʚʣʝʥʠʭ ʂʇʐ ʝʥʜʝʨʙʽʪʘʭ ʨʨ. ʈʦʩʴ ʪʘ ʗʪʨʘʥʴ ʪʘ ʛʘʙʨʦʜʽʦʨʠʪʘʭ ʨʨ. ɻʽʨʩʴʢʠʡ ʪʘ 

ɻʥʠʣʠʡ ʊʽʢʠʯʠ, ʘ ʪʘʢʦʞ ʫ ʛʨʘʥʽʪʘʭ ʪʘ ʯʘʨʥʦʢʽʪʘʭ. ɸʥʪʠʧʝʨʪʠʪʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʚʽʪʴ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʟʝʨʝʥ ʂʇʐ ʫ ʧʦʨʦʜʽ, ʦʩʦʙʣʠʚʦ ʮʝ ʚʣʘʩʪʠʚʦ ʩʝʨʝʜʥʽʤ 

ʧʦʨʦʜʘʤ ʨʨ. ɺʝʣʠʢʘ ɺʠʩʴ ʪʘ ʊʷʩʤʠʥ. ʎʽʢʘʚʦ, ʱʦ ʚ ʯʘʨʥʦʝʥʜʝʨʙʽʪʽ ʪʘ ʝʥʜʝʨʙʽʪʽ ʨ. 

ɺʝʨʙʣʶʞʢʘ ʥʝʤʘʻ ʘʥʪʠʧʝʨʪʠʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʧʦʨʦʜʽ ʂʇʐ, ʘ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʧʦʨʦʜʘʭ ʨ. 

ɯʥʛʫʣ ï ʭʦʯ ʪʨʦʭʠ, ʘʣʝ ʻ. ɺ ʽʥʪʨʫʟʠʚʥʠʭ ʢʚʘʨʮʦʚʠʭ ʤʦʥʮʦʥʽʪʘʭ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʤʘʩʠʚʫ ʻ ʘʥʪʠʧʝʨʪʠʪʠ ʽʥʰʦʛʦ, ʤʘʛʤʘʪʠʯʥʦʛʦ, ʛʝʥʝʟʠʩʫ. 

ʋ ʟʘʣʫʯʝʥʠʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʠʧʦʚʠʭ ʝʥʜʝʨʙʽʪʘʭ ʛʘʡʚʦʨʦʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʘʥʪʠʧʝʨʪʠʪʽʚ ʚ ʧʣʘʛʠʦʢʣʘʟʽ ʥʝʤʘʻ; ʩʠʥʛʝʥʝʪʠʯʥʠʡ ʛʽʧʝʨʩʪʝʥ ʩʪʘʥʦʚʠʪʴ 15-20%, 

ʢʣʠʥʦʧʽʨʦʢʩʝʥ 10-13%, ʙʽʦʪʠʪʫ ʜʫʞʝ ʤʘʣʦ, ʘ ʛʨʘʥʘʪ ʪʘ ʤʦʥʘʮʠʪ ʚʽʜʩʫʪʥʽ. ɺ ʣʽʪʠʥʩʴʢʠʭ 

ʯʘʨʥʦʝʥʜʝʨʙʽʪʘʭ ʢʽʣʴʢʽʩʪʴ ʧʽʨʦʢʩʝʥʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, ʟ'ʷʚʣʷʶʪʴʩʷ ʂʇʐ ʪʘ ʘʥʪʠʧʝʨʪʠʪʠ ʫ 

ʧʣʘʛʽʦʢʣʘʟʽ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʙʽʦʪʠʪʫ. ʋ ʢʨʝʤʥʝʢʠʩʣʠʭ ʧʦʨʦʜʘʭ çʇʦʣʽʛʦʥʘè 

ʚʤʽʩʪ ʂʇʐ ʟʘʛʘʣʦʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʘʣʽʻʚʦʩʪʽ: ʫ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʢʘʣʽʰʧʘʪ-

ʚʤʽʩʥʠʭ ʝʥʜʝʨʙʽʪʘʭ ʚʽʥ ʩʪʘʥʦʚʠʪʴ 5-15%, ʫ ʯʘʨʥʦʝʥʜʝʨʙʽʪʘʭ 15-25%, ʯʘʨʥʦʢʽʪʘʭ ʽ 

ʛʨʘʥʽʪʘʭ 30-40%, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ï 40% - ʚ ʛʨʘʥʦʩʽʻʥʽʪʽ ʨ. ɺʝʣʠʢʘ ɺʠʩʴ ʪʘ 

ʢʚʘʨʮʦʚʦʤʫ ʤʦʥʮʦʥʽʪʽ ʨ. ʏʦʨʥʠʡ ʊʘʰʣʠʢ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ. ʆʩʪʘʥʥʽʡ ï ʻʜʠʥʘ 

ʧʦʨʦʜʘ çʇʦʣʽʛʦʥʘè, ʷʢʘ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʩʧʨʘʚʞʥʽʤ ʢʚʘʨʮʦʚʠʤ ʤʦʥʮʦʥʽʪʦʤ, ʘʙʦ 

ʤʘʥʛʝʨʠʪʦʤ. 

ʋ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʧʦʨʦʜʘʭ ʟ ʢʨʠʩʪʘʣʦʙʣʘʩʪʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ ʥʝʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʂʇʐ ʚʽʥ ʥʘʡʯʘʩʪʽʰʝ ʥʘʢʣʘʜʝʥʠʡ, ʥʝʨʝʰʽʪʯʘʩʪʠʡ ʪʘ ʥʝʧʝʨʪʠʪʦʚʠʡ, 

ʤʽʞʟʝʨʥʦʚʠʡ, ʽʥʦʜʽ ʧʣʽʚʢʦʚʠʡ; ʤʦʞʝ ʚʠʷʚʣʷʪʠʩʷ ʩʣʘʙʢʘ ʤʽʢʨʦʢʣʽʥʦʚʘ ʨʝʰʽʪʢʘ ʽ ʥʝʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʪʠʪʽʚ. ɿʨʽʜʢʘ ʥʝʨʝʰʽʪʯʘʩʪʠʡ ʽ ʥʝʧʝʨʪʠʪʦʚʠʡ ʂʇʐ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʫ ʚʝʣʠʢʠʭ 

ʚʠʜʽʣʝʥʥʷʭ ʧʦʨʽʜ ʟ ʤʘʛʤʘʪʠʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɺ ʷʚʥʦ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʦʜʘʭ ï ʷʩʥʦ 

ˇʨʘʪʯʘʩʪʠʡ ʤʽʢʨʦʢʣʽʥ-ʧʝʨʪʠʪ. ʅʘ ʤʝʞʽ ʂʇʐ ʪʘ ʧʣʘʛʽʦʢʣʘʟʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʠʨʤʝʢʽʪʠ, 

ʥʘʡʯʘʩʪʽʰʝ ʚ ʢʘʪʘʢʣʘʟʦʚʘʥʠʭ ʧʦʨʦʜʘʭ ʛʨʘʥʽʪʥʦʛʦ ʩʢʣʘʜʫ. 

ɻʦʣʦʚʥʠʡ ʪʝʤʥʦʢʦʣʽʨʥʠʡ ʤʽʥʝʨʘʣ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ï ʦʨʪʦʧʽʨʦʢʩʝʥ. ʇʦʨʦʜʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʯʘʨʥʦʢʽʪʦʾʜʘʤʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʥʠʭ çʯʘʨʥʦʢʽʪʦʚʫè ʥʦʤʝʥʢʣʘʪʫʨʫ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʦʨʪʦʧʽʨʦʢʩʝʥ ʧʨʠʩʫʪʥʽʡ ʫ ʰʣʽʬʘʭ. ʋ ʥʘʡʤʝʥʰ ʢʨʝʤʥʝʢʠʩʣʠʭ ʩʝʨʝʜʥʽʭ 

ʧʦʨʦʜʘʭ çʇʦʣʽʛʦʥʫè ʚʤʽʩʪ ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʩʪʘʥʦʚʠʪʴ 9-20%, ʧʨʠʯʦʤʫ ʤʘʢʩʠʤʫʤ 

ʧʨʠʧʘʜʘʻ ʥʘ ʪʘʢʽ ʧʦʨʦʜʠ ʨ. ʗʪʨʘʥʴ, ʘ ʚ ʥʘʡʙʽʣʴʰ ʢʨʝʤʥʝʢʠʩʣʠʭ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ ï 4-

10%. ʂʠʩʣʽ ʧʦʨʦʜʠ ʤʽʩʪʷʪʴ 2-10% ʦʨʪʦʧʽʨʦʢʩʝʥʫ, ʤʘʢʩʠʤʘʣʴʥʦ ï ʚ ʝʥʜʝʨʙʽʪʘʭ-

ʯʘʨʥʦʢʽʪʘʭ ʨʨ. ɺʝʨʙʣʶʞʢʘ ʪʘ ɯʥʛʫʣ. ʋ ʧʦʨʦʜʘʭ, ʥʘʟʚʘʥʠʭ ʛʨʘʥʽʪʘʤʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʯʘʨʥʦʢʽʪʽʚ, ʦʨʪʦʧʽʨʦʢʩʝʥ ʚʽʜʩʫʪʥʽʡ ʫ ʰʣʽʬʘʭ ʽ ʥʘʷʚʥʠʡ ʪʽʣʴʢʠ ʚ ʧʨʦʪʦʣʦʯʢʘʭ. 

ɿʘʣ̔ʟʠʩʪʽʩʪʴ ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ FeO/(FeO+MgO) 

ʧʦʨʦʜʠ: ʤʘʛʥʝʟʽʘʣʴʥʽ ʯʘʨʥʦʢʽʪʦʾʜʠ ʤʽʩʪʷʪʴ ʛʽʧʝʨʩʪʝʥ, ʨʽʜʰʝ ʬʝʨʦʛʽʧʝʨʩʪʝʥ, ʟʘʣʽʟʠʩʪʽ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʫ ï ʬʝʨʦʛʽʧʝʨʩʪʝʥ, ʘ ʟʘʣʽʟʠʩʪʽ ʯʘʨʥʦʢʠʪʦʾʜʠ ʧʽʜʚʠʱʝʥʦʾ ʣʫʞʥʦʩʪʽ 

(ʟʦʢʨʝʤʘ, ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ) ï ʪʽʣʴʢʠ ʝʚʣʽʪ. ɺʠʥʷʪʦʢ ï ʢʚʘʨʮʦʚʠʡ ʜʽʦʨʠʪ ʨ. ʈʦʩʴ, 

ʫ ʷʢʦʤʫ ʝʚʣʽʪ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʬʘʷʣʽʪʦʤ, ʱʦ ʧʨʠʧʫʩʪʠʤʦ, ʦʩʢʽʣʴʢʠ ʘʩʦʮʽʘʮʽʷ ʢʚʘʨʮ+ʬʘʷʣʽʪ 

ʭʽʤʽʯʥʦ ʽʜʝʥʪʠʯʥʘ ʝʚʣʽʪʫ. 

ʋ ʰʣʽʬʘʭ ʦʨʪʦʧʽʨʦʢʩʝʥ ʨʽʜʢʦ ʫʪʚʦʨʶʻ ʥʝʟʤʽʥʝʥʽ ʽʜʽʦʤʦʨʬʥʽ ʪʘʙʣʠʪʯʘʩʪʽ ʟʝʨʥʘ, ʱʦ 

ʬʽʢʩʫʻʪʴʩʷ ʚ ʢʚʘʨʮʦʚʦʤʫ ʤʦʥʮʦʥʽʪʽ ʨ. ʏʦʨʥʠʡ ʊʘʰʣʠʢ, ʫ ʜʝʷʢʠʭ ʧʦʨʦʜʘʭ ʨ. ʉʠʥʶʭʘ, ʫ 

ʙʽʣʴʰʦʩʪʽ ʧʦʨʽʜ ʨ. ʗʪʨʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʽʜʽʦʤʦʨʬʽʟʤ ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʫ 

ʧʦʨʦʜʘʭ ʷʢ ʟ ʤʘʛʤʘʪʠʯʥʠʤʠ, ʪʘʢ ʽ ʟ ʛʨʘʥʦʙʣʘʩʪʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ 

ʦʨʪʦʧʽʨʦʢʩʝʥ ʢʩʝʥʦʤʦʨʬʥʠʡ ʽ ʨʽʟʥʦʶ ʤʽʨʦʶ ʟʘʤʽʱʝʥʠʡ ʚʪʦʨʠʥʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ. ʋ 

ʜʝʷʢʠʭ ʧʦʨʦʜʘʭ ʨʨ. ʉʠʥʶʭʘ ʪʘ ʈʦʩʴ ʽ ʤʘʡʞʝ ʩʢʨʽʟʴ ʥʘ ʨ. ɺʝʣʠʢʘ ɺʠʩʴ ʛʽʧʝʨʩʪʝʥ ʘʙʦ 

ʬʝʨʦʛʽʧʝʨʩʪʝʥ ʟʘʤʽʱʫʻʪʴʩʷ ʙʦʣʦʪʥʦ-ʙʫʨʠʤ ʙʽʦʪʠʪʦʤ, ʽʥʦʜʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʜʽʙʥʦʩʪʽ 

ʧʝʪʝʣʴʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ. ʋ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʤʫ ʜʽʦʨʠʪʽ ʨ. ʉʠʥʶʭʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʟʘʤʽʱʝʥʥʷ ʽʜʽʦʤʦʨʬʥʦʛʦ ʬʝʨʦʛʽʧʝʨʩʪʝʥʫ ʉʘ-ʘʤʬʽʙʦʣʦʤ ï ʬʝʨʦʯʝʨʤʘʢʽʪʦʤ, ʘʣʝ ʯʘʩʪʽʰʝ 

ʚ ʧʦʨʦʜʘʭ ʮʽʻʾ ʣʦʢʘʮʽʾ ʧʦ ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʛʨʝʛʘʪ ʘʤʬʽʙʦʣʫ ʪʘ ʙʽʦʪʠʪʫ. 

ɯʜʽʦʤʦʨʬʥʠʡ ʦʨʪʦʧʽʨʦʢʩʝʥ ʟʘʤʽʱʫʻʪʴʩʷ ʘʢʪʠʥʦʣʽʪʦʚʠʤ ʘʤʬʽʙʦʣʦʤ ʽ ʚ ʜʝʷʢʠʭ 

ʤʘʛʤʘʪʠʯʥʠʭ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ, ʚ ʥʠʭ ʞʝ ʚ ʦʨʪʦʧʽʨʦʢʩʝʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʠ 

ʨʦʟʧʘʜʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ: ʫ ʬʘʷʣʽʪ-ʚʤʽʩʥʦʤʫ ʢʚʘʨʮʦʚʦʤʫ ʜʽʦʨʠʪʽ ʨ. ʈʦʩʴ ï ʚ ʝʚʣʽʪʽ, ʚ 

ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ ʨ. ʊʷʩʤʠʥ ï ʫ ʧʨʦʩʪʠʭ ʜʚʽʡʥʠʢʘʭ ʫ ʬʦʨʤʽ çʣʘʩʪʽʚʯʠʥʦʛʦ ʭʚʦʩʪʘè. 

ʆʩʦʙʣʠʚʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʢʠʩʣʠʭ ʧʦʨʽʜ ʨʨ. ɯʥʛʫʣ ʽ ɺʝʨʙʣʶʞʢʘ 

ʩʢʝʣʝʪʥʽ ʬʦʨʤʠ ʦʨʪʦʧʽʨʦʢʩʝʥʫ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʢʣʘʜʝʥʠʡ ʭʘʨʘʢʪʝʨ ʮʴʦʛʦ ʤʽʥʝʨʘʣʫ: 

ʚʝʣʠʢʽ ʟʝʨʥʘ ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʧʦʮʷʪʢʦʚʘʥʽ ʚʢʣʶʯʝʥʥʷʤʠ ʢʚʘʨʮʫ (ʯʘʩʪʦ ʦʢʨʫʛʣʦʛʦ), 

ʧʣʘʛʽʦʢʣʘʟʫ, ʨʽʜʰʝ ʘʧʘʪʠʪʫ. ʋ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʝʥʜʝʨʙʽʪʽ ʪʘ ʯʘʨʥʦʢʽʪʽ ʨ. ɯʥʛʫʣ 

ʢʩʝʥʦʤʦʨʬʥʽ ʩʢʝʣʝʪʥʽ ʚʠʜʽʣʝʥʥʷ ʬʝʨʦʛʽʧʝʨʩʪʝʥʫ ʟʘʤʽʱʫʶʪʴʩʷ ʩʧʦʯʘʪʢʫ ʙʝʟʙʘʨʚʥʠʤ 

ʢʫʤʽʥʛʪʦʥʽʪʦʤ, ʘ ʧʦʪʽʤ ï ʩʚʽʪʣʦʶ ʟʝʣʝʥʫʚʘʪʦ-ʙʣʘʢʠʪʥʦʶ ʨʦʛʦʚʦʶ ʦʙʤʘʥʢʦʶ. ɿʘʤʽʱʝʥʥʷ 

ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʢʫʤʽʥʛʪʦʥʽʪʦʤ ʘʞ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘʬʽʢʩʦʚʘʥʦ ʱʝ ʚ ʩʝʨʝʜʥʽʭ 

ʯʘʨʥʦʢʽʪʦʾʜʘʭ ï ʷʢ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ, ʪʘʢ ʽ ʤʘʛʤʘʪʠʯʥʠʭ ï ʨ. ɻʥʠʣʠʡ ʊʘʰʣʠʢ ʪʘ ʨ. 

ʊʷʩʤʠʥ. ʂʫʤʽʥʛʪʦʥʽʪ, ʱʦ ʟʘʤʽʱʘʻ ʛʽʧʝʨʩʪʝʥ, ʚʽʜʟʥʘʯʝʥʠʡ ʪʘʢʦʞ ʫ ʧʣʘʛʽʦʛʥʝʡʩʽ ʨ. 

ʊʷʩʤʠʥ. ʂʫʤʽʥʛʪʦʥʽʪ ï ʤʽʥʝʨʘʣ ʚʠʩʦʢʦʾ ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʾ, ʘ ʥʝ ʛʨʘʥʫʣʽʪʦʚʦʾ; 

ʟʘʤʽʱʝʥʥʷ ʾʤ ʦʨʪʦʧʽʨʦʢʩʝʥʫ ʧʨʠʪʘʤʘʥʥʦ ʜʣʷ ʧʝʨʝʭʽʜʥʠʭ ʤʽʞ ʮʠʤʠ ʬʘʮʽʷʤʠ ʟʦʥ, ʪʘ ʾʾ 

ʨʦʟʚʠʪʦʢ ʫ ʧʦʨʦʜʘʭ ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ, 

ʧʨʦʪʠ ʟʘʭʽʜʥʦʶ ʯʘʩʪʠʥʠ, ʬʘʮʽʾ ʤʝʪʘʤʦʨʬʽʟʤʫ. 

ʈʦʟʚʠʥʝʥʠʡ ʟʘ ʦʨʪʦʧʽʨʦʢʩʝʥʦʤ ʘʤʬʽʙʦʣ ʫ ʯʘʨʥʦʢʽʪʦʾʜʘʭ çʇʦʣʽʛʦʥʘè 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʱʝʟʛʘʜʘʥʠʭ ʰʣʽʬʘʭ ʫ ʢʽʣʴʢʦʩʪʽ 1-5%, ʚ ʽʥʰʠʭ ʧʦʨʦʜʘʭ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʚ ʧʨʦʪʦʣʦʯʮʽ. ʋ ʰʣʽʬʘʭ ʣʠʰʝ ʜʚʦʭ ʧʨʦʙ, ʧʦʨʷʜ ʽʟ ʚʪʦʨʠʥʥʠʤ 

ʘʤʬʽʙʦʣʦʤ, ʟʥʘʡʜʝʥʦ ʩʘʤʦʩʪʽʡʥʽ ʟʝʨʥʘ ʩʠʥʛʝʥʝʪʠʯʥʦʛʦ ʘʤʬʽʙʦʣʫ: ʚ ʜʽʦʨʠʪʽ ʨ. ʉʠʥʶʭʘ 

5% ʩʪʘʥʦʚʠʪʴ ʞʦʚʪʦ-ʟʝʣʝʥʘ ʨʦʛʦʚʘ ʦʙʤʘʥʢʘ ʪʘ ʚ ʛʘʙʨʦʜʽʦʨʠʪʽ ʨ. ɻʥʠʣʠʡ ʊʽʢʠʯ 13% 

ʧʨʠʧʘʜʘʻ ʥʘ ʤʘʛʥʝʟʽʦʛʘʩʪʠʥʛʩʠʪ. 

ʂʣʽʥʦʧʽʨʦʢʩʝʥ ʯʘʩʪʦ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʚ ʧʨʦʪʦʣʦʯʢʘʭ, ʘʣʝ ʚ ʰʣʽʬʘʭ ʚʠʜʥʠʡ ʨʽʜʢʦ. 

ʁʦʛʦ ʥʝʤʘʻ ʚ ʰʣʽʬʘʭ ʢʠʩʣʠʭ ʧʦʨʽʜ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʝʥʜʝʨʙʽʪʽʚ), ʟʘ ʚʠʥʷʪʢʦʤ 

ʯʘʨʥʦʝʥʜʝʨʙʽʪʫ ʨ. ʉʠʥʶʭʘ (1%). ʋ ʥʝʙʘʛʘʪʴʦʭ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ (ʧʝʨʝʚʘʞʥʦ ʨ. ʉʠʥʶʭʘ) 

ʢʣʽʥʦʧʽʨʦʢʩʝʥʫ 1-5%, ʧʨʠʯʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦ ï ʫ çʤʘʥʛʝʨʠʪʘʭè ʨ. ɻʥʠʣʠʡ ʊʘʰʣʠʢ, ʜʝ 

ʚʽʥ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʨʪʦʧʽʨʦʢʩʝʥʫ, ʩʚʽʞʠʡ. ɿʙʘʛʘʯʝʥʽ ʢʣʽʥʦʧʽʨʦʢʩʝʥʦʤ (10-15%) ʪʽʣʴʢʠ 

ʥʘʡʦʩʥʦʚʥʽʰʽ ʧʦʨʦʜʠ ï ʛʘʙʨʦ ʽ ʛʘʙʨʦʜʽʦʨʠʪ. ʂʣʽʥʦʧʽʨʦʢʩʝʥ ʧʦʚʩʶʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʩʘʣʽʪʦʤ, ʪʽʣʴʢʠ ʚ ʝʥʜʝʨʙʽʪʽ ʥʘ ʨ. ɯʥʛʫʣ ʮʝ ʬʝʨʦʩʘʣʽʪ, ʘ ʜʽʦʨʠʪʽ ʨ. ʉʠʥʶʭʘ ï ʘʚʛʽʪ. 

ɹʽʦʪʠʪ ʫ ʯʘʨʥʦʢʽʪʦʾʜʘʭ çʇʦʣʽʛʦʥʘè ʤʘʻ ʟʘʙʘʨʚʣʝʥʥʷ ʚʽʜ ʯʝʨʚʦʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ 

ʙʫʨʦʛʦ, ʡʦʛʦ ʚʤʽʩʪ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1 ʜʦ 20%. ʋ ʢʠʩʣʠʭ ʧʦʨʦʜʘʭ (ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʝʥʜʝʨʙʽʪʘʭ) ʡʦʛʦ ʥʝʙʘʛʘʪʦ, ʟʘʟʚʠʯʘʡ 2-6%; ʟʙʘʛʘʯʝʥʽ ʙʽʦʪʠʪʦʤ ʧʦʨʦʜʠ ʨʨ. ɯʥʛʫʣ, 

ɺʝʨʙʣʶʞʢʘ ʪʘ ɺʝʣʠʢʘ ɺʠʩʴ, ʜʝ ʡʦʛʦ ʚʤʽʩʪ ʩʪʘʥʦʚʠʪʴ 10-20%. ʋ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ 

ʢʽʣʴʢʽʩʪʴ ʙʽʦʪʠʪʫ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ. ʅʘʡʤʝʥʰʝ (1%) ʡʦʛʦ ʫ ʜʽʦʨʠʪʽ ʨ. ʉʠʥʶʭʘ, 2% - ʫ 

ʢʚʘʨʮʦʚʦʤʫ ʤʦʥʮʦʥʽʪʽ ʨ. ʏʦʨʥʠʡ ʊʘʰʣʠʢ, 3% - ʫ ʜʝʷʢʠʭ ʛʘʙʨʦʜʽʦʨʠʪʘʭ, 7-8% - ʫ ʜʝʷʢʠʭ 

ʢʚʘʨʮʦʚʠʭ ʜʽʦʨʠʪʘʭ; ʫ ʨʝʰʪʠ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜ ʡʦʛʦ ʚʤʽʩʪ 10-20%. ɹʽʦʪʠʪ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʽʟʥʽʡ, ʥʘʢʣʘʜʝʥʠʡ; ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʣʝʦʭʨʦʾʯʥʽ ʜʚʦʨʠʢʠ ʥʘʚʢʦʣʦ ʚʢʣʶʯʝʥʴ 

ʮʠʨʢʦʥʫ ʪʘ ʘʧʘʪʠʪʫ. ʈʽʜʢʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ (ʚ ʧʦʨʦʜʘʭ ʨʨ. ʗʪʨʘʥʴ, ʊʷʩʤʠʥ) ʩʠʥʛʝʥʝʪʠʯʥʠʡ 

ʙʽʦʪʠʪ, ʚʽʥ ʤʘʻ ʧʦʤʘʨʘʥʯʝʚʠʡ ʚʽʜʪʽʥʦʢ ʽ ʡʦʛʦ ʚ ʧʦʨʦʜʽ ʤʘʣʦ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ TiO2 ʫ ʙʽʦʪʠʪʽ (ʟʘʟʚʠʯʘʡ ʫ ʤʝʞʘʭ 4-5%), ʱʦ ʚʣʘʩʪʠʚʦ 

ʙʽʦʪʠʪʘʤ ʛʨʘʥʫʣʽʪʦʚʦʾ ʬʘʮʽʾ. ʋ ʜʽʦʨʠʪʽ ʨ. ʉʠʥʶʭʘ ʙʽʦʪʠʪ ʤʽʩʪʠʪʴ 5,05% TiO2, ʘ ʚ 

ʥʦʚʦʫʢʨʘʾʥʩʴʢʦʤʫ ʢʚʘʨʮʦʚʦʤʫ ʤʦʥʮʦʥʽʪʽ ï 3,76-5,54%. ʋ ʙʽʦʪʠʪʘʭ ʽʟ ʜʝʷʢʠʭ ʧʦʨʽʜ ʨʨ. 

ɺʝʣʠʢʘ ɺʠʩʴ, ɻʥʠʣʠʡ ʊʽʢʠʯ ʽ ʗʪʨʘʥʴ ʚʤʽʩʪ TiO2 ʱʝ ʚʠʱʠʡ ï 5,11-6,14%. ʅʠʟʴʢʠʡ 

çʘʤʬʽʙʦʣʽʪʦʚʠʡè ʡʦʛʦ ʚʤʽʩʪ (2,4%) ʬʽʢʩʫʚʘʚʩʷ ʪʽʣʴʢʠ ʚ ʙʽʦʪʠʪʽ ʟ ʝʥʜʝʨʙʽʪʫ ʨ. ɯʥʛʫʣ ʽ 

ʧʦʷʩʥʶʚʘʚʩʷ ʥʠʞʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ (ʂʨʠʚʜʽʢ ʪʘ ʽʥ, 2006); ʪʘʢʠʡ ʙʽʦʪʠʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʪʝʤʥʦ-ʙʫʨʠʤ, ʤʘʡʞʝ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ. 

ɻʨʘʥʘʪ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʨʦʪʦʣʦʯʢʘʭ, ʘ ʚ ʰʣʽʬʘʭ ʧʨʠʩʫʪʥʽʡ ʪʽʣʴʢʠ ʚ ʜʝʷʢʠʭ 

ʢʠʩʣʠʭ ʧʦʨʦʜʘʭ, ʜʝ ʤʘʻ ʚʠʛʣʷʜ ʥʘʢʣʘʜʝʥʦʛʦ ʤʽʥʝʨʘʣʫ: ʫ ʢʽʣʴʢʦʩʪʽ 1-5% ʧʽʨʦʧ-

ʘʣʴʤʘʥʜʠʥʦʚʠʡ ʛʨʘʥʘʪ ʚ ʯʘʨʥʦʝʥʜʝʨʙʽʪʘʭ ʽ ʛʨʘʥʽʪʽ ʨʨ. ʗʪʨʘʥʴ ʪʘ ʉʠʥʶʭʘ, ʦʩʦʙʣʠʚʦ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ʙʘʛʘʪʦ ï 10% - ʩʫʪʪʻʚʦ ʘʣʴʤʘʥʜʠʥʦʚʠʡ ʛʨʘʥʘʪ ʫ ʯʘʨʥʦʢʽʪʽ ʨ. ʉʠʥʶʭʘ. ʄʘʡʞʝ ʯʠʩʪʠʡ 

ʘʣʴʤʘʥʜʠʥ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʥʦʚʦʫʢʨʘʾʥʩʴʢʦʤʫ ʢʚʘʨʮʦʚʦʤʫ ʤʦʥʮʦʥʽʪʽ ʪʘ ʛʨʘʥʦʩʽʻʥʽʪʽ ʨ. 

ɺʝʣʠʢʘ ɺʠʩʴ. ʋ ʝʥʜʝʨʙʽʪʘʭ, ʢʨʽʤ ʪʘʢʦʛʦ ʨ. ɯʥʛʫʣ, ʛʨʘʥʘʪʫ ʥʝʤʘʻ. 

ʋ ʢʠʩʣʠʭ ʯʘʨʥʦʢʽʪʦʾʜʘʭ ʨʨ. ɺʝʨʙʣʶʞʢʘ, ɺʝʣʠʢʘ ɺʠʩʴ ʪʘ ʈʦʩʴ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʛʨʘʬʽʪ 

ʘʞ ʜʦ 1-2% ʫ ʰʣʽʬʘʭ. ʋ ʝʥʜʝʨʙʽʪʘʭ ʨʨ. ɯʥʛʫʣ, ɺʝʨʙʣʶʞʢʘ ʪʘ ʈʦʩʴ ʪʘ ʚ ʛʨʘʥʦʩʽʻʥʽʪʽ ʨ. 

ɺʝʣʠʢʘ ɺʠʩʴ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʝʣʝʥʘ ʰʧʽʥʝʣʴ ʘʞ ʜʦ ʧʦʷʚʠ ʚ ʰʣʽʬʘʭ. ɿ ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʤʘʛʥʝʪʠʪ ʤʘʣʦ ʧʦʰʠʨʝʥʠʡ, ʫ ʧʦʦʜʠʥʦʢʠʭ ʚʠʧʘʜʢʘʭ ï ʫ ʰʣʽʬʘʭ; ʽʣʴʤʝʥʽʪ ʭʘʨʘʢʪʝʨʥʽʰʠʡ, 

ʘʣʝ ʡ ʚʽʥ ʫ ʰʣʽʬʘʭ ʚʠʷʚʣʝʥʠʡ ʣʠʰʝ ʚ ʜʝʷʢʠʭ ʜʽʦʨʠʪʦʚʠʭ ʧʦʨʦʜʘʭ ʨʨ. ʉʠʥʶʭʘ ʪʘ ʊʷʩʤʠʥ. 

ʏʘʨʥʦʢʽʪʦʾʜʠ ʨʨ. ɯʥʛʫʣ ʪʘ ɻʥʠʣʠʡ ʊʘʰʣʠʢ ʧʦʟʙʘʚʣʝʥʽ ʨʫʜʥʠʭ. 

ɸʧʘʪʠʪ ʪʘ ʮʠʨʢʦʥ ï ʥʘʩʢʨʽʟʥʽ ʤʽʥʝʨʘʣʠ. ʊʽʣʴʢʠ ʫ ʜʚʦʭ ʧʨʦʙʘʭ ʘʧʘʪʠʪʫ ʥʝʤʘʻ ʥʽ ʚ 

ʰʣʽʬʘʭ, ʥʽ ʚ ʧʨʦʪʦʣʦʯʮʽ ï ʝʥʜʝʨʙʽʪʽ ʨ. ʈʦʩʴ ʪʘ ʛʨʘʥʽʪʽ ʨ. ʉʠʥʶʭʘ. ʋ ʢʚʘʨʮʦʚʦʤʫ 

ʤʦʥʮʦʥʽʪʽ ʨ. ʏʦʨʥʠʡ ʊʘʰʣʠʢ, ʥʘʚʧʘʢʠ, ʘʧʘʪʠʪʫ ʙʘʛʘʪʦ ï ʜʦ 2%. ʎʠʨʢʦʥ ʥʝ ʚʠʷʚʣʝʥʦ 

ʣʠʰʝ ʫ ʜʚʦʭ ʩʝʨʝʜʥʽʭ ʧʦʨʦʜʘʭ; ʦʩʦʙʣʠʚʦ ʟʙʘʛʘʯʝʥʽ ʮʠʨʢʦʥʦʤ ʧʦʨʦʜʠ ʨʨ. ɯʥʛʫʣ, 

ɺʝʨʙʣʶʞʢʘ, ɺʝʣʠʢʘ ɺʠʩʴ, ʏʦʨʥʠʡ ʊʘʰʣʠʢ, ʉʠʥʶʭʘ, ʜʝ ʡʦʛʦ ʚʠʜʥʦ ʚ ʰʣʽʬʘʭ. ʄʦʥʘʮʠʪ 

ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʨʦʪʦʣʦʯʮʽ ʢʠʩʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʧʦʨʽʜ ʨʨ. ɯʥʛʫʣ, ɺʝʨʙʣʶʞʢʘ, ɺʝʣʠʢʘ 

ɺʠʩʴ, ʏʦʨʥʠʡ ʊʘʰʣʠʢ, ʉʠʥʶʭʘ, ʗʪʨʘʥʴ (ʥʘʚʽʪʴ ʚ ʝʥʜʝʨʙʽʪʘʭ, ʱʦ ʥʝʟʚʠʯʘʡʥʦ); ʨʽʜʢʦ 

ʤʦʥʘʮʠʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʰʣʽʬʘʭ. 

ɺʠʩʥʦʚʢʠ. ʇʝʪʨʦʛʨʘʬʽʯʥʝ ʚʠʚʯʝʥʥʷ ʤʘʻ ʧʝʨʝʜʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʩʫʯʘʩʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʽʜ ʪʘ ʤʽʥʝʨʘʣʽʚ, ʟʦʢʨʝʤʘ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʽ. ʇʝʪʨʦʛʨʘʬʽʷ ʤʦʣʦʜʠʭ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʨʦʪʝʨʦʟʦʡʩʴʢʠʭ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʧʨʦʩʪʘ ʽ ʦʜʥʦʟʥʘʯʥʦ ʚʢʘʟʫʻ ʥʘ ʾʭʥʽʡ 

ʛʝʥʝʟʠʩ. ɸ ʦʪ ʜʣʷ ʙʽʣʴʰ ʜʘʚʥʽʭ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʥʝʦʘʨʭʝʡʩʴʢʠʭ (?) ʯʘʨʥʦʢʽʪʦʾʜʽʚ, ʱʦ 

ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʽʩʪʦʨʽʶ, ʚʘʞʣʠʚʦ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʠʷʚʠʪʠ ʜʝʷʢʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʨʦʟʜʽʣʠʪʠ ʧʦʨʦʜʠ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʙʫʜʫʪʴ ʜʦʩʣʽʜʞʝʥʽ ʥʘ ʚʠʱʦʤʫ 

ʨʽʚʥʽ. ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʝʥʜʝʨʙʽʪʽʚ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʋʑ, ʚʽʢ ʪʘ 

ʧʦʭʦʜʞʝʥʥʷ ʷʢʠʭ ʜʦʩʽ ʻ ʧʨʝʜʤʝʪʦʤ ʩʫʧʝʨʝʯʦʢ. ɿʘ ʧʝʪʨʦʛʨʘʬʽʻʶ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʾʭ 

ʢʦʥʪʨʘʩʪʥʽ ʪʠʧʠ, ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʚʠʚʯʝʥʦʛʦ ʨʘʡʦʥʫ: ʫʤʦʚʥʦ ʷʪʨʘʥʩʴʢʠʡ 

ʪʠʧ ʟʦʥʠ ɻʐɿ ʪʘ ʽʥʛʫʣʴʩʴʢʠʡ ʪʠʧ ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʡʤʝʥʥʦʛʦ ʤʝʛʘʙʣʦʢʫ. ɼʣʷ 

ʷʪʨʘʥʩʢʠʭ ʝʥʜʝʨʙʽʪʽʚ ʭʘʨʘʢʪʝʨʥʽ ʥʝʯʠʩʣʝʥʥʽ ʩʠʥʛʝʥʝʪʠʯʥʽ ʛʽʧʝʨʩʪʝʥ ʪʘ ʛʨʘʥʫʣʽʪʦʚʠʡ 

ʙʽʦʪʠʪ ʙʝʟ ʢʣʽʥʦʧʽʨʦʢʩʝʥʫ ʚ ʰʣʽʬʘʭ, ʚʽʜʩʫʪʥʽʩʪʴ ʂʇʐ ʪʘ ʘʥʪʠʧʝʨʪʠʪʽʚ, ʘʣʝ ʧʨʠʩʫʪʥʽʩʪʴ 

ʤʦʥʘʮʠʪʫ. ɯʥʛʫʣʴʩʴʢʽ ʝʥʜʝʨʙʽʪʠ ʤʽʩʪʷʪʴ ʥʘʢʣʘʜʝʥʠʡ ʩʢʝʣʝʪʥʠʡ ʬʝʨʦʛʽʧʝʨʩʪʝʥ, ʱʦ 

ʟʘʤʽʱʫʻʪʴʩʷ ʢʫʤʽʥʛʪʦʥʽʪʦʤ, ʬʝʨʦʩʘʣʽʪ, ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʢʣʘʜʝʥʦʛʦ ʥʝʛʨʘʥʫʣʽʪʦʚʦʛʦ 

ʙʽʦʪʠʪʫ, ʂʇʐ ʪʘ ʘʥʪʠʧʝʨʪʠʪʠ, ʰʧʽʥʝʣʴ ʪʘ ʛʨʘʬʽʪ, ʘ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ ʚʽʜʩʫʪʥʽ. 
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The results of reconnaissance survey by direct-prospecting methods of three sections 

(northern, central and southern) of the Oleska area in western Ukraine are presented. Dur-

ing the frequency-resonance processing of satellite images, signals at hydrocarbon fre-

quencies were recorded from the surface within all three sections. However, at the bounda-

ry of the HC synthesis of 57 km, responses at hydrocarbon frequencies were recorded only 

within the central section. At the second stage of experimental work, sounding of the sec-

tion was carried out within the depth interval of 0-10 km within the three sections of the 

area in order to assess the depths of occurrence and thicknesses of hydrocarbon-saturated 

layers. By sounding the section with a step of 1 m within the central section of the area, 14 

hydrocarbon-saturated layers were identified. The obtained results of the Oleska area re-

connaissance survey allow us to state that detailed geological and geophysical work at the 

initial stage of research should be carried out within the central section of Oleska area. 

 

TECHNOLOGY OF SATELLITE AND PHOTO IMAGES FREQUENCY -

RESONANCE PROCESSING: PRELIMINARY RESULTS OF APPLICATION FOR 

THE OLESKA AREA SURVEYING  

 

Yakymchuk M.A., Korchagin I.M., Soloviev V.D. 

 

ɺʩʪʫʧ. ʄʦʙʽʣʴʥʘ ʧʨʷʤʦʧʦʰʫʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʽ ʬʦʪʦʛʨʘʬʽʡ (ʗʢʠʤʯʫʢ ʠ ʜʨ., 2019) ʚ 2019-2024 ʨʨ. 

ʧʨʦʡʰʣʘ ʤʘʩʰʪʘʙʥʫ ʘʧʨʦʙʘʮʽʶ ʟ ʤʝʪʦʶ ʜʝʤʦʥʩʪʨʘʮʽʾ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ, ʜʝ ʙʫʨʠʣʠʩʴ 

(ʧʝʨʝʙʫʚʘʣʠ ʚ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ ʘʙʦ ʛʦʪʫʚʘʣʠʩʷ ʜʦ ʙʫʨʽʥʥʷ) ʧʦʰʫʢʦʚʽ ʪʘ ʨʦʟʚʽʜʫʚʘʣʴʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʨʦʜʫ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

ʩʪʘʪʪʷʭ ʽ ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʡ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019, 2020, 2021; Yakymchuk at 

al., 2024). ɺ 2025 ʨ. ʧʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʚ ʤʝʞʘʭ ʆʣʝʩʴʢʦʾ 

ʧʣʦʱʽ ʥʘ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚ ʜʘʥʦʤʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʣʦ-ʚʠʪʨʘʪʥʦʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʷʢʘ ʚʢʣʶʯʘʻ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 

ʽ ʬʦʪʦʟʥʽʤʢʽʚ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʽ ʤʝʪʦʜʠʢʠ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ (ʨʫʜʦʥʦʩʥʦʩʪʽ) ʧʦʰʫʢʦʚʠʭ ʙʣʦʢʽʚ ʽ 

ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ (ʗʢʠʤʯʫʢ ʠ ʜʨ., 2019). ɺ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʝʨʩʽʷʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ, ʘ ʪʘʢʦʞ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʨʦʟʨʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʙʘʟʠ (ʥʘʙʦʨʠ, ʢʦʣʝʢʮʽʾ) ʦʩʘʜʦʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʽ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (https://karpinskyinstitute.ru/ru/info/sprav/petro/petro-mobil.pdf), 

ʤʽʥʝʨʘʣʽʚ ʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʙʽʣʴʥʠʭ 

ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʦʧʠʩʘʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚ (ʗʢʠʤʯʫʢ, 

ʂʦʨʯʘʛʠʥ, 2019, 2020, 2021; Yakymchuk at al., 2024). 

mailto:yakymchuk@gmail.com
mailto:korchagin.i.n@gmail.com
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ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʘʡʪʽ (çʋʢʨʥʘʬʪʘèé) 

ʥʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʘʥʽʻʶ çʋʢʨʥʘʬʪʘè ʩʧʝʮʜʦʟʚʦʣʫ ʥʘ ʚʠʜʦʙʫʪʦʢ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ʤʝʞʘʭ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʥʘ ʆʣʝʩʴʢʽʡ ʧʣʦʱʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʬʦʪʦ ʟʥʽʤʢʽʚ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ (ɺɺ) ʚ ʛʣʠʙʠʥʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʨʦʟʨʽʟʫ ʚ ʪʨʘʜʠʮʽʡʥʠʭ (ʥʝ ʩʣʘʥʮʝʚʠʭ) ʢʦʣʝʢʪʦʨʘʭ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʪʫʨʠ ʧʣʦʱʽ (ʨʠʩ. 1) ʥʘʥʝʩʝʥʽ (ʧʨʠʙʣʠʟʥʦ) ʥʘ 

ʟʥʽʤʦʢ Google Earth (ʨʠʩ. 2), ʷʢʠʡ ʨʦʟʙʠʪʦ ʥʘ ʪʨʠ ʬʨʘʛʤʝʥʪʠ (ʨʠʩ. 3). ɺ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʨʦʚʝʜʝʥʘ ʦʙʨʦʙʢʘ ʥʠʞʥʽʭ ʬʨʘʛʤʝʥʪʽʚ ʟʥʽʤʢʽʚ ʥʘ ʨʠʩ. 

3ʙ, 3ʙ, 3ʙ.  

ʄʝʪʦʜʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ 

ʤʝʪʦʜʽʚ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʚ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019, 2020, 2021; Yakymchuk at al., 

2024).  

  
ʈʠʩʫʥʦʢ 1 ʇʦʣʦʞʝʥʥʷ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ ʥʘ 

ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ. 

ʈʠʩʫʥʦʢ 2 ʂʦʥʪʫʨʠ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ Google Earth. 

ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʧʽʚʥʽʯʥʦʾ ʜʽʣʷʥʢʠ 

ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ (ʨʠʩ. 3ʘ) ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʟ ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʦ 

ʩʧʽʣʴʥʠʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ, ʙʘʢʪʝʨʽʡ ʤʝʪʘʥʦʦʢʠʩʣʶʯʠʭ, ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʽ 7-ʦʾ 

ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʢʘʨʙʦʥʘʪʠ, ʚʘʧʥʷʢʠ). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʘʤʠ ʟʘʬʽʢʩʦʚʘʥʽ 

ʬʘʢʪʠ (ʧʨʦʮʝʩʠ) ʤʽʛʨʘʮʽʾ ʛʘʟʫ ʽ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʚ ʘʪʤʦʩʬʝʨʫ. 

 
 

 

 
 

 

 
 

 
ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 3 ʂʦʥʪʫʨʠ ʧʽʚʥʽʯʥʦʾ (ʘ), ʮʝʥʪʨʘʣʴʥʦʾ (ʙ) ʪʘ ʧʽʚʜʝʥʥʦʾ (ʚ) ʯʘʩʪʠʥ ʆʣʝʩʴʢʦʾ 

ʧʣʦʱʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ. 
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ʇʽʜ ʯʘʩ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʮʝʥʪʨʘʣʴʥʦʾ ʜʽʣʷʥʢʠ 

ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ (ʨʠʩ. 3ʙ) ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʟ ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʦ 

ʩʧʽʣʴʥʠʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ, ʙʘʢʪʝʨʽʡ ʤʝʪʘʥʦʦʢʠʩʣʶʯʠʭ, ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʽ 7-ʦʾ 

ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʢʘʨʙʦʥʘʪʠ, ʚʘʧʥʷʢʠ). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʘʤʠ ʟʘʬʽʢʩʦʚʘʥʽ 

ʬʘʢʪʠ (ʧʨʦʮʝʩʠ) ʤʽʛʨʘʮʽʾ ʛʘʟʫ ʽ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʚ ʘʪʤʦʩʬʝʨʫ. 

ɺ ʤʝʞʘʭ ʮʝʥʪʨʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟʘʬʽʢʩʦʚʘʥʦ ʪʘʢʦʞ ʩʠʛʥʘʣʠ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ 

ʛʣʠʙʠʥʽ ʾʭ ʩʠʥʪʝʟʫ 57 ʢʤ ʚ ʚʫʣʢʘʥʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ, ʟʘʧʦʚʥʝʥʦʤʫ 7-ʦʶ ʛʨʫʧʦʶ 

ʦʩʘʜʦʚʠʭ (ʢʘʨʙʦʥʘʪʥʠʭ) ʧʦʨʽʜ! 

ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʧʽʚʜʝʥʥʦʾ ʜʽʣʷʥʢʠ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ (ʨʠʩ. 3ʚ) ʟ ʧʦʚʝʨʭʥʽ 

ʟʘʬʽʢʩʦʚʘʥʦ ʩʧʽʣʴʥʠʡ ʩʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ, ʙʘʢʪʝʨʽʡ ʤʝʪʘʥʦʦʢʠʩʣʶʯʠʭ, ʞʦʚʪʦʛʦ 

ʬʦʩʬʦʨʫ ʽ 7-ʦʾ ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʢʘʨʙʦʥʘʪʠ, ʚʘʧʥʷʢʠ). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ 

ʚʠʤʽʨʘʤʠ ʟʘʬʽʢʩʦʚʘʥʽ ʬʘʢʪʠ (ʧʨʦʮʝʩʠ) ʤʽʛʨʘʮʽʾ ʛʘʟʫ ʽ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʂʦʨʦʪʢʠʡ ʢʦʤʝʥʪʘʨ. ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʦʙʩʪʝʞʝʥʥʷ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ 

ʨʝʞʠʤʽ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʮʝʜʫʨ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʚʽʜʛʫʢʠ 

(ʩʠʛʥʘʣʠ) ʥʘ ʯʘʩʪʦʪʘʭ (ʩʧʝʢʪʨʽ ʯʘʩʪʦʪ) ɺɺ ʚ ʤʝʞʘʭ ʚʩʽʭ ʪʨʴʦʭ ʜʽʣʷʥʦʢ ʟʘʬʽʢʩʦʚʘʥʽ! 

ʅʘ ʮʝʥʪʨʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʧʣʦʱʽ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʤʝʞʽ ʩʠʥʪʝʟʫ 

57 ʢʤ ʚ ʚʫʣʢʘʥʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ, ʟʘʧʦʚʥʝʥʦʤʫ 7-ʦʶ ʛʨʫʧʦʶ ʦʩʘʜʦʚʠʭ (ʢʘʨʙʦʥʘʪʥʠʭ) 

ʧʦʨʽʜ. ɺ ʚʫʣʢʘʥʘʭ, ʟʘʧʦʚʥʝʥʠʭ ʚʘʧʥʷʢʘʤʠ, ʫʤʦʚʠ ʜʣʷ ʩʠʥʪʝʟʫ ɺɺ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ 

ʽʩʥʫʶʪʴ.  

ɺ ʮʝʥʪʨʘʣʴʥʠʭ ʯʘʩʪʠʥʘʭ ʚʫʣʢʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʽʩʥʫʶʪʴ ʫʤʦʚʠ ʜʣʷ ʩʠʥʪʝʟʫ 

ɺɺ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ, ʧʨʦʜʫʢʪʠʚʥʽ ʧʣʘʩʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʽ ʪʘʢʦʞ ʚ ʛʣʠʙʦʢʠʭ ʪʘ 

ʛʣʠʙʠʥʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʨʦʟʨʽʟʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʜʽʣʷʥʢʠ ʪʘ ʧʣʦʱʘʜʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʽ.  

ɿʦʥʜʫʚʘʥʥʷʤ (ʩʢʘʥʫʚʘʥʥʷʤ) ʨʦʟʨʽʟʫ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʦʚʱʠʥʠ ʥʘʩʠʯʝʥʠʭ 

ʚʫʛʣʝʚʦʜʥʷʤʠ ʧʣʘʩʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ. ʇʨʦʮʝʜʫʨʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ 

ʨʦʟʨʽʟʫ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʪʠʧʠ ʧʦʨʽʜ ʚ ʥʘʩʠʯʝʥʠʭ ʚʫʛʣʝʚʦʜʥʷʤʠ ʧʣʘʩʪʘʭ. 

 

 
ʘ) 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 4 ʇʝʨʩʧʝʢʪʠʚʥʽ 

ʜʽʣʷʥʢʠ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ 

(ʇʝʪʨʦʚʩʴʢʠʡ ʪʘ ʽʥ., 2025) 

ʈʠʩʫʥʦʢ 5 ɿʥʽʤʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ 

ʧʣʦʱʽ 

ʈʠʩʫʥʦʢ 6 ʉʫʧʫʪʥʠʢʦʚʠʡ 

ʟʥʽʤʦʢ ʮʝʥʪʨʘʣʴʥʦʾ ʜʽʣʷʥʢʠ 

ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʅʘ ʢʦʥʬʝʨʝʥʮʽʾ ʚ ʤ. 

ʃʴʚʽʚ, ʚ ʜʦʧʦʚʽʜʽ (ʇʝʪʨʦʚʩʴʢʠʡ ʪʘ ʽʥ., 2025) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʪʠ ʚ ʤʝʞʘʭ ʇʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʪʘ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ (ʨʠʩ. 4) ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʜʽʣʷʥʦʢ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ. ʊʘʢʘ ʧʨʦʧʦʟʠʮʽʷ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʜʘʥʥʠʭ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚ ʤʝʞʘʭ ʧʣʦʱʽ. ɿʘʩʣʫʭʘʥʘ ʜʦʧʦʚʽʜʴ ʩʧʦʥʫʢʘʣʘ 

ʘʚʪʦʨʽʚ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʨʦʟʤʽʱʝʥʥʷ 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʽʣʷʥʦʢ (ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ). ʈʝʟʫʣʴʪʘʪʠ ʟʦʥʜʫʚʘʥʥʷ 

ʨʦʟʨʽʟʫ ʚ ʤʝʞʘʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʟʚʦʜʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ.  

1. ɺ ʧʨʦʮʝʩʽ ʟʦʥʜʫʚʘʥʥʷ ʽʥʪʝʨʚʘʣʫ 0-7 ʢʤ ʇʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʜʽʣʷʥʢʠ (ʨʠʩ. 5ʘ), ʢʨʦʢ 

25 ʩʤ, ʚʽʜʛʫʢʠ (ʩʠʛʥʘʣʠ) ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʜʚʦʭ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ: 430-484 

ʪʘ 2387-2509 ʤ. ɸ ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʽʥʪʝʨʚʘʣʫ 2387-2509 ʤ, ʢʨʦʢ 1 ʩʤ, ï 

2504.2-2507.65 ʤ (3.45 ʤ). 
2. ʇʨʠ ʟʦʥʜʫʚʘʥʥʽ ʽʥʪʝʨʚʘʣʫ 0-7 ʢʤ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ (ʨʠʩ. 5ʙ), ʢʨʦʢ 25 

ʩʤ, ʚʽʜʛʫʢʠ (ʩʠʛʥʘʣʠ) ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ: 2978-3037 ʤ (59 ʤ). ɸ ʧʨʠ 

ʜʦʜʘʪʢʦʚʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʽʥʪʝʨʚʘʣʫ 2978-3037 ʤ, ʢʨʦʢ 1 ʩʤ, ï ʚ ʜʚʦʭ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ: 

3028.79-3030.4 ʤ (1.51 ʤ); 3033.7-3035.2 ʤ (1.5 ʤ). ʇʨʠ ʦʙʨʦʙʮʽ ʟʥʽʤʢʘ ʜʽʣʷʥʢʠ (ʨʠʩ. 5ʙ) 

ʟ ʧʦʚʝʨʭʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ ʥʝ ʬʽʢʩʫʚʘʣʠʩʴ ʥʘ ʧʨʦʪʷʟʽ 150 ʩ ʚʠʤʽʨʶʚʘʥʴ. 

3. ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʽʥʪʝʨʚʘʣʫ 0-10 ʢʤ ʮʝʥʪʨʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ (ʨʠʩ. 6) ʟ 

ʢʨʦʢʦʤ 1 ʤ ʚʽʜʛʫʢʠ ʥʘ ʩʧʝʢʪʨʽ ʯʘʩʪʦʪ ɺɺ ʟʘʬʽʢʩʦʚʘʥʽ ʚ 14 ʽʥʪʝʨʚʘʣʘʭ ʨʦʟʨʽʟʫ: 1) 246,0-

343,0; 2) 450,0-505,0; 3) 676,0-749,0; 4) 980,0-1278,0; 5) 1521,0-1803,0; 6) 1996,0-2074,0; 

7) 2322,0-2700,0; 8) 3111,0-3456,0; 9) 3966,0-4156,0; 10) 5021,0-5712,0; 11) 6030,0-

6631,0; 12) 7298,0-7893,0; 13) 8255,0-8541,0; 14) 9054,0-9292,0. 

ʂʨʦʢ ʩʢʘʥʫʚʘʥʥʷ 1 ʤ ï ʢʨʫʧʥʠʡ. ɺ ʚʠʜʽʣʝʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʨʦʟʨʽʟʫ ʢʦʣʝʢʪʦʨʽʚ ʟ ɺɺ 

ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʧʨʷʤʦʧʦʰʫʢʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʪʨʴʦʭ ʜʽʣʷʥʦʢ ʆʣʝʩʴʢʦʾ ʧʣʦʱʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʜʝʪʘʣʴʥʽ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʽ ʨʦʙʦʪʠ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʤʘʡʜʘʥʯʠʢʽʚ ʜʣʷ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʤʝʞʘʭ ʮʝʥʪʨʘʣʴʥʦʾ 

ʜʽʣ̫ʥʢʠ ʧʣʦʱʽ, ʥʘ ʷʢʽʡ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʫʛʣʝʚʦʜʥʽʚ (ʥʘʬʪʘ, ʢʦʥʜʝʥʩʘʪ, ʛʘʟ) 

ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʤʝʞʽ ʾʭ ʩʠʥʪʝʟʫ 57 ʢʤ. ʃʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ (ʧʣʦʱʘʜʢʠ) ʜʣʷ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʚ ʤʝʞʘʭ ʧʣʦʱʽ (ʮʝʥʪʨʘʣʴʥʦʾ ʜʽʣʷʥʢʠ) ʤʦʞʫʪʴ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʽ ʧʽʜ ʯʘʩ 

ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʢʠ ʧʨʷʤʦʧʦʰʫʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʟ 

ʜʨʽʙʥʠʤ ʢʨʦʢʦʤ. 

ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʆʣʝʩʴʢʽʡ ʣʽʮʝʥʟʽʡʥʽʡ 

ʧʣʦʱʽ ʦʪʨʠʤʘʥʽ ʜʦʜʘʪʢʦʚʽ ʩʚʽʜʦʮʪʚʘ ʥʘ ʢʦʨʠʩʪʴ ʘʙʽʦʛʝʥʥʦʛʦ (ʛʣʠʙʠʥʥʦʛʦ) ʩʠʥʪʝʟʫ ɺɺ 

(ʥʘʬʪʘ, ʛʘʟ, ʢʦʥʜʝʥʩʘʪ) ʚ ʚʫʣʢʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʟʘʧʦʚʥʝʥʠʭ ʚʘʧʥʷʢʘʤʠ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
ʗʢʠʤʯʫʢ ʅ.ɸ., ʂʦʨʯʘʛʠʥ ʀ.ʅ., ɹʘʭʤʫʪʦʚ ɺ.ɻ., ʉʦʣʦʚʴʝʚ ɺ.ɼ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʋʢʨʘʠʥʩʢʦʡ ʤʦʨʩʢʦʡ ʘʥʪʘʨʢʪʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ 2018 ʛ.: ʤʦʙʠʣʴʥʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʷʤʦʧʦʠʩʢʦʚʳʝ ʤʝʪʦʜʳ, ʥʦʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ɻʝʦʽʥʬʦʨʤʘʪʠʢʘ. 2019. ˉ 1. ʉ. 5-27. 

ʗʢʠʤʯʫʢ ʅ.ɸ., ʂʦʨʯʘʛʠʥ ʀ.ʅ. ʊʝʭʥʦʣʦʛʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ɼɿɿ: ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʧʨʦʙʘʮʠʠ ʧʨʠ ʧʦʠʩʢʘʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʏʘʩʪʴ I. ɻʝʦʽʥʬʦʨʤʘʪʠʢʘ. 2019. ˉ 3. ʉ. 29-51. ʏʘʩʪʴ 

II. ɻʝʦʽʥʬʦʨʤʘʪʠʢʘ. 2019. ˉ 4. ʉ. 30-58. ʏʘʩʪʴ III. ɻʝʦʽʥʬʦʨʤʘʪʠʢʘ. 2020. ˉ 1. ʉ. 19-41, 

ʏʘʩʪʴ IV. ɻʝʦʽʥʬʦʨʤʘʪʠʢʘ. 2020. ˉ 3. ʉ. 29-62. ʏʘʩʪʴ V. ɻʝʦʽʥʬʦʨʤʘʪʠʢʘ. 2021. ˉ 3-4. 

ʉ. 51-88. 

Mykola Yakymchuk, Ignat Korchagin, Valery Soloviev. Universal direct search frequency-

resonance technologies for solving structural and exploration geological problems. LAP 

Lambert Academic Publishing. 24 July 2024. P. 184. Language:  English. ISBN-10: 

6207652274, ISBN-13:  978-6207652273. https://my.lap-

publishing.com/catalogue/details/gb/978-620-7-65227-3/universal-direct-search-frequency-

resonance-technologies-in-geology 

çʋʢʨʥʘʬʪʘè ʚʠʜʦʙʫʚʘʪʠʤʝ ʩʣʘʥʮʝʚʠʡ ʛʘʟ ʥʘ ʃʴʚʽʚʱʠʥʽ ʪʘ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʱʠʥʽ. 

https://delo.ua/news/ukrnafta-vidobuvatime-slancevii-gaz-na-oleskii-dilyanci-shho-na-

lvivshhini-444445/ 
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ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʆʣʝʩʴʢʽʡ ʜʽʣʷʥʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D ʛʨʘʚʽʤʝʪʨʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʛʝʦʣʦʛʽʯʥʦ-ʟʤʽʩʪʦʚʥʦʛʦ ʩʧʽʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ. X ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ: 

ɻʝʦʬʽʟʠʢʘ ʽ ʛʝʦʜʠʥʘʤʽʢʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʃʴʚʽʚ, 

30 ʚʝʨʝʩʥʷ ï 2 ʞʦʚʪʥʷ 2025 ʨ. 
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ɸʇʈʆɹɸʎɯʗ ʄɽʊʆɼɯɺ ʏɸʉʊʆʊʅʆ-ʈɽɿʆʅɸʅʉʅʆɰ ʆɹʈʆɹʂʀ 

ʉʋʇʋʊʅʀʂʆɺʀʍ ʊɸ ʌʆʊʆ ɿʅɯʄʂɯɺ ʅɸ ʇʃʆʑɯ ɹʋʈɯʅʅʗ ʇʆʐʋʂʆɺʀʍ 

ʉɺɽʈɼʃʆɺʀʅ ʅɸ ɺʆɼɽʅʔ ɺ ʐʊɸʊɯ ʂɸʅɿɸʉ (ʉʐɸ) 
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The results of application the frequency-resonance technology of satellite images and 

photographs processing and interpretation for reconnaissance survey of a large area and 

local sites of drilling 11 exploratory wells for natural hydrogen in the state of Kansas 

(USA) are presented. At 4 local sites with drilled wells, signals at basalt frequencies were 

not recorded, but at large areas they were detected. The results obtained indicate that at 

sites with wells the probability of hydrogen deposits detecting in industrial volumes is close 

to zero. Within local sites, it is proposed to process the images in a detailed mode in order to 

assess the feasibility of conducting exploratory work and drilling wells for hydrocarbons 

(oil, gas, condensate). In the process of surveying a large area using direct-prospecting 

methods in a detailed mode, the position of basalt structures can be localized, and the 

feasibility of drilling exploratory wells for natural hydrogen may be assessed. 

 

TESTING OF FREQUENCY-RESONANCE METHODS OF SATELLITE AND 

PHOTO IMAGES PROCESSING AT THE AREA OF HYDROGEN EXPLORATION 

WELLS DRILLING IN THE STATE OF KANSAS (USA)  

 

Yakymchuk M.A., Korchagin I.M., KrzemieŒ A. 

 

ɺʩʪʫʧ. ʄʦʙʽʣʴʥʘ ʧʨʷʤʦʧʦʰʫʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʽ ʬʦʪʦʛʨʘʬʽʡ (ʗʢʠʤʯʫʢ ʠ ʜʨ., 2019) ʚ 2019-2024 

ʨʦʢʘʭ ʧʨʦʡʰʣʘ ʘʧʨʦʙʘʮʽʶ ʥʘ ʢʨʫʧʥʠʭ ʧʣʦʱʘʭ ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʢʫʧʯʝʥʴ ʚʫʛʣʝʚʦʜʥʽʚ, ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ, ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ 

ʚʦʜʠ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019, 2020, 2021 2022; Yakymchuk at al., 2024). ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ, ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʝʨ-ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʦʰʫʢʽʚ ʨʦʜʦʚʠʱ 

ʛʦʨʶʯʠʭ ʪʘ ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʨʽʟʥʠʭ ʪʠʧʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʛʝʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʥʘʯʥʦ ʧʨʠʰʚʠʜʰʠʪʴ ʧʨʦʮʝʩ ʨʦʟʚʽʜʢʠ ʪʘ ʟʤʝʥʰʠʪʴ ʬʽʥʘʥʩʦʚʽ 

ʚʠʪʨʘʪʠ ʥʘ ʾʾ ʨʝʘʣʽʟʘʮʽʶ. ɺ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ 

ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʥʘ ʧʣʦʱʽ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ ʪʘ ʛʝʣʽʡ ʚ 

ʰʪʘʪʽ ʂʘʥʟʘʩ (ʉʐɸ).  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʣʦ-ʟʘʪʨʘʪʥʦʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʚʢʣʶʯʘʻ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʤʝʪʦʜʠ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʬʦʪʦʛʨʘʬʽʡ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ʩʢʘʥʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʪʘ 

ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʢʨʫʧʥʠʭ ʙʣʦʢʽʚ ʪʘ ʣʦʢʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ (ʗʢʠʤʯʫʢ ʠ ʜʨ., 2019). ʆʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ çʨʝʯʦʚʠʥʥʦʾè ʧʘʨʘʜʠʛʤʠ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʫʪʴ ʷʢʦʾ 

ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʘʭ ʢʦʥʢʨʝʪʥʦʾ (ʥʝʦʙʭʽʜʥʦʾ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ) ʨʝʯʦʚʠʥʠ. ʈʦʟʨʦʙʣʝʥʽ 

ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʪʦʷʯʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʭʚʠʣʷʭ, ʚʽʜʢʨʠʪʠʭ ʅʽʢʦʣʦʶ ʊʝʩʣʦʶ ʚ 1899 

ʨʦʮʽ ʚ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ɿʝʤʣʽ (ʊʝʩʣʘ, 2009; 2010). ɺ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʘʨʽʘʥʪʘʭ 
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ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʛʨʘʬʽʡ, ʘ ʪʘʢʦʞ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ʩʢʘʥʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʙʘʟʠ ʜʘʥʠʭ 

(ʥʘʙʦʨʠ, ʢʦʣʝʢʮʽʾ) ʦʩʘʜʦʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ 

(https://karpinskyinstitute.ru/ru/info/sprav/petro/petro-mobil.pdf), ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʘ 

ʧʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʦʧʠʩʘʥʽ ʚ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019, 2020, 

2021; Yakymchuk at al., 2024). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚ ʢʦʞʥʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʦʚʥʶʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʨʦʟʨʽʟ ʧʨʠʩʫʪʥʽʤʠ ʚ ʥʴʦʤʫ 

ʢʦʤʧʣʝʢʩʘʤʠ ʦʩʘʜʦʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʚ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ (ʪʘ ʫʪʦʯʥʶʚʘʪʠ ʥʘ ʝʪʘʧʘʭ ʜʝʪʘʣʽʟʘʮʽʾ) ʽʥʪʝʨʚʘʣʠ ʨʦʟʨʽʟʫ, 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʦʨʶʯʠʭ ʪʘ ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʚ 

ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʴ (ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ) ʨʦʟʨʦʙʣʝʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ (ʪʦʙʪʦ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʝʪʘʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ). ɺ ʧʦʚʽʜʦʤʣʝʥʥʽ, ʷʢ ʽ ʚ ʽʥʰʠʭ ʦʧʫʙʣʽʢʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ, ʫʚʘʛʘ ʘʢʮʝʥʪʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʡ 

ʧʨʠʥʮʠʧ ʨʝʻʩʪʨʘʮʽʾ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ. ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʘʙʦ ʬʦʪʦʛʨʘʬʽʾ ʦʙ'ʻʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʻ, ʧʦ ʩʫʪʽ, ʧʫʯʥʦʩʪʷʤʠ ʩʪʦʷʯʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʭʚʠʣʴ, ʚʽʜʢʨʠʪʠʭ ʅʽʢʦʣʦʶ 

ʊʝʩʣʦʶ ʚ 1899 ʨʦʮʽ ʚ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ɿʝʤʣʽ (ʊʝʩʣʘ, 2009; 2010). 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʧʝʢʪʨʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʘʙʦ ʬʦʪʦʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʦʩʣʽʜʦʚʥʦ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʽ ʩʧʝʢʪʨʘʤʠ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 

ʰʫʢʘʥʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʧʨʦʮʝʩʽ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ 

ʨʝʻʩʪʨʫʻ ʨʝʟʦʥʘʥʩʠ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʽʜʛʫʢʠ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ (ʚʽʜʩʫʪʥʽʩʪʴ) ʢʦʥʢʨʝʪʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʰʫʢʘʥʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʨʦʟʨʽʟʽ ʦʙ'ʻʢʪʘ ʦʙʩʪʝʞʝʥʥʷ. ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʽʚ 

"ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʝʭʥʦʣʦʛʽʷ" ("ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʽ ʤʝʪʦʜʠ"). 

ʆʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʛʨʘʬʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ, ʙʝʟ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʎʝ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʨʝʛʽʦʥʽ 

ʟʝʤʥʦʾ ʢʫʣʽ, ʘ ʦʪʞʝ, ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʻ ʩʫʧʝʨ-ʤʦʙʽʣʴʥʦʶ. 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʨʦʙʣʝʥʠʡ 

ʢʦʤʧʣʝʢʩ ʦʢʨʝʤʠʭ ʧʨʦʮʝʜʫʨ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʛʨʘʬʽʡ ʥʝ ʙʫʚ 

ʟʘʜʽʷʥʠʡ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʚ ʤʝʞʘʭ ʫʩʽʭ ʦʙʩʪʝʞʝʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʧʣʦʱ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʪʘ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ ʫ ʰʪʘʪʽ ʂʘʥʟʘʩ ʧʨʦʚʦʜʷʪʴ ʢʦʤʧʘʥʽʾ Koloma (Kolomaé) 

ʪʘ HyTerra (HyTerraé). ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ) ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʦʰʫʢʘʭ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʚʠʢʦʥʘʚʮʷʤ ʥʘʜʘʥʦ ʢʦʦʨʜʠʥʘʪʠ 11-ʪʠ 

ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʂʦʦʨʜʠʥʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ: KOHAKE 39.77893, -96.024649; MACKE 

39.840465, -96.025392; VATHAUER 39.581815, -96.907752; CARLSON 39.735391, -

96.648705; BALSMEIER 39.756516, -96.770523; STENSTROM 38.812801, -96.768269; 

DOWNEY 39.131197, -96.335744; DUROCHE 39.162147, -96.443426; BLYTHE 

38.818208, -96.78; LARSON 39.525579, -96.952511; CROME 39.931807, -96.751282. 

ʇʦʣʦʞʝʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘʥʝʩʝʥʦ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʪʝʨʠʪʦʨʽʾ 

ʨʽʟʥʦʾ ʧʣʦʱʽ (ʨʠʩ. 1). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ (ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʦʙʨʦʙʢʘ) 

ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʥʽʤʢʽʚ ʧʦʚʥʽʩʪʶ (ʨʠʩ. 1ʘ, ʙ), ʘ ʪʘʢʦʞ ʾʭ 

ʣʦʢʘʣʴʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ (ʨʠʩ. 2). 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 
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ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʙʨʦʙʢʘ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʥʽʤʢʽʚ ʧʨʦʚʦʜʠʣʘʩʷ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ 

(ʧʨʠʩʢʦʨʝʥʦʤʫ) ʨʝʞʠʤʽ ʟ ʦʙʤʝʞʝʥʠʤ ʥʘʙʦʨʦʤ ʧʨʦʮʝʜʫʨ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ - ʦʮʽʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʽʚ ʚʦʜʥʶ ʥʘ 

ʜʽʣʷʥʢʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ. ʋ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 1ʘ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ 

ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 1-6, 8-ʾ (ʜʦʣʦʤʽʪʠ), 9-ʾ (ʤʝʨʛʝʣʽ), 10-ʾ (ʢʨʝʤʝʥʠʩʪʽ) ʛʨʫʧ 

ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ 1-ʾ ʛʨʘʥʽʪʠ (ʩʪʘʨʽ ʪʘ ʤʦʣʦʜʽ) ʽ 6-ʾ (ʙʘʟʘʣʴʪʠ ʪʘ ʛʘʙʨʦ) ʛʨʫʧ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ. 

ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 1ʙ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʩʦʣʽ, 

1-6, 7-ʾ (ʚʘʧʥʷʢʠ), 8-ʾ (ʜʦʣʦʤʽʪʠ), 9-ʦʾ (ʤʝʨʛʝʣʽ), 10-ʦʾ (ʢʨʝʤʝʥʠʩʪʽ) ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, 

ʘ ʪʘʢʦʞ 1-ʦʾ ʛʨʘʥʽʪʠ (ʩʪʘʨʽ ʪʘ ʤʦʣʦʜʽ), 6-ʾ (ʙʘʟʘʣʴʪʠ ʪʘ ʛʘʙʨʦ) ʪʘ 11-ɰ (ʢʽʤʙʝʨʣʽʪʠ) ʛʨʫʧ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ. 

  
ʈʠʩʫʥʦʢ 1 ʇʦʣʦʞʝʥʥʷ 11 ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ ʫ ʰʪʘʪʽ ʂʘʥʟʘʩ 

(ʉʐɸ) ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʨʽʟʥʦʾ ʧʣʦʱʽ (ʤʘʩʰʪʘʙʥʽ ʣʽʥʽʡʢʠ 50 ʢʤ ʪʘ 100 ʢʤ). 

ʋ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 2ʘ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ɺɺ 

(ʥʘʬʪʘ, ʛʘʟ, ʢʦʥʜʝʥʩʘʪ), ʙʫʨʰʪʠʥʫ, 1-6, 8-ʾ (ʜʦʣʦʤʽʪʠ), 9-ʦʾ (ʤʝʨʛʝʣʽ), 10-ʦʾ (ʢʨʝʤʝʥʠʩʪʽ) 

ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. 

ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 2ʙ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ɺɺ 

(ʥʘʬʪʘ, ʛʘʟ, ʢʦʥʜʝʥʩʘʪ), ʙʫʨʰʪʠʥʫ, 1-6, 9-ʦʾ (ʤʝʨʛʝʣʽ), ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ 1-ʾ 

ʛʨʘʥʽʪʠ (ʤʦʣʦʜʽ) ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ. 

 

 

 

 

 

 

 

 

ʘ) ʙ) ʚ) ʛ) 

ʈʠʩʫʥʦʢ 2 ʇʦʣʦʞʝʥʥʷ 5-ʪʠ (ʘ) ʪʘ 2-ʭ (ʙ, ʚ, ʛ) ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʧʨʠʨʦʜʥʠʡ 

ʚʦʜʝʥʴ ʫ ʰʪʘʪʽ ʂʘʥʟʘʩ (ʉʐɸ) ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. 

ʋ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 2ʚ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 8-ʦʾ 

(ʜʦʣʦʤʽʪʠ) ʪʘ 10-ʦʾ (ʢʨʝʤʝʥʠʩʪʽ) ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ɺʽʜʛʫʢʠ ʚʽʜ ɺɺ (ʥʘʬʪʘ, ʛʘʟ, 

ʢʦʥʜʝʥʩʘʪ) ʬʽʢʩʫʚʘʣʠʩʷ ʜʦ 6400 ʤ ʟ 1-6 (ʥʘʰʣʴʦʧʢʘ) ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʧʩʘʤʽʪʠ). 

ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 2ʛ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 9-ʦʾ 

(ʤʝʨʛʝʣʽ) ʪʘ 10-ʦʾ (ʢʨʝʤʝʥʠʩʪʽ) ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ɺʽʜʛʫʢʠ ʚʽʜ ɺɺ (ʥʘʬʪʘ, ʛʘʟ, 

ʢʦʥʜʝʥʩʘʪ) ʬʽʢʩʫʚʘʣʠʩʷ ʜʦ 7000 ʤ ʟ 1-6 (ʥʘʰʣʴʦʧʢʘ) ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʧʩʘʤʽʪʠ). 

ɺʠʩʥʦʚʢʠ. ʅʘ ʜʽʣʷʥʢʘʭ ʽʟ ʧʨʦʙʫʨʝʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ (ʨʠʩ. 2) ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʽʚ ʚʦʜʥʶ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙʩʷʛʘʭ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʚʠʜʦʙʫʪʦʢ ʚʦʜʥʶ ʚ 11-ʪʠ ʧʨʦʙʫʨʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʚʽʜʩʫʪʥʷ! 



ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 
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ʅʘ ʦʙʩʪʝʞʝʥʠʭ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ (ʨʠʩ. 2) ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʝʩʪʠ ʦʙʨʦʙʢʫ ʟʥʽʤʢʽʚ ʫ ʜʝʪʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʪʘ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʚʫʛʣʝʚʦʜʥʽ (ʥʘʬʪʘ, ʛʘʟ, ʢʦʥʜʝʥʩʘʪ). 

ɺ ʤʝʞʘʭ ʚʝʣʠʢʠʭ ʧʣʦʱ ʥʘ ʨʠʩ. 1 ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʘʤʠ ʥʘ ʤʝʞʽ 57 ʢʤ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʩʠʛʥʘʣʠ ʚʽʜ ʙʘʟʘʣʴʪʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʙʘʟʘʣʴʪʦʚʠʭ 

ʚʫʣʢʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚ ʨʝʛʽʦʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʘʩʰʪʘʙʥʦʾ ʘʧʨʦʙʘʮʽʾ ʤʦʙʽʣʴʥʦʾ 

ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʗʢʠʤʯʫʢ ʠ ʜʨ., 2019) ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ 

(ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʽʥ, 2022; Yakymchuk at al., 2024) ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘ ʜʽʣʷʥʢʘʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʘʟʘʣʴʪʦʚʠʭ ʚʫʣʢʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʬʽʢʩʫʶʪʴʩʷ 

ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʥʶ, ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ ʥʘ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʨʦʟʨʽʟʫ (ʽ 

ʛʣʠʙʠʥʥʠʭ, ʟʦʢʨʝʤʘ). ɺ ʢʦʥʪʫʨʘʭ ʙʘʟʘʣʴʪʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʬʽʢʩʫʶʪʴʩʷ ʬʘʢʪʠ (ʧʨʦʮʝʩʠ) 

ʤʽʛʨʘʮʽʾ ʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʧʨʦʮʝʩʽ ʦʙʩʪʝʞʝʥʥʷ ʧʣʦʱ ʥʘ ʨʠʩ. 1 ʧʨʷʤʦʧʦʰʫʢʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʫ ʜʝʪʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʦʣʦʞʝʥʥʷ ʙʘʟʘʣʴʪʦʚʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝ ʙʫʪʠ 

ʣʦʢʘʣʽʟʦʚʘʥʦ, ʘ ʪʘʢʦʞ ʦʮʽʥʝʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ 

ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ. 

ɺ ʩʪʘʪʪʽ (ʐʝʩʪʦʧʘʣʦʚ, 2020) ʘʨʛʫʤʝʥʪʫʻʪʴʩʷ, ʱʦ ʥʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʽ ʧʣʦʱʘʭ, 

ʚ ʤʝʞʘʭ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʠʥʪʝʟ ɺɺ ʽʟ ʤʽʛʨʫʶʯʠʭ ʟ ʛʣʠʙʠʥ ʚʦʜʥʶ ʪʘ ʚʫʛʣʝʮʶ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʽʚ ʚʦʜʥʶ ʚ ʢʦʤʝʨʮʽʡʥʠʭ ʦʙʩʷʛʘʭ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ. 

ʅʘ ʩʘʡʪʽ (Koloma Preparesé) ʽʥʬʦʨʤʫʻʪʴʩʷ ʱʦ ʢʦʤʧʘʥʽʷ ʂʦʣʦʤʘ ʛʦʪʦʚʠʪʴʩʷ ʜʦ 

ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʥʘ ʣʽʮʝʥʟʽʡʥʽʡ ʜʽʣʷʥʮʽ ʚ ʰʪʘʪʽ 

ɸʡʜʘʭʦ (ʉʐɸ). ʂʦʦʨʜʠʥʘʪʠ ʣʽʮʝʥʟʽʡʥʦʾ ʜʽʣʷʥʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʙʫʨʝʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʧʽʚʥʽʯʥʽʰʝ ʜʽʣʷʥʢʠ ʘʚʪʦʨʘʤ ʥʘʜʽʩʣʘʥʽ. ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʜʣʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʧʽʜʛʦʪʦʚʣʝʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʙʫʜʫʪʴ ʟʽʩʪʘʚʣʝʥʽ ʟ ʤʘʪʝʨʽʘʣʘʤʠ ʙʫʨʽʥʥʷ. 
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Koloma Prepares First U.S. Geologic Hydrogen Test Wells in Idaho. 

https://nath2investing.com/article/koloma-prepares-first-us-geologic-hydrogen-test-wells-in-

idaho   

https://nath2investing.com/article/koloma-prepares-first-us-geologic-hydrogen-test-wells-in-idaho
https://nath2investing.com/article/koloma-prepares-first-us-geologic-hydrogen-test-wells-in-idaho


ɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI ʩʪʦʣʽʪʪʷ 

12-13 ʣʠʩʪʦʧʘʜʘ 2025 ʨ., ʂʠʾʚ, ʋʢʨʘʾʥʘ 

134 

ɼʆʉɺɯɼ ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ʏɸʉʊʆʊʅʆ-ʈɽɿʆʅɸʅʉʅʆɰ 

ʆɹʈʆɹʂʀ ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʅɯʄʂɯɺ ɼʃʗ ʇʆʇɽʈɽɼʅʔʆɻʆ ʇʈʆɻʅʆɿʋ 

ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ɻʃʀɹʀʅʅʀʍ ɻʆʈʀɿʆʅʊɯɺ ɼɽʗʂʀʍ ɼɯʃʗʅʆʂ 

ʇɯɺʅɯʏʅʆɰ ʏɸʉʊʀʅʀ ɼɼɿ 

 

ʗʢʠʤʯʫʢ ʄ.ɸ.1, ʂʦʨʯʘʛʽʥ ɯ.ʄ.2, ʉʦʣʦʚʡʦʚ ɺ.ɼ.2 

1ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ, 

yakymchuk@gmail.com 
2ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅʋ, ʂʠʾʚ, korchagin.i.n@gmail.com, 

solvalera@ukr.net 

 

The results of a reconnaissance survey conducted using frequency-resonance processing of 

satellite images for separate scanning points in the northern part of DDB (in eastern 

Ukraine) are presented. The signals at hydrocarbon frequencies were recorded from the 

surface within all sections. Responses at hydrocarbon frequencies at the boundary of the 

HC synthesis of 57km were recorded. Sounding of all sections was carried out within the 

depth interval of 0-10 km to assess the depths of occurrence and thicknesses of hydrocar-

bon-saturated layers. The results of the sounding, which are preliminary in nature, make it 

possible to clarify the fundamental question of the presence (or absence) of hydrocarbons 

at great depths, although determining the more probable depths of occurrence of hydrocar-

bon horizons requires additional local survey. 

  

 

EXPERIENCE IN USING FREQUENCY -RESONANCE PROCESSING 

TECHNOLOGY OF SATELLITE IMAGES FOR PRELIMINARY FORECAST OF 

PRODUCTIVITY OF DEEP HORIZONS IN SOME SECTIONS OF THE 

NORTHERN PART OF THE DDB  

 

Yakymchuk M.A., Korchagin I.M., Soloviev V.D. 

 

ɺʩʪʫʧ. ʄʦʙʽʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʽ ʬʦʪʦʛʨʘʬʽʡ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019) ʚ 2019-2024 ʨʨ. ʧʨʦʡʰʣʘ 

ʤʘʩʰʪʘʙʥʫ ʘʧʨʦʙʘʮʽʶ ʟ ʤʝʪʦʶ ʜʝʤʦʥʩʪʨʘʮʽʾ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʦʢʨʝʤʠʭ ʚʝʣʠʢʠʭ ʧʣʦʱʠʥʘʭ ʽ ʣʦʢʘʣʴʥʠʭ 

ʜʽʣʷʥʢʘʭ (Yakymchuk et al., 2024). ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʩʭʦʜʽ ʋʢʨʘʾʥʠ, ʚ ʨʘʡʦʥʽ ʉʨʽʙʥʝʥʩʴʢʦʾ ʜʝʧʨʝʩʽʾ ʪʘ ʾʾ ʦʪʦʯʝʥʥʷ 

(ʃʫʢʽʥ, ʐʝʩʪʦʧʘʣʦʚ, 2021, Lukin, Onyshchenko, 2024; ʋʩʝʥʢʦ,2022; ɸʥʽʢʝʻʚ, ʐʫʨʦʚʩʴʢʠʡ 

2015), ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʧʨʠʥʮʠʧʦʚʦʾ ʧʦʧʝʨʝʜʥʴʦʾ (ʜʦ 

ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ) ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʥʘ ʚʫʛʣʝʚʦʜʥʽ ʦʢʨʝʤʠʭ ʛʣʠʙʠʥʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʽ ʬʦʪʦʟʥʽʤʢʽʚ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʨʝʟʦʥʘʥʩʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʽ ʤʝʪʦʜʠʢʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ 

ʧʦʰʫʢʦʚʠʭ ʙʣʦʢʽʚ ʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019). ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ 

ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

ʦʧʠʩʘʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚ (ʗʢʠʤʯʫʢ, ʂʦʨʯʘʛʠʥ, 2019; Yakymchuk et al., 2024). 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʨʠʪʦʨʽʶ ʃʦʭʚʠʮʴʢʦʛʦ ʙʣʦʢʫ, 

ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʷʢʦʛʦ ʩʢʣʘʜʘʻ ʉʨʽʙʥʝʥʩʴʢʘ ʜʝʧʨʝʩʽʷ ʪʘ ʾʾ ʦʪʦʯʝʥʥʷ (ʨʠʩ.1), ʜʦʩʠʪʴ 

ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʽ ʦʧʠʩʘʥʦ ʚ ʮʽʣʦʤʫ ʨʷʜʽ ʧʫʙʣʽʢʘʮʽʡ (ʃʫʢʽʥ, ʐʝʩʪʦʧʘʣʦʚ, 2021; 

Shestopalov et al, 2021; ʋʩʝʥʢʦ,2022; ɸʥʽʢʝʻʚ, ʐʫʨʦʚʩʴʢʠʡ, 2015). 
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ʅʘ ʈʠʩ.1 ʧʦʢʘʟʘʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʫʥʢʪʽʚ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʛʣʠʙʠʥʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʚʽʜʦʤʠʤʠ ʜʘʥʠʤʠ ʙʫʨʽʥʥʷ ʦʢʨʝʤʠʭ 

ʩʚʝʨʜʣʦʚʠʥ (ʋʩʝʥʢʦ, 2022). 

  
    ɸ      ɹ 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʘ ʢʘʨʪʠ (ɸ, ɹ) ʧʣʦʱʽ ʦʙʩʪʝʞʝʥʥʷ ʟ ʧʫʥʢʪʘʤʠ ʩʢʘʥʫʚʘʥʥʷ (1-8) ʚ 

ʉʨʽʙʥʝʥʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ʪʘ ʾʾ ʦʪʦʯʝʥʥʽ, ʟʘ (ʋʩʝʥʢʦ,2022, ʽʟ ʩʧʨʦʱʝʥʥʷʤʠ): 1 ï ʥʘʬʪʦʚʽ 

ʨʦʜʦʚʠʱʘ, 2 ï ʛʘʟʦʚʽ ʨʦʜʦʚʠʱʘ, 3 ï ʨʦʜʦʚʠʱʘ ʥʘʬʪʠ ʽ ʛʘʟʫ, 4 ï ʨʦʟʣʦʤʠ, 5 ï ʧʫʥʢʪʠ 

ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ, 6 ï ʽʟʦʣʽʥʽʾ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʈʊ-ʧʨʦʬʽʣʴ ɻʉɿ ʇʽʨʷʪʠʥ-

ʊʘʣʘʣʘʾʚʢʘ. 

 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʝʢʪʦʥʽʢʠ ʮʴʦʛʦ ʨʝʛʽʦʥʫ ʻ ʚʠʨʘʟʥʝ ʧʨʦʷʚʣʝʥʥʷ ʨʦʟʣʦʤʥʠʭ 

ʟʦʥ ʚ ʛʨʘʚʽ-ʤʘʛʥʽʪʥʠʭ ʘʥʦʤʘʣʽʷʭ (Starostenko et al, 2018). ʄʦʜʝʣʴʥʽ ʧʦʙʫʜʦʚʠ ʤʦʞʫʪʴ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʟʦʥ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʧʦʨʽʜ ʢʦʨʠ, ʟ ʷʢʠʤʠ 

ʧʦʚôʷʟʫʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ ʉʨʽʙʥʝʥʩʴʢʦʾ ʜʝʧʨʝʩʽʾ ʪʘ 

ʚʩʴʦʛʦ ʃʦʭʚʠʮʴʢʦʛʦ ʙʣʦʢʫ (ɸʥʽʢʝʻʚ, ʐʫʨʦʚʩʴʢʠʡ, 2015). 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʢʽʣʴʢʦʭ ʧʫʥʢʪʽʚ ʩʢʘʥʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʛʣʠʙʠʥʫ 6-10ʢʤ, ʽ ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʧʨʠʥʮʠʧʦʚʫ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʷʚʣʝʥʥʷ ʛʣʠʙʠʥʥʠʭ ʩʢʫʧʯʝʥʴ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʮʽʡ ʧʣʦʱʽ.  
ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ ʚʝʣʠʢʦʛʦ ʙʣʦʢʫ 

ʦʙʩʪʝʞʝʥʥʷ (ʨʠʩ. 1) ʟ ʧʦʚʝʨʭʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, 

ʙʫʨʰʪʠʥʫ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʤʝʪʘʥʦʦʢʠʩʣʶʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʬʦʩʬʦʨʫ (ʯʝʨʚʦʥʦʛʦ, ʙʽʣʦʛʦ, 

ʞʦʚʪʦʛʦ), ʛʦʨʶʯʠʭ ʩʣʘʥʮʽʚ, ʘʥʪʨʘʮʠʪʫ, ʚʫʛʣʝʮʶ, ʚʦʜʥʶ ʪʘ ʽʥ.  

ʅʘ ʧʦʚʝʨʭʥʽ 0 ʤ ʽʟ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʬʦʩʬʦʨʫ (ʯʝʨʚʦʥʦʛʦ, ʙʽʣʦʛʦ, ʞʦʚʪʦʛʦ), ʚʦʜʥʶ, ʢʠʩʥʶ, ʘʟʦʪʫ ʪʘ ʛʘʟʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ 

ʤʽʛʨʘʮʽʶ ʚ ʘʪʤʦʩʬʝʨʫ. 

 

   
   ɸ   ɹ      ɺ 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʧʫʥʢʪʽʚ 1(ɸ), 3(ɹ) ʽ 4(ɺ), ʨʦʟʪʘʰʦ-

ʚʘʥʠʭ ʚ ʉʨʽʙʥʝʥʩʴʢʽʡ ʜʝʧʨʝʩʽʾ ʪʘ ʾʾ ʦʪʦʯʝʥʥʽ (ʈʠʩ. 1). 


