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ɯʜʝʾ ʪʘ ʥʦʚʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ: ʄʘʪʝʨʽʘʣʠ VIII ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʤʦʣʦʜʽʞʥʦʾ ʥʘʫʢʦʚʦʾ 
ʢʦʥʬʝʨʝʥʮʽʾ, ʂʠʾʚ, 10-12 ʢʚʽʪʥʷ 2019 ʨ. ʂʠʾʚ, 2019. 132 ʩ. 
 
 
 
ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʫʯʘʩʥʠʢʽʚ VIII ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʤʦʣʦʜʽʞʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 
ʱʦ ʚʠʩʚʽʪʣʶʶʪʴ ʩʫʯʘʩʥʽ ʥʘʧʨʷʤʠ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ ʚ ʋʢʨʘʾʥʽ. ʋʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʽʥʩʪʠʪʫʪʽʚ ɺʽʜʜʽʣʝʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʅɸʅ ʋʢʨʘʾʥʠ ʫ ʪʘʢʠʭ ʥʘʧʨʷʤʘʭ: ʟʘʛʘʣʴʥʘ ʪʘ 
ʨʝʛʽʦʥʘʣʴʥʘ ʛʝʦʣʦʛʽʷ; ʧʘʣʝʦʥʪʦʣʦʛʽʷ ʪʘ ʩʪʨʘʪʠʛʨʘʬʽʷ; ʛʝʦʣʦʛʽʷ ʨʦʜʦʚʠʱ ʤʝʪʘʣʝʚʠʭ ʪʘ ʥʝʤʝʪʘʣʝʚʠʭ 
ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ; ʛʝʦʣʦʛʽʷ ʥʘʬʪʠ ʽ ʛʘʟʫ; ʣʽʪʦʣʦʛʽʷ; ʛʝʦʣʦʛʽʷ ʤʦʨʽʚ ʪʘ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ; ʛʽʜʨʦʛʝʦʣʦʛʽʷ ʪʘ 
ʽʥʞʝʥʝʨʥʘ ʛʝʦʣʦʛʽʷ; ʝʢʦʣʦʛʽʯʥʘ ʛʝʦʣʦʛʽʷ; ʛʝʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ; ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 
ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ; ʛʝʦʭʽʤʽʷ, ʤʽʥʝʨʘʣʦʛʽʷ, ʧʝʪʨʦʣʦʛʽʷ; ʛʝʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 
ʤʦʥʽʪʦʨʠʥʛʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʨʝʛʽʦʥʘʣʴʥʘ ʛʝʦʬʽʟʠʢʘ ʪʘ ʩʝʡʩʤʽʯʥʘ ʥʝʙʝʟʧʝʢʘ. ʄʘʪʝʨʽʘʣʠ 
ʧʦʜʘʥʦ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʘʤʠ ʟ ʧʝʨʝʢʣʘʜʦʤ ʢʦʞʥʦʾ ʪʝʟʠ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ. 
ɼʣʷ ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ. 
 
 
 
ʅʘʫʢʦʚʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʢʦʤʽʪʝʪ: 
 
ʇʝʪʨʦ ʌʝʦʜʦʩʽʡʦʚʠʯ ɻʦʞʠʢ, ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ 
ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ ʇʦʥʦʤʘʨʝʥʢʦ, ʘʢʘʜ. 
ʅɸʅ ʋʢʨʘʾʥʠ 
ɺʽʪʘʣʽʡ Iʚʘʥʦʚʠʯ ʉʪʘʨʦʩʪʝʥʢʦ, ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ 
ʃʝʦʥʽʜ ɻʨʠʛʦʨʦʚʠʯ ʈʫʜʝʥʢʦ, ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ 
ʉʪʝʣʣʘ ɹʦʨʠʩʽʚʥʘ ʐʝʭʫʥʦʚʘ, ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, 
ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 
ʆʣʝʢʩʘʥʜʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ʂʝʥʜʟʝʨʘ, ʯʣ.-ʢʦʨ. 
ʅɸʅ ʋʢʨʘʾʥʠ, ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ 
ʃʝʦʥʽʜ ʄʠʭʘʡʣʦʚʠʯ ʉʪʝʧʘʥʶʢ, ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, 
ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 
ʄʠʭʘʡʣʦ ʆʣʝʢʩʽʡʦʚʠʯ ʇʦʧʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 
ɯʛʦʨ ɼʤʠʪʨʦʚʠʯ ɹʘʛʨʽʡ, ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 
ʄʠʭʘʡʣʦ ɻʦʨʜʽʡʦʚʠʯ ɼʝʤʯʠʰʠʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 
ʆʣʝʢʩʘʥʜʨʘ ʇʝʪʨʽʚʥʘ ʆʣʴʰʪʠʥʩʴʢʘ, ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 
ʄʠʨʦʥ ʉʪʝʧʘʥʦʚʠʯ ʂʦʚʘʣʴʯʫʢ, ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 
ɺʦʣʦʜʠʤʠʨ ʖʨʽʡʦʚʠʯ ɿʦʩʠʤʦʚʠʯ, ʜ-ʨ ʛʝʦʣ.-ʤʽʥʝʨʘʣ. 
ʥʘʫʢ 
ʄʠʢʦʣʘ ʉʪʝʧʘʥʦʚʠʯ ʆʛʥʷʥʠʢ, ʜ-ʨ ʛʝʦʣ.-ʤʽʥʝʨʘʣ. ʥʘʫʢ 
ɺʘʣʝʥʪʠʥʘ ʇʝʪʨʽʚʥʘ ʇʘʣʽʻʥʢʦ, ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ 
ɭʚʛʝʥʽʷ ʆʣʝʢʩʘʥʜʨʽʚʥʘ ʄʘʨʫʥʷʢ, ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ 
ʉʪʘʥʽʩʣʘʚ ʄʠʭʘʡʣʦʚʠʯ ɭʩʠʧʦʚʠʯ, ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 
ɺʽʢʪʦʨ ɼʘʥʠʣʦʚʠʯ ʆʤʝʣʴʯʝʥʢʦ, ʢʘʥʜ. ʛʝʦʣ.-ʤʽʥʝʨʘʣ. 
ʥʘʫʢ 
ʋʣʷʥʘ ʄʠʭʘʡʣʽʚʥʘ ʉʝʣʽʚʘʯʦʚʘ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ 
ɺʦʣʦʜʠʤʠʨ ɭʚʛʝʥʦʚʠʯ ʌʽʣʽʧʦʚʠʯ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ 
ʆʣʴʛʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ ʉʝʜʣʝʨʦʚʘ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ 

ʆʨʛʢʦʤʽʪʝʪ ʚʽʜ ʈʘʜʠ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 
ɺʽʜʜʽʣʝʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ: 
 
ʊʝʪʷʥʘ ɺʘʩʠʣʽʚʥʘ ʂʨʽʣʴ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ 
(ɯʥ-ʪ ʛʝʦʣ. ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ) 
ʊʝʪʷʥʘ ɺʷʯʝʩʣʘʚʽʚʥʘ ʆʭʦʣʽʥʘ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ 
(ɯʥ-ʪ ʛʝʦʣ. ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ) 
ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ ɼʦʨʦʰʢʝʚʠʯ, ʢʘʥʜ. ʛʝʦʛʨ. 
ʥʘʫʢ (ɯʥ-ʪ ʛʝʦʛʨʘʬʽʾ ʅɸʅ ʋʢʨʘʾʥʠ) 
ɻʘʣʠʥʘ ʆʣʝʢʩʽʾʚʥʘ ʂʫʟʴʤʘʥʝʥʢʦ, ʢʘʥʜ. ʛʝʦʣ. 
ʥʘʫʢ (ɯʥ-ʪ ʛʝʦʣ. ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ) 
ʂʠʨʠʣʦ ʄʠʢʦʣʘʡʦʚʠʯ ʉʪʘʨʦʜʫʙʝʮʴ, (ɯʥ-ʪ 
ʛʝʦʣ. ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ) 
ɹʝʣʴʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ, 
ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ (ɯʥ-ʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ 
ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ 
ʅɸʅ ʋʢʨʘʾʥʠ) 
ɭʚʛʝʥ ʉʝʨʛʽʡʦʚʠʯ ʃʫʥʴʦʚ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ (ɯʥ-ʪ 
ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ 
ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ) 
Oʣʴʛʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ ʊʦʤʯʝʥʢʦ, 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ (ʅʘʫʢ. ʮʝʥʪʨ ʘʝʨʦʢʦʩʤ. 
ʜʦʩʣʽʜ. ɿʝʤʣʽ ɯʥ-ʪʫ ʛʝʦʣ. ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ) 
ʉʝʨʛʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ʄʠʯʘʢ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ 
(ɯʥ-ʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ 
ʅɸʅ ʋʢʨʘʾʥʠ) 
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ʇɽʈɽɼʄʆɺɸ 

 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ ʚʞʝ ʚʜʨʫʛʝ ʨʘʜʦ ʧʨʠʡʤʘʻ ʢʦʥʬʝʨʝʥʮʽʶ 
ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ çɯɼɽɰ ʊɸ ʅʆɺɸʎɯɰ ɺ ʉʀʉʊɽʄɯ ʅɸʋʂ ʇʈʆ ɿɽʄʃʖè, ʷʢʘ 
ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʘʜ 
ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ɺʽʜʜʽʣʝʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʟʘʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ 
ʨʦʟʚʠʪʢʫ ʽ ʨʝʘʣʽʟʘʮʽʾ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʤʦʣʦʜʽ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʧʽʚʧʨʘʮʽ 
ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ, ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʚʦʨʯʠʭ ʟʚôʷʟʢʽʚ, ʟʘʣʫʯʝʥʥʷ ʾʾ ʜʦ 
ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ. 

ʅʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʨʦʢʫ ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʋʢʨʘʾʥʠ ʚʽʜʟʥʘʯʘʣʘ 
ʩʪʦʨʽʯʥʠʡ ʶʚʽʣʝʡ. ɰʾ, ʷʢ ʚʽʜʦʤʦ, ʙʫʣʦ ʟʘʩʥʦʚʘʥʦ 27 ʣʠʩʪʦʧʘʜʘ 1918 ʨ. ɿʛʽʜʥʦ ʟʽ 
ʩʪʘʪʫʪʦʤ ʘʢʘʜʝʤʽ ̫ ʚʠʟʥʘʯʘʣʘʩʷ çʥʘʡʚʠʱʦʶ ʥʘʫʢʦʚʦʶ ʜʝʨʞʘʚʥʦʶ ʫʩʪʘʥʦʚʦʶ ʥʘ 
ɺʢʨʘʾʥʽéè. ʆʜʥʠʤ ʽʟ ʟʘʩʥʦʚʥʠʢʽʚ ɸʢʘʜʝʤʽʾ ʙʫʚ ʚʽʜʦʤʠʡ ʛʝʦʣʦʛ, ʧʝʨʰʠʡ ʜʠʨʝʢʪʦʨ 
ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʘʢʘʜʝʤʽʢ ʇ.ɸ. ʊʫʪʢʦʚʩʴʢʠʡ. ʈʦʢʠ ʥʘʧʨʫʞʝʥʦʾ ʧʨʘʮʽ 
ʧʨʠʥʝʩʣʠ ʅɸʅ ʋʢʨʘʾʥʠ ʚʽʜʦʤʽʩʪʴ ʪʘ ʚʠʟʥʘʥʥʷ ʫ ʩʚʽʪʽ. ɿ ʪʦʛʦ ʯʘʩʫ ʽ ʜʦʪʝʧʝʨ ʥʘʫʢʦʚʽ 
ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʟʘ ʥʘʧʨʷʤʘʤʠ, ʷʢʽ ʟʘʨʘʟ ʦʙôʻʜʥʫʻ ɺʽʜʜʽʣʝʥʥʷ ʥʘʫʢ 
ʧʨʦ ɿʝʤʣʶ, ʘʢʪʠʚʥʦ ʩʪʚʦʨʶʚʘʣʠʩʴ, ʩʪʚʦʨʶʶʪʴʩʷ, ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʽ ʩʣʫʞʘʪʴ ʥʘ 
ʢʦʨʠʩʪʴ ʜʝʨʞʘʚʽ.  

ʉʴʦʛʦʜʥʽ, ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 
ʪʽʣʴʢʠ ʚ ʩʠʣʘʭ ʤʦʣʦʜʽ ʟʨʦʙʠʪʠ ʥʘʫʢʫ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʨʦʟʙʫʜʦʚʠ ʢʨʘʾʥʠ! 

ʅʘ ʘʜʨʝʩʫ ʦʨʛʢʦʤʽʪʝʪʫ ʥʘʜʽʡʰʣʦ ʧʦʥʘʜ ʰʽʩʪʴ ʜʝʩʷʪʢʽʚ ʜʦʧʦʚʽʜʝʡ, ʱʦ 
ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʫ ʛʘʣʫʟʽ ʛʝʦʣʦʛʽʯʥʠʭ ʟʥʘʥʴ. ʆʢʨʽʤ 
ʽʥʩʪʠʪʫʪʽʚ ɺʽʜʜʽʣʝʥʥʷ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʅɸʅ ʋʢʨʘʾʥʠ, ʫʯʘʩʪʴ ʫ ʢʦʥʬʝʨʝʥʮʽʾ ʚʟʷʣʠ 
ʧʨʝʜʩʪʘʚʥʠʢʠ ʫʢʨʘʾʥʩʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʟ ʍʝʨʩʦʥʘ, ʆʜʝʩʠ, ʃʴʚʦʚʘ, ɺʽʥʥʠʮʽ, 
ɾʠʪʦʤʠʨʘ, ʘ ʪʘʢʦʞ ʙʣʠʞʥʴʦʛʦ ʟʘʨʫʙʽʞʞʷ ï ɹʽʣʦʨʫʩʽ ʪʘ ʂʘʟʘʭʩʪʘʥʫ. ɺ ʮʝʥʪʨʽ ʫʚʘʛʠ 
ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʧʨʦʙʣʝʤʠ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ 
ʧʦʢʣʘʜʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʧʦʚʽʜʝʡ ʧʨʠʩʚʷʯʝʥʘ ʽʥʞʝʥʝʨʥʦ-
ʛʝʦʣʦʛʽʯʥʠʤ ʪʘ ʛʝʦʝʢʦʣʦʛʽʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʦʮʽʥʮʽ ʧʨʠʨʦʜʥʠʭ ʨʠʟʠʢʽʚ, ʚʠʚʯʝʥʥʶ 
ɿʝʤʣʽ ʘʝʨʦʢʦʩʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʧʨʦʙʣʝʤʘʤ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ. 

ʉʘʤʝ ʪʘʢʽ ʟʘʭʦʜʠ, ʷʢ ʮʷ ʢʦʥʬʝʨʝʥʮʽʷ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʦʣʦʜʠʤ ʥʘʫʢʦʚʮʷʤ 
ʦʧʨʠʣʶʜʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʙʽʪ. 

ʋ ʧʝʨʰʠʡ ʨʽʢ ʜʨʫʛʦʛʦ ʩʪʦʨʽʯʯʷ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʯʥʦʾ ʥʘʫʢʠ ʙʘʞʘʻʤʦ ʚʩʽʤ 
ʦʧʪʠʤʽʟʤʫ ʪʘ ʚʧʝʚʥʝʥʦʩʪʽ ʫ ʟʘʚʪʨʘʰʥʴʦʤʫ ʜʥʽ, ʧʦʜʘʣʴʰʠʭ ʫʩʧʽʭʽʚ ʫ ʥʘʫʢʦʚʽʡ 
ʜʽʷʣʴʥʦʩʪʽ, ʥʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ ʪʘ ʟʚʝʨʰʝʥʴ! 
 

ʇʝʪʨʦ ʌʝʦʜʦʩʽʡʦʚʠʯ ɻʦʞʠʢ 
ʜʠʨʝʢʪʦʨ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ 
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PREFACE 

 

The Institute of geological Sciences of NAS of Ukraine for the second time 
welcomes the conference of young scientists "IDEAS AND INNOVATIONS IN 
GEOSCIENCES" which is held at the Institute of Geological Sciences with the involvement 
of Council of young scientists of Department of Geosciences to create favorable conditions 
for development and realization of creative abilities of youth, cooperation of young 
scientists, exchange of experience and creation of creative communications, involving 
them in active work. 

At the end of last year, the national Academy of Sciences of Ukraine celebrated its 
centenary. It is known that it was founded on November 27, 1918. According to the 
Charter, the Academy was determined by ñthe highest scientific state institution in 
Ukraineéò. One of the founders of the Academy was a famous geologist, the first Director 
of the Institute of geological Sciences academician P.A. Tutkovskyi. The years of hard 
work brought the National Academy of Sciences of Ukraine, the statement and acceptance 
in the world. Since that time and until now, scientific research and practical development in 
areas that now unites the Department of Geosciences, are actively being created, create, 
are implementing and serve the state. 

Today, in the difficult conditions of existence of the National Academy of Sciences 
of Ukraine, only young people can make science one of the main priorities of the country! 

More than sixty reports have been received by the organizing Committee with a 
wide range of scientific problems in the field of geological knowledge. Besides institutes of 
the Department of Geosciences of NAS of Ukraine, participated in the conference were 
representatives of Ukrainian universities from Kherson, Odesa, Lviv, Vinnitsa, Zhytomyr 
and also from Belarus and Kazakhstan. The focus of young scientists is problems of 
studying the sedimentation processes and formation of mineral deposits. Considerable 
number of reports are devoted to engineering-geological and geoecological research, 
natural risks assessment. Deserve attention the problems of studying the Earth by 
aerospace methods and problems geographical research. 

Such events as this conference enables young scientists an opportunity to publish 
the results of research and determine the prospects for further work. 

In the first year of the second century of Ukrainian academic science we wish 
everyone optimism and confidence in the future, further success in scientific activities, new 
discoveries and performs! 

 
Petro F. Gozhik, 

Director of the Institute of Geological Sciences of NAS of Ukraine, 
Academician of NAS of Ukraine 
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ʈʧʣʤʸʯʵʣʡʢ ʊ.ɹ. 

ɯʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʽʾ ʅɸʅ ʋʢʨʘʾʥʠ. E-mail: Tornst@i.ua 

ʈɰɽɼʇʋʇɻʃɹ ɽʇʃʋʇʉɰɻ ʍɰʄʇʊʇʍɰɱ: ʉɾʍʇʉʅʌɻɹʆʆʘ ʆɹɻʐɹʄʕʆʇɼʇ ʈʉʇʏɾʊʌ 

ʆʩʚʽʪʘ ʽ ʥʘʫʢʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʽʡ ʢʨʘʾʥʽ ʻ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʾʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 
ʧʦʪʝʥʮʽʘʣʫ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʝʢʦʥʦʤʽʯʥʠʤ ʨʦʟʚʠʪʢʦʤ ʤʝʰʢʘʥʮʽʚ ʮʽʻʾ ʢʨʘʾʥʠ. 
ɺʽʜʧʦʚʽʜʥʦ, ʥʝ ʚʘʞʢʦ ʟʜʦʛʘʜʘʪʠʩʷ, ʱʦ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ ʮʽ ʜʚʽ ʛʘʣʫʟʽ ʧʝʨʝʜʙʘʯʘʻ ʩʧʦʢʽʡʥʝ ʽ ʱʘʩʣʠʚʝ 
ʤʘʡʙʫʪʥʻ ʫ ʚʠʛʣʷʜʽ ʬʽʥʘʥʩʦʚʠʭ ʜʠʚʽʜʝʥʜʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ. ʇʦʜʽʙʥʦʛʦ 
ʽʥʚʝʩʪʫʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʚʩʽ ʽʻʨʘʨʭʽʯʥʽ ʨʽʚʥʽ ï ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʜʠʪʷʯʠʭ ʩʘʜʢʽʚ ʽ ʟʘʢʽʥʯʫʶʯʠ 
ʪʝʭʥʦʧʘʨʢʘʤʠ. ʇʨʦʪʝ, ʚ ʫʩʴʦʤʫ ʮʠʚʽʣʽʟʦʚʘʥʦʤʫ ʩʚʽʪʽ, ʦʜʥʽʻʶ ʟ ʪʘʢʠʭ ʢʣʶʯʦʚʠʭ ʣʘʥʦʢ ʻ ʪʨʝʪʽʡ ʦʩʚʽʪʥʴʦ-
ʥʘʫʢʦʚʠʡ ʨʽʚʝʥʴ ï ʧʽʜʛʦʪʦʚʢʘ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ (Ph.D) ï ʘʩʧʽʨʘʥʪʫʨʘ.  

ɸʩʧʽʨʘʥʪʫʨʘ ï ʮʝ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ, ʩʪʨʘʪʝʛʽʯʥʦʶ ʮʽʣʣʶ ʷʢʦʾ ʻ ʧʦʰʫʢ ʪʘʣʘʥʦʚʠʪʦʾ ʤʦʣʦʜʽ ʜʣʷ 
çʚʣʠʚʘʥʥʷ ʟʜʦʨʦʚʦʾ ʢʨʦʚʽè ʚ ʩʠʩʪʝʤʫ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ. ʆʩʥʦʚʥʘ ʽʜʝʷ ï ʚʽʜʙʽʨ ʽ ʧʦʧʦʚʥʝʥʥʷ ʢʘʜʨʽʚ, ʟ ʷʢʦʶ 
ʽ ʩʪʚʦʨʶʚʘʣʘʩʷ ʘʩʧʽʨʘʥʪʫʨʘ, ʚʩʝ ʙʽʣʴʰʝ ʚʪʨʘʯʘʻ ʩʚʽʡ ʩʝʥʩ, ʘ ʩʫʯʘʩʥʽ ʨʝʬʦʨʤʠ ʱʝ ʙʽʣʴʰʝ 
ʚʽʜʰʪʦʚʭʫʶʪʴ ʤʦʣʦʜʴ ʚʽʜ ʫʢʨʘʾʥʩʴʢʦʾ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ. ʌʽʣʦʩʦʬʽʷ ʩʧʨʠʡʥʷʪʪʷ ʘʩʧʽʨʘʥʪʫʨʠ ʫ ʩʫʩʧʽʣʴʩʪʚʽ 
ʧʦʪʨʝʙʫʻ ʟʤʽʥ, ʘ ʩʘʤʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜ ʜʝʨʞʘʚʠ, ʦʩʚʽʪʷʥ ʽ ʥʘʫʢʦʚʮʽʚ ʯʽʪʢʦʛʦ ʽ 
ʧʨʦʜʫʤʘʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ. 

ʉʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʙʫʜʴ-ʷʢʘ ʨʦʙʦʪʘ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʫʤʫ, ʦʙʦʚôʷʟʢʦʚʦ ʤʽʩʪʠʪʴ 
ʝʣʝʤʝʥʪ ʥʘʚʯʘʥʥʷ ʪʘ ʟʜʝʙʽʣʴʰʦʛʦ ʚʢʣʶʯʘʻ ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʪʝʨʤʽʥ ʟʘʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʜʘʪʥʦʩʪʽ ʚʝʜʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ. ɺ ʘʩʧʽʨʘʥʪʫʨʽ, ʜʝ ʦʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʥʘʧʠʩʘʥʥʷ ʢʘʥʜʠʜʘʪʩʴʢʦʾ ʨʦʙʦʪʠ, 
ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, çʷʢè ʽ çʷʢʠʤ ʯʠʥʦʤ ʮʝ ʟʨʦʙʠʪʠè ʧʨʦʩʪʦ ʚʽʜʩʫʪʥʽ. ʄʠ ʤʦʞʝʤʦ 
ʢʘʟʘʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʤʝʪʦʜʠʯʥʠʭ ʙʨʦʰʫʨ, ʟʘʪʚʝʨʜʞʝʥʠʭ ɼʝʨʞʘʚʥʦʶ ɸʪʝʩʪʘʮʽʡʥʦʶ ʂʦʤʽʩʽʻʶ, ʚ ʷʢʠʭ 
ʤʽʩʪʠʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟ ʧʨʠʚʦʜʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦ ʚʠʤʦʛ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ 
(ʟʤʽʥʶʶʪʴʩʷ ʥʘʨʘʟʽ ʯʠ ʥʝ ʱʦʨʦʢʫ), ʧʨʦʪʝ ʥʘʚʯʘʥʥʷʤ ʮʝ ʚʘʞʢʦ ʥʘʟʚʘʪʠ. ɸʩʧʽʨʘʥʪ ʙʘʥʘʣʴʥʦ ʥʝ 
ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʜʦ ʜʘʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʣʝʢʮʽʾ ʟ ʬʽʣʦʩʦʬʽʾ ʯʠ ʽʥʦʟʝʤʥʦʾ ʤʦʚʠ ʥʽʯʠʤ ʚ ʜʘʥʦʤʫ 
ʚʠʧʘʜʢʫ ʥʝ ʜʦʧʦʤʦʞʫʪʴ. ɿʘʧʨʦʚʘʜʞʝʥʘ ʨʝʬʦʨʤʘ ʄʆʅ ʋʢʨʘʾʥʠ  ʱʦʜʦ ʚʚʝʜʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ 
ʥʘ ʙʘʟʽ ʫʩʪʘʥʦʚ ʚ ʷʢʠʭ ʻ ʘʩʧʽʨʘʥʪʫʨʘ (ʧʦʩʪʘʥʦʚʘ ˉ 261 ʚʽʜ 23 ʙʝʨʝʟʥʷ 2016 ʨ.), ʟʜʘʚʘʣʦʩʷ ʙ ʤʘʣʘ 
ʧʦʢʨʘʱʠʪʠ ʞʠʪʪʷ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ. ɺʦʜʥʦʯʘʩ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʩʝ ʟʚʦʜʠʪʴʩʷ ʜʦ ʯʝʨʛʦʚʦʛʦ 
ʚʽʜʚʽʜʫʚʘʥʥʷ ʧʘʨ, ʷʢʽ ʧʦ ʩʫʪʽ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʚ ʢʦʥʪʝʢʩʪʽ ʥʘʧʠʩʘʥʥʷ ʽ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʾ. 

ɺ ʧʨʦʮʝʩʽ çʥʘʚʯʘʥʥʷè ʚ ʘʩʧʽʨʘʥʪʫʨʽ ʚʠʥʠʢʘʻ ʥʠʟʢʘ ʜʫʞʝ ʣʘʢʦʥʽʯʥʠʭ ʽ ʚʦʜʥʦʯʘʩ ʙʘʥʘʣʴʥʠʭ 
ʧʠʪʘʥʴ, ʷʢʽ ʯʘʩʪʦ ʥʝ ʤʘʶʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʘʜʨʝʩʘʪʫ: ʷʢ ʚʽʨʥʦ ʚʠʙʨʘʪʠ ʪʝʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, 
ʷʢ ʥʘʧʠʩʘʪʠ ʩʪʘʪʪʶ, ʷʢ ʧʽʜʛʦʪʫʚʘʪʠ ʧʨʝʟʝʥʪʘʮʽʶ, ʷʢ ʚʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʯʘʩ, ʜʝ ʰʫʢʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, 
ʷʢ ʜʨʫʢʫʚʘʪʠʩʷ ʚ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢ ʧʽʜʛʦʜʦʚʫʚʘʪʠ ʜʦʧʦʚʽʜʴ, ʷʢ ʚʤʽʣʦ ʚʝʩʪʠ ʜʠʩʢʫʩʽʶ ʽ ʪ.ʧ. ɼʝ ʽ ʚ 
ʢʦʛʦ ʰʫʢʘʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʧʠʪʘʥʥʷ? ʅʘ ʞʘʣʴ, ʙʽʣʴʰʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʮʽ ʧʠʪʘʥʥʷ ʘʩʧʽʨʘʥʪ 
ʟʥʘʭʦʜʠʪʴ ʥʘʦʩʣʽʧ. 

ʈʘʮʽʦʥʘʣʴʥʝ ʟʝʨʥʦ ʚʙʘʯʘʻʤʦ ʚ ʘʢʪʠʚʽʟʘʮʽʾ ʨʦʙʦʪʠ ʈʘʜ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʥʘʫʢʦʚʠʭ ʛʨʫʧ ʪʘ 
ʪʦʚʘʨʠʩʪʚ (ʚʩʽ ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʽ ʤʦʪʠʚʫʚʘʪʠʩʷ ʟ ʙʦʢʫ ʢʝʨʽʚʥʠʮʪʚʘ ʥʘʚʯʘʣʴʥʠʭ ʪʘ 
ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ, ʘ ʪʘʢʦʞ ʜʝʨʞʘʚʠ). ʗʢ ʧʨʠʢʣʘʜ, ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʛʦ ʨʽʚʥʷ 
çʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾè ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʛʨʘʬʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʈʘʜʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽʥʽʮʽʶʚʘʣʘ ʚʚʝʜʝʥʥʷ 
ʜʠʩʮʠʧʣʽʥʠ çʄʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʛʝʦʛʨʘʬʽʷèè. ɺ 
ʜʘʥʦʤʫ ʢʫʨʩʽ ʨʦʙʠʪʴʩʷ ʘʢʮʝʥʪ ʥʘ ʟʥʘʥʥʷʭ, ʷʢʽ ʨʝʘʣʴʥʦ ʜʦʧʦʤʦʞʫʪʴ ʥʘʧʠʩʘʪʠ ʽ ʟʘʭʠʩʪʠʪʠ ʜʠʩʝʨʪʘʮʽʶ, ʘ 
ʪʘʢʦʞ ʙʫʜʫʪʴ ʩʦʣʽʜʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘʫʢʦʚʦʾ ʢʘʨôʻʨʠ. ʉʝʨʝʜ ʢʣʶʯʦʚʠʭ ʪʝʤ ʜʠʩʮʠʧʣʽʥʠ 
ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ: ʧʽʜʛʦʪʦʚʢʘ ʪʝʢʩʪʽʚ (ʥʘʫʢʦʚʠʡ ʩʪʠʣʴ ʥʘʧʠʩʘʥʥʷ, ʚʠʢʣʘʜ ʤʘʪʝʨʽʘʣʫ); 
ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪ (ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ); ʥʘʫʢʦʚʘ ʝʪʠʢʘ ʪʘ ʧʩʠʭʦʣʦʛʽʷ 
(ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʨʦʟʫʤʽʥʥʷ ʢʨʠʪʠʢʠ); ʜʨʫʢ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʧʝʨʝʣʽʢ ʞʫʨʥʘʣʽʚ ʪʘ ʾʭ ʚʠʤʦʛʠ, 
ʩʪʨʫʢʪʫʨʘ, ʧʣʘʥʦʚʘ ʧʦʝʪʘʧʥʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ); ʟʙʽʨ ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʘʥʠʭ (ʧʦʰʫʢ 
ʽʥʬʦʨʤʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ ʜʘʥʠʭ); ʨʦʙʦʪʘ ʟ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ (ʢʘʨʪʦʛʨʘʬʽʯʥʽ, 
ʩʪʘʪʠʩʪʠʯʥʽ, ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʽʥ.); ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ (ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ, ʪʘʙʣʠʮʴ, ʜʽʘʛʨʘʤ, ʢʘʨʪ); 
ʧʽʜʛʦʪʦʚʢʘ ʧʨʝʟʝʥʪʘʮʽʡ (ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ, ʟʤʽʩʪʦʚʥʘ ʪʘ ʯʠʪʘʙʝʣʴʥʘ ʬʦʨʤʘ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ, 
ʜʠʟʘʡʥʝʨʩʴʢʠʡ ʧʽʜʭʽʜ); ʧʽʜʛʦʪʦʚʢʘ ʜʦʧʦʚʽʜʽ (ʣʘʢʦʥʽʯʥʽʩʪʴ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʯʽʪʢʽʩʪʴ ʪʘ ʛʨʘʤʦʪʥʽʩʪʴ); 
ʦʨʘʪʦʨʩʴʢʝ ʤʠʩʪʝʮʪʚʦ (ʫʩʧʽʰʥʠʡ ʚʠʩʪʫʧ, ʚʤʽʥʥʷ ʚʝʩʪʠ ʜʠʩʢʫʩʽʶ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʟʘʧʠʪʘʥʥʷ).  

ʆʩʚʽʪʘ ʽ ʥʘʫʢʘ ʻ ʩʢʣʘʜʦʚʠʤʠ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ, ʘ ʘʩʧʽʨʘʥʪʫʨʘ, ʷʢ ʪʨʝʪʽʡ ʨʽʚʝʥʴ 
ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʧʨʦʜʫʢʫʚʘʥʥʽ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ. 
ʇʨʦʪʝ, ʩʪʘʥ ʢʦʤʠ, ʚ ʷʢʦʤʫ ʥʘʨʘʟʽ ʟʥʘʭʦʜʠʪʴʩʷ ʘʩʧʽʨʘʥʪʫʨʘ, ʻ ʦʜʥʠʤ ʟ ʪʠʭ ʙʦʷʟʥʠʭ ʜʟʚʽʥʦʯʢʽʚ, ʷʢʠʡ 
ʚʢʘʟʫʻ ʥʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. ʉʴʦʛʦʜʥʽ ʤʦʚʘ ʤʘʻ ʡʪʠ ʧʨʦ ʜʦʥʝʩʝʥʥʷ ʮʽʻʾ ʜʫʤʢʠ ʜʦ 
ʯʠʥʦʚʥʠʢʽʚ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʮʽʣʦʤʫ. ʇʦʧʨʠ ʥʘʷʚʥʽ ʩʠʩʪʝʤʥʽ ʧʝʨʝʰʢʦʜʠ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʢʦʞʝʥ ʟ ʥʘʩ ʤʽʛ 
ʚʥʝʩʪʠ ʩʚʦʶ ʢʦʨʠʩʪʴ ʚ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʜʘʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ.  
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PREPARATION DOCTORS OF PHILOSOPHY: REFORMING THE EDUCATIONAL 
PROCESS 

Education and science in any highly developed country is the basis for the formation of its intellectual 
potential, which correlates with the economic development of the inhabitants of this country. Accordingly, it is 
not hard to guess that investing in these two fields will provide a calm and happy future in the form of 
financial dividends and economic stability of the next generations. It is clear that all hierarchical levels require 
such investment ï from kindergartens to technoparks. However, in the whole civilized world, one of 
these key units is the third educational-scientific level ï the preparation of doctors of philosophy ï 
postgraduate study. 

Postgraduate study is a form of education, the strategic goal of which is the search for talented 
young people for the "infusion of healthy blood" into the system of education and science. The main idea of 
selection and replenishment of the personnel, with which the post-graduate course was created, is 
increasingly losing its meaning, and modern reforms further push young people away from Ukrainian 
education and science. The philosophy of postgraduate perception in society needs to be changed, and the 
very form of learning involves a clear, well thought-out reform from the state, educators and scientists. 

Today in the world, any job which requires the use of intellect necessarily contains an element of 
study and in most cases includes a probationary period for checking the ability to operate effectively. In the 
postgraduate study, where the main emphasis is placed on the writing of the candidate's thesis, the elements 
of the educational process, ñhowò and ñhow to do it simplyò are missing. We can say that there are 
methodological brochures approved by the State Attestation Commission, which contain a variety of 
information on recommendations for requirements and paperwork  (varying now every year), but it is difficult 
to name it the training. Postgraduate student is banal not prepared for this kind of activity, and lectures on 
philosophy or foreign language will not help in this case. The reform of the Ministry of Education and Science 
of Ukraine introducing educational disciplines, based on institutions with a postgraduate study (resolution ˉ 
261 of March 23, 2016), it seems to have improved the lives of young scientists. At the same time, in most 
cases, everything is reduced to a regular visit of couples who are ineffective in the context of writing and 
defense of the thesis. 

In the process of "education" in the postgraduate study there is a series of very concise and at the 
same time banal questions that often do not have a specific addressee: how to choose the topic of a thesis, 
how to write an article, how to prepare a presentation, how to correctly distribute time, where to look for 
information, how to print an article in foreign editions, how to feed the report, how to debate, etc. Where and 
from whom to look for answers to these questions? Unfortunately, most post-graduate students find answers 
to these questions blindly. 

We see the rational grain in activating the work of the Council of young scientists, scientific groups 
and societies (all must be substantially supported and motivated by the leadership of educational and 
scientific institutions, as well as the state). As an example, the Council of Young Scientists in the Institute of 
Geography of NAS of Ukraine initiated the introduction of the discipline ñMethodological Foundations of 
Organization of Scientific Research in the specialty ñGeographyòò in the framework of the training of 
specialists in the educational-scientific level ñDoctor of Philosophyò. This course focuses on the knowledge 
that will really help to write and defend the thesis, and will also be a solid platform for building a scientific 
career. Among the topics of the discipline are the following: preparation of texts (scientific writing style, 
presentation of the material); time management (rational distribution of time during training); scientific 
ethics and psychology (perception and understanding of criticism); publication in professional journals 
(list of journals and their requirements, structure, planned progression of this process); collection of 
material and data (information search, database formation); work with different software products 
(cartographic, statistical, mathematical, etc.); visualization of data (graphs, tables, diagrams, maps); 
preparation of presentations (structuring, meaningful and readable form of presentation of the material, 
design approach); preparation of the review (conciseness of the statement, clarity and literacy); oratory 
(successful performance, ability to debate and answer questions). 

Education and science are the future development of any country, and graduate school, as the third 
level of training of higher education specialists, is a key element in the production of highly skilled personnel. 
However, the state of coma, in which the post-graduate school is located, is one of those fearful bells, which 
points to the general state of current development of the country. Today, it is about to bring this thought to 
officials and society in general. Despite the existing systemic obstacles, it is necessary that each of us can 
contribute to the overall development of this form of education. 
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ɼɾʇɰʆʍʇʉʅɹʏɰʂʆɾ ʃɹʉʋʇɼʉɹʍʌɻɹʆʆʘ ʇɺõɮʃʋɰɻ ɾʃʇʄʇɼɰʐʆʇɱ ɺɾʀʈɾʃʁ 
ʅɰʊʋɹ ʃʁɮɻɹ 

ʄʽʩʪʦ ʂʠʾʚ ï ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʦʶ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʶ ʩʠʩʪʝʤʦʶ. ʇʨʠʨʦʜʥʠʡ ʪʘ 
ʘʥʪʨʦʧʦʛʝʥʥʽ ʣʘʥʜʰʘʬʪʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʦʜʥʠʥ ʚ ʦʜʥʦʛʦ. ʅʘʡʙʽʣʴʰ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʤʠ ʻ 
ʝʢʦʩʠʩʪʝʤʠ ʤʝʛʘʧʦʣʽʩʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʤ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 
ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɿʘ ʜʘʥʠʤʠ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ʤʽʩʽʾ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (2018 ʨ.) ʟ 
ʧʠʪʘʥʴ ʟʙʝʨʝʞʝʥʥʷ ʤʽʩʴʢʠʭ ʧʨʠʨʦʜʥʠʭ ʫʨʦʯʠʱ ʩʪʦʣʠʮʴ ɭʚʨʦʧʠ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʘʭ 
ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ, ʩʪʦʣʠʮʷ ʋʢʨʘʾʥʠ ʻ ʥʘʡʟʝʣʝʥʽʰʠʤ ʤʽʩʪʦʤ ɭʚʨʦʧʠ. ɸʣʝ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʡʦʛʦ 
ʪʝʨʠʪʦʨʽʷ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʨʦʩʪʽʨ ʢʨʫʧʥʠʭ ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ, ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ 
ʪʦʨʛʦʚʝʣʴʥʦ-ʨʦʟʚʘʞʘʣʴʥʠʭ ʮʝʥʪʨʽʚ, ʜʝ ʚʩʝ ʤʝʥʰʝ ʧʣʦʱ ʟʘʡʤʘʶʪʴ ʧʨʠʨʦʜʥʽ, ʘ ʥʝ ʰʪʫʯʥʽ ʝʢʦʟʦʥʠ ʪʘ 
ʩʪʠʣʽʟʦʚʘʥʽ ʧʽʜ ʥʘʪʫʨʘʣʴʥʽ ʣʘʥʜʰʘʬʪʠ ʧʫʙʣʽʯʥʽ ʧʨʦʩʪʦʨʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤ ʜʦʚʢʽʣʣʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 
ʩʫʯʘʩʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʦʾ ʢʘʨʪʦʛʨʘʬʽʾ, ʤʘʪʝʨʽʘʣʠ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ 
ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ), ʜʘʥʽ ʧʦʣʴʦʚʠʭ ʨʝʢʦˇʥʦʩʪʫʚʘʣʴʥʠʭ ʝʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ 
ʝʢʩʧʝʜʠʮʽʡ. ɿʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʧʦʣʴʦʚʠʭ (ʪʘʢʪʠʣʴʥʠʭ), ʜʠʩʪʘʥʮʽʡʥʠʭ (ʩʝʥʩʦʨʥʠʭ) ʪʘ ʢʘʤʝʨʘʣʴʥʠʭ 
(ʩʦʬʪ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ) ʪʝʭʥʦʣʦʛʽʡ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʩʝʨʽʶ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 
ʪʝʤʘʪʠʯʥʠʭ (ʝʢʦʣʦʛʦ-ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʭ) ʢʘʨʪ ʤ. ʂʠʾʚ. ʅʘ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʜʣʷ ʦʮʽʥʢʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ. 

 
ʈʠʩ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʘʢʫʤʫʣʷʮʽʾ ʛʝʦʧʨʦʩʪʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʪʨʝʙ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 
ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʂʠ̒ʚʘ. 

 
ɿʙʠʨʘʥʥʷ ʛʝʦʧʨʦʩʪʨʦʚʠʭ ʜʘʥʠʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤ. ʂʠʾʚ ʻ ʥʝ ʧʨʦʩʪʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʷʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʛʝʦʧʦʨʪʘʣʽʚ ʜʦʚʢʽʣʣʷ ʤ. ʂʠʾʚ (ʇɸʊ çʂʠʾʚʧʨʦʝʢʪè, ʛʝʦʧʦʨʪʘʣ ʂʄɼɸ, 
ʘʚʪʦʨʩʴʢʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʠ ʂʠʾʚʩʴʢʦʛʦ ʝʢʦʣʦʛʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʮʝʥʪʨʫ ʪʦʱʦ). ʎʝ ʪʘʢ ʟʚʘʥʥʽ ʦʧʦʨʥʽ 
ʛʝʦʜʘʥʽ, ʷʢʽ ʦʥʦʚʣʶʶʪʴʩʷ ʥʝ ʧʝʨʽʦʜʠʯʥʦ. ʅʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʤʠ ʻ ʜʘʥʽ ʟʡʦʤʦʢ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 
ʘʧʘʨʘʪʽʚ (ɹʇʃɸ), ʱʦ ʻ, ʥʘʧʨʠʢʣʘʜ, ʚ ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ɼʝʨʞʘʚʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʘʢʘʜʝʤʽʾ (ɼɽɸ) ʪʘ ʙʘʟʘ 
ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʘʥʴ. ɼɽɸ ʤʘʻ ʧʽʜʧʠʩʘʥʫ ʫʛʦʜʫ ʽʟ ʅʘʮʽʦʥʘʣʴʥʠʤ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʽʥʥʷ 
ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ ʧʨʦ ʥʘʜʘʥʥʷ ɼɽɸ 
ʩʫʯʘʩʥʠʭ ʢʦʩʤʦʟʥʽʤʢʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʢʘʨʪ 
ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʤ. ʂʠʾʚ ʟʘ ʚʠʱʝʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩʫʥʢʫ ʩʭʝʤʦʶ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʙʘʮʽʾ ʩʠʩʪʝʤʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 
ɼɿɿ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʥʘʩʪʫʧʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʩʪʘʣʠ ʪʝʤʘʪʠʯʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ ɽʢʦʣʦʛʽʯʥʦʛʦ 
ʘʪʣʘʩʫ ʤ. ʂʠʾʚ: ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ; ʟʘʛʘʣʴʥʽ ʢʣʘʩʪʝʨʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 
ʤ. ʂʠʾʚ; ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; ʢʘʨʪʦʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʨʦʟʚʠʪʢʫ 
ʣʦʢʘʣʴʥʦʾ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʾ ʢʘʪʘʩʪʨʦʬʠ ʪʘ ʰʣʷʭʠ ʾʾ ʧʦʜʦʣʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʩʧʽʣʴʥʦ-
ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʬʘʢʪʦʨʽʚ; ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʘʣʽ ʨʽʯʢʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ 
ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʤʦʙʽʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʤʫ ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʽ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 
ʧʦʣʽʧʰʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʪʘ ʨʝʚʽʪʘʣʽʟʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʫʨʙʦʣʘʥʜʰʘʬʪʫ.  
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GEOINFORMATION MAPPING OF OBJECTS OF ENVIRONMENTAL SAFETY OF KYIV 

Kyiv is an extremely complex natural and anthropogenic system. Natural and anthropogenic 
landscapes are extremely integrated one into one. Metropolis ecosystems are the most transformed. This is 
due to an unprecedented anthropogenic load on the environment. According to The Monitoring Mission of 
the European Union (2018) on the conservation of urban natural tracts of European capitals, based on 
aerospace surveys, the capital of Ukraine is the greenest city in Europe. But despite this, its territory is 
gradually transformed into a space of large residential areas, highways, shopping and entertainment centers, 
where natural areas rather than artificial eco-lands and public spaces stylized to natural landscapes occupy 
less space. 

Modern ecosystems and technologies of digital cartography, aerospace and remote sensing materials 
(remote sensing data), field transformation ecological and geographical expeditions data are used for 
ecological monitoring of the transformation of environmental systems. Due to combination of field (tactile), 
remote (sensory) and office (soft-instrumental) technologies, it is possible to obtain a series of constantly 
updated electronic thematic (ecological and nature-friendly) maps of Kyiv. The figure shows the structure of 
the use of remote sensing data for assessing the environment of a large city. 

 

 
 
Fig. The technological scheme of the accumulation of geospatial data for the needs of geoinformation 
mapping of Kyiv. 
 

The collection of geospatial data in the city of Kyiv is not an easy task, as shown by the analysis of 
modern environmental geoportals of the city (PC "Kyivproekt", the geoportal of KCSA, author's interactive 
maps of the Kyiv ecological and cultural center, etc.). This is the so-called reference location, which is 
updated periodically. The most modern are the data of surveys of unmanned aerial vehicles (UAV), which is, 
for example, in the tools of the State Ecological Academy (DEA) and the satellite imagery database. DEA 
has signed an agreement with the National Center for Space Asset Management and Testing of the State 
Space Agency of Ukraine to provide the DEA with modern space images for their further photogrammetric 
processing and the creation of operational maps of ecological safety of Kyiv, as shown in figure above. 

Based on the results of approbation of the system of geoinformation mapping and data processing of 
remote sensing data, the following cartographic models have been created that became thematic content of 
the Environmental Atlas Kyiv: transformation of the ecological safety system; general clusters of ecological 
safety in Kyiv; emergency situations of natural and man-made nature; cartographic model of development of 
local natural-technological catastrophe and ways of its overcoming taking into account socio-economic 
factors; natural and man-made load on small rivers. 

The application of the geoinformation mapping method needs further improvement. We propose 
technological development of mobile ecological mapping models in operational aerial photography areas and 
provide recommendations for improving the environment and revitalization of the territory of the urban 
landscape. 
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ʈɹʄɾʇɼɾʇɼʉɹʍɰʐʆɰ ʇʊʇɺʄʁɻʇʊʋɰ ʊʋɹʆʌ ʇʃʉɾʅʁʎ ʃʇʅʈʇʆɾʆʋɰɻ ʈʉʁʉʇɽʁ 
ʊɾʉɾɽʆʕʇɼʇ ʈʇɺʌɿɿʘ ʌ ʉɰʀʆɰ ɾʋɹʈʁ ʈʄɾʂʊʋʇʏɾʆʌ 

ʇʣʝʡʩʪʦʮʝʥ ï ʧʝʨʝʜʦʩʪʘʥʥʽʡ ʧʽʜʨʦʟʜʽʣ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʝʨʽʦʜʫ, ʱʦ ʧʝʨʝʜʫʻ ʛʦʣʦʮʝʥʫ. ʁʦʛʦ 
ʥʠʞʥʶ ʤʝʞʫ ʘʙʩʦʣʶʪʥʦʛʦ ʚʽʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʨʽʚʥʽ 1 ʤʣʥ. 290 ʪʠʩ. ʨʦʢʽʚ (ɺʝʢʣʠʯ ʪʘ ʽʥ., 1993) (ʟʘ 
ʽʥʰʠʤʠ ʜʘʥʠʤʠ 1 ʤʣʥ. 800 ʪʠʩ. ʨʦʢʽʚ (ʥʝʦʧʣʝʡʩʪʦʮʝʥ+ʝʦʧʣʝʡʩʪʦʮʝʥ), ʘʙʦ 2 ʤʣʥ. 588 ʪʠʩ. ʨʦʢʽʚ 
(+ʢʘʣʘʙʨʽʡ ʽ ʛʝʣʘʟʽʡ) (ɻʦʞʠʢ ʪʘ ʽʥ., 2012), ʘ ʚʝʨʭʥʶ ï ʫ ʤʝʞʘʭ 13,3 ʪʠʩ. ʨʦʢʽʚ ʪʦʤʫ (ɺʝʢʣʠʯ ʪʘ ʽʥ., 1993) 
(ʟʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ 9 ʪʠʩ. ʨʦʢʽʚ (ɻʦʞʠʢ ʪʘ ʽʥ., 2012), 10 ʪʠʩ. ʨ. (ʄʘʪʚʽʾʰʠʥʘ ʪʘ ʽʥ., 2010), 11 ʪʠʩ. ʨʦʢʽʚ, 
11,7 ʪʠʩ. ʨʦʢʽʚ (Gozhic et al, 2001). ʉʝʨʝʜ ʽʥʰʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʝʪʘʧʽʚ ʧʣʝʡʩʪʦʮʝʥ ʚʠʜʽʣʷʻʪʴʩʷ, 
ʧʝʨʰ ʟʘ ʚʩʝ, ʷʢ ʯʘʩ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʧʽʚʥʽʯʥʽʡ ʧʽʚʢʫʣʽ ʧʦʢʨʠʚʥʠʭ ʤʘʪʝʨʠʢʦʚʠʭ ʟʣʝʜʝʥʽʥʴ, ʘ 
ʪʘʢʦʞ, ʷʢ ʯʘʩ ʧʦʷʚʠ ʽ ʝʚʦʣʶʮʽʾ ʣʶʜʠʥʠ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʣʝʡʩʪʦʮʝʥʫ ʪʘʢʦʞ ʙʫʣʦ ʽʩʥʫʚʘʥʥʷ 
ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʘʢ ʟʚʘʥʦʾ çʄʘʤʦʥʪʦʚʦʾ ʤʝʛʘʬʘʫʥʠè (ʤʘʤʦʥʪʠ, ʰʝʨʩʪʠʩʪʽ ʥʦʩʦʨʦʛʠ, ʜʠʢʽ ʢʦʥʽ ʪʘ ʽʥ.), 
ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ ʚʠʤʝʨʣʘ ʥʘʧʨʠʢʽʥʮʽ ʧʣʝʡʩʪʦʮʝʥʫ.  

ʇʽʜ ʉʝʨʝʜʥʽʤ ʇʦʙʫʞʞʷʤ ʨʦʟʛʣʷʜʘʻʤʦ ʪʝʨʠʪʦʨʽ ʁʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʇʽʚʜʝʥʥʠʡ 
ɹʫʛ, ʱʦ ʨʦʟʚʠʚʘʣʘʩʷ ʚʧʨʦʜʦʚʞ ʧʣʝʡʩʪʦʮʝʥʫ ʥʘ ʩʧʽʣʴʥʽʡ ʪʝʢʪʦʥʽʯʥʽʡ ʦʩʥʦʚʽ, ʪʦʙʪʦ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʩʴʢʦʛʦ 
ʱʠʪʘ. ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ ʘʚʪʦʨ ʩʧʽʣʴʥʦ ʽʟ ʢʦʣʝʛʘʤʠ ʟ ɯʥʩʪʠʪʫʪʫ ʛʝʦʛʨʘʬʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, 
ʧʨʦʚʦʜʠʚ ʧʦʣʴʦʚʽ ʪʘ ʢʘʤʝʨʘʣʴʥʽ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ɺ 
ʦʩʥʦʚʫ ʧʨʦʚʝʜʝʥʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹʧʦʢʣʘʜʝʥʦ ʧʘʣʝʦˇʨʫʥʪʦʟʥʘʚʯʠʡ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ, 
ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʚʝʨʜʞʝʥʥʽ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʚʠʢʦʧʥʽ ʧʣʝʡʩʪʦʮʝʥʦʚʽ ˇʨʫʥʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʷʢ 
ʙʝʟʧʦʩʝʨʝʜʥʽ ʧʘʤôʷʪʢʠ ʜʘʚʥʽʭ ˇʨʫʥʪʦʚʠʭ ʧʦʢʨʠʚʽʚ ʪʝʧʣʠʭ ʝʪʘʧʽʚ ʧʣʝʡʩʪʦʮʝʥʫ, ʘ ʡ ʷʢ ʮʽʥʥʽ ʪʘ 
ʥʘʜʟʚʠʯʘʡʥʦ ʽʥʬʦʨʤʘʪʠʚʥʽ ʽʥʜʠʢʘʪʦʨʠ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʢʣʽʤʘʪʫ, ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, 
ʨʝʣʴʻʬʫ, ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʦʨʽʜ, ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʪʨʠʚʘʣʦʩʪʽ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ ʪʦʱʦ), ʷʢʽ, ʨʘʟʦʤ 
ʟ ʪʠʤ, ʻ ʯʠʥʥʠʢʘʤʠ ʜʘʚʥʴʦʛʦ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʢʦʤʧʣʝʢʩʥʠʡ 
ʧʘʣʝʦʧʝʜʦʣʦʛʽʯʥʠʡ, ʟ ʘʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ 
ʛʝʥʝʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʧʝʨʝʙʽʛʫ 
ʝʣʝʤʝʥʪʘʨʥʠʭ ˇʨʫʥʪʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʰʣʽʬʘʭ ʟ ʥʝʧʦʨʫʰʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʽʜʢʣʘʜʽʚ. 
ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʘ ʟʥʘʯʥʠʤ ʬʘʢʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʟʽʙʨʘʥʠʤ ʧʽʜ ʯʘʩ 
ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʽʟʽʚ ʧʣʝʡʩʪʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʥʘ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʨʭʝʦʣʦʛʽʯʥʠʭ 
ʦʙôʻʢʪʘʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʤʽʢʨʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, 
ʜʘʥʽ ʱʦʜʦ ʚʤʽʩʪʫ ʽ ʨʦʟʧʦʜʽʣʫ ʫ ʨʽʟʥʦʚʽʢʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʧʣʝʡʩʪʦʮʝʥʫ ʛʫʤʫʩʫ ʪʘ ʢʘʨʙʦʥʘʪʽʚ ʪʦʱʦ). 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʧʘʣʝʦʧʝʜʦʣʦʛʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ 
(ɹʦʣʠʭʦʚʩʢʘʷ, 1995; ɺʝʢʣʠʯ, 1965, 1968, 1987, 1990; ɺʝʢʣʠʯ ʪʘ ʽʥ., 1973, 1993; ɺʝʣʠʯʢʦ, 2012; 
ɻʝʨʘʩʠʤʝʥʢʦ, 2004, 2009; ɻʦʞʠʢ, 2006; ɿʫʙʘʢʦʚ, 1986; ɿʘʣʽʟʥʷʢ ʪʘ ʽʥ., 2013; ʂʨʦʭʤʘʣʴ, ʈʝʢʦʚʝʮʴ, 2010; 
ʂʫʥʠʮʷ, 2007; ʄʘʨʢʦʚʘ ʠ ʜʨ., 2008; ʄʘʪʚʽʾʰʠʥʘ ʪʘ ʽʥ., 2010; ʈʫʜʝʥʢʦ ʪʘ ʽʥ., 2007; ʇʘʣʽʻʥʢʦ ʪʘ ʽʥ., 2005; 
ʈʝʢʦʚʝʮ, 1994; ʉʠʨʝʥʢʦ, ʊʫʨʣʦ, 1986; ʉʪʝʧʘʥʯʫʢ ʪʘ ʽʥ., 2013; Gozhic et al, 2001; ʪʘ ʽʥʰʠʭ ʧʨʘʮʴ) 
ʩʪʚʦʨʝʥʦ çʉʭʝʤʫ ʩʪʘʥʫ ʧʨʠʨʦʜʠ ʉʝʨʝʜʥʴʦʛʦ ʇʦʙʫʞʞʷ ʫ ʧʣʝʡʩʪʦʮʝʥʽè, ʫ ʷʢʽʡ ʚʽʜʦʙʨʘʞʝʥʦ 
ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʝʪʘʧʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʧʣʝʡʩʪʦʮʝʥʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ (ʚʣʘʩʥʽ ʪʘ 
ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ), ʢʣʽʤʘʪʫ, ʨʝʣʴʻʬʫ, ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ (ʧʝʨʝʚʘʞʥʦ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ), ʨʦʩʣʠʥʥʦʛʦ ʽ 
ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ (ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ) (ɼʦʨʦʰʢʝʚʠʯ ʉ.ʇ. çʇʨʠʨʦʜʘ ʉʝʨʝʜʥʴʦʛʦ ʇʦʙʫʞʞʷ ʫ ʧʣʝʡʩʪʦʮʝʥʽ ʟʘ 
ʜʘʥʠʤʠ ʚʠʚʯʝʥʥʷ ʚʠʢʦʧʥʠʭ ˇʨʫʥʪʽʚè, ʂʠʾʚ, çʅʘʫʢʦʚʘ ʜʫʤʢʘè, 2018 ʨ.). 

ʗʢ ʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʤʦ ʣʠʰʝ ʢʦʨʦʪʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʥʘ ʪʝʨʠʪʦʨʽʾ 
ʉʝʨʝʜʥʴʦʛʦ ʇʦʙʫʞʞʷ ʫ ʜʦʬʽʥʽʚʩʴʢʠʡ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʡ ʝʪʘʧ ʧʽʟʥʴʦʛʦ ʧʣʝʡʩʪʦʮʝʥʫ (15-18 ʪʠʩ. ʨʦʢʽʚ 
ʪʦʤʫ, 2 ʽʟʦʪʦʧʥʦ-ʢʠʩʥʝʚʘ ʩʪʘʜʽʷ). ɺ ʩʫʙʘʝʨʘʣʴʥʽʡ ʪʦʚʱʽ ʜʦʬʽʥʽʚʩʴʢʽ ʚʽʜʢʣʘʜʠ ʧʦʰʠʨʝʥʽ ʧʦʯʠʥʘʶʯʠ ʟ 
ʜʨʫʛʦʾ ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʝʣʶʚ̔ʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ï ʚʠʢʦʧʥʠʤʠ 
ˇʨʫʥʪʘʤʠ (ʧʝʨʝʚʘʞʥʦ ʣʝʛʢʽ ʩʫʛʣʠʥʢʠ, ʧʦʪʫʞʥʽʩʪʴ ʜʦ 1,5 ʤ.), ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʘ ʪʠʧʦʚʠʭ ʙʫʟʴʢʠʭ ʣʝʩʘʭ ʽ 
ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʧʨʠʯʦʨʥʦʤʦʨʩʴʢʠʤʠ ʣʝʩʦʧʦʜʽʙʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ ʘʙʦ ʞ ʩʫʯʘʩʥʠʤʠ, ʛʦʣʦʮʝʥʦʚʠʤʠ 
ˇʨʫʥʪʘʤʠ. ɿʛʽʜʥʦ ʧʘʣʝʦʧʝʜʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʜʦʬʽʥʽʚʩʴʢʽ ˇʨʫʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʚʽʪʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 
ˇʨʫʥʪʽʚ ʦʧʪʠʤʘʣʴʥʦʾ (ʜʝʨʥʦʚʽ, ʜʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʽ, ʙʣʠʟʴʢʽ ʜʦ ʯʦʨʥʦʟʝʤʽʚ ˇʨʫʥʪʠ; ʥʘ ʧʽʚʜʥʽ ï ʢʘʰʪʘʥʦʚʽ 
ʩʦʣʦʥʮʶʚʘʪʽ; ʥʘ ʟʘʭʦʜʽ ï ʢʦʨʦʪʢʦʧʨʦʬʽʣʴʥʽ ʙʫʨʽ ʣʽʩʦʚʽ ʛʣʝʡʦʚʽ) ʪʘ ʟʘʢʣʶʯʥʦʾ ʩʪʘʜʽʾ (ʙʫʨʽ ʩʪʝʧʦʚʽ, ʙʫʨʽ 
ʧʫʩʪʝʣʴʥʦ-ʩʪʝʧʦʚʽ). ʋ ʮʝʡ ʯʘʩ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʦʙʫʞʞʷ ʧʘʥʫʚʘʣʠ ʧʝʨʝʚʘʞʥʦ ʩʪʝʧʦʚʽ ʣʘʥʜʰʘʬʪʠ ʟ 
ʜʦʤʽʥʫʚʘʥʥʷʤ ʪʨʘʚôʷʥʠʩʪʠʭ ʨʦʩʣʠʥ (ʟʣʘʢʠ, ʧʦʣʠʥʦʚʽ, ʣʦʙʦʜʦʚʽ). ʅʘ ʟʘʭʦʜʽ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʟʘʡʤʘʣʠ 
ʣʽʩʦʚʽ ʤʘʩʠʚʠ ʜʝ ʧʘʥʫʚʘʣʘ ʩʦʩʥʘ, ʪʨʘʧʣʷʣʠʩʷ ʪʘʢʦʞ ʜʫʙ, ʚôʷʟ, ʣʠʧʘ, ʙʝʨʝʟʘ. ʅʘʧʨʠʢʽʥʮʽ ʝʪʘʧʫ 
ʣʘʥʜʰʘʬʪʠ ʩʫʭʦʩʪʝʧʦʚʽ, ʥʘ ʧʽʚʜʥʽ ï ʧʫʩʪʝʣʴʥʦ-ʩʪʝʧʦʚʽ. ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 
ʩʪʘʥʦʚʠʣʠ +4é+5Áʉ (+17é+18Áʉ ʚʣʽʪʢʫ; -9é-6Áʉ ʚʟʠʤʢʫ), ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ï 400-500 ʤʤ ʚ ʦʧʪʠʤʫʤ ʪʘ 
300-350 ʤʤ ʚ ʟʘʢʣʶʯʥʫ ʩʪʘʜʽʶ. ʊʚʘʨʠʥʥʠʡ ʩʚʽʪ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʽʟʥʴʦʧʘʣʝʦʣʽʪʠʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 
ʢʨʫʧʥʠʭ ʩʩʘʚʮʽʚ ʟ ʧʦʜʽʙʥʠʤʠ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʜʘʤʠ ʪʝʨʽʦ- ʪʘ ʤʘʣʘʢʦʬʘʫʥʠ. ɯʩʥʫʚʘʣʠ ʧʝʨʚʽʩʥʽ ʣʶʜʠ 
ʩʫʯʘʩʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʪʠʧʫ (ʢʨʦʤʘʥʴʡʦʥʮʽ). 
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PALEOGEOGRAPHICAL FEATURES OF THE CONDITION OF SOME COMPONENTS OF 
THE NATURE OF MIDDLE POBUZHZHYA (UKRAINE) IN VARIOUS STAGES OF 
PLEISTOCENE 

Pleistocene ï the last division of the Quaternary period preceding the Holocene. Its lower limit of 
absolute age is set at the level of 1 million 290 thousand years (Veklych et al., 1993) (according to other data 
1 million 800 thousand years (neoplestocene + eopleistocene), or 2 million 588 thousand years (+ calabria 
and gelasian) (Gozhik et al., 2012), and the upper one ï within 13.3 thousand years ago (Veklych et al., 
1993) (according to other data of 9 thousand years (Gozhik et al., 2012), 10 thousand years (Matviishyna et 
al., 2010), 11 thousand years, 11.7 thousand years (Gozhic et al, 2001). Among other paleogeographic 
stages, Pleistocene stands out, first of all, as the periodic spread in the Northern hemisphere of the overlying 
continental glaciations, and so on takozh as the time of emergence and evolution of man as a rational being. 
A characteristic feature of the Pleistocene were also being members of the so-called "megafauna Mammoth" 
(mammoth, woolly rhinoceros, wild horses, etc.). Most of them died out in the late Pleistocene. 

Under the Middle Pobuzhzhya, we consider the territory in the Middle part of the Pivdennyi Buhriver 
basin, which developed during the Pleistocene on a common tectonic basis, that is within the boundaries of 
the Ukrainian shield. Over the past 10 years, the author, in conjunction with colleagues from the Institute of 
Geography of the NAS of Ukraine, conducted field paleogeographic surveys of the Pleistocene-Holocene 
deposits. The paleogeographic research is based on the paleogenetic scientific approach based on the 
assertion that fossil Pleistocene soils are considered not only as direct monuments of the ancient soils of the 
warm Pleistocene stages, but also as valuable and extremely informative indicators of the state of natural 
components (climate, living organisms, relief, soil forming rocks, groundwater levels, duration of soil 
formation, etc.), which, however, are factors of ancient soil formation. The main method of research was the 
complex paleopeedological, with the active use of micromorphological analysis, which was used for genetic 
identification of types of fossil soils by detecting diagnostic signs of the course of elementary soil forming 
processes. The reliability of obtained results are confirmed by significant factual material obtained during 
complex field investigations of sections of the Pleistocene deposits on natural and archaeological sites, as 
well as analytical laboratory results (micromorphological analysis, data on content and distribution in humus 
and carbonates of Pleistocene ages, etc.). 

On the basis of the obtained palaeopedological results and systematization of literary data 
(Bolikhovska, 1995; Veklych, 1965, 1968, 1987, 1990; Veklych et al., 1973, 1993; Velychko, 2012; 
Herasymenko, 2004, 2009; Gozhik, 2006; Gozhic et al., 2001; Zubakov, 1986; Zalizniak et al., 2013; 
Krokhmal, Rekovets, 2010; Kunytsia, 2007; Markova et al., 2008; Matviishyna et al., 2010; Rudenko et al., 
2007; Palienko et al., 2005; Rekovets, 1994; Sirenko, Turlo, 1986; Stepanchuk et al., 2013; and other works) 
created the òScheme of the state of nature of the Middle Awage in the Pleistoceneñ, which reflects 
paleogeographic features and phased development in the Pleistocene of soil cover (own and literature data), 
of climate, relief, geological structure (mainly literary data), of flora and fauna (literary 
data) (Doroshkevych S.P. ñNature of the Middle Pobuzhzhya in Pleistocene on the basis of the study of fossil 
soilsò, Kyiv, ñNaukova Dumkaò, 2018). 

Here, for example, we give only a brief description of the state of natural conditions on the territory of 
the Middle Pobuzhzhya in the Dofinivka paleogeographic stage of the late Pleistocene (15-18 thousand 
years ago, the two isotopic-oxygen stages). In the sub-vertical strata, the Dofinivka deposits are widespread 
from the second floodplain terrace, which is represented by eluvial-deluvial formations ï fossil soils (mainly 
light loams, a thickness up to 1.5 m), which lie on typical Bug loesses and overlap with the Prychernomorya 
loess loams. According to paleopedological data, the Dofinivka soils are represented by the suites consisting 
of optimal soils (sod, sod-carbonate, chernozem-liked soils, in the South are solonets, in the West, short-
profile brown forest gleyed) and the final stage (brown steppe, brown desert-steppe) At this time, mostly the 
steppe landscapes with predominance of herbaceous plants dominated on Pobuzhzhya (Poaceae, 
Astemisia, Chenopodium). In the West, individual areas occupied forest areas where the pine-trees 
dominated, and there were also Quercus, Ulmus, Tilia, Betula. At the end of the stage, the landscapes were 
dry, in the South ï desert-steppe. The average annual temperature index was + 4 ... + 5ÁC (+ 17 ... + 18ÁC in 
the summer; -9 ... -6ÁC in the winter), precipitation was 400-500 mm in optimum and 300-350 mm in the final 
stage. The animal world was represented by the late Paleolithic complex of large mammals, similar to 
modern species of terio-and malacofauna. There were primitive people (Cro-Magnons) of modern physical 
type (Homo sapiens). 
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ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʧʽʜʭʦʜʦʤ 
ʻ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ɿʚʠʯʘʡʥʦ ʙʘʞʘʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʮʽʣʴʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʝʪʘʧʥʫ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʤʠʥʫʣʦʛʦ. 
ʄʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʧʝʯʝʨ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ 
ʚʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʠʡ ɹ.ʊ. ʈʽʜʫʰʝʤ [5]. ʅʘʤʠ ʫ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 
ʚʠʚʯʝʥʥʷ ʧʝʯʝʨ ʙʫʣʦ ʨʦʟʚʠʥʝʥʦ ʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʽ ʚʘʞʣʠʚʽ ʡʦʛʦ 
ʩʢʣʘʜʦʚʽ, ʷʢ ʧʘʣʽʥʦʣʦʛʽʯʥʠʡ ʪʘ ʣʽʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʟʦʢʨʝʤʘ, ʚʠʚʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 
ʚʽʜʢʣʘʜʽʚ. ɹʝʟʫʤʦʚʥʦ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʣʽʪʦʣʦʛʽʯʥʦʛʦ, ʧʘʣʽʥʦʣʦʛʽʯʥʦʛʦ, 
ʧʘʣʝʦʟʦʦʣʦʛʽʯʥʦʛʦ, ʧʘʣʝʦʛʝʥʝʪʠʯʥʦʛʦ ʪʘ ʛʝʦʤʘʛʥʽʪʥʦʛʦ ʤʝʪʦʜʽʚ ʜʦ ʨʦʟʨʽʟʽʚ ʧʝʯʝʨ, ʷʢʽ ʤʘʶʪʴ 
ʨʘʜʽʦʚʫʛʣʝʮʝʚʽ ʯʠ ʧʘʣʝʦʤʘʛʥʽʪʥʽ ʜʘʥʽ.  

ʈʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ ʻ ʜʫʞʝ ʪʦʥʢʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʪʦʤʫ ʩʧʦʨʦʚʦ-ʧʠʣʢʦʚʽ ʜʘʥʽ ʻ 
ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʝʦʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʾ ʟʤʽʥ ʷʢ ʧʦʢʘʟʥʠʢʽʚ ʟʤʽʥ ʜʘʚʥʴʦʛʦ 
ʢʣʽʤʘʪʫ. ɹʝʟʧʝʨʝʯʥʦ, ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʘʣʽʥʦʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʝʯʝʨʥʠʭ ʚʽʜʢʣʘʜʽʚ ʥʝʦʙʭʽʜʥʝ ʚʨʘʭʫʚʘʥʥʷ 
ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʥʝʩʝʥʥʷ ʧʘʣʽʥʦʤʦʨʬ ʫ ʧʝʯʝʨʫ, ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʛʣʠʙʠʥʫ ʧʽʜʟʝʤʥʦʾ 
ʧʦʨʦʞʥʠʥʠ ʨʘʟʦʤ ʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʯʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʚʥʝʩʝʥʥʷ ʧʽʜʟʝʤʥʠʤʠ ʧʦʪʦʢʘʤʠ, 
ʟʙʝʨʝʞʝʥʽʩʪʴ ʧʨʠ ʬʦʩʠʣʽʟʘʮʽʾ ʪʦʱʦ.  

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʧʘʣʽʥʦʣʦʛʽʯʥʠʭ ʜʽʘʛʨʘʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜʘʭ, ʨʦʟʨʦʙʣʝʥʠʭ 
ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʘʣʽʥʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʫʯʘʩʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʦʙ ˇʨʫʥʪʽʚ ʽ ʩʢʣʘʜʫ ʩʫʯʘʩʥʦʾ 
ʨʦʩʣʠʥʥʦʩʪʽ. ʇʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1-4] ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʘʜʝʢʚʘʪʥʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ 
ʧʘʣʝʦʧʘʣʽʥʦʩʧʝʢʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʝ ʟʥʘʯʥʝ ʧʝʨʝʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʧʠʣʢʫ ʩʦʩʥʠ ʪʘ 
ʥʝʜʦʩʪʘʪʥʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʩʢʣʘʜʽ ʧʘʣʽʥʦʩʧʝʢʪʨʽʚ ʧʠʣʢʫ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʧʦʨʽʜ, ʟʣʘʢʽʚ ʪʘ ʪʘʢʝ ʽʥʰʝ. 
ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʽʟ ʨʦʟʚʠʪʢʦʤ ʧʨʠʩʢʦʨʶʚʘʣʴʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ (AMS) ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ 
14
ʉ ʜʘʪʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʠʣʢʫ ʽʟ ʧʝʯʝʨʥʠʭ ʚʽʜʢʣʘʜʽʚ.  

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʝʦʧʘʣʽʥʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʜʘʚʥʴʦʾ ʨʦʩʣʠʥʥʦʩʪʽ 
ʟʘ ʚʪʦʨʠʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʧʝʯʝʨ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʘʡʞʝ ʧʦʚʥʦʶ ʽʜʝʥʪʠʯʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ ʘʥʘʣʽʟʫ ʽʟ 
ʪʘʢʠʤʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʧʦʨʦʚʦ-ʧʠʣʢʦʚʦʛʦ ʩʢʣʘʜʫ ʢʦʧʨʦʣʽʪʽʚ, ʟʘʮʝʤʝʥʪʦʚʘʥʠʭ ʫ ʦʜʥʦʚʽʢʦʚʠʭ 
ʫʪʚʦʨʝʥʥʷʭ [6]. 

ʇʨʠ ʧʦʻʜʥʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʘʣʽʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʦʛʦ ʘʥʘʣʽʟʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
ʚʤʽʩʪ ʧʝʨʝʚʽʜʢʣʘʜʝʥʦʛʦ ʧʠʣʢʫ ʫ ʧʝʯʝʨʥʠʭ ʚʽʜʢʣʘʜʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʨʽʟʢʦ 
ʟʙʽʣʴʰʫʶʯʠʩʴ ʫ ʟʘʧʽʱʘʥʝʥʠʭ ʚʽʜʤʽʥʘʭ. ʇʨʠʩʫʪʥʽʩʪʴ ʧʠʣʢʫ ʨʝʣʽʢʪʦʚʠʭ ʨʦʩʣʠʥ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʨʽʚʥʽ 
ʨʦʟʚʠʪʢʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʤʠʚʫ, ʧʦʚôʷʟʘʥʽ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʦʣʦʛʠ, ʘ, ʦʪʞʝ, ʽʟ ʧʽʜʚʠʱʝʥʠʤ 
ʟʚʦʣʦʞʝʥʥʷʤ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʨʦʜʥʠʭ ʟʤʽʥ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 
ʧʘʣʽʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʽʚ, ʤʦʞʝ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʚʟʘʻʤʥʦʶ ʚʝʨʠʬʽʢʘʮʽʻʶ. ʆʩʦʙʣʠʚʝ 
ʟʥʘʯʝʥʥʷ ʤʘʻ ʢʦʥʪʨʦʣʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʜʘʥʠʤʠ ʧʘʣʝʦʟʦʦʣʦʛʽʯʥʦʛʦ, 
ʤʘʛʥʽʪʥʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʪʘ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʽʚ.  
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COMPLEX PALEOGEOGRAPHICAL APPROACH FOR THE STUDY OF CAVɾ DEPOSITS  

At the present stage of the development of paleogeographical research, the main methodological 
approach is multidisciplinary of research. Usually, it is desirable to use the maximum expedient set of 
methods aimed at the phased reconstruction of the natural environment of the past. Multidisciplinary 
approach to the paleogeographic research of cave deposits was proposed and first implemented by B. T. 
Ridush [5]. In the framework of the complex paleogeographical approach to the study of caves, such 
important components as pollen and lithological analysis were developed and used for paleogeographical 
reconstruction, in particular, the study of grain-size composition of sediments. Of course, the most rational is 
the use of the complex of lithological, pollen, paleofaunistic, paleomagnetic methods to sections of caves 
with radiocarbon or paleomagnetic data. 

The vegetation is a very delicate indicator of climatic conditions, so spore-pollen data are extremely 
important for the reconstruction of paleovegetation and its changes as indicators of changes of the ancient 
climate. Undoubtedly, when interpreting the pollen material from the cave deposits, it is necessary to 
consider the factors that influence the insertion of the palynomorphs into the cave, their movement to the 
depth of the underground cave, together with atmospheric precipitation or as a result of introducing 
underground flows, preservation with fossils, etc. 

The interpretation of pollen diagrams is based on the methodological principles developed by 
comparing the pollen composition of modern surface soil samples and the composition of modern 
vegetation. Similar research [1-4] have shown that for adequate interpretation of palynospectra, it is 
necessary to take into account the possible significant exaggeration of the percentage of pine pollen and the 
lack of reflection in the palynospectra of pollen of broadleaf, cereals, and so on. Recently, with the 
development of Accelerator Mass Spectrometry (AMS) 

14
C possibilities are opened to date the pollen directly 

from the cave deposits.  
The possibility of using the pollen method for the reconstruction of ancient vegetation over cave 

deposits is confirmed by the almost complete identity of the results of their analysis with those obtained as a 
result of the study of the spore-pollen composition of coprolites in single-parent formations [6]. 

Combined with the analysis of the results of pollen and grain-size analyzes, it was established that 
the content of the redeposition pollen in the cave deposits depends on their grain-size composition, sharply 
increasing in bulging abandoned ones. The presence of pollen from relict vegetation can detect levels of 
intense erosion, associated with increased moisture intake, and, consequently, with increased moisture.  

The reliability of obtained results is confirmed by the calibration of the two methodologies, as well as 
by the comparison them with the data of palaeontological, lithological and magneto-mineralogical methods. 
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ʆʇɻʁʂ ʈɰɽʎɰɽ ɽʇ ʃʄɹʊʁʍɰʃʌɻɹʆʆʘ ɼɰʈɾʉʊʈɾʃʋʉɹʄʕʆʁʎ ʃʇʊʅɰʐʆʁʎ 
ʀʇɺʉɹɿɾʆʕ ʀ ɻʁʃʇʉʁʊʋɹʆʆʘʅ ɻɰɽʊʋɹʆɰ ʅɹʎɹʄɹʆʇɺɰʊɹ 

ɼʦʩʠʪʴ ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 
ʧʨʦʮʝʜʫʨʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʦʧʨʘʮʶʚʘʥʥʽ 
ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, 
ʦʪʨʠʤʘʥʫ ʽʟ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʏʠʩʣʝʥʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 
ʤʝʪʨʠʢʠ ʯʠ ʚʽʜʩʪʘʥʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 
ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʨʠʢʠ ʄʘʭʘʣʘʥʦʙʽʩʘ [1]. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʤʥʦʞʠʥʠ ʟʦʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ: 

, ; ;1,2,...,
k n nk

n NuS  ʜʝ kS  ï ʢ-ʪʝ ʟʦʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ; N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ; n
 n-ʠʡ ʧʽʢʩʝʣ. ʇʦʚʥʠʡ ʩʠʛʥʘʣ 

n
u  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʝʢʪʦʨ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ .

nk
u  

ɼʘʥʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 
1) ɺʽʜʢʠʜʘʶʪʴʩʷ ʟʘʰʫʤʣʝʥʽ ʪʘ ʩʠʣʴʥʦ ʢʦʨʝʣʴʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʢʦʨʝʣʷʮʽʾ. ɺʩʽ 

ʩʧʝʢʪʨʘʣʴʥʽ ʚʽʩʽ ʜʽʣʷʪʴʩʷ ʥʘ ʽʥʪʝʨʚʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʘʚʠʣʦ ʪʨʴʦʭ ʩʠʛʤ. ɼʝʷʢʽ ʽʥʪʝʨʚʘʣʠ ʤʽʩʪʷʪʴ 
ʩʠʛʥʘʣʠ ʧʽʢʩʝʣʽʚ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʢʣʘʩʫ, ʘ ʜʝʷʢʽ ʽʥʪʝʨʚʘʣʠ ʤʽʩʪʷʪʴ ʩʠʛʥʘʣʠ ʧʽʢʩʝʣʽʚ ʥʝ ʪʽʣʴʢʠ ʩʚʦʛʦ ʢʣʘʩʫ, 
ʘʣʝ ʡ ʩʠʛʥʘʣʠ ʧʽʢʩʝʣʽʚ ʽʥʰʠʭ ʢʣʘʩʽʚ. 

2) ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ ʜʣʷ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ, ʱʦ ʚʢʣʶʯʘʻ ʧʽʢʩʝʣʽ ʪʽʣʴʢʠ ʦʜʥʦʛʦ 
ʢʣʘʩʫ ʪʘ ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ ʜʣʷ ʢʦʞʥʦʾ ʟʤʽʰʘʥʦʾ ʦʙʣʘʩʪʽ, ʱʦ ʚʢʣʶʯʘʻ ʧʽʢʩʝʣʽ ʨʽʟʥʠʭ ʢʣʘʩʽʚ:  
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ʜʝ 
*K  ʢʽʣʴʢʽʩʪʴ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ; 

ij
 ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʜʚʦʤʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ; [ ],
iu iD u  ʜʝ [ ]iD u  ʜʠʩʧʝʨʩʽʷ ʩʠʛʥʘʣʫ .iu  

3) ɺʽʜʩʪʘʥʴ ʄʘʭʘʣʘʥʦʙʽʩʘ ʤʽʞ ʚʝʢʪʦʨʦʤ *
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A ʪʘ ʢʦʞʥʦʶ ʟ ʦʙʣʘʩʪʝʡ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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 ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ p-ʛʦ ʢʣʘʩʫ; 
1

pS  ʦʙʝʨʥʝʥʘ ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ ʜʣʷ p-ʛʦ ʢʣʘʩʫ. 

4) ɹʘʟʦʚʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʯʢʠ A ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
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A
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ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, MD  ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʟ ʚʽʜʩʪʘʥʝʡ ʄʘʭʘʣʘʥʦʙʽʩʘ. 

5) ʇʨʦʚʦʜʠʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʷ ʙʘʟʦʚʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʛʥʽʩʪʠʯʥʽ ʡʤʦʚʽʨʥʦʩʪʽ: 
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6) ɺʩʪʘʥʦʚʣʶʻʤʦ ʢʣʘʩ ʧʽʢʩʝʣʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ ʧʽʛʥʽʩʪʠʯʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ: 

arg ( ) ,
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     (5) 

ʜʝ D  ʚʠʙʨʘʥʝ ʨʽʰʝʥʥʷ ʟ ʤʥʦʞʠʥʠ ʢʣʘʩʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 
ɺʠʩʥʦʚʦʢ: ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʥʦʚʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʩʪʘʥʽ ʄʘʭʘʣʘʥʦʙʽʩʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ 
ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʝʢʦʣʦʛʽʯʥʠʭ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʘʭ [2]. 

 
1. Yager R. (1987). On the Dempster-Shafer Framework and New Combination Rules. Information Sciences, 
pp. 93-137. 
2. Alpert S.I. (2014). A review of Accuracy and Inaccuracy Assessments and their properties in Land-Cover 
Classification [Abstracts of 4th Ukranian Conference GEO-UA]. Kyiv, p. 214. 
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NEW APPROACH OF HYPERSPECTRAL SATELLITE IMAGE CLASSIFICATION BASED 
ON MAHALANOBIS DISTANCE 

A lot of scientific problems, using satellite images include a procedure of classification. This 
procedure is one of most difficult procedures in remote sensing. As a rule, classification methods use 
information from various spectral bands. A lot of classification approaches uses special metrics or distances. 
Thatôs why, method of hyperspectral satellite image classification based on Mahalanobis distance is 
proposed in this work [1]. 

We consider, that hyperspectral image consists of a set of spectral images: , ; ;1,2,...,
k n nk

n NuS  

where  kS  is the k-spectral image; N is the total number of spectral bands; n
 is the n-th pixel. The full 

signal 
n

u  is considered as a vector with components .
nk

u  

This classification method consists of the following steps: 
1) Very noisy and similar images are removed, using correlation coefficient. Then each of the 

spectral axes is divided into intervals, using three-sigma rule. Some intervals contain signals of the pixels of 
the one class, but some intervals contain not only signals of the pixels of the same class, but signals of the 
pixels of the other classes. 

2) Covariance matrix for each domain, that includes pixels of each class and covariance matrix for 
each compound domain, that includes pixels from different classes are defined as:  

* *

* *

* * * * *
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,
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K K
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p

K K K K K

S

     (1) 

where 
*K  quantity of most informative spectral bands; 

ij
 correlation coefficient between two spectral 

bands; [ ],
iu iD u  where [ ]iD u  is a statistical dispersion of the signal .iu  

3) The Mahalanobis distance between a vector *

* * * *

1 2( , ,..., ),
K

u u u u  that is described by the point A 

and each domain is defined as: 
* 1 *( ) ( ) ,T

P p p pMD u S u     (2) 

where 
p

mathematical expectation of the p-th class; 
1

pS  inverse matrix of the covariance matrix of the 

p-th class. 
4) Basic mass of the point A is defined as: 

( )

1
(A) 1 ,

1
A
jk MD MD

m
e

     (3) 

where k is a coefficient, MD  is the mean of all Mahalanobis distances. 

5) The normalization of the basic probabilities and determination the pignistic probabilities are carried 
out: 

2

; .
A

B A
BetP B m A B

A

    (4) 

6) Determine the class of pixel, using the criteria of maximum of pignistic probability: 

arg ( ) ,

2
maxD BetP A

A

     (5) 

where D  is the decision taken on the set of the considered classes. 
Conclusion: A new method of hyperspectral satellite image classification based on Mahalanobis 

distance was considered in this work. The proposed method can be applied to different ecological, 
agricultural and practical tasks [2]. 
1. Yager, R. (1987). On the Dempster-Shafer Framework and New Combination Rules. Information 
Sciences, pp. 93-137. 
2. Alpert, S. I. (2014). A review of Accuracy and Inaccuracy Assessments and their properties in Land-Cover 
Classification [Abstracts of 4th Ukranian Conference GEO-UA]. Kyiv, p.214.  
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ɻʁʊʇʐʁʆʁ 

ʂʨʽʦʛʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʧʣʝʡʩʪʦʮʝʥʫ ɺʦʣʠʥʩʴʢʦʾ ʚʠʩʦʯʠʥʠ ʜʦʩʣʽʜʞʝʥʦ ʫ 12 ʨʦʟʨʽʟʘʭ ʣʝʩʦʚʦ-
ˇʨʫʥʪʦʚʠʭ ʚʽʜʢʣʘʜʽʚ (ɹʦʨʝʤʝʣʴ, ʅʦʚʠʡ ʊʽʢ, ʉʤʠʢʽʚ, ʂʦʣʦʜʝʞʽ, ʅʦʚʦʩʪʘʚ, ʐʠʙʠʥ, ʂʦʚʙʘʥʴ, ɹʘʢʽʚʮʽ, 
ɹʨʠʱʽ, ɼʫʙʦʚʝʮʴ, ɼʝʨʝʚôʷʥʯʝ, ʂʨʘʾʚ), ʨʦʟʯʣʝʥʦʚʘʥʠʭ ʟʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʶ ʩʭʝʤʦʶ ʧʣʝʡʩʪʦʮʝʥʫ ʋʢʨʘʾʥʠ 
(ɺʝʢʣʠʯ ʪʘ ʽʥ., 1993). ɻʦʣʦʚʥʽ ʧʘʣʝʦʢʨʽʦʛʝʥʥʽ ʝʪʘʧʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ɺʦʣʠʥʩʴʢʦʾ ʚʠʩʦʯʠʥʠ ʨʘʥʽʰʝ 
ʚʩʪʘʥʦʚʣʝʥʽ ɸ.ɹ. ɹʦʛʫʮʴʢʠʤ (ɹʦʛʫʮʴʢʠʡ, 1990). ʅʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʫ ʚʝʨʭʥʴʦʤʫ 
ʧʣʝʡʩʪʦʮʝʥʽ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʽʢʦʚʽ ʨʽʚʥʽ ʢʨʽʦʩʪʨʫʢʪʫʨ.  

pc3 ï ʩʠʩʪʝʤʘ ʥʘʡʙʽʣʴʰʠʭ ʫ ʣʝʩʦʚʦ-ˇʨʫʥʪʦʚʽʡ ʬʦʨʤʘʮʽʾ ɺʦʣʠʥʽ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘ ʧʦʚʪʦʨʥʦ-
ʞʠʣʴʥʠʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 3 ʤ, ʱʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʽʟ ʧʽʜʦʰʚʠ ʛʦʣʦʮʝʥʦʚʦʛʦ ˇʨʫʥʪʫ. ʋʩʝʨʝʜʠʥʽ 
ʚʝʣʠʢʠʭ ʧʦʣʽʛʦʥʽʚ ʩʬʦʨʤʫʚʘʣʠʩʷ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʪʘ ʧʝʨʝʭʽʜʥʽ ʜʦ ʧʝʨʚʠʥʥʦ-ʧʽʱʘʥʠʭ ʞʠʣ 
ʩʪʨʫʢʪʫʨʠ ʛʣʠʙʠʥʦʶ ʜʦ 2,5 ʤ, ʽʥʦʜʽ ʜʚʦʭôʷʨʫʩʥʦʾ ʙʫʜʦʚʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʧʦʣʽʛʦʥʠ ʰʠʨʠʥʦʶ 0,7-1,5 ʤ. 
ʈʽʜʰʝ ʧʘʣʝʦʢʨʽʦʛʝʥʥʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʨʤʦʢʘʨʩʪʦʚʠʤʠ ʽ ʪʝʨʤʦʝʨʦʟʽʡʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 
ʧʦʩʪʢʨʽʦʛʝʥʥʠʤʠ ʪʝʢʩʪʫʨʘʤʠ (ʰʣʽʨʦʚʘ, ʥʝʧʦʚʥʦʩʽʪʯʘʩʪʘ, ʩʽʪʯʘʩʪʘ). ʋ ʟʘʧʣʘʚʥʠʭ ˇʨʫʥʪʘʭ ʧʨʦʩʪʝʞʝʥʦ 
ʩʠʩʪʝʤʫ ʽʥʚʦʣʶʮʽʡ ʽ ʢʨʽʦʢʦʥʚʝʢʪʠʚʥʠʭ ʧʨʦʩʽʜʘʥʴ ʤʘʪʝʨʽʘʣʫ. 

pc1 ï ʩʠʩʪʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʠʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 2 ʤ, ʧʦʦʜʠʥʦʢʽ 
ʦʜʥʦʢʨʘʪʥʽ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʪʘ ʽʥʚʦʣʶʮʽʡʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜʩʪʝʣʴʥʦʛʦ ʜʦʬʽʥʽʚʩʴʢʦʛʦ ˇʨʫʥʪʫ. ʅʘ 
ʩʭʠʣʘʭ ʧʽʚʥʽʯʥʦʾ ʝʢʩʧʦʟʠʮʽʾ ʧʨʦʩʪʝʞʝʥʦ ʩʦʣʽʬʣʶʢʮʽʡʥʽ ʪʝʢʩʪʫʨʠ. 

bg2 ï ʩʦʣʽʬʣʶʢʮʽʡʥʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʪʝʢʩʪʫʨʠ, ʱʦ ʜʝʬʦʨʤʫʶʪʴ ʽʥʽʮʽʘʣʴʥʽ ˇʨʫʥʪʠ ʫʩʝʨʝʜʠʥʽ 
ʙʫʟʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʥʝʧʦʚʥʦʩʽʪʯʘʩʪʠʭ ʧʦʩʪʢʨʽʦʛʝʥʥʠʭ ʪʝʢʩʪʫʨ.  

bg1 ï ʢʦʤʧʣʝʢʩ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘ ʜʘʚʥʽʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 2,5 ʤ ʪʘ ʽʟ ʰʠʨʠʥʦʶ ʧʦʣʽʛʦʥʽʚ ʜʦ 
25 ʤ. ʋʩʝʨʝʜʠʥʽ ʚʝʣʠʢʠʭ ʧʦʣʽʛʦʥʽʚ ʫʪʚʦʨʠʣʠʩʷ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʛʣʠʙʠʥʦʶ ʜʦ 2 ʤ. ʇʦʚʩʶʜʥʦ 
ʬʦʨʤʫʚʘʣʠʩʷ ʜʝʣʶʚʽʘʣʴʥʦ-ʩʦʣʽʬʣʶʢʮʽʡʥʽ ʪʝʢʩʪʫʨʠ. ʇʨʦʩʪʝʞʝʥʦ ʧʦʦʜʠʥʦʢʽ ʪʝʨʤʦʝʨʦʟʽʡʥʽ ʙʦʨʦʟʥʠ ʪʘ 
ʥʝʚʝʣʠʯʢʽ ʪʝʨʤʦʢʘʨʩʪʦʚʽ ʟʘʧʘʜʠʥʠ. ʇʝʨʰʽ ʧʦʜʝʢʫʜʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʫ ʜʝʣʣʽ ʽ ʥʘʚʽʪʴ ʧʝʨʠʛʣʷʮʽʘʣʴʥʽ 
ʷʨʠ ʛʣʠʙʠʥʦʶ ʜʦ 5 ʤ.  

vt2 ï ʩʠʩʪʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘ ʜʘʚʥʽʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 2 ʤ, ʧʦʦʜʠʥʦʢʽ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ 
ʞʠʣʠ, ʘ ʪʘʢʦʞ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʝʨʝʜʥʴʦʛʦ ʚʠʪʘʯʽʚʩʴʢʦʛʦ ˇʨʫʥʪʫ.  

vt1b1-b2 ï ʩʠʩʪʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘ ʜʘʚʥʽʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 2,5 ʤ, ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ 
ʥʠʞʥʴʦʛʦ ʚʠʪʘʯʽʚʩʴʢʦʛʦ ˇʨʫʥʪʫ, ʰʣʽʨʦʚʽ ʪʘ ʥʝʧʦʚʥʦʩʽʪʯʘʩʪʽ ʧʦʩʪʢʨʽʦʛʝʥʥʽ ʪʝʢʩʪʫʨʠ. 

ud ï ʥʘʚʽʪʴ ʥʘ ʥʘʡʙʽʣʴʰ ʧʦʣʦʛʠʭ ʩʭʠʣʘʭ (ʙʣʠʟʴʢʦ 2Á) ʧʨʦʩʪʝʞʝʥʦ ʩʦʣʽʬʣʶʢʮʽʡʥʽ ʪʝʢʩʪʫʨʠ, ʷʢʽ 
ʜʝʬʦʨʤʫʶʪʴ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʧʨʠʣʫʮʴʢʦʛʦ ʧʝʜʦʢʦʤʧʣʝʢʩʫ. ɯʥʦʜʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʚʦʭôʷʨʫʩʥʽ ʧʝʨʚʠʥʥʦ-
ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʛʣʠʙʠʥʦʶ ʜʦ 3 ʤ, ʧʩʝʚʜʦʤʦʨʬʦʟʠ ʟʘ ʜʘʚʥʽʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 2 ʤ ʪʘ ʽʥʚʦʣʶʮʽʡʥʽ 
ʪʝʢʩʪʫʨʠ. ʋ ʟʘʧʣʘʚʥʠʭ ˇʨʫʥʪʘʭ ʧʨʠʣʫʮʴʢʦʛʦ ʢʣʽʤʘʪʦʣʽʪʫ ʚʠʷʚʣʝʥʦ ʩʠʩʪʝʤʫ ʧʣʷʤ-ʤʝʜʘʣʴʡʦʥʽʚ ʽʟ 
ʰʠʨʠʥʦʶ ʧʦʣʽʛʦʥʽʚ ʙʣʠʟʴʢʦ 1 ʤ. ʋ ʧʨʠʣʫʮʴʢʦʤʫ ʧʝʜʦʢʦʤʧʣʝʢʩʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ 
ʧʦʩʪʢʨʽʦʛʝʥʥʠʭ ʪʝʢʩʪʫʨ: ʰʣʽʨʦʚʘ, ʥʝʧʦʚʥʦʩʽʪʯʘʩʪʘ ʽ ʩʽʪʯʘʩʪʘ, ʣʽʥʟʦʚʠʜʥʦ-ʧʣʝʪʽʥʯʘʩʪʘ.  

pl2 ï ʩʦʣʽʬʣʶʢʮʽʡʥʽ ʪʘ ʽʥʚʦʣʶʮʽʡʥʽ ʪʝʢʩʪʫʨʠ ʫ ʥʠʞʥʽʭ ˇʨʫʥʪʘʭ ʧʨʠʣʫʮʴʢʦʛʦ ʧʝʜʦʢʦʤʧʣʝʢʩʫ, ʨʽʟʥʽ 
ʪʠʧʠ ʧʦʩʪʢʨʽʦʛʝʥʥʠʭ ʪʝʢʩʪʫʨ (ʥʝʧʦʚʥʦʩʽʪʯʘʩʪʘ, ʩʽʪʯʘʩʪʘ ʽ ʣʽʥʟʦʚʠʜʥʦ-ʧʣʝʪʽʥʯʘʩʪʘ). ʈʽʜʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 
ʢʣʠʥʦʧʦʜʽʙʥʽ ʪʘ ʙʘʭʨʦʤʯʘʩʪʽ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʛʣʠʙʠʥʦʶ ʜʦ 2 ʤ, ʽʥʦʜʽ ʚʠʛʥʫʪʽ ʩʦʣʽʬʣʶʢʮʽʡʥʠʤʠ 
ʧʨʦʮʝʩʘʤʠ. ʅʘ ʩʭʠʣʘʭ ʧʦʜʝʢʫʜʠ ʧʨʦʩʪʝʞʝʥʦ ʪʝʨʤʦʝʨʦʟʽʡʥʽ ʙʦʨʦʟʥʠ. 

pl1b-c ï ʜʨʽʙʥʽ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʛʣʠʙʠʥʦʶ ʜʦ 0,7 ʤ. 
ts ï ʩʠʩʪʝʤʘ ʢʣʠʥʦʧʦʜʽʙʥʠʭ ʽ ʙʘʭʨʦʤʯʘʩʪʠʭ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʠʭ ʞʠʣ ʛʣʠʙʠʥʦʶ 1,5-2,5 ʤ. ɺ 

ʝʦʣʦʚʦ-ʜʝʣʶʚʽʘʣʴʥʠʭ ʽ ʧʨʦʣʶʚʽʘʣʴʥʠʭ ʧʽʩʢʘʭ ʨʦʟʢʨʠʪʦ ʧʝʨʚʠʥʥʦ-ʧʽʱʘʥʽ ʞʠʣʠ ʛʣʠʙʠʥʦʶ ʜʦ 2 ʤ. 
ʏʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʛʫʩʪʘ ʤʝʨʝʞʘ ʜʨʽʙʥʠʭ ʤʦʨʦʟʦʙʽʡʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʨʫʡʥʫʶʪʴ 
ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʢʘʡʜʘʮʴʢʦʛʦ ˇʨʫʥʪʫ. ʇʦʜʝʢʫʜʠ ʤʘʶʪʴ ʤʽʩʮʝ ʪʝʨʤʦʝʨʦʟʽʡʥʽ ʙʦʨʦʟʥʠ V-ʧʦʜʽʙʥʦʾ 
ʢʦʥʬʽʛʫʨʘʮʽʾ ʫ ʧʨʦʬʽʣʽ. ʉʦʣʽʬʣʶʢʮʽʡʥʽ ʪʝʢʩʪʫʨʠ ʨʦʟʢʨʠʪʦ ʣʠʰʝ ʥʘ ʩʭʠʣʘʭ ʢʨʫʪʠʟʥʦʶ ʧʦʥʘʜ 5Á. 
ʄʦʨʦʟʦʙʽʡʥʽ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʭʽʜʥʽ ʜʦ ʧʩʝʚʜʦʤʦʨʬʦʟ ʟʘ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʠʤ ʣʴʦʜʦʤ ʚʠʷʚʣʝʥʦ ʥʘ ʩʭʠʣʘʭ 
ʧʽʚʥʽʯʥʦʾ ʝʢʩʧʦʟʠʮʽʾ. 

kd2 ï ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʽ ʞʠʣʠ ʛʣʠʙʠʥʦʶ ʜʦ 1,2 ʤ, ʧʝʨʝʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʜʦ ʧʝʨʚʠʥʥʦ-ʧʽʱʘʥʠʭ 
ʞʠʣ, ʘ ʪʘʢʦʞ ʧʦʩʪʢʨʽʦʛʝʥʥʽ ʪʝʢʩʪʫʨʠ (ʥʝʧʦʚʥʦʩʽʪʯʘʩʪʽ ʪʘ ʩʽʪʯʘʩʪʽ). 

kd1a-b ï ʤʝʨʝʞʘ ʧʝʨʚʠʥʥʦ-ˇʨʫʥʪʦʚʠʭ ʞʠʣ ʽ ʩʪʨʫʢʪʫʨ ʧʝʨʝʭʽʜʥʠʭ ʜʦ ʧʝʨʚʠʥʥʦ-ʧʽʱʘʥʠʭ ʞʠʣ 
ʛʣʠʙʠʥʦʶ ʜʦ 1 ʤ, ʯʘʩʪʦ ʭʠʤʝʨʥʦʾ ʬʦʨʤʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʤʽʢʨʦʧʦʣʽʛʦʥʠ ʰʠʨʠʥʦʶ 0,5 ʤ. ʋ ʙʘʣʢʦʚʦʤʫ 
ʘʣʶʚʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʥʘʛʘʜʫʶʪʴ ʧʩʝʚʜʦʤʦʨʬʦʟʠ ʟʘ ʜʘʚʥʽʤ ʣʴʦʜʦʤ ʛʣʠʙʠʥʦʶ ʜʦ 1,5 ʤ ʽʟ 
ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤʠ ʧʦʣʽʛʦʥʘʣʴʥʠʤʠ ʚʘʣʠʢʘʤʠ.  
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CRYOSTRATIGRAPHICAL MARKERS IN THE UPPER PLEISTOCENE OF THE VOLYN 
UPLAND 

The Pleistocene cryogenic features have been studied in 12 loess-soil sections of the Volyn Upland 
(Boremel, Novyi Tik, Smykiv, Kolodezhi, Novostav, Shybyn, Kovban, Bakivtsi, Bryshchi, Dubovets, 
Derevianche, Kraiv), stratified according the Quaternary stratigraphical framework of Ukraine (Veklitch et al., 
1993). The main palaeocryogenic stages in this area have been studied earlier by A. Bogutskyi (1990). The 
new studies allow the allocation of those levels of cryoturbations within the Upper Pleistocene.  

pc3 ï the system of the largest ice-wedges within the Volynô Pleistocene (up to 3 m in depth), which 
open from the Holocene subsoil. The ground wedges and the structures similar to sand-wedges (up to 2,5 m 
in depth) form small polygons (0,7-1,5 m in width). Thermokarst and thermoerosional structures and 
postcryogenic textures (platy, reticulate, reticulate-blocky) are less common in the palaeocryogenic complex. 
Involutions are revealed only in the floodplain Gleysols. 

pc1 ï the system of large (up to 2 m in depth) ice-wedges, single ground wedges, in places the 
deformations of the underlying Dofinivka soil, similar to involutions. Solifluction textures are revealed only on 
the northern slopes.  

bg2 ï solifluction textures and reticulate-platy postcryogenic textures, which deform several incipient 
soils within the loess.  

bg1 ï the well-expressed system of ice-wedges (up to 2,5 m in depth) with large polygons (up to 25 
m in width), inside of which the ground wedges  (up to 2 m in depth) were formed. The solifluction textures 
were formed almost everywhere. The single thermoerosional furrows and small thermokarst depressions are 
also revealed. The furrow, in places, is transformed to periglacial gullies (up to 5 m in depth). 

vt2 ï the system of ice wedges (up to 2 m in depth), random ground wedges and involutions in the 
middle Vytachiv soils. 

vt1b1-b2 ï ice wedges (up to 2,5 m in depth), platy and reticulate-blocky postcryogenic textures, 
involutions in the lower Vytachiv Gleysol.  

ud ï solifluction textures and the other types of postcryogenic textures (platy, reticulate, reticulate-
blocky and lense-like), which deform the upper part of the Pryluky pedocomplex almost everywhere. In 
places, ground wedges (up to 3 m in depth), relatively small ice wedges (up to 2 m in depth) and 
involutions are revealed. The Pryluky floodplain soils are deformed by spot-medallions with the width of 
polygons about 1 m. 

pl2 ï solifluctions, involutions and different types of postcryogenic textures (reticulate, reticulate-
blocky and lense-like) in the lower part of Pryluky pedocomplex. In places, ground wedges (up to 2 m in 
depth) have been bent by solifluction processes. On the slopes, thermoerosional furrows were revealed. 

pl1b-c ï small frost fissures (up to 0,7 m in depth). 
ts ï the system of ground wedges (up to 1,5-2,5 m in depth) and sand wedges (up to 2 m in depth), 

which on the northern slopes are transitional to ice-wedges. More frequently the dense network of small frost 
fissures occur, which strongly distorts the upper part of the Kaydaky pedocomplex. The thermoerosional 
furrows with a V-type configuration have been also revealed. Solifluction textures were formed only on the  
slopes, inclined more than 5Á. 

kd2 ï ground wedges (up to 1,2 m in depth), the structures similar to sand wedges and 
postcryogenic textures (reticulate and reticulate-blocky).  

kd1a-b ï ground wedges and sand wedges (up to 1 m in depth), forming the small polygons of 
intricate forms (up to 0,5 m in width). The structures similar to ice-wedges (up to 1,5 m in depth) occur in the 
gully alluvia. 
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ɼɾʇɾʄɾʃʋʉʁʐʆɰ ɽʇʊʄɰɽɿɾʆʆʘ ʊʁɻɹʊʕʃʇɱ ʀɹʈɹɽʁʆʁ 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʽʜ ʟʝʤʥʦʾ ʢʦʨʠ ʽ ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ ʪʝʨʠʪʦʨʽʾ ʉʠʚʘʩʴʢʦʾ 
ʟʘʧʘʜʠʥʠ ʪʘ ʂʨʠʤʩʴʢʦ-ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʚ ʮʽʣʦʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-
ʪʝʢʪʦʥʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʜʦ ʨʦʟʨʷʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ. ʄʝʪʦʜʠ 
ʤʘʛʥʽʪʦʪʝʣʫʨʠʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ʄʊɿ), ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 
ɿʝʤʣʽ ʽʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʽʪʦʩʬʝʨʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɺ ʾʭ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʽʥʜʫʢʮʽʡʥʠʡ ʧʨʠʥʮʠʧ, ʱʦ 
ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʷʚʠʱʽ ʩʢʽʥ-ʝʬʝʢʪʫ ï ʧʨʦʧʦʨʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 
ʧʦʣʷ ʚʽʜ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ. ɿʘʚʜʷʢʠ ʯʦʤʫ ʤʝʪʦʜ ʛʣʠʙʠʥʥʦʾ ʛʝʦʝʣʝʢʪʨʠʢʠ ʩʣʫʞʘʪʴ ʜʞʝʨʝʣʦʤ ʧʨʷʤʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʽʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʛʝʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʽ 
ʚʝʨʭʽʚ ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ. ʉʫʯʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʟ ʚʠʚʯʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʂʨʠʤʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʫ ʚʠʢʦʥʫʚʘʣʠʩʴ ɯʥʩʪʠʪʫʪʦʤ ʛʝʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 
ʫ ʪʨʘʚʥʽ 2013 ʨʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʚʛʦʧʝʨʽʦʜʥʦʾ ʮʠʬʨʦʚʦʾ ʩʪʘʥʮʽʾ Lemi-417. ʆʜʠʥ ʟ ʪʨʴʦʭ ʧʫʥʢʪʽʚ ɻʄʊɿ 
ï ʩ. ʈʽʜʥʝ, ʱʦ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʉʢʽʬʩʴʢʦʾ 
ʧʣʠʪʠ, ʚ ʉʠʚʘʩʴʢʽʡ ʟʘʧʘʜʠʥʽ ʧʦʤʽʞ ʏʦʥʛʘʨʩʴʢʦʶ ʪʘ ʄʝʣʽʪʦʧʦʣʴʩʴʢʦïʅʦʚʦʮʘʨʠʮʠʥʩʴʢʦʶ ʨʦʟʣʦʤʥʠʤʠ 
ʟʦʥʘʤʠ. ʉʫʤʘʨʥʘ ʧʦʟʜʦʚʞʥʷ ʧʨʦʚʽʜʥʽʩʪʴ ʟʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤ ʜʞʝʨʝʣʘʤ ʫ ʧʫʥʢʪʽ ʈʽʜʥʝ ʩʢʣʘʜʘʻ 700 
ʉʤ, ʧʨʠ ʮʴʦʤʫ ʽʟʦʛʽʧʩʠ ʧʦʚʝʨʭʥʽ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʩʷʛʘʶʪʴ 1700 ʤ [1]. 

ʋ ʛʣʠʙʠʥʥʦʤʫ ʧʫʥʢʪʽ ʈʽʜʥʝ ʢʨʠʚʘ ɟyx ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʧʽʜʡʦʤʦʤ ʨʽʚʥʷ ʧʦʟʽʨʥʦʛʦ 
ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 
ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʪʽʣʴʢʠ ʥʘ ʩʘʤʠʭ ʚʝʣʠʢʠʭ ʧʝʨʽʦʜʘʭ 3000-5000 ʩ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 
ɟʧ ʟ ʚʠʭʦʜʦʤ ʢʨʠʚʦʾ ʥʘ ʛʣʦʙʘʣʴʥʽ ʜʘʥʽ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʥʘʯʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʛʘʣʴʚʘʥʽʯʥʠʭ 
ʩʧʦʪʚʦʨʝʥʴ ʢʨʠʚʦʾ. ʊʦʜʽ ʷʢ ʢʨʠʚʘ ɟxy ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʭʽʜʥʦʶ ʛʽʣʢʦʶ ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ ʚ ʜʽʘʧʘʟʦʥʽ 
ʧʝʨʽʦʜʽʚ 20-200 ʩ ʪʘ ʧʨʠʩʫʪʥʽʩʪʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʝʨʝʛʠʥʫ ʥʘ 200-1000 ʩ ʟ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤ ʤʽʥʽʤʫʤʦʤ 
ʫ ʽʥʪʝʨʚʘʣʽ 700-2000 ʩ. ʂʨʠʚʘ ɟxy ʧʽʩʣʷ 1000 ʩ ʣʝʞʠʪʴ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʯʝ ʟʘ ʧʦʧʝʨʝʯʥʫ ʪʘ ʥʝ ʚʠʭʦʜʠʪʴ 
ʥʘ ʨʽʚʝʥʴ ʛʣʦʙʘʣʴʥʠʭ ʜʘʥʠʭ. ʌʘʟʦʚʽ ʢʨʠʚʽ (ű) ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0Á ʜʦ -90Á. ʇʘʨʘʤʝʪʨʠ űxy ʪʘ 
űyx ʥʘ ʢʦʨʦʪʢʠʭ ʧʝʨʽʦʜʘʭ ʧʣʘʚʥʦ ʟʨʦʩʪʘʶʪʴ ʚʽʜ -40Á ʜʦ -10Á ʥʘ ʤʘʢʩʠʤʫʤʽ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʽ 
ʟʙʽʣʴʰʝʥʥʷʤ ʧʝʨʽʦʜʫ ʬʘʟʦʚʽ ʢʨʠʚʽ ʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ -75Á ʪʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ H-
ʽʥʪʝʨʚʘʣʦʤ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʨʠʚʦʾ ʧʦʟʽʨʥʦʛʦ ʦʧʦʨʫ. ʈʝʟʫʣʴʪʘʪʠ ʷʢʽʩʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʢʘʟʫʶʪʴ ʥʘ 
ʽʩʥʫʚʘʥʥʷ ʰʘʨʫ ʧʽʜʚʠʱʝʥʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʩʫʤʘʨʥʦʶ ʧʦʟʜʦʚʞʥʴʦʶ ʧʨʦʚʽʜʥʽʩʪʶ S=3000-4000 ʉʤ 
ʪʘ ʛʨʘʥʠʮʝʶ ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 50 ʜʦ 100 ʢʤ. ʉʫʤʘʨʥʘ ʧʦʚʟʜʦʚʞʥʷ ʧʨʦʚʽʜʥʽʩʪʴ ʦʩʘʜʦʚʦʾ 
ʪʦʚʱʽ ʧʦ ʚʠʩʭʽʜʥʠʤ ʛʽʣʢʘʤ ɟʧ ʩʷʛʘʶʪʴ ʧʦʥʘʜ 400 ʉʤ.  

ʋ ʤʝʪʦʜʽ ʤʘʛʥʽʪʦʚʘʨʽʘʮʽʡʥʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʷ (ʄɺʇ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʥʟʦʨ ɺʽʟʝ-ʇʘʨʢʽʥʩʦʥʘ 
(ʪʠʧʝʨ), ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʦʶ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʶ ʩʢʣʘʜʦʚʠʤʠ 
ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄʘʢʩʠʤʫʤ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʜʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 
200-300 ʩ, ʘʟʠʤʫʪ ʪʠʧʝʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʽʦʜʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʟʘʭʽʜʥʦʛʦ ʜʦ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ, ReW ʪʘ 
ImW ʢʦʣʽʥʝʘʨʥʽ. ʊʘʢʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʥʘʧʨʷʤʦʢ ʥʘ ʮʠʭ ʧʝʨʽʦʜʘʭ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ ʙʝʨʝʛʦʚʠʤ ʝʬʝʢʪʦʤ 
ʟ ʙʦʢʫ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ. ʇʦʯʠʥʘʶʯʠ ʚʽʜ ʧʝʨʽʦʜʫ 500 ʩ ʢʦʣʽʥʝʘʨʥʽʩʪʴ ReW ʪʘ ImW ʧʦʨʫʰʫʻʪʴʩʷ, ʢʫʪ ʤʽʞ 
ʥʠʤʠ ʩʪʘʥʦʚʠʪʴ 45Á-90Á, ʾʭ ʚʝʣʠʯʠʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0,1-0,5, ʦʩʥʦʚʥʠʡ ʥʘʧʨʷʤ ReW ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ. 
ɸʥʘʣʽʟ ʤʘʛʥʽʪʦʚʘʨʽʘʮʽʡʥʠʭ ʚʽʜʛʫʢʽʚ ʫ ʧʫʥʢʪʽ ʈʽʜʥʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʫ ʪʨʠʚʠʤʽʨʥʫ ʩʠʪʫʘʮʽʶ ʫ ʛʣʠʙʠʥʥʽʡ 
ʯʘʩʪʠʥʽ ʉʠʚʘʩʴʢʦʾ ʟʘʧʘʜʠʥʠ. 

1D- ʽʥʚʝʨʩʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɻʄʊɿ ʚʠʢʦʥʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʅʽʙʣʝʪʪʘ, ʪʘʢ 
ʟʚʘʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʢʨʠʚʠʭ ɟʧ(ʊ) ʚ ʢʨʠʚʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʚʽʜ ʛʣʠʙʠʥʠ ɟ(ʅ), ʜʝ ʦʧʽʨ ɟ ʽ 
ʤʝʞʘ ʅ ï ʥʝ ʽʩʪʠʥʥʽ, ʘ ʥʘʙʣʠʞʝʥʽ ʚʝʣʠʯʠʥʠ ï çʜʽʶʯʽè. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʝʪʦʜ ʜʘʻ ʟʛʣʘʜʞʝʥʠʡ 
ʛʝʦʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʽʟ. ʈʝʟʫʣʴʪʘʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʝ ʣʠʰʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʘ ʥʘ 
ʮʠʭ ʛʣʠʙʠʥʘʭ, ʘʣʝ ʽ ʜʦʜʘʪʢʦʚʦ ʚʢʘʟʫʶʪʴ ʥʘ ʽʩʥʫʚʘʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʟʦʥʠ ʚ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ 10-20 ʢʤ ʟ 
ɟ=100 ʆʤĀʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʫ ʪʨʠʚʠʤʽʨʥʫ ʩʠʪʫʘʮʽʶ, ʷʢʘ 
ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʪʘ ʛʣʠʙʠʥʥʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʧʦʚʝʨʭʥʝʚʠʤ ʪʘ ʛʣʠʙʠʥʥʠʤ ʘʥʦʤʘʣʽʷʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʎʝ ʽ ʻ ʧʠʪʘʥʥʷ, ʱʦ ʤʘʻ ʙʫʪʠ ʚʠʨʽʰʝʥʝ 
ʪʨʠʚʠʤʽʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

 
1. ɹʫʨʘʭʦʚʠʯ ʊ.ʂ., ʂʫʰʥʽʨ ɸ.ʅ., ʅʠʢʦʣʘʝʚ ʀ.ʖ., ʐʝʨʝʤʝʪ ɽ.ʄ., ʐʠʨʢʦʚ ɹ.ʀ., ʈʝʟʫʣʴʪʘʪʳ 
ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʨʳʤʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɻʝʦʬʠʟ. ʞʫʨʥ. 2016. ʊ. 38. 
ˉ 2. ʉ. 57-78. 
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GEOELECTRIC RESEARCH OF THE SYVASH DEPRESSION 

The research of electrical conductivity of the crust and upper mantle of the Syvash depressionand 
the Crimean-Black Sea region as a whole, represented by various structural and tectonic elements, should 
be classified as a fundamental scientific task. Methods of magnetotelluric sounding (MTS) based on the 
study of the natural electromagnetic field of the Earth ionospheric-magnetospheric origin. They are based on 
the induction principle, which is bases on the phenomenon of skin effect ï the proportional dependence of 
the depth of penetration of the electromagnetic field from the period of oscillations. Due to this, the deep 
geoelectric method serves as a source of direct information on the presence of anomalies of electrical 
conductivity and geoelectrical parameters of the crust and upper mantle. Modern experimental work on the 
research of the natural low-frequency electromagnetic field of the Crimean peninsula was carried out by S.I. 
Subbotin Institute of Geophycs, NAS of Ukraine in May 2013 with the help of the long-term digital station 
Lemi-417. One of the three station of the deep MTS of village Ridne which considered in detail in this work, 
is located in the northern part of the Scythian plate, in the Syvash depression between the Chongar and 
Melitopol-Novocaritsyn fault zones. The total longitudinal conductivity according to the literary sources at the 
point Ridne is 700 S, while the isohyps of the upper chalk surface reach 1700 m [1]. 

At the deep point Ridne, curve ɟyx characterized by a continuous rise in the level of apparent 
electrical resistance and only reflects the value of total longitudinal conductivity of sedimentary deposits, and 
only in the largest periods of 3000-5000 s there is a decrease in the value of ɟʧ with the output of the curve 
on global data. This indicates a lack of significant regional galvanic distortions of the curve. Whereas the 
curve ɟxy is characterized by an ascending branch of the sedimentary strata in the range of periods of 20-
200 s and with the presence of a characteristic bend on 200-1000 s with a pronounced minimum in the range 
700-2000 s. The curve ɟxy after 1000 s is an order of magnitude lower than the transverse and does not 
reach the level of global data. The phase curves (ű) are in the range from 0Á to -90Á. The parameters űxy and 
űyx in short periods gradually increase from -40Á to -10Á at the maximum of the frequency characteristic. With 
the increase of the period, the phase curves reach the maximum values -75Á and are well consistent with the 
H-interval of the longitudinal resistance curve. The results of a qualitative interpretation indicate the 
existence of a layer of elevated conductivity with a total longitudinal conductivity S=3000-4000 s and a 
boundary of the upper edge at depths from 50 to 100 km. The total longitudinal conductivity of the 
sedimentary strata along the ascending branches ɟʧ reaches over 400 S. 

In the method of magnetic-variation profiling (MVP), the Vize-Parkinson's (type) tensor is 
determined, which calculated from the ratio between the vertical and tangential components of the magnetic 
field. The maximum frequency characteristic of the induction parameters is in the range 200-300 s, the 
azimuth of the types depending on the period varies from West to South-West, ReW and ImW collinear. It`s 
spatial direction in these periods can be explained by the coastal effect from the Azov Sea. Starting from a 
period of 500 s, the collinearity of ReW and ImW is broken, the angle between them is 45Á-90Á, their 
magnitude decreases to 0.1-0.5, the main direction of the ReW North-West. The analysis of the 
magnetization responses at Ridne point to a complex three-dimensional situation in the deep part of the 
Syvash depression. 

1D-inversion of experimental DMTS made using the Niblett transformations, the transformations of 
the curves ɟʧ(T) in the curves, which determine the dependence of the resistance on the depth ɟ(H), where 
the resistance ɟ and the boundary H are not true, and the approximate values "acting". The method gives a 
smoothed geoelectric profile, in the most cases. The results of the transformation not only confirm the 
existence of a conductor at these depths, but also indicate the existence of an abnormal zone in the range of 
depths 10-20 km with ɟ=100 OhmĀm. 

Thus, the analysis of experimental data indicates a complex three-dimensional situation, which 
involves the presence of a surface and deep conductive structure that correspond to surface and deep 
electrical conductivity anomalies. This question needs to solve by three-dimensional modeling. 
 
1. Burakhovich, T. K., Kushnir, A. M., Nikolayev, I. Yu., Sheremet, Ye. M., Shirkov, B. I. (2016). Results of 
experimental electromagnetic studies of the Crimean region. Geophysical Journal. Vol 38. No 2, pp. 57-78. 
(in Russian). 
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ɽʇʊɻɰɽ ɻʁʃʇʉʁʊʋɹʆʆʘ ʅɾʋʇɽʌ ɰʆʍʉɹʐɾʉɻʇʆʇɱ ʊʈɾʃʋʉʇʊʃʇʈɰɱ ʌ 
ɽʇʊʄɰɽɿɾʆʆʘʎ ɺʌʉʑʋʁʆʌ  

ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʘʞʫʚʘʥʥʷ ʚ ʄʫʟʝʾ ɿʝʤʣʽ ʇʦʣʴʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ (ʇɸʅ) ʚ ʨʘʤʢʘʭ ʋʛʦʜʠ 
ʧʨʦ ʥʘʫʢʦʚʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʤʽʞ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʇɸʅ, ʘʚʪʦʨʦʤ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤ 
ʙʫʨʰʪʠʥʫ ʫʢʨʘʾʥʩʴʢʦʛʦ ʪʘ ʙʫʨʰʪʠʥʫ ʙʘʣʪʽʡʩʴʢʦʛʦ, ʟ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʚʠʢʦʧʥʠʭ ʩʤʦʣ. 

ʇʨʠ ʦʧʨʘʮʶʚʘʥʥʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ ʙʫʨʰʪʠʥʦʚʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʙʽʙʣʽʦʪʝʢʠ ʄʫʟʝʶ ɿʝʤʣʽ 
ʇɸʅ, ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʙʫʨʰʪʠʥʦʚʦʶ ʝʢʩʧʦʟʠʮʽʻʶ ʄʫʟʝʶ ɿʝʤʣʽ ʇɸʅ ʪʘ ʬʦʥʜʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 
ʚʠʚʯʝʥʦ ʥʘʩʪʫʧʥʽ ʬʦʨʤʠ ʙʫʨʰʪʠʥʫ: ʥʘʪʽʯʥʽ (ʢʘʧʣʷ, ʙʫʨʫʣʴʢʠ, ʙʫʨʫʣʴʢʦʧʦʜʽʙʥʽ), ʚʥʫʪʨʽʰʥʽ (ʤʽʞʢʦʨʦʚʽ, 
ʧʽʜʢʦʨʦʚʽ, ʱʽʣʠʥʥʽ, ʩʤʦʣʷʥʽ ʢʠʰʝʥʽ, ʩʪʨʫʧʠ, ʪʦʱʦ), ʽʥʰʽ ʬʦʨʤʠ (ʛʘʣʴʢʘ) ʪʘ ʢʦʣʝʢʮʽʶ ʽʥʢʣʶʟʽʚ ʚ ʙʫʨʰʪʠʥʽ, 
ʘ ʪʘʢʦʞ ʚʠʚʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʰʪʫʯʥʦʛʦ ʙʫʨʰʪʠʥʫ: ʘ ʩʘʤʝ ʪʠʧʠ ʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʬʘʣʴʩʠʬʽʢʦʚʘʥʦʛʦ 
ʙʫʨʰʪʠʥʫ. 

 
ʈʠʩ. ɯʥʬʨʘʯʝʨʚʦʥʠʡ ʩʧʝʢʪʨ ʩʫʢʮʠʥʽʪʫ ʫʢʨʘʾʥʩʴʢʦʛʦ. 
 

ɺ ɯʥʩʪʠʪʫʪʽ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʇɸʅ, ʫ ʚʽʜʜʽʣʽ ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʠʭʨʦʾʟʤʫ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 
ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʩʧʽʣʴʥʦ ʟ ɸʣʽʩʽʻʶ ɼʟʝʜʟʽʢ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʙʫʨʰʪʠʥʫ-ʩʫʢʮʠʥʽʪʫ ʫʢʨʘʾʥʩʴʢʦʛʦ 
ʪʘ ʙʫʨʰʪʠʥʫ-ʩʫʢʮʠʥʽʪʫ ʙʘʣʪʽʡʩʴʢʛʦ ʤʝʪʦʜʦʤ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ɯʏ ï ʩʧʝʢʪʨ) ʚ ʢʘʣʽʡ ʙʨʦʤʽ 
(ʂBr) (ʢʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʨʰʪʠʥʫ), ʘ ʪʘʢʦʞ ʚ ATRdiamond (ʟʨʦʙʣʝʥʦ ʚ ʷʢʦʩʪʽ 
ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ). ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʮʽ ʜʚʘ ʤʝʪʦʜʠ ʽʜʝʥʪʠʯʥʽ. 
ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠʩʷ ʰʣʷʭʦʤ ʧʨʝʩʫʚʘʥʥʷ 1-2 ʤʛ ʙʫʨʰʪʠʥʫ ʟ 300 ʤʛ ʯʠʩʪʦʛʦ ʂɺʛ ʚ ʪʘʙʣʝʪʮʽ ʜʽʘʤʝʪʨʦʤ 13 
ʤʤ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʧʨʝʩ-ʬʦʨʤʽ ʧʽʜ ʪʠʩʢʦʤ ʟ ʚʽʜʢʘʯʫʚʘʥʥʷʤ ʧʦʚʽʪʨʷ. ɺʩʽ ʟʨʘʟʢʠ ʟʨʦʙʣʝʥʽ ʧʨʠ ʦʜʥʘʢʦʚʠʭ 
ʫʤʦʚʘʭ. ʉʧʝʢʪʨʠ, ʟʘʧʠʩʘʥʽ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 4000...500 ʩʤ

-1
, ʪʘ 2000-500 ʩʤ

-1
, ʜʣʷ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʥʘʛʣʷʜʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ (ʨʠʩʫʥʦʢ) ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʩʧʽʣʴʥʦ ʟ ʧʨʦʬʝʩʦʨʦʤ 

ɹʘʨʙʘʨʦʶ ʂʦʩʤʦʚʩʴʢʘ-ɻʝʨʘʥʦʚʽʯ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʠʪʠ ʤʦʜʠʬʽʢʘʮʽʶ (ʨʠʩ. 1), ʨʝʛʽʦʥʘʣʴʥʽ 
ʦʩʦʙʣʠʚʦʩʪʽ (ʨʠʩ., 2) ʪʘ ʚʽʜʥʦʩʥʠʡ ʚʽʢ (ʨʠʩ., 3) ʙʫʨʰʪʠʥʫ-ʩʫʢʮʠʥʽʪʫ ʫʢʨʘʾʥʩʴʢʦʛʦ ʪʘ ʙʘʣʪʽʡʩʴʢʦʛʦ. 

ʅʘʷʚʥʽʩʪʴ ʢʨʠʚʦʾ ʚ ʽʥʪʝʨʚʘʣʽ 850-900 ʩʤ
-1

 ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʶ (ʨʠʩ., 1). ʇʨʠ ʦʪʨʠʤʘʥʥʽ 
ʚʝʣʠʯʠʥʠ 888 ʩʤ

-1
 ʙʫʨʰʪʠʥ ʚʚʘʞʘʻʪʴʩʷ ʥʘʪʫʨʘʣʴʥʠʤ, ʘ ʯʠʤ ʙʽʣʴʰʘ ʢʨʠʚʘ, ʪʠʤ ʚʽʥ ʙʽʣʴʰʝ ʟʤʽʥʝʥʠʡ 

(ʥʘʧʨʠʢʣʘʜ ʧʝʨʝʧʣʘʚʣʝʥʠʡ ʚ ʘʚʪʦʢʣʘʚʽ, ʯʠ ʚʟʘʛʘʣʽ ʥʝ ʻ ʥʘʪʫʨʘʣʴʥʠʤ). 
ʍʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʘʣʪʽʡʩʴʢʦʛʦ ʪʘ ʫʢʨʘʾʥʩʴʢʦʛʦ ʙʫʨʰʪʠʥʫ  ̒ ʪʘʢ ʟʚʘʥʝ 

çʙʘʣʪʽʡʩʴʢʝ ʢʦʣʽʥʦè (ʨʠʩ., 2), ʷʢʝ ʚ ʽʥʪʝʨʚʘʣʽ 1300-1150 ʩʤ
ï1 
ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʩʧʘʜʘʥʥʷ, ʘ ʧʽʢ 

ʧʨʠʧʘʜʘʻ ʥʘ 1161 ʩʤ
-1

. ɯʥʪʝʨʚʘʣ ʚ ʤʝʞʘʭ 1600-1650 ʩʤ
ï1

 (ʨʠʩ., 3) ʚʢʘʟʫʻ ʥʘ ʚʽʢ ʙʫʨʰʪʠʥʫ (ʯʠʤ ʚʠʱʝ 
ʧʝʨʰʘ ʢʨʠʚʘ 1646, ʪʠʤ ʩʪʘʨʽʰʝ ʙʫʨʰʪʠʥ, ʯʠʤ ʚʠʱʝ ʜʨʫʛʘ ʢʨʠʚʘ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ ʚʟʘʛʘʣʽ 
ʚʽʜʩʫʪʥʷ) ï ʪʠʤ ʙʫʨʰʪʠʥ ʤʦʣʦʜʰʝ. 

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʨʠ ʨʦʟʜʨʦʙʣʝʥʥʽ ʙʫʨʰʪʠʥʫ ʫʢʨʘʾʥʩʴʢʦʛʦ ʪʘ ʙʫʨʰʪʠʥʫ ʙʘʣʪʽʡʩʴʢʦʛʦ ʚʠʢʦʧʥʽ 
ʩʤʦʣʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʟʘʧʘʭ, ʪʘʢʦʞ ʨʽʟʥʠʡ ʟʘʧʘʭ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʤʘʶʪʴ ʽ ʚʠʢʦʧʥʽ ʩʤʦʣʠ, ʱʦ ʧʦʪʨʝʙʫʻ 
ʧʨʦʚʝʜʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 



Ideas and Innovations in Geosciences 

27 

Okholina T.V. 

Institute of Geological Sciences, NAS of Ukraine. E-mail: svilya@ukr.net 

EXPERIENCE OF USING THE METHOD OF INFRARED SPECTROSCOPY IN THE 
RESEARCH OF AMBER 

During an internship at the Museum of Earth of the Polish Academy of Sciences (PAS) within the 
framework of the Agreement on Scientific Cooperation between NAS of Ukraine and PAS, the author carried 
out the research on the Ukrainian and Baltic amber, in order to compare two fossil resins. 

Working out the literary sources on the amber issue in the library of the Museum of the Earth of the 
PAS, studying of the amber exposure in the Museum of the Earth of the PAS and fund materials, the 
following forms of amber are studied: native (drop, icicles, rudder), internal (interstice, underbark, slit, resin 
pockets, etc.), other forms (pebbles) and a collection of inclusions in amber, as well as the features of 
artificial amber are researched: namely, the types and methods of detecting fake amber. 

 
Fig. Infrared spectrum of succinate Ukrainian. 
 

In the Institute of Organic Chemistry of the Academy of Sciences, in the department of circular 
dichroism in the structural research of organic compounds, together with Alice Dzedzik, the analysis of 
samples of Ukrainian and Baltic amber-succinite by the method of infrared spectroscopy (IRS) in potassium 
bromide (KBr) (classic method of amber research) was conducted, as well as in ATRdiamond (made as an 
experiment for comparison). Comparison of the results showed that these two methods are identical. 
Samples were prepared by pressing 1-2 mg of amber from 300 mg of pure KVG in a tablet of 13 mm 
diameter in a special mold pressurized with air pumping. All samples are made under the same conditions. 
The spectra recorded in the frequency range 4000-500 cm

-1
, and 2000-500 cm

-1
, are shown in the figure for 

more detailed supervision. 
The results of the research on the spectrometer (figure) were analyzed in collaboration with 

professor Barbara Kosmovska-Ceranovich. This method makes it possible to distinguish between the 
modification (fig., 1), regional features (fig., 2) and the relative age (fig., 3) of the Ukrainian and Baltic amber 
succinate. 

The presence of a curve in the range of 850-900 cm
-1

 indicates its modification (fig, 1). When the 
value of 888 cm

-1
 is obtained, the amber is considered natural, and the larger the curve, the it is changed 

more(for example, it is melting in an autoclave, or not at all natural). 
The characteristic features of the Baltic and Ukrainian amber are the so-called "Baltic Knee" (fig., 2), 

which in the range of 1300-1150 cm-1 tends to decrease, and the peak is 1161 cm1. 
The interval between 1600-1650 cm

-1
 (fig. 3) indicates the age of the amber (the higher the 

first curve 1646, the amber is older, if the second curve is higher (in this case it is absent at all) ï that amber 
is younger. 

It is noted that fragmenting Ukrainian amber and Baltic amber, the fossil resins have a different 
smell, and also it is a different smell when also the fossil resins are heated, which requires further research.  
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ʈɹʄɾʇɼɾʇɼʉɹʍɰʘ ɽɹɻʆʕʇɱ ʄʗɽʁʆʁ ɺɹʊɾʂʆʌ ɻɾʄʁʃʇɱ ɻʁʊɰ ʈɾʉɰʇɽʌ 
ʊɾʉɾɽʆʕʇɼʇ ʈʄɾʆɰɼʄʘʏɰɹʄʌ 

ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ, ʥʘ ʤʝʞʽ ʏʝʨʢʘʩʴʢʦʾ ʪʘ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʝʡ, ʣʦʢʘʣʽʟʫʻʪʴʩʷ 
ʦʜʠʥ ʽʟ ʦʩʝʨʝʜʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʦʷʥʦʢ ʢʘʤôʷʥʦʛʦ ʚʽʢʫ. ʉʢʫʧʯʝʥʥʷ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʧʘʤôʷʪʦʢ ʨʦʟʪʘʰʦʚʘʥʝ 
ʜʦʚʢʦʣʘ ʚʽʜʩʣʦʥʝʥʴ ʢʨʝʤôʷʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʙʘʩʝʡʥʽ ʨ. ɺʝʣʠʢʘ ɺʠʩʴ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʘʨʝʘʣʫ 
ʉʝʨʝʜʥʴʦʛʦ ʇʦʙʫʞʞʷ. 

ʇʘʣʝʦʧʝʜʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʣʝʦʣʽʪʠʯʥʠʭ ʩʪʦʷʥʦʢ ʽ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ ʨʝʛʽʦʥʫ ʽʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʬʘʭʽʚʮʷʤʠ ɯʥʩʪʠʪʫʪʫ ʛʝʦʛʨʘʬʽʾ 
ʅɸʅ ʋʢʨʘʾʥʠ ï ɾ.ʄ. ʄʘʪʚʽʾʰʠʥʦʶ, ʉ.ʇ. ʂʘʨʤʘʟʠʥʝʥʢʦʤ ʪʘ ʉ.ʇ. ɼʦʨʦʰʢʝʚʠʯʝʤ [2, 4]. 

ʂʫʣʴʪʫʨʥʽ ʨʝʰʪʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʜʘʚʥʴʦʾ ʣʶʜʠʥʠ ʫ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʷʚʣʝʥʽ ʫ 
ʚʠʪʘʯʽʚʩʴʢʽʡ ʩʚʽʪʽ ʧʦʭʦʚʘʥʠʭ ˇʨʫʥʪʽʚ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʧʘʤôʷʪʦʢ ʅʝʯʘʻʚʝ 3, ʄʘʩʣʦʚʝ 5ʚ, ɸʥʜʨʽʾʚʢʘ 4, 
ʂʦʨʦʙʯʠʥʝ-ʢʫʨʛʘʥ, ɺʠʩʴ, ɹʠʨʟʫʣʦʚʝ 9. ˆʝʥʝʟʘ ʚʽʜʢʣʘʜʽʚ ʟ ʢʨʝʤôʷʥʠʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʢʽʣʴʢʦʭ ʥʝʱʦʜʘʚʥʦ 
ʜʦʩʣʽʜʞʝʥʠʭ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʧʫʥʢʪʽʚ ʨʝʛʽʦʥʫ (ɺʠʢʣʠʥʝ 3, ɺʠʢʥʷʥʘ ʙʘʣʢʘ 10), ʚʨʘʭʦʚʫʶʯʠ ʦʢʨʝʤʽ 
ʭʘʨʘʢʪʝʨʥʽ ʦʟʥʘʢʠ, ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʴʦ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʚʠʪʘʯʽʚʩʴʢʠʤ ʝʪʘʧʦʤ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ. 

ʍʨʦʥʦʣʦʛʽʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʠʪʘʯʽʚʩʴʢʦʛʦ ʝʪʘʧʫ, ʟʘ ʅ.ʇ. ɻʝʨʘʩʠʤʝʥʢʦ, ʢʦʨʝʣʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 
ʩʝʨʝʜʥʴʦʛʦ ʧʣʝʥʽʛʣʷʮʽʘʣʫ ʪʘ ʪʨʝʪʴʦʾ ʢʠʩʥʝʚʦ-ʽʟʦʪʦʧʥʦʾ ʩʪʘʜʽʾ [1]. 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʪʘ ʧʘʣʝʦʛʝʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 
ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʜʘʚʥʴʦʾ ʣʶʜʠʥʠ ʙʘʩʝʡʥʫ ɺʝʣʠʢʦʾ ɺʠʩʽ ʚ ʦʟʥʘʯʝʥʠʡ ʯʘʩ. ʅʘ ʦʩʥʦʚʽ 
ʧʨʦʚʝʜʝʥʠʭ ʧʘʣʝʦʧʝʜʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʧʘʤôʷʪʦʢ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 
ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʘʮʶʚʘʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʚʥʴʦʛʦ 
ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʤʝʰʢʘʣʠ ʧʘʣʝʦʣʽʪʠʯʥʽ ʩʧʽʣʴʥʦʪʠ ʙʘʩʝʡʥʫ ɺʝʣʠʢʦʾ ɺʠʩʽ ʧʝʨʽʦʜʫ 
ʩʝʨʝʜʥʴʦʛʦ ʧʣʝʥʽʛʣʷʮʽʘʣʫ. 

ɼʣʷ ʣʘʥʜʰʘʬʪʫ ʨʝʛʽʦʥʫ ʮʴʦʛʦ ʯʘʩʫ ʙʫʚ ʭʘʨʘʢʪʝʨʥʠʡ ʭʚʠʣʷʩʪʠʡ ʨʽʚʥʠʥʥʠʡ ʨʝʣʴʻʬ ʟ ʜʦʚʦʣʽ 
ʛʫʩʪʦʶ ʤʝʨʝʞʝʶ ʷʨʽʚ ʽ ʙʘʣʦʢ. ʅʘ ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ ʤʽʩʮʷʤʠ ʟʫʩʪʨʽʯʘʣʠʩʷ ʚʠʭʦʜʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 
ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɼʦ ʨʦʟʣʦʛʦʾ ʽ ʰʠʨʦʢʦʾ ʜʦʣʠʥʠ ɺʝʣʠʢʦʾ ɺʠʩʽ 
ʩʧʨʷʤʦʚʫʚʘʣʠʩʷ ʯʠʩʣʝʥʥʽ ʧʨʠʪʦʢʠ, ʱʦ ʬʦʨʤʫʚʘʣʠ ʨʦʟʚʠʥʝʥʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ ʙʘʩʝʡʥʫ. ɺ ʫʤʦʚʘʭ 
ʧʦʤʽʨʥʦʛʦ, ʧʦʤʽʨʥʦ-ʪʝʧʣʦʛʦ ʢʣʽʤʘʪʫ, ʢʦʣʠ ʧʝʨʽʦʜʠ ʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʟʤʽʥʶʚʘʣʠʩʷ ʜʦʚʦʣʽ 
ʧʦʩʫʰʣʠʚʠʤʠ ʝʧʽʟʦʜʘʤʠ, ʬʦʨʤʫʚʘʣʠʩʷ ˇʨʫʥʪʠ ʚʠʪʘʯʽʚʩʴʢʦʛʦ ʯʘʩʫ. ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ 
ˇʨʫʥʪʽʚ ʩʧʨʠʷʣʠ ʧʦʰʠʨʝʥʥʶ ʣʽʩʦʚʦʾ ʪʘ ʣʽʩʦʩʦʪʝʧʦʚʦʾ ʬʣʦʨʠ ʨʝʛʽʦʥʫ. ʌʨʘʛʤʝʥʪ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 
ʙʘʩʝʡʥʫ ʙʫʚ ʚʢʨʠʪʠʡ ʧʝʨʝʚʘʞʥʦ ʩʦʩʥʦʚʠʤʠ ʣʽʩʘʤʠ ʟ ʜʦʤʽʰʢʦʶ ʷʣʠʥʠ, ʜʫʙʘ, ʛʨʘʙʘ, ʚôʷʟʘ ʪʘ ʣʠʧʠ. 
ɿʨʦʩʪʘʣʠ ʨʽʟʥʦʪʨʘʚʥʽ ʣʫʢʠ ʪʘ ʟʣʘʢʦʚʦ-ʧʦʣʠʥʦʚʘ ʬʣʦʨʘ. ʅʘ ʨʝʰʪʽ ʪʝʨʠʪʦʨʽʾ ʨʝʛʽʦʥʫ ʧʘʥʫʚʘʣʘ 
ʣʽʩʦʩʪʝʧʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ. ʃʽʩʦʚʽ ʤʘʩʠʚʠ ʩʢʣʘʜʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʽʟ ʩʦʩʥʠ ʟ ʜʦʤʽʰʢʦʶ ʙʝʨʝʟʠ ʪʘ 
ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚ, ʘ ʚ ʜʦʣʠʥʘʭ, ʷʨʘʭ ʪʘ ʙʘʣʢʘʭ ʨʝʛʽʦʥʫ ʟʨʦʩʪʘʣʠ ʰʠʨʦʢʦʣʠʩʪʷʥʦ-ʭʚʦʡʥʽ ʣʽʩʠ 
ʽʟ ʩʦʩʥʠ, ʷʣʠʥʠ, ʜʫʙʘ, ʚôʷʟʘ, ʣʠʧʠ ʪʘ ʣʽʱʠʥʠ. ʊʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ ʬʦʨʤʫʚʘʣʠ ʩʪʝʧʦʚʽ ʘʩʦʮʽʘʮʽʾ 
ʨʽʟʥʦʪʨʘʚʥʦ-ʧʦʣʠʥʦʚʦ-ʣʦʙʦʜʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʥʘʷʚʥʦʩʪʽ ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ɺʝʣʠʢʦʾ ɺʠʩʽ ʷʢ 
ʚʽʜʢʨʠʪʠʭ ʧʨʦʩʪʦʨʽʚ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʦʙʫʤʦʚʣʶʚʘʣʠ ʨʦʟʤʘʾʪʪʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʬʘʫʥʠ 
ʨʝʛʽʦʥʫ. ʉʝʨʝʜ ʚʝʣʠʢʠʭ ʪʚʘʨʠʥ ʚʠʪʘʯʽʚʩʴʢʦʛʦ ʯʘʩʫ ʚ ʙʘʩʝʡʥʽ ʚʠʷʚʣʝʥʽ ʤʘʤʦʥʪ, ʙʽʟʦʥ, ʢʽʥʴ ʪʘ ʧʝʯʝʨʥʠʡ 
ʣʝʚ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʽʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʘʫʥʠ ʨʝʛʽʦʥʫ ʟʥʘʭʦʜʠʪʴ ʘʥʘʣʦʛʽʾ ʩʝʨʝʜ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ 
ʧʦʰʠʨʝʥʠʭ ʫ ʣʽʩʦʩʪʝʧʦʚʽʡ ʟʦʥʽ [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʘʩʝʡʥʫ ɺʝʣʠʢʦʾ ɺʠʩʽ, ʨʦʟʯʣʝʥʦʚʘʥʠʡ ʨʽʟʥʦʨʽʜʥʠʡ 
ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʨʦʟʚʠʥʝʥʘ ʛʽʜʨʦʛʨʘʬʽʯʥʘ ʩʠʩʪʝʤʘ ʜʦʣʠʥʠ ʨʽʢʠ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ 
ˇʨʫʥʪʽʚ ʩʧʨʠʷʣʠ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʦʛʦ ʣʽʩʦʚʦʛʦ ʪʘ ʣʽʩʦʩʪʝʧʦʚʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʨʝʛʽʦʥʫ, ʫ ʷʢʦʤʫ 
ʤʝʰʢʘʚ ʯʠʩʣʝʥʥʠʡ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʪʚʘʨʠʥʥʠʡ ʩʚʽʪ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʜʽʙʥʽ ʢʦʤʬʦʨʪʥʽ ʜʣʷ ʽʩʥʫʚʘʥʥʷ 
ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʽ ʙʘʛʘʪʩʪʚʘ ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʙʘʩʝʡʥʫ ʫ ʚʠʪʘʯʽʚʩʴʢʠʡ ʯʘʩ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫ ʤʝʞʘʭ 
ʨʝʛʽʦʥʫ ʜʦʩʪʫʧʥʦʾ ʢʨʝʤôʷʥʦʾ ʩʠʨʦʚʠʥʠ, ʩʪʘʶʪʴ ʟʨʦʟʫʤʽʣʠʤʠ ʧʨʠʯʠʥʠ ʚʠʙʦʨʫ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 
ʧʨʦʞʠʚʘʥʥʷ ʩʧʽʣʴʥʦʪʘʤʠ ʧʝʨʚʽʩʥʠʭ ʣʶʜʝʡ. 
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ʙʘʩʝʡʥʫ ɺʝʣʠʢʦʾ ɺʠʩʽ. ʂʘʤôʷʥʘ ʜʦʙʘ ʋʢʨʘʾʥʠ. 2013. ɺʠʧ. 15. ʉ. 258-268. 
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PALEOGEOGRAPHY OF EARLY MAN IN VELYKA VYS RIVER BASIN IN THE MIDDLE 
PLENIGLACIAL 

In the central part of Ukraine, on the border of Cherkaska and Kirovohradska regions, one of the 
centers of Stone Age sites concentration is located. The accumulation of archaeological monuments is 
located around the outcrops of flint raw materials in Velyka Vys river basin, which is part of the Pivdennyi 
Buh river middle area. 

Paleopedological research of Paleolithic sites and localities of the region with the use of micro-
morphological analysis were carried out in cooperation with specialists from the Institute of Geography, NAS 
of Ukraine ï Zh.M. Matviishyna, S.P. Karmazynenko and S.P. Doroshkevych [2, 4]. 

The cultural remains of the ancient people in a stratified context were found in the suite of buried 
vytachivskyi soils of the archaeological monuments Nechaieve 3, Maslove 5v, Andriivka 4, Korobchyne-
kurhan, Vys, Byrzulove 9. The genesis of deposits with flint artifacts of several recently investigated 
archaeological monuments in the region (Vyklyne 3, Vykniana balka 10), taking into account certain 
characteristic features, is pre-correlated with the Vytachiv stage of soil formation. 

According to works of N.P. Herasymenko, the time of vytachivskyi soil formation is correlated with 
the Middle Pleniglacial and OIS 3 [1]. 

With the integration of archaeological and paleogeographic research, the peculiarities of ancient 
natural conditions in which Paleolithic inhabitants of Velyka Vys river basin lived can be found out. The 
natural conditions analysis of the time when the site existed provides important information for determining 
the regional patterns of selection the individual physical and geographical environments of the past for 
human living. 

Based on palaeopedological research at archaeological monuments with a wide range of existing 
palaeogeographic developments, the main features of the Velyka Vys river basin natural conditions in the 
Middle Pleniglacial are reconstructed. 

For the landscape of the region, typical was wavy plain relief with a fairly dense net of ravines and 
beams. On the natural surface, there were outcrops of rocks of the crystalline Ukrainian Shield foundation. 
Numerous tributaries that formed the developed hydrographic network of the basin were directed to the wide 
valley of the Velyka Vys. In conditions of moderate and moderately warm climate, when periods of sufficient 
humidification were replaced by rather dry arrays, soils of the Vytachivskyi time were formed. A fragment of 
the northern part of the basin was covered mainly by pine forests with an admixture of fir, oak, hornbeam, 
honey, and lime. Forb meadows and Poaceae-Artemisia flora grew. On the rest of the region, forest-steppe 
vegetation was dominant. Forests consisted mainly of pine with a mixture of birch and broadleaf trees, and in 
the valleys, ravines and gullies of the region broadleaf coniferous forests with pine, fir, oak, honey, linden, 
and hazel grown. The grass cover was formed by the steppe associations of forb-Artemisia-
Chenopodioideae flora. The features of availability within the Velyka Vys basin, as open spaces, as well as 
separate forest areas, caused the diversity of the species composition of the regional fauna. Among the 
large animals of the Vytachivskyi time in the basin, the remains of mammoth, bison, horse, and cave lion 
were found. A significant number of smaller representatives of the regionôs fauna finds analogy among the 
modern species common in the forest-steppe zone [3]. 

Thus, geomorphologic features of the Velyka Vys river basin, partitioned diverse relief of terrain, 
developed hydrographic system of the river, a favourable climate, and vytachivskyi soil features contributed 
to the development of a rich forest and forest-steppe vegetation of the region, which was inhabited by a 
numerous and varied fauna. In consideration of such natural environment, wealth of biological resources of 
the basin in Vytachivskyi time and the presence of available stone material resources, outcrops of which are 
located in the region, become obvious the reasons for choosing that habitat by early men. 

 

1. Herasymenko, N. P. (2010). To the correlation of the paleogeographic stages of the Pleistocene of 
Ukraine with global reperts and chronostratigraphy of Western and Eastern Europe. Spatial-temporal 
correlation of the paleogeographic conditions of the Quaternary in Ukraine. ʂyiv, P. 94-104 (in Ukrainian). 
2. Matviishyna, Zh. M., Doroshkevych, S. P. (2013). Paleogeographic investigations of the Paleolithic sites in 
the Velyka Vys River basin. Stone Age of Ukraine, No. 15, P. 258-268. (in Ukrainian). 
3. Nezdolii, O. I. (2016). Korobchyne-kurhan Palaeolithic Site in landscape of Velyka Vys River basin. 
Archaeology, No. 2, P. 3-13. (in Ukrainian). 
4. Stepanchuk, V. M., Matviishyna, Zh. M., Ryzhov, S. M., Karmazynenko, S. P. (2013). Early man: 
Paleogeography and Archeology. ʂyiv: Nauk. dumka. (in Ukrainian). 
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ʈɾʉʊʈɾʃʋʁɻʁ ʀɹʊʋʇʊʌɻɹʆʆʘ ɽɹʆʁʎ ɽʁʊʋɹʆʏɰʂʆʇɼʇ ʀʇʆɽʌɻɹʆʆʘ ɽʄʘ 
ʃɹʉʋʌɻɹʆʆʘ ʇʊɾʉɾɽʃɰɻ ʆɾʀɹʃʇʆʆʇɼʇ ɻʁɽʇɺʌʋʃʌ ɺʌʉʑʋʁʆʌ 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚ ʋʢʨʘʾʥʽ ʛʦʩʪʨʦ ʧʦʩʪʘʣʘ ʧʨʦʙʣʝʤʘ ʥʝʣʝʛʘʣʴʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ, 
ʷʢʘ ʜʦʩʷʛʣʘ ʢʨʠʪʠʯʥʠʭ ʤʘʩʰʪʘʙʽʚ. ʅʝʟʘʢʦʥʥʠʤ ʧʨʦʤʠʩʣʦʤ ʩʴʦʛʦʜʥʽ ʦʭʦʧʣʝʥʦ ʟʥʘʯʥʽ ʧʣʦʱʽ ʚ ʧʽʚʥʽʯʥʦ-
ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʝʨʞʘʚʠ, ʧʝʨʝʚʘʞʥʦ ʚ ʤʝʞʘʭ ʈʽʚʥʝʥʩʴʢʦʾ ʪʘ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. ʉʧʦʩʽʙ ʚʝʜʝʥʥʷ 
ʧʨʦʤʠʩʣʫ ʟ ʜʦʧʦʤʦʛʦʶ ʤʦʪʦʧʦʤʧ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʢʠ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ 
ʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ, ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʜʝʨʝʚ, ʧʦʨʫʰʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ 
ʚʦʜʦʡʤ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʧʨʦʚʦʢʫʚʘʥʥʷ ʚʦʜʥʦʾ ʡ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ ʪʘ ʥʝʪʦʢʩʠʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 
ʟʝʤʝʣʴ. ʆʢʨʽʤ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʟʘʚʜʘʶʪʴʩʷ ʩʝʨʡʦʟʥʽ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ 
ʟʙʠʪʢʠ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʽʚʝʥʴ ʩʦʮʽʘʣʴʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ, ʢʘʨʪʫʚʘʪʠ ʥʦʚʽ 
ʜʽʣʷʥʢʠ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʘʢʦʥʥʠʡ ʚʠʜʦʙʫʪʦʢ ʙʫʨʰʪʠʥʫ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʾʭ ʫʪʚʦʨʝʥʥʷ. 
ɼʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 
ʥʘʩʪʫʧʥʠʭ ʪʠʧʽʚ: ʜʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Sentinel-2 (ʩʧʝʢʪʨʘʣʴʥʠʡ 
ʜʽʘʧʘʟʦʥ 0,443-2,19 ʤʢʤ), ʜʘʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ (ʪʝʧʣʦʚʦʛʦ) ʟʥʽʤʘʥʥʷ, ʦʜʝʨʞʫʚʘʥʽ 
ʩʫʧʫʪʥʠʢʦʤ Landsat-8 (ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 10,3-12,5 ʤʢʤ) ʪʘ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ ʨʘʜʘʨʥʽ ʜʘʥʽ, 
ʦʜʝʨʞʫʚʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ Sentinel-1. ɺʩʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʱʦ ʧʣʘʥʫʶʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 
ʻ ʙʝʟʢʦʰʪʦʚʥʠʤʠ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ, ʪʘ ʥʘʜʘʶʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʢʦʩʤʽʯʥʠʤ ʘʛʝʥʪʩʪʚʦʤ 
(ESA) ʽ ʅʘʮʽʦʥʘʣʴʥʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʉʐɸ (USGS). ɼʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ 
ʚʠʜʠʤʦʤʫ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʜʦʟʚʦʣʷʪʴ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ 
ʦʢʨʝʩʣʠʪʠ ʨʘʡʦʥʠ ʧʽʱʘʥʠʭ ʚʽʜʚʘʣʽʚ, ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʬʦʨʤʘʪʠʚʥʽ 
ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʪʝʧʣʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 
ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʦ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʚʽʜʚʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ. ɼʚʦʧʦʣʷʨʠʟʘʮʽʡʥʽ 
ʨʘʜʘʨʥʽ ʜʘʥʽ ʪʘ ʜʘʥʽ ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʜʦʟʚʦʣʷʪʴ ʚʠʷʚʣʷʪʠ ʨʽʟʢʽ ʧʦʨʫʰʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 
ʟʦʥʘʭ ʥʝʣʝʛʘʣʴʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʜʽʣʷʥʦʢ ʚʠʜʦʙʫʪʢʫ 
ʙʫʨʰʪʠʥʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʚʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʟʘʙʽʨ ʧʨʦʙ 
ˇʨʫʥʪʽʚ ʟ ʨʘʡʦʥʽʚ ʚʠʜʦʙʫʪʢʫ ʪʘ ʚʠʢʦʥʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʧʽʩʢʽʚ ʽʟ 
ʚʽʜʚʘʣʽʚ ʽ ʪ.ʜ. ɼʣʷ ʦʪʨʠʤʘʥʠʭ ʧʨʦʙ ʙʫʜʝ ʚʠʢʦʥʘʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʣʘʙʦʨʘʪʦʨʥʠʤ 
ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ ʪʘ ʩʪʚʦʨʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʙʽʙʣʽʦʪʝʢʘ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 
ʚʠʷʚʣʝʥʥʷ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʩʠʛʥʘʪʫʨʦʶ ʜʽʣʷʥʦʢ, ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʥʝʶ ʟʘ ʩʧʝʢʪʨʦʤ. ʊʘʢʦʞ ʟʘ 
ʚʽʜʽʙʨʘʥʠʤʠ ʧʨʦʙʘʤʠ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʘ ʚʦʣʦʛʦʻʤʥʽʩʪʴ ˇʨʫʥʪʽʚ.  

ʅʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ ʜʦʚʛʦʪʨʠʚʘʣʽ 
ʟʤʽʥʠ ʣʘʥʜʰʘʬʪʽʚ, ʧʦʰʢʦʜʞʝʥʠʭ ʚʠʜʦʙʫʪʢʦʤ ʙʫʨʰʪʠʥʫ, ʧʣʦʱʫ ʪʘ ʜʠʥʘʤʽʢʫ ʧʦʰʠʨʝʥʥʷ ʫʰʢʦʜʞʝʥʴ. 
ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʚʘʣʽʜʘʮʽʷ ʤʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ 
ʤʦʜʝʣʝʡ ʪʘ ʩʬʦʨʤʦʚʘʥʠʭ ʙʘʟ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ 
ʢʦʤʧʣʝʢʩʦʤ ʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʦʢʨʝʩʣʝʥʥʷ ʜʽʣʷʥʦʢ ʥʝʣʝʛʘʣʴʥʦʛʦ 
ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʪʘ (ʙʽʦ)ʬʽʟʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ (ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, ʪʝʤʧʝʨʘʪʫʨʘ, 
ʚʦʣʦʛʽʩʪʴ ʪʘ ʽʥ.). ʉʝʨʝʜ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʙʫʜʫʪʴ ʩʬʦʨʤʦʚʘʥʽ ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 
ʚʽʜʙʠʪʪʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʘʥʜʰʘʬʪʫ, ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ, ʧʘʨʘʤʝʪʨʽʚ 
ʨʘʜʘʨʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ʅʘ ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʜʘʥʠʭ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʜʠʥʘʤʽʢʠ ʧʦʰʠʨʝʥʥʷ ʜʽʣʷʥʦʢ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʠʡ ɻɯʉ-ʧʨʦʝʢʪ, ʩʪʚʦʨʝʥʠʡ ʚ 
ʩʝʨʝʜʦʚʠʱʽ QGIS. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʪʠʤʝ ʫ ʨʦʟʨʦʙʣʝʥʽ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ 
ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʨʦʷʚʠ ʧʦʨʫʰʝʥʴ ʣʘʥʜʰʘʬʪʽʚ ʚʥʘʩʣʽʜʦʢ 
ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʪʘ ʦʮʽʥʢʠ ʟʘʚʜʘʥʠʭ ʟʙʠʪʢʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ 
ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʨʫʰʝʥʠʭ ʜʽʣʷʥʦʢ, ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʟʙʠʪʢʽʚ. ɿʘʚʜʷʢʠ ʚʽʜʢʨʠʪʦʩʪʽ ʚʩʽʭ ʜʘʥʠʭ 
ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ, ʜʘʥʠʡ ʧʽʜʭʽʜ ʻ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʽ 
ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʞʘʚʥʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʚ ʧʦʜʘʣʴʰʦʤʫ.  
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PROSPECTS OF USE OF REMOTE SENSING DATA FOR ILLEGAL AMBER MINING 
AREAS MAPPING 

In recent years, the problem of illegal amber mining has become acute for Ukraine, which has 
reached critical proportions. Illegal mining today covers vast areas in the North-Western part of Ukraine, 
mainly within the Rivnenska and Zhytomyrskʘ regions. The amber extraction method with motor pump leads 
to a number of negative environmental impacts, including destruction of the vegetation and soil layer, the 
root system of trees, the reservoirsô hydrological regime of in the adjoining territories violation, provoking 
water and wind erosion and non-toxic soil pollution. In addition to the above-mentioned environmental 
problems, serious financial-economic losses are caused, and social tensions increase. 

The use of satellite remote sensing data allow detecting, mapping new illegal amber exploitation 
sites and promptly respond to its formation. For this task it is possible to use a complex of modern remote 
sensing data of the following types: the data of multispectral satellite data provided by Sentinel-2 satellite 
(spectral range 0.443-2,19 Õm), long-wave infrared (thermal) data obtained by the satellite Landsat-8 
(spectral range 10.3-12.5 Õm) and dual-polarized radar data received by the Sentinel-1 satellite system. All 
satellite data is free of charge and available ore provided by European Space Agency (ESA) and the United 
States Geological Survey (USGS). Multispectral data of visible and near-infrared ranges allow using spectral 
features to outline the areas of sand dumps, to obtain soil moisture data and various informative spectral 
indices. Thermal infrared data processing allow getting the temperature distribution across the study area 
and further differentiating the dumps by temperature. Dual-polarized radar data and radar interferometry data 
allow detecting sharp violations of the Earth's surface on areas of illegal amber mining. In order to increase 
the accuracy of the amber mining sites detection, it is envisaged that field surveys will be carried out, which 
includes the soil samples picking from the extraction areas and the implementation of temperature 
measurements of different types of soils, sand from dumps, etc. For the obtained samples, a spectral 
analysis by a laboratory spectrometer will be performed and a spectral library will be created, which will be 
used later to identify the regions that are corresponds to the spectral signatures. In addition, based on 
collected samples soil moisture content can be defined. 

Accumulation of remote sensing data of different origin will allow detecting long-term changes in 
landscapes damaged by amber extraction, its space and the dynamics of damage spread. The practical 
implementation and validation of the methodology is based on the obtained correlation models and the 
generated databases in the form of a specialized studied areas classification according to the complex of 
processed remote sensing data, the definition of the areas of illegal extraction of amber by spectral and (bio) 
physical features (vegetation, temperature, humidity, etc.). Among geospatial data, spatial distributions of the 
spectral reflectance of different landscape elements, surface temperature, soil moisture, parameters of radar 
interferometry will be formed. Based on the accumulated time series data, the distribution of amber mining 
sites spatial-temporal features dynamics will be determined. Based on complex geospatial data and results 
will be implemented GIS project created using QGIS environment. Also scientifically grounded 
recommendations for prompt response to the manifestations of landslides' disturbances because of 
unauthorized amber extraction and estimation of damages will be developed. 

The proposed comprehensive approach will significantly improve the accuracy of the identification 
and classification of affected areas, environmental damage assessment. Due to free access to all remote 
sensing data that might be used, this approach is cost effective and affordable for use by government 
agencies in the future. 
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ʉɾʋʉʇʊʈɾʃʋʁɻʆʁʂ ʅʇʆɰʋʇʉʁʆɼ ʀʅɰʆʁ ʈʄʇʒɰ ʈʇʉʌʑɾʆʁʎ ʀɾʅɾʄʕ 
ʃɹʉõɮʉɹʅʁ ɰʉʑɹʆʊʕʃʇɼʇ ɼɰʉʆʁʐʇ-ʀɺɹɼɹʐʌɻɹʄʕʆʇɼʇ ʃʇʅɺɰʆɹʋʌ ʆɹ 
ʈɰɽʊʋɹɻɰ ɹʆɹʄɰʀʌ ʉɰʀʆʇʐɹʊʇɻʁʎ ʃʇʊʅɰʐʆʁʎ ʀʆɰʅʃɰɻ 

ɿʘʚʜʷʢʠ ʩʫʯʘʩʥʠʤ ʘʝʨʦʟʡʦʤʢʘʤ ʽ ʟʦʥʜʫʚʘʥʥʶ ɿʝʤʣʽ ʟ ʢʦʩʤʦʩʫ ʩʪʘʣʦ ʨʝʘʣʴʥʠʤ ʢʦʤʧʣʝʢʩʥʝ 
ʧʽʟʥʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʥʘʜʨ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʽ ʟʤʽʥ 
ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʭʥʦʛʝʥʝʟʫ, ʦʨʛʘʥʽʟʘʮʽʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 
ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ɿʝʤʣʽ. ʋ ʧʨʦʮʝʩʽ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʽʜ ʚʧʣʠʚʦʤ 
ʪʝʭʥʦʛʝʥʝʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʘ ʽʩʥʫʶʯʦʛʦ ʨʝʣʴʻʬʫ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ, ʥʝ ʚʣʘʩʪʠʚʠʭ ʜʘʥʽʡ 
ʪʝʨʠʪʦʨʽʾ ʪʝʭʥʦʛʝʥʥʠʭ ʬʦʨʤ. ʅʘ ʧʦʨʫʰʝʥʠʭ ʽ ʨʝʢʫʣʴʪʠʚʦʚʘʥʠʭ ʟʝʤʣʷʭ, ʘ ʪʘʢʦʞ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʛʽʨʥʠʯʠʭ 
ʨʦʟʨʦʙʦʢ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʝʢʟʦʛʝʥʥʦʛʦ ʨʝʣʴʻʬʦʫʪʚʦʨʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛ ʷʢʠʭ ʥʝʦʙʭʽʜʥʠʡ ʟ ʤʝʪʦʶ 
ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʧʦ ʾʭ ʦʙʤʝʞʝʥʥʶ ʪʘ ʫʩʫʥʝʥʥʷ. 

ɿʘʛʦʩʪʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʜʦʙʫʪʢʦʤ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʚʠʤʘʛʘʻ 
ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʘʡʦʥʘʭ ʨʦʟʨʦʙʢʠ ʢʘʨôʻʨʽʚ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʪʝʥʜʝʥʮʽʾ ʽ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʜʝʛʨʘʜʦʚʘʥʠʭ ʟʝʤʝʣʴ ʫ ʯʘʩʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʯʘʩʦʚʽ 
ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʚʦʜʠʪʴʩʷ ʜʦ 
ʟʽʩʪʘʚʣʝʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʢ ʢʦʨʦʪʢʦʧʝʨʽʦʜʠʯʥʠʭ, ʪʘʢ ʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʟʤʽʥ. 
ʄʘʪʝʨʽʘʣʠ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʜʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʽ ʜʠʥʘʤʽʢʠ 
ʣʘʥʜʰʘʬʪʽʚ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʨʘʡʦʥʘʭ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ. 

ʆʙôʻʢʪʦʤ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʢʘʨôʻʨʠ ɯʨʰʘʥʩʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ. 
ʂʦʨʠʩʪʫʶʯʠʩʴ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʩʧʝʯʝʥʥʷʤ GoogleEarthPro, ʤʠ ʧʦʨʽʚʥʷʣʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʧʣʦʱʽ ʢʘʨôʻʨʽʚ 
ɯʨʰʘʥʩʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʟʘ ʧʝʨʽʦʜ ʟ 2006 ʧʦ 2018 ʨʨ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ. 

 

 
ʈʠʩ. ɿʤʽʥʘ ʧʣʦʱʽ ʢʘʨôʻʨʽʚ ɯʨʰʘʥʩʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʧʨʦʪʷʛʦʤ 2006- 2018 ʨʨ. 

 
ʋʧʨʦʜʦʚʞ 2006-2018 ʨʦʢʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʟʤʽʥʘ ʧʣʦʱʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʟ 2006 ʨʦʢʫ ʾʭ ʧʣʦʱʘ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʣʘ ʥʘ 15,82 ʢʤ
2
. ɸʥʘʣʽʟ 

ʟʤʽʥʠ ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ ʜʦʟʚʦʣʠʚ ʧʨʦʩʪʝʞʠʪʠ ʪʝʥʜʝʥʮʽʶ ʟʤʽʥʠ ʾʭ ʧʣʦʱʽ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʣʽʢ, ʢʦʥʪʨʦʣʴ ʽ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʽʩʥʫʶʯʠʭ 

ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽ ʚʠʟʥʘʯʠʪʠ ʦʙôʻʤʠ ʥʝʟʘʢʦʥʥʦʛʦ ʚʠʜʦʙʫʪʢʫ. 
ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʩʧʨʠʯʠʥʶʻ ʚʠʣʫʯʝʥʥʷ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜ ʦʙôʻʢʪʠ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʤʽʥʫ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚ ʣʘʥʜʰʘʬʪʽ. ʐʚʠʜʢʝ ʟʙʽʣʴʰʝʥʥʷ 
ʧʣʦʱʽ ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʚ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʘʭ ʨʦʙʠʪʴ 
ʧʨʽʦʨʠʪʝʪʥʦʶ ʧʨʦʙʣʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʩʪʽʡʥʦ ʜʽʶʯʦʛʦ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʢʘʨôʻʨʽʚ. 
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RETROSPECTIVE MONITORING OF CHANGES IN AREA OF DISTURBED LAND 
QUARRIES OF THE IRSHANSKYI MINING AND PROCESSING PLANT ON THE ANALYSIS 
OF MULTI-TEMPORAL SATELLITE IMAGES 

Thanks to modern aerial surveys and sensing data it has become a real comprehensive knowledge 
of the earth's surface and subsoil, forecasting of natural resources, research the state and changes of the 
environment under the influence of technogenesis, organization of operational monitoring of the most 
important natural environments in the Earth. In the process of mining under the influence of technogenesis 
there is a restructuring of the existing relief and the creation of new, not inherent in this territory of man-made 
forms. On disturbed and recultivated lands, as well as in the zone of influence of mining, there are processes 
of exogenous relief formation, the monitoring of which is necessary in order to develop a set of measures for 
their limitation and elimination. 

The aggravation of environmental problems associated with the extraction of minerals requires 
continuous monitoring of the state of the geological environment in the areas of quarry. In order to research 
the trends and rates of growth of degraded lands over time, it is expedient to use multi-temporal satellite 
images. The use of space data during monitoring is reduced to comparing multi-temporal data to detect both 
short-term and long-term changes. Materials of space surveys give a fairly complete picture of the 
peculiarities of the structure and dynamics of landscapes, that were formed in the areas of extraction of 
minerals in an open way. 

Using the Google Earth Pro software, we compared the dynamics of the changes in the mining area 
of the Irshanskyi Mining and Processing Plant from 2006 to 2018.The results of the research are 
presented in figure. 
 

 
 

Fig. Change in the area of the Irshanskyi Mining and Processing Plant during 2006-2018. 
 

During 2006-2018, there was a change in the area of land under technological subsoil objects, in 
particular, since 2006 their area has gradually increased by 15.82 km

2
. The analysis of the change of 

disturbed lands allowed to trace the trend of changes their area and configuration over time.The obtained 
results enable to record, control and monitor existing deposits of minerals and identify illegal extraction. 

Such a trend leads to the withdrawal of agricultural land for subsoil use, the change of terrain and 
ecological changes in the landscape. A rapid increase in the area of disturbed lands and technogenic 
landscapes in mining areas makes the priority issue of the organization of their ongoing aerospace 
monitoring. 
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ɽʉɰɺʆɰ ʊʊɹɻʏɰ ʈʄɾʂʊʋʇʏɾʆʇɻʇɼʇ ʅɰʊʏɾʀʆɹʎʇɽɿɾʆʆʘ ʅɾɽɿʁɺɰɿ 1: 
ɽʇʊʄɰɽɿɾʆʆʘ 2018 ʉʇʃʌ 

ʅʠʞʥʴʦʧʘʣʝʦʣʽʪʠʯʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʄʝʜʞʠʙʽʞ 1 ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ 
ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ, ʥʘ ʤʽʩʮʽ ʢʦʣʠʰʥʴʦʛʦ ʛʨʘʥʽʪʥʦʛʦ ʢʘʨôʻʨʫ, ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ ʦʜʥʦʛʦ ʢʽʣʦʤʝʪʨʘ ʥʘ ʟʘʭʽʜ 
ʚʽʜ ʩʤʪ. ʄʝʜʞʠʙʽʞ ʃʝʪʠʯʽʚʩʴʢʦʛʦ ʨ-ʥʫ ʍʤʝʣʴʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɯʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʤôʷʪʢʠ ʧʘʣʝʦʥʪʦʣʦʛʘʤʠ ʪʘ ʛʝʦʣʦʛʘʤʠ ʥʘʨʘʭʦʚʫʻ ʚʞʝ ʧʦʥʘʜ ʩʪʦʣʽʪʥʽʡ 
ʧʝʨʽʦʜ. ɺʽʜ ʧʦʯʘʪʢʫ ʍʍ ʩʪ. ʽ ʜʦ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ. ʥʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʽ ʯʘʩ-ʚʽʜ-ʯʘʩʫ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʣʠʰʝ 
ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʨʦʙʦʪʠ. ʇʝʨʰʠʤ ʟʚʝʨʥʫʚ ʫʚʘʛʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʰʘʨʘʭ ʧʘʤôʷʪʢʠ ʢʘʤôʷʥʠʭ 
ʚʠʨʦʙʽʚ ʛʝʦʣʦʛ ɺ.ʂ. ʇʷʩʝʮʴʢʠʡ, ʘ ʩʠʩʪʝʤʘʪʠʯʥʽ ʢʦʤʧʣʝʢʩʥʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʘʨʭʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 
ʥʘ ʩʪʦʷʥʮʽ ʧʦʯʘʣʠ ʧʨʦʚʦʜʠʪʠʩʷ ʟ 2008 ʨ. ʧʽʜ ʟʘʛʘʣʴʥʠʤ ʢʝʨʽʚʥʠʮʪʚʦʤ ɺ.ʄ. ʉʪʝʧʘʥʯʫʢʘ [3, 4]. 

ʋ ʤʝʞʘʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚ ʨʽʟʥʽ ʨʦʢʠ ʘʨʭʝʦʣʦʛʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʢʽʣʴʢʘ ʜʽʣʷʥʦʢ, ʷʢʽ 
ʦʪʨʠʤʘʣʠ ʥʘʟʚʠ: ʦʩʥʦʚʥʠʡ ʨʦʟʢʦʧ, ʦʣʝʥʷʯʠʡ ʨʦʟʢʦʧ, ʧʽʚʥʽʯʥʘ ʪʘ ʧʽʚʜʝʥʥʘ ʪʨʘʥʰʝʾ. 

ʋ ʚʽʜʢʣʘʜʘʭ ʄʝʜʞʠʙʦʞʘ 1 ʚʩʪʘʥʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ï 
ʪ.ʟʚ. çʦʩʥʦʚʥʦʛʦè (ʡʦʛʦ ʚʽʢ ʩʧʽʚʩʪʘʚʣʷʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʤ ʟʘʚʘʜʽʚʩʴʢʦʛʦ ʝʧʽʟʦʜʫ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ, OIS 11) 
ʽ ʪ.ʟʚ. çʜʘʚʥʴʦʛʦè (ʣʫʙʝʥʩʴʢʠʡ ʯʘʩ, OIS 13-15). ɸʨʪʝʬʘʢʪʠ ʟ ʦʙʦʭ ʢʦʤʧʣʝʢʩʽʚ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 
ʢʽʣʴʢʽʩʥʠʤʠ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʤʠ ʨʝʰʪʢʘʤʠ [3]. 

ʋ 2018 ʨʦʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʷʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʜʽʣʷʥʮʽ ʦʣʝʥʷʯʦʛʦ ʨʦʟʢʦʧʫ ʪʘ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ 
ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ɼʌʌɼ ˉ ʌ/50-2018 çʅʘʡʜʘʚʥʽʰʽ ʧʘʣʝʦʣʽʪʠʯʥʽ ʩʪʦʷʥʢʠ ʋʢʨʘʾʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʧʦʯʘʪʢʦʚʦʾ 
ʢʦʣʦʥʽʟʘʮʽʾ ɭʚʨʦʧʠè (ʢʝʨʽʚʥʠʢ ɺ.ʄ. ʉʪʝʧʘʥʯʫʢ). ɹʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʜʚʘ ʢʫʣʴʪʫʨʥʽ ʛʦʨʠʟʦʥʪʠ (çʦʩʥʦʚʥʠʡè 
ʽ çʜʘʚʥʽʡè) ʟ ʘʨʭʝʦʣʦʛʽʯʥʠʤʠ ʪʘ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʤʠ ʟʥʘʭʽʜʢʘʤʠ, ʩʝʨʝʜ ʦʩʪʘʥʥʽʭ ʚʠʷʚʣʝʥʽ 
ʬʨʘʛʤʝʥʪʦʚʘʥʽ ʢʽʩʪʢʠ ʪʚʘʨʠʥ ʟ ʦʟʥʘʢʘʤʠ ʥʘʚʤʠʩʥʦʛʦ ʨʦʟʢʦʣʶʚʘʥʥʷ ʪʘ ʜʨʦʙʣʝʥʥʷ, ʧʨʠʩʫʪʥʽ ʥʘʨʽʟʢʠ 
ʣʝʟʘʤʠ ʢʘʤôʷʥʠʭ ʟʥʘʨʷʜʴ [2]. 

ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʨʝʰʪʢʠ ʜʨʽʙʥʠʭ ʩʩʘʚʮʽʚ ʟ ʄʝʜʞʠʙʦʞʘ 1 ʚ ʨʽʟʥʽ ʨʦʢʠ ʚʠʚʯʘʚ ʃ.ɺ. ʈʝʢʦʚʝʮʴ. ʅʘ 
ʡʦʛʦ ʜʫʤʢʫ, ʤʽʢʨʦʪʝʨʽʦʬʘʫʥʘ ʧʘʤôʷʪʢʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʘʥʥʴʦʩʠʥʛʽʣʴʩʴʢʦʛʦ ʬʘʫʥʽʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ 
ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʙʘʙʝʣʴʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ [1]. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ 2018 ʨʦʢʫ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʦʰʫʢ ʤʽʢʨʦʪʝʨʽʦʬʘʫʥʽʩʪʠʯʥʠʭ ʨʝʰʪʦʢ, ʱʦ 
ʤʘʚ ʥʘ ʤʝʪʽ ʫʪʦʯʥʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʪʘʬʦʮʝʥʦʟʫ ʜʨʽʙʥʠʭ ʩʩʘʚʮʽʚ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʧʨʦʚʦʜʠʚʩʷ ʚʽʜʙʽʨ ʥʘʡʙʽʣʴʰ ʥʘʩʠʯʝʥʠʭ ʦʩʪʝʦʣʦʛʽʯʥʠʤ 
ʤʘʪʝʨʽʘʣʦʤ ʛʦʨʠʟʦʥʪʽʚ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʰʘʨʽʚ ʽʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʢʨʦʪʝʨʽʦʣʦʛʽʯʥʠʭ ʟʥʘʭʽʜʦʢ 
ʧʨʦʚʦʜʠʣʘʩʷ ʧʨʦʤʠʚʢʘ ʥʝʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ ʚʽʜʢʣʘʜʽʚ ʟ ʨʦʟʢʦʧʫ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘ 
ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʨʦʤʠʚʢʘ ʽʟ ʰʘʨʽʚ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʣʠʰʢʽʚ 
ʜʨʽʙʥʠʭ ʩʩʘʚʮʽʚ. ʄʽʢʨʦʪʝʨʽʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʟʜʦʙʫʪʦ ʰʣʷʭʦʤ ʨʫʯʥʦʾ ʧʨʦʤʠʚʢʠ ʚʽʜʽʙʨʘʥʠʭ ʟʨʘʟʢʽʚ ʟ 
ʢʫʣʴʪʫʨʥʠʭ ʥʘʰʘʨʫʚʘʥʴ ʦʣʝʥʷʯʦʛʦ ʨʦʟʢʦʧʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʪʘ ʟ ʨʦʟʤʽʨʦʤ ʢʦʤʽʨʦʢ 0,5-1,0 ʤʤ. 

ɺʠʷʚʣʝʥʠʡ ʪʘʢʩʦʥʦʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʠʭ ʤʽʢʨʦʪʝʨʽʦʣʦʛʽʯʥʠʭ ʨʝʰʪʦʢ ʥʘʩʪʫʧʥʽ: 
Spermophilus sp. ï 2, Spalax sp. ï 1, Apodemus cf. flavicollis ï 2, Allophaiomys deucalion ï 3 (ʢʽʣʴʢʽʩʪʴ 
m1), Microtus greralis ï 14, Microtus arvalidens ï 6, Microtus nivaloides (=arvalinus) ï 7, Microtus 
oeconomus ï 1, Microtus agrestis ï 2, Clethrionomys sp. ï 4, Arvicola mosbachensis ï 10. 

ʆʢʨʽʤ ʨʘʥʽʰʝ ʦʧʠʩʘʥʠʭ ʫ ʨʦʙʦʪʽ [4] ʚʠʜʽʚ ʟ ʄʝʜʞʠʙʦʞʫ 1, ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠʩʫʪʥʽ 
ʥʦʚʽ ʨʝʰʪʢʠ ʄʽcrotus oeconomus, Apodemus cf. flavicollis ʽ Allophaiomys deucalion (ʦʩʪʘʥʥʽ, ʙʝʟ ʩʫʤʥʽʚʫ, 
ʧʝʨʝʚʽʜʢʣʘʜʝʥʽ ʟ ʜʘʚʥʽʰʠʭ ʚʽʜʢʣʘʜʽʚ). ɺ ʫʩʴʦʤʫ ʽʥʰʦʤʫ ʟʜʦʙʫʪʘ ʚʠʙʽʨʢʘ ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʨʽʜʥʘ ʽ ʚ 
ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ ʧʦʜʽʙʥʘ ʜʦ ʨʘʥʽʰʝ ʚʠʷʚʣʝʥʦʾ ʃ.ɺ. ʈʝʢʦʚʮʝʤ. 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʥʠʞʥʴʦʧʘʣʝʦʣʽʪʠʯʥʘ ʩʪʦʷʥʢʘ ʄʝʜʞʠʙʽʞ 1 ʥʝ ʣʠʰʝ ʧʨʦʣʠʚʘʻ 
ʩʚʽʪʣʦ ʥʘ ʰʣʷʭʠ ʥʘʡʜʘʚʥʽʰʠʭ ʤʽʛʨʘʮʽʡ ʣʶʜʠʥʠ ʚ ʇʽʚʥʽʯʥʦ-ɿʘʭʽʜʥʽʡ ɭʚʨʘʟʽʾ ʚ ʘʨʭʝʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ, ʘʣʝ 
ʡ ʩʣʫʛʫʻ ʷʢʽʩʥʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʪʝʨʽʦʬʘʫʥʠ ʥʘ ʪʝʨʝʥʘʭ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʚ 
ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʽʡ ʧʣʦʱʠʥʽ. 
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SMALL MAMMALS OF MEDZHYBIZH 1 PLEISTOCENE LOCATION: INVESTIGATIONS 
IN 2018 

Medzhybizh 1 Lower Paleolithic location is located on the left bank of the Pivdennyi Buh river, in the 
place of the former granite quarry, about a kilometer west of the village Medzhybizh in Letychivskyi district, 
Khmelnytskyi region. 

The history of paleontologists and geologists the monument research has already been over a 
century. From the beginning of the XX century and to the beginning of the XXI century at the location only 
geological and paleontological works were carried out. Geologist V.K. Piasetskyi was the first, who noticed 
the presence in the layers of stone products. Systematic complex interdisciplinary archaeological research in 
the site began to be carried out since 2008 by archaeological expeditions under the general headship of 
V.M. Stepanchuk [3, 4]. 

Within the boundaries of the location in different years, archaeologists investigated several places 
that received the title: the main excavation, reindeer excavation, northern and southern trenches. 

In the deposits of Medzhybizh 1, there are two archaeological complexes: the so-called "basic" (its 
age is commensurate with the beginning of the Zavadivskyi episode of soil formation, OIS 11) and the so-
called "ancient" (Lubnynskyi time, OIS 13-15). Artifacts from both complexes are accompanied by 
quantitative paleontological remnants [3]. 

In 2018, the investigation of the site was carried out on the place of the reindeer excavation and was 
carried out according the project of SFFS no. F/50-2018 "The earliest Paleolithic sites of Ukraine in the 
context of initial peopling of Europe" (headed by V.M. Stepanchuk). Two cultural horizons ("basic" and 
"ancient") were investigated with archaeological and paleontological findings, among the last fragmented 
bones of animals with signs of deliberate splitting and crushing were found, and there were notching done by 
the blades of stone tools [2]. 

Paleontological remains of small mammals from Medzhybozh 1 in different years were researched 
by L.V. Rekovets. In his opinion, the theriofauna relates to the early-Singilian complex and is part of Babel 
association [1]. 

During of research in 2018, also searched for the remains of the small mammals, the objective of 
work was to clarify the quantitative and qualitative composition of this taphocoenosis. 

To detect horizons with osteological material, we used diagnostic sign of the presence of mollusces 
remains. Microtheriological material was obtained by manually flushing selected samples from cultural layers 
of the reindeer excavation using the fine sieving with a cell size of 0.5-1.0 mm. 

Species composition and the number of small mammals of the Medzhybizh 1 site: Spermophilus sp. 
ï 2, Spalax sp. ï 1, Apodemus cf. flavicollis ï 2, Allophaiomys deucalion ï 3 (quantity m 1), Microtus greralis 
ï 14, Microtus arvalidens ï 6, Microtus nivaloides (=arvalinus) ï 7, Microtus oeconomus ï 1, Microtus 
agrestis ï 2, Clethrionomys sp. ï 4, Arvicola mosbachensis ï 10. 

In addition to the previously described species from Medzhybizh 1 [4], in the investigated materials 
there are new remains: ʄʽcrotus oeconomus, Apodemus cf. flavicollis and Allophaiomys deucalion (no 
doubt, the latter was re-depositioned). Received specimens are uniform and ecologically similar to the 
previously found by L.V. Rekovets. 

The data show that Medzhybizh 1 Lower Paleolithic site not only sheds light on the paths of ancient 
human migrations in the Northwestern Eurasia, but also serves as a qualitative source for studying the 
micromammal faunas in Eastern Europe in the paleontological plane. 

 
1. Rekovets, L. I. (2001). Medzhybozh is the location of the theriofauna and the multilayered Paleolithic site 
in Ukraine. Journal of Zoology, Vol. 35, ˉ 6, pp. 39-44. (in Russian). 
2. Stepanchuk, V. M., Vietrov, D. O., Nezdolii, O. I. (2018). Investigation of Medzhybizh 1 Lower Paleolithic 
location in Khmelnytskyi region. Interpretation of archaeological sources: achievements and challenges : 
abstracts of the international scientific conference, November 8-9, 2018, Vynnyky. Lviv, p. 14. (in Ukrainian). 
3. Stepanchuk, V. N., Ryzhov, S. N., Matviishyna, Zh. N., Karmazynenko, S. P., Muan, A.-M. (2014). The 
first results of the study of Medzhibozh Lower Paleolithic locations. Medzhybizh locality and problems of 
Lower Paleolithic studies on the East European Plain. Ternopil, no 2, pp. 22-48. (in Russian). 
4. Rekovets, L., Chepalyga, A., Povodyrenko, V. (2007). Geology and mammalian fauna of the Middle 
Pleistocene site Medzhibozh, Ukraine. Quaternary International, Vol. 160, pp. 70-80. 
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ɹʉʎɾʇʄʇɼɰʐʆɾ ˇʉʌʆʋʇʀʆɹɻʊʋɻʇ ɽʄʘ ɻɰɽʋɻʇʉɾʆʆʘ ʈʉʁʉʇɽʁ ɼʇʄʇʏɾʆʌ 

ʄʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʚʟʘʻʤʦʜʽʷ ʧʘʣʝʦʛʝʦʛʨʘʬʽʾ ʪʘ ʘʨʭʝʦʣʦʛʽʾ ʤʘʻ ʚʘʞʣʠʚʝ ʪʘ ʚʟʘʻʤʦʢʦʨʠʩʥʝ 
ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʷʢ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʪʘʢ ʽ ʽʩʪʦʨʠʯʥʠʭ ʥʘʫʢ. ʇʘʣʝʦʛʝʦʛʨʘʬʽʷ, ʟʦʢʨʝʤʘ, ʦʜʠʥ ʟ ʾʾ 
ʨʦʟʜʽʣʽʚ - ʧʘʣʝʦˇʨʫʥʪʦʟʥʘʚʩʪʚʦ, ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʘʨʭʝʦʣʦʛʽʾ ʧʨʦ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʧʨʦʞʠʚʘʥʥʷ ʪʽʻʾ 
ʯʠ ʽʥʰʦʾ ʢʫʣʴʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʽʣʴʥʦʪʠ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʾʾ ʧʦʙʫʪʫ, ʩʧʦʩʦʙʫ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʽ ʪ.ʧ. ʈʘʟʦʤ 
ʟ ʪʠʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʤʝʞʘʭ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʧʘʤ'ʷʪʦʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʣʝʦʛʝʦʛʨʘʬʘʤ ʤʦʞʣʠʚʽʩʪʴ 
ʚʠʚʯʘʪʠ ˇʨʫʥʪʠ çʧʦʭʦʚʘʥʽè ʧʽʜ ʨʽʟʥʠʤʠ ʜʘʪʦʚʘʥʠʤʠ ʘʨʭʝʦʣʦʛʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʧʦʨʽʚʥʶʶʯʠ ʾʭ ʟ 
ʬʦʥʦʚʠʤʠ (ʩʫʯʘʩʥʠʤʠ) ˇʨʫʥʪʘʤʠ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʧʝʚʥʦʛʦ 
ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚ ʟʘʛʘʣʴʥʽʡ ʨʠʪʤʽʮʽ ʨʦʟʚʠʪʢʫ ʧʨʠʨʦʜʠ ʛʦʣʦʮʝʥʫ. 

ʇʝʨʰʘ ʚʽʜʦʤʘ ʧʨʘʮʷ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʩʧʽʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʨʭʝʦʣʦʛʽʚ ʪʘ ˇʨʫʥʪʦʟʥʘʚʮʽʚ ʧʨʠʧʘʜʘʻ 
ʥʘ 1925 ʨ. (ɺ.ɸ. ɻʦʨʦʜʮʦʚ ʪʘ ɼ.ɻ. ɺʽʣʝʥʩʴʢʠʡ). ɸʢʪʠʚʽʟʘʮʽʷ ʚʠʚʯʝʥʥʷ ʧʦʭʦʚʘʥʠʭ ˇʨʫʥʪʽʚ ʚ ʤʝʞʘʭ 
ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʧʘʤ'ʷʪʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 70-80-ʪʽ ʨʨ. XX ʩʪ. ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʟʥʘʯʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷ ʷʢ 
ʧʦʣʴʦʚʦʛʦ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʮʝʡ ʯʘʩ ʥʘ ʩʪʠʢʫ ʘʨʭʝʦʣʦʛʽʾ ʪʘ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ 
ʚʠʥʠʢʘʻ ʥʦʚʘ ʥʘʫʢʘ ï ʘʨʭʝʦʣʦʛʽʯʥʝ ˇʨʫʥʪʦʟʥʘʚʩʪʚʦ. ɺ ʋʢʨʘʾʥʽ ʧʝʨʰʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʧʨʘʮʝʶ, ʱʦ 
ʩʪʦʩʫʻʪʴʩʷ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ, ʻ ʜʦʩʣʽʜʞʝʥʥʷ ɺ.ʇ. ɿʦʣʦʪʫʥʘ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ 
ʙʫʣʠ ʯʘʩʪʢʦʚʦ ʧʨʠʩʚʷʯʝʥʽ ʜʝʷʢʽ ʧʨʘʮʽ ʄ.ʌ. ɺʝʢʣʠʯʘ ʪʘ ʡʦʛʦ ʫʯʥʽʚ.  

ʅʠʥʽ ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʛʨʘʬʽʾ ʅɸʅ ʋʢʨʘʾʥʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ ɾ. ʄ. ʄʘʪʚʽʾʰʠʥʦʾ 
ʚʠʦʢʨʝʤʠʚʩʷ ʥʘʧʨʷʤ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʛʝʦʘʨʭʝʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʚʠʪʢʫ ʧʨʠʨʦʜʠ 
ʛʦʣʦʮʝʥʫ. ʅʘʫʢʦʚʮʽ ʩʝʢʪʦʨʫ ʧʘʣʝʦʛʝʦʛʨʘʬʽʾ ʉ.ʇ. ʂʘʨʤʘʟʠʥʝʥʢʦ, ʉ.ʇ. ɼʦʨʦʰʢʝʚʠʯ, ʆ.ɺ. ʄʘʮʽʙʦʨʘ, 
ɸ.ʉ. ʂʫʰʥʽʨ ʘʢʪʠʚʥʦ ʩʧʽʚʧʨʘʮʶʶʪʴ ʟ ʘʨʭʝʦʣʦʛʘʤʠ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ 
ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʽʚ ʫ ʤʝʞʘʭ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʨʦʙʠʣʠ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʥʠʢʠ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ 
ʫʩʪʘʥʦʚ ʋʢʨʘʾʥʠ: ʅ.ʇ. ɻʝʨʘʩʠʤʝʢʦ (2004), ɹ.ʊ. ʈʽʜʫʰ (2013) ʪʘ ʖ.ʄ. ɼʤʠʪʨʫʢ (2006), ɸ.ɹ. ɹʦʛʫʮʴʢʠʡ 
(2011), ʆ.ɻ. ʇʘʨʭʦʤʝʥʢʦ (2007) ʪʘ ʽʥ. 

ɸʚʪʦʨʦʤ ʧʨʦʪʷʛʦʤ 2010-2018 ʨʨ. ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʦʭʦʚʘʥʽ ˇʨʫʥʪʠ ʚ 42 ˇʨʫʥʪʦʚʠʭ ʨʦʟʯʠʩʪʢʘʭ, 
ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʤʝʞʘʭ ʨʽʟʥʠʭ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʅʘʷʚʥʽʩʪʴ ʜʘʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨʥʠʭ ʰʘʨʽʚ ʯʠ ʧʝʚʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʯʽʪʢʦ ʜʘʪʦʚʘʥʦʛʦ 
ʧʦʭʦʚʘʥʦʛʦ ˇʨʫʥʪʫ ʜʘʣʠ ʟʤʦʛʫ ʚʠʚʯʠʪʠ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʛʦʣʦʮʝʥʦʚʠʭ ˇʨʫʥʪʽʚ 
ʫ ʜʨʽʙʥʽ ʭʨʦʥʦʽʥʪʝʨʚʘʣʠ ʘʪʣʘʥʪʠʯʥʦʛʦ (ʄʠʨʦʧʽʣʴ), ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ (ʉʪʦʨʦʞʦʚʝ, ʄʠʨʦʧʽʣʴ, ʄʠʣʴʥʝ, 
ɹʽʣʴʩʴʢ) ʪʘ ʩʫʙʘʪʣʘʥʪʠʯʥʦʛʦ (ʂʘʥʽʚ, ʉʪʦʨʦʞʦʚʝ, ʉʝʨʜʶʢʠ, ʐʠʰʘʢʠ, ʆʧʽʰʥʷ, ɹʘʣʘʢʣʽʷ) ʯʘʩʫ 
ʛʦʣʦʮʝʥʦʚʦʾ ʧʨʠʨʦʜʠ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʥʘʧʨʘʮʶʚʘʥʴ ʚʯʝʥʠʭ, ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ 
ʧʽʜʭʦʜʠ ʪʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʦʘʨʭʝʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 
ʧʝʜʦʛʝʥʝʟʫ, ʤʦʞʣʠʚʦ ʚʠʨʽʰʫʚʘʪʠ ʥʠʟʢʫ ʘʢʪʫʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʧʠʪʘʥʴ ʱʦʜʦ: ʝʚʦʣʶʮʽʾ ˇʨʫʥʪʽʚ ʪʘ 
ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ; ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʘ ʬʘʮʽʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ 
ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʶ ʢʦʨʝʣʷʮʽʻʶ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʜʠʥʘʤʽʢʠ ʟʤʽʥ ʧʨʦʮʝʩʽʚ 
ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ ʚ ʯʘʩʽ; ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʚʧʨʦʜʦʚʞ ʨʽʟʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʧʝʨʽʦʜʽʚ; ʚʧʣʠʚʫ 
ˇʨʫʥʪʫ ʽ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, ʨʦʟʩʝʣʝʥʥʷ ʽ ʤʽʛʨʘʮʽʾ ʜʘʚʥʴʦʾ ʣʶʜʠʥʠ; ʽʩʪʦʨʠʢʦ-
ʩʦʮʽʦʣʦʛʽʯʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʽʾ ʪʘ ʩʫʤʽʞʥʠʭ ʥʘʫʢ. 
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ARCHEOLOGY AND SOIL SCIENCE FOR RECREATING THE NATURE OF THE 

HOLOCENE 

The interdisciplinary interaction of paleogeography and archeology is important and it has a mutual 
value for the development of Geosciences and historical sciences. Paleogeography and Paleopedology as 
one of its sections, provide to archeology an information about the natural living conditions of different 
cultural and historical community, its life and way of management, etc. At the same time, the research within 
the archaeological monuments provides paleogeographyôs an opportunity to study the soils, "buried" under 
different archaeological objects, comparing them with the background (modern) soils, which is relevant for 
the reconstruction of the natural conditions of a certain time interval in the general rhythm of development 
the nature of Holocene. 

The first known work, as a result of common research by archaeologists and soil scientists was 
published in 1925 (V.A Horodtsov and D.H Vilenskyi). The development of the research of buried soils within 
archaeological monuments was occur in 1970-1980. It is associated with the significant accumulation of field 
material and experimental material. At that time, a new science emerges ï archeology and soil science, on 
the boundary of an archeology and a soil science. In Ukraine, the research of V.P. Zolotun is the first 
comprehensive work in this direction. Further, some works by M.F Veklych and his colleagues were partly 
devoted to this research direction. 

Currently, the scientific direction concerning the geoarcheology approach in the research of the 
development of the nature of the Holocene was separated at the Institute of Geography of the National 
Academy of Sciences of Ukraine under the leadership of Dr. Zh. M. Matviishyna. Scientists of the 
Paleogeography Sector: S.P. Karmazynenko, S.P. Doroshkevych, O.V. Matsibora, A.S. Kushnir actively 
cooperate with other archaeologists of Ukraine. A significant contribution was made to the study of soils 
within archaeological objects by researchers of other scientific institutions of Ukraine: N.P. Herasimeko 
(2004), B. Ridush (2013) and Yu. Dmytruk (2006), A. Bogutskyi (2011) O. Parkhomenko (2007) and others. 

The buried soils in 42 soil cleansings were investigated by the author during 2010-2018. They were 
located within the boundaries of various archaeological sites on the territory of Ukraine. 

The presence of dated cultural layers or a certain overlay, and as a result of a reliablydated buried 
ground, made it possible to research the natural conditions for the formation of different Holocene soils in the 
small chronointeral of the Atlantic (Myropil), the Subboreal (Storozhove, Myropil, Mylne, Bilsk) and the 
Subatlantic (Kaniv, Storozhove, Serdiuky, Shyshaky, Opishnia, Balakliia) during the Holocene nature. 

Based on a significant number of previous developments of scientists, methodological approaches 
have been developed, a wide range of methods. Using the geoarcheological approach in the research of 
pedogenesis, it is possible to solve a number of topical scientific questions concerning: the evolution of soils 
and soil cover; regional and facial patterns of soil formation processes in connection with the spatial-
temporal correlation of environmental conditions; temporal dynamics of changes in soil formation processes; 
reconstruction of natural conditions during different historical periods; the influence of soil and natural 
conditions on economic activity, settlement and migration of an ancient man; historical and sociological 
reconstruction using a data of paleogeography and related sciences.  
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ʇʏɰʆʃɹ ʋɾʎʆʇɼɾʆʆʇɼʇ ʆɹɻɹʆʋɹɿɾʆʆʘ ʆɹ ʋɾʉʁʋʇʉɰɱ ɼɰʉʆʁʐʇʈʉʇʅʁʊʄʇɻʁʎ 

ʉɹʂʇʆɰɻ ʀɹ ɽɹʆʁʅʁ ɽʁʊʋɹʆʏɰʂʆʇɼʇ ʀʇʆɽʌɻɹʆʆʘ ʀɾʅʄɰ ʀ ʅɾʋʇʗ 

ʅɰʆɰʅɰʀɹʏɰɱ ʆɾɼɹʋʁɻʆʇɼʇ ɻʈʄʁɻʌ ʆɹ ɽʇɻʃɰʄʄʘ  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʛʘʨʤʦʥʽʡʥʦʛʦ ʞʠʪʪʷ ʚ 
ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʨʝʛʽʦʥʘʭ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʥʝʢʦʥʬʣʽʢʪʥʽ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʽʞ ʧʨʠʨʦʜʦʶ ʽ 
ʣʶʜʠʥʦʶ ʪʘ ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʙ ʛʘʨʘʥʪʫʚʘʣʠ ʝʢʦʥʦʤʽʯʥʦ-ʩʦʮʽʘʣʴʥʦ-ʝʢʦʣʦʛʽʯʥʫ 
ʝʚʦʣʶʮʽʶ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʦʜʥʦʯʘʩʥʦ ʟʙʝʨʝʛʣʠ ʙ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦʚʢʽʣʣʷ. 
ʊʦʤʫ, ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʩʴʦʛʦʜʥʽ ʤʘʻ ʜʦʩʪʦʚʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 
ʪʝʥʜʝʥʮʽʾ ʡʦʛʦ ʟʤʽʥ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʘʝʨʦʢʦʩʤʽʯʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, 
ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ ʜʘʥʽ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʙʫʜʴ-ʷʢʦʾ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʣʘʥʜʰʘʬʪʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ 
ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʦʛʦ (ʝʚʨʠʩʪʠʯʥʦʛʦ) ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 
ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʷʢʽʩʥʦ ʥʦʚʦʤʫ ʨʽʚʥʽ ʟʘʛʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥ, ʷʢʽ 
ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ ʝʢʦʩʪʘʥʫ ʥʘ 
ʤʘʡʙʫʪʥʻ [1, 2]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 
ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʟʚʽʣʴʥʷʻ ʦʧʝʨʘʪʦʨʘ-ʜʝʰʠʬʨʫʚʘʣʴʥʠʢʘ ʢʦʩʤʽʯʥʠʭ 
ʟʥʽʤʢʽʚ ʚʽʜ ʟʥʘʯʥʦʛʦ ʦʙôʻʤʫ ʩʫʙôʻʢʪʠʚʥʦʾ ʪʘ ʪʨʫʜʦʤʽʩʪʢʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʟʫʘʣʴʥʦ-
ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʨʠʩʫʥʦʢ).  

 

 
 
ʈʠʩ. ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʦʮʽʥʮʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʦ ʦʮʽʥʢʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʪʝʨʠʪʦʨʽʶ ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʧʦ 4 ʢʣʘʩʘʤ ʣʘʥʜʰʘʬʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ: 
ʧʨʠʨʦʜʥʽ, ʤʦʜʠʬʽʢʦʚʘʥʽ, ʘʥʪʨʦʧʦʛʝʥʥʽ ʽ ʪʝʭʥʦʛʝʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʥʜʰʘʬʪʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʽ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. ɺʝʨʠʬʽʢʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʝʢʩʧʝʨʪʥʠʤʠ 
ʦʮʽʥʢʘʤʠ ʧʦʢʘʟʘʣʘ ʚʝʣʠʢʫ ʢʦʨʝʣʷʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʧʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ. 

ʄʦʥʽʪʦʨʠʥʛ ʛʽʨʥʠʯʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 
(ʝʚʨʠʩʪʠʯʥʦʛʦ) ʢʨʠʪʝʨʽʶ ʙʫʜʝ ʩʧʨʠʷʪʠ ʦʧʝʨʘʪʠʚʥʽʡ ʦʮʽʥʮʽ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʦʟʨʦʙʮʽ 
ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʽʯʥʠʭ 
ʩʠʩʪʝʤ ʪʘ ʟʘʧʦʙʽʛʘʥʥʶ ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ʣʘʥʜʰʘʬʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʦʾ 
ʪʝʨʠʪʦʨʽʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 
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ʩʠʪʫʘʮʠʠ ʚ ʨʝʛʠʦʥʝ. ɼʦʧʦʚʽʜʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ. ʂʠʾʚ, 2003, ˉ 11, ʉ. 37-40. 
2. Arkhipov, A. I., Glazunov, N. M., Khyzhniak, A. V. Heuristic Criterion for Class Recognition by Spectral 
Brightness. Cybernetics and Systems Analysis. 2018. Volume 54. Issue 1. pp. 94-98.
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ASSESSMENT OF THE TECHNOGENIC LOAD ON THE MINING AREAS USING REMOTE 
SENSING DATA FOR MINIMIZATION OF NEGATIVE INFLUENCE ON ENVIRONMENT  

To ensure the rational use of the nature resources and harmonious life in mining regions, it is 
necessary to create new non-conflictual relationships between nature and humans and to find optimal 
solutions that would guarantee the social, economic and ecological evolution of the society and preserve the 
possibility of further natural development of the environment at the same time. Therefore, today, reliable 
information about the state of the environment and trends of its changes is important, that can be obtained 
applying remote sensing of the Earth, which allows receiving high-precision data of any part of the earth's 
surface. 

The method of statistical evaluation of the technogenic load is developed using the landscape-
system approach and the automated decoding of space images provides an opportunity for research on a 
qualitatively new level in the changes occurring in ecosystems of mining areas and can be used for complex 
geoecological monitoring of the environment and forecast the changes for the future [1, 2]. The algorithm 
based on the method can be used to automate the decision-making procedure, which frees the operator-
decoder of space images from a significant amount of subjective and labor-intensive work, which is 
performed on the basis of visual-instrumental methods (figure). 

 

 
 

Fig. Algorithm for automation of decision making in the estimation of technogenic loading. 

 

As the result of the research, the estimation of the technogenic load of the territory of the Nikopol 
mining area divided on 4 classes of landscape complexes (natural, modified, anthropogenic and 
technogenic) was obtained using the landscape-system approach and automated decoding of space images. 
Verification of the received data with expert estimations showed a large correlation dependence, which 
makes possible the further application of the method. 

Monitoring of mining and industrial areas using the method of statistical criterion will facilitate to: 
- the operative assessment of the geoecological state; 
- the development of recommendations for making optimal decisions regarding the mode of operation of the 
environment;  
- the prevention of the negative changes in landscape complexes in the zone of influence of the mining 
industry;  
- the organization of rational nature management. 
 
1. Fedorovsky, A. D., Lischenko, L. P. (2003). Landshaftno-sistemnyy podkhod pri otsenke 
geoekologicheskoy situatsii v regione [Landscape-system approach in assessing the geoecological situation 
in the region]. Reports of the National Academy of Sciences of Ukraine, No. 11, pp. 37-40. (in Russian). 
2. Arkhipov, A. I., Glazunov, N. M., Khyzhniak, ê. V. (2018). Heuristic Criterion for Class Recognition by 
Spectral Brightness. Cybernetics and Systems Analysis, Vol. 54, Issue 1, pp. 94-98.  
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ɼʄʁɺʁʆʆɰ ɾʄɾʃʋʉʇʅɹɼʆɰʋʆɰ ɽʇʊʄɰɽɿɾʆʆʘ ʀɻɰʀɽɹʄʕ-ʀɹʄɰʊʕʃʇɱ ʀʇʆʁ 
ʉʇʀʄʇʅɰɻ ʌʒ 

ɺ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʛʣʠʙʠʥʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
ʤʘʛʥʽʪʦʪʝʣʫʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʦʚʘʨʽʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ (ʄʊ/ʄɺ) ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʟ 
ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʛʣʠʙʠʥʥʦʾ ʙʫʜʦʚʠ ʟʝʤʥʦʾ ʢʦʨʠ ʜʣʷ ʧʦʰʫʢʫ ʟʦʥ ʤʝʪʘʩʦʤʘʪʦʟʫ, ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ 
ʨʫʜʦʧʨʦʷʚʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 

ʊʝʢʪʦʥʽʯʥʦ ʨʘʡʦʥ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʤʝʛʘʙʣʦʢʘʤʠ: ɺʦʣʠʥʩʴʢʠʤ, ʇʦʜʽʣʴʩʴʢʠʤ 
ʪʘ ɹʫʟʴʢʠʤ, ʜʝ ʛʦʣʦʚʥʘ ʨʦʣʴ ʧʨʠ ʧʦʰʫʢʘʭ ʨʫʜʦʧʨʦʷʚʽʚ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ, ʙʣʘʛʦʨʦʜʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ 
ʤʝʪʘʣʽʚ ʚʽʜʚʦʜʠʪʴʩʷ ʘʥʦʤʘʣʽʷʤ ʚʠʩʦʢʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʫ ʷʢʠʭ ʧʨʦʷʚʠʣʠʩʴ ʛʣʠʙʠʥʥʽ ʟʦʥʠ 
ʨʦʟʣʦʤʽʚ (ɿʈ) ʪʘ ʾʭ ʧʝʨʝʪʠʥʠ, ʪʘʢʽ ʷʢ ɿʚʽʟʜʘʣʴ-ɿʘʣʽʩʴʢʘ, ɹʨʫʩʠʣʽʚʩʴʢʘ, ʅʝʤʠʨʽʚʩʴʢʘ, ʎʝʥʪʨʘʣʴʥʘ ʽ 
ɸʥʜʨʫʰʽʚʩʴʢʘ [2, 3].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʩʫʯʘʩʥʠʤʠ ʜʦʚʛʦʧʝʨʽʦʜʥʠʤʠ ʮʠʬʨʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ ʟ 
ʬʝʨʦʟʦʥʜʦʚʠʤʠ ʤʘʛʥʽʪʦʤʝʪʨʘʤʠ LEMI-417. ɺʠʤʽʨʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʟʤʽʥʥʦʛʦ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʽʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʽʪʦʩʬʝʨʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʟʜʦʚʞ ʜʚʦʭ 
ʧʨʦʬʽʣʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ ɿʚʽʟʜʘʣʴ-ɿʘʣʽʩʴʢʫ ʪʘ ɹʨʫʩʠʣʽʚʩʴʢʫ ʛʣʠʙʠʥʥʽ ɿʈ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʝʛʘʙʣʦʢʽʚ ʋʑ: 
ɺʦʣʠʥʩʴʢʦʛʦ ï ʧʨʦʬʽʣʴ ʈʘʜʦʤʠʰʣʴ-ʌʘʩʪʽʚ ʚ ʢʽʣʴʢʦʩʪʽ 9 ʧʫʥʢʪʽʚ ʪʘ ʇʦʜʽʣʴʩʴʢʦʛʦ ʽ ɹʫʟʴʢʠʡ ï ʧʨʦʬʽʣʴ 
ʈʫʞʠʥ-ʉʢʚʠʨʘ ʚ 7 ʧʫʥʢʪʘʭ. ʊʨʠʚʘʣʽʩʪʴ ʩʠʥʭʨʦʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʪʘʥʦʚʠʣʘ 1 ʜʦʙʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ 
ʧʨʦʬʽʣʷʤʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʣʠʟʴʢʦ 60 ʢʤ; ʧʦʣʴʦʚʠʤʠ ʧʫʥʢʪʘʤʠ ï ʚʽʜ 4 ʜʦ 13 ʢʤ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ 
ʩʧʦʩʪʝʨʝʞʝʥʠʭ ʜʘʥʠʭ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʮʝʜʫʨʠ ʩʠʥʭʨʦʥʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 
ʦʧʝʨʘʪʦʨʽʚ ʄʊ/ʄɺ ʧʦʣʽʚ ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ PRC-MTMV [1]. 

ɿʘ ʷʢʽʩʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʢʦʤʧʣʝʢʩʥʠʭ ʪʠʧʝʨʽʚ ʪʘ ʢʨʠʚʠʭ ʄʊ ʟʦʥʜʫʚʘʥʥʷ ʧʨʦʬʽʣʴ ʈʘʜʦʤʠʰʣʴ-
ʌʘʩʪʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʩʪʨʫʢʪʫʨ: I ï ʧʦʚʝʨʭʥʝʚʘ, 
ʦʨʽʻʥʪʘʮʽʶ ʷʢʦʾ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʫ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʷʢ 
ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʶ, ʷʢʘ ʢʦʨʝʣʶʻ ʟ ɺʽʣʝʥʩʴʢʠʤ ʨʦʟʣʦʤʦʤ, ʪʘʢ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʶ, ʘʙʦ ʩʫʙʰʠʨʦʪʥʦ, ʱʦ 
ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʩʠʩʪʝʤʦʶ ʣʦʢʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ, ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴ 
ɺʽʣʝʥʩʴʢʠʡ ʪʘ ʂʦʯʝʨʽʚʩʴʢʠʡ ʨʦʟʣʦʤʠ ʪʘ ʂʦʯʝʨʽʚʩʴʢʫ ʩʪʨʫʢʪʫʨʫ; II ï ʧʨʠʧʦʚʝʨʭʥʝʚʘ, 
ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ, ʷʢʘ ʢʦʨʝʣʶʻ ʟ ʨʘʡʦʥʦʤ ʧʝʨʝʪʠʥʫ: 1 ï ʚʠʱʝ ʟʛʘʜʘʥʦʾ ʩʫʙʰʠʨʦʪʥʦʶ 
ʩʠʩʪʝʤʦʶ ʣʦʢʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ, 2 ï ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʫ ʦʢʦʥʪʫʨʶʶʪʴ ʽʟ ʟʘʭʦʜʫ 
ʂʦʯʝʨʽʚʩʴʢʠʡ, ʘ ʟʽ ʩʭʦʜʫ ɹʨʫʩʠʣʽʚʩʴʢʠʡ ʛʣʠʙʠʥʥʽ ʨʦʟʣʦʤʠ ʪʘ 3 ï ʏʦʨʥʦʙʠʣʴʩʴʢʦʶ ʟʦʥʦʶ 
ʨʦʟʣʦʤʽʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʷ; III ï ʥʘ ʧʽʚʜʝʥʥʦʤʫ-ʩʭʦʜʽ ʚʽʜ ʧʨʦʬʽʣʶ ï ʧʨʠ 
ʧʦʚʝʨʭʥʝʚʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʷ, ʷʢʘ ʩʧʽʚʧʘʜʘʻ ʟ ʟʦʥʦʶ ʧʝʨʝʪʠʥʽʚ ʣʦʢʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ ʨʽʟʥʦʾ 
ʦʨʽʻʥʪʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ. 

ʅʘ ʧʨʦʬʽʣʽ ʈʫʞʠʥ-ʉʢʚʠʨʘ ʚʠʜʽʣʷʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʩʪʨʫʢʪʫʨ: ʣʦʢʘʣʴʥʫ ʚʠʩʦʢʦʧʨʦʚʽʜʥʫ ʧʦʚʝʨʭʥʝʚʫ, 
ʷʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʩʘʤʝ ʫ ɿʚʽʟʜʘʣʴ-ɿʘʣʽʩʴʢʽʡ ɿʈ; ʧʨʠʧʦʚʝʨʭʥʝʚʫ ʩʫʙʰʠʨʦʪʥʫ, ʱʦ ʥʘʧʝʚʥʦ ʟʘʛʣʠʙʣʶʻʪʴʩʷ 
ʥʘ ʩʭʽʜ ʪʘ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʛʝʦʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʘ ʩʘʤʝ ʉʘʤʛʦʨʦʜʩʴʢʽʡ ʨʦʟʣʦʤʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; ʪʘ 
ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʨʝʛʽʦʥʘʣʴʥʦʾ (ʘʙʦ ʾʾ ʚʧʣʠʚ) ʜʣʷ ʚʩʽʭ ʧʫʥʢʪʽʚ ʧʨʦʬʽʣʶ.  

ɸʥʦʤʘʣʽʾ ʚʠʩʦʢʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʚʠʜʽʣʝʥʽ, ʪʷʞʽʶʪʴ ʜʦ ʟʦʥ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 
ʤʝʪʘʩʦʤʘʪʠʪʽʚ ʪʘ ʤʝʪʘʩʦʤʘʪʠʯʥʦ ʧʝʨʝʪʚʦʨʝʥʠʭ ʧʦʨʽʜ, ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘ ʝʥʜʦʛʝʥʥʝ ʟʨʫʜʝʥʽʥʥʷ, 
ʘ ʩʘʤʝ ʩʢʘʨʥʽʚ ʫ ɺʦʣʠʥʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ; ʛʨʝʡʟʝʥʽʚ, ʷʢʽ ʯʘʩʪʦ ʤʽʩʪʠʪʴ ʮʽʥʥʽ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ ʫ ʚʠʛʣʷʜʽ 
ʚʢʨʘʧʣʝʥʴ ʢʘʩʠʪʝʨʠʪʫ, ʚʦʣʴʬʨʘʤʫ, ʪʘʥʪʘʣʽʪʫ ʪʘ ʟʦʥ ʝʧʽʜʦʪʠʟʘʮʽʾ ʪʘ ʦʢʚʘʨʮʶʚʘʥʥʷ ʫ ʂʦʯʝʨʽʚʩʴʢʦʤʫ 
ʩʠʥʢʣʽʥʦʨʽʾ; ʟʦʥ ʦʢʚʘʨʮʶʚʘʥʥʷ ʪʘ ʤʽʢʨʦʢʣʽʥʽʟʘʮʽʾ ɿʚʽʟʜʘʣʴ-ɿʘʣʽʩʴʢʦʾ ʨʦʟʣʦʤʥʦʾ ʟʦʥʠ; ʭʣʦʨʠʪʠʟʘʮʽʾ, 
ʤʽʢʨʦʢʣʽʥʽʟʘʮʽʾ, ʝʧʽʜʦʪʠʟʘʮʽʾ ʪʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ ʧʝʨʝʪʚʦʨʝʥʠʭ ʧʦʨʽʜ ɹʨʫʩʠʣʽʚʩʴʢʦʾ ʨʦʟʣʦʤʥʦʾ ʟʦʥʠ; 
ʤʫʩʢʦʚʽʪʠʟʘʮʽʾ, ʝʧʽʜʦʪʠʟʘʮʽʾ ʪʘ ʦʢʚʘʨʮʶʚʘʥʥʷ ʈʦʩʠʥʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ. 
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DEEP ELECTROMAGNETIC STUDIES OF THE ZVIZDAL-ZALISKA FAULT ZONE OF THE 
UKRAINIAN SHIELD 

The report examines the results of deep electromagnetic research es using magnetotelluric and 
magnetovariation methods (MT/MV) in the Western part of the Ukrainian shield with the aim of studying 
the deep structure of the earth's crust for the search for zones of metasomatosis and ore occurrences 
of minerals. 

Tectonically, the research area is represented by three megablock: Volyn, Podilsky, and Buzky, 
where the main role in the search for ore deposits of rare-earth, noble and non-ferrous metals belongs to 
anomalies of high electrical conductivity. In which reflected the deep-zone faults of and their intersections 
appeared, such as Zvizdal-Zaliska, Brusilivska, Nemyrivska, Central and Andrushevskaya [2,3]. 

Experimental work was carried out by modern long-period digital stations with ferromagnetic 
magnetometers LEMI-417. Measurements of the low-frequency natural electromagnetic field of the Earth of 
ionospheric-magnetospheric origin were carried out along two profiles crossing Zvizdal-Zaliska and 
Brusilivska deep-zone faults on the territory of megablocks of the Ukrainian shield: Volynsky ï the profile of 
Radomyshl-Fastov in the number of 9 points and Podolsky and Buzky ï profile Ruzhin Skvira in 7 points. 
The duration of synchronous observations was 1 day, the distance between profiles averaged around 60 km; 
field points from 4 to 13 km. 

The experimental research performed satisfies the requirements of the observable data, using the 
procedure of synchronous evaluation of transmitting MT/MV operators by the software program PRC-
MTMV [1]. 

For a qualitative interpretation of the complex induction vectors, amplitude and phase curves MT 
sensing, the Radomyshl-Fastov profile can be divided into a number of differently oriented conductive 
structures: I ï superficial, whose orientation is difficult to determine at this stage of the material analysis, it 
can be as submeridional, correlated with the Vilensky fault, and North-Eastor East-West trending, which may 
be related to a system of local faults, sub-latitud, crossing the Vilensky and Kocheriv faults and the Kocheriv 
structure; II ï near-surface, submeridional, which correlates with the intersection area: 1 ï the above-
mentioned sub-latitudinal system of local faults, 2 ï the submeridional structure, which has contours from 
deep faults the West Kocherivsky, and from the East Brusilivsky's and 3 ï the Chornobyl zone of faults in the 
North ï East direction; III ï in the south-east of the profile ï the near-surface of the North ï East direction, 
which coincides with the zone of intersections of local faults of different orientations in space. 

The profile of Ruzhin-Skvira is divided intoseveral structures: a local high-conducting surface, which 
is located just in Zvizdal-Zaliska; near-surface sub-latitudinal, which is definitely deepening to the East and 
may correspond to the geological structure, namely the second-order Samgorod fault; and it assumes the 
presence of a regional (or its influence) for all points of the profile. 

The high electrical conductivity anomalies are highlighted in the distribution zones of metasomatites 
and metasomatically altered rocks that are promising on endogenous ores, namely, skarns in the Volyn 
megablock; greisens that often contain valuable ore minerals in the form of intersperses of cassiterite, 
tungsten, tantalum and zones of epidotetization and silicification in the Kocheriv synclinorium; Zvizdal-
Zaliska fault zones; chloritization, microclinization, epidotetization and hydrothermally modified breeds of the 
Brusilov fault zone; muscovization, epidotetization and silicification of the Rosinsky megablock. 
 
1. Varentsov I. M. (2013). Software system PRC_MTMV for data processing synchronous MT/MV soundings. 
Materials of the VI All-Russian Workshop on EM sensing. Novosibirsk, pp. 1-4. (in Russian). 
2. Geological state map of the crystalline base of the scale of 1 : 200 000. Sheet M-35-XVIII (Phastiv) (2003). 
Kiev: Foundation of GP "Ukrainian Geological Company". (in Ukrainian). 
3. Geological state map of the crystalline base of the scale of 1 : 200 000. Sheet M-35-XXIV (Skvira) (2005). 
Kiev: Foundation of GP "Ukrainian Geological Company". (in Ukrainian). 
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ɽʇʊʋʇɻɰʉʆɰʊʋʕ ʅʇʆɰʋʇʉʁʆɼʌ ɼɾʇʄʇɼɰʐʆʇɼʇ ʊɾʉɾɽʇɻʁʒɹ 

ʄʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʙʤʝʞʝʥʠʡ ʥʠʟʢʦʶ ʪʦʯʦʢ, ʜʣʷ ʷʢʠʭ ʻ ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ 
ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ, ʜʝ ʥʝʤʘʻ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʨʽʰʝʥʥʷ ʱʦʜʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ ʜʦʧʫʩʢʘʻ ʫʤʦʚʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɼʣʷ ʫʩʧʽʰʥʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 
ʧʦʣʽʧʰʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʢʦʥʢʨʝʪʥʽ ʜʞʝʨʝʣʘ 
ʥʝʥʘʜʽʡʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦʮʝʩʫ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʽʥʜʝʢʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ 
ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʩʧʝʢʪʨ ʪʘ ʚʝʣʠʯʠʥʫ ʧʦʢʘʟʥʠʢʽʚ, ʜʠʥʘʤʽʢʫ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 
ʚʠʤʽʨʘʤʠ, ʧʝʨʝʚʽʨʢʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʥʜʝʥʮʽʡ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ 
ʪʘ ʧʨʦʛʥʦʟʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʝʪʘʧʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 
ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʝʪʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, 
ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙ, ʯʘʩʪʦʪʫ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ, ʾʭ ʥʦʤʝʥʢʣʘʪʫʨʫ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ 
ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʄʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 
ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʜʽʘʧʘʟʦʥʫ ʧʣʦʱʽ ʪʘ ʱʽʣʴʥʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ʚʠʤʽʨʶʚʘʥʥʷ 
ʜʘʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʩʪʘʥʫ. 

ʉʪʘʥ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʽʜʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʘʤ, ʧʨʠʯʦʤʫ ʜʝʷʢʽ ʟ 
ʥʠʭ ʧʦʛʘʥʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʘʙʦ ʥʝ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ 
ʪʦʯʦʢ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʽʜʢʨʠʪʫ ʩʠʩʪʝʤʫ, ʜʣʷ ʷʢʦʾ ʽʩʥʫʶʪʴ ʫʤʦʚʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 
ʚʠʥʠʢʘʻ ʪʘʢʦʞ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʫʤʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʮʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ 
ʤʦʥʽʪʦʨʠʥʛʦʚʦʛʦ ʢʘʥʘʣʫ ʘʙʦ ʥʘ ʢʦʨʜʦʥʽ, ʱʦ ʨʦʟʜʽʣʷʶʪʴ ʜʚʘ ʢʦʥʢʨʝʪʥʠʭ ʩʪʘʥʠ. ɿʦʥʠ ʤʦʥʽʪʦʨʠʥʛʫ 
ʢʘʥʘʣʽʚ ʢʦʥʪʨʦʣʶ ʥʝ ʤʘʶʪʴ ʯʽʪʢʠʭ ʤʝʞ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʙʣʠʟʫ ʮʠʭ ʥʝʯʽʪʢʠʭ, ʨʦʟʤʠʪʠʭ 
ʤʝʞ ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʣʠʰʝ ʩʪʫʧʝʥʷʤʠ ʥʘʣʝʞʥʦʩʪʽ, ʘ ʥʝ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɺ 
ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʦʢ ʩʪʘʥʫ 
ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ, ʦʙʝʨʥʝʥʠʤ ʜʦ ʬʫʥʢʮʽʾ 
ʯʣʝʥʩʪʚʘ. ʊʦʙʪʦ, ʦʙʝʨʥʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʪʫʧʝʥʷʤʠ ʥʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʘ ʜʦ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʟ 
ʧʝʚʥʦʶ ʙʘʟʦʚʦʶ ʟʤʽʥʥʦʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʘʚʠʣ ʘʙʦ ʤʝʪʨʠʢʘ:  
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ʜʝ m ʪʘ r ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʛʥʘʣʘʭ. ɺʦʥʘ ʦʮʽʥʶʻ ʩʪʫʧʽʥʴ ʙʣʠʟʴʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ 
ʦʮʽʥʦʢ (ʧʨʦʛʥʦʟʽʚ) ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ (ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ) (xm), ʘʙʦ ʾʭ ʨʦʟʧʦʜʽʣʫ ʜʦ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʮʠʭ 
ʩʠʛʥʘʣʽʚ (xr). ʊʫʪ, ʧʽʜ ʦʮʽʥʢʘʤʠ ʤʦʜʝʣʽ, ʤʠ ʨʦʟʫʤʽʻʤʦ ʥʝ ʪʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ ʬʘʢʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 
(ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʙʦ ʬʽʟʠʯʥʦʛʦ), ʘʣʝ ʡ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʚʠʯʘʡʥʽ (ʥʝʩʪʘʥʜʘʨʪʥʽ) 
ʟʘʩʦʙʠ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ, ʥʘ ʚʠʭʦʜʽ ʷʢʠʭ ʛʘʨʘʥʪʫʻʪʴʩʷ ʷʢʽʩʪʴ 
ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʨʝʘʣʴʥʽ (ʩʧʨʘʚʞʥʽ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ "ʟʚʠʯʘʡʥʘ ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ" ʷʢ 
ʢʨʠʪʝʨʽʡ ʙʣʠʟʴʢʦʩʪʽ (ʨʦʟʙʽʞʥʦʩʪʽ) ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ ʽ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʜʠʩʧʝʨʩʽʶ; 
- ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʦʜʥʦʨʽʜʥʠʤʠ ʟʘ ʩʚʦʾʤ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʽ ʦʜʥʘʢʦʚʦ 

ʚʘʞʣʠʚʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 
- ʟʥʘʢ ʧʨʦʩʪʦʨʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʨʦʩʪʦʨʦʤ ʽ ʧʦʥʷʪʪʷ ʙʣʠʟʴʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʥʷʪʪʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʙʣʠʟʴʢʦʩʪʽ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ. 
ɿʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ 

ʧʦʣʽʧʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʧʨʠʷʻ ʧʨʠʡʥʷʪʪʶ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ 
ʱʦʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʘʢ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 
ʧʨʠʡʥʷʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʯʫʪʣʠʚʠʤ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 
ʽ ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʘ ʪʦʯʥʫ ʚʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʚʠʤʘʛʘʻ ʥʦʚʠʭ, ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʧʽʜʭʦʜʽʚ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ 
ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʽ ʪʝʦʨʽʾ 
ʤʦʞʣʠʚʦʩʪʝʡ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 
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RELIABLE OF MONITORING OF GEOLOGICAL ENVIRONMENT 

Monitoring of the geological environment is limited by a number of points, for which there is a 
presence of at least one element of a set for which there is no effective identification process, and a decision 
regarding state of environment accepts conditions of uncertainty. For successful development and 
application of methods for improving observation and identifying stage of process, it is necessary to research 
specific sources of unreliability of process data and of integral estimates of state of environment.  

Methodology for monitoring includes determining current state of indexes, associated factors and 
their impact on spectrum and magnitude of indicators, the dynamics of indexes in comparison with 
previousmeasurements, verification relevance of trends, decision making on the reliability of monitoring data 
and forecasts. Implementation of such stages ensures reliability of data obtained to make responsible 
decisions for the forecast  the state of environment. 

For effective analysis of the state of geological environment, justification of the purpose of collecting 
information, control sampling points, frequency of data updates of, their nomenclature, and alternative 
variants of information provision should be provided.  

Monitoring of the geological environment includes definition of the structure of the measuring 
network, the range of the area and the density of control points on the basis of the data measuring network 
and the corresponding algorithms of interpolation and smoothing, as well as determination of the dynamics 
of the state. 

The state of the geological environment as a system that is exposed to external influences, some of 
them are poorly controlled or not defined (since assumptions about the properties of this usually avoid some 
of the essentially important components, less formal objects are taken into account than is necessary, etc.), 
is observed only in a limited number of points, can be regarded as an open system, for which there is a 
characteristic presence of at least one element of a set for which there is no effective identification process, 
and a decision regarding the state of the system accepts the conditions of uncertainty. Uncertainty arises 
also in those cases where the conditions of the technological process are evaluated within the area of the 
monitoring channel or at the boundary that divide the two specific states. The monitoring zones of the 
monitoring channels do not have clear boundaries, and the results of observation near these fuzzy, blurred 
boundaries can be characterized only by degrees of membership, and not by clearly defined functions. 

In both cases, the uncertainty of the results of the observation leads to unreliability of the 
assessments of the state of the geological environment. Such a falsehood is characterized by the value 
inverse to the membership function. That is, the inverse relationship between the degrees of affiliation of an 
element to a given set from a certain base variable and the rules used or metric: 
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where m and r are the number of elements in the signals. It evaluates the degree of proximity of model 
estimates (predictions) of signal values (state parameters) (xm), or their distributions to the real values of 
these signals (xr). Here, under model estimates, we understand not only the results of the actual simulation 
(mathematical or physical), but also the data of measurements using the usual (non-standard) means. 
Results of measurements using means at the output of which the quality of information is guaranteed are 
considered as real (true). In this case, the "usual Euclidian distance" as the criterion of proximity (or 
discrepancy) is justified by: 

- observations are mutually independent and may have the same dispersion; 
- components of observation vector are homogeneous in their physical content and they are equally 

important in terms of their use during identification; 
- sign space coincides with the geometric space and the notion of proximity of objects of observation 

coincides with the notion of geometric proximity in this space. 
The above-mentioned approach to increase the reliability of monitoring data ensure significant 

improvement of the functioning of information systems and facilitate the adoption of more substantiated 
decisions to predict the state of the geological environment. However, its use in the absence of accepted 
characteristics of measuring equipment, making it sensitive to external influences and focused on precise 
input information, requires new, non-standard approaches, one of which is the interpretation of information 
used in the system in terms of theory fuzzy sets and the theory of possibilities that form the basis of 
intelligent information systems. 
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ɼʄʁɺʁʆʆɰ ɾʄɾʃʋʉʇʅɹɼʆɰʋʆɰ ɽʇʊʄɰɽɿɾʆʆʘ ʋɹʉɹʊɰɻʊʕʃʇɱ ʋɹ ʋʉʇʘʆʃɰɻʊʕʃʇɱ 
ʊʋʉʌʃʋʌʉ ɼʑʀ 

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʽʟʥʽ ʦʙʣʘʩʪʽ ʟʯʣʝʥʫʚʘʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ (ʦʢʝʘʥʽʯʥʽ, 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ, ʤʽʞʢʦʥʪʠʥʝʥʪʘʣʴʥʽ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʍʘʨʘʢʪʝʨ ʪʘʢʠʭ 
ʛʣʠʙʦʢʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʘʥʦʤʘʣʽʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʷʩʥʶʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ 
ʧʣʘʚʣʝʥʥʷʤ ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʤʽʛʨʘʮʽʾ ʬʣʶʾʜʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʽʛʨʘʮʽʾ ʨʫʜʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟ ʢʦʨʠ ʽ 
ʤʘʥʪʽʾ ʧʽʜ ʯʘʩ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʦʾ ʘʢʪʠʚʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʦʤʘʣʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʻ ʦʜʥʠʤʠ ʟ 
ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʣʦʱʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʦʚʠʥʥʽ 
ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʧʣʘʥʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɿʘ ʜʘʥʠʤʠ ʨʽʟʥʠʭ 
ʚʯʝʥʠʭ, ɻʦʣʦʚʘʥʽʚʩʴʢʘ ʰʦʚʥʘ ʟʦʥʘ (ɻʐɿ) ʻ ʨʝʛʽʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟ ʥʠʟʴʢʦ ʧʨʦʚʽʜʥʦʶ ʟʝʤʥʦʶ 
ʢʦʨʦʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʨʘʞʝʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ɟ) 
ʪʘ ʡʦʛʦ ʨʽʟʢʦʶ ʤʽʥʣʠʚʽʩʪʶ ʷʢ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʪʘʢ ʽ ʧʦ ʣʘʪʝʨʘʣʽ. ɺʯʝʥʠʤʠ ʛʝʦʣʦʛʘʤʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʽ 
ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʚʯʝʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʨʫʜʦʥʦʩʥʦʩʪʽ ɻʐɿ. 
ʆʜʥʘ ʟ ʥʠʭ, ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʚʠʚʯʝʥʥʽ ʥʝʩʠʩʪʝʤʥʠʭ ʣʦʢʘʣʴʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ 
ʪʝʨʠʪʦʨʽʾ ɻʐɿ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʩʪʠ ʩʧʝʮʠʬʽʯʥʝ ʨʫʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʘʣʤʘʟʦʥʦʩʥʽʩʪʴ, ʨʽʜʢʽʩʥʽ ʽ 
ʢʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ) ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠ ʮʴʦʤʫ ʻ ʽʟʦʤʝʪʨʠʯʥʦ-ʦʚʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʠʭ 
ʛʝʥʝʪʠʯʥʠʭ ʪʠʧʽʚ, ʥʘʧʨʠʢʣʘʜ, ʄʦʣʜʦʚʩʴʢʘ, ʉʝʢʨʝʪʘʨʩʴʢʘ, ʊʨʦʷʥʢʽʚʩʴʢʘ ʪʘ ʊʘʨʘʩʽʚʩʴʢʘ. 

ʋ 2017-2018 ʨʦʢʘʭ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʗʪʨʘʥʩʴʢʦʛʦ ʙʣʦʢʫ ɻʐɿ ʚʠʢʦʥʘʥʦ ʩʠʥʭʨʦʥʥʽ 
ʚʠʤʽʨʶʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʟʤʽʥʥʦʛʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʽ 
ʧʦʙʫʜʦʚʦ ʤʦʜʝʣʴ ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʊʘʨʘʩʽʚʩʴʢʦʾ ʪʘ 
ʊʨʦʷʥʢʽʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨ. ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʢʨʠʚʽ ʛʣʠʙʠʥʥʦʛʦ ʤʘʛʥʽʪʦʪʝʣʫʨʠʯʥʦʛʦ 
ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʧʝʨʽʦʜʽʚ 10-10000 ʩ ʽ ʢʦʤʧʣʝʢʩʥʽ ʽʥʜʫʢʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʝʨʽʦʜʽʚ 20-6900ʩ) 
ʚʢʘʟʫʶʪʴ ʥʘ ʩʢʣʘʜʥʫ ʪʨʠʚʠʤʽʨʥʫ ʩʠʪʫʘʮʽʶ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʽ, ʤʦʞʣʠʚʦ, 
ʛʣʠʙʠʥʥʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ʘʥʦʤʘʣʽʾ. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʊʨʦʷʥʢʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʷʚʠʣʘʩʷ ʥʘ ʨʽʟʥʠʭ 
ʛʣʠʙʠʥʥʠʭ ʷʨʫʩʘʭ: ʧʝʨʰʠʡ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʟ ɟ=5-100 ʆʤĀʤ ï ʟ ʧʦʚʝʨʭʥʽ ʜʦ 100 ʤ, ʚʽʜʧʦʚʽʜʘʻ ʜʚʦʤ 
ʛʘʣʴʚʘʥʽʯʥʦ ʥʝ ʟôʻʜʥʘʥʠʤ ʧʨʦʚʽʜʥʠʢʘʤ, ʱʦ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʟ ʧʽʚʥʽʯʥʦʛʦ-ʟʘʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ-ʩʭʽʜ ʪʘ 
ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʥʘʧʨʷʤʦʢ ʥʘ ʩʫʙʰʠʨʦʪʥʠʡ ʫ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʣʘʥʰʝʪʫ, ʨʦʟʤʝʞʦʚʫʶʯʠ ʊʨʦʷʥʢʽʚʩʴʢʫ 
ʩʪʨʫʢʪʫʨʫ ʥʘ ʧʽʚʥʽʯʥʫ ʟ ɟ= 50-100 ʆʤĀʤ ʪʘ ʜʦʙʨʝ ʧʨʦʚʽʜʥʫ ʧʽʚʜʝʥʥʫ ʟ ɟ=5-50 ʆʤĀʤ ʯʘʩʪʠʥʠ; ʜʨʫʛʠʡ ï 
ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʟ ɟ= 50 ʆʤĀʤ ï 150-200 ʤ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʧʽʚʜʝʥʥʦ-
ʟʘʭʽʜʥʽʡ ʛʨʘʥʠʮʽ; ʪʨʝʪʽʡ ï ʚʠʩʦʢʦʛʦ ʦʧʦʨʫ ʟ ɟ=10000 ʆʤĀʤ ï ʽʟ 200 ʤ ʜʦ 2 ʢʤ; ʯʝʪʚʝʨʪʠʡ ï 
ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʟ ɟ=50 ʆʤĀʤ ï ʥʘ ʛʣʠʙʠʥʘʭ 2-4 ʢʤ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʤʝʞʘʭ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʛʨʘʥʠʮʽ 
ʪʘ ʫ ʚʠʛʣʷʜʽ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ; ʧôʷʪʠʡ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʟ ɟ=250 ʆʤĀʤ 
ʚʽʜʧʦʚʽʜʘʻ ʛʣʠʙʠʥʘʤ 4-10 ʢʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʊʘʨʘʩʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ʬʨʘʛʤʝʥʪʘʨʥʦ 
ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʥʠʟʴʢʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʦʧʦʨʽ, ʾʾ ʩʫʙʰʠʨʦʪʥʦ ʧʝʨʝʪʠʥʘʶʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʟʦʥʠ ʟ 
ʨʽʟʥʠʤ ɟ, ʚ ʷʢʠʭ ʩʘʤʝ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʚʽʜ 10 ʥʘ ʧʽʚʜʥʽ ʜʦ 100 ʆʤĀʤ ʥʘ ʧʽʚʥʦʯʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʾʾ ʛʨʘʥʠʮʷʭ. 
ʋ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʦʟʨʽʟʽ ʾʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʢʦʭ ʰʘʨʽʚ: ʧʝʨʰʠʡ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʟ 
ɟ=10-250 ʆʤĀʤ ï ʟ ʧʦʚʝʨʭʥʽ ʜʦ 10-100 ʤ, ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ, ʧʦʚôʷʟʘʥʠʡ ʥʝ ʪʽʣʴʢʠ ʟ ʚʠʩʦʢʦʶ 
ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʘʣʝ ʽ ʟ ʟʦʥʦʶ ʜʝʟʽʥʪʝʛʨʘʮʽʾ ʧʦʨʽʜ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 
ʬʫʥʜʘʤʝʥʪʫ; ʜʨʫʛʠʡ ï ʚʠʩʦʢʦʛʦ ʦʧʦʨʫ ʟ ɟ=10000 ʆʤĀʤ ï ʟʽ 100 ʤ ʜʦ 2 ʢʤ, ʤʦʞʣʠʚʦ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ 
ʦʜʥʦʨʽʜʥʦʶ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ ʪʦʚʱʝʶ; ʪʨʝʪʽʡ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʟ ɟ=10-250 ʆʤĀʤ ï ʟ 2-3 ʢʤ ʜʦ 10 
ʢʤ ʪʘ 7-10 ʢʤ ʟ ɟ=250 ʆʤĀʤ, ʚʽʨʦʛʽʜʥʦ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ ʦʩʦʙʣʠʚʠʤ ʩʢʣʘʜʦʤ ʧʦʨʽʜ ʟʝʤʥʦʾ ʢʦʨʠ ʥʘ 
ʮʠʭ ʛʣʠʙʠʥʘʭ (ʛʨʘʬʽʪʠʟʘʮʽʻʶ, ʩʫʣʴʬʽʜʠʟʘʮʽʻʶ ʪʘ ʽʥ.) ʘʙʦ ʬʣʶʾʜʠʟʘʮʽʻʶ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɺʩʝ 
ʯʘʩʪʽʰʝ ʟʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ ʧʨʠʨʦʜʫ ʘʥʦʤʘʣʽʡ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʨʝʟʫʣʴʪʘʪ ʩʧʽʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 
ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ ʽʦʥʥʦʛʦ ʪʠʧʽʚ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʇʫʙʣʽʢʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʧʨʠ ʛʨʘʥʪʦʚʽʡ ʧʽʜʪʨʠʤʮʽ ɼʝʨʞʘʚʥʦʛʦ 
ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʢʦʥʢʫʨʩʥʠʤ ʧʨʦʝʢʪʦʤ ʌ-83. 
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DEEP ELECTROMAGNETIC RESEARCHES OF THE TARASIVSKA AND TROIANKIVSKA 
STRUCTURE OF THE HSZ 

Scientific researches show that different region of tectonic plates (oceanic and continental, 
intercontinental) are characterized by conductive structures. The nature of such deep regional conductive 
anomalies are not necessarily explained by partial melting and may be the result of fluid migration and 
consequently ore component migration from the crust and mantle during the tectonic-magmatic activation. 
Thus, the conductivity anomalies are among the most important factors to determine the possible area of 
geodynamic processes and should be examined in terms of the formation and location of mineral deposits. 
According to various scientists, Holovanivska suture zone (HSZ) is a regional structure with low conductivity 
of the crust. It is characterized by a pronounced anisotropy of the subsurface electrical resistivity (ɟ) and its 
sharp variability both in lateral direction and in depth. Scientists of geologists formulated the task of further 
scientific geophysical research on the study and evaluation of prospects of ore-bearing HSZ. One of them is 
to identify and study non-systemic local geological and geophysical objects on the territory of the HSZ, which 
can potentially carry a specific ore load (diamond, rare and non-ferrous metals). It is shown that the 
isometric-oval structures of different genetic types are promising, for example, Moldovska, Sekretarska, in 
the district village Tauzhna, Troiankivska and Tarasivska. 

In 2017-2018 the field simultaneous areal measurements of the external low-frequency natural 
electromagnetic field of the Earth and the construction of a three-dimensional deep resistivity distribution in 
the crust of the Tarasivska and Troiankivska structure were performed in the central part of the Yatransk 
Block of HSZ. The analysis of experimental data (the curves of deep magnetotelluric sounding for a period of 
10-10000 s and the complex induction parameters for periods of 20-6900 s) indicates a complex three-
dimensional situation, which involves the presence of a nearsurface and possibly deep conductivity 
anomalies. 

According to the results of 3D modeling, the Troiankivska structure was manifested on different 
depth tiers: the first one conductor with ɟ=5-100 OhmĀm ï from a surface up to 100 m corresponds to two 
galvanically unconnected conductors extending from the northwest to the south - east and change its 
direction to sub-latitudinal in the Eastern part of the plate, separating the Troiankivskastructure to the north 
with ɟ=50-100 OhmĀm and the south with ɟ=5-50 OhmĀm parts; the second one is the conductor with 
ɟ=50 OhmĀm ï 150-200 m, located within the structure and corresponding to its South-Western boundary; 
the third ï a high resistance with ɟ=10000 OhmĀm ï from 200 m to 2 km; the fourth ï conductor with ɟ=50 
Ohm m; at depths of 2-4 km it manifests itself within the boundary of the southwest and in the form of a sub-
latitudinal conductor in the northeast; fifth ï conductor with ɟ=250 OhmĀm corresponds to the depths of 4-
10 km. 

According to the results of 3D modeling, the Tarasivska structure is fragmentarily manifested as a 
low resistivity, the conductive zones with different resistivity cross it in a sublatitudinal direction, in which the 
lowest values from 10 OhmĀm in the south to 100 OhmĀm in the north are in its contour. In the vertical section 
it can be represented in several layers: the first one is the conductor with ɟ=10-250 OhmĀm ï from the 
surface to 10-100 m, most likely linked not only with high electrical conductivity of surface sediment deposits, 
but also with the zones of disintegration of rocks of the basement; the second ï a high resistivity layer with 
ɟ=10000 OhmĀm ï from 100 m to 2 km, possibly it is represented by the uniform non-differentiated thickness; 
the third layer is the electrical conductor with ɟ = 10-250 OhmĀm from 2-3 km to 10 km end 7-10 km from 
ɟ=250 OhmĀm, probably linked with the special composition of the earth's crust at these depths 
(graphitization, sulfidization, etc.) or fluidization of different origins, more often it is considered according to 
the modern data that the nature of the conductive anomalies is the result of the joint influence of the electron 
and ion types of electrical conductivity. 

Publications are based on the research provided by the grant support of the State Fund For 
Fundamental Research F-83. 
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ʈʇʈɾʉɾɽʆɰ ʉɾʀʌʄʕʋɹʋʁ ɼɾʇʎɰʅɰʐʆʇɼʇ ʋɹ ʉɾʆʋɼɾʆʇʍʄʌʇʉɾʊʏɰʂʆʇɼʇ 
ɽʇʊʄɰɽɿɾʆʆʘ ɻɰɽʃʄɹɽɰɻ ʇʀɾʉɹ ʐʇʃʉɹʃ (ʃɾʉʐɾʆʊʕʃʁʂ ʈɰɻʇʊʋʉɰɻ) 

ʆʟʝʨʦ ʏʦʢʨʘʢ (45Á27Ëʧʥ. ʰ., 36Á17Ëʩʭ. ʜ.) ʻ ʛʽʧʝʨʩʦʣʦʥʦʶ ʚʦʜʦʡʤʦʶ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʽʚʥʦʯʽ 
ʂʝʨʯʝʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʫ. ʋ ʧʽʟʥʴʦʤʫ ʛʦʣʦʮʝʥʽ ʦʟʝʨʦ ʙʫʣʦ ʚʽʜʜʽʣʝʥʝ ʚʽʜ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ ʧʽʱʘʥʠʤ 
ʧʝʨʝʩʠʧʦʤ [1], ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʱʦʨʽʯʥʦʰʘʨʫʚʘʪʠʤʠ ʦʟʝʨʥʠʤʠ ʤʫʣʘʤʠ, ʷʢʽ ʧʝʨʝʢʨʠʚʘʶʪʴ ʤʦʨʩʴʢʽ 
ʚʽʜʢʣʘʜʠ. ʇʘʛʦʨʙʠ, ʷʢʽ ʦʪʦʯʫʶʪʴ ʦʟʝʨʦ, ʫʪʚʦʨʝʥʽ ʧʝʨʝʚʘʞʥʦ ʽʟ ʛʣʠʥ, ʚʘʧʥʷʢʽʚ ʪʘ ʤʝʨʛʝʣʽʚ ʥʝʦʛʝʥʦʚʦʛʦ 
ʚʽʢʫ. ʂʣʽʤʘʪ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʩʫʰʣʠʚʠʡ ʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ (ʨʽʯʥʘ ʩʫʤʘ ʦʧʘʜʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 
300 ʤʤ). ʄʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʦʟʝʨʘ [3] ʚʢʣʶʯʘʶʪʴ ʨʘʜʽʦʚʫʛʣʝʮʝʚʝ ʜʘʪʫʚʘʥʥʷ, 
ʣʽʪʦʣʦʛʽʯʥʽ ʪʘ ʤʽʢʨʦʬʘʫʥʽʩʪʠʯʥʽ ʘʥʘʣʽʟʠ. ʋ ʨʘʤʢʘʭ ʩʫʤʽʩʥʦʛʦ ʧʨʦʝʢʪʫ ʋʢʨʘʾʥʠ, ʉʐɸ ʪʘ ʈʦʩʽʾ çHigh 
resolution Holocene proxy precipitation record in varved lake beds of Eastern Europeè (1995-1999) ʙʫʣʦ 
ʚʽʜʽʙʨʘʥʦ 11-ʤ-ʠʡ ʢʝʨʥ ʚʽʜʢʣʘʜʽʚ ʩʚʝʨʜʣʦʚʠʥʠ CH-1 ʽʟ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʏʦʢʨʘʮʴʢʦʛʦ ʦʟʝʨʘ. ɺʠʟʥʘʯʝʥʥʷ 
ʚʤʽʩʪʫ ʚʘʣʦʚʦʛʦ ʚʫʛʣʝʮʶ, ʚʘʣʦʚʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ ʚʘʣʦʚʦʛʦ ʘʟʦʪʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʣʷ 440 
ʚʠʩʫʰʝʥʠʭ ʽ ʛʦʤʦʛʝʥʽʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʽʟ 5-ʩʤ ʽʥʪʝʨʚʘʣʦʤ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʥʦʛʦ 
ʘʥʘʣʽʟʘʪʦʨʫ Costech Instruments ECS 4010. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʧʝʨʝʜ 

ʘʥʘʣʽʟʦʤ ʟʨʘʟʢʠ ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ 10 %-ʶ ʩʦʣʷʥʦʶ ʢʠʩʣʦʪʦʶ. ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ 220 ʚʠʩʫʰʝʥʠʭ ʽ 

ʛʦʤʦʛʝʥʽʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜʢʣʘʜʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ Niton XL3t GOLDD+X-ray 
þuorescence, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʢʘʣʽʙʨʘʮʽʶ ʝʣʝʤʝʥʪʽʚ Cu/Zn. ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ ʡ 
ʘʥʘʣʽʟ ʥʦʚʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʪʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʽʡʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ʦʟʝʨʘ ʪʘ 
ʟʤʽʥ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʚʢʦʣʦ ʥʴʦʛʦ. 

ɺʤʽʩʪ ʚʘʣʦʚʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ (Cʦʨʛ) ʫ ʦʟʝʨʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʽʜʦʙʨʘʞʘʻ ʽʩʪʦʨʽʶ ʙʽʦʣʦʛʽʯʥʦʾ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʟʝʨʘ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ (C/N) ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ 
ʪʝʨʠʛʝʥʥʦʾ ʪʘ ʚʦʜʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ʋ ʚʽʜʢʣʘʜʘʭ ʦʟʝʨʘ ʏʦʢʨʘʢ ʚʤʽʩʪ Cʦʨʛ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 
2,5 %. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʝʨʥʫ (8,75-6,60 ʤ) ʚʤʽʩʪ Cʦʨʛ ̒ ʥʠʟʴʢʠʤ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 1 %. ɺ ʽʥʪʝʨʚʘʣʽ 
ʛʣʠʙʠʥ 6,60-5,45 ʤ ʚʤʽʩʪ Cʦʨʛ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1%, ʟ ʥʘʩʪʫʧʥʠʤ ʡʦʛʦ ʧʽʜʚʠʱʝʥʥʷʤ ʜʦ 1,75 % ʫ 
ʽʥʪʝʨʚʘʣʽ 5,45-4,0 ʤ. ʅʘʩʪʫʧʥʘ ʟʤʽʥʘ ʚʤʽʩʪʫ Cʦʨʛ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʽʥʪʝʨʚʘʣʽ 4,00-2,55 ʤ, ʜʝ ʪʨʠ ʧʽʢʠ 
ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫCʦʨʛ ʜʦ 2,5 % ʨʦʟʜʽʣʝʥʽ ʜʚʦʤʘ ʟʥʠʞʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʫ ʜʦ 1 %. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʝʨʥʫ 
(2,55-0,50 ʤ), ʚʤʽʩʪCʦʨʛ ʧʘʜʘʻ ʜʦ 1 %, ʘʣʝ ʟʥʦʚʫ ʟʨʦʩʪʘʻ ʜʦ 1,5 % ʚ ʽʥʪʝʨʚʘʣʽ 0,50-0,0 ʤ. 
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ ʩʧʦʨʘʜʠʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 9,3 ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʝʨʥʫ ʜʦ 11,3 ʥʘ 
ʛʣʠʙʠʥʽ 5,35 ʤ. ʋ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ 5,35-1,55 ʤ ʚʦʥʦ ʻ ʩʪʘʙʽʣʴʥʠʤ ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 11,6. ʋ 
ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʝʨʥʫ (1,55-0,0 ʤ) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ C/N ʟʥʠʞʫʻʪʴʩʷ ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 9,2. 

ɿ ʧʦʤʽʞ ʰʠʨʦʢʦʛʦ ʧʝʨʝʣʽʢʫ ʝʣʝʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʽʚ, ʥʘʤʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 
Si, K, Ca, Ti, Mn, Fe, Rb, Sr ʪʘ Zr. ʎʽ ʝʣʝʤʝʥʪʠ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘ ʦʩʥʦʚʽ ʾʭ ʘʥʘʣʽʪʠʯʥʦʾ ʷʢʦʩʪʽ ʪʘ ʟʥʘʯʥʦʛʦ 
ʧʦʰʠʨʝʥʥʷ. ɼʘʥʽ ʙʫʣʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦ ʚʽʜʥʦʩʥʦ ʪʠʪʘʥʫ, ʫ ʟʚôʷʟʢʫ ʟ ʡʦʛʦ ʩʪʽʡʢʽʩʪʶ ʧʨʠ ʪʨʘʥʩʧʦʨʪʽ ʪʘ 
ʚʠʚʽʪʨʶʚʘʥʥʽ [4]. ʊi, Rb ʪʘ K ʯʘʩʪʦ ʧʦʚôʷʟʘʥʽ ʟ ʛʣʠʥʠʩʪʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʘ Zr ʪʘ Si ʻ 
ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʢʨʫʧʥʽʰʠʭ ʤʫʣʠʩʪʠʭ ʽ ʧʽʱʘʥʠʭ ʬʨʘʢʮʽʡ. ɺʠʩʦʢʘ ʢʦʨʝʣʷʮʽʷ Si ʟ Ti, Rb ʪʘ K ʫ ʚʽʜʢʣʘʜʘʭ 
ʦʟʝʨʘ ʏʦʢʨʘʢ ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʪʦʛʦ, ʱʦ ʧʦʭʦʜʞʝʥʥʷ ʢʨʝʤʥʽʶ ʫ ʥʠʭ ʻ ʧʝʨʝʚʘʞʥʦ ʤʽʥʝʨʘʣʴʥʝ, ʘ ʥʝ 
ʙʽʦʣʦʛʽʯʥʝ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʨʢʦʥʽʶ ʪʘ ʨʫʙʽʜʽʶ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʽʥʜʠʢʘʪʦʨ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ï 
ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ Zr/Rb ʚʢʘʟʫʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʬʨʘʢʮʽʡ [2]. ʋ ʚʽʜʢʣʘʜʘʭ ʦʟʝʨʘ ʏʦʢʨʘʢ 
ʚʠʷʚʣʝʥʦ ʧʽʢ Zr/Rbʚ ʽʥʪʝʨʚʘʣʽ 7,10-6,40 ʤ, ʘ ʪʘʢʦʞ ʨʘʧʪʦʚʝ ʟʨʦʩʪʘʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʛʣʠʙʠʥʽ 2,60 
ʤ ʪʘ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʜʦ ʚʝʨʭʫ ʢʝʨʥʫ. ʂʘʣʴʮʽʡ ʽ ʩʪʨʦʥʮʽʡ ʫ ʦʟʝʨʥʠʭ ʚʽʜʢʣʘʜʘʭ ʧʦʚôʷʟʘʥʽ ʟ 
ʚʠʚʽʪʨʶʚʘʥʥʷʤ ʢʘʨʙʦʥʘʪʽʚ ʫ ʚʽʜʢʣʘʜʘʭ ʥʘʚʢʦʣʦ ʦʟʝʨʘ ʪʘ ʟ ʦʩʘʜʞʝʥʥʷʤ CaCO3 ʚ ʦʟʝʨʽ. ɺʠʷʚʣʝʥʦ 
ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʥʝʦʨʛʘʥʽʯʥʠʤ ʚʫʛʣʝʮʝʤ, ʢʘʣʴʮʽʻʤ ʪʘ ʩʪʨʦʥʮʽʻʤ, ʱʦ ʩʣʫʛʫʻ ʽʥʜʠʢʘʪʦʨʦʤ 
ʧʝʨʽʦʜʽʚ ʦʩʘʜʞʝʥʥʷ ʢʘʨʙʦʥʘʪʽʚ.  

ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʜʘʥʠʭ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʘ ʛʝʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʟʚʦʣʠʪʴ 
ʚʠʜʽʣʠʪʠ ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʽ ʛʦʨʠʟʦʥʪʠ ʫ ʢʝʨʥʽ ʚʽʜʢʣʘʜʽʚ ʽ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʦʩʘʜʦʥʘʢʦʧʠʯʝʥʥʷ. 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʜʦʧʦʚʥʝʥʽ ʧʘʣʽʥʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ 
ʣʘʥʜʰʘʬʪʥʽ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʥʘʚʢʦʣʦ ʦʟʝʨʘ. 
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PRELIMINARY RESULTS OF GEOCHEMICAL AND X-RAY FLUORESCENCE STUDIES OF 
THE LAKE CHOKRAK SEDIMENTS (THE KERCH PENINSULA) 

Lake Chokrak (45Á27ËN, 36Á17ËE) is a hypersaline lake in the north of the Kerch Peninsula. It was 
separated from the Sea of Azov by a sandbar during the Late Holocene [1] as evidenced by the fine-
laminated lacustrine deposits overlaying the marine sediments. The surrounding highlands are mainly 
formed of clays, limestones and marls of Neogene age. The climate of the area is arid and continental (the 
annual amount of precipitation does not exceed 300 mm). A multidisciplinary study of the lake sediments has 
been carried out recently, including 

14
C-dating, lithological and microfaunal analyses [3]. The aim of this 

investigation is to obtain new geochemical and X-ray fluorescence data in order to reconstruct the history of 
the lake and the environmental changes around it. 

The 11-metre core CH-1 was collected from the western part of Lake Chokrak within the framework 
of USA-Ukrainian-Russian project ñHigh resolution Holocene proxy precipitation record in varved lake beds 
of Eastern Europeò (1995-1999). Total carbon (TC), total organic carbon (TOC) and nitrogen (TN) were 
measured on 440 dried and homogenised samples taken at 5-cm intervals with a Costech Instruments ECS 
4010 elemental analyser. For TOC measurements, the samples were treated with 10 % HCl. The elemental 
composition of 220 dried and homogenised sediment samples was determined with the usage of a Niton 
XL3t GOLDD +X-ray þuorescence instrument set to the Cu/Zn mining calibration mode. 

Total organic carbon content reflects a history of biological productivity, whereas carbon/nitrogen 
ratio indicates relative amount of terrestrial and aquatic organic matter in lake sediments. In the Lake 
Chokrak sediments, TOC values vary from 0.5 to 2.5 %. In the bottom part of the sequence (8.75-6.60 m), 
the TOC values are low and range from 0.5 to 1 %. In the interval 6.60-5.45 m, the TOC values vary around 

1 %, followed by the increase in the values (up to 1.75 %) in the interval 5.45-4.00 m. The next change in the 

TOC values occurs in the interval 4.00-2.55 m where three peaks of 2.5 % TOC are separated by the two 
decreases (to 1 %). In the top part of the sequence (2.55-0.50 m), the values decrease to around 1 %, 
followed by a recent increase in the uppermost samples (0.50-0.00 m) ï up to 1.5 %. The C/N values 
sporadically increase from 9.3 at the bottom of the sequence to 11.3 at 5.35 m. In the interval 5.35-1.55 m, 
the C/N values are stable, with the average value of 11.6. In the top part of the core (1.55-0.00 m), the C/N 
values decrease (9.2 on the average). 

Although a larger number of elements were acquired, Si, K, Ca, Ti, Mn, Fe, Rb, Sr and Zr have been 
chosen for study in detail because of their analytical quality and wide distribution. The data were normalised 
by Ti as it is conservative during transport and weathering [4]. Ti, Rb and K are often associated with clay 
mineral assemblages, whereas Zr and Si are generally linked to coarse silt and sand fractions. A good 
correlation of Si with Ti, Rb and K indicates that the sources of Si were rather minerogenic than biogenic. 
Zr/Rb ratio was used as a proxy for grain size changes with higher values representing coarse-grained 
material [2]. In the Chokrak section, the peak of Zr/Rb is revealed in the interval 7.10-6.40 m. The rapid 
increase in the ratio occurs at 2.60 m and gradually decreases to the top. Calcium and Sr in lake sediments 
are related to carbonate weathering in the catchment and in-lake precipitation of CaCO3. There is a good 
correlation between total inorganic carbon, Ca and Sr, which indicates precipitation of carbonates in the lake. 

A detailed research of the XRF elements and geochemical data (TOC, C/N) will allow the 
characterisation of sedimentological units and sedimentary processes in the Chokrak sequence. 
Complemented by palynological data in the near future, the obtained results will comprise the multi-proxy 
study aimed on the reconstruction of the Lake Chokrak history. 
 
1. Dikarev, V. A. (2010). Problem of Phanagorean regression ï comparing archaeological and 
paleogeographical data. In Abstracts of the International INQUA-SEQS Conference, Rostov-on-Don, pp. 45-
48. 
2. Dypvik, H., Harris N. B. (2001). Geochemical facies analysis of fine-grained siliciclastics using Th/U, Zr/Rb 
and (Zr+Rb)/Sr ratios. Chem. Geol., 181, pp. 131-146. 
3. Kelterbaum, D., Br¿ckner, H., Dikarev, V. et al. (2012). Palaeogeographic Changes at Lake Chokrak on 
the Kerch Peninsula, Ukraine, during the Mid- and Late-Holocene. Geoarchaeology, 27, pp. 206-219. 
4. Kylander, M.E., Klaminder, J., Wohlfarth, B. et al. (2013). J Paleolimnol 50: 57. 
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ʉɾʋʉʇʊʈɾʃʋʁɻʆʁʂ ʅʇʆɰʋʇʉʁʆɼ ʀʅɰʆʁ ʈʄʇʒɰ ʈʇʉʌʑɾʆʁʎ ʀɾʅɾʄʕ ʃɹʉõɮʉʇʅ 
çʈɰɻɽɾʆʆʁʂè ʆɹ ʈɰɽʊʋɹɻɰ ɹʆɹʄɰʀʌ ʉɰʀʆʇʐɹʊʇɻʁʎ ʃʇʊʅɰʐʆʁʎ ʀʆɰʅʃɰɻ  

ʉʫʯʘʩʥʽ ʢʦʩʤʽʯʥʽ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ ʽ 
ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʷʢ ʧʦʚʩʷʢʜʝʥʥʠʭ, ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʚʜʘʥʴ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ 
ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʦʙʩʷʛʘʤʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥʠ 
ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʪʘ ɻɯʉ ʻ ʥʝʚʽʜôʻʤʥʦʶ 
ʯʘʩʪʠʥʦʶ ʽ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʶ ʽ ʦʙʣʽʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 
ʟʦʢʨʝʤʘ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʫʤʦʚ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʤʽʩʮʴ ʚʠʜʦʙʫʪʢʫ 
ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʤʝʞ ʦʙôʻʢʪʽʚ ʟ ʤʝʞʘʤʠ, ʟʘʢʨʽʧʣʝʥʠʤʠ ʚ ʘʢʪʘʭ ʟʝʤʝʣʴʥʠʭ 
ʚʽʜʚʦʜʽʚ), ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ ʽ ʦʙʩʷʛʽʚ ʚʠʣʫʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ ʤʝʞʘʭ ʣʽʮʝʥʟʽʡʥʠʭ ʜʽʣʷʥʦʢ, 
ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 
ʪʝʨʠʪʦʨʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʦʙʽʪ ʟ ʨʝʢʫʣʴʪʠʚʘʮʽʾ, ʦʮʽʥʢʠ ʾʭ ʪʝʤʧʽʚ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʱʦ. ɼʣʷ 
ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʽ ʪʝʤʧʽʚ ʟʤʽʥʠ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʚʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʜʠʥʘʤʽʢʫ ʾʭ ʨʦʟʚʠʪʢʫ. ʊʘʢʫ 
ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʢʨʠʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. ʈʝʪʨʦʩʧʝʢʪʠʚʥʠʡ ʘʥʘʣʽʟ 
ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʪʝʥʜʝʥʮʽʾ ʽ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ 
ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʜʽʣʠʪʠ ʟʦʥʠ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʦʱʦ. ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 
ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʦʯʘʩʦʚʽ ʢʦʩʤʦʟʥʽʤʢʠ Landsat.  

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʢʘʨôʻʨ çʇʽʚʜʝʥʥʠʡè, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʇʽʚʥʽʯʥʦʛʦ ʛʽʨʥʠʯʦ-
ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ. ɸʚʪʦʨʘʤʠ ʟʜʽʡʩʥʝʥʦ ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥʠ ʧʣʦʱʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʽʜ 
ʢʘʨôʻʨʦʤ ʫ ʯʘʩʦʚʦʤʫ ʨʦʟʨʽʟʽ 12 ʨʦʢʽʚ (ʟ 2006 ʧʦ 2017 ʨʽʢ).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʦʱʘ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʦʨʫʰʝʥʠʭ 
ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ ʢʘʨôʻʨʫ çʇʽʚʜʝʥʥʠʡè ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʦʛʦ ʧʝʨʽʦʜʫ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʚʘʣʘʩʴ. 
ʇʨʠʨʽʩʪ ʧʣʦʱʽ ʧʦʨʫʰʝʥʠʭ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ ʟʝʤʝʣʴ ʟʘ ʜʦʩʣʽʜʞʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʪʘʥʦʚʠʪʴ 
166,5926 ʛʘ (ʨʠʩʫʥʦʢ).  

 
ʈʠʩ. ɿʤʽʥʘ ʧʣʦʱʽ ʢʘʨôʻʨʫ çʇʽʚʜʝʥʥʠʡè ʚ ʧʝʨʽʦʜ ʟ 2006 ʧʦ 2017 ʨʦʢʠ. 

 
ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʩʧʨʠʯʠʥʷʻ ʚʠʣʫʯʝʥʥʷ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜ ʦʙôʻʢʪʠ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʤʽʥʫ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚ ʣʘʥʜʰʘʬʪʽ.  
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʪʝʤʧʽʚ ʚʠʣʫʯʝʥʥʷ ʟʝʤʝʣʴ ʜʣʷ 

ʧʦʪʨʝʙ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʫʤʦʚ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 
ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ 
ʤʝʞʘʭ ʣʽʮʝʥʟʽʡʥʠʭ ʜʽʣʷʥʦʢ, ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʦʱʦ. 
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RETROSPECTIVE DISTURBED LAND AREA CHANGE MONITORING BY THE 
òPIVDENNYIó QUARRIER ON THE BASIS OF ANALYSIS OF MULTI-TEMPORAL 
SATELLITE IMAGES 

Modern space and geoinformation technologies allow to significantly improve the quality and 
efficiency of solving both daily and strategic tasks. The current state of the mining industry is characterized 
by significant volumes of extraction of minerals from an open pit. The application of Earth remote sensing 
technology and GIS is an integral part and an important tool for monitoring and accounting for the use of 
natural minerals, in particular, monitoring compliance with land use conditions and inventory of mining sites 
(comparing the actual boundaries of objects with boundaries, enshrined in the acts of land drafts), mining 
processes and volumes of extraction of minerals within licensed areas, ecological safety of the territories of 
mining operations, monitoring of waste areas, determine the direction of reclamation work, to assess their 
effectiveness and pace of others. To study the trends and pace of change in the area, it is important to 
establish the dynamics of their development. This feature opens the use of multi-temporal satellite images. A 
retrospective analysis of different types of remote sensing data makes it possible to assess the trends and 
dynamics of changes in the geological environment, to allocate zones of influence on the environment, etc. 
Multi-temporal Landsat satellite images were used for monitoring.  

The object of research was the ñPivdennyiò quarrier, which is part of the Northern Mining and 
Processing Plant. The authors monitored the change in the area of land under the quarry in a time frame of 
12 years (from 2006 to 2017). 

According to the results, the area of land plots affected by mining operations of ñPivdennyiò was 
constantly increasing during this period. The increase in the area disturbed by mining operations for 12 years 
is 166.5926 hectares (figure).  

 

 
Fig. Change of the ñPivdennyiò quarrier area from 2006 to 2017. 

 
This trend causes the withdrawal of agricultural land for subsoil use objects, changing the terrain and 

environmental changes in the landscape. The results of the research can be used to estimate the rates of 
land withdrawal for subsoil use, an instrument for monitoring compliance with land use conditions 
and inventory of land plots of mining, mining processes within licensed areas, monitoring of waste areas and 
the like. 
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ʎɹʉɹʃʋɾʉʁʊʋʁʃɹ ʀɹʊʇʄɾʆʆʇʊʋʁ ʀɾʅɾʄʕ ʊʉɾɽʊʋɻɹʅʁ ɽʀʀ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚ, 
ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝ, ʟʘʩʦʣʝʥʠʝ ʠ ʜʝʛʫʤʠʬʠʢʘʮʠʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ 
ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ʚʦʚʣʝʯʝʥʘ ʚ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 
ʛʠʙʝʣʴʥʳʤ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʋʢʨʘʠʥʳ ʟʘʥʠʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʝʙʦʣʴʰʫʶ ʜʦʣʶ ʚ ʧʣʦʱʘʜʠ ʧʘʰʥʠ (ʦʢʦʣʦ 7 %), ʥʦ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʚʝʜʝʥʠʠ 
ʟʝʤʣʝʜʝʣʠʷ. ʇʨʠʨʦʜʥʦ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʋʢʨʘʠʥʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʜʚʫʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʚʧʘʜʠʥʘʤ ï 
ɼʥʝʧʨʦʚʩʢʦ-ɼʦʥʝʮʢʦʡ (ʟʦʥʘ ʃʝʩʦʩʪʝʧʠ) ʠ ʇʨʠʯʝʨʥʦʤʦʨʩʢʦʡ (ʉʪʝʧʴ), ʛʜʝ ʦʙʱʝʝ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 
ʜʨʝʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚʳʟʳʚʘʝʪ ʘʢʢʫʤʫʣʷʮʠʶ ʩʦʣʝʡ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʦʡ ʟʦʥʝ ʠ ʨʘʟʚʠʪʠʝ 
ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ. ʇʣʦʱʘʜʴ ʟʘʩʦʣʝʥʥʳʭ ʟʝʤʝʣʴ ʙʝʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʩʦʣʦʥʮʦʚʦʛʦ 
ʛʦʨʠʟʦʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 1,92 ʤʣʥ. ʛʘ, ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʤ ʩʦʣʦʥʮʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ 
(ʟʘʩʦʣʝʥʥʳʝ ï ʩʦʣʦʥʮʦʚʳʝ) ï 2,8 ʤʣʥ.ʛʘ. ʉʨʝʜʠ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʪ 
50-100 ʜʦ 200 ʪʳʩ. ʛʘ ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ [1]. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʠʣʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʷʤʳʤ ʜʝʰʠʬʨʦʚʦʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʟʘʩʦʣʝʥʥʳʭ ʠ ʩʦʣʦʥʮʦʚʳʭ ʧʦʯʚ 
ʜʣʷ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʩʫʭʦʡ ʩʪʝʧʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʚʝʪʣʳʡ ʪʦʥ 
ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʢʦʥʪʫʨʥʳʡ ʨʠʩʫʥʦʢ 
ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘʜʝʞʥʳʤ ʢʦʩʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʠʪʦʠʥʜʠʢʘʮʠʷ 
ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʢʦʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʥʘʧʨʠʤʝʨ Sentinel, 
Landsat).  

ʉʣʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʦʣʦʥʮʝʚʘʪʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 
ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʨʝʣʴʝʬʘ, 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʯʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ, ʚʣʘʞʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʨʙʦʥʘʪʥʦʩʪʠ, ʥʘʣʠʯʠʷ ʩʦʣʝʡ, 
ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʙʨʘʞʘʶʪʩʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʰʠʨʦʢʦʡ ʛʘʤʤʦʡ 
ʪʦʥʦʚ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 
ʠʥʜʝʢʩʦʚ: ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʠʥʜʝʢʩ ʟʘʩʦʣʝʥʠʷ NDSI (Normalized difference salinity index); 
ʠʥʜʝʢʩʘ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ NDRE (Normalized Difference Red Edge Index); ʠʥʜʝʢʩʘ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ 
NDWI (Normalized difference Water index) ʠ ʜʨ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 
ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ, ʥʘ ʶʛʝ ʩʪʨʘʥʳ. ʅʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʚ ʅʠʢʦʣʘʝʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʝʞʜʫ ʛ. ʅʠʢʦʣʘʝʚ 
ʠ ʏʝʨʥʳʤ ʤʦʨʝʤ. ʊʫʪ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʦʡ ʚʠʜ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʳ ʢʘʢ ʧʦʜʳ. ɺ ʧʦʜʦʙʥʳʝ 
ʟʘʤʢʥʫʪʳʝ ʧʦʥʠʞʝʥʠʷ ʨʝʣʴʝʬʘ ʩʪʝʢʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʦʙʨʘʟʫʷ ʚʨʝʤʝʥʥʳʝ ʦʟʝʨʘ, 
ʥʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʚ ʠ ʚʦ ʚʣʘʞʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. ʇʦʩʣʝ ʠʩʧʘʨʝʥʠʡ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ 
ʧʝʨʠʦʜ ʥʘ ʜʥʝ ʧʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʝʚʦʡ ʦʩʪʘʪʦʢ. 

ʅʘ ʦʩʥʦʚʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʥʜʝʢʩʳ ʩʦʣʝʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ [2]. ʅʘ ʙʘʟʝ 
ʧʦʣʫʯʠʚʰʠʭʩʷ ʨʘʩʯʝʪʦʚ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ 
ʧʦʯʚʳ. ɸʥʘʣʠʟʠʨʫʷ ʢʘʨʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ 
ʧʝʨʠʦʜ ʦʩʘʜʢʦʚ, ʪʝʤ ʙʦʣʝʝ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʚ ʩʫʭʦʡ ʩʝʟʦʥ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ, ʤʦʞʥʦ ʜʘʪʴ ʦʙʱʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʨʨʠʪʦʨʠʠ, ʥʦ 
ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʫʯʰʝ ʩʦʚʤʝʱʘʪʴ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩ ʧʦʣʝʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

 
1. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ. ʇʣʘʥ ʨʝʘʣʠʟʘʮʠʠ ɽʚʨʘʟʠʡʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ 
ʧʘʨʪʥʝʨʩʪʚʘ: ʄʘʪʝʨʠʘʣʳ ʩʝʤʠʥʘʨʘ-ʪʨʝʥʠʥʛʘ. ʍʘʨʴʢʦʚ : ʈʠʤ, ʌɸʆ, 25-29 ʩʝʥʪʷʙʨʷ 2017. 146 ʩ.  
2. ʈʦʤʘʥʯʫʢ ɯ. ʌ. ɺʧʣʠʚ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʛʨʫʥʪʽʚ ʥʘ ʩʪʫʧʝʥʴ ʾʭ ʜʝʛʨʘʜʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ 
ʟʥʽʤʢʽʚ ʪʘ ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʧʦʣʴʦʚʦʾ ʟʘʚʽʨʢʠ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ɼɿɿ. 2018. ˉ17. ʉ. 26-30. ʈʝʞʠʤ 
ʜʦʩʪʫʧʫ: http://ujrs.org.ua/ujrs/article/view/126/142.  
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CHARACTERIZATION OF SOIL SALINITY USING REMOTE SENSING DATA  

Nowadays the soil degradation provokes the serious environmental problems as a result of pollution, 
salinization and dehumification. A significant part of the land surface is affected by human activities that often 
lead to the disastrous consequences of ecosystems. About the 7 % area of Ukrainian arable land is 
represented by the saline soils, requiring the special attention of the agricultural management. Natural saline 
soils of Ukraine are confined to two tectonic depressions: the Dnieper-Donets (Forest-steppe zone) and the 
Black Sea (Steppe), where the general insufficient drainage of the territory causes salt accumulation in the 
root zone provoking the secondary salinization. The area of saline land without a morphologically marked 
solonetz horizon is 1.92 million hectares. Those with a morphologically pronounced solonetz horizon 
occupies 2.8 million hectares. Among the lands having been irrigated in different years there are from 50-100 
to 200 thousand hectares of secondary saline soils [1]. 

The problem of soil salinization is in the focus of our research. Remote sensing methods are 
used for this. 

The most well-known direct interpretation of the attributes of saline and sodic soils for arid conditions 
in the area of dry steppe should include a relatively bright tone of the image in most spectral ranges, as well 
as a hard-line drawing of the image. A reliable indirect method of mapping is the phytoindication of saline 
soils according to the data of multispectral space scanning using high-resolution and ultra-high spatial 
resolution space data (for example, Sentinel, Landsat). 

The complexity of the researchand mapping of alkaline and saline soils appears due to the different 
levels of salinity of groundwater, the influence of microrelief and climatic conditions. Long-term researches 
showed that the presence of salts, erosion and other features of the soils are depicted on satellite images 
with a wide range of tones depending on the humus content, humidity, mechanical composition and 
carbonate content. Assessment of soil erosion is more effective with applying of spectral indices: Normalized 
difference salinity index (NDSI);  Normalized Difference Red Edge Index (NDRE); Normalized difference 
Water index (NDWI), etc. 

On the territory of Ukraine, the most indicative process of soil salinization can be observed in the 
steppe zone, in the South part of country. We have selected a site located in the Nikolaevsky region, 
between the Nikolaev city and the Black Sea. The soil affected by degradation in form of microdepressions 
was also observed. In such closed depressions the runoff of surface waters forms temporary lakes, filled with 
water both by way of precipitation and during the wet season. After evaporation during the spring-summer 
period, a salt residue is formed at the bottom of the microdepression. 

Salinity and humidity indices were calculated on the basis of remote sensing data [2]. Calculations 
resulted in the map of the qualitative distribution of salinity and soil moisture. Analyzing the maps, it can be 
concluded that the higher soil moisture indicators appear during the precipitation period, especially during 
the dry season. 

Using remote sensing data, it is possible to provide a general description of the territory, however for 
the qualitative indicators it is better to combine remote sensing methods with field measurements. 

 
1. Rukovodstvo po upravlenyju zasolennymy pochvamy (2017). Plan realyzacyy Evrazyjskogho 
pochvennogho partnerstva: Materyaly semynara-trenyngha [Tekst] [Guide to the management of saline 
soils]. Kharkov. Rome, FAO. pp. 146. (in Russian). 
2. Romanciuc, I. F. (2018). Vplyv vodnogho rezhymu ghruntiv na stupenj jikh deghradaciji z vykorystannjam 
kosmichnykh znimkiv ta danykh nazemnoji poljovoji zavirky [Investigation the Influence of Soil Moisture 
Regime on Their Degradation Using the Remote Sensing and Ground Field Verification]. Ukrainian Journal 
of Remote Sensing, No.17, pp. 26-30. Available at: http://ujrs.org.ua/ujrs/article/view/126/142 (accessed 27 
February 2019). (in Ukrainian). 
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ʈɰɽɻʁʒɾʆʆʘ ʋʇʐʆʇʊʋɰ ɻʁʀʆɹʐɾʆʆʘ ʀʅɰʆ ʉɾʄʕɮʍʌ, ʊʈʉʁʐʁʆɾʆʁʎ 
ʋɾʎʆʇɼɾʆʆʁʅ ʆɹɻɹʆʋɹɿɾʆʆʘʅ, ʅɾʋʇɽɹʅʁ ʉɹɽɹʉʆʇɱ ɰʆʋɾʉʍɾʉʇʅɾʋʉɰɱ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʋʢʨʘʾʥʽ ʜʦʚʦʣʽ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʅʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʦʤ ʾʭ ʜʽʷʣʴʥʦʩʪʽ ʻ ʟʤʽʥʘ ʨʝʣʴʻʬʫ, ʱʦ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʽʚ ˇʨʫʥʪʫ ʪʘ ʽʥʰʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʽʥʦʜʽ ʩʪʦʩʫʻʪʴʩʷ ʥʘʚʽʪʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ [1]. ɼʣʷ 
ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʩʤʽʯʥʽ ʨʘʜʘʨʥʽ ʟʥʽʤʢʠ, ʟʘ ʷʢʠʤʠ ʦʪʨʠʤʫʶʪʴ 
ʟʥʘʯʝʥʥʷ ʚʠʩʦʪ ʪʦʯʦʢ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ [2]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʽʩʣʷ 
ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʨʝʢʫʣʴʪʠʚʘʮʽʷ. ʎʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʯʘʩʪʢʦʚʦ 
ʥʽʚʝʣʶʚʘʪʠ ʪʦʡ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ, ʱʦ ʩʧʨʠʯʠʥʝʥʠʡ ʜʽʷʣʴʥʽʩʪʶ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʊʘʢʦʞ, ʷʢ ʽ 
ʫ ʚʠʧʘʜʢʫ ʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʨʝʣʴʻʬ, ʥʘʩʣʽʜʢʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ, ʧʦʙʫʜʦʚʘ ʷʢʦʾ ʜʦʩʪʫʧʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ. 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʟʥʘʯʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʜʘʨʥʽ ʟʥʽʤʢʠ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1A ʪʘ 
Sentinel-1ɺ, ʨʝʟʫʣʴʪʫʶʯʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʷʢʠʭ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 10 ʤ. ʏʘʩ ʧʦʚʪʦʨʥʦʛʦ 
ʟʥʽʤʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʨʠʪʦʨʽʾ ʩʢʣʘʜʘʻ 6-12 ʜʥʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʷʢ ʦʧʝʨʘʪʠʚʥʠʡ, ʪʘʢ ʽ 
ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʥʘʯʝʥʴ ʚʠʩʦʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SNAP ʧʦ 
ʨʘʜʘʨʥʠʤ ʟʥʽʤʢʘʤ ʦʙʨʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ 
ʦʪʨʠʤʘʪʠ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ (ʎʄʄ) ʜʣʷ ʦʮʽʥʢʠ ʚʠʩʦʪ (ʨʠʩʫʥʦʢ). 

 
ʈʠʩ. ʌʨʘʛʤʝʥʪ ʎʄʄ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. 

 
ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʟʘ ʨʽʟʥʠʡ ʧʝʨʽʦʜ. ʇʨʠ ʦʙʨʦʙʮʽ 

ʟʥʽʤʢʽʚ ʚʨʘʭʦʚʫʶʪʴ, ʱʦ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʽʚ ʜʝʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʘ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʯʠʥʷʻ 
ʧʝʚʥʠʡ ʟʩʫʚ ʚ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʜʦʚʦʣʽ ʽʩʪʦʪʥʦʶ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʤʽʱʝʥʥʷ 
ʟʦʙʨʘʞʝʥʥʷ ʻ ʩʫʙʧʽʢʩʝʣʴʥʠʤ, ʪʦʙʪʦ ʩʪʘʥʦʚʠʪʴ ʥʝ ʮʽʣʝ ʯʠʩʣʦ ʧʽʢʩʝʣʽʚ. ɿʘʜʘʯʘ ʧʦʰʫʢʫ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 
ʟʤʽʱʝʥʥʷ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ ʙʫʣʘ ʨʦʟʚôʷʟʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʥʝʨʛʽʾ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ [3, 4]. ʇʽʩʣʷ 
ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʩʫʚ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ 
ʽʥʰʦʛʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ. 
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PRECISION DETECTION OF MAN-MADE TERRAIN ELEVATION CHANGE BY SATELLITE 
RADAR INTERFEROMETRY 

Nowadays, the issue of mining enterprises has huge influence on the environment in Ukraine. 
Negative consequences of which are the change of landscapes, which lead to landslide and other problems 
that sometimes affect even settlements [1]. Satellite radar images are used to research the dynamics of 
landscape change. [2]. 

It should be mentioned, that the reclamation is one of the possible options for the restoration of the 
soil after the technogenic violation of the environment. This process can partially offset the harmful effects 
caused by the activities of the enterprises, mentioned above. In addition, as in the case of a negative impact 
on the landscape, the consequences of remediation can be assessed by using a digital model of terrain, the 
construction of which is available while using radar images. 

To solve these problems, radar images of satellites Sentinel-1A and Sentinel-1B are used. The 
resulting spatial resolution of which reaches values of 10 m. The time of re-capturing depends on the territory 
and usually takes 6-12 days, which allows for both operational and long-term monitoring of height values. 
Next, by using the SNAP software on radar imagery of the selected territory, it becomes possible to create 
an interferogram, which allows obtaining a digital terrain model (DTM) for the assessment of heights (figure). 

 
 
Fig. Digital terrain model of the study area. 
 

To detect terrain elevation changes, satellite images are used for a different period. When 
processing images, it must be taken into account that satellite orbits have a tendency to change somewhat in 
time, which in turn causes a certain shift in these images. This problem becomes quite significant in case, 
when the image shift is subpixel, which means it consists of integer number of pixels. The task of searching 
for a subpixel shift of two images was solved by using the synergy of existing methods [3, 4]. After finding a 
subpixel image shifting, it becomes possible to move one image towards another to obtain a more accurate 
digital terrain model. 

 
1. Stankevich S.A., Piestova I.A., Titarenko O.V. (2017). Geological emergency assessment using satellite 
radar interferometry: Krivoy Rog urban area case study. TIEMS Newsletter Special Edition. 2017. No 5, pp. 
21-24. 
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ɽʇʊʄɰɽɿɾʆʆʘ ʀɹɺʉʌɽʆɾʆʆʘ ɼɾʇʄʇɼɰʐʆʇɼʇ ʊɾʉɾɽʇɻʁʒɹ 
ʆɹʍʋʇʈʉʇɽʌʃʋɹʅʁ ʀ ɻʁʃʇʉʁʊʋɹʆʆʘʅ ʅɹʋɾʅɹʋʁʐʆʇɼʇ ʅʇɽɾʄʗɻɹʆʆʘ 

ɿʘʙʨʫʜʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʚ ʨʘʡʦʥʽ ʩʢʣʘʜʫ ʇʄʄ ʘʝʨʦʧʦʨʪʫ 
çɹʦʨʠʩʧʽʣʴè (ʂʠʾʚʩʴʢʘ ʦʙʣ.) ʫ ʚʠʛʣʷʜʽ ʣʽʥʟʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʩʫ, ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ 1998 ʨ. ɺ 
ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʦʢʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʚʽʜʙʫʚʘʣʦʩʴ ʾʭ ʧʨʦʩʦʯʫʚʘʥʥʷ ʚ ʟʦʥʫ ʘʝʨʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʫ 
ʣʝʩʦʧʦʜʽʙʥʠʤʠ ʪʘ ʘʣʶʚʽʘʣʴʥʠʤʠ ʩʫʧʽʩʢʘʤʠ ʽ ʧʽʩʢʘʤʠ, ʪʘ ʧʦʜʘʣʴʰʘ ʽʥʬʽʣʴʪʨʘʮʽʷ ʫ ʥʘʧʨʷʤʢʫ ˇʨʫʥʪʦʚʠʭ 
ʚʦʜ. ʇʦʪʫʞʥʽʩʪʴ ʰʘʨʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʩʷʛʘʣʘ 1.2 ʤ, ʩʫʤʘʨʥʠʡ ʦʙôʻʤ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, 
ʷʢʽ ʥʘʢʦʧʠʯʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʩʢʣʘʚ 1 725 ʤ

3
 [1]. 

ʋ 1999-2000 ʨʨ. ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʝʢʪ ʚʠʣʫʯʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʟʘʙʨʫʜʥʝʥʠʭ 
ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʪʘ ʧʨʦʙʫʨʝʥʘ ʤʝʨʝʞʘ ʣʽʢʚʽʜʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (42 ʰʪ.). ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ 
ʣʽʢʚʽʜʘʮʽʡʥʠʭ ʚʽʜʢʘʯʦʢ, ʟʘ ʩʪʘʥʦʤ ʥʘ 2015 ʨ. ʚʠʣʫʯʝʥʦ ʪʘ ʦʯʠʱʝʥʦ ʙʣʠʟʴʢʦ 30 ʪʠʩ. ʤ

3
 ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ 

ʪʘ 341 ʤ
3
 ʨʽʜʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʚʝʜʝʥʽ ʟʘʭʦʜʠ, ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʧʨʦʜʦʚʞʫʻ ʽʩʥʫʚʘʪʠ ʪʘ ʥʝʩʪʠ ʟʘʛʨʦʟʫ ʜʣʷ ʜʦʚʢʽʣʣʷ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ, ʧʨʦʚʝʜʝʥʠʤʠ 
ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ ʫ 2015 ʨ. ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘʷʚʥʽʩʪʴ ʰʘʨʫ ʛʘʩʫ ʤʘʡʞʝ ʫ ʚʩʽʭ ʣʽʢʚʽʜʘʮʽʡʥʠʭ 
ʩʚʝʨʜʣʦʚʠʥʘʭ. ɺ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʴ, ʥʝʦʙʭʽʜʥʦ ʚʠʣʫʯʠʪʠ ʤʦʙʽʣʴʥʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ ʚʽʜʢʘʯʢʦʶ. 

ɺʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʣʽʥʟʽ ʛʘʩʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 
ʾʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ. ʅʘ ʤʦʜʝʣʽ ʽʤʽʪʫʚʘʣʠ ʜʽʶ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʚʽʜʢʘʯʫʚʘʣʠ ʦʜʥʦʯʘʩʥʦ ʛʘʩ ʽ 
ʚʦʜʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ API LNAPL [2]. 

ʅʘ ʢʘʨʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʚ ʨʘʡʦʥʽ ʩʢʣʘʜʫ ʇʄʄ ʘʝʨʦʧʦʨʪʫ 
çɹʦʨʠʩʧʽʣʴè ʩʪʘʥʦʤ ʥʘ ʚʝʨʝʩʝʥʴ 2015 ʨ. ʚʠʜʽʣʝʥʽ ʜʚʽ ʜʽʣʷʥʢʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ ʣʽʥʟʠ ʛʘʩʫ: 1) ʫ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʟʘʙʨʫʜʥʝʥʦʾ ʟʦʥʠ, ʨʦʟʤʽʨʠ ʷʢʦʾ  100ʭ100 ʤ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʣʽʥʟʠ 0,5-0,88 ʤ; ʪʘ 

2) ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʟʘʙʨʫʜʥʝʥʦʾ ʟʦʥʠ, ʨʦʟʤʽʨʠ ʷʢʦʾ  200ʭ100 ʤ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʣʽʥʟʠ 0,4-0,65 ʤ. 
ʆʩʝʨʝʜʥʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʣʽʥʟʠ ʛʘʩʫ ʥʘ ʧʝʨʰʽʡ ʟʘʙʨʫʜʥʝʥʽʡ ʜʽʣʷʥʮʽ ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ 0,7 ʤ, ʥʘ ʜʨʫʛʽʡ ï 0,5 
ʤ. ɯʤʽʪʫʚʘʣʘʩʴ ʨʦʙʦʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʽʪʢʘʤʠ ʟ ʢʨʦʢʦʤ 25, 20 ʠ 15 ʤ ʥʘ 
ʦʙʦʭ ʟʘʙʨʫʜʥʝʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʾʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ.  

ʋ ʧʝʨʰʦʤʫ ʤʦʜʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʘʜʘʚʘʣʠʩʴ ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ Ŭ ï ʧʘʨʘʤʝʪʨʫ, ʱʦ 
ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʤʽʨ ʧʦʨ ʪʘ ɓ ï ʧʘʨʘʤʝʪʨʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʧʦʜʽʣ ʧʦʨ. ʏʝʨʝʟ ʮʝ, ʨʝʟʫʣʴʪʘʪʠ 
ʤʦʜʝʣʶʚʘʥʥʷ ʥʦʩʠʣʠ ʧʦʧʝʨʝʜʥʽʡ ʭʘʨʘʢʪʝʨ, ʽ ʦʪʨʠʤʘʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʚʠʷʚʠʣʠʩʴ ʜʝʱʦ 
ʟʘʚʠʱʝʥʠʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʫʪʦʯʥʠʪʠ ʬʽʣʴʪʨʘʮʽʡʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ 

ʚʽʜ ʥʘʩʠʯʝʥʦʩʪʽ p() ʜʣʷ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ, ʚʽʜʽʙʨʘʥʠʭ ʚ ʨʘʡʦʥʽ ʘʝʨʦʧʦʨʪʫ çɹʦʨʠʩʧʽʣʴè. ɼʘʣʽ, ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ RETC [3], ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ Ŭ ʪʘ ɓ. 

ʋ ʜʨʫʛʦʤʫ ʤʦʜʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʽʤʽʪʫʚʘʣʠ ʨʦʙʦʪʫ ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʽʪʢʘʤʠ ʽʟ 
ʢʨʦʢʦʤ 20, 15 ʠ 12 ʤ ʥʘ ʜʽʣʷʥʮʽ ʟ ʧʦʪʫʞʥʽʩʪʶ ʣʽʥʟʠ ʛʘʩʫ 0,7 ʤ ʪʘ ʟʘ ʩʪ̔ʢʘʤʠ 15, 12 ʪʘ 10 ʤ ʥʘ ʜʽʣʷʥʮʽ ʟ 
ʧʦʪʫʞʥʽʩʪʶ ʣʽʥʟʠ ʛʘʩʫ 0,5 ʤ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʜʝʙʽʪʘʤʠ ʪʘ ʟʘʛʘʣʴʥʠʤ ʚʽʜʙʦʨʦʤ ʛʘʩʫ ʟ 
1 ʤ

2
 ʧʣʦʱʽ, ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʣʠʰʢʦʚʠʤ ʦʙôʻʤʦʤ ʤʦʙʽʣʴʥʦʛʦ ʛʘʩʫ ʥʘ 1 ʤ

2
 ʧʣʦʱʽ ʪʘ ʯʘʩʦʤ ʚʽʜʢʘʯʢʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘ ʜʽʣʷʥʮʽ ʟ ʧʦʪʫʞʥʽʩʪʶ ʣʽʥʟʠ ʛʘʩʫ 0,7 ʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ 
ʩʣʽʜ ʨʦʟʤʽʱʫʚʘʪʠ ʟʘ ʩʽʪʢʦʶ 30Ĭ30 ʤ, ʘ ʥʘ ʜʽʣʷʥʮʽ ʟ ʧʦʪʫʞʥʽʩʪʶ ʣʽʥʟʠ ʛʘʩʫ 0.5 ʤ ï ʩʽʪʢʘʤʠ 24ʭ24 ʤ ʪʘ 
20ʭ20 ʤ. 

 
1. ʕʢʦʣʦʛʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʪʝʨʨʠʪʦʨʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʣʝʛʢʠʤʠ 
ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ / ʅ.ʉ. ʆʛʥʷʥʠʢ ʠ ʜʨ. ʂʠʾʚ: LAT & K., 2013. 254 ʩ.  
2. Huntley D. and Beckett G.D. (September 2002) Evaluating hydrocarbon removal from source zones and 
its effect on dissolved plume longevity and magnitude / American Petroleum Institute. Publ. ˉ 4715. 
September 2002. URL: www.api.org/environment-health-and-safety/clean-water/ground-
water/lnapl/hydrocarbon-removal 
3. Van Genuchten M.T., Leij F.J., Yates S.R. The RETC code for quantifying the hydraulic functions of 
unsaturated soils, version 1.0 / EPA Report 600/2-91/065, U.S. Salinity Laboratory, USDA, ARS, Riverside, 
California, 1991. 93 p. 
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RESEARCH OF SUBSURFACE CONTAMINATION WITH GASOLINE USING 
MATHEMATICAL MODELING 

Subsurface contamination with gasoline within a fuel storage (Borispol airport) was detected in 1998. 
Due to leakages gasoline entered the unsaturated zone consisting of loess soil and alluvial sandy loam and 
sand. Then gasoline moved vertically and formed a lens on a groundwater table, a thickness of which 
reached up to 1.2 m. A total gasoline volume accumulated in the subsurface was 1 725 m

3
.  

The project of gasoline pumping was developed in 1999-2000. Within the framework of the project 
42 pumping wells were drilled, and about 30 000 m

3
 of contaminated water and 341 ʤ

3
 of mobile gasoline 

were recovered and cleaned.  
However, these remedial works have not provided to remove contamination completely. The 

research carried out by the Institute of Geological Sciences in 2015 revealed a gasoline layer in most of 
wells. In this situation, it is necessary to recover gasoline by pumping using mathematical modeling to 
determine optimal location of pumping wells within a gasoline lens. 

Using mathematical modeling, we imitated the operation of wells pumping gasoline and water 
simultaneously. API LNAPL program [2] was used for calculations. 

At the map of groundwater contamination with gasoline within a fuel storage (Borispol airport) two 
sites were distinguished where the thickness of a gasoline lens was the highest: 1) in the southwestern part 
of the contaminated zone, dimensions of which were approximately 100ʭ100 m and the thickness of a 
gasoline lens was 0.5-0.88 m, and 2) in the northeastern part of the contaminated zone, dimensions of which 
were approximately 200ʭ100 m and the thickness of a gasoline lens was 0.4-0.65 m. An averaged thickness 
of a gasoline lens accepted to be 0.7 m at the first site and 0.5 m at the second site. 

We imitated operation of pumping wells located by the grids with steps of 25, 20 and 15 m from each 
other at both contaminated sites to determine optimal location of wells. In the first computing experiment 
typical values of Ŭ and ɓ parameters were specified (Ŭ is a parameter describing a pore size and ɓ is a 
parameter describing pore distribution). Therefore, the results of modeling can be considered as tentative 
and must be adjusted. The obtained distances between wells were rather longer than it is required. 

In order to obtain more reliable results, soil hydraulic characteristics must be specified by laboratory 

experiments. We determined a pressure-saturation relation, p( ) for soil samples taken from Borispol airport 
region. Then Ŭ and ɓ parameter values were calculated using RETC program [3]. 

In the second computing experiment the obtained Ŭ and ɓ parameter values were used, and 
distances between wells were reduced. We imitated the operation of wells located by the grids with a step of 
20, 15 and 12 m from each other at the site where a gasoline layer was 0.7 m, and by the grids with a step of 
15, 12 and 10 m from each other at the site where a gasoline layer was 0.5 m. The results of modeling 
showed that the effectiveness of the recovery well network depends on a maximal gasoline rate, a specific 
recovered gasoline volume, minimal residual gasoline volume, and time of pumping. Based on this, pumping 
wells should be located by 30ʭ30 m grid at the site where a gasoline layer is 0.7 m, and by 24ʭ24 m or 
20Ĭ20 m grid at the site where a gasoline layer is 0.5 m. 

 
1. Ognianik, N. S. et al. (2013). Environmental and hydrogeological monitoring of subsurface contamination 
with light petroleum products ʂiyv: LAT & K. 254 p. (in Russian). 
2. Huntley, D. and Becket, G. D. (September 2002). Evaluating hydrocarbon removal from source zones and 
its effect on dissolved plume longevity and magnitude / American Petroleum Institute. 
Publ. ˉ 4715. September 2002. URL: www.api.org/environment-health-and-safety/clean-water/ground-
water/lnapl/hydrocarbon-removal. 
3. Van Genuchten, M. T., Leij, F. J., Yates, S. R. (1991). The RETC code for quantifying the hydraulic 
functions of unsaturated soils, version 1.0 / EPA Report 600/2-91/065, U.S. Salinity Laboratory, USDA, ARS, 
Riverside, California. 93 p. 
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ʄɰʆɾɹʅɾʆʋʆʁʂ ɹʆɹʄɰʀ ʋɾʉʁʋʇʉɰɱ ɻ ʅɾɿɹʎ ʍʌʆʃʏɰʇʆʌɻɹʆʆʘ 
ɼɰʉʆʁʐʇɻʁɽʇɺʌɻʆʇɼʇ ʈɰɽʈʉʁɮʅʊʋɻɹ ʀ ɻʁʃʇʉʁʊʋɹʆʆʘʅ ɽɹʆʁʎ ɽʀʀ 

ʋʢʨʘʾʥʘ ʤʘʻ ʥʘʡʙʽʣʴʰʽ ʨʝʩʫʨʩʠ ʪʘ ʟʘʧʘʩʠ ʫʨʘʥʦʚʠʭ ʨʫʜ ʥʘ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ. ʋʨʘʥʦʚʽ ʨʦʜʦʚʠʱʘ 
ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʫ ʚʽʜʢʣʘʜʝʥʥʷʭ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ʅʘʡʙʽʣʴʰʽ ʝʢʦʣʦʛʽʯʥʽ 
ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫʨʘʥʦʜʦʙʫʚʥʦʾ ʰʘʭʪʠ ʥʘ ʦʢʦʣʠʮʷʭ ʤʽʩʪʘ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 
ʧʽʜ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʶ ʟʘʙʫʜʦʚʦʶ ʂʨʦʧʠʚʥʠʮʴʢʦʛʦ. ʗʢ ʚʽʜʦʤʦ, ʨʦʟʨʦʙʢʘ ʫʨʘʥʦʚʠʭ ʨʦʜʦʚʠʱ ʧʽʜʟʝʤʥʠʤ 
ʩʧʦʩʦʙʦʤ ʫ ʟʥʘʯʥʠʭ ʦʙʩʷʛʘʭ ʻ ʦʙôʻʢʪʦʤ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚôʷ 
ʥʘʩʝʣʝʥʥʷ [1]. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʣʠʚʘ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 
ʜʦʚʢʽʣʣʷ ʧʝʨʝʜʫʩʽʤ ʪʦʤʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʙʽʦʩʬʝʨʠ ʽ ʟʘʣʫʯʝʥʥʷ ʾʭ ʫ 
ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ.  

ɿʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ ʧʦʨʫʰʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʘʢʪʠʚʽʟʘʮʽʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ 
ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʚʠʱʫʶʪʴ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
ʈʦʜʦʚʠʱʘ ʧʦʢʣʘʜʽʚ ʯʘʩʪʦ ʢʦʨʝʣʶʶʪʴ ʟ ʤʽʩʮʷʤʠ ʘʢʪʠʚʽʟʘʮʽʾ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʩʫʪʥʽ 
ʪʦʯʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʦʟʤʽʨʠ ʪʝʨʠʪʦʨʽʾ, ʚʨʘʞʝʥʦʾ ʧʨʦʚʘʣʴʥʠʤʠ ʷʚʠʱʘʤʠ [2].  

ʋʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʚ ʟʦʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʨʘʥʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʽʜʙʫʚʘʶʪʴʩʷ 
ʟʤʽʥʝʥʥʷ ʣʘʥʜʰʘʬʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʥʝʦʙʭʽʜʥʠʤ ʧʨʦʚʝʜʝʥʥʷ ʛʣʠʙʠʥʥʦʛʦ 
ʘʥʘʣʽʟʫ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʮʽʥʢʘ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʤʽʩʮʷʭ 
ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʪʘ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ 
ʪʘ ʢʘʨʪʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʤʽʥʝʥʥʷ ʛʝʦʩʠʩʪʝʤ ʧʽʜ ʚʧʣʠʚʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ 
ʤʝʪʦʜʘʤʠ ɼɿɿ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʽ ʥʘʟʝʤʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʻ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʤʠ. 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ɼɿɿ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ 
ʙʫʜʦʚʠ ʨʝʛʽʦʥʽʚ, ʚʠʜʽʣʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʟʦʥ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʥʦʚʽʪʥʽʭ 
ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʻ ʣʽʥʝʘʤʝʥʪʥʠʡ ʘʥʘʣʽʟ. ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʜʦʤ ʝʢʩʧʨʝʩ-
ʦʮʥ̔ʢʠ ʪʝʢʪʦʥʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʚʠʥʥʫ ʪʝʢʪʦʥʽʯʥʫ ʟʦʥʘʣʴʥʽʩʪʴ ʤʽʩʮʝʚʦʩʪʽ [3]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʤʦʞʣʠʚʦʩʪʽ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʠ ʩʪʘʚʠʤʦ ʟʘʜʘʯʫ ʧʦʙʫʜʫʚʘʪʠ ʢʘʨʪʫ 
ʪʝʭʥʦʛʝʥʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʩʧʨʠʯʠʥʝʥʦʾ ʫʨʘʥʦʜʦʙʫʚʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʘʨʪʦʩʭʝʤʠ 
ʛʫʩʪʦʪʠ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʧʦʣʷ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ, ʩʭʠʣʴʥʠʭ ʜʦ 
ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʝʨʠʪʦʨʽʡ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʽʩʮʝʚʽʩʪʴ, ʘ ʩʘʤʝ ʟʝʤʣʷʥʠʡ ʧʦʢʨʠʚ, ʛʝʦʣʦʛʽʯʥʽ ʜʘʥʽ, 
ʣʽʥʝʘʤʝʥʪʠ, ʨʦʟʣʦʤʠ, ʛʝʦʤʦʨʬʦʣʦʛʽʷ ʪʘ ʜʨʝʥʫʚʘʥʥʷ, ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, 
ʽʩʥʫʶʯʘ ʪʝʤʘʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʦʥʦʚʣʝʥʘ ʟ ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʩʫʚʥʠʭ ʧʨʠʯʠʥʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ.  

ʃʽʥʝʘʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 20 ʢʤ ʥʘʚʢʦʣʦ ʦʜʥʽʻʾ ʟ ʰʘʭʪ. ɼʣʷ ʧʦʙʫʜʦʚʠ 
ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʭ 3d-ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʫʨʘʥʦʜʦʙʫʚʥʦʾ ʰʘʭʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʨʘʜʘʨʥʠʭ 
ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ Sentinel-1 (ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 10 ʤ). ɿʘ ʘʥʘʣʽʟʦʤ ʩʝʨʽʾ ʢʘʨʪ, ʩʪʚʦʨʝʥʦ ɻɯʉ-
ʧʨʦʝʢʪ, ʚʠʟʥʘʯʝʥʦ ʪʘ ʦʢʨʝʩʣʝʥʦ ʟʦʥʠ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʨʫʰʝʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʨʦʟʚʠʪʢʫ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 
ʪʝʨʠʪʦʨʽʾ ʚʧʣʠʚʫ ʫʨʘʥʦʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʦʜʘʣʴʰʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʟʝʤʝʣʴ ʽʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʠʭ ɼɿɿ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘʚʢʦʣʦ ʰʘʭʪʠ ʚʠʷʚʣʝʥʦ 
ʪʨʽʱʠʥʫʚʘʪʽʩʪʴ ʪʘ ʩʝʡʩʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʊʘʢʽ ʷʚʠʱʘ ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʟʝʤʣʝʪʨʫʩʘʭ ʤʦʞʫʪʴ 
ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʩʫʚʽʚ ʪʘ ʦʩʽʜʘʥʥʷ ʧʦʨʽʜ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʚʘʣʽʚ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʜʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ 
ʥʝʙʝʟʧʝʢʠ ʧʨʦʷʚʽʚ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʠʭ ʪʘ ʟʥʠʞʝʥʥʷ 
ʚʘʨʪʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
 
1. Dudar T.V., Stankevich S.A., Pestova I.A. (2016). Land degradation case study within uranium mining 
areas. Proc. of the Fourth Int. Conf. ñChemical and Radiation Safety: Problems and Solutionsò, Kyiv: Institute 
of Environmental Geochemistry NAS of Ukraine, p. 63. 
2. Piestova I.O.; Orlenko T.ɸ., Andreiev A.A. (2017). Assessment on landscape changes by mining industry 
impact based on remote sensing data. Ideas and innovations in Geosciences: Proc. of the VII Ukrainian 
young scientific conf., Kyiv, Ukraine. October 25-27, 2017, Kyiv. 2017. pp. 72-73. 
3. Titarenko, O.V., Dudar, T.V., Romanenko, Y. V. (2017), ñAssessment of technogenic load into geological 
environment using lineament analysis and space imageryò In Ecology and Industry, No. 2, pp. 52-57. 
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LINEAMENT ANALYSIS OF THE TERRITORY WITHIN MINING AREA USING REMOTE 
SENSING DATA  

Ukraine has the largest resources and reserves of uranium ores in Europe. Uranium deposits are 
located within the Kirovohradska oblast of the Ukrainian shield. The largest environmental problems arise 
from the location of the uranium mine in the vicinity of the city and directly under the high-rise buildings of 
Kropyvnytskyi. As it is known, the development of uranium deposits by the underground method in large 
volumes is an object of environmental and radiation hazard for the environment and public health [1].  

The exploitation of mineral deposits is practically impossible without a negative impact on the 
environment, primarily because natural resources are being taken out of the biosphere and involved into the 
economic system. 

The increase of geological environment disturbance and the activation of natural and man-made 
geological processes emphasize the risk of man-made possible emergencies. The deposits of mineral 
resources often correlate with the places of tectonic processes activation. To date, there is no accurate 
information about the size of the territory affected by disturbance phenomena [2]. 

Over the years, landscape complexes have been changing in the area where uranium mining 
enterprises operate. To solve these problems, it is necessary to conduct in-depth analysis of hazardous 
geological processes and an assessment of the deformed state of rocks in places of geomechanical and 
engineering-geological disturbances using effective research methods. 

Remote sensing methods allow us to identify and map the processes of change in geosystems under 
the influence of human activity. The results obtained by remote sensing methods and confirmed by ground-
based measurements are the most reliable. 

One of the remote sensing methods is widely used to clarify the geological structure of regions, the 
selection of geodynamic active zones, reconstruction and analysis of regional new stress fields is the 
lineament analysis. The method of analysis can be a method of rapid assessment of the tectonic structure, 
including the primary tectonic zonality of the area [3]. 

Analyzed the possibilities of the lineament analysis, we set the task constructing a map of the 
technogenic hazard caused by uranium mining activities on the basis of the density map of the lineament 
field developed. 

The researches were used to display the current state of the landslide-prone processes of the 
territories. Information about the terrain, namely land cover, geological data, lineaments, faults, 
geomorphology and drainage, was obtained from satellite images, the existing thematic information was 
updated to quantify landslide causal parameters. 

The lineament analysis was performed for the territory of 20 km around one of the mine. For the 
construction of small-scale 3d models of the territory relief around the uranium mine, data from Sentinel-1 
radar satellite images (spatial distribution of 10 m) were used. Owing to the analysis of a series of maps, a 
GIS project was created. Zones of potential disturbances of the earth's surface were identified and marked. 

The main goal of our research was to identify the development of erosion processes in the territory of 
the uranium mining impact and to further predict the state of the land using remote sensing data.  

With the help of satellite images on the territory of the uranium mine, fracturing and seismic activity 
were detected. Such phenomena even with minor earthquakes can lead to landslides and subsidence of 
rocks, and in some cases to the formation of failures. 

The obtained results confirm the effectiveness of using remote sensing data to assess the degree of 
hazard of geological processes manifestations, increase the speed of response to them and reduce the cost 
of determining the degree of geoecological risk to the environment. 
 
1. Dudar T.V., Stankevich S.A., Pestova I.A. (2016). Land degradation case study within uranium mining 
areas. Proc. of the Fourth International Conference ñChemical and Radiation Safety: Problems and 
Solutionsò, Kyiv, p. 63. 
2. Piestova I.O.; Orlenko T.ɸ., Andreiev A.A. (2017). Assessment on landscape changes by mining industry 
impact based on remote sensing data. Ideas and Innovations in Geosciences, pp. 72-73. 
3. Titarenko, O.V., Dudar, T.V., Romanenko, Ye.V. (2017), ñAssessment of technogenic load into geological 
environment using lineament analysis and space imageryò. Ecology and Industry, No. 2, pp. 52-57. 
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ʈɾʉʊʈɾʃʋʁɻʁ ɻʁʃʇʉʁʊʋɹʆʆʘ ɻɾɺ-ɼɰʊ ʋɾʎʆʇʄʇɼɰʂ ɻ ʈɹʄɾʇɼɾʇɼʉɹʍɰʐʆʁʎ 
ɽʇʊʄɰɽɿɾʆʆʘʎ 

ʇʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʤʠʥʫʣʦʛʦ ʥʘ 
ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʽʙʨʘʪʠ ʪʘ ʫʟʘʛʘʣʴʥʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ 
ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʧʝʨʝʜʥʽʭ ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ. ʂʦʤʧʣʝʢʩʥʽʩʪʴ ʧʽʜʭʦʜʫ ʟʫʤʦʚʣʶʻ ʨʽʟʥʦʙʽʯʥʫ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʟ ʧʦʟʠʮʽʾ ʦʢʨʝʤʠʭ ʛʘʣʫʟʝʡ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʾ ʥʘʫʢʠ, ʤʦʞʣʠʚʦʩʪʽ 
ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʚʠʭ ʯʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʤʧʽʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺʦʥʠ 
ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢʽʩʪʶ, ʬʦʨʤʘʪʦʤ, ʩʪʫʧʝʥʝʤ ʥʘʧʦʚʥʝʥʦʩʪʽ. 

ɺʠʨʽʰʝʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟ ʜʘʥʠʭ (ɹɼ), ʷʢʽ ʩʪʘʥʦʤ ʥʘ 
ʩʴʦʛʦʜʥʽ ʥʘʙʫʚʘʶʪʴ ʧʦʰʠʨʝʥʥʷ ʚ ʛʘʣʫʟʝʚʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [1, 2] ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʛʦ 
ʩʧʨʷʤʫʚʘʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʧʨʦʩʪʦʨʦʚʦ-ʢʦʦʨʜʠʥʦʚʘʥʦʶ, 
ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 
ʩʠʩʪʝʤ (ʚʝʙ-ɻɯʉ) [3]. 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʡ ʚʝʙ-ɻɯʉ ʟʘʩʪʦʩʫʥʦʢ, ʷʢʠʡ ʫʤʦʚʥʦ 
ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʯʘʩʪʠʥʠ: ʧʨʦʩʪʦʨʦʚʫ ɹɼ, ʧʨʦʛʨʘʤʥʫ ʣʦʛʽʢʫ ʪʘ ʽʥʪʝʨʬʝʡʩʥʫ ʯʘʩʪʠʥʫ (ʨʠʩʫʥʦʢ). 
ɿʘʩʪʦʩʫʥʦʢ ʜʦʩʪʫʧʥʠʡ ʟʘ ʝʣʝʢʪʨʦʥʥʦʶ ʘʜʨʝʩʦʶ: https://webgis.com.ua/paleo.html. 

 
ʈʠʩ. ɯʥʪʝʨʬʝʡʩ ʚʝʙ-ɻɯʉ ʟʘʩʪʦʩʫʥʢʫ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
 

ɹɼ ʟʘʩʪʦʩʫʥʢʫ ʧʨʦʝʢʪʫʚʘʣʘʩʴ ʟ ʧʝʚʥʠʤ ʨʽʚʥʝʤ ʘʙʩʪʨʘʛʫʚʘʥʥʷ ʪʘ ʬʦʨʤʘʣʽʟʘʮʽʾ ʩʪʦʩʦʚʥʦ 
ʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʦʤʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ: ñʨʦʟʨʽʟʦʤò ʪʘ 
ñʛʝʥʝʪʠʯʥʠʤ ʛʦʨʠʟʦʥʪʦʤò, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʢʦʶ ʘʪʨʠʙʫʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. 
ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʰʠʨʝʥʠʤʠ ʧʦʰʫʢʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟʘ ʙʘʛʘʪʴʤʘ 
ʢʨʠʪʝʨʽʷʤʠ (ʧʨʠʨʦʜʥʦʶ ʟʦʥʦʶ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʶ ʦʙʣʘʩʪʶ, ʛʝʦʣʦʛʽʯʥʠʤ ʚʽʢʦʤ) ʪʘ ʜʠʥʘʤʽʯʥʠʤ 
ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʤʽʩʪʫ. ɯʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʚʝʙ-ʜʠʟʘʡʥʫ ʽ 
ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʚ ʧʦʻʜʥʘʥʥʽ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʩʪʦʩʫʥʦʢ ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʝ 
ʩʭʦʚʠʱʝ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʦʙʨʦʙʢʠ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
 
1. Lentner, I. (1997). The International Paleoclimate Database (PKDB). In Climate and Environmental 
Database Systems (pp. 87-93). Springer US. https://doi.org/10.1007/978-1-4615-4094-6_8  
2. Marcos-S§iz, F. J., & D²ez Fern§ndez-Lomana, J. C. (2017). The Holocene archaeological research 
around Sierra de Atapuerca (Burgos, Spain) and its projection in a GIS geospatial database. Quaternary 
International, 433, 45ï67. https://doi.org/10.1016/j.quaint.2015.10.002  
3. Golhani, K., Rao, A. S., & Dagar, J. C. (2015). Utilization of Open-Source Web GIS to Strengthen Climate 
Change Informatics for Agriculture. In Climate Change Modelling, Planning and Policy for Agriculture (pp. 87-
91). Springer India. https://doi.org/10.1007/978-81-322-2157-9_10 
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POSSIBILITIES OF WEB-GIS USING IN PALEOGEOGRAPHICAL RESEARCHES 

Paleogeographical research is aimed for reconstruction of natural conditions in the past on the base 
of complex methods and approaches, which enable to gather and generalize information about components 
of natural environment of last geological epochs. The complexity causes versatile characteristic of the 
researched object from the point of view of different branches of paleogeographical science and abilities to 
conduct field or laboratory investigations. 

For results of empiric researches the great amount of data is stored, this data is received from 
different sources and has different quality, format and completeness. For the purpose of making objective 
paleogeographical conclusions and creating certain reconstructions, it is necessary to take into account the 
whole array existed information about geological sites and deposits. 

That task could be solved with creating of special databases (DB), which become more and more 
popular in different branches of paleogeography today [1, 2]. Most part of paleogeographical information is 
spatially coordinated and the most promising way is implementation of web-based geoinformational 
systems (web-GIS) [3], which could be developed on the basis of spatial DB of paleogeographical data. 

This approach was used for developing of single page web-GIS application, which consists of three 
main parts: spatial DB, programming logic and user interface (figure). Application is available by the link: 
https://webgis.com.ua/paleo.html. 

 
Fig. Interface of web-GIS application of paleogeographical information. 
 

DB of application was designed with some level of abstraction and formalization according to 
physical objects of investigation and consists of two main categories: ñsiteò and ñhorizonò, which have array 
of attributes. Functionality of web-GIS application is presented by advanced search possibilities by different 
parameters (natural zone, administrative region, geological age) and dynamic content rendering. User 
interface of application was projected with the best practices of modern web-design and usability. This 
approach enables to use web-GIS application as structured storage of spatial data and interactive tool for 
actions with paleogeographical information. 
 
1. Lentner, I. (1997). The International Paleoclimate Database (PKDB). In Climate and Environmental 
Database Systems (pp. 87-93). Springer US. https://doi.org/10.1007/978-1-4615-4094-6_8  
2. Marcos-S§iz, F. J., & D²ez Fern§ndez-Lomana, J. C. (2017). The Holocene archaeological research 
around Sierra de Atapuerca (Burgos, Spain) and its projection in a GIS geospatial database. Quaternary 
International, 433, 45ï67. https://doi.org/10.1016/j.quaint.2015.10.002  
3. Golhani, K., Rao, A. S., & Dagar, J. C. (2015). Utilization of Open-Source Web GIS to Strengthen Climate 
Change Informatics for Agriculture. In Climate Change Modelling, Planning and Policy for Agriculture (pp. 87-
91). Springer India. https://doi.org/10.1007/978-81-322-2157-9_10  
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ʐɹʊʇɻɰ ʍʄʌʃʋʌɹʏɰɱ ʎɰʅɰʐʆʇɼʇ ʊʃʄɹɽʌ ʈɰɽʀɾʅʆʁʎ ɻʇɽ ɻ ʀʇʆɰ ɻɰɽʐʌɿɾʆʆʘ 

ʄʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʦʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʢʘʪʘʩʪʨʦʬʠ, ʱʦ ʩʪʘʣʘʩʷ ʫ ʱʝ 1986 
ʨʦʮʽ ʥʘ ʝʥʝʨʛʦʙʣʦʮʽ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ ʪʘ ʩʢʦʣʠʭʥʫʣʘ ʚʝʩʴ ʩʚʽʪ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʽʦʨʠʪʝʪʥʠʤ 
ʥʘʧʨʷʤʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ 
ʩʪʘʥʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʂʠʾʚʱʠʥʠ. 
ʆʪʨʠʤʘʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʱʦʜʦ 
ʫʪʨʠʤʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʰʣʷʭʫ ʥʠʟʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʪʘ 
ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʦʚʦʜʞʝʥʥʷ ʟʽ ʩʭʦʚʠʱʘʤʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʯʘʩʦʚʫ ʤʽʥʣʠʚʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʫ 
ʚʽʜʢʣʘʜʘʭ ʝʦʮʝʥʫ (ʈ2bʩ) ʪʘ ʚʦʜ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫ ʩʝʥʦʤʘʥ-ʢʝʣʦʚʝʡʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ (K2s). 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʪʝʨʠʪʦʨʽʷ 
ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʇʨʠʧôʷʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʧʣʘʩʪʦʚʠʭ ʚʦʜ ɯɯ ʧʦʨʷʜʢʫ [1]. ɿʘʟʥʘʯʝʥʽ ʚʦʜʦʥʦʩʥʽ 
ʛʦʨʠʟʦʥʪʠ ʪʘ ʢʦʤʧʣʝʢʩʠ ʻ ʤʽʞʧʣʘʩʪʦʚʠʤʠ, ʤʘʶʪʴ ʟʥʘʯʥʫ ʚʦʜʦʥʦʩʥʽʩʪʴ. ɺʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʦʩʥʦʚʥʠʭ 
ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɽʦʮʝʥʦʚʠʡ 
ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʙʠʥʘʭ 70-128 ʤ, ʚʦʜʠ ʩʝʥʦʤʘʥ-ʢʝʣʦʚʝʶ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ 
ʛʣʠʙʠʥʽ197-275 ʤ. ɺ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʚʽʜʩʫʪʥʽʡ ʚʝʨʭʥʽʡ ʨʝʛʽʦʥʘʣʴʥʠʡ ʚʦʜʦʪʨʠʚ, ʘ ʪʦʚʱʘ ʤʝʨʛʝʣʽʚ 
ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ (ʤʽʩʮʝʚʠʡ ʚʦʜʦʪʨʠʚ) ʥʝʚʠʪʨʠʤʘʥʘ ʧʦ ʧʣʦʱʽ [1]. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʣʫʛʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʪʨʠʤʘʥʽ ʟʘ 
ʤʦʥʽʪʦʨʠʥʛʦʚʦ  ʁ ʤʝʨʝʞʝ ,ʁ ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʏʦʨʥʦʙʠʣʴ ʪʘ ʩʝʣʘ ɿʘʣʽʩʩʷ. 
ʆʙʣʘʰʪʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʩʧʦʩʪʝʨʝʞʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʥʘʥʦ ʱʝ ʜʦ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ, 
ʟʦʢʨʝʤʘ ʫ 1964-1979 ʨʨ. ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ 
ʜʘʥʽʡ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ɼʇ çʋʢʨʘʾʥʩʴʢʘ ʛʝʦʣʦʛʽʯʥʘ ʢʦʤʧʘʥʽʷèʟʘ ʬʦʨʤʦʶ ʟʚʽʪʥʦʩʪʽ 7-ɻʨ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʚʽʜʥʦʩʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 
ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʫ ʚʽʜʢʣʘʜʘʭ ʝʦʮʝʥʫ ʪʘ ʩʝʥʦʤʘʥ-
ʢʝʣʦʚʝʶʧʨʽʩʥʽ (ʤʽʥʝʨʘʣʽʟʘʮʽʷ 0,3 ʛ/ʜʤ

3
), ʩʣʘʙʢʦ ʣʫʞʥʽ (ʨʅ 7,25), ʩʝʨʝʜʥʴʦʾ ʪʚʝʨʜʦʩʪʽ 

(3,40 ʤʤʦʣʴ/ʜʤ
3
).ʆʜʥʘʢ, ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 50-ʪʠ ʨʦʢʽʚ ʚʽʜʙʫʣʘʩʷ ʟʤʽʥʘ ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʦʛʦ ʪʠʧʫ ʚʦʜʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʟ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʘʣʴʮʽʻʚʦʛʦ (ʥʘʪʨʽʻʚʦʛʦ) ʥʘ 
ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʡ ʤʘʛʥʽʻʚʠʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʽʡ ʩʭʝʤʽ ʧʨʠʨʦʜʥʦʾ ʤʝʪʘʤʦʨʬʽʟʘʮʽʾ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʦʥʠ ʛʽʧʝʨʛʝʥʝʟʫ (ʅʉʆ3ʉʘŸʅʉʆ3MgŸʅʉʆ3Na). 

ʑʦʜʦ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʪʦ ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʭ 
ʥʦʨʤʘʪʠʚʽʚ ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ [2]. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦʚʠʩʦʢʠʡʩʪʫʧʽʥʴʧʨʠʨʦʜʥʦʾʟʘʭʠʱʝʥʦʩʪʽ ʚʦʜʦʥʦʩʥʠʭ 
ʛʦʨʠʟʦʥʪʽʚ.ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʷʚʘ ʨʘʜʦʥʫ ʟ ʛʣʠʙʠʥʦʶ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʠʨʦʜʥʽʡ ʭʘʨʘʢʪʝʨ 
ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʮʽʣʢʦʤ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʟʠʮʽʻʶ ɺ.ʄ. ʐʝʩʪʦʧʘʣʦʚʘ, 
ɺ.ʖ. ʈʫʜʝʥʢʘ, ʆ.ʄ. ʄʘʢʘʨʝʥʢʘ [3] ʪʘ ʽʥ. ʱʦʜʦ ʜʦʙʨʦʾ ʟʘʭʠʱʝʥʦʩʪʽ ʥʘʧʽʨʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʚʽʜ 
ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ. ɺʽʜʥʦʩʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʠʭ ʫʤʦʚ ʨʦʙʠʪʴ 
ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ 
ʤʝʞʘʭ ʨʘʡʦʥʽʚ, ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ. 

 
1. ʂʘʤʟʽʩʪ ɾ.ʉ., ʐʝʚʯʝʥʢʦ ʆ.ʃ. ɻʽʜʨʦʛʝʦʣʦʛʽʷ ʋʢʨʘʾʥʠ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ʂʠʾʚ: ʌʽʨʤʘ çɯʅʂʆʉè, 
2009. 614 ʩ. 
2. ɼʉʘʥʇʽʅ 2.2.4-171-10 (ɼʉʘʥʇʽʅ 2.2.4-400-10). ɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ,ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ 

ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶ. [ʏʠʥʥʠʡ ʚʽʜ 16.07.2010]. ɺʠʜ. ʦʬʽʮ. ʂʠʾʚ :ʄʆɿ ʋʢʨʘʾʥʠ, 2010. 
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ʤʦʥʽʪʦʨʠʥʛ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʂʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ. 
URL: https://inis.iaea.org/collection/NCLCollectionStore/_Public/31/014/31014535.pdf (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 
23.02.2019). 
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TEMPORARY FLUCTUATIONS OF GROUNDWATER CHEMICAL COMPOSITION IN THE 
EXCLUSION ZONE 

Environmental monitoring in the ecological disaster area, which occurred in 1986 at the Chernobyl 
nuclear power unit and shook the whole world, remains a priority area of scientific research. In this work, the 
hydrogeochemical monitoring data of the main aquifers and complexes which are used for water supply in 
Kyiv region were analyzed. Obtained generalizations allow us to estimate the protective properties of the 
geological media in relation to the maintenance of radionuclides in the way of downhill migration, which is 
important for the environmental risks assessment and thesubstantiation for the long termmanagement 
strategy of radioactive waste storage facilities. 

Temporal variability of groundwater chemical composition for the Eocene aquifer (P2bʩ) and the 
Senomanian-Kelovian aquifer system (K2s) was investigated. In accordance to the scheme of regional 
hydrogeological zoning of the territory of Ukraine, the territory of research is confined to the Prypiatskyi 
second-order basin of formation waters [1]. The aquifers and system mentioned above are artesian and yield 
significant quantities of water. Therefore, they belong to the main strategically important sources of drinking 
water supply in Kiev region. The Eocene aquifer is located at a depth of 70-128 m, the groundwater of the 
Senomanian-Kelovian aquifer system are occurs at a depth of 197-275 m. Within the basin there is no upper 
regional confining layer, and the thickness of Kyivmarl (local confining layer) is unsupported by area [1]. 

The input data for the analysis were the results of observations received on the monitoring network, 
located in the city of Chornobyl and the village Zalissia. The wells of monitoring network were completed 
before the Chernobyl disaster, in 1964-1979. Currently, the observationby the groundwater chemical 
composition in this network is carried out by the State Enterprise "Ukrainian Geological Company" in the 
form of reporting 7-Gr. 

According to the results of research, we can conclude that macro-component composition of 
groundwater is relative stabile in time. The groundwater of the Eocene aquifer and Senomanian-Kelovian 
aquifer system are fresh (TDS 0.3 g/dm

3
), weakly alkaline (pH 7.25), medium hardness (3.40 mmol/dm

3
). 

However, during the last 50 years the hydrogeochemical type of groundwater was changedfor investigated 
aquifers from hydrocarbon calcium (sodium) to hydrocarbon magnesium, which corresponds to the general 
scheme of natural metamorphisation of groundwater chemical composition in the hypergenesis zone (HCO3 
Ca Ÿ NSO3 Mg Ÿ NSO3 Na). 

In relation to the radiation safety of groundwater, all indexes within the established standards for 
drinking water [2]. This indicates aboutthe high degree of natural protection of aquifers.Also, there is the 
appearance of radon with depth, which indicates the natural genesis of radioactivity. 

Thus, the conclusions obtained completely coincide with the position of V.M. Shestopalov, 
V.Yu. Rudenko, O.M. Makarenko [3] and others about the good protection of artesian aquifers from surface 
contamination in the exclusion zone. Relative stability of hydrogeochemical conditions makes groundwater of 
the explored aquifers and systems the most reliable source of water supply within the districts affected by the 
Chernobyl disaster. 
 
1. Kamzyst, Zh. S., Shevchenko, O. L. (2009). Hydrogeology of Ukraine. Kyiv: "INKOS" firm, 614 p. (in 
Ukrainian). 
2. State Sanitary Rules and Norms2.2.4-171-10 (State Sanitary Rules and Norms 2.2.4-400-10). Hygienic 
requirements for drinking water intended for human consumption Launched on July 16, 2010. Kyiv., 2010. (in 
Ukrainian). 
3. Shestopalov, V. M, Rudenko, Yu. F., Makarenko, O.M. Development of regional monitoring and 
monitoring of radioactive and chemical pollution of groundwater of the Kyiv city agglomeration. Url: 
https://inis.iaea.org/collection/NCLCollectionStore/_Public/31/014/31014535.pdf (application dated 
02/23/2019). (in Ukrainian). 
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ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ. E-mail: suprun_is@ukr.net 

ɺɰʇʀʇʆɹʄʕʆʁʂ ʈʇɽɰʄ ʈɹʄɾʇʏɾʆʇɻʁʎ ɻɰɽʃʄɹɽɰɻ ʌʃʉɹɱʆʊʕʃʁʎ ʃɹʉʈɹʋ ʀɹ 
ʆɹʆʇʈʄɹʆʃʋʇʆʇʅ 

ɿʘ ʘʥʘʣʽʟʦʤ ʚʣʘʩʥʠʭ ʽ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʤʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 
ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʾ ʧʨʠʫʨʦʯʝʥʦʩʪʽ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʧʣʘʥʢʪʦʥʥʠʭ 
ʘʩʦʮʽʘʮʽʡ ʚ ʧʘʣʝʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. 

ʇʦʚʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ ʥʘʥʦʟʦʥ ʚʽʜ NP1 ʜʦ NP9 ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ A.ʉ. ɸʥʜʨʻʻʚʦʶ-
ɻʨʠʛʦʨʦʚʠʯ [1-3], ɸ.ʄ. ʈʦʤʘʥʽʚ [4], ɯ.ʉ. ʉʫʧʨʫʥ (2018). ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʦʥʘʣʴʥʠʡ ʧʦʜʽʣ ʧʘʣʝʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. 

ʋ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʧʘʣʝʦʮʝʥʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʨʫʩʠʯʘʥʩʴʢʦʛʦ ʨʝʛʽʦʷʨʫʩʫ 
(ʩʪʨʠʡʩʴʢʘ ʩʚʽʪʘ, ʚʝʨʭʥʴʦʩʪʨʠʡʩʴʢʘ ʧʽʜʩʚʽʪʘ) ʽ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʢʘʨʧʽʡʩʴʢʦʛʦ ʨʝʛʽʦʷʨʫʩʫ (ʷʤʥʝʥʩʴʢʘ ʩʚʽʪʘ) 
ʪʘ ʾʭ ʚʽʢʦʚʽ ʘʥʘʣʦʛʠ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʠʣʽ, ʟʦʢʨʝʤʘ ʥʠʞʥʽ ʯʘʩʪʠʥʠ ʤʝʪʦʚʩʴʢʦʾ ʽ ʙʽʣʦʚʝʟʴʢʦʾ ʩʚʽʪ. ʊʫʪ 
ʚʠʷʚʣʝʥʦ ʧʦʚʥʽ ʨʦʟʨʽʟʠ, ʚ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʚʩʽ ʟʦʥʠ ʧʘʣʝʦʮʝʥʫ ʟʘ ʥʘʥʦʧʣʘʥʢʪʦʥʦʤ. 

ɿʦʥʘ Biantholithus sparsus (NP1) ʚʠʜʽʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʚʝʨʭʥʴʦʩʪʨʠʡʩʴʢʦʾ 
ʧʽʜʩʚʽʪʠ (ʉʢʠʙʦʚʘ ʟʦʥʘ) [1, 3], ʘ ʪʘʢʦʞ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʫʨʜʠʥʩʴʢʦʾ (ʉʚʠʜʦʚʝʮʴʢʘ ʟʦʥʘ) [4] ʪʘ ʚ ʧʽʜʦʰʚʽ 
ʤʝʪʦʚʩʴʢʦʾ ʩʚʽʪ ɺʝʞʘʥʩʴʢʦʛʦ ʧʦʢʨʠʚʫ [2]. ɺʽʢ ʟʦʥʠ ï ʨʘʥʥʽʡ ʧʘʣʝʦʮʝʥ, ʜʘʥʽʡ. 

ɿʦʥʘ Cruciplacolithus tenuis (NP2) ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʚʝʨʭʥʴʦʩʪʨʠʡʩʴʢʦʾ 
ʧʽʜʩʚʽʪʠ ʪʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ (ʉʢʠʙʦʚʘ ʟʦʥʘ) [1, 3, 4]. ɺʽʢ ʟʦʥʠ ï ʨʘʥʥʽʡ ʜʘʥʽʡ. 

ɿʦʥʘ Chiasmolithus danicus (NP3) ʚʠʜʽʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʚʝʨʭʥʴʦʩʪʨʠʡʩʴʢʦʾ 
ʧʽʜʩʚʽʪʠ [1, 3]. ɿʦʥʘʣʴʥʘ ʘʩʦʮʽʘʮʽʷ ʚʠʜʽʣʝʥʘ ʫ ʙʠʪʢʽʚʩʴʢʠʭ ʚʝʨʩʪʚʘʭ (ʉʢʠʙʦʚʘ ʟʦʥʘ), ʘ ʪʘʢʦʞ ʫ ʚʝʨʭʥʽʡ 
ʯʘʩʪʠʥʽ ʙʝʨʝʟʥʷʥʩʴʢʦʾ ʩʚʽʪʠ (ɼʫʢʣʷʥʩʴʢʘ ʟʦʥʘ) [4]. ɺʽʢ ʟʦʥʠ ï ʜʘʥʽʡ. 

ɿʦʥʘ Ellipsolithus macellus (NP4) ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʩʘʤʦʾ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 
ʚʝʨʭʥʴʦʩʪʨʠʡʩʴʢʦʾ ʧʽʜʩʚʽʪʠ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʷʨʝʤʯʘʥʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ [1, 3] ʪʘ ʫ ʙʠʪʢʽʚʩʴʢʠʭ ʚʝʨʩʪʚʘʭ 
(ʉʢʠʙʦʚʘ ʟʦʥʘ) [4]. ɺʽʢ ʟʦʥʠ ï ʧʽʟʥʽʡ ʜʘʥʽʡ ï ʨʘʥʥʽʡ ʟʝʣʘʥʜʽʡ. 

ɿʦʥʘ Fasciculithus tympaniformis (NP5) ʚʠʜʽʣʝʥʘ ʫ ʷʨʝʤʯʘʥʩʴʢʦʤʫ ʛʦʨʠʟʦʥʪʽ ʉʢʠʙʦʚʦʛʦ ʪʘ ʚ 
ʛʥʠʣʝʮʴʢʽʡ ʩʚʽʪʽ ʏʦʨʥʦʛʦʨʩʴʢʦʛʦ [1,3], ʘ ʪʘʢʦʞ ʫ ʤʝʪʦʚʩʴʢʽʡ ʩʚʽʪʽ ɺʝʞʘʥʩʴʢʦʛʦ ʽ ʚ ʩʫʰʤʘʥʝʮʴʢʽʡ ʩʚʽʪʽ 
ʄʦʥʘʩʪʠʨʝʮʴʢʦʛʦ ʧʦʢʨʠʚʽʚ. ɺʽʢ ʟʦʥʠ ï ʩʝʨʝʜʥʽʡ ʟʝʣʘʥʜʽʡ. 

ɿʦʥʘ Heliolithus kleinpellii (NP6) ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʷʨʝʤʯʘʥʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʫ ʜʝʷʢʠʭ 
ʨʦʟʨʽʟʘʭ ʫ ʩʘʤʽʡ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʷʤʥʝʥʩʴʢʦʾ ʩʚʽʪʠ (ʉʢʠʙʦʚʘ ʟʦʥʘ) [1, 3], ʚ ʤʝʪʦʚʩʴʢʽʡ ʩʚʽʪʽ ɺʝʞʘʥʩʴʢʦʛʦ ʽ 
ʚ ʩʫʰʤʘʥʝʮʴʢʽʡ ʩʚʽʪʽ ʄʦʥʘʩʪʠʨʝʮʴʢʦʛʦ ʧʦʢʨʠʚʽʚ. ɺʽʢ ʟʦʥʠ ï ʧʽʟʥʽʡ ʟʝʣʘʥʜʽʡ ï ʨʘʥʥʽʡ ʪʘʥʝʪ. 

ʂʦʤʧʣʝʢʩ ʟʦʥʠ Discoaster gemmeus (NP7) ʚʠʜʽʣʝʥʠʡ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʙʠʪʢʽʚʩʴʢʠʭ ʚʝʨʩʪʚ 
(ʉʢʠʙʦʚʘ ʟʦʥʘ) [4]. ɺʽʢ ʘʩʦʮʽʘʮʽʾ ï ʨʘʥʥʽʡ ʪʘʥʝʪ. 

ɿʦʥʘ Heliolithus riedelii (NP8) ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʷʤʥʝʥʩʴʢʦʾ (ʉʢʠʙʦʚʘ 
ʟʦʥʘ) [1,3] ʪʘ ʚ ʤʝʪʦʚʩʴʢʽʡ (ɺʝʞʘʥʩʴʢʠʡ ʧʦʢʨʠʚ) ʩʚʽʪʘʭ. ɺʽʢ ʟʦʥʠ ï ʧʽʟʥʽʡ ʪʘʥʝʪ. 

ɿʦʥʘ Discoaster multiradiatus (NP9) ʚʠʜʽʣʝʥʘ ʫ ʚʽʜʢʣʘʜʘʭ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʠ ʷʤʥʝʥʩʴʢʦʾ ʩʚʽʪʠ 
ʉʢʠʙʦʚʦʾ ʟʦʥʠ [1, 3]. ɺʽʢ ʘʩʦʮʽʘʮʽʾ - ʧʽʟʥʽʡ ʪʘʥʝʪ. 

ʆʪʞʝ, ʚ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʥʦʧʣʘʥʢʪʦʥʥʠʭ ʙʽʦʭʨʦʥʦʟʦʥ, 
ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʽʜʥʦʩʥʠʡ ʚʽʢ ʪʘ ʧʨʦʚʦʜʠʪʠ ʥʘʜʽʡʥʽ ʤʽʞʨʝʛʽʦʥʘʣʴʥʽ ʢʦʨʝʣʷʮʽʾ ʧʘʣʝʦʮʝʥʦʚʠʭ 
ʬʣʽʰʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʟ ʩʫʤʽʞʥʠʤʠ ʨʝʛʽʦʥʘʤʠ ʪʘ ʟ ʧʽʜʨʦʟʜʽʣʘʤʠ ʄʽʞʥʘʨʦʜʥʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʢhʘʣ 
(2004, 2012, 2016). 
 
1. ɸʥʜʨʝʝʚʘ-ɻʨʠʛʦʨʦʚʠʯ ɸ.ʉ. ɿʦʥʘʣʴʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʷ ʧʘʣʝʦʛʝʥʘ ʶʛʘ ʉʉʉʈ ʧʦ ʬʠʪʦʧʣʘʥʢʪʦʥʫ 
(ʜʠʥʦʮʠʩʪʳ ʠ ʥʘʥʦʧʣʘʥʢʪʦʥ) : ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʜ-ʨʘ ʛʝʦʣ.-ʤʠʥʝʨʘʣ. ʥʘʫʢ. ʂʠʝʚ, 1991. 47 ʩ. 
2. ɸʥʜʨʻʻʚʘ-ɻʨʠʛʦʨʦʚʠʯ ɸ.ʉ., ɻʥʠʣʢʦ ʆ.ʄ., ɻʥʠʣʢʦ ʉ.ʈ. ʄʝʞʘ ʢʨʝʡʜʠ ï ʧʘʣʝʦʛʝʥʫ ʫ ʚʽʜʢʣʘʜʘʭ 
ɺʝʞʘʥʩʴʢʦʛʦ ʧʦʢʨʠʚʫ (ʟʦʥʘ ʄʘʨʤʦʨʦʩʴʢʠʭ ʩʢʝʣʴ) ɺʥʫʪʨʽʰʥʽʭ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. ʄʘʪʝʨʽʘʣʠ ʍʍʍɯV 
ʩʝʩʽʾ ʋʇʊ. ʂʠʾʚ, 2012. ʉ. 66-67. 
3. ɻʨʠʛʦʨʦʚʠʯ ɸ.ʉ. ʄʠʢʨʦʬʠʪʦʧʣʘʥʢʪʦʥ ʤʝʣʦʚʳʭ ʠ ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ 
ʋʢʨʘʠʥʩʢʠʭ ʂʘʨʧʘʪ. ɹʶʣ. ʄʦʩʢ. ʦ-ʚʘ ʠʩʧʳʪʘʪʘʪʝʣʝʡ ʧʨʠʨʦʜʳ. ʆʪʜ. ʛʝʦʣ. 1979. ˉ 2. ʉ. 83-98. 
4. ʈʦʤʘʥʠʚ ɸ.ʄ. ʀʟʚʝʩʪʢʦʚʳʡ ʥʘʥʥʦʧʣʘʥʢʪʦʥ ʤʝʣʦʚʳʭ ʠ ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʋʢʨʘʠʥʩʢʠʭ 
ʂʘʨʧʘʪ. ʂʠʝʚ : ʅʘʫʢ. ʜʫʤʢʘ, 1991. 148 ʩ. 
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CALCAREOUS NANNOFOSSIL BIOZONATION OF THE PALEOCENE SEDIMENTS OF 
THE UKRAINIAN CARPATHIANS 

According to the analysis of our own and published materials, we characterized the features of 
stratigraphic relations and patterns of spatial-temporal distribution of Calcareous nannofossils associations in 
the Paleocene sediments of the Ukrainian Carpathians. 

A complete sequence of Standard nannofossil zones ranging from NP1 to NP9 were established by 
A.S. Andreeva-Grigorovich [1-3], A.M. Romaniv [4], I.S. Suprun (2018). As a result of these integrated 
researches, the zonal division of the Paleocene deposits of the Carpathian of Ukraine was substantiated. 

In the Carpathian region, the Paleocene is represented by the upper part of the Rusychan regional 
stage and the lower part of the Karpiynian regional stage. This includes the upper member of the Stryi 
Formation, Yamna Formation and their age contemporaneous on the southern slope (the lower parts of the 
Metovska and Belovezhska Formations). Complete sections that comprise all Paleocene Calcareous 
nannofossil biozones are established. 

Biantholithus sparsus Zone (NP1). The zone is defined in the Ukrainian Carpathians region within in 
the lower part of the Upper Stryi Formation [1, 3], upper part of the Urdinska Formation [4] and the basal part 
of the Metovska Formation [2]. The age of the zone is Earliest Paleocene, Danian. 

Cruciplacolithus tenuis Zone (NP2). The zone is established in the Carpathian Mountains ï in the 
lower part of the Upper Stryi subformation, upper part of the Stryi Formation [1, 3, 4]. The age of the zone is 
lower Paleocene, Early Danian. 

Chiasmolithus danicus Zone (NP3). The zone was defined in the Carpathian Mountains ï within the 
lower part of the Upper Stryi subformation [1,3], Bitkiv beds, upper part of the Bereznian Formation [4]. The 
age of the zone is Danian. 

Ellipsolithus macellus Zone (NP4). The zone was established in the several sections of the 
Carpathian Mountains ï within the uppermost part of the Upper Stryi subformation and the lower part of the 
Yaremche horizon [1, 3], in the Bitkiv beds [4]. The age of the zone is upper Danian ï Lower Selandian. 

Fasciculithus tympaniformis Zone (NP5). The zone is defined in the Yaremche horizon, in the Gnilets 
[1, 3], Metovska and Sushmanets Formations of the Ukrainian Carpathians. The age of the zone is middle 
Selandian. 

Heliolithus kleinpellii Zone (NP6). The zone is established in the Yaremche Formatio horizon and in 
the lower part of the Yamna Formation [1, 3], and in the Metovska and Sushmanets Formations of the 
Ukrainian Carpathians. The age of the zone is upper Selandian ï Lower Thanetian. 

Discoaster gemmeus Zone (NP7). It is defined in the upper part of the Bitkiv beds of the Carpathian 
sections [4]. The age of the zone is lower Thanetian. 

Heliolithus riedelii Zone (NP8). The zone is established in the middle part of the Yamnenska [1, 3] 
and in the Metovska Formations of the Ukrainian Carpathians. The age of the zone is upper Thanetian. 

Discoaster multiradiatus Zone (NP9). The assemblage of the zone was identified in the upper part of 
the Yamnenska Formation of the Ukrainian Carpathians [1, 3]. The age of the zone is upper Thanetian. 

Thus, in the Ukrainian Carpathians is established the complete sequence of Calcareous nannofossils 
biozonations. The integrated biostratigraphy of the investigated sections enabled to perform a interregional 
correlation of flysch Paleocene sediments with the regional stratigraphic units of the adjacent regions, and 
the stage subdivisions of the International Stratigraphic Scales (2004, 2012, 2016). 
 
1. Andreeva-Grigorovich, A. S. (1991). Zonal stratigraphy of the Paleogene of the south of the USSR on 
phytoplankton (dynocists and nanoplankton). Abstract of the diss. é Dr. geol. sci. Kiev, 47 p. (in Russian). 
2. Andreeva-Grigorovich, A. S., Hnylko O.M., Hnylko S.R. (2012). The Cretaceous ï Paleogene boundary in 
the Vezhana nappe (Marmoros zone) of the Inner Ukrainian Carpathians. Proceeding of the XXXIVth session 
of the UPS. Kyiv, p. 66-67 (in Ukrainian). 
3. Grigorovich, A. S. (1979). Microphytoplankton of the Cretaceous and Paleogene deposits of the northern 
slope of the Ukrainian Carpathians. Bulleten Moscowskogo Obshchestva Ispytateley Prirody. Otd. geol. 
No. 2, p. 83-98 (in Russian). 
4. Romaniv, A. M. (1991). Calcareous nannofossils of the Cretaceous and Paleogene sediments of the 
Ukrainian Carpathians. Kyiv: Naukova Dumka, 148 p. (in Russian). 
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ʇɺ ʖʃʇʆʇʅʁʐɾʊʃʁʎ ʉɹʊʊʋʇʘʆʁʘʎ ʅɾɿɽʌ ɼʇʉʇɽɹʅʁ ʐɾʉʆʁɼʇɻʊʃʇɼʇ ʁ 
ɼʇʅɾʄʕʊʃʇɼʇ ʈʇʄɾʊʕʘ 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ï ʵʪʦ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ 
ʥʘʟʝʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʜʫ ʨʷʜʦʤ ʛʦʨʦʜʦʚ ʠ ʠʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. 
ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʫʣʷʨʥʳʭ 
ʧʘʩʩʘʞʠʨʦʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʛʨʘʥʠʮʫ. ʋʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʟʝʤʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ: 1) ʧʨʠʛʦʨʦʜʥʳʝ ʧʦʝʟʜʘ 6000-ʡ ʥʫʤʝʨʘʮʠʠ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʢʘʢ 
çʧʦʝʟʜʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʣʠʥʠʡ ʵʢʦʥʦʤ-ʢʣʘʩʩʘè; 2) ʨʝʡʩʦʚʳʝ ʘʚʪʦʙʫʩʳ; 3) ʤʠʢʨʦʘʚʪʦʙʫʩʳ ʪʫʨʠʩʪʠʯʝʩʢʠʭ 
ʘʛʝʥʪʩʪʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʰʦʧ-ʪʫʨʦʚ ʠʟ ɻʦʤʝʣʷ ʚ ʛ. ʏʝʨʥʠʛʦʚ ʠ ʛ. ʂʠʝʚ; 4) ʧʦʝʟʜ çʚʳʭʦʜʥʦʛʦ ʜʥʷè 
ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ˉ 856/855 ʧʦ ʤʘʨʰʨʫʪʫ ɻʦʤʝʣʴ ï ɻʦʨʦʜʥʷ ï ʉʥʦʚʩʢ.  

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʏʝʨʥʠʛʦʚʩʢʦʝ ʠ ɻʦʤʝʣʴʩʢʦʝ ʇʦʣʝʩʴʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʘ ʋʢʨʘʠʥʳ ʠ 
ʶʛʦ-ʚʦʩʪʦʢʘ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʚ ʪ.ʯ. ʛ. ʉʣʘʚʫʪʠʯ ʂʠʝʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʇʨʠʤʝʥʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʨʘʚʥʠʪʝʣʴʥʳʡ, 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ. ʆʪʦʙʨʘʥʳ ʛʦʨʦʜʘ ʣʶʜʥʦʩʪʴʶ ʦʪ 100 ʪʳʩ. ʞʠʪʝʣʝʡ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʤʘʣʳʝ ʛʦʨʦʜʘ ʋʢʨʘʠʥʳ ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, 
ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʙʝʩʧʝʨʝʩʘʜʦʯʥʳʭ ʨʝʛʫʣʷʨʥʳʭ ʧʦʝʟʜʦʢ ʛʨʘʞʜʘʥʘʤʠ ʜʚʫʭ ʛʦʩʫʜʘʨʩʪʚ.  
ʊʘʙʣʠʮʘ 1. ɸʚʪʦʙʫʩʥʦʝ ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ ʛʦʨʦʜʘʤʠ ʦʪ 100 ʪʳʩ. ʞʠʪʝʣʝʡ ʥʘ 01.03.2019 ʛ. 

ʉʦʦʙʱʝʥʠʝ 
ʊʫʜʘ-ʦʙʨʘʪʥʦ 

ʎʝʣʴ 
ɺʨʝʤʷ ʥʘ 
ʧʦʢʫʧʢʠ 

ʊʘʨʠʬ ʨʝʡʩʦʚʳʤ ʘʚʪʦʙʫʩʦʤ 

BYN USD BYN UAH USD 

ɻʦʤʝʣʴ ï ʏʝʨʥʠʛʦʚ 
22 10,3 ʐʦʧ-ʪʫʨ 09:00 ï 17:00 

16,1 120 7,5 
2 0,9 5 ʣʝʪ ʬʠʨʤʝ 09:00 ï 17:00 

ɻʦʤʝʣʴ ï ʂʠʝʚ 35 16,4 ʐʦʧ-ʪʫʨ 10:00 ï 18:00 35,1 290 16,4 

ʄʦʟʳʨʴ ï ʂʠʝʚ 35 16,4 ʐʦʧ-ʪʫʨ 09:00 ï 19:00 33,9 338 15,8 

ʄʦʟʳʨʴ ï ɹʦʨʠʩʧʦʣʴ 
ʠ ɾʫʣʷʥʳ 

85,6 40 
ɸʵʨʦʧʦʨʪʳ 
ʂʠʝʚʘ 

ʅʝʪ ʜʘʥʥʳʭ ʅʝʪ ʩʦʦʙʱʝʥʠʷ 

 
ʐʦʧ-ʪʫʨʳ ʠʟ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ ɻʦʤʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʏʝʨʥʠʛʦʚ ʠ ʂʠʝʚ ʝʜʠʥʠʯʥʳ ʠ ʥʝʨʝʛʫʣʷʨʥʳ 

[3, 4]. ɻʣʘʚʥʳʡ ʤʦʪʠʚ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʰʦʧ-ʪʫʨʦʚ ï ʵʪʦ ʩʦʭʨʘʥʷʶʱʘʷʩʷ ʨʘʟʥʠʮʘ ʚ ʩʪʦʠʤʦʩʪʠ 
ʧʦʣʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʦʚʘʨʦʚ ʠ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʚ ʏʝʨʥʠʛʦʚʩʢʦʡ, ʂʠʝʚʩʢʦʡ ʦʙʣʘʩʪʷʭ. ʅʦ ʠʥʜʝʢʩ 
ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʮʝʥ ʥʘ ʫʩʣʫʛʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʏʝʨʥʠʛʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2018 ʛ. ʩʦʩʪʘʚʠʣ 
109,5 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʝʢʘʙʨʶ 2017 ʛ., ʘ ʧʦ ɻʦʤʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ï 104,1 %. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ 
ʧʦʜʦʙʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʙʫʜʝʪ ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 
ʧʦʝʟʜʦʢ çʚʳʭʦʜʥʦʛʦ ʜʥʷè, ʚ ʪ.ʯ. ʤʝʞʜʫ ɻʦʤʝʣʝʤ ʠ ʏʝʨʥʠʛʦʚʦʤ. 
ʊʘʙʣʠʮʘ 2. ʇʘʩʩʘʞʠʨʩʢʦʝ ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʨʫʧʥʳʤʠ ʠ ʤʘʣʳʤʠ ʛʦʨʦʜʘʤʠ, 01.03.2019 ʛ. 

 
ɺ ʧʫʪʠ ʚ 1 ʩʪʦʨʦʥʫ, ʚ ʩʨʝʜʥʝʤ, ʯ:ʤʠʥ ʊʘʨʠʬ ʧʦʣʥʳʡ ʚ 1 ʩʪʦʨʦʥʫ, USD 

ɻʦʤʝʣʴ ï 
ɾʣʦʙʠʥ 

ɻʦʤʝʣʴ ï 
ʈʝʯʠʮʘ 

ɾʣʦʙʠʥ ï 
ʈʦʛʘʯʸʚ 

ʏʝʨʥʠʛʦʚ ï 
ʉʣʘʚʫʪʠʯ 

ɻʦʤʝʣʴ ï 
ɾʣʦʙʠʥ 

ɻʦʤʝʣʴ ï 
ʈʝʯʠʮʘ 

ɾʣʦʙʠʥ ï 
ʈʦʛʘʯʸʚ 

ʏʝʨʥʠʛʦʚ ï 
ʉʣʘʚʫʪʠʯ 

6000-ʡ 
ʧʦʝʟʜ 

1:50 1:20 0:43 0:55 0,91 0,49 0,3 0,45 

ɸʚʪʦʙʫʩ 1:52 1:00 0:37 0:55 3,6 1,8 0,9 - 1,2 1,68 

ʇʦʝʟʜ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ çɻʦʤʝʣʴ ï ɻʦʨʦʜʥʷ ï ʉʥʦʚʩʢè ï ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʨʘʪʴʩʷ ʠʟ ɻʦʤʝʣʷ ʜʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʏʝʨʥʠʛʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʫʙʙʦʪʘʤ ʠ 
ʚʦʩʢʨʝʩʝʥʴʷʤ. ʊʘʨʠʬ ʥʘ ʧʨʦʝʟʜ ï 5 USD ʧʦ ʦʬʠʮʠʘʣʴʥʦʤʫ ʢʫʨʩʫ ʥʘʮʠʦʥʘʣʴʥʳʭ ʙʘʥʢʦʚ ʥʘ 01.03.19 ʛ.  

ɺʳʚʦʜʳ: 1) ɺʦ ʚʥʫʪʨʠʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʷʭ ʚ ɻʦʤʝʣʴʩʢʦʡ ʠ ʏʝʨʥʠʛʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ 
ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ï ʜʣʷ ʧʦʝʟʜʦʚ 6000-ʡ ʥʫʤʝʨʘʮʠʠ [1, 2]; 2) ʧʨʠ 
ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʷʭ ʚʳʛʦʜʥʝʝ ʝʟʜʠʪʴ ʘʚʪʦʙʫʩʦʤ ʣʠʰʴ ʧʦ ʪʘʨʠʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ.  

 
1. ʈʘʩʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ɹʝʣʦʨʫʩʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. URL: https://rasp.rw.by/ru/ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ ï 02.03.2019). 
2. ʈʦʟʢʣʘʜ ʨʫʭʫ ʧʨʠʤʽʩʴʢʠʭ ʧʦʾʟʜʽʚ ʟʘ ʥʘʧʨʷʤʢʦʤ / ʈʝʛʽʦʥʘʣʴʥʘ ʬʽʣʽʷ çʇʽʚʜʝʥʥʦ-ɿʘʭ̔ʜʥʘ ʟʘʣʽʟʥʠʮʷè ɸʊ 
çʋʢʨʟʘʣʽʟʥʠʮʷè. URL: http://swrailway.gov.ua/timetable/eltrain/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 02.03.2019). 
3. ʐʦʧ-ʪʫʨ ʚ ʏʝʨʥʠʛʦʚ ʠʟ ɻʦʤʝʣʷ / ʀʇ ʐʝʥʝʮ ʅ.ʇ. URL: http://ʣʸʛʢʘʝʭʘʮʴ.ʙʝʣ/shop-tur-v-chernigov (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ ï 01.03.2019). 
4. ʐʦʧ-ʪʫʨʳ ʄʦʟʳʨ-ɹʂʠʝʚ / ʄʦʟʳʨʴʊʨʘʥʩ. URL: http://mozyr-kiev.by/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ï 01.03.2019). 
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ON THE ECONOMIC DISTANCES BETWEEN THE CITIES OF CHERNIGOV AND GOMEL 
POLES`E (POLESIE) 

Economic distances are the time and financial costs of moving by public transport between a number 
of cities and other settlements. Actual comparison of economic distances in terms of regular passenger 
traffic across the state border. Land transport types are taken into account: 1) suburban trains of the 6000th 
numbering, denoted in the Republic of Belarus as ñtrains of regional economy class linesò, 2) regular buses, 
3) minibuses of travel agencies for providing shop tours from Gomel to Chernigov and Kiev, 4) ñweekendò 
train of the Belarusian Railway No. 856/855 on the route Gomel ï Gorodnya ï Snovsk.  

The research area is Chernigov and Gomel Poles`e in the territory of the North of Ukraine and the 
South-East of the Republic of Belarus, including the city of Slavutich, Kiev region. 

The main methods of geographical research are used: comparative, statistical, cartographic. 
Selected cities with a population of 100 thousand inhabitants on both sides of the state border, as well as 
individual small cities of Ukraine and the Republic of Belarus, available for direct visits by citizens of 
two states. 
Table 1. Communication by buses between major cities from 100 thousand inhabitants on 01.03.2019. 

Communication 
Round-trip 

Purpose Shopping time 
Tariff by regular bus 

BYN USD National currency USD  

Gomel ï Chernigov 
22  10.3 Shop tour 09:00 ï 17:00 

16,1 BYN; 120 UAH 7.5  
2  0.9 

Shop tour: 
5 years firm 

09:00 ï 17:00 

Gomel ï Kiev 35  16.4 Shop tour 10:00 ï 18:00 35.1 BYN; 290 UAH 16.4  

Mazyr ï Kiev 35  16.4 Shop tour 09:00 ï 19:00 33.9 BYN; 338 UAH 15.8  

Mazyr ï Borispol and 
Zhulyanyi 

85,6 40 Kiev airports No data No route 

 
Shop tours from other cities of the Gomel region to Chernigov and Kiev are rare and irregular [3, 4]. 

The main motive for organizing shop tours is the continuing difference in the cost of individual goods and 
services in the Chernigov and Kiev regions. But the consumer price index for passenger transport services in 
Chernigov region in 2018 was 109.5 % compared to December 2017, and in the Gomel region ï 104.1 %. If 
such a pattern is maintained for several years, the expediency of ñweekendò trips, including between Gomel 
and Chernigov. 
Table 2. Passenger traffic between neighboring cities and towns, 01.03.2019. 

 

On the way in one direction, on average, h:min Tariff full 1 way, USD 

Gomel ï

Ģlobin 

Gomel ï 

Reļyca 

Ģlobin ï 

RahaļoȌ 

Chernigov ï 

Slavutich 

Gomel ï 

Ģlobin 

Gomel ï 

Reļyca 

Ģlobin ï 

RahaļoȌ 

Chernigovï 

Slavutich 

6000th 

train 
1:50 1:20 0:43 0:55 0.91 0.49 0.3 0.45 

Bus 1:52 1:00 0:37 0:55 3.6 1.8 0.9-1.2 1.68 

The train of the Belarusian railway "Gomel ï Gorodnya ï Snovsk" is the only way to get from Gomel 
to the North-East of the Chernigov region on Saturdays and Sundays. But the fare is 5 USD at the official 
rate of national banks on 01.03.2019.  

Conclusions: 1) in domestic communications in the Gomel and Chernigov regions, the smallest 
economic distances are for the 6000 th numbering of trains [1, 2]; 2) for interstate communications it is more 
advantageous to travel by bus only according to the tariff component. 

 
1. Schedule of the movement of the Belarusian railway. URL: https://rasp.rw.by/ru/ (appeal date ï 
02.03.2019). (in Russian). 
2. Train timetables for directions / Regional branch of the "South-West railway"  joint-stock company 
"Ukraine railway". URL: http://swrailway.gov.ua/timetable/eltrain/ (appeal date ï 02.03.2019). (in Ukrainian). 
3. Shop tour to Chernigov from Gomel / Individual entrepreneur N. Shenetz. URL: 
http://ʣʸʛʢʘʝʭʘʮʴ.ʙʝʣ/shop-tur-v-chernigov (appeal date ï 01.03.2019). (in Russian). 
4. Shop tours Mozyr-Kiev / MozyrTrans. URL: http://mozyr-kiev.by/ (appeal date ï 01.03.2019). (in Russian). 
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ʁʪʙʫʙeʛʙ ʍ.ʅ.1, ʃʙʦ ɹ.ʆ.2, ʊʞʩʡʣʧʛ ɹ.ɾ.2, ɾʭʡʥʞʦʣʧ ʊ.ɹ.2 

(1) ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. E-mail: isataeva.farida@gmail.com 
(2) ʊʆʆ çʂʦʨʧʦʨʘʮʠʷ ʂʘʟʘʭʤʳʩè. E-mail: serg_yef@mail.ru 

ONLINE ʅʇʆʁʋʇʉʁʆɼ ʅɾɽʕʊʇɽɾʉɿɹʒʁʎ ʉʌɽ ʆɹ ʊʇɽɾʉɿɹʆʁɾ ʅɾɽʁ ʁ 
ʊɾʉɾɺʉɹ ʆɹ ʋɾʎʆʇʄʇɼʁʐɾʊʃʁʎ ʃʇʆɻɾʂɾʉɹʎ ʋʇʇ çʃʇʉʈʇʉɹʏʁʘ ʃɹʀɹʎʅʔʊè  

Online ʤʦʥʠʪʦʨʠʥʛ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ, ʤʝʜʠ ʠ 
ʜʨʫʛʠʭ ʦʩʥʦʚʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʘʣʘʥʩʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 
ʘʢʪʫʘʣʴʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ɻʦʨʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ (ɻʇʂ) ʠ 
ʆʙʦʛʘʪʠʪʝʣʴʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ (ʆʇʂ) ʊʆʆ çʂʦʨʧʦʨʘʮʠʷ ʂʘʟʘʭʤʳʩè. 

ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ ʧʨʠʜʘʶʪ: ʘ) ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʛʦʨʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɻʇʂ: ɾʝʟʢʘʟʛʘʥ, ɾʘʤʘʥ-ɸʡʙʘʪ; ʅʫʨʢʘʟʛʘʥ, ʂʫʩʤʫʨʳʥ, 
ɸʢʙʘʩʪʘʫ, ɸʙʳʟ, ʉʘʷʢʩʢʘʷ ʛʨʫʧʧʘ, ʂʦʥʳʨʘʪ, ʐʘʪʳʨʢʦʣʴ; ʙ) ʙʦʣʴʰʘʷ ʢʨʫʧʥʦʩʪʴ ʨʫʜʳ (ʢʣʘʩʩ ï 300 ʤʤ) 
ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʚʝʡʝʨʘʭ; ʚ) ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ (1+ ppm) ʩʦʜʝʨʞʘʥʠʡ Ag, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ 
ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʫʜʘʭ (ʚ ʅʫʨʢʘʟʛʘʥʝ, ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ag ʚʩʝʛʦ 2,9 ppm); 
ʛ) ʦʪʚʘʣʴʥʳʡ ʰʣʘʢ ɹʘʣʭʘʰʩʢʦʛʦ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ ʟʘʚʦʜʘ (ɹʄɿ) ʩ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʵʣʝʤʝʥʪʥʦʡ 
ʤʘʪʨʠʮʝʡ ʩʦʜʝʨʞʘʥʠʡ: Cu ï ʜʦ 1,15 %, Zn ï ʜʦ 6 %, Pb ï ʜʦ 0,7 %, Fe ï ʜʦ 47 %. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʝ 
ʩʪʦʣʴ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʩʝʨʝʙʨʘ ʚ ʢʨʫʧʥʦʢʫʩʢʦʚʘʪʦʡ ʨʫʜʝ ï ʵʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘʷ 
ʤʝʪʦʜʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. 

ʀʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï EDXRF (ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʘʷ) 
ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʩʪʘʥʮʠʷ (ʈʂʉ) ʈʃʇ-21ʊ (ʊʆʆ çɸʩʧʘʧ ɻʝʦè, ɸʣʤʘ-ɸʪʘ) ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 
ʢʨʝʤʥʠʝʚʳʤ ʜʨʝʡʬʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ (SDD) ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʩ ʪʦʨʮʝʚʳʤ 
ʚʳʭʦʜʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʩʘʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ.  

ʄʝʩʪʘ ʦʨʛʘʥʠʟʘʮʠʠ online ʢʦʥʪʨʦʣʷ: ɾʝʟʢʘʟʛʘʥʩʢʠʝ ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʬʘʙʨʠʢʠ ˉ1 ʠ ˉ2 (ɾʆʌ-
1 ʠ ɾʆʌ-2, ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɾʝʟʢʘʟʛʘʥ ʠ ɾʘʤʘʥ-ɸʡʙʘʪ), ʂʘʨʘʛʘʡʣʠʥʩʢʘʷ ʆʌ (ʂʆʌ, ɸʙʳʟ, 
ɸʢʙʘʩʪʘʫ ʠ ʂʫʩʤʫʨʳʥ), ɹʘʣʭʘʰʩʢʘʷ ʆʌ (ɹʆʌ, ʉʘʷʢʩʢʘʷ ʛʨʫʧʧʘ, ʂʦʥʳʨʘʪ ʠ ʐʘʪʳʨʢʦʣʴ), ʅʫʨʢʘʟʛʘʥʩʢʠʡ 
ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ (ʅʇʈ, ʅʫʨʢʘʟʛʘʥ). ʉʧʠʩʦʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʚʝʡʝʨʦʚ: ˉ1ɸ ɾʆʌ-1, ˉ1ʊ ʠ ˉ2ʊ 
ɾʆʌ-2, ˉ2 ʠ ˉ2ɸ ɹʆʌ, ˉ4 ʂʆʌ, ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ ʅʇʈ. ʆʧʨʝʜʝʣʷʝʤʳʝ ʵʣʝʤʝʥʪʳ: Cu, Pb, 
Zn, Ag, Cd, Fe (ɹʆʌ, ɾʆʌ-1, ɾʆʌ-2, ʂʆʌ); Cu, Pb, Zn, Ag, ʄʦ, Fe (ʅʇʈ). ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ 
online ʦʧʨʦʙʦʚʘʥʠʷ ʨʫʜ: ʵʢʩʧʦʟʠʮʠʷ ʝʜʠʥʠʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ï 1 ʩʝʢ; ʫʩʨʝʜʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 
ʦʧʨʦʙʦʚʘʥʠʷ: 20 ʝʜʠʥʠʯʥʳʭ ʟʘʤʝʨʦʚ (Cu, Pb, Zn, Fe), 40 ʝʜʠʥʠʯʥʳʭ ʟʘʤʝʨʦʚ (Ag, Cd) ʜʣʷ ʈʂʉ ɾʆʌ-1, 
ɾʆʌ-2, ɹʆʌ; ʧʷʪʠʤʠʥʫʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʈʂʉ ʂʆʌ ʠ ʅʇʈ. ɺʳʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ online ʦʧʨʦʙʦʚʘʥʠʷ 
ï ʚ ʚʠʜʝ ʩʤʝʥʥʳʭ ʠ ʩʫʪʦʯʥʳʭ ʦʪʯʝʪʦʚ. ʉ ʪʝʢʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ online ʢʦʥʪʨʦʣʷ ʥʘ ʈʂʉ ʤʦʞʥʦ 
ʦʟʥʘʢʦʤʠʪʴʩʷ ʚʩʝʤ ʩʧʝʮʠʘʣʠʩʪʘʤ ʢʦʨʧʦʨʘʮʠʠ, ʠʤʝʶʱʠʤ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʈʂʉ. 

ɺ ʈʂʉ ʈʃʇ-21ʊ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ɾʆʌ-1, ɾʆʌ-2, ʂʆʌ ʠ ʅʇʈ, ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧ: ʦʙʲʝʢʪʳ 
online ʢʦʥʪʨʦʣʷ ʨʘʟʥʳʝ, ʪʠʧʳ ʨʫʜ ʨʘʟʥʳʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʨʘʟʥʳʝ ï 
ʛʨʘʜʫʠʨʦʚʢʘ ʦʜʥʘ. ɺ ʈʂʉ ʈʃʇ-21ʊ ʧʨʠʤʝʥʝʥʘ ʧʦ-ʦʙʲʝʢʪʥʘʷ ʛʨʘʜʫʠʨʦʚʢʘ. ʇʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʥʫʞʥʦʡ 
ʛʨʘʜʫʠʨʦʚʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʪʦʨʠʯʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʦʜʝʨʞʘʥʠʡ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʘ ʪʘʢʞʝ ʞʝʣʝʟʘ) ʠ ʟʘʧʠʩʝʡ ʚ ʚʝʩʦʚʳʭ ʥʘʢʣʘʜʥʳʭ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʈʂʉ ʈʃʇ-21ʊ ʥʘ ɹʆʌ ʚ ʜʝʢʘʙʨʝ 2018 ʛʦʜʘ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ag (ppm) 
ʧʦ ʧʦʩʪʘʚʱʠʢʘʤ ʨʫʜʳ ʩʦʩʪʘʚʠʣʠ: ʂʦʥʳʨʘʪ ï 2,77 (ʩʣʠʚ ɹʆʌ ï 2,88), ʐʘʪʳʨʢʦʣʴ ï 3,70 (3,85), ʉʘʷʢ ï 
5,37 (5,59), ʅʫʨʢʘʟʛʘʥ ï 3,12 (3,25), ʰʣʘʢ ɹʄɿ ï 7,57 (7,88). ɹʆʌ ʟʘ ʤʝʩʷʮ ï 4,34 (4,52): ů=3,98 %. 

ɺʳʚʦʜʳ:  
1. ʈʘʟʨʘʙʦʪʘʥ, ʚʩʝʩʪʦʨʦʥʥʝ ʘʧʨʦʙʠʨʦʚʘʥ ʠ ʚʥʝʜʨʝʥ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʧʧʘʨʘʪʫʨʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ online ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʩʥʦʚʥʳʭ (Cu, Pb, Zn) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 
(Ag, Cd, ʄʦ) ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜʘʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ɹʆʌ, ɾʆʌ-
1,2, ʂʆʌ, ʠ ʜʦʙʳʚʘʝʤʳʭ ʅʇʈ. ʆʩʥʦʚʫ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʶʪ EDXRF ʈʂʉ ʈʃʇ-21ʊ. 

2. ɺʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʰʝʩʪʴ ʈʂʉ ʈʃʇ-21ʊ. ʇʨʝʜʧʨʠʷʪʠʷ ɻʇʂ ʪʝʧʝʨʴ ʦʙʝʩʧʝʯʝʥʳ ʥʝ 
ʪʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʠ ʩʦʜʝʨʞʘʥʠʷʭ 
ʦʩʥʦʚʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʘʭ, ʥʦ ʠ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʦʡ ʜʣʷ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 
ʦʪʩʪʘʠʚʘʥʠʷ ʩʚʦʠʭ ʠʥʪʝʨʝʩʦʚ ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʩʪʘʚʣʝʥʥʦʡ ʨʫʜʳ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʣʠʚʥʦʛʦ ʤʝʪʘʣʣʘ 
ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʧʦ ʠʩʪʝʯʝʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʤʝʩʷʮʘ. 

3. ʉʦʢʨʘʱʝʥʳ ʧʫʥʢʪʳ ʚʘʛʦʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʆʊʂ ʥʘ ʢʦʥʫʩʥʳʭ ʜʨʦʙʠʣʢʘʭ ʂʂɼ 1500/180 
(ɹʆʌ), ʂʂɼ 900/160 (ɾʆʌ-1) ʠ ʂʂɼ 1500/1800 (ɾʆʌ-2). 

4. ɺʧʝʨʚʳʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ ʤʘʩʰʪʘʙʘʭ ʦʛʨʦʤʥʦʛʦ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʊʆʆ çʂʦʨʧʦʨʘʮʠʷ 
ʂʘʟʘʭʤʳʩè) ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ online ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʦʩʥʦʚʥʳʭ (Cu, Pb, Zn) ʠ, ʯʪʦ 
ʛʣʘʚʥʦʝ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ (Ag, Cd, ʄʦ) ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʥʠʟʢʠʭ (1+ ppm) ʩʦʜʝʨʞʘʥʠʷʭ Ag, Cd ʠ 15+ ppm 
ʄʦ ʧʨʠ ʢʨʫʧʥʦʩʪʠ ʨʫʜʳ ï 300 ʤʤ. ʉʦʟʜʘʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʨʫʜ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 
ʦʩʥʦʚʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ (Ag ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘ ʪʘʢʞʝ Cd ʠ Mo) ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ONLINE MONITORING OF COPPER CONTAINING ORES ON THE CONTENTS OF 
COPPER AND SILVER ON TECHNOLOGICAL CONVEYORS OF LLP òCORPORATION 
KAZAKHMYSó 

Online monitoring of copper-containing polymetallic ores for the content of silver, copper and other 
major and related balance components is now one of the most pressing production tasks for the 
enterprises of the Mining and Production (MPC) and Processing and Industrial complex (PIC) of LLC 
ñKazakhmys Corporationò. 

A particular challenge to the task is given by: a) a wide range of deposits developed by mining units 
of the MUC: Zhezkazgan, Zhaman-Aibat; Nurkazgan, Kusmuryn, Akbastau, Abyz, Sayak Group, Konyrat, 
Shatyrkol; b) large size of ore (class ï 300 mm) on technological conveyors; c) low level (1+ ppm) of Ag 
content, as one of the major related components in ores (in Nurkazgan, for example, the average Ag content 
is only 2.9 ppm); d) dump slag of the Balkhash Copper Smelting Plant (BCSP) with a very complex elemental 
matrix of contents: Cu ï up to 1.15 %, Zn ï up to 6 %, Pb ï up to 0.7 %, Fe ï up to 47 %. 

The research method is X-ray fluorescence. For this method, the determination of such low silver 
contents in lump ore is an extremely difficult methodological task. 

The research tool is EDXRF (energy dispersive X-ray fluorescence) ore monitoring station (OMS) 
RLP-21T (LLC ñAspap Geoò, Alma-Ata) with a high-speed silicon drift detector (SDD) of a large area, an X-
ray tube with end radiation output and the most modern high-speed radiation electronics. 

Places of organization of online control: Zhezkazgan concentrating factories number 1 and number 2 
(ZHCF-1 and ZHCF-2, ores from the Zhezkazgan and Zhaman-Aibat deposits), Karagailinsky CF (KCF, 
Abyz, Akbastau and Kusmuryn), Balkhash CF (BF, Sayak group, Konyrat and Shatyrkol), Nurkazgan 
underground mine (NUM, Nurkazgan). The list of technological conveyors: ˉ1ɸ ZHCF-1, ˉ1ʊ and ˉ2ʊ 
ZHCF-2, ˉ2 and ˉ2ɸ BCF, ˉ4 KCF, main pipeline of the NPR. Determined elements: Cu, Pb, Zn, Ag, Cd, 
Fe (BCF, ZHCF-1, ZHCF-2, KCF); Cu, Pb, Zn, Ag, Mo, Fe (NPR). Technology of online testing of ores: 
single unit exposure ï 1 sec; averaging the results of testing: 20 single measurements (Cu, Pb, Zn, Fe), 40 
single measurements (Ag, Cd) for RCS ZhCF-1, ZhCF-2, BCF; five-minute intervals for PKC KCF and NUM. 
Issuing the results of online testing ï in the form of shift and daily reports. The current results of 
online monitoring on the RCS can be viewed by all specialists of the corporation who have remote access 
to the RCM. 

The OMS RLP-21T installed at ZhCF-1, ZhCF-2, KCF and the NUM implements the principle: online 
control objects are different, different types of ores, industrial products of ore processing are different ï one 
graduation. In the OMS RLP ï 21T, object graduation is applied. The procedure for selecting the desired 
calibration in the processing of secondary spectra is performed automatically, depending on the contents of 
the main elements (as well as iron) and records in the weight invoices. 

According to the work of the OMS RLP-21T at the BCF in December 2018, the average Ag content 
(ppm) for ore suppliers was: Konyrat ï 2.77 (BCF discharge ï 2.88), Shatyrkol ï 3.70 (3.85), Sayak ï 5.37 
(5.59), Nurkazgan ï 3.12 (3.25), slag BMZ ï 7.57 (7.88). BCF for the month ï 4.34 (4.52): ů=3.98 %. 

Conclusion: 
1. Developed, comprehensively tested and introduced into production an instrumental-methodic 

complex of online control over the contents of the major (Cu, Pb, Zn) and related (Ag, Cd, Mo) elements in 
copper-containing polymetallic ores entering the BCF, ZHCF-1.2, KOF, and mined NUM. The basis of the 
complex consists of EDXRF OMS RLP -21ʊ. 

2. Six OMS RLP-21T were put into operation. GPC enterprises are now provided not only with 
reliable and maximum complete information about the elemental composition and contents of the major and 
related elements in ores, but also with an evidence base for reasoned advocacy of their interests in the 
quality of the delivered ore during the distribution of drain metal of the processing plants after the 
calendar month. 

3. The points of carriage testing of Quality Control Department on cone crushers LCC 1500/180 
(BCF), LCC 900/160 (ZhCF-1) and LCC 1500/1800 (ZhCF-2) were reduced. 
 4. For the first time in Kazakhstan, on the scale of a huge mining enterprise (LLC ñKazakhmys Corporationò), 
in practice the problem of online determination of the contents of the major (Cu, Pb, Zn) and, most 
importantly, related (Ag, Cd, Mo) elements at low (1 + ppm) Ag, Cd and 15+ ppm Mo contents with a 300 
mm ore size. All conditions have been created to control the quality of ores according to the contents of the 
major and related (Ag, first of all, as well as Cd and Mo) industrial components. 
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ʃɰʆɾʅɹʋʁʃɹ ʊʌʒɹʆʇ-ʈɾʉɿɹʆʊʕʃʇɱ ʀʇʆʁ ʉʇʀʄʇʅɰɻ 

ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʘ ʟʦʥʘ ʨʦʟʣʦʤʽʚ (ʉʇɿʈ) ʚʽʜʦʤʘ ʟ ʧʦʯʘʪʢʫ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 
ʚ ʥʽʡ ʫʥʽʢʘʣʴʥʦʛʦ ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʦʛʦ ʟʨʫʜʝʥʽʥʥʷ. ʈʦʟʪʘʰʦʚʘʥʘ ʉʇɿʈ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 
ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ (ʋʑ) ʽ ʨʦʟʜʽʣʷʻ ɺʦʣʠʥʩʴʢʠʡ ʤʝʛʘʙʣʦʢ ʪʘ ɺʦʣʠʥʦ-ʇʦʣʽʩʴʢʠʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʽʯʥʠʡ 
ʧʦʷʩ ʽ ʚ ʜʘʥʠʡ ʯʘʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʥʘ ʟ ʨʦʟʣʦʤʥʠʭ ʟʦʥ, ʱʦ ʚʠʥʠʢʣʘ ʚ ʧʽʟʥʴʦʤʫ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʾ, 
ʦʜʥʦʯʘʩʥʦ ʟ ɻʦʨʠʥʩʴʢʦʶ, ʊʝʪʝʨʽʚʩʴʢʦʶ ʪʘ ʅʝʤʠʨʽʚʩʴʢʦʶ, ʚʥʘʩʣʽʜʦʢ ʟʯʣʝʥʫʚʘʥʥʷ ʜʚʦʭ ʜʨʝʚʥʽʭ 
ʤʽʢʨʦʢʦʥʪʠʥʝʥʪʽʚ ï ʌʝʥʦʩʢʘʥʜʽʾ ʪʘ ʉʘʨʤʘʪʽʾ [1]. 

ɿʦʥʘ ʚʠʪʷʛʥʫʪʘ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (50-65Á) ʽ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʋʑ ʥʘ ʚʽʜʩʪʘʥʴ 
ʧʦʥʘʜ 200 ʢʤ ʧʨʠ ʰʠʨʠʥʽ ʜʦ 3 ʢʤ ʥʘ ʬʣʘʥʛʘʭ ʽ ʜʦ 8-10 ʢʤ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ. 

ɿ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʉʇɿʈ ʦʙʤʝʞʝʥʘ ʛʨʘʥʽʪʦʾʜʘʤʠ ʦʩʥʠʮʴʢʦʛʦ (PR1-Iɯ) ʢʦʤʧʣʝʢʩʫ ʟ ʪʽʣʘʤʠ ʧʦʨʽʜ 
ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʦʩʪʘʥʮʷʤʠ ʦʩʥʦʚʥʠʭ ʽ ʢʠʩʣʠʭ ʚʫʣʢʘʥʽʪʽʚ ʢʣʝʩʽʚʩʴʢʦʾ ʩʝʨʽʾ. ɿ ʧʽʚʜʝʥʥʦʛʦ ʩʭʦʜʫ 
ʨʦʟʚʠʥʫʪʽ ʛʨʘʥʽʪʦʾʜʠ ʞʠʪʦʤʠʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʛʥʝʡʩʠ ʪʝʪʝʨʽʚʩʴʢʦʾ ʩʝʨʽʾ (PR1-I), ʘ ʪʘʢʦʞ (ʥʘ ʧʽʚʥʦʯʽ) 
ʢʚʘʨʮʠʪʦ-ʧʽʩʢʦʚʠʢʠ ʦʚʨʫʮʴʢʦʾ ʩʝʨʽʾ. ɻʽʨʩʴʢʽ ʧʦʨʦʜʠ ʉʇɿʈ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʯʽʪʢʦʶ ʩʪʨʫʢʪʫʨʥʦ-
ʪʝʢʩʪʫʨʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ. ʈʦʟʩʣʘʥʮʶʚʘʥʥʷ ʽ ʤʽʣʦʥʽʪʠʟʘʮʽʷ ʽʥʦʜʽ ʜʦʩʷʛʘʶʪʴ ʪʘʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ 
ʨʘʥʽʰ ʩʧʨʠʡʤʘʣʠʩʷ ʟʘ ʪʦʥʢʫ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʩʪʴ (ʪ.ʟ. çʩʫʱʘʥʩʴʢʘ ʩʚʽʪʘè). ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ 
ʧʦʣʴʦʚʠʭ ʪʝʢʪʦʥʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʩʭʝʤʫ ʧʨʦʩʪʷʛʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʠʭ 
ʝʣʝʤʝʥʪʽʚ (ʉʊɽ) ʚ ʤʝʞʘʭ ʉʇɿʈ (ʨʠʩ., ʘ). 

 

ʈʠʩ. ɼʦʩʣʽʜʞʝʥʥʷ ʉʊɽ ʚ ʤʝʞʘʭ ʉʇɿʈ ʨʦʟʣʦʤʽʚ: ʘ ï ʪʝʢʪʦʥʦʬʽʟʠʯʥʘ ʩʭʝʤʘ ʧʨʦʩʪʷʛʘʥʥʷ ʉʊɽ, ʙ ï 
ʧʨʠʢʣʘʜ ʝʰʝʣʦʥʦʚʘʥʦʛʦ ʩʢʦʣʫ, ʩ. ʍʤʝʣʽʚʢʘ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʽ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʩʢʦʣʠ, ʷʢʽ ʤʘʶʪʴ ʝʣʝʤʝʥʪʠ ʟʘʣʷʛʘʥʥʷ: ʧʨʦʩʪʷʛʘʥʥʷ ʇʯʉʭ ʚʽʜ 40 ʜʦ 
60Á, ʧʘʜʽʥʥʷ ʥʘ ʇʯɿʭ 88Á. ʎʽ ʩʢʦʣʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʚʽʜʩʣʦʥʝʥʥʷʭ ʧʦ ʨ. ʋʙʦʨʪʴ ʥʘ ʇʯɿʭ ʦʢʦʣʠʮʽ 
ʤ. ʆʣʝʚʩʴʢ, ʘ ʪʘʢʦʞ ʥʘ ʇʜɿʭ ʽ ʇʯ ʦʢʦʣʠʮʽ ʩ. ʍʤʝʣʽʚʢʘ ʪʘ ʉʫʱʘʥʠ. ʇʽʜ ʩʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʣʽʚʽ ʽ ʧʨʘʚʽ 
S-Z-ʧʽʜʚʝʨʪʘʥʥʷ. ɽʣʝʤʝʥʪʘʨʥʽ ʩʢʦʣʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʝʰʝʣʦʥʦʚʘʥʽ ʩʢʦʣʠ (ʨʠʩ., ʙ). ʇʽʜ ʩʢʦʣʠ 54-60Á 
ʧʽʜʚʝʨʪʘʶʪʴʩʷ ʽ ʩʢʦʣʠ 32-36Á ʟ ʧʘʜʽʥʥʷʤ ʥʘ ʇʯɿʭ ʧʽʜ ʢʫʪʦʤ 82Á. L-ʩʢʦʣ ʮʽʻʾ ʟʦʥʠ ʤʘʻ ʪʘʢʽ ʞ ʩʘʤʽ 
ʝʣʝʤʝʥʪʠ ʟʘʣʷʛʘʥʥʷ, ʱʦ ʽ ʦʩʴʦʚʘ ʧʣʦʱʠʥʘ. R-ʩʢʦʣ ʤʘʻ ʝʣʝʤʝʥʪʠ ʟʘʣʷʛʘʥʥʷ ʧʨʦʩʪʷʛʘʥʥʷ ʇʯʉʭ 34Á, 
ʧʘʜʽʥʥʷ ʥʘ ʇʯɿʭ 82Á ɺʟʜʦʚʞ ʟʦʥʠ ʩʢʦʣʶʚʘʥʥʷ, ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʭʦʜʠʣʠ ʣʽʚʦʟʩʫʚʥʽ ï 
ʩʢʠʜʦʚʽ ʨʫʭʠ. ɹʘʛʘʪʦʬʘʟʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʉʇɿʈ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʴ ʬʦʨʤʫʚʘʥʥʷʤ ʨʽʟʥʦʦʨʽʻʥʪʦʚʘʥʠʭ ʟʦʥ 
ʩʢʦʣʶʚʘʥʥʷ, ʚʽʜʥʦʩʥʠʡ ʚʽʢ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʽʜʚʝʨʪʘʥʴ L ʪʘ R-ʩʢʦʣʽʚ. ɺ ʧʦʨʷʜʢʫ 
ʟʤʝʥʰʝʥʥʷ ʚʽʢʫ ʚʠʜʽʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʦʥʠ ʩʢʦʣʶʚʘʥʥʷ ʪʘ ʬʘʟʠ ʜʝʬʦʨʤʘʮʽʡ: ʍʤʝʣʽʚʩʴʢʘ ï 140/88 (ʘʟ. 
ʧʨʦʩʪʷʛʘʥʥʷ 50Á), ʉʫʱʘʥʩʴʢʘ ï 130/88 (ʘʟ. ʧʨʦʩʪʷʛʘʥʥʷ 40Á), ʇʝʨʞʘʥʩʴʢʘ ï 334/50 (ʘʟ. ʧʨʦʩʪʷʛʘʥʥʷ 
64Á), ʈʫʜʥʷ-ʍʦʯʠʥʩʴʢʘ ï 345/42 (ʘʟ. ʧʨʦʩʪʷʛʘʥʥʷ 64Á), ʃʦʧʘʪʠʯʩʴʢʘ ï 345/83 (ʘʟ. ʧʨʦʩʪʷʛʘʥʥʷ 75Á). 
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