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ʋɼʂ 55(477)  

ɻʝʦʣʦʛʽʯʥʘ ʥʘʫʢʘ ʚ ʥʝʟʘʣʝʞʥʽʡ ʋʢʨʘʾʥʽ: ɿʙʽʨʥʠʢ ʪʝʟ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʂʠʾʚ, 8-9 

ʚʝʨʝʩʥʷ 2021 ʨ.). / ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥ-ʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. 

ʉʝʤʝʥʝʥʢʘ. ï ʂʠʾʚ, 2021. ï 403 ʩ.  

 

ʋ ʟʙʽʨʥʠʢʫ ʚʠʢʣʘʜʝʥʦ ʤʘʪʝʨʽʘʣʠ ʧʨʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ, ʛʦʣʦʚʥʽ ʜʦʩʷʛʥʝʥʥʷ, ʘʢʪʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ  

ʪʘ ʰʣʷʭʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ ʚ ʋʢʨʘʾʥʠ. ʅʘʡʧʦʚʥʽʰʝ ʚʠʩʚʽʪʣʝʥʦ ʥʘʫʢʦʚʽ 

ʥʘʧʨʷʤʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ɯɻʄʈ ʅɸʅ ʋʢʨʘʾʥʠ: ʛʝʦʭʽʤʽʷ ʧʨʦʮʝʩʽʚ ʤʽʥʝʨʘʣʦ-, ʧʦʨʦʜʦ- ʪʘ 

ʨʫʜʦʫʪʚʦʨʝʥʥʷ, ʛʝʦʭʽʤʽʯʥʽ ʧʦʰʫʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ; ʛʝʦʭʨʦʥʦʣʦʛʽʷ ʪʘ ʽʟʦʪʦʧʥʝ ʜʘʪʫʚʘʥʥʷ; 

ʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ, ʛʝʥʝʟʠʩ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ; 

ʝʢʦʛʝʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ; ʩʪʨʘʪʠʛʨʘʬʽʷ ʜʦʢʝʤʙʨʽʡʩʴʢʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, 

ʡʦʛʦ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʪʘ ʬʘʥʝʨʦʟʦʡʩʴʢʠʭ ʨʝʛʽʦʥʽʚ; ʨʝʛʽʦʥʘʣʴʥʘ ʪʘ ʛʝʥʝʪʠʯʥʘ ʤʽʥʝʨʘʣʦʛʽʷ; 

ʧʝʪʨʦʣʦʛʽʷ ʝʥʜʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʨʦʜʦ- ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ; ʢʦʩʤʽʯʥʘ ʨʝʯʦʚʠʥʘ ʡ ʘʩʪʨʦʙʣʝʤʠ.  

ɿʙʽʨʥʠʢ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʛʝʦʣʦʛʽʚ. 

 

ʋɼʂ 55(477)  

Geological science in independent Ukraine: Abstracts of Scientific Conference (Kyiv, September 8-

9, 2021) / NAS of Ukraine, M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore 

Formation. ï Kyiv, 2021. ï 403 p.  

 

The book of abstracts contains materials on the current state, main achievements, actual tasks and 

development trends of the geological sciences in Ukraine. Developed research directions at IGMOF 

NAS of Ukraine are most fully covered: geochemistry of mineral, rock and ore formation; 

geochronology; geological structure, origin and deposit location patterns; ecogeology and 

environmental geochemistry; regional and genetic mineralogy; petrology of endogenic rock and ore 

formation; stratigraphy of the Precambrian basement, sedimentary cover and Phanerozoic regions; 

extraterrestrial matter and impact structures.  

The book of abstracts is recommended for a wide range of geologists.  
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The upper age limit of the formation of ultrabasite-basite intrusions of the Saltych anticlinorium is 

determined - 2050 Ma. According to geochemical characteristics, peridotites and pyroxenites of 

intrusions were melted from the depleted upper mantle. The formation of small intrusions of 

ultrabasite-basite composition in the Azov block is probably associated with the global activation of 

the Earth's mantle at the 2050 Ma ago. 
 

ɺʩʪʫʧ. ʅʘ ʇʨʠʘʟʦʚʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ ʧʦʰʠʨʝʥʽ ʥʝʚʝʣʠʢʽ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʽʥʪʨʫʟʽʾ ʧʦʨʽʜ ʦʩʥʦʚʥʦʛʦ ʽ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ. ɺʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

çʪʨʽʱʠʥʥʽ ʽʥʪʨʫʟʽʾè, ʷʢʽ ʚʢʦʨʽʥʶʚʘʣʠʩʴ ʚ ʫʞʝ ʜʠʩʣʦʢʦʚʘʥʽ ʧʦʨʦʜʠ ʘʨʭʝʡʩʴʢʦʛʦ 

ʚʽʢʫ [2, 3, 5]. ʎʽ ʽʥʪʨʫʟʽʾ ʧʨʦʨʠʚʘʶʪʴʩʷ ʞʠʣʘʤʠ ʩʽʻʥʽʪʽʚ, ʧʝʛʤʘʪʠʪʽʚ ʪʘ 

ʘʧʣʽʪʦʚʠʜʥʠʭ ʛʨʘʥʽʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʜʦ ʧʝʨʰʠʭ ʤʝʪʨʽʚ [2, 3, 5]. ɻʝʦʭʽʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʜ ʮʠʭ ʽʥʪʨʫʟʽʡ ʚʠʚʯʝʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ - ʥʝ ʚʠʟʥʘʯʝʥʦ ʾʭ 

ʚʽʢ, ʥʝ ʧʦʚʥʽʩʪʶ ʨʦʟʢʨʠʪʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ʪʦʱʦ. 

ʄʝʪʘʫʣʴʪʨʘʙʘʟʠʪʠ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʋʩʝʥʢʦ ɯ.ʉ. ʪʘ ʂʨʘʚʯʝʥʢʦ ɻ.ʃ. [3, 4], - ʮʝ 

ʫʣʴʪʨʘʦʩʥʦʚʥʽ ʧʦʨʦʜʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʫ ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʙʘʟʘʣʴʪʦʚʦʾ ʤʘʛʤʠ. ʋ 1960-1970 ʨʨ. [1] ʧʦʨʦʜʠ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʥʘ ʘʣʤʘʟʦʥʦʩʥʽʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʝʪʨʦʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

ɻʝʦʭʽʤʽʷ ʽ ʛʝʥʝʟʠʩ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʫʣʴʪʨʘʙʘʟʠʪʽʚ ʽ ʙʘʟʠʪʽʚ.  

ʄʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʧʝʨʠʜʦʪʠʪʠ (ʽʥʪʨʫʟʽʷ ʙʽʣʷ ʭʫʪʦʨʘ ɼʘʭʥʦ ʥʘ ʧʨʘʚʦʤʫ 

ʙʝʨʝʟʽ ʨ. ʂʽʣʴʪʠʯʽʷ, ʟʨ. 8/223, 8/224; Mg# = 0,85-0,86; Na2O/K2O = 5-1,25; TiO2 = 

0,15-0,17 %, Rb = 4,81-8,76 ppm, Sr = 17,9 ppm, Ɇʈɿɽ = 4,86-6,82 ppm). ɺʤʽʩʪ Ni 

(808-826 ppm) ʽ Cr (1660-1720 ppm) ʥʠʞʯʝ ʢʣʘʨʢʦʚʦʛʦ ʚʤʽʩʪʫ ʟʘ                       

mailto:regulgeo@gmail.com
mailto:boris.priazov@gmail.com
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ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʠʤ ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʠʭ ʧʦʨʽʜ. ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʈɿɽ 

ʩʣʘʙʦʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - (La/Yb)N = 2,28-2,81 ʧʨʠ YbN = 1,4 - 1,5 (ʨʠʩ. 1). ɺʦʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʫʞʝ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʣʘʙʢʠʤ ʩʪʫʧʝʥʝʤ ʾʭ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ (ʨʠʩ. 2). 

ʄʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʧʽʨʦʢʩʝʥʽʪʠ (ʤʝʪʘʚʝʙʩʪʝʨʠʪʠ), ʂʘʤʠʰʫʚʘʮʴʢʘ ʽʥʪʨʫʟʽʷ, 

ʟʨ. 20/14, 20/15; Mg# = 0,76-0,78; Na2O/K2O = 6,8-7,6; Rb = 0,7-2,19 ppm, Sr = 

17,4-31,21 ppm, Ɇʈɿɽ = 25,41-28,66 ppm). ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʈɿɽ 

ʩʣʘʙʦʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - (La/Yb)N = 2,11-3,28, ʧʨʠ YbN = 6,2-6,3 (ʨʠʩ. 1). 

ɺʠʜʽʣʷʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʧʦʟʠʪʠʚʥʽ ʻʚʨʦʧʽʻʚʽ ʘʥʦʤʘʣʽʾ - Eu/Eu* = 1,08-1,32, ʱʦ 

ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʤʘʛʤʠ. 

ɻʦʨʥʙʣʝʥʜʠʪʠ (ʚʽʜʩʣʦʥʝʥʥʷ ʫ ʙʘʣʮʽ ɹʽʣʘ, ʟʨ. 20/4, 20/5, 20/6; Mg# = 0,76-

0,80; TiO2 = 0,19-0,25 %, Na2O/K2O = 0,4-4,3, Ɇʈɿɽ =17,44-24,52). ɻʨʘʬʽʢ 

ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - (La/Yb)N = 3,22-3,44. ʋ ʜʚʦʭ ʟʨʘʟʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ ʻʚʨʦʧʽʻʚʘ ʘʥʦʤʘʣʽʷ - Eu/Eu * = 1,28-1,31 (ʨʠʩ. 1). 

ʄʝʪʘʧʽʨʦʢʩʝʥʽʪʠ (ʧʣʘʛʽʦʢʣʘʟʦʚʽ ʤʝʪʘʚʝʙʩʪʝʨʠʪʠ), ʅʦʚʦʩʝʣʠʮʴʢʘ ʽʥʪʨʫʟʽʷ, 

ʧʨʘʚʠʡ ʙʝʨʝʛ ʨ. ʆʙʽʪʦʯʥʘ ʙʽʣʷ ʩ. ʅʦʚʦʩʽʣʴʩʴʢʝ, ʟʨ. 20/9, 20/10; Mg# = 0,76-0,77; 

TiO2 = 0,42-0,43 %; Na2O + K2O = 1,60-1,64 %; Na2O/K2O = 5,3-5,6). ʇʦʨʦʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ - Ɇʈɿɽ = 91,4-

97,7 ppm. ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - (La/Yb)N = 9,8-11,3 (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʜʣʷ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʫʣʴʪʨʘʙʘʟʠʪʽʚ ʽ ʙʘʟʠʪʽʚ. 

ʅʦʨʤʦʚʘʥʦ ʥʘ ʭʦʥʜʨʠʪ [6]. 

 
ʈʠʩʫʥʦʢ 2 - ʄʫʣʴʪʠʝʣʝʤʝʥʪʥʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʫʣʴʪʨʘʙʘʟʠʪʽʚ ʽ ʙʘʟʠʪʽʚ. 

ʅʦʨʤʦʚʘʥʦ ʥʘ ʩʢʣʘʜ ʧʨʠʤʽʪʠʚʥʦʾ ʤʘʥʪʽʾ [6].  
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ɻʝʦʭʽʤʽʷ, ʛʝʥʝʟʠʩ ʪʘ ʚʽʢ ʩʽʯʥʠʭ ʞʠʣ ʩʽʻʥʽʪʽʚ ʪʘ ʤʦʥʮʦʥʽʪʽʚ.  
ɯʥʪʨʫʟʽʷ ʛʦʨʥʙʣʝʥʜʠʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ʙʘʣʢʘ ɹʽʣʘ ʧʨʦʨʠʚʘʻʪʴʩʷ ʩʽʻʥʽʪʘʤʠ (ʟʨ. 

20/3): S̔ ʆ2 = 58,3 %; Na2O+K2O = 12,98 %; Na2O/K2O = 0,52 %). ɺʦʥʠ ʤʘʶʪʴ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ Rb (284 ppm), Ba (1098 ppm), Sr (208,8 ppm) ʽ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (Y = 4,77 ppm, Nb = 1,53 ppm) ʪʘ ʟʙʘʛʘʯʝʥʽ ʣʝʛʢʠʤʠ ʈɿɽ - (La/Yb)N = 

18,7 ʧʨʠ YbN = 4,8 (ʨʠʩ. 3). 

ɯʥʪʨʫʟʽʷ ʤʝʪʘʧʽʨʦʢʩʝʥʽʪʽʚ ʥʘ ʅʦʚʦʩʽʣʴʩʴʢʽʡ ʜʽʣʷʥʮʽ ʧʨʦʨʠʚʘʻʪʴʩʷ 

ʤʦʥʮʦʥʽʪʘʤʠ ʽ ʢʚʘʨʮʦʚʠʤʠ ʤʦʥʮʦʥʽʪʘʤʠ (ʟʨ. 20/7, 20/8, 20/11). ɺ ʥʠʭ ʚʤʽʩʪ 

ʥʘʪʨʽʶ ʩʠʣʴʥʦ ʧʝʨʝʚʘʞʘʻ ʥʘ ʚʤʽʩʪʦʤ ʢʘʣʽʶ - Na2O/K2O = 10,6-28,1; ʥʠʟʴʢʠʡ 

ʚʤʽʩʪ Rb (8,58 ppm) ʽ ʚʠʩʦʢʠʡ - Sr (549,54 ppm), Ba (728,03 ppm), ʘ ʪʘʢʦʞ ʪʘʢʠʭ 

ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ Y (0,86 ppm), Nb (0,98 ppm). ʄʦʥʮʦʥʽʪʠ ʩʠʣʴʥʦ 

ʟʙʘʛʘʯʝʥʽ ʣʝʛʢʠʤʠ ʈɿɽ - (La/Yb)N = 50,9 (ʨʠʩ. 1). ɺʠʜʽʣʷʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ 

ʻʚʨʦʧʽʝʚʘ ʘʥʦʤʘʣʽʷ - Eu/Eu * = 2,47. 

 

 
ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʜʣʷ ʩʽʻʥʽʪʽʚ (ʟʨ. 20/3) ʽ ʤʦʥʮʦʥʽʪʽʚ (ʟʨ. 20/11, 20/13), ʱʦ 

ʧʨʦʨʠʚʘʶʪʴ ʽʥʪʨʫʟʽʾ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ. ʅʦʨʤʦʚʘʥʦ ʥʘ ʭʦʥʜʨʠʪ [6]. 

 

ʄʝʪʘʧʽʨʦʢʩʝʥʽʪʠ ʂʘʤʠʰʫʚʘʮʴʢʦʾ ʽʥʪʨʫʟʽʾ ʧʨʦʨʠʚʘʶʪʴʩʷ ʞʠʣʘʤʠ ʩʚʽʪʣʦ-

ʩʽʨʠʭ ʘʧʣʽʪʦʚʠʜʥʠʭ ʛʨʘʥʽʪʽʚ ʟ ʚʝʣʠʢʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʢʚʘʨʮʫ (ʟʨ. 20/13). ɿ ʥʠʭ 

ʚʠʜʽʣʝʥʦ ʤʦʥʘʮʠʪ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʢʨʫʛʣʠʤʠ ʧʨʦʟʦʨʠʤʠ ʽ ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ 

ʟʝʨʥʘʤʠ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ. ʄʦʥʦʬʨʘʢʮʽʷ ʤʦʥʘʮʠʪʫ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ 

ʯʦʪʠʨʠ ʬʨʘʢʮʽʾ. U-Pb ʚʽʢ ʤʦʥʘʮʠʪʫ ʩʢʣʘʜʘʻ - 2051.8Ñ3.8 ʤʣʥ ʨʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʛʝʦʭʽʤʽʯʥʠʤʠ ʽ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ, 

ʞʠʣʴʥʽ ʧʦʨʦʜʠ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʧʨʦʨʠʚʘʶʪʴ ʽʥʪʨʫʟʽʾ 

ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ ʥʘ ʉʘʣʪʠʯʘʥʩʴʢʦʤʫ ʘʥʪʠʢʣʽʥʦʨʽʾ, ʤʘʶʪʴ 

ʢʦʨʦʚʠʡ ʛʝʥʝʟʠʩ. ʎʠʨʢʦʥ ʚ ʥʠʭ ʻ ʨʝʣʽʢʪʦʚʠʤ, ʘ ʩʠʥʛʝʥʝʪʠʯʥʠʡ ʤʦʥʘʮʠʪ ʙʫʚ 

ʚʠʷʚʣʝʥʠʡ ʪʽʣʴʢʠ ʫ ʞʠʣʘʭ, ʱʦ ʧʨʦʨʠʚʘʶʪʴ ʤʝʪʘʧʽʨʦʢʩʝʥʽʪʠ ʂʘʤʠʰʫʚʘʮʴʢʦʾ 

ʽʥʪʨʫʟʽʾ. ɿʘ ʜʘʪʫʚʘʥʥʷʤ ʮʴʦʛʦ ʤʦʥʘʮʠʪʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʝʨʭʥʷ ʚʽʢʦʚʘ ʤʝʞʘ 

ʫʪʚʦʨʝʥʥʷ ʽʥʪʨʫʟʽʡ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ ʉʘʣʪʠʯʘʥʩʴʢʦʛʦ 

ʘʥʪʠʢʣʽʥʦʨʽʶ ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʩʢʣʘʜʘʻ - 2050 ʤʣʥ ʨʦʢʽʚ. ʇʝʨʠʜʦʪʠʪʠ ʽ 

ʧʽʨʦʢʩʝʥʽʪʠ ʮʠʭ ʽʥʪʨʫʟʽʡ ʤʦʛʣʠ ʫʪʚʦʨʠʪʠʩʷ ʟ ʨʦʟʧʣʘʚʽʚ ʜʝʧʣʝʪʦʚʘʥʦʾ ʚʝʨʭʥʴʦʾ 

ʤʘʥʪʽʾ, ʷʢʽ ʟʘʟʥʘʣʠ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʫ ʧʨʦʤʽʞʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʢʘʤʝʨʘʭ. ʋ 

ʥʘʡʙʽʣʴʰ ʤʘʛʥʽʻʚʠʭ (Mg# = 0,85-0,86) ʧʝʨʠʜʦʪʠʪʘʭ ʟ ʽʥʪʨʫʟʽʾ ʙʽʣʷ ʭʫʪʦʨʘ ɼʘʭʥʦ 

ʚʤʽʩʪ Ni (808-826 ppm) ʽ Cr (1660-1720 ppm) ʥʠʞʯʝ ʢʣʘʨʢʦʚʦʛʦ ʜʣʷ 

ʫʣʴʪʨʘʦʩʥʦʚʥʠʭ ʧʦʨʽʜ. ʌʦʨʤʫʚʘʥʥʷ ʽʥʪʨʫʟʽʡ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ ʥʘ 
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ʇʨʠʘʟʦʚʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ ʧʦʚ'ʷʟʘʥʦ, ʡʤʦʚʽʨʥʦ, ʟ ʛʣʦʙʘʣʴʥʦʾ ʘʢʪʠʚʽʟʘʮʽʻʶ ʤʘʥʪʽʾ 

ɿʝʤʣʽ ʙʽʣʷ 2050 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ. 
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According to new geochronological data for rocks and their mineral relics the Gadean, Archean and 

Paleoproterozoic eons take part in the structure of the Azov block. The history of the geological 

development of this block is not fully reflected in the accepted chronostratigraphic scale and 

requires clarification. According to geological data, the Archean rock associations of the Azov 

block were formed in a plume geodynamic regime. 
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ɺʩʪʫʧ. ʅʘ ʋʢʨʘʾʥʩʴʢʦʤʫ ʱʠʪʽ ʧʦʨʦʜʠ ʨʘʥʥʴʦʾ ʢʦʨʠ ɿʝʤʣʽ ʚʠʷʚʣʝʥʽ ʫ 

ʇʨʠʘʟʦʚʩʴʢʦʤʫ ʪʘ ɼʥʽʩʪʨʦʚʩʴʢʦ-ɹʫʟʴʢʦʤʫ ʨʘʡʦʥʘʭ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʙʣʦʢʫ ʻ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʠʡ ʤʝʪʘʤʦʨʬʽʟʤ ʘʨʭʝʡʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʝʧʽʜʦʪ-ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʽ ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʝ ʩʪʨʘʪʠʛʨʘʬʽʯʥʝ 

ʨʦʟʯʣʝʥʦʚʫʚʘʥʥʷ ʨʘʥʥʝʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʧʦʨʽʜ ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʙʣʦʢʫ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʋʩʝʥʢʦ ɯ.ʉ. [13]. ʇʨʦʧʦʟʠʮʽʾ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʮʽʻʾ ʩʭʝʤʠ 

ʚʥʦʩʠʣʠʩʷ ɹʝʨʟʝʥʽʥʠʤ ɹ.ɿ [1], ɹʦʙʨʦʚʠʤ ɹ.ɿ. [2], ɹʦʨʦʜʠʥʝʶ ɹ.ɺ. [3], 

ɭʩʠʧʯʫʢʦʤ ʂ.ʖ. [4], ɯʩʘʢʦʚʠʤ ʃ.ɺ. [6], ʂʽʢʪʝʥʢʦ ɺ.ʌ. [7], ʅʝʢʨʷʯʝʤ ɸ.ɯ. [9], 

ʃʠʩʘʢʦʤ ɸ.ʄ. [8], ʇʝʨʝʚʝʨʟʻʚʠʤ ʉ.ɯ. [10], ʇʦʣʫʥʦʚʩʴʢʠʤ ʈ.ʄ. [11], 

ʈʦʟʜʦʨʦʞʥʠʤ ɺ.ʌ. [12], ʐʧʠʣʴʯʘʢʦʤ ɺ.ʆ. [6], ʑʝʨʙʘʢʦʤ ʄ.ʇ. [14] ʪʘ ʽʥ. 

ʜʦʩʣʽʜʥʠʢʘʤʠ. ʆʩʥʦʚʥʽ ʜʠʩʢʫʩʽʾ ʚʝʣʠʩʷ ʧʨʦ ʚʽʢ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ, 

ʦʙʩʷʛ ʩʚʽʪ ʽ ʢʦʨʝʣʷʮʽʾ ʨʦʟʨʽʟʽʚ ʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʩʢʣʘʜ ʪʘ ʛʝʥʝʟʠʩ 

ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʟʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʧʦʰʫʢʽʚ ʩʣʽʜʽʚ ʥʘʡʜʘʚʥʽʰʠʭ ʧʦʨʽʜ 

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʙʣʦʢʫ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʚʠʷʚʠʣʦʩʷ ʜʘʪʫʚʘʥʥʷ ʢʣʘʩʪʦʛʝʥʥʦʛʦ 

ʮʠʨʢʦʥʫ ʟ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʭ ʤʝʪʘʪʝʨʠʛʝʥʥʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʢʩʝʥʦʛʝʥʥʦʛʦ 

ʮʠʨʢʦʥʫ ʟ ʛʨʘʥʽʪʦʾʜʽʚ ʢʦʨʦʚʦʛʦ ʛʝʥʝʟʠʩʫ. 

ɻʘʜʝʡïʝʦʘʨʭʝʡ. ʋ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʭ ʛʨʘʥʽʪʦʾʜʘʭ ɻʫʣʷʡʧʦʣʴʩʴʢʦʛʦ 

ʙʣʦʢʫ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʩʝʥʦʣʽʪʦʚ ʛʥʝʡʩʽʚ, ʤʝʪʘʧʽʨʦʢʩʝʥʽʪʽʚ, ʘʤʬʽʙʦʣʽʪʽʚ ʪʘ ʽʥ. 

ʧʦʨʽʜ. ʋ ʧʨʦʪʦʣʦʯʥʠʭ ʧʨʦʙʘʭ ʟ ʮʠʭ ʛʨʘʥʽʪʦʾʜʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʨʽʟʥʦʚʠʜʽʚ ʢʩʝʥʦʛʝʥʥʦʛʦ ʮʠʨʢʦʥʫ. ɺʽʥ ʙʫʚ ʪʘʢʦʞ ʚʠʷʚʣʝʥʠʡ ʫ 

ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʘʥʜʝʟʠʪʘʭ ʽ ʜʘʮʠʪʘʭ ʛʫʣʷʡʧʦʣʴʩʴʢʦʾ ʩʚʽʪʠ. ʂʩʝʥʦʛʝʥʥʠʡ 

ʮʠʨʢʦʥ ʟ ʤʝʪʘʚʫʣʢʘʥʽʪʦʚ ʛʫʣʷʡʧʦʣʴʩʴʢʦʾ ʩʚʽʪʠ ʙʫʚ ʧʨʦʜʘʪʦʚʘʥʠʡ ʤʝʪʦʜʦʤ LA-

ICP-MS ʪʘ SIMS. ɿʘ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʧʦʧʫʣʷʮʽʾ 

ʮʠʨʢʦʥʫ ʚʽʢʦʤ 2800ï3200, 3300ï3600 3700ï3800 ʽ 3970 ʤʣʥ ʨʦʢʽʚ (ʨʠʩ. 1ʘ). 

ʎʠʨʢʦʥ ʚʽʢʦʤ 3970 ʤʣʥ ʨʦʢʽʚ ʙʫʚ ʟʥʘʡʜʝʥʠʡ ʪʘʢʦʞ ʚ ʢʦʨʦʚʠʭ ʛʨʘʥʽʪʦʾʜʘʭ 

ʜʦʙʨʦʧʽʣʴʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʩʚ. 833). ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʩʽʘʣʽʯʥʽʡ ʢʦʨʽ 

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʙʣʦʢʫ ʧʨʠʩʫʪʥʽ ʧʦʨʦʜʠ ʛʘʜʝʡ-ʝʦʘʨʭʝʡʩʴʢʦʛʦ ʚʽʢʫ.  
 

ʘ)    ʙ) 
ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʚʽʢʫ ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 

207
Pb/

206
Pb ʜʣʷ: ʘ) ʢʩʝʥʦʛʝʥʥʦʛʦ 

ʮʠʨʢʦʥʫ ʟ ʤʝʪʘʜʘʮʠʪʽʚ ʛʫʣʷʡʧʦʣʴʩʴʢʦʾ ʩʚʽʪʠ (ʧʨʦʙʘ 89ï388); ʙ) ʢʣʘʩʪʦʛʝʥʥʦʛʦ ʮʠʨʢʦʥʫ ʟ 

ʩʣʶʜʷʥʠʭ ʢʚʘʨʮʠʪʽʚ ʪʝʤʨʶʮʴʢʦʾ ʩʚʽʪʠ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ (ʧʨʦʙʘ 5/18) 
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ʇʽʟʥʽʡ ʧʘʣʝʦʘʨʭʝʡ (3,3 ʤʣʨʜ ʨʦʢʽʚ). ʊʦʥʘʣʽʪʠ ʧʽʟʥʴʦʧʘʣʝʦʘʨʭʝʡʩʴʢʦʛʦ ʚʽʢʫ 

ʚʠʷʚʣʝʥʽ ʚ ɹʽʣʦʮʝʨʢʽʚʩʴʢʽʡ ʩʪʨʫʢʪʫʨʽ. ɺʦʥʘ ʨʦʟʜʽʣʷʻ ʚʝʣʠʢʫ ʘʥʪʠʢʣʽʥʦʨʥʫ 

ʩʪʨʫʢʪʫʨʫ ɿʘʭʽʜʥʦʛʦ ʇʨʠʘʟʦʚ'ʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ï ʧʽʚʥʽʯʥʫ, ʷʢʘ ʚʢʣʶʯʘʻ 

ɻʫʣʷʡʧʽʣʴʩʴʢʠʡ ʽ ʈʝʤʽʚʩʴʢʠʡ ʙʣʦʢʠ, ʽ ʧʽʚʜʝʥʥʫ ï ʉʘʣʪʠʯʘʥʩʴʢʠʡ ʘʥʪʠʢʣʽʥʦʨʽʡ. 

ʅʘ ɺʝʨʭʥʴʦʪʦʢʤʘʮʴʢʽʡ ʜʽʣʷʥʮʽ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʚʠʷʚʣʝʥʽ ʪʦʥʘʣʽʪʠ ʚʽʢʦʤ 3297Ñ22 

ʤʣʥ ʨʦʢʽʚ. ɿʘ ʛʝʦʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʊʊɻ (ʪʦʥʘʣʽʪ-

ʪʨʦʥʜôʻʤʽʪ-ʛʨʘʥʦʜʽʦʨʠʪʦʚʽ ʧʦʨʦʜʠ), ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. 

ʅʘ ʃʘʥʮʽʚʩʴʢʽʡ ʜʽʣʷʥʮʽ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ, ʥʘ 30 ʢʤ ʥʘ ʩʭʽʜ ʚʽʜ ʥʠʭ, ʪʘʢʦʞ ʚʠʷʚʣʝʥʽ 

ʪʦʥʘʣʽʪʠ ʧʘʣʝʦʘʨʭʝʡʩʴʢʦʛʦ ʚʽʢʫ ï 3299Ñ11 ʤʣʥ ʨʦʢʽʚ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʚ ʫʤʦʚʘʭ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ. 

çʂʘʡʽʥʢʫʣʘʮʴʢʘ ʪʦʚʱʘè (ʧʘʣʝʦʘʨʭʝʡïʤʝʟʦʘʨʭʝʡ). ʋ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʾ, 

ʘʨʭʝʡʩʴʢʽ ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ ɿʘʭʽʜʥʦʛʦ ʇʨʠʘʟʦʚ'ʷ ʧʽʜʜʘʚʘʣʠʩʷ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʜʠʩʣʦʢʘʮʽʡʥʦʤʫ ʤʝʪʘʤʦʨʬʽʟʤʫ. ʅʘ ʙʘʛʘʪʴʦʭ ʜʽʣʷʥʢʘʭ ʚʦʥʠ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ 

ʧʣʘʛʽʦʛʥʝʡʩʠ, ʷʢʽ ʚʽʜʥʝʩʝʥʽ ʜʦ ʧʘʣʝʦʘʨʭʝʡʩʴʢʦʾ çʢʘʡʽʥʢʫʣʘʮʴʢʦʾ ʪʦʚʱʽè 

ʟʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ. ʉʝʨʝʜ ʥʠʭ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʦʩʪʘʥʮʽ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʥʝʚʽʜʦʤʦʛʦ ʚʽʢʫ ï ʜʚʦʧʽʨʦʢʩʝʥʦʚʽ ʽ ʧʽʨʦʢʩʝʥʦʚʽ 

ʢʨʠʩʪʘʣʦʩʣʘʥʮʽ ʽ ʧʽʨʦʢʩʝʥ-ʤʘʛʥʝʪʠʪʦʚʽ ʢʚʘʨʮʠʪʠ, ʘʤʬʽʙʦʣʽʪʠ ʪʘ ʽʥ. ɿʘ ʚʽʢʦʤ ʪʘ 

ʩʢʣʘʜʦʤ ʩʝʨʝʜ ʛʥʝʡʩʽʚ ʚʠʜʽʣʝʥʽ ʩʠʣʴʥʦ ʜʠʩʣʦʢʦʚʘʥʽ ʤʝʟʦʘʨʭʝʡʩʴʢʽ (3,12ï2,92 

ʤʣʨʜ ʨʦʢʽʚ) ʽ ʧʘʣʝʦʘʨʭʝʡʩʴʢʽ (3,3 ʤʣʨʜ ʨʦʢʽʚ) ʊʊɻ. ʂʩʝʥʦʣʽʪʠ ʤʝʪʘʤʦʨʬʽʯʥʠʭ 

ʧʦʨʽʜ ʩʝʨʝʜ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʪʘʥʮʷʤʠ ʷʢ ʤʝʟʦʘʨʭʝʡʩʴʢʠʭ, ʪʘʢ ʽ 

ʧʘʣʝʦʘʨʭʝʡʩʴʢʠʭ ʟʝʣʝʥʦʢʘʤôʷʥʠʭ ʧʦʷʩʽʚ. 

ʄʝʟʦʘʨʭʝʡ. ʄʝʟʦʘʨʭʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʩʘʜʦʚʦ-ʚʫʣʢʘʥʦʛʝʥʥʠʤʠ ʧʦʨʦʜʘʤʠ 

ʜʦʙʨʝ ʚʠʚʯʝʥʠʭ ʟʝʣʝʥʦʢʘʤôʷʥʠʭ ʩʪʨʫʢʪʫʨ (ʂʦʩʠʚʮʽʚʩʴʢʦʾ, ʉʦʨʦʢʠʥʩʴʢʦʾ, 

ɹʝʨʝʩʪʽʚʩʴʢʦʾ ʽ ʽʥ.) ʨʠʬʪʦʛʝʥʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʥʘ 

ʧʽʟʥʴʦʧʘʣʝʦʘʨʭʝʡʩʴʢʦʤʫ ʧʨʦʪʦʢʨʘʪʦʥʽ ʪʘ ʊʊɻ ʰʝʚʯʝʥʢʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʽʢʦʤ 3,12ï2,92 ʤʣʨʜ ʨʦʢʽʚ. 

ʎʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʘ ʩʝʨʽʷ. ʅʠʞʥʷ ʚʽʢʦʚʘ ʤʝʞʘ ʬʦʨʤʫʚʘʥʥʷ ʦʩʘʜʦʚʠʭ 

ʧʦʨʽʜ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʘʪʫʚʘʥʥʷʤ ʢʣʘʩʪʦʛʝʥʥʦʛʦ 

ʮʠʨʢʦʥʫ ʟ ʢʚʘʨʮʠʪʽʚ ʪʝʤʨʶʮʴʢʦʾ ʩʚʽʪʠ, ʚʽʜʽʙʨʘʥʠʭ ʥʘ ʜʽʣʷʥʮʽ 

ʂʘʤôʷʥʦʤʦʛʠʣʴʩʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʨʦʜʦʚʠʱʘ (ʧʨʦʙʘ 5/18). ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ 

ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʥʝʩʝʥʥʷ ʜʣʷ ʥʠʭ ʙʫʣʠ ʤʝʟʦʘʨʭʝʡʩʴʢʽ ʊʊɻ (2,9ï3,1 ʤʣʨʜ 

ʨʦʢʽʚ); ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʟʥʝʩʝʥʥʷ ʙʫʣʠ ʘʨʭʝʡʩʴʢʽ ʛʨʘʥʽʪʠ ʚʽʢʦʤ 

2,85ï2,87 ʽ 2,76ï2,78 ʤʣʨʜ ʨʦʢʽʚ ʪʘ ʦʩʪʘʥʮʽ ʙʽʣʴʰ ʜʘʚʥʽʭ ʛʨʘʥʽʪʦʾʜʽʚ (ʨʠʩ. 1ʙ). 

ɺʝʨʭʥʷ ʚʽʢʦʚʘ ʤʝʞʘ ʧʦʨʽʜ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʨʫʟʠʚʥʠʤ ʢʦʥʪʘʢʪʦʤ ʟ ʥʠʤʠ ʤʽʢʨʦʢʣʽʥ-ʧʣʘʛʽʦʢʣʘʟʦʚʠʭ ʛʨʘʥʽʪʽʚ ʚʽʢʦʤ 2,2 

ʤʣʨʜ ʨʦʢʽʚ. ɯʟʦʪʦʧʠ ʩʪʨʦʥʮʽʶ ʽ ʚʫʛʣʝʮʶ ʢʘʨʙʦʥʘʪʽʚ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ 

ʩʝʨʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʦʥʠ ʬʦʨʤʫʚʘʣʠʩʷ ʤʽʞ 2,32 ʽ 2,22 ʤʣʨʜ ʨʦʢʽʚ 

ʪʦʤʫ [5, 15]. 

ɺʠʩʥʦʚʢʠ. 

1. ʋ ʙʫʜʦʚʽ ɻʫʣʷʡʧʦʣʴʩʴʢʦʛʦ ʙʣʦʢʫ ɿʘʭʽʜʥʦʛʦ ʇʨʠʘʟʦʚ'ʷ ʙʝʨʫʪʴ ʫʯʘʩʪʴ 

ʧʦʨʦʜʠ ʽ ʾʭ ʤʽʥʝʨʘʣʴʥʽ ʨʝʣʽʢʪʠ ʛʘʜʝʡ-ʝʦʘʨʭʝʡʩʴʢʦʛʦ (3970 ʤʣʥ ʨʦʢʽʚ), 

ʝʦʘʨʭʝʡʩʴʢʦʛʦ (3700ï3800 ʤʣʥ ʨʦʢʽʚ), ʧʘʣʝʦʘʨʭʝʡʩʴʢʦʛʦ (3300-3600 ʤʣʥ ʨʦʢʽʚ) ʽ 

ʤʝʟʦʘʨʭʝʡʩʴʢʦʛʦ (2800ï3200 ʤʣʥ ʨʦʢʽʚ) ʚʽʢʫ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʛʣʷʜʘʪʠ 
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ɻʫʣʷʡʧʦʣʴʩʴʢʠʡ ʙʣʦʢ ʷʢ ʬʨʘʛʤʝʥʪ ʘʨʭʝʡʩʴʢʦʾ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʢʦʨʠ. ɺʦʥʘ 

ʩʬʦʨʤʫʚʘʣʘʩʴ, ʚʽʨʦʛʽʜʥʦ, ʚ ʫʤʦʚʘʭ ʧʣʶʤʦʚʦʾ ʪʝʢʪʦʥʽʢʠ. 

2. ʅʘ ɿʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʦʤʫ ʙʣʦʮʽ ʤʘʶʪʴ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ 

ʚʝʨʭʥʴʦʧʘʣʝʦʘʨʭʝʡʩʴʢʽ (3,3 ʤʣʨʜ ʨʦʢʽʚ) ʊʊɻ. ɺʦʥʠ ʬʦʨʤʫʚʘʣʠʩʷ ʚ ʨʽʟʥʠʭ ʈʊ 

ʫʤʦʚʘʭ ï ʦʜʥʽ, ʡʤʦʚʽʨʥʦ, ʧʽʜ ʯʘʩ ʧʣʘʚʣʝʥʥʷ ʧʦʪʦʚʱʝʥʦʾ ʙʘʟʠʪʦʚʦʾ ʢʦʨʠ ʚ ʫʤʦʚʘʭ 

ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʘ ʜʨʫʛʽ ï ʧʨʠ ʧʣʘʚʣʝʥʥʽ ʤʝʪʘʙʘʟʠʪʽʚ ʚ ʫʤʦʚʘʭ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ. 

3. ʉʝʨʝʜ ʛʥʝʡʩʽʚ çʢʘʡʽʥʢʫʣʘʮʴʢʦʾ ʪʦʚʱʽè ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦ 

ʜʠʩʣʦʢʦʚʘʥʽ ʧʦʨʦʜʠ ʤʝʟʦʘʨʭʝʡʩʴʢʠʭ (3,12ï2,92 ʤʣʨʜ ʨʦʢʽʚ) ʽ ʧʘʣʝʦʘʨʭʝʡʩʴʢʠʭ 

(3,3 ʤʣʨʜ ʨʦʢʽʚ) ʊʊɻ. ʂʩʝʥʦʣʽʪʠ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʚ ʛʥʝʡʩʘʭ 

çʢʘʡʽʥʢʫʣʘʮʴʢʦʾ ʪʦʚʱʽè ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʪʘʥʮʷʤʠ ʷʢ ʤʝʟʦʘʨʭʝʡʩʴʢʠʭ, ʪʘʢ ʽ, 

ʚʽʨʦʛʽʜʥʦ, ʧʘʣʝʦʘʨʭʝʡʩʴʢʠʭ ʟʝʣʝʥʦʢʘʤôʷʥʠʭ ʧʦʷʩʽʚ. 

4. ʎʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʘ ʩʝʨʽʷ, ʟʘ U-Pb ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʪʘ 

ʽʟʦʪʦʧʽʾ ʩʪʨʦʥʮʽʶ ʽ ʚʫʛʣʝʮʶ ʢʘʨʙʦʥʘʪʽʚ, ʤʘʻ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʡ ʚʽʢ. 

ʄʽʥʽʤʘʣʴʥʠʡ ʚʽʢ ʢʣʘʩʪʦʛʝʥʥʦʛʦ ʮʠʨʢʦʥʫ ʚ ʢʚʘʨʮʠʪʽʚ ʪʝʤʨʶʮʴʢʦʾ ʩʚʽʪʠ 2,76ï2,78 

ʤʣʨʜ ʨʦʢʽʚ. ɯʟʦʪʦʧʠ ʩʪʨʦʥʮʽʶ ʽ ʚʫʛʣʝʮʶ ʢʘʨʙʦʥʘʪʽʚ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ 

ʩʝʨʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʦʥʠ ʫʪʚʦʨʠʣʠʩʷ ʫ ʧʨʦʤʽʞʢʫ 2,32ï2,22 ʤʣʨʜ 

ʨʦʢʽʚ ʪʦʤʫ. ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʤʝʪʘʤʦʨʬʽʟʤʫ ʧʦʨʽʜ ʮʝʥʪʨʘʣʴʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ ʫ 

ʂʦʨʩʘʮʴʢʦʤʫ ʽ ʄʘʥʛʫʩʴʢʦʤʫ ʩʠʥʢʣʽʥʦʨʽʷʭ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʣʫʯʝʥʥʷʤ 

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʢʨʘʪʦʥʫ ʜʦ ʛʨʘʥʫʣʽʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʽʟʤʫ, ʚʠʢʣʠʢʘʥʦʛʦ, ʡʤʦʚʽʨʥʦ, 

ʧʨʠʻʜʥʘʥʥʷʤ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʽ ɺʦʣʛʦ-ʉʘʨʤʘʪʽʾ ʜʦ 

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʢʨʘʪʦʥʫ ʽ ɿʘʭʽʜʥʽʡ ɸʬʨʠʢʠ, ʷʢʽ ʩʬʦʨʤʫʚʘʣʠ ʷʜʨʦ ʤʘʡʙʫʪʥʴʦʛʦ 

ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʫ ʅʫʥʘ. 
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The U-Pb isotope system of the central parts of zircon crystals from plagiogranite, plagiomigmatite 

of the Sheremetivsky complex, gneiss and amphibolite of the Teterivsky series was analyzed by 

metod La-ICP-MS. Zircon crystals of these rocks are quite small and are represented by several 

varieties, among which there are both crystals with nuclei and without nuclei. The age of 

plagiogranite corresponds to the age of 2157 Ñ 44 Ma, the age of plagiomigmatite 2540 Ñ 730 Ma, 

which allows these granitoids to be attributed to the Sheremetovsky complex. 

 

ʆʩʥʠʮʴʢʠʡ ʙʣʦʢ ʨʦʟʤʽʱʝʥʠʡ ʫ ʢʨʘʡʥʽʡ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ɺʦʣʠʥʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɺ ʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʮʝʡ 

ʙʣʦʢ  ̒ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʆʩʥʠʮʴʢʦ-ʄʽʢʘʰʝʚʠʮʴʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʽʯʥʦʛʦ 

ʧʦʷʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʨʽʟʥʠʤʠ ʟʘ ʩʢʣʘʜʦʤ  ̔ ʧʦʭʦʜʞʝʥʥʷʤ 

ʨʘʥʥʴʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʤʠ ʤʘʛʤʘʪʠʯʥʠʤʠ ʧʝʨʝʚʘʞʥʦ ʥʝʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʤʠ 

ʧʦʨʦʜʘʤʠ, ʷʢʽ ʜʽʣʷʥʢʘʤʠ ʟʘʟʥʘʣʠ ʧʨʦʮʝʩʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʽʟʤʫ ʥʘ ʨʽʚʥʽ 
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ʥʝ ʚʠʱʝ ʝʧʽʜʦʪ-ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʾ ʪʘ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜ 

ʨʘʡʦʥʫ ʤʽʩʪ ʈʽʚʥʝ ʪʘ ʃʫʮʴʢ (ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ) ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʥʘ ʚʽʜʩʪʘʥʴ ʙʽʣʴʰʝ 600 ʢʤ. ʐʠʨʠʥʘ ʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʧʽʚʜʝʥʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʩʪʘʥʦʚʠʪʴ 140ï160 ʢʤ, ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ï ʜʦ 120 ʢʤ [1]. 

ɼʦʢʣʝʩʽʚʩʴʢʘ ʘʩʦʮʽʘʮʽʷ - ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦ  ʛʥʝʡʩʘʤʠ ʚʘʩʠʣʽʚʩʴʢʦʾ 

ʩʚʽʪʠ ʪʝʪʝʨʽʚʩʴʢʦʾ ʩʝʨʽʾ ʪʘ ʛʨʘʥʽʪʦʾʜʘʤʠ ʰʝʨʝʤʝʪʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ [2], 

ʧʦʰʠʨʝʥʘ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʦ. ʆʢʨʽʤ ɹʫʜʽʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʜʦʙʨʝ ʚʠʜʽʣʷʻʪʴʩʷ 

ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʚʦʥʠ ʟʨʽʜʢʘ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʙʣʦʢʫ (ʧʝʨʝʚʘʞʥʦ ʚ 

ʨʘʡʦʥʽ ʩ. ʂʣʝʩʽʚ, ʊʦʤʘʰʛʦʨʦʜ, ʆʩʥʠʮʴʢ) ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʢʩʝʥʦʣʽʪʽʚ, 

ʥʘʡʯʘʩʪʽʰʝ ʩʝʨʝʜ ʛʨʘʥʽʪʦʾʜʽʚ ʦʩʥʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɿôʷʩʫʚʘʪʠ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʽʜ ʪʘ ʧʨʦʪʽʢʘʥʥʷ 

ʝʥʜʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʜʦʢʣʝʩʽʚʩʴʢʠʡ ʯʘʩ. 

ʄʝʪʦʜʦʤ LA-ICP-MS, ʚ Curtin University, ʤ. ʇʝʨʪ, ɸʚʩʪʨʘʣʽʷ, 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ U-Pb ʽʟʦʪʦʧʥʫ ʩʠʩʪʝʤʫ ʮʝʥʪʨʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ 

ʽʟ ʧʣʘʛʽʦʛʨʘʥʽʪʫ, ʧʨʦʙʘ (ʆʉ-13-ɺ) ʷʢʦʛʦ ʙʫʣʘ ʚʽʜʽʙʨʘʥʘ ʟ ʢʝʨʥʫ ʩʚʝʨʜʣʦʚʠʥʠ 

3001 ʽʥʪ. 45,3ï48,0 ʤ., ʧʣʘʛʽʦʤʽʛʤʘʪʠʪʫ (ʧʨʦʙʘ ʆʉ-14-ɺ ʩʚʨ. 3002 ʽʥʪ. 22,2ï29,0 

ʤ.), ʛʥʝʡʩʫ (ʧʨʦʙʘ ʆʉ-12-ɺ, ʩʚʨ. 3002 ʽʥʪ. 9,6ï10,7 ʤ) ʪʘ ʘʤʬʽʙʦʣʽʪʫ (ʧʨʦʙʘ ʆʉ-

15-ɺ ʩʚʨ. 3005 ʽʥʪ. 20,0ï21,9 ʤ). 

ʇʣʘʛʽʦʛʨʘʥʽʪ (ʧʨʦʙʘ ʆʉ-13-ɺ, ʩʚʨ. 3001, ʽʥʪ. 45,3ï48,0) ʙʽʦʪʠʪʦʚʠʡ 

ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʡ, ʩʚʽʪʣʦ-ʩʽʨʠʡ, ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʡ, ʤʘʩʠʚʥʠʡ, ʜʽʣʷʥʢʘʤʠ 

ʧʦʨʬʽʨʦʚʠʜʥʠʡ, ʪʨʽʱʠʥʫʚʘʪʠʡ, ʦʢʚʘʨʮʦʚʘʥʠʡ, ʩʦʩʶʨʠʪʠʟʦʚʘʥʠʡ. ʉʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ (65ï70 %), ʢʚʘʨʮʫ (15ï20 %) ʽ ʙʽʦʪʠʪʫ (10ï15 %). ʇʦʣʴʦʚʠʡ 

ʰʧʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʝʨʥʘʤʠ ʪʘʙʣʠʪʯʘʪʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʦʤ 1,0ï3,0 ʤʤ, ʽʥʦʜʽ 

ʦʢʨʫʛʣʦʾ. ɹʽʦʪʠʪ ʪʝʤʥʦ-ʩʽʨʠʡ ʜʦ ʯʦʨʥʦʛʦ, ʜʨʽʙʥʦʣʫʩʢʫʚʘʪʠʡ, ʨʦʟʤʽʱʝʥʠʡ ʧʦ 

ʧʦʨʦʜʽ ʥʝʨʽʚʥʦʤʽʨʥʦ ʽ ʩʢʣʘʜʘʻ ʛʥʽʟʜʘ ʪʘ ʚʠʪʷʛʥʫʪʽ ʧʣʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ ʜʦ 0,4ï

0,7 ʤʤ ʽ ʙʽʣʴʰʝ. ʂʚʘʨʮ ʩʚʽʪʣʦ-ʩʽʨʠʡ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ, ʧʨʦʟʦʨʠʡ, ʟʝʨʥʘ 

ʥʝʧʨʘʚʠʣʴʥʦ-ʦʢʨʫʛʣʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʦʤ ʧʝʨʰʽ ʤʤ. ʇʦ ʚʩʽʡ ʧʦʨʦʜʽ ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʩʫʣʴʬʽʜʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ.  

ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ ʢʦʨʠʯʥʝʚʦʛʦ ʪʘ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, 

ʥʘʧʽʚʧʨʦʟʦʨʽ, ʩʢʣʘʜʥʽ, ʫʪʚʦʨʝʥʽ ʨʽʟʥʦʨʽʜʥʠʤʠ ʷʜʨʘʤʠ ʪʘ ʜʝʢʽʣʴʢʦʤʘ ʦʙʦʣʦʥʢʘʤʠ.  

ʅʘ ʜʽʘʛʨʘʤʽ ʟ ʢʦʥʢʦʨʜʽʻʶ (ʨʠʩ. 1, ʘ) ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ 

ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ, ʟ ʥʝʟʥʘʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʣʷʛʣʠ ʥʘ ʧʨʷʤʫ, ʚʝʨʭʥʽʡ 

ʧʝʨʝʪʠʥ ʷʢʦʾ ʟ ʢʦʥʢʦʨʜʽʻʶ ʚʽʜʧʦʚʽʜʘʻ ʚʽʢʫ 2157Ñ44 ʤʣʥ ʨʦʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʽʢ, ʟʘ 

ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb/
206
Pb ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 2396ï2135 ʤʣʥ ʨʦʢʽʚ, ʚʤʽʩʪ 

ʫʨʘʥʫ ʚʘʨʽʶʻ ʚʽʜ 1708 ʜʦ 145,9 ppm, ʪʦʨʽʶ 633ï616,6 ppm. 

ʇʣʘʛʽʦʤʽʛʤʘʪʠʪ (ʧʨʦʙʘ ʆʉ-12-ɺ, ʩʚʨ. 3002, ʽʥʪ. 22,2ï29,0) ʙʽʦʪʠʪʦʚʠʡ 

ʩʚʽʪʣʦ-ʩʽʨʠʡ, ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʡ, ʪʨʽʱʠʥʫʚʘʪʠʡ. ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ 

(60ï65 %), ʢʚʘʨʮʫ (25ï30 %) ʽ ʙʽʦʪʠʪʫ (ʜʦ 5 %). ʇʦʣʴʦʚʠʡ ʰʧʘʪ ʩʚʽʪʣʦ-ʩʽʨʠʡ, 

ʩʽʨʠʡ, ʩʢʣʘʜʘʻ ʦʩʥʦʚʥʫ ʤʘʩʫ ʧʦʨʦʜʠ ʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʽʟʥʦʚʝʣʠʢʠʤʠ ʢʨʠʩʪʘʣʘʤʠ 

ʨʦʟʤʽʨʦʤ ʜʦ 4.0 ʤʤ, ʱʦ ʤʘʶʪʴ ʦʢʨʫʛʣʫ, ʽʥʦʜʽ ʚʠʪʷʛʥʫʪʫ ʬʦʨʤʫ, ʥʘʜʘʶʯʠ ʧʦʨʦʜʽ 

ʜʠʨʝʢʪʠʚʥʦʩʪʽ. ʂʚʘʨʮ ʩʽʨʠʡ, ʩʚʽʪʣʦ-ʩʽʨʠʡ; ʟʝʨʥʘ ʜʨʽʙʥʽ, ʚʽʟʫʘʣʴʥʦ ʧʦʛʘʥʦ 

ʧʨʦʛʣʷʜʘʶʪʴʩʷ. ɹʽʦʪʠʪ ʪʝʤʥʦ-ʩʽʨʠʡ ʜʦ ʯʦʨʥʦʛʦ, ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʦ ʧʦʨʦʜʽ ʫ ʚʠʛʣʷʜʽ ʣʝʡʩʪ ʪʘ ʩʢʫʧʯʝʥʴ, ʫʪʚʦʨʶʶʯʠ ʣʽʥʽʡʥʽ 
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ʩʪʨʫʢʪʫʨʠ. ɿ ʥʠʤ ʘʩʦʮʽʶʶʪʴ ʧʦʦʜʠʥʦʢʽ ʦʢʨʫʛʣʽ ʟʝʨʥʘ ʘʧʘʪʠʪʫ, ʮʠʨʢʦʥʫ, ʨʫʜʥʦʛʦ 

ʤʽʥʝʨʘʣʫ ʪʘ ʣʫʩʦʯʢʠ ʛʨʘʬʽʪʫ. 

ɹʽʣʴʰʽʩʪʴ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʚʽʜ ʩʚʽʪʣʦ ʢʦʨʠʯʥʝʚʠʭ ʜʦ ʢʦʨʠʯʥʝʚʠʭ,  

ʩʢʣʘʜʥʽ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʨʽʟʥʦʨʽʜʥʽ ʢʨʠʩʪʘʣʠ ʟ  ʷʜʨʘʤʠ, ʥʝ ʷʩʥʦ ʟʦʥʘʣʴʥʽ. 

ʌʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ, ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ, ʣʷʛʣʠ ʟ ʜʦʩʠʪʴ ʟʥʘʯʥʠʤ ʨʦʟʢʠʜʦʤ ʽ ʥʝ 

ʧʽʜʜʘʶʪʴʩʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʽ ɸʨʝʥʩʘ-ɺʝʟʝʨʽʣʘ (ʨʠʩ. 1, b). ɺʽʢ, ʟʘ 

ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb/
206
Pb ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 2561ï2109 ʤʣʥ ʨʦʢʽʚ, ʚʤʽʩʪ 

ʫʨʘʥʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 790 ʜʦ 93,9 ppm, ʪʦʨʽʶ ï 634ï61,3 ppm. 

ɻʥʝʡʩ (ʧʨʦʙʘ ʆʉ-14-ɺ, ʩʚʨ. 3005, ʽʥʪ. 9,6-10,7) ʙʽʦʪʠʪʦʚʠʡ, ʛʨʘʬʽʪ-

ʙʽʦʪʠʪʦʚʠʡ ʪʝʤʥʦ-ʩʽʨʠʡ ʜʦ ʯʦʨʥʦʛʦ, ʜʨʽʙʥʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʠʡ, ʤʘʩʠʚʥʠʡ, 

ʪʨʽʱʠʥʫʚʘʪʠʡ. ʊʝʢʩʪʫʨʘ ʛʥʝʡʩʫʚʘʪʘ, ʩʪʨʫʢʪʫʨʘ ʣʝʧʽʜʦʛʨʘʥʦʙʣʘʩʪʦʚʘ. ʄʽʥ. 

ʩʢʣʘʜ (%): ʧʣʘʛʽʦʢʣʘʟ ï 35, ʙʽʦʪʠʪ ï 35, ʢʚʘʨʮ ï 25, ʝʧʽʜʦʪ, ʩʝʨʠʮʠʪ, ʭʣʦʨʠʪ, 

ʛʣʠʥʠʩʪʘ ʨʝʯʦʚʠʥʘ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʨʫʜʥʠʡ. ɸʢʮʝʩʦʨʥʽ (ʘʧʘʪʠʪ ʪʘ ʮʠʨʢʦʥ) 

ʧʨʠʩʫʪʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʦʜʠʥʦʢʠʭ ʜʨʽʙʥʠʭ ʟʝʨʝʥ ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʙʽʦʪʠʪʦʤ. 

 

 
ʈʠʩʫʥʦʢ 1 ï U-Pb ʜʽʘʛʨʘʤʘ ʟ ʢʦʥʢʦʨʜʽʻʶ ʜʣʷ ʮʠʨʢʦʥʽʚ ʽʟ: ʘ ï ʧʣʘʛʽʦʛʨʘʥʽʪʫ, ʧʨʦʙʘ ʆʉ-13-ɺ, b 

ï ʧʣʘʛʽʦʤʽʛʤʘʪʠʪʫ, ʧʨʦʙʘ ʆʉ-12-ɺ, c ï ʛʥʝʡʩʫ, ʧʨʦʙʘ ʆʉ-14-ɺ ʪʘ d ï ʽʟ ʘʤʬʽʙʦʣʽʪʫ, ʧʨʦʙʘ ʆʉ-

15-ɺ. 

 

ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ ʜʦʩʠʪʴ ʜʨʽʙʥʽ (0,02ï0,05 ʤʤ.), ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʢʽʣʴʢʦʤʘ 

ʨʽʟʥʦʚʠʜʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʷʢ ʩʢʣʘʜʥʽ, ʫʪʚʦʨʝʥʽ ʷʜʨʘʤʠ ʪʘ ʦʙʦʣʦʥʢʘʤʠ, 
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ʪʘʢ ʽ ʙʝʟ ʷʜʝʨ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʠʨʢʦʥʠ ʥʘʧʽʚʧʨʦʟʦʨʽ, ʤʘʶʪʴ ʥʝʯʽʪʢʫ 

ʟʦʥʘʣʴʥʫ ʙʫʜʦʚʫ. 

ɺʤʽʩʪ ʫʨʘʥʫ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʢʨʠʩʪʘʣʽʚ ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ 612ï

90,3 ppm, ʪʦʨʽʶ ʚʽʜ 307 ʜʦ 40,1 ppm. ɺʽʢ, ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb/
206

Pb, 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 3095 ʜʦ 2062 ʤʣʥ ʨʦʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʽʟ 16 ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʫ 13 ʽʟ ʥʠʭ ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʤʘʡʞʝ ʥʘ ʢʦʥʢʦʨʜʽʾ ʚ ʽʥʪʝʨʚʘʣʽ 2220-2060 ʤʣʥ ʨʦʢʽʚ (ʨʠʩ. 1, c), 

ʙʣʠʟʴʢʽ ʜʦ ʚʽʢʫ ʮʠʨʢʦʥʫ ʽʟ ʧʣʘʛʽʦʛʨʘʥʽʪʫ (ʧʨʦʙʘ ʆʉ-13ɺ) ʽ ʣʠʰʝ ʜʣʷ ʪʨʴʦʭ 

ʽʥʰʠʭ ʦʪʨʠʤʘʥʦ ʟʥʘʯʠʤʦ ʜʨʝʚʥʽʰʽ ʟʥʘʯʝʥʥʷ ʚʽʢʫ (ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206
Pb): 3095, 2602 ʪʘ 2479 ʤʣʥ ʨʦʢʽʚ. 

ɸʤʬʽʙʦʣʽʪ (ʧʨʦʙʘ ʆʉ-15-ɺ, ʩʚʨ. 3005, ʽʥʪ. 20,0ï21,9) ʪʝʤʥʦ-ʩʽʨʠʡ ʜʦ 

ʯʦʨʥʦʛʦ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʡ ʤʘʩʠʚʥʠʡ, ʜʽʣʷʥʢʘʤʠ ʟ ʜʠʨʝʢʪʠʚʥʦʶ ʪʝʢʩʪʫʨʦʶ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝʤʘʪʦ-ʣʝʧʽʜʦʛʨʘʥʦʙʣʘʩʪʦʚʘ. ʉʢʣʘʜʝʥʠʡ ʢʦʨʦʪʢʦ-

ʧʨʠʟʤʘʪʠʯʥʠʤʠ ʟʝʨʥʘʤʠ ʘʤʬʽʙʦʣʫ (ʨʦʛʦʚʘ ʦʙʤʘʥʢʘ ï 50 %), ʧʣʘʛʽʦʢʣʘʟʫ ï 35 %, 

ʣʫʩʦʯʢʘʤʠ ʙʽʦʪʠʪʫ (ʜʦ 10%) ʽ ʜʨʽʙʥʠʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʫ (ʙʽʣʷ ï 5 %). ɸʢʮʝʩʦʨʥʽ 

ʤʽʥʝʨʘʣʠ (ʘʧʘʪʠʪ ʪʘ ʮʠʨʢʦʥ) ʽ ʩʫʣʴʬʽʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʦʜʠʥʦʢʠʤʠ ʦʢʨʫʛʣʠʤʠ 

ʟʝʨʥʘʤʠ. ʅʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʢʝʨʥʫ ʧʦʨʦʜʘ ʽʥʽʮʽʡʦʚʘʥʘ ʢʚʘʨʮ-

ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʤʠ ʧʨʦʞʠʣʢʘʤʠ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 1,0ï2,0 ʤʤ. 

ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ ʪʘʢʦʞ ʜʨʽʙʥʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʢʽʣʴʢʦʤʘ ʨʽʟʥʦʚʠʜʘʤʠ, 

ʩʝʨʝʜ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʷʢ ʢʨʠʩʪʘʣʠ ʟ ʷʜʨʘʤʠ ʪʘʢ ʽ ʙʝʟ ʷʜʝʨ. ʂʨʠʩʪʘʣʠ ʚʽʜ 

ʥʘʧʽʚʧʨʦʟʦʨʠʭ ʜʦ ʢʦʨʠʯʥʝʚʫʚʘʪʠʭ. 

ʌʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ ʥʘ ʜʽʘʛʨʘʤʽ ʟ 

ʢʦʥʢʦʨʜʽʻʶ (ʨʠʩ. 1, d) ʣʝʞʘʪʴ ʟ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ ʨʦʟʢʠʜʦʤ ʙʽʣʷ ʢʦʥʢʦʨʜʽʾ ʫ 

ʽʥʪʝʨʚʘʣʽ 1900ï2200 ʤʣʥ ʨʦʢʽʚ ï 15 ʽʟ 17 ʜʘʪʫʚʘʥʴ, ʦʜʠʥ ʘʥʘʣʽʟ, ʟʘ ʽʟʦʪʦʧʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb/
206
Pb ʧʦʢʘʟʘʚ ʚʽʢ 2738 ʤʣʥ ʨʦʢʽʚ, ʽ ʱʝ ʦʜʠʥ, ʟ 

ʜʠʩʢʦʨʜʘʥʪʥʽʩʪʶ 43 %, ʣʽʛ ʧʦʙʣʠʟʫ ʢʦʥʢʦʨʜʽʾ ʚ ʦʙʣʘʩʪʽ 1,1 ʤʣʨʜ ʨʦʢʽʚ. ɼʣʷ 

ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʘʤʬʽʙʦʣʽʪʫ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʥʘʡʙʽʣʴʰʽ ʚʘʨʽʘʮʽʾ ʚʤʽʩʪʫ ʫʨʘʥʫ ï 

ʚʽʜ 2738 ʜʦ 23,5 ppm ʪʘ ʩʧʽʚʩʪʘʚʥʽ ʟ ʽʥʰʠʤʠ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʪʦʨʽʶ (660ï

14,2 ppm). 

ɺʠʩʥʦʚʢʠ. 

ɺʽʢ ʧʣʘʛʽʦʛʨʘʥʽʪʫ ʟʘ ʚʝʨʭʥʽʤ ʧʝʨʝʪʠʥʦʤ ʢʦʥʢʦʨʜʽʾ ʚʽʜʧʦʚʽʜʘʻ ʚʽʢʫ 2157Ñ44 

ʤʣʥ ʨʦʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʽʢ ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206
Pb ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 

2396ï2135 ʤʣʥ ʨʦʢʽʚ, ʚʽʢ ʧʣʘʛʽʦʤʽʛʤʘʪʠʪʫ ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206

Pb 

ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 2561ï2109 ʤʣʥ ʨʦʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʮʽ ʛʨʘʥʽʪʦʾʜʠ ʚʽʜʥʝʩʪʠ ʜʦ 

ʐʝʨʝʤʝʪʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ.  

ɺʽʢ ʛʥʝʡʩʫ ʛʨʘʬʽʪ-ʙʽʦʪʠʪʦʚʦʛʦ ʤʘʡʞʝ ʢʦʥʢʦʨʜʘʥʪʥʠʡ, ʟʘ ʽʟʦʪʦʧʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206
Pb ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 2220ï2060 ʤʣʥ ʨʦʢʽʚ, ʚʽʢ ʘʤʬʽʙʦʣʽʪʫ, 

ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ ʥʘ ʜʽʘʛʨʘʤʽ ʟ 

ʢʦʥʢʦʨʜʽʻʶ ʣʝʞʘʪʴ ʟ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ ʨʦʟʢʠʜʦʤ ʙʽʣʷ ʢʦʥʢʦʨʜʽʾ ʫ ʽʥʪʝʨʚʘʣʽ 

1900ï2200 ʤʣʥ ʨʦʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʮʽ ʧʦʨʦʜʠ ʜʦ ʚʘʩʠʣʽʚʩʴʢʦʾ ʩʚʽʪʠ 

ʪʝʪʝʨʽʚʩʴʢʦʾ ʩʝʨʽʾ. 
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The content of microelements in soils of Kyiv large park are investigated in this work. It was 

established that the highest contents of heavy metals were recorded in Holosiiv Park, the smallest ï 

in Pushcha Vodytsya Park (except for zinc). The sorption capacity is the largest in the forest part of 

Holosiiv Park, which indicates the best buffering properties of these soils. Further monitoring of the 

ecological condition of park systems is needed. 

 

ʇʘʨʢʠ ʽ ʣʽʩʦʧʘʨʢʦʚʽ ʟʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʞʠʪʪʽ ʤʽʩʪʘ. ɺʦʥʠ ʻ 

ʤʽʩʮʝʤ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʦʟʜʦʨʦʚʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʧʨʠʨʦʜʥʠʤʠ ʦʯʠʱʫʚʘʯʘʤʠ 

ʧʦʚʽʪʨʷ. ʇʘʨʢʠ ʩʧʨʠʷʶʪʴ ʧʦʢʨʘʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʤʽʩʪʘ, ʧʦʛʣʠʥʘʶʯʠ 

ʥʝʙʝʟʧʝʯʥʽ ʚʠʢʠʜʠ. ʊʘʢʦʞ ʣʽʩʦʧʘʨʢʦʚʽ ʟʦʥʠ ʂʠʻʚʘ ʻ ʤʽʩʮʷʤʠ, ʜʝ ʤʘʡʞʝ 

ʧʦʚʥʽʩʪʶ ʟʙʝʨʝʞʝʥʽ ʧʨʠʨʦʜʥʽ ʙʽʦʝʢʦʮʝʥʦʟʠ ï ˇʨʫʥʪʠ, ʨʦʩʣʠʥʥʠʡ ʪʘ ʪʚʘʨʠʥʥʠʡ 

ʩʚʽʪ. ʇʨʦʪʝ ʣʽʩʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ ʂʠʻʚʘ ʪʘʢʦʞ ʧʽʜʜʘʶʪʴʩʷ ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʧʣʠʚʫ, ʚ 

ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʜʦʩʠʪʴ ʟʥʘʯʥʦʤʫ. ɿʘʚʜʷʢʠ ʽʥʪʝʥʩʠʚʥʽʡ ʟʘʙʫʜʦʚʽ ʽ ʨʦʟʰʠʨʝʥʥʶ 

ʤʩ̔ʪʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʞʠʪʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʨʦʟʪʘʰʫʚʘʣʠʩʷ ʚʧʨʠʪʫʣ ʜʦ ʣʽʩʦʧʘʨʢʦʚʠʭ ʟʦʥ, ʽʥʢʦʣʠ ʟʤʝʥʰʫʶʯʠ ʾʭ ʧʣʦʱʫ. 

ɻʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʦʥ ʂʠʻʚʘ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʩʪʫʧʘʻ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚʝʣʠʢʽ 

ʣʽʩʦʧʘʨʢʦʚʽ ʟʦʥʠ ʥʘ ʦʢʦʣʠʮʷʭ ʤ. ʂʠʻʚʘ ï ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʣʽʩ, ʇʫʱʘ-ɺʦʜʠʮʴʢʠʡ 

ʣʽʩʦʧʘʨʢ, ʧʘʨʢ ɼʫʙʢʠ, ʇʘʨʢ ʇʘʨʪʠʟʘʥʩʴʢʦʾ ʉʣʘʚʠ, ʘ ʪʘʢʦʞ ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʙʦʪʘʥʽʯʥʠʡ ʩʘʜ ʽʤʝʥʽ ʄ.ʄ. ɻʨʠʰʢʘ ʅɸʅ ʋʢʨʘʾʥʠ.  

ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʣʽʩ ʻ ʯʘʩʪʠʥʦʶ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʘʨʢʫ. ɺʽʥ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ ʜʚʦʭ ʛʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʡ ʟʦʥ ï ʇʦʣʽʩʩʷ ʽ ʃʽʩʦʩʪʝʧʫ. 

ʈʝʣʴʻʬ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʠʡ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʥʦʾ ʚʠʩʦʪʠ, ʩʭʠʣʠ, 
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ʧʝʨʝʧʘʜʠ ʚʠʩʦʪ ʜʦʩʷʛʘʶʪʴ 50 ʤ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʟʤʽʥʠ ʛʝʦʭʽʤʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʣʘʥʜʰʘʬʪʫ: ʫ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥʘʭ ʩʭʠʣʽʚ ʝʣʶʚʽʘʣʴʥʠʡ, ʫ ʥʠʞʥʽʭ ʯʘʩʪʠʥʘʭ ï 

ʪʨʘʥʩʝʣʶʚʽʘʣʴʥʠʡ, ʚ ʧʦʥʠʞʝʥʥʷʭ ʨʝʣʴʻʬʫ ʟ ʤʝʨʝʞʝʶ ʦʟʝʨ ï ʩʫʧʝʨʘʢʚʘʣʴʥʠʡ.   

ʅʘʷʚʥʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʩʧʨʠʷʶʪʴ ʧʽʜʟʦʣʠʩʪʦʤʫ ʧʨʦʮʝʩʫ, ʘ ʨʦʩʣʠʥʥʠʡ 

ʧʦʢʨʠʚ ï ʜʝʨʥʦʚʦʤʫ, ʧʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʚʚʘʞʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ, ʘ ʜʨʫʛʠʡ ï 

ʜʦʧʦʤʽʞʥʠʤ [1]. ʋ ʧʽʚʥʽʯʥʽʡ ʽ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʣʽʩʫ ʟʦʩʝʨʝʜʞʝʥʽ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ˇʨʫʥʪʠ, ʫ ʟʘʭʽʜʥʽʡ ï ʩʽʨʽ ʦʧʽʜʟʦʣʝʥʽ, ʫ ʧʽʚʜʝʥʥʽʡ ʪʘ 

ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ï ʯʦʨʥʦʟʝʤʠ. ʌʦʨʤʫʚʘʥʥʷ ʧʝʨʰʠʭ ʚʽʜʙʫʚʘʣʦʩʴ ʥʘ 

ʣʴʦʜʦʚʠʢʦʚʠʭ ʽ ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʧʝʨʝʚʘʞʥʦ ʩʫʧʽʱʘʥʦʛʦ ʽ 

ʣʝʛʢʦʩʫʛʣʠʥʢʦʚʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ʉʽʨʽ ʪʘ ʩʚʽʪʣʦ-ʩʽʨʽ ʦʧʽʜʟʦʣʝʥʽ 

ˇʨʫʥʪʠ ʫʪʚʦʨʠʣʠʩʷ ʥʘ ʣʝʩʘʭ ʽ ʣʝʩʦʧʦʜʽʙʥʠʭ ʩʫʛʣʠʥʢʘʭ ʣʝʛʢʦʩʫʛʣʠʥʢʦʚʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ.  

ɼʦʤʽʥʫʶʯʠʤʠ ʫ ɻʦʣʦʩʽʾʚʩʴʢʦʤʫ ʣʽʩʽ ʻ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʽʤʽʯʥʽ ʩʠʩʪʝʤʠ ʅ-

ʉʘ ʢʣʘʩʫ, ʜʝ ˇʨʫʥʪʠ ʚʠʷʚʣʷʶʪʴ ʩʣʘʙʦ ʢʠʩʣʫ ʨʝʘʢʮʽʶ. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʽʤʽʯʥʽ 

ʩʠʩʪʝʤʠ ʢʣʘʩʫ ʅ, ʅ-Fe ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʙʘʣʢʘʭ ʽ ʟʘʧʘʜʠʥʘʭ ï ˇʨʫʥʪʠ ʚʠʷʚʣʷʶʪʴ 

ʩʣʘʙʦ ʣʫʞʥʫ ʨʝʘʢʮʽʶ [2]. ʃʽʩʠ ʧʝʨʝʚʘʞʥʦ ʜʫʙʦʚʦ-ʛʨʘʙʦʚʽ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʙʦʪʘʥʽʯʥʠʡ ʩʘʜ ʽʤʝʥʽ ʄ.ʄ. ɻʨʠʰʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʟʘʩʥʦʚʘʥʠʡ ʚ 1935 ʨʦʮʽ. ɿʘʡʤʘʻ ʧʣʦʱʫ 117 ʛʘ, ʚʭʦʜʠʪʴ ʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ 

ʬʦʥʜ ʋʢʨʘʾʥʠ ʽ ʻ ʦʙôʻʢʪʦʤ ʢʦʤʧʣʝʢʩʥʦʾ ʦʭʦʨʦʥʠ, ʚʽʜʥʦʩʷʯʠʩʴ ʜʦ ʟʝʤʝʣʴ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɹʦʪʘʥʽʯʥʠʡ ʩʘʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʨʽʟʥʠʭ ʙʦʪʘʥʽʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ, ʱʦ ʽʤʽʪʫʶʪʴ ʧʨʠʨʦʜʥʽ ʨʦʩʣʠʥʥʽ 

ʫʛʨʫʧʦʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʪʘ ʝʢʦʩʠʩʪʝʤ ɭʚʨʘʟʽʾ.  

ʈʦʟʪʘʰʫʚʘʥʥʷ ʙʦʪʘʥʽʯʥʦʛʦ ʩʘʜʫ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʂʠʻʚʘ ʩʧʨʠʷʻ ʡʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʶ, ʦʩʦʙʣʠʚʦ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥ, ʨʽʟʥʦʛʦ ʨʦʜʫ ʰʢʽʜʣʠʚʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. ʇʝʨʝʚʘʞʘʶʪʴ ʣʘʥʜʰʘʬʪʠ ʢʠʩʣʦʛʦ 

ʪʘ ʢʠʩʣʦʛʦ-ʛʣʝʻʚʦʛʦ ʪʠʧʫ. ˆʨʫʥʪʠ ï ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ʪʘ ʜʝʨʥʦʚʦ-ʦʛʣʝʻʥʽ. ɸʣʝ 

ʧʨʠʨʦʜʥʠʡ ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʨʫʰʝʥʠʡ ʚʥʘʩʣʽʜʦʢ ʧʣʘʥʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʙʦʪʘʥʽʯʥʦʛʦ ʩʘʜʫ.  

ʇʘʨʢ ʇʘʨʪʠʟʘʥʩʴʢʦʾ ʉʣʘʚʠ ʻ ʨʝʛʽʦʥʘʣʴʥʦ-ʣʘʥʜʰʘʬʪʥʠʤ ʧʘʨʢʦʤ, ʱʦ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ɼʘʨʥʠʮʴʢʦʤʫ ʨʘʡʦʥʽ ʤ. ʂʠʻʚʘ. ɿʘʡʤʘʻ ʧʣʦʱʫ ʙʣʠʟʴʢʦ 112 ʛʘ, 

ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʤʘʣʦʦʢʫʣʴʪʫʨʥʝʥʘ ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʨʦʜʥʠʤ ʣʽʩʦʤ. 

ɿʥʘʯʥʘ ʪʝʨʠʪʦʨʽʷ (ʙʣʠʟʴʢʦ 32 %) ʟʘʡʥʷʪʘ ʨʽʜʢʦʣʽʩʩʷʤ ʩʦʩʥʠ ʟʚʠʯʘʡʥʦʾ. ɺʩʴʦʛʦ ʚ 

ʧʘʨʢʫ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 36 ʚʠʜʽʚ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ. ʉʝʨʝʜ ʥʠʭ ʧʝʨʝʚʘʞʘʻ ʩʦʩʥʘ, 

ʨʦʩʪʫʪʴ ʢʣʝʥ ʮʫʢʨʦʚʠʡ, ʨʦʙʽʥʽʷ, ʧʩʝʚʜʦʘʢʘʮʽʷ, ʛʦʨʦʙʠʥʘ ʟʚʠʯʘʡʥʘ, ʙʝʨʝʟʘ 

ʧʦʚʠʩʣʘ, ʜʫʙ ʯʝʨʚʦʥʠʡ, ʜʫʙ ʟʚʠʯʘʡʥʠʡ, ʣʠʧʘ ʩʝʨʮʝʚʠʜʥʘ. ɹʣʠʟʴʢʦ 9 ʛʘ ʟʘʡʤʘʶʪʴ 

ʛʘʣʷʚʠʥʠ. ʃʫʛʦʚʠʡ ʣʘʥʜʰʘʬʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʽʣʷʥʢʘʤʠ ʧʦʙʣʠʟʫ ʪʨʴʦʭ ʦʟʝʨ. ʊʠʧ 

ʛʝʦʭʽʤʽʯʥʦʛʦ ʣʘʥʜʰʘʬʪʫ ʩʫʧʝʨʘʢʚʘʣʴʥʠʡ ʢʠʩʣʦʛʦ ʢʣʘʩʫ. ˆʨʫʥʪʠ ï ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʽ.  

ʇʫʱʘ-ɺʦʜʠʮʴʢʠʡ ʣʽʩʦʧʘʨʢ ʟʘʡʤʘʻ ʧʣʦʱʫ 360 ʛʘ. ʆʩʥʦʚʥʽ ʧʦʨʦʜʠ ʜʝʨʝʚ, ʱʦ 

ʧʨʦʨʦʩʪʘʶʪʴ ʫ ʣʽʩʦʧʘʨʢʫ ï ʩʦʩʥʘ, ʷʣʠʥʘ, ʜʫʙ, ʪʘʢʦʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʢʣʝʥ, ʙʝʨʝʟʘ, 

ʪʫʷ, ʢʘʪʘʣʴʧʘ, ʣʠʧʘ ʪʘ ʽʥ. ɺʽʥ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʦʢʦʣʠʮʽ 

ʤ. ʂʠʻʚʘ. ʊʫʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʘʥʘʪʦʨʽʾʚ, ʜʠʪʷʯʠʭ ʪʘʙʦʨʽʚ ʪʘ 

ʙʫʜʠʥʢʠ ʚʽʜʧʦʯʠʥʢʫ. ʃʘʥʜʰʘʬʪʠ ʢʠʩʣʦʛʦ ʪʘ ʢʠʩʣʦʛʦ-ʛʣʝʻʚʦʛʦ ʢʣʘʩʫ ʟ ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʠʤʠ ʪʘ ʜʝʨʥʦʚʦ-ʦʛʣʝʻʥʠʤʠ ˇʨʫʥʪʘʤʠ.  
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ɼʘʥʽ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʝʣʝʥʫ ʫ ˇʨʫʥʪʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʽʩʦʧʘʨʢʦʚʠʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣ. 1. ʅʘʡʙʽʣʴʰʽ ʚʤʽʩʪʠ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ɻʦʣʦʩʽʾʚʩʴʢʦʤʫ ʧʘʨʢʫ. ʎʽ ʪʝʨʠʪʦʨʽʾ ʟʘʨʘʟ 

ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʫʜʦʚʫʶʪʴʩʷ, ʥʘʚʢʦʣʦ ʧʘʨʢʫ ʟôʷʚʣʷʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʘʥʦʾ ʜʽʣʷʥʢʠ. 

 ʅʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʚʠʷʚʣʝʥʽ ʫ ʇʫʱʘ-ɺʦʜʠʮʴʢʦʤʫ ʣʽʩʦʧʘʨʢʫ (ʦʢʨʽʤ ʮʠʥʢʫ, 

ʚʤʽʩʪ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 42 ʤʛ/ʢʛ). ʇʘʨʢ çɼʫʙʢʠè ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʫʪʪʻʚʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʦʤ ʢʘʜʤʽʶ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ 

ʣʽʩʦʧʘʨʢʦʚʠʭ ʟʦʥ ʚʠʷʚʣʝʥʦ ʚ ʤʽʩʮʷʭ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʩʤʽʪʥʠʢʽʚ. 

 
ʊʘʙʣʠʮʷ 1 ï ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ ʧʘʨʢʦʚʠʭ ʟʦʥ ʤ. ʂʠʻʚʘ, ʤʛ/ʢʛ 

ʅʘʟʚʘ Cu Pb Zn Ni V Cr Hg Cd Se 

ʇʘʨʢ ʇʘʨʪʠʟʘʥʩʴʢʦʾ 

ʉʣʘʚʠ 
40 40 3 10 13 13 0,06 ï ï 

ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʧʘʨʢ 50 43 30 25 40 40 0,03 0,06 0,18 

ʇʫʱʘ-ɺʦʜʠʮʴʢʠʡ 

ʣʽʩʦʧʘʨʢ 
18 12 42 10 30 3 0,03 0,05 0,18 

ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʙʦʪʘʥʽʯʥʠʡ ʩʘʜ 

ʽʤʝʥʽ ʄ.ʄ. ɻʨʠʰʢʘ 

ʅɸʅ ʋʢʨʘʾʥʠ 

20 12 44 12 20 15 0,07 0,06 0,17 

ʇʘʨʢ ɼʫʙʢʠ 40 30 ï 5 20 10 0,06 0,24 ï 

ʇʨʠʤʽʪʢʘ. çïè ï ʜʘʥʽ ʚʽʜʩʫʪʥʽ 

 
ʊʘʙʣʠʮʷ 2 ï ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʫʤʦʚʠ ˇʨʫʥʪʽʚ ʣʽʩʦʧʘʨʢʦʚʠʭ ʟʦʥ [3] 

ʇʨʠʤʽʪʢʘ. ʉʦʨʛ ï ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ, ʨʅʚʦʜ ï ʢʠʩʣʦʪʥʦ-ʣʫʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʦʾ 

ʚʠʪʷʞʢʠ ˇʨʫʥʪʫ 

 

ʅʘ ʨʦʟʧʦʜʽʣ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʫʤʦʚʠ ˇʨʫʥʪʽʚ (ʪʘʙʣ. 2). ɼʦʩʣʽʜʞʫʚʘʥʽ ʣʽʩʦʧʘʨʢʦʚʽ ʟʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʩʣʘʙʢʦ-ʢʠʩʣʠʤʠ ʪʘ ʥʝʡʪʨʘʣʴʥʠʤʠ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʠʤʠ ʫʤʦʚʘʤʠ 

(ʨʅ 6ï7,6), ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 2,3ï3,6 %. ʊʘʢʽ 

ʫʤʦʚʠ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʨʫʭʦʤʦʩʪʽ ʙʽʣʴʰʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʭʦʯʘ ʚʤʽʩʪ 

ʛʫʤʫʩʫ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ. ʉɭ ʥʘʡʙʽʣʴʰʘ ʚ ʣʽʩʦʚʽʡ ʯʘʩʪʠʥʽ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʧʘʨʢʫ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʢʨʘʱʽ ʙʫʬʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ˇʨʫʥʪʽʚ. ʇʝʨʝʚʘʞʘʻ ʦʙʤʽʥʥʠʡ 

ʢʘʣʴʮʽʡ (7,2ï11,93 ʤʛ-ʝʢʚ/100 ʛ), ʟʥʘʯʥʦʶ ʻ ʪʘʢʦʞ ʛʽʜʨʦʣʽʪʠʯʥʘ ʢʠʩʣʦʪʥʽʩʪʴ 

(H
+ 
1,5ï8 ʤʛ-ʝʢʚ/100 ʛ). ʇʝʨʝʭʽʜ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʨʦʟʯʠʥ ʤʝʥʰ ʡʤʦʚʽʨʥʠʡ ʫ 

ˇʨʫʥʪʘʭ, ʢʦʣʦʾʜʠ ʷʢʠʭ ʥʘʩʠʯʝʥʽ Ca
2+
. ʊʘʢʽ ʢʦʣʦʾʜʠ ʢʨʘʱʝ ʘʛʨʝʛʫʶʪʴʩʷ, ʚʽʜʥʦʩʥʦ 

ʅʘʟʚʘ 
H

+
 Na

+
 K

+
 Ca

2+
 Mg

2+
 ʉɭ ʉʦʨʛ ʨʅʚʦʜ 

ʤʛĿʝʢʚ/100 ʛ % ʫ.ʦ. 

ʇʘʨʢ ʇʘʨʪʠʟʘʥʩʴʢʦʾ 

ʩʣʘʚʠ 
7,99 0,07 0,23 10,50 0,31 19,08 3,61 6,01 

ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʣʽʩ 1,42 0,08 0,58 19,93 0,86 22,87 2,70 7,60 

ʇʫʱʘ-ɺʦʜʠʮʴʢʠʡ 

ʣʽʩʦʧʘʨʢ 
8,51 0,1 0,3 16,22 0,31 25,44 2,28 6,82 
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ʤʝʭʘʥʽʯʥʦ ʪʘ ʛʽʜʨʦʩʪʽʡʢʽ. ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʦʙʤʽʥʥʦʛʦ ʢʘʣʴʮʽʶ ʚʠʷʚʣʝʥʠʡ ʚ 

ˇʨʫʥʪʘʭ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʣʽʩʫ, ʱʦ ʨʦʟʚʠʥʫʪʽ ʥʘ ʣʝʩʦʚʠʭ ʩʫʛʣʠʥʢʘʭ. 

ʆʪʞʝ, ʧʘʨʢʦʚʽ ʟʦʥʠ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʢʨʘʱʽ ʙʫʬʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʦʥʘʤʠ ʤ. ʂʠʻʚʘ, ʟʘʟʥʘʶʪʴ ʚʽʜʯʫʪʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʘʭ ʨʷʜʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʅʝʦʙʭʽʜʥʠʡ ʧʦʜʘʣʴʰʠʡ ʤʦʥʽʪʦʨʠʥʛ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʧʘʨʢʦʚʠʭ ʩʠʩʪʝʤ. 
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Fluid inclusions in halite are widely used in research to determine the conditions of sedimentation 

in salt basins and reconstruct the chemical composition of seawater during a specific geological 

period. The ultramicrochemical analysis (UMCA) method is one of the several methods that are 

used for the quantitative determination of the chemical composition of the primary fluid inclusions 

in halite. We have upgraded that technique, and that allowed us to reduce the analytical error rates 

of each component determination. The error rates were calculated in the study of natural 

sedimentary brines. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥ ̫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ 

ʛʘʣʽʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ: ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʩʦʣʝʡ ʜʨʝʚʥʽʭ ʩʦʣʝʨʦʜʥʠʭ 

ʙʘʩʝʡʥʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʤʦʚ ʩʝʜʠʤʝʥʪʘʮʽʾ  ̔ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜʢʣʘʜʽʚ, 

ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  ̔

ʧʦʜʽʡ ɿʝʤʥʦʾ ʝʚʦʣʶʮʽʾ. ʄʝʪʦʜ ʫʣʴʪʨʘʤʽʢʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʋʄʍɸ)  ̒ʦʜʥʠʤ ʟ 
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ʧʝʨʰʠʭ ʟ-ʧʦʤʽʞ ʧʦʜʽʙʥʠʭ ʤʝʪʦʜʽʚ. ɺʽʥ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʫ ʢʽʥʮʽ 60-ʭ ʨʦʢʽʚ ʍʍ 

ʩʪʦʣʽʪʪʷ ʚ ɯɻɻɻɯ ʅɸʅ ʋʢʨʘʾʥʠ ʛʨʫʧʦʶ ʜʦʩʣʽʜʥʠʢʽʚ ʥʘ ʯʦʣʽ ʟ ʧʨʦʬ. 

ʆ.ʁ.ʇʝʪʨʠʯʝʥʢʦ [1]. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ (K, SO4, Cl, Ca, Mg) 

ʢʦʤʧʦʥʝʥʪʠ ʚ ʤʽʢʨʦʦʙôʻʤʽ (ʜʦ 0,0003 ʤʤ
3
) ʨʦʟʩʦʣʫ [7]. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʫ 

ʚʠʢʦʨʠʩʪʘʥʘ ʽʜʝʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʦʟʩʦʣʘʭ ʟʘ ʦʙôʻʤʦʤ 

ʦʩʘʜʫ, ʦʜʝʨʞʘʥʦʛʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʨʦʟʩʦʣʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʨʝʘʛʝʥʪʦʤ [2]. 

ʈʝʘʢʮʽʾ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʚʠʛʦʪʦʚʣʝʥʠʭ ʢʘʧʽʣʷʨʘʭ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʷʥʽ 

ʪʨʫʙʢʠ ʜʽʘʤʝʪʨʦʤ 200ï250 ʤʢʤ ʟ ʢʦʥʫʩʦʧʦʜʽʙʥʠʤ ʟʘʢʽʥʯʝʥʥʷʤ. ɼʽʘʤʝʪʨ 

ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʦʥʫʩʘ (d1) ʢʘʧʽʣʷʨʘ ʩʪʘʥʦʚʠʪʴ 4ï9 ʤʢʤ (ʈʠʩ. 1). ʏʘʩ 

ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʦʟʩʦʣʽ (ʚʽʜ ʝʢʩʪʨʘʢʮʽʾ ʨʦʟʩʦʣʫ ʜʦ ʚʠʤʽʨʫ 

ʦʩʘʜʫ) ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 20 ʭʚʠʣʠʥ. 

ʇʦʭʠʙʢʘ ʧʦʦʜʠʥʦʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʦʤ ʋʄʍɸ ʢʦʞʥʦʛʦ ʽʟ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʦʟʩʦʣʘʭ ʻ ʨʽʟʥʦʶ. ɼʣʷ K
+
, SO4

2-
, Cl

-
, Ca

2+
, Mg

2+ 
ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 

(ʫ %): 23, 38, 38, 43, 21 ʚʽʜʧʦʚʽʜʥʦ. ɿʘʜʣʷ ʾʾ ʟʤʝʥʰʝʥʥʷ ʜʦ 10ï17% ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʜʚʘ-ʪʨʠ ʧʘʨʘʣʝʣʴʥʠʭ ʘʥʘʣʽʟʠ. ɺʩʽ ʤʘʥʽʧʫʣʷʮʽʾ ʋʄʍɸ ʧʨʦʚʦʜʷʪʴʩʷ ʧʽʜ 

ʦʧʪʠʯʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ. ʉʧʦʯʘʪʢʫ ʧʦʚʝʨʭʥʷ ʛʘʣʽʪʫ ʨʦʟʯʠʥʷʻʪʴʩʷ ʪʦʥʢʠʤ 

ʩʪʨʫʤʝʥʝʤ ʚʦʜʠ ʥʘʜ ʦʙʨʘʥʠʤ ʬʣʶʾʜʥʠʤ ʚʢʣʶʯʝʥʥʷʤ. ɺʽʜʩʪʘʥʴ ʜʦ ʚʢʣʶʯʝʥʥʷ 

ʤʘʻ ʩʪʘʥʦʚʠʪʠ 10ï20 ʤʢʤ (ʈʠʩ. 1 ɸ (ʘ)). ʇʦʪʽʤ ʧʦʚʝʨʭʥʷ ʛʘʣʽʪʫ ʚʠʩʫʰʫʻʪʴʩʷ ʽ 

ʣʘʤʘʻʪʴʩʷ ʪʦʥʢʦʶ ʩʪʘʣʝʚʦʶ ʛʦʣʢʦʶ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʮʴʦʛʦ ʨʦʟʩʽʣ ʽʟ 

ʚʢʣʶʯʝʥʥʷ ʝʢʩʪʨʘʛʫʻʪʴʩʷ ʢʘʧʽʣʷʨʦʤ (ʈʠʩ. 1 ɸ (ʙ)). 

 

  
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʤʝʪʦʜʫ ʋʄʍɸ: ɸ) ʘ ï ʨʦʟʤʠʚ ʛʘʣʽʪʫ ʥʘʜ ʦʙʨʘʥʠʤ ʚʢʣʶʯʝʥʥʷʤ, 

ʙ ï ʝʢʩʪʨʘʢʮʽʷ ʨʦʟʩʦʣʫ ʩʢʣʷʥʠʤ ʢʘʧʽʣʷʨʦʤ; ɹ) ʘ ï ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʨʦʟʩʦʣʫ, ʙ ï ʟʘʙʽʨ 

ʧʝʚʥʦʛʦ ʨʝʘʢʪʠʚʫ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚ ï ʟʘʧʘʶʚʘʥʥʷ ʢʘʧʽʣʷʨʘ, ʛ ï 

ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʦʩʘʜʫ 

  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʽʚ ʥʠʞʥʽʭ ʢʽʥʮʽʚ ʢʘʧʽʣʷʨʽʚ, ʽʟ ʬʣʶʾʜʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʨʦʟʤʽʨʦʤ 70ï100 ʤʢʤ ʤʦʞʥʘ ʝʢʩʪʨʘʛʫʚʘʪʠ ʨʦʟʩʽʣ ʫ 1ï3 ʢʘʧʽʣʷʨʘ. 

ʇʽʩʣʷ ʝʢʩʪʨʘʢʮʽʾ ʨʦʟʩʦʣʫ, ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʦʙôʻʤ (ʈʠʩ. 1 ɹ (ʘ)), ʜʘʣʽ ʫ 

ʢʘʧʽʣʷʨ ʚʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʭʽʤʽʯʥʠʡ ʨʝʘʢʪʠʚ (ʈʠʩ. 1 ɹ (ʙ)) ʽ ʢʽʥʮʽ ʢʘʧʽʣʷʨʘ 

ʟʘʧʘʶʶʪʴʩʷ (ʈʠʩ. 1 ɹ (ʚ)). ʇʽʩʣʷ 15 ʭʚʠʣʠʥʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʫ ʮʝʥʪʨʠʬʫʟʽ (8000 

ʦʙ/ʭʚ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙôʻʤ ʦʪʨʠʤʘʥʦʛʦ ʦʩʘʜʫ (ʈʠʩ. 1 ɹ (ʛ)). ɿʘʢʣʶʯʥʠʤ ʢʨʦʢʦʤ ʻ 

ʧʦʨʽʚʥʷʥʥʷ ʦʙôʻʤʫ ʦʪʨʠʤʘʥʦʛʦ ʦʩʘʜʫ ʽʟ ʦʙôʻʤʦʤ ʦʩʘʜʫ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʩʦʣʽʚ. 
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ɿʘ ʧʨʦʩʪʦʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫʚʘʪʠ ʤʽʢʨʦʦʙôʻʤʠ ʨʦʟʩʦʣʽʚ, 

ʛʘʨʥʦʶ ʟʙʽʞʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʤʝʪʦʜ ʋʄʍɸ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ 

ʧʝʨʝʜʦʚʠʤ ʩʝʨʝʜ ʽʥʰʠʭ ʤʝʪʦʜʽʚ (LA-ICP-MS, Cryo-SEM-EDS, ɽSEM-EDS, 

Extraction-IC) ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʩʦʣʽʚ ʚʢʣʶʯʝʥʴ. ɯʩʪʦʪʥʠʤ ʡʦʛʦ 

ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʧʘʨʘʣʝʣʴʥʽ ʘʥʘʣʽʟʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʯʥʦʩʪʽ. 

ɿ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʋʄʍɸ ʽ ʘʞ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʡʦʛʦ 

ʤʝʪʦʜʠʢʘ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ. ʑʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʭʠʙʠ ʧʦʦʜʠʥʦʢʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʤʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʦʢʨʝʤʽ ʦʧʝʨʘʮʽʾ ʋʄʍɸ. ʇʦʤʠʣʢʠ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʘʨʽʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʋʄʍɸ, 

ʚʠʥʠʢʘʶʪʴ, ʥʘʩʘʤʧʝʨʝʜ, ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ 

ʥʘʙʨʘʥʦʛʦ ʫ ʢʘʧʽʣʷʨ ʨʦʟʩʦʣʫ ʽ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʦʩʘʜʫ, ʱʦ ʦʜʝʨʞʫʻʪʴʩʷ ʫ ʢʦʞʥʦʤʫ 

ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ. ʉʪʘʥʜʘʨʪʠʟʫʚʘʚʰʠ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʘʧʽʣʷʨʽʚ ʽ 

ʧʨʦʚʽʚʰʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ ʤʝʪʦʜʫ, ʤʠ ʜʦʤʦʛʣʠʩʷ ʟʥʠʞʝʥʥʷ 

ʧʦʭʠʙʢʠ ʧʦʦʜʠʥʦʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʴʰ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ, ʱʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʷʢ ʥʘ 

ʰʪʫʯʥʠʭ ʨʦʟʩʦʣʘʭ ʟ ʚʽʜʦʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢ ʽ ʥʘ ʧʨʠʨʦʜʥʠʭ 

ʨʦʟʩʦʣʘʭ ï ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʚʠʥʥʠʭ ʚʢʣʶʯʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʯʽʪʢʦ ʚʟʜʦʚʞ 

ʦʢʨʝʤʠʭ ʟʦʥ ʧʨʠʜʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʛʘʣʽʪʫ, ʜʝ ʩʢʣʘʜ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʩʦʣʽʚ 

ʚʢʣʶʯʝʥʴ ʽʜʝʥʪʠʯʥʽ. ɿʥʠʞʝʥʥʷ ʧʦʭʠʙʢʠ ʧʦʦʜʠʥʦʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦ 10ï16% 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʘʥʘʣʽʟʽʚ ʜʣʷ ʧʦʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʦʟʩʦʣʘʭ ʚʢʣʶʯʝʥʴ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʫ ʙʫʣʦ 

ʜʦʩʷʛʥʫʪʦ ʟʘʚʜʷʢʠ ʥʘʩʪʫʧʥʦʤʫ: 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʧʽʣʷʨʠ ʨʽʟʥʦʾ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʟ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʤ 

ʜʽʘʤʝʪʨʦʤ ʚʫʟʴʢʦʛʦ ʢʽʥʮʷ ʢʘʧʽʣʷʨʘ. ʎʝ ʟʤʝʥʰʫʻ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʤʫ 

ʨʦʟʩʦʣʫ ʽ ʤʽʥʽʤʽʟʫʻ ʡʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; 

- ʧʨʠ ʥʠʟʴʢʦʤʫ (<1 ʛ/ʣ) ʚʤʽʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʦʟʩʦʣʘʭ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʧʽʣʷʨʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʜʽʘʤʝʪʨʦʤ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ; 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʰʚʠʜʢʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʛʝʥʪʦʤ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʦʩʘʜʫ, ʟʥʘʯʝʥʥʷ L1 ʫ ʢʘʧʽʣʷʨʽ 

ʟ ʜʽʘʤʝʪʨʦʤ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʙʣʠʟʴʢʦ 9 ʤʢʤ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 2,5 ʤʤ, ʘ 

ʫ ʢʘʧʽʣʷʨʽ ʟ ʜʽʘʤʝʪʨʦʤ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʙʣʠʟʴʢʦ 4 ʤʢʤ ï 1,5 ʤʤ; 

- ʟôʷʩʦʚʘʥʦ, ʱʦ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʟʩʦʣʫ ʫ ʟʘʧʘʷʥʦʤʫ ʢʘʧʽʣʷʨʽ ʚʽʜ 

ʚʫʟʴʢʦʛʦ ʡʦʛʦ ʢʽʥʮʷ ʜʦ ʰʠʨʦʢʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʝʯʝʥʦʾ ʩʪʘʣʝʚʦʾ ʛʦʣʢʠ, 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʨʫʰʝʥʥʷ ʧʨʠʣʠʧʣʠʭ ʯʘʩʪʠʥʦʢ ʦʩʘʜʫ ʟʽ ʩʪʽʥʦʢ ʢʘʧʽʣʷʨʘ. ʋ ʨʘʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʜʦʜʘʪʢʦʚʦʾ ʦʧʝʨʘʮʽʾ ʧʝʨʝʜ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ, ʧʽʩʣʷ 

ʦʙʝʨʪʘʥʥʷ ʢʘʧʽʣʷʨʘ ʫ ʮʝʥʪʨʠʬʫʟʽ ʦʪʨʠʤʫʻʪʴʩʷ ʢʦʤʧʘʢʪʥʠʡ ʦʩʘʜ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʧʽʜʨʘʭʫʥʢʫ ʡʦʛʦ ʦʙôʻʤʫ. 
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The Intrusions of plagiogranitoids of the Zachativka-Fedorivka anticline of the Mangush 

synclinorium were formed in the Paleoproterozoic - 2.13-2.1 Ma ago. Tonalites of the Karatyuk 

massif, according to geochemical characteristics, correspond to TTG. They could be formed as a 

result of melting of basites in the subduction zone, or partial melting of the lower part of the thick 

crust as a result of underplating of basite melts with restite garnet and/or amphibole. Tonalites and 

granodiorites of small intrusions of the Zachativka-Fedorivka anticline, which differ from the 

plagiogranitoids of the Karatyuk massif on a much higher content of HFS elements (Y, Nb) and 

heavy REE, could be formed in crustal magmatic sources, in the restitic phase of which were 

probably clinopyroxene, amphibole, and plagioclase. Pegmatoid granites that break through the 

carbonate rocks of the Temryuk suite and these plagiogranitoids were formed 2051.3 Ñ 5.8 million 

years ago. They are characterized by a very low REE content and high lead content - Pb (22.1 -28.1 

ppm). 

 

ɺʩʪʫʧ. ʋ ʄʘʥʛʫʩʴʢʦʤʫ ʩʠʥʢʣʽʥʦʨʽʾ ʛʨʘʥʽʪʦʾʜʠ ʧʦʰʠʨʝʥʽ ʚ ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʩʝʨʝʜ ʷʢʠʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʦʩʪʘʥʮʽ ʧʦʨʽʜ ʟʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ. 

ɼʦ ʥʘʡʙʽʣʴʰʦʾ ʟ ʥʠʭ ʥʘʣʝʞʠʪʴ ɿʘʯʘʪʽʚʩʴʢʦ-ʌʝʜʦʨʽʚʩʴʢʘ ʘʥʪʠʢʣʽʥʘʣʴ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʟʘʭʽʜʥʦʛʦ ʢʨʠʣʘ ʄʘʥʛʫʩʴʢʦʛʦ ʩʠʥʢʣʽʥʦʨʽʶ [3]. ʉʝʨʝʜ 

ʛʨʘʥʽʪʦʾʜʽʚ ʮʽʻʾ ʘʥʪʠʢʣʽʥʘʣʽ ʻ ʷʢ ʧʣʘʛʽʦʛʨʘʥʽʪʠ, ʪʘʢ ʽ ʢʘʣʽʻʚʽ ʪʘ ʢʘʣʽʻʚʦ-ʥʘʪʨʽʻʚʽ 

ʛʨʘʥʽʪʠ. ʇʣʘʛʽʦʛʨʘʥʽʪʠ ʂʘʨʘʪʶʮʴʢʦʛʦ ʤʘʩʠʚʫ ʨʘʥʽʰʝ ʨʦʟʛʣʷʜʘʣʠʩʷ ʷʢ ʘʨʭʝʡʩʴʢʽ 

[4]. ʇʽʟʥʽʰʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʾʭʥʽʡ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʡ ʚʽʢ - (2,13 Ñ 0,04 ʤʣʨʜ 

ʨʦʢʽʚ) [1]. Cʫʙʟʛʽʜʥʽ ʪʽʣʘ ʽ ʥʝʚʝʣʠʢʽ ʽʥʪʨʫʟʽʾ ʪʦʥʘʣʽʪʽʚ ʽ ʛʨʘʥʦʜʽʦʨʠʪʽʚ ʩʝʨʝʜ 

ʘʤʬʽʙʦʣʽʪʽʚ ʽ ʦʩʥʦʚʥʠʭ ʢʨʠʩʪʘʣʦʩʣʘʥʮʽʚ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʪʝʞ ʤʘʶʪʴ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʡ ʚʽʢ - 2,1 ʤʣʨʜ ʨʦʢʽʚ [1]. ɺʽʢ ʽʥʪʨʫʟʽʡ ʛʨʘʥʦʜʽʦʨʠʪʽʚ ʚ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɿʘʯʘʪʽʚʩʴʢʦ-ʌʝʜʦʨʽʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ (ʫʨʦʯʠʱʝ 

ɻʫʨʞʽʡ ʪʘ ʙʽʣʷ ʩ. ʂʘʣʘʡʪʘʥʽʚʢʘ) ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ ʪʠʪʘʥʽʪʦʤ - 2024 ʤʣʥ ʨʦʢʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʢʨʠʪʪʷ ʽʟʦʪʦʧʥʦʾ ʩʠʩʪʝʤʠ ʫ ʪʠʪʘʥʽʪʽ ʟʥʘʯʥʦ ʥʠʞʯʘ, ʥʽʞ ʫ 

ʮʠʨʢʦʥʽ) [3]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʴ ʞʠʣ ʧʝʛʤʘʪʦʾʜʥʠʭ ʛʨʘʥʽʪʽʚ ʪʘ ʧʝʛʤʘʪʠʪʽʚ, ʱʦ ʧʨʦʨʠʚʘʶʪʴ 

ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ ʪʝʤʨʶʮʴʢʦʾ ʩʚʽʪʠ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ ʽ 

ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʥʦʚʥʠʭ 

ʪʠʧʽʚ ʛʨʘʥʽʪʦʾʜʽʚ. 

ɻʝʦʭʽʤʽʷ, ʛʝʥʝʟʠʩ ʪʘ ʚʽʢ ʛʨʘʥʽʪʦʾʜʽʚ. ɿʘ ʧʦʣʴʦʚʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ 

ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ ɿʘʯʘʪʽʚʩʴʢʦ-ʌʝʜʦʨʽʚʩʴʢʦʾ ʘʥʪʠʢʣʽʥʘʣʽ ʄʘʥʛʫʩʴʢʦʛʦ 

ʩʠʥʢʣʽʥʦʨʽʶ ʤʘʶʪʴ ʩʤʫʛʘʩʪʫ ʪʝʢʩʪʫʨʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʦʥʠ ʫʪʚʦʨʠʣʠʩʷ ʜʦ 

ʧʨʦʮʝʩʽʚ ʢʦʣʽʟʽʾ. ʂʘʣʽʻʚʽ ʽ ʢʘʣʽʻʚʦ-ʥʘʪʨʽʻʚʽ ʛʨʘʥʽʪʠ, ʱʦ ʧʨʦʨʠʚʘʶʪʴ ʮʽ 

ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʦʟʥʘʢ ʜʝʬʦʨʤʘʮʽʡ, ʻ ʧʦʩʪʢʦʣʽʟʽʡʥʠʤʠ.  
 

            
ʈʠʩʫʥʦʢ 1 - ʄʫʣʴʪʠʝʣʝʤʝʥʪʥʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʛʨʘʥʽʪʦʾʜʽʚ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʄʘʥʛʫʩʴʢʦʛʦ 

ʩʠʥʢʣʽʥʦʨʽʶ. ʅʦʨʤʦʚʘʥʦ ʥʘ ʩʢʣʘʜ ʧʨʠʤʽʪʠʚʥʦʾ ʤʘʥʪʽʾ. 

ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʜʣʷ ʛʨʘʥʽʪʦʾʜʽʚ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʄʘʥʛʫʩʴʢʦʛʦ 

ʩʠʥʢʣʽʥʦʨʽʶ. ʅʦʨʤʦʚʘʥʦ ʥʘ ʩʢʣʘʜ ʭʦʥʜʨʠʪʫ ʉ1. 

 

ʂʘʨʘʪʶʮʴʢʠʡ ʤʘʩʠʚ. ʊʦʥʘʣʽʪʠ ʢʘʨʘʪʶʮʴʢʦʛʦ ʤʘʩʠʚʫ (ʧʨʦʙʘ 2067) ʻ 

ʚʠʩʦʢʦʤʘʛʥʽʻʚʠʤʠ (Mg#= 52). ɺ ʥʠʭ ʥʝʚʝʣʠʢʠʡ ʚʤʽʩʪ Rb (54,6 ppm) ʽ ʚʠʩʦʢʠʡ - 

Sr (502 ppm) (Rb/Sr = 0,11). ʅʝʚʝʣʠʢʠʡ ʚʤʽʩʪ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ ʝʣʝʤʝʥʪʽʚ - Y (6,6 

ppm), Nb (3,3 ppm), Yb (0,55 ppm). ɺʠʩʦʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Sr/Y (76,1) ʽ Nb/Ta 

(15). ʅʘ ʤʫʣʴʪʠʝʣʝʤʝʥʪʥʽʡ ʜʽʘʛʨʘʤʽ ʚʠʜʽʣʷʶʪʴʩʷ ʥʝʛʘʪʠʚʥʽ ʘʥʦʤʘʣʽʾ Nb, Ti ʽ 

ʧʦʟʠʪʠʚʥʽ Sr, ʪʘ Eu (ʨʠʩ. 1). ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - 

(La/Yb)N=14,2; YbN=3,2 ʟ ʧʦʟʠʪʠʚʥʦʶ ʻʚʨʦʧʽʻʚʦʶ ʘʥʦʤʘʣʽʻʶ - Eu/Eu*=1,13 

(ʨʠʩ. 2). ɰʭ ʨʦʟʧʣʘʚ ʤʽʛ ʫʪʚʦʨʠʪʠʩʷ ʚ ʤʘʛʤʘʪʠʯʥʦʤʫ ʜʞʝʨʝʣʽ ʚ ʨʽʚʥʦʚʘʟʽ ʟ 

ʨʝʩʪʠʪʦʤ, ʱʦ ʤʽʩʪʠʚ ʛʨʘʥʘʪ ʽ/ʘʙʦ ʨʦʛʦʚʫ ʦʙʤʘʥʢʫ. ʅʘ ʜʽʘʛʨʘʤʘʭ Y-Sr/Y ʪʘ YbN- 

(La/Yb)N ʪʦʯʢʠ ʪʦʥʘʣʽʪʽʚ ʢʘʨʘʪʶʮʴʢʦʛʦ ʤʘʩʠʚʫ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʦʣʝ ʘʜʘʢʽʪʽʚ. 

ɯʥʪʨʫʟʽʾ ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʽʚ ʫ ʤʝʪʘʙʘʟʠʪʘʭ ʚʝʨʭʥʴʦʪʦʢʤʘʮʴʢʦʾ ʪʦʚʱʽ.  

ɻʨʘʥʦʜʽʦʨʠʪʠ (ʧʨʦʙʘ 210/2) ʻ ʚʠʩʦʢʦʤʘʛʥʽʻʚʠʤʠ (Mg#=47). ɺ ʥʠʭ 

ʥʝʚʝʣʠʢʠʡ ʚʤʽʩʪ Rb (57,09 ppm) ʽ ʚʠʩʦʢʠʡ ï Sr (640,5 ppm) (Rb/Sr=0,09). 

ʇʜ̔ʚʠʱʝʥʠʡ ʚʤʽʩʪ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ - Y (18,59 ppm), Nb (6,901 ppm) ʽ Yb (1,857 

ppm) ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ - Ni (42,28 ppm) ʽ Cr (68,71 ppm). ʅʘ ʩʧʘʡʜʝʨ-

ʜʽʘʛʨʘʤʽ ʚʠʜʽʣʷʶʪʴʩʷ ʥʝʛʘʪʠʚʥʽ ʘʥʦʤʘʣʽʾ Nb ʽ Ti (ʨʠʩ. 1). ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʈɿɽ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - (La/Yb)N = 11,8; YbN = 10,9 (ʨʠʩ. 2) ʟ ʥʝʚʝʣʠʢʦʶ 

ʥʝʛʘʪʠʚʥʦʶ ʻʚʨʦʧʽʻʚʦʶ ʘʥʦʤʘʣʽʻʶ ï Eu/Eu* = 0,88. ʈʦʟʧʣʘʚ ʛʨʘʥʦʜʽʦʨʠʪʽʚ ʤʽʛ 

ʫʪʚʦʨʠʪʠʩʷ ʫ ʢʦʨʦʚʦʤʫ ʤʘʛʤʘʪʠʯʥʦʤʫ ʜʞʝʨʝʣʽ. 

ʊʦʥʘʣʽʪʠ (ʧʨʦʙʘ 211/2) ʻ ʚʠʩʦʢʦʤʘʛʥʽʻʚʠʤʠ (Mg# = 47). ɺ ʥʠʭ ʥʝʚʝʣʠʢʠʡ 

ʚʤʽʩʪ Rb (54,8 ppm) ʽ ʚʠʩʦʢʠʡ Sr (515 ppm) (Rb/Sr=0,11). ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ Ni 



 

31 

 

(33,9 ppm) ʽ Cr (34,1 ppm). ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ ʝʣʝʤʝʥʪʽʚ - Y (12,8 

ppm), Nb (11,9 ppm), Yb (1,2 ppm). ʅʘ ʩʧʘʡʜʝʨ-ʜʽʘʛʨʘʤʽ ʚʠʜʽʣʷʻʪʴʩʷ ʥʝʚʝʣʠʢʘ 

ʥʝʛʘʪʠʚʥʘ ʘʥʦʤʘʣʽʷ Nb ʽ ʧʦʟʠʪʠʚʥʘ - Ti (ʨʠʩ. 2). ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʈɿɽ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ - (La/Yb)N=11,3; YbN=7,06) (ʨʠʩ. 2). ɿʘ ʛʝʦʭʽʤʽʯʥʠʤʠ ʜʘʥʠʤʠ 

ʨʦʟʧʣʘʚ ʪʦʥʘʣʽʪʽʚ ʤʽʛ ʫʪʚʦʨʠʪʠʩʷ ʫ ʢʦʨʦʚʦʤʫ ʤʘʛʤʘʪʠʯʥʦʤʫ ʜʞʝʨʝʣʽ. 

ʇʝʛʤʘʪʦʾʜʥʽ ʛʨʘʥʽʪʠ ʽ ʧʝʛʤʘʪʠʪʠ (ʧʨʦʙʠ 20/16 ʪʘ 17/9 ʚʽʜʧʦʚʽʜʥʦ) 

ʧʨʦʨʠʚʘʶʪʴ ʢʘʣʴʮʠʬʽʨʠ ʪʝʤʨʶʮʴʢʦʾ ʩʚʽʪʠ ʮʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ. ɿʘ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʙʣʫʞʥʠʤ ʛʨʘʥʽʪʘʤ ʢʘʣʽʻʚʦʾ ʩʝʨʽʾ. ɺ ʥʠʭ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ - Rb (219-256 ppm) ʽ Sr (292-346 ppm) (Rb/Sr = 0,73-0,75). ʅʘ 

ʩʧʘʡʜʝʨ-ʜʽʘʛʨʘʤʽ ʚʠʜʽʣʷʶʪʴʩʷ ʥʝʛʘʪʠʚʥʽ ʘʥʦʤʘʣʽʾ Nb, Ti ʽ ʧʦʟʠʪʠʚʥʽ - Sr ʽ Eu 

(ʨʠʩ. 1). ɺʤʽʩʪ ʈɿɽ ʜʫʞʝ ʥʠʟʴʢʠʡ - Ɇʈɿɽ=13,52-16,62 ppm. ɺʠʜʽʣʷʻʪʴʩʷ 

ʥʝʛʘʪʠʚʥʘ ʻʚʨʦʧʽʻʚʘ ʘʥʦʤʘʣʽʷ - Eu/Eu*=0,80-0,85. ʋ ʮʠʭ ʛʨʘʥʽʪʘʭ ʧʽʜʚʠʱʝʥʠʡ 

ʚʤʽʩʪ Pb (22,6-28,1 ppm). 

U-Pb ʽʟʦʭʨʦʥʥʠʡ ʚʽʢ ʧʝʛʤʘʪʦʾʜʥʠʭ ʛʨʘʥʽʪʽʚ (ʧʨʦʙʘ 20/16) ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʟʘ 

ʤʦʥʘʮʠʪʦʤ - 2051,3 Ñ 5,8 Ma. ʄʦʥʘʮʠʪ ʤʘʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʫʨʘʥʫ ʽ ʩʚʠʥʮʶ. 

ɺʠʩʥʦʚʢʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɯʥʪʨʫʟʽʾ ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʽʚ 

ɿʘʯʘʪʽʚʩʴʢʦ-ʌʝʜʦʨʽʚʩʴʢʦʾ ʘʥʪʠʢʣʽʥʘʣʽ ʄʘʥʛʫʩʴʢʦʛʦ ʩʠʥʢʣʽʥʦʨʽʷ ʤʘʶʪʴ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʠʡ ʚʽʢ - 2,13-2,1 ʤʣʨʜ ʨʦʢʽʚ. ʊʦʥʘʣʽʪʠ ʂʘʨʘʪʶʮʴʢʦʛʦ 

ʤʘʩʠʚʫ, ʟʘ ʛʝʦʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʣʠʟʴʢʽ ʜʦ ʊʊɻ. ɺʦʥʠ ʤʦʛʣʠ 

ʫʪʚʦʨʠʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʚʣʝʥʥʷ ʙʘʟʠʪʽʚ ʫ ʟʦʥʽ ʩʫʙʜʫʢʮʽʾ, ʘʙʦ ʯʘʩʪʢʦʚʦʛʦ 

ʧʣʘʚʣʝʥʥʷ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʧʦʪʫʞʥʦʾ ʢʦʨʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʜʝʨʧʣʝʡʪʽʥʛʘ 

ʙʘʟʠʪʦʚʠʭ ʨʦʟʧʣʘʚʽʚ ʟ ʛʨʘʥʘʪʦʤ ʽ/ʘʙʦ ʘʤʬʽʙʦʣʦʤ ʫ ʨʝʩʪʠʪʦʚʽʡ ʬʘʟʽ. ɺʦʥʠ ʙʣʠʟʴʢʽ 

ʟʘ ʩʢʣʘʜʦʤ ʜʦ ʘʨʭʝʡʩʴʢʠʭ ʪʦʥʘʣʽʪʽʚ, ʱʦ ʚʽʜʩʣʦʥʶʶʪʴʩʷ ʫ ʛʠʨʣʽ ʨ. ɹʝʨʝʩʪʦʚʦʾ. 

ʊʦʥʘʣʽʪʠ ʪʘ ʛʨʘʥʦʜʽʦʨʠʪʠ ʥʝʚʝʣʠʢʠʭ ʽʥʪʨʫʟʽʡ ɿʘʯʘʪʽʚʩʴʢʦ-ʌʝʜʦʨʽʚʩʴʢʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʽʚ ʂʘʨʘʪʶʮʴʢʦʛʦ ʤʘʩʠʚʫ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ ʝʣʝʤʝʥʪʽʚ (Y, Nb) ʽ ʚʘʞʢʠʭ ʈɿɽ, ʤʦʛʣʠ 

ʫʪʚʦʨʠʪʠʩʷ ʫ ʢʦʨʦʚʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʜʞʝʨʝʣʘʭ, ʚ ʨʝʩʪʠʪʦʚʽʡ ʬʘʟʽ ʷʢʠʭ ʙʫʣʠ, 

ʡʤʦʚʽʨʥʦ, ʢʣʽʥʦʧʽʨʦʢʩʝʥ, ʘʤʬʽʙʦʣ ʽ ʧʣʘʛʽʦʢʣʘʟ. ʇʝʛʤʘʪʦʾʜʥʽ ʛʨʘʥʽʪʠ, ʱʦ 

ʧʨʦʨʠʚʘʶʪʴ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ ʪʝʤʨʶʮʴʢʦʾ ʩʚʽʪʠ ʪʘ ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ, ʤʘʶʪʴ ʚʽʢ 

2051,3 Ñ 5,8 ʤʣʥ ʨʦʢʽʚ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʫʞʝ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʈɿɽ ʽ 

ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʩʚʠʥʮʶ - Pb (22,1 -28,1 ppm). 
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In the Ingulets megablock of the Ukrainian Shield, granites form a number of large massifs - 

Novoukrainska, Kirovograd, Dolynska, Voznesensky, Chyhyrynsky, etc., and small, mostly 

conformal, bodies among the supercrustal formations of the Ingulo-Ingulets series. A review of 

uranium-lead isotope dates of monazites from granites of the Ingul megablock is performed. It was 

found that the uranium-lead age of zircons (2.06 Ga) from granites of the Kirovohrad massif is 

more than 20 million years older than the age of monazites (2.03Ga). It is assumed that the 

Kirovograd massif is a multiphase intrusion. 

 

ɺ ɯʥʛʫʣʝʮʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʛʨʘʥʽʪʠ ʩʢʣʘʜʘʶʪʴ ʷʢ ʨʷʜ 

ʢʨʫʧʥʠʭ ʤʘʩʠʚʽʚ ï ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ, ɼʦʣʠʥʩʴʢʠʡ, 

ɺʦʟʥʝʩʝʥʩʴʢʠʡ, ʏʠʛʠʨʠʥʩʴʢʠʡ ʪʘ ʽʥ., ʪʘʢ  ̔ʥʝʚʝʣʠʢʽ, ʧʝʨʝʚʘʞʥʦ ʢʦʥʬʦʨʤʥʽ, ʪʽʣʘ 

ʩʝʨʝʜ ʩʫʧʝʨʢʨʫʩʪʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʽʥʛʫʣʦ-ʽʥʛʫʣʝʮʴʢʦʾ ʩʝʨʽʾ. ɻʨʘʥʽʪʠ ʤʝʛʘʙʣʦʢʫ 

ʨʦʟʯʣʝʥʦʚʘʥʽ ʥʘ ʜʚʘ ʢʦʤʧʣʝʢʩʠ ï ʥʦʚʦʫʢʨʘʾʥʩʴʢʠʡ ʪʘ ʢʽʨʦʚʦʛʨʘʜʩʴʢʠʡ [1, 3]. 

ɼʦ ʥʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜʥʝʩʝʥʽ ʤʘʛʤʘʪʠʪʠ ʚʝʣʠʢʦʛʦ 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ (ʙʣʠʟʴʢʦ 3,5 ʪʠʩ. ʢʤ
2
)  ̔ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʨʫʯ 

ʜʨʽʙʥʽʰʠʭ ʤʘʩʠʚʽʚ (ɺʝʨʙʣʶʟʴʢʠʡ, ɹʦʢʦʚʷʥʩʴʢʠʡ  ̔ ʽʥ.), ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʜʫʞʝ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʨʽʜ, ʦɦ ʫʪʚʦʨʠʣʠʩʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʽʥʪʨʫʟʠʚʥʠʭ ʬʘʟ: 

ʛʘʙʨʦʥʦʨʠʪʠ, ʥʦʨʠʪʠ, ʤʦʥʮʦʜʽʦʨʠʪʠ, ʢʚʘʨʮʦʚʽ ʤʦʥʮʦʥʽʪʠ  ̔ ʤʦʥʮʦʜʽʦʨʠʪʠ, 

ʢʚʘʨʮʦʚʽ ʩʽʻʥʽʪʠ, ʛʨʘʥʽʪʠ ʙʽʦʪʠʪʦʚʽ, ʛʨʘʥʘʪ-ʙʽʦʪʠʪʦʚʽ ʪʘ ʽʥ. 

ʉʝʨʝʜ ʢʽʨʦʚʦʛʨʘʜʩʴʢʠʭ ʛʨʘʥʽʪʽʚ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʛʦʣʦʚʥʠʭ ʧʝʪʨʦʪʠʧʠ: 1) 

ʩʽʨʽ ʪʘ ʨʦʞʝʚʦ-ʩʽʨʽ ʧʦʨʬʽʨʦʚʽ ʙʽʦʪʠʪʦʚʽ, ʛʨʘʥʘʪ-ʙʽʦʪʠʪʦʚʽ ʪʘ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-

ʙʽʦʪʠʪʦʚʽ ʛʨʘʥʽʪʠ çʢʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʪʠʧʫè ʪʘ 2) ʨʽʚʥʦʤʽʨʥʦʟʝʨʥʠʩʪʽ ʛʨʘʥʽʪʠ ʪʘʢ 

ʟʚʘʥʦʛʦ çʞʠʪʦʤʠʨʩʴʢʦʛʦ ʪʠʧʫè, ̫ʢʽ ʤʘʶʪʴ ʩʭʦʞʠʡ ʩʢʣʘʜ  ̔ ʯʘʩʪʦ ʧʦʩʪʫʧʦʚʽ 

ʢʦʥʪʘʢʪʠ ʟ ʧʦʨʬʽʨʦʚʠʤʠ ʛʨʘʥʽʪʘʤʠ. ʇʦʰʠʨʝʥʠʤʠ  ̒ ʞʠʣʴʥʽ ʫʪʚʦʨʝʥʥʷ, 

ʥʘʩʘʤʧʝʨʝʜ ʘʧʣʽʪʠ ʡ ʘʧʣʽʪ-ʧʝʛʤʘʪʦʾʜʥʽ ʛʨʘʥʽʪʠ, ʷʢʽ ʧʦʜʝʢʫʜʠ ʩʢʣʘʜʘʶʪʴ ʮʽʣʽ 

ʧʦʣʷ, ʥʝʨʽʜʢʦ  ̒ʜʦʤʽʥʫʶʯʠʤ ʧʝʪʨʦʪʠʧʦʤ ʚ ʥʝʚʝʣʠʢʠʭ ʤʘʩʠʚʘʭ (ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ 

ʧʽʜʥʷʪʪʷʭ), ʥʘʧʨʠʢʣʘʜ ʂʨʠʥʠʯʫʚʘʮʴʢʠʡ, ʃʠʩʦʛʽʨʩʴʢʠʡ ʪʘ ʨʷʜ ʽʥ. 

ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʽʜ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ: ʛʘʙʨʦʤʦʥʮʦʥʽʪʫ (ʧʝʨʰʘ 

ʬʘʟʘ) ï 2037Ñ1 ʤʣʥ. ʨʦʢʽʚ, ʛʨʘʥʘʪ-ʙʽʦʪʠʪʦʚʦʛʦ ʪʨʘʭʽʪʦʾʜʥʦʛʦ ʛʨʘʥʽʪʫ (ʜʨʫʛʘ 

ʬʘʟʘ) - 2036,7 ʤʣʥ. ʨʦʢʽʚ, ʘ ʞʠʣʴʥʦʛʦ ʪʽʣʘ ʩʫʙʣʫʞʥʦʛʦ ʛʨʘʥʽʪʫ (ʪʨʝʪʷ ʬʘʟʘ) ï 

2035Ñ1 ʤʣʥ. ʨʦʢʽʚ [4]. ɻʨʘʥʽʪʠ ɺʝʨʙʣʶʟʴʢʦʛʦ ʤʘʩʠʚʫ ʩʬʦʨʤʫʚʘʣʠʩʷ: 



 

33 

 

ʧʦʨʬʽʨʦʧʦʜʽʙʥʽ - 2041Ñ1 ʤʣʥ. ʨʦʢʽʚ ʪʦʤʫ, ʘʧʣʽʪʦʧʦʜʽʙʥʽ - 2043Ñ2 ʤʣʥ. ʨʦʢʽʚ 

ʪʦʤʫ [13]. 

ɯʟʦʪʦʧʥʠʡ ʚʽʢ ʢʽʨʦʚʦʛʨʘʜʩʴʢʠʭ ʛʨʘʥʽʪʽʚ ʚʠʟʥʘʯʝʥʠʡ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ 

ʽʟʦʪʦʧʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʮʠʨʢʦʥʦʤ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 2065-2020 ʤʣʥ. ʨʦʢʽʚ [11, 12]. 

ɿʥʘʯʥʦ ʚʫʞʯʠʡ ʚʽʢʦʚʠʡ ʽʥʪʝʨʚʘʣ ʬʦʨʤʫʚʘʥʥʷ ʮʠʭ ʛʨʘʥʽʪʽʚ ʦʪʨʠʤʘʥʦ ʮʠʤ ʞʝ 

ʤʝʪʦʜʦʤ ʟʘ ʤʦʥʘʮʠʪʦʤ ï 2045-2020 ʤʣʥ. ʨʦʢʽʚ, ʘ ʩʘʤʝ: 

-            ʇʦʨʬʽʨʦʧʦʜʽʙʥʠʡ ʛʨʘʥʽʪ ɼʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2022Ñ2 ʤʣʥ. ʨʦʢʽʚ [7]. 

-            ʇʦʨʬʽʨʦʧʦʜʽʙʥʠʡ ʛʨʘʥʽʪ ɺʦʟʥʝʩʝʥʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2034Ñ7 ʤʣʥ. ʨʦʢʽʚ [8]. 

-            ʇʦʨʬʽʨʦʧʦʜʽʙʥʠʡ ʛʨʘʥʽʪ ʏʠʛʠʨʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2040Ñ1 ʤʣʥ. ʨʦʢʽʚ [10]. 

-            ʅʝʷʩʥʦʧʦʨʬʽʨʦʧʦʜʽʙʥʽ ʛʨʘʥʽʪʠ ʙʝʨʝʟʽʚʩʴʢʦʛʦ ʪʠʧʫ - 2040Ñ2 ʤʣʥ. ʨʦʢʽʚ [6]. 

-            ʇʦʨʬʽʨʦʧʦʜʽʙʥʽ ʛʨʘʥʽʪʠ ʃʠʧʥʷʟʴʢʦʛʦ ʤʘʩʠʚʫ - 2030Ñ3 ʤʣʥ. ʨʦʢʽʚ [14]. 

-            ʇʝʛʤʘʪʦʾʜʥʽ ʛʨʘʥʽʪʠ ʃʠʧʥʷʟʴʢʦʛʦ ʤʘʩʠʚʫ - 2026Ñ3 ʤʣʥ. ʨʦʢʽʚ [14]. 

-            ɻʨʘʥʽʪ ʊʘʙʫʨʠʱʝʥʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2033Ñ1 ʤʣʥ. ʨʦʢʽʚ [14]. 

-            ʇʝʛʤʘʪʦʾʜʥʠʡ ʛʨʘʥʽʪ ʊʘʙʫʨʠʱʝʥʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2031Ñ1 ʤʣʥ. ʨʦʢʽʚ [14]. 

-            ɻʨʘʥʽʪ ʇʘʚʣʽʚʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2039Ñ1 ʤʣʥ. ʨʦʢʽʚ [13]. 

-            ɻʨʘʥʽʪ ʃʠʩʦʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ï 2029Ñ3 ʤʣʥ. ʨʦʢʽʚ, [5]. 

-            ɻʨʘʥʽʪ ʂʨʠʥʠʯʫʚʘʮʴʢʦʛʦ ʤʘʩʠʚʫ - 2040Ñ2 ʤʣʥ. ʨʦʢʽʚ [13]. 

-         ɻʨʘʥʽʪ ɿʚʝʥʠʛʦʨʦʜʩʴʢʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʛʦ ʤʘʩʠʚʫ - 2042Ñ4 ʤʣʥ. ʨʦʢʽʚ [13]. 

-     ɻʨʘʥʽʪʠ ʜʨʽʙʥʠʭ ʪʽʣ ʅʦʚʦʦʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ - ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʡ - 

2043Ñ2 ʤʣʥ. ʨʦʢʽʚ; ʨʽʟʥʦʟʝʨʥʠʩʪʠʡ - 2041Ñ3 ʤʣʥ. ʨʦʢʽʚ; ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʠʡ - 

2030Ñ1 ʤʣʥ. ʨʦʢʽʚ [13, ʊʝʟʠ]. 

-          ɻʨʘʥʽʪʠ ʜʨʽʙʥʠʭ ʪʽʣ ʅʦʚʛʦʨʦʜʢʽʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ: ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʡ - 2040Ñ3 

ʤʣʥ. ʨʦʢʽʚ; ʩʝʨʝʜʥʴʦ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʡ - 2035Ñ1 ʤʣʥ. ʨʦʢʽʚ; ʢʨʫʧʥʦ-

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʡ - 2029Ñ6 ʤʣʥ. ʨʦʢʽʚ. [9] 

ɺʽʢ ʛʨʘʥʽʪʽʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʤʘʩʠʚʫ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ ʽʟʦʪʦʧʥʠʤ ʤʝʪʦʜʦʤ 

ʟʘ ʤʦʥʘʮʠʪʦʤ ʜʦʪʝʧʝʨ ʥʝ ʚʠʟʥʘʯʘʚʩʷ. ʄʠ ʜʘʪʫʚʘʣʠ ʤʦʥʘʮʠʪʠ ʪʘ ʮʠʨʢʦʥʠ ʽʟ 

ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʛʦ ʙʽʦʪʠʪʦʚʦʛʦ ʛʨʘʥʘʪʚʤʽʩʥʦʛʦ ʛʨʘʥʽʪʫ (ʧʨʦʙʘ ʂɺ-5-1, ʢʦʣʝʢʮʽʷ 

ʂ.ʖ.ɭʩʠʧʯʫʢʘ), ʨʦʟʢʨʠʪʦʛʦ ʉʦʢʦʣʽʚʩʴʢʠʤ ʢʘʨôʻʨʦʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʧʝʨʝʜʤʽʩʪʽ (ʉʦʢʦʣʽʚʩʴʢʝ) ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ. 

  
ʊʘʙʣʠʮʷ 1 - ɺʤʽʩʪ ʫʨʘʥʫ, ʩʚʠʥʮʶ ʪʘ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʩʚʠʥʮʶ ʚ ʤʦʥʘʮʠʪʽ ʽʟ ʛʨʘʥʽʪʫ, ʧʨʦʙʘ ʂɺ-5-1, ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʉʦʢʦʣʽʚʩʴʢʠʡ ʢʘʨôʻʨ. 

ʌʨʘʢʮʽʷ  ɺʤʽʩʪ (ppm) ɯʟʦʪʦʧʥʽ ʚʽʜʥʦʰʝʥʥʷ ɺʽʢ, ʤʣʥ. ʨʦʢʽʚ D 
ʤʦʥʘʮʠʪʫ 
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1  5677 9648 3720 7,7483 0,25292 0,38403 6,6520 2095 2066 2037,6 -2,8 

2   6502 10860 3970 7,7712 0,25624 0,38143 6,5987 2083 2059 2035,4 -2,3 

3  6207 10174 4230 7,7761 0,26421 0,38341 6,6394 2092 2065 2037,2 -2,7 

4   7229 11543 9040 7,8889 0,26433 0,37450 6,4763 2051 2043 2034,7 -0,8 
ʇʨʠʤʽʪʢʘ. ʇʦʧʨʘʚʢʘ ʥʘ ʟʚʠʯʘʡʥʠʡ ʩʚʠʥʝʮʴ ʫʚʝʜʝʥʘ ʟʘ ʉʪʝʡʩʽ ʪʘ ʂʨʘʤʝʨʩʦʤ ʥʘ ʚʽʢ 2030 ʤʣʥ. ʨʦʢʽʚ. 1-4 

ïʤʫʣʴʪʠʟʝʨʥʦʚʽ ʥʘʚʘʞʢʠ ʨʦʟʤʽʨʥʠʭ ʬʨʘʢʮʽʡ ʩʽʨʫʚʘʪʦ-ʞʦʚʪʠʭ ʪʘ ʢʦʨʠʯʥʶʚʘʪʦ-ʞʦʚʪʠʭ ʥʘʧʽʚʧʨʦʟʦʨʠʭ, 

ʧʝʨʝʚʘʞʥʦ ʜʠʩʢʦʧʦʜʽʙʥʠʭ, ʢʨʠʩʪʘʣʽʚ ʤʦʥʘʮʠʪʫ, ʦʪʨʠʤʘʥʠʭ ʩʢʦʯʫʚʘʥʥʷʤ ʧʦ ʥʘʭʠʣʝʥʽʡ ʧʣʦʱʠʥʽ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʪʫʚʘʥʥʷ ʤʫʣʴʪʠʟʝʨʥʦʚʠʭ ʥʘʚʘʞʦʢ ʤʦʥʘʮʠʪʫ (ʪʘʙʣ.1) 

ʦʪʨʠʤʘʥʦ ʚʽʢ 2033,7Ñ2,9 ʤʣʥ. ʨʦʢʽʚ, ʱʦ ʟʥʘʯʠʤʦ ʤʝʥʰʝ ʟʘ ʚʽʢ ʮʠʨʢʦʥʽʚ [11, 12]. 

ɿʚʘʞʘʶʯʠ, ʱʦ ʮʠʨʢʦʥʠ ʪʘ ʤʦʥʘʮʠʪʠ ʽʟ ʛʨʘʥʽʪʫ, ʧʦʰʠʨʝʥʦʛʦ ʚ ʉʦʢʦʣʽʚʩʴʢʦʤʫ 
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ʢʘʨôʻʨʽ, ʤʘʶʪʴ ʙʣʠʟʴʢʠʡ ʚʽʢ (ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206
Pb, ʜʠʚ. ʪʘʙʣ. 1, 2), ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʤʘʩʠʚ, ʷʢ ʽ ʅʦʚʦʫʢʨʘʾʥʩʴʢʠʡ ʪʘ ʜʝʷʢʽ ʤʘʩʠʚʠ 

ʛʨʘʥʽʪʽʚ ʞʠʪʦʤʠʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ɺʦʣʠʥʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ, ʻ ʙʘʛʘʪʦʬʘʟʥʠʤʠ ʽ 

ʉʦʢʦʣʽʚʩʴʢʠʤ ʢʘʨôʻʨʦʤ ʨʦʟʢʨʠʪʘ ʧʽʟʥʽʰʘ ʬʘʟʘ ʛʨʘʥʽʪʽʚ. 

  

ʊʘʙʣʠʮʷ 2 - ɺʤʽʩʪ ʫʨʘʥʫ, ʩʚʠʥʮʶ ʪʘ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʩʚʠʥʮʶ ʚ ʢʦʨʠʯʥʝʚʠʭ ʢʨʠʩʪʘʣʘʭ ʮʠʨʢʦʥʫ ʽʟ 

ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʛʦ ʛʨʘʥʽʪʫ, ʧʨʦʙʘ ʂɺ-5-1, ʉʦʢʦʣʽʚʩʴʢʠʡ ʢʘʨôʻʨ, ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ. 

ʌʨʘʢʮʽʷ  ɺʤʽʩʪ (ppm) ɯʟʦʪʦʧʥʽ ʚʽʜʥʦʰʝʥʥʷ ɺʽʢ, ʤʣʥ. ʨʦʢʽʚ D 
ʮʠʨʢʦʥʫ 
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+0.05 1362 414,6 2639 7,7393 16,250 0,29555 5,0657 1669 1830 2019,0 17,3 

+0.07 920,8 270,3 2060 7,6225 14,346 0,28214 4,8581 1602 1795 2027,1 21,0 
ʇʨʠʤʽʪʢʘ. ʇʦʧʨʘʚʢʘ ʥʘ ʟʚʠʯʘʡʥʠʡ ʩʚʠʥʝʮʴ ʫʚʝʜʝʥʘ ʟʘ ʉʪʝʡʩʽ ʪʘ ʂʨʘʤʝʨʩʦʤ ʥʘ ʚʽʢ 2030 ʤʣʥ. ʨʦʢʽʚ. 
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DURATION OF GRANITOID MAGMATISM ON THE EXAMPLE OF 

GRANITES OF THE INGU L MEGABLOCK OF THE UKRAINIAN SHIELD  

Dovbush T.I., Stepanyuk L.M., Kurylo S.I., Kovtun O.V., Visotskyy O.B., 

Kotvitska I.M. 

M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of 

National Academy of Sciences of Ukraine, Kyiv, Ukraine 

 
In the right bank of the river valley north of Novooleksandrivka there are almost continuous rock 

outcrops of porphyry-like, mostly coarse-grained garnet-biotite granites, which are cut by veins of 

aplito-pegmatoid and pegmatoid granites. The age of the first two, more coarse-grained granite 

varieties, is 2043.2 Ñ 2.6 and 2041 Ñ 2.3 million years, respectively. Significantly younger are the 

monocytes from the vein of aplito-pegmatoid granite - 2030 Ñ 0.3 million years. It is concluded that 

the granitoids of the Novooleksandrivka area were formed about 10 million years ago. 

  

ɺ ʨʘʡʦʥʽ ʩ. ʅʦʚʦʦʣʝʢʩʘʥʜʨʽʚʢʘ ʜʦʣʠʥʦʶ ʨ. ɹʦʢʦʚʝʥʴʢʘ ʧʝʨʝʪʠʥʘʻʪʴʩʷ 

ʧʦʪʫʞʥʘ ʩʤʫʛʘ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʽʥʛʫʣʦ-ʽʥʛʫʣʝʮʴʢʦʾ ʩʝʨʽʾ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʜʨʽʙʥʠʤʠ ʪʽʣʘʤʠ ʛʨʘʥʽʪʦʾʜʽʚ ʢʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʆʜʥʽʻʶ ʽʟ ʧʣʦʱ, 

ʩʢʣʘʜʝʥʠʭ ʛʨʘʥʽʪʦʾʜʘʤʠ,  ̒ ʚʽʜʩʣʦʥʝʥʥʷ ʚ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʜʦʣʠʥʠ ʨʽʯʢʠ 

ʧʽʚʥʽʯʥʽʰʝ ʩ. ʅʦʚʦʦʣʝʢʩʘʥʜʨʽʚʢʘ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʘʡʞʝ ʩʫʮʽʣʴʥʽ ʩʢʝʣʴʥʽ 

ʚʠʭʦʜʠ ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʭ, ʧʝʨʝʚʘʞʥʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ ʛʨʘʥʘʪ-ʙʽʦʪʠʪʦʚʠʭ 

ʛʨʘʥʽʪʽʚ, ʷʢʽ ʩʽʯʫʪʴʩʷ ʞʠʣʘʤʠ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʠʭ ʪʘ ʧʝʛʤʘʪʦʾʜʥʠʭ ʛʨʘʥʽʪʽʚ. 

ʇʦʪʫʞʥʽʩʪʴ ʞʠʣ ʚʘʨʽʶʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. 

ʅʘ ʧʽʚʥʽʯʥʦʤʫ ʢʨʘʶ ʚʽʜʩʣʦʥʝʥʥʷ ʟʨʦʩʪʘʻ ʨʦʣʴ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʠʭ ʛʨʘʥʽʪʽʚ. 

ɺʽʢ ʚʠʟʥʘʯʘʣʠ ʢʣʘʩʠʯʥʠʤ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ ʽʟʦʪʦʧʥʠʤ ʤʝʪʦʜʦʤ ʟʘ 

ʘʢʮʝʩʦʨʥʠʤ ʤʦʥʘʮʠʪʦʤ: 1) ʛʨʘʥʽʪ ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʡ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʡ (ʧʨʦʙʘ 

13/15), ʚʽʜʽʙʨʘʥʠʡ ʽʟ ʩʢʝʣʴʥʦʛʦ ʚʠʭʦʜʫ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʚʽʜʩʣʦʥʝʥʥʷ; 2) ʛʨʘʥʽʪ 

ʩʝʨʝʜʥʴʦ-ʥʝʨʽʚʥʦʤʽʨʥʦʟʝʨʥʠʩʪʠʡ (ʧʨʦʙʘ 12/15), ʩʢʣʘʜʘʻ ʧʣʘʩʪʦʧʦʜʽʙʥʝ ʪʽʣʦ, 

ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʷ 1,5 ʤʝʪʨʠ ʩʝʨʝʜ ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʭ ʛʨʘʥʽʪʽʚ, ʟ ʥʝʯʽʪʢʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ; 3) ʛʨʘʥʽʪ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʠʡ, ʧʨʦʙʘ 14/15, ʞʠʣʘ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʷ 

1,0 ʤʝʪʨʘ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʢʨʘʾ ʚʽʜʩʣʦʥʝʥʥʷ. 
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ɻʨʘʥʽʪ ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʡ (ʧʨʦʙʘ 13/15). ʇʦʨʦʜʘ ʨʦʞʝʚʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, 

ʪʨʘʭʽʪʦʾʜʥʦʾ ʪʝʢʩʪʫʨʠ ʪʘ ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʘʛʘʣʴʥʦʾ 

ʤʘʩʠ ʨʽʚʥʦʤʽʨʥʦ-, ʢʨʫʧʥʦ-ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʘ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 1,2-4 ʤʤ. 

ɯʥʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʢʨʝʤʽ ʟʝʨʥʘ ʧʣʘʛʽʦʢʣʘʟʽʚ ʨʦʟʤʽʨʦʤ 0,1-0,5 ʤʤ. 

ɯʜʽʦʤʦʨʬʥʠʡ ʧʣʘʛʽʦʢʣʘʟ, ʟʨʽʜʢʘ ʽʜʽʦʤʦʨʬʥʠʡ ʢʚʘʨʮ ʦʙʫʤʦʚʣʶʶʪʴ 

ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ. 

ɺʽʢ ʤʦʥʘʮʠʪʫ, ʟʘ ʚʝʨʭʥʽʤ ʧʝʨʝʪʠʥʦʤ ʢʦʥʢʦʨʜʽʾ ʣʽʥʽʻʶ ʨʝʛʨʝʩʽʾ ʩʢʣʘʜʘʻ 

2043,2Ñ2.6 (ʨʠʩ.2ʘ) ʤʣʥ. ʨʦʢʽʚ ʪʘ -6Ñ112 ʤʣʥ. ʨʦʢʽʚ ʟʘ ʥʠʞʥʽʤ, ʉʂɿɺ=3,9. 

ʉʝʨʝʜʥʻ ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʚʽʢʫ ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206

Pb - 

2043,2Ñ2.0 ʤʣʥ. ʨʦʢʽʚ. 

ɻʨʘʥʽʪ ʥʝʨʽʚʥʦʤʽʨʥʦʟʝʨʥʠʡ (ʧʨʦʙʘ 12/15). ɻʨʘʥʽʪ ʩʚʽʪʣʦ-ʨʦʞʝʚʠʡ ʙʽʦʪʠʪ-

ʛʨʘʥʘʪʚʤʽʩʥʠʡ. ʂʨʫʧʥʽ ʟʝʨʥʘ ʤʽʢʨʦʢʣʽʥʫ ʥʝʨʽʜʢʦ ʫʪʚʦʨʶʶʪʴ ʩʢʫʧʯʝʥʥʷ, 

ʟʫʤʦʚʣʶʶʯʠ ʝʣʝʤʝʥʪʠ ʧʣʷʤʠʩʪʦʾ ʪʝʢʩʪʫʨʠ. ʉʪʨʫʢʪʫʨʘ  ʥʝʦʜʥʦʨʽʜʥʘ, 

ʦʙʫʤʦʚʣʝʥʘ ʢʨʫʧʥʠʤʠ ʪʘʙʣʠʯʢʘʤʠ ʤʽʢʨʦʢʣʽʥʫ, ʨʦʟʤʽʨʦʤ 4-7 ʜʦ 10 ʤʤ, ʷʢʽ ʯʘʩʪʦ 

ʫʪʚʦʨʶʶʪʴ ʩʢʫʧʯʝʥʥʷ ʪʘ ʚʠʧʦʚʥʶʶʪʴ ʚʽʜ 25 ʜʦ 40 % ʦʙôʻʤʫ ʧʦʨʦʜʠ. ʄʽʞ 

ʟʝʨʥʘʤʠ ʤʽʢʨʦʢʣʽʥʫ ʨʦʟʤʽʱʝʥʥʽ ʜʨʽʙʥʽʰʽ ʟʝʨʥʘ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ, ʨʦʟʤʽʨʠ ʟʝʨʝʥ ʚ 

ʷʢʠʭ ʜʦʩʷʛʘʶʪʴ ʣʠʰʝ 1,7-2,0 ʤʤ. 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 1 - ʋʨʘʥ-ʩʚʠʥʮʝʚʘ ʜʽʘʛʨʘʤʘ ʟ ʢʦʥʢʦʨʜʽʻʶ ʜʣʷ ʤʦʥʘʮʠʪʽʚ ʽʟ: ʘ - ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʛʦ 

ʛʨʘʥʽʪʫ, ʧʨʦʙʘ 13/15; ʙ ï ʥʝʨʽʚʥʦʤʽʨʥʦʟʝʨʥʠʩʪʦʛʦ ʛʨʘʥʽʪʫ, ʧʨʦʙʘ 12/15  

 

ɺʽʢ ʤʦʥʘʮʠʪʫ, ʟʘ ʚʝʨʭʥʽʤ ʧʝʨʝʪʠʥʦʤ ʢʦʥʢʦʨʜʽʾ ʣʽʥʽʻʶ ʨʝʛʨʝʩʽʾ ʩʢʣʘʜʘʻ 

2046Ñ4,6 ʤʣʥ. ʨʦʢʽʚ ʪʘ -366Ñ377 ʤʣʥ. ʨʦʢʽʚ ʟʘ ʥʠʞʥʽʤ, ʉʂɿɺ =0,16. ʉʝʨʝʜʥʻ 

ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʚʽʢʫ ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206

Pb ï 2041Ñ2,3 ʤʣʥ. 

ʨʦʢʽʚ (ʨʠʩ. 1 ʙ), ʷʢʝ ʤʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʟʥʘʯʥʫ ʜʠʩʢʦʨʜʘʥʪʥʦʩʪʴ (ʚʽʜ -2,2 ʜʦ -

4,3%), ʧʨʠʡʤʘʻʤʦ ʟʘ ʚʽʢ ʤʦʥʘʮʠʪʫ ʪʘ ʛʨʘʥʽʪʫ, ʱʦ ʡʦʛʦ ʚʤʽʱʫʻ. 

ɻʨʘʥʽʪ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʠʡ ʙʽʦʪʠʪʦʚʠʡ (ʧʨʦʙʘ 14/15) ʤʘʻ ʩʚʽʪʣʦ-ʨʦʞʝʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ. ʇʦʨʦʜʘ ʤʘʩʠʚʥʘ, ʟ ʝʣʝʤʝʥʪʘʤʠ ʛʥʝʡʩʦʧʦʜʽʙʥʦʾ ʪʝʢʩʪʫʨʠ, 

ʦʙʫʤʦʚʣʝʥʦʾ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʜʦʚʞʝʥʠʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʫ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʠ ʥʝʦʜʥʦʨʽʜʥʘ, ʦʙʫʤʦʚʣʝʥʘ ʙʽʣʴʰ ʢʨʫʧʥʠʤʠ ʪʘʙʣʠʯʢʘʤʠ 

ʤʽʢʨʦʢʣʽʥʫ, ʨʦʟʤʽʨʦʤ ʜʦ 3-4 ʤʤ, ʷʢʽ ʧʦʜʝʢʫʜʠ ʫʪʚʦʨʶʶʪʴ ʩʢʫʧʯʝʥʥʷ ʪʘ 

ʚʠʧʦʚʥʶʶʪʴ ʜʦ 60 % ʦʙôʻʤʫ ʧʦʨʦʜʠ. ʄʽʞ ʟʝʨʥʘʤʠ ʤʽʢʨʦʢʣʽʥʫ ʨʦʟʤʽʱʝʥʥʽ 

ʜʨʽʙʥʽʰʽ ʟʝʨʥʘ ʢʚʘʨʮʫ, ʧʣʘʛʽʦʢʣʘʟʫ ʪʘ ʙʽʦʪʠʪʫ, ʨʦʟʤʽʨʠ ʟʝʨʝʥ ʷʢʠʭ ʜʦʩʷʛʘʶʪʴ 
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ʣʠʰʝ 1,0-1,5 ʤʤ. ɹʽʣʴʰʽʩʪʴ ʟʝʨʝʥ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ ʥʝ ʧʨʦʷʚʣʷʶʪʴ ʽʜʽʦʤʦʨʬʥʠʭ 

ʦʙʨʠʩʽʚ, ʦʜʥʘʢ ʢʚʘʨʮ, ʧʝʨʝʚʘʞʥʦ ʚʢʣʶʯʝʥʠʡ ʚ ʤʽʢʨʦʢʣʽʥ, ʯʘʩʪʦ ʤʘʻ ʚʠʛʣʷʜ 

ʯʽʪʢʠʭ ʰʝʩʪʠʛʨʘʥʥʠʢʽʚ. 

ɺʽʢ ʤʦʥʘʮʠʪʽʚ ʟʘ ʚʝʨʭʥʽʤ ʧʝʨʝʪʠʥʦʤ ʢʦʥʢʦʨʜʽʾ ʜʠʩʢʦʨʜʽʻʶ ʩʢʣʘʜʘʻ 2022Ñ26 

ʤʣʥ. ʨʦʢʽʚ ʪʘ 328Ñ704 ʤʣʥ. ʨʦʢʽʚ ï ʟʘ ʥʠʞʥʽʤ. ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʟʥʘʯʥʫ ʨʦʟʪʷʞʢʫ 

ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ ʥʘ ʜʽʘʛʨʘʤʽ ʟ 

ʢʦʥʢʦʨʜʽʻʶ ʪʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʜʠʩʢʦʨʜʘʥʪʥʽʩʪʴ (ʚʽʜ -3,6 ʜʦ 4,2%), ʟʘ ʚʽʢ 

ʤʦʥʘʮʠʪʫ, ʘ ʦʪʞʝ ʽ ʟʘ ʯʘʩ ʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʽʪʫ, ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʻ ʟʚʘʞʝʥʝ 

ʟʥʘʯʝʥʥʷ ʚʽʢʫ ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206
Pb, ʨʽʚʥʝ 2030,0Ñ0,3 ʤʣʥ. ʨʦʢʽʚ 

(ʨʠʩ. 2). 

ʆʪʞʝ ʜʣʷ ʜʚʦʭ ʽʟ ʪʨʴʦʭ ʨʽʟʥʦʚʠʜʽʚ ʛʨʘʥʽʪʽʚ, ʧʦʰʠʨʝʥʠʭ ʚ ʩʢʝʣʴʥʠʭ ʚʠʭʦʜʘʭ 

ʧʨʘʚʦʛʦ ʙʦʨʪʫ ʨ. ɹʦʢʦʚʝʥʴʢʘ ʦʪʨʠʤʘʥʦ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʚʽʢ, ʚ ʤʝʞʘʭ 

ʧʦʭʠʙʢʠ. ɺʽʢ ʜʣʷ ʜʚʦʭ ʧʝʨʰʠʭ, ʙʽʣʴʰ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ ʚʽʜʤʽʥ (ʧʨʦʙʠ 13/15 ʪʘ 

12/15) ʩʢʣʘʜʘʻ 2043,2Ñ2,6 ʤʣʥ. ʨʦʢʽʚ ʪʘ 2041Ñ2,3 ʤʣʥ. ʨʦʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ɿʥʘʯʠʤʦ ʤʝʥʰʠʡ ʚʽʢ ʤʘʶʪʴ ʤʦʥʘʮʠʪʠ ʽʟ ʞʠʣʠ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʦʛʦ ʛʨʘʥʽʪʫ 

(ʧʨʦʙʘ 14/15) ï 2030Ñ0,3 ʤʣʥ. ʨʦʢʽʚ. 

 

  
ʈʠʩʫʥʦʢ 2 - ʋʨʘʥ-ʩʚʠʥʮʝʚʘ ʜʽʘʛʨʘʤʘ ʟ ʢʦʥʢʦʨʜʽʻʶ ʜʣʷ ʤʦʥʘʮʠʪʽʚ ʽʟ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʦʛʦ 

ʛʨʘʥʽʪʫ. 

  

ʆʢʨʽʤ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ ʚ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʠʭ ʛʨʘʥʽʪʽʚ 

(13/15, 12/15 ʽ 14/15) ʪʘ ʟʥʘʯʠʤʝ ʚʽʜʩʪʘʚʘʥʥʷ ʚ ʯʘʩʽ ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ SiO2 ʟʘ ʩʫʪʪʻʚʦʛʦ 

ʟʨʦʩʪʘʥʥʷ K2O (ʪʘʙʣ. 1), ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʾ ʢʦʨʝʣʷʮʽʾ ʩʢʣʘʜʘʻ 0,98 ʪʘ ʜʦʩʠʪʴ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʉʘʆ ʚʽʜ 2,04 % ʜʦ 0,97 %, ʪʘ ʚʤʽʩʪʫ MgO ʚʽʜ 1,14 % 

ʜʦ 0,82 % (ʜʠʚ. ʪʘʙʣ. 1), ʱʦ ʚʽʨʦʛʽʜʥʦ ʻ ʥʘʩʣʽʜʢʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʛʨʘʥʽʪʥʦʛʦ ʨʦʟʧʣʘʚʫ. 

  
ʊʘʙʣʠʮʷ 1 - ʍʽʤʽʯʥʠʡ (ʤʘʩ.%) ʩʢʣʘʜ ʛʨʘʥʽʪʽʚ ʪʘ ʽʟʦʪʦʧʥʝ ʚʽʜʥʦʰʝʥʥʷ 

87
Sr/

86
Sr ʚ ʘʧʘʪʠʪʘʭ. 

ʇʦʣʴʦʚʠʡ 
 ̄

SiO2 TiO2 Al 2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O 87
Sr/

86
Sr 

13/15 73,14 0,33 12,44 0,15 2,57 0,02 1,14 2,04 2,97 3,96 0,07370Ñ0,0002 

12/15 72,39 0,18 13,52 0,45 1,29 0,03 0,86 1,51 3,03 5,64  

14/15 70,93 0,09 13,74 0,33 1,86 0,03 0,82 0,97 2,49 7,58 0,7182Ñ0,0002 
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ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʘʷʚʥʽ ʜʘʥʽ ʱʦʜʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʩʪʨʦʥʮʽʶ ʚ ʘʧʘʪʠʪʘʭ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʘʧʽʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʽ ʛʨʘʥʽʪʠ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʽʥʰʦʛʦ 

ʜʞʝʨʝʣʘ, ʚ ʫʩʷʢʦʤʫ ʨʘʟʽ ʽʟʦʪʦʧʥʝ ʚʽʜʥʦʰʝʥʥʷ 
87

Sr/
86
Sr ʚ ʘʧʘʪʠʪʽ ʘʧʣʽʪʦ-

ʧʝʛʤʘʪʦʾʜʥʦʛʦ ʛʨʘʥʽʪʫ ʟʥʘʯʥʦ ʥʠʞʯʝ (0,7182), ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʢʠʤ ʚ ʘʧʘʪʠʪʘʭ 

ʧʦʨʬʽʨʦʧʦʜʽʙʥʦʛʦ ʛʨʘʥʽʪʫ (0,7370), ʱʦ ʻ ʥʝʤʦʞʣʠʚʠʤ ʫ ʚʠʧʘʜʢʫ ʾʭ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʠʣʽʢʘʪʥʦʛʦ ʨʦʟʧʣʘʚʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʛʨʘʥʽʪʽʚ, ʧʦʰʠʨʝʥʠʭ ʚ 

ʩʝʨʝʜʥʽʡ ʪʝʯʽʾ ʨ. ɹʦʢʦʚʝʥʴʢʘ, ʧʽʚʥʽʯʥʽʰʝ ʩ. ʅʦʚʦʦʣʝʢʩʘʥʜʨʽʚʢʘ, ʪʨʠʚʘʣʦ ʙʣʠʟʴʢʦ 

10 ʤʣʥ. ʨʦʢʽʚ ʫ ʚʽʢʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 2,04-2,03 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ. 
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Today among geologists there is no consensus on the stratigraphic dismemberment 

of supercrustal rocks of the Dniester- Bug megablock. In order to determine the age limits of the 

formation of the Kosharo-Olexandrivka world of the Bug series, uranium-lead isotopic dating of 

clastogenic zircons and monazites from the basal horizons of quartzites of three structures -

 Shamraivka, Kosharo-Oleksandrivka and Khashchuvato-Zavallya was performed. Summarizing the 

obtained results, it should be noted that clastogenic nuclei in zircon crystals from quartzites of the 

last two structures are characterized by a wide age range: from 3.45 billion to 2.67 billion, for 

Kosharo-Oleksandrivka and from 3.25 billion to 2.54 billion for Khashchuvato-Zavallya. Evidence 

of a different (autonomous) metamorphic quartzite formation history of these three structures is the 

crystallization of accessory monazite in quartzites. Thus, the age of monazites from quartzite 

of Shamraivka structure is - 1857,5 Ñ 1,1 million years, from quartzites of Kosharo-Oleksandrivka 

structure - 2062,4 Ñ 4,4 million and the age of monazites from quartzites of Khashchuvato-

Zavallya  structure is not earlier 1,92 billion years ago. The supercurstal formations of the Kosharo-

Oleksandrivka world of the Bug series were formed due to the destruction of various 

sources and developed autonomously. 
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(ɼɹʄ). ʅʘʡʙʽʣʴʰ ʜʠʩʢʫʩʽʡʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʛʝʦʣʦʛʽʾ ʤʝʛʘʙʣʦʢʫ  ̒ʨʦʟʯʣʝʥʫʚʘʥʥʷ 

ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ. ʅʘ 

ʩʴʦʛʦʜʝʥʥʷ ʽʩʥʫʻ ʜʚʽ ʦʩʥʦʚʥʽ ʢʘʨʜʠʥʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʽ ʪʦʯʢʠ ʟʦʨʫ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʂʦʨʝʣʷʮʽʡʥʦʾ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʦʾ ʩʭʝʤʠ ʨʘʥʥʴʦʛʦ ʜʦʢʝʤʙʨʽʶ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ [6] ʩʫʧʝʨʢʨʫʩʪʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʤʝʛʘʙʣʦʢʫ ʧʦʜʽʣʝʥʽ ʥʘ 

ʜʚʽ ʩʝʨʽʾ ï ʧʘʣʝʦʘʨʭʝʡʩʴʢʫ ʜʥʽʩʪʨʦʚʩʴʢʦ-ʙʫʟʴʢʫ ʪʘ ʥʝʦʘʨʭʝʡʩʴʢʫ ʙʫʟʴʢʫ. ʇʦʨʦʜʠ 

ʙʫʟʴʢʦʾ ʩʝʨʽʾ ʚʠʧʦʚʥʶʶʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʩʠʥʬʦʨʤʥʽ  ̔ ʤʦʥʦʢʣʽʥʘʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ (ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʫ, ʍʘʱʫʚʘʪʦ-ɿʘʚʘʣʣʽʚʩʴʢʫ, ʐʘʤʨʘʾʚʩʴʢʫ, 

ʄʦʣʜʦʚʩʴʢʫ, ʉʝʢʨʝʪʘʨʩʴʢʫ, ɻʨʫʰʢʽʚʩʴʢʫ ʪʘ ʨʷʜ ʽʥʰʠʭ), ʥʘʢʣʘʜʝʥʽ ʥʘ 

ʧʘʣʝʦʘʨʭʝʡʩʴʢʠʡ ʬʫʥʜʘʤʝʥʪ [6]. 

ɻʝʦʣʦʛʠ ʃʴʚʽʚʩʴʢʦʾ ʰʢʦʣʠ [1-5] ʚʚʘʞʘʶʪʴ, ʱʦ ʧʦʨʦʜʥʘ ʘʩʦʮʽʘʮʽʷ ʇʦʙʫʞʞʷ 

ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʚ ʭʦʜʽ ʦʜʥʦʛʦ ʛʝʦʽʩʪʦʨʠʯʥʦʛʦ ʝʪʘʧʫ  ̔ʚʠʜʽʣʷʶʪʴ ʨʷʜ ʬʦʨʤʘʮʽʡ-

ʩʚʽʪ, ʢʦʪʨʽ ʙʝʟ ʩʫʪʪʻʚʠʭ ʧʝʨʝʨʚ ʧʦʩʣʽʜʦʚʥʦ ʟʤʽʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ.      ɺ.ʇ. 

ʂʠʨʠʣʶʢ ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʩʪʨʘʪʠʛʝʥʥʽ ʫʪʚʦʨʝʥʥʷ ɼɹʄ ʧʦʜʽʣʷʻ ʥʘ ʩʽʤ ʬʦʨʤʘʮʽʡ-

ʩʚʽʪ [1].  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʪʦʩʦʚʥʦ ʧʦʨʦʜʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʙʫʟʴʢʦʾ ʩʝʨʽʾ ʚ ʫʢʨʘʾʥʩʴʢʠʭ 

ʛʝʦʣʦʛʽʚ ʽʩʥʫʻ ʧʝʚʥʠʡ ʢʦʥʩʝʥʩʫʩ: ʙʫʟʴʢʘ ʩʝʨʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʚʱʝʶ ʧʦʨʽʜ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʤʦʥʦʤʽʥʝʨʘʣʴʥʽ, ʧʦʣʴʦʚʦʰʧʘʪʦʚʽ ʪʘ ʟʘʣʽʟʠʩʪʽ ʢʚʘʨʮʠʪʠ, ʛʨʘʥʘʪ-

ʙʽʦʪʠʪʦʚʽ, ʩʠʣʽʤʘʥʽʪ-ʛʨʘʥʘʪ-ʙʽʦʪʠʪʦʚʽ, ʛʨʘʬʽʪʚʤʽʱʫʶʯ ̔  ̔ʧʽʨʦʢʩʝʥ-ʧʣʘʛʽʦʢʣʘʟʦʚʽ 

ʛʥʝʡʩʠ, ʘ ʪʘʢʦʞ ʧʽʨʦʢʩʝʥ-ʧʣʘʛʽʦʢʣʘʟʦʚʽ ʢʨʠʩʪʘʣʦʩʣʘʥʮʽ ʪʘ ʢʘʣʴʮʠʬʽʨʠ. ɿʘ 

ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʫʟʴʢʦʾ ʩʝʨʽʾ ʜʦʩʷʛʘʻ 2000-3000 ʤ. ɺ ʾʾ 

ʩʢʣʘʜʽ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʩʚʽʪʠ [6]. ʅʠʞʥʷ, ʢʦʰʘʨʦ-ʦʣʝʢʩʘʥʜʨʽʚʩʴʢʘ (ʜʦ 800 ʤ), 

ʩʢʣʘʜʝʥʘ ʧʝʨʝʚʘʞʥʦ ʢʚʘʨʮʠʪʘʤʠ, ʚʠʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʠʤʠ ʧʦʨʦʜʘʤʠ ʽ ʦʩʥʦʚʥʠʤʠ 

ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʩʣʘʥʮʷʤʠ. ʋ ʚʝʨʭʥʽʡ, ʭʘʱʫʚʘʪʦ-ʟʘʚʘʣʣʽʚʩʴʢʽʡ ʩʚʽʪʽ (ʜʦ 2000 ʤ), 

ʰʠʨʦʢʠʡ ʨʦʟʚʠʪʦʢ ʤʘʶʪʴ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ, ʛʨʘʬʽʪʦʚʽ, ʙʽʦʪʠʪʦʚʽ, ʧʽʨʦʢʩʝʥ-

ʧʣʘʛʽʦʢʣʘʟʦʚʽ ʛʥʝʡʩʠ, ʘ ʪʘʢʦʞ ʟʘʣʽʟʠʩʪʽ ʢʚʘʨʮʠʪʠ, ʷʢʽ ʘʩʦʮʽʶʶʪʴ ʟ 

ʧʽʨʦʢʩʝʥʚʤʽʩʥʠʤʠ ʛʥʝʡʩʘʤʠ ʽ ʦʩʥʦʚʥʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʩʣʘʥʮʷʤʠ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʦʚʠʭ ʤʝʞ ʬʦʨʤʫʚʘʥʥʷ ʢʦʰʘʨʦ-ʦʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ 

ʩʚʽʪʠ ʙʫʟʴʢʦʾ ʩʝʨʽʾ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʫʨʘʥ-ʩʚʠʥʮʝʚʝ ʽʟʦʪʦʧʥʝ ʜʘʪʫʚʘʥʥʷ 

ʢʣʘʩʪʦʛʝʥʥʠʭ ʮʠʨʢʦʥʽʚ ʪʘ ʤʦʥʘʮʠʪʽʚ ʽʟ ʙʘʟʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʢʚʘʨʮʠʪʽʚ ʪʨʴʦʭ 

ʩʪʨʫʢʪʫʨ ï ʐʘʤʘʨʾʚʩʴʢʦʾ [7], ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ [8] ʪʘ ʍʘʱʫʚʘʪʦ-

ɿʘʚʘʣʣʽʚʩʴʢʦʾ [9]. ʇʽʜʩʫʤʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʢʣʘʩʪʦʛʝʥʥʽ ʷʜʨʘ ʚ ʢʨʠʩʪʘʣʘʭ ʮʠʨʢʦʥʫ ʽʟ ʢʚʘʨʮʠʪʽʚ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʩʪʨʫʢʪʫʨ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʽʢʫ:  ʚʽʜ 3,45 ʤʣʨʜ. ʨ. ʜʦ 2,67 ʤʣʨʜ. ʨ., 

ʜʣʷ ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ ʪʘ ʚʽʜ 3,25 ʤʣʨʜ. ʨ. ʜʦ 2,54 ʤʣʨʜ. ʨ. ʜʣʷ 

ʍʘʱʫʚʘʪʦ-ɿʘʚʘʣʣʽʚʩʴʢʦʾ. ʆʢʨʽʤ ʚʽʢʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʮʠʨʢʦʥʠ ʽʟ ʢʚʘʨʮʠʪʽʚ 

ʙʘʟʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʮʠʭ ʩʪʨʫʢʪʫʨ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ 

ʨʦʟʧʦʜʽʣʫ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʢʫ, ʱʦ ʥʘ ʜʫʤʢʫ ʐʫʤʣʷʥʩʴʢʦʛʦ ʃ.ɺ. [9] 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʦʥʠ ʬʦʨʤʫʚʘʣʠʩʷ ʟʘʚʜʷʢʠ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽ 

ʤʘʶʪʴ ʨʽʟʥʫ ʤʝʪʘʤʦʨʬʽʯʥʫ ʽʩʪʦʨʽʶ.  

ʇʨʦ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʽʮʽ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʽʟ ʢʚʘʨʮʠʪʽʚ ʐʘʤʨʘʾʚʩʴʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʪʘʢʠʭ ʜʚʦʭ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʫ ʥʘʩ ʤʘʣʦ ʽʥʬʦʨʤʘʮʽʾ. ʃʠʰʝ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʢʣʘʩʪʦʛʝʥʥʠʭ ʷʜʝʨ ʧʨʠʩʫʪʥʽ ʜʝʢʽʣʴʢʘ ʚʽʜʤʽʥ, ʘ ʚʽʢ ʥʘʡʙʽʣʴʰ 

ʟʥʦʩʦʩʪʽʡʢʠʭ, ʚʽʨʦʛʽʜʥʦ çʛʨʘʥʫʣʽʪʦʚʠʭè ʷʜʝʨ ï 2820Ñ20 ʤʣʥ. ʨʦʢʽʚ [7].  



 

40 

 

ɹʝʟʟʘʧʝʨʝʯʥʠʤ ʩʚʽʜʯʝʥʥʷʤ ʨʽʟʥʦʾ (ʘʚʪʦʥʦʤʥʦʾ) ʤʝʪʘʤʦʨʬʽʯʥʦʾ ʽʩʪʦʨʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʨʮʠʪʽʚ ʟʘʟʥʘʯʝʥʠʭ ʪʨʴʦʭ ʩʪʨʫʢʪʫʨ ʻ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʘʢʮʝʩʦʨʥʠʭ ʤʦʥʘʮʠʪʽʚ ʚ ʢʚʘʨʮʠʪʘʭ. ʊʘʢ, ʚʽʢ ʤʦʥʘʮʠʪʽʚ ʽʟ ʢʚʘʨʮʠʪʫ 

ʐʘʤʨʘʾʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʘʻ ï 1857,5Ñ1,1 ʤʣʥ. ʨʦʢʽʚ. ɿʥʘʯʥʦ ʜʘʚʥʽʰʠʤʠ 

ʚʠʚ̫ʠʣʠʩʷ ʤʦʥʘʮʠʪʠ ʟ ʢʚʘʨʮʠʪʽʚ ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ - 

2062,4Ñ4,4 ʤʣʥ. ʨʦʢʽʚ [8]. ʅʘʨʘʟʽ ʥʘʤʠ ʚʠʟʥʘʯʝʥʦ ʚʽʢ ʤʦʥʘʮʠʪʽʚ ʽʟ ʢʚʘʨʮʠʪʽʚ 

ʚʽʜʩʣʦʥʝʥʥʷ ɹʽʣʘ ʉʢʝʣʷ (ʍʘʱʫʚʘʪʦ-ɿʘʚʘʣʣʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʘ) - (ʪʘʙʣʠʮʷ). 

ʇʦʢʘʟʦʚʦ, ʱʦ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ (ʪʘʙʣ.) ʚʽʢ ʤʦʥʘʮʠʪʽʚ ʽʟ ʢʚʘʨʮʠʪʽʚ 

ʍʘʱʫʚʘʪʦ-ɿʘʚʘʣʣʽʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʽ 

ɸʨʝʥʩʘ-ɺʝʟʝʨʽʣʣʘ. ʌʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ ʩʚʠʥʝʮʴ-ʫʨʘʥʦʚʠʭ ʽʟʦʪʦʧʥʠʭ ʚʽʜʥʦʰʝʥʴ 

ʣʝʞʘʪʴ ʚʠʱʝ ʢʦʥʢʦʨʜʽʾ ʟ ʥʝʟʥʘʯʥʦʶ ʨʦʟʪʷʞʢʦʶ, ʽ ʣʽʥʽʷ ʨʝʛʨʝʩʽʾ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ., ʥʝ ʤʘʻ ʧʝʨʝʪʠʥʫ ʟ ʢʦʥʢʦʨʜʽʻʶ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʽʢ 

ʤʦʥʘʮʠʪʽʚ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb/
206
Pb ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1,96-1,92 ʤʣʨʜ. 

ʨʦʢʽʚ, ʱʦ ʟʥʘʯʠʤʦ ʧʝʨʝʚʠʱʫʻ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ (ʜʠʚ. ʪʘʙʣ.). ʊʝʤ ʥʝ ʤʝʥʰʝ 

ʤʦʞʥʘ ʟ ʚʝʣʠʢʦʶ ʜʦʣʝʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʦʥʘʮʠʪ ʚ ʢʚʘʨʮʠʪʘʭ 

ɹʽʣʘ ʉʢʝʣʷ ʢʨʠʩʪʘʣʽʟʫʚʘʚʩʷ ʫ ʚʽʢʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʷʢʠʡ ʜʝʱʦ ʰʠʨʰʠʡ ʦʪʨʠʤʘʥʠʭ 

ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʢʫ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206
Pb. ʇʦʯʘʪʦʢ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʝ 

ʧʽʟʥʽʰʝ 1,96 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ, ʟʘʚʝʨʰʝʥʥʷ ï ʥʝ ʨʘʥʽʰʝ 1,92 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ, 

ʪʦʙʪʦ ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʥʘʮʠʪʫ ʚ ʢʚʘʨʮʠʪʘʭ ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʽʚʩʴʢʦʾ 

ʩʪʨʫʢʪʫʨʠ (2,06 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ), ʘʣʝ ʨʘʥʽʰʝ ʐʘʤʨʘʾʚʩʴʢʦʾ (1,86 ʤʣʨʜ. ʨʦʢʽʚ 

ʪʦʤʫ). 

 
ʊʘʙʣʠʮʷ. ɺʤʽʩʪ ʫʨʘʥʫ, ʩʚʠʥʮʶ ʪʘ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʩʚʠʥʮʶ ʚ ʤʦʥʘʮʠʪʘʭ ʽʟ ʢʚʘʨʮʠʪʫ ʢʦʰʘʨʦ-

ʦʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ ʩʚʽʪʠ, ʧʨʘʚʠʡ ʙʝʨʽʛ ʨ. ʇʜ. ɹʫʛ, ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʰʝ ʩ. ɿʘʚʘʣʣʷ, ɹʽʣʘ ʩʢʝʣʷ, 

ʧʨʦʙʘ ʉʇ-18-1. 

ʌʨʘʢʮʽʷ  
ʤʽʥʝ 
ʨʘʣʫ 

ɺʤʽʩʪ (ppm) ɯʟʦʪʦʧʥʽ ʚʽʜʥʦʰʝʥʥʷ ɺʽʢ, ʤʣʥ. ʨʦʢʽʚ 
D 

(%) 
U Pb 

206
Pb 

204
Pb 

206
Pb 

207
Pb 

206
Pb 

208
Pb 

206
Pb 

238
U 

207
Pb 

235
U 

206
Pb 

238
U 

207
Pb 

235
U 

207
Pb 

206
Pb  
Ñ 

1 5847 6639 5605 8.1679 0.41695 0.37132 6.1525 2036 1998 1958.8Ñ1.2 -3.9 

2 6744 7346 4650 8.1800 0.43546 0.36668 6.0416 2014 1982 1948.7Ñ1.9 -3.3 

3 5988 6513 4680 8.1753 0.43204 0.36423 6.0056 2002 1977 1950.1Ñ1.1 -2.7 

4 5085 5400 5840 8.2740 0.44747 0.36452 5.9655 2004 1971 1936.6Ñ0.9 -3.5 

5 7857 8172 4910 8.2891 0.45618 0.36140 5.8816 1989 1959 1926.7Ñ1.1 -3.2 

ʇʨʠʤʽʪʢʘ. ʇʦʧʨʘʚʢʘ ʥʘ ʟʚʠʯʘʡʥʠʡ ʩʚʠʥʝʮʴ ʫʚʝʜʝʥʘ ʟʘ ʉʪʝʡʩʽ ʪʘ ʂʨʘʤʝʨʩʦʤ ʥʘ ʚʽʢ     

1950 ʤʣʥ. ʨʦʢʽʚ. 1-5 ï ʤʫʣʴʪʠʟʝʨʥʦʚʽ ʥʘʚʘʞʢʠ ʟʦʣʦʪʠʩʪʦ-ʞʦʚʪʠʭ ʧʨʦʟʦʨʠʭ ʢʨʠʩʪʘʣʽʚ 

ʤʦʥʘʮʠʪʫ. ʈʦʟʤʽʨʥʽ ʬʨʘʢʮʽʾ ʦʪʨʠʤʘʥʽ ʩʢʦʯʫʚʘʥʥʷʤ ʧʦ ʥʘʭʠʣʝʥʽʡ ʧʣʦʱʠʥʽ. D ï 

ʜʠʩʢʦʨʜʘʥʪʥʽʩʪʴ. 

 

ɺʠʩʥʦʚʢʠ: 

1. ʉʫʧʝʨʢʨʫʩʪʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ, ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʦʰʘʨʦ-ʦʣʝʢʩʘʥʜʽʚʩʴʢʦʾ 

ʩʚʽʪʠ ʙʫʟʴʢʦʾ ʩʝʨʽʾ, ʱʦ ʚʠʧʦʚʥʶʶʪʴ ʐʘʤʨʘʾʚʩʴʢʫ, ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʨʽʚʢʫ ʪʘ 

ʍʘʱʫʚʘʪʦ-ɿʘʚʘʣʣʽʚʩʴʢʫ ʩʪʨʫʢʪʫʨʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ. 
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2. ʐʘʤʨʘʾʚʩʴʢʘ, ʂʦʰʘʨʦ-ʆʣʝʢʩʘʥʜʨʽʚʢʘ ʪʘ ʍʘʱʫʚʘʪʦ-ɿʘʚʘʣʣʽʚʩʴʢʘ 

ʩʪʨʫʢʪʫʨʘ ʨʦʟʚʠʚʘʣʠʩʷ ʘʚʪʦʥʦʤʥʦ, ʤʝʪʘʤʦʨʬʦʛʝʥʥʘ ʧʝʨʝʨʦʙʢʘ ʧʦʨʽʜ, ʱʦ ʾʭ 

ʚʠʧʦʚʥʶʶʪʴ, ʟʘʚʝʨʰʠʣʘʩʷ ʚ ʨʽʟʥʠʡ ʯʘʩ. 
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Anomalous distribution of individual OH fragments of the structure was detected in topaz crystals 

by 
1
H NMR. The total number of fragments of the structure with OH groups in the three topaz 

crystals is greater in the direction perpendicular to the axis c by about 10, 50 and 80% compared to 

ab, which may indicate the sectoral structure and piezoelectric properties of topaz. 

 

ʇʨʠʨʦʜʥʠʡ ʪʦʧʘʟ Al2SiO4(F,OH)2 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʨʦʤʙʽʯʥʽʡ ʩʠʥʛʦʥʽʾ, ʚ 

ʥʴʦʤʫ ʜʦ 40 % ʧʦʟʠʮʽʡ F ʟʘʩʝʣʷʶʪʴ ʆʅ-ʛʨʫʧʠ [1]. 

ʊʨʠʚʘʣʠʡ ʯʘʩ ʚʚʘʞʘʣʦʩʴ, ʱʦ ʩʝʢʪʦʨʽʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʪʦʧʘʟʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʽʦʥʽʚ F ʽ ʆʅ-ʛʨʫʧ ʟʘ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ ʽ ʚ ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ ʚ 

ʜʝʢʽʣʴʢʦʭ ʩʝʢʪʦʨʘʭ, ʷʢʽ ʛʝʥʝʪʠʯʥʦ ʻ ʧʽʨʘʤʽʜʘʤʠ ʨʦʩʪʫ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʷʚʠʪʠ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ F ʽ ʆʅ-ʛʨʫʧ, ʾʭ ʪʠʧ ʽ 

ʢʽʣʴʢʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʗʄʈ ʤʝʪʦʜʠʢ ʥʘ ʨʽʟʥʠʭ ʷʜʨʘʭ. 

ɿ 3-ʭ ʢʨʠʩʪʘʣʽʚ ʪʦʧʘʟʫ ɺʦʣʠʥʽ ʙʫʣʠ ʚʠʨʽʟʘʥʽ ʧʣʘʩʪʠʥʢʠ ʧʘʨʘʣʝʣʴʥʽ (001) ʥʘ 

ʷʢʠʭ ʚʠʟʥʘʯʝʥʦ ʢʨʠʩʪʦʣʦʛʨʘʬʽʯʥʽ ʥʘʧʨʷʤʢʠ ʘ  ̔b (ʟʨʘʟʢʠ 1 ʽ 2), ʽ ʟʨʘʟʢʠ 3, 4 ʙʝʟ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʥʘʧʨʷʤʢʽʚ. ʎʝ ʜʘʚʘʣʦ ʟʤʦʛʫ ʦʙʝʨʪʘʪʠ ʢʨʠʩʪʘʣʠ ʥʘʚʢʦʣʦ b 

(ʧʣʦʱʠʥʘ ʘʩ, 1)  ̔ ʘ (bʩ, 2) ʚʽʜʧʦʚʽʜʥʦ. ʂʨʽʤ ʪʦʛʦ, ʽʟ ʟʨ. 1 ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ 

ʬʨʘʢʮʽʷ (< 0,1 ʤʤ) ʜʣʷ ʟʘʧʠʩʫ ʩʧʝʢʪʨʽʚ MAS ʗʄʈ  
1
H, 

19
F ʽ  

27
Al (1

ʘ
). ɿʘʧʠʩʫʚʘʣʠ 

ʪʘʢʦʞ ʩʧʝʢʪʨʠ ʜʝʷʢʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʚ. ʉʧʝʢʪʨʠ MAS ʗʄʈ (ʚʠʩʦʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟ 

ʦʙʝʨʪʘʥʥʷʤ ʟʨʘʟʢʘ ʧʽʜ ʤʘʛʽʯʥʠʤ ʢʫʪʦʤ ʟ ʯʘʩʪʦʪʦʶ 5 ʽ 10 ʢɻʮ) ʽ solid (ʙʝʟ 

ʦʙʝʨʪʘʥʥʷ) ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʽʤʧʫʣʴʩʥʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

AVANCE 400 (Bruker). ʈʦʟʜʽʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʦʛʨʘʤʽ Top Spin 4. 06. ʅʘ ʨʠʩʫʥʢʫ ʧʨʠʚʝʜʝʥʦ ʩʧʝʢʪʨ MAS ʗʄʈ 
1
H ʟʨʘʟʢʘ 1

ʘ
, 

ʥʘ ʷʢʦʤʫ ʚʠʜʥʦ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜ ʤʦʣʝʢʫʣ ʅ2ʆ ʫ ʚʢʣʶʯʝʥʥʷʭ ʽ/ʘʙʦ ʘʜʩʦʨʙʦʚʘʥʠʭ 

ʥʘ ʧʦʚʝʨʭʥʽ (1), ʚʽʜ ʆʅ ï F (2) ʽ ʆʅ ï ʆʅ (3) ʬʨʘʛʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ [2]. 

ʇʽʜʩʫʤʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʆʅ-ʛʨʫʧ ʧʨʠʙʣʠʟʥʦ ʩʪʘʥʦʚʠʪʴ 0,07 ʬʦʨʤʫʣʴʥʠʭ  ʦʜʠʥʠʮʴ, 

ʱʦ ʙʣʠʟʴʢʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʠʟʥʘʯʝʥʦʾ ʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ [1]. ʂʽʣʴʢʽʩʪʴ 

ʬʨʘʛʤʝʥʪʽʚ (3) ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʘ, ʥʽʞ (2). ʌʨʘʛʤʝʥʪʠ (2) 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʽ ʚ ʩʧʝʢʪʨʘʭ MAS ʗʄʈ 
19
F ʮʴʦʛʦ ʟʨʘʟʢʘ. ɺ ʩʧʝʢʪʨʘʭ MAS ʗʄʈ  

27
Al ʪʝʪʨʘʝʜʨʠʯʥʦʛʦ ʘʣʶʤʽʥʽʶ ʥʝ ʚʠʷʚʣʝʥʦ. 

ʌʨʘʛʤʝʥʪʠ ʩʪʨʫʢʪʫʨʠ ʪʦʧʘʟʫ ʚʠʷʚʣʝʥʽ ʚ ʩʧʝʢʪʨʘʭ MAS ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʽ ʚ 

ʩʧʝʢʪʨʘʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʧʨʠ ʾʭ ʦʨʽʻʥʪʘʮʽʾ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ɿʦʢʨʝʤʘ, ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʤʦʣʝʢʫʣ ʅ2ʆʚʢʣ, ʷʢʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʟʨʘʟʢʘʭ ʚ 

mailto:akalinichenko@nas.gov.ua
mailto:akalinichenko@nas.gov.ua
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ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʢʨʽʤ ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚʽʜ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʥʘ ŭ2 ʥʝ ʟʘʚʞʜʠ 

ʨʦʟʜʽʣʷʣʘʩʴ ʟ ʢʦʤʧʦʥʝʥʪʦʶ ʚʽʜ ʆʅ ï ʆʅ ʬʨʘʛʤʝʥʪʽʚ (ʪʘʙʣʠʮʷ). 

 

 
ʈʠʩʫʥʦʢ - ʉʧʝʢʪʨʠ MAS NMR

1
H ʟʨʘʟʢʘ 1. 1-3 ï ʢʦʤʧʦʥʝʥʪʠ ʚʽʜ ʅ2ʆ, ʆʅ-F ʽ ʆʅïʆʅ 

ʚʽʜʧʦʚʽʜʥʦ.   

 

ʌʨʘʛʤʝʥʪʠ ʩʪʨʫʢʪʫʨʠ ʆʅ-F ʚ ʩʧʝʢʪʨʘʭ solid ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʜʫʙʣʝʪʽʚ ʥʘ ŭ1  ̔ŭ3 (ʪʘʙʣʠʮʷ). ɿ ʩʪʨʫʢʪʫʨʠ ʪʦʧʘʟʫ [2] ʚʽʜʦʤʦ, ʱʦ ʥʘʧʨʷʤ ʟʚôʷʟʢʫ 

FïF ʧʨʠʙʣʠʟʥʦ 90
ʦ
 ʜʦ ʩ ʚ ʧʣʦʱʠʥʽ ʘʩ ʽ 0 ʚ ʧʣʦʱʠʥʽ bc. ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʜʫʙʣʝʪʫ ʥʘ ʷʜʨʘʭ 
1
ʅ ʚ ʟʨ.1, 2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʧʨʠ 

ʅ||c, ʘ ʤʽʥʽʤʘʣʴʥʝ ʧʨʠ ʅ ʩ, ʪʦʙʪʦ ʟʚôʷʟʦʢ ʆʅïF ʧʨʠʙʣʠʟʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʥʘʧʨʷʤʦʤ FïF. ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪ, ʷʢ ʽ ʧʽʜʩʫʤʢʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚ ʧʨʦʪʦʥʥʠʭ ʩʧʝʢʪʨʘʭ, ʥʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʨ.1 ʽ 2 ʧʨʠ ʟʤʽʥʽ ʦʨʽʻʥʪʘʮʾʾ 

ʢʨʠʩʪʘʣʫ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʘ ʚ ʟʨ.3 ʽ 4 ʮʽ ʟʤʽʥʠ ʟʥʘʯʥʽ. ʊʘʢ, ʚ ʟʨ.3 ʧʨʠ ʅ||c 

(ɗ=90
ʦ
) ʧʽʜʩʫʤʢʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʤʝʥʰʘ, ʥʽʞ ʧʨʠ ʅṶʩ, ʘ ʚ ʟʨ.4 

ʥʘʚʧʘʢʠ, ʭʦʯʘ ʬʦʨʤʠ ʩʧʝʢʪʨʽʚ ʦʜʥʘʢʦʚʽ (ʪʘʙʣʠʮʷ). ɺʽʜʤʽʪʠʤʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʧʝʢʪʨʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʷʜʝʨ ʽ ʯʘʩʦʤ ʷʜʝʨʥʦʾ ʩʧʽʥ-ʨʝʰʽʪʢʦʚʦʾ 

ʨʝʣʘʢʩʘʮʽʾ, ʷʢʠʡ ʚʠʷʚʠʚʩʷ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʤ ʜʣʷ ʧʨʦʪʦʥʽʚ.  

 
ʊʘʙʣʠʮʷ - ʇʘʨʘʤʝʪʨʠ ʢʦʤʧʦʥʝʥʪ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1
ʅ, ʭʽʤʽʯʥʠʡ ʟʩʫʚ ŭ, ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʽ 

ʚʠʩʦʪʠ ɜ1/2 (ppm), ʽʥʪʝʥʩʠʚʥʽʩʪʴ I ʽ ʧʽʜʩʫʤʢʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ×I (ʚʽʜʥʦʩʥʽ ʦʜʠʥʠʮʽ.) 

N ɗ ŭ1 ɜ1/2 I1 ŭ2 ɜ1/2 I2 ŭ3 ɜ1/2 I3 ×I 

1 0 12,8 50 13,7 7,6 6,9 0,67 - - - 1 

 90 23,5 47 6,74 10,1 5,7 0,53 -15,9 46 6,41 0,96 

2 0 8,4 59 12,25 9,6 5,9 0,54 - - - 1 

 90 24,9 58 5,98 11,3 6,9 0,82 -17,9 54 5,57 0,92 

1
a
 - 7,1 6,2 1,5 3,8 4,6 1,2 1,8 3,0 0,8 - 

3 0 6,9 73 4,10 1,6 12,9 0,22 - - - 1 

 90 31,2 71 1,08 5,1 12,7 0,24 -39,7 59 0.80 0,58 

4 0 33,7 80 2,08 4,8 6,3 0,55 -26,2 77 1,78 1 

 90 7,1 79 0,78 4,2 9,7 0,02 - - - 0,20 

1
b 

- 19,5 50,1 2,75 6,2 13,1 0,67 -3,1 48,4 3,23 - 

5 - 25,9 74,3 1,15 5,2 10,1 0,70 - - - - 

6 - 10,9 55,1 1,97 11,3 7,1 0,14 5,0 7,0 0,23 - 

7 - 11,3 55,6 1,39 9,2 8,6 0,20 3,7 5,5 0,08 - 

ʇʨʠʤʽʪʢʠ: - ʥʝ ʚʠʟʥʘʯʘʣʠ, ʘʙʦ ʥʝ ʚʠʷʚʣʝʥʦ; 1
ʘ
- ʧʘʨʘʤʝʪʨʠ ʩʧʝʢʪʨʫ MAS. ɯʥʰʽ - ʧʘʨʘʤʝʪʨʠ 

ʩʧʝʢʪʨʽʚ solid. 1
b
- ʢʦʤʧʦʥʝʥʪʠ ʩʧʝʢʪʨʫ ʟʨʘʟʢʘ 1

ʘ
 ʟʘʧʠʩʘʥʽ ʚ ʪʘʢʦʤʫ ʨʝʞʠʤʽ. 
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ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪ ʚ ʩʧʝʢʪʨʘʭ solid ʗʄʈ 
27
Al ʽ 

19
F ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʚʘʣʠʩʷ ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʱʝʧʣʝʥʥʷ 

ʜʫʙʣʝʪʫ ʚʽʜ ʬʪʦʨʫ ʩʧʽʚʧʘʜʘʻ ʟ ʪʘʢʠʤ ʜʣʷ ʧʨʦʪʦʥʽʚ. ɺ ʟʨʘʟʢʫ 1 ʫ ʩʧʝʢʪʨʽ 

ʘʣʶʤʽʥʽʶ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʪʨʠʧʣʝʪ ʟ ʨʽʚʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʅ||c 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʪʨʫʢʪʫʨʠ ʪʦʧʘʟʫ, ʚ ʷʢʽʡ ʢʦʞʥʠʡ ʽʦʥ ʘʣʶʤʽʥʽʶ ʚ 

ʥʘʡʙʣʠʞʯʦʤʫ ʦʪʦʯʝʥʥʷ ʤʘʻ 2 ʽʦʥʠ ʬʪʦʨʫ. 

ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʩʧʝʢʪʨʠ ʧʦʣʽʢʨʠʩʪʘʣʽʚ ʧʦʜʽʙʥʽ ʜʦ ʩʧʝʢʪʨʽʚ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʧʨʠ ɗ=0 ʘʙʦ 90
ʦ
 ʽ ʚʢʘʟʫʶʪʴ ʥʘ ʜʚʘ ʪʠʧʠ ʆʅ-ʛʨʫʧ ʚ ʩʪʨʫʢʪʫʨʽ 

ʪʦʧʘʟʫ. ɺʠʜʽʣʷʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʩʧʝʢʪʨʫ ʟʨ.5, ʚ ʷʢʦʤʫ ʆʅïʆʅ ʬʨʘʛʤʝʥʪʠ 

ʩʢʣʘʜʘʶʪʴ ʤʘʡʞʝ 40 % ʽ ʟʨ.6 ʽ 7, ʚ ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜ 

ʅ2ʆʚʘʢ ʥʘ ŭ3. 

ɺʠʷʚʣʝʥʽ ʘʥʦʤʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʪʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜ 

ʦʨʽʻʥʪʘʮʽʾ ʢʨʠʩʪʘʣʽʚ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʡʦʛʦ ʩʝʢʪʦʨʽʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʡʦʛʦ ʘʥʦʤʘʣʴʥʽ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1, 4], ʟʦʢʨʝʤʘ, ʢʫʪ 2 V. 
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ʋɼʂ 550.42 

ɹʆʈʊʅʀʎʔʂɸ ʉʊɸʅʎɯʗ ɸɽʈɸʎɯɰ ï ɽʂʆʃʆɻʆ-ɻɽʆʍɯʄɯʏʅɯ 

ɸʉʇɽʂʊʀ 

ʂʣʦʩ ɺ.ʈ., ʂʦʣʦʩ ɻ.ʄ.
 

ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʮʝʥʪʨ ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɼʇ 

çʋʢʨʘʾʥʩʴʢʘ ʛʝʦʣʦʛʽʯʥʘ ʢʦʤʧʘʥʽʷè 

 

BORTNYTSKY AERATION STATION - ECOLOGICAL AND 

GEOCHEMICAL ASPECTS  

Klos V., Kolos H. 

Ukrainian Research and Production Center for Geochemical Research SE "Ukrainian 

Geological Company" 

 
Research and assessment of geochemical impact (pollution) of technological objects of sewage 

treatment plants in Kyiv on the environment in the area of their distribution. 

 

ɺʩʪʫʧ. ɹʦʨʪʥʠʮʴʢʘ ʩʪʘʥʮʽʷ ʘʝʨʘʮʽʾ (ɹʉɸ) ʻ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʝ ʦʜʥʦʦʩʽʙʥʦ ʧʨʠʡʤʘʻ ʪʘ ʚʠʢʦʥʫʻ ʧʦʚʥʫ ʙʽʦʣʦʛʽʯʥʫ ʦʯʠʩʪʢʫ 

ʢʦʤʫʥʘʣʴʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʪʦʢʽʚ ʚʽʜ ʤʽʩʪʘ ʂʠʾʚ. ʉʠʩʪʝʤʦʶ 

ʢʦʣʝʢʪʦʨʽʚ ʽ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ɹʉɸ ʧʦʩʪʫʧʘʻ ʙʣʠʟʴʢʦ 1,8 ʤʣʥ.ʤ
3
 ʩʪʦʢʽʚ ʟʘ 

ʜʦʙʫ. ʆʯʠʱʝʥʘ ʚʦʜʘ ʧʦ ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʚʽʜʚʦʜʠʪʴʩʷ ʜʦ ʨ. ɼʥʽʧʨʦ. ʆʩʘʜ, 

ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ, ʧʽʩʣʷ ʩʧʝʮʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʧʝʨʝʢʘʯʫʻʪʴʩʷ (ʚʦʣʦʛʽʩʪʴ 97,5%) ʥʘ 3-ʠ ʤʫʣʦʚʽ ʧʦʣʷ ʜʣʷ ʦʙʝʟʚʦʜʥʝʥʥʷ ʚ 

ʢʽʣʴʢʦʩʪʽ ʙʣʠʟʴʢʦ 12 ʪʠʩ. ʤ
3
/ʜʦʙʫ  

ʋ ʟʚôʷʟʢʫ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʦʩʘʜʫ (ʤʫʣʫ) ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʟ 

1985 ʨʦʢʫ ʧʦʣʠʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ ʚʠʚʝʟʝʥʥʷ ʩʫʭʦʛʦ ʤʫʣʫ ʟ 

ʤʫʣʦʚʠʭ ʧʦʣʽʚ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʝʤʣʽ ʚ ʷʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʥʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ (ʨʽʰʝʥʥʷ ɹʦʨʠʩʧʽʣʴʩʴʢʦʾ ʉɽʉ). ɺʽʜ ʪʦʜʽ ʤʫʣʦʚʽ ʧʦʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʘʢʦʧʠʯʫʚʘʯʽ ʤʫʣʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʆʮʽʥʢʘ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʤʫʣʦʚʠʭ ʧʦʣʽʚ 

ɹʉɸ ʥʘ ʜʦʚʢʽʣʣʷ ʚ ʨʘʡʦʥʽ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʆʙôʻʢʪʠ ʽ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʭʦʜʷʯʠ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ɹʉɸ 

ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʤʫʣʠ ʪʘ ʥʘʜʤʫʣʦʚʽ ʚʦʜʠ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ʷʢ 

ʧʦʪʝʥʮʽʡʥʝ ʜʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ, ˇʨʫʥʪʠ, ʧʦʨʦʜʠ ʟʦʥʠ ʘʝʨʘʮʽʾ ʪʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ 

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʷʢ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʣʠʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʥʘʥʽ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ 

ʨʘʡʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʫʣʦʚʠʭ ʧʦʣʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʷʚʥʘ ʨʦʙʦʪʘ ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ (1990 ï 2020 ʨʨ.) ʛʝʦʭʽʤʽʯʥʠʭ ʪʘ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʫʣʦʚʠʭ ʧʦʣʽʚ ɹʉɸ ʽ ʩʢʣʘʜʦʚʠʭ ʜʦʚʢʽʣʣʷ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʘ ʪʘʢʦʞ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɻʝʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʫʣʽʚ ʙʫʣʠ ʨʦʟʧʦʯʘʪʽ ʱʝ ʚ 90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ 

ʩʪʦʨʽʯʯʷ. ʄʫʣ ʟ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʙʽʦʮʝʥʦʟ, ʟʘʩʝʣʝʥʠʡ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʉʫʭʘ ʤʘʩʘ ʤʫʣʫ ʤʽʩʪʠʪʴ 65-75% ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, 

ʘ ʤʽʥʝʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʤʫʣʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ (ʫ %): SiO2 ï 36-59, CaO ï 12-20, MgO 
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ï 6-12, P2O5ï15-26, SO3ï8-12, Al2O3ï5-8, K2Oï1,5, Na2Oï1,5, CrOïʜʦ 1, MnOïʜʦ 

1, Fe2O3 ï ʜʦ 1,5. 

ɺʤʽʩʪ ʛʫʤʫʩʫ (ʧʦ ʊʶʨʽʥʫ) ʫ ʤʫʣʽ ʪʦʨʬʦʧʦʜʽʙʥʦʤʫ, ʚôʷʟʢʦʤʫ ʪʘ ʨʽʜʢʦʤʫ (36 

ʧʨʦʙ 2018 ʨ.) ʩʢʣʘʜʘʻ 46-59% ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʽ 52% (ʯʦʨʥʦʟʝʤʠ ʋʢʨʘʾʥʠ 

ʜʦ 12%). ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʠʭ ʨʝʯʦʚʠʥ ʚ ʤʫʣʘʭ ʩʢʣʘʜʘʻ (ʚ ʤʛ/ʢʛ): K2O ï 

1189, P2O5 ï 2947, Nʟʘʛ. (NO3+NH4) ï 6120, ʱʦ ʫ 3-20 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʚʤʽʩʪ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʯʦʨʥʦʟʝʤʘʭ ʋʢʨʘʾʥʠ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʙʠ ʤʫʣʽʚ ʥʘ ʤʫʣʦʚʠʭ ʧʦʣʷʭ 

ʚʽʜʙʠʨʘʣʠʩʴ ʽʟ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʰʘʨʦʚʦ ʽʟ ʩʚʝʨʜʣʦʚʠʥ ʨʫʯʥʦʛʦ ʙʫʨʽʥʥʷ (94 ʧʨʦʙ 

2011, 2018 ʨʨ.). ɿʘ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʨʦʙʘʭ ʤʫʣʫ ʟʤʽʥʶʶʪʴʩʷ (ʚ ʤʛ/ʢʛ): Agï0,17-55 

(ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ - 9,04); Cdï0,3-100 (24);  Hgï0,1-4 (1,5); Snï1-350 (38,5); Crï

101-12430 (886); Cuï18-7500 (357);  Pbï11-1750 (152); Znï20- 6800  (577). ɿʘ 

ʜʘʥʠʤʠ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʤʽʩʪ Au ʚ ʤʫʣʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,16 

ʜʦ 2,52 ʤʛ/ʢʛ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ 0,5 ʤʛ/ʢʛ. 

ɿʘʛʘʣʦʤ, ʛʝʦʭʽʤʽʯʥʠʡ ʩʧʝʢʪʨ ʟʘʙʨʫʜʥʝʥʥʷ ʤʫʣʽʚ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

Ag301ïCd80ïHg42ïSn19ïCr 18ïCu18ïPb10ïZn10ïBa10ïSr10ïMn5ïP5ïNi5ïZr 2,4; 

ʜʝ ʙʽʣʷ ʩʠʤʚʦʣʫ ʝʣʝʤʝʥʪʘ, ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʥʦʩʥʦ 

ʬʦʥʦʚʦʛʦ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʘʭ ʨʘʡʦʥʫ ʨʦʙʽʪ. 

ɻʝʦʭʽʤʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʦʙʝʟʚʦʜʥʝʥʥʷ ʪʘ 

ʫʱʽʣʴʥʝʥʥʷ ʤʫʣʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʛʣʠʙʠʥʦʶ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ 

ʚʝʨʪʠʢʘʣʽ ʟʚôʷʟʘʥʘ ʽʟ ʨʦʟʰʘʨʫʚʘʥʥʷʤ ʤʫʣʫ ʧʽʜ ʜʽʻʶ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ. ʄʘʢʩʠʤʘʣʴʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʚʽʜʤʽʯʝʥʽ ʚ ʚʝʨʭʥʴʦʤʫ, ʥʘʡʙʽʣʴʰ ʟʙʘʛʘʯʝʥʦʤʫ ʦʨʛʘʥʽʢʦʶ 

ʰʘʨʽ (ʟʦʣʴʥʽʩʪʴ 40-53%). ʅʠʞʥʽ ʰʘʨʠ ʤʫʣʫ (ʧʨʠʜʦʥʥʠʡ ʰʘʨ 0,2-0,3 ʤ) ʟʙʘʛʘʯʝʥʽ 

ʧʽʱʘʥʠʩʪʠʤ ʪʘ ʩʫʛʣʠʥʠʩʪʠʤʠ ʯʘʩʪʢʘʤʠ (ʟʦʣʴʥʽʩʪʴ 45-97%). 

ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʚ ʨʘʡʦʥʽ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʟʘ 

ʛʝʦʭʽʤʽʯʥʦʶ ʘʩʦʮʽʘʮʽʻʶ ʝʣʝʤʝʥʪʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ: Ag-Cd-Hg-(Sn-Cr-CuïPbïZn).  

ʉʪʘʥʦʤ ʥʘ 2018 ʨʽʢ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʤʫʣʽʚ ʥʘ 3-ʭ ʤʫʣʦʚʠʭ ʧʦʣʷʭ ɹʉɸ 

(ʧʦʪʫʞʥʽʩʪʴ ʤʫʣʦʚʠʭ ʦʩʘʜʽʚ ʥʘ ʤʫʣʦʚʠʭ ʧʦʣʷʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1,5 ʜʦ 6,2 ʤ) 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 8,6 ʤʣʥ. ʤ
3
. 

ʇʠʪʦʤʘ ʘʢʪʠʚʥʽʩʪʴ 137Cs ʚ ʤʫʣʘʭ (48 ʧʨʦʙ, 2013 ʨ.) ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 7 ʜʦ 

270,7 ɹʢ/ʢʛ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 68 ɹʢ/ʢʛ) ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʧʨʠʨʦʜʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʤʫʣʘʭ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 42,5 ʜʦ 151,9 ɹʢ/ʢʛ (ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 76 ɹʢ/ʢʛ) ʽ ʤʝʥʰʘ ʤʝʞʽ ʜʣʷ ɯ ʢʣʘʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ï 370 ɹʢ/ʢʛ (ʅʈɹʋ-97). 

ɽʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʘ ʦʮʽʥʢʘ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʧʦʨʽʜ ʟʦʥʠ ʘʝʨʘʮʽʾ ʚ 
ʨʘʡʦʥʽ ʤʫʣʦʚʠʭ ʧʦʣʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʭʽʤʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ˇʨʫʥʪʽʚ 

ɹʦʨʠʩʧʽʣʴʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʠʾʚʩʴʢʦʾ ʦʙʣ. ʤʘʩʰʪʘʙʫ 1:100 000 (1992 ʨ.) 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ 

ʉʇɿ>32 ʦʜ. (ʥʝʙʝʟʧʝʯʥʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ) [1] ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 100 ʢʤ
2
, ʮʝ 

ʧʨʠʙʣʠʟʥʦ 10% ʪʝʨʠʪʦʨʽʾ ʨʘʡʦʥʫ. ɺʩʪʘʥʦʚʣʝʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʚʽʜʙʫʣʦʩʴ ʚ 
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ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʽʚ ɹʉɸ ʚ ʷʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʱʝ ʜʦ 80-ʭ 

ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ.  

ʌʘʢʪ ʟʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʚ 

ʨʘʡʦʥʽ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʚ 1995 ʪʘ ʚ 2011 ʨʦʢʘʭ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʦʭʽʤʽʯʥʘ ʘʩʦʮʽʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʚ 

ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ: Ag-Cd-Hg-(Sn-Cr-

Zn-Cu-Pb), ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʽʡ ʚ ʤʫʣʘʭ ʤʫʣʦʚʠʭ ʧʦʣʽʚ. ɿʘ ʉʇɿ ʧʣʦʱʽ ʟʘʙʨʫʜʥʝʥʥʷ 

ˇʨʫʥʪʽʚ ʜʽʣʷʥʢʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚ 2011 ʨʦʮʽ ʩʢʣʘʜʘʣʠ: ʟ ʧʦʤʽʨʥʦ-ʥʝʙʝʟʧʝʯʥʠʤ 

ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ (ʉʇɿ 16-32) - 16,6% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʜʽʣʷʥʢʠ, ʩʫʧʨʦʪʠ 

11,2% ʚ 1995 ʨʦʮʽ, ʟ ʥʝʙʝʟʧʝʯʥʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ (ʉʇɿ 32-128) - 11,2% 

ʩʫʧʨʦʪʠ 6,9% ʚ 1995 ʨʦʮʽ, ʘ ʧʣʦʱʽ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤ ʨʽʚʥʝʤ 

ʟʘʙʨʫʜʥʝʥʥʷ (ʉʇɿ > 128) ʟʘʡʤʘʶʪʴ 6,2%, ʩʫʧʨʦʪʠ 2,3% ʚ 1995 ʨʦʮʽ.  

ɿʘʛʘʣʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʟ 

1995 ʧʦ 2011 ʨʽʢ ʛʝʦʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ (Ag, Cd, Hg) ʚ ʤʝʞʘʭ ʚʠʜʽʣʝʥʠʭ ʘʥʦʤʘʣʽʡ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʠʚʩʷ, ʟʤʽʥʠʣʠʩʴ ʪʽʣʴʢʠ ʢʦʥʬʽʛʫʨʘʮʽʷ ʪʘ ʧʣʦʱʘ ʧʦʣʽʚ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʙʪʦ ʧʨʠʨʦʜʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ˇʨʫʥʪʽʚ ʚʽʜ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ 

ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʥʝ ʚʽʜʙʫʣʦʩʷ, ʘʙʦ ʧʨʦʭʦʜʠʪʴ ʚʦʥʦ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʚʽʣʴʥʦ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʨʽʜ ʟʦʥʠ ʘʝʨʘʮʽʾ, ʷʢʽ ʚʠʧʨʦʙʫʚʘʣʠʩʴ ʚ 

ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (50 ʧʨʦʙ 2011 ʨ.), ʪʦ ʪʽʣʴʢʠ ʚ 2-ʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ (ʚ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ 0,5-3,0 ʤ) ʟʘʬʽʢʩʦʚʘʥʽ ʧʽʜʚʠʱʝʥʽ ʚʤʽʩʪʠ Hg 

(ʜʦ 0,08 ʤʛ/ʢʛ), Ag (ʜʦ 0,06 ʤʛ/ʢʛ) ʽ Cr (ʜʦ 105 ʤʛ/ʢʛ). ʅʘʡʽʤʦʚʽʨʥʽʰʝ, ʚʠʷʚʣʝʥʽ 

ʘʥʦʤʘʣʽʾ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʰʥʝʢʦʚʦʛʦ ʙʫʨʽʥʥʷ. 

ɻʽʜʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʤʫʣʦʚʠʭ ʚʦʜ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʝʟʦʥʥʠʭ ʽ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (27 ʧʨʦʙ ʥʘʜʤʫʣʦʚʠʭ ʚʦʜ, 2012 ʨ.) 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʦʣʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ ʻ (ʚ ʤʛ/ʜʤ
3
): ʈʆ4

3-
 - 

54,0-423,5(ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 239,4), ʱʦ ʚ 1197 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚ - 0,2 

(ɼʉʊʋ 4808. 2007, ɯɯɯ ʢʣʘʩ ʷʢʦʩʪʽ ʚʦʜ); NH4
+
 (44,7-213,5 (147,1), ɦ ʦ ʚ 147 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚ - 1,0; Nʆ2
-
 ï 0,1-10 (3,25), ʱʦ ʚ 65 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ 

ʥʦʨʤʘʪʠʚ - 0,05 ʪʘ ʚʠʩʦʢʘ ʾʭ ʧʝʨʤʘʥʛʘʥʘʪʥʘ ʦʢʠʩʣʶʚʘʥʽʩʪʴ - 126,3-

248,7 ʤʛʆ2/ʜʤ
3
 (182,2 ʤʛʆ2/ʜʤ

3
). ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʮʠʭ ʚʦʜ ʪʘʢʦʞ ʻ ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʻʚʦʾ ʢʠʩʣʦʪʠ (SiO2 ï ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ 79,8 ʤʛ/ʜʤ
3
) ʪʘ ʽʦʥʽʚ 

ʢʘʣʽʶ (ʂ
+
 ï ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ 113 ʤʛ/ʜʤ

3
). ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ (Pb, Zn, 

Cr, Hg) ʚ ʥʘʜʤʫʣʦʚʠʭ ʚʦʜʘʭ ʻ ʤʝʥʰʦʶ ʟʘ ʾʭ ʥʦʨʤʘʪʠʚ (ɼʉʊʋ 4808. 2007, ɯɯɯ 

ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ), ʘ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽ ʬʝʥʦʣʽʚ- ʥʘ ʤʝʞʽ ʯʫʪʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ. 

ɺ ʯʘʩʽ, ʩʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʜʤʫʣʦʚʠʭ ʚʦʜ ʻ ʩʪʘʣʠʤ, 

ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʨʽʚʝʥʴ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʟʦʥʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʚʝʩʥʦʶ ʤʽʥʽʤʘʣʴʥʘ, ʘ 

ʚʣʽʪʢʫ ʤʘʢʩʠʤʘʣʴʥʘ. ʅʘʜʤʫʣʦʚʽ ʚʦʜʠ ʟ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ʧʝʨʝʢʘʯʫʶʪʴʩʷ ʥʘ ɹʉɸ 

ʜʣʷ ʜʦʦʯʠʩʪʢʠ. 

ɽʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʘ ʦʮʽʥʢʘ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʨʘʡʦʥʽ ʤʫʣʦʚʠʭ 

ʧʦʣʽʚ. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟʘ ʩʪʘʥʦʤ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʙʽʣʷ 

ʤʫʣʦʚʠʭ ʧʦʣʽʚ (8 ʩʚ. + 3 ʢʦʣʦʜʷʟʽ ʚ ʩ. ʈʝʚʥʝ, 2011, 2012 ʨʨ.) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦ-ʢʘʣʴʮʽʡ-ʥʘʪʨʽʻʚʦʛʦ 
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ʪʠʧʫ ʽʟ ʥʝʧʦʨʫʰʝʥʠʤ ʧʨʠʨʦʜʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʽʦʥʽʚ ʂ+ ʜʦ Nʘ+ 1:10 

(ʚ ʥʘʜʤʫʣʦʚʠʭ ʚʦʜʘʭ 1,5:1). ɿʘ ʩʚʦʾʤʠ ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ (ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ: ʈʆ4
3-
-0,22 ʤʛ/ʜʤ

3
, Nʆ3

-
-

10,8 ʤʛ/ʜʤ
3
,
 
NH4

+
-1,4 ʤʛ/ʜʤ

3
) ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ɯɯ-ɯɯɯ ʢʣʘʩʫ ʷʢʦʩʪʽ 

(ɼʉʊʋ 4808, 2007) ʽ ʻ ʷʢʽʩʥʽʰʠʤʠ ʥʽʞ ʚ ʩ. ʈʝʚʥʝ (Nʆ3
-
 ʩʝʨʝʜʥʻ 179 ʤʛ/ʜʤ

3
). 

ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʚ ʯʘʩʽ ʤʘʻ 

ʩʝʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʻ ʥʘʡʤʝʥʰʦʶ ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʽ ʥʘʡʙʽʣʴʰʦʶ ʚ ʣʽʪʥʽʡ ʤʝʞʝʥʴ.  

ʄʫʣʦʚʽ ʧʦʣʷ ʤʘʶʪʴ ʭʦʨʦʰʫ ʛʽʜʨʦʽʟʦʣʷʮʽʶ ʜʥʠʱ ʽ ʾʭ ʚʧʣʠʚ ʥʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ 

ʻ ʤ̔ʥʽʤʘʣʴʥʠʤ, ʪʦʙʪʦ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜʘʭ ʙʽʣʷ ʤʫʣʦʚʠʭ ʧʦʣʽʚ 

ʻ ʩʪʘʙʽʣʴʥʦʶ.  

ɺʠʩʥʦʚʢʠ. ɺʠʭʦʜʷʯʠ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʩʥʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʫʪʠʣʽʟʘʮʽʾ ʤʫʣʽʚ 

ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʥʘʩʪʫʧʥʠʭ ʚʠʩʥʦʚʢʽʚ: 

1. ʆʩʥʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʽʚ ʟ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ɹʉɸ ʚ 

ʷʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʽ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʢʦʨʠʩʪʴ ʙʽʣʴʰ ʨʘʜʠʢʘʣʴʥʠʭ ʽ 

ʢʘʧʽʪʘʣʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʩʧʘʣʶʚʘʥʥʷ ʯʠ 

ʧʦʭʦʚʘʥʥʷ, ʻ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ɯ (Cd, Hg, Pb, Zn) 

ʪʘ ɯɯ (Cr, Cu, Ni) ʢʣʘʩʽʚ ʥʝʙʝʟʧʝʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʫʣʽʚ ʚ ʷʢʦʩʪʽ ʜʦʙʨʠʚ 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʻ ʬʘʢʪʦʨʦʤ 

ʧʨʷʤʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʜʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʣʶʜʠʥʫ. 

2. ɺʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʽʚ ʚ ʤʫʣʘʭ (ʚ ʛ/ʪ): Au ï 0,16-2,52; Ag ï 0,2-55; 

Cu ï 370-7400; Pb ï 159-1545; Cr ï 690-12430 ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚ ʷʢʦʩʪʽ 

ʚʪʦʨʠʥʥʦʾ ʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʦʪʝ, ʩʢʣʘʜʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʤʫʣʽʚ ʪʘ ʟʥʘʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʥʠʭ ʝʣʝʤʝʥʪʽʚ ɯ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʟ ʚʠʩʦʢʦʶ 

ʣʝʪʶʯʦʶ ʟʜʘʪʥʽʩʪʶ (Hg, Cd) ʚʠʤʘʛʘʶʪʴ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʧʦ ʚʠʜʦʙʫʪʢʫ ʙʣʘʛʦʨʦʜʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ.  

3. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʧʣʠʚ ʤʫʣʦʚʠʭ ʧʦʣʽʚ ɹʉɸ ʥʘ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʪʘ ʜʦʚʢʽʣʣʷ ʚ ʨʘʡʦʥʽ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʻ ʤʽʥʽʤʘʣʴʥʠʤ, ʘ ʝʢʦʣʦʛʽʯʥʘ 

ʩʠʪʫʘʮʽʷ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʦʶ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʢʦʥʩʝʨʚʘʮʽʾ ʤʫʣʦʚʠʭ 

ʧʦʣʽʚ ʧʽʩʣʷ ʚʠʚʝʜʝʥʥʷ ʾʭ ʽʟ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ZIRCON OF CRYSTALLINE ROCKS OF THE SHUMILOVO AREA 

(GAYSIN BLOCK)  

Kovalenko N.O., Stepanyuk L.M. 

M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation NAS of 

Ukraine, Kyiv, Ukraine, 

 
In the area of the v. Shumilovo on the sides of the valley of the river Southern Bug granitoids are 

exposed, forming a continuous series of rocks: diorite - quartz diorite - granodiorite - amphibole-

biotite granite - biotite granite - pink aplite-pegmatoid granite. The anatomy of crystals of accessory 

zircon from quartz diorite and biotite granite was studied. It was found that the crystals are 

complicated, formed by a strongly fractured core and two shells. It was concluded that the first shell 

crystallized during the formation of quartz diorite, the second - granite. 

 

ʐʫʤʠʣʽʚʩʴʢʘ ʜʽʣʷʥʢʘ  ̒ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ɻʘʡʩʠʥʩʴʢʦʛʦ ʙʣʦʢʫ, 

ʦʩʥʦʚʥʠʤ ʧʝʪʨʦʪʠʧʦʤ ʷʢʦʛʦ  ̒ʩʦʙʽʪʠ - ʛʨʘʥʽʪʦʾʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʨʷʜ ʧʦʨʽʜ: ʜʽʦʨʠʪ - ʢʚʘʨʮʦʚʠʡ ʜʽʦʨʠʪ ï ʛʨʘʥʦʜʽʦʨʠʪ - ʘʤʬʽʙʦʣ-ʙʽʦʪʠʪʦʚʠʡ ʛʨʘʥʽʪ 

ï ʙʽʦʪʠʪʦʚʠʡ ʛʨʘʥʽʪ - ʨʦʞʝʚʠʡ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʦʾʜʥʠʡ ʛʨʘʥʽʪ [2]. ɿʘ ʨʝʯʦʚʠʥʥʠʤ 

ʩʢʣʘʜʦʤ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʮʽ ʛʨʘʥʽʪʦʾʜʠ ʻ ʧʝʨʝʭʽʜʥʦʶ ʧʦʨʦʜʥʦʶ 

ʘʩʦʮʽʘʮʽʻʶ ʚʽʜ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʛʨʘʥʽʪʽʚ. 

ɻʨʘʥʽʪʦʾʜʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʢʩʝʥʦʣʽʪʠ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ, ʙʽʣʴʰʽʩʪʴ ʽʟ 

ʷʢʠʭ ʤʘʻ ʧʝʨʚʠʥʥʦ ʛʨʘʥʫʣʽʪʦʚʝ ʧʦʭʦʜʞʝʥʥʷ [1, 2].  

ɺ ʘʥʘʪʦʤʽʾ ʢʨʠʩʪʘʣʽʚ ʘʢʮʝʩʦʨʥʦʛʦ ʮʠʨʢʦʥʫ çʟʘʧʠʩʘʥʘè ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʩʧʨʠʯʠʥʠʣʠ ʾʭ ʫʪʚʦʨʝʥʥʷ (ʢʨʠʩʪʘʣʽʟʘʮʽʶ, 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʪʦʱʦ). ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʨʦʪʽʢʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʧʦʨʦʜʘʭ ʐʫʤʠʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʚʠʚʯʠʣʠ ʘʥʘʪʦʤʽʶ ʢʨʠʩʪʘʣʽʚ 

ʘʢʮʝʩʦʨʥʦʛʦ ʮʠʨʢʦʥʫ ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ (ʧʨʦʙʘ 11/19) ʪʘ ʛʨʘʥʽʪʫ (ʧʨʦʙʘ 10/19), 

ʚʽʜʽʙʨʘʥʠʭ ʚ ʩʢʝʣʴʥʠʭ ʚʠʭʦʜʘʭ ʧʨʘʚʦʛʦ ʙʦʨʪʫ ʜʦʣʠʥʠ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ, ʚ ʨʘʡʦʥʽ 

ʩ. ʐʫʤʠʣʽʚ, ʧʨʠʙʣʠʟʥʦ ʚ 20-40 ʤʝʪʨʘʭ ʚʽʜ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ ʟʘʢʠʥʫʪʦʾ 

ʙʫʜʽʚʣʽ (ʤʣʠʥ). 

ʂʚʘʨʮʦʚʠʡ ʜʽʦʨʠʪ (ʧʨʦʙʘ 11/19). ʎʠʨʢʦʥ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʨʠʩʪʘʣʘʤʠ ʜʚʦʭ 

ʪʠʧʽʚ. ʇʝʨʰʠʡ (ʙʽʣʴʰʝ 40% ʥʝʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʬʨʘʢʮʽʾ) ï ʚʠʜʦʚʞʝʥʦ-

ʧʨʠʟʤʘʪʠʯʥʽ ʜʦ ʛʦʣʯʘʩʪʠʭ ʩʚʽʪʣʦ-ʨʦʞʝʚʽ ʧʨʦʟʦʨʽ ʢʨʠʩʪʘʣʠ ʽʟ ʟʘʦʢʨʫʛʣʝʥʠʤʠ, 

ʟʨʽʜʢʘ ʩʧʠʩʦʧʦʜʽʙʥʠʤʠ ʛʦʣʽʚʢʘʤʠ. ɼʨʫʛʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʨʠʯʥʶʚʘʪʦ-

ʨʦʞʝʚʠʤʠ ʜʦ ʢʦʨʠʯʥʝʚʠʭ (ʤʝʥʰʝ 5% ʥʝʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʬʨʘʢʮʽʾ), 

ʧʨʠʟʤʘʪʠʯʥʠʤʠ, ʢʦʨʦʪʢʦ-ʧʨʠʟʤʘʪʠʯʥʠʤʠ, ʟʨʽʜʢʘ ʚʠʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʠʤʠ 

ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʟ ʧʦʤʽʪʥʦ ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʢʦʥʪʫʨʘʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʽʩʥʫʻ ʚʝʣʠʢʘ ʛʨʫʧʘ ʧʝʨʝʭʽʜʥʦʛʦ ʪʠʧʫ; ʥʘ ʟʘʛʘʣ ʪʘʢʽ ʢʨʠʩʪʘʣʠ ʢʽʣʴʢʽʩʥʦ 

ʧʝʨʝʚʘʞʘʶʪʴ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʨʦʚʘʥʠʭ ʟʨʽʟʽʚ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʚ 

ʮʽʣʦʤʫ ʫʪʚʦʨʝʥʽ ʮʠʨʢʦʥʦʤ ʪʨʴʦʭ ʛʝʥʝʨʘʮʽʡ (ʨʠʩ. 1ʙ). ʇʝʨʰʘ ʛʝʥʝʨʘʮʽʷ ʮʠʨʢʦʥʫ 

ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʣʴʥʦ ʪʨʽʱʠʥʫʚʘʪʝ ʷʜʨʦ ʪʘ ʙʽʣʴʰʽʩʪʴ ʩʚʽʪʣʦ-ʨʦʞʝʚʠʭ ʢʨʠʩʪʘʣʽʚ ʟ 

ʚʝʣʠʢʠʤ ʚʠʜʦʚʞʝʥʥʷʤ. ɼʨʫʛʘ ï ʫʪʚʦʨʶʻ ʪʦʥʢʽ ʦʙʦʣʦʥʢʠ ʩʚʽʪʣʦ-ʨʦʞʝʚʦʛʦ 

ʪʦʥʢʦʟʦʥʘʣʴʥʦʛʦ ʮʠʨʢʦʥʫ ʥʘ ʩʚʽʪʣʦ-ʨʦʞʝʚʠʭ ʷʜʨʘʭ ʮʠʨʢʦʥʫ ʧʝʨʰʦʾ ʛʝʥʝʨʘʮʽʾ. 

ʊʨʝʪʷ ʛʝʥʝʨʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʠʨʢʦʥʫ ʪʘ ʥʝʟʥʘʯʥʠʭ ʥʘʨʦʩʪʘʥʴ, ʧʝʨʝʚʘʞʥʦ ʥʘ ʛʦʣʦʚʢʘʭ ʢʨʠʩʪʘʣʽʚ. 

ɻʨʘʥʽʪ ʙʽʦʪʠʪʦʚʠʡ (ʧʨʦʙʘ 10/19). ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ, ʚ ʮʽʣʦʤʫ, ʩʭʦʞʽ ʜʦ 

ʮʠʨʢʦʥʫ ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ ʽ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʪʠʧʘʤʠ. ʇʝʨʰʠʡ (ʙʽʣʷ 

10% ʚ ʥʝʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʬʨʘʢʮʽʾ
1
) ï ʚʠʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʜʦ ʛʦʣʯʘʩʪʠʭ 

ʩʚʽʪʣʦ-ʨʦʞʝʚʽ ʧʨʦʟʦʨʽ ʢʨʠʩʪʘʣʠ ʟ ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʛʦʣʽʚʢʘʤʠ. ɼʨʫʛʠʡ (ʙʣʠʟʴʢʦ 

90%) ï ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʽ, ʢʦʨʠʯʥʶʚʘʪʦ-ʨʦʞʝʚʽ ʜʦ ʢʦʨʠʯʥʝʚʠʭ, ʧʨʠʟʤʘʪʠʯʥʽ, 

ʢʦʨʦʪʢʦ-ʧʨʠʟʤʘʪʠʯʥʽ, ʟʨʽʜʢʘ ʚʠʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʥʘʧʽʚʧʨʦʟʦʨʽ ʢʨʠʩʪʘʣʠ ʟ 

ʧʦʤʽʪʥʦ ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʢʦʥʪʫʨʘʤʠ.  

 

 
ʈʠʩʫʥʦʢ 1 - ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʦʣʽʨʦʚʘʥʠʭ ʟʨʽʟʽʚ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ: ʘ ï ʛʨʘʥʽʪʫ (ʧʨʦʙʘ 10/19), 

ʙ ï ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ (ʧʨʦʙʘ 11/19). 

 

ʆʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʨʦʚʘʥʠʭ ʟʨʽʟʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ 

ʛʨʘʥʽʪʫ, ʷʢ ʽ ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʙʫʜʦʚʫ 

(ʨʠʩ. 1ʘ). ɺ ʩʝʨʝʜʠʥʽ ʢʨʠʩʪʘʣʽʚ ʜʨʫʛʦʛʦ ʪʠʧʫ ʧʨʠʩʫʪʥʽ ʩʠʣʴʥʦ ʪʨʽʱʠʥʫʚʘʪʽ ʷʜʨʘ 

ʩʚʽʪʣʦ-ʨʦʞʝʚʦʛʦ ʮʠʨʢʦʥʫ. ʆʙʦʣʦʥʢʠ ʤʘʶʪʴ ʙʽʣʴʰ ʪʝʤʥʝ, ʢʦʨʠʯʥʝʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ. ʇʦʦʜʠʥʦʢʽ ʢʨʠʩʪʘʣʠ, ʟʘʟʚʠʯʘʡ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʽ, ʩʢʣʘʜʝʥʽ 

ʚʠʢʣʶʯʥʦ ʢʦʨʠʯʥʝʚʠʤ ʮʠʨʢʦʥʦʤ ʦʙʦʣʦʥʦʢ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʪʦʥʢʦʟʦʥʘʣʴʥʽ ʦʙʦʣʦʥʢʠ ʩʚʽʪʣʦ-ʨʦʞʝʚʦʛʦ ʮʠʨʢʦʥʫ (ʜʨʫʛʘ ʛʝʥʝʨʘʮʽʷ ʚ ʢʨʠʩʪʘʣʘʭ 

ʮʠʨʢʦʥʫ ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ) ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ ʚ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʘʭ, ʘʣʝ ʚʦʥʠ 

ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ ʨʦʣʴ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʽʩʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʟʚôʷʟʦʢ ʩʦʙʽʪʽʚ ʪʘ ʢʩʝʥʦʣʽʪʽʚ 

ʩʫʧʝʨʢʫʩʪʘʣʴʥʠʭ ʧʦʨʽʜ, ʙʽʣʴʰʽʩʪʴ ʽʟ ʷʢʠʭ ʤʘʻ ʧʝʨʚʠʥʥʦ-ʛʨʘʥʫʣʽʪʦʚʝ 

ʧʦʭʦʜʞʝʥʥʷ [2], ʤʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʠʣʠ ʚʠʷʚʣʝʥʥʶ ʦʟʥʘʢ 

çʛʨʘʥʫʣʽʪʦʚʦʛʦè (ʪʘʢ ʟʚʘʥʦʛʦ ʜʦʨʦʛʦʮʽʥʥʦʛʦ) ʮʠʨʢʦʥʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʠʤ ʜʚʦʟʘʣʦʤʣʝʥʥʷʤ, ʽʟʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ ʪʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ 

                                                 
1
 ɺ ɯɯ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʬʨʘʢʮʽʾ ʩʚʽʪʣʦ-ʨʦʞʝʚʽ ʢʨʠʩʪʘʣʠ ʧʨʠʩʫʪʥʽ ʚ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ 
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ʦʜʥʦʨʽʜʥʽʩʪʶ. ʊʘʢʦʛʦ ʮʠʨʢʦʥʫ ʥʽ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʽʚ, ʥʽ ʚ ʷʢʦʩʪʽ ʷʜʝʨ, 

ʯʠ ʦʙʦʣʦʥʦʢ ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ ʚ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʦʨʦʜʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʘʥʘʪʦʤʽʶ ʢʨʠʩʪʘʣʽʚ ʘʢʮʝʩʦʨʥʦʛʦ 

ʮʠʨʢʦʥʫ, ʤʦʞʥʘ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʭʽʜʥʠʤʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʦʛʦ ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ ʙʫʣʠ ʤʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ ʦʩʥʦʚʥʦʛʦ ï 

ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ. ʉʘʤʝ ʜʣʷ ʛʘʙʨʦʾʜʽʚ, ʢʚʘʨʮʦʚʠʭ ʜʽʦʨʠʪʽʚ, ʟʨʽʜʢʘ ʛʨʘʥʦʜʽʦʨʠʪʽʚ 

ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʚʠʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʽ, ʜʦ ʛʦʣʯʘʩʪʠʭ, ʧʝʨʝʚʘʞʥʦ ʥʝʟʦʥʘʣʴʥʽ 

ʢʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ ʚ ʙʽʣʴʰʦʩʪʽ ʟ ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʚʝʨʰʠʥʢʘʤʠ. ɺʠʭʽʜʥʘ ʧʦʨʦʜʘ 

ʟʘʟʥʘʣʘ ʜʚʘ ʝʪʘʧʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʦʙʫʤʦʚʠʣʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʮʠʨʢʦʥʫ. ʇʝʨʰʠʡ ʝʪʘʧ ʩʧʨʠʯʠʥʠʚ ʩʠʣʴʥʫ ʪʝʢʪʦʥʽʟʘʮʽʶ 

(ʜʝʬʨʘʛʤʝʥʪʘʮʽʶ) ʮʠʨʢʦʥʫ ʪʘ ʧʦʷʚʫ ʩʚʽʪʣʦ-ʨʦʞʝʚʠʭ ʦʙʦʣʦʥʦʢ ʟ ʪʦʥʢʦʶ 

ʟʦʥʘʣʴʥʽʩʪʶ ʥʘ ʜʝʷʢʠʭ ʩʚʽʪʣʦ-ʨʦʞʝʚʠʭ ʧʨʠʟʤʘʪʠʯʥʠʭ ʪʘ ʚʠʜʦʚʞʝʥʦ-

ʧʨʠʟʤʘʪʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ (ʜʨʫʛʘ ʛʝʥʝʨʘʮʽʷ ʮʠʨʢʦʥʫ). ʅʘʡʚʽʨʦʛʽʜʥʽʰʝ ʩʘʤʝ ʟ ʮʠʤ 

ʝʪʘʧʦʤ ʝʥʜʦʛʝʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʨʽʜ ʩʫʙʩʪʨʘʪʫ ʧʦʚôʷʟʘʥʦ ʬʦʨʤʫʚʘʥʥʷ 

ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ. ɼʨʫʛʠʡ ʝʪʘʧ, ʥʘʡʚʽʨʦʛʽʜʥʽʰʝ, ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ ʧʨʦʮʝʩʘʤʠ 

ʛʨʘʥʽʪʠʟʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʛʨʘʥʽʪʽʚ, ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʢʦʨʠʯʥʝʚʠʭ ʦʙʦʣʦʥʦʢ ʚ ʢʨʠʩʪʘʣʘʭ ʮʠʨʢʦʥʫ ʜʨʫʛʦʛʦ ʪʠʧʫ (ʪʨʝʪʷ 

ʛʝʥʝʨʘʮʽʷ ʮʠʨʢʦʥʫ).  

ʇʨʦ ʤʘʩʰʪʘʙʥʠʡ ʧʨʦʷʚ ʪʝʢʪʦʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦʨʦʜʥʦʾ ʘʩʦʮʽʘʮʽʾ 

ʐʫʤʠʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʩʚʽʜʯʘʪʴ, ʦʢʨʽʤ ʩʠʣʴʥʦʾ ʬʨʘʛʤʝʥʪʘʮʽʾ ʩʚʽʪʣʦ-ʨʦʞʝʚʦʛʦ 

ʮʠʨʢʦʥʫ ʷʜʝʨ, ʨʦʟʪʷʛʥʫʪʽ ʪʘ ʩʧʣʶʱʝʥʽ (ʜʦ ʰʣʽʨʦʧʦʜʽʙʥʠʭ ʚʠʦʢʨʝʤʣʝʥʴ) ʬʦʨʤʠ 

ʢʩʝʥʦʣʽʪʽʚ ʘʤʬʽʙʦʣʽʪʽʚ ʚ ʛʨʘʥʽʪʘʭ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʪʦʥʢʦʟʦʥʘʣʴʥʠʡ ʩʚʽʪʣʦ-

ʨʦʞʝʚʠʡ ʮʠʨʢʦʥ (ʛʝʥʝʨʘʮʽʷ 2) ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʽʜʜʘʚʘʚʩʷ ʪʝʢʪʦʥʽʯʥʠʤ 

ʜʝʬʦʨʤʘʮʽʷʤ ʽ ʥʝ ʟʘʟʥʘʚ ʬʨʘʛʤʝʥʪʘʮʽʾ (ʥʝ ʻ ʪʨʽʱʠʥʫʚʘʪʠʤ). 

ʆʢʨʝʤʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʚʽʪʴ ʦʟʥʘʢ çʛʨʘʥʫʣʽʪʦʚʦʛʦè ʮʠʨʢʦʥʫ ʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʩʦʙʽʪʘʭ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʩʚʽʜʯʠʪʴ, ʱʦ ʚʢʦʨʽʥʝʥʥʷ ʧʝʨʚʠʥʥʦʾ 

ʤʘʛʤʘʪʠʯʥʦʾ (ʦʩʥʦʚʥʦʛʦ-ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ) ʧʦʨʦʜʠ ï ʧʨʦʪʦʣʽʪʫ ʢʚʘʨʮʦʚʦʛʦ 

ʜʽʦʨʠʪʫ, ʚʽʜʙʫʣʦʩʷ ʧʽʩʣʷ ʤʝʪʘʤʦʨʬʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʩʫʧʝʨʢʨʫʩʪʘʣʴʥʠʭ ʧʦʨʽʜ 

ɻʘʡʩʠʥʩʴʢʦʛʦ ʙʣʦʢʫ ʚ ʫʤʦʚʘʭ ʛʨʘʥʫʣʽʪʦʚʦʾ ʬʘʮʽʾ. ʄʦʞʣʠʚʠʡ ʽ ʽʥʰʠʡ ʩʮʝʥʘʨʽʡ, 

ʟʘ ʷʢʠʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʣʘʜʘʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʟʘʟʥʘʯʝʥʠʡ ʚʠʱʝ 

ʧʨʦʪʦʣʽʪ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʚʽʥ ʧʦʯʘʚ ʧʣʘʚʠʪʠʩʷ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ 700 
ʦ
ʉ (ʽʟʦʛʨʘʜʠ ʛʨʘʥʫʣʽʪʦʚʦʾ ʬʘʮʽʾ). 

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ 

ʘʢʮʝʩʦʨʥʦʛʦ ʮʠʨʢʦʥʫ ʤʦʞʥʘ ʟ ʚʝʣʠʢʦʶ ʜʦʣʝʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʙʽʦʪʠʪʦʚʽ ʛʨʘʥʽʪʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʽʦʨʠʪʦʧʦʜʽʙʥʠʭ ʧʦʨʽʜ (ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʢʚʘʨʮʦʚʠʭ ʜʽʦʨʠʪʽʚ) ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʚʥʝʩʝʥʥʷ ʢʘʣʽʶ ʪʘ, ʚʽʨʦʛʽʜʥʦ, SiO2, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʾʭ ʤʽʥʝʨʘʣʴʥʦʤʫ ʩʢʣʘʜʽ ʪʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʪʦʤʽʾ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ.  
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The thesis discusses the mineral composition of uroliths of the inhabitants of the Prydniprovia. In 

the studied samples, various combinations of oxalates, phosphates, urates, organic matter are most 

often found; in isolated cases, purine is noted. In all the studied samples, one or another defects of 

the minerals composing them are observed. This is due to the fact that the smallest fragments of 

organic matter are fixed on the surface and are captured during the growth of crystals, which leads 

to disruption of bonds within the crystal lattice, violations of its geometric shape and, in general, a 

sharp decrease in the overall symmetry of the shape of mineral-organic aggregates.  

 

ɺ ʋʢʨʘʾʥʽ ʧʝʨʰʽ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʨʦʣʽʪʽʚ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʩʝʨʝʜʠʥʽ 70-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʥʘ ʢʘʬʝʜʨʽ ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ 

ʧʝʪʨʦʛʨʘʬʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʛʽʨʥʠʯʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘ ʚ 1979 ʨʦʮʽ ʦʧʫʙʣʽʢʦʚʘʥʘ 

ʧʝʨʰʘ ʩʪʘʪʪʷ ʥʘ ʮʶ ʪʝʤʫ [1].  

ʇʠʪʘʥʥʷ ʚʠʚʯʝʥʥʷ ʫʨʦʣʽʪʽʚ (ʤʽʥʝʨʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʫ ʩʝʯʦʚʦʤʫ ʤʽʭʫʨʽ ʪʘ 

ʥʠʨʢʘʭ) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʦʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʠʢʫ ʜʚʦʭ ʥʘʫʢ ï ʙʽʦʤʽʥʝʨʘʣʦʛʽʾ ʽ ʫʨʦʣʦʛʽʾ. ɺʠʟʥʘʯʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʽ ʩʪʨʫʢʪʫʨʠ ʫʨʦʣʽʪʽʚ ʥʝʦʙʭʽʜʥʦ ʣʽʢʘʨʷʤ ʫʨʦʣʦʛʘʤ ʜʣʷ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʪʘ ʦʙô̒ ʢʪʠʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʣʽʢʫʚʘʣʴʥʠʭ ʪʘ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ 

ʜʽʡ ʧʘʮʽʻʥʪʦʚʽ. ɯʩʥʫʶʯʽ ʫʢʨʘʾʥʩʴʢʽ ʪʘ ʩʚʽʪʦʚʽ ʩʪʘʥʜʘʨʪʠ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʣʽʢʫʚʘʥʥʷ 

ʭʚʦʨʠʭ ʫʨʦʣʽʪʽʘʟʦʤ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʙʦʚô̫ ʟʢʦʚʝ ʤʽʥʝʨʘʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʨʦʣʽʪʘ ʜʣʷ ʢʦʞʥʦʛʦ ʭʚʦʨʦʛʦ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚ ʋʢʨʘʾʥʽ, ʚʠʢʦʥʘʥʥʷ ʧʦʜʽʙʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʞʘʣʴ ʥʦʩʠʪʴ ʽʥʽʮʽʘʪʠʚʥʠʡ ʽ ʝʧʽʟʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʭʚʦʨʶʚʘʥʴ ʽ ʾʭ ʪʷʞʢʦʩʪʽ [2].  

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʨʘʟʢʠ 472 ʫʨʦʣʽʪʽʚ, ʷʢʽ ʚʠʣʫʯʝʥʽ ʭʽʨʫʨʛʽʯʥʠʤ 

ʰʣʷʭʦʤ ʫ ʭʚʦʨʠʭ ʤʝʰʢʘʥʮʽʚ ʇʦʣʪʘʚʩʴʢʦʾ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, 

ɿʘʧʦʨʽʟʴʢʦʾ, ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʪʘ ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

ʫʨʦʣʽʪʽʚ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʚʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʟʥʘʢ 

ʫʨʦʣʽʪʽʚ (ʢʦʣʽʨ, ʬʦʨʤʘ, ʨʦʟʤʽʨ) ʡ ʘʥʘʣʽʟʫʚʘʣʘʩʷ ʤʦʨʬʦʣʦʛʽʷ ʾʭ ʧʦʚʝʨʭʦʥʴ. 

ʄʦʨʬʦʣʦʛʽʶ ʽ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʫʨʦʣʽʪʽʚ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʚʯʘʣʠ ʟ ʜʦʧʦʤʦʛʦʶ 
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ʢʨʠʩʪʘʣʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʙʽʥʦʢʫʣʷʨʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʄɹʉ-10. ʅʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ, ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʝʪʘʣʽʟʘʮʽʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʫʨʦʣʽʪʽʚ ʽ ʦʮʽʥʶʚʘʣʠʩʷ ʚʟʘʻʤʦʟʚô̫ ʟʢʠ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʟʝʨʥʘʤʠ ʤʽʥʝʨʘʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʽʜʛʦʪʦʚʢʫ ʰʣʽʬʽʚ, ʷʢʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʄɯʅ 8. ʇʨʠ ʚʠʷʚʣʝʥʥʽ 

ʩʢʣʘʜʥʦʛʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ ʽ ʧʨʦʙʣʝʤ ʫ ʡʦʛʦ ʜʽʘʛʥʦʩʪʠʮʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʧʦʚʥʶʚʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ 

ʦʩʥʦʚʽ ʜʠʬʨʘʢʮʽʾ ʧʨʦʚʝʩʪʠ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʾʭ ʩʢʣʘʜʦʚʠʭ.  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʠʚʯʝʥʠʭ ʫʨʦʣʽʪʽʚ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʠʡ. ʇʝʨʝʚʘʞʘʶʪʴ 

ʧʦʣʽʤʽʥʝʨʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʦʢʩʘʣʘʪʽʚ, ʬʦʩʬʘʪʽʚ, ʫʨʘʪʽʚ, ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʚ ʧʦʦʜʠʥʦʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʽʜʟʥʘʯʝʥʽ ʧʫʨʠʥʠ (ʢʩʘʥʪʠʥ). ɿʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʽ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʫʨʦʣʽʪʽʚ ʟʘʟʚʠʯʘʡ ʚʠʜʽʣʷʶʪʴ ʮʝʥʪʨʘʣʴʥʫ ʽ ʧʝʨʠʬʝʨʽʡʥʫ ʯʘʩʪʠʥʫ. 

ɺʝʚʝʣʣʽʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʷʢ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʟʨʘʟʢʽʚ, ʪʘʢ ʽ ʥʘ ʾʭ 

ʧʝʨʠʬʝʨʽʾ (ʨʠʩ.). ʋ ʰʣʽʬʘʭ ʢʨʠʩʪʘʣʠ ʚʝʚʝʣʣʽʪʘ ʯʘʩʪʦ ʤʘʶʪʴ ʨʽʟʢʦ ʚʠʨʘʞʝʥʫ 

ʛʦʣʯʘʩʪʫ ʽ ʨʦʤʙʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʽʟ ʢʫʪʘʤʠ ʤʽʞ ʩʪʦʨʦʥʘʤʠ ʨʦʤʙʘ 40Á - 60Á ʽ 140Á -

120Á. ʈʦʟʤʽʨʠ ʦʢʨʝʤʠʭ ʟʦʥ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 5-10 ʤʢʤ ʜʦ 0,5 ʤʤ. ʄʝʞʽ ʤʽʞ 

ʟʦʥʘʤʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʪʦʥʢʠʤʠ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ (ʤʽʢʨʦʰʘʨʽʚ), ʷʢʽ ʥʝʨʽʜʢʦ 

ʧʝʨʝʨʠʚʘʶʪʴʩʷ, ʘ ʽʥʦʜʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʣʘʥʮʶʞʢʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʜʨʽʙʥʠʭ ʢʫʣʷʩʪʠʭ ʯʘʩʪʠʥʦʢ ʪʝʤʥʦʛʦ ʢʦʣʴʦʨʫ. 

ʆʢʩʘʣʘʪʠ (ʚʽʜ ʛʨʝʮ. ʦxalis - ʱʘʚʝʣʴ) ï ʩʦʣʽ ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ, ʥʘʢʦʧʠʯʝʥʥʷ 

ʷʢʦʾ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʢʩʘʣʫʨʽʻʶ, ʨʦʟʚʠʪʢʦʤ ʩʝʯʦʢʘʤô̫ ʥʦʾ 

ʭʚʦʨʦʙʠ. ɻʝʥʝʪʠʯʥʦ ʦʙʫʤʦʚʣʝʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ ʚʥʘʩʣʽʜʦʢ 

ʧʦʨʫʰʝʥʥʷ ʦʙʤʽʥʫ ʛʣʽʮʠʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʘʜʢʦʚʦʾ ʭʚʦʨʦʙʠ (ʆʢʩʘʣʦʟ) ʽ 

ʩʝʯʦʢʠʩʣʦʤʫ ʜʽʘʪʝʟʫ (ʫʨʘʞʝʥʥʷ ʧʨʦʢʩʠʤʘʣʴʥʠʭ ʢʘʥʘʣʴʮʽʚ ʥʠʨʦʢ, ʘʙʦ 

ʪʫʙʫʣʦʧʘʪʽʾ - ʦʢʩʘʣʫʨʽʾ). ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʨʽʜʢʦ ʢʨʠʩʪʘʣʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ 

ʚʠʷʚʣʷʶʪʴʩʷ ʫ ʢʽʩʪʢʦʚʦʤʫ ʤʦʟʢʫ, ʤʽʦʢʘʨʜʽ, ʩʫʛʣʦʙʘʭ, ʣʝʛʝʥʷʭ, ʧʝʯʽʥʮʽ, 

ʱʠʪʦʚʠʜʥʽʡ ʟʘʣʦʟʽ, ʩʣʠʟʦʚʽʡ ʦʙʦʣʦʥʮʽ ʢʠʰʝʯʥʠʢʘ, ʚ ʦʙʦʣʦʥʢʘʭ ʷʻʯʢʘ. ʆʢʩʘʣʘʪʠ 

ʤʽʩʪʷʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʨʦʩʣʠʥʘʭ, ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʱʘʚʣʽ, 

ʢʠʩʣʠʮʽ, ʚʦʜʦʨʦʩʪʷʭ, ʧʘʧʦʨʦʪʽ ʽ ʣʠʰʘʡʥʠʢʘʭ. ɺ ʫʨʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʦʢʩʘʣʘʪʠ ʻ 

ʥʘʡʙʽʣʴʰ ʯʘʩʪʦʶ ʬʦʨʤʦʶ ʫʨʦʣʽʪʽʚ. ɰʭ ʫʪʚʦʨʝʥʥʷ ʧʦʚô̫ ʟʘʥʝ ʽʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ ʚ ʩʝʯʽ (ʜʦʙʦʚʝ ʚʠʜʽʣʝʥʥʷ ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ ʟ 

ʩʝʯʝʶ ʟʜʦʨʦʚʦʾ ʜʦʨʦʩʣʦʾ ʣʶʜʠʥʠ ʩʪʘʥʦʚʠʪʴ 10-20 ʤʛ). ʆʢʩʘʣʘʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟ ʛʽʜʨʦʦʢʩʘʣʘʪʘ ʽ ʜʽʛʽʜʨʦʦʢʩʘʣʘʪʘ ʢʘʣʴʮʽʶ. ʋ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʦʢʩʘʣʘʪʠ ʢʘʣʴʮʽʶ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʞʦʚʯʶ. ʆʢʩʘʣʘʪʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʨʅ ʩʝʯʽ 5,1-

5,9. ʇʦʷʚʘ ʦʢʩʘʣʘʪʽʚ ʢʘʣʴʮʽʶ ʚ ʘʥʘʣʽʟʽ ʩʝʯʽ ï ʨʝʟʫʣʴʪʘʪ ʧʦʨʫʰʝʥʥʷ ʦʙʤʽʥʫ ʩʦʣʝʡ 

ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʾʾ ʧʽʜʚʠʱʝʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʘʙʦ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʚ ʦʨʛʘʥʽʟʤ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʚʢʣʶʯʝʥʴ ʚ ʤʠʩʢʘʭ ʥʠʨʦʢ ï ʮʝ 

ʨʝʟʫʣʴʪʘʪ ʩʦʣʴʦʚʦʛʦ ʜʽʘʪʝʟʫ, ʭʨʦʥʽʯʥʦʛʦ ʧʽʻʣʦʥʝʬʨʠʪʫ ʘʙʦ ʮʽʩʪʦʧʽʝʣʽʪʠ, ʧʨʠ 

ʮʴʦʤʫ ʨʦʟʚʠʚʘʻʪʴʩʷ ʭʨʦʥʽʯʥʘ ʥʠʨʢʦʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ. ʋʪʚʦʨʝʥʥʷ ʫʨʦʣʽʪʽʚ ʟ 

ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ ʽ ʢʘʣʴʮʽʶ ʫ ʚʠʛʣʷʜʽ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʽʚ ʢʘʣʴʮʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʯʘʩʪʠʭ ʩʪʨʝʩʦʚʠʭ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʠʨʢʘʤ ʥʝ ʚʠʩʪʘʯʘʻ ʨʽʜʠʥʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʩʦʣʝʡ ʟ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ. ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʽʚ ʢʘʣʴʮʽʶ ʚ ʥʠʨʢʘʭ 
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ʥʝʦʙʭʽʜʥʘ ʩʣʘʙʦʢʠʩʣʘ ʨʝʘʢʮʽʷ ʩʝʯʽ (ʨʅ 5,8-6,8). ʇʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʨʅ ʩʝʯʽ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʚ ʥʠʨʢʘʭ ʢʦʤʙʽʥʘʮʽʾ ʦʢʩʘʣʘʪʽʚ ʢʘʣʴʮʽʶ ʽ ʫʨʘʪʽʚ. 

ʂʦʥʢʨʝʤʝʥʪʠ ʦʢʩʘʣʘʪʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʤʘʶʪʴ ʢʦʨʘʣʦʚʠʜʥʫ ʘʙʦ ʜʨʫʟʦʚʫ ʬʦʨʤʫ, 

ʥʝ ʤʦʞʫʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʠʡʪʠ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʫʨʘʪʘʤʠ. 

ʆʢʩʘʣʘʪʠ ʢʘʣʴʮʽʶ ʯʘʩʪʽʰʝ ʚʠʟʥʘʯʘʶʪʴ ʚ ʤʠʩʢʘʭ ʥʠʨʦʢ. ʉʝʨʝʜ ʬʦʩʬʘʪʥʦʾ ʛʨʫʧʠ 

ʤʽʥʝʨʘʣʽʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʛʽʜʨʦʢʩʠʣ ʘʧʘʪʠʪ. ʋ ʷʚʥʦʢʨʠʩʪʘʣʽʯʥʽʡ ʬʦʨʤʽ ʚʽʥ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʨʽʜʢʦ, ʟʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʢʨʠʧʪʦʢʨʠʩʪʘʣʽʯʥʠʡ 

(ʘʤʦʨʬʥʠʡ) ʤʽʥʝʨʘʣ (ʢʦʣʣʦʬʘʥ). ɺʽʥ ʫʪʚʦʨʶʻ ʛʝʣʝʚʠʜʥʽ ʣʽʥʟʠ ʽ ʧʨʦʞʠʣʢʠ, ʜʫʞʝ 

ʨʽʜʢʦ ʩʥʦʧʦʚʠʜʥʽ ʘʛʨʝʛʘʪʠ ʩʠʣʴʥʦ ʚʠʪʷʛʥʫʪʠʭ ʛʦʣʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ.  

 

 
ʘ ʙ 

ʈʠʩʫʥʦʢ ï ʇʝʨʠʬʝʨʽʡʥʘ ʯʘʩʪʠʥʘ ʟʨʘʟʢʘ. ʂʦʥʮʝʥʪʨʠʯʥʦ ʟʦʥʘʣʴʥʠʡ ʘʛʨʝʛʘʪ ʚʝʜʜʽʣʽʪʘ ʟ 

ʥʘʨʦʩʰʠʤ ʥʘ ʥʴʦʛʦ ʧʣʘʩʪʽʚʯʘʩʪʠʤ ʘʛʨʝʛʘʪʦʤ ʚʝʚʝʣʣʽʪʘ ʤʽʩʪʠʪʴ ʦʢʨʝʤʽ ʢʨʠʩʪʘʣʠ ʩʝʯʦʚʦʾ 

ʢʠʩʣʦʪʠ, ʘ - ʧʨʦʩʪʝ, ʙ - ʧʦʣʷʨʠʟʦʚʘʥʝ ʧʨʦʭʽʜʥʝ ʩʚʽʪʣʦ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʫ ʩʢʣʘʜʽ ʚʠʚʯʝʥʠʭ 

ʫʨʦʣʽʪʽʚ ʤʝʰʢʘʥʮʽʚ ʤʽʩʪ ʇʨʠʜʥʽʧʨʦʚôʷ ʧʝʨʝʚʘʞʘʶʪʴ ʧʦʣʽʤʽʥʝʨʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ. 

ʋ ʚʠʚʯʝʥʠʭ ʟʨʘʟʢʘʭ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʟ ʦʢʩʘʣʘʪʽʚ 

(ʚʝʚʝʣʣʽʪ, ʚʝʜʜʽʣʽʪ), ʬʦʩʬʘʪʽʚ (ʚ ʦʩʥʦʚʥʦʤʫ ʛʽʜʨʦʢʩʠʣ ʘʧʘʪʠʪ - ʢʦʣʣʦʬʘʥ), ʫʨʘʪʽʚ 

(ʩʝʯʦʚʘ ʢʠʩʣʦʪʘ, ʜʠʛʽʜʨʘʪ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ), ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʚ ʧʦʦʜʠʥʦʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʽʜʟʥʘʯʝʥʽ ʧʫʨʠʥʠ (ʢʩʘʥʪʠʥ). ʊʘʢʦʞ, ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʽ ʯʠ ʽʥʰʽ ʜʝʬʝʢʪʠ ʫʪʚʦʨʶʶʯʠʭ ʾʭ ʤʽʥʝʨʘʣʽʚ. ʁʤʦʚʽʨʥʦ, ʜʣʷ 

ʤʽʥʝʨʘʣʽʚ ʫʨʦʣʽʪʽʚ ʨʦʟʱʝʧʣʝʥʥʷ, ʜʚʽʡʥʠʢʫʚʘʥʥʷ, ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʟʦʥʘʣʴʥʽʩʪʴ, 

ʙʣʦʯʥʦʩʪʴ ʙʫʜʦʚʠ ʡ ʽʥʰʽ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʢʨʠʩʪʘʣʽʚ ʻ ʥʝ ʚʠʥʷʪʦʢ, ʘ ʧʨʘʚʠʣʦ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘʡʜʨʽʙʥʽʰʽ ʬʨʘʛʤʝʥʪʠ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ 

ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʟʘʭʦʧʣʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʟʚô̫ ʟʢʽʚ ʚʩʝʨʝʜʠʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʾʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʽ ʚ ʮʽʣʦʤʫ, ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʬʦʨʤʠ 

ʤʽʥʝʨʘʣʴʥʦ-ʦʨʛʘʥʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ. 
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Peculiarities of distribution of toxic elements in fractions of mineral and organic part of coal seams 

of Western Donbas are established. Macroscopically, using standard mineralogical methods from 

the material of these samples, sulfide, silicate and carbonate fractions were selected. It was found 

that among all the elements, only beryllium does not accumulate in any of the selected fractions of 

the mineral part of the coal seams. It is mainly associated with the organic component of coal 

seams. The "affinity range" of toxic and potentially toxic elements to the organic component of the 

coal seams of the Pavlohrad-Petropavlivka geological and industrial area has the form: Be>>V, Co, 

Ni>Pb, Cr, As, Hg, Mn>>F. 

 

ʊʦʢʩʠʯʥʽ ʝʣʝʤʝʥʪʠ ʫ ʚʫʛʽʣʣʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɰʭ ʚʤʽʩʪ ʫ ʚʫʛʽʣʣʽ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ, ʪʦʤʫ 

ʩʫʯʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʩʪʘʥ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʙʫʤʦʚʣʶʻ 

ʧʦʪʨʝʙʫ ʚ ʥʦʚʠʭ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʧʨʦʛʥʦʟʫ ʚʤʽʩʪʫ ʪʦʢʩʠʯʥʠʭ ʽ 

ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʛʽʨʥʠʯʽʡ ʤʘʩʽ, ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʰʘʭʪʘʤʠ, ʘ 

ʪʘʢʦʞ ʫ ʚʽʜʭʦʜʘʭ ʚʠʜʦʙʫʪʢʫ ʪʘ ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʠʪʘʥʴ ʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʨʝʛʽʦʥʘʭ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʢʩʠʯʥʠʭ (ʘʨʩʝʥ, ʨʪʫʪʴ, ʙʝʨʠʣʽʡ, ʬʪʦʨ) ʪʘ ʧʦʪʝʥʮʽʡʥʦ 
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ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ, ʤʘʨʛʘʥʝʮʴ, ʩʚʠʥʝʮʴ, ʭʨʦʤ, ʚʘʥʘʜʽʡ) ʻ 

ʦʙʦʚôʷʟʢʦʚʠʤʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʽ 

ʚʫʛʣʝʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʡ ʚʫʛʽʣʴʥʦʾ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ɺʩʽ ʘʥʘʣʽʪʠʯʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʷʭ ʚʠʨʦʙʥʠʯʠʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. ɺʤʽʩʪ Hg 

ʚʠʟʥʘʯʘʚʩʷ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʘʥʘʣʽʟʦʤ, As [1], ʽʥʰʽ ʇʊɽ ï ʢʽʣʴʢʽʩʥʠʤ 

ʝʤʽʩʽʡʥʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ [2]. ʅʘ ʚʥʫʪʨʽʰʥʽʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʢʦʥʪʨʦʣʴ 

ʥʘʧʨʘʚʣʝʥʦ 6% ʜʫʙʣʽʢʘʪʽʚ ʧʨʦʙ. ɿʦʚʥʽʰʥʴʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʢʦʥʪʨʦʣʶ ʧʽʜʜʘʥʦ 

10% ʜʫʙʣʽʢʘʪʽʚ ʧʨʦʙ. ʗʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʽʚ (ʧʨʘʚʠʣʴʥʽʩʪʴ ʽ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ) ʦʮʽʥʶʚʘʣʘʩʷ, ʷʢ ʟʥʘʯʠʤʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ, 

ʷʢʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʽ ʟʥʘʯʠʤʽʩʪʴ ʩʝʨʝʜʥʴʦʾ 

ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ, ʷʢʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. 

ʆʩʢʽʣʴʢʠ ʚʢʘʟʘʥʽ ʚʠʱʝ ʧʦʭʠʙʢʠ ʧʨʠ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ 0,95 ʻ ʥʝ ʟʥʘʯʠʤʠʤʠ, 

ʷʢʽʩʪʴ ʘʥʘʣʽʟʽʚ ʚʠʟʥʘʥʦ ʟʘʜʦʚʽʣʴʥʦʶ. 

ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʪʦʢʩʠʯʥʠʭ ʽ ʧʦʪʝʥʮʽʡʥʦ 

ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʨʽʟʥʠʭ ʬʨʘʢʮʽʷʭ ʤʽʥʝʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, 

ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʚ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ ʽ ʚʽʜʭʦʜʘʭ ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ 72 ʧʨʦʙʠ [3]. 

ʄʘʢʨʦʩʢʦʧʽʯʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽʟ ʤʘʪʝʨʽʘʣʫ 

ʮʠʭ ʧʨʦʙ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʩʫʣʴʬʽʜʥʽ, ʩʠʣʽʢʘʪʥʽ ʽ ʢʘʨʙʦʥʘʪʥʽ ʬʨʘʢʮʽʾ. ʄʽʥʝʨʘʣʴʥʠʡ 

ʩʢʣʘʜ ʬʨʘʢʮʽʡ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʽ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʦ ʢʦʤʧʣʝʢʩʫ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʠʭ ʦʟʥʘʢ 

ʚʠʟʥʘʯʘʣʘʩʷ ʾʭ ʝʧʽʛʝʥʝʪʠʯʥʘ ʯʠ ʩʠʥʛʝʥʝʪʠʯʥʘ ʧʨʠʨʦʜʘ. ʂʽʣʴʢʽʩʪʴ ʚʫʛʣʠʩʪʦ-

ʤʽʥʝʨʘʣʴʥʠʭ ʟʨʦʩʪʢʽʚ ʧʦ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʷʭ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 10%. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʥʝʦʨʛʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʚʽʜʙʫʚʘʣʘʩʷ ʥʘ 3 ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ: ʤʘʢʨʦʨʽʚʥʶ ï ʚʽʟʫʘʣʴʥʦ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ; ʤʽʢʨʦʨʽʚʥʶ ï ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʽʚ ʄɯʅ-8 ʪʘ ʄɹʉ-9; ʫʣʴʪʨʘʤʽʢʨʦʨʽʚʥʶ ï 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʉʫʣʴʬʽʜʥʘ ʬʨʘʢʮʽʷ ʩʢʣʘʜʝʥʘ ʧʝʨʝʚʘʞʥʦ ʝʧʽʛʝʥʝʪʠʯʥʠʤ ʽ ʩʠʥʛʝʥʝʪʠʯʥʠʤ 

ʧʽʨʠʪʦʤ. ɿʘ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʩʫʣʴʬʽʜʥʽʡ ʬʨʘʢʮʽʾ 

ʧʨʠʩʫʪʥʽ, ʢʨʽʤ ʧʽʨʠʪʫ, ʤʘʨʢʘʟʠʪ, ʛʘʣʝʥʽʪ, ʭʘʣʴʢʦʧʽʨʠʪ, ʩʬʘʣʝʨʠʪ, ʘ ʪʘʢʦʞ 

ʥʝʪʠʧʦʚʽ ʤʽʥʝʨʘʣʠ: ʧʽʨʦʣʶʟʠʪ, ʢʘʦʣʽʥʽʪ, ʢʚʘʨʮ, ʛʝʤʘʪʠʪ.  

ʉʠʣʽʢʘʪʥʘ ʬʨʘʢʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦ ʚʢʣʶʯʝʥʥʷʤʠ ʧʽʱʘʥʦ-

ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ, ʘʛʨʝʛʘʪʘʤʠ ʤʽʥʝʨʘʣʽʚ ʛʣʠʥ ʽ ʛʽʜʨʦʩʣʶʜ. ɿʘ ʜʘʥʠʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʩʠʣʽʢʘʪʥʽʡ ʬʨʘʢʮʽʾ ʧʨʠʩʫʪʥʽ ʢʚʘʨʮ, ʢʘʦʣʽʥʽʪ, 

ʽʣʣʽʪ, ʤʫʩʢʦʚʽʪ, ʜʠʢʽʪ, ʥʘʢʨʽʪ, ʤʦʥʪʤʦʨʠʣʦʥʽʪ, ʛʘʣʣʫʘʟʠʪ, ʘ ʪʘʢʦʞ ʥʝʪʠʧʦʚʽ 

ʤʽʥʝʨʘʣʠ: ʧʽʨʠʪ, ʢʘʣʴʮʠʪ ʽ ʩʠʜʝʨʠʪ. 

ʂʘʨʙʦʥʘʪʥʘ ʬʨʘʢʮʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤ, ʧʨʘʢʪʠʯʥʦ 

ʤʦʥʦʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ. ɭʜʠʥʠʤ ʤʽʥʝʨʘʣʦʤ, ʱʦ ʚʠʟʥʘʯʝʥʦ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʨʽʚʥʽ ʫ ʩʢʣʘʜʽ ʬʨʘʢʮʽʾ ʙʫʚ ʢʘʣʴʮʠʪ. ʊʽʣʴʢʠ ʟʘ 

ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʮʽʡ ʬʨʘʢʮʽʾ, ʢʨʽʤ ʢʘʣʴʮʠʪʫ, ʙʫʣʦ ʱʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʣʦʤʽʪ, ʩʠʜʝʨʠʪ, ʘʥʢʝʨʠʪ, ʘ ʪʘʢʦʞ ʥʝʪʠʧʦʚʽ ʤʽʥʝʨʘʣʠ: ʢʘʦʣʽʥʽʪ ʪʘ 

ʽʣʣʽʪ. 
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ʇʨʠ ʦʮʽʥʮʽ ʟʚôʷʟʢʫ ʪʦʢʩʠʯʥʠʭ ʽ ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʦʨʛʘʥʽʯʥʦʶ ʘʙʦ ʤʽʥʝʨʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʢʦʝʬʽʮʽʻʥʪʠ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʟ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ Fo, ʱʦ ʧʦʢʘʟʫʻ ʚʽʜʥʦʰʝʥʥʷ 

ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʫ ʚʫʛʽʣʣʽ ʟ ʤʘʣʦʶ (<1,6) ʽ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ (>1,7), 

ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʚʝʜʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Fʥʢ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʫ 

ʝʣʝʤʝʥʪʽʚ ʫ ʬʨʘʢʮʽʾ (Ci) ʜʦ ʚʤʽʩʪʫ ʫ ʚʠʭʽʜʥʦʤʫ ʚʫʛʽʣʣʽ, ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ 

ʚʤʽʩʪʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʦʣʴʥʦʩʪʽ ʚʫʛʽʣʣʷ ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʚʝʜʝʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʫ ʬʨʘʢʮʽʾ ʨʽʟʥʦʾ ʱʽʣʴʥʦʩʪʽ.  

ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʪʦʢʩʠʯʥʠʭ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʦʨʛʘʥʽʯʥʦʶ ʪʘ ʤʽʥʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʪʦʢʩʠʯʥʽ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʙʝʨʠʣʽʶ, ʧʦʚôʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʟ 

ʤʽʥʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. 

ɹʝʨʠʣʽʡ ʻ ʻʜʠʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʥʝ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʥʽ ʚ ʦʜʥʽʡ ʟ ʚʠʜʽʣʝʥʠʭ 

ʬʨʘʢʮʽʡ ʤʽʥʝʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ɺʽʥ ʧʦʚôʷʟʘʥʠʡ ʧʝʨʝʚʘʞʥʦ ʟ 

ʦʨʛʘʥʽʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʷ 1 ï ʈʦʟʧʦʜʽʣ ʪʦʢʩʠʯʥʠʭ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʦʨʛʘʥʽʯʥʦʶ ʪʘ 

ʤʽʥʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ 

ɽʣʝʤʝʥʪ 
ʆʨʛʘʥʽʯʥʘ ʩʢʣʘʜʦʚʘ, 

% 

ʄʽʥʝʨʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ, % 

ɸʨʩʝʥ 14 86 

ɹʝʨʠʣʽʡ 81 19 

ʌʪʦʨ 6 94 

ʈʪʫʪʴ 11 89 

ʅʽʢʝʣʴ 21 79 

ʂʦʙʘʣʴʪ 24 76 

ʍʨʦʤ 17 83 

ɺʘʥʘʜʽʡ 29 71 

ʄʘʨʛʘʥʝʮʴ 9 91 

ʉʚʠʥʝʮʴ 18 82 

 

çʈʷʜ ʩʧʦʨʽʜʥʝʥʦʩʪʽè ʪʦʢʩʠʯʥʠʭ ʽ ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ 

ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʇʘʚʣʦʛʨʘʜʩʴʢʦ-ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʛʦ 

ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʤʘʻ ʚʠʛʣʷʜ: 

Be >> V, Co, Ni > Pb, Cr, As, Hg, Mn >> F. 
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The study of changes in the content of mobile forms of chemical elements in post-pyrogenic soddy-

podzolic soils as a result of a ground fire in a pine forest in the territory of Polesie was carried out. 

An increase in the pH of post-pyrogenic soils relative to background (from 4.2 to 7.5) was 

determined, and a change in the content of ionic forms of metals (Cu, Pb, Zn, Mn) in the soil 

solution was modeled (from 4 to 8 with a step of 0.2) and a tendency was revealed: Pb  linear 

dependence, Cu Zn, Mn  polynomial. The limits of the pH content are calculated, where free forms 

of metals are present, which will intensively enter plants (more than 50%): Pb  up to 6; Zn  up to 

7.5; Cu  up to 6.8; Mn  up to 11.5. It was suggested that an increase in soil pH as a result of fires 

can lead to a weak supply of Pb, Zn, Cu to plants and a change in phytocenoses. 

 

ɻʝʦʭʽʤʽʯʥʽ ʧʦʩʪʧʽʨʦʛʝʥʥʽ ʟʤʽʥʠ ˇʨʫʥʪʽʚ ï ʦʜʠʥ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ. ʅʘʤʠ ʨʦʟʛʣʷʥʫʪʦ ʛʝʦʭʽʤʽʯʥʠʡ ʬʘʢʪʦʨ 

ʣʽʩʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ ʇʦʣʽʩʩʷ, ʜʝ ʚʽʜʙʫʣʘʩʷ ʘʥʪʨʦʧʦʛʝʥʥʘ ʧʦʞʝʞʘ (ʥʠʟʦʚʘ) 

ʚʥʘʩʣʽʜʦʢ ʩʧʘʣʶʚʘʥʥʷ ʙʫʨô̫ ʥʫ ʥʘʩʝʣʝʥʥʷʤ  ʟ ʧʦʨʠʚʘʤʠ ʚʽʪʨʫ ʚʦʛʦʥʴ 

ʧʝʨʝʢʠʥʫʚʩʷ ʥʘ ʩʦʩʥʦʚʠʡ ʣʽʩ (ʛʨʫʥʪʠ ï ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ). ʅʘ ʬʦʥʦʚʽʡ ʜʽʣʷʥʮʽ 

ʨʅ ˇʨʫʥʪʽʚ ʩʪʘʥʦʚʠʣʦ 4,2 5,5, ʪʦʜʽ ʷʢ ʧʽʩʣʷ ʧʦʞʝʞʽ ï 4,7 7 (ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʘʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ï 7,5). ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʣʠʚʦ 

ʦʧʠʩʘʪʠ ʧʨʦʮʝʩʠ ʪʘʢ, ʷʢ ʚʦʥʠ ʧʨʦʭʦʜʠʣʠ ʙ ʫ ʜʽʡʩʥʦʩʪʽ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ ʧʨʠʨʦʜʥʦʾ ʩʠʩʪʝʤʠ "ʪʚʝʨʜʘ ʬʘʟʘ ï ʨʦʟʯʠʥ" ʫ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʧʨʦʛʨʘʤʦʶ PHREEQC (ʤʽʛʨʘʮʽʾ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʩʽ ʚʽʨʦʛʽʜʥʽ ʬʦʨʤʠ, ʽ ʚʩʽ ʢʦʥʢʫʨʫʶʯʽ ʨʝʘʢʮʽʾ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʷ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʟʥʘʭʦʜʞʝʥʥʷ ʬʦʨʤ ʤʽʛʨʘʮʽʾ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʧʦ 30 ʽʤʽʪʘʮʽʡʥʠʤ 

ʩʠʪʫʘʮʽʷʤ ʟʤʽʥʠ ʚʽʜʩʦʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʟʥʠʭ ʬʦʨʤ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (Cu, 

Pb, Zn, Mn) ʫ ʛʨʫʥʪʦʚʦʤʫ  ʨʦʟʯʠʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ. ʄʝʞʽ ʨʅ ʩʢʣʘʣʠ ï ʚʽʜ 4 

ʜʦ 8, ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʯʝʨʝʟ ʢʦʞʥʽ 0,2 ʟʥʘʯʝʥʥʷ (4; 4,2; 4,6 ʽ ʪʘʢ ʜʘʣʽ). 

ˆʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʜʢʫ ʬʘʟʫ ˇʨʫʥʪʫ, ʚʤʽʱʫʻ ʨʦʟʯʠʥʝʥʽ ʩʦʣʽ, 

ʦʨʛʘʥʽʯʥʽ ʪʘ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʽ ʩʧʦʣʫʢʠ, ʛʘʟʠ ʽ ʢʦʣʦʾʜʠ. ʆʩʥʦʚʥʽ ʭʽʤʽʯʥʽ ʪʘ 

ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ˇʨʫʥʪʽ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʦʾ 

ʚʦʜʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʧʦʞʝʞ ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ˇʨʫʥʪʽʚ ʤʦʛʣʦ ʙ ʩʪʚʦʨʠʪʠ ʪʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʛʥʦʟʫ 

ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ. ɼʣʷ ʯʘʩʪʢʦʚʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʧʠʪʘʥʥʷ ʥʘʤʠ ʨʦʟʨʘʭʦʚʘʥʽ ʬʦʨʤʠ ʤʽʛʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ð ʥʝʦʨʛʘʥʽʯʥʽ ʬʦʨʤʠ (ʫ 

ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʩʫʤʠ ʤʦʣʷʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʩʽʭ ʬʦʨʤ). ʋʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ 

ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ "ˇʨʫʥʪ ï 

ʨʦʟʯʠʥ" ʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜ ʨʅ ˇʨʫʥʪʫ. ʉʫʤʘʨʥʠʡ ʩʢʣʘʜ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ 

ʬʦʥʦʚʦʾ ʜʽʣʷʥʢʠ ʥʘʩʪʫʧʥʠʡ, (ʨʅ 4,5), ʤʛ/ʜʤ
3
: Ca

2+
  10; Na

+
  2; K

+
  2; Mn

2+ 
 

0,09; Fe
2+

  3; Cl
ï
  4; SO4

2
 8; HCO3

 
 30; Cu

2+
  0,05; Zn

2+
  0,1; Pb

2+
  0,01. 

ɿʤʦʜʝʣʴʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ˇʨʫʥʪʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 4 ʜʦ 8 ʪʘ 

ʧʨʦʨʘʭʦʚʘʥʠʡ ʤʦʞʣʠʚʠʡ ʚʤʽʩʪ ʨʽʟʥʠʭ ʬʦʨʤ ʤʽʛʨʘʮʽʾ (ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʩʫʤʠ 

ʤʦʣʷʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʬʦʨʤ) ʢʦʤʧʦʥʝʥʪʽʚ (ʟʤʽʥʠ ʟʥʘʯʝʥʴ  0,2) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25Áʉ.  

 

 
ʈʠʩʫʥʦʢ  ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʽʦʥʥʠʭ ʬʦʨʤ ʤʝʪʘʣʽʚ ʚʽʜ ʨʅ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ 

 

ʄʠ ʟôʷʩʫʚʘʣʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ˇʨʫʥʪʽʚ ʜʦ ʧʦʞʝʞʽ ʩʪʘʥʦʚʠʪʴ 4,2, 

ʪʦʜʽ ʷʢ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʽʩʣʷ ʧʦʞʝʞʽ ï 7,2. ɼʣʷ ʟʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʠ ʟʤʽʥʽ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʫ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤ ʤʽʛʨʘʮʽʾ 

Cu, Pb (ʝʣʝʤʝʥʪʠ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʨʠ ʧʦʞʝʞʽ) ʪʘ Zn, Mn (ʝʣʝʤʝʥʪʠ, ʱʦ 
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ʨʦʟʩʽʶʶʪʴʩʷ) ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʟ ʢʨʦʢʦʤ 0,2 ʚ ʤʝʞʘʭ ʟʥʘʯʝʥʴ ʨʅ  ʚʽʜ 4 ʜʦ 8 

(ʨʠʩ. 1). 

ʄʝʪʦʶ ʥʘʰʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʚʠʷʚʣʝʥʥʷ ʧʦʪʦʯʥʦʾ ʪʝʥʜʝʥʮʽʾ ʱʦʜʦ 

ʥʘʷʚʥʦʩʪʽ ʽʦʥʥʠʭ ʬʦʨʤ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʽ ʨʅ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʨʘʬʽʢʠ ʚʤʽʩʪʫ ʽʦʥʥʠʭ ʬʦʨʤ ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ 

ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʨʦʩʪʦʤ ʨʅ (ʟʚʦʨʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ). ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
, ʷʢʠʡ ʧʦʢʘʟʫʻ 

ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʽ ʥʘ ʩʢʽʣʴʢʠ ʜʦʙʨʝ ʚʦʥʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʜʦʩʪʦʚʽʨʥʠʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʟ Pb  ʮʝ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʘ Cu Zn, 

Mn  ʧʦʣʽʥʦʤʽʥʘʣʴʥʘ.  

ʌʦʨʤʫʣʠ ʥʘ ʜʽʘʛʨʘʤʘʭ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʽʦʥʥʠʭ 

ʬʦʨʤ ʧʨʠ ʟʤʽʥʽ ʨʅ ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʧʨʠʢʣʘʜʽ  Pb
 2+  
ʧʦʢʘʟʘʥʘ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ:

 

y= 25,334x+209,1, ʜʝ ʭ ï ʟʥʘʯʝʥʥʷ ʨʅ, ʫ ï ʢʽʣʴʢʽʩʪʴ ʽʦʥʥʠʭ ʬʦʨʤ. ʊʦʙʪʦ, 

ʧʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʥʘʤʠ ʨʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ ʨʅ 8,2 ʽ ʚʠʱʝ ʚʽʣʴʥʠʭ ʽʦʥʽʚ 

ʩʚʠʥʮʶ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʥʝ ʙʫʜʝ, ʘ ʪʽʣʴʢʠ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ. ɸ ʧʨʠ ʨʅ 

3,9 ʽ ʥʠʞʯʝ ï ʣʠʰʝ ʚʽʣʴʥʽ ʽʦʥʠ.  

ɼʣʷ Cu
2+ 
ʚʠʟʥʘʯʝʥʦ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ: y = 9,7889x

2
 + 94,495x  

127,1. ʈʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ ʨʅ 5 ʽ ʥʠʞʯʝ ʚʤʽʩʪ Cu
2+

 ʙʫʜʝ ʩʢʣʘʜʘʪʠ 100 %, ʘ ʧʨʠ 

ʨʅ 8,2 ʽ ʚʠʱʝ ï  ʚʽʣʴʥʠʭ ʬʦʨʤ ʥʝ ʙʫʜʝ. ʂʘʪʽʦʥʠ ʤʽʜʽ ʚ ˇʨʫʥʪʘʭ ʚʠʷʚʣʷʶʪʴ ʙʽʣʴʰʫ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʽ ʦʨʛʘʥʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ Cu ʻ ʤʘʣʦʨʫʭʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ˇʨʫʥʪʘʭ.  

ɼʣʷ Zn
2+ 

ʚʠʟʥʘʯʝʥʦ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ: Zn
2+ 

y= 4,885x
2
+46,763x 10,885. ʈʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ ʨʅ 9 ʚʤʽʩʪ Zn

2+
  ʙʫʜʝ 

ʩʢʣʘʜʘʪʠ 20 %, ʘ ʧʨʠ ʨʅ 9,5 ʽ ʚʠʱʝ ï ʚʽʣʴʥʠʭ ʬʦʨʤ ʥʝ ʙʫʜʝ. ʇʨʠ ʟʥʘʯʝʥʥʽ ʨʅ 5,5 

ʽ ʥʠʞʯʝ ʮʠʥʢ ʙʫʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ˇʨʫʥʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʫ ʬʦʨʤʽ ʚʽʣʴʥʠʭ ʽʦʥʽʚ. 

ɼʣʷ Mn
2+

 ʚʠʟʥʘʯʝʥʦ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ: Mn
2+

 y = 2,4693x
2
 + 23,61x 

+ 44,013. ʈʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ ʨʅ 5 ʽ ʥʠʞʯʝ ʚʤʽʩʪ Mn
2+

 ʙʫʜʝ ʩʢʣʘʜʘʪʠ 100 %, ʘ 

ʧʨʠ ʨʅ 11,5 ʽ ʚʠʱʝ ï  ʚʽʣʴʥʠʭ ʬʦʨʤ ʥʝ ʙʫʜʝ.  

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝ ʚʨʘʭʦʚʘʥʦ ʙʘʛʘʪʦ ʩʫʧʫʪʥʽʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪ ʧʦʞʝʞ ʚ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤʘʭ. ʅʝ ʧʨʠʡʥʷʪʘ ʜʦ 

ʫʚʘʛʠ ʦʨʛʘʥʽʯʥʘ ʽ ʛʣʠʥʠʩʪʘ ʩʢʣʘʜʦʚʘ ˇʨʫʥʪʽʚ, ʱʦ ʙʫʜʝ ʟʨʫʰʫʚʘʪʠ ʚʤʽʩʪ ʽʦʥʥʽʭ 

ʬʦʨʤ ʚ ʪʫ ʯʠ ʽʥʰʫ ʩʪʦʨʦʥʫ. ɸʣʝ, ʟ ʙʽʣʴʰʦʶ ʜʦʣʝʶ ʚʽʨʦʛʽʜʥʦʩʪʽ, ʥʘʤ ʚʜʘʣʦʩʷ 

ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʨʅ, ʜʝ ʧʨʠʩʫʪʥʽ, ʧʝʨʝʚʘʞʥʦ, ʚʽʣʴʥʽ ʬʦʨʤʠ ʤʝʪʘʣʽʚ , ʷʢʽ ʙʫʜʫʪʴ 

ʽʥʪʝʥʩʠʚʥʦ ʥʘʜʭʦʜʠʪʠ ʜʦ ʨʦʩʣʠʥ (ʙʽʣʴʰʝ 50%): Pb ï ʜʦ 6; Zn  ʜʦ 7,5; Cu  ʜʦ 

6,8; Mn  ʜʦ 11,5. ʊʦʙʪʦ, ʚʥʘʩʣʽʜʦʢ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʪʝʨʠʪʦʨʽʾ ʇʦʣʽʩʩʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʅ ʛʨʫʥʪʫ ï ʚʽʜ 4,2 ʜʦ 7,5,  ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʩʣʘʙʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ Pb, Zn, Cu ʜʦ ʨʦʩʣʠʥ ʽ ʟʤʽʥʠ ʬʽʪʦʮʝʥʦʟʽʚ. 
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The results of research on the content of halogens (Cl, F, Br, I) are presented, as well as the reasons 

for their modern distribution in Buchak-Kaniv aquifer in Poltava region  are analyzed. As a result of 

statistical data processing, the average, minimum and maximum content of halogens in water are 

distinguished. It is established that the increased content of fluorine, bromine, iodine in drinking 

groundwater is explained both by the inflow from the lower aquifers and the presence of tectonic 

disturbances. As for chlorine, the reason for its high content in water may be pollution of their 

household sewage. 

 

ɹʫʯʘʮʴʢʦ-ʢʘʥʽʚʩʴʢʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ (ʧʘʣʝʦʛʝʥ) ʻ ʦʩʥʦʚʥʠʤ ʜʣʷ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʊʫʪ ʧʝʨʝʚʘʞʘʶʪʴ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʽ ʚʦʜʠ, 

ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʽ, ʚʤʽʩʪ ʢʘʣʴʮʽʶ ʽ 

ʤʘʛʥʽʶ ʤʽʥʽʤʘʣʴʥʠʡ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʥʦʚʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 

ʛʘʣʦʛʝʥʽʚ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʧʨʦʚʝʜʝʥʘ 

ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʟ ʩʚʝʨʜʣʦʚʠʥ ʙʫʯʘʮʴʢʦʛʦ-ʢʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ (130 ʘʥʘʣʽʟʽʚ). ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʦʛʨʘʤʠ ï MS Excel, STATISTICA 6. 

Cl: 40% ʧʨʦʙ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ (0ï200 ʤʛ/ʜʤ
3
), ʫ ʜʽʘʧʘʟʦʥ 200ï

600 ʤʛ/ʜʤ
3
 ʧʦʪʨʘʧʣʷʻ 58% ʧʨʦʙ, ʽ ʪʽʣʴʢʠ 2,6% ʧʨʦʙ ʧʨʠʪʘʤʘʥʥʝ ʟʥʘʯʝʥʥʷ 1200ï

1400 ʤʛ/ʜʤ
3
. ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ ʧʦʛʽʨʰʫʻ ʩʤʘʢʦʚʽ ʷʢʦʩʪʽ ʚʦʜʠ ʽ ʨʦʙʠʪʴ 

ʾʾ ʤʘʣʦʧʨʠʜʘʪʥʦʶ ʜʣʷ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʪʝʭʥʽʯʥʠʭ ʽ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʮʽʣʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʨʦʰʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ʗʢʱʦ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʻ ʽʦʥʠ ʥʘʪʨʽʶ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʭʣʦʨʠʜʫ ʚʠʱʝ 250 ʤʛ/ʜʤ
3
 ʥʘʜʘʻ ʚʦʜʽ ʩʦʣʦʥʠʡ ʩʤʘʢ [1]. ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʜʥʠʤ ʟ ʢʨʠʪʝʨʽʾʚ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʚʦʜʠ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʤʠ 

ʩʪʦʢʘʤʠ. 

F: 42% ʧʨʦʙ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 0,5ï2 ʤʛ/ʜʤ
3
, ʮʝ ʧʨʦʙʠ ʟ ʪʝʨʠʪʦʨʽʾ ʚʽʜʥʦʩʥʦ 

ʩʧʦʢʽʡʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʙʽʣʷ 40% ʧʨʦʙ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 3ï4 ʤʛ/ʜʤ
3
, ʮʝ 

ʪʝʨʠʪʦʨʽʾ, ʜʝ ʥʘʷʚʥʠʡ ʚʤʽʩʪ ʫ ʚʦʜʦʤʽʩʪʢʽʡ ʧʦʨʦʜʽ ʬʦʩʬʦʨʠʪʦʚʠʭ ʢʦʥʢʨʝʮʽʡ, ʽ 

ʣʠʰʝ 13% ʧʨʦʙ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 5ï7 ʤʛ/ʜʤ
3
. ʊʫʪ ʬʽʢʩʫʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ 

ʬʪʦʨʫ ʫ ʚʦʜʘʭ ʚ ʩʝʨʝʜʥʴʦʤʫ ʫ 2 ʨʘʟʠ, ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʚ 6,5 ʨʘʟʽʚ 

(ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 
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ʬʦʩʬʦʨʠʪʦʚʠʭ ʢʦʥʢʨʝʮʽʡ ʫ ʚʦʜʦʤʽʩʪʢʠʭ ʧʦʨʦʜʘʭ, ʪʘ ʽʟ ʟʥʠʞʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʫ ʚʦʜʘʭ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ, ʟ ʷʢʠʤʠ ʬʪʦʨ ʦʩʘʜʞʫʻʪʴʩʷ. 

Br: 76,3% ʧʨʦʙ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 1ï2 ʤʛ/ʜʤ
3
 (ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʫ 5 ʨʘʟʽʚ ʽ 

ʚʠʝɦ). ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʪʝʥʜʝʥʮʽʷ: ʧʨʠ ʧʽʜʚʠʱʝʥʦʤʫ ʚʤʽʩʪʽ ʙʨʦʤʫ, 

ʚʤʽʩʪ ʭʣʦʨʫ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʜʦ 800 ʤʛ/ʜʤ
3
). ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʟʘʥʫʨʝʥʥʷʤ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʽ ʩʪʚʦʨʝʥʥʷʤ ʟʘʢʨʠʪʠʭ ʟʦʥ [2]. 

ɯ: ʫ ʙʽʣʴʰʦʩʪʽ ʧʨʦʙ (76,3%) ʥʝ ʚʠʷʚʣʝʥʦ, ʽ ʣʠʰʝ 23,7% ʧʨʦʙ ʤʘʶʪʴ ʚʤʽʩʪ 

0,25ï0,3 ʤʛ/ʜʤ
3
. ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʡʦʜʫ ʧʦʷʩʥʶʻʪʴʩʷ ʢʦʥʪʘʢʪʦʤ ʚʦʜʠ ʟ 

ʚʽʜʢʣʘʜʘʤʠ, ʷʢʽ ʟʙʘʛʘʯʝʥʽ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ 

ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʜʽʘʛʨʘʤʠ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʘ ʬʦʥʦʚʦʛʦ ʚʤʽʩʪʫ 

ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 1). 

  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1  ɺʤʽʩʪ ʛʘʣʦʛʝʥʽʚ ʫ ʙʫʯʘʮʴʢʦ-ʢʘʥʽʚʩʴʢʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ. 

mʘʭ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, median ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, min ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʦʜʘʭ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʬʪʦʨʫ, ʙʨʦʤʫ, ʡʦʜʫ. ʎʝ ʤʦʞʝ 

ʧʦʷʩʥʶʚʘʪʠʩʴ ʷʢ ʥʘʜʭʦʜʞʝʥʥʷʤ ʟ ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, 

ʪʘʢ ʽ ʥʘʷʚʥʽʩʪʶ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ [3].  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʫ ʫ ʚʦʜʘʭ ʧʽʜʧʦʨʷʜʢʦʚʘʥʘ ʥʘʷʚʥʦʩʪʽ ʩʦʣʷʥʠʭ ʢʫʧʦʣʽʚ, ʜʝ 

ʡʦʛʦ ʚʤʽʩʪ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 1200 ʤʛ/ʜʤ
3 
(ʧʨʠ ʬʦʥʦʚʦʤʫ 100 ʤʛ/ʜʤ

3
). ʅʘ 

ʪʝʨʠʪʦʨʽʾ ʨʦʙʽʪ ʩʦʣʷʥʽ ʢʫʧʦʣʘ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʧʽʜ ʪʨʝʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ, ʟʘʭʽʜʥʽʡ, ʩʭʽʜʥʽʡ ʪʘ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʭʣʦʨʫ (900ï1200 ʤʛ/ʜʤ
3
) ʫ ʚʦʜʘʭ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ï ʮʝ ʩʝʣʘ  ʉʚʘʪʢʠ, ʇʽʜʩʪʘʚʢʠ, 

ʉʠʥʽʚʢʘ, ʇʦʜʽʣʢʠ, ʇʦʪʦʣʠʭʘ, ɹʘʢʫʪʠ, ɺʝʣʠʢʽ ɹʫʜʠʱʘ, ʩʤʪ ɼʠʢʘʥʴʢʘ, 

ʂʨʘʩʥʦʟʥʘʤʝʥʢʘ, ʈʫʯʢʠ, ʂʦʚʝʨʜʠʥʘ ɹʘʣʢʘ, ɺʝʣʠʢʠʡ ʇʝʨʝʚʽʟ, ʇʨʠʰʠʙ, 

ʂʠʩʝʣʠʭʘ, ɾʦʨʞʽʚʢʘ. ʉʦʣʷʥʠʡ ʢʫʧʦʣ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʨʘʡʦʥʽ ʦʩʪʘʥʥʽʭ 5 

ʩʽʣ, ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ, ʥʘʧʨʷʤʦʤ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ ï 

ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ. ɺ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʨʘʡʦʥʘʭ 
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ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʦʣʷʥʠʭ ʢʫʧʦʣʽʚ, ʟʥʘʭʦʜʷʪʴʩʷ ʩʝʣʘ ʇʽʩʢʠ, ɹʦʜʘʢʚʘ, ɺʘʩʠʣʴʢʠ, 

ʇ̔ ʟʥʷʢʠ, ɿʘʛʨʝʙʝʣʣʷ, ʜʝ ʫ ʚʦʜʘʭ ʚʤʽʩʪ ʭʣʦʨʫ ʩʪʘʥʦʚʠʪʴ 800 ʤʛ/ʜʤ
3
. ɺ ʩʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ (ʩʝʣʘ ʃʶʙʽʚʢʘ, ʂʘʯʘʣʽʚʢʘ, ʂʦʪʝʣʝʚʢʘ, ʉʪʝʧʘʥʽʚʢʘ) 

ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʚʩʪʘʥʦʚʣʝʥʦ ʚʤʽʩʪ ʭʣʦʨʫ ʚ ʤʝʞʘʭ 800 1100 ʤʛ/ʜʤ
3
. ʆʩʪʘʥʥʽ 2 

ʩʝʣʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʘʡʦʥʽ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʫ, ʯʝʨʝʟ ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʛʣʠʙʠʥʥʠʡ 

ʨʦʟʣʦʤ ʫ ʥʘʧʨʷʤʽ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ ï ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ. ɺ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ, 

ʚ ʩʝʣʘʭ ʏʘʧʘʻʚʝ, ɺʘʩʠʣʽʚʢʘ, ʉʪʦʨʦʞʦʚʝ, ɺʦʡʥʽʚʢʘ, ʅʦʚʦʬʝʜʦʨʽʚʢʘ, ʩʤʪ 

ɸʨʪʝʤʽʚʢʘ ʪʝʞ ʚʠʟʥʘʯʝʥʦ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʭʣʦʨʫ. ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʧʦʩʝʣʝʥʥʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʫ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʝʨʝʪʠʥʽ 2 

ʤʝʨʠʜʽʘʥʥʠʭ ʨʦʟʣʦʤʽʚ ʪʘ ʨʦʟʣʦʤʫ ʟʘ ʥʘʧʨʷʤʦʤ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ï ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ. 

ʊʘʢʦʞ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʩʦʣʷʥʠʡ ʢʫʧʦʣ, ʙʽʣʷ ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʽ ʩʝʣʘ 

ʆʣʝʢʩʘʥʜʨʽʚʢʘ, ʃʝʚʝʥʮʽʚʢʘ ʪʘ ʩʤʪ ɺʘʩʠʣʽʚʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʯʠʥʝʥʥʷ ʩʦʣʽ 

ʩʦʣʷʥʠʭ ʢʫʧʦʣʽʚ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʤʽʩʪ ʭʣʦʨʫ ʫ ʚʦʜʘʭ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽʡ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. 

ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʙʨʦʤʫ 2,5ï2,9 ʤʛ/ʜʤ
3
 (ʧʨʠ ʬʦʥʦʚʦʤʫ 1 ʤʛ/ʜʤ

3
) 

ʬʽʢʩʫʻʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ. ʑʦʜʦ ʡʦʜʫ, ʪʫʪ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ 

ʩʧʽʚʧʘʜʘʻ ʟ ʟʦʥʘʤʠ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ 0,23ï0,27 ʤʛ/ʜʤ
3
 (ʧʨʠ ʬʦʥʦʚʦʤʫ 0,12 

ʤʛ/ʜʤ
3
). ʑʦʜʦ ʬʪʦʨʫ, ʪʦ ʡʦʛʦ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʫ ʚʦʜʘʭ 4,5 5,5 ʤʛ/ʜʤ

3
 

ʧʨʠʪʘʤʘʥʥʠʡ ʟʦʥʘʤ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʫ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ 

(ʩʝʣʘ ʄʘʰʽʚʢʘ, ʂʘʨʣʽʚʢʘ). ɸʥʦʤʘʣʴʥʠʡ ʚʤʽʩʪ ʬʪʦʨʫ (5 7 ʤʛ/ʜʤ
3
) ʧʦʷʩʥʶʻʪʴʩʷ ʷʢ 

ʥʘʷʚʥʽʩʪʶ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʪʘʢ ʽ ʧʨʠʩʫʪʥʽʩʪʶ ʬʦʩʬʦʨʠʪʦʚʠʭ ʢʦʥʢʨʝʮʽʡ ʫ 

ʚʦʜʦʚʤʽʩʥʠʭ ʧʦʨʦʜʘʭ. ɺʤʽʩʪ ʬʪʦʨʫ ʫ ʬʦʩʬʦʨʠʪʦʚʠʭ ʢʦʥʢʨʝʮʽʷʭ ʩʢʣʘʜʘʻ 1,5%, 

ʪʦʜʽ ʷʢ ʫ ʚʦʜʦʚʤʽʩʥʠʭ ʧʦʨʦʜʘʭ 0,02 0,2 ʤʛ/ʢʛ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʬʪʦʨ ʧʦʪʨʘʧʣʷʻ ʫ ʚʦʜʫ, ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʡʦʛʦ ʘʥʦʤʘʣʴʥʠʡ ʚʤʽʩʪ. ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʬʪʦʨ ʧʦʪʨʘʧʣʷʻ ʫ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ ʬʣʶʾʜʽʚ ʟ ʤʘʥʪʽʾ.  

ʊʘʢ, ʥʘʡʚʠʱʠʡ ʚʤʽʩʪ ʬʪʦʨʫ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ (7 ʤʛ/ʜʤ
3
) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʥʘʧʨʷʤʽ ʄʠʨʛʦʨʦʜïɺʝʣʠʢʘ ɹʘʛʘʯʢʘ, ʜʝ ʪʝʢʪʦʥʽʯʥʠʡ ʨʦʟʣʦʤ ʟʤʽʥʶʻ ʩʚʽʡ ʥʘʧʨʷʤ 

ʽ, ʚʽʨʦʛʽʜʥʦ, ʥʘʜʭʦʜʞʝʥʥʷ ʬʪʦʨʫ ʦʙʫʤʦʚʣʝʥʝ ʧʨʦʮʝʩʘʤʠ ʢʦʥʚʝʢʮʽʾ. ʊʘʢʠʡ ʞʝ 

ʚʤʽʩʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʽ ɸʨʪʝʤʽʚʢʘïɺʘʩʠʣʽʚʢʘ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤʠ ʞ 

ʧʨʦʮʝʩʘʤʠ. ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʚʤʽʩʪ ʬʪʦʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʘʭ 1ï1,3 ʤʛ/ʜʤ
3
. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʬʪʦʨʫ ʫ ʚʦʜʘʭ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʚʤʽʩʪʦʤ ʢʘʣʴʮʽʶ. ʇʨʠ ʚʤʽʩʪʽ ʢʘʣʴʮʽʶ 100 ʤʛ/ʜʤ
3
 ʚʤʽʩʪ ʬʪʦʨʫ ʩʢʣʘʜʘʻ 1,5 ʤʛ/ʜʤ

3
, 

ʘ ʧʨʠ ʚʤʽʩʪʽ ʢʘʣʴʮʽʶ 200 ʤʛ/ʜʤ
3
 ʽ ʙʽʣʴʰʝ ʚʤʽʩʪ ʬʪʦʨʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0ï0,5 

ʤʛ/ʜʤ
3
. 

ɺʠʩʥʦʚʢʠ. ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʛʘʣʦʛʝʥʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ 

ʙʫʯʘʮʴʢʦ-ʢʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘʩʪʫʧʥʽ: 

ʬʪʦʨʫ  ʥʘʷʚʥʽʩʪʴ ʫ ʚʽʜʢʣʘʜʘʭ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʬʦʩʬʦʨʠʪʦʚʠʭ ʢʦʥʢʨʝʮʽʡ 

ʪʘ ʟʦʥ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ; ʡʦʜʫ  ʢʦʥʪʘʢʪ ʚʦʜʠ ʟ ʚʽʜʢʣʘʜʘʤʠ, ʷʢʽ ʟʙʘʛʘʯʝʥʽ 

ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ; ʙʨʦʤʫ  ʟʘʥʫʨʝʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʽ ʩʪʚʦʨʝʥʥʷ 

ʟʘʢʨʠʪʠʭ ʟʦʥ; ʭʣʦʨʫ  ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʚʦʜʠ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʤʠ ʩʪʦʢʘʤʠ. 
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The study of zircons from enderbites of the Podillya Domain by U-Pb and Lu-Hf methods have 

confirmed the data of the Sm-Nd method on the existence of two generations of enderbites. Zircons 

from enderbites (samples 117/79, 127/79) have Proterozoic age and positive ŮHf values indicating 

juvenile origin of these rocks. In contrast, zircons from enderbite cropping out in the Sabariv open 

pit (sample 110/79) have U-Pb ages ï varying from ca. 2025 to ca. 2800 Ma, and ŮHf values 

varying from -20.7 to +7, revealing their Neoarchean origin and reworking in the Paleoproterozoic 

time. 

ʇʨʦʙʣʝʤʘ ʝʚʦʣʶʮʽʾ ɿʝʤʣʽ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʽ ʚʠʥʠʢʥʝʥʥʷ 

ʧʨʦʪʦʢʦʨʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʯʝʟʥʠʡ ʦʙʩʷʛ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʠʩʢʫʩʽʡʥʦʶ. ʋ ʚʠʨʽʰʝʥʥʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʤʝʪʦʜʠ 

ʽʟʦʪʦʧʥʦʾ ʛʝʦʭʽʤʽʾ ʽ ʛʝʦʭʨʦʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʯʘʩ ʽ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʢʦʨʦʫʪʚʦʨʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ  ʫ ʨʦʟʚôʷʟʘʥʥʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ 

ʨʘʥʥʴʦʘʨʭʝʡʩʴʢʽ ʧʦʨʦʜʠ. ʊʘʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʟʛʽʜʥʦ ʽʟ ʽʟʦʪʦʧʥʠʤʠ ʜʘʥʠʤʠ, ʚ 

ɼʥʽʩʪʨʦʚʩʴʢʦ-ɹʫʟʴʢʦʤʫ ʨʘʡʦʥʽ ʻ ʛʥʝʡʩʦʚʠʜʥʽ ʝʥʜʝʨʙʽʪʠ (ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʠ) 

ʉʝʨʝʜʥʴʦʛʦ ʇʦʙʫʞʞʷ, ʚʽʜʥʝʩʝʥʽ ʜʦ ʛʘʡʚʦʨʦʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʽ ʨʦʟʢʨʠʪʽ 

ʢʘʨôʻʨʘʤʠ ʂʘʟʘʯʠʡ ʗʨ ʽ ʆʜʝʩʴʢʠʡ. ʋʨʘʥ-ʩʚʠʥʮʝʚʠʡ ʚʽʢ ʷʜʝʨʥʠʭ ʯʘʩʪʠʥ ʮʠʨʢʦʥʽʚ 

ʚ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʘʭ ʜʦʩʷʛʘʻ 3,78-3,8 ʤʣʨʜ. ʨʦʢʽʚ. [1,2]. Sm-Nd ʚʽʢ ï 3,9 ʤʣʨʜ. ʨ. 

ɺʧʝʨʰʝ ʮʽ ʧʦʨʦʜʠ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚ ʩʢʣʘʜʽ ʯʘʨʥʦʢʽʪ-ʥʦʨʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ [3]. 

ʇʽʟʥʽʰʝ ī ʫ ʚʠʛʣʷʜʽ ʛʥʝʡʩʦʚʠʜʥʠʭ ʤʽʛʤʘʪʠʪʽʚ (ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʽʚ), ʚ ʷʢʠʭ 

ʟʙʝʨʝʛʣʠʩʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʥʪʝʥʩʠʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʛʝʦʭʽʤʽʯʥʽ ʽ ʤʽʥʝʨʘʣʦʛʽʯʥʽ 

ʜʦʢʘʟʠ ʾʭ ʧʨʠʨʦʜʠ, ʪʦʙʪʦ ʟʚôʷʟʢʫ ʟ ʧʦʨʦʜʘʤʠ ʦʩʥʦʚʥʦʛʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ 
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[4]. ʇʦʨʦʜʠ ʢʦʤʧʣʝʢʩʫ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ [2, 5, 6, 7, 8], ʘʣʝ ʚʽʜʥʦʩʥʦ ʾʭ 

ʧʝʨʚʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʦʩʽ ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʜʫʤʢʠ [6]. ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ŮNd = (+0,4é.-1,8), ʚʽʜ ʙʣʠʟʴʢʠʭ ʜʦ CHUR (ʦʜʥʦʨʽʜʥʠʡ ʭʦʥʜʨʠʪʦʚʠʡ ʨʝʟʝʨʚʫʘʨ) 

ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʚʢʘʟʫʻ ʥʘ ʧʦʭʦʜʞʝʥʥʷ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʽʚ ʟ ʧʦʨʽʜ ʟ 

ʢʦʨʦʪʢʦʶ ʢʦʨʦʚʦʶ ʧʝʨʝʜʽʩʪʦʨʽʻʶ, ʨʘʜʰʝ ʟʘ ʚʩʝ ï ʟ ʧʝʨʚʠʥʥʦʾ ʤʘʬʽʯʥʦʾ 

ʧʨʦʪʦʢʦʨʠ.  

 ʇʦʜʽʙʥʽ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʘʤ ʧʦʨʦʜʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʇʦʜʽʣʴʩʴʢʦʤʫ ʙʣʦʮʽ ʚ 

ʢʘʨôʻʨʘʭ ʤ.ʤ. ʃʽʪʠʥʘ, ʉʘʙʘʨʦʚʘ. ɺʦʥʠ ʙʽʣʴʰ ʧʝʨʝʪʚʦʨʝʥʽ, ʦʩʦʙʣʠʚʦ ʚ 

ʉʘʙʘʨʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ, ʤʘʶʪʴ ʤʘʩʠʚʥʠʡ ʚʠʛʣʷʜ. ʇʦʜʽʙʥʽʩʪʴ ʾʭ ʜʦ ʜʨʝʚʥʽʭ 

ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʽʚ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʚʜʷʢʠ ʧʨʠʩʫʪʥʦʩʪʽ "ʪʠʧʦʤʦʨʬʥʦʛʦ" ʮʠʨʢʦʥʫ, 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʽʚ [10]. ɺ ʃʽʪʠʥʩʴʢʽʡ ʩʪʨʫʢʪʫʨʽ ʚʩʪʘʥʦʚʣʝʥʽ 

ʩʣʘʙʦ ʧʝʨʝʪʚʦʨʝʥʽ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʠ. ɺ ʥʠʭ ʟʙʝʨʽʛʩʷ ʜʘʚʥʽʡ Nd ʤʦʜʝʣʴʥʠʡ ʚʽʢ ʫ 

3650 ʤʣʥ. ʨ [9]. ɺʽʢ ʮʠʨʢʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 2,8 Ñ 0,1 ʤʣʨʜ. ʨ., ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ 

ʛʨʘʥʫʣʽʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʽʟʤʫ. ɽʥʜʝʨʙʽʪʠ ʽʟ ʢʘʨôʻʨʫ ʤ. ʉʘʙʘʨʽʚ (ʧʨʦʙʘ 110/79) 

ʟʘʟʥʘʣʠ ʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ ʪʝʢʪʦʥʦ-ʤʝʪʘʤʦʨʬʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɺʽʢ ʮʠʨʢʦʥʫ, ʦʪʨʠʤʘʥʠʡ ʪʨʘʜʠʮʽʡʥʠʤ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ ʤʝʪʦʜʦʤ, 

ʩʪʘʥʦʚʠʪʴ 2262 Ñ 24 ʤʣʥ. ʨ. [10]. ɽʥʜʝʨʙʽʪʠ ʽʟ ʢʘʨ'ʻʨʽʚ ʃʽʪʠʥʘ ʽ ʉʘʙʘʨʦʚʘ ʤʘʶʪʴ 

ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ŮNd, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʮʠʭ ʧʦʨʽʜ ʽʟ ʜʞʝʨʝʣ ʟ 

çʢʦʨʦʚʦʶè ʧʝʨʝʜʽʩʪʦʨʽʻʶ [9]. ʄʽʥʝʨʘʣʦʛʽʯʥʽ ʪʘ ʛʝʦʭʽʤʽʯʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, 

ʱʦ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʠ ʉʝʨʝʜʥʴʦʛʦ ʇʦʙʫʞʞʷ Ÿ ʝʥʜʝʨʙʽʪʠ ʃʽʪʠʥʘ Ÿ ʝʥʜʝʨʙʽʪʠ 

ʉʘʙʘʨʦʚʘ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʷʜʫ, ʷʢʽ ʚ ʨʽʟʥʽʡ ʤʽʨʽ ʟʘʟʥʘʣʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʜʝʨʙʽʪʦ-ʛʥʝʡʩʽʚ ~ 2,8  ʽ ~ 2,0 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ.  

 ɽʥʜʝʨʙʽʪʠ ʇʦʜʽʣʴʩʴʢʦʛʦ ʙʣʦʢʫ, ʷʢʽ ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʤʫ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʢʘʣʴʮʠʬʽʨ-ʢʨʠʩʪʘʣʦʩʣʘʥʮʝʚʦʾ 

ʬʦʨʤʘʮʽʾ, ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷʤ Ů Nd, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʾʭ ʽʟ 

ʶʚʝʥʽʣʴʥʦʛʦ ʜʞʝʨʝʣʘ. ʆʪʨʠʤʘʥʠʡ ʪʨʘʜʽʮʽʡʥʠʤ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ ʤʝʪʦʜʦʤ [10] 

ʚʽʢ ʝʥʜʝʨʙʽʪʘ 117/79 ʽʟ ʢʘʨ'ʻʨʘ ʩ.ʊʠʚʨʽʚ ʜʦʨʽʚʥʶʻ 2096+-24 ʤʣʥ. ʨ., ʘ ʝʥʜʝʨʙʽʪ 

127/79 ʽʟ ʢʘʨôʻʨʘ ʩ. ɻʦʣʦʩʢʽʚ - 2060+-16 ʤʣʥ. ʨ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʮʠʨʢʦʥʠ ʚ 

ʧʦʣʽʤʝʪʘʤʦʨʬʽʯʥʠʭ ʦʙʣʘʩʪʷʭ, ʷʢʠʤʠ ʻ ʨʘʡʦʥ ʜʦʩʣʽʜʞʝʥʴ, ʯʘʩʪʦ ʥʝʦʜʥʦʨʽʜʥʽ, 

ʤʽʩʪʷʪʴ ʷʜʨʘ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʮʠʨʢʦʥʽʚ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ 

ʘʙʣʷʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʽʟ ʽʥʜʫʢʪʠʚʥʦ-ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ 

(LA-ICP-MS) ʚ ʮʝʥʪʨʽ ʽʤ. John de Laeter ʫʥʽʚʝʨʩʠʪʝʪʫ Curtin University, ʇʝʨʪ, 

ɸʚʩʪʨʘʣʽʷ. ɯʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʛʘʬʥʽʶ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʫʣʴʪʠʢʦʣʝʢʪʦʨʥʦʛʦ ʧʨʠʣʘʜʫ Nu Plasma II. ʇʨʠ ʮʴʦʤʫ ʘʙʣʷʮʽʡʥʽ ʢʨʘʪʝʨʠ 

ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʧʦʙʣʠʟʫ ʢʨʘʪʝʨʽʚ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʜʘʪʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ 

ʧʦʯʘʪʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 
176

Hf/
177
Hf ʪʘ ʟʥʘʯʝʥʴ ŮHf ʚʠʢʦʥʫʚʘʣʠʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ 
207

Pb/
206
Pb ʚʽʢʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʢʦʥʩʪʘʥʪʫ 

ʨʦʟʧʘʜʫ ɚ
176

Lu = 1,867 Ĭ 10
ī11

 [11] ʪʘ ʪʘʢʽ ʩʫʯʘʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʭʦʥʜʨʠʪʦʚʦʤʫ (CHUR): 
176

Hf/
177
Hf = 0,282785 ʪʘ 

176
Lu/

177
Hf = 

0,0336 [12]. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ ʤʝʪʦʜʦʤ ʧʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʟʝʨʥʘʭ ʮʠʨʢʦʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɽʥʜʝʨʙʽʪ 110/79 (ʉʘʙʘʨʽʚ), ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 

1ʘ, ʤʘʚ ʜʫʞʝ ʩʢʣʘʜʥʫ ʛʝʦʣʦʛʽʯʥʫ ʽʩʪʦʨʽʶ. ɺʽʢ ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʚʘʨʽʶʻ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 1800 ʜʦ 3400 ʤʣʥ. ʨʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʤʘʡʞʝ ʚʩʽ ʪʦʯʢʠ ʙʣʠʟʴʢʽ ʜʦ ʢʦʥʢʦʨʜʽʾ. 
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ʌʦʨʤʘʣʴʥʦ ʜʠʩʢʦʨʜʽʷ ʧʝʨʝʪʠʥʘʻ ʢʦʥʢʦʨʜʽʶ ʚ ʪʦʯʢʘʭ 2170 ʪʘ 2765 ʤʣʥ. ʨʦʢʽʚ. 

ʅʘʚʧʘʢʠ, ʝʥʜʝʨʙʽʪʠ 117/79 (ʊʠʚʨʽʚ, ʨʠʩ. 1ʙ) ʪʘ 127/79 (ɻʦʣʦʩʢʦʚʝ, ʨʠʩ. 1ʚ) 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʢʫʧʯʝʥʥʷʤ ʪʦʯʦʢ ʥʘʚʢʦʣʦ ʟʥʘʯʝʥʴ 2080 ʽ 2070 ʤʣʥ. ʨʦʢʽʚ ʥʘ 

ʢʦʥʢʦʨʜʽʾ, ʱʦ ʤʘʡʞʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʘʥʠʤʠ [10].  

 

 
                           ʘ                                                   ʙ                                                       ʚ 

ʈʠʩʫʥʦʢ 1 - ʈʝʟʫʣʴʪʘʪʠ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʜʘʪʫʚʘʥʥʷ ʤʝʪʦʜʦʤ LA-ICP-MS ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʟʝʨʝʥ ʮʠʨʢʦʥʫ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ: ʘ ï ʯʘʨʥʦʢʽʪ 110/79 ʩ. ʉʘʙʘʨʽʚ, ʙ ï ʝʥʜʝʨʙʽʪ 117/79 ʩ. 

ʊʠʚʨʽʚ, ʚ - ʝʥʜʝʨʙʽʪ 127/79 ʩ. ɻʦʣʦʩʢʦʚʝ. 

 
ʈʠʩʫʥʦʢ 2 - ɿʘʣʝʞʥʽʩʪʴ ŮHf ʚʽʜ ʚʽʢʫ ʮʠʨʢʦʥʽʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʧʦʨʽʜ: 110/79 ï ʝʥʜʝʨʙʽʪ ʩ. 

ʉʘʙʘʨʽʚ, 117/79 ï ʝʥʜʝʨʙʽʪ ʩ. ʊʠʚʨʽʚ, 127/79 - ʝʥʜʝʨʙʽʪ ʩ. ɻʦʣʦʩʢʦʚʝ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʦ 

ʝʚʦʣʶʮʽʡʥʫ ʣʽʥʽʶ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 
176

Lu/
177

Hf = 0. 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʛʘʬʥʽʶ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʝʨʥʘʭ 

ʮʠʨʢʦʥʫ ʟ ʜʦʩʣʽʜʞʝʥʠʭ ʝʥʜʝʨʙʽʪʽʚ ʇʦʜʽʣʴʩʴʢʦʛʦ ʙʣʦʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2, 

ʥʘ ʷʢʦʤʫ ʜʦʙʨʝ ʚʠʜʥʦ ʨʽʟʥʠʮʶ ʚ ʛʝʦʣʦʛʽʯʥʽʡ ʽʩʪʦʨʽʾ ʨʽʟʥʠʭ ʝʥʜʝʨʙʽʪʽʚ 

ʇʦʜʽʣʴʩʴʢʦʛʦ ʙʣʦʢʫ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʪʦʯʢʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʮʠʨʢʦʥʘʤ ʟ ʜʚʦʭ ʧʨʦʙ 

ʝʥʜʝʨʙʽʪʽʚ (117/79, 127/79), ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ŮHf, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʶʚʝʥʽʣʴʥʝ ʧʦʭʦʜʞʝʥʥʷ ʨʝʯʦʚʠʥʠ ʧʨʠ ʫʪʚʦʨʝʥʽ ʮʠʭ ʧʦʨʽʜ. ʅʘʚʧʘʢʠ, ʪʦʯʢʠ 

ʮʠʨʢʦʥʽʚ ʩʘʙʘʨʽʚʩʴʢʦʛʦ ʝʥʜʝʨʙʽʪʫ (ʧʨʦʙʘ 110/79) ʨʦʟʪʷʛʥʫʪʽ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʷʢ ʟʘ ʚʽʢʦʤ ï ʚʽʜ 2025 ʜʦ 3295 ʤʣʥ. ʨʦʢʽʚ, ʪʘʢ ʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ŮHf - ʚʽʜ 

-32 ʜʦ +7. ʊʦʯʢʠ ŮHf ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʧʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ) ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 
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ʜʣʷ ʧʨʦʮʝʩʽʚ ʦʤʦʣʦʜʞʝʥʥʷ ʟʝʨʝʥ ʮʠʨʢʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪʠ ʨʘʜʽʦʛʝʥʥʦʛʦ 

ʩʚʠʥʮʶ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʯʠ ʧʦʚʥʦʾ ʾʭ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʜʝʨʙʽʪ ʽʟ 
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ʢʘʨôʻʨʘ ʩ ʉʘʙʘʨʽʚ ʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʫʚʘʚʩʷ ʧʨʠʙʣʠʟʥʦ 2100 ʤʣʥ. ʨʦʢʽʚ ʪʦʤʫ, ʘʣʝ 

ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʜʨʝʚʥʴʦʛʦ ʩʫʙʩʪʨʘʪʫ ʚʽʢʦʤ ʙʽʣʷ 2,8 ʤʣʨʜ. ʨʦʢʽʚ. 

ɺʠʚʯʝʥʥʷ ʮʠʨʢʦʥʽʚ ʽʟ ʝʥʜʝʨʙʽʪʽʚ ʇʦʜʽʣʴʩʴʢʦʛʦ ʙʣʦʢʫ U-Pb ʽ Lu-Hf 

ʤʝʪʦʜʘʤʠ ʧʽʜʪʚʝʨʜʠʣʦ ʜʘʥʽ Sm-Nd ʤʝʪʦʜʘ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʢʦʨʦʚʠʭ ʽ ʶʚʝʥʽʣʴʥʠʭ 

ʝʥʜʝʨʙʽʪʽʚ.  
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Evidence of vertical migration of deep hydrocarbon fluids on the north-western Black Sea shelf has 

been obtained using thermobarogeochemical parameters. In particular, within the detected 

degassing pipes on the Pra-Dnieper structure that is promising for oil and gas, methane and its 

homologues (over 85 vol. %) dominate in the inclusions in authigenic minerals from Jurassic 

limestones and veinlets, with rather high relative gas saturation (up to 1.0 Pa). These data, together 

with other oil and gas indicators for a number of geological structures, can be interpreted as 

important indicators of the deep nature of hydrocarbon fluids as well as deep hydrocarbon 

saturation of the bowels. 

 

ʅʘ ʦʩʥʦʚʽ ʥʦʚʽʪʥʽʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚ  ̔ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʰʝʣʴʬʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚʠʜʽʣʝʥʦ ʩʦʪʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʥʘ ʚʫʛʣʝʚʦʜʥʽ ʧʣʦʱ, ʦʜʥʘʢ ʯʘʩʪʢʘ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʨʦʜʦʚʠʱ ʥʝʟʥʘʯʥʘ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʚʠʙʦʨʫ ʢʦʥʢʨʝʪʥʦʾ ʪʦʯʢʠ ʙʫʨʽʥʥʷ, ʟʦʢʨʝʤʘ, ʟʘ ʫʤʦʚ 

ʤʦʨʩʴʢʠʭ ʘʢʚʘʪʦʨʽʡ. ʎʝ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ 

ʧʨʦʛʥʦʟʥʠʭ ʧʨʝʮʠʟʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ  ̔ʧʦʰʫʢʦʚʠʭ ʦʟʥʘʢ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ [1], 

ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʟʙʘʣʘʥʩʫʚʘʪʠ ʧʨʦʛʥʦʟʥʽ ʢʨʠʪʝʨʽʾ  ̔ʧʦʰʫʢʦʚʽ ʦʟʥʘʢʠ ʟʘ ʤʝʪʦʜʠʢʦ  ʁ

ʨʘʥʛʦʚʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʦʾ ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ 

ʧô̫ ʪʦʛʦ ʨʘʥʛʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʚʫʞʫʚʘʥʥʶ ʧʣʦʱʽ ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʫ ʜʦ ʨʦʟʤʽʨʫ 

ʚʠʙʦʨʫ ʪʝʨʠʪʦʨʽʾ ʙʫʨʽʥʥʷ. ɯʥʪʝʨʧʨʝʪʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʥʘʤʠ ʧʦʙʫʜʦʚʘʥʦ ʥʘ 

ʬʣʶʾʜʦʛʝʥʝʪʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ [2], ʷʢʠʤʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʫʭ ʛʣʠʙʠʥʥʠʭ 

ʬʣʶʾʜʽʚ ʧʦ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʫ ʰʝʣʴʬʫ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ɼʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʨʘʥʛʦʚʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʢʦʨʝʣʷʮʽʾ ʚʠʙʨʘʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʫ ʇʨʘʜʥʽʧʨʦʚʩʴʢʫ ʧʣʦʱʫ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʰʝʣʴʬʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

(ʛʣʠʙʠʥʠ ʤʦʨʷ ʚʽʜ 20 ʜʦ 40 ʤ). ɺ ʾʾ ʤʝʞʘʭ ʽʟ ʟʘʧʣʘʥʦʚʘʥʠʭ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʫ 1994 ʨ. ʧʨʦʙʫʨʠʣʠ ʣʠʰʝ ʦʜʥʫ (ʩʚ. 2 - ʇʨʘʜʥʽʧʨʦʚʩʴʢʘ). 

mailto:naumko@ukr.net
mailto:vl.kadurin@gmail.com
mailto:valyan@onu.edu.ua
mailto:lenka.dikol@gmail.com
mailto:naumko@ukr.net
mailto:vl.kadurin@gmail.com
mailto:valyan@onu.edu.ua
mailto:lenka.dikol@gmail.com


 

69 

 

ʅʘ ʦʩʥʦʚʽ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʨʦʙʽʪ ʽ ʙʫʨʽʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʤʠ ʧʨʦʚʝʣʠ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʽ ʦʪʨʠʤʘʣʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʽ ʨʦʟʨʽʟʠ ʧʦ 

ʬʨʘʛʤʝʥʪʘʭ ʥʠʟʢʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʧʨʦʬʽʣʽʚ, ʚʠʢʦʥʘʥʠʭ ʘʥʛʣʽʡʩʴʢʦʶ 

ʛʝʦʬʽʟʠʯʥʦʶ ʬʽʨʤʦʶ Western Geophysical ʥʘ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʩʝʡʩʤʽʯʥʠʭ ʩʪʘʥʮʽʷʭ. ʅʘ ʧʨʦʬʽʣʷʭ ʯʽʪʢʦ ʚʠʜʥʽ ʦʙʣʘʩʪʽ ʧʦʨʫʰʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ, ʷʢʽ ʚʽʜʥʝʩʝʥʽ ʥʘʤʠ ʜʦ ʪʨʫʙ ʜʝʛʘʟʘʮʽʾ. ɻʘʟʦʚʘ ʟʡʦʤʢʘ ʧʦʚʝʨʭʥʽ 

ʜʥʘ, ʧʨʦʚʝʜʝʥʘ ʥʘʤʠ ʚ 2017ï2018 ʨʨ. ʧʽʜʪʚʝʨʜʠʣʘ ʮʝ ʧʨʠʧʫʱʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ ʢʦʥʪʫʨʠ ʚʠʭʦʜʫ ʪʨʫʙ ʜʝʛʘʟʘʮʽʡ ʥʘ ʧʦʚʝʨʭʥʶ ʜʥʘ ʟ 

ʢʦʥʪʫʨʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʚʠʜʽʣʝʥʠʤʠ ʫʢʨʘʾʥʩʴʢʠʤʠ ʛʝʦʣʦʛʘʤʠ. 

ɿʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʝ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʪʨʫʙʘʭ ʜʝʛʘʟʘʮʽʾ 

ʬʣʶʾʜʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʛʣʠʙʠʥʦʶ. ɺʽʜʧʦʚʽʜʴ ʥʘ ʥʴʦʛʦ ʙʫʜʝ ʦʪʨʠʤʘʥʦ, ʷʢʱʦ ʧʦʪʽʢ 

ʚʜʘʩʪʴʩʷ ʟʘʬʽʢʩʫʚʘʪʠ ʫ ʚʢʣʶʯʝʥʥʷʭ ʘʫʪʠʛʝʥʥʠʭ ʽ ʘʣʣʦʪʠʛʝʥʥʠʭ ʤʽʥʝʨʘʣʽʚ ʟ 

ʨʽʟʥʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʨʽʚʥʽʚ ʚʩʝʨʝʜʠʥʽ ʪʨʫʙʠ ʜʝʛʘʟʘʮʽʾ. ʎʝ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʾ [2], ʷʢʽ ʦʙʛʨʫʥʪʦʚʫʶʪʴ ʤʽʥʝʨʘʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʡ 

ʨʘʥʛ (ʛʝʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʘʨʘʤʝʪʨʠ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ 

ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʤʽʥʝʨʘʣʴʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʥʷʭ) ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [1]. 

ʁʦʛʦ ʚʘʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʢʣʶʯʝʥʥʷ ʟ ʚʫʛʣʝʚʦʜʥʷʤʠ ʚ ʘʫʪʠʛʝʥʥʠʭ 

ʤʽʥʝʨʘʣʘʭ ʷʢ ʧʨʠʨʦʜʥʦ ʟʙʝʨʝʞʝʥʽ ʨʝʣʽʢʪʠ ʚʫʛʣʝʚʦʜʥʝʚʤʽʩʥʠʭ ʬʣʶʾʜʽʚ ʬʽʢʩʫʶʪʴ 

ʰʣʷʭʠ ʾʭʥʴʦʾ ʤʽʛʨʘʮʽʾ ʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʛʝʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʨʫʢʪʫʨʘʭ [3]. 
 

 
ʈʠʩʫʥʦʢ - ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʨʫʙ ʜʝʛʘʟʘʮʽʾ ʥʘ ʧʣʦʱʽ ʇʨʘʜʥʽʧʨʦʚʩʴʢʘ (ʟʘ ʜʘʥʠʤʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʦʾ ʽ ʛʝʦʭʽʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ) [1]. 

 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘʤʠ ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʷʢ ʧʨʦʞʠʣʢʠ ʢʘʣʴʮʠʪʫ ʽʟ ʢʝʨʥʫ ʧʦʨʽʜ 

ʚʝʨʭʥʴʦʶʨʩʴʢʦʛʦ ʽ ʥʠʞʥʴʦʢʨʝʡʜʦʚʦʛʦ ʚʽʢʫ, ʪʘʢ ʽ ʜʘʥʽ ʚʤʽʩʥʽ ʧʦʨʦʜʠ. 

ʊʘʢ, ʥʘ ʇʨʠʜʥʽʧʨʦʚʩʴʢʽʡ ʩʪʨʫʢʪʫʨʽ ʫ ʤʝʞʘʭ ʪʨʫʙ ʜʝʛʘʟʘʮʽʾ, ʟʘʬʽʢʩʦʚʘʥʠʭ 

ʧʦʨʫʰʝʥʥʷʤ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ ʪʘ ʛʘʟʦʚʦʶ ʟʡʦʤʢʦʶ ʧʦʚʝʨʭʥʽ ʜʥʘ 

ʚ 2017ī2018 ʨʨ., ʫ ʚʢʣʶʯʝʥʥʷʭ ʫ ʤʽʥʝʨʘʣʘʭ ʶʨʩʴʢʠʭ ʚʘʧʥʷʢʽʚ ʪʘ ʢʘʣʴʮʠʪʽ 
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ʧʨʦʞʠʣʢʽʚ ʫ ʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʫʛʣʝʚʦʜʥʽʚ: ʤʝʪʘʥʫ ʪʘ 

ʡʦʛʦ ʛʦʤʦʣʦʛʽʚ ʉnʅ2n+2 (ʧʦʥʘʜ 85 ʦʙ. %), ʥʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʉʆ2, ʤʽʥʽʤʘʣʴʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʫ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʘ ʚʽʜʥʦʩʥʘ ʛʘʟʦʥʘʩʠʯʝʥʽʩʪʴ (ʜʦ 1,0 ʇʘ). ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʶʨʩʴʢʠʭ ʚʘʧʥʷʢʽʚ, ʫ ʢʨʝʡʜʦʚʦʤʫ ʚʘʧʥʷʢʫ ʥʝʚʠʩʦʢʦʾ ʛʘʟʦʥʘʩʠʯʝʥʦʩʪʽ 

ʧʝʨʝʚʘʞʘʻ ʉʆ2 (65 ʦʙ. %) ʥʘʜ ʤʝʪʘʥʦʤ ʽ ʡʦʛʦ ʛʦʤʦʣʦʛʘʤʠ. ʆʪʞʝ, ʟʘ ʨʦʟʨʽʟʦʤ 

ʩʧʘʜʘʻ ʚʤʽʩʪ ʚʽʜʥʦʚʣʝʥʠʭ ʛʘʟʽʚ ʽ ʟʨʦʩʪʘʻ ï ʦʢʠʩʣʝʥʠʭ. 
 

ʊʘʙʣʠʮʷ - ʉʢʣʘʜ ʣʝʪʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʤʽʥʝʨʘʣʘʭ ʽ ʟʘʢʨʠʪʠʭ ʧʦʨ ʫ 

ʧʦʨʦʜʘʭ ʟʘ ʨʦʟʨʽʟʦʤ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʰʝʣʴʬʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

(ʟʘ ʜʘʥʠʤʠ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ) 

ʉʚʝʨʜʣʦʚʠʥʘ 2-ʇʨʘʜʥʽʧʨʦʚʩʴʢʘ 

ɺʽʢ K J3 J3 

ɯʥʪʝʨʚʘʣ ʚʽʜʙʦʨʫ, ʤ 2142ï2150 2265ï2272 2370ï2375 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʽʥʝʨʘʣʫ/ʧʦʨʦʜʠ 

ɸʣʝʚʨʦ-ʧʽʩʢʦʚʠʢ 

ʢʘʨʙʦʥʘʪʥʠʡ 

ʩʽʨʠʡ 

ɺʘʧʥʷʢ 

ʧʝʨʝʤôʷʪʠʡ 

ʪʝʤʥʦ-ʩʽʨʠʡ 

ʂʘʣʴʮʠʪ 

ʟ ʧʨʦʞʠʣʢʫ 

ʫ ʩʽʨʦʤʫ 

ʚʘʧʥʷʢʫ 

 

ʂʦʤʧʦʥʝʥʪʠ, 

ʦʙ. % 

ʉʆ2 65,0 11,9 16,5 

N2 12,4 2.0 7,4 

ʉʅ4 20,3 82,6 68,5 

ʉnʅ2n+2 2,3 3,1 7,6 

ɺʽʜʥʦʩʥʘ ʛʘʟʦʥʘʩʠʯʝʥʽʩʪʴ æʈ, Pʘ ʅʠʟʴʢʘ, 0,068 ɺʠʩʦʢʘ, 0,999 ɺʠʩʦʢʘ, 1,000 

ɺʦʜʦʥʘʩʠʯʝʥʽʩʪʴ CH2O, ʦʙ. % ï 60,0 37,0 

ʇʨʠʤʽʪʢʘ: ʘʥʘʣʽʪʠʢ ɹ. ɽ. ʉʘʭʥʦ, ɯɻɻɻʂ ʅɸʅ ʋʢʨʘʾʥʠ (ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʄʉʍ-3ɸ) 

 

ʇʨʦ ʤʦʞʣʠʚʽʩʪʴ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʽʜʪʦʢʫ ʬʣʶʾʜʽʚ ʟ ʛʣʠʙʠʥʥʠʭ ʛʦʨʠʟʦʥʪʽʚ 

ʩʚʽʜʯʠʪʴ ʪʘʢʦʞ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʤʝʪʘʥʫ ʽ ʟʥʘʯʥʘ ʛʘʟʦʥʘʩʠʯʝʥʽʩʪʴ ʟʨʘʟʢʽʚ ʟ ʽʥʰʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʣʦʱ. ɺʢʣʶʯʝʥʥʷ ʫ ʜʽʘʙʘʟʽ ʟ ʥʝʨʦʟʯʣʝʥʦʚʘʥʦʛʦ ʜʦʢʨʝʡʜʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟʘ ʨʦʟʨʽʟʦʤ ʩʚ. 1-ɼʝʩʘʥʪʥʘ (ʧʣ. ɼʝʩʘʥʪʥʘ) ʤʽʩʪʷʪʴ 74,0 ʦʙ. % ʉʅ4, ʫ 

ʩʣʶʜʠʩʪʦʤʫ ʩʣʘʥʮʶ ʟ ʩʚ. 2-ʂʘʨʢʽʥʽʪʩʴʢʘ (ʧʣ. ʂʘʨʢʽʥʽʪʩʴʢʘ) ī 41,9 ʦʙ. % ʉʅ4, ʱʦ 

ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʧʦʚôʷʟʘʥʝ ʟ ʝʢʨʘʥʫʚʘʣʴʥʦʶ ʨʦʣʣʶ ʬʫʥʜʘʤʝʥʪʫ ʧʨʠ ʛʣʠʙʠʥʥʽʡ 

ʤʽʛʨʘʮʽʾ ʤʝʪʘʥʫ. ʋ ʩʢʣʘʜʽ ʛʘʟʽʚ ʟ ʚʘʧʥʷʢʽʚ ʧʣʦʱʽ ʂʘʨʢʽʥʽʪʩʴʢʘ, ʢʨʽʤ ʤʝʪʘʥʫ (ʜʦ 

94,5 ʦʙ. %), ʥʘʷʚʥʽ ʡʦʛʦ ʚʠʱʽ ʛʦʤʦʣʦʛʠ. ʇʦʢʘʟʦʚʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ 

ʤʝʪʘʥʫ ʽ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʉnʅ2n+2 (ʚʽʜʧʦʚʽʜʥʦ, ʜʦ 81,6 ʽ ʜʦ 8,9 ʦʙ. %) 

ʚʠʷʚʣʝʥʦ ʫ ʛʘʟʘʭ ʥʠʞʥʴʦʧʘʣʝʦʮʝʥʦʚʦʛʦ ʚʘʧʥʷʢʫ ʩʚ. 16-ʐʪʦʨʤʦʚʘ ʐʪʦʨʤʦʚʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʨʦʜʦʚʠʱʘ, ʷʢʠʡ ʛʽʧʩʦʤʝʪʨʠʯʥʦ ʧʘʨʘʣʝʣʽʟʫʻʪʴʩʷ ʟ ʚʽʜʢʨʠʪʠʤ 

ʧʨʦʤʠʩʣʦʚʠʤ ʧʦʢʣʘʜʦʤ. ʄʘʡʞʝ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʦʪʨʠʤʘʥʦ ʧʦ ʚʘʧʥʷʢʫ ʢʨʝʡʜʠ, 

ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʨʠʧʣʠʚ ʬʣʶʾʜʫ ʟ ʛʣʠʙʠʥʠ. ʆʪʨʠʤʘʥʽ ʬʘʢʪʠʯʥʽ 

ʜʘʥʽ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʚʘʞʣʠʚʠʡ ʢʨʠʪʝʨʽʡ ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ ʥʘʜʨ ʽ 

ʧʦʢʘʟʥʠʢ ʧʨʦʜʫʢʪʠʚʥʠʭ ʥʘ ʚʫʛʣʝʚʦʜʥʽ ʩʪʨʫʢʪʫʨ. 

ʆʪʞʝ, ʟʘ ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʦʪʨʠʤʘʥʦ ʧʝʨʝʢʦʥʣʠʚʽ 

ʜʦʢʘʟʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʬʣʶʾʜʽʚ ʫ ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ 

ʧʦʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʰʝʣʴʬʫ ʏʦʨʥʦʛʦ ʤʦʨʷ. 
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As a result of detailed geological and petrographic studies, it is proposed the Tashlyk complex of 

the Ingul megablock, referred in the chronostratigraphic scheme of the USh to the Paleoarchaean, to 

the raise to the Proterozoic Ingul-Inguletz series. ɯnvestigation of zircons by the ICP-MS method 

with laser ablation in charnokitoids, Archean zircons aged 2981 - 2796 million years were 

established. That is, the age of the protolith of the charnokitoids of the Tashlyk complex of the 

Priingul syncline is Archean, but lower than the age of the zircons from the enderbits of the 

Gaivoron complex.  

 

ʋ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʇʨʠʽʥʛʫʣʴʩʴʢʦʾ ʩʠʥʢʣʠʥʘʣʽ ɯʥʛʫʣʴʩʴʢʦʛʦ 

ʤʝʛʘʙʣʦʢʫ ʋʑ ʚʩʪʘʥʦʚʣʝʥʽ ʯʘʨʥʦʢʽʪʦʾʜʠ, ʷʢʽ ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʧʦʜʽʙʥʽ ʜʦ 

ʧʘʣʝʦʘʨʭʝʡʩʴʢʠʭ ʝʥʜʝʨʙʽʪʽʚ ʛʘʡʚʦʨʦʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʚ 

ʚʠʜʽʣʝʥʠʡ ʪʘʰʣʠʮʴʢʠʡ ʢʦʤʧʣʝʢʩ, ʚʽʜʥʝʩʝʥʠʡ ʚ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ ʩʭʝʤʽ ʜʦ 

ʧʘʣʝʦʘʨʭʝʶ [1]. ʅʘʜʘʣʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [2, 3] ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʥʷʪʠ ʪʘʰʣʠʮʴʢʠʡ ʢʦʤʧʣʝʢʩ ʚ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽʡ ʩʭʝʤʽ ʚʠʱʝ ʥʘ 

ʨʽʚʝʥʴ ʽʥʛʫʣʦ-ʽʥʛʫʣʝʮʴʢʦʾ ʩʝʨʽʾ. 
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ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʚʽʢʫ ʪʘʰʣʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʙʫʣʠ ʚʠʚʯʝʥʽ ʮʠʨʢʦʥʠ ʽʟ 

ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʜʝʢʽʣʴʢʦʭ ʚʽʜʩʣʦʥʝʥʴ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʇʨʠʽʥʛʫʣʴʩʴʢʦʾ 

ʩʠʥʢʣʠʥʘʣʽ: ʙʽʣʷ ʧʦʢʠʥʫʪʦʛʦ ʩ. ʃʘʚʨʽʚʢʘ (ʧʨʦʙʠ 4966, 4967), ʜʝ ʚʽʟʫʘʣʴʥʦ ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʝʥʜʝʨʙʽʪʠ çʛʘʡʚʦʨʦʥʩʴʢʦʛʦè ʪʠʧʫ [7, 8], ʙʽʣʷ ʭ. ɿʝʣʝʥʠʡ ɻʘʡ ʥʘ 

ʙʝʨʝʟʽ ʨ. ɹʦʢʦʚʝʥʴʢʘ (ʧʨ. 4975) ʽ ʚ ʧʦʢʠʥʫʪʦʤʫ ʢʘʨôʻʨʽ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ 

ʨ. ɺʝʨʙʣʶʞʢʘ (ʧʨ. 4986). ɺʩʽ ʚʽʜʩʣʦʥʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʝʨʛʫʚʘʥʥʷʤ 

ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʭ ʛʥʝʡʩʦʚʠʜʥʠʭ ʧʣʘʛʽʦʯʘʨʥʦʢʽʪʽʚ (ʝʥʜʝʨʙʽʪʽʚ) ʽ ʯʘʨʥʦʢʽʪʽʚ, ʷʢʽ 

ʚʽʟʫʘʣʴʥʦ ʚʘʞʢʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ. ɺʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʛʥʝʡʩʽʚ, ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʚ 

ʇʨʠʽʥʛʫʣʴʩʴʢʽʡ ʩʠʥʢʣʽʥʘʣʽ ʚʩʶʜʠ ʩʪʘʥʜʘʨʪʥʽ: ʦʩʥʦʚʫ ʩʢʣʘʜʘʶʪʴ ʛʽʧʝʨʩʪʝʥ-

ʙʽʦʪʠʪʦʚʽ ʧʣʘʛʽʦʛʥʝʡʩʠ ʩʧʘʩʽʚʩʴʢʦʾ ʩʚʽʪʠ ʽ ʟʛʽʜʥʽ ʟ ʥʠʤʠ ʛʥʝʡʩʦʚʠʜʥʽ 

ʯʘʨʥʦʢʽʪʦʾʜʠ ʯʘʩʪʦ ʟ ʦʚʘʣʦʾʜʘʤʠ ʜʽʦʧʩʠʜʦʚʠʭ ʢʨʠʩʪʘʣʦʩʣʘʥʮʽʚ. ʄʽʥʝʨʘʣʴʥʠʡ 

ʩʢʣʘʜ ʯʘʨʥʦʢʽʪʦʾʜʽʚ, %: ʧʣʘʛʽʦʢʣʘʟ ï 40-50, ʢʚʘʨʮ - 20-25, ʛʽʧʝʨʩʪʝʥ ï 10-15, 

ʙʽʦʪʠʪ ï 10-20, ʢʘʣʽʻʚʠʡ ʧʦʣʴʦʚʠʡ ʰʧʘʪ ï 7-20, ʦʜ. ʟʝʨʥʘ ʛʨʘʥʘʪʫ, ʜʽʦʧʩʠʜʫ, Ñ 

ʰʝʻʣʽʪ, ʘʢʮʝʩʦʨʥʽ: ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʤʦʥʘʮʠʪ. ʂʘʣʽʻʚʠʡ ʧʦʣʴʦʚʠʡ ʰʧʘʪ ʽ ʟʝʨʥʘ 

ʛʽʧʝʨʩʪʝʥʫ ʤʘʶʪʴ ʥʘʢʣʘʜʝʥʠʡ ʭʘʨʘʢʪʝʨ [3]. ʉʪʨʫʢʪʫʨʘ ʧʦʨʽʜ ʛʨʘʥʦʙʣʘʩʪʦʚʘ. ɺ 

ʯʘʨʥʦʢʽʪʦʾʜʘʭ ʧʨʠʩʫʪʥʽ ʮʠʨʢʦʥʠ ʜʚʦʭ ʛʝʥʝʨʘʮʽʡ. ʎʠʨʢʦʥʠ ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ - 

ʢʦʨʠʯʥʝʚʽ ʢʦʨʦʪʢʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʯʽʪʢʽ ʢʨʠʩʪʘʣʠ ʮʠʨʢʦʥʦʚʦʛʦ, ʽʥʦʜʽ ʛʽʘʮʠʥʪʦʚʦʛʦ 

ʪʠʧʫ ʟ L4 = 0,12-0,2 ʤʤ, ʂʚʠʜ. = 1,5 - 2,0. ʉʝʨʝʜ ʥʠʭ ʻ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʽ, 

ʥʘʧʽʚʧʨʦʟʦʨʽ, ʟ ʤʘʪʦʚʠʤ ʙʣʠʩʢʦʤ ʽ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʽ ʙʽʣʴʰ ʧʨʦʟʦʨʽ, ʦʜʥʦʨʽʜʥʽ, 

ʯʘʩʪʦ ʟʦʥʘʣʴʥʽ, ʟ ʤʘʪʦʚʠʤ ʘʙʦ ʩʢʣʷʥʠʤ ʙʣʠʩʢʦʤ (ʙʽʣʷ 40 %). ʂʦʨʠʯʥʝʚʽ ʽ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʽ ʮʠʨʢʦʥʠ ʯʘʩʪʦ ʤʘʶʪʴ ʦʙʣʷʤʽʚʢʠ ʮʠʨʢʦʥʽʚ ʧʽʟʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʪʦʚʱʠʥʘ 

ʷʢʠʭ ʚʘʨʽʶʻ ʚʽʜ ʩʣʘʙʦ ʧʦʤʽʪʥʠʭ ʜʦ ʪʘʢʠʭ, ʱʦ ʟʘʡʤʘʶʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʟʝʨʥʘ. 

ɯʟʦʪʦʧʥʠʡ ʚʽʢ 6 ʟʝʨʝʥ ʮʠʨʢʦʥʽʚ ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʟ ʧʨʦʙʠ ˉ 4967 ʩʪʘʥʦʚʠʪʴ ʚʽʜ 

2981 ʜʦ 2796 ʤʣʥ. ʨʦʢʽʚ ʟʘ 
207

Pb/
206

Pb. ɸʥʘʣʽʟ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʚ ɼʝʨʞʘʚʥʦʤʫ 

ʜʦʩʣʽʜʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʤ. ɹʨʽʩʪʦʣʴ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʫ Finnigan Element 2, ʦʩʥʘʱʝʥʦʛʦ ʣʘʟʝʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ New Wave 

Research UP193HE Deep-UV (193 nm) Excimerlaser. ʋ ʮʠʨʢʦʥʘʭ ʚʽʢʦʤ 2981 ʤʣʥ. 

ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʫʨʘʥʫ, ʪʦʨʽʶ, ʩʚʠʥʮʶ ʽ ʚʠʩʦʢʝ 

ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ Th/U = 0,59. ʋ ʮʠʨʢʦʥʘʭ ʚʽʢʦʤ 2796 ʤʣʥ. ʨʦʢʽʚ ʚʤʽʩʪ 

ʫʨʘʥʫ, ʪʦʨʽʶ ʽ ʩʚʠʥʮʶ ʟʤʝʥʰʫʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 184, 40, 106 ppm. 

ɿʤʝʥʰʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ Th/U ʚʽʜʥʦʰʝʥʥʷ ʜʦ 0,22. ɿʥʠʞʝʥʥʷ ʚʽʢʫ ʮʠʨʢʦʥʽʚ 

ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʙʝʟ ʩʫʤʥʽʚʫ, ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʥʦʾ ʧʦʜʽʾ (ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʤʫ?) ʚʽʢʦʤ ʙʽʣʷ 2,0Ñ0,1 ʤʣʨʜ. ʨʦʢʽʚ, ʷʢʘ 

ʤʘʣʘ ʤʽʩʮʝ ʚ ɯʥʛʫʣʴʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ. ʋ ʯʘʨʥʦʢʽʪʦʾʜʘʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟôʷʚʣʷʻʪʴʩʷ 

ʥʦʚʠʡ (ʶʚʝʥʽʣʴʥʠʡ?) ʮʠʨʢʦʥ, ʚʽʜʥʝʩʝʥʠʡ ʥʘʤʠ ʜʦ ʧʽʟʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʮʠʨʢʦʥʫ ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʧʨʦʟʦʨʽʩʪʶ, ʩʠʣʴʥʠʤ 

çʜʦʨʦʛʦʮʽʥʥʠʤè ʙʣʠʩʢʦʤ, ʽʥʦʜʽ ʞʠʨʥʠʤ, ʨʽʟʥʦʶ ʬʦʨʤʦʶ ʟʝʨʝʥ ʚʽʜ ʦʢʨʫʛʣʝʥʦʾ 

ʜʦ ʚʠʜʦʚʞʝʥʦʾ ʘʙʦ ʧʨʠʟʤʘʪʠʯʥʦʾ, ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʠʤ ʘʙʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʠʤ 

ʢʦʣʴʦʨʦʤ, ʽʥʦʜʽ ʟ ʯʝʨʚʦʥʫʚʘʪʠʤ ʚʽʜʪʽʥʢʦʤ.  

ʈʘʟʦʤ ʟ ʮʠʨʢʦʥʦʤ ʧʽʟʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʯʘʨʥʦʢʽʪʽ ʻ ʤʦʥʘʮʠʪ, ʚʽʢ ʷʢʦʛʦ 

2031,1Ñ3 ʤʣʥ. ʨʦʢʽʚ. 

ʇʨʠʩʫʪʥʽʩʪʴ ʚ ʯʘʨʥʦʢʽʪʦʾʜʘʭ ʪʘʰʣʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʮʠʨʢʦʥʫ ʘʨʭʝʡʩʴʢʦʛʦ 

ʚʽʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʯʘʨʥʦʢʽʪʦʾʜʠ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʜʨʝʚʥʽʭ 

ʘʨʭʝʡʩʴʢʠʭ ʧʦʨʽʜ, ʚ ʷʢʠʭ 2,0Ñ0,1 ʤʣʨʜ ʨ. ʪʦʤʫ ʥʘʟʘʜ ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʧʦʧʫʣʷʮʽʾ 
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ʮʠʨʢʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʮʠʨʢʦʥʽʚ ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʥʦʩʫ ʮʠʨʢʦʥʽʶ ʤʘʛʤʘʪʠʯʥʠʤʠ ʬʣʶʾʜʘʤʠ ʧʽʜ ʯʘʩ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʦʾ ʧʦʜʽʾ 

(ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʤʫ?). ɿʛʽʜʥʦ ʛʝʥʝʨʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ                 

ɯ.ɺ. ʅʦʩʠʨʻʚʠʤ, ɺ.ʄ. ʈʦʙʫʣ [4], ʘʨʭʝʡʩʴʢʽ ʮʠʨʢʦʥʠ ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ 

(ʢʦʨʦʪʢʦ-ʧʨʠʟʤʘʪʠʯʥʽ ʢʨʠʩʪʘʣʠ ʟ ʯʽʪʢʠʤʠ ʬʦʨʤʘʤʠ ʮʠʨʢʦʥʦʚʦʛʦ, ʨʽʜʰʝ 

ʛʽʘʮʠʥʪʦʚʦʛʦ ʪʠʧʫ, ʯʘʩʪʦ ʪʦʥʢʦʟʦʥʘʣʴʥʽ), ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʩʠʥʧʝʪʨʦʛʝʥʥʠʭ 

ʮʠʨʢʦʥʽʚ ʘʨʭʝʡʩʴʢʠʭ ʛʨʘʥʽʪʦʾʜʽʚ (ʚʫʣʢʘʥʽʪʽʚ) ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʾ ʽ ʜʦ 

ʨʝʣʽʢʪʦʚʠʭ ʚ ʧʨʦʪʝʨʦʟʦʾ. ɿʘ [4] ʜʦ ʨʝʣʽʢʪʦʚʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʮʠʨʢʦʥʠ, ʱʦ 

ʫʪʚʦʨʠʣʠʩʷ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʽʩʥʫʶʯʦʾ ʘʩʦʮʽʘʮʽʾ ʧʦʨʦʜʦʫʪʚʦʨʶʶʯʠʭ ʤʽʥʝʨʘʣʽʚ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʽ ʟʘʣʠʰʠʣʠʩʴ ʚ ʧʦʨʦʜʽ ʚ ʧʨʦʮʝʩʽ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. ʈʝʣʽʢʪʦʚʽ 

ʮʠʨʢʦʥʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʫʪʴ ʙʫʪʠ ʮʠʨʢʦʥʘʤʠ ʧʨʦʪʦʣʽʪʫ ʜʘʥʦʾ ʧʦʨʦʜʠ, ʷʢ ʚ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʘʙʦ ʢʩʝʥʦʛʝʥʥʠʤʠ ʮʠʨʢʦʥʘʤʠ.  

ʎʠʨʢʦʥʠ ʧʽʟʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʫʪʚʦʨʝʥʽ 2,0Ñ0,1 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ, ʟʘ ʟʦʚʥʽʰʥʽʤ 

ʚʠʛʣʷʜʦʤ (ʧʨʦʟʦʨʽʩʪʴ, ʦʜʥʦʨʽʜʥʽʩʪʴ, ʢʦʰʪʦʚʥʠʡ ʙʣʠʩʢ, ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤ - 

ʚʽʜ ʦʢʨʫʛʣʝʥʦʾ ʜʦ ʚʠʜʦʚʞʝʥʦ-ʧʨʠʟʤʘʪʠʯʥʦʾ) ʚʽʜʧʦʚʽʜʘʶʪʴ çʥʘʢʣʘʜʝʥʠʤè 

ʮʠʨʢʦʥʘʤ, ʷʢʽ ʟʘ [4] ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ʥʘʢʣʘʜʝʥʠʭ ʝʥʜʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʇʨʠʩʫʪʥʽʩʪʴ ʚ ʯʘʨʥʦʢʽʪʦʾʜʘʭ ʪʘʰʣʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʮʠʨʢʦʥʫ ʘʨʭʝʡʩʴʢʦʛʦ 

ʚʽʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʯʘʨʥʦʢʽʪʦʾʜʠ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʜʘʚʥʽʭ 

ʘʨʭʝʡʩʴʢʠʭ ʧʦʨʽʜ (ʛʨʘʥʽʪʦʾʜʽʚ ʘʙʦ ʚʫʣʢʘʥʽʪʽʚ ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʾ), ʚ ʷʢʠʭ  

2,0Ñ0,1 ʤʣʨʜ. ʨ. ʪʦʤʫ ʥʘʟʘʜ ʫʪʚʦʨʠʣʠʩʴ ʥʦʚʽ ʧʦʧʫʣʷʮʽʾ ʮʠʨʢʦʥʽʚ 

ʨʘʥʥʴʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ, ʡʤʦʚʽʨʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʷʢ ʨʫʡʥʫʚʘʥʥʷ ʮʠʨʢʦʥʽʚ 

ʨʘʥʥʴʦʾ ʛʝʥʝʨʘʮʽʾ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʥʦʩʫ ʮʠʨʢʦʥʽʶ ʤʘʛʤʘʪʠʯʥʠʤʠ ʬʣʶʾʜʘʤʠ 

ʧʽʜ ʯʘʩ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʦʾ ʧʦʜʽʾ (ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʤʫ?).    

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʢ ʧʨʦʪʦʣʽʪʫ ʯʘʨʥʦʢʽʪʦʾʜʽʚ ʪʘʰʣʠʮʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʇʨʠʽʥʛʫʣʴʩʴʢʦʾ ʩʠʥʢʣʽʥʘʣʽ ʘʨʭʝʡʩʴʢʠʡ, ʘʣʝ ʤʝʥʰʠʡ ʥʽʞ ʚʽʢ ʮʠʨʢʦʥʽʚ ʽʟ 

ʝʥʜʝʨʙʽʪʽʚ ʛʘʡʚʦʨʦʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ.  

ʇʨʠ ʢʘʨʪʫʚʘʥʥʽ ʛʥʝʡʩʦʚʠʜʥʽ ʯʘʨʥʦʢʽʪʦʾʜʠ ʯʘʩʪʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʙʽʦʪʠʪ-

ʛʽʧʝʨʩʪʝʥʦʚʽ ʛʥʝʡʩʠ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʧʘʩʽʚʩʴʢʦʾ ʩʚʽʪʠ. ʗʢ ʚʚʘʞʘʚ  ɯ.ɹ. ʑʝʨʙʘʢʦʚ 

[3], ʮʽ ʛʥʝʡʩʦʚʠʜʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʧʦʨʦʜʠ ʟʘ ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʟ ʨʽʚʥʠʤ 

ʧʨʘʚʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʽ ʷʢ ʛʥʝʡʩʠ, ʽ ʷʢ ʛʥʝʡʩʦʚʠʜʥʽ ʯʘʨʥʦʢʽʪʦʾʜʠ, ʘ ʟ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʧʦʟʠʮʽʡ ʾʭ ʤʦʞʥʘ ʥʘʟʠʚʘʪʠ ʛʽʧʝʨʩʪʝʥ-ʙʽʦʪʠʪʦʚʠʤʠ ʛʥʝʡʩʘʤʠ ʽ 

ʧʣʘʛʽʦʛʥʝʡʩʘʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʧʨʦʪʦʣʽʪʠ ʩʧʘʩʽʚʩʴʢʦʾ 

ʩʚʽʪʠ ʪʘʢʦʞ ʘʨʭʝʡʩʴʢʦʛʦ ʚʽʢʫ.  
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It is proposed to add rocks to one complex according to the following features: main, equivalent 

features: 1) bedding of rocks and geological relationships; 2) proved isotopic data. The first one is 

preferred if proved radiogeochronological results are absent or available data are controversial. 

Important features: 3) physical properties of rocks and their reflection in geophysical fields; 

4) chemical composition; 5) geochemical features and metallogenic specialization. Minor features: 

6) mineralogical and petrographic composition; 7) color of rocks. 

 

ʂʦʨʝʣʷʮʽʡʥʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʘ ʩʭʝʤʘ ʨʘʥʥʴʦʛʦ ʜʦʢʝʤʙʨʽʶ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ 

2004 ʨ. [1] (ʜʘʣʽ ʉʭʝʤʘ) ʟʘ ʩʚʦʾʤ ʥʘʧʦʚʥʝʥʥʷʤ  ̒ʻʜʠʥʦʶ  ̔ʫʥʽʢʘʣʴʥʦʶ ʩʝʨʝʜ 

ʽʩʥʫʶʯʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʩʭʝʤ, ʦʩʢʽʣʴʢʠ ʚ ʥʽʡ ʧʨʘʢʪʠʯʥʦ ʧʦʣʦʚʠʥʫ ʦʙʩʷʛʫ 

ʟʘʡʤʘʶʪʴ ʥʝʩʪʨʘʪʠʬʽʢʦʚʘʥʽ ʫʪʚʦʨʝʥʥʷ, ʱʦ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ ʢʦʤʧʣʝʢʩʽʚ: 

ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʽ (ʘʚʪʦʭʪʦʥʥʽ ʪʘ ʧʘʨʘʘʚʪʦʭʪʦʥʥʽ) ʪʘ ʤʘʛʤʘʪʠʯʥʦ-ʽʥʪʨʫʟʠʚʥʽ. 

ʗʢʱʦ ʚʢʣʶʯʝʥʥʷ ʜʦ ʉʭʝʤʠ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ 

ʾʭʥʽʤʠ ʪʽʩʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʥʝʪʠʯʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʟʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤʠ 

ʦʜʠʥʠʮʷʤʠ, ʪʦ ʥʘʷʚʥʽʩʪʴ ʚ ʥʽʡ ʤʘʛʤʘʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʛʣʷʜʘʻ ʥʘ ʧʝʨʰʠʡ 

ʧʦʛʣʷʜ ʥʝʣʦʛʽʯʥʠʤ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʉʭʝʤʠ ʻ ʪʨʘʜʠʮʽʡʥʦʶ ʜʣʷ 

ʫʢʨʘʾʥʩʴʢʠʭ ʛʝʦʣʦʛʽʚ ʪʘ ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʦʶ. ʉʘʤʝ ʟʘʚʜʷʢʠ ʚʽʢʦʚʦʤʫ 

ʧʦʣʦʞʝʥʥʶ ʤʘʛʤʘʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʚʠʟʥʘʯʝʥʦʤʫ ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʪʘ ʾʭʥʽʤ ʛʝʦʣʦʛʽʯʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʟ ʩʝʨʽʷʤʠ, ʩʚʽʪʘʤʠ, ʪʦʚʱʘʤʠ 

ʚʜʘʚʘʣʦʩʷ ʚʠʟʥʘʯʠʪʠ ʚʽʢʦʚʝ ʪʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʦʩʪʘʥʥʽʭ. ʊʦʤʫ ʚ 

ʧʨʦʮʝʩʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ ʪʘ 

ʤʘʛʤʘʪʠʯʥʦ-ʽʥʪʨʫʟʠʚʥʠʭ (ʤʘʛʤʘʪʠʯʥʠʭ) ʧʦʨʽʜ ʤʘʣʦ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʜʣʷ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ 

ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪʘʭ. ʈʘʟʦʤ ʟ ʪʠʤ, ʢʦʣʠ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʨʝʧʝʨʥʽ ʽʟʦʪʦʧʥʽ ʜʘʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʥʠʞʥʶ ʪʘ ʚʝʨʭʥʶ ʚʽʢʦʚʫ ʤʝʞʫ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ, ʚʠʜʽʣʝʥʥʷ ʚ 

ʉʭʝʤʽ ʤʘʛʤʘʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʪʨʘʪʠʪʴ ʩʚʦʶ ʨʦʣʴ.  

ɺ ʧʨʘʢʪʠʮʽ ʫʢʨʘʾʥʩʴʢʠʭ ʛʝʦʣʦʛʽʚ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʨʠʥʮʠʧʽʚ ʚʠʜʽʣʝʥʥʷ 

ʤʘʛʤʘʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ ʧʝʪʨʦʣʦʛʽʯʥʠʡ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ 
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ʧʦʢʣʘʜʝʥʦ ʤʽʥʝʨʘʣʴʥʠʡ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʽ ʽ 

ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʝʪʘʣʦʛʝʥʽʯʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʪʦʱʦ. ɺ ʤʝʞʘʭ ʨʽʟʥʠʭ 

ʤʝʛʘʙʣʦʢʽʚ ʋʑ ʟʘ ʮʠʤ ʧʨʠʥʮʠʧʦʤ ʚʠʜʽʣʝʥʦ ʱʦ ʥʘʡʤʝʥʰʝ ʧʽʚʩʦʪʥʽ ʢʦʤʧʣʝʢʩʽʚ 

[3]. ʆʜʥʘʢ, ʚ ʧʨʦʮʝʩʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʦʰʠʨʝʥʠʤʠ 

ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʨʘʡʦʥʫ ʢʦʤʧʣʝʢʩʘʤʠ ʯʘʩʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʟ'ʷʩʦʚʘʥʠʤʠ. 

ɺʦʜʥʦʯʘʩ ʙʽʣʴʰʽʩʪʴ ʚʽʜʤʽʥʥʠʭ ʟʘ ʧʝʨʝʣʽʯʝʥʠʤʠ ʚʠʱʝ ʦʟʥʘʢʘʤʠ ʧʦʨʽʜ ʚ ʪʦʡ ʯʠ 

ʽʥʰʠʡ ʩʧʦʩʽʙ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʛʝʦʣʦʛʽʯʥʽʡ ʢʘʨʪʽ ʨʽʟʥʠʤ ʢʨʘʧʦʤ, ʽʥʜʝʢʩʘʤʠ 

ʪʦʱʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʰʪʫʯʥʦʛʦ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʟʘ ʧʝʚʥʠʤʠ 

ʚʘʨʽʘʮʽʷʤʠ ʬʽʟʠʯʥʠʭ, ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʪʠʯʥʦ 

ʧʦʻʜʥʘʥʦʾ, ʦʜʥʦʚʽʢʦʚʦʾ ʛʨʫʧʠ ʧʦʨʽʜ ʥʘ ʦʢʨʝʤʽ ʢʦʤʧʣʝʢʩʠ. 

ɻʝʦʭʨʦʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʻ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʽ 

ʜʽʻʚʠʤ ʜʣʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʚʜʷʢʠ ʮʠʬʨʦʚʦʤʫ 

ʚʠʨʘʞʝʥʥʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʝʟʟʘʧʝʨʝʯʥʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʘʤʝ 

ʟʘʚʜʷʢʠ ʨʘʜʽʦʛʝʦʭʨʦʥʦʣʦʛʽʯʥʦʤʫ ʤʝʪʦʜʫ ʙʽʣʴʰʽʩʪʴ ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ 

ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʋʑ ʥʘʜʽʡʥʦ ʧʨʦʜʘʪʦʚʘʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ 

ʉʭʝʤʽ ʜʘʣʦ ʟʤʦʛʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʩʪʨʘʪʠʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʭ ʪʦʚʱ, ʧʨʦʩʪʦʨʦʚʦ, ʘ ʧʦʜʝʢʫʜʠ ʡ ʛʝʥʝʪʠʯʥʦ (ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʩʪʦʩʦʚʥʦ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ) ʟ ʥʠʤʠ ʧʦʻʜʥʘʥʠʭ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʘʚʽʪʴ ʚʠʩʦʢʦʪʦʯʥʽ ʜʘʥʽ ʨʘʜʽʦʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʘʤʦʜʦʩʪʘʪʥʽʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʾ ʛʝʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʧʦʨʽʜ, ʷʢʽ ʧʨʝʪʝʨʧʽʣʠ ʽʥʪʝʥʩʠʚʥʽ ʪʘ ʥʝʦʜʥʦʨʘʟʦʚʽ ʪʝʢʪʦʥʦ-

ʪʝʨʤʘʣʴʥʽ ʧʦʜʽʾ. ɸ ʩʘʤʝ ʪʘʢʠʤʠ ʚ ʧʝʨʝʚʘʞʥʽʡ ʩʚʦʾʡ ʙʽʣʴʰʦʩʪʽ ʻ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽ 

ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʴʢʽ ʧʦʨʦʜʠ ʋʑ. 

ʗʢ ʞʝ ʚʠʢʦʥʘʥʦ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʤʘʛʤʘʪʠʯʥʠʭ ʽ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ʋʑ ʚ ʯʠʥʥʽʡ ʉʭʝʤʽ? ɹʝʟʧʝʨʝʯʥʦ, ʥʘ ʯʘʩ ʾʾ ʩʪʚʦʨʝʥʥʷ, ʘ ʮʝ ʧʦʯʘʪʦʢ 

2000-ʭ ʨʦʢʽʚ, ʧʦʢʘʟʘʥʽ ʚ ʥʽʡ ʢʦʤʧʣʝʢʩʠ ʦʧʪʠʤʘʣʴʥʦ ʚʽʜʦʙʨʘʞʘʣʠ ʥʘʡʤʝʥʰ 

ʩʫʧʝʨʝʯʣʠʚʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʦʚʽʨʥʠʡ ʚʘʨʽʘʥʪ ʾʭʥʴʦʛʦ ʚʠʨʽʟʥʝʥʥʷ. ʊʠʤ 

ʙʽʣʴʰʝ, ʚʽʥ ʙʘʟʫʚʘʚʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʛʝʦʣʦʛʦ-ʟʡʦʤʦʯʥʠʭ ʨʦʙʽʪ, ʱʦ 

ʘʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʩʢʣʘʜʽ ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ɼʝʨʞʛʝʦʣʢʘʨʪʠ-200. ɺʦʜʥʦʯʘʩ, ʥʦʚʠʡ ʬʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʷʚʠʚ ʜʦ ʮʴʦʛʦ 

ʥʝʚʽʜʦʤʽ ʬʘʢʪʠ, ʷʢʽ ʧʦʯʘʣʠ ʚʭʦʜʠʪʠ ʚ ʧʨʦʪʠʨʽʯʯʷ ʟ ʧʨʠʡʥʷʪʠʤ ʨʦʟʯʣʝʥʫʚʘʥʥʷʤ 

ʤʘʛʤʘʪʠʯʥʠʭ (ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ) ʫʪʚʦʨʝʥʴ, ʧʽʜʩʠʣʠʚ ʜʠʩʢʫʩʽʡʥʽʩʪʴ ʦʢʨʝʤʠʭ 

ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ, ʷʢʽ ʨʘʥʽʰʝ ʚʚʘʞʘʣʠʩʷ ʥʝʩʫʪʪʻʚʠʤʠ. 

ɺ ʢʦʤʧʣʝʢʩ ʦʙôʻʜʥʫʚʘʣʠʩʷ ʤʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ, ʱʦ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʷʚʫ ʦʜʥʦʛʦ ʝʪʘʧʫ ʤʘʛʤʘʪʠʟʤʫ (ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʤʫ). ʇʨʠ ʮʴʦʤʫ 

ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʽ ʧʦʨʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʦʩʪʦʨʦʚʦ ʧʦʻʜʥʘʥʠʤʠ ʽ ʤʘʪʠ ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʩʫʙʩʪʨʘʪ, ʪʦʙʪʦ ʟʘʤʽʱʫʚʘʪʠ ʧʦʨʦʜʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ 

ʧʽʜʨʦʟʜʽʣʫ. ʅʘ ʞʘʣʴ ʚ ʦʜʥʠʭ ʚʠʧʘʜʢʘʭ ʮʝ ʙʫʣʠ ʩʝʨʽʾ, ʥʘʧʨʠʢʣʘʜ ʛʨʘʥʽʪʠ 

ʢʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦ ʩʫʧʝʨʢʨʫʩʪʘʣʴʥʠʭ ʧʦʨʦʜʘʭ 

ʽʥʛʫʣʦ-ʽʥʛʫʣʝʮʴʢʦʾ, ʛʨʘʥʽʪʠ ʞʠʪʦʤʠʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ï ʧʦ ʧʦʨʦʜʘʭ 

ʪʝʪʝʨʽʚʩʴʢʦʾ ʩʝʨʽʡ, ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʢʦʤʧʣʝʢʩʠ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʚʽʪ ʘʙʦ 

ʪʦʚʱ. ɿʦʢʨʝʤʘ, ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ ʰʝʨʝʤʝʪʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʣʠʰʝ ʧʦ ʧʦʨʦʜʘʭ ʥʠʞʥʴʦʾ (ʚʘʩʠʣʽʚʩʴʢʦʾ) ʩʚʽʪʠ ʪʝʪʝʨʽʚʩʴʢʦʾ ʩʝʨʽʾ, ʘ ʛʨʘʥʽʪʠ 
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ʙʝʨʜʠʯʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ï ʧʦ ʙʝʨʝʟʥʠʥʩʴʢʽʡ, ʧʦʙʫʟʴʢʦʛʦ ï ʧʦ 

ʟʝʣʝʥʦʣʝʚʘʜʽʚʩʴʢʽʡ ʪʦʚʱʘʭ. ɹʘʛʘʪʦ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʟ ʚʠʜʽʣʝʥʥʷʤ ʤʘʛʤʘʪʠʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʚ ʈʦʩʠʥʩʴʢʦ-ʊʽʢʠʮʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ, ʜʝ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʚʠʜʽʣʝʥʦ 

ʩʪʘʚʠʱʘʥʩʴʢʠʡ ʪʘ ʫʤʘʥʩʴʢʠʡ ʽ ʜʝʱʦ ʥʠʞʯʝ ʛʘʡʩʠʥʩʴʢʠʡ ʪʘ ʟʚʝʥʠʛʦʨʦʜʩʴʢʠʡ 

ʢʦʤʧʣʝʢʩʠ. ɺʦʜʥʦʯʘʩ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ 

ʚʽʢʦʚʽ ʤʝʞʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʽʜ ʮʠʭ ʯʦʪʠʨʴʦʭ ʢʦʤʧʣʝʢʩʽʚ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ. ʑʝ 

ʙʽʣʴʰ ʩʢʣʘʜʥʘ ʩʠʪʫʘʮʽʷ ʚ ʇʨʠʘʟʦʚʩʴʢʦʤʫ ʤʝʛʘʙʣʦʮʽ, ʜʝ ʫ ʚʽʢʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 

2100-2000 ʤʣʥ. ʨʦʢʽʚ ʚʠʜʽʣʝʥʦ ʰʽʩʪʴ ʢʦʤʧʣʝʢʩʽʚ, ʪʨʠ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʠʭ ï 

ʢʘʨʘʪʶʮʴʢʠʡ, ʩʘʣʪʠʯʘʥʩʴʢʠʡ ʽ ʦʜʥʦʚʽʢʦʚʠʡ ʡʦʤʫ ʘʥʘʜʦʣʴʩʴʢʠʡ ʪʘ ʪʨʠ 

ʽʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʥʠʭ ï ʦʙʽʪʦʯʥʝʥʩʴʢʠʡ, ʯʝʨʥʽʛʽʚʩʴʢʠʡ ʪʘ ʭʣʽʙʦʜʘʨʽʚʩʴʢʠʡ. 

ɿ ʤʝʪʦʶ ʫʥʽʬʽʢʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʟʥʝʥʥʷ ʤʘʛʤʘʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʋʑ 

ʧʨʦʧʦʥʫʻʤʦ ʜʣʷ ʦʙʛʦʚʦʨʝʥʥʷ  ʥʘʩʪʫʧʥʝ: 

 ʚ ʤʘʛʤʘʪʠʯʥʽ ʢʦʤʧʣʝʢʩʠ ʦʙôʻʜʥʫʚʘʪʠ ʧʦʨʦʜʠ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚʧʨʦʜʦʚʞ 
ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʝʥʜʦʛʝʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʤʘʛʤʘʪʠʟʤ, 

ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʤ, ʤʝʪʘʩʦʤʘʪʠʟʤ ʪʘ ʽʥ.), ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʠʪʠ ʧʦʜʽʣ ʥʘ 

ʽʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʥʽ ʪʘ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʽ ʢʦʤʧʣʝʢʩʠ; 

 ʽʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʥʽ ʢʦʤʧʣʝʢʩʠ ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠ ʧʦʨʦʜʠ ʥʝ ʟʚʘʞʘʶʯʠ 

ʥʘ ʾʭʥʽʡ ʩʢʣʘʜ (ʢʠʩʣʽ, ʩʝʨʝʜʥʽ, ʦʩʥʦʚʥʽ, ʪʦʱʦ) ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʾʭʥʶ 

ʛʝʥʝʪʠʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ; 

 ʧʦʨʦʜʠ (ʛʨʘʥʽʪʦʾʜʠ), ʷʢʽ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʚ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʚ ʷʢʦʩʪʽ ʩʫʙʩʪʨʘʪʫ ʧʦʨʦʜʠ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ, ʱʦ ʚ 

ʉʭʝʤʽ ʚʠʜʽʣʝʥʽ ʥʘ ʨʽʚʥʽ ʩʝʨʽʾ. 

ɼʦ ʩʢʣʘʜʫ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʥʦʩʠʪʠ ʧʦʨʦʜʠ ʟʘ 

ʥʘʚʝʜʝʥʠʤʠ ʥʠʞʯʝ ʦʟʥʘʢʘʤʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʛʨʘʥʽʪʦʾʜʽʚ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ɺ.ʄ. ʉʢʦʙʝʣʻʚʠʤ [2]: 

ɻʦʣʦʚʥʽ, ʨʽʚʥʦʟʥʘʯʥʽ ʦʟʥʘʢʠ:  
1) ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ, ʛʝʦʣʦʛʽʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ;  

2) ʨʝʧʝʨʥʝ ʽʟʦʪʦʧʥʝ ʜʘʪʫʚʘʥʥʷ (ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʠʭ ʘʙʦ ʥʘʷʚʥʠʭ 

ʩʫʧʝʨʝʯʣʠʚʠʭ ʨʘʜʽʦʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʛʝʦʣʦʛʽʯʥʠʤ 

ʦʟʥʘʢʘʤ). 

ɺʘʞʣʠʚʽ ʦʟʥʘʢʠ:  

3) ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʜ ʪʘ ʧʨʦʷʚ ʫ ʬʽʟʠʯʥʠʭ ʧʦʣʷʭ; 

4) ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ;  

5) ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʤʝʪʘʣʦʛʝʥʽʯʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ. 

ɼʨʫʛʦʨʷʜʥʽ ʦʟʥʘʢʠ:  
6) ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʟʤʽʥʠ ʜʦ ʉʭʝʤʠ:  

ɺʦʣʠʥʩʴʢʠʡ ʤʝʛʘʙʣʦʢ: ʦʙôʻʜʥʘʪʠ ʛʨʘʥʽʪʦʾʜʠ ʞʠʪʦʤʠʨʩʴʢʦʛʦ ʪʘ 

ʧʣʘʛʽʦʛʨʘʥʽʪʠ ʰʝʨʝʤʝʪʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʽʚ ʫ ʩʢʣʘʜʽ ʻʜʠʥʦʛʦ ʞʠʪʦʤʠʨʩʴʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. 

ʈʦʩʠʥʩʴʢʦ-ʊʽʢʠʮʴʢʠʡ ʤʝʛʘʙʣʦʢ: ʫʩʽ ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʽ ʛʨʘʥʽʪʠ 

(ʩʪʘʚʠʱʘʥʩʴʢʠʡ, ʫʤʘʥʩʴʢʠʡ ʢʦʤʧʣʝʢʩʠ) ʚʠʜʽʣʠʪʠ ʚ ʩʢʣʘʜʽ ʻʜʠʥʦʛʦ ʫʤʘʥʩʴʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. 
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ɼʥʽʩʪʨʦʚʩʴʢʦ-ɹʫʟʴʢʠʡ ʤʝʛʘʙʣʦʢ: ʣʽʢʚʽʜʫʚʘʪʠ ʣʽʪʠʥʩʴʢʠʡ ʤʝʟʦʘʨʭʝʡʩʴʢʠʡ 

ʢʦʤʧʣʝʢʩ, ʦʩʢʽʣʴʢʠ ʣʽʪʦʪʠʧʦʚʽ ʘʥʪʠʧʝʨʪʠʪʦʚʽ ʝʥʜʝʨʙʽʪʠ (ʃʽʪʠʥʩʴʢʠʡ ʢʘʨôʻʨ) 

ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʾ (2034Ñ5 ʤʣʥ. ʨʦʢʽʚ ʪʦʤʫ), ʩʠʥʭʨʦʥʥʦ ʟ 

ʛʨʘʥʽʪʦʾʜʘʤʠ ʙʝʨʜʠʯʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɸʥʪʠʧʝʨʪʠʪʦʚʽ ʝʥʜʝʨʙʽʪʠ ʽ ʯʘʨʥʦʢʽʪʠ 

ʤʝʛʘʙʣʦʢʫ ʚʽʜʥʝʩʪʠ ʜʦ ʩʢʣʘʜʫ ʙʝʨʜʠʯʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ; ʧʝʨʝʤʽʩʪʠʪʠ 

ʧʨʦʙʫʟʴʢʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʜʠʥ ʨʽʚʝʥʴ ʟ ʙʝʨʜʠʯʽʚʩʴʢʠʤ, ʦʩʢʽʣʴʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʤʦʥʘʮʠʪʽʚ ʽʟ ʂ-Na-ʛʨʘʥʽʪʽʚ ʉʝʨʝʜʥʴʦʛʦ 

ʇʦʙʫʞʞʷ (ʧʦʙʫʟʴʢʠʡ ʢʦʤʧʣʝʢʩ) ʚʦʥʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʫ ʚʽʢʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 2,04-

1,08 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ.  

ɯʥʛʫʣʴʩʴʢʠʡ ʤʝʛʘʙʣʦʢ: ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʽ ʛʨʘʥʽʪʦʾʜʠ ɯʥʛʫʣʴʩʴʢʦʛʦ 

ʤʝʛʘʙʣʦʢʫ ʜʦʮʽʣʴʥʦ ʦʙôʻʜʥʘʪʠ ʚ ʦʜʠʥ (ʥʘʧʨʠʢʣʘʜ, ʢʨʦʧʠʚʥʠʮʴʢʠʡ) ʢʦʤʧʣʝʢʩ, 

ʟʘʣʠʰʠʚʰʠ ʚ ʩʢʣʘʜʽ ʥʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʣʠʰʝ ʛʘʙʨʦʾʜʠ, ʽʥʪʨʫʟʠʚʥʘ ʧʨʠʨʦʜʘ ʷʢʠʭ 

ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʽʚ.  

ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʤʝʛʘʙʣʦʢ: ʜʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʢʦʤʧʣʝʢʩ 

ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʨʽʚʥʽ 3,19-2,96 ʤʣʨʜ. ʨʦʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʫʨʘʥ-

ʩʚʠʥʮʝʚʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʘʢʮʝʩʦʨʥʠʭ ʮʠʨʢʦʥʽʚ; ʟʘʨʘʭʫʚʘʪʠ ʜʦ ʩʢʣʘʜʫ 

ʩʫʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʚʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʣʫʪʦʥʽʯʥʽ ʧʣʘʛʽʦʛʨʘʥʽʪʠ, ʷʢʽ ʥʘʨʘʟʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʦʛʦ ʜʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ; 

ʚʠʨʽʟʥʠʪʠ ʚ ʩʘʤʦʩʪʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʩʫʙʚʫʣʢʘʥʽʯʥʽ ʧʣʘʛʽʦʛʨʘʥʽʪʦʾʜʠ, ʷʢʽ 

ʨʦʟʚʠʥʝʥʽ ʣʠʰʝ ʚ ʤʝʞʘʭ ʟʝʣʝʥʦʢʘʤ'ʷʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʟ ʷʢʠʤʠ ʧʦʚ'ʷʟʘʥʝ 

ʟʨʫʜʝʥʽʥʥʷ ʟʦʣʦʪʘ ʽ ʤʦʣʽʙʜʝʥʫ. 

ʇʨʠʘʟʦʚʩʴʢʠʡ ʤʝʛʘʙʣʦʢ: ʜʦʙʨʦʧʽʣʴʩʴʢʠʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʥʝʩʪʠ ʥʘ ʨʽʚʝʥʴ 

2100-2080 ʤʣʥ. ʨʦʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʽʟʦʪʦʧʥʦʛʦ 

ʜʘʪʫʚʘʥʥʷ. 
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Comparative analysis of the composition of natural hydrocarbons has been carried out within the 

limits of the Western region based on the main structural-tectonic elements of the region: outer and 

inner zones of the Precarpathian deep, the Transcarpathian deep and the Lviv Paleozoic deep; 

within the Eastern region ï the Northern edge of the deep and the deep itself; within the Southern 

region ï water area and land. On this basis the definite zonality of the distribution of hydrocarbon 

components of natural gases within the bounds of the oil-gas regions has been determined. Such 

different composition of gases testifies to independent sources of hydrocarbon supply and different 

duration of migration of the latter.  

 

ɿʘʭʽʜʥʠʡ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʂʘʨʧʘʪʩʴʢʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ ʪʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 3 ʥʘʬʪʦʛʘʟʦʥʦʩʥʽ ʦʙʣʘʩʪʽ: 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʫ, ʦʙʣʘʩʪʴ ʉʢʣʘʜʯʘʩʪʠʭ ʂʘʨʧʘʪ  ̔ ɿʘʢʘʨʧʘʪʩʴʢʫ ʪʘ ɺʦʣʠʥʦ-

ʇʦʜʽʣʴʩʴʢʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʫ ʦʙʣʘʩʪʴ. ʆʩʥʦʚʥʦʶ ʻ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʘ, ʜʝ ʥʘ 

ʩʴʦʛʦʜʥʽ ʥʘʣʽʯʫʻʪʴʩʷ ʧʦʥʘʜ 90 ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʢʨʝʡʜʦʚʦ-ʧʘʣʝʦʛʝʥʦʚʦʤʫ ʬʣʽʰʽ ɺʥʫʪʨʽʰʥʴʦʾ 

ʟʦʥʠ, ʘ ʛʘʟʦʚʠʭ ï ʫ ʤʦʣʘʩʘʭ ʙʘʜʝʥʽʶ ʽ ʩʘʨʤʘʪʫ ɿʦʚʥʽʰʥʴʦʾ ʟʦʥʠ 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ. ʇʦʢʣʘʜʠ ʚʫʛʣʝʚʦʜʥʽʚ ʚʠʷʚʣʝʥʽ ʪʘʢʦʞ ʫ 

ʧʣʘʪʬʦʨʤʝʥʠʭ ʧʦʨʦʜʘʭ ʢʨʝʡʜʦʚʦʛʦ ʽ ʶʨʩʴʢʦʛʦ ʚʽʢʫ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʬʫʥʜʘʤʝʥʪ 

ʧʨʦʛʠʥʫ. ʋ ʉʢʠʙʦʚʽʡ ʟʦʥʽ ʚʠʷʚʣʝʥʦ ʚʩʴʦʛʦ 2 ʥʘʬʪʦʚʽ ʨʦʜʦʚʠʱʘ, ʘ ʫ 

ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʧʨʦʛʠʥʽ ï 4 ʛʘʟʦʚʽ.  

ʉʭʽʜʥʠʡ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ, ʜʝ ʚʠʷʚʣʝʥʦ ʧʦʥʘʜ 200 ʨʦʜʦʚʠʱ ʛʘʟʫ, 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ ʽ ʥʘʬʪʠ, ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʻ ʧʦʨʦʜʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʽ 

ʚʽʜʢʣʘʜʠ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʚʽʜ ʜʝʚʦʥʫ ʜʦ ʶʨʠ.  

ʇʽʚʜʝʥʥʠʡ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ (ʂʨʠʤʩʴʢʦ-ʏʦʨʥʦʤʦʨʩʴʢʘ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʘ ʧʨʦʚʽʥʮʽʷ) ʚʢʣʶʯʘʻ ʤʘʪʝʨʠʢʦʚʫ ʡ ʘʢʚʘʪʦʨʽʘʣʴʥʫ ʯʘʩʪʠʥʠ, ʜʝ 

ʚʽʜʢʨʠʪʦ ʙʣʠʟʴʢʦ 40 ʥʝʚʝʣʠʢʠʭ ʪʘ ʜʨʽʙʥʠʭ ʧʝʨʝʚʘʞʥʦ ʛʘʟʦʚʠʭ ʽ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʨʦʜʦʚʠʱ. ʇʦʢʣʘʜʠ ʥʘʬʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʜʝʢʽʣʴʢʦʭ 

ʨʦʜʦʚʠʱʘʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ ʧʨʦʮʝʩʽʚ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ 

ɿʘʭʽʜʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ: ʛʘʟʦʥʦʩʥʽʩʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʤʝʞʘʭ ʨʝʛʽʦʥʫ 

ʢʨʝʡʜʦʚʦ-ʙʘʜʝʥʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ; ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥ; 



 

79 

 

ʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ (ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʠʡ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʘʡʦʥ) ʪʘ 

ʥʘʬʪʦʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ (ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʠʡ); ʟʦʥʘʣʴʥʽʩʪʴ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʅʠʞʯʝ ʧʝʨʝʣʽʯʝʥʦ ʢʨʠʪʝʨʽʾ ʧʨʦʮʝʩʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ: 

ʥʘʷʚʥʽʩʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʙʘʛʘʪʦʧʣʘʩʪʦʚʠʭ ʨʦʜʦʚʠʱ, ʧʨʠʯʦʤʫ ʥʝʨʽʜʢʦ ʚʢʣʶʯʘʶʪʴ 

ʧʦʢʣʘʜʠ ʨʽʟʥʠʭ ʪʠʧʽʚ;  ʚʝʣʠʢʠʡ ʧʦʚʝʨʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ (ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 50 ʜʦ 

5700ʤ); ʟʤʽʥʘ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʠʭ ʛʘʟʽʚ ʟʚʝʨʭʫ ʚʥʠʟ ʚʽʜ ʯʠʩʪʦ ʤʝʪʘʥʦʚʠʭ ʜʦ 

ʟʙʘʛʘʯʝʥʠʭ ʛʦʤʦʣʦʛʘʤʠ ʤʝʪʘʥʫ; ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʭ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʽʚ. 

ʋ ʤʝʞʘʭ ʉʭʽʜʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʫʜʦʚʠ ʦʩʘʜʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʧʦʟʜʦʚʞʥʽʭ ʽ ʧʦʧʝʨʝʯʥʠʭ ʛʣʠʙʠʥʥʠʭ ʧʦʨʫʰʝʥʴ. ʉʢʣʘʜ ʽ ʟʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʣʴʥʦʛʦ ʛʘʟʫ ʟʤʽʥʶʶʪʴʩʷ ʷʢ ʫʟʜʦʚʞ ʦʩʴʦʚʦʾ ʯʘʩʪʠʥʠ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ (ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ), ʪʘʢ ʽ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʾʾ ʙʦʨʪʽʚ.  

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ 

ʥʘʷʚʥʠʤʠ ʛʝʦʭʽʤʽʯʥʠʤʠ ʜʘʥʠʤʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʽ ʛʘʟʫ ʚ ʉʭʽʜʥʦʤʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʤʫ ʨʝʛʽʦʥʽ 

ʦʙʫʤʦʚʣʝʥʦ ʷʢ ʣʘʪʝʨʘʣʴʥʦʶ, ʪʘʢ ʽ ʚʝʨʪʠʢʘʣʴʥʦʶ ʤʽʛʨʘʮʽʻʶ ʚʫʛʣʝʚʦʜʥʽʚ.  

ʇʨʠ ʮʴʦʤʫ ʚ ʥʠʞʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʚʝʨʭʘʭ, ʟʦʢʨʝʤʘ ʚ 

ʥʠʞʥʴʦʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʧʦʢʣʘʜʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʬʣʶʾʜʽʚ, ʘ ʚ ʚʠʱʝʟʘʣʷʛʘʶʯʠʭ ʣʽʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ. ʊʝʢʪʦʥʽʯʥʘ 

ʙʫʜʦʚʘ ʨʝʛʽʦʥʫ ʚʧʣʠʚʘʣʘ ʥʘ ʥʝʦʜʥʦʨʘʟʦʚʝ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ, ʱʦ ʤʘʣʦ 

ʤʽʩʮʝ ʚ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʚʧʣʠʚʘʚ ʩʦʣʷʥʠʡ ʪʝʢʪʦʛʝʥʝʟ.  

ʇʨʦ ʚʝʣʠʢʫ ʨʦʣʴ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʤʠʩʣʦʚʠʭ ʩʢʫʧʯʝʥʴ 

ʚʫʛʣʝʚʦʜʥʽʚ ʩʚʽʜʯʠʪʴ ʥʘʩʪʫʧʥʝ: ʨʝʛʽʦʥʘʣʴʥʘ ʥʘʬʪʦʛʘʟʦʥʦʩʥʽʩʪʴ 

ʥʠʞʥʴʦʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʧʨʠʯʦʤʫ ʥʘ ʥʠʟʮʽ ʨʦʜʦʚʠʱ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʘ ʪʽʣʴʢʠ ʚ ʮʠʭ ʚʽʜʢʣʘʜʘʭ; ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʨʦʟʨʽʟʽ 

ʥʠʞʥʴʦʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚʽʜʥʦʩʥʦ ʜʦʙʨʝ ʚʠʪʨʠʤʘʥʠʭ ʧʦ ʧʨʦʩʪʷʛʘʥʥʶ 

ʧʽʱʘʥʠʭ ʧʘʯʦʢ ï ʰʣʷʭʽʚ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ï ʽ ʧʦʪʫʞʥʦʾ ʪʦʚʱʽ ʧʝʨʝʚʘʞʥʦ 

ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ (ʩʝʨʧʫʭʦʚʩʴʢʠʡ ʷʨʫʩ ï ʚʝʨʭʠ ʚʠʟʝʡʩʴʢʦʛʦ ʷʨʫʩʫ), ʱʦ 

ʧʝʨʝʢʨʠʚʘʻ ʧʽʱʘʥʽ ʧʘʯʢʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʛʝʨʤʝʪʠʟʘʮʽʶ ʥʠʞʥʴʦʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʨʝʟʝʨʚʫʘʨʫ; ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ ʜʦ ʟʦʥ, ʧʝʨʝʭʽʜʥʠʭ 

ʚʽʜ ʥʘʡʙʽʣʴʰ ʦʧʫʱʝʥʠʭ ʜʦ ʥʘʡʙʽʣʴʰ ʧʽʜʚʠʱʝʥʠʭ ʜʽʣʷʥʦʢ ʽ ʜʦ ʧʝʨʠʬʝʨʠʯʥʠʭ 

ʯʘʩʪʠʥ ʚʝʣʠʢʠʭ ʧʨʦʛʠʥʽʚ; ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠ ʧʨʦʩʪʝʞʝʥʥʽ 

ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘ ʧʦʢʣʘʜʘʤʠ, ʧʨʠʫʨʦʯʝʥʠʭ ʜʦ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʨʝʟʝʨʚʫʘʨʫ, ʚ 

ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʨʠʦʩʴʦʚʦʾ ʯʘʩʪʠʥʠ ʟʘʧʘʜʠʥʠ ʜʦ ʾʾ ʙʦʨʪʽʚ; ʥʘʷʚʥʽʩʪʴ ʦʙʰʠʨʥʠʭ 

ʜʽʣʷʥʦʢ ʤʦʥʦʢʣʽʥʘʣʴʥʦʛʦ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʦʨʪʦʚʽ ʟʦʥʠ 

ʟʘʧʘʜʠʥʠ (ʧʽʚʥʽʯʥʫ ʽ ʧʽʚʜʝʥʥʫ) ʽ ʙʦʨʪʠ ʚʝʣʠʢʠʭ ʧʨʦʛʠʥʽʚ, ʟ ʷʢʠʤʠ ʽʥʦʜʽ ʧʦʚôʷʟʘʥʽ 

ʥʝʩʢʣʝʧʽʥʥʽ ʧʦʢʣʘʜʠ ʥʘʬʪʠ ʽ ʛʘʟʫ (ʇʽʚʥʽʯʥʦʛʦʣʫʙʽʚʩʴʢʝ, ʈʫʜʝʥʢʽʚʩʴʢʝ, 

ɹʽʣʦʫʩʽʚʩʴʢʝ ʨʦʜʦʚʠʱʘ). 

ʅʘ ʰʠʨʦʢʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ ʚʢʘʟʫʻ 

ʥʘʩʪʫʧʥʝ: ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʛʘʪʦʧʣʘʩʪʦʚʠʭ ʨʦʜʦʚʠʱ, ʚ ʷʢʠʭ ʧʦʢʣʘʜʠ 
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ʥʝʨʽʜʢʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʥʠʞʥʴʦʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ 

ʜʦ ʪʨʽʘʩʦʚʠʭ ʽ ʶʨʩʴʢʠʭ ʚʢʣʶʯʥʦ. ʊʘʢʽ ʨʦʜʦʚʠʱʘ ʧʦʚôʷʟʘʥʽ ʟ ʘʥʪʠʢʣʽʥʘʣʴʥʠʤʠ 

ʩʢʣʘʜʢʘʤʠ, ʫʩʢʣʘʜʥʝʥʠʤʠ ʜʠʟôʶʥʢʪʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ; ʚʝʣʠʢʠʡ ʧʦʚʝʨʭ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʥʘ ʥʠʟʮʽ ʨʦʜʦʚʠʱ, ʽʥʦʜʽ ʧʝʨʝʚʠʱʫʻ 800ï1000 ʤ (ʨʦʜʦʚʠʱʘ 

ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʨʝʛʽʦʥʫ); ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʧʦʢʣʘʜʠ, ʧʨʠʫʨʦʯʝʥʽ ʜʦ 

ʨʽʟʥʦʚʽʢʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʧʦʜʽʙʥʽ ʟʘ ʱʽʣʴʥʽʩʪʶ ʽ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʫʛʣʝʚʦʜʥʽʚ; 

ʽʩʥʫʚʘʥʥʷ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʥʘ ʥʠʟʮʽ ʨʦʜʦʚʠʱ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ 

ʥʠʞʥʴʦʧʝʨʤʩʴʢʠʤʠ ʘʥʛʽʜʨʠʪʦ-ʩʦʣʝʥʦʩʥʠʤʠ ʧʦʢʨʠʰʢʘʤʠ (ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʘ  

ɹʽʣʴʰʽʩʪʴ ʨʦʜʦʚʠʱ ʧʨʠʨʦʜʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʇʽʚʜʝʥʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ 

ʨʝʛʽʦʥʫ (ʏʦʨʥʦʤʦʨʩʴʢʦ-ʂʨʠʤʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ) ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʤʝʞʘʭ ʂʘʨʢʽʥʽʪʩʴʢʦ-ʇʽʚʥʽʯʥʦʢʨʠʤʩʴʢʦʛʦ ʧʨʦʛʠʥʫ. ɺ ʘʢʚʘʪʦʨʽʘʣʴʥʽʡ ʡʦʛʦ 

ʯʘʩʪʠʥʽ ʚʠʷʚʣʝʥʦ 7 ʜʨʽʙʥʠʭ ʽ ʩʝʨʝʜʥʽʭ ʟʘ ʟʘʧʘʩʘʤʠ ʛʘʟʦʚʠʭ ʽ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ 

ʨʦʜʦʚʠʱ, ʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʠʣʝʛʣʦʛʦ ʩʫʭʦʜʦʣʫ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ ʚʽʜʢʨʠʪʦ 2 

ʥʘʬʪʦʚʠʭ ʽ ʦʜʠʥʘʜʮʷʪʴ ʜʨʽʙʥʠʭ ʛʘʟʦʚʠʭ ʽ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʨʦʜʦʚʠʱ. 

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʛʽʦʥʘʣʴʥʦʾ ʙʫʜʦʚʠ, ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʣʦʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʪʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʨʦʜʦʚʠʱ 

ʚʫʛʣʝʚʦʜʥʽʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʪʝ, ʱʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʽ ʛʘʟʫ ʟʫʤʦʚʣʝʥʦ ʷʢ ʣʘʪʝʨʘʣʴʥʦʶ, ʪʘʢ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʤʽʛʨʘʮʽʻʶ ʚʫʛʣʝʚʦʜʥʽʚ.  

ɸʩʧʝʢʪʠ ʧʨʦʮʝʩʽʚ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ: ʨʝʛʽʦʥʘʣʴʥʘ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʽʩʪʴ ʫ ʤʝʞʘʭ ʧʨʦʚʽʥʮʽʾ ʧʘʣʝʦʮʝʥïʦʣʽʛʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ 

(ʧʨʠʯʦʤʫ ʥʘ ʥʠʟʮʽ ʨʦʜʦʚʠʱ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʘ ʪʽʣʴʢʠ ʚ ʮʠʭ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʛʦʨʠʟʦʥʪʘʭ); ʥʘʷʚʥʽʩʪʴ ʚ ʦʩʘʜʦʚʦʤʫ ʧʦʢʨʠʚʽ ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ: ʰʘʨôʷʞʽʚ, ʥʘʩʫʚʽʚ, ʨʝʪʨʦʥʘʩʫʚʽʚ, ʣʽʩʪʨʠʯʥʠʭ 

ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ, ʷʢʽ ʤʘʶʯʠ ʫ ʚʝʨʭʥʽʭ ʛʦʨʠʟʦʥʪʘʭ ʢʨʫʪʝ ʧʘʜʽʥʥʷ, 

ʚʠʧʦʣʦʞʫʶʪʴʩʷ ʚʥʠʟ ʟʘ ʨʦʟʨʽʟʦʤ, ʟʤʽʥʶʶʯʠ ʧʣʦʱʠʥʫ ʩʢʠʜʫ ʜʦ ʤʘʡʞʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ; ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥ: ʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ 

(ʘʢʚʘʪʦʨʽʷ ʂʘʨʢʽʥʽʪʩʴʢʦ-ʇʽʚʥʽʯʥʦʢʨʠʤʩʴʢʦʛʦ ʧʨʦʛʠʥʫ) ʪʘ 

ʥʘʬʪʦʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ (ɯʥʜʦʣʦ-ʂʫʙʘʥʩʴʢʠʡ ʧʨʦʛʠʥ); ʟʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ 

ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠ ʧʨʦʩʪʝʞʝʥʥʽ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʧʦʢʣʘʜʘʭ ʨʦʜʦʚʠʱ 

ʂʘʨʢʽʥʽʪʩʴʢʦ-ʇʽʚʥʽʯʥʦʢʨʠʤʩʴʢʦʛʦ ʽ ɯʥʜʦʣʦ-ʂʫʙʘʥʩʴʢʦʛʦ ʧʨʦʛʠʥʽʚ ʫ ʥʘʧʨʷʤʢʫ ʾʭ 

ʙʦʨʪʦʚʠʭ ʯʘʩʪʠʥ;  ʟʦʥʘʣʴʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʤʝʞʘʭ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦ-ʂʨʠʤʩʴʢʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ.  

ʅʘ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ ʚʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʘʩʧʝʢʪʠ: ʟʤʽʥʘ ʧʦʣʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʘʣʷʛʘʥʥʷ ʫ ʥʠʞʥʽʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʣʽʩʪʨʠʯʥʠʭ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʥʘ ʢʨʫʪʝ ʚʝʨʪʠʢʘʣʴʥʝ ʫ ʚʝʨʭʥʽʭ; 

ʙʽʣʴʰʽʩʪʴ ʨʦʜʦʚʠʱ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦ-ʂʨʠʤʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ ʻ 

ʙʘʛʘʪʦʧʣʘʩʪʦʚʠʤʠ; ʚʝʣʠʢʠʡ ʧʦʚʝʨʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ;  ʟʤʽʥʘ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʠʭ 

ʛʘʟʽʚ ʟʚʝʨʭʫ ʚʥʠʟ ʚʽʜ ʯʠʩʪʦ ʤʝʪʘʥʦʚʠʭ ʜʦ ʟʙʘʛʘʯʝʥʠʭ ʛʦʤʦʣʦʛʘʤʠ ʤʝʪʘʥʫ; 

ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʭ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʽʚ ʥʘ ʨʦʜʦʚʠʱʘʭ 

ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦ-ʂʨʠʤʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ. 
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The report examines the geochemical barriers that cause phosphorus deposition in the argilites of 

the upper Vendian deposits of the south-western skirt of the East-European platform. Were used 

phosphorus-titanium module (P2O5/TiO2), phosphorus-calcium module (P2O5/CaO), phosphorus-

iron module (P2O5/Fe2O3), and phosphorus-general-iron module (P2O5/Fe2O3+FeO). 

 

ɺʝʥʜʩʴʢʘ (ʝʜʽʘʢʘʨʩʴʢʘ) ʝʧʦʭʘ ʬʦʩʬʦʛʝʥʝʟʫ ʙʫʣʘ ʧʝʨʰʦʶ ʚ ʽʩʪʦʨʽʾ ɿʝʤʣʽ 

ʝʧʦʭʦʶ ʤʘʩʦʚʦʛʦ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʬʦʩʬʦʨʠʪʽʚ. ʌʦʩʬʦʨʠʪʦʫʪʚʦʨʝʥʥʷ - ʧʨʦʮʝʩ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ. 

ʋ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʛʝʦʭʽʤʽʯʥʦ-ʙʘʨ'ʻʨʥʠʡ ʘʩʧʝʢʪ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʣʽʥʟʦʧʦʜʽʙʥʠʭ ʬʦʩʬʘʪʥʠʭ ʩʪʷʛʥʝʥʴ, ʷʢʽ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʧʦ 

ʚʩʴʦʤʫ ʨʦʟʨʽʟʫ ʚʝʨʭʥʴʦʚʝʥʜʩʴʢʠʭ (ʝʜʽʘʢʘʨʩʴʢʠʭ) ʚʽʜʢʣʘʜʽʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ 

ʦʢʨʘʾʥʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ (ɼʥʽʩʪʨʦʚʩʴʢʠʡ ʧʝʨʠʢʨʘʪʦʥʠʡ ʧʨʦʛʠʥ). 

ʋʧʝʨʰʝ ʣʽʥʟʦʧʦʜʽʙʥʽ ʬʦʩʬʘʪʥʽ ʩʪʷʛʥʝʥʥʷ ʦʧʠʩʘʥʽ ʄ.ʌ. ʉʪʘʱʫʢʦʤ [1]. 

ɻʦʣʦʚʥʠʤʠ ʛʝʦʭʽʤʽʯʥʠʤʠ ʙʘʨ'ʻʨʘʤʠ ʜʣʷ ʬʦʩʬʦʨʫ :̒ ʢʘʣʴʮʽʻʚʠʡ, ʟʘʢʠʩʥʦ-  ̔

ʦʢʠʩʥʦ-ʟʘʣʽʟʥʠʡ ʪʘ ʪʠʪʘʥʦʚʠʡ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 151 ʦʜʠʥʠʯʥʠʭ ʩʠʣʽʢʘʪʥʠʭ ʘʥʘʣʽʟʽʚ, 

ʫʧʝʨʰʝ ʜʣʷ ʘʨʛʽʣʽʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʦʮʽʥʝʥʽ ʯʦʪʠʨʠ ʬʦʩʬʦʨʥʠʭ 

ʤʦʜʫʣʽ: ʬʦʩʬʦʨ-ʪʠʪʘʥʦʚʠʡ ʌʊʄ (P2O5/TiO2), ʬʦʩʬʦʨ-ʢʘʣʴʮʽʻʚʠʡ ʌʂʄ 

(P2O5/CaO), ʬʦʩʬʦʨ-ʟʘʣʽʟʥʠʡ ʌɿʄ (P2O5/Fe2O3)  ̔ ʬʦʩʬʦʨ-ʟʘʛʘʣʴʥʦʟʘʣʽʟʥʠʡ 

ʌɿɿʄ (P2O5/Fe2O3+FeO) [4]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʩʬʦʨʥʠʭ ʤʦʜʫʣʽʚ ʌɾʄ  ̔ʌʆɾʄ 

ʦʙʫʤʦʚʣʝʥʦ ʚʝʣʠʯʝʟʥʦʶ ʨʦʣʣ  ʁʦʢʠʩʥʦʛʦ ʟʘʣʽʟʘ ʚ ʛʝʦʭʽʤʽʾ ʬʦʩʬʦʨʫ, ʦʩʢʽʣʴʢʠ 

ʦʢʩʠʜʠ ʘʙʦ ʛʽʜʨʦʢʩʠʜʠ Fe(III)  ̒ ʝʬʝʢʪʠʚʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ ʬʦʩʬʘʪʫ. ʉʘʤʠʤ 

ʦʯʝʚʠʜʥʠʤ ʧʨʦʷʚʦʤ ʨʦʣʽ ʟʘʣʽʟʦʦʢʠʩʥʦʛʦ ʙʘʨ'ʻʨʘ ʚ ʛʝʥʝʟʠʩʽ ʬʦʩʬʦʨʠʪʽʚ  ̒

ʧʘʨʘʛʝʥʝʟʠʩ ʬʦʩʬʦʨʠʪʽʚ  ̔ ʛʣʘʫʢʦʥʽʪʫ. ʅʘ ʢʘʣʴʮʽʻʚʦʤʫ ʙʘʨ'ʻʨʽ ʬʦʨʤʫʻʪʴʩʷ 

ʛʦʣʦʚʥʠʡ ʝʥʜʦʛʝʥʥʠʡ ʥʦʩʽʡ ʬʦʩʬʦʨʫ - ʬʪʦʨʘʧʘʪʠʪ. ɺʩʽ ʧʨʦʤʠʩʣʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʬʦʩʬʦʨʘ ʧʦʚô̫ ʟʘʥʽ ʟ ʢʘʣʴʮʽʻʚʠʤ ʙʘʨô̒ ʨʦʤ. ʇʦʚʩʶʜʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʬʪʦʨʫ ʚ 

ʧʦʨʦʜʘʭ ʪʘ ʰʚʠʜʢʝ ʟʘʭʦʨʦʥʝʥʥʷ ʦʩʘʜʢʫ ʩʧʨʠʷʣʦ ʥʘʢʦʧʠʯʝʥʥʶ ʬʪʦʨ-

ʢʘʨʙʦʥʘʧʘʪʠʪʫ (ʬʨʘʥʢʦʣʽʪʫ). ʊʠʪʘʥʦʚʠʡ ʙʘʨôʻʨ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʣʝʡʢʦʢʩʝʥʫ. ʃʝʡʢʦʢʩʝʥ ï ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʣʴʤʝʥʽʪʫ ʪʘ ʽʥʰʠʭ 

ʤʽʥʝʨʘʣʽʚ ʪʠʪʘʥʫ ʚ ʢʦʨʘʭ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʬʽʢʩʫʻʪʴʩʷ ʫ ʚʝʨʩʪʚʘʭ ʨʘʡʦʥʫ ʥʘ ʨʽʚʥʷʭ, 

ʱʦ ʤʘʶʪʴ ʧʽʨʦʢʣʘʩʪʠʢʫ ʦʩʥʦʚʥʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ. ɺʫʣʢʘʥʦʛʝʥʥʠʡ 
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ʬʦʩʬʦʨ ʩʢʣʘʜʘʻ 29,6% ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʬʦʩʬʦʨʫ, ʪʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʫʣʢʘʥʽʟʤʫ ʚ ʯʘʩʽ. ʊʘʢ ʫ ʧʽʟʥʴʦʤʫ ʢʝʤʙʨʽʾ ʮʝʡ ʚʽʜʩʦʪʦʢ ʩʢʣʘʜʘʻ 

ʧʨʠʙʣʠʟʥʦ 13,3%, ʘ ʚ ʧʽʟʥʴʦʤʫ ʜʝʚʦʥʽ ī 48,4% [2]. 

 
ʊʘʙʣʠʮʷ ī ɿʥʘʯʝʥʥʷ ʬʦʩʬʦʨʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʘʨʛʽʣʽʪʽʚ ʚʝʨʭʥʴʦʛʦ ʚʝʥʜʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ 

ʦʢʨʘʾʥʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ ʟʘ [4] 
 ʌʊʄ ʌʂʄ ʌɿʄ ʌɿɿʄ 

ɿʥʘʯʝʥʥʷ ʬʦʩʬʦʨʥʠʭ ʤʦʜʫʣʽʚ (ʢʣʘʨʢʠ) ʜʣʷ ʘʨʛʽʣʽʪʽʚ ʟʘ [4] 

 0,168Ñ0,008 0,116Ñ0,011 0,039Ñ0,003 0,021Ñ0,001 

ɿʥʘʯʝʥʥʷ ʬʦʩʬʦʨʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʘʨʛʽʣʽʪʽʚ ʚʝʨʭʥʴʦʛʦ ʚʝʥʜʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʦʢʨʘʾʥʠ 

ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ 

ɺʝʨʩʪʚʠ 

ʂʘʥʠʣʽʚʩʴʢʘ ʩʝʨʽʷ 

ʂʦʤʘʨʽʚʩʴʢʽ (5) 0,16 0,20 0,180 0,021 

ʇʦʣʽʚʘʥʽʚʩʴʢʽ (2) 0,14 0,11 0,035 0,019 

ɼʫʨʥʷʢʽʚʩʴʢʽ (3) 0,12 0,14 0,047 0,013 

ʂʨʠʚʯʘʥʩʴʢʽ (4) 0,13 0,13 0,036 0,012 

ʉʪʘʨʦʫʰʠʮʴʢʽ (3) 0,13 0,13 0,026 0,019 

ʂʫʣʝʰʽʚʩʴʢʽ (4) 0,20 0,17 0,035 0,026 

ʐʝʙʫʪʠʥʝʮʴʢʽ (5) 0,30 0,20 0,054 0,031 

ʇʠʣʠʧʽʚʩʴʢʽ (6) 0,19 0,16 0,045 0,019 

ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʘ ʩʝʨʽʷ 

ʂʘʣʶʩʴʢʽ (38) 0,12 0,16 0,228 0,019 

ɼʞʫʨʞʽʚʩʴʢʽ (5) 0,21 0,23 0,116 0,051 

ɿʽʥʴʢʽʚʩʴʢʽ (17) 0,12 0,20 0,063 0,026 

ɹʨʦʥʥʠʮʴʢʽ (3) 0,14 0,14 0,028 0,019 

ɹʝʨʥʘʰʽʚʩʴʢʽ (9) 0,11 0,22 0,031 0,020 

ʃʷʜʦʚʩʴʢʽ (25) 0,11 0,12 0,020 0,013 

ʗʤʧʽʣʴʩʴʢʽ (5) 0,60 0,26 0,020 0,130 

ʃʦʤʦʟʽʚʩʴʢʽ (17) 0,18 0,14 0,077 0,020 

ʆʣʴʯʝʜʘʾʚʩʴʢʽ ʘʨʛʽʣʽʪʠ ʚʽʜʩʫʪʥʽ 

ʇʨʠʤʽʪʢʘ. ɺ ʜʫʞʢʘʭ ʧʦʢʘʟʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʨʦʙ. 

 

ɺʫʣʢʘʥʽʟʤ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʬʦʩʬʦʛʝʥʝʟʫ. ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʘʨʛʽʣʽʪʘʭ 

ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ TAS-ɼʽʘʛʨʘʤʘ (Total Alkali-Silika 

diagram) [5]. ʅʘ ʜʽʘʛʨʘʤʽ ʬʽʛʫʨʘʪʠʚʥʽ ʪʦʯʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʨʛʽʣʽʪʘʤ 

ʣʦʤʦʟʽʚʩʴʢʠʭ ʚʝʨʩʪʚ, ʛʨʫʧʫʶʪʴʩʷ ʚ ʧʦʣʷʭ ʦʩʥʦʚʥʦʛʦ ʡ ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ 

(ʙʘʟʘʣʴʪ, ʪʨʘʭʽʙʘʟʘʣʴʪ, ʙʘʟʘʣʴʪʦʚʠʡ ʪʨʘʭʽʘʥʜʝʟʠʪ, ʪʨʘʭʽʘʥʜʝʟʠʪ), ʷʤʧʽʣʴʩʢʠʭ 

ʚʝʨʩʪʚ - ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʧʦʣʷʭ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʡ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ 

(ʧʽʢʨʽʪʦʙʘʟʘʣʴʪ, ʙʘʟʘʣʴʪ), ʣʷʜʦʚʩʢʠʭ ʚʝʨʩʪʚ ï ʦʩʥʦʚʥʦʛʦ ʡ ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ 

(ʙʘʟʘʣʴʪ, ʪʨʘʭʽʙʘʟʘʣʴʪ, ʙʘʟʘʣʴʪʦʚʠʡ ʪʨʘʭʽʘʥʜʝʟʠʪ, ʪʨʘʭʽʘʥʜʝʟʠʪ, ʘʥʜʝʟʠʪ). ʋ 

ʙʝʨʥʘʰʽʚʩʴʢʠʭ ʚʝʨʩʪʚʘʭ ʚʠʭʽʜʥʘ ʧʽʨʦʢʣʘʩʪʠʢʘ ʤʘʣʘ ʩʝʨʝʜʥʽʡ ʩʢʣʘʜ (ʙʘʟʘʣʴʪʦʚʠʡ 

ʘʥʜʝʟʠʪ, ʙʘʟʘʣʴʪʦʚʠʡ ʪʨʘʭʽʘʥʜʝʟʠʪ, ʪʨʘʭʽʘʥʜʝʟʠʪ). ʋ ʙʨʦʥʥʠʮʴʢʠʭ ʚʝʨʩʪʚʘʭ, 

ʧʦʨʷʜ ʟ ʝʬʫʟʠʚʥʠʤʠ ʧʦʨʦʜʘʤʠ ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ, ʧʝʨʝʚʘʞʘʶʯʦʶ ʩʪʘʻ 

ʧʽʨʦʢʣʘʩʪʠʢʘ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ (ʜʘʮʠʪ ʽ ʨʽʦʣʽʪ). ʋ ʟʽʥʴʢʽʚʩʴʢʠʡ ʯʘʩ ʬʽʢʩʫʻʪʴʩʷ 

ʚʫʣʢʘʥʦʛʝʥʥʠʡ ʤʘʪʝʨʽʘʣ ʦʩʥʦʚʥʦʛʦ ʡ ʩʝʨʝʜʥʴʦʛʦ ʩʢʣʘʜʫ (ʙʘʟʘʣʴʪ, ʙʘʟʘʣʴʪʦʚʠʡ 

ʘʥʜʝʟʠʪ ʽ ʘʥʜʝʟʠʪ). ɼʞʫʨʞʽʚʩʴʢʽ ʚʝʨʩʪʚʠ ï ʩʝʨʝʜʥʴʦʛʦ ʡ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ 
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(ʙʘʟʘʣʴʪʦʚʠʡ ʘʥʜʝʟʠʪ, ʘʥʜʝʟʠʪ, ʜʘʮʠʪ). ɸʨʛʽʣʽʪʠ ʢʘʣʶʩʴʢʠʭ ʚʝʨʩʪʚ ï ʩʝʨʝʜʥʴʦʛʦ 

ʩʢʣʘʜʫ (ʙʘʟʘʣʴʪʦʚʠʡ ʘʥʜʝʟʠʪ, ʘʥʜʝʟʠʪ). ɼʣʷ ʘʨʛʽʣʽʪʽʚ ʢʘʥʠʣʽʚʩʴʢʦʾ ʩʝʨʽʾ 

ʭʘʨʘʢʪʝʨʥʝ ʫʛʨʫʧʦʚʘʥʥʷ ʬʽʛʫʨʘʪʠʚʥʠʭ ʪʦʯʦʢ ʫ ʧʦʣʷʭ ʩʝʨʝʜʥʴʦʛʦ ʡ ʢʠʩʣʦʛʦ 

ʩʢʣʘʜʫ (ʘʥʜʝʟʠʪ ʡ ʜʘʮʠʪ). ʋʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʾ ʧʘʯʢʠ ʟ ʪʽʣʘʤʠ ʬʦʩʬʦʨʠʪʽʚ ʽ 

ʧʨʦʷʚʦʤ ʦʩʥʦʚʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ ʩʪʨʦʛʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ ʜʦ ʧʝʨʽʦʜʫ ʨʽʟʢʦʾ ʟʤʽʥʠ 

ʬʘʮʽʘʣʴʥʠʭ ʫʤʦʚ ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ. 

ʅʘʷʚʥʽʩʪʴ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʘʚʪʦʨʘ ʨʷʜʫ ʩʠʣʽʢʘʪʥʠʭ ʘʥʘʣʽʟʽʚ ʘʨʛʽʣʽʪʽʚ ʟ 

ʣʦʤʦʟʽʚʩʴʢʠʭ, ʟʽʥʴʢʽʚʩʴʢʠʭ, ʢʘʣʶʩʴʢʠʭ ʽ ʢʫʣʝʰʽʚʩʴʢʠʭ ʚʝʨʩʪʚ ʜʦʟʚʦʣʠʣʦ 

ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʣʽʥʟʦʧʦʜʽʙʥʠʭ ʬʦʩʬʦʨʠʪʽʚ (ʃʌ) ʽ ʘʨʛʽʣʽʪʽʚ ʷʢʽ ʚʤʽʱʫʶʪʴ 

ʣʽʥʟʦʧʦʜʽʙʥʽ ʬʦʩʬʘʪʥʽ ʩʪʷʛʥʝʥʥʷ (ɺɸ). ɿʛʽʜʥʦ ʛʽʜʨʦʣʽʟʘʪʥʦʛʦ ʤʦʜʫʣʷ 

((TiO2+Al2O3+Fe2O3+FeO+MnO)/SiO2) [3] ɺɸ ʣʦʤʦʟʽʚʩʴʢʠʭ, ʟʽʥʴʢʽʚʩʴʢʠʭ ʚʝʨʩʪʚ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʽʘʣʽʪʘʤ ʽ ʛʽʜʨʦʣʽʟʘʪʘʤ; ʢʘʣʶʩʴʢʠʭ ʚʝʨʩʪʚ - ʩʽʣʽʪʘʤ, ʩʽʘʣʽʪʘʤ ʽ 

ʛʽʜʨʦʣʽʟʘʪʘʤ; ʢʫʣʝʰʽʚʩʴʢʠʭ ʚʝʨʩʪʚ - ʩʽʘʣʽʪʘʤ. ʃʌ ʣʦʤʦʟʽʚʩʴʢʠʭ ʽ ʟʽʥʴʢʽʚʩʴʢʠʭ 

ʚʝʨʩʪʚ ʘʪʝʩʪʫʶʪʴʩʷ ʷʢ ʩʽʘʣʽʪʠ, ʘ ʃʌ ʢʘʣʶʩʴʢʠʭ ʽ ʢʫʣʝʰʽʚʩʴʢʠʭ ʚʝʨʩʪʚ 

ʘʪʝʩʪʫʶʪʴʩʷ ʷʢ ʛʽʜʨʦʣʽʟʘʪʠ. ʅʘʷʚʥʽʩʪʴ ʛʽʜʨʦʣʽʟʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʝ 

ʚʽʜʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʦʣʽʟʫ ʚʽʜ ʢʨʝʤʥʝʟʝʤʫ ʡ ʧʨʦ ʤʦʞʣʠʚʫ ʧʨʠʩʫʪʥʽʩʪʴ 

ʚʽʣʴʥʠʭ ʦʢʠʩʣʽʚ ʘʣʶʤʽʥʽʶ ʚ ʧʦʨʦʜʽ, ʪʦʙʪʦ ʻ ʜʝʨʠʚʘʪʘʤʠ ʢʽʨ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʙʘʛʘʪʦʨʘʟʦʚʠʡ ʧʨʦʮʝʩ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ.  

ɼʞʝʨʝʣʦʤ ʬʦʩʬʦʨʫ ʙʫʚ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʥʘʜʭʦʜʠʚ ʚ ʙʘʩʝʡʥ 

ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ ʚ ʧʝʨʽʦʜʠ ʧʦʩʠʣʝʥʦʾ ʝʨʦʟʽʾ ʡ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʨʽʜ ʚ ʦʙʣʘʩʪʽ 

ʟʥʦʩʫ ʟ ʧʨʠʣʝʛʣʠʭ ʜʦ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʧʝʨʠʢʨʘʪʦʥʫ ʪʝʨʠʪʦʨʽʡ . ʇʦʩʠʣʝʥʥʶ ʟʥʦʩʫ 

ʩʧʨʠʷʣʠ ʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ. 
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The Haisyn complex rocks, consisting of diorite-like rocks and amphibolites, which biotite granites 

develop, is outcroping near the village of Shumyliv along the South Bug river and in an abandoned 

open pit mine (on South of Shumyliv). U-Pb isotope method was used to date titanite from quartz 

diorite and monazite from biotite granite. The age of formation of monazite in the granite and 

titanite in the quartz diorite was determined by the uranium-lead isotope method. The two 

endogenous geological processes have ages of 2049 Ñ 6 million years and 2005 Ñ 2 million years, 

respectively. 

 

ɻʝʦʣʦʛʽʯʥʝ ʧʦʣʦʞʝʥʥʷ. ɺ ʨʘʡʦʥʽ ʩ. ʐʫʤʠʣʦʚʦ ʦʙʠʜʚʘ ʙʦʨʪʠ ʜʦʣʠʥʠ ʨ. 

ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʡʞʝ ʩʫʮʽʣʴʥʽ ʩʢʝʣʴʥʽ ʚʠʭʦʜʠ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʦʨʽʜ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝʨʽʚʥʦʤʽʥʦʟʝʨʥʠʩʪʠʤʠ, ʜʽʣʷʥʢʘʤʠ ʧʦʨʬʽʨʦʧʦʜʽʙʥʠʤʠ, 

ʩʽʨʫʚʘʪʦ-ʨʦʞʝʚʠʤʠ ʛʨʘʥʽʪʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʨʦʟʨʽʟʥʝʥʠʭ ʪʽʣ 

ʧʨʠʩʫʪʥʽ ʩʚʽʪʣʦ-ʩʽʨʽ ʜʽʦʨʠʪʦʧʦʜʽʙʥʽ ʧʦʨʦʜʠ. ɻʨʘʥʽʪʠ, ʤʝʥʰʦʶ ʤʽʨʦʶ 

ʜʽʦʨʠʪʦʧʦʜʽʙʥʽ ʧʦʨʦʜʠ, ʥʝʩʫʪʴ ʩʣʽʜʠ ʜʠʥʘʤʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ 

ʣʽʥʽʡʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʣʫʩʦʢ ʙʽʦʪʠʪʫ ʪʘ ʰʣʽʨʦʧʦʜʽʙʥʠʭ ʚʠʦʢʨʝʤʣʝʥʴ ʙʽʣʴʰ 

ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ (ʘʤʬʽʙʦʣʽʪʽʚ  ̔ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʣʘʥʮʽʚ) ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʤʣ̔ʽʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʨʦʪʽʢʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʨʦʜʘʭ 

ʐʫʤʠʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʢʣʘʩʠʯʥʠʤ ʫʨʘʥ-ʩʚʠʥʮʝʚʠʤ ʽʟʦʪʦʧʥʠʤ ʤʝʪʦʜʦʤ ʜʘʪʫʚʘʣʠ 

ʤʫʣʴʪʠʟʝʨʥʦʚʽ ʥʘʚʘʞʢʠ ʪʠʪʘʥʽʪʫ ʽʟ ʢʚʘʨʮʦʚʦʛʦ ʜʽʦʨʠʪʫ (ʧʨʦʙʘ 11/19), 

ʚʽʜʽʙʨʘʥʦʛʦ ʚ ʩʢʝʣʴʥʠʭ ʚʠʭʦʜʘʭ ʧʨʘʚʦʛʦ ʙʦʨʪʫ ʜʦʣʠʥʠ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʚ 

ʨʘʡʦʥʽ ʩ. ʐʫʤʠʣʽʚ, ʧʨʠʙʣʠʟʥʦ ʚ 20 ʤʝʪʨʘʭ ʚʽʜ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ 

ʟʘʢʠʥʫʪʦʾ ʙʫʜʽʚʣʽ (ʤʣʠʥ), ʪʘ ʤʦʥʘʮʠʪʠ ʽʟ ʛʨʘʥʽʪʫ (ʧʨʦʙʘ shum-x), ʧʦʰʠʨʝʥʦʛʦ ʚ 

ʚʽʜʩʣʦʥʝʥʥʷʭ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʰʝ ʩ. ʐʫʤʠʣʽʚ. 

ʇʨʦʙʘ 11-19. ʂʚʘʨʮʦʚʠʡ ʜʽʦʨʠʪ. ʄʘʩʠʚʥʘ ʩʚʽʪʣʦ-ʩʽʨʘ ʧʦʨʦʜʘ. ʉʪʨʫʢʪʫʨʘ 

ʨʽʟʥʦʟʝʨʥʠʩʪʘ, ʧʦʨʬʽʨʦʧʦʜʽʙʥʘ, ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʾ ʤʘʩʠ ʩʝʨʝʜʥʴʦ-

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ, ʛʽʧʽʜʽʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘ, ʨʦʟʤʽʨ ʟʝʨʝʥ 0,1-2 ʤʤ, ʧʝʨʝʚʘʞʥʦ 0,3-

1 ʤʤ. ʇʦʨʬʽʨʦʚʽ ʚʢʨʘʧʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʣʘʛʽʦʢʣʘʟʦʤ, ʨʦʟʤʽʨ ʷʢʠʭ 2-9 ʤʤ.  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ: ʧʣʘʛʽʦʢʣʘʟ ï 76%, ʙʽʦʪʠʪ ï 10%, ʨʦʛʦʚʘ ʦʙʤʘʥʢʘ ï 

6%, ʢʚʘʨʮ ï 5%, ʧʽʨʦʢʩʝʥ ï 3%; ʤʽʢʨʦʢʣʽʥ ï 1%, ʘʢʮʝʩʦʨʥʽ ï ʘʧʘʪʠʪ, ʩʬʝʥ, 

ʮʠʨʢʦʥ, ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ. 
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ʊʠʪʘʥʽʪ ʧʽʜ ʙʽʥʦʢʫʣʷʨʦʤ ʤʘʻ ʢʦʨʠʯʥʝʚʠʡ, ʜʦ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʢʦʣʽʨ. 

ʂʨʠʩʪʘʣʠ ʥʘʧʽʚʧʨʦʟʦʨʽ ʢʩʝʥʦʤʦʨʬʥʽ (ʢʨʠʩʪʘʣʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʟ ʩʠʣʴʥʦ 

ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʨʝʙʨʘʤʠ ʽ ʥʘʚʽʪʴ ʛʨʘʥʷʤʠ ʟ ʯʠʩʣʝʥʥʠʤʠ ʷʤʢʘʤʠ ʪʘ ʥʘʨʦʩʪʘʤʠ). ɺ 

ʧʨʦʪʦʣʦʯʮʽ ʧʝʨʝʚʘʞʘʶʪʴ ʫʣʘʤʢʠ ʢʨʠʩʪʘʣʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ ʚʠʢʦʨʠʩʪʘʣʠ ʤʫʣʴʪʠʟʝʨʥʦʚʽ ʥʘʚʘʞʢʠ ʨʦʟʤʽʨʥʠʭ 

ʬʨʘʢʮʽʡ ʢʦʨʠʯʥʝʚʠʭ ʢʨʠʩʪʘʣʽʚ ʪʠʪʘʥʽʪʫ ʪʘ ʾʭ ʫʣʘʤʢʽʚ. ɿʘ ʚʝʨʭʥʽʤ ʧʝʨʝʪʠʥʦʤ 

ʢʦʥʢʦʨʜʽʾ ʣʽʥʽʻʶ ʨʝʛʨʝʩʽʾ ʦʪʨʠʤʘʥʦ ʚʽʢ 2005,8Ñ2,9 ʤʣʥ. ʨʦʢʽʚ (ʨʠʩ.1) ʽ 40Ñ106 

ʤʣʥ. ʨʦʢʽʚ, ʟʘ ʥʠʞʥʽʤ, ʉʂɿɺ =1,3. ʉʝʨʝʜʥʻ ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʚʽʢʫ, ʟʘ ʽʟʦʪʦʧʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ 
207

Pb/
206

Pb = 2004,9Ñ1,5 ʤʣʥ. ʨʦʢʽʚ, ʷʢʠʡ ʤʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʠʟʴʢʫ 

ʜʠʩʢʦʨʜʘʥʪʥʽʩʪʴ, ʧʨʠʡʤʘʻʤʦ ʟʘ ʚʽʢ ʪʠʪʘʥʽʪʫ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʋʨʘʥ-ʩʚʠʥʮʝʚʘ ʜʽʘʛʨʘʤʘ ʟ ʢʦʥʢʦʨʜʽʻʶ ʜʣʷ ʪʠʪʘʥʽʪʫ ʽʟ ʜʽʦʨʠʪʫ, ʧʨʦʙʘ 11/19. 

 

ɻʨʘʥʽʪ, ʧʨʦʙʘ shum-x. ʄʘʩʠʚʥʘ ʧʦʨʦʜʘ ʩʽʨʫʚʘʪʦ-ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ. 

ʉʪʨʫʢʪʫʨʘ ʥʝʨʽʚʥʦʤʽʨʥʦʟʝʨʥʠʩʪʘ, ʧʦʨʬʽʨʦʧʦʜʽʙʥʘ, ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʾ ʤʘʩʠ 

ʜʨʽʙʥʦ-ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʘ, ʛʨʘʥʽʪʥʘ, ʛʨʘʥʦʙʣʘʩʪʦʚʘ. ɺʢʨʘʧʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʦʣʴʦʚʠʤʠ ʰʧʘʪʘʤʠ ʪʘ ʤʘʶʪʴ ʨʦʟʤʽʨ 2-8 ʤʤ, ʨʦʟʤʽʨ ʟʝʨʝʥ ʦʩʥʦʚʥʦʾ ʤʘʩʠ 0,05-

2 ʤʤ, ʧʝʨʝʚʘʞʘʶʪʴ 0,5-1,2 ʤʤ.  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ (%): ʧʣʘʛʽʦʢʣʘʟ ï 36, ʢʘʣʽʻʚʠʡ ʧʦʣʴʦʚʠʡ ʰʧʘʪ ï 33, 

ʢʚʘʨʮ ï 25, ʙʽʦʪʠʪ ï 6, ʚʪʦʨʠʥʥʽ ï ʢʘʣʴʮʠʪ, ʤʫʩʢʦʚʽʪ; ʘʢʮʝʩʦʨʥʽ ʤʽʥʝʨʘʣʠ ï 

ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʨʫʜʥʠʡ ʤʽʥʝʨʘʣ.  

ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ ʩʢʣʘʜʥʽ, ʫʪʚʦʨʝʥʽ ʩʠʣʴʥʦ ʪʨʽʱʠʥʫʚʘʪʠʤʠ 

(ʬʨʘʛʤʝʥʪʦʚʘʥʠʤʠ) ʷʜʨʘʤʠ ʪʘ ʜʚʦʤʘ ʦʙʦʣʦʥʢʘʤʠ. 

ɺ ʛʨʘʥʽʪʽ ʧʨʠʩʫʪʥʽ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʚʠʜʽʚ ʢʨʠʩʪʘʣʽʚ ʤʦʥʘʮʠʪʫ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʻ ʩʚʽʪʣʦ-ʞʦʚʪʽ ʜʦ ʤʘʡʞʝ ʙʝʟʙʘʨʚʥʠʭ, ʧʨʦʟʦʨʽ, ʧʘʤʧʫʰʢʦʧʦʜʽʙʥʽ ʪʘ 

ʽʟʦʤʝʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ ʟ ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʢʦʥʪʫʨʘʤʠ ʪʘ, ʧʝʨʝʚʘʞʥʦ, ʰʘʛʨʝʥʝʚʦʶ 

ʧʦʚʝʨʭʥʝʶ. ɺ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʽ ʢʦʨʠʯʥʶʚʘʪʦ-ʞʦʚʪʽ, ʩʽʨʫʚʘʪʦ-

ʞʦʚʪʽ ʥʘʧʽʚʧʨʦʟʦʨʽ ʧʘʤʧʫʰʢʦʧʦʜʽʙʥʽ ʪʘ ʽʟʦʤʝʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ, ʧʦʦʜʠʥʦʢʽ ʟ ʥʠʭ 

ʪʨʽʱʠʥʫʚʘʪʽ. ʗʢ ʧʦʦʜʠʥʦʢʽ ʟʝʨʥʘ (< 5%) ʪʨʘʧʣʷʶʪʴʩʷ ʩʚʽʪʣʦ-ʞʦʚʪʽ ʚʦʜʷʥʦ-

ʧʨʦʟʦʨʽ ʽʟʦʤʝʪʨʠʯʥʽ ʽ ʧʘʤʧʫʰʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ ʟ ʩʠʣʴʥʦ ʟʘʦʢʨʫʛʣʝʥʠʤʠ 

ʢʦʥʪʫʨʘʤʠ ʪʘ ʛʣʘʜʝʥʴʢʦʶ ʙʣʠʩʢʫʯʦʶ ʧʦʚʝʨʭʥʝʶ. ʇʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʤʦʥʘʮʠʪʫ ʚ 
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ʩʣʘʙʢʦʤʫ ʨʦʟʯʠʥʽ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʢʨʠʩʪʘʣʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʨʽʟʥʦʚʠʜʽʚ, ʦʢʨʽʤ 

ʩʚʽʪʣʦ-ʞʦʚʪʠʭ ʚʦʜʷʥʦ-ʧʨʦʟʦʨʠʭ, ʯʘʩʪʢʦʚʦ ʟʥʝʙʘʨʚʠʣʠʩʴ, ʪʘ (ʘʙʦ) ʧʦʢʨʠʣʠʩʷ 

ʙ̔ ʣʠʤʠ ʢʽʨʦʯʢʘʤʠ. 

ɺʽʢ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʫʣʴʪʠʟʝʨʥʦʚʠʤʠ ʥʘʚʘʞʢʘʤʠ ʫʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʢʨʠʩʪʘʣʽʚ 

ʤʦʥʘʮʠʪʫ. ɿʘ ʚʝʨʭʥʽʤ ʧʝʨʝʪʠʥʦʤ ʢʦʥʢʦʨʜʽʾ ʣʽʥʽʻʶ ʨʝʛʨʝʩʽʾ ʦʪʨʠʤʘʥʦ ʚʽʢ 

2055Ñ12 ʤʣʥ. ʨʦʢʽʚ ʪʘ -928ÑÐ ʤʣʥ. ʨʦʢʽʚ, ʟʘ ʥʠʞʥʽʤ, ʉʂɿɺ =0,36. ʉʝʨʝʜʥʻ 

ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʚʽʢʫ, ʟʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
207
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Pb = 2048,6Ñ5,7 ʤʣʥ. 

ʨʦʢʽʚ (ʨʠʩ. 2), ʷʢʠʡ ʤʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʝʣʠʢʫ ʜʠʩʢʦʨʜʘʥʪʥʽʩʪʴ, ʧʨʠʡʤʘʻʤʦ ʟʘ 

ʚʽʢ ʤʦʥʘʮʠʪʫ ʪʘ ʛʨʘʥʽʪʫ, ʱʦ ʚʤʽʱʫʻ ʤʦʥʘʮʠʪ. ʆʪʨʠʤʘʥʠʡ ʚʽʢ ʜʦʙʨʝ ʩʧʽʚʧʘʜʘʻ ʟ 

ʚʽʢʦʤ ʤʦʥʘʮʠʪʫ ʽʟ ʛʨʘʥʽʪʫ, ʨʦʟʢʨʠʪʦʛʦ ʢʘʨôʻʨʦʤ ʚ ʩ. ʅʠʞʯʘ ʂʨʦʧʠʚʥʘ ʚʽʢ 

(2049Ñ3 ʤʣʥ. ʨʦʢʽʚ) [2], ʪʘ ʻ ʜʝʱʦ ʙʽʣʴʰʠʤ ʟʘ ʚʽʢ ʤʦʥʘʮʠʪʫ ʽʟ ʧʽʨʦʢʩʝʥʚʤʽʩʥʦʛʦ 

ʛʨʘʥʽʪʫ, ʧʦʰʠʨʝʥʦʛʦ ʧʽʚʥʽʯʥʽʰʝ ʩ. ʉʠʪʢʽʚʮʽ (2027Ñ6 ʤʣʥ. ʨʦʢʽʚ) [1]. 

 

 
ʈʠʩʫʥʦʢ 2 - ʋʨʘʥ-ʩʚʠʥʮʝʚʘ ʜʽʘʛʨʘʤʘ ʟ ʢʦʥʢʦʨʜʽʻʶ ʜʣʷ ʤʦʥʘʮʠʪʫ ʽʟ ʙʽʦʪʠʪʦʚʦʛʦ ʛʨʘʥʽʪʫ, ʧʨʦʙʘ 

shum-x. 

 

ʆʪʞʝ, ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʽ ʛʨʘʥʽʪʠ ɻʘʡʩʠʥʩʴʢʦʛʦ ʙʣʦʢʫ ʩʬʦʨʤʫʚʘʣʠʩʷ 2,05-

2,02 ʤʣʨʜ. ʨʦʢʽʚ ʪʦʤʫ, ʩʠʥʭʨʦʥʥʦ ʟ ʛʨʘʥʽʪʘʤʠ ʫʤʘʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. 
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ZIRCON AND MONACITE AS GEOCHRO NOMETERS 
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The paper discusses the results of U-Pb isotope dating of monacytes and zircons from crystalline 

rocks (granitoids formed under PT conditions of granulite and amphibolite facies and gneisses and 

crystalline shales that are like xenoliths in these granitoids) of the Ukrainian Shield. Monazite is one 

of the first accessory minerals, according to which the age of U-Pb was determined by the isotope 

method. With the improvement of the methodological base and devices, the first place, according to 

the frequency of use, gradually took zircon, and monazite, receded into the background. 

 

ʎʠʨʢʦʥ ï ʩʠʣʽʢʘʪ ʮʠʨʢʦʥʽʶ, Zr[SiO4]. ʄʽʩʪʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ ʜʝʢʽʣʴʢʘ 

ʚʽʜʩʦʪʢʠ Hf, ʱʦ ʽʟʦʤʦʨʬʥʦ ʟʘʤʽʱʘʻ Zr ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ. ɿʚʠʯʘʡʥʽ ʜʦʤʽʰʢʠ 

Y, Th, U, ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʉʠʥʛʦʥʽʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʆʛʨʘʥʝʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʦʙʫʤʦʚʣʝʥʝ ʢʦʤʙʽʥʘʮʽʻʶ ʛʨʘʥʝʡ ʙʽʧʽʨʘʤʽʜʠ {111}  ̔ʧʨʠʟʤʠ {110} ʪʘ 

(ʘʙʦ) {100}. ɯʥʦʜʽ ʚ ʛʦʣʽʚʢʘʭ ʢʨʠʩʪʘʣʽʚ ʧʨʠʩʫʪʥʽ ʛʨʘʥʽ ʜʽʪʝʪʨʘʛʦʥʘʣʴʥʦʶ 

ʙʽʧʽʨʘʤʽʜʠ {311}, ʛʦʩʪʨʦʾ ʙʽʧʽʨʘʤʽʜʠ {331} ʪʘ ʨʷʜ ʽʥʰʠʭ.  

ʄʦʥʘʮʠʪ ï ʬʦʩʬʘʪ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, (Ce, La)[PO4]. ʆʢʨʽʤ 

Ce2O3 ï 21,1-32,3 %, La2O3 ï 27,9-41,83 %, P2O5 ï 24,9-29,7 %, ʤʦʥʘʮʠʪ ʤʽʩʪʠʪʴ 

ʦʢʩʠʜʠ ʪʦʨʽʶ (ʚʽʜ ʜʝʩʷʪʠʭ ʜʦʣʝʡ ʜʦ 10 %, ʽʥʢʦʣʠ 28 % [1]), ʫʨʘʥʫ (0,4-1,4 %), 

ʩʚʠʥʮʶ (0,2-1,4 %) [2, 3] ʪʘ ʽʥ. ʄʦʥʘʮʠʪ ʤʘʻ ʤʦʥʦʢʣʽʥʥʫ ʩʪʨʫʢʪʫʨʫ, ʢʦʤʽʨʢʘ 

ʢʨʠʩʪʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʪʨʘʝʜʨʘʤʠ [P2O5], ʷʢʽ ʟʚôʷʟʫʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʘʪʦʤʘʤʠ (Ce, La), ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʜʝʚôʷʪʝʨʥʽʡ ʢʦʦʨʜʠʥʘʮʽʾ ʘʪʦʤʽʚ 

ʢʠʩʥʶ. ɼʣʷ ʤʦʥʘʮʠʪʫ ʭʘʨʘʢʪʝʨʥʽ ʢʨʠʩʪʘʣʠ, ʛʦʣʦʚʥʠʤʠ ʬʦʨʤʘʤʠ ʷʢʠʭ ʻ 

ʧʽʥʘʢʦʾʜʠ {100} ʽ {101} ʪʘ ʧʨʠʟʤʠ {110}. ɯʥʦʜʽ ʚʽʜʤʽʯʘʶʪʴʩʷ ʛʨʘʥʽ ʧʨʠʟʤʠ {111} 

[1]. 

ɺ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ ʋʑ ʮʠʨʢʦʥ ʻ ʥʘʩʢʨʽʟʥʠʤ ʤʽʥʝʨʘʣʦʤ. ɺ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʦʜʘʭ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ ʚʽʥ ʧʦʯʠʥʘʻ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ ʥʘ 

ʨʘʥʥʴʦʤʘʛʤʘʪʠʯʥʽʡ ʩʪʘʜʽʾ ʽ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʜʦ ʧʦʚʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʠʣʽʢʘʪʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘ ʟʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʬʣʶʾʜʫ. ɺ 

ʛʘʙʨʦʾʜʘʭ ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʮʠʨʢʦʥʽʡ ʽʜʝ ʥʘ ʧʦʙʫʜʦʚʫ ʢʨʠʩʪʘʣʽʚ 

ʙʘʜʜʝʣʝʾʪʫ ʽ ʣʠʰʝ ʟ ʧʦʷʚʦʶ ʥʘʜʣʠʰʢʫ SiO2 ʚ ʩʠʩʪʝʤʽ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʮʠʨʢʦʥ. 

ʄʝʪʘʤʦʨʬʦʛʝʥʥʠʡ ʮʠʨʢʦʥ ʧʨʠʩʫʪʥʽʡ ʚ ʧʦʨʦʜʘʭ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʥʝ ʥʠʞʯʝ 

ʝʧʽʜʦʪ-ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʾ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʠʨʢʦʥʫ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʜʣʠʰʢʦʤ SiO2 ʽ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʚʽʥ ʻ çʟʘʙʦʨʦʥʝʥʠʤè ʤʽʥʝʨʘʣʦʤ ʚ ʧʘʨʘʛʝʥʝʟʠʩʽ ʟ ʦʣʽʚʽʥʦʤ, ʜʣʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʥʘʮʠʪʫ ʥʝʦʙʭʽʜʥʠʤ ʥʠʟʴʢʘ ʘʢʪʠʚʥʽʩʪʴ ʽʦʥʽʚ ʉʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

çʥʘʜʣʠʰʦʢè ʈ2ʆ5. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ ʘʧʘʪʠʪ. ɺ ʪʦʡ ʞʝ 
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ʯʘʩ ʽ ʚ ʧʨʦʪʦʣʦʯʥʠʭ ʧʨʦʙʘʭ ʽ ʥʘʚʽʪʴ ʫ ʰʣʽʬʘʭ ʜʦʩʠʪʴ ʯʘʩʪʦ  ʧʨʠʩʫʪʥʽ ʦʙʠʜʚʘ ʮʠʭ 

ʤʽʥʝʨʘʣʠ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʘʩʠʥʭʨʦʥʥʽʩʪʶ ʾʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɸʧʘʪʠʪ ʤʘʻ 

ʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ, ʥʘʚʽʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʠʨʢʦʥʦʤ. ʄʦʥʘʮʠʪ ʻ ʧʦʨʽʚʥʷʥʦ 

ʨʽʜʢʽʩʥʠʤ ʤʽʥʝʨʘʣʦʤ. ʊʘʢ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ ʋʑ ʚ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ (ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʛʨʘʤ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʛʨʘʤ ʥʘ ʪʦʥʫ) ʤʦʥʘʮʠʪ ʧʨʠʩʫʪʥʽʡ ʚ 

ʛʨʘʥʽʪʦʾʜʘʭ ʙʝʨʜʠʯʽʚʩʴʢʦʛʦ, ʞʠʪʦʤʠʨʩʴʢʦʛʦ, ʣʽʪʠʥʩʴʢʦʛʦ, ʢʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ, 

ʥʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ, ʟʨʽʜʢʘ ʫʤʘʥʩʴʢʦʛʦ ʪʘ ʛʘʡʩʠʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʽʚ, ʚ 

ʜʚʦʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʛʨʘʥʽʪʘʭ ʦʙʨʘʤʣʝʥʥʷ ʂʨʠʚʦʨʽʟʴʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʯʘʨʥʦʢʽʪʘʭ 

ʉʣʘʚʛʦʨʦʜʩʴʢʦʛʦ ʙʣʦʢʫ, ʧʣʘʛʽʦʢʣʘʟ-ʢʘʣʽʰʧʘʪʦʚʠʭ ʛʨʘʥʽʪʘʭ ʽ ʧʝʛʤʘʪʠʪʘʭ 

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ. ʇʦʰʠʨʝʥʠʤ ʻ ʮʝʡ ʤʽʥʝʨʘʣ ʚ ʛʥʝʡʩʘʭ ʪʘ ʘʤʬʽʙʦʣʽʪʘʭ, 

ʱʦ ʘʩʦʮʽʶʶʪʴ ʟ ʤʦʥʘʮʠʪʚʤʽʩʥʠʤʠ ʛʨʘʥʽʪʘʤʠ ʪʘ ʤʽʛʤʘʪʠʪʘʤʠ, ʧʨʠʩʫʪʥʽʡ ʚ 

ʢʚʘʨʮʠʪʘʭ ʢʦʰʘʨʦ-ʦʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ ʩʚʽʪʠ ʙʫʟʴʢʦʾ ʩʝʨʽʾ (ʉʝʨʝʜʥʻ ʇʦʙʫʞʞʷ), 

ʩʧʦʨʘʜʠʯʥʦ ʪʨʘʧʣʷʻʪʴʩʷ ʚ ʤʝʪʘʧʽʩʢʦʚʠʢʘʭ ʩʢʝʣʶʚʘʪʩʴʢʦʾ ʩʚʽʪʠ ʢʨʠʚʦʨʽʟʴʢʦʾ 

ʩʝʨʽʾ, ʧʦʦʜʠʥʦʢʽ ʟʝʨʥʘ ʪʨʘʧʣʷʻʪʴʩʷ ʚ ʛʨʘʥʽʪʘʭ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʪʘ 

ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ ʟʦʥʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʦʥʘʮʠʪʠ ʥʝ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʭ 

ʪʠʧʦʤʦʨʬʥʠʭ ʽ ʪʠʧʦʭʽʤʽʯʥʠʭ ʦʟʥʘʢ, ʭʘʨʘʢʪʝʨʥʠʭ ʮʠʨʢʦʥʘʤ, ʮʝʡ ʤʽʥʝʨʘʣ ʤʘʻ ʨʷʜ 

ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʥʘʜ ʮʠʨʢʦʥʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ, ʚ ʫʩʷʢʦʤʫ ʨʘʟʽ ʛʨʘʥʽʪʦʾʜʽʚ. 

ʇʝʨʰ ʟʘ ʚʩʝ ʤʦʥʘʮʠʪʠ ʥʘʡʯʘʩʪʽʰʝ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʥʘ ʟʘʚʝʨʰʘʣʴʥʠʭ ʩʪʘʜʽʷʭ 

ʛʨʘʥʽʪʦʫʪʚʦʨʝʥʥʷ ʽ ʾʭ ʚʽʢ ʜʦʙʨʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʽʪʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʘʮʠʪʽʚ ʜʣʷ ʜʘʪʫʚʘʥʥʷ ʛʨʘʥʽʪʦʾʜʽʚ ʋʑ ʤʘʻ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʱʝ 

ʡ ʪʦʤʫ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʛʨʘʥʽʪʦʾʜʽʚ ʋʑ ʤʘʶʪʴ ʢʦʨʦʚʝ ʜʞʝʨʝʣʦ, ʯʝʨʝʟ ʱʦ ʢʨʠʩʪʘʣʠ 

ʮʠʨʢʦʥʫ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚ ʷʢʦʩʪʽ ʷʜʝʨ ʤʽʩʪʷʪʴ ʨʝʣʽʢʪʠ ʮʠʨʢʦʥʫ ʧʦʨʽʜ ʩʫʙʩʪʨʘʪʫ, 

ʱʦ ʩʧʨʠʯʠʥʷʻ ʩʫʪʪʻʚʝ ʫʜʨʝʚʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘ ʮʠʨʢʦʥʦʤ ʽʟʦʪʦʧʥʠʭ ʜʘʪ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʘʰ ʜʦʩʚʽʜ ʧʨʝʮʠʟʽʡʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʦʨʽ ʋʑ ʟʘ ʤʦʥʘʮʠʪʦʤ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʥʘʮʠʪ ʪʘʢʦʞ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ ʤʽʥʝʨʘʣʦʤ-

ʛʝʦʭʨʦʥʦʤʝʪʨʦʤ. ʗʢ ʚʠʷʚʠʣʦʩʷ, ʧʦʨʷʜ ʟ ʜʘʪʘʤʠ ʟ ʜʦʩʠʪʴ ʥʝʚʝʣʠʢʠʤʠ ʧʦʭʠʙʢʘʤʠ 

(ʜʦ Ñ1 ʤʣʥ. ʨʦʢʽʚ), ʜʦʚʦʣʽ ʯʘʩʪʦ ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʚʽʮʽ, ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʥʘʚʽʪʴ ʟʘ 

ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb ʟʥʘʯʠʤʦ (10-20 ʤʣʥ. 

ʨʦʢʽʚ, ʽʥʢʦʣʠ ʽ ʙʽʣʴʰʝ) ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʭʠʙʢʫ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ʎʝ, ʚ ʦʜʥʠʭ 

ʚʠʧʘʜʢʘʭ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʨʠʚʘʣʽʩʪʶ ʝʥʜʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʫ (ʛʨʘʥʽʪʦʫʪʚʦʨʝʥʥʷ, 

ʤʝʪʘʤʦʨʬʽʟʤ, ʤʝʪʘʩʦʤʘʪʦʟ ʪʦʱʦ), ʚ ʽʥʰʠʭ ʜʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʚʘʪʠ, ʱʦ ʛʨʘʥʽʪʥʠʡ 

ʨʦʟʧʣʘʚ ʪʘʢ ʜʦʚʛʦ ʧʝʨʝʙʫʚʘʪʠ ʚ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʟʝʤʥʦʾ ʢʦʨʠ ʥʝ ʤʦʞʝ. ʗʩʢʨʘʚʠʤ 

ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʠ ʽʟʦʪʦʧʥʦʛʦ ʜʘʪʫʚʘʥʥʷ ʮʠʨʢʦʥʽʚ ʽ 

ʤʦʥʘʮʠʪʽʚ ʛʨʘʥʽʪʽʚ ʙʝʨʜʠʯʽʚʩʴʢʦʛʦ ʪʠʧʫ, ʧʦʰʠʨʝʥʠʭ ʚ ɾʝʞʝʣʽʚʩʴʢʦʤʫ ʪʘ 

ɯʚʘʥʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʘʭ [4]. ɯ ʜʣʷ ʤʦʥʘʮʠʪʽʚ ʽ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʦʙʦʣʦʥʦʢ ʢʨʠʩʪʘʣʽʚ 

ʮʠʨʢʦʥʫ ʷʢ ʽʟ ʙʝʨʜʠʯʽʚʩʴʢʠʡ çʛʨʘʥʽʪʽʚè, ʪʘʢ ʽʟ ʣʝʡʢʦʩʦʤʠ ʚ ʥʠʭ ʦʪʨʠʤʘʥʦ 

ʦʜʥʘʢʦʚʽ, ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ, ʟʥʘʯʝʥʥʷ ʚʽʢʫ ʚ ʽʥʪʝʨʚʘʣʽ 2040-2045 ʤʣʥ. ʨʦʢʽʚ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʽ ʜʣʷ ʤʦʥʘʮʠʪʽʚ, ʽ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʦʙʦʣʦʥʦʢ ʢʨʠʩʪʘʣʽʚ ʮʠʨʢʦʥʫ ʽʟ 

ʙʝʨʜʠʯʽʚʩʴʢʠʭ çʛʨʘʥʽʪʽʚè ɯʚʘʥʽʚʩʴʢʦʛʦ ʢʘʨôʻʨʘ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʚʽʢʫ, ʱʦ ʟʘ 

ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb ʨʦʟʭʦʜʷʪʴʩʷ ʧʦʥʘʜ 80 ʤʣʥ. ʨʦʢʽʚ ʜʣʷ 

ʦʙʦʣʦʥʦʢ ʮʠʨʢʦʥʫ ï 2084 ï 1999 ʤʣʥ. ʨʦʢʽʚ, ʪʘ ʧʦʥʘʜ 20 ʤʣʥ. ʨʦʢʽʚ ʜʣʷ 

ʤʦʥʘʮʠʪʫ ï 2042,1 - 2020,2 ʤʣʥ. ʨʦʢʽʚ, ʱʦ ʟʥʘʯʠʤʦ ʧʝʨʝʚʠʱʫʻ ʧʦʭʠʙʢʫ 

ʚʠʟʥʘʯʝʥʥʷ.  



 

89 

 

ʑʝ ʦʜʥʠʤ ʷʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʦʯʝʚʠʜʥʦʾ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʽʟʦʪʦʧʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʽʢ ʮʠʨʢʦʥʽʚ ʽ ʤʦʥʘʮʠʪʽʚ ʟ ʛʝʦʣʦʛʽʯʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ 

ʧʨʦ ʚʽʜʥʦʩʥʠʡ ʚʽʢ ʧʦʨʽʜ ʻ ʜʘʡʢʘ ʤʝʪʘʤʘʬʽʪʫ (ʘʤʬʽʙʦʣ-ʜʚʦʧʽʨʦʢʩʝʥʦʚʠʡ 

ʛʨʘʥʘʪʚʤʽʩʥʠʡ ʢʨʠʩʪʘʣʦʩʣʘʥʝʮʴ) ʪʘ ʣʽʥʟʦʧʦʜʽʙʥʝ ʪʽʣʦ ʘʥʪʠʧʝʨʪʠʪʦʚʦʛʦ 

ʝʥʜʝʨʙʽʪʫ, ʘʧʦʬʽʟʠ ʷʢʦʛʦ ʫ ʚʠʛʣʷʜʽ ʞʠʣ ʨʦʟʪʠʥʘʶʪʴ ʤʝʪʘʤʘʬʽʪ ʚ ʢʘʨôʻʨʽ ʂʦʟʘʯʠʡ 

ʗʨ (ʩ. ɿʘʚʘʣʣʷ). ɼʣʷ ʮʠʨʢʦʥʫ ʽʟ ʤʝʪʘʤʘʬʽʪʫ ʦʪʨʠʤʘʥʦ ʚʽʢ 1950 ʤʣʥ. ʨʦʢʽʚ, ʜʣʷ 

ʮʠʨʢʦʥʫ ʽʟ ʝʥʜʝʨʙʽʪʫ, ʱʦ ʩʽʯʝ ʤʝʪʘʤʘʬʽʪ ʟʥʘʯʠʤʦ ʙʽʣʴʰʠʡ ʚʽʢ ï 1992,7Ñ2,1 ʤʣʥ. 

ʨʦʢʽʚ [3]. ʅʘʨʘʟʽ ʤʠ ʚʠʢʦʥʘʣʠ U-Pb ʽʟʦʪʦʧʥʝ ʜʘʪʫʚʘʥʥʷ ʘʢʮʝʩʦʨʥʠʭ ʤʦʥʘʮʠʪʽʚ ʽʟ 

ʝʥʜʝʨʙʽʪʫ. ʄʦʥʘʮʠʪʠ ʚ ʧʨʦʪʦʣʦʯʮʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʜʦʩʠʪʴ ʢʨʫʧʥʠʤʠ 

(ʢʨʫʧʥʽʰʝ 0,1 ʤʤ) ʫʣʘʤʢʘʤʠ ʞʦʚʪʫʚʘʪʦ-ʢʦʨʠʯʥʝʚʠʭ, ʩʽʨʫʚʘʪʦ-ʞʦʚʪʠʭ ʢʨʠʩʪʘʣʽʚ, 

ʇʦʦʜʠʥʦʢʽ ʢʨʠʩʪʘʣʠ ʤʦʥʘʮʠʪʫ ʤʘʶʪʴ ʝʣʽʧʩʦʧʦʜʽʙʥʫ ʧʘʤʧʫʰʢʦʧʦʜʽʙʥʫ ʬʦʨʤʫ 

ʪʘ ʩʠʣʴʥʦ ʟʘʦʢʨʫʛʣʝʥʽ ʢʦʥʪʫʨʠ. ɿʘ ʽʟʦʪʦʧʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 
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Pb ʜʣʷ ʨʽʟʥʠʭ 

ʤʫʣʴʪʠʟʝʨʥʦʚʠʭ ʥʘʚʘʞʦʢ ʤʦʥʘʮʠʪʫ ʦʪʨʠʤʘʥʦ ʥʝ ʣʠʰʝ ʟʥʘʯʠʤʦ ʤʝʥʰʽ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʚʽʢʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʢʦʤ ʮʠʨʢʦʥʽʚ, ʘʣʝ ʪʘʢʽ ʱʦ ʨʦʟʭʦʜʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʥʘ ʚʝʣʠʯʠʥʫ ʟʥʘʯʠʤʦ ʙʽʣʴʰʫ ʟʘ ʧʦʭʠʙʢʫ ʾʭ ʚʠʟʥʘʯʝʥʥʷ (ʪʘʙʣ.1). ʎʝ, ʥʘ ʥʘʰ 

ʧʦʛʣʷʜ, ʦʙʫʤʦʚʣʝʥʦ ʝʚʦʣʶʮʽʻʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ ʭʽʤʽʟʤʽ ʩʝʨʝʜʦʚʠʱʘ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʮʠʨʢʦʥʫ ʪʘ ʤʦʥʘʮʠʪʫ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʠʡ ʯʘʩ ʾʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʚ ʭʦʜʽ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʥʘʧʨʠʢʣʘʜ, çʛʨʘʥʽʪʠ ɯʚʘʥʽʚʩʴʢʦʛʦ 

ʢʘʨôʻʨʫ, ʘʥʪʠʧʝʨʪʠʪʦʚʠʡ ʝʥʜʝʨʙʽʪ ʢʘʨôʻʨʫ ʂʦʟʘʯʠʡ ʗʨ) ʘʙʦ ʩʠʥʭʨʦʥʥʝ ʾʭ 

ʫʪʚʦʨʝʥʥʷ (çʛʨʘʥʽʪʠè ɾʝʞʝʣʽʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ). 

 
ʊʘʙʣʠʮʷ 1 - ɺʤʽʩʪ ʫʨʘʥʫ, ʩʚʠʥʮʶ ʪʘ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʩʚʠʥʮʶ ʚ ʤʦʥʘʮʠʪʘʭ ʽʟ ʘʥʪʠʧʝʨʪʠʪʦʚʦʛʦ 

ʝʥʜʝʨʙʽʪʫ, ʧʨʦʙʘ ɽ-31y. 

ʌʨʘʢʮʽʷ  ɺʤʽʩʪ (ppm) ɯʟʦʪʦʧʥʽ ʚʽʜʥʦʰʝʥʥʷ ɺʽʢ, ʤʣʥ. ʨʦʢʽʚ 
ʤʦʥʘʮʠʪʫ 
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1 1461 13400 2365 8,3458 0,027179 0,27657 4,3567 1574 1704 1868,1 

2 1266 9254 2200 8,3661 0,031129 0,25138 3,9348 1446 1621 1856,6 

1ʘ  1779 21771 5670 8,6348 0,025100 0,34300 5,3703 1901 1880 1857,0 

2ʘ 1847 17726 2325 8,2234 0,032200 0,34098 5,4516 1891 1893 1894,8 

ʇʨʠʤʽʪʢʘ. ʇʦʧʨʘʚʢʘ ʥʘ ʟʚʠʯʘʡʥʠʡ ʩʚʠʥʝʮʴ ʫʚʝʜʝʥʘ ʟʘ ʉʪʝʡʩʽ ʪʘ ʂʨʘʤʝʨʩʦʤ ʥʘ ʚʽʢ 

1900 ʤʣʥ. ʨʦʢʽʚ. 

 

ʆʪʞʝ, ʤʦʥʘʮʠʪʠ ʽ ʮʠʨʢʦʥʠ ʷʢ ʛʝʦʭʨʦʥʦʤʝʪʨʠ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʨʦʪʽʢʘʥʥʷ ʝʥʜʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. ɰʭ ʧʦʻʜʥʘʥʥʷ ʚ ʭʦʜʽ 

ʨʘʜʽʦʛʝʦʭʨʦʥʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʘʟʦʤ ʟ ʧʦʧʝʨʝʜʥʽʤ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ 

ʚʠʚʯʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʚ ʥʘʜʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʟôʷʩʫʚʘʥʥʷ ʯʘʩʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ. 
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The aim of the work is to calculate the trends of transformation of organic matter of III-A type 

kerogen, which is in contact with organic and inorganic gases in the process of organic-containing 

rocks dipping. The analysis of changes in the Gibbs energy during the immersion of the 

geochemical system unambiguously indicates the presence of a stability zone for the hydrocarbon 

component. The maximum of this zone corresponds to the minimum value of the Gibbs energy, 

depending on the kerogen type and heat flow, is in the range of 4-7 km and indicates the area of 

stability, or "oil window". 

 

ʇʨʦʮʝʩʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʦʩʪ-ʜʽʘʛʝʥʝʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ (ʆʈ), ʷʢʘ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʢʝʨʦʛʝʥʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʝʡʤʦʚʽʨʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʩʪʨʫʢʮʽʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʢʰʪʘʣʪ 

ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʯʠ ʙʽʣʢʽʚ ʚʥʘʩʣʽʜʦʢ ʛʽʜʨʦʣʽʟʫ, ʽʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʢʠʩʥʝʚʦʚʤʽʩʥʠʭ ʛʨʫʧ ʪʘ ʘʨʦʤʘʪʠʟʘʮʽʻʶ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʮʽʥʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘ ʨʽʟʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ: ʨʝʘʢʮʽʻʶ ʄʘʡʷʨʘ, ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʬʝʥʦʣʽʚ, 

ʦʢʠʩʥʠʤ ʟʰʠʚʘʥʥʷʤ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʝʩʪʝʨʠʬʽʢʘʮʽʻʶ ʤʽʞ 

ʞʠʨʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʪʘ ʬʝʥʦʣʘʤʠ ʪʦʱʦ [1 - 3]. 

ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʨʝʘʢʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ, 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʨʠʢʩʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʢʠʩʥʦ-
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ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʘ ʩʢʣʘʜʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʠʪʠ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʪʚʦʨʝʥʴ ʆʈ ʚ ʧʦʩʪ-

ʜʽʘʛʝʥʝʟʽ ʥʘ ʙʘʟʽ ʨʦʟʫʤʽʥʥʷ ʢʽʥʝʪʠʢʠ ʦʢʨʝʤʠʭ ʨʝʘʢʮʽʡ ʪʘ ʛʨʫʧ ʨʝʘʢʮʽʡ. 

ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʜʣʷ ʦʧʠʩʫ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ 

ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʘʧʘʨʘʪ ʨʽʚʥʦʚʘʞʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʉʝʨʝʜ ʾʾ ʟʘʩʦʙʽʚ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ, ʷʢʠʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʡ 

ʩʠʩʪʝʤʠ, ʜʣʷ ʧʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʷʢʠʭ ʟʘ ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ ʥʝ ʚʠʩʪʘʯʘʻ 

ʜʘʥʠʭ. 

ʋ 1957 ʨʦʮʽ ɽ. ʊ. ɼʞʝʡʥʩ ʟʨʦʙʠʚ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʤʝʭʘʥʽʢʠ, ʷʢʽ ʻ ʙʘʟʠʩʦʤ ʨʽʚʥʦʚʘʞʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʨʝʤʠʡ 

ʚʠʧʘʜʦʢ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʦʤʠʣʦʢ ʟʘ ʐʝʥʥʦʥʦʤ, ʪʘ ʨʦʟʨʦʙʠʚ 

ʤʝʪʦʜʠʢʫ, ʷʢʘ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʬʦʨʤʘʣʽʟʤ ɼʞʝʡʥʩʘè. ʗʢʱʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʧʦʣʦʞʝʥʥʷ ʬʦʨʤʘʣʽʟʤʫ ɼʞʝʡʥʩʘ ʜʦ ʩʠʩʪʝʤʠ ʢʝʨʦʛʝʥ/ʛʘʟʠ, ʘ ʩʘʤ ʢʝʨʦʛʝʥ ʫʷʚʠʪʠ 

ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʪʦ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ (ʥʘʡʤʝʥʰ ʩʫʧʝʨʝʯʣʠʚʠʡ) ʨʦʟʧʦʜʽʣ ʘʪʦʤʘʨʥʠʭ 

ʛʨʫʧ ʫ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʧʘʨʠ ʪʠʩʢ-ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʤʠ ʦʙʨʘʥʠʡ ʢʝʨʦʛʝʥ ɯɯɯ ʪʠʧʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

çʟʨʽʣʽʩʪʶè, ʷʢʠʡ ʧʦʟʥʘʯʝʥʦ ɯɯɯ-ɸ. ʎʝʡ ʪʠʧ ʢʝʨʦʛʝʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʪʦʤʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʅ/ʉ, ʷʢʝ ʧʝʨʝʚʘʞʥʦ ʤʝʥʰʝ ʟʘ 1, ʪʘ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʥʦʰʝʥʥʷ ʆ/ʉ, ʷʢʝ ʧʦʜʝʢʫʜʠ ʩʷʛʘʻ 0,3. ʂʝʨʦʛʝʥ ɯɯɯ ʪʠʧʫ 

ʧʦʰʠʨʝʥʠʡ ʚ ʧʦʪʫʞʥʠʭ ʦʩʘʜʦʚʠʭ ʪʦʚʱʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʢʨʘʾʥ ʪʘ ʩʢʣʘʜʘʻ 

ʚʘʛʦʤʫ ʯʘʩʪʢʫ ʢʝʨʦʛʝʥʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʙʘʩʝʡʥʽʚ ʋʢʨʘʾʥʠ, ʢʨʽʤ ɿʘʭʽʜʥʦʛʦ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ, ʜʝ ʡʦʛʦ ʚʥʝʩʦʢ ʻ ʥʝʟʥʘʯʥʠʤ, ʧʝʨʝʚʘʞʥʦ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ʩʫʤʽʰʽ ʟ ʢʝʨʦʛʝʥʦʤ ɯɯ ʪʠʧʫ, ʥʘʧʨʠʢʣʘʜ ʚ ʧʦʨʦʜʘʭ ʰʠʧʦʪʩʴʢʦʾ ʽ 

ʩʧʘʩʴʢʦʾ ʩʚʽʪ, ʷʢʽ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʤʝʞʘʭ ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ [4]. 

ʅʘ ʨʦʟʨʘʭʫʥʦʢ ʥʘʜʭʦʜʠʚ ʪʘʢʠʡ ʩʢʣʘʜ (ʫ ʤʘʩ. %): C ï 73,77, H ï 5,64, O ï 

17,45, N ï 2,16, S ï 0,98. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʘʚʪʦʨʘʤʠ ʩʢʣʘʜʝʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʘʢʨʦʩʽʚ MS Excel, ʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʫ ʨʽʜʢʽʡ ʪʘ ʛʘʟʦʧʦʜʽʙʥʽʡ ʬʘʟʽ 

ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ CoolProp. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʴ ʻ ʤʦʣʷʨʥʽ ʯʘʩʪʢʠ 44 ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʪʚʝʨʜʫ ʬʘʟʫ ʢʝʨʦʛʝʥʫ ɯɯɯ ʜʣʷ ʢʦʞʥʦʾ ʛʣʠʙʠʥʠ ʜʦ 20 ʢʤ ʚʢʣʶʯʥʦ, ʪʘ 

ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʂʨʽʤ ʤʦʣʴʥʠʭ ʯʘʩʪʦʢ, ʥʘʤʠ 

ʦʮʽʥʶʚʘʣʠʩʴ ʚʘʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʟʘʛʘʣʦʤ ï ʝʥʪʨʦʧʽʷ, ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ, 

ʝʥʪʘʣʴʧʽʷ, ʧʦʪʝʥʮʽʘʣʠ ʇʣʘʥʢʘ ʜʣʷ ʢʦʞʥʦʾ ʘʪʦʤʘʨʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʨʦʟʛʣʷʥʫʪʦʾ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʛʝʦʭʽʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʤʝʞʘʭ ʛʣʠʙʠʥ 1-20 ʢʤ. 

ɽʥʝʨʛʽʷ ɻʽʙʙʩʘ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʟ 

ʝʢʩʪʨʝʤʫʤʦʤ ʚ ʜʽʘʧʘʟʦʥʽ ʛʣʠʙʠʥ 2-7 ʢʤ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʠʩʪʝʤ ʩʘʤʝ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʘ ʨʠʩ. 1 ʚʠʜʽʣʝʥʘ ʟʦʥʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ (ʘʙʦ ʢʦʥʩʝʨʚʘʮʽʾ) ʩʠʩʪʝʤ ʢʝʨʦʛʝʥ/ʛʘʟʠ ʪʘ ʧʦʟʥʘʯʝʥʘ ʣʽʥʽʷ ʤʽʥʽʤʫʤʫ 

ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ çʚʠʛʽʜʥʠʤè ʫʤʦʚʘʤ 

ʧʝʨʝʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʟʘ ʛʣʠʙʠʥʦʶ 
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ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʢʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʜʝʬʽʥʽʮʽʾ çʥʘʬʪʦʚʦʛʦ ʚʽʢʥʘè, 

ʧʨʠʡʥʷʪʦʾ ʚ ʦʨʛʘʥʽʯʥʽʡ ʛʝʦʭʽʤʽʾ. 

 

 
ʈʠʩʫʥʦʢ 1 - ɿʤʽʥʘ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʷʢ ʬʫʥʢʮʽʷ ʛʣʠʙʠʥʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʧʦ ʨʦʜʦʚʠʱʘʭ 

ʚʠʢʦʧʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʟʦʤʝʨʥʠʭ ʬʦʨʤ 

ʥʘʩʠʯʝʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʜʣʷ ʦʮʽʥʢʠ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʬʦʨʤ ʘʣʢʘʥʽʚ ʚʠʢʦʨʠʩʪʘʪʠ ʚʚʝʜʝʥʠʡ ʫ ʮʽʡ ʨʦʙʦʪʽ  

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʛʘʣʫʞʝʥʥʷ r, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ɜ ï ʤʦʣʴʥʘ ʯʘʩʪʢʘ -̔ʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʧʽʜ ʢʦʤʧʦʥʝʥʪʦʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʣʢʘʥ, ʘ  ̔ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʛʘʣʫʞʝʥʴ (ʫ ʤʝʪʘʥʽ ï 0, ʝʪʘʥ ï 1, ʧʨʦʧʘʥ 

ï2 ʽ ʪ.ʜ.). ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ r ʤʦʥʦʪʦʥʥʦ 

ʟʨʦʩʪʘʻ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʜʽʣʷʥʦʢ ʤʽʥʽʤʘʣʴʥʦʾ ʧʨʦʛʨʽʪʦʩʪʽ, ʜʝ ʥʘ ʥʘʡʛʣʠʙʰʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. ɿʨʦʩʪʘʥʥʷ r 

ʚʽʜʧʦʚʽʜʘʻ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʨʦʟʛʘʣʫʞʝʥʠʭ ʬʦʨʤ ʘʣʢʘʥʽʚ ʥʘʜ ʥʦʨʤʘʣʴʥʠʤʠ 

(ʥʝʨʦʟʛʘʣʫʞʝʥʠʤʠ). ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ r ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʬʦʩʩʠʣʽʟʘʮʽʶ ʧʝʨʚʠʥʥʦʾ ʆʈ ʽ ʧʽʜʪʚʝʨʜʞʫʻ ʟʘʛʘʣʴʥʦʪʝʦʨʝʪʠʯʥʽ ʤʽʨʢʫʚʘʥʥʷ ʧʨʦ 

ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʝʨʦʛʝʥʫ ʽʟ ʟʘʥʫʨʝʥʥʷʤ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘʤʠ ʚʠʟʥʘʯʝʥʦ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʂʦʣʴʙʝ-ʐʤʽʪʪʘ ʷʢ 

ʬʫʥʢʮʽʶ ʛʣʠʙʠʥʠ, ʢʦʥʩʪʘʥʪʫ ʜʝʛʽʜʨʘʪʘʮʽʾ ʢʝʨʦʛʝʥʫ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ 

ʛʝʦʭʽʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʝʪʦʜʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʬʦʨʤʘʣʽʟʤʽ ɼʞʝʡʥʩʘ, 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʪʠʧʫ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ/ʬʣʶʾʜ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʪʚʝʨʜʦʶ ʨʝʯʦʚʠʥʦʶ ʻ ʢʝʨʦʛʝʥ ɯɯɯ 

ʪʠʧʫ, ʘ ʬʣʶʾʜʦʤ ï ʩʫʤʽʰ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʜʢʦʤʫ, ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʪʘ ʥʘʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʫʤʦʚ, ʷʢʠʤʠ ʢʝʨʫʻ ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ.  
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The paper considers the possibility of using bromine as a hydrogeochemical indicator of oil and gas 

content on local structures in areas of hydrocarbon deposits evolution. The content of bromine in 

underground waters of local structures of the northeastern part of the Dnieper-Donets water basin 

was investigated. The features of the distribution of groundwater with an increased content of 

bromine in these structures have been revealed. The possibility of using indicators of increased 

bromine content in groundwater as a hydrogeochemical indicator of fault zones and as a prospecting 

indicator of the oil and gas content of local structures has been substantiated. 

 

The identification of hydrogeochemical indicators of oil and gas content of local 

structures in regions with established industrial oil and gas content is usually carried 

out on the basis of comparing the values of the content of certain elements and 

compounds in groundwater in close proximity of the discovered hydrocarbon 

deposits and in waters that are beyond the geochemical influence. 

For this purpose, the content of bromine in underground waters of local 

structures of the north-eastern part of the Dnieper-Donetsk water basin was 

investigated. During the workflow, the actual material of hydrogeochemical, 

hydrogeological surveys and prospecting works within the region, which includes the 

result of more than 900 samples of groundwater, was used. 

Bromine occurs in the region in aquifers and complexes of various ages. Its 

background values in the study area are 1,0 ï 1,5 mg / dm
3
 [1]. The maximum 

concentrations of bromine are recorded in the Paleozoic sediments, where the 

concentration of the element reaches 100 ï 600 mg / dm
3
. The underground waters of 

these deposits are sodium chloride brines with a high degree of mineralization (more 

than 200 mg / dm
3
) and alkalinity (pH 7,8 ï 9). The analysis showed that the 

concentration of bromine has a direct dependence on mineralization, geochemical 

type of groundwater and the degree of pH of the environment [2].  
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During the research, it was found that the increased content of bromine in 

groundwater in the north-eastern part of the Dnieper-Donetsk water pressure system 

is often recorded on anticlinal structures that are controlled by regional faults of 

various directions (North Donetsk, Central Donetsk, Petrovsko-Kremensk, etc.). In 

the considered area, there are local structures on which hydrocarbon deposits are 

established, and an increased content of bromine is observed in groundwater. Thus, 

on the Spivakovsk structure, the trace element content reaches 477-509 mg / dm
3
, on 

the Shebelinskaya structure ï 348-402 mg / dm
3
, on the Chervono-Donetsk structure 

ï 272-502 mg / dm
3
, on the Balakley structure ï 116-163 mg / dm

3
, on Shevchenko 

structure ï 354-390 mg / dm
3
.  

The formation of groundwater with an increased content of bromine on the local 

structures of the northeastern part of the Dnieper-Donetsk basin has its own 

peculiarities.  

Due to the development of modern and recent tectonic activation in the studied 

area, the growth of anticlinal structures occurs. As a result, fractured zones are 

formed, along which water flows move to the arched parts of anticlinal structures. 

Thus, fractured zones are a single conductive channel for the migration of both 

hydrocarbons and various chemical compounds and elements, including bromine. 

This, in our opinion, explains the formation of hydrogeochemical anomalies of 

bromine in areas with the development of hydrocarbon deposits [3].  

Revealing the regularities of the formation of hydrogeochemical anomalies of 

bromine in the groundwater of local structures gives reasons to use the element as a 

hydrogeochemical indicator of fault zones and a prospecting sign of the oil and gas 

content of local structures. 
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The incorporation of water molecules in zircons of different degrees of metamictization was 

investigated by in situ 
1
H solid-state nuclear magnetic resonance spectroscopy. In the studied 

zircons, H2O molecules of zeolite type were found in two types of structural environment ï closed 

pores of small diameters (possibly, oxygen vacancies), and larger pores (possibly, Ŭ-tracks), 

partially connected between themselves and with crystal surfaces. It is assumed that water diffuses 

into the metamict zircon through the framework of pores and cavities at the final magmatic or 

postmagmatic stage of its genesis. 

 

The presence of water in zircon is usually for the metamict state, although 

almost anhydrous metamict samples are quite common [3]. The investigations of 

incorporation of water molecules in zircons have shown that H2O molecules 

significantly affect the zircon stability and, in particular, accelerate the structure 

recrystallization [1, 3].  

This work researches the water forms (OH-groups and/or H2O molecules) in 

zircons, types of their structural environment, their content and relationships with the 

degrees of zircon metamictization using 
1
H solid-state nuclear magnetic resonance 

(ssNMR) spectroscopy (without rotating the sample) at room temperature and in situ, 

when sample heating at the certain temperature (T).  

The research objects were zircons (ˉ) with different degrees of metamictization 
from nepheline-free syenites of the Azov massif (ˉ 1) and from the Ukrainian Shield 

granites (ˉ2 ï ˉ5, collection of Stepanyuk L.M.).  
There are observed three and two components in the spectra of samples with low 

H2O content (ˉ1 and ˉ2) and with higher one (ˉ3 ï ˉ5), respectively (Table). The 

spectra are mainly similar: the most high-frequency and wide component ŭ1 is the 

most intensive, significantly less intensive component ŭ2 is about three times 

narrower. The spectra of samples with low H2O content (ˉ1 and ˉ2) are markedly 

different: the components are observed in the narrow range of chemical shifts for ˉ1 

and those are significantly shifted to the high-frequencies for ˉ2. 

The following can be assumed, based on the significant widths of the 

components ŭ1 and ŭ2. In the examined zircons, water molecules are captured in two 

different types of structural environment, that is, there are 2 types of water molecules: 

H2O-1 and H2O-2 observed in the spectra at ŭ1 and ŭ2, respectively. In ˉ1 and ˉ2, in 

addition, there are water molecules in other structural environments ï water 

molecules H2O-3. In the samples, there are mainly present H2O-1 molecules, about 

4/5 of the total water content. The comparison of band widths shows that mobility of 

H2O molecules increases from H2O-1 (quite firmly fixed, slow) to H2O-2 (fixed, 

more mobile) and, in ˉ1 and ˉ2, to H2O-3 (noticeably mobile). Therefore, it can be 

assumed that H2O-1 molecules are trapped in pores of small diameters (for example, 

mailto:okalinichenko@nas.gov.ua
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oxygen vacancies and/or interstitials), and H2O-2 molecules are captured in 

significantly larger pores (possibly, in Ŭ-tracks).  

To clarify obtained results, spectra of ˉ4 were recorded in situ at T = 120, 220 

and 320 ÁC and after cooling of the sample to room temperature. At T = 120 
o
C, the 

third, low-intensity, narrower, band appears in the spectrum at ŭ3 ~ 3 ppm (Table). 

This band width (~ 5 ppm) is characteristic for water molecules in gaseous-liquid 

inclusions in quartz [2]. The component parameters change with the heating 

temperature (Table). After the sample was cooled to room temperature, the width and 

intensity of the component ŭ1 are restored to those, respectively, in the original 

sample, the significantly weak component ŭ2 appears, but the component ŭ3 is absent. 

Such changes in spectrum ˉ4 confirm the assumptions about the localization of 

H2O-1 molecules in closed pores of small diameters, and H2O-2 molecules - in large 

pores (for example, in Ŭ-tracks), which are partially interconnected themselves and 

with oxygen vacancies and crystal surfaces.  

 
Table ï Parameters of components in 

1
H ssNMR spectra of investigated zircons from syenites (ˉ1) 

and granites (ˉ2 ï ˉ5) 

 ̄
ŭ1 ȹɜ1 I1 ŭ2 ȹɜ2 I2 ŭ3 ȹɜ3 I3 W 

ppm % ppm % ppm % wt % 

1 7,4 118 80 6,8 28 17 4,2 5,2 3 0,2 

2 39 74 59 26 19 8 11,2 13 33 0,2 

3 15 152 78 5,4 56 22 ï ï ï 0,5 

4 13 110 82 8,4 28 18 ï ï ï 0,8 

4
a 

10 110 69 8.9 38 25 3,2 5,4 6 ï 

4
b 

0,0 84 60 0,0 35 29 1,2 8,2 11 ï 

4
c 

0,0 42 42 0,0 ï ï 6,8 8,0 7 ï 

4
d 

0,0 108 82 3,2 41 5 ï ï ï ï 

5 8,5 151 87 0,0 57 13 ï ï ï 1,2 

5
a 

1,6 148 66 4,6 9,3 19 7,6 7,2 15 ï 

Notes: ï not detected, ŭ, ȹɜ (ſ ȹɜ1/2) and I are the chemical shift, the full width at half maximum 

and the contribution to the spectrum intensity of the component respectively, W (wt%) is the water 

content, a ï c ï spectra were recorded in situ at T = 120, 220 and 320 ÁC, respectively, d ï spectrum 

was recorded after the sample was cooled to 20 ÁC.  
 

The Ŭ-track diameters in zircon (å 0.5 nm) are approximately the same as the 

diameters of structural cavities (0.5 ï 0.8 nm) and windows (å 0.3 nm) in A-type 

zeolites [2], or open and closed pores in opal (å 1 nm). Therefore, it can be assumed 

that the framework of structural cavities, vacancies and Ŭ-tracks in zircon may be 

similar to the framework of structural cavities and pores in zeolites and opal.  

To verify this assumption, the 
1
H ssNMR spectra of small fractions of weakly 

metamict (ˉ3) and more metamict (ˉ5) zircons wetted with water were recorded at 

T = 20 
o
C and in situ under the sample heating (Fig.). The spectrum of wetted ̄ 3 

shows the intensive band with ȹɜ1/2 = 15 ppm at T = 20 and 100 
o
C, this band and at 

least 5 narrow components are at T = 120 
o
C, but the sample exposure at this 

temperature for 5 minutes (min.) results in disappearance of the multiplet and sharply 

drop of the spectrum intensity (Fig., a). The spectra of more metamict wetted ̄ 5 at T 
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= 20, 60 and 100 
o
C can be divided into 13, 8 and 6 components, respectively (Fig., 

b). The multiplet disappears in a result of the sample exposure at 100 
o
C for 30 min.  

The broad band is due to H2O molecules adsorbed on the crystal surfaces. The 

multiplet is caused by H2O molecules trapped in pores and cavities of approximately 

the same shapes and sizes, but in different structural environments. It shows the close 

ȹɜ1/2 values and different ŭ values of components, respectively.  
 

 

 
 

 

 

 

 

 

 

 

 

Figure ï In situ 
1
H ssNMR spectra of wetted samples: ˉ3 at T (

o
C) = 20 (1), 100 (2), 120 (3) and 

120 (4) with the sample exposure for 5 min. (a); ̄ 5 at T (
o
C) = 20 (1) and 100 (2 ï 5) with the 

sample exposure for 10, 20, 25 and 30 min., respectively (b).   

 

The chemical shifts of the components in the 
1
H ssNMR spectra of the original 

zircons with different degrees of metamictization and wetted samples are in the same 

range (Table, Figure). In weakly metamict ˉ3, H2O molecules are fixed more firmly, 

that the higher dehydration temperature shows. In metamict ˉ5, there are noticeably 

more slightly different pores and cavities interconnected with the surface that the 

number of the multiplet components reflects. Such pores in zircon can be represent Ŭ-

tracks in the crystalline and amorphous phases and oxygen vacancies, which amount 

grows significantly with radiation dose [3]. H2O molecules can diffuse into such 

structural defects at the final stage of magmatic and postmagmatic history of zircons, 

which can lead to changing of metamict structures. 
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SELF-ORGANIZATION OF WATER MOLECULES OVER 11 -YEAR 

SOLAR CYCLE  
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M.P. Semenenko Institute of geochemistry, mineralogy and ore formation NAS 

of Ukraine, Kyiv, Ukraine, igorshevchenko@yahoo.com 
 

The variations of solar activity and distribution of solar energy due to the rotation of the Earth 

around its axis and around the Sun exert a strong influence on the self-organization of water 

molecules. As a result, the rate of hydrolytic processes with the participation of water clusters 

displays diurnal, very large annual variations, and is also modulated by the 11-year cycles of solar 

activity. It also depends on the geographic latitude and can be different at the same time in the 

Northern and Southern Hemispheres.  
 

In the bulk phase all water molecules form a common continuous three-

dimensional network of hydrogen bonds. However, on mixing water with organic 

solvents, for example, with acetonitrile, this network disintegrates with the formation 

of clusters (H2O)n rather than single water molecules. The size of clusters may vary 

from a few water molecules to several hundreds. In large clusters hydroxyl groups (ï

OH) are involved in the network of hydrogen bonds, whereas small clusters contain a 

lot of free ïOH groups. For this reason small clusters are chemically more reactive 

than large ones, and the same solution of water in acetonitrile can have different 

hydrolytic activity as it can consist of a small number of big clusters or a large 

number of small clusters.  

We have found that variations of solar activity and distribution of solar energy 

due to the rotation of the Earth around its axis and around the Sun exert a strong 

influence on the self-organization of water molecules in clusters, as a result of which 

the hydrolytic activity of the same solution of water in acetonitrile can vary in a very 

wide range. [1-3] To detect this influence experimentally proved possible by means of 

hydrolysis of phosphoric acid esters, for example, triethylphosphite. 

                    (EtO)3P + H2O = (EtO)2P(O)H + EtOH.  

The conversion rate can be determined quickly and accurately by 
31

P-NMR-

spectroscopy.  

It was found that this reaction does not obey the law of chemical 

thermodynamics and its rate is highly unstable and displays diurnal, very large annual 

variations, and is also modulated by 11-year cycles of solar activity. This was shown 

by regular measurements during 6 years 2015-2020. (Figure 1) This period includes 

the second half of the 24-th solar cycle 2015-2019 and the first year (2020) of the 25-

th cycle.   

Regular measurements over 6 years showed that the rate of hydrolysis of 

triethylphosphite in acetonitrile ceteris paribus displays diurnal variations and varies 

within very wide ranges throughout one year. However, as can be seen from Figure 1 

the annual rate changes are different every year and from 2015 to 2019 a general 

gradual deceleration of the reaction took place, which is in good agreement with the 
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decline in solar activity in the 24-th 11-year cycle which started in December 2008 

and ended in December 2019. In 2020 a new 25th cycle began, and the rate of the 

reaction started to grow together with the solar activity.  

Mechanism. The observed variations in the rate of hydrolysis are well explained 

by the influence of muons. These particles are constantly generated in the upper 

atmosphere by the solar wind and their amount is also modulated by the solar 

activity. In contrast to the solar wind particles muons reach the surface of the Earth 

and can penetrate to some depth underground. 

The fact that muons destroy water clusters was confirmed by conducting 

experiments underground. At the depth of 105 meters triethylphosphite hydrolyzed 

about 4 times slower than in the laboratory of the institute.  
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Figure 1 ï Variations of the rate of hydrolysis of triethylphosphite in acetonitrile in the second half 

of the 24-th solar cycle (2015-2019) and in the first year of the 25-th solar cycle (2020).  

Conversion after 25 minutes of heating at 80
o
C. 
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Dependence on geographic latitude. The measurements of the rate of 

hydrolysis of triethylphosphite were conducted in the Northern Hemisphere, in Kiev 

at 50 degrees North latitude. Every year the rate of this reaction increases from winter 

to summer and reaches its maximum at the end of June shortly after the summer 

solstice. At this time the maximum number of muons is formed, which destroy water 

clusters and increase their chemical reactivity.  

However, in the Southern Hemisphere, the end of June is the time of the winter 

solstice. This means that simultaneously in the Northern and Southern Hemispheres 

the hydrolysis of triethylphosphite should have different rates.  

Thus, self-organization of water molecules and chemical reactivity of water 

clusters depend not only on the solar activity, but also on the geographic latitude. One 

more conclusion is that solar influence on water molecules may also depend on the 

Interplanetary Magnetic Field, since the particles of the solar wind and muons have 

an electric charge.  

The opposite influence of the Sun on the self-organization of water molecules in 

the Northern and Southern Hemispheres can be compared with the Northern and 

Southern Lights.  Both of these phenomena depend on the latitude and position of the 

Earth relative to the Sun, and the Solar Wind is their common course. 

Biological rhythms. The dependence of biochemical processes on solar activity 

during the rotation of the Earth around the Sun is well known as circannual rhythms, 

which are also not the same every year. For example, owing to the 11-year cycles of 

solar activity, annual growth rings in trees have different thickness and are arranged 

in 11-year sequences. This proves that the conditions for biochemical processes are 

different each year and are modulated by the 11-year cycles of solar activity. 

In all forms of life the so called circadian rhythms, which are 24-hours 

oscillations of biological processes, are also widely observed. Taking into account 

that water is a necessary constituent in all forms of life, one can suppose that the 

diurnal and annual variations of water clusters reactivity discovered underlies the 

circadian, circannual and 11-year rhythms. 
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Modern technogenesis significantly pollutes and warms the Earthôs atmosphere, and therefore the 

coronavirus has evolved since 2020, killing thousands of people, as well as storms in the 

atmosphere, melting glaciers at the poles and rising ocean levels. Therefore, first of all, it is 

necessary to develop nuclear energy, as well as to use solar and wind energy, which have the least 

pollution impact on the environment. 

 

ɺʽʜʦʤʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʥʘʨʦʜʦʥʘʩʝʣʝʥʥʷ ʧʝʨʰ ʟʘ ʚʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʛʝʥʝʟʫ, ʝʢʦʥʦʤʽʢʠ ʪʘ, ʦʩʦʙʣʠʚʦ, ʚʽʜ ʝʥʝʨʛʝʪʠʢʠ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʙʘʣʘʥʩʫ ʤʽʞ ʪʝʭʥʦʛʝʥʝʟʦʤ ʪʘ ʡʦʛʦ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ï ʝʥʝʨʛʝʪʠʢʠ, ʟ 

ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʘ ʪʘʢʦʞ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʩʘʤʦʦʯʠʱʝʥʥʷʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ 

ʙʝʟʧʝʢʦʶ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʟ ʽʥʰʦʾ, ʪʨʝʙʘ ʟʨʦʙʠʪʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ [1, 3-11].  

ɿʘ 20 ʩʪʦʣʽʪʪʷ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ɿʝʤʣʽ ʟʙʽʣʴʰʠʣʦʩʴ ʫ 7 ʨʘʟʽʚ ʽ ʜʦʩʷʛʣʦ     

7 ʤʣʨʜ. ʣʶʜʝʡ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʚʠʨʦʙʥʠʮʪʚʦ ʟʨʦʩʣʦ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. ɿ ʨʦʟʚʠʪʢʦʤ 

ʥʘʬʪʦʛʘʟʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʚ
ô
ʷʟʘʥʝ ʟʥʘʯʥʝ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ, ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʙʫʨʝʚʽʾ ʚ ʘʪʤʦʩʬʝʨʽ, ʧʦʚʝʥʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. ʗʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ 

ʯʠʩʪʘ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʩʢʣʘʜʘʻ ʚ ʩʚʽʪʽ ʣʠʰʝ 25 %, ʭʦʯ ʚ 

ʋʢʨʘʾʥʽ ʚʦʥʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 55 % [7, 8, 13]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʠʡ ʪʝʭʥʦʛʝʥʝʟ ʜʦʩʠʪʴ ʟʥʘʯʥʦ ʟʘʙʨʫʜʥʶʻ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʽ ʧʦʪʨʽʙʥʦ ʨʦʟʚʠʚʘʪʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʯʠʩʪʽ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ: ʷʜʝʨʥʫ ʝʥʝʨʛʝʪʠʢʫ, ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ, ʩʦʥʷʯʥʫ 

ʪʘ ʚʽʪʨʦʚʫ ʝʥʝʨʛʝʪʠʢʫ [1-8]. 

ɺʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʘʥʪʨʦʧʦʛʝʥʥʝ ʧʦʪʝʧʣʽʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʫ ʤʝʛʘʧʦʣʽʩʘʭ ʪʘ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʫʪʠʭ ʨʘʡʦʥʘʭ, ʜʝ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 5ï10 Üʉ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʽʣʴʩʴʢʦʶ ʤʽʩʮʝʚʽʩʪʶ. ɿʘʨʘʟ 

ʚ ʋʢʨʘʾʥʽ ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʨʠ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 

0,05 ʜʦ 0,1 Üʉ ʪʘ ʙʽʣʴʰʝ [12]. ʅʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʝʛʘʧʦʣʽʩʽʚ 

ʰʚʠʜʢʦ ʨʦʩʪʝ ʽ ʜʦ 2050 ʨʦʢʫ ʚʦʥʦ ʟʙʽʣʴʰʠʪʴʩʷ ʫ 8ï10 ʨʘʟʽʚ [8]. 

ɺ ʮʽʣʦʤʫ ʟʘ ʜʘʥʠʤʠ ʟ 2005 ʜʦ 2020 ʨʦʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʥʦ ʟʨʦʩʣʘ       

(ʨʠʩ. 1). ʎʝ ʪʘʢʦʞ ʚʧʣʠʥʫʣʦ ʥʘ ʨʽʩʪ ʢʦʨʦʥʘʚʽʨʫʩʫ.  

ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʻ ʘʥʪʨʦʧʦʛʝʥʥʘ ʟʤʽʥʘ ʢʣʽʤʘʪʫ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʥʘʛʨʽʚʘʥʥʽ ʘʪʤʦʩʬʝʨʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʚʠʩʦʢʠʭ ʰʠʨʦʪʘʭ. ʇʝʨʰ ʟʘ ʚʩʝ, ʮʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʘʥʝʥʥʽ ʣʴʦʜʦʚʠʢʽʚ ɸʥʪʘʨʢʪʠʜʠ ʪʘ ɸʨʢʪʠʢʠ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʚʘ ʛʨʘʜʫʩʠ ʨʦʟʪʘʥʫʪʴ ʣʴʦʜʦʚʠʢʠ ɸʨʢʪʠʢʠ ʪʘ ɸʥʪʘʨʢʪʠʜʠ ʽ 

ʨʽʚʝʥʴ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 70ï75 ʤ. ʊʦʙʪʦ, ʙʘʛʘʪʦ ʤʽʩʮʴ, ʷʢʽ ʛʫʩʪʦ 

ʥʘʩʝʣʝʥʽ, ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʙʝʨʝʛʘʭ ʤʦʨʽʚ ʪʘ ʦʢʝʘʥʽʚ, ʘ ʨʘʟʦʤ ʟ ʥʠʤʠ ʟʥʘʯʥʽ 

ʧʨʦʩʪʦʨʠ ʧʨʠ ʙʝʨʝʛʦʚʠʭ ʨʽʚʥʠʥ ʽ ʥʠʟʠʥ ʙʫʜʫʪʴ ʟʘʪʦʧʣʝʥʽ. ʎʝ ʤʦʞʣʠʚʝ ʚʞʝ ʚ 

ʮʴʦʤʫ ʩʪʦʣʽʪʪʽ ʽ ʪʦʤʫ ʪʨʝʙʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʪʝʭʥʦʛʝʥʥʝ ʥʘʛʨʽʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʝʚʦʣʶʮʽʷ ʘʪʤʦʩʬʝʨʠ ʚ ʋʢʨʘʾʥʽ. ɺʠʜʽʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʪʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʝʤʥʦʾ ʘʪʤʦʩʬʝʨʠ: 1 ï ʤʘʢʩʠʤʘʣʴʥʦʾ, 2 ï ʩʝʨʝʜʥʴʦʾ, 

3 ï ʤʽʥʽʤʘʣʴʥʦʾ, 4 ï ʟʤʽʥʘ ʚʠʜʽʣʝʥʥʷ ʉʆ2 ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʫ ʨʽʢ: ʚʽʜ 4 ʪ ʚ ʨʽʢ ʥʘ ʣʶʜʠʥʫ ʫ 2008 

ʨ. ʜʦ 10 ʪ  ʚ 2020 ʨ. ʊʫʪ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʟʠʤʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ  ʚʽʜ ï7 
ʦ
ʉ  

ʚ 2005 ʨ. ʜʦ ʥʫʣʷ ʛʨʘʜʫʩʽʚ ʟʠʤʦʶ ʚ 2020 ʨ., ʢʦʣʠ ʥʝ ʙʫʣʦ ʤʦʨʦʟʫ ʚ ʘʪʤʦʩʬʝʨʽ ʋʢʨʘʾʥʠ (ɿʘ 

ʜʘʥʠʤʠ [8, 9, 12]). 

 

ʑʦʜʦ ʧʠʪʘʥʥʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʣʽʢʚʽʜʘʮʽʾ ʢʦʨʦʥʘʚʽʨʫʩʫ ʚ ʘʪʤʦʩʬʝʨʽ, 

ʪʨʝʙʘ ʧʝʨʰ ʟʘ ʚʩʝ ʦʭʦʣʦʜʠʪʠ ʘʪʤʦʩʬʝʨʫ ʽ ʪʦʜʽ, ʷʢ ʫ ʜʦ ʧʨʦʤʠʩʣʦʚʽ ʯʘʩʠ, ʤʦʞʥʘ 

ʩʧʦʜʽʚʘʪʠʩʷ ʥʘ ʧʦʚʝʨʥʝʥʥʷ ʟʠʤʠ ʪʘ ʤʦʨʦʟʽʚ, ʷʢʽ ʟʥʠʱʘʪʴ ʢʦʨʦʥʘʚʽʨʫʩ ʪʘ 

ʧʦʜʽʙʥʠʭ ʡʦʤʫ ʚʽʨʫʩʽʚ ʪʘ ʙʘʢʪʝʨʽʡ. ʊʦʜʽ ʫ ʣʶʜʝʡ ʙʫʜʝ ʢʨʘʱʝ ʟʜʦʨʦʚ
ô
ʷ ʽ ʚʦʥʠ 

ʙʫʜʫʪʴ ʤʝʥʰʝ ʭʚʦʨʽʪʠ [7, 8]. 

ʍʦʯʘ ʮʝʡ ʚʽʨʫʩ ʱʝ ʙʫʜʝ ʫ ʪʝʧʣʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʘʣʝ ʪʘʤ ʚʞʝ ʣʝʛʰʝ ʙʫʜʝ ʟ 

ʥʠʤ ʚʧʦʨʘʪʠʩʴ. ɺʘʞʣʠʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʮʽʻʾ ʙʦʨʦʪʴʙʠ ʟ ʢʦʨʦʥʘʚʽʨʫʩʦʤ ʙʫʜʝ ʥʝ 
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ʪʽʣʴʢʠ ʧʦʢʨʘʱʝʥʥʷ ʟʜʦʨʦʚô̫  ʣʶʜʝʡ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʘ ʜʦʙʨʘ ʚʦʣʷ ʣʶʜʝʡ ʪʘ 

ʢʨʘʾʥ, ʷʢʘ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʽʥʰʠʭ 

ʯʠʩʪʠʭ ʚʠʜʽʚ ʝʥʝʨʛʝʪʠʢʠ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ ʪʘ ʽʥʰʽ. ʎʝ, ʟʚʠʯʘʡʥʦ, ʜʝʱʦ 

ʟʘʛʘʣʴʤʫʻ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʣʝ ʪʘʢʦʞ ʽ ʘʛʨʝʩʠʚʥʦʩʪʽ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʚʽʡʩʴʢʦʚʦʾ.  

ʉʫʯʘʩʥʠʡ ʪʝʭʥʦʛʝʥʝʟ ʟʥʘʯʥʦ ʟʘʙʨʫʜʥʶʻ ʪʘ ʥʘʛʨʽʚʘʻ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ ʽ ʪʦʤʫ 

ʟ 2020 ʨʦʢʫ ʨʦʟʚʠʥʫʚʩʷ ʢʦʨʦʥʘʚʽʨʫʩ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʘʛʠʙʝʣʽ ʪʠʩʷʯ ʣʶʜʝʡ, ʘ 

ʪʘʢʦʞ ʜʦ ʰʪʦʨʤʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʪʘʥʝʥʥʷ ʣʴʦʜʦʚʠʢʽʚ ʥʘ ʧʦʣʶʩʘʭ ʽ ʧʽʜʥʷʪʪʶ 

ʨʽʚʥʷ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ. ʊʦʤʫ, ʧʝʨʰ ʟʘ ʚʩʝ, ʪʨʝʙʘ ʨʦʟʚʠʚʘʪʠ ʷʜʝʨʥʫ ʝʥʝʨʛʝʪʠʢʫ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʫ ʪʘ ʚʽʪʨʦʚʫ ʝʥʝʨʛʝʪʠʢʠ. 
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THE ASSESSMENT OF THE DEGREE OF DEGASATION OF ROCKS 

DURING COAL MINING  
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A method for the assessment of the degree of degassing of rocks during coal mining is proposed. 

The effect of mine degassing was taken into account. The method is to prevent coal and gas 

outbursts in the Central region of Donbas. There is also a method for assessing the impact of 

treatment on the environment. In addition, this method is for assessing the impact of mining on the 

environment. 

 

ɺʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʠʥ ʚʠʨʦʙʣʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʷʢʽ ʟʘʧʦʚʥʶʶʪʴʩʷ ʩʫʤʽʞʥʠʤʠ ʧʦʨʦʜʘʤʠ ʧʽʜ ʯʘʩ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. 

ʇʨʦʮʝʩ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʦʛʦ ʪʠʩʢʫ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʦʯʠʩʥʦʾ 

ʚʠʨʦʙʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʘʮʽʡ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ, ʷʢʽ ʟ ʯʘʩʦʤ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʟʚʦʨʦʪʥʦʶ ʟʤʽʥʦʶ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ ʧʦʨʽʜ: ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ, ʯʘʩʪʢʦʚʘ 

ʜʝʛʘʟʘʮʽʷ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʤʝʞʽ ʟʤʽʥ ʪʦʚʱʽ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʽʜ, ʷʢʽ ʜʝʛʘʟʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʙʫʚʘʥʥʷ ʚʫʛʽʣʣʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʙʫʨʽʥʥʷʤ ʩʚʝʨʜʣʦʚʠʥ ʪʘ 

ʽʥʰʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʟʘʭʦʜʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʘʟʦʥʦʩʥʽʩʪʴ ʩʫʤʽʞʥʠʭ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ ʪʘ ʧʦʨʽʜ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴʩʷ ʧʨʦʷʚʠ 

ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ.  

ʅʘ ʨʠʩ. 1 ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʫ ɼʦʥʙʘʩʫ ʥʘʚʝʜʝʥʦ ʨʘʧʪʦʚʽ ʚʠʢʠʜʠ 

ʚʫʛʽʣʣʷ ʽ ʛʘʟʫ ʜʣʷ ʫʤʦʚ ʥʘʜʨʦʙʢʠ. ɺ ʮʠʭ ʚʠʧʘʜʢʘʭ ʚʠʧʝʨʝʜʞʘʣʴʥʽ ʚʠʨʦʙʢʠ 

ʚʧʣʠʚʘʣʠ ʥʘ ʧʣʘʩʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʨʦʜʘʭ ʣʝʞʘʯʦʛʦ ʙʦʢʫ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʧʨʦʷʚʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʜʝʛʘʟʘʮʽʾ ʪʘ ʟʥʠʞʝʥʥʷ ʛʽʨʩʴʢʦʛʦ ʪʠʩʢʫ. 

ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʜʦ ʧʣʘʩʪʽʚ (M), ʱʦ ʥʘʜʨʦʙʣʷʶʪʴʩʷ, ʪʘ ʡʦʛʦ 

ʧʦʪʫʞʥʦʩʪʽ (mʧʣ), ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʣʠʩʷ ʨʘʧʪʦʚʽ ʚʠʢʠʜʠ, ʤʦʞʣʠʚʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʬʫʥʢʮʽʻʶ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʾʾ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʝʬʝʢʪʠʚʥʦʾ 

ʥʘʜʨʦʙʢʠ (Mʝʬ): 

Mʝʬ < M = 71,33 ʧʣm
e

/34,0-
.   (1) 
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʥʠʯʥʘ ʢʨʠʚʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʜʨʦʙʢʠ ʧʨʠ ʨʘʧʪʦʚʠʭ ʚʠʢʠʜʘʭ 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʤʝʪʘʥʫ ʈʛ ʟ ʜʽʘʧʘʟʦʥʦʤ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʨʘʜʽʫʩʫ ʜʝʛʘʟʘʮʽʾ Rʢʨ ʚ ʥʘʜʨʦʙʣʝʥʠʭ ʢʨʫʪʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ. 

 

ʎʝʡ ʢʨʠʪʝʨʽʡ ʤʦʞʣʠʚʦ ʩʫʤʽʩʪʠʪʠ ʟ ʜʘʥʠʤʠ ɯʇʂʆʅ ʈɸʅ [1] ʱʦʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʛʘʟʘʮʽʾ ʧʦʨʽʜ ʣʝʞʘʯʦʛʦ ʙʦʢʫ. ʅʘ ʨʠʩ. 2 ʢʨʠʚʘ ʘ ï ʮʝ ʜʽʷ ʪʽʣʴʢʠ 

ʥʘʜʨʦʙʢʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, b ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ 

ʰʘʭʪʥʦʾ ʜʝʛʘʟʘʮʽʾ. ʅʘ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʟʘʣʠʰʢʦʚʠʡ ʪʠʩʢ ʛʘʟʫ ʫ 
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ʩʚʝʨʜʣʦʚʠʥʽ. ʅʘ ʦʩʽ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʜʝʛʘʟʘʮʽʾ Rʥ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ M/mʧʣ. Rʢʨ ʥʘ ʛʨʘʬʽʢʫ ʦʪʨʠʤʫʻʤʦ ʧʦʜʽʣʠʚʰʠ (1) ʥʘ mʧʣ. ʅʘ 

ʜʦʜʘʪʢʦʚʽʡ ʦʩʽ ʟʘʟʥʘʯʝʥʦ ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ, ʷʢʠʡ ʟʘʭʠʱʘʻ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 

ʪʦʯʦʢ 1ô, 2ò ï ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʥʘʜʨʦʙʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʜʘʪʢʦʚʠʭ 

ʤʝʪʦʜʽʚ ʰʘʭʪʥʦʾ ʜʝʛʘʟʘʮʽʾ, 1, 2, 2ô ï ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʪʽʣʴʢʠ 

ʥʘʜʨʦʙʢʠ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʫ ʩʪʫʧʝʥʷ ʜʝʛʘʟʘʮʽʾ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ 

ʰʘʭʪʥʦʾ ʜʝʛʘʟʘʮʽʾ. ɼʦʮʽʣʴʥʦ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʫʤʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʫ 

ɼʦʥʙʘʩʫ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʽ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʚʝʜʝʥʥʷ 

ʦʯʠʩʥʠʭ ʨʦʙʽʪ ʥʘ ʜʦʚʢʽʣʣʷ. 
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The paper analyzes the current state of rock dumps located on the territory of the Krivoy Rog iron 

ore basin. The following parameters have been analyzed: the number of dumps of operating 

enterprises (mines), types of rocks for each enterprise, features of their mineral composition, 

volumes (number) of accumulated rocks, areas occupied by dumps. Dumps have been established 

that exist on the ground, but not taken into account by the state statistics of Ukraine, in connection 

with the change of the state and the owners of the mines. 

 

ɺʽʜʚʘʣʠ ʛʽʨʥʠʯʦ-ʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʂʨʠʚʙʘʩʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʚʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʜʝʩʷʪʠʣʽʪʴ, ʻ ʜʞʝʨʝʣʘʤʠ ʪʨʠʚʘʣʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʥʘʜʨʘ, ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ, ʚʦʜʥʠʡ ʽ ʧʦʚʽʪʨʷʥʠʡ 

ʙʘʩʝʡʥʠ, ʬʣʦʨʫ ʽ ʬʘʫʥʫ. ɽʢʦʣʦʛʽʯʥʠʡ ʟʙʠʪʦʢ ʚʽʜ ʚʝʣʠʯʝʟʥʠʭ ʤʘʩ ʤʽʥʝʨʘʣʴʥʠʭ 

ʚʽʜʭʦʜʽʚ ʦʯʝʚʠʜʥʠʡ: ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʚʝʣʠʢʽ ʧʣʦʱʽ ʟʝʤʣʽ, ʩʪʚʦʨʶʶʪʴ ʧʦʪʚʦʨʥʽ 

ʣʘʥʜʰʘʬʪʠ, ʟʘʙʨʫʜʥʶʶʪʴ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  

ɿ ʧʦʟʠʮʽʾ ʛʝʦʤʦʨʬʦʣʦʛʽʾ ʚʽʜʚʘʣ ï ʮʝ ʧʦʟʠʪʠʚʥʘ ʘʢʫʤʫʣʷʪʠʚʥʘ ʬʦʨʤʘ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʣʴʻʬʫ, ʚ ʤʝʞʘʭ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BB%D1%8B%D1%88%D0%B5%D0%B2,_%D0%AE%D1%80%D0%B8%D0%B9_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
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ʤʘʪʝʨʽʘʣʫ. ɿʘ ʚʩʽʤʘ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʚʘʣʠ ʥʘʣʝʞʘʪʴ ʜʦ ʤʝʟʦ- 

ʪʘ ʤʽʢʨʦʨʝʣʴʻʬʥʠʭ ʬʦʨʤ. ʅʘ ʧʦʚʝʨʭʥʽ ʚʦʥʠ ʫʩʢʣʘʜʥʝʥʥʽ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦʬʦʨʤʘʤʠ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʫ ʚʽʜʚʘʣʠ 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʜʝʷʢʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1]. 

ɿʘʣʽʟʥʽ ʨʫʜʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʧʦʯʘʣʠ ʚʠʜʦʙʫʚʘʪʠ 

ʥʘʧʨʠʢʽʥʮʽ ʍIʍ ʩʪ. ʉʧʦʯʘʪʢʫ ʢʘʨôʻʨʥʠʤ ʩʧʦʩʦʙʦʤ, ʘ ʚ ʧʝʨʰʽ ʨʦʢʠ ʍʍ ʩʪ. ï 

ʧʝʨʰʠʤʠ ʥʝʚʝʣʠʯʢʠʤʠ ʰʘʭʪʘʤʠ. ɿʘ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ, ʜʦ 1956 ʨ., ʜʦʙʫʚʘʥʥʷ 

ʚʝʣʦʩʷ ʣʠʰʝ ʧʽʜʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ, ʘ ʧʽʩʣʷ ʧʦʙʫʜʦʚʠ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ 

ʢʦʤʙʽʥʘʪʽʚ ï ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ.  

ʂʨʽʤ ʮʴʦʛʦ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʙʘʩʝʡʥʫ ʚʽʚʩʷ ʜʦʙʫʪʦʢ ʜʝʷʢʠʭ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʩʧʨʘʚʠ ʫʪʚʦʨʶʚʘʣʠʩʷ ʽ 

ʧʨʦʜʦʚʞʫʶʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚʽʜʚʘʣʠ ʨʦʟʢʨʠʚʥʠʭ ʽ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ. ɰʭ ʚʠʜʠ ʟʘ 

ʧʦʭʦʜʞʝʥʥʷʤ ʦʧʠʩʘʥʽ ʥʠʞʯʝ. 

ɺʽʜʚʘʣʠ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ ï ʥʘʡʧʦʪʫʞʥʽʰʽ ʟʘ ʧʣʦʱʝʶ, 

ʚʠʩʦʪʦʶ ʽ ʦʙʩʷʛʘʤʠ ʛʽʨʥʠʯʠʭ ʤʘʩ, ʱʦ ʚ ʥʠʭ ʥʘʢʦʧʠʯʝʥʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʩʢʣʘʜʝʥʽ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʧʦʨʦʜʘʤʠ ʬʫʥʜʘʤʝʥʪʫ, ʷʢʽ ʩʬʦʨʤʫʚʘʣʠʩʴ ʥʘ ʧʽʜˇʨʫʥʪʽ 

ʜʨʽʙʥʽʰʠʭ ʚʽʜʚʘʣʽʚ ʧʦʯʘʪʢʫ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ, ʩʢʣʘʜʝʥʠʭ ʫ ʩʚʦʾʡ ʦʩʥʦʚʽ 

ʧʫʭʢʠʤʠ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ. ʈʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʙʦʨʪʽʚ ʢʘʨôʻʨʽʚ (ɻʘʥʥʽʚʩʴʢʝ, 

ʇʝʨʰʦʪʨʘʚʥʝʚʝ ʨʦʜʦʚʠʱʘ), ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʠʭ (ɯʥʛʫʣʝʮʴʢʝ ʨʦʜʦʚʠʱʝ), ʚʟʜʦʚʞ 

ʨ. ɯʥʛʫʣʝʮʴ (ʅʦʚʦʢʨʠʚʦʨʽʟʴʢʝ, ʉʢʝʣʝʚʘʪʩʴʢʝ ʨʦʜʦʚʠʱʘ). ɰʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʩʪʘʨʽ, ʚʽʜʧʨʘʮʴʦʚʘʥʽ, ʷʢʽ ʧʦʨʦʩʣʠ ʪʨʘʚ'ʷʥʠʩʪʦʶ ʽ ʜʝʨʝʚʦʚʠʜʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʽ 

ʩʚʽʞʽ, ʜʽʶʯʽ, ʢʫʜʠ ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ʩʢʣʘʜʫʶʪʴʩʷ ʥʠʥʽ. 

ʇʨʠ ʚʠʜʦʙʫʪʢʫ ʙʽʜʥʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʟ ʢʘʨôʻʨʽʚ ʥʘ ʟʙʘʛʘʯʫʚʘʣʴʥʫ ʬʘʙʨʠʢʫ 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʟʘʣʽʟʠʩʪʽ ʢʚʘʨʮʠʪʠ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʟʘʣʽʟʘ ʟʘʛʘʣʴʥʦʛʦ 35-37%. 

ʂʦʥʜʠʮʽʡʥʠʤʠ ʧʦ ʤʘʛʥʽʪʥʦʤʫ ʟʘʣʽʟʫ ʚʚʘʞʘʶʪʴʩʷ ʢʚʘʨʮʠʪʠ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ 

11-14%, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʜʦʚʠʱʘ. ɿʘʣʽʟʠʩʪʽ ʢʚʘʨʮʠʪʠ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ 

ʟʘʣʽʟʘ ʥʠʞʯʝ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʚʘʞʘʶʪʴʩʷ ʥʝʢʦʥʜʠʮʽʡʥʠʤʠ, ʧʦʪʨʘʧʣʷʶʪʴ ʫ 

ʚʽʜʚʘʣʠ ɻɿʂ, ʜʝ ʩʢʣʘʜʫʶʪʴʩʷ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʨʦʟʢʨʠʚʥʠʤʠ ʧʦʨʦʜʘʤʠ ʪʘ ʥʝ 

ʦʙʣʽʢʦʚʫʶʪʴʩʷ. 

ɺʽʜʚʘʣʠ ʧʽʜʟʝʤʥʦʛʦ ʜʦʙʫʚʘʥʥʷ ʟʘʣʽʟʥʠʭ ʨʫʜ ʫʪʚʦʨʝʥʽ ʧʦʨʫʯ ʟ ʰʘʭʪʘʤʠ ʽ 

ʩʪʚʦʨʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʦʚʙʫʨʽʚ ʰʘʭʪ. 

ɺʽʜʚʘʣʠ ʚʽʜʭʦʜʽʚ ʜʨʦʙʘʨʥʦ-ʩʦʨʪʫʚʘʣʴʥʠʭ ʬʘʙʨʠʢ (ɼʉʌ) ï ʮʝ ʪʘʢ ʟʚʘʥʠʡ 

ʚʽʜʩʽʚ ɼʉʌ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʝʨʚʠʥʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʙʘʛʘʪʦʾ ʟʘʣʽʟʥʦʾ 

ʨʫʜʠ ʜʦ ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʫ ʨʫʜʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʦʜʨʽʙʥʝʥʽ ʨʫʜʠ 7-15 ʤʘʩʦʚʠʭ % ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ 

ʧʦʜʨʽʙʥʝʥʦʶ ʽ ʧʽʩʣʷ ʛʨʦʭʦʯʝʥʥʷ (ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʢʣʘʩʘʤʠ ʢʨʫʧʥʦʩʪʽ ) ʮʽ 

ʟʙʘʛʘʯʝʥʽ ʥʘ ʟʘʣʽʟʦ ʰʤʘʪʢʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʽʜʭʦʜʠ, ʷʢʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʥʘ 

ʧʨʦʤʤʘʡʜʘʥʯʠʢʘʭ ʰʘʭʪ [2]. ʅʝʢʦʥʜʠʮʽʡʥʘ ʬʨʘʢʮʽʷ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʟʘʣʽʟʘ 

39 - 45% ʙʝʨʝʪʴʩʷ ʥʘ ʦʙʣʽʢ ʫ ɼʝʨʞʘʚʥʦʤʫ ʙʘʣʘʥʩʽ ʟʘʧʘʩʽʚ ʽ ʚʚʘʞʘʻʪʴʩʷ 

ʢʦʨʠʩʥʦʶ ʢʦʧʘʣʠʥʦʶ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʦʥʘ ʩʢʣʘʜʫʻʪʴʩʷ ʦʢʨʝʤʦ 

ʷʢ ʟʘʣʽʟʦʨʫʜʥʘ ʩʠʨʦʚʠʥʘ, ʱʦ ʪʠʤʯʘʩʦʚʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 
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ʑʦʨʽʯʥʦ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʨʫʜʠ ʥʘ ɼʉʌ ʂʨʠʚʙʘʩʫ 

ʫʪʚʦʨʶʻʪʴʩʷ 600-900 ʪʠʩ. ʪ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʬʨʘʢʮʽʾ ʨʫʜʥʦʾ ʤʘʩʠ, ʧʨʠ ʤʘʩʦʚʽʡ 

ʯʘʩʪʮʽ ʟʘʣʽʟʘ ʚ ʥʽʡ ʚ 39-45%. ʊʦʤʫ ʥʘ 7 ʜʽʶʯʠʭ ʰʘʭʪʘʭ ʱʦʨʽʯʥʦ ʫʪʚʦʨʶʻʪʴʩʷ 

336 ʪʠʩ. ʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʣʽʟʘ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘ ʰʘʭʪʘʭ ʂʨʠʚʙʘʩʫ ʚʞʝ 

ʥʘʢʦʧʠʯʝʥʦ 10 ʤʣʥ. ʪ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʬʨʘʢʮʽʾ, ʷʢʘ ʚʤʽʱʫʻ 4,2 ʤʣʥ. ʪ ʟʘʣʽʟʘ. ʊʨʝʙʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝ ʚʞʝ ʧʦʜʨʽʙʥʝʥʘ ʩʠʨʦʚʠʥʘ, ʨʦʟʤʽʨ ʢʫʩʢʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʧʦʜʨʽʙʥʝʥʥʷ ï 10-80 ʤʤ. 

ɺʽʜʭʦʜʠ ɼʉʌ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʪʘʢ ʟʚʘʥʠʭ ʩʢʣʘʜʘʭ, 

ʷʢʽ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ, ʦʙʩʷʛʘʤʠ ʽ ʧʣʦʱʘʤʠ, ʱʦ ʟʘʡʤʘʶʪʴ, ʤʘʶʪʴ ʚʠʛʣʷʜ ʚʽʜʚʘʣʽʚ, 

ʘʣʝ ʥʝ ʻ ʚʽʜʭʦʜʘʤʠ, ʘ ʚʚʘʞʘʶʪʴʩʷ ʧʨʦʤʽʞʥʠʤ ʧʨʦʜʫʢʪʦʤ. 

ɺʽʜʭʦʜʠ ɼʉʌ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʜʨʽʙʥʝʥʠʡ ʜʦ ʢʨʫʧʥʦʩʪʽ 100-20 ʤʤ 

ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʦʾ (ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʟʘʣʽʟʘ 55-69%) 

ʛʝʤʘʪʠʪʦʚʦʾ ʨʫʜʠ, ʙʽʜʥʦʾ ʛʝʤʘʪʠʪʦʚʦʾ ʨʫʜʠ (46-55%), ʛʝʤʘʪʠʪʦʚʠʭ ʢʚʘʨʮʠʪʽʚ (25-

46%), ʩʣʘʥʮʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ, ʙʝʟʨʫʜʥʠʭ ʽ ʤʘʣʦʨʫʜʥʠʭ ʟʘʣʽʟʠʩʪʠʭ ʢʚʘʨʮʠʪʽʚ (Fe 

ʟʘʛ. 10-25%). 

ɺʽʜʚʘʣʠ ʜʦʨʝʚʦʣʶʮʽʡʥʠʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʨʫʜʥʠʢʽʚ ï ʥʝʚʝʣʠʢʽ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʘʣʝ 

ʰʠʨʦʢʽ, ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʩʭʠʣʫ 6-8
ʦ
, ʩʢʣʘʜʝʥʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʫʭʢʠʤʠ 

ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʪʫʞʥʽʩʪʴ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 1-9 ʤ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʨʫʜʥʦʛʦ ʪʽʣʘ, ʪʦʤʫ, ʧʝʨʝʚʘʞʥʦ, ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚʽʜʢʨʠʪʠʡ ʩʧʦʩʽʙ 

ʨʦʟʨʦʙʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɻʣʠʙʠʥʘ ʢʘʨôʻʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 40 ʤ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʚʽʜʚʘʣʠ ʢʘʨôʻʨʽʚ, ʷʢʽ ʨʦʟʨʦʙʣʷʣʠ ʨʫʜʥʽ ʧʦʢʣʘʜʠ ʊʘʨʘʧʘʢʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ, ʤʘʣʠ ʚʠʛʣʷʜ ʥʝʚʠʩʦʢʠʭ ʛʦʨʙʽʚ (ʜʦ 5-8 ʤ ʟʘʚʚʠʰʢʠ) ʘʙʦ 

ʧʣʘʪʦʧʦʜʽʙʥʠʭ ʥʘʩʠʧʽʚ ʦʢʨʫʛʣʦʾ ʽ ʚʠʜʦʚʞʝʥʦʾ ʬʦʨʤ ʚʠʩʦʪʦʶ ʜʦ 10-15 ʤ, 

ʧʣʦʱʝʶ ʜʦ 0,2-0,3 ʛʘ. ɺʦʥʠ ʚʽʜʩʠʧʘʣʠʩʴ ʥʘ ʩʭʽʜ ʽ ʥʘ ʟʘʭʽʜ ʚʽʜ ʢʘʨôʻʨʽʚ ʽ ʙʫʣʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʤʝʨʠʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɺʽʜʚʘʣʠ ʧʽʚʜʝʥʥʠʭ ʨʫʜʥʠʢʽʚ ʊʘʨʘʧʘʢʫ ʤʘʣʠ ʚʠʩʦʪʫ 10-15 ʤ, ʬʦʨʤʫ 

ʢʘʨʣʠʢʦʚʠʭ ʧʣʘʪʦ ʽ ʛʦʨʙʽʚ ʪʘ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʴ ʦʜʨʘʟʫ ʟʘ ʙʨʽʚʢʦʶ ʩʭʽʜʥʠʭ ʙʦʨʪʽʚ 

ʢʘʨôʻʨʽʚ ʚ ʜʦʣʠʥʽ ʨ. ʉʘʢʩʘʛʘʥʴ ʪʘ ʙʽʣʷ ʨʫʩʣʘ ʨ. ɯʥʛʫʣʝʮʴ. ɿʘʛʘʣʦʤ, ʧʽʚʜʝʥʥʠʤʠ 

ʨʫʜʥʠʢʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 10 ʚʽʜʚʘʣʽʚ. ʅʘ ʧʽʚʥʽʯʥʠʭ ʨʫʜʥʠʢʘʭ ʊʘʨʘʧʘʢʫ 

ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ʩʢʣʘʜʫʚʘʣʠ ʦʙʘʙʽʯ ʢʘʨôʻʨʫ ʫ ʜʚʘ ʚʽʜʚʘʣʠ [3]. ɺʚʝʜʝʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʛʣʠʙʠʥʠ ʢʘʨôʻʨʽʚ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱʽ ʚʽʜʚʘʣʽʚ. ʍʦʯʘ ʧʝʨʰʽ 

ʨʦʟʨʦʙʢʠ ʚʝʣʠʩʷ ʥʘ ʦʙʤʝʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʚʦʥʠ ʟʫʤʦʚʠʣʠ ʟʤʽʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʩʪʦʢʫ, ʨʝʞʠʤʫ ˇʨʫʥʪʦʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʧʨʠʟʚʝʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ 

ʣʘʥʜʰʘʬʪʽʚ. 

ʅʠʥʽ ʪʘʢʽ ʚʽʜʚʘʣʠ ʩʘʤʦʨʝʢʫʣʴʪʫʚʘʣʠʩʴ, ʟʘʨʦʩʣʠ ʨʦʩʣʠʥʥʽʩʪʶ ʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʤʘʡʞʝ ʚ ʩʝʣʽʪʝʙʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʘʙʦ ʚʟʜʦʚʞ ʟʘʪʦʧʣʝʥʠʭ ʜʦʨʝʚʦʣʶʮʽʡʥʠʭ 

ʢʘʨôʻʨʽʚ.  

ɺʽʜʚʘʣʠ ʛʨʘʥʽʪʥʠʭ ʢʘʨôʻʨʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ ʽʟ 

ʢʘʨôʻʨʘʤʠ, ʷʢʽ ʥʠʥʽ ʟʘʪʦʧʣʝʥʽ ʚʦʜʦʶ. ʋʪʚʦʨʝʥʽ ʧʦʭʽʜʥʽ ʣʘʥʜʰʘʬʪʠ ʝʩʪʝʪʠʯʥʦ 

ʧʨʠʚʘʙʣʠʚʽ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʚ ʧʣʘʥʽ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ. 

ɺ ʧʫʙʣʽʢʘʮʽʾ [4] ʘʚʪʦʨ ʥʘʨʘʭʫʚʘʚ 104 ʚʽʜʚʘʣʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤ. ʂʨʠʚʠʡ ʈʽʛ, 

ʚʢʣʶʯʘʶʯʠ ʩʫʯʘʩʥʽ ʚʽʜʚʘʣʠ ɻɿʂ, ʨʘʜʷʥʩʴʢʠʭ ʨʫʜʥʠʢʽʚ ʧʽʜʟʝʤʥʦʛʦ ʽ ʚʽʜʢʨʠʪʦʛʦ 

ʚʠʜʦʙʫʚʘʥʥʷ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ, ʜʦʨʝʚʦʣʶʮʽʡʥʠʭ ʰʘʭʪ ʽ ʢʦʧʘʣʝʥʴ. 
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ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʛʽʨʥʠʯʦ-ʧʨʦʤʠʩʣʦʚʽ ʣʘʥʜʰʘʬʪʠ (ɻʇʃ), ʪʝʭʥʦʛʝʥʥʽ ʬʦʨʤʠ 

ʨʝʣʴʻʬʫ, ʱʦ ʾʭ ʫʪʚʦʨʶʶʪʴ. ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʽʜʚʘʣʽʚ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: ʟʘ ʙʫʜʦʚʦʶ, ʟʘ ʚʠʩʦʪʦʶ, ʟʘ ʧʣʦʱʝʶ, ʟʘ ʦʙô̒ ʤʦʤ, ʟʘ ʬʦʨʤʦʶ ʚ 

ʧʣʘʥʽ, ʟʘ ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʟʘ ʩʢʣʘʜʦʚʘʥʦʶ ʩʠʨʦʚʠʥʦʶ ʪʦʱʦ. 

ɺʦʜʥʦʯʘʩ ʟ ʮʠʤ, ʟʛʽʜʥʦ ʈʝʻʩʪʨʫ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ, ʩʪʘʥʦʤ ʥʘ 03.10. 2017 ʨ. ʚ 22 ʚʽʜʚʘʣʘʭ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʜʽʶʯʠʭ 

ʛʽʨʥʠʯʦ-ʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʩʢʣʘʜʦʚʘʥʦ 12,265 ʤʣʨʜ. ʪ (3,91 ʤʣʨʜ. ʤ
3
) 

ʨʦʟʢʨʠʚʥʠʭ ʽ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ. ɺ ʜʝʷʢʽ ʚʽʜʚʘʣʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʧʨʷʤʦʚʫʶʪʴ 

ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʚʽʜʭʦʜʠ. ʇʣʦʱʘ, ʟʘʡʥʷʪʘ ʧʽʜ ʚʽʜʚʘʣʘʤʠ ʚ 

ʤʝʞʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ, ʩʢʣʘʜʘʻ 4,3 ʪʠʩ ʛʘ. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʘ ʫʟʘʛʘʣʴʥʶʶʯʘ 

ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʚʽʜʚʘʣʽʚ ʜʽʶʯʠʭ ʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʂʨʠʚʙʘʩʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʜʘʥʠʭ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ. 

 
ʊʘʙʣʠʮʷ 1. ʋʟʘʛʘʣʴʥʶʶʯʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʚʽʜʚʘʣʽʚ ʜʽʶʯʠʭ ʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʂʨʠʚʙʘʩʫ 

ʂʽʣʴʢʽʩʪʴ 

ʚʽʜʚʘʣʽʚ 

ʂʽʣʴʢʽʩʪʴ, 

ʤʣʥ. ʪ 

ʆʙʩʷʛ, ʤʣʥ. ʤ
3
 

ʇʣʦʱʘ, ʛʘ 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʭʦʜʽʚ 

ʇɸʊ çɯʥʛʫʣʝʮʴʢʠʡ ɻɿʂè 

3 
2165,742 

676,794 
699,05 

ʈʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ, ʚʽʜʭʦʜʠ ʟʤʽʰʘʥʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʟʥʝʩʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ (ʚʽʜʭʦʜʠ ʙʫʜʽʚʝʣʴʥʽ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ), ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ, ʚʽʜʭʦʜʠ ʩʫʭʦʾ 

ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ 

ʇɸʊ çʇʽʚʜʝʥʥʠʡ ɻɿʂè 

2 
2176,645 

723,745 
1079,1 ʆʢʠʩʣʝʥʽ ʨʫʜʠ, ʩʣʘʥʮʽ, ʨʦʟʧʫʱʝʥʽ ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ  

ʇɸʊ çɸʨʩʝʣʦʨʄʽʪʪʘʣ ʂʨʠʚʠʡʈʽʛè 

4 
1456,0 

468,5 
1001,45 

ɺʽʜʭʦʜʠ ʨʦʟʨʦʙʢʠ ʢʘʨ'ʻʨʦʤ ʨʫʜʠ ʟʘʣʽʟʥʦʾ, ʨʦʟʢʨʠʚʥʽ 

ʧʦʨʦʜʠ, ʜʦʤʝʥʥʽ ʰʣʘʢʠ ʛʨʘʥʫʣʴʦʚʘʥʽ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʪʘ ʽʥʰʽ  

ʇɸʊ çʎʝʥʪʨʘʣʴʥʠʡ ɻɿʂè 

10 
582,500 

160,291 
548,93 

ɺʽʜʭʦʜʠ ʨʦʟʨʦʙʣʝʥʥʷ ʢʘʨôʻʨʦʤ ʨʫʜʠ ʟʘʣʽʟʥʦʾ, 

ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ  

ʇɸʊ ñʇʽʚʥʽʯʥʠʡ ɻɿʂò 

2 
6000,0 

1875,0 
1833,6 ɺʽʜʭʦʜʠ ʨʦʟʨʦʙʣʝʥʥʷ ʢʘʨôʻʨʦʤ ʨʫʜʠ ʟʘʣʽʟʥʦʾ  

ʉʫʤʘ ʧʦ ɻɿʂ ʂʨʠʚʙʘʩʫ 

21 
12251,77 

3 904,33 
4262,13  

ʐʘʭʪʦʫʧʨʘʚʣʽʥʥʷ ñʆʢʪʷʙʨʩʴʢʝò ʇɸʊ çʂʨʠʚʙʘʩʟʘʣʽʟʨʫʜʢʦʤè 

1 
13,5 

5,40 
24,07 ɺʜ̔ʭʦʜʠ ʨʫʜ ʟʘʣʽʟʥʠʭ ʽʥʰʽ  

ʉʫʤʘ ʧʦ ʂʨʠʚʙʘʩʫ 

22 
12265,270 

3 909,73 
4286,2 -//- 

 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʟʚʽʪʫʶʪʴ ʣʠʰʝ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʱʦʨʽʯʥʦ ʫʪʚʦʨʝʥʠʭ ʚʽʜʭʦʜʽʚ, 

ʪʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʢʦʣʠʰʥʽʭ ʚʽʜʚʘʣʽʚ ʜʦ ɼʝʨʞʩʪʘʪʫ ʥʝ ʩʧʨʷʤʦʚʫʻʪʴʩʷ. 

ʅʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ ʟʘ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ/ʚʽʜʥʦʚʣʝʥʦ ʧʦʥʘʜ 
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25 ʰʘʭʪʥʠʭ ʩʪʚʦʣʽʚ ʨʫʜʦʧʽʜʡʦʤʥʠʭ ʰʘʭʪ, ʷʢʽ ʟ 1973 ʨ. ʚʭʦʜʠʣʠ ʜʦ ɺʠʨʦʙʥʠʯʦʛʦ 

ʦʙô̒ ʜʥʘʥʥʷ çʂʨʠʚʙʘʩʨʫʜʘè. ʇʦʨʫʯ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʰʘʭʪʥʦʛʦ ʩʪʚʦʣʘ ʙʫʜʫʚʘʣʦʩʴ 

ʧʦ ʜʚʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ, ʪʦʙʪʦ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʦʥʘʜ 70 ʰʘʭʪʥʠʭ ʩʪʚʦʣʽʚ. 

ʇʦʨʦʜʠ, ʱʦ ʧʽʜʥʽʤʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʶ ʩʢʣʘʜʫʚʘʣʠʩʴ ʫ ʚʽʜʚʘʣʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʟʜʦʚʞ ʰʘʭʪ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʂʨʠʚʙʘʩʽ ʧʨʘʮʶʻ ʪʽʣʴʢʠ 7 ʨʫʜʦʧʽʜʡʦʤʥʠʭ 

ʰʘʭʪ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʜʚʦʭ ʧʽʜʧʨʠʻʤʩʪʚ: ʇɸʊ çʂʨʠʚʦʨʽʟʴʢʠʡ 

ʟʘʣʽʟʦʨʫʜʥʠʡ ʢʦʤʙʽʥʘʪè ʽ ʇɸʊ çʉʫʭʘ ʙʘʣʢʘè. ʇʨʠ ʮʴʦʤʫ ʣʠʰʝ ʇɸʊ 

çʂʨʠʚʦʨʽʟʴʢʠʡ ʟʘʣʽʟʦʨʫʜʥʠʡ ʢʦʤʙʽʥʘʪ ʟʚʽʪʫʻ ʧʨʦ ʱʦʨʽʯʥʦ ʫʪʚʦʨʝʥʽ ʚʽʜʭʦʜʠ ʽ 

ʤʽʩʮʝ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ. 

ʋ ʚʽʜʚʘʣʘʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, 

ʟʘʩʢʣʘʜʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʠʜʠ ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ, ʽʟ 

ʟʘʟʥʘʯʝʥʥʷʤ ʛʦʣʦʚʥʠʭ ʧʦʨʦʜʦʫʪʚʦʨʶʶʯʠʭ ʤʽʥʝʨʘʣʽʚ: ʤʘʣʦʨʫʜʥʽ ʢʚʘʨʮʠʪʠ 

ʤʘʛʥʝʪʠʪʦʚʽ (ʢʚʘʨʮ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ), ʘʤʬʽʙʦʣʠ: ʢʫʤʽʥʛʪʦʥʽʪ, ʪʨʝʤʦʣʽʪ, 

ʘʢʪʠʥʦʣʽʪ, ʨʠʙʝʢʽʪ (ʥʘ ʜʝʷʢʠʭ ʨʦʜʦʚʠʱʘʭ); ʩʣʘʥʮʽ (ʢʚʘʨʮ, ʤʫʩʢʦʚʽʪ (ʩʝʨʠʮʠʪ), 

ʭʣʦʨʠʪ, ʪʘʣʴʢ, ʟʘʣʽʟʠʩʪʽ ʢʘʨʙʦʥʘʪʠ, ʤʘʛʥʝʪʠʪ, ʛʨʘʬʽʪ); ʦʢʠʩʣʝʥʽ ʢʚʘʨʮʠʪʠ 

(ʤʘʨʪʠʪ, ʛʝʤʘʪʠʪ, ʛʽʜʨʦʦʢʩʠʜʠ, ʤʘʛʥʝʪʠʪ), ʘ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ ʢʘʡʥʦʟʦʡʩʴʢʽ ʦʩʘʜʦʚʽ 

ʧʦʨʦʜʠ: ʛʣʠʥʠ ʝʦʮʝʥʦʚʽ ʪʝʤʥʦ-ʩʽʨʽ; ʛʣʠʥʠ ʝʦʮʝʥʦʚʽ ʩʽʨʽ, ʩʽʨʦ-ʟʝʣʝʥʽ; ʛʣʠʥʠ 

ʦʣʽʛʦʮʝʥʦʚʽ ʩʣʶʜʠʩʪʽ ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʽ; ʚʘʧʥʷʢʠ ʤʽʦʮʝʥʦʚʽ ʤʫʰʣʷʢʦʚʽ ʩʽʨʽ, ʩʚʽʪʣʦ-

ʩʽʨʽ ʤʫʰʣʷʢʦʚʽ ʪʘ ʧʽʩʢʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ; ʛʣʠʥʠ ʧʦʥʪʠʯʥʽ ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʽ 

ʙʝʥʪʦʥʽʪʦʧʦʜʽʙʥʽ; ʚʘʧʥʷʢʠ ʧʣʽʦʮʝʥʦʚʽ ʤʫʰʣʷʢʦʚʽ ʤʝʨʛʝʣʠʩʪʽ; ʛʣʠʥʠ ʯʝʨʚʦʥʦ-

ʙʫʨʽ ʧʣʘʩʪʠʯʥʽ ʢʦʤʢʫʚʘʪʽ; ʧʽʩʢʠ; ʩʫʛʣʠʥʢʠ ʣʝʩʦʚʠʜʥʽ ʧʘʣʝʚʦ-ʞʦʚʪʽ, ʧʘʣʝʚʦ-ʩʽʨʽ ʟ 

ʢʘʨʙʦʥʘʪʥʠʤʠ ʩʪʷʞʽʥʥʷʤʠ. 
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ORGANIZATIONAL ASPECTS OF RESEARCH OF THE BLACK SEA 

WATER AREA BOTTOM SEDIMENTS POLLUTION BY PLASTIC WASTE  
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To a number of negative changes in the state of the environment on a global scale in recent decades 

has been added the problem of waste synthetic materials large amounts accumulation both within 

land and marine waters. Plastic waste and microplastics are present in all major components of the 

world's oceans, such as water column, surface bottom sediments and biological objects. Studies of 

waste volumes, composition and distribution dynamics in the Black Sea Ukrainian sector should 

take into account a number of regional features, which are related to the territory geographical 

characteristics and pollution sources intensity. 

 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʜʦʩʷʛʣʘ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ 

ʟʘʛʨʦʟʣʠʚʦʛʦ ʤʘʩʰʪʘʙʫ, ʧʨʠ ʮʴʦʤʫ ʢʽʥʮʝʚʦʶ ʣʘʥʢʦʶ ʜʝʧʦʥʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ,  ̒ ʚʝʨʭʥʽʡ ʦʩʘʜʦʚʠʡ ʰʘʨ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺʘʞʢʽ ʤʝʪʘʣʠ, ʨʘʜʽʦʥʫʢʣʽʜʠ, ʥʘʬʪʦʚʽ ʚʫʛʣʝʚʦʜʥʽ, ʽʥʰʽ ʩʪʽʡʢʽ 

ʟʘʙʨʫʜʥʶʚʘʯʽ, ʧʦʪʨʘʧʣʷʶʯʠ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ ʚ ˇʨʫʥʪʠ ʩʫʭʦʜʦʣʫ ʪʘ ʜʦʥʥʽ 

ʚʽʜʢʣʘʜʠ ʘʢʫʤʫʣʶʶʪʴʩʷ ʚ ʥʠʭ, ʩʪʚʦʨʶʶʯʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ. 

ʅʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʦʶ ʣʘʥʢʦʶ, ʷʢ ʩʚʽʜʯʠʪʴ ʩʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ,  ̒ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ 

ʜʦʥʥʠʭ ʦʩʘʜʢʽʚ ʟʘʢʨʠʪʠʭ ʤʦʨʽʚ ʯʠ ʘʢʚʘʪʦʨʽʡ ʟ ʦʙʤʝʞʝʥʠʤ ʚʦʜʦʦʙʤʽʥʦʤ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʠʪʴʩʷ ʡ ʏʦʨʥʝ ʤʦʨʝ. ɿʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠʙʝʨʝʞʥʦ-ʰʝʣʴʬʦʚʠʭ 

ʟʦʥʘʭ ʤʦʨʷ ʫ ʟʚ`ʷʟʢʫ ʟ ʧʨʠʚʥʝʩʝʥʥʷʤ ʟʘʙʨʫʜʥʠʢʽʚ, ʧʦʨʫʰʫʶʪʴ ʧʨʠʨʦʜʥʠʡ 

ʛʝʦʭʽʤʽʯʥʠʡ ʙʘʣʘʥʩ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʦʨʩʴʢʠʭ 

ʝʢʦʩʠʩʪʝʤ ʪʘ ʩʘʤʦʾ ʣʶʜʠʥʠ. 

ɿʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʜʘʥʠʤʠ [1], ʟ ʨʽʯʢʦʚʠʤʠ ʚʦʜʘʤʠ, ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʩʢʠʜʘʤʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟ ñʜʠʬʫʟʽʡʥʠʤʠò ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʩʪʦʢʘʤʠ 

ʚʽʜ ʟʣʠʚ ʚ ʤʦʨʷ ʥʘʜʭʦʜʠʪʴ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 44% ʫʩʽʭ ʟʘʙʨʫʜʥʝʥʴ, ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ 

ï 33%, ʚʥʝʩʦʢ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʢʣʘʜʘʻ 12%, ʤʦʨʩʴʢʠʭ ʧʦʭʦʚʘʥʴ ï 10%. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʜʭʦʜʞʝʥʴ ʟ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 

ʧʝʚʥʠʭ ʜʽʣʷʥʦʢ ʘʢʚʘʪʦʨʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʪʘʤʘʥʥʠʭ ʾʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

(ʛʝʦʛʨʘʬʽʯʥʽ, ʛʝʦʣʦʛʽʯʥʽ, ʦʢʝʘʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʜʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʪʦʱʦ). ʐʝʣʴʬ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ 

ʻ ʩʚʦʻʨʽʜʥʠʤ ʟʘ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʘ ʪʘʢʦʞ ʨʝʯʦʚʠʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʙ`ʻʤʘʤʠ ʪʘ ʨʦʟʧʦʜʽʣʦʤ ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɿ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʩʣʽʜ ʚʚʘʞʘʪʠ: ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ; ʤʽʣʢʦʚʦʜʥʽʩʪʴ 

ʘʢʚʘʪʦʨʽʾ; ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʠʤʘʥʽʚ ʪʘ ʟʘʪʦʢ; ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ. 
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ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʬʘʢʪʦʨ ʥʘʡʙʽʣʴʰʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 

ʧʝʚʥʽ ʪʝʨʠʪʦʨʽʾ ʚʦʜʦʟʙʦʨʫ, ʪʠʧʘʤʠ ʽ ʜʞʝʨʝʣʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. 

ʇʨʦʙʣʝʤʦʶ ʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʻ ʡ ʽʥʰʘ ʩʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ï ʩʫʪʪʻʚʝ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʶʪʘʥʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʦʶ ʽʥʝʨʪʥʽʩʪʶ ʱʦʜʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʠ ʽ ʚʝʣʠʢʠʤ ʧʝʨʽʦʜʦʤ ʽʩʥʫʚʘʥʥʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ ï ʧʣʘʩʪʠʢʦʚʦʛʦ ʩʤʽʪʪʷ ʪʘ ʤʽʢʨʦʧʣʘʩʪʠʢʫ. ʉʫʪʥʽʩʪʴ ʧʨʦʙʣʝʤʠ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʨʠʚʦʤ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʩʧʦʞʠʚʯʠʡ ʩʝʛʤʝʥʪ ʩʫʩʧʽʣʴʩʪʚʘ, ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʚʜʘʥʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ. ɼʣʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʚ 

ʋʢʨʘʾʥʽ ʮʷ ʥʝʛʘʪʠʚʥʘ ʪʝʥʜʝʥʮʽʷ ʧʦʩʠʣʶʻʪʴʩʷ ʬʘʢʪʦʤ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʩʬʝʨʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽʡ, ʪʘʢ ʽ ʤʝʪʦʜʠʯʥʽʡ ʪʘ 

ʧʨʘʢʪʠʯʥʽʡ ʩʬʝʨʘʭ. ʇʨʠ ʚʠʩʦʢʽʡ ʜʠʥʘʤʽʮʽ ʟʨʦʩʪʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʠʢʽʚ 

ʚʽʜʩʦʪʦʢ ʾʭ ʫʪʠʣʽʟʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʪʨʘʜʠʮʽʡʥʦ ʥʠʟʴʢʠʤ ï ʧʨʠʙʣʠʟʥʦ 9% 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʫ ʩʚʽʪʽ ʧʣʘʩʪʤʘʩ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ, ʜʚʘʥʘʜʮʷʪʴ ʚʽʜʩʦʪʢʽʚ ï 

ʩʧʘʣʶʶʪʴʩʷ [2]. ɺ ʋʢʨʘʾʥʽ, ʟʘ ʧʨʠʙʣʠʟʥʠʤʠ ʧʽʜʨʘʭʫʥʢʘʤʠ, ʩʠʥʪʝʪʠʯʥʘ ʪʘ 

ʰʪʫʯʥʘ ʧʦʣʽʤʝʨʥʘ ʩʢʣʘʜʦʚʘ ʥʘʢʦʧʠʯʝʥʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʢʣʘʜʘʻ 0,6 ʤʣʥ ʪ ʽ 

ʨʦʟʧʦʨʦʰʝʥʘ ʥʘ 6 ʪʠʩʷʯʘʭ ʦʬʽʮʽʡʥʠʭ ʪʘ ʙʽʣʴʰʝ ʥʽʞ 20 ʪʠʩ. ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱ ʽ 

ʧʦʣʽʛʦʥʽʚ ʫ ʤʝʞʘʭ ʚʦʜʦʟʙʽʨʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʚʢʣʶʯʘʶʯʠ ʤʦʨʩʴʢʝ ʫʟʙʝʨʝʞʞʷ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʘʞʣʠʚʠʤ ʩʪʠʤʫʣʦʤ ʧʦʟʠʪʠʚʥʠʭ ʟʤʽʥ ʫ ʮʽʡ ʩʬʝʨʽ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʽʤʧʣʝʤʝʥʪʘʮʽʶ ʥʠʟʢʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ 

ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ, ʟʦʢʨʝʤʘ ɼʠʨʝʢʪʠʚʠ ɭʉ 2008/56/ɭʉ ï ʈʘʤʢʦʚʦʾ 

ʜʠʨʝʢʪʠʚʠ ʟ ʤʦʨʩʴʢʦʾ ʩʪʨʘʪʝʛʽʾ (MSFD) ï Marine Strategy Framework Directive. 

ʋʢʨʘʾʥʘ ʧʦʚʠʥʥʘ ʥʘ ʦʩʥʦʚʽ ʙʘʟʦʚʦʾ ʦʮʽʥʢʠ, ʟʜʽʡʩʥʝʥʦʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯ. 1 ʩʪ. 8 

MSFD, ʨʦʟʨʦʙʠʪʠ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʦʛʨʘʤʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ 

ʧʦʩʪʽʡʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʧʝʨʝʣʽʢʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʜʽʚ ʪʠʩʢʫ ʡ ʚʧʣʠʚʫ, ʟʘʟʥʘʯʝʥʠʭ ʫ ɼʦʜʘʪʢʘʭ ɯɯɯ ʽ V 

ʜʠʨʝʢʪʠʚʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʝʨʝʣʽʢʫ ʧʦʢʘʟʥʠʢʽʚ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ 

ʤʦʨʩʴʢʦʛʦ ʜʦʚʢʽʣʣʷ ʪʘ ʧʝʨʝʣʽʢʫ ʧʽʜʧʨʦʛʨʘʤ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ 

ʥʘ ʤʦʨʩʴʢʫ ʝʢʦʩʠʩʪʝʤʫ ʚʢʣʶʯʝʥʽ ʡ ʤʦʨʩʴʢʝ ʩʤʽʪʪʷ ʪʘ ʤʽʢʨʦʧʣʘʩʪʠʢ  ʪʠʧʠ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʠʤʠ ʚ ʤʝʞʘʭ ʥʘʰʦʾ ʢʨʘʾʥʠ ʥʝ ʧʨʦʚʦʜʠʚʩʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ɭʉ/ʇʈʆʆʅ 

çʇʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʏʦʨʥʦʛʦ ʤʦʨʷ: ʚʠʙʨʘʥʽ ʟʘʭʦʜʠè 

(EMBLAS-Plus), ʟʘʩʚʽʜʯʠʣʠ, ʱʦ 83% ʤʦʨʩʴʢʦʛʦ ʩʤʽʪʪʷ, ʚʠʷʚʣʝʥʦʛʦ ʚ ʏʦʨʥʦʤʫ 

ʤʦʨʽ, ʩʪʘʥʦʚʠʪʴ ʧʣʘʩʪʠʢ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʝʣʠʢʽ ʨʽʯʢʠ (ʚ ʋʢʨʘʾʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ɼʫʥʘʾ ʪʘ ɼʥʽʩʪʨʽ), ʚʽʜʧʦʚʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʠʥʦʩʷʪʴ ʫ ʤʦʨʝ ʚʽʜ 6 ʜʦ 50 ʦʜʠʥʠʮʴ ʪʘʢʦʛʦ ʩʤʽʪʪʷ ʥʘ ʛʦʜʠʥʫ, ʘ 

ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʤʘʡʞʝ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʫ ʮʠʬʨʫ ʜʣʷ 

ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʚʽʜ 9,5 ʜʦ 50 ʦʜʠʥʠʮʴ ʩʤʽʪʪʷ/ʢʤ
2
). 

ʇʨʠ ʮʴʦʤʫ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ ʘʢʚʘʪʦʨʽʾ ʤʦʨʷ ʻ ʦʩʥʦʚʥʠʤ ʽ ʢʽʥʮʝʚʠʤ 

ʘʢʫʤʫʣʷʪʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʦʛʣʠʥʘʯʝʤ ʜʣʷ ʧʣʘʩʪʠʢʦʚʦʛʦ ʩʤʽʪʪʷ ʪʘ 

ʤʽʢʨʦʧʣʘʩʪʠʢʫ. ʆʜʥʦʯʘʩʥʦ, ʧʦʣʽʤʝʨʥʝ ʩʤʽʪʪʷ ʥʘ ʤʦʨʩʴʢʦʤʫ ʜʥʽ ï ʮʝ ʥʘʡʤʝʥʰ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʩʝʛʤʝʥʪ ʟʽ ʚʩʴʦʛʦ ʩʧʝʢʪʨʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʱʦ ʘʢʫʤʫʣʶʶʪʴʩʷ ʚ 

https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80%D0%B8
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ʩʢʣʘʜʽ ʩʫʯʘʩʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʚʽʜʢʣʘʜʽʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʘʢʚʘʪʦʨʽʾ 

ʏʦʨʥʦʛʦ ʤʦʨʷ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ˇʨʫʥʪʫʚʘʪʠʩʴ ʥʘ ʷʢʽʩʥʦʤʫ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʧʽʜˇʨʫʥʪʽ. ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ 

ʟʘʩʚʽʜʯʠʚ, ʱʦ ʥʘʜʽʡʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʾ 

ʛʘʨʤʦʥʽʟʘʮʽʾ ʜʘʥʠʭ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʷʢʦʩʪʽ ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ 

ʤʝʪʦʜʠʯʥʠʭ ʥʘʧʨʘʮʶʚʘʥʴ [3]. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʤʝʪʦʜʦʣʦʛʽʡ ʚʽʜʙʦʨʫ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʽʢʨʦʧʣʘʩʪʠʢʽʚ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ 

ʰʣʷʭʦʤ ʬʦʨʤʫʣʶʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ (ʧʦʣʴʦʚʽ ʤʝʪʦʜʠʢʘ 

ʪʘ ʪʝʭʥʽʢʘ ʚʽʜʙʦʨʫ ï ʣʘʙʦʨʘʪʦʨʥʽ ʤʝʪʦʜʠ ʩʝʧʘʨʘʮʽʾ ʧʨʦʙ ʽ ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ï 

ʘʧʘʨʘʪʫʨʥʠʡ ʢʦʤʧʣʝʢʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ).   

ɼʦ ʧʝʨʝʣʽʢʫ ʢʣʶʯʦʚʠʭ ʧʠʪʘʥʴ ʤʘʶʪʴ ʚʽʜʥʦʩʠʪʠʩʴ: 

- ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʴ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʨʤʽʥʫ 
çʤʽʢʨʦʧʣʘʩʪʠʢè, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʡʦʛʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, 

ʚʠʜʦʚʠʡ ʨʦʟʧʦʜʽʣ, ʨʦʟʤʽʨʠ, ʪʦʱʦ; 

-  ʧʦʣʴʦʚʽ ʤʝʪʦʜʠʢʠ ʚʽʜʙʦʨʫ ʤʽʢʨʦʧʣʘʩʪʠʢʫ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʥʦʛʦ 

(ʤʦʨʩʴʢʦʛʦ) ʩʝʨʝʜʦʚʠʱʘ (ʧʝʚʥʽ ʰʘʨʠ ʚʦʜʥʦʾ ʪʦʚʱʽ, ʧʣʷʞʝʚʽ ʥʘʥʦʩʠ ʚ ʤʝʞʘʭ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʫʟʙʝʨʝʞʞʷ, ʨʝʯʦʚʠʥʥʽ ʪʠʧʠ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʽʥʰʝ); 

-  ʧʝʨʚʠʥʥʽ ʩʠʩʪʝʤʠ ʚʽʜʜʽʣʝʥʥʷ ʤʽʢʨʦʧʣʘʩʪʠʢʽʚ ʚʽʜ ʧʨʠʨʦʜʥʦʾ ʨʝʯʦʚʠʥʠ, 
ʚʢʣʶʯʘʶʯʠ ʯʝʨʛʦʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ ï ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, 

ʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʚʽʟʫʘʣʴʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʪʘ ʽʥ.; 

- ʫʥʽʬʽʢʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʘʧʘʨʘʪʫʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʽʚ ʤʽʢʨʦʧʣʘʩʪʠʢʽʚ, ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʦʱʦ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʩʣʽʜ ʚʚʘʞʘʪʠ ʷʢʽʩʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʭʽʤʽʯʥʠʭ, 

ʛʽʜʨʦʙʽʦʣʦʛʽʯʥʠʭ, ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʽʣʷʥʦʢ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʚ ʷʢʦʩʪʽ 

ʧʨʝʜʩʪʘʚʥʠʮʴʢʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʦʾ ʯʘʩʪʠʥʠ ʨʦʙʽʪ. ʈʦʟʧʦʜʽʣ ʚ ʘʢʚʘʪʦʨʽʾ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʛʦ ʤʦʨʷ ʧʣʘʩʪʠʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ, 

ʥʘʜʭʦʜʞʝʥʥʷ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʚ ʩʢʣʘʜʽ ʨʽʯʢʦʚʠʭ ʚʦʜ, ʪʘʢ ʽ ʚʽʜ ʙʝʨʝʛʦʚʠʭ 

ʜʞʝʨʝʣ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʦ ʟ ʪʝʯʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʛʽʜʨʦʬʨʦʥʪʠ ʨʽʯʦʢ. ʗʢ 

ʚʽʜʦʤʦ, ʩʪʦʢ ɼʥʽʧʨʘ, ʇʽʚʜʝʥʥʦʛʦ ɹʫʛʫ, ɼʥʽʩʪʨʘ ʪʘ ɼʫʥʘʶ ʚʠʟʥʘʯʘʻ 80% ʫʩʴʦʛʦ 

ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʚ ʏʦʨʥʝ ʤʦʨʝ. ʌʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʨʩʴʢʠʭ ʚʦʜ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʤʦʚʠ ʧʝʨʝʥʝʩʝʥʥʷ ʽ ʘʢʫʤʫʣʷʮʽʾ ʧʣʘʩʪʠʢʦʚʦʛʦ ʩʤʽʪʪʷ ʪʘ 

ʤʽʢʨʦʧʣʘʩʪʠʢʫ. ɿʦʢʨʝʤʘ, ʷʢ ʚʽʜʦʤʦ, ʚ ʟʦʥʘʭ ʛʽʜʨʦʬʨʦʥʪʽʚ ʨʽʯʦʢ ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʝʜʠʤʝʥʪʘʮʽʾ, ʧʦʚ'ʷʟʘʥʝ ʟ ʢʦʘʛʫʣʷʮʽʻʶ ʩʫʩʧʝʥʟʽʡ ʫ 

ʧʨʠʛʠʨʣʦʚʠʭ ʰʣʝʡʬʘʭ [4, 5].  

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʩʣʽʜ ʥʘʜʘʪʠ 

ʆʜʝʩʴʢʦʤʫ ʧʨʠʤʦʨʩʴʢʦʤʫ ʨʝʛʽʦʥʫ, ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʷʢʦʛʦ ʟʘʡʤʘʻ ʤʽʩʴʢʘ 

ʘʛʣʦʤʝʨʘʮʽʷ ï ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʘ ʥʘ ʏʦʨʥʦʤʫ ʤʦʨʽ (ʪʨʠ ʧʦʪʫʞʥʠʭ ʧʦʨʪʠ ʋʢʨʘʾʥʠ 
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ï ʆʜʝʩʘ, ɯʣʣʽʯʽʚʩʴʢ, ʖʞʥʠʡ), ʜʝ ʩʭʦʜʷʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʽ ʰʣʷʭʠ, ʚʝʜʝʪʴʩʷ 

ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʧʝʨʝʚʘʣʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʥʪʘʞʽʚ. 
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The project of creating a hydroelectric power station of average power in the Upper Dniester basin 

is analyzed in relation to the tectonic factor. The tectonic scheme of the area of work is presented, 

indicating the location of the planned hydroelectric power plants. It was found that HPP-1, 2 are 

located at the nodes of tectonic faults, HPP-4, 5 within the influence of faults. It was found that the 

confirmation of the presence of zones of tectonic disturbances are mineral springs. Conclusions are 

made on the need to carefully investigate the tectonic factor during the planned construction of the 

Upper Dniester HPP cascade. 

 

ɼʣʷ ʩʪʘʣʦʛʦ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʝʦʙʭʽʜʥʘ ʩʪʨʘʪʝʛʽʯʥʘ 

ʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʥʘ ʨʽʯʢʦʚʠʡ ʙʘʩʝʡʥ ʽ ʨʽʯʢʦʚʫ 

ʝʢʦʩʠʩʪʝʤʫ. ʉʪʨʘʪʝʛʽʯʥʘ ʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʧʦʚʠʥʥʘ ʧʝʨʝʜʫʚʘʪʠ ʧʨʠʡʥʷʪʪ ʁ

ʧʨʠʥʮʠʧʦʚʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʧʨʦʝʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 
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ɼʥʽʩʪʨʦʚʩʴʢʠʡ ʢʘʩʢʘʜ ɻɽʉ ï ʢʦʤʧʣʝʢʩ ɻɽʉ ʽ ɻɸɽʉ ʫ ʨʽʯʢʦʚʦʤʫ ʙʘʩʝʡʥʽ 

ɼʥʽʩʪʨʘ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʬʦʨʤʽ ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʘʩʢʘʜʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʦ 

ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʧʨʦʝʢʪ ʩʪʚʦʨʝʥʥʷ ɻɽʉ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʙʘʩʝʡʥʽ 

ɺʝʨʭʥʴʦʛʦ ɼʥʽʩʪʨʘ. ʋ 2018 ʨʦʮʽ ʢʦʤʧʘʥʽʷ çʋʢʨʛʽʜʨʦʝʥʝʨʛʦè ʧʦʯʘʣʘ ʨʦʙʦʪʠ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʜʦ 6 ʰʪʫʯʥʠʭ ʚʦʜʦʡʤ ʜʣʷ ɻɽʉ. ɿʘʨʘʟ ʚʦʥʘ ʨʦʟʧʦʯʘʣʘ ʚʠʰʫʢʫʚʘʣʴʥʽ 

ʨʦʙʦʪʠ. ʂʦʤʧʘʥʽʷ ʧʦʚʽʜʦʤʠʣʘ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʦʜʠʥʠʮʽ ʜʣʷ ʤʦʞʣʠʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ɻɽʉ: ʊʣʫʤʘʮʴʢʠʡ ʨʘʡʦʥ, 

ʩʝʣʦ ɺʽʩʪʨʷ; ɻʦʨʦʜʝʥʢʽʚʩʴʢʠʡ ʨʘʡʦʥ, 3,5 ʢʤ ʚʠʱʝ ʩʝʣʘ ʄʦʥʘʩʪʠʨʦʢ; 

ɿʘʣʽʱʠʮʴʢʠʡ ʨʘʡʦʥ, ʩʝʣʘ ʃʠʪʷʯʽ, ɹʨʽʜʦʢ, ʤʽʩʪʦ ɿʘʣʽʱʠʢʠ; ɹʦʨʱʽʚʩʴʢʠʡ ʨʘʡʦʥ, 

ʩʝʣʦ ʋʩʪʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʰʫʢʫʚʘʥʴ ʪʘ ʪʝʭʥʽʢʦïʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʢʽʣʴʢʽʩʪʴ ɻɽʉ, ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʚʠʩʦʪʘ ʛʨʝʙʝʣʴ ʽ ʨʦʟʤʽʨʠ ʚʦʜʦʩʭʦʚʠʱ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʤʽʥʝʥʽ [1]. 

ɿʘʧʣʘʥʦʚʘʥʘ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʮʠʭ ʰʝʩʪʠ ɻɽʉ ï 390 ʄɺʪ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ ʧʨʦʝʢʪ ʟʘʯʝʧʠʪʴ ʪʨʠ ʦʙʣʘʩʪʽ: ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʫ (1 ɻɽʉ), 

ʊʝʨʥʦʧʽʣʴʩʴʢʫ (4 ɻɽʉ) ʪʘ ʏʝʨʥʽʚʝʮʴʢʫ (1 ɻɽʉ). ʇʨʠʯʦʤʫ, ʽʩʥʫʻ ʜʚʘ ʚʘʨʽʘʥʪʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ (ʟʤʽʥʠ ʩʪʦʩʫʶʪʴʷ ʪʽʣʴʢʠ ʧʝʨʰʠʭ ʜʚʦʭ ɻɽʉ) (ʨʠʩ. 1). 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʠʭ ɻɽʉ ʚ ʙʘʩʝʡʥʽ ɺʝʨʭʥʴʦʛʦ ɼʥʽʩʪʨʘ. 1 ï 

ʨ. ɼʥʽʩʪʝʨ, 2 ï ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ ʨʦʟʤʽʱʝʥʥʷ ɻɽʉ, 3 ï ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ ʨʦʟʤʽʱʝʥʥʷ ɻɽʉ, 4 ï 

ʪʝʢʪʦʥʽʯʥʽ ʧʦʨʫʰʝʥʥ ̫

 

ʇʨʠ ʦʮʽʥʮʽ ʨʦʟʤʽʱʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʠʭ ɻɽʉ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʬʘʢʪʦʨʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ. ɻʝʦʭʽʤʽʯʥʠʡ ʩʪʘʥ ʦʙôʻʢʪʽʚ 

ʜʦʚʢʽʣʣʷ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʧʣʠʚʫ ʛʣʠʙʠʥʥʠʭ ʬʣʶʾʜʽʚ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʚʠʪʢʫ ʪʝʢʪʦʥiʯʥʠʭ ʨʦʟʨʠʚʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʥʘʩʘʤʧʝʨʝʜ ʨʦʟʣʦʤʽʚ. ʌʣʶʾʜʠ ʥʘʜʭʦʜʠʣʠ i ʥʘʜʭʦʜʷʪʴ ʟ ʛʣʠʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪiʚ ʜʦ ʧʦʚʝʨʭʥi ɿʝʤʣi ʧʦ ʛʣʠʙʠʥʥʠʤ ʨʦʟʨʠʚʥʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʧʦ 

ʚʫʣʢʘʥiʯʥʠʤ ʢʘʥʘʣʘʤ ʯʠ ʜʠʬʫʥʜʫʶʪʴ ʫʟʜʦʚʞ ʟʦʥ ʤiʢʨʦʪʨiʱʠʥʫʚʘʪʦʩʪi, ʪʦʱʦ. 



 

116 

 

ɼʣʷ ʟʦʥ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʭʘʨʘʢʪʝʨʥʘ ʧʽʜʚʠʱʝʥʘ ʪʨʽʱʠʥʫʚʘʪʽʩʪʴ, 

ʜʝʟʽʥʪʝʛʨʘʮʽʷ ʽ ʚʦʜʦʥʘʩʠʯʝʥʽʩʪʴ ʧʦʨʽʜ. ʋʟʜʦʚʞ ʥʠʭ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʢʘʨʩʪ, 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʩʽʭ ʮʠʭ ʷʚʠʱ ʚ ʟʦʥʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽʥʬʽʣʴʪʨʘʮʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʧʠʪʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʘʥʦʤʘʣʽʡ ʟ ʚʠʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʨʝʯʦʚʠʥ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʥʝʙʝʟʧʝʢʠ ʥʘ ʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨ'ʻʨʘʭ. 

ɿʛʽʜʥʦ ʢʘʨʪʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟ ʟʘʟʥʘʯʝʥʥʷʤ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ [2] 

ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʨʘʤʠ Mapinfo ʚʠʷʚʣʝʥʦ, ʱʦ ʧʣʘʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʩʢʘʜʫ ɻɽʉ: ɻɽʉï1 (ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ) ï ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 

700 ʤ ʥʘ ʩʭʽʜ ʚʽʜ ʪʝʢʪʦʥʽʯʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʪʘ ʪʝʢʪʦʥʽʯʥʦʛʦ ʚʫʟʣʘ; ɻɽʉ-1 (ʜʨʫʛʠʡ 

ʚʘʨʽʘʥʪ) ï 200 ʤ ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʨʦʟʣʦʤʫ; ɻɽʉ-2 (ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ) ï 1,57 ʢʤ ʥʘ 

ʟʘʭʽʜ ʚʽʜ ʨʦʟʣʦʤʫ; ɻɽʉ-2 (ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ) ï 700 ʤ ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʨʦʟʣʦʤʫ; ɻɽʉ-4 

ʪʘ 5 ï ʙʽʣʷ 3 ʢʤ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ ʚʽʜ ʨʦʟʣʦʤʫ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʟʦʥ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʻ ʙʝʟʣʽʯ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʞʝʨʝʣ ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʽ, ʩʫʣʴʬʘʪʥʦ-ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʽ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʽʻʚʽ, ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʽ ʚʦʜʠ, 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 15ï 35 ʛ/ʜʤ
3
: 

ɽʢʦʣʦʛʽʯʥʘ ʥʝʙʝʟʧʝʢʘ ʮʠʭ ʟʦʥ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʾʭ ʪʝʢʪʦʥʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʉʝʨʝʜʥʴʦʛʦ ɼʥʽʩʪʨʘ 

ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʚ ʚʫʟʣʦʚʠʭ ʟʦʥʘʭ 

ʨʦʟʣʦʤʽʚ ʟʘ ʛʝʦʭʽʤʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʩʘʤʝ ʟʘ ʘʥʦʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʨʫʭʦʤʠʭ ʬʦʨʤ 

ʬʪʦʨʫ ʪʘ ʨʘʜʦʥʫ ʚ ˇʨʫʥʪʘʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ [3]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʚʚʘʞʘʻʤʦ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦ ʜʦʩʣʽʜʠʪʠ 

ʪʝʢʪʦʥʽʯʥʠʡ ʬʘʢʪʦʨ ʧʨʠ ʟʘʧʣʘʥʦʚʘʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʢʘʩʢʘʜʫ ɻɽʉ ɺʝʨʭʥʴʦʛʦ 

ɼʥʽʩʪʨʘ. 
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This article the results of lithochemical studies of urban agglomerations are presents. It is 

established that in the presence of an organic component in surface sediments, Zn is transformed 

into more mobile ones, and Cu and Pb ï into less mobile compounds. The necessity of complex 

studyof laws of distribution and behavior of chemical elements in soils is considered. 

 

ɺʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪ ʫ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʨʠʪʦʨʽʡ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʜʝʧʦʥʫʶʯʠ ʩʝʨʝʜʦʚʠʱʘ. ˆʨʫʥʪ ʮʝ 

ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʜʝʧʦʥʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʠʢʫ ʚʩʽʭ 

ʤʽʛʨʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʧʦʣʣʶʪʘʥʪʽʚ (ʛʘʟʽʚ, ʧʠʣʫ, ʩʦʣʝʡ, ʘʛʨʦʭʽʤʽʢʘʪʽʚ, ʦʨʛʘʥʽʯʥʠʭ 

ʛʘʟʽʚ ʽ ʨʽʜʠʥ ʪʘ ʽʥ.). ɺʽʜ ʙʘʨôʻʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʟʘʣʝʞʠʪʴ ʜʠʥʘʤʽʢʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʣʶʪʘʥʪʽʚ. ˆʨʫʥʪ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʜʚʦʷʢʫ ʨʦʣʴ: ʚʽʥ ʘʙʦ 

ʧʝʨʝʨʚʝ ʧʦʪʽʢ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʚʠʩʪʫʧʘʶʯʠ ʷʢ ʜʝʧʦʥʫʶʯʠ ʩʝʨʝʜʦʚʠʱʝ, 

ʘʙʦ ʫ ʭʦʜʽ ʜʝʛʨʘʜʘʮʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʝʛʫʤʽʬʽʢʘʮʽʾ, ʧʽʜʢʠʩʣʝʥʥʷ ʙʫʜʝ ʚʠʩʪʫʧʘʪʠ ʷʢ 

ʜʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʚ ʤʽʩʪʽ ʤʦʞʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʬʦʨʤʘʭ:ʫ ʬʽʟʠʯʥʽʡ, ʫ ʭʦʜʽ ʷʢʦʾ ʟʤʽʥʘ ˇʨʫʥʪʫ ʧʦʚ'ʷʟʘʥʝ ʟ ʨʽʟʥʠʤʠ, ʧʝʨʰ ʟʘ ʚʩʝ 

ʤʝʭʘʥʽʯʥʦ ʜʽʶʯʠʤʠ, ʘʛʝʥʪʘʤʠ, ʪʘ ʭʽʤʽʯʥʽʡ, ʢʦʣʠ ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ 

ʚʠʥʠʢʘʻ ʧʽʜ ʧʨʷʤʠʤ ʘʙʦ ʥʝʧʨʷʤʠʤ ʚʧʣʠʚʦʤ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, 

ʢʦʤʫʥʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʦʱʦ. ʇʨʠʯʠʥʘʤʠ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ˇʨʫʥʪ ʻ 

ʧʽʜʚʠʱʝʥʠʡ ʪʠʩʢ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ (ʪʨʘʥʩʧʦʨʪ, ʚʠʪʦʧʪʫʚʘʥʥʷ), ʟʘʭʦʜʠ ʽ 

ʧʨʦʮʝʩʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ˇʨʫʥʪʫ. ɺʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥ ˇʨʫʥʪʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ. ʎʝ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ, ʧʨʦʥʠʢʥʝʥʥʽ ʢʦʨʝʥʽʚ ʫ ˇʨʫʥʪ, ʘʢʪʠʚʥʦʩʪʽ ʽ 

ʜʦʩʪʘʪʢʫ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʨʦʟʢʣʘʜʘʶʪʴ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥ.[3]. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (2002 ʪʘ 2019 ʨʨ.) ʟʘ 

ʩʪʘʥʦʤ ˇʨʫʥʪʽʚ ʪʝʨʠʪʦʨʽʾ ʤ. ʂʠʾʚ (ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ʪʘ 

ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʽʚ (ʪʘʢ ʟʚʘʥʽ ʫʨʙʦʟʝʤʠ). 

ʆʙ'ʻʢʪʠ ʽ ʤʝʪʦʜʠ. ˆʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʪʝʨʠʪʦʨʽʾ ʜʽʣʷʥʦʢ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠ, 

ʚʽʜʥʝʩʝʥʦ ʜʦ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʽʚ ʟ ʣʝʛʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ 

(ʜʝʨʥʦʚʦ-ʩʣʘʙʦʧʽʜʟʦʣʠʩʪʽ ʧʽʱʘʥʽ ʪʘ ʛʣʠʥʠʩʪʦ-ʧʽʱʘʥʽ ˇʨʫʥʪʠ ʥʘ 

ʜʘʚʥʴʦʘʣʶʚʽʘʣʴʥʠʭ ʽ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ). ʎʝ ˇʨʫʥʪʠ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʟʘʢʘʟʥʠʢʘ çʏʝʨʚʦʥʦʭʫʪʽʨʩʴʢʽ ʦʟʝʨʘè. ʊʝʭʥʦʛʝʥʥʽ ˇʨʫʥʪʠ ï ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʽ ʘʙʦ 

https://igmof.org.ua/sites/default/files/2006_5_p55.pdf#page=1
https://igmof.org.ua/sites/default/files/2006_5_p55.pdf#page=1
https://igmof.org.ua/sites/default/files/2006_5_p55.pdf#page=2
https://igmof.org.ua/sites/default/files/2006_5_p55.pdf#page=2
https://igmof.org.ua/sites/default/files/2006_5_p55.pdf#page=3
https://igmof.org.ua/sites/default/files/2006_5_p55.pdf#page=3
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ʧʨʠʨʦʜʥʽ, ʟ ʦʟʥʘʢʘʤʠ ʧʽʜʩʠʧʘʥʥʷ, ˇʨʫʥʪʠ ʩʪʨʫʢʪʫʨʘ ʷʢʠʭ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʞʦʜʥʦʤʫ 

ʪʠʧʫ. ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʮʝ ˇʨʫʥʪʠ ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʘ ʦʙʽʯ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ (ʧʝʨʝʭʨʝʩʪʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʰʦʩʝ ʟ ʽʥʰʠʤʠ ʚʫʣʠʮʷʤʠ, ʍʘʨʢʽʚʩʴʢʘ 

ʧʣʦʱʘ). 

ʗʢ ʚʽʜʦʤʦ, ʥʘ ʩʪʽʡʢʽʩʪʴ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ 

ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ, ʚʧʣʠʚʘʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ˇʨʫʥʪʫ 

ʥʘʩʘʤʧʝʨʝʜ ʨʅ. ɿʽ ʟʤʽʥʦʶ ʨʅ ʟʤʽʥʶʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʩʦʨʙʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʨʅ ʚʽʜ 4 ʜʦ 5,5 ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʦʨʙʮʽʾ ʮʠʥʢʫ ʥʘ ʛʽʜʨʦʦʢʩʠʜʘʭ 

ʟʘʣʽʟʘ ʽ ʘʣʶʤʽʥʽʶ. ɿʘ ʨʅ 7,5 ʨʦʟʯʠʥʥʽʩʪʴ ʮʠʥʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʟ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ [1]. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʟ ʟʤʽʥʦʶ ʨʅ ʟʤʽʥʶʻʪʴʩʷ 

ʨʦʣʴ ˇʨʫʥʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʦʨʙʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʊʘʢʦʞ ʨʅ ʚʧʣʠʚʘʻ ʥʘ 

ʫʩʶ ˇʨʫʥʪʦʚʫ ʙʽʦʪʫ (ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʚʦʜʦʨʦʩʪʽ, ʛʨʠʙʠ). 

ʋ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʣʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʢʠʩʣʦʪʥʽʩʪʴ, 

ʟʥʘʯʝʥʥʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ). ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʽʚ ʚʠʙʽʨʦʢ 2002 ʪʘ 2019 ʨ. ʩʭʦʞʽ, ʽ 

ʜʦʨʽʚʥʶʶʪʴ ʨʅï7,1, Eh ï 295, ʘʣʝ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ Eh, ʫ ʚʠʙʦʨʮʽ 2019 

ʨ., ʟʤʽʥʶʶʪʴʩʷ ʫ ʰʠʨʰʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʨʽʚʥʶʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷʤʠ ʟʘ 2002 ʨ. (ʨʅ 

ï 6,95ï7,2, Eh ï265ï340 mV (2002), ʨʅ ï5,95ï7,4, Eh ï240ï355 mV (2019)). 

ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʽʚ ʚʠʙʽʨʦʢ 

2002 ʪʘ 2019 ʨ. ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʨʅï7,5, Eh ï 295, ʘʣʝ ʘʙʩʦʣʶʪʥʽ 

ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ Eh, ʫ ʚʠʙʦʨʮʽ 2019 ʨ., ʟʤʽʥʶʶʪʴʩʷ ʫ ʰʠʨʰʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʧʦʨʽʚʥʶʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷʤʠ ʟʘ 2002 ʨ. (ʨʅ ï 5,85ï7,8, Eh ï265ï340 mV (2002), 

ʨʅ ï5,05ï7,9, Eh ï240ï355 mV (2019)).  

ɺʘʣʦʚʠʡ ʚʤʽʩʪ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʽʩʽʡʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʤʽʩʪ ʨʫʭʦʤʠʭ ʬʦʨʤ ʧʨʽʦʨʠʪʝʪʥʠʭ ʤʝʪʘʣʽʚ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ (Pb, Zn, Cu) ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʪʦʤʥʦʾ ʘʙʩʦʨʙʮʽʾ 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉ-115. 

ʋ ˇʨʫʥʪʘʭ ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʘʢʘʟʥʠʢʘ çʏʝʨʚʦʥʦʭʫʪʽʨʩʴʢʽ ʦʟʝʨʘè 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʘʣʦʚʠʭ ʬʦʨʤ Pb, Zn, ʉu 

(110, 150, 50, ʤʛ/ʢʛ, ʚʽʜʧʦʚʽʜʥʦ), ʟʥʘʯʝʥʥʷ ʨʫʭʦʤʠʭ ʬʦʨʤ ʪʘʢʦʞ ʟʙʽʣʴʰʠʣʦʩʴ 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʩʚʠʥʮʶ ʪʘ ʮʠʥʢʫ. ʗʢ ʚʽʜʦʤʦ ʫ ʧʨʦʮʝʩʽ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ 

ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʦʛʦ ˇʨʫʥʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʚʦʥʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʩʪʫʧʘʶʪʴ ʚ 

ʢʦʥʪʘʢʪ ʟ ʰʘʨʦʤ ʧʽʜʩʪʠʣʢʠ ʘʙʦ ʦʧʘʣʦʛʦ ʣʠʩʪʷ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʮʝ ʩʣʫʞʘʪʴ 

ʧʘʩʪʢʦʶ ʜʣʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʟ ʽʥʰʦʛʦ ï ʥʘʩʠʯʝʥʽʩʪʴ ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ 

ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʩʧʨʠʷʻ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʝʪʘʣʽʚ ʫ ʙʽʣʴʰ ʤʽʛʨʘʮʽʡʥʦ-

ʘʢʪʠʚʥʽʰʫ ʬʦʨʤʫ.  

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʘʣʦʚʠʭ ʬʦʨʤ ɺʄ ʟʘ 2019 ʥʝʜʫʞʝ ʟʤʽʥʠʣʠʩʴ ʧʦʨʽʚʥʷʥʦ ʟ 

2002. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ɺʄ, ʧʦʪʨʘʧʣʷʶʯʠ ʫ ˇʨʫʥʪ, ʫʪʚʦʨʶʶʪʴ ʥʦʚʽ 

ʧʦʟʠʪʠʚʥʦ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ 

ʣʽʛʘʥʜʘʤʠ ʚ ʧʝʨʝʛʥʽʡʥʦ-ʘʢʫʤʫʣʷʪʠʚʥʠʡ ʛʦʨʠʟʦʥʪʽ. ɸ ʚ ʫʤʦʚʘʭ ʧʽʜʟʦʣʦʫʪʚʦʨʝʥʥʷ 

ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʜʥʽʥʥʷ ʚʝʨʭʥʽʭ ʛʦʨʠʟʦʥʪʽʚ ʪʦʢʩʠʢʘʥʪʘʤʠ, ʘʣʝ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʨʦʟʚʠʪʦʢ ʜʝʨʥʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʫʤʫʣʷʮʽʾ ʪʦʢʩʠʢʘʥʪʽʚ ʚ ʛʦʨʠʟʦʥʪʽ 

ɸ1. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʙʽʣʴʰ ʥʝʡʪʨʘʣʴʥʦʶ ʨʝʘʢʮʽʻʶ ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʴʦʤʫ ʛʦʨʠʟʦʥʪʽ 

[4]. 
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ɼʣʷ ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʽʚ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʚʘʣʦʚʠʭ ʬʦʨʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ( Pb, Zn, Cu)  280. 180, 80 ʤʛ/ʢʛ, 

ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʦ ʪʦʯʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʦʤʦʩʪʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʅʘʡʚʠʱʘ ʨʫʭʦʤʽʩʪʴ ʬʽʢʩʫʻʪʴʩʷ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʚʘʣʦʚʠʭ ʬʦʨʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ.  

ʋ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʘʚʪʦʰʣʷʭʠ-ʘʚʪʦʪʨʘʥʩʧʦʨʪ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʣʶʜʠʥʫ, ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʩʪʠʨʘʥʥʷ ʰʠʥ, ʟʥʦʩ ʧʦʢʨʠʪʪʷ, ʙʣʦʢʽʚ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʽʥʰ. ʍʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ (Pb, Zn, Cu, Ni ʪʘ ʽʥ.) ʬʽʢʩʫʶʪʴʩʷ ʫ ʩʢʣʘʜʽ 

ʧʠʣʫ, ʧʦʛʽʨʰʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ Pb ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ 

ʜʠʭʘʣʴʥʠʤʠ ʰʣʷʭʘʤʠ ʜʦ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʪʘ ʚʠʢʣʠʢʘʪʠ ʦʟʥʘʢʠ ʘʩʪʤʠ, 

ʧʦʨʫʰʝʥʥʷ ʫʚʘʛʠ, ʩʫʜʠʥʥʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. ɿʘ ʜʘʥʠʤʠ [2] ʚʧʣʠʚ ʚʠʢʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽʥʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 1ï2 ʢʤ ʚʽʜ ʘʚʪʦʰʣʷʭʽʚ ʽ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʚʠʩʦʪʫ ʧʦʥʘʜ 300 ʤ. 

ɺʠʩʥʦʚʢʠ. ɿʘʛʘʣʦʤ, ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʪʝʥʜʝʥʮʽʶ ʢ ʟʙʽʣʴʰʝʥʥʶ ʚʤʽʩʪʫ ɺʄ, 

ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ, ʟʤʽʥʘʤ ʬʽʟʠʢʦ-ʭʽʤ̔ʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʪʦʯʢʦʚʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʦʤʦʩʪʽ ɺʄ ʫ ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʘʭ, ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʧʦʜʽʣʫ 

ʨʫʭʦʤʠʭ ʬʦʨʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʘʣʽʚ ʻ ʩʪʨʦʢʘʪʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʟʘ 

ʧʨʦʬʽʣʝʤ ʪʘ ʧʣʦʱʠʥʦʶ ʜʽʣʷʥʢʠ, ʷʢ ʜʣʷ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʽʚ ʪʘʢ ʽ ʜʣʷ 

ʪʝʭʥʦʛʝʥʥʠʭ ˇʨʫʥʪʽʚ ʎʽ ʬʘʢʪʠ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ɺʄ ʫ ˇʨʫʥʪʘʭ ʪʘ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʾ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʫʤʦʚʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ.  
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CONCEPTUAL MODEL OF THE URANIUM MILL TAILING AS A 

SOURCE OF RADIOLOGICAL AND TOXICOLOGICAL IMPACTS  ON 

THE HYDROGEOLOGICAL ENVIRONMENT  
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On the basis of monitoring data, field studies and hydraulic testing the hydrological and 

geochemical mechanisms and factors that govern the geo-migration processes of radioactive (U-

238|234) and chemical (Mn) contaminants from the uranium tailings to groundwater and surface 

water  are qualitatively and quantitatively assessed. It is shown that groundwater pollution is caused 

by the zone of secondary contamination of the geological environment, formed during the 

operational period. Protective factors are represented by sorption, dispersion and significant dilution 

of groundwater in surface water. For Mn, mobility in surface waters is likely to be further limited 

by the redox barrier in the groundwater-surface water system. 

 

ɺʩʪʫʧ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʫʨʘʥʦʚʝ ʭʚʦʩʪʦʩʭʦʚʠʱʝ çɿʘʭʽʜʥʝè, ʷʢʝ 

ʥʘʣʝʞʠʪʴ ʜʦ ʢʦʣʠʰʥʴʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙôʻʜʥʘʥʥʷ (ɺʆ) çʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ 

ʭʽʤʽʯʥʠʡ ʟʘʚʦʜè (ʇʍɿ), ʤ. ʂʘʤôʷʥʩʴʢʝ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙʠ 

ʥʘ ʦʩʥʦʚʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʘʥʠʭ, ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʙʽʪ ʷʢʽʩʥʦ 

ʽ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʛʽʜʨʦʣʦʛʽʯʥʽ ʽ ʛʝʦʭʽʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴ ʛʝʦ-ʤʽʛʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʚ ʧʽʜʟʝʤʥʽ ʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʢʣʶʯʦʚʠʭ ʟʘʙʨʫʜʥʶʚʘʯʘ, ʷʢʠʤ ʚʣʘʩʪʠʚʘ ʚʠʩʦʢʘ ʤʦʙʽʣʴʥʽʩʪʴ ʚ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ: ʨʘʜʽʦʽʟʦʪʦʧʠ ʫʨʘʥ-238/234 ʽ ʪʦʢʩʠʯʥʠʡ ʤʝʪʘʣ - ʤʘʨʛʘʥʝʮʴ.  

ʈʦʙʦʪʠ ʟ ʫʪʦʯʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʜʽʣʷʥʢʠ, ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ 

ʨʦʙʦʪʠ ʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ 2019-2021 ʨʨ. ʫ ʨʘʤʢʘʭ 

ʧʨʦʻʢʪʫ çɿʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ 

ʤʘʡʜʘʥʯʠʢʫ çʇʍɿè, ʋʢʨʘʾʥʘè, ʱʦ ʬʽʥʘʥʩʫʚʘʚʩʷ ʅʦʨʚʝʟʴʢʠʤ ʦʨʛʘʥʦʤ 

ʨʘʜʽʘʮʽʡʥʦʾ ʪʘ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ (DSA) ʟʘ ʧʨʦʛʨʘʤʦʶ ʪʝʭʥʽʯʥʦʾ ʜʦʧʦʤʦʛʠ 

ʋʢʨʘʾʥʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ. ʍʚʦʩʪʦʩʭʦʚʠʱʝ çɿʘʭʽʜʥʝè ʝʢʩʧʣʫʘʪʫʚʘʣʦʩʷ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇʍɿ ʟ 1949 ʧʦ 1954 ʨ. ʍʚʦʩʪʦʩʭʦʚʠʱʝ 

ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʤʝʞʘʭ II ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ ʨ. ɼʥʽʧʨʦ ʚ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ 

ʢʘʨôʻʨʽ. ʇʣʦʱʘ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʩʪʘʥʦʚʠʪʴ 40 ʪʠʩ. ʤ
2
. ɺʽʜʭʦʜʠ ʥʘʧʨʘʚʣʷʣʠʩʴ ʥʘ 

ʭʚʦʩʪʦʩʭʦʚʠʱʝ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʚʠʛʣʷʜʽ ʧʫʣʴʧʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. ʇʦʪʫʞʥʽʩʪʴ 

ʰʘʨʫ ʭʚʦʩʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ 12,5 ʤ; ʾʭ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʩʷʛʘʻ 0,25 ʤʣʥ ʤ
3
. ʋ 

ʭʦʜʽ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʨʦʙʽʪ ʚʽʜʭʦʜʠ ʙʫʣʠ ʧʝʨʝʢʨʠʪʽ ʥʘ ʦʩʥʦʚʥʽʡ ʧʣʦʱʽ ʝʢʨʘʥʦʤ 
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ʽʟ ʩʫʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ. ʋ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʚʽʜʭʦʜʽʚ ʧʨʠʩʫʪʥʽ ʦʩʥʦʚʥʽ ʤʽʥʝʨʘʣʠ 

ʫʨʘʥ-ʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʽ ʨʝʘʛʝʥʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ 

ʝʢʩʪʨʘʢʮʽʾ. ʇʝʨʝʜ ʩʢʣʘʜʫʚʘʥʥʷʤ ʚʽʜʭʦʜʠ ʥʝʡʪʨʘʣʽʟʫʚʘʣʠʩʷ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʧʥʘ, ʘʤʽʘʢʫ ʪʘ ʽʥ.), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚ ʭʚʦʩʪʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʩʬʦʨʤʫʚʘʣʠʩʷ 

ʣʫʞʥʽ ʛʽʜʨʦʭʽʤʽʯʥʽ ʫʤʦʚʠ (pH 8,5ð9,5). ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫʨʘʥʫ-238 ʚ ʭʚʦʩʪʘʭ 

ʩʪʘʥʦʚʠʪʴ 1,7 ʢɹʢ/ʢʛ, ʨʘʜʽʶ-226 ð5,9 ʢɹʢ/ʢʛ. ʍʚʦʩʪʦʩʭʦʚʠʱʝ ʷʚʣʷʻ ʩʦʙʦʶ 

ʜʞʝʨʝʣʦ ʩʝʨʡʦʟʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʨʷʜʫ ʫʨʘʥʫ-

238, ʤʘʢʨʦ-ʽʦʥʘʤʠ (ʩʫʣʴʬʘʪ-ʽʦʥ, ʤʘʛʥʽʡ) ʽ ʪʦʢʩʠʯʥʠʤʠ ʤʝʪʘʣʘʤʠ (ʩʚʠʥʝʮʴ, 

ʥʽʢʝʣʴ, ʤʘʨʛʘʥʝʮʴ). ɿʦʢʨʝʤʘ, ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ ʚ ʭʚʦʩʪʦʚʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʧʦʷʩʥʶʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʨʦʣʶʟʠʪʫ (MnO2) ʚ 

ʷʢʦʩʪʽ ʦʢʠʩʥʶʚʘʯʘ ʧʽʜ ʯʘʩ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʫʨʘʥʦʚʠʭ ʨʫʜ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ. 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʬʽʣʴʪʨʫʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʨ.ʂʦʥʦʧʣʷʥʢʘ (ʥʘ ʚʽʜʩʪʘʥʽ 1,5 ʢʤ), ʱʦ 

ʚʧʘʜʘʻ ʚ ʨ.ɼʥʽʧʨʦ [1-3]. 

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 

ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʫ 

ʪʝʭʥʦʛʝʥʥʠʭ (ʦʙʚʦʜʥʝʥʽ ʭʚʦʩʪʠ ʚ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ) ʪʘ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʧʽʱʘʥʠʭ 

ʚʽʜʢʣʘʜʘʭ. ʆʩʪʘʥʥʽʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʟʘʟʥʘʻ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʬʽʣʴʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʠʭ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʽʟ ʪʽʣʘ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʥʘʤʠ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʙʽʪ 

(ʝʢʩʧʨʝʩ- ʥʘʣʠʚʠ ʚ ʩʚʝʨʜʣʦʚʠʥʠ), ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʻ 0,8 ʤ/ʜʦʙʫ (2 ʪʝʨʘʩʘ) ʽ 1,4 ʤ/ʜʦʙʫ (1 ʪʝʨʘʩʘ). ɺʽʜʧʦʚʽʜʥʦ, 

ʣʘʪʝʨʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ ʚ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʦʮʽʥʶʻʪʴʩʷ 

 º0,2 ʤ/ʜʦʙʫ (70 ʤ/ʨʽʢ).  

ɿʛʽʜʥʦ ʟ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʚʱʠʥʠ 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʭʚʦʩʪʽʚ ʜʦ 12 ʤ, ʩʢʠʜʠ ʧʫʣʴʧʠ ʚ ʭʚʦʩʪʦʩʭʦʚʠʱʝ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʩʢʣʘʜʘʣʠ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʚʦʜʥʦʛʦ ʩʪʦʚʧʘ 

ʥʘ ʨʽʢ. ʅʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʽʚʥʝʤ ʚʦʜʠ ʚ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʚ 

ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚ 2005 ï 2021 ʨʨ. ʽ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʘʣʘʥʩʫ ʭʣʦʨ-ʽʦʥʫ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ, ʚʠʪʦʢʠ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʚ ʟʘʟʥʘʯʝʥʠʡ 

ʧʝʨʽʦʜ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ 30 ï 80 ʤʤ/ʨʽʢ. ʎʽ ʦʮʽʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʽʨʦʛʽʜʥʦ ʩʬʦʨʤʫʚʘʣʦʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ, ʘ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʥʬʽʣʴʪʨʘʮʽʷ ʟ ʪʽʣʘ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʣʘʰʪʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʭʚʦʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʌʽʣʴʪʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʩʪʨʽʯʢʠ ʪʦʢʫ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʦʮʽʥʶʶʪʴʩʷ          

230 ʤ
3
/ʜʦʙʫ (0,003 ʤ

3
/ʩ). ɺʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʩʪʦʢʽʚ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʚ ʨ.ʂʦʥʦʧʣʷʥʢʘ (ʚʠʪʨʘʪʠ 0,5 ï 1ʤ
3
/ʩ) ʩʢʣʘʜʘʻ 170-340. 

ɻʝʦʭʽʤʽʯʥʽ ʫʤʦʚʠ ʽ ʛʝʦʤʽʛʨʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ɿʛʽʜʥʦ ʟ 

ʤʦʜʝʣʶʚʘʥʥʷʤ PHREEQC ʫʨʘʥ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʚ ʘʣʶʚʽʘʣʴʥʠʭ 

ʚʽʜʢʣʘʜʘʭ ʽʩʥʫʻ ʫ ʚʠʛʣʷʜʽ ʤʦʙʽʣʴʥʠʭ ʩʫʣʴʬʘʪʥʠʭ ʽ ʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ 

ʚʘʣʝʥʪʥʦʤʫ ʩʪʘʥʽ 6+ [2, 3]. ʉʦʨʙʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʝʥʥʷ U ʧʦʨʦʜʘʤʠ 

ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʦʮʽʥʝʥʦ ʚ ʜʽʘʧʘʟʦʥʽ 1-18 ʤʣ/ʛ [3]. ɺʽʜʧʦʚʽʜʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʩʦʨʙʮʽʡʥʦʾ ʟʘʪʨʠʤʢʠ U ʩʢʣʘʜʘʻ R=10-100, ʘ ʰʚʠʜʢʽʩʪʴ ʤʽʛʨʘʮʽʾ U 

ʦʮʽʥʶʻʪʴʩʷ 0,7 ï 7,0 ʤ/ʨʽʢ. ɿʘʛʘʣʦʤ ʩʪʘʙʽʣʴʥʠʡ ʦʨʝʦʣ ʟʘʙʨʫʜʥʝʥʥʷ ʫʨʘʥʦʤ ʫ 
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ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʫ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 

ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 2005 ï 2021 ʨʨ. ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʭ 

ʦʮʽʥʦʢ ʰʚʠʜʢʦʩʪʽ ʤʽʛʨʘʮʽʾ ʫʨʘʥʫ.  

ʄʘʨʛʘʥʝʮʴ ʚʽʨʦʛʽʜʥʦ ʧʨʠʩʫʪʥʽʡ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʫ ʬʦʨʤʽ ʜʚʦʚʘʣʝʥʪʥʦʛʦ 

ʽʦʥʫ, ʘʙʦ ʢʦʤʧʣʝʢʩʫ ʟ ʩʫʣʴʬʘʪ ʽʦʥʦʤ, ʟ ʧʨʦʛʥʦʟʥʠʤ Kd 0,2 ï 20 ʤʣ/ʛ [3]. 

ɿʘʙʨʫʜʥʝʥʥʷ ʚʩʽʻʾ ʩʪʨʽʯʢʠ ʪʦʢʫ ʜʦ ʨ.ʂʦʥʦʧʣʷʥʢʘ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʢʠ. 

 
ʈʠʩʫʥʦʢ 1 - ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʫʨʘʥʦʚʦʛʦ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè, ʷʢ ʜʞʝʨʝʣʘ 

ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ.  

 

ɺʧʣʠʚ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʥʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʧʦʪʝʥʮʽʡʥʽ 

ʰʣʷʭʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʫʨʘʥʦʚʦʛʦ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʷʢ ʜʞʝʨʝʣʘ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. ɿʘʙʨʫʜʥʝʥʥʷ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʦʙʫʤʦʚʣʝʥʝ ʟʦʥʦʶ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ. ɿʘʭʠʩʥʽ ʬʘʢʪʦʨʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʦʨʙʮʽʻʶ, ʜʠʩʧʝʨʩʽʻʶ ʽ ʟʥʘʯʥʠʤ ʨʦʟʙʘʚʣʝʥʥʷʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤʘʭ. ɼʣʷ ʤʘʨʛʘʥʮʶ ʚʽʨʦʛʽʜʥʦ ʨʫʭʣʠʚʽʩʪʴ ʚ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʘʭ ʜʦʜʘʪʢʦʚʦ ʦʙʤʝʞʝʥʘ ʨʝʜʦʢʩ-ʙʘʨôʻʨʦʤ ʚ ʩʠʩʪʝʤʽ çʧʽʜʟʝʤʥʽ ʚʦʜʠ ï 

ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠè. 

ɿʘʟʥʘʯʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʢʽʣʴʢʽʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ, 

ʤʽʛʨʘʮʽʡʥʠʭ ʽ ʜʦʟʦʚʠʭ ʤʦʜʝʣʝʡ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. 

 
ʃʽʪʝʨʘʪʫʨʘ 
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3. ɿʘʢʣʶʯʥʠʡ ʟʚʽʪ ʟʘ ʧʨʦʝʢʪʦʤ çɽʥʰʫʨʝ ð ɸʢʘʜʝʤʽʯʥʠʡè: ɻʝʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʱʦʜʦʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʘ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʥʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʟʘʚʦʜʫ. ʈʦʙʦʯʠʡ ʧʘʢʝʪ ˉ 1. ɼʝʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʦʭʽʤʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

(ʉʢʘʣʴʩʢʠʡ ʆ.ʉ. ð ʥʘʫʢ. ʢʝʨ., ʊʢʘʯʝʥʢʦ ʂ.ʖ. ð ʚʽʜʧ. ʚʠʢ.). 2014. ʂʠʾʚ: ɯʥʩʪʠʪʫʪ 

ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 169 ʩ. 
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On the territory of the Shatsk National Natural Park, the landscapes of the Volyn Polesie are 

protected. Despite the growing recreational load, the territory of the park has been insufficiently 

studied from the standpoint of soil geochemistry. The correspondence of the content of heavy 

metals in soils to the regional background has been established. In terms of the cation exchange 

capacity, the soil of tourist trails corresponds to the background values. Ecological trail soils are 

potentially vulnerable to heavy metal pollution. 

 

ʐʘʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ (ʅʇʇ) ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʦʭʦʨʦʥʠ 

ʨʽʜʢʽʩʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ ʫ 1983 ʨ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ 

ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʟʙʝʨʝʞʝʥʥʽ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ. ɿʥʘʯʥʦ ʤʝʥʰʝ 

ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ˇʨʫʥʪʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʘʨʢʫ, ʦʩʦʙʣʠʚʦ ʫ 

ʡʦʛʦ ʨʝʢʨʝʘʮʽʡʥʽʡ ʯʘʩʪʠʥʽ, ʱʦ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʽʜʯʫʚʘʻ ʧʽʜʚʠʱʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʽ ʢʦʤʧʣʝʢʩʠ. ɿʘ ʅʘʮʽʦʥʘʣʴʥʠʤ ʘʪʣʘʩʦʤ ʋʢʨʘʾʥʠ 

ʪʝʨʠʪʦʨʽʷ ʐʘʮʴʢʦʛʦ ʅʇʇ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʣʶʚʽʘʣʴʥʦ-ʟʘʥʜʨʦʚʠʭ ʭʚʠʣʷʩʪʠʭ 

ʥʠʟʦʚʠʥ, ʟ ʦʟʝʨʥʠʤʠ ʫʣʦʛʦʚʠʥʘʤʠ, ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʤʠ ʪʘ ʜʝʨʥʦʚʦ-ʛʣʝʻʚʠʤʠ 

ˇʨʫʥʪʘʤʠ. ɿ ʛʝʦʭʽʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʦʢʘʪʽ 

ʢʣʘʩʠ ʣʘʥʜʰʘʬʪʽʚ (ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [1]), ʟʜʘʪʥʽ ʜʦ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʽ ʜʦ ʘʢʫʤʫʣʷʮʽʾ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʝʢʨʝʘʮʽʡʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʽ ʣʘʥʜʰʘʬʪʠ ʧʘʨʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʛʝʦʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ 

ʩʠʩʪʝʤʽ çʧʨʠʨʦʜʥʽ ʚʦʜʠ-ʜʦʥʥʽ ʚʽʜʢʣʘʜʠè ʪʘʢʦʞ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ 

ʥʘʫʢʦʚʮʽʚ. ʄʘʣʦʚʦʜʥʽ ʩʝʟʦʥʠ 2019 ʪʘ 2020 ʨʦʢʽʚ ʥʝʛʘʪʠʚʥʦ ʚʽʜʦʙʨʘʟʠʣʠʩʷ ʥʘ 

ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʩʪʘʥʽ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʐʘʮʴʢʦʛʦ ʅʇʇ, ʦʩʦʙʣʠʚʦ ʥʘ ʛʦʣʦʚʥʦʤʫ 
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ʨʝʢʨʝʘʮʽʡʥʦʤʫ ʦʙôʻʢʪʽ ï ʦʟʝʨʽ ʉʚʽʪʷʟʴ. ʋ ʤʘʪʝʨʽʘʣʘʭ ʪʝʟ ʱʦʨʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʪʘʥ ʽ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʝʢʦʩʠʩʪʝʤ ʐʘʮʴʢʦʛʦ ʅʇʇè ʪʘ ʚ ʨʦʙʦʪʽ [1] 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʚʽʜʟʥʘʯʘʣʘʩʷ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʍʦʪʠʩʣʘʚʩʴʢʦʛʦ 

ʢʘʨôʻʨʫ ʟ ʚʠʜʦʙʫʪʢʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʽʩʢʫ ʪʘ ʢʨʝʡʜʠ (ɹʽʣʦʨʫʩʴ) ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʛʽʜʨʦʭʽʤʽʯʥʠʡ, ʩʪʘʥ ʦʟʝʨʥʦʛʦ ʢʨʘʶ ɺʦʣʠʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ.  

ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʤʽʣʢʦʚʦʜʥʽʡ ʯʘʩʪʠʥʽ ʦʟʝʨʘ ʉʚʽʪʷʟʴ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʧʦʨʫʰʝʥʥʽ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʙʦʣʽʪ ʧʨʠʟʚʝʣʦ ʜʦ ʦʛʦʣʝʥʥʷ ʯʘʩʪʠʥʠ 

ʧʽʱʘʥʠʩʪʦʛʦ ʜʥʘ (ʨʠʩ. 1). ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʦʛʦʣʝʥʝ ʜʥʦ ʦʟʝʨʥʦʛʦ ʣʦʞʘ ʧʝʨʝʩʪʘʻ 

ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʘʢʫʤʫʣʶʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʙʤʽʣʽʥʥʷ 

ʦʟʝʨʥʦʛʦ ʣʦʞʘ ʥʘ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʡ ʩʪʘʥ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʷ.  

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʩʣʦʥʝʥʥʷ ʚʽʜʤʽʣʠʥʠ ʦʟ. ʉʚʽʪʷʟʴ ʧʦʨʫʯ ʽʟ ʧʽʨʩʦʤ ʜʣʷ 

ʚʽʜʧʦʯʠʚʘʣʴʥʠʢʽʚ (ʘ) ʪʘ ʚʽʜʩʪʫʧ ʚʦʜʠ ʥʘ ʧʣʷʞʽ (ʙ) (ʬʦʪʦ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ɯʥʪʝʨʥʝʪʫ) 

 

ʇʽʩʣʷ ʧʨʦʙʦʚʽʜʙʦʨʫ ʥʘ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʝʪʘʧʘʭ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ɯɻʄʈ 

ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʝʞʦʢ (ʧʽʰʦʭʽʜʥʠʡ 

ʪʘ ʚʝʣʦʩʠʧʝʜʥʠʡ ʤʘʨʰʨʫʪʠ). ʇʣʦʱʘʜʢʠ ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʙʽʣʷ 

ʦʟʝʨ ʉʚʽʪʷʟʴ, ʇʽʩʦʯʥʝ, ʇʝʨʝʤʫʪ, ʂʨʠʤʥʝ ʚ ʤʝʞʘʭ ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʦʥ (ʜʠʚ. ʈʠʩ. 2). 

ɹʫʣʦ ʚʽʜʽʙʨʘʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʧʣʦʱʘʜʢʠ ʧʨʦʙʦʚʽʜʙʦʨʫ, ʜʝ ʟʨʘʟʢʠ ˇʨʫʥʪʫ 

ʚʽʜʙʠʨʘʣʠʩʷ ʟ ʛʣʠʙʠʥʠ 0-5 ʩʤ. ʄʝʪʦʜʦʤ ʧʦʩʪʘʜʽʡʥʠʭ ʚʠʪʷʞʦʢ ʟʘ ʤʝʪʦʜʠʢʦʶ 

ʉʘʤʯʫʢʘ ɸ.ɯ. [2] ʚʩʪʘʥʦʚʣʝʥʦ ʬʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʪʠʧʦʚʠʭ 

ˇʨʫʥʪʘʭ ʐʘʮʴʢʦʛʦ ʅʇʇ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [3-5], ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʻʤʥʽʩʪʴ 

ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʫ ˇʨʫʥʪʘʭ ʪʠʧʦʚʠʭ ʣʘʥʜʰʘʬʪʽʚ ʐʘʮʴʢʦʛʦ ʅʇʇ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ ʬʦʥʦʚʠʭ ʜʣʷ ʜʝʨʥʦʚʦ-ʩʣʘʙʦʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʽʚ ɺʦʣʠʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʷʢ 

ʥʘ ʨʝʢʨʝʘʮʽʡʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʧʘʨʢʫ, ʪʘʢ ʽ ʚ ʟʘʧʦʚʽʜʥʠʭ ʽ ʚ ʙʫʬʝʨʥʽʡ ʟʦʥʽ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʣʦʱʘʜʦʢ ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʽʚ (ƶ) ʥʘ ʪʝʨʠʪʦʨʽʾ ʐʘʮʴʢʦʛʦ 

ʅʇʇ. 

 

ɺ ʮʽʣʦʤʫ, ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ, 

ʛʨʫʧʦʚʦʤʫ ʽ ʬʨʘʢʮʽʡʥʦʤʫ ʩʢʣʘʜʫ ʛʫʤʫʩʫ ˇʨʫʥʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʦʱʘʜʦʢ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʬʦʥʦʚʠʭ. ʅʘʧʨʠʢʣʘʜ, ˇʨʫʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʦʙʤʽʥʥʠʭ ʢʘʪʽʦʥʽʚ: ʚʤʽʩʪ Na
+
 ʥʝ ʧʝʨʝʚʠʱʫʻ (ʫ ʤʛ-ʝʢʚ/100 ʛ) 0,1; K

+
 - 0,2; 

Ca
2+

 - 5; Mg
2+

 - 0,9; H
+
 - 19. ʃʠʰʝ ʥʘ ʦʜʥʽʡ ʧʣʦʱʘʜʮʽ ʧʨʦʙʦʚʽʜʙʦʨʫ ʥʘ 

ʝʢʦʣʦʛʽʯʥʽʡ ʩʪʝʞʮʽ çʃʽʩʦʚʘ ʧʽʩʥʷè ʫ ʥʝʚʝʣʠʢʽʡ ʙʣʶʜʮʝʧʦʜʽʙʥʽʡ ʟʘʧʘʜʠʥʽ (ʪʠʧ 

ˇʨʫʥʪʽʚ ï ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʡ) ʟʘʬʽʢʩʦʚʘʥʦ ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʦʙʤʽʥʥʠʭ ʢʘʪʽʦʥʽʚ 

ʥʘ ʨʽʚʥʽ 20 ʤʛ-ʝʢʚ/100 ʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʫ ʧʦʣʽʩʴʢʠʭ 

ʣʘʥʜʰʘʬʪʽʚ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʤʽʩʪʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚ ʪ.ʯ. ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ 

ˇʨʫʥʪʘʭ ʧʽʰʦʭʽʜʥʠʭ ʽ ʚʝʣʦʩʠʧʝʜʥʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʐʘʮʴʢʦʛʦ ʅʇʇ ʽʟ 

ʬʦʥʦʚʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ [6] ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ ʚʤʽʩʪʫ ʜʦ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ. ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʚ ʮʽʣʦʤʫ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʬʦʥʫ ʟʘ [7]: ʥʽʢʝʣʶ 5 ʤʛ/ʢʛ (ʬʦʥ 9,3 ʤʛ/ʢʛ), ʭʨʦʤʫ 7 

ʤʛ/ʢʛ (32,3 ʤʛ/ʢʛ), ʩʚʠʥʮʶ 19 ʤʛ/ʢʛ (9,3 ʤʛ/ʢʛ), ʮʠʥʢʫ 10 ʤʛ/ʢʛ (42,8 ʤʛ/ʢʛ), ʤʽʜʽ 

20 ʤʛ/ʢʛ (13,5 ʤʛ/ʢʛ). 

ɺʠʩʥʦʚʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʶʯʝ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʨʠʪʦʨʽʷ 

ʐʘʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ ʚʠʚʯʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ ʟ ʧʦʟʠʮʽʾ 

ʛʝʦʭʽʤʽʾ ˇʨʫʥʪʽʚ.  

ʅʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʟʤʽʥ ʫ ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʽ ʛʽʜʨʦʭʽʤʽʯʥʦʤʫ ʨʝʞʠʤʽ 

ʦʟʝʨʘ ʉʚʽʪʷʟʴ ʥʘ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʡ ʩʪʘʥ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʨʭʥʽʡ ʰʘʨ ˇʨʫʥʪʽʚ (0-5 ʩʤ) ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʝʞʦʢ 

ʐʘʮʴʢʦʛʦ ʅʇʇ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʬʦʥʦʚʠʤ 

ʪʝʨʠʪʦʨʽʷʤ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ - ʧʦʪʝʥʮʽʡʥʦ 

ʚʨʘʟʣʠʚʠʡ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. 
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In water samples from the territories affected by the solid waste disposal site, an increased content 

of macrocomponents and heavy metals is noted in 20-90% of cases. The use of these waters for 

domestic water supply should be limited. Behind the addition of analytical methods, the 

technogenic transformation of the physical and chemical characteristics of the soils has been fixed. 

 

ʂʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʦʥ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʽʚ ʟʘʭʦʨʦʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ 

(ʊɺʇ) ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʾʭ ʦʮʽʥʶʚʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʙôʻʢʪʽʚ 

ʜʦʚʢʽʣʣʷ ʪʘ ʚʧʣʠʚʫ ʥʘ ʫʤʦʚʠ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʫʟʘʛʘʣʴʥʠʪʠ ʜʦʩʚʽʜ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ, ʧʨʦʚʝʜʝʥʠʭ 

ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʝʪʘʧʽʚ ʫ 2018-2020 ʨʦʢʘʭ. ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ 

ʧʝʨʽʦʜʫ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʧʦʣʽʛʦʥʫ ʊɺʇ ˉ5 (ʂʠʾʚʩʴʢʘ ʦʙʣ.) ʥʘ ʝʢʦʣʦʛʦ-

ʛʝʦʭʽʤʽʯʥʠʡ ʩʪʘʥ ˇʨʫʥʪʽʚ ʪʘ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʟʦʥʠ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʫ.  

ʅʘʡʙʽʣʴʰ ʚʘʛʦʤʠʡ ʥʝʛʘʪʠʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʣʽʛʦʥʘʭ ʊɺʇ ʚ 

ʋʢʨʘʾʥʽ ʽ ʚ ʩʚʽʪʽ ʟʜʽʡʩʥʶʻ ʬʽʣʴʪʨʘʪ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʫ, 

ʟʙʘʛʘʯʫʶʯʠʩʴ ʪʦʢʩʠʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʨʛʘʥʽʯʥʦʛʦ ʽ ʥʝʦʨʛʘʥʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʟʽ ʩʤʽʪʪʻʟʚʘʣʠʱʘ. ʅʝʜʦʩʢʦʥʘʣʘ ʽʟʦʣʷʮʽʷ ʯʠ ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ 

ʟʙʽʣʴʰʫʻ ʧʣʦʱʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʽʚ ʊɺʇ ʥʘ ʜʦʚʢʽʣʣʷ.  

ʇʦʣʽʛʦʥ ʊɺʇ ˉ5 ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 11 ʢʤ ʧʽʚʜʝʥʥʽʰʝ ʤ. ʂʠʻʚʘ ʽ ʦʪʦʯʝʥʠʡ 

ʩʽʣʴʩʴʢʠʤʠ ʧʦʩʝʣʝʥʥʷʤʠ. ɼʦʤʽʥʫʶʯʠʤ ʣʘʥʜʰʘʬʪʦʤ ʻ ʣʽʩʦʩʪʝʧʦʚʠʡ, ˇʨʫʥʪʠ ï 

ʪʝʤʥʦ-ʩʽʨʽ ʦʧʽʜʟʦʣʝʥʽ ʥʘ ʣʝʩʘʭ, ʧʨʠʨʦʜʥʽ ʚʦʜʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʽʻʚʦʛʦ 

ʪʠʧʫ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʘʨʰʨʫʪʽʚ ʥʘʚʝʜʝʥʦ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʽʚ [1, 

2]. ʇʨʦʙʠ ˇʨʫʥʪʽʚ ʚʽʜʙʠʨʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʝʪʦʜʠʢ. 

ɺʩʴʦʛʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʙʽʣʴʰʝ 130 ʧʨʦʙ ˇʨʫʥʪʽʚ ʪʘ 20 ʧʨʦʙ ʚʦʜʠ, ʱʦ ʚʽʜʙʠʨʘʣʠʩʷ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʪʘ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ, ʘʣʝ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʟʚʘʣʠʱʘ. 
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ɿʘ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʽʤʽʯʥʠʤ ʨʘʡʦʥʫʚʘʥʥʷʤ ʪʝʨʠʪʦʨʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊɺʇ 

ˉ5 ʚʽʜʥʦʩʠʣʘʩʷ ʜʦ ʪʝʨʠʪʦʨʽʡ ʟʽ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ʪʘ ʘʢʫʤʫʣʷʮʽʾ [3]. 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʙʘʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʪʝʨʠʪʦʨʽʡ ʟʦʥʠ ʚʧʣʠʚʫ 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ (K
+
+Na

+
) ʫ 90% ʟʨʘʟʢʽʚ, Ca

2+
 ï ʫ 30% ʟʨʘʟʢʽʚ, 

Mg
2+

 ï ʫ 20% ʟʨʘʟʢʽʚ, Feʟʘʛ. ï ʫ ʚʩʽʭ ʟʨʘʟʢʘʭ, HCO3
-
 ï ʫ 20% ʟʨʘʟʢʽʚ, Cl

-
 ï ʫ 40% 

ʟʨʘʟʢʽʚ, SO4
2-
 ï ʫ 60% ʟʨʘʟʢʽʚ, NO3

-
 ï ʫ 50% ʟʨʘʟʢʽʚ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʤʘʩʦʧʝʨʝʥʽʩ ʟ ʟʦʥʠ ʧʦʣʽʛʦʥʫ ʚ ʦʢʦʣʠʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤʠ ʰʣʷʭʘʤʠ ʽ 

ʧʦʚôʷʟʘʥʦ ʮʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʽʟ ʩʝʟʦʥʥʠʤʠ ʨʷʩʥʠʤʠ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʪʘ 

ʪʘʥʝʥʥʷʤ ʩʥʽʛʫ. ʉʝʨʝʜ ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʠʯʠʥ ï ʥʝʜʦʩʪʘʪʥʷ ʥʘʜʽʡʥʽʩʪʴ 

ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʠʭ ʝʢʨʘʥʽʚ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʚʛʦʪʝʨʤʽʥʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʟʦʥʠ ʚʧʣʠʚʫ 

ʧʦʣʽʛʦʥʫ ʊɺʇ ˉ5 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.  
 

 

ʈʠʩʫʥʦʢ 1 ï ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʟʦʥʠ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʫ ʊɺʇ ˉ5  

 

ɿʚʘʞʘʶʯʠ ʥʘ ʟʘʬʽʢʩʦʚʘʥʽ ʦʨʝʦʣʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʤʽʥʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʢʘʣʴʮʽʻʚʦʛʦ ʪʠʧʫ ʚʦʜʠ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʫ, ʦʢʨʝʤʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʧʨʦʙʠ 

ʚʦʜʠ ʟ ʙʫʯʘʮʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʷʢʠʡ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʜʣʷ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʚʢʦʣʠʰʥʽʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʥʝ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʠʱʝʥʴ ɻɼʂ ʟʘ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʫ ʮʴʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ. ʆʜʥʘʢ, ʚʚʘʞʘʻʤʦ 

ʥʝʦʙʭʽʜʥʠʤ ʥʘʣʘʛʦʜʠʪʠ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʮʽʻʾ ʚʦʜʠ ʟ 

ʦʛʣʷʜʫ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʜ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ ʩʽʣ, 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʧʦʣʽʛʦʥʫ ˉ5 ʤʘʻ ʙʫʪʠ ʦʙʤʝʞʝʥʠʤ. 
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ʋ ʚʠʧʘʜʢʫ ʧʦʪʨʘʧʣʷʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʠ, 

ʥʘʡʙʽʣʴʰʦʶ ʥʝʙʝʟʧʝʢʦʶ ʻ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʦʤʠʭ ʬʦʨʤ. ʆʩʪʘʥʥʽ 

çʚʽʜʧʦʚʽʜʘʶʪʴè ʟʘ ʤʽʛʨʘʮʽʶ ʧʦʣʶʪʘʥʪʽʚ ʫ ʩʫʤʽʞʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ 

ʪʨʦʬʽʯʥʠʡ ʣʘʥʮʶʛ. ʉʝʨʝʜ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʤʽʩʪ ʷʢʠʭ ʫ ˇʨʫʥʪʘʭ ʟʦʥʠ ʚʧʣʠʚʫ 

ʧʦʣʽʛʦʥʫ ʊɺʇ ˉ5 ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʦʥʦʚʠʭ ï ʤʽʜʴ, ʩʚʠʥʝʮʴ, 

ʮʠʥʢ, ʥʽʢʝʣʴ, ʭʨʦʤ, ʦʣʦʚʦ. ɸʥʘʣʽʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ , ʱʦ ʫ ˇʨʫʥʪʦʚʠʭ ʫʪʚʦʨʝʥʥʷʭ 

ʟʦʥʠ ʚʧʣʠʚʫ ʚʤʽʩʪ ʚʦʜʦʨʦʟʯʠʥʥʦʾ ʪʘ ʽʦʥʦʦʙʤʽʥʥʦʾ ʬʦʨʤ, ʱʦ ʨʘʟʦʤ ʩʪʘʥʦʚʣʷʪʴ 

ʨʫʭʦʤʫ ʬʦʨʤʫ, ʟʨʦʩʪʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʬʦʥʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɼʣʷ ʤʽʜʽ ʽ ʮʠʥʢʫ 

ï ʚʤʽʩʪ ʨʫʭʦʤʦʾ ʬʦʨʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʜʣʷ ʩʚʠʥʮʶ ï ʫ ʚʽʩʽʤ ʨʘʟʽʚ. ʊʘʢʦʞ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʘʬʽʢʩʦʚʘʥʦ ʪʝʭʥʦʛʝʥʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, ʘ ʩʘʤʝ: ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʉʦʨʛ ʚʜʚʽʯʽ; 

ʟʤʝʥʰʝʥʥʷ ʩʫʤʠ ʦʙʤʽʥʥʠʭ ʢʘʪʽʦʥʽʚ ʚʪʨʠʯʽ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʫ. ɺʽʜʧʦʚʽʜʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ ʢʦʝʬʽʮʽʻʥʪ ʙʫʬʝʨʥʦʩʪʽ ˇʨʫʥʪʽʚ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ [1], ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʥʠʞʫʻ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ˇʨʫʥʪʽʚ ʜʦ ʘʢʫʤʫʣʷʮʽʾ ʧʦʣʶʪʘʥʪʽʚ. 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʊɺʇ ˉ5 ʪʘ ʡʦʛʦ 

ʦʢʦʣʠʮʴ, ʟʘ ʚʤʽʩʪʦʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ, ʤʦʞʥʘ 

ʛʦʚʦʨʠʪʠ ʧʨʦ ʟʘʜʦʚʽʣʴʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʨʦʙʢʠ ʬʽʣʴʪʨʘʪʫ ʥʘ ʧʦʣʽʛʦʥʽ ʊɺʇ ˉ5 

ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ, ʱʦ ʧʝʨʝʜʫʚʘʚ ʦʧʨʦʙʫʚʘʥʥʶ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʷʩʥʠʭ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʚʧʣʠʚ ʧʦʣʽʛʦʥʫ ʥʘ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ ʽ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʥʘʚʢʦʣʠʰʥʽʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚʽʜʯʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʦ. 
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The results of studying seismotectonic processes in the Transcarpathian internal depression 

according to the results of geophysical monitoring on the territory of the Carpathian geodynamic 

landfill and important results of deformometric measurements of parameters of modern horizontal 

crustal movements in the zone of the Oash deep fault in 2020 are presented. The importance of the 

research is due to the long period of seismic calm in the Transcarpathian internal depression (2015-

2020). Seismicity increases during periods of intense crustal movements, in particular during rock 

compression, which confirms the results of last year's observations and is a necessary factor in 

solving environmental problems of Transcarpathia. 

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ɿʘʢʘʨʧʘʪʪʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʱʦ ʤʦʞʫʪʴ ʧʦʛʽʨʰʠʪʠ 

ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʝʛʽʦʥʫ: ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ ʛʝʦʬʽʟʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʟʦʢʨʝʤʘ, 

ʧʦʚôʷʟʘʥʠʤʠ ʽʟ ʧʽʜʛʦʪʦʚʢʦʶ ʪʘ ʧʨʦʪʽʢʘʥʥʷʤ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ. ʅʝʟʘʣʝʞʥʦ 

ʚʽʜ ʧʨʠʯʠʥ ʾʭ ʨʝʻʩʪʨʘʮʽʾ, ʚʽʜʤʽʯʝʥʦ ʚʧʣʠʚ ʥʘ ʛʝʦʜʠʥʘʤʽʯʥʠʡ ʩʪʘʥ ʨʝʛʽʦʥʫ ʧʝʚʥʠʭ 

ʬʘʢʪʦʨʽʚ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ, ʘʩʪʨʦʬʽʟʠʯʥʦʛʦ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, 

ʚʽʜʛʫʢ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʽ ʧʨʦʮʝʩʠ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ 

ʧʦʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʚʠʚʯʝʥʥʷ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʬʽʟʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʂʘʨʧʘʪʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ ʪʘ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ 

ʨʦʟʣʦʤʫ ʟʘ 2020 ʨʽʢ. ɺʽʜʤʽʯʝʥʦ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʨʫʭʽʚ ʢʦʨʠ ʚ ʨʝʛʽʦʥʽ ʪʘ ʾʾ ʟʚ'ʷʟʦʢ ʟ 

ʤʽʩʮʝʚʦʶ ʩʝʡʩʤʽʯʥʽʩʪʶ.  

ɺʘʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʠʢʘʥʘ ʪʨʠʚʘʣʠʤ ʧʝʨʽʦʜʦʤ 

ʩʝʡʩʤʽʯʥʦʛʦ ʟʘʪʠʰʰʷ ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ (2015-2020 ʨʨ.) 

ʪʘ ʧʨʦʷʚʦʤ ʘʢʪʠʚʽʟʘʮʽʾ ʤʽʩʮʝʚʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ ʚ ʩʽʯʥʽ 2020 ʨʦʢʫ. ʉʝʡʩʤʽʯʥʽʩʪʴ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ ʧʝʨʽʦʜʠ ʽʥʪʝʥʩʠʚʥʠʭ ʨʫʭʽʚ ʢʦʨʠ, ʟʦʢʨʝʤʘ, ʧʨʠ ʩʪʠʩʥʝʥʥʽ ʧʦʨʽʜ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʤʠʥʫʣʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʠʭ ʨʝʛʽʦʥʽʚ ʪʘ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʯʠʩʣʝʥʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. 

ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʚʯʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʪʘ ʨʦʟʚʠʪʢʫ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ, ʻ ʚʘʞʣʠʚʠʤ ʧʽʜ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʥ ʜʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʚʠʱʘ, ʷʢʽ ʧʝʨʝʜʫʶʪʴ ʟʤʽʱʝʥʥʶ ʧʦʨʽʜ [1]. ʆʮʽʥʶʚʘʥʥʷ ʪʘ 

ʘʥʘʣʽʟ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ɿʝʤʣʽ ï ʦʜʥʝ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ 

ʛʝʦʜʠʥʘʤʽʢʠ, ʷʢʝ ʚʠʨʽʰʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ ʟʫʩʠʣʣʷʤʠ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, 

ʟʘʙʝʟʧʝʯʫʻ ʘʜʝʢʚʘʪʥʽ GNSS-ʜʘʥʽ ʦʮʽʥʢʠ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ʽ ʧʝʨʩʧʝʢʪʠʚʫ 

ʧʝʨʝʜʘʯʽ ʥʝʣʽʥʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [2]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʾ 

ʩʧʦʩʪʝʨʝʞʝʥʠʭ ʛʨʘʚʽʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʪʘ ʣʦʢʘʣʴʥʠʭ ʘʥʦʤʘʣʽʡ ʚʠʷʚʣʝʥʦ ʧʨʦʪʷʞʥʽ 

ʟʦʥʠ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʧʦʣʽʚ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʦʛʣʷʜʦʚʽ ʩʭʝʤʠ 

ʨʦʟʣʦʤʥʦʾ ʪʝʢʪʦʥʽʢʠ ɿʘʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ [3]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ: ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʝʪʘʨʥʦʾ ʜʠʥʘʤʽʢʠ 

ʬʽʛʫʨʠ ʣʽʪʦʩʬʝʨʠ ɿʝʤʣʽ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ [4].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ, ʟʦʢʨʝʤʘ ʟʘ 2017-2018 ʨʦʢʠ ʚʽʜʤʽʯʝʥʦ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 

ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ [5]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʛʝʦʬʽʟʠʯʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʠ ʚʠʚʯʝʥʥʽ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʨʦʛʠʥʫ ʚʢʘʟʘʣʦ ʥʘ ʟʚ'ʷʟʦʢ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʽʟ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

[6-8]. ʅʘ ʨʠʩ. ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʟʦʥʽ 

ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʚ 2020 ʨʦʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʢʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʚʘʨʮʦʚʦʛʦ ʝʢʩʪʝʥʟʦʤʝʪʨʘ ʪʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʤʽʩʮʝʚʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ. ɿʘʨʝʻʩʪʨʦʚʘʥʦ ʘʥʦʤʘʣʴʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʢʦʨʠ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʫʤʫʣʷʮʽʷ ʝʥʝʨʛʽʾ ʟʤʽʱʝʥʴ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ, ʱʦ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʧʨʦʪʽʢʘʥʥʶ ʤʽʩʮʝʚʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ. ɸʢʪʠʚʥʽʩʪʴ ʩʝʡʩʤʽʯʥʦʩʪʽ 

ʢʦʨʝʣʶʻʪʴʩʷ ʩ ʧʝʨʽʦʜʦʤ ʤʽʥʽʤʫʤʫ ʨʫʭʽʚ ʢʦʨʠ ɿʝʤʣʽ, ʩʪʠʩʥʝʥʥʷ ʢʦʨʠ. ɺʠʜʽʣʝʥʽ 

ʤʘʢʩʠʤʫʤʠ ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʧʝʨʽʦʜʽʚ 

ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ ʚ ʜʦʙʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ.  

  

 
ʈʠʩʫʥʦʢ - ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʤʽʩʮʝʚʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ (ʢʨʠʚʘ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ), ʨʫʭʠ 

ʟʝʤʥʦʾ ʢʦʨʠ (ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ) ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ ʚ 2020 ʨʦʮʽ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʷʚʠʱ ʚ 

ʩʝʡʩʤʦʛʝʥʝʨʫʶʯʠʭ ʦʙʣʘʩʪʷʭ ʟʝʤʥʦʾ ʢʦʨʠ ʚʽʜʤʽʪʠʣʠ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʝʛʽʦʥʫ. ʉʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʢʦʨʠ ʚ 
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ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʻ ʧʝʨʽʦʜʠʯʥʠʤʠ: ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʨʫʭʽʚ 

ʢʦʨʠ ʻ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ ʟ ʚʝʣʠʯʠʥʦʶ +10ʭ10
-7
. ɺʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʟʝʤʥʦʾ 

ʢʦʨʠ ʚʠʤʽʨʷʥʘ ʥʘ ʇʫʥʢʪʽ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ,,ʂʦʨʦʣʝʚʝò 

ʩʪʘʥʦʚʠʪʴ ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ ʚʝʣʠʯʠʥʦʶ ï 28 ʥʩʪʨ. ʉʝʡʩʤʽʯʥʽʩʪʴ ʨʝʛʽʦʥʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ 182 ʤʽʩʮʝʚʠʤʠ ʟʝʤʣʝʪʨʫʩʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʜʥʦʛʦ ʚʽʜʯʫʪʥʦʛʦ, 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ 23 ʩʽʯʥʷ 2020 ʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ɺʠʥʦʛʨʘʜʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 4-5 ʙʘʣʠ ʟʘ ʰʢʘʣʦʶ MSK-64. ɹʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʤʽʩʮʝʚʠʭ ʩʝʡʩʤʽʯʥʠʭ ʧʦʜʽʡ ʨʝʻʩʪʨʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ, 

ʚʠʤʽʨʷʥʠʭ ʥʘ ʇʫʥʢʪʽ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ,,ʂʦʨʦʣʝʚʝò ɺʽʜʜʽʣʫ 

ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ 

ʋʢʨʘʾʥʠ. ʂʦʣʠʚʘʥʥʷ ʟʤʽʱʝʥʴ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ 

ʨʦʟʣʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʂʦʣʠʚʘʥʥʷ ʨʫʭʽʚ ʢʦʨʠ ʟ ʧʝʨʽʦʜʘʤʠ 10-12 ʜʥʽʚ 

ʡʤʦʚʽʨʥʦ ʘʢʫʤʫʣʶʶʪʴ ʛʝʦʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʨʫʭʽʚ ʢʦʨʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʩʪʠʩʥʝʥʥʷʤʠ ʧʦʨʽʜ ʪʘ ʰʚʠʜʢʠʤʠ ʨʫʭʘʤʠ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ - 

ʟʝʤʣʝʪʨʫʩʘʤʠ. ɺʠʜʽʣʝʥʽ ʤʘʢʩʠʤʫʤʠ ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʧʝʨʽʦʜʽʚ ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ ʚ ʜʦʙʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɸʢʪʫʘʣʴʥʦ ʚʠʚʯʝʥʥʷ 

ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʽʥʰʠʭ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʠʭ ʪʦʯʢʘʭ ɿʘʢʘʨʧʘʪʪʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʩʝʡʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʝʨʝʜʦʚʠʱʘ ʚʘʞʣʠʚʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʝʡʩʤʦʛʝʥʝʨʫʶʯʠʭ ʪʝʨʠʪʦʨʽʡ, ʾʭ 

ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʚ ʧʣʘʥʽ ʤʦʞʣʠʚʠʭ ʨʦʟʨʷʜʦʢ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʭ ʩʪʘʥʽʚ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʝʛʽʦʥʫ. 
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Brief information on the conditions of occurrence, age, material composition and structural features 

of andesite-basalts of the Siltsevske deposit in the Transcarpathian region is given. Based on the 

analysis of space images from different times, the change in the area of the geological environment 

disturbed by the extraction of andesite-basalts was traced. It is established that the area of disturbed 

geological environment during 1990-2020 decreased due to the decrease in the intensity of andesite-

basalt production, reclamation of disturbed areas and their natural restoration. 

 

ʉʽʣʴʮʝʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ 

ʦʢʦʣʠʮʽ ʩ. ʉʽʣʴʮʝ ɯʨʰʘʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʨʠʩ. 1). ɺʦʥʦ 

ʧʨʠʫʨʦʯʝʥʦ ʜʦ ʦʜʥʦʛʦ ʟ ʚʽʜʨʦʛʽʚ ʋʞʛʦʨʦʜ-ʍʫʩʪʩʴʢʦʛʦ ʭʨʝʙʪʘ (ʭʨʝʙʪʘ ɻʘʪ), ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ ʂʘʨʧʘʪʩʴʢʦʛʦ 

ʦʨʦʛʝʥʫ [2] ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʩʠʩʪʝʤʠ. 

ʈʦʜʦʚʠʱʝ ʷʚʣʷʻ ʩʦʙʦʶ ʚʫʣʢʘʥʽʯʥʠʡ ʢʫʧʦʣ (ʝʢʩʪʨʫʟʽʶ) ʥʝʦʛʝʥʦʚʦʛʦ 

(ʚʝʨʭʥʴʦʧʣʽʦʮʝʥʦʚʦʛʦ) ʚʫʣʢʘʥʽʟʤʫ ɿʘʢʘʨʧʘʪʪʷ (ʨʠʩ. 2). 

ɸʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʠ ʚʠʜʠʤʦʾ ʧʦʪʫʞʥʦʩʪʽ 90 ʤ ʨʦʟʢʨʠʪʽ ʢʘʨôʻʨʦʤ. ɿʚʝʨʭʫ 

ʚʦʥʠ ʧʝʨʝʢʨʠʪʽ ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʠʤʠ ʪʫʬʦ-ʧʽʩʢʦʚʠʢʘʤʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 3 ʤ. ɼʣʷ 

ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ ʭʘʨʘʢʪʝʨʥʽ ʩʪʦʚʯʘʩʪʘ, ʚʽʷʣʦʧʦʜʽʙʥʘ ʽ ʟʨʽʜʢʘ ʢʫʣʴʦʚʘ 

ʦʢʨʝʤʽʩʪʴ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 1 ï ʉʽʣʴʮʝʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ 

 

  
ʈʠʩʫʥʦʢ 2 ï ɽʢʩʪʨʫʟʽʷ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ ʈʠʩʫʥʦʢ 3 ï ʉʪʦʚʧʯʘʩʪʘ ʪʘ ʚʽʷʣʦʧʦʜʽʙʥʘ 

ʦʢʨʝʤʽʩʪʴ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ 

 

ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʧʨʠʩʫʪʥʽ ʘʬʘʥʽʪʦʚʽ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʠ ʪʝʤʥʦ-

ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ ʟ ʧʦʨʬʽʨʦʚʠʤʠ (ʜʦ 4-5 ʤʤ) ʚʠʜʽʣʝʥʥʷʤʠ ʧʽʨʦʢʩʝʥʫ ʽ ʙʽʣʴʰ 

ʜʨʽʙʥʠʤʠ ï ʧʣʘʛʽʦʢʣʘʟʫ [1]. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʧʦʨʬʽʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʽ 

ʛʽʘʣʦʧʽʣʽʪʦʚʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʾ ʤʘʩʠ [1]. ʉʢʣʘʜ ʦʩʥʦʚʥʦʾ ʤʘʩʠ (ʚ %): 

ʧʣʘʛʽʦʢʣʘʟ 35, ʧʽʨʦʢʩʝʥ 25, ʚʫʣʢʘʥʽʯʥʝ ʩʢʣʦ 40; ʧʦʨʬʽʨʦʚʽ ʚʠʜʽʣʝʥʥʷ ʩʢʣʘʜʘʶʪʴ 

40-45 % ʦʙʩʷʛʫ ʧʦʨʦʜʠ, ʟ ʥʠʭ ʧʣʘʛʽʦʢʣʘʟʠ ï 32-35 % ʽ ʧʽʨʦʢʩʝʥʫ ï 8-10 %; 

ʚʫʣʢʘʥʽʯʥʝ ʩʢʣʦ ʤʘʻ ʙʫʨʝ ʟʘʙʘʨʚʣʝʥʥʷ, ʽʥʦʜʽ ʧʝʨʝʧʦʚʥʝʥʝ ʤʘʛʥʝʪʠʪʦʚʠʤ ʧʠʣʦʤ ʽ 

ʨʦʟʢʣʘʜʝʥʦ [1]. 

ʋ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʧʦʰʠʨʝʥʽ ʤʝʥʰ ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʘʥʜʝʟʠʪʦ-

ʙʘʟʘʣʴʪʠ, ʚ ʷʢʠʭ ʚʫʣʢʘʥʽʯʥʝ ʩʢʣʦ ʤʘʻ ʙʽʣʴʰ ʪʝʤʥʝ ʟʘʙʘʨʚʣʝʥʥʷ [1]. 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ʨʦʟʢʨʠʪʽ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʠ 

ʪʝʤʥʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ ʟʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʨʬʽʨʦʚʠʭ ʚʠʜʽʣʝʥʴ ʧʽʨʦʢʩʝʥʫ, ʫ 

ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʦʩʚʽʪʣʝʥʽ ʜʽʣʷʥʢʠ ʩʢʫʧʯʝʥʥʷ ʧʽʨʠʪʫ ʽ ʧʦʨʦʞʥʝʯʽ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 

[1]. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ï ʧʦʨʬʽʨʦʚʘ ʟ ʧʽʣʦʪʘʢʩʠʪʦʚʦʶ ʦʩʥʦʚʥʦʶ ʤʘʩʦʶ, ʱʦ 

ʤʽʩʪʠʪʴ (%): ʧʣʘʛʽʦʢʣʘʟ 65, ʧʽʨʦʢʩʝʥ 30; ʨʫʜʥʠʡ ʤʽʥʝʨʘʣ 5; ʚʫʣʢʘʥʽʯʥʝ ʩʢʣʦ 

ʚʽʜʩʫʪʥʻ [1]. 
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ɺʠʚʽʪʨʝʥʽ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʠ ʦʟʘʣʽʟʥʝʥʽ, ʱʦ ʥʘʜʘʻ ʧʦʨʦʜʽ ʞʦʚʪʫʚʘʪʝ, 

ʽʨʞʘʚʦ-ʙʫʨʝ ʟʘʙʘʨʚʣʝʥʥʷ (ʜʠʚ. ʨʠʩ. 2, 3). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʝʥʜʫ ʟʤʽʥʠ ʧʣʦʱʽ ʧʦʨʫʰʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʥʘʩʣʽʜʦʢ ʚʠʜʦʙʫʪʢʫ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ ʘʚʪʦʨʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʢʦʩʤʦʟʥʽʤʢʠ ʟ 

ʧʦʨʪʘʣʫ ʛʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʉʐɸ (USGS ï United States Geological Survey) ʟʘ 

ʧʝʨʽʦʜ 1992-2020 ʨʨ. ɼʦ ʦʧʨʘʮʶʚʘʥʥʷ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʢʦʩʤʦʟʥʽʤʢʠ ʟ ʩʠʩʪʝʤ 

Sentinel 2-B, Landsat 8, Landsat 4-5, Landsat 1-5 ʷʢʽ ʤʘʶʪʴ ʬʦʨʤʘʪ GEO.tiff, ʱʦ 

ʧʦʢʘʟʫʻ ʾʭ ʧʨʦʩʪʦʨʦʚʫ ʧʨʠʚôʷʟʢʫ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ WGS-84.  

ɺʝʢʪʦʨʠʟʘʮʽʷ ʧʦʨʫʰʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʡʦʛʦ 

ʧʣʦʱʽ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ QGIS 3.14. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.  

 

 
ʈʠʩʫʥʦʢ 4 ï ɿʤʽʥʘ ʧʣʦʱʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʨʫʰʝʥʦʛʦ ʚʠʜʦʙʫʪʢʦʤ ʘʥʜʝʟʠʪʦ-

ʙʘʟʘʣʴʪʽʚ 

 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʧʨʦʜʦʚʞ ʧʝʨʽʦʜʫ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʽʜʙʫʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʦʨʫʰʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʛʘʣʦʤ, ʧʣʦʱʘ ʧʦʨʫʰʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʧʨʠʯʠʥʝʥʦʛʦ 

ʚʠʜʦʙʫʪʢʦʤ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʽʚ ʫ ʧʨʦʜʦʚʞ ʟ 1990 ʧʦ 2020 ʨʦʢʠ, ʟʤʝʥʰʠʣʘʩʷ ʥʘ 

16400 ʤ
2
. ʎʝ ʩʧʨʠʯʠʥʝʥʦ ʟʥʠʞʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ (ʽʥʦʜʽ 

ʘʞ ʜʦ ʧʦʚʥʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʽʪ ʟ ʚʠʜʦʙʫʪʢʫ), ʧʨʦʚʝʜʝʥʥʷʤ ʨʝʢʫʣʴʪʠʚʘʮʽʾ 

ʧʦʨʫʰʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝʥʜʝʥʮʽʾ 

ʘʢʪʠʚʽʟʘʮʽʾ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʋʢʨʘʾʥʽ, ʨʦʟʨʦʙʢʘ 

ʉʽʣʴʮʝʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʙʫʜʝ ʚʝʩʪʠʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚ 

ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʟʨʦʩʪʘʪʠʤʝ ʧʣʦʱʘ ʧʦʨʫʰʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʢʦʩʤʦʟʥʽʤʢʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥʠ ʧʣʦʱʽ 

ʧʦʨʫʰʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʚʠʜʦʙʫʪʢʦʤ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ.  
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ʃʽʪʝʨʘʪʫʨʘ 
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The purpose of the research was to study microelement composition of potable groundwater in 

Korostyshiv district of Zhytomyr region in terms of potential threats to human health. Comparison 

of biologically significant concentrations (BSC) of the main groundwater trace elements with the 

content of microelements determined during the study, allowed to identify features: in the studied 

waters there is an excess of such elements as Sr and Ba. Insufficient elements such as Li, V, Mn, 

Co, Ni, Cu, Zn, As, Cd and Pb were detected. The results obtained may be useful to justify the need 

to adjust the diet of local residents through the additional use of vitamin and mineral complexes. 

 

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʠʪʥʠʭ ʚʦʜ ʻ ʥʝ ʪʽʣʴʢʠ ʧʦʢʘʟʥʠʢʦʤ ʾʭ ʷʢʦʩʪʽ, ʘʣʝ ʡ 

ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʬʦʨʤʫʚʘʥʥʷ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ, ʷʢ ʥʘʜʣʠʰʦʢ, 

ʪʘʢ ʽ ʜʝʬʽʮʠʪ ʙʽʦʣʦʛʽʯʥʦ (ʬʽʟʽʦʣʦʛʽʯʥʦ) ʟʥʘʯʫʱʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʦʢʫʻ 

ʩʧʝʮʠʬʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʣʶʜʠʥʠ, ʪʘʢʽ ʷʢ ʤʽʢʨʦʝʣʝʤʝʥʪʦʟʠ, ʪʦʙʪʦ 

ʟʘʭʚʦʨʶʚʘʥʥʷ (ʩʠʤʧʪʦʤʠ), ʱʦ ʟʫʤʦʚʣʝʥʽ ʥʝʜʦʩʪʘʪʥʽʩʪʶ, ʥʘʜʣʠʰʢʦʤ ʘʙʦ 

ʜʠʩʙʘʣʘʥʩʦʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʦʨʛʘʥʽʟʤʽ [1]. ʅʘʨʘʟʽ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʥʘʙʫʚʘʻ 

ʚʠʚʯʝʥʥʷ ʝʥʜʝʤʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, 

ʧʦʚôʷʟʘʥʠʤʠ ʟ ʧʨʠʨʦʜʥʠʤʠ ʪʘ ʪʝʭʥʦʛʝʥʥʠʤʠ ʛʝʦʭʽʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʨʦʣʽ ʫ ʧʘʪʦʣʦʛʽʾ ʣʶʜʠʥʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʥʘʙʫʚʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʤʽʩʪʫ 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʟʥʘʯʫʱʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʠʪʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 
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ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʟʝʤʥʫ ʛʽʜʨʦʩʬʝʨʫ ʪʘ/ʘʙʦ ʥʝʛʘʪʠʚʥʠʤ 

ʪʝʥʜʝʥʮʽʷʤʠ ʫ ʜʠʥʘʤʽʮʽ ʧʦʢʘʟʥʠʢʽʚ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ [2].   

ʋ ʷʢʦʩʪʽ ʦʙô̒ ʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʂʦʨʦʩʪʠʰʽʚʩʴʢʠʡ ʨʘʡʦʥ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʎʷ ʦʙʣʘʩʪʴ, ʧʦʨʷʜ ʟ ʍʝʨʩʦʥʩʴʢʦʶ ʪʘ ʏʝʨʥʽʛʽʚʩʴʢʦʶ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʪʝʤʧʘʤʠ ʟʨʦʩʪʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʭʚʦʨʦʙʠ ʚ ʋʢʨʘʾʥʽ. ʊʘʢʦʞ ɾʠʪʦʤʠʨʩʴʢʘ ʦʙʣʘʩʪʴ ʤʘʻ ʚʠʩʦʢʫ 

ʜʠʥʘʤʽʢʫ ʧʦʰʠʨʝʥʥʷ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ɿʘʛʘʣʦʤ ʟʘ ʙʘʣʴʥʦʶ ʦʮʽʥʢʦʶ 

ʪʝʥʜʝʥʮʽʡ ʜʠʥʘʤʽʢʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘʩʝʣʝʥʥʷ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, 

ʧʦʨʷʜ ʟ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʶ, ʄʠʢʦʣʘʾʚʩʴʢʦʶ, ʍʘʨʢʽʚʩʴʢʦʶ ʪʘ ʍʝʨʩʦʥʩʴʢʦʶ 

ʦʙʣʘʩʪʷʤʠ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʝʛʽʦʥʽʚ ʽʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʥʝʛʘʪʠʚʥʠʭ ʨʠʩ ʜʠʥʘʤʽʢʠ 

ʧʦʢʘʟʥʠʢʽʚ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ [3]. ɼʣʷ ʮʠʭ ʦʙʣʘʩʪʝʡ ʭʘʨʘʢʪʝʨʥʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ 

ʭʚʦʨʦʙ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʦʙʣʘʩʪʽ ʪʨʽʱʠʥʥʠʭ ʚʦʜ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʢʦʤʧʣʝʢʩʫ ʧʝʨʝʚʘʞʥʦ ʧʽʱʘʥʠʩʪʠʭ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʥʝʟʥʘʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 20 ʤ), ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʤ ʟʘʣʷʛʘʥʥʷʤ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʚ 

ʫʤʦʚʘʭ ʚʽʣʴʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ. ʄʝʰʢʘʥʮʽ ʜʦʚʢʦʣʠʰʥʽʭ ʩʽʣ ʟʜʝʙʽʣʴʰʦʛʦ 

ʩʧʦʞʠʚʘʶʪʴ ʚʦʜʫ ʟ ʧʨʠʩʘʜʠʙʥʠʭ ʢʦʣʦʜʷʟʽʚ ʘʙʦ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ 1-2 ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ 

ʚʝʨʭʥʴʦʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʫ (a
1-2

PIII), ʪʘ ʧʨʠʚʘʪʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʧʨʦʙʫʨʝʥʠʭ ʥʘ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʪʨʽʱʠʥʫʚʘʪʽʡ ʟʦʥʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʪʘ ʾʭ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ (PR1).  

ʋ ʢʦʤʧʣʝʢʩʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʨʝʛʽʦʥʫ ʟ 

ʤʝʪʦʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʩʫʯʘʩʥʠʭ, ʯʫʪʣʠʚʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʝʪʦʜʽʚ, ʫ ʣʠʧʥʽ 2020 ʨʦʢʫ ʘʚʪʦʨʘʤʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚʽʜʙʽʨ ʧʨʦʙ ʟʨʘʟʢʽʚ ʚʦʜʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʢʨʠʥʠʮʴ ʂʦʨʦʩʪʠʰʽʚʩʴʢʦʛʦ 

ʨʘʡʦʥʫ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʩʮʝʚʠʤ ʥʘʩʝʣʝʥʥʷʤ ʜʣʷ 

ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʋʩʴʦʛʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 15 ʟʨʘʟʢʽʚ ʚʦʜʠ ʟ ʢʨʠʥʠʮʴ ʪʘ 10 

ʟʨʘʟʢʽʚ ʟʽ ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʚʘʪʥʠʭ 

ʙʫʜʠʥʢʽʚ. ɻʣʠʙʠʥʘ ʢʨʠʥʠʮʴ ʢʦʣʠʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 10-15 ʤ, ʩʚʝʨʜʣʦʚʠʥ ï 10-20 ʤ.  

ʄʽʢʨʦʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʚʦʜʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ (ICP-MS) ʥʘ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽ ʟ ʧʦʜʚʽʡʥʠʤ ʬʦʢʫʩʫʚʘʥʥʷʤ ʽʦʥʥʦʛʦ ʧʨʦʤʝʥʷ çELEMENT-2è 

ʬʽʨʤʠ çThermo Scientificè (ʢʦʨʧʦʨʘʮʽʷ Thermo Electron GmbH (ɹʨʝʤʝʥ)), ʱʦ 

ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʙʘʟʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ 

ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ 

ʚʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 1.  

ɿʘ ʤʝʪʦʜʠʢʦʶ ʄ.ɺ. ɹʘʨʚʠʰʘ ʪʘ ʆ.ɸ. ʐʚʘʨʮʘ [4] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʠ 

ʙʽʦʣʦʛʽʯʥʦ ʟʥʘʯʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɹɿʂ) ʦʩʥʦʚʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʦ ʟʥʘʯʫʱʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʠʪʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʇʦʨʽʚʥʷʥʥʷ ɹɿʂ ʟ ʚʤʽʩʪʦʤ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʪʘ ʦʢʨʝʤʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʧʨʠ ʚʠʢʦʥʘʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʜʘʣʦ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ: ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʜʣʠʰʦʢ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ Sr ʪʘ Ba. ʋ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ 
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ʧʨʠʩʫʪʥʽʡ Cr. ʅʘʪʦʤʽʩʪʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʷʢ  Li, V, Mn, Co, Ni, Cu, Zn, As, Cd ʪʘ Pb. 

ɯ ʭʦʯʘ ʬʽʟʽʦʣʦʛʽʯʥʘ ʨʦʣʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʩʚʠʥʝʮʴ ʪʘ ʢʘʜʤʽʡ ʚ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʽ ʚʦʥʠ ʻ ʧʝʨʝʜʦʚʩʽʤ ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ, 

ʜʝʬʽʮʠʪ ʨʝʰʪʠ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʟʘʛʨʦʞʫʚʘʪʠ ʚʠʥʠʢʥʝʥʥʷʤ ʨʷʜʫ 

ʤʽʢʨʦʝʣʝʤʝʥʪʦʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʇʨʦʙʣʝʤʘ ʧʦʛʣʠʙʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ ˇʨʫʥʪʠ 

ʇʦʣʽʩʴʢʦʾ ʟʦʥʠ (ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʪʨʠʤʘʥʘ ʥʘ ʮʠʭ ˇʨʫʥʪʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ 

ʧʨʦʜʫʢʮʽʷ) ʪʘʢʦʞ ʻ ʜʫʞʝ ʙʽʜʥʠʤʠ ʥʘ ʤʽʢʨʦʝʣʝʤʝʥʪʠ. 

ʊʘʢ, ʥʝʩʪʘʯʘ Mn ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʽ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ, ʚʠʢʣʠʢʘʪʠ ʜʠʩʙʘʣʘʥʩ ʫ ʚʫʛʣʝʚʦʜʥʦʤʫ ʽ ʣʽʧʽʜʥʦʤʫ 

ʦʙʤʽʥʽ, ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʧʦʨʫʰʝʥʥʷʤʠ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ. ʂʣʽʥʽʯʥʽ 

ʧʨʦʷʚʠ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ Cu ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʨʫʰʝʥʥʴ 

ʬʦʨʤʫʚʘʥʥʷ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʢʝʣʝʪʫ, ʨʦʟʚʠʪʢʫ ʜʠʩʧʣʘʟʽʾ ʩʧʦʣʫʯʥʦʾ 

ʪʢʘʥʠʥʠ. ɼʝʬʽʮʠʪ Zn ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʧʨʠʛʥʽʯʝʥʥʽ 

ʬʝʨʤʝʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ ʫʧʦʚʽʣʴʥʝʥʦʤʫ ʟʘʞʠʚʘʥʥʽ ʨʘʥ, ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʘʥʝʤʽʶ, ʚʪʦʨʠʥʥʠʡ ʽʤʫʥʦʜʝʬʽʮʠʪ, ʮʠʨʦʟ ʧʝʯʽʥʢʠ ʪʘ ʩʪʘʪʝʚʫ 

ʜʠʩʬʫʥʢʮʽʶ [5]. 

 
ʊʘʙʣʠʮʷ 1 ï ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʩʝʨʝʜʥʽ 

ʘʨʠʬʤʝʪʠʯʥʽ) ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥ ʙʽʦʣʦʛʽʯʥʦ ʟʥʘʯʫʱʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɹɿʂ)  

ɽʣʝʤʝʥʪ, ʤʛ/ʜʤ
3 

ɺʠʜ ʚʦʜʦʟʘʙʽʨʥʦʾ ʩʧʦʨʫʜʠ 

ɹɿʂ [4], ʤʛ/ʜʤ
3 

ʂʦʣʦʜʷʟʴ ʉʚʝʨʜʣʦʚʠʥʘ 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʤʛ/ʜʤ
3 

Li  0,000922 0,001555 0,025 

V 0,001036 0,000122 0,025 

Cr 0,003326 0,001729 0,00175 

Mn 0,000824 0,000633 0,05 

Co 0,000008 0,000017 0,0075 

Ni 0,000211 0,000864 0,0075 

Cu 0,000197 0,012659 0,025 

Zn 0,009309 0,023665 0,3 

As 0,000035 0,000008 0,00125 

Rb 0,000448 0,000644 ï 

Sr 0,312244 0,178328 0,05 

Cd 0,000023 0,000081 0,0025 

Ba 0,063614 0,065276 0,02 

Tl 0,000001 0,000003 ï 

Pb 0,000085 0,000249 0,01 

U-238 0,000793 0,000048 ï 

ʇʨʠʤʽʪʢʘ. ʂʽʣʴʢʽʩʪʴ ʧʨʦʙ (N) = 25 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʂʦʨʦʩʪʠʰʽʚʩʴʢʦʛʦ 

ʨʘʡʦʥʫ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʜʦʟʚʦʣʠʣʠ ʦʢʨʝʩʣʠʪʠ ʢʦʣʦ ʡʤʦʚʽʨʥʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʟʜʦʨʦʚô̫  ʥʘʩʝʣʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʠʛʫʚʘʥʥʷ ʨʘʮʽʦʥʫ ʤʽʩʮʝʚʠʭ 
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ʤʝʰʢʘʥʮʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʪʘʤʽʥʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ. 
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HEAVY METALS IN THE SOILS OF THE TERRITORY OF INFLUENCE 

OF THE PLANNED ACTIVITY OF CONSTRUCTION OF THE CASCADE 

OF THE UPPER DNISTER HYDROELECTRIC POWER PLANT (HPP)  

Kryuchenko, N.O., Zhovinsky, E.Ya. 

M. P. Semenenko Institute of geochemistry, mineralogy and ore formation NAS of 

Ukraine 

 
The content of ʉd, Hg, Zn, Ni, Cu (total) in the soils of influence of the planned activity of 

construction of the cascade of Upper Dniester HPPs is analyzed. The increased content of Cd, Hg in 

soils is established and the scheme of their distribution is constructed. The industries that pollute the 

soil  mechanical engineering, chemical and petrochemical production  are singled out. It is 

emphasized that with anthropogenic receipt of Cd, Hg are included in the natural cycle, which can 

affect the state of the ecosystem of reservoirs. 

 

ʉʴʦʛʦʜʥʽ 71% ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʚʽʪʽ ʚʠʨʦʙʣʷʻʪʴʩʷ ʩʘʤʝ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ. ʆʩʥʦʚʥʽ ʟʤʽʥʠ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʙʫʤʦʚʣʝʥʽ 

ʩʪʚʦʨʝʥʥʷʤ ʚʦʜʦʩʭʦʚʠʱ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʡ ʩʪʘʥ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ: ʟʘʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ (ʟʤʽʥʠ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ); ʧʽʜʚʠʱʝʥʥʷ 

ʨ̔ ʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ʟʘʙʦʣʦʯʫʚʘʥʥʷ ʽ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ); ʢʦʨʦʟʽʷ ʙʝʨʝʛʽʚ ʽ 
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ʟʩʫʚʠ; ʟʤʽʥʘ ʷʢʦʩʪʽ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʪʦʢʫ; ʟʤʽʥʘ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ, ʾʾ ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʽʥʰʝ. ɺ ʚʦʜʦʩʭʦʚʠʱʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʽʚ ʚ ʜʦʥʥʦʤʫ ʦʩʘʜʽ (ʥʘ 

ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʠʱʝ, ʥʽʞ ʫ ʚʦʜʽ). ˆʨʫʥʪʠ, ʷʢ ʧʝʨʰʠʡ ʛʝʦʭʽʤʽʯʥʠʡ ʙʘʨ'ʻʨ ʥʘ 

ʰʣʷʭʫ ʪʝʭʥʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʠʤ 

ʽʥʜʠʢʘʪʦʨʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʥʽʩʪʨʦʦʚʩʴʢʘ ɻɽʉ  ʦʜʥʘ ʟ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ɼʥʽʩʪʨʽ (ʧʽʚʜʝʥʥʠʡ 

ʟʘʭʽʜ ʋʢʨʘʾʥʠ) ʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʜʝʨʞʘʚʠ ʜʦ 2030 ʨʦʢʫ. ɽʣʝʢʪʨʦʩʪʘʥʮʽʷ ʫʥʽʢʘʣʴʥʘ ʪʠʤ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

çʥʘʩʦʩ ï ʪʫʨʙʽʥʘè ʪʘ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʫʤʫʣʴʦʚʘʥʫ ʚʥʦʯʽ ʝʥʝʨʛʽʶ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʝʨʝʞʫ.  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʘʩʢʘʜʫ ɻɽʉ ʚʽʜ ʩ. ʂʦʨʦʧʝʮʴ ʜʦ ʩ. ʂʦʣʦʜʨʦʙʢʘ (ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ 

ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ). ʇʦʚʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ɼʥʽʩʪʨʦʚʩʴʢʦʾ ɻɽʉ ʟʘʙʝʟʧʝʯʠʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʦʟʰʠʨʠʪʴ ʝʢʩʧʦʨʪʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʝʨʞʘʚʠ.  

ʉʘʤʝ ʧʦ ʨ. ɼʥʽʩʪʝʨ ʧʨʦʭʦʜʠʪʴ ʛʨʘʥʠʮʷ ʤʽʞ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤʠ ʦʙʣʘʩʪʷʤʠ 

ʋʢʨʘʾʥʠ ï ʊʝʨʥʦʧʽʣʴʩʴʢʦʶ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʶ, ʏʝʨʥʽʚʝʮʴʢʦʶ ʽ 

ʟʘʧʣʘʥʦʚʘʥʠʤʠ ɻɽʉ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʛʨʘʥʠʮʽ ʮʠʭ ʦʙʣʘʩʪʝʡ: ɻɽʉ 1, 2, 3, 4 ï 

ʤʽʞ ʊʝʨʥʦʧʽʣʴʩʴʢʦʶ ʽ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʶ, ɻɽʉ 5, 6 ï ʤʽʞ ʊʝʨʥʦʧʽʣʴʩʴʢʦʶ ʽ 

ʏʝʨʥʽʚʝʮʴʢʦʶ (ʨʠʩ. 1).  

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʨʝʦʣʽʚ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ Zn (100 110 ʤʛ/ʢʛ), Cd (2 4 

ʤʛ/ʢʛ), Hg (4 12) ʫ ˇʨʫʥʪʘʭ. 1 ï ʨ. ɼʥʽʩʪʝʨ, 2 ï ʜʽʣʷʥʢʘ ʨʦʙʽʪ, 4 ï ɼʥʽʩʪʨʦʚʩʴʢʘ ɻɽʉ, 5 ï 

ʟʘʧʣʘʥʦʚʘʥʽ ɻɽʉ (1 6) 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

ʟ ˇʨʫʥʪʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ɻɽʉ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʨʦʙʦʪʠ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʤʽʩʪʫ  ʉd, Hg, Zn, Ni, Cu. ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [1, 2] ʪʘ ʚʣʘʩʥʠʭ. ʇʨʦʙʦʚʽʜʙʽʨ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʜʽʣʷʥʮʽ 50ʭ20 ʢʤ ʚ ʤʝʞʘʭ ʨ. ɼʥʽʩʪʝʨ. ɸʥʘʣʽʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ï ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʥʘ ʙʘʟʽ ɯɻʄʈ ʅɸʅ ʋʢʨʘʾʥʠ. 
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ʅʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʘʥʫʶʪʴ ʦʧʽʜʟʦʣʝʥʽ ˇʨʫʥʪʠ ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ, 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʙʝʟʩʪʨʫʢʪʫʨʥʽ ʽ ʪʦʤʫ ʩʭʠʣʴʥʽ ʜʦ ʟʘʧʣʠʚʘʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ ʢʽʨʦʢ, 

ʷʢʽ ʧʦʛʘʥʦ ʚʙʠʨʘʶʪʴ ʚʦʜʫ, ʘ ʚ ʧʦʩʫʰʣʠʚʠʡ ʧʝʨʽʦʜ ʰʚʠʜʢʦ ʾʾ ʚʠʧʘʨʦʚʫʶʪʴ [1]. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ˇʨʫʥʪʠ ʪʝʨʠʪʦʨʽʾ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ɼʥʽʩʪʨʘ ʟʘʙʨʫʜʥʝʥʽ ʢʘʜʤʽʻʤ ï ʜʦ 4 ʤʛ/ʢʛ, ʱʦ ʧʝʨʝʚʠʱʫʻ ɻɼʂ (ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ) ʫ 5 8 ʨʘʟʽʚ  (ɻɼʂ 0,5 ʤʛ/ʢʛ) ï ɻɽʉ 1, 2, 4. ɺ ʧʽʚʜʝʥʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʚʤʽʩʪ ʨʪʫʪʽ ʫ ˇʨʫʥʪʘʭ ʧʨʘʚʦʙʝʨʝʞʞʷ 

ɼʥ̔ʩʪʨʘ ʩʪʘʥʦʚʠʪʴ 20 ʤʛ/ʢʛ (ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ), ʱʦ ʧʝʨʝʚʠʱʫʻ ɻɼʂ ʫ 10 ʨʘʟʽʚ 

(ɻɼʂ 2,1 ʤʛ/ʢʛ). ʎʷ ʘʥʦʤʘʣʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘʧʣʘʥʦʚʘʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ɻɽʉ-5, ɻɽʉ-6. ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʥʽʢʝʣʝʤ ï ʥʝʩʫʪʪʻʚʝ (7 ʤʛ/ʢʛ): ʚ 

ʤʝʞʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ɻɽʉ-3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʫ 2 ʨʘʟʠ (ɻɼʂ 4 

ʤʛ/ʢʛ). ɿʘʙʨʫʜʥʝʥʥʷ ʤʽʜʜʶ ˇʨʫʥʪʽʚ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʟʘʙʨʫʜʥʝʥʥʷ ʮʠʥʢʦʤ ï 

ʥʝʩʫʪʪʻʚʝ ï 110 ʤʛ/ʢʛ (ɻɼʂ 100 ʤʛ/ʢʛ). ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʨʝʦʣʽʚ 

ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ Zn, Cd, Hg ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ (ʜʠʚ. ʨʠʩ. 1). 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʥʘʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʻ: ʚʠʨʦʙʥʠʮʪʚʦ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʥʘʧʦʾʚ ʪʘ ʪʶʪʶʥʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʛʘʟʫ 

ʪʘ ʚʦʜʠ; ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ; ʭʽʤʽʯʥʘ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; 

ʚʠʨʦʙʥʠʮʪʚʦ ʽʥʰʦʾ ʥʝʤʝʪʘʣʝʚʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2  ʆʩʥʦʚʥʽ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʚʽʜʩʦʪʢʠ) ʥʘ ʪʝʨʠʪʦʨʽʾ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ, ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʦʾ ʪʘ ʏʝʨʥʽʚʝʮʴʢʦʾ ʦʙʣʘʩʪʝʡ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ-ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ˇʨʫʥʪʽʚ ʻ Hg 

ʪʘ Cd ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʭʽʤʽʯʥʦʛʦ ʪʘ 

ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ. 

ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʢʘʜʤʽʻʤ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʨʠʚʘʣʠʡ ʯʘʩ ʽ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʮʝʡ 

ʤʝʪʘʣ ʧʝʨʝʩʪʘʻ ʥʘʜʭʦʜʠʪʠ ʟʥʦʚʫ. ɼʦ 70% ʢʘʜʤʽʶ ʟʚ'ʷʟʫʻʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʟʘʩʚʦʻʥʥʷ ʨʦʩʣʠʥʘʤʠ. ʎʝ ʚʽʜʥʦʩʥʦ ʚʦʜʦʨʦʟʯʠʥʥʽ ʩʧʦʣʫʢʠ, ʱʦ 

ʘʢʫʤʫʣʶʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʦʨʛʘʥʽʟʤʘʤʠ, ʦʩʦʙʣʠʚʦ ʙʘʢʪʝʨʽʷʤʠ ʽ ʤʦʣʶʩʢʘʤʠ, ʜʝ 

ʨʽʚʥʽ ʙʽʦʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʷʛʘʶʪʴ ʙʣʠʟʴʢʦ ʢʽʣʴʢʦʭ ʪʠʩʷʯ (ʚ ʥʠʨʢʘʭ, ʟʷʙʨʘʭ ʽ 

ʧʝʯʽʥʮʽ ʛʽʜʨʦʙʽʦʥʪʽʚ). ʈʪʫʪʴ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʪʝʭʥʦʛʝʥʥʠʭ ʜʞʝʨʝʣ, ʥʝ ʫʪʚʦʨʶʻ 

ʩʚʦʛʦ çʘʥʪʨʦʧʦʛʝʥʥʦʛʦè ʢʨʫʛʦʦʙʽʛʫ, ʘ ʚʭʦʜʠʪʴ ʚ ʧʨʠʨʦʜʥʠʡ ʽ (ʟʘ ʫʤʦʚʠ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ) ʩʪʚʦʨʶʻ ʨʽʟʢʠʡ ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʨʽʟʥʠʤʠ 

ʩʝʨʝʜʦʚʠʱʘʤʠ [3].  
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ʊʦʙʪʦ, ʧʨʠ ʤʦʞʣʠʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʢʘʩʢʘʜʫ ɼʥʽʩʪʨʦʚʩʴʢʠʭ ɻɽʉ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ, ʱʦ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʘʥ ʝʢʦʩʠʩʪʝʤʠ 

ʚʦʜʦʩʭʦʚʠʱ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʙʫʜʽʚʥʠʮʪʚʘ ɻɽʉ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʚʧʣʠʚ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. 

ɻʨʝʙʣʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʤʠʨʘʥʥʷ ʨʽʜʢʽʩʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʜʽʚ, ʩʧʨʠʷʪʠ 

ʟʤʽʥʽ ʛʝʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ.  

ɺʣʘʜʘ ʢʨʘʾʥ ɭʚʨʦʧʠ ʪʘ ʉʐɸ ʧʦʩʪʫʧʦʚʦ ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʣʠʢʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʦʩʢʽʣʴʢʠ ʪʽ ʟʘʚʜʘʶʪʴ ʰʢʦʜʠ ʝʢʦʣʦʛʽʾ ʪʘ ʜʦ ʪʦʛʦ ʞ 

ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʠʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʩʣʽʜ ʧʦʻʜʥʫʚʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. 
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ʇʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʯʠʥʥʠʢʘ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 

ʜʝʩʷʪʠʨʽʯ ʩʧʨʠʯʠʥʷʻ ʧʦʜʘʣʴʰʝ ʧʦʨʫʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʝʢʦʩʠʩʪʝʤ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʧʦʣʫʢ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï ɺʄ) ʫ ˇʨʫʥʪʘʭ, ʤʽʢʨʦ- ʪʘ ʦʨʪʦʛʝʥʝʟʘʭ, 

ʨʦʩʣʠʥʥʠʮʴʢʽʡ ʧʨʦʜʫʢʮʽʾ, ʚʠʨʦʱʝʥʽʡ ʟʘ ʪʘʢʠʭ ʫʤʦʚ [1].  

ʄʝʪʘ ʨʦʙʦʪʠ. ɺ ʧʦʨʽʚʥʷʣʴʥʦʤʫ ʘʩʧʝʢʪʽ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ɺʄ ʥʘ 

ʤʽʢʦʮʝʥʦʟ ʪʝʭʥʦʛʝʥʥʦ-ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʠ. 

ʄʘʪʝʨʽʘʣ ʽ ʤʝʪʦʜʠ. ɸʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ 

ʽʟ ʚʧʣʠʚʫ ɺʄ ʥʘ ʤʽʢʦʮʝʥʦʟ ˇʨʫʥʪʽʚ ʧʦʙʣʠʟʫ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʪʘ ʢʦʣʴʦʨʦʚʦʾ 

ʤʝʪʘʣʫʨʛʽʾ, ʘ ʪʘʢʦʞ ʚ ʤʝʞʘʭ ʫʨʙʦʟʝʤʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ɺʄ ʩʪʘʣʦ ʜʦʩʠʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʷʚʠʱʝʤ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʾʭ ʫ ˇʨʫʥʪʽ ʻ ʚʧʣʠʚʦʚʠʤ ʝʢʦʣʦʛʽʯʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʧʝʨʰʠʡ ʪʝʭʥʦʛʝʥʥʠʡ ʧʦʰʪʦʚʭ ʩʧʨʠʡʤʘʻ ʙʽʦʪʘ, ʷʢ ʛʦʣʦʚʥʠʡ 

ʧʦʢʘʟʥʠʢ ʙʽʦʭʽʤʽʯʥʠʭ ʮʠʢʣʽʚ ɺʄ. 

ʅʘʩʣʽʜʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ɺʄ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʝʣʝʤʝʥʪʘ, ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʨʦʟʧʦʜʽʣʫ ʚ ˇʨʫʥʪʽ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʽʩʪʦʪʥʘ ʧʝʨʝʙʫʜʦʚʘ ʢʦʤʧʣʝʢʩʫ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʟʤʽʥʘ ʛʦʣʦʚʥʠʭ ʜʦʤʽʥʫʶʯʠʭ ʛʨʫʧ. ʊʘʢ, ʧʨʠ 

ʟʘʙʨʫʜʥʝʥʥʽ ʯʦʨʥʦʟʝʤʫ ʟʚʠʯʘʡʥʦʛʦ ʥʘʬʪʦʙʘʟʠ ʘʝʨʦʧʦʨʪʫ çɹʦʨʠʩʧʽʣʴè [2] 

ʥʘʬʪʦʶ ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʥʝ ʪʽʣʴʢʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʽʥʠ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ 

ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʘ, ʘʣʝ ʡ ʪʝ, ʱʦ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʜʘʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʝʣʘʥʽʥʚʤʽʩʥʠʭ ʪʝʤʥʦʟʘʙʘʨʚʣʝʥʠʭ 

ʤʽʢʦʤʽʮʝʪʽʚ. ʎʽʢʘʚʠʡ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ɺʄ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʚ ʤʽʢʦʮʝʥʦʟʘʭ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʽʡ ʢʦʥʢʫʨʝʥʮʽʾ. ʇʨʠ ʥʠʟʴʢʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ 

ʨʽʚʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ɺʄ ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʚʠʜʘʤʠ ʤʘʻ ʚʠʛʣʷʜ ʥʝʩʪʽʡʢʦʾ 

ʨʽʚʥʦʚʘʛʠ ʽ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʠʜʫ ʽ 

ʧʝʨʝʚʘʛʫ, ʙʝʟʫʤʦʚʥʦ, ʤʘʶʪʴ ʤʽʢʦʤʽʮʝʪʠ, ʷʢ ʙʽʣʴʰ ʩʪʽʡʢʽ ʩʝʨʝʜ ʙʽʦʪʠ, ʦʩʦʙʣʠʚʦ 

ʪʝʤʥʦʟʘʙʘʨʚʣʝʥʽ ʛʨʠʙʠ. 

ɹʘʛʘʪʦʨʽʯʥʠʤʠ ʤʽʢʦʣʦʛʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ˇʨʫʥʪʫ ʙʽʣʷ ʧʽʜʧʨʠʻʤʩʪʚ 

ʯʦʨʥʦʾ ʪʘ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʚʩʪʘʥʦʚʣʝʥʦ [3] ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʦʚʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʽʢʦʤʽʮʝʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʤʘʣʦʪʠʧʦʚʠʭ ʜʣʷ ʜʘʥʦʛʦ ʨʘʡʦʥʫ ʚʠʜʽʚ, 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʟʠʩʪʝʥʪʥʠʭ ʚʠʜʽʚ, ʘ ʩʘʤʝ ʤʝʣʘʥʽʥʚʤʽʩʥʠʭ (ʪʘʙʣ. 1). 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʬʘʢʪʫ ʻ ʧʽʜʚʠʱʝʥʠʡ ʽʥʜʝʢʩ ʤʝʣʘʥʽʟʽʮʽʾ ʤʽʢʦʙʽʦʪʠ ˇʨʫʥʪʫ 

(22-42 %), ʱʦ ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʩʧʝʮʠʬʽʢʦʶ ʚʠʢʠʜʫ ʚʽʜʭʦʜʽʚ ʽ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʾʭ ʫ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʄʽʢʦʣʦʛʽʯʥʠʤ ʘʥʘʣʽʟʦʤ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʜʦʤʽʥʫʶʯʠʤʠ ʚʠʜʘʤʠ ʙʫʣʠ: Paecilomyces lilacinus ʽ 

P.marquandii, ʷʢʽ ʪʨʘʧʣʷʣʠʩʴ ʟ ʯʘʩʪʦʪʦʶ 90 %, ʪʘ ̫ʢʽ ʟʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ 

ʚʚʘʞʘʶʪʴʩʷ ʽʥʜʠʢʘʪʦʨʘʤʠ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ɺʄ, ʘ ʪʘʢʦʞ ʚʠʜ Verticillium dahliale, 

ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ  ʟ ʯʘʩʪʦʪʦʶ 60%. ʋ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚʠʜʠ 

Alternaria alternate, Cladosporium cladosporioides ʪʨʘʧʣʷʣʠʩʴ ʟ ʯʘʩʪʦʪʦʶ 40%. 

ʂʨʽʤ ʤʽʣʘʥʽʥʚʤʽʩʥʠʭ ʚʠʜʽʚ ʭʘʨʘʢʪʝʨʥʠʤʠ ʙʫʣʠ Aspergilluss ochraceus, 

Mortierella isabelina ʪʘ Mycelia sterilia ʟ ʯʘʩʪʦʪʦʶ ʚʠʜʽʣʝʥʥʷ 30-35 %. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʠʟʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʜʝʢʩʽʚ (ʐʝʥʥʦʥʘ, ʉʽʤʧʩʦʥʘ, ʉʦʨʝʥʩʝʥʘ) 

[4] ʯʽʪʢʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ɺʄ ʥʘ ʤʽʢʦʮʝʥʦʟʠ, ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʫʛʨʫʧʫʚʘʥʴ 
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ʤʽʢʦʤʽʮʝʪʽʚ, ʧʦʷʚʫ ʥʦʚʠʭ ʚʠʜʽʚ ʟ ʥʦʚʠʤʠ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ (ʪʘʙʣ. 1).  

ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ (ʅ) ʚʨʘʭʦʚʫʻ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʧʝʚʥʦʾ 

ʧʣʦʱʽ ʜʣʷ ʾʭ ʧʦʨʽʚʥʷʥʥʷ; ʽʥʜʝʢʩ ʉʽʤʧʩʦʥʘ (ʉ) ï ʚʽʨʦʛʽʜʥʽʩʪʴ ʢʽʣʴʢʦʩʪʝʡ 

ʤʽʞʚʠʜʦʚʦʾ ʟʫʩʪʨʽʯʥʦʩʪʽ ʻ ʟʥʘʯʥʦ ʯʫʪʣʠʚʠʤ ʟʘ ʚʽʜʙʽʨ ʥʘʡʯʠʩʝʣʴʥʽʰʠʭ ʚʠʜʽʚ, ʘʣʝ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ. 
 

ʊʘʙʣʠʮʷ 1 ï ɽʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦ ʚʧʣʠʚʫ ɺʄ ʥʘ ʤʽʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ˇʨʫʥʪʽʚ 

ʊʠʧ ˇʨʫʥʪʫ 

ʄʽʮʝʣʽʡ 

ʂ
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ʝ
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ʐ
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ʢ
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ʤ
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%
 

ɯ
ʥ
ʜ
ʝ
ʢ
ʩ
 

ʉ
ʽ
ʤ
ʧ
ʩ
ʦ
ʥ
ʘ

 

(
ʉ
)

 

ɹʽʦʤʘʩʘ, 

ʤʛ/ʛ 

ɼʦʚʞʠʥʘ, 

ʤ/ʛ 

ʯ
ʦ
ʨ
ʥ
ʦ
ʟ
ʝ
ʤ

 

ʘ (Zc = 130) 0,26 Ñ 0,05 78,19 Ñ2,41 3,3 0,49 40ï42 0,36 

ʙ (Zc = 25) 0,32 Ñ 0,02 158,03 Ñ 2,18 2,2 0,16 13,3ï20 0,63 

ʜ
ʝ
ʨ
ʥ
ʦ
ʚ
ʦ

- 

ʧ
ʽ
ʜ
ʟ
ʦ
ʣ
ʽ
ʩ
ʪ
ʠ
ʡ

 

ʘ (Zc = 85) 0,12 Ñ 0,002 64,06 Ñ 1,7 3,1 0,30 22ï38 0,42 

ʙ (Zc = 19) 0,26 Ñ 0,007 127,47 Ñ 1,25 2,4 0,12 9,5ï18 0,52 

ʫʨʙʦʟʝʤ 

(Zc = 76) 
0,13 Ñ 0,002 48,57 Ñ 0,48 1,6 0,14 38ï45 0,18 

ʇʨʠʤʽʪʢʘ: Zc ï ʩʫʤʘʨʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʙʨʫʜʥʝʥʥʷ (ʚʨʘʭʦʚʫʻ ʚʤʽʩʪ ʪʘʢʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʷʢ Pb, 

Zn, Co, Cu, Ni, Cr), ʯʦʨʥʦʟʝʤ ï ʧʦʙʣʠʟʫ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʡ 

ï ʧʦʙʣʠʟʫ ʧʽʜʧʨʠʻʤʩʪʚ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʫʨʙʦʟʝʤ ï ˇʨʫʥʪ ʤ. ʂʠʻʚʘ, ʘ ï ˇʨʫʥʪ, 

ʟʘʙʨʫʜʥʝʥʠʡ ɺʄ, ʙ ï ʚʽʜʥʦʩʥʦ ʯʠʩʪʠʡ ˇʨʫʥʪ; ʟʨʘʟʢʠ ʚʽʜʽʙʨʘʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 

ι500ʤ 

ɼʣʷ ˇʨʫʥʪʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʪʘ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʽʥʜʝʢʩ ʉ ʣʝʞʠʪʴ ʚ 

ʤʝʞʘʭ 0,36-0,42, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʤʽʢʦʮʝʥʦʟʽʚ ʪʘ 

ʢʽʣʴʢʽʩʥʠʤ ʩʢʣʘʜʦʤ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʛʨʠʙʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʥʦʩʥʦ ʯʠʩʪʠʤ 

ˇʨʫʥʪʦʤ (ʪʘʙʣ. 1). 

ɺʠʟʥʘʯʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʉʦʨʝʥʩʝʥʘ, ʷʢ ʽ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʉʽʤʧʩʦʥʘ ʪʘ 

ʐʝʥʥʦʥʘ, ʜʦʩʪʦʚʽʨʥʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʽʦʥʽʚ ɺʄ ʥʘ ʤʽʢʦʙʽʦʪʫ 

ˇʨʫʥʪʽʚ (ʪʘʙʣ. 1). 

ɻʝʦʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʠ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʧʦʩʪʽʡʥʦ 

ʧʦʩʠʣʶʶʪʴʩʷ ʚ ʭʦʜʽ ʥʘʫʢʦʚʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʽ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʫʨʙʦʝʢʦʩʠʩʪʝʤʘʭ, ʷʢʽ ʦʩʦʙʣʠʚʦ ʯʫʪʣʠʚʽ, ʙʽʣʴʰ ʚʨʘʟʣʠʚʽ ʜʦ 

ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʚʘʞʘʶʪʴ, ʱʦ ʝʬʝʢʪʠʚʥʦ 

ʜʽʘʛʥʦʩʪʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ ʻ ʾʭ 

ʙʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ. ʊʘʢ ʘʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʫʨʙʘʥʽʟʘʮʽʾ ʫ ʤ. ʂʠʻʚʽ ʚʝʜʝ ʜʦ ʩʪʚʦʨʝʥʥʷ 
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ʥʦʚʠʭ ʰʪʫʯʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽʟ ʦʩʦʙʣʠʚʠʤʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʝ ʟʥʠʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʠʧʦʚʠʭ 

ʚʠʜʽʚ ʮʝʥʦʟʫ, ʧʦʷʚʘ ʥʦʚʠʭ, ʘʛʨʝʩʠʚʥʠʭ, ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ, 

ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ɺʄ ʪʘ ʪʠʧʦʚʽ ʘʣʝʨʛʽʯʥʽ ʚʠʜʠ Alternaria sp., Fusarium sp., 

Penicillium sp. ʪʦʱʦ. [5-6] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʤʽʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʝʢʦʩʠʩʪʝʤ 

ʱʦʜʦ ʚʧʣʠʚʫ ɺʄ ʥʘ ʤʽʢʦʤʽʮʝʪʠ ʻ ʙʘʟʦʚʠʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʪʘ 

ʩʢʣʘʜʫ ʧʨʦʛʥʦʟʫ ʱʦʜʦ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ɺʄ ʥʘ ʙʽʦʪʫ ʚ ʮʽʣʦʤʫ. 
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TRANSFORMATION OF HEAVY METALS COMPOUNDS IN BIOINERT 

SYSTEMS UNDER THE CONDITIONS OF TECHNOGENESIS 

Kuraieva, I.V. 

M. P. Semenenko Institute of geochemistry, mineralogy and ore formation of the 

National Academy of Sciences of Ukraine, Kyiv, KI4412674@gmail.com 
 

The methodological substantiation and the main results of studying of geochemical transformation 

of heavy metal compounds in environmental systems are presented. The range of main problems 

and ways to overcome them in conducting thorough ecological and geochemical studies of key 

components of the environment is outlined. It is emphasized that such studies can be used both to 

predict the ecological situation, to identify natural and man - made geochemical fields, and to 

prevent the entry of pollutants into vital human environmental systems. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʦʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʧʦʣʫʢ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ 

ʙʽʦʢʦʩʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘʣʝʞʠʪʴ ʜʦ ʥʦʚʦʛʦ ʥʘʧʨʷʤʫ ʝʢʦʣʦʛʽʯʥʦʾ ʛʝʦʣʦʛʽʾ ï 

ʝʢʦʣʦʛʽʯʥʘ ʛʝʦʭʽʤʽʷ [1]. ɺ ʤʝʞʘʭ ʝʢʦʣʦʛʽʯʥʦʾ ʛʝʦʭʽʤʽʾ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʨʦʣʴ ʪʘ 

ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʪʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʧʦʣʽʚ, ʧʨʦʮʝʩʽʚ ʪʘ 

ʷʚʠʱ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʝʚʦʣʶʮʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ ʞʠʪʪʷ ʥʘ ɿʝʤʣʽ. ʋ ʜʨʫʛʽʡ 

ʧʦʣʦʚʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ ʚ ʋʢʨʘʾʥʽ ʮʝʡ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ 

ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤʝʥʽ ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ 

ʋʢʨʘʾʥʠ. ɿʥʘʯʥʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʥʘʫʢʦʚʘ ʰʢʦʣʘ ʧʦʰʫʢʦʚʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʛʝʦʭʽʤʽʾ, 

ʷʢʫ ʦʯʦʣʶʻ ʚʽʜʦʤʠʡ ʫʢʨʘʾʥʩʴʢʠʡ ʚʯʝʥʠʡ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʯʣʝʥ-

ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ ɽ.ʗ. ɾʦʚʠʥʩʴʢʠʡ.  

ɸʢʪʫʘʣʴʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʛʝʦʭʽʤʽʾ ʻ: 

ʛʝʦʭʽʤʽʷ ʣʘʥʜʰʘʬʪʽʚ, ʛʝʦʭʽʤʽʷ ʛʨʫʥʪʽʚ, ʝʢʦʣʦʛʽʯʥʘ ʛʽʜʨʦʛʝʦʭʽʤʽʷ, ʫʨʙʦʛʝʦʭʽʤʽʷ, 

ʙʽʦʛʝʦʭʽʤʽʷ, ʤʽʢʨʦʝʣʝʤʝʥʪʦʣʦʛʽʷ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʠ ʪʝʭʥʦʛʝʥʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʽ ʙʽʦʢʦʩʥʠʭ ʩʠʩʪʝʤ (ʨ̌ʫʥʪʽʚ, ʧʨʠʨʦʜʥʠʭ ʚʦʜ, 

ʨʦʩʣʠʥʥʦʩʪʽ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʦʭʽʤʽʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʧʦʣʫʢ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʱʦ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʟʤʽʥʘʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʜʣʷ 

ʣʶʜʠʥʠ ʦʙô̒ ʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʟʘʜʘʯ ʚʠʤʘʛʘʻ ʥʝ 

ʪʽʣʴʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʣʷ ʮʽʻʾ ʥʘʫʢʠ ʤʝʪʦʜʽʚ, ʘʣʝ ʡ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʩʪʘʥʫ ʙʽʦʢʦʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʻ ʥʝʟʚʠʯʥʠʤ ʜʣʷ ʛʝʦʣʦʛʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʦʯʝʚʠʜʥʦ 

ʧʨʠ ʨʦʟʛʣʷʜʽ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʦʩʬʝʨʠ, ʷʢ ˇʨʫʥʪʠ ʽ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ, 

ʧʨʠʨʦʜʥʽ ʚʦʜʠ ʪʘ ʙʽʦʪʘ. ʇʦʚʥʦʮʽʥʥʝ ʾʭ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʢʫʧʥʦʩʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ, ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ, 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ. 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʚʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʧʦʣʫʢ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʫ ʙʽʦʢʦʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʆʙô̒ ʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ, ʚʫʛʣʝʜʦʙʫʚʥʦʾ, ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ çʫʤʦʚʥʦ ʯʠʩʪʽè 

ʬʦʥʦʚʽ ʪʝʨʠʪʦʨʽʾ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ, ʝʤʽʩʽʡʥʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ, ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʡ, ʤʝʪʦʜ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʟ ʽʥʜʫʢʪʠʚʥʦ 

ʟʚô̫ ʟʘʥʦʶ ʧʣʘʟʤʦʶ (ICP-MS) ʥʘ ʧʨʠʣʘʜʽ Element-2, ʤʝʪʦʜʠ ʧʦʩʪʘʜʽʡʥʠʭ 

ʚʠʪʷʞʦʢ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʝ, ʧʨʦʩʪʦʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ɻɯʉ-ʘʥʘʣʽʟ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʾ 

ʝʢʩʪʨʘʢʮʽʾ ʦʜʝʨʞʘʥʦ ʜʘʥʽ ʧʨʦ ʬʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʤʝʪʘʣʽʚ ʫ 

ˇʨʫʥʪʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʢʨʫʧʥʠʭ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ [2, 3]. 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʜʝʪʘʣʴʥʦʤʫ ʚʠʚʯʝʥʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʽʚ (ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ, ʣʫʞʥʦ-ʢʠʩʣʦʪʥʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ˇʨʫʥʪʦʚʠʭ ʚʽʜʢʣʘʜʽʚ) ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʾ ʤʽʛʨʘʮʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʋʢʨʘʾʥʠ [4]. ʎʽ ʜʘʥʽ 

ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʶ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʣʽʪʦʛʝʦʭʽʤʽʯʥʠʭ ʧʦʰʫʢʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 

ʘʣʝ ʡ ʩʪʘʣʠ ʫ ʥʘʛʦʜʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʪʝʭʥʦʛʝʥʥʦ-ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʦʣʴ ʨʫʭʦʤʠʭ 

ʬʦʨʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʚʦʜʥʦʾ ʪʘ ʽʦʥʥʦ-ʦʙʤʽʥʥʦʾ). 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʚʯʝʥʥʷ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʙʫʚʘʻ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʴ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʌʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʽ ʢʘʥʮʝʨʦʛʝʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʧʦʜʘʣʴʰʽ 

ʰʣʷʭʠ ʾʭ ʤʽʛʨʘʮʽʾ ʽ ʪʫ ʥʝʙʝʟʧʝʢʫ, ʷʢʫ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʜʣʷ ʜʦʚʢʽʣʣʷ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʠʚʯʝʥʥʷ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ ʚʠʡʰʣʦ ʥʘ ʥʦʚʠʡ ʥʘʫʢʦʚʠʡ ʨʽʚʝʥʴ, ʪʦʙʪʦ ʟʤʽʥʠʣʠʩʷ 

ʧʽʜʭʦʜʠ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʽʚ.  

ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʦʚʦ-ʧʦʛʣʠʥʘʶʯʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ ʬʦʨʤ ʤʽʛʨʘʮʽʾ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʦʚʠʭ ʨʦʟʯʠʥʘʭ ʪʝʭʥʦʛʝʥʥʠʭ ʪʝʨʠʪʦʨʽʡ (ʨʠʩ. 1,2). 

ɺʠʚʯʝʥʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʽ ʚʧʣʠʚ ʩʦʨʙʮʽʾ ʥʘ ʚʤʽʩʪ ʤʦʙʽʣʴʥʠʭ ʬʦʨʤ 

ʤʝʪʘʣʽʚ [5]. 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ 

ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʘ ʬʦʨʤʠ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʧʠʪʥʠʭ ʘʨʪʝʟʽʘʥʩʴʢʠʭ ʚʦʜʘʭ ʥʘ ʧʨʠʢʣʘʜʽ ʙʦʨʪʦʚʦʾ ʯʘʩʪʠʥʠ ɼʥʽʧʨʦʚʩʴʢʦʛʦ 

ʘʨʪʝʟʽʘʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʪʘ ʦʙʣʘʩʪʽ ʪʨʽʱʠʥʥʠʭ ʚʦʜ ʋʢʨʘʾʥʩʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʤʘʩʠʚʫ [6, 7]. 

ɺʧʝʨʰʝ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʦʚʘʥʦ ʙʽʦʣʦʛʽʯʥʦ ʟʥʘʯʠʤʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʩʝʥʮʽʘʣʴʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪ̔ ʚ ʫ ʚʦʜʘʭ ʩʝʥʦʤʘʥʩʴʢʦʛʦ ʽ ʶʨʩʴʢʦʛʦ 

ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʾ 

ʪʘ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [8]. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ ʪʘ 

ʨʦʩʣʠʥʥʦʩʪʽ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ɼʦʩʣʽʜʞʝʥʦ ʩʝʣʝʥʠʩʪʽ ʤʽʥʝʨʘʣʴʥʽ ʚʦʜʠ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʢɹʦʾ ʦʙʣʘʩʪʽ (ʤ. ʂʦʩʽʚ, ʤ. ɺʝʨʭʦʚʠʥʘ) ʽ ʉʭʽʜʥʠʮʴʢʦʤʫ 

ʨʦʜʦʚʠʱʽ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ (ʃʴʚʽʚʩʴʢʘ ʦʙʣʘʩʪʴ) [9]. 
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ɼʦʩʣʽʜʞʝʥʦ ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ʂʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ. ɼʦʚʝʜʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ, 

ʬʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʩʪʫʧʽʥʴ ʪʦʢʩʠʯʥʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʥʠʭ ʩʠʩʪʝʤʘʭ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʢʦʘʛʫʣʷʮʽʾ, ʦʩʘʜʞʝʥʥʷ, ʩʦʨʙʮʽʾ, 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʨʦʟʯʠʥʝʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʢʣʘʜʥʽ ʩʘʥʽʪʘʨʥʦ-ʛ̔ʛʽʻʥʽʯʥʽ ʫʤʦʚʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʉʦʨʛ ï ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, %, ʨʅ ï 

ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ, Eʩʫʤ ï ʩʫʤʘ ʦʙʤʽʥʥʠʭ ʢʘʪʽʦʥʽʚ, ʤʛ*ʝʢʚ/100ʛ, ʂʙ ï ʢʦʝʬʽʮʽʻʥʪ ʙʫʬʝʨʥʦʩʪʽ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʠ ʤʽʛʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʦʚʠʭ ʨʦʟʯʠʥʘʭ (%): ɻʂ ï ʛʫʤʽʥʦʚʽ 

ʢʠʩʣʦʪʠ, ʌʂ ï ʬʫʣʴʚʦʢʠʩʣʦʪʠ, ʄʝ ï ʤʝʪʘʣ. 

 

ɿʘʛʘʣʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨ ʪʘ ʩʪʫʧʽʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʂʠʻʚʘ, ʚʠʜʽʣʝʥʽ ʜʽʣʷʥʢʠ ʟ ʘʥʦʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʪʦʢʩʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʧʨʦʝʢʪʦʚʘʥʽ ʜʝʪʘʣʴʥʽ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʘʭʦʜʠ ʟ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʩʪʘ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʙʽʦʛʝʦʭʽʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʚʠʜʽʣʝʥʥʷ ʟʦʥ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʟʘ 

ʚʤʽʩʪʦʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʨʦʩʣʠʥʥʦʩʪʽ ʬʽʪʦʮʝʥʦʟʽʚ, ʤʽʢʨʦʛʨʠʙʘʭ ʪʘ ʟʘ ʚʠʜʦʚʠʤ 
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ʩʢʣʘʜʦʤ ʤʽʢʦʙʽʦʪʠ ʫ ˇʨʫʥʪʘʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʪʝʭʥʦʛʝʥʥʦ-ʟʘʙʨʫʜʥʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ [10, 11]. 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʚʠʷʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʛʝʦʭʽʤʽʯʥʠʭ 

ʧʦʣʽʚ, ʪʘʢ ʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʫ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʽ ʜʣʷ 

ʣʶʜʠʥʠ ʙʽʦʢʦʩʥʽ ʩʠʩʪʝʤʠ. 
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HEAVY METALS IN SURF ACE WATER AND BOTTOM  SEDIMENTS 
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The article examines the regional regularities of heavy metals distribution in bottom sediments and 

surface water. The studies made it possible to determine the peculiarities of lead, zinc, copper, 

nickel and cobalt distribution in surface water of Ukraine rivers (within river basins and sub-

basins), to compare the background content of these metals in water and bottom sediments, to 

determine their water migration coefficients within river basins (sub-basins). Different patterns of 

surface waters chemical composition formation within the platform and mountain-folded areas were 

noted. The results can be used for regional assessments of water bodies quality status and for 

informational support of surface and groundwater monitoring. 

 

ɺʦʜʥʘ ʈʘʤʢʦʚʘ ɼʠʨʝʢʪʠʚʘ ɭʚʨʦʧʘʨʣʘʤʝʥʪʫ, ʷʢʘ ʥʠʥʽ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ 

ʋʢʨʘʾʥʽ, ʚʠʤʘʛʘʻ ʨʝʘʣʽʟʘʮʽʾ ʙʘʩʝʡʥʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʩʧʽʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʜʟʝʤʥʠʭ 

ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʚʽʜ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʨʘʟʫ 

ʟʘʩʚʽʜʯʫʻ, ʱʦ ʟʘʜʘʯʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʠʥʥʠʢʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʤʽʥ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɻʉ) ʤʦʞʫʪʴ 

ʚʠʨʽʰʫʚʘʪʠʩʷ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʚʩʽʭ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ, ʭʦʯʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ 

ʪʨʘʜʠʮʽʡʥʦ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ɻʉ, ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʾʭʥʴʦʛʦ 

ʩʪʘʥʫ ʥʝʤʦʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ˇʨʫʥʪʦʚʠʭ ʚʦʜ.  

ʑʦʜʦ ʧʠʪʘʥʥʷ ʟʚôʷʟʢʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ, ʪʦ ʫʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʦʥʦ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʩʚʽʪʣʶʚʘʣʦʩʷ ʫ ʥʘʫʢʦʚʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ. ʇʦʷʩʥʶʻʪʴʩʷ ʽʥʪʝʨʝʩ ʜʦ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʪʠʤ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʤʦʞʝ ʤʘʪʠ ʥʘʩʣʽʜʢʦʤ ʷʢ ʦʯʠʱʝʥʥʷ, ʪʘʢ ʚʪʦʨʠʥʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʩʪʘʥʥʽʭ. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʚ 

ʤʝʞʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʫʟʣʽʚ ʽ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ, ʪʦʙʪʦ ʧʦʨʽʚʥʷʥʦ ʥʝʟʥʘʯʥʠʭ  

ʟʘ ʧʣʦʱʝʶ ʜʽʣʷʥʦʢ, ʽ ʭʦʯʘ ʜʦʩʣʽʜʥʠʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚʠʩʦʢʦʪʦʯʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠʢʠ, ʯʘʩʪʦ ʟôʷʩʦʚʫʚʘʣʦʩʷ, ʱʦ ʟʥʘʯʫʱʘ ʢʦʨʝʣʷʮʽʷ ʤ̔ ʞ ʚʤʽʩʪʦʤ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʽ  ̔ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʽʜʩʫʪʥʷ. ʆʯʝʚʠʜʥʦ, ʮʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ ï ʩʪʘʙʽʣʴʥʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʦʜʠ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʦʾ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ 

ʚʽʜ ʤʽʩʮʷ ʚʽʜʙʦʨʫ ʩʧʽʣʴʥʠʭ ʛʽʜʨʦ- ʽ ʣʽʪʦʭʽʤʽʯʥʠʭ ʧʨʦʙ. ʍʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ 
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ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʜʠ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʚʟʘʻʤʦʜʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʚʦʜʦʚʤʽʩʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʷʢ ʟʘ ʧʣʦʱʝʶ, ʪʘʢ ʽ ʟʘ 

ʪʨʠʚʘʣʽʩʪʶ ʢʦʥʪʘʢʪʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʥʘʯʥʦ ʤʝʥʰʫ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʚʤʽʩʪʫ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʮʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ɻʉ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʪʘʢʦʞ, ʱʦ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ 

ʟʘʟʥʘʻ ʜʫʞʝ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘʣʝʞʥʦ ʚʽʜ ʩʝʟʦʥʫ, ʚʦʜʥʦʩʪʽ ʨʦʢʫ ʪʘ ʽʥʰʠʭ 

ʯʠʥʥʠʢʽʚ. ʊʘʢ, ʫʧʨʦʜʦʚʞ 1995-2006 ʨʨ. ʫʤʽʩʪ ʤʽʜʽ ʫ ʚʦʜʽ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʧʨʘ 

ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 0,0 ʜʦ 116,0 (ʚ ʩʝʨʝʜʥʴʦʤʫ 4,8 ʤʢʛ/ʜʤ
3
), ʘ ʮʠʥʢʫ ï ʚʽʜ 0,0 ʜʦ 

989,0 (ʫ ʩʝʨʝʜʥʴʦʤʫ 42,0 ʤʢʛ/ʜʤ
3
) [1]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ï ʯʠ 

ʤʦʞʥʘ ʚʟʘʛʘʣʽ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ? ɼʣʷ ʧʦʰʫʢʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʝ ʧʠʪʘʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ 

ɻɯʉ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʂʇ çʂʽʨʦʚʛʝʦʣʦʛʽʷè [2], ʷʢʽ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʪʠʤ, ʱʦ, ʧʦ-

ʧʝʨʰʝ, ʮʝ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ ʤʘʩʠʚ ʽʥʬʦʨʤʘʮʽʾ (7 ʪʠʩ ʧʨʦʙ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʽ 5,9 

ʪʠʩ. ʧʨʦʙ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ) ʽ ʪʠʤ, ʱʦ ʦʧʨʦʙʫʚʘʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʫ ʩʪʠʩʣʽ 

ʪʝʨʤʽʥʠ, ʧʝʨʝʚʘʞʥʦ ʚ ʤʝʞʝʥʥʠʡ ʧʝʨʽʦʜ. ʇʨʦʙʠ ʙʫʣʠ ʧʽʜʜʘʥʽ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʦʤʫ ʘʥʘʣʽʟʫ ʪʘ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʤʫ ʘʥʘʣʽʟʫ ʚʦʜʠ ʤʝʪʦʜʦʤ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʾ (ICP-MS) ʥʘ ʧʨʠʣʘʜʽ Plasma Quad PQ2 Plus Turbo. ʉʪʘʪʠʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʫ ʤʝʞʘʭ ʢʨʫʧʥʠʭ ʨʝʛʽʦʥʽʚ - ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ 

(ʩʫʙʙʘʩʝʡʥʽʚ). ʆʪʨʠʤʘʥʽ ʛʝʦʭʽʤʽʯʥʽ ʬʦʥʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʥʘʩʪʫʧʥʝ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʭ̔ ʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʫʩʧʘʜʢʦʚʘʥʠʡ ʚʽʜ ʩʢʣʘʜʫ ˇʨʫʥʪʽʚ ʚʦʜʦʟʙʽʨʥʠʭ 

ʧʣʦʱ. ɿʘʛʘʣʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʘ ʟʦʥʘʣʴʥʽʩʪʴ - ʟʘʢʦʥʦʤʽʨʥʝ 

ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ, ʪʦʙʪʦ ʚʽʜ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ 

ʇʦʣʽʩʴʢʦʾ ʟʦʥʠ ʜʦ ʙʘʩʝʡʥʽʚ ʉʪʝʧʦʚʦʾ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʛʝʦʭʽʤʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʦʜʦʟʙʽʨʥʠʭ 

ʧʣʦʱ ʽ ʟ ʥʘʧʨʷʤʦʤ ʩʪʦʢʫ. 

ʌʦʥʦʚʠʡ ʚʤʽʩʪ ʜʦʩʣʽʜʞʝʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʧʨʠʯʦʤʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʬʦʥʦʚʠʡ 

ʚʤʩ̔ʪ ʮʠʥʢʫ ʽ ʥʽʢʝʣʶ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚ 6,67 ʨʘʟʽʚ, ʤʽʜʽ ï ʚ 5,0 

ʩʚʠʥʮʶ - ʫ 3,75, ʢʦʙʘʣʴʪʫ ï ʣʠʰʝ ʚ 3,3 ʨʘʟʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ 

ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʽ: ʤʘʢʩʠʤʘʣʴʥʠʡ ʬʦʥʦʚʠʡ ʚʤʽʩʪ ʥʽʢʝʣʶ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚ 94 ʨʘʟʠ, ʩʚʠʥʮʶ ï 88, ʤʽʜʽ ï 59, ʮʠʥʢʫ ʽ 

ʢʦʙʘʣʴʪʫ ï 38,5 ʨʘʟʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ɺʦʜʘ ʞ, ʷʢ ʫʥʽʢʘʣʴʥʠʡ ʨʦʟʯʠʥʥʠʢ ʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ 

ʜʠʥʘʤʽʯʥʠʡ ʢʦʤʧʦʥʝʥʪ ɻʉ, ʻ ʟʘʣʝʞʥʦʶ ʚʽʜ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʯʠʥʥʠʢʽʚ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʚʦʜʥʦʾ ʤʽʛʨʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʘʣʽʚ, ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʩʧʨʦʱʝʥʦʶ ʧʨʦʮʝʜʫʨʦʶ [3], ʪʘʢʦʞ ʟʘʛʘʣʦʤ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʟʙʽʣʴʰʝʥʥʷ ʫ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ. ʄʘʢʩʠʤʫʤʠ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʚʽʜʟʥʘʯʝʥʽ ʫ ʙʘʩʝʡʥʽ ʨʽʯʦʢ ʇʨʠʘʟʦʚôʷ, ʘ ʪʘʢʦʞ ʅʠʞʥʴʦʛʦ ɼʫʥʘʶ, 

ʂʨʠʤʫ ʽ ʇʨʠʯʦʨʥʦʤʦʨôʷ. ʇʨʠ ʮʴʦʤʫ ʚ ʙʘʩʝʡʥʘʭ ʨʽʚʥʠʥʥʠʭ ʨʽʯʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʤʽʩʪʦʤ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ. ʋ ʙʘʩʝʡʥʘʭ ʛʽʨʩʴʢʠʭ ʨʽʯʦʢ ʮʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʨʫʰʫʻʪʴʩʷ. 

ʊʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʚʤʽʩʪ ʚʩʽʭ ʤʝʪʘʣʽʚ ʫ ʜʦʥʥʠʭ 
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ʚʽʜʢʣʘʜʘʭ ʊʠʩʠ, ʇʨʫʪʘ ʽ ʉʽʨʝʪʘ, ʾʭʥʽʡ ʚʤʽʩʪ ʫ ʚʦʜʽ ʪʫʪ ʤʽʥʽʤʘʣʴʥʠʡ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʚʦʜʦʦʙʤʽʥʫ ʽ ʤʽʥʽʤʘʣʴʥʠʤ ʯʘʩʦʤ ʢʦʥʪʘʢʪʫ 

ʚʦʜʠ ʟ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. 

 
ʊʘʙʣʠʮʷ 1 - ʌʦʥʦʚʠʡ ʚʤʽʩʪ ʩʚʠʥʮʶ, ʮʠʥʢʫ, ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʢʦʙʘʣʴʪʫ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ 

(ʤʛ/ʢʛ) ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ (ʤʛ/ʜʤ
3
) 

ɹʘʩʝʡʥʠ ʉʫʙʙʘʩʝʡʥʠ  

ʉʚʠʥʝʮʴ ʎʠʥʢ ʄʽʜʴ ʅʽʢʝʣʴ ʂʦʙʘʣʴʪ 

ʜʦʥ

ʥ ̔
ʚʦʜʘ 

ʜʦʥ

ʥ ̔
ʚʦʜʘ 

ʜʦʥ

ʥ ̔
ʚʦʜʘ 

ʜʦʥ

ʥ ̔
ʚʦʜʘ 

ʜʦʥ

ʥ ̔
ʚʦʜʘ 

ɺʽʩʣʠ 

VI ɿʘʭ. ɹʫʛʫ 8 0,008 30 0,04 35 0,04 15 0,019 4,0 0,0065 

V ʉʘʥʫ 12 0,011 40 0,04 40 0,06 15 0,034 5,0 0,0071 

ɼ
ʥ
ʽ
ʧ
ʨ
ʘ

 

IX ɺ.ɼʥʽʧʨʘ 10 0,0025 15 0,02 10 0,01 6 0,005 3,0 0,004 

VIɯɯ  ɼʝʩʥʠ 10 0,004 15 0,04 20 0,02 8 0,009 3,0 0,0034 

VIɯ ʇʨʠʧôʷʪʽ 8 0,005 30 0,08 20 0,02 10 0,01 3,0 0,0035 

X ʉ.ɼʥʽʧʨʘ 15 0,008 30 0,13 20 0,03 10 0,02 4,0 0,0091 

Xɯ ʅ.ɼʥʽʧʨʘ 20 0,0023 40 0,37 30 0,23 15 0,14 6,0 0,0217 

XVI ɹʘʩʝʡʥ ʇʜ.ɹʫʛʫ 19 0,0011 47 0,15 28 0,05 18 0,027 5,0 0,0094 

ɼʥʽʩʪʨʘ 
ɯV ɺ.ɼʥʽʩʪʨʘ 20 0,008 40 0,08 40 0,03 20 0,018 6,0 0,0052 

Xɯɯ ʅ.ɼʥʽʩʪʨʘ 20 0,007 35 0,16 25 0,02 20 0,017 5,0 0,0058 

ɼ
ʫ
ʥ
ʘ
ʶ

 I ʊʠʩʠ 30 0,002 100 0,02 50 0,01 40 0,0034 10,0 0,0012 

II ʇʨʫʪʘ 29 0,005 60 0,04 50 0,02 30 0,015 8,0 0,0045 

III ʉʽʨʝʪʘ 18 0,003 50 0,04 45 0,02 30 0,014 10,0 0,0025 

XIII ʅ.ɼʫʥʘʶ 12,5 0,03 40 0,59 30 0,59 25 0,32 5,0 0,0346 

ɼʦʥʫ 
XIV ʉʽʚ. 

ɼʦʥʮʷ 
20 0,029 60 0,325 32 0,12 18 0,07 6,0 0,023 

XVII ɹʘʩʝʡʥ ʨʽʯʦʢ 

ʇʨʠʯʦʨʥʦʤʦʨôʷ 
18 0,039 35 0,26 28 0,52 19 0,24 6,0 0,0226 

XVIII ɹʘʩʝʡʥ ʨʽʯʦʢ 

ʇʨʠʘʟʦʚôʷ 
30 0,097 43 0,77 30 0,35 22 0,23 6,0 0,0462 

XIX  ɹʘʩʝʡʥ ʨʽʯʦʢ ʂʨʠʤʫ 30 0,015 40 0,335 32 0,17 27 0,054 7,0 0,0184 

 

ɺʠʟʥʘʯʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʩʚʽʜʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʙʘʟ ʜʘʥʠʭ 

ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʫʤʦʚ ʽ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʮʴʦʛʦ ʩʪʘʥʫ.  
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ʋɼʂ 502.3/.5:504.61:62/69(477.61) 

ɽʂʆʃʆɻɯʏʅʀʁ ʉʊɸʅ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʇʈʀʈʆɼʅʆɻʆ 

ʉɽʈɽɼʆɺʀʑɸ ʋ ɿɺôʗɿʂʋ ɯɿ ɺʇʃʀɺʆʄ ʊɽʍʅʆɻɽʅʅʀʍ ʆɹôɭʂʊɯɺ 
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The ecological state of the natural environment components in connection with the impact of 

technogenic facilities of the Lysychansk-Rubizhne industrial hub is analysed in the article. The 

tendency to reduce the volume of pollutant emissions into the atmosphere is determined. It is 

established that surface waters, even in the modern period of "stagnation" of industry, have 

exceeded the maximum allowable concentration of solid residue, contaminated with petroleum 

products, SO4, Cl, Al, Cu, Ni, Mn, Zn and others. The total indicators of soil pollution on the 

industrial hub territory are calculated to evaluate the technogenic impact. The main pollutants 

characteristic of groundwater are given. 

 

ʃʠʩʠʯʘʥʩʴʢʦ-ʈʫʙʽʞʘʥʩʴʢʠʡ ʧʨʦʤʚʫʟʦʣ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʙʫʚ ʦʜʥʠʤ 

ʽʟ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʛʝʥʥʦ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʨʝʛʽʦʥʽʚ ʚ ʋʢʨʘʾʥʽ. ʇʽʩʣʷ ʟʘʢʨʠʪʪʷ 

ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ-ʛʽʛʘʥʪʽʚ ʭʽʤʽʯʥʦʾ ʽ ʥʘʬʪʦʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʯʠʩʣʝʥʥʠʭ ʰʘʭʪ ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ 

(ʅʇʉ) ʥʝ ʧʨʠʧʠʥʠʚʩʷ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʣʝʞʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʝʨʠʪʦʨʽʡ, ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʪʦʱʦ. 

ʊʝʭʥʦʛʝʥʥʽ ʦʙôʻʢʪʠ (ʚʽʜʩʪʽʡʥʠʢʠ, ʥʘʢʦʧʠʯʫʚʘʯʽ, ʪʝʨʠʢʦʥʠ ʪʘ ʽʥ.), ʱʦ 

ʟʘʣʠʰʠʣʠʩʷ ʚʽʜ ʣʽʢʚʽʜʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʨʦʜʦʚʞʫʶʪʴ ʟʘʙʨʫʜʥʶʚʘʪʠ ʅʇʉ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʤʝʞʘʭ ʃʠʩʠʯʘʥʩʴʢʦ-ʈʫʙʽʞʘʥʩʴʢʦʛʦ 

ʧʨʦʤʚʫʟʣʘ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʥ ʢʦʤʧʦʥʝʥʪʽʚ ʅʇʉ: ʧʦʚʽʪʨʷ, ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, 

ˇʨʫʥʪʽʚ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ɸʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ ʧʽʜʜʘʚʘʣʦʩʷ ʟʥʘʯʥʦʤʫ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʝʩʠʥʛʫ. ʆʙʩʷʛʠ ʚʠʢʠʜʽʚ ʨʦʟʛʣʷʥʫʪʦ ʟʘ ʜʚʘ ʢʘʨʜʠʥʘʣʴʥʦ ʨʽʟʥʠʭ 

ʧʝʨʽʦʜʠ: 2000-2005 ʨʨ. ʪʘ 2016-2019 ʨʨ. (ʪʘʙʣ. 1) [1, 2]. 

 
ʊʘʙʣʠʮʷ 1 ï ʆʙʩʷʛʠ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʃʠʩʠʯʘʥʩʴʢʦ-ʈʫʙʽʞʘʥʩʴʢʦʤʫ ʧʨʦʤʚʫʟʣʽ 

ʅʘʟʚʘ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 
2000 ʨ. 

(ʪʠʩ. ʪ) 
2005 ʨ. 

(ʪʠʩ. ʪ) 
2016 ʨ. 

(ʪʠʩ. ʪ) 
2019 ʨ. 

(ʪʠʩ. ʪ) 

ʤ. ʃʠʩʠʯʘʥʩʴʢ 32,1 45,1 16,6 13,13 

ʤ. ʈʫʙʽʞʥʝ 1,3 2,2 1,7 1,23 

ʤ. ʉʻʚʻʨʦʜʦʥʝʮʴʢ 4,4 4,5 0,71 1,07 

mailto:mikhalkovanini@gmail.com
mailto:mikhalkovanini@gmail.com


 

154 

 

ɼʘʥʽ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʦʙʩʷʛʠ ʚʠʢʠʜʽʚ ʟʨʦʩʪʘʣʠ ʽ ʤʘʣʠ ʚʝʣʠʢʽ 

ʟʥʘʯʝʥʥʷ, ʘ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʠʥʘʤʽʢʘ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʦʤʫ ʩʪʘʥʫ çʟʘʥʝʧʘʜʫè ʧʨʦʤʚʫʟʣʘ. ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦʙʨʝ 

ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʥʘ ʧʨʠʢʣʘʜʽ ʱʝ ʧʨʘʮʶʶʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʉʻʚʻʨʦʜʦʥʝʮʴʢʝ 

ʦʙôʻʜʥʘʥʥʷ ɸʟʦʪè: ʚ 2005 ʨʦʮʽ ʦʙʩʷʛʠ ʚʠʢʠʜʽʚ ʩʷʛʘʣʠ 3116,935 ʪ/ʨʽʢ, ʫ 2019 ʨ. 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʦ ï ʚʩʴʦʛʦ 542,604 ʪ/ʨʽʢ. ʊʦʙʪʦ, ʚʽʜʤʽʯʝʥʦ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ. 

ʇʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʚʫʟʣʘ ʟʘʙʨʫʜʥʝʥʽ ʚʥʘʩʣʽʜʦʢ ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ 

ʚʦʜ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʧʦ ʦʩʥʦʚʥʠʤ ʩʪʚʦʨʘʤ 

ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ʬʽʢʩʫʻʪʴʩʷ ʧʽʩʣʷ ʚʧʘʜʽʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦ-ʥʘʚʘʥʪʘʞʝʥʠʭ ʧʨʠʪʦʢ (ʩʢʠʜʥʽ ʢʘʥʘʣʠ ʧʽʜʧʨʠʻʤʩʪʚ), ʨ. ɹʦʨʦʚʘ ʪʘ 

ʨ. ɺʝʨʭʥʷ ɹʽʣʝʥʴʢʘ. 

ʅʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ SO4, NO2, NO3, Fe, ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʽ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ 

ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ. ɺʤʽʩʪ ʩʦʣʝʡ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʚʘʨʽʶʚʘʚ ʫ ʤʝʞʘʭ 

ɻɼʂ [1]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʟʘʢʨʠʪʪʷ ʚʝʣʠʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ï ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ, ʥʘʨʘʟʽ ʤʘʶʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʧʦ ʜʝʷʢʠʤ 

ʝʣʝʤʝʥʪʘʤ. ʊʘʢ, ʟʘ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʩʫʭʦʛʦ 

ʟʘʣʠʰʢʫ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, SO4, Cl, Al , Cu, Ni, Mn, Zn ʪʘ ʽʥ. [2]. 

ˆʨʫʥʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʝʣʠʯʝʟʥʠʤ ʪʝʭʥʦʛʝʥʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʨʠʢʦʥʽʚ, ʚʽʜʩʪʽʡʥʠʢʽʚ, ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʪʘ 

ʧʨʦʤʤʘʡʜʘʥʯʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʙʨʫʜʥʶʶʪʴ ʪʝʨʠʪʦʨʽʾ, ʫʪʚʦʨʶʶʯʠ ʨʽʟʥʽ ʟʘ 

ʨʦʟʤʽʨʦʤ ʦʨʝʦʣʠ ʟʘʙʨʫʜʥʝʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʬʦʥʦʚʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʘʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʢʦʾ ʨʽʟʥʠʮʽ ʫ ʚʽʮʽ ʪʘ ʣʽʪʦʣʦʛʽʾ ʧʦʨʽʜ ʜʦʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ 

ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʙʝʨʝʛʽʚ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ˇʨʫʥʪʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʩʫʤʘʨʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʙʨʫʜʥʝʥʥʷ [3]. ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʂʉ), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʾʾ ʨʝʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʚ 

ˇʨʫʥʪʽ (ʉ) ʜʦ ʬʦʥʦʚʦʛʦ (ʉʌ): 

F

=
C

C
KC  

ʉʫʤʘʨʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʙʨʫʜʥʝʥʥʷ (Zʉ), ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ä --=
n

CC nKZ
1

)1( , 

ʜʝ n ï ʯʠʩʣʦ ʩʫʤʘʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ Zʉ ʚʽʜ 0,7 ʜʦ 47,4. ʅʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʜʝ ʨʦʟʤʽʱʝʥʽ ʰʘʭʪʠ, ˇʨʫʥʪʠ ʟʘʙʨʫʜʥʝʥʽ As, 

Be, F, Pb, Hg, Co, V ʪʘ ʽʥ. ʅʘ ʣʽʚʦʙʝʨʝʞʞʽ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ ʚʦʜʦʟʘʙʦʨʠ, 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʝʨʝʚʠʱʝʥʥʷ ʧʦ ʥʽʪʨʘʪʘʭ, ʥʽʪʨʠʪʘʭ, ʥʘʬʪʦʧʨʦʜʫʢʪʘʭ, ʬʝʥʦʣʘʭ ʪʘ 

ʚʘʞʢʠʭ ʤʝʪʘʣʘʭ (Cu, Zn, Mn ʪʘ ʽʥ.) [4]. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʻ 

ʽʥʬʽʣʴʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟ ʧʦʚʝʨʭʥʽ. ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʨʦʜʥʦʾ 

ʟʘʭʠʱʝʥʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʚʫʟʣʘ ʩʢʣʘʣʠʩʷ ʥʝ ʜʫʞʝ 

ʩʧʨʠʷʪʣʠʚʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʘ ʩʘʤʝ: 

- ʤʝʨʛʝʣʴʥʦ-ʢʨʝʡʜʷʥʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ (ʄʂɺɻ), ʷʢʠʡ ʻ 

ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʛʽʜʨʘʚʣʽʯʥʦ 

ʟʚôʷʟʘʥʠʡ ʽʟ ʚʦʜʦʥʦʩʥʠʤ ʛʦʨʠʟʦʥʪʦʤ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʱʦ ʟʘʣʷʛʘʻ ʚʠʱʝ; 

- ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʛʽʜʨʘʚʣʽʯʥʦ ʟʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʘʤʠ, 

ʚʦʜʦʪʨʠʚʢʠʡ ʰʘʨ ʚʽʜʩʫʪʥʽʡ ʘʙʦ ʚ ʥʴʦʤʫ ʥʘʷʚʥʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ çʚʽʢʥʘè [5]. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʝ ʩʢʠʜʘʥʥʷ ʥʝʦʯʠʱʝʥʠʭ ʯʠ 

ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʨʽʯʢʠ ʩʧʨʠʷʻ ʟʘʙʨʫʜʥʝʥʥʶ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʂʨʽʤ ʮʴʦʛʦ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʽ ʪ. ʧ., ʧʦʙʫʜʦʚʘʥʠʭ 

ʜʝʩʷʪʢʠ ʨʦʢʽʚ ʪʦʤʫ, ʟ ʯʘʩʦʤ ʚʪʨʘʪʠʣʠ ʛʽʜʨʦʽʟʦʣʴʦʚʘʥʽʩʪʴ, ʪʦʤʫ ʥʘʨʘʟʽ ʚʦʥʠ 

ʪʘʢʦʞ ʻ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ˇʨʫʥʪʽʚ. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʘʣʶʚʽʘʣʴʥʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʻ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʤ 

ʚʥʘʩʣʽʜʦʢ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʝʩʠʥʛʫ. ɺʽʜʤʽʯʝʥʦ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ 

ʭʣʦʨʠʜʽʚ ʽ ʩʫʣʴʬʘʪʽʚ, ʨʝʯʦʚʠʥ ʛʨʫʧʠ ʘʟʦʪʫ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʬʝʥʦʣʽʚ, ʜʝʷʢʠʭ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ; ʧʝʨʝʚʠʱʫʶʪʴ ɻɼʂ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʽ ʞʦʨʩʪʢʦʩʪʽ.  

ʍʘʨʘʢʪʝʨ ʟʘʙʨʫʜʥʝʥʥʷ ʄʂɺɻ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʜʽʷʣʴʥʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʚʫʟʣʘ. ɿʘʛʘʣʦʤ 

ʚʽʜʤʽʯʝʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʣʝʡ, ʘʟʦʪʥʠʭ ʩʧʦʣʫʢ ʽ ʬʝʥʦʣʽʚ, 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʦʤʚʫʟʣʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʚʠʢʠʜʘʤʠ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ. ɽʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ˇʨʫʥʪʽʚ, ʧʦʚʝʨʭʥʝʚʠʭ ʽ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘʨʘʟʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʘʜʦʚʽʣʴʥʠʤ. ʉʢʣʘʜʥʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ, 

ʱʦ ʩʢʣʘʣʘʩʷ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʦʤʚʫʟʣʘ, ʚʠʤʘʛʘʻ 

ʢʦʥʪʨʦʣʶ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʅʇʉ. 
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The effectiveness of repeated (monitoring) electrical exploration for the spatio-temporal research of 

the pollution of underground hydrosphere with liquid mining waste is shown. Geoelectrical 

exploration was started in 2008 near the storage pond of highly mineralized mine and open pit 

waters in Svistunovo gorge (Southern Kryvbas). The results of integration of geological and 

geophysical methods (taking into account the features of the tectonic structure) made it possible to 

identify and vertically research the flooded areas with varying degrees of water salinity and the 

paths of its vertical and horizontal migration of highly mineralized mine and open pit waters in 

Southern Kryvbas.  

 

ʅʠʥʽʰʥʶ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʇʽʚʜʝʥʥʦʛʦ ʂʨʠʚʙʘʩʫ ʤʦʞʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʥʘʧʨʫʞʝʥʫ. ɺʦʥʘ ʬʦʨʤʫʚʘʣʘʩʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʽʦʜʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʙ'ʻʢʪʠʚʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʚʠʪʢʫ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʨʝʛʽʦʥʫ, ʚʠʩʦʢʦʤʫ ʨʽʚʥʶ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʧʽʜʟʝʤʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, 

ʥʘʢʦʧʠʯʝʥʥʶ ʚʝʣʠʯʝʟʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ, ʚ ʪ.ʯ. ʪʦʢʩʠʯʥʠʭ, ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʢʘʨ'ʻʨʥʠʭ ʽ ʰʘʭʪʥʠʭ ʚʦʜ. ʑʦʨʽʯʥʦ ʜʽʶʯʽ ʛʽʨʥʠʯʦʜʦʙʫʚʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʂʨʠʚʙʘʩʫ ʚʽʜʢʘʯʫʶʪʴ ~ 40 ʤʣʥ. ʤ
3
 ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʟ ʷʢʠʭ ʚ ʦʙʦʨʦʪʥʠʭ ʮʠʢʣʘʭ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ~ 28-30 ʤʣʥ. ʤ
3
. ʈʝʰʪʘ (~ 10-12 ʤʣʥ. ʤ

3
) ʪʠʤʯʘʩʦʚʦ 

ʘʢʫʤʫʣʶʶʪʴʩʷ ʚ ʩʪʘʚʢʫ-ʥʘʢʦʧʠʯʫʚʘʯʽ ʚ ʙʘʣʮʽ ʉʚʠʩʪʫʥʦʚʘ ʽ ʧʦʪʽʤ, ʚ 

ʤʝʞʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ (ʣʠʩʪʦʧʘʜ-ʣʶʪʠʡ), ʜʦʟʦʚʘʥʦ ʩʢʠʜʘʶʪʴʩʷ ʚ ʨ. ɯʥʛʫʣʝʮʴ. 
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ʚ ï ɼʆɿ (2016), ʛ ï ɺɽɿ (2018). 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʨʘʚʽ-ʤʘʛʥʽʪʦ-ʝʣʝʢʪʨʦʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ʚ ʨʘʡʦʥʽ ʟʘʟʥʘʯʝʥʦʾ ʙʘʣʢʠ ʚʠʷʚʣʝʥʽ ʯʠʩʣʝʥʥʽ ʪʝʢʪʦʥʽʯʥʽ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʽ 

ʨʦʟʣʦʤʠ. ʂʘʨʪʘ ʨʦʟʨʠʚʥʦʾ ʪʝʢʪʦʥʽʢʠ, ʷʢʫ ʧʦʙʫʜʦʚʘʥʦ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʽʚʥʦʤʽʨʥʦʶ 

ʩʽʪʢʦʶ ʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ, ʩʧʽʚʩʪʘʚʥʘ ʟ ʢʘʨʪʦʶ ʟʤʽʥʠ ʛʝʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʟʘ ʜʘʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ɺɽɿ) [2]. ʅʘ 
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ʛʝʦʝʣʝʢʪʨʠʯʥʦʤʫ ʨʦʟʨʽʟʽ ʚʟʜʦʚʞ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʙʘʣʢʠ 

ʉʚʠʩʪʫʥʦʚʘ (ʨʠʩ.1) ʜʦʩʠʪʴ ʯʽʪʢʦ ʢʘʨʪʫʶʪʴʩʷ ʜʽʣʷʥʢʠ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ 

(ʙʽʣʴʰ ʪʝʤʥʠʡ ʢʦʣʽʨ). ʇʦʙʫʜʦʚʘʥʽ ʨʦʟʨʽʟʠ ʧʦʢʘʟʫʶʪʴ ʾʭ ʤʽʛʨʘʮʽʶ ʚ ʧʨʦʩʪʦʨʽ ʽ 

ʯʘʩʽ ʥʘ ʨʽʟʥʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʨʽʚʥʷʭ ʽ ʧʦ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʤ ʪʝʢʪʦʥʽʯʥʠʤ 

ʧʦʨʫʰʝʥʥʷʤ, ʷʢʽ ʤʘʶʪʴ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʂʨʠʚʦʨʽʟʴʢʦʾ ʩʠʩʪʝʤʦʶ ʨʦʟʣʦʤʽʚ 

ʚ ʜʦʢʝʤʙʨʽʡʩʴʢʦʤʫ ʬʫʥʜʘʤʝʥʪʽ.  

ʇʦʨʽʚʥʷʥʥʷ ʛʝʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʦʢʘʟʘʣʦ ʥʝʟʥʘʯʥʫ ʟʤʽʥʫ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʟ 2008 ʜʦ 2012 ʨʨ. ʯʝʨʝʟ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʝʦʛʝʥʫ. ʋ 

2008 ʨ. ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ (ʜʦ 10-15 ʤ) ʤʘʣʘ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʛʝʦʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʯʝʨʝʟ ʤʝʥʰʝ ʦʙʚʦʜʥʝʥʥʷ. ʋ 2012 ʨ., ʷʢʠʡ ʙʫʚ ʙʽʣʴʰ 

ʧʦʩʫʰʣʠʚʠʤ, ʮʷ ʩʤʫʛʘ ʧʽʜʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ çʟʚʫʞʫʻʪʴʩʷè ʯʝʨʝʟ ʧʽʜʥʷʪʪʷ 

ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʚʛʦʨʫ ʧʦ ʨʦʟʨʽʟʫ. ʈʦʟʰʠʨʝʥʥʷ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʟʦʥʠ 

ʦʙʚʦʜʥʝʥʥʷ ʥʘ ʛʣʠʙʠʥʽ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʮʴʦʛʦ ʧʨʦʬʽʣʶ. 

ʇʨʠʯʠʥʦʶ ʻ ʧʦʨʫʰʝʥʥʷ ʚʦʜʦʪʨʠʚʫ ʤʽʞ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʚʦʜʦʥʦʩʥʠʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ. ɿʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʟ ʛʣʠʙʠʥ 15-20 ʤ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟ 2012 ʧʦ 2018 ʨʨ. ʯʝʨʝʟ ʟʘʛʘʣʴʥʝ ʥʘʩʠʯʝʥʥʷ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ ʚʦʜʘʤʠ ʩʝʨʝʜʥʽʭ ʽ ʥʠʞʥʽʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʛʦʨʠʟʦʥʪʽʚ 

ʽ ʪʨʽʱʠʥʫʚʘʪʠʭ ʟʦʥ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. ɸ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʯʘʩʪʠʥʽ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʯʝʨʝʟ ʟʥʝʚʦʜʥʝʥʥʷ ʮʽʻʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ [3]. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʚ 2016 ʨ. ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʜʠʧʦʣʴʥʦʛʦ ʦʜʥʦʚʽʩʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ɼʆɿ), ʷʢʽ 

ʜʦʟʚʦʣʠʣʠ ʚʠʜʽʣʠʪʠ ʪʨʠ ʚʝʣʠʢʽ ʙʣʦʢʠ (ʟʘʭʽʜʥʠʡ, ʮʝʥʪʨʘʣʴʥʠʡ ʽ ʩʭʽʜʥʠʡ), ʱʦ 

ʨʦʟʙʠʪʽ ʙʽʣʴʰ ʜʨʽʙʥʠʤʠ ʨʦʟʣʦʤʘʤʠ (ʨʠʩ.1,ʚ). ʉʧʽʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ɺɽɿ ʪʘ ɼʆɿ 

ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 2008-18 ʨʨ. ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʥʘ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʧʣʠʚʘʻ 

ʟʘʟʥʘʯʝʥʝ ʪʝʢʪʦʥʽʯʥʝ ʙʣʦʢʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ. ʅʘ ʨʠʩ.1,ʛ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʧʨʦʬʽʣʶ ʯʽʪʢʦ ʬʽʢʩʫʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʫʷʚʥʦʛʦ ʦʧʦʨʫ ʟ ʛʣʠʙʠʥʦʶ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʽʟ ʟʘʧʦʚʥʝʥʥʷʤ ʩʪʘʚʢʘ-ʥʘʢʦʧʠʯʫʚʘʯʘ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ 

ʰʘʭʪʥʠʤʠ ʽ ʢʘʨ'ʻʨʥʠʤʠ ʚʦʜʘʤʠ ʚ ʙʘʣʮʽ ʉʚʠʩʪʫʥʦʚʘ. ʇʽʜ ʜʥʠʱʝʤ ʮʴʦʛʦ ʩʪʘʚʢʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʘʧʥʷʢʠ, ʧʦ ʷʢʠʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʘʨʩʪʦʚʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʫʪʴ ʡʪʠ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʚʦʜʠ ʚʥʠʟ ʧʦ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ ʨʦʟʨʽʟʫ (ʚ ʪʝʢʪʦʥʽʯʥʽ ʟʦʥʠ 

ʽ ʜʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ) [3]. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʪʦʨʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʡʦʥʽ 

ʩʪʘʚʢʘ-ʥʘʢʦʧʠʯʫʚʘʯʘ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʰʘʭʪʥʠʭ ʽ ʢʘʨ'ʻʨʥʠʭ ʚʦʜ ʚ ʙʘʣʮʽ 

ʉʚʠʩʪʫʥʦʚʘ (ʇʽʚʜʝʥʥʠʡ ʂʨʠʚʙʘʩ) ʟ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʨʽʟʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ ʛʝʦʝʣʝʢʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʚʯʘʪʠ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʟʤʽʥʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ, ʢʘʨʪʫʚʘʪʠ ʦʙʚʦʜʥʝʥʽ ʜʽʣʷʥʢʠ (ʟ 

ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ) ʚ ʧʝʨʽʦʜ 2008-2018 ʨʨ. ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʰʣʷʭʠ ʾʾ ʤʽʛʨʘʮʽʾ ʚ ʧʦʜʘʣʴʰʦʤʫ. 
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Institute of Geological sciences National Academy of Sciences of Ukraine carried out 

examinations of groundwater and environmental contamination by persistent organochlorine 

pesticides: DDT and its metabolites, HCCH and its isomers, aldrin, heptachlor; organophosphoric 

pesticides: methaphos, carbophos, phosphamide, phozallon; fluorine ï containing pesticides: 

trephlane a.o. in different regions of Ukraine. It was established that simultaneously in the same 

sample potable waters there could be present up to 8 substances and their metabolites, derivatives 

of chemical compounds of different groups in the concentrations lower than MPC for potable 

water; however the total effect of their influence on human body is not studied yet.   

 

ɺ ɯʥʩʪʠʪʫʪʽ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʧʝʩʪʠʮʠʜʽʚ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʽ ˇʨʫʥʪʘʭ ʚʠʚʯʘʣʠ ʩʪʽʡʢʽ ʭʣʦʨʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ 

ʧ,ʧ'- ɼɼʊ, ʧ,ʧ' ï ɼɼɽ, ʦ,ʧ' ï ɼɼɼ, ʙ - ɻʍʎɻ, ʚ - ɻʍʎɻ, ʛ - ɻʍʎɻ, ʘʣʴʜʨʠʥ, 

ʛʝʧʪʘʭʣʦʨ; ʬʪʦʨʚʤʽʱʫʶʯʠʡ ʧʝʩʪʠʮʠʜ ʪʨʝʬʣʘʥ; ʬʦʩʬʦʨʦʨʛʘʥʽʯʥʽ ʧʝʩʪʠʮʠʜʠ: 

ʢʘʨʙʦʬʦʩ, ʤʝʪʘʬʦʩ, ʬʦʟʘʣʦʥ, ʬʦʩʬʘʤʠʜ, ʘʟʦʪʚʤʽʱʫʶʯʠ ʧʝʩʪʠʮʠʜʠ ʪʘ ʽʥ. 

ʅʘ ʦʩʥʦʚʽ ʥʘʰʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʩʪʠʮʠʜʠ 

ʧʨʠʩʫʪʥʽ ʚ ʫʩʽʭ ʦʙôʻʢʪʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʧʽʜʟʝʤʥʠʭ, ʧʦʚʝʨʭʥʝʚʠʭ, 

ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜʘʭ, ˇʨʫʥʪʘʭ, ʧʦʨʦʜʘʭ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʨʦʩʣʠʥʘʭ, ʚʦʜʦʨʦʩʪʷʭ. 

ʋ ʢʦʞʥʽʡ ʧʨʦʙʽ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʩʪʠʮʠʜʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 8 

ʥʘʡʤʝʥʫʚʘʥʴ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʩʫʤʘʨʥʠʡ 

ʝʬʝʢʪ ʜʽʾ ʷʢʠʭ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʥʝ ʚʠʚʯʝʥʠʡ. ʇʦʪʨʘʧʣʷʶʯʠ ʚ ʧʽʜʟʝʤʥʫ ʚʦʜʫ 

ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ, ʧʝʩʪʠʮʠʜʠ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [1]. 

ɿʘ ʧʝʨʽʦʜ 1960-2011ʨ.ʨ. ʥʘ ʩʽʣʴʛʦʩʧʫʛʽʜʜʷ ʋʢʨʘʾʥʠ ʥʘʜʽʡʰʣʦ 2 ʤʣʥ. 85 ʪʠʩ. 

ʪʦʥ ʧʝʩʪʠʮʠʜʽʚ. ʅʘʷʚʥʽʩʪʴ ʧʝʩʪʠʮʠʜʽʚ ʽ ʾʭ ʧʦʭʽʜʥʠʭ ʚ ʧʨʠʨʦʜʥʽʡ ʛʝʦʩʠʩʪʝʤʽ 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʥʦʚʦʾ ʛʨʫʥʪʦʚʦ-ʛʝʦʭʽʤʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʪʦʤʫ ʟʤʽʥʶʶʪʴʩʷ 

ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ 
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ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ (ʧʝʩʪʠʮʠʜʽʚ) ʟʤʽʥʶʻʪʴʩʷ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ɺʤʽʩʪ ʧʝʩʪʠʮʠʜʽʚ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ, ʘ ʟʘʟʥʘʻ 

ʟʘʢʦʥʦʤʽʨʥʽ ʟʤʽʥʠ, ʷʢ ʚ ʯʘʩʽ, ʚ ʙʘʛʘʪʦʨʽʯʥʦʤʫ ʮʠʢʣʽ, ʪʘʢ ʽ ʧʦ ʩʝʟʦʥʘʭ ʨʦʢʫ. ɺ 

ʙʘʛʘʪʦʨʽʯʥʦʤʫ ʮʠʢʣʽ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʦʜʥʠʭ ʚʠʧʘʜʢʘʭ 

ʟʨʦʩʪʘʥʥʷ, ʚ ʽʥʰʠʭ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʨʝʤʠʭ ʧʝʩʪʠʮʠʜʽʚ ʚ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜʘʭ, ʱʦ ʚʠʢʣʠʢʘʥʦ, ʮʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʟʤʽʥʦʶ ʘʩʦʨʪʠʤʝʥʪʫ ʽ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʝʩʪʠʮʠʜʽʚ ʥʘ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. ɺ 2005-2007 ʨ.ʨ. ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ (ʧʝʨʝʨʝʻʩʪʨʦʚʘʥʦ) 1112 ʧʝʩʪʠʮʠʜʽʚ ʽ ʘʛʨʦʭʽʤʽʢʘʪʽʚ. ʉʴʦʛʦʜʥʽ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʶ ʧʝʩʪʠʮʠʜʘʤʠ 

ʧʠʪʥʦʾ ʚʦʜʠ, ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ.  

ʇʦʪʨʘʧʣʷʶʯʠ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʧʝʩʪʠʮʠʜʠ ʤʦʞʫʪʴ 

ʚʠʢʣʠʢʘʪʠ ʥʝʙʘʞʘʥʽ ʥʘʩʣʽʜʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʧʝʩʪʠʮʠʜʽʚ, 

ʚʦʥʠ ʻ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʙʦʨʦʪʴʙʠ ʟ ʰʢʽʜʥʠʢʘʤʠ, ʭʚʦʨʦʙʘʤʠ 

ʩʽʣʴʩʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʽ ʙʫʨô̫ ʥʘʤʠ. ʅʝʦʙʭʽʜʥʠʡ ʢʦʥʪʨʦʣʴ ʽ ʩʫʚʦʨʘ 

ʨʝʛʣʘʤʝʥʪʘʮʽʷ ʦʙʩʷʛʽʚ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʫ ʧʝʩʪʠʮʠʜʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʨʠ 

ʚʥʝʩʝʥʥʽ ʾʭ ʥʘ ʩʽʣʴʛʦʩʧʫʛʽʜʜʷ.  

ɺʽʜʤʽʪʥʘ ʨʠʩʘ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʧʝʩʪʠʮʠʜʽʚ ï ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚ ʥʘʩʪʫʧʥʠʭ 

ʣʘʥʢʘʭ ʙʽʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʛʘ. ɿʙʝʨʽʛʘʶʯʠʩʴ ʚ ʦʨʥʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ, ʮʽ ʩʧʦʣʫʢʠ, 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʪʫʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ, ʧʨʦʥʠʢʘʶʯʠ ʚ ʧʽʜʟʝʤʥʫ 

ʛʝʦʩʠʩʪʝʤʫ, ʧʽʜʟʝʤʥʽ ʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ʨʦʩʣʠʥʠ, ʧʦʚʽʪʨʷ. ʋ ʛʨʫʥʪʦʚʦï

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʪʝʨʤʽʥ ʞʠʪʪʷ ʮʠʭ ʨʝʯʦʚʠʥ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ 

ʜʦ 100 ʨʦʢʽʚ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʥʠʤ ʚʧʣʠʚʦʤ ʙʽʦʪʠʯʥʠʭ ʽ ʘʙʽʦʪʠʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʦʛʦ ʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ: 

ʦʢʠʩʣʝʥʥʷ, ʛʽʜʨʦʣʽʟ, ʜʝʭʣʦʨʫʚʘʥʥʷ ʪʘ ʽʥ. ɯʩʪʦʪʥʠʤʠ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʟʘʻʤʦʜʽʷ ʚ ʩʠʩʪʝʤʽ ʛʨʫʥʪ ï ʩʫʤʽʞʥʽ ʩʝʨʝʜʦʚʠʱʘ (ʚʦʜʘ, ʨʦʩʣʠʥʠ, 

ʧʦʚʽʪʨʷ). ɻʨʫʥʪ ʻ ʦʩʥʦʚʥʠʤ ʤʽʩʮʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʧʝʩʪʠʮʠʜʽʚ, ʟʚʽʜʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʛʨʘʮʽʷ ʾʭ ʚ ʽʥʰʽ ʩʝʨʝʜʦʚʠʱʘ 

ï ʚʦʜʫ, ʨʦʩʣʠʥʠ, ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʚ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ. 

ɺʠʩʥʦʚʢʠ: 

1. ɺʤʽʩʪ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʧʝʩʪʠʮʠʜʽʚ (ʩʫʤʠ ɼɼʊ, ʩʫʤʠ ɻʍʎɻ) ʚ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ 1
.
10

-6
 ï 1

.
10

-3
 ʤʛ/ʜʤ

3
, ʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ʨʽʯʦʢ ʽ ʦʟʝʨ 1
.
10

-7
 ï 1

.
10

-4
 ʤʛ/ʜʤ

3
. ɹʘʛʘʪʦʨʽʯʥʝ ʚʠʚʯʝʥʥʷ 

ʚʤʽʩʪʫ ʧʝʩʪʠʮʠʜʽʚ ʫ ˇʨʫʥʪʘʭ ʽ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʋʢʨʘʾʥʠ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʙʣʠʟʴʢʦ 20 ʧʦʭʽʜʥʠʭ ʮʠʭ ʨʝʯʦʚʠʥ ʧʨʠʩʫʪʥʽ ʫ ˇʨʫʥʪʘʭ ʽ ʧʦʨʦʜʘʭ 

ʥʘ ʨʽʚʥʽ 1
.
10

-8
 ï 1

.
10

-3
 ʤʛ/ʢʛ ʜʦ ʦʜʠʥʠʮʴ ʤʛ/ʢʛ, ʬʦʨʤʫʶʯʠ ʬʦʥʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʙʽʦʩʬʝʨʥʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ, ʟʘʢʘʟʥʠʢʽʚ, ʧʘʨʢʽʚ. 

2. ʉ ʧʦʟʠʮʽʡ ʟʘʙʨʫʜʥʝʥʥʷ ʛʽʜʨʦʩʬʝʨʠ ʦʩʦʙʣʠʚʫ ʥʝʙʝʟʧʝʢʫ ʩʪʘʥʦʚʣʷʪʴ 

ʨʝʯʦʚʠʥʠ, ʷʢʽ ʜʦʚʛʦ ʞʠʚʫʪʴ ʚ ˇʨʫʥʪʽ. ɺʦʥʠ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ 

ʚʩʽʭ ʧʽʜʩʠʩʪʝʤ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʬʽʟʠʯʥʘ ʘʜʩʦʨʙʮʽʷ (ʩʦʨʙʮʽʷ) ʧʦʨʦʜʘʤʠ ʽ 

ˇʨʫʥʪʘʤʠ, ʧʦʚʽʣʴʥʘ ʤʽʛʨʘʮʽʷ ʧʦ ˇʨʫʥʪʦʚʦʤʫ ʧʨʦʬʽʣʶ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʨʪʫʪʴ- ʽ 

ʤʠʰʴʷʢʚʤʽʱʫʶʯʽ ʩʧʦʣʫʢʠ, ʭʣʦʨʦʨʛʘʥʽʯʥʽ ʧʦʭʽʜʥʽ, ʩʠʤʝʪʨʠʯʥʽ ʪʨʠʘʟʠʥʠ. ɺʦʥʠ 
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ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ˇʨʫʥʪʘʭ ʽ ʧʦʨʦʜʘʭ, ʚʪʽʤ ʫ ʧʦʨʦʜʘʭ ʥʘ 1-2 ʧʦʨʷʜʢʠ ʚʠʱʝ, ʥʽʞ ʫ 

ˇʨʫʥʪʘʭ. 

3. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʤʽʛʨʘʮʽʾ ʧʝʩʪʠʮʠʜʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʢʪʦʥʽʯʥʦʾ ʨʦʟʜʨʦʙʣʝʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʝʢʪʦʥʽʯʥʦʶ ʨʦʟʜʨʦʙʣʝʥʽʩʪʶ ʽ ʚʤʽʩʪʦʤ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ 

ʧʝʩʪʠʮʠʜʽʚ (ɼɼʊ, ɻʍʎɻ) ʚ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʽ ʝʦʮʝʥʦʚʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʏʠʤ ʚʠʱʝ ʩʪʫʧʽʥʴ ʪʝʢʪʦʥʽʯʥʦʾ ʨʦʟʜʨʦʙʣʝʥʦʩʪʽ, 

ʪʠʤ ʤʝʥʰʝ ʚʤʽʩʪ ʩʫʤʠ ɻʍʎɻ ʽ ʡʦʛʦ ʽʟʦʤʝʨʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʚʦʜʽ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ʅʘʷʚʥʽʩʪʴ ʟʥʘʯʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ 

ʜʣʷ ʙʽʣʴʰ ʚʠʩʦʢʦʨʫʭʣʠʚʦʛʦ ʧʝʩʪʠʮʠʜʫ ɻʍʎɻ ʽ ʩʪʽʡʢʦʛʦ ɼɼʊ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʩʪʠʮʠʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʟ ʥʠʟʢʦʶ ʪʝʢʪʦʥʽʯʥʦʶ 

ʨʦʟʜʨʦʙʣʝʥʽʩʪʶ. ʏʠʤ ʚʠʱʝ ʪʝʢʪʦʥʽʯʥʘ ʨʦʟʜʨʦʙʣʝʥʽʩʪʴ, ʪʠʤ ʢʨʘʱʝ ʤʽʛʨʘʮʽʷ 

ʧʝʩʪʠʮʠʜʽʚ. 

4. ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʝʩʪʠʮʠʜʽʚ ʚ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʧʝʨʝʚʠʱʫʻ ɻɼʂ, 

ʪʦ ʪʘʢʘ ʚʦʜʘ ʩʪʘʥʦʚʠʪʴ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚô̫  ʣʶʜʝʡ. ʗʢʱʦ ʧʝʩʪʠʮʠʜʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʠʞʯʝ ɻɼʂ, ʪʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʚʞʠʚʘʥʥʽ ʪʘʢʘ ʚʦʜʘ ʤʦʞʝ ʧʨʠʛʥʽʯʫʚʘʪʠ ʛʝʥʝʪʠʯʥʫ ʽ ʽʤʫʥʥʫ 

ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ. 

5. ʅʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʫʧ ʧʝʩʪʠʮʠʜʽʚ (ʢʛ/ʛʘ) ʥʘ ʨʽʢ 

ʧʨʦʧʦʨʮʽʡʥʽ ʦʢʨʝʤʠʤ ʥʦʟʦʣʦʛʽʯʥʠʤ ʬʦʨʤʘʤ ʽ ʛʨʫʧʘʤ ʧʘʪʦʣʦʛʽʡ ʥʘ 10 ʪʠʩ. 

ʯʦʣʦʚʽʢ [2]. 

6. ʉʝʨʝʜʥʴʦʨʽʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʝʢʪʠʮʠʜʽʚ ʽ ʛʝʨʙʽʮʠʜʽʚ ʚ ʪʦʥʘʭ ʟʘ 

ʜʽʶʯʦʶ ʨʝʯʦʚʠʥʦʶ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʽʟ ʟʘʛʘʣʴʥʦʶ ʟʘʭʚʦʨʶʚʘʥʽʩʪʶ  

ʟʣʦʷʢʽʩʥʠʤʠ ʥʦʚʦʫʪʚʦʨʝʥʥʷʤʠ ʥʘ 100 ʪʠʩ. ʯʦʣʦʚʽʢ ʯʝʨʝʟ 5-9 ʨʦʢʽʚ [3]. 

7. ɿ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʩʪʠʮʠʜʽʚ 

ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʽ ʽʥʰʠʭ ʦʙôʻʢʪʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʽ ʪʘ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʧʽʜʟʝʤʥʫ ʛʝʦʩʠʩʪʝʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʪʘ ʝʢʦʣʦʛʦ-

ʛʽʛʽʻʥʽʯʥʫ ʦʮʽʥʢʫ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʇʨʦʚʝʜʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʘʫʜʠʪʫ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʨʝʘʣʴʥʠʡ ʩʪʘʥ, ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʥʠʭ; ʨʝʛʫʣʶʚʘʪʠ ʥʘʧʨʫʛʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʝʢʦʩʠʩʪʝʤʘʭ, ʽ 

ʪʠʤ ʩʘʤʠʤ ʧʝʨʝʜʙʘʯʘʪʠ ʽ ʧʦʧʝʨʝʜʞʘʪʠ ʤʦʞʣʠʚʽ ʥʝʩʧʨʠʷʪʣʠʚʽ ʝʢʦʣʦʛʽʯʥʽ 

ʩʠʪʫʘʮʽʾ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʪʝʭʥʦʛʝʥʥʽ ʢʘʪʘʩʪʨʦʬʠ. 
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The article analyzes the impact of tectonic faults on the surface subsidence during underground coal 

mining. It is shown that a fault zone is not a homogeneous zone of crushing along a single fault 

characterized by the presence of fault breccia, gouge, mylonite, but a cluster with a series of 

discrete fractures. Structural and kinematic features of these fractures largely determine their 

reactivation during mining subsidence. A forecast is given for the involvement of discrete fractures 

in the flooding of mines. When a fracture acts as a mass transfer channel, the mechanism of the 

impact of faults on environmental load is shown. 

 

ʊʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʚʩʽʭ ʡʦʛʦ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠ ʮʴʦʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʽ ʚʽʜ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʤʘʩʠʚʫ, ʨʝʘʢʮʽʶ-ʟʤʽʥʠ ʽʥʦʜʽ ʩʢʣʘʜʥʦ ʧʦʷʩʥʠʪʠ. ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʚ ʧʣʘʥʽ 

ʚʠʚʯʝʥʥʷ ʻ ʛʽʨʥʠʯʦʜʦʙʫʚʥʽ ʨʘʡʦʥʠ. ʉʪʫʧʽʥʴ ʽ ʜʝʪʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ ʪʘʢʠʭ ʨʘʡʦʥʽʚ ʜʫʞʝ ʚʠʩʦʢʘ. ʇʨʠ ʮʴʦʤʫ, ʥʝʜʦʦʙʣʽʢ ʛʝʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʣʷʥʢʠ ʨʦʜʦʚʠʱʘ ʷʢ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ. ɺʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʚʠʢʣʠʢʘʻ ʟʨʫʰʝʥʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʨʽʟʥʦʛʦ 

ʢʣʘʩʫ, ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ ʜʝʬʽʮʠʪʫ ʚʽʣʴʥʠʭ ʧʣʦʱ ʜʣʷ ʟʘʙʫʜʦʚʠ, ʚʠʤʘʛʘʻ 

ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʨʦʛʠʭ ʟʘʭʦʜʽʚ ʾʭ ʟʘʭʠʩʪʫ ʽ ʧʦʩʪʽʡʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʦʯʽʢʫʚʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʙʘʟʫʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʘ ʛʽʨʥʠʯʦ-ʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʘʭ. ʅʘ ʜʽʣʷʥʢʘʭ 

ʚʽʜʩʫʪʥʦʩʪʽ ʛʝʦʣʦʛʽʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ (ʨʦʟʨʠʚʽʚ, ʩʢʣʘʜʦʢ, ʣʽʪʦʣʦʛʽʯʥʠʭ 

ʢʦʥʪʨʘʩʪʽʚ) ʮʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʚʠʩʦʢʫ ʟʙʽʞʥʽʩʪʴ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʨʫʰʝʥʥʷ, ʱʦ 

ʬʘʢʪʠʯʥʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. ʏʠʤ ʙʽʣʴʰʝ ʨʝʘʣʴʥʽ ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ, ʪʠʤ ʩʠʣʴʥʽʰʝ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʽ 

ʬʘʢʪʠʯʥʠʤʠ ʢʨʠʚʠʤʠ ʦʩʽʜʘʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚ ʧʣʘʥʽ ʨʝʘʢʪʠʚʘʮʽʾ ʻ ʨʦʟʨʠʚʥʽ ʧʦʨʫʰʝʥʥʷ. ʊʝʨʤʽʥ 

çʨʝʘʢʪʠʚʘʮʽʷè ʪʝʢʪʦʥʽʯʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʚʞʠʚʘʻʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʢʨʝʩʣʠʪʠ 

ʪʝʭʥʦʛʝʥʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠʯʠʥ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʚʪʦʨʠʥʥʽ ʟʨʫʰʝʥʥʷ ʧʦ ʧʣʦʱʠʥʘʭ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʥʷ [1].  

ɸʚʪʦʨʘʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 55 ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ, ʷʢʽ ʧʽʜʨʦʙʣʷʶʪʴ ʥʘ 

ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ. ɿʘ ʜʘʥʠʤʠ ʧʦʣʴʦʚʠʭ ʽ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʛʽʨʥʠʯʠʭ 

ʚʠʨʦʙʢʘʭ ʨʦʟʨʠʚʠ ʨʽʜʢʦ ʚʠʛʣʷʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʦʦʜʠʥʦʢʠʭ ʟʤʽʱʫʚʘʯʝʡ. 
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ʅʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʦʥʠ ʢʘʪʘʢʣʘʩʪʠʯʥʦʛʦ ʜʨʦʙʣʝʥʥʷ ʧʦʨʽʜ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʠʩʢʨʝʪʥʠʭ ʟʤʽʱʫʚʘʯʝʡ ʽ ʪʨʽʱʠʥ (ʨʠʩ.1). ʈʝʛʽʦʥʘʣʴʥʽ 

ʧʦʨʫʰʝʥʥʷ ʤʘʶʪʴ ʟʦʥʠ ʜʨʦʙʣʝʥʥʷ ʧʦʨʽʜ, ʚʠʤʽʨʶʚʘʥʽ ʜʝʩʷʪʢʘʤʠ ʽ ʧʝʨʰʠʤʠ 

ʩʦʪʥʷʤʠ ʤʝʪʨʽʚ ʧʨʠ ʱʽʣʴʥʦʩʪʽ 3-8 ʟʤʽʱʫʚʘʯʝʡ ʥʘ 10 ʤʝʪʨʽʚ ʟʦʥʠ ʜʨʦʙʣʝʥʥʷ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʠʩʢʨʝʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʩʽʜʘʥʥʷ - ʧʦ ʘʥʪʠʪʝʪʠʯʥʦ ʟʚ'ʷʟʘʥʠʤ ʟ 

ʦʩʥʦʚʥʠʤ ʟʤʽʱʫʚʘʯʝʤ ʪʨʽʱʠʥʘʤ. ʅʘʷʚʥʽʩʪʴ ʧʨʠʨʦʟʨʠʚʥʠʭ ʩʢʣʘʜʦʢ ʪʘʢʦʞ 

ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʜʦ ʣʦʢʘʮʽʾ ʟʦʩʝʨʝʜʞʝʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʨʠʩʦʚʢʘ ʬʨʘʛʤʝʥʪʘ ʚʠʭʦʜʫ ʌʨʘʥʮʫʟʴʢʦʛʦ ʥʘʩʫʚʫ (ʰʘʭʪʘ ʽʤ. ɻʦʨʴʢʦʛʦ) 

 

ɺʠʟʥʘʯʝʥʥʷ ʙʫʜʦʚʠ ʟʦʥʠ ʚʧʣʠʚʫ ʨʦʟʨʠʚʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ 

ʧʨʦʛʥʦʟ ʧʦ ʡʦʛʦ ʨʝʘʢʪʠʚʘʮʽʾ. ʇʦʨʫʰʝʥʘ ʟʦʥʘ ʻ ʩʚʦʻʨʽʜʥʠʤ ʧʨʦʚʽʜʥʠʤ ʢʘʥʘʣʦʤ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ - ʚʽʜ ʟʩʫʚʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʤʘʩʦʧʝʨʝʥʦʩʫ. 

ʇʽʜ ʦʩʪʘʥʥʽʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʥʝ ʪʽʣʴʢʠ ʧʨʠʨʦʜʥʘ ʚʦʜʥʦ-ʛʘʟʦʚʘ ʤʽʛʨʘʮʽʷ, ʘ ʡ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʪʝʭʥʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʥʘʩʪʫʧʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʾʭ ʧʦ ʣʘʪʝʨʘʣʽ [3]. 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʝʡ ʚʠʩʥʦʚʦʢ ʤʘʻ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʦʚʝ ʟʘʢʨʠʪʪʷ ʰʘʭʪ ʥʘ ʥʝʧʽʜʢʦʥʪʨʦʣʴʥʽʡ ʋʢʨʘʾʥʽ ʪʝʨʠʪʦʨʽʾ. 

ʇʽʜʥʷʪʪʷ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʝʜʝ ʥʝ ʪʽʣʴʢʠ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ, ʘ ʡ ʜʦ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʯʦʚʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʝʙʝʟʧʝʯʥʠʭ. 
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The article highlights the dynamics of the distribution of hardness and mineralization of 

groundwater at the Synycha water intake of the city of Izyum in the Kharkiv region. The detailed 

physical and geographical characteristics of the groundwater abstraction area are given. On the 

basis of numerical and graphic data the general tendencies of chemical composition of waters are 

explained and forecasts concerning the further vector of movement of the specified indicators are 

offered. 

 

ʉʢʦʨʦʯʝʥʥʷ ʦʙôʻʤʽʚ ʷʢʽʩʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʻ ʦʜʥʽʻʾ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ 

ʧʨʦʙʣʝʤ ʋʢʨʘʾʥʠ. ɺ ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʚʦʜʦʟʘʙʦʨʽʚ ʤʦʞʫʪʴ ʬʽʢʩʫʚʘʪʠʩʴ ʨʘʟʦʚʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʜʘʣʽ ï ɻɼʂ), ʚ ʽʥʰʠʭ ï 

ʩʠʩʪʝʤʥʽ, ʘ ʚ ʜʝʷʢʠʭ ʽ ʥʝ ʬʽʢʩʫʚʘʪʠʩʴ ʟʦʚʩʽʤ. ʇʨʦʪʝ, ʚ ʦʩʪʘʥʥʽʭ ʤʦʞʝ 

ʧʨʦʩʣʽʜʢʦʚʫʚʘʪʠʩʴ ʪʨʝʥʜ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʯʝʨʝʟ ʧʝʚʥʠʡ 

ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʾ ʜʠʥʘʤʽʢʠ. ʊʘʢʦʶ ʨʦʙʦʪʦʶ 

ʟʘʡʤʘʶʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʩʣʫʞʙʠ. ʗʢʱʦ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʟʥʘʯʥʠʭ ʧʦ ʨʦʟʤʽʨʘʭ 

ʦʙôʻʢʪʽʚ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʽʩʥʫʶʪʴ ʮʽʣʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʉʽʚʝʨʩʴʢʦʛʦ 

ɼʦʥʮʷ ï ʉʽʚʝʨʩʴʢʦ-ɼʦʥʝʮʴʢʝ ʙʘʩʝʡʥʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʦ ʜʣʷ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʢʣʶʯʦʚʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ 

ʚʠʩʪʫʧʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʦʜʦʧʦʩʪʘʯʘʣʴʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʆʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʽ 

ʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʤʘʶʪʴ ʟʚôʷʟʦʢ (ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʬʽʣʴʪʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, 

ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʽ ʤʽʛʨʘʮʽʾ ʪʦʱʦ), ʾʭ ʘʥʘʣʽʟ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʨʽʚʥʠʭ ʩʪʫʧʝʥʷʭ 

ʦʙʦʧʽʣʴʥʠʤ.  

ʆʙʨʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʜʽʣʷʥʢʘ ʚʠʣʫʯʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʯʠʩʪʢʠ ʪʘ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʪʘ ɯʟʶʤʫ ʤʘʻ ʥʘʟʚʫ ʉʠʥʠʯʘʥʩʴʢʘ, ʚʽʜ 

ʦʜʥʦʡʤʝʥʥʦʛʦ ʩʝʣʠʱʘ ʥʝʧʦʜʘʣʽʢ, ʘ ʰʠʨʦʢʦʤʫ ʟʘʛʘʣʫ ʙʽʣʴʰ ʚʽʜʦʤʘ ʷʢ 

ɹʫʢʠʥʩʴʢʘ, ʚʽʜ ʥʘʟʚʠ ʟʘʣʽʟʥʠʯʥʦʾ ʩʪʘʥʮʽʾ. ɿʥʘʭʦʜʠʪʴʩʷ ʚʦʥʘ ʫ 8-ʤʠ ʢʽʣʦʤʝʪʨʘʭ ʥʘ 

ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʚʽʜ ʤ. ɯʟʶʤʫ, ʫ ʤʽʩʮʽ ʟʣʠʪʪʷ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ʽ ʨ. ʆʩʢʽʣ, ʪʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 4 ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ (ˉ 82, ˉ 61, ˉ 5, ˉ 4), ʟʘ 

ʜʘʥʠʤʠ ʟ ʷʢʠʭ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʘʥʘʣʽʟ. ɼʽʣʷʥʢʘ ʤʘʻ ʨʽʚʥʠʡ ʨʝʣʴʻʬ ʟ ʥʝʚʝʣʠʢʠʤ 

ʫʭʠʣʦʤ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ, ʘʙʩʦʣʶʪʥʽ ʚʠʩʦʪʠ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 61 ʜʦ 65 ʤ. [1]. 

ɿʘ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙʠ ʚʦʜʠ, ʷʢʠʡ 

ʚʠʢʦʥʫʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʽʻʶ ɯʟʶʤʩʴʢʦʛʦ ʢʦʤʫʥʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ 
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ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʥʘʦʯʥʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʤʽʥʫ 

ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʉʝʨʝʜ ʦʜʠʥʠʮʴ ʘʥʘʣʽʟʫ ʘʚʪʦʨʦʤ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʜʚʽ 

ʢʘʪʝʛʦʨʽʾ ʟ ʥʘʡʙʽʣʴʰ ʥʘʦʯʥʦʶ ʜʠʥʘʤʽʢʦʶ: ʞʦʨʩʪʢʽʩʪʴ (ʈʠʩ. 1) ʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 

(ʈʠʩ. 2). 

ɺʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʞʦʨʩʪʢʦʩʪʽ ʤʘʻ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʷʢ ʜʣʷ ʣʶʜʝʡ, ʪʘʢ ʽ 

ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʫ ʚʦʜʫ. ʉʪʘʥʜʘʨʪʦʤ ʧʨʠʜʘʪʥʦʩʪʽ 

ʚʦʜʠ ʟʘ ʨʽʚʥʝʤ ʞʦʨʩʪʢʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʚʠʩʪʫʧʘʶʪʴ çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ 

ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè ɼʉʘʥʇʽʅ 2.2.4-171-10 [2]. 

ɿʛʽʜʥʦ ʟ ʮʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʘʢʪʦʤ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʦʜʦʧʨʦʚʽʜʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʚʘʞʘʻʪʴʩʷ ʚʦʜʘ ʟ ʨʽʚʥʝʤ ʞʦʨʩʪʢʦʩʪʽ Ò7,0 ʘʙʦ Ò10,0 ʚ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ ʟʘ ʧʦʛʦʜʞʝʥʥʷʤ ʟ ʛʦʣʦʚʥʠʤ ʩʘʥʽʪʘʨʥʠʤ ʣʽʢʘʨʝʤ ʚʽʜʧʦʚʽʜʥʦʾ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʪʝʨʠʪʦʨʽʾ.  

ɸʥʘʣʽʟʫʶʯʠ ʜʠʥʘʤʽʢʫ ʨʦʟʧʦʜʽʣʫ ʨʽʚʥʽʚ ʞʦʨʩʪʢʦʩʪʽ ʉʠʥʠʯʘʥʩʴʢʦʾ 

ʚʦʜʦʟʘʙʽʨʥʦʾ ʜʽʣʷʥʢʠ (ʈʠʩ. 1) ʥʝ ʤʦʞʥʘ ʥʝ ʚʽʜʤʽʪʠʪʠ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ. ɿ 2003 ʧʦ 2020 ʨʽʢ ʧʦʢʘʟʥʠʢʠ ʢʦʣʠʚʘʣʠʩʴ, ʘʣʝ ʣʽʥʽʾ ʪʨʝʥʜʫ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʯʽʪʢʝ ʟʨʦʩʪʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʫ ʧʨʦʙʘʭ ʚʩʽʭ ʩʚʝʨʜʣʦʚʠʥ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʩʚʝʨʜʣʦʚʠʥ ˉ 82, ˉ 61, ˉ 5 ʪʘ ˉ 4 ʫ 2003 ʨʦʮʽ ʞʦʨʩʪʢʽʩʪʴ ʩʢʣʘʜʘʣʘ 2,94; 2,65; 

2,94 ʪʘ 3,2 ʤʤʦʣʴ/ʜʤ
3
 ʚʽʜʧʦʚʽʜʥʦ, ʘ ʚ 2020 ʚʞʝ 5,19; 4,05; 4,49 ʪʘ 3,77. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɾʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʉʠʥʠʯʘʥʩʴʢʦʛʦ ʚʦʜʦʟʘʙʦʨʫ 

 

ɿʘ 18 ʨʦʢʽʚ ʩʠʩʪʝʤʥʠʭ ʘʥʘʣʽʟʽʚ ʬʽʢʩʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʥʘ 17,8 % 

(  ̄4), 52,8 % (ˉ 61, ˉ 5) ʪʘ 76, 5 % (ˉ 82). ʇʨʠʯʦʤʫ ʚʢʘʟʘʥʽ ʚʽʜʩʦʪʢʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʪʦʯʦʢ ʝʢʩʪʨʝʤʫʤʽʚ, ʥʘʧʨʠʢʣʘʜ: 2010 ʨʽʢ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥʠ ˉ 61 ʪʘ 

ˉ 4 ʘʙʦ 2015 ʨʽʢ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥʠ ˉ 82, ʜʝ ʨʽʟʥʠʮʷ ʫ ʚʽʜʩʦʪʢʘʭ ʙʫʜʝ ʱʝ 

ʙʽʣʴʰʦʶ. ʐʣʷʭʦʤ ʥʝʩʢʣʘʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʟʘ ʥʘʷʚʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʟʘ ʨʽʚʥʝʤ ʞʦʨʩʪʢʦʩʪʽ 

ʤʦʞʫʪʴ ʬʽʢʩʫʚʘʪʠʩʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʞʝ ʯʝʨʝʟ 6-9 ʨʦʢʽʚ. 

ʅʘʩʪʫʧʥʦʶ ʢʘʪʝʛʦʨʽʻʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ (ʈʠʩ. 2). ɿʘ ʚʞʝ ʥʘʟʚʘʥʠʤʠ ʥʦʨʤʘʤʠ (ɼʉʘʥʇʽʅ 2.2.4-171-10) ʜʣʷ 
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ʧʨʠʜʘʪʥʦʩʪʽ ʚʦʜʠ ʫ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞʘʭ ʨʽʚʝʥʴ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʦʚʠʥʝʥ ʙʫʪʠ 

Ò1000 ʤʛ/ʜʤ
3
 ʘʙʦ Ò1500 ʤʛ/ʜʤ

3
 ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ. ɺʠʚʯʘʶʯʠ ʨʦʟʧʦʜʽʣ ʨʽʚʥʽʚ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʦ ʨʦʢʘʭ ʩʠʪʫʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʩʭʦʞʘ ʟ ʜʘʥʠʤʠ ʧʦ ʞʦʨʩʪʢʦʩʪʽ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʉʠʥʠʯʘʥʩʴʢʦʛʦ ʚʦʜʦʟʘʙʦʨʫ 

 

ɿʘ ʧʝʨʽʦʜ ʟ 2003 ʧʦ 2020 ʨʽʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟ 250,9 ʤʛ/ʜʤ
3
 (  ̄82); 257,3 ʤʛ/ʜʤ

3
 (ˉ 61); 254,2 ʤʛ/ʜʤ

3
 (ˉ 5) ʪʘ 

181 ʤʛ/ʜʤ
3
 (ˉ 4) ʜʦ 533 ʤʛ/ʜʤ

3
 (  ̄82); 528 ʤʛ/ʜʤ

3
 (ˉ 61); 480 ʤʛ/ʜʤ

3
 (ˉ 5) ʪʘ 

477 ʤʛ/ʜʤ
3
 (ˉ 4) ʚʽʜʧʦʚʽʜʥʦ. ɿʤʽʥʠ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ: 112,4 % (ˉ 82); 

105,2 % (ˉ 61); 88,8 % (ˉ 5); 163,5 %(ˉ 4). ɿʛʽʜʥʦ ʜʘʥʠʭ ʝʢʩʪʨʝʤʫʤʠ ʟʥʦʚʫ 

ʧʨʠʧʘʜʘʶʪʴ ʥʘ 2010 ʪʘ 2015 ʨʦʢʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʦʪʨʠʤʘʥʫ ʪʝʥʜʝʥʮʽʶ 

ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʟʘ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʫʪʴ ʧʦʯʠʥʘʪʠ ʧʨʦʷʚʣʷʪʠʩʴ 

ʯʝʨʝʟ 11-19 ʨʦʢʽʚ. 

ʋ ʚʠʩʥʦʚʢʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʩʠʩʪʝʤʥʽʩʪʴ ʟʤʽʥ ʧʦʢʘʟʥʠʢʽʚ ʞʦʨʩʪʢʦʩʪʽ ʪʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʫ ʛʽʨʰʫ ʩʪʦʨʦʥʫ ʚʽʜʥʦʩʥʦ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʉʠʥʠʯʘʥʩʴʢʦʾ 

ʚʦʜʦʟʘʙʽʨʥʦʾ ʜʽʣʷʥʢʠ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʣʽʥʽʷʤʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʢʦʪʨʽ, ʟ ʨʽʟʥʠʤʠ ʪʝʤʧʘʤʠ, ʘʣʝ ʚʩʽ ʩʪʨʽʤʢʦ ʡʜʫʪʴ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ. ʊʘʢʦʞ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʦʜʽʙʥʽʩʪʴ ʫ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʟʘ 

ʧʝʨʽʦʜ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ (2010 ʪʘ 2015 ʨʦʢʠ). ʇʨʠ ʚʽʟʫʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʜʥʦ, 

ʱʦ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʫʪʨʠʤʫʶʪʴ ʧʨʦʙʠ ʚʦʜʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ˉ 4, ʘ ʟʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ˉ 82 ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʦ ï ʥʘʡʛʽʨʰʽ. ʉʭʦʞʠʤʠ ʟʘ ʪʝʤʧʘʤʠ 

ʨʦʩʪʫ ʚʠʩʪʫʧʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʧʨʦʙ ʚʦʜʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ˉ 61 ʪʘ ˉ 5. ɿʚʠʯʘʡʥʦ, 

ʚʩʽ ʯʠʩʣʘ ʧʦʢʠ ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʠ, ʘʣʝ ʚʠʜʥʦ ʯʽʪʢʠʡ ʚʝʢʪʦʨ ʽ ʧʠʪʘʥʥʷ 

ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ɻɼʂ, ʥʘ ʞʘʣʴ, ʧʠʪʘʥʥʷ ʯʘʩʫ, ʘ ʥʝ ʫʤʦʚʠ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʩʝ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʘʥʘ 

ʚʦʜʦʟʘʙʽʨʥʘ ʪʝʨʠʪʦʨʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʙʝʟʫʤʦʚʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 
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APPLICATION  OF MINERAL WATERS "NAFTUSYA" TYPES IN 

ENVIRONMENTAL  DISASTERS 

Shestopalov V.M., Moiseeva N.P., Lesiuk H.V. 

Institute of Geology NAS of Ukraine, Kyiv, Vmshest@gmail.com 

 
Pollution by industrial waste, pesticides, herbicides, radionuclides, as well as covid damage causes 

various pathologies, increases mortality, reduces life expectancy. Mineral waters have a positive 

effect on health. They are an alternative to expensive treatment. Mineral waters of Ukraine are 

diverse, unique, have many bioactive substances and trace elements. They are also well studied. 

Used in oncology. Their use is investigated to alleviate the state of health after complications of the 

disease kovid. 

 

ʆʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʩʝ ʙʽʣʴʰʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʝʨʠʪʦʨʽʡ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ, 

ʧʝʩʪʠʮʠʜʘʤʠ, ʛʝʨʙʽʮʠʜʘʤʠ, ʪʘ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʴ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ 

ʥʘ ʏɸɽʉ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʤʠ ʰʢʽʜʣʠʚʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʧʦʧʘʜʘʶʪʴ ʫ ʚʦʜʫ, ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʪʘ ʛʨʫʥʪ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʩʧʽʣʴʥʘ ʜʽʷ ʥʘ ʦʨʛʘʥʽʟʤ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʭʽʤʽʯʥʠʭ ʪʦʢʩʠʥʽʚ ʚʠʢʣʠʢʘʻ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ï ʙʘʛʘʪʦʨʘʟʦʚʝ ʧʽʜʩʠʣʝʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʬʝʢʪʘʤʠ ʾʭ ʨʦʟʜʽʣʴʥʦʾ ʜʽʾ. ʅʘʩʝʣʝʥʥʷ, ʱʦ 

ʧʨʦʞʠʚʘʻ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ  ʪʝʨʠʪʦʨʽʷʭ, ʩʪʘʥʦʚʠʪʴ, ʟʘ ʜʘʥʠʤʠ ʄʆɿ, ʧʨʠʙʣʠʟʥʦ 

75%. ɺʦʥʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ ʝʢʦʣʦʛʽʯʥʦ ʦʙʫʤʦʚʣʝʥʦʾ ʧʘʪʦʣʦʛʽʾ 

ʜʦʨʦʩʣʠʭ ʽ ʜʽʪʝʡ, ʩʤʝʨʪʥʽʩʪʶ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʩʝʨʝʜʥʴʦʛʦ ʚʽʢʫ ʞʠʪʪʷ. ʆʩʪʘʥʥʽʡ 

ʫʜʘʨ ʟʜʦʨʦʚ'ʶ ʣʶʜʝʡ ʥʘʥʽʩ ʚʽʨʫʩ ʢʦʚʽʜ-19. ʃʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʥʴʦʛʦ, ʦʩʦʙʣʠʚʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʾʭ ʤʘʩʦʚʽʩʪʴ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʜʦʨʦʛʦʛʦ ʤʝʜʠʯʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʧʽʩʣʷʢʦʚʽʜʥʠʭ ʫʩʢʣʘʜʥʝʥʴ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ. ʎʝ ʻ ʤʘʩʦʚʠʤ, ʜʝʰʝʚʠʤ i 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʦʟʜʦʨʦʚʣʝʥʥʷ ʣʶʜʝʡ ʚ ʫʤʦʚʘʭ ʥʘʟʚʘʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ. 

https://geology.lnu.edu.ua/wp-content/uploads/2020/03/DSanPiN-2.2.4-171-10.pdf
mailto:Vmshest@gmail.com
mailto:Vmshest@gmail.com
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ʇʨʠʨʦʜʥʽ ʧʠʪʥʽ ʪʘ, ʦʩʦʙʣʠʚʦ, ʤʽʥʝʨʘʣʴʥʽ ʚʦʜʠ ʻ ʦʜʥʠʤ ʟ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʇʨʦʪʝ, ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʜʦʩʪʘʪʥʷ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʧʠʪʘʥʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʪʘ 

ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʧʣʘʥʽ. ɺʘʛʦʤʠʤ ʜʦʢʘʟʦʤ ʮʴʦʛʦ ʻ ʪʦʡ ʬʘʢʪ ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ, ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ 

ʙʣʠʟʴʢʦ 10% ʾʭ ʟʘʧʘʩʽʚ. ʅʘʜʤʽʨʥʽ ʧʦʙʦʨʠ ʯʝʨʝʟ ʥʝʜʦʩʢʦʥʘʣʫ ʟʘʢʦʥʦʜʘʚʯʫ ʙʘʟʫ ʻ 

ʦʩʥʦʚʥʦʶ ʧʝʨʝʧʦʥʦʶ ʨʦʟʚʠʪʢʫ ʮʽʻʾ ʛʘʣʫʟʽ ʪʘ ʥʘʚʽʪʴ ʩʧʨʠʯʠʥʷʶʪʴ ʜʦ ʟʘʢʨʠʪʪʷ 

ʟʘʚʦʜʽʚ ʨʦʟʣʠʚʫ ʮʽʥʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ. 

ʇʦ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʽ ʚʦʜʠ ʋʢʨʘʾʥʠ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʞʦʜʥʽʡ 

ʢʨʘʾʥʽ ʪʘ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ. ɿʦʢʨʝʤʘ, ʣʠʰʝ ʚ ʋʢʨʘʾʥʽ ʻ ʨʦʜʦʚʠʱʘ 

ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ - ʪʠʧʫ 

ñʅʘʬʪʫʩʷ", ʱʦ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʥʝ ʣʠʰʝ ʧʦ ʣʽʢʫʚʘʣʴʥʦʤʫ ʚʧʣʠʚʫ ʥʘ ʣʘʥʢʠ 

ʦʨʛʘʥʽʟʤʫ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʫʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʥʝʩʧʨʠʷʪʣʠʚʽ ʝʢʦʣʦʛʽʯʥʽ ʦʙʩʪʘʚʠʥʠ, 

ʘʣʝ ʽ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʾʭ ʨʦʜʦʚʠʱʘ ʟʥʘʡʜʝʥʽ ʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 

ʣʠʰʝ ʚ ʋʢʨʘʾʥʽ. ɺʦʜʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʜʝʪʦʢʩʠʢʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʾʭ ʙʘʛʘʪʠʡ 

ʚʤʽʩʪ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʽ ʝʬʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʦʢʘʟʘʥʥʷ ñʅʘʬʪʫʩʽò - ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʠʨʦʢ, ʧʝʯʽʥʢʠ, ʧʦʨʫʰʝʥʴ 

ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ, ʞʦʚʯʥʦ- ʽ  ʩʝʯʦʢʘʤ`ʷʥʽ ʭʚʦʨʦʙʠ. ʇʨʠ ʮʴʦʤʫ ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ 

ʞʦʚʯʦʚʠʜʽʣʴʥʘ ʬʫʥʢʮʽʷ ʧʝʯʽʥʢʠ, ʩʝʯʦʚʠʜʽʣʴʥʘ ʬʫʥʢʮʽʷ ʥʠʨʦʢ, ʧʨʦʮʝʩʠ ʦʙʤʽʥʫ, 

ʟʦʢʨʝʤʘ, ʫʩʧʽʰʥʦ ʣʽʢʫʻʪʴʩʷ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ [1,2,3].  

ɺʯʝʥʠʤʠ ɯɻʅ ʪʘ ɯɽʇʆʈ ʅɸʅʋ ʨʘʟʦʤ ʟ ʣʽʢʘʨʷʤʠ-ʙʘʣʴʥʝʦʣʦʛʘʤʠ ʧʨʦʚʝʜʝʥʽ 

ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ ʪʠʧʫ ñʅʘʬʪʫʩʷò ʟʘ ʫʤʦʚ ʜʽʾ 

ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʦʨʛʘʥʽʟʤ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʪʚʘʨʠʥʘʭ ʫ ʤ.ʏʦʨʥʦʙʠʣʽ ʪʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʨʦʚʽ ʣʽʢʚʽʜʘʪʦʨʽʚ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ 

ʪʘ ʧʨʦʞʠʚʘʶʯʠʭ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʝʨʠʪʦʨʽʷʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʢʫʨʩʦʚʝ ʚʞʠʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʚʦʜʠ "ʅʘʬʪʫʩʷ" ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʨʷʜʫ 

ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ, ʷʢʽ ʙʫʣʠ ʧʦʨʫʰʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ 

ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ʇʝʨʰ ʟʘ ʚʩʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʢʫʨʩʫ ʤʽʥʝʨʘʣʴʥʦʾ ʚʦʜʠ ʪʠʧʫ 

"ʅʘʬʪʫʩʷ" ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʬʫʥʢʮʽʷ ʢʽʩʪʢʦʚʦ-ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʪʚʦʨʝʥʥʷ [4]. 

ʇʦʜʘʣʴʰʠʤʠ  ʜʦʩʣʽʜʞʝʥʥʷʤʠ [5,6] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪ ʜʝʟʽʥʪʦʢʩʠʢʘʮʽʾ 

ʦʨʛʘʥʽʟʤʫ, ʱʦ ʨʘʟʦʤ ʟ ʧʽʜʚʠʱʝʥʦʶ ʜʽʫʨʝʪʠʯʥʦʶ ʜʽʻʶ ʚʦʜʠ ʩʧʨʠʷʻ 

ʧʨʠʩʢʦʨʝʥʥʦʤʫ ʚʠʚʝʜʝʥʥʶ ʽʥʢʦʨʧʦʨʦʚʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ 

ʧʦʢʨʘʱʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʧʝʨʠʬʝʨʽʡʥʦʾ ʢʨʦʚʽ ʫʨʘʞʝʥʦʛʦ ʦʨʛʘʥʽʟʤʫ, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ, ʟʥʠʞʫʻʪʴʩʷ 

ʨʽʚʝʥʴ ʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʟʤʽʥ ʚ ʢʣʽʪʠʥʘʭ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ 

ʥʦʚʦʫʪʚʦʨʝʥʴ ʚ ʦʨʛʘʥʽʟʤʽ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʞʠʪʪʷ 

ʪʚʘʨʠʥ, ʷʢʠʡ ʜʦʩʷʛʘʚ ʜʦ ʘʚʘʨʽʡʥʦʾ ʥʦʨʤʠ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʪʘʢʦʞ ʚʠʷʚʣʝʥʠʡ 

ʘʥʪʠʘʣʝʨʛʽʯʥʠʡ ʝʬʝʢʪ ʚʦʜʠ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʤʘʩʠ ʪʽʣʘ.  

ɺʧʝʨʰʝ ʚʠʩʫʥʫʪʦ ʧʨʘʚʦʤʽʨʥʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʚʦʜ ʪʠʧʫ "ʅʘʬʪʫʩʷ" ʚ ʦʥʢʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ (ʧʦʢʘʟʘʥʦ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ) [7]. 

ɺʠʚʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ ʪʠʧʫ "ʅʘʬʪʫʩʷ" ʜʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʚʧʝʨʰʝ 

ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʣʠʚʫ ʚʦʜʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʾʾ ʣʽʢʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʽʣʴʰʝ 15 ʤʽʩʷʮʽʚ (ʇʋ ʋʢʨʘʾʥʠ). ɺʦʜʘ ʧʨʦʡʰʣʘ ʫʩʧʽʰʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ 
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ɯʥʩʪʠʪʫʪʘʭ ʅɸʅʋ ʪʘ ʫʩʪʘʥʦʚʘʭ ʄʆɿ. ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, 

ʟʘʪʚʝʨʜʞʝʥʽ ʄʆɿ: "ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʚʦʜʠ ʪʠʧʫ  "ʅʘʬʪʫʩʷ" ʜʣʷ 

ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʾ  ʪʘ ʧʦʟʘ ʢʫʨʦʨʪʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʨʘʜʽʘʮʽʡʥʠʭ ʧʦʨʫʰʝʥʴ ʫ 

ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʧʨʦʞʠʚʘʻ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ". 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʠ ʚ ʢʫʨʦʨʪʥʠʭ ʫʤʦʚʘʭ, ʜʦʟʚʦʣʠʣʦ ʦʟʜʦʨʦʚʠʪʠʩʴ ʪʠʩʷʯʘʤ 

ʣʽʢʚʽʜʘʪʦʨʽʚ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʪʘ ʥʘʩʝʣʝʥʥʶ (ʷʢ ʜʦʨʦʩʣʠʭ, ʪʘʢ ʽ ʜʽʪʝʡ), ʱʦ 

ʧʨʦʞʠʚʘʻ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ.  

ɺʦʜʘ ʜʝʷʢʠʡ ʯʘʩ ʫʩʧʽʰʥʦ ʨʦʟʣʠʚʘʣʘʩʴ ʧʨʦʤʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ ʽ ʥʘʚʽʪʴ 

ʟʘʚʦʶʚʘʣʘ ʟʦʣʦʪʫ ʤʝʜʘʣʴ ʪʘ ʜʠʧʣʦʤ 1 ʩʪʫʧʝʥʷ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʚʠʩʪʘʚʮʽ ʫ 

ʂʠʩʣʦʚʦʜʩʴʢʫ ʚ 2008 ʨ. ʋʥʽʢʘʣʴʥʠʡ ʤʝʪʦʜ ʢʦʥʩʝʨʚʘʮʽʾ "ʅʘʬʪʫʩʽ" ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʽ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʚ ʽʥʩʪʠʪʫʪʫ ɻʝʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ ʄʦʽʩʝʻʚʦʡ ʅ.ʇ. 

 ʅʘ ʞʘʣʴ, ʯʝʨʝʟ ʥʝʧʦʤʽʨʥʽ ʙʶʨʦʢʨʘʪʠʯʥʽ ʧʝʨʝʧʦʥʠ ʚʠʧʫʩʢ ʚʦʜʠ ʙʫʚ 

ʧʨʠʟʫʧʠʥʝʥʠʡ. ɺ ʜʘʥʠʡ ʯʘʩ ʧʨʦʤʠʩʣʦʚʮʽ ʟʥʦʚʫ ʥʘʤʘʛʘʶʪʴʩʷ ʡʦʛʦ ʚʽʜʥʦʚʠʪʠ. 

ʇʦʪʨʝʙʘ ʫ ʜʘʥʽʡ ʚʦʜʽ ʟʘʨʘʟ ʟʨʦʩʪʘʻ, ʦʩʢʽʣʴʢʠ ʙʘʟʫʶʯʠʩʴ ʥʘ ʣʽʢʫʚʘʣʴʥʠʭ 

ʧʦʢʘʟʘʥʥʷʭ, ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʢʦʨʠʩʥʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷʤ, ʱʦ 

ʧʝʨʝʭʚʦʨʽʣʦ ʢʦʚʽʜʦʤ-19, ʪʘʢ ʷʢ ʫʞʝ ʚʽʜʦʤʦ , ʱʦ ʧʨʠ ʮʴʦʤʫ ʩʪʨʘʞʜʘʶʪʴ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʥʠʨʢʠ ʪʘ ʧʝʯʽʥʢʘ.  ʇʨʦʪʝ, ʜʘʥʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.   

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʝʢʦʣʦʛʽʯʥʦ ʥʝʩʧʨʠʷʪʣʠʚʽʡ ʦʙʩʪʘʥʦʚʮʽ ʧʨʦʞʠʚʘʻ ʥʝ 

ʣʠʰʝ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ, ʘʣʝ ʡ ɹʽʣʦʨʫʩʽʾ, ʉʝʨʝʜʥʴʦʾ ɸʟʽʾ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʢʨʘʾʥ, 

ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʧʦʪʨʝʙʫ ʫ "ʅʘʬʪʫʩʽ", ʷʢʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʫʪʠʣʴʦʚʘʥʦʾ ʣʽʢʫʚʘʣʴʥʦʾ ʚʦʜʠ. 

 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ɹʘʙʠʥʝʮ ɸ.ɽ., ʐʝʩʪʦʧʘʣʦʚ ɺ.ʄ., ʄʦʠʩʝʝʚʘ ʅ.ʇ, ʃʶʪʳʡ ɻ.ɻ, ʀʱʝʥʢʦ ɸ.ʇ., ʉʫʣʝʡʤʘʥʦʚ 
ʉ.ʇ., ɻʫʜʟʝʥʢʦ ɺ.ɺ., ʋʩʦʚ ɺ.ʖ., ʂʦʡʥʦʚ ʀ.ʄ., ɻʘʚʨʠʣʶʢ ɻ.ɿ., ʃʠʩʠʯʝʥʢʦ ɻ.ɺ., ʗʩʝʚʠʯ ɸ.ʇ. 

ʃʝʯʝʙʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʠ ʪʠʧʘ "ʅʘʬʪʫʩʷ". ï ʂʠʝʚ: ʅʘʫʢ. ʜʫʤʢʘ, 1986. 192 ʩ. 

2. ʐʝʩʪʦʧʘʣʦʚ ɺ.ʄ., ʄʦʠʩʝʝʚʘ ʅ.ʇ, ʀʱʝʥʢʦ ɸ.ʇ., ʂʦʥʜʨʘʪʶʢ ɽ.ʀ, ʋʩʦʚ ɺ.ʖ., ʄʦʠʩʝʝʚ 
ɸ.ʖ.,ɻʫʜʟʝʥʢʦ ɺ.ɺ., ʃʶʪʳʡ ɻ.ɻ., ʉʠʥʠʮʠʥ ʅ.ʀ., ʉʫʣʝʡʤʘʥʦʚ ʉ.ʇ., ʗʩʝʚʠʯ ɸ.ʇ., ɼʨʫʞʠʥʘ 

ʅ.ɸ., ʂʦʚʘʣʴʩʢʘʷ ɺ.ɺ., ɻʝʣʘ ɸ.ɸ., ʈʦʜʠʦʥʦʚʘ ʅ.ʂ., ʂʠʨʠʣʶʢ ʅ.ɼ., ʈʫʜʴʢʦ ɻ.ʀ., ʄʠʪʴʢʦ 

ɸ.ʇ., ʅʝʮʢʠʡ ɸ.ɺ., ɹʘʢʘʨʞʠʝʚʘ ʆ.ʆ. ʃʝʯʝʙʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʪʠʧʘ "ʅʘʬʪʫʩʷ" 

ʋʢʨʘʠʥʩʢʠʭ ʂʘʨʧʘʪ ʠ ʇʦʜʦʣʴʷ. ʏʝʨʥʦʚʮʳ: ɹʫʢʨʝʢ, 2013. 600 ʩ. 

3. ʄʘʨʠʥʦʚ ʅ. ɸ., ʇʘʩʝʢʘ ʀ. ʇ. ʊʨʫʩʢʘʚʝʮʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ.-ʄ: ʅʝʜʨʘ, 1975. ï 319 ʩ. 

4. ʐʝʩʪʦʧʘʣʦʚ ɺ.ʄ., ʄʦʽʩʝʻʚʘ ʅ.ʇ., ɼʨʫʞʠʥʘ  ʄ.ʆ., ʉʝʨʢʽʟ ʗ.ɯ. ʇʫʭʦʚʘ ɻ.ɻ., ɻʝʣʘ ɸ.ɸ. 
ʉʧʦʩʽʙ ʢʦʨʝʢʮʽʾ ʢʨʦʚʦʪʚʦʨʝʥʥʷ ʧʨʠ ʨʘʜʽʘʮʽʡʥʦʤʫ ʫʨʘʞʝʥʥʽ ʦʨʛʘʥʽʟʤʫ ʰʣʷʭʦʤ ʢʫʨʩʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ ʪʠʧʫ "ʅʘʬʪʫʩʷ". ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 2068. ɺʽʜ 17.08.1993 ʨ. 

ɹʶʣ. ˉ2. 

5. ʄʦʠʩʝʝʚ ɸ.ʖ. ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ. ʂʠʾʚ: ʂʽʤ, 2017. 464 ʩ. 

6. ʄʦʽʩʝʻʚ ɸ.ʖ., ɼʨʫʞʠʥʘ ʄ.ʆ., ʄʦʽʩʝʻʚʘ ʅ.ʇ., ʐʝʩʪʦʧʘʣʦʚ ɺ.ʄ. ɹʽʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ. ï ʂ: ʂʽʤ, 2010. ï '123 ʩ. 

7. ʐʝʩʪʦʧʘʣʦʚ ɺ.ʄ., ʄʦʽʩʝʻʚ ɸ.ʖ., ɼʨʫʞʠʥʘ ʄ.ʆ. ʇʝʨʩʧʝʢʪʠʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʢʫʚʘʣʴʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ ʚ ʦʥʢʦʣʦʛʽʾ. ɺʽʩʥʠʢ ʅɸʅ ʋʢʨʘʾʥʠ. 2015. ˉ 9. ʉ. 56-63. 

 

 

 

 



 

170 

 

UDK 621.039.714 

MINERAL PHASES FORMATION DURING THE OZONATION PROCESS 

OF SIMULATORS OF RADIOACTIVELY POLLUTED GASPING WATERS 

IN NPP 

Shabalin B.G.
1
, Lavrynenko O.M.

1,2
, Yaroshenko K.K.

1
, 

Pavlenko O.Yu.
2
, Buhera S.P.

1
 

1
 State Institution çInstitute of Environmental Geochemistry of the NAS of Ukraine, 

Kyiv, Ukraine, e-mail b_shabalin@ukr.ne 
2
 I.M. Frantsevych Institute of Material Science Problems of NAS of Ukraine, Kyiv, 

Ukraine, alena.lavrynenko@gmail.com 
 

During the ozonation process of model simulators-solutions of trap waters of NPPs equipped with 

WWER, nanoparticles of lepidocrocite and goethite with an admixture of ferrispinel and a 

significant content of amorphous component are formed as a part of the mineral sediment. The 

percentage of components can be traced to a number: Mn> Fe> Co> Sr> Na> Mg, that agrees with 

the stability constants of EDTA chelate complexes. During the ozonation process, c(Mn
2+

) 

decreases by 94.3%, c(Co
2+

) - by 6%, 
137

Cs activity decreases by 26%, and 
90

Sr - by 15.7%. 

 

In Ukrainian nuclear power plants exists the situation with regard to the 

management of liquid radioactive waste (LRW) and sewage (SRW) that is 

characterized by the lack of a complete technological cycle. Therefore, the 

development and implementation of new technologies for LRW management at 

existing NPPs and during the decommissioning and commissioning of new power 

units is a very important task. In the modern choice of technological schemes for 

LRW NPP processing, preference is given to sedimentation-sorption technology, 

which involves the destruction of organic complex compounds of gutters by 

oxidation methods [1, 2] (the most effective of which is ozonation [4]). 

The composition of LRW of all NPPs of Ukraine practically does not differ from 

each other and, according to the content of macro components, is represented by 

sodium salts and detergents of anionic nature. Radioactive substances of trap waters 

are in the form of hydrated and complex ions, neutral molecules and colloidal 

particles. The main radionuclides are uranium fission products in uranium fuel - 
137

Cs 

and 
90

Sr and activation products - 
60

Co, 
54

Mn. The radiation background of both 

operational LRW and waste remaining during the dismantling of NPP power units is 

determined by the isotopes 
60

Co (T1/2 = 5.27 years) and 
137

Cs (Tİ = 30.17 years) [2]. 

During the operation of the reactor, the activity of 
60

Co is about 90% of the total 

activity of corrosion deposits. 
137

Cs and 
90

Sr isotopes are characterized by an ionic 

form of being in stagnant waters. Radionuclides
60

Co and 
54

Mn form complexes with 

EDTA and oxalic acid. 

The purpose of the work: to investigate the mineral (phase) composition of 

sediments obtained during ozonation of model solutions - simulators of ladder waters 

of NPPs equipped with WWER reactors. 

Objects and methods of the research 

For the experimental study, the composition of the model solution of SRW was 

calculated according to the data of the average composition of LRW of four NPPs of 
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Ukraine with WWER type reactors [5]. Ozonation of the model solution was 

performed at a pH=11.5, and a temperature T=60
o
C [5]. The destructiondegree of 

organic complexes was determined by the dichromate method of chemical oxygen 

demand (HSC). During the ozonation process, a decrease in the HSC value from 960 

to 18 mgO
2
/dm

3
 was observed. The content of dissolved oxygen in ozonation is from 

52 to 57%; the relative percentage of radioactive concentrate (sediment) is0.5-0.8% 

(0.5-0.8 mg/cm
3
). 

The phase composition of the obtained samples was performed by X-ray phase 

analysis (X-ray diffraction). Studies of the morphology of the samples and their 

elemental composition were carried out by scanning electron microscopy (SEM) and 

electron dispersion spectroscopy (EMF). 

Results and discussion 

In the ozonationprocess ofthe TRVmodel solution, the organic complexesô 

destruction takes part with further dispersed phaseformation, which includes the 

isotopes 
60

Co, 
54

Mn and 
55

Fe. According to X-ray diffraction (Fig. 1a), the sediment 

consists of iron phases ofoxyhydroxides - lepidocrocite -FeOOH (JCPDS # ˉ 08-

0098) and goethite -FeOOH (JCPDS # ˉ 17-536) with an admixture of ferrispinel, 

probably maghemite-Fe2O3 (JCPDS # ˉ 4-0755), which gives the precipitate 

magnetic properties. The resulting precipitate is characterized by nanometer particle 

size and a significant amorphous componentôspercentage. The composition of the 

samples assumes the presence of mainsaltscrystal hydrates of the mixed composition, 

including ironlayered double hydroxides. 

 

 
 

ʘ b 

Figure 1 - The composition and morphology of the sediment obtained by ozonation of the model 

solution of TRV: a - diffraction pattern, b - SEM image. Symbols: 1 - goethite; 2 - lepidocrocite; 

3 - Fe (II) -Fe (III) LDH (Green Rust). 

 

The SEM image of the sediment (Fig. 1b) shows fine particles of spheres of 

spherical metals with a size of 20-30 nm, associated in dense micro-sized aggregates 

and their associates of different configurations with a size of 100-250 nm. Plate form 

structures belong to layered double hydroxides (LDH) of mixed composition, in 

particular Fe-Co [3] and oxyhydroxides of iron - goethite and lepidocrocite. The 

probable mechanism of phase formation is the joint precipitation of dissolved organic 

components and the sedimentpolycondensation, accompanied by adsorption 

processes. 
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The percentage number of components (by weight and atomic) in the sediments 

builds the order: Mn> Fe> Co> Sr> Na> Mg (Table 1), which is consistent with the 

stability constants of chelated EDTA complexes. The precipitates formed during 

alkaline ozonation are the most effective in capturing manganese ions and the least 

effective in cobalt ions, which is probably due to its presence in solution in the form 

of strong organic complexes with EDTA and oxalate ions. The amount of adsorption 

of radionuclides 
137

Cs and 
90

Sr on sediments is insignificant, so during the cesium and 

strontiumozonation about 70-80% remains in solution. 

 
Table 1 - Elemental composition of sediments obtained after ozonation of guttersômodel solutions 

(according to EMF). 

C O Na Mg Si K Ca Mn Fe Co Sr Total 

Mass % 

7,05 6,73 0,98 0,55 -*  - - 44,01 20,05 17,79 2,84 100,00 

Atomic % 

22,87 16,39 1,66 0,88 - - - 31,20 13,98 11,76 1,26 100,00 

* ï not detected 

 

Thus, during the model solutionsô ozonationof nuclear water NPPs (pH = 11.5), 

which contain organic components (oxalic acid and EDTA), there is a joint 

deposition of iron and manganese hydroxides and adsorption of metal aquaforms 

(cesium, strontium) on the surface of ferrous minerals. This is accompanied by 

oxidation of organic components and a decrease in the concentration of manganese 

ions by 94.3% and cobalt by 6%, a decreasing 
137

Cs activity of by 26% and
90

Sr 

activity by 15.7%. 
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In article shown results the chemical, mineral and granulometric composition of natural and 

modified by soda bentonite clays from Cherkasôke deposit, the composition of exchange cations, 

diffractograms, differential heating curves, IR spectra and features of 
137

Cs sorption. It is 

determined that sorption degree for 
137

Cs on the modified samples exceeds 90%, for natural 

bentonite ï about 85%. On both types of bentonite with increasing of contact time with model 

solution and pH, there is a redistribution of water-soluble, ion-exchange and fixed forms of 

radionuclides and the part of the latter that do not participate in migration processes increases, 

which indicates the ability of bentonites to effectively immobilize radionuclides for a long time. 

Investigated bentonite clays can serve as material for creating anti-migration barriers for 

surface/subsurface storage facilities for RW disposal. 

 

The problem of safe disposal of radioactive wastes (RW) is extremely important 

for Ukraine due to the accumulation of significant amount of unconditioned waste. 

According to [1], about 3.45 million m
3
 RW have been accumulated, of which about 

3.3 million m
3
 (96%) are of emergency origin.  

According to national legislation [2] there are 4 classes of waste and 4 types of 

facilities: "surface" (building or trenches on the earth's surface), "near-surface" (at a 

depth of several tens of meters), "at intermediate depths" from a few tens to hundreds 

of meters from the earthôs surface, "geological" (usually at a depth of more than 

100 meters). 

Terms of design, construction and commissioning of disposal facilities for 

different classes of RW vary from several tens to more than 100 years. The average 

life cycle of facility (from the initial stage to the active control phase) is 

300 - 500 years for LLW and short-lived ILW [3]. 

Disposal in surface/subsurface facilities 

Main sources of contamination of the Chornobyl Exclusion Zone (CZV) are RW 

accumulated in temporary RW localisation sites, RW disposal sites [4] and will be 

accumulated in storage facilities that are currently put into operation such as 

ñTRV-1ò, ñTRV-2ò and ñSOPSTRVò or will be commissioned in the future 

according to the general site plan of the "Vector" complex. The main focus should be 

on the engineering barriers system (EBS) to prevent RW from contact with 

groundwater and the retention of radionuclides in the disposal site, even if such 

contact occurs. The main requirement for EBS materials is geological compatibility 

with geological environment of disposal sites. Clays meet this requirement to the 

greatest extent, in particular, as a component of the underlying barrier. Considering 

relatively large disposal area and the correspondingly large volumes of bentonite 

clays, the choice of clays is based on the use of cheap natural clays or modified with 

available reagents for modification, which do not require complex technological 

equipment. 
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In the repositories of the ñVectorò complex to prevent potential radiological 

impact EBS is foreseen, where the main component for preventing contact of RW 

with groundwater is multilayer underlying screen ï the lower sorption layer of the 

repository with underlying clay. Today, methods for predicting the behaviour of 

underlying clay (as well as other EBS materials) are usually used to assess facility 

safety, guided by extremely conservative (pessimistic) assessments of EBS 

degradation, due to significant gaps in data on RW characteristics, lack of regulatory 

requirements for clays as EBS components, including the main indicators of 

composition and physicochemical properties. 

Results and discussion 

We studied the chemical, mineral and granulometric composition of bentonite 

clays in the natural state and industrially modified with soda (PBA-20), the 

composition of exchange cations (Cherkasôke deposit, Dashukivsôke site, II
nd

 layer), 

diffractograms, differential heating curves (in air), IR spectra. In the static mode, the 

kinetics of sorption of 
137

Cs by natural and PBA-20 samples of bentonite clays from 

model groundwater solutions from RW disposal facilities at ñVectorò site under 

different pH, taking into account the degradation of cement as a component of EBS 

over time in contact with water at room temperature and solution mineralization. 

It is determined that the value of the sorption degree (S) for 
137

Cs on the 

modified samples exceeds 90%, for natural bentonite this figure is lower (about 

83 - 85%) (Fig. 1). On both types of bentonite with increasing of contact time with 

aqueous solution and pH, there is a redistribution of water-soluble, ion-exchange and 

fixed forms of radionuclides and the part of the latter that do not participate in 

migration processes increases (Fig. 2), which indicates the ability of bentonites to 

effectively immobilize radionuclides for a long time. It is shown that Na-modified 

bentonite has a higher proportion of sorption in ion exchange and fixed form in 

comparison with the natural one and increases the environmental safety of storage. 

  

 
Figure 1 ï 

137
Cs sorption rate dependence on time (ʘ) and equilibrium values of sorption rate on 

solution pH (b) (without mixing). 

 

It should be kept in mind the processes of ion exchange of Na for Ca, which will 

eventually occur in Na-modified bentonite (PBA-20), and its conversion over time 

into a Ca-form close to natural bentonite. 
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Figure 2 ï The results of total sorption rate of the radionuclide 

137
Cs and its various forms by 

natural (a) and Na-modified (b) Cherkasôkyi bentonite from model groundwater of CES at different 

pH. 

 

The advantages of using natural bentonites to build disposal facility barriers are 

also related to the stability of their properties over time and the ability to predict 

potential changes in anti-filtration and anti-migration properties in the operation of 

underlying barriers, as evidenced by archaeological findings [5]. The stability of 

bentonite is confirmed by the results of thermodynamic modelling [6]. 

Thus, bentonite clays of Cherkasôke deposit can serve as an effective material 

for creating anti-migration barriers of the I
st
 and II

nd
 stages of surface / near-surface 

storage facilities for RW disposal at the ñVectorò production complex. At the same 

time, the question of practical application of bentonite clays of Cherkasôke deposit for 

accurate predictions of disposal of Chornobyl origin RW requires further laboratory 

study of physicochemical properties and sorption-desorption characteristics of 

bentonite clay to other fission products and actinides of nuclear fuel - potential 

pollutants. 
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Donbas is one of the most problematic industrial regions of Ukraine in terms of ecology. Armed 

conflict, which has started in 2014, caused new ecological threats in the region. This study provides 

an analysis of the chemical contamination of the geosystems of this territory. The objects under 

research are the geosystems of excessive technogenic influence on the geosystems of this territory. 

Chemical and analytical research was conducted by the methods of plasma mass spectrometry 

analysis, the potentiometric method using acetate ammonium buffer extract from pH 4,8, and 

others. 

 

Complexity of the problem of studying technogenic pressure on geosystems is 

caused by the multi-variance reactions of the natural environment as an integral 

system. Technogenic environmental pressure is excessive, in many regions, 

catastrophic, In Ukraine. One of the difficult, ecologically problematic regions is 

Donbas is the country's largest industrial region of coal mining. The armed conflict, 

which continues on this territory already from 2014, among other issues, has also 

become a cause of new environmental threats in the region. Donbas study 

environmental problems complicated by difficult access to many territories, the 

inability to perform full-fledged experimental work and obtain the necessary 

information.  

This article discusses such aspects of the problem as pollution of the local 

environment due to military activities. 

Donetsk economic region, which includes Luhansk and Donetsk regions, 

traditionally belongs to the most used industrial regions of Ukraine. The ecological 

condition of the territory of Donbas during the Soviet period was estimated as critical 

and belongs to the zone of ecological emergency. Intensive coal mining on an area of 

8 (ths. sq. km) led to subsidence of the soil surface by an average of 1.5-2 m, 600 

km3 of the rock massif underwent deformation [2,3]. The liquidation of mines as part 

of the restructuring of the coal industry has caused a number of negative 

environmental consequences of mining. The combination of the impact of heavy 

industry (chemical, ferrous and nonferrous metallurgy), coal mining and the 

consequences of the Anti-Terrorist Operation (ATO) forms a complex set of 

environmental problems: disturbance of lands by mining, flooding of mines, 

uncontrolled leakage of mineralized and polluted waters, violation of the geodynamic 

regime of the earth's crust, air pollution, etc. Extremely acute for Donbas is the 

problem of loss of productive land due to the development of industrial development, 

which leads to high levels of pollution and soil degradation [1,3].  

For the study of soils, points were selected in areas that were directly affected by 

hostilities as a result of being hit by ammunition of various calibers, the movement of 

military equipment in the cities of Ilovaisk and Makiivka. According to the research 

data, geochemical anomalies were recorded near the firing positions with the content 
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of lead in the soil ī about 960 mg/kg, Copper ī 629 mg/kg, Chromium ī 420 mg/kg. 

According to the data obtained, the content of heavy metals in soil samples taken at 

the sites of hostilities (mainly in craters within a short time after the cessation of 

hostilities), in most cases, exceeded the background value by 1.5-17 times, for 

samples taken in Sloviansk. A systematic excess of 2.1-3.3 times was observed for 

mercury, vanadium and cadmium in the cities: Shchastia, Debaltsevo, Snizhne. In 

rare samples, the background values of the HM content exceeded more than 100 

times.   

Increased concentrations of biogenic elements (mineral forms of Nitrogen and 

Phosphorus) were noted in water as the Siverskyi Donets River and other rivers were 

studied. A significant increase in the concentration of Ammonium Nitrogen in the 

water of the Kleban-Byk River, starting from 2015, may be a consequence of the 

river pollution by sewage [2,3]. 

An increased content of nitrate nitrogen in comparison with the Siverskyi Donets 

River was noted in the water of the Kazennyi Torets and Kryvyi Torets rivers: its 

content reached 30 mg/dm
3
. This may also indicate water contamination with 

nitrogen compounds from wastewater. An increase in copper content was found for 

the water in the mouth of the Kazennyi Torets River. 

Contamination of the soil cover with heavy metals does not occupy the main 

positions in a number of environmental problems of Donbas. This process is not as 

obvious as the flooding of the territory and not as dangerous to human life as a 

violation of the sanitary and hygienic state of drinking and household water supply 

systems. At the same time, increased concentrations of chemical elements in coal and 

rocks lead to the accumulation of heavy metals (HM) in soils to the level of toxic 

concentrations. The content of chemical elements in the rocks of mines and industrial 

enterprises often exceeds the background and MPC. The migration rate of chemical 

elements in the soils of industrial areas is much lower than in other environments. 

The soil cover reflects long-term pollution processes caused by the production 

activities of industrial enterprises.  

All of the above necessitates the development of methodological approaches to 

environmental and geochemical assessment of pollution of industrial areas of Donbas 

in the ATO. Since the beginning of the armed conflict, 3,020 potentially dangerous 

objects have been identified in the Donetsk region (about 13% of the total), and 1,220 

objects have been identified in the Luhansk region (5% of the total number) [3].  

The main methodological and methodical research tool is integrated 

environmental and geochemical assessment of area. 

Taking into account the conditions prevailing in the region, a scheme of 

ecological and geochemical monitoring was developed, which made it possible to 

assess the most vulnerable component, critical for ensuring environmental safety. 

When determining the number of samples by regions, landscape-geochemical 

conditions, sources of anthropogenic impact, the level of functioning of critical 

infrastructure facilities were taken into account.  

Regional ecological and geochemical assessments of the vulnerability of the 

components of the natural environment were carried out in the process of research by 
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Henry Dunant Centre for Humanitarian Dialogue.  Their results showed that the 

territories for the location of industrial facilities are characterized by an accelerated 

migration of pollution located in surface burials of industrial waste and underground 

workings. Ecological and geochemical assessments showed that the mines 

"Kreminna" SE "Lysychanskvuhillia", "Zolote" SE "Pervomaiskvuhillia" and the 

enterprise "Concern Styrol", "Slovianskyi mashynobudivnyi zavod", "Betonmash", 

"Rubizhanskyi trubnyi zavod", "Krasytel"," Luhanska HPP "and others pose a risk of 

environmental emergencies in the region. 

Separate ecological and geochemical assessments of possible impacts of 

industrial facilities in the conditions of uncontrolled and controlled activity are 

performed. Their results are of a preliminary nature, since the development of 

enterprises largely depends on the long-term operation of heavy industry facilities, 

the geomechanical state of the rock mass in the zone of long-term mining, changes in 

the mining and geodynamic conditions of hydraulically connected mines, etc. 

Considering the above, as well as the long-term existence of geochemical 

pollution at industrial enterprises, the conceptual assessment approaches were based 

on taking into account the stabilizing properties of the geological environment.  

Further development of this study is supposed to be carried out in two aspects: 

the development of the main provisions of the ecological and geochemical 

foundations on the basis of domestic and world experience, taking into account 

innovative methodologies and in particular - the frame organization of the geological 

environment, as well as the introduction of methodological developments into the 

practice of research on the ecological and geochemical assessment of the territories of 

military activity of Ukraine on the example of the Luhansk, Sievierodonetsk-

Lysychanska ta Toretsko-Horlivsko-Yenakiivska urban agglomerations.  
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Using the satellite acquisition data (SAD) over the Pryazovia Crystalline Massif area, the Ukrainian 

Shield, the landscape-identification manifestation for the disjunction dislocations (DD) of the Earth 

crust within the Novotroitsk test area prospective to the ore-bearing objects is studied. This area is a 

part of the South-Donbas mineragenic zone. Based on the results of structure-geodynamic 

interpretation of SAD the conception of character and direction of neotectonic movements and 

stresses connected with the DD is created. The studies allowed identifying the spatial patterns for 

the endogenous uranium ore occurrences, which are confined to the local areas undergoing the 

geodynamic compression. In addition, the ore occurrences are disposed nearby the quasilinear 

extensional structures of higher order, which are paragenetically connected with compression areas. 

 

ɺʽʜʦʤʦ [1 ʪʘ ʽʥ.], ʱʦ ʛʝʥʝʪʠʯʥʠʡ ʧʨʦʮʝʩ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚ ʯʘʩʽ ʪʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʪʝʢʪʦʥʽʯʥʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ. ʅʘ ʩʪʘʜʽʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʷʢ ʨʫʜʥʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʪʘʢ ʽ ʞʠʣʴʥʠʭ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʥʫʪʨʽʰʥʽ ʟʚôʷʟʢʠ ʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʟ 

ʨʦʟʨʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ (ʈʇ) ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤʠ. ɸʜʞʝ ʦʜʥʽ ʈʇ ʻ ʪʘʢ 

ʟʚʘʥʠʤʠ ʜʦʨʫʜʥʠʤʠ, ʽʥʰʽ ï ʨʫʜʥʠʤʠ ʪʘ ʧʽʩʣʷʨʫʜʥʠʤʠ ʟ ʦʛʣʷʜʫ ʥʘ ʨʫʭʠ 

ʨʫʜʦʥʦʩʥʠʭ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʣʠʰʝ ʫ ʧʝʚʥʽ ʛʝʦʣʦʛʽʯʥʽ ʝʧʦʭʠ. ʉʪʦʩʦʚʥʦ 

ʬʣʶʾʜʦʧʨʦʚʽʜʥʦʩʪʽ ï ʈʇ ʤʦʛʣʠ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦ ʧʽʜʚʦʜʠʣʠ ʽ ʨʦʟʧʦʜʽʣʷʣʠ 

ʨʫʜʦʥʦʩʥʽ ʨʦʟʯʠʥʠ ʘʙʦ ʞ ʥʘʢʦʧʠʯʫʚʘʣʠ ʫ ʩʚʦʻʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ñʪʽʣʽò ʨʫʜʥʫ 

ʨʝʯʦʚʠʥʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʟʥʘʯʝʥʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʟʠʚʰʠʩʴ ʜʦ ʧʨʠʨʦʜʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʩʠʚʫ (ʇʂʄ) 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ (ʋʑ), ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʘʤʧʝʨʝʜ ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʦ ʥʘ 

ʚʠʚʯʝʥʥʷ ʣʘʥʰʘʬʪʥʦ-ʽʥʜʠʢʘʮʽʡʥʦʾ ʚʠʨʘʞʝʥʦʩʪʽ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʟʝʤʥʦʾ 

ʢʦʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ (ʄʂɿ) ʫ ʤʝʞʘʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʥʘ ʨʫʜʦʥʦʩʥʽ ʦʙôʻʢʪʠ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʾ ʅʦʚʦʪʨʦʾʮʴʢʦʾ ʪʝʩʪʦʚʦʾ 
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ʜʽʣʷʥʢʠ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʾ ʧʨʠʨʦʟʣʦʤʥʦʾ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʽʯʥʦʾ ʟʘʧʘʜʠʥʠ ʪʘ 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʝʾ ʧʣʦʱ. ɿʘʧʘʜʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʟʦʥʫ ʟʯʣʝʥʫʚʘʥʥʷ ɼʦʥʝʮʴʢʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʟ ʇʂʄ ʋʑ. ɿʘʛʘʣʦʤ ʮʷ ʪʝʨʠʪʦʨʽʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʾ ʤʽʥʝʨʘʛʝʥʽʯʥʦʾ ʟʦʥʠ, ʤʽʩʪʠʪʴ ʘʙʦ ʞ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʥʘ ʧʦʰʫʢʠ ʝʥʜʦʛʝʥʥʠʭ ʨʦʜʦʚʠʱ ʧʦʣʽʤʝʪʘʣʝʚʠʭ ʨʫʜ, ʩʝʨʝʜ ʷʢʠʭ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʫʨʘʥʦʥʦʩʥʽ, ʥʘʩʠʯʝʥʽ ʨʽʜʢʽʩʥʠʤʠ ʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʪʦʱʦ [2, 3 ʪʘ ʽʥ.]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʢʘʟʘʥʝ, ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʙʫʣʦ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʽʩʥʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-(ʛʝʥʝʪʠʯʥʦʛʦ?) ʟʚôʷʟʢʫ ʨʫʜʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʟʘʢʘʨʪʦʚʘʥʽ 

ʥʘ ʪʝʨʠʪʦʨʽʾ, ʟ ʚʽʜʦʤʠʤʠ, ʫʪʦʯʥʝʥʠʤʠ ʘʙʦ ʞ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʟʘ ʄʂɿ 

ʜʠʟôʶʥʢʪʠʚʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʟʝʤʥʦʾ ʢʦʨʠ. 

ʆʪʦʞ, ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ ʄʂɿ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʩʪʨʫʢʪʫʨʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ. ɿʘ 

ʘʥʘʣʦʛʽʻʶ ʟ ʟʘʢʘʨʪʦʚʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʠʟôʶʥʢʪʠʚʥʦʛʦ ʛʝʥʝʟʠʩʫ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʛʝʦʽʥʜʠʢʘʮʽʡʥʠʤʠ ʧʨʦʷʚʘʤʠ ʾʭ ʫ ʣʘʥʜʰʘʬʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʨʝʞʫ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʠʭ 

ʣʽʥʝʘʤʝʥʪʽʚ (ʨʠʩʫʥʦʢ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʽ ʧʨʦʩʪʝʞʝʥʦ ʩʢʣʘʜʦʚʽ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʠʟôʶʥʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʦʞ ʟʦʥ, ʱʦ ʾʭ ʫʪʚʦʨʶʶʪʴ. 

ʇʝʨʝʚʘʞʥʘ ʾʭ ʙʽʣʴʰʽʩʪʴ ʫ ʣʘʥʜʰʘʬʪʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʩʚʦʻʨʽʜʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʟʘ ʘʧʨʽʦʨʥʠʤʠ ʜʘʥʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ 

ʨʦʙʽʪ [3ï5 ʪʘ ʽʥ.] ʟʦʥʘʤʠ ʨʦʟʣʦʤʽʚ ʦʙʣʘʩʪʽ ʘʥʦʤʘʣʴʥʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ 

(ʆɸɻɼɺ) ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʦʥ ʈʇ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʫʣʦ ʜʝʱʦ 

ʨʦʟʰʠʨʝʥʦ: ʧʝʨʝʜʫʩʽʤ ʮʝ ʚʣʘʩʥʝ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʘ ʩʫʙʰʠʨʦʪʥʘ ʽ ʂʨʠʚʦʨʽʟʴʢʦ-

ʇʘʚʣʽʚʩʴʢʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʘ ʟʦʥʠ, ɺʝʣʠʢʦʘʥʘʜʦʣʴʩʴʢʝ, ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʝ ʽ 

ɺʦʡʢʽʚʩʴʢʝ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽ ʧʦʨʫʰʝʥʥʷ, ʯʘʩʪʢʦʚʦ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʘ ɻʨʫʟʴʢʦ-

ɭʣʘʥʯʠʮʴʢʘ ʽ ʩʫʙʰʠʨʦʪʥʘ ʂʽʥʩʴʢʘ ʟʦʥʠ ʪʘ ʽʥ. ʊʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʄʂɿ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʬʨʘʛʤʝʥʪ ʤʝʟʦʤʦʨʬʦʩʪʨʫʢʪʫʨʠ (ʢʽʣʴʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ), ʛʝʦʣʦʛʽʯʥʘ ʧʨʠʨʦʜʘ ʷʢʦʾ ʥʘʨʘʟʽ ʥʝ ʟôʷʩʦʚʘʥʘ (ʨʠʩʫʥʦʢ). ɼʣʷ 

ʨʦʟʫʤʽʥʥʷ ʾʾ ʛʝʥʝʟʠʩʫ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ ʡ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ ï ʅʦʚʦʪʨʦʾʮʴʢʘ ʜʽʣʷʥʢʘ ʽ 

ʧʨʠʣʝʛʣʽ ʨʘʡʦʥʠ ʇʂʄ ʋʑ. 

ʌʨʘʛʤʝʥʪ ʢʘʨʪʦʩʭʝʤʠ ʟʽʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʄʂɿ 

ʟ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷʤʠ ʨʫʜʦʧʨʦʷʚʽʚ 

ʫʨʘʥʫ. 1 ï ʦʩʥʦʚʥʽ ʣʽʥʝʘʤʝʥʪʠ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʣʦʤʥʦ-ʙʣʦʢʦʚʠʡ 

ʢʘʨʢʘʩ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ 

ʪʘ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ; 2 ï ʢʦʥʪʫʨ 

ʤʝʟʦʤʦʨʬʦʩʪʨʫʢʪʫʨʠ 

ʥʝʟʨʦʟʫʤʽʣʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʛʝʥʝʟʠʩʫ, ʚʽʜʜʝʰʠʬʨʦʚʘʥʦʾ ʥʘ 

ʄʂɿ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʛʝʥʝʨʘʣʽʟʘʮʽʾ; 

3ï6 ï ʝʥʜʦʛʝʥʥʽ ʨʫʜʦʧʨʦʷʚʠ ʫʨʘʥʫ 

(ʟʛʽʜʥʦ ʟ [3], ʜʠʚ. ʨʠʩ. 4). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʣʽʥʝʘʤʝʥʪʥʽ ʟʦʥʠ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ ʥʝʦʪʝʢʪʦʥʽʯʥʦ ʘʢʪʠʚʥʠʭ, 

ʧʨʦʩʪʦʨʦʚʦ ʫʩʧʘʜʢʦʚʘʥʠʭ ʫ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ ʈʇ, ʟʦʥ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʟʝʤʥʽʡ ʢʦʨʽ. ɺʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʨʦʟʣʦʤʥʦ-ʙʣʦʢʦʚʠʡ ʢʘʨʢʘʩ ʜʦʢʝʤʙʨʽʡʩʴʢʦʾ ʦʩʥʦʚʠ ʪʘ ʦʩʘʜʦʯʥʦʛʦ ʯʦʭʣʘ 

ʪʝʨʠʪʦʨʽʾ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ. ʈʘʟʦʤ ʟ ʪʠʤ ʥʠʟʢʘ ʚʠʷʚʣʝʥʠʭ ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ 

ʧʝʨʝʚʘʞʥʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ, ʤʝʥʰʦʶ ʤʽʨʦʶ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʜʝʢʽʣʴʢʘ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʭ ʟʦʥ ʥʝ ʟʥʘʭʦʜʠʪʴ ʚʽʜʧʦʚʽʜʥʠʢʽʚ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʠʭ ʢʘʨʪʘʭ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʬʘʭʽʚʮʷʤʠ-ʛʝʦʣʦʛʘʤʠ ʫ 

ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ. ɺʨʘʭʫʚʘʚʰʠ ʾʭ, ʩʪʚʦʨʝʥʦ ʫʪʦʯʥʝʥʫ ʤʦʜʝʣʴ ʨʦʟʣʦʤʥʦ-ʙʣʦʢʦʚʦʾ 

ʙʫʜʦʚʠ ʅʦʚʦʪʨʦʾʮʴʢʦʾ ʜʽʣʷʥʢʠ ʽ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʝʾ ʧʣʦʱ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʄʂɿ ʦʪʨʠʤʘʥʦ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʭʘʨʘʢʪʝʨ ʽ ʥʘʧʨʷʤʦʢ ʧʦʚôʷʟʘʥʠʭ ʟ ʨʦʟʨʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ 

ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʽ ʥʘʧʨʫʛ [6]. 

ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʧʦ ʧʣʦʱʽ ʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʜʦʛʝʥʥʠʭ ʨʫʜʦʧʨʦʷʚʽʚ 

ʫʨʘʥʫ ʩʪʦʩʦʚʥʦ ʈʇ ʽ ʧʨʠʫʨʦʯʝʥʠʭ ʜʦ ʥʠʭ ʧʦʣʽʚ ʜʝʬʦʨʤʘʮʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʽʡʪʠ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ. ɸ ʩʘʤʝ: ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʘ ʩʫʙʰʠʨʦʪʥʘ ʜʠʟôʶʥʢʪʠʚʥʘ 

ʟʦʥʘ, ʜʦ ʷʢʦʾ ʚ ʤʝʞʘʭ ʅʦʚʦʪʨʦʾʮʴʢʦʾ ʜʽʣʷʥʢʠ ʥʘʩʘʤʧʝʨʝʜ ʡ ʧʨʠʥʘʣʝʞʥʽ 

ʨʫʜʦʧʨʦʷʚʠ, ʥʘ ʥʝʦʪʝʢʪʦʥʽʯʥʦʤʫ ʝʪʘʧʽ ʪʝʢʪʦʛʝʥʝʟʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʛʘʣʦʤ ʻ ʣʽʚʦʩʪʦʨʦʥʥʽʤ ʟʩʫʚʦʤ, ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʷʢʦʛʦ ʙʣʠʟʴʢʽ ʜʦ 

ʩʫʙʰʠʨʦʪʥʠʭ ʣʽʥʽʡʥʽ ʦʩʝʨʝʜʢʠ ʜʽʾ ʥʘʧʨʫʛ ʨʦʟʪʷʛʥʝʥʥʷ ʽ ʩʪʠʩʥʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ 

ʾʤ ʟʘ ʨʘʥʛʦʤ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʤʝʞʦʚʫʶʪʴʩʷ. 

ɼʣʷ ɺ. ɸʥʘʜʦʣʴʩʴʢʦʾ ʟʦʥʠ ʧʦʨʫʰʝʥʥʷ ʧʨʠʪʘʤʘʥʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʥʝʥʥʷ. 

ʇʨʦʷʚʠ ʫʨʘʥʦʚʦʛʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʚ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʟʦʥʘʭ ʟʨʫʜʝʥʽʥʥʷ ʫ 

ʚʽʜʢʣʘʜʘʭ ʝʡʬʝʣʴʩʴʢʦʛʦ ʷʨʫʩʫ ʜʝʚʦʥʫ (D2ef) çɹʘʣʢʘ ɺʝʣʠʢʘ ɹʦʨʩʫʢʦʚʘè ʽ çɹʘʣʢʘ 

ʄʦʢʨʘ ʄʘʥʜʨʠʢʽʥʘè, ʘ ʪʘʢʦʞ ʄʠʢʦʣʘʾʚʩʴʢʝ ʥʝʧʨʦʤʠʩʣʦʚʝ ʨʦʜʦʚʠʱʝ ʚ 

ʙʘʟʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʤʽʩʪʷʪʴʩʷ ʫ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʾ ʟʦʥʠ ʚ 

ʫʤʦʚʘʭ ʪʝʢʪʦʥʽʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʧʦʙʣʠʟʫ ʾʾ ʧʝʨʝʪʠʥʫ ʟ ɺ. ɸʥʘʜʦʣʴʩʴʢʦʶ ʟʦʥʦʶ. 

ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝʧʦʜʘʣʽʢ ʢʽʥʮʽʚ ʦʧʝʨʷʶʯʠʭ ʩʫʙʰʠʨʦʪʥʫ ʟʦʥʫ 

ʣʦʢʘʣʴʥʠʭ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʠʭ ʜʠʟôʶʥʢʪʠʚʽʚ ʟ ʦʟʥʘʢʘʤʠ ʨʦʟʪʷʛʫ. 

ɭʣʘʥʯʠʮʴʢʝ (ʇʦʢʨʦʚʩʴʢʦ-ʂʠʨʻʻʚʩʴʢʝ) ʛʽʜʨʦʪʝʨʤʘʣʴʥʝ ʚ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ 

ʟʦʥʘʭ ʟʨʫʜʝʥʽʥʥʷ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʫ ʧʨʠʦʩʴʦʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʡ ʥʘʟʚʘʥʦʾ 

ʥʘʤʠ ʄʽʯʫʨʽʥʩʴʢʦ-ɺʦʡʢʽʚʩʴʢʦʾ ʟʦʥʠ ʈʇ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʱʦ ʚʠʭʦʜʠʪʴ 

ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʮʽʻʾ ʟʦʥʠ ʭʘʨʘʢʪʝʨʥʘ ʯʽʪʢʦ ʚʠʨʘʞʝʥʘ 

ʜʽʷ ʧʦʣʽʚ ʩʪʠʩʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ɭʣʘʥʯʠʮʴʢʝ ʟʨʫʜʝʥʽʥʥʷ ʨʦʟʪʘʰʦʚʘʥʝ ʧʦʨʷʜ ʟ 

ʟʘʭʽʜʥʠʤ ʟʘʢʽʥʯʝʥʥʷʤ ʦʜʥʽʻʾ ʟ ʣʦʢʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʾ ʟʦʥʠ, 

ʱʦ ʤʘʻ ʦʟʥʘʢʠ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʪʷʛʥʝʥʥʷ. 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʽ ʨʫʜʦʧʨʦʷʚʠ ʚ ʧʝʛʤʘʪʦʾʜʥʠʭ ʛʨʘʥʽʪʘʭ 

ʇʘʚʣʽʚʩʴʢʝ, ʅʦʚʦʘʥʜʨʽʾʚʩʴʢʝ ʽ ɺʘʣʝʨôʷʥʽʚʩʴʢʝ, ʘ ʪʘʢʦʞ ɺʘʩʠʣʽʚʩʴʢʠʡ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʚ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽʡ ʟʦʥʽ ʨʫʜʦʧʨʦʷʚ ʚʠʰʫʢʫʶʪʴʩʷ ʫʟʜʦʚʞ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʂʨʠʚʦʨʽʟʴʢʦ-ʇʘʚʣʽʚʩʴʢʦʾ ʟʦʥʠ ʈʇ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ 

ʧʨʦʩʪʷʛʘʥʥʷ, ʜʣʷ ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʘ ʜʽʷ ʧʦʣʽʚ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʥʝʥʥʷ. ʈʫʜʦʧʨʦʷʚʠ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʧʦʙʣʠʟʫ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʫʟʣʽ ʧʝʨʝʪʠʥʫ ʂʨʠʚʦʨʽʟʴʢʦ-

ʇʘʚʣʽʚʩʴʢʦʾ ʟʦʥʠ ʟ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʶ ʽ ɺ. ɸʥʘʜʦʣʴʩʴʢʦʶ ʟʦʥʘʤʠ. ʇʨʦʪʝ 
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ʟʥʦʚʫ ʞ ʪʘʢʠ ʧʦʨʷʜ ʟ ʙʽʣʴʰʽʩʪʶ ʟ ʮʠʭ ʨʫʜʦʧʨʦʷʚʽʚ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʢʽʥʮʽʚʢʠ 

ʣʦʢʘʣʴʥʠʭ ʜʠʟôʶʥʢʪʠʚʽʚ ʨʦʟʪʷʛʫ, ʱʦ ʢʫʣʽʩʦʧʦʜʽʙʥʦ ʦʧʝʨʷʶʪʴ ʩʫʙʰʠʨʦʪʥʫ ʟʦʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʟʜʦʚʞ ʆɸɻɼɺ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʾ ʩʫʙʰʠʨʦʪʥʦʾ ʟʩʫʚʥʦʾ 

ʟʦʥʠ ʈʇ ʩʬʦʨʤʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʱʦʛʦ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʘʥʛʫ. ʆʜʥʽ ʟ ʥʠʭ, 

ʚʠʥʠʢʥʫʚʰʠ ʧʨʠ ʥʘʧʨʫʛʘʭ ʨʦʟʪʷʛʥʝʥʥʷ, ʙʫʣʠ ʽ ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʘʣʠʰʘʶʪʴʩʷ 

ʜʦʪʝʧʝʨ ʦʩʣʘʙʣʝʥʠʤʠ, ʣʝʛʢʦʧʨʦʥʠʢʥʠʤʠ ʟʦʥʘʤʠ ʽ ʢʦʥʪʘʢʪʘʤʠ, ʷʢʽ ʤʘʡʞʝ 

ʧʦʜʽʙʥʽ ʜʦ ʚʽʜʢʨʠʪʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʚʢʦʨʽʥʝʥʥʷ ʟ ʛʣʠʙʠʥʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʣʶʾʜʽʚ. 

ɿʦʢʨʝʤʘ, ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʽʜ ʯʘʩ 

ʧʽʜʡʦʤʫ ʥʘ ʚʝʨʭʥʽ ʩʪʨʫʢʪʫʨʥʽ ʧʦʚʝʨʭʠ ʟʘʙʝʟʧʝʯʠʣʠ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ 

ʤʝʪʘʩʦʤʘʪʦʟʫ ʡ ʝʧʽʛʝʥʝʪʠʯʥʠʡ ʧʨʠʚʥʽʩ ʫʨʘʥʫ ʟ ʛʣʠʙʠʥʥʠʤʠ ʬʣʶʾʜʘʤʠ. ɯʥʰʽ 

ʣʦʢʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʚʣʷʶʯʠ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʨʦʮʝʩʽʚ ʽ 

ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʟʘ ʨʘʥʛʘʤʠ ʽ ʧʨʦʩʪʷʛʘʥʥʷʤʠ ʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ, ʥʘʚʧʘʢʠ, ʙʫʣʠ 

ʟʦʥʘʤʠ ʫʱʽʣʴʥʝʥʥʷ, ʩʪʠʩʢʫʚʘʥʥʷ ʽ ʧʦʛʘʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. ɺʦʥʠ ʧʝʨʝʰʢʦʜʞʘʣʠ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʮʠʭ ʨʦʟʯʠʥʽʚ, ʩʪʚʦʨʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʤʽʩʮʷ 

ʾʭʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡ ʥʘʩʪʫʧʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ 

ʫʨʘʥʦʚʦʨʫʜʥʠʭ ʩʢʫʧʯʝʥʴ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʫ ʥʘ ʜʝʚʦʥʩʴʢʦʤʫ ʝʪʘʧʽ 

ʫʨʘʥʦʚʦʛʦ ʟʨʫʜʝʥʽʥʥʷ ʚ ʤʽʥʝʨʘʛʝʥʽʯʥʽʡ ʟʦʥʽ. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʄʂɿ, ʫ ʤʝʞʘʭ ʇʽʚʜʝʥʥʦʜʦʥʙʘʩʴʢʦʾ ʤʽʥʝʨʘʛʝʥʽʯʥʦʾ 

ʟʦʥʠ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʜʦʛʝʥʥʠʭ 

ʨʫʜʦʧʨʦʷʚʽʚ ʫʨʘʥʫ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʣʦʢʘʣʴʥʠʭ ʧʣʦʱ, ʷʢʽ ʟʘʟʥʘʚʘʣʠ 

ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ. ʇʨʠ ʪʦʤʫ ʨʫʜʦʧʨʦʷʚʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʙʣʠʟʫ ʢʚʘʟʽʣʽʥʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʨʦʟʪʷʛʫ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʧʘʨʘʛʝʥʝʪʠʯʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʣʦʢʘʣʴʥʠʤʠ ʧʣʦʱʘʤʠ ʩʪʠʩʥʝʥʥʷ. ɺʠʷʚʣʝʥʥʷ, ʯʽʪʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ 

ʽʩʪʦʨʠʢʦ-ʪʝʢʪʦʥʽʯʥʘ ʧʨʠʚô̫ ʟʢʘ ʣʽʥʽʡʥʠʭ ʽ ʩʧʨʷʞʝʥʠʭ ʟ ʥʠʤʠ ʧʣʦʱʦʚʠʭ ʦʙôʻʢʪʽʚ 

ʨʦʟʪʷʛʫ ʽ ʩʪʠʩʥʝʥʥʷ ʤʘʻ ʚʘʞʣʠʚʝ ʛʝʦʣʦʛʦʧʦʰʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚ ʘʩʧʝʢʪʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʦʛʦ ʨʫʜʦʢʦʥʪʨʦʣʶ. ʇʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-

ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʄʂɿ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ (ʽ ʚ ʤʝʞʘʭ ʇʂʄ ʋʑ ʟʘʛʘʣʦʤ) 

ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ, ʱʦ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʛʝʦʣʦʛʽʯʥʠʤ ʦʙôʻʢʪʘʤ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘ ʧʦʰʫʢʠ ʥʦʚʠʭ ʧʦʢʣʘʜʽʚ, ʚʫʟʣʽʚ, ʟʦʥ, ʨʦʜʦʚʠʱ ʫʨʘʥʫ. 
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The structural-kinematic relationships in the formation and development of shear dislocations of the 

Krasnoarmiisk district of Donbas and their impact on the formation of gas-dynamic phenomena 

(GDP) zones were studied firstly. They based on the developed digital model of the actual tectonic 

disturbance of the rock massif on the example of the mining allotments group of Krasnoarmiisk 

monocline. The established relationships of the impact of shear tectonics on the formation of GDP 

in coal beds are important both by clarifying the mechanism of tectonogenesis and the nature of 

pull-aparts formation (en echelon zones of tension), and by the possibility of using additional 

prognostic criteria for searching for accumulations of free methane and its sudden manifestations 

(GDP) in coal beds. The application of knowledge of these relationships at mining enterprises will 

allow reducing the costs for the struggle against dangerous GDP manifestations and predicting them 

reliably. 
 

ʇʨʦʙʣʝʤʘ ʚʘʞʢʦʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʨʠʨʦʜʥʠʭ ʥʝʙʝʟʧʝʢ ʛʝʦʣʦʛʽʯʥʦʛʦ, 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʽ ʛʝʦʤʝʭʘʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʶ ʤʘʪʝʨʽʘʣʴʥʽ ʽ 

ʣʶʜʩʴʢʽ ʚʪʨʘʪʠ ʚ ʩʫʯʘʩʥʦʤʫ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʧʨʠʪʘʤʘʥʥʘ ʜʣʷ ʯʠʩʣʝʥʥʠʭ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ɼʦʥʙʘʩʫ. ɼʦ ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʪʨʘʜʠʮʽʡʥʦ ʚʽʜʥʦʩʷʪʴ ʛʘʟʦ-ʜʠʥʘʤʽʯʥʽ 

ʷʚʠʱʘ (ɻɼʗ). ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʣʦʢʘʣʽʟʘʮʽʾ. ʈʘʧʪʦʚʽ ʚʠʢʠʜʠ ʚʫʛʽʣʣʷ ʽ 

mailto:gvrvg@meta.ua
mailto:natalidyachenko1969@gmail.com
mailto:gvrvg@meta.ua
mailto:natalidyachenko1969@gmail.com


 

184 

 

ʛʘʟʫ, ʩʫʬʣʷʨʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʧʣʦʱʽ ʧʣʘʩʪʽʚ 

ʥʝʨʽʚʥʦʤʽʨʥʦ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʟʥʦʦʨʽʻʥʪʦʚʘʥʽ ʟʦʥʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʷʢ ʟ 

ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʪʘʢ ʽ ʟ ʧʣʽʢʘʪʠʚʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʽ 

ʤʘʶʪʴ ʧʨʦʪʷʞʥʽʩʪʴ ʚʽʜ ʜʝʩʷʪʢʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ ʤʝʪʨʽʚ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʽ 

ʧʘʜʽʥʥʷʤ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ʇʨʠ ʮʴʦʤʫ, ʣʦʢʘʣʴʥʽʩʪʴ ɻɼʗ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʘ ʣʠʰʝ ʥʘʷʚʥʽʩʪʶ ʧʽʜʚʠʱʝʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʘʙʦ ʾʾ ʚʽʜʩʫʪʥʽʩʪʶ. 

ɺʦʯʝʚʠʜʴ, ʧʨʦʚʽʜʥʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʫʤʦʚʘʤ ʫʪʚʦʨʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʬʦʨʤ ʚ 

ʪʝʢʪʦʥʽʯʥʦʤʫ ʧʦʣʽ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʩʧʨʠʷʻ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʣʝʢʪʦʨʽʚ 

ʛʘʟʦʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ. ʉʘʤʝ ʪʦʤʫ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʟʩʫʚʥʦʾ ʜʠʩʣʦʢʘʮʽʡʥʦʾ ʟʦʥʠ (ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟʩʫʚʥʠʭ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ) 

ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʾ ʤʦʥʦʢʣʽʥʘʣʽ (ʂʄ) ɼʦʥʙʘʩʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʾʾ 

ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ɻɼʗ ʫ ʚʫʛʽʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʻ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʛʝʦʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʂʄ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʂʘʣʴʤʽʫ-ʊʦʨʝʮʴʢʦʾ ʫʣʫʛʦʚʠʥʠ. ʉʪʨʫʢʪʫʨʘ ʚʠʪʷʛʥʫʪʘ ʚ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʽ ʥʘ 100 ʢʤ ʟʘ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʚʫʛʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ 

18ï20 ʢʤ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʶ ʧʽʜʡʦʤʽʚ, ʱʦ ʨʦʟʜʽʣʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʜʫʞʝ 

ʧʦʣʦʛʦʶ, ʩʣʘʙʦ ʚʠʨʘʞʝʥʦʶ ʩʽʜʣʦʚʠʥʦʶ. ɺʽʜʥʦʩʥʝ ʩʧʦʢʽʡʥʝ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ 

ʧʦʨʫʰʝʥʦ ʪʝʢʪʦʥʽʯʥʠʤʠ ʨʦʟʨʠʚʘʤʠ ʨʽʟʥʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʽ ʤʦʨʬʦʣʦʛʽʾ. ʇʝʨʰʘ 

ʛʨʫʧʘ ʨʦʟʨʠʚʽʚ, ʤʦʨʬʦʣʦʛʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʫʚʘʤʠ ʙʣʠʟʴʢʦʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ 

ʇʥïʇʥɿ ʧʨʦʩʪʷʛʘʥʥʷ (ʉʘʤʘʨʩʴʢʠʡ, ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʠʡ, ʄʝʨʮʘʣʦʚʩʴʢʠʡ, 

ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ ɼʦʙʨʦʧʽʣʴʩʴʢʦʛʦ) ʽ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʧʽʚʥʽʯʥʦʩʭʽʜʥʦʛʦ 

ʦʨʽʻʥʪʫʚʘʥʥʷ (ʉʝʣʽʜʦʚʩʴʢʠʡ, ʎʝʥʪʨʘʣʴʥʠʡ, ʧʽʚʜʝʥʥʘ ʯʘʩʪʠʥʘ ɼʦʙʨʦʧʽʣʴʩʴʢʦʛʦ, 

ʩʝʨʽʷ ʅʦʚʦ-ɯʚʝʨʩʴʢʠʭ ʨʦʟʨʠʚʽʚ). ɼʨʫʛʘ ï ʯʠʩʣʝʥʥʽ ʩʫʙʧʘʨʘʣʝʣʴʥʽ ʜʠʟôʁ ʥʢʪʠʚʠ 

ʩʢʠʜʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʙʣʠʟʴʢʦʰʠʨʦʪʥʦʛʦ ʇʥïʇʥɿ ʧʨʦʩʪʷʛʘʥʥʷ 

(ʏʝʨʚʦʥʦʣʠʤʘʥʩʴʢʠʡ, ɻʣʫʙʦʢʦʷʨʩʴʢʠʡ, ʂʘʨʧʽʚʩʴʢʠʡ, ɻʨʫʰʽʚʩʴʢʠʡ, 

ʌʝʜʦʨʽʚʩʴʢʠʡ, ʉʘʤʦʡʣʽʚʩʴʢʠʡ, ɻʥʽʣʫʰʠʥʩʴʢʠʡ) ʽ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʇʥʉ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ï ʩʢʠʜ ˉ 5, ʩʢʠʜ çɺè. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʛʝʦʤʝʪʨʠʟʘʮʽʾ ʽ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ ʪʝʢʪʦʥʽʯʥʦʾ 

ʧʦʨʫʰʝʥʦʩʪʽ ʚ ʤʝʞʘʭ ʂʄ, ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʧʨʦʩʪʦʨʦʚʦ ʟʚôʷʟʘʥʽ 

ʛʝʦʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʦ ʧʦʛʦʜʞʝʥʦ ʽ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʦ, ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʙʫʜʦʚʦʶ ʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʨʝʞʠʤʫ 

ʧʨʘʚʦʟʩʫʚʥʦʾ ʟʦʥʠ ʩʪʨʫʢʪʫʨʥʠʤ ʧʘʨʘˇʝʥʝʟʦʤ, ʣʘʪʝʨʘʣʴʥʦʶ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʥʦʶ ʟʦʥʘʣʴʥʽʩʪʶ. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʘʣʶʥʢʘ ʽ ʤʘʢʩʠʤʫʤʽʚ ʟʫʩʪʨʽʯʽ 

ʦʨʽʻʥʪʫʚʘʥʴ ʤʘʣʦ- ʪʘ ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʠʭ ʨʦʟʨʠʚʽʚ ʥʘ ʨʦʟʘʭ-ʜʽʘʛʨʘʤʘʭ 

ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʩʽʤ ʩʠʩʪʝʤ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ: ʩʠʥʪʝʪʠʯʥʽ ʧʨʘʚʽ (R1) ʽ 

ʘʥʪʠʪʝʪʠʯʥʽ ʣʽʚʽ (R2) ʟʢʦʣʠ ʈʽʜʝʣʷ, ʷʢʽ ʩʠʤʝʪʨʠʯʥʽ ʱʦʜʦ ʚʽʩʽ ʩʪʠʩʥʝʥʥʷ (ʫ1) ʽ 

ʤʘʶʪʴ ʦʨʽʻʥʪʫʚʘʥʥʷ 300ï310Á ʪʘ 12ï28Á (ʚʽʜʧʦʚʽʜʥʦ); ʪʨʽʱʠʥʠ ʚʽʜʨʠʚʫ (ʊ), ʷʢʽ 

ʧʘʨʘʣʝʣʴʥʽ ʚʽʩʽ ʩʪʠʩʥʝʥʥʷ (ʫ1) ʪʘ ʦʨʽʻʥʪʦʚʘʥʽ ʟʘ ʘʟʠʤʫʪʦʤ 340ï350Á; ʩʠʥʪʝʪʠʯʥʽ 

ʟʩʫʚʠ (Y) ï ʦʩʥʦʚʥʘ ʧʨʘʚʦʟʩʫʚʥʘ ʟʦʥʘ ï ʚʠʨʘʞʝʥʽ ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʢʨʫʪʦʧʘʜʘʶʯʠʭ 

ʨʦʟʨʠʚʽʚ (ʤʦʨʬʦʣʦʛʽʯʥʦ ʩʢʠʜʽʚ) ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ 280ï290Á; ʚʪʦʨʠʥʥʽ ʩʠʥʪʝʪʠʯʥʽ 

ʟʩʫʚʠ (P) ʟʘ ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʙʣʠʟʴʢʽ ʜʦ ʰʠʨʦʪʥʦʾ (270Á). ʎʝʡ ʧʘʨʘˇʝʥʝʟ 

ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʚʽʜʧʦʚʽʜʘʻ ʟʩʫʚʥʦʤʫ ʧʦʣʶ ʪʝʢʪʦʥʽʯʥʠʭ 

ʥʘʧʨʫʛ (ʚʽʩʴ ʫʢʦʨʦʯʝʥʥʷ ʧʨʦʩʪʦʨʫ (ʫ1) ʚʥʘʩʣʽʜʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʩʫʚʫ 
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ʦʨʽʻʥʪʦʚʘʥʘ ʟʘ ʘʟʠʤʫʪʦʤ 160ï170Á (340ï350Á), ʚʽʩʴ ʧʦʜʦʚʞʝʥʥʷ (ʫ3) ï 70ï80Á 

(250ï260Á) ʟ ʧʽʚʥʽʯ-ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʪʠʩʥʝʥʥʷ ʽ ʩʭʽʜ-ʧʽʚʥʽʯʥʦ-

ʩʭʽʜʥʠʤ ï ʨʦʟʪʷʛʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʧʦ ʨʦʟʨʠʚʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʢʠʜʦ-ʟʩʫʚʥʽ 

ʟʤʽʱʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʙʧʘʨʘʣʝʣʴʥʽ ʜʽʟôʶʥʢʪʠʚʠ ʇʥʉ ʦʨʽʻʥʪʫʚʘʥʥʷ (15ï

30Á) ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ ʻ ʤʝʞʘʤʠ ʧʘʨʘʣʝʣʦʛʨʘʤʦʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ, 

ʫʪʚʦʨʶʶʯʠ ʘʙʦ ʣʫʩʢʘʪʽ ʧʘʢʝʪʠ, ʘʙʦ ʧʘʢʝʪʠ ʩʢʠʜʥʠʭ ʫʩʪʫʧʽʚ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʦʨʬʦʣʦʛʽʾ ʨʦʟʨʠʚʫ), ʦʙʤʝʞʝʥʽ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʩʢʠʜʦʚʠʤʠ ʟʤʽʱʫʚʘʯʘʤʠ ʇʥï

ʇʥʉ ʪʘ ʇʜɿ ʧʘʜʽʥʥʷ; ʚ ʨʘʟʽ ʣʫʩʢʘʪʠʭ ʧʘʢʝʪʽʚ ʚ ʦʨʽʻʥʪʫʚʘʥʥʽ ʧʘʜʽʥʥʷ ʟʤʽʱʫʚʘʯʠʚ 

ʜʦʤʽʥʫʻ ʉïʇʜʉ ʥʘʧʨʷʤʦʢ, ʨʦʟʨʠʚʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʩʢʠʜʥʽ ʫʩʪʫʧʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʫʩʪʨʽʯʥʠʤ ɿʇʥ ʥʘʧʨʷʤʢʦʤ ʧʘʜʽʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʦʟʨʠʚʠ ʇʜʉ ʦʨʽʻʥʪʫʚʘʥʥʷ, ʤʦʨʬʦʣʦʛʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʩʫʚʦ-ʥʘʩʫʚʘʤʠ, ʪʘ ʟ 

ʛʣʠʙʠʥʦʶ ʟʤʽʥʶʶʪʴ ʥʝ ʪʽʣʴʢʠ ʢʫʪ ʧʘʜʽʥʥʷ ʟ 35Á ʜʦ 85Á, ʘʣʝ ʡ ʘʟʠʤʫʪ 

ʧʨʦʩʪʷʛʘʥʥʷ (ʟ 20ï25Á ʜʦ 50Á), ʫʪʚʦʨʶʶʯʠ ʚ ʧʣʘʥʽ ʚʽʷʣʦʚʝ ʦʧʝʨʝʥʥʷ ʦʩʥʦʚʥʦʛʦ 

ʨʦʟʨʠʚʫ, ʘʟʠʤʫʪʘʣʴʥʝ ʦʨʽʻʥʪʫʚʘʥʥʷ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʦʨʽʻʥʪʫʚʘʥʥʶ ʰʠʨʦʢʦʾ (ʜʦ 

270 ʤ) ʟʦʥʠ ʧʣʽʢʘʪʠʚʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʥʘ ʩʭʽʜʥʦʤʫ ʢʨʠʣʽ ʛʽʨʥʠʯʦʛʦ ʚʽʜʚʦʜʫ ʰʘʭʪʠ 

çʇʽʦʥʝʨè; ʚ ʥʘʡʙʽʣʴʰ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʧʣʦʱʽ (ʰʘʭʪʘ çʇʽʦʥʝʨè) 

ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʣʠ ʧʨʠʨʦʟʨʠʚʥʽ ʘʥʪʠʢʣʽʥʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʇʥʉ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʚ ʣʝʞʘʯʠʭ ʢʨʠʣʘʭ, ʱʦ ʚʠʧʦʣʦʞʫʶʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘʩʫʚʽʚ. ʋ 

ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʛʽʨʥʠʯʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʰʘʭʪʠ çʇʽʦʥʝʨè ʚʠʷʚʣʝʥʦ 

ʜʫʧʣʝʢʩ ʩʪʠʩʥʝʥʥʷ (ʨʝʞʠʤ ʪʨʘʥʩʧʨʝʩʽʾ), ʚʠʨʘʞʝʥʠʡ ʩʢʣʘʜʯʘʩʪʦʶ ʩʠʩʪʝʤʦʶ (F), 

ʰʠʨʠʥʦʶ ʜʦ 287 ʤ ʽ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʦʛʠʭ, ʟʤʽʥʶʶʯʠʭ ʧʨʦʩʪʷʛʘʥʥʷ 

ʅʦʚʦʽʚʝʨʩʴʢʠʭ ʥʘʩʫʚʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʢʪʦʥʽʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ 

çʩʪʨʫʢʪʫʨʥʠʭ ʚʽʢʦʥè (ʟʦʥʘ ʨʦʟʪʘʰʦʚʘʥʠʭ ʣʘʥʮʶʛʦʤ ʜʫʧʣʝʢʩʽʚ ʨʦʟʪʷʛʫ, ʱʦ 

ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʫ ʣʘʤʘʥʦ-ʩʪʫʧʽʥʯʘʩʪʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʥʘ ʰʘʭʪʽ çɼʦʙʨʦʧʽʣʴʩʴʢʘè) 

ʫ ʨʝʞʠʤʽ ʪʨʘʥʩʪʝʥʩʽʾ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʨʦʷʚʠ ɻɼʗ (çʤʦʢʨʽ ʩʫʬʣʷʨʠè) ʥʘ ʪʝʨʝʥʘʭ 

ʂʄ ʫ ʚʠʛʣʷʜʽ ʧʫʣ-ʘʧʘʨʪʦʚʠʭ ʤʘʣʠʭ ʫʣʦʛʦʚʠʥ ʧʨʦʩʽʜʘʥʥʷ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʧʽʜ 

ʜʽʻʶ ʟʩʫʚʥʦʛʦ ʧʦʣʷ ʪʝʢʪʦʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʩʝʣʴʥʽ ʚʠʢʠʜʠ 

ʚʫʛʽʣʣʷ ʽ ʧʦʨʽʜ ʪʘ ʩʫʬʣʷʨʠ, ʷʢʽ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʜʽʣʷʥʢʘʭ ʰʘʭʪ (ʟ ʟʘʭʦʜʫ ʥʘ 

ʩʭʽʜ): çɹʽʣʠʮʴʢʘè, çɼʦʙʨʦʧʽʣʴʩʴʢʘè, çʏʝʨʚʦʥʦʣʠʤʘʥʩʴʢʘè, ʽʤ. ʆ.ʌ. ɿʘʩʷʜʴʢʘ, 

ʽʤ. ʆ.ʆ. ʉʢʦʯʠʥʩʴʢʦʛʦ, ʽʤ. ʄ.ɯ. ʂʘʣʽʥʽʥʘ, çʏʝʨʚʦʥʘ ɿʽʨʢʘè, ʽʤ. ʂ.ɯ. ʇʦʯʝʥʢʦʚʘ, 

ʽʤ. ɺ.ʄ. ɹʘʞʘʥʦʚʘ, çʏʘʡʢʽʥʦè, çʃʫʛʘʥʩʴʢʘè, çɻʦʨʝʮʴʢʘè, çʄʘʪʨʦʩʴʢʘè ʤʘʣʠ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʛʘʟʫ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʨʽʜʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ (ʪʠʧʫ 

ʢʦʥʜʝʥʩʘʪʫ). ʅʘ ʮʠʭ ʰʘʭʪʘʭ ʪʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʽ ʧʨʦʷʚʠ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ 

(ʙʫʪʘʥʫ), ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʨʽʜʠʥʠ (ʥʘʬʪʠ), ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʙʽʪʫʤʽʚ, ʥʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʛʝʦʩʪʨʫʢʪʫʨʥʽʡ ʧʦʟʠʮʽʾ ʦʢʨʝʤʠʭ ʛʝʦʣʦʛʦ-

ʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʽʚ, ʱʦ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʝʞʽ ɼʉʉ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʪʽʢʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʬʣʶʾʜʽʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʚ ʤʘʩʠʚʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ 

ʟʩʫʚʥʦʛʦ ʧʦʣʷ ʪʝʢʪʦʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʦʥʘʭ ʥʘʜʨʦʟʣʦʤʥʠʭ ʩʪʨʫʢʪʫʨ 

ʛʣʠʙʠʥʥʠʭ ʨʦʟʣʦʤʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʧʦ ʽʥʰʦʤʫ ʟʚʘʞʠʪʠ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʧʨʦʙʣʝʤʠ ʪʝʢʪʦʛʝʥʝʟʫ ʂʄ, ʘʣʝ ʽ ʧʦʩʪʘʚʠʪʠ ʥʠʟʢʫ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ 

ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʯʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ɻɼʗ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʟʩʫʚʥʦʾ ʪʝʢʪʦʥʽʢʠ ʥʘ ʣʦʢʘʣʽʟʘʮʽʶ ɻɼʗ 

ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʂʄ ʚʘʞʣʠʚʽ ʥʝ ʪʽʣʴʢʠ ʫʪʦʯʥʝʥʥʷʤ ʤʝʭʘʥʽʟʤʫ ʪʝʢʪʦʥʦˇʝʥʝʟʫ 
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ʪʘ ʧʨʠʨʦʜʠ ʬʦʨʤʫʚʘʥʥʷ çʩʪʨʫʢʪʫʨʥʠʭ ʚʽʢʦʥè ʫ ʚʠʛʣʷʜʽ ʢʫʣʽʩʦʧʦʜʽʙʥʠʭ ʟʦʥ 

ʨʦʟʪʷʛʫ, ʘʣʝ ʽ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʧʦʰʫʢʽʚ ʩʢʫʧʯʝʥʴ ʚʽʣʴʥʦʛʦ ʤʝʪʘʥʫ ʪʘ ʡʦʛʦ ʨʘʧʪʦʚʠʭ ʧʨʦʷʚʽʚ (ɻɼʗ) ʫ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʘʭ. ʆʩʢʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʦ ʧʨʠʡʥʷʪʽ ʢʨʠʪʝʨʽʾ (ʧʽʜʚʠʱʝʥʘ ʤʝʪʘʥʦʥʦʩʥʽʩʪʴ, ʱʦ 

ʟʫʤʦʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʠʤ ʩʪʫʧʝʥʝʤ ʤʝʪʘʤʦʨʬʽʟʤʫ ʚʫʛʽʣʣʷ; ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ; 

ʧʦʢʨʘʱʝʥʽ ʬʽʪʨʘʮʽʡʥʦ-ʻʤʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ) ʥʝ ʟʘʚʞʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʣʦʢʘʣʴʥʦʾ ʧʣʦʱʽ ʩʪʦʩʦʚʥʦ ʥʘʷʚʥʦʩʪʽ ʘʙʦ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʢʫʧʯʝʥʴ ʚʫʛʽʣʴʥʦʛʦ ʤʝʪʘʥʫ ʪʘ ʡʦʛʦ ʨʘʧʪʦʚʠʭ ʧʨʦʷʚʽʚ ʙʝʟ ʨʦʟʫʤʽʥʥʷ 

ʨʦʟʚʠʪʢʫ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʦʜʽʡ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʮʽʥʮʽ ʝʪʘʧʽʚ ʪʝʢʪʦʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʦʢʨʝʤʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʦʜʠʥʠʮʴ ʨʝʛʽʦʥʫ ʟ ʦʛʣʷʜʫ ʩʫʯʘʩʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʥʘʥʴ, ʚʠʷʚʣʝʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʜʦʟʚʦʣʷʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʙʦʨʦʪʴʙʫ ʟ ɻɼʗ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʚʫʛʽʣʴʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʥʘʜʽʡʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʮʽ ʷʚʠʱʘ. 
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Greisen type Sn-W mineralization of Perzhanske ore field is confined to the endo-exocontac zone of 

hydrothermal-metasomatically altered perzhansky leucogranites and granite-porphyries. Here, 

tungstates are especially widely abundant in çWesternè and çQuarryè ore manifestations. 

Wolframite group minerals are predominant among tungstates. They are represented by end 

members of ferberite-hubnerite series as well as shtolzite and stolzite-wulfenite solid solutions. 
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Quite frequently, çpatchesè of secondary tungstate-stolzite and stolzite-wulfenite series are 

developed among the predominant cassiterite-wolframite mineralization.  

 

ʇʨʦʷʚʠ Sn-W ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʛʨʝʡʟʝʥʦʚʦʛʦ ʪʠʧʫ ʚ ʤʝʞʘʭ ʇʝʨʞʘʥʩʴʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ (ʇʈʇ) ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʝʥʜʦ-ʝʢʟʦʢʦʥʪʘʢʪʦʚʽʡ ʟʦʥʽ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʦ ʟʤʽʥʝʥʠʭ ʧʝʨʞʘʥʩʴʢʠʭ ʣʝʡʢʦʛʨʘʥʽʪʽʚ ʪʘ ʛʨʘʥʽʪ-

ʧʦʨʬʽʨʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʇʈʇ ʟʘʡʤʘʻ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ 

ʚʠʚʯʝʥʦʾ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʟʦʥʠ ɺʦʣʠʥʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ [1, 2]. 

ɺʦʣʴʬʨʘʤʘʪʠ ʧʦʰʠʨʝʥʽ ʚ ʨʫʜʘʭ ʧʨʦʷʚʽʚ çɿʘʭʽʜʥʠʡè ʪʘ çʂʘʨôʻʨè ʪʘ ʚ ʮʽʣʦʤʫ 

ʜʦʧʦʚʥʶʶʪʴ ʝʢʦʥʦʤʽʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʨʫʜʥʠʭ ʦʙôʻʢʪʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʮʝ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʫʜʥʽ Sn-W ʦʙôʻʢʪʠ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʱʠʪʘ. ɿʨʫʜʝʥʽʥʥʷ, ʨʦʟʢʨʠʪʝ ʧʽʜ ʯʘʩ ʛʝʦʣʦʛʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʯʠʩʣʝʥʥʠʤʠ 

ʢʘʥʘʚʘʤʠ, ʰʪʨʝʢʘʤʠ, ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʝ ʜʚʦʤʘ ʪʠʧʘʤʠ: ʢʚʘʨʮʦʚʠʤʠ 

ʛʨʝʡʟʝʥʘʤʠ ʪʘ ʢʚʘʨʮ-ʤʽʢʨʦʢʣʽʥ-ʧʝʨʪʠʪʦʚʠʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ (ʧʝʨʪʦʟʠʪʘʤʠ). ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʟʦʪʦʧʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʢʮʝʩʦʨʥʦʛʦ ʮʠʨʢʦʥʫ, ʬʦʨʤʫʚʘʥʥʷ ʨʫʜʥʠʭ 

ʧʦʢʣʘʜʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʧʽʟʥʽʰʝ ʫʢʦʨʽʥʝʥʥʷ ʛʨʘʥʽʪ-ʧʦʨʬʽʨʽʚ 1756 Ñ 11 ʤʣʥ ʨʦʢʽʚ 

ʪʦʤʫ.  

ʉʝʨʝʜ ʚʦʣʴʬʨʘʤʘʪʽʚ ʧʝʨʝʚʘʞʘʶʪʴ ʤʽʥʝʨʘʣʠ ʛʨʫʧʠ ʚʦʣʴʬʨʘʤʽʪʫ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʘʡʥʽʤʠ ʯʣʝʥʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʨʷʜʫ ʬʝʨʙʝʨʠʪ-ʛʶʙʥʝʨʠʪ, ʘ 

ʪʘʢʦʞ ʰʪʦʣʴʮʠʪʦʤ [3] ʪʘ ʩʝʨʽʻʶ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ï ʰʪʦʣʴʮʠʪ-ʚʫʣʴʬʝʥʽʪ. ʇʨʦ 

ʽʩʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʨʷʜʫ ʰʪʦʣʴʮʠʪ-ʚʫʣʴʬʝʥʽʪ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʙʫʣʦ 

ʚʟʘʛʘʣʽ ʥʝʚʽʜʦʤʦ. ɿʘʚʫʘʣʴʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʘʤʽʱʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʦʣʴʬʨʘʤʘʪʽʚ ʚʪʦʨʠʥʥʠʤʠ ʥʝ ʜʘʻ ʟʤʦʛʠ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ 

ʤʘʩʰʪʘʙʠ ʧʦʰʠʨʝʥʥʷ ʦʩʪʘʥʥʽʭ ʚ ʨʫʜʘʭ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʩʝʨʝʜ ʧʝʨʝʚʘʞʘʶʯʦʾ 

ʢʘʩʠʪʝʨʠʪ-ʚʦʣʴʬʨʘʤʽʪʦʚʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʨʠʩʫʪʥʽ çʧʣʷʤʠè ʨʦʟʚʠʪʢʫ ʚʪʦʨʠʥʥʠʭ 

ʚʦʣʴʬʨʘʤʘʪʽʚ ï ʰʪʦʣʴʮʠʪʫ ʪʘ ʤʽʥʝʨʘʣʽʚ ʩʝʨʽʾ ʰʪʦʣʴʮʠʪ-ʚʫʣʴʬʝʥʽʪ.  

ʌʝʨʙʝʨʠʪ FeWO4, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʩʦʢʦʟʘʣʽʟʠʩʪʠʤ ʨʽʟʥʦʚʠʜʦʤ Ferb82,1-89,2 

Hubn10,8-17,9 (ʈʠʩ. ɸ). ɺʽʥ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʛʨʝʡʟʝʥʘʭ, 

ʧʦʩʪʫʧʘʶʯʠʩʴ ʣʠʰʝ ʢʘʩʠʪʝʨʠʪʫ, ʘ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʜʦʤʽʥʫʻ (ʜʦ 10 % ʫ 

ʧʦʨʦʜʽ). ʋ ʟʘʛʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʬʝʨʙʝʨʠʪ ʻ ʙʽʣʴʰ ʧʽʟʥʽʤ 

ʤʽʥʝʨʘʣʦʤ ʚʽʜʥʦʩʥʦ ʢʘʩʠʪʝʨʠʪʫ, ʯʘʩʪʦ ʦʙʨʦʩʪʘʻ ʪʘ ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʫʻ ʡʦʛʦ. ɺ 

ʨʫʜʦʧʨʦʷʚʽ çɿʘʭʽʜʥʠʡè ʬʝʨʙʝʨʠʪ ʤʽʥʝʨʘʣ ʬʦʨʤʫʻ ʥʝʨʽʚʥʦʤʽʨʥʦ-ʨʦʟʩʽʷʥʫ 

ʚʢʨʘʧʣʝʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʪʠʭ, ʧʨʠʟʤʘʪʠʯʥʦ-ʣʽʥʟʦʚʠʜʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚ ʦʪʦʯʝʥʥʽ ʽ 

ʥʘʚʢʦʣʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʢʘʩʠʪʝʨʠʪʫ. ʈʦʟʤʽʨ ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,08-0,4 ʤʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʽ ʘʛʨʝʛʘʪʠ ʩʷʛʘʶʪʴ ʜʦ 3 ʤʤ. ɺ 

ʘʩʦʮʽʘʮʽʾ ʟ ʚʦʣʴʬʨʘʤʽʪʦʤ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʩʣʶʜʠ, ʢʦʣʫʤʙʽʪ, ʢʩʝʥʦʪʠʤ, ʤʦʥʘʮʠʪ, 

ʛʨʘʬʽʪ, ʬʣʶʦʨʠʪ ʪʘ ʩʫʣʴʬʽʜʠ. ʋ ʨʫʜʦʧʨʦʷʚʽ çʂʘʨôʻʨè ʤʦʥʦʤʽʥʝʨʘʣʴʥʽ ʛʥʽʟʜʘ 

ʚʦʣʴʬʨʘʤʽʪʫ ʤʦʞʫʪʴ ʩʷʛʘʪʠ 10-15 ʩʤ ʫ ʧʦʧʝʨʝʯʥʠʢʫ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʬʝʨʙʝʨʠʪ 

ʫʪʚʦʨʶʻ ʢʨʫʧʥʽ ʽʜʽʦʤʦʨʬʥʽ ʢʨʠʩʪʘʣʠ (ʜʦ 7 ʩʤ ʟʘ ʧʦʜʦʚʞʝʥʥʷʤ) ʩʝʨʝʜ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʛʨʝʡʟʝʥʠʟʦʚʘʥʠʭ ʛʨʘʥʽʪʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʢʦʤʧʘʢʪʥʽʩʪʶ ʘʥʽʦʥʽʚ 

ʪʘ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʪʦʶ ʦʩʪʨʽʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʽʥʝʨʘʣʫ. ɺ ʨʫʜʦʧʨʦʷʚʽ çʂʘʨôʻʨè 

ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʚʦʣʴʬʨʘʤʽʪʦʤ ʪʨʘʧʣʷʻʪʴʩʷ ʛʫʩʪʘ ʚʢʨʘʧʣʝʥʽʩʪʴ ʩʫʣʴʬʽʜʽʚ, ʬʣʶʦʨʠʪ, 

ʢʘʩʠʪʝʨʠʪ, ʢʦʣʫʤʙʽʪ ʪʘ ʤʽʥʝʨʘʣʠ ʙʝʨʠʣʽʶ. ʆʢʨʝʤʽ ʟʥʘʭʽʜʢʠ ʬʝʨʙʝʨʠʪʫ ʚʽʜʦʤʽ 

ʩʝʨʝʜ ʤʝʪʘʩʦʤʘʪʠʯʥʦ ʟʤʽʥʝʥʠʭ ʧʝʨʞʘʥʩʴʢʠʭ ʛʨʘʥʽʪʽʚ. ʄʽʥʝʨʘʣ ʜʦʩʠʪʴ ʯʘʩʪʦ 
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ʧʨʦʷʚʣʷʻ ʨʠʪʤʽʯʥʦ-ʟʦʥʘʣʴʥʫ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ, ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʤʽʰʦʢ ʥʽʦʙʽʶ. 

ɻʶʙʥʝʨʠʪ MnWO 4 ʻ ʩʫʪʪʻʚʦ ʤʘʨʛʘʥʮʝʚʠʤ Ferb12,3-17,8 Hubn82,2-87,7 (ʈʠʩ. ɸ) ʽ 

ʚʠʷʚʣʝʥʠʡ ʚ ʇʈʇ ʚʧʝʨʰʝ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʩʢʫʧʯʝʥʴ ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʝʨʝʥ 

ʩʝʨʝʜ ʢʘʩʠʪʝʨʠʪ-ʬʝʨʙʝʨʠʪʦʚʠʭ ʘʛʨʝʛʘʪʽʚ. ʋʪʚʦʨʝʥʥʷ ʤʽʥʝʨʘʣʫ ʧʦʚôʷʟʘʥʦ ʟ ʙʽʣʴʰ 

ʧʽʟʥʽʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʨʫʜʥʦʾ ʨʝʯʦʚʠʥʠ.  

ʋ ʧʨʦʮʝʩʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʠʭ ʟʤʽʥ ʚ ʟʦʥʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʦʢʠʩʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʨʫʜ, ʚʦʣʴʬʨʘʤʘʪʠ ʟ ʥʝʚʝʣʠʢʠʤʠ ʢʘʪʽʦʥʘʤʠ (Fe
+2

, Mn
+2

) 

ʧʦʩʣʽʜʦʚʥʦ ʟʘʤʽʱʫʶʪʴʩʷ ʥʘ ʰʪʦʣʴʮʠʪ ʟ ʙʽʣʴʰ ʢʨʫʧʥʠʤʠ ʢʘʪʽʦʥʘʤʠ (Pb
2+
), ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʚʽʜ ʛʽʧʦʛʝʥʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʜʦ ʛʽʧʝʨʛʝʥʥʠʭ. ʋ 

ʚʠʧʘʜʢʫ ʟ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʨʷʜʫ ʰʪʦʣʴʮʠʪ-ʚʫʣʴʬʝʥʽʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟʦʤʦʨʬʥʝ 

ʟʘʤʽʱʝʥʥʷ ʚ ʘʥʽʦʥʥʽʡ ʯʘʩʪʠʥʽ ï WO4
2-
 ʥʘ MoO4

2- 
. 

ʐʪʦʣʴʮʠʪ PbWO4 ï ʚʪʦʨʠʥʥʠʡ ʚʦʣʴʬʨʘʤʘʪ, ʧʦʩʪʽʡʥʦ ʧʨʠʩʫʪʥʽʡ ʩʝʨʝʜ 

ʘʛʨʝʛʘʪʽʚ ʬʝʨʙʝʨʠʪʫ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥʦʢ ʧʦ ʟʦʥʢʘʤ ʨʦʩʪʫ, ʽʟʦʤʝʪʨʠʯʥʠʭ ʤʘʩ, 

ʦʙʣʷʤʽʚʦʢ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʪʨʘʧʣʷʶʪʴʩʷ ʧʦʚʥʽ ʧʩʝʚʜʦʤʦʨʬʦʟʠ ʟ ʟʘʛʘʣʴʥʠʤ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ Stol97,0-99,0 Wulf0,1-3,0.  

ɸ)    ɺ)  

ʈʠʩʫʥʦʢ  - ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʣʴʬʨʘʤʘʪʽʚ ʇʈʇ: ɸ) ʬʝʨʙʝʨʠʪ-ʛʶʙʥʝʨʠʪʠ; B) ʰʪʦʣʴʮʠʪ-

ʚʫʣʴʬʝʥʽʪʠ. 

 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʝʨʽʾ ʰʪʦʣʴʮʠʪ PbWO4-ʚʫʣʴʬʝʥʽʪ PbMO4 ʚʠʷʚʣʝʥʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʢʦʥʪʨʘʩʪʥʦ-ʟʦʥʘʣʴʥʠʭ 

ʚʢʣʶʯʝʥʴ ʪʘ ʦʙʣʷʤʽʚʦʢ ʥʘʚʢʦʣʦ ʟʝʨʝʥ ʰʪʦʣʴʮʠʪʫ (ʨʫʜʦʧʨʷʚ çɿʘʭʽʜʥʠʡè). ʎʽ 

ʤʽʥʝʨʘʣʴʥʽ ʬʘʟʠ ʻ ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ ʤʽʞ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʟ 

ʨʽʟʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ (ʚʦʣʴʬʨʘʤʘʪʠ-ʤʦʣʽʙʜʘʪʠ).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʪʠʧʦʚʦʤʫ ʩʢʣʘʜʽ ʦʢʨʝʤʠʭ ʟʦʥʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠʩʫʪʥʷ ʜʦʩʠʪʴ ʰʠʨʦʢʘ ʦʙʣʘʩʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ ʯʠʩʪʦʛʦ 

ʰʪʦʣʴʮʠʪʫ ʜʦ ʤʽʥʝʨʘʣʫ ʙʣʠʟʴʢʦʛʦ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʜʦ ʚʦʣʴʬʨʘʤʠʩʪʦʛʦ 

ʚʫʣʴʬʝʥʽʪʫ ï ʯʠʣʘʛʽʪʫ Pb(Mo,W)O4 (Stol39,0-82,4Wulf17,6-74,5) (ʈʠʩ. B). ʅʘʜʘʣʽ, 

ʚʽʨʦʛʽʜʥʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʨʠʚ ʫ ʟʤʽʰʫʚʘʥʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ, ʽ ʪʦʤʫ ʞʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ ʙʣʠʟʴʢʦʛʦ ʟʘ ʩʢʣʘʜʦʤ ʜʦ ʚʫʣʴʬʝʥʽʪʫ ʥʝ 

ʚʠʷʚʣʝʥʦ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʥʫʤʫ, ʷʢʠʡ ʧʨʘʢʪʠʯʥʦ ʤʘʻ ʻʜʠʥʫ ʩʪʽʡʢʫ ʤʽʥʝʨʘʣʴʥʫ 

ʬʦʨʤʫ, ʢʘʩʠʪʝʨʠʪ, ʚʦʣʴʬʨʘʤ, ʦʢʨʽʤ ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʥʠʟʢʠ ʚʦʣʴʬʨʘʤʘʪʽʚ, 
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ʽʟʦʤʦʨʬʥʦ ʘʢʪʠʚʥʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʤʽʥʝʨʘʣʽʚ ʛʨʫʧʠ ʢʦʣʫʤʙʽʪʫ-ʪʘʥʪʘʣʽʪʫ (2-

15 ʚʘʛ. %). ɸʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʚʤʽʩʪʫ (ʜʦ 34,20 ʚʘʛ. %) ʬʽʢʩʫʻʪʴʩʷ 

ʚ W-ʢʦʣʫʤʙʽʪʽ ʟ ʛʨʝʡʟʝʥʽʚ ʨʫʜʦʧʨʦʷʚʫ çɿʘʭʽʜʥʠʡè. 
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Prospects for increasing the mineral resource base of the Lviv-Volyn coal basin are associated with 

the development of new areas and deep horizons. One of the possible directions is the construction 

and operation of mining complexes within the fields of the South-Western coal-bearing region. The 

reserves and resources of coal in the region are estimated at more than 2 billion tons. Prospects for 

the integrated development of LVB resources associated with the gas content of the coal-bearing 

strata. Deposits of the Lviv-Volyn basin can, to a certain extent, be considered as complex gas-coal. 

The Southwestern coal-bearing region and deep horizons of the basin are especially promising. 

 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʙʘʩʝʡʥ (ʃɺɹ) ï ʮʝ ʧʣʦʱʘ 

ʨʦʟʚʠʪʢʫ ʚʫʛʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ ʽʟ ʧʣʘʩʪʘʤʠ ʚʫʛʽʣʣʷ ʥʠʞʥʴʦʛʦ (ʚʽʟʝʡʩʴʢʠʡ ʪʘ 

ʩʝʨʧʫʭʽʚʩʴʢʠʡ ʷʨʫʩʠ ï ʚʽʟʝ, ʥʘʤʶʨ ɸ), ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʛʦ (ʥʠʟʠ ʙʘʰʢʠʨʩʴʢʦʛʦ 

ʷʨʫʩʫ ï ʥʘʤʶʨ ɺ, ʉ, ʥʠʟʠ ʚʝʩʪʬʘʣʘ ɸ) ʢʘʨʙʦʥʫ. ɺʫʛʣʝʥʦʩʥʽ ʚʽʜʢʣʘʜʠ ʫʪʚʦʨʶʶʪʴ 

ʧʘʨʘʣʽʯʥʫ ʥʠʞʥʴʦ-ʩʝʨʝʜʥʴʦʢʘʨʙʦʥʦʚʫ ʚʫʛʣʝʥʦʩʥʫ ʬʦʨʤʘʮʽʶ. ʃɺɹ ʻ ʧʽʚʜʝʥʥʦ-

ʩʭʽʜʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʃʶʙʣʽʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ, ʷʢʠʡ ʨʦʟʤʽʱʝʥʠʡ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ. ɺ ʩʫʢʫʧʥʦʩʪʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʛʝʥʝʪʠʯʥʦ ʻʜʠʥʠʡ ʃʴʚʽʚʩʴʢʦ-

ʃʶʙʣʽʥʩʴʢʠʡ ʙʘʩʝʡʥ [1]. ɼʦ ʩʢʣʘʜʫ ʙʘʩʝʡʥʫ ʚʭʦʜʷʪʴ ɺʦʣʠʥʩʴʢʝ, ɿʘʙʫʟʴʢʝ, 

ʉʦʢʘʣʴʩʴʢʝ, ʄʝʞʠʨʽʯʘʥʩʴʢʝ, ʊʷʛʣʽʚʩʴʢʝ, ʃʶʙʝʣʴʩʴʢʝ ʦʩʥʦʚʥʽ ʽ ʦʢʨʝʤʦ 

ʨʦʟʪʘʰʦʚʘʥʝ ɹʫʩʴʢʝ ʨʦʜʦʚʠʱʝ ʪʘ ʨʷʜ ʚʫʛʣʝʥʦʩʥʠʭ ʧʣʦʱ ʽ ʜʽʣʷʥʦʢ. ɺʽʜʢʣʘʜʠ 
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ʃɺɹ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 99 ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʧʨʦʧʣʘʩʪʢʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,05 ʜʦ 

2,5 ʤ. ʇʦʢʣʘʜʠ ʚʫʛʽʣʣʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʨʦʟʨʽʟʽ ʚʩʴʦʛʦ ʢʘʨʙʦʥʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʾʭ ʢʽʣʴʢʦʩʪʽ ʚʽʜ ʥʠʞʥʽʭ ʛʦʨʠʟʦʥʪʽʚ ʜʦ ʚʝʨʭʥʽʭ. ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʧʣʘʩʪʽʚ 

ʨʦʙʦʯʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʙʽʣʴʰʝ 0,6 ʤ) ʚʽʜ 250 ʜʦ 750 ʤʝʪʨʽʚ. ɿʘ ʤʘʨʦʯʥʠʤ ʩʢʣʘʜʦʤ 

ʚʫʛʽʣʣʷ ʙʘʩʝʡʥʫ ʥʘʣʝʞʠʪʴ ʜʦ ʛʘʟʦʚʦʛʦ, ʞʠʨʥʦʛʦ ʽ ʢʦʢʩʽʚʥʦʛʦ [2]. ʐʘʭʪʘʤʠ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ 6-ʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ (n7
ʥ
, n7, n7

ʚ
, n8, n8

ʚ
 ʽ n9). ɺʩʽ ʚʦʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʫʞʘʥʩʴʢʽʡ ʩʚʽʪʽ ʙʘʰʢʠʨʩʴʢʦʛʦ ʷʨʫʩʫ. 

ɺʫʛʣʝʚʠʜʦʙʫʚʥʠʡ ʢʦʤʧʣʝʢʩ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʙʘʩʝʡʥʫ ʙʫʜʫʚʘʚʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʥʦʤʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʈʘʜʷʥʩʴʢʦʛʦ ʉʦʶʟʫ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʧʘʣʠʚʥʦʾ ʙʘʟʠ ʜʣʷ ʧʦʪʨʝʙ ʟʘʭʽʜʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ, ʇʨʠʙʘʣʪʠʢʠ, 

ɹʽʣʦʨʫʩʽ, ʄʦʣʜʦʚʠ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʫ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʃɺɹ ʬʦʨʤʫʚʘʣʘʩʷ 

ʧʦʥʘʜ ʧʽʚʩʪʦʣʽʪʪʷ. ɼʦʚʛʽ ʨʦʢʠ ʜʝʨʞʘʚʥʘ ʩʪʨʘʪʝʛʽʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʋʢʨʘʾʥʠ 

ʚʫʛʽʣʣʷʤ ʙʫʣʘ ʮʽʣʢʦʚʠʪʦ ʟʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ɼʦʥʙʘʩ. ʅʝʦʙʭʽʜʥʠʤ ʻ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɺɹ ʷʢ ʜʦ ʨʽʚʥʦʧʨʘʚʥʦʛʦ ʪʘ ʩʠʣʴʥʦʛʦ ʛʨʘʚʮʷ ʥʘ 

ʚʫʛʽʣʴʥʦʤʫ ʨʠʥʢʫ ʋʢʨʘʾʥʠ.  

ʅʘʨʦʱʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚ ʤʝʞʘʭ ʨʦʜʦʚʠʱ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʛʦ 

ʚʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʫ.  

ɿʘ ʤʘʨʦʯʥʠʤ ʩʢʣʘʜʦʤ ʚʫʛʽʣʣʷ ʥʘ ʊʷʛʣʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʧʝʨʝʚʘʞʘʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʛʨʫʧʠ ɻ, ɻɾ ʽ ɾ. ɼʦʚʝʜʝʥʦ, ʱʦ ʛʘʟʦʚʝ ʚʫʛʽʣʣʷ ʧʨʠʜʘʪʥʝ ʜʣʷ 

ʢʦʢʩʫʚʘʥʥʷ. ɺʫʛʽʣʣʷ ʨʦʜʦʚʠʱʘ ʩʝʨʝʜʥʴʦʟʦʣʴʥʝ, ʤʘʣʦʟʦʣʴʥʝ ʽ ʟʦʣʴʥʝ. ɿʘ ʚʤʽʩʪʦʤ 

ʩʽʨʢʠ ʧʝʨʝʚʘʞʘʻ ʩʽʨʯʠʩʪʝ ʚʫʛʽʣʣʷ, ʷʢʦʤʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ ʩʝʨʝʜʥʴʦʩʽʨʯʠʩʪʝ [3]. 

ɿʘʛʘʣʴʥʽ ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʩʢʣʘʜʘʶʪʴ 377360 ʪʠʩ. ʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 

ʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ 298912 ʪʠʩ. ʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ɺ+ʉ1+ʉ2 ʘʙʦ 79,2 %, ʟʘʙʘʣʘʥʩʦʚʽ 

ï 78448 ʪʠʩ. ʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʉ1+ʉ2 ʘʙʦ 20,8 %. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʙʘʣʘʥʩʦʚʠʭ ʽ ʟʘʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʥʘ ʨʦʜʦʚʠʱʽ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʽ 

600ï900 ʤ. ʇʣʘʩʪʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʤʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ 0,6ï1,0 ʤ [4].  

ʅʘ ʃʶʙʝʣʴʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ï ɾ, ʂɾ ʽ ʂ. ʂʦʢʩʽʚʥʝ ʚʫʛʽʣʣʷ ʩʢʣʘʜʘʻ ʤʘʡʞʝ 

ʧʦʣʦʚʠʥʫ ʟʘʧʘʩʽʚ ʨʦʜʦʚʠʱʘ. ɿʘ ʚʝʣʠʯʠʥʦʶ ʟʦʣʴʥʦʩʪʽ ʚʫʛʽʣʣʷ ʩʝʨʝʜʥʴʦʟʦʣʴʥʝ, 

ʟʦʣʴʥʝ, ʽ ʙʘʛʘʪʦʟʦʣʴʥʝ. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʤʽʩʪʫ ʤʘʩʦʚʦʾ ʜʦʣʽ ʩʽʨʢʠ ʧʝʨʝʚʘʞʘʶʪʴ 

ʛʨʫʧʠ ʙʘʛʘʪʦʩʽʨʯʠʩʪʦʛʦ ʚʫʛʽʣʣʷ (39,7 %) ʽ ʤʘʣʦʩʽʨʯʠʩʪʦʛʦ (29, 0%). ʇʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʥʘ ʨʦʜʦʚʠʱʽ ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʙʠʥʽ 600ï900 ʤ. ʇʨʦʛʥʦʟʥʽ 

ʨʝʩʫʨʩʠ ʚʫʛʽʣʣʷ ʥʘ ʨʦʜʦʚʠʱʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʫʛʽʣʴʥʠʤ ʧʣʘʩʪʦʤ v6, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʛʣʠʙʠʥʽ ʙʽʣʴʰʝ 900 ʤ. ʅʘ ʃʶʙʝʣʴʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʟʘʛʘʣʴʥʽ 

ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʩʢʣʘʜʘʶʪʴ 522884 ʪʠʩ. ʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ: ʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ 

467147 ʪʠʩ. ʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ɺ+ʉ1+ʉ2 ʘʙʦ 89,3 %, ʟʘʙʘʣʘʥʩʦʚʽ ï 55737ʪʠʩ. ʪ ʘʙʦ 

10,7 %. ɹʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ʂ ʩʢʣʘʜʘʶʪʴ 198073 ʪʠʩ. ʪ ʘʙʦ 42,4 %. 

ʇʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʥʘ ʨʦʜʦʚʠʱʽ ʧʦʨʘʭʦʚʘʥʽ ʪʽʣʴʢʠ ʥʘ ʧʦʣʷʭ ʰʘʭʪ ʃʶʙʝʣʴʩʴʢʽ ˉ 

4 ʽ 5 ʽ ʩʢʣʘʜʘʶʪʴ 371329 ʪʠʩ. ʪ [4].  

ɿʘʧʘʩʠ ʽ ʨʝʩʫʨʩʠ ʚʫʛʽʣʣʷ ʚ ʨʘʡʦʥʽ ʦʮʽʥʶʶʪʴʩʷ ʚ ʙʽʣʴʰ ʥʽʞ 2 ʤʣʨʜ. ʪ, ʱʦ 

ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʟʘʣʠʰʢʦʚʽ ʟʘʧʘʩʠ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ. ɺʫʛʽʣʴʥʽ 

ʧʣʘʩʪʠ ʨʦʜʦʚʠʱ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʛʦ ʚʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 
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ʘʥʘʣʦʛʽʯʥʠʭ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ ʽ ʧʣʦʱʝʶ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ.  

ʅʘʨʦʱʫʚʘʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʃɺɹ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʦʩʚʦʻʥʥʷʤ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɼʦ ʥʠʭ, ʟʦʢʨʝʤʘ, ʥʘʣʝʞʘʪʴ ʧʣʘʩʪʠ v0
3
, v0

4
, v2, 

v4, v4
3
, v5

4
, v5

6
, v6 ʽ n0

6
 ʥʠʞʥʴʦʾ ʧʽʜʬʦʨʤʘʮʽʾ ʢʘʨʙʦʥʦʚʦʾ ʚʫʛʣʝʥʦʩʥʦʾ ʬʦʨʤʘʮʽʾ 

ʙʘʩʝʡʥʫ [3, 5]. ɺʠʚʯʝʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʙʘʩʝʡʥʫ 

ʟʘʛʘʣʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ. ɼʣʷ ʦʢʨʝʤʠʭ ʧʣʘʩʪʽʚ ʥʘ ʧʝʚʥʠʭ 

ʜʽʣʷʥʢʘʭ ʨʦʜʦʚʠʱ ʽ ʧʣʦʱ ʧʽʜʨʘʭʦʚʘʥʽ ʙʘʣʘʥʩʦʚʽ ʪʘ ʟʘʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ, 

ʧʝʨʝʚʘʞʥʦ, ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʉ1 ʽ ʉ2, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʈ1, 

ʈ2 ʽ ʈ3. ɹʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʧʣʘʩʪʽʚ ʥʠʞʥʴʦʾ ʚʫʛʣʝʥʦʩʥʦʾ ʧʽʜʬʦʨʤʘʮʽʾ 

125875 ʪʠʩ.ʪ (ɸ+ɺ+ʉ1) ʽ 156948 (ʉ2), ʟʘʙʘʣʘʥʩʦʚʽ ï 40789 (ʉ2), ʘ ʧʨʦʛʥʦʟʥʽ 

ʨʝʩʫʨʩʠ ï 804170 (ʈ1+ʈ2+ʈ3). ɿʘʛʘʣʦʤ ʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ 

ʧʝʨʝʚʠʱʫʶʪʴ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʜʽʶʯʠʭ ʰʘʭʪ ʙʘʩʝʡʥʫ ʩʪʘʥʦʤ ʥʘ 01.01.2012 ʨ. ʟʘ 

ʢʘʪʝʛʦʨʽʷʤʠ ɸ+ɺ+ʉ1 ʥʘ 33,5 % [5].  

ʉʝʨʝʜ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʦʩʥʦʚʥʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʣʘʩʪ v6.. ʇʨʦʤʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ ʧʣʘʩʪ v6 ʤʘʻ ʥʘ ʦʢʨʝʤʠʭ ʧʦʣʷʭ ʰʘʭʪ ɿʘʙʫʟʴʢʦʛʦ, ʄʝʞʠʨʽʯʘʥʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱ ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ, ʥʘ ʃʶʙʝʣʴʩʴʢʦʤʫ, 

ʊʷʛʣʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʘʭ ʪʘ ʜʽʣʷʥʮʽ ʄʝʞʠʨʽʯʯʷ-ɿʘʭʽʜʥʘ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʛʦ 

ʚʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʫ. ɺʫʛʽʣʣʷ ʧʣʘʩʪʘ v6 ʥʘʣʝʞʠʪʴ, ʧʝʨʝʚʘʞʥʦ, ʜʦ ʛʨʫʧʠ 

ʩʝʨʝʜʥʴʦ ʟʦʣʴʥʦʛʦ. ɿʘʧʘʩʠ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ v6 ʟʘ ʩʫʤʦʶ ʢʘʪʝʛʦʨʽʡ 

ɺ+ʉ1+ʉ2 ʩʪʘʥʦʚʣʷʪʴ 197,9 ʤʣʥ. ʪ [3]. ʇʝʨʩʧʝʢʪʠʚʥʽ ʧʣʦʱʽ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʠʡ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʠʡ ʨʘʡʦʥ ʧʦʣʷ ʰʘʭʪ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè 

ˉ 3 ʽ 4, ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʠʡ ʚʫʛʣʝʥʦʩʥʠʡ ʨʘʡʦʥ ʧʦʣʷ ʰʘʭʪ çʊʷʛʣʽʚʩʴʢʘè ˉ 1, 

çʃʶʙʝʣʴʩʴʢʘè ˉ 1 ʽ 2. ʇʣʘʩʪ v6 ʚʠʩʦʢʦʛʘʟʦʥʦʩʥʠʡ, ʪʦʙʪʦ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʇʝʨʩʧʝʢʪʠʚʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʻʥʥʷ ʨʝʩʫʨʩʽʚ ʃɺɹ ʧʦʚôʷʟʘʥʽ ʟ 

ʛʘʟʦʥʦʩʥʽʩʪʶ ʚʫʛʣʝʥʦʩʥʦʾ ʪʦʚʱʽ. ɿʘ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʥʘʧʨʠʢʣʘʜ, ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʠʚʫ ʧʣʘʩʪʘ) ʚʫʛʽʣʴʥʠʡ ʛʘʟ ʻ ʩʘʤʦʩʪʽʡʥʦʶ 

ʢʦʧʘʣʠʥʦʶ, ʚʠʜʦʙʫʚʘʥʥʷ ʷʢʦʾ ʤʦʞʣʠʚʝ ʚ ʜʦʩʪʘʪʥʽʭ ʦʙôʻʤʘʭ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʮʽʣʴʥʝ. ɺʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʚ ʤʝʞʘʭ ʊʷʛʣʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʟʘʣʷʛʘʶʪʴ ʚ 

ʤʝʪʘʥʦʚʽʡ ʟʦʥʽ (ʚʤʽʩʪ ʤʝʪʘʥʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 60ï80 % ʦʙ. ʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʪʘʥʦʚʠʪʴ 99,7 % ʦʙ.) [6]. ʋʟʘʛʘʣʴʥʝʥʥʷ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʛʘʟʦʥʦʩʥʦʩʪʽ 

ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʙʘʩʝʡʥʫ ʧʦʢʘʟʫʻ, ʱʦ ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʥʠʞʥʴʦʾ  ʧʽʜʬʦʨʤʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʠʨʦʜʥʦʶ ʛʘʟʦʥʦʩʥʽʩʪʶ, ʷʢʘ ʜʦʩʷʛʘʻ ʙʽʣʴʰʝ 30 ʤ
3
/ʪ 

ʩ. ʙ. ʤ. ɿʘʧʘʩʠ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʫ ʚʫʛʽʣʣʽ ʧʣʘʩʪʘ v6 ʪʘ ʡʦʛʦ ʩʫʧʫʪʥʠʢʘʭ (v6
ʥ
 ʽ 

v6
ʚ
) ʥʘ ʧʦʣʷʭ ʰʘʭʪ ɿʘʙʫʟʴʢʦʛʦ, ʊʷʛʣʽʚʩʴʢʦʛʦ ʽ ʃʶʙʝʣʴʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʪʘ ʜʽʣʷʥʮʽ 

ʄʝʞʠʨʽʯʯʷ-ɿʘʭʽʜʥʘ ʃɺɹ ʩʪʘʥʦʚʣʷʪʴ 2354400 ʪʠʩ. ʤ
3
 [5]. ʆʪʞʝ, ʦʩʦʙʣʠʚʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʠʡ 

ʚʫʛʣʝʥʦʩʥʠʡ ʨʘʡʦʥ ʪʘ ʛʣʠʙʦʢʽ ʛʦʨʠʟʦʥʪʠ ʙʘʩʝʡʥʫ.  

ʐʣʷʭʠ ʥʘʨʦʱʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʃɺɹ ʧʦʚôʷʟʘʥʽ ʟ 

ʢʦʤʧʣʝʢʩʥʠʤ ʦʩʚʦʻʥʥʷʤ ʥʦʚʠʭ ʧʣʦʱ ʪʘ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ ʨʝʛʽʦʥʫ.  
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The aquifers of the coal-bearing areas of Donbass represent, in most cases, a system of complex 

basins of fractured waters, which complicate mining in the workings. Aquifers are associated with 

sandstones, limestones, and, less frequently, siltstones. Aquifers of the Krasnoarmeysky coal-

mining district of the Donetsk basin. A complex research method was applied, which included the 

collection, analysis and generalization of materials of geological survey of coal massifs and mine 

waters of the Krasnoarmeysk geological-industrial district. 
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ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʚ ʨʽʟʥʠʭ 

ʨʘʡʦʥʘʭ ɼʦʥʙʘʩʫ. ʌʽʣʴʪʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʦʨʽʜ ʟʤʽʥʶʶʪʴʩʷ 

ʜʫʞʝ ʽʩʪʦʪʥʦ ʥʘʚʽʪʴ ʥʘ ʥʝʟʥʘʯʥʠʭ ʚʽʜʜʘʣʷʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ 

ʧʦʨʽʜ. ɿʘ ʨʘʭʫʥʦʢ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʧʦʣʪʘʚʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʧʦʚʥʝʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʧʘʩʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʽ ʚʽʜʢʣʘʜʠ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʰʘʭʪʠ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʦʙʚʦʜʥʝʥʽ ʟʥʘʥʦ ʙʽʣʴʰʝ ʥʽʞ 

ʰʘʭʪʠ ʽʥʰʠʭ ʨʘʡʦʥʽʚ ʉʢʣʘʜʯʘʩʪʦʛʦ ɼʦʥʙʘʩʫ. 

ɿʘʛʘʣʴʥʦʶ ʨʠʩʦʶ, ʚʣʘʩʪʠʚʦʶ ʧʽʜʟʝʤʥʠʤ ʚʦʜʘʤ ʚʩʽʭ ʨʘʡʦʥʽʚ, ʻ ʟʙʽʣʴʰʝʥʥʷ ʟ 

ʛʣʠʙʠʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʚʤʽʩʪʫ Cl
+
, Na

+
 ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʚʤʽʩʪʫ 

Ca
2+

, Mg
2+

, SO4
2-
 ʪʘ HCO3

-
, ʱʦ ʧʝʨʝʚʘʞʘʶʪʴ ʫ ʟʦʥʽ ʘʝʨʘʮʽʾ [1]. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ˇʨʫʥʪʦʚʠʭ (ʙʝʟʥʘʧʽʨʥʽ 

ʧʽʜʟʝʤʥʽ ʚʦʜʠ) ʜʦ ʛʣʠʙʠʥʠ 900 ʤ (ʢʘʤôʷʥʩʴʢʘ ʩʚʽʪʘ, ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ k5), ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ɼʇ ɺʂ 

çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè [2].  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʨʽʚʥʷʥʥʷ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʙʘʛʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ ʪʘ ʚʦʜ ʰʘʭʪʠ çʇʽʦʥʝʨè Ca
+
, Mg

2+
, SO4

2-
 ʪʘ ʚʢʘʟʫʻ ʥʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʠʪʥʦʾ ʚʦʜʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ 

ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʜ. ɼʣʷ ʚʦʜ 

ʜʦʩʣʽʜʞʝʥʠʭ ʫ ʚʫʛʽʣʴʥʠʭ ʚʠʨʦʙʢʘʭ ʥʘ ʨʽʟʥʠʭ ʛʽʧʩʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʭ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʾʭ ʟʥʘʯʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ 

ʪʝʭʥʽʯʥʠʭ ʚʦʜ, ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʦʚôʷʟʘʥʘ ʽʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʫ ʚʫʛʣʝʧʦʨʦʜʥʦʤʫ 

ʤʘʩʠʚʽ. ʇʨʠ ʯʦʤʫ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʇʦʨʽʚʥʶʶʯʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʨʽʟʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ɼʇ ɺʂ 

çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè, ʚʦʜʠ ʷʢʽ ʩʢʠʜʘʶʪʴʩʷ ʫ ʚʦʜʦʚʽʜʩʪʽʡʥʠʢʠ ʪʘ ʫ ʢʦʣʦʜʷʟʷʭ 

ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʨʘʡʦʥʫ [1, 2].  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʰʘʭʪʥʽ ʚʦʜʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʥʽʞ 

ʧʦʚʝʨʭʥʝʚʽ (ʚʦʜʠ ʢʦʣʦʜʷʟʽʚ). ɿ ʛʣʠʙʠʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʰʘʭʪʥʠʭ ʚʦʜ ɼʇ ɺʂ 

çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʟʨʦʩʪʘʻ ʟ 1371,6 ʜʦ 25443,5 ʤʛ/ʜʤ
3
, ʭʦʯʘ ʧʦʢʘʟʥʠʢʠ ʚʦʜʠ ʟ 

ʰʘʭʪʠ çʈʦʜʠʥʩʴʢʘè, ʟ ʪʦʛʦ ʞ ʛʦʨʠʟʦʥʪʫ, ʟʥʘʯʥʦ ʥʠʞʯʽ (2997,4 ʤʛ ʜʤ
3
). ɿʥʘʯʥʦʾ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ ʧʣʘʩʪʘ m4
2
 ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʥʘ ʚʽʜʤʽʥʫ ʧʣʘʩʪʘ l3, a 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ k5 ʟʥʘʯʥʦ ʤʝʥʰʝ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʟʘʩʢʠʜʦʚʽʡ ʟʦʥʽ ɼʇ ɺʂ çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè. 

ʋʩʽ ʚʦʜʠ ʜʦʩʣʽʜʞʝʥʽ ʥʘ ɼʇ ɺʂ çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʻ ʘʛʨʝʩʠʚʥʠʤʠ ʜʦ 

ʟʘʣʽʟʥʠʭ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʧʦʨʫʜ ʟʘ ʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʚ ʥʠʭ SO4
2-
, HCO3

-
 ʪʘ NH4

+
, 

ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʅʘ ʤʦʜʝʣʷʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʭʽʤʽʯʥʠʭ ʨʦʟʯʠʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʾʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʰʘʭʪʥʠʭ 

ʚʦʜ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʾʭ ʧʦʰʠʨʝʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʝʢʪʦʥʽʯʥʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ. ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʜʽʣʷʥʢʘ ʟʽ ʩʧʦʚʽʣʴʥʝʥʦʶ ʤʽʛʨʘʮʽʻʶ ʚʦʜ ʧʨʠʫʨʦʯʝʥʦʾ ʜʦ ʦʧʽʨʷʶʯʠʭ ʧʦʨʫʰʝʥʴ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ. 
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ʈʠʩʫʥʦʢ 1 - ɿʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ Ca ʥʘ 

ʨʽʚʥʽ ʟʘʩʢʠʜʦʚʦʾ ʟʦʥʠ ʧʣʘʩʪʘ l3 

ʈʠʩʫʥʦʢ 2 - ɿʤʽʥʘ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ HCO3 ʥʘ 

ʨʽʚʥʽ ʟʘʩʢʠʜʦʚʦʾ ʟʦʥʠ ʧʣʘʩʪʘ l3 

 
ʈʠʩʫʥʦʢ 3 - ɿʤʽʥʘ ʟʘʛʘʣʴʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʥʘ ʨʽʚʥʽ ʟʘʩʢʠʜʦʚʦʾ ʟʦʥʠ ʧʣʘʩʪʘ l3 

 

ɿʘ ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʣʽʜʞʝʥʠʭ ʚʦʜ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ l3 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʝʙʝʟʧʝʯʥʽ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʫ Cl, ʫ ʩʢʠʜʦʚʽʡ ʚʦʜʽ ʷʢʫ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʚʠʚʝʣʠ ʥʘ ʧʦʚʝʨʭʥʶ. ʅʘʢʦʧʠʯʝʥʥʷ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɿʘ ʟʘʛʘʣʴʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʘʪʽʦʥʽʚ ʡ ʘʥʽʦʥʽʚ ʰʘʭʪʥʽ 

ʚʦʜʠ ʟʘʩʢʠʜʦʚʦʾ ʜʽʣʷʥʢʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ l3 ʻ ʘʛʨʝʩʠʚʥʠʤʠ ʜʦ ʟʘʣʽʟʥʠʭ ʪʘ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʫʛʽʣʴʥʠʭ ʚʠʨʦʙʢʘʭ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ʅʘʷʚʥʽʩʪʴ ʚʦʜ ʽʟ ʚʤʽʩʪʦʤ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʪʘ 

ʚʦʜ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʚʢʘʟʫʻ ʥʘ ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʟʜʦʚʞ ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ. 

ɺʠʩʥʦʚʦʢ: ɿʛʽʜʥʦ ʚʠʢʦʥʘʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ l3 ʚʩʪʘʥʦʚʣʝʥʽ 

ʜʽʣʷʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʰʘʭʪʥʠʭ ʚʦʜ, 

ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʦʥʦʶ ʚʽʜʥʦʩʥʦ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʧʦʨʫʰʝʥʦʩʪʽ 

ʤʘʩʠʚʫ ʟʽ ʩʧʦʚʽʣʴʥʝʥʦʶ ʤʽʛʨʘʮʽʻʶ. 

 
ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʝʨʛʝʣʴʩʴʢʘ ʅ.ɺ., ɺʝʨʛʝʣʴʩʴʢʘ ɺ.ɺ., ʉʦʙʦʣʻʚ ʄ.ʖ. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ // ʄʘʪʝʨʽʘʣʠ 



 

195 

 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʛʽʜʨʦʛʝʦʣʦʛʽʾ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽè ʧʘʤôʷʪʽ 

ɯ.ʂ. ʈʝʰʝʪʦʚʘ, 05-06 ʣʠʩʪʦʧʘʜʘ 2014, ʤ. ʍʘʨʢʽʚ. ʉ. 15ï16. 

2. ʃʽʚʝʥʮʝʚʘ ɻ.ɸ., ɺʝʨʛʝʣʴʩʴʢʘ ɺ.ɺ., ʄʝʣʴʥʠʢ ɺ.ɺ. ɽʢʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ 

ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ // ʊʝʢʪʦʥʽʢʘ ʽ ʩʪʨʘʪʠʛʨʘʬʽʷ, 2019. ʉ. 133-140. 

 

 

 

 

ʋɼʂ 553.981.4:622.279(477.6) 

ʌʆʈʄʋɺɸʅʅʗ ɻɸɿʆʅɸʉʀʏɽʅʀʍ ɼɯʃʗʅʆʂ ʋ ɺʋɻʃɽʇʆʈʆɼʅʀʍ 

ʄɸʉʀɺɸʍ ɼʆʅɽʎʔʂʆɻʆ ɹɸʉɽʁʅʋ 

ɺʝʨʛʝʣʴʩʴʢʘ ʅ.ɺ. 

ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, vnata09@meta.ua 

 

FORMATION OF GAS -SATURATED AREAS IN THE COAL -ROCK 

MASSES OF THE DONETS BASIN 

Vergelska N.V. 

State institution çScientific Center of Mining Geology, Geoecology and 

Infrastructure Development NAS of Ukraineè, Kyiv, Ukraine, vnata09@meta.ua 

 
During the formation of coal seams and their host rocks and in the post-formation period, they were 

exposed to tectonic-magmatic (tectonic) activation. As a result of such rearrangements, the zones 

and the amount of hydrocarbons in the formed coal-rock massif changed. The process of 

coalification is accompanied by the release of large amounts of gases and their sorption. 

Systematization of basic data on natural gases is due to the need to identify factors that affect the 

spatial distribution of gases, the conditions of their migration, the formation of clusters. 

 

ʆʩʚʦʻʥʥʷ ʨʦʜʦʚʠʱ ʤʝʪʘʥʫ ʚʫʛʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ ɼʦʥʙʘʩʫ ʧʨʦʜʦʚʞʫʻ ʝʪʘʧ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʩʝʩʪʦʨʦʥʥʴʦʛʦ ʚʠʚʯʝʥʥʷ ʛʝʦʣʦʛʽʾ ʮʴʦʛʦ ʨʝʛʽʦʥʫ, ʷʢʝ ʩʧʨʷʤʦʚʘʥʝ 

ʥʘ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦʾ ʦʩʥʦʚʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ 

ʥʘʜʨ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʽ ʧʦʢʨʘʱʝʥʥʷʤ ʜʦʚʢʽʣʣʷ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʘ ʪʠʧʽʟʘʮʽʾ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʽʚ 

ʽ ʨʦʜʦʚʠʱ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʪʘʥʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʤʝʪʘʥʫ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʣʫʯʝʥʥʷ, ʻ: ʪʝʢʪʦʥʽʢʘ, ʪʠʧ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʡʦʛʦ 

ʚʫʛʣʝʥʘʩʠʯʝʥʽʩʪʴ, ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʤʘʛʤʘʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, 

ʧʦʪʫʞʥʽʩʪʴ ʽ ʣʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʪʠʧ ʽ ʩʪʫʧʽʥʴ 

ʤʝʪʘʤʦʨʬʽʟʤʫ ʚʫʛʽʣʣʷ. 

ɺ ʧʝʨʽʦʜ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʚʤʽʱʫʶʯʠʭ ʾʭ ʧʦʨʽʜ ʪʘ ʚ 

ʧʦʩʪʬʦʨʤʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʚʦʥʠ ʧʽʜʜʘʚʘʣʠʩʷ ʚʧʣʠʚʫ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʦʾ 

(ʪʝʢʪʦʥʽʯʥʦʾ) ʘʢʪʠʚʽʟʘʮʽʾ. ɺʥʘʩʣʽʜʦʢ ʪʘʢʠʭ ʧʝʨʝʙʫʜʦʚ, ʫ ʩʬʦʨʤʦʚʘʥʦʤʫ 

ʚʫʛʣʝʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʚʽʜʙʫʚʘʣʘʩʷ ʟʤʽʥʘ ʟʦʥ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʤʽʩʪʫ ʚʫʛʣʝʚʦʜʥʽʚ. 

ʇʨʦʮʝʩ ʚʫʛʣʝʬʽʢʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʷʢ ʚʠʜʽʣʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʘʟʽʚ ʪʘʢ 

ʽ ʾʭ ʩʦʨʙʮʽʾ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʨʠʨʦʜʥʽ ʛʘʟʠ ʟʫʤʦʚʣʝʥʘ 

mailto:vnata09@meta.ua
mailto:vnata09@meta.ua


 

196 

 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʦʨʽʚ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʤʽʱʝʥʥʷ, 

ʫʤʦʚʠ ʤʽʛʨʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʩʢʫʧʯʝʥʴ. ʇʦʜʽʣ ʧʨʠʨʦʜʥʠʭ ʛʘʟʽʚ ʥʘ ʛʝʥʝʪʠʯʥʽ 

ʛʨʫʧʠ ʥʦʩʠʪʴ ʚʽʜʥʦʩʥʦ ʫʤʦʚʥʠʡ ʭʘʨʘʢʪʝʨ ʚʥʘʩʣʽʜʦʢ ʾʭ ʤʽʛʨʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ 

ʧʦʭʦʜʞʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʫ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʘʭ ʛʘʟʽʚ ʨʽʟʥʦʛʦ 

ʛʝʥʝʟʠʩʫ, ʷʢ ʟʘ ʜʘʥʠʤʠ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʪʘʢ ʽ ʽʟʦʪʦʧʽʾ [1, 2, 6]. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʛʘʟʠ ʫ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʘʭ: ʤʝʪʘʥ, ʙʫʪʘʥ, ʧʨʦʧʘʥ, 

ʥʝʥʘʩʠʯʝʥʽ ʪʘ ʚʘʞʢʽ ʚʫʛʣʝʚʦʜʥʽ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʘʟʦʪ, ʚʦʜʝʥʴ, ʛʝʣʽʡ, ʘʨʛʦʥ, 

ʥʝʦʥ, ʢʨʠʧʪʦʥ ʽ ʢʩʝʥʦʥ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʣʠʰʢʦʚʦʾ ʛʘʟʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʫ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʚʩʪʘʥʦʚʣʝʥʦ: ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʟʦʥ ʨʦʟʣʦʤʽʚ ʫ ʧʨʦʙʘʭ 

ʟʨʦʩʪʘʻ ʦʙôʻʤʥʘ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʠʭ ʛʘʟʽʚ [3]. 

ɺʽʜʧʨʘʮʴʦʚʘʥʠʡ ʧʨʦʩʪʽʨ ʜʽʶʯʠʭ ʰʘʭʪ ʻ ʥʦʚʠʤ ʪʝʭʥʦʛʝʥʥʠʤ ʢʦʣʝʢʪʦʨʦʤ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʅʘ ʘʢʪʠʚʥʽ ʧʨʦʮʝʩʠ 

ʤʽʛʨʘʮʽʾ ʛʘʟʽʚ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʢʘʟʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʟʘʣʠʰʢʦʚʦʾ 

ʛʘʟʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʝʣʽʻʤ, ʚʦʜʥʝʤ ʪʘ ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ ʛʘʟʘʤʠ.  

ʂʽʣʴʢʽʩʪʴ ʛʘʟʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢ ʽ ʫ ʥʝʧʦʨʫʰʝʥʦʤʫ ʛʽʨʥʠʯʠʤʠ 

ʚʠʨʦʙʢʘʤʠ ʤʘʩʠʚʽ, ʢʦʨʝʣʶʶʪʴʩʷ ʽʟ ʧʦʨʫʰʝʥʥʷʤʠ ʚʫʛʣʝʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ï ʫ 

ʟʦʥʘʭ ʧʦʨʫʰʝʥʴ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʟʘʟʚʠʯʘʡ ʧʨʦʩʪʝʞʫʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʠʤʠ ʟʤʽʥʘʤʠ ʥʘ ʚʽʜʩʪʘʥʽ ʧʦʯʠʥʘʶʯʠ ʟ 350ï300 ʤ.  

ʅʘʬʪʦʧʨʦʷʚʠ ʫ ʚʫʛʽʣʣʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʪʝʢʪʦʥʽʯʥʦ-ʧʦʨʫʰʝʥʠʤʠ ʛʝʦʜʠʥʘʤʽʯʥʦ 

ʘʢʪʠʚʥʠʤʠ ʟʦʥʘʤʠ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʛʨʘʮʽʷ ʚʦʜʥʝʚʦ-ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʬʣʶʾʜʽʚ, ʷʢʽ ʟʙʘʛʘʯʫʶʪʴ ʚʫʛʣʝʧʦʨʦʜʥʽ ʤʘʩʠʚʠ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʷʢ 

ʢʦʣʝʢʪʦʨʠ. ʇʨʠ ʟʤʽʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʨʫʭ ʬʣʶʾʜʽʚ ʟʤʝʥʰʫʻ ʩʚʦʶ 

ʘʢʪʠʚʥʽʩʪʴ ʽ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʫʪʚʦʨʝʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʥʘʬʪʦʧʨʦʷʚʠ ʫ ʚʫʛʽʣʴʥʠʭ ʚʠʨʦʙʢʘʭ ʰʘʭʪ ɼʦʥʙʘʩʫ ʪʘ ʽʥʰʠʭ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʘʭ 

ʩʚʽʪʫ [1, 4]. 

ʋʤʦʚʠ ʥʘʩʠʯʝʥʥʷ ʚʫʛʣʝʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ɼʦʥʙʘʩʫ ʥʠʞʯʠʤʠ ʥʘʩʠʯʝʥʠʤʠ 

(ʉ2ïʉ3) ʪʘ ʥʝʥʘʩʠʯʝʥʠʤʠ ʚʫʛʣʝʚʦʜʥʷʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʝʨʽʦʜʽʚ 

ʟʙʽʣʴʰʝʥʥʷ ʯʠ ʟʤʝʥʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʝʢʪʦʥʽʯʥʠʭ ʨʦʟʨʠʚʥʠʭ 

ʧʦʨʫʰʝʥʴ ʟ ʯʘʩʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ [2]. 

ɿʤʽʥʠ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ 

ʩʫʯʘʩʥʦʛʦ ʧʽʜʪʦʢʫ ʫ ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʟ ʛʣʠʙʰʠʭ. ʈʝʟʫʣʴʪʘʪ ʚʠʟʥʘʯʝʥʠʭ ʛʘʟʽʚ 

ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʚʦʜʥʝʚʦ-ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʽʜʪʦʢʫ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʽ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʄ.ʃ. ʃʽʚʝʥʰʪʝʡʥʘ ʪʘ ɹ.ʁ. ʄʘʻʚʩʴʢʦʛʦ [4, 5]. 

ɺʠʩʥʦʚʦʢ. ʉʫʯʘʩʥʠʡ ʛʘʟʦʚʠʡ ʧʽʜʪʽʢ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʜʽʶʯʠʭ ʽ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʚʠʨʦʙʢʘʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ɼʦʥʙʘʩʫ. ʂʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʛʘʟʫ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʘʭ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʥʝ 

ʪʽʣʴʢʠ ʷʢ ʚʫʛʽʣʴʥʽ, ʘ ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʷʢ ʚʫʛʣʝʛʘʟʦʚʽ ʬʦʨʤʘʮʽʾ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ 

ʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʫʪʚʦʨʝʥʥʷ, ʤʽʛʨʘʮʽʾ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ, ʟʫʤʦʚʣʝʥʝ ʧʨʦʮʝʩʘʤʠ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʩʫʯʘʩʥʦʶ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʦʶ ʙʫʜʦʚʦʶ. ʅʝ 

ʚʠʢʣʶʯʝʥʦ, ʱʦ ʩʘʤʝ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʽ (ʧʣʫʪʦʥʽʯʥʽ) ʧʨʦʮʝʩʠ (ʧʽʜ ʯʘʩ ʷʢʠʭ 

ʚʠʜʽʣʷʶʪʴʩʷ ʛʘʟʠ) ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʘ, ʟʛʦʜʦʤ, 

ʧʦʭʦʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʟʙʘʛʘʯʫʚʘʣʘʩʷ ʛʘʟʦʚʠʤʠ ʝʤʘʥʘʮʽʾ ʚ ʫʩʽ 

ʥʘʩʪʫʧʥʽ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʽ ʘʢʪʠʚʽʟʘʮʽʾ. ɸʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʩʫʯʘʩʥʦʛʦ ʧʽʜʪʽʢʘʥʥʷ 
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ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʘʭ, ʷʢʠʤʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʛʨʘʮʽʷ, ʜʝʛʘʟʘʮʽʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʧʘʩʪʢʘʭ ʚʫʛʣʝʚʦʜʥʽʚ. 
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The results of paleohydrogeological reconstructions of sedimentary strata of Lviv Paleozoic 

Foredeep allowed to outline the zones of paleopyezominimums, which under favorable structural-

tectonic, lithological-facial and hydrogeochemical conditions can become zones of gas deposits 

formation. The method of baroosmotic analysis of hydrogeological conditions established time 

intervals, mechanisms of formation and preservation of gas fields. Increased values of 

hydrogeobarical tension, the presence of a dense network of tectonic faults and existence of gas 

fields within the north-western part of Lviv Paleozoic Foredeep, define it as the most promising in 

terms of oil-gas-bearingness. 

 

ʃʴʚʽʚʩʴʢʠʡ ʧʘʣʝʦʟʦʡʩʴʢʠʡ ʧʨʦʛʠʥ (ʃʇʇ)  ̒ ʯʘʩʪʠʥʦʶ ʢʨʫʧʥʦʾ 

ʛʝʦʩʪʨʫʢʪʫʨʥʦʾ ʦʜʠʥʠʮʽ ï ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʧʣʠʪʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ 

ʋʢʨʘʾʥʩʴʢʠʤ ʱʠʪʦʤ  ̔ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʠʤ ʧʨʦʛʠʥʦʤ. ʋ ʧʨʦʛʠʥʽ ʚʠʜʽʣʷʶʪʴ 
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ɿʦʚʥʽʰʥʶ ʟʦʥʫ, ʷʢʘ ʩʬʦʨʤʦʚʘʥʘ ʨʠʬʝʡ-ʩʝʨʝʜʥʴʦʜʝʚʦʥʩʴʢʠʤʠ 

ʩʣʘʙʢʦʜʠʩʣʦʢʦʚʘʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ 

ɺʥʫʪʨʽʰʥʶ ï ʜʠʩʣʦʢʦʚʘʥʠʤʠ ʨʠʬʝʡ-ʩʝʨʝʜʥʴʦʜʝʚʦʥʩʴʢʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ 

ɿʘʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ [1]. 

ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʪʝʨʠʪʦʨʽʾ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʦʩʘʜʦʚʽ ʫʪʚʦʨʝʥʥʷ ʚʝʨʭʥʴʦʛʦ 

ʧʨʦʪʝʨʦʟʦʶ (ʨʠʬʝʡ, ʚʝʥʜ), ʧʘʣʝʦʟʦʶ (ʢʝʤʙʨʽʡ, ʦʨʜʦʚʠʢ, ʩʠʣʫʨ, ʜʝʚʦʥ, ʢʘʨʙʦʥ), 

ʤʝʟʦʟʦʶ (ʶʨʘ, ʢʨʝʡʜʘ) ʪʘ ʢʘʡʥʦʟʦʶ (ʥʝʦʛʝʥ). ɺʦʥʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʘʨʭʝʡ-

ʧʨʦʪʝʨʦʟʦʡʩʴʢʦʤʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʬʫʥʜʘʤʝʥʪʽ [2]. 

ʊʝʨʠʪʦʨʽʷ ʃʇʇ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʚʽʜʢʨʠʪʪʷ ʥʝʚʝʣʠʢʠʭ ʪʘ 

ʩʝʨʝʜʥʽʭ ʨʦʜʦʚʠʱ ʛʘʟʫ ʪʘ ʥʘʬʪʠ ʫ ʚʽʜʢʣʘʜʘʭ ʢʝʤʙʨʽʶ, ʩʠʣʫʨʫ ʪʘ ʜʝʚʦʥʫ. ʊʫʪ 

ʧʦʢʠ ʱʦ ʚʽʜʢʨʠʪʦ ʜʚʘ ʛʘʟʦʚʽ ʨʦʜʦʚʠʱʘ: ɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʝ (1964 ʨ.) ʽ 

ʃʦʢʘʯʽʚʩʴʢʝ (1979 ʨ.), ʛʘʟʦʥʦʩʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʟ ʚʽʜʢʣʘʜʘʤʠ ʩʝʨʝʜʥʴʦʛʦ ʽ 

ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʥʠʞʥʴʦʛʦ ʜʝʚʦʥʫ [3]. ʊʘʢʦʞ ʚʠʷʚʣʝʥʦ ʛʘʟʦʧʨʦʷʚʠ: ʚʝʨʭʥʽʡ 

ʧʨʦʪʝʨʦʟʦʡ ï ʩʚʝʨʜʣʦʚʠʥʘ 1-ʇʝʨʝʤʠʰʣʷʥʠ (ʽʥʪʝʨʚʘʣ 4097ï4109 ʤ); ʢʝʤʙʨʽʡ ï 

ʃʽʪʦʚʝʞ, ɺʝʣʠʢʽ ʄʦʩʪʠ, ʅʦʚʠʡ ɺʠʪʢʽʚ, ʆʣʝʩʴʢʦ, ɹʘʣʫʯʠʥ, 1-ʇʝʨʝʤʠʰʣʷʥʠ 

(ʽʥʪʝʨʚʘʣ 3475ï3545 ʤ) ɹʫʯʘʯ, ɺʦʣʦʜʠʤʠʨ-ɺʦʣʠʥʩʴʢʠʡ; ʩʠʣʫʨ ï ɺʝʣʠʢʽ ʄʦʩʪʠ, 

ɹʘʣʫʯʠʥ, ɹʫʯʘʯ ʃʽʪʦʚʝʞ, ʃʫʮʴʢ; ʜʝʚʦʥ ï ʃʽʪʦʚʝʞ, ʆʣʝʩʴʢʦ, ʅʝʩʪʝʨʽʚ, ɹʘʣʫʯʠʥ 

ʪʦʱʦ.  

ɿʘ ʯʘʩ, ʱʦ ʤʠʥʫʚ ʚʽʜ ʧʝʨʽʦʜʫ ʚʠʚʯʝʥʥʷ ʨʝʛʽʦʥʫ, ʫ ʤʝʞʘʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʟʝʤʝʣʴ ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʝʥʥʽ ʧʦʰʫʢʦʚʽ ʩʝʡʩʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʙʫʨʝʥʦ ʥʦʚʽ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʤʽʥʠʣʠʩʷ ʧʦʛʣʷʜʠ ʥʘ ʙʫʜʦʚʫ ʽ ʥʘʬʪʦʛʘʟʦʥʦʩʥʽʩʪʴ 

ʨʘʥʽʰʝ ʨʦʟʙʫʨʝʥʠʭ ʧʣʦʱ ʽ ʨʦʜʦʚʠʱ, ʚʠʷʚʣʝʥʽ ʥʦʚʽ ʨʦʟʨʠʚʥʽ ʧʦʨʫʰʝʥʥʷ ʚ 

ʨʦʟʨʽʟʘʭ ʜʝʚʦʥʫ, ʦʧʦʰʫʢʦʚʘʥʽ ɿʘʙʽʨôʾʚʩʴʢʘ, ɼʽʙʨʦʚʩʴʢʘ, ʅʦʚʦʚʦʣʠʥʩʴʢʘ, 

ʇʽʜʙʝʨʝʟʽʚʩʴʢʘ, ʉʭʽʜʥʦʚʦʣʦʜʠʤʠʨʽʚʩʴʢʘ, ʎʝʙʨʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʠ (ʫʩʽ ʟ 

ʚʽʜôʻʤʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ). ɺʩʝ ʮʝ ʚʠʤʘʛʘʻ ʧʝʨʝʛʣʷʜʫ ʧʦʧʝʨʝʜʥʽʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘ 

ʾʭʥʽʡ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʢʫʧʯʝʥʴ ʪʘ ʚʠʦʢʨʝʤʣʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʧʨʦʛʥʦʟʥʦ-ʦʮʽʥʦʯʥʠʭ ʨʦʙʽʪ ʷʢ ʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʽ 

ʣʦʢʘʣʴʥʦʛʦ ʨʽʚʥʽʚ. 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʃʇʇ ʪʘ ʚʠʦʢʨʝʤʣʝʥʥʷ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

(ʧʘʣʝʦʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ, ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʠʡ, ʙʘʨʦʦʩʤʦʪʠʯʥʠʡ ʽ ʛʽʜʨʦʛʝʦʙʘʨʠʯʥʠʡ) 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. 

ʇʘʣʝʦʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʝʤʙʨʽʡʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʢʨʝʩʣʠʪʠ ʟʦʥʠ ʧʘʣʝʦʧôʻʟʦʤʽʥʽʤʫʤʽʚ, ʷʢʽ ʟʘ ʩʧʨʠʷʪʣʠʚʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʠʭ, ʣʽʪʦʣʦʛʦ-ʬʘʮʽʘʣʴʥʠʭ ʪʘ ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʠʭ ʫʤʦʚ ʤʦʛʣʠ 

ʩʪʘʪʠ ʟʦʥʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ. ʋ ʤʝʞʘʭ ɿʦʚʥʽʰʥʴʦʾ ʟʦʥʠ ʃʇʇ ï ʮʝ 

ʜʚʽ ʜʽʣʷʥʢʠ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʨʝʛʽʦʥʫ: ʦʜʥʘ ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʧʣʦʱʽ ʈʘʜʦʚʠʯʽ-

ʆʚʘʜʥʦ, ʽʥʰʘ ï ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʚʽʜ ʃʦʢʘʯʽʚ ï ʚʽʜ ɺʦʶʪʠʥʘ ʯʝʨʝʟ ɻʦʨʦʭʽʚ ʜʦ 

ʇʽʜʙʝʨʝʟʟʷ. ʊʨʝʪʷ ʜʽʣʷʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ ʧʨʦʛʠʥʫ ʚ ʨʘʡʦʥʽ 

ɹʝʨʝʞʘʥïʍʤʝʣʽʚʢʠïɹʫʯʘʯʘ. ʋ ɺʥʫʪʨʽʰʥʽʡ ʟʦʥʽ ʃʇʇ ʦʙʠʜʚʽ ʜʽʣʷʥʢʠ 

ʧʘʣʝʦʧôʻʟʦʤʽʥʽʤʫʤʽʚ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʾʾ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ 

ʧʣʦʱʽ ɻʣʠʥʷʥʠ. 
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ʉʫʢʫʧʥʽʩʪʴ ʛʘʟʦʛʽʜʨʦʛʝʦʭʽʤʽʯʥʠʭ ʦʟʥʘʢ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʃʦʢʘʯʠʥʩʴʢʝ ʛʘʟʦʚʝ 

ʨʦʜʦʚʠʱʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ 

ʧʨʦʛʠʥʫ, ʷʢʽ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʢʦʨʦʪʰʫ ʛʝʦʣʦʛʽʯʥʫ ʽʩʪʦʨʽʶ. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʧʦʚôʷʟʘʥʽ ʩʘʤʝ ʽʟ ʧʽʟʥʴʦʧʘʣʝʦʟʦʡʩʴʢʠʤ ʯʘʩʦʤ ʫʪʚʦʨʝʥʥʷ ʃʦʢʘʯʠʥʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ. ʌʘʢʪʦʨ ʯʘʩʫ ʟʫʤʦʚʠʚ ʥʘ ʨʦʜʦʚʠʱʽ ʚʝʣʠʢʫ ʨʦʟʜʨʽʙʥʝʥʽʩʪʴ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʥʘ ʦʢʨʝʤʽ ʟʘʢʨʠʪʽ ʨʝʟʝʨʚʫʘʨʠ ʟ ʜʫʞʝ ʤʘʣʠʤʠ ʚʦʜʦʧʨʠʧʣʠʚʘʤʠ, 

ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʠʚ ʙʘʨʦʦʩʤʦʪʠʯʥʽ ʧʨʦʬʽʣʽ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʚʝʨʜʣʦʚʠʥ ʽ 

ʟʘʢʦʥʩʝʨʚʫʚʘʚ ʾʭ ʥʘ ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ ʬʦʨʤʫʚʘʥʥʷ, ʩʧʨʠʯʠʥʠʚ ʧʦʷʚʫ 

ʥʝʧʨʦʥʠʢʥʦʛʦ ʜʣʷ ʚʦʜ ʽ ʛʘʟʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ ʙʘʨôʻʨʫ ʤʽʞ ʧʦʢʣʘʜʘʤʠ III ʽ IV ʪʘ 

ʟʦʥʠ ʦʙʝʨʥʝʥʦʾ ʛʘʟʦʭʽʤʽʯʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ ʚ ʧʦʢʣʘʜʘʭ IïIII ʽ IVïVII. ʇʨʠ ʮʴʦʤʫ 

ʚʦʜʠ ʤʘʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʘʥʫ ʙʘʨʦʦʩʤʦʪʠʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ (ʙ = 20ï40 %). ʆʩʦʙʣʠʚʦ ʧʦʤʽʪʥʝ ʥʘ ʨʦʜʦʚʠʱʽ ʩʠʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ 

ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʛʘʟʽʚ ʽʟ ʚʝʨʭʥʽʭ ʧʦʢʣʘʜʽʚ.  

ɯʩʥʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʫ ʃʴʚʽʚʩʴʢʦʤʫ ʧʘʣʝʦʟʦʡʩʴʢʦʤʫ ʧʨʦʛʠʥʽ 

ʟʘʣʝʞʠʪʴ ʥʝ ʩʪʽʣʴʢʠ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʛʘʟʽʚ ʥʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ, 

ʩʢʽʣʴʢʠ ʚʽʜ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʘʩʪʦʢ ʥʘʬʪʠ ʽ ʛʘʟʫ ʪʘ ʧʦʷʩʥʶʻ, ʯʦʤʫ ʙʽʣʴʰʽʩʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʪʝʨʠʪʦʨʽʾ ʃʇʇ ʟ ʷʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʛʘʟʦ- ʽ 

ʥʘʬʪʦʥʦʩʥʦʩʪʽ ʚʠʷʚʠʣʠʩʷ ʧʦʨʦʞʥʽʤʠ. ɿʙʝʨʝʞʝʥʥʶ ɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʩʧʨʠʷʣʦ ʡʦʛʦ ʧʽʜʥʘʩʫʚʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʃʦʢʘʯʠʥʩʴʢʦʛʦ ï ʩʠʣʴʥʽ 

ʝʢʨʘʥʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʚʦʥʩʴʢʠʭ ʛʣʠʥ, ʮʝʤʝʥʪʘʮʽʷ ʷʢʠʭ ʚʽʜʙʫʣʘʩʷ ʚʞʝ ʥʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʽʩʥʫʚʘʥʥʷ ʨʦʜʦʚʠʱʘ. ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ ʧʨʠʩʢʦʨʝʥʦʾ ʮʝʤʝʥʪʘʮʽʾ 

ʧʦʩʣʫʞʠʣʘ ʘʢʪʠʚʥʘ ʩʫʣʴʬʘʪʨʝʜʫʢʮʽʷ, ʷʢʘ ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʷʚʠ ʫ ʚʦʜʘʭ ʥʘʜʣʠʰʢʫ 

ʡʦʥʽʚ ʉʘ
2+

 ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʅ > 7). 

ɻʽʜʨʦʛʝʦʙʘʨʠʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʚʝʨʭʥʴʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ, ʢʝʤʙʨʽʡʩʴʢʦʛʦ ʪʘ 

ʥʠʞʥʴʦʜʝʚʦʥʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʃʇʇ, ʜʦʩʣʽʜʞʝʥʘ ʥʘ ʦʩʥʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʦʩʪʘʪʠʯʥʦʩʪʽ, ʩʧʨʷʤʦʚʘʥʘ ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ 

ʪʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ. ʇʽʜʚʠʱʝʥʘ ʛʽʜʨʦʛʝʦʙʘʨʠʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ 

ʯʘʩʪʠʥʠ ʃʇʇ ʚʠʢʣʠʢʘʥʘ ʝʧʽʛʝʥʝʪʠʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʦʩʥʦʚʥʠʤ ʩʝʨʝʜ ʷʢʠʭ, ʻ 

ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩ ʬʣʶʾʜʽʚ ʽʟ ʥʠʞʥʽʭ ʛʦʨʠʟʦʥʪʽʚ ʫ ʚʝʨʭʥʽ ʚʟʜʦʚʞ 

ʜʠʟôʶʥʢʪʠʚʥʠʭ ʧʦʨʫʰʝʥʴ. 

ɻʽʜʨʦʛʝʦʙʘʨʠʯʥʽ ʧʦʣʷ ʚʝʨʭʥʴʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ, ʢʝʤʙʨʽʡʩʴʢʦʛʦ ʪʘ 

ʥʠʞʥʴʦʜʝʚʦʥʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʃʇʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʴ ʧʨʠʚʝʜʝʥʠʭ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʽʚ ʚʽʜ ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʦʾ 

ʥʘʡʙʽʣʴʰ ʟʘʥʫʨʝʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʧʽʜʥʷʪʠʭ ʜʽʣʷʥʦʢ. ʊʝʢʪʦʥʽʯʥʽ, 

ʧʘʣʝʦʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ, ʣʽʪʦʣʦʛʽʯʥʽ ʪʘ ʻʤʥʽʩʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʫʤʦʚʠʣʠ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʤʝʞʘʭ ʮʠʭ ʢʦʤʧʣʝʢʩʽʚ ʝʣʽʟʽʡʥʦʾ (ʧʦʩʪʝʣʽʟʽʡʥʦʾ) ʚʦʜʦʥʘʧʽʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʩʢʫʧʯʝʥʴ. 

ʋ ʩʝʨʝʜʥʴʦ- ʪʘ ʚʝʨʭʥʴʦʜʝʚʦʥʩʴʢʦʤʫ ʚʦʜʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʛʽʜʨʦʛʝʦʙʘʨʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʚʽʜ ʧʝʨʠʬʝʨʽʾ ʜʦ ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ. ʇʝʨʠʬʝʨʽʡʥʽ ʯʘʩʪʠʥʠ ʧʨʦʛʠʥʫ ʫ ʤʽʩʮʷʭ ʥʝʛʣʠʙʦʢʦʛʦ ʟʘʣʷʛʘʥʥʷ ʮʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʟʥʘʢʘʤʠ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʾ ʚʦʜʦʥʘʧʽʨʥʦʾ ʩʠʩʪʝʤʠ.  

ʇʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʛʽʜʨʦʛʝʦʙʘʨʠʯʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʥʘʷʚʥʽʩʪʴ ʛʫʩʪʦʾ 

ʤʝʨʝʞʽ ʜʠʟôʶʥʢʪʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʪʘ ʧʦʰʠʨʝʥʥʷ ʫ ʤʝʞʘʭ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ 
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ʯʘʩʪʠʥʠ ʃʇʇ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ, ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʷʢ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʫ ʫ 

ʧʣʘʥʽ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ. 

ɻʽʜʨʦʛʝʦʙʘʨʠʯʥʽ ʢʨʠʪʝʨʽʾ ʥʘʷʚʥʦʩʪʽ ʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ ʯʽʪʢʦ ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʥʘ ʧʨʠʢʣʘʜʽ ɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʜʝ ʩʢʣʝʧʽʥʥʘ ʯʘʩʪʠʥʘ ʘʥʪʠʢʣʽʥʘʣʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʽʜʨʦʧôʻʟʦʤʽʥʽʤʫʤʦʤ. ɻʽʜʨʦʛʝʦʙʘʨʠʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʩʧʨʷʤʦʚʘʥʘ ʟ ʙʦʢʫ ʪʝʢʪʦʥʽʯʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʽ, ʦʯʝʚʠʜʥʦ, ʚʽʜʦʙʨʘʞʘʻ ʤʝʭʘʥʽʟʤ 

ʧʨʦʥʠʢʥʝʥʥʷ ʬʣʶʾʜʽʚ ʽʟ ʥʠʞʥʽʭ ʛʦʨʠʟʦʥʪʽʚ. 
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The information on the placement of diamond deposits within the framework of ancient platforms, 

history and methods of searching for diamonds in different countries of the world is given in 

comparison with those in Ukraine during the last 50 years. Currently, kimberlites are known on all 

continents within platforms (cratons) with a crystalline basement of the Early Precambrian age. 

They are the nuclei of the continents, occupy large parts of their area and are composed of a typical 

continental crust with a thickness of 35-45 km. The lithosphere within them reaches a capacity of 

150-200 km, and according to some data - up to 400 km. Within the platforms, diamond deposits in 

kimberlites are found both within shields (Canada, Brazil, West and South Africa, India, China) and 

slabs with a strong sedimentary cover, which, in addition to sedimentary formations, may include 

ladder covers (Yakutia, Arkhangelsk diamond-bearing provinces, etc.). Kimberlites have different 

ages - from 70 to 1200 million years and, although the most productive era of kimberlite 

magmatism is considered to be the Middle Paleozoic, industrial diamond-bearing tubes are both 

older and younger. 
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ʇʨʦʪʷʛʦʤ ʙʽʣʴʰʦʾ ʧʦʣʦʚʠʥʠ 20-ʛʦ ʩʪʦʣʽʪʪʷ ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʘʣʤʘʟʽʚ 

ʥʘʜʭʦʜʠʣʘ ʟ ʢʽʤʙʝʨʣʽʪʦʚʠʭ ʪʨʫʙʦʢ ʽ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʧʽʚʜʝʥʥʦʾ ʪʘ ʟʘʭʽʜʥʦʾ 

ʯʘʩʪʠʥʠ ɸʬʨʠʢʠ ʟ ʥʝʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ ʘʣʶʚʽʘʣʴʥʠʭ ʘʣʤʘʟʽʚ ʟ ʽʥʰʠʭ ʢʨʘʾʥ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʢʽʤʙʝʨʣʽʪʠ ʚʽʜʦʤʽ ʥʘ ʫʩʽʭ 

ʢʦʥʪʠʥʝʥʪʘʭ ʚ ʤʝʞʘʭ ʧʣʘʪʬʦʨʤ (ʢʨʘʪʦʥʽʚ) ʟ ʢʨʠʩʪʘʣʽʯʥʠʤ ʬʫʥʜʘʤʝʥʪʦʤ 

ʨʘʥʥʴʦʜʦʢʝʤʙʨʽʡʩʴʢʦʛʦ ʚʽʢʫ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʷʜʨʘ ʤʘʪʝʨʠʢʽʚ, ʟʘʡʤʘʶʪʴ 

ʚʝʣʠʢʽ ʯʘʩʪʠʥʠ ʾʭ ʧʣʦʱʽ ʪʘ ʩʢʣʘʜʝʥʽ ʪʠʧʦʚʦʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʶ ʢʦʨʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 35ï45 ʢʤ. ʃʽʪʦʩʬʝʨʘ ʚ ʾʭ ʤʝʞʘʭ ʜʦʩʷʛʘʻ ʧʦʪʫʞʥʦʩʪʽ 150ï200 ʢʤ, ʘ 

ʟʘ ʜʝʷʢʠʤʠ ʜʘʥʠʤʠ ï ʜʦ 400 ʢʤ. ɺ ʤʝʞʘʭ ʧʣʘʪʬʦʨʤ ʨʦʜʦʚʠʱʘ ʘʣʤʘʟʽʚ ʫ 

ʢʽʤʙʝʨʣʽʪʘʭ ʚʠʷʚʣʝʥʽ ʷʢ ʫ ʤʝʞʘʭ ʱʠʪʽʚ (ʂʘʥʘʜʘ, ɹʨʘʟʠʣʽʷ, ɿʘʭʽʜʥʘ ʪʘ ʇʽʚʜʝʥʥʘ 

ɸʬʨʠʢʘ, ɯʥʜʽʷ, ʂʠʪʘʡ), ʪʘʢ ʽ ʧʣʠʪ ʟ ʧʦʪʫʞʥʠʤ ʦʩʘʜʦʚʠʤ ʯʦʭʣʦʤ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʛʦ, ʢʨʽʤ ʦʩʘʜʦʚʠʭ ʬʦʨʤʘʮʽʡ, ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʧʦʢʨʠʚʠ ʪʨʘʧʽʚ (ʗʢʫʪʩʴʢʘ, 

ɸʨʭʘʥʛʝʣʴʩʴʢʘ ʘʣʤʘʟʦʥʦʩʥʽ ʧʨʦʚʽʥʮʽʾ ʪʦʱʦ). ʂʽʤʙʝʨʣʽʪʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʚʽʢ ï ʚʽʜ 

70 ʜʦ 1200 ʤʣʥ. ʨʦʢʽʚ ʽ, ʭʦʯʘ, ʥʘʡʧʨʦʜʫʢʪʠʚʥʽʰʦʶ ʝʧʦʭʦʶ ʢʽʤʙʝʨʣʽʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʫ ʚʚʘʞʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʧʘʣʝʦʟʦʡʩʴʢʘ, ʧʨʦʤʠʩʣʦʚʦ-ʘʣʤʘʟʦʥʦʩʥʽ ʪʨʫʙʢʠ 

ʻ ʡ ʷʢ ʙʽʣʴʰ ʜʘʚʥʽ, ʪʘʢ ʽ ʙʽʣʴʰ ʤʦʣʦʜʽ. 

ʋ 1979 ʨ. ʚʽʜʢʨʠʪʽ ʨʦʜʦʚʠʱʘ ʘʣʤʘʟʽʚ ʫ ʣʘʤʧʨʦʾʪʘʭ. ʃʘʤʧʨʦʾʪʠ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʷʢ ʥʘ ʧʣʘʪʬʦʨʤʘʭ, ʪʘʢ ʽ ʫ ʩʢʣʘʜʯʘʩʪʠʭ ʧʦʷʩʘʭ, ʘʣʝ ʧʨʦʤʠʩʣʦʚʽ 

ʨʦʜʦʚʠʱʘ ʘʣʤʘʟʽʚ ʫ ʣʘʤʧʨʦʾʪʘʭ ʚʽʜʦʤʽ ʪʽʣʴʢʠ ʫ ɿʘʭʽʜʥʽʡ ɸʚʩʪʨʘʣʽʾ ï ʮʝ ʪʨʫʙʢʠ 

ɸʨʛʘʡʣ ʪʘ ɽʣʣʝʥʜʝʡʣ. 

ɼʦʚʛʠʡ ʯʘʩ ʧʦʰʫʢʦʚʽ ʦʟʥʘʢʠ ʥʘ ʚʠʷʚʣʝʥʥʷ ʢʦʨʽʥʥʠʭ ʨʦʜʦʚʠʱ ʘʣʤʘʟʽʚ ʥʝ 

ʚʜʘʚʘʣʦʩʷ ʚʩʪʘʥʦʚʠʪʠ. ʋ 1953 ʨ ʚ ʙʘʩʝʡʥʽ ʨ. ɼʘʣʜʠʥ (ʗʢʫʪʽʷ) ʙʫʣʘ ʚʠʷʚʣʝʥʘ 

ʰʣʽʭʦʤʽʥʝʨʘʣʦʛʽʯʥʘ ʘʩʦʮʽʘʮʽʷ ʩʚʦʻʨʽʜʥʠʭ ʧʽʨʦʧʽʚ ʪʘ ʽʣʴʤʝʥʽʪʽʚ. ʇʦʨʽʚʥʷʥʥʷ ʾʾ ʟ 

ʧʽʨʦʧʘʤʠ ʽ ʽʣʴʤʝʥʽʪʘʤʠ ʢʽʤʙʝʨʣʽʪʽʚ ʇʽʚʜʝʥʥʦʾ ɸʬʨʠʢʠ ʧʦʢʘʟʘʣʦ ʾʭ ʧʦʚʥʫ 

ʪʦʪʦʞʥʽʩʪʴ. ɺʽʜʨʘʟʫ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʧʨʦ ʧʦʰʫʢʠ ʚ ʮʴʦʤʫ ʨʘʡʦʥʽ ʢʦʨʽʥʥʦʛʦ 

ʜʞʝʨʝʣʘ ʧʽʨʦʧʫ ʽ ʽʣʴʤʝʥʽʪʫ, ʷʢʠʡ ʤʦʞʣʠʚʦ ʙʫʚ ʙʠ ʽ ʢʦʨʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʘʣʤʘʟʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʝ ʧʝʨʰʝ ʢʦʨʽʥʥʝ ʨʦʜʦʚʠʱʝ ʘʣʤʘʟʽʚ ï ʢʽʤʙʝʨʣʽʪʦʚʘ 

ʪʨʫʙʢʘ çɿʽʨʥʠʮʷè ʽ ʪʠʤ ʩʘʤʠʤ ʜʦʚʝʜʝʥʠʡ ʛʝʥʝʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʮʠʭ ʤʽʥʝʨʘʣʽʚ. ɿ 

ʪʦʛʦ ʯʘʩʫ ʰʣʽʭʦʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʧʦʰʫʢʽʚ ʫ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʤʽʥʝʨʘʣʽʚ-

ʩʫʧʫʪʥʠʢʽʚ ʩʪʘʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʫ ʩʚʽʪʦʚʦʾ ʧʨʘʢʪʠʮʽ  ʜʣʷ ʦʮʽʥʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʥʘ ʘʣʤʘʟʠ. ʋ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʤʽʥʝʨʘʣʽʚ-ʚʢʣʶʯʝʥʴ ʚ 

ʘʣʤʘʟʦʥʦʩʥʠʭ ʢʽʤʙʝʨʣʽʪʘʭ ʚ ʨʽʟʥʠʭ ʧʨʦʚʽʥʮʽʷʭ ʩʚʽʪʫ, ʜʦ ʧʽʨʦʧʫ ʪʘ ʽʣʴʤʝʥʽʪʫ 

ʜʦʜʘʣʠʩʷ ʭʨʦʤʰʧʽʥʝʣʽʜ, ʭʨʦʤʜʽʦʧʩʠʜ, ʬʦʨʩʪʝʨʠʪ, ʽ ʚʩʽ ʚʦʥʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ 

ʽʥʜʠʢʘʪʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʢʽʤʙʝʨʣʽʪʽʚ.  

ɸʣʤʘʟʦʥʦʩʥʽ ʦʣʽʚʽʥʦʚʽ ʣʘʤʧʨʦʾʪʠ ʫ ɿʘʭʽʜʥʽʡ ɸʚʩʪʨʘʣʽʾ ʪʘʢʦʞ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 

ʩʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʽʭʦʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʟ ʚʽʜʙʦʨʦʤ ʪʘ ʦʙʨʦʙʢʦʶ ʧʨʦʙ 

ʚʘʛʦʶ ʚʽʜ 40 ʢʛ ʜʦ ʜʝʢʽʣʴʢʦʭ ʪʦʥ.  

ʋ ʂʘʥʘʜʽ ʚ 1980-ʭ ʨʦʢʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʘʝʨʦʛʝʦʬʽʟʠʯʥʠʭ, 

ʟʦʢʨʝʤʘ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ, ʜʦʩʣʽʜʞʝʥʴ ʟ ʥʘʩʪʫʧʥʠʤ ʙʫʨʽʥʥʷʤ ʘʥʦʤʘʣʽʡ ʽ 

ʥʘʙʫʪʽ ʛʝʦʣʦʛʽʯʥʽ ʟʥʘʥʥʷ ʧʨʦ ʣʴʦʜʦʚʠʢʦʚʽ ʚʽʜʢʣʘʜʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʽʜʙʦʨʦʤ ʧʨʦʙ 

ʥʘ ʤʽʥʝʨʘʣʠ-ʽʥʜʠʢʘʪʦʨʠ ʘʣʤʘʟʽʚ ʧʨʠʚʝʣʠ ʜʦ ʟʥʘʯʥʠʭ ʚʽʜʢʨʠʪʪʽʚ. ɼʘʥʽ ʟʘ 2000 ʽ 

2001 ʨʦʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʧʦʰʫʢʠ ʘʣʤʘʟʽʚ ʱʦʨʽʯʥʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ 98 ʤʣʥ. ʜʦʣ. ʉʐɸ (ʇʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʂʘʥʘʜʠ, 2000, 2002). 
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ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʂʘʥʘʜʘ ʩʪʘʻ ʩʴʦʤʠʤ ʚʠʨʦʙʥʠʢʦʤ ʘʣʤʘʟʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʩʚʽʪʽ ʟʘ 

ʚʘʛʦʶ ʽ ʧ'ʷʪʠʤ ʟʘ ʚʝʣʠʯʠʥʦʶ ʚʠʜʦʙʫʪʠʭ ʘʣʤʘʟʽʚ [1].  

ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʪʘ ʡʦʛʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʪʘ ʟʘʭʽʜʥʦʛʦ 

ʩʭʠʣʽʚ ʻ ʯʘʩʪʠʥʦʶ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ, ʷʢʠʡ ʤʘʻ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ɸʨʭʘʥʛʝʣʴʩʴʢʫ ʧʨʦʚʽʥʮʽʶ.  

ɺ ʋʢʨʘʾʥʽ ʧʦʰʫʢʠ ʘʣʤʘʟʽʚ ʧʦʯʘʣʠʩʷ ʫ 1951ï1955 ʨʨ. ʪʘ ʚʠʢʦʥʫʚʘʣʠʩʷ 

ʎʝʥʪʨʘʣʴʥʦʶ ʝʢʩʧʝʜʠʮʽʻʶ 3-ʛʦ ɻʦʣʦʚʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʄɻ ʉʈʉʈ. 

ʇʝʨʽʦʜ ʟ 1956 ʜʦ 1974 ʨʨ. ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʨʦʧʦʚʦʾ 

ʟʡʦʤʢʠ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʧʣʦʱ, ʘ ʪʘʢʦʞ 

ʬʣʦʪʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʟʙʘʛʘʯʝʥʥʷ ʰʣʽʭʽʚ ʽ ʧʽʥʥʦʾ ʩʝʧʘʨʘʮʽʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʜʨʽʙʥʠʭ ʘʣʤʘʟʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʯʠʩʣʝʥʥʽ ʜʨʽʙʥʽ ʢʨʠʩʪʘʣʠ ʘʣʤʘʟʫ ʚ 

ʥʝʦʛʝʥʦʚʠʭ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʠʭ ʨʦʟʩʠʧʘʭ ʋʢʨʘʾʥʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʦʰʠʨʝʥʽʩʪʴ ʧʽʨʦʧʽʚ ʷʢ ʧʦ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʧʦ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ ʨʦʟʨʽʟʫ 

ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ, ʧʦʯʠʥʘʶʯʽ ʟ ʨʠʬʝʶ ʜʦ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ.  

ʋ 1974ï1990 ʨʨ. ʛʦʣʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʰʫʢʽʚ ʩʪʘʶʪʴ ʘʝʨʦ- ʽ ʥʘʟʝʤʥʘ 

ʤʘʛʥʽʪʦʨʦʟʚʽʜʢʘ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʛʨʘʚʽʨʦʟʚʽʜʢʦʶ ʪʘ ʙʫʨʽʥʥʷʤ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʚʠʷʚʣʝʥʠʭ ʣʦʢʘʣʴʥʠʭ ʘʥʦʤʘʣʽʷʭ çʪʨʫʙʢʦʚʦʛʦè ʪʠʧʫ ʽ ʰʣʽʭʦʚʝ 

ʦʧʨʦʙʫʚʘʥʥʷ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ. ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʫ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʥʝʨʘʣʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʘʣʤʘʟʫ ï ʧʽʨʦʧʽʚ, ʭʨʦʤʰʧʠʥʝʣʽʜʽʚ, 

ʧʽʢʨʦʽʣʴʤʝʥʽʪʽʚ ʪʘ ʽʥ. ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʝʨʦʢʦʩʤʦʛʝʦʣʦʛʽʯʥʽ ʽ ʧʝʪʨʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʋʑ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʟʥʘʭʽʜʢʦʶ ʻ ʚʠʷʚʣʝʥʥʷ ʫ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʽ 

ʧʽʩʢʦʚʠʢʘʭ ɹʽʣʦʢʦʨʦʚʠʮʴʢʦʾ ʟʘʧʘʜʠʥʠ ʙʣʠʟʴʢʦ 100 ʢʨʠʩʪʘʣʽʚ ʘʣʤʘʟʫ. ɹʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʾʭ ʤʘʻ ʨʦʟʤʽʨʠ ʤʝʥʰʝ 1ʤʤ, ʘʣʝ ʻ ʜʝʢʽʣʴʢʘ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 2ï3,5 ʤʤ. 

ɺʩʽ ʚʠʷʚʣʝʥʽ ʘʣʤʘʟʠ ʤʘʶʪʴ ʢʽʤʙʝʨʣʽʪʦʚʠʡ (ʘʙʦ ʣʘʤʧʨʦʾʪʦʚʠʡ) ʛʝʥʝʟʠʩ. ɺ ʤʝʞʘʭ 

ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʛʝʦʬʽʟʠʯʥʠʭ ʘʥʦʤʘʣʽʡ ʚ ʤʝʞʘʭ ʦʨʝʦʣʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʧʽʨʦʧʽʚ ʽ ʭʨʦʤʰʧʽʥʝʣʽʜʽʚ ʫ 

1990 ʨ. ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʢʽʤʙʝʨʣʽʪʦʚʽ ʪʨʫʙʢʠ ʅʘʜʽʷ ʽ ʇʽʚʜʝʥʥʘ [2]. 

ɿ 1991 ʨʦʢʫ ʨʦʙʦʪʠ ʟ ʧʦʰʫʢʽʚ ʢʦʨʽʥʥʠʭ ʜʞʝʨʝʣ ʘʣʤʘʟʽʚ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʚ 

ʤʝʞʘʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʣʦʱ: ʂʫʭʦʪʩʴʢʦ-ɹʽʣʴʩʴʢʦʾ, ʅʦʚʦʛʨʘʜ-ɺʦʣʠʥʩʴʢʦʾ, 

ɹʝʨʜʠʯʽʚʩʴʢʦ-ɺʽʥʥʠʮʴʢʦʾ ʪʘ ʉʭʽʜʥʦ-ʇʨʠʘʟʦʚʩʴʢʦʾ (ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ). ʄʝʪʦʜʠʢʘ 

ʨʦʙʽʪ ʚʢʣʶʯʘʻ: ʰʣʽʭʦʚʝ ʪʘ ʜʨʽʙʥʦʦʙôʻʤʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʘʟʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʽʚ 

ʯʦʭʣʘ, ʜʝʪʘʣʽʟʘʮʽʶ ʨʘʥʽʰʝ ʚʠʷʚʣʝʥʠʭ ʦʨʝʦʣʽʚ ʽʥʜʠʢʘʪʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʢʽʤʙʝʨʣʽʪʽʚ, ʜʝʪʘʣʴʥʫ ʧʽʨʦʧʦʚʫ ʟʡʦʤʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ, ʚʠʩʦʢʦʪʦʯʥʫ 

ʘʝʨʦʤʘʛʥʽʪʥʫ ʟʡʦʤʢʫ ʤʘʩʰʪʘʙʫ 1:10000 ʪʘ ʥʘʟʝʤʥʽ ʛʝʦʬʽʟʠʯʥʽ ʨʦʙʦʪʠ ʤʘʩʰʪʘʙʫ 

1:5000ï1:1000 ʚ ʤʝʞʘʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʘʙʦ ʦʢʨʝʤʠʭ ʘʥʦʤʘʣʽʡ, ʚʠʚʯʝʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʘʥʦʤʘʣʽʡ ʙʫʨʽʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʰʫʢʽʚ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʉʭʽʜʥʦʛʦ ʇʨʠʘʟʦʚô̫  ʩʪʘʣʦ 

ʚʽʜʢʨʠʪʪʷ ʚ 1993ï1994 ʨʨ. ʪʨʫʙʢʠ ʅʦʚʦʣʘʩʧʠʥʩʴʢʘ ʽ ʩʧʦʣʫʯʝʥʦʾ ʟ ʥʝʶ ʜʘʡʢʠ. ʋ 

1998 ʨʦʮʽ ʥʘ ʩʭʽʜʥʦʤʫ ʬʣʘʥʟʽ ʪʨʫʙʢʠ ʇʽʚʜʝʥʥʘ ʚʠʷʚʣʝʥʘ ʜʘʡʢʘ ʢʽʤʙʝʨʣʽʪʽʚ. 

ɼʨʽʙʥʦʦʙôʻʤʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʽʣ ʢʽʤʙʝʨʣʽʪʽʚ ʜʘʣʦ ʥʝʛʘʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʪʽʣʴʢʠ 

ʚ ʪʨʫʙʮʽ ʅʘʜʽʷ ʚʠʷʚʣʝʥʦ 3 ʜʨʽʙʥʠʭ (0,2 ʤʤ) ʫʣʘʤʢʘ ʘʣʤʘʟʽʚ. ʋ 1995ï1997 ʨʦʢʘʭ ʚ 

ʤʝʞʘʭ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʘ ʋʑ ʚʠʷʚʣʝʥʽ ʜʘʡʢʠ ʢʽʤʙʝʨʣʽʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 

0,8 ʜʦ 18,2 ʤ. 
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ɿʘ ʧʝʨʽʦʜ ʟ 2000 ʧʦ 2018 ʨʨ. ʧʦʰʫʢʠ ʘʣʤʘʟʽʚ ʚ ʋʢʨʘʾʥʽ ʟʘ ʫʩʽʤʘ ʜʽʶʯʠʤʠ 

ʧʨʦʝʢʪʘʤʠ ʙʫʣʠ ʧʨʦʬʽʥʘʥʩʦʚʘʥʽ ʚʩʴʦʛʦ ʥʘ 5 148,4 ʜʦʣʘʨʽʚ ʉʐɸ. ʊʦʙʪʦ ʫ 

ʩʝʨʝʜʥʴʦʤʫ ʙʽʣʷ 270 ʪʠʩ. ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ ʨʽʢ, ʱʦ ʫ 360 ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ ʫ 

ʂʘʥʘʜʽ. 

ʇʨʠ ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ 

ʋʑ ʩʪʦʩʦʚʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʽʚ ʘʣʤʘʟʽʚ. ʊʘʢ, 

ʰʣʽʭʦʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʢʽʤʙʝʨʣʽʪʽʚ, ʷʢ ʽ 

ʥʘ ʂʘʥʘʜʩʴʢʦʤʫ ʱʠʪʽ, ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʥʘ ʚʠʦʢʨʝʤʣʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʨʦʟʤʽʨʠ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʝʪʘʣʴʥʦʩʪʽ ʦʧʨʦʙʫʚʘʥʥʷ ʥʘʡʜʘʚʥʽʰʠʭ ʢʦʣʝʢʪʦʨʽʚ 

ʤʦʞʣʠʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʮʠʭ ʤʽʥʝʨʘʣʽʚ, ʪʦʙʪʦ ʚʽʜ ʨʝʪʝʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʙʘʟʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʚʽʜʢʣʘʜʽʚ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʙʫʨʦʚʠʭ ʨʦʙʽʪ. ʇʨʷʤʽ ʧʦʰʫʢʠ ʧʦ ʪʘʢ ʟʚʘʥʠʤ ʧʽʱʘʥʦ-

ʛʨʘʚʽʡʥʠʤ çʧʘʩʪʢʘʤè ʫ ʨʽʯʢʦʚʽʡ ʤʝʨʝʞʽ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʚʽʜʢʨʠʪʪʷ ʧʝʨʰʠʭ 

ʪʨʫʙʦʢ ʗʢʫʪʽʾ ʪʘ ʣʘʤʧʨʦʾʪʽʚ ɸʚʩʪʨʘʣʽʾ, ʚ ʤʝʞʘʭ ʋʑ ʥʝʤʦʞʣʠʚʽ ʟʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʪʘʢʠʭ ʧʘʩʪʦʢ ʫ ʨʽʯʢʘʭ ʟ ʧʦʚʽʣʴʥʦʶ ʪʝʯʽʻʶ. ɿʥʘʡʪʠ ʢʦʣʝʢʪʦʨ ʪʠʧʫ ʝʨʢʝʨʽʚ ʘʙʦ 

ʤʦʨʝʥ ʥʘ ʂʘʥʘʜʩʴʢʦʤʫ ʱʠʪʽ ʪʝʞ ʥʝ ʚʜʘʻʪʴʩʷ. ʊʽʣʴʢʠ ʚʠʚʯʝʥʥʷ ʚʩʴʦʛʦ ʨʦʟʨʽʟʫ 

ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʙʫʨʦʚʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʪʘ ʚʠʷʚʣʝʥʥʷ ʚ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ ʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʥʜʠʢʘʪʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʟ 

ʦʟʥʘʢʘʤʠ ʥʝʟʥʘʯʥʦʛʦ ʧʝʨʝʥʦʩʫ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʟʚʫʟʠʪʠ ʧʣʦʱʫ ʧʦʰʫʢʽʚ. 

ʇʽʩʣʷ ʚʠʙʦʨʫ ʪʝʨʠʪʦʨʽʾ ʧʦʰʫʢʽʚ ʟʘ ʥʘʷʚʥʽʩʪʶ ʦʨʝʦʣʽʚ ʪʘ ʘʥʦʤʘʣʴʥʦʛʦ 

ʚʤʽʩʪʫ ʽʥʜʠʢʘʪʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ ʢʽʤʙʝʨʣʽʪʽʚ ʥʘ ʥʽʡ ʥʝʦʙʭʽʜʥʽ ʛʝʦʬʽʟʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʘʝʨʦʤʘʛʥʽʪʥʘ ʟʡʦʤʢʘ ʤʘʩʰʪʘʙʫ 1:10000 ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʨʦʚʝʜʝʥʥʷʤ ʥʘʟʝʤʥʦʾ ʚʠʩʦʢʦʪʦʯʥʦʾ ʤʘʛʥʽʪʥʦʾ ʟʡʦʤʢʠ ʜʣʷ 

ʜʝʪʘʣʽʟʘʮʽʾ ʚʠʷʚʣʝʥʠʭ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʦʤʘʣʽʡ. ɺ ʂʘʥʘʜʽ ʪʘ ʈʦʩʽʾ 

ʨʘʟʦʤ ʟ ʘʝʨʦ- ʪʘ ʥʘʟʝʤʥʦʶ ʤʘʛʥʽʪʥʦʶ ʟʡʦʤʢʦʶ ʧʦʩʪʽʡʥʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦʨʦʟʚʽʜʢʘ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʝʡʩʤʦʨʦʟʚʽʜʢʘ ʪʘ ʛʨʘʚʽʨʦʟʚʽʜʢʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʰʫʢʽʚ 

ʨʦʜʦʚʠʱ ʘʣʤʘʟʽʚ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʽʚʚʽʢʦʚʦʛʦ ʶʚʽʣʝʶ ʪʘ ʥʘʧʝʚʥʦ ʪʠʩʷʯʽ 

ʘʣʤʘʟʥʠʭ ʨʦʜʦʚʠʱ ʫ ʩʚʽʪʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ, ʚʠʙʽʨ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʦʤʘʣʽʡ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘ ʙʫʨʽʥʥʷ ʻ ʥʘʡʩʢʣʘʜʥʽʰʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʈʝʟʫʣʴʪʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʩʷʛʽʚ ʙʫʨʽʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʘʥʦʤʘʣʽʡ ʪʘ ʩʚʦʻʯʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ɹʘʛʘʪʽ ʘʣʤʘʟʦʚʠʜʦʙʫʚʥʽ ʢʦʤʧʘʥʽʾ ʚ ʂʘʥʘʜʽ ʪʘ ʗʢʫʪʽʾ ʧʨʘʢʪʠʢʫʶʪʴ ʤʝʪʦʜʠ 

ʦʛʣʷʜʦʚʠʭ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʟʘ ʨʽʟʥʦʶ ʤʝʨʝʞʝʶ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ ʪʘ 

ʩʢʣʘʜʥʦʩʪʽ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʧʣʦʱ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʝʨʝʜʠʥʽ 1990-ʭ 

ʨʦʢʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʧʦ ʤʝʨʝʞʽ 20 ʢʤ ʥʘ 2 ʢʤ ʙʫʣʘ ʧʨʘʢʪʠʯʥʦ 

ʚʠʧʘʜʢʦʚʦ ʚʽʜʢʨʠʪʘ ʧʝʨʰʘ ʪʨʫʙʢʘ ʅʘʢʠʥʩʴʢʦʛʦ (ʘʙʦ ʉʝʨʝʜʥʴʦ-ʄʘʨʭʠʥʩʴʢʦʛʦ) 

ʢʽʤʙʝʨʣʽʪʦʚʦʛʦ ʧʦʣʷ ʚ ʗʢʫʪʽʾ [3]. ɼʨʫʛʘ ʢʽʤʙʝʨʣʽʪʦʚʘ ʪʨʫʙʢʘ ʪʫʪ ʙʫʣʘ ʚʠʷʚʣʝʥʘ 

ʥʝʜʘʣʝʢʦ ʚʽʜ ʧʝʨʰʦʾ ʧʨʠ ʟʘʚʽʨʮʽ ʙʫʨʽʥʥʷʤ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʦʾ ʤʘʛʥʽʪʥʦʾ ʘʥʦʤʘʣʽʾ. 

ʎʷ ʘʥʦʤʘʣʽʷ, ʷʢ ʟôʷʩʫʚʘʣʦʩʷ ʧʽʟʥʽʰʝ, ʙʫʣʘ ʧʦʚ'ʷʟʘʥʘ ʥʝ ʟ ʢʽʤʙʝʨʣʽʪʘʤʠ, ʘ ʟ 

ʪʨʘʧʘʤʠ, ʷʢʽ ʾʭ ʚʤʽʱʫʶʪʴ. ʊʦʙʪʦ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʨʫʙʢʘ ʙʫʣʘ ʚʽʜʢʨʠʪʘ 

ʧʨʘʢʪʠʯʥʦ ʚʠʧʘʜʢʦʚʦ. ɸ ʦʪ ʱʝ ʦʜʥʘ ʪʨʫʙʢʘ ʚʠʷʚʣʝʥʘ ʫ 1999 ʨ. ʧʨʠ ʙʫʨʽʥʥʽ ʧʦ 

ʤʝʨʝʞʽ 400ʭ400 ʤ ʥʘʚʢʦʣʦ ʧʝʨʰʠʭ ʜʚʦʭ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʘʡʞʝ ʚʩʽ ʤʝʪʦʜʠ ʧʦʰʫʢʽʚ 

ʘʣʤʘʟʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʚʽʪʽ, ʙʫʣʠ ʟʘʜʽʷʥʽ ʚ ʋʢʨʘʾʥʽ, ʥʘʩʘʤʧʝʨʝʜ ʫ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʋʑ ʪʘ ʡʦʛʦ ʩʭʠʣʽʚ, ʚ ʤʝʞʘʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʣʦʱ, ʜʝ ʟ 

ʢʽʥʮʷ 1990 ʨʦʢʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ. ɿ 

ʪʦʯʢʠ ʟʦʨʫ ʩʚʽʪʦʚʦʾ ʧʨʘʢʪʠʢʠ ʦʙʩʷʛʠ ʮʠʭ ʨʦʙʽʪ ʪʘ ʘʩʠʛʥʫʚʘʥʴ, ʷʢʽ ʙʫʣʠ ʥʘ ʥʠʭ 

ʚʠʪʨʘʯʝʥʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʚʫʟʠʪʠ ʧʣʦʱʽ ʧʦʰʫʢʽʚ ʟʘʚʜʷʢʠ ʚʠʜʽʣʝʥʥʶ ʜʽʣʷʥʦʢ ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʦʟʥʘʢ 

ʥʘʷʚʥʦʩʪʽ ʢʦʨʽʥʥʠʭ ʜʞʝʨʝʣ ʘʣʤʘʟʽʚ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ  ʢʽʥʮʝʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ï ʚʽʜʢʨʠʪʪʷ ʢʦʨʽʥʥʠʭ ʨʦʜʦʚʠʱ ʘʣʤʘʟʽʚ. 
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objects (traps of arch, lithologically - and tectonically limited types) are localized. 
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ʇʘʣʝʦʮʝʥʦʚʽ ʚʽʜʢʣʘʜʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʦʟʚʽʜʘʥʠʭ ʟʘʧʘʩʽʚ ʻ ʦʩʥʦʚʥʠʤʠ ʩʝʨʝʜ 

ʦʩʘʜʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦ-ʂʨʠʤʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʦʙʣʘʩʪʽ. 

ʇʦʢʣʘʜʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʛʦʨʠʟʦʥʪʽʚ ʦʨʛʘʥʦʛʝʥʥʠʭ ʚʘʧʥʷʢʽʚ ʜʘʥʩʴʢʦʛʦ ʪʘ 

ʟʝʣʘʥʜʩʴʢʦʛʦ ʷʨʫʩʽʚ, ʷʢʽ ʧʝʨʝʢʨʠʪʽ ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʠʤʠ ʚʽʜʢʣʘʜʘʤʠ 

ʪʘʥʝʪʩʴʢʦʛʦ ʷʨʫʩʫ. ʉʢʣʘʜʥʽʩʪʴ ʙʫʜʦʚʠ ʢʘʨʙʦʥʘʪʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ, ʧʦʩʪʽʡʥʘ 

ʤʽʥʣʠʚʽʩʪʴ ʚ ʥʠʭ ʢʦʣʝʢʪʦʨʩʴʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʢʪʫʘʣʽʟʫʻ ʢʦʤʧʣʝʢʩʥʽ ʣʽʪʦʣʦʛʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʣʝʦʮʝʥʦʚʠʭ ʥʘʰʘʨʫʚʘʥʴ ʨʝʛʽʦʥʫ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ 

ʧʘʣʝʦʮʝʥʦʚʽ ʚʽʜʢʣʘʜʠ ʧʽʚʥʽʯʥʦʛʦ ʩʭʠʣʫ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʤʝʛʘʧʨʦʛʠʥʫ ʟʘ 

ʧʝʨʝʪʠʥʦʤ ʩʚ. ɹʝʟʽʤʝʥʥʘ-2ïʌʣʘʥʛʦʚʘ-2ïɻʦʣʽʮʠʥʘ-2ïɻʦʣʽʮʠʥʘ-3ïʐʤʽʜʪʘ-6. 

ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʚʠʪʢʫ ʚʘʧʥʷʢʽʚ, ʤʝʨʛʝʣʽʚ ʪʘ ʘʨʛʽʣʽʪʽʚ ʫ ʚʽʜʢʣʘʜʘʭ 

ʧʘʣʝʦʮʝʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʚʦʣʽ ʚʠʨʘʟʥʘ ʧʨʦʩʪʦʨʦʚʦ-ʚʽʢʦʚʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʙʫʜʦʚʠ ʨʦʟʨʽʟʫ. ɺʠʜʽʣʝʥʦ ʪʨʠ ʡʦʛʦ ʪʠʧʠ: ʤʝʨʛʝʣʴʥʠʡ (ʩʚ. ʌʣʘʥʛʦʚʘ-2), ʘʨʛʽʣʽʪʦ-

ʚʘʧʥʷʢʦʚʦ-ʤʝʨʛʝʣʴʥʠʡ (ʩʚ. ɻʦʣʽʮʠʥʘ-2) ʪʘ ʤʝʨʛʝʣʴʥʦ-ʚʘʧʥʷʢʦʚʠʡ (ʩʚ. ɻʦʣʽʮʠʥʘ-

3, ʐʤʽʜʪʘ-6, ɹʝʟʽʤʝʥʥʘ-2). ʅʘʡʙʽʣʴʰ ʩʚʦʻʨʽʜʥʦʶ ʻ ʩʪʨʫʢʪʫʨʘ ʨʦʟʨʽʟʫ ʩʚ. 

ʌʣʘʥʛʦʚʘ-2, ʜʝ ʥʘ ʬʦʥʽ ʜʦʤʽʥʫʚʘʥʥʷ ʤʝʨʛʝʣʽʚ (67ï68%) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʡʦʛʦ 

ʪʦʥʢʘ ʰʘʨʫʚʘʪʽʩʪʴ. ʊʘʢ, ʧʘʯʢʠ ʤʝʨʛʝʣʽʚ ʧʦʪʫʞʥʽʩʪʶ 5ï32 ʤ ʨʦʟʰʘʨʦʚʘʥʽ 

ʛʦʨʠʟʦʥʪʘʤʠ ʘʨʛʽʣʽʪʽʚ ʪʘ ʚʘʧʥʷʢʽʚ ʪʦʚʱʠʥʦʶ 0,5ï4 ʤ.  

ʈʦʟʨʽʟ ʩʚ. ɻʦʣʽʮʠʥʘ-2 ʟʘ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʣʽʪʦʣʦʛʽʯʥʠʭ ʚʽʜʤʽʥ ʻ ʧʝʨʝʭʽʜʥʠʤ 

ʤʽʞ ʨʦʟʨʽʟʘʤʠ ʩʚ. ʌʣʘʥʛʦʚʘ-2 ʪʘ ʩʚ. ɻʦʣʽʮʠʥʘ-3. ɺʪʽʤ, ʡʦʤʫ ʧʨʠʪʘʤʘʥʥʽ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ. ʊʘʢ, ʚʽʜʢʣʘʜʠ ʜʘʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʦʤʽʥʫʚʘʥʥʷʤ ʘʨʛʽʣʽʪʽʚ, ʚʤʽʩʪ ʷʢʠʭ ʫ ʚʝʨʭʥʽʡ ʡʦʛʦ ʯʘʩʪʠʥʽ ʜʦʩʷʛʘʻ 79ï88%, ʱʦ  

ʚʽʜʦʙʨʘʞʘʻ ʪʨʘʥʩʛʨʝʩʠʚʥʫ ʧʨʠʨʦʜʫ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ. ʇʦʜʽʙʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʠʪʘʤʘʥʥʽ ʽ ʚʽʜʢʣʘʜʘʤ ʟʝʣʘʥʜʩʴʢʦʛʦ ʷʨʫʩʫ. ʃʽʪʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʘʥʝʪʩʴʢʠʭ 

ʥʘʰʘʨʫʚʘʥʴ ʚ ʮʽʣʦʤʫ ʻ ʧʦʜʽʙʥʦʶ ʜʦ ʪʘʢʠʭ ʩʚ. ʌʣʘʥʛʦʚʘ-2. ʈʦʟʨʽʟʠ ʩʚ. ɻʦʣʽʮʠʥʘ-

3 ʪʘ ʩʚ. ʐʤʽʜʪʘ-6 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʤʽʥʫʚʘʥʥʷʤ ʚʘʧʥʷʢʽʚ, ʷʢʽ ʜʦʚʦʣʽ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦʰʠʨʝʥʽ ʽ ʬʦʨʤʫʶʪʴ ʧʦʪʫʞʥʽ (ʜʦ 30 ʤ ʫ ʩʚ. 3) ʧʘʯʢʠ. ʋ ʩʚ. 6 

ʚʽʜʢʣʘʜʠ ʻ ʙʽʣʴʰ ʪʦʥʢʦʰʘʨʫʚʘʪʠʤʠ (ʪʦʚʱʠʥʘ ʚʘʧʥʷʢʦʚʠʭ ʧʘʯʦʢ ʥʝ ʧʝʨʝʚʠʱʫʻ 8 

ʤ). ʂʨʽʤ ʪʦʛʦ ʫ ʮʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʜʘʪʫ ʩʢʣʘʜʝʥʘ ʚʘʧʥʷʢʦʚʦ-

ʤʝʨʛʝʣʴʥʠʤʠ ʧʦʨʦʜʘʤʠ. ʂʘʨʙʦʥʘʪʥʽ ʫʪʚʦʨʝʥʥʷ, ʨʦʟʢʨʠʪʽ  ʩʚ. ɹʝʟʽʤʝʥʥʘ-2, 

ɻʦʣʽʮʠʥʘ-3 ʪʘ ʐʤʽʜʪʘ-6, ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʙʽʦʛʝʨʤʥʽ ʪʽʣʘ. ɼʽʣʷʥʢʘ ʩʚ. ʌʣʘʥʛʦʚʘ-2 

ʪʘ ɻʦʣʽʮʠʥʘ-2 ʩʢʣʘʜʝʥʘ ʤʽʞʙʽʦʛʝʨʤʥʠʤʠ ʣʽʪʦʛʝʥʝʪʠʯʥʠʤʠ ʪʠʧʘʤʠ, ʷʢʽ ʚʽʨʦʛʽʜʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʪʚʦʨʝʥʥʷʤʠ ʰʣʝʡʬʽʚ, ʧʨʠʧʣʠʚʥʦ-ʚʽʜʧʣʠʚʥʠʭ ʢʘʥʘʣʽʚ (ʟʛʽʜʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [1]). 

ʇʦʰʠʨʝʥʥʷ ʛʦʨʠʟʦʥʪʽʚ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʬʣʶʾʜʦʫʧʦʨʽʚ 

ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʧʝʚʥʠʤʠ ʣʽʪʦʛʝʥʝʪʠʯʥʠʤʠ ʪʠʧʘʤʠ ʢʘʨʙʦʥʘʪʥʠʭ ʫʪʚʦʨʝʥʴ [1, 

2]. ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʮʽʡ ʟʘʣʝʞʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʣʽʪʦʬʽʟʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʽʜʢʣʘʜʽʚ ʧʘʣʝʦʮʝʥʦʚʦʛʦ ʚʽʢʫ (ʈʠʩʫʥʦʢ). ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʟʜʦʚʞ 

ʫʩʴʦʛʦ ʧʨʦʬʽʣʶ ʧʦʰʠʨʝʥʘ ʬʣʶʾʜʦʫʧʦʨʥʘ ʧʘʯʢʘ ʥʠʞʥʴʦʛʦ ʝʦʮʝʥʫ, ʧʦʪʫʞʥʽʩʪʴ 

ʷʢʦʾ, ʟʘ [3], ʜʦʩʷʛʘʻ 200ʤ, ʱʦ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʨʝʟʝʨʚʫʘʨʽʚ ʫ 

ʧʘʣʝʦʮʝʥʦʚʠʭ ʥʘʰʘʨʫʚʘʥʥʷʭ. 
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ʈʠʩʫʥʦʢ ï ʄʦʜʝʣʴ ʨʦʟʚʠʪʢʫ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ ʪʘ ʬʣʶʾʜʦʫʧʦʨʽʚ ʫ  ʚʽʜʢʣʘʜʘʭ ʧʘʣʝʦʮʝʥʫ.  

1ïʬʣʶʾʜʦʫʧʦʨʠ; ʧʦʨʦʜʠ-ʢʦʣʝʢʪʦʨʠ: 2ïʧʦʨʦʚʽ, 3ïʪʨʽʱʠʥʥʽ; 4ïʚʽʜʢʣʘʜʠ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ; 

5ïʨʦʟʣʦʤ; 6ïʧʝʨʩʧʝʢʪʠʚʥʽ ʦʙô̒ʢʪʠ (ɯïIV)  

 

ʈʦʟʚʠʪʦʢ ʧʦʨʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʫ ʟʘʭʽʜʥʽʡ ʪʘ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ 

ʧʝʨʝʪʠʥʫ. ʅʘʡʧʦʪʫʞʥʽʰʘ ʾʭ ʧʘʯʢʘ (ʙʣʠʟʴʢʦ 130 ʤ) ʨʦʟʢʨʠʪʘ ʩʚ. ɻʦʣʽʮʠʥʘ-3. ɺ 

ʥʘʧʨʷʤʢʫ ʧʣʦʱʽ ʐʤʽʜʪʘ ʾʾ ʪʦʚʱʠʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 70ï80 ʤ. ɸ ʚʙʽʢ ʩʚ. 

ɻʦʣʽʮʠʥʘ-2 ʮʷ ʢʘʨʪʠʥʘ ʻ ʱʝ ʙʽʣʴʰ ʚʠʨʘʟʥʦʶ: ʪʦʚʱʠʥʘ ʧʦʨʦʚʠʭ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 30 ʤ, ʚʦʥʠ ʚʠʢʣʠʥʶʪʴʩʷ ʪʘ ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʪʨʽʱʠʥʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ, ʘʣʝ ʽ ʬʣʶʾʜʦʫʧʦʨʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ.  

ɺ ʨʘʡʦʥʽ ʩʚ. ɻʦʣʽʮʠʥʘ-2 ʩʬʦʨʤʦʚʘʥʠʡ ʩʢʣʝʧʽʥʥʠʡ ʨʝʟʝʨʚʫʘʨ, ʫʪʚʦʨʝʥʠʡ 

ʧʘʯʢʘʤʠ ʪʨʽʱʠʥʥʠʭ ʪʘ ʧʦʨʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ (ʟʝʣʘʥʜʩʴʢʠʡ ʷʨʫʩ) ʟʘʛʘʣʴʥʦʶ 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 80 ʤ, ʷʢʽ ʧʝʨʝʢʨʠʪʽ ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ 

(ʙʣʠʟʴʢʦ 20ï30 ʤ) ʪʘʥʝʪʩʴʢʦʛʦ ʚʽʢʫ. ɺʣʘʩʥʝ ʟ ʮʽʻʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ (ʽʥʪ. 2183ï

2210 ʤ) ʦʪʨʠʤʘʥʦ ʧʨʠʧʣʠʚ ʛʘʟʫ (1942,3 ʪʠʩ. ʤ
3 
/ʜ). 

ʋ ʮʽʡ ʜʽʣʷʥʮʽ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʱʝ ʜʝʢʽʣʴʢʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʦʙôʻʢʪʠ. ʇʝʨʰʠʡ ï 

ʮʝ ʧʨʠʧʦʢʨʽʚʝʣʴʥʘ ʧʘʯʢʘ (ʙʣʠʟʴʢʦ 30 ʤ) ʪʨʽʱʠʥʥʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʧʝʨʝʢʨʠʪʘ 

ʬʣʶʾʜʦʫʧʦʨʦʤ ʥʠʞʥʴʦʛʦ ʝʦʮʝʥʫ. ɼʨʫʛʠʡ ï ʮʝ ʩʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʜʘʥʩʴʢʦʛʦ ʷʨʫʩʫ, 

ʩʢʣʘʜʝʥʘ ʪʨʽʱʠʥʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ (ʙʣʠʟʴʢʦ 80 ʤ), ʧʝʨʝʢʨʠʪʘ ʬʣʶʾʜʦʫʧʦʨʦʤ 

ʪʦʚʱʠʥʦʶ 40ï50 ʤ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʦʙôʻʢʪʫ, ʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʽ ʧʦʪʫʞʥʽ ʧʦʨʦʚʽ ʢʦʣʝʢʪʦʨʠ, ʨʦʟʢʨʠʪʽ ʩʚ. 3. 

ʅʘ ʢʦʨʠʩʪʴ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʚʽʜʯʘʪʴ ʟʥʘʯʥʽ ʧʨʠʧʣʠʚʠ ʛʘʟʫ (325,8 ʪʠʩ. ʤ
3 
/ʜ) ʫ 

ʩʚ. 4 (ʚʝʨʭʠ ʜʘʥʩʴʢʦʛʦïʥʠʟʠ ʟʝʣʘʥʜʩʴʢʦʛʦ ʷʨʫʩʽʚ), ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ~ ʫ 5 ʢʤ ʥʘ 

ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ ʚʽʜ ʩʚ. 3.  

ʋ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʪʠʥʫ ʩʢʣʝʧʽʥʥʠʡ ʨʝʟʝʨʚʫʘʨ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ 

ɹʝʟʽʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʜʝ ʧʘʯʢʠ ʢʦʣʝʢʪʦʨʽʚ ʧʝʨʝʢʨʠʪʽ ʬʣʶʾʜʦʫʧʦʨʥʠʤʠ 

ʚʽʜʢʣʘʜʘʤʠ ʚʝʨʭʽʚ ʧʘʣʝʦʮʝʥʫ-ʥʠʟʽʚ ʝʦʮʝʥʫ. ʋ ʩʚ. 1 ʟ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ (1072ï1090 

ʤ) ʦʪʨʠʤʘʥʦ ʧʨʠʧʣʠʚ ʛʘʟʫ (100 ʪʠʩ. ʤ
3 
/ʜ). ʋ ʩʚ. 2 ʚʽʜʢʣʘʜʠ ʥʝ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʧʨʠʷʪʣʠʚʽ ʩʪʨʫʢʪʫʨʥʽ ʫʤʦʚʠ, ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʠʡ [4] ʨʦʟʤʠʚ 

ʚʽʜʢʣʘʜʽʚ ʧʘʣʝʦʮʝʥʫ, ʻ ʧʽʜʩʪʘʚʠ ʧʝʨʝʜʙʘʯʘʪʠ ʜʦʚʦʣʽ ʚʠʩʦʢʽ ʢʦʣʝʢʪʦʨʩʴʢʽ 
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ʧʘʨʘʤʝʪʨʠ ʧʦʨʽʜ ʟʘʚʜʷʢʠ ʚʧʣʠʚʫ ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʫʻ ʧʝʨʩʧʝʢʪʠʚʠ ʮʠʭ ʫʪʚʦʨʝʥʴ. 

ʃʦʢʘʣʽʟʦʚʘʥʦ ʜʚʽ ʜʽʣʷʥʢʠ ʨʦʟʚʠʪʢʫ ʥʝʩʪʨʫʢʪʫʨʥʠʭ ʧʘʩʪʦʢ ʚʫʛʣʝʚʦʜʥʽʚ. 

ʇʝʨʰʘ (ʣʽʪʦʣʦʛʽʯʥʘ) ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʤʽʞ ʩʚ. ʌʣʘʥʛʦʚʘ-2 ʪʘ ʩʚ. ɻʦʣʽʮʠʥʘ-2, ʜʝ 

ʚʠʢʣʠʥʶʶʪʴʩʷ ʪʨʠ ʛʦʨʠʟʦʥʪʠ ʪʨʽʱʠʥʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʪʦʚʱʠʥʦʶ 10ï20 ʤ. ɼʨʫʛʘ 

(ʪʝʢʪʦʥʽʯʥʦ ʝʢʨʘʥʦʚʘʥʘ) ï ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʩʭʽʜ ʚʽʜ ʩʚ. ɹʝʟʽʤʝʥʥʘ-2, ʜʝ ʪʨʠ ʧʘʯʢʠ 

ʧʦʨʦʚʠʭ ʪʘ ʪʨʽʱʠʥʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 100 ʤ ʧʦ 

ʨʦʟʨʠʚʥʦʤʫ ʧʦʨʫʰʝʥʥʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʚʽʜʢʣʘʜʘʤʠ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ, ʷʢʽ, ʟʛʽʜʥʦ 

[5], ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʨʛʽʣʽʪʦʚʠʤ ʣʽʪʦʣʦʛʽʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʘ ʣʘʪʝʨʘʣʴʥʘ 

ʣʽʪʦʣʦʛʽʯʥʘ ʪʘ ʬʘʮʽʘʣʴʥʘ ʤʽʥʣʠʚʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʧʘʣʝʦʮʝʥʫ. ʋ ʩʭʽʜʥʽʡ ʪʘ ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʘʭ ʜʦʩʣʽʜʞʝʥʦʾ ʜʽʣʷʥʢʠ ʨʦʟʚʠʥʝʥʽ ʚʘʧʥʷʢʦʚʽ ʙʽʦʛʝʨʤʥʽ ʪʽʣʘ ʫ ʮʝʥʪʨʘʣʴʥʽʡ 

ï ʚʘʧʥʷʢʦʚʦ-ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʽ ʫʪʚʦʨʝʥʥʷ ʰʣʝʡʬʽʚ ʪʘ ʧʨʠʧʣʠʚʥʦ-ʚʽʜʧʣʠʚʥʠʭ 

ʢʘʥʘʣʽʚ. ʉʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʣʽʪʦʬʽʟʠʯʥʦʾ ʙʫʜʦʚʠ ʚʽʜʢʣʘʜʽʚ ʧʘʣʝʦʮʝʥʫ ʟʘ ʧʨʦʬʽʣʝʤ 

ʩʚ. ɹʝʟʽʤʝʥʥʘ-2ïʌʣʘʥʛʦʚʘ-2ïɻʦʣʽʮʠʥʘ-2ïɻʦʣʽʮʠʥʘ-3ïʐʤʽʜʪʘ-6. ʅʘ ʦʩʥʦʚʽ ʯʦʛʦ 

ʣʦʢʘʣʽʟʦʚʘʥʦ ʯʦʪʠʨʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʦʙôʻʢʪʠ (ʧʘʩʪʢʠ ʩʢʣʝʧʽʥʥʦʛʦ, ʣʽʪʦʣʦʛʽʯʥʦ ʪʘ 

ʪʝʢʪʦʥʽʯʥʦ ʦʙʤʝʞʝʥʦʛʦ ʪʠʧʽʚ). 
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The spatial and age variability of localization of hydrocarbon traps, the nature of distribution of 

reservoir rocks of different types in the Middle Devonian deposits of the East Saratʘ oil field has 

been established. Vault traps of productive horizons of Eifelian deposits tend to the area of well 1, 

Givetian ï to the area of well 2. In the first case, the most promising horizons are e-2 and e-3, in the 

second - g-2ïg-4. The development of lithological-type traps is predicted due to wedging or 

reduction of horizons in the direction of the structure arch. 

 

ʋ ʨʦʟʨʽʟʽ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ ʉʭʽʜʥʦʩʘʨʘʪʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚʠʜʽʣʝʥʦ 9 

ʣʽʪʦʮʠʢʣʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʦʢʨʝʤʽ ʧʨʦʜʫʢʪʠʚʥʽ ʛʦʨʠʟʦʥʪʠ (ʇɻ). ʆʩʪʘʥʥʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʅʠʞʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʙʦʥʘʪʥʠʤʠ ʘʙʦ ʪʝʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʚʝʨʭʥʷ - ʤʝʨʛʝʣʴʥʦ-ʘʥʛʽʜʨʠʪʦʚʠʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʧʘʩʪʦʢ ʧʦʙʫʜʦʚʘʥʦ ʩʭʝʤʠ ʛʽʧʩʦʤʝʪʨʽʾ ʧʽʜʦʰʚʠ 

ʤʝʨʛʝʣʴʥʦ-ʘʥʛʽʜʨʠʪʦʚʠʭ ʯʘʩʪʠʥ ʮʠʢʣʽʪʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʬʣʶʾʜʦʫʧʦʨʘʤʠ. ɼʣʷ 

ʟôʷʩʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʨʝʟʝʨʚʫʘʨʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʪʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʘʯʦʢ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ (ʈʠʩʫʥʦʢ). ʇʨʠ ʮʴʦʤʫ, ʢʘʨʙʦʥʘʪʥʽ ʧʘʯʢʠ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʟʛʽʜʥʦ [1], ʷʢ ʢʦʣʝʢʪʦʨʠ ʧʦʨʦʚʦʛʦ ʪʠʧʫ, ʘ ʪʝʨʠʛʝʥʥʽ 

(ʧʝʨʝʰʘʨʫʚʘʥʥʷ ʘʨʛʽʣʽʪʽʚ ʟ ʘʣʝʚʨʦʣʽʪʘʤʠ ʪʘ ʧʽʩʢʦʚʠʢʘʤʠ), ʚʨʘʭʦʚʫʶʯʠ ʜʘʥʽ [2, 

3], ʷʢ ʧʦʨʦʜʠ-ʢʦʣʝʢʪʦʨʠ ʪʨʽʱʠʥʥʦʛʦ ʪʠʧʫ. 

ʋ ʇɻ e-1 ʬʽʢʩʫʻʪʴʩʷ ʚʠʜʦʚʞʝʥʘ ʜʚʦʩʢʣʝʧʽʥʥʘ ʧʘʩʪʢʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ 

ʧʨʦʩʪʷʛʘʥʥʷ. ʋ ʩʚ. 2 ʚʠʜʽʣʝʥʦ ʯʦʪʠʨʠ ʛʦʨʠʟʦʥʪʠ ʧʦʨʦʚʠʭ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ 

ʩʫʤʘʨʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 48 ʤ ʪʘ ʦʜʠʥ ï ʪʨʽʱʠʥʥʠʭ (9 ʤ). ʄʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʢʦʣʝʢʪʦʨʠ ʥʘʙʫʚʘʶʪʴ ʫ ʩʚ. 3, ʜʝ ʧʦʨʷʜ ʟ ʯʦʪʠʨʤʘ ʧʘʯʢʘʤʠ ʧʦʨʦʚʠʭ 

(ʩʫʤʘʨʥʘ ʪʦʚʱʠʥʘ 46 ʤ) ʨʦʟʚʠʥʝʥʽ ʯʦʪʠʨʠ ʧʘʯʢʠ ʪʨʽʱʠʥʥʠʭ ʢʦʣʝʢʪʦʨʽʚ (35 ʤ). 

ʋ ʥʘʧʨʷʤʢʫ ʩʚ. 1 ʷʢ ʟ ʙʦʢʫ ʩʚ. 2, ʪʘʢ ʽ ʩʚ. 3 ʙʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʧʘʯʦʢ ʚʠʢʣʠʥʶʻʪʴʩʷ. 

ɺ ʮʽʣʦʤʫ ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʽ ʫʤʦʚʠ ʜʣʷ ʘʢʫʤʫʣʷʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ ʽʩʥʫʚʘʣʠ ʫ 

ʜʽʣʷʥʢʘʭ ʩʚ. 2 ʪʘ ʩʚ. 3 (ʩʢʣʝʧʽʥʥʽ ʧʘʩʪʢʠ, ʟʥʘʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʦʨʠʟʦʥʪʽʚ ʧʦʨʽʜ-
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ʢʦʣʝʢʪʦʨʽʚ). ʂʨʽʤ ʪʦʛʦ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʧʘʩʪʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʣʠʥʶʚʘʥʥʷʤ 

ʢʦʣʝʢʪʦʨʩʴʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʚʽʜ ʩʚ. 4 ʪʘ ʩʚ. 5 ʚ ʥʘʧʨʷʤʢʫ ʩʚ.1.  

ʋ ʇɻ e-2 ʦʩʥʦʚʥʠʡ ʨʝʟʝʨʚʫʘʨ ʩʢʣʝʧʽʥʥʦʛʦ ʪʠʧʫ ʪʷʞʽʻ ʜʦ ʩʚ. 2. ɺʽʥ 

ʩʢʣʘʜʝʥʠʡ ʜʚʦʤʘ ʧʘʯʢʘʤʠ ʧʦʨʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʚʝʨʭʥʷ ʟ ʷʢʠʭ ʜʦʩʷʛʘʻ 

ʧʦʪʫʞʥʦʩʪʽ 50 ʤ, ʱʦ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʩʚ. 1, ʘ ʥʠʞʥʷ (15 ʤ) ʚʟʘʛʘʣʽ 

ʚʠʢʣʠʥʶʻʪʴʩʷ. ʆʩʪʘʥʥʻ ʧʨʠʪʘʤʘʥʥʝ ʽ ʢʘʨʙʦʥʘʪʥʽʡ ʧʘʯʮʽ, ʷʢʘ ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʩʚ. 3. 

ʋ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʧʘʩʪʦʢ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʪʠʧʫ. ʆʪʞʝ, 

ʦʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʚôʷʟʘʥʽ ʟ ʨʘʡʦʥʦʤ ʩʚ. 2 (ʩʢʣʝʧʽʥʥʘ ʧʘʩʪʢʘ) ʪʘ ʜʽʣʷʥʢʦʶ 

ʤʽʞ ʩʚ. 4 ʪʘ ʩʚ. 1 (ʚʠʢʣʠʥʶʚʘʥʥʷ ʢʦʣʝʢʪʦʨʩʴʢʠʭ ʧʘʯʦʢ). 

ʄʦʨʬʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʇɻ e-3 ʚ ʮʽʣʦʤʫ ʻ ʧʦʜʽʙʥʠʤʠ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ. ɺʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ, ʦʢʨʽʤ ʧʦʨʦʚʠʭ, ʪʨʽʱʠʥʥʠʭ ʧʦʨʽʜ-

ʢʦʣʝʢʪʦʨʽʚ, ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ ʫ ʩʚ. 1 ʪʘ ʩʚ. 3 (2 ʧʘʯʢʠ ʩʫʤʘʨʥʦʶ 

ʪʦʚʱʠʥʦʶ 14ï16 ʤ). ɺ ʦʩʪʘʥʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʚʘʶʪʴ ʽ 

ʢʦʣʝʢʪʦʨʠ ʧʦʨʦʚʦʛʦ ʪʠʧʫ (29 ʤ), ʷʢʽ ʚ ʮʽʣʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʰʠʨʝʥʽ ʧʦ 

ʧʝʨʠʬʝʨʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʢʣʠʥʶʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʩʢʣʝʧʽʥʥʷ (ʩʚ. 1).  

 

 
ʈʠʩʫʥʦʢ ï ɻʽʧʩʦʤʝʪʨʽʷ ʧʽʜʦʰʚʠ 

ʘʥʛʽʜʨʠʪʦ-ʤʝʨʛʝʣʴʥʠʭ ʧʘʯʦʢ ʪʘ ʭʘʨʘʢʪʝʨ 

ʨʦʟʚʠʪʢʫ ʧʦʨʦʚʠʭ ʪʘ ʪʨʽʱʠʥʥʠʭ ʧʦʨʽʜ-

ʢʦʣʝʢʪʦʨʽʚ ʫ ʚʽʜʢʣʘʜʘʭ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ 

ʉʭʽʜʥʦʩʘʨʘʪʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. 1ïʩʚʝʨʜʣʦʚʠʥʘ 

ʪʘ ʛʣʠʙʠʥʘ ʧʽʜʦʰʚʠ, 2ï̔ ʟʦʛʽʧʩʠ; ʜʽʣʷʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʦʣʝʢʪʦʨʽʚ: 3ï

ʧʦʨʦʚʠʭ, 4ïʪʨʽʱʠʥʥʠʭ; ʽʟʦʣʽʪʠ ʢʦʣʝʢʪʦʨʽʚ: 5ï

ʧʦʨʦʚʠʭ, 6ïʪʨʽʱʠʥʥʠʭ, 7ïʜʽʣʷʥʢʠ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʧʦʨʦʚʠʭ ʪʘ ʪʨʽʱʠʥʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ   

 

 

 

ʋ ʇɻ e-4 ʩʢʣʝʧʽʥʥʠʡ ʨʝʟʝʨʚʫʘʨ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʜʽʣʷʥʮʽ ʩʚ. 2 ʽ 

ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʜʦ ʩʚ. 3 ʟ ʩʫʪʪʻʚʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʚʠʩʦʪʠ. ʋ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ 

ʧʝʨʝʚʘʞʘʶʪʴ ʧʦʨʦʚʽ ʢʦʣʝʢʪʦʨʠ, ʣʠʰʝ ʫ 

ʩʚ. 5 ʬʽʢʩʫʻʪʴʩʷ ʜʚʽ ʧʘʯʢʠ ʪʨʽʱʠʥʥʠʭ 

ʚʽʜʤʽʥ, ʷʢʽ ʚʠʢʣʠʥʶʶʪʴʩʷ ʚʙʽʢ ʩʚ. 1. 

ɼʣʷ ʮʠʢʣʽʪʫ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʚʠʪʦʢ 

ʤʘʡʞʝ ʚ ʤʝʞʘʭ ʫʩʽʻʾ ʩʪʨʫʢʪʫʨʠ ʜʚʦʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʧʘʯʦʢ, ʤʘʢʩʠʤʘʣʴʥʘ 

(ʩʫʤʘʨʥʘ) ʪʦʚʱʠʥʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 55 

ʤ (ʩʚ. 5) ʪʘ 36 ʤ (ʩʚ. 3, 4) ʽ ʟʤʝʥʰʫʻʪʴʩʷ 

ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ 14 ʤ ʫ ʩʚ. 2.   
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ʇɻ e-5 ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʢʣʝʧʽʥʥʦʾ ʧʘʩʪʢʠ ʫ ʨʘʡʦʥʽ ʩʚ. 2 

ïʩʚ. 3). ɺʪʽʤ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʧʦʨʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʚ. 

5 (73 ʤ).       

ʋ ʇɻ g-1 ʩʢʣʝʧʽʥʥʷ ʨʝʟʝʨʚʫʘʨʫ ʪʷʞʽʻ ʜʦ ʩʚ. 1 ʪʘ ʩʚ. 2. ʋ ʨʦʟʨʽʟʽ ʨʦʟʚʠʥʝʥʘ 

ʧʘʯʢʘ ʧʦʨʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʷʢʦʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʚ. 5 

(24 ʤ). ɺʦʥʘ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʩʚ. 1 ʪʘ ʩʚ. 3 (4, 8 ʤ).   

ʋ ʇɻ g-2 ʩʢʣʝʧʽʥʥʷ ʨʝʟʝʨʚʫʘʨʫ ʪʷʞʽʻ ʜʦ ʩʚ. 1 ʟ ʚʠʜʦʚʞʝʥʥʷʤ ʫ ʥʘʧʨʷʤʢʫ 

ʩʚ. 2. ɺ ʮʽʣʦʤʫ ʫ ʨʦʟʨʽʟʽ ʚʩʪʘʥʦʚʣʝʥʦ ʦʜʥʘ ʢʘʨʙʦʥʘʪʥʘ ʧʘʯʢʘ, ʪʦʚʱʠʥʘ ʷʢʦʾ 

ʚʘʨʽʶʻ ʚʽʜ 16ï17 ʤ (ʩʚ. 3, 5) ʜʦ 7ï9 ʤ (ʩʚ. 1, 4). ʋ ʩʚ. 5 ʪʘ ʩʚ. 1 ʨʦʟʚʠʥʝʥʽ ʪʘʢʦʞ 

ʪʨʽʱʠʥʫʚʘʪʽ ʧʦʨʦʜʠ-ʢʦʣʝʢʪʦʨʠ (12 ʪʘ 5 ʤ, ʚʽʜʧʦʚʽʜʥʦ).  

ʋ ʇɻ g-3 ʩʢʣʝʧʽʥʥʘ ʧʘʩʪʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʦʶ ʚʠʩʦʪʦʶ ʨʝʟʝʨʚʫʘʨʫ 

(ʦʩʦʙʣʠʚʦ ʫ ʨʘʡʦʥʽ ʩʚ. 1). ɼʦ ʪʦʛʦ ʞ ʫ ʜʘʥʦʤʫ ʇɻ ʦʢʨʽʤ ʧʦʨʦʚʠʭ (ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʦʚʱʠʥʘ ʫ ʩʚ. 5) ʨʦʟʚʠʥʝʥʽ ʽ ʪʨʽʱʠʥʥʽ (ʩʚ. 1, 3, 5) ʢʦʣʝʢʪʦʨʠ.  

ʋ ʇɻ g-4 ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʩʢʣʝʧʽʥʥʦʛʦ ʨʝʟʝʨʚʫʘʨʫ ʪʷʞʽʻ ʪʘʢʦʞ ʜʦ ʩʚ. 1. 

ʎʝʡ ʛʦʨʠʟʦʥʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʥʘʯʥʠʤ ʨʦʟʚʠʪʢʦʤ ʪʨʽʱʠʥʥʠʭ ʢʦʣʝʢʪʦʨʽʚ 

ʥʘʩʘʤʧʝʨʝʜ ʫ ʩʚ. 1, ʜʝ ʾʭ ʪʦʚʱʠʥʘ ʩʪʘʥʦʚʠʪʴ 18 ʤ ʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 7ï

8 ʤ (ʩʚ. 4 ʪʘ 5) ʪʘ ʨʝʜʫʢʫʻ ʚ ʥʘʧʨʷʤʢʫ ʩʚ. 3. ʅʘʪʦʤʽʩʪʴ ʚ ʦʩʪʘʥʥʽʡ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʰʠʨʝʥʽ ʢʦʣʝʢʪʦʨʠ ʧʦʨʦʚʦʛʦ ʪʠʧʫ (19 ʤ).  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʦʩʪʦʨʦʚʦ-ʚʽʢʦʚʫ 

ʤʽʥʣʠʚʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʧʘʩʪʦʢ ʚʫʛʣʝʚʦʜʥʽʚ, ʭʘʨʘʢʪʝʨʫ ʧʦʰʠʨʝʥʥʷ ʧʦʨʽʜ-

ʢʦʣʝʢʪʦʨʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ ʫ ʚʽʜʢʣʘʜʘʭ ʩʝʨʝʜʥʴʦʛʦ ʜʝʚʦʥʫ. ʊʘʢ, ʩʢʣʝʧʽʥʥʽ ʧʘʩʪʢʠ 

ʇɻ ʝʡʬʝʣʴʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʪʷʞʽʶʪʴ ʜʦ ʜʽʣʷʥʢʠ ʩʚ. 2, ʘ ʞʠʚʝʪʩʴʢʠʭ ï ʩʚ. 1. ʇʨʠ 

ʮʴʦʤʫ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʛʦʨʠʟʦʥʪʠ ʝ-2 ʪʘ ʝ-3, ʫ 

ʜʨʫʛʦʤʫ ï g-2ïg-4. ʏʘʩʪʦ ʧʦʪʫʞʥʽʰʽ ʧʘʯʢʠ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ ʨʦʟʚʠʥʝʥʽ ʧʦʟʘ 

ʤʝʞʘʤʠ ʩʢʣʝʧʽʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʬʦʨʤʫʚʘʥʥʷ ʧʘʩʪʦʢ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʪʠʧʫ, 

ʟʦʢʨʝʤʘ ʫ ʇɻ ʝ-1 ʪʘ ʝ-2. 
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ʋɼʂ 550.4 
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Bakhtin fluorite deposit is analyzed  mineral composition of ores, area, depth of ore bodies. 

Attention is focused on the presence of non-metallic mineral deposits with estimated reserves  

limestone, sandstone, loam, clay within Podolsk Transnistria. The data on possible capital 

investments in the development of the deposit are considered and it is found out that at complex 

(simultaneous) development of Bakhtin ore field (fluorite product and non-metallic minerals) the 

economic effect can make 35% of total investments (investments in housing, buildings, roads). and 

railway construction and land reclamation). The expediency of complex development of fluorite 

ores is available. 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʪʨʝʙʫ ʫ ʬʣʶʦʨʠʪʦʚʦʤʫ ʢʦʥʮʝʥʪʨʘʪʽ ʯʠʩʣʝʥʥʠʭ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʦʧʪʠʢʘ, ʤʝʪʘʣʫʨʛʽʷ, ʪʦʱʦ) ʋʢʨʘʾʥʠ, ʮʝʡ ʤʽʥʝʨʘʣ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʢʨʘʾʥʠ ʥʝ ʜʦʙʫʚʘʻʪʴʩʷ. ʂʦʥʮʝʥʪʨʘʪʠ ʽʤʧʦʨʪʫʶʪʴʩʷ ʟ ʄʦʥʛʦʣʽʾ, ʂʠʪʘʶ, ʈʦʩʽʾ 

(ʇʨʠʤʦʨʩʴʢʠʡ ʢʨʘʡ).  

ʅʘ ʪʝʨʠʪʦʨʽʾ ʇʦʜʽʣʴʩʴʢʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʧʝʨʝʚʘʞʘʶʪʴ ʬʣʶʦʨʠʪʠ ʜʚʦʭ 

ʪʠʧʽʚ: ʝʧʽʛʝʥʝʪʠʯʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʦʛʦ ʫ ʧʽʩʢʦʚʠʢʘʭ ʚʝʥʜʩʴʢʦʛʦ ʯʘʩʫ ʽ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ-ʞʠʣʴʥʦʛʦ ʪʠʧʫ. ʈʫʜʦʚʤʽʩʥʠʤʠ ʬʣʶʦʨʠʪʦʥʦʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʻ 

ʧʽʩʢʦʚʠʢʠ ʚʝʥʜʫ ʪʘ, ʯʘʩʪʢʦʚʦ ï ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ. ɺʠʦʢʨʝʤʣʝʥʦ ʙʽʣʴʰʝ 100 ʨʫʜʦʧʨʦʷʚʽʚ ʬʣʶʦʨʠʪʫ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʦʰʫʢʦʚʠʡ ʽʥʪʝʨʝʩ [1].  

ʅʘʡʙʽʣʴʰʠʤ ʨʦʜʦʚʠʱʝʤ ʬʣʶʦʨʠʪʫ ʻ ɹʘʭʪʠʥʩʴʢʝ, ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʢʦʥʪʫʨʫ 

ʨʦʜʦʚʠʱʘ ʩʷʛʘʻ 10 ʢʤ
2
. ʇʨʦʩʪʷʛʘʥʥʷ ʨʫʜʥʠʭ ʪʽʣ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʧʝʨʰʠʭ ʩʦʪʝʥʴ 

ʤʝʪʨʽʚ ʜʦ 2,3 ʢʤ [2] ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʨʫʜʥʠʭ ʪʽʣ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 21,35 ʤ ʜʦ 

115,15 ʤ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʨʫʜ ï ʬʣʶʦʨʠʪ, ʢʚʘʨʮ, ʧʦʣʴʦʚʽ ʰʧʘʪʠ, ʢʘʣʴʮʠʪ, 

ʜʠʢʢʽʪ, ʘʢʮʝʩʦʨʥʽ ʤʽʥʝʨʘʣʠ: ʧʽʨʠʪ, ʛʨʘʥʘʪ, ʽʣʴʤʝʥʽʪ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʤʦʥʘʮʠʪ, 

ʪʫʨʤʘʣʽʥ, ʨʫʪʠʣ, ʤʘʛʥʝʪʠʪ, ʛʣʘʫʢʦʥʽʪ, ʭʘʣʴʢʦʧʽʨʠʪ, ʛʘʣʝʥʽʪ, ʩʬʘʣʝʨʠʪ.  

ɿʘʧʘʩʠ ʬʣʶʦʨʠʪʫ ʥʘ ɹʘʭʪʠʥʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ (ʙʘʭʪʠʥʩʴʢʝ ʨʫʜʥʝ ʧʦʣʝ) 

ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʩʪʨʘʪʠʬʦʨʤʥʠʭ ʨʫʜʥʠʭ ʪʽʣʘʭ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚ ʧʽʩʢʦʚʠʢʘʭ 

ʦʣʴʯʝʜʘʾʚʩʴʢʦʾ ʩʚʽʪʠ. ʌʣʶʦʨʠʪ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʫ 

ʚʠʛʣʷʜʽ ʚʢʨʘʧʣʝʥʦʩʪʽ, ʪʘʢ ʽ ʮʝʤʝʥʪʫ. ɺʤʽʩʪ ʡʦʛʦ ʚ ʧʽʩʢʦʚʠʢʘʭ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

ʧʦʦʜʠʥʦʢʠʭ ʟʝʨʝʥ ʜʦ 32 %. ɿʘʧʘʩʠ ʧʽʜʨʘʭʦʚʘʥʽ ʧʦ ʢʘʪʝʛʦʨʽʷʤ ʉ1+ʉ2 ʜʦʨʽʚʥʶʶʪʴ 

18,4 ʤʣʥ ʪ. [2]. 
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ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʘʜ ʨʫʜʦʧʨʦʷʚʘʤʠ ʬʣʶʦʨʠʪʫ (ʧʝʨʰʽ ʤʝʪʨʠ ʚʽʜ ʧʦʚʝʨʭʥʽ) 

ʟʥʘʭʦʜʷʪʴʩʷ ʨʦʜʦʚʠʱʘ ʥʝʤʝʪʘʣʽʯʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ʚʘʧʥʷʢʫ, ʧʽʩʢʦʚʠʢʽʚ, 

ʩʫʛʣʠʥʢʫ, ʛʣʠʥ) ʟ ʧʽʜʨʘʭʦʚʘʥʠʤʠ ʟʘʧʘʩʘʤʠ [1]. 

ɻʨʫʥʪʫʶʯʠʩʴ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ 

ɹʘʭʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʬʣʶʦʨʠʪʫ ʨʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʟʘ ʚʠʨʦʙʥʠʯʦʶ ʧʦʪʫʞʥʽʩʪʶ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ 500 ʪʠʩ. ʪ ʢʘʧʽʪʘʣʴʥʽ ʚʢʣʘʜʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ 90858,95 ʪʠʩ. ʜʦʣ. 

(ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ 12,7 ʨʦʢʽʚ) [3]. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʱʦʜʦ ʢʘʧʽʪʘʣʴʥʠʭ 

ʚʢʣʘʜʝʥʴ ʟôʷʩʦʚʘʥʦ, ʱʦ ʽʥʚʝʩʪʠʮʽʾ ʚ ʟʙʘʛʘʯʫʚʘʣʴʥʫ ʬʘʙʨʠʢʫ ʽ ʨʫʜʥʠʢ ʩʢʣʘʜʘʶʪʴ 

58% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ, 34% - ʽʥʚʝʩʪʠʮʽʾ ʫ ʞʠʪʣʦʚʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʙʫʜʽʚʣʽ, ʰʣʷʭʠ 

ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʟʘʣʽʟʥʠʮʽ ʪʘ 1% ʥʘ ʨʝʢʫʣʴʪʠʚʘʮʽʶ ʟʝʤʝʣʴ (ʨʠʩʫʥʦʢ). 

 

 
ʈʠʩʫʥʦʢ ï ʉʭʝʤʘ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʚ ʧʨʦʤʠʩʣʦʚʝ ʦʩʚʦʻʥʥʷ 

ɹʘʭʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʬʣʶʦʨʠʪʫ 

 

ʊʦʙʪʦ, ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ (ʦʜʥʦʯʘʩʥʦʤ) ʦʩʚʦʻʥʥʽ ʙʘʭʪʠʥʩʴʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ (ʜʦʙʫʪʦʢ ʬʣʶʦʨʠʪʫ ʪʘ ʥʝʤʝʪʘʣʝʚʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ) ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ 

ʤʦʞʝ ʩʢʣʘʩʪʠ 35% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʢʘʧʽʪʦʣʦʚʢʣʘʜʝʥʴ. ɼʦʮʽʣʴʥʽʩʪʴ ʥʘʷʚʥʘ. 

ɺ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʽʥʚʝʩʪʠʮʽʡ ʦʩʥʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ ʽʥʚʝʩʪʫʚʘʥʥʷ. ʅʘ 

ʩʴʦʛʦʜʥʷʰʥʽʡ ʜʝʥʴ ʢʨʝʜʠʪʥʦ-ʬʽʥʘʥʩʦʚʽ ʫʩʪʘʥʦʚʠ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʩʝʨʝʜʥʴʦ- ʽ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʢʨʝʜʠʪʫʚʘʥʥʶ ʧʨʦʝʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʢʨʝʜʠʪʠ ʷʢ 

ʥʘʡʧʨʠʙʫʪʢʦʚʽʰʽ ʦʧʝʨʘʮʽʾ ʚʞʝ ʚʽʜʞʠʚʘʶʪʴ.  
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High-quality iron ore concentrates were created from the samples of industrial concentrates of 

Poltava Mining and Processing Plant with the help of the device for magnetic separation that 

operates using the combined impact of permanent and alternative magnetic fields. It was shown the 

saturation magnetization of samples after magnetic separation increased from 40 AĀm
2
/kg to          

80 AĀm
2
/kg. The quantity of magnetite increases in concentrates after magnetic separation. The 

conclusion was made that the mineral composition of samples from various packs differ 

significantly, so the methods of concentrate production from these samples must vary. 

 

ʋʢʨʘʾʥʘ ʚʦʣʦʜʽʻ ʚʝʣʠʢʠʤʠ ʟʘʧʘʩʘʤʠ ʟʘʣʽʟʥʠʭ ʨʫʜ (ʟʘ ʧʽʜʪʚʝʨʜʞʝʥʠʤʠ 

ʟʘʧʘʩʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʨʝʪʴʦʤʫ ʤʽʩʮʽ ʚ ʩʚʽʪʽ) [1]. ʆʩʥʦʚʥʠʤ ʪʠʧʦʤ ʟʘʣʽʟʥʠʭ 

ʨʫʜ, ʱʦ ʟʘʣʫʯʘʶʪʴ ʟʘʨʘʟ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʻ 

ʤʘʛʥʝʪʠʪʦʚʽ ʢʚʘʨʮʠʪʠ. ɼʣʷ ʾʭ ʟʙʘʛʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʧʝʨʝʚʘʞʥʦ, ʤʝʪʦʜ 

ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ. ɸʣʝ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ʤʘʛʥʝʪʠʪʦʚʠʭ ʢʚʘʨʮʠʪʽʚ ʪʨʘʜʠʮʽʡʥʠʡ 

ʤʝʪʦʜ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ (ʦʪʨʠʤʫʶʪʴ ʢʦʥʮʝʥʪʨʘʪʠ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ). ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʫʜ, ʥʘʷʚʥʦʩʪʽ 

ʚ ʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʾʭ ʟʨʦʩʪʢʽʚ ʟ ʤʘʛʥʝʪʠʪʦʤ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʛʥʽʪʥʠʡ ʩʝʧʘʨʘʪʦʨ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʥʦʚʠʭ ʧʨʠʥʮʠʧʘʭ [2], ʥʘ 

ʧʨʠʢʣʘʜʽ ʟʨʘʟʢʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʇʦʣʪʘʚʩʴʢʦʛʦ ʛʽʨʥʠʯʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ (ɻɿʂ). 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʢʦʥʮʝʥʪʨʘʪʘʤʠ (ʂ2-2 ʪʘ ʂ2-5), ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʧʝʨʰʦʾ ʩʫʭʦʾ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʪʽʚ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʝ. 

ʂʽʣʴʢʽʩʪʴ ʤʘʛʥʝʪʠʪʫ ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʧʦʤʽʪʥʦ ʙʽʣʴʰʘ ʥʽʞ ʢʚʘʨʮʫ, ʽ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ ʫ ʚʠʭʽʜʥʠʭ ʧʦʨʦʜʘʭ (ʜʠʬʨʘʢʪʦʛʨʘʤʠ 

ʢʦʥʮʝʥʪʨʘʪʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʈʠʩ. 1). 
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ʇʦʢʘʟʘʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʢʦʚʠʭ ʰʘʨʫʚʘʪʠʭ (ʪʘʣʴʢ, ʙʽʦʪʠʪ, ʩʝʧʽʦʣʽʪ) ʽ 

ʰʘʨʫʚʘʪʦ ʩʪʨʽʯʢʦʚʠʭ ʤʽʥʝʨʘʣʽʚ (ʢʫʤʽʥʛʪʦʥʽʪ, ʨʠʙʝʢʽʪ) ʧʦʤʽʪʥʦ ʤʝʥʰʘ, ʷʢ ʽ 

ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʦʥʘʪʽʚ (ʘʥʢʝʨʠʪ, ʩʠʜʝʨʠʪ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤʠ ʧʦʨʦʜʘʤʠ. 

 
ʈʠʩʫʥʦʢ 1 - ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ ʂ2-2 (ʣʽʚʦʨʫʯ) ʪʘ ʂ2-5 (ʧʨʘʚʦʨʫʯ) 

 

ʍʘʨʘʢʪʝʨʥʠʤ ʻ ʪʝ, ʱʦ ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʥʝ ʚʠʷʚʣʝʥʦ ʛʝʤʘʪʠʪ, ʷʢʦʛʦ ʫ 

ʚʠʭʽʜʥʠʭ ʧʦʨʦʜʘʭ ʙʫʣʦ ʜʦ 10% ʽ ʙʽʣʴʰʝ. ʇʽʨʠʪ ʚ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʧʨʠʩʫʪʥʽʡ ʫ ʚʠʭʽʜʥʠʭ ʧʦʨʦʜʘʭ ʽ ʧʨʠʙʣʠʟʥʦ ʚ ʪʘʢʠʭ ʞʝ ʢʽʣʴʢʦʩʪʷʭ ʟʘʣʠʰʘʻʪʴʩʷ ʽ 

ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ. ʊʝʤʧʝʨʘʪʫʨʠ ʂʶʨʽ ʦʙʦʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʛʥʝʪʠʪʫ (578 Áʉ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʚʠʩʦʢʽ 

ʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʦʙʦʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʙʫʣʘ 

ʧʨʠʙʣʠʟʥʦ 40 ɸĀʤ
2
/ʢʛ. 

ʉʪʚʦʨʝʥʠʡ ʚ ɯʥʩʪʠʪʫʪʽ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ 

(ʚʽʜʥʦʩʥʦ ʧʨʠʩʪʨʦʶ, ʦʧʠʩʘʥʦʛʦ ʚ [2]) ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʩʝʧʘʨʘʮʽʾ 

ʟʨʘʟʢʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʫ ʦʪʨʠʤʘʣʠ ʢʦʥʮʝʥʪʨʘʪ (ʂ2-2ʂ, ʂ2-

5ʂ) ʪʘ ʭʚʽʩʪ (ʂ2-2ʍ ʪʘ ʂ2-5ʍ). ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ JSM-6700F ʬʽʨʤʠ JEOL (ʗʧʦʥʽʷ), ʤʝʪʦʜʽʚ 

ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʪʘ ʤʘʛʥʽʪʦʤʝʪʨʽʾ. ɽʣʝʢʪʨʦʥʥʽ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʢʦʥʮʝʥʪʨʘʪʽʚ ʂ2-2ʂ ʪʘ ʂ2-5ʂ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʚʦʨʝʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʟʨʦʩʪʘʻ ʜʦ 80 ɸĀʤ
2
/ʢʛ. 

ɼʣʷ ʟʨʘʟʢʫ ʂ2-2 ʭʘʨʘʢʪʝʨʥʽ ʟʨʦʩʪʢʠ ʤʘʛʥʝʪʠʪʫ ʟ ʢʚʘʨʮʦʤ. ʇʨʠʯʦʤʫ, ʚ ʟʨʘʟʢʫ ʂ2-

2ʂ ʤʽʩʪʠʪʴʩʷ 91 ï 95% ʤʘʛʥʝʪʠʪʫ, 4 ï 6% ʢʚʘʨʮʫ, 1 - 3% ʩʠʣʽʢʘʪʠ. ʇʨʠ ʮʴʦʤʫ, 

80% ʤʘʛʥʝʪʠʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ çʚʽʣʴʥʦʤʫè ʩʪʘʥʽ, ʘ ʽʥʰʽ ï ʫ ʟʨʦʩʪʢʘʭ ʟ ʢʚʘʨʮʦʤ. ɺ 

çʭʚʦʩʪʽè ʮʴʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ (ʂ2-2ʍ) ʤʘʛʥʝʪʠʪ ʩʢʣʘʜʘʻ ʙʽʣʷ 5 ï 10, ʢʚʘʨʮ 20 ï 30, 

ʟʨʦʩʪʢʠ ʩʠʣʽʢʘʪʽʚ ʽ ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ 50 ï 65 %.  

ɼʝʱʦ ʽʥʰʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʟʨʘʟʢʫ ʂ2-5. ɺ ʟʨʘʟʢʫ ʂ2-5ʂ 

ʤʽʩʪʠʪʴʩʷ 90 ï 93% ʤʘʛʥʝʪʠʪʫ, 5 - 8% ʢʚʘʨʮʫ ʽ 2 ï 3 % ʩʠʣʽʢʘʪʠ (ʚ ʦʩʥʦʚʥʦʤʫ 

ʘʤʬʽʙʦʣʠ). ʇʨʠ ʮʴʦʤʫ, 30 - 40% ʤʘʛʥʝʪʠʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ çʚʽʣʴʥʦʤʫè ʩʪʘʥʽ, 

ʽʥʰʝ ï ʫ ʟʨʦʩʪʢʘʭ-ʘʛʨʝʛʘʪʘʭ ʟ ʘʤʬʽʙʦʣʦʤ. ɺ ʟʨʘʟʢʫ ʂ2-5ʍ ʤʽʩʪʠʪʴʩʷ 80 - 90% 

ʢʚʘʨʮʫ, ʽʥʰʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʘʤʬʽʙʦʣ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʤʘʛʥʝʪʠʪʫ. ʄʘʛʥʝʪʠʪ ʚ 

ʮʴʦʤʫ ʟʨʘʟʢʫ ʩʢʣʘʜʘʻ 1 - 3%. 
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ʈʠʩʫʥʦʢ 2 - ɽʣʝʢʪʨʦʥʥʽ ʟʥʽʤʢʠ ʟʨʘʟʢʽʚ ʂ2-2ʂ ʪʘ ʂ2-5ʂ. ʊʠʧʦʚʽ ʪʽʩʥʽ ʟʨʦʩʪʢʠ ʤʘʛʥʝʪʠʪʫ (ʙʽʣʝ, 

Mt) ʪʘ ʢʚʘʨʮʫ (ʩʽʨʝ, Qz) (ʣʽʚʦʨʫʯ) ʪʘ ʤʘʛʥʝʪʠʪ (ʙʽʣʝ, Mt) - ʘʤʬʽʙʦʣʦʚʠʭ (ʩʽʨʝ, Amf) ʘʛʨʝʛʘʪʽʚ 

(ʧʨʘʚʦʨʫʯ). ɹʨʠʢʝʪʦʚʘʥʠʡ ʘʥʰʣʽʬ. ʇʨʘʢʪʠʯʥʦ ʯʦʨʥʝ ï ʤʦʥʪʘʞʥʠʡ ʮʝʤʝʥʪ 

  
ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ 

ʭʘʨʘʢʪʝʨ ʟʨʦʩʪʢʽʚ ʟʨʘʟʢʽʚ ʟ ʧʘʯʦʢ ʂ2-2 ʪʘ ʂ2-5 ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʗʢʱʦ 

ʧʽʜʩʫʤʫʚʘʪʠ, ʚ ʟʨʘʟʢʫ ʂ2-2 ʦʩʥʦʚʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ ʻ ʤʘʛʥʝʪʠʪ, ʢʚʘʨʮ 

ʪʘ ʾʭ ʟʨʦʩʪʢʠ (ʜʦ 20% ʤʘʛʥʝʪʠʪʫ ʚ ʟʨʦʩʪʢʘʭ). ɺ ʟʨʘʟʢʫ ʂ2-5 ʦʩʥʦʚʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ ʻ ʤʘʛʥʝʪʠʪ, ʢʫʤʽʥʛʪʦʥʽʪ ʪʘ ʾʭ ʟʨʦʩʪʢʠ (ʜʦ 60 - 70% 

ʤʘʛʥʝʪʠʪʫ ʚ ʟʨʦʩʪʢʘʭ). ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʥʮʝʥʪʨʘʪʫ ʽʟ ʧʘʯʦʢ ʂ2-2 ʪʘ ʂ2-5 ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʫʪʪʻʚʦ ʨʽʟʥʠʤʠ. 
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The presence of minerals in the Podolsk tectonic zone of Middle Transnistria was analyzed. 

According to mineralogical and geochemical data, the following types of ores have been identified: 

polymetallic-fluorite, rare-metal-fluorite and barite-fluorite. The analysis, systematization of 

deposits of non-metallic raw materials (clay, limestone, sand, sandstone, loam, phosphorite) is 

carried out. It is concluded that in the case of mining fluorite by mining, it is advisable to consider 

the simultaneous development of non-metallic minerals, which will be cost-effective. 

  

ʇʦʜʽʣʴʩʴʢʫ ʪʝʢʪʦʥʽʯʥʫ ʟʦʥʫ ʫʤʦʚʥʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʝʞʝʶ ʤʽʞ 

ʋʢʨʘʾʥʩʴʢʠʤ ʢʨʠʩʪʘʣʽʯʥʠʤ ʱʠʪʦʤ ʽ ʡʦʛʦ ʟʘʭʽʜʥʠʤ ʩʭʠʣʦʤ. ʊʫʪ ʚʠʜʽʣʷʻʪʴʩʷ 

ʜʽʣʷʥʢʘ ʧʝʚʥʠʭ ʣʽʥʽʡ ʜʠʟôʶʢʪʠʚʥʦʛʦ ʧʦʨʫʰʝʥʥʷ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʩʴʦʚʽ 

ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʫ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚʝʣʠʢʠʭ ʽ ʜʨʽʙʥʠʭ ʨʦʟʣʦʤʽʚ ʦʧʝʨʝʥʥʷ 

[1]. ʎʽ ʣʽʥʽʾ ʤʘʶʪʴ ʷʢ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʝ, ʪʘʢ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʝ ʧʨʦʩʪʷʛʘʥʥʷ. 

ɻʦʣʦʚʥʽ ʨʠʩʠ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ ʟʫʤʦʚʣʝʥʽ ʪʠʤ, ʱʦ ʥʘ ʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʬʫʥʜʘʤʝʥʪʽ, ʷʢʠʡ ʟʘʥʫʨʝʥʠʡ ʥʘ ʚʝʣʠʢʽ ʛʣʠʙʠʥʠ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʟʘʣʷʛʘʻ ʧʦʪʫʞʥʘ ʪʦʚʱʘ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʚʠʭ ʪʘ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ 

ʧʽʟʥʴʦʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ ʽ ʧʘʣʝʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ.  

ʂʨʽʤ ʤʘʪʝʨʽʘʣʽʚ ʩʚʝʨʜʣʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʝʪʨʽʾ, ʽʩʥʫʚʘʥʥʷ ʮʠʭ ʪʝʢʪʦʥʽʯʥʠʭ 

ʣʽʥʽʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʨʦʟʚʠʪʢʦʤ ʢʘʪʘʢʣʘʟʫ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ, 

ʘʥʦʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʨʽʜʢʽʩʥʠʭ ʽ ʨʦʟʩʽʷʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ ʚ ʧʦʨʦʜʘʭ, ʪʘʢ ʽ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ, ʽ ʛʦʣʦʚʥʝ ð ʥʘʷʚʥʽʩʪʶ ʨʫʜʦʧʨʦʷʚʽʚ ʬʣʶʦʨʠʪʫ. 

ʊʝʨʠʪʦʨʽʷ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʇʦʜʽʣʴʩʴʢʦʾ 

ʪʝʢʪʦʥʽʯʥʦʾ ʟʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʨʦʟʚʠʪʢʦʤ ʨʫʜʦʧʨʦʷʚʽʚ ʬʣʶʦʨʠʪʫ, 

ʱʦ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʾʾ ʷʢ ʇʦʜʽʣʴʩʴʢʦʾ ʬʣʶʦʨʠʪʦʥʦʩʥʦʾ ʟʦʥʠ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʤʝʪʘʣʦʛʝʥʽʾ ʇʦʜʽʣʴʩʴʢʦʾ ʟʦʥʠ ʻ ʥʘʷʚʥʽʩʪʴ ʚ ʫʪʚʦʨʝʥʥʷʭ 

ʧʣʘʪʬʦʨʤʝʥʦʛʦ ʯʦʭʣʘ ʩʫʣʴʬʽʜʽʚ ʩʚʠʥʮʶ, ʮʠʥʢʫ ʽ ʟʘʣʽʟʘ ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʬʣʶʦʨʠʪʦʤ 

ʽ ʙʘʨʠʪʦʤ, ʷʢʽ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʤʦʛʠʣʽʚʩʴʢʦʾ ʩʚʽʪʠ ʚʝʥʜʫ [1], ʘ ʜʘʣʽ ʥʘ ʧʽʚʥʽʯ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʫ ʚʽʜʢʣʘʜʠ ʥʠʞʥʴʦʛʦ ʢʝʤʙʨʽʶ, ʚʝʨʭʥʴʦʛʦ ʦʨʜʦʚʠʢʫ ʽ ʩʠʣʫʨʫ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʷʚʽʚ ʧʦʣʽʤʝʪʘʣʽʚ ʽ ʬʣʶʦʨʠʪʫ ʪʷʞʽʻ ʜʦ ʨʦʟʣʦʤʽʚ ʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʚʫʟʣʽʚ, ʫʪʚʦʨʝʥʠʭ ʩʭʨʝʱʝʥʥʷʤ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ. ʍʘʨʘʢʪʝʨʥʠʤ 

ʜʣʷ ʇʦʜʽʣʴʩʴʢʦʾ ʟʦʥʠ ʻ ʨʦʟʚʠʪʦʢ ʧʦʨʽʜ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ʧʽʩʣʷʦʣʴʯʘʜʘʾʚʩʴʢʦʛʦ 

ʯʘʩʫ. ɼʘʚʥʽ ʦʩʘʜʦʚʽ ʚʽʜʢʣʘʜʠ, ʨʦʟʚʠʥʫʪʽ ʚ ʤʝʞʘʭ ʇʦʜʽʣʴʩʴʢʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʟʦʥʠ, 

ʤʘʶʪʴ ʨʫʜʦʧʨʦʷʚʠ ʬʣʶʦʨʠʪʫ ʽ ʩʚʠʥʮʶ, ʮʠʥʢʫ, ʤʽʜʽ, ʨʪʫʪʽ ʡ ʟʦʣʦʪʘ.  

ɼʘʥʘ ʪʝʨʠʪʦʨʽʷ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʦʾ ʩʠʨʦʚʠʥʠ ʷʢ ʬʣʶʦʨʠʪ. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝʥʦ [2], ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʫʜʦʧʨʦʷʚʽʚ ʬʣʶʦʨʠʪʫ ʻ ʚʫʟʣʠ ʧʝʨʝʪʠʥʫ ʅʝʤʠʨʽʚʩʴʢʦʾ ʪʘ 

ʂʫʨʘʞʠʥʩʴʢʦʾ ʨʦʟʣʦʤʥʠʭ ʟʦʥ ʟ ʇʦʜʽʣʴʩʴʢʦʶ ʪʝʢʪʦʥʽʯʥʦʶ ʟʦʥʦʶ. ʉʘʤʝ ʜʦ ʥʠʭ 

ʧʨʠʫʨʦʯʝʥʽ ʥʘʡʙʽʣʴʰʽ ʧʨʦʷʚʠ ʬʣʶʦʨʠʪʫ ð ɹʘʭʪʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ ʪʘ 

ʨʫʜʦʧʨʦʷʚʠ: ʅʦʚʦʩʝʣʢʽʚʩʴʢʠʡ, ʇʦʩʫʭʦʚʩʴʢʠʡ ʽ ʇʝʨʝʢʦʨʠʥʩʴʢʠʡ. ʅʘʜʘʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʫʜʦʧʨʦʷʚʽʚ ʟʘ ʚʤʽʩʪʦʤ ʬʣʶʦʨʠʪʫ ʫ ʨʫʜʽ: ʩʝʨʝʜʥʽ (CaF2 35ð50 %), 

ʨʷʜʦʚʽ (CaF2 20ð35 %), ʙʽʜʥʽ (CaF2 10ð20 %). ɿʘ ʮʽʻʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ, 

ɹʘʭʪʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʂʨʠʚʦʭʠʞʠʥʩʴʢʠʡ ʪʘ ɺʽʥʦʞʩʴʢʠʡ ʨʫʜʦʧʨʦʷʚʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʩʝʨʝʜʥʽʭ ʨʫʜ, ʨʫʜʦʧʨʦʷʚʠ ɺʠʱʝʦʣʴʯʝʜʘʾʚʩʴʢʠʡ, ʈʽʚʥʝʥʩʴʢʠʡ, 

ɺʦʻʚʦʜʯʠʥʩʴʢʠʡ, ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ, ʄʽʥʴʢʽʚʩʴʢʠʡ ʪʘ ʉʪʘʨʦʛʫʪʽʚʩʴʢʠʡ ð ʜʦ 

ʨʷʜʦʚʠʭ, ʘ 18 ʨʫʜʦʧʨʦʷʚʽʚ ð ʜʦ ʙʽʜʥʠʭ. ɺʠʜʽʣʝʥʦ ʜʚʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʥʘ 

ʧʦʰʫʢʠ ʨʫʜʦʧʨʦʷʚʽʚ ʬʣʶʦʨʠʪʫ: ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʪʠʧʫ ʟ ʤʦʞʣʠʚʠʤʠ ʩʝʨʝʜʥʽʤʠ 

ʨʫʜʘʤʠ ð ɹʘʭʪʠʥ-ʂʨʠʚʦʭʠʞʠʥʩʴʢʘ ʪʘ ʟ ʨʷʜʦʚʠʤʠ ʪʘ ʙʽʜʥʠʤʠ ʨʫʜʘʤʠ ð 

ʄʦʛʠʣʽʚʩʴʢʦ-ɻʨʘʙʘʨʽʚʩʴʢʘ, ʘ ʪʘʢʦʞ ʦʜʥʘ ʜʽʣʷʥʢʘ ʟ ʬʣʶʦʨʠʪʦʤ ʞʠʣʴʥʦʛʦ ʪʠʧʫ 

ð ɼʨʫʞʙʘ-ɺʽʥʦʞʩʴʢʘ [2].  

ɿʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʤʽʥʝʨʘʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʚʠʜʽʣʝʥʦ ʪʘʢʽ ʪʠʧʠ ʨʫʜ: ʧʦʣʽʤʝʪʘʣʝʚʦ-ʬʣʶʦʨʠʪʦʚʽ, 

ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʦ-ʬʣʶʦʨʠʪʦʚʽ ʪʘ ʙʘʨʠʪ-ʬʣʶʦʨʠʪʦʚʽ [1]. ʂʦʞʝʥ ʪʠʧ ʨʫʜ ʟʘ 

ʛʝʦʭʽʤʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʝʚʥʠʭ ʤʽʥʝʨʘʣʽʚ: ʜʣʷ 

ʩʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʦʛʦ ʪʠʧʫ ð ʮʝ ʛʘʣʝʥʽʪ, ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʽʨʠʪ, ʧʽʨʠʪ, 

ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʦʛʦ ð ʦʟʥʘʢʠ ʣʽʪʽʻʚʦʛʦ, ʨʪʫʪʥʦʛʦ (ʢʽʥʦʚʘʨ), ʘ ʪʘʢʦʞ ʟʨʫʜʝʥʽʥʥʷ 

ʟ ʘʫʨʫʤʦʤ ʪʘ ʙʘʨʠʪʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʣʦʱʽ ʱʦʜʦ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʫʜ 

[1]: ʬʣʶʦʨʠʪ-ʧʦʣʽʤʝʪʘʣʝʚʽ ð ʗʨʠʰʽʚʩʴʢʦ-ɺʦʻʚʦʜʯʠʥʩʴʢʘ, ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʘ-

ʂʘʨʧʽʚʩʴʢʘ, ɿʦʣʦʪʦʛʽʨʩʴʢʦ-ɹʘʭʪʠʥʩʴʢʘ ʪʘ ɺʽʥʦʞʩʴʢʘ; ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʦ-

ʬʣʶʦʨʠʪʦʚʽ: ʣʽʪʽʻʚʽ ð ʅʦʚʦʫʰʠʮʴʢʘ, ɺʠʥʦʛʨʘʜʥʽʚʩʴʢʘ, ʉʪʘʚʯʘʥʩʴʢʘ; ʨʪʫʪʥʘ ð 

ɺʦʻʚʦʜʯʠʥʩʴʢʘ, ʂʘʨʧʽʚʩʴʢʘ, ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʘ; ʟʦʣʦʪʘ ð ʗʨʠʰʽʚʩʴʢʦ-

ɻʨʘʙʘʨʽʚʩʴʢʘ. ʊʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʦ ʨʫʜʦʧʨʦʷʚʠ ʙʘʨʠʪʦʚʦʛʦ ʟʨʫʜʝʥʽʥʥʷ.  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʨʦʜʦʚʠʱ ʥʝʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ (ʛʣʠʥʘ, 

ʚʘʧʥʷʢ, ʧʽʩʦʢ, ʧʽʩʢʦʚʠʢ, ʩʫʛʣʠʥʦʢ, ʬʦʩʬʦʨʠʪ). ɺʠʦʢʨʝʤʣʝʥʦ 40 ʨʦʜʦʚʠʱ 

ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʠʭ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʨʫʜʦʧʨʦʷʚʘʤʠ ʬʣʶʦʨʠʪʫ, ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘ ʜʦʨʝʯʥʽʩʪʴ ʾʭ ʩʫʤʽʩʥʦʛʦ 

ʚʠʜʦʙʫʪʢʫ ʥʘ ʧʣʦʱʘʭ: ʚʘʧʥʷʢ ð ɹʘʭʪʠʥʩʴʢʘ (ʚʘʧʥʫʚʘʥʥʷ ˇʨʫʥʪʽʚ), 

ɺʝʣʠʢʦʢʫʞʝʣʝʚʩʴʢʘ (ʦʙʣʠʮʶʚʘʣʴʥʝ ʢʘʤʽʥʥʷ ð ʪʨʘʚʝʨʪʠʥ), ɺʦʻʚʦʜʯʠʥʩʴʢʘ 

(ʙʫʜʽʚʝʣʴʥʝ ʧʦʚʽʪʨʷʥʝ ʚʘʧʥʦ); ʧʽʩʢʦʚʠʢ ð ɺʠʥʦʛʨʘʜʥʽʚʩʴʢʘ ʪʘ ʄʦʛʠʣʽʚ-

ʇʦʜʽʣʴʩʴʢʘ (ʢʘʤʽʥʴ ʙʫʜʽʚʝʣʴʥʠʡ); ʛʣʠʥʠ ð ʅʦʚʦʫʰʠʮʴʢʘ (ʮʝʛʝʣʴʥʦ-ʯʝʨʝʧʠʯʥʘ 

ʩʠʨʦʚʠʥʘ); ʧʽʩʢʠ ð ʅʝʤʽʡʩʴʢʦ-ʖʨʢʦʚʝʮʴʢʘ ʽ ɾʝʨʝʙʽʣʽʚʩʴʢʘ (ʩʠʨʦʚʠʥʘ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ); ʬʦʩʬʦʨʠʪʠ ð ɻʘʣʘʡʢʽʚʝʮʴʢʘ, ʅʦʚʦʫʰʠʮʴʢʘ, ʉʢʘʟʠʥʩʴʢʘ 

(ʬʦʩʬʦʨʥʽ ʜʦʙʨʠʚʘ).  

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʘ ʥʠʟʢʦʶ ʝʢʦʥʦʤʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʽʜʢʨʠʪʠʡ ʩʧʦʩʽʙ ʨʦʟʨʦʙʢʠ ʬʣʶʦʨʠʪʦʚʠʭ ʨʦʜʦʚʠʱ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. ɸʣʝ ʟʘ 

ʢʦʤʧʣʝʢʩʥʦʾ ʨʦʟʨʦʙʢʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʧʝʨʝʛʣʷʜʽ ʧʝʚʥʠʭ ʬʘʢʪʦʨʽʚ. ɺʽʜʢʨʠʪʠʡ 

ʩʧʦʩʽʙ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘʜ ʬʣʶʦʨʠʪʦʚʠʤʠ 

ʨʫʜʦʧʨʦʷʚʘʤʠ ʚʞʝ ʥʝ ʦʭʦʧʣʶʻ ʟʘʪʨʘʪ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʜʦʨʽʛ ʪʘ ʜʝʷʢʽ ʪʝʭʥʽʯʥʽ ʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʪʨʘʪʠ. ʊʦʤʫ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʦʜʥʦʯʘʩʥʦʾ ʾʭ ʨʦʟʨʦʙʢʠ ʧʨʠ 

https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B5%D0%BD%D1%96%D1%82
https://uk.wikipedia.org/wiki/%D0%A1%D1%84%D0%B0%D0%BB%D0%B5%D1%80%D0%B8%D1%82
https://uk.wikipedia.org/wiki/%D0%A5%D0%B0%D0%BB%D1%8C%D0%BA%D0%BE%D0%BF%D1%96%D1%80%D0%B8%D1%82
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D1%80%D0%B8%D1%82
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ʦʩʚʦʻʥʥʽ ʨʫʜʦʧʨʦʷʚʽʚ ʬʣʶʦʨʠʪʫ. 
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BENTONITE CLAYS OF THE VENDIAN OF VOLYN -PODILLYA  
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Bentonite clays are widely used in many industries. The data on finding of bentonite clays at the 

different suites of the Vendian deposits of Volyn-Podillya are given. A brief description of the clays 

is made. They have a uniform mineral composition and are represented by a mixed-layer mineral of 

the montmorillonite group with an admixture of kaolinite. Clays have a similar chemical 

composition, such as tuffaceous rocks. Clays commonly formed by decomposition of tuffs. The 

most promising regions are proposed for the searching of bentonite materials. 

 

ɹʝʥʪʦʥʽʪʦʤ ʙʫʣʦ ʥʘʟʚʘʥʦ ʛʣʠʥʦʧʦʜʽʙʥʫ ʨʝʯʦʚʠʥʫ ʟ ʤʠʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʥʘʡʜʝʥʫ ʚ ʧʦʨʦʜʘʭ ʢʨʝʡʜʠ ʫ ʌʦʨʪ ɹʝʥʪʦʥ, ʄʦʥʪʘʥʘ, ʉʐɸ ʫ 

1897 ʨ. ɹʽʣʴʰʽʩʪʴ ʨʦʜʦʚʠʱ ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ ʩʚʽʪʫ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʧʦʨʦʜʘʭ 

ʢʘʡʥʦʟʦʶ (60%), ʤʝʟʦʟʦʶ (30%) ʽ ʪʽʣʴʢʠ ï 10% ʚ ʧʘʣʝʦʟʦʾ, ʥʝ ʜʘʚʥʽʰʝ ʦʨʜʦʚʠʢʫ 

[1]. ʊʦʤʫ ʚʚʘʞʘʣʠ, ʱʦ ʜʦʤʝʟʦʟʦʡʩʴʢʽ ʧʦʨʦʜʠ ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʧʦʰʫʢʽʚ 

ʪʘʢʠʭ ʛʣʠʥ [2]. ɸʣʝ ʚ 1969 [3] ʫ ʚʘʣʜʘʡʩʴʢʽʡ ʩʝʨʽʾ ʚ ʈʦʩʽʾ ʙʫʣʠ ʟʥʘʡʜʝʥʽ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʽ ʛʣʠʥʠ, ʘ ʚ 1974 ʨʦʮʽ ʙʝʥʪʦʥʽʪʦʚʽ ʛʣʠʥʠ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚ 

ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʧʦʨʦʜʘʭ ʋʢʨʘʾʥʠ [4]. 

ɺ ʩʝʨʝʜʥʴʦʤʫ ʇʨʠʜʥʽʩʪʨʦʚôʾ ʫ ʚʝʥʜʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʟʘʣʷʛʘʶʪʴ ʧʨʦʚʝʨʩʪʢʠ 

ʙʝʥʪʦʥʽʪʽʚ. ɰʭʥʷ ʧʦʪʫʞʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʘ ï ʚʽʜ ʧʝʨʰʠʭ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ 

0,7 ʤ. ɹʝʥʪʦʥʽʪʦʚʽ ʛʣʠʥʠ, ʱʦ ʧʦʭʦʜʷʪʴ ʚʽʜ ʪʫʬʦʛʝʥʥʠʭ ʧʦʨʽʜ, ʨʦʟʤʽʱʝʥʽ ʚ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʛʨʫʰʢʠʥʩʴʢʦʾ ʩʚʽʪʠ ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ, ʚ ʙʝʨʥʘʰʽʚʩʴʢʠʭ ʽ 

ʙʨʦʥʠʮʴʢʠʭ ʚʝʨʩʪʚʘʭ ʤʦʛʠʣʽʚ-ʧʦʜʽʣʴʩʴʢʦʾ ʩʝʨʽʾ, ʨʽʜʰʝ ï ʚ ʣʷʜʽʚʩʴʢʠʭ ʚʝʨʩʪʚʘʭ 

ʪʽʻʾ ʞ ʩʝʨʽʾ ʪʘ ʜʘʥʠʣʽʚʩʴʢʠʭ ʽ ʞʘʨʥʽʚʩʴʢʠʭ ʩʚʽʪʘʭ ʢʘʥʠʣʽʚʩʴʢʦʾ ʩʝʨʽʾ. ɺʦʥʠ ʤʘʶʪʴ 

ʦʜʥʦʤʘʥʽʪʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʤʽʰʘʥʦ-ʚʝʨʩʪʚʫʚʘʪʠʤ 

ʤʽʥʝʨʘʣʦʤ ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʦʛʦ ʨʷʜʫ ʟ ʜʦʤʽʰʢʦʶ ʢʘʦʣʽʥʽʪʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʭʽʤʽʯʥʠʭ ʘʥʘʣʽʟʽʚ ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ ʤʘʡʞʝ ʥʝ 
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ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʭʽʤʽʟʤʦʤ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʠʩʣʠʭ ʧʦʨʽʜ ʟʽ ʟʥʠʞʝʥʦʶ 

ʣʫʞʥʽʩʪʶ [5]. 

ʇʨʦʷʚʠ ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ ʥʘ ɺʦʣʠʥʽ ʨʦʟʚʠʥʫʪʽ ʚ ʝʬʫʟʠʚʥʦ-ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ 

ʧʦʨʦʜʘʭ ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ ʚʝʥʜʫ. ʎʽ ʯʝʨʚʦʥʫʚʘʪʦ- ʽ ʰʦʢʦʣʘʜʥʦ-ʢʦʨʠʯʥʝʚʽ, ʟʨʽʜʢʘ 

ʟʝʣʝʥʢʫʚʘʪʦ-ʩʽʨʽ ʛʣʠʥʠ ʟʥʘʡʜʝʥʽ ʚ ɹʝʨʝʩʪʽʚʝʮʴʢʦʤʫ, ɯʚʘʥʦ-ɼʦʣʠʥʩʴʢʦʤʫ ʽ 

ʇʦʣʠʮʴʢʦʤʫ ʢʘʨôʻʨʘʭ ʷʢ ʥʘʜ ʙʘʟʘʣʴʪʘʤʠ ʨʘʪʥʽʚʩʴʢʦʾ ʩʚʽʪʠ, ʜʝ ʚʦʥʠ ʧʝʨʝʢʨʠʪʽ 

ʢʨʝʡʜʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʪʘʢ ʽ ʩʝʨʝʜ ʙʘʟʘʣʴʪʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʘ 

ʢʦʥʪʘʢʪʽ ʟ ʛʣʠʥʘʤʠ ʙʘʟʘʣʴʪʠ ʚʠʩʚʽʪʣʝʥʽ, ʟʤʽʥʝʥʽ. ʇʦʪʫʞʥʽʩʪʴ ʚʠʩʚʽʪʣʝʥʦʾ ʟʦʥʠ 

ʚʽʜ ʧʝʨʰʠʭ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. ɺʠʜʠʤʘ ʧʦʪʫʞʥʽʩʪʴ 

ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ ʫ ʢʘʨôʻʨʘʭ ï 3-5 ʤ. ʈʝʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʬʦʨʤʘ ʽ ʧʨʦʩʪʷʛʘʥʥʷ 

ʛʝʦʣʦʛʽʯʥʠʭ ʪʽʣ ʙʝʥʪʦʥʽʪʽʚ ʧʦʢʠ ʥʝ ʚʩʪʘʥʦʚʣʝʥʽ. ʂʨʽʤ ʮʠʭ ʧʦʨʽʜ ʙʝʥʪʦʥʽʪʦʚʽ 

ʛʣʠʥʠ ʩʝʨʝʜ ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ ʫʪʚʦʨʝʥʴ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ʟʥʘʡʜʝʥʽ ʫ 

ʚʽʜʩʣʦʥʝʥʥʷʭ ʫ ʤ. ʉʣʘʚʫʪʘ, ʩʩ. ʇʫʪʨʠʥʮʽ ʽ ʊʘʰʢʠ. ɻʣʠʥʠ ʱʽʣʴʥʽ, ʜʨʽʙʥʦ-

ʦʩʢʦʣʴʯʘʩʪʽ, ʪʦʥʢʦʧʝʣʽʪʦʚʽ ʽ ʘʣʝʚʨʠʪʦʚʽ, ʫ ʚʦʜʽ ʣʝʛʢʦ ʨʦʟʤʦʢʘʶʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʦʛʦ ʪʽʩʪʘ ʥʘʚʽʪʴ ʟ ʘʣʝʚʨʠʪʦʚʠʭ ʛʣʠʥ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʛʣʠʥ ʫ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʚʪʦʨʶʻ ʩʢʣʘʜ ʚʦʣʠʥʩʴʢʠʭ ʙʘʟʘʣʴʪʽʚ ʽ, ʦʩʦʙʣʠʚʦ, ʾʭ ʪʫʬʽʚ, ʘʣʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʝʟʝʤʫ ʽ ʛʣʠʥʦʟʝʤʫ. ɻʣʠʥʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʪʦʥʢʠʤʠ ʨʽʟʥʦʚʠʜʘʤʠ ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ ʧʦʨʽʜ, ʷʢʽ ʚ ʨʦʟʨʽʟʽ ʝʬʫʟʠʚʥʦ-

ʧʽʨʦʢʣʘʩʪʠʯʥʦʾ ʪʦʚʱʽ ʪʦʥʢʦ ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ ʟ ʙʘʟʘʣʴʪʦʚʠʤʠ ʧʦʪʦʢʘʤʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʛʣʠʥʠ ʫʪʚʦʨʠʣʠʩʴ ʥʘ ʩʪʘʜʽʾ ʜʽʘʛʝʥʝʪʠʯʥʠʭ ʽ 

ʝʧʽʛʝʥʝʪʠʯʥʠʭ ʟʤʽʥ ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ ʧʦʨʽʜ, ʘ ʯʘʩʪʠʥʘ ʛʣʠʥ, ʤʦʞʣʠʚʦ, ʫʪʚʦʨʠʣʘʩʴ 

ʽ ʟʘ ʨʘʭʫʥʦʢ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʨʦʢʣʘʩʪʽʚ.  

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʜʣʷ ʧʦʰʫʢʽʚ ʙʝʥʪʦʥʽʪʽʚ ʧʦʚôʷʟʘʥʽ ʟʽ 

ʩʤʫʛʦʶ ʥʝʛʣʠʙʦʢʦʛʦ ʟʘʣʷʛʘʥʥʷ ʚʫʣʢʘʥʽʪʽʚ ʨʘʪʥʽʚʩʴʢʦʾ ʩʚʽʪʠ, ʱʦ ʧʨʦʩʪʷʛʘʻʪʴʩʷ 

ʙʽʣʴʰ ʥʽʞ ʥʘ 120 ʢʤ ʚʽʜ ʩ. ʎʚʷʪʦʭʠ ʜʦ ʤ. ʈʘʬʘʣʽʚʢʠ ʚʟʜʦʚʞ ʩʭʽʜʥʦʾ ʛʨʘʥʠʮʽ 

ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ʟ ʰʠʨʠʥʦʶ ʚ 10-20 ʢʤ [6]. ʇʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʥʘ ʙʝʥʪʦʥʽʪʦʚʽ 

ʧʦʨʦʜʠ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʚ ʨʘʡʦʥʘʭ ʜʽʶʯʠʭ ʢʘʨôʻʨʽʚ, ʘ ʧʦʪʽʤ ʚ ʤʝʞʘʭ ʩʤʫʛʠ, ʜʝ 

ʚʫʣʢʘʥʦʛʝʥʥʽ ʫʪʚʦʨʝʥʥʷ ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ ʟʘʣʷʛʘʶʪʴ ʧʽʜ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ 

ʚʽʜʢʣʘʜʘʤʠ.  
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The magmatic domes of the Western Azov megastructure are associated with the bulk of fluid-

saturated magmatic flows, which occur as the formation of thousands of pegmatite bodies of 

varying thickness and length. The dome pegmatites have a typical uniform quartz-feldspar 

composition with biotite, muscovite, and, in large zonal bodies, there are also accessory columbite, 

apatite, sherl, monazite. All the known occurrences of rare metal and most rare earth pegmatites, 

which are accompanied by a significant amount of barren pegmatites, are located within the trough 

structures rimming the domes. 

 

ɿʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʘ ʤʝʛʘʩʪʨʫʢʪʫʨʘ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ (ʋʑ) ʧʨʦʩʪʷʛʘʻʪʴʩʷ 

ʥʘ ʚʽʜʩʪʘʥʴ ʧʦʥʘʜ 200 ʢʤ ʽ ʨʦʟʤʽʱʫʻʪʴʩʷ, ʟʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [2], ʤʽʞ 

ʉʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʠʤ ʙʣʦʢʦʤ ʽ ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʠʤ ʤʝʛʘʙʣʦʢʦʤ. ʅʘ 

ʟʘʭʦʜʽ ʚʦʥʘ ʦʙʤʝʞʝʥʘ ʆʨʽʭʦʚʦ-ʇʘʚʣʦʛʨʘʜʩʴʢʠʤ ʛʣʠʙʠʥʥʠʤ ʨʦʟʣʦʤʦʤ, ʘ ʾʾ 

ʩʭʽʜʥʦʶ ʤʝʞʝʶ ʩʣʫʛʫʻ ʄʘʣʦʷʥʽʩʦʣʴʩʴʢʠʡ ʨʦʟʣʦʤ. ɿ ʧʽʚʥʦʯʽ ʚʦʥʘ ʟʨʽʟʫʻʪʴʩʷ 

ʩʫʙʰʠʨʦʪʥʠʤʠ ʨʦʟʣʦʤʘʤʠ ɼʥʽʧʨʦʚʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ (ɼɼɿ), ʘ ʟ ʧʽʚʜʥʷ 

ʨʦʟʣʦʤʘʤʠ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʾ ʟʘʧʘʜʠʥʠ. ʄʝʛʘʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʩʠʥʢʣʽʥʦʨʽʾ ʆʨʽʭʦʚʦ-

ʇʘʚʣʦʛʨʘʜʩʴʢʠʡ (ʷʢʠʡ ʚ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʤʫ ʨʦʟʫʤʽʥʥʽ ʻ ʰʦʚʥʦʶ ʟʦʥʦʶ) ʽ 

ʄʘʣʦʷʥʽʩʦʣʴʩʴʢʠʡ (ʎʝʥʪʨʘʣʴʥʦʧʨʠʘʟʦʚʩʴʢʘ ʟʦʥʘ ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ), 

ʛʥʝʡʩʦʚʽ ʢʫʧʦʣʠ ɺʦʚʯʘʥʩʴʢʠʡ ʥʘ ʧʽʚʥʦʯʽ ʽ ʥʘ ʧʽʚʜʥʽ ʉʘʣʪʠʯʘʥʩʴʢʠʡ ʟ ʚʣʘʩʥʝ 

ʉʘʣʪʠʯʘʥʩʴʢʠʤ ʽ ɻʫʣʷʡʧʽʣʴʩʴʢʠʤ ʤʘʛʤʘʪʠʯʥʠʤʠ ʮʝʥʪʨʘʤʠ-ʢʫʧʦʣʘʤʠ, ʪʘ ʚʫʟʴʢʽ 

ʪʨʦʛʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʜʚʘ ʜʫʛʦʧʦʜʽʙʥʽ ʟʝʣʝʥʦʢʘʤôʷʥʽ ʧʦʷʩʠ 

(ʉʦʨʦʢʠʥʩʴʢʦ-ɻʘʡʯʫʨʩʴʢʠʡ ʽ ʐʝʚʯʝʥʢʽʚʩʴʢʦ-ɹʝʨʝʩʪʽʚʩʴʢʠʡ) ʚ ʟʦʥʘʭ 

ʟʯʣʝʥʫʚʘʥʥʷ ʩʠʥʢʣʽʥʦʨʥʠʭ ʽ ʢʫʧʦʣʴʥʠʭ ʩʪʨʫʢʪʫʨ [1, 2]. 

ʉʠʥʢʣʽʥʦʨʽʾ ʚʠʧʦʚʥʝʥʽ ʫʪʚʦʨʝʥʥʷʤʠ ʚʦʚʯʘʥʩʴʢʦʾ, ʥʦʚʦʧʘʚʣʽʚʩʴʢʦʾ ʪʘ 

ʜʨʘʛʫʥʩʴʢʦʾ ʪʦʚʱ. ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʝʛʘʙʣʦʢʫ ʚ ʤʽʞʢʫʧʦʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʚʦʥʠ ʟôʻʜʥʫʶʪʴʩʷ ʽ ʨʽʟʢʦ ʨʦʟʰʠʨʶʶʪʴʩʷ. ʇʦʨʦʜʠ ʧʦʚʩʶʜʥʦ ʽʥʪʝʥʩʠʚʥʦ 

ʤʽʛʤʘʪʠʟʦʚʘʥʽ, ʨʦʟʚʠʪʦʢ ʛʨʘʥʽʪʦʾʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʫ ʪʘ ʡ ʤʘʛʤʘʪʠʟʤʫ ʚ ʮʽʣʦʤʫ, 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ, ʘ ʟ ʥʠʤ ʚʽʜʩʫʪʥʽ ʧʨʦʷʚʠ ʧʝʛʤʘʪʠʪʦʫʪʚʦʨʝʥʥʷ, ʟʘ 

ʚʠʢʣʶʯʝʥʥʷʤ ʦʢʨʝʤʠʭ ʜʨʽʙʥʠʭ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ ʢʚʘʨʮ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʞʠʣ, 

ʦʯʝʚʠʜʥʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʧʨʦʮʝʩʘʤʠ ʤʽʛʤʘʪʠʟʘʮʽʾ. 

ʂʫʧʦʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʝʥʽ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʤʠ 

ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʟʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʦʾ ʩʝʨʽʾ ʪʘ ʤʘʛʤʘʪʠʯʥʠʤʠ 

mailto:isakov_l@ukr.net
mailto:svital@ukr.net
mailto:isakov_l@ukr.net
mailto:svital@ukr.net


 

221 

 

ʫʪʚʦʨʝʥʥʷʤʠ (ʤʘʩʠʚʠ ʛʘʙʨʦ, ʜʽʦʨʠʪʽʚ, ʛʨʘʥʦʜʽʦʨʠʪʽʚ, ʧʣʘʛʽʦʛʨʘʥʽʪʽʚ ʪʘ ʛʨʘʥʽʪʽʚ 

ʦʙʽʪʦʯʥʝʥʩʴʢʦʛʦ, ʰʝʚʯʝʥʢʽʚʩʴʢʦʛʦ, ʷʥʚʘʨʩʴʢʦʛʦ ʪʘ ʩʘʣʪʠʯʘʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʽʚ) 

ʣʦʢʘʣʴʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʢʫʧʦʣʽʚ ʫ ʤʝʞʘʭ ʉʘʣʪʠʯʘʥʩʴʢʦʛʦ ʽ ɺʦʚʯʘʥʩʴʢʦʛʦ 

ʛʥʝʡʩʦʚʠʭ ʢʫʧʦʣʽʚ. ɯʥʪʨʫʟʠʚʥʽ ʤʘʛʤʘʪʠʯʥʽ ʫʪʚʦʨʝʥʥʷ ɿʘʭʽʜʥʦʧʨʠʘʟʦʚʩʴʢʦʛʦ 

ʙʣʦʢʫ ʟʜʝʙʽʣʴʰʦʛʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚʧʨʦʜʦʚʞ ʥʝʦʘʨʭʝʶ ʪʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʶ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʦʥʠ ʜʠʩʢʨʝʪʥʠʤʠ ʙʘʛʘʪʦʬʘʟʥʠʤʠ ʽʥʪʨʫʟʠʚʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʤʘʛʤʘʪʠʯʥʠʭ ʢʫʧʦʣʽʚ, ʪʘʢʠʭ ʷʢ ɭʣʽʩʽʾʚʩʴʢʠʡ, ɻʫʣʷʡʧʽʣʴʩʴʢʠʡ ʽ ɺʦʩʢʨʝʩʝʥʩʴʢʠʡ. 

ɺ ʬʦʨʤʫʚʘʥʥʽ ʤʘʛʤʘʪʠʯʥʠʭ ʢʫʧʦʣʽʚ ʧʨʦʷʚʠʣʘʩʷ ʥʘʩʪʫʧʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʢʦʨʽʥʝʥʥʷ ʤʘʛʤ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʩʪʫʧʦʚʝ ʨʦʟʢʠʩʣʝʥʥʷ: ʫʣʴʪʨʘʙʘʟʠʪʠ Ÿ ʛʘʙʨʦ 

Ÿ ʜʽʦʨʠʪʠ Ÿ ʧʣʘʛʽʦʛʨʘʥʽʪʠ Ÿ ʛʨʘʥʽʪʠ. ʆʩʪʘʥʥʽ, ʟʘʟʚʠʯʘʡ, ʧʨʠʫʨʦʯʝʥʽ ʜʦ 

ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥ ʢʫʧʦʣʽʚ ʽ ʟʜʝʙʽʣʴʰʦʛʦ ʧʦʚôʷʟʘʥʽ ʟ ʪʨʦʛʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ; ʚ 

ʜʝʷʢʠʭ ʤʘʩʠʚʘʭ ʛʨʘʥʽʪʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʘʶʪʴ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ: 

ʛʨʘʥʦʜʽʦʨʠʪʠ Ÿ ʛʨʘʥʽʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʫ Ÿ ʣʝʡʢʦʛʨʘʥʽʪʠ, ʟʘʟʚʠʯʘʡ 

ʤʫʩʢʦʚʽʪʚʤʽʱʫʶʯʽ. ʉʘʤʝ ʫʪʚʦʨʝʥʥʷ ʮʠʭ ʢʫʧʦʣʽʚ ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨ ʧʦʚʝʨʭʫ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ ʤʘʩʠʚʽʚ, ʟ ʷʢʠʤʠ ʧʦʚôʷʟʘʥʘ ʦʩʥʦʚʥʘ ʤʘʩʘ 

ʬʣʶʾʜʦʥʘʩʠʯʝʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʛʝʥʝʨʘʮʽʾ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʝʛʤʘʪʠʪʦʚʠʭ ʪʽʣ ʜʦʩʠʪʴ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʨʦʪʷʞʥʦʩʪʽ. ʇʝʛʤʘʪʠʪʠ 

ʤʘʶʪʴ ʪʠʧʦʚʠʡ ʦʜʥʦʤʘʥʽʪʥʠʡ ʢʚʘʨʮ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʡ ʩʢʣʘʜ ʟ ʙʽʦʪʠʪʦʤ, 

ʤʫʩʢʦʚʽʪʦʤ, ʘ ʪʘʢʦʞ, ʚ ʢʨʫʧʥʠʭ ʟʦʥʘʣʴʥʠʭ ʪʽʣʘʭ, ʧʨʠʩʫʪʥʽ ʘʢʮʝʩʦʨʥʽ ʢʦʣʫʤʙʽʪ, 

ʘʧʘʪʠʪ, ʰʝʨʣ, ʛʨʘʥʘʪ, ʤʦʥʘʮʠʪ. ɺ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʘʭ ʉʘʣʪʠʯʘʥʩʴʢʦʛʦ 

ʤʘʛʤʘʪʠʯʥʦʛʦ ʢʫʧʦʣʫ ʥʘʩʠʯʝʥʽʩʪʴ ʧʝʛʤʘʪʠʪʦʚʠʤʠ ʪʽʣʘʤʠ ʩʷʛʘʻ 20-30% 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʧʦʨʦʜʥʠʭ ʫʪʚʦʨʝʥʴ. ɺʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʧʝʛʤʘʪʠʪʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʢʫʧʦʣʽʚ, ʟ ʪʦʶ ʯʠ ʽʥʰʦʶ ʛʝʥʝʨʘʮʽʻʶ ʛʨʘʥʽʪʦʾʜʽʚ ʩʢʣʘʜʥʦ. 

ʇʨʦʩʪʦʨʦʚʦ ʚʦʥʠ ʪʷʞʽʶʪʴ ʜʦ ʧʣʦʱ ʨʦʟʚʠʪʢʫ ʧʣʘʛʽʦʛʨʘʥʽʪʽʚ, ʘʣʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽ ʩʫʤʽʩʥʝ ʟʥʘʭʦʜʞʝʥʥʷ ʟ ʣʝʡʢʦʢʨʘʪʦʚʠʤʠ ʘʥʜʨʽʾʚʩʴʢʠʤʠ (ɸʥʜʨʽʾʚʩʴʢʘ ʧʣʦʱʘ) ʪʘ 

ʩʘʣʪʠʯʘʥʩʴʢʠʤʠ ʛʨʘʥʽʪʘʤʠ. ʐʠʨʦʢʦ ʨʦʟʚʠʥʝʥʽ ʚ ʤʝʞʘʭ ʉʘʣʪʠʯʘʥʩʴʢʦʛʦ ʢʫʧʦʣʘ 

ʧʝʛʤʘʪʠʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ: 1) ʧʣʘʛʽʦʛʨʘʥʽʪʥʠʤʠ ʤʘʩʠʚʘʤʠ, ʚ ʷʢʠʭ ʚʦʥʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʣʦʢʘʣʽʟʫʶʪʴʩʷ; 2) ʛʨʘʥʽʪʥʠʤʠ ʤʘʩʠʚʘʤʠ, ʱʦ ʥʝ ʨʦʟʢʨʠʪʽ 

ʝʨʦʟʽʡʥʠʤ ʟʨʽʟʦʤ ʽ ʧʨʦʷʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʜʨʽʙʥʠʭ ʪʽʣ; 3) ʘʙʦ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʩʘʤʦʩʪʽʡʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʧʝʛʤʘʪʠʪʦʚʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʬʦʨʤʫʚʘʣʘʩʷ ʫ 

ʟʘʚʝʨʰʘʣʴʥʠʡ ʝʪʘʧ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʤʘʛʤʘʪʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ. 

ɺʟʜʦʚʞ ʧʝʨʠʬʝʨʽʾ ʢʫʧʦʣʽʚ ʨʦʟʚʠʥʝʥʽ ʩʚʦʻʨʽʜʥʽ ʪʨʦʛʠ, ʚʠʧʦʚʥʝʥʽ 

ʨʽʟʥʦʚʽʢʦʚʠʤʠ ʤʝʪʘʚʫʣʢʘʥʦʛʝʥʥʠʤʠ ʪʘ ʤʝʪʘʪʝʨʠʛʝʥʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ 

ʟʝʣʝʥʦʢʘʤôʷʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɰʭʥʴʦʶ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʟʦʥʘʣʴʥʠʡ 

ʤʝʪʘʤʦʨʬʽʟʤ ʚʽʜ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʾ ʜʦ ʘʤʬʽʙʦʣʽʪʦʚʦʾ ʬʘʮʽʡ. ʆʢʨʝʤʽ ʩʪʨʫʢʪʫʨʠ, ʫ 

ʙʫʜʦʚʽ ʷʢʠʭ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʮʽ ʫʪʚʦʨʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʪʷʞʥʽʩʪʶ ʚʽʜ 10 

ʜʦ 50 ʽ ʙʽʣʴʰʝ ʢʽʣʦʤʝʪʨʽʚ ʧʨʠ ʰʠʨʠʥʽ ʚʠʭʦʜʫ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ 0,5ï5,0 ʢʤ. 

ʊʨʦʛʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʤʘʛʤʘʪʠʯʥʠʭ ʢʫʧʦʣʽʚ, ʫʪʚʦʨʶʶʪʴ 

ʜʚʘ ʜʠʩʢʨʝʪʥʽ ʜʫʛʦʧʦʜʽʙʥʽ ʧʦʷʩʠ. ʇʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʠʡ ʉʦʨʦʢʠʥʩʴʢʦ-ɻʘʡʯʫʨʩʴʢʠʡ 

ʧʦʷʩ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʴ ʧʦʥʘʜ 300 ʢʤ ʽ ʦʙʣʷʤʦʚʫʻ ʉʘʣʪʠʯʘʥʩʴʢʠʡ 

ʛʨʘʥʽʪʦʛʥʝʡʩʦʚʠʡ ʢʫʧʦʣ ʧʨʘʢʪʠʯʥʦ ʧʦ ʚʩʴʦʤʫ ʚʠʜʠʤʦʤʫ ʧʝʨʠʤʝʪʨʫ ʫ ʚʠʛʣʷʜʽ 

ʜʠʩʢʨʝʪʥʦ ʨʦʟʤʽʱʝʥʠʭ ʪʨʦʛʦʚʠʭ ʩʪʨʫʢʪʫʨ. ʁʦʛʦ ʩʢʣʘʜʦʚʠʤʠ ʻ ʪʘʢʽ ʪʨʦʛʦʚʽ 

ʩʪʨʫʢʪʫʨʠ: ʉʦʨʦʢʠʥʩʴʢʘ ʽ ɼʨʘʛʫʥʩʴʢʘ, ʨʦʟʚʠʥʝʥʽ ʚ ʦʙʣʷʤʫʚʘʥʥʽ ʉʘʣʪʠʯʘʥʩʴʢʦʛʦ 

ʤʘʛʤʘʪʠʯʥʦʛʦ ʢʫʧʦʣʘ; ʂʫʡʙʠʰʝʚʩʴʢʘ, ɻʘʡʯʫʨʩʴʢʘ, ʂʦʩʽʚʮʽʚʩʴʢʘ ï ʥʘʚʢʦʣʦ 
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ɻʫʣʷʡʧʽʣʴʩʴʢʦʛʦ ʤʘʛʤʘʪʠʯʥʦʛʦ ʢʫʧʦʣʘ; ʏʠʩʪʦʧʽʣʴʩʴʢʘ ʡ ʄʦʣʦʯʘʥʩʴʢʘ ï ʚ 

ʤʝʞʘʭ ʆʨʽʭʦʚʦ-ʇʘʚʣʦʛʨʘʜʩʴʢʦʛʦ ʩʠʥʢʣʽʥʦʨʽʶ. ʇʽʚʥʽʯʥʦ-ʩʭʽʜʥʠʡ 

ʐʝʚʯʝʥʢʽʚʩʴʢʦ-ɹʝʨʝʩʪʽʚʩʴʢʠʡ ʧʦʷʩ ʫʪʚʦʨʶʶʪʴ: ʫ ʧʽʚʜʝʥʥʦʤʫ ʦʙʣʷʤʫʚʘʥʥʽ 

ɺʦʚʯʘʥʩʴʢʦʛʦ ʛʨʘʥʽʪʦʛʥʝʡʩʦʚʦʛʦ ʢʫʧʦʣʘ ʨʘʟʦʤ ʟ ɺʦʩʢʨʝʩʝʥʩʴʢʠʤ ʛʨʘʥʽʪʥʠʤ 

ʤʘʩʠʚʦʤ ï ʌʝʜʦʨʽʚʩʴʢʘ, ʐʝʚʯʝʥʢʽʚʩʴʢʘ, ɿʝʣʝʥʦʛʘʡʩʴʢʘ, ɺʦʚʯʘʥʩʴʢʘ ʪʘ 

ɼʽʙʨʦʚʩʴʢʘ ʪʨʦʛʦʚʽ ʩʪʨʫʢʪʫʨʠ; ʚ ʤʝʞʘʭ ʄʘʣʦʷʥʽʩʦʣʴʩʴʢʦʛʦ ʩʠʥʢʣʽʥʦʨʽʶ ï 

ʇʘʚʣʽʚʩʴʢʘ, ɹʝʨʝʩʪʽʚʩʴʢʘ ʪʘ ʄʘʥʛʫʰʩʴʢʘ. ʋ ʤʝʞʘʭ ʮʠʭ ʩʪʨʫʢʪʫʨ ʨʦʟʤʽʱʝʥʽ ʚʩʽ 

ʚʽʜʦʤʽ ʥʠʥʽ ʚ ɿʘʭʽʜʥʦʤʫ ʇʨʠʘʟʦʚôʾ ʧʨʦʷʚʠ ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʠʭ ʪʘ ʙʽʣʴʰʽʩʪʴ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʧʝʛʤʘʪʠʪʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʙʝʟʨʫʜʥʠʭ ʧʝʛʤʘʪʠʪʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʛʨʘʥʽʪʥʠʭ ʤʘʩʠʚʽʚ ʷʥʚʘʨʩʴʢʦʛʦ, 

ʜʦʙʨʦʧʽʣʴʩʴʢʦʛʦ ʽ ʩʘʣʪʠʯʘʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʙʫʚʘʣʦʩʴ ʦʜʥʦʯʘʩʥʦ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʪʷʞʥʠʭ ʪʨʦʛʽʚ, ʘ ʚʢʦʨʽʥʝʥʥʷ ʛʨʘʥʽʪʦʾʜʽʚ ʟʘʚʝʨʰʘʣʴʥʦʾ ʬʘʟʠ 

ʤʘʛʤʘʪʠʟʤʫ ï ʧʽʩʣʷ ʩʪʘʥʦʚʣʝʥʥʷ ʪʨʦʛʦʚʠʭ ʪʝʢʪʦʥʦʩʪʨʫʢʪʫʨ [3].  

ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽʩʪʴ ʽ ʙʣʠʟʴʢʽʩʪʴ ʟʘ ʯʘʩʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʢʫʧʦʣʴʥʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʪʨʦʛʦʚʠʭ ʪʝʢʪʦʥʦʩʪʨʫʢʪʫʨ. ʆʯʝʚʠʜʥʦ 

ʦʩʪʘʥʥʽ ʩʪʘʚʘʣʠ ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʠʤʠ ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʚʝʨʰʘʣʴʥʠʭ ʬʘʟ 

ʤʘʛʤʘʪʠʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʩʧʝʨʰʫ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʽ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʫ ʾʭ ʤʝʞʘʭ ʚʫʢʘʥʦʛʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʪʘ ʥʝʚʝʣʠʢʠʭ 

ʤʘʩʠʚʽʚ ʦʩʥʦʚʥʠʭ ʽ ʫʣʴʪʨʘʦʩʥʦʚʥʠʭ ʧʦʨʽʜ, ʘ ʧʦʪʽʤ ï ʚʢʦʨʽʥʝʥʥʷ 

ʬʣʶʾʜʦʥʘʩʠʯʝʥʠʭ ʜʝʨʠʚʘʪʽʚ ʢʠʩʣʦʾ ʤʘʛʤʠ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʽʥʪʨʫʟʠʚʽʚ 

ʣʝʡʢʦʛʨʘʥʽʪʽʚ ʪʘ ʧʝʛʤʘʪʠʪʦʚʠʭ ʧʦʣʽʚ. 

ʗʢ ʚʽʜʦʤʦ, ʧʝʛʤʘʪʠʪʠ ʟʜʝʙʽʣʴʰʦʛʦ ʻ ʨʫʜʦʥʦʩʥʠʤʠ ʥʘ ʨʽʜʢʽʩʥʽ ʽ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʝʨʘʤʽʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʧʦʰʫʢʠ ʢʝʨʘʤʽʯʥʦʾ ʩʠʨʦʚʠʥʠ ʩʣʽʜ ʟʦʩʝʨʝʜʠʪʠ ʥʘ 

ʧʝʛʤʘʪʠʪʘʭ, ʨʦʟʤʽʱʝʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʝʞʘʭ ʤʘʛʤʘʪʠʯʥʠʭ ʢʫʧʦʣʽʚ, ʘ 

ʚʠʷʚʣʝʥʥʷ ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʠʭ ʪʘ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʧʝʛʤʘʪʠʪʽʚ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʚ 

ʤʝʞʘʭ ʪʨʦʛʦʚʠʭ ʩʪʨʫʢʪʫʨ ʚʟʜʦʚʞ ʦʙʨʘʤʣʝʥʥʷ ʢʫʧʦʣʽʚ. 
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The results of the study of the peculiarities of the development of metasomatic zonation of uranium-

bearing and gold-bearing ore formations of the Yuriysky uranium deposit are presented. A set of 

criteria for the uranium-gold connection at the Yuriysky uranium deposit and the reasons for the 

separate ore concentration of these elements during uranium ore-genesis are substantiated. The 

obtained results will allow carry out more effective comprehensive assessment of the potential 

uranium and gold content of the forecast areas in the Kirovohrad uranium ore metallogenic region 

of the Ukrainian Shield. 

 

ʇʨʦʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʦʣʦʪʦʛʦ ʟʨʫʜʝʥʽʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʛʝʦʭʽʤʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʦʣʦʪʘ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʡʦʛʦ ʤʽʛʨʘʮʽʾ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. 

ɿʦʣʦʪʦʨʫʜʥʽ ʨʦʜʦʚʠʱʘ ʩʭʽʜʥʦʛʦ ʦʙʨʘʤʣʝʥʥʷ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ 

(ʖʨʽʾʚʩʴʢʝ, ʂʣʠʥʮʽʚʩʴʢʝ) ʤʦʥʦʤʝʪʘʣʴʥʽ [1], ʩʝʨʝʜʥʽ ʟʘ ʟʘʧʘʩʘʤʠ ʽ ʨʦʟ'ʻʜʥʘʥʽ ʚ 

ʧʨʦʩʪʦʨʽ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʨʦʜʦʚʠʱʘʤʠ ʫʨʘʥʫ ʚ ʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʠʭ 

ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʷʢʽ ʪʘʢʦʞ ʻ ʤʦʥʦʤʝʪʘʣʴʥʠʤʠ, ʘʣʝ ʧʝʨʝʚʘʞʥʦ ʟ ʢʨʫʧʥʠʤʠ 

ʟʘʧʘʩʘʤʠ ʫʨʘʥʫ [2, 3]. ʎʝ ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʝʥʦ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦ ʟʙʣʠʞʝʥʠʭ 

ʖʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʟʦʣʦʪʘ ʽ ʖʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ [4]. ɺʽʜʦʤʠʡ ʨʷʜ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʜʦʚʠʱ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʤʽʩʪʘʤʠ ʫʨʘʥʫ ʽ ʟʦʣʦʪʘ, ʥʘʡʚʽʜʦʤʽʰʠʤʠ 

ʟ ʷʢʠʭ ʻ ɺʽʪʚʘʪʝʨʩʨʘʥʜ, ʆʣʽʤʧʽʢ-ɼʘʤ, ɼʞʘʙʽʣʫʢʘ. ʇʨʦʪʝ ʜʫʞʝ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʴ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʙˇʨʫʥʪʫʚʘʪʠ, ʚ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʦ ʦʯʽʢʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫʨʘʥʫ ʽ ʟʦʣʦʪʘ, ʘ ʚ ʷʢʠʭ ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʨʦʟʧʦʜʽʣ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʤʦʥʦʤʝʪʘʣʴʥʠʭ ʨʫʜʦʢʦʥʮʝʥʪʨʘʮʽʡ.  

ʄʝʪʘʩʦʤʘʪʠʪʠ ʖʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʭʣʦʨʠʪ-

ʢʘʣʽʰʧʘʪʦʚʠʤʠ ʽ ʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʠʤʠ ʨʽʟʥʦʚʠʜʘʤʠ. ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʽ 

ʦʩʪʘʥʥʽ (ʘʣʴʙʽʪʠʪʠ), ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʦʨʽʜ 

ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʦʛʦ ʚʠʥʝʩʝʥʥʷ SiO2 ʽ K2O ʽ ʧʨʠʚʥʝʩʝʥʥʷ Na2O ʽ CO2 

ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʟʘʣʽʟʠʩʪʦʩʪʽ. ʋʨʘʥʦʚʦʨʫʜʥʽ ʤʝʪʘʩʦʤʘʪʠʪʠ ʖʨʽʾʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʦʥʘʤʠ ʦʙ'ʻʤʥʦʛʦ ʢʘʪʘʢʣʘʟʫ ʽ ʩʠʩʪʝʤʦʶ 

ʰʠʨʦʪʥʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʉʫʙʦʪʩʴʢʦ-ʄʦʰʦʨʠʥʩʴʢʦʶ ʟʦʥʦʶ 

ʨʦʟʣʦʤʽʚ. ɺʦʥʠ ʩʪʚʦʨʠʣʠ ʧʝʨʝʜʨʫʜʥʠʡ ʢʘʨʢʘʩ ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ ʽ ʢʦʥʪʨʦʣʶʶʪʴ 

ʧʦʣʦʞʝʥʥʷ ʫʨʘʥʦʚʦʨʫʜʥʠʭ ʟʦʥ ʫ ʧʨʦʩʪʦʨʽ. 
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ʂʦʥʮʝʥʪʨʘʮʽʾ ʟʦʣʦʪʘ, ʧʨʦʩʪʝʞʝʥʽ ʥʘ ʖʨʽʾʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʫʨʘʥʫ ʚ 

ʛʥʝʡʩʘʭ ʥʘ ʟʥʘʯʥʠʭ ʛʣʠʙʠʥʘʭ (ʜʦ 1000 ʤ), ʧʦʚ'ʷʟʘʥʽ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤ 

ʝʧʽʛʝʥʝʟʦʤ, ʧʘʨʘʣʝʣʴʥʦ ʧʨʦʷʚʣʝʥʠʤ ʟ ʫʨʘʥʦʚʠʤ ʨʫʜʦʛʝʥʝʟʦʤ. ʅʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ ʩʝʨʝʜ ʬʣʦʛʦʧʽʪ-ʭʣʦʨʠʪ-ʛʝʤʘʪʠʪ-ʢʘʨʙʦʥʘʪʥʠʭ ʘʣʴʙʽʪʠʪʽʚ, ʷʢʽ ʩʽʯʫʪʴʩʷ 

ʩʫʣʴʬʽʜʥʠʤʠ ʧʨʦʞʠʣʢʘʤʠ ʽ ʤʘʶʪʴ ʙʘʛʘʪʫ ʚʢʨʘʧʣʝʥʽʩʪʴ ʘʨʩʝʥʦʧʽʨʠʪʫ, 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʰʘʨʢʠ ʛʨʘʬʽʪʠʟʦʚʘʥʠʭ ʛʥʝʡʩʽʚ, ʟʥʘʯʥʦ ʩʫʣʴʬʽʜʠʟʦʚʘʥʠʭ, ʚ 

ʷʢʠʭ ʚʤʽʩʪ ʟʦʣʦʪʘ ʜʦʩʷʛʘʻ 7,6 ʛ/ʪ (ʩʚ. 2420, ʛʣ. 790 ʤ).  

ʃʫʞʥʽ ʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʽ ʤʝʪʘʩʦʤʘʪʠʪʠ, ʱʦ ʚʤʽʱʘʶʪʴ ʫʨʘʥʦʚʽ ʨʫʜʠ 

ʖʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʣʴʙʽʪʠʪʘʤʠ ʝʛʽʨʠʥʠʪ-ʨʠʙʝʢʽʪʦʚʦʛʦ 

ʩʢʣʘʜʫ, ʘʣʴʙʽʪ-ʤʽʢʨʦʢʣʽʥʦʚʠʤʠ ʧʦʨʦʜʘʤʠ ʽ ʜʽʘʬʪʦʨʠʪʘʤʠ. ʅʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ 

ʘʥʦʤʘʣʽʡ ʟʦʣʦʪʘ ʚ ʤʝʞʘʭ ʘʣʴʙʽʪʠʪʽʚ ʖʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʢʣʘʜʘʥʥʷʤ ʧʽʟʥʽʰʠʭ ʭʣʦʨʠʪ-ʢʘʣʽʰʧʘʪʦʚʠʭ ʤʝʪʘʩʦʤʘʪʠʪʽʚ (ʛʫʤʙʝʾʪʽʚ). ʍʣʦʨʠʪ-

ʢʘʣʽʰʧʘʪʦʚʽ ʤʝʪʘʩʦʤʘʪʠʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʬʦʨʤʘʮʽʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʣʽʻʚʠʭ 

ʤʝʪʘʩʦʤʘʪʠʪʽʚ ʟʦʥ ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ, ʜʝ ʚʦʥʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʷʢ ʫʩʝʨʝʜʠʥʽ 

ʘʣʴʙʽʪʠʪʽʚ (ʧʨʦʞʠʣʢʠ ʧʦʪʫʞʥʽʩʪʶ ʧʝʨʰʽ ʩʘʥʪʠʤʝʪʨʠ), ʪʘʢ ʽ ʟʤʽʥʶʶʪʴ ʦʩʪʘʥʥʽ 

ʧʦ ʧʦʚʩʪʘʥʥʶ-ʧʘʜʽʥʥʶ (ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʰʽ ʜʝʩʷʪʢʠ ʤʝʪʨʽʚ). ɿʽʩʪʘʚʣʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʤʝʪʘʩʦʤʘʪʠʯʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ ʫʨʘʥʦʥʦʩʥʠʭ ʽ 

ʟʦʣʦʪʦʥʦʩʥʠʭ ʨʫʜʥʠʭ ʫʪʚʦʨʝʥʴ ʖʨʽʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ ʜʦʟʚʦʣʠʣʠ 

ʚʠʷʚʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

1) ʟʦʥʠ ʨʦʟʚʠʪʢʫ ʝʧʽʜʦʪ-ʭʣʦʨʠʪʦʚʠʭ ʽ ʭʣʦʨʠʪʦʚʠʭ ʧʨʦʧʽʣʽʪʽʚ ʧʨʦʩʪʷʛʘʶʪʴʩʷ 

ʚʟʜʦʚʞ ʦʩʥʦʚʥʠʭ ʜʦʚʛʦʞʠʚʫʯʠʭ ʨʦʟʣʦʤʽʚ ʟʘʚʰʠʨʰʢʠ ʜʦ 1 ʢʤ ʡ ʙʽʣʴʰʝ; 

2) ʫʩʝʨʝʜʠʥʽ ʜʽʣʷʥʦʢ ʧʨʦʧʽʣʽʪʠʟʘʮʽʾ, ʫ ʤʝʞʘʭ ʧʝʨʝʪʠʥʫ ʟ ʧʦʧʝʨʝʯʥʠʤʠ 

ʪʝʢʪʦʥʽʯʥʠʤʠ ʟʦʥʘʤʠ, ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʜʽʣʷʥʢʠ ʩʝʨʽʮʠʪʠʟʘʮʽʾ, ʦʢʚʘʨʮʶʚʘʥʥʷ ʡ 

ʩʫʣʴʬʽʜʠʟʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʨʘʣʝʣʴʥʽ ʟ ʧʨʦʮʝʩʦʤ ʙʝʨʝʟʠʪʠʟʘʮʽʾ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʟʦʥ ʙʝʨʝʟʠʪʠʟʘʮʽʾ ʻ ʧʦʩʪʽʡʥʘ ʜʦʤʽʰʢʘ ʧʽʨʠʪʫ, 

ʘʨʩʝʥʽʜ-ʩʫʣʴʬʽʜʽʚ, ʱʦ ʟʦʙʨʘʞʫʶʪʴ ʚʽʜʥʦʚʥʽ ʫʤʦʚʠ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ; 

3) ʤʝʪʘʣʦʛʝʥʽʯʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʧʨʠʨʦʟʣʦʤʥʠʭ ʧʨʦʧʽʣʽʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʝʦʭʽʤʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʛʥʝʡʩʽʚ, ʷʢʽ ʟʘʟʥʘʣʠ ʤʝʪʘʩʦʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʋ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʪʘʢʠʭ ʧʦʨʽʜ ʫ ʨʘʟʽ ʧʝʨʝʚʘʞʥʦʾ ʨʦʣʽ ʢʘʣʽʶ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʢʮʽʷʭ ʟʘʤʽʱʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʢʘʣʴʮʽʡ, ʤʘʛʥʽʡ, ʟʨʽʜʢʘ ʟʘʣʽʟʦ; 

4) ʧʨʦʧʽʣʽʪʠ ʟʘʡʤʘʶʪʴ ʧʝʨʠʬʝʨʽʡʥʽ ʟʦʥʠ ʤʝʪʘʩʦʤʘʪʠʪʽʚ, ʮʝʥʪʨʘʣʴʥʽ ʟʦʥʠ 

ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʙʦ ʘʣʴʙʽʪʠʪʘʤʠ, ʘʙʦ ʘʜʫʣʷʨʦʚʠʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʟ 

ʥʘʢʣʘʜʝʥʦʶ ʩʫʣʴʬʽʜʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ. ʇʦʻʜʥʘʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʭ ʽ 

ʮʝʥʪʨʘʣʴʥʠʭ ʟʦʥ ʟʫʤʦʚʣʶʻ ʤʝʪʘʩʦʤʘʪʠʯʥʫ ʟʦʥʘʣʴʥʽʩʪʴ, ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ï 

ʣʽʥʽʡʥʦ-ʚʠʪʷʛʥʝʥʦʛʦ ʪʠʧʫ. ʄʝʞʘ ʨʦʟʜʽʣʫ ʟʦʚʥʽʰʥʽʭ ʽ ʮʝʥʪʨʘʣʴʥʠʭ ʟʦʥ 

ʤʝʪʘʩʦʤʘʪʠʪʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʥʪʨʘʩʪʥʠʡ ʣʫʞʥʦ-ʢʠʩʣʦʪʥʠʡ ʛʝʦʭʽʤʽʯʥʠʡ ʙʘʨôʻʨ. 

ʉʧʝʮʠʬʽʯʥʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʨʘʥʫ ʥʘ ʬʽʥʘʣʴʥʽʡ ʩʪʘʜʽʾ ʨʫʜʦʚʽʜʢʣʘʜʘʥʥʷ 

ʩʧʨʠʷʣʠ ʢʦʥʮʝʥʪʨʫʚʘʥʥʶ ʫʨʘʥʦʚʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʷʢ ʚ ʦʢʠʩʥʶʚʘʣʴʥʠʭ, ʪʘʢ ʽ ʫ 

ʚʽʜʥʦʚʥʠʭ ʫʤʦʚʘʭ, ʪʦʜʽ ʷʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʦʣʦʪʦʛʦ ʟʨʫʜʝʥʽʥʥʷ ʙʫʣʠ ʧʦʪʨʽʙʥʽ 

ʚʽʜʥʦʚʥʽ ʫʤʦʚʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʽʨʢʦʚʦʜʥʝʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʨʝʯʦʚʠʥ 

(ʛʨʘʬʽʪ). ʌʦʨʤʫʚʘʥʥʷ ʟʙʘʛʘʯʝʥʠʭ ʟʦʣʦʪʦʤ ʟʦʥ ʧʨʠʫʨʦʯʝʥʦ ʜʦ ʬʣʘʥʛʽʚ 

ʖʨ̔ ʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʫʨʘʥʫ, ʜʝ ʣʦʢʘʣʽʟʘʮʽʷ ʟʦʣʦʪʘ ʟʫʤʦʚʣʝʥʘ ʚʽʜʥʦʚʥʠʤʠ 

ʛʝʦʭʽʤʽʯʥʠʤʠ ʙʘʨôʻʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʷʢ ʚʫʟʴʢʽ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ʢʚʘʨʮ-ʧʽʨʠʪ-

ʘʨʩʝʥʦʧʽʨʠʪʦʚʠʭ ʧʦʨʽʜ ʧʦʙʣʠʟʫ ʜʽʣʷʥʦʢ ʛʥʝʡʩʽʚ, ʥʘʩʠʯʝʥʠʭ ʧʨʠʨʦʜʥʠʤʠ 
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ʚʽʜʥʦʚʥʠʢʘʤʠ ʟʦʣʦʪʘ. ʆʪʞʝ, ʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫʨʘʥʫ ʡ ʟʦʣʦʪʘ ʥʘ ʖʨʽʾʚʩʴʢʦʤʫ 

ʨʦʜʦʚʠʱʽ ʫʨʘʥʫ ʚʽʜʙʫʚʘʚʩʷ ʯʝʨʝʟ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʦʣʦʪʘ ʧʽʜ ʚʧʣʠʚʦʤ 

ʤʝʪʘʩʦʤʘʪʠʯʥʠʭ ʨʦʟʯʠʥʽʚ ʚʥʘʩʣʽʜʦʢ ʘʥʪʘʛʦʥʽʟʤʫ ʦʢʠʩʥʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʭ ʫʤʦʚ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʂʨʠʪʝʨʽʾ ʟʚ'ʷʟʢʫ ʫʨʘʥ-ʟʦʣʦʪʦ ʥʘ ʖʨʽʾʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʫʨʘʥʫ ʥʘʩʪʫʧʥʽ: 

1) ʧʨʦʩʪʦʨʦʚʦ ʟʙʣʠʞʝʥʽ ʟʦʥʠ ʨʫʜʦʢʦʥʮʝʥʪʨʘʮʽʽ ʫʨʘʥʫ ʖʨʽʾʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʚ ʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʽ ʟʦʣʦʪʘ ʥʘ ʡʦʛʦ ʬʣʘʥʛʘʭ 

ʬʦʨʤʫʚʘʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʻʜʥʦʩʪʽ ʛʝʥʝʨʫʶʯʦʛʦ ʾʭ ʣʫʞʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʦʛʦ ʨʘʥʥʴʦʶ ʢʘʣʽʰʧʘʪʦʚʦʶ ʧʨʦʧʽʣʽʪʠʟʘʮʽʻʶ ʽ ʧʽʟʥʴʦʶ 

ʙʝʨʝʟʠʪʠʟʘʮʽʻʶ; 

2) ʧʨʦʩʪʦʨʦʚʠʡ ʟʚ'ʷʟʦʢ ʽ ʢʦʥʪʨʦʣʴ ʫʨʘʥʦʚʦʛʦ ʽ ʟʦʣʦʪʦʛʦ ʟʨʫʜʝʥʽʥʥʷ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʨʦʜʦʚʠʱʽ ʦʜʥʠʤʠ ʽ ʪʠʤʠ ʞ ʨʦʟʣʦʤʘʤʠ; 

3) ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʧʽʟʥʴʦʛʦ ʟʦʣʦʪʦʛʦ ʟʨʫʜʝʥʽʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʨʦʟʚʠʪʢʦʤ 

ʫʨʘʥʦʚʦʨʫʜʥʠʭ ʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʠʭ ʤʝʪʘʩʦʤʘʪʠʪʽʚ ʧʦ ʛʥʝʡʩʘʭ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʨʠʨʦʜʥʽ ʚʽʜʥʦʚʥʠʢʠ ʟʦʣʦʪʘ ï ʚʫʛʣʝʮʝʚʽ ʨʝʯʦʚʠʥʠ (ʛʨʘʬʽʪ). ɿʦʣʦʪʦ 

ʧʨʦʜʫʢʫʚʘʣʦʩʴ ʽ ʩʫʣʴʬʽʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʥʝ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʫʨʘʥʦʚʦʛʦ 

ʨʫʜʦʛʝʥʝʟʘ ʚ ʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʽʻʚʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ. ɻʦʨʠʟʦʥʪʠ ʛʨʘʬʽʪʠʟʘʮʽʾ ʽ 

ʩʫʣʴʬʽʜʠʟʘʮʽʾ ʚ ʛʥʝʡʩʘʭ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʟʘʙʝʟʧʝʯʫʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʦʣʦʪʘ ʜʦ ʟʥʘʯʥʠʭ ʛʣʠʙʠʥ (ʧʨʦʩʪʝʞʝʥʘ ʜʦ 1000 ʤ); 

4) ʢʨʝʤʥʽʡ-ʢʘʣʽʻʚʽ ʤʝʪʘʩʦʤʘʪʠʪʠ ʙʫʣʠ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʽ ʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʦʨʝʦʣʘʤʠ ʘʥʦʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʦʣʦʪʘ, 

ʘ ʥʝʨʽʜʢʦ ʽ ʨʫʜʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʥʠʟʴʢʠʭ ʢʣʘʩʽʚ, ʚʦʥʠ ʨʦʟʚʠʥʝʥʽ ʚ ʟʦʥʘʭ 

ʧʨʦʪʦʢʣʘʟʫ ʽ ʢʘʪʘʢʣʘʟʫ, ʧʝʨʝʚʘʞʥʦ ʧʦ ʛʨʘʥʽʪʠʟʦʚʘʥʠʭ ʛʥʝʡʩʘʭ; 

5) ʬʦʨʤʫʚʘʥʥʷ ʟʙʘʛʘʯʝʥʠʭ ʟʦʣʦʪʦʤ ʟʦʥ ʧʨʠʫʨʦʯʝʥʦ ʜʦ ʬʣʘʥʛʽʚ ʨʦʜʦʚʠʱʘ, 

ʜʝ ʣʦʢʘʣʽʟʘʮʽʷ ʟʦʣʦʪʘ ʦʙʫʤʦʚʣʝʥʘ ʚʽʜʥʦʚʥʠʤʠ ʛʝʦʭʽʤʽʯʥʠʤʠ ʙʘʨ'ʻʨʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʚʫʟʴʢʠʭ ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʢʚʘʨʮ-ʧʽʨʠʪ-ʘʨʩʝʥʦʧʽʨʠʪʦʚʠʭ 

ʧʦʨʽʜ ʧʦʙʣʠʟʫ ʜʽʣʷʥʦʢ ʛʥʝʡʩʽʚ, ʥʘʩʠʯʝʥʠʭ ʧʨʠʨʦʜʥʠʤʠ ʚʽʜʥʦʚʥʠʢʘʤʠ ʟʦʣʦʪʘ; 

6) ʨʦʟʜʽʣʝʥʥʷ ʫʨʘʥʫ ʽ ʟʦʣʦʪʘ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʽʜ ʚʧʣʠʚʦʤ ʤʝʪʘʩʦʤʘʪʠʯʥʠʭ ʨʦʟʯʠʥʽʚ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ 

ʘʥʪʘʛʦʥʽʟʤʫ ʦʢʠʩʥʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ɼʘʥʠʡ ʢʦʤʧʣʝʢʩ ʢʨʠʪʝʨʽʾʚ ʟʚ'ʷʟʢʫ ʫʨʘʥʦʚʦʛʦ ʽ ʟʦʣʦʪʦʛʦ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʥʘ 

ʖʨʽʾʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʫʨʘʥʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʫ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʫʨʘʥʦʩʥʦʩʪʽ ʽ ʟʦʣʦʪʦʥʦʩʥʦʩʪʽ 

ʧʨʦʛʥʦʟʥʠʭ ʧʣʦʱ ʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʽʡ ʫʨʘʥʦʚʦʨʫʜʥʽʡ ʤʝʪʘʣʦʛʝʥʽʯʥʽʡ ʦʙʣʘʩʪʽ ʋʑ. 
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In the course of the research peculiarities of the geological structure and composition the titanium-

zirconium Zelenoyarsk deposit were characterized. On the basis of received and processed data on 

coordinates, the description of wells and definition of contents of collective concentrate and 

ilmenite on the area of deposit, the digital structural and lithological model was constructed. The 

constructed model reflects the distribution of content of the studied components and the power 

affected by sampling. 

 

ɺʠʧʝʨʝʜʞʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʤʽʥʝʨʘʣʴʥʦ-ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʪʠʪʘʥʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ 

ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʥʦʤʽʢʠ. ʋ 2020 ʨ. ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ 

ʚʥʝʩʣʘ ʪʠʪʘʥ ʜʦ ʧʝʨʝʣʽʢʫ ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ɭʚʨʦʩʦʶʟʫ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʪʠʪʘʥʫ ʦʙʫʤʦʚʣʝʥʘ ʩʚʽʪʦʚʠʤʠ 

ʪʝʥʜʝʥʮʽʷʤʠ ʧʽʜʚʠʱʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʪʠʪʘʥ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʘʤʠ ʚʽʪʯʠʟʥʷʥʠʭ 

ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʘʚʽʘʮʽʡʥʦʾ, ʨʘʢʝʪʥʦʾ, ʭʘʨʯʦʚʦʾ, ʤʝʜʠʯʥʦʾ, ʩʫʜʥʦ- ʪʘ 

ʝʥʝʨʛʦʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ. 

ʆʩʥʦʚʥʦʶ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʶ ʙʘʟʦʶ ʪʠʪʘʥʫ ʻ ʽʣʴʤʝʥʽʪʦʚʽ ʽ 

ʢʦʤʧʣʝʢʩʥʽ ʨʫʪʠʣ-ʮʠʨʢʦʥ-ʽʣʴʤʝʥʽʪʦʚʽ ʨʦʟʩʠʧʠ. ʂʦʨʽʥʥʽ ʨʫʜʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʽʥʪʨʫʟʽʷʤʠ ʦʣʽʚʽʥʦʚʠʭ ʛʘʙʨʦʾʜʽʚ. 

ɺ ʋʢʨʘʾʥʽ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ ʨʦʟʚʽʜʘʥʦ 26 ʨʦʜʦʚʠʱ ʪʠʪʘʥʦʚʠʭ ʨʫʜ ʽ 

ʱʝ 48 ʨʦʜʦʚʠʱ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʙʘʣʘʥʩʫ, ʘ ʟʘʧʘʩʠ ʽ ʨʝʩʫʨʩʠ ʪʠʪʘʥʫ ʥʘ 

ʥʠʭ ʦʮʽʥʝʥʽ ʣʠʰʝ ʧʦʧʝʨʝʜʥʴʦ.  

ɹʽʣʴʰʽʩʪʴ ʪʠʪʘʥʦʚʠʭ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ ʨʦʟʚʽʜʘʥʽ ʧʦʥʘʜ 50 ʨʦʢʽʚ ʪʦʤʫ ʚ 

ʟʦʚʩʽʤ ʽʥʰʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʧʨʠʧʠʥʝʥʥʷ ʜʽʶʯʠʭ 

ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ ʽ ʥʝ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʠʭ 

ʨʦʜʦʚʠʱ.  
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ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʮʠʬʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʻ ʥʝʚʽʜôʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʩʫʧʨʦʚʦʜʫ ʧʦʰʫʢʦʚʠʭ ʪʘ ʚʠʜʦʙʫʚʥʠʭ ʨʦʙʽʪ, ʘ ʦʪʞʝ ʽ ʥʘʨʦʱʫʚʘʥʥʷ 

ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʪʠʪʘʥʫ.  

ɿʝʣʝʥʦʷʨʩʴʢʝ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʝ ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʆʨʘʪʽʚʩʴʢʦʤʫ 

ʨʘʡʦʥʽ ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɺ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʨʦʜʦʚʠʱʘ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʜʦʢʝʤʙʨʽʡʩʴʢʽ, ʧʘʣʝʦʛʝʥʦʚʽ, 

ʥʝʦʛʝʥʦʚʽ ʽ ʯʝʪʚʝʨʪʠʥʥʽ ʫʪʚʦʨʝʥʥʷ. ɼʦʢʝʤʙʨʽʡʩʴʢʽ ʫʪʚʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʙʽʦʪʠʪ-ʧʣʘʛʽʦʢʣʘʟʦʚʠʤʠ ʛʥʝʡʩʘʤʠ, ʘʤʬʽʙʦʣʽʪʘʤʠ, ʛʨʘʥʽʪʘʤʠ ʞʠʪʦʤʠʨʩʴʢʦʛʦ 

ʪʠʧʫ, ʘ ʪʘʢʦʞ ʨʦʞʝʚʠʤʠ ʘʧʣʽʪ-ʧʝʛʤʘʪʦʾʜʥʠʤʠ ʛʨʘʥʽʪʘʤʠ ʽ ʤʽʛʤʘʪʠʪʘʤʠ. ʅʘ ʮʠʭ 

ʧʦʨʦʜʘʭ ʨʦʟʚʠʥʝʥʘ ʽ ʤʘʡʞʝ ʧʦʚʩʶʜʥʦ ʟʙʝʨʝʛʣʘʩʷ ʚʽʜ ʨʦʟʤʠʚʽʚ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ 10-25, ʨʽʜʰʝ 40-50 ʤ, ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʨʦʟʯʣʝʥʦʚʘʥʘ 

ʝʨʦʟʽʡʥʠʤʠ ʧʦʥʠʞʝʥʥʷʤʠ, ʟʘʧʦʚʥʝʥʠʤʠ ʙʫʯʘʮʴʢʠʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ 

ʚʽʜʢʣʘʜʘʤʠ [3]. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʦʥʠ ʧʽʩʢʘʤʠ, ʙʫʨʠʤ ʚʫʛʽʣʣʷʤ ʽ ʣʽʥʟʘʤʠ 

ʚʪʦʨʠʥʥʠʭ ʢʘʦʣʽʥʽʚ ʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʨʦʜʦʚʠʱʘ [2]. 

ɺʽʜʢʣʘʜʠ ʤʝʞʠʛʽʨʩʴʢʦʾ ʩʚʽʪʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʧʣʦʱʽ ʧʦʰʠʨʝʥʥʷ ʙʫʯʘʮʴʢʠʭ 

ʚʽʜʢʣʘʜʽʚ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʣʘʫʢʦʥʽʪ-ʢʚʘʨʮʝʚʠʤʠ ʧʽʩʢʘʤʠ ʟ ʥʝʷʩʥʦ ʚʠʨʘʞʝʥʦʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʰʘʨʫʚʘʪʽʩʪʶ. ʇʦʪʫʞʥʽʩʪʴ ʾʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʤ. 

ʅʘ ʚʽʜʢʣʘʜʘʭ ʤʝʞʠʛʽʨʩʴʢʦʾ ʩʚʽʪʠ ʟʘʣʷʛʘʻ ʙʝʨʝʮʴʢʘ ʩʚʽʪʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʽʩʢʘʤʠ ʟ ʪʦʥʢʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʙʝʥʪʦʥʽʪʦʧʦʜʽʙʥʠʭ ʟʝʣʝʥʫʚʘʪʠʭ ʛʣʠʥ. ɺʤʽʩʪ 

ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʚ ʧʽʩʢʘʭ ʥʝʟʥʘʯʥʠʡ, ʧʨʦʪʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 

1 ʜʦ 97,5 ʢʛ/ʪ. 

ʅʦʚʦʧʝʪʨʽʚʩʴʢʘ ʩʚʽʪʘ ʨʦʟʚʠʥʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ ʽ 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʚʫʟʴʢʦʶ ʩʤʫʛʦʶ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʐʠʨʠʥʘ 

ʩʤʫʛʠ 1,2-3,5 ʢʤ. ɿʘʣʷʛʘʶʪʴ ʧʦʨʦʜʠ ʩʚʽʪʠ ʧʦʚʩʶʜʥʦ ʥʘ ʚʽʜʢʣʘʜʘʭ ʙʝʨʝʢʩʴʢʦʾ 

ʩʚʽʪʠ, ʟ ʷʢʠʤʠ ʚʦʥʘ ʤʘʻ ʯʽʪʢʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ. ʇʽʩʢʠ 

ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ ʢʨʫʧʥʽʰʽ ʽ ʜʦʙʨʝ ʦʢʘʪʘʥʽ. 

ʉʘʨʤʘʪʩʴʢʠʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʦʨʠʟʦʥʪʦʤ ʩʪʨʦʢʘʪʠʭ ʛʣʠʥ, ʢʦʪʨʽ 

ʩʫʮʽʣʴʥʠʤ ʰʘʨʦʤ ʧʝʨʝʢʨʠʚʘʶʪʴ ʚʽʜʢʣʘʜʠ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ. 

ɺ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʚʠʥʝʥʽ ʥʝʨʦʟʯʣʝʥʦʚʘʥʽ ʥʠʞʥʴʦʯʝʪʚʝʨʪʠʥʥʽ-

ʚʝʨʭʥʴʦʥʝʦʛʝʥʦʚʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʝʨʚʦʥʠʤʠ ʽ ʙʫʨʠʤʠ ʛʣʠʥʘʤʠ. 

ʏʝʪʚʝʨʪʠʥʥʽ ʫʪʚʦʨʝʥʥʷ ʩʫʮʽʣʴʥʠʤ ʯʦʭʣʦʤ ʧʝʨʝʢʨʠʚʘʶʪʴ ʚʩʶ ʧʣʦʱʫ 

ʨʦʜʦʚʠʱʘ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʟʝʨʥʠʤʠ ʪʘ ʣʝʩʦʧʦʜʽʙʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʚʠʢʦʧʥʠʤʠ ʪʘ 

ʩʫʯʘʩʥʠʤʠ ʛʨʫʥʪʘʤʠ. 

ɿʝʣʝʥʦʷʨʩʴʢʝ ʨʦʜʦʚʠʱʝ ʧʨʦʩʪʦʨʦʚʦ ʽ ʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʢʣʘʜʘʤʠ 

ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʽ, ʤʝʥʰʦʶ ʤʽʨʦʶ, ʙʝʨʝʮʴʢʦʾ ʩʚʽʪ. ʇʨʦʤʠʩʣʦʚʽ ʢʦʥʮʝʥʪʨʘʪʠ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʧʝʨʝʚʘʞʥʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʥʠʟʽʚ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʽʩʢʘʤʠ. ɺ ʧʽʩʢʘʭ ʚʽʜʤʽʯʘʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʣʴʤʝʥʽʪʫ, ʨʫʪʠʣʫ, ʮʠʨʢʦʥʫ, ʣʝʡʢʦʢʩʝʥʫ, ʩʠʣʽʤʘʥʽʪʫ, ʜʠʩʪʝʥʫ, ʩʪʘʚʨʦʣʽʪʫ ʪʦʱʦ, 

ʚʤʽʩʪ ʷʢʠʭ ʧʦʜʝʢʫʜʠ ʜʦʩʷʛʘʻ 518 ʢʛ/ʪ. 

ʋ ʚʽʜʢʣʘʜʘʭ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ ʨʦʟʩʠʧ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʠʭ ʤʽʥʝʨʘʣʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʧʦʢʣʘʜʘʤʠ: ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʠʤ, ʇʽʚʥʽʯʥʦ-ʉʭʽʜʥʠʤ-1, 

ʇʽʚʥʽʯʥʦ-ʉʭʽʜʥʠʤ-2 [1]. 
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ɼʘʥʽ ʢʦʦʨʜʠʥʘʪ ʽ ʦʧʠʩ ʩʚʝʨʜʣʦʚʠʥ, ʨʝʟʫʣʴʪʘʪʠ ʦʧʨʦʙʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ 

ʽʣʴʤʝʥʽʪ ʜʘʣʠ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʥʠʟʢʫ ʮʠʬʨʦʚʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ, ʥʘ 

ʢʦʪʨʠʭ ʚʽʜʪʚʦʨʝʥʦ ʫʤʦʚʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ (ʽʣʴʤʝʥʽʪ, ʨʫʪʠʣ, 

ʣʝʡʢʦʢʩʝʥ, ʩʠʣʽʤʘʥʽʪ, ʮʠʨʢʦʥ) ʫ ʚʤʽʱʫʶʯʠʭ ʪʦʚʱʘʭ. ʉʪʨʫʢʪʫʨʥʦ-ʣʽʪʦʣʦʛʽʯʥʘ 

ʤʦʜʝʣʴ ɿʝʣʝʥʦʷʨʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʘʣʘ ʮʽʣʽʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ 

ʨʦʜʦʚʠʱʘ, ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ ʽ ʨʦʟʧʦʜʽʣ ʢʦʨʠʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʤʝʞʘʭ 

ʨʦʜʦʚʠʱʘ. 

ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ (ʈʠʩ.1ʘ) ʪʘ 

ʽʣʴʤʝʥʽʪʫ (ʈʠʩ.1ʙ) ʧʦ ʧʣʦʱʽ ʨʦʜʦʚʠʱʘ. 

ɺ ʧʣʘʥʽ ʨʦʜʦʚʠʱʝ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʨʘʣʝʣʴʥʽ ʩʪʨʽʯʢʦʧʦʜʽʙʥʽ ʧʦʢʣʘʜʠ, 

ʚʠʪʷʛʥʫʪʽ ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ. ʇʨʦʩʪʷʛʘʥʥʷ ʧʦʢʣʘʜʽʚ 

ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʧʨʦʩʪʷʛʘʥʥʷʤ ʤʽʦʮʝʥʦʚʦʾ ʜʦʣʠʥʠ. 

 

  
ʈʠʩʫʥʦʢ 1ʘ - ʈʦʟʧʦʜʽʣ ʚʤʽʩʪʫ 

ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʧʦ ʧʣʦʱʽ 

ɿʝʣʝʥʦʷʨʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

ʈʠʩʫʥʦʢ 1ʙ - ʈʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʧʦ 

ʧʣʦʱʽ ɿʝʣʝʥʦʷʨʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

 

ʂʘʨʪʘ ʨʦʟʧʦʜʽʣʫ ʫʩʝʨʝʜʥʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʘʞʢʠʭ ʤʽʥʝʨʘʣʽʚ ʤʘʻ ʥʘʩʪʫʧʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʄʘʡʞʝ ʥʘ ʚʩʽʡ ʧʣʦʱʽ ʨʦʜʦʚʠʱʘ ʚʤʽʩʪ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ 

ʧʝʨʝʚʠʱʫʻ 10 ʢʛ/ʤ
3
 (ʨʠʩ. 1ʘ ). ɺ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ ʡʦʛʦ ʚʤʽʩʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʚʦʤʘ ʧʦʣʷʤʠ ï 30-50 ʢʛ/ʤ
3
 ʽ 80-110 ʢʛ/ʤ

3
. 

ʂʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʣʴʤʝʥʽʪʫ (ʈʠʩ.1.ʙ), ʨʫʪʠʣʫ, ʮʠʨʢʦʥʫ, 

ʣʝʡʢʦʢʩʝʥʫ ʽ ʩʠʣʽʤʘʥʽʪʫ ʧʦ ʧʣʦʱʽ ʨʦʜʦʚʠʱʘ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʨʝʣʷʮʽʡʥʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʧʦʜʽʣʫ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ (ʈʠʩ.1.ʘ). 

ʇʦ ʧʨʦʩʪʷʛʘʥʥʶ ʚʩʽʭ ʨʫʜʥʠʭ ʧʦʢʣʘʜʽʚ ʥʘʡʚʠʱʠʡ ʚʤʽʩʪ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʫ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʧʝʨʰʦʾ ʪʨʝʪʠʥʠ ʧʨʦʩʪʷʛʘʥʥʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʬʣʘʥʛʫ ʚ ʧʽʚʜʝʥʥʦ-

ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ʆʪʞʝ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʮʠʬʨʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʠʣʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ ʨʫʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ, 

ʨʫʪʠʣʫ, ʣʝʡʢʦʢʩʝʥʚ, ʮʠʨʢʦʥʫ, ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʪʘ ʽʥ. ʚ ʨʫʜʥʽʡ ʪʦʚʱʽ) 
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ɿʝʣʝʥʦʷʨʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʉʪʨʫʢʪʫʨʥʦ-ʣʽʪʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʘʥʘʣʽʪʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʨʦʟʚʽʜʢʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʨʦʜʦʚʠʱʘ. 

 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ɻʘʥʞʘ ɽ. ɸ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ ɿʝʣʝʥʦʷʨʩʢʦʛʦ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ / ɽ. ɸ. ɻʘʥʞʘ, ʊ. ɺ. ʆʭʦʣʠʥʘ, ʖ. ɺ. ʂʨʦʰʢʦ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

ʋʢʨɼɻʈɯ. ˉ 3ï4/2019, ʉ.26-38 

2. ʈʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʪʘʥʘ ʉʉʉʈ/ʇʦʜ ʨʝʜ. ɻ. ʉ. ʄʦʤʜʞʠ. ï ʄ.: ʅʝʜʨʘ, 1976. ï 

287 ʩ. 

3. ʎʳʤʙʘʣ ʉ. ʅ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʪʠʪʘʥʦʚʳʭ ʠ ʪʠʪʘʥʦ-

ʮʠʨʢʦʥʠʝʚʳʭ ʨʦʩʩʳʧʝʡ ʋʢʨʘʠʥʳ /ʉ. ʅ. ʎʳʤʙʘʣ, ʄ. ɻ. ɼʷʜʯʝʥʢʦ, ʀ. ʃ. ʃʠʯʘʢ, 

ʅ. ʀ. ʇʦʣʦʚʢʦ, ʂ. ʄ. ɿʘʨʫʮʢʠʡ, ɻ. ʇ. ʇʨʦʩʢʫʨʠʥ //ɼʨʝʚʥʠʝ ʠ ʧʦʛʨʝʙʝʥʥʳʝ ʨʦʩʩʳʧʠ 

ʉʉʉʈ. ʉʙ. ʪʨ. ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1977. ï ʏ. 1. ï ʉ. 84ï92. 

 

 

 

 

ʋɼʂ 553.94:551.735(477.8) 

ʆʉʆɹʃʀɺʆʉʊɯ ʄʆʈʌʆʃʆɻɯɰ ɺʋɻɯʃʔʅʆɻʆ ʇʃɸʉʊɸ n8  

ʃʔɺɯɺʉʔʂʆ-ɺʆʃʀʅʉʔʂʆɻʆ ʂɸʄôʗʅʆɺʋɻɯʃʔʅʆɻʆ ɹɸʉɽʁʅʋ 

ʄʘʪʨʦʬʘʡʣʦ ʄ. ʄ. 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ,  

mmatrofaylo@gmail.com  

 

PECULIARITI ES OF THE MORPHOLOGY  OF THE COAL SEAM n8  

OF THE LVIV -VOLYN COAL BASIN   
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Institute of Geology and Geochemistry of Combustible Minerals NAS of Ukraine, 

Lviv, Ukraine, mmatrofaylo@gmail.com 

 
Here are cited morphological features of the coal seam n8 located in the upper part of deposits of the 

Buzhanka suite of the Bashkirian stage of the middle Carboniferous of the Lviv-Volyn Coal Basin. 

It belongs to the main seams of workable thickness. In the area of perspective South-Western coal 

region the seam is of commercial value. In the territory of the basin, the morphology of the seam 

changes zonally and belongs to morphological-genetic zones of I and III (splittingôs) types.  

 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʙʘʩʝʡʥ (ʃɺɹ) ʻ ʦʩʥʦʚʥʦʶ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʶ ʙʘʟʦʶ ʟʘʭʽʜʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ. ʁʦʛʦ ʩʫʯʘʩʥʠʡ 

ʨʦʟʚʠʪʦʢ ʧʦʚôʷʟʘʥʠʡ ʟ ʦʩʚʦʻʥʥʷʤ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʛʦ ʚʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʫ, ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʷʢʦʛʦ ʧʣʘʩʪ n8 ʻ ʦʜʥʠʤ ʟ ʧʨʦʤʠʩʣʦʚʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ [1, 2].  

ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʠʡ ʚʫʛʣʝʥʦʩʥʠʡ ʨʘʡʦʥ. ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ n8 ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʽʜʢʣʘʜʽʚ ʙʫʞʘʥʩʴʢʦʾ ʩʚʽʪʠ ʙʘʰʢʠʨʩʴʢʦʛʦ ʷʨʫʩʫ ʩʝʨʝʜʥʴʦʛʦ 

ʢʘʨʙʦʥʫ ʃɺɹ ʥʘ 10ï25 ʤ ʚʠʱʝ ʚʽʜ ʧʣʘʩʪʘ n7
ʚ
. ɻʣʠʙʠʥʘ ʡʦʛʦ ʟʘʣʷʛʘʥʥʷ ʚʽʜ ʜʝʥʥʦʾ 

mailto:mmatrofaylo@gmail.com
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ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʩʢʣʘʜʘʻ 483ï845 ʤ ʥʘ 

ʊʷʛʣʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʽ 657ï1175 ʤ ï ʥʘ ʃʶʙʝʣʴʩʴʢʦʤʫ.  

ʃʶʙʝʣʴʩʴʢʝ ʨʦʜʦʚʠʱʝ. ʇʣʦʱʘ ʧʦʰʠʨʝʥʥʷ ʧʣʘʩʪʘ ʩʢʣʘʜʘʻ 132,0 ʢʤ
2
, ʟ 

ʨʦʙʦʯʦʶ ʧʦʪʫʞʥʽʩʪʶ ï 20,7 ʢʤ
2
. ʇʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʜʫʞʝ ʪʦʥʢʦʛʦ, 

ʪʦʥʢʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʪʠʧʫ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,10 ʜʦ 1,93 ʤ, ʚ ʩʝʨʝʜʥʴʦʤʫ ï 0,83 

ʤ. ʂʽʣʴʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʧʣʘʩʪʘ ʧʨʦʩʪʦʛʦ (ʥʝ ʧʝʨʝʚʠʱʫʻ 15 %) ʽ 

ʣʠʰʝ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʦʣʷ ʰʘʭʪʠ ˉ 1 ʚʽʥ ʩʢʣʘʜʥʦʛʦ ʽ ʜʫʞʝ ʩʢʣʘʜʥʦʛʦ 

ʪʠʧʫ. ɹʫʜʦʚʘ ʧʣʘʩʪʘ ʧʝʨʝʚʘʞʥʦ ʧʨʦʩʪʦʛʦ ʪʠʧʫ (ʙʝʟ ʧʦʨʦʜʥʠʭ ʧʨʦʰʘʨʢʽʚ). ʇʣʘʩʪ 

ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ. ʇʦʨʦʜʥʠʡ 

ʧʨʦʰʘʨʦʢ ï ʘʨʛʽʣʽʪ ʧʦʪʫʞʥʽʩʪʶ 0,02ï0,05 ʤ, ʘ ʥʘ ʤʝʞʽ ʧʦʣʽʚ ʰʘʭʪ ˉ 1 ʽ 2 

ʚʠʜʽʣʝʥʘ ʜʽʣʷʥʢʘ, ʜʝ ʚʽʥ ʩʢʣʘʜʝʥʠʡ ʚʫʛʣʠʩʪʠʤ ʘʨʛʽʣʽʪʦʤ ï 0,03 ʤ. ɿʘʛʘʣʦʤ ʥʘ 

ʨʦʜʦʚʠʱʽ ʧʣʘʩʪ ʥʝʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ ʽ ʥʘʣʝʞʠʪʴ ʜʦ ʤʦʨʬʦʣʦʛʦ-

ʛʝʥʝʪʠʯʥʦʾ ʟʦʥʠ ʧʝʨʰʦʛʦ ʪʠʧʫ (ʧʝʨʝʚʘʞʥʦ ʧʨʦʩʪʦʾ ʙʫʜʦʚʠ) (ʨʠʩ. 1).  

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʘ ʤʦʨʬʦʣʦʛʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n8 ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʛʦ ʚʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʫ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ.  

 

ʊʷʛʣʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ. ʇʣʦʱʘ ʧʦʰʠʨʝʥʥʷ ʧʣʘʩʪʘ ʩʢʣʘʜʘʻ 113,3 ʢʤ
2
, ʟ 

ʨʦʙʦʯʦʶ ʧʦʪʫʞʥʽʩʪʶ ï 26,9 ʢʤ
2
. ʇʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʜʫʞʝ ʪʦʥʢʦʛʦ ʽ 

ʪʦʥʢʦʛʦ ʪʠʧʫ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,10 ʜʦ 1,06 ʤ, ʚ ʩʝʨʝʜʥʴʦʤʫ ï 0,75 ʤ. ʂʽʣʴʢʽʩʥʠʡ 

ʧʦʢʘʟʥʠʢ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʧʣʘʩʪʘ ʧʨʦʩʪʦʛʦ ʪʠʧʫ (ʥʝ ʧʝʨʝʚʠʱʫʻ 15 %) ʽ ʪʽʣʴʢʠ ʚ 






















































































































































































































































































































































