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ʋ ɺʽʩʥʠʢʫ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʧʨʠʨʦʜʠ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩ-
ʪʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʛʝʦ-
ʣʦʛʽʾ, ʛʝʦʭʽʤʽʾ, ʛʽʜʨʦʛʝʦʣʦʛʽʾ, ʛʝʦʛʨʘʬʽʾ, ʝʢʦʣʦʛʽʾ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʛʝʦʛʨʘʬʽʾ.  
ɼʣʷ ʥʘʫʢʦʚʮʽʚ, ʬʘʭʽʚʮʽʚ ʽ ʚʠʢʣʘʜʘʯʽʚ ʚʠʱʠʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ. 
 

Visnyk of V. N. Karazin Kharkiv National University, series ñGeology. Geography. Ecologyò is 
devoted to the modern studies in the field of geology, geochemistry, hydrogeology, ecology and 
social and economic geography.  
ñVisnykò is intended for scientists, specialists and high school lecturers.  
 

ɿʘʪʚʝʨʜʞʝʥʦ ʜʦ ʜʨʫʢʫ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʨʘʜʠ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ (ʧʨʦʪʦʢʦʣ ˉ 21 ʚʽʜ 27.11.2023 ʨ.). 

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: ʜ. ʛʝʦʣ.-ʤʽʥ. ʥ., ʧʨʦʬ. ɺ. ɻ. ʉʫʷʨʢʦ (ʛʦʣʦʚʘ ʨʝʜʢʦʣʝʛʽʾ); ʆ. ɺ. ʏʫʻʥʢʦ 
(ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ); ʜ. ʛʝʦʣ. ʥ., ʧʨʦʬ. ʆ. ɺ. ɹʘʨʪʘʱʫʢ; ʜ. ʛʝʦʣ.-ʤʽʥ. ʥ., ʧʨʦʬ.  
ɯ. ɺ. ɺʠʩʦʯʘʥʩʴʢʠʡ; ʜ. ʛʝʦʛʨ. ʥ., ʧʨʦʬ. ʆ. ʄ. ʂʨʘʡʥʶʢʦʚ; ʜ. ʛʝʦʣ.-ʤʽʥ. ʥ., ʧʨʦʬ. ɸ. ɯ. ʃʫʨôʻ;  
ʜ. ʛʝʦʛʨ. ʥ., ʧʨʦʬ. ʅ. ɺ. ʄʘʢʩʠʤʝʥʢʦ; ʜ. ʛʝʦʛʨ. ʥ., ʧʨʦʬ. ɸ. ʅ. ʅʝʢʦʩ; ʜ. ʛʝʦʛʨ. ʥ., ʧʨʦʬ. 
ʃ. ʄ. ʅʻʤʝʮʴ; ʜ. ʛʝʦʛʨ. ʥ., ʧʨʦʬ. ɺ. ɸ. ʇʝʨʝʩʘʜʴʢʦ; ʜ. ʛʝʦʛʨ. ʥ., ʧʨʦʬ. ʂ. ʖ. ʉʝʛʽʜʘ; ʜ. ʪʝʭʥ. ʥ., 
ʧʨʦʬ. ɯ. ɻ. ʏʝʨʚʘʥʴʦʚ (ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ); ʜ. ʪʝʭʥ. ʥ., 
ʧʨʦʬ. ɺ. ʉ. ɹʽʣʝʮʴʢʠʡ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠ-
ʪʫʪè); ʜ. ʛʝʦʣ.-ʤʽʥ. ʥ., ʧʨʦʬ., ʯʣʝʥ-ʢʦʨ. ʅɸʅʋ ɽ. ʗ. ɾʦʚʠʥʩʴʢʠʡ (ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ 
ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤʝʥʽ ʄ. ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ); ʜ. ʛʝʦʣ.-ʤʽʥ. ʥ., ʧʨʦʬ. ɺ. ʄ. ɿʘʛʥʽʪʢʦ  
(ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ); ʜ. ʬʽʟ.-
ʤʘʪ. ʥ., ʧʨʦʬ. ɻ. ɼ. ʂʦʚʘʣʝʥʢʦ (ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʽ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ʅʅʎ çʍʘʨʢʽʚ-
ʩʴʢʠʡ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʅɸʅ ʋʢʨʘʾʥʠ); ʜ. ʪʝʭʥ. ʥ., ʧʨʦʬ. ɯ. ʄ. ʌʠʢ (ʅʘʮʽʦʥʘʣʴʥʠʡ  
ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè); ʜ. ʛʝʦʣ. ʥ. ʖ. ɺ. ʍʦʭʘ (ɯʥʩʪʠʪʫʪ 
ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ ʋʢʨʘʾʥʠ). 
ɯʥʦʟʝʤʥʽ ʯʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: ʜ. ʛʘʙʽʣʽʪʦʚʘʥʠʡ ɿʜʠʩʣʘʚ ɸʜʘʤʯʠʢ (ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʣʦʛʽʾ, 

ʤ. ɻʣʽʚʽʮʝ, ʇʦʣʴʱʘ); ʜ. ʛʝʦʛʨʘʬʽʾ, ʧʨʦʬ. ʆʣʝʢʩʘʥʜʨ ɺʦʣʦʜʯʝʥʢʦ (ɯʥʩʪʠʪʫʪ ʢʘʨʪʦʛʨʘʬʽʾ ɼʨʝʟʜʝ-
ʥʩʴʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʅʽʤʝʯʯʠʥʘ); ʜ. ʛʝʦʣ. ʥ. ɻʝʦʨʛʽʡ ʄʝʣʽʢʘʜʟʝ (ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ 
ʊʙʽʣʽʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ɼʞʘʚʘʭʽʰʚʽʣʽ, ɻʨʫʟʽʷ); ʜ. ʬʽʣʦʩʦʬʽʾ (ʛʝʦʣʦʛʽʯʥʘ 
ʽʥʞʝʥʝʨʽʷ) ʅʫʨʝʜʜʽʥ ʉʘʘʜʽ (ʋʥʽʚʝʨʩʠʪʝʪ ʊʨʽʧʦʣʽ, ʃʽʚʽʷ); ʜ. ʛʝʦʣʦʛʽʾ, ʧʨʦʬ., ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ  
ʛʝʦʣʦʛʽʾ ɸʭʤʝʪ ʉʘʩʤʘʟ (ʌʽʨʘʪʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʊʫʨʝʯʯʠʥʘ); ʜ. ʛʘʙʽʣ., ʧʨʦʬ., ɸʥʜʞʝʡ ʊʦʤʘʰ 
ʉʦʣʝʮʢʽ (ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ɺʨʦʮʣʘʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʇʦʣʴʱʘ); ʜ. ʛʝʦʛʨʘʬʽʾ, ʧʨʦʬ., 
ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʛʝʦʛʨʘʬʽʾ ʽ ʪʫʨʠʟʤʫ ʉʘʫʣʽʫʩ ʉʪʘʥʘʡʪʽʩ (ʃʠʪʦʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʦʩʚʽʪʥʽʭ 
ʥʘʫʢ, ʃʠʪʚʘ); ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʛʽʨʥʠʯʦʾ ʩʧʨʘʚʠ, ʝʢʦʣʦʛʽʾ, ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʪʘ ʛʝʦʪʝʭʥʦʣʦ-
ʛʽʾ, ʧʨʦʬ. ʄʠʯʘʣ ʏʝʣʘʨ (ʂʦʰʠʮʴʢʠʡ ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʉʣʦʚʘʯʯʠʥʘ); ʜ. ʬʽʣʦʩʦʬʽʾ (ʛʝʦ- 
ʛʨʘʬʽʷ), ʩʪ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ ɸʥʪʦʥ ʐʢʘʨʫʙʘ (ɽʩʪʦʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢ ʧʨʦ ʞʠʪʪʷ, ʊʘʨʪʫ, 
ɽʩʪʦʥʽʷ). 

 

ñɺʽʩʥʠʢò ʻ ʬʘʭʦʚʠʤ ʚʠʜʘʥʥʷʤ ʢʘʪʝʛʦʨʽʾ ɸ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 103 (ʥʘʫʢʠ ʧʨʦ ɿʝʤʣʶ) ʪʘ 106 
(ʛʝʦʛʨʘʬʽʷ) (ʥʘʢʘʟ ʄʆʅ ʋʢʨʘʾʥʠ ˉ 1643 ʚʽʜ 28.12.2019 ʨ.) ʪʘ ʚʭʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʠʭ ʤʽʞʥʘʨʦʜ-
ʥʠʭ ʙʘʟ ʜʘʥʠʭ: WorldCat, BASE (Bielefeld Academic Search Engine), ResearchBible, TIB/UB 
(German National Library of Science and Technology, University Library Hannover), SBB 
(Staatsbibliothek zu Berlin), Ulrich's Periodicals Directory, EBSCO, Index Copernicus, Web of Science 
(Emerging Sources Citation Index (ESCI)). 

 

ɸʜʨʝʩʘ ʨʝʜʘʢʮʽʡʥʦʾ ʢʦʣʝʛʽʾ: ʋʢʨʘʾʥʘ, 61022, ʍʘʨʢʽʚ, ʤʘʡʜʘʥ ʉʚʦʙʦʜʠ, 4, ʍʅʋ ʽʤʝʥʽ 
ɺ. ʅ. ʂʘʨʘʟʽʥʘ, ʬʘʢʫʣʴʪʝʪ ʛʝʦʣʦʛʽʾ, ʛʝʦʛʨʘʬʽʾ, ʨʝʢʨʝʘʮʽʾ ʽ ʪʫʨʠʟʤʫ, ʪʝʣ. (057) 707-53-56; 

e-mail: geoeco-series@karazin.ua; ʩʘʡʪ: http://periodicals.karazin.ua/geoeco 
 

ʊʝʢʩʪʠ ʩʪʘʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. ɸʚʪʦʨʠ ʥʝʩʫʪʴ ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 
ʟʘ ʟʤʽʩʪ ʩʪʘʪʝʡ, ʘ ʪʘʢʦʞ ʜʦʙʽʨ, ʪʦʯʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʬʘʢʪʽʚ, ʮʠʪʘʪ, ʚʣʘʩʥʠʭ ʽʤʝʥ ʪʘ ʽʥʰʠʭ ʚʽʜʦ-
ʤʦʩʪʝʡ. 

 

ʉʪʘʪʪʽ ʧʨʦʡʰʣʠ ʚʥʫʪʨʽʰʥʻ ʪʘ ʟʦʚʥʽʰʥʻ ʨʝʮʝʥʟʫʚʘʥʥʷ. 
 

ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʂɺ ˉ 21574-11474ʈ ʚʽʜ 20.08.2015. 
 

 É ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  
ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ, ʦʬʦʨʤʣʝʥʥʷ, 2023 
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ABSTRACT 

The paper is devoted to the study of the patterns of distribution of major oxides and trace elements in the gryphon breccia of 12 

active mud volcanoes located in various oil and gas regions (Absheron, Gobustan and Lower Kura) of Azerbaijan. Interpretations of 

the chemical elements found in gryphon breccia samples have allowed the composition of their source rocks, sedimentation conditions, 

and sedimentation areas to be determined.  

Purpose. The main goal of the study is to conduct geochemical studies of gryphon breccias belonging to various oil and gas 

regions, determine spatial patterns, achieve their explanation, and at the same time determine the conditions for the deposition of mud 

sediments. 

Methods. The chemical composition of mud volcanic breccia samples was analyzed using an ñS8 TIGER Series 2ò spectrometer 

and an ñAgilent 7700 Series ICP-MSò mass spectrometer. Based on the results obtained, in addition to identifying patterns in the areas, 

modern approaches based on geochemical interpretation were used to explain them. The results on the genesis of breccias are consistent 

with the results of the published literature on the development of geodynamic and paleobasin conditions in the region. 

Results. Samples with the lowest Si content are characteristic of the Lower Kura mud volcanoes, where the youngest (Quater-

nary) deposits are recorded. In samples from these mud volcanoes, relatively high contents of Mg and P are also noticeable. High 

contents of Ca are characteristic of volcanoes located near the Caspian Sea. These mud volcanoes are also rich in trace elements such 

as Li, Ga, Rb, Zr, Mo, Cs, Pr, Tl, Pb, Th, U and others, but depleted in Ni, Sr, Ba and etc. 

Conclusions. Plagioclase-rich source rocks and oxygen-dominated paleobasin environments played a key role in the formation 

of breccia deposits belonging to the mud volcanoes of Azerbaijan. Geochemical proxies make it possible to link the paleobasin condi-

tions of the formation of the gryphon breccia of the most mud volcanoes of South and Central Gobustan with the continental setting, 

especially in comparison with some volcanoes of the Lower Kura, as well as Gobustan and Absheron, located on the shores of the 

Caspian Sea and relatively close to it. The breccias of mud volcanoes located at a relatively large distance from the modern sea boundary 

and in the steepest northern part of the Lower Kura are associated with marine conditions, as are breccias of mud volcanoes located in 

the south of this tectonic zone (subjected to intense subsidence) and at a short distance from the Caspian Sea, may be due to geological 

factors. 

Keywords: gryphon breccia, chemical composition, regularity of distribution, conditions of sedimentation. 

 
In cites: Baloglanov Elnur (2023). Geochemical proxies of the gryphon breccia of mud volcanoes in east Azerbaijan: regularities in the distribution 

of chemical elements and spatial characteristics of sedimentation. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. 

Ecology", (59), 8-17. https://doi.org/10.26565/2410-7360-2023-59-01 

 

Introduction and research status. Geochemi-

cal study of the gryphon mud makes it possible to re-

veal some features of their nature, as well as to recon-

struct their initial mineralogical composition and for-

mation conditions. Back in the 1980s, the study of the 

geochemical properties of the gryphon muds of the 

volcanoes of Azerbaijan led to the fact that they were 

first used as a therapeutic drug [5]. In recent years, 

several studies have been carried out on the accessory 

mineralization of the gryphon breccia of volcanoes 

registered in East Azerbaijan [3], as well as on the 

study [1; 7; 8; 15; 16; 17; 18] of mud brought to the 

surface as a result of eruptions, according to 

geochemical and mineralogical proxies. Our analysis 

shows that, so far, the published literature has not as-

sessed the regularity of the chemical composition of 

the gryphon breccia, which is characteristic of mud 

volcanoes located in different tectonic zones of Azer-

baijan, belonging to different depths, as well as strat-

igraphic units. The areas of the spatial distribution of 

the deposits that formed them have not been studied 

enough. This study is based on monitoring East Azer-

baijan mud volcanoes in 2017. Gryphon breccia sam-

ples were taken from active volcanoes of various tec-

tonic zones, and their chemical composition was 

studied. The conducted studies made it possible to 
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assess the distribution of chemical elements in tec-

tonic zones and to determine the spatial conditions of 

the deposits that form gryphon breccias. 

Material and methods. Samples were taken 

from 12 mud volcanoes located in Absheron, Go-

bustan and Lower Kura oil and gas regions (Fig. 1). 

The sampling of volcanic breccia was carried out in 

plastic containers, which were then transported to the 

chemical research laboratory of the "Center for Col-

lective Use of Analytical Devices and Equipment" of  

the Institute of Geology and Geophysics of the Min-

istry of Science and Education of the Republic of 

Azerbaijan. After drying the samples in a muffle fur-

nace at a temperature of 105 ↔C, the analysis of major 
oxides was carried out on a Bruker "S8 TIGER Series 

2", and trace elements on an "Agilent 7700 Series 

ICP-MS" mass spectrometer. When using ICP-MS, 

solid samples have been dissolved. The decomposi-

tion of the samples was carried out with a mixture of 

nitric, hydrofluoric and perchloric acids. 

 

 
Fig. 1. Location map of the studied mud volcanoes of Eastern Azerbaijan. Mud volcanoes: 1 ï Kichik  

Mereze, 2 ï Shekikhan group, 3 ï Aghdam group, 4 ï Ayrantoken, 5 ï Dashgil, 6 ï Bahar, 7 ï Deveboynu,  

8 ï Pilpile-Garadagh, 9 ï Boyuk Heremi, 10 ï Yandere, 11 ï Durovdagh, 12 ï Duzdagh 

 

Geology and tectonics: a general overview. 

Mud volcanoes Kichik Mereze located in Central Go-

bustan (Bayanata microblock) belong to the Lower 

Miocene, but Shekikhan, Aghdam, Ayrantoken, 

Dashgil and Bahar are registered in South Gobustan 

(Toraghay microblock), as well as the mud volcanoes 

of the Lower Kura (Boyuk Heremi, Yandere, Du-

rovdagh and Duzdagh), related to the Pliocene and 

Quaternary deposits [2; 10].  

Below is a brief description of one typical mud 

volcano for each region. 

The Kichik Mereze mud volcano is located 80 

km west of Baku, on the top of a mountain with an 

absolute height of 600 m. The western and southern 

slopes of the hill are steep, while the northern and 

eastern slopes are gentle. The slopes are covered with 

shallow ravines and hollows. The breccia cover is 79 

ha. The volcano is located in the northwestern peri-

clinal of the Mushkamir anticline, on Miocene depos-

its (Fig. 2) [2; 10]. 

The Bahar mud volcano is located 57 km 

southwest of Baku, 6 km northeast of the Alat railway 

station, on the shores of the Caspian Sea. The abso-

lute height of the volcano is 26.2 m. The size of the 

volcanic edifice is 1.75 x 1.3 km, the relative height 

is 45 m. It consists of small hills. The area of its brec-

cia cover is 143.8 ha, the thickness near the eruption 

center is 70 m, along the edges it is 20 m [2; 10]. The 

volcano is located in the northwestern pericline of the 

Alat-Deniz fold, which stretches in the west-north-

west and east-southeast directions. The arched part of 

the fold is formed by the Productive Series (Plioce- 
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Fig. 2. Geological map of the Kichik Mereze mud volcano area 

 

ne) deposits, and the limbs are formed by the Agh-

chagil (Pliocene) and Absheron deposits (Quater-

nary). The fold is complicated by three longitudinal 

and transverse faults. The volcano is located at the 

junction of a central longitudinal fault and a trans-

verse fault separating the Alat Deniz and Dashgil up-

lifts (Fig. 3) [2; 10]. 

The Durovdag mud volcano is one of the most 

active (gryphon-salse activity) volcanoes in the south 

of Azerbaijan. It is located 16 km southeast of the city 

of Salyan. The relative height is 25 m, the size of the 

edifice is 1 x 0.8 km, and the diameter of the crater is 

1 km. Volcanic breccia has an area of 54 ha, an aver-

age thickness of 60 m, and a volume of 30 million m3 

[10]. This volcano is located at the intersection of 

longitudinal and transverse faults. According to the 

seismic exploration data, two transverse faults to the 

northwest and southeast of the volcano separate the 

Durovdag area as an independent tectonic block (Fig-

ure 4) [10]. 

Results and discussion. The obtained results on 

chemical compositions make it possible to reveal 

some regularities in terms of geological structure and 

space. Thus, the breccias of the Kichik Mereze mud 

volcano, located in the Central Gobustan, together 

with Shekikhan, contain higher concentrations of Si 

and Al. Samples with the lowest Si content are charac-

teristic of the Lower Kura mud volcanoes, where the 

youngest (Quaternary) deposits have been recorded. 

Relatively high contents of Mg and P are also noticea-

ble in the samples of these mud volcanoes. High Ca is 

also characteristic of those volcanoes located near the 

Caspian Sea. The indicators showing a sharp differ-

ence among the studied samples are typical for the Ag-

dam volcano. The sample from this volcano contains 

the smallest amount of SiO2 (36.16 %) and the largest 

amount of Na2O (16.62 % (see Table 1)). 

Mud volcanoes of the Lower Kura oil and gas 

region, located closer to the sea, are rich in trace ele-

ments such as Li, Ga, Rb, Zr, Mo, Cs, Pr, Tl, Pb, Th, 

U and others, but are depleted in Ni, Sr, Ba and etc. 

In addition, high concentrations of Li, V, Zn, Rb, Zr, 

Cs, Pb and some other trace elements are recorded in 

the samples belonging to Kichik Mereze and She-

kikhan. Ni and Sr are less common in those samples. 

In addition to U, an excess amount of Ba is deter-

mined in the sample from Shekikhan. The sample 

taken from Aghdam mud volcano has the lowest con-

centrations of Ni and Ba, but high Mo (Table 2). 

The Rb/Sr vs. Rb/Ba ratios indicate an associa- 
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Fig. 3. Geological map of the Bahar mud volcano area 

 

tion between mudvolcanic breccia sediments and pla-

gioclase-rich parent rocks (Figure 5), which is con-

sidered [4] a characteristic feature of the primary 

sources of Cenozoic clay-rich sediments in the study 

region. Among the generally immature sedimento-

logical samples, the parent rocks of some samples, 

especially the protolith of the Kichik Mereze mud 

volcano breccia, show a more mature trend. This is 

probably due to the higher contribution of Upper 

Maikop sediments to the formation of the breccia of 

this mud volcano. The result of studies carried out in 

[9] shows that the protoliths of some Upper Maikop 

oil shales, containing more quartz (about 40%) and 

having more mature features in Central Gobustan are 

associated with granitic sources. Another interesting 

issue relates to the higher U values in the Aghdam 

and Shekikhan samples (Table 2), which, like Kichik-

Mereze, are separated from other samples in the 

Rb/Sr vs. Rb/Ba plot. The preservation of high 

amounts of U in organic-rich rocks can be explained 

by the role of U leached from tuffaceous rocks genet-

ically associated with a more acidic composition. 

This idea is consistent with the conclusion made in 

[9]. Thus, this literature shows that pyroclastic sedi-

ments brought into the paleobasin play a decisive role 

in the formation of Middle Eocene and Diatom oil 

shales [11] rich in organic matter (on average about 

20 %) in Central and Southern Gobustan. 

The analysis of major oxides shows that the spa-

tial position of the paleobasin of deposits belonging 

to the breccias of 12 mud volcanoes is completely dif-

ferent. This is manifested mainly in the Mereze mud 

volcano, which belongs to Central Gobustan, as well 

as in Shekikhan, which belongs to Southern Go-

bustan. The localization of samples belonging to both 

volcanoes on the ñA ï K ï Fò diagram (Figure 6) al-

lows us to attribute their paleobasin conditions to a 

more continental setting, especially in comparison 

with volcanoes located on the coast of the Caspian 

Sea. Thus, a conclusion is made about the greater in-

fluence of the marine environment on the formation 

of the Yandere, Duzdag and Durovdag breccia depos-

its located in the deepest depression of the Lower 

Kura. Interpretations related to the trace element 

composition of samples from these volcanoes also 

support this idea. 
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Fig. 4. Geological map of the Durovdag mud volcano area 

 

Table 1 

Oxides of major elements determined in gryphon breccia of mud volcanoes (%) 

Mud volcano SiO2 Tiʆ2 Al2ʆ3 Fe2ʆ3 FeO Mnʆ Mgʆ Caʆ Na2ʆ K2ʆ P2ʆ5 

Kichik Mereze 54.23 0.66 16.33 3.81 2.56 0.08 3.55 3.59 2.75 3.38 0.11 

Shekikhan 54.47 0.62 15.55 3.25 2.78 0.08 2.85 3.16 3.47 3.00 0.13 

Aghdam 36.16 0.45 11.52 2.17 2.03 0.07 2.53 2.52 16.62 2.22 0.10 

Ayrantoken 52.52 0.53 12.61 2.40 2.97 0.11 2.83 8.23 3.64 2.09 0.14 

Dashgil 51.24 0.55 12.40 2.92 2.23 0.09 2.50 7.09 5.34 2.23 0.14 

Bahar 51.00 0.55 12.87 2.41 2.77 0.10 2.59 7.99 4.60 2.11 0.14 

Deveboynu 49.33 0.58 13.81 3.35 1.98 0.13 2.74 8.91 3.19 2.72 0.13 

Pilpile- 

Garadagh 
50.48 0.61 13.91 3.48 2.30 0.11 2.78 8.43 3.28 2.26 0.14 

Boyuk Heremi 49.95 0.58 12.40 2.68 2.56 0.11 2.87 8.31 4.87 1.95 0.15 

Yandere 45.87 0.63 12.84 2.83 2.75 0.11 3.47 8.03 5.57 2.19 0.17 

Durovdagh 42.70 0.56 11.53 1.80 2.68 0.09 3.03 6.98 9.19 2.05 0.15 

Duzdagh 45.08 0.59 12.23 2.84 2.39 0.09 3.42 8.67 6.36 2.09 0.17 
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Table 2 

Trace element composition of gryphon breccia of mud volcanoes (ppm) 
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Li 65,29 60,33 46,45 38,22 49,13 39,39 53,54 43,97 37,09 37,75 33,54 30,82 

Be 2,38 2,11 1,51 1,52 1,57 1,43 1,95 1,66 1,22 1,72 1,55 1,36 

Sc 16,92 15,34 11,93 13,57 12,93 13,59 14,07 15,17 14,50 15,46 13,21 13,66 

V 189,32 232,57 151,96 126,15 130,81 125,08 136,96 139,12 125,47 134,59 115,56 126,17 

Cr 112,71 103,96 78,81 83,82 79,77 79,41 86,11 87,90 85,08 103,47 97,06 110,56 

Co 15,81 16,68 12,26 16,50 15,34 15,35 17,43 16,90 15,67 17,04 15,55 17,57 

Ni 42,62 56,90 39,01 60,54 53,71 51,57 54,73 57,48 58,29 74,00 75,62 89,01 

Cu 32,85 53,79 34,62 44,10 45,00 41,55 44,04 43,77 39,10 43,53 38,89 40,15 

Zn 98,29 105,64 72,60 73,54 78,71 74,94 90,07 82,85 74,37 80,61 75,44 71,53 

Ga 19,56 18,08 13,79 13,88 14,19 14,49 16,83 16,15 13,87 15,53 13,62 13,83 

As 14,29 18,40 11,01 13,85 14,36 13,24 14,69 14,60 11,06 10,57 13,56 13,44 

Rb 154,11 127,38 94,05 77,29 87,16 78,77 113,20 87,38 72,13 83,86 74,26 72,84 

Sr 185,32 242,80 186,02 344,35 351,62 342,76 389,05 331,77 431,04 414,24 407,86 467,78 

Y 19,33 18,79 14,01 16,57 16,58 15,45 18,61 17,29 15,83 15,98 14,15 15,25 

Zr 125,43 110,66 86,71 81,82 85,10 72,86 100,38 96,39 71,45 83,85 64,82 71,66 

Nb 11,12 10,13 7,08 7,81 8,09 7,65 9,12 8,34 7,73 9,77 8,60 9,17 

Mo 1,85 10,14 6,78 3,37 3,83 1,77 4,64 2,79 1,13 1,32 1,43 1,03 

Ag 0,35 0,27 0,21 0,21 0,21 0,17 0,23 0,18 0,16 0,18 0,16 0,14 

Cd 0,26 1,34 0,63 0,28 0,37 0,25 0,31 0,31 0,26 0,25 0,22 0,21 

Sn 3,40 2,41 1,61 1,53 1,96 1,44 2,04 1,66 1,38 2,52 1,48 1,36 

Cs 11,60 8,27 6,22 4,26 5,06 4,48 7,22 5,24 4,02 5,10 4,31 3,96 

Ba 285,41 380,11 273,88 385,99 347,85 372,09 526,31 364,68 366,62 366,02 353,48 408,57 

La 29,65 26,65 19,34 19,84 21,59 20,28 25,95 22,55 20,62 22,39 20,17 20,96 

Ce 67,41 61,99 44,45 46,08 50,51 47,31 59,49 51,97 45,56 51,84 45,36 47,50 

Pr 6,97 6,38 4,67 4,84 5,31 4,91 6,35 5,51 4,85 5,40 4,77 4,89 

Nd 25,56 23,40 17,05 18,48 19,88 18,27 23,12 20,43 18,17 20,51 17,89 18,22 

Sm 4,97 4,69 3,40 3,89 4,07 3,75 4,53 4,17 3,77 4,18 3,66 3,73 

Eu 1,04 0,97 0,70 0,87 0,89 0,87 0,96 0,96 0,87 0,93 0,84 0,89 

Gd 4,27 3,92 2,80 3,37 3,54 3,39 4,02 3,74 3,45 3,63 3,16 3,33 

Tb 0,68 0,62 0,47 0,54 0,56 0,53 0,64 0,60 0,55 0,58 0,50 0,53 

Dy 3,66 3,54 2,62 3,04 3,07 2,90 3,44 3,24 2,98 3,11 2,70 2,91 

Ho 0,73 0,68 0,53 0,60 0,62 0,58 0,67 0,64 0,58 0,60 0,53 0,55 

Er 2,17 2,05 1,65 1,79 1,76 1,64 1,98 1,83 1,72 2,00 1,66 1,55 

Tm 0,32 0,29 0,24 0,25 0,25 0,23 0,29 0,26 0,23 0,25 0,21 0,23 

Yb 2,13 1,99 1,57 1,62 1,63 1,54 1,91 1,72 1,57 1,52 1,46 1,48 

Lu 0,31 0,30 0,26 0,24 0,24 0,22 0,26 0,25 0,23 0,23 0,21 0,21 

Hf 3,34 2,93 2,18 2,05 2,28 1,93 2,69 2,43 2,03 2,12 1,81 1,89 

Ta 0,83 0,70 0,51 0,53 0,55 0,52 0,64 0,59 0,52 0,65 0,58 0,58 

W 2,41 1,53 1,01 0,96 1,10 1,00 1,51 1,06 0,96 1,14 1,05 0,94 

Tl 0,60 0,80 0,42 0,35 0,41 0,33 0,51 0,39 0,31 0,36 0,32 0,30 

Pb 20,63 17,65 11,65 14,07 14,60 13,47 16,99 15,16 12,43 14,50 12,65 12,27 

Th 11,03 9,58 6,84 6,44 7,23 6,54 9,23 7,29 6,79 7,47 6,90 6,50 

U 2,41 4,55 3,02 2,23 2,24 1,66 2,91 1,96 1,59 1,84 1,75 1,71 
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Fig. 5. Diagram of Rb/Sr vs. Rb/Ba for breccia samples 

 

 
Fig. 6. ñA ï K ï Fò diagram showing the spatial distribution of paleobasins of sediments that formed breccias 

of mud volcanoes (diagram boundaries are presented with reference to [14]) 

 

As can be seen from Table 2, Ba and Sr are the 

trace elements found in the samples in the largest 

amount. The amount of these elements has different 

values for all studied volcanoes. However, an inter-

esting genetic typomorphism is observed in the Ba/Sr 

ratios. As is known, isovalent, perfect Ba-Sr substitu-

tion occurs in most minerals, including Ba (as well as 

in Sr)-containing compounds. Depending on the ratio 

of these two elements in a mineral, its genetic nature 

changes [12]. Thus, a high Sr/Ba ratio in a mineral is 

indicative of the mineral's genesis with marine 

deposits, but relatively low depositional rates are as-

sociated with land-sea transition or continental areas 

[6]. The paleobasin conditions of the breccias of 8 of 

the 12 studied mud volcanoes clearly show a closer 

relationship with the sea, which is also confirmed by 

the ñA ï K ï Fò diagram in terms of the composition 

of major elements (Figure 7). For greater clarity, the 

samples related to the mud volcanoes Kichik Mereze, 

Shekikhan, Aghdam, and Deveboynu are consistent 

with the setting of the land-sea transition. However, 

samples from Ayrantoken, Dashgil, Bahar and 



ISSN 2410-7360 ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ̔ ʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ  

π мр π 

Pilpile-Garadagh, and especially Yandere and Boyuk 

Heremi, located in the north of the Lower Kura, as 

well as the mud volcanoes Durovdagh and Duzdagh 

of the same region, located closer to the boundaries 

of the modern sea, show a connection with the marine 

environment. 

The V/Cr indicators of the samples point to the 

dominant role of oxygen-rich environments in the 

formation of breccia belonging to the mud volcanoes 

of Azerbaijan (Figure 8). From this point of view, the 

samples related to the mud volcanoes of Lower Kura 

are particularly different. Samples from the She-

kikhan and Aghdam mud volcanoes show a connec-

tion with paleobasin conditions that are compara-

tively less oxygenated. 

Some of the obtained results on the spatial posi- 
 

 
Fig. 7. Diagram showing the areas of spatial occurrence of sediments associated with the sampled  

mud volcanic breccias (diagram boundaries are presented with reference to [14]) 

 

 
Fig. 8. V/Cr plot showing paleoredox conditions of mud volcanic breccia samples 

 

tion of the paleobasin deserve attention. Thus, the 

fact that the Boyuk Heremi and Yandere, located far 

from the modern sea boundary, in the north of the 

Lower Kura, and the volcanoes of the same region, 

located not far from the modern sea, show a connec-

tion with marine sediments requires explanation. In 

our opinion, this can most likely be explained by the 

geological age of the deposits that made up the com-

position of the breccia and the depth of the mud 

chambers under the mud volcanoes. It is known that 

deposits belonging to different stratigraphic units 

contribute to the formation of breccias to varying de-

grees. The thickness of the sedimentary cover in 

coastal areas belonging to the deepest part of the 

Lower Kura depression is about 20 km, half of which 

consists of Neogene and younger deposits [19]. How-

ever, the thickness of the sedimentary cover in the ar-

eas of the volcanoes belonging to the northern part is 

much less; therefore, the maximum contribution of 

older deposits, Paleogene, especially Eocene, to the 
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formation of breccias belonging to these volcanoes 

cannot be ruled out [9]. If we take into account the 

published results of studies of the relationship of Eo-

cene deposits with the sea in East Azerbaijan [13; 14], 

the correctness of our conclusion is beyond doubt. On 

the other hand, when studying volcanoes with differ-

ent morphological characteristics, it was found [20; 

21] that the depths of primary mud chambers in con-

ical mud volcanoes are greater than in flat-topped 

ones. If we refer to such a pattern, then we can as-

sume that the initial chambers of all four volcanoes 

of the Lower Kura, which belongs to plateau-like vol-

canoes, are relatively close to the earth's surface. 

Since the breccias studied by us belong to the 

gryphon (and not the product of the eruption), it can 

be assumed that mud related to the primary mud 

chamber participated in their formation to a greater 

extent. Approaching from this point of view, the con-

tribution of deeper deposits to the formation of brec-

cias of mud volcanoes located in the south of the 

Lower Kura, in the coastal zone, where the sedimen-

tary layer is quite thick, can be considered minimal. 

This means that the role of Eocene deposits, better 

connected to the sea [13; 14], in their formation is 

less, and this influence was higher for volcanoes 

noted in the steeper north of this area. However, the 

fact that the sediments formed by the breccias of mud 

volcanoes located in the southern coastal parts of the 

Lower Kura were deposited under marine conditions 

is not at all denied. The main issue is the explanation 

of a closer connection with the sea, in which, in our 

opinion, geological factors had a decisive influence. 

Conclusion. Compared to the mud volcanoes 

recorded in the areas where the Quaternary sediments 

are spread in Lower Kura, the breccia of the Kichik 

Mereze mud volcano located in the northernmost part 

of Gobustan (in the areas where the Maykop sedi-

ments are spread) contains higher Si and Al together 

with Shekikhan. High Ca is characteristic for volca-

noes located near the Caspian Sea. 

Plagioclase-rich source rocks and oxygen-dom-

inated paleobasin environments played a key role in 

the formation of breccia deposits belonging to the 

mud volcanoes of Azerbaijan. 

Geochemical proxies make it possible to link the 

paleobasin conditions of the formation of the 

gryphon breccia deposits of most mud volcanoes of 

Southern Gobustan, including Kichik-Mereze, lo-

cated in Central Gobustan, with the continental set-

ting, especially in comparison with some volcanoes 

of the Lower Kura, as well as Gobustan and Ab-

sheron, located on the shores of the Caspian Sea and 

relatively close to it. 

The fact that the breccias of mud volcanoes lo-

cated at a relatively large distance from the modern 

sea boundary and in the steepest northern part of the 

Lower Kura are associated with marine conditions, as 

are breccias of mud volcanoes located in the south of 

this tectonic zone (subjected to intense subsidence) 

and at a short distance from the Caspian Sea, may be 

due to geological factors. This is explained by the fact 

that: 1) the thickness of the sedimentary cover of the 

deep-depression part of the Lower Kura (coastal 

zone) is about 20 km, half of it consists of Neogene 

and Quaternary deposits; 2) the thickness of the sed-

imentary cover in the volcanic regions located in the 

north of this zone is much less and the role of older 

(Paleogene) deposits in the formation of mud vol-

canic breccias here, especially Eocene ones deposited 

under marine settings in East Azerbaijan. 
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ʎʷ ʩʪʘʪʪʷ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʦʧʢʦʚʠʭ ʙʨʝʢʯʽʷʭ 12 ʘʢʪʠʚʥʠʭ ʛʨʷʟʴʦ-
ʚʠʭ ʚʫʣʢʘʥʽʚ ʫ ʪʘʢʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʨʘʡʦʥʘʭ ɸʟʝʨʙʘʡʜʞʘʥʫ, ʷʢ ɸʙʰʝʨʦʥ, ɻʦʙʫʩʪʘʥ ʪʘ ʅʠʞʥʷ ʂʫʨʘ. ʍʽʤʽʯʥʠʡ 
ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʙʨʝʢʯʽʾ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ, ʪʘ-
ʢʠʭ ʷʢ ʩʧʝʢʪʨʦʤʝʪʨ "S8 TIGER Series 2" ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨ "Agilent 7700 Series ICP-MS". ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʝʜ-
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ʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʟʦʥʘʭ, ʘ ʪʘʢʦʞ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʩʫʧʫʪʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ Si, Mg, P, Li, Ga, Ga, Rb, Zr, Mo, Cs, 
Pr, Tl , Pb, Th, U, Ni, Sr, Ba ʪʘ ʽʥʰʽ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʞʝʨʝʣʘ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʽʜʽʛʨʘʣʠ 
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ʋ ʧʦʟʘʘʣʴʧʽʡʩʢʠʭ ʨʝʛʽʦʥʘʭ ɭʚʨʦʧʠ ʰʠʨʦʢʦ ʨʦʟʚʠʥʫʪʽ ʣʘʨʘʤʽʡʩʴʢʽ (ʧʽʩʣʷʢʨʝʡʜʦʚʽ ï ʜʦʝʦʮʝʥʦʚʽ) ʜʝʬʦʨʤʘʮʽʾ. ɺʦʥʠ ʧʨʦʩʪʝ-

ʞʫʶʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʠʤ ʢʫʪʦʚʠʤ ʥʝʫʟʛʦʜʞʝʥʥʷʤ ʤʽʞ ʤʝʟʦʟʦʻʤ ʪʘ ʢʘʡʥʦʟʦʻʤ ʚʽʜ ʂʘʩʧʽʶ ʜʦ ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ. ʇʣʦʱʘ ʨʦʟʚʠʪʢʫ 

ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ ʦʭʦʧʣʶʻ ʽ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʟʠʮʽʾ. ʇʽʚʥʽʯʥʘ ʛʨʘʥʠʮʷ ʣʘʨʘʤʽʡ-

ʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʦʙʣʘʩʪʽ ʚ ʋʢʨʘʾʥʽ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʧʦ ʣʽʥʽʾ ʏʝʨʥʽʛʽʚïʃʠʩʠʯʘʥʩʴʢ. ʅʘ ʧʽʚʜʝʥʴ ʣʘʨʘʤʽʡʩʴʢʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʩʠʣʶ-

ʶʪʴʩʷ, ʘʣʝ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʇʽʚʜʝʥʥʽʰʝ ʛʨʘʥʠʮʽ ʨʦʟʚʠʥʫʪʘ ʩʤʫʛʘ ʩʢʣʘʜʦʢ ʪʘ ʥʘʩʫʚʽʚ ʤʝʟʦʟʦʶ ʰʠʨʠʥʦʶ ʙʽʣʷ 100 ʢʤ. ɼʦʚʞʠʥʘ 

ʩʢʣʘʜʦʢ ʩʷʛʘʻ ʜʝʩʷʪʢʽʚ ï ʩʦʪʝʥʴ ʢʽʣʦʤʝʪʨʽʚ, ʘʤʧʣʽʪʫʜʘ ʩʪʘʥʦʚʠʪʴ 1ï2 ʢʤ. ʉʤʫʛʘ ʜʝʬʦʨʤʘʮʽʡ ʦʙʤʝʞʫʻ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʟ ʧʽʚ-

ʥʽʯʥʦʛʦ ʩʭʦʜʫ. ʅʘ ʰʝʣʴʬʘʭ ʏʦʨʥʦʛʦ, ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ ʪʘ ʫ ʇʽʚʥʽʯʥʦʤʫ ʂʨʠʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʩʫʙʰʠʨʦʪʥʫ ʩʤʫʛʫ ʣʘʨʘʤʽʡʩʴʢʠʭ 

ʥʘʩʫʚʽʚ ʪʘ ʩʢʣʘʜʦʢ ʰʠʨʠʥʦʶ 150ï200 ʢʽʣʦʤʝʪʨʽʚ. ɸʤʧʣʽʪʫʜʠ ʩʢʣʘʜʦʢ ʩʷʛʘʶʪʴ 1ï2 ʢʤ, ʘʤʧʣʽʪʫʜʠ ʦʢʨʝʤʠʭ ʥʘʩʫʚʽʚ ʩʷʛʘʶʪʴ 8ï

10 ʢʤ. ʉʢʣʘʜʢʠ ʪʘ ʥʘʩʫʚʠ ʧʝʨʝʢʨʠʪʽ ʢʘʡʥʦʟʦʻʤ. ʎʷ ʩʤʫʛʘ ʜʝʬʦʨʤʘʮʽʡ ʦʙʤʝʞʫʻ ʟ ʧʽʚʜʥʷ ʧʽʚʜʝʥʥʠʡ ʩʭʠʣ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. 

ʇʽʚʜʝʥʥʽʰʝ, ʫ ɻʽʨʩʴʢʦʤʫ ʂʨʠʤʫ, ʜʝʬʦʨʤʘʮʽʾ ʧʦʩʠʣʶʶʪʴʩʷ. ɿôʷʚʣʷʶʪʴʩʷ ʰʠʨʦʢʽ ʤʝʣʘʥʞʝʚʽ ʟʦʥʠ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʚʝʨʛʝʥʪʥʦ-

ʩʪʽ. ʅʘ ʩʭʠʣʘʭ ʱʠʪʘ ʩʢʣʘʜʯʘʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʤʝʟʦʟʦʶ ʟʛʘʩʘʶʪʴ. ʊʦʤʫ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʟʽ ʩʚʦʾʤʠ ʩʭʠʣʘʤʠ ʻ ʩʝʨʝʜʠʥʥʠʤ ʤʘʩʠ-

ʚʦʤ, ʱʦ ʦʙʣʷʤʦʚʫʻʪʴʩʷ ʩʤʫʛʘʤʠ ʜʠʩʣʦʢʘʮʽʡ ʧʦ ʧʝʨʠʤʝʪʨʫ. ʎʝʡ ʩʝʨʝʜʠʥʥʠʡ ʤʘʩʠʚ ʤʘʻ ʙʫʜʦʚʫ ʘʥʪʝʢʣʽʟʠ ʟ ʜʦʢʝʤʙʨʽʡʩʴʢʠʤʠ 

ʧʦʨʦʜʘʤʠ ʫ ʷʜʨʽ. ɿʘʭʽʜʥʝ ʢʨʠʣʦ ʘʥʪʝʢʣʽʟʠ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʥʘʩʫʚʘʤʠ ʂʘʨʧʘʪ ʘʪʪʠʯʥʦʛʦ (ʧʽʩʣʷʤʽʦʮʝʥʦʚʦʛʦ) ʚʽʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʫ ʩʫʯʘʩʥʽʡ ʛʝʦʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʻ ʷʜʨʦʤ ʘʥʪʝʢʣʽʟʠ ʩʝʨʝʜʠʥʥʦʛʦ ʤʘʩʠʚʫ ʫ ʣʘʨʘʤʽʡʩʴʢʡ ʩʢʣʘʜʯʘʩʪʽʡ ʦʙʣʘʩʪʽ. 

ʗʢ ʪʝʢʪʦʥʽʯʥʝ ʧʽʜʥʷʪʪʷ ʚʽʥ ʩʬʦʨʤʫʚʘʚʩʷ ʫ ʧʘʣʝʦʮʝʥʽ. ʋ ʧʽʟʥʴʦʢʨʝʡʜʦʚʽʡ ʝʧʦʩʽ ʚʽʥ ʱʝ ʙʫʚ ʧʦʭʦʚʘʥʠʡ ʧʽʜ ʰʝʣʴʬʦʚʠʤʠ ʢʘʨʙʦ-

ʥʘʪʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ʈʦʟʤʠʚ ʮʴʦʛʦ ʧʽʜʥʷʪʪʷ ʩʬʦʨʤʫʚʘʚ ʤʘʪʝʨʽʘʣ ʜʣʷ ʢʘʡʥʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʋʢʨʘʾʥʠ ʟʽ ʩʧʝʮʠʬʽʯʥʦʶ ʤʽʥʝ-

ʨʘʛʝʥʽʯʥʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ. ɺʨʘʭʫʚʘʥʥʷ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ ʨʽʟʥʦʧʣʘʥʦʚʽ ʛʝʦʣʦʛʽʯʥʽ ʷʚʠʱʘ ʨʝʛʽʦʥʫ 

ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʙʝʟ ʧʨʦʪʠʨʽʯ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ, ʣʘʨʘʤʽʡʩʴʢʘ ʩʢʣʘʜʯʘʩʪʽʩʪʴ, ʘʥʪʝʢʣʽʟʘ, ʩʝʨʝʜʠʥʥʠʡ ʤʘʩʠʚ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʋʢʨʘʾʥʩʴ-

ʢʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʱʠʪ ʫ ʪʝʢʪʦʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʦʧʠʩʫʻʪʴʩʷ ʷʢ "ʧʽʜʥʷʪʪʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝ-

ʥʪʫ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ" [42]. ɯ ʩʧʨʘ-

ʚʜʽ, ʥʘ ʡʦʛʦ ʪʝʨʠʪʦʨʽʾ ʥʘ ʧʦʚʝʨʭʥʶ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ 

ʥʝʾ ʚʠʭʦʜʷʪʴ ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʤʝʪʘʤʦʨʬʽʯʥʽ ʪʘ ʤʘʛ-

ʤʘʪʠʯʥʽ ʧʦʨʦʜʠ. ɸʣʝ ʛʣʠʙʦʢʝ ʙʫʨʽʥʥʷ ʪʘ ʛʝʦʬʽʟʠ-

ʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʽ ʩʘʤʽ ʧʦʨʦʜʠ ʽ 

ʫʪʚʦʨʶʚʘʥʽ ʥʠʤʠ ʛʝʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʧʨʦʩʪʝʞʫ-

ʶʪʴʩʷ ʪʘʢʦʞ ʽ ʜʘʣʝʢʦ ʟʘ ʡʦʛʦ ʤʝʞʽ ʧʽʜ ʦʩʘʜʦʚʠʤʠ 

ʫʪʚʦʨʝʥʥʷʤʠ ʟʤʽʥʥʦʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʘʛʘʪʦʢʽʣʦʤʝ-

ʪʨʦʚʦʾ, ʪʦʚʱʠʥʠ. ɿʦʢʨʝʤʘ, ʟʘʣʽʟʦʨʫʜʥʽ ʬʦʨʤʘʮʽʾ 

ʂʨʠʚʦʨʽʞʞʷ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʥʘ ʧʽʚʥʽʯ ʷʢ ʟʘʣʽʟʦ-

ʨʫʜʥʠʡ ʙʘʩʝʡʥ ʂʫʨʩʴʢʦʾ ʤʘʛʥʽʪʥʦʾ ʘʥʦʤʘʣʽʾ ɺʦʨʦ-

ʥʝʟʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʩʠʚʫ. 

ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ï ʯʦʤʫ ʩʘʤʝ ʮʷ ʯʘʩ-

ʪʠʥʘ ʜʦʢʝʤʙʨʽʡʩʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ 

ʻ ʧʽʜʥʷʪʦʶ? ʏʦʤʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʱʠʪʽʚ ʩʚʽʪʫ, ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠ-

ʪʠʡ ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ? ʗʢʫ ʩʪʨʫʢʪʫʨʥʫ 

ʧʦʟʠʮʽʶ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʟʘʡʤʘʻ ʫ ʩʫʯʘʩʥʽʡ ʛʝʦ-

ʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ? 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʷʢ ʨʝʛʽʦʥʘʣʴʥʠʡ ʪʝʢʪʦʥʽʯʥʠʡ 

ʝʣʝʤʝʥʪ ʛʝʦʣʦʛʽʾ ɭʚʨʦʧʠ ("ʋʢʨʘʾʥʩʴʢʘ ʢʨʠʩʪʘʣʽʯ-

ʥʘ ʩʤʫʛʘ") ʚʽʜʦʤʠʡ ʟ ʩʝʨʝʜʠʥʠ ʍɯʍ ʩʪʦʨʽʯʯʷ [37]. 

ɺʽʥ ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʦʛʣʷʜʦʚʠʭ ʜʨʽʙʥʦʤʘʩʰʪʘʙ-

ʥʠʭ ʢʘʨʪʘʭ ʋʢʨʘʾʥʠ ʦʩʪʘʥʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ [1, 2, 

31, 36]. ɼʝʪʘʣʽʟʘʮʽʷ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʱʠʪʘ ʽ 

ʡʦʛʦ ʦʙʤʝʞʝʥʴ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʩʢʣʘʜʘʥʥʷ 

ʦʥʦʚʣʝʥʠʭ ʢʘʨʪ ʩʝʨʝʜʥʴʦʛʦ ʤʘʩʰʪʘʙʫ 1:200000 

ʚʞʝ ʫ XXI  ʩʪ. [20 ʪʘ ʽʥ.]. ɿʛʽʜʥʦ ʜʦ ʮʠʭ ʢʘʨʪ ʋʢʨʘ-

ʾʥʩʴʢʠʡ ʱʠʪ ʷʢ ʦʙʣʘʩʪʴ ʚʠʭʦʜʽʚ ʜʦʢʝʤʙʨʽʶ ʧʨʦʩ-

ʪʝʞʫʻʪʴʩʷ ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 1000 ʢʤ ʟʘ ʰʠʨʠʥʦʶ ʜʦ 250 ʢʤ. ɿʘ-

ʛʘʣʴʥʘ ʧʣʦʱʘ ʚʠʭʦʜʽʚ ʧʝʨʝʚʠʱʫʻ 130 ʪʠʩ. ʢʤ2. 

ʆʩʢʽʣʴʢʠ ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʫʪʚʦʨʝʥʥʷ ʥʘ ʬʣʘʥ-

ʛʘʭ ʱʠʪʘ ʧʦʩʪʫʧʦʚʦ ʟʘʥʫʨʶʶʪʴʩʷ ʧʽʜ ʦʩʘʜʦʚʽ ʧʦ-

ʨʦʜʠ ʧʘʣʝʦʟʦʶ ʪʘ ʤʝʟʦʟʦʶ, ʪʦ ʦʙʤʝʞʝʥʥʷ ʚʣʘʩʥʝ 

ʱʠʪʘ ʧʨʠʡʥʷʪʽ ʧʦ ʽʟʦʛʽʧʩʽ ʧʦʚʝʨʭʥʽ ʨʦʟʤʠʚʫ ʜʦʢʝ-

ʤʙʨʽʶ ʫ ï300 ʤ. ʎʝ ʙʫʣʦ ʟʨʦʙʣʝʥʝ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʣʘʥʫʚʘʥʥʷ ʛʝʦʣʦʛʦʟʡʦʤʦʯʥʠʭ ʨʦʙʽʪ ʟ ʛʣʠʙʠʥ-

ʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ.  

ʊʘʢʘ ʛʨʘʥʠʮʷ ʻ ʫʤʦʚʥʦʶ. ʇʨʠ ʪʘʢʦʤʫ ʚʠʜʽ-

ʣʝʥʥʽ ʪʝʢʪʦʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʷʩ-

ʥʠʤʠ ʡʦʛʦ ʛʝʦʣʦʛʽʯʥʘ ʧʨʠʨʦʜʘ ʪʘ ʩʪʨʫʢʪʫʨʥʘ ʧʦ-

ʟʠʮʽʷ. ʑʠʪ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʛʝʦʛ-

ʨʘʬʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʝ ʧʦʥʷʪʪʷ ï ʮʝ ʧʨʦʩʪʦ ʪʘʢʘ "ʦʙ-

ʣʘʩʪʴ, ʜʝ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʭʦʜʷʪʴ ʤʝʪʘʤʦʨʬʽʯʥʽ ʧʦ-

ʨʦʜʠ". 

ϭ ˥ͦͪΎ͚͍ͤͦ ˿͔͎͚ͪ͜Σ нлно 
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ɻʝʦʣʦʛʽʯʥʽ ʢʘʨʪʠ ʋʢʨʘʾʥʠ ʧʦʢʘʟʫʶʪʴ ʤʘʡʞʝ 

ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʟʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʤʝ-

ʞʘʭ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʽ ʰʠʨʦʢʝ ʧʝʨʝʢʨʠʪʪʷ ʡʦʛʦ 

ʪʝʨʠʪʦʨʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʷʛʘʶʯʠʤʠ ʢʘʡʥʦʟʦʡ-

ʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ʉʪʨʘʪʠʛʨʘʬʽʷ ʪʘ ʣʽʪʦʣʦʛʽʷ 

ʮʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʨʽʚʥʽʚ ʜʦʩʣʽʜʞʝʥʽ ʜʫʞʝ ʨʝ-

ʪʝʣʴʥʦ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦ [32, 34].  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʬʦʨʤʘʮʽʻʶ ʤʝʟʦʟʦʶ ʫ 

ʨʝʛʽʦʥʽ ʻ ʧʽʟʥʴʦʢʨʝʡʜʦʚʘ ʢʨʝʡʜʦʚʦ-ʤʝʨʛʝʣʴʥʘ ʬʦ-

ʨʤʘʮʽʷ. ʋ ɭʚʨʦʧʽ ʚʦʥʘ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʤʘʡʞʝ ʰʠ-

ʨʦʪʥʦ ʚʽʜ ʂʘʩʧʽʡʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʜʦ ɺʝʣʠʢʦʾ ɹʨʠʪʘ-

ʥʽʾ. ʅʘ ʜʦʚʛʦʪʘʭ ʋʢʨʘʾʥʠ ʰʠʨʠʥʘ ʨʦʟʚʠʪʢʫ ʮʽʻʾ 

ʬʦʨʤʘʮʽʾ ʩʢʣʘʜʘʻ 500ï600 ʢʤ. ʌʘʮʽʘʣʴʥʠʡ ʩʢʣʘʜ 

ʬʦʨʤʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʾʾ ʦʨʛʘʥʦʛʝʥʥʦ-ʫʣʘʤʢʦʚʝ ʤʽʣ-

ʢʦʚʦʜʥʝ (ʰʝʣʴʬʦʚʝ) ʧʦʭʦʜʞʝʥʥʷ. ʂʘʨʙʦʥʘʪʥʠʡ 

ʩʢʣʘʜ ʮʠʭ ʚʽʜʢʣʘʜʽʚ ʜʦʩʠʪʴ ʚʠʪʨʠʤʘʥʠʡ, ʱʦ ʡ 

ʜʘʣʦ ʥʘʟʚʫ ʚʩʽʡ ʢʨʝʡʜʦʚʽʡ ʩʠʩʪʝʤʽ.  

ʅʘ ʋʢʨʘʾʥʩʴʢʦʤʫ ʱʠʪʽ ʮʽ ʢʘʨʙʦʥʘʪʥʽ ʚʽʜʢ-

ʣʘʜʠ ʧʨʠʩʫʪʥʽ ʪʽʣʴʢʠ ʥʘ ʡʦʛʦ ʩʭʠʣʘʭ ʽ ʚʽʜʩʫʪʥʽ ʫ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. ʊʦʤʫ ʥʘ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ 

ʢʘʨʪʘʭ ʢʨʝʡʜʦʚʦʛʦ ʚʽʢʫ ʧʣʦʱʘ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ 

ʟʦʙʨʘʞʝʥʘ ʷʢ ʦʩʪʨʽʚ ʩʝʨʝʜ ʰʝʣʴʬʫ [29]. 

ɸʥʘʣʽʟ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʋʢʨʘʾʥʠ ʚʠʷʚʣʷʻ ʥʘ-

ʷʚʥʽʩʪʴ ʣʘʨʘʤʽʡʩʴʢʦʾ (ʧʽʩʣʷʧʽʟʥʴʦʢʨʝʡʜʦʚʦʾ ï ʜʦ-

ʦʣʽʛʦʮʝʥʦʚʦʾ) ʩʢʣʘʜʯʘʩʪʦʩʪʽ [20ï28]. ɺʦʥʘ ʦʭʦʧ-

ʣʶʻ ʤʘʡʞʝ ʚʩʶ ʋʢʨʘʾʥʫ ʽ ʥʘ ʾʾ ʪʝʨʠʪʦʨʽʾ ʤʘʻ ʧʽʚ-

ʥʽʯʥʦ-ʩʭʽʜʥʫ ʛʨʘʥʠʮʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ï ʧʨʠʙʣʠ-

ʟʥʦ ʚʟʜʦʚʞ ʣʽʥʽʾ ʏʝʨʥʽʛʽʚ ï ʃʠʩʠʯʘʥʩʴʢ.  

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ɭʚ-

ʨʦʧʠ ʚʢʘʟʫʶʪʴ ʥʘ ʰʠʨʦʢʠʡ ʨʦʟʚʠʪʦʢ ʣʘʨʘʤʽʡʩʴ-

ʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʦʟʘʘʣʴʧʽʡʩʢʠʭ ʨʝʛʽʦʥʘʭ. ɺʦʥʠ 

ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʟʘ ʢʫʪʦʚʠʤ ʥʝʫʟʛʦʜʞʝʥʥʷʤ ʤʽʞ 

ʩʢʣʘʜʯʘʩʪʠʤ ʤʝʟʦʟʦʻʤ ʪʘ ʥʝʩʢʣʘʜʯʘʩʪʠʤ ʢʘʡʥʦ-

ʟʦʻʤ ʷʢ ʤʽʥʽʤʫʤ ʚʽʜ ʇʝʨʝʜʢʘʚʢʘʟʟʷ ʜʦ ɺʝʣʠʢʦʾ 

ɹʨʠʪʘʥʽʾ [40]. ʃʘʨʘʤʽʡʩʴʢʽ ʜʝʬʦʨʤʘʮʽʾ ɭʚʨʦʧʠ 

ʫʪʚʦʨʠʣʠʩʴ ʟʘʚʜʷʢʠ ʘʢʨʝʮʽʾ ʤʽʢʨʦʢʦʥʪʠʥʝʥʪʽʚ ʧʘ-

ʣʝʦʦʢʝʘʥʫ ʊʝʪʽʩ ʟ ʧʽʚʜʝʥʥʦʶ ʦʢʨʘʾʥʦʶ ɭʚʨʘʟʽʾ ʥʘ 

ʩʪʘʜʽʾ ʡʦʛʦ ʟʘʢʨʠʪʪʷ [17, 18, 30, ʨʠʩ. 1].  

ɸʚʪʦʨʩʴʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʪʦʯʥʠʣʠ ʚʝʨʛʝʥʪ-

ʥʽʩʪʴ ʣʘʨʘʤʽʡʩʴʢʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ [4ï10, 13, 

15]. ɺʦʥʘ ʚʠʷʚʠʣʘʩʴ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʶ. ʎʽ ʜʝʬʦ-

ʨʤʘʮʽʾ ʩʬʦʨʤʫʚʘʣʠ ʢʦʤʧʣʝʢʩ ʪʝʢʪʦʥʽʪʽʚ ʚʽʜʧʦʚʽʜ-

ʥʦʾ ʚʝʨʛʝʥʪʥʦʩʪʽ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴ ʚʝʨʭʥʶ ʢʨʝʡʜʫ 

ʽ ʫʩʽ ʙʽʣʴʰ ʜʨʝʚʥʽ ʛʝʦʣʦʛʽʯʥʽ ʫʪʚʦʨʝʥʥʷ, ʘʣʝ ʧʝʨʝ-

ʢʨʠʚʘʶʪʴʩʷ ʧʽʜʦʰʚʦʶ ʢʘʡʥʦʟʦʶ ʟ ʨʦʟʤʠʚʦʤ, ʙʝʟ 

ʟʤʽʱʝʥʴ. ʎʝʡ ʢʦʤʧʣʝʢʩ ʪʝʢʪʦʥʽʪʽʚ ʦʪʨʠʤʘʚ ʥʘʟʚʫ 

ʩʦʢʦʣʴʮʦʚʩʢʦʛʦ [4].  

ʂʦʤʧʣʝʢʩ ʪʝʢʪʦʥʽʪʽʚ ʤʘʻ ʩʽʪʢʦʧʦʜʽʙʥʫ ʬʦ-

ʨʤʫ. ʋ ʢʦʤʽʨʢʘʭ ʩʽʪʢʠ ʨʦʟʤʽʱʝʥʽ ʪʝʢʪʦʥʽʯʥʽ ʙʣʦʢʠ 

ʨʽʟʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ï ʟʦʢʨʝʤʘ ʟ ʧʦʨʫʰʝʥʠʤ 

(ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʢʣʘʜʯʘʩʪʠʤ) ʟʘʣʷʛʘʥʥʷʤ ʤʝʟʦʟʦʡ-

ʩʴʢʦʛʦ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʫ. ɼʝʥʫʜʘʮʽʷ ʧʦʚʝʨʭʥʽ ʪʘ-

ʢʠʭ ʙʣʦʢʽʚ ʪʘ ʧʝʨʝʢʨʠʪʪʷ ʾʭ ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ ʚʽʜ-

ʢʣʘʜʘʤʠ ʽ ʬʦʨʤʫʻ ʨʝʛʽʦʥʘʣʴʥʝ ʢʫʪʦʚʝ ʥʝʫʟʛʦ-

ʜʞʝʥʥʷ ʤʽʞ ʤʝʟʦʟʦʻʤ ʪʘ ʢʘʡʥʦʟʦʻʤ, ʱʦ ʽ ʧʨʠʪʘ-

ʤʘʥʥʝ ʣʘʨʘʤʽʡʩʴʢʽʡ ʩʢʣʘʜʯʘʩʪʦʩʪʽ.  

ɺ ʤʝʞʘʭ ʱʠʪʘ ʫ ʧʽʜʦʰʚʽ ʢʘʡʥʦʟʦʶ, ʷʢ ʽ ʫ ʽʥ- 

ʰʠʭ ʨʝʛʽʦʥʘʭ ʨʦʟʚʠʪʢʫ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦ-

ʩʪʽ, ʧʨʠʩʫʪʥʽ ʽ ʨʦʟʤʠʚ, ʽ ʢʫʪʦʚʝ ʥʝʫʟʛʦʜʞʝʥʥʷ. 

ʉʠʥʭʨʦʥʥʦ ʟ ʩʦʢʦʣʴʮʦʚʩʴʢʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʢʪʦʥʽʪʽʚ ʚ ʋʢʨʘʾʥʽ ʩʬʦʨʤʫʚʘʚʩʷ ʦʩʪʨʦʤʦʛʠʣʴʩʴ-

ʢʠʡ ʢʦʤʧʣʝʢʩ ʪʝʢʪʦʥʦʛʝʥʥʠʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʘʨ-

ʛʽʣʽʟʠʪʽʚ, ʙʝʨʝʟʠʪʽʚ ʪʦʱʦ). ʋ ʉʭʽʜʥʽʡ ʋʢʨʘʾʥʽ ʚʽʥ 

ʩʬʦʨʤʫʚʘʚ ʣʘʨʘʤʽʡʩʴʢʫ ʤʝʪʘʣʦʛʝʥʽʯʥʫ ʧʨʦʚʽʥʮʽʶ 

ʨʪʫʪʥʦ-ʧʦʣʽʤʝʪʘʣʽʯʥʦʾ (ʟ ʟʦʣʦʪʦʤ) ʩʧʝʮʽʘʣʽʟʘʮʽʾ 

[6, 17]. 

ʅʝʚʠʨʽʰʝʥʘ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʃʘʨʘʤʽʡʩʴʢʘ ʩʢʣʘʜʯʘʩʪʽʩʪʴ ʚʽʜʦʤʘ ʚʞʝ ʙʽʣʴʰʝ 100 

ʨʦʢʽʚ ʫ ɼʦʥʙʘʩʽ ʪʘ ʥʘ ʡʦʛʦ ʦʢʦʣʠʮʷʭ [3]. ʉʘʤʝ ʥʘ 

ʣʘʨʘʤʽʡʩʴʢʠʭ ʩʢʣʘʜʢʘʭ ʨʦʟʤʽʱʝʥʠʡ ʥʘʚʯʘʣʴʥʠʡ 

ʛʝʦʣʦʛʽʯʥʠʡ ʧʦʣʽʛʦʥ ʍʘʨʢʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʅʘ ʥʴʦʤʫ ʩʪʫʜʝʥʪʠ ʥʘʚʯʘʶʪʴʩʷ ʩʢʣʘʜʘʪʠ ʛʝʦʣʦʛʽ-

ʯʥʽ ʢʘʨʪʠ ʚʞʝ ʙʽʣʴʰʝ 60 ʨʦʢʽʚ. ʅʘ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘ-

ʨʪʘʭ ʋʢʨʘʾʥʠ ʣʘʨʘʤʽʡʩʴʢʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʦʙʨʘ-

ʞʝʥʽ. ɸʣʝ ʥʘ ʪʝʢʪʦʥʽʯʥʠʭ ʢʘʨʪʘʭ ʋʢʨʘʾʥʠ ʣʘʨʘ-

ʤʽʡʩʴʢʘ ʩʢʣʘʜʯʘʩʪʽʩʪʴ ʚʽʜʩʫʪʥʷ ʽ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʫ 

ʪʝʢʪʦʥʽʯʥʦʤʫ ʘʙʦ ʤʝʪʘʣʦʛʝʥʽʯʥʦʤʫ ʨʘʡʦʥʫʚʘʥʥʽ 

[31, 36]. 

ʇʣʦʱʘ ʨʦʟʚʠʪʢʫ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ 

ɭʚʨʦʧʠ ʦʭʦʧʣʶʻ ʽ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ. ɸʣʝ ʥʘ ʡʦʛʦ 

ʬʣʘʥʛʘʭ ʜʝʬʦʨʤʘʮʽʾ ʤʝʟʦʟʦʶ ʚ ʮʽʣʦʤʫ ʥʝʟʥʘʯʥʽ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ï ʷʢʫ ʩʪʨʫʢʪʫʨʥʫ ʧʦʟʠʮʽʶ ʟʘʡ-

ʤʘʻ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʫ ʩʪʨʫʢʪʫʨʽ ʣʘʨʘʤʽʡʩʴʢʦʾ 

ʩʢʣʘʜʯʘʩʪʦʾ ʦʙʣʘʩʪʽ? 

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʘʢʦʞ ʧʨʦʪʠʨʽʯʯʷ ʚ ʫʷ-

ʚʣʝʥʥʷʭ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʢʨʝʡʜʦʚʦ-ʤʝʨʛʝʣʴʥʦʾ ʬʦ-

ʨʤʘʮʽʾ. ɺʝʣʠʢʘ ʧʣʦʱʘ ʨʦʟʚʠʪʢʫ ʢʘʨʙʦʥʘʪʽʚ ʚʝʨʭ-

ʥʴʦʾ ʢʨʝʡʜʠ ʪʘ ʚʠʪʨʠʤʘʥʽʩʪʴ ʾʭʥʴʦʛʦ ʢʘʨʙʦʥʘʪ-

ʥʦʛʦ ʩʢʣʘʜʫ ʩʫʧʝʨʝʯʠʪʴ ʤʦʞʣʠʚʦʤʫ ʽʩʥʫʚʘʥʥʶ 

ʧʦʩʝʨʝʜ ʥʝʾ ʦʩʪʨʦʚʘ, ʩʢʣʘʜʝʥʦʛʦ ʩʠʣʽʢʘʪʥʠʤʠ ʧʦ-

ʨʦʜʘʤʠ. ɺʠʚʽʪʨʶʚʘʥʥʷ ʪʘʢʠʭ ʧʦʨʽʜ ʥʘ ʦʩʪʨʦʚʽ 

ʧʣʦʱʝʶ ʙʽʣʴʰʝ ʩʦʪʥʽ ʪʠʩʷʯ ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪ-

ʨʽʚ, ʾʭʥʷ ʝʨʦʟʽʷ ʪʘ ʘʙʨʘʟʽʷ ʧʨʠʟʚʝʣʠ ʙ ʜʦ ʩʫʪʪʻʚʦ 

ʩʠʣʽʢʘʪʥʦʛʦ ʣʽʪʦʛʝʥʝʟʫ ʥʘ ʦʪʦʯʫʶʯʦʤʫ ʰʝʣʴʬʽ. 

ɸʣʝ ʮʴʦʛʦ ʫ ʩʢʣʘʜʽ ʢʨʝʡʜʦʚʦ-ʤʝʨʛʝʣʴʥʦʾ ʬʦʨʤʘʮʽʾ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʫʪʦʯʥʠʪʠ ʩʫʯʘʩʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʧʦʟʠʮʽʶ ʪʘ ʪʝʢʪʦʥʽʯʥʫ ʧʨʠʨʦʜʫ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʱʠʪʘ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʭʽʜ-

ʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʩʫʯʘʩʥʽ ʜʨʽ-

ʙʥʦ-, ʩʝʨʝʜʥʴʦ- ʪʘ ʢʨʫʧʥʦʤʘʰʪʘʙʥʽ ʛʝʦʣʦʛʽʯʥʽ ʢʘ-

ʨʪʠ ʋʢʨʘʾʥʠ [1, 2, 20ï28, 31, 36 ʪʘ ʽʥ.]. ʊʘʢʦʞ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʝʢʪʦʥʽʯʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʟʨʦʙ-

ʣʝʥʽ ʜʣʷ ʂʨʠʤʩʴʢʦʛʦ ʨʝʛʽʦʥʫ [39], ʏʦʨʥʦʤʦʨʩʴ-

ʢʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʰʝʣʴʬʽʚ [33, 35]. ɺʨʘʭʦʚʫʚʘ-

ʣʠʩʴ ʘʚʪʦʨʩʴʢʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩ-

ʪʝʡ ʣʘʨʘʤʽʡʩʴʢʦʛʦ ʪʝʢʪʦʛʝʥʝʟʫ, ʱʦ ʦʭʦʧʣʶʚʘʣʠ 

ʨʝʛʽʦʥʠ ʚʽʜ ɿʘʢʘʨʧʘʪʪʷ ʜʦ ʂʨʠʤʫ ʽ ʇʨʠʘʟʦʚ'ʷ [6, 

30]. ɺʩʽ ʮʽ ʤʘʪʝʨʽʘʣʠ ʦʙʨʦʙʣʷʣʠʩʴ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ɻɯʉ MapInfo. 

ɹʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʪʝʢʪʦʥʽʯʥʦʛʦ ʨʘʡʦ-

ʥʫʚʘʥʥʷ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʚʝʨʭʫ ʟʘ 

ʭʘʨʘʢʪʝʨʦʤ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʦʷʚʫ ʩʢʣʘʜʯʘʩʪʠʭ ʽ 
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ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʣʽʟʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʣʘʨʘʤʽʡʩʴʢʦʛʦ ʚʽʢʫ [30]: 

1 ï ʦʢʝʘʥʽʯʥʽ ʧʣʠʪʠ; 2 ï "ʛʦʥʜʚʘʥʩʴʢʽ" ʬʨʘʛʤʝʥʪʠ (ɸʬ+ɸʨ ï ɸʬʨʠʢʘʥʦ-ɸʨʘʚʽʡʩʴʢʠʡ, ɯʨ ï ɯʨʘʥʩʴʢʽ ʤʽʢ-

ʨʦʢʦʥʪʠʥʝʥʪʠ; ɸʥ ï ɸʥʘʪʦʣʽʷ); 3 ï ɭʚʨʘʟʽʷ; 4 ï ʘʢʪʠʚʥʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʦʢʨʘʾʥʠ ʪʘ ʝʥʩʽʘʣʽʯʥʽ ʦʩʪʨʽʚʥʽ 

ʜʫʛʠ; 5 ï ʟʦʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʢʣʘʜʯʘʩʪʠʭ ʦʙʣʘʩʪʝʡ; 6 ï ʧʽʚʥʽʯʥʘ ʛʨʘʥʠʮʷ ʣʘʨʘʤʽʡʩʴʢʦʾ 

ʩʢʣʘʜʯʘʩʪʦʩʪʽ ʫ ɭʚʨʘʟʽʾ; 7 ï ʥʘʧʨʷʤʦʢ ʚʽʜʥʦʩʥʠʭ ʨʫʭʽʚ ʧʣʠʪ; 8 ï ʢʦʥʪʫʨʠ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ / 
Fig. 1. Scheme of collisional deformations of the Laramian age [30]: 

1 ï oceanic plates; 2 ï "Gondwana" fragments (ɸʬ+ɸʨ ï African-Arabian, ɯʨ ï Iranian microcontinents;  

ɸʥ ï Anatolia); 3 ï Eurasia; 4 ï active continental margins and ensialic island arcs; 5 ï zones of maximum defor-

mations of folded areas; 6 ï the northern border of the Laramie folding in Eurasia; 7 ï the direction of the relative 

movements of the plates; 8 ï contours of the Ukrainian shield 

 

ʨʦʟʨʠʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [38]. ʉʢʣʘʜʯʘʩʪʽ ʜʝʬʦʨʤʘ-

ʮʽʾ ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʽʟʦʣʽʥʽʡ ʥʘ ʦʩʥʦʚʽ ʧʦ-

ʙʫʜʦʚʠ ʩʪʨʘʪʦʽʟʦʛʽʧʩ ʧʽʜʦʰʚʠ ʤʝʟʦʟʦʶ. ʎʝ ʜʘʚʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʦʨʽʻʥʪʘʮʽʶ ʩʢʣʘʜʦʢ, ʾʭʥʶ 

ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʘʤʧʣʽʪʫʜʠ. ɿʦʢʨʝʤʘ, ʮʝ ʜʦʟʚʦʣʠʣʦ 

ʚʠʷʚʠʪʠ ʦʨʽʻʥʪʘʮʽʶ ʦʩʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʩʢʣʘʜʦʢ. 

ɺʠʜʽʣʝʥʥʷ ʣʘʨʘʤʽʡʩʴʢʠʭ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫ-

ʰʝʥʴ ʟ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʨʽʟʥʦʚʽʢʦʚʠʭ ʨʦʟʣʦʤʽʚ 

ʋʢʨʘʾʥʠ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʨʩʴʢʦʾ ʤʝ-

ʪʦʜʠʢʠ ʚʝʨʛʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ [11, 12, 14]. ɺʦʥʘ ʜʦ-

ʟʚʦʣʠʣʘ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʪʝʢʪʦʥʽʪʠ ʩʦʢʦʣʴʮʦʚʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʫ ʢʦʞʥʦʤʫ ʦʜʠʥʠʯʥʦʤʫ ʧʫʥʢʪʽ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ. ɺʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʢʽʥʝʤʘʪʠʢʘ ʽ ʽʩʪʠʥʥʽ 

ʘʤʧʣʽʪʫʜʠ ʟʤʽʱʝʥʴ ʧʦ ʦʢʨʝʤʠʭ ʟʤʽʰʫʚʘʯʘʭ. ɿʘʛʘ-

ʣʦʤ ʮʝ ʜʦʟʚʦʣʠʣʦ ʧʨʦʩʪʝʞʠʪʠ ʩʽʪʢʫ ʪʝʢʪʦʥʽʪʽʚ ʩʦ-

ʢʦʣʴʮʦʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʤʝʞʘʭ ʉʭʽʜʥʦʾ ʋʢʨʘ-

ʾʥʠ [16, 30]. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʱʽʣʴʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʧʦʨʫʰʝʥʴ ʥʘ ʨʽʟ-

ʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ʊʘʢʦʞ ʘʥʘʣʽʟʫʚʘʚʩʷ ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʣʽʪʦ-

ʣʦʛʽʾ ʩʪʨʘʪʦʥʽʚ ʢʨʝʡʜʠ ʪʘ ʢʘʡʥʦʟʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʦʨʽʚʥʷʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʫʣʘʤʢʦʚʦʛʦ ʪʘ ʭʝʤʦ-

ʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙʣʘʩʪʷʭ ʞʠʚʣʝʥʥʷ ʪʘ ʦʩʘʜ-

ʢʦʥʘʢʦʧʠʯʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪʘʭ ʜʦʢʘʡʥʦʟʦʡʩʴʢʠʭ ʫʪʚʦʨʝʥʴ 

ʋʢʨʘʾʥʠ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʧʽʚʥʽʯʥʘ ʛʨʘʥʠʮʷ 

ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʦʙʣʘʩʪʽ (ʨʠʩ. 2). ʇʨʠ ʧʝ-

ʨʝʭʦʜʽ ʯʝʨʝʟ ʥʝʾ ʥʘ ʧʽʚʥʽʯ ʟʥʠʢʘʶʪʴ ʩʢʣʘʜʢʠ ʤʝʟʦ-

ʟʦʶ (ʨʠʩ. 3) ʽ ʢʫʪʦʚʝ ʥʝʫʟʛʦʜʞʝʥʥʷ ʫ ʧʽʜʦʰʚʽ ʢʘʡ-

ʥʦʟʦʶ [1, 16]. ɿʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʮʷ ʛʨʘ-

ʥʠʮʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʽ ʫ ʤʝʞʽ ʇʦʣʴʰʽ [30, 41]. 
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ʈʠʩ. 2. ʊʝʢʪʦʥʽʯʥʘ ʧʦʟʠʮʽʷ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ: 

1 ï ʚʠʭʦʜʠ ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʧʦʨʽʜ ʧʽʜ ʧʽʜʦʰʚʫ ʢʘʡʥʦʟʦʶ; 2 ï ʧʘʣʝʦʟʦʡʩʴʢʽ ʚʽʜʢʣʘʜʠ; 3 ï ʤʝʟʦʟʦʡʩʴʢʽ 

ʚʽʜʢʣʘʜʠ; 4ï7 ï ʦʙʣʘʩʪʴ ʣʘʨʘʤʽʡʩʴʢʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ: 4 ï ʟʦʚʥʽʰʥʷ ʛʨʘʥʠʮʷ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʦʙ-

ʣʘʩʪʽ; 5 ï ʦʩʽ ʩʢʣʘʜʦʢ ʤʝʟʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ: ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ (ʯʝʨʚʦʥʽ) ʪʘ ʩʠʥʢʣʽʥʘʣʴʥʠʭ (ʩʠʥʽ); 6 ï 

ʧʨʠʙʣʠʟʥʘ ʛʨʘʥʠʮʷ ʩʝʨʝʜʠʥʥʦʛʦ ʤʘʩʠʚʫ ʪʘ ʥʘʧʨʷʤʦʢ ʥʘʭʠʣʫ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʫ ʥʘ ʥʴʦʤʫ; 7 ï ʥʘʩʫʚʠ ʪʘ 

ʤʝʣʘʥʞʝʚʽ ʟʦʥʠ ʣʘʨʘʤʽʡʩʴʢʦʛʦ ʚʽʢʫ; 8 ï ʚʝʨʛʝʥʪʥʽʩʪʴ ʣʘʨʘʤʽʡʩʴʢʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ; 9 ï ʟʦʚʥʽʰʥʷ ʛʨʘ-

ʥʠʮʷ ʘʪʪʠʯʥʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʦʙʣʘʩʪʽ ʂʘʨʧʘʪ; 10 - ʨʦʟʤʽʱʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʟʨʽʟʽʚ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 3 ʽ 4  
Fig. 2. Tectonic position of the Ukrainian Shield: 

1 ï outcrops of Precambrian rocks under the basement of Cenozoic; 2 ï Paleozoic sediments; 3 ï Mesozoic sediments;  

4-7 ï area of Laramie folding: 4 ï outer border of Laramie folded area; 5 ï fold axes of Mesozoic sediments: anticlinal 

(red) and synclinal (blue); 6 ï the approximate border of the middle massif and the direction of the slope of the sediment 

cover on it; 7 ï thrusts and melange zones of the Laramie age; 8 ï vergence of Laramie tectonic movements; 9 ï the outer 

border of the Attic folded region of the Carpathians; 10 ï placement of geological sections shown in fig. 3 and 4 

 

ʗʢʱʦ ʥʘ ʧʽʚʥʽʯ ʩʢʣʘʜʯʘʩʪʽʩʪʴ ʟʛʘʩʘʻ (ʨʠʩ. 3), 

ʪʦ ʥʘ ʧʽʚʜʝʥʴ ʚʦʥʘ ʧʦʚʠʥʥʘ ʧʦʩʠʣʶʚʘʪʠʩʴ. ɸʥʘʣʽʟ 

ʢʘʨʪ ʚʠʷʚʣʷʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʮʠʭ ʜʝʬʦʨ-

ʤʘʮʽʡ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʚʜʝʥʥʽʰʝ ʛʨʘʥʠʮʽ ʩʢʣʘʜʯʘʩ-

ʪʦʾ ʦʙʣʘʩʪʽ ʨʦʟʚʠʥʫʪʘ ʩʤʫʛʘ ʣʽʥʽʡʥʠʭ ʪʘ ʙʨʘʭʽʬʦ-

ʨʤʥʠʭ ʩʢʣʘʜʦʢ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ 

ʜʦʚʞʠʥʦʶ ʫ ʜʝʩʷʪʢʠ ï ʩʦʪʥʽ ʢʽʣʦʤʝʪʨʽʚ. ɸʤʧʣʽ-

ʪʫʜʘ ʩʢʣʘʜʦʢ ʩʷʛʘʻ 1ï2 ʢʤ. ɺʦʥʠ ʧʦʜʝʢʫʜʠ ʤʘʶʪʴ 

ʫʥʜʫʣʶʶʯʽ ʰʘʨʥʽʨʠ ʯʝʨʝʟ ʫʩʢʣʘʜʥʝʥʥʷ ʩʦʣʷʥʠʤʠ 

ʜʽʘʧʽʨʘʤʠ. ʉʤʫʛʘ ʨʦʟʚʠʪʢʫ ʮʠʭ ʩʢʣʘʜʦʢ ʧʨʦʩʪʝ-

ʞʫʻʪʴʩʷ ʯʝʨʝʟ ʫʩʶ ʋʢʨʘʾʥʫ, ʦʙʤʝʞʫʶʯʠ ʋʢʨʘʾʥ-

ʩʴʢʠʡ ʱʠʪ ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ. ʐʠʨʠʥʘ ʮʽʻʾ ʩʤʫʛʠ 

ï ʧʦʨʷʜʢʫ 100 ʢʤ. 

ʅʘ ʩʭʠʣʘʭ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʩʢʣʘʜʯʘʩʪʽ ʜʝ- 

ʬʦʨʤʘʮʽʾ ʤʝʟʦʟʦʶ ʟʛʘʩʘʶʪʴ, ʽ ʤʝʟʦʟʦʡ ʪʘʤ ʟʘʣʷʛʘʻ 

ʧʦʣʦʛʦ ʪʘ ʤʦʥʦʢʣʽʥʘʣʴʥʦ. 

ɺ ʤʝʞʘʭ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɼʦʥʙʘʩʫ 

ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʇʨʠʘʟʦʚ'ʷ ʣʘʨʘʤʽʡʩʴʢʽ ʩʢʣʘʜʢʠ 

ʪʘʢʦʞ ʟʛʘʩʘʶʪʴ. ɿʘʤʽʩʪʴ ʥʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʠʩ-

ʣʝʥʥʘ ʩʝʨʽʷ ʜʫʛʦʧʦʜʽʙʥʠʭ ʥʘʩʫʚʽʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜ-

ʥʦʾ ʚʝʨʛʝʥʪʥʦʩʪʽ (ʉʝʣʽʜʽʚʩʴʢʠʡ, ʎʝʥʪʨʘʣʴʥʠʡ, ɼʦ-

ʙʨʦʧʽʣʴʩʴʢʠʡ ʪʘ ʽʥ.). ʋ ʨʦʟʜʽʣʝʥʠʭ ʥʠʤʠ ʪʝʢʪʦʥʽ-

ʯʥʠʭ ʙʣʦʢʘʭ ʩʢʣʘʜʢʠ ʣʘʨʘʤʽʡʩʴʢʦʾ ʛʝʥʝʨʘʮʽʾ ʧʦʦ-

ʜʠʥʦʢʽ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʝʣʽʢʪʠ ʛʝʨʮʠʥʩʴʢʦʾ 

ʩʢʣʘʜʯʘʩʪʦʾ ʩʧʦʨʫʜʠ ɼʦʥʙʘʩʫ. 

ʇʨʠʘʟʦʚʩʴʢʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʩʠʚ ʣʘʨʘʤʽʡ-

ʩʴʢʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʥʘʩʫʥʫʪʦ ʥʘ ʧʽʚʜʝʥʥʫ ʯʘʩ-

ʪʠʥʫ ɼʦʥʙʘʩʫ [6] ʪʘ ʥʘ ʢʨʝʡʜʦʚʽ ʚʽʜʢʣʘʜʠ ʧʽʚʜʝʥ-

ʥʦʛʦ ʩʭʠʣʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ("ʂʦʥʢʩʴʢʦ-ʗʣʠʥ- 
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ʈʠʩ. 3. ʇʽʚʥʽʯʥʘ ʛʨʘʥʠʮʷ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʦʙʣʘʩʪʽ [26]: 

1 ï ʣʘʨʘʤʽʡʩʴʢʘ ʩʢʣʘʜʯʘʩʪʘ ʦʙʣʘʩʪʴ; 2 ï ʢʘʨʪʫʚʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. ɺʝʨʪʠʢʘʣʴʥʠʡ ʤʘʩʰʪʘʙ ʟʙʽʣʴʰʝʥʦ 

ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫ 40 ʨʘʟʽʚ. ʈʦʟʤʽʱʝʥʥʷ ʨʦʟʨʽʟʫ ï ʥʘ ʨʠʩ. 2 / 
Fig. 3. The northern border of the Laramie folded region [26]: 

1 ï Laramie folded region; 2 ï mapping wells. The vertical scale is increased relative to the horizontal by 40 times. 

Placement of the section ï in fig. 2. 

 

ʩʴʢʫ ʟʘʧʘʜʠʥʫ") [20]. ʎʝ ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʽʜʪʚʝʨ-

ʜʞʝʥʦ ʙʫʨʽʥʥʷʤ ʪʘ ʧʨʷʤʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷʤʠ [19]. 

ʇʽʚʜʝʥʥʽʰʝ, ʥʘ ʰʝʣʴʬʘʭ ʏʦʨʥʦʛʦ, ɸʟʦʚʩʴ-

ʢʦʛʦ ʤʦʨʽʚ ʪʘ ʫ ʇʽʚʥʽʯʥʦʤʫ ʂʨʠʤʫ, ʛʝʦʬʽʟʠʯʥʠʤʠ 

ʨʦʙʦʪʘʤʠ ʪʘ ʙʫʨʽʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʽ ʯʠʩʣʝʥʥʽ ʣʘʨʘ-

ʤʽʡʩʴʢʽ (ʧʽʩʣʷʢʨʝʡʜʦʚʽ ï ʜʦʢʘʡʥʦʟʦʡʩʴʢʽ) ʥʘʩʫʚʠ 

ʪʘ ʣʽʥʽʡʥʽ ʩʢʣʘʜʢʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʪʘ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʚʝʨʛʝʥʪʥʦʩʪʽ (ʨʠʩ. 4). ɸʤʧʣʽ-

ʪʫʜʘ ʦʢʨʝʤʠʭ ʥʘʩʫʚʽʚ ʩʷʛʘʻ 8ï10 ʢʤ, ʘ ʘʤʧʣʽʪʫʜʠ  

 
ʈʠʩ. 4. ʃʘʨʘʤʽʡʩʴʢʽ ʩʢʣʘʜʢʠ ʪʘ ʥʘʩʫʚʠ ʚ ʘʢʚʘʪʦʨʽʾ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ [33]. 

ʇʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.  

ɾʦʚʪʠʤ ʧʦʟʥʘʯʝʥʽ ʝʦʮʝʥʦʚʽ ʪʘ ʙʽʣʴʰ ʤʦʣʦʜʽ ʚʽʜʢʣʘʜʠ. ʇʽʜʧʠʩʘʥʽ ʥʘʟʚʠ ʘʪʠʢʣʽʥʘʣʴʥʠʭ ʩʢʣʘʜʦʢ.  

ʏʽʪʢʦ ʚʠʜʥʦ ʢʫʪʦʚʝ ʥʝʫʟʛʦʜʞʝʥʥʷ ʫ ʧʽʜʦʰʚʽ ʝʦʮʝʥʫ /  
Fig. 4. Laramie folds and thrusts in the Sea of Azov water area [33]. 

The position of this seismic-geological section is shown in fig. 2. Eocene and younger sediments are marked in yellow. 

Signed names of anticlinal folds. An angular unconformity under the Eocene basement is clearly visible 
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ʧʨʠʥʘʩʫʚʥʠʭ ʩʢʣʘʜʦʢ ʩʷʛʘʶʪʴ 1ï2 ʢʤ. ɺʦʥʠ ʻ 

ʦʙôʻʢʪʘʤʠ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ. 

ʉʢʣʘʜʯʘʩʪʦ-ʥʘʩʫʚʥʘ ʟʦʥʘ ʇʨʠʯʦʨʥʦʤʦʨ'ʷ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚʽʜ ʫʩʪʷ ɼʫʥʘʶ ʯʝʨʝʟ ɸʟʦʚʩʴʢʝ 

ʤʦʨʝ ʜʦ ʇʝʨʝʜʢʘʚʢʘʟʟʷ. ɺʦʥʘ ʤʘʻ ʰʠʨʠʥʫ 150ï

200 ʢʽʣʦʤʝʪʨʽʚ [33, 35, 39]. ʎʷ ʩʤʫʛʘ ʩʢʣʘʜʦʢ ʪʘ 

ʥʘʩʫʚʽʚ ʦʙʤʝʞʫʻ ʟ ʧʽʚʜʥʷ ʧʽʚʜʝʥʥʠʡ ʩʭʠʣ ʋʢʨʘʾʥ-

ʩʴʢʦʛʦ ʱʠʪʘ (ʨʠʩ. 2). ʋ ʩʫʯʘʩʥʽʡ ʩʪʨʫʢʪʫʨʽ ʮʽ ʣʘ-

ʨʘʤʽʡʩʴʢʽ ʩʢʣʘʜʢʠ ʪʘ ʥʘʩʫʚʠ ʧʝʨʝʢʨʠʪʽ ʢʘʡʥʦʟʦʡ-

ʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ (ʨʠʩ. 4). 

ʇʽʚʜʝʥʥʽʰʝ, ʫ ɻʽʨʩʴʢʦʤʫ ʂʨʠʤʫ, ʜʝʬʦʨʤʘʮʽʾ 

ʱʝ ʧʦʩʠʣʶʶʪʴʩʷ. ʉʢʣʘʜʢʠ ʪʘ ʥʘʩʫʚʠ ʟʤʽʥʶʶʪʴʩʷ 

ʰʠʨʦʢʠʤʠ ʪʘ ʧʨʦʪʷʞʥʠʤʠ ʤʝʣʘʥʞʝʚʠʤʠ ʟʦʥʘʤʠ 

[39], ʧʦ ʷʢʠʭ ʧʨʦʭʦʜʠʣʦ ʥʘʩʫʚʘʥʥʷ ʙʣʦʢʽʚ ʫ ʧʽʚʥʽ-

ʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ [6, 9, 18, 30]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʝʞʘʭ ʨʦʟʚʠʪʢʫ ʣʘʨʘʤʽʡʩʴʢʦʾ 

ʩʢʣʘʜʯʘʩʪʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽʥ-

ʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ. ʇʦʨʫʯ ʽʟ ʟʘʛʘʣʴʥʠʤ ʟʨʦ-

ʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʧʽʚʜʝʥʴ ʚʠ-

ʷʚʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʧʣʦʱʘ ʤʘʡʞʝ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ 

ʩʢʣʘʜʦʢ ʤʝʟʦʟʦʶ. ɺʦʥʘ ʦʢʦʥʪʫʨʶʻʪʴʩʷ ʩʤʫʛʘʤʠ 

ʨʦʟʚʠʪʢʫ ʩʢʣʘʜʦʢ ʪʘ ʥʘʩʫʚʽʚ ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ, 

ʩʭʦʜʫ ʪʘ ʧʽʚʜʥʷ (ʨʠʩ. 1). ʊʘʢʽ ʤʘʣʦʜʠʩʣʦʢʦʚʘʥʽ 

ʙʣʦʢʠ ʫ ʤʝʞʘʭ ʩʢʣʘʜʯʘʩʪʠʭ ʦʙʣʘʩʪʝʡ ʥʘʟʠʚʘʶʪʴʩʷ 

ʩʝʨʝʜʠʥʥʠʤʠ ʤʘʩʠʚʘʤʠ. 

ʉʝʨʝʜʠʥʥʠʡ ʤʘʩʠʚ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ 

ʦʙʣʘʩʪʽ ʫ ʤʝʞʘʭ ʋʢʨʘʾʥʠ ʤʘʻ ʙʫʜʦʚʫ ʚʝʣʠʢʦʾ ʧʦ-

ʣʦʞʠʩʪʦʾ ʘʥʪʠʢʣʽʥʘʣʴʥʦʾ ʩʢʣʘʜʢʠ. ʂʨʠʣʘ ʩʢʣʘʜʢʠ 

ʫʪʚʦʨʝʥʽ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ ʧʘʣʝʦʟʦʶ ʪʘ ʤʝʟʦ-

ʟʦʶ. ɰʾ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʝ ʢʨʠʣʦ ʤʘʻ ʥʘʭʠʣ ʫ ʧʽʚʥʽ-

ʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʽʚʜʝʥʥʝ ï ʫ ʧʽʚʜʝʥʥʦʤʫ, 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʝ ï ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ, ʽ ʪ.ʧ. 

ʂʫʪʠ ʥʘʭʠʣʫ ʚʠʤʽʨʶʶʪʴʩʷ ʧʝʨʰʠʤʠ ʛʨʘʜʫʩʘʤʠ 

ʘʙʦ ʤʝʥʰʝ. ʊʘʢʘ ʧʦʣʦʞʠʩʪʘ ʘʥʪʠʢʣʽʥʘʣʴʥʘ ʩʢʣʘ-

ʜʢʘ ʚʝʣʠʢʦʾ ʧʣʦʱʽ ʻ ʘʥʪʝʢʣʽʟʦʶ. ɿʘʭʽʜʥʝ ʢʨʠʣʦ 

ʘʥʪʝʢʣʽʟʠ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʙʽʣʴʰ ʤʦʣʦʜʠʤʠ ʥʘʩʫ-

ʚʘʤʠ ʂʘʨʧʘʪʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʩʧʦʨʫʜʠ ʘʪʪʠʯʥʦʛʦ 

(ʧʽʩʣʷʤʽʦʮʝʥʦʚʦʛʦ) ʚʽʢʫ.  

ɺ ʷʜʨʽ ʘʥʪʝʢʣʽʟʠ ʟ-ʧʽʜ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʪʘ ʧʘʣʝ-

ʦʟʦʡʩʴʢʦʛʦ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʚʠʭʦʜʷʪʴ ʜʦʢʝʤʙʨʽʡ-

ʩʴʢʽ ʤʝʪʘʤʦʨʬʽʯʥʽ ʪʘ ʤʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ. ɺʦʥʠ, 

ʚʣʘʩʥʝ, ʽ ʻ ʋʢʨʘʾʥʩʴʢʠʤ ʱʠʪʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ 

ʩʫʯʘʩʥʽʡ ʛʝʦʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ 

ʻ ʷʜʨʦʤ ʘʥʪʝʢʣʽʟʠ ʩʝʨʝʜʠʥʥʦʛʦ ʤʘʩʠʚʫ ʫ ʣʘʨʘʤʽʡ-

ʩʴʢʡ ʩʢʣʘʜʯʘʩʪʽʡ ʦʙʣʘʩʪʽ. ʉʘʤʝ ʣʘʨʘʤʽʡʩʴʢʘ ʩʢʣʘ-

ʜʯʘʩʪʽʩʪʴ ʩʬʦʨʤʫʚʘʣʘ ʮʶ ʘʥʪʝʢʣʽʟʫ, ʧʨʦ ʱʦ ʦʧʦ-

ʩʝʨʝʜʢʦʚʘʥʦ ʩʚʽʜʯʠʪʴ ʾʾ ʙʫʜʦʚʘ. ɰʾ ʧʽʚʥʽʯʥʽ ʢʨʠʣʘ 

ʚʫʞʯʽ ʟʘ ʧʽʚʜʝʥʥʽ ʽ ʤʘʶʪʴ ʙʽʣʴʰ ʢʨʫʪʽ ʢʫʪʠ ʥʘ-

ʭʠʣʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʥʘʟʘʛʘʣ ʧʨʦ ʧʽʚʥʽʯʥʫ ʚʝʨʛʝʥʪ-

ʥʽʩʪʴ ʾ ʾ ʬʦʨʤʫʚʘʥʥʷ. ʉʘʤʝ ʪʘʢʘ ʚʝʨʛʝʥʪʥʦʩʪʴ ʧʨʠ-

ʪʘʤʘʥʥʘ ʣʘʨʘʤʽʡʩʴʢʠʤ ʜʝʬʦʨʤʘʮʽʷʤ [4ï10]. 

ɺʧʨʦʜʦʚʞ ʧʽʟʥʴʦʾ ʢʨʝʡʜʠ, ʜʦ ʩʢʣʘʜʯʘʩʪʦʩʪʽ, 

ʪʝʨʠʪʦʨʽʷ ʱʠʪʘ ʧʦʢʨʠʚʘʣʘʩʴ ʩʫʮʽʣʴʥʠʤ ʤʽʣʢʦʚʦʜ-

ʥʠʤ ʰʝʣʴʬʦʤ ʟ ʢʘʨʙʦʥʘʪʥʦʶ ʩʝʜʠʤʝʥʪʘʮʽʻʶ. 

ʄʘʡʙʫʪʥʽʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʱʠʪ ʙʫʚ ʧʝʨʝʢʨʠʪʠʡ ʚʽʜ-

ʢʣʘʜʘʤʠ ʢʨʝʡʜʠ ʧʦʚʥʽʩʪʶ. ʃʘʨʘʤʽʡʩʴʢʘ ʩʢʣʘʜʯʘʩ-

ʪʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʩʬʦʨʤʫʚʘʣʘ ʘʥʪʝʢʣʽʟʫ, ʘʣʝ ʡ ʧʽʜʥʷ-

ʣʘ ʜʦʢʝʤʙʨʽʡʩʴʢʠʡ ʬʫʥʜʘʤʝʥʪ ʚ ʦʙʣʘʩʪʴ ʝʨʦʟʽʡ-

ʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɯ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʪʝʢʪʦʥʽʯʥʠʤ 

ʜʝʬʦʨʤʘʮʽʷʤ ʫ ʧʘʣʝʦʮʝʥʽ ʩʝʨʝʜ ʢʘʨʙʦʥʘʪʥʦʛʦ ʰʝ-

ʣʴʬʫ ʟ'ʷʚʠʣʘʩʴ ʩʫʰʘ.  

ʇʦʷʚʘ ʚʝʣʠʢʦʛʦ ʦʩʪʨʦʚʘ ʧʦʩʝʨʝʜ ʰʝʣʴʬʫ ʚ 

ʫʤʦʚʘʭ (ʩʫʙ)ʪʨʦʧʽʯʥʦʛʦ ʢʣʽʤʘʪʫ ʨʽʟʢʦ ʟʤʽʥʠʣʘ ʭʘ-

ʨʘʢʪʝʨ ʣʽʪʦʛʝʥʝʟʫ ʚ ʨʝʛʽʦʥʽ. ʂʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ 

ʢʨʝʡʜʠ ʟ ʷʜʝʨʥʦʾ ʯʘʩʪʠʥʠ ʘʥʪʝʢʣʽʟʠ ʙʫʣʠ ʝʨʦʜʦ-

ʚʘʥʽ ʧʦʚʥʽʩʪʶ, ʟʘʣʠʰʠʚʰʠʩʴ ʣʠʰʝ ʥʘ ʾʾ ʢʨʠʣʘʭ. 

ʅʘ ʧʦʚʝʨʭʥʶ ʚʠʡʰʣʠ ʩʠʣʽʢʘʪʥʽ ʧʦʨʦʜʠ ʜʦʢʝʤʙ-

ʨʽʶ, ʱʦ ʾʭ ʧʽʜʩʪʠʣʘʣʠ. ʌʦʨʤʫʚʘʥʥʷ ʟʨʽʣʠʭ ʢʽʨ ʚʠ-

ʚʽʪʨʶʚʘʥʥʷ ʮʠʭ ʩʠʣʽʢʘʪʥʠʭ ʧʦʨʽʜ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʾʭ ʝʨʦʟʽʻʶ ʪʘ ʘʙʨʘʟʽʻʶ ʟʫʤʦʚʠʣʠ ʚʩʽ ʪʽ ʨʠʩʠ ʣʽʪʦ-

ʣʦʛʽʾ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʢʘʡʥʦʟʦʡʩʴʢʠʤ ʚʽʜʢʣʘʜʘʤ 

ʋʢʨʘʾʥʠ. ʋʪʚʦʨʠʣʠʩʴ ʩʢʣʷʥʽ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ, ʚʪʦ-

ʨʠʥʥʽ ʢʘʦʣʽʥʠ, ʛʣʘʫʢʦʥʽʪʠ, ʬʦʩʬʦʨʠʪʠ, ʨʦʜʦʚʠʱʘ 

ʤʘʨʛʘʥʮʶ, ʧʨʠʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʽ ʨʦʟʩʠʧʠ ʚʘʞʢʠʭ 

ʤʽʥʝʨʘʣʽʚ ʪʘ ʙʫʨʰʪʠʥʫ ʽ ʪ. ʽʥ. ʅʘ ʦʩʪʨʽʚʥʽʡ ʩʫʰʽ 

ʩʬʦʨʤʫʚʘʚʩʷ ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʙʘʩʝʡʥ ʙʫʨʦʛʦ ʚʫ-

ʛʽʣʣʷ. ʇʦʩʪʫʧʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʮʴʦʛʦ ʦʩʪʨʦʚʘ ʟ ʯʘ-

ʩʦʤ ʧʨʠʟʚʝʣʦ ʜʦ ʧʝʨʝʢʨʠʪʪʷ ʡʦʛʦ ʤʘʣʦʧʦʪʫʞʥʠʤʠ 

ʧʨʠʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʢʘʡʥʦʟʦʶ.  

ʆʙʤʝʞʝʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʣʘʨʘʤʽʡʩʴʢʠʭ ʜʝʬʦʨ-

ʤʘʮʽʡ ʟ ʧʽʚʥʦʯʽ ʧʦʷʩʥʶʻ, ʯʦʤʫ ʧʽʚʥʽʯʥʝ ʧʨʦʜʦʚ-

ʞʝʥʥʷ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʭ ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʩʪʨʫʢ-

ʪʫʨ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʥʘ ɺʦʨʦʥʝʟʴʢʦʤʫ ʢʨʠʩʪʘ-

ʣʽʯʥʦʤʫ ʤʘʩʠʚʽ ʽ ʜʦʩʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʧʘʣʝʦʟʦʡʩʴ-

ʢʠʤʠ, ʤʝʟʦʟʦʡʩʴʢʠʤʠ ʪʘ ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ ʚʽʜʢʣʘ-

ʜʘʤʠ. ɺʦʨʦʥʝʟʴʢʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʩʠʚ ʣʘʨʘʤʽʡ-

ʩʴʢʠʤʠ ʨʫʭʘʤʠ ʥʝ ʜʝʬʦʨʤʫʚʘʚʩʷ ʽ ʪʦʤʫ ʟʘʨʘʟ 

ʤʘʡʞʝ ʥʝ ʚʠʭʦʜʠʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ. 

ʌʦʨʤʫʚʘʥʥʷ ɸʣʴʧʽʡʩʴʢʦʛʦ ʩʢʣʘʜʯʘʩʪʦʛʦ ʧʦ-

ʷʩʫ ʤʘʣʦ ʚʧʣʠʚ ʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. 

ɿʘ ʤʝʞʘʤʠ ʂʘʨʧʘʪ ʥʘ ʥʴʦʤʫ ʧʨʦʷʚʠʣʠʩʴ ʣʠʰʝ ʥʝ-

ʟʥʘʯʥʽ ʜʝʬʦʨʤʘʮʽʾ [4], ʘʣʝ ʚʦʥʠ ʧʽʜʥʷʣʠ ʡʦʛʦ ʷʢ 

ʚʠʩʦʯʠʥʠ ʨʝʣʴʻʬʫ (ʇʦʜʽʣʴʩʴʢʫ ʪʘ ʇʨʠʜʥʽʧʨʦʚ-

ʩʴʢʫ) ï ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ɼʦʥʝʮʴʢʠʡ ʢʨʷʞ ʪʘ ʇʨʠʘʟʦʚ-

ʩʴʢʫ ʚʠʩʦʯʠʥʫ [6, 16, 18]. ɺʦʜʥʦʯʘʩ ʟ ʮʠʤ ʟʥʠ-

ʞʝʥʥʷ ʨʽʚʥʷ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʚ ʧʣʽʦʮʝʥʽ ʯʝʨʝʟ ʨʝ-

ʛʽʦʥʘʣʴʥʽ ʟʣʝʜʝʥʽʥʥʷ ʧʨʠʟʚʝʣʠ ʜʦ ʦʩʫʰʝʥʥʷ ʪʝʨʠ-

ʪʦʨʽʾ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ ʛʣʠʙʠʥʥʦʾ ʝʨʦʟʽʾ ʨʽʯʢʦʚʦʾ ʤʝ-

ʨʝʞʽ. ʏʝʨʝʟ ʮʝ ʩʫʯʘʩʥʽ ʝʨʦʟʽʡʥʽ ʚʨʽʟʠ ʧʝʨʝʪʠʥʘʶʪʴ 

ʢʘʡʥʦʟʦʡʩʴʢʠʡ ʦʩʘʜʦʚʠʡ ʯʦʭʦʣ ʽ ʨʦʟʢʨʠʚʘʶʪʴ ʜʦ-

ʢʝʤʙʨʽʡʩʴʢʽ ʫʪʚʦʨʝʥʥʷ ʋʢʨʘʾʥʠ. ʉʬʦʨʤʫʚʘʣʘʩʴ 

"ʦʙʣʘʩʪʴ, ʜʝ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʭʦʜʷʪʴ ʤʝʪʘʤʦʨʬʽʯʥʽ 

ʧʦʨʦʜʠ". 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ɺʚʝʜʝʥʥʷ ʫ ʘʥʘʣʽʟ ʪʝʢʪʦ-

ʥʽʯʥʦʾ ʙʫʜʦʚʠ ʨʝʛʽʦʥʫ ʦʙ'ʻʢʪʠʚʥʦ ʽʩʥʫʶʯʦʾ ʣʘʨʘ-

ʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʥʷʪʠ ʙʘʛʘʪʦ 

ʧʨʦʪʠʨʽʯ ʪʘ ʫʟʛʦʜʠʪʠ ʨʽʟʥʦʨʽʜʥʽ ʷʚʠʱʘ ʫ ʻʜʠʥʫ ʩʠ-

ʩʪʝʤʫ: 

- ʟôʷʩʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʫ ʧʦʟʠʮʽʶ ʱʠʪʘ ʫ ʣʘʨʘ-

ʤʽʡʩʴʢʠʭ ʜʝʬʦʨʤʘʮʽʷʭ;  

- ʧʦʢʘʟʘʪʠ, ʱʦ ʱʠʪ ʷʢ ʪʝʢʪʦʥʽʯʥʝ ʧʽʜʥʷʪʪʷ 

ʩʬʦʨʤʫʚʘʚʩʷ ʫ ʧʘʣʝʦʮʝʥʽ; 

- ʧʦʷʩʥʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʘʨʙʦʥʘʪʽʚ ʢʨʝʡʜʠ ʥʘ 

ʱʠʪʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʣʽʢʘʪʥʠʭ ʧʦʨʽʜ ʫ ʚʝʨʭʥʽʡ 
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ʢʨʝʡʜʽ ʥʘ ʦʪʦʯʫʶʯʠʭ ʪʝʨʠʪʦʨʽʷʭ;  

- ʧʦʷʩʥʠʪʠ ʟʤʽʥʫ ʢʘʨʙʦʥʘʪʥʦʾ ʩʝʜʠʤʝʥʪʘʮʽʾ 

ʧʽʟʥʴʦʾ ʢʨʝʡʜʠ ʥʘ ʧʝʨʝʚʘʞʥʦ ʩʠʣʽʢʘʪʥʫ ʩʝʜʠʤʝʥ-

ʪʘʮʽʶ ʧʘʣʝʦʛʝʥʫ; 

- ʫʟʛʦʜʠʪʠ ʤʽʥʝʨʘʛʝʥʽʯʥʫ ʩʧʝʮʽʘʣʽʟʘʮʽʶ ʦʩʘ-

ʜʦʚʦʛʦ ʢʘʡʥʦʟʦʶ ʟ ʽʩʪʦʨʽʻʶ ʪʝʢʪʦʥʽʯʥʦʛʦ ʨʦʟʚʠ-

ʪʢʫ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʱʠʪʘ; 

- ʧʦʢʘʟʘʪʠ ʧʨʠʯʠʥʠ ʧʝʨʝʢʨʠʪʪʷ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʱʠʪʘ ʢʘʡʥʦʟʦʻʤ ʪʘ ʨʦʟʤʠʚ ʮʴʦʛʦ ʧʦʢʨʠʪʪʷ ʫ ʩʫ-

ʯʘʩʥʫ ʛʝʦʣʦʛʽʯʥʫ ʝʧʦʭʫ. 

ɺʠʩʥʦʚʢʠ. 1. ʃʘʨʘʤʽʡʩʴʢʘ ʩʢʣʘʜʯʘʩʪʽʩʪʴ ʧʦ-

ʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʫ ʪʝʢʪʦʥʽʯʥʦʤʫ ʨʘʡʦʥʫʚʘʥʥʽ 

ʋʢʨʘʾʥʠ ʪʘ ɭʚʨʦʧʠ. 

2. ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʫ ʩʫʯʘʩʥʽʡ ʛʝʦʣʦʛʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʟʘʡʤʘʻ ʤʽʩʮʝ ʷʜʨʘ ʘʥʪʝʢʣʽʟʠ ʩʝʨʝʜʠʥʥʦ- 

ʛʦ ʤʘʩʠʚʫ ʫ ʣʘʨʘʤʽʡʩʴʢʽʡ ʩʢʣʘʜʯʘʩʪʽʡ ʦʙʣʘʩʪʽ. 

3. ʗʢ ʪʝʢʪʦʥʽʯʥʝ ʧʽʜʥʷʪʪʷ ʱʠʪ ʩʬʦʨʤʫʚʘʚʩʷ ʫ 

ʧʘʣʝʦʮʝʥʽ. ʋ ʧʽʟʥʽʡ ʢʨʝʡʜʽ ʚʽʥ ʱʝ ʙʫʚ ʧʦʭʦʚʘʥʠʡ 

ʧʽʜ ʰʝʣʴʬʦʚʠʤʠ ʢʘʨʙʦʥʘʪʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. 

4. ɿʘ ʨʘʭʫʥʦʢ ʨʦʟʤʠʚʫ ʮʴʦʛʦ ʧʽʜʥʷʪʪʷ ʩʬʦʨ-

ʤʫʚʘʣʠʩʴ ʢʘʡʥʦʟʦʡʩʴʢʽ ʚʽʜʢʣʘʜʠ ʋʢʨʘʾʥʠ ʟʽ ʩʧʝ-

ʮʠʬʽʯʥʦʶ ʤʽʥʝʨʘʛʝʥʽʯʥʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ. 

5. ʆʙʤʝʞʝʥʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʘʨʘʤʽʡʩʴ-

ʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʧʽʚʥʽʯ ʟʘʣʠʰʠʣʘ ʧʽʚʥʽʯʥʝ ʧʨʦ-

ʜʦʚʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ï ɺʦʨʦʥʝ-

ʟʴʢʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʩʠʚ ï ʧʝʨʝʢʨʠʪʠʤ ʬʘʥʝʨʦ-

ʟʦʡʩʢʠʤ ʦʩʘʜʦʚʠʤ ʯʦʭʣʦʤ. 

6. ɺʨʘʭʫʚʘʥʥʷ ʣʘʨʘʤʽʡʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʩʪʽ 

ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ ʨʽʟʥʦʧʣʘʥʦʚʽ ʛʝʦʣʦʛʽʯʥʽ ʷʚʠʱʘ 

ʨʝʛʽʦʥʫ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʙʝʟ ʧʨʦʪʠʨʽʯ. 
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ABSTRACT 

Statement of the general problem. The analysis of the geological structure of Europe indicates a wide development 

of Laramian (post-Cretaceous - pre-Cenozoic) deformations in non-Alpine regions. They are traced by the regional an-

gular unconformity between the folded Mesozoic and non-folded Cenozoic from the Caspian Sea to Great Britain. The 

area of development of the Laramie folding of Europe also covers the Ukrainian shield.  

An unsolved part of the overall problem. The Ukrainian crystalline shield is described as "uplift of the crystalline 

foundation of the East European platform", where Precambrian rocks come to the surface. But the same rocks can also be 
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traced far beyond its borders. The question arises - what structural position does the Ukrainian shield occupy in the 

structure of the Laramie folded region? 

Analysis of recent research and publications. On the geological maps of the pre-Cenozoic formations of Ukraine, 

the northern border of the Laramie folded region can be traced along the Chernihiv-Lysychansk line. Mesozoic folds and 

an angular unconformity in the Cenozoic basement disappear further north. To the south, the Laramie deformations in-

tensify, but unevenly. 

The purpose of the article is identification of modern structural position of Ukrainian crystalline shield. 

Research materials and methods. Were involved more than 120 geological maps of Ukrainian regions and author's 

digital geological model of East Ukraine. 

Presentation of the main research material. A band of Mesozoic folds and NW vergence thrusts tens to hundreds 

of kilometers long is developed immediately south of the border of the folded region. The amplitude of the folds is 1.5ï

2 km. The band of development of these folds and thrusts with a width of about 100 km limits the Ukrainian shield from 

the northeast. 

To the south of the Ukrainian Shield, on the shelves of the Black and Azov Seas and in Northern Crimea, a sub-

latitude band of Laramie thrusts and folds with a width of 150ï200 kilometers has been established. Amplitudes of thrust 

folds reach 1ï2 km, amplitudes of separate thrusts reach 8ï10 km. This band of folds and thrusts limits the southern slope 

of the Ukrainian shield from the south. These Laramie folds and thrusts are overlain by Cenozoic sediments. 

To the south, in the Mountainous Crimea, the deformations are still intensifying. Folds and thrusts are replaced by 

wide and extended m®lange zones of northwestern vergence. 

The Ukrainian shield is bypassed by the development of folds and thrusts from the northeast, east, and south. On the 

slopes of the Ukrainian shield, Mesozoic fold deformations subside, and the Mesozoic there lies gently sloping and mon-

oclinally. Such poorly deformed blocks within folded regions are called middle massifs. This middle massif of the 

Laramie fold region within Ukraine has an anteclise structure. In the core of the anteclise, Precambrian metamorphic and 

igneous rocks emerge from under the sedimentary cover. The western wing of the anteclise is overlain by younger thrusts 

of the Carpathian folded structure of Attic (post-Miocene) age. 

Scientific novelty. In the modern geological structure, the Ukrainian shield is the core of the anteclise of the middle 

massif in the Laramie folded region.  

Conclusions. As a tectonic uplift, shield was formed in the Paleocene. In the Late Cretaceous, it was still buried 

under shelf carbonate deposits. Erosion of this uplift formed the Cenozoic deposits of Ukraine with a specific mineragenic 

specialization. Taking into account the Laramian folding allows us to reconcile the diverse geological phenomena of the 

region into a single system without contradictions. 

Keywords: Ukrainian shield, Laramian folding, anteclise, middle massif. 
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ABSTRACT 

Problems Statement and Purpose. Northern Tanzania Volcanic terrain has been a subject of evaluation for geothermal potential 

in the last four decades. The region is characterized by Neogene to Recent volcanic and tectonic activities. This preliminary study based 

on remote sensing, water chemistry, gravity data, geological structures and volcanic centers distribution reports the geothermal mani-

festations identified and discusses the implications on geothermal fluid pathways. Oxygen-hydrogen isotope data from water samples 

indicate that there were involved in the hydrothermal system. 

Tectono-Volcanic Structures. The Northern Tanzania Divergence (NTD) area characterized by Neogene to Recent volcanic and 

tectonic activities. Recent volcanic and tectonic activities are ash cone and lava dome eruption at the floor of Meru crater a century 

ago, dyke intrusion and volcanic eruption south of Gelai volcano, and Oldoinyo-Lengai volcano, respectively. Fumarolic activities and 

hot springs are dominant in a relatively young volcanic area to the north-eastern and northern part of the NTD.  

Data and Methods. Shuttle Radar Topography Mission (SRTM), Landsat 8 Operational Land Imager (OLI) image, water isotope 

analysis and gravity data were used to extract and analyze the surface and subsurface geological lineaments and map the hydrothermal 

alteration zones in the study area. The hydrothermal alteration is used to evaluate and identify the permeable structures. Analysis and 

interpretation of the length and trends of extracted lineaments were used to investigate the tectonic evolution. Geological map of a 

study area was digitized from the existing geological maps and the age of rocks to delineate volcanic activity and associated lineaments 

based on the age of the lithological domain. Digital image processing was applied to enhance the visual interpretation. Gravity data 

were used to give insight into the subsurface structure in the study area. 

Results and Discussion. The higher ŭ 18O values and large deviation from meteoric water lines suggest that is due to the inter-

action of fluids with host rocks at elevated temperatures. These are consistent with open structures that act as conduits for fluid flow. 

The potential field gravity data reveal a basin-like structure trending in the NNW direction. The gravity data show that the basement 

units gradually deepen towards the central part and that it is controlled by two main fault systems that trend N-S and NW-SE respec-

tively. The gravity data presented here provides new constraints on the tectonic evolution and geothermal resources of the study area.  

Keywords: Remote sensing, gravity, geothermal, Tanzania, Structures, Isotope. 
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1. Introduction 

Located in the northern part of Tanzania, the 

study area is characterized by numerous hot springs, 

fumaroles and Neogene to recent volcanic and tec-

tonic activities. The area presents the potential for ge-

othermal resources and has been a subject of several 

volcanic and geothermal-oriented researches (Fairhead,  

1980; Nzaro, 1970).  

Remote sensing data with a combination of geo-

physical data has been applied over a number of ap-

plications in geoscience studies (Calvin et al., 2015). 

The applications range from mineral and geothermal 

exploration to volcanic activity monitoring. In geo-

thermal exploration and volcanologic studies, remote 
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sensing data are widely used for mapping the geolog-

ical structures, volcanic eruptive center distribution, 

thermal anomaly or surface temperature distribution, 

and hydrothermal alterations (Mia and Fujimitsu, 

2013; Calvin et al., 2015; Ulusoy, 2016). On the other 

side, gravity data is widely used to study the geolog-

ical structures and subsurface features in various ge-

ological and tectonic settings (Rymer and Brown, 

1986; Simiyu and Keller, 1997). 

In this study, Shuttle Radar Topography Mission 

(SRTM), satellite imagery data acquired from Oper-

ational Land Imager (OLI), water isotope analysis 

and gravity data are used to image surface and sub-

surface geological lineaments and map the hydrother-

mal alteration in the Northern Tanzania Volcanic 

area, with the aim of evaluating the geothermal re-

sources and fluid pathways. 

Three dominant structural trends (N-S, NW-SE 

and NE-SW) were recognized in the study area re-

flecting the tectonic setting of the Northern Tanzania 

Divergence (NTD).  The gravity data show a deep 

graben structure in the central part of the study area. 

The different maxima of the horizontal gradient data 

indicate the existence of horst and graben blocks 

within the basin. The water isotopic analysis suggests 

that it has interacted with rocks at elevated tempera-

tures before being discharged through permeable 

structures. The results provide constraints to the 

structure and tectonic history of the study area and an 

insight into the potential of future geothermal explo-

ration in the North Tanzania Volcanic area. 

2. Approach and Material 

The hydrothermal alteration is used to evaluate 

and identify the permeable structures extracted from 

SRTM data (Mshiu et al., 2015). Statistical analysis 

of lineament length and trends based on the age of the 

geological formations provides useful information 

about the tectonic evolution of the area of interest 

(Saadi and Watanabe, 2008). Principal Component 

Analysis (PCA) and color normalization transfor-

mation (Chavez et al., 1991) were used to evaluate 

their efficiency in improving the visual interpretation 

and identifying the hydrothermal alterations in this 

study. 

Gravity data provides a general overview of the 

subsurface structure in the area of interest (Bilim, 

2007). A horizontal gradient (HG) filter is applied to 

the gravity data to locate the edges of the geological 

structure (Pilkington, 2007). 

A total of nine (9) water samples from hot 

spring, surface and lake water were collected from 

the study area for isotope analysis to identify the 

origin of water and how water interacts in subsurface 

conditions. 

3. Geological Setting 

The Great Rift of East Africa is an approxi-

mately N-S trending structure extending from the 

Gulf of Aden, NE Africa to Mozambique, SE Africa 

(Fig. 1). It is comprised of two branches; the eastern 

arm which is referred as "Gregory Rift" and the west-

ern arm referred as "Albertine Rift". Gregory Rift ex-

tends from the Gulf of Eden through Ethiopia and 

Kenya to northern Tanzania where the Rift seems to 

be widening from approximately 50 km in southern 

Kenya to approximately 200 km wide splitting into 

three differently oriented branches; the NatronïMan-

yara, the EyasiïWembere and the Pangani rifts 

(Mollel et al., 2008). The NE - SW trending tilted 

fault blocks, south of Lake Natron, is referred to as 

Eyasi-Wembere Rift, NNE-SSW trending Manyara 

Rift and NNW - SSE trending Pangani fault system, 

south of roughly E-W volcanic chain of Essimingor 

ï Kilimanjaro (Fig. 2); this split is referred as North-

ern Tanzania Divergence (Le Gall et al., 2008). The 

rift then continues to central Tanzania Archean Cra-

ton, at this point the rift is not as continuous as north 

of NTD. It extends further south to the triple junction 

intersecting with the Albertine Rift.  

The structure of this elongated N-S rift is domi-

nated by Ethiopian and Kenya domal uplift which ge-

ological studies and geochronological examinations 

have shown to have developed simultaneously with 

the rift system during Cenozoic faulting and volcan-

ism (Fairhead, 1976). 

The Neogene volcanic province of NTD is rec-

ognized to be younger than the volcanic provinces in 

Kenya and Ethiopia where magmatism commenced 

around 40 Ma (Baker et al., 1972; Dawson, 2008) 

suggesting mantle uprising is liable for intra-plate 

magmatism and crustal fracturing in this province 

(Dawson, 2008). The province is underlain by the 

Precambrian basement and bordered by Precambrian 

metamorphic rocks to the east and Archean craton 

rocks of central and northern Tanzania to the west. 

The province is dominated by Pliocene to recent vol-

canic and tectonic activities.  

Previous geological studies confirmed that the 

major rift faulting episodes in northern Tanzania are 

around 2.1 Ma and 1.2 Ma (Wilkinson et al., 1986). 

It was also suggested that the existing rift escarp-

ments progressed later than c. 1.2 Ma and major fault 

escarpments prevailed by c. 3 Ma (Foster et al., 

1997). 

Chronological studies indicated that the volca-

noes of Essimingor, Oldoinyo Sambu, Ngorongoro, 

Monduli and Tarosero emerged between 4.8 - 2.01 

Ma; then followed by the eruption of Ketumbeine, 

Gelai and Burko volcanoes (Fig. 5) and by effusion 

of trachy-basalt lavas between 1.5 - 0.6 Ma (Dawson, 

2008; Mollel et al., 2008; Mana et al., 2015). The 

youngest volcanoes are Kerimasi, Kilimanjaro, 

Meru, and Oldoinyo Lengai which developed in 1 Ma 

(Wilkinson et al., 1986; Mana et al., 2015). The rock 

type of the volcanoes in the region is diverse varying  
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Fig. 1. Tectonic map of East Africa showing major faults, Tertiary to Recent volcanic and geothermal fields (after 

Dawson, 2008). Aluto Langano geothermal field with 8 MWe power plant (1), Menengai geothermal field (2) 

and Olkaria geothermal field (3), the largest geothermal field in Africa with installed capacity > 600 Mwe 

 
Fig. 2. The tectonic and general geology of Northern Tanzania.  

Note the geothermal activities become more diffuse in the basement area south of the volcanic region, 

occurring in the form of warm springs (modified from Le Galle et al, 2008) 
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from basalt-trachyte-phonolite to nephelinite-phono-

lite associations (Fairhead, 1980; Dawson, 2008). 

4. Data Processing 

4.1 Remote sensing data 

Satellite imagery and Digital Elevation Model 

(DEM) from the United States Geological Survey 

(USGS) are used in this work. The DEM derived 

from SRTM and Landsat imagery derived from OLI 

data (path 168/Row 062 and path 169/Row 062 ac-

quired on October 13, 2016, and September 23, 2017, 

respectively). The spatial resolutions of the data sets 

are 3-arc seconds (approximately 90 m) and 30 m 

pixel resolution for SRTM and Landsat 8 respec-

tively. These data sets are used to extract geologic lin-

eaments, hydrothermal alterations and map the vol-

canic and tectonic landforms for the study area. The 

Landsat 8 band combinations were selected follow-

ing initial experiments concerning the suitability of 

various band combinations to enhance the visual ap-

pearance and visual interpretation of geological line-

aments (Saadi and Watanabe, 2008). The selected 

combinations have the advantage of preserving mor-

phological features as well as displaying different 

lithological units in various colors because bands 

within the VNIR and SWIR portions of the electro-

magnetic spectrum were used (Sabins, 1997; Ab-

delsalam et al., 2000). Band 8 of Landsat 8 imagery 

(15 m) is used to enhance visual inspection of linea-

ment extraction on SRTM data using Intensity-Hue-

Saturation (IHS) Pan-sharpening (Mitchell, 2010).  

Different azimuths of the sun are used to en-

hance and improve the image for visual interpreta-

tion. The sun angle used is 60Ü while sun azimuth var-

ied from 45Ü to 315Ü to accommodate all possible 

trends of the lineaments under investigation. 

Slope angle map of SRTM was used to recog-

nize geological lineaments, volcanic centers, and 

cones in the study area (Fig. 3). 

All lineaments and landforms observed within 

the shaded relief maps are manually mapped through 

on-screen digitization. The manual extraction criteria 

for lineaments and visual interpretation are based on 

image characteristics (tone and texture), lithological 

boundaries (rock units) and geomorphologic features 

(drainage patterns). Volcanic centers and their spatial 

distribution are mapped based on their circular shape 

and elevation above the immediate surrounding area 

specifically within the volcanic area. Hutchison et al. 

(2015) argued that the distribution and orientation of 

vents or craters can be used to assess the geometry of 

feeder dikes and eventually evaluate the structural 

controls on magma pathways. 

The lineaments extracted from remote sensing 

data are aligned predominantly in the N-S direction, 

while the NW-SE and NE-SW trends are subordinate 

(Fig. 4). The extracted lineaments were divided into 

three groups based on age of the geological forma-

tions. Three formations were cut by the extracted lin-

eaments; Precambrian, Plio-Early Pleistocene and 

Middle-Late Pleistocene (Fig. 5). Rose diagrams 

(Fig. 6) depict the distribution and orientations of lin-

eaments on the three geological formations. 

PCA (Fig. 7) and Directed Principle Component 

Analysis (DPCA) (Fig. 8) are applied to map the pos-

sible alteration patterns (Loughlin, 1991; Ali and 

Pour, 2014). DPCA (Pour et al., 2013) of four band 

ratios; 5/4 representing vegetation index, 4/2 for fer-

ric iron oxide index, 6/5 for ferrous oxide index and 

6/7 for hydroxyl/clay index (band ratio equivalent for 

OLI bands) has been applied to reduce the effects of 

vegetation in identifying the hydrothermal altera-

tions. The principal component (PC) image combina-

tion of PC2:PC3:PC4 in RGB is used to discriminate 

different surface alterations, whereby PC2, PC3 and 

PC4 represent the transformation of band ratios of 

4/2, 6/5 and 6/7 respectively. This allows detailed 

spectral characterization of surface targets, particu-

larly of those belonging to the groups of minerals 

with diagnostic spectral features in this wavelength 

range. Pan sharpening of the resultant PC image was 

applied using band 8 of Landsat 8. Surface alteration 

is a result of fluid-rock interaction which indicates 

the fluid pathways, which can be used to map perme-

ability. The importance of alterations is to identify the 

permeable zone on which hydrothermal fluid perme-

ated to interact with the host rock.  

4.2 Gravity data 

The data was obtained from Sandwell and Smith 

(2009), and Sandwell et al., (2013, 2014) and used to 

delineate the possible subsurface structures in rela-

tion to the ones delineated from SRTM and satellite 

imagery (https://topex.ucsd.edu/cgi-bin/get_data.cgi). 

This data is corrected and ready to be used for inter-

pretation and modelling (Sandwell and Smith (2009), 

Sandwell et al., 2013, 2014). Gravity map values 

range from -87 to 146 mGal (Fig. 9). The study area 

shows a basin-like structure, located in the central 

part of the area (blue anomalies). The volcanoes (pink 

anomalies) are located inside the basin and towards 

the edges. A profile was selected (AAô) crossing the 

basin and some volcanoes to show the 2D structure 

(Fig. 10). Horizontal gradient analysis is used to en-

hance and sharpen the geological edges (Fig. 11). The 

horizontal gradient method has been used intensively 

to locate boundaries of density contrast from gravity 

or magnetic data (Ma et al., 2006; Bilim, 2007). It can 

be estimated from:  
 

ὌὋ Ὄὼ Ὄώ                   (1) 

 

Where Hx and Hy are the derivatives in the x 

and y directions, respectively (Philips, et al., 2007). 

Trends can be traced well, taking various direc-

tions (N-S, NE-SW, and E-W). The basin-like struc- 

https://topex.ucsd.edu/cgi-bin/get_data.cgi
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Fig. 3. Slope angle map of SRTM highlights geological lineaments (white line), volcanic centers,  

and cones (white spots) south East of Meru and South of Gelai Volcano 

 

 

Fig. 4. Structural map of the study area, red color lineaments extracted from remote sensing data. The rose 

diagram shows the dominance of three major trends; N-S, NW-SE, and NE-SW. The N-S trend reflecting the 

East Africa Rift System general trend has a higher frequency, the rose diagram is based on azimuth frequency 
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Fig. 5. Geology map of the study area based on age. Lineaments were overlaid on the map to deduce their 

association with the lithological age (*Age is unknown) 

 

 

 

 

 

 

Fig. 6. The rose diagrams of the extracted lineaments based on the underlying age of the lithological domain. 

(a) Precambrian lineaments domain show the NE-SW trend which is considered to be pre-rift deformation, 

(b) represents the Plio-Early Pleistocene age which is predominantly N-S, during early magmatism and  

rifting episodes in northern Tanzania, and (c) Middle- Late Pleistocene age is dominated by the NW-SE 

structural trend and represents youngest volcanic and tectonic activity 
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Fig. 7. Principal Component Analysis of six bands (2-7) image in RGB (PC1:PC2:PC3),  

used to mark the proximate boundaries of a dominant lithological domain in black color line and graben 

structure running N-S (red color) which is reflected on the low gravity anomaly of the section A-Aô.  

The red color may represent the lake beds and limestone found in the respective areas.  

M= Precambrian Metamorphic; NV=Neogene Volcanic; LN=Lake Natron; LM= Lake Manyara 

 

 

Fig. 8. Directional Principal Component Analysis (DPCA) of four band ratios (5/4, 4/2, 6/5, 6/7)  

are represented as RGB (PC2:PC3:PC4) overlaid by geologic structures. Ferric oxides dominate  

the volcanic area probably due to weathering of iron-bearing minerals in mafic volcanic rocks 
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ture extracted from the gravity map (Fig. 11) trending 

in NNW-SSE direction in the northern part and NE-

SW in the southern part is well-matched with the 

SRTM slope angle map (Fig. 3). Notably, some 

anomalies have a circular shape and others have elon-

gated shapes which indicate various structural fea-

tures in the study area. 

To get a more quantitative representation of the 

subsurface structure of the study area, a 2D gravity 

model was constructed along the NW-SE profile. The 

gravity model along the profile AAô is about 176 km 

long. The Analytic Signal (AS) method was used to 

calculate the depth to the basement on profile. This 

method is designed to be applied to magnetic data. 

When using gravity data, the vertical derivative of 

gravity is applied (Phillips, 1997; Nabighian, 1972, 

1974). The basement is estimated at a depth of about 

4 km in the central part to about 2 km east and west. 

This reflects the basement relief underneath the vol-

canic area. 

4.3 Water Chemistry 

Oxygen and hydrogen stable isotopic composi-

tion are used to identify the origin of the water. A total 

of nine (9) water samples from the study area and two 

(2) samples from the Olkaria geothermal field (Table 

1). The fieldwork was conducted between 7th and 13th 

September 2017. Samples were analyzed using Liq-

uid Water Isotope Analyzer (IWA-35/45EP) in Kyu-

shu University Lab. SMOW (Standard Meteoric 

Ocean Water) and 11 water samples were set and 

measured 24 times for each. As the principal, this an-

alyzer emits the laser to the samples and then, the iso-

topic composition is determined by comparing the in-

tensity of the laser passing through samples and the 

original intensity of the laser. In the process of re-

moving largely deviated data as outliers, Smirnov-

Grubbs verification was applied. This verification as-

sumes that the results measured 24 times for each 

sample are distributed normally. The results with low 

significance levels were removed. The first step of 

this verification is to calculate a formula (1). 
 

|x-ave|/dev      (2) 
 

x (ă): most deviated ŭ value from average in 24 

values; 

ave (ă): average value of 24 values; 

dev: standard deviation of 24 values. 

If the result of equation (2) is more than 

Smirnov-Grubbs constant, x should be removed. Af-

ter removing the value, the average and deviation 

have to be recalculated, and the same process will be 

perfumed in 23 samples. When the value of equation 
 

 
Fig. 9. Bouguer gravity map for the study area, high positive anomaly highlighted  

the volcanic features and low negative anomaly reflects a major structural trend N-S orientation.  

Volcanic features seem to be rooted in this major structural trend in a roughly N-S direction.  

Data source (https://topex.ucsd.edu/cgi-bin/get_data.cgi) 

https://topex.ucsd.edu/cgi-bin/get_data.cgi
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Fig. 10. Estimated depth to the basement using analytic signal method along the section AAô. The concentra-

tion of dikes is related to volcanoes across the section 

 

 
Fig. 11. Horizontal gradient map deduced from gravity data overlaid by geological lineaments extracted from 

remote sensing. Circles show borders of volcanic fields and thick black lines show the predicted structures. 

The circle on the top right corner is a Longido mountain, the circular shape and sharpness, suggest that it 

may be formed as a result of the magmatic intrusion 
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(2) is less than Smirnov-Grubbs's constant, then the 

result is regarded as liable. ŭD and ŭ 18O values were 

calculated using the formulae (3) and (4): 
 

ŭD (ă) = [(D/H) sample/(D/H) SMOW-1]/Ĭ1000 

(3) 

ŭ18O (ă) = [(18O/ 16O) sample/ 

(18O/ 16O) SMOW-1] Ĭ1000               (4) 
 

A number of selected volcano-related geother-

mal fields and the onset age of magmatism which 

contributed to the geothermal system development 

are hereby revisited.  

5. Discussion 

NTD is a tectono-volcanic area characterized by 

Neogene to Recent volcanic and tectonic activities. 

Recent volcanic and tectonic activities are ash cone 

and lava dome eruption at the floor of Meru crater a 

century ago (Wilkinson et al., 1986), dyke intrusion 

and volcanic eruption south of Gelai volcano, and 

Oldoinyo-Lengai volcano, respectively (Albaric et 

al., 2010; Himematsu and Furuya, 2015). Fumarolic 

activities and hot springs are dominant in a relatively 

young volcanic area to the north-eastern and northern 

part (Kilimanjaro, Meru and Oldoinyo-Lengai) of the 

NTD. The regional geology map of a study area (Fig. 

5) was digitized from the existing geological maps 

and the age of rocks (Wilkinson et al., 1986; Dawson, 

1992; Mana et al., 2015) to delineate volcanic activity 

and associated lineaments based on the age of the 

lithological domain. Three dominant structural trends 

 

Table 1 

Water samples information 

ID Location Type Altitude (m) pH Temperature 

Aru-G1 Meru Area Groundwater 1448 9.65 23.9 

Aru-L2 Meru Area (Small Momella) Lake water 1444 9.68 22.8 

Aru-L3 Meru Area (Tulusia) Lake water 1441 10.1 25.8 

Nat-H1 Lake Natron Hot spring 602 9.76 48.3 

Nat-H2 Lake Natron Hot spring 602 9.77 50.8 

Nat-H3 Lake Natron Hot spring 601 9.77 50.1 

Nat-H4 Lake Natron Hot spring 605 9.77 45.6 

Nat-H5 Lake Natron Hot spring 608 9.75 49.7 

Nat-H6 Lake Natron Warm spring 605 9.74 31.7 

Olk-H1 Olkaria area Thermal water 2065 12* 71.7 

Olk-H2 Olkaria area Thermal water 2065 11* 79.5 

*refers to quick measurement. 

 

in the study area which reflect the tectonic setting of 

the NTD are identified, N-S, NW-SE and NE-SW 

(Fig. 4). Based on lithological domains; the NE ïSW 

trending geological lineaments are dominant on the 

Precambrian rocks. The N-S and NW-SE structures 

are dominant and associated with Plio-Early Pleisto-

cene and Middle-Late Pleistocene lithological do-

mains, respectively. Mana et al. (2015) suggested that 

the Natron and Manyara Rift basin structures show 

north to south younging direction. On the other hand, 

early magmatism started in the southwestern area of 

the NTD and progressed towards the northern and 

eastern parts of the NTD.  

Comparing NTD with other existing volcanic 

hosted geothermal fields, Rosenberg (2017) sug-

gested that magmatism beneath the Wairakei geother-

mal field might have reinforced the development of a 

geothermal system during the past 0.3 Ma. At the 

Hengill-Hellisheidi geothermal field, the high-tem-

perature geothermal system is associated with an age 

limit of about 0.4 Ma (Franzson et al., 2005).  

Furthermore, more than 200 volcanoes extend- 

ing SW-NE in the active tectono-volcanic zone of 

Iceland aged (< 0.8 Ma) host high-temperature geo-

thermal fields (Bjºrnsson, 2010). The volcanic activ-

ity at Menengai caldera, which hosts the geothermal 

field, is suggested to have started at 0.18 Ma (Leat, 

1991). Very young volcanoes may not have the po-

tential for sustainable geothermal resources due to 

the immaturity of a cap and possible heat exchange 

system which may support the heat storage. 

Kerimasi, Gelai, Kilimanjaro, Meru, and 

Oldoinyo-Lengai volcanoes have been developed 

during the last ~1 Ma (Wilkinson et al., 1986; Mana 

et al., 2015). While Kerimasi, Gelai and Oldoinyo-

Lengai volcanoes are accommodated in the N-S 

structural corridor, Meru volcano lies in the approxi-

mate location of intersection between the NW- SE 

and N-S structures, delineated from remote sensing, 

and the E-W structure delineated, from the gravity 

data (Fig. 9 and Fig. 11). 

Ebinger et al. (2017) noted that pressurized 

magma chambers exist beneath Natron ï Manyara 

zones, such as Oldoinyo-Lengai, Naibor Saito mono-
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genetic cones complex, south of Gelai volcano and 

sill complex between Gelai volcano and Oldoinyo-

Lengai. Furthermore, they argued that zones of seis-

micity beneath the Naibor Saito monogenetic cones 

may be a reflection of the presence of sills or to have 

been produced by hot, gas-rich magmatic fluids from 

the lower magma chamber. This is still an active sys-

tem which continues to replenish this ~1Ma volcanic 

complex.  

Lineaments deduced from gravity data highlight 

the existence of an E-W interesting óhidden structureô 

(Essimingor ï Meru volcanic chain). The trend of the 

NW-SE structures north of the volcanic chain could 

explain the onset of the development of ótransform 

faultô (Fairhead, 1980). South of roughly E-W trend-

ing volcanic chains of Essimingor ï Meru chain, the 

geothermal and volcanic activity becomes more dif-

fused. However, the Manyara Rift segment, on the 

western border fault, along the shore of the lake, 

which runs from the Magadi-Natron basin, hosts the 

hottest hot spring in the region about 70.8Ü C. It em-

anates from the basement rocks (Nzaro, 1970).  

Slope modelling of SRTM data highlights major 

faults, major volcanoes and substantial presumed 

scoria/parasitic cones southeast of Meru volcano and 

the Naibor-saito monogenetic cone complex that is 

located south of Gelai volcano (Ebinger et al., 2017). 

Craters and calderas are well demarcated on the slope 

angle map (Fig. 3). 

The dominant trend delineated from remote 

sensing is in line with the dominant low gravity 

anomaly running N-S, which has been interpreted as 

a subsurface structure and continuation of the East 

Africa Rift (Fig. 9). The horizontal gradient map (Fig. 

11) shows the persistence of N-S structures and the 

roughly E-W subordinate structures associated with 

the extracted lineaments. 

The gravity cross section running NW-SE (Fig. 

10) depicts the low negative anomaly bodies in the 

lake Natron which may represent a deep structure 

possibly buried graben and probably altered zone 

with surficial alteration depicted on Landsat image 

(Fig. 8). The high positive anomaly coincides with 

Ketumbeine and Meru volcano and likely represents 

magmatic bodies. The low anomaly east of Meru vol-

cano may represent a graben or an altered zone de-

picted on lineament extraction and PCA, RGB map 

of PC1, PC2 and PC3 (Fig. 7). Fairhead (1980) esti-

mated the depth of volcanic and sedimentary pile to 

be 800 m at the Lembelos Graben NW of Meru, and 

depth to the basement to be around 1 km. 

Patches of alteration deduced from the Landsat 

image display a dominant N-S orientation (Fig. 8) 

that coincides with the trends of lineaments. The hy-

droxyl (clay?) bearing alteration NW of Lake Man-

yara is bounded with N-S faults. The same alteration 

exhibits an N-S trend NE of Meru volcano south of 

Oldoinyo-Lengai at the peak of Gelai volcano. Car-

bonates are seen at the peak of Oldoinyo-Lengai, de-

fining an N-S orientation west of Lake Natron, attest-

ing to them being structural controlled. Noteworthy 

is the presence of numerous hot springs within this 

area. Ferrous iron oxides exhibit preferential N-S and 

E-W orientation within the volcanic region which is 

not seen within the Precambrian metamorphic area. 

This suggests that the structures acted as "hydrother-

mal fluid pathways" that allowed fluid-rock interac-

tion and eventual alteration of the host rocks. The 

iron oxide that dominates the volcanic region is prob-

ably a result of weathering of iron-bearing minerals 

from the mafic rocks.  

The alteration zones observed during the field-

work (Fig. 12) are located on WNW and ENE of the 

internal wall of the resurgent ash cone at the floor of 

Meru crater. They are characterized by acidic altera-

tion in the form of grains of native sulphur observed 

during the fieldwork. This observation suggests that 

the structures trending NW- SE (west of Meru, Lem-

belos graben) extend beyond the Meru central crater 

and facilitate fluid flow well beyond its boundaries. 

Based on the structural analysis, the orientation 

of volcanic centers and thermal manifestation in the 

study area we suggest that the N-S and NW - SE 

trending regional structures are responsible for the 

hydrothermal fluid flow and present potential target 

areas for further investigation for geothermal explo-

ration.  

In the Meru volcanic area, lake water samples 

(Aru-L2 and Aru-L3) largely deviated from WMWL 

(World Meteoric water line) and CARL (Continental 

Africa Rainwater Line) as well as having higher ŭD 

and ŭ 18O values (Fig. 13). 

The higher ŭD or ŭ 18O values can result from 

evaporation or water-rock interaction at elevated 

temperature. Due to evaporation, the light hydrogen 

and oxygen isotopes are likely to be removed result-

ing in the abundance of the heavy hydrogen and ox-

ygen isotopes. On the other hand, the higher ŭ 18O 

values and large deviation from meteoric water lines 

can be caused by the water-rock interaction at ele-

vated temperatures. During water-rock interaction, 
16O in spring water and 18O in the rock are exchanged 

leading to the ratio of ŭ18O being larger than the me-

teoric water lines (maybe need another source). Alto-

gether, this suggests that the structures within these 

areas act as fluid pathways that are connected to the 

deep reservoir. 

Hot and warm spring at Lake Natron emanates 

from fractures and colluviums at the base of the fault 

trending N-S. A carbon fluxes survey conducted by 

Lee et al. (2016) showed that CO2 emanates from 

deep mantle sources, suggesting that the faults are 

conduits for fluid from the magmatic sources. These 

further support our inference that there is the existen- 
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Fig. 12. Photos were taken during the fieldwork showing the alteration within the cone rim,  

which emerged on the floor of the Meru crater after the sector collapse 

 

 

Fig. 13. Results of the hydrogen-oxygen stable isotopic composition of ŭD and ŭ18O.  

(Nat- Lake Natron area, Aru ï Meru Volcano area(Arusha National Park),  

Olk ïOlkaria geothermal field, Men- Menengai geothermal field 
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Table 2 

Isotopic values of water collected during the fieldwork 

Sample ID ŭĭO ŭD Locality Water type 

Aru-G1 -3.85 -15.07 Meru Ground water 

Aru-L2 4.18 25.16 Meru Lake water 

Aru-L3 4.65 25.64 Meru Lake water 

Nat-H1 -4.37 -23.32 Natron area Hot spring 

Nat-H2 -3.92 -22.00 Natron area Hot spring 

Nat-H3 -4.71 -23.22 Natron area Hot spring 

Nat-H4 -4.69 -25.25 Natron area Hot spring 

Nat-H5 -4.53 -23.66 Natron area Hot spring 

Nat-G6 -4.92 -26.84 Natron area Hot spring 

Olk-H1 3.03 19.54 Olkaria  Thermal water 

Olk-H2 -0.91 -0.63 Olkaria  Thermal water 

Men-G3 -3.03 -8.26 Menengai Ground water 

Men-G4 -2.07 -4.58 Menengai Ground water 

 

ce of open faults that are permeable to allow the flow 

of hydrothermal fluid.  

In the Natron area, almost all hot springs (Nat-

H1, Nat-H2 ~Nat-H5) slightly deviate from meteoric 

water lines. This can be explained in terms of mixing 

meteoric water with magmatic fluid. These springs 

are controlled by the N-S structure along the shore of 

Lake Natron. The results from the analysis of one wa-

ter sample (Olk-H1) from a geothermal well at Olka-

ria geothermal field, exhibit higher ŭD and ŭ 18O val-

ues that deviate from the meteoric water line toward 

higher ŭ18O (Table 2). We suggest that these higher ŭ 
18O values resulted from water-rock interaction at an 

elevated temperature at depth. 

 

6. Conclusions 

Understanding and evaluating the geological 

structure for the exploration of potential geothermal 

resources and other epithermal deposit is of principal 

importance. Open structures act as the conduits for 

hydrothermal fluids from their sources. These struc-

tures can be potential areas for drilling targets. The 

magmatism and tectonics of northern Tanzania make 

it a potentially substantial geothermal resource. The 

analysis of structures, on the basis of remote sensing 

and gravity data, suggests that, the areas affected by 

the N-S and NWïSE trending structures, present high 

potential for geothermal systems associated with tec-

tono-volcanic activities during Pleistocene to recent. 
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5 ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʘʩʪʨʦʥʦʤʽʾ ʪʘ ʛʝʦʬʽʟʠʢʠ, ʂʘʾʨ, ɭʛʠʧʝʪ; 

ɸʢʽʨʘ ɯʤʘʾ 1 

ʢʘʬʝʜʨʘ ̔ʥʞʝʥʝʨʽʾ ʨʝʩʫʨʩʽʚ ɿʝʤʣʽ, ʥ̔ʞʝʥʝʨʥʠʡ ʬʘʢʫʣʴʪʝʪ; 

ʂʦʪʘʨʦ ʁʦʥʝʟʫ 1 

ʢʘʬʝʜʨʘ ̔ʥʞʝʥʝʨʽʾ ʨʝʩʫʨʩʽʚ ɿʝʤʣʽ, ʥ̔ʞʝʥʝʨʥʠʡ ʬʘʢʫʣʴʪʝʪ 

 

ɺʫʣʢʘʥʽʯʥʘ ʤʽʩʮʝʚʽʩʪʴ ʇʽʚʥʽʯʥʦʾ ʊʘʥʟʘʥʽʾ ʙʫʣʘ ʧʨʝʜʤʝʪʦʤ ʦʮʽʥʢʠ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥ-

ʥʽʭ ʯʦʪʠʨʴʦʭ ʜʝʩʷʪʠʣʽʪʴ. ʈʝʛʽʦʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʫʣʢʘʥʽʯʥʦʶ ʪʘ ʪʝʢʪʦʥʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʽʜ ʥʝʦʛʝʥʫ ʜʦ ʩʫʯʘʩ-

ʥʦʩʪʽ. ʎʝ ʧʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʭʽʤʽʾ ʚʦʜʠ, ʜʘʥʠʭ ʛʨʘʚʽʪʘʮʽʾ, 

ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʽ ʨʦʟʧʦʜʽʣʽ ʚʫʣʢʘʥʽʯʥʠʭ ʮʝʥʪʨʽʚ, ʧʦʚʽʜʦʤʣʷʻ ʧʨʦ ʚʠʷʚʣʝʥʽ ʛʝʦʪʝʨʤʘʣʴʥʽ ʧʨʦʷʚʠ ʪʘ ʦʙʛʦʚʦ-

ʨʶʻ ʥʘʩʣʽʜʢʠ ʜʣʷ ʰʣʷʭʽʚ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʽʜʠʥ. ʂʠʩʥʝʚʦ-ʚʦʜʥʝʚʽ ʽʟʦʪʦʧʥʽ ʜʘʥʽ ʟ ʧʨʦʙ ʚʦʜʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ 

ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʈʘʡʦʥ ʨʦʟʙʽʞʥʦʩʪʽ ʇʽʚʥʽʯʥʦʾ ʊʘʥʟʘʥʽʾ (NTD), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʫ-

ʣʢʘʥʽʯʥʦʶ ʪʘ ʪʝʢʪʦʥʽʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʚʽʜ ʥʝʦʛʝʥʫ ʜʦ ʩʫʯʘʩʥʦʩʪʽ. ʆʩʪʘʥʥʽ ʚʫʣʢʘʥʽʯʥʽ ʪʘ ʪʝʢʪʦʥʽʯʥʽ ʜʽʾ ʚʢʣʶʯʘʶʪʴ 
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π по π 

ʚʠʚʝʨʞʝʥʥʷ ʧʦʧʝʣʦʚʦʛʦ ʢʦʥʫʩʘ ʪʘ ʣʘʚʦʚʦʛʦ ʢʫʧʦʣʘ ʥʘ ʜʥʽ ʢʨʘʪʝʨʘ ʄʝʨʫ ʩʪʦʣʽʪʪʷ ʪʦʤʫ, ʚʪʦʨʛʥʝʥʥʷ ʜʘʡʢ ʪʘ ʚʠʚʝʨ-

ʞʝʥʥʷ ʚʫʣʢʘʥʘ ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ ʚʫʣʢʘʥʘ ɻʝʣʘʡ ʪʘ ʚʫʣʢʘʥʘ ʆʣʜʦʡʥʴʦ-ʃʝʥʛʘʡ ʚʽʜʧʦʚʽʜʥʦ. ʌʫʤʘʨʦʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ ʽ 

ʛʘʨʷʯʽ ʜʞʝʨʝʣʘ ʜʦʤʽʥʫʶʪʴ ʫ ʚʽʜʥʦʩʥʦ ʤʦʣʦʜʦʤʫ ʚʫʣʢʘʥʽʯʥʦʤʫ ʨʘʡʦʥʽ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʪʘ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ 

NTD. ʄʽʩʽʷ Shuttle Radar Topography Mission (SRTM), ʟʦʙʨʘʞʝʥʥʷ Landsat 8 Operational Land Imager (OLI), ʘʥʘʣʽʟ 

ʽʟʦʪʦʧʽʚ ʚʦʜʠ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʽ ʜʘʥʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʛʝʦ-

ʣʦʛʽʯʥʠʭ ʣʽʥʽʡ ʽ ʢʘʨʪʫʚʘʥʥʷ ʟʦʥ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʟʤʽʥ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ. ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ ʟʤʽʥʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʥʠʢʥʠʭ ʩʪʨʫʢʪʫʨ. ɸʥʘʣʽʟ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʦʚʞʠʥʠ ʪʘ ʪʨʝʥʜʽʚ ʚʠʣʫʯʝʥʠʭ 

ʣʽʥʝʘʤʝʥʪʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʢʪʦʥʽʯʥʦʾ ʝʚʦʣʶʮʽʾ. ɻʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʙʫʣʘ ʦʮʠʬʨʦʚʘʥʘ ʟ ʽʩʥʫʶʯʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʽ ʚʽʢʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦʙ ʦʢʨʝʩʣʠʪʠ ʚʫʣʢʘʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʽ ʧʦʚ'ʷ-

ʟʘʥʽ ʟ ʥʝʶ ʣʽʥʝʘʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʚʽʢʫ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʜʦʤʝʥʫ. ɹʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ŭ 18O ʪʘ ʚʝʣʠʢʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʣʽʥʽʡ ʤʝʪʝʦʨʠʪʥʦʾ ʚʦʜʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʟʘʻʤʦʜʽʻʶ ʬʣʶʾʜʽʚ ʽʟ ʚʤʽʱʫʶʯʠʤʠ ʧʦʨʦʜʘʤʠ ʧʨʠ ʧʽʜʚʠ-

ʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʢʨʠʪʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʷʢʽ ʜʽʶʪʴ ʷʢ ʢʘʥʘʣʠ ʜʣʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. ɼʘʥʽ ʧʦ-

ʪʝʥʮʽʡʥʦʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ʧʦʢʘʟʫʶʪʴ ʙʘʩʝʡʥʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʪʷʛʥʝʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʇʥ-ʇʥ-ɿ. ɻʨʘʚʽʪʘʮʽʡʥʽ 

ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʣʦʢʠ ʬʫʥʜʘʤʝʥʪʫ ʧʦʩʪʫʧʦʚʦ ʧʦʛʣʠʙʣʶʶʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽ ʱʦ ʚʦʥʠ ʢʦʥʪʨʦʣʶ-

ʶʪʴʩʷ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʦʟʣʦʤʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʇʥ-ʇʜ ʪʘ ʇʥ-ɿ-ʇʜ. ɻʨʘʚʽʪʘʮʽʡʥʽ ʜʘʥʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʫʪ, ʥʘʜʘʶʪʴ ʥʦʚʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʪʝʢʪʦʥʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ, ʛʨʘʚʽʪʘʮʽʷ, ʛʝʦʪʝʨʤʘʣʴʥʠʡ, ʊʘʥʟʘʥʽʷ, ʩʪʨʫʢʪʫʨʠ, ʽʟʦʪʦʧ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʟʦʥʠ ʘʝʨʘʮʽʾ  
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1 ɼʝʨʞʘʚʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʘʢʘʜʝʤʽʾ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, 

ʚʫʣ. ʄʠʪʨʦʧʦʣʠʪʘ ɺʘʩʠʣʷ ʃʠʧʢʽʚʩʴʢʦʛʦ, 35, ʢʦʨʧ. 2, ʤ. ʂʠʾʚ, 03035, ʋʢʨʘʾʥʘ, 

ʝ-mail: olegulytsky@gmail.com,      https://orcid.org/0000-0003-2674-2208; 

ʅʘʪʘʣʷ ɼôʷʯʝʥʢʦ 1 

ʢ. ʛʝʦʣ. ʥ., ʩʪ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, 

ʝ-mail: natalidyachenko1969@gmail.com,      https://orcid.org/0000-0002-4852-0203; 

ɸʨʤʝʥ ʉʦʢʦʣʦʚ 1 

ʩʪʫʜʝʥʪ ʤʘʛʽʩʪʨʘʪʫʨʠ 

ʝ-mail: staroilua@gmail.com,      https://orcid.org/0009-0007-1385-8873; 

ʆʣʴʛʘ ʉʝʨʜʶʢʦʚʘ 2 

ʩʪ. ʚʠʢʣʘʜʘʯ, ʢʘʬʝʜʨʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʣʦʛʽʾ, 
2 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ,  

ʤʘʡʜʘʥ ʉʚʦʙʦʜʠ, 4, ʤ. ʍʘʨʢʽʚ, 61022, ʋʢʨʘʾʥʘ, 

e-mail: serd.64@ukr.net,      http://orcid.org/0000-0002-8946-0243 

 
ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟʦʥʠ ʘʝʨʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʦʢʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ (ʅʇ) ʧʽʜ ʯʘʩ 

ʨʫʡʥʫʚʘʥʥʷ ʥʘʬʪʦʙʘʟʠ çɸʤʽʢ ʋʢʨʘʾʥʘè ʫ ʤ. ɹʦʨʦʜʷʥʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʪʽʢ ʩʚʽʪʣʠʭ ʥʘʬʪʦʧʨʦ-

ʜʫʢʪʽʚ (ʉʅʇ) ʩʪʚʦʨʠʚ ʪʝʭʥʦʛʝʥʥʫ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ, ʷʢʘ ʚʠʤʘʛʘʣʘ ʚʠʟʥʘʯʝʥʥʷ: ʤʝʭʘʥʽʟʤʽʚ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʅʇ ʫ 

ˇʨʫʥʪ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʧʣʦʱʽ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ˇʨʫʥʪʫ ʚʽʜ ʅʇ. ɼʣʷ ʦʮʽʥʢʠ ʧʣʦʱʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʫ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʉʅʇ ʫ ˇʨʫʥʪ ʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʧʨʦʥʠʢʥʝʥʥʷ 

ʧʦʣʶʪʘʥʪʽʚ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʨʦʟʣʠʚʫ ʅʇ, ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʧʨʦʩʪʦʨʦʚʽ ʤʦʜʝʣʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʜʦ-

ʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʡʦʤʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʛʨʘʜʽʻʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʩʪʘʥʥʽ 

ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʥʘʧʨʷʤʠ ʨʫʭʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ ʧʽʜʟʝʤʥʦʛʦ ʩʪʦʢʫ ʥʘ ʣʦʢʘʣʴʥʽʡ ʧʣʦʱʽ ʥʘʬʪʦʙʘʟʠ. ʋ ʨʦʙʦʪʽ ʨʦʟʨʘʭʦʚʘʥʦ 

ʛʽʜʨʘʚʣʽʯʥʽ ʫʭʠʣʠ, ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ˇʨʫʥʪʽʚ, ʩʪʚʦʨʝʥʦ ʧʨʦʩʪʦʨʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʨʘʜʽʻʥʪʫ 

ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʢʦʩʤʦʟʥʽʤʢʫ ʟʘʚʜʷʢʠ ɻɯʉ-ʧʨʦʝʢʪʫʚʘʥʥʶ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʥʘʧʨʷʤʦʢ ʧʽ-

ʜʟʝʤʥʦʛʦ ʧʦʪʦʢʫ (ʨʽʜʠʥʠ ʟ ʧʦʣʶʪʘʥʪʦʤ) ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʦʥʦʶ ʣʦʢʘʣʴʥʦʾ ʜʝʧʨʝʩʽʾ, ʷʢʘ ʚʠʨʘʞʝʥʘ ʧʦʥʠʞʝʥʥʷʤ ʘʙʩʦʣʶʪʥʠʭ 

ʚʽʜʤʽʪʦʢ ʧʨʠʨʦʜʥʦʾ ʣʽʪʦʣʦʛʽʯʥʦʾ ʪʦʚʱʽ ʟ ʧʝʨʝʧʘʜʦʤ ʚʠʩʦʪ ʙʣʠʟʴʢʦ 0,4 ʤ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʩʦʯʠʥʠ ʣʽʥʟʠ ʟʘ-

ʙʨʫʜʥʝʥʥʷ. ʅʘʧʨʷʤʦʢ ʧʨʦʩʪʷʛʘʥʥʷ ʮʽʻʾ ʟʦʥʠ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʟʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʘ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʣʘ 0,3 ʤ. ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʫ ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʣʽʯʫʻ 4169 ʤ2, ʦʙôʻʤ ʟʘʙʨʫʜʥʝʥʥʷ ï 1250,7 ʤ3 ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʷʚʣʝʥʦʤʫ ʚʠʪʦʢʫ. ɸʣʝ, ʚʨʘʭʦʚʫʶʯʠ ʘʥʽʟʦʪʨʦʧʽʶ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʫ ʨʽʟʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʫʩʝʨʝʜʠʥʽ ʟʦʥʠ ʘʝʨʘʮʽʾ, ʧʨʠʩʫʪʥʽʩʪʴ ʨʦʟʯʠʥʝʥʦʾ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʜʠʩʧʝʨʩʽʾ, ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʘʢʫʤʫʣʷʮʽʡʥʠʭ 

ʜʝʧʨʝʩʽʡ ʣʽʪʦʣʦʛʽʯʥʦʾ ʪʦʚʱʽ ʚʘʨʽʘʥʪʠ ʟ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ (0,5 ʤ ʪʘ 0,1 ʤ) ʪʘʢʦʞ ʧʨʠʡʥʷʪʥʽ. ɸʧʨʦʢʩʠʤʦʚʘʥʽ 

ʩʫʤʘʨʥʽ ʧʣʦʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʅʇ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ ʩʝʨʚʽʩʫ Google Earth. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʯʠʱʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚʽʜ ʉʅʇ, ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʧʦʣʶʪʘʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʢʘʯʫʚʘʥʥʷ ʥʘʬʪʦ-

ʧʨʦʜʫʢʪʽʚ ʟʽ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʪʘ ʬʘʢʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦʾ ʣʽʥʟʠ ʟʘʙʨʫʜʥʝʥʥʷ. ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʟʜʽʡʩʥʝʥʝ ʙʫʨʽʥʥʷ 140 

ʩʚʝʨʜʣʦʚʠʥ ʛʣʠʙʠʥʦʶ ʜʦ 5.2 ʤ, ʜʽʘʤʝʪʨʦʤ 0,11-0,168 ʤ, ʟʘʛʘʣʴʥʠʤ ʤʝʪʨʘʞʝʤ 710 ʤ, ʷʢʽ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʦʙʽʛʪʠ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʶ ʉʅʇ ʪʘ ʧʦʚʪʦʨʥʦ ʾʭ ʚʠʢʦʨʠʩʪʘʪʠ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʣʽʥʟʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʦʥʘ ʘʝʨʘʮʽʾ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ, ʧʦʚʝʨʭ-

ʥʝʚʠʡ ʩʪʽʢ, ʟʦʥʜʫʚʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʛʨʘʜʽʻʥʪ ʧʦʪʦʢʫ, ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ, ɻɯʉ-ʧʨʦʝʢʪ. 

 
ʗʢ ʮʠʪʫʚʘʪʠ: ʋʣʠʮʴʢʠʡ ʆʣʝʛ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʟʦʥʠ ʘʝʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ / 

ʆʣʝʛ ʋʣʠʮʴʢʠʡ, ʅʘʪʘʣʷ ɼôʷʯʝʥʢʦ, ɸʨʤʝʥ ʉʦʢʦʣʦʚ, ʆʣʴʛʘ ʉʝʨʜʶʢʦʚʘ // ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ, 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  

ʄʘʩʰʪʘʙʥʽ ʚʽʡʩʴʢʦʚʽ ʜʽʾ 2022-2023 ʨʦʢʽʚ 

ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʥʘ ʞʘʣʴ ʧʨʠʟʚʝʣʠ ʜʦ ʩʝʨʡʦʟʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʥʘʬ-

ʪʦʙʘʟʠ. ʎʝʡ ʬʘʢʪʦʨ ʤʘʻ ʰʠʨʦʢʠʡ ʚʧʣʠʚ ʥʝ ʪʽʣʴʢʠ 

ʥʘ ʝʢʦʥʦʤʽʢʫ ʢʨʘʾʥʠ ʪʘ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ, ʘʣʝ ʩʫʪ-

ʪʻʚʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʦʾ  

ʙʝʟʧʝʢʠ. 

ɿʨʫʡʥʫʚʘʥʥʷ ʥʘʬʪʦʙʘʟ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʠʡ 

ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ɺʠʪʦʢ ʥʘʬʪʠ ʚ ʧʨʠʨʦʜʥʝ ʩʝʨʝ-

ʜʦʚʠʱʝ ʟʘʚʞʜʠ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʦʜʥʽ ʨʝ-

ʩʫʨʩʠ, ˇʨʫʥʪ, ʨʦʩʣʠʥʥʽʩʪʴ, ʪʚʘʨʠʥʥʠʡ ʩʚʽʪ ʽ ʟʘʛʘ-

ʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʙʘʣʘʥʩ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʝʢʦʣʦ-

ʛʽʯʥʠʭ ʩʠʩʪʝʤ [1]. ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ϭ ͙̂͡ͼΈ͙͚͟ ˻͔͎͡Σ ˨ΩΎ;͔ͤͦ͟ ˹͊ͭ͊͡ΎΣ ˿͍ͦͦͦ͟͡ ˢ͔ͪͣ ͤΣ ˿͔ͪ͒Ό͍ͦ͊͟ ˻͡Έ͎͊Σ нлно 
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π пр π 

ʚʥʘʩʣʽʜʦʢ ʚʠʪʦʢʫ ʚ ʨʽʯʢʫ, ʦʟʝʨʦ ʘʙʦ ʧʽʜʟʝʤʥʽ ʚʦʜʠ 

ʤʦʞʝ ʤʘʪʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʥʘʩʣʽʜʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦ-

ʟʤʽʨʫ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʡʦʛʦ ʦʯʠʱʝʥʥʷ 

[2]. ʉʘʤʝ ʪʦʤʫ, ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦ-

ʚʢʽʣʣʷ, ʥʝʦʙʭʽʜʥʦ ʟʘʚʯʘʩʥʦ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʚʞʠʚʘʪʠ 

ʧʨʝʚʝʥʪʠʚʥʽ ʟʘʭʦʜʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʥʘʬʪʦʚʠʭ ʟʘ-

ʙʨʫʜʥʝʥʴ.  

ʋ 2022 ʨʦʮʽ ʚʥʘʩʣʽʜʦʢ ʚʽʡʥʠ ʙʫʣʘ ʯʘʩʪʢʦʚʦ 

ʟʨʫʡʥʦʚʘʥʘ ʥʘʬʪʦʙʘʟʘ ʢʦʤʧʘʥʽʾ çAmic ʋʢʨʘʾʥʘè, 

ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤ. ɹʦʨʦʜʷʥʢʘ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɺʽʜʙʫʚʩʷ ʤʠʪʪʻʚʠʡ ʚʠʪʽʢ ʧʦʣʶʪʘʥʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʩʚʽʪʣʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ (Cʅʇ) ʥʘ ˇʨʫʥʪ ʧʨʠʣʝʛʣʦʾ 

ʪʝʨʠʪʦʨʽʾ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʬʪʦ-

ʧʨʦʜʫʢʪʽʚ ʫ ˇʨʫʥʪ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʡʦʛʦ ʙʽʦʣʦʛʽʯʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʚ 

ʚʦʜʠ ʟʦʥʠ ʘʝʨʘʮʽʾ ʪʘ ʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ʈʝʟʫʣʴ-

ʪʘʪ - ʪʝʭʥʦʛʝʥʥʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʱʦ ʚʠʤʘʛʘʣʘ 

ʧʽʩʣʷ ʜʝʦʢʫʧʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʥʝʛʘʡʥʦʾ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘ-

ʨʽʡʥʦʛʦ ʨʦʟʣʠʚʫ, ʘʣʝ ʡ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʘʚʘʨʽʡ-

ʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʉʅʇ ʫ ˇʨʫʥʪ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ.  

ʆʩʢʽʣʴʢʠ ʘʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ ʩʪʘʣʘʩʷ ʧʽʜ ʯʘʩ 

ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, 

ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ, ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʨʦʟʣʠ-

ʚʦʤ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ, ʚʠ-

ʟʥʘʯʝʥʥʷ, ʦʮʽʥʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʩʮʝʥʘʨʽʶ ʨʦʟʣʠʚʫ, 

ʱʦ ʚʽʜʙʫʚʘʚʩʷ, ʪʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʦʧʝʨʘ-

ʪʠʚʥʦʾ ʢʘʨʪʠʥʠ ʨʝʘʛʫʚʘʥʥʷ ʙʫʣʠ ʥʝʤʦʞʣʠʚʽ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʱʝ ʥʝ ʩʪʚʦʨʝʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʽʜʭʦ-

ʜʽʚ ʱʦʜʦ ʚʠʨʽʰʝʥʴ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʝʢʦʣʦʛʦ-

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ ʫ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠ-

ʪʫʘʮʽʷʭ. ʉʘʤʝ ʪʦʤʫ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦ-

ʨʶʚʘʥʥʽ ɻɯʉ-ʧʨʦʝʢʪʫ ʟ ʟʘʣʫʯʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ, ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʜʦʩ-

ʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦ-

ʜʘʥʠʭ ʩʝʨʚʽʩʫ Google Earth ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ, ʧʣʦʱ ʪʘ ʛʣʠʙʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʦ-

ʚʥʦ ʘʚʘʨʽʡʥʦʛʦ ʨʦʟʣʠʚʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʧʨʠʩʚʷ-

ʯʝʥʘ ʥʘʜʟʚʠʯʘʡʥʠʤ ʩʠʪʫʘʮʽʷʤ ʚ ʧʝʨʝʨʦʙʥʽʡ, ʭʽʤʽ-

ʯʥʽʡ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʗʢ ʧʨʘʚʠʣʦ, 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ ʨʦʟʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʤʦʜʝʣʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʦʟʪʽʢʘʥʥʷ, ʷʢʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʦʯʝʥʥʷ ʉʅʇ ʚʛʣʠʙʠʥʫ. ʋ ʨʦʙʦʪʽ 

[3] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʩʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʣʦʱʽ, ʜʦʩʷʛʥʫʪʦʾ ʨʦʟʣʠʚʦʤ ʨʽ-

ʜʠʥʠ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʤʦʜʝ-

ʣʝʡ. ɿʘ ʜʫʤʢʦʶ ʘʚʪʦʨʽʚ, ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ 
ʨʦʟʣʠʚʫ ʣʝʛʢʦʟʘʡʤʠʩʪʠʭ ʨʽʜʠʥ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʱʝ ʫ 70-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ (ʤʦʜʝʣʴ ɹʝʪ-

ʯʝʣʦʨʘ, ʈʘʡʩʙʝʢʘ ʪʘ ʄʦʭʪʘʜʽ) ʪʘ ʫ ʩʫʯʘʩʥʽ ʯʘʩʠ 

(ʤʦʜʝʣʴ ʍʘʩʩʝʥʘ), ʘʣʝ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʻ 

ʤʦʜʝʣʽ ʧʣʦʱʽ ʨʦʟʣʠʚʫ ʷʢ ʬʫʥʢʮʽʾ ʦʙôʻʤʫ ʨʦʟʣʠʚʫ, 

ʪʦʤʫ ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ɦ ʦ 

ʧʣʦʱʘ ʨʦʟʣʠʚʫ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʦʙ'ʻʤʦʤ 

ʨʦʟʣʠʪʦʾ ʨʽʜʠʥʠ. ɺ ʚʠʧʘʜʢʫ ʨʫʡʥʫʚʘʥʥʷ ʥʘʬʪʦ-

ʙʘʟʠ çAmic ʋʢʨʘʾʥʘè ʦʙôʻʤ ʬʘʢʪʠʯʥʦʛʦ ʨʦʟʣʠʚʫ 

ʙʫʚ ʚʽʜʦʤʠʡ ʧʨʠʙʣʠʟʥʦ, ʙʦ ʜʦʩʪʝʤʝʥʥʦ ʥʝʚʽʜʦʤʦ 

ʩʢʽʣʴʢʠ ʉʅʇ ʟʛʦʨʽʣʦ ʧʽʜ ʯʘʩ ʨʫʡʥʘʮʽʾ ʪʘ ʧʦʞʝʞʽ. 

ɿʘ ʦʮʽʥʢʦʶ ʬʘʭʽʚʮʽʚ [2, 4-6], ʉʅʇ ʥʘʜʭʦʜʷʯʠ 

ʫ ʟʦʥʫ ʘʝʨʘʮʽʾ ʫ ʨʽʜʠʥʥʦʤʫ ʩʪʘʥʽ, ʤʽʛʨʫʶʪʴ ʷʢ ʨʽ-

ʜʠʥʘ, ʷʢʘ ʥʝ ʟʤʽʰʫʻʪʴʩʷ ʟ ʚʦʜʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʬʦʨʤʫʻʪʴʩʷ ʤʦʙʽʣʴʥʘ ʣʽ-

ʥʟʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʭʠʣʫ ʧʦ-

ʚʝʨʭʥʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʧʨʦʥʠʢʥʦʩʪʽ ʚʤʽʱʫʶʯʠʭ 

ʧʦʨʽʜ, ʥʘʭʠʣʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʤʽʛʨʫʚʘʪʠ ʥʘ 

ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʜʦʩʷʛʘʪʠ ʤʽʩʮʴ ʧʨʠʨʦʜʥʦʛʦ ʨʦʟ-

ʚʘʥʪʘʞʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ʚʦʜʦʡʤʠ, ʚʦʜʦʪʦʢʠ) 

ʘʙʦ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʷ ʧʽʜ ʜʞʝʨʝʣʦʤ ʚʠʪʦʢʫ. 

ʇʨʠ ʮʴʦʤʫ, ʟʘ ʚʠʩʥʦʚʢʘʤʠ ʚ ʨʦʙʦʪʽ [7], ʮʷ ʣʽ-

ʥʟʘ ʷʚʣʷʻ ʩʦʙʦʶ çʪʽʣʦè ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʫʭʦʤʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʷʢʽ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʚ ʣʦʢʘʣʴʥʽʡ ʟʦʥʽ 

ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʥʘʩʠʯʝʥʥʷ ˇʨʫʥʪʽʚ, ʪʘ ʟʦʩʝʨʝʜʞʫ-

ʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʜʟʝʨʢʘʣʦʤ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ. ʄʽʛʨʘʮʽʷ ʉʅʇ ʫ ʟʦʥʽ ʘʝʨʘʮʽʾ ʤʘʻ ʤʝʥʰ ʩʢʣʘ-

ʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʥʽʞ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ. ɯʩʥʫʚʘʥʥʷ 

ʥʘ ʤʝʞʽ ʟʦʥʠ ʘʝʨʘʮʽʾ ʪʘ ʚʦʜʦʥʘʩʠʯʝʥʦʾ ʪʦʚʱʽ çʢʘ-

ʧʽʣʷʨʥʦʾ ʦʙʣʷʤʽʚʢʠè, ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʩʫʪʥʦʩʪʽ çʧʦ-

ʨʦʛʦʚʦʛʦè ʪʠʩʢʫ, ʧʦʨʷʜ ʟ ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ ʥʘʬ-

ʪʦʧʨʦʜʫʢʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʣʽʥʟʠ ʟ ʥʘʜʣʠʰʢʦʚʠʤ ʚʤʽʩʪʦʤ ʧʦ-

ʣʶʪʘʥʪʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, 

ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʬʪʦ-

ʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʦʾ ʣʽʥʟʠ ʤʦʞʝ ʟʤʽ-

ʥʶʚʘʪʠʩʷ ʚʽʜ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʞʜʠ ʧʨʠʩ-

ʚʷʯʝʥʽ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʣʽʥʟʠ, ʘ ʤʽʥʽʤʘʣʴʥʽ ʭʘ-

ʨʘʢʪʝʨʥʽ ʜʣʷ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥ. ʉʘʤʝ ʚ ʥʘʬʪʦʧʨʦ-

ʜʫʢʪʦʚʽʡ ʣʽʥʟʽ ʟʦʩʝʨʝʜʞʝʥʘ ʦʩʥʦʚʥʘ ʤʘʩʘ ʤʦʙʽʣʴ-

ʥʦʛʦ ʉʅʇ, ʷʢʫ ʤʦʞʥʘ ʚʠʣʫʯʠʪʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ɹʦʜʘʯʽʚʩʴʢʦʾ ʃ. ʖ. [8] ʟʨʦʙ-

ʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʽ ʥʘʧʨʷʤ ʨʫʭʫ ʚʫʛ-

ʣʝʚʦʜʥʝʚʦʾ ʨʽʜʠʥʠ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʫ ʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʧʦ-

ʚʽʪʨʷ ʡ ʚʦʜʠ ʚ ʙʘʛʘʪʦʬʘʟʥʽʡ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ. çʂʘ-

ʧʽʣʷʨʥʝ ʧʨʦʩʦʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ ʪʘ ʫ ʙʽʢ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʫʭʠʣʫ ʜʦ ʤʝʞʽ ʰʘʨʽʚ ˇʨʫʥʪʫ ï ʚʦʜʦʫʧʦʨʫ ʡ ʨʽʚʥʷ 

ʧʽʜʩʪʠʣʘʶʯʠʭ ʚʦʜè.  

ɺʠʚʯʝʥʥʷ ʧʠʪʘʥʴ ʥʘʬʪʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʛʝ-

ʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʥʜʨʦʧʘʨʢʫ 

çʆʣʝʢʩʘʥʜʨʽʷè [9] ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘʬʪʦʚʽ ʚʫʛʣʝʚʦ-

ʜʥʽ ʟʜʘʪʥʽ ʤʽʛʨʫʚʘʪʠ ʚʧʨʦʜʦʚʞ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ 

ʜʦ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʟʜʦʚʞ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʷ-

ʤʢʫ ʨʫʭʫ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ 

ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʛʽʜ-

ʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʙʫʨʽʥʥʷ ʪʘ ʬʽʟʠʯʥʦʾ ʨʦʟʚʽʜʢʠ [2] ʚ 

ʤ. ɯʙʽʥʴ (ʂʠʪʘʡ), ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʨʪʠʢʘʣʴʥʘ ʽʥʬʽ-

ʣʴʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʽʩʣʷ ʚʠʪʦʢʫ ʟ 

ʥʘʬʪʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʫ ʙʫʣʘ ʦʩʥʦʚʥʠʤ ʰʣʷʭʦʤ 
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ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ˇʨʫʥʪ 

ʫ ʥʝʥʘʩʠʯʝʥʫ ʟʦʥʫ ʧʽʜ ʥʘʬʪʦʙʘʟʦʶ. ʇʨʠ ʚʠʟʥʘ-

ʯʝʥʥʽ ʰʣʷʭʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʥʝʥʘʩʠ-

ʯʝʥʘ ʟʦʥʘ ʚʠʟʥʘʯʝʥʘ ʚʘʞʣʠʚʠʤ ʟʘʭʠʩʥʠʤ ʙʘʨ'ʻʨʦʤ 

ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ 

ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʭʦʧʣʶʚʘʪʠ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ 

ʪʘ ʧʝʨʝʰʢʦʜʞʘʪʠ ʾʭ ʧʨʦʥʠʢʥʝʥʥʶ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʚʠʪʽʢ ʟ ʥʘʬʪʦʙʘʟʠ ʚʧʣʠʥʫʚ ʥʘ ʧʽʜʟʝ-

ʤʥʽ ʚʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʚʢʦʣʦ ʥʘ-

ʬʪʦʙʘʟʠ ʪʘ ʚʥʠʟ ʟʘ ʛʨʘʜʽʻʥʪʦʤ ʫ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʇʨʠ ʮʴʦʤʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʩʦʯʝʥʥʷ ʧʦʣʶ-

ʪʘʥʪʫ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [10] ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ ʽ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʩʦʯʝʥʥʷ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʦʶ, ʯʠʤ 

ʤʝʥʰʦʶ ʻ ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ. ʇʨʠ 

ʮʴʦʤʫ, ʧʨʦʩʦʯʝʥʥʷ ʨʽʜʠʥʠ ʚʛʣʠʙʠʥʫ ʧʽʜʩʪʠʣʘʶʯʦʾ 

ʧʦʚʝʨʭʥʽ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʠ (ʧʣʦʱʫ) ʨʦʟʣʠʚʫ. 

ʊʦʙʪʦ, ˇʨʫʥʪʠ ʟ ʥʝʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʩʧʨʠʷʪʠ-

ʤʫʪʴ ʚʠʥʠʢʥʝʥʥʶ ʣʽʥʟʠ ʉʅʇ. ɸʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫ-

ʚʘʣʠ ʤʦʜʝʣʴ ʨʦʟʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʫ ʚʠʧʘʜʢʫ ʤʠʪʪʻ-

ʚʦʛʦ ʨʦʟʣʠʚʫ (ʧʨʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ 

ʻʤʥʦʩʪʽ ʽʟ ʨʽʜʠʥʦʶ) ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ 

ʤʽʩʪʷʪʴ d-ʬʫʥʢʮʽʶ ɼʽʨʘʢʘ, ʘʣʝ, ʟʘ ʚʠʩʥʦʚʢʘʤʠ ʜʦ-

ʩʣʽʜʞʝʥʴ çʟʥʘʭʦʜʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʻ 

ʥʝʤʦʞʣʠʚʠʤ ʚʥʘʩʣʽʜʦʢ ʥʝʣʽʥʽʡʥʦʩʪʽ ʨʽʚʥʷʥʴ ʧʦ 

ʥʝʚʽʜʦʤʠʤ ʬʫʥʢʮʽʷʤ (ʪʦʚʱʠʥʠ ʰʘʨʫ ʨʽʜʠʥʠ ʽ ʛʣʠ-

ʙʠʥʠ ʧʨʦʩʦʯʝʥʥʷ). ʆʪʞʝ ʜʣʷ ʮʴʦʛʦ ʤʘʶʪʴ ʙʫʪʠ ʟʘ-

ʩʪʦʩʦʚʘʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜ ʩʽʪʦʢè. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜ 

ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʨʦʩʦʯʝʥʥʷ ʨʽʜʠʥʠ 

ʚʛʣʠʙ ˇʨʫʥʪʫ ʚʢʣʶʯʘʻ ʚʠʤʽʨʶʚʘʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦ-

ʩʦʯʝʥʥʷ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʎʽ ʚʠʩʥʦʚʢʠ ʧʦʩʣʫ-

ʞʠʣʠ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʦʩʣʽ-

ʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘ-

ʬʪʦʙʘʟʠ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ. 

ʊʝʦʨʝʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʮʽʡ ʨʦʙʦʪʽ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʝʢʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ 

ʥʘʧʨʷʤʢʫ, ʧʠʪʘʥʴ ʩʪʦʩʦʚʥʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟ-

ʤʽʚ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʫ ˇʨʫʥʪ 

ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘ-

ʮʽʡʥʠʭ ʨʦʙʽʪ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘ-

ʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. 

ɿʘʛʘʣʦʤ, ʚʝʣʠʢʫ ʨʦʣʴ ʫ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʟʘʙʨʫ-

ʜʥʝʥʥʷ ʥʘ ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ, ʦʢʨʽʤ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫ-

ʜʦʚʠ ʜʽʣʷʥʢʠ ʘʚʘʨʽʡʥʦʛʦ ʨʦʟʪʽʢʘʥʥʷ ʪʘ ʧʨʦʩʦʯʫ-

ʚʘʥʥʷ, ʛʨʘʻ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤ-

ʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʝʣʴʻʬ), ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʥʘ-

ʧʨʷʤʫ ʩʪʦʢʫ ʨʽʜʠʥʠ ʟ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʘʣʝ ʘʥʘ-

ʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʨʦʟʣʠʚʫ ʪʘ 

ʛʣʠʙʠʥʠ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʉʅʇ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽ ʘʙʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʟʘ ʨʘʭʫ-

ʥʦʢ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʫʚʘ-

ʥʦʾ ʩʠʪʫʘʮʽʾ ʤʦʜʝʣʴʥʠʤ ʫʤʦʚʘʤ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ-

ʥʘʚʝʜʝʥʦʛʦ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʭ  

ʜʦʩʣʽʜʞʝʥʴ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʩʪʘʪʪʽ. 

ʄʝʪʦʶ ʮʽʻʾ ʩʪʘʪʪʽ ʻ ʨʦʟʢʨʠʪʪʷ ʤʝʭʘʥʽʟʤʫ ʧʨʦ-

ʥʠʢʥʝʥʥʷ ʉʅʇ ʫ ˇʨʫʥʪ ʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʪʘ ʨʦʟʨʦʙʢʘ 

ʟʘʭʦʜʽʚ ʟ ʦʯʠʱʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ 

ʧʦʣʶʪʘʥʪʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʛʣʠʙʠʥʠ ʪʘ ʧʣʦʱʽ ʨʦʟʧʦ-

ʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘ-

ʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ (ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ - (ʚʝʣʠʯʠʥʘ 

ʫʭʠʣʫ, ʝʢʩʧʦʟʠʮʽʷ ʩʭʠʣʫ, ʨʽʟʥʽ ʚʠʜʠ ʢʨʠʚʠʟʥʠ ʟʝʤ-

ʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʧʨʷʤʦʢ ʩʪʦʢʫ) ʪʘ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪ-

ʨʘʮʽʡʥʠʭ ʨʦʙʽʪ (ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ) ʟʘ 

ʫʤʦʚʠ ʟʘʣʫʯʝʥʥʷ ʛʝʦʜʘʥʠʭ ʩʝʨʚʽʩʫ Google Earth. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʦʯʘʪʢʦʚʘ ʦʮʽʥʢʘ ʨʦʟʣʠʚʫ, ʷʢʘ ʧʦʚʠʥʥʘ ʧʨʦ-

ʚʦʜʠʪʠʩʷ ʚ ʧʝʨʰʽ 3-6 ʛʦʜʠʥ, ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʠʭ 

ʜʽʡ ʙʫʣʘ ʥʝʜʦʩʪʫʧʥʘ. ʉʘʤʝ ʪʦʤʫ, ʙʘʟʘ ʛʝʦʧʨʦʩʪʦ-

ʨʦʚʠʭ ʜʘʥʠʭ ʩʝʨʚʽʩʫ Google Earth ʩʪʘʣʘ ʦʩʥʦʚʦʶ 

ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʆʙʨʦʙʣʝʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ ʜʘʣʠ ʥʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʧʣʘʥʫʚʘʪʠ ʤʽʩʮʷ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦ-

ʙʽʪ, ʟʨʦʙʠʪʠ ʧʣʘʥʦʚʦ-ʚʠʩʦʪʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟ ʧʦ-

ʜʘʣʴʰʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʪʘ ʤʦʜʝʣʶʚʘʥ-

ʥʷʤ [11], ʟʥʠʟʠʪʠ ʛʨʦʰʦʚʽ ʪʘ ʪʨʫʜʦʚʽ ʚʠʪʨʘʪʠ ʥʘ 

ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʚʠʢʦʥʘʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʟʘ ʨʘ-

ʭʫʥʦʢ ʢʘʤʝʨʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʩʪʦʨʦʚʠʭ ʛʝʦʜʘ-

ʥʠʭ [12].  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ 

ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʮʠʬʨʦʚʽʟʘʮʽʷ ʨʝʣʴ-

ʻʬʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ 

ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʘʥʠʭ ʩʝʨʚʽʩʫ Google 

Earth ʪʘ ʥʘʷʚʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ), 

ʧʨʠʡʦʤʠ ʤʦʨʬʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʚʠʛʣʷʜʽ ʧʨʦ-

ʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʚʠʩʦʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʣʴ-

ʻʬʫ ʪʘ ʛʨʘʜʽʻʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʮʽʻʾ ʧʦʚʝʨʭʥʽ, ʩʪʨʫʢ-

ʪʫʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ ʧʨʠʡʦ-

ʤʠ (ʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯ-

ʥʦʛʦ ʝʣʝʤʝʥʪʫ), ʤʘʪʝʤʘʪʠʯʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝ-

ʪʦʜʠ (ʪʨʘʜʠʮʽʡʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ) ʪʘ 

ʧʨʠʡʦʤʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʤʝʪʦʜʦʤ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʧʦ ʥʘʧʨʷʤʢʘʭ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʭʠʣʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʟ ʫʪʦʯʥʝʥ-

ʥʷʤ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ). 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ, ʽʥʞʝʥʝ-

ʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ  

ʜʘʥʠʭ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʘʪʝʨʽʘʣʘʤʠ ʢʦʩʤʽʯʥʦʾ 

ʟʡʦʤʢʠ. 

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 1, ʘ) ʥʘʣʝʞʠʪʴ ʜʦ 

ʂʠʾʚʩʴʢʦʛʦ ʇʦʣʽʩʩʷ, ʜʝ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʧʘʣʝʦʛʝʥ-

ʥʝʦʛʝʥʦʚʽ ʜʦʯʝʪʚʝʨʪʠʥʥʽ ʧʦʨʦʜʠ. ɸʙʩʦʣʶʪʥʽ ʚʽʜ-

ʤʽʪʢʠ ʨʝʣʴʻʬʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʚʢʦʣʦ ʩʤʪ. ɹʦʨʦ-

ʜʷʥʢʘ ʚʘʨʽʶʶʪʴ ʚ ʤʝʞʘʭ +136 - +158 ʤ (ʨʠʩ. 1, ʙ). 

ɸʣʝ ʟʘ ʨʘʭʫʥʦʢ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʪʝʨʠʪʦ-

ʨʽʾ çAmic ʋʢʨʘʾʥʘè, ʦʩʪʘʥʥʽ ʜʦʨʽʚʥʶʶʪʴ + 139,8 - 



ISSN 2410-7360 ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ̔ ʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ  

π пт π 

 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʷʤʢʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʟ ʥʘʩʪʫʧ-

ʥʠʤʠ ʜʝʪʘʣʷʤʠ: ʬʨʘʛʤʝʥʪ ʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʘʨʢʫʰʫ (ʘ), ʮʠʬʨʦʚʘ ʚʝʢʪʦʨʥʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ 

ʚ ʽʟʦʣʽʥʽʷʭ (ʙ); ʛʨʘʜʽʻʥʪʥʘ ʤʦʜʝʣʴ ʥʘʧʨʷʤʢʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʥʘʚʢʦʣʦ ɹʦʨʦʜʷʥʢʠ (ʚ); ʮʠʬʨʦʚʘ ʚʝʢ-

ʪʦʨʥʘ ʤʦʜʝʣʴ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʛʦ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʥʘʬʪʦʙʘʟʠ (ʝ); ʛʨʘʜʽʻʥʪʥʘ ʤʦʜʝʣʴ ʥʘʧʨʷʤʢʽʚ ʧʦʚʝ-

ʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘʬʪʦʙʘʟʠ (ʞ); ʬʦʪʦ ʚʠʪʦʢʫ ʉʅʇ ʚ ʰʪʫʯʥʫ ʚʦʜʦʡʤʫ (ʟ, ʽ); ʬʦʪʦ ʟʨʫʡʥʦʚʘ-

ʥʠʭ ʻʤʥʦʩʪʝʡ (ʛ, ʜ). ʋʤʦʚʥʽ ʧʦʟʥʘʯʢʠ: 1 ï ʰʪʫʯʥʠʡ ʩʪʘʚʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʩʪʦʶʚʘʥʥʷ, 2 ï ʟʨʫʡʥʦʚʘʥʽ 

ʻʤʥʦʩʪʽ, 3 - ʽʟʦʣʽʥʽʾ ʨʝʣʴʻʬʫ, 4 ï ʚʝʢʪʦʨ ʥʘʧʨʷʤʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, 5 ïʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ /  
Fig. 1. The result of mathematical spatial modeling of surface runoff directions with the following details: a fragment of 

the nomenclature sheet (a), digital vector model of the terrain in isolations (ʙ); gradient model of surface runoff direc-

tions around Borodyanka (ʚ); digital vector model of the artificially created relief of the territory of the oil depot (ʝ); 

gradient model of surface runoff directions on the territory of the oil depot (ʞ); photos of oil products leaking into an 

artificial reservoir (ʟ, i); photos of destroyed tanks (ʛ, ʜ) 
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+ 141,8 ʤ (ʨʠʩ. 1, ʝ). ʊʝʨʠʪʦʨʽʻʶ ʪʝʯʫʪʴ ʥʝʚʝʣʠʢʽ 

ʨʽʯʢʠ: ɺʘʙʣʷ, ɹʫʯʢʘ ʪʘ ɿʜʚʠʞ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ 

(ʛʨʘʜʽʻʥʪʥʠʡ ʘʥʘʣʽʟ [13,14]) ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ 

ʧʨʦʩʪʦʨʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘʧʨʷʤʽʚ ʧʦʚʝʨʭ-

ʥʝʚʦʛʦ ʩʪʦʢʫ ʷʢ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʛʦ ʥʘ ʪʝʨʝʥʘʭ ʥʘ-

ʬʪʦʙʘʟʠ (ʨʠʩ. 1, ʞ), ʪʘʢ ʡ ʧʨʠʣʝʛʣʦʾ ʤʽʩʮʝʚʦʩʪʽ 

(ʨʠʩ.1, ʚ) ʟʘ ʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʮʠʬ-

ʨʦʚʠʭ ʚʝʢʪʦʨʥʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʟʝʤʥʦʾ ʧʦʚʝʨ-

ʭʥʽ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʪʘ ʟʘʛʘʣʴʥʦʤʫ ʨʽʚʥʷʭ (ʨʠʩ. 1, ʙ, 

ʝ) ʤʝʪʦʜʦʤ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʧʦ ʥʘʧʨʷʤʢʘʭ ʤʘ-

ʢʩʠʤʘʣʴʥʦʛʦ ʫʭʠʣʫ (ʢʨʠʚʠʟʥʠ ʣʽʥʽʾ ʧʨʦʬʽʣʶ, ʟʘ-

ʢʣʘʜʝʥʦʾ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʣʽʥʽʾ ʩʪʦʢʫ). 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʨʫʭ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʦʜʦʟʙʽʨʥʦʛʦ ʬʦʨʤʫʶʯʦʛʦ 

ʙʘʩʝʡʥʫ ʜʦ ʨʽʯʢʦʚʦʾ ʜʦʣʠʥʠ (ʨʠʩ. 1, ʙ), ʷʢʠʡ ʧʦʩʠ-

ʣʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʦʜʦʟʥʠ-

ʞʫʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʱʦ ʩʪʚʦʨʝʥʽ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʩʫʰʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘʚʢʦʣʦ ʥʘʬʪʦ-

ʙʘʟʠ. ɸʣʝ, ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ, ʟʨʫʡʥʦʚʘʥʦʾ ʧʽʜ ʯʘʩ 

ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʥʘʬʪʦʙʘʟʠ (ʨʠʩ. 1, ʛ, ʜ, ʰʪʫʯʥʦ 

ʩʪʚʦʨʝʥʠʡ ʨʝʣʴʻʬ ʩʪʚʦʨʠʚ ʜʦʜʘʪʢʦʚʽ ʣʦʢʘʣʴʥʽ 

ʫʤʦʚʠ ʥʘʧʨʷʤʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, ʷʢʠʡ ʩʫʪʪʻʚʦ 

ʚʧʣʠʥʫʚ ʥʘ ʧʣʦʱʫ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ 

ˇʨʫʥʪ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ (ʨʠʩ. 1, 

ʞ). ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʨʫʭ 

ʧʦʪʦʢʫ ʬʽʢʩʫʻʪʴʩʷ ʫ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʬʘʢʪʠʯʥʦʶ ʧʨʠʩʫʪʥʽʩʪʶ ʧʦʣʶ-

ʪʘʥʪʫ ʫ ʚʦʜʽ ʩʪʘʚʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʩʪʦʶʚʘʥʥʷ 

(ʨʠʩ. 1, ʟ, ʽ). 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʟʥʘʯʝʥʠʭ ʟʘʚʜʘʥʴ, ʥʘʤʠ 

ʙʫʣʦ ʩʪʚʦʨʝʥʦ ɻɯʉ-ʧʨʦʝʢʪ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʦʙôʻʜ-

ʥʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʚʝʨʭʥʽ (ʤʦʜʝʣʴʥʽ ʪʘ ʬʘʢʪʠ-

ʯʥʽ) ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʧʦ-

ʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʦʚʝʜʝʥʽ ʧʽʜ ʯʘʩ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ʚʣʽʪʢʫ 2022 

ʨʦʢʫ ʦʙʩʪʝʞʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦ-

ʛʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʜʦ-

ʟʚʦʣʠʣʠ ʚʠʚʯʠʪʠ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʜʽʣʷʥʢʠ ʜʦʩ-

ʣʽʜʞʝʥʴ ʰʣʷʭʦʤ ʙʫʨʽʥʥʷ ʟʦʥʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦ-

ʚʠʥ (ɿʉ) ʛʣʠʙʠʥʦʶ ʜʦ 5,2 ʤ ʟ ʢʦʦʨʜʠʥʘʪʥʦʶ 

ʧʨʠʚôʷʟʢʦʶ ʜʦ ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS ʪʝʭ-

ʥʦʣʦʛʽʡ. ʂʽʣʴʢʽʩʪʴ ʦʧʠʪʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʤʦʥʽ-

ʪʦʨʠʥʛʫ ʨʽʚʥʷ ʚʦʜʠ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʩʪʦʢʫ 

ʩʢʣʘʣʘ 9 ʦʜʠʥʠʮʴ, ʈʦʟʪʘʰʫʚʘʥʥʷ ɿʉ ʧʣʘʥʫʚʘʣʦʩʷ 

ʟʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʧʝʨʝʜʯʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘ-

ʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʜʠʚ. ʨʠʩ.1).  

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʜʦ-

ʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʥʘʷʚʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʝʣʝ-

ʤʝʥʪʠ: I ï ̌ ʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʰʘʨ, ʧʦʪʫʞʥʽʩʪʶ 

0,2 ʤ; II ï ʧʽʩʦʢ ʤʽʣʢʠʡ, ʤʘʣʦʛʦ ʩʪʫʧʝʥʶ ʚʦʜʦʥʘ-

ʩʠʯʝʥʥʷ, ʩʝʨʝʜʥʴʦʾ ʱʽʣʴʥʦʩʪʽ, ʚʽʜ ʩʽʨʦʛʦ ʜʦ ʞʦ-

ʚʪʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʧʦʪʫʞʥʽʩʪʶ 1,3-1,4 ʤ; III ï ʩʫ-

ʧʽʩʦʢ ʣʝʛʢʦ-ʧʣʘʩʪʠʯʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʩʽʨʦ-ʞʦʚ-

ʪʦʛʦ ʢʦʣʴʦʨʫ, ʧʦʪʫʞʥʽʩʪʶ 0,7-0,8 ʤ; ɯV - ʧʽʩʦʢ ʩʝ-

ʨʝʜʥʴʦʟʝʨʥʠʩʪʠʡ, ʥʘʩʠʯʝʥʠʡ ʚʦʜʦʶ, ʩʝʨʝʜʥʴʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʚʽʜ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ ʜʦ ʩʚʽʪʣʦ-ʩʽʨʦʛʦ ʢʦ-

ʣʴʦʨʫ, ʨʦʟʢʨʠʪʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ ʛʣʠʙʠʥʠ 5,1-5,2 ʤ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʉʅʇ, ʧʦʪʨʘʧʣʷʶʯʠ ʫ 

ˇʨʫʥʪ, ʦʧʫʩʢʘʶʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʧʽʜ ʚʧʣʠʚʦʤ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʽ ʧʦʰʠʨʶʶʪʴʩʷ ʚʰʠʨ ʧʽʜ ʚʧʣʠ-

ʚʦʤ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ. ʐʚʠʜʢʽʩʪʴ 

ʧʨʦʩʫʚʘʥʥʷ ʉʅʇ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʠʜʫ ʪʘ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʢʦʥʩ-

ʪʨʫʢʮʽʾ çʜʦʨʦʞʥʴʦʛʦè ʧʦʢʨʠʪʪʷ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʉʅʇ, ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚ ʙʘʛʘʪʦʬʘʟʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʽ ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ï ʛʫʩʪʠʥʘ, ʚ'ʷʟʢʽʩʪʴ, ʤʦʣʝʢʫ-

ʣʷʨʥʘ ʤʘʩʘ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ (ʩʪʘʣʘʛʤʦʤʝʪʨʠʯ-

ʥʠʡ ʤʝʪʦʜ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʫʩʪʠʥʠ ʧʘʣʠʚʘ ʜʠʟʝʣʴ-

ʥʦʛʦ ɼʇ-3- ɭ-80 (0,733 ʛ/ʤʣ) ʟ ʚʤʽʩʪʦʤ ʩʽʨʢʠ ʜʦ 

10% ʪʘ ʛʫʩʪʠʥʠ ʚʦʜʠ (0,9982 ʛ/ʤʣ). 

ɼʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʚʘ-

ʣʠʩʷ ʧʦ 9 ʭʘʨʘʢʪʝʨʥʠʤ ɿʉ (ʨʠʩ.2, ʘ, ʙ). ɺʠʙʽʨ ʤʽ-

ʩʮʷ ʟʘʢʣʘʜʢʠ ʦʩʪʘʥʥʽʭ ʦʙʫʤʦʚʣʝʥʦ ʟʦʥʦʶ ʬʦʨʤʫ-

ʚʘʥʥʷ ʣʽʥʟʠ ʨʦʟʪʽʢʘʥʥʷ ʧʦʣʶʪʘʥʪʫ (ʨʠʩ. 2, ʚ, ʛ) ʪʘ 

ʥʘʧʨʷʤʢʦʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ.  

ɿʘ ʨʘʭʫʥʦʢ ʮʠʭ ʨʦʙʽʪ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʘ ʧʽʜʪ-

ʚʝʨʜʞʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ (ʂʬ) ˇʨʫʥʪʽʚ ʥʘ ʪʝ-

ʨʝʥʘʭ ʥʘʬʪʦʙʘʟʠ ʰʣʷʭʦʤ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘ-

ʥʠʭ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʚʽʜʢʘʯʫʚʘʥʴ ʨʽʜʠʥʠ 

ʟ ɿʉ. ɼʣʷ ʧʽʩʢʽʚ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʭ ʂʬ ʩʣʘʚ 10 

ʤ/ʜʦʙʫ. ʇʨʠ ʮʴʦʤʫ, ʢʽʣʴʢʽʩʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʫ [Q], 

ʱʦ ʚʽʜʢʘʯʫʚʘʣʘʩʷ ʽʟ ʩʚʝʨʜʣʦʚʠʥʠ (ʊ4) ʥʝ ʧʨʠʚʦ-

ʜʠʣʦ ʜʦ ʧʝʚʥʦʛʦ ʟʥʠʞʝʥʥʷ ʩʪʦʚʧʘ ʨʽʜʠʥʠ. ʎʝ ʩʚʽ-

ʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʙôʻʤ ʧʨʠʧʣʠʚʫ ʨʽʜʠʥʠ (ʉʅʇ) 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʦʙôʻʤ ʚʽʜʢʘʯʢʠ. ʂʨʽʤ ʪʦʛʦ, 

ʥʘʤʠ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʦʙôʻʤ ʚʽʜʢʘʯʢʠ ʽʟ ʟʘ-

ʟʥʘʯʝʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ (ʊ4) ʧʨʦʪʷʛʦʤ 5 ʭʚʠʣʠʥ 

ʩʢʣʘʚ 12 ʣ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʘʙʦ 144 ʣ/ʛʦʜ. ɺʦʜʥʦʯʘʩ 

ʟʜʽʡʩʥʝʥʽ ʟʘʤʽʨʠ ʨʽʚʥʷ ʟʘʣʷʛʘʥʥʷ ʚʝʨʭʥʴʦʾ ʤʝʞʠ 

ʨʽʜʠʥʠ ʟ ʉʅʇ (h1) ʡ ʨʽʚʥʷ ʜʟʝʨʢʘʣʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

(ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʨʽʜʠʥʠ ʟ ʧʦʣʶʪʘʥʪʦʤ (h2). 

ʅʘ ʜʽʣʷʥʮʽ ʧʦʟʘ ʤʝʞʘʤʠ ʥʘʬʪʦʙʘʟʠ ʪʽʣʴʢʠ 

20% ʩʚʝʨʜʣʦʚʠʥ ʤʘʣʠ ʥʘʷʚʥʽʩʪʴ ʨʽʜʠʥʠ ʧʦʣʶʪʘʥ-

ʪʽʚ (ʊ7-ʊ9). ʇʽʜ ʯʘʩ ʙʫʨʽʥʥʷ ʚ ʦʢʨʝʤʠʭ ʩʚʝʨʜʣʦʚʠ-

ʥʘʭ ʟʘʬʽʢʩʦʚʘʥʦ ʨʽʚʝʥʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʛʣʠʙʠʥʽ 

4,78 ï 5,13 ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʘʙʩʦʣʶʪʥʠʤ ʚʽʜʤʽʪʢʘʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: 

+134,65 - +135,80 ʤ. ɺʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʽʥʰʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʴ.  

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ ʧʦʣʴʦʚʠʭ ʟʘʤʽʨʽʚ ʨʽʚʥʷ ʧʽʜʟʝ-

ʤʥʠʭ ʚʦʜ ʧʦ ʩʚʝʨʜʣʦʚʠʥʘʭ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ 

ʧʣʦʱʽ ʥʘʬʪʦʙʘʟʠ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʦʛʨʘʤʠ ʛʽʜʨʦʽʟʦ-

ʛʽʧʩ (ʨʠʩ. 2, ʙ) ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʧʦʚʝʨʭʥʽ ʨʽ-

ʜʠʥʠ ï ʧʦʣʶʪʘʥʪʽʚ). ɿʘʣʫʯʝʥʥʷ ʧʨʠʡʦʤʽʚ ʛʨʘʜʽʻʥ-

ʪʥʦʛʦ ʘʥʘʣʽʟʫ ʱʦʜʦ ʦʪʨʠʤʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦ-

ʜʝʣʽ ʛʽʜʨʦʽʟʦʛʽʧʩ, ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʩʪʦ-

ʨʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʨʘʜʽʻʥʪʫ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʨʠʩ. 2, ʙ). ʂʦʦʨ-

ʜʠʥʘʪʥʘ ʧʨʠʚôʷʟʢʘ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʢʦʩʤʦ-

ʟʥʽʤʢʫ ʟʨʦʙʣʝʥʘ ʟʘʚʜʷʢʠ ɻɯʉ-ʧʨʦʝʢʪʫʚʘʥʥʶ. ʅʘ- 
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ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʬʦʪʦ ʩʝʨʚʽʩʫ Google Earth ʟ ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʨʠʚôʷʟʢʦʶ ɿʉ ʧʦʣʴʦʚʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʘ) ʟ ʜʝʪʘʣʽʟʘʮʽʻʶ: ʢʘʨʪʦʛʨʘʤ ʛʽʜʨʦʽʟʦʛʽʧʩ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʟʝʤ-

ʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʙ); ʬʦʪʦ ʟʦʥʜʫʚʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ (ʚ); ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʥʘʩʠ-

ʯʝʥʦʾ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʣʽʥʟʠ (ʛ). ʋʤʦʚʥʽ ʧʦʟʥʘʯʢʠ: 1 ï ʩʚʝʨʜʣʦʚʠʥʘ ʧʦʣʴʦʚʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 2 ï ʪʝ-

ʨʠʪʦʨʽʷ ʥʘʬʪʦʙʘʟʠ, 3 ï ʥʘʧʨʷʤʦʢ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 4 ï ʟʨʫʡʥʦ-

ʚʘʥʽ ʻʤʥʦʩʪʽ, 5 ï ʥʝʧʦʰʢʦʜʞʝʥʽ ʻʤʥʦʩʪʽ, 6 ï ̔ʟʦʣʽʥʽʾ ʛʽʜʨʦʽʟʦʛʽʧʩ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ / 
Fig. 2. Fragment of Google Earth satellite photo with coordinate reference to the field observation station (a)  

with details: hydroisohypsum maps of groundwater level and local underground gradient of groundwater flow (ʙ); 

photo of the probing well (ʚ); scheme of formation of the oil-saturated lens (ʛ) 

 

ʧʨʘʚʣʝʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʧʦʪʦʢʫ (ʨʽʜʠʥʠ ʟ ʧʦʣʶʪʘʥ-

ʪʦʤ) ʧʦʢʘʟʫʻ ʘʢʫʤʫʣʷʮʽʶ ʦʩʪʘʥʥʴʦʛʦ ʚ ʟʦʥʽ ʣʦʢʘ-

ʣʴʥʦʾ ʜʝʧʨʝʩʽʾ (ʜʠʚ. ʨʠʩ. 2, ʙ), ʷʢʘ ʚʠʨʘʞʝʥʘ ʧʦʥʠ-

ʞʝʥʥʷʤ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʤʽʪʦʢ ʧʨʠʨʦʜʥʦʾ ʣʽʪʦʣʦʛʽ-

ʯʥʦʾ ʪʦʚʱʽ ʟ ʧʝʨʝʧʘʜʦʤ ʚʠʩʦʪ ʙʣʠʟʴʢʦ 0,4 ʤ ʘʙʦ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʩʦʯʠʥʠ ʣʽʥʟʠ ʟʘ-

ʙʨʫʜʥʝʥʥʷ (ʨʠʩ. 2, ʛ). ʇʨʦʩʪʷʛʘʥʥʷ ʮʽʻʾ ʟʦʥʠ ʬʽʢ-

ʩʫʻʪʴʩʷ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ.  

ɺʦʥʘ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʟʦʥʘ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʨʽʜʠʥʠ ʟ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. ʉʘʤʝ 

ʪʫʪ ʨʦʟʪʘʰʦʚʘʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʽ ʥʘ ʤʦʤʝʥʪ ʧʨʦ-

ʚʝʜʝʥʥʷ ʚʽʜʢʘʯʦʢ ʟʘ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (5 

ʭʚ) ʜʦʟʚʦʣʠʣʠ ʚʽʜʢʘʯʘʪʠ 12 ʣ ʨʽʜʠʥʠ (ʊ4). ʊʘʢʘ ʞ 

ʩʘʤʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ ʊ3 

(ʨʠʩ. 2, ʚ) ʪʘ ʊ6. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʨʽʚʥʷ ʨʽʜʠʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ +135,3 - +135,75 ʤ. ʅʘʧʨʷ-

ʤʦʢ ʧʽʜʟʝʤʥʦʛʦ ʧʦʪʦʢʫ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʩʭʝʤʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʪʘ ʨʦʟʨʘʭʫʚʘʪʠ ʛʽʜ-

ʨʘʚʣʽʯʥʽ ʫʭʠʣʠ (Lh), ʷʢʽ ʟʘ ʧʨʦʚʝʜʝʥʠʤʠ ʨʦʟʨʘʭʫʥ-

ʢʘʤʠ ʩʢʣʘʣʠ ï 0,001 ï 0,016. 

ʇʨʠʡʥʷʪʘ ʤʦʜʝʣʴ ʨʦʟʪʽʢʘʥʥʷ ʧʘʣʠʚʥʦʾ ʨʽ-

ʜʠʥʠ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʟʠ ʉʅʇ. 

ʗʢ ʚʞʝ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʽʩʥʫʶʯʠ ʩʫʯʘʩʥʽ 

ʤʦʜʝʣʽ ʨʦʟʪʽʢʘʥʥʷ ʧʘʣʠʚʥʦʾ ʨʽʜʠʥʠ, ʱʦ ʧʨʠʟʥʘ-

ʯʝʥʽ ʜʣʷ ʦʮʽʥʢʠ ʧʣʦʱʽ ʨʦʟʣʠʚʫ, ʩʪʦʩʫʶʪʴʩʷ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʠʭ ʪʘ ʧʦʭʠʣʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʣʠ ʨʦʟʪʽ-

ʢʘʥʥʷ ʜʚʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ (ʩʠʩʪʝʤʘ ʚʦʜʘ-ʉʅʇ) ʤʘʻ 

ʬʦʨʤʫ ʢʦʣʘ ʘʙʦ ʬʦʨʤʫ ʣʽʥʟʠ. ʄʦʜʝʣʽ ʤʠʪʪʻʚʦʛʦ 

ʨʦʟʣʠʚʫ ʪʘ ʨʦʟʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʾʾ ʧʨʦ-

ʩʦʯʝʥʥʷʤ, ʜʝ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʘ-

ʨʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ, ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʦʯʝʥʥʷ ʉʅʇ 

ʚʛʣʠʙ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʣʠʰʝ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʟʘ ʭʘʨʘʢʪʝ-

ʨʦʤ ʨʦʟʪʽʢʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʤʠʪʪʻʚʠʡ ʨʦʟʣʠʚ ʽ ʪʘ-

ʢʠʡ, ʱʦ ʪʨʠʚʘʻ ʫ ʯʘʩʽ. ʇʝʨʰʠʡ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʢʘ-

ʪʘʩʪʨʦʬʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʻʤʥʦʩʪʽ ʽʟ ʨʽʜʠʥʦʶ 

(ʻʤʥʽʩʪʴ ˉ 7 ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ), ʘ ʜʨʫʛʠʡ ï ʧʨʠ 

ʫʰʢʦʜʞʝʥʥʽ ʻʤʥʦʩʪʽ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦ-

ʚʦʛʦ ʚʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʟ ʥʝʾ (ʻʤʥʽʩʪʴ ˉ 5). ɹʘʛʘʪʦ 
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ʜʦʩʣʽʜʥʠʢʽʚ ʩʪʚʝʨʜʞʫʶʪʴ [15-17], ʱʦ ʤʠʪʪʻʚʝ ʚʠ-

ʪʽʢʘʥʥʷ ʻ ʛʨʘʥʠʯʥʠʤ ʚʠʧʘʜʢʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ 

ʚʠʪʽʢʘʥʥʷ, ʷʢʱʦ ʯʘʩ ʚʠʪʽʢʘʥʥʷ ʩʢʦʨʦʯʫʻʪʴʩʷ, ʧʨʷ-

ʤʫʶʯʠ ʜʦ ʥʫʣʷ, ʘ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʨʦʟʣʠʪʦʾ ʨʽʜʠʥʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ.  

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨ ʨʦʟʪʽʢʘʥʥʷ ʪʘ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʠʪʦʢʫ ʥʘʤ ʥʝʚʽʜʦʤʠʡ, ʙʦ ʦʙôʻʢʪ 

ʙʫʚ ʧʦʰʢʦʜʞʝʥʠʡ ʧʽʜ ʯʘʩ ʦʢʫʧʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʩʤʪ. 

ɹʦʨʦʜʷʥʢʘ. ʊʦʤʫ, ʧʨʠʡʥʷʪʥʠʤ ʨʽʰʝʥʥʷʤ ʟ ʧʦʛʣʷʜʫ 

ʤʽʛʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʦʧʠʩʫʻ ʦʢʨʝʤʽ ʩʪʘʜʽʾ ʤʽ-

ʛʨʘʮʽʾ ï ̔ ʥʬʽʣʴʪʨʘʮʽʶ ʯʝʨʝʟ ʟʦʥʫ ʘʝʨʘʮʽʾ ʪʘ ʤʽʛʨʘ-

ʮʽʶ ʧʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ̒  ʨʦʟʨʘʭʫʥʦʢ ʤʽʛ-

ʨʘʮʽʡʥʦʾ ʣʽʥʟʠ ʣʝʛʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʨʘʤʢʘʭ 

ʩʧʨʦʱʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʽʰʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʨʽ-

ʚʥʷʥʥʷʭ ʙʘʛʘʪʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ.  

ɺ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʶʪʘʥʪʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʥʝ ʟʤʽʰʫʶʪʴʩʷ ʟ ʚʦ-

ʜʦʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʦʩʝʨʝ-

ʜʞʝʥʝ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʘ 

ʟ ʛʣʠʙʠʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟʥʠʞʫ-

ʶʪʴʩʷ. ʇʨʠ ʤʽʛʨʘʮʽʾ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʚʦʥʠ, ʟʘ-

ʡʤʘʶʯʠ ʯʘʩʪʠʥʫ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʬʦʨʤʫʶʪʴ 

ʩʘʤʦʩʪʽʡʥʫ ʬʘʟʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʢʦʥʪʘʢʪʽ ʟ ʚʦʜ-

ʥʦʶ ʬʘʟʦʶ. ʇʨʠ ʮʴʦʤʫ, ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʤʽʞʬʘʟʥʠʤ ʤʘʩʦʦʙʤʽʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨ-

ʤʫʚʘʥʥʷ ʘʨʝʘʣʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʨʦʟ-

ʯʠʥʝʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʘʙʨʫʜ-

ʥʶʚʘʯʘ ˇʨʫʥʪʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʩʘʤʦ-

ʩʪʽʡʥʘ ʬʘʟʘ ʣʝʛʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫʪʚʦʨʠʣʘ ʧʣʘ-

ʚʘʶʯʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʚʦʜ ʟʦʥʠ ʘʝʨʘ-

ʮʽʾ) ʩʢʫʧʯʝʥʥʷ ï ʣʽʥʟʠ, ʤʽʛʨʘʮʽʷ ʷʢʠʭ ʢʦʥʪʨʦʣʶ-

ʻʪʴʩʷ ʛʨʘʜʽʻʥʪʦʤ ʧʨʠʨʦʜʥʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦ-

ʪʦʢʫ [18]. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ ʪʘ ʧʨʦʥʠʢ-

ʥʝʥʥʷ ʫ ʚʦʜʦʥʘʩʠʯʝʥʝ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝʦʙ-

ʭʽʜʥʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʰʘʨʫ (ʧʦʪʫʞʥʦ-

ʩʪʽ) ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ [19]: 
 

ÈÍÉÎ 
̎ ̃  

 ̋ȿ  ̎ ̃ ȿ
                        (1) 

 

ʜʝ hmin - ʤʽʥʽʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʬʪʦʧʨʦʜʫ-

ʢʪʫ, ʤ;  

ůʥʚ ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʢʦʥʪʘʢʪʽ ʥʘʬʪʦ-

ʧʨʦʜʫʢʪʫ ʪʘ ʚʦʜʠ, 21 ʜʠʥ/ʩʤ; 

ɗ ï ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, 15Ü;  

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, 9,8 ʤ/ʩ2;  

rʢ ï ʨʘʜʽʫʩ ʧʽʨ ˇʨʫʥʪʫ, 0,05 ʤʤ;  
 

ɟʥ ï ɦʽʣʴʥʽʩʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʫ, 0,75 ʛ/ʩʤ3;  

ɟʚ ï ɦʽʣʴʥʽʩʪʴ ʚʦʜʠ, 1 ʛ/ʩʤ3. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʥʘʰʦʤʫ ʚʠʧʘ-

ʜʢʫ ʤʽʥʽʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʚ ʣʽʥʟʽ 

(hmin) ʩʢʣʘʜʘʻ 0,3 ʤ. 

ʈʦʟʨʘʭʫʥʦʢ ʨʘʜʽʫʩʫ ʪʘ ʧʣʦʱʽ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʷ ʣʽʥʟʠ ʉʅʇ ʫ ʟʦʥʽ ʘʝʨʘʮʽʾ. ɺʠʭʦʜʷʯʠ ʟ 

ʪʦʛʦ, ʱʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷʤ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʩʘʤʦʩʪʽʡʥʘ ʬʘʟʘ ʉʅʇ 

ʫʪʚʦʨʠʣʘ ʧʣʘʚʘʶʯʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

(ʚʦʜ ʟʦʥʠ ʘʝʨʘʮʽʾ) ʩʢʫʧʯʝʥʥʷ ï ʣʽʥʟʫ, ʷʢʘ ʤʘʻ ʜʝʷʢʫ 

ʧʣʦʱʫ, ʦʢʨʽʤ ʧʦʪʫʞʥʦʩʪʽ ʣʽʥʟʠ ʉʅʇ ʩʣʽʜ ʨʦʟʨʘʭʫ-

ʚʘʪʠ ʨʘʜʽʫʩ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ, ʢʝʨʫʶʯʠʩʴ ʧʽʜ-

ʨʘʭʫʥʢʘʤʠ ʧʨʠʙʣʠʟʥʠʭ ʦʙôʻʤʽʚ ʚʠʪʦʢʫ ʉʅʇ, ʫ ʜʦ-

ʩʣʽʜʞʝʥʥʽ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʨʦʟʨʘʭʦʚʘʥʽ ʨʘ-

ʜʽʫʩ ʣʽʥʟʦʧʦʜʽʙʥʦʛʦ ʩʢʫʧʯʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥ-

ʪʦʚʠʭ ʚʦʜ, ʷʢʝ ʟʜʘʪʥʝ ʤʽʛʨʫʚʘʪʠ ʫ ʧʽʜʟʝʤʥʽʡ ʛʽʜʨʦ-

ʩʬʝʨʽ ʫ ʚʠʛʣʷʜʽ ʩʘʤʦʩʪʽʡʥʦʾ ʬʘʟʠ. ʈʘʜʽʫʩ ʣʽʥʟʠ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʉʅʇ ʥʘʚʢʦʣʦ ʧʦʨʫʰʝʥʠʭ ʻʤʥʦʩʪʝʡ ʨʦ-

ʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

2                                    (2) 

ʜʝ: Ὑï ʨʘʜʽʫʩ ʣʽʥʟʠ ʧʦʣʶʪʘʥʪʽʚ, ʤ; V - ʦʙôʻʤ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʱʦ ʧʦʪʨʘʧʠʚ ʜʦ ʟʦʥʠ ʘʝʨʘʮʽʾ, ʤ3; 

h - ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʟʘʙʨʫʜʥʶʚʘʯʘ ʫ ʩʚʝʨʜʣʦʚʠʥʽ, ʤ 

ʇʨʠ ʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ (1), ʤʽʥʽʤʘʣʴʥʘ ʧʦʪʫʞ-

ʥʽʩʪʴ ʣʽʥʟʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʩʢʣʘʣʘ 0,3 ʤ (ʚʠʩʦʪʘ 

ʩʪʦʚʧʘ ʨʽʜʠʥʠ). ɸʣʝ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʣʴʦʚʠʭ ʨʦ-

ʙʽʪ (ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʽ ʚʽʜʢʘʯʢʠ ʤʝʪʦʜʦʤ ʞʝ-

ʣʦʥʫʚʘʥʥʷ ʟ ʟʦʥʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ) ʟʘʬʽʢʩʦ-

ʚʘʥʦ, ʱʦ ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʧʣʦʱʽ ʥʘʬʪʦʙʘʟʠ ʩʢʣʘʜʘʣʘ 0,5ʤ, 0.47ʤ, 0,33ʤ, ʘ ʟʘ 

ʤʝʞʘʤʠ ʥʘʬʪʦʙʘʟʠ - ʜʦ 0,1ʤ. ʊʦʤʫ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (h1 - 0,5 ʤ), ʨʦʟʨʘ-

ʭʫʥʢʦʚʦʛʦ ʩʝʨʝʜʥʴʦʛʦ (h2 - 0,3 ʤ) ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʬʘʢʪʠʯʥʦʛʦ (h3 - 0,1 ʤ) ʩʪʦʚʧʦʤ ʨʽʜʠʥʠ. ʆʩʢʽʣʴʢʠ 

ʚʠʪʽʢ ʛʦʨʶʯʦʾ ʨʽʜʠʥʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ ʜʚʦʭ ʻʤʥʦʩ-

ʪʝʡ, ʨʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʝʥʦ ʜʣʷ ʦʢʨʝʤʠʭ ʜʞʝʨʝʣ 

ʚʠʪʦʢʫ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʫ ʻʜʠʥʫ ʧʣʦʱʫ ʦʨʝʦʣʫ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʈʦʟʨʘʭʦʚʘʥʽ ʨʘʜʽʫʩʠ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʷ ʣʽʥʟʠ ʧʦʣʶʪʘʥʪʫ ʟʘ ʬʦʨʤʫʣʦʶ (2) ʪʘ ʾʭ ʩʫ-

ʤʘʨʥʘ ʧʣʦʱʘ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʈʦʟʨʘʭʦʚʘʥʽ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʩʫʤʘʨʥʽ ʧʣʦʱʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʨʝʘʣʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʟʦʥʽ 

ʘʝʨʘʮʽʾ ʚʠʥʝʩʝʥʦ ʟ ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʨʠʚôʷʟʢʦʶ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʝ ʬʦʪʦ ʩʝʨʚʽʩʫ Google Earth (ʨʠʩ. 3). 

 

ʊʘʙʣʠʮʷ 1 / Table 1 

ʈʦʟʨʘʭʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʜʽʫʩʽʚ ʣʽʥʟʠ ʪʘ ʧʣʦʱ ʟʘʙʨʫʜʥʝʥʥʷ /  
Calculated values of lens radii and contamination areas 

ɺʠʩʦʪʘ ʩʪʦʚʧʘ ʨʽʜʠʥʠ 

(h),ʤ 

ɭʤʥʽʩʪʴ ˉ 5 ɭʤʥʽʩʪʴ ˉ 7 ʇʣʦʱʘ, 

S, ʤ2 R1, ʤ R2, ʤ R3, ʤ R1, ʤ R2, ʤ R3, ʤ 

h1=0,5 11,3   22,6   2691 

h2 =0,3  14,57   32,58  4169 

h3 = 0,1   25,24   56,5 10306 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʨʘʭʦʚʘʥʦʾ ʧʣʦʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʟʦʥʽ ʘʝʨʘʮʽʾ ʟ 

ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʬʦʪʦ ʩʝʨʚʽʩʫ Google Earth.  

ʋʤʦʚʥʽ ʧʦʟʥʘʯʢʠ: 1 ï ʩʚʝʨʜʣʦʚʠʥʘ ʧʦʣʴʦʚʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 2 ï ʢʦʥʪʫʨ ʟʘʙʨʫʜʥʝʥʥʷ ʟ h1=0,5 ʤ,  

3 ï ʢʦʥʪʫʨ ʟʘʙʨʫʜʥʝʥʥʷ ʟ h2=0,3 ʤ, 4 - ʢʦʥʪʫʨ ʟʘʙʨʫʜʥʝʥʥʷ ʟ h3=0,1 ʤ / 
Fig. 3. The result of approximation of the calculated area of oil products spreading in the aeration zone with coordinate 

reference to the Google Earth satellite photo service 

 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʯʠʱʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚʽʜ 

ʉʅʇ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʣʠ ʚʠʟʥʘʯʝʥʥʶ 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩ-

ʣʽʜʢʽʚ ʨʦʟʣʠʚʫ ʉʅʇ. ɼʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦ-

ʙʦʤ ʫʩʫʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʚʽʜʢʘʯʫʚʘʥʥʷ ʟʘʙʨʫʜ-

ʥʝʥʦʾ ʨʽʜʠʥʠ ʽʟ ʩʚʝʨʜʣʦʚʠʥ (ʤʝʭʘʥʽʯʥʠʡ ʟʙʽʨ [20]), 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʙʣʘʰʪʫʚʘʪʠ ʚ ʦʢʦʥʪʫʨʝʥʽʡ ʟʦʥʽ 

ʫʨʘʞʝʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʉʘʤʝ ʪʦʤʫ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʝ ʙʫ-

ʨʽʥʥʷ 140 ʩʚʝʨʜʣʦʚʠʥ ʛʣʠʙʠʥʦʶ ʜʦ 5.2 ʤ, ʜʽʘʤʝʪ-

ʨʦʤ 0,11-0,168 ʤ, ʟʘʛʘʣʴʥʠʤ ʤʝʪʨʘʞʝʤ 710 ʤ, ʷʢʽ 

ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʦʙʽʛʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʧʦ-

ʣʶʪʘʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʢʘʯʫʚʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢ-

ʪʽʚ. ɹʽʣʴʰ ʪʦʛʦ, ʪʘʢʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʠʚ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʧʽʩʣʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʯʠʱʝʥʥʷ. ɯʥʰʠʡ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʧʽʜʭʽʜ - ʩʪʚʦ-

ʨʝʥʥʷ ʛʝʦʭʽʤʽʯʥʦʛʦ ʙʘʨôʻʨʫ ʘʙʦ ʩʦʨʙʝʥʪʥʦʾ ʝʢʨʘ-

ʥʽʟʘʮʽʾ. ʇʦ ʩʚʦʾʡ ʩʫʪʽ, ʪʘʢʠʡ ʝʢʨʘʥ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʩʚʦʻʨʽʜʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʪʘ ʛʝʦʭʽʤʽʯʥʦʛʦ ʙʘʨôʻʨʫ 

ʤʽʞ ʜʞʝʨʝʣʦʤ ʘʚʘʨʽʡʥʦʛʦ ʩʢʠʜʫ ʧʦʣʶʪʘʥʪʫ ʪʘ ʟʦ-

ʥʦʶ ʘʝʨʘʮʽʾ. ʇʘʨʘʤʝʪʨʠ (ʧʣʦʱʘ, ʧʦʪʫʞʥʽʩʪʴ ʰʘʨʫ 

ʟʘʙʨʫʜʥʝʥʦʾ ʨʽʜʠʥʠ) ʥʘ ʘʚʘʨʽʡʥʦ-ʥʝʙʝʟʧʝʯʥʽʡ ʪʝ-

ʨʠʪʦʨʽʾ ʚʠʟʥʘʯʝʥʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩ-

ʪʷʤʠ ʢʦʥʢʨʝʪʥʦʾ ʤʽʩʮʝʚʦʩʪʽ.  

ɺʠʩʥʦʚʢʠ.  

ɿʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʻ ʦʜ-

ʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʤʘʩʰʪʘʙʥʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʜʽʚ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝ-

ʜʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝ-

ʦʣʦʛʽʯʥʠʭ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʣʘʪʬʦʨʤʠ ʩʫ-

ʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ Google Earth. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʮʽʥʢʠ ʩʪʚʦʨʝʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, ʧʦʚʝʨʭʥʽ ʨʽʚʥʷ ˇʨʫʥ-

ʪʦʚʠʭ ʚʦʜ, ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʧʦ-

ʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʡ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ï ʧʦʣʶʪʘʥ-

ʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ: ʱʦ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʚʽʜ ʮʠʩʪʝʨʥ ˉ 5 (ʧʦʰʢʦʜʞʝʥʘ), ˉ 6, ˉ 7 

(ʟʨʫʡʥʦʚʘʥʘ), ˉ 8 ʫ ʦʩʥʦʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʧʽʚʥʽ-

ʯʥʦʛʦ-ʟʘʭʽʜʥʦʛʦ ʥʘ ʩʭʽʜ; ʥʘʧʨʘʚʣʝʥʥʷ ʧʦʪʦʢʫ ʣʽ-

ʥʟʠ ʟʘʙʨʫʜʥʝʥʥʷ (ʨʽʜʠʥʠ ʟ ʧʦʣʶʪʘʥʪʦʤ) ʧʦʢʘʟʫʻ 

ʘʢʫʤʫʣʷʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʟʦʥʽ ʜʝʧʨʝʩʽʾ, ʷʢʘ ʚʠʨʘ-

ʞʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʦʥʠʞʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʤʽʪʦʢ 

ʧʨʠʨʦʜʥʦʾ ʣʽʪʦʣʦʛʽʯʥʦʾ ʪʦʚʱʽ ʟ ʧʝʨʝʧʘʜʦʤ ʚʠʩʦʪ 

ʙʣʠʟʴʢʦ 0,4 ʤ (ʧʨʦʩʪʷʛʘʥʥʷ ʟʦʥʠ ʦʨʽʻʥʪʦʚʘʥʦ ʟ 

ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ, ʩʘʤʝ ʚʦʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʟʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʨʽʜʠʥʠ ʟ ʥʘʬʪʦ-

ʧʨʦʜʫʢʪʽʚ). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠ-

ʩʦʪʘ ʩʪʦʚʧʘ ʣʽʥʟʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʢʣʘʣʘ hʨʦʟ = 0,3 ʤ. 

ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʫ ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʣʽʯʫʻ 

4169 ʤ2, ʦʙôʻʤ ʟʘʙʨʫʜʥʝʥʥʷ ï 1250,7 ʤ3 ̫ ʢʠʡ ʚʽʜ-

ʧʦʚʽʜʘʻ ʟʘʷʚʣʝʥʠʤ ʟʙʠʪʢʘʤ (ʚʠʪʦʢʫ). ɸʣʝ, ʚʨʘ-

ʭʦʚʫʶʯʠ ʘʥʽʟʦʪʨʦʧʽʶ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ ʣʽʪʦʣʦʛʽʯʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ 
ʫʩʝʨʝʜʠʥʽ ʟʦʥʠ ʘʝʨʘʮʽʾ, ʧʨʠʩʫʪʥʽʩʪʴ ʨʦʟʯʠʥʝʥʦʾ 

ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʜʠʩʧʝʨʩʽʾ, ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ 

ʘʢʫʤʫʣʷʮʽʡʥʠʭ ʜʝʧʨʝʩʽʡ ʣʽʪʦʣʦʛʽʯʥʦʾ ʪʦʚʱʽ ʚʘʨʽʘ-

ʥʪʠ ʟ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ h (0,5 ʤ ʪʘ 0,1 ʤ)ʪʘʢʦʞ 

ʧʨʠʡʥʷʪʥʽ. ʈʦʟʨʘʭʦʚʘʥʽ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʩʫʤʘʨʥʽ 

ʧʣʦʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʨʝʘʣʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ 

ʟʦʥʽ ʘʝʨʘʮʽʾ ʚʠʥʝʩʝʥʦ ʟ ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʨʠʚôʷʟʢʦʶ 

ʥʘ ʩʫʧʫʪʥʠʢʦʚʝ ʬʦʪʦ ʩʝʨʚʽʩʫ Google Earth. ʇʨʦʚʝ-

ʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝ-

ʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʯʠʱʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚʽʜ ʉʅʇ ʪʘ 
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ʾʭ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ, ʟʘ-

ʧʦʙʽʛʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʧʦʣʶʪʘʥʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʢʘʯʫʚʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟʽ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʪʘ 

ʬʘʢʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦʾ ʣʽʥʟʠ ʟʘʙʨʫʜʥʝʥʥʷ. 
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ABSTRACT 

Formulation of the problem. The article presents the results of a study to assess the pollution of the aeration zone 

due to the leakage of oil products as a result of the destruction of the çAmikè oil depot during the military operations in 

the town of Borodyanka. The destruction of the tanks resulted in an immediate leakage of light oil products onto the soil 

of the surrounding area. The result was a technogenic environmental situation that required immediate determination of 

the mechanisms of accidental penetration of pollutants into the soil and groundwater, determination of the area of con-

tamination and scientifically sound methods of soil remediation of oil products. The article highlights the issues of organ-

ising mathematical modeling of various data for solving applied problems using Google Earth data. 

Materials and methods. In order to assess the contamination area and determine the mechanism of accidental pen-

etration of oil products into the soil and groundwater, the existing models of pollutant penetration in case of accidental 

oil spill were analysed and mathematical spatial models of geomorphological, hydrogeological, engineering-geological 

and experimental filtration data were created using interpolation, mathematical approximation and gradient analysis. The 

latter made it possible to identify the directions of surface and groundwater flow both in the local area of the oil depot 

and in adjacent areas. Using the investigation and filtration parameters obtained during the field work, hydraulic gradients 

and soil filtration coefficients were calculated, and a spatial mathematical model of the local subterranean gradient of 

groundwater flow was created. 

Results. It was shown that the direction of the underground flow is controlled by a zone of local depression, which 

is expressed by a decrease in the absolute height of the natural lithological layer with a height difference of about 0.4 m 

or the maximum values of the height of the contamination lens. The direction of extension of this zone has been deter-

mined to be from north to south. This zone can be considered the zone of maximum accumulation of liquid with oil 

products.  

Based on the survey results, the thickness of the contamination lens was calculated to be 0.3 m on average. Using 

this indicator, the area of contamination is 4169 m2, the volume of contamination is 1250.7 m3, which corresponds to the 

claimed damage. However, taking into account the anisotropy of the filtration properties of the lithological types in dif-

ferent directions within the aeration zone, the presence of dissolved water due to dispersion and the presence of local 

accumulation depressions in the lithological strata, options with other indicators (0.5 m / 0.1 m) are also acceptable. The 

calculation of the contamination areas was carried out taking into account the power variations. The approximate total 

areas of oil product distribution in the aeration zone were plotted with reference to Google Earth imagery. 

Conclusions. The research enabled practical recommendations to be made for cleaning up the area of oil products 

and preventing the spread of the pollutant by pumping oil products out of the modelled and actually confirmed pollution 

lens. In accordance with the recommendations, 140 wells were drilled to a depth of 5.2 m, with a diameter of 0.11-0.168 

m and a total length of 710 m, which made it possible to prevent the spread of the contaminant by pumping out the oil 

products and reusing them after clean-up. 

Keywords: oil products, pollution lens, aeration zone, mathematical model, pilot filtration, surface runoff, probe 

wells, flow gradient, emergency, GIS project. 
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ʅʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʦʚʠʭ ʨʫʜ. ɿôʷʩʦʚʘʥʦ, ʱʦ 

ʨʫʜʦʥʦʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʚʠʟʥʘʯʝʥʠʡ ʧʦʣʽʛʝʥʥʦ-ʧʦʣʽʭʨʦʥʥʦʶ ʧʨʦʩʪʦʨʦʚʦ-ʧʘʨʘʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʦʶ ʨʫʜʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʷʢʘ ʩʢʣʘʜʝʥʘ ʪʠʪʘʥʦʚʤʽʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ɺʦʣʦʜʘʨʩʴʢ-ɺʦʣʠʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʾʭʥʽʤʠ ʢʦ-

ʨʘʤʠ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ (ʽʨʰʘʥʩʴʢʘ ʩʚʽʪʘ, ʘʧʪ-ʘʣʴʙ), ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʤʠ ʫʟʙʝʨʝʞʥʦ-ʤʦʨ-

ʩʴʢʠʤʠ (ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʘ ʩʚʽʪʘ, ʪʫʨʦʥ) ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʤʠʚʫ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʝʣʶʚʽʶ ʽ ʤʝʥʰʦʶ ʤʽʨʦʶ ʽ ʯʘʩʪʢʦʚʦ ʨʽʟʥʦʛʝ-

ʥʝʪʠʯʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʡ ʨʫʜʦʥʦʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʽʣʴʤʝʥʽʪʫ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʤʽʩʪʠʪʴʩʷ ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʘʧʪ-ʘʣʴʙʩʴʢʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʷʢʽ ʚʠʧʦʚʥʶʶʪʴ ʧʦʭʦʚʘʥʽ ʨʽʯʢʦʚʽ ʧʘ-

ʣʝʦʜʦʣʠʥʠ ʪʘ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʠʚʫ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʝʣʶʚʽʶ. ʅʘ ʙʘʟʽ ʢʦʦʨʜʠʥʘʪ, ʦʧʠʩʫ ʽ ʦʧʨʦʙʫʚʘʥʥʷ 1613 ʩʚʝʨʜ-

ʣʦʚʠʥ ʩʪʚʦʨʝʥʘ ʮʽʣʴʦʚʘ ʙʘʟʘ ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʦ ʢʦʤʧʣʝʢʪ ʢʘʨʪ (ʢʘʨʪʠ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ 

ʽʣʴʤʝʥʽʪʫ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʫ, ʫ ʞʦʨʩʪʚʽ ʽ ʝʣʶʚʽʘʣʴʥʠʭ ʢʘʦʣʽʥʘʭ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʫ ʬʣʶʚʽʘʣʴʥʠʭ ʢʘʦʣʽʥʘʭ 

ʽ ʧʽʩʢʘʭ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʫ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʭ ʧʦʨʦʜʘʭ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ; ʢʘʨʪʘ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ 

ʬʫʥʜʘʤʝʥʪʫ, ʢʘʨʪʠ ʨʝʣʴʻʬʫ ʧʽʜʦʰʚʠ, ʧʦʚʝʨʭʥʽ ʽ ʪʦʚʱʠʥʠ ʞʦʨʩʪʚʠ, ʝʣʶʚʽʘʣʴʥʠʭ ʢʘʦʣʽʥʽʚ, ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʽʚ ʽ ʧʽʩʢʽʚ 

ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʭ ʧʦʨʽʜ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ) ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʥʽ (ʭʘʨʘʢʪʝʨ ʨʝʣʴʻʬʫ ʧʽʜʦʰʚʠ, 

ʧʦʚʝʨʭʥʽ, ʪʦʚʱʠʥʘ) ʽ ʨʝʯʦʚʠʥʥʽ (ʣʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ, ʣʘʪʝʨʘʣʴʥʠʡ ʽ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʽʣʴʤʝʥʽʪʫ) ʧʘʨʘʤʝʪʨʠ ʨʫʜʦʚʤʽʱʫʚʘ-

ʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʥʘʧʨʷʤʣʝʥʽʩʪʴ ʽ ʩʠʣʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʽʣʴʤʝʥʽʪʚʤʽʩʥʠʭ 

ʧʦʨʽʜ; ʤʽʞ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ʽ ʪʦʚʱʠʥʦʶ ʨʫʜʦʚʤʽʩʥʠʭ ʫʪʚʦʨʝʥʴ; ʤʽʞ ʪʦʚʱʠʥʦʶ ʨʫʜʦʚʤʽʩʥʠʭ ʫʪʚʦʨʝʥʴ ʽ ʨʝʣʴʻʬʦʤ ʾʭʥʴʦʾ ʧʽ-

ʜʦʰʚʠ. ɿôʷʩʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʨʽʟʥʦʚʽʢʦʚʠʭ ʽ ʨʽʟʥʦʛʝʥʝʪʠʯʥʠʭ ʫʪʚʦʨʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʦʨʦʩʪʝʥʩʴʢʠʡ ʧʣʫʪʦʥ, ʄʝʞʠʨʽʯʥʝ ʨʦʜʦʚʠʱʝ, ɹʫʢʽʥʩʴʢʘ ʜʽʣʷʥʢʘ, ʽʣʴʤʝʥʽʪʦʥʦʩʥʽʩʪʴ. ʢʨʠʩʪʘʣʽʯʥʽ ʧʦ-

ʨʦʜʠ ʬʫʥʜʘʤʝʥʪʫ, ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʚʽʜʢʣʘʜʠ ʢʨʝʡʜʦʚʦʾ ʩʠʩʪʝʤʠ, ʽʨʰʘʥʩʴʢʘ ʪʘ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʘ ʩʚʽʪʠ. 
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ɺʩʪʫʧ. ʋʢʨʘʾʥʘ ʚʭʦʜʠʪʴ ʜʦ ʜʝʩʷʪʢʠ ʧʨʦʚʽʜ-

ʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʟʘ ʦʙʩʷʛʘʤʠ ʨʦʟʚʽʜʘʥʠʭ ʟʘʧʘʩʽʚ ʨʫʜ 

ʪʠʪʘʥʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʥʘʜ 6% ʾʭ ʩʚʽʪʦʚʦʛʦ ʚʠʜʦ-

ʙʫʪʢʫ (ɯʥʚʝʩʪʠʮʽʡʥʠʡ ʘʪʣʘʩé, 2021). ʋ ʤʝʞʘʭ ʾʾ 

ʪʝʨʠʪʦʨʽʾ ʟʦʩʝʨʝʜʞʝʥʦ 20% ʫʩʽʭ ʨʦʟʚʽʜʘʥʠʭ ʩʚʽʪʦ-

ʚʠʭ ʟʘʧʘʩʽʚ ʪʠʪʘʥʦʚʦʾ ʨʫʜʠ. ʆʙʣʽʢʦʚʘʥʦ 27 ʨʦʜʦ-

ʚʠʱ ʽ ʧʦʥʘʜ 30 ʨʫʜʦʧʨʦʷʚʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʚʠ-

ʚʯʝʥʦʩʪʽ (ɯʥʚʝʩʪʠʮʽʡʥʠʡ ʘʪʣʘʩé, 2021). ʆʩʥʦʚ-

ʥʠʤ ʪʠʪʘʥʦʚʤʽʩʥʠʤ ʤʽʥʝʨʘʣʦʤ ʻ ʽʣʴʤʝʥʽʪ. ʊʠʪʘʥ 

ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʫ ʩʠʨʦʚʠʥʫ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʝʜʧ-

ʨʝʧʘʨʘʪʽʚ, ʬʘʨʙ, ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʋʢʨʘʾʥʘ 

ʚʦʣʦʜʽʻ ʥʘʡʙʽʣʴʰʠʤʠ ʚ ɭʚʨʦʧʽ ʟʘʧʘʩʘʤʠ ʪʘ ʨʝʩʫʨ-

ʩʘʤʠ ʪʠʪʘʥʫ ̔ ʻ ʦʜʥʽʻʶ ʟ ʥʝʙʘʛʘʪʴʦʭ ʢʨʘʾʥ, ʷʢʘ ʤʘʻ 

ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʫʥʽʢʘʣʴʥʫ ʪʠʪʘʥʦʚʫ ʛʘ-

ʣʫʟʴ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʷʢ ʩʠʨʦʚʠʥʥʠʤʠ, ʪʘʢ ʽ ʧʨʦʤʠ-

ʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ (ʊʘʨʘʥʶʢ, ʄʘʢʘʨʝʥʢʦ, 

2019). ʊʠʪʘʥʦʚʘ ʧʽʜʛʘʣʫʟʴ ʻ ʻʜʠʥʦʶ ʚ ʢʦʣʴʦʨʦʚʽʡ 

ʤʝʪʘʣʫʨʛʽʾ ʋʢʨʘʾʥʠ, ʷʢʘ ʤʘʻ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʠʡ ʚʠ-

ʨʦʙʥʠʯʠʡ ʮʠʢʣ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʝʨʞʘʚʽ ʟʘʡʥʷʪʠ 

ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʩʝʨʝʜ ʢʨʘʾʥ ʚʠʨʦʙʥʠʢʽʚ ʪʠʪʘʥʦʚʦʾ 

ʛʫʙʢʠ, ʧʽʛʤʝʥʪʫ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ, ʪʠʪʘʥʦʚʠʭ ʢʦʥ-

ʮʝʥʪʨʘʪʽʚ (ʊʘʨʘʥʶʢ, ʄʘʢʘʨʝʥʢʦ, 2019, Mineral 

Commoodityé, 2020). ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽ-

ʪʯʠʟʥʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʠʪʘʥʦʚʦʶ ʩʠʨʦʚʠʥʦʶ 

ʤʘʻ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʽ ʜʣʷ ʨʦʟ-

ʚʠʪʢʫ ʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʝʨʞʘʚʠ. ʄʘʡʞʝ 55% ʤʝʪʘʣʝʚʦʛʦ ʪʠ-

ʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʚʽʪʽ ʜʣʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ, 29% ï ʜʣʷ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʽ 8% ï ʜʣʷ ʚʦ-

ʻʥʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɹʠʪʚʘ ʟʘ ʪʠʪʘʥ, 

2023). ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʘʾʥʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯ-

ʥʠʤʠ ʟʘʧʘʩʘʤʠ ʪʠʪʘʥʦʚʠʭ ʤʽʥʝʨʘʣʽʚ ʽ ʩʫʯʘʩʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʾʭ ʦʙʨʦʙʽʪʢʫ ʙʫʜʫʪʴ ʟʘʡʤʘʪʠ ʧʨʦ-

ʚʽʜʥʽ ʤʽʩʮʷ ʫ ʩʚʽʪʽ ʟʘ ʝʢʦʥʦʤʽʯʥʦʶ ʪʘ ʚʦʻʥʥʦʶ ʧʦ-

ʪʫʞʥʽʩʪʶ (ʙʠʪʚʘ ʟʘ ʪʠʪʘʥ). ʉʝʨʝʜ ʚʦʩʴʤʠ ʨʘʡʦʥʽʚ, 

ʚ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʦ ʦʩʥʦʚʥʽ ʟʘʧʘʩʠ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ, ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʽ ʨʦʟ-

ʚ̔ ʜʘʥʠʤ ʻ ɺʦʣʠʥʩʴʢʠʡ, ʫ ʤʝʞʘʭ ʷʢʦʛʦ ʧʦʰʠʨʝʥʽ 

ϭ ͎̅ͯͪ͊͜ ˶Ό͍͋ͦΣ ˴͍ͦ͊͡Έ;ͯ͟ ˸͙ͪͦͤΣ нлно 
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ʝʥʜʦʛʝʥʥʽ (ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʽ, ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪ-

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʽ), ʝʣʶʚʽʘʣʴʥʽ (ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽ-

ʪʦʚʽ, ʽʣʴʤʝʥʽʪʦʚʽ) ʽ ʨʦʟʩʠʧʥʽ (ʮʠʨʢʦʥʽʡ-ʪʠʪʘʥʦʚʠʭ 

ʤʽʥʝʨʘʣʽʚ ʟ ʘʧʘʪʠʪʦʤ) ʨʦʜʦʚʠʱʘ (ɼʝʨʞʘʚʥʘ ʛʝʦʣʦ-

ʛʽʯʥʘ ʢʘʨʪʘ, 2001; ɻʫʨʩʴʢʠʡ ʪʘ ʽʥ., 2005; ʊʠʪʘ-

ʥʦʚʳʝé, 1967). ʉʝʨʝʜ ʥʘʙʽʣʴʰʠʭ ʽ ʥʘʡʨʦʟʚʽʜʘʥʽ-

ʰʠʭ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʛʝʥʝ-

ʟʠʩʫ ʻ ʄʝʞʠʨʽʯʥʝ, ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʤʝʞʘʭ ɺʦʣʠʥʩʴ-

ʢʦʛʦ ʤʝʛʘʙʣʦʢʫ, ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʂʦʨʦʩʪʝʥ-

ʩʴʢʦʛʦ ʧʣʫʪʦʥʫ, ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɺʦʣʦ-

ʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʚ ɾʠʪʦʤʠʨʩʴʢʦʤʫ 

ʪʘ ʂʦʨʦʩʪʝʥʩʴʢʦʤʫ ʨʘʡʦʥʘʭ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘ-

ʩʪʽ, ʥʘ ʚʦʜʦʜʽʣʽ ʨʽʯʢʠ ɯʨʰʘ ʡ ʾʾ ʧʨʠʪʦʢʠ ʨʽʯʢʠ ʊʨʦ-

ʩʪʷʥʠʮʷ. (ʊʠʪʘʥʦʚʳʝé, 1967; ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 

2022). ʈʦʜʦʚʠʱʝ ʻ ʧʽʚʜʝʥʥʠʤ ʦʙʨʘʤʣʝʥʥʷʤ ɯʨʰʠ-

ʥʩʴʢʦʛʦ ʪʠʪʘʥʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʽʣʴ-

ʤʝʥʽʪʦʚʽ ʨʦʟʩʠʧʠ ï ʮʝ ʪʠʧʦʚʽ ʨʦʟʩʠʧʠ ʙʣʠʞʥʴʦʛʦ 

ʟʥʝʩʝʥʥʷ, ʷʢʽ ʪʽʩʥʦ ʧʨʦʩʪʦʨʦʚʦ ʪʘ ʧʘʨʘʛʝʥʝʪʠʯʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʢʦʨʽʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ï ̔ ʣʴʤʝʥʽʪʦʚʤʽ-

ʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

(ɻʫʨʩʴʢʠʡ ʪʘ ʽʥ., 2005; ʊʠʪʘʥʦʚʳʝé, 1967; ʌʽ-

ʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022; ʎʳʤʙʘʣ ʠ ʜʨ., 1977). ɯʣʴ-

ʤʝʥʽʪʦʚʽ ʢʦʥʮʝʥʪʨʘʪʠ ʟ ɯʨʰʠʥʩʴʢʠʭ ʨʦʟʩʠʧʽʚ ʧʨʠ-

ʟʥʘʯʝʥʽ ʜʣʷ ʩʽʨʯʘʥʦʢʠʩʣʦʪʥʦʾ ʧʝʨʝʨʦʙʢʠ ʥʘ ʧʽʛʤʝ-

ʥʪʥʠʡ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ (70% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʫ-

ʩʢʫ), ʜʣʷ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʝʨʝʨʦʙʢʠ ʥʘ ʪʠʪʘʥ 

(20%), ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʦʩʧʣʘʚʽʚ (10%). 

ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʫ ʚʣʘʩʥʽʡ ʪʠʪʘʥʦʚʽʡ ʩʠʨʦ-

ʚʠʥʽ, ʻ ʷʢʥʘʡʰʚʠʜʰʝ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʨʦ-

ʜʦʚʠʱ, ʚ ʷʢʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʧʘʨʘʛʝʥʝʪʠʯʥʦ ʧʦʻʜʥʫ-

ʻʪʴʩʷ ʨʽʟʥʦʛʝʥʝʪʠʯʥʘ ʪʘ ʨʽʟʥʦʚʽʢʦʚʘ ʨʫʜʦʥʦʩʥʽʩʪʴ 

ʽ, ʷʢʽ ʻ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʠʤʠ. ʊʘʢʽ 

ʧʦʣʽʛʝʥʥʦ-ʧʦʣʽʭʨʦʥʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʧʘʨʘʛʝʥʝʪʠʯʥʽ 

ʨʫʜʦʥʦʩʥʽ ʦʙôʻʢʪʠ ʟʘʛʘʣʦʤ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʠʤ ʨʫ-

ʜʦʥʦʩʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʟʦʩʝʨʝʜʞʝʥʠʤ ʥʘ ʨʽʟʥʠʭ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʨʽʚʥʷʭ ʽ ʻ ʽʥʚʝʩʪʠʮʽʡʥʦ ʧʨʠʚʘʙ-

ʣʠʚʠʤʠ (ʂʦʚʘʣʴʯʫʢ, ʉʫʢʘʯ, 2018; ʂʦʚʘʣʴʯʫʢ, 

2019). ɼʦ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʥʘʣʝʞʠʪʴ ʄʝʞʠʨiʯʥʝ ʨʦ-

ʜʦʚʠʱʝ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʚʠʦʢʨʝʤʣʝʥʦ ʜʝʢʽʣʴʢʘ ʜʽ-

ʣʷʥʦʢ, ʩʝʨʝʜ ʷʢʠʭ ï ɹʫʢʽʥʩʴʢʘ, ʟʘʧʘʩʠ ʷʢʦʾ ʟʘʨʘʟ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʨʝʟʝʨʚʽ (ʊʠʪʘʥʦʚʳʝé, 1967; ʌʽ-

ʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022). 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦ-

ʜʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʚʽʜʜʽʣʫ ʣʽʪʦʣʦʛʽʾ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽ-

ʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ ʟʽ ʩʪʨʫʢʪʫʨʥʦ-ʣʽʪʦʣʦʛʽʯ-

ʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʩʠʧʽʚ ʚʘʞʢʠʭ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ 

ʘʧʨʦʙʦʚʘʥʽ ʥʘ ʟʦʣʦʪʦʪʦʚʤʽʩʥʠʭ, ʤʦʥʘʮʠʪʦʚʠʭ, 

ʽʣʴʤʝʥʽʪʦʚʠʭ ʽ ʮʠʨʢʦʥ-̔ʣʴʤʝʥʽʪʦʚʠʭ ʨʦʟʩʠʧʘʭ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʪʘ ʦʧʨʠʣʶʜʥʝʥʽ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʨʽʟʥʦʛʦ ʨʽʚʥʷ, ʫ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ ʽ 

ʢʦʣʝʢʪʠʚʥʠʭ ʤʦʥʦʛʨʘʬʽʷʭ (ʂʦʚʘʣʴʯʫʢ, ʉʫʢʘʯ, 

2018; ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022; ʍʨʫʱʦʚ ʪʘ ʽʥ., 

2017). ʌʘʢʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʨʦ-

ʟʩʠʧʽʚ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʙʫʣʠ ʚʠʨʦʙʥʠʯʽ ʟʚʽʪʠ 

(ʈʫʙʘʥ ʅ.ʀ. ɻʝʥʝʨʘʣʴʥʳʡ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʪʠʪʘʥʘ 

ʧʦ ʄʝʞʜʫʨʝʯʥʦʤʫ ʠ ʃʝʤʥʝʥʩʢʦʤʫ ʨʦʩʩʳʧʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠʣʴʤʝʥʠʪʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

01.01.1959 ʛ. ʆʪʯʝʪ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦ-

ʚʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ɾʠʪʦ-

ʤʠʨʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨ. ʀʨʰʠ ʠ ʚʝʨʭ-

ʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʋʞ ʚ ɾʠʪʦʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʂʠʝʚ, 

1959; ɼʫʜʨʦʚʠʯ ɽ.ʖ., ʄʫʭʠʥ ʖ.ʄ., ʊʨʦʭʠʤʝʥʢʦ 

ɺ.ʄ. ʆʪʯʝʪ ʦ ʜʝʪʘʣʴʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘ-

ʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʧʘʨʪʠʝʡ 

ʀʨʰʠʥʩʢʦʛʦ ɻʆʂʘ ʥʘ ɹʫʢʠʥʩʢʦʤ ʫʯʘʩʪʢʝ ʄʝʞʜʫ-

ʨʝʯʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʪʦʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʋʉʉʈ ʚ 1976-77 ʛʛ. ʩ ʧʦʜʩʯʝʪʦʤ ʟʘʧʘʩʦʚ ʜʚʫʦʢʠʩʠ 

ʪʠʪʘʥʘ ʥʘ 01.07.1978 ʛ. ʀʨʰʘʥʩʢ, 1978; ʂʦʩʪʝʥʢʦ 

ʄ.ʄ. ʪʘ ʽʥ. ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʘ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ 

ʙʘʩʝʡʥʫ ʚʝʨʭʥʴʦʾ ʪʝʯʽʾ ʨ. ʋʞ. ɿʚʽʪ ʛʝʦʣʦʛʦʟʡʦʤ-

ʥʦʛʦ ʟʘʛʦʥʫ ˉ 10 ɾʠʪʦʤʠʨʩʴʢʦʾ ʂɻʈʇ ʽ ʇʨʘʚʦʙʝ-

ʨʝʞʥʦʾ ʛʝʦʬʽʟʠʯʥʦʾ ʧʘʨʪʽʾ ʟʘ 1991-99 ʨʨ. ʧʦ ʛʝʦʣʦ-

ʛʽʯʥʦʤʫ ʜʦʚʠʚʯʝʥʥʶ ʤʘʩʰʪʘʙʫ 1:200000 ʪʝʨʠʪʦʨʽʾ 

ʘʨʢʫʰʘ ʄ-35-ʍɯ (ʂʦʨʦʩʪʝʥʴ). ʂʠʾʚ: ɻʝʦʽʥʬʦʨʤ, 

1999; ʅʝʩʪʝʨʝʥʢʦ ʊ. ɿʚʽʪ çʇʦʚʪʦʨʥʘ ʛʝʦʣʦʛʦ-ʝʢʦ-

ʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʟʘʧʘʩʽʚ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ (ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ, ɽʤʽʣʽʚʩʴʢʘ, ʖʨ-

ʩʴʢʘ, ʆʩʠʥʦʚʘ ʪʘ ɹʫʢʠʥʩʴʢʘ)è. ʂʨʠʚʠʡ ʈʽʛ, 2018) 

ʪʘ ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ (ʊʠʪʘʥʦʚʳʝé, 1967; ʌʽʛʫʨʘ, 

ʂʦʚʘʣʴʯʫʢ, 2022; ʎʳʤʙʘʣ ʠ ʜʨ., 1977). 

ɼʣʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢ-

ʪʫʨʠ (ʛʽʧʩʦʤʝʪʨʽʾ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ ʨʫʜʦʥʦʩʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʪʘ ʾʭ ʪʦʚʱʠʥʠ) ʪʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

(ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʟʘ ʣʘʪʝʨʘʣʣʶ ʽ ʫ ʚʝʨʪʠ-

ʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ) ʨʫʜʦʥʦʩʥʠʭ ʧʦʨʽʜ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʮʽʣʴʦʚʘ ʙʘʟʘ ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ ʜʘʥʽ 

ʢʦʦʨʜʠʥʘʪ 1635 ʩʚʝʨʜʣʦʚʠʥ, ʾʭ ʦʧʠʩ, ʨʝʟʫʣʴʪʘʪʠ 

ʦʧʨʦʙʫʚʘʥʥʷ. ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ ʟʜʽʡʩʥʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʛʨʘʤʥʠʭ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷʭ Inkscape, Golden Software Strater, 

Golden Software Surfer. ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʣʘʪʝʨʘ-

ʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʦʥʦʩʥʦʩʪʽ ʚʽʜʢʣʘʜʽʚ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʩʷ ʡʦʛʦ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ ʩʚʝʨʜʣʦʚʠʥʽ. 

ʂʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʫʜʦʚʤʽʩʥʠʭ ʚʽʜʢʣʘʜʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ Micro-

soft Excell. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜʚʠʱʝʥʠʡ 

ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦ-

ʨʽʜ ɺʦʣʠʥʩʴʢʦʛʦ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʠʚʫ ʪʘ 

ʚ ʘʣʶʚʽʾ ʨ. ɯʨʰʘ (ʩ. ʉʪʘʨʘ ɹʦʨʦʚʘ ʈʫʜʥʷ) ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʚ 1928ï1938 ʨʨ. ʧʽʜ ʯʘʩ ʛʝʦʣʦʛʽʯʥʦʾ 

ʟʡʦʤʢʠ ʤʘʩʰʪʘʙʫ ʪʝʨʠʪʦʨʽʾ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʉ.ɺ. 

ɹʻʣʴʩʴʢʦʛʦ, ʌ.ɸ. ʇʽʦʥʪʢʦʚʩʴʢʦʛʦ ʪʘ ʽʥʰʠʭ (ʊʠʪʘ-

ʥʦʚʳʝé, 1967). ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ɺʦʣʠʥʩʴ-

ʢʦʶ ʝʢʩʧʝʜʠʮʽʻʶ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʽʥʝʨʘʣʦ-

ʛʽʾ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ (1930ï1931 ʨʨ.) ʨʦʟʚʽʜʢʫ ʜʝ-

ʷʢʠʭ ʜʽʣʷʥʦʢ ʽʣʴʤʝʥʽʪʦʚʤʽʩʥʦʾ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ ʪʘ ʘʣʶʚʽʘʣʴ-

ʥʠʭ ʚʽʜʢʣʘʜʽʚ ʨʫʩʣʘ ʨ. ɯʨʰʘ, ʘ ʛʝʦʣʦʛʽʯʥʠʤʠ ʧʘʨ-

ʪʽʷʤʠ ʂʠʾʚʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʛʽʜʨʦ-ʛʝʦʜʝʟʠʯʥʦʛʦ ʪʨʝ-

ʩʪʫ ʚʠʢʦʥʘʥʦ ʨʦʙʦʪʠ (1935 ʨ.) ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʽʣʴ-

ʤʝʥʽʪʦʥʦʩʥʦʩʪʽ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʘʣʶʚʽʶ ʨ. ɯʨ-
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ʰʘ ʪʘ ʾʾ ʧʨʠʪʦʢʽʚ (ʊʠʪʘʥʦʚʳʝé, 1967). ʂʦʤʧʣʝʢ-

ʩʥʘ ʛʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʋʈʉʈ, ʘʨʢʫʰ ʄï35ïɹ, ʷʢʘ 

ʦʭʦʧʣʶʚʘʣʘ ʨʘʡʦʥ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʙʫʣʘ 

ʩʢʣʘʜʝʥʘ ʫ 1945 ʨ. ɻʝʦʣʦʛʽʯʥʘ ʧʘʨʪʽʷ ˉ 1 ɻʈɽ ˉ 

19 ʪʨʝʩʪʫ çʉʦʶʟʩʧʝʮʨʦʟʚʽʜʢʘè ʫ 1950 ʨ. ʚʩʪʘʥʦ-

ʚʠʣʘ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʘʣʶʚʽʾ ʜʦʣʠʥʠ 

ʨ. ɯʨʰʘ ʧʦʙʣʠʟʫ ʩʝʣʘ ʉʪʘʨʠʢʠ, ʱʦ ʜʘʣʦ ʧʽʜʩʪʘʚʠ 

ʧʨʦʜʦʚʞʠʪʠ ʧʦʰʫʢʠ ʽ ʨʦʟʚʽʜʢʫ ʨʦʟʩʠʧʽʚ ʽʣʴʤʝ-

ʥʽʪʫ. ɿ 1952 ʨʦʢʫ ʟʤʽʥʠʣʘʩʷ ʩʪʨʘʪʝʛʽʷ ʧʦʰʫʢʫ ʨʦʟ-

ʩʠʧʽʚ ʽʣʴʤʝʥʽʪʫ ʥʘ ʚʽʜʢʨʠʪʪʷ ʜʘʚʥʽʭ ʧʦʭʦʚʘʥʠʭ ʨʦ-

ʟʩʠʧʽʚ, ʷʢʘ ʫʚʽʥʯʘʣʘʩʷ ʫʩʧʽʭʦʤ ʫ 1954 ʨʦʮʽ, ʢʦʣʠ 

ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʨʽʥʥʷ ʪʨʴʦʭ ʤʘʛʽʩʪʨʘʣʴ-

ʥʠʭ ʣʽʥʽʡ ʥʘ ʤʝʞʠʨʽʯʯʽ ɯʨʰʽ-ʊʨʦʩʪʷʥʠʮʽ, ʙʫʣʦ ʚʽʜ-

ʢʨʠʪʝ ʧʦʭʦʚʘʥʝ ʨʦʟʩʠʧʥʝ ʨʦʜʦʚʠʱʝ ʽʣʴʤʝʥʽʪʫ ï 

ʄʝʞʠʨʽʯʥʝ (ʊʠʪʘʥʦʚʳʝé, 1967). ʋʧʨʦʜʦʚʞ 1953ï

1958 ʨʨ. ɾʠʪʦʤʠʨʩʴʢʦʶ ʝʢʩʧʝʜʠʮʽʻʶ ʙʫʣʦ ʚʽʜʢ-

ʨʠʪʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʫ ʫ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩ-

ʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʽ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ 

ʬʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ. 

ʇʦʜʘʣʴʰʘ ʨʦʟʚʽʜʢʘ ʽ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, 

ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʨʫʜʦʥʦʩʥʠʭ ʧʦʨʽʜ ʩʧʨʠʷʣʠ 

ʚʠʦʢʨʝʤʣʝʥʥʶ ʚ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʜʝʢʽʣʴʢʦʭ ʜʽʣʷ-

ʥʦʢ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʨʦʟʚʽʜʘʥʦʩʪʽ ʽ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʩʪʽ: ʆʩʠʥʦʚʘ, ʖʨʩʴʢʘ, ʉʝʨʝʜʥʷ, ɽʤʽʣʽʚʩʴʢʘ, ɹʫ-

ʢʽʥʩʴʢʘ, ɯʩʘʢʽʚʩʴʢʘ, ʇʽʚʜʝʥʥʘ, ʈʠʭʪʠʥʩʴʢʘ (ʊʠʪʘ-

ʥʦʚʳʝé, 1967; ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022). ɻʝʦʣʦ-

ʛʦʨʦʟʚʽʜʫʚʘʣʴʥʦʶ ʧʘʨʪʽʻʶ ɯʨʰʠʥʩʴʢʦʛʦ ʛʽʨʥʠʯʦʟ-

ʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʫʧʨʦʜʦʚʞ 1976ï1977 

ʨʨ ʥʘ ɹʫʢʽʥʩʴʢʽʡ ʜʽʣʷʥʮʽ ʟʜʽʡʩʥʝʥʦ ʛʝʦʣʦʛʦʨʦʟʚʽ-

ʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʙʫʣʠ ʧʽʜʨʘʭʦ-

ʚʘʥʽ ʟʘʧʘʩʠ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ. ʋ 2001 ʨ. ʟʘ ʤʘʪʝʨʽʘ-

ʣʘʤʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʜʦʚʠʚʯʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʘʨʢʫʰʘ 

ʄ-35-ʍɯ (ʂʦʨʦʩʪʝʥʴ), ʷʢʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʛʝʦʣʦʛʦ-

ʟʥʽʤʘʣʴʥʠʤ ʟʘʛʦʥʦʤ ˉ 10 ɾʠʪʦʤʠʨʩʴʢʦʾ ʂʦʤʧʣʝ-

ʢʩʥʦʾ ʛʝʦʣʦʛʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʧʘʨʪʽʾ çʇʽʚʥʽʯʛʝʦʣʦ-

ʛʽʷè ʨʘʟʦʤ ʽʟ ʇʨʘʚʦʙʝʨʝʞʥʦʶ ʛʝʦʬʽʟʠʯʥʦʶ ʧʘʨ-

ʪʽʻʶ ʧʨʦʪʷʛʦʤ 1991ï1999 ʨʨ., ʩʢʣʘʜʝʥʦ ɼʝʨʞʘʚʥʫ 

ʛʝʦʣʦʛʽʯʥʫ ʢʘʨʪʫ ʋʢʨʘʾʥʠ (ʂʦʩʪʝʥʢʦ ʪʘ ʽʥ., 2001). 

ɿ 1995 ʨʦʢʫ ʥʘ ʄʝʞʠʨʽʯʥʦʤʫ ʨʦʜʦʚʠʱʽ ʪʨʠʚʘʻ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʙʫʨʽʥʥʷ. ʋ 2015 ʨʦʮʽ ʦʪʨʠʤʘʥʦ 

ʉʧʝʮʽʘʣʴʥʠʡ ʜʦʟʚʽʣ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʄʝ-

ʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʟ ʤʝʪʦʶ ʚʠʜʦʙʫʚʘʥʥʷ ʪʠʪʘ-

ʥʦʚʠʭ ʨʫʜ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪ-

ʨʘʪʫ ʪʘ ʧʽʩʢʫ; 2017 ʨʦʢʫ ʚʽʜʙʫʣʘʩʴ ʧʦʚʪʦʨʥʘ ʛʝʦ-

ʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʟʘʣʠʰʢʫ ycix ʚʠʷʚʣʝʥʠʭ 

ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʜʽʣʷʥʢʘʭ ʉʝʨʝʜʥʷ, 

ɽʤʽʣʽʚʩʴʢʘ, ʖʨʩʴʢʘ, ʆʩʠʥʦʚʘ ʪʘ ɹʫʢʽʥʩʴʢʘ iʟ ʨʦʟ-

ʛʣʷʜʦʤ ʽ ʟʘʪʚʝʨʜʞʝʥʥʷʤ ʾʭ ɼʝʨʞʘʚʥʦʶ ʢʦʤʽʩʽʻʶ 

ʋʢʨʘʾʥʠ ʧʦ ʟʘʧʘʩʘʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ; 2018 ʨʦʢʫ 

ʟʜʽʡʩʥʝʥʦ ʧʦʚʪʦʨʥʫ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʫ ʦʮʽʥʢʫ 

ʟʘʧʘʩʽʚ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʦʚʠʭ ʨʫʜ. 

(ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022). ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʟʚʘʥʠʭ 

ʨʦʙʽʪ ʙʫʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʨʦ-

ʜʦʚʠʱʘ, ʤʦʨʬʦʣʦʛʽʷ ʨʫʜʥʠʭ ʪʽʣ; ʨʝʯʦʚʠʥʥʠʡ 

ʩʢʣʘʜ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʫʜ ʟʘ ʛʝʦʣʦʛʦ-

ʧʨʦʤʠʩʣʦʚʠʤʠ ʪʠʧʘʤʠ; ʪʝʭʥʦʣʦʛʽʾ ʟʙʘʛʘʯʝʥʥʷ ʨʫʜ 

ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʤʠʩʣʦʚʦʾ ʧʝʨʝʨʦʙʢʠ ʢʦʥʮʝʥʪʨʘ-

ʪʽʚ; ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ, ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʽʨ-

ʥʠʯʦʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ; ʦʮʽʥʝʥʦ 

ʚʧʣʠʚ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ; ʚʠʩʚʽ-

ʪʣʝʥʘ ʤʝʪʦʜʠʢʘ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʉʝʨʝʜ ʽʥʰʠʭ ʜʽʣʷʥʦʢ ʨʦʜʦʚʠʱʘ, ɹʫʢʽʥʩʴʢʘ ʜʽ-

ʣʷʥʢʘ ʟʘʣʠʰʠʣʘʩʷ ʥʘʡʤʝʥʰʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦʶ, 

ʯʝʨʝʟ ʪʝ, ʱʦ ʾʾ ʟʘʧʘʩʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʝʟʝʨʚʽ. ʇʦʟʘ 

ʫʚʘʛʦʶ ɹʫʢʽʥʩʴʢʫ ʜʽʣʷʥʢʫ ʟʘʣʠʰʠʣʠ ʡ ʥʘʫʢʦʚʮʽ. 

ɼʘʥʘ ʩʪʘʪʪʷ ʧʦʢʣʠʢʘʥʘ ʣʽʢʚʽʜʫʚʘʪʠ ʮʝʡ ʧʨʦʙʽʣ ʽ 

ʜʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʽʣʴʤʝʥʽʪʦʥʦʩʥʦʩʪʽ ʨʽʟʥʦ-

ʛʝʥʝʪʠʯʥʠʭ ʽ ʨʽʟʥʦʚʽʢʦʚʠʭ ʫʪʚʦʨʝʥʴ, ʷʢʽ ʫ ʩʫʢʫʧ-

ʥʦʩʪʽ ʩʢʣʘʜʘʶʪʴ ʨʫʜʦʥʦʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʽʣʷʥʢʠ.  

ʄʝʪʘ ʧʫʙʣʽʢʘʮʽʾ. ɼʦʩʣʽʜʠʪʠ ʽʣʴʤʝʥʽʪʦʥʦʩ-

ʥʽʩʪʴ ʧʦʣʽʛʝʥʥʦ-ʧʦʣʽʭʨʦʥʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʧʘʨʘʛʝ-

ʥʝʪʠʯʥʦʾ ʨʫʜʦʥʦʩʥʦʾ ʩʠʩʪʝʤʠ ʚ ʤʝʞʘʭ ɹʫʢʽʥʩʴʢʦʾ 

ʜʽʣʷʥʢʠ, ʷʢʘ ʩʢʣʘʜʝʥʘ ʨʫʜʦʥʦʩʥʠʤʠ ʧʦʨʦʜʘʤʠ ʬʫ-

ʥʜʘʤʝʥʪʫ, ʾʭ ʢʦʨʦʶ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʢʦʥʪʠʥʝʥʪʘʣʴ-

ʥʠʤʠ ʘʣʶʚʽʘʣʴʥʠʤʠ (ʘʧʪ-ʥʠʞʥʴʦʘʣʴʙʩʴʢʠʤʠ) 

ʚʽʜʢʣʘʜʘʤʠ (ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʠʚʫ ʽ ʧʝ-

ʨʝʚʽʜʢʣʘʜʝʥʥʷ ʝʣʶʚʽʶ) ʪʘ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʤʠ 

(ʪʫʨʦʥʩʴʢʠʤʠ) ʫʪʚʦʨʝʥʥʷʤʠ (ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʨʦʟʤʠʚʫ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʥʠʞʥʴʦʢʨʝʡʜʦ-

ʚʦʛʦ ʘʣʶʚʽʶ ʽ ʯʘʩʪʢʦʚʦ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʢʽʥʩʴʢʘ ʜʽʣʷʥʢʘ 

ʟʘʡʤʘʻ ʩʭʽʜʥʠʡ ʬʣʘʥʛ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʻ ʜʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʦʢʦ-

ʣʠʮʽ ʩʝʣʘ ɹʫʢʠ (ʨʠʩ. 1). ʅʘ ʧʽʚʜʥʽ ʜʽʣʷʥʢʠ ʧʨʦʪʽʢʘʻ 

ʨ. ɼʦʙʨʠʥʢʘ. 

ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʙʝ-

ʨʫʪʴ ʫʯʘʩʪʴ ʨʽʟʥʽ ʟʘ ʚʽʢʦʤ ʽ ʛʝʥʝʟʠʩʦʤ ʧʦʨʦʜʠ ʢʨʠ-

ʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʾʭʥʷ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ, 

ʤʝʟʦʟʦʡʩʴʢʽ (ʥʠʞʥʴʦʢʨʝʡʜʦʚʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʪʘ 

ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʽ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʽ), ʧʘʣʝʦʛʝ-

ʥʦʚʽ (ʤʦʨʩʴʢʽ ʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ), ʥʝʦʛʝʥʦʚʽ ʪʘ ʯʝ-

ʪʚʝʨʪʠʥʥʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʚʽʜʢʣʘʜʠ (ʊʠʪʘ-

ʥʦʚʳʝé, 1967; ʌʽʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022). 

ʇʦʨʦʜʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʫʪʚʦʨʝʥʥʷʤʠ ʢʦʨʦʩʪʝʥʩʴʢʦʛʦ ʽʥʪʨʫʟʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʶ; ʥʝʩʪʨʘʪʠʬʽʢʦʚʘʥʽ 

ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʧʦʨʦʜʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ ʛʘ-

ʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʩʝʨʝʜ ʷʢʠʭ ʜʦʤʽ-

ʥʫʶʪʴ ʘʥʦʨʪʦʟʠʪʠ, ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʠ (ʂʦʩʪʝʥʢʦ ʪʘ 

ʽʥ., 2001). ʋ ʧʦʨʦʜʘʭ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ 

ʽʣʴʤʝʥʽʪ ʫʪʚʦʨʶʻ ʥʝʨʽʚʥʦʤʽʨʥʫ ʚʢʨʘʧʣʝʥʽʩʪʴ. ʄʽ-

ʥʝʨʘʣ ʧʨʠʩʫʪʥʽʡ ʫ ʚʠʛʣʷʜʽ ʟʨʦʩʪʢʽʚ ʟ ʪʠʪʘʥʦʤʘʛʥʝ-

ʪʠʪʦʤ, ʛʦʣʯʘʩʪʠʭ ʽʥʜʠʚʽʜʽʚ ʫ ʪʨʽʱʠʥʘʭ ʧʽʨʦʢʩʝʥʽʚ 

ʪʘ ʽʥʰʠʭ ʥʝʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʘ ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ 

ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʨʦʟʤʽʨʦʤ ʜʦ 1,5 ʤʤ ʫ ʩʢʣʘʜʽ ʘʥʦʨ-

ʪʦʟʠʪʽʚ, ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʽʚ; ʫʪʚʦʨʶʻ ʚʢʨʘʧʣʝʥʽʩʪʴ 

ʫ ʚʠʛʣʷʜʽ ʽʟʦʤʝʪʨʠʯʥʠʭ, ʧʨʠʟʤʘʪʠʯʥʠʭ, ʽʜʽʦʤʦʨʬ-

ʥʠʭ ʟʝʨʝʥ, ʘʛʨʝʛʘʪʽʚ ʨʦʟʤʽʨʦʤ 0,03ï3,0 ʤʤ ʽ ʘʛʨʝ-

ʛʘʪʽʚ ʥʘ ʧʝʨʠʬʝʨʽʾ ʟʝʨʝʥ ʧʽʨʦʢʩʝʥʫ ï ʫ ʛʘʙʨʦ, ʛʘ-

ʙʨʦ-ʥʦʨʠʪʘʭ ʪʘ ʥʦʨʠʪʘʭ (ʊʠʪʘʥʦʚʳʝé, 1967; ʌʽ-

ʛʫʨʘ, ʂʦʚʘʣʴʯʫʢ, 2022).  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʜʽʣʷʥʦʢ ʄʝʞʠʨʽʯʥʦʛʦ 
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ʈʠʩ. 1. ʈʦʟʪʘʰʫʚʘʥʥʷ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʥʘ ʢʘʨʪʽ ʟ ʧʦʨʪʘʣʫ Google Earth Pro  

(ʢʦʥʪʫʨʠ ʜʽʣʷʥʢʠ ʧʦʜʘʥʦ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ WGS-84) / 
Fig. 1. The position of the Bukinska area on the map from the Google Earth Pro portal  

(the contours of the area are presented in the WGS-84 coordinate system) 
 

ʨʦʜʦʚʠʱʘ, ʫ ʤʝʞʘʭ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʟʥʘʯʥʽ ʟʘ-

ʧʘʩʠ ʽʣʴʤʝʥʽʪʫ ʧʦʚôʷʟʘʥʽ ʟ ʢʘʦʣʽʥʦʚʦʾ ʢʦʨʦʶ ʚʠʚʽ-

ʪʨʶʚʘʥʥʷ. ʂʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ 

ʬʫʥʜʘʤʝʥʪʫ ʤʘʻ ʧʦʚʩʶʜʥʝ ʧʦʰʠʨʝʥʥʷ ʪʘ ʚʝʨʪʠʢʘ-

ʣʴʥʫ ʟʦʥʘʣʴʥʫ ʙʫʜʦʚʫ. ʇʨʦʤʠʩʣʦʚʦ ʟʥʘʯʫʱʝ ʟʨʫ-

ʜʝʥʽʥʥʷ ʽʣʴʤʝʥʽʪʫ ʧʨʠʫʨʦʯʝʥʝ ʜʦ ʢʽʨ ʚʠʚʽʪʨʶ-

ʚʘʥʥʷ ʛʘʙʨʦ-ʧʝʨʠʜʦʪʠʪʽʚ ʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʦʣʽ-

ʚʽʥʦʚʦʛʦ ʛʘʙʨʦ, ʜʝ ʚʦʥʦ ʜʦʩʷʛʘʻ 6-6,8 %. ʄʘʢʩʠ-

ʤʘʣʴʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ɹʫ-

ʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ï 721,8 ʢʛ/ʤ3. ʅʠʞʥʽʡ ʛʦʨʠʟʦʥʪ 

ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʞʦʨʩʪʚʦʶ ʟ ʢʘ-

ʦʣʽʥʦʤ. ɯʣʴʤʝʥʽʪ ʩʣʘʙʦ ʟʤʽʥʝʥʠʡ ʽ ʤʽʩʪʠʪʴ ʜʦ 52 % 

TiO2. ɺʝʨʭʥʽʡ ʛʦʨʠʟʦʥʪ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ï ʮʝ 

ʢʘʦʣʽʥʽʪʦʚʘ ʧʦʨʦʜʘ ʟ ʜʦʤʽʰʢʦʶ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ. 

ʊʫʪ ʽʣʴʤʝʥʽʪ ʟʥʘʯʥʦ ʧʝʨʝʪʚʦʨʝʥʠʡ, ʟʘʟʥʘʚ ʨʝʛʝʥʝ-

ʨʘʮʽʾ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʝʨʝʥ ʧʨʘ-

ʚʠʣʴʥʠʭ ʦʙʨʠʩʽʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ TiO2 (51,7-65,0 %); ʚʤʽʩʪ ʩʫʤʘʨʥʦʛʦ ʟʘ-

ʣʽʟʘ (FeO+Fe2O3) ï 43,5-45,7%.  

ʂʦʥʪʠʥʝʥʪʘʣʴʥʽ ʬʣʶʚʽʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʽʨʰʘ-

ʥʩʴʢʦʾ ʩʚʽʪʠ (ʘʧʪ-ʥʠʞʥʽʡ ʘʣʴʙ) ʚʠʧʦʚʥʶʶʪʴ ʧʘ-

ʣʝʦʜʝʧʨʝʩʽʾ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦ-

ʨʽʜ ʬʫʥʜʘʤʝʥʪʫ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʣʶʚʽʘʣʴ-

ʥʠʤʠ ʽ ʘʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʠʤʠ ʬʘʮʽʷʤʠ, ʷʢʽ ʟ 

ʨʦʟʤʠʚʦʤ ʟʘʣʷʛʘʶʪʴ ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩ-

ʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ, ʜʣʷ ʷʢʠʭ ʚʦʥʘ ʻ ʧʣʦ-

ʪʠʢʦʤ, ʘ ʫ ʨʘʟʽ ʾʾ ʚʽʜʩʫʪʥʦʩʪʽ ï ʥʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦ-

ʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʫ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʥʴʦʢʨʝʡʜʦʚʽ 

ʚʽʜʢʣʘʜʠ ʧʽʩʢʘʤʠ ʢʘʦʣʽʥʠʩʪʠʤʠ ʢʚʘʨʮʦʚʠʤʠ, ʨʽ-

ʜʰʝ ʢʚʘʨʮ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʤʠ, ʨʽʟʥʦ-ʢʨʫʧʥʦʟʝʨ-

ʥʠʩʪʠʤʠ ʟ ʛʨʘʚʽʻʤ ʽ ʛʘʣʴʢʦʶ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ 

ʪʘ ʬʣʶʚʽʘʣʴʥʠʤʠ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʤʠ ʢʘʦʣʽʥʘʤʠ 

ʧʽʱʘʥʠʩʪʠʤʠ ʟ ʛʨʘʚʽʻʤ ʪʘ ʥʝʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʨʽʙʥʦʾ ʛʘʣʴʢʠ. ʇʦʜʝʢʫʜʠ ʪʨʘʧʣʷʶʪʴʩʷ ʚʝʨʩʪʚʠ ʧʽ-

ʩʢʽʚ ʢʚʘʨʮʦʚʠʭ, ʛʨʫʙʦʟʝʨʥʠʩʪʠʭ ʽ ʛʨʘʚʽʡʥʠʭ. ɻʣʠ-

ʥʠʩʪʽ ʤʽʥʝʨʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʦʣʽʥʽʪʦʤ ʟ ʧʽʜʧʦ-

ʨʷʜʢʦʚʘʥʠʤ ʚʤʽʩʪʦʤ ʛʽʜʨʦʩʣʶʜ. ʇʽʩʢʠ ʽ ʢʘʦʣʽʥʠ 

ʩʘʤʦʩʪʽʡʥʦ ʩʢʣʘʜʘʶʪʴ ʨʦʟʨʽʟ, ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ, ʫʪʚʦʨʶʶʪʴ ʦʜʥʝ ʚ ʦʜʥʦʤʫ ʣʽʥʟʠ ʽ ʧʨʦ-

ʰʘʨʢʠ. ʊʠʧʦʚʽ ʛʝʦʣʦʛʽʯʥʽ ʨʦʟʨʽʟʠ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷ-

ʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.  

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ (ʢʛ/ʤ3) ʚ ʧʽʩ-

ʢʘʭ ï 1007,7; ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʘʭ ï 558,2; ʚ 

ʜʝʣʶʚʽʘʣʴʥʠʭ ʢʘʦʣʽʥʘʭ ï 685,5. 

ʇʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʽ ʧʦʨʦʜʠ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴ-

ʢʦʾ ʩʚʽʪʠ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʤʽʣʢʦʚʦʜʥʠʭ ʫʟʙʝʨʝʞʥʦ-

ʤʦʨʩʴʢʠʭ ʫʤʦʚ (ʊʠʪʘʥʦʚʳʝé, 1967; ʌʽʛʫʨʘ, ʂʦʚʘ-

ʣʴʯʫʢ, 2022). ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʢʣʘʜʠ ʢʨʝʤʝʥʝʚʠʤ 

ʛʦʨʠʟʦʥʪʦʤ ʟ ʦʢʨʝʤʠʤʠ, ʟʥʘʯʥʦʾ ʪʦʚʱʠʥʠ ʧʨʦʰʘ-

ʨʢʘʤʠ ʽ ʣʽʥʟʘʤʠ ʧʽʩʢʦʚʠʢʫ ʽ ʦʢʨʝʤʝʥʽʣʠʭ ʚʘʧʥʷʢʽʚ, 

ʘ ʪʘʢʦʞ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʛʣʘʫʢʦʥʽʪ-ʢʚʘʨʮʦʚʠʤʠ 

ʧʽʩʢʘʤʠ, ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʛʦʨʠʟʦʥʪʫ ʟʘʟʚʠʯʘʡ ʢʘ-

ʦʣʽʥʠʩʪʠʤʠ, ʷʢʽ ʚʠʧʦʚʥʶʶʪʴ ʧʦʨʦʞʥʠʥʠ ʩʝʨʝʜ 

ʩʪʷʞʽʥʴ ʢʨʝʤʝʥʶ ʪʘ ʫʪʚʦʨʶʶʪʴ ʥʝʚʝʣʠʢʽ ʧʨʦʰʘ-

ʨʢʠ. ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʛʦʨʠʟʦʥʪʫ ʩʫʪʪʻʚʦ ʧʽʱʘʥʘ. 

ɿʘʣʷʛʘʶʪʴ ʚʽʜʢʣʘʜʠ ʟʜʝʙʽʣʴʰʦʛʦ ʥʘ ʫʪʚʦʨʝʥʥʷʭ 

ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ, ʽʥʦʜʽ ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶ-

ʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ. ɺʤʽʩʪ ʽʣʴ-

ʤʝʥʽʪʫ ʜʦ 527,8 ʢʛ/ʤ3. 

ɺʠʱʝ ʟʘ ʨʦʟʨʽʟʦʤ ʟʘʣʷʛʘʶʪʴ ʛʣʠʥʠ ʚʫʛʣʠʩʪʽ 
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ʈʠʩ. 2. ʊʠʧʦʚʽ ʛʝʦʣʦʛʽʯʥʽ ʨʦʟʨʽʟʠ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ (ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʘʥʠʤʠ ʅʝʩʪʝʨʝʥʢʦ ʊ., 2018):  

1 ï ʩʫʛʣʠʥʢʠ, ʩʫʧʽʩʢʠ; 2 ï ʧʽʩʦʢ; 3 ï ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʡ ʛʦʨʠʟʦʥʪ; 4 ï ʢʘʦʣʽʥ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʡ, ʬʣʶ-

ʚʽʘʣʴʥʠʡ; 5 ï ʢʘʦʣʽʥ ʝʣʶʚʽʘʣʴʥʠʡ; 6 ï ʥʦʤʝʨ ʩʚʝʨʜʣʦʚʠʥʠ; 7 ï ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥʠ; 8 ï ʚʽʢ ʧʦʨʽʜ / 
Fig. 2. A typical geological section of the Bukinska are (constructed according to the data of Nesterenko T., 2018):  

1 ï loam, sandy loam; 2 ï sand; 3 ï sand-silica horizon; 4 ï redeposited, fluvial kaolin; 5 ï eluvial kaolin; 6 ï well 

number; 7 ï depth of the well; 8 ï the age of rocks 
 

ʩʝʨʝʜʥʴʦʛʦ ʝʦʮʝʥʫ, ʪʦʚʱʠʥʦʶ ʜʦ 1,0 ʤ, ʚ ʷʢʠʭ 

ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʜʦʩʷʛʘʻ 8,2 ʢʛ/ʤ3. ʇʝʨʝʢʨʠʚʘ-

ʶʪʴʩʷ ʚʦʥʠ ʫʪʚʦʨʝʥʥʷʤʠ ʢʠʾʚʩʴʢʦʾ ʩʚʽʪʠ: ʛʣʠʥʘʤʠ 

ʛʣʘʫʢʦʥʽʪʦʚʠʤʠ ʽ ʧʽʩʢʘʤʠ ʛʣʘʫʢʦʥʽʪʦʚʠʤʠ, ʛʣʠʥʠ-

ʩʪʠʤʠ ʪʦʚʱʠʥʦʶ ʜʦ 2,0 ʤ ʽ 5,0 ʤ ʚʽʜʧʦʚʽʜʥʦ ʽ ʚʽʜ-

ʧʦʚʽʜʥʠʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ 2,8 ʪʘ 9,7 ʢʛ/ʤ3. ɺʽʜʢ-

ʣʘʜʠ ʧʘʣʝʦʛʝʥʫ ʤʘʶʪʴ ʦʙʤʝʞʝʥʝ ʧʦʰʠʨʝʥʥʷ. ʅʘʜ 

ʥʠʤʠ ʟʘʣʷʛʘʶʪʴ ʧʽʜʤʦʨʝʥʥʽ (ʛʣʠʥʠ, ʩʫʛʣʠʥʢʠ, ʧʽ-

ʩʢʠ), ʤʦʨʝʥʥʽ (ʩʫʛʣʠʥʢʠ, ʩʫʧʽʩʢʠ) ʪʘ ʥʘʜʤʦʨʝʥʥʽ 

(ʩʫʧʽʩʢʠ, ʧʽʩʢʠ) ʚʽʜʢʣʘʜʠ ʚ ʷʢʠʭ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʧʽʜʤʦʨʝʥʥʠʭ ʧʽʩ-

ʢʘʭ (28,7 ʢʛ/ʤ3). ɿʘʚʝʨʰʫʶʪʴ ʨʦʟʨʽʟ ʯʝʪʚʝʨʪʠʥʥʽ 

ʩʫʛʣʠʥʢʠ, ʩʫʧʽʩʢʠ ʽ ʧʽʩʢʠ ʚ ʷʢʠʭ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 

ʜʦʩʷʛʘʻ 4,6-5,1 ʢʛ/ʤ3. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʦʨʜʠʥʘʪʠ 1613 ʩʚʝʨʜʣʦ-

ʚʠʥ, ʾʭ ʦʧʠʩ ʪʘ ʜʘʥʽ ʦʧʨʦʙʫʚʘʥʥʷ ʥʘʤʠ ʩʪʚʦʨʝʥʦ 

ʮʽʣʴʦʚʫ ʙʘʟʫ ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʦ ʨʷʜ 

ʢʘʨʪ (ʢʘʨʪʠ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ ʬʫʥʜʘ-

ʤʝʥʪʫ, ʫ ʞʦʨʩʪʚʽ ʽ ʝʣʶʚʽʘʣʴʥʠʭ ʢʘʦʣʽʥʘʭ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ, ʫ ʬʣʶʚʽʘʣʴʥʠʭ ʢʘʦʣʽʥʘʭ ʽ ʧʽʩʢʘʭ ʽʨ-

ʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʫ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʭ ʧʦʨʦʜʘʭ ʤʦ-

ʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ; ʢʘʨʪʘ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ, ʢʘʨʪʠ ʨʝʣʴʻʬʫ 

ʧʽʜʦʰʚʠ, ʧʦʚʝʨʭʥʽ ʽ ʪʦʚʱʠʥʠ ʞʦʨʩʪʚʠ, ʝʣʶʚʽʘʣʴ-

ʥʠʭ ʢʘʦʣʽʥʽʚ, ʢʘʦʣʽʥʽʚ ʽ ʧʽʩʢʽʚ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ ʪʘ 

ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʭ ʧʦʨʽʜ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ 

ʩʚʽʪʠ) ʪʘ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ ʫ ʚʝʨʪʠʢʘ-

ʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ (ʨʠʩ. 3ï7). ʎʝ ʜʦʟʚʦ-

ʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʥʽ (ʭʘʨʘʢʪʝʨ ʨʝʣʴʻʬʫ ʧʽ-

ʜʦʰʚʠ, ʧʦʚʝʨʭʥʽ, ʪʦʚʱʠʥʘ) ʽ ʨʝʯʦʚʠʥʥʽ (ʣʽʪʦʣʦʛʽ-

ʯʥʠʡ ʩʢʣʘʜ, ʣʘʪʝʨʘʣʴʥʠʡ ʽ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʽʣʴʤʝʥʽʪʫ) ʧʘʨʘʤʝʪʨʠ ʨʫʜʦʚʤʽʱʫʚʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ 

2,0ï47,5 ʤ. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʦʢʨʽʚʣʽ ʢʨʠʩʪʘʣʽ-

ʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʩʪʘʥʦʚʣʷʪʴ 127,09ï175,3 ʤ 

(ʨʠʩ. 3 ʘ). ʊʦʚʱʠʥʘ ʧʦʨʽʜ, ʥʘ ʷʢʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʦʧʨʦʙʫʚʘʥʥʷ ï 0,15ï17,4 ʤ. ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ 

ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 0,18ï21,71 ʢʛ/ʤ3 (ʨʠʩ. 3 ʙ). 

ʈʫʜʥʝ ʪʽʣʦ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʣʘʩʪʦʚʦʾ ʤʦʨ- 
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ʈʠʩ. 3. ʂʘʨʪʠ ʽʟʦʛʽʧʩ ʧʦʚʝʨʭʥʽ (ʘ) ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʥʠʭ  

ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʽʣʴʤʝʥʽʪʫ (ʙ) / 
Fig. 3. Maps of isogypses of the top (a) of the crystalline roks of the foundation and lateral distribution  

in their of the average content (kg/m3) of ilmenite (b) 
 

ʬʦʣʦʛʽʾ, ʤʘʻ ʧʣʦʱʦʚʝ ʧʦʰʠʨʝʥʥʷ, ʟʘʣʷʛʘʻ ʛʦʨʠʟʦ-

ʥʪʘʣʴʥʦ, ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ ʽ ʩʢʣʘʜʝʥʝ ʢʘʦʣʽʥʽʪʦʤ, 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʤ, ʛʽʜʨʦʩʣʶʜʘʤʠ; ʚ ʥʠʞʥʽʡ ʯʘʩ-

ʪʠʥʽ ʧʨʦʬʽʣʶ ʧʨʠʩʫʪʥʽ ʥʝʧʦʚʥʽʩʪʶ ʨʦʟʢʣʘʜʝʥʽ ʧʦ-

ʨʦʜʦʫʪʚʦʨʶʚʘʣʴʥʽ ʪʘ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ; ʫ ʤʽʩʮʷʭ ʧʦ-

ʥʠʞʝʥʴ ʧʦʢʨʽʚʣʽ ʥʝʟʤʽʥʝʥʠʭ ʢʦʨʽʥʥʠʭ ʧʦʨʽʜ ʧʨʠ-

ʩʫʪʥʷ ʾʭ ʞʦʨʩʪʚʘ ʪʘ ʫʣʘʤʢʠ.  

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʛʦʨʠ-

ʟʦʥʪʫ ʞʦʨʩʪʚʠ ʩʪʘʥʦʚʣʷʪʴ 180,1-142,2 ʤ (ʧʝʨʝʧʘʜ 

ʚʠʩʦʪ 37,9 ʤ) ʪʘ 143,6-183,1 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 

39,5 ʤ) ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ ï 0,4-14,0 ʤ (ʨʠʩ. 4, 

ʘ, ʙ, ʚ). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʩʪʘʥʦ-

ʚʠʪʴ 2,02-232,95 ʢʛ/ʤ3 (ʨʠʩ. 4 ʛ). ɺʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ 

ʞʦʨʩʪʚʽ ʧʦʥʘʜ 150 ʢʛ/ʤ3 ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʘʙʩʦʣʶ-

ʪʥʠʭ ʚʽʜʤʽʪʦʢ ʧʦʢʨʽʚʣʽ ʽ ʧʽʜʦʰʚʠ 171,4-168,5 ʤ ʪʘ 

166,5-169,4 ʤ ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ ʚʽʜʢʣʘʜʽʚ ï 

1,0-2,0 ʤ.  

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʝʣʶ-

ʚʽʚʘʣʴʥʠʭ ʢʘʦʣʽʥʽʚ ʩʪʘʥʦʚʣʷʪʴ 180,1-127,09 ʤ (ʧʝ-

ʨʝʧʘʜ ʚʠʩʦʪ 53,01 ʤ) ʪʘ 151,3-182,2 ʤ (ʧʝʨʝʧʘʜ ʚʠ-

ʩʦʪ 30,9 ʤ) ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ ï 0,5-38,05 ʤ 

(ʨʠʩ. 5 ʘ, ʙ, ʚ). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 

ʩʪʘʥʦʚʠʪʴ 1,05-403,65 ʢʛ/ʤ3 (ʨʠʩ. 5 ʛ). ɺʤʽʩʪ ʽʣʴ-

ʤʝʥʽʪʫ ʚ ʢʘʦʣʽʥʘʭ ʧʦʥʘʜ 200 ʢʛ/ʤ3 ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ 

ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʤʽʪʦʢ ʧʦʢʨʽʚʣʽ ʽ ʧʽʜʦʰʚʠ 170,99-

165,1 ʤ ʪʘ 159,5-167,3 ʤ ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ ʚʽʜ-

ʢʣʘʜʽʚ ï 0,5-8,1 ʤ. 

ɸʣʶʚʽʘʣʴʥʽ ʪʘ ʘʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʨʦʟ-

ʩʠʧʠ ʟʘʣʷʛʘʶʪʴ ʫ ʬʦʨʤʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʘ ʩʫʙʛʦ-

ʨʠʟʦʥʪʘʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʣʽʥʟʦʧʦʜʽʙʥʠʭ ʪʽʣ; ʯʘʩʪʦ 

ʣʽʥʽʡʥʦ ʚʠʜʦʚʞʝʥʽ ʚ ʧʣʘʥʽ, ʨʽʜʰʝ ï ʤʘʶʪʴ ʬʦʨʤʫ 

ʥʝʧʨʘʚʠʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ɸʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽ-

ʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʟʘʣʷʛʘʶʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʪʦʚʱʽ, ʟʨʽʜʢʘ ï ʚ ʙʘʟʘʣʴ-

ʥʽʡ. ʐʠʨʠʥʘ ʘʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʠʭ ʨʦʟʩʠʧʽʚ 

ʽʥʦʜʽ ʧʦʥʘʜ 1,0 ʢʤ; ʪʦʚʱʠʥʘ ʧʣʘʩʪʘ ʨʦʟʩʠʧʫ ʩʪʘ-

ʥʦʚʠʪʴ 3,0-14,0 ʤ ʟʙʽʣʴʰʫʶʯʠʩʴ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʜʽʣʷʥʢʠ. ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʥʘ 

ʧʣʘʩʪ ʩʪʘʥʦʚʠʪʴ 39-86 ʢʛ/ʤ3. 

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʧʽʩʢʽʚ 

ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ ʩʪʘʥʦʚʣʷʪʴ 187,1-161,5 ʤ (ʧʝʨʝ-

ʧʘʜ ʚʠʩʦʪ 25,6 ʤ) ʪʘ 153,3-184,07 ʤ (ʧʝʨʝʧʘʜ ʚʠ-

ʩʦʪ 30,77 ʤ) ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ 0,5-25,5 ʤ (ʨʠʩ. 

6 ʘ, ʙ, ʚ). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 

0,15-674,5 ʢʛ/ʤ3 (ʨʠʩ. 6 ʛ). ɺʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʧʽʩ-

ʢʘʭ ʧʦʥʘʜ 500 ʢʛ/ʤ3 ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʘʙʩʦʣʶʪʥʠʭ 

ʚʽʜʤʽʪʦʢ ʧʦʢʨʽʚʣʽ ʽ ʧʽʜʦʰʚʠ 176,2-168,1 ʤ ʪʘ 

165,5-173,2 ʤ ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ ʚʽʜʢʣʘʜʽʚ ï 

1,0-5,0 ʤ. ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʨʫʜʥʝ ʪʽʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʥʠʤ ʧʣʘʩʪʦʤ, ʨʽʜʢʽʩʥʦ ï ʜʚʦʤʘ. 

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʧʝʨʝ-

ʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʽʚ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ ʩʪʘʥʦʚʣʷʪʴ 

186,5-158,6 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 27,9 ʤ) ʪʘ 154,6-

180,90 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 26,3 ʤ) ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚ-

ʱʠʥʘ 0,3-19,0 ʤ (ʨʠʩ. 7 ʘ, ʙ, ʚ). ʉʝʨʝʜʥʴʦʟʚʘʞʝ-

ʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 0,45-399,35 ʢʛ/ʤ3 (ʨʠʩ. 7 ʛ). 

ɺʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʢʘʦʣʽʥʘʭ ʧʦʥʘʜ 300 ʢʛ/ʤ3 ʧʨʠʫ-

ʨʦʯʝʥʠʡ ʜʦ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʤʽʪʦʢ ʧʦʢʨʽʚʣʽ ʽ ʧʽ-

ʜʦʰʚʠ 177,7-174,37 ʤ ʪʘ 170,95-176,7 ʤ ʚʽʜʧʦ-

ʚʽʜʥʦ; ʪʦʚʱʠʥʘ ʚʽʜʢʣʘʜʽʚ ï 1,0-5,0 ʤ. 

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʧʽ-

ʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ 
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ʩʚʽʪʠ ʩʪʘʥʦʚʣʷʪʴ 185,57-157,8 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 

27,77 ʤ) ʪʘ 156,8-184,57 ʤ (ʧʝʨʝʧʘʜ ʚʠʩʦʪ 27,77 ʤ) 

ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ 0,5-14,0 ʤ (ʨʠʩ. 8 ʘ, ʙ, ʚ). ʉʝ-

ʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 0,1-382,05 

ʢʛ/ʤ3 (ʨʠʩ. 8 ʛ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʨʬʦʣʦʛʽʷ ʽʣʴʤʝʥʽʪʚʤʽʩʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʽʨʰʘʥʩʴʢʦʾ ʪʘ ʤʦ-

ʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪ ʩʢʣʘʜʥʘ, ʟʽ ʟʥʘʯʥʠʤʠ ʧʝʨʝ-

ʧʘʜʘʤʠ ʚʠʩʦʪ ʾʭʥʴʦʾ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ï 25,6-

53,01 ʤ ʪʘ 26,3-39,5 ʤ ʚʽʜʧʦʚʽʜʥʦ. ʈʝʣʴʻʬ ʧʽʜʦʰ-

ʚʠ ʽ ʧʦʢʨʽʚʣʽ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝʨʽʚʥʠʡ ʟ ʟʘʧʘʜʠʥʘʤʠ ʽ 

ʧʽʜʚʠʱʝʥʥʷʤʠ (ʜʠʚ. ʨʠʩ. 3 ʘ; 4 ʘ, ʙ; 5 ʘ, ʙ; 6 ʘ, ʙ; 

7 ʘ, ʙ; 8 ʘ, ʙ). 

ʄʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʢʨʠʩʪʘʣʽʯ-

ʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ (ʥʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʘʣʘʩʷ 

ʟʘ ʛʣʠʙʠʥʦʶ ʦʧʨʦʙʫʚʘʥʥʷ), ʞʦʨʩʪʚʠ ʢʦʨʠ ʚʠʚʽʪ-

ʨʶʚʘʥʥʷ, ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʢʦʨʝʣʷ-

ʮʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʷʤʠʡ ʩʠʣʴʥʠʡ ʢʦ-

ʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ (ç+è 0,962; ç+è 0,939; ç+è 

0,862 ʚʽʜʧʦʚʽʜʥʦ); ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽ- 


