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Abstract 
The proposed geoelectrical approach for determination and characterization of prominent areas for extraction of 

groundwater is based on the different electrical resistivity properties of these zones in comparison to those of the 

remaining parts of the rock massif. The same characteristic can be applied with high credibility for the differentiation of 

sub-surface areas with different water saturation and water abundance, which is a very important benchmark in the search 

for promising sites for construction of water wells. The high efficiency of the proposed approach for mapping prominent 

zones is illustrated by the results of the performed electrical tomography study in the area of the state hunting grounds 

Palamara, located in Northeast Bulgaria in the heart of the Ludogorie Mountain. The presented results confirm the 

applicability of the proposed methodology for measurement, data analysis and interpretation. 
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ɺʲʚʝʜʝʥʠʝ 
ʇʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʛʝʦʬʠʟʠʯʥʠʪʝ ʤʝʪʦʜʠ ʩʝ ʦʙʫʩʣʘʚʷ ʦʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʘʥʥʠ ʦʪ 

ʥʝʧʨʝʢʲʩʥʘʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʟʘ ʦʧʨʝʜʝʣʝʥʠ ʠʥʪʝʨʚʘʣʠ ʠʣʠ ʦʙʝʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʠʣʠ ʚ 

ʦʧʨʝʜʝʣʝʥʠ ʧʝʨʠʦʜʠ ʦʪ ʚʨʝʤʝ. ʇʨʠ ʪʦʚʘ ʧʦʣʫʯʘʚʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʝ ʟʘ ʝʩʪʝʩʪʚʝʥʠ ʫʩʣʦʚʠʷ ʥʘ 

ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʩʢʘʣʠʪʝ  ʠ ʩʝ ʦʩʠʛʫʨʷʚʘ ʜʚʫʤʝʨʥʦ (2D) ʠ ʪʨʠʤʝʨʥʦ (3D) ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʛʝʦʣʦʞʢʠʷ 

ʨʘʟʨʝʟ. 

ɽʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷʪʘ ʥʘʤʠʨʘ ʚʩʝ ʧʦ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʢʘʨʪʠʨʘʥʝ ʥʘ ʧʨʠʧʦʚʲʨʭʥʦʩʪʥʠʷ ʛʝʦʣʦʞʢʠ 

ʨʘʟʨʝʟ. ʊʦʚʘ ʝ  ʤʝʪʦʜ, ʢʦʡʪʦ ʙʲʨʟʦ ʩʝ ʨʘʟʚʠʚʘ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʠ ʩʝ ʙʘʟʠʨʘ ʚʲʨʭʫ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʘ ʘʧʘʨʘʪʫʨʘ, ʦʧʪʠʤʘʣʥʘ ʤʝʪʦʜʠʢʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʠ ʢʦʤʧʶʪʲʨʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʜʘʥʥʠʪʝ. (Griffiths, D. H., Barker, R. D., 1993; Loke, M. H., Barker, R. D., 1996).  

ʈʝʛʠʩʪʨʠʨʘʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʥʦ ʝʣʝʢʪʨʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʚ ʧʦʜʧʦʚʲʨʭʥʦʩʪʥʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʝ ʝʜʥʦʟʥʘʯʥʦ ʦʪʨʘʞʝʥʠʝ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʦʷʚʘ ʥʘ ʡʦʥʥʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ (Daniels F., 

Alberty, R. A., 1966). ɸʥʘʣʠʟʲʪ ʥʘ ʫʩʪʘʥʦʚʝʥʠʪʝ ʛʝʦʝʣʝʢʪʨʠʯʥʠ ʨʘʟʨʝʟʠ ʩʘ ʜʦʙʨʘ ʦʩʥʦʚʘ ʟʘ ʧʦ-ʪʦʯʥʘ ʠ 

ʜʝʪʘʡʣʥʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ ʛʝʦʣʦʞʢʠʪʝ, ʭʠʜʨʦʛʝʦʣʦʞʢʠʪʝ ʠ ʠʥʞʝʥʝʨʥʦʛʝʦʣʦʞʢʠʪʝ ʫʩʣʦʚʠʷ ʥʘ 

ʠʟʩʣʝʜʚʘʥʘʪʘ ʯʘʩʪ ʦʪ ʧʨʠʨʦʜʥʘʪʘ ʩʨʝʜʘ.  

ʇʨʦʚʝʜʝʥʠʪʝ ʦʪ ʥʘʩ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 10-15 ʛʦʜʠʥʠ ʥʠ ʫʙʝʜʠʭʘ ʚ ʙʝʟʩʧʦʨʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ 

ʥʘ ʝʣʝʢʪʨʦʪʦʤʦʛʨʘʬʩʢʠʪʝ ʤʝʪʦʜʠ ʟʘ ʜʝʪʘʡʣʥʦ ʠʟʫʯʘʚʘʥʝ ʥʘ ʧʨʠʧʦʚʲʨʭʥʦʩʪʥʠʷ ʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ. 

ʂʦʤʧʣʝʢʩʥʦʪʦ ʠʤ ʧʨʠʣʘʛʘʥʝ ʩ ʨʘʟʣʠʯʥʠ ʜʨʫʛʠ ʤʝʪʦʜʠ ʠ ʪʝʭʥʠʢʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʤʥʦʛʦ ʧʦ-ʧʨʝʮʠʟʥʦ 

ʜʠʬʝʨʝʥʮʠʨʘʥʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʢʘʨʪʠʨʘʥʝ ʥʘ ʛʨʘʥʠʮʠʪʝ ʥʘ ʛʝʦʣʦʞʢʠ ʠʣʠ ʭʠʜʨʦʛʝʦʣʦʞʢʠ ʝʜʠʥʠʮʠ, 

ʦʢʘʨʩʪʝʥʠ ʠʣʠ ʥʘʧʫʢʘʥʠ ʟʦʥʠ, ʟʦʥʠ ʩ ʨʘʟʣʠʯʥʘ ʚʦʜʦʥʘʩʠʪʝʥʦʩʪ ʠ ʚʦʜʦʦʙʠʣʥʦʩʪ, ʟʦʥʠ ʩ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ 

ʥʘ ʪʝʭʥʦʛʝʥʥʦ ʠʣʠ ʧʨʠʨʦʜʥʦ ʟʘʤʲʨʩʷʚʘʥʝ ʦʙʝʢʪʠ ʠ ʜʨ. (ɼʠʤʦʚʩʢʠ ʠ ʜʨ. 2007, ɼʠʤʦʚʩʢʠ 2010, ɼʠʤʦʚʩʢʠ 

ʠ ʉʪʦʷʥʦʚ 2010, 2011, 2015, ɼʠʤʦʚʩʢʠ ʠ ʜʨ. 2012, ʉʪʦʷʥʦʚ 2003, ʉʪʦʷʥʦʚ 2004, ʉʪʦʷʥʦʚ ʠ ɻʶʨʦʚ 2004, 

ʠ ʜʨʫʛʠ). 
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ʇʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʝʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷʪʘ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʠ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʠ ʫʯʘʩʪʲʮʠ 

ʟʘ ʜʦʙʠʚ ʥʘ ʧʦʜʟʝʤʥʠ ʚʦʜʠ ʱʝ ʠʣʶʩʪʨʠʨʘʤʝ ʩ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʧʦ-ʜʦʣʫ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʧʲʣʥʝʥʦʪʦ ʦʪ 

ʥʘʰʠʷ ʝʢʠʧ ʝʣʝʢʪʨʦʪʦʤʦʛʨʘʬʩʢʦ ʧʨʦʫʯʚʘʥʝ ʚ ʨʘʡʦʥʘ ʥʘ ʣʦʚʥʦ ʩʪʦʧʘʥʩʪʚʦ (ʜʲʨʞʘʚʥʘ ʜʠʚʝʯʦʚʲʜʥʘ 

ʩʪʘʥʮʠʷ) Ăʇʘʣʘʤʘʨʘò. 

 

ʂʨʘʪʢʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ 
ɻʝʦʣʦʞʢʠʷʪ ʩʪʨʦʝʞ ʚ ʨʘʡʦʥʘ ʥʘ ʣʦʚʥʦ ʩʪʦʧʘʥʩʪʚʦ Ăʇʘʣʘʤʘʨʘò ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʧʨʦʩʪ (ʌʠʛʫʨʘ 1). 

ʇʨʠʧʦʚʲʨʭʥʦʩʪʥʠʷʪ ʨʘʟʨʝʟ ʜʦ ʜʲʣʙʦʯʠʥʘ 20-30 m ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʢʚʘʪʝʨʥʝʨʥʘ ʧʦʢʨʠʚʢʘ ʠ ʜʦʣʥʦʢʨʝʜʥʘ 

ʩʢʘʣʥʘ ʧʦʜʣʦʞʢʘ (ʌʠʣʠʧʦʚ ʠ ɼʝʯʝʚʘ, 1994). 

 

 
 
ʌʠʛʫʨʘ 1. ɻʝʦʣʦʞʢʘ ʢʘʨʪʘ ʚ ʨʘʡʦʥʘ ʥʘ ʜʲʨʞʘʚʥʦ ʣʦʚʥʦ ʩʪʦʧʘʥʩʪʚʦ Ăʇʘʣʘʤʘʨʘò (ʧʦ ɻʝʦʣʦʞʢʘ ʢʘʨʪʘ ʥʘ ɹʲʣʛʘʨʠʷ 

ʚ ʄ 1:100000, ʂʘʨʪʝʥ ʣʠʩʪ ʈʘʟʛʨʘʜ. 1992. ɻʀ ɹɸʅ, ɻʝʦʣʦʛʠʷ ʠ ɻʝʦʬʠʟʠʢʘ ɸɼ) 

 

ʂʚʘʪʝʨʥʝʨʥʘʪʘ ʧʦʢʨʠʚʢʘ ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ ʘʣʫʚʠʘʣʥʠ ʥʘʩʣʘʛʠ (ʛʣʠʥʠ, ʧʷʩʲʮʠ ʠ ʯʘʢʲʣʠ) ʠ ʝʦʣʠʯʥʠ 

ʦʙʨʘʟʫʚʘʥʠʷ (ʛʣʠʥʝʩʪ ʣʴʦʩ ʠ ʣʴʦʩʦʚʠʜʥʠ ʛʣʠʥʠ).  

ɼʦʤʠʥʠʨʘʱʦ ʧʨʠʩʲʩʪʚʠʝ ʠʤʘʪ ʝʦʣʠʯʥʠʪʝ ʦʙʨʘʟʫʚʘʥʠʷ, ʢʦʠʪʦ ʚ ʧʨʝʦʙʣʘʜʘʚʘʱʘʪʘ ʯʘʩʪ ʦʪ ʨʘʟʛʣʝʞʜʘʥʘʪʘ 

ʪʝʨʠʪʦʨʠʷ ʣʝʞʘʪ ʜʠʨʝʢʪʥʦ ʚʲʨʭʫ ʩʢʘʣʥʘʪʘ ʧʦʜʣʦʞʢʘ. ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʣʴʦʩʦʚʠʷ ʢʦʤʧʣʝʢʩ ʦʙʠʢʥʦʚʝʥʦ 

ʚʘʨʠʨʘ ʚ ʜʠʘʧʘʟʦʥʘ ʤʝʞʜʫ 5 ʠ 20 m. ɽʦʣʠʯʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠʤʘʪ ʪʚʲʨʜʝ ʭʝʪʝʨʦʛʝʥʝʥ ʩʲʩʪʘʚ ï ʦʪ ʣʴʦʩ ʩ 

ʛʦʣʷʤʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʛʣʠʥʝʩʪʘ ʢʦʤʧʦʥʝʥʪʘ ʜʦ ʧʝʩʲʯʣʠʚʠ ʛʣʠʥʠ. 
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ɸʣʫʚʠʘʣʥʠʪʝ ʦʙʨʘʟʫʚʘʥʠʷ ʠʤʘʪ ʜʦʩʪʘ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʣʦʚʥʦʪʦ ʩʪʦʧʘʥʩʪʚʦ. 

ʊʝ ʟʘʧʲʣʚʘʪ ʥʝʛʘʪʠʚʥʠ ʝʨʦʟʠʦʥʥʠ ʬʦʨʤʠ ʥʘ ʨʝʣʝʬʘ ï ʩʫʭʠ ʜʦʣʦʚʝ ʠ ʤʘʣʢʠ ʨʝʯʥʠ ʜʦʣʠʥʠ. ɸʣʫʚʠʘʣʥʠʷʪ 

ʨʘʟʨʝʟ ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʪ ʛʣʠʥʠ, ʧʝʩʲʯʣʠʚʠ ʛʣʠʥʠ, ʛʣʠʥʝʩʪʠ ʧʷʩʲʮʠ ʠ ʚ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʟʘʛʣʠʥʝʥʠ ʯʘʢʲʣʠ 

ʠ ʧʷʩʲʮʠ. ʆʙʱʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʪʝʟʠ ʤʘʪʝʨʠʘʣʠ ʝ ʦʢʦʣʦ 7-8 m ʠ ʧʦʚʝʯʝ. ʅʘ ʤʝʩʪʘ ʘʣʫʚʠʘʣʥʠʪʝ ʥʘʩʣʘʛʠ 

ʩʘ ʧʨʠʧʦʢʨʠʪʠ ʦʪ ʧʨʝʦʪʣʦʞʝʥ ʣʴʦʩ, ʛʣʠʥʠ ʩ ʛʦʣʷʤʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ, ʪʠʥʠ, ʦʧʦʯʚʝʥʠ 

ʛʣʠʥʠ ʠ ʧʦʯʚʠ. 

ɼʦʣʥʦʢʨʝʜʥʘʪʘ ʩʢʘʣʥʘ ʧʦʜʣʦʞʢʘ ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ ʪʝʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʠʪʝ ʩʝʜʠʤʝʥʪʠ ʥʘ ʈʘʟʛʨʘʜʩʢʘʪʘ 

ʩʚʠʪʘ, ʧʨʝʜʩʪʘʚʝʥʠ ʦʩʥʦʚʥʦ ʦʪ ʤʝʨʛʝʣʠ ʠ ʛʣʠʥʝʩʪʠ ʚʘʨʦʚʠʮʠ. ɺ ʛʦʨʥʘʪʘ ʩʠ ʯʘʩʪ ʩʢʘʣʠʪʝ ʩʘ ʥʘʧʫʢʘʥʠ ʠ 

ʩʠʣʥʦ ʠʟʚʝʪʨʝʣʠ, ʘ ʧʫʢʥʘʪʠʥʠʪʝ ʩʘ ʟʘʧʲʣʥʝʥʠ ʩ ʛʣʠʥʝʩʪʠ ʤʘʪʝʨʠʘʣʠ. ʉʨʝʜʥʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦ-

ʠʥʪʝʥʟʠʚʥʦ ʟʘʩʝʛʥʘʪʘʪʘ ʦʪ ʚʪʦʨʠʯʥʠ ʧʨʦʮʝʩʠ ʟʦʥʘ ʝ ʦʢʦʣʦ 5-10 m. 

ʈʘʟʛʣʝʞʜʘʥʘʪʘ ʯʘʩʪ ʦʪ ʧʦʜʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʣʦʚʥʦ ʩʪʦʧʘʥʩʪʚʦ 

Ăʇʘʣʘʤʘʨʘò ʧʨʠʪʝʞʘʚʘ ʦʛʨʘʥʠʯʝʥʠ ʚʦʜʥʠ ʨʝʩʫʨʩʠ. ʆʩʥʦʚʝʥ ʢʦʣʝʢʪʦʨ ʥʘ ʧʦʜʟʝʤʥʠ ʚʦʜʠ ʩʘ ʘʣʫʚʠʘʣʥʠʪʝ 

ʥʘʩʣʘʛʠ, ʟʘʧʲʣʚʘʱʠ ʧʦʥʠʞʝʥʠʪʝ ʨʝʣʝʬʥʠ ʬʦʨʤʠ. ʌʦʨʤʠʨʘʥʠʷʪ ʚ ʪʷʭ ʢʚʘʪʝʨʥʝʨʝʥ ʚʦʜʦʥʦʩʝʥ ʭʦʨʠʟʦʥʪ 

ʝ ʩʣʘʙʦ- ʜʦ ʩʨʝʜʥʦ-ʚʦʜʦʦʙʠʣʝʥ. ʅʠʚʦʪʦ ʥʘ ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ ʝ ʥʘ 2-3 m ʦʪ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ɿʘ ʜʦʣʝʥ 

ʚʦʜʦʫʧʦʨ ʩʣʫʞʘʪ ʤʝʨʛʝʣʠʪʝ ʦʪ ʈʘʟʛʨʘʜʩʢʘʪʘ ʩʚʠʪʘ. 

ʉʪʝʧʝʥʪʘ ʥʘ ʚʦʜʦʦʙʠʣʥʦʩʪ ʥʘ ʚʦʜʦʥʦʩʥʠʪʝ ʧʣʘʩʪʦʚʝ ʠ ʟʦʥʠ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʘ ʩ ʣʠʪʦʬʘʮʠʘʣʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʠʣʪʨʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ. ʉʣʘʙʦʚʦʜʦʦʙʠʣʥʠʪʝ ʯʘʩʪʠ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʜʦʤʠʥʘʥʪʥʦʪʦ 

ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʬʠʥʥʦʟʲʨʥʝʩʪʠ ʠ ʛʣʠʥʝʩʪʠ ʬʨʘʢʮʠʠ, ʘ ʧʦ-ʚʠʩʦʢʘʪʘ ʚʦʜʦʦʙʠʣʥʦʩʪ ʝ ʭʘʨʘʢʪʝʨʥʘ ʟʘ 

ʝʜʨʦʟʲʨʥʝʩʪʠʪʝ ʤʘʪʝʨʠʘʣʠ. ɽʪʦ ʟʘʱʦ, ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʲʦʨʲʞʝʥʠʷ ʟʘ ʜʦʙʠʚ ʥʘ ʧʦʜʟʝʤʥʠ ʚʦʜʠ ʚ ʨʘʡʦʥʘ 

ʥʘ ʣʦʚʥʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʜʰʝʩʪʚʘ ʦʪ ʝʜʥʦ ʧʦ-ʜʝʪʘʡʣʥʦ ʢʦʤʧʣʝʢʩʥʦ ʧʨʦʫʯʚʘʥʝ, ʢʦʝʪʦ ʜʘ 

ʫʩʪʘʥʦʚʠ ʧʣʦʱʥʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʟʘʣʷʛʘʥʝ ʥʘ ʧʦ-ʩʣʘʙʦ ʟʘʛʣʠʥʝʥʠʪʝ, ʨʝʩʧʝʢʪʠʚʥʦ 

ʧʦ-ʚʦʜʦʦʙʠʣʥʠʪʝ ʧʣʘʩʪʦʚʝ ʠ ʟʦʥʠ. 

 

ʎʝʣʠ ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ 
ʎʝʣʠʪʝ ʥʘ ʧʨʦʚʝʜʝʥʦʪʦ ʛʝʦʝʣʝʢʪʨʠʯʥʦ 2D ʧʨʦʫʯʚʘʥʝ ʩʘ ʩʣʝʜʥʠʪʝ: 

(1) ɼʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ ʧʦ-ʚʦʜʦʦʙʠʣʥʠ ʫʯʘʩʪʲʮʠ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʧʦʩʦʯʝʥʠʪʝ ʦʪ ʚʲʟʣʦʞʠʪʝʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠ ʟʘ ʜʦʙʠʚ ʥʘ ʧʦʜʟʝʤʥʠ ʚʦʜʠ ʧʣʦʱʠ. ɺʲʟ ʦʩʥʦʚʘ ʪʘʟʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʜʘ ʩʝ 

ʜʝʪʝʨʤʠʥʠʨʘʪ ʦʧʪʠʤʘʣʥʠʪʝ ʤʝʩʪʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʧʨʦʫʯʚʘʪʝʣʥʠ ʩʦʥʜʘʞʠ ʠ ʢʣʘʜʝʥʮʠ. 

(2) ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʝʪʘʡʣʝʥ ʭʠʜʨʦʛʝʦʣʦʞʢʠ ʤʦʜʝʣ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʯʘʩʪ ʦʪ ʧʦʜʧʦʚʲʨʭʥʦʩʪʥʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ (ʜʦ ʜʲʣʙʦʯʠʥʘ 17-18 m) ʯʨʝʟ ʩʲʚʤʝʩʪʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʦʝʣʝʢʪʨʠʯʥʠʪʝ ʨʘʟʨʝʟʠ ʠ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʩʦʥʜʘʞʥʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʬʠʣʪʨʘʮʠʦʥʥʠ ʪʝʩʪʦʚʝ in situ. ʇʦ-ʢʦʥʢʨʝʪʥʦ 

ʪʘʢʘ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʭʠʜʨʦʛʝʦʣʦʞʢʠ ʤʦʜʝʣ ʪʨʷʙʚʘ ʜʘ ʜʘʜʝ ʧʨʝʜʩʪʘʚʘ ʟʘ: 

¶ ʛʨʘʥʠʮʠʪʝ ʥʘ ʦʪʜʝʣʝʥʠʪʝ ʚ ʨʘʟʨʝʟʘ ʣʠʪʦʣʦʞʢʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ; 

¶ ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ ʢʚʘʪʝʨʥʝʨʥʘʪʘ ʧʦʢʨʠʚʢʘ ʠ ʩʢʘʣʥʘʪʘ ʧʦʜʣʦʞʢʘ; 

¶ ʥʠʚʦʪʦ ʥʘ ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ; 

¶ ʧʣʘʩʪʦʚʝ ʠ ʟʦʥʠ ʩ ʨʘʟʣʠʯʥʘ ʚʦʜʦʦʙʠʣʥʦʩʪ. 

 

ʄʝʪʦʜʠʢʘ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝ 
ʀʟʧʦʣʟʚʘʥʠʷʪ ʝʣʝʢʪʨʦʪʦʤʦʛʨʘʬʩʢʠ ʤʝʪʦʜ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʜʚʫʤʝʨʥʦ ʢʘʨʪʠʨʘʥʝ ʥʘ ʧʨʠʧʦʚʲʨʭʥʦʩʪʥʠʷ 

ʨʘʟʨʝʟ ʚʲʚ ʚʝʨʪʠʢʘʣʥʠ ʨʘʟʨʝʟʠ ʧʦ ʧʨʦʬʠʣʠ. ʊʝʨʝʥʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʠʟʧʲʣʥʝʥʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʣʷʤ 

ʙʨʦʡ ʩʚʲʨʟʘʥʠ ʢʲʤ ʤʥʦʛʦʞʠʣʝʥ ʢʘʙʝʣ ʝʣʝʢʪʨʦʜʠ (Griffiths et al., 1990). ʀʟʧʦʣʟʚʘʥʘ ʝ 4-ʝʣʝʢʪʨʦʜʥʘ ʩʭʝʤʘ 

Schlumberger. ʈʝʛʠʩʪʨʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʧʘʨʘʪʫʨʘ Terrameter SAS 1000 B, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʰʚʝʜʩʢʘʪʘ ʬʠʨʤʘ ɸɺɽʄ. ʊʷ ʨʘʙʦʪʠ ʩ ʠʟʭʦʜʥʦ ʥʘʧʨʝʞʝʥʠʝ 150 V ʠ ʤʘʢʩʠʤʘʣʝʥ 

ʠʟʭʦʜʝʥ ʪʦʢ 1000 mA. ʉʲʩʪʦʠ ʩʝ ʦʪ ʧʨʝʜʘʚʘʪʝʣ, ʧʨʠʝʤʥʠʢ ʠ ʤʠʢʨʦʧʨʦʮʝʩʦʨ, ʦʙʝʜʠʥʝʥʠ ʚ ʝʜʥʦ ʪʷʣʦ. 

ʇʨʠʥʮʠʧʲʪ ʥʘ ʠʟʤʝʨʚʘʥʝ ʚʢʣʶʯʚʘ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʠʟʤʝʨʚʘʥʠʷ ʠ ʘʥʘʣʦʛʦʚʦ 

ʬʠʣʪʨʠʨʘʥʝ, ʢʘʪʦ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʠʟʚʝʞʜʘʪ ʥʘ ʜʠʩʧʣʝʡ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʨʦʮʝʩʲʪ ʥʘ 

ʠʟʤʝʨʚʘʥʝ ʠ ʜʘ ʩʝ ʧʦʜʪʠʩʢʘʪ ʧʦ ʠʟʙʦʨ 2, 4 ʠ 8 ʧʲʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʧʨʝʜʝʣʝʥʠ ʰʫʤʦʚʝ ʚ ʧʨʠʝʤʥʘʪʘ 

ʚʝʨʠʛʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʦʩʪʠʛʘ ʧʦ-ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ, ʢʦʷʪʦ ʝ ʦʩʦʙʝʥʦ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ 

ʨʘʙʦʪʘ ʩ ʧʦ-ʩʣʘʙʠ ʩʠʛʥʘʣʠ. 

ʊʝʨʝʥʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʚ ʨʘʡʦʥʘ ʥʘ ʣʦʚʥʦ ʩʪʦʧʘʥʩʪʚʦ (ʜʲʨʞʘʚʥʘ ʜʠʚʝʯʦʚʲʜʥʘ ʩʪʘʥʮʠʷ) Ăʇʘʣʘʤʘʨʘòʩʘ 

ʠʟʧʲʣʥʝʥʠ ʧʦ ʧʝʪ ʧʨʦʬʠʣʘ ʩ ʦʙʱʘ ʜʲʣʞʠʥʘ 575 m. ʇʨʦʫʯʚʘʥʝʪʦ ʦʙʭʚʘʱʘ ʛʦʨʥʘʪʘ ʧʨʠʧʦʚʲʨʭʥʦʩʪʥʘ 

ʯʘʩʪ ʥʘ ʛʝʦʣʦʞʢʠʷ ʨʘʟʨʝʟ ʜʦ ʜʲʣʙʦʯʠʥʘ 17-18 m. 

ɻʝʦʬʠʟʠʯʥʠʪʝ ʧʨʦʬʠʣʠ (ɻʌʇ) ʩʘ ʩʠʪʫʠʨʘʥʠ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʠʪʝ ʧʝʨʩʧʝʢʪʠʚʥʠ 

ʟʘ ʜʦʙʠʚ ʥʘ ʧʦʜʟʝʤʥʠ ʚʦʜʠ ʧʣʦʱʠ (ʀʚʘʥʦʚ, 2011,ʘ). ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʧʨʦʬʠʣʠʪʝ ʝ ʠʣʶʩʪʨʠʨʘʥʦ ʥʘ 
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ʌʠʛʫʨʘ 2. ʅʘ ʩʲʱʘʪʘ ʬʠʛʫʨʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʠʟʛʨʘʜʝʥʠʪʝ ʚʧʦʩʣʝʜʩʪʚʠʝ 

ʧʨʦʫʯʚʘʪʝʣʥʠ ʩʦʥʜʘʞʠ (PS). 

ʅʘ ʌʠʛʫʨʘ 3 ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʠʟʙʨʘʥʠ ʤʦʤʝʥʪʠ ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʪʝʨʝʥʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ. 

 

 
 
ʌʠʛʫʨʘ 2. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʛʝʦʝʣʝʢʪʨʠʯʥʠʪʝ ʧʨʦʬʠʣʠ ʠ ʧʨʦʫʯʚʘʪʝʣʥʠʪʝ ʩʦʥʜʘʞʠ 
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ʇʨʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʧʦʣʝʚʠʪʝ ʜʘʥʥʠ ʝ ʠʟʧʦʣʟʚʘʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʧʨʦʛʨʘʤʘ RES2DINV (Loke, 2001), 

ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʜʝʪʝʨʤʠʥʠʨʘʥʝʪʦ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʠʪʝ ʩʲʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʧʦʜʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʨʠ ʧʦʩʣʝʜʚʘʱʘʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʘʪʘ ʛʝʦʝʣʝʢʪʨʠʯʥʘ 

ʢʘʨʪʠʥʘ ʧʨʝʭʦʜʲʪ ʦʪ ʛʝʦʝʣʝʢʪʨʠʯʝʥ ʨʘʟʨʝʟ ʚ ʭʠʜʨʦʛʝʦʣʦʞʢʠ ʤʦʜʝʣ ʩʝ ʧʨʘʚʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʦʙʱʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʛʝʦʣʦʞʢʠʪʝ ʠ ʭʠʜʨʦʛʝʦʣʦʞʢʠʪʝ ʫʩʣʦʚʠʷ ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʡʦʥ, ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ ʟʘ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʩʲʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʠʧʦʚʝ ʩʢʘʣʠ (Keller and Frischknecht, 1966 ʠ 

ʜʨ.), ʜʘʥʥʠ ʦʪ ʧʨʦʫʯʚʘʪʝʣʥʦʪʦ ʩʦʥʜʠʨʘʥʝ ʠ ʦʪ ʦʧʠʪʥʦ-ʬʠʣʪʨʘʮʠʦʥʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ. 

 

ɸʥʘʣʠʟ ʥʘ ʛʝʦʝʣʝʢʪʨʠʯʥʠʪʝ ʨʘʟʨʝʟʠ. ʍʠʜʨʦʛʝʦʣʦʞʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 
ʇʨʝʜʚʘʨʠʪʝʣʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʩʲʩʪʘʚʝʥʠʪʝ ʛʝʦʝʣʝʢʪʨʠʯʥʠ ʨʘʟʨʝʟʠ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʧʦ-

ʚʘʞʥʠ ʠʟʚʦʜʠ: 

1. ɽʣʝʢʪʨʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʠʪʝ (ʩʨʝʜʠʪʝ), ʢʦʠʪʦ ʠʟʛʨʘʞʜʘʪ ʠʟʩʣʝʜʚʘʥʠʷ 

ʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ ʚʘʨʠʨʘ ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 10 Wm ʜʦ ʦʢʦʣʦ 90 Wm. 

2. ʅʘʡ-ʦʙʦʙʱʝʥʦ ʠʟʩʣʝʜʚʘʥʠʷʪ ʛʝʦʝʣʝʢʪʨʠʯʝʥ ʨʘʟʨʝʟ ʩʝ ʧʨʝʜʩʪʘʚʷ ʦʪ ʧʝʪ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʠ 

ʩʨʝʜʠ, ʤʘʨʢʠʨʘʱʠ ʰʝʩʪ ʟʦʥʠ ʩ ʨʘʟʣʠʯʥʠ ʣʠʪʦʣʦʞʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩ ʨʘʟʣʠʯʥʘ ʚʦʜʦʦʙʠʣʥʦʩʪ: 

¶ ʇʲʨʚʘʪʘ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʨʝʜʘ (ɿʦʥʘ 1) ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʥʘʡ-ʥʠʩʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʛʝʦʝʣʝʢʪʨʠʯʝʥ ʨʘʟʨʝʟ ï ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 10 Wm ʜʦ 

25 Wm. ʈʘʟʚʠʪʘ ʝ ʢʘʪʦ ʦʪʥʦʩʠʪʝʣʥʦ ʠʟʜʲʨʞʘʥ ʧʣʘʩʪ ʚ ʧʨʠʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʯʘʩʪʠ ʥʘ 

ʛʝʦʝʣʝʢʪʨʠʯʥʠʪʝ ʨʘʟʨʝʟʠ ʧʦ ʪʨʠ ʧʨʦʬʠʣʘ (ɻʌʇ 1-1, ɻʌʇ 3-3 ʠ ɻʌʇ 4-4). ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʪʦʟʠ 

ʧʣʘʩʪ ʝ ʚ ʠʥʪʝʨʚʘʣʘ ʦʪ 1-2 ʜʦ 5 m. ʄʦʞʝ ʜʘ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ɿʦʥʘ 1 ʤʘʨʢʠʨʘ ʧʣʘʩʪ ʦʪ ʛʣʠʥʠ ʩ 

ʛʦʣʷʤʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʠ/ʠʣʠ ʪʠʥʝʩʪʠ ʧʦʯʚʠ. 

¶ ɺʪʦʨʘʪʘ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʨʝʜʘ (ɿʦʥʘ 2) ʩʝ ʦʪʣʠʯʘʚʘ ʩ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ï ʚ ʝʜʥʠ ʧʦ-ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ ʦʪ ʦʢʦʣʦ 20-25 Wm ʜʦ 50-60 Wm. 

ʊʘʟʠ ʩʨʝʜʘ ʚʝʨʦʷʪʥʦ ʢʘʨʪʠʨʘ ʧʣʘʩʪʦʚʝ ʠ ʟʦʥʠ ʦʪ ʩʫʭʠ ʛʣʠʥʝʩʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʛʣʠʥʠ, 

ʧʝʩʲʯʣʠʚʠ ʛʣʠʥʠ, ʛʣʠʥʠ ʩʲʩ ʩʢʘʣʥʠ ʢʲʩʦʚʝ ʠ ʜʨ.). ʊʷ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʚ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ 

ʛʝʦʝʣʝʢʪʨʠʯʥʠʷ ʨʘʟʨʝʟ ʧʦ ʯʝʪʠʨʠ ʧʨʦʬʠʣʘ (ɻʌʇ 1-1, ɻʌʇ 2-2, ɻʌʇ 4-4 ʠ ɻʌʇ 5-5). ʑʝ 

ʦʪʙʝʣʝʞʠʤ, ʯʝ ʚ ʥʷʢʦʠ ʨʘʟʨʝʟʠ ɿʦʥʘ 2 ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʜʦʙʨʝ ʠʟʜʲʨʞʘʥ ʧʣʘʩʪ, ʘ ʚ ʜʨʫʛʠ ʠʤʘ ʧʦ-

ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʩʲʩʪʚʠʝ. ʅʘʡ-ʯʝʩʪʦ ʥʝʡʥʘʪʘ ʜʝʙʝʣʠʥʘ ʝ ʦʢʦʣʦ 3-5 m. ʇʨʦʩʣʝʜʷʚʘ ʩʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʭʠʧʩʦʤʝʪʨʠʯʥʠ ʥʠʚʘ ʠ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦʟʠʮʠʠ. ɿʦʥʘ 2 ʝ ʜʦʙʨʝ ʠʟʜʲʨʞʘʥ ʧʣʘʩʪ ʚ ʨʘʟʨʝʟʠʪʝ ʧʦ 

ʧʨʦʬʠʣʠ ɻʌʇ 1-1 ʠ ɻʌʇ 2-2, ʢʦʡʪʦ ʧʦ ʧʨʦʬʠʣ ɻʌʇ 1-1 ʯʘʩʪʠʯʥʦ ʩʝ ʧʨʠʧʦʢʨʠʚʘ ʦʪ ɿʦʥʘ 1. ɺ 

ʩʝʚʝʨʥʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ ʧʨʦʬʠʣ ɻʌʇ 3-3, ʚ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʨʘʟʨʝʟʘ, ɿʦʥʘ 2 ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʢʘʪʦ 

ʠʟʜʲʨʞʘʥ ʧʣʘʩʪ. ʇʦ ʧʨʦʬʠʣ ɻʌʇ 5-5 ʩʲʱʘʪʘ ʟʦʥʘ ʩʝ ʢʘʨʪʠʨʘ ʚ ʜʚʘ ʫʯʘʩʪʲʢʘ ʢʘʪʦ ʦʪʜʝʣʥʠ ʧʝʪʥʘ. 

¶ ʊʨʝʪʘʪʘ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʨʝʜʘ (ɿʦʥʘ 3) ʧʨʠʪʝʞʘʚʘ ʤʘʣʢʦ ʧʦ-ʥʠʩʢʠ ʦʪ ɿʦʥʘ 2 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʠʪʦ ʚʘʨʠʨʘʪ ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 15 Wm ʜʦ 30-40 Wm. 

ʋʩʪʘʥʦʚʝʥʘ ʝ ʢʘʪʦ ʩʨʘʚʥʠʪʝʣʥʦ ʜʦʙʨʝ ʠʟʜʲʨʞʘʥ ʧʣʘʩʪ ʚ ʨʘʟʨʝʟʠʪʝ ʧʦ ʧʨʦʬʠʣʠ ɻʌʇ 1-1,    ɻʌʇ 

3-3 ʠ ɻʌʇ 4-4. ɻʦʨʥʠʱʝʪʦ ʥʘ ɿʦʥʘ 3 ʥʘʡ-ʚʝʨʦʷʪʥʦ ʤʘʨʢʠʨʘ ʥʠʚʦʪʦ ʥʘ ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ (ʥʘ 

ʦʢʦʣʦ 2-5 m ʦʪ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ). ʄʦʞʝ ʜʘ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʪʘʟʠ ʟʦʥʘ ʢʘʨʪʠʨʘ ʚʦʜʦʥʦʩʝʥ 

ʧʣʘʩʪ, ʬʦʨʤʠʨʘʥ ʚ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦ-ʝʜʨʦʟʲʨʥʝʩʪʠ ʘʣʫʚʠʘʣʥʠ ʥʘʩʣʘʛʠ (ʘʣʪʝʨʥʘʮʠʷ ʦʪ ʯʘʢʲʣʠ, 

ʧʷʩʲʮʠ, ʛʣʠʥʝʩʪʠ ʧʷʩʲʮʠ, ʧʝʩʲʯʣʠʚʠ ʛʣʠʥʠ ʠ ʛʣʠʥʠ). ʆʙʱʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʪʝʟʠ ʥʘʩʣʘʛʠ ʚʘʨʠʨʘ 

ʚ ʜʦʩʪʘ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ - ʦʪ 2 ʜʦ 6-7 m. 

¶ ʏʝʪʚʲʨʪʘʪʘ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʨʝʜʘ (ɿʦʥʘ 4) ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʦʪʥʦʩʠʪʝʣʥʦ ʧʦ-

ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ï ʚ ʛʨʘʥʠʮʠʪʝ ʦʪ 35 Wm ʜʦ 45-50 Wm. ʊʘʟʠ 

ʩʨʝʜʘ ʚʝʨʦʷʪʥʦ ʢʘʨʪʠʨʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʩʢʘʣʥʘʪʘ ʧʦʜʣʦʞʢʘ, ʧʨʝʜʩʪʘʚʝʥʘ ʦʪ ʥʘʧʫʢʘʥʠ ʠ ʩʠʣʥʦ 

ʠʟʚʝʪʨʝʣʠ ʤʝʨʛʝʣʠ. ʋʩʪʘʥʦʚʝʥʘ ʝ ʢʘʪʦ ʠʟʜʲʨʞʘʥ ʧʣʘʩʪ ʚ ʨʘʟʨʝʟʠʪʝ ʧʦ ʧʝʪʪʝ ʧʨʦʬʠʣʘ. 

ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʪʦʟʠ ʧʣʘʩʪ ʝ ʦʢʦʣʦ 3-4 m. ɻʦʨʥʠʱʝʪʦ ʥʘ ɿʦʥʘ 4 ʤʘʨʢʠʨʘ ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ 

ʢʚʘʪʝʨʥʝʨʥʘʪʘ ʧʦʢʨʠʚʢʘ ʠ ʩʢʘʣʥʘʪʘ ʧʦʜʣʦʞʢʘ. ɺ ʧʝʪʪʝ ʨʘʟʨʝʟʘ ʪʘʟʠ ʛʨʘʥʠʮʘ ʝ ʨʝʛʠʩʪʨʠʨʘʥʘ ʥʘ 

ʜʲʣʙʦʯʠʥʘ ʦʪ 6-7 ʜʦ 9-10 m ʦʪ ʪʝʨʝʥʘ. 

¶ ʇʝʪʘʪʘ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʨʝʜʘ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʥʘʡ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ï ʦʪ 45 Wm ʜʦ 90 Wm. ɺ ʨʘʟʨʝʟʠʪʝ ʧʦ ʧʨʦʬʠʣʠ ɻʌʇ 1-1, ɻʌʇ 2-

2, ɻʌʇ 3-3 ʠ ɻʌʇ 4-4 ʪʘʟʠ ʝʣʝʢʪʨʦʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʩʨʝʜʘ ʢʘʨʪʠʨʘ ʥʝʟʘʩʝʛʥʘʪʠʪʝ ʦʪ 

ʠʟʚʝʪʨʠʪʝʣʥʠ ʧʨʦʮʝʩʠ ʯʘʩʪʠ ʥʘ ʩʢʘʣʥʘʪʘ ʧʦʜʣʦʞʢʘ (ʟʜʨʘʚʠ ʤʝʨʛʝʣʠ) ï ɿʦʥʘ 5. ɺ ʨʘʟʨʝʟʘ ʧʦ 

ʧʨʦʬʠʣ ɻʌʇ 5-5 ʪʷ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʤʘʨʢʠʨʘ ʩʫʭ ʥʘʩʠʧ ʦʪ ʛʣʠʥʝʩʪʠ ʤʘʪʝʨʠʘʣʠ ʠ ʩʢʘʣʥʠ ʢʲʩʦʚʝ 

(ɿʦʥʘ 6). 
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ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʥʘʧʨʘʚʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʫʩʪʘʥʦʚʝʥʠʪʝ ʛʝʦʝʣʝʢʪʨʠʯʥʠ ʨʘʟʨʝʟʠ ʤʦʞʝ ʜʘ ʩʝ 

ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ ʠ ʧʨʝʧʦʨʲʢʠ: 

(1) ʥʘʡ-ʚʦʜʦʦʙʠʣʥʠʪʝ ʫʯʘʩʪʲʮʠ ʧʦʧʘʜʘʪ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʇʣʦʱ ʟʘ ʧʨʦʫʯʚʘʥʝ ˉ 1 (ʧʦ ʮʷʣʘʪʘ 
ʜʲʣʞʠʥʘ ʥʘ ɻʌʇ 1-1), ʇʣʦʱ ʟʘ ʧʨʦʫʯʚʘʥʝ ˉ 2 (ʶʞʥʘʪʘ ʯʘʩʪ ʥʘ ɻʌʇ 3-3) ʠ ʇʣʦʱ ʟʘ ʧʨʦʫʯʚʘʥʝ 

ˉ 4 (ʧʦ ʮʷʣʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ɻʌʇ 4-4); 

(2) ʩʣʘʙʦʚʦʜʦʦʙʠʣʥʠ ʩʘ ʫʯʘʩʪʲʮʠʪʝ ʚ ʠʟʪʦʯʥʘʪʘ ʯʘʩʪ ʥʘ ɻʌʇ 2-2 ʚ ʇʣʦʱ ʟʘ ʧʨʦʫʯʚʘʥʝ ˉ 1 ʠ 

ʩʝʚʝʨʥʘʪʘ ʯʘʩʪ ʥʘ ɻʌʇ 3-3 ʚ ʇʣʦʱ ʟʘ ʧʨʦʫʯʚʘʥʝ ˉ 2; 

(3) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʜʦʥʦʩʝʥ ʝ ʧʨʦʫʯʝʥʠʷʪ ʨʘʡʦʥ ʚ ʦʙʭʚʘʪʘ ʥʘ ʇʣʦʱ ʟʘ ʧʨʦʫʯʚʘʥʝ ˉ 3 (ɻʌʇ 5-5); 

(4) ʧʨʦʫʯʚʘʪʝʣʥʠʪʝ ʩʦʥʜʘʞʠ ʠ ʢʣʘʜʝʥʮʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʛʨʘʜʝʥʠ ʛʣʘʚʥʦ ʚ ʧʦʩʦʯʝʥʠʪʝ 
ʚʦʜʦʦʙʠʣʥʠ ʠ ʩʣʘʙʦʚʦʜʦʦʙʠʣʥʠ ʫʯʘʩʪʲʮʠ ʩ ʜʲʣʙʦʯʠʥʘ ʥʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ 10 m. 

ɼʝʪʘʡʣʥʠʷʪ ʭʠʜʨʦʛʝʦʣʦʞʢʠ ʤʦʜʝʣ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʯʘʩʪ ʦʪ ʧʦʜʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʝ 

ʨʘʟʨʘʙʦʪʝʥ ʯʨʝʟ ʩʲʚʤʝʩʪʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʦʝʣʝʢʪʨʠʯʥʠʪʝ ʨʘʟʨʝʟʠ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ 

ʩʦʥʜʘʞʥʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʦʧʠʪʥʠ ʚʦʜʦʯʝʨʧʝʥʠʷ (ʀʚʘʥʦʚ, 2011,ʙ). ɺ ʨʘʟʨʝʟʠʪʝ ʥʘ ʚʩʝʢʠ ʦʪ ʧʝʪʪʝ ʧʨʦʬʠʣʘ 

ʩʘ ʦʪʜʝʣʝʥʠ ʨʘʟʣʠʯʥʠ ʧʣʘʩʪʦʚʝ ʠ ʟʦʥʠ, ʢʦʠʪʦ ʩʘ ʜʠʬʝʨʝʥʮʠʨʘʥʠ ʧʦ ʣʠʪʦʣʦʞʢʠ ʧʨʠʟʥʘʢ ʠ ʧʦ ʩʪʝʧʝʥ ʥʘ 

ʚʦʜʦʦʙʠʣʥʦʩʪ. ʃʠʪʦʣʦʞʢʠʪʝ ʛʨʘʥʠʮʠ ʩʘ ʤʘʨʢʠʨʘʥʠ ʩ ʧʫʥʢʪʠʨʘʥʠ ʣʠʥʠʠ ʚ ʯʝʨʚʝʥ ʮʚʷʪ, ʘ ʥʠʚʦʪʦ ʥʘ 

ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ ʩʲʩ ʩʠʥʷ ʧʫʥʢʪʠʨʘʥʘ ʣʠʥʠʷ. ʊʘʢʘ ʩʲʩʪʘʚʝʥʠʪʝ ʭʠʜʨʦʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟʠ ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ 

ʥʘ ʌʠʛʫʨʠ ˉˉ 4, 5, 6, 7 ʠ 8. ʆʙʦʙɦ ʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʣʠʪʦʣʦʞʢʠʪʝ ʠ ʭʠʜʨʦʛʝʦʣʦʞʢʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʝʪʝʨʤʠʥʠʨʘʥʠʪʝ ʚ ʨʘʟʨʝʟʠʪʝ ʧʦ ʧʝʪʪʝ ʧʨʦʬʠʣʘ ʟʦʥʠ ʝ ʜʘʜʝʥʘ ʚ ʊʘʙʣʠʮʘ 1. 

 

 
 
ʌʠʛʫʨʘ 4. ʍʠʜʨʦʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣ ɻʌʇ 1-1 (ʩʠʪʫʘʮʠʦʥʥʠʷʪ ʧʣʘʥ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 2) 

 

 
 

ʌʠʛʫʨʘ 5. ʍʠʜʨʦʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣ ɻʌʇ 2-2 (ʩʠʪʫʘʮʠʦʥʥʠʷʪ ʧʣʘʥ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 2) 
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ʌʠʛʫʨʘ 6. ʍʠʜʨʦʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣ ɻʌʇ 3-3 (ʩʠʪʫʘʮʠʦʥʥʠʷʪ ʧʣʘʥ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 2) 

 

 

 
 
ʌʠʛʫʨʘ 7. ʍʠʜʨʦʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣ ɻʌʇ 4-4 (ʩʠʪʫʘʮʠʦʥʥʠʷʪ ʧʣʘʥ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 2) 

 

 

 
 
ʌʠʛʫʨʘ 8. ʍʠʜʨʦʛʝʦʣʦʞʢʠ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣ ɻʌʇ 5-5 (ʩʠʪʫʘʮʠʦʥʥʠʷʪ ʧʣʘʥ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 2) 

 


