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ʅɸʋʏʅʓʁ ɾʋʈʅɸʃ 

 

ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ 

ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ 

 

ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʊʨʫʜʳ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʅʎ ʈɸʅ" ʠʟʜʘʝʪʩʷ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ 

ɼʌʀʎ ʈɸʅ ʩ 1956 ʛ. 

ʈʝʮʝʥʟʠʨʫʝʤʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (ʚʢʣʶʯʝʥ ʚ ʩʠʩʪʝʤʫ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ ʥʘʫʯʥʦʛʦ ʮʠʪʠ-

ʨʦʚʘʥʠʷ ï ʈʀʅʎ) ʧʦʩʚʷʱʝʥ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʦʧʨʦʩʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʣʦ-

ʛʠʠ. ɽʛʦ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʞʫʨʥʘʣʦʚ ï ʚ ʥʘʠʙʦʣʴʰʝʤ ʦʭʚʘʪʝ ʪʝʤʘʪʠʢ ʚ ʦʙʣʘʩʪʠ 

ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʩʪʳʢʝ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʞʫʨʥʘʣʝ, ʧʨʘʚʠʣʘ ʜʣʷ ʘʚʪʦʨʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʩʘʡʪʝ http://www.igd-

ficran.ru 

 

ʅʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʞʫʨʥʘʣʘ ï ʅɸʋʂʀ ʆ ɿɽʄʃɽ 

 

1.6.1. ʆʙʱʘʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ. ɻʝʦʪʝʢʪʦʥʠʢʘ ʠ ʛʝʦ-

ʜʠʥʘʤʠʢʘ 

ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

1.6.2. ʇʘʣʝʦʥʪʦʣʦʛʠʷ ʠ ʩʪʨʘʪʠʛʨʘʬʠʷ ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ 

1.6.4. ʄʠʥʝʨʘʣʦʛʠʷ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. ɻʝʦʭʠʤʠʷ, ʛʝʦʭʠʤʠ-

ʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

ʊʝʭʥʠʯʝʩʢʠʝ 

1.6.5. ʃʠʪʦʣʦʛʠʷ ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

1.6.6. ɻʠʜʨʦʛʝʦʣʦʛʠʷ ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

1.6.7. ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ, ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʝ ʠ ʛʨʫʥʪʦʚʝʜʝ-

ʥʠʝ 

ʊʝʭʥʠʯʝʩʢʠʝ 

1.6.9. ɻʝʦʬʠʟʠʢʘ ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

1.6.10. ɻʝʦʣʦʛʠʷ, ʧʦʠʩʢʠ ʠ ʨʘʟʚʝʜʢʘ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ, ʤʠʥʝʨʘʛʝʥʠʷ 

ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

1.6.11. ɻʝʦʣʦʛʠʷ, ʧʦʠʩʢʠ, ʨʘʟʚʝʜʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʷʥʳʭ 

ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ  

ʊʝʭʥʠʯʝʩʢʠʝ 

1.6.12. ʌʠʟʠʯʝʩʢʘʷ ʛʝʦʛʨʘʬʠʷ ʠ ʙʠʦʛʝʦʛʨʘʬʠʷ, ʛʝʦʛʨʘʬʠʷ 

ʧʦʯʚ ʠ ʛʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʦʚ 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ 

1.6.14. ɻʝʦʤʦʨʬʦʣʦʛʠʷ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʷ ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ  

1.6.16. ɻʠʜʨʦʣʦʛʠʷ ʩʫʰʠ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʛʠʜʨʦʭʠʤʠʷ ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

1.6.20. ɻʝʦʠʥʬʦʨʤʘʪʠʢʘ, ʢʘʨʪʦʛʨʘʬʠʷ ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

1.6.21. ɻʝʦʵʢʦʣʦʛʠʷ ɻʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ  
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ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘʥʘʣʠʟ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʨʦʙʣʝʤʳ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɹʘʙʘʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙ-

ʣʠʢʠ ɼʘʛʝʩʪʘʥ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʞʠʤʝ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʀʟʫʯʝʥʠʝ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʧʦ ʧʦʜʟʝʤʥʳʤ ʚʦʜʘʤ. ɺ ʫʩʣʦʚʠʷʭ 

ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʚʦʧʨʦʩʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʳʰʴʷʢʦʚʠʩʪʦʛʦ, ʞʝʣʝʟʠʩʪʦʛʦ ʟʘʛʨʷʟʥʝ-

ʥʠʷ, ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʤʘʨʛʘʥʮʘ, ʬʝʥʦʣʘ ʚ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. ʅʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ɹʘʙʘʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʠʪʴʝʚʳʤʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ ʦʧʨʝʜʝ-

ʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʩʪʦʯʥʦ - ʇʨʝʜʢʘʚʢʘʟʩʢʠʡ ʘʨʪʝʟʠʘʥʩʢʠʡ ʙʘʩʩʝʡʥ, ɹʘʙʘʶʨʪʦʚʩʢʠʡ ʨʘʡʦʥ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ, ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʝ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʝ, ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʝʩʫʨʩʳ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʚʦʜʦʦʪʙʦʨ, ʚʦʜʦʟʘʙʦʨʥʳʝ ʩʢʚʘʞʠʥʳ. 

 

HYDROGEOLOGICAL CONDITIONS AND GROUNDWATER REGIME WITHIN THE 

BABAYURT DISTRICT OF THE RD 

Samedov Sh.G. 

Institute of Geology DFRC RAS 

The article presents an overview of hydrogeological conditions, an analysis of the hydrodynamic and hydrochemical 

regime of groundwater, problems of micro-component pollution within the Babayurt district of the Republic of Dagestan, 

reflects the main changes in the regime of fresh groundwater. The study of the groundwater regime is necessary for modeling 

hydrogeological conditions, assessing the state and trends of their change, forecasting the processes occurring in them, and 

assessing the state of the groundwater resource base. In the current unfavorable situation, the issues of rational use of ground-

water are of particular importance, it becomes especially relevant to study the processes of arsenic, ferruginous pollution, 

exceeding the maximum permissible concentrations (MPC) of manganese, phenol in fresh groundwater. The need to provide 

the population of Babayurt district with high-quality drinking groundwater determines the relevance of the research. 

Keywords: East Pre-Caucasian Artesian basin, Babayurt district, fresh groundwater deposit, maximum permissible 

concentrations, hazard class, household drinking water supply, aquifer complex, resources, pollutants, drainage, water intake 

wells. 

ɺ ʧʨʝʜʝʣʘʭ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʚʳʜʝʣʝʥʳ ʜʚʝ ʢʨʫʧʥʳʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ II 

ʧʦʨʷʜʢʘ ï ɺʦʩʪʦʯʥʦ-ʇʨʝʜʢʘʚʢʘʟʩʢʠʡ ʘʨʪʝʟʠʘʥʩʢʠʡ ʙʘʩʩʝʡʥ (ɺʇɸɹ) ʠ ɹʦʣʴʰʝʢʘʚʢʘʟʩʢʘʷ ʛʠʜʨʦ-

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴ II ʧʦʨʷʜʢʘ (ɹɻʉʆ). 

ʆʙʱʠʝ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ɺʇɸɹ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 2193 ʪʳʩ.ʤ3/ʩʫʪ. 

ɺ ʧʨʝʜʝʣʘʭ ɺʇɸɹ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦ-

ʩʥʘʙʞʝʥʠʷ ʫʪʚʝʨʞʜʝʥʳ ʟʘʧʘʩʳ ʧʦ 40 ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʫʯʘʩʪʢʘʤ ʧʨʝʩʥʳʭ ʇɺ, 12 ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷʤ ʠ 1 ʫʯʘʩʪʢʫ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʜ ʠ 6 ʫʯʘʩʪʢʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʣʝʯʝʙʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʦʜ; ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 9 ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʩʥʦʚʥʦʡ ʚʦʜʦʦʪʙʦʨ ʧʦ ɺʦʩʪʦʯʥʦ-ʇʨʝʜʢʘʚʢʘʟʩʢʦʤʫ ɸɹ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʦʚʤʝʩʪʥʳʡ ʵʦʧʣʝʡ-

ʩʪʦʮʝʥ-ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ (mQII -IIIhz-hv+mQIb+mQeʘʨ) ʚ ʛʨʘʥʠʮʘʭ ʨʘʚ-

ʥʠʥʥʦʡ ʯʘʩʪʠ ɼʘʛʝʩʪʘʥʘ (ʅʦʛʘʡʩʢʠʡ, ʊʘʨʫʤʦʚʩʢʠʡ, ʂʠʟʣʷʨʩʢʠʡ ʠ ɹʘʙʘʶʨʪʦʚʩʢʠʡ ʨʘʡʦʥʳ). ʇʦ 

ʚʦʜʦʥʦʩʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʫʪʚʝʨʞʜʝʥʳ ʟʘʧʘʩʳ ʧʦ 5 ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʫʯʘʩʪʢʘʤ. 
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5 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʚ ɹʘʙʘʶʨʪʦʚʩʢʦʤ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʚʨʝʤʝʥʥʳʤʠ ʭʚʘʣʳʥ-

ʩʢʠʤʠ, ʭʘʟʘʨʩʢʠʤʠ ʠ ʜʨʝʚʥʝʢʘʩʧʠʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʦʜ ʥʠʤʠ ʟʘʣʝʛʘʝʪ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʘʷ 

ʪʦʣʱʘ ʘʧʰʝʨʦʥʩʢʠʭ ʠ ʘʢʯʘʛʳʣʴʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʣʠʥ, ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ (ʨʠʩ. 1). 

 

 
 

 
ʈʠʩ. 1 ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ 

 

ɺ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʳʝ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ, ʚʦʜʦ-

ʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʯʝʪʚʝʨʪʠʯʥʦʡ ʪʦʣʱʝ (ʭʘʟʘʨʩʢʠʡ ʠ ʙʘʢʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪʳ) ʠ ʘʧ-

ʰʝʨʦʥʩʢʦʤʫ ʷʨʫʩʫ, ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʨʦʚʣʠ ʢʦʪʦʨʦʛʦ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 500 ʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʚ ɹʘʙʘʶʨʪʦʚʩʢʦʤ ʨʘʡʦʥʝ ʈɼ ʫʪʦʯʥʷʣʦʩʴ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝ ʠ ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʢʚʘʞʠʥ, ʠʟʫʯʘʣʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʦʜʦʟʘʙʦʨʦʚ, ʮʝʣʴ ʚʦ-

ʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʇɺ). 

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʦ ʚʨʝʤʝʥʠ ʩ ʦʪʙʦʨʦʤ 

ʧʨʦʙ ʚʦʜʳ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ.  

ʆʙʲʝʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʷʚʣʷʶʪʩʷ 13 ʦʩʥʦʚʥʳʭ ʚʦʜʦ-

ʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ (ʍʇɺ). 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʇʦ ʥʠʤ ʨʘʟʚʝʜʘʥʳ 56 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʫʯʘʩʪʢʦʚ, ʜʝʡʩʪʚʫʝʪ ʙʦʣʝʝ 3,7 ʪʳʩ. ʚʦʜʦʟʘʙʦʨʦʚ ʠ ʦʪʢʘʨ-

ʪʠʨʦʚʘʥʦ 46 ʫʯʘʩʪʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʇɺ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ II ʧʦʨʷʜʢʘ 

ï ɺʦʩʪʦʯʥʦ-ʇʨʝʜʢʘʚʢʘʟʩʢʦʤ ʘʨʪʝʟʠʘʥʩʢʦʤ ʙʘʩʩʝʡʥʝ (ɺʇɸɹ) ʠ ɹʦʣʴʰʝʢʘʚʢʘʟʩʢʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠ-

ʯʝʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ (ɹɻʉʆ) [1,4].  

ʈʘʟʤʝʱʝʥʠʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʘʨʪʝʟʠʘʥʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦ.  

ɺ ɺʦʩʪʦʯʥʦ-ʇʨʝʜʢʘʚʢʘʟʩʢʦʤ ɸɹ - 66% ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨ-

ʥʦʡ ʯʘʩʪʠ ɸɹ, 6% - ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸɹ ʠ 28% - ʁ ʞʥʦʡ ʯʘʩʪʠ ɸɹ. 

ɺ ɹʘʙʘʶʨʪʦʚʩʢʦʤ ʨʘʡʦʥʝ ʜʝʡʩʪʚʫʶʪ 10 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʧʦʨʥʳʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʝʪʝʡ 

(ɻʆʅʉ) ʠ 1 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ ʦʙʲʝʢʪ (ʉʅʆ) (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʙʘʶʨʪʦʚ-

ʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʙʣʶʜʘ-

ʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʉʅʆ) 

ɺ
ʩ
ʝ
ʛ
ʦ

 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʝʞʠʤʘ  ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
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ʆʮʝʥʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʥʘʨʫʰʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʝʥʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʤʦʨʩʢʦʤʫ ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ (QEap) ʠ ʤʦʨʩʢʦʤʫ 

ʥʠʞʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ (Q1b) ʚʦʜʦʥʦʩʥʦʤʫ ʢʦʤʧʣʝʢʩʫ (ɺʂ) ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʝ ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʇʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 2021-2023 ʛʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʢ ʟʘʩʫʰʣʠʚʳʤ, ʧʨʠ ʵʪʦʤ 2022ʛ., ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʧʦ ʦʩʘʜʢʘʤ ʙʳʣ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝ-

ʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ, ʘ ʧʝʨʠʦʜ 2023ʛ ʦʩʘʜʢʠ ʙʳʣʠ ʯʫʪʴ ʚʳʰʝ 2022ʛ. ɺ ʮʝʣʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳ-

ʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʝ ʙʳʣʦ ʯʫʪʴ ʥʠʞʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ, ʧʨʠ 

ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ ʧʨʦʜʦʣʞʘʣ ʧʦʚʳʰʘʪʴʩʷ (ʨʠʩ. 2).  

 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʛʨʫʥʪʦʚʳʭ ʠ ʩʣʘʙʦʥʘʧʦʨʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ɹʘʙʘʶʨʪʦʚ-

ʩʢʦʛʦ ʨʘʡʦʥʘ 

 



ʉʘʤʝʜʦʚ ʐ.ɻ. 

ɻʀɼʈʆɻɽʆʃʆɻʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʀ ʈɽɾʀʄ ʇʆɼɿɽʄʅʓʍ ɺʆɼ ɺ ʇʈɽɼɽʃɸʍ ɹɸɹɸʖʈʊʆɺʉʂʆɻʆ ʈɸʁʆʅɸ ʈɼ 
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ʆʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʪʨʘʟʠʣʠʩʴ ʠ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʛʨʫʥʪʦʚʳʭ ʠ ʩʣʘʙʦʥʘʧʦʨʥʳʭ ʚʦʜ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʩʣʘʙʦʥʘʨʫʰʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦ ɹʘʙʘʶʨʪʦʚʩʢʦʤʫ ʧʦʩʪʫ ɻʆʅʉ ʫʨʦʚʥʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʤ ʞʝ ʧʝʨʠʦʜʦʤ 2022ʛ ʥʠʞʝ ʥʘ 

0,06-0,50 ʤ. ɺ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʥʠ ʦʩʪʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚʳʰʝ 

ʥʘ 0,03-0,22 ʤ, ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʠ ʚʳʰʝ ʥʘ 0,06-0,46ʤ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ 

ʩʦʩʪʘʚʠʣʘ ʦʪ 0,30 ʜʦ 1,51 ʤ (ʨʠʩ. 3). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ɹʘʙʘʶʨʪʦʚʩʢʦʡ ʧʣʦʱʘʜʠ ʟʘʛʨʷʟʥʝʥʠʷ (ɹʘʙʘʶʨʪʦʚʩʢʠʡ ʧʦʩʪ) ʧʦ ʤʦʨʩʢʦʤʫ ʵʦʧʣʝʡ-

ʩʪʦʮʝʥʦʚʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ ʜʦ 

30,1 ʇɼʂ, ʙʦʨʘ 3,2 ʇɼʂ, ʙʨʦʤʘ 1,1 ʇɼʂ (ʪʘʙʣ. 2), ʧʦ ʘʤʤʦʥʠʶ 7,1 ʇɼʂ ʠ ʢʨʝʤʥʠʷ 3,1 ʇɼʂ 

ʚ 2023ʛ (ʪʘʙʣ. 3, ʨʠʩ. 4). 

ʇʦ ʤʦʨʩʢʦʤʫ ʥʠʞʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ʠ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ʚʦʜʦʥʦʩ-

ʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʚʥʦʚʴ ʦʪʤʝʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʧʦ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ 1,2-1,3 ʇɼʂ ʠ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ 

ʜʦ 1,6 ʇɼʂ (ʪʘʙʣ. 3), ʥʦ ʩʥʠʟʠʣʘʩʴ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʩʫʣʴʬʘʪʘʤ ʩ 1,2 ʇɼʂ ʜʦ ʥʠʞʝ ʇɼʂ. ʇʣʦʱʘʜʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 2022 ʛ. ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʝʪ 22,2 ʢʤ2
 (ʪʘʙʣ. 4). 

 

 
 

ʈʠʩ. 3. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʛʨʫʥʪʦʚʳʭ ʠ ʩʣʘʙʦʥʘʧʦʨʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ɹʘʙʘʶʨ-

ʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ɹʘʙʘʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʨʘʟʨʝʟʝ ʦʪ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝ-

ʥʦʚʳʭ ʜʦ ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ɺɻ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʠ ʥʠʪʨʠʪʦʚ: ʧʦ 

ʩʨʝʜʥʝ-ʚʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʩ 1,4 ʇɼʂ ʜʦ ʇɼʂ, ʥʠʪʨʠʪʳ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝ-

ʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʦ ʥʠʞʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ɺɻ ʚʝʣʠʯʠʥʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ 

ʩʥʠʟʠʣʘʩʴ ʩ 1,4-1,6 ʇɼʂ ʜʦ 1,3 ʇɼʂ, ʧʦ ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ɺɻ ʚʝʣʠʯʠʥʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʥʠʪʨʠʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ [1-7]. 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʠʞʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʠ 

ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ɺɻ ʜʦ 1,61 ʇɼʂ. ʂʘʯʝʩʪʚʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʅʦ-

ʛʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʥʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʉʘʥʇʠʅ 1.2.3685-21. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʥʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ. 

ʈʠʩ. 3.2.2      ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʛʨʫʥʪʦʚʳʭ ʠ ʩʣʘʙʦʥʘʧʦʨʥʳʭ 

ʚʦʜ  ʚ ʧʨʝʜʝʣʘʭ ʊʂɸɹ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈɼ
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ʋʨʦʚʝʥʴ, ʤ ʆʩʘʜʢʠ ɻʄʉ ʖʞʥʦ-ʉʫʭʦʢʫʤʩʢ, ʤʤɹʘʞʠʛʘʥʦʚʩʢʠʡ ʧʦʩʪ

ʩʢʚ.459(mQIIIhv2)

ʩʢʚ.871(mQIIIhv2)

ʩʢʚ.458(mQIIIhv2)

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʥʦʨʤʘ 294ʤʤ
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ʩʢʚ.859(mQIIhz2)

ʩʢʚ.860(mQIIIhv1)

ʩʢʚ.865(QIIIhv2)

ʋʨʦʚʝʥʴ,ʤ

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʥʦʨʤʘ 283ʤʤ

ʆʩʘʜʢʠ ɻʄʉ ʊʝʨʝʢʣʠ-ʄʝʢʪʝʙ, ʤʤ

ʊʝʨʝʢʣʠ-ʄʝʢʪʝʙ-ʂʫʥʙʘʪʘʨʩʢʠʡ ʧʦʩʪ, ʧʣʦʱʘʜʢʘ 1 
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ʩʢʚ.91ʮ(amQIII hv 2 )

ʩʢʚ.90ʮ(amQIII hv 1 )

ʆʩʘʜʢʠ ɻʄʉ ʊʝʨʝʢʣʠ-ʄʝʢʪʝʙ, ʤʤ

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʥʦʨʤʘ 283ʤʤ

ʋʨʦʚʝʥʴ, ʤ

ʊʝʨʝʢʣʠ-ʄʝʢʪʝʙ-ʂʫʥʙʘʪʘʨʩʢʠʡ ʧʦʩʪ, ʧʣʦʱʘʜʢʘ 2
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ʎʚʝʪʢʦʚʩʢʠʡ ʧʦʩʪ

ʩʢʚ.763(mQIIIhv1)

ʩʢʚ.764(mQIIIhv2)

ʩʢʚ.765(mQIIIhv2)

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʥʦʨʤʘ 398ʤʤ
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ʋʨʦʚʝʥʴ, ʤ ʩʢʚ.906(QII-IIIhz-hv)

ʩʢʚ.819(QIIIhv)

ʆʩʘʜʢʠ ɻʄʉ ɹʘʙʘʶʨʪ, ʤʤ

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʥʦʨʤʘ 381ʤʤ

ɹʘʙʘʶʨʪʦʚʩʢʠʡ ʧʦʩʪ

ʚ ʩʣʘʙʦʥʘʨʫʰʝʥʥʳʭ ʫʩʣʦʚʠʷʭ



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʈʠʩ. 4 ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʨʠʨʦʜʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ɹʘ-

ʙʘʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʦʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦ ɻʆʅʉ ʟʘ 2023ʛ. 

ˉ ʧ/ʧ 
ʅʦʤʝʨ 
ʇʅ 

ɼʘʪʘ 
ʦʪʙʦʨʘ 

ʅʦʤʝʨ 
ʧʨʦʙʳ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨ. 

ʚʝʱʝʩʪʚ 

HCO3- Cl-- SO4-- Ca++ Mg++ 
Na+ ʠ 

K+ 
PH 

ʉʫʭʦʡ 

ʦʩʪʘʪʦʢ 

ʤʛ/ʜʤ3 

ɾʝʩʪ-
ʢʦʩʪʴ 

ʦʙʱʘʷ 

ʤʛ-
ʵʢʚ/ʜʤ3 

NH4 NO2 NO3 Fe 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

ɹʘʙʘʶʨʪʦʚʩʢʠʡ ʧʦʩʪ 

1 902 24.05.23 312 

ʤʛ/ʣ 548,8 31,3 108,8 11,5 6,5 264,5 8,0 712 1,1 0,35 0,05 <0.1 0,05 

ʤʛ-ʵʢʚ/ʣ 9,4 0,9 2,3 0,6 0,5 11,5        

% ʵʢʚ 74,5 7,3 18,2 4,8 3,9 91,3        

2 903 24.05.23 313 

ʤʛ/ʣ 317,1 123,7 582,7 217,2 65,1 112,7 7,7 1272 16,1 0,20 <0.01 <0.1 0,12 

ʤʛ-ʵʢʚ/ʣ 5,4 3,5 12,1 10,5 5,3 4,9        

% ʵʢʚ 25,7 16,7 57,8 51,4 25,2 23,4        

3 904 24.05.23 314 

ʤʛ/ʣ 451,3 78,6 338,8 101,2 28,6 218,5 7,9 1000 7,3 0,96 0,41 <0.1 0,15 

ʤʛ-ʵʢʚ/ʣ 7,6 2,2 7,0 5,0 2,3 9,5        

% ʵʢʚ 45,2 13,1 41,7 29,8 13,7 56,5        

4 905 24.05.23 315 

ʤʛ/ʣ 651,0 80,3 390,6 116,7 24,5 280,6 8,1 1192 7,8 0,41 <0.01 <0.1 0,06 

ʤʛ-ʵʢʚ/ʣ 9,6 2,3 8,1 5,8 2,0 12,2        

% ʵʢʚ 48,0 11,5 40,5 29,0 10,0 61,0        

 

ʊʘʙʣʠʮʘ 3 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʇɺ ʚ ʧʨʝʜʝʣʘʭ ɹʘʙʘʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 
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As, ʤʛ/ʜʤ3 Si, ʤʛ/ʜʤ3 
B, 

ʤʛ/ʜʤ3 

Mn, 

ʤʛ/ʜʤ3 
Br, ʤʛ/ʜʤ3 

1 2 3 4 5 6 7 8 9 10 11 12 13 

ʇɼʂ, ʤʛ/ʜʤ3 1000 1,5 3,3 45,0 7 0,1 0,01 20-25 0,5 0,1 0,2 

ʤʦʨʩʢʦʡ ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

902 
2022 863 0,17 <0,01 <0,1 1,4  0,02 32,9 1,7 0,048 0,4 

2023 712 0,35 0,05 <0,1 1,1  0,301 30,9 1,62 0,047 0,22 

II  - ʀʟʦʣʠʥʠʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ 

 
____ As ___ 

Q1b+QE(80)    

ʤʳʰʴʷʢ (ʩʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ). ʀʥʜʝʢʩ ï ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ (ʢʦʤʧʣʝʢʩ), ʛʜʝ 
ʚʳʷʚʣʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʢʦʤʧʦʥʝʥʪʘ. ʎʠʬʨʘ ʚ ʩʢʦʙʢʘʭ ï ʧʨʦʮʝʥʪ ʩʢʚʘʞʠʥ ʦʪ ʦʙʱʝʛʦ ʠʭ ʯʠʩʣʘ, ʛʜʝ ʚʳʷʚʣʝʥʦ   ʧʨʝ-

ʚʳʰʝʥʠʝ ʇɼʂ ʢʦʤʧʦʥʝʥʪʘ   

 QE____   

 

ʧʦ ʘʧʰʝʨʦʥʩʢʦʤʫ ɺʂ (ʩʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ï ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʛ/ʜʤ3 



ʉʘʤʝʜʦʚ ʐ.ɻ. 

ɻʀɼʈʆɻɽʆʃʆɻʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʀ ʈɽɾʀʄ ʇʆɼɿɽʄʅʓʍ ɺʆɼ ɺ ʇʈɽɼɽʃɸʍ ɹɸɹɸʖʈʊʆɺʉʂʆɻʆ ʈɸʁʆʅɸ ʈɼ 
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ʤʦʨʩʢʦʡ ʥʠʞʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

903 
2022 1402 0,48 0,54 0,1 13,1       

2023 1272 0,20 <0,01 0,1 16,1       

ʤʦʨʩʢʦʡ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

904 
2022 1124 1,24 <0,01 <0,1 7,0       

2023 1000 0,96 0,41 <0,1 7,3       

905 
2022 1178 1,86 0,42 <0,1 8,2       

2023 1192 0,41 <0,01 <0,1 7,8       

 

ʊʘʙʣʠʮʘ 4 

ʋʯʘʩʪʦʢ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʚʳʷʚʣʝʥʥʳʡ ʠ ʦʙʩʣʝʜʦʚʘʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʙʘʶʨ-

ʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʚ 2023 ʛ. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 ɹʘʙʘʶʨʪʦʚ-

ʩʢʘʷ ʧʣʦ-

ʱʘʜʴ, ʩ.ʍʘ-

ʤʘʤʘʪʶʨʪ-

ɹʘʙʘʶʨʪ-

ʅʦʚʦʢʘʨʝ-

ɸʢʩʘʡ 

ʈʘʟʨʘʙʦʪʢʘ 

ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ 

ʏʈ 

222 

222 

902 ʤʳʰʴʷʢ 0,301 0,01 30,1 1 QEap ʕʦʧʣʝʡʩʪʦ-

ʮʝʥʦʚʳʡ 

(ʘʧʰʝʨʦʥʩʢʠʡ) 

419 470 +6.19 

ʙʨʦʤ 0,22 0,2 1,1 2 

ʙʦʨ 1,62 0,5 3,2 2 

903 ʩʫʭʦʡ 

ʦʩʪʘʪʦʢ 

1272 1000 1,3 ʥʝ 

ʦʧʨʝʜ. 

Q1b ʅʠʞʥʝʥʝʦ-

ʧʣʝʡʩʪʦʮʝʥʦ-ʚʳʡ 

(ʙʘʢʠʥʩʢʠʡ) 

212 257 +3,06 

ʞʝʩʪʢʦʩʪʴ 16,40 7,0 2,3 ʥʝ 

ʦʧʨʝʜ. 

904 ʞʝʩʪʢʦʩʪʴ 7,30 7,0 1,0 ʥʝ 

ʦʧʨʝʜ. 

mQ2 ʉʨʝʜʥʝʥʝʦ-

ʧʣʝʡʩʪʦʮʝʥʦ-ʚʳʡ 

(ʭʘʟʘʨʩʢʠʡ) 

157 170 +2,42 

905 ʩʫʭʦʡ 

ʦʩʪʘʪʦʢ 

1192 1000 1,2 ʥʝ 

ʦʧʨʝʜ. 

mQ2 ʉʨʝʜʥʝʥʝʦ-

ʧʣʝʡʩʪʦʮʝʥʦ-ʚʳʡ 

(ʭʘʟʘʨʩʢʠʡ) 

60 130 +0,85 

ʞʝʩʪʢʦʩʪʴ 7,80 7,0 1,1 ʥʝ 

ʦʧʨʝʜ. 
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ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʄɸʍɸʏʂɸʃʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʊɽʈʄɸʃʔʅʓʍ ʄʀʅɽʈɸʃʔʅʓʍ ɺʆɼ 

ʂʫʨʙʘʥʦʚʘ ʃ.ʄ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʄʘʭʘʯʢʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʪʝʨʤʘʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ, ʵʢʦʣʦʛʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

 

GEOECOLOGICAL FEATURES 

OF THE MAKHACHKALA THERMAL MINERAL WATER DEPOSIT 

Kurbanova L.M. 

Institute of Geology of the Russian Academy of Sciences 

The article discusses the environmental problems associated with the exploitation of geothermal deposits in urban 

conditions using the example of the Makhachkala thermomineral water deposit. 

Keywords: geothermal deposit, thermomineral waters, ecology, groundwater pollution. 

 

ʇʦʷʚʣʝʥʠʝ ʠ ʨʦʩʪ ʢʨʫʧʥʳʭ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ: ʘʪʤʦʩʬʝʨʫ, ʙʠʦʩʬʝʨʫ, ʣʠʪʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʵʢʦʩʠʩʪʝʤʳ, 

ʟʘʥʠʤʘʶʪ ʦʜʠʥ ʠʟ ʥʠʞʥʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ, ʯʪʦ ʦʙʫʩʣʦʚ-

ʣʠʚʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʢʦʧʣʝʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʙʳʯʝʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʠʤʝʶʪ 

ʜʚʦʷʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: 

1) ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ;  

2) ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʘʤʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ.  

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʩʢʚʘʞʠʥ ʩʚʷʟʘʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ, ʩʦʩʪʘʚʦʤ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʜʟʝʤʥʳʭ ʪʝʨ-

ʤʘʣʴʥʳʭ ʚʦʜ.  

ʊʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʦʯʝʥʴ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʤʝʪʘʥ (CH4), ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (CO2), ʘʤʤʠʘʢ (NH3), 

ʩʫʣʴʬʠʜ ʩʝʨʳ (H2S), ʧʦʚʘʨʝʥʥʫʶ ʩʦʣʴ (NaCl), ʙʦʨ (B), ʨʪʫʪʴ (Hg), ʤʳʰʴʷʢ (As), ʠ ʜʨʫʛʠʝ ʭʠʤʠ-

ʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʜʦʚʠʪʳ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [1]. ʕʢʩʧʣʫʘʪʘʮʠʷ ʛʝʦʪʝʨʤʘʣʴ-

ʥʳʭ ʩʢʚʘʞʠʥ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʟʘʛʨʷʟʥʷʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, 

ʧʦʯʚʳ; ʠ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʷʤ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫ-

ʣʷʮʠʠ, ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʥʝʥʠʶ ʨʝʞʠʤʘ ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʷ, ʠ, ʛʣʦʙʘʣʴʥʦ, ʢ ʫʩʠ-

ʣʝʥʠʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʘ. 

ʉʙʨʘʩʳʚʘʝʤʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʪʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʟʘʩʦʣʦʥʷʶʪ ʧʦʯʚʳ, 

ʤʝʥʷʶʪ ʠʭ ʩʦʩʪʘʚ, ʣʠʰʘʶʪ ʠʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟ-

ʤʝʥʝʥʠʷʤ ʣʘʥʜʰʘʬʪʦʚ. 

ɺʦʜʳ ʪʝʨʤʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʦ ʚʦʜ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʜʨʫʛʠʭ 

ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ, ʟʘʛʨʷʟʥʷʷ ʠʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ɼʦʙʳʯʘ ʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʠʟ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʨʦʩʘʜʢʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʧʨʝʩʩʠʦʥʥʳʭ ʚʦʨʦʥʦʢ, ʘ ʪʘʢʞʝ ʧʦʜʚʠʞʢʠ ʛʨʫʥʪʘ ʠ ʜʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʣʦʝʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʤʠʢʨʦʩʝʡʩʤʠʯʥʦʩʪʴ.  

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʭʦʪʷ ʠ ʩʯʠʪʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ, ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʚʩʸ ʞʝ ʠʤʝʝʪʩʷ. ʆʥʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʜʦʙʳʯʝʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʦʙʩʪʚʝʥʥʦ ʪʝʨ-

ʤʘʣʴʥʳʭ ʚʦʜ: ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʭʠʤʠʯʝʩʢʦʝ ï ʚʦʜʳ ʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ 



ʂʫʨʙʘʥʦʚʘ ʃ.ʄ. 

ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʄɸʍɸʏʂɸʃʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʊɽʈʄɸʃʔʅʓʍ é 
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ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʦʪʭʦʜʦʚ. ʆʜʥʘʢʦ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ɻʝʦʕʉ ʚ ʩʨʝʜʥʝʤ 

ʥʠʞʝ, ʯʝʤ ʥʘ ʊʕʉ. ʅʘʧʨʠʤʝʨ, ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʢʘʞʜʳʡ ʢʠʣʦʚʘʪʪ-ʯʘʩ ʚʳʨʘʙʦʪʘʥʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 380 ʛ ʥʘ ɻʝʦʕʉ, 1042 ʛ ï ʥʘ ʫʛʦʣʴʥʳʭ ʊʕʉ, 906 ʛ ï ʥʘ ʤʘʟʫʪʥʳʭ ʠ 

453 ʛ ï ʥʘ ʛʘʟʦʚʳʭ ʊʕʉ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʘʤʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʟʘʛʨʷʟʥʝʥʠʶ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʥʘ ʛʘʟʦʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʄʘʩʰʪʘʙʥʦʩʪʴ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 

ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʝʭʥʦʣʦ-

ʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝ-ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʘʡʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚ ʧʨʦ-

ʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ: ʦʪʭʦʜʳ ʙʫʨʝʥʠʷ (ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʛʝʥʪʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʙʫʨʦʚʦʡ 

ʰʣʘʤ, ʙʫʨʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɿʘʛʨʷʟʥʷʶʪʩʷ ʧʦʜʟʝʤ-

ʥʳʝ ʚʦʜʳ ʠ ʦʪ ʫʪʝʯʢʠ ʥʝʬʪʠ ʠʟ ʧʦʜʟʝʤʥʳʭ ʥʝʬʪʝʭʨʘʥʠʣʠʱ ʠ ʦʪ ʧʨʦʨʳʚʦʚ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. ʆʩ-

ʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʘʡʦʥʘʭ ʥʝʬʪʝʜʦʙʳʯʠ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ 

ʷʚʣʷʶʪʩʷ ʬʝʥʦʣʳ, ʫʛʣʝʨʦʚʦʜʦʨʦʜʳ.  

ɹʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʛʨʦʟʫ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʷʜʦʭʠʤʠʢʘʪʘʤʠ, ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʪʦʢʠ ʩ ʧʦʣʝʡ ʦʨʦʰʝʥʠʷ, ʭʨʘʥʠʣʠʱ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʫʜʦʙʨʝʥʠʡ. ʂ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦ-

ʤʠʥʘʝʤʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʪʥʦʩʷʪʩʷ ʥʠʪʨʘʪʳ, ʧʝʩʪʠʮʠʜʳ, ʣʝ-

ʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʙʝʥʟʦ-ʧʨʦʜʫʢʪʳ, ʤʝʪʘʣʣʳ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʭʠʤʠ-

ʢʘʪʳ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʠʱʝʚʦʡ ʠ ʢʦʞʝʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʦʢʠ ʩ ʤʝʩʪ ʟʘʭʦʨʦʥʝʥʠʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʛʦ-

ʨʦʜʩʢʠʭ ʢʣʘʜʙʠʱ, ʥʝʦʯʠʱʝʥʥʳʝ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʪʦʢʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʠʩʪʦʯʥʠ-

ʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʀʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʠ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʦʧʘʜʘʶʪ ʚ ʧʦʯʚʫ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ʇʦ ʜʘʥʥʳʤ ʩʘʥʵʧʠʜʝʤʩʪʘʥ-

ʮʠʡ ʧʘʪʦʛʝʥʥʳʝ ʢʠʰʝʯʥʳʝ ʧʘʣʦʯʢʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 300 ʤ.  

ʕʢʦʣʦʛʠʯʝʩʢʫʶ ʫʛʨʦʟʫ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʦʜʝʨʞʘʪ ʩʪʦʢʠ ʩ ʟʘʙʨʦʰʝʥʥʳʭ ʭʨʘʥʠʣʠʱ ʚʨʝʜ-

ʥʳʭ ʦʪʭʦʜʦʚ ʭʠʤʠʯʝʩʢʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʭʠʤʠʢʘʪʳ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʳ. ʉ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ çʯʠʩʪʦʡè, ʩʚʷʟʘʥʳ ʜʚʘ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʘ, 

ʦʯʝʥʴ ʦʧʘʩʥʳʭ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɺʦ ʧʝʨʚʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʘʢʪʦʨʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʙʨʦʩʦʤ ʠ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʦʯʠʩʪʢʠ ʪʦʢʩʠʯʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʠʩʢʘʤʠ ʚʳʙʨʦʩʘ ʠʭ ʥʘʨʫʞʫ. ɺʪʦʨʘʷ 

ʧʨʦʙʣʝʤʘ ï ʵʪʦ ʫʪʠʣʠʟʘʮʠʷ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ: ʨʘʜʠʦʘʢʪʠʚʥʳʝ 

ʦʪʭʦʜʳ ʭʨʘʥʷʪʩʷ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. 

ʄʘʭʘʯʢʘʣʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʝʨʤʘʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʚʢʣʶʯʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʭʘʯʢʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʠʣʝʛʘʶʱʠʝ ʫʯʘʩʪʢʠ: ʊʘʨʥʘʠʨ, ʃʝʥʠʥʢʝʥʪ, ʂʘʨʘʤʘʥ, ʂʘʩ-

ʧʠʡʩʢ, ʊʘʣʛʠ, ɼʠʤʠʪʨʦʚʩʢʠʡ ʠ ʊʘʨʢʠʥʩʢʠʡ ʫʯʘʩʪʢʠ, ʄʘʥʘʩ, ɸʯʠʩʫ. ʍʦʪʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ 

ʦʪʢʨʳʪʦ ʚ ʝʱʝ 1950 ʛʦʜʫ, ʦʥʦ ʜʦ ʩʠʭ ʧʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʦʢʦʥʪʫʨʝʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯ-

ʥʦʤ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʢʦʣʦ 40 ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʜʦʙʳʚʘʝʪ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʥʠʤʘʝʪ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʢʨʫʧʥʦʡ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ï ɼʘʛʝ-

ʩʪʘʥʩʢʦʛʦ ʢʣʠʥʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʠ ʩʠʥʢʣʠʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʅʘʨʘʪʶ-

ʙʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʦʩʣʦʞʥʝʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʨʳʚʘʤʠ [2]. ɻʝʦʣʦʛʦ-ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ, ʘ ʠʤʝʥʥʦ: 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʭʠʤʠʯʝʩʢʠʡ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʛʝʦʪʝʨʤʠʯʝʩʢʠʝ ʛʨʘʜʠʝʥʪʳ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟ-

ʚʦʣʷʶʪ ʦʙʲʝʜʠʥʠʪʴ ʨʷʜ ʙʣʠʞʘʡʰʠʭ ʫʯʘʩʪʢʦʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʚ ʝʜʠʥʦʝ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʷʜʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʧʘʣʝʦʛʝʥ-ʥʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʨʘʟʚʝʜʘʥʥʳʭ ʙʫʨʝʥʠʝʤ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʥʝʬʪʴʶ ʠ ʛʘ-

ʟʦʤ ʚʩʢʨʳʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʦʥʪʘʥʳ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ.  

ʉʣʦʞʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʦʣʱʝʡ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ 5000-5500ʤ.  

ɺ ʨʘʟʨʝʟʝ ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ ʚʳʜʝʣʷʝʪʩʷ 6 ʯʦʢʨʘʢʩʢʠʭ ʠ 2 ʢʘʨʘʛʘʥʩʢʠʭ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ 

ʚʦʜʦʥʦʩʥʳʭ ʧʝʩʯʘʥʠʢʦʚʳʭ ʧʘʯʝʢ, ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 40-90 ʤ. ɼʝʙʠʪʳ 

ʚʦʜ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 1500-2000 ʤ3/ʩʫʪ ʧʨʠ ʩʘʤʦʠʟʣʠʚʝ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʫʩʪʴʝ 

3-15 ʘʪʤ, ʪʝʤʧʝʨʘʪʫʨʘ 65-105̄ ʉ. ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 40-105 ʤ2/ʩʫʪ, ʧʦʨʠʩʪʦʩʪʴ ï 0,5-

1,2 ʜʘʨʩʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ï 200-1000 ʤ3/ʩʫʪ/ʘʪʤ, ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ 1200-1500 ʩʤ3/ʣ. ɻʝʦʪʝʨʤʠʯʝ-

ʩʢʠʡ ʛʨʘʜʠʝʥʪ ʚ ʩʚʦʜʦʚʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 4-4,25̄ʉ/100ʤ, ʩʥʠʞʘʝʪʩʷ ʜʦ 

2,8̄ ʉ/100ʤ ʥʘ ʢʨʳʣʴʷʭ (ʩʢʚ. ˉ 215), ʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 5,2-

6,2̄ ʉ/100ʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʩʭʦʜʷʱʠʤ ʜʚʠʞʝʥʠʝʤ ʛʠʜʨʦʪʝʨʤ ʚʜʦʣʴ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʢʚ. 31ʊ (105ʉ̄ ʚ ʧʨʠʫʩʪʴʝʚʦʡ 

ʟʦʥʝ ʠ 119,5ʉ̄ ʥʘ ʛʣʫʙʠʥʝ 2324-2293ʤ), ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜ (28 ʛ/ʣ) ʧʨʠ ʨʦʩʪʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʚ ʤʛ/ʣ): ʡʦʜʘ ï 7,2, 

ʙʦʨʘ ï 25, ʙʨʦʤʘ ï 50 ʠ ʥʘʬʪʝʥʦʚʳʭ ʢʠʩʣʦʪ ï 3-4 [3]. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʟʘʧʘʩʳ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʣʦʱʘʜʠ 54 ʢʤ2, 

ʩʦʩʪʘʚʣʷʶʪ 3,6 ʢʤ3, ʘ ʠʭ ʤʦʜʫʣʠ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 15 ʜʦ 30 ʤʣʥ. ʢʤ3/ʢʤ2. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʧʘʩʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʪʚʝʨʞʜʝʥʳ ʚ ʦʙʲʝʤʝ 23200 ʤ3/ʩʫʪ ʠʣʠ 8,5 ʤʣʥ. ʤ3/ʛʦʜ [4]. 

ɺ ʨʘʟʨʝʟʝ ʤʝʟʦʟʦʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʝʨʭʥʝʤʝʣʦʚʦʡ ʢʦʤʧʣʝʢʩ ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʱʥʦʩʪʴʶ 400-500 ʤ, ʟʘʣʝʛʘʶʱʠʭ ʚ 

ʩʨʝʜʥʝʤ ʥʘ ʛʣʫʙʠʥʘʭ 3400-4500 ʤ, ʩ ʧʣʘʩʪʦʚʳʤʠ ʜʘʚʣʝʥʠʷʤʠ 45-55 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘʤʠ 150-

170ÜC. ɺʝʨʭʥʝʤʝʣʦʚʘʷ ʥʝʬʪʷʥʘʷ ʟʘʣʝʞʴ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʪʢʨʳʪʘ ʩʢʚ. ˉ 220ʄ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ 

ʧʣʘʩʪʦʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʛʣʫʙʠʥʝ 3505 ʤ ʙʳʣ ʧʦʣʫʯʝʥ ʛʘʟʦʥʝʬʪʷʥʦʡ ʬʦʥʪʘʥ ʜʝʙʠ-

ʪʦʤ 134 ʪʳʩ. ʤį/ʩʫʪ ʛʘʟʘ ʠ 96 ʪ/ʩʫʪ ʥʝʬʪʠ. ʇʨʠ ʵʪʦʤ ʧʣʘʩʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʣʘ 152ÜC, 

ʜʘʚʣʝʥʠʝ 48,0 ʄʇʘ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʧʦʨʠʩʪʦʩʪʴ 0,82%. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘ ʚʝʨʭʥʠʡ ʤʝʣ ʙʳʣʠ 

ʧʨʦʙʫʨʝʥʳ ʜʝʩʷʪʢʠ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ ʜʘʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʪʦʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʊʘʨʢʠʥʩʢʦʤ ʠ ʩʦʙʩʪʚʝʥʥʦ ʄʘʭʘʯʢʘʣʠʥʩʢʦʤ ʫʯʘʩʪʢʘʭ.  

ʊʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʄʘʭʘʯʢʘʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʧʨʠʦʨʠʪʝʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʙʘʣʴʥʝʦʣʦʛʠʠ, ʦʜʥʘʢʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ʥʘʯʘʣʦʩʴ ʩ ʙʫʨʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʥʘ ʥʝʬʪʴ, ʢʦʪʦʨʳʝ ʜʘʚʘʣʠ ʧʦʧʫʪʥʳʝ ʚʦʜʳ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 60-70Áʉ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʛʣʘʚʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʦʩʚʦʝʥʠʷ ʛʝʦʪʝʨ-

ʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ï ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʬʝʥʦʣʦʚ.  

ʂ ʧʨʠʤʝʨʫ, ʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ʊʘʨʥʘʠʨʩʢʦʛʦ ʫʯʘʩʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʦʚ 

ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ (0,001 ʤʛ/ʣ) ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʨʘʟ (ʪʘʙʣ.1). 

ɺ ʧʨʝʜʝʣʘʭ ʊʘʨʢʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ ʠ ɼʠʤʠʪʨʦʚʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦ-

ʠʩʭʦʜʠʪ ʩʙʨʦʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʦʯʠʱʝʥʥʳʭ ʧʦʧʫʪʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʬʝʥʦʣʳ, ʥʝʬʪʝ-

ʧʨʦʜʫʢʪʳ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ.  

ɺʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʊʘʣʛʠʥʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʪʘʢʞʝ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʦʯʠʩʪʢʠ ʩʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦ-

ʣʝʪʥʝʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʣʝʛʘʶʱʠʭ ʟʝʤʝʣʴ ʭʠʤʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʠʟ-

ʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʚ ʮʝʣʦʤ ʣʘʥʜʰʘʬʪʘ [5].  

ɹʝʩʢʦʥʪʨʦʣʴʥʳʡ ʩʙʨʦʩ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘ-

ʛʨʷʟʥʝʥʠʶ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ ʥʘ ʊʘʨʢʠʥʩʢʦʤ ʠ ɼʠʤʠʪʨʦʚʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 



ʂʫʨʙʘʥʦʚʘ ʃ.ʄ. 

ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʄɸʍɸʏʂɸʃʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʊɽʈʄɸʃʔʅʓʍ é 
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ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʄʘʭʘʯʢʘʣʠʥʩʢʦʛʦ ʚʟʤʦʨʴʷ, ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠ-

ʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦʧʫʪʥʳʤʠ ʥʝʬʪʷʥʳʤʠ ʚʦʜʘʤʠ. ɹʝʟ ʚʩʷʢʦʡ ʦʯʠʩʪʢʠ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʡʦʜʦ-ʙʨʦʤʥʳʝ ʠ ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ ʪʝʨʤʦʤʠʥʝʨʘʣʴ-

ʥʳʝ ʚʦʜʳ ʥʘ ʄʘʥʘʩʩʢʦʤ ʫʯʘʩʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1.  

ʉʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʘʨʥʘʠʨ. 

ˉ ʩʢʚ. ʌʝʥʦʣʳ, ʤʣ/ʣ 

27ʊ 6,336 

28ʊ 9,25 

30ʊ 1,25 

31ʊ 11,2 

32ʊ 7,21 

35ʊ 12,5 

41ʊ 0,0023 

43ʊ 2,7 

44ʊ 15,0 

45ʊ 8,0 

 

ɺʳʙʨʦʩ ʚ ʘʪʤʦʩʬʝʨʫ ʛʘʟʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ, ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʦʤʠʤʦ ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʟʘʛʨʷʟʥʝ-

ʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʳʰʴʷʢʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʳ ʄʘʭʘʯʢʘ-

ʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʂʘʨʘʤʘʥ), ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2-3 ʇɼʂ [6]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩʚʷʟʘʥʳ ʩ ʥʝʧʦʣʥʦʡ ʫʪʠ-

ʣʠʟʘʮʠʝʡ ʦʪʨʘʙʦʪʘʥʥʳʭ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʚʦʜ. ʈʝʰʘʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʠʪ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ-

ʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʩ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ [7].  

ɺ ʦʙʱʝʤ, ʪʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ï ɻ ʪʦ ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ ʠ ʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʜʣʷ ʩʘ-

ʤʠʭ ʚʦʜ, ʪʘʢ ʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʠʭ ʚʦʟʜʝʡʩʪʚʠʶ.  

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻ ɼʌʀʎ ʈɸʅ ʧʦ 

ʪʝʤʝ ʅʀʈ ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ 122032200276-7.  
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ʆʎɽʅʂɸ ʇʈʆʎɽʉʉʆɺ ʈɸɼʀʆʊɽʇʃʆɻɽʅɽʈɸʎʀʀ ɺ ʆʉɸɼʆʏʅʆʁ ʊʆʃʑɽ 

ʂɸʗʂɽʅʊʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʄʘʤʤʘʝʚ1,2 ʆ.ɸ., ʄʘʤʤʘʝʚ2 ɹ.ʆ. 
1 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʛʝʦʪʝʨʤʠʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ï ʬʠʣʠʘʣ 

ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ, 2 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʂʘʷʢʝʥʪ. ʅʘ ʦʩʥʦʚʝ ʬʦʥʜʦʚʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʦʜʝʨʞʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘ-

ʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (U, Th, K) ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʦʪʝʧʣʦʛʝ-

ʥʝʨʘʮʠʠ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʚʢʣʘʜʘ ʚ ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʷ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ɽʈʕ), ʪʝʧ-

ʣʦʚʦʡ ʧʦʪʦʢ. 
 

ASSESSMENT OF RADIO HEAT GENERATION PROCESSES IN THE SEDIMENTARY 

THICKNESS OF THE KAYAKENT DEPOSIT 

Mammaev1,2 O.A., Mammaev2 B.O. 
1Institute of Geothermal and Renewable Energy Problems ï branch of the Joint Institute for High 

Temperatures of the Russian Academy of Sciences, 2Institute of Geology of the Far Eastern Federal 

Research Center of the Russian Academy of Sciences  

The analysis of the geological-structural and lithological-stratigraphic structure of the sedimentary stratum of the 

Kayakent deposit was carried out. Based on the archive and literature data, the contents of natural radioactive elements (U, 

Th, K) in the rocks of the sedimentary stratum were systematized. The processes of radio-heat generation due to the decay 

of radioactive elements and their contribution to the heat flow observed on the surface were assessed. 

Keywords: radio-heat generation, rocks, natural radioactive elements (NRE), heat flow. 

 

ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ ʧʦ ʂʘʷʢʝʥʪʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʩʦʩʪʘʚʣʝʥʘ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ.  

ʂʘʷʢʝʥʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʩ ʜʘʚʥʠʭ ʧʦʨ ʢʘʢ ʨʘʡʦʥ ʢʦʣʦʜʝʟʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʇʨʠʤʦʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʚ 4 ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪ. ʂʘ-

ʷʢʝʥʪ, ʠ ʚ 2ï3 ʢʤ. ʦʪ ʙʝʨʝʛʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. ʂʘʷʢʝʥʪʩʢʘʷ ʧʣʦʱʘʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧ-

ʥʫʶ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴ, ʧʨʠʫʨʦʯʝʥʥʫʶ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʧʦʛʨʫʞʝʥʠʶ ʩʚʦʜʘ ɺʦʩʪʦʯʥʦʡ ʘʥʪʠ-

ʢʣʠʥʘʣʠ ʖʞʥʦʛʦ ɼʘʛʝʩʪʘʥʘ [1]. 

ʅʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʦʡ ʯʘʩʪʠ ʩʢʣʘʜʢʘ ʩʣʦʞʝʥʘ ʦʪʣʦʞʝʥʠʷʤʠ 

ʯʦʢʨʘʢʩʢʦʛʦ ʠ ʢʘʨʘʛʘʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ, ʧʦ ʧʝʨʠʬʝʨʠʠ ʨʘʟʚʠʪʳ ʧʦʨʦʜʳ ʩʘʨʤʘʪʩʢʦʛʦ ʷʨʫʩʘ. ɼʘ-

ʣʝʢʠʝ ʢʨʳʣʴʷ ʩʣʘʛʘʶʪʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ ʚʝʨʭʥʝʛʦ ʩʘʨʤʘʪʘ, ʢʦʪʦʨʳʝ ʚ ʨʝʣʴʝʬʝ ʦʙʨʘʟʫʶʪ ʩ ʶʛʦ-ʟʘ-

ʧʘʜʘ ʭʨ. ʂʫʣʢʘʥ-ʪʘʫ, ʘ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ï ʩʝʨʠʶ ʧʦʜʚʦʜʥʳʭ ʛʨʠʚʦʢ ʠ ʛʨʷʜ. ʭʨ. ʂʫʣʢʘʥ-ʪʘʫ ʠʤʝʷ 

ʥʘʠʚʳʩʰʫʶ ʘʙʩʦʣʶʪʥʫʶ ʦʪʤʝʪʢʫ 229ʤ., ʦʙʨʘʤʣʷʝʪ ʂʘʷʢʝʥʪʩʢʫʶ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴ ʩ ʶʛʦ-ʟʘ-

ʧʘʜʘ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʰʠʨʦʪʳ ʩʝʚʝʨʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʦʟʝʨʘ ɸʜʞʠ ʜʦ ʭʫʪʦʨʘ ɸʨʘʙʣʷʨ. ʕʪʦʪ 

ʭʨʝʙʝʪ ʩʣʦʞʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʱʥʳʤ ʠʟʚʝʩʪʥʷʢʦʚʳʤ ʧʣʘʩʪʦʤ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʤ ʦʪ ʨʘʟʤʳʚʘ 

ʛʣʠʥʠʩʪʳʝ ʥʠʞʝʣʝʞʘʱʠʝ ʦʪʣʦʞʝʥʠʷ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʦ ʚʳʨʘʞʝʥ-

ʥʳʤ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʅʘ ʩʝʚʝʨʝ ʢ ʭʨʝʙʪʫ ʧʨʠʤʳʢʘʶʪ ʛʨʷʜʳ ʪʘʢʠʭ ʞʝ ʠʟʚʝʩʪʥʷʢʦʚ, 

ʢʦʪʦʨʳʝ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʂʘʷʢʝʥʪʘ ʜʦ ʀʟʙʝʨʙʘʰʘ ʦʙʨʘʟʫʶʪ ʚ ʨʝʣʴʝʬʝ ʫʩʪʫʧ ʜʨʝʚʥʝʢʘʩ-

ʧʠʡʩʢʦʡ ʪʝʨʨʘʩʳ. 

ʇʦʜʚʦʜʥʳʝ ʛʨʠʚʢʠ ʠ ʛʨʷʜʳ ʩʦʩʪʘʚʣʷʶʪ ʦʙʨʘʤʣʝʥʠʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʢʨʳʣʘ ʘʥʪʠʢʣʠʥʘʣʠ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʝʡ ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʠ ʧʝʩʯʘʥʠʢʦʚʳʭ ʧʣʘʩʪʦʚ, ʚʦʟʚʳʰʘʶʱʠʭʩʷ ʥʘ ʜʥʝ ʤʦʨʷ 

ʚ ʚʠʜʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʫʩʪʫʧʦʚ ʩʨʝʜʠ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ. 



ʄʘʤʤʘʝʚ ʆ.ɸ., ʄʘʤʤʘʝʚ ɹ.ʆ. 

ʆʎɽʅʂɸ ʇʈʆʎɽʉʉʆɺ ʈɸɼʀʆʊɽʇʃʆɻɽʅɽʈɸʎʀʀ ɺ ʆʉɸɼʆʏʅʆʁ ʊʆʃʑɽ ʂɸʗʂɽʅʊʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

 

15 

ʇʦʚʝʨʭʥʦʩʪʴ ʂʘʷʢʝʥʪʩʢʦʡ ʧʣʦʱʘʜʠ ʜʦʚʦʣʴʥʦ ʨʦʚʥʘʷ, ʩʣʘʙʦ ʥʘʢʣʦʥʝʥʘ ʚ ʩʪʦʨʦʥʫ ʤʦʨʷ. ʇʦ 

ʧʨʦʩʪʠʨʘʥʠʶ ʩʢʣʘʜʢʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 2ï3 ʪʝʨʨʘʩʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʝʱʝ ʥʝ-

ʙʦʣʴʰʠʝ ʙʫʛʨʳ ʠ ʚʳʪʷʥʫʪʳʝ ʫʚʘʣʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʚʳʭʦʜʘʤ ʯʦʢʨʘʢʩʢʦïʢʘʨʘʛʘʥʩʢʠʭ ʧʝʩʯʘʥʠ-

ʢʦʚ. ʏʘʩʪʴ ʩʢʣʘʜʢʠ, ʟʘʣʠʪʘʷ ʚʦʜʘʤʠ ʤʦʨʷ, ʠʤʝʝʪ ʩʣʘʙʦ ʚʳʛʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʥʦʛʜʘ ʦʩʣʦʞʥʝʥ-

ʥʫʶ ʧʦʜʚʦʜʥʳʤʠ ʧʝʩʯʘʥʳʤʠ ʚʘʣʘʤʠ. ʇʦ ʙʝʨʝʛʫ ʤʦʨʷ ʚʳʪʷʛʠʚʘʶʪʩʷ ʛʨʷʜʳ ʧʝʩʯʘʥʳʭ ʜʶʥ. 

ʀʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʝʛʦ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʥʘʯʘ-

ʣʦʩʴ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ. ɺ ʪʝʯʝʥʠʝ 1926ï1932 ʛʛ. ʥʘ ʂʘʷʢʝʥʪʩʢʦʡ ʧʣʦʱʘʜʠ ʨʘʙʦʪʘʶʪ ʛʝʦʣʦʛʦʨʘʟ-

ʚʝʜʦʯʥʳʝ ʧʘʨʪʠʠ ʥʝʬʪʷʥʦʡ ʩʝʢʮʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ, ʨʝʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʚ 1930 ʛ. ʚ 

ʅʝʬʪʷʥʦʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʠʥʩʪʠʪʫʪ (ʅɻʈʀ). ʈʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʀ.ʆ. ɹʨʦʜʦʤ, ʅ.ʅ. ʈʦ-

ʩʪʦʚʮʝʚʳʤ ʠ ɺ.ɸ. ɿʥʘʤʝʥʩʢʠʤ. ʅ.ʅ. ʈʦʩʪʦʚʮʝʚʳʤ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ, ʘ ʥʘ ʝʝ 

ʦʩʥʦʚʝ ʜʘʥ ʧʨʦʝʢʪ ʨʘʟʚʝʜʢʠ ʦʧʳʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʘʷʢʝʥʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʝʛʦ ʧʨʦʜʦʣ-

ʞʘʣʘʩʴ ʚʩʝʛʦ 6 ʣʝʪ. 

ʉʚʦʜʥʳʡ ʥʦʨʤʘʣʴʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʷʢʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. 

ʗʜʨʦ ʩʢʣʘʜʢʠ ʩʣʘʛʘʝʪʩʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ ʪʦʣʱʝʡ ʯʦʢʨʘʢʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʘ ʥʘ ʢʨʳʣʴʷʭ ʠ 

ʧʝʨʠʢʣʠʥʘʣʷʭ ʦʙʥʘʞʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʢʘʨʘʛʘʥʩʢʦʛʦ ʠ ʢʦʥʢʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʠ ʩʘʨʤʘʪʩʢʦʛʦ 

ʷʨʫʩʘ. ʈʷʜ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ ʧʦʣʥʦʩʪʴʶ ʚʩʢʨʳʚʘʝʪ ʤʘʡʢʦʧʩʢʫʶ ʩʚʠʪʫ, ʭʘʜʫʤʩʢʠʡ ʛʦʨʠʟʦʥʪ, ʬʦ-

ʨʘʤʠʥʠʬʝʨʦʚʫʶ ʩʚʠʪʫ ʠ ʚʝʨʭʥʠʡ ʤʝʣ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʢʚʘʞʠʥ ʟʘʣʦʞʝʥʦ ʚ ʦʪʣʦʞʝ-

ʥʠʷʭ ʯʦʢʨʘʢʩʢʦʛʦ ʠ ʢʘʨʘʛʘʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʠ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʫʨʝʥʳ ʚ ʧʦʨʦʜʘʭ ʩʘʨʤʘʪ-

ʩʢʦʛʦ ʷʨʫʩʘ. 

ɺʝʨʭʥʝʩʘʨʤʘʪʩʢʠʡ ʧʦʜʲʷʨʫʩ, ʦʙʥʘʞʘʷʩʴ ʥʘ ʜʘʣʝʢʠʭ ʫʯʘʩʪʢʘʭ ʦʙʦʠʭ ʢʨʳʣʴʝʚ, ʩʣʘʛʘʝʪʩʷ 

ʜʚʫʤʷ ʪʦʣʱʘʤʠ. ɺʚʝʨʭʫ ʟʘʣʝʛʘʝʪ ʠʟʚʝʩʪʥʷʢʦʚʦ-ʧʝʩʯʘʥʠʢʦʚʘʷ ʪʦʣʱʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʯʝʨʝʜʫʶ-

ʱʠʤʠʩʷ ʧʣʘʩʪʘʤʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʠʣʴʥʦ ʧʝʩʯʘʥʠʩʪʳʭ ʛʣʠʥ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʝʝ 

ʦʢʦʣʦ 240 ʤ.  

ʅʘ ʦʙʦʠʭ ʢʨʳʣʴʷʭ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʧʝʨʠʢʣʠʥʘʣʠ ʦʙʥʘʞʘʶʪʩʷ ʪʝʤʥʦ-ʩʝʨʳʝ, ʧʝʩʯʘʥʠʩʪʳʝ, 

ʩʣʘʙʦ ʢʘʨʙʦʥʘʪʥʳʝ ʛʣʠʥʳ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ, ʤʦʱʥʦʩʪʴʶ ʦʪ 600 ʜʦ 750 ʤ. ʉʨʝʜʥʝʩʘʨʤʘʪʩʢʠʝ ʦʪ-

ʣʦʞʝʥʠʷ ʚ ʦʯʝʥʴ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʘʪ ʪʠʧʠʯʥʫʶ ʜʣʷ ʥʠʭ ʬʘʫʥʫ. 

ɼʘʣʝʝ ʚʩʢʨʳʚʘʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʩʘʨʤʘʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʩʥʦʚʘʥʠʠ ʧʘʯʢʠ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʧʣʘʩʪʦʚ ʛʣʠʥ ʠ ʤʝʨʛʝʣʝʡ. ʄʦʱʥʦʩʪʴ ʧʦʜʲʷʨʫʩʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 250 ʜʦ 350 ʤ. 

ɺʧʝʨʚʳʝ ʜʣʷ ɼʘʛʝʩʪʘʥʘ ʚ ʨʘʟʨʝʟʝ ʂʘʷʢʝʥʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʀ.ʆ. ɹʨʦʜʦʤ ʙʳʣʠ ʚʳʚʝ-

ʜʝʥʳ ʦʪʣʦʞʝʥʠʷ ʢʦʥʢʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʝʤʥʳʭ, ʧʦʯʪʠ ʯʝʨʥʳʭ, ʭʦ-

ʨʦʰʦ ʩʣʦʠʩʪʳʭ ʛʣʠʥ ʩ ʩʝʨʳʤʠ, ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʠ ʟʝʣʝʥʦʚʘʪʳʤʠ ʛʣʠʥʘʤʠ, ʨʳʭʣʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ 

ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʞʝʣʝʟʠʩʪʳʤʠ ʤʝʨʛʝʣʷʤʠ, ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 50 ʜʦ 80 ʤ. ʂʘʨʘʛʘʥʩʢʠʡ 

ʛʦʨʠʟʦʥʪ ʧʦ ʩʚʦʝʤʫ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʟʨʝʟʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ 

ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ɼʘʛʝʩʪʘʥʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʥ ʚʳʨʘʞʝʥ ʪʦʣʱʝʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʩʣʦʠ ʧʝʩʯʘʥʠʢʦʚ ʠ 

ʛʣʠʥ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʤʝʨʛʝʣʝʡ, ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 375ï400 ʤ.  

ʈʘʟʨʝʟ ʯʦʢʨʘʢʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʂʘʷʢʝʥʪʝ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʦʪ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʢ ʶʞ-

ʥʳʤ. ɿʜʝʩʴ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʱʥʳʝ ʧʝʩʯʘʥʠʢʦʚʳʝ ʩʚʠʪʳ, ʢʦʪʦʨʳʝ ʪʘʢ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʉʝ-

ʚʝʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ, ɸʯʠ-ʉʫ ʠ ʀʟʙʝʨʙʘʰʘ. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɽʩʣʠ ʚʚʝʨʭʫ ʝʱʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʷʫʨʪʘʧʠʥʩʢʫʶ ʩʝʨʠʶ ʠ ʧʝʩʯʘʥʠʢʦʚʳʝ ʩʚʠʪʳ 

(çɸè, çɹè), ʪʦ ʥʠʞʝ ʩʚʠʪʳ çʙè, çɺè, çʚè, çɻè ʠ çʛè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘ-

ʥʠʢʦʚʫʶ ʪʦʣʱʫ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʨʘʟʥʳʭ ʦʪʤʝʪʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʠ ʜʘʡʢʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩ-

ʯʘʥʠʢʦʚ ʠ ʧʨʦʩʣʦʠ ʩʠʣʴʥʦ ʧʝʩʯʘʥʠʩʪʳʭ ʛʣʠʥ. 

ʇʦʜ ʯʦʢʨʘʢʩʢʦ-ʪʘʨʭʘʥʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʢʚʘʞʠʥʳ ʚʩʢʨʳʚʘʶʪ ʛʣʠʥʳ ʤʘʡʢʦʧʩʢʦʡ ʩʚʠʪʳ, 

ʤʦʱʥʦʩʪʴʶ ʦʪ 550 ʜʦ 600 ʤ, ʘ ʪʘʢʞʝ ʭʘʜʫʤʩʢʠʡ ʛʦʨʠʟʦʥʪ ʠ ʬʦʨʘʤʠʥʠʬʝʨʦʚʫʶ ʩʚʠʪʫ. 

ʍʘʜʫʤʩʢʠʡ ʛʦʨʠʟʦʥʪ, ʚʳʨʘʞʝʥʥʳʡ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʣʦʪʥʳʭ ʤʝʨʛʝʣʠʩʪʳʭ ʛʣʠʥ ʩ ʪʨʝʱʠʥʦʚʘ-

ʪʳʤʠ ʤʝʨʛʝʣʷʤʠ, ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʦʪ 50 ʜʦ 95 ʤ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʩʦʩʝʜʥʠʤ ɹʝʨʠʢʝʡʩʢʠʤ ʨʘʡʦʥʦʤ, 

ʛʜʝ ʭʘʜʫʤʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩ ʨʘʟʨʳʚʦʤ ʣʦʞʠʪʩʷ ʥʘ ʦʪʣʦʞʝʥʠʷ ʬʦʨʘʤʠʥʠʬʝʨʦʚʦʡ ʩʚʠʪʳ, ʝʩʪʴ 
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ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʠ ʚ ʂʘʷʢʝʥʪʝ ʭʘʜʫʤʩʢʠʡ ʛʦʨʠʟʦʥʪ ʥʝʩʦʛʣʘʩʥʦ, ʩ ʨʘʟʨʳʚʦʤ ʧʝʨʝʢʨʳʚʘʝʪ 

ʧʦʨʦʜʳ ʬʦʨʘʤʠʥʠʬʝʨʦʚʦʡ ʩʚʠʪʳ. 

 

 
 



ʄʘʤʤʘʝʚ ʆ.ɸ., ʄʘʤʤʘʝʚ ɹ.ʆ. 
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ʈʠʩ. 1. ʉʚʦʜʥʳʡ ʥʦʨʤʘʣʴʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʷʢʝʥʪ. ʉʦʩʪʘʚʠʣ ʇ.ʅ. ʂʫʧʨʠʥ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ çɼʘʛʥʝʬʪʠè (1954):1 ï ʧʝʩʦʢ; 2 ï ʧʝʩʯʘʥʠʢ; 3 ï ʧʝʩʯʘʥʠʢ ʛʣʠʥʠʩʪʳʡ; 4 ï ʛʣʠʥʳ; 5 ï ʤʝʨ-

ʛʝʣʠ; 6 ï ʠʟʚʝʩʪʥʷʢʠ; 7 ï ʤʝʨʛʝʣʴ ʛʣʠʥʠʩʪʳʡ; 8 ï ʠʟʚʝʩʪʥʷʢ ʛʣʠʥʠʩʪʳʡ; 9 ï ʘʣʝʚʨʦʣʠʪʳ; 10 ï ʧʝʩʯʘʥʳʝ 

ʣʠʥʟʳ; 11 ï ʥʝʬʪʝʥʦʩʥʳʡ ʧʝʩʯʘʥʠʢ. 

ʆʪʣʦʞʝʥʠʷ ʬʦʨʘʤʠʥʠʬʝʨʦʚʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠ-

ʷʤʠ: ʠʟʚʝʩʪʥʷʢʘʤʠ, ʤʝʨʛʝʣʷʤʠ ʠ ʠʟʚʝʩʪʥʷʢʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʛʣʠʥ. 

ʄʦʱʥʦʩʪʴ ʝʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ 100ï120 ʤ. ʌʦʨʘʤʠʥʠʬʝʨʦʚʘʷ ʩʚʠʪʘ ʩ ʨʘʟʤʳʚʦʤ 

ʠ ʫʛʣʦʚʳʤ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʛʦ ʤʝʣʘ. 

ɽʱʝ ʥʠʞʝ ʚʩʢʨʳʚʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʤʝʣʘ, ʩʣʘʛʘʶʱʠʝʩʷ ʙʝʣʳʤʠ ʠ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪ-

ʪʝʥʢʦʤ ʧʝʣʠʪʦʤʦʨʬʥʳʤʠ, ʭʦʨʦʰʦ ʩʣʦʞʝʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʨʛʝʣʝʡ ʠ ʠʟʚʝʩʪ-

ʢʦʚʠʩʪʳʭ ʛʣʠʥ, ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 600ï640 ʤ. 

ʉʪʨʫʢʪʫʨʘ ʂʘʷʢʝʥʪʩʢʦʡ ʩʢʣʘʜʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʚʧʦʣʥʝ ʚʳʷʩʥʝʥʥʦʡ. 

ɺ ʮʝʣʦʤ ʂʘʷʢʝʥʪʩʢʘʷ ʩʢʣʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʦʙʯʘʪʫʶ ʙʨʘʭʠʘʥʪʘʢʣʠʥʘʣʴ, ʚʳʪʷʥʫʪʫʶ ʩ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 12 ʢʤ. ʐʠʨʠʥʘ ʩʢʣʘʜʢʠ ʚ ʢʦʥʪʫʨʝ ʚʝʨʭʥʝʩʘʨ-

ʤʘʪʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʜʦʩʪʠʛʘʝʪ 8 ʢʤ.  

ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʠ ʧʝʪʨʦʪʝʨ-

ʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʧʣ. ʂʘʷʢʝʥʪ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʘʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ ʤʝʩʪʦʨʞʜʝ-

ʥʠʷʤ ʠ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ. 

ʅʘ ʧʣʦʱʘʜʠ ʂʘʷʢʝʥʪ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʦʘʢʪʠʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ (U, Th, ʂ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ɸi ʠ qi. ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘ-

ʮʠʠ ʚ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ ʧʣʦʱʘʜʠ ʂʘʷʢʝʥʪ, ʧʨʦʚʝʜʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚʳʭ ʠ ʣʠ-

ʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 1.  

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʂʘʷʢʝʥʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʦʥʜʦʚʳʤ ʠ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠ-

ʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (U, Th, K) ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʦ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʟʨʝʟʫ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʩʣʦʷʤ, ʠʩ-

ʧʦʣʴʟʫʷ ʤʝʪʦʜ ʧʦʩʣʦʡʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʛʝʥʥʦʛʦ ʪʝʧʣʘ (ʇʆʈʊ) [2] ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʢʣʘʜʘ 

ʨʘʜʠʦʛʝʥʥʦʛʦ ʪʝʧʣʘ ʚ ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʘʷʢʝʥʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʛʣʘʩʥʦ [3] ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʩ ʥʘʙʣʶ-

ʜʘʝʤʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ 60 ï 70 ʤɺʪ/ʤ2. 

ɺʝʣʠʯʠʥʘ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʚ ʧʦʨʦʜʘʭ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ (ɸ) ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

ɸ = 0.133 ɟ (0.73U + 0.20 Th + 0.27 K),             (1) 

 

ʛʜʝ ɸ ï ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ ʤʢɺʪ/ʤ3;  

    ɟ ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʚ ʛ/ʩʤ3;  

   U, Th ï ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛ/ʪ,  

    ʂ ï ʩʦʜʝʨʞʘʥʠʝ ʚ %. 

 

ʉʫʤʤʘʨʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʧʣʦ-

ʱʘʜʠ ʂʘʷʢʝʥʪ ʨʘʚʝʥ 6,13 ʤɺʪ/ʤ2, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 10% ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 62 ʤɺʪ/ʤ2. 
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ʊʘʙʣʠʮʘ. 1. 

ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʚ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ ʧʣʦʱʘʜʠ ʂʘʷʢʝʥʪ. 

ɺʦʟʨʘʩʪ 

ʦʪʣʦʞʝ-

ʥʠʡ 

ʃʠʪʦʣʦʛʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ 

ʄʦʱʥʦʩʪʴ 

ʧʦʨʦʜ,  

h,(ʤ) 

ʇʣʦʪʥʦʩʪʴ ʧʦ-

ʨʦʜ ɟ, 

 (ʛ/ʩʤ3) 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ, % A, 

(ʤʢɺʪ/ʤ3) 

q, 

(ʤʢɺʪ/ʤ2) U 

nĀ10-4 

Th 

nĀ10-4 

K 

 

1 2 3 4 5 6 7 8 9 

 

N1
2 c+t 

 

ʛʣʠʥʘ 20 2,07 3,2 7,9 2,5 1,27 25,4 

ʧʝʩʯʘʥʠʢ 25 1,95 3,0 10 2,0 1,23 30,8 

ʛʣʠʥʘ 15 2,07 3,2 7,9 2,5 1,27 19,1 

ʤʝʨʛʝʣʴ ʛʣ. 15 2,37 4,2 7,1 07 1,48 22,2 

ʧʝʩʯʘʥʠʢ 25 1,95 3,0 10 2,0 1,23 30,8 

ʤʝʨʛʝʣʴ ʛʣ. 30 2,37 4,2 7,1 07 1,48 44,4 

ʧʝʩʯʘʥʠʢ 15 1,95 3,0 10 2,0 1,23 18,5 

ʤʝʨʛʝʣʴ ʛʣ. 10 2,37 4,2 7,1 07 1,48 14,8 

ʧʝʩʯʘʥʠʢ 10 1,95 3,0 10 2,0 1,23 12,3 

ʛʣʠʥʘ 15 2,07 3,2 7,9 2,5 1,27 19,1 

ʤʝʨʛʝʣʴ 20 2,37 4,2 7,1 07 1,48 29,6 

ʛʣʠʥʘ 90 2,07 3,2 7,9 2,5 1,27 114,3 

ʧʝʩʯʘʥʠʢ 20 1,96 3,0 10 2,0 1,23 24,6 

ʛʣʠʥʘ 115 2,08 3,2 7,9 2,5 1,28 147,2 

ʧʝʩʯʘʥʠʢ 15 1,96 3,0 10 2,0 1,23 18,5 

ʛʣʠʥʘ 30 2,08 3,2 7,9 2,5 1,28 38,4 

ʧʝʩʯʘʥʠʢ 30 1,96 3,0 10 2,0 1,23 36,9 

ʛʣʠʥʘ 55 2,08 3,2 7,9 2,5 1,28 70,4 

ʧʝʩʯʘʥʠʢ 25 1,96 3,0 10 2,0 1,23 30,8 

ʛʣʠʥʘ 35 2,08 3,2 7,9 2,5 1,28 44,8 

ʤʝʨʛʝʣʴ 15 2,39 4,2 7,1 07 1,49 22,4 

ʛʣʠʥʘ 40 2,08 3,2 7,9 2,5 1,28 51,2 

ʤʝʨʛʝʣʴ 15 2,39 4,2 7,1 07 1,49 22,4 

ʛʣʠʥʘ 45 2,09 3,2 7,9 2,5 1,28 57,6 

ʤʝʨʛʝʣʴ 50 2,39 4,2 7,1 07 1,49 74,5 

ʛʣʠʥʘ 10 2,09 3,2 7,9 2,5 1,28 12,8 

ʤʝʨʛʝʣʴ 50 2,39 4,2 7,1 07 1,49 74,5 

ʛʣʠʥʘ 15 2,09 3,2 7,9 2,5 1,28 19,2 

ʧʝʩʯʘʥʠʢ 70 2,03 3,0 10 2,0 1,24 86,8 

ʛʣʠʥʘ 30 2,09 3,2 7,9 2,5 1,28 38,4 

ʤʝʨʛʝʣʴ 10 2,39 4,2 7,1 07 1,49 14,9 

ʛʣʠʥʘ 30 2,09 3,2 7,9 2,5 1,28 38,4 

ʧʝʩʯʘʥʠʢ 10 1,98 3,0 10 2,0 1,24 12,4 

ʛʣʠʥʘ 20 2,09 3,2 7,9 2,5 1,28 25,6 

ʤʝʨʛʝʣʴ 25 2,4 4,2 7,1 0,7 1,5 37,5 

 

N1
2 c+t 

 

 

 

ʧʝʩʯʘʥʠʢ 25 1,97 3,0 10 2,0 1,24 31 

ʛʣʠʥʘ 35 2,1 3,2 7,9 2,5 1,29 45,2 

ʧʝʩʯʘʥʠʢ 30 1,97 3,0 10 2,0 1,24 37,2 

ʛʣʠʥʘ 60 2,1 3,2 7,9 2,5 1,29 77,4 

ʤʝʨʛʝʣʴ 10 2,4 4,2 7,1 0,7 1,5 15 

ʧʝʩʯʘʥʠʢ 35 1,97 3,0 10 2,0 1,24 43,4 

ʛʣʠʥʘ 15 2,1 3,2 7,9 2,5 1,29 19,4 

ʧʝʩʯʘʥʠʢ 10 1,98 3,0 10 2,0 1,29 12,5 

ʛʣʠʥʘ 10 2,1 3,2 7,9 2,5 1,29 12,9 

ʧʝʩʯʘʥʠʢ ʥʬ. 120 1,98 3,0 10 2,0 1,25 150 

ʛʣʠʥʘ 25 2,1 3,2 7,9 2,5 1,29 32,3 

 ʧʝʩʯʘʥʠʢ 25 1,98 3,0 10 2,0 1,25 31,3 

 ʛʣʠʥʘ 75 2,1 3,2 7,9 2,5 1,29 96,8 

  



ʄʘʤʤʘʝʚ ʆ.ɸ., ʄʘʤʤʘʝʚ ɹ.ʆ. 

ʆʎɽʅʂɸ ʇʈʆʎɽʉʉʆɺ ʈɸɼʀʆʊɽʇʃʆɻɽʅɽʈɸʎʀʀ ɺ ʆʉɸɼʆʏʅʆʁ ʊʆʃʑɽ ʂɸʗʂɽʅʊʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
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1 2 3 4 5 6 7 8 9 

 ʘʣʝʚʨʦʣʠʪ 15 2,3 3,0 7 2,3 1,29 19,4 

ʛʣʠʥʘ 60 2,1 3,2 7,9 2,5 1,29 77,4 

ʧʝʩʯʘʥʠʢ ʥʬ. 90 1,98 3,0 10 2,0 1,25 112,5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʛʣʠʥʘ 20 2,11 3,2 7,9 2,5 1,29 25,8 

ʤʝʨʛʝʣʴ 10 2,41 4,2 7,1 0,7 1,5 15 

ʛʣʠʥʘ 85 2,11 3,2 7,9 2,5 1,29 109,7 

ʧʝʩʯʘʥʠʢ ʥʬ. 10 1,98 3,0 10 2,0 1,25 12,5 

ʛʣʠʥʘ 30 2,11 3,2 7,9 2,5 1,29 38,7 

ʧʝʩʯʘʥʠʢ ʥʬ. 10 1,98 3,0 10 2,0 1,25 12,5 

ʛʣʠʥʘ 25 2,11 3,2 7,9 2,5 1,29 32,3 

ʧʝʩʯʘʥʠʢ ʥʬ. 15 1,98 3,0 10 2,0 1,25 18,8 

ʛʣʠʥʘ 15 2,11 3,2 7,9 2,5 1,29 19,4 

ʧʝʩʯʘʥʠʢ ʥʬ. 15 1,98 3,0 10 2,0 1,25 18,8 

ʛʣʠʥʘ 550 2,11 3,2 7,9 2,5 1,29 709,5 

ʤʝʨʛʝʣʴ ʛʣʠʥ. 55 2,42 4,2 7,1 0,7 1,51 83,1 

ʤʝʨʛʝʣʴ 95 2,42 4,2 7,1 0,7 1,51 143,45 

ʠʟʚʝʩʪ. ʛʣʠʥ. 10 2,39 2,8 3,9 1,9 1,06 10,6 

ʤʝʨʛʝʣʴ 40 2,42 4,2 7,1 0,7 1,51 60,4 

ʠʟʚʝʩʪ. ʛʣʠʥ. 10 2,39 2,8 3,9 1,9 1,06 10,6 

ʤʝʨʛʝʣʴ 15 2,42 4,2 7,1 0,7 1,51 22,7 

ʠʟʚʝʩʪʥʷʢ 115 2,39 2,8 3,9 1,9 1,06 121,9 

ʤʝʨʛʝʣʴ 20 2,42 4,2 7,1 0,7 1,51 30,2 

ʠʟʚʝʩʪʥʷʢ 220 2,39 2,8 3,9 1,9 1,06 233,2 

ʂ2 

                                       
                                         
                                         
 
 
 
 
 
   
 
 
 
 
 
 
 
 
   
 
 
 
         

ʛʣʠʥʘ 35 2,43 3,0 6,1 1,98 1,27 44,61 

ʠʟʚʝʩʪʥʷʢ 20 2,46 3,0 7 0,3 1,20 24,02 

ʤʝʨʛʝʣʴ 20 2,38 4,2 7,1 0,4 1,45 29,08 

ʠʟʚʝʩʪʥʷʢ 20 2,47 3,0 7 0,3 1,20 24,11 

ʤʝʨʛʝʣʴ 25 2,39 4,2 7,1 0,4 1,46 36,50 

ʠʟʚʝʩʪʥʷʢ 40 2,48 3,0 7 0,3 1,21 48,43 

ʛʣʠʥʘ 130 2,46 3,0 6,1 1,98 1,29 167,77 

ʠʟʚʝʩʪʥʷʢ 40 2,49 3,0 7 0,3 1,21 48,62 

ʛʣʠʥʘ 35 2,47 3,0 6,1 1,98 1,29 45,35 

ʤʝʨʛʝʣʴ 20 2,41 4,2 7,1 0,4 1,47 29,45 

ʠʟʚʝʩʪʥʷʢ 40 2,51 3,0 7 0,3 1,22 49,01 

ʛʣʠʥʘ 65 2,48 3,0 6,1 1,98 1,30 84,57 

ʠʟʚʝʩʪʥʷʢ 40 2,53 3,0 7 0,3 1,23 49,41 

ʛʣʠʥʘ 50 2,49 3,0 6,1 1,98 1,30 65,31 

ʠʟʚʝʩʪʥʷʢ 65 2,55 3,0 7 0,3 1,24 80,52 

ʤʝʨʛʝʣʴ 40 2,42 4,2 7,1 0,4 1,47 59,14 

ʠʟʚʝʩʪʥʷʢ 45 2,57 3,0 7 0,3 1,25 56,46 

ʤʝʨʛʝʣʴ 20 2,43 4,2 7,1 0,4 1,48 29,69 

ʠʟʚʝʩʪʥʷʢ 20 2,59 3,0 7 0,3 1,26 25,26 

ʤʝʨʛʝʣʴ 60 2,44 4,2 7,1 0,4 1,49 89,45 

ʠʟʚʝʩʪʥʷʢ 70 2,61 3,0 7 0,3 1,27 89,20 

ʤʝʨʛʝʣʴ 20 2,45 4,2 7,1 0,4 1,49 29,93 

ʂ1 

                                       
                                         
                                         
 
 
 
 
         

ʠʟʚʝʩʪʥʷʢ 45 2,63 3,0 7 0,3 1,28 57,78 

ʤʝʨʛʝʣʴ 25 2,46 4,2 7,1 0,4 1,50 37,57 

ʠʟʚʝʩʪʥʷʢ 40 2,65 3,0 7 0,3 1,29 51,75 

ʠʟʚ.ʛʣʠʥ. 20 2,66 3,0 6,6 1,2 1,35 27,12 

ʤʝʨʛ.ʛʣʠʥ 25 2,47 3,6 6,7 1,3 1,41 35,47 

ʠʟʚʝʩʪʥʷʢ 165 2,67 3,0 7 0,3 1,30 215,09 

ʤʝʨʛʝʣʴ 20 2,48 4,2 7,1 0,4 1,51 30,30 

ʠʟʚʝʩʪʥʷʢ 190 2,69 3,0 7 0,3 1,31 249,54 

ʘʨʛʠʣʣʠʪ 55 2,67 3,1 10 3,3 1,83 100,66 

ʠʟʚʝʩʪʥʷʢ 20 2,71 3,0 7 0,3 1,32 26,46 

ʘʨʛʠʣʣʠʪ 50 2,68 3,1 10 3,3 1,83 91,85 

       6130,23 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʧʣʦʱʘʜʠ ʂʘʷʢʝʥʪ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʫʤʤʘʨʥʦʛʦ ʪʝʧʣʦ-

ʚʦʛʦ ʧʦʪʦʢʘ q = Ɇqi ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʦʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʚ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ ʨʘʚʥʳʤ 6,13 

ʤɺʪ/ʤ2, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʖʞʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʠ ʧʣ. ʂʘʷʢʝʥʪ, ʛʜʝ ʥʘʙʣʶʜʘʝ-

ʤʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʚʥʦ q º 63ï65 ʤɺʪ/ʤ2. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɻɽʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɺʋʃʂɸʅʀʏɽʉʂʆɻʆ ʇɽʇʃɸ  

ɺʆ ɺɿɸʀʄʆʉɺʗɿʀ ʉ ʇʈʆʎɽʉʉɸʄʀ, ʇʈʆʊɽʂɸʖʑʀʄʀ 

ɺ ʅɪʄ ʇʈʀ ʊɽʇʃʆɺʆʁ ɸʂʊʀɺɸʎʀʀ 

ɻʫʩʝʡʥʦʚ1 ɸ.ɸ., ʖʩʫʧʦʚ2 ɸ.ʈ. 
1 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʛʝʦʪʝʨʤʠʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ï ʬʠʣʠʘʣ  

ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ, 2 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 100-1000̄ C. ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʦʙʫʩʣʦʚ-

ʣʝʥ ʪʝʤ, ʯʪʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʝʧʣʘʤ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. ʋʩʪʘʥʦʚ-

ʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʝʧʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʠʥʝʨʘʣʦʚ, ʠʛʨʘ-

ʶʱʠʭ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ 200 ʠ 430 Áʉ ʦʪʨʘʞʘʝʪ ʧʨʦ-

ʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʠʟ ʧʝʧʣʘ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ. ɸʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʨʷʜʝ 

ʦʙʨʘʟʮʦʚ ʚ ʠʥʪʝʨʚʘʣʝ400 Áʉ ʦʙʫʩʣʦʚʣʝʥ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʘʤʦʨʬʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʬʘʟʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʉʜʝʣʘʥ ʚʳ-

ʚʦʜ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʚ ʚʝʣʠʯʠʥʘʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥ ʚʘʨʠʘʮʠʝʡ ʚ ʩʦʜʝʨʞʘʥʠʠ 

ʛʣʘʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʝʧʝʣ, ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ʜʝʬʝʢʪʳ ʨʝʰʝʪʢʠ, 

ʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ.  

 

INVESTIGATION OF THE GEOELECTRIC PROPERTIES OF VOLCANIC ASH IN 

CONNECTION WITH THE PROCESSES TAKING PLACE IN IT DURING THERMAL 

ACTIVATION  

Guseinov1 A.A., Yusupov2 A.R. 
1Institute of Geothermy and Renewable Energy Problems ï branch of the Joint Institute  

for High Temperatures of the Russian Academy of Sciences, Makhachkala, Russia 
2Institute of Geology of the Far Eastern Federal Research Center of the Russian Academy of Sciences 

The paper presents the results of an experimental study of the dependence of the specific electrical conductivity of 

volcanic ash from the territory of Dagestan in the range of 100-1000ÁC. The interest in this problem is due to the fact that, 

in relation to ashes, methods for studying their physical properties are extremely limited. The most general regularities of 

the temperature dependence of the ionic conductivity of ashes have been established, due to the existence of associated 

complexes of elementary defects in the crystal lattice of minerals that play an important role in kinetic processes. The nature 

of the change in conductivity at 200 and 430 Á C reflects the process of separation of sorbed and bound water from the ash. 

The anomalous nature of the conductivity change in a number of samples in the range of 400 Á C is due to the crystallization 

of the amorphous glass phase during heating. It is concluded that the variance in the values of electrical conductivity of the 

studied rocks is due to a variation in the content of the main petrogenic elements 

Keywords: volcanic ash, specific electrical conductivity, activation energy, lattice defects, thermal process. 

 

ʆʜʥʦʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘʫʢ ʦ ɿʝʤʣʝ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʦʤ-

ʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ. ʈʝʰʝʥʠʝ ʨʷʜʘ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ 

ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʧʦʟʥʘʥʠʷ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜ-

ʣʝʞʠʪ ʠʟʫʯʝʥʠʶ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ɿʝʤʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʳʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʥʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩ-

ʩʘʤ ʧʘʨʘʤʝʪʨʦʤ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ɿʝʤʣʠ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʠ ʟʘʜʘʯ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ, ʧʨʠʦʙʨʝ-

ʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ [1-4].   
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ɺ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʘʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʠʥʝʨʘʣʦʚ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʦʥʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳ ʧʨʠ ʧʨʦʮʝʩʩʘʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ɿʝʤʣʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʩʬʝʨ [5,6]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘ-

ʛʝʩʪʘʥʘ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʦʙʫʜʠʪʝʣʴʥʳʤ ʤʦʪʠʚʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ s ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʠʟ ʦʩʘʜʦʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ. 

ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʛʝʦʣʦʛʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ 

ʩʚʦʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʠʥʝʨʘʣʦ- ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚ ʮʝʣʦʤ ʥʘ ʵʢʦ-

ʣʦʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [7]. ʆʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʬʦʨʤ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʟʤʘ ï ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʝ ʧʝʧʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʠ ʚʦʟʨʘʩʪʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʝʧʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ [8, 9], ʦʜʥʘʢʦ ʚʦʧʨʦʩ ʦʙ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʷʚʣʷʝʪʩʷ ʜʠʩ-

ʢʫʩʩʠʦʥʥʳʤ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ [10, 11] ʥʝ ʥʘʭʦʜʷʪ 

ʧʨʠʟʥʘʢʦʚ ʤʝʩʪʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ, ʠ ʧʦʵʪʦʤʫ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʝʧʣʳ ʧʨʠʚʥʝʩʝʥʳ 

ʩ ʪʝʨʨʠʪʦʨʠʠ ʖʛʦ- ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʠ ʖʞʥʦʛʦ ʩʢʣʦʥʘ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠʟʳʩʢʘʥʠʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʘʚʪʦʨʘʤʠ [12, 13] ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʩʚʷʟʘʥʳ ʩ ʚʫʣʢʘʥʦʛʝʥ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʩʚʷʟʴ ʤʘʛʤʳ ʩ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺʫʣʢʘʥʠʟʤ 

ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ (ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʣʘʚʳ ʩ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ) ʦʪʥʦʩʷʪ ʢ ʢʨʠʧʪʦʚʫʣʢʘʥʠʟʤʫ I 

ʧʦʨʷʜʢʘ, ʠʤʝʶʱʝʤʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨ II ʧʦʨʷʜʢʘ, ʦʩʣʦʞʥʷʶʱʠʭ 

ʦʩʥʦʚʥʫʶ ʚʫʣʢʘʥʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ [14].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʨʦʤʝ ʦʪʤʝʯʝʥʥʦʛʦ ʚʳʰʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ, 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʜʝʣʝ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʭʠʤʠʠ, ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʧʣʦʚʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʧʘʜʘʷ ʚ 

ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʨʘʟʣʘʛʘʝʪʩʷ, ʜʘʚʘʷ ʥʘʯʘʣʦ 

ʛʣʠʥʠʩʪʳʤ ʤʠʥʝʨʘʣʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʤʫ ʤʠʥʝʨʘʣʫ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʫ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʦʪʤʝʪʠʤ ʬʘʢʪ ʥʘʣʠʯʠʷ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʭ ʛʣʠʥ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ɼʘʛʝʩʪʘʥʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ [9]. 

ɺʣʠʷʥʠʝ ʧʝʧʣʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʨʦʤʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ, ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ, ʠʟ ʥʠʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: 1. ɺʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘ-

ʟʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʣʠʷʥʠʷ ʧʝʧʣʦʚ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʯʚ [15]. 2. ʅʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʩʚʝʞʝʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʝʩʥʳʭ ʠʟʦʣʷʪʦʨʦʚ ʃʕʇ [16]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʝʧʣʘʤ, ʪʘʢʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘʫʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘ-

ʛʝʩʪʘʥʘ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʦʙʫʜʠʪʝʣʴʥʳʤ ʤʦʪʠʚʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʩʝʛʦ ʨʘʟʨʝʟʘ ʟʝʤ-

ʥʦʡ ʢʦʨʳ. 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʨʷʜʢʘ 30 

ʧʨʦʷʚʣʝʥʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʚ ʶʞʥʦʤ, ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʟʘʧʘʜʥʦʤ ɼʘʛʝʩʪʘʥʝ [13]. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 8 ʦʙʨʘʟʮʦʚ 



ɻʫʩʝʡʥʦʚ ɸ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɻɽʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɺʋʃʂɸʅʀʏɽʉʂʆɻʆ ʇɽʇʃɸ ɺʆ ɺɿɸʀʄʆʉɺʗɿʀ é 
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ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʠʭ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʠʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦ-

ʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [17]. ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ 

ʧʦʤʝʱʘʣʩʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʢʘʤʝʨʝ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʚ ʢʦʪʦʨʦʡ 

ʩʦʟʜʘʚʘʣʩʷ ʚʘʢʫʫʤ ʧʦʨʷʜʢʘ 0.10 ʇʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʦʢʠʩʣʝʥʠʝ ʦʙʨʘʟʮʘ ʠ ʙʣʦʢʘ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʫʩʪʨʘʥʷʣʦ ʛʣʘʚʥʫʶ ʧʨʠʯʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ï ʥʘʣʠʯʠʝ 

ʚʣʘʛʠ. ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʦʩʴ ʪʝʨʘʦʤʤʝʪʨʦʤ ɽ6-13ɸ ʠ ʚʳʩʦʢʦʦʤʥʳʤ ʤʦʩʪʦʤ ʈ-4053 

ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 3%. ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʚ ʠʥʪʝʨʚʘʣʝ 100-1000̄ C ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʫʙʯʘʪʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʩ ʙʠʬʠʣʷʨʥʦʡ ʥʘʤʦʪʢʦʡ ʥʘʛʨʝʚʘʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷ-

ʣʘʩʴ ʪʝʨʤʦʧʘʨʦʡ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʜʝʞʥʳʭ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-

ʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥ. ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʮʘ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʥʝʨʘʣʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʜʚʫʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʊʘʢ ʢʘʢ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʝʧʝʣ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ 

ʘʛʨʝʛʘʪʳ, ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ ʚ ʚʠʜʝ ʜʠʩʢʘ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ. ʄʝʪʦʜ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʝʩʩʦʚʘʥʠʝʤ ʠʟ ʧʦʨʦʰʢʘ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʛʝʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʥʝʨʘʣʦʚ [18].  

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ s ʜʠʵʣʝʢʪʨʠʢʦʚ, ʢ ʢʦ-

ʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

s = s0 exp (-E0 /k T)                                       (1) 

ʛʜʝ s0 ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, E0 ï ɻ ʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʚ ʚʳʨʘʞʝʥʠʝ (1), 

ʧʦʣʫʯʠʤ 

 

                    ln s = ln s0 ï E0 /k T,                        (2) 

ʠʣʠ ʚ ʜʝʩʷʪʠʯʥʳʭ ʣʦʛʘʨʠʬʤʘʭ 

                     lg s = lg s0 ï 0.43 E0 /k T.                 (3)  

ʅʘʢʣʦʥ ʧʨʷʤʦʡ ʣʠʥʠʠ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ lg s = f (1/T) ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʦʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʠʶ 

ʘʢʪʠʚʘʮʠʠ E0, ʪʘʢ ʢʘʢ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʝʩʪʴ  

                     tg j = - 0.43 E0/k.      (4) 

ɽʩʣʠ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʪʴ 1000/T ʠ ʚʳʨʘʟʠʪʴ E0 ʚ ʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ (ʵɺ), ʪʦ ʠʤʝʝʤ 

                      E0 = 0.2 tg j. 

 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ lg s = f (1/T) ʜʣʷ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʝʤʝʡʩʪʚʦ ʧʨʷʤʳʭ, ʧʨʦʷʚʣʷʶʱʠʭ ʠʟʣʦʤʳ ʧʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʷʤʦʣʠʥʝʡʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʫʯʘʩʪʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ lg ů = f(1/T) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʧʦʜʯʠʥʷʶʱʝʤʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (1). ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʷʤ lg ů = f(1/T) ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ E0 ʠ ů0 ʚʦ 

ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦʜ ʥʦʤʝʨʘʤʠ 1 ʠ 2 (ʨʠʩ.1), ʦʪʤʝʯʝʥʥʘʷ 

ʣʠʥʝʡʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 400-600 Áʉ, ʭʦʜ ʢʨʠʚʳʭ ʥʦʩʠʪ ʘʥʦʤʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʚʠʩʠʤʦʩʪʠ (1), ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʫʜʝʪ ʦʪʜʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʥʠʞʝ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 100-

1000̄ C ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ s ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʦʯʪʠ ʥʘ 8 ʧʦʨʷʜʢʦʚ. ʅʘʙʣʶʜʘʝʤʘʷ ʜʠʩʧʝʨʩʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜʳ ʚʦ ʚʩʝ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʮʠʡ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʘʭ 2 

ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʝʧʣʘ ʧʨʠ 200 Áʉ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ K2O ʠ ʧʨʠ 800 Áʉ ʦʪ ʩʦʜʝʨʞʘʥʠʷ MgO. ɿʜʝʩʴ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʢʘʢ ʩʪʠ-

ʤʫʣʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʦʣʴ K2O ʠ ʢʘʢ ʫʤʝʥʴʰʘʶʱʝʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʣʠʷʥʠʝ 

MgO ʧʨʠʚʦʜʷʪ ʢ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʟʥʘʯʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʝʧʣʘ.   

 
 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙ-

ʨʘʟʮʳ: 1 ï 310-9; 2 ï 100; 3 ï 302-9; 4 ï 303-9. 5 ï ʦʙʱʘʷ ʩʭʝʤʘ. 

 

 



ɻʫʩʝʡʥʦʚ ɸ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ. 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʚ ʛʨʘʬʠʢʘʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʣʠʯʠʠ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʦʙʣʘʩʪʝʡ I, II  ʠ III, ʩʦʛʣʘʩʥʦ ʦʙʱʝʡ ʩʭʝʤʝ ʥʘ ʨʠʩ. 1, ʣʠʥʠʷ 5.  

ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [19]. ʆʩʥʦʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʣʠʢʘʪʥʳʤ ʤʠʥʝʨʘʣʘʤ ʠ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʳ ʥʘʤʠ ʠ ʠʟʣʦʞʝʥʳ, ʢ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [20]. ʂʨʘʪʢʦ 

ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʵʪʠ ʦʙʣʘʩʪʠ. ɺ ʦʙʣʘʩʪʠ I ʩʦʙʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ  

 

 
 

ʈʠʩ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʝʧʣʦʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ K2O. 

 

 
ʈʠʩ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʝʧʣʦʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ MgO. 

 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ï ʚʘʢʘʥʪʥʳʭ ʧʦʟʠʮʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʝ ʤʠʥʝʨʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʟʘ ʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ, ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

s = s0 exp(-(Eʜʚ + Eʦʙʨ/2)/ kT) = s0 exp(-E01/ kT).   (5) 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚʘʢʘʥʩʠʠ Eʦʙʨ ʠ ʵʥʝʨʛʠʠ ʝʸ ʜʚʠʞʝʥʠʷ Eʜʚ, ʧʨʠ ʵʪʦʤ ʤʥʦʞʠʪʝʣʴ 1/2 ʫʯʠʪʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʫʯʘʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, ʪ. ʝ. ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʚʠʥʳ ʜʝʬʝʢʪʘ ʐʦʪʪʢʠ [19]. ɼʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʤʘʢ-

ʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʟʮʘ 3 ʥʘ ʨʠʩ. 1 ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 2,50 ʵɺ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʠ II, ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʤʝʩʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ, ʚ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʝ ʫʯʘʩʪʚʫʶʪ ʚʘʢʘʥʩʠʠ, ʠʟʥʘʯʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʩʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʢʦʛʜʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʘʥʪʥʳʭ ʧʦʟʠʮʠʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʭʘʥʠʟʤʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢʨʠ-

ʩʪʘʣʣʘ ʧʨʠ ʠʟʦʤʦʨʬʥʳʭ ʠʥʦʚʘʣʝʥʪʥʳʭ ʟʘʤʝʱʝʥʠʷʭ, ʪ.ʝ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʣʠʰʴ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [19]. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʢ ʧʨʠ-

ʤʝʨʫ, ʝʩʣʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʠʥʝʨʘʣʘ ʚʤʝʩʪʦ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʢʘʪʠʦʥʘ Na+ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʟʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ ʥʘ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ Ca2+, ʧʨʠ ʵʪʦʤ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʵʣʝʢʪʨʦ-

ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʠʦʥ Na+ ʧʦʢʠʜʘʝʪ ʢʨʠʩʪʘʣʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʢʘʥʩʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

s = s0 exp(-Eʜʚ/ kT) = s0 exp(-E02/ kT),   (6) 

ʛʜʝ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ Eʜʚ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʘ-

ʢʘʥʩʠʠ. ʇʦʣʫʯʝʥʥʦʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʥʘʯʝʥʠʝ Eʜʚ, ʚ ʩʨʝʜʥʝʤ 0.50 ʵɺ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨ-

ʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ [19].  

 ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʣʝʜʫʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ III, ʛʜʝ ʦʪʤʝ-

ʯʝʥʥʳʝ ʚʳʰʝ ʚʘʢʘʥʩʠʠ ʚʩʣʝʜʩʪʚʠʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʦʙʨʘʟʫʶʪ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩ ʠʥʦʚʘʣʝʥʪʥʳʤʠ ʧʨʠʤʝʩʥʳʤʠ ʠʦʥʘʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʩ ʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʘʢʘʥʩʠʠ ʧʦ ʢʨʠʩʪʘʣʣʫ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʦʨʚʘʪʴ ʝʸ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʧʨʠʤʝʩʠ, ʪ.ʝ. ʟʘʪʨʘʪʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʨʘʚ-

ʥʫʶ ʵʥʝʨʛʠʠ ʘʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ Eʘʩʩ. ʉʦʛʣʘʩʥʦ [19], ʟʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ 

 

         s = s0 exp(-(Eʜʚ + Eʘʩʩ/2)/ kT) = s0 exp(-E03 / kT).                  (7) 

 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʨʘʚʝʥʩʪʚ (6) ʠ (7) ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ III  ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʙʣʘʩʪʠ II ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʚ ʚʳʨʘʞʝʥʠʠ (8) ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʯʣʝʥʘ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʜʠʩʩʦʮʠʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, 

ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ.1.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʷʝʪʩʷ ʦʙʱʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝ-

ʰʝʪʢʝ ʤʠʥʝʨʘʣʦʚ ʚ ʚʠʜʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʢʦʤ-

ʧʣʝʢʩʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [14,15]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʞʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ: ʵʥʝʨʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʘʢʘʥʩʠʠ Eʦʙʨ ʚ ʢʨʠʩʪʘʣʣʝ, ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʝʝ ʜʚʠʞʝʥʠʷ Eʜʚ ʠ ʵʥʝʨʛʠʶ ʘʩʩʦʮʠʘʮʠʠ Eʘʩʩ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɺ ʦʙʣʘʩʪʷʭ I ʠ III  ʥʘ ʤʝʭʘʥʠʟʤʳ ʩʦʙʩʪʚʝʥʥʦʡ ʠ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʥʦʛʦ ʚʠʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʳ 

ʥʘʙʣʶʜʘʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʦʥ-

ʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʝʢʦʪʦʨʦʛʦ ʥʘʣʦʞʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʦʙʨʘʟʦʚ 1 ʠ 2 ʦʙʣʘʩʪʴ III  ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʢ ʦʙʣʘʩʪʠ II ʦʩʣʦʞʥʝʥʘ ʘʥʦʤʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ.  



ɻʫʩʝʡʥʦʚ ɸ.ɸ., ʖʩʫʧʦʚ ɸ.ʈ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɻɽʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɺʋʃʂɸʅʀʏɽʉʂʆɻʆ ʇɽʇʃɸ ɺʆ ɺɿɸʀʄʆʉɺʗɿʀ é 

 

27 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ lg  = f(1/T) ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ 3 ʧʨʠ ʚʦʟʨʘʩʪʘ-

ʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ.1). ʉʘʤʳʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʨʝʟʦʢ, ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ, 

ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʠʟ ʦʙʨʘʟʮʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʩʥʠʞʝʥʠʝʤ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 200 Áʉ.  

ʉʣʝʜʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʯʘʩʪʦʢ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠ-

ʚʘʮʠʠ 1.19 ʵɺ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 480 Áʉ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ ʥʘ ʣʠʥʠʠ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ E0 ʜʦ 1,56 ʵɺ. ʕʪʦʪ ʠʟʣʦʤ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʮʝʩʩʘʤʠ ʚʳʜʝʣʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʘʭ.  

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 730 Áʉ ʟʘʚʝʨʰʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʟʤʘ ʧʨʠʤʝʩʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ E0 = 1.33 ʵɺ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 890 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ ʥʘ ʣʠʥʠ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ E0 ʜʦ 2,50 ʵɺ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʜʘʥʥʦʛʦ ʠʟʣʦʤʘ ʧʨʝʜʩʪʦʷʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʘ ʣʠʥʠʷʭ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 1 ʠ 2 ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 400 Áʉ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʘʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʪʢʣʦʥʷʷʩʴ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 

(1), ʢʦʛʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘʤʝʜʣʷʝʪ ʨʦʩʪ ʠ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʚʫʣʢʘʥʠʯʝ-

ʩʢʦʛʦ ʩʪʝʢʣʘ ʚ ʚʠʜʝ ʘʤʦʨʬʥʦʡ ʬʘʟʳ; ʥʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʮʝ 1 ʩʦʜʝʨʞʘʥʠʝ ʩʪʝʢʣʘ ʩʦʩʪʘʚʣʷʝʪ 70 %. 

ɸʥʘʣʦʛʠʯʥʦʝ ʘʥʦʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʫ ʛʠʜʨʦʤʫʩʢʦʚʠʪʘ ʩ ʘʤʦʨʬʥʦʡ ʬʘʟʦʡ, ʢʦʪʦʨʘʷ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [20]. ʇʦʵʪʦʤʫ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʟʘʢʣʶ-

ʯʠʪʴ, ʚ ʦʩʥʦʚʝ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʣʝʞʠʪ ʤʝʭʘʥʠʟʤ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʝʛʦ ʘʤʦʨʬʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʚʠʜʝ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ.  

ʆʪʩʫʪʩʪʚʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ 3 ʠ 4 ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʦʙʨʘʟʮʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ ʧʨʝʪʝʨʧʝʣʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʚʳʩʠʣʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʘʤʦʨʬʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʠʭ ʚʫʣʢʘ-

ʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ. 

ɺʳʚʦʜʳ 

1. ʀʩʩʣʝʜʦʚʘʥʘ ʫʜʝʣʴʥʘʷ ʠʦʥʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 
ʤʝʩʪ ʟʘʣʝʛʘʥʠʷ ɼʘʛʝʩʪʘʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 100-1000 Áʉ 

2. ʋʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦ-
ʚʦʜʥʦʩʪʠ ʧʝʧʣʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʨʘʶʱʠʭ 

ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʳʭ ʥʝʜʨ.  

3. ʆʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦ-
ʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʢʘʥʩʠʠ ʠ ʝʝ ʜʚʠʞʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ. 

4. ɸʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 400 Áʉ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙ-

ʨʘʟʮʘʭ ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʮʝʩʩʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʘʤʦʨʬʥʦʛʦ ʩʪʝʢʣʘ ʚ ʩʦʩʪʘʚʝ ʚʫʣ-

ʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤ ʠ ʜʣʷ ʜʨʫʛʠʭ ʤʠʥʝʨʘ-

ʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʤʦʨʬʥʘʷ ʬʘʟʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ 

ʥʘʣʠʯʠʷ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʠʣʠ ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʣʝʛʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

5. ɼʠʩʧʝʨʩʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʦʙʫ-
ʩʣʦʚʣʝʥʘ ʚʘʨʠʘʮʠʝʡ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

6. ɸʥʦʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʘʭ ʚ ʠʥʪʝʨʚʘʣʝ  

 

  



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 

 

 

28 

ʃʠʪʝʨʘʪʫʨʘ 
1. ʇʘʨʭʦʤʝʥʢʦ ʕ.ʀ. ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄ.: ʅʘʫʢʘ. 1989. 198 ʩ. 

2. ɹʘʭʪʝʨʝʚ ɺ.ɺ. ʇʘʨʘʤʝʪʨʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʭ (ʘʣʴʧʠ-

ʥʦʪʠʧʥʳʭ) ʛʠʧʝʨʙʘʟʠʪʦʚ ʋʨʘʣʘ ʢʘʢ ʚʦʟʤʦʞʥʳʡ ʧʨʠʟʥʘʢ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʭʨʦʤʠʪʦʥʦʩʥʦʩʪʠ // ɼɸʅ. 

2006. ʊ. 408. ˉ 3. ʉ. 363-365.  

3. ʉʚʝʪʦʚ ɹ.ʉ. ʂ ʚʦʧʨʦʩʫ ʦ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʚʫʭʬʘʟʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ // ʌʠ-
ʟʠʢʘ ɿʝʤʣʠ. 2002. ˉ 1. ʉ. 46-52. 

4. ɻʫʩʝʡʥʦʚ ɸ.ɸ., ɻʘʨʛʘʮʝʚ ʀ.ʆ., ɻʘʙʠʪʦʚʘ ʈ.ʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʣʦʛʦʧʠʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ // ʌʠʟʠʢʘ ɿʝʤʣʠ. 2005. ˉ 8. ʉ. 79-88. 

5. ɻʫʩʝʡʥʦʚ ɸ.ɸ., ʇʘʨʭʦʤʝʥʢʦ ʕ.ʀ. ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʣʶ-

ʜʘʭ // ʌʠʟʠʢʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ʄ.: ʅʘʫʢʘ. 1991. ʉ. 160-167. 

6. ɻʫʩʝʡʥʦʚ ɸ.ɸ., ɻʘʨʛʘʮʝʚ ʀ.ʆ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʱʝʣʦʯʥʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʧʨʠ ʚʳ-
ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ / ʌʠʟʠʢʘ ɿʝʤʣʠ. 2002. ˉ 6. ʉ. 82-86. 

7. ʂʦʚʘʣʝʥʢʦ ɺ.ʀ., ʗʨʤʦʣʶʢ ɺ.ɺ., ʄʘʭʘʥʦʚʘ ʊ.ʄ. ʅʦʚʝʡʰʠʡ ʚʫʣʢʘʥʠʟʤ: ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʘʢʪʠʚʥʦ-
ʩʪʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʩʣʝʜʩʪʚʠʠʷ // ʀʟʤʝʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʘ. ʄ.: 

ʀɻɽʄ ʈɸʅ, 2007. ʉ. 35ï81. 

8. ʄʘʮʘʧʫʣʠʥ ɺ.ʋ., ʖʩʫʧʦʚ ɸ.ʈ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʝʧʣʳ ʚ ɼʘʛʝʩʪʘʥʝ ï ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʚ 

ʦʙʣʘʩʪʠ ʛʝʦʜʠʥʘʤʠʢʠ, ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʠ ʧʦʠʩʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ // ʖʛ ʈʦʩʩʠʠ, ʵʢʦʣʦʛʠʷ, ʨʘʟ-

ʚʠʪʠʝ, ʄʘʭʘʯʢʘʣʘ, 2007. ˉ2. C. 98-104. 

9. ʂʝʨʠʤʦʚ ɻ.ʂ., ʕʬʝʥʜʠʝʚ ʀ.ʕ. ʆ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʛʝʥʝʟʠʩʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʩʘʜʦʯʥʳʭ ʬʦʨ-
ʤʘʮʠʷʭ ɼʘʛʝʩʪʘʥʘ.// ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, 1976. ˉ 6. ʉ. 128-136. 

10. ɻʦʨʙʫʥʦʚʘ ʃ.ʀ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɼʘʛʝʩʪʘʥʘ // ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ 
ʠʩʢʦʧʘʝʤʳʝ. 1966. ˉ 2, ʉ. 126-130.  

11. ʃʘʚʸʨʦʚ ʀ.ʇ., ɼʦʙʨʝʮʦʚ ʅ.ʃ., ɹʦʛʘʪʠʢʦʚ ʆ.ɸ. ʠ ʜʨ. ʅʦʚʝʡʰʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʚʫʣʢʘʥʠʟʤ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʈʦʩʩʠʠ. ʄ.:, ʅʘʫʢʘ, 2005. 604 ʩ. 

12. ʄʘʮʘʧʫʣʠʥ ɺ.ʋ., ʊʫʣʳʰʝʚʘ ɽ.ɺ., ʀʩʘʢʦʚ ʉ.ʀ., ʖʩʫʧʦʚ ɸ.ʈ. . ʇʨʦʷʚʣʝʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʚʝʨʭʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʳ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ // ɺʝʩʪʥʠʢ ɼʘʛʝ-

ʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ. 2012. ˉ 47. ʉ. 41ï56. 

13. ʀʩʘʢʦʚ ʉ.ʀ., ʄʘʮʘʧʫʣʠʥ ɺ.ʋ., ʊʫʣʳʰʝʚʘ ɽ.ɺ., ɸ.ʈ. ʖʩʫʧʦʚ ɸ.ʈ. ʇʨʦʷʚʣʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ 

ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʀʩ ʊʠʩʫʚ ʚ ʘʨʠʜʥʦʡ ʟʦʥʝ ɼʘʛʝʩʪʘʥʘ (ɺʦʩʪʦʯʥʳʡ ʂʘʚʢʘʟ) // ɸʨʠʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. 2013, 

ʪʦʤ 19, ˉ 3 (56), ʉ. 95-102. 

14. ɺʝʪʨʝʥʠʢʦʚ ɺ.ɺ. ʂʨʠʧʪʦʚʫʣʢʘʥʳ ï ʦʩʦʙʳʡ ʪʠʧ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ // ʊʨ. ʀʥ-ʪʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦ-

ʬʠʟʠʢʠ, ʉʠʙʠʨʩʢʦʝ ʦʪʜ. ɸʅ ʉʉʉʈ. 1974. Bʳʧ. 75. ʉ. 104ï106. 

15. ɸ.ʀ. ʊʨʝʛʫʙ, ɺ.ɺ ʂʨʷʯʢʦ, ɽ ɺ. ɻʫʨʦʚ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʝʧʣʳ ʠ ʠʭ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʢʣʠʤʘʪ ʛʦʣʦʮʝʥʘ // ɺʝʩʪʥʠʢ ɺɻʋ. ʉʝʨʠʷ ʛʝʦʣʦʛʠʷ. 2015. ˉ 1. ʉ. 1540-152. 

16. Wardman JB, Wilson T, Hardie S, Bodger P. Influence of volcanic ash contamination on the flashover volt-

age of HVAC outdoor suspension insulators. IEEE Transactions on Dielectrics and Electrical Insulation. 

2014; V. 21. ˉ 3 . P. 1189ï1197. 

17. Guseinov A.A. Electrical Properties of Some Magmatic Dike Rocks at High Temperatures // Izvestiya, Phys-

ics of the Solid Earth. 2012. Vol. 48. ˉ. 9ï10, pp. 751ï758. 

18. Brown I.W.M., MacKenzie K. J. D., Meinhold R. H. The thermal reactions of montmorillonite studied by 

high-resolution solid-state 29Si and 27A1 NMR // J. Mater. Sci. 1987. V. 22. ˉ 9. P. 3265-3275. 

19. ɺʝʩʪ ɸ. ʍʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʊʝʦʨʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʏ. 2. ʄ.: ʄʠʨ. 1988. 336 ʩ.20. 20. 20. ɻʫʩʝʡʥʦʚ 
ɸ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘ-

ʶʱʠʤʠ ʚ ʥʸʤ ʧʨʠ ʪʝʧʣʦʚʦʡ ʘʢʪʠʚʘʮʠʠ // ʌʠʟʠʢʘ ɿʝʤʣʠ. 2017. ˉ 6. ʉ. 45-54. 

 



ʀʜʘʨʤʘʯʝʚ ʐ.ɻ., ʄʘʛʦʤʝʜʦʚ ɸ.ɻ., ʀʜʘʨʤʘʯʝʚ ɸ.ʐ. 

ʈɸɿʈʋʐɽʅʀɽ ɻʆʈʅʓʍ ʇʆʈʆɼ, ɺʓɿʓɺɸɽʄʓʁ ʎʀʂʃʀʏɽʉʂʀʄ ʊɽʄʇɽʈɸʊʋʈʅʓʄ ʈɽɾʀʄʆʄ 

 

29 

ʋɼʂ 550.8 

DOI: 10.33580/2541-9684-2024-98-3-29-33 

 

ʈɸɿʈʋʐɽʅʀɽ ɻʆʈʅʓʍ ʇʆʈʆɼ, ɺʓɿʓɺɸɽʄʓʁ ʎʀʂʃʀʏɽʉʂʀʄ  

ʊɽʄʇɽʈɸʊʋʈʅʓʄ ʈɽɾʀʄʆʄ 

ʀʜʘʨʤʘʯʝʚ ʐ.ɻ., ʄʘʛʦʤʝʜʦʚ ɸ.ɻ., ʀʜʘʨʤʘʯʝʚ ɸ.ʐ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʚʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʨʷʜʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ - ʦʩʘʜʢʠ, ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʟʘʤʝʨʟʘʥʠʝ. ʆʙʚʘʣʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʠ ʟʘʛʘʜʦʯʥʳʝ ʦʙʚʘʣʳ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʥʘʛʨʝʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦʣʥʮʝʤ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʭ ʨʘʩʰʠ-

ʨʝʥʠʶ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 3,5-ʣʝʪʥʝʛʦ ʧʦʣʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʩʣʘʠʚʘʶʱʝʛʦʩʷ ʛʨʘʥʠʪʥʦʛʦ ʫʪʸʩʘ 

ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ ʁʦʩʝʤʠʪʠ ʚ ʂʘʣʠʬʦʨʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʞʝʜʥʝʚʥʳʭ, ʩʝʟʦʥʥʳʭ ʠ ʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʤʫ ʦʪʩʣʦʝʥʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɼʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʝʬʦʨʤʘʮʠʠ ʪʨʝʱʠʥʥʳʭ 

ʧʦʨʦʜ, ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʨʷʜ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʦʝ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʣʝʪʥʠʝ 

ʧʝʨʠʦʜʳ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʤʥʝʧʘʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʢʣʠʯʝʩʢʦʝ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʜʝʬʦʨʤʘʮʠʷ ʪʨʝʱʠʥ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ 

ʩʤʝʱʝʥʠʷ. 

 

THE DESTRUCTION OF ROCKS CAUSED BY CYCLIC TEMPERATURE CONDITIONS 

Idarmachev Sh.G., Magomedov A.G., Idarmachev A.Sh . 

Institute of Geology of the Russian Academy of Sciences Annotation 

It is known that landslides can be caused by a number of climatic and other mechanisms - precipitation, seismic 

activity and freezing. Collapses can also occur in the absence of these mechanisms. It has been suggested that these myste-

rious collapses occur due to the heating of rocks by the sun, leading to their expansion. Thermodynamic analysis of data 

from a 3.5-year field monitoring of a flaking granite cliff in Yosemite National Park in California showed that daily, seasonal 

and annual temperature fluctuations are sufficient for cyclical and gradual crack opening. The application of rock fracture 

theory suggests that these changes may lead to further crack propagation and subsequent rock detachment. To assess the 

temporal patterns, in particular, the deformation of fractured rocks. To assess the temporal patterns, in particular, the defor-

mation of fractured rocks, we conducted a number of field experiments showing that cyclic thermal effects in summer periods 

can increase the likelihood of rockfalls.  

Keywords: cyclic thermal effect, crack deformation, electronic linear displacement sensor. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʚʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʨʷʜʦʤ ʤʝʭʘʥʠʟʤʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩ-

ʭʦʜʷʪ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʚʝʨʦʷʪʥʳʝ ʧʨʠʯʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʦʩʘʜʢʠ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʟʘʤʝʨ-

ʟʘʥʠʝ, ʦʪʩʫʪʩʪʚʫʶʪ. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʠ ʟʘʛʘʜʦʯʥʳʝ ʦʙʚʘʣʳ ʤʦʛʫʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʠʟ-ʟʘ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ. ɺ ʧʨʠʨʦʜʝ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ 

ʦʪʩʣʘʠʚʘʥʠʷ ʩʣʦʝʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʥʘʧʨʠʤʝʨ, ʩʢʘʣʴʥʳʝ 

ʢʫʧʦʣʘ ʩ ʠʭ ʩʣʦʷʤʠ ʦʪʩʣʘʠʚʘʶʱʠʭʩʷ ʧʣʘʩʪʦʚ, ʥʘʧʦʤʠʥʘʶʱʠʤʠ ʩʦʙʦʡ ʣʫʢʦʚʫʶ ʰʝʣʫʭʫ, ʷʚʣʷ-

ʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʟʘʚʦʨʘʞʠʚʘʶʱʠʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʥʘ ɿʝʤʣʝ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʦʪʩʣʘʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʧʦʣʦʚ, ʥʦ ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʦʪʩʣʘ-

ʠʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʟʘʛʘʜʢʦʡ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʨʠʨʦʜʥʳʤʠ ʷʚ-

ʣʝʥʠʷʤʠ. ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʢʘʣʴʥʳʝ ʤʘʩʩʠʚʳ ʛʦʪʦʚʳʝ ʢ ʦʙʨʫʰʝʥʠʶ ʩ ʚʝʨ-

ʪʠʢʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʝʱʠʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʤʠ ʚ ʨʘʡʦʥʝ ɺʝʨʭʥʝʛʦ ɻʫʥʠʙʘ (ʈʝʩʧʫʙʣʠʢʘ 

ɼʘʛʝʩʪʘʥ) ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʘʩʩʠʚ ʦʙʲʝʤʦʤ 350 ʤ3, ʦʪʜʝʣʝʥʥʳʡ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʯʘʩʪʠ ʚʝʨʪʠʢʘʣʴ-

ʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʦʪʨʳʚʘ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʜʦ 12 ʩʤ (ʨʠʩ.1). ʈʘʥʝʝ ʚ ʵʪʦʤ ʞʝ 

ʨʘʡʦʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʨʫʛʦʛʦ ʢʨʫʧʥʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʤʘʩʩʠʚʘ ʰʠʨʠʥʦʡ 

ʪʨʝʱʠʥʳ ʜʦ 2-ʭ ʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ: ʩʝʡʩʤʠʯʝʩʢʠʤʠ, ʥʘʢʣʦʥʦʤʝʪʨʠʯʝ-

ʩʢʠʤʠ ʠ ʜʝʬʦʨʤʦʤʝʪʨʠʯʝʩʢʠʤʠ [1-3], ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʧʳʪʘ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ɻʫʥʠʙ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʛʦʨʥʦʤ ʩʢʣʦʥʝ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʩʩʠʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, ʪʝʤ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʪʨʝʱʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʤ ʩʘʤʳʤ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʶʪʩʷ ʦʪ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʦʪʢʨʳʪʳʝ ʪʨʝʱʠʥʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʝʠʚʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʧʦ ʚʩʝʤʫ ʤʘʩ-

ʩʠʚʫ, ʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʝ ʥʘʢʦʧʣʝʥʠʶ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ, ʦʙʨʘʱʝʥʥʳʤ ʢ ʩʦʣʥʮʫ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚ ʪʨʝʱʠʥʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʥʥʳʡ ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʤʘʨʢʠ KTR ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ10 ʤʢʤ. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʨʘʚ-

ʥʠʚʘʣʠʩʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʪʤʦʩʬʝʨʳ. ʉʨʘʚʥʝʥʠʝ ʠʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʫʪʦʯʥʳʡ ʭʦʜ ʰʠʨʠʥʳ ʪʨʝ-

ʱʠʥʳ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʪʝʨʤʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʩʢʘʣʴʥʦʤ ʤʘʩʩʠʚʝ, ʚʳʟʚʘʥʥʳʤʠ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʪʤʦʩʬʝʨʳ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ʚ 13 ʯʘʩʦʚ ʧʦ ʤʦʩʢʦʚʩʢʦʤʫ ʚʨʝʤʝʥʠ ʰʠʨʠʥʘ ʪʨʝʱʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 850 ʤʢʤ. 

 

 

ʈʠʩ. 3. ʌʦʪʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʤʘʩʩʠʚʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʦʪʨʳʚʥʳʤʠ ʪʨʝʱʠʥʘʤʠ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ [4] ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʫʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ 

ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʦʪʩʣʘʠʚʘʥʠʷ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʧʦʨʦʜ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ 

ʙʳʪʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʧʦʣʦʚ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʦʪʩʣʘʠʚʘʥʠʝ, 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʫʯʸʥʳʭ ʫʞʝ ʙʦʣʝʝ ʩʪʘ ʣʝʪ [5, 6] ʆʪʩʣʘʠʚʘʥʠʝ ʦʙʳʯʥʦ ʩʚʷ-

ʟʳʚʘʶʪ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʜʘʣʝʥʠʝʤ ʧʦʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ ʠ ʫʧʨʫʛʠʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [4, 7], ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʞʘʪʠʝʤ [5, 8] ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʨʠʚʠʟʥʦʡ ʧʨʠ ʩʞʘʪʠʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ [6, 9]. ʀʟʚʝʩʪʝʥ ʬʝʥʦʤʝʥ ʚʟʨʳʚʥʦʛʦ ʦʪʩʣʘʠʚʘʥʠʷ ʧʦʨʦʜ [4]. ɺ ʘʚʛʫʩʪʝ 

2014 ʛʦʜʘ, ʚ ʩʘʤʳʝ ʞʘʨʢʠʝ ʜʥʠ ʣʝʪʘ, ʛʨʘʥʠʪʥʳʡ ʢʫʧʦʣ ʚ ʂʘʣʠʬʦʨʥʠʠ, ʉʐɸ, ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ 

ʦʪʩʣʦʠʣʩʷ; ʩʚʠʜʝʪʝʣʠ ʥʘʙʣʶʜʘʣʠ ʦʙʰʠʨʥʳʝ ʪʨʝʱʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʩʣʦʠʚʰʠʡʩʷ ʧʣʘʩʪ ʚʝʩʦʤ 

ʦʢʦʣʦ 8000 ʢʛ, ʚʟʣʝʪʝʚʰʠʡ ʚ ʚʦʟʜʫʭ. ɺʟʨʳʚʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʱʠʥ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʤʘʩʰʪʘʙʝ. ʈʘʟʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜʥʷʪʠʝ ʧʣʘʩʪʦʚ. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʭʦʨʦʰʦ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ 

ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʘʤʠ [10, 11], ʥʦ ʚ ʮʝʣʦʤ ʤʦʛʫʪ ʙʳʪʴ 



ʀʜʘʨʤʘʯʝʚ ʐ.ɻ., ʄʘʛʦʤʝʜʦʚ ɸ.ɻ., ʀʜʘʨʤʘʯʝʚ ɸ.ʐ. 
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ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʤʠ ʩʘʤʦʡ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʋʯʠ-

ʪʳʚʘʷ, ʯʪʦ ʥʘ ʢʫʧʦʣʝ ʊʚʝʥ-ʍʘʨʪ ʪʘʢʠʭ ʚʥʝʟʘʧʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʵʪʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʳ ʧʨʠʤʝʯʘʪʝʣʴʥʳ ʪʝʤ, ʯʪʦ ʜʘʶʪ ʥʝʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʝʠʟʙʝʞʥʦʤ 

ʨʘʟʨʫʰʝʥʠʠ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʦʙʳʪʠʡ 6 ʩʝʥʪʷʙʨʷ 2014 ʛ. ʠ ʚ ʜʚʫʭ ʩʦʙʳʪʠʷʭ 2016 ʛʦʜʘ, ʢʦʛʜʘ 

ʪʦʣʱʠʥʘ ʣʠʩʪʦʚ ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ (~10 ʩʤ), ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʜʦ ʚʟʨʳʚʥʦʛʦ ʨʘʟ-

ʨʫʰʝʥʠʷ ʨʘʟʜʘʚʘʣʠʩʴ ʩʣʳʰʠʤʳʝ ʧʦʪʨʝʩʢʠʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʣʶʜʷʤ ʧʦʢʠʥʫʪʴ ʢʫʧʦʣ. ʕʪʘ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʭʦʜ ʦʪ ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʪʨʝʱʠʥ ʚʥʫʪʨʠ ʢʫʧʦʣʘ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʟʨʫʰʝʥʠʷ ʚʦʟʥʠʢʘʣʠ ʪʦʣʴʢʦ ʣʝʪʦʤ ʠ ʠʤ ʧʨʝʜʰʝʩʪʚʦ-

ʚʘʣʠ 10-ʜʥʝʚʥʳʝ ʧʝʨʠʦʜʳ ʩ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʵʪʦʤ ʨʘʡʦʥʝ.  

ʇʦʩʣʝʜʫʶʱʠʝ ʵʧʠʟʦʜʳ ʦʪʩʣʘʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʣʝʪʥʠʭ ʩʝʟʦʥʦʚ ʙʳʣʠ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʜʝʬʦʨʤʘʮʠʶ ʦʪʩʣʘʠʚʘʥʠʷ 

ʠ ʫʩʣʦʚʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ 3,5-ʣʝʪʥʝʛʦ ʧʦʣʝʚʦʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʦʪʩʣʘʠʚʘʶʱʝʛʦʩʷ ʛʨʘʥʠʪʥʦʛʦ ʫʪʸʩʘ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ ʁʦʩʝʤʠʪʠ [4]. 

 

ʈʠʩ. 2. ʘ. ɻʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʨʦʜ, ʰʠʨʠʥʳ ʪʨʝʱʠʥʳ, ʥʘʧʨʷʞʝʥʠʷ ʘʥʢʝʨʥʳʭ ʙʦʣ-

ʪʦʚ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ; ʙ. ʈʘʟʚʝʨʥʫʪʳʝ ʛʨʘʬʠʢʠ ʰʠʨʠʥʳ ʪʨʝʱʠʥʳ, ʥʘʧʨʷʞʝʥʠʷ ʘʥʢʝʨʥʳʭ ʙʦʣʪʦʚ ʚʦ ʚʨʝʤʷ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ  

ʂʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʚʥʠʚʘʶʪʩʷ ʚ ʥʘʯʘʣʝ ʠʶʥʷ, ʩʠʣʳ ʧʦʜʥʷʪʠʷ ʠ ʜʝʬʦʨ-

ʤʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʵʥʝʨʛʠʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ʄʘʢ-

ʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʠʣʳ ʧʦʜʥʷʪʠʷ ʩʦʩʪʘʚʠʣʠ 38ï98 ʢʅ. ʈʘʟʨʫʰʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʤʛʥʦ-

ʚʝʥʥʳʤ ʦʩʝʜʘʥʠʝʤ ʚʝʨʭʥʝʛʦ ʣʠʩʪʘ ʥʘ 1 ʤʤ ʠ ʧʘʜʝʥʠʝʤ ʩʠʣʳ ʥʘ 5 ʢʅ ʧʨʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠʙʦʨʘ 2ů = 0,8 ʢʅ. ʆʙʱʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʣʘʩʪʘ ʥʘ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʝ ʢʫʧʦʣʘ (EX1) ʫʚʝʣʠʯʠʚʘ-

ʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʠʛʥʘʣʘʤʠ ʦʪ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ, ʧʨʠ ʵʪʦʤ ʩʦʚʦʢʫʧʥʦʝ ʧʦʜʥʷʪʠʝ ʩʦʩʪʘʚʠʣʦ 14 

ʤʤ. ʕʪʠ ʩʠʛʥʘʣʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʷ [12] ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʫʤʫʣʷʪʠʚʥʳʡ ʨʦʩʪ ʪʨʝʱʠʥ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʠʧʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ.  

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʦʪʩʣʘʠʚʘʥʠʝ ʧʣʘʩʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʘʡʦʥʝ ʢʫʧʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʤ ɻʫʥʠʙʝ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʠʟʚʝʩʪʥʷʢʦʚ (ʨʠʩ. 3). ʇʦ ʥʝʤʫ ʰʠʨʠʥʘ ʪʨʝʱʠʥ ʧʦ 

ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʩʦʩʪʘʚʣʷʝʪ 10ï12 ʤʤ, ʤʦʱʥʦʩʪʴ ʦʪʩʣʦʠʚʰʝʛʦʩʷ ʧʣʘʩʪʘ ʨʘʚʥʘ 1,0ï1,2 ʤ. ʇʣʦ-

ʱʘʜʴ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 70 ʤ2. ʄʝʭʘʥʠʟʤʘʤʠ ʦʪʩʣʦʝʥʠʷ ʧʣʘʩʪʘ ʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ 

https://www.nature.com/articles/s41467-017-02728-1/figures/5
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ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʠʢʦʚʳʝ ʣʝʪʥʠʝ ʠ ʩʫʪʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʨʦʜ, ʥʦ 

ʠ ʩʝʟʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʤʝʨʟʘʥʠʷ ʠ ʪʘʷʥʠʷ ʩʥʝʛʘ. 

 

.  
ʈʠʩ. 3. ɺʠʜ ʦʪʩʣʦʝʥʥʳʭ ʧʦʨʦʜ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʘ ʩʢʣʦʥʝ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ɺʝʨʭʥʝʛʦ ɻʫʥʠʙʘ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʣʘʩʪʘ ʜʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ: 

 

æL=ŬÖæTÖL 

 

ʛʜʝ L ï ʜʣʠʥʘ ʧʣʘʩʪʘ;Ö Ŭ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʝʩʪʥʷʢʘ; æT ï ʩʫʪʦʯʥʳʡ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʨʦʜʳ. ɼʣʠʥʘ ʦʪʩʣʦʠʚʰʝʛʦʩʷ ʧʣʘʩʪʘ ʨʘʚʥʘ L= 12 ʤ; Ŭ=8Ö10-6 ʉ̄-1; 

æT=20̄ ʉ, ʪʦʛʜʘ ʜʣʷ ʥʠʭ æL= 1900 ʤʢʤ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ L= 6 ʤ ʠʤʝʝʤ æL= 960 

ʤʢʤ. ɺʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʧʣʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ æL= 160 ʤʢʤ. ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʚʝʣʠʯʠʥʳ 

ʜʘʥʥʳʤʠ ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʥʘ ʧʦʨʷʜʢʠ ʥʠʞʝ ʩʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʡ 

ʰʠʨʠʥʳ ʪʨʝʱʠʥʳ ʥʘ ʢʫʧʦʣʝ ʁʦʩʝʤʠʪʠ ʚ ʂʘʣʠʬʦʨʥʠʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 5 

ʤʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʜʝʬʦʨʤʘʮʠʠ ʦʪʩʣʦʝʥʥʳʭ ʧʦʨʦʜ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ɺʝʨʭʥʝʤ ɻʫʥʠʙʝ ʦʪ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ.  

  

ɺʳʚʦʜʳ 

ʆʙʚʘʣʳ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʦʩʘʜʢʘʤʠ, ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʴʜʘ ʚ ʪʨʝʱʠʥʘʭ, ʥʦ ʠ ʠʟ-ʟʘ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʩʦʣʥʝʯ-

ʥʦʡ ʵʥʝʨʛʠʝʡ. ɺ ʧʨʠʨʦʜʝ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʦʪʩʣʘʠʚʘʥʠʷ ʩʣʦʝʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʥʘʧʨʠʤʝʨ, ʩʢʘʣʴʥʳʝ ʢʫʧʦʣʘ ʩ ʠʭ ʩʣʦʷʤʠ ʦʪʩʣʘʠʚʘʶʱʠʭʩʷ ʧʣʘʩʪʦʚ. ʊʦʯ-

ʥʳʡ ʤʝʭʘʥʠʟʤ ʦʪʩʣʘʠʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʟʘʛʘʜʢʦʡ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʢʘʣʴʥʳʝ ʤʘʩʩʠʚʳ ʛʦʪʦʚʳʝ ʢ 

ʦʙʨʫʰʝʥʠʶ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʝʱʠʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʤʠ ʚ ʨʘʡʦʥʝ ɺʝʨʭʥʝʛʦ 



ʀʜʘʨʤʘʯʝʚ ʐ.ɻ., ʄʘʛʦʤʝʜʦʚ ɸ.ɻ., ʀʜʘʨʤʘʯʝʚ ɸ.ʐ. 
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ɻʫʥʠʙʘ (ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ) ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʘʩʩʠʚ ʦʙʲʝʤʦʤ 350 ʤ3, ʦʪʜʝʣʝʥʥʳʡ ʦʪ ʤʘʪʝʨʠʥ-

ʩʢʦʡ ʯʘʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʦʪʨʳʚʘ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʜʦ 12 ʩʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʨʝʱʠʥʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʥʥʳʡ ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʢʠ KTR ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ10 ʤʢʤ. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʇʦ ʜʘʥʥʳʤ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʢʠ, ʢʦ-

ʪʦʨʳʝ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʪʤʦʩʬʝʨʳ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʫʪʦʯ-

ʥʳʡ ʭʦʜ ʰʠʨʠʥʳ ʪʨʝʱʠʥʳ, ʩʚʷʟʘʥ ʩ ʪʝʨʤʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʩʢʘʣʴʥʦʤ ʤʘʩʩʠʚʝ, ʚʳʟʚʘʥ-

ʥʳʤʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʪʤʦʩʬʝʨʳ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣ-

ʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ 13 ʯʘʩʦʚ ʧʦ ʤʦʩʢʦʚʩʢʦʤʫ ʚʨʝʤʝʥʠ ʰʠʨʠʥʘ ʪʨʝʱʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 850 

ʤʢʤ. ʏʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʣʘʩʪʘ ʥʘ ʩʢʘʣʴʥʦʤ ʤʘʩʩʠʚʝ ɺʝʨʭʥʠʡ 

ɻʫʥʠʙ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻ ɼʌʀʎ ʈɸʅ ʧʦ 

ʪʝʤʝ ʅʀʈ ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ 122032200277-4.  
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ 3 ʩʝʥ-

ʪʷʙʨʷ 2021 ʛ. ʚ ʎʫʥʪʠʥʩʢʦʤ ʨʘʡʦʥʝ ɼʘʛʝʩʪʘʥʘ ʩ ʂʈ=12.36, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʢʦʪʦʨʦʛʦ ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ 

ʟʦʥʝ ʜʦʩʪʠʛʣʘ ʧʷʪʠ ʙʘʣʣʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʢʘʨʪʘ ʠʟʦʩʝʡʩʪ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʟ 30 

ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ɼʘʛʝʩʪʘʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʝʞʪʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ. 

 

MACROSEISMIC MANIFESTATIONS OF THE BEZHTA EARTHQUAKE ON SEPTEMBER 3, 

2021 

Asmanov O.A., Magomedov H.D., Adilov Z.A.  

Dagestan branch of FIS GS RAS, Makhachkala, Russia, adilov79@mail.ru 

The article presents instrumental and macroseismic data of the earthquake that occurred on September 3, 2021 in the 

Tsuntinsky district of Dagestan with a CR=12.36, the intensity of which in the epicentral zone reached five points. The 

article presents an isoseist map based on data processing from 30 settlements in Dagestan.  

Keywords: Bezhta earthquake, instrumental data, seismic station. 

 

ɺʚʝʜʝʥʠʝ. ɹʝʞʪʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʧʨʦʠʟʦʰʝʜʰʝʝ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʚ 03 ʯ. 34 ʤʠʥ. ʩ 

ʂʈ=12.36 ʥʘ ʛʣʫʙʠʥʝ 20 ʢʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʱʫʪʠʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʟʘ 47-ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ɼʘʛʝʩʪʘʥʘ. ɼʘʥʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ: 42.250 N; 46.250 ɽ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚʙʣʠʟʠ ʧʝʨʝʩʝʯʝʥʠʷ ʈʘʟʣʦʤʘ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟ-

ʩʢʦʛʦ ʭʨʝʙʪʘ ʩ ʃʝʚʘʪʠʡʩʢʦ-ʊʙʠʣʠʩʩʢʦ-ɸʛʨʘʭʘʥʩʢʠʤ ʨʘʟʣʦʤʦʤ (ʨʠʩ. 1) ʚ ʨʘʡʦʥʝ ɹʦʛʦʩʩʢʦʛʦ 

ʭʨʝʙʪʘ. 

ɹʝʞʪʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʇʦ ʜʘʥʥʳʤ ISC [6] ɹʝʞʪʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʟʘʧʠʩʘʣʠ 737 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʤʠʨʦʚʦʡ ʩʝʪʠ.  

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʧʦ ʜʘʥʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ [1] (ʩʝʪʴ DRS) ʚ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʠ ʩ ʨʝʰʝʥʠʷʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʙʶʣʣʝ-

ʪʝʥʝ ISC [6]. ʇʦʣʦʞʝʥʠʝ ʵʧʠʮʝʥʪʨʘ ʧʦ ʜʘʥʥʳʤ DRS ʠ ʨʘʟʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1. ɹʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʦʧʨʝʜʝʣʝʥʠʡ ʵʧʠʮʝʥʪʨʦʚ ʨʘʟʥʳʭ ʩʣʫʞʙ ʚ ʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ.  

ʊʘʙʣʠʮʘ 1.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʧʦ ʜʘʥʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠ-

ʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʛʝʥʪʩʪʚ 

ɸʛʝʥʪʩʪʚʦ t0, ʯ ʤʠʥ ʩ dt0, ʩ 
ɻʠʧʦʮʝʥʪʨ ʄʘʛʥʠʪʫʜʘ/ 

ʯʠʩʣʦ ʩʪʘʥʮʠʡ 
ʀʩʪʦʯʥʠʢ 

j̄, N dj̄ l̄, E dl̄ h, ʢʤ dh, ʢʤ 

DRS 03 34 49.06 ï 42.258 ï 46.148 ï 6.0 ï ʂʈ=12.36 [1] 

GFZ 03 34 51.10 0.40 
42.287 ï 46.099 ï 

10.0 7 mb=4.3/23, 

M=4.3/23 

[6] 

MOS 03 34 47.30 ï 42.153 ï 45.981 ï 10.7 0.3 MPVA=5.4 [6] 

AZER 03 34 47.17 ï 42.211 ï 45.817 ï 10.0 ï ml=4.8 [6] 

ISC 03 34 49.86 0.64 42.177 0.02 45.960 0.02 13.0 4.22 Ms=3.7/49, 

mb=4.7/150 

[6] 

mailto:adilov79@mail.ru
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ɸʛʝʥʪʩʪʚʦ t0, ʯ ʤʠʥ ʩ dt0, ʩ 
ɻʠʧʦʮʝʥʪʨ ʄʘʛʥʠʪʫʜʘ/ 

ʯʠʩʣʦ ʩʪʘʥʮʠʡ 
ʀʩʪʦʯʥʠʢ 

j̄, N dj̄ l̄, E dl̄ h, ʢʤ dh, ʢʤ 

NEIC 03 34 50.08 2.02 42.282 0.1 46.033 0.09 30.0f ï mb=4.8/106 [6] 

TIF 03 34 47.60 ï 42.194 ï 45.953 ï 11.4 1.0 Ml= 4.7 [6] 

IDC 03 34 47.50 0.46 42.158 0.09 45.943 0.08 0.0f ï mb=4.4/28, 

Ms=3.6/36 

[6] 

ʇʨʠʤʝʯʘʥʠʝ. DRS ï ɼʘʛʝʩʪʘʥʩʢʠʡ ʬʠʣʠʘʣ ʌʀʎ ɽɻʉ ʈɸʅ; GFZ ï German Research Centre For Geosciences; 

MOS ï ʩʝʪʴ ʪʝʣʝʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʌʀʎ ɽɻʉ ʈɸʅ, ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ; AZER ï ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ; ISC ï International Seismological Center, UK; 

NEIC ï National Earthquake Information Center, USA; TIF ï ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʊʙʠʣʠʩʠ, ɻʨʫʟʠʷ; IDC ï International Data Centre, Comprehensive Nuclear-Test-Ban 

Treaty (CTBTO), Austria. 

 

 
ʈʠʩ. 1. ʈʝʰʝʥʠʷ ʵʧʠʮʝʥʪʨʘ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ.  ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʝʡ-

ʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ (ʪʘʙʣ. 1) 

 

ʌʦʨʰʦʢʦʚʘʷ ʠ ʘʬʪʝʨʰʦʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʨʘʜʠʫʩʝ 20 ʢʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʘ 2.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʰʦʢʦʚ ʠ ʘʬʪʝʨʰʦʢʦʚ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʩʝʥʪʷʙʨʷ 

2021 ʛ. 
 ̄ ɼʘʪʘ t0, ʯ. ʤʠʥ. ʩʝʢ. ʕʧʠʮʝʥʪʨ h, ʢʤ ʂʈ [1] 

ű0, N ɚ0, E 

ʌʦʨʰʦʢʠ 

1 24.08.2021 05-38-26.02 42.43 45.99 6 4.8 

2 24.08.2021 11-1.9-18.01 42.45 46.21 9 5.1 

3 25.08.2021 12-31.5-9.08 42.39 45.99 6 6.3 

4 26.08.2021 19-31-20.0 42.19 46.06 6 6,3 

5 28.08.2021 05-56-21.05 42.10 46.24 6 8.2 

6 02.09.2021 04-33-06.0 42.23 46.04 6 5.6 

7 02.09.2021 10-15-15.0 42.38 46.06 3 4.8 

ɻʣʘʚʥʳʡ ʪʦʣʯʦʢ 

8 03.09.2021 03-34-49.05 42.26 46.14 3 12.3 

ɸʬʪʝʨʰʦʢʠ 

9 03.09.2021 03-56-20.0 42.24 46.13 3 7.4 

10 03.09.2021 06-35-37.0 42.35 45.96 18 5.9 

11 03.09.2021 06-49-14.0 42.20 45.96 54 6.0 

12 03.09.2021 08-50-35.0 42.25 46.14 3 8.9 

13 04.09.2021 15-2.9-04.0 42.29 46.01 24 5.3 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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14 04.09.2021 16-46-44.0 42.18 46.00 6 7.1 

15 05.09.2021 00-09-27.0 42.24 46.03 15 4.4 

16 05.09.2021 05-03-30.09 42.22 46.06 15 6.5 

17 05.09.2021 06-14-19.01 42.27 46.16 15 7.2 

18 06.09.2021 02-04-25.0 42.22 45.98 60 9.5 

19 06.09.2021 06-40-49.0 42.27 46.01 60 7.2 

20 06.09.2021 16-14-23.0 42.20 46.03 6 6.6 

21 07.09.2021 18-12-27.0 42.21 40.05 6 5.9 

22 07.09.2021 23-49-14.03 42.23 46.09 3 5.6 

23 08.09.2021 22-46-16.0 42.04 46.03 6 4.5 

24 08.09.2021 22-48-27.0 42.09 45.98 6 5.6 

25 09.09.2021 22-53-48.0 42.31 46.12 9 4.9 

26 11.09.2021 07-15-48.06 42.22 46.05 6 6.3 

27 15.09.2021 08-03-59.0 42.07 46.21 15 6.3 

28 21.09.2021 21-33-16.05 42.35 46.12 15 4.3 

29 22.09.2021 00-09-13.05 42.15 45.91 63 5.3 

30 23.09.2021 10-36-00.09 42.16 46.02 6 6.7 

31 24.09.2021 00-22-03.8 42.34 46.07 21 4.9 

32 25.09.2021 20-16-35.04 42.27 45.91 3 7.9 

33 26.09.2021 20-50-12.07 42.22 46.07 6 5.7 

34 30.09.2021 01-28-56.05 42.24 46.03 6 5.8 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ ʠʟ 7 ʬʦʨʰʦʢʦʚ ʠ 26 ʘʬʪʝʨʰʦʢʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ ʬʦʨʰʦʢʦʚ (æʂʬ) ʠ ʘʬʪʝʨʰʦʢʦʚ (æʂʘ): æʂʬ=12.3-8.2=4.1; æʂʘ=12.3-

9.5=2.8. 

ʆʩʝʚʘʷ ʣʠʥʠʷ ʧʦʣʷ ʬʦʨʰʦʢʦʚ ʠ ʘʬʪʝʨʰʦʢʦʚ ɹʝʞʪʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʳʪʷʥʫʪʦʩʪʠ ʧʦʣʷ ʠʟʦʩʝʡʩʪ ʥʘ 

ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 2. ʕʧʠʮʝʥʪʨʳ ʬʦʨʰʦʢʦʚ ʠ ʘʬʪʝʨʰʦʢʦʚ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ. 

 

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʇʦʩʣʝʜʩʪʚʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʙʳʣʠ 

ʦʙʩʣʝʜʦʚʘʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ɼʌ ʌʀʎ ɽɻʉ ʈɸʅ ʠ ɻʋ ʄʏʉ ʈʦʩʩʠʠ ʧʦ ɼʘʛʝʩʪʘʥʫ ʩ ʫʯʘʩʪʠʝʤ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʝʡ ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʎʫʥʪʠʥʩʢʦʛʦ ʠ ʊʣʷʨʘʪʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ. 
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ɼʣʷ ʘʥʘʣʠʟʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʩʧʦʣʴʟʦ-

ʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ɹʣʝʡʢʘ-ʐʝʙʘʣʠʥʘ [4]: 

 I i=bMïn lg 2 2

i h CD + +, (1) 

ʠʣʠ, ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʪʨʷʩʝʥʠʡ ʚ ʵʧʠʮʝʥʪʨʝ I0: 

 I0=bMïn lgh+C, (2) 

ʛʜʝ Ii ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʢʦʥʢʨʝʪʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʥʘ ʵʧʠʮʝʥʪʨʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ Di, 

ʦʧʨʝʜʝʣʝʥʥʘʷ, ʢʘʢ ʠ I0, ʧʦ ʰʢʘʣʝ ʐʉʀ-17 [7]; M ï ʤʘʛʥʠʪʫʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʘʤ; h ï ʛʣʫʙʠʥʘ ʛʠʧʦʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʢʤ; ʢʦʵʬʬʠʮʠʝʥʪʳ b, n ʠ C ʜʣʷ 

ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ (1) ʠ (2) ʨʘʚʥʳ 1.5, 3.6, 3.1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʦʨʤʫʣʳ (1) ʠ (2) ʥʝ ʫʯʠʪʳʚʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʯʘʛʘ, ʠ ʠʟʦʩʝʡʩʪʳ ʙʝʟ ʫʯʝʪʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʟʘʪʫʭʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʢʨʫʛʘʤʠ. 

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʵʧʠʮʝʥʪʨ ʥʘʭʦʜʠʣʩʷ ʢʘʢ ʮʝʥʪʨ ʠʟʦʩʝʡʩʪʳ ʚʳʩʰʝʛʦ ʙʘʣʣʘ. ɻʣʫʙʠʥʘ ʧʦ ʤʘʢ-

ʨʦʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟ ʫʨʘʚʥʝʥʠʷ (2). 

ʇʨʠ ʦʮʝʥʢʝ ʨʘʩʯʸʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʪʨʷʩʝʥʠʷ ʚ ʵʧʠʮʝʥʪʨʝ I0 ʧʦ ʬʦʨʤʫʣʝ (2) ʧʦʣʫʯʝʥʦ 

I0=5.3 ʙʘʣʣʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʄs=4.6 ʠ ʛʣʫʙʠʥʝ h=20 ʢʤ. 

ɺ ʧʷʪʠʙʘʣʣʴʥʫʶ ʵʧʠʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʦʧʘʣʠ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ɻʝʥʫʭ, ʂʠʜʨʦ, ɹʝ-

ʞʪʘ, ʍʘʤʘʥʪʣʠ, ʍʦʥʦʭ ʠ ʉʘʥʪʠ ʎʫʥʪʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ʄʥʦʛʠʝ ʣʶʜʠ ʦʱʫʱʘʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ 

ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ, ʚ ʝʜʠʥʠʯʥʳʭ 

ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʣʠ ʚʩʢʨʳʣʠʩʴ ʪʨʝʱʠʥʳ ʚ ʰʪʫʢʘʪʫʨʢʝ. 

ɺ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ ɻʝʥʫʭ ʠ ʂʠʜʨʦ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʱʫʱʘʣʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʜʘʨ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ 4-5 ʙʘʣʣʦʚ ʦʭʚʘʪʠʣʘ ʛʦʨʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ: ʙʦʣʴ-

ʰʫʶ ʯʘʩʪʴ ʊʣʷʨʘʪʠʥʩʢʦʛʦ ʠ ʎʫʤʘʜʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʠ ɹʝʞʪʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ. ɿʜʝʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʦʱʫʱʘʣʦʩʴ ʥʘʩʝʣʝʥʠʝʤ ʢʘʢ ʥʘ ʚʝʨʭʥʠʭ, ʪʘʢ ʠ ʥʘ ʧʝʨʚʳʭ ʵʪʘʞʘʭ ʜʦʤʦʚ. ʃʶʜʠ ʟʘʤʝʪʠʣʠ ʜʨʦʞʘʥʠʝ 

ʤʝʙʝʣʠ, ʦʢʦʥʥʳʭ ʩʪʸʢʦʣ, ʜʚʠʞʝʥʠʝ ʥʝʟʘʢʨʳʪʳʭ ʜʚʝʨʝʡ ʠ ʦʢʦʥ, ʨʘʩʢʘʯʠʚʘʥʠʝ ʣʶʩʪʨ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʜʦʤʘʭ ʧʦʷʚʠʣʠʩʴ ʚʦʣʦʩʷʥʳʝ ʪʨʝʱʠʥʳ ʚ ʰʪʫʢʘʪʫʨʢʝ. 

ɺ ʯʝʪʳʨʝʭʙʘʣʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦʪʨʷʩʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʩʝʣʘ ɹʦʪʣʠʭ ʠ ɻʦʯʦʙ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ 3-4 ʙʘʣʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ ɻʫʥʠʙ, ʐʘ-

ʤʠʣʴʢʘʣʘ, ʂʫʤʫʭ. 

ʉ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʪʨʷʩʝʥʠʡ 3 ʙʘʣʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʱʫʱʘʣʦʩʴ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ 

ʄʫʭʘʭ, ɼʫʙʢʠ, ʂʘʢʘʰʫʨʘ, ɻʝʨʭʤʘʭʠ. 

ʍʘʩʘʚʶʨʪ, ʈʫʪʫʣ, ɸʢʩʘʡ, ʄʘʭʘʯʢʘʣʘ ï ʚ 2-3 ʙʘʣʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʦʪʨʷʩʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʅʘ ʨʠʩ. 

3 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʠʟʦʩʝʡʩʪ ʜʘʥʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ɼʘʛʝʩʪʘʥʘ ʧʦ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘ, ʦʢʘʟʘʚʰʠʝʩʷ ʨʘʚʥʳʤʠ űʤ=42.120 N, 

ɚʤ=46.000 ɽ, h=20 ʢʤ, ʠʟʦʩʝʡʩʪʳ ʚʳʪʷʥʫʪʳ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʊʘʙʣʠʮʘ 3.  

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ. 
ˉ ʇʫʥʢʪ ű0, N ɚ0, E æ, 

ʢʤ 

ˉ ʇʫʥʢʪ ű0, N ɚ0, E æ, 

ʢʤ 

 ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ 

ʵʧʠʮʝʥʪʨ 

42.12 46.00 ï 13 ʍʫʥʟʘʭ 42.544 46.706 92 

5 ʙʘʣʣʦʚ 3-4 ʙʘʣʣʘ 

1 ɻʝʥʫʭ 42.177 45.982 0 14 ɻʫʥʠʙ 42.38 46.961 80 

2 ʂʠʜʝʨʦ 42.194 45.954 7 15 ʐʘʤʠʣʴʢʘʣʘ 42.688 46.870 87 

3 ɹʝʞʪʘ 42.134 46.125 11 16 ʂʫʤʫʭ 42.17 47.117 99 

4 ʍʘʤʘʥʪʣʠ 42.311 45.961 15 3 ʙʘʣʣʘ 

5 ʍʚʘʨʠʰʠ 42.351 46.107 21 17 ʄʫʭʘʭ 41.700 46.991 88 

6 ʉʘʥʪʘ 42.242 46.254 22 18 ɼʫʙʢʠ 43.021 46.841 112 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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4-5 ʙʘʣʣʦʚ 19 ʂʘʢʘʰʫʨʘ 42.654 47.390 122 

7 ʊʣʷʨʘʪʘ 42.105 46.356 30 20 ɻʝʨʭʤʘʭʠ 42.265 47.531 123 

8 ʉʠʣʴʜʠ 42.455 45.928 31 2-3 ʙʘʣʣʘ 

9 ɼʘʛʙʘʰ 42.380 46.351 35 21 ʍʘʩʘʚʶʨʪ 43.246 46.589 125 

10 ʋʨʘʜʘ 42.380 46.563 49 22 ɻʨʦʟʥʳʡ 43.309 45.670  

4 ʙʘʣʣʘ 23 ʈʫʪʫʣ 41.533 47.427 136 

11 ɻʦʯʦʙ 42.238 46.663 52 24 ɸʢʩʘʡ 43.373 46.443 136 

12 ɹʦʪʣʠʭ 42.669 46.219 55 25 ʄʘʭʘʯʢʘʣʘ 42.972 47.493 150 

 

 
ʈʠʩ. 3. ʂʘʨʪʘ ʠʟʦʩʝʡʩʪ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ: 1 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʚ ʙʘʣʣʘʭ ʧʦ 

ʰʢʘʣʝ ʐʉʀ-17; 2, 3 ï ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʵʧʠʮʝʥʪʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 4 ï ʠʟʦʩʝʡ-

ʩʪʳ; 5 ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʨʘʥʠʮʘ. 
 

ʀʩʪʦʨʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʈʘʡʦʥ ʧʝʨʝʩʝʯʝʥʠʷ ʈʘʟʣʦʤʘ 

ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ ʩ ʃʝʚʘʪʠʡʩʢʦ-ʊʙʠʣʠʩʩʢʦ-ɸʛʨʘʭʘʥʩʢʠʤ ʨʘʟʣʦʤʦʤ (ʨʠʩ. 1) ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʝʡʩʤʠʯʥʦʩʪʠ [5]. ʇʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [3] ʚ ʵʪʦʤ 

ʨʘʡʦʥʝ ʧʨʦʠʩʭʦʜʠʣʠ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʜʠʫʩʝ 25 

ʢʤ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʯʘʛʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4 ʠ ʥʘ ʨʠʩ. 4. ʂʘʢ ʚʠʜʥʦ, ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʩʝʤʠ-

ʙʘʣʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʠʟʦʰʣʦ 17 ʦʢʪʷʙʨʷ 1902 ʛ. [3]. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʥʘʠʙʦʣʴʰʝʡ ʤʘʛʥʠʪʫʜʦʡ 

ʄs=5.1 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚ 1974 ʛ. [2, 3], ʵʧʠʮʝʥʪʨ ʢʦʪʦ-

ʨʦʛʦ ʚ 21 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʦʪ ʵʧʠʮʝʥʪʨʘ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ.  



ɸʩʤʘʥʦʚ ʆ.ɸ., ɸʜʠʣʦʚ ɿ.ɸ., ʈʘʛʠʤʦʚ ʊ.ʊ. 

ʆʑʋʊʀʄʓɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ ɼɸɻɽʉʊɸʅɸ ʀ ʏɽʏɽʅʉʂʆʁ ʈɽʉʇʋɹʃʀʂʀ ʚ 2020 ʛ. 

 

39 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ ʠʟʦʩʝʡʩʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 4 ʘʚʛʫʩʪʘ 1974 ʛ. ʠ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 3-5 ʙʘʣʣʴʥʳʝ ʠʟʦʩʝʡʩʪʳ ʚʳʪʷʥʫʪʳ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʙʦʣʴʰʠʭ ʦʩʝʡ ʩʦʚʧʘʜʘʝʪ. 

 

ʊʘʙʣʠʮʘ 4.  

ʇʘʨʘʤʝʪʨʳ ʵʧʠʮʝʥʪʨʦʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʯʘʛʦʚʦʡ ʟʦʥʝ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ 

ˉ ɼʘʪʘ ʜʝʥʴ, ʤʝʩʷʮ, 

ʛʦʜ 

t0, 

ʯ. ʤ. ʩ. 

ʂʦʦʨʜʠʥʘʪʳ ʵʧʠʮʝʥʪʨʘ  

ʄ 

 

I 0 ű0,N ɚ0,E h, ʢʤ 

1 17.10.1902 07 21 00.0 42.10 45.80 7 4.5 7 

2 21.03.1954 09 57 00.0 42.30 45.90 18 4.9 6 

3 29.03.1961 07 29 26.0 42.30 45.90 30 4.1 4 

4 04.07.1961 19 25 19.0 42.00 45.80 15 4.2 5 

5 23.08.1962 02 18 51.0 42.10 45.90 18 4.2 5 

6 04.08.1974 15 06 13.40 42.10 45.90 18 5.1 6ï7 

7 03.07.1985 23 30 37.30 42.25 46.07 25 4.0 4 

8 04.07.1985 05 08 28.80 42.10 45.73 25 5.0 5ï6 

9 21.06.1990 22 25 54.30 42.10 45.77 25 4.4 4ï5 

10 22.09.1990 02 45 59.70 42.00 46.00 25 4.2 4 

11 22.09.1990 09 24 37.0 41.97 45.90 25 4.2 4 

12 27.05.1991 03 40 42.0 42.00 46.00 20 3.7 4 

13 05.09.1994 19 13 13.50 41.97 46.16 15 4.8 6 

14 16.08.1995 23 51 21.0 42.17 46.07 10 4.1 5ï6 

15 20.12.1996 11 42 29.0 42.03 46.15 20 3.7 4 

16 18.04.2004 02 21 19.32 42.20 46.27 2.5 4.0 7ï8 

17 29.04.2004 19 49 32.8 42.08 46.21 16 3.7 4 

18 02.05.2004 09 07 11.84 42.05 46.13 8.5 3.7 5 

19 08.05.2005 18 47 06.42 41.97 45.87 11 4.2 5ï6 

20 08.04.2008 14 17 31.52 41.98 46.13 9 3.8 5 

21 16.08.2010 17 42 43.24 41.98 46.04 17 3.8 4 

22 17.06.2011 04 40 41.66 42.20 46.07 15 3.7 4 

23 17.09.2013 04 09 15.47 42.14 45.75 14.5 5.0 6 

24 03.09.2021 03 34 49.58 42.25 46.14 12.4 4.6 5 

 

 
ʈʠʩ. 4. ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʯʘʛʦʚʦʡ ʟʦʥʝ ɹʝʞʪʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʟʘ ʧʝʨʠʦʜ ʩ 1902 ʜʦ 2021 ʛʛ. 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ɿʘʢʣʶʯʝʥʠʝ 

ɹʝʞʪʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 3 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʥʘʨʫʰʠʣʦ ʩʝʡʩʤʠʯʝʩʢʦʝ ʟʘʪʠʰʴʝ ʚ ʵʪʦʡ ʟʦʥʝ, 

ʧʨʦʜʦʣʞʘʚʰʝʝʩʷ ʩ 1974 ʛ., ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʚʳʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʦʡ 

ʟʦʥʝ. ʇʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʥʘ ʬʦʥʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʵʪʦ ʩʦʙʳʪʠʝ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʢ ʨʷʜʦʚʦʤʫ ʷʚʣʝʥʠʶ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. ɺʦʟʤʦʞʥʦ, ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʟʜʝʩʴ 

ʙʫʜʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʦʜʦʙʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʦʧʠʩʘʥʠʷ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʦʱʫʪʠʤʳʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ɼʘʛʝʩʪʘʥʘ ʠ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʚ 2020 ʛ.  
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ɺʚʝʜʝʥʠʝ. ʆʧʘʩʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɼʘʛʝʩʪʘʥʘ ʠ ʏʝʯʝʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ 

ʤʝʣʢʦʬʦʢʫʩʥʦʤ ʭʘʨʘʢʪʝʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʘʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ ʠ ʫʤʝʨʝʥʥʳʝ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

ɺ 2020 ʛ. ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʚʘ ʧʷʪʠʙʘʣʣʴʥʳʭ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ: 1) ʐʘʪʦʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ Ms=4.7, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ 12 ʜʝʢʘʙʨʷ 2020 ʛ. ʚ 21h29m ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʐʘʪʦʡʩʢʦʛʦ ʨʘʡʦʥʘ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ; 2) ʤʦʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʪʘʢʦʡ ʞʝ ʤʘʛ-

ʥʠʪʫʜʦʡ Ms=4.7, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ 3 ʥʦʷʙʨʷ 2020 ʛ. ʚ 12h16m ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨʷ ʚ 35 ʢʤ ʦʪ ʧʦʩʝʣʢʘ ʗʣʘʤʘ. 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʵʪʠʭ ʜʚʫʭ ʦʱʫʪʠʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 2020 ʛ. 

ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʘʥʘʣʠʟʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦ-

ʷʚʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ɹʣʝʡʢʘ-ʐʝʙʘʣʠʥʘ [5]: 

 I i=bMïn lg 2 2

i h CD + +, (1) 

ʠʣʠ, ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʪʨʷʩʝʥʠʡ ʚ ʵʧʠʮʝʥʪʨʝ I0: 

 I0=bMïn lgh+C, (2) 

ʛʜʝ Ii ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʢʦʥʢʨʝʪʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʥʘ ʵʧʠʮʝʥʪʨʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ Di, 

ʦʧʨʝʜʝʣʝʥʥʘʷ, ʢʘʢ ʠ I0, ʧʦ ʰʢʘʣʝ ʐʉʀ-17 [12]; M ï ʤʘʛʥʠʪʫʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʘʤ; h ï ʛʣʫʙʠʥʘ ʛʠʧʦʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʢʤ; ʢʦʵʬʬʠʮʠʝʥʪʳ b, n ʠ C ʜʣʷ 

ɼʘʛʝʩʪʘʥʘ 

ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ (1) ʠ (2) ʨʘʚʥʳ 1.5, 3.6, 3.1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʦʨʤʫʣʳ (1) ʠ (2) ʥʝ ʫʯʠʪʳʚʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʯʘʛʘ, ʠ ʠʟʦʩʝʡʩʪʳ ʙʝʟ ʫʯʝʪʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʟʘʪʫʭʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʢʨʫʛʘʤʠ. 

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʵʧʠʮʝʥʪʨ ʥʘʭʦʜʠʣʩʷ ʢʘʢ ʮʝʥʪʨ ʠʟʦʩʝʡʩʪʳ ʚʳʩʰʝʛʦ ʙʘʣʣʘ. ɻʣʫʙʠʥʘ ʧʦ ʤʘʢ-

ʨʦʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟ ʫʨʘʚʥʝʥʠʷ (2). 

ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʦʯʘʛʦʚ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ, ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʢʘʨʪʦʡ ʨʘʟʣʦʤʦʚ [10]. ʄʦʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʚ ʨʘʡʦʥʝ ʧʝ-

ʨʝʩʝʯʝʥʠʷ ʇʨʠʙʨʝʞʥʦʛʦ ʠ ʉʘʤʫʨʩʢʦʛʦ ʨʘʟʣʦʤʦʚ.  



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ɺ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʐʘʪʦʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʰʠʨʦʪʥʦʤʫ ʏʝʨʥʦ-

ʛʦʨʩʢʦʤʫ ʨʘʟʣʦʤʫ ʛʦʨʥʦʛʦ ʨʘʡʦʥʘ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ [4, 6], ʛʜʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 70 ʣʝʪ ʧʨʦʠʟʦʰʣʠ 

ʙʦʣʝʝ 20 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʘʤʠ ʦʪ 4.5ÒʄÒ6.5 [6, 7, 8, 9]. 

 

 
ʈʠʩ. 1. ʕʧʠʮʝʥʪʨʳ ʦʱʫʪʠʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 2020 ʛ.: ʐʘʪʦʡʩʢʦʛʦ 12 ʜʝʢʘʙʨʷ ʩ ʂʈ=12.5 ʠ ʤʦʨʩʢʦʛʦ 

3 ʥʦʷʙʨʷ ʩ ʂʈ=12.4 ʥʘ ʬʦʥʝ ʢʘʨʪʳ ʨʘʟʣʦʤʦʚ ʧʦ [10] 

 

ʐʘʪʦʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ 12 ʜʝʢʘʙʨʷ 2020 ʛ. ʚ 

21h29m, ʥʘʭʦʜʠʣʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʐʘʪʦʡʩʢʦʛʦ ʨʘʡʦʥʘ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʙʣʠʞʘʡʰʠʤ ʢ ʵʧʠʮʝʥ-

ʪʨʫ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʝʣʦ ʐʘʪʦʡ, ʧʦ ʥʘʟʚʘʥʠʶ ʢʦʪʦʨʦʛʦ ʠ ʠʤʝʥʦʚʘʥʦ ʵʪʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝ. ʉʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʱʫʱʘʣʦʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 190 ʢʤ. 

ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ IϚ=5 ʙʘʣʣʦʚ ʧʦ ʰʢʘʣʝ ʐʉʀ-17 [12] ʦʪʤʝʯʝʥʘ ʚ ʯʝʪʳʨʸʭ ʥʘʩʝʣʸʥʥʳʭ 

ʧʫʥʢʪʘʭ. ʉʦʪʨʷʩʝʥʠʷʤʠ ʙʳʣʘ ʦʭʚʘʯʝʥʳ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢ ʆʩʝʪʠʠ, ʀʥʛʫʰʝʪʠʠ, ʏʝʯʥʠ ʠ ɼʘʛʝ-

ʩʪʘʥʘ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʦʨʰʦʢʦʚ ʠ ʘʬʪʝʨʰʦʢʦʚ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʐʘʪʦʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʟʘʧʠʩʘʣʠ 889 ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥ-

ʮʠʡ ʤʠʨʦʚʦʡ ʩʝʪʠ. ɽʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʧʦ 

ʜʘʥʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ [1] (ʩʝʪʴ DAGSR). ʊʘʢ ʞʝ ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʣʣʝʪʝʥʷ ʌʀʎ ɽɻʉ ʈɸʅ ʧʦ ʉʝʚʝʨʥʦʤʫ ʂʘʚʢʘʟʫ ʩ ʮʝʥʪʨʦʤ ʦʙʨʘʙʦʪʢʠ ʚ 
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ʛ. ʆʙʥʠʥʩʢʝ [3] ʩ ʨʝʰʝʥʠʷʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ 

ʙʶʣʣʝʪʝʥʝ ISC [11], ʠ ʩʝʪʠ OBGSR. 

ʇʦʣʦʞʝʥʠʝ ʵʧʠʮʝʥʪʨʘ ʧʦ ʜʘʥʥʳʤ DAGSR ʠ ʨʘʟʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2. 
 

ʊʘʙʣʠʮʘ 1.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 12 ʜʝʢʘʙʨʷ 2020 ʛ. ʧʦ ʜʘʥʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠ-

ʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʛʝʥʪʩʪʚ 

ɸʛʝʥʪʩʪʚʦ t0, ʯ ʤʠʥ ʩ 
dt0, 

ʩ 

ɻʠʧʦʮʝʥʪʨ ʄʘʛʥʠʪʫʜʘ/ 

ʯʠʩʣʦ ʩʪʘʥʮʠʡ 
ʀʩʪʦʯʥʠʢ 

j̄, N dj̄ l̄, E dl̄ h, ʢʤ dh, ʢʤ 

DAGSR 21 29 49.73 ï 42.938 ï 45.585 ï 16.0 ï ʂʈ=12.5 [4] [1] 

OBGSR 21 29 48.60 1.0 43.037 0.04 45.542 0.03 20 3 MPVA=5.4, 

ʂʈ=12.9 

[3] 

MOS 21 29 48.60 ï 43.026 ï 45.541 ï 19.7 0.30 MPVA=5.4, 

ʂʈ=12.5 

[11] 

NOGSR 21 29 49.00 ï 43.023 ï 45.555 ï 17.2 0.30 MPVA=5.3 [11] 

ISC 21 29 49.04 0.49 43.111 0.02 45.536 0.02 13.4 3.17 Ms=4.1/73, 

mb=4.5/133 

[11] 

NEIC 21 29 48.85 0.98 43.155 0.12 45.528 0.11 10.0f ï mb=4.7/96 [11] 

TIF 21 29 48.30 ï 43.145 ï 45.433 ï 11.3 1.0 ï [11] 

IDC 21 29 46.79 0.09 43.038 0.06 45.473 0.06 0.0f ï mb=4.2/27, 

Ms=4.0/71 

[11] 

ʇʨʠʤʝʯʘʥʠʝ. DAGSR ï ɼʘʛʝʩʪʘʥʩʢʠʡ ʬʠʣʠʘʣ ʌʀʎ ɽɻʉ ʈɸʅ; ; OBGSR ï ʩʝʪʴ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʣʣʝʪʝʥʷ ʌʀʎ ɽɻʉ ʈɸʅ ʧʦ ʉʝʚʝʨʥʦʤʫ ʂʘʚʢʘʟʫ 

ʩ ʮʝʥʪʨʦʤ ʦʙʨʘʙʦʪʢʠ ʚ ʛ. ʆʙʥʠʥʩʢʝ; MOS ï ʩʝʪʴ ʪʝʣʝʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʌʀʎ ɽɻʉ ʈɸʅ, 

ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ; NOGSR ï ʉʝʚʝʨʦ-ʆʩʝʪʠʥʩʢʠʡ ʬʠʣʠʘʣ ʌʀʎ ɽɻʉ ʈɸʅ; ISC ï International Seis-

mological Center, UK; NEIC ï National Earthquake Information Center, USA; TIF ï ʀʥʩʪʠʪʫʪ ʥʘʫʢ 

ʦ ɿʝʤʣʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʊʙʠʣʠʩʠ, ɻʨʫʟʠʷ; IDC ï International 

Data Centre, Comprehensive Nuclear-Test-Ban Treaty (CTBTO), Austria. 

 
ʈʠʩ. 2. ʈʝʰʝʥʠʷ ʵʧʠʮʝʥʪʨʘ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 12 ʜʝʢʘʙʨʷ 2020 ʛ. ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʝʡ-

ʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ (ʪʘʙʣ. 1) 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1 ʠ ʨʠʩ. 2, ʨʝʰʝʥʠʷ ʜʣʷ ʵʧʠʮʝʥʪʨʘ ʙʣʠʟʢʠ ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʣʫʞʙ, 

ʦʩʦʙʝʥʥʦ OBGSR, MOS, NOGSR, ʨʘʟʙʨʦʩ ʛʣʫʙʠʥ ʚ ʧʨʝʜʝʣʘʭ 20 ʢʤ.  

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʉʚʝʜʝʥʠʷ ʦ ʧʨʦʷʚʣʝʥʠʷʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʣʫʯʝʥʳ ʩʦʪʨʫʜʥʠ-

ʢʘʤʠ ʂʅʀʀ ʠʤ. ʍ.ʀ. ʀʙʨʘʛʠʤʦʚʘ ʈɸʅ, ʢ.ʛ.-ʤ.ʥ., ʚ.ʥ.ʩ. ɻʘʡʩʫʤʦʚʳʤ ʄ.ʗ. ʠ ʥ.ʩ. ɹʘʜʘʝʚʳʤ ʉ.ɺ. 

ʧʫʪʸʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʯʘʛʦʚʦʡ ʟʦʥʳ ʠ ʧʦ ʩʦʦʙʱʝʥʠʷʤ ʧʨʝʩʩ ʩʣʫʞʙʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʄʏʉ ʧʦ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʪʝʨʠʘʣ ʩʦʙʠʨʘʣʩʷ ʧʦ ʪʝʣʝʬʦʥʫ ʙʝʟ ʚʳʝʟʜʘ ʚ ʥʘʩʝ-

ʣʸʥʥʳʝ ʧʫʥʢʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʥʛʫʰʩʢʦʡ ʠ ʆʩʝʪʠʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʦʪʨʫʜʥʠʢʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ʌʀʎ ɽɻʉ ʈɸʅ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴʶ IϚ=5 ʙʘʣʣʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʷʚʠʣʦʩʴ ʚ ʐʘʪʦʡʩʢʦʤ ʨʘʡʦʥʝ. ʕʪʘ ʦʮʝʥʢʘ ʙʣʠʟʢʘ ʢ ʨʘʩ-
ʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ IϚ=5.8, ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦ ʬʦʨʤʫʣʝ (2) ʧʨʠ Ms=4.7, hʨ=16 ʢʤ ʠʟ ʪʘʙʣ. 1. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʩʦʩʪʘʚʠʣʘ ʦʪ IϚ=3õ5 ʙʘʣʣʦʚ, ʠʟʦʩʝʡʩʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʶʪ ʬʦʨʤʫ ʵʣʣʠʧʩʦʚ, ʙʦʣʴʰʠʝ ʦʩʠ 
ʢʦʪʦʨʳʭ ʚʳʪʷʥʫʪʳ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 3). 

ɺ ʩʝʣʝʥʠʷʭ ɹʦʣʴʰʘʷ ɺʘʨʘʥʳ, ʍʘʨʩʝʥʦʡ, ɿʦʥʳ ʠ ʐʘʪʦʡ ʚ ʟʦʥʝ 5-ʪʠ ʙʘʣʴʥʳʭ ʩʦʪʨʷʩʝʥʠʡ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 195 ʢʤ2 ʤʥʦʛʠʝ, ʠʩʧʫʛʘʣʠʩʴ, ʩʧʷʱʠʝ ʧʨʦʩʥʫʣʠʩʴ. ʊʘʢ ʞʝ ʚ ʥʘʩʝ-

ʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʧʷʪʠʙʘʣʣʴʥʳʭ ʩʦʪʨʷʩʝʥʠʡ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʱʫʱʘʣʦʩʴ 

ʚʩʝʤʠ ʞʠʪʝʣʷʤʠ, ʥʘʭʦʜʠʚʰʠʤʠʩʷ ʚ ʧʦʤʝʱʝʥʠʷʭ. ɺ ʟʜʘʥʠʷʭ ʦʪʤʝʯʝʥʦ ʧʦʷʚʣʝʥʠʝ ʪʦʥʢʠʭ ʪʨʝʱʠʥ 

ʚ ʰʪʫʢʘʪʫʨʢʝ, ʧʨʦʯʠʝ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʚʦʜʠʣʠʩʴ ʢ ʜʨʦʞʘʥʠʶ ʠ ʨʘʩʢʘʯʠʚʘʥʠʶ ʤʝ-

ʙʝʣʠ, ʧʘʜʝʥʠʶ ʠʣʠ ʩʤʝʱʝʥʠʶ ʥʝʟʘʢʨʝʧʣʝʥʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʨʘʩʢʘʯʠʚʘʥʠʶ ʚʠʩʷʱʠʭ ʧʨʝʜʤʝʪʦʚ. 

ʆʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʪʨʷʩʝʥʠʡ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚ ʙʘʣʣʘʭ ʰʢʘʣʳ ʐʉʀ-17 ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 2, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʪʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʥʘ ʨʠʩ. 3. ʅʦʤʝʨʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʥʘ ʢʘʨʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʫʤʝʨʘʮʠʠ ʚ ʪʘʙʣ. 2. ɺ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ. 

ʏʝʪʳʨʸʭʙʘʣʴʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʤʝʯʝʥʦ ʚ ʩʝʣʝʥʠʷʭ ɸʯʭʦʡïʄʘʨʪʘʥ, ɺʝʜʝʥʦ, 

ʐʘʨʘ, ɸʚʪʫʨʳ, ɹʫʥʠ ʠ ɻʨʦʟʥʳʡ. ʇʣʦʱʘʜʴ ʯʝʪʳʨʝʭʙʘʣʣʴʥʳʭ ʩʦʪʨʷʩʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 4400 

ʢʤ2. ɿʜʝʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʱʫʪʠʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʨʦʰʝʥʥʳʭ ʣʶʜʝʡ, ʥʝʢʦʪʦʨʳʝ ʩʪʨʝʤʠʣʠʩʴ ʧʦ-

ʢʠʥʫʪʴ ʧʦʤʝʱʝʥʠʷ. ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʜʠʣʠʩʴ ʢ ʩʢʨʠʧʫ ʧʦʣʦʚ ʠ ʩʪʝʥ, ʜʨʝʙʝʟ-

ʞʘʥʠʶ ʧʦʩʫʜʳ ʠ ʦʢʦʥʥʳʭ ʩʪʝʢʦʣ, ʘ ʪʘʢʞʝ ʨʘʩʢʘʯʠʚʘʥʠʶ ʚʠʩʷʱʠʭ ʧʨʝʜʤʝʪʦʚ. 

 

ʊʘʙʣʠʮʘ 2.  

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʐʘʪʦʡʩʢʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ 12 ʜʝʢʘʙʨʷ 2020 ʛ. ʩ ʂʈ=12.5 

 ̄ ʇʫʥʢʪ j̄, N l̄, E æ*,  ʢʤ  ̄ ʇʫʥʢʪ j̄, N l̄, E æ,  ʢʤ 

 ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ 

ʵʧʠʮʝʥʪʨ 

42.94 45.63 ï 3ï4 ʙʘʣʣʘ 

5 ʙʘʣʣʦʚ 18 ʇʝʨʚʦʤʘʡʩʢʘʷ 43.40 45.52 54 

1 ɹʦʣʴʰʘʷ ɺʘʨʘʥʜʳ 42.89 45.67 6 19 ʊʦʣʩʪʦʡ-ʖʨʪ 43.44 45.77 58 

2 ʍʘʨʩʝʥʦʡ 42.90 45.54 8 20 ɹʦʪʣʠʭ 42.66 46.21 58 

3 ɿʦʥʳ 42.94 45.72 8 21 ɻʫʜʝʨʤʝʩ 42.66 46.21 60 

4 ʐʘʪʦʡ 42.86 45.69 9 22 ʅʦʞʘʡ-ʖʨʪ 43.09 46.37 64 

5 ɹʦʨʟʦʡ 42.84 45.63 11 
 

 3 ʙʘʣʣʘ 

4ï5 ʙʘʣʣʦʚ 23 ɻʘʨʘʛʦʨʩʢʠʡ 43.49 45.08 80 

6 ʀʪʫʤ-ʂʘʣʝ 42.73 45.57 23 24   ɼʳʣʳʤ 43.07 46.63 82 

7 ʋʨʫʩ-ʄʘʨʪʘʥ 43.13 45.53 22 25 ʍʘʩʘʚʶʨʪ 43.24 46.58 86 

8 ɸʛʠʰʪʳ 43.02 45.89 23 26 ʋʥʮʫʢʫʣʴ 42.71 46.78 98 

9 ʐʘʣʘʜʞʠ 43.09 45.35 28 27 ʂʠʟʠʣʶʨʪ 43.20 46.86 105 

4 ʙʘʣʣʘ 2ï3 ʙʘʣʣʘ 

10 ɸʯʭʦʡ-ʄʘʨʪʘʥ 43.19 45.28 40 28 ʊʣʷʨʘʪʘ 42.10 46.35 110 

11 ʐʘʣʠ 43.15 45.90 32 29 ɹʘʙʘʶʨʪ 43.60 46.77 118 

12 ɺʝʜʝʥʦ 42.96 46.10 32 30 ɹʫʡʥʘʢʩʢ 42.82 47.11 121 



ɸʩʤʘʥʦʚ ʆ.ɸ., ɸʜʠʣʦʚ ɿ.ɸ., ʈʘʛʠʤʦʚ ʊ.ʊ. 

ʆʑʋʊʀʄʓɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ ɼɸɻɽʉʊɸʅɸ ʀ ʏɽʏɽʅʉʂʆʁ ʈɽʉʇʋɹʃʀʂʀ ʚ 2020 ʛ. 
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 ̄ ʇʫʥʢʪ j̄, N l̄, E æ*,  ʢʤ  ̄ ʇʫʥʢʪ j̄, N l̄, E æ,  ʢʤ 

13 ʐʘʨʦʡ 42.62 45.80 37 31 ʂʠʟʣʷʨ 43.84 46.71 128 

14 ɸʚʪʫʨʳ 43.16 46.00 40 32 ʄʘʭʘʯʢʘʣʘ 42.97 47.49 150 

15 ɹʫʥʠʘʫʣ 42.72 46.03 40 33 ʉʫʣʘʢ 43.27 47.52 157 

16 ɻʨʦʟʥʳʡ 43.31 45.68 40 34 ʉʝʨʛʦʢʘʣʘ 42.45 47.66 168 

17 ɹʘʤʫʪ 43.16 45.19 42      

 

ɼʘʥʥʳʝ ʦ ʧʨʦʷʚʣʝʥʠʷʭ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ (ʪʘʙʣ. 2) ʘʧʧʨʦʢ-

ʩʠʤʠʨʦʚʘʥʳ ʠʟʦʩʝʡʩʪʘʤʠ ʨʘʚʥʦʡ ʙʘʣʣʴʥʦʩʪʠ IϚ=3, 4, 5. ʇʦ ʠʟʦʩʝʡʩʪʝ ʚʳʩʰʝʛʦ ʙʘʣʣʘ ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘ: j= 42.94Á, l=45.63Á. ʆʪ ʥʝʛʦ ʦʪʩʯʠʪʘʥʳ ʵʧʠʮʝʥ-

ʪʨʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 2. ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʵʧʠʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚʦ-

ʩʪʦʯʥʝʝ ʦʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʵʧʠʮʝʥʪʨʘ (ű=42.94Á; ɚ=45.63Á) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʢʤ, ʛʣʫʙʠʥʘ ʦʯʘʛʘ 

hm = 25 ʢʤ. 

 

 
ʈʠʩ. 3. ʂʘʨʪʘ ʠʟʦʩʝʡʩʪ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ: 1, 2 ï ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ 

ʵʧʠʮʝʥʪʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 3 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʚ ʙʘʣʣʘʭ ʧʦ ʰʢʘʣʝ ʐʉʀ-17 

 

ʀʩʪʦʨʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ. ʈʘʡʦʥ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʦʘʢʪʠʚʥʳʤ 

ʨʘʡʦʥʦʤ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ 

ʦʱʫʪʠʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʤʝʥʷʝʪʩʷ ʦʪ IϚ=5õ8 ʙʘʣʣʦʚ (ʪʘʙʣ. 3).  

 

  



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʊʘʙʣʠʮʘ 3.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʱʫʪʠʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʯʘʛʦʚʦʡ ʟʦʥʝ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ˉ 
ɼʘʪʘ 

ʜ. ʤ. ʛʦʜ. 

t0, 

ʯ.ʤ.ʩ. 

ʕʧʠʮʝʥʪʨ h, 

ʢʤ. 
ʄs 

I0, 

ʙʘʣʣ 
ʀʩʪʦʯʥʠʢ 

ű0,N ɚ0, ɽ 

1 05.10.1928 19-47-21 42.8 45.6 8 4.7 7 [6] 

2 24.08.1935 19-49-02 42.9 45.8 30 4.5 5 [2] 

3 21.04.1954 09-57-37 42.8 45.8 18 4.9 6 [6] 

4 02.03.1966 02-37-03 43.03 45.71 16 5.0 6 [9] 

5 04.03.1966 07-46-47 42.9 45.6 10 3.6 5 [7] 

6 28.07.1976 20-17-39 43.17 45.6 18 6.2 8 [4] 

7 18.10.1981 05-22-24 42.97 45.47 10 5.4 6-7 [7] 

8 04.03.1984 10-06-13 42.9 45.5 25 5.0 6 [7] 

9 12.03.1984 19-58-09 42.8 45.4 25 4.2 5 [7] 

10 12.12.2020 21-29-49 42.94 45.59 20 4.7 5 [ʅʘʩʪ. cʪʘʪʴʷ] 

 

ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʦʱʫʪʠʤʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʯʘʛʦʚʦʡ ʟʦʥʝ ʐʘʪʦʡʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4. 

 

 
ʈʠʩ. 4. ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʦʱʫʪʠʤʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʯʘʛʦʚʦʡ ʟʦʥʝ ʐʘʪʦʡ-

ʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

 

ʄʦʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 3 ʥʦʷʙʨʷ 2020 ʛ. ʄʦʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ Ms=4.7 ʧʨʦʠʟʦʰʣʦ 3 

ʥʦʷʙʨʷ 2020 ʛ. ʚ 12h16m ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚ 35 ʢʤ ʦʪ ʧʦʩʝʣʢʘ ʗʣʘʤʘ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʄʦʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʟʘʧʠʩʘʣʠ 592 ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

ʤʠʨʦʚʦʡ ʩʝʪʠ. ɽʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4 ʧʦ ʜʘʥ-

ʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ [1] (ʩʝʪʴ DAGSR). ʊʘʢ ʞʝ ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʣʣʝʪʝʥʷ ʌʀʎ ɽɻʉ ʈɸʅ ʧʦ ʉʝʚʝʨʥʦʤʫ ʂʘʚʢʘʟʫ ʩ ʮʝʥʪʨʦʤ ʦʙʨʘʙʦʪʢʠ ʚ ʛ. ʆʙ-

ʥʠʥʩʢʝ [3] ʩ ʨʝʰʝʥʠʷʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʙʶʣʣʝ-

ʪʝʥʝ ISC [11], ʠ ʩʝʪʠ OBGSR. 

ʇʦʣʦʞʝʥʠʝ ʵʧʠʮʝʥʪʨʘ ʧʦ ʜʘʥʥʳʤ DAGSR ʠ ʨʘʟʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 5. 

  



ɸʩʤʘʥʦʚ ʆ.ɸ., ɸʜʠʣʦʚ ɿ.ɸ., ʈʘʛʠʤʦʚ ʊ.ʊ. 

ʆʑʋʊʀʄʓɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ ɼɸɻɽʉʊɸʅɸ ʀ ʏɽʏɽʅʉʂʆʁ ʈɽʉʇʋɹʃʀʂʀ ʚ 2020 ʛ. 
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ʊʘʙʣʠʮʘ 4.  
ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʨʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʥʦʷʙʨʷ 2020 ʛ. ʧʦ ʜʘʥʥʳʤ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ʌʀʎ ɽɻʉ ʈɸʅ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʛʝʥʪʩʪʚ. 

ɸʛʝʥʪʩʪʚʦ t0, ʯ ʤʠʥ ʩ dt0, ʩ 

ɻʠʧʦʮʝʥʪʨ ʄʘʛʥʠʪʫʜʘ/ 

ʯʠʩʣʦ 

ʩʪʘʥʮʠʡ 

ʀʩʪʦʯʥʠʢ j̄, N dj̄ l̄, E dl̄ h, ʢʤ dh, ʢʤ 

DAGSR 12 16 47.50 ï 41.985 ï 48.864 ï 33.0 ï ʂʈ=12.4 [4] [1] 

MOS 12 16 44.80 1.28 42.208 0.04 48.927 0.03 84.0 ï mb=4.6/10 [11] 

ISC 12 16 44.70 0.48 42.136 0.04 48.914 0.04 70.2 5.06 mb=4.5/85 [11] 

NEIC 12 16 45.89 2.27 42.258 0.11 48.843 0.10 70.5 8.80 mb=4.5/46 [11] 

TIF 12 16 44.40 ï 42.107 ï 48.920 ï 86.5 3.0 ML=4.8 [11] 

IDC 12 16 44.05 1.49 42.108 0.12 48.758 0.08 60.9 14.1 mb=4.0/23, 

Ms=3.3/21 

[11] 

 
ʇʨʠʤʝʯʘʥʠʝ. DAGSR ï ɼʘʛʝʩʪʘʥʩʢʠʡ ʬʠʣʠʘʣ ʌʀʎ ɽɻʉ ʈɸʅ; MOS ï ʩʝʪʴ ʪʝʣʝʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

ʌʀʎ ɽɻʉ ʈɸʅ, ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ; ISC ï International Seismological Center, UK; NEIC ï National Earthquake Infor-

mation Center, USA; TIF ï ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʊʙʠʣʠʩʠ, 

ɻʨʫʟʠʷ; IDC ï International Data Centre, Comprehensive Nuclear-Test-Ban Treaty (CTBTO), Austria. 
 

 
ʈʠʩ. 5. ʈʝʰʝʥʠʷ ʵʧʠʮʝʥʪʨʘ ʤʦʨʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 3 ʥʦʷʙʨʷ 2020 ʛ. ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʝʡʩʤʦʣʦ-

ʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ (ʪʘʙʣ. 4). 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 4 ʠ ʨʠʩ. 5, ʨʝʰʝʥʠʷ ʜʣʷ ʵʧʠʮʝʥʪʨʘ ʙʣʠʟʢʠ ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʣʫʞʙ, 

ʦʩʦʙʝʥʥʦ MOS, ISC, TIF ʨʘʟʙʨʦʩ ʛʣʫʙʠʥ ʦʪ 33 ʢʤ ʜʦ 86.5 ʢʤ.  

ʄʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʂʘʨʪʘ ʠʟʦʩʝʡʩʪ ʜʣʷ ʤʦʨʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʙʳʣʘ ʩʦʩʪʘʚ-

ʣʝʥʘ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʙʦʨʘ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ. ʈʘʩʯʝʪʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʵʧʠʮʝʥʪʨʝ ʩʦʩʪʘʚʠʣʘ 4.6 ʙʘʣʣʘ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʚ 

ʛ. ɼʝʨʙʝʥʪ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4 ʙʘʣʣʦʚ.   

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʚʫʭ ʦʱʫʪʠʤʳʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷʭ ʩ Ms=4.7, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʠ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʚ 

2020 ʛ.: ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ 12 ʜʝʢʘʙʨʷ 2020 ʛ. ʚ 21h29m ʥʘ 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʪʝʨʨʠʪʦʨʠʠ ʐʘʪʦʡʩʢʦʛʦ ʨʘʡʦʥʘ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ; ʤʦʨʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜ-

ʰʝʛʦ 3 ʥʦʷʙʨʷ 2020 ʛ. ʚ 12h16m ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚ 35 ʢʤ ʦʪ ʧʦʩʝʣʢʘ 

ʗʣʘʤʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʮʝʥʝʥʘ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʩʦʪʨʷʩʝʥʠʡ ʚ ʵʧʠʮʝʥʪʨʝ, ʜʣʷ ʐʘʪʦʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʠʟʦʩʝʡʪ. 

ʆʧʠʩʘʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚʧʦʣʥʝ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʦʙʱʫʶ ʩʭʝʤʫ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʠʟʫʯʝʥʠʷ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʦ ʧʦʜʦʙʥʳʭ ʩʦʙʳʪʠʷʭ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷʭ, ʧʦʟʚʦʣʷʷ ʫʪʦʯʥʠʪʴ ʩʝʡʩʤʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɸʜʠʣʦʚ ɿ.ɸ., ɸʩʝʢʦʚʘ ɿ.ʆ., ɻʘʤʠʜʦʚʘ ɸ.ʄ., ʄʫʩʘʣʘʝʚʘ ɿ.ɸ., ʇʘʚʣʠʯʝʥʢʦ ʀ.ʅ., ʉʘʛʘʪʝʣʦʚʘ ɽ.ʖ., ʐʘʭ-
ʤʘʨʜʘʥʦʚʘ ʉ.ɻ. // ʂʘʪʘʣʦʛ (ʦʨʠʛʠʥʘʣ) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɼʘʛʝʩʪʘʥʘ ʟʘ 2021 ʛ.ï ʄʘʭʘʯʢʘʣʘ: ʌʦʥʜʳ ɼʌ 
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ɼʘʛʝʩʪʘʥʩʢʠʡ ʬʠʣʠʘʣ ʌʀʎ ɽɻʉ ʈɸʅ ʛ. ʄʘʭʘʯʢʘʣʘ 

ʇʨʦʚʝʜʝʥ ʦʙʱʠʡ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʥʦʩʪʠ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʦʚ ʟʘ ʧʝʨʠʦʜ 2007-2013ʛʛ. ʉʦʩʪʘʚʣʝʥʳ 

ʢʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ=10-14 ʠ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʛʣʫ-

ʙʠʥʘʤ. ʇʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ. ɼʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʚʝʣʠʯʠʥʳ ʚʳʜʝʣʠʚʰʝʡʩʷ 

ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ. ʆʪʤʝʯʝʥʘ ʩʚʷʟʴ ʩʝʡʩʤʠʯʥʦʩʪʠ ʩ ʟʦʥʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠ-

ʪʦʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʩʝʡʩʤʠʯʥʦʩʪʴ, ʘʢʚʘʪʦʨʠʷ, ʵʥʝʨʛʠʷ, ʵʧʠʮʝʥʪʨ. 

 

THE ANALYSIS OF DAGESTAN SEISMIC SETTING 2007-2013. 

Isaev M.A. 

Dagestan branch of the Federal Research Center Unified State Geosciences RAS, Makhachkala 

The general analysis of Dagestan seismicity and the adjacent areas for the period 2007-2013 is carried out. The 

earthquakes epicenters map with the power class K=10-14 is made. Time-varying behaviour of earthquakes number and the 

size of the released total energy is given. The connection of seismicity with tectonic dislocation zones in this territory is 

noted. 

Key words: earthquake, seismicity, water area, energy, epicenter. 

 

ʉʝʡʩʤʠʯʥʦʩʪʴ-ʵʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʚʳʜʝ-

ʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʚʦʟʤʦʞʥʳʭ ʦʯʘʛʦʚ. ʂʘʢ ʠʟ-

ʚʝʩʪʥʦ, ɼʘʛʝʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚʦʩ-

ʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʩʝʤ ʠʤʝʶʱʠʤʩʷ ʤʘʪʝʨʠʘʣʦʤ (ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ), ʘʥʘ-

ʣʠʟʠʨʦʚʘʥʘ ʩʝʡʩʤʠʯʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʩ ʝʛʦ ʧʨʠʛʨʘʥʠʯʥʳʤʠ ʟʦʥʘʤʠ ʠ ʧʨʠʣʝʛʘʶʱʝʡ 

ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 2007-2013(Ñ1 ʛʦʜ) ʛʦʜʳ ʚʳʙʨʘʥʳ, ʢʘʢ ʧʝʨʠʦʜ, ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ=14.  

 

 
ʈʠʩ.1. ʆʙʱʘʷ ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ ʧʝʨʠʦʜ 2007-2013ʛʛ.[1] 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ ʂ=10-14 (ʨʠʩ2.). 

ʉʝʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ ʬʠʢʩʠʨʦʚʘʣʘ ʩʝʡʩʤʠ-

ʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʥʘʯʠʥʘʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ KÓ6 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʨʘʡʦʥʦʚ. ɸʥʘʣʠʟʠʨʫʝʤ ʩʦʙʳʪʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ=6 ʠ ʚʳʰʝ. ɺʩʝʛʦ ʟʘ ʚʳʙʨʘʥʥʳʡ ʧʝ-

ʨʠʦʜ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʦʰʣʦ 3258 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩ-

ʩʘʤʠ K=6 -14 [1].  

ʉʝʡʩʤʠʯʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʩʤʝʞʥʳʭ ʨʘʡʦʥʦʚ ʟʘ ʧʝʨʠʦʜ 2007-

2013ʛʛ. ʙʳʣʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ (ʨʠʩ.1), ʢʘʢ ʧʦ ʯʠʩʣʫ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʘʢ ʠ ʧʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʚ ʠʭ 

ʦʯʘʛʘʭ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ.  

 

 

 
ʈʠʩ.2. ʂʘʨʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ=10-14 

ʟʘ 2007-2013 ʛʛ.  

 

ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʠʟʦʰʣʠ ʜʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ K=14. ʆʜʥʦ 

ʠʟ ʥʠʭ ʧʨʦʠʟʦʰʣʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʯʝʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʧʦ ʛʨʘʥʠʮʝ ʩ ɼʘʛʝʩʪʘʥʦʤ 11 ʦʢʪʷʙʨʷ 

2008 ʛʦʜʘ ʚ 9 ʯʘʩʦʚ 6 ʤʠʥʫʪ ʧʦ ɻʨʠʥʚʠʯʫ, ʚʙʣʠʟʠ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʂʫʨʯʘʣʦʡ. ʂʦʦʨʜʠʥʘʪʳ 

ʵʧʠʮʝʥʪʨʘ ű=43.14; ɚ=46.35. ʄʘʛʥʠʪʫʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʄ=5,7. ʉʦʪʨʷʩʘʝʤʦʩʪʴ ʚ ʵʧʠʮʝʥʪʨʝ J0=7-

8 ʙʘʣʣʦʚ. ɻʣʫʙʠʥʘ ʵʧʠʮʝʥʪʨʘ h=15 ʢʤ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʦʱʫʱʘʣʦʩʴ ʚ ʂʫʨʯʘʣʦʝ, ʆʡʩʭʘʨʝ, 

ʄʘʡʨʪʫʧʝ ʩ ʩʠʣʦʡ 4-5 ʙʘʣʣʦʚ. ʇʨʦʠʟʦʰʣʦ ʦʥʦ ʚ ʊʝʨʩʢʦ-ʉʫʥʞʝʥʩʢʦʡ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʝʡ ʦʙ-

ʣʘʩʪʠ ʊʝʨʩʢʦ-ʂʘʩʧʠʡʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ. ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʏʝʯʥʠ ʧʨʦʠʟʦʰʣʠ ʯʘʩʪʠʯ-

ʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʜʦʤʦʚ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʚ ʂʫʨʯʘʣʦʝʚʩʢʦʤ ʨʘʡʦʥʝ ʠ ʚ ɻʫʜʝʨʤʝʩʝ. 

http://nature.web.ru/db/msg.html?mid=1159450&uri=page6.htm#literatura
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ʏʘʩʪʠʯʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʠ ʪʘʢʞʝ ʚ ʐʘʣʠʥʩʢʦʤ, ɻʫʜʝʨʤʝʩʩʢʦʤ ʨʘʡʦʥʘʭ, ʚ ʛʦʨʦʜʘʭ ɻʨʦʟʥʳʡ ʠ 

ɸʨʛʫʥ [2]. 

ɸ 7 ʤʘʷ 2012 ʛʦʜʘ ʚ 04 ʯʘʩʘ 40 ʤʠʥʫʪ ʥʘ ʛʨʘʥʠʮʝ ɼʘʛʝʩʪʘʥʘ ʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʧʨʦʠʟʦʰʣʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ K=14 ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ=5,7 ʠ ʦʱʫʱʘʝʤʦʩʪʴʶ J0=7-8 ʙʘʣ-

ʣʦʚ. ʕʪʦ ɿʘʢʘʪʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʵʧʠʮʝʥʪʨʘ ɚ=46.689; ű=41.337; h=19.5, ʯʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʈʘʟʣʦʤʘ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʦʱʫʱʘʣʦʩʴ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ 7-8 ʙʘʣʣʦʚ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ɻʳʤʳʨ, ʏʘʙʘʥʢʝʣ, ɹʘʟʘʨ, ʄʫʭʘʭ, ʊʘʩʤʘʣʳ, 

ɸʣʠʘʙʘʜ, ʃʘʛʠʯ, ʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʚ ʩʝʣʝʥʠʷʭ ʎʘʭʫʨ, ʂʘʤʠʣʫʭ, ʊʣʷʨʘʪʘ ʦʥʦ ʧʨʦʷʚʠʣʦʩʴ 

ʩ ʩʠʣʦʡ 6 ʙʘʣʣʦʚ. ɺ ʄʘʭʘʯʢʘʣʝ ʦʱʫʱʘʣʦʩʴ ʩʠʣʦʡ 3-4 ʙʘʣʣʘ. [3]. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʘʨʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ=10-14 ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɼʘʛʝʩʪʘʥʘ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ, ʝʱʸ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʡ 

ʠ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ. 

ʆʜʥʦ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ 16.04.2013 12-26-57; ʂ=13 ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ű=42.35 ɚ=47.69 ʠ 

ʛʣʫʙʠʥʦʡ h=11.5 ʢʤ. ʕʧʠʮʝʥʪʨ ʥʘʭʦʜʠʣʩʷ ʥʘ ʩʫʰʝ ʚ 30ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʛʦʨʦʜʘ ʀʟʙʝʨʙʘʰ. ɺ 

ʟʦʥʝ ʨʘʟʣʦʤʘ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ ʧʨʦʠʟʦʰʣʦ ʰʝʩʪʴ ʩʦʙʳʪʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 

ʂ=13. ʀʟ ʥʠʭ ʜʚʘ ʩʦʙʳʪʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ 14 ʦʢʪʷʙʨʷ 2012 ʛʦʜʘ 10 ʯʘʩʦʚ 13 ʤʠʥʫʪ ʩ ʂ=13,44 ʠ 

17 ʩʝʥʪʷʙʨʷ 2013 ʛʦʜʘ ʚ 12 ʯʘʩʦʚ 26 ʤʠʥʫʪ ʩ ʂ=12,9 ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʨʘʥʠʮʝ ɼʘʛʝʩʪʘʥʘ ʠ ɻʨʫʟʠʠ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ=13,27 ʧʨʦʠʟʦʰʣʦ 11 ʦʢʪʷʙʨʷ 2008 ʛʦʜʘ 9 ʯʘʩʦʚ 22 

ʤʠʥʫʪʳ ʚ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʥʝʜʘʣʝʢʦ ʦʪ ʛʨʘʥʠʮʳ ɼʘʛʝʩʪʘʥʘ. ʅʘ ʛʨʘʥʠʮʝ ɼʘʛʝʩʪʘʥʘ ʠ ɸʟʝʨ-

ʙʘʡʜʞʘʥʘ ʧʨʦʠʟʦʰʣʠ ʯʝʪʳʨʝ ʩʦʙʳʪʠʷ 13 ʢʣʘʩʩʘ.  

ʇʦ ʢʘʨʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩ-

ʩʘʤʠ ʂ=10-12 ʧʨʦʠʩʭʦʜʠʣʠ ʯʘʱʝ, ʦʪʤʝʪʠʤ ʥʝʩʢʦʣʴʢʦ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʟʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝ-

ʩʪʘʥʘ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʦʚ. çɼʘʛʝʩʪʘʥʩʢʠʡ ʢʣʠʥè: ʧʨʦʠʟʦʰʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʤʠ ʢʣʘʩʩʘʤʠ ʂ=10-13. ɺ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʩʪʘʨʰʠʡ ʢʣʘʩʩ ʨʘʚʝʥ ʂ=12,8. ɺ ʖʛʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɼʘʛʝʩʪʘʥʘ ʥʘ ɻʣʘʚʥʦʤ ʂʘʚʢʘʟʩʢʦʤ ʭʨʝʙʪʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʦʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ ʂ=13,44 ʧʨʦʠʟʦʰʝʜʰʠʝ 14 ʦʢʪʷʙʨʷ 2012 ʛʦʜʘ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʘ-

ʙʳʝ ʪʦʣʯʢʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʉʫʥʞʝʥʩʢʠʡ ʭʨʝʙʝʪ. ʇʦ ʘʨʭʠʚʥʳʤ 

ʜʘʥʥʳʤ ɼʌ ɽɻʉ ʈɸʅ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʟʜʝʩʴ ʣʦʢʘʣʠʟʦʚʘʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ ʥʘʯʠʥʘʷ ʩ 6 ʢʣʘʩʩʘ, ʟʥʘʯʠʤʦʝ ʩʦʙʳʪʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʟʦʰʣʦ 11 ʦʢʪʷʙʨʷ 

2008 ʛʦʜʘ ʩ ʂ=13,27 (ʂʫʨʯʘʣʦʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ) ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʂ=10-12. 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʩʧʠʡʩʢʦʝ ʠ ʇʨʠʙʨʝʞʥʳʝ ʨʘʟʣʦʤʳ ʦʪʤʝʯʝʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 10 ʠ 11 ʢʣʘʩʩʦʚ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ (ʚ ʨʘʡʦʥʝ ʭʨʝʙʪʘ ʐʘʣʠ) ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ  ɼʘʛʝʩʪʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʩʝʡʩʤʠʯ-

ʥʦʩʪʴ. ɺʩʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ, ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʧʦ ʢʣʘʩʩʘʤ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʊʘʙʣʠʮʘ ˉ1. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʂʈ  

ʂʨ 6 7 8 9 10 11 12 13 14 

N 454 988 1026 513 166 77 25 7 2 

ʇʦ ʯʠʩʣʫ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʘʤʳʤʠ ʯʘʩʪʳʤʠ ʷʚʣʷʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʂ=6-

9, ʘ ʩʦʙʳʪʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ ʂ>10 ʧʨʦʠʩʭʦʜʠʣʠ ʨʝʞʝ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ɽ, ʪ.ʝ. ʵʥʝʨʛʠʷ ʫʧʨʫʛʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʠʟʣʫʯʝʥʥʳʭ ʦʯʘʛʦʤ. ʆʮʝʥʢʘ ʝʸ ʚʝʣʠʯʠʥʳ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʰʢʘʣʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʊ.ɻ. ʈʘʫʪʠʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʣʠʯʠʥʳ ʂ (ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʡ ʢʣʘʩʩ), ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʭʦʪʷ ʠ ʫʩʣʦʚʥʦ, ʩʚʷʟʘʥʘ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ (ʂ=lgE). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʟʘ ʢʘʞʜʳʡ ʛʦʜ ʜʘʥʦ ʚ ʪʘʙʣʠʮʝ 

1, ʘ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ ʧʦ ʛʦʜʘʤ ʧʦʢʘ-

ʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.  

ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʧʦ ʛʦʜʘʤ ʢʦʣʝʙʘʣʦʩʴ ʚ ʧʨʝ-

ʜʝʣʘʭ ʦʪ 2,07 ʭ1012 ʜʦ 3,05ʭ1013ʜʞ (ʨʠʩ.3).  



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʈʠʩ.3. ɻʨʘʬʠʢ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʛʦʜʘʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘ-

ʛʝʩʪʘʥʘ ʠ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʟʘ 2007-2013ʛʦʜʳ. 

1- ʚʳʜʝʣʠʚʰʘʷʩʷ ʵʥʝʨʛʠʷ ʟʘ ʢʘʞʜʳʡ ʛʦʜ (ɽ,ʜʞ). 

2- ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʛʦʜʘʤ (N). 

 

ʉʫʜʷ ʧʦ ʚʝʣʠʯʠʥʝ, ʚʳʩʚʦʙʦʞʜʘʝʤʦʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʪʦʣʯʢʝ ʵʥʝʨʛʠʠ, ʨʘʟʨʳʚʳ ʚ ʦʯʘʛʘʭ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʦʛʫʪ ʧʨʦʪʷʛʠʚʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʢʠʣʦʤʝʪʨʦʚ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳ-

ʪʠʷ ʩ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʚʦʟʥʠʢʘʶʪ ʨʝʞʝ, ʯʝʤ ʩʦʙʳʪʠʷ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. ʆʙʱʝʬʠʟʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʟʨʫʰʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʬʦʨʤʠ-

ʨʫʶʪ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʢʦʪʦʨʦʡ ʩʚʦʜʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʢʘʞʜʦʝ ʚʥʦʚʴ ʚʦʟʥʠʢʰʝʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʪ.ʝ. ʦʥʦ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʜʝʡʩʪʚʠʷ ʧʨʝʜʳʜʫʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʘʛ ʙʦʣʴʰʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʤʤʘʨʥʳʡ ʠʪʦʛ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪ-

ʥʦʩʪʠ ʵʪʦʛʦ ʦʯʘʛʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʦʣʴʰʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ - ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʧʦʣʝ ʥʝʩʪʘʙʠʣʴʥʦ-

ʩʪʠ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʞʠʟʥʴ ʨʝʛʠʦʥʘ, 

ʚʦʟʙʫʞʜʘʷ ʢʘʢ ʤʘʩʩʦʚʦʝ ʧʦʷʚʣʝʥʠʝ ʘʬʪʝʨʰʦʢʦʚ, ʪʘʢ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʷ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʳʝ ʧʦʩʣʝʜ-

ʩʪʚʠʷ. ʆʥʦ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʮʝʣʫʶ ʩʝʨʠʶ ʜʨʫʛʠʭ ʙʦʣʴʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺʩʷ 

ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʘʢ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʠʯʝʤ ʛʨʘʬʠʢ ʧʦʚʪʦʨʷʝʤʦʩʪʠ - ʠʥʪʝ-

ʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʵʪʦʡ ʩʚʷʟʠ [4]. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 

2012 ʛʦʜʫ, ʘ ʚʳʜʝʣʠʚʰʘʷʩʷ ʵʥʝʨʛʠʷ ʙʦʣʴʰʝ ʚ 2008 ʠ 2012 ʛʛ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʜʝʣʠʚʰʝʡʩʷ ʟʘ ʛʦʜ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʠ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʩ ʙʦʣʴʰʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʳʜʝʣʠʚʰʘʷʩʷ ʵʥʝʨʛʠʷ.  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʝʥʳ ʝʱʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: 

ʢʦʵʬʬʠʮʠʝʥʪ ɔ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʝ ʂ ʠ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ɸ10 ï ʧʣʦʪʥʦʩʪʴ 

ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʣʠʯʠʥʳ ʂ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ ʠʣʠ 

ʧʣʦʱʘʜʠ S ʦʙʣʘʩʪʠ ʠ ʢ ʝʜʠʥʠʮʝ ʚʨʝʤʝʥʠ ʊ. ʆʙʦʙʱʝʥʥʳʡ çɿʘʢʦʥ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡè 

(ʧʦ ʖ.ɺ. ʈʠʟʥʠʯʝʥʢʦ) ʚʳʨʘʞʘʝʪʩʷ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ N=N(K) ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʠʭ ʚʝʣʠ-

ʯʠʥʝ K=lgɽ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʩʥʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʠʣʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʘʢʣʦʥʘ ɔ=-

d lgN/dK ʛʨʘʬʠʢʘ N(K)[5].  
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ɺʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ɸ10 ʠ ɔ ʥʘ ʢʘʞʜʳʡ ʛʦʜ ʦʪʜʝʣʴʥʦ. 

ʊʘʙʣʠʮʘ  ̄2 

ɿʥʘʯʝʥʠʷ ɸ10 ʠ ɔ ʧʦ ʛʦʜʘʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʟʘ ʧʝʨʠʦʜ 2007-2013 ʛʛ. 

ʛʦʜʳ 2007 2008 2009 2010 211 2012 2013 

ɸ10 0,46 0,324 0,442 0,442 0,51 0,339 0,418 

ɔ 0,156 0,399 0,198 0,114 0,163 0,376 0,209 

 

ʇʦ ʪʘʙʣʠʮʝ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʚ 2007 ʛʦʜ ʟʥʘʯʝʥʠʷ ɔ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2008 ʛʦʜʦʤ. 

ɺ 2008 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʂ=14,5 ʠ ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ɔ=0,399 ʜʦʩʪʠʛʣʦ ʜʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ʇʦʩʣʝ ʧʨʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʥʘʯʝʥʠʝ ɔ ʜʦ 2012 

ʛʦʜʘ ʦʧʷʪʴ ʤʠʥʠʤʘʣʴʥʳʝ. ɺ ʵʪʦʤ ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ ʩʦʙʳʪʠʝ ʩ ʂ=14,4 ʠ ʟʥʘʯʝʥʠʝ ɔ=0,376.  

ʉʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ɸ10) ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʜ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʦʥʠʤʘʝʪʩʷ 

ʯʠʩʣʦ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʚ ʝʜʠʥʠʮʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ [4].  

ʇʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ ɸ10. ʅʘ ʢʘʨʪʝ ʘʢʪʠʚʥʦʩʪʠ ʚʠʜʥʦ, ʯʪʦ ʩʘʤʳʤʠ ʘʢʪʠʚʥʳʤʠ ʟʦ-

ʥʘʤʠ ʷʚʣʷʶʪʩʷ: ʥʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɼʘʛʝʩʪʘʥʘ ʉʫʥʞʝʥʩʢʠʡ ʭʨʝʙʝʪ, ʭʨʝʙʪʳ ɼʘʨʛʝʥʜʫʢ ʠ ʇʣʘʥʠ-

ʚʫʢ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʭʨʝʙʝʪ ʉʘʣʘʪʘʫ ʠ ɸʥʜʠʡʩʢʠʡ ʭʨʝʙʝʪ, ʥʘ ʟʘʧʘʜʝ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʠ ʝʛʦ 

ʇʨʠʙʨʝʞʥʘʷ ʟʦʥʘ ʠ ʥʘ ʶʛʝ ɻʣʘʚʥʳʡ ɺʦʜʦʨʘʟʜʝʣʴʥʳʡ ʠ ʉʘʤʫʨʩʢʠʡ ʭʨʝʙʪʳ. ɺ ʵʪʠʭ ʟʦʥʘʭ 

ʧʨʦʠʟʦʰʣʠ ʩʦʙʳʪʠʷ ʚʩʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ.  

 

 
ʈʠʩ.4. ʂʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ ɸ10 ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʦʚ ʟʘ 2007-2013 ʛʦʜʳ. 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʯʘʛʘ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʛʣʫʙʠʥʘ ʛʠʧʦʮʝʥ-

ʪʨʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʥʘʠʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ. ɿʥʘʥʠʝ ʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʯʘʛʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʠʭ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʝʛʠʦʥʘ ʨʘʩʩʤʦʪʨʠʤ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ, ʦʥ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʤʝʱʝʥʠʝ ʛʠʧʦʮʝʥʪʨʦʚ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʟʦʥʘʭ. ɺʝʨ-

ʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ɸɺ (ʩʤ. ʨʠʩ1) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ=6-14 ʩʝʡʩʤʦʬʦʢʘʣʴʥʦʛʦ ʩʣʦʷ ʩ ʢʦʦʨʜʠʥʘ-

ʪʘʤʠ ʦʪ ű=43,50; ɚ=45,00 ʜʦ ű=41,00 ɚ=49,00; D=250ʢʤ. ɺ ʦʩʥʦʚʥʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʧʨʦʠʟʦʰʣʦ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 1 ʜʦ 35 ʢʠʣʦʤʝʪʨʦʚ. ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʧʨʦʠʟʦʰʣʦ ʥʘ ʛʣʫʙʠʥʝ 5-15 ʢʤ. ʀ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʛʣʫʙʠʥ ʦʭʚʘʯʝʥ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʚʩʝʭ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ. 

 

 
 

ʈʠʩ.5.ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ=6-14 ʧʦ ʛʣʫʙʠʥʝ ʟʘ ʧʝʨʠʦʜ 2007-2013ʛʛ. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ɼʘʛʝʩʪʘʥʘ ʠ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ 

ʧʨʠʤʝʥʷʣʩʷ ʦʩʨʝʜʥʸʥʥʳʡ ʂʘʚʢʘʟʩʢʠʡ ʛʦʜʦʛʨʘʬ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʠʥʠʤʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʛʣʫʙʠʥʘʤ ʥʘʜʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ. ɸ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʦʣʝʝ ʥʘʜʸʞʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ, ʛʦʨʘʟʜʦ ʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʛʣʫʙʠʥ ʦʯʘʛʦʚ ʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʧʦ 

ʚʩʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 35 ʢʤ ʠ ʙʦʣʴʰʝ ʦʯʘʛʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʥʘ ʨʘʟʨʝʟʝ ʧʦ ʛʣʫʙʠʥʝ ʦʯʝʥʴ ʨʝʜʢʠ. ʅʘ ʛʣʫʙʠʥʘʭ 56 ʠ ʥʠʞʝ ʧʨʦʠʟʦʰʣʦ ʰʝʩʪʴ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ. ʆʙʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʛʣʫʙʠʥʘʤ ʜʘʥʦ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ ˉ3. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʛʣʫʙʠʥʘʤ ʟʘ 2007-2013ʛʛ.  

 

ʉʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʧʫʪʴ ʢ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʚʘʞʥʝʡʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ 

h, ʢʤ 0-5   6-10   11-15 16-20   21-25  26-30  31-35  36-40  41-45  46-50   51-55 

N 396 522 1194 650 193 111 63 40 27 50 6 

http://nature.web.ru/db/search.html?not_mid=1178765&words=%EF%F0%EE%C7%CE%CF%DA%C1%20%DA%C5%CD%CC%C5%D4%D2%D1%D3%C5%CE%C9%CA


ʀʩʘʝʚ ʄ.ɸ. 

ʉɽʁʉʄʀʏʅʆʉʊʔ ɼɸɻɽʉʊɸʅɸ ʀ ʇʈʀɻʈɸʅʀʏʅʓʍ ʈɸʁʆʅʆɺ ɿɸ ʇɽʈʀʆɼ 2007-2013ʛ.ʛ. 
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ʧʝʨʝʜ ʩʝʡʩʤʦʣʦʛʘʤʠ. ɺʩʝ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʨʝʛʠʦʥʘ. ʅʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʝʪʦʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʭ ʤʝʞ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʨʘʩʩʪʦ-

ʷʥʠʡ ʤʝʞʜʫ ʦʯʘʛʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʘʥʛʘ. ʋʪʦʯʥʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʣʝʞʝʥʠʝ ʟʘ ʤʠʛʨʘʮʠʝʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʦʭʦʞʜʝ-

ʥʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʦʤʥʳʭ ʩʪʨʫʢʪʫʨ [6]. 

ɺʳʚʦʜ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ. ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʦʛʝʦʜʠʥʘ-

ʤʠʢʠ ʚ ʨʝʛʠʦʥʘʭ, ʠ ʩʘʤʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʯʘʛʦʚ, ʥʝʩʦʤʥʝʥʥʦ, ʚʥʝʩʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟ-

ʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʝʡʩʤʦʛʝʥʝʟʝ, ʘ ʪʘʢʞʝ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʝʡʩʤʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘ-

ʥʠʷ ˉ075-00682-24) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʋʅʋ ʉʀɿʂ ʄɸʂ (https://ckp-

rf.ru/usu/507436/, http://www.gsras.ru/unu/). 
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ʉʊɸʅʎʀʗ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʆʈʅʓʍ ʇʆʈʆɼ 

STEM-04 

ʄʘʨʯʝʥʢʦ1 ʄ.ʅ. ʀʜʘʨʤʘʯʝʚ2 ʐ.ɻ. 

1ʄɻʋ ʠʤ. ʄ.ʖ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʷ, 119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1. 
2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ʉʪʘʥʮʠʷ STEM-04 ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʄɻʋ ʠʤ. ʄ.ʖ. ʃʦʤʦʥʦ-

ʩʦʚʘ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʌʀʎ ʈɸʅ (ʀʜʘʨʤʘʯʝʚ ʐ.ɻ.) ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦ 

ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʝʢʪʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ: ç ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʪʝʨʝʩʘʭ ʥʘʮʠʦʥʘʣʴ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ˉ ʧʨʦʛʨʘʤʤʳ 1,56 2018 ʛ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʡʦʥʘʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩ ʚʳʩʦʪʥʳʤʠ ʧʣʦʪʠʥʘʤʠ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʫʩʪʘʨʝʚʘʥʠʝʤ ʩʪʘʨʦʡ ʫʩʪʘʥʦʚʢʠ, ʝʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʘʨʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ (ɻʝʦʨʝʟʠʩʪʦʨ), ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʘʚʪʦʥʦʤʥʦ ʥʘ ʪʦʯʢʝ ʥʘʙʣʶ-

ʜʝʥʠʡ. ʋʩʪʘʥʦʚʢʘ ʩʤʦʥʪʠʨʦʚʘʥʘ ʚ ʢʦʤʧʘʢʪʥʦʡ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʡ ʢʦʨʦʙʢʝ ʩ ʚʥʝʰʥʠʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʟʘʨʷʞʘʪʴʩʷ ʦʪ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʘ GSM ʤʦʜʝʤʥʦʡ ʩʚʷʟʴʶ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʋʩʪʘ-

ʥʦʚʢʘ ʧʨʦʰʣʘ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʚʫʭʧʦʣʷʨʥʳʡ ʤʝʘʥʜʨ, ʩʢʚʘʞʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ, ʠʥʪʝʨʬʝʡʩ ʩʚʷʟʠ, COM ïʧʦʨʪ, ʤʦʜʝʤ 

ʪʠʧʘ Bitcord.  

 

ʉʪʘʥʮʠʷ StEM-04 ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʚ ʮʝʣʷʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

 

ʊʘʙʣʠʮʘ 1.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʮʠʠ 
 

 ̄

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ ʇʨʠʤ. 

1 ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ɺʥʝʰʥʝʝ 12 ɺ ʆʪ 10 ʜʦ 15 ɺ 

2 ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʪʘʥʮʠʠ ʙʝʟ ʫʯʝʪʘ 

ʛʝʥʝʨʘʪʦʨʘ 

4.5 ɺʪ 300-350 ʤɸ ʧʨʠ 12 ɺ 

3 ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ 4  

4 ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 35·40 ɺ  

5 ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ ʪʦʢ ʛʝʥʝʨʘʪʦʨʘ 1 ɸ  

6 ʌʦʨʤʘ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ ɼʚʫʭʧʦʣʷʨʥʳʡ 

ʤʝʘʥʜʨ ʩ ʧʘʫʟʘʤʠ 

ʉʢʚʘʞʥʦʩʪʴ 0,5 

7 ʅʦʤʠʥʘʣʴʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ 

2 ʄʦʤ  

8 ʇʨʝʜʝʣʳ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ 
° 2,048 ɺ  

9 ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʘʫʟʳ ʪʦʢʘ 1 ʩ ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 0,25 ɻʮ 

10 ʉʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 12 ʦʪʩʯʝʪʦʚ ʚ 

ʤʠʥʫʪʫ 

 

11 ʇʨʝʜʝʣʳ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʢʘʜʨʘʤʠ  ʆʪ 1 ʜʦ 240 ʤʠʥ.  

12 ʊʦʯʥʦʩʪʴ ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʠ ʢʘʜʨʦʚ 1 ʤʠʥ.  

13 ʈʘʟʤʝʨʥʦʩʪʴ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ 80 ʢʘʜʨʦʚ  

14 ʀʥʪʝʨʬʝʡʩ ʩʚʷʟʠ RS232  

15 ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʆʪ -5 ʜʦ +50ʉ̄  

  



ʄʘʨʯʝʥʢʦ ʄ.ʅ. ʀʜʘʨʤʘʯʝʚ ʐ.ɻ. 

ʉʊɸʅʎʀʗ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʆʈʅʓʍ ʇʆʈʆɼ STEM-04 

 

57 

 ʉʪʘʥʮʠʷ StEM-04 ʩʤʦʥʪʠʨʦʚʘʥʘ ʚʦ ʚʣʘʛʦʟʘʱʠʱʝʥʥʦʤ ʧʣʘʩʪʠʢʦʚʦʤ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʤ 

ʢʦʨʧʫʩʝ. 

¶ ɺʳʭʦʜ ʛʝʥʝʨʘʪʦʨʘ ʠ ʚʭʦʜʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ˉ  ̄1ʯ3, ʚʢʣʶʯʘʷ ʥʝʟʘʚʠʩʠʤʳʝ 

ʘʥʘʣʦʛʦʚʳʝ ʟʝʤʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ, ʚʳʚʝʜʝʥʳ ʥʘ ʤʥʦʛʦʢʦʥʪʘʢʪʥʳʡ ʨʘʟʲʝʤ ʪʠʧʘ ʐʈ.  

¶ ɺʭʦʜ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ  ̄0 ʧʦʜʢʣʶʯʝʥ ʢ 2-ʤ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʳʤ ʨʝʟʠʩʪʦʨʘʤ ʥʦ-

ʤʠʥʘʣʦʤ 5,1 ʆʤ ʢʘʞʜʳʡ (ʚʩʝʛʦ 10,2 ʆʤ). ʈʝʟʠʩʪʦʨʳ ʚʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʚʳʭʦʜʥʫʶ 

ʮʝʧʴ ʛʝʥʝʨʘʪʦʨʘ.  

¶ ɺʳʭʦʜ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʚʝʜʝʥ ʥʘ 2-ʝ ʢʣʝʤʤʳ ʥʘ ʢʦʨʧʫʩʝ ʩʪʘʥʮʠʠ ï ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ.  

¶ ʄʦʜʫʣʴ GPS ʩ ʘʥʪʝʥʥʦʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ. 

ʇʦʣʦʞʝʥʠʝ ʘʥʪʝʥʥʳ ʦʙʦʟʥʘʯʝʥʦ ʤʝʪʢʦʡ çGPSè.  

ʅʘ ʢʦʨʧʫʩʝ ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ:  

ʂʣʝʤʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ (ʢʨʘʩʥʘʷ ʠ ʯʝʨʥʘʷ);  

ʂʨʝʧʣʝʥʠʝ ʧʣʘʚʢʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ (2ɸ);  

ʉʚʝʪʦʜʠʦʜ ʠʥʜʠʢʘʮʠʠ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ;  

ʄʥʦʛʦʢʦʥʪʘʢʪʥʳʡ ʨʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʣʠʥʠʡ;  

ʂʣʝʤʤʳ ʚʳʭʦʜʘ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (ʜʚʝ ʯʝʨʥʳʝ);  

ʈʘʟʲʝʤ DB9F ʠʥʪʝʨʬʝʡʩʘ RS232.  

¶ ɺ ʮʝʧʠ ʧʠʪʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʠʦʜ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʰʠʙʦʢ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ  

¶ ʧʠʪʘʥʠʷ ʠ ʧʣʘʚʢʠʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʥʘ 2ɸ.  

  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʉʪʘʥʮʠʷ StEM-04 ʚʳʧʦʣʥʷʝʪ:  

Å ʛʝʥʝʨʘʮʠʶ ʪʦʢʘ ʚ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ ɸɺ,  

Å ʥʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʚ ɸɺ ʠ ʩʠʛʥʘʣʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ɺʇ ʚ ʧʨʠʝʤʥʳʭ ʣʠ-

ʥʠʷʭ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʦʡ ʫʩʪʘʥʦʚʢʠ,  

Å ʥʘʢʦʧʣʝʥʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ,  

Å ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ɻ ʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʧʦ ʟʘʧʨʦʩʫ ʇʦʣʴ-

ʟʦʚʘʪʝʣʷ.  

ɺʨʝʤʝʥʥʘʷ ʧʨʠʚʷʟʢʘ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ ʚʩʪʨʦʝʥʥʦʛʦ GPS-ʧʨʠʝʤʥʠʢʘ.  

ʆʙʱʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʮʠʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʝʝ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  

  

ʇʘʨʘʤʝʪʨʳ ʩʚʷʟʠ 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ/ʢʦʤʘʥʜʘʤʠ ʩ ʧʨʠʙʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS232.  

ʇʘʨʘʤʝʪʨʳ ʩʚʷʟʠ: baud=9600, parity=none, data=8, stop=1, RTS/CTS handshaking = OFF  

  

 ʉʚʷʟʴ ʇʂ ʩʦ ʩʪʘʥʮʠʝʡ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ:  

Å ʇʦ ʢʘʙʝʣʶ ʉʆʄ-ʉʆʄ, ʝʩʣʠ ʫ ʇʂ ʝʩʪʴ ʉʆʄ-ʧʦʨʪ;  

Å ʇʦ ʢʘʙʝʣʶ-ʧʝʨʝʭʦʜʥʠʢʫ ʉʆʄ-USB, ʝʩʣʠ ʫ ʇʂ ʥʝʪ ʉʆʄ-ʧʦʨʪʘ, ʘ ʝʩʪʴ USB-ʧʦʨʪ;  

Å ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʤʦʚ ʪʠʧʘ Bitcord (SprutNet) BGS2 RS232/RS485 KIT, GSM/GPRS  

Bitcord (SprutNet) BGS2 - ʧʨʦʤʳʰʣʝʥʥʳʡ CSD ʪʝʨʤʠʥʘʣ ʜʣʷ ʦʧʨʦʩʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ, ʦʪʧʨʘʚʢʠ SMS. Cʨʘʟʫ 2 ʠʥʪʝʨʬʝʡʩʘ: RS232 ʠ RS485; HARD RESET; WATCHDOG 

TIMER 

 

ʋʧʨʘʚʣʝʥʠʝ ʩʪʘʥʮʠʝʡ  

ʋʧʨʘʚʣʝʥʠʝ ʩʪʘʥʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʦʜʘʯʠ ʪʝʢʩʪʦʚʳʭ ʢʦʤʘʥʜ (ASCII) ʧʦ ʠʥʪʝʨ-

ʬʝʡʩʫ RS232. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʢ ʠ ʧʨʠʝʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʘʥʜʳ.  



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʮʠʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʝʝ ʥʘ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʇʝʨʝʜʘʯʘ ʢʦʤʘʥʜ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʪ ʩʪʘʥʮʠʠ ʢ ʇʂ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʦʛʨʘʤʤ-ʪʝʨʤʠʥʘʣʦʚ ʜʣʷ ʉʆʄ-ʧʦʨʪʦʚ ʪʠʧʘ Terminal.exe ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ. ɺ ʨʝʞʠʤʝ çʆʪ-

ʣʘʜʢʘè (Debug ON) ʩʪʘʥʮʠʷ ʧʝʨʝʜʘʝʪ ʚ ʧʦʨʪ ʜʘʥʥʳʝ ɸʎʇ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ 

ʧʝʨʠʦʜʫ ʠ ʧʦ ʢʘʞʜʦʤʫ ʢʘʜʨʫ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʵʪʠʤ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ De-

bug_. ʂʦʥʪʨʦʣʴ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ (ʚ ʪ.ʯ. ʦʮʝʥʢʘ ʩʠʣʳ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ɸɺ) ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚʥʝʰʥʠʤ ʚʦʣʴʪʤʝʪʨʦʤ, ʤʫʣʴʪʠʤʝʪʨʦʤ ʠʣʠ ʦʩʮʠʣʣʦʛʨʘʬʦʤ. ʇʦ ʧʦʚʝʜʝʥʠʶ ʩʠʛʥʘʣʘ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʦʤ ʨʝʟʠʩʪʦʨʝ, ʚʢʣʶʯʝʥʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʚʳʭʦʜ-

ʥʫʶ ʮʝʧʴ ʛʝʥʝʨʘʪʦʨʘ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʩʠʣʝ ʪʦʢʘ ʥʘ ɸɺ, ʢʘʯʝ-

ʩʪʚʝ ʟʘʟʝʤʣʝʥʠʡ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ 

 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ  

ʅʘʙʣʶʜʝʥʠʷ ʤʝʪʦʜʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʥʮʠʝʡ StEM-04 ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʣʴʚʘ-

ʥʠʯʝʩʢʠ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʋʩʪʘʥʦʚʢʘ ʩʦʜʝʨʞʠʪ 2 ʧʠʪʘ-

ʶʱʠʭ ʵʣʝʢʪʨʦʜʘ (ɸ ʠ ɺ) ʠ ʜʦ 3-ʭ ʧʘʨ ʧʨʠʝʤʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (M ʠ N). ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʵʣʝʢʪʨʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʝʥʠʡ. ɺʦʟ-

ʤʦʞʥʦ ʨʘʟʤʝʱʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʩʢʚʘʞʠʥʘʭ.  

ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʥʪʠʨʫʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦ ʠ ʥʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʩʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʙʲʝʢʪʝ.  

ʇʨʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʘʥʦʚʢʠ ʩʨʝʜʠʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, 

ʪʨʝʭʵʣʝʢʪʨʦʜʥʫʶ ʠʣʠ ʜʠʧʦʣʴʥʫʶ ʦʩʝʚʫʶ.  

ʇʨʠʝʤʥʳʝ ʠ ʧʠʪʘʶʱʠʝ ʵʣʝʢʪʨʦʜʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʦʥʪʠʨʦʚʘʪʴ ʚ ʟʘʛʣʫʙʣʝʥʠʷʭ (ʩʤ. ʈʠʩ. 2) 

ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʵʣʝʢʪʨʦʜʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ:  

Å ʀʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ï ʩʚʠʥʝʮ, ʤʝʜʴ, ʣʘʪʫʥʴ,ʥʝʨʞʘʚʝʶʱʫʶ 

ʩʪʘʣʴ;  

Å ʂʦʥʪʘʢʪ ɻ ʣʝʢʪʨʦʜʘ ʠ ʛʨʫʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʪʴ ʯʝʨʝʟ ʚʣʘʞʥʫʶ ʛʣʠʥʠʩʪʫʶ (ʩʫʛʣʠʥʠʩʪʫʶ) ʧʨʦ-

ʩʣʦʡʢʫ (ʟʘʙʫʪʦʚʢʫ).  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ 

ʧʨʠʝʤʥʦʡ ʧʘʨʳ MN ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʩ ʛʨʫʥʪʦʤ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʢʘʥʘʣʘ - ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ. ɾʝʣʘʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ï ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʠʝʤʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ M ʠ N.  

 



ʄʘʨʯʝʥʢʦ ʄ.ʅ. ʀʜʘʨʤʘʯʝʚ ʐ.ɻ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʮʠʠ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʦʩʝ 

 

ʋʜʘʣʝʥʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʘʥʮʠʝʡ  

ʋʜʘʣʝʥʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʘʥʮʠʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʤʘ ʪʠʧʘ Bitcord (SprutNet) 

BGS2 (RS232/RS485 KIT, GSM/GPRS) ʧʦ ʧʨʦʪʦʢʦʣʫ CSD. 

ʇʨʦʛʨʘʤʤʘ stem ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʫʩʪʨʦʡʩʪʚʘ StEM-04. 

ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʢʦʥʩʦʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ .net frame-

work 4.0. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

¶ ʧʦʜʢʣʶʯʝʥʠʝ ʢ gsm ʤʦʜʝʤʫ ʯʝʨʝʟ com-ʧʦʨʪ 

¶ ʘʜʨʝʩ ʧʦʨʪʘ ʟʘʜʘʸʪʩʷ ʚ ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

¶ ʫʩʪʘʥʦʚʢʘ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʤʦʜʝʤʘʤʠ ʇʂ ʠ ʫʩʪʨʦʡʩʪʚʘ 

¶ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ ʟʘʜʘʸʪʩʷ ʚ ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

¶ ʧʝʨʝʜʘʯʘ ʢʦʤʘʥʜʳ ʟʘʧʨʦʩʘ ʜʘʥʥʳʭ (READ_DATA) 

¶ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʫʬʝʨʝ ʧʨʠʙʦʨʘ 

¶ ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʬʘʡʣ ʥʘ ʇʂ 

¶ ʬʘʡʣ ʩʦʟʜʘʸʪʩʷ ʚ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʠ ʠʤʝʥʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤʠ ʜʘʪʦʡ ʠ 

ʚʨʝʤʝʥʝʤ 

¶ ʧʝʨʝʜʘʯʘ ʢʦʤʘʥʜʳ ʫʩʪʘʥʦʚʢʠ ʠʥʪʝʨʚʘʣʘ ʩʙʦʨʘ ʜʘʥʥʳʭ (SETUP_INTERVAL) 

¶ ʠʥʪʝʨʚʘʣ ʩʙʦʨʘ ʜʘʥʥʳʭ ʟʘʜʘʸʪʩʷ ʚ ʬʘʡʣʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

¶ ʟʘʚʝʨʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʸʪ ʬʘʡʣ ʞʫʨʥʘʣʘ (trace.log) ʚ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ, ʚ 

ʢʦʪʦʨʳʡ ʟʘʥʦʩʷʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʨʘʙʦʪʝ ʧʨʠʣʦʞʝʥʠʷ. ʕʪʠ ʞʝ ʩʦʦʙʱʝʥʠʷ (ʚ ʨʘʩ-

ʰʠʨʝʥʥʦʤ ʚʠʜʝ) ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ (ʧʨʠ ʥʘʣʠʯʠʠ). 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩʪʘʥʮʠʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʩʘʡʪʝ: https://www.windowscentral.com/how-create-automated-task-using-task-scheduler-windows-10.  

 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻ ɼʌʀʎ ʈɸʅ ʧʦ 

ʪʝʤʝ ʅʀʈ ʈʝʛ. ʥʦʤʝʨ ʅʀʆʂʊʈ 122032200277-4.  

https://www.windowscentral.com/how-create-automated-task-using-task-scheduler-windows-10
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ɻɽʆʄʆʈʌʆʃʆɻʀʗ ʈɽʏʅʓʍ ɼʆʃʀʅ ʉɽɺɽʈʅʆɻʆ ʉʂʃʆʅɸ ɺʆʉʊʆʏʅʆɻʆ ʂɸɺʂɸɿɸ 

ʊʫʣʳʰʝʚʘ ɽ.ɺ., ʖʩʫʧʦʚ ɸ.ʈ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ʉʦʚʨʝʤʝʥʥʦʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʂʘʚʢʘʟʘ ʠ ʝʛʦ ʚʦʩʪʦʯʥʳʡ ʩʝʢʪʦʨ ʚ ʦʩʥʦʚʥʦʤ ʟʘʥʠʤʘʝʪ ʩʣʝ-

ʜʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ: ʛʦʨʥʘʷ ʩʪʨʘʥʘ ʂʨʳʤʩʢʦ-ʂʘʚʢʘʟʩʢʘʷ, ʧʨʦʚʠʥʮʠʷ - ɹʦʣʴʰʦʡ ʂʘʚʢʘʟ, ʦʙʣʘʩʪʴ - ɺʦʩʪʦʯʥʳʡ ʂʘʚʢʘʟ, 

ʧʦʜʦʙʣʘʩʪʴ - ʇʨʠʢʘʟʙʝʢʩʢʘʷ ʠ ʏʝʯʝʥʦ-ʀʥʛʫʰʩʢʘʷ, ʀʟʚʝʩʪʥʷʢʦʚʳʡ ɼʘʛʝʩʪʘʥ, ɺʦʜʦʨʘʟʜʝʣʴʥʳʡ ʠ ɹʦʢʦʚʦʡ ʭʨʝʙʪʳ, 

ʶʞʥʳʡ ʩʢʣʦʥ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ, ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ, ʖʛʦ-ɺʦʩʪʦʯʥʳʡ ʂʘʚʢʘʟ, ɸʧʰʝʨʦʥʦ-ʂʦʙʳʩʪʘʥʩʢʠʝ ʅʘʛʦ-

ʨʴʷ. ʆʩʝʚʘʷ ʟʦʥʘ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ɺʦʜʦʨʘʟʜʝʣʴʥʦʛʦ ʠ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʦʚ, ʶʞ-

ʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʦʚ. ʅʘ ʢʘʨʪʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʖʛʦ-ɺʦʩʪʦʯʥʳʡ ʂʘʚʢʘʟ ʚʳʜʝʣʝʥ ʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ. ɹʦʣʴʰʦʡ ʂʘʚʢʘʟ ʨʘʟʜʝʣʝʥ ʥʘ ʧʷʪʴ ʦʙʣʘʩʪʝʡ: ʉʝʚʝʨʦ-ɿʘʧʘʜʥʘʷ, ɿʘʧʘʜʥʘʷ ʠ ʎʝʥʪʨʘʣʴʥʘʷ, 

ɺʦʩʪʦʯʥʘʷ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʘʷ. ʕʪʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ ʚʳʜʝʣʝʥʘ 

ʧʘʩʩʠʚʥʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ, ʨʘʟʜʝʣʷʶʱʘʷ ɻʣʘʚʥʳʡ ʠ ɹʦʢʦʚʦʡ ʭʨʝʙʪʳ, ɹʝʞʪʠʥʦ-ʉʘʤʫʨʩʢʘʷ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʥʘʷ 

ʢʦʪʣʦʚʠʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʦʨʬʦʣʦʛʠʷ, ʥʝʦʪʝʢʪʦʥʠʢʘ, ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ, ʢʦʪʣʦʚʠʥʳ, ɻʣʘʚʥʳʡ ʂʘʚʢʘʟʩʢʠʡ ʭʨʝʙʝʪ, 

ʨʝʯʥʳʝ ʜʦʣʠʥʳ. 

 

GEOMORPHOLOGY OF RIVER VALLEYS OF THE NORTHERN SLOPE  

OF THE EASTERN CAUCASUS 

Tulysheva E.V., Yusupov A.R. 

Institute of Geology DFRC RAS 

Modern geomorphological zoning of the Caucasus and its eastern sector mainly occupies the following position: 

mountainous country of the Crimean-Caucasian region, province - Greater Caucasus, region - Eastern Caucasus, subregion 

- Prikazbek and Chechen-Ingush, Limestone Dagestan, Vodorazdelny and Bokovoy ridges, southern slope of the Eastern 

Caucasus, southeastern slope, Southeastern Caucasus, Apsheron-Kobystan Highlands. The axial zone of the Eastern Cauca-

sus includes morphostructures of the Vodorazdelny and Bokovoy ridges, southern and southeastern slopes. On the map of 

geomorphological zoning, the Southeastern Caucasus is allocated as an independent region. The Greater Caucasus is divided 

into five regions: Northwestern, Western and Central, Eastern and Southeastern. This division is supported by most research-

ers. In addition, a passive morphostructure dividing the Main and Lateral Ridges, the Bezhta-Samur graben-syncline basin, 

has been identified. 

Key words: geomorphology, neotectonics, morphostructures, basins, Main Caucasian Ridge, river valleys. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʚ ʜʘʛʝʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ 

ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʳʝ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚʧʣʦʪʴ ʜʦ ʛʦʣʦʮʝʥʘ, ʘʩʠʤʤʝʪʨʠʯ-

ʥʳʝ ʟʦʥʳ ʩ ʶʛʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦʜʥʷʪʠʷʤʠ, ʘ ʩʝʚʝʨʘ - ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʦʧʫʩʢʘʥʠʷʤʠ [1,2,8,9]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʭʨʦʥʦʣʦʛʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ. ʆʙ-

ʨʘʟʦʚʘʥʠʝ ʊʝʨʩʢʦʛʦ ʠ ʉʫʥʞʝʥʩʢʦʛʦ ʭʨʝʙʪʦʚ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ ʤʠʦʮʝʥʝ. ɺ ʩʨʝʜʥʝʤ-ʚʝʨʭʥʝʤ ʩʘʨʤʘʪʝ 

ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʧʦʜʥʷʪʠʡ ʚʣʠʷʣʠ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʠ ʬʘʮʠʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʤʝʦʪʠʩʝ, ʘ ʟʘʪʝʤ ʚ ʧʦʥʪʝ ʦʥʠ, ʚʦʟʤʦʞʥʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʚʳʰʘʣʠʩʴ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ ʥʘʯʘʣʝ ʧʣʠʦʮʝʥʘ ʵʪʦ ʭʦʣʤʦʛʦʨʴʝ, ʧʦʜʦʙʥʦ ʚʩʝʤʫ ʚʦʩʪʦʯʥʦʤʫ ʇʨʝʜ-

ʢʘʚʢʘʟʴʶ, ʧʦʜʚʝʨʛʣʦʩʴ ʵʨʦʟʠʠ ʠ ʜʝʥʫʜʘʮʠʠ, ʘ ʟʘʪʝʤ ʚ ʘʢʯʘʛʳʣʝ ʠ ʘʧʰʝʨʦʥʝ ʙʳʣʦ ʚʪʷʥʫʪʦ ʚ ʦʙʱʝʝ 

ʧʦʛʨʫʞʝʥʠʝ. ʃʠʰʴ ʚ ʩʘʤʦʤ ʢʦʥʮʝ ʘʧʰʝʨʦʥʘ - ʥʘʯʘʣʝ ʧʣʝʡʩʪʦʮʝʥʘ ʊʝʨʩʢʠʡ ʠ ʉʫʥʞʝʥʩʢʠʡ ʭʨʝʙʪʳ 

ʧʦʷʚʠʣʠʩʴ ʚ ʨʝʣʴʝʬʝ, ʢʘʢ ʧʨʦʦʙʨʘʟ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤ. ɸʢʪʠʚʠʟʘʮʠʷ ʚʦʟʜʳʤʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʚʨʝʤʷ ʧʦʛʨʘʥʠʯʥʦʝ ʤʝʞʜʫ ʥʠʞʥʠʤ ʠ ʩʨʝʜʥʠʤ ʧʣʝʡʩʪʦʮʝʥʦʤ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʠ ʩʣʝʜʫʝʪ ʧʨʠʫʨʦ-

ʯʠʚʘʪʴ ʩʪʘʥʦʚʣʝʥʠʝ ʵʪʠʭ ʭʨʝʙʪʦʚ. ɺʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʭʨʝʙʪʦʚ ɼʘʛʝʩʪʘʥʘ (ʏʝʨʥʳʝ 

ʛʦʨʳ, ʅʘʨʘʪ-ʊʶʙʝ, ʂʘʨʘʙʫʨʫʥ ʠ ʜʨ.), ʦʯʝʚʠʜʥʦ, ʙʳʣʦ ʠʜʝʥʪʠʯʥʳʤ. ɺ ʘʧʰʝʨʦʥʝ-ʥʠʞʥʝʤ ʧʣʝʡʩʪʦ-

ʮʝʥʝ, ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ɹʝʥʦʡʩʢʦʡ, ʍʘʜʫʤʩʢʦʡ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʠ [3]. 



ʊʫʣʳʰʝʚʘ ɽ.ɺ., ʖʩʫʧʦʚ ɸ.ʈ. 
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ɻʣʘʚʥʳʡ ʭʨʝʙʝʪ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʧʘʣʝʦʛʝʥʝ, ʦʧʝʨʝʞʘʶʱʠʡ ʨʦʩʪ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʘ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʘʧʰʝʨʦʥ- ʥʘʯʘʣʦ ʧʣʝʡʩʪʦʮʝʥʘ, ʘʢʪʠʚʠʟʘʮʠʷ ʉʘʣʘʪʘʫ-ɻʠʤʨʠʥʩʢʦʡ ʮʝʧʠ ʭʨʝʙʪʦʚ - ʥʘ ʥʠʞʥʠʡ - 

ʩʨʝʜʥʠʡ ʧʣʝʡʩʪʦʮʝʥ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʢʣʠʥʘ ʚ ʮʝʣʦʤ ʦʪʥʦʩʷʪ ʢ ʧʦʟʜʥʝ-

ʧʣʠʦʮʝʥʦʚʦʤʫ ʠ ʯʝʪʚʝʨʪʠʯʥʦʤʫ ʚʨʝʤʝʥʠ. ʉ ʧʣʝʡʩʪʦʮʝʥʦʤ ʩʚʷʟʳʚʘʶʪ ʨʝʟʢʦʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʜʚʠ-

ʞʝʥʠʡ ʧʦ ʊʣʷʨʘʪʠʥʩʢʦʤʫ ʨʘʟʣʦʤʫ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʘ. ʕʪʦ ʞʝ, 

ʚʠʜʠʤʦ, ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʡ ʟʦʥʳ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʊʣʷ-

ʨʘʪʠʥʩʢʠʡ.  

ʈʝʯʥʘʷ ʩʝʪʴ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʂʘʚʢʘʟʘ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʝʱʝ ʚ ʧʘʣʝʦʛʝʥʝ, ʢʦʛʜʘ ʚ ʦʩʝʚʦʡ 

ʯʘʩʪʠ ʛʝʦʩʠʥʢʣʠʥʘʣʠ ʦʙʨʘʟʦʚʘʣʩʷ ʢʨʫʧʥʳʡ ʦʩʪʨʦʚ. ɺ ʦʣʠʛʦʮʝʥʝ ʠ ʨʘʥʥʝʤ ʤʠʦʮʝʥʝ ʩʫʱʝʩʪʚʦʚʘʣʠ 

ʫʞʝ ʟʨʝʣʳʝ ʜʦʣʠʥʳ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʢʨʫʧʥʳʤʠ ʜʝʣʴʪʘʤʠ ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʨʘʚ-

ʥʠʥʘʭ. ʄʦʱʥʳʝ ʧʝʩʯʘʥʳʝ ʥʘʢʦʧʣʝʥʠʷ ʜʝʣʴʪʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʟʨʝʟʘʭ ʤʘʡʢʦʧ-

ʩʢʦʡ ʩʝʨʠʠ ʚ ʙʘʩʩʝʡʥʘʭ ʊʝʨʝʢʘ, ʉʫʣʘʢʘ ʠ ʉʫʥʞʠ.  

ʆʙʱʝʝ ʤʝʨʠʜʠʘʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʯʥʳʭ ʜʦʣʠʥ ʩʦʭʨʘʥʠʣʦʩʴ ʚ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʤ ʤʠʦʮʝʥʝ 

ʠ ʧʣʠʦʮʝʥʝ. ɺ ʩʨʝʜʥʝʤ ʧʣʠʦʮʝʥʝ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʜʚʝ ʩʠʩʪʝʤʳ ʩʫʙʤʝʨʠʜʠʘ-

ʥʘʣʴʥʳʭ ʨʝʢ - ʟʘʧʘʜʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʩ ʛʣʘʚʥʳʤ ʚʦʜʦʨʘʟʜʝʣʦʤ ʥʘ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʚʢʘʟʝ. ɺ ʠʭ ʧʨʝ-

ʜʝʣʘʭ ʷʚʥʦ ʦʙʦʟʥʘʯʠʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʧʝʨʝʯʥʳʝ (ʚ ʥʠʟʦʚʴʷʭ ʧʦʛʨʝʙʝʥʥʳʝ) ʜʦʣʠʥʳ ʂʫʙʘʥʠ, 

ʋʨʫʧʘ, ʃʘʙʳ ʠ ɹʝʣʦʡ ʥʘ ʟʘʧʘʜʝ; ʊʝʨʝʢʘ, ʉʫʥʞʠ, ɸʨʛʫʥʘ ʠ ʉʫʣʘʢʘ ʥʘ ʚʦʩʪʦʢʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʦʛʜʘ 

ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʠ ʧʨʦʜʦʣʴʥʘʷ ʜʦʣʠʥʘ ʉʘʤʫʨʘ. 

ʈʝʛʨʝʩʩʠʷ ʂʘʩʧʠʷ ʚ ʙʘʣʘʭʘʥʩʢʠʡ ʚʝʢ ʚʳʟʚʘʣʘ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ ʥʘ 500-700 ʤ ʠ ʨʝʟʢʦʝ 

ʧʝʨʝʫʛʣʫʙʣʝʥʠʝ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʠ ʙʘʟʠʩʘ ʵʨʦʟʠʠ. ɸ ʚ ʘʢʯʘʛʳʣʴʩʢʦʝ 

ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʢʨʫʧʥʝʡʰʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ, ʢʦʪʦʨʘʷ ʟʘʭʚʘʪʠʣʘ ʧʝʨʝʬʝʨʠʶ ʚʩʝʛʦ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚ-

ʢʘʟʘ. 

ɺ ʧʦʟʜʥʝʤ ʧʣʠʦʮʝʥʝ ʧʨʦʜʦʣʞʘʣʦʩʴ, ʘ ʧʣʝʡʩʪʦʮʝʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʠʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʳʭ ʨʝʯʥʳʭ ʜʦʣʠʥ ʩ ʩʝʨʠʝʡ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʭ ʤʝʞʜʫʨʝʯʥʳʭ ʠ 

ʚʥʫʪʨʠʜʦʣʠʥʥʳʭ ʪʝʨʨʘʩ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʂʘʚʢʘʟʘ.  

ʇʦ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʣʠʥʠʠ ʚʦʜʦʨʘʟʜʝʣʘ ʭʨʝʙʝʪ ʂʷʙʷʢ ʚʳʰʝ ʉʘʤʫʨʩʢʦʛʦ 

ʭʨʝʙʪʘ. ʅʘ ʧʝʨʚʦʤ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʠʝ ʚʝʨʰʠʥʳ, ʢʘʢ ʎʠʤʠʨʮʳ, ɼʝʘʚʛʘʡ (4016 ʤ), ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ 

ʭʨʝʙʪʘ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ɸʭʪʳʯʘʡ ʦʪʤʝʯʘʶʪʩʷ ʚʝʨʰʠʥʳ ʛʦʨ - ʐʘʣʙʫʟʜʘʛ (4112 ʤ), ʗʨʫʜʘʛ 

(4110 ʤ), ʐʘʭʜʘʛ (4243 ʤ) ʩ ʚʳʩʦʪʘʤʠ ʙʦʣʝʝ 4000 ʤ. ʅʘ ʉʘʤʫʨʩʢʦʤ ʭʨʝʙʪʝ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʚʝʨ-

ʰʠʥʘ ɸʣʘʭʫʥʜʘʛ (3801 ʤ). ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ɻʣʘʚʥʦʛʦ ʭʨʝʙʪʘ, ʚʜʦʣʴ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨ. ʉʘʤʫʨ 

ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʚʝʨʰʠʥʘ - ʛ. ɻʫʪʦʥ (3648 ʤ) ʠ ʪʦʣʴʢʦ ʚʝʨʰʠʥʘ ʛ. ɹʘʟʘʨ-ɼʶʟʠ (ʛʨʘʥʠʮʘ ɻʣʘʚʥʦʛʦ 

ʭʨʝʙʪʘ ʤʝʞʜʫ ɺʦʩʪʦʯʥʳʤ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʳʤ ʝʛʦ ʩʝʛʤʝʥʪʘʤʠ) ʩʦʩʪʘʚʣʷʝʪ 4466 ʤ, ʷʚʣʷʷʩʴ ʠʩʢʣʶ-

ʯʝʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʯʪʦ ɻʣʘʚʥʳʡ ʭʨʝʙʝʪ ʥʠʞʝ ɹʦʢʦʚʦʛʦ ʥʘ 500-1000 ʤ. (ʌʦʪʦ. 1). 

ɸ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʝʪʩʷ, ʦʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʧʨʠ ʩʦʦʪʥʦ-

ʰʝʥʠʠ ʭʨʝʙʪʦʚ ʂʷʙʷʢ ʠ ʉʘʤʫʨʩʢʠʡ. ʇʦ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʤʫ ʦʙʣʠʢʫ ʭʨʝʙʝʪ ʂʷʙʷʢ ʠʤʝʝʪ ʙʦʣʝʝ 

ʢʨʫʪʳʝ ʩʢʣʦʥʳ (ʯʝʤ ɻʣʘʚʥʳʡ), ʜʦʣʠʥʳ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ʨ. ɸʭʪʳ-ʯʘʡ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʦ ʥʝʤʫ, 

ʠʤʝʶʪ ʛʣʫʙʦʢʦ ʚʨʝʟʘʥʥʳʝ ʫʱʝʣʴʝʦʙʨʘʟʥʳʝ ʜʦʣʠʥʳ (ʂʘʪʫʭ-ʯʘʡ, ʆʛʘʣʤʘʪʭʝʪ, ʄʠʮʠʨʘʪʭʝʪ, ʂʘ-

ʤʠʥ-ʯʘʡ ʠ ʜʨ.), ʚʠʩʷʯʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨ.ɸʭʪʳ-ʯʘʡ.[10,11] ɸʥʘʣʦʛʠʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʨʘ-

ʚʳʭ ʧʨʠʪʦʢʦʚ ʨ. ʉʘʤʫʨ, ʩʪʝʢʘʶʱʠʭ ʩ ʭʨʝʙʪʘ ʂʷʙʷʢ. ɼʦʣʠʥʳ ʵʪʠʭ ʧʨʠʪʦʢʦʚ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʜʦʣʠʥ ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ ʨ.ɸʭʪʳ-ʯʘʡ, ʩʪʝʢʘʶʱʠʭ ʩ ʚʦʜʦʨʘʟʜʝʣʴʥʦʛʦ ʭʨʝʙʪʘ (ʄʘʟʘ, ʌʠʡ, ɻʜʳʤ, 

ʂʠʟʠʣ-ɼʝʨʝ, ɼʘʣʠ-ʯʘʡ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʪʘʢʠʤ ʧʨʠʟʥʘʢʘʤ, ʢʘʢ ʛʠʧʩʦʤʝʪʨʠʷ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ 

ʣʠʥʠʠ, ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʣʠʥ ʚʦʜʦʪʦʢʦʚ, ʥʘʣʠʯʠʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʣʝʜʥʠʢʦʚ (ʛ. ɼʝʘʚʛʘʡ) ʭʨʝʙʝʪ ʂʷʙʷʢ ʩ ʧʦʣʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʢ ɹʦʢʦʚʦʤʫ 

ʭʨʝʙʪʫ. ʂ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ - ɻʣʘʚʥʳʡ ʂʘʚʢʘʟʩʢʠʡ 

ʨʘʟʣʦʤ (ʥʘʜʚʠʛ), ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ ʤʘʛʤʘʪʠʟʤ ʂʘʭʝʪʠʥʩʢʦʛʦ ʜʠʘʙʘʟʦʚʦʛʦ ʧʦʷʩʘ ʠ ʤʝʪʘʣʣʦʛʝʥʠʶ, 

ʧʨʦʭʦʜʠʪ ʠʤʝʥʥʦ ʤʝʞʜʫ ɺʦʜʦʨʘʟʜʝʣʴʥʳʤ ʠ ʂʷʙʷʢʩʢʠʤ ʭʨʝʙʪʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʘ ʥʘ ɺʦʩʪʦʢʝ. (ʌʦʪʦ 2). 
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ɹʝʞʪʠʥʦ-ʉʘʤʫʨʩʢʘʷ ʧʨʦʜʦʣʴʥʘʷ ʜʝʧʨʝʩʩʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʢʫʶ ʟʦʥʫ, ʨʘʟʜʝʣʷʶʱʫʶ 

ɻʣʘʚʥʳʡ ʠ ɹʦʢʦʚʦʡ ʭʨʝʙʪʳ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ, ʠʩʧʳʪʘʚʰʫʶ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʦʚʝʡʰʠʝ 

ʧʦʜʥʷʪʠʷ. ʎʝʥʪʨʘʣʴʥʘʷ ʠ ʟʘʧʘʜʥʘʷ ʯʘʩʪʠ ʵʪʦʡ ʟʦʥʳ ʦʪʚʝʯʘʶʪ ɹʝʞʪʠʥʩʢʦʤʫ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʦʨʠʶ 

ʠ ʝʛʦ ʟʘʧʘʜʥʦʤʫ ʧʨʦʪʷʞʝʥʠʶ, ʘ ʚʦʩʪʦʯʥʘʷ (ʉʘʤʫʨʩʢʘʷ) ʯʘʩʪʴ ʥʘʣʦʞʝʥʘ ʥʝʩʢʦʣʴʢʦ ʥʘʠʩʢʦʩʴ ʥʘ 

ʚʦʩʪʦʯʥʳʡ ʫʯʘʩʪʦʢ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʘ ʠ ʩʪʨʫʢʪʫʨʳ ʶʞʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʥʦʛʦ ʢʨʳʣʘ ʘʥʪʠʢʣʠʥʦʨʠʷ 

ɻʣʘʚʥʦʛʦ ʭʨʝʙʪʘ. ʐʠʨʠʥʘ ʝʝ 10-20 ʢʤ, ʧʨʠ ʜʣʠʥʝ 300 ʢʤ.[4,5,] ʆʥʘ ʦʙʣʘʜʘʝʪ ʤʝʥʝʝ ʛʣʫʙʦʢʦ ʨʘʩ-

ʯʣʝʥʝʥʥʳʤ ʨʝʣʴʝʬʦʤ, ʯʝʤ ʩʤʝʞʥʳʝ ʧʦʜʥʷʪʠʷ, ʠ ʥʘ ʨʷʜʝ ʫʯʘʩʪʢʦʚ ʥʝʩʝʪ ʦʩʪʘʪʢʠ ʜʨʝʚʥʝʡ ʜʝʥʫʜʘ-

ʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʦʡ), ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʥʘ ʚʳʩʦʪʝ 

2,5-3,5 ʢʤ ʚ ʚʠʜʝ ʫʯʘʩʪʢʦʚ ʩʛʣʘʞʝʥʥʦʛʦ ʧʦʣʦʛʦʭʦʣʤʠʩʪʦʛʦ ʨʝʣʴʝʬʘ. ɸʤʧʣʠʪʫʜʘ ʥʦʚʝʡʰʠʭ ʧʦʜ-

ʥʷʪʠʡ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ɹʝʞʪʠʥʩʢʦʡ ʟʦʥʳ ʦʪ 2,5 ʜʦ 3,5 ʢʤ. 

ɺʪʦʨʦʝ, ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ, ʧʦʧʝʨʝʯʥʦʝ ʧʦʜʥʷʪʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʟʦʥʳ - ʚ 

ʊʫʰʝʪʠʠ, ʚ ʚʝʨʭʦʚʴʷʭ ʨ.ʨ. ɸʣʘʟʘʥʠ ʠ ʇʰʘʚʩʢʦʡ ɸʨʘʛʚʠ. ɿʜʝʩʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʪʘʥʮʳ 

ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ (3,5-3,7 ʢʤ), ʚʦʟʚʳʰʘʶʰʠʝʩʷ ʥʘʜ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʦʡ ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ.  

ʇʦʧʝʨʝʯʥʳʝ ʧʦʜʥʷʪʠʷ ʨʘʟʜʝʣʷʶʪ ʪʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʫʰʝʥʥʳʭ ʫʯʘʩʪʢʘ ɹʝʞʪʠʥʦ-ʉʘʤʫʨ-

ʩʢʦʡ ʟʦʥʳ, ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʥʦʚʝʡʰʝʛʦ ʧʦʜʥʷʪʠʷ ʥʝ ʜʦʩʪʠʛʘʝʪ 3 ʢʤ. ʕʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʩʘʤʳʡ ʚʦʩʪʦʯ-

ʥʳʡ ʫʯʘʩʪʦʢ ʟʦʥʳ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʫʨʦʯʝʥʘ ʧʨʦʜʦʣʴʥʘʷ ʜʦʣʠʥʘ ʨ. ʉʘʤʫʨ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʩʨʝʜʥʠʡ 

ʫʯʘʩʪʦʢ ʟʦʥʳ ʤʝʞʜʫ ʠʩʪʦʢʘʤʠ ɸʚʘʨʩʢʦʛʦ ʠ ɸʥʜʠʡʩʢʦʛʦ ʂʦʡʩʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʯʝʥʴ ʧʦʣʦʛʠʡ 

ʦʚʘʣʴʥʳʡ ʧʨʦʛʠʙ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʠʣʠʩʴ ʦʩʪʘʪʢʠ ʤʠʦʮʝʥʦʚʦʛʦ ʧʝʥʝʧʣʝʥʘ ʥʘ ʚʳʩʦʪʘʭ 2,6-2,8 ʢʤ. 

ʅʘʢʦʥʝʮ, ʚ ʩʘʤʦʡ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ ʥʘʭʦʜʠʪʩʷ ʥʝʙʦʣʴʰʘʷ, ʥʦ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ɺʝʨʭʥʝʪʝʨʩʢʘʷ ʚʧʘʜʠʥʘ. ʆʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʢʦʨʦʪʢʦʛʦ ʦʚʘʣʘ, ʜʣʠʥʥʘʷ ʦʩʴ ʢʦʪʦʨʦʛʦ ʚʳʪʷʥʫʪʘ ʚ ʩ-

ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʧʝʨʝʯʥʦ ʢ ʧʨʦʩʪʠʨʘʥʠʶ ʂʘʚʢʘʟʘ. ʂ ʥʝʡ ʧʨʠʫʨʦʯʝʥʘ ʧʝʨʝʫʛʣʫʙʣʝʥʥʘʷ ʜʦʣʠʥʘ ʨ. 

ʊʝʨʝʢʘ ʤʝʞʜʫ ʩʝʣʝʥʠʷʤʠ ʂʘʟʙʝʛʠ ʠ ʂʦʙʠ, ʟʘʧʦʣʥʝʥʥʘʷ ʨʳʭʣʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 400-500 ʤ., ʧʦʜʧʨʫʞʝʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʂʘʟʙʝʢʩʢʠʤ ʨʘʟʣʦʤʦʤ. ɺʧʘʜʠʥʘ ʚ ʮʝʣʦʤ 

ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʂʘʟʙʝʢ-ʎʭʠʥʚʘʣʴʩʢʦʡ ʟʦʥʳ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʣʦʤʘ. 

ʉʝʚʝʨʥʝʝ ʩ ɻʣʘʚʥʳʤ ʘʥʪʠʢʣʠʥʦʨʠʝʤ ʛʨʘʥʠʯʠʪ ɹʝʞʪʠʥʦ-ʉʘʤʫʨʩʢʠʡ ʛʨʘʙʝʥ (ʦʧʠʩʘʥʥʳʡ 

ʚʳʰʝ), ʦʪʜʝʣʷʶʱʠʡ ʝʛʦ ʦʪ ʘʥʪʠʢʣʠʥʦʨʠʷ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʘ. ɹʝʞʪʠʥʩʢʘʷ ʯʘʩʪʴ ʜʝʧʨʝʩʩʠʠ ʧʨʦʩʪʠ-

ʨʘʝʪʩʷ ʦʪ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʩʝʛʤʝʥʪʘ ʜʦ ʛ. ɻʫʪʦʥ, ʧʨʦʭʦʜʷ ʚ ʧʨʝʜʝʣʘʭ ɼʘʛʝʩʪʘʥʘ ʧʦ ʜʦʣʠʥʘʤ 

ʚʝʨʭʦʚʴʝʚ ɸʥʜʠʡʩʢʦʛʦ ʂʦʡʩʫ (ʊʫʰʝʪʩʢʘʷ ɸʣʘʟʘʥʴ, ʄʝʪʣʶʜʘ), ɸʚʘʨʩʢʦʛʦ ʂʦʡʩʫ (ʍʟʘʥ-ʆʨ, ɼʞʫʨ-

ʤʫʪ). ʆʪ ʛ. ɻʫʪʦʥ ʥʘ ʚʦʩʪʦʢ ʛʨʘʙʝʥ ʥʝ ʚʳʨʘʞʝʥ, ʥʦ ʜʝʧʨʝʩʩʠʷ ʚʳʜʝʣʷʝʪʩʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠ. 

ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʘʥʪʠʢʣʠʥʦʨʠʷʤʠ ʟʜʝʩʴ ʧʨʦʭʦʜʠʪ ʧʦ ʟʦʥʝ ɸʭʪʳʯʘʡʩʢʦʛʦ ʨʘʟʣʦʤʘ (ɻʣʘʚʥʦʤʫ 

ʥʘʜʚʠʛʫ), ʧʨʦʭʦʜʷʱʝʤʫ ʧʦ ʜʦʣʠʥʝ ʨ. ʉʘʤʫʨ ʜʦ ʩʝʣʝʥʠʷ ɻʝʣʴʤʝʮ, ʟʘʪʝʤ ʧʦ ʜʦʣʠʥʝ ʨ. ʂʫʨʜʫʣ (ʧʨʘ-

ʚʳʡ ʧʨʠʪʦʢ ʨ. ʉʘʤʫʨ), ʠʤʝʶʱʝʡ ʩʪʦʢ ʦʙʨʘʪʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʘʚʥʦʡ ʨʝʢʝ (ʉʘʤʫʨʫ). ɺ ʜʦʣʠ-

ʥʘʭ ʵʪʠʭ ʚʦʜʦʪʦʢʦʚ ʦʪʤʝʯʘʶʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʝ ʢʦʪʣʦʚʠʥʳ - ʄʠʰʣʝʰ-ɻʝʣʴʤʝʮʢʘʷ ʠ ʂʫʨʜʫʣʴ-

ʩʢʘʷ. (ʌʦʪʦ 3). 

ɼʘʣʝʝ ʯʝʨʝʟ ʚʳʧʦʣʦʞʝʥʥʳʡ ʧʝʨʝʚʘʣ ɸʭʪʳʯʘʡʩʢʠʡ ʨʘʟʣʦʤ ʧʝʨʝʭʦʜʠʪ ʚ ʜʦʣʠʥʫ ʨ. ɸʭʪʳ-ʯʘʡ, 

ʛʜʝ ʦʥ ʪʘʢ ʞʝ ʚʳʨʘʞʝʥ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʢʦʪʣʦʚʠʥʘʤʠ - ɹʦʨʯʠʥʩʢʦʡ, ʍʥʦʚ-ɼʘʣʠʯʘʡʩʢʦʡ. ɿʘʪʝʤ 

ʨʘʟʣʦʤ ʧʝʨʝʭʦʜʠʪ ʠʟ ʜʦʣʠʥʳ ʨ.ɸʭʪʳ-ʯʘʡ ʥʘ ʝʝ ʧʨʘʚʦʙʝʨʝʞʴʝ, ʧʝʨʝʩʝʢʘʷ ʝʝ ʧʨʠʪʦʢʠ - ɻʜʳʤ, ʌʠʡ, 

ʄʘʟʘʯʘʡ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʪʘʢ ʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʢʦʪʣʦʚʠʥʘʤʠ. ʆʪ ʄʘʟʠʥʩʢʦʡ ʢʦʪ-

ʣʦʚʠʥʳ ʨʘʟʣʦʤ ʯʝʨʝʟ ʧʝʨʝʚʘʣ ʧʝʨʝʭʦʜʠʪ ʚ ʚʝʨʭʦʚʴʝ ʨ. ʋʩʫʭ-ʯʘʡ, ʚ ʜʦʣʠʥʝ ʢʦʪʦʨʦʡ, ʧʨʠ ʝʛʦ ʧʝʨʝ-

ʩʝʯʝʥʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʂʫʨʫʰʩʢʘʷ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʘʷ ʢʦʪʣʦʚʠʥʘ, ʧʨʦʩʣʝʞʠʚʘʶʱʘʷʩʷ ʚ 

-ʁʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʐʘʭʜʘʛʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʛ.ʛ ʉʢʘʣʘ, ɹʘʟʘʨ-ɼʶʟʠ) - ʛʨʘʥʠʮʳ ʩ ʖʛʦ-ɺʦʩʪʦʯʥʳʤ 

ʂʘʚʢʘʟʦʤ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʢʣʠʥʘʣʴʥʦʝ ʧʦʛʨʫʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʘʥʪʠʢʣʠʥʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ɺʦ-

ʩʪʦʯʥʦʛʦ ʩʝʛʤʝʥʪʘ. ʅʘ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʦʡ ʜʝʧʨʝʩʩʠʠ ʦʪʤʝʯʘʶʪʩʷ ʜʦʣʠʥʳ ʨʝʢ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ 

ʂʘʚʢʘʟʘ, ʙʝʨʫʱʠʝ ʥʘʯʘʣʦ ʩ ʐʘʭʜʘʛʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʪʝʢʫʱʠʝ ʚ ʂʘʩʧʠʡ ʚ ʶ-ʚ ʥʘʧʨʘʚʣʝʥʠʠ. (ʌʦʪʦ 

4). 
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ʌʦʪʦ 3. ʂʫʨʜʫʣʴʩʢʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʢʦʪʣʦʚʠʥʘ. 

 

 
ʌʦʪʦ 4. ʐʘʭʜʘʛʩʢʠʡ ʤʘʩʩʠʚ. 
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ʂʦʪʣʦʚʠʥʳ ʚ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ, ʢʦʪʦʨʳʝ ʤʳ ʦʪʤʝʯʘʣʠ ʚʳʰʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʰʠʨʝʥ-

ʥʳʝ ʫʯʘʩʪʢʠ ʜʦʣʠʥ ʩ ʨʘʟʚʠʪʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʠʟʢʠʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʨʨʘʩ 

(ʜʦ ʧʷʪʠ ʦʪʤʝʯʝʥʦ ʚ ʜʦʣʠʥʘʭ ʨ.ʨ. ɸʭʪʳ-ʯʘʡ, ʋʩʫʭ-ʯʘʡ, ʂʫʨʜʫʣ). ɺ ʂʫʨʫʰʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʜʝʣʶʚʠʘʣʴʥʦ-ʵʣʶʚʠʘʣʴʥʳʝ ʩʢʣʦʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʳ ʥʘʟʚʘʣʠ ʝʝ ʘʣʣʶʚʠʘʣʴʥʦ-

ʜʝʣʣʶʚʠʘʣʴʥʦʡ [12, 13]. 

ʂʦʪʣʦʚʠʥʳ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʦʙʷʟʘʥʳ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʛʣʫ-

ʙʠʥʥʦʛʦ, ʜʦʣʛʦʞʠʚʫʱʝʛʦ ʨʘʟʣʦʤʘ ʠ ʦʧʝʨʷʶʱʠʭ ʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦ-

ʨʷʜʢʘ, ʚ ʟʦʥʘʭ ʩʤʷʪʠʷ, ʜʨʦʙʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʭ. ʂ ʥʠʤ ʧʨʠʫʨʦʯʝʥʳ ʨʫʜʥʳʝ ʧʦʣʷ - ʂʫʨ-

ʜʫʣɹʩʢʦʝ, ɹʦʨʯʠʥʩʢʦʝ, ʍʥʦʚʩʢʦʝ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʠʟʠʣ-ɼʝʨʝ, ʧʨʦʷʚʣʝʥʠʷ ʚ ʜʦʣʠʥʘʭ ɻʜʳʤ, 

ʌʠʡ), ʄʘʟʠʥʩʢʦʝ, ʂʫʨʫʰʩʢʦʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʜʝʣʝʥʠʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʦʩʝʚʦʡ ʟʦʥʳ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚ-

ʢʘʟʘ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʥʪʠʢʣʠʥʦʨʠʠ ɻʣʘʚʥʦʛʦ ʠ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʦʚ, ɹʝʞʪʠʥʦ-ʉʘʤʫʨʩʢʘʷ 

ʚʧʘʜʠʥʘ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʊʣʷʨʘʪʠʥʩʢʠʤ ʠ ɻʣʘʚʥʳʤ ʂʘʚʢʘʟʩʢʠʤ ʨʘʟʣʦʤʦʤ. ʂ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʛʝʦʤʦʨʬʦʣʦʛʦ-ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ: ʚʳʩʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ 

ʣʠʥʠʡ ʭʨʝʙʪʦʚ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʢʠ ʜʦʣʠʥ ʧʨʠʨʘʟʣʦʤʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʥʘʣʠʯʠʝ 

ʣʝʜʥʠʢʦʚ, ʦʩʪʨʦʚʝʨʰʠʥʥʦʩʪʴ, ʢʨʫʪʳʝ ʩʢʣʦʥʳ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʀ ɻɽʅɽɿʀʉ ɿɸɺɸʃʔʅʆʁ ʇʃʆʊʀʅʓ ʂɽɿɽʅʆʁ-ɸʄ 

ʄʘʢʦʚʦʟʦʚʘ ɿ.ʕ., ɺʘʩʴʢʦʚ ʀ.ʄ.,. ʎʦʢʦʚʘ ɹ.ʍ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

(ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ɺʣʘʜʠʢʘʚʢʘʟ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʠ ʢʘʤʝʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʛʝʦʣʦʛʦ-ʛʝʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʙʦʨʪʘ ʜʦʣʠʥʳ ʠ ʟʘʚʘʣʴʥʫʶ ʧʣʦʪʠʥʫ 

ʦʟʝʨʘ ʂʝʟʝʥʦʡ-ɸʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʙʚʘʣʘ, ʧʨʠʚʝʜʰʝʛʦ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʟʝʨʘ, ʧʨʠʚʝʣʘ ʥʦʚʝʡʰʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʩʚʦʝʦʙʨʘʟʥʦʡ 

ʤʦʟʘʠʯʥʦʡ ʩʢʣʘʜʯʘʪʦ-ʙʣʦʢʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙ-

ʚʘʣʴʥʦ-ʦʧʦʣʟʥʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʪʠʧʘ çʂʘʨʠʫʭʦʭʩʢʦʛʦè [1-2] (ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ) ʠ ʌʣʠʤʟ [23] (ɸʣʴʧʳ, ɸʚʩʪʨʠʷ) 

ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʙʳʩʪʨʦʤ ʚʳʜʝʣʝʥʠʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʚʠʞʝʢ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʚʘʣ, ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʝʢʪʦʥʠʢʘ, ʬʘʮʠʠ, ʤʝʨʛʝʣʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʚʳ-

ʨʘʚʥʠʚʘʥʠʷ. 
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The paper presents the results of field and office studies of modern tectonics, geological-geomorphological and lith-

ological-facies features of the rocks that make up the sides of the valley and the landslide dam of Lake Kezenoy-Am. It has 

been established that one of the main causes of the catastrophic collapse that led to the formation of the studied lake was the 

latest tectonic activity of the territory, expressed in a unique mosaic folded-block architecture of the territory. The conducted 

correlation analysis with similar landslide processes of the Kariukhokh type [1-2] (North Ossetia) and Flims [23] (Alps, 

Austria) confirmed that the formation and functioning of such processes is possible with the rapid release of a large amount 

of energy accumulated as a result of tectonic movements. 
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ɺʚʝʜʝʥʠʝ 

ʆʟʝʨʦ ʂʝʟʝʥʦʡ-ɸʤ ð ʵʪʦ ʚʳʩʦʢʦʛʦʨʥʦʝ ʠ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʦʟʝʨʦ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ. ʆʥʦ 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʨʝʩʧʫʙʣʠʢ: ʚ ʏʝʙʝʨʣʦʝʚʩʢʦʤ ʨʘʡʦʥʝ ʏʝʯʝʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʠ ɹʦʪ-

ʣʠʭʩʢʦʤ ʨʘʡʦʥʝ ɼʘʛʝʩʪʘʥʘ (ʨʠʩ.1.). ɺʦʜʦʝʤ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʧʣʦʪʠʥʳ ʥʠʞʝ ʩʣʠʷʥʠʷ ʨʨ. ʍʘʨʩʫʤ ʠ ʂʘʫʭʘ. ʇʠʪʘʥʠʝ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʝʢ ʠ ʨʫʯʴʝʚ, ʠ 

ʪʘʢʞʝ ʚʳʙʠʚʘʶʱʠʭ ʚ ʩʘʤʦʡ ʢʦʪʣʦʚʠʥʝ ʢʣʶʯʝʡ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʫ ʦʟʝʨʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ 

ʚʚʠʜʫ ʩʠʣʴʥʦ ʨʘʟʚʠʪʳʭ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʨʦʮʝʩʩʦʚ ʢʘʨʩʪʦʚʘʥʠʷ ʧʦʨʦʜ ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʢʘʨʩʪʦʚʳʝ ʧʦʣʦʩʪʠ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ [3-6]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘ-

ʚʘʣʴʥʘʷ ʧʣʦʪʠʥʘ ʦʟʝʨʘ ʠ ʙʦʨʪʘ ʜʦʣʠʥʳ, ʩʣʦʞʝʥʥʳʝ ʢʦʤʧʣʝʢʩʦʤ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦ-

ʩʪʠ, ʤʝʨʛʝʣʷʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʛʠʧʩʘʤʠ ʠ ʛʣʠʥʘʤʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ ʬʘʢ-

ʪʦʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʘʣʴʥʦʡ ʧʣʦʪʠʥʳ ʦʟʝʨʘ ʂʝʟʝʥʦʡ ɸʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʙʦʨʪʦʚ ʜʦʣʠʥʳ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʦʣʝʚʦʝ ʠʟʫʯʝʥʠʝ ʧʣʦʪʠʥʳ ʂʝʟʝʥʦʡ-ɸʤ, ʩʣʘʛʘʶʱʠʭ ʠ 

ʦʢʨʫʞʘʶʱʠʭ ʝʸ ʧʦʨʦʜ, ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘ Google Earth, ʩʨʘʚʥʝ-

ʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʜʦʩʪʫʧʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʝʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʛʨʫʧʧʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʫʙʘ ʉʂɻʄʀ 

çʂʨʦʢʫʩè 13 ʦʢʪʷʙʨʷ 2024ʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʛ.-ʤ.ʥ., ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʛʝʦʣʦʛʠʷè 

ʄʘʢʦʚʦʟʦʚʦʡ ɿ.ʕ. ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 



ʄʘʢʦʚʦʟʦʚʘ ɿ.ʕ., ɺʘʩʴʢʦʚ ʀ.ʄ.,. ʎʦʢʦʚʘ ɹ.ʍ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʀ ɻɽʅɽɿʀʉ ɿɸɺɸʃʔʅʆʁ ʇʃʆʊʀʅʓ ʂɽɿɽʅʆʁ-ɸʄ 
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ʠʟʳʩʢʘʥʠʡ, ʢʘʨʪ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦ-

ʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʘʡʦʥʘ.  

ʆʙʨʘʤʣʷʶʱʠʝ ʚʳʩʦʢʦʛʦʨʥʦʝ ʦʟʝʨʦ ʭʨʝʙʪʳ ʩʣʦʞʝʥʳ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʶʨʩʢʦʛʦ ʠ ʤʝʣʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢʘʨʙʦʥʘʪʘʤʠ, ʘ ʚ ʨʝʣʴʝʬʝ ʦʙʨʘʟʫʝʪ ʩʢʘʣʠʩʪʳʝ 

ʭʨʝʙʪʳ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ, ʞʝʣʪʦʚʘʪʳʭ ʠ ʢʨʘʩʥʦʚʘʪʳʭ ʤʝʨʛʝʣʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʥʝʨʝʜʢʦ ʜʦʣʦʤʠ-

ʪʠʟʠʨʦʚʘʥʥʳʭ. ʈʘʩʩʝʢʘʝʤʳʡ ʦʟʝʨʥʦʡ ʜʦʣʠʥʦʡ ʭʨʝʙʝʪ ʂʘʰʢʝʨʣʘʤ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʦʩʦʡ ʤʝʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʦʪʣʠʯʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʱʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʚʫʤ ʦʪʜʝʣʘʤ ʤʝʣʦʚʦʡ ʩʠʩʪʝʤʳ: ʥʠʞʥʠʡ ʤʝʣ ï ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʡ ʠ ʚʝʨʭʥʠʡ ï ʢʘʨʙʦʥʘʪʥʳʡ. 

ʇʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʨʘʟʚʠʪʠʠ ʤʝʨʛʝʣʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ 

(ʨʠʩ. 1) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʦʟʝʨʘ ʂʝʟʝʥʦʡ-ɸʤ. [7]. 

 

 
ʈʠʩ. 1. ʄʝʨʛʝʣʠʩʪʳʡ ʠʟʚʝʩʪʥʷʢ ʩ ʣʝʚʦʛʦ ʙʦʨʪʘ ʦʟʸʨʥʦʡ ʜʦʣʠʥʳ (ʩʢʘʥʬʦʪʦ ɺʘʩʴʢʦʚʘ ʀ.ʄ. 16.10.24ʛ.). 

 

ʉʠʩʪʝʤʘ ʭʨʝʙʪʦʚ ʩʣʦʞʝʥʘ ʧʦʨʦʜʘʤʠ ʥʠʞʥʝ- ʠ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ: ʠʟʚʝʩʪʥʷʢʠ ʜʦʣʦ-

ʤʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʧʝʩʯʘʥʠʩʪʳʝ ʠ ʜʝʪʨʠʪʫʩʦʚʳʝ, ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʙʨʝʢʯʠʠ, ʤʝʨʛʝʣʠ, ʛʠʧʩʳ, ʨʝʞʝ 

ʛʣʠʥʳ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ, ʢʘʨʙʦʥʘʪʥʳʝ ʘʣʝʚʨʦʣʠʪʳ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʤʝʣʦʚʳʭ ʦʪʣʦ-

ʞʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 900-1400 ʤ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦ-

ʚʠʣʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʢʘʨʩʪʦʚʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ. ʅʘ ʭʨʝʙʪʘʭ ʇʘʩʪʙʠʱʥʦʡ ʩʠʩʪʝʤʳ 

ʜʦʤʠʥʠʨʫʝʪ ʢʘʨʙʦʥʘʪʥʳʡ ʪʠʧ ʢʘʨʩʪʘ (ʨʠʩ. 2).  

 

 
 
ʈʠʩ.2. ʂʦʤʧʣʝʢʩ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʦʟʝʨʘ. ʊʦʥʢʦʧʣʠʪʯʘʪʳʝ ʤʝʨʛʝʣʠʩʪʳʝ 

ʠʟʚʝʩʪʥʷʢʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʥʠʤʢʘ ʠ ʦʙʚʘʣʴʥʘʷ ʤʘʩʩʘ ʩ çʙʝʰʝʥʦʡ ʤʫʢʦʡè - ʚ ʣʝʚʦʡ (ʬʦʪʦ ʄ. ʇʘʱʝʥʢʦ, 

13.10.2024ʛ.). 

 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʢʘʨʩʪʦʚʳʝ ʧʝʱʝʨʳ ʠ ʥʠʰʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʢʚʦʟʥʳʝ ʠ ʩʦ ʩʣʝ-

ʜʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ) ʦʙʳʯʥʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʨʠʚʝʨʰʠʥʥʳʤ ʶʞʥʳʤ ʩʢʣʦʥʘʤ ʠ ʩʢʚʦʟ-

ʥʳʤ ʫʱʝʣʴʷʤ, ʨʘʩʩʝʢʘʶʱʠʤ ʩʠʩʪʝʤʫ ʭʨʝʙʪʦʚ.  

ʈʝʣʴʝʬ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʨʝʜʥʝʛʦʨʥʳʡ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʡ, ʚʳʨʘʞʝʥʥʳʡ 

ʢʫʵʩʪʦʚʠʜʥʳʤʠ ʭʨʝʙʪʘʤʠ. ʉʝʚʝʨʥʳʝ ʤʘʢʨʦʩʢʣʦʥʳ ʭʨʝʙʪʦʚ ʵʪʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʚʧʘʜʘʶʪ ʩ 

ʤʦʥʦʢʣʠʥʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʤʠ ʧʣʘʩʪʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʪʷʞʝʥʳ ʠ ʧʦʣʦʛʠ. ʖʞ-

ʥʳʝ ʤʘʢʨʦʩʢʣʦʥʳ - ʢʨʫʪʳʝ ʠ ʦʙʨʳʚʠʩʪʳʝ (ʨʠʩ. 3). 

ɺ ʚʝʨʭʥʝʡ ʩʚʦʝʡ ʯʘʩʪʠ ʶʞʥʳʝ ʤʘʢʨʦʩʢʣʦʥʳ ʢʫʵʩʪʦʚʠʜʥʳʭ ʭʨʝʙʪʦʚ ʠʤʝʶʪ ʚʠʜ ʦʪʚʝʩʥʳʭ 

ʦʙʨʳʚʦʚ ʚʳʩʦʪʦʡ ʚ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʢʫʵʩʪʦʚʦʛʦ ʨʝʣʴʝʬʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʦ ʥʦʚʝʡ-

ʰʝʡ ʠʩʪʦʨʠʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ. 

 

 
ʈʠʩ.3. ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ ʦʟ. ʂʝʟʝʥʦʡ-ɸʤ 

 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʥʠʤʢʦʚ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘ Google Earth ʚ ʧʨʝʜʝʣʘʭ 

ʩʝʚʝʨʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʚʳʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʦʥʳ: ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʞʘʪʠʷ; ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʘʷ ʟʦʥʘ ʨʘʩʪʷʞʝʥʠʷ ʠ ʙʣʦʢ ʩ ʜʨʝʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʳʨʘʚʥʠʚʘʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʡ ʦʟʸʨʥʫʶ ʢʦʪʣʦʚʠʥʫ ʂʝʟʝʥʦʡ-ɸʤ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʉʝʚʝʨʥʳʡ ʩʢʣʦʥ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʟʦʥʘʤʠ. 

ʉʣʝʚʘ ʚʚʝʨʭʫ ï ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ. 
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ɺʳʷʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʟʘʚʘʣʴʥʦʡ ʧʣʦʪʠʥʳ 

ʊʘʢʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʦʙʚʘʣʦʚ, ʥʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʷʚʣʝʥʠʷ, ʘ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ, ʘ ʠʤʝʥʥʦ ï ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʢʣʠʤʘʪʠ-

ʯʝʩʢʦʛʦ [8,9,10,12]. 
 

 
ʈʠʩ. 5. ʆʟʝʨʦ ʂʝʟʝʥʦʡ-ɸʤ ʠ ʝʛʦ ʚʳʩʦʢʦʛʦʨʥʦʝ ʦʙʨʘʤʣʝʥʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. 

Google Earth, 2014 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʙʘʟʝ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘ Google Earth 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʨʦʬʠʣʠ ï çʇʨʦʜʦʣʴʥʳʡè ʧʦ ʜʦʣʠʥʝ ʣʝʚʦʡ ʦʙʨʘʟʫʶʱʝʡ ʜʦ-

ʣʠʥʳ ʦʟʝʨʘ ʂʝʟʝʥʦʡ-ɸʤ, ʯʝʨʝʟ ʟʘʚʘʣʴʥʫʶ ʧʣʦʪʠʥʫ ʠ ʜʘʣʝʝ ʧʦ ʢʘʥʴʦʥʫ ʜʦ ʚʳʩʦʪʳ 1500 ʤ ʠ çʇʦ-
ʧʝʨʝʯʥʳʡè - ʧʦ ʣʠʥʠʠ ʭʨʝʙʪʘ ʂʘʰʢʝʨʣʘʤ ʠ ʧʦ ʛʨʝʙʥʶ ʟʘʚʘʣʘ. 

 
ʊʘʙʣʠʮʘ  

ʇʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦ ʜʦʣʠʥʝ ʦʟʝʨʘ ʂʝʟʝʥʦʡ-ɸʤ 
ɺʳʩʦʪʳ, ʤ ʇʨʦʣʦʞʝʥʠʝ,ʤ ʋʢʣʦʥʳ, ă ʫʛʣʳ ʛʨʘʜ. ɸʟʠʤʫʪʳ ʭʦʜʘ ʆʧʠʩʘʥʠʝ 

2300-2350 90 555 29 193 ʟʘʜʝʨʥʦʚʘʥʥʳʡ 

ʩʢʣʦʥ 

-2394 160 281 15,5 193 2394 ʛʨʝʙʝʥʴ 

ʚʦʜʦʨʘʟʜʝʣʘ 

-2350 190 263 150 186 ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ï 

ʤʝʨʛʝʣʠʩʪʳʝ 

ʠʟʚʝʩʪʥʷʢʠ 

-2300 110 454 24,5 192  

-2250 100 500 27 180  

-2200 120 417 22,5 165  

-2150 160 312 17,5 245  

-2100 170 294 16,5 245,5  

-2050 170 294 16,5 245,5 ʜʦ ʚʳʩʦʪʳ 2000ʤ ï 

ʪʨʘʚʘ 
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-2000 210 238 13,5 245 ʥʠʞʝ ï ʚʳʩʳʧʢʠ ʙʝ-

ʣʦʛʦ ʮʚʝʪʘ ʩ ʪʨʘʚʦʡ 

-1950 90 555 29 245  

-1900 370 135 7,5 245 ʚʳʥʦʩ ʥʘ ʧʦʣʦʛʠʡ 

ʩʢʣʦʥ ʙʝʣʳʭ ʦʙʣʦʤ-

ʢʦʚ 

-1866 210 162 9,5 246 0-300ʤ ʚʳʥʦʩ ʙʝʣʳʭ 

ʦʙʣʦʤʢʦʚ 

-1866 2510 0 0 253 ʦʟʝʨʦ ʂʘʟʝʥʦʡ-ɸʤ 

-1880 340 68 4 245,5 ɺʉɺ ʩʢʣʦʥ 

ʟʘʚʘʣʴʥʦʡ ʧʣʦʪʠʥʳ 

-1850 340 115 6,5 233 ʩʢʣʦʥ ʟʘʜʝʨʥʦʚʘʥ, 

ʧʨʦʜʦʣʴʥʳʝ ʨʳʪ-

ʚʠʥʳ ʪʦʞʝ 

-1800 390 128 7 214 ʜʦʨʦʛʘ, ʥʘ ʩʢʣʦʥʘʭ 

ʙʝʣʳʡ ʜʝʣʶʚʠʡ 

-1750 260 192 11 188 ʧʦʚʦʨʦʪ ʜʦʨʦʛʠ, ʙʝ-

ʣʝʩʳʝ ʧʦʣʢʠ ʚʳʭʦʜʘ 

ʧʣʘʩʪʦʚ 

--1700 170 294 16,5 196  

-1650 420 119 6,5 227 ʩʧʨʘʚʘ ʚʳʭʦʜ ʙʝʣʦʛʦ 

ʧʣʘʩʪʘ, 70ʤ ʧʦ 

ʩʢʣʦʥʫ 

-1600 1420 35 2 245,4 ʚʦʜʦʪʦʢ ʠʟ ʨʦʜʥʠʢʘ 

ʥʘ 690ʤ (ʚʳʩ. 1627ʤ) 

-1550 1320 38 2 256,8 ʥʘ 840 ʤ. ʧʨʘʚʳʡ 

ʧʨʠʪʦʢ ʠ ʧʣʘʩʪ ʙʝ-

ʣʳʭ ʧʦʨʦʜ 

-1500 

ʚʳʩʦʪʘ 894 

830 60 3,5 242,6 ʥʘ 320ʤ ʧʨʘʚʳʡ ʧʨʠ-

ʪʦʢ, ʧʣʘʩʪ ʙʝʣʳʭ ͨͦπ
ͪͦ͒ ͒ͦ 150 ʤ ʥʘʜ 

ʜʥʦʤ ʜʦʣʠʥʳ. 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʬʠʣʷ   

10150 

ʩʨʝʜʥʠʡ 

88 

ʩʨʝʜ. 

5 

  

 

ʇʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ 

ɺʳʩʦʪʳ, ʤ ʇʨʦʣʦʞʝʥʠʝ,ʤ ʋʢʣʦʥʳ, ă ʫʛʣʳ ʛʨʘʜ. ɸʟʠʤʫʪʳ ʭʦʜʘ ʆʧʠʩʘʥʠʝ 

2533-2500 170 194 11 152,6 ʠʟʚʝʩʪʥʷʢ ʤʝʨʛʝʣʠ-

ʩʪʳʡ, ʨʘʟʨʫʰʝʥʥʳʝ 

ʩʢʘʣʳ. ʄʝʩʪʦ ʦʪ-

ʨʳʚʘ ʦʙʚʘʣʴʥʳʭ 

ʤʘʩʩ 

-2450 220 227 12,5 154,4 ʙʝʣʳʝ ʚʳʩʳʧʢʠ ʥʘ 

ʫʚʘʣʠʩʪʦʤ ʟʘʜʝʨʥʦ-

ʚʘʥʥʦʤ ʩʢʣʦʥʝ 

-2400 150 333 18,5 160,2  

-2350 200 250 14 160,8 ʩʢʣʦʥ ʩʪʫʧʝʥʯʘʪʦ-

ʫʚʘʣʠʩʪʳʡ, 

ʟʘʜʝʨʥʦʚʘʥ. 

-2300 150 333 18,5 155,6  

-2250 270 185 10,5 155  

-2200 430 116 6,5 155 ʤʝʣʢʠʝ ʩʪʫʧʝʥʠ 

ʪʠʧʘ ʚʦʣʥ 
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-2150 100 500 26,5 150  

-2100 130 385 21 152  

-2050 140 357 19,5 158 ʩʢʘʣʳ ʩʪʫʧʝʥʯʘʪʳʝ 

ʧʦʜ ʪʨʘʚʦʡ 

-2000 110 455 24,5 154  

-1950 140 357 19,5 148 ʥʘʢʣʦʥʥʘʷ 

ʧʣʦʱʘʜʢʘ 

(ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʣʘʩʪʘ?) 

-1900 140 357 19,5 151 ʩʪʫʧʝʥʴ ʠ 

ʧʣʦʱʘʜʢʘ 

-1866 280 121 6,5 158,6 ʟʘʜʝʨʥʦʚʘʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʚʘʣʘ. 

ʚʳʩʦʪʘ 670 2630 254 14,5   

-1900 200 170 10 162,5 ʟʘʜʝʨʥʦʚʘʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʚʘʣʘ. 

-1950 220 227 13 125,6 ʢʦʨʝʥʥʦʡ 

ʟʘʜʝʨʥʦʚʘʥʥʳʡ 

ʩʢʣʦʥ 

-2000 320 227 13 135  

-2050 360 139 8 122  

-2100 250 200 11,5 98 ʚʳʩʳʧʢʠ 

ʠʟʚʝʩʪʢʦʚʳʝ, 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ 

ʧʨʦʣʦʞʝʥʠʝ 3980     

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʦʙʲʸʤ ʟʘʚʘʣʴʥʦʛʦ 

ʪʝʣʘ ʚ ʧʨʝʜʝʣʘʭ 5,3 ʤʣʥ ʤ3.  

ɺʳʷʚʣʝʥʦ ʤʝʩʪʦ ʦʪʨʳʚʘ ʠ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʦʙʚʘʣʴʥʳʭ ʤʘʩʩ (ʨʠʩ. 5, 6, ʧʦʧʝʨʝʯʥʳʡ 

ʧʨʦʬʠʣʴ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʙʨʦʩ ʚʦʜʳ ʠʟ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʠʩʪʝʤʝ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ 

ʩ ʚʳʭʦʜʦʤ ʝʸ ʚ ʚʠʜʝ ʨʦʜʥʠʢʘ ʥʘ ʚʳʩʦʪʝ 1627ʤ ʚ ʢʘʥʴʦʥʝ ʜʦʣʠʥʳ ʨ ʍʦʨʩʫʤ. ʆʧʨʝʜʝʣʝʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʫʢʣʦʥʳ (ʦʢʦʣʦ 90 ʧʨʦʤʠʣʴ) ʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʝʣʴʝʬʘ ʠ ʜʥʠʱ ʜʦʣʠʥ (5ʦ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʜʨʝʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳ-

ʨʘʚʥʠʚʘʥʠʷ (ʨʠʩ. 4, 6). 

ʇʦʣʝʚʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʦʜʳ ʦʟʝʨʘ ʂʝʟʝʥʦʡ-ɸʤ ʯʝʨʝʟ ʛʨʝʙʝʥʴ ʟʘʚʘʣʴʥʦʡ 

ʧʣʦʪʠʥʳ ʥʝ ʧʝʨʝʣʠʚʘʣʠʩʴ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʪʘʢʦʛʦ ʧʝʨʝʣʠʚʘ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʠ ʨʘʥʝʝ, ʪ.ʢ. ʧʦ ʢʘʥʴ-

ʦʥʫ, ʥʠʞʝ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʦʙʚʘʣʴʥʳʭ ʤʘʩʩ, ʥʝ ʦʪʤʝʯʝʥʦ ʩʣʝʜʦʚ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʨʫʩʣʘ ʦʪʤʝʯʘʶʪʩʷ ʚ ʢʘʥʴʦʥʝ ʥʠʞʝ ʨʦʜʥʠʢʘ. 

ʇʝʨʝʛʠʙ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʙʦʨʪʦʚ ʢʘʥʴʦʥʘ ʧʦ ʧʨʘʚʦʤʫ ʠ ʣʝʚʦʤʫ ʙʦʨʪʫ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ ʚʳʩʦʪʫ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ (1500-1690ʤ). ʇʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘʷ ʠ ʢʨʫʪʠʟʥʘ ʙʦʨʪʦʚ, ʥʦ, ʝʩʣʠ ʧʦ ʣʝ-

ʚʦʤʫ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʚʳʭʦʜʳ ʢʦʨʝʥʥʳʭ (ʜʦ ʯʝʪʚʝʨʪʠʯʥʳʭ) ʧʦʨʦʜ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʫʩʪʘʨ-

ʥʠʢʠ ʠ ʣʫʛʦʚʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʪʦ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʢʘʥʴʦʥʘ ʥʘ ʚʩʝʤ ʝʛʦ ʧʨʦʪʷʞʝʥʠʠ ʦʙʥʘʞʘ-

ʶʪʩʷ ʧʘʯʢʠ ʠ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 100ʤ ʤʝʨʛʝʣʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʚʝʨʭʥʝʛʦ ʤʝʟʦʟʦʷ 

(ʨʠʩ. 6). ɿʘʣʝʛʘʥʠʝ ʧʣʘʩʪʦʚ ʠ ʧʘʯʝʢ ʤʝʨʛʝʣʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 6ʢʤ (ʦʪ ʚʳʩ. 1620 

ʜʦ 1500ʤ) ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʝ. ʀʟʛʠʙ ʧʣʘʩʪʦʚ ʩ ʖɺ ʧʘʜʝʥʠʝʤ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʘʥʠʠ ʶʞʥʦʛʦ 

ʩʢʣʦʥʘ ʭʨʝʙʪʘ ʂʘʰʢʝʨʣʘʤ ʩ ʚʳʩʦʪʳ 1750ʤ.   

ɼʦʣʠʥʘ ï ʢʘʥʴʦʥ ʨ. ʍʦʨʩʫʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʘʟʠʤʫʪʫ 242ʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 7,6 ʢʤ ʦʪ ʟʘ-

ʚʘʣʴʥʦʡ ʧʣʦʪʠʥʳ ʜʦ ʢʨʫʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 120ʦ. ɺʦʜʦʪʦʢ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʩʚʦʝʛʦ ʪʝʯʝʥʠʷ ʧʦ ʨʘʟʨʳʚʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʦʩʣʝʞʠʚʘʝʤʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 16 ʢʤ ʜʦ ʩʝʣʝʥʠʷ 
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ɹʦʪʣʠʭ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ 5,5 ʢʤ ʨʘʩʩʝʢʘʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ ʩ ʜʨʝʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʳʨʘʚ-

ʥʠʚʘʥʠʷ (ʨʠʩ.6), ʜʘʣʝʝ ʯʝʨʝʟ 10,5 ʢʤ ʪʝʨʷʝʪʩʷ ʚ ʟʦʥʝ ʨʘʩʪʷʞʝʥʠʷ (ʨʠʩ. 6,4). ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʙʣʦʢʦʚ ʬʫʥʜʘʤʝʥʪʘ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʚʥʠ-

ʚʘʥʠʷ. 

 

 
ʈʠʩ. 6. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʭʨʝʙʪʘ ʂʘʰʢʝʨʣʘʤ, ʟʦʥʳ ʦʙʚʘʣʘ, ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ʂʝʟʝʥʦʡ-

ɸʤ ʠ ʢʘʥʴʦʥʘ ʚ ʧʨʝʜʝʣʘʭ ʜʨʝʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʚʥʠʚʘʥʠʷ (ʧʨʘʚʳʡ ʥʠʞʥʠʡ ʫʛʦʣ ʩʥʠʤʢʘ)  

 

ʆʙʚʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ɹʦʣʴ-

ʰʦʛʦ ʂʘʚʢʘʟʘ, ʩ ʥʘʯʘʣʘ XXI  ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʷʚʣʝʥʦ ʯʪʦ ʢʨʫʧ-

ʥʦʤʘʩʰʪʘʙʥʳʝ (ʙʦʣʝʝ n 106ʤ3) ʦʙʚʘʣʳ ʦʭʚʘʪʳʚʘʶʪ ʤʘʩʩʠʚʥʳʝ ʧʨʦʯʥʳʝ ʧʦʨʦʜʳ ʨʘʟʥʳʭ ʪʠʧʦʚ. 

ʕʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ ʇʘʤʠʨʘ ï ʋʩʦʡʩʢʠʡ ʦʙʚʘʣ [4] ʠ ʥʠʞʥʝʶʨʩʢʠʝ 

ʪʦʣʱʠ ʧʦʜʚʦʜʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʚʢʘʟʘ ï ɻʝʥʘʣʜʦʥʩʢʠʡ ʦʙʚʘʣ [2]; ʚ ʢʨʝʧʢʠʭ ʤʝʟʦ-

ʟʦʡʩʢʠʭ ʠʟʚʝʩʪʥʷʢʘʭ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ (ʛʜʝ ʦʥʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ çʦʧʦʣʟʥʠè, ʥʘʧʨʠʤʝʨ 

ɺʠʭʣʠʥʩʢʠʡ) [9] ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʚʢʘʟʘ (ʂʘʨʠʫʭʦʭʩʢʠʡ ʦʙʚʘʣ ʠ ʇʫʨʪʩʢʠʡ ʟʘʚʘʣ [1,2]).  

ʆʙʚʘʣʳ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʣʘʚʠʥʦʦʙʨʘʟʥʳʝ ʧʦʪʦʢʠ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʨʝʣʴʝʬʘ ʩʘʤʠʭ ʩʢʣʦʥʦʚ ʠ ʧʨʠʜʦʥʥʳʭ ʯʘʩʪʝʡ ʜʦʣʠʥ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʦʙʚʘʣʦʚ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʠ ʦʙʨʫʰʝʥʠʶ ʦʙʚʘʣʴʥʳʭ ʤʘʩʩ ʚ ʜʦʣʠʥʫ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʢ ʪʝʯʝʥʠʶ ʚʦʜʦʪʦʢʘ ʩʦʟʜʘʝʪʩʷ ʝʩʪʝ-

ʩʪʚʝʥʥʘʷ ʧʣʦʪʠʥʘ ʩ ʘʩʩʠʤʝʪʨʠʯʥʳʤʠ ʦʪʢʦʩʘʤʠ. ɿʘʚʘʣʴʥʘʷ ʧʣʦʪʠʥʘ ʧʨʠ ʵʪʦʤ ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʨʘ-

ʞʝʥʥʫʶ ʛʨʝʙʥʝʚʫʶ ʯʘʩʪʴ, ʦʩʴ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʥʘʢʣʦʥ ʚʢʨʝʩʪ ʜʚʠʞʝʥʠʷ ʣʘʚʠʥʥʳʭ ʤʘʩʩ. ʆʩʥʦʚʫ 

ʪʘʢʠʭ ʧʨʠʨʦʜʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʶʪ ʢʨʫʧʥʳʝ ʠ ʛʠʛʘʥʪʩʢʠʝ ʧʦʨʦʜʥʳʝ ʙʣʦʢʠ, ʘ ʙʦ-

ʣʝʝ ʤʝʣʢʠʝ ʦʙʣʦʤʢʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʢʣʦʥʝ ʜʦ ʚʳʩʦʪʳ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʤʝʪʨʦʚ. ʇʝʨʝʜ ʪʘʢʠʤʠ ʧʣʦʪʠʥʘʤʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʦʟʝʨ: ʉʘʨʝʟʩʢʦʝ, ʗʰʠʢʫʣʴ, ʂʝ-

ʟʝʥʦʡ-ɸʤ ʠ ʜʨ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʦʙʚʘʣʴʥʦ-ʦʩʳʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢ ʟʘʧʘʜʫ ʦʪ 

ʦʟ. ʂʝʟʝʥʦʡ-ɸʤ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ ʧʦ ʛʨʝʙʥʶ 2233 ï 2536 ʤ ʧʣʘʩʪʦʚ ʩʚʝʪʣʦ-ʙʝʣʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ 

ʦʩʳʧʝʡ ʧʦʜ ʥʠʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʦʥ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʦʙʚʘʣʦʚ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ. ʆ 

ʧʦʨʦʜʘʭ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʤʫʢʫ ʪʦʥʢʦʛʦ ʠʣʠ ʪʦʥʯʘʡʰʝʛʦ ʧʦʤʦʣʘ, ʢʦʪʦʨʳʝ ʚ ʤʦʤʝʥʪ ʨʘʟʨʷʜʢʠ 

ʥʘʧʨʷʞʝʥʠʷ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʝʜʫʪ ʩʝʙʷ ʧʦʜʦʙʥʦ ʧʘʩʪʝ, ʧʠʰʫʪ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 



ʄʘʢʦʚʦʟʦʚʘ ɿ.ʕ., ɺʘʩʴʢʦʚ ʀ.ʄ.,. ʎʦʢʦʚʘ ɹ.ʍ. 
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ʠʟʫʯʘʶʱʠʝ ʛʦʨʥʳʝ ʫʜʘʨʳ. ʕʪʦ ʪ.ʥ. çʙʝʰʝʥʘʷ ʤʫʢʘè ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʦʪʣʦʞʝʥʠʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʦʙʚʘʣʦʚ ʠ ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʤʘʨʢʝʨʦʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʦʙʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʨʘʟʨʷʜʢʠ ʛʝʦʩʪʘʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʪʘʢʠʝ ʧʦʨʦʜʳ ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʦʟʝʨʘ (ʨʠʩ. 2).  

ʇʦʨʦʜʳ-ʤʘʨʢʝʨʳ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʙʚʘʣʘ ʚ ʩʣʫʯʘʝ ʦʙʲʝʢʪʘ ʌʣʠʤʩ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʚʘʣʘ, 

ʧʨʠʚʝʜʰʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʚʘʣʴʥʦʡ ʧʣʦʪʠʥʳ, ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʙʝʰʝʥʘʷ ʤʫʢʘè. ʀʟʚʝʩʪʥʷʢʠ 

ʩ ʯʘʩʪʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʨʛʝʣʝʡ, ʠʩʧʳʪʘʚʰʠʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʧʝʨʝʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʥʳ, ʩ ʠʟʤʝʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʝʪʣʦ ʦʢʨʘʰʝʥʳ, çʚʳʙʝʣʝʥʳè ʠʣʠ çʦʙʦʞʞʝʥʳè. ʊ.ʝ. 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʦʥʘ ʨʘʟʨʳʚʘ ʩʧʣʦʰʥʦʩʪʠ ʧʦʨʦʜ ï ʝʩʪʴ ʟʦʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ çʙʝʰʝʥʦʡ ʤʫʢʠè).  

 

 
ʈʠʩ. 7. ʆʪʣʦʞʝʥʠʷ ʂʘʨʠʫʭʦʭʩʢʦʛʦ ʦʙʚʘʣʘ, çɹʝʰʝʥʘʷ ʤʫʢʘè ʩ ʢʘʚʝʨʥʘʤʠ (0,6ʤ ʧʦ ʜʣʠʥʝ) ʠ ʚʢʣʶʯʝ-

ʥʠʝʤ ʫʛʣʦʚʘʪʳʭ ʦʙʣʦʤʢʦʚ ʜʦ 60%. (ʬʦʪʦ ʀ.ʄ. ɺʘʩʴʢʦʚʘ,31.03.2018ʛ) 

 

 

ʈʠʩ. 8. ʈʘʟʨʝʟ ʫʱʝʣʴʷ ʈʫʠʥʘʫʣʪʘ. ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʨʠʩ. ɺ ʧʦʢʘʟʘʥʘ ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʨʘʩʘ ʚ 40 ʤ 

ʥʘʜ ʌʦʨʜʝʨʨʝʡʥʦʤ ʚ ʤʝʩʪʥʦʩʪʠ ʈʫʠʥʘʩ ɼʘʣʣʘʩ ʌʦʧʧʘʩ, ʈʫʩʣʦ ʜʨʝʚʥʝʡ ʨʝʢʠ (ʯʝʨʥʘʷ ʩʪʨʝʣʘ), ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʝ ʥʘ ʩʢʘʣʘʭ ʈʫʠʥʘʩ ɼʘʣʣʘʩ ʌʦʧʧʘʩ. [ʆ. ɸʜʨʠʘʥ ʇʬʠʬʬʥʝʨ. ʃʘʚʠʥʘ ʚ ʌʣʠʤʩʝ: ʩʪʨʫʢʪʫʨʘ ʠ ʧʦʩʣʝʜʩʪʚʠʷ]. 

https://translated.turbopages.org/proxy_u/en-ru.ru.c1418a16-66f7e011-68aa4817-74722d776562/https/sjg.springeropen.com/articles/10.1186/s00015-022-00424-x#auth-O__Adrian-Pfiffner-Aff1
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ɺʳʚʦʜʳ. 

1. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʦʙʚʘʣʦʚ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʙʳʩʪ-

ʨʘʷ ʨʘʟʨʷʜʢʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʥʘʢʦʧʣʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝ-

ʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩ ʮʝʣʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʮʝʥʪʨʦʚ ʝʸ (ʵʥʝʨʛʠʠ) ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʠ ʜʦ-

ʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ.  

ʊʘʢʦʝ ʧʦʥʠʤʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪ.ʯ. ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

2. çɺʠʟʠʪʥʦʡ ʢʘʨʪʦʯʢʦʡè ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʬʘʮʠʷ çʙʝʰʝʥʦʡ ʤʫʢʠè, ʣʠʪʦʣʦʛʦ-ʬʘ-

ʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦ-

ʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʘ ʥʠʟʢʦʧʨʦʯʥʳʭ ʧʦʨʦʜ ʚ ʩʦʩʪʦʷʥʠʝ çʪʝʯʝʥʠʷè. 
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ʇʈʀʈʆɼʅʆɽ ʀ ɸʅʊʈʆʇʆɻɽʅʅʆɽ ɺʃʀʗʅʀɽ ʅɸ ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ 

ɺɽʈʍʆɺʔʗ ɹɸʉʉɽʁʅɸ ʈɽʂʀ ɸɺɸʈʉʂʆɽ ʂʆʁʉʋ  

(ʈɽʉʇʋɹʃʀʂʀ ɼɸɻɽʉʊɸʅ) 

ʏʝʨʢʘʰʠʥ ɺ.ʀ., ʀʙʘʝʚ ɾ.ɻ., ʂʫʨʙʘʥʠʩʤʘʠʣʦʚʘ ɸ.ʉ.,  

ʀʩʘʝʚʘ ʅ.ɸ., ɻʫʩʝʡʥʦʚʘ ɸ.ʐ., ʄʘʤʘʝʚ ɸ.ʉ., ɸʭʤʝʜʦʚ ɸ.ʉ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʠʟʤʝʥʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʨʭʦʚʴʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɸʚʘʨʩʢʦʝ 

ʂʦʡʩʫ (ɼʘʛʝʩʪʘʥ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʩʥʦʚʦʡ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʩʣʫʞʠʣʠ ʜʣʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʘʷ ʨʝʢʘ, ʙʘʩʩʝʡʥ ʨʝʢʠ, ʢʣʠʤʘʪ, ʛʝʦʜʠʥʘʤʠʢʘ, ʦʧʘʩʥʳʝ ʵʥʜʦʛʝʥʥʳʝ ʠ ʵʢʟʦʛʝʥʥʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ. 

 

NATURAL AND ANTHROPOGENIC INFLUENCE ON THE GEOECOLOGICAL STATE OF 

THE UPPER REACH OF THE AVAR KOISU RIVER BASIN  

(REPUBLIC OF DAGESTAN) 

Cherkashin V.I., Ibaev Zh.G., Kurbanismailova A.S., 

 Isaeva N.A., Guseinova A.Sh., Mamaev A.S., Akhmedov A.S. 

Institute of Geology DFIC RAS 

The article examines the issue of changes in the geoecological state of the upper reaches of the Avarskoye Koysu 

River basin (Dagestan) under the influence of natural factors and anthropogenic load. The basis for obtaining the relevant 

results in this area was long-term observations of the state and climate change, geodynamic conditions, as well as the influ-

ence of anthropogenic load. 

Key words: mountain river, river basin, climate, geodynamics, dangerous endogenous and exogenous processes, an-

thropogenic load. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʨʨʠʪʦʨʠʷ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʙʘʩʩʝʡʥʦʚ ʨʝʢ, ʢʘʢ ʢʨʫʧʥʳʭ, 

ʪʘʢ ʠ ʤʝʣʢʠʭ. ɺʩʝʛʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ 4 ʪʳʩ. ʤʘʣʳʭ, ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʨʝʢ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 25 ʪʳʩ. ʢʤ. ɺʳʜʝʣʝʥʦ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʙʘʩʩʝʡʥʦʚʳʭ ʨʘʡʦʥʦʚ ɼʘʛʝʩʪʘʥʘ: 

ʂʫʤʩʢʠʡ, ʊʝʨʝʯʥʳʡ, ʉʫʣʘʢʩʢʠʡ, ʐʫʨʘ-ʦʟʝʥʴ, ʈʫʙʘʩʩʢʠʡ ʠ ʉʘʤʫʨʩʢʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʛʦ ʠʟ ʠʩʪʦʢʦʚ ʉʫʣʘʢʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 

(ʚʝʨʭʦʚʴʝ ʨʝʢʠ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ) ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʚʣʠʷʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ ï ʩʝʡʩʤʠʯʥʦʩʪʴ, ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ (ʦʙʚʘʣʳ, ʦʧʦʣʟʥʠ, ʩʝʣʠ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʘʥ-

ʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɻʠʜʨʦʛʨʘʬʠʷ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʯʥʦʡ ʩʝʪʠ, ʣʝʜʥʠʢʦʚ ʠ ʦʟʸʨ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʣʠʤʘʪʘ, ʨʝʣʴʝʬʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɻʦʨʥʳʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʘʢʢʫʤʫʣʷʮʠʠ ʚʣʘʛʠ. ɿʜʝʩʴ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠʩʪʦʢʠ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʨʝʢ, ʦʙʨʘʟʫʶʱʠʭ ʤʦʱʥʳʝ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ. ɻʫʩʪʦʪʘ ʨʝʯʥʦʡ ʩʝʪʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠ-

ʯʝʥʠʷ ʚʳʩʦʪʳ.  

ʂʣʠʤʘʪ. ʂʣʠʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ ʩʠʩʪʝʤ 

ʥʘ ʧʣʘʥʝʪʝ, ʘ ʪʝʤ ʙʦʣʝ ʚ ʛʦʨʥʦʡ ʝʝ ʯʘʩʪʠ ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʯʘʣʦ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ. ɻʦʨʥʳʝ ʨʝʢʠ 

ʷʚʣʷʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ ʚʝʨʭʦʚʴʷ ʨʝʢ. ɼʝʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʚʦʜʥʳʭ ʩʨʝ-

ʜʘʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʣʘʥʜʰʘʬʪʳ ʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨʝʛʠʦʥʘ. 
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ɻʝʦʜʠʥʘʤʠʢʘ. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʥʳʭ ʦʙʲʝʢ-

ʪʦʚ, ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʠʩʭʦʜʷʪ ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ (ʦʧʦʣʟʥʠ, ʦʙʚʘʣʳ, 

ʩʝʣʠ ʠ ʜʨ.) ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʣʘʥʜʰʘʬʪʘ, ʠʟʤʝʥʝʥʠʶ ʨʫʩʣʘ ʠ ʢ ʜʨʫʛʠʤ ʥʝʛʘʪʠʚʥʳʤ 

ʬʘʢʪʦʨʘʤ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʢʪʦʥʠʢʘ ʛʦʨʥʦʡ ʯʘʩʪʠ ʠ ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʝ ʙʘʩ-

ʩʝʡʥʘ ʨʝʢʠ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʉʅʠʇ II-7-81* 

ʫʯʘʩʪʦʢ ʜʦʣʠʥʳ ʨ. ɸʚʘʨʩʢʦʝ-ʂʦʡʩʫ ʚ ʨʘʡʦʥʝ ʨʘʙʦʪ ʦʪʥʦʩʠʪʩʷ ʢ 9-ʠ ʙʘʣʴʥʦʡ ʟʦʥʝ (ʢʘʨʪʳ ɸ, ɺ) ʠ 

10-ʠ ʙʘʣʴʥʦʡ ʟʦʥʝ (ʢʘʨʪʘ ʉ) ʧʦ ʰʢʘʣʝ MSK- 64. 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʩʚʦʝʥʠʝʤ ʛʦʨʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ [13]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʩʩʝʡʥʦʚ ʛʦʨʥʳʭ ʨʝʢ, 

ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʣʘʥʜʰʘʬʪ.  

 

ɻʝʦʛʨʘʬʠʷ ʠ ʛʝʦʣʦʛʠʷ ʨʘʡʦʥʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʜʥʦʡ ʘʨʪʝʨʠʠ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ ʥʝ ʩʣʫʯʘʝʥ, ʧʦʩʢʦʣʴʢʫ 

ʵʪʘ ʨʝʢʘ ʠ ɸʥʜʠʡʩʢʦʝ ʂʦʡʩʫ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʥʘʯʘʣʘ ʦʜʥʦʡ ʠʟ ʩʘʤʦʡ ʧʦʣʥʦʚʦʜʥʦʡ ʨʝʢʠ ɼʘʛʝ-

ʩʪʘʥʘ ï ʉʫʣʘʢ. ɼʨʫʛʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʢʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʥʘʨʦʜʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʰʠʭ ʨʘʙʦʪ ʙʳʣ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʩʘʤʦʡ ʨʝʢʠ ɸʚʘʨʩʢʦʡ ʂʦʡʩʫ ʠ ʝʝ ʧʨʠʪʦʢ 

ʍʟʘʥʘʨ (ʥʘ ʨʠʩʫʥʢʝ 1 ʫʯʘʩʪʦʢ ʨʘʙʦʪ ʚʳʜʝʣʝʥ ʩʠʥʠʤ ʮʚʝʪʦʤ). 

 

 
 

ʈʠʩʫʥʦʢ 1. ɹʘʩʩʝʡʥ ʧʨʠʪʦʢʦʚ ʚʝʨʭʦʚʴʷ ʨʝʢʠ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ. 

 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʈʝʢʘ ɸʚʘʨʩʢʦʡ ʂʦʡʩʫ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʥʝʜʨʘʭ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ, ʘ ʚʝʨʥʝʝ ʩʦ 

ʩʢʣʦʥ ʛʦʨʳ ɻʫʪʦʥ. ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 180 ʢʤ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʫʨʥʘʷ 

ʠ ʛʣʫʙʦʢʦʚʦʜʥʘʷ ʨʝʢʘ, ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʝʝ ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 10 ʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʣʦʛʠʠ, 

ʨʘʡʦʥ ʦʪʥʝʩʝʥ ʢ ʘʣʴʧʠʡʩʢʦʡ ʦʨʦʛʝʥʥʦʡ ʦʙʣʘʩʪʠ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ 

ʧʦ ʩʪʨʦʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʛʝʨʮʠʥʩʢʠʡ, ʢʠʤʤʝʨʠʡʩʢʠʡ ʠ ʘʣʴʧʠʡ-

ʩʢʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ [4,12]. ʆʪʣʦʞʝʥʠʷ ʧʘʣʝʦʟʦʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʦʞʥʳʤ, ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʩʠʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʧʨʦʨʚʘʥʥʳʭ ʠʥʪʨʫʟʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ.  

ʖʨʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʞʝʣʝʟʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, 

ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʦʣʦʤʠʪʘʤʠ [5].  

ʄʝʣʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʧʣʦʰʥʦʡ ʧʦʣʦʩʦʡ ʚʜʦʣʴ ʚʩʝʛʦ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ʂʘʚʢʘʟʘ 

ʠ ʩʣʦʞʝʥʘ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʤʝʨʛʝʣʷʤʠ [11].  

ɺ ʧʨʝʜʝʣʘʭ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ ʧʦʣʫʯʠʣʦ ʨʘʟʚʠʪʠʝ ʤʝʞʛʦʨʥʦʡ ʜʝʧʨʝʩ-

ʩʠʠ ʠ ʩʠʩʪʝʤʳ ʛʣʫʙʦʢʦ ʨʘʩʯʣʝʥʸʥʥʳʭ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ. ʄʝʞʛʦʨʥʳʝ ʵʨʦʟʠʦʥʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝ-

ʧʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʣʴʝʬʘ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʠʥʠ-

ʤʘʣʠ ʫʯʘʩʪʠʝ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʣʝʜʥʠʢʠ. ʉʨʝʜʠ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʪʝʨʨʘʩʳ.  

ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʘʢ ʚ ʛʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʂʘʚʢʘʟʘ, ʪʘʢ ʠ ʤʝʞʛʦʨʥʳʭ 

ʜʝʧʨʝʩʩʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʣʴʝʬ ʦʙʣʘʩʪʠ ʥʦʚʝʡʰʝʡ ʥʝʦʛʝʥʦʚʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ. ʕʪʘ ʦʙʣʘʩʪʴ 

ʦʭʚʘʪʳʚʘʝʪ ʟʦʥʫ ʨʘʟʚʠʪʠʷ ʤʦʥʦʢʣʠʥʘʣʴʥʳʭ ʠ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʧʘʣʝʦʛʝʥʦʚʳʭ ʠ ʥʝʦʛʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʛʦʨʠʡ. ɺ ʨʝʣʴʝʬʝ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʟʢʠʝ ʛʦʨʥʳʝ ʛʨʷʜʳ ʠ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʢʦ-

ʪʦʨʳʝ ʤʝʩʪʘʤʠ ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʨʘʢʪʝʨ ʧʣʘʪʦ. ɺ ʩʚʷʟʠ ʩ ʤʦʣʦʜʦʩʪʴʶ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ 

ʘʢʪʠʚʥʦʤ ʨʦʩʪʦʤ ʚ ʧʦʟʜʥʝʤ ʧʣʠʦʮʝʥʝ ʠ ʚ ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʟʜʝʩʴ ʥʘʠʙʦʣʝʝ ʦʪʯʸʪʣʠʚʦ ʚʳʨʘ-

ʞʝʥʘ ʧʨʷʤʘʷ ʩʚʷʟʴ ʪʝʢʪʦʥʠʢʠ ʠ ʨʝʣʴʝʬʘ [3]. 

 

ɻʠʜʨʦʛʨʘʬʠʷ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʝʢ ɼʘʛʝʩʪʘʥʘ ʷʚʣʷʶʪʩʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʦʪ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʠ ʵʢʩʧʦʟʠʮʠʡ ʩʢʣʦʥʦʚ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʛʦʩʧʦʜʩʪʚʫʶʱʠʤ ʚʦʟʜʫʰʥʳʤ ʪʝʯʝʥʠʷʤ. 

ɺ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʚʳʜʝʣʝʥʦ ʪʨʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ: 

I ï ʚʳʩʦʢʦʛʦʨʥʘʷ (ʚʳʩʦʢʦʛʦʨʥʳʡ ɼʘʛʝʩʪʘʥ); 

II  ï ʚʥʫʪʨʠʛʦʨʥʘʷ (ʚʥʫʪʨʠʛʦʨʥʳʡ ɼʘʛʝʩʪʘʥ); 

III  ï ʚʥʝʰʥʝʛʦʨʥʘʷ (ʚʥʝʰʥʝʛʦʨʥʳʡ ɼʘʛʝʩʪʘʥ). 

ʊʝʨʨʠʪʦʨʠʷ, ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʰʠ ʨʘʙʦʪʳ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ɼʘʛʝʩʪʘʥʘ.  

ɺʥʫʪʨʠʛʦʨʥʘʷ (II) ʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʚʢʣʶʯʘʝʪ ʨʝʢʠ ʩ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʦʚ ɻʣʘʚʥʦʛʦ ʂʘʚ-

ʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʩʢʣʦʥʦʚ ɹʦʢʦʚʦʛʦ ʭʨʝʙʪʘ [11]. ʆʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 

ʩ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʦʪ 200 ʜʦ 4480 ʤ. ɹʦʣʴʰʦʡ ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʟʜʝʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʠ ʧʣʘʪʦ. ʆʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʫʚʣʘʞʥʸʥʥʦʩʪʴʶ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʨʝʯʥʳʤ ʩʪʦʢʦʤ. ɺʦʜʳ ʨʝʢ ʚʪʦʨʦʡ (II) ʦʙ-

ʣʘʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʤʫʪʥʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ ʚʝʣʠʯʠʥʳ 5000 - 6000 ʛ/ʤ3. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʨʝʞʠʤʘ ʨʝʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʀʟʚʝʩʪʥʷʢʦʚʦʤ ɼʘʛʝ-

ʩʪʘʥʝ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʨʫʩʣʦʚʦʛʦ ʩʪʦʢʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʜʘʯʝʡ ʥʠʞʝ 

ʧʦ ʪʝʯʝʥʠʶ (ʨ. ɸʥʜʠʡʩʢʦʝ ʂʦʡ-ʩʫ ʥʘ ʫʯʘʩʪʢʝ ɸʛʚʘʣʠ, ɹʦʪʣʠʭ, ʊʣʦʭ ʠ ʜʨ.). II ʦʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪ 29 

% ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʠ ʬʦʨʤʠʨʫʝʪ ʜʦ 70 % ʩʪʦʢʘ ʛʣʘʚʥʝʡʰʠʭ ʨʝʢ ï ʉʫʣʘʢ ʠ ʉʘʤʫʨ. 

ɺ ʧʠʪʘʥʠʠ ʨʝʢ ɻʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʫʯʘʩʪʚʫʶʪ ʪʘʣʳʝ ʚʦʜʳ ʩʝʟʦʥʥʳʭ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʩʥʝʛʦʚ ʠ 

ʣʝʜʥʠʢʦʚ, ʞʠʜʢʠʝ ʦʩʘʜʢʠ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇ. ʉ. ʂʫʟʢʠʥʘ, ʨʝʢʠ ʨʘʟʜʝʣʝʥʳ ʥʘ: 

1) ʨʝʢʠ ʩ ʧʘʚʦʜʢʦʚʳʤ ʨʝʞʠʤʦʤ; 

2) ʨʝʢʠ ʩ ʧʦʣʦʚʦʜʴʝʤ ʠ ʧʘʚʦʜʢʘʤʠ. 

ʈʝʢʠ ʩ ʧʘʚʦʜʢʦʚʳʤ ʨʝʞʠʤʦʤ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʜʦʟʘʙʦʨʦʚ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1500 ʤ. ʈʝʞʠʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʢʨʘʪʢʦʩʨʦʯʥʳʤʠ (ʦʪ 1 ʜʦ 10 ʜʥʝʡ) 



ʏʝʨʢʘʰʠʥ ɺ.ʀ., ʀʙʘʝʚ ɾ.ɻ., ʂʫʨʙʘʥʠʩʤʘʠʣʦʚʘ ɸ.ʉ., ʀʩʘʝʚʘ ʅ.ɸ., ɻʫʩʝʡʥʦʚʘ ɸ.ʐ., ʄʘʤʘʝʚ ɸ.ʉ., ɸʭʤʝʜʦʚ ɸ.ʉ. 

ʇʈʀʈʆɼʅʆɽ ʀ ɸʅʊʈʆʇʆɻɽʅʅʆɽ ɺʃʀʗʅʀɽ ʅɸ ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ ɺɽʈʍʆɺʔʗ ɹɸʉʉɽʁʅɸ ʈɽʂʀ é 

 

79 

ʜʦʞʜʝʚʳʤʠ ʧʘʚʦʜʢʘʤʠ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʪʦʢʘ (ʜʦ 50-60 %) 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʩʥʫ. 

ʈʝʢʠ ʩ ʧʦʣʦʚʦʜʴʝʤ ʠ ʧʘʚʦʜʢʦʚʳʤ ʨʝʞʠʤʦʤ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʜʦʟʘʙʦʨʦʚ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ 

ʚʳʰʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ (ʦʪ 1500 ʜʦ 1800 ʤ). ʇʦʣʦʚʦʜʴʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ: 

ʘ) ʚʝʩʝʥʥʠʤ;  

ʙ) ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤ;  

ʚ) ʣʝʪʥʠʤ.  

ʉʨʝʜʥʠʝ ʜʘʪʳ ʥʘʯʘʣʘ ʧʦʣʦʚʦʜʴʷ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʪʦʡ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ 13-ʯʘʩʦʚʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 0 Áʉ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʩʪʦʢʘ ʨʝʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 1800 ʜʦ 2000 ʤ, ʚʳʰʝ ʠ ʥʠʞʝ ʵʪʠʭ ʤʝʪʦʢ ʥʘʨʘʩʪʘʥʠʝ ʩʪʦʢʘ ʙʦʣʝʝ 

ʤʝʜʣʝʥʥʦʝ, ʘ ʚ ʥʠʟʢʦʛʦʨʴʝ ï ʥʘʠʤʝʥʴʰʝʝ. 

ʉʚʷʟʴ ʩʪʦʢʘ ʨʝʢ ʩʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ ʷʚʣʷʝʪʩʷ ʢʘʢ ʙʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʩʣʦ-

ʚʠʡ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʩʢʣʦʥʦʚ. ʊʘʢʞʝ ʯʸʪʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʦʨʤʳ ʩʪʦʢʘ ʦʪ ʥʦʨʤʳ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢ. 

ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ ʚ ʨʘʡʦʥʝ ʧʦʩʸʣʢʘ ɸʥʮʫʭ ʦʙʨʘʟʫʝʪʩʷ ʩʣʠʷʥʠʝʤ ʜʚʫʭ ʝʸ ʠʩʪʦʢʦʚ ï ʨʝʢ ɼʞʫʨ-

ʤʫʪ ʠ ʍʟʘʥʦʨ, ʙʝʨʫʱʠʭ ʥʘʯʘʣʦ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ɻʣʘʚʥʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ɼʞʫʨʤʫʪ ʙʝʨʸʪ ʥʘʯʘʣʦ ʥʘ ʩʢʣʦʥʝ ʛ. ɻʫʪʦʥ, ʪʝʯʸʪ, ʦʛʠʙʘʷ ʭʨ. ʅʫʢʘʪʣʴ, ʚ ʫʟʢʦʡ ʜʦʣʠʥʝ. ɿʥʘ-

ʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʣʝʞʠʪ ʚʳʰʝ 1500 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʚ ʪʦʤ ʯʠʩʣʝ 10 % ʚʳʰʝ 3000 ʤ. 

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

ɼʣʠʥʘ ʨʝʢʠ 144 ʢʤ. ɺʤʝʩʪʝ ʩ ʠʩʪʦʢʦʤ ɼʞʫʨʤʫʪ - 178 ʢʤ.  

ʇʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ 7660 ʢʤĮ. ʉʨʝʜʥʠʡ ʫʢʣʦʥ ð 15,2 %.  

ʆʙʱʝʝ ʧʘʜʝʥʠʝ 2440 ʤ ʦʪ ʠʩʪʦʢʘ ɼʞʫʨʤʫʪ (ʠʩʪʦʢ ɼʞʫʨʤʫʪ ʚʳʪʝʢʘʝʪ ʥʘ ʚʳʩʦʪʝ 2740 ʤ, 

ʫʩʪʴʝ ɸʚʘʨʩʢʦʛʦ ʂʦʡʩʫ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 300 ʤ). ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʨʝʢʠ 2160 ʤ. ʇʣʦʱʘʜʴ ʦʣʝ-

ʜʝʥʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ 6,8 ʢʤĮ.  

ʇʠʪʘʥʠʝ ʨʝʢʠ ʩʤʝʰʘʥʥʦʝ: ʣʝʜʥʠʢʦʚʦʝ, ʩʥʝʛʦʚʦʝ ʠ ʜʦʞʜʝʚʦʝ. ʈʝʢʘ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤ ʧʦʣʦʚʦʜʴʝʤ ʠ ʥʠʟʢʦʡ ʟʠʤʥʝʡ ʤʝʞʝʥʴʶ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ ʚʥʫʪʨʠ 

ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʨʘʚʥʦʤʝʨʥʦ. ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʚʦʜʥʦʡ ʨʝʢʘ ʙʳʚʘʝʪ ʚ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʪ ʜʦ 65 % ʛʦʜʦʚʦʛʦ ʦʙʲʸʤʘ ʩʪʦʢʘ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʨʝʢ ʚ ʙʘʩʩʝʡʥʝ ʜʦʩʪʠʛʘʝʪ 1440, ʠʟ ʥʠʭ 52 ʨʝʢʠ ʠʤʝʶʪ ʜʣʠʥʫ ʙʦʣʝʝ 10 ʢʤ. ʆʩ-

ʥʦʚʥʳʤʠ ʧʨʠʪʦʢʘʤʠ ʷʚʣʷʶʪʩʷ ʨʝʢʠ: ɼʞʫʨʤʫʪ, ʍʟʘʥʦʨ, ʉʘʨʘʦʨ, ʄʘʟʘʜʠʥʢʘ, ʊʝʤʠʨʦʨ, ʊʦʙʦʪ, ʂʘ-

ʨʘʢʦʡʩʫ. 

ʇʦ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʩʪʨʳʝ. ɺ ʪʘʙʣʠʮʝ 

1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʚ ʪʘʙʣʠʮʝ 2 ʤʠʢʨʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʨʝʢʠ 

ɸʚʘʨʩʢʦʛʦ ʂʦʡʩʫ. 

 

ʊʘʙʣʠʮʘ 1.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʝʢʠ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ 

ˉ ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 
ɽʜ. ʠʟʤ. 

ʅʦʨʤʘ ʧʦ ʉʘʅʇʠʅ 

21.4.1074-01 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʛ/ʜʤ3 

min mʘʭ 

1 ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʤʛ/ʜʤ3 1000 (1500) 190 248 

2 ɾʝʩʪʢʦʩʪʴ ʦʙʱʘʷ ʤʛ-ʵʢʚ/ʣ 7,0 (10) 2,5 3 

3 ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (ʨʅ) 6-9 7 8,7 

4 ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʤʛ/ʜʤ3 0,1 0 0,07 

5 ʉʫʣʴʬʘʪʳ (Sʆ4) -ç- 500,0 72 120 

6 ʍʣʦʨʠʜʳ (ʉI) -ç- 350,0 7 14 

7 ʅʠʪʨʠʪʳ (Nʆ2) -ç- 3 0,004 0,05 

8 ʅʠʪʨʘʪʳ (Nʆ3) -ç- 45 0 1,0 

9 ɸʤʤʦʥʠʡ (NH4) -ç- 2 0,04 0,45 

10 ɾʝʣʝʟʦ (Fʝ) -ç- 0,3 (1,0) 0,05 0,23 



ʊʈʋɼʓ ʀʅʉʊʀʊʋʊɸ ɻɽʆʃʆɻʀʀ ɼɸɻɽʉʊɸʅʉʂʆɻʆ ʅɸʋʏʅʆɻʆ ʎɽʅʊʈɸ ʈɸʅ ˉ 3 (98), 2024 
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ʊʘʙʣʠʮʘ 2.  

ʄʠʢʨʦ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʝʢʠ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ 
 ̄

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 
ɽʜ. ʠʟʤ 

ʅʦʨʤʘ ʧʦ ʉʘʅʇʠʅ 

2.1.4.1074-01 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʤʛ/ʜʤ3 

1 ʉʪʨʦʥʮʠʡ (Sr) ʤʛ/ʜʤ3 7,0 2,1 

2   ʉʝʨʝʙʨʦ (ɸg) ʤʛ/ʜʤ3 0,05 0,006 

3 ʂʘʜʤʠʡ (ʉd) -ç- 0,001 <0,001 

4 ʂʦʙʘʣʴʪ (ʉʦ) -ç- 0,1 <0,005 

5 ʅʠʢʝʣʴ (Ni) -ç- 0,1 0,004 

6 ʍʨʦʤ (ʉr) -ç- 0,05 <0,005 

7 ʄʝʜʴ (ʉʠ) -ç- 1,0 0,004 

8 ʎʠʥʢ (Zn) -ç- 5,0 0,054 

9 ʉʚʠʥʝʮ (ʈb) -ç- 0,03 <0,005 

10 ʄʘʨʛʘʥʝʮ (ʄn) -ç- 0,1(0,5) <0,002 

11 ɹʦʨ (B) -ç- 0,5 0,05 

12 ʄʳʰʴʷʢ (ɸs) -ç- 0,05 <0,002 

13 ʈʪʫʪʴ (ʅg) -ç- 0,0005 <0,0005 

14 ʉʝʣʝʥ (Sʝ) -ç- 0,01 <0,001 

15 ʁʦʜ (J) -ç- - <0,50 

16 ɹʨʦʤ (ɺr) -ç- 0,2 <0,20 

17 ʌʪʦʨ (F) -ç- 1,5 <0,27 

18 ʄʦʣʠʙʜʝʥ (ʄʦ) -ç- 0,25 0,001 

19 ɹʝʨʠʣʠʡ (ɺʝ) -ç- 0,0002 <0,0002 

 

ʂʣʠʤʘʪ.  

ɼʘʛʝʩʪʘʥ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ: 

- ʨʘʚʥʠʥʥʘʷ ʟʦʥʘ, ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 28 - 150 ʤ. ʂʣʠʤʘʪ ʥʘ ʨʘʚʥʠʥʘʭ ʩʫʭʦʡ, ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʡ. ɿʠʤʘ ʤʘʣʦʩʥʝʞʥʘʷ, ʣʝʪʦ ʞʘʨʢʦʝ ʠ ʩʫʭʦʝ.  

- ʧʨʝʜʛʦʨʥʘʷ ʟʦʥʘ, ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 150 (200) - 850 (1000) ʤ. ɺ ʧʨʝʜʛʦʨʥʦʡ ʯʘʩʪʠ 

ʢʣʠʤʘʪ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʡ ʠ ʚʣʘʞʥʳʡ.  

- ʛʦʨʥʘʷ ʟʦʥʘ, ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʚʳʰʝ 850 (1000) ʤʝʪʨʦʚ. ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʥʝʚʝ-

ʣʠʢ, ʥʦ ʜʝʨʞʠʪʩʷ ʜʦʚʦʣʴʥʦ ʜʦʣʛʦ. ʂʦʥʝʮ ʚʝʩʥʳ ʠ ʥʘʯʘʣʦ ʣʝʪʘ ð ʩʘʤʳʡ ʚʣʘʞʥʳʡ ʧʝʨʠʦʜ. ʅʘ 

ʚʳʩʦʪʘʭ ʣʝʪʦ ʧʨʦʭʣʘʜʥʦʝ, ʚ ʜʦʣʠʥʘʭ ʠ ʢʦʪʣʦʚʠʥʘʭ ð ʪʝʧʣʦʝ. 

ʈʘʡʦʥ ʠʟʳʩʢʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʦʨʥʦʡ ʯʘʩʪʠ ɼʘʛʝʩʪʘʥʘ, ʙʣʠʞʘʡʰʝʡ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ʷʚʣʷ-

ʝʪʩʷ ʩʪʘʥʮʠʷ ʊʣʷʨʘʪʘ ʩ ʦʪʤʝʪʢʦʡ 1500 ʤ ɹʉ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ɻʫʥʠʙ, 

ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʢʦʪʦʨʦʡ ʧʦ ʦʩʥʦʚʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ ʚʝʜʫʪʩʷ ʩ 1936 ʛʦʜʘ, ʘ ʟʘ 

ʦʪʜʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ 1913 ʛʦʜʘ. ʆʪʜʝʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʳ ʧʦ ʤʝ-

ʪʝʦʩʪʘʥʮʠʠ ʛ. ʄʘʭʘʯʢʘʣʳ ʩʦʛʣʘʩʥʦ ʉʅʠʇ 23-01-99*. 

 

ʊʘʙʣʠʮʘ 3.  

ʆʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ʩ. ʊʣʷʨʘʪʘ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʛʣʘʩʥʦ ʉʅʠʇ 2.05.02 ï 85*  
IV ʜʦʨʦʞʥʦ- 

ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʉ̄ 7,0 

ɸʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʉ̄ + 35 

ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʉ̄ ï 22 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʧʷʪʠʜʥʝʚʢʠ  

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 0,98, ̄ʉ 
ï 17 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʧʷʪʠʜʥʝʚʢʠ  ï 14 



ʏʝʨʢʘʰʠʥ ɺ.ʀ., ʀʙʘʝʚ ɾ.ɻ., ʂʫʨʙʘʥʠʩʤʘʠʣʦʚʘ ɸ.ʉ., ʀʩʘʝʚʘ ʅ.ɸ., ɻʫʩʝʡʥʦʚʘ ɸ.ʐ., ʄʘʤʘʝʚ ɸ.ʉ., ɸʭʤʝʜʦʚ ɸ.ʉ. 

ʇʈʀʈʆɼʅʆɽ ʀ ɸʅʊʈʆʇʆɻɽʅʅʆɽ ɺʃʀʗʅʀɽ ʅɸ ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ ɺɽʈʍʆɺʔʗ ɹɸʉʉɽʁʅɸ ʈɽʂʀ é 
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ʅʘʠʤʝʥʦʚʘʥʠʝ ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 0,92, ̄ʉ 

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʤʤ 621 

ʉʨʝʜʥʷʷ ʜʘʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 13.XI 

ʉʨʝʜʥʷʷ ʜʘʪʘ ʩʭʦʜʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 09.IV 

ʅʘʠʙʦʣʴʰʘʷ ʜʝʢʘʜʥʘʷ ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʤ 33 

ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ 1,0 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʪʫʤʘʥʦʤ ʟʘ ʛʦʜ 10 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʨʘʡʦʥʘ ʠʟʳʩʢʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʭʘʨʘʢʪʝʨʦʤ 

ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʪʥʘʷ 

ʧʦʷʩʥʦʩʪʴ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʤ ʢʦʥʪʨʘʩʪʝ ʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (7,0 ̄ʉ). ʇʝʨʠʦʜ ʩ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʜʝʢʘʙʨʷ ʧʦ ʬʝʚʨʘʣʴ.  

ʗʥʚʘʨʴ ï ʩʘʤʳʡ ʭʦʣʦʜʥʳʡ ʤʝʩʷʮ (ʝʛʦ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʠʥʫʩ 3,3 ̄ʉ). 

ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʘʢ ʞʝ ʥʘʙʣʶʜʘʣʩʷ ʚ ʷʥʚʘʨʝ ï ʤʠʥʫʩ 22 ̄ʉ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʠʶʣʶ ï ʘʚʛʫʩʪʫ, ʩʘʤʳʤ ʪʸʧʣʳʤ ʤʝ-

ʩʷʮʘʤ (ʠʭ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʣʶʩ 16,7 ̄ʉ). ʂ ʘʚʛʫʩʪʫ ʧʨʠʫʨʦʯʝʥ ʘʙʩʦʣʶʪʥʳʡ 

ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʣʶʩ 35 ̄ʉ. 

ɸʤʧʣʠʪʫʜʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ɻʫ-

ʥʠʙ 57.̄ ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʧʷʪʠʜʥʝʚʢʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 0,98 ʧʨʠʚʝʜʝʥʘ ʧʦ ʛʦ-

ʨʦʜʫ ʄʘʭʘʯʢʘʣʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʠʥʫʩ 17 ̄ʉ ʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 0,92 ʤʠʥʫʩ 14 ̄ʉ. 

ʆʩʘʜʢʠ. ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʮʝʣʦʤ ʧʦ ʨʘʡʦʥʫ ʟʘ ʛʦʜ ʚʳʧʘʜʘʝʪ 621 ʤʤ. ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʝʪ ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ 

(544 ʤʤ), ʠ ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʥʘ 87,5 % ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʦʩʘʜʢʦʚ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʛʦʜʦ-

ʚʦʤ ʭʦʜʝ ʦʩʘʜʢʦʚ ʤʠʥʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʷʥʚʘʨʝ, ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʶʥʴ. ʉʫʪʦʯʥʳʡ 

ʤʘʢʩʠʤʫʤ ʦʩʘʜʢʦʚ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʈ = 1 % ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ɻʫʥʠʙ ʥʝ ʨʘʩʩʯʠʪʳʚʘʣʩʷ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʦʩʘʜʢʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʝʦʩʪʘʥʮʠʷ ɿʘʢʘʪʘʣʳ, ʧʦ ʥʝʡ ʦʩʘʜʢʠ, ʚʦʟʤʦʞʥʳʝ ʨʘʟ ʚ 

ʩʪʦ ʣʝʪ, ʩʦʩʪʘʚʣʷʶʪ 164 ʤʤ.  

ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʶʱʠʭ ʟʠʤʦʡ ʪʚʸʨʜʳʭ ʦʩʘʜʢʦʚ ʥʝʚʝʣʠʢʦ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʨʝʜʥʷʷ ʜʝʢʘʜʥʘʷ ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʩʤ, ʥʘʠʙʦʣʴʰʘʷ ʠʟ ʩʨʝʜ-

ʥʠʭ ʜʝʢʘʜʥʳʭ ʚʳʩʦʪ - 12 ʩʘʥʪʠʤʝʪʨʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʢʘʜʥʘʷ ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 33 ʩʤ. ʄʷʛʢʠʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʛʦʨʥʦʩʪʴ, ʢʣʠʤʘʪ ʠ ʯʘʩʪʳʝ ʦʪʪʝʧʝʣʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʩʪʦʡʯʠʚʳʡ ʩʥʝʞ-

ʥʳʡ ʧʦʢʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʢ ʩʝʨʝʜʠʥʝ ʜʝʢʘʙʨʷ, ʘ ʨʘʟʨʫʰʘʝʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʘʧʨʝʣʷ. ʉʥʝʞʥʳʡ 

ʧʦʢʨʦʚ ʚ ʩʨʝʜʥʝʤ ʜʝʨʞʠʪʩʷ 63 ʜʥʷ. 

ɺʝʪʝʨ. ʊʝʨʨʠʪʦʨʠʷ ʠʟʳʩʢʘʥʠʡ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʟʘʱʠʱʝʥʘ ʛʦʨʥʳʤʠ ʭʨʝʙʪʘʤʠ, ʧʦʪʦʤʫ ʫʨʘ-

ʛʘʥʥʳʭ ʚʝʪʨʦʚ ʟʜʝʩʴ ʥʝ ʙʳʚʘʝʪ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʙʣʶʜʸʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ɻʫ-

ʥʠʙ ʩʦʩʪʘʚʣʷʝʪ 23 ʤ/ʩ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 1,0 ʤ/ʩ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʚʝʪʨʝʥʥʘʷ ʧʦʛʦʜʘ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʩʠʣʴʥʳʭ ʚʝʪʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʯʥʳʭ ʜʦʣʠʥ ʠ ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥ. 

ɸʪʤʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ. ɺ ʨʘʡʦʥʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʳʩʢʘʥʠʡ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʫʤʘʥʦʚ ʚ 

ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʛʦʜʘ, ʩ ʥʝʢʦʪʦʨʳʤ ʧʝʨʝʚʝʩʦʤ ʚ ʩʪʦʨʦʥʫ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ ʙʳ-

ʚʘʝʪ 10 ʪʫʤʘʥʥʳʭ ʜʥʝʡ, ʩ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʪʫʤʘʥʦʚ 49 ʯʘʩʦʚ.  

ɺ ʪʸʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 31 ʜʝʥʴ ʩ ʛʨʦʟʦʡ, ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʛʨʦʟ ʩʦʩʪʘʚʣʷʝʪ 61,8 ʯʘʩʘ. ʉ ʛʦʣʦʣʸʜʦʤ ʚ ʩʨʝʜʥʝʤ ʙʳʚʘʝʪ 2 ʜʥʷ ʚ ʛʦʜʫ, ʩ ʠʟʤʦʨʦʟʴʶ 7 ʜʥʝʡ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʭʨʘʥʷʶʱʠʝʩʷ ʠ ʧʦʥʳʥʝ ʥʦʚʝʡʰʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ɸʚʘʨʩʢʦʝ-ʂʦʡʩʫ, ʦʩʦʙʝʥʥʦ ʚ ʝʛʦ ʛʦʨʥʦʡ ʯʘʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʝʡʩʤʠʯ-

ʥʦʩʪʴ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʉʦʛʣʘʩʥʦ ʉʅʠʇ II-7-81* ʫʯʘʩʪʦʢ ʜʦʣʠʥʳ ʨ. ɸʚʘʨʩʢʦʝ-ʂʦʡʩʫ ʚ ʨʘʡʦʥʝ 

ʨʘʙʦʪ ʦʪʥʦʩʠʪʩʷ ʢ 9-ʠ ʙʘʣʴʥʦʡ ʟʦʥʝ (ʢʘʨʪʳ ɸ, ɺ) ʠ 10-ʠ ʙʘʣʴʥʦʡ ʟʦʥʝ (ʢʘʨʪʘ ʉ) ʧʦ ʰʢʘʣʝ MSK- 

64 [8,10]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʷʚ-

ʣʷʶʪʩʷ ʢʘʨʪʳ ʆʉʈ-97. ɺ ʢʦʤʧʣʝʢʪ ʢʘʨʪ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ɻʦʩʩʪʨʦʝʤ ʈʦʩʩʠʠ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ 

ʧʨʘʢʪʠʢʝ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʭʦʜʷʪ ʪʨʠ ʢʘʨʪʳ ʆʉʈ-97(ɸ, ɺ ʠ ʉ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʩʨʦʢʦʚ ʩʣʫʞʙʳ. ʕʪʠ ʢʘʨʪʳ ʩʦʩʪʘʚʣʝʥʳ ʜʣʷ ʨʘʟʥʳʭ ʧʝʨʠʦʜʦʚ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʪʨʷʩʝʥʠʡ - ʦʜʠʥ ʨʘʟ ʚ 500 ʣʝʪ, (ʢʘʨʪʘ ʆʉʈ- 2015-ɸ), ʚ 1000 ʣʝʪ 

(ʢʘʨʪʘ ʆʉʈ-2015-ɺ), 5000 ʣʝʪ (ʢʘʨʪʘ ʆʉʈ-2015-ʉ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʝʨʦʷʪʥʦ-

ʩʪʠ (10%, 5% ʠ 1%) ʚʦʟʤʦʞʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 50 ʣʝʪ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʦʥʳ ʩʦ-

ʯʣʝʥʝʥʠʷ ʦʙʣʘʩʪʝʡ ʩ ʨʘʟʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʪ.ʝ. ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ [9]. ʂʘʢ ʠʟʚʝʩʪʥʦ çʩʝʡʩʤʠʯʝʩʢʫʶ ʧʦʛʦʜʫè ʦʧʨʝʜʝʣʷʶʪ 

ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɿʘ ʧʦʩʣʝʜʥʠʝ 30-40 ʣʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʚʢʘʟʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ: ɼʘʛʝʩʪʘʥʩʢʦʝ ï 

14.05.1970 ʛ. (8ï9 ʙʘʣʣʦʚ), ʉʘʣʘʪʘʫʩʢʦʝ - 23.12.1974 ʛ. (7 ʙʘʣʣʦʚ), ɹʫʡʥʘʢʩʢʦʝ - 9.01.1975 ʛ. ʩ 

ʩʠʣʦʡ ʚ ʵʧʠʮʝʥʪʨʝ ʨʘʚʥʦʡ 8 ʙʘʣʣʘʤ, ʂʫʤʪʦʨʢʘʣʠʥʩʢʠʝ - (31.01. ʩ ʩʠʣʦʡ ʚ 7 ʙʘʣʣʦʚ ʠ 21.02., 

14.04.1999 ʛ.) ʠ ʜʨ. [8] ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʥʦʨʤʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʢʘʨʪʳ ʆʉʈ-2015. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʠ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʘʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ, ʚ ʛʦʨʥʦʡ ʝʝ ʯʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʵʢʟʦʛʝʥʥʳʭ ʩʦʙʳʪʠʡ ï ʦʧʦʣʟʥʠ, ʩʝʣʠ ʠ ʜʨ. ʉʦ-

ʙʳʪʠʷ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʢʨʳʪʠʶ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ, ʠʭ ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʚʩʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ ʢʘʢ ʚ ʛʦʨʥʦʡ ʠ ʧʨʝʜʛʦʨʥʦʡ ʝʝ ʯʘʩʪʝʡ [6]. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʥʘ ʠʩʩʣʝ-

ʜʫʝʤʦʤ ʫʯʘʩʪʢʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʢʘʢ ʩʣʦʞʥʳʝ III  ʢʘʪʝʛʦʨʠʠ (ʉʇ 11-105 97 ʏʘʩʪʴ I). ʅʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ 

ʢ ʧʣʦʱʘʜʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʚʠʪʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ï ʩʢʣʦʥʦʚʳʝ (ʦʧʦʣʟʥʝʚʳʝ), ʵʨʦʟʠʦʥ-

ʥʳʝ (ʦʚʨʘʞʥʘʷ ʵʨʦʟʠʷ) ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʟʝʤʣʝʪʨʷʩʝʥʠʷ 9 ʙʘʣʣʦʚ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ, ʩʦʛʣʘʩʥʦ ʉʅʠʇ 22-01-95 çɻʝʦʬʠʟʠʢʘ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚè, ʢ ʢʘʪʝʛʦʨʠʠ ʚʝʩʴʤʘ ʦʧʘʩ-

ʥʳʭ.  

 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ 

ʈʝʯʥʳʝ ʙʘʩʩʝʡʥʳ, ʢʘʢ ʮʝʣʦʩʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʢʪʳ ʦʩʦʙʦʛʦ ʠʥʪʝʨʝʩʘ 

ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢ. ʗʚʣʷʷʩʴ ʮʝʥʪʨʘʤʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʵʪʠ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʝʩʥʳʭ ʚʦʜ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʞʠʟʥʴ ʤʥʦʛʠʭ 

ʵʢʦʩʠʩʪʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ ʘʥʪʨʦ-

ʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʫʛʨʦʞʘʶʪ ʯʠʩʪʳʤ ʧʨʝʩʥʳʤ ʚʦʜʘʤ, ʯʪʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪ 

ʧʨʦʙʣʝʤʫ ʜʦʩʪʫʧʘ ʢ ʥʠʤ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʝʣʷʤʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ [6]. 

ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ ʠ ʬʫʥʢʮʠʠ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʦʚ, ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʜʦʩʪʫʧʥʦʩʪʠ ʯʠʩʪʳʭ ʧʨʝʩʥʳʭ ʚʦʜ. ʇʨʦ-

ʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ, ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʘʢʪʠʢʠ ʠ ʫʪʠʣʠʟʘʮʠʷ ʙʳ-

ʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʧʨʠʚʦʜʷ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʫʭʫʜʰʝʥʠʶ ʠʭ ʢʘʯʝʩʪʚʘ.  

 ɼʨʫʛʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʢʨʳʪʠʝ ʨʝʢ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱ ʜʣʷ ʙʫʜʫʱʠʭ ɻʕʉ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʚ ʛʦʨʥʦʡ ʯʘʩʪʠ, ʛʜʝ ʜʣʷ 



ʏʝʨʢʘʰʠʥ ɺ.ʀ., ʀʙʘʝʚ ɾ.ɻ., ʂʫʨʙʘʥʠʩʤʘʠʣʦʚʘ ɸ.ʉ., ʀʩʘʝʚʘ ʅ.ɸ., ɻʫʩʝʡʥʦʚʘ ɸ.ʐ., ʄʘʤʘʝʚ ɸ.ʉ., ɸʭʤʝʜʦʚ ɸ.ʉ. 

ʇʈʀʈʆɼʅʆɽ ʀ ɸʅʊʈʆʇʆɻɽʅʅʆɽ ɺʃʀʗʅʀɽ ʅɸ ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ ɺɽʈʍʆɺʔʗ ɹɸʉʉɽʁʅɸ ʈɽʂʀ é 

 

83 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɻʕʉ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʨʝʢʠ ʩ ʮʝʣʴʶ ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʢ ʨʘʟʣʠʯʥʳʤ ʦʧʘʩʥʳʤ ʧʨʦʮʝʩʩʘʤ ï ʦʧʦʣʟʥʷʤ, ʦʙʚʘʣʘʤ, ʩʝʣʷʤ ʠ ʪ.ʜ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, 

ʜʦ 80% ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʦʣʟʥʝʡ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ [7]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʢʘ ɸʚʘʨʩʢʦʝ ʂʦʡʩʫ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʭʦʟʷʡ-

ʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʨʨʠʛʘʮʠʠ ʟʝʣʸʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʨʷʜʦʤ, ʚʦ-ʚʪʦʨʳʭ, ʨʝʢʘ ʩʥʘʙʞʘʝʪ ʚʦʜʦʡ ʙʣʠʟʣʝʞʘʱʠʝ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʢʘʢ ʩʘʤʘ ʨʝʢʘ, ʪʘʢ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʦʢʨʝʩʪʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ-

ʚʣʝʢʘʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʩʝ ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʷʟʘ-

ʪʝʣʴʩʪʚʘ ʢʘʢ ʤʝʩʪʥʳʭ, ʪʘʢ ʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʚʣʘʩʪʝʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʟ-

ʚʦʣʷʪ ʩʦʭʨʘʥʠʪʴ ʩʪʦʣʴ ʫʥʠʢʘʣʴʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʵʪʦʤ 

ʨʘʡʦʥʝ. 

 

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ çɼʠʥʘʤʠʢʘ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʙʘʩʩʝʡʥʦʚ ʛʦʨʥʳʭ ʨʝʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ, ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ʀʨʘʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʨʘʩʪʫʱʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠè (ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2024-644). 
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ʖɹʀʃɽʁʅɸʗ ʅɸʋʏʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ  

çʉɽʈɻɽɽɺʉʂʀɽ ʏʊɽʅʀʗ. ʈɽɻʀʆʅɸʃʔʅɸʗ ʀʅɾɽʅɽʈʅɸʗ  

ɻɽʆʃʆɻʀʗ ʀ ɻɽʆʕʂʆʃʆɻʀʗè 

 

ʖʙʠʣʝʡʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çXXV  ʉʝʨʛʝʝʚʩʢʠʝ ʯʪʝʥʠʷ. ʈʝʛʠʦʥʘʣʴʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ ʠ 

ʛʝʦʵʢʦʣʦʛʠʷè ʩʦʩʪʦʷʣʘʩʴ 28-30 ʤʘʨʪʘ 2024 ʛʦʜʘ ʚ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʝ ʦʪʝʣʷ çɸʣʳʝ ʧʘʨʫʩʘè ʛ. ɼʝʨ-

ʙʝʥʪʘ ʠ ʙʳʣʘ ʪʨʘʜʠʮʠʦʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʘ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ ʈɸʅ (ʀɻʕ 

ʈɸʅ) ʠ ʅʘʫʯʥʳʤ ʩʦʚʝʪʦʤ ʈɸʅ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʝʦʵʢʦʣʦʛʠʠ ʧʨʠ ʫʯʘʩʪʠʠ ʈʦʩʩʠʡʩʢʦʡ ʥʘʮʠʦʥʘʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʄɸʀɻ. ʇʨʠʥʠʤʘʶʱʝʡ ʩʪʦʨʦʥʦʡ ʚ ʵʪʦʤ ʛʦʜʫ ʩʪʘʣ ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ʧʨʠ ʩʧʦʥʩʦʨʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʆʆʆ çɻʝʦʮʝʥʪʨ 

ʄɻʋè, ʆʆʆ çɻʝʦʪʝʢè ʠ ʢʦʤʧʘʥʠʠ çBRUG. Geobruggè. ʂʦʥʬʝʨʝʥʮʠʷ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ 110-ʣʝʪʠʶ 

ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɽʚʛʝʥʠʷ ʄʠʭʘʡʣʦʚʠʯʘ ʉʝʨʛʝʝʚʘ (1914-1997). 

 

 
ʋʯʘʩʪʥʠʢʠ ʢʦʥʬʝʨʝʥʮʠʠ 

 

ʆʨʛʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ ʚʦʟʛʣʘʚʠʣʠ ʧʨʝʜʩʝʜʘʪʝʣʴ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʛʝʦʵʢʦʣʦʛʠʠ, ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʠ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʀʥʩʪʠʪʫʪʘ ʛʝʦʵʢʦ-

ʣʦʛʠʠ ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ ʈɸʅ, ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʀ. ʆʩʠʧʦʚ (ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ) ʠ ʜʠʨʝʢʪʦʨ ʀʥʩʪʠ-

ʪʫʪʘ ʛʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ ʈɸʅ, ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬ. ɽ.ɸ. ɺʦʟʥʝʩʝʥʩʢʠʡ (ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ). ɺ 

ʩʦʩʪʘʚʝ ʦʨʛʢʦʤʠʪʝʪʘ ʨʘʙʦʪʘʣʠ ɽ.ɺ. ɹʫʣʜʘʢʦʚʘ (ʦʪʚ. ʩʝʢʨʝʪʘʨʴ, ʀɻʕ ʈɸʅ) ʠ ʯʣʝʥʳ ʢʦʤʠʪʝʪʘ ɻ.ʉ. 

ɸʤʘʥʦʚʘ (ʀɻʕ ʈɸʅ), ʄ.ɺ. ʂʦʨʦʙʦʚ (ʀɻʕ ʈɸʅ), ʄ.ɸ. ʄʘʨʢʦʚʘ (ʪʝʭʥʠʯʝʩʢʠʡ ʩʝʢʨʝʪʘʨʴ, ʀɻʕ 

ʈɸʅ), ɼ.ʉ. ʉʘʚʯʝʥʢʦ (ʀɻʕ ʈɸʅ), ɽ.ɸ. ʉʝʥʮʦʚʘ (ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ). 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ ʧʨʝʜʩʪʘʚʣʷʣʠ ɸ.ɺ. ɸʥʠʢʝʝʚ (ʀɻʕ ʈɸʅ), ʆ.ʅ. ɽʨʝʤʠʥʘ (ʀɻʕ ʈɸʅ), 

ʇ.ʉ. ʄʠʢʣʷʝʚ (ʀɻʕ ʈɸʅ), ɻ.ʇ. ʇʦʩʪʦʝʚ (ʀɻʕ ʈɸʅ), ʅ.ɸ. ʈʫʤʷʥʮʝʚʘ (ʀɻʕ ʈɸʅ), ɸ.ʃ. ʉʪʨʦʤ 

(ʬʠʣʠʘʣ ɸʆ çʀʥʩʪʠʪʫʪ ɻʠʜʨʦʧʨʦʝʢʪè), ɺ.ʀ. ʏʝʨʢʘʰʠʥ (ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ). 

ɺ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʦʯʥʦʝ ʫʯʘʩʪʠʝ 132 ʯʝʣʦʚʝʢʘ, ʝʱʝ 33 ʩʣʫʰʘʪʝʣʷ ʧʨʠʥʷʣʠ 

ʫʯʘʩʪʠʝ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ. 

ʇʣʝʥʘʨʥʫʶ ʩʝʩʩʠʶ ʢʦʥʬʝʨʝʥʮʠʠ ʦʪʢʨʳʣ ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʛʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ. ʉʝʨʛʝ-

ʝʚʘ ʈɸʅ ʧʨʦʬ. ɽ.ɸ. ɺʦʟʥʝʩʝʥʩʢʠʡ. ɺ ʨʘʤʢʘʭ ʧʣʝʥʘʨʥʦʡ ʩʝʩʩʠʠ ʚʳʩʪʫʧʠʣʠ ɺ. ʄʘʨʠʥʦʩ (ʧʨʝʟʠ-

ʜʝʥʪ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ, ɻʨʝʮʠʷ) ʩ ʜʦʢʣʘʜʦʤ çʉʦʚʨʝʤʝʥʥʳʝ 

ʟʘʜʘʯʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠè, ɺ.ʊ. ʊʨʦʬʠʤʦʚ (ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ) ʩ ʜʦʢʣʘʜʦʤ çʈʘʟʚʠ-

ʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ: ʦʪ ʠʩʭʦʜʥʳʭ ʧʦʟʠʮʠʡ ʀ.ɺ. ʇʦ-

ʧʦʚʘ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶè, ʆ.ʅ. ɽʨʝʤʠʥʘ (ʀʥʩʪʠʪʫʪ ʛʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ ʈɸʅ) 

ʩ ʜʦʢʣʘʜʦʤ çɺʢʣʘʜ ʘʢʘʜʝʤʠʢʘ ɽ.ʄ. ʉʝʨʛʝʝʚʘ ʚ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠè. 



ʖɹʀʃɽʁʅɸʗ ʅɸʋʏʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ  

çʉɽʈɻɽɽɺʉʂʀɽ ʏʊɽʅʀʗ. ʈɽɻʀʆʅɸʃʔʅɸʗ ʀʅɾɽʅɽʈʅɸʗ ɻɽʆʃʆɻʀʗ ʀ ɻɽʆʕʂʆʃʆɻʀʗè 
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ɺ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʧʣʝʥʘʨʥʦʡ ʩʝʩʩʠʠ ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ ʣʘʫʨʝʘʪʳ ʤʝʜʘʣʠ ɽ.ʄ. ʉʝʨʛʝʝʚʘ 

çɿʘ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠè. ɺ 2024 ʛʦʜʫ ʠʤʠ ʩʪʘʣʠ ʢ.ʛ.-ʤ.ʥ. ʊ.ʀ. ɸʚʝʨʢʠʥʘ, ʧʨʝ-

ʟʠʜʝʥʪ ʄɸʀɻ ɺ. ʄʘʨʠʥʦʩ ʠ ʜ.ʛ.-ʤ.ʥ. ɸ.ʃ. ʉʪʨʦʤ. 

ɺ 2024 ʛʦʜʫ ʩʝʢʮʠʦʥʥʳʝ ʟʘʩʝʜʘʥʠʷ ʧʨʦʰʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʤʘʤ: 

1) ʆʩʦʙʝʥʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ; 

2) ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʪʝʭʥʦ-

ʛʝʥʥʦ-ʥʘʛʨʫʞʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ; 

3) ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʜʠʥʘʤʠʢʘ ʛʦʨʥʦ-ʩʢʣʘʜʯʘʪʳʭ ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʙʣʘʩʪʝʡ: ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʠ ʠʭ ʧʘʨʘʛʝʥʝʟʠʩ; 

4) ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʨʝʛʠʦ-

ʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

5) ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʪʨʫʢʪʫʨ; 

6) ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

 

 
ɼʦʢʣʘʜ ʀ.ɸ. ʀʜʨʠʩʦʚʘ 

 

ɺ ʨʘʙʦʪʝ ʩʝʢʮʠʦʥʥʳʭ ʟʘʩʝʜʘʥʠʡ ʩ ʫʩʪʥʳʤʠ ʜʦʢʣʘʜʘʤʠ ʚʳʩʪʫʧʠʣʠ ʩʧʝʮʠʘʣʠʩʪʳ ʠʟ ʄʦʩʢʚʳ, 

ʄʘʭʘʯʢʘʣʳ, ʅʦʚʦʩʠʙʠʨʩʢʘ, ʂʨʘʩʥʦʜʘʨʘ, ʂʘʟʘʥʠ, ʇʝʨʤʠ, ɽʢʘʪʝʨʠʥʙʫʨʛʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, 

ʋʬʳ, ɸʨʭʘʥʛʝʣʴʩʢʘ, ʉʦʯʠ, ʇʝʥʟʳ, ʏʘʙʦʢʩʘʨ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ʧʨʝʜʩʪʘ-

ʚʠʣ ʜʦʢʣʘʜʳ çʂʣʠʤʘʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʣʘʥʜʰʘʬʪʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ ʢʘʢ ʬʘʢʪʦʨ 

ʜʠʥʘʤʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʟʦʛʝʥʥʳʭ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚè (ɿ.ɺ. ɸʪʘʝʚ), çʇʨʠʯʠʥʘ ʠ 

ʩʣʝʜʩʪʚʠʷ ʩʝʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ (ɼʝʨʙʝʥʪ ï 2012)è (ʀ.ɸ. ʀʜʨʠʩʦʚ, ʉ.ɸ. ʄʘʤʘʝʚ, ɺ.ʂ. ʉʫʣʝʡʤʘʥʦʚ, 

ɺ.ʀ. ʏʝʨʢʘʰʠʥ), çɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʥʝʫʩʪʦʡʯʠʚʦʤ ʩʢʘʣʴʥʦʤ ʤʘʩʩʠʚʝ çɻʫʥʠʙè ʚ ɼʘ-

ʛʝʩʪʘʥʝè (ʐ.ɻ. ʀʜʘʨʤʘʯʝʚ). ʊʘʢʞʝ ʚ ʩʙʦʨʥʠʢʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ çʀʥʞʝʥʝʨʥʦ-ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʛ. ʀʟʙʝʨʙʘʰ ʚ ʩʚʷʟʠ ʩ ʧʦʜʪʦʧʣʝʥʠʝʤè (ʉ.ɸ. ʄʘʤʘʝʚ, 

ɾ.ɻ. ʀʙʘʝʚ, ʄ.ɸ. ʄʫʩʘʝʚ, ɸ.ʉ. ʄʘʤʘʝʚ, ɸ.ʐ. ɻʫʩʝʡʥʦʚʘ, ʅ.ɸ. ʀʩʘʝʚʘ, ɸ.ʉ. ɸʭʤʝʜʦʚ, ɸ.ʉ. 
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ʂʫʨʙʘʥʠʩʤʘʠʣʦʚʘ), çʀʩʢʫʩʩʪʚʝʥʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʝʨ-

ʚʫʘʨʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥè (ʐ.ɻ. ʉʘʤʝʜʦʚ, ʀ.ʄ. ɻʘʟʘʣʠʝʚ), çʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʝʢʪʦʨʝ ɺʦʩʪʦʯʥʦʛʦ 

ʂʘʚʢʘʟʘè (ʈ.ɸ. ʄʘʛʦʤʝʜʦʚ, ʄ.ɸ. ʄʫʩʘʝʚ), çʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʨʘʡʦʥʝ ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠè (ʐ.ɻ. ʀʜʘʨʤʘʯʝʚ, 

ɸ.ɺ. ɼʝʱʝʨʝʚʩʢʠʡ, ʀ.ʐ. ʀʜʘʨʤʘʯʝʚ), çʇʫʪʝʚʦʜʠʪʝʣʴ ʵʢʩʢʫʨʩʠʠ ʧʦ ʀʟʚʝʩʪʥʷʢʦʚʦʤʫ ɼʘʛʝʩʪʘʥʫè 

(ʀ.ɸ. ʀʜʨʠʩʦʚ, ɸ.ʃ. ʉʪʨʦʤ). ʇʫʪʝʚʦʜʠʪʝʣʴ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʜʘʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʦʪʪʠʩ-

ʢʦʤ. ɺ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ɾ.ɻ. ʀʙʘʝʚ. 

 

 
ʕʢʩʢʫʨʩʠʷ ʧʦ ɸʭʪʳʥʩʢʦʤʫ ʠʩʪʦʨʠʢʦ-ʢʨʘʝʚʝʜʯʝʩʢʦʤʫ ʤʫʟʝʶ 

 

ʇʦ ʦʢʦʥʯʘʥʠʶ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʚʝ ʧʦʣʝʚʳʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʝ ʵʢʩʢʫʨʩʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʘʡʦʥʘʤ ʛʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʨʝʛʠʦʥʘ. 

 

ʄʘʤʘʝʚ ʉ.ɸ., ɸʪʘʝʚ ɿ.ɺ. 
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ʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ʘʚʪʦʨʦʚ 

 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʚ ʞʫʨʥʘʣʝ ʥʘʧʨʘʚʣʷʪʴ ʧʦ ʘʜʨʝʩʫ: 367030, ʛ. ʄʘʭʘʯʢʘʣʘ, 

ʫʣ. ʄ. ʗʨʘʛʩʢʦʛʦ 75. ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ. 

ʉʪʘʪʴʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʨʘʚʣʷʪʴ ʚ ʨʝʜʘʢʮʠʶ ʚ ʜʚʫʭ ʙʫʤʘʞʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ, ʧʦʜʧʠʩʘʥʥʳʭ 

ʚʩʝʤʠ ʘʚʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ (CD-ʜʠʩʢ ʠʣʠ ʜʨ. ʥʘʢʦʧʠʪʝʣʴ, ʣʠʙʦ ʦʪʧʨʘʚʢʘ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʩʪʘʪʴʠ ʧʦ e-mail: dangeogis@mail.ru). 

ʂ ʨʫʢʦʧʠʩʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʧʫʙʣʠʢʘʮʠʶ ʦʪ ʫʯʨʝʞʜʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʇʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʠʷ ʨʫʢʦʧʠʩʠ ʚ ʞʫʨʥʘʣʝ 

 

ʅʘʟʚʘʥʠʝ ʞʫʨʥʘʣʘ: "ʊʨʫʜʳ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ". 

1. ɺ ʞʫʨʥʘʣʝ ʧʫʙʣʠʢʫʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʪʘʪʴʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ ʧʦ ʚʦʧʨʦʩʘʤ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ, ʛʝʦʛʨʘʬʠʠ, ʛʝʦʭʠʤʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʨʘʙʦʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʩʪʘʪʴʷʤ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʚʦʧʨʦʩʘʤ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʦʣʦʛʠʠ ʂʘʚʢʘʟʘ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ.  

2. ʉʪʘʪʴʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʬʠʣʶ ʞʫʨʥʘʣʘ, ʧʨʠʥʠʤʘʶʪʩʷ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ ʧʦʩʣʝ ʨʝ-

ʮʝʥʟʠʨʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʘ ʚʥʝʰʥʠʭ ʦʪʟʳʚʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʦʢʪʦʨʘʤʠ ʥʘʫʢ ʠʟ ʩʪʦ-

ʨʦʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʪʟʳʚʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʦʪʦʙʨʘʥʥʳʤʠ ʨʝ-

ʜʘʢʮʠʝʡ ɾʫʨʥʘʣʘ, ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʣʘʪʫ. 

3. ɸʚʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʘʪʴʠ ʥʘ ʨʫʩʩʢʦʤ ʠʣʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ 

ʦʬʠʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ, ʘ ʪʘʢʞʝ ʤʝʩʪʘ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ ʠʭ ʜʦʣʞʥʦʩʪʠ ʠ ʘʜʨʝʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ.  

3. ʅʘʟʚʘʥʠʝ ʩʪʘʪʴʠ ʜʦʣʞʥʦ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʝ ʩʦʜʝʨʞʘʥʠʶ. ʊʝʢʩʪ ʩʪʘʪʴʠ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʨʘʟʜʝʣʳ: ʘ) ʚʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ, ʙ) ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ) 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ) ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʜ) ʟʘʢʣʶʯʝʥʠʝ, ʝ) ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 

4. ɸʥʥʦʪʘʮʠʷ ʦʙʲʝʤʦʤ ʜʦ 100 ʩʣʦʚ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ (3-7), ʠʥʜʝʢʩ ʋɼʂ. 

5. ʅʘʟʚʘʥʠʝ, ʜʘʥʥʳʝ ʦʙ ʘʚʪʦʨʘʭ, ʘʥʥʦʪʘʮʠʷ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʜʫʙʣʠʨʫ-

ʶʪʩʷ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ.  

6. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʘʪʴʠ: 

¶ ɿʘʛʦʣʦʚʦʢ (ʅʘʟʚʘʥʠʝ) ʩʪʘʪʴʠ 

¶ ɸʥʥʦʪʘʮʠʷ 

¶ ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

¶ ɺʚʝʜʝʥʠʝ 

¶ ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

¶ ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

¶ ɺʳʚʦʜʳ (ʠʥʦʛʜʘ ɿʘʢʣʶʯʝʥʠʝ) 

¶ ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʊʝʢʩʪʳ ʩʪʘʪʝʡ ʙʫʜʫʪ ʧʨʦʚʝʨʷʪʴʩʷ ʥʘ ʧʣʘʛʠʘʪ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʘʡʪʘʭ. ʈʫʢʦʧʠʩʴ ʜʦʣʞʥʘ 

ʙʳʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʦʚʝʨʝʥʘ, ʜʘʪʠʨʦʚʘʥʘ, ʧʦʜʧʠʩʘʥʘ ʚʩʝʤʠ ʘʚʪʦʨʘʤʠ. ɼʦʧʫʩʢʘʝʪʩʷ ʦʪʧʨʘʚʢʘ ʧʦ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʧʫʙʣʠʢʘʮʠʠ ʩ ʧʦʜʧʠʩʷʤʠ ʘʚʪʦʨʦʚ. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

 

1. ʉʪʘʪʴʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʤʝʯʘʥʠʷ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʜʧʠʩʠ ʢ ʨʠʩʫʥʢʘʤ, 

ʪʘʙʣʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʧʦ ʘʜʨʝʩʫ dangeogis@mail.ru.  

2. ʌʦʨʤʘʪ ʪʝʢʩʪʘ: ʧʦʣʫʪʦʨʥʳʡ ʠʥʪʝʨʚʘʣ, ʰʨʠʬʪ 14. ʉʞʘʪʠʝ ʪʝʢʩʪʘ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ɿʥʘʯʠ-

ʤʳʝ ʩʣʦʚʘ ʚʳʜʝʣʷʶʪʩʷ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʠʣʠ ʢʫʨʩʠʚʦʤ. ʇʦʣʷ ʩʚʝʨʭʫ 2ʩʤ, ʩʥʠʟʫ 2ʩʤ, ʩʣʝʚʘ 3ʩʤ, 

ʩʧʨʘʚʘ 2ʩʤ. ʆʙʲʝʤ ʩʪʘʪʴʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʦʜʥʦʛʦ ʘʚʪʦʨʩʢʦʛʦ ʣʠʩʪʘ (40000 ʟʥʘʢʦʚ ʩ ʧʨʦʙʝ-

ʣʘʤʠ), ʚʢʣʶʯʘʷ ʪʘʙʣʠʮʳ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʟʘʢʘʟʥʳʝ ʠ ʦʙʟʦʨʥʳʝ ʩʪʘ-

ʪʴʠ. ʊʝʢʩʪ ʩʪʘʪʴʠ ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʊʝʢʩʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʬʘʡʣʝ ʩ ʣʶʙʳʤ ʠʟ ʨʘʩʰʠʨʝʥʠʡ doc, docx, rtf. 

3. ɺ ʪʝʢʩʪʘʭ ʩʪʘʪʝʡ ʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ ʨʠʩʫʥʢʠ, ʪʘʙʣʠʮʳ, ʛʨʘʬʠʢʠ ʠ ʩʭʝʤʳ. ʕʪʠ ʵʣʝʤʝʥʪʳ 

ʩʪʘʪʴʠ ʧʝʯʘʪʘʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʣʠʩʪʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ ʜʦʣʞʝʥ ʙʳʪʴ ʤʠʥʠʤʫʤ ʙʫʢʚʝʥʥʳʭ ʠ ʮʠʬ-

ʨʦʚʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʨʠʩʫʥʢʦʚ ʵʪʠ ʥʘʜʧʠʩʠ ʙʫʜʫʪ ʥʝ ʚʠʜʥʳ. ʅʘʟʚʘʥʠʝ ʨʠ-

ʩʫʥʢʦʚ ʠ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʥʠʤ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʧʦʜʨʠʩʫʥʦʯʥʳʭ ʧʦʜʧʠʩʷʭ.  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʠʩʫʥʢʠ ʚ ʮʚʝʪʥʦʤ ʚʘʨʠʘʥʪʝ. ʇʝʯʘʪʴ 

ʮʚʝʪʥʦʡ ʛʨʘʬʠʢʠ ʷʚʣʷʝʪʩʷ ʧʣʘʪʥʦʡ. ɽʩʣʠ ʘʚʪʦʨ ʥʝ ʩʦʛʣʘʩʝʥ ʦʧʣʘʯʠʚʘʪʴ ʮʚʝʪʥʫʶ ʧʝʯʘʪʴ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʤʘʷ ʛʨʘʬʠʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʘ ʚ ʩʠʩʪʝʤʝ ʛʨʘʜʘʮʠʡ ʩʝʨʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʷʩʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʝʯʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʩʳʣʘʪʴ ʦʙʘ ʚʘʨʠʘʥʪʘ ʨʠʩʫʥʢʘ ʩ ʧʦʤʝʪʢʦʡ, ʯʪʦ ʜʣʷ ʧʝʯʘʪʠ ʘʚʪʦʨ ʧʨʦʩʠʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʯʝʨʥʦ-ʙʝʣʳʡ ʚʘʨʠʘʥʪ ʛʨʘʬʠʢʠ. 

ʈʘʟʨʝʰʝʥʠʝ ʨʘʩʪʨʦʚʳʭ ʠʣʣʶʩʪʨʘʮʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 300 dpi. 

4. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʪʝʢʩʪʝ ʩʦʢʨʘʱʝʥʥʳʭ ʥʘʟʚʘʥʠʡ ʩʣʝʜʫʝʪ ʜʘʚʘʪʴ ʠʭ ʨʘʩʰʠʬʨʦʚʢʫ ʧʨʠ 

ʧʝʨʚʦʤ ʧʨʠʤʝʥʝʥʠʠ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ. 

5. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʜʘʝʪʩʷ ʚ ʢʦʥʮʝ ʩʪʘʪʴʠ ʚ ʘʣʬʘʚʠʪʥʦ-ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ 

(ʧʦ ʧʝʨʚʦʤʫ ʘʚʪʦʨʫ) ʧʦʨʷʜʢʝ: ʚʥʘʯʘʣʝ ʥʘ ʨʫʩʩʢʦʤ, ʘ ʟʘʪʝʤ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ  

6. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʜʨʫʛʠʭ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ. ɸʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʧʨʠʚʦʜʠʪʩʷ ʧʦʣ-

ʥʦʩʪʴʶ. ɺ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʜʘʶʪʩʷ ʪʦʣʴʢʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʘʙʦʪʳ. ʉʩʳʣʢʘ ʚ ʪʝʢʩʪʝ ʥʘ ʣʠʪʝ-

ʨʘʪʫʨʫ ʜʘʝʪʩʷ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʠʣʠ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ (ʘʚʪʦʨ, ʛʦʜ); ʩʩʳʣʢʠ ʥʘ ʨʠʩʫʥʢʠ ʠ 

ʪʘʙʣʠʮʳ ʪʘʢʞʝ ʜʘʶʪʩʷ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ, ʦʬʦʨʤʣʷʝʪʩʷ ʩ ʘʙʟʘʮʝʤ. ɼʣʷ ʢʥʠʛ: ʬʘʤʠʣʠʠ ʠ ʠʥʠʮʠ-

ʘʣʳ ʘʚʪʦʨʦʚ, ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʛʦʨʦʜ, ʠʟʜʘʪʝʣʴʩʪʚʦ, ʛʦʜ ʠʟʜʘʥʠʷ, ʯʠʩʣʦ ʩʪʨʘʥʠʮ. ʉʪʘ-

ʪʴʷ ʠʟ ʩʙʦʨʥʠʢʘ: ʬʘʤʠʣʠʠ ʠ ʠʥʠʮʠʘʣʳ ʘʚʪʦʨʦʚ, ʧʦʣʥʳʝ ʥʘʟʚʘʥʠʷ ʢʘʢ ʩʪʘʪʴʠ, ʪʘʢ ʠ ʩʙʦʨʥʠʢʘ ʚ 

ʮʝʣʦʤ, ʤʝʩʪʦ ʠ ʛʦʜ ʠʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ ʥʦʤʝʨʘ ʩʪʨʘʥʠʮ ʩʪʘʪʴʠ. ʉʪʘʪʴʷ ʠʟ ʞʫʨʥʘʣʘ: ʬʘʤʠʣʠʠ ʠ 

ʠʥʠʮʠʘʣʳ ʘʚʪʦʨʦʚ, ʥʘʟʚʘʥʠʝ ʩʪʘʪʴʠ ʠ ʞʫʨʥʘʣʘ, ʛʦʜ ʠʟʜʘʥʠʷ, ʪʦʤ, ʥʦʤʝʨ, ʩʪʨʘʥʠʮʳ. 

7. ʋʧʦʤʷʥʫʪʳʝ ʚ ʩʪʘʪʴʷʭ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠ-

ʩʪʝʤʝ ʝʜʠʥʠʮ ʉʀ. 

8. ɿʘʥʫʤʝʨʦʚʘʥʥʳʝ ʬʦʨʤʫʣʳ ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʢʨʘʩʥʦʡ ʩʪʨʦʢʦʡ, ʥʦʤʝʨ ʬʦʨʤʫʣʳ ʩʪʘ-

ʚʠʪʩʷ ʫ ʧʨʘʚʦʛʦ ʢʨʘʷ. ɾʝʣʘʪʝʣʴʥʦ ʥʫʤʝʨʦʚʘʪʴ ʣʠʰʴ ʪʝ ʬʦʨʤʫʣʳ, ʥʘ ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʩʩʳʣʢʠ. 

Pʫʢʦʧʠcʠ, ʦʬʦpʤʣʝʥʥʳʝ c ʥʘpʫʰʝʥʠʝʤ ʧpʘʚʠʣ, ʚʦʟʚpʘʱʘʶʪcʷ ʙʝʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 

ʈʦʩʩʠʷ, 367030, ʄʘʭʘʯʢʘʣʘ, ʫʣ. ʄ. ʗʨʘʛʩʢʦʛʦ 75 

É ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʌʀʎ ʈɸʅ 

É ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ 
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ʅʘʫʯʥʦʝ ʠʟʜʘʥʠʝ 

 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʬʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ 

ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʦʩʢʦʤʥʘʜʟʦʨ). 

 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʇʀ ˉ ʌʉ77-81133 ʦʪ 25 ʤʘʷ 2021 ʛʦʜʘ 

 

ɽʞʝʢʚʘʨʪʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ 

"ʊʨʫʜʳ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ" 

ɺʳʧʫʩʢ ˉ 3 (98) 2024 
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