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ʆɹʈɸʑɽʅʀɽ ʈɽʂʊʆʈɸ ɻɽʈʎɽʅʆɺʉʂʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ 

ʉɽʈɻɽʗ ʀɻʆʈɽɺʀʏɸ ɹʆɻɼɸʅʆɺɸ  

ʂ ʋʏɸʉʊʅʀʂɸʄ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ ʉɽʄʀʅɸʈɸ  

çɻɽʆʃʆɻʀʗ, ɻɽʆʕʂʆʃʆɻʀʗ, ʕɺʆʃʖʎʀʆʅʅɸʗ ɻɽʆɻʈɸʌʀʗè 

ɻʣʫʙʦʢʦʫʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

ʈʘʟʚʠʪʠʝ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʚ XXI  ʚʝʢʝ ʠʤʝʝʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲ-

ʝʢʪʠʚʥʦʡ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʩʠʩʪʝʤʝ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠʛʨʘʝʪ ʠʟʫʯʝʥʠʝ ʩʤʝʞʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʷ, ʛʝʦʵʢʦʣʦʛʠʷ ʠ ʵʚʦʣʶʮʠʦʥ-

ʥʘ̫ ʛʝʦʛʨʘʬʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ XIX 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʝʤʠʥʘʨʘ ʚ ʩʪʝʥʘʭ ʬʘʢʫʣʴʪʝʪʘ 

ʛʝʦʛʨʘʬʠʠ ʈɻʇʋ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ ʝʞʝʛʦʜʥʦ ʩʪʘ-

ʥʦʚʠʪʩʷ ʟʥʘʢʦʚʳʤ ʩʦʙʳʪʠʝʤ ʚ ʥʘʫʯʥʦʡ ʞʠʟʥʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʴʷ. ɺʳʧʫʱʝʥʥʘʷ ʧʦ ʠʪʦʛʘʤ ʩʝʤʠʥʘʨʘ ʢʦʣʣʝʢ-

ʪʠʚʥʘʷ ʤʦʥʦʛʨʘʬʠʷ ʦʪʨʘʞʘʝʪ ʥʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʢʘʢ ʧʨʠʢʣʘʜʥʳʭ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʥʘʫʢ ʠ ʧʦʢʘʟʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʄʳ ʞʠʚʝʤ ʥʝ ʚ ʧʨʦʩʪʦʝ ʚʨʝʤʷ. ʉʪʨʝʤʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʢʦʪʦʨʳʝ ʩʝʨʴʝʟʥʦ ʧʦʚʣʠʷʶʪ 

ʥʘ ʞʠʟʥʴ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɺʩʧʳʰʢʘ ʢʦʨʦʥʘʚʠʨʫʩʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʯʘʚ-

ʰʝʛʦʩʷ ʚ ʢʦʥʮʝ 2019 ʛ. ʚ ʂʠʪʘʝ (COVID-19) ʫʞʝ ʚ ʤʘʨʪʝ 2020 ʛ. ʙʳʣʘ ʦʙʲʷʚʣʝʥʘ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʧʘʥʜʝʤʠʝʡ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʥʝʡ ʧʨʘ-

ʚʠʪʝʣʴʩʪʚʘʤʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ʙʳʣʠ ʧʨʠʥʷʪʳ ʵʢʩʪʨʝʥʥʳʝ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʙʘ-

ʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʤʥʦʞʝʥʠʷ ʚʠʨʫʩʘ. ʕʪʠ ʤʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠ ʩʦʮʠʘʣʴ-

ʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʨʠʚʝʣʠ ʢ ʩʝʨʴʝʟʥʦʤʫ ʩʧʘʜʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʫʨʠʟʤʘ, ʛʣʦʙʘʣʴʥʦ ʠʟʤʝʥʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʜʚʠʞʝʥʠʷ.  

ʄʝʞʜʫ ʧʨʦʯʠʤ, ʚʠʨʫʩ ð ɻ ʪʦ ʧʦʛʨʘʥʠʯʥʠʢ, ʩʚʦʝʛʦ ʨʦʜʘ çʪʨʦʷʥʩʢʠʡ ʢʦʥʴè 

ʥʘ ʛʨʘʥʠʮʝ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʤʘʪʝʨʠʠ. ʆʙʤʘʥʳʚʘʷ ʢʣʝʪʢʫ, ʦʥ ʩʧʦʩʦʙʝʥ ʩʪʨʫʢ-

ʪʫʨʥʦ ʧʝʨʝʩʪʨʘʠʚʘʷʩʴ, ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ çʞʠʚʳʤè, ʘ ʟʘʪʝʤ ʤʠʥʝʨʘʣʠʟʫʷʩʴ, ʫʙʠ-

ʚʘʪʴ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ ʥʝ ʩʤʦʛʣʠ ʨʘʩʰʠʬʨʦʚʘʪʴ ʧʨʠʨʦʜʫ ʚʠʨʫʩʘ ʙʝʟ ʧʨʠ-

ʚʣʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʢ ʦ ɿʝʤʣʝ. 

ʈʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʟʘʜʘʯ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʩʨʝʜʳ. ʇʫʪʠ ʨʝʰʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʧʨʦʙʣʝʤ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʡʜʝʥʳ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʠʨʦʚʦʛʦ ʥʘʫʯ-

ʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʉʝʤʠʥʘʨ çɻʝʦʣʦʛʠʷ, ʛʝʦʵʢʦʣʦʛʠʷ ʠ ʵʚʦʣʶʮʠʦʥʥʘʷ ʛʝʦʛʨʘʬʠʷè 

ʩʣʫʞʠʪ ʧʨʠʤʝʨʦʤ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʠ ʟʥʘʥʠʷʤʠ ʤʝʞʜʫ ʫʯʝʥʳʤʠ ʠʟ ʨʘʟʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ. ʅʘʫʢʘ ʦ ɿʝʤʣʝ ʦʮʝʥʠʚʘʝʪ ʧʨʦʰʣʦʝ, 

ʥʘʩʪʦʷʱʝʝ, ʙʫʜʫʱʝʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʛʥʦʟʠʨʫʝʪ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ.  

ʈʝʢʪʦʨ ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ 

ʉ. ʀ. ɹʦʛʜʘʥʦʚ  
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EVOLUTION OF BIOSPHERE AND HUMAN 
Popov A.V., Saint Petersburg State University, St. Petersburg  

 

Abstract: The life on Earth was formed in the water as the result of the interaction of the 

Sun and the Earth. The organism is an open system and requires a constant supply of solar 

energy and matter. It creates the environment of fierce competition between organisms and 

higher phylogenetic groups and turns the biosphere into a single evolving system. An organism 

and many organisms form two interconnected structures. The biosphere tends to expand its 

space and seize qualitatively new territories. Dominant groups suppress the development of 

other groups. The successful development of bilaterals led to the emergence of man. The ac-

quisition of immortality by the human soul during the transition to another world led to the 

emergence of a fundamentally new movement of thinking matter. This movement of new matter 

affects the evolution of man in the biosphere. The influence of a higher motion of matter on a 

lower one is generally characteristic of the biosphere. On nowadays the interaction of science 

and theology is necessary. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ ʠ ʯʝʣʦ-

ʚʝʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʵʚʦ-

ʣʶʮʠʠ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʚʦʟʥʠʢʰʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ɹʦʣʴ-

ʦhʛʦ ʚʟʨʳʚʘ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʟʘʢʨʳʪʳʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʩ ʠʭ ʦʜʥʦʨʦʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʤʥʦʞʝʩʪʚʘʤʠ) ʠ ʦʪʢʨʳʪʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ. ɽʩʣʠ ʟʘʢʨʳʪʳʝ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʦ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʦʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʳʩʰʠʤ ʨʘʟʚʠ-

ʪʠʝʤ ʤʘʪʝʨʠʠ ʠ ʧʦʩʪʦʷʥʥʦ ʪʨʝʙʫʶʱʠʝ ʧʨʠʪʦʢʘ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʘʤʦʨʘʟʚʠʪʠʷ. ɼʣʷ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʤʥʦʞʝʩʪʚʘ ʭʘ-

ʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʠʭ ʩʦʨʪʠʨʦʚʢʦʡ ʟʘʥʠʤʘʶʪʩʷ ʚʥʝʰʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʠʣʳ. 

ɼʣʷ ʦʪʢʨʳʪʳʭ ʞʝ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʠʭ ʩʦʙʩʪʚʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ (ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʈʘʟ-

ʚʠʪʠʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʘ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʚʝʱʝʩʪʚʦ ʠ ʵʥʝʨ-

ʛʠʶ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ʠ ʵʚʦʣʶʮʠʷ ʞʠʟʥʠ. 

ɽʩʣʠ ʤʥʦʞʝʩʪʚʘ ʚ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʧʘʩʩʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʠʣ ʧʣʘʥʝʪʳ ɿʝʤʣʷ, ʪʦ ʦʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ (ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ) 
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ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʘʢʪʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʦʙʨʘʟʦ-

ʚʘʥʠʠ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ ʫʯʘʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. ʅʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʘʢʚʘʪʦʨʠʡ. 

ʆʯʝʥʴ ʚʘʞʥʦ ʩʨʘʚʥʠʪʴ ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʪʢʨʳ-

ʪʫʶ ʩʠʩʪʝʤʫ, ʩ ʵʚʦʣʶʮʠʝʡ ʤʘʪʝʨʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʪʦʡ ʝʝ 

ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʵʚʦʣʶʮʠʝʡ ʞʠʟʥʠ. ʄʘʪʝʨʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʚʘʥʪʘʭ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʞʠʟʥʠ. ʅʝʢʦʪʦʨʳʝ ʢʚʘʥʪʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʭʠʤʠʯʝʩʢʠʤ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤ, ʫʯʘʩʪʚʫʶʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʟʥʠ, ʢʘʢ ʥʠʟʰʠʝ ʥʝʠʟʤʝʥʥʳʝ ʵʣʝ-

ʤʝʥʪʳ. ɾʠʟʥʴ, ʢʘʢ ʚʳʩʰʘʷ ʬʦʨʤʘ ʤʘʪʝʨʠʠ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʳ ʥʠʟʰʝʡ 

ʬʦʨʤʳ ʤʘʪʝʨʠʠ. ʕʪʠ ʬʨʘʛʤʝʥʪʳ ʥʠʟʰʝʡ ʬʦʨʤʳ ʤʘʪʝʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʨʘʟʚʠʪʠʝʤ ʞʠʟʥʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠ-

ʯʠʝʤ ʦʨʛʘʥʠʟʤʘ ʦʪ ʢʚʘʥʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʨʛʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟ-

ʚʠʚʘʶʱʠʡʩʷ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ ʵʥʝʨʛʠʠ ʠ ʚʝ-

ʱʝʩʪʚʘ. ʕʪʦ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʞʠʟʥʠ, ʢʦʪʦʨʦʝ 

ʦʪʣʠʯʘʝʪ ʝʛʦ ʦʪ ʢʚʘʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʠʟʤʝʥʥʦʩʪʴʶ ʩʚʦʠʭ ʢʘʯʝʩʪʚ. ɺʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʣʘʥʝʪʳ 

ɿʝʤʣʷ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʨʝʨʳʚʥʦʝ ʧʦʩʪʫʧʣʝ-

ʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʘʢʚʘʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʝʝ ʨʘʟʚʠʪʠʷ. 

ɾʠʟʥʴ ʚʦʟʥʠʢʣʘ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʠ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʩ 

ʢʦʩʤʠʯʝʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʚʳʩʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʠ. 

ɻʣʘʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʨʘʞʘʣʘʩʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʚʠ-

ʞʝʥʠʡ ʤʘʪʝʨʠʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ï ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʥʦ-

ʦʩʬʝʨʥʦʛʦ.  ʉʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʚʦʟʥʠʢʘʣʠ ʠ ʨʘʟʚʠʚʘʣʠʩʴ, ʧʨʠʙʣʠʞʘʣʘʩʴ ʧʦ 

ʩʚʦʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢ ʢʦʩʤʠʯʝʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ. ʇʨʠʤʝʨʦʤ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ, ʛʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʡ ʠʟ 

ʧʣʘʥʝʪ ï ɿʝʤʣʷ ï    ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʢʚʘʪʦʨʠʠ, ʧʦ-

ʩʣʫʞʠʚʰʠʝ ʩʨʝʜʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ. 

ɾʠʟʥʴ, ʚʦʟʥʠʢʰʘʷ ʚ ʘʢʚʘʪʦʨʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʷʚʠʣʘʩʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʝʡʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘ-

ʪʝʨʠʠ.  ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʢʚʘʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙ-

ʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ. ɼʣʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʘʢ-

ʚʘʪʦʨʠʡ ʭʘʨʘʢʪʝʨʥʘ ʥʝʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘʷ ʦʙʝʩʧʝ-

ʯʝʥʥʦʩʪʴ ʵʥʝʨʛʠʝʡ. ʇʦ ʵʪʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʢʚʘʪʦʨʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠʙʣʠʟʠ-

ʣʠʩʴ ʢ ʢʦʩʤʠʯʝʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ [1, 2, 3, 4]. 

ɹʠʦʩʬʝʨʘ ʦʙʨʘʟʦʚʘʥʘ ʥʝʨʘʟʨʳʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʆʜʥʘ ʠʟ ʥʠʭ ï ʝʜʠʥʠʯʥʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʠʤ ʦʨʛʘʥʠʟʤʦʤ, ʘ ʚʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʞʝʩʪʚʦʤ ʵʪʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʝ-

ʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʦʙʨʘʟʫʶʪ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. ʃʶʙʘʷ ʬʠʣʦʛʝʥʝʪʠʯʝ-

ʩʢʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʜʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʥʦʣʠʪʥʦʡ 
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ʩʪʨʫʢʪʫʨʦʡ ʦʨʛʘʥʠʟʤʘ, ʘ ʜʨʫʛʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʞʝʩʪʚʦʤ ʵʪʠʭ ʦʨ-

ʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʩʫʤʤʦʡ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʧʦʜʚʠʞʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ [5, 6, 7, 8]. ʄʝʩʪʦ ʠ ʨʦʣʴ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʙʦʨʴʙʝ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʚ ʙʠʦʩʬʝʨʝ, ʟʘʚʠʩʷʪ ʦʪ ʝʝ 

ʫʩʧʝʭʘ ʠ ʩʧʦʩʦʙʘ ʙʦʨʴʙʳ ʟʘ ʦʚʣʘʜʝʥʠʝ ʵʥʝʨʛʠʝʡ ʠ ʞʠʟʥʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʟʤʘ, ʞʝʩʪʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ, ʢʦʥ-

ʪʨʦʣʠʨʫʝʪʩʷ ʛʝʥʦʪʠʧʦʤ. ɻʝʥʦʪʠʧ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʩʦʜʝʨʞʠʪ ʧʦ-

ʜʨʦʙʥʫʶ ʧʨʦʛʨʘʤʤʫ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʛʝʥʦʪʠʧ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʵʚʦʣʶʮʠʠ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʪ ʜʘʥʥʳʡ ʦʨʛʘʥʠʟʤ. ɻʝʥʦʪʠʧ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʪʦʥʢʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʛʦ ʦʨ-

ʛʘʥʠʟʤʘ ʠ ʝʛʦ ʤʥʦʞʝʩʪʚʘ (ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ).  ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʞʠʟʥʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʞʠʟʥʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʚ ʙʠʦʩʬʝʨʝ. ʐʠʨʦʢʠʝ ʘʜʘʧʪʠʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʉʘ-

ʤʦʡ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ ʙʳʣʠ ʙʠʣʘʪʝʨʘʣʠʠ, ʦʙʣʘʜʘʚ-

ʰʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʣʦ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʚʣʘʜʝʥʠʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ ʠ 

ʞʠʟʥʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ.  ʀʤʝʥʥʦ ʩ ʙʠʣʘʪʝʨʘʣʠʡ ʥʘʯʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ 

ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʙʠʦʩʬʝʨʳ.  ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʨʦʛʨʝʩʩʠʚ-

ʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʪʨʫʢ-

ʪʫʨr ʩ ʢʦʤʙʠʥʘʮʠʷʤʠ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʡ 

ʧʨʦʩʪʦʨ ʜʣʷ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ.  

ʆʩʥʦʚʫ ʞʠʟʥʠ ʩʦʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʦʥʦʣʠʪ-

ʥʫʶ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʥʝʧʨʝ-

ʨʳʚʥʦʤ ʨʘʟʚʠʪʠʠ. ʆʥ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʩʦʦʙʱʝʩʪʚʝ ʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʩ ʧʦʜʦʙʥʳʤʠ ʩʝʙʝ ʦʨʛʘʥʠʟʤʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʥʦʞʝʩʪʚʘ ʦʨʛʘ-

ʥʠʟʤʦʚ, ʢʘʢ ʦʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʞʠʟʥʠ, ʠ ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʧʦʣʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝ-

ʥʠʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʞʠʟʥʠ. ʉʦʝʜʠʥʝʥʠʝ ʧʨʠ ʧʦʣʦʚʦʤ ʦʧʣʦʜʦ-

ʪʚʦʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʦʚ ʧʨʝʚʨʘʱʘʝʪ ʩʪʨʫʢʪʫʨʫ ʤʥʦʞʝʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ 

ʚ ʝʜʠʥʦʝ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʝ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʮʝʣʦʝ. ʆʥʦ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʨʛʘʥʠʟʤʝ, ʜʦʤʠ-

ʥʠʨʫʶʱʠʭ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʞʝʩʪʢʘʷ ʢʦʥ-

ʢʫʨʝʥʮʠʷ ʟʘ ʦʚʣʘʜʝʥʠʝ ʵʥʝʨʛʠʝʡ. ʕʪʠ ʜʦʤʠʥʘʥʪʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʠʜʫ ʟʘʭʚʘʪʳʚʘʪʴ ʦʛʨʦʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʜʘʣʴʥʝʡʰʘʷ 
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ʵʚʦʣʶʮʠʷ ʚʠʜʘ ʜʘʝʪ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʘʪʝʛʦʨʠʡ, ʧʨʠ-

ʩʧʦʩʘʙʣʠʚʘʶʱʠʭʩʷ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʳʙʳ, ʘʤʬʠʙʠʠ, ʨʝʧʪʠʣʠʠ, ʤʣʝʢʦʧʠʪʘʶʱʠʝ).   ʊʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʙʠʣʘʪʝʨʘʣʠʠ, ʚʝʜʫʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʦʨʜʦʚʳʭ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʦʟʛʘ, ʧʦʜʝʣʠʣʠ ʞʠʚʦʪʥʳʡ ʤʠʨ ʥʘ ʜʚʫʩʪʦʨʦʥʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʠ ʨʘʜʠʘʣʴʥʦʩʠʤʤʝʪʨʠʯʥʳʭ. ʇʦʩʣʝʜʥʠʝ ʧʦʪʝʨʷʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ (ʘʨʭʝʦʮʠʘʪʳ, ʢʦʨʘʣʣʳ, ʠʛʣʦʢʦʞʠʝ). ʇʦʷʚʣʝʥʠʝ ʜʚʫʧʦʣʦʩʪʠ ʧʨʝʚʨʘ-

ʪʠʣʦ ʛʝʥʦʬʦʥʜ ʚʠʜʘ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʞʝʥʩʢʠʝ ʠ ʤʫʞʩʢʠʝ ʦʩʦʙʠ 

ʧʦʣʫʯʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʞʝʥʩʢʠʝ ʦʩʦʙʠ, ʧʨʦʠʟʚʦʜʷʱʠʝ 

ʧʦʪʦʤʩʪʚʦ, ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʨʦʚʝʨʝʥʥʦʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʪʙʦʨʦʤ ʥʘʠʙʦʣʝʝ 

ʫʜʘʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʤʘ, ʪʦ ʤʫʞʩʢʠʝ ʦʩʦʙʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʠʩʢʦʚʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʜʘʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʤ ʧʦʟʜʥʝʝ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʨʘʟʚʠʪʠʠ ʚʠʜʘ. 

ʈʝʚʦʣʶʮʠʦʥʥʳʤ ʩʦʙʳʪʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʙʠʦʩʬʝʨʳ ʷʚʠʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʦʨʛʘʥʠʟʤʦʚ ʙʠʣʘʪʝʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʩʧʦʩʦʙʥʳʭ ʢ ʘʢʪʠʚʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʙʦʨʴʙʝ ʟʘ ʦʚʣʘʜʝʥʠʝ ʵʥʝʨʛʠʝʡ. ʋʞʝ ʚ ʚʝʥʜʝ ʧʦʷʚʠʣʠʩʴ ʜʚʫ-

ʩʪʦʨʦʥʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʣʟʘʪʴ ʧʦ ʜʥʫ ʚʦʜʦʝʤʘ. ʊʘʢʘʷ 

ʬʦʨʤʘ ʜʚʠʞʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʦʣʴʢʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʣʘ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʥʝʰʥʝʛʦ ʩʢʝʣʝʪʘ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʯʣʝ-

ʥʠʩʪʦʥʦʛʠʭ. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ ʬʦʨʤʘ ʜʚʠʞʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʠʤʝʶʱʠʭ ʜʚʫ-

ʩʪʦʨʦʥʥʶʶ ʩʠʤʤʝʪʨʠʶ, ʚʦʟʥʠʢʣʘ ʚ ʥʘʯʘʣʝ ʬʘʥʝʨʦʟʦʷ. ʕʪʦ ʙʳʣʠ ʭʦʨʜʦʚʳʝ. 

ʆʥʠ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ ʜʚʠʞʝʥʠʡ, ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʚʰʠʤ ʘʢʪʠʚʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʦʨʛʘʥʠʟʤʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʪʨʝʭ ʠʟ-

ʤʝʨʝʥʠʷʭ. ʊʘʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʳʟʳʚʘʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʣʝʨʝʮʝʧʪʦ-

ʨʦʚ ʤʦʟʛʘ ï ʦʙʦʥʷʥʠʷ, ʩʣʫʭʘ, ʟʨʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʭʦʨʜʳ ʠ ʚʦʟʥʠʢʰʠʭ ʥʘ ʥʝʡ ʢʦ-

ʥʝʯʥʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʣʦ ʵʥʝʨʛʠʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʦʨʛʘʥʠʟʤʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ʕʪʘ ʬʦʨʤʘ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʠʣʘ ʚʦʧʣʦʱʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʨʳʙʦʦʙʨʘʟʥʳʭ. ɼʘʣʴ-

ʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʭʦʨʜʦʚʳʭ ʧʨʦʜʦʣʞʘʣʦʩʴ ʠ ʥʘ ʩʫʰʝ ʚ ʵʚʦʣʶʮʠʠ ʪʝʪʨʘʧʦʜ. ʆʥʦ 

ʟʘʚʝʨʰʠʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʨʠʤʘʪʦʚ ʠ ʯʝʣʦʚʝʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʦʨʛʘʥʠʟʤ ï ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ, ʥʫʞʜʘʶʱʘʷʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʧʨʠʪʦʢʝ ʵʥʝʨʛʠʠ ʜʣʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʪʦ ʥʘʠʙʦʣʝʝ ʦʩʪʨʘʷ ʙʦʨʴʙʘ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʤʘʤʠ ʧʨʦʪʝʢʘʝʪ ʚʥʫʪʨʠ ʚʠʜʘ ʠʟ-ʟʘ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʨʝʜʝ. ʄʝʥʝʝ ʦʩʪʨʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʩʚʦʡʩʪʚʝʥʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʤ ʨʦʜʩʪʚʝʥʥʳʤ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ. ʉ ʥʘʠʙʦʣʴʰʝʡ ʦʩʪʨʦʪʦʡ ʢʦʥʢʫʨʝʥʮʠʷ, ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʶʱʘʷ ʥʘ ʫʩʢʦʨʝʥʠʝ ʵʚʦʣʶʮʠʠ, ʧʨʦʷʚʣʷʝʪʩʷ ʫ ʙʠʣʘʪʝʨʘʣʠʡ. 

ɹʠʣʘʪʝʨʘʣʠʠ, ʠʣʠ ʜʚʫʩʪʦʨʦʥʥʝʩʠʤʤʝʪʨʠʯʥʳʝ, ʧʦʣʫʯʠʚʰʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʦʙʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʧʦʠʩʢʘ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ʕʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʣʘʪʝʨʘʣʠʡ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʘʥʘ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʧʦʷʚʣʝ-

ʥʠʝʤ ʚʘʞʥʦʛʦ ʦʨʛʘʥʘ, ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ʦʨʛʘʥʠʟʤʘ. ʕʪʦʪ ʘʢʪʠʚ-

ʥʳʡ ʮʝʥʪʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʟʛ, ʢʦʪʦʨʳʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ.  ʕʪʦ ʵʚʦʣʶʮʠʦʥʥʦʝ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʞʠʚʦʛʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʭʦʨʜʦʚʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʣʠ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʚʘʪʴ ʚʥʫʪʨʝʥʥʠʡ ʩʢʝʣʝʪ, ʥʦ ʠ ʦʪʢʨʳʣʠ ʰʠʨʦʢʫʶ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʟʛʘ, ʧʨʝʚʨʘʪʠʚʰʝʛʦʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚ 

ʝʜʠʥʳʡ ʮʝʥʪʨ, ʧʦʣʫʯʠʚʰʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ ʙʠʣʘʪʝʨʘʣʠʠ, ʠ ʦʩʦʙʝʥʥʦ 

ʭʦʨʜʦʚʳʝ, ʧʦʜʘʚʠʣʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʨʛʘʥʠʟʤʦʚ, ʩʢʦʚʘʚ ʠʭ ʨʘʟʚʠʪʠʝ 

ʠ ʦʪʪʝʩʥʠʚ ʚ ʟʦʥʫ, ʛʜʝ ʪʝ ʤʦʛʫʪ ʤʝʜʣʝʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʬʠʣʴʪʨʘʪʳ 

ʠʣʠ ʦʨʛʘʥʠʟʤʳ ʩ ʧʨʠʤʠʪʠʚʥʳʤ ʨʝʟʝʨʚʫʘʨʥʳʤ ʧʠʱʝʚʘʨʝʥʠʝʤ.  ʃʠʰʴ ʥʝ-

ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʧʦʣʫʯʠʣʠ ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʥʘʧʨʠʤʝʨ, ʢʦ-

ʨʘʣʣʳ. ʊʘʢʠʝ ʧʦʜʚʠʞʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʢʘʢ ʠʛʣʦʢʦʞʠʝ, ʥʝ ʠʤʝʶʱʠʝ ʝʜʠʥʦʛʦ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʢʘʢ ʤʦʟʛ ʙʠʣʘʪʝʨʘʣʠʡ, ʪʘʢʞʝ ʥʝ ʧʦʣʫ-

ʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʰʠʨʦʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠʭ ʬʦʨʤ. 

ʂ ʜʦʤʠʥʘʥʪʥʳʤ ʛʨʫʧʧʘʤ ʦʪʥʦʩʷʪʩʷ ʙʠʣʘʪʝʨʘʣʠʠ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʭʦʨʜʦʚʳʝ, ʢʦʪʦʨʳʝ ʧʦʰʣʠ ʧʦ ʧʫʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, 

ʠ ʦʩʦʙʝʥʥʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʦʚʝʨʰʝʥʥʦ ʥʦ-

ʚʦʡ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʜʫʰʠ ʠ ʠʥʪʝʣ-

ʣʝʢʪʘ. 

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʘ ʯʝʣʦʚʝʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʋ ʥʝʘʥʜʝʨʪʘʣʴʮʘ ʦʥ ʜʦʩʪʠʛʘʣ ʥʘʠʚʳʩʰʝʛʦ ʟʥʘʯʝʥʠʷ 

(1500 ʢʫʙ. ʩʤ.). ʅʦ ʜʘʣʝʝ ʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ï ʢʨʦʤʘʥʴʦʥʮʘ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʟʛʘ ʩʤʝʥʠʣʦʩʴ ʛʣʫʙʦʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʦʙʲʝʤʘ ʤʦʟʛʘ. (1400 ʢʫʙ. ʩʤ). ʕʪʘ ʦʙʱʘʷ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʦʨʛʘʥ ʥʘ ʧʝʨ-

ʚʳʭ ʵʪʘʧʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʭ ʩʪʨʫʢʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ. ʂʨʦʤʘʥʴʦʥʮʳ ʦʪʣʠʯʘ-

ʣʠʩʴ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʙʳʯʝ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩ-

ʪʘʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʣʶʜʝʡ (ʜʦ 90 ʤʣʥ.). ʋʩʧʝʰʥʘʷ ʦʭʦʪʘ ʩʚʷʟʘʥʘ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʫʩʪʦʡʯʠʚʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ ʝʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʷʚʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʦʭʦʪʳ 

ʚʨʝʤʝʥʠ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʨʝʤʝʩʝʣ ʠ ʠʩʢʫʩʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʢʘ 7 ï 6 ʪʳʩ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʣʶʜʝʡ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʠʧʘ (Homo supersapiens A.Popov) [7], ʯʪʦ ʦʟʥʘʤʝʥʦʚʘʣʦ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʥʦʦʩʬʝʨʳ. ʕʪʦʪ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʷʚʠʣʩʷ çʵʚʦ-

ʣʶʮʠʦʥʥʳʤ ʚʟʨʳʚʦʤè, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʣʝʤʝʥ, ʩʦ-

ʶʟʦʚ ʧʣʝʤʝʥ, ʘ ʟʘʪʝʤ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʩʪʨʫʢ-

ʪʫʨ, ʨʘʟʚʠʪʠʝʤ ʧʠʩʴʤʝʥʥʦʩʪʠ, ʥʘʫʢʠ, ʣʠʪʝʨʘʪʫʨʳ, ʠʩʢʫʩʩʪʚʘ. 

ɼʣʷ ʵʚʦʣʶʮʠʠ ʞʠʚʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʥʝ ʪʦʣʴʢʦ ʤʦʱʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʚʳ-

ʭʦʜʫ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʦ ʦʙʠʪʘʣʦ, ʥʦ ʠ ʚʦʟʚʨʘʪ ʚ ʵʪʫ 

ʞʝ ʩʨʝʜʫ ʦʨʛʘʥʠʟʤʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʦʛʦ ʦʥʠ ʜʦʩʪʠʛʣʠ ʚ ʥʦ-

ʚʦʡ, ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. ʕʪʘ ʚʘʞʥʝʡʰʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʞʠʚʦʛʦ ï 

ʚʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʧʨʝʞʥʝʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʚʨʘʪ ʚ ʥʦʚʦʤ 

ʢʘʯʝʩʪʚʝ ʚ ʵʪʫ ʞʝ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʥʘʯʠʥʘʶʪ ʟʘʥʠʤʘʪʴ ʜʦʤʠʥʠʨʫʶʱʝʝ, 
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ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʨʘʟʚʠʪʠʠ ʯʝʣʦ-

ʚʝʢʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʠʥʦʛʦ ʤʠʨʘ, ʙʦʣʝʝ ʚʳʩʰʝʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʥʘʧʨʘʚ-

ʣʝʥʦ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʣʶʜʴʤʠ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ 

ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʛʫʤʘʥʥʦʛʦ, ʛʘʨʤʦʥʠʯʥʦʛʦ ʦʙʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʣʶʙʚʠ ʠ ʫʚʘʞʝʥʠʷ ʢ ʢʘʞʜʦʡ ʣʠʯʥʦʩʪʠ, ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ, ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʤʝʞʜʫ ʵʪʥʦʩʘʤʠ (ʥʘʨʦʜʘʤʠ) ʠ ʠʭ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʜʫʰʠ ʯʝʣʦʚʝʢʘ ʠʟ ʙʠʦʩʬʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʦʚʝʨ-

ʰʝʥʥʦ ʥʦʚʫʶ ʩʨʝʜʫ ʧʦʚʣʝʢʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ. 

ʇʨʠʟʥʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʞʠʟʥʠ (çʪʦʪ ʩʚʝʪè) ʩʦ-

ʟʜʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʘʫʢʦʡ ʠ ʨʝʣʠʛʠʝʡ, ʢʦʪʦʨʳʝ ʚʤʝ-

ʩʪʦ ʚʟʘʠʤʥʦʛʦ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʜʦʣʞʥʳ ʩʤʝʥʠʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʆʙʨʝʪʝʥʠʝ ʜʫʰʦʡ ʙʝʩʩʤʝʨʪʠʷ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʤʘʪʝʨʠʠ ï ʤʳʩʣʷʱʝʡ ʤʘʪʝʨʠʠ. ʕʪʦ ʥʦʚʦʝ ʚʳʩʰʝʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ ʷʚ-

ʣʷʝʪʩʷ ʧʨʷʤʳʤ ʟʘʢʦʥʦʤʝʨʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʙʠʦʩʬʝʨʳ ʠ ʦʙʨʘʟʫʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʠ. ʄʳʩʣʷʱʘʷ ʤʘʪʝʨʠʷ ʠʤʝʝʪ 

ʩʚʦʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ. ɾʝʩʪʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʵʥʝʨʛʠʶ, ʭʘʨʘʢʪʝʨ-

ʥʘʷ ʜʣʷ ʙʠʦʩʬʝʨʳ, ʟʘʤʝʱʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʪʘʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʜʣʷ ʤʳʩʣʷ-

ʱʝʡ ʤʘʪʝʨʠʠ. ʆʥʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɺ ʙʠʦʩʬʝʨʝ ʧʦʣʦʞʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʦʙʱʝʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʟʘʚʣʘʜʝʪʴ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʙʦʛʘʪʩʪʚʝ ʠ ʚʣʘʩʪʠ. ʕʪʦ ʥʝ 

ʪʦʣʴʢʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʥʠʤʘʥʠʝ ʀʩʪʠʥʳ ʯʝʣʦʚʝʢʦʤ, ʥʦ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʠ ʢ 

ʩʦʟʥʘʪʝʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʝʝ. ɺ ʵʪʦʤ ʚʣʠʷʥʠʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘ-

ʪʝʨʠʠ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ ï ʙʠʦʩʬʝʨʥʦʝ ï ʥʘʭʦʜʠʪ ʚʳʨʘʞʝ-

ʥʠʝ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʞʠʟʥʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʳʩʣʷʱʝʡ ʤʘʪʝʨʠʠ ʟʥʘ-

ʯʠʪʝʣʴʥʳʡ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʰʘʛ ʚ ʨʘʟʚʠʪʠʠ ʞʠʟʥʠ.  

ʈʘʟʚʠʪʠʝ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʫʰʠ ʯʝ-

ʣʦʚʝʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘ, ʢʦʪʦʨʘʷ ʷʚʠʣʘʩʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ [3]. ɽʩʣʠ ʠʥʪʝʣʣʝʢʪ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʜʫʰʘ ʚ ʙʠʦ-

ʩʬʝʨʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʤʝʞʜʫ ʠʥʜʠʚʠʜʫʫʤʘʤʠ ʚ ʨʘʤʢʘʭ ʢʦ-

ʨʦʪʢʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ, ʪʦ ʜʫʰʘ ʯʝʣʦʚʝʢʘ ʧʦʣʫʯʠʣʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ 

ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɼʫʰʘ ʧʦʣʫʯʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʩʨʦʯʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʚ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʪʩʫʪʩʪʚʠʝ 

ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʵʥʝʨʛʠʶ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʙʠʦʩʬʝʨʝ, ʦʧʨʝʜʝʣʠʣʦ ʥʦʚʳʝ ʫʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʳʩʣʷʱʝʡ ʤʘʪʝʨʠʠ. ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʫʰʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʟʥʘʯʠʪ ʠ ʥʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ. ɿʘʤʝʥʘ ʢʦʥ-

ʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʜʠʚʠʜʫʫʤʘʤʠ ʷʚʠʣʘʩʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ. ɼʣʷ ʩʪʨʫʢʪʫʨ, ʚʦʟʥʠ-

ʢʘʶʱʠʭ ʚ ʵʪʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʠ, ʭʘʨʘʢʪʝʨʥʦ ʧʦʣʫʯʝʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚ ʠʥʪʝʣʣʝʢʪʦʚ, ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ, ʢʦʪʦʨʳʝ ʠʩʩʣʝ-

ʜʫʶʪ ʧʨʠʨʦʜʫ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ. 

ɺʦʟʥʠʢʰʝʝ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ï ʚʦʟʜʝʡ-

ʩʪʚʫʝʪ ʥʘ ʯʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ, ʩʫʱʝʩʪʚʫʶʱʝʝ ʚ ʙʠʦʩʬʝʨʝ, ʦʙʣʘʛʦʨʘʞʠʚʘʷ 
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ʝʛʦ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʚʳ-

ʨʘʞʝʥʦ ʚ ʧʦʷʚʣʝʥʠʠ ʍʨʠʩʪʘ ʠ ʝʛʦ ʫʯʝʥʠʠ. ʕʪʦ ʚʳʩʰʝʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ ʫʞʝ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠʥʜʠʚʠʜʫʫʤʦʤ ʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʝʥʥʳʤʠ 

ʨʘʤʢʘʤʠ ʢʦʨʦʪʢʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɺ ʙʠʦʩʬʝʨʥʦʡ ʞʝ ʦʙʩʪʘʥʦʚʢʝ ʞʠʟʥʴ ʯʝʣʦ-

ʚʝʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʟʘ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʦʩʦ-

ʙʝʥʥʦ ʩʠʣʴʥʘ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʠʟʥʴ, ʷʚʣʷʶʱʘʷʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʚʳʩʰʝʛʦ ʜʚʠʞʝʥʠʷ ʤʘ-

ʪʝʨʠʠ, ʠʤʝʝʪ ̫ ʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʟʘʭʚʘʪʘ ʥʦʚʳʭ ʩʨʝʜ ʦʙʠʪʘʥʠʷ. ʀʥ-

ʪʝʣʣʝʢʪ ʯʝʣʦʚʝʢʘ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʙʳʩʪʨʦʤʫ ʨʘʟʚʠʪʠʶ, ʧʦʣʫʯʠʣ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʚ ʥʦʚʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. ʕʪʦ ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʨʘʟʚʠʪʠʠ ʜʫʰʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʦʩʚʦʠʪʴ ʥʦʚʳʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʦʙʠʪʘʥʠʷ ï ʠʥʦʡ ʤʠʨ (çʪʦʪ ʩʚʝʪè). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʩʰʠʝ ʬʦʨʤʳ ʨʘʟʚʠʪʠʷ 

ʞʠʟʥʠ ʧʨʦʜʦʣʞʘʶʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʬʦʨʤʳ ʞʠʟʥʠ, ʩʦʚʝʨ-

ʰʝʥʩʪʚʫʷ ʠʭ. ɺʳʩʰʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʙʠʦʩʬʝʨʳ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʯʪʦ 

ʯʝʣʦʚʝʢ ʦʙ ʵʪʦʤ ʥʝ ʧʦʜʦʟʨʝʚʘʝʪ. ɻʣʘʚʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʦʨʛʘʥʠʟʫʶʱʠʡ ʮʝʥʪʨ 

ʵʪʦʛʦ ʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʳʩʣʷʱʝʡ ʤʘʪʝʨʠʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʥʠʢ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʘ ʙʦʣʝʝ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʚ ʜʨʫʛʠʭ ʟʦʥʘʭ ʛʘʣʘʢʪʠʢʠ.  
ʃʠʪʝʨʘʪʫʨʘ 

 ʇʦʧʦʚ ɸ.ɺ. ʌʠʣʦʩʦʬʩʢʠʝ ʘʩʧʝʢʪʳ ʵʚʦʣʶʮʠʠ ʞʠʟʥʠ // ɻʝʦʣʦʛʠʷ ʚ ʰʢʦʣʝ ʠ ʚʫʟʝ: ɻʝʦ-
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ʉʇʙɻʋ. ʉʝʨ. 7. 2010. ɺʳʧ. 2. ʉ. 59 ï 70. 

 ʇʦʧʦʚ ɸ.ɺ. ʈʘʟʚʠʪʠʝ ʜʦʤʠʥʘʥʪʥʳʭ ʛʨʫʧʧ ʠ ʦʙʱʝʙʠʦʩʬʝʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ // ɺʝʩʪʥ. 
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ɻʣʘʚʘ I. ʄɽʊʆɼʆʃʆɻʀʗ ʀ ʄɽʊʆɼʓ  

ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʅɸʋʂɸʍ ʆ ɿɽʄʃɽ 

 

 

 

 

 

ʂʆʅʊʈʆʃʔ ʂɸʏɽʉʊɺɸ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

ʉʊʈʋʂʊʋʈʅʆ-ʅɽʋʉʊʆʁʏʀɺʓʍ ɻʈʋʅʊʆɺʓʍ ʄɸʉʉʀɺʆɺ 

ʊ.ʊ. ɸʙʨʘʤʦʚʘ, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

QUALITY CONTROL OF ARTIFICIAL TRANSFORMATION  

OF STRUCTURALLY UNSTABLE SOIL MASSES  
T.T. Abramova, Lomonosov Moscow State University, Moscow 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʟʘʢʨʝʧʣʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥ-

ʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝ-

ʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ (ʫʧʨʫʛʠʭ) ʚʦʣʥ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʨʘʩʩʤʦʪ-

ʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʫʣʴʪʨʘʟʚʫʢ, ʩʝʡʩʤʦʘʢʫʩʪʠʢʘ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʜʠʪʴ ʦ ʤʝ-

ʭʘʥʠʟʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʷʞʫʱʝʛʦ ʩ ʛʨʫʥʪʦʤ, ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʦʚ. ʂʦʥʪʨʦʣʴ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʦʮʝʤʝʥʪʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʩʝʡʩʤʦʘʢʫʩʪʠʢʘ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ, 

ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʦʚ, ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ. 

Abstract. Non-destructive geophysical methods, based on examining the propagation of 

surface (elastic) waves, can be used for the quality control of stabilized dispersed soils. These 

methods are considered in this work: ultrasound, seismic acoustics, and seismic exploration. It 

is shown that a change in the velocity of longitudinal waveôs propagation allows to judge about 

the interaction of the binder with the soil. This establishes the duration of the soil stabilization. 

Strength and modulus of soil-cement deformation are controlled by establishing correlations 

between the mechanical characteristics of the longitudinal waves and the values of their prop-

agation velocity.  

Keywords: ultrasound, seismic acoustics, seismic exploration, longitudinal waves, soil 

strength, deformation modulus. 
 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʳ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʚʦʡʩʪʚ 

ʛʨʫʥʪʦʚ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʪʝʤʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʦʟ-

ʨʘʩʪʘʶʱʠʝ ʦʙʲʝʤʳ ʨʘʙʦʪ, ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʣʫʙʠʥʥʦʛʦ ʟʘʢʨʝʧʣʝ-

ʥʠʷ ʛʨʫʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʨʝʰʝʥ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʵʪʦʡ ʮʝʣʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʠ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʚʩʢʨʳʪʠʝ ʤʘʩʩʠʚʦʚ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʭ ʠʩʧʳʪʘʥʠʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʦʣ-

ʥʦʚʳʝ ʤʝʪʦʜʳ: ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʩʝʡʩʤʦʘʢʫʩʪʠʢʘ, ʫʣʴʪʨʘʟʚʫʢ. ʆʪʣʠʯʠʪʝʣʴ-

ʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ, ʨʝʟʦʥʘʥʩʘ ʠ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟ-

ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʠ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ 70-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʉ.ɺ. ɸʢʩʝʥʦʚʳʤ, 

ʕ.ɸ. ɹʦʯʢʦ, ɺ.ʉ. ɼʫʙʨʦʚʠʥʳʤ, ʇ.ʀ. ʃʦʛʠʥʦʚʦʡ, ɺ.ʅ. ʅʠʢʠʪʠʥʳʤ, ɺ.ʉ. ʗʤ-

ʱʠʢʦʚʳʤ ʠ ʜʨ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʣʴʪʨʘʟʚʫʢʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ Vp ʚ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʧʝʩʢʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʚʷʞʫʱʠʭ (ʮʝʤʝʥʪ, ʟʦʣʘ ʫʥʦʩʘ, ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, ʢʘʨʙʘʤʠʜʥʘʷ ʩʤʦʣʘ, 

ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ ʠ ʜʨ.) ʠ ʛʨʫʥʪʦʚ (ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʝʩʢʠ, ʩʫʧʝʩʠ 

ʪʷʞʝʣʳʝ, ʩʫʛʣʠʥʢʠ). ʇʦʣʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʜʠʪʴ ʦ ʤʝʭʘʥʠʟʤʝ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʷʞʫʱʝʛʦ ʩ ʛʨʫʥʪʦʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʩʢʦʚ, ʦʙ-

ʨʘʙʦʪʘʥʥʳʭ ʮʝʤʝʥʪʦʤ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ 

ʚʦʣʥ (Vp) ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʦʣʳ ʫʥʦʩʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʥʦʝ ʠʭ ʥʘʨʘʩʪʘʥʠʝ [5]. ʏʝʤ ʚʳʰʝ ʦʩʥʦʚʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʝʩʢʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʩʠʣʠʢʘʪʦʤ ʥʘʪʨʠʷ, ʪʝʤ ʙʦʣʴʰʝ 

ʩʢʦʨʦʩʪʴ Vʨ. ʆʜʥʘʢʦ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ 

ʧʝʩʢʦʚ ʢʘʨʙʘʤʠʜʥʳʤʠ ʩʤʦʣʘʤʠ [2, 3]. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴ-

ʥʳʭ ʚʦʣʥ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʚ ʦʙʨʘʟʮʘʭ 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʧʝʩʢʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʧʝʩʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚ ʦʙʨʘʟʮʘʭ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ʩʢʦ-

ʨʦʩʪʴ Vʨ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʪʚʝʨʜʠʪʝʣʷ, ʠ ʪʝʤ ʠʥ-

ʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʝʛʦ ʙʦʣʴʰʝ [2, 5]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ Vʨ ʪʝʩʥʦ ʩʚʷʟʘʥʦ 

ʩ ʪʘʢʠʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʢʨʝʧʣʝʥʥʦʛʦ 

ʛʨʫʥʪʘ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʠ ʚʣʘʞʥʦʩʪʴ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʙʳʩʪʨʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʩʚʝʯʠʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 1 ʤ.  

ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʜʣʠʥʳ ʚʦʣʥ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ. ʇʨʠ ʠʩ-

ʧʳʪʘʥʠʠ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ ʵʪʠʤ ʤʝʪʦʜʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ 
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ʚʦʣʥʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʜʦʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ. ɺ.ɺ. ʂʘʧʫ-

ʩʪʠʥ, ɸ.ʖ. ʍʤʝʣʴʥʠʮʢʠʡ [4] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʥʝʧʨʠʤʝʥʠʤʳ ʜʣʷ ʩʚʘʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʤʝʪʦʜʦʤ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥ-

ʪʘʮʠʠ (ʠʟ-ʟʘ ʥʝʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ 

ʚʜʦʣʴ ʩʚʘʠ), ʩʚʘʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʠʟ-ʟʘ ʥʝ-

ʧʦʩʪʦʷʥʩʪʚʘ ʩʝʯʝʥʠʷ) ʠ ʜʨ., ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʨʳʪ. ɼʣʷ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝ-

ʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʙʣʶʜʝʥʠʠ ʚ ʩʢʚʘʞʠʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʥʫʪʨʠ ʦʙʲ-

ʝʢʪʘ ʠʣʠ ʨʷʜʦʤ ʩ ʥʠʤ ʚʦ ʚʤʝʱʘʶʱʝʤ ʛʨʫʥʪʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʤʘʩʩʠʚʘʭ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʪʨʫʡʥʦʡ ʮʝ-

ʤʝʥʪʘʮʠʠ (Jet), ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʢʚʘʞʠʥʳ, ʧʨʦ-

ʙʫʨʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʩʘʞʠʚʘʶʪʩʷ 

ʧʣʘʩʪʠʢʦʚʳʤʠ ʪʨʫʙʘʤʠ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʠ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ɚ ʠ ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ d ʚʳʜʝʣʷ-

ʶʪʩʷ ʜʚʘ: ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ (ɚ/d >> 1) ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (ɚ/d < 1). ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʨʫʛʠʝ ʚʦʣʥʳ 

ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ: ʟʚʫʢʦʚʳʝ (ʜʦ 20 ʢɻʮ) ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ (> 20 ʢɻʮ). 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠ-

ʷʤʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʤʘʩʩʠʚʦʚ 

ʩ ʧʦʤʦʱʴʶ Jet ʮʝʤʝʥʪʘʮʠʠ, ʧʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʢʚʘʞʠʥʥʳʭ ʤʝʪʦʜʦʚ [1]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ-

ʙʣʠʟʠʪʴʩʷ ʢ ʦʙʲʝʢʪʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʢʣʶʯʠʪʴ ʧʦʪʝʨʶ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʟʝʤʣʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘ-

ʟʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʫʧʨʫʛʠʭ ʚʦʣʥ, ʧʨʦʯʥʦʩʪ-

ʥʳʤʠ ʠ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʷʝ-

ʤ ʤrʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʠ ʩʧʝʢʪʨ ʠʤ-

ʧʫʣʴʩʘ ʫʧʨʫʛʠʭ ʚʦʣʥ. ʆʩʥʦʚʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ï ʩʢʦʨʦʩʪʴ ʧʨʦ-

ʜʦʣʴʥʦʡ ʫʧʨʫʛʦʡ ʚʦʣʥʳ Vʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ Vʨ ʤ/ʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟ-

ʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʘʩʩʪʦʷʥʠʷ L ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ, ʠ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʦʡ ʚʦʣʥʳ t ʧʦ ʬʦʨʤʫʣʝ Vʨ=L/t. ʂʦʥʪʨʦʣʴ ʧʨʦʯ-

ʥʦʩʪʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ (ʫʧʨʫʛʦʩʪʠ) ʛʨʫʥʪʦʮʝʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ çʩʢʦʨʦʩʪʴ ʫʧʨʫʛʦʡ ʚʦʣʥʳ ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʦʜʥʦ-

ʦʩʥʦʝ ʩʞʘʪʠʝè ʠ çʩʢʦʨʦʩʪʴ ʫʧʨʫʛʦʡ ʚʦʣʥʳ ï ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ (ʫʧʨʫʛʦʩʪʠ)è. 

ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʚʝʨʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʛʨʫʥ-

ʪʦʚ ʚ ʨʘʡʦʥʝ ʧʣʦʱʘʜʠ ʄʫʞʝʩʪʚʘ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʧʦʢʘʟʘʣʠ ʚ 6 ʩʢʚʘʞʠʥʘʭ 

ʜʦ ʛʣʫʙʠʥʳ 20 ʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʫʧʨʫʛʦʡ ʚʦʣʥʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1000 

ʜʦ 2800 ʤ/ʩ (ʛʣʫʙʠʥʘ 1 ï 3 ʤ) ʠ 1575 ï 3000 ʤ/ʩ (20 ʤ). 

ʇʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [1]. ʕʪʦʪ ʤʝʪʦʜ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʢʦʥʪʨʦʣʝ ʫʧʨʦʯʥʝʥʥʳʭ ʛʨʫʥʪʦʚ ʤʝʪʦʜʦʤ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥ-

ʪʘʮʠʠ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʂʦʣʴʮʝʚʘʷ ʘʚ-

ʪʦʜʦʨʦʛʘ, 2-ʷ ʦʯʝʨʝʜʴ ɿʘʧʘʜʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʨʘʡʦʥ ʧʣʦʱʘʜʠ ʄʫ-

ʞʝʩʪʚʘ, ʟʜʘʥʠʝ 2-ʡ ʩʮʝʥʳ ʄʘʨʠʠʥʩʢʦʛʦ ʪʝʘʪʨʘ, ʢʦʤʧʣʝʢʩ çʉʪʦʢʤʘʥʥ 
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ʅʝʚʩʢʠʡè, ʥʘʢʣʦʥʥʳʝ ʭʦʜʳ ʩʪʘʥʮʠʡ ʤʝʪʨʦ çɸʜʤʠʨʘʣʪʝʡʩʢʘʷè, çʉʧʘʩʩʢʘʷè, 

çɿʚʝʥʠʛʦʨʦʜʩʢʘʷ, çʆʙʚʦʜʥʦʡ ʢʘʥʘʣè ʠ ʜʨ.). 

ɸ.ɺ. ʏʝʨʥʷʢʦʚ, ʆ.ɺ. ɹʦʛʦʤʦʣʦʚʘ, ɺ.ɺ. ʂʘʧʫʩʪʠʥ ʠ ʜʨ. [6] ʩʯʠʪʘʶʪ, ʯʪʦ 

ʜʣʷ ʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʡ: ʩʢʚʘʞʠʥʥʫʶ ʘʢʫʩʪʠʢʫ, 

ʩʢʚʘʞʠʥʥʫʶ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʶ, ʨʘʜʠʦʚʦʣʥʦʚʦʝ ʧʨʦʩʚʝʯʠʚʘʥʠʝ, ʩʢʚʘʞʠʥʥʫʶ 

ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʶ, ʛʘʤʤʘ-ʢʘʨʦʪʘʞ, ʨʘʜʠʦʚʦʣʥʦʚʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʩʢʚʘ-

ʞʠʥʳ, ʠʥʜʫʢʮʠʦʥʥʳʡ ʢʘʨʦʪʘʞ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʥʘʙʣʶ-

ʜʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʨʦ-

ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʥʘʙʣʶʜʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ 

ʤʝʨʝ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʦʮʝʤʝʥʪʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ:  

¶ ʧʦʢʘʟʘʪʝʣʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ 
ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʠʨʦʚʢʠ 

ʚʷʞʫʱʝʛʦ ʧʨʠ ʫʢʨʝʧʣʝʥʠʠ ʛʨʫʥʪʦʚ; 

¶ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚʦ ʚʨʝʤʝʥʠ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥ-

ʪʦʚ; 

¶ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʷʚʣʷ-
ʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʠʧʘ ʛʨʫʥʪʦʚ, ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʠ, 

ʧʦʨʠʩʪʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

 ʃʠʪʝʨʘʪʫʨʘ 
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ʈɸʉʐʀʌʈʆɺʂɸ ʂʆɼɸ ʕɺʆʃʖʎʀʀ ʈɽʃʔɽʌɸ ɺ ʉʊɽʇʗʍ  

ʎɽʅʊʈɸʃʔʅʆʁ ɸɿʀʀ ʇʆ ɼɸʅʅʓʄ ʉʊɸʎʀʆʅɸʈʅʓʍ  

ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʃʀʊʆʃʆɻʀʏɽʉʂʀʄ ɿɸʇʀʉʗʄ ɻʆʃʆʎɽʅɸ 
1ɹʘʞʝʥʦʚʘ ʆ.ʀ., 1,2ʉʥʳʪʢʦ ɺ.ɸ., 3ʊʶʤʝʥʮʝʚʘ ɽ.ʄ. 
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2ʀʥʩʪʠʪʫʪ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʠʤ. ʉ.ʀ. ɺʘʚʠʣʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

3ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʨʝ-

ʤʝʥʥʘʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ʵʢʟʦʛʝʥʥʦʛʦ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʚʦʩʪʦʯʥʦʤʫ 

ʤʫʩʩʦʥʥʦʤʫ ʩʝʢʪʦʨʫ ʩʪʝʧʝʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚʥʫʪʨʠʚʝʢʦʚʦʡ 27-

35-ʣʝʪʥʠʡ ʮʠʢʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʣʦʛʦ ʣʠʪʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɺʳʷʚʣʝʥ ʨʠʪʤʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʟ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʦʣʦʮʝʥʝ, ʢʦʪʦʨʳʝ ʦʙʲ-

ʝʜʠʥʝʥʳ ʚ ʮʠʢʣʳ ʨʘʟʣʠʯʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

ʂʣʶʯʝʚʳʢ ʩʣʦʚʘ: ʆʥʦʥ-ɸʨʛʫʥʩʢʘʷ ʩʪʝʧʴ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʝʦʩʠʩʪʝʤ, ʣʠʪʦʧʦ-

ʪʦʢʠ ʚʝʰʝʩʪʚʘ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʘʟʳ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ, ʮʠʢʣʳ, ʛʦʣʦʮʝʥ 

Abstract: On the basis of long-term stationary studies, the temporal organization of exog-

enous relief formation, characteristic of the eastern monsoon sector of the steppes of Central 

Asia, has been established. The intrasecular 27-35-year cycle of functioning of the small litho-

metric basin is considered in detail. The rhythmic nature of the change in the dynamic phases 

of relief formation in the Holocene was revealed, which were combined into cycles of various 

hierarchical levels. 

Keywords: Onon-Argun steppe, functioning of geosystems, lithotreams of matter, dy-

namic phases of relief formation, cycles, Holocene 

ʆʪʤʝʯʘʶʱʝʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʶ 

ʦʙʱʝʡ ʩʭʝʤʳ ʵʚʦʣʶʮʠʠ ʨʝʣʴʝʬʘ [1] ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʠʜʝʝ ɸ. ʐʦʣʣʝʷ [2] ʦʙ ʠʟʫʯʝʥʠʠ ʥʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʬʦʨʤ ʠ ʧʨʦʮʝʩʩʦʚ, ʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ð ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʪʝʢʘʶʱʫʶ, ʙʝʩʢʦʥʝʯʥʫʶ ʩʤʝʥʫ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ ʠ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʤʝʭʘʥʠʟ-

ʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚ ʵʪʦʤ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ 

ʭʘʦʪʠʯʥʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʪʦʢʦʚ ʧʘʨʘʤʝʪʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʩʨʝʟʳ. 
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ʂʘʞʜʦʤʫ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʩʠʩʪʝʤ ʩʚʦʡʩʪʚʝʥʥʦ ʩʚʦʝ ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʨʝʣʴʝʬʘ ʚʘʞʝʥ ʚʳʙʦʨ ʪʘʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʛʝʦʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʮʠʢʣ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʧʝʨʠʨʦʚʘʪʴ ʪʘ-

ʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ (ʩʠʩʪʝʤʦʡ), ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ 

ʥʦʩʠʪʝʣʝʤ ʩʚʦʡʩʪʚ ʥʝʢʦʡ ʛʨʫʧʧʳ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ɺ ʛʝʦʛʨʘʬʠʠ ʦʩʥʦʚʥʦʡ ʷʯʝʡʢʦʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ 

ʚʳʩʪʫʧʘʶʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʛʝʦʩʠʩʪʝʤʳ [3], ʚ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʣʳʝ 

ʣʠʪʦ- ʠ ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ [4, 5]. ɺʩʝ ʵʣʝʤʝʥʪʳ ʪʘʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʪʘʢ ʢʘʢ ʦʙʲʝʜʠʥʝʥʳ ʧʦʪʦʢʘʤʠ ʚʝʱʝʩʪʚʘ ʠ 

ʵʥʝʨʛʠʠ. ʅʘ ʵʪʠʭ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʦʯʝʥʴ ʜʠʥʘʤʠʯʥʳʭ ʦʙʲʝʢʪʘʭ 

ʤʦʞʥʦ ʚ ʪʝʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʩʣʝʜʠʪʴ ʚʩʶ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʝʭʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʦʤʦʨʬʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺ.ɹ. ʉʦʯʘʚʘ [6] ʦʪʥʝʩ ʢ ʦʩʦʙʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ï ʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʦʛʨʘʬʠʠ. ʊʝʨʤʠʥ çʤʦʣʝʢʫʣʷʨʥʘʷ ʛʝʦʛʨʘʬʠʷè 

ʦʯʝʥʴ ʪʦʯʥʦ ʧʝʨʝʜʘʝʪ ʩʫʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʣʝʪʦʯʥʦʤ (ʤʦʣʝʢʫʣʷʨʥʦʤ) ʫʨʦʚʥʝ. 

ʀʤʝʥʥʦ ʥʘ ʪʘʢʠʭ ʤʘʣʳʭ ʦʙʲʝʢʪʘʭ ʚʦʟʤʦʞʥʦ ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʦʜ ʧʦʚʝʜʝʥʠʷ ʩʠ-

ʩʪʝʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʝʩʣʠ ʧʨʦʩʣʝʜʠʪʴ ʚʝʩʴ ʮʠʢʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʨʘʟʜʚʠʥʫʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʠ ʚʨʝʤʝʥʥʦʡ ʤʘʩ-

ʰʪʘʙ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ ɺ. ɹ. ʉʦʯʘʚʘ [3]. 

ɼʝʪʘʣʴʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʭʦʜʦʤ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʆʥʦʥ-ɸʨʛʫʥʩʢʦʡ ʩʪʝʧʠ ʥʘ ʶʛʝ ɿʘʙʘʡʢʘʣʴ-

ʩʢʦʛʦ ʢʨʘʷ [7, 8]. ʆʥʦʥ-ɸʨʛʫʥʩʢʘʷ ʩʪʝʧʴ ʙʳʣʘ ʚʳʙʨʘʥʘ ɺ. ɹ. ʉʦʯʘʚʦʡ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʚ ʉʠʙʠʨʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʠ ʤʥʦʛʠʝ ʛʦʜʳ 

cʦʭʨʘʥʷʝʪ ʢʣʶʯʝʚʳʝ ʧʦʟʠʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʚʳʩʦʢʦʛʦ ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ [9]. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʫʥʠʢʘʣʴʥʦʤʫ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʵʪʘ ʪʝʨʨʠʪʦʨʠʷ ʥʝ ʪʦʣʴʢʦ ʩʣʫʞʠʪ ʵʪʘʣʦʥʦʤ ʩʪʝʧʥʦʛʦ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʪʠʧʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʥʦ ʠ ʦʙʣʘʜʘʝʪ ʚʘʞʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʣʘʥʜʰʘʬʪʥʳʭ ʪʨʠʛʛʝʨʦʚ. ʆʥʦʥ-ɸʨʛʫʥʩʢʘʷ ʩʪʝʧʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʢ ʥʝʩʢʦʣʴʢʠʤ ʢʨʫʧʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʩʠʩʪʝʤʘʤ, ʪʘ-

ʢʠʤ ʢʘʢ ʙʘʩʩʝʡʥ ʨ. ɸʤʫʨ, ʦʙʣʘʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʦʢʘ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ.  

ʈʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʧʦʣʠʛʦʥʝ-ʪʨʘʥʩʝʢʪʝ ʍʘʨʘʥʦʨʩʢʦʛʦ ʩʪʘʮʠʦ-

ʥʘʨʘ [4] ʩʦʯʝʪʘʣʠʩʴ ʩ ʜʝʪʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ ʤʘʣʳʭ ʦʧʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ (ʦʟ. 

ʍʘʨʘ-ʅʫʨ, ʧʘʜʴ ʂʨʝʤʝʥʪʫʡ ʠ ʜʨ.). ʅʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ çʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʦʛʨʘ-

ʬʠʠè ʧʦʤʠʤʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʚʥʫʪʨʠʚʝʢʦ-

ʚʳʭ ʧʫʣʴʩʘʮʠʡ ʛʝʦʩʠʩʪʝʤ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʰʠʬʨʦʚʢʘ ʛʦʣʦʮʝʥʦʚʦʡ ʤʦʨʬʦʣʠ-

ʪʦʜʠʥʘʤʠʢʠ [10, 11]. ʇʨʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʤʘʪʝʨʠʘʣʳ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʳ-

ʩʪʫʧʘʶʪ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʧʨʦʰʣʳʤ ʠ ʙʫʜʫʱʠʤ. 

ɺ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʦʪʤʝʯʘʶʪʩʷ ʚʥʫʪʨʠʚʝʢʦʚʳʝ ʮʠʢʣʳ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴʶ 27ï35 ʣʝʪ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʭʦʜʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ 
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ʫʚʣʘʞʥʝʥʠʷ [4]. ʎʠʢʣʳ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʢʦʣʝʙʘʥʠʶ ʫʨʦʚʥʝʡ ʦʟʝʨ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʫʶ ʨʘʟʥʦʩʪʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʨʠʚʫʶ ʠʟʤʝʥʝʥʠʷ 

ʫʚʣʘʞʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʩʪʝʧʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ʄʦʥʛʦ-

ʣʠʠ ʠ ʂʠʪʘʷ [5]. ɺʳʷʚʣʝʥʥʳʝ ʮʠʢʣʳ ʠʟʤʝʥʝʥʠʷ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ʦʧʨʝʜʝʣʷʶʪ ʯʘʩʪʦʪʫ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʥʫʪʨʠʚʝʢʦ-

ʚʳʭ ʩʤʝʥ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʟ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʩʪʦʯʥʳʭ ʦʟʝʨʥʳʭ ʙʘʩʩʝʡ-

ʥʦʚ. ʌʘʟʳ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʘʣʴʥʠʤ ʠʣʠ ʙʣʠʞʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚʝ-

ʱʝʩʪʚʘ, ʫʨʦʚʥʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʮʝʩʩʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʟ 

ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʨʝʤʝʥʥʦʤ ʠʥʚʘʨʠʘʥʪʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʩ ʩʠʩʪʝʤʥʳʭ ʧʦʟʠʮʠʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʚʝʩʴ ʤʝʭʘʥʠʟʤ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘ ʦʟ. ʍʘʨʘ-ʅʫʨ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʟʳ, ʩʣʝʜʫʶʱʠʝ ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ ʚ ʦʧʨʝʜʝʣʝʥ-

ʥʦʤ ʧʦʨʷʜʢʝ [5]. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʬʘʟ ʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʦʚ, ʘ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʨʘʩʭʦʜ ʚʝʱʝʩʪʚʘ ʚ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦ-

ʢʘʭ. ʇʨʦʮʝʩʩʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʡ ʬʘʟʝ, ʦʙʨʘʟʫʶʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʛʝ-

ʥʝʪʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ. ɺ ʧʨʝʜʝʣʘʭ ʮʠʢʣʘ ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

(ʟʦʥʘʣʴʥʘʷ ʬʘʟʘ), ʢʦʛʜʘ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʚʪʦʥʦʤʥʳʤ 

ʨʘʟʚʠʪʠʝʤ. ɺ ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʛʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʚʳʥʦʩʫ. ɺ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘʣʧʦʚʳʡ ʚʳʥʦʩ 

ʚʝʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʯʝʨʝʜʦʚʘʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʷʨʫʩʳ ʨʝʣʴʝʬʘ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʜʝʬʣʷʮʠʦʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ) ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦ ʚʨʝʤʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʘʨʠʜʥʦʡ ʬʘʟʳ, ʘ ʨʘʩʯʣʝʥʝʥʠʝ ʜʥʠʱ ʧʘʜʝʡ ʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʚ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʝ ʩʚʦʡʩʪʚʝʥʥʳ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʡ 

ʬʘʟʝ. ɺ ʮʝʣʦʤ ʚʝʱʝʩʪʚʦ ʠ ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʶʪʩʷ ʦʪ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʢ 

ʜʨʫʛʦʤʫ ʚ ʬʦʨʤʝ ʧʫʣʴʩʘʮʠʡ. ʕʪʠ ʧʦʩʪʦʷʥʥʳʝ ʧʫʣʴʩʘʮʠʠ ʠ ʩʦʩʪʘʚʣʷʶʪ ʩʫʪʴ 

ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ. ʄʝʭʘʥʠʟʤ 

ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʯʝʨʪʳ ʘʨʠʜʥʦʛʦ ʠ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʛʦ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʦʩʝʜʩʪʚʘ ʢʨʠʦʛʝʥʥʦʡ ʠ ʘʨʠʜʥʦʡ ʤʦʨʬʦʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ ʟʦʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʫʩʪʘʥʦʚʣʝʥ 

ʥʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʚ ʩʪʨʦʝʥʠʠ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ [10, 11]. 

ɺʥʫʪʨʠʚʝʢʦʚʦʡ 27ï35-ʣʝʪʥʠʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ ʦʟʝʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʛʦʣʦʮʝʥʘ. ɺʳʧʦʣʥʝʥʥʳʡ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʦʪʣʦʞʝʥʠʡ 

ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ ɼʘʫʨʠʠ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ʄʦʥʛʦʣʠʠ ʧʦʜʪʚʝʨʜʠʣ ʩʠʥ-

ʭʨʦʥʥʳʡ ʭʦʜ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʛʦ-

ʣʦʮʝʥʝ [11]. ɺʳʷʚʣʝʥ ʨʠʪʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩʤʝʥʳ ʧʨʦʮʝʩʩʦʚ ʚ ʛʦʣʦʮʝʥʝ, ʢʦ-

ʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʮʠʢʣʳ ʨʘʟʣʠʯʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ [10]. ʇʨʠ 

ʵʪʦʤ, ʢʘʞʜʳʡ ʮʠʢʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʬʘʟʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʬʣʶʚʠ-

ʘʣʴʥʦʛʦ ʩʥʦʩʘ ʠ ʚʳʥʦʩʘ ʚʝʱʝʩʪʚʘ ʠʟ ʩʠʩʪʝʤʳ. ʌʣʶʚʠʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩʣʘ-

ʛʘʶʪ ʥʠʞʥʶʶ ʯʘʩʪʴ ʦʪʣʦʞʝʥʠʡ ʛʦʣʦʮʝʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʚ ʧʘʜʠ ɺʝʩʥʷʥʢʘ. 



18 
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8,5 ʪʳʩ. ʢʘʣ. ʣ. ʥ. ʠ ʚ ʧʝʨʝʭʦʜʥʦʝ ʦʪ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢ ʩʫʙʙʦʨʝʘʣʴʥʦʤʫ ʧʝʨʠ-

ʦʜʫ ʚʨʝʤʷ. ʅʦʨʤʘʣʴʥʘʷ ʟʦʥʘʣʴʥʘʷ ʬʘʟʘ ʠʥʪʝʛʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʙʘʩʩʝʡʥʘʭ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʛʨʝʙʝʥʥʳʤʠ ʛʫʤʫʩʦʚʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʦʯʚ, ʧʦ ʢʦʪʦʨʳʤ ʭʦ-

ʨʦʰʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ 1800-ʣʝʪʥʠʝ ʮʠʢʣʳ. ʈʝʛʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ɼʘʫʨʠʠ 

ʧʦʣʫʯʠʣʠ ʧʦʯʚʳ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 8, 6,4 ʠ 4,6 ʪʳʩ., ʘ ʪʘʢʞʝ 1,2ï1,4 ʪʳʩ. 

ʢʘʣ. ʣ. ɼʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʪʣʦʞʝʥʠʡ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʭʘʨʘʢʪʝʨʥʳ ʵʦʣʦʚʳʝ ʛʦ-

ʨʠʟʦʥʪʳ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʘʨʠʜʥʳʭ ʬʘʟ. ɺ ʨʘʟʨʝʟʘʭ ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʰʣʝʡʬʦʚ 

ʚʳʜʝʣʷʶʪʩʷ 130-ʣʝʪʥʠʝ ʮʠʢʣʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚ, 

ʜʘʥʥʳʤ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʦʪʣʦ-

ʞʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʫʩʠʣʝʥʠʝ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʪʳʩ. ʣʝʪ ʠ 

ʚ ʮʝʣʦʤ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦʩʪʦʷʥʥʳʝ ʧʫʣʴʩʘʮʠʠ ʫʨʦʚʥʝʡ ʠ ʧʣʦʱʘʜʝʡ ʦʟʝʨ ɼʘʫʨʠʠ ʚ ʛʦʣʦʮʝʥʝ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʩʤʝʥʦʡ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʲʝʤʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʨʘʚʥʠʚʘʥʠʶ ʨʝʣʴʝʬʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʧʨʠ ʚʝʜʫʱʝʡ ʨʦʣʠ ʜʝʬʣʷʮʠʦʥʥʦʡ ʜʝʥʫʜʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ 

ʮʠʢʣʦʚ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʜʥʝʛʦ ʛʦʣʦʮʝʥʘ ʚʳʜʝʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʬʘʟʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʤ ʚʥʫʪʨʠʚʝʢʦʚʳʤ ʮʠʢʣʘʤ, ʚʳʷʚʣʝʥʥʳʤ ʚ 

ʭʦʜʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʩʪʘʮʠʦʥʘʨʘʭ çʥʝʦʜʥʦ-

ʢʨʘʪʥʳʝ ʩʤʝʥʳ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʨʫʛʠʤʠ, ʧʨʠʯʝʤ ʩʤʝʥʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʧʦʨʷʜʢʝ, ʠ ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʚ ʵʢʟʦʛʝʥʥʦʤ ʤʦʨʬʦʛʝʥʝʟʝ ʚʦ ʚʨʝ-

ʤʝʥʠè [1, ʩ. 522]. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʝʦʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤ çʵʤʧʠʨʠʯʝʩʢʠʤ ʬʘʢʪʘʤè, ʥʘ ʢʦʪʦʨʳʭ, ʧʦ 

ɺ. ʀ. ɺʝʨʥʘʜʩʢʦʤʫ [12], ʙʘʟʠʨʫʝʪʩʷ ʥʘʫʯʥʦʝ ʧʦʟʥʘʥʠʝ ʤʠʨʘ. ʀʭ ʮʝʥʥʦʩʪʴ 

ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʘ ʧʦʪʦʤʫ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʤʦʛʣʠ ʥʘ ʢʣʝʪʦʯ-

ʥʦʤ ʫʨʦʚʥʝ ʧʨʦʥʠʢʥʫʪʴ ʚ ʤʝʭʘʥʠʟʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʘʤʳʭ ʤʘʣʳʭ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʝʤ ʩʘʤʳʤ ʧʦʣʫʯʝʥ ʢʦʜ ʜʣʷ ʨʘʩ-

ʰʠʬʨʦʚʢʠ ʵʚʦʣʶʮʠʠ ʨʝʣʴʝʬʘ ʠ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʦʢ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ESTIMATION OF THE CARBON DIOXIDE FLOW  
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 ɸʥʥʦʪʘʮʠʷ: ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʦʢʩʠʪʦʚ 

ʚ ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʝ ʚ 2008 ʧʦ 2011 ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʝ ʜʝʛʘʟʘʮʠʠ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʦʨʦʜ ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʅʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʩ ʨʘʟʣʠʯʥʳʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʬʘʢ-

ʪʦʨʦʚ ʨʝʣʴʝʬʘ ʠ ʣʘʥʜʰʘʬʪʘ ʥʘ ʧʨʦʮʝʩʩ ʧʦʜʟʝʤʥʦʡ ʛʘʟʦʛʝʥʝʨʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦ-

ʩʪʘʚ ʧʦʜʟʝʤʥʦʡ ʛʘʟʦʚʦʡ ʘʪʤʦʩʬʝʨʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɺʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʥʠʟʢʦʝ ʢʠʩʣʦʨʦʜʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʦʣʜʝʥʴ, ʠʥʚʝʨʩʠʷ ʩʦ-

ʩʪʘʚʘ ʧʦʜʟʝʤʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʣʷ ʣʘʪʝʨʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʉʫʪʦʯʥʳʡ ʧʦʪʦʢ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ 1 ʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʳ ʚ ʘʪʤʦʩʬʝʨʫ ʩʦʩʪʘʚʣʷʝʪ 0,38 

ʤ3/ʩʫʪʢʠ. ʕʪʦ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ, ʦʮʝʥʠʪʴ ʧʦʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ɻʚʠʥʝʡʩʢʦʡ ʙʦʢʩʠʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʦʥ ʩʦʩʪʘʚʣʷʝʪ 2,7 ʤʣʨʜ. ʪʦʥʥ. 

Abstract: Monitoring of the composition of the underground atmosphere of bauxite de-

posits in West Africa allowed for the first time to obtain data on the mechanism of degassing 

into the atmosphere of rocks of the laterite weathering crust. Observations were made on the 

territory with different geomorphological structures, which allowed us to assess the influence 

of terrain and landscape factors on the process of underground gas generation. It is established 

that the composition of the underground gas atmosphere changes periodically during the day. 

High carbon dioxide and low oxygen levels are recorded at noon, and the composition of the 

underground laterite gas field is inverted at night. The daily flow of carbon dioxide from 1 m2 

of the laterite crust surface to the atmosphere is 0,38 m3/day.  

This data makes it possible to estimate the annual flow of carbon dioxide into the atmosphere 

from the surface of the Guinean bauxite province, it is 2,7 billion tons. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʦʢ-

ʩʠʪʦʚʳʭ ʨʫʜ ʚ 2008 ʠ 2011 ʛ. ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝ-

ʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʛʘʟʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʙʦʢʩʠʪʦʥʦʩʥʳʭ ʣʘʪʝʨʠʪʥʳʭ ʧʦʢʨʦ-

ʚʘʭ ʥʘ ʜʚʫʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʦʢʩʠʪʦʚ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʨʝʩʧʫʙʣʠʢʠ ɻʚʠʥʝʠ 

ʚ ʙʦʢʩʠʪʦʨʫʜʥʦʤ ʨʘʡʦʥʝ ɹʦʢʝ ʚ ʩʘʚʘʥʥʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ.  
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ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ "OLDHAM MX2100" ʩ ʯʝʪʳʨʴʤʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʩʝʥʩʦ-

ʨʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥʘ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ ʉʆ2 ʠ ʆ2 

ʩʦʩʪʘʚʠʣʘ 0,1 ʦʙʲʝʤʥʳʡ %; ʉʆ ï 1 ppm ʠ CH4 ï 10 ppm. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝ-

ʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʦ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʘʤʷʪʴ ʧʨʠʙʦʨʘ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʶ ʤʝʩʪʥʫʶ ʚʦʟʚʳʰʝʥʥʦʩʪʴ 

ï ʙʦʚʘʣʴ (ʧʨʠʥʷʪʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥ ʦʪ ʤʝʩʪʥʦʛʦ ʩʣʦʚʘ "bowe"), ʩ ʧʣʦʩ-

ʢʦʡ, ʩʣʘʙʦ ʚʳʧʫʢʣʦʡ ʚʝʨʰʠʥʦʡ ʠ ʧʦʣʦʛʠʤʠ ʩʢʣʦʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ 

ʧʨʦʬʠʣʷ ʩʢʚʘʞʠʥ, ʧʝʨʝʩʝʢʘʚʰʠʭ ʫʯʘʩʪʢʠ ʤʝʩʪʥʦʩʪʠ ʩ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝ-

ʣʴʝʬʘ, (ʨʠʩ.1)  

 
ʈʠʩ.1. ʈʝʣʴʝʬ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʦʢʩʠʪʦʚ. ʃʠʥʠʷʤʠ - ʧʦʣʦʞʝʥʠʝ ʧʨʦʬʠʣʝʡ, ʪʦʯʢʘʤʠ - 

ʩʢʚʘʞʠʥʳ ʩʢʚʘʞʠʥ. 

ɺʩʝ ʩʢʚʘʞʠʥ ʙʳʣʠ ʧʨʦʙʫʨʝʥʳ ʜʦ ʛʦʨʠʟʦʥʪʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʟʘʣʝʛʘʶ-

ʱʝʛʦ ʥʘ ʛʣʫʙʠʥʝ 12-14 ʤ. ɺʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʙʦʢʩʠʪʦʚ ʠ ʣʘʪʝʨʠʪʦʚ ʦʙʝʩʧʝ-

ʯʠʣʘ ʩʦʭʨʘʥʥʦʩʪʴ ʩʪʚʦʣʦʚ ʩʢʚʘʞʠʥ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. 

ʋʩʪʴʷ ʩʢʚʘʞʠʥ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠʩʴ ʟʘʛʣʫʰʢʘʤʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʚʝ-

ʩʠʷ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʛʘʟʦʚ ʚ ʧʦʨʦʜʘʭ ʠ ʚ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥ.  

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʟʣʠʯʥʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ ʚ ʪʝʯʝʥʠʝ ʚʦʩʴʤʠ ʠ ʜʝʩʷʪʠ ʜʥʝʡ. ʇʦ ʩʪʝʧʝʥʠ ʜʝʪʘʣʴʥʦʩʪʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʚʠʜʘ ʥʘʙʣʶʜʝʥʠʡ, ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʚ ʠʭ ʥʘ: ʦʙʱʠʝ ʠ ʜʝʪʘʣʴʥʳʝ. 

ʆʙʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʩʝʭ 30 ʩʢʚʘʞʠʥʘʭ, ʠ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʝʞʝ-

ʜʥʝʚʥʳʝ ʟʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʩʢʚʘʞʠʥ, ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 

1 ʤ, ʜʚʘ ʨʘʟʘ ʚ ʩʫʪʢʠ: ʨʘʥʥʠʤ ʫʪʨʦʤ ʧʦʩʣʝ ʚʦʩʭʦʜʘ ʩʦʣʥʮʘ ʠ ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ. 

ɼʝʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 12-ʪʠ ʩʢʚʘʞʠʥʘʭ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʚ 2008 ʛʦʜʫ ʠ ʥʘ 5 ʩʢʚʘʞʠʥʘʭ ʥʘ ʚʝʨʰʠʥʝ ʩʦʩʝʜʥʝʡ ʙʦʚʘʣʠ ʚ 2011 ʛ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʥʝʧʨʝʨʳʚʥʳʝ ʟʘʤʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʚ ʧʦ ʚʩʝʡ 

ʛʣʫʙʠʥʝ ʩʪʚʦʣʘ ʯʝʨʝʟ ʢʘʞʜʳʝ 2 ʯʘʩʘ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʧʦʣʫʪʦʨʘ ʩʫʪʦʢ (42 ʯʘʩʘ). 

 ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʵʧʶʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʥʝʧʨʝʨʳʚʥʳʭ ʟʘʤʝʨʦʚ ʚ ʩʪʚʦʣʘʭ 

ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʚ 2011ʛ. ʚ ʧʝʨʠʦʜ ʩ ʧʦʩʣʝʧʦʣʫʜʝʥʥʦʛʦ ʜʦ ʧʨʝʜʫʪʨʝʥ-

ʥʝʛʦ ʚʨʝʤʝʥʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʦʜʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʦʩʠʪ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʬʨʦʥʪ ʝʛʦ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʜʥʝʚʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʦʣʫʜʝʥʥʳʝ ʯʘʩʳ ʠ ʟʘʥʠʤʘʝʪ ʢʨʘʡʥʝ ʥʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʦʯ-

ʥʦʝ ʚʨʝʤʷ.  

 
ʈʠʩ.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ CO2 ʚ ʨʘʟʨʝʟʝ ʢʦʨʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʎʠʬʨʳ ʥʘʜ ʣʠʥʠʷʤʠ - 

ʚʨʝʤʷ, ʩʪʨʝʣʢʠ - ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʛʘʟʦʚ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʵʪʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʷʚʣʷʶʪʩʷ 

ʚʘʨʠʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʟʘʭʦ-

ʜʦʤ ʩʦʣʥʮʘ ʧʦʚʳʰʘʝʪ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ çʚʜʘʚʣʠʚʘ-

ʥʠʶè ʚʦʟʜʫʭʘ (N2 + O2) ʚ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨʦʜ. ʊ.ʢ. ʥʠʞʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʘ, ʫʛʣʝʢʠʩʣʳʡ ʚʳʪʝʩʥʷʝʪʩʷ ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʚ ʘʪ-

ʤʦʩʬʝʨʫ (ʣʝʚʳʡ ʬʨʘʛʤʝʥʪ ʨʠʩ.2). ʉ ʚʦʩʭʦʜʦʤ ʩʦʣʥʮʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʚʝʨʩʠʷ 

ʤʝʪʝʦʫʩʣʦʚʠʡ, ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʥʠʞʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʠʣʴʪʨʘʮʠʶ ʧʦʜʟʝʤʥʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘ ʩʯʝʪ 

ʝʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʧʨʘʚʳʡ ʬʨʘʛʤʝʥʪ ʨʠʩ.2).  

ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʟʦʥʳ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʶʪ ʜʨʫʛ 

ʜʨʫʛʘ, ʚʘʨʴʠʨʫʷ ʦʢʦʣʦ ʣʠʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʉʆ2, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʥʘ ʨʠʩ.2, ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ ʩʣʫʯʘʡʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʟ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [1] ʩʣʝʜʫʝʪ, ʯʪʦ ʦʥ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦ ʧʨʠʭʦʜʠʪ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʈʘʟʣʠʯʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʚ 

ʥʠʟʘʭ ʧʨʦʥʠʮʘʝʤʦʡ ʪʦʱʠ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʧʝ-

ʨʝʪʝʢʘʥʠʶ ʠʭ ʠʟ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʠʟʢʠʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʛʣʝ-

ʢʠʩʣʳʡ ʛʘʟ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʛʨʫʞʘʝʪʩʷ ʧʦʨʦʜ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʢʠʩʣʦʨʦʜ ʧʨʦʥʠ-

ʢʘʝʪ ʚʥʫʪʨʴ ʣʘʪʝʨʠʪʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʢʠʩʣʷʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʜʫʮʠ-

ʨʫʷ ʉʆ2. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʛʣʝʢʠʩʣʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ.2, ʚ ʪʝʯʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʮʠʢʣʦʚ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʃʠʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ 

ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩ ʧʦʟʠʮʠʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ. ɻʣʫʙʠʥʘ ʟʦʥʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘ-

ʟʦʦʙʤʝʥʘ ʧʦʨʦʜ ʩ ʘʪʤʦʩʬʝʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʆ2 ʚ ʨʘʟʨʝʟʝ 

ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʦ ʧʨʦʬʠʣʶ, ʧʝʨʝʩʝ-

ʢʘʶʱʠʤ ʙʦʚʘʣʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʠʙʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘ-

ʥʠʡ ʩʦʜʝʨʞʘʥʠʷ CO2 ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʙʦʚʘʣʠ, ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ - ʚ 
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ʣʦʞʙʠʥʘʭ. ʉʢʦʧʣʝʥʠʝ CO2 ʚ ʥʠʟʦʚʴʷʭ ʥʠʞʥʠʭ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ çʩʪʝ-

ʢʘʥʠʝʤè ʵʪʦʛʦ ʪʷʞʝʣʦʛʦ ʛʘʟʘ ʩ ʚʝʨʰʠʥʳ ʢ ʝʝ ʧʦʜʥʦʞʴʶ. ɿʘʤʝʨʳ ʩʢʦʨʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʫ ʧʦʜʥʦʞʠʡ ʩʢʣʦ-

ʥʦʚ, ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʘ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʥʘ ʚʝʨʰʠʥʝ ʙʦʚʘʣʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʉʆ2 ʚ ʚʦʟʜʫʭʝ ʥʘʜ ʫʩʪʴʝʤ ʩʢʚʘʞʠʥʳ ʧʦʯʚʳ ʥʘ ʚʳʩʦʪʝ 0,5 ʤ ʜʦʩʪʠʛʘʣʦ 0,5 ʦʙ. 

% ʧʨʠ ʦʙʱʝʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʬʦʥʝ 0,03 ʦʙ.%.  

 
ʈʠʩ.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʦʜʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʨʘʟʨʝʟʝ ʣʘ-

ʪʝʨʠʪʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ 

ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʚ ʨʘʟʨʝʟʝ ʢʦʨʳ ʚʳ-

ʚʝʪʨʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʝʛʦ ʩʫʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ʩ 1 ʤ2 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦ 27 ʩʢʚʘʞʠʥʘʤ, ʩ ʫʯʝʪʦʤ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʨʘʟʙʫʨʝʥʥʳʭ ʣʘʪʝʨʠʪʦʚ, ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʛʝʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʨʝʣʴʝʬʘ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʪʦʢ ʉʆ2 ʠʟ ʣʘʪʝʨʠʪ-

ʥʦʡ ʢʦʨʳ ʚ ʘʪʤʦʩʬʝʨʫ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,11 ʜʦ 0,87 ʤ
3/ʩʫʪ., ʧʨʠ ʵʪʦʤ ʝʛʦ ʩʨʝʜʥʷʷ 

ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ 0,38 ʤ3/ʩʫʪ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʥʘ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ɻʚʠʥʝʡʩʢʦʡ ʙʦʢ-

ʩʠʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʧʣʦʱʘʜʴʶ 1 ʤʣʥ. ʢʚ. ʢʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʛʦʜʦʚʫʶ 

ʵʤʠʩʩʠʶ ʙʠʦʛʝʥʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ, ʦʥʘ ʨʘʚʥʘ 2,7 ʤʣʨʜ. ʪʦʥʥ. 

ʕʤʠʩʩʠʷ ʙʠʦʛʝʥʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʧʦʯʚʘʤʠ ʈʦʩʩʠʠ, ʠʤʝʶʱʠʭ ʧʣʦʱʘʜʴ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 17 ʨʘʟ ʙʦʣʴʰʝ, ʩʦʩʪʘʚʣʷʝʪ 3,1 ʤʣʨʜ. ʪʦʥʥ [2]. 

ɺ ʵʪʦʤ ʧʣʘʥʝ ʠʥʪʝʨʝʩʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʦʚ ʪʝʭʥʦʛʝʥʥʦʡ 

ʫʛʣʝʢʠʩʣʦʪʳ (33Ŀ109 ʪ/ʛʦʜ [2]) ʠ ʙʠʦʛʝʥʥʦʡ, ʧʨʦʜʫʮʠʨʫʝʤʦʡ ʣʘʪʝʨʠʪʥʳʤʠ 

ʧʦʯʚʘʤʠ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʳ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦ-

ʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʤʣ.ʢʚ.ʢʤ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʚʦʟ-

ʤʦʞʥʦ, ʧʦʤʦʞʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʯʘʩʪʦ ʦʙʩʫʞʜʘʝʤʳʡ ʚ ʥʘʫʯʥʦʡ ʧʝʨʠʦʜʠʢʝ ʚʦ-

ʧʨʦʩ: çʇʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ - ʩʣʝʜʩʪʚʠʝ ʵʤʠʩʩʠʠ ʪʝʭʥʦʛʝʥʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ 

ʠʣʠ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʝʥʦʤʝʥ, ʫʞʝ ʠʤʝʚʰʠʡ ʤʝʩʪʦ ʚ ʨʘʥʥʠʝ ʧʝʨʠʦʜʳ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ?è 
ʃʠʪʝʨʘʪʫʨʘ 

 ɺʦʨʦʙʴʝʚ ʉ.ɸ., ʉʠʤʘʢʠʥ ɸ.ɻ. ʄʠʛʨʘʮʠʷ ʛʘʟʦʚ ʚ ʘʪʤʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʘʭ ʨʘʩʩʝʷʥʠʷ. 

ɺʄʋ. ˉ2 ʉʝʨ. ɻʝʦʣʦʛʠʷ. ʉ.47-55. 

 https://www.vedomosti.ru/business/articles/2020/02/11/822790-vibrosi-co2-2019. 

 https://ʥʘʮʠʦʥʘʣʴʥʳʡʘʪʣʘʩ.ʨʬ/cd2/311/311.html. 
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ʄʆʅʀʊʆʈʀʅɻ ʉʆʉʊʆʗʅʀʗ ʇɸʄʗʊʅʀʂʆɺ,  

ʇʆɼɺɽʈɻɸʖʑʀʍʉʗ ɹʀʆʈɸɿʈʋʐɽʅʀʗʄ ʅɸ ʄʈɸʄʆʈʅʆʁ 

ʉʂʋʃʔʇʊʋʈɽ ɺ ʉɸʅʂʊ-ʇɽʊɽʈɹʋʈɻɽ  

ʉ.ʖ. ɹʦʙʠʨ, ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

MONITORING OF THE CONDITION OF MONUMENTS  

SUBJECT TO BIODEGRADATION ON MARBLE SCULPTURE  

IN ST PETERSBURG 
S.Yu. Bobir, Herzen State Pedagogical University, St. Petersburg 

ɸʥʥʦʪʘʮʠʷ: ʋʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʘʛʫʙʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʭʨʘʥ-

ʥʦʩʪʠ ʧʘʤʷʪʥʠʢʦʚ ʠʟ ʢʘʤʥʷ, ʵʢʩʧʦʥʠʨʫʶʱʠʭʩʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ 

ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡ-

ʦʥʘʭ ʤʝʛʘʧʦʣʠʩʦʚ. ʈʘʟʨʫʰʝʥʠʝ ʢʘʤʥʷ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʦ-

ʮʝʩʩʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʥʦʩʷʪ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚ ʩʠʣʘʭ ʯʝʣʦʚʝʢʘ ʟʘʤʝʜ-

ʣʠʪʴ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʜʘʥ-

ʥʦʡ ʧʨʦʙʣʝʤʳ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʷʚ-

ʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʢʘʤʝʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʠʨʦʜʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʘʤʷʪʥʠʢʠ, ʤʠʢʦʣʦʛʠʷ 

Abstract: The deterioration of the ecological situation has a detrimental effect on the 

preservation of stone monuments exposed in the open air. This problem is especially acute for 

cultural heritage monuments in the central districts of megalopolises. The destruction of stone 

in natural conditions is an inartificial process under the influence of closely interrelated physi-

cal, chemical and biological factors. These processes are irreversible, but it is within man's 

power to slow down these processes on the basis of an integrated geoecological approach to 

solving this problem. One of the key aspects of preserving historical monuments is to prevent 

or limit the processes of biological colonization on stone materials (natural and artificial stone). 

Keywords: biodeterioration, microorganisms, monuments, mycology 

ɺʚʝʜʝʥʠʝ. ʄʠʢʨʦʙʠʦʪʘ ʢʘʤʝʥʠʩʪʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ (ʚʠʜ) ʠ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʢʘʤʝʥʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʏʘʩʪʦ ʤʠʢʨʦʙʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ (ʙʠʦʧʣʝʥʢʠ) ʟʘʤʝʪʥʳ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ, ʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫ-

ʶʪʩʷ ʪʦʣʴʢʦ ʢʘʢ ʘʪʤʦʩʬʝʨʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ (ʥʘʩʣʦʝʥʠʷ), ʦʩʝʜʘʶʱʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʧʘʤʷʪʥʠʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʩʣʦʝʥʠʷ ʠʤʝʶʪ ʩʣʦʞ-

ʥʳʡ ʙʠʦʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʘ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʜʝʛʨʘʜʘʮʠʶ ʢʘʤʝʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ (ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ) 

ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʧʦʣʥʷʣʦʩʴ ʣʠʰʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʘ-

ʤʷʪʥʠʢʘʭ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʤ ʧʝʨʠʦʜʦʤ 

ʥʘʙʣʶʜʝʥʠʡ. ʄʝʞʜʫ ʪʝʤ ʧʦʥʠʤʘʥʠʝ ʙʠʦʢʦʩʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʠʩʪʝʤʝ 

çʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ï ʢʘʤʝʥʠʩʪʳʡ ʩʫʙʩʪʨʘʪè ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʧʘʤʷʪʥʠʢʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ɺ ʨʦʩʩʠʡʩʢʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʢʦʧʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʩʚʝʜʝʥʠʡ 

ʦ ʚʣʠʷʥʠʠ ʥʘ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʘʢʪʝʨʠʡ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ (ʤʠʢ-

ʨʦʤʠʮʝʪʦʚ), ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʦʜʦʨʦʩʣʝʡ, ʣʠʰʘʡʥʠʢʦʚ ʠ ʚʳʩʰʠʭ ʨʘʩʪʝ-

ʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʨʦʣʴ 

ʤʠʢʨʦʤʠʮʝʪʦʚ ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ ʠʟ ʢʘʤʥʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʧʘʤʷʪʥʠʢʦʚ ʦʪ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʧʦ-

ʧʨʝʞʥʝʤʫ ʥʝ ʨʝʰʝʥʘ, ʘ ʝʝ ʟʥʘʯʠʤʦʩʪʴ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʚʣʠʷʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝ-

ʩʪʚʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ, ʥʘ ʧʘʤʷʪ-

ʥʠʢʠ ʢʫʣʴʪʫʨʳ ʜʦ ʩʠʭ ʧʦʨ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ.  

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ ʢʘʤʝʥʥʳʭ ʧʘʤʷʪʥʠ-

ʢʦʚ ʧʨʦʭʦʜʠʣʠ ʚ ʤʫʟʝʡʥʳʭ ʥʝʢʨʦʧʦʣʷʭ ɸʣʝʢʩʘʥʜʨʦ-ʅʝʚʩʢʦʡ ʃʘʚʨʳ ʚ ʧʝ-

ʨʠʦʜ ʩ ʠʶʥʷ 2013 ʛ. ʧʦ ʤʘʡ 2019 ʛ. ʆʪʙʦʨ ʧʨʦʙ ʠ ʠʭ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʝʥ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʧʝʨʠʦʜ ʩ ʤʘʷ 2013 ʛʦʜʘ ʧʦ ʩʝʥʪʷʙʨʴ 2019 ʛʦʜʘ, 

ʜʘʥʥʳʝ ʙʦʣʝʝ ʨʘʥʥʠʭ ʣʝʪ ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘ-

ʬʝʜʨʳ ʙʦʪʘʥʠʢʠ ʉʇʙɻʋ ï ɿʝʣʝʥʩʢʦʡ ʄʘʨʠʥʦʡ ʉʪʘʥʠʩʣʘʚʦʚʥʦʡ ʠ ɺʣʘʩʦʚʳʤ 

ɼʤʠʪʨʠʝʤ ʖʨʴʝʚʠʯʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʘʥʘʣʠʟ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʟʘ 

ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2019 ʛʦʜ. ɺʩʝʛʦ ʦʙʩʣʝʜʦʚʘʥʦ 156 ʧʘʤʷʪʥʠʢʦʚ. ʆʙʱʝʝ ʯʠʩʣʦ 

ʚʩʝʭ ʩʦʙʨʘʥʥʳʭ ʧʨʦʙ ʩʦʩʪʘʚʠʣʦ 2475.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʢʦʣʦʥʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ, ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ ʠ ʢʘʤʝʥʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʦʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦ-

ʨʦʜ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʙʠʦʧʣʝʥʢʘʭ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʨʘʤʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʠʢʦʣʦʛʠʠ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣʝʥʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʘʛʘʨʠʟʠʨʦʚʘʥʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʠʢʨʦʦʛʨʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʦʣʦʛʠʠ 

ʉʇʙɻʋ ʧʦʩʣʝ ʠʭ ʚʳʜʝʣʝʥʠʷ ʚ ʢʫʣʴʪʫʨʫ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘ-

ʥʠʷ ʟʘʚʠʩʝʣʘ ʦʪ ʩʨʦʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠ-

ʟʥʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚ (7-10 ʜʥʝʡ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʙʳʣ ʚʳ-

ʙʨʘʥ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʤʝʨ ʜʣʷ ʟʘʱʠʪʳ ʢʘʤʥʷ 

ʦʪ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʥʘ ʧʨʠʤʝʨʝ ʢʘʤʝʥʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʥʝʢʨʦʧʦʣʝʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʫʟʝʷ ʛʦ-

ʨʦʜʩʢʦʡ ʩʢʫʣʴʧʪʫʨʳ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ). 



25 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠ ʦʙʦʙʱʠʚ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʤʷʪʥʠʢʦʚ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʵʢʩʧʦʥʠʨʫʶʱʠʭʩʷ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʜʚʫʭ ʥʝʢʨʦʧʦʣʝʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʫʟʝʷ ʛʦʨʦʜʩʢʦʡ ʩʢʫʣʴʧʪʫʨʳ, ʚ 

ʭʦʜʝ ʤʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 99 ʚʠʜʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ, 

ʘ ʪʘʢʞʝ ʩʪʝʨʠʣʴʥʳʝ ʩʚʝʪʣʦ- ʠ ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʝ ʬʦʨʤʳ ʛʨʠʙʦʚ. ɸ ʪʘʢʞʝ ʧʨʦ-

ʩʣʝʞʝʥʘ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʛʨʠʙʦʚ ʢ ʢʦʥʢʨʝʪʥʳʤ ʪʠʧʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʤʥʷ ð ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʪʨʠ ʪʠʧʘ ʢʘʤʥʷ: ʢʨʫʧ-

ʥʦʟʝʨʥʠʩʪʳʡ ʤʨʘʤʦʨ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʤʨʘʤʦʨ ʠ ʧʫʪʠʣʦʚʩʢʠʡ ʠʟʚʝʩʪʥʷʢ. 

ɼʘʥʥʳʝ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʟʘʩʝ-

ʣʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʢʘʤʝʥʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʢʦʣʦʥʠʟʘʮʠʠ ʢʘʤʝʥʠʩʪʦʛʦ ʩʫʙ-

ʩʪʨʘʪʘ ʤʠʢʨʦʤʠʮʝʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʥʷ. çʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʝʥʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʄʫʟʝʡʥʳʭ ʥʝʢʨʦʧʦʣʝʡ ʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛʘ ʤʠʢʨʦʤʠʮʝʪʳ ʦʙʨʘʟʫʶʪ ʩʢʦʧʣʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʪʠʧʠʯʥʳʝ ʛʠʬʘʣʴ-

ʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʨʠʙʦʚ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʠʢʦʙʠʦʪʳ ʢʘʤʝʥʠʩʪʳʭ ʩʫʙ-

ʩʪʨʘʪʦʚ ʤʠʢʨʦʢʦʣʦʥʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʢʨʫʛʣʳʭ ʢʣʝʪʦʢ ʧʨʠʤʝʨʥʦ ʦʜʥʦʛʦ ʜʠʘ-

ʤʝʪʨʘ (ʦʢʦʣʦ 5 ʤʢʤ). ʆʜʥʘʢʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʨʠʙʦʚ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ ʢʘʤʥʷ ʧʦ ʜʘʥʥʳʤ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʤʠʢ-

ʨʦʢʦʣʦʥʠʠè [1]. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʤʝʥʥʦʛʦ ʩʣʦʷ ʚʳʷʚ-

ʣʝʥʦ, ʯʪʦ ʛʨʠʙʳ ʧʨʦʥʠʢʘʶʪ ʚ ʪʨʝʱʠʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ, ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʟʘʱʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɿʘ ʧʝʨʠʦʜ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʩ 2007 ʧʦ 2019 ʛʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʫ-

ʟʝʡʥʳʭ ʥʝʢʨʦʧʦʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʙʦʣʝʝ 60 ʚʠʜʦʚ ʟʘʱʠʪʥʳʭ ʠ ʢʦʥ-

ʩʝʨʚʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʫʯʘʩʪʚʦʚʘʚʰʠʝ ʚ ʠʩʧʳʪʘʥʠʷʭ ʚʝʱʝ-

ʩʪʚʘ ʦʙʣʘʜʘʣʠ ʚʩʝʤ ʩʧʝʢʪʨʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʠʟ ʥʠʭ. ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘ 12 ʣʝʪ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʪʠʧʦʚ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʘʚʦʚ. ʄʝʞʜʫ ʪʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʠ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʦʙʨʘʙʦʪʢʠ ʧʘʤʷʪʥʠʢʦʚ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ, ʛʜʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ: ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ ʠʣʠ ʧʨʦʤʳʚʢʘ.  

çʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ, ʠʤ ʦʢʘʟʘʣʘʩʴ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʦʙʨʘʙʦʪʢʘ ʧʘʤʷʪʥʠʢʘ, 

ʧʦʢʘʟʘʚʰʘʷ ʥʘʠʚʳʩʰʠʡ ʧʨʦʮʝʥʪ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ 

ʝʜʠʥʠʮ (ʂʆɽ) ʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʜʦ ʦʙ-

ʨʘʙʦʪʢʠ ʧʘʤʷʪʥʠʢʘ)è [2]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʮʠʜʥʦʡ ʧʨʦ-

ʧʠʪʢʠ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʣʦʥʛʠ-

ʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʚ ʦʪʥʦʰʝʥʠʠ ʙʠʦʜʝʩʪʨʫʢʪʨʦʚ. 

ɼʣʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʪʝʢʫʱʝʤʫ ʫʭʦʜʫ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʝʜʠ-

ʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʧʨʦʤʳʚʢʘ ï ʧʨʦʧʠʪʢʘ (ʙʠʦʮʠʜʥʘʷ ʦʙ-

ʨʘʙʦʪʢʘ) ï ʢʦʥʩʝʨʚʘʮʠʷ (ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʝ ʟʘʱʠʪʥʳʝ ʩʦʩʪʘʚʳ).  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʰʠʨʷʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʘʭ/ʩʧʦʩʦʙʘʭ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ 
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ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʢʘʤʥʝ ʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʧʘʤʷʪʥʠʢʦʚ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʝʨʚʘʮʠʠ ʩʢʫʣʴʧ-

ʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ.  

ɺʳʚʦʜʳ. ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʭʨʘʥʝʥʠʶ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʟʘʱʠʪʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ, ʯʘʩʪʴʶ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʩʪʘʪʴ ʤʦʥʠʪʦʨʠʥʛ ʤʠʢʦʙʠʦʪʳ ʢʘʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʧʦʠʩʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʙʦʨʴʙʳ ʩ ʙʠʦʧʦʚʨʝʞʜʝʥʠʷʤʠ ʧʘ-

ʤʷʪʥʠʢʦʚ ʠʟ ʢʘʤʥʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ.  
ʃʠʪʝʨʘʪʫʨʘ 

 ʉʘʟʘʥʦʚʘ ʂ.ɺ., ɿʝʣʝʥʩʢʘʷ ʄ.ʉ., ɹʦʙʠʨ ʉ.ʖ., ɺʣʘʩʦʚ ɼ.ʖ. ʄʠʢʨʦʤʠʮʝʪʳ ʚ ʙʠʦʧʣʝʥ-

ʢʘʭ ʥʘ ʢʘʤʝʥʥʳʭ ʧʘʤʷʪʥʠʢʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ // ʄʠʢʦʣʦʛʠʷ ʠ ʬʠʪʦʧʘʪʦʣʦʛʠʷ. 2020, ʊ. 

54. No 5. ʩ. 329ï339.  
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ʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʩʝʨʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ // ʅʘʫʢʠ ʦ ʟʝʤʣʝ ʠ ʮʠʚʠʣʠʟʘʮʠʷ. ɻʣʘʚʘ ʚ ʢʥʠʛʝ. 

ʉʇʙ., 2019. ʉ. 81-84.  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʢʨʳʚʘʝʪʩʷ ʨʦʣʴ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʛʝʦʧʘʨʢʦʚ ʚ ʩʦʭʨʘʥʝʥʠʠ 

ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ 

ʧʨʘʢʪʠʢ ʠ ʩʙʦʨʘ ʥʘʫʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʫʨʩʦʚʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘ-

ʙʦʪ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʝʦʧʘʨʢʘ çʀʥʛʝʨʤʘʥʣʘʥʜʠʷè ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɽʚʨʦʧʝʡ-

ʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʨʘʯʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʘʭ ʠ ʚʦʚʣʝʢʘʪʴ ʚ ʵʪʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʫʟʦʚʩʢʫʶ ʦʙ-

ʱʝʩʪʚʝʥʥʦʩʪʴ. 

ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ 

ɻʝʦʧʘʨʢʠ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʝ ʛʝʦʧʘʨʢʦʚ ʠ 
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ʛʝʦʥʘʫʢ ʧʦʜ ʵʛʠʜʦʡ ʖʅɽʉʂʆ. ɺ ʈʦʩʩʠʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʫʪʚʝʨ-

ʞʜʝʥʳ 3 ʛʝʦʧʘʨʢʘ: ʛʝʦʧʘʨʢ çɸʣʪʘʡè ï 2016 ʛ.; ʛʝʦʧʘʨʢ çʗʥʛʘʥ-ʊʘʫè ï 2017 

ʛ.; ʛʝʦʧʘʨʢ çʋʥʜʦʨʠʷè ï 2018 ʛ. ɺ 2020 ʛʦʜʫ ʚʧʝʨʚʳʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʝʛʠʦ-

ʥʘʣʴʥʳʡ ʛʝʦʧʘʨʢ (ʗʥʛʘʥ-ʊʘʫ, ɹʘʰʢʦʨʪʦʩʪʘʥ) ʧʦʣʫʯʠʣ ʧʦʯʝʪʥʳʡ ʩʪʘʪʫʩ ɻʣʦ-

ʙʘʣʴʥʳʡ ʛʝʦʧʘʨʢ ʖʅɽʉʂʆ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʦʧʘʨʢʘ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʘʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʦʙ-

ʱʝʩʪʚʝʥʥʦʩʪʴʶ ʠ ʦʪʤʝʯʝʥʘ ʥʘʤʠ ʨʘʥʝʝ [ɹʨʦʜʩʢʠʡ, ʂʠʩʝʣʝʚ, 2020]. ʉʦʟʜʘʥʠʝ 

ʛʝʦʧʘʨʢʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʩʦʭʨʘʥʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ: ʫʣʫʯʰʝʥʠʝ ʩʠ-

ʪʫʘʮʠʠ ʩ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʦʙʫʩʪʨʦʡʩʪʚʦʤ ʠ ʦʭʨʘʥʦʡ 

ʦʙʲʝʢʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʩʦʭʨʘʥʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴʪʫʨ-

ʥʦʛʦ ʥʘʩʣʝʜʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʘʛʘʥʜʳ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʧʨʦʩʚʝʱʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ; 

- ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ (ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ) ʟʘʜʘʯʘ: ʨʘʩʰʠʨʝʥʠʝ ʛʝʦʛʨʘʬʠʠ 

ʧʨʦʚʝʜʝʥʠʷ ʣʝʪʥʠʭ ʧʨʘʢʪʠʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʝʡ; ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʝʚʳʭ ʵʢʩʢʫʨʩʠʡ, ʚʢʣʶʯʘʝʤʳʭ ʚ ʧʨʦʛʨʘʤʤʳ ʢʦʥʛʨʝʩ-

ʩʦʚ ʠ ʢʦʥʬʝʨʝʥʮʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʰʢʦʣʴʥʠʢʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ; ʠʟʜʘʥʠʝ 

ʧʫʪʝʚʦʜʠʪʝʣʝʡ, ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʢʘʨʪ, ʘʣʴʙʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝ-

ʨʝʟ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ ʦ ʧʨʠʨʦʜʥʳʭ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ, ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʢʫʣʴ-

ʪʫʨʥʳʭ ʮʝʥʥʦʩʪʷʭ ʢʨʘʷ; 

- ɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ: ʩʦʜʝʡʩʪʚʠʝ ʫʩʪʦʡʯʠʚʦʤʫ ʢʘʯʝʩʪʚʝʥ-

ʥʦʤʫ ʪʫʨʠʟʤʫ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʮʝʥʥʦʩʪʝʡ ʠ ʢʫʣʴʪʫʨʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠ-

ʦʥʘ; ʧʦʣʫʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʜʦʭʦʜʦʚ ʦʪ ʪʫʨʠʟʤʘ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʧʨʦʧʘʛʘʥʜʳ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʵʢʦʪʫʨʠʟʤʘ ʠ ʛʝʦʪʫʨʠʟʤʘ; 

ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ ʧʦʪʦʢʦʚ ʪʫʨʠʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʦʩʪʨʘʥʥʳʭ, ʚʦʚʣʝʯʝʥʠʝ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʫʧʨʘʚʣʝʥʠʝ ʛʝʦʧʘʨʢʦʤ. 

ʂʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʌɻɹʋ çɺʉɽɻɽʀè ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʦʝʢʪ 

ʛʝʦʧʘʨʢʘ çʀʥʛʝʨʤʘʥʣʘʥʜʠʷè ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 20 ʪʳʩ. ʢʤ2. ɻʣʘʚʥʘʷ ʛʝʦʣʦʛʠʯʝ-

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʦʧʘʨʢʘ çʀʥʛʝʨʤʘʥʣʘʥʜʠʷè ï ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʠʡ ʛʣʠʥʪ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʠʤʝʶʱʠʡ ʤʝʞʜʫʥʘʨʦʜʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʅʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʷʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲ-

ʝʢʪʳ, ʧʨʠʨʦʜʥʳʝ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ (ʜʨʝʚʥʠʝ 

ʢʨʝʧʦʩʪʠ, ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ ʠ 

ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʣʘʥʜʰʘʬʪʳ). ʈʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʚʳ-

ʩʦʢʘʷ ʥʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʠʟʫʯʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʙʦʛʘʪʦʝ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʠ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʮʝʣʷʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɺʩʝʤʠʨʥʦʛʦ ʩʦʶʟʘ ʦʭʨʘʥʳ 

ʧʨʠʨʦʜʳ (ʄʉʆʇ) ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʦʧʘʨʢʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʘ-

ʪʝʛʦʨʠʠ ʆʆʇʊ: 1a - ʩʪʨʦʛʠʡ ʧʨʠʨʦʜʥʳʡ ʨʝʟʝʨʚʘʪ; 1b - ʪʝʨʨʠʪʦʨʠʷ ʜʠʢʦʡ ʧʨʠ-

ʨʦʜʳ; II- ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ; III-ʧʘʤʷʪʥʠʢ ʧʨʠʨʦʜʳ; IV- ʪʝʨʨʠʪʦʨʠʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʚʠʜʘʤʠ ʠʣʠ ʤʝʩʪʦʦʙʠʪʘʥʠʷʤʠ; V ʦʭʨʘʥʷʝʤʳʡ ʣʘʥʜʰʘʬʪ; VI- ʫʧʨʘʚʣʷʝʤʘʷ 

ʨʝʩʫʨʩʥʘʷ ʪʝʨʨʠʪʦʨʠʷ. ɺ ʥʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʦʧʦʨʥʳʝ ʦʙʲʝʢʪʳ ʠ 
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ʤʘʨʰʨʫʪʳ, ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʢʫʨʩʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʦʙʲʝʢʪʳ ʧʨʠʨʦʜʥʦʛʦ ʠ ʢʫʣʴ-

ʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʩʦʩʪʘʚʣʝʥʳ ʙʫʢʣʝʪʳ ʠ ʧʫʪʝʚʦʜʠʪʝʣʠ ʧʦ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʘʤ 

ʛʝʦʧʘʨʢʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʢʝʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʱʠʪʦʚ, ʦʪʢʨʳʪ ʠ ʬʫʥʢʮʠʦʥʠ-

ʨʫʝʪ ʚʠʟʠʪ- ʮʝʥʪʨ ʛʝʦʧʘʨʢʘ çIn Geoè. 

ɺʦʧʨʦʩʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ 

ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʂʦʥʚʝʥʮʠʠ ʖʅɽʉʂʆ ʦʪ 16.11.1971 ʛ çʆ ʩʦʭʨʘʥʥʦʩʪʠ ɺʩʝ-

ʤʠʨʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷè ʚ ʧ.2 çʦ ʧʨʠʨʦʜʥʳʭ ʢʨʠʪʝʨʠʷʭ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷè, ʛʜʝ ʩʦʦʙʱʘʝʪcʷ, ʯʪʦ ʚ ʯʠʩʣʦ ʆʙʲʝʢʪʦʚ ɺʩʝʤʠʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʚʢʣʶʯʘʶʪʩʷ çʆʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʳʜʘʶʱʠʤʩʷ ʦʙʨʘʟʮʦʤ 

ʛʣʘʚʥʳʭ ʵʪʘʧʦʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʤʷʪʥʠʢʦʤ ʧʨʦʰʣʦʛʦ, ʩʠʤʚʦʣʦʤ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè. ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʪʦʯʥʝʥʦ ʚ çʈʫ-

ʢʦʚʦʜʩʪʚʝ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʂʦʥʚʝʥʮʠʠ ʦʙ ʦʭʨʘʥʝ ɺʩʝʤʠʨʥʦʛʦ ʥʘʩʣʝʜʠʷè ʚ 2005 

ʛ., ʛʜʝ ʦʧʨʝʜʝʣʝʥʳ 10 ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲ-

ʝʢʪʦʚ. ɺ ʧ. VIII (N-1) ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ɺʩʝ-

ʤʠʨʥʦʛʦ (ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ) ʦʥ ʜʦʣʞʝʥ çʇʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʳʜʘʶ-

ʱʠʡʩʷ ʧʨʠʤʝʨ ʦʪʨʘʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʀʩʪʦʨʠʠ ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʩʣʝʜʳ 

ʜʨʝʚʥʝʡ ʞʠʟʥʠ, ʟʥʘʯʠʤʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳéè.  

ɺ ʈʦʩʩʠʠ ʚʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʨʝʰʘ-

ʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʷʜʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ: - ʦʧʫʙʣʠʢʦʚʘʥʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 900 çʆʙ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ 

(2001 ʛ), - ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʌɿ 3̄3 ʦʪ 1995 ʛ ʨʷʜ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢ-

ʪʦʚ, ʦʪʥʝʩʝʥʳ ʢ çʆʩʦʙʦ ʦʭʨʘʥʷʝʤʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤè. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʠ ʦʙʦʩʥʦʚʘʥʦ ʙʦʣʝʝ 12000 ʆʆʇʊ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʢʦʣʦ 3000 ï ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ. ʉʦʟʜʘʥʠʷ ʛʝʦʧʘʨʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʥʢʪ 

ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʝʰʘʪʴ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʫʶ (ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʫʶ) ʟʘʜʘʯʫ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʛʝʦʧʘʨʢʘ ʙʫʜʝʪ ʨʘʩʰʠʨʝʥʠʝ ʛʝʦʛʨʘʬʠʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʧʨʘʢʪʠʢ ʠ ʩʙʦʨʘ 

ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʮʠʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʝʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʵʪʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩ-

ʢʫʨʩʠʡ, ʚʢʣʶʯʘʝʤʳʭ ʚ ʧʨʦʛʨʘʤʤʳ ʢʦʥʛʨʝʩʩʦʚ ʠ ʢʦʥʬʝʨʝʥʮʠʡ. ɺ ʧʨʦʩʚʝʪʠ-

ʪʝʣʴʩʢʦʤ ʧʣʘʥʝ ʜʣʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʛʝʦʧʘʨʢʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟ-

ʨʘʙʘʪʳʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʧʦʚʳ-

ʰʘʶʱʠʭ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ ʧʨʦʩʧʝʢʪʳ ʜʣʷ ʛʝʦʵʢʩʢʫʨ-

ʩʠʡ. ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʪʫʨʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʜʘʥʠʝ ʧʫʪʝʚʦʜʠʪʝʣʝʡ, ʪʫʨʠʩʪʠ-

ʯʝʩʢʠʭ ʢʘʨʪ, ʘʣʴʙʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ ʦ ʧʨʠ-

ʨʦʜʥʳʭ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ, ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʷʭ ʢʨʘʷ; 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠĿʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ ʉʇʙɻʋ. ʄʥʦʛʠʝ ʛʦʜʳ 

ʧʦʣʝʚʘʷ ʫʯʝʙʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʠ ʧʨʦʭʦʜʷʪ ʚ ʧʦʩ. ʉʘʙ-

ʣʠʥʦ. ɺʳʝʟʜʥʳʝ ʧʨʘʢʪʠʢʠ ʧʨʦʭʦʜʷʪ ʚ ʨʘʡʦʥʝ ʢʘʥʴʦʥʦʚ ʨʝʢ ʊʦʩʥʘ, ʉʘʙʣʠʥʢʠ, 

ʉʚʠʨʠ, ʇʦʧʦʚʢʠ. ʇʦʩʝʱʘʝʤʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʛʣʠʥʪʘ ʦʪ ʢʘʨʴʝʨʦʚ ʇʫʪʠʣʦʚʩʢʠʡ ʜʦ ɸʣʝʢ-

ʩʝʝʚʩʢʦʛʦ ʠ ʜʦ ʙʝʨʝʛʦʚ ʨ. ʅʘʨʚʳ. ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ ʵʪʠʭ 
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ʦʙʲʝʢʪʘʭ ʷʚʣʷʶʪʩ ̫ʦʩʪʘʪʢʠ ʜʨʝʚʥʠʭ ʦʨʛʘʥʠʟʤʦʚ (ʬʦʩʩʠʣʠʠ ʦʢʘʤʝʥʝʣʦʩʪʠ). 

ɼʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ (ʇʇ). 

ɺʩʝ ʩʪʫʜʝʥʪʳ ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ʟʝʤʣʝ ʉʇʙɻʋ ʟʥʘʢʦʤʷʪʩʷ ʩ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ (ʆʆʇʊ). ʇʦʩʝʱʝʥʠʝ ʆʆʇʊ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʚʳʭ ʫʯʝʙʥʳʭ ʧʨʘʢʪʠʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜ-

ʩʢʦʡ, ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʠ. ɺ ʯʠʩʣʦ ʦʙʷʟʘʪʝʣʴʥʳʭ 

ʧʦʩʝʱʝʥʠʡ ʚʭʦʜʠʪ ʠʟʫʯʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʢʘʤʝʥʝʣʦʩʪʝʡ ʚ ʢʘʥʴʦʥʝ ʨ. 

ʊʦʩʥʦ, ʉʘʙʣʠʥʩʢʠʭ ʧʝʱʝʨ, ʨ. ʇʦʧʦʚʢʠ (ʛ. ʇʘʚʣʦʚʩʢ), ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʣ-

ʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʛʣʠʥʪʘ ʠ ɼʫʜʝʨʛʦʬʩʢʠʭ ʚʳʩʦʪ. ʈʝʟʫʣʴʪʘʪʳ ʦʟʥʘʢʦʤʣʝ-

ʥʠʷ ʩ ʆʆʇʊ ʚʢʣʶʯʘʶʪʩʷ ʚ ʦʪʯʝʪ ʫʯʝʙʥʦʡ ʛʨʫʧʧʳ ʧʦ ʠʪʦʛʘʤ ʧʦʣʝʚʦʡ ʧʨʘʢ-

ʪʠʢʠ. ʉʦʟʜʘʥʠʝ ʛʝʦʧʘʨʢʘ çʀʥʛʝʨʤʘʥʣʘʥʜʠʷè ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʢʪʠʚʠ-

ʟʘʮʠʠ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʱʠʪʳ ʠ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʛʠʦʥʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

 ɹʨʦʜʩʢʠʡ ɸ.ɺ., ʂʠʩʝʣʝʚ ɻ.ʅ. ɻʝʦʧʘʨʢ ʢʘʢ ʦʜʥʘ ʠʟ ʬʦʨʤ ʩʦʭʨʘʥʝʥʠʷ ʤʝʩʪʦʥʘʭʦʞʜʝ-

ʥʠʡ ʬʦʩʩʠʣʠʡ /ʇʨʠʨʦʜʥʦʝ ʠ ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ: ʤʝʞʜʠʩʮʠʧ. ʠʩʩʣʝʜ., ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʟ-

ʚʠʪʠʝ. ʂʦʣʣ. ʤʦʥʦʛʨʘʬʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ IX ɺʩʝʨʦʩ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬʝʨʝʥʮʠʠ (28-29 ʦʢʪ. 

2020, ʈɻʇʋ ʠʤ ɸ.ʀ.ɻʝʨʮʝʥʘ) /ʆʪʚ. ʨʝʜ. ɺ.ʇ.ʉʦʣʦʤʠʥ, ʅ.ʆ.ɺʝʨʝʱʘʛʠʥʘ, ʉ.ɺ.ʀʣʴʠʥʩʢʠʡ 

ʠ ʜʨ. ï ʉʇʙ.: ʀʟʜ - ʚʦ ʈɻʇʋ ʠʤ ɸ.ʀ.ɻʝʨʮʝʥʘ, 2020. ʉ.297-301. 

 ɿʘʢʦʥ ʈʌ çʆʙ ʦʙʲʝʢʪʘʭ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ (ʧʘʤʷʪʥʠʢʘʭ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ) 

ʥʘʨʦʜʦʚ ʈʌè ʦʪ 25.06.2002 ʛ. ˉ 73-ʌɿ. ʉɿ ʈʌ. 2002.ˉ26. ʉʊ.2519. 

 ɿʘʢʦʥ ʈʌ çʆʙ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭè. ʆʪ 15.02.1995 ʛ.ˉ 1024 

 ɿʘʢʦʥ ʈʌ çʆ ʚʳʚʦʟʝ ʠ ʚʚʦʟʝ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡè ʦʪ 15.04.1993. ˉ 4804-1. ɺʝʜʦ-

ʤʦʩʪʠ ʉʅɼ ʠ ɺʉ ʈʌ. 1993.ˉ 20. ʉʪ.718. 

 ɿʘʢʦʥ ʈʌ çʆ ʥʝʜʨʘʭè ʦʪ 21.02 1992 ʛ. //ʉʦʙʨʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ. 1995. ˉ 

10.ʉ.1592 ï 1612. 

 ɿʘʢʦʥ çʆʙ ʦʮʝʥʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ˉ 135-ʌɿ ʦʪ 29.07. 1998 ʛ 

 ʂʠʩʝʣʝʚ ɻ.ʅ, ʂʦʣʦʙʦʚʘ ʀ.ʄ., ʆ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʢʦʤʠʩʩʠʠ ʵʢʩ-

ʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʋʧʨʘʚʣʝʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʂʫʣʴʪʫʨʳ ʈʌ // ɺʝʩʪ-

ʥʠʢ ʊʝʨʨ. ʋʧʨ. ʄʠʥʠʩʪʝʨʩʪʚʘ ʢʫʣʴʪʫʨʳ ʈʦʩʩ. ʌʝʜ. ʧʦ ʩʦʭʨ. ʢʫʣʴʪ. ʮʝʥʥʦʩʪʝʡ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ. ɺʳʧ.3. 2000. ʉ. 2-6.. 

 ʃʘʧʦ ɸ.ɺ. ɺʜʦʚʝʮ ɸ.ʉ. ʇʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʈʦʩʩʠʠ /ʆʪʝ-

ʯʝʩʪʚ. ɻʝʦʣʦʛʠʷ. 1996, ˉ 9. ʉ. 6-12.  

 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʥʚʝʥʮʠʷ çʆ ʤʝʨʘʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʧʨʝʱʝʥʠʝ ʠ ʧʨʝʜʫʧʨʝʞʜʝ-

ʥʠʝ ʥʝʟʘʢʦʥʥʦʛʦ ʚʚʦʟʘ, ʚʳʚʦʟʘ ʠ ʧʝʨʝʜʘʯʠ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʢʫʣʴʪʫʨʥʳʝ ʮʝʥʥʦʩʪʠè 

(ɻʝʥʝʨʘʣʴʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ʆʆʅ ʦʪ 14 ʥʦʷʙʨʷ 1970 ʛ.) 

 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʥʚʝʥʮʠʷ çʆʙ ʦʭʨʘʥʝ ɺʩʝʤʠʨʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ 
ʥʘʩʣʝʜʠʷè.17 ʩʝʩʩʠʷ ʖʅɽʉʂʆ, 1972 ʛ.  

 ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ çʆʙ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭè 

ʦʪ 26. 12. 2001 ʛ. 

 ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 27 04 2001 çʇʦʣʦʞʝʥʠʝ ʦ ʧʦʨʷʜʢʝ ʧʨʦʚʝʜʝʥʠʷ 
ʵʢʩʧʝʨʪʠʟʳ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʚʦʟʦʤ ʠ ʚʚʦʟʦʤ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡè. 

 Fossil Collections of the world. An international Guide. First edition. 1989. International 

Palaeontological Association./Copiled by B.D. Webby.Washington,1989. 

 OèKeefe P.J. & Prott L. Law and Cultural Heritage. Oxford. 1984. 

*ɸʚʪʦʨʦʤ ʧʦʜʛʦʪʦʚʣʝʥ ʤʘʪʝʨʠʘʣ ʧʦ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ çɻʝʦʧʘʨʢʘ ʀʥʛʝʨʤʘʥʣʘʥʜʠʷè, 

** ɸʚʪʦʨʦʤ ʚʢʣʶʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʛʝʦʧʘʨʢʘ ʜʣʷ ʧʦʣʝʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 
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ʄʆʅʀʊʆʈʀʅɻ ʆʅʏ/ʅʏ-ʉʀɻʅɸʃʆɺ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʆʊʂʃʀʂɸ ʀʆʅʆʉʌɽʈʓ ʅɸ ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ  

ʀ ʉʆɹʓʊʀʗ ʂʆʉʄʀʏɽʉʂʆʁ ʇʆɻʆɼʓ 

ɹʫʜʠʣʦʚʘ ɽ.ɸ.1, ʉʦʣʦʚʴʝʚʘ ʄ.ʉ.2 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʤʠʨʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʣʠʢʘ 

ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘ ʪʘʢʠʝ ʩʦʙʳʪʠʷ ʠ ʷʚʣʝʥʠʷ, ʢʘʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ, 

ʩʦʙʳʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʥʘ ʧʨʠʝʤʥʦʤ ʮʝʥʪʨʝ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ. 

Abstract: The paper presents a short overview of the world's studies of the Earth's ionosphere 

response to events and phenomena such as earthquakes, volcanic eruptions, space weather events, 

and also shows an example of the results of the analysis of data obtained at the receiving center on 

the Kamchatka Peninsula. 

ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʦʯʝʥʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ (ʆʅʏ) 

ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ (ʅʏ) ʩʠʛʥʘʣʦʚ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʪʨʘʥʩʣʠ-

ʨʫʶɦʠʭ ʩʠʛʥʘʣʳ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʵʪʠ ʩʠʛʥʘʣʳ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝʥʠʡ ʠ ʩʦʙʳʪʠʡ, ʪʘ-

ʢʠʭ ʢʘʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ [1], ʮʫʥʘʤʠ ʠ ʤʝʪʝʦʮʫʥʘʤʠ [2, 3], ʩʦʙʳʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ [4, 5], ʩʦʣʥʝʯʥʳʝ ʟʘʪʤʝʥʠʷ [6], ʩʝʟʦʥʥʳʡ ʭʦʜ [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆʅʏ/ʅʏ-ʤʝʪʦʜʘ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɼʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʤʫʱʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʝʪʴ ʆʅʏ/ʅʏ-ʩʪʘʥʮʠʡ ʩʦ ʚʟʘʠʤʥʦ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʪʨʘʩʩʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʨʦʚʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ ʧʝʨʝʢʨʳʚʘʝʪ ʚʩʝ ʚʳʩʦʢʦ-

ʩʝʡʩʤʦʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʚʢʣʶʯʘʷ ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʠ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦ-ɸʟʠʘʪʩʢʠʡ ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʦʷʩʘ [8]. 

ɺ ʤʠʨʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʆʅʏ/ʅʏ ʩʝʪʝʡ, ʥʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ. 

ɺ 2009 ʛ. ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʝʚʨʦʧʝʡʩʢʘʷ ʩʝʪʴ ʆʅʏ (20-60 

ʢɻʮ) ʠ ʅʏ (150-300 ʢɻʮ) ʨʘʜʠʦʧʨʠʝʤʥʠʢʦʚ INFREP (International Network for 

Frontier Research on Earthquake Precursors) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʆʅʏ ʠ ʅʏ ʩʠʛʥʘʣʦʚ [9]. 

ɺ ʗʧʦʥʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʫʶ ʩʝʪʴ ʚʭʦʜʠʪ ʦʢʦʣʦ 10-ʪʠ ʆʅʏ/ʅʏ ʧʨʠʝʤ-

ʥʠʢʦʚ [1].  
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ʖʞʥʦʘʤʝʨʠʢʘʥʩʢʘʷ ʩʝʪʴ SAVNET, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʚ ʧʝʨʠʦʜ 2007-

2009 ʛʛ. ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʖʞʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ ʠ ʧʦʠʩʢʘ ʩʝʡʩʤʦ-ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢ-

ʪʦʚ [10], ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʧʨʠʝʤʥʳʭ ʆʅʏ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɹʨʘ-

ʟʠʣʠʠ, ʇʝʨʫ ʠ ɸʨʛʝʥʪʠʥʝ [5]. 

ɺ ʈʦʩʩʠʠ ʧʨʠʝʤʥʳʝ ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʝ-ʂʘʤ-

ʯʘʪʩʢʦʤ, ʥʘ ʉʘʭʘʣʠʥʝ, ʚ ʛ. ʖʞʥʦ-ʂʫʨʠʣʴʩʢʝ ʠ ʚ ʄʦʩʢʚʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩ 2009 ʛ. ʨʝʛʠʩʪʨʘʮʠʷ ʚʘʨʠʘʮʠʡ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʆʅʏ-

ʩʠʛʥʘʣʦʚ ʦʪ ʧʝʨʝʜʘʪʯʠʢʦʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʘʣʴʥʝʡ ʥʘʚʠʛʘʮʠʠ 

(ʈʉɼʅ-20), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʂʨʘʩʥʦʜʘʨʝ, ʅʦʚʦʩʠʙʠʨʩʢʝ ʠ ʍʘʙʘʨʦʚʩʢʝ, ʚʝ-

ʜʝʪʩʷ ʚ ʗʢʫʪʩʢʝ (ʀʂʌʀɸ ʉʆ ʈɸʅ) [7, 11]. 

ʆʅʏ/ʅʏ ʤʦʥʠʪʦʨʠʥʛ ʚ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʝ-ʂʘʤʯʘʪʩʢʦʤ ʥʘ ʧʨʠʝʤʥʠʢʝ PTK. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʜʘʥʥʳʝ ʆʅʏ/ʅʏ-ʤʦʥʠʪʦʨʠʥʛʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʨʦʛʥʦʟʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [12], ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʂʫ-

ʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʠ ʗʧʦʥʩʢʦʛʦ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ. 

ʄʦʥʠʪʦʨʠʥʛ ʆʅʏ/ʅʏ-ʩʠʛʥʘʣʦʚ ʧʦ ʪʨʘʩʩʘʤ, ʧʝʨʝʩʝʢʘʶʱʠʤ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʠʡ ʠ ʗʧʦʥʩʢʠʡ ʨʝʛʠʦʥʳ [8], ʚʝʜʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʩ 2000 ʛ. ɺ ʨʘʤʢʘʭ 

ʨʦʩʩʠʡʩʢʦ-ʷʧʦʥʩʢʦʛʦ ʧʨʦʝʢʪʘ ʄʅʊʎ 1121 ʚ ʟʜʘʥʠʠ ʀʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦ-

ʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɼɺʆ ʈɸʅ (ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ) ʚ ʠʶʥʝ 2000 ʛ. 

ʩʦʚʤʝʩʪʥʦ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʠ ʀʌɿ ʈɸʅ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʝʤʥʠʢ 

ʆʅʏ/ʅʏ-ʩʠʛʥʘʣʦʚ (ʜʘʣʝʝ PTK). 

ɺ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2019 ʛʛ. ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʥʠʢʘ OmniPal ʚʳʧʦʣʥʷ-

ʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʆʅʏ/ʅʏ-ʩʠʛʥʘʣʦʚ ʦʪ 4 ʧʝʨʝʜʘʪʯʠʢʦʚ: 

JJY (40 ʢɻʮ) ʠ JJI (22,2 ʢɻʮ) ʚ ʗʧʦʥʠʠ, NWC (19,8 ʢɻʮ) ʚ ɸʚʩʪʨʘʣʠʠ ʠ NPM 

(21,4 ʢɻʮ) ʥʘ ɻʘʚʘʡʩʢʠʭ ʦʩʪʨʦʚʘʭ. ɺ 2019 ʛ. ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʝʨʥʠʟʘ-

ʮʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʝʤʥʦʛʦ ʮʝʥʪʨʘ (UltraMSK), ʧʦʟ-

ʚʦʣʷʶʱʝʛʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʩʠʛʥʘʣʦʚ ʝʱʝ ʩ 6-ʪʠ ʧʝʨʝʜʘʪʯʠʢʦʚ: 

VTX (17 ʢɻʮ) ʚ ʀʥʜʠʠ, NTS (18,6 ʢɻʮ) ʚ ɸʚʩʪʨʘʣʠʠ, NAA (24 ʢɻʮ), NLK 

(24,8 ʢɻʮ) ʠ NML (25,2 ʢɻʮ) ʚ ʉʐɸ ʠ NAU (40,8 ʢɻʮ) ʚ ʇʫʵʨʪʦ-ʈʠʢʦ. 

ɼʘʥʥʳʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʥʘ ʧʨʠʝʤʥʦʤ ʮʝʥʪʨʝ PTK, ʧʨʦʭʦʜʷʪ ʧʝʨʚʠʯ-

ʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚ ʀʌɿ ʈɸʅ. 

ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʆʅʏ/ʅʏ ʩʠʛʥʘʣʦʚ ʧʨʦʮʝʩʩʳ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [1], 

ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ [13], ʮʫʥʘʤʠ [14] ʠ ʩʦʙʳʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ [15]. 

25 ʤʘʨʪʘ 2020 ʛ. ʚ ʨʘʡʦʥʝ ʉʝʚʝʨʥʳʭ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʧʨʦʠʟʦʰʣʦ 

ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ=7,5 ʥʘ ʛʣʫʙʠʥʝ 56 ʢʤ. ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʥʘʭʦʜʠʣʩʷ ʚ ʟʦʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʨʘʩʩ JJI-PTK ʠ JJY-PTK (ʨʠʩ. 1). ʈʝ-

ʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʟʘ ʤʘʨʪ 2020 ʛ., ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʠʝʤʥʦʤ ʮʝʥʪʨʝ 

PTK, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 1. ʕʣʣʠʧʩʳ ʧʦʢʘʟʳʚʘʶʪ ʟʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʨʘʩʩ JJI-PTK ʠ JJY-PTK. ʉʠ-

ʥʠʡ ʢʨʫʛ ʧʦʢʘʟʳʚʘʝʪ ʟʦʥʫ ʚʦʟʤʦʞʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʨʝʜʚʝʩʪʥʠʢʦʚ [16] 

 

 
ʈʠʩ. 2. ʉʨʝʜʥʠʝ ʨʘʟʥʦʩʪʥʳʝ ʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ JJI ʠ JJY ʟʘ 

ʤʘʨʪ 2020 ʛ. ʉʠʥʷʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʤʦʤʝʥʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ=7,5 
ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ ʥʘʙʣʶʜʘʣʦʩʴ 10-12, 16 ʠ 22-

23 ʤʘʨʪʘ ʥʘ ʦʙʝʠʭ ʪʨʘʩʩʘʭ. ʈʝʟʢʦʝ ʧʘʜʝʥʠʝ ʩʠʛʥʘʣʘ 22-23 ʤʘʨʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʢʘʢ ʧʦʜʛʦʪʦʚʢʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦ-

ʚʠʡ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʙʳʣʘ 

ʩʧʦʢʦʡʥʦʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ. 
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ʆ ɺɿɸʀʄʆʉɺʗɿʀ ʋʈʆɺʅʗ ʉɽʁʉʄʀʏɽʉʂʆɻʆ ʐʋʄɸ  

ʉ ɹɸʃʃʆʄ ʉɸʄʆʀɿʆʃʗʎʀʀ ɺ ʇɽʈʀʆɼ ʇɸʅɼɽʄʀʀ COVID -19  

ɺ ʅɽʂʆʊʆʈʓʍ ɻʆʈʆɼɸʍ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

ɺʠʥʦʛʨʘʜʦʚ ʖ.ɸ., ɼʷʛʠʣʝʚ ʈ.ɸ., ʄʠʣʝʭʠʥʘ ɸ.ʄ.  

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʛ. ʆʙʥʠʥʩʢ, ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ 

CORRELATION BETWEEN THE LEVEL OF SEISMIC NOISE AND 

THE SELF-ISOLATION INDEX DURING THE PERIOD OF COVID -19 

PANDEMI C IN SOME CITIES OF THE RUSSIAN FEDERATION  
Vinogradov Y., Diagilev R., Milekhina A. 

Federal Research Center çGeophysical Survey of the Russian Academy of Sciencesè, 

Obninsk, Kaluga Region 

ɸʥʥʦʪʘʮʠʷ: ɺʩʧʳʰʢʘ ʢʦʨʦʥʘʚʠʨʫʩʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʯʘʚʰʝʛʦʩʷ ʚ 2019 ʛʦʜʫ ʚ ʂʠ-

ʪʘʝ, ʙʳʣʘ ʦʙʲʷʚʣʝʥʘ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʧʘʥʜʝʤʠʝʡ ʚ ʤʘʨʪʝ 2020 

ʛ. ɺ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʠʨʫʩʘ Covid-19, ʤʥʦʛʠʝ 

ʩʪʨʘʥʳ ʤʠʨʘ, ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ, ʚʚʦʜʠʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʨʳ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʨʘʞʜʘʥ, ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʧʣʦʪʴ ʜʦ 

ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʟʘ-

ʤʝʪʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʤʠʨʝ, ʯʪʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ ʤʥʦ-

ʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʫʨʦʚʝʥʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʝʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʧʦ ʚʩʝʡ ʧʣʘʥʝʪʝ ʪʦʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ. ɺ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʚ ʛʦʨʦʜʘʭ ʄʦʩʢʚʘ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ɽʢʘʪʝʨʠʥʙʫʨʛ ʠ ʆʙʥʠʥʩʢ ʩ ʙʘʣʣʦʤ ʩʘʤʦʠʟʦʣʷʮʠʠ, ʝʞʝʜʥʝʚʥʦ ʨʘʩʩʯʠʪʳʚʘʝ-

ʤʳʤ ʥʘ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʝ ʢʦʤʧʘʥʠʠ ʗʥʜʝʢʩ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Covid-19, ʵʢʦʣʦʛʠʷ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʰʫʤ, ʩʝʡʩʤʦʤʝʪʨ, ʠʥʜʝʢʩ ʩʘ-

ʤʦʠʟʦʣʷʮʠʠ 

Abstract: Measures to mitigate the coronavirus disease 2019 (COVID-19) pandemic 

caused global changes in human activity. Many countries, including Russia, implemented var-

ious measures to restrict peopleôs movement, to decrease the level of industrial production and 

construction, up to a complete stop of the activities of many enterprises. Such restrictions have 

led to a noticeable improvement in the ecological situation around the world, which has been 

noted by many researchers. The level of seismic noise recorded by the network of seismic sta-

tions all over the world has also significantly decreased. This paper is devoted to correlation 

between seismic noise in 4 Russian cities (Moscow, St. Petersburg, Yekaterinburg and Ob-

ninsk) and independent measurements of human mobility daily calculated by Yandex company. 

Keywords: Covid-19, ecology, seismic noise, seismometer, self-isolation index. 

ɺʚʝʜʝʥʠʝ. ɺʩʧʳʰʢʘ ʢʦʨʦʥʘʚʠʨʫʩʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʯʘʚʰʝʛʦʩʷ ʚ ʢʦʥʮʝ 

2019 ʛ. ʚ ʂʠʪʘʝ (COVID-19) ʫʞʝ ʚ ʤʘʨʪʝ 2020 ʛ. ʙʳʣʘ ʦʙʲʷʚʣʝʥʘ ɺʩʝʤʠʨʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʧʘʥʜʝʤʠʝʡ [1]. ɼʣʷ ʙʦʨʴʙʳ ʩ ʥʝʡ ʧʨʘʚʠʪʝʣʴʩʪʚʘʤʠ 

ʤʥʦʛʠʭ ʩʪʨʘʥ ʙʳʣʠ ʧʨʠʥʷʪʳ ʵʢʩʪʨʝʥʥʳʝ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʙʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʟʤʥʦʞʝʥʠʷ ʚʠʨʫʩʘ. ʕʪʠ ʤʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠ ʩʦʮʠʘʣʴʥʦʝ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʨʠʚʝʣʠ ʢ ʩʝʨʴʝʟʥʦʤʫ ʩʧʘʜʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʪʫʨʠʟʤʘ, ʛʣʦʙʘʣʴʥʦ ʠʟʤʝʥʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ.  
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ɼʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʯʝʪʘ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʩʧʦʨʷʞʝʥʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ 

ʚʣʘʩʪʠ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʡ ʛʨʘʞʜʘʥ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝ-

ʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʮʠʬʨʦʚʦʡ 

ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʝ ʗʥʜʝʢʩ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʥʜʝʢʩ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʛʦʨʦʜʝ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 100 ʪʳʩ. ʯʝʣʦʚʝʢ. ʀʥʜʝʢʩ ʩʘʤʦʠʟʦʣʷʮʠʠ 

ï ɻ ʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʨʚʠʩʦʚ ʗʥʜʝʢʩʘ. ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʨʘʚʥʠ-

ʚʘʝʪ ʝʞʝʯʘʩʥʳʡ ʫʨʦʚʝʥʴ ʛʦʨʦʜʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʫʩʨʝʜʥʸʥʥʳʤ ʫʨʦʚʥʝʤ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʳʯʥʳʡ ʜʝʥʴ ʜʦ ʥʘʯʘʣʘ ʵʧʠʜʝʤʠʠ. ɽʩʣʠ 

ʦʥ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʯʘʩ ʧʠʢ ʦʙʳʯʥʦʛʦ ʙʫʜʥʷ ï ʫʨʦʚʝʥʴ ʩʘʤʦʠʟʦʣʷʮʠʠ ʥʠʟʢʠʡ (0 

ʙʘʣʣʦʚ), ʝʩʣʠ ʚ ʛʦʨʦʜʝ ʪʠʭʦ, ʢʘʢ ʥʦʯʴʶ ï ʫʨʦʚʝʥʴ ʚʳʩʦʢʠʡ (5 ʙʘʣʣʦʚ) [2]. 

ɺ ʤʘʨʪʝ-ʘʧʨʝʣʝ 2020 ʛʦʜʘ ʩʝʡʩʤʦʣʦʛʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥ ʤʠʨʘ ʦʪʤʝʪʠʣʠ, 

ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʘʤʦʠʟʦʣʷʮʠʠ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝ-

ʩʢʦʛʦ ʰʫʤʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʥʘ ʤʥʦʛʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʤʠʨʘ [3]. ʌʝ-

ʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʌʀʎ ɽɻʉ ʈɸʅ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʘʚʥʳʡ ʩʝʡʩʤʦʣʦ-

ʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ [4], ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʌʝʜʝʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʝʡ-

ʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʚʢʣʶʯʘʶʱʝʡ ʙʦʣʝʝ 350 ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [5]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʩʦʧʦʩʪʘ-

ʚʠʣʠ ʠʥʜʝʢʩʳ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚ ʛʦʨʦʜʘʭ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʥʘʩʝʣʝʥʠʷ (ʄʦʩʢʚʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʆʙʥʠʥʩʢ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʰʫʤ (ʜʠʘʧʘʟʦʥ 1 - 10 ɻʮ) ʠ ʚʳʷʚʠʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʥʠʤʠ, ʥʦ ʚ ʢʘʞʜʦʤ ʠʟ ʛʦʨʦʜʦʚ ʚʳʷʚʣʝʥʳ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʄʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ.  

1.ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ. 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʰʫʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʝ ʤʘʣʦʘʤʧʣʠʪʫʜ-

ʥʳʝ ʢʦʣʝʙʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ [6]. ʆʥ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʤʠʢʨʦʩʝʡʩʤ - ʢʦʣʝʙʘʥʠʡ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ ʦʩʥʦʚʥʦʤ ʩʪʦʷ-

ʯʠʤʠ ʤʦʨʩʢʠʤʠ ʚʦʣʥʘʤʠ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʮʠʢʣʦʥʦʚ, ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʰʫʤʘ, ʧʦʨʦʞʜʘʝʤʦʛʦ ʛʦʨʦʜʘʤʠ, ʪʨʘʥʩʧʦʨʪʦʤ, ʧʨʦʤʳʰʣʝʥ-

ʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ - ʚʩʝʤ ʪʝʤ, ʯʪʦ ʪʘʢ ʠʣʠ ʠʥʘʯʝ 

ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʟʘʧʠʩʠ ʧʦʜʦʙʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ, ʪʦ ʚ ʥʠʭ ʦʪʯʝʪʣʠʚʦ ʟʘʤʝʪʥʳ "ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʮʠʢʣʳ" - ʥʘʯʘʣʦ ʠ ʢʦ-

ʥʝʮ ʨʘʙʦʯʝʛʦ ʜʥʷ, ʚʦʩʢʨʝʩʥʳʝ ʜʥʠ ʠ ʜʘʞʝ - ʧʝʨʝʨʳʚʳ ʥʘ ʦʙʝʜʝʥʥʦʝ ʚʨʝʤʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʥʮʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʪʦʯʥʠʢʘʤ 

ʠʭ ʚʦʟʙʫʞʜʝʥʠʷ, ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʟʦʥʥʳʭ ʠ ʩʫʪʦʯʥʳʭ ʚʘ-

ʨʠʘʮʠʡ. ʂʨʦʤʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʩʝʡʩʤʠʯʝ-

ʩʢʠʡ ʰʫʤ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠ-

ʷʤʠ ʢʦʤʧʣʝʢʩʘ ʚʳʟʳʚʘʶʱʠʭ ʠʭ ʧʨʠʯʠʥ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ 
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ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʯʫʪʢʠʤʠ ʧʨʠʝʤʥʠʢʘʤʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ï ʩʝʡʩʤʦ-

ʤʝʪʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʨʦʯʥʦʝ ʦʩʥʦʚʘʥʠʝ.  

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʫʨʦʚʥʷ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

ʛʨʫʥʪʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʜʚʠʞʝʥʠʷ. ʂʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʥʪʝʛʨʘʣ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʩʤʝʱʝʥʠʡ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ʦʪ 1 ʜʦ 10 ɻʮ, ʪʘʢ ʢʘʢ ʦʥ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥ 

ʚʣʠʷʥʠʶ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ (ʚ ʛʦʨʦʜʘʭ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʚʠʞʝʥʠʝ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʘ). ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʘʤʧʣʠʪʫʜʳ, ʨʘʩʩʯʠ-

ʪʘʥʳ ʩ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʦʢʦʣʦ 20 ʤʠʥʫʪ, ʦʜʥʘʢʦ ʢʘʞʜʳʡ ʩʧʝʢʪʨ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ɹʘʨʪʣʝʪʪʘ [7], ʫʩʨʝʜ-

ʥʷʶʱʝʡ ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʛʘʨʤʦʥʠʢ ʧʦ ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʦ-

ʨʦʪʢʠʭ (ʦʢʦʣʦ 10 ʩ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ ʜʠʩʧʝʨʩʠʶ ʠʪʦʛʦʚʳʭ ʦʮʝʥʦʢ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʘʧʠʩʠ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ. ʈʘʩʯʝʪ ʩʧʝʢʪʨʘ ʚ 

ʢʘʞʜʦʤ ʩʝʛʤʝʥʪʝ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ, ʧʨʠ ʵʪʦʤ ʟʘʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʦʢʥʘ ʜʦ ʜʣʠʥʳ, ʢʨʘʪʥʦʡ ʩʪʝʧʝʥʠ 

ʜʚʦʡʢʠ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʮʝʣʠʢʦʤ ʜʘʥʥʳʤʠ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ. 

2. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʘ ʩʘʤʦʠʟʦʣʷʮʠʠ. 

ʇʣʘʪʬʦʨʤʘ ʗʥʜʝʢʩ ʝʞʝʜʥʝʚʥʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʚʦʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʨʚʠʩʦʚ ʩʨʘʚʥʠʚʘʝʪ ʝʞʝʯʘʩʥʳʡ 

ʫʨʦʚʝʥʴ ʛʦʨʦʜʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʫʩʨʝʜʥʸʥʥʳʤ 

ʫʨʦʚʥʝʤ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʳʯʥʳʡ ʜʝʥʴ ʜʦ ʥʘʯʘʣʘ ʵʧʠʜʝʤʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʙʘʣʣ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʫʨʦʚʝʥʴ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚ ʨʘʟʥʳʭ 

ʛʦʨʦʜʘʭ. ɼʣʷ ʵʪʦʛʦ ʩʨʘʚʥʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʛʦʨʦʜʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʡʯʘʩ 

ʠ ʚ ʦʙʳʯʥʳʡ ʜʝʥʴ ʜʦ ʵʧʠʜʝʤʠʠ. ɽʩʣʠ ʦʥ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʯʘʩ ʧʠʢ ʦʙʳʯʥʦʛʦ 

ʙʫʜʥʷ ï ʟʥʘʯʠʪ, ʫʨʦʚʝʥʴ ʩʘʤʦʠʟʦʣʷʮʠʠ ʥʠʟʢʠʡ, 0 ʙʘʣʣʦʚ, ʠ ʵʪʦ ʧʣʦʭʦ. ɽʩʣʠ 

ʦʥ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʯʘʩ ʧʠʢ ʦʙʳʯʥʦʛʦ ʙʫʜʥʷ - ʫʨʦʚʝʥʴ ʩʘʤʦʠʟʦʣʷʮʠʠ ʥʠʟʢʠʡ 

(0 ʙʘʣʣʦʚ), ʝʩʣʠ ʚ ʛʦʨʦʜʝ ʪʠʭʦ, ʢʘʢ ʥʦʯʴʶ ï ʫʨʦʚʝʥʴ ʚʳʩʦʢʠʡ (5 ʙʘʣʣʦʚ) [2]. 

ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʦʜʷʪʩʷ ʫʨʦʚʥʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ ʧʦ 

ʚʩʝʤ 4 ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʪʘʥʮʠʷʤ ʟʘ ʧʝʨʠʦʜ ʩ 01 ʤʘʨʪʘ ʧʦ 30 ʘʧʨʝʣʷ 2020 ʛʦʜʘ 

ʠ ʠʥʜʝʢʩ ʩʘʤʦʠʟʦʣʷʮʠʠ ʟʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʢʘʣʝ ʚʳʜʝ-

ʣʝʥʳ ʟʦʥʳ, ʜʦ ʚʚʝʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʧʝʨʝʜʚʠʞʝʥʠʶ (ʦʙʳʯʥʳʝ ʜʥʠ) ʠ ʧʦ-

ʩʣʝ ʚʚʝʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ (ʥʝʨʘʙʦʯʠʝ ʜʥʠ). ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʚʩʝʭ 

ʩʪʘʥʮʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʰʫʤʘ ʥʦʯʴʶ, ʘ ʪʘʢʞʝ ʚ ʩʫʙʙʦʪʳ ʠ ʚʦʩʢʨʝʩʝʥʴʝ. ɺʚʝʜʝʥʠʝ ʤʝʨ ʧʦ ʩʘʤʦʠʟʦʣʷ-

ʮʠʠ ʩʠʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʙʘʣʣ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚʦ ʚʩʝʭ ʛʦʨʦʜʘʭ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʚʝʣʠʨʦʚʘʚ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʥʝʚʥʦʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʥʦ 

ʦʯʝʥʴ ʩʣʘʙʦ ʧʦʚʣʠʷʣʦ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʚʦ ʚʩʝʭ ʛʦ-

ʨʦʜʘʭ, ʢʨʦʤʝ ʛ.ʄʦʩʢʚʘ, ʛʜʝ ʦʥ ʫʧʘʣ ʚ ʧʦʯʪʠ ʚ1,5 ʨʘʟʘ.  
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ʈʠʩ.1. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʦʚ (ʩʣʝʚʘ) ʚ ʛʦʨʦʜʘʭ ʆʙʥʠʥʩʢ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ɽʢʘʪʝʨʠʥʙʫʨʛ ʠ ʄʦʩʢʚʘ, ʩ ʠʥʜʝʢʩʦʤ ʩʘʤʦʠʟʦʣʷʮʠʠ (ʩʧʨʘʚʘ). 

 
ʈʠʩ.2. ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ ʠ ʠʥʜʝʢʩʘ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚ ʛ.ʄʦʩʢʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʠ 

ʠʥʜʝʢʩʘ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚ ʛ.ʄʦʩʢʚʘ. ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʚʳʥʫʞʜʝʥʥʳʭ 

ʚʳʭʦʜʥʳʭ, ʦʙʲʷʚʣʝʥʥʳʭ ʩ 30 ʤʘʨʪʘ, ʘʤʧʣʠʪʫʜʘ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʩʝʡʩʤʠ-

ʯʝʩʢʦʛʦ ʰʫʤʘ ʚ ʄʦʩʢʚʝ ʩʥʠʟʠʣʘʩʴ ʧʨʠʤʝʨʥʦ 1.5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʧʣʠ-

ʪʫʜʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʜʝʣʝʡ ʨʘʥʝʝ. ʇʦ ʩʫʪʠ, ʰʫʤ ʩʦʭʨʘʥʠʣʩʷ ʥʘ 

ʫʨʦʚʥʝ ʜʚʫʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʦʙʳʯʥʳʭ ʚʳʭʦʜʥʳʭ ʜʥʝʡ, ʢʦʛʜʘ ʣʶʜʠ ʫʝʟ-

ʞʘʣʠ ʟʘ ʧʨʝʜʝʣʳ ʛʦʨʦʜʘ ʠʣʠ ʧʨʦʩʪʦ ʦʩʪʘʚʘʣʠʩʴ ʜʦʤʘ. ʏʪʦ ʠʥʪʝʨʝʩʥʦ, ʫʨʦ-

ʚʝʥʴ ʰʫʤʦʚ ʩʥʠʟʠʣʩʷ ʢʘʢ ʜʥʝʤ, ʪʘʢ ʠ ʥʦʯʴʶ, ʥʦ ʜʥʝʤ ʨʘʟʥʠʮʘ ʙʦʣʝʝ ʟʘʤʝʪ-

ʥʘʷ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʦʪʣʠʯʥʘʷ ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ ʠʥʜʝʢʩʦʤ ʩʘʤʦʠʟʦ-

ʣʷʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʠʡ ʰʫʤ ʥʘ ʩʝʡʩʤʦʩʪʘʥʮʠʠ 

çʄʦʩʢʚʘè ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭʥʦʛʝʥʥʦʛʦ ʰʫʤʘ, ʚʳʟʚʘʥʥʦʛʦ ʜʚʠʞʝ-

ʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ. 
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GEOCHEMICAL AND MICROBIOLOGICAL STUDY OF ROCKS, 

ORES AND SOILS IN THE AREA AFFECTED  

BY AEROTECHNOGENIC EM ISSIONS  

OF THE çSEVERONIKELè PLANT 
Voytekhovsky Y.L., Neradovsky Y.N., Miroshnichenko T.A. 

Geological Institute of the FIC KSC RAS, Apatity 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʯʝʨʝʜʥʦʛʦ ʵʪʘʧʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʨʫʜ ʠ 

ʧʦʯʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ 

çʉʝʚʝʨʦʥʠʢʝʣʴè ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʂʆ1115 çɻʝʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʫʛʨʦʟʳ 

ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝè ʧʨʦʛʨʘʤʤʳ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʂʦʣɸʨʢʪʠʢè. ʂ ʟʘ-

ʧʘʜʫ ʦʪ ʛ. ʄʦʥʯʝʛʦʨʩʢ ʚʜʦʣʴ ʤʘʩʩʠʚʘ ʅʠʪʪʠʩ ï ʂʫʤʫʞʴʷ ï ʊʨʘʚʷʥʘʷ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʭʦ-

ʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜ, ʠʟʤʝʥʝʥʠʷ 

ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʝʧʝʥʴ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢ-

ʨʦʙʠʦʪʳ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʤʙʠʥʘʪ çʉʝʚʝʨʦʥʠʢʝʣʴè, ʄʦʥʯʝʛʦʨʩʢʠʡ ʨʘʡʦʥ, ʩʫʣʴʬʠʜʥʳʝ 

ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ ʨʫʜʳ, ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ, ʙʘʢʪʝʨʠʠ, ʤʠʢʨʦʤʠʮʝʪʳ. 

Abstract. The article provides preliminary results obtained at the latest stage of complex 

geochemical and microbiological study of rocks, ores and soils in the area affected by aerotech-

nogenic emissions of the Severonikel Dressing Plant in the framework of the international pro-

ject Kʆ1115 çGeo-Bio Hazards in the Arctic Regionè under the Europian Neighbourhood In-

strument Cross-Border Cooperation Programme Kolarctic. West of the Monchegorsk town 

along the Nittis-Kumuzhya-Travyanaya Mts, the oxidation degree of sulfide copper-nickel ores, 

alterations in their mineralogical and chemical compositions, soil acidity and diversity of the 

microbiota that was actively involved in geochemical processes were identified and appeared 

well correlated. 

Keywords. çSeveronikelè plant, Monchegorsk region, sulfide copper-nickel ores, acid 

rains, bacteria, micromycetes. 

Despite the challenging COVID-19 situation, the authors provided geochemical 

and microbiological studies of rocks, ores and soils in the area affected by aerotech-

nogenic emissions of the Severonikel Plant in the Monchegorsk area of the Murmansk 

region in summer, 2020. The research was carried out in the framework of the inter-

national project Kʆ1115 çGeo-Bio Hazards in the Arctic Regionè 

(çɻʝʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʫʛʨʦʟʳ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝè) under the Europian Neigh-

bourhood Instrument Cross-Border Cooperation Programme Kolarctic 2014-2020.  
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About 50 soil samples were collected from four sublatitudinal profiles, 

starting at the slopes of the Nittis-Kumuzhya-Travyanaya massif and spreading 

eastwards up to the peatland west of Monchegorsk. In situ measurements showed 

ʨʅ values to range from 3.6 to 7.2, with pH increasing with the sampling depth at 

every point (0.5 m, 1.0 m).  

The systematic analysis of microbiota in the soils and on the ore surface showed 

the following. The diversity of bacteria and micromycetes is quite limited. Notably, 

the amount of microorganisms of various groups in the soils is considerably higher 

than on the ore surface, which is reasonable due to the low content or a total absence 

of nutrients in the latter. In the soil, the amount of bacteria is 13-650 ths cells/g, the 

amount of micromycetes is 0.2-12 ths CFU/g; on the surface of the ores, the amount 

on cell bacteria is 35-460 cells/ʩm2, fungi buds ï 2-38 CFU/ʩm2. Saprotrophic, oli-

gotrophic, nitrifying, denitrifying and iron-oxidizing bacteria were identified in the 

soils and on the ore surface. Oligotrophs dominated in all samples. 
 

 
 

Fig. 1. Micromycetes in soil: 1 ï sam. 7, 2 ï sam. 25 (Sabouraud medium); 3 ï sam. 36 (Czapek-

Dox medium). Micromycetes on surface of ores: 4 ï sam. 59, 5 ï sam. 71, 6 ï sam. 75 (Czapek-

Dox medium); 7 Aureobasidium pullulans (de Bary & Lºwenthal) G. Arnaud; 8 Penicillium 

glabrum (Wehmer) Westling; 9 Penicillium spinulosum Thom; 10 Penicillium herquei Bainier 

& Sartory; 11 Aspergillus versicolor (Vuill.) Tirab.; 12 Penicillium velutinum J.F.H. Beyma. 
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Micromycetes were extracted in all soil samples (25 species) and on the 

surface of the ore (10 species) (Figs. 1, 2). From 12 to 16 micromycetes were 

extracted in each soil sample. From 2 to 6 micromycete species were extracted 

from the surface of the ore samples. The similarity degree of the species compo-

sition in both cases is 47%. Thus, a half of species extracted from the soil and ore 

surface are identical. Penicillium genus dominates in amount of species (30-50%) 

in all samples, which is typical of soils in northern regions. Paecilomyces variotii 

and Acremonium murorum species were extracted from all soil samples, but these 

are minor. Gibellulopsis nigrescens and Sarocladium strictum species prevail in 

a number of samples. The micromycete structure is more even on the ore surface 

than in the soil, no visible dominants are observed. The highest abundance value 

is recorded for Penicillium spinulosum species in all samples. 

Thus, it is proved that microbiota was actively involved in the geochemical 

transformation of rocks and ores in the area affected by aerotechnogenic emissions 

of the Severonikel Plant near the Monchegorsk town in the Murmansk region.  

 

 
 

Fig. 2. 1 Acremonium murorum (Corda) W. Gams; 2 Aspergillus versicolor (Vuill.) Tirab.; 3 

Gibellulopsis nigrescens (Pethybr.) Zare, W. Gams & Summerb.; 4 Mucor hiemalis Wehmer; 

5 Penicillium aurantiogriseum Dierckx; 6 Penicillium canescens Sopp; 7 Penicillium decum-

bens Thom; 8 Aureobasidium pullulans (de Bary & Lºwenthal) G. Arnaud; 9 Penicillium 

herquei Bainier & Sartory; 10 Penicillium jensenii K.W. Zaleski; 11 Penicillium purpurescens 

(Sopp) Biourge; 12 Penicillium simplicissimum (Oudem.) Thom. 
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ɺʆɼʆʆʍʈɸʅʅʓɽ ɿʆʅʓ ʂɸʂ ʅɽʆɹʍʆɼʀʄʓʁ ɺʀɼ  

ʆʍʈɸʅʗɽʄʓʍ ʇʈʀʈʆɼʅʓʍ ʊɽʈʈʀʊʆʈʀʁ  

ɼʃʗ ɽɺʈʆʇɽʁʉʂʆɻʆ ʉɽɺɽʈʆ-ɺʆʉʊʆʂɸ ʈʌ 

ʀ.ɺ. ɼʝʥʠʩʦʚʘ, ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʛ. ʉʳʢʪʳʚʢʘʨ 

WATER PROTECTION ZONES AS A NECESSARY TYPE OF 

PROTECTED NATURAL TERRITORIES FOR THE EUROPEAN 

NORTH-EAST OF THE RUSSIAN FEDERATION  
I. V. Denisova, Federal State Budgetary Educational Institution of Higher Education çPitirim 

Sorokin Syktyvkar State Universityè, Syktyvkar 

ɸʥʥʦʪʘʮʠʷ: ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʈʌ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʣʝʩʥʳʭ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʩʪʝʥʩʠʚ-

ʥʦʛʦ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ XX ʚʝʢʘ ʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʧʦʜʭʦʜʦʚ ʢ ʚʳʜʝʣʝʥʠʶ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʧʨʦʠʟʦʰʣʠ ʥʝʛʘʪʠʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ. ɼʣʷ ʩʥʠ-

ʞʝʥʠʷ ʫʨʦʚʥʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʩʪʦʣʴ ʚʘʞʥʦʛʦ ʧʨʠʨʦʜʥʦ-ʨʝ-

ʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʜʭʦʜʳ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʛʨʘʥʠʮ ʚʦ-

ʜʦʦʭʨʘʥʥʳʭ ʟʦʥ, ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʚʦʜʦʦʭʨʘʥʥʘʷ ʟʦʥʘ, ʚʳʨʫʙʢʘ 

ʣʝʩʦʚ, ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʣʘʥʜʰʘʬʪ. 

Abstract: an important problem of the territory of the European North-East of the Russian 

Federation is currently preservation of forest and water resources. As a result of extensive forest 

management during the XX century and imperfect approaches to the allocation of water pro-

tection zones, negative qualitative changes in landscapes occurred. To reduce the level of envi-

ronmental tension and preserve such an important natural resource potential, it is necessary to 

rationalize approaches to setting the borders of water protection zones based on the physical 

and geographical features of the territory. 

Keywords: protected natural areas, water protection area, deforestation, nature manage-

ment, geographical landscape. 

ɺ ʈʌ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘ-

ʱʠʱʝʥʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʥʦʨʤʘʤʠ ʠ ʘʢʪʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ 
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ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʦʙʱʠʭ ʦʩʥʦʚʘʥʠʷʭ, ʚ ʨʘʤʢʘʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʘ. ɺʦʜʦʦʭʨʘʥʥʳʝ ʟʦʥʳ, ʦʢʨʫʛʘ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʠ ʣʝʩʘ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʭʨʘʥʷʝʤʳʤ ʧʨʠʨʦʜʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ (ʆʇʊ), ʩʧʝʮʠʬʠʢʦʡ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʡ ʨʝʞʠʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʦ ʰʘʙʣʦʥʫ. 

ɺʦʜʦʦʭʨʘʥʥʳʝ ʟʦʥʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʩʠʩʪʝʤ.  

ɻʨʘʥʠʮʳ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʠ ʧʨʠʙʨʝʞʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʣʦʩ ʫʪʚʝʨʞʜʘ-

ʶʪʩʷ ʦʨʛʘʥʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʌ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʙʘʩ-

ʩʝʡʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ 

ʦʭʨʘʥʦʡ ʚʦʜʥʦʛʦ ʬʦʥʜʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʌ, ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʤʫ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʫʧʦʣʥʦʤʦʯʝʥʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚ ʦʙʣʘ-

ʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʦʨʛʘʥʘʤʠ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʠ ʦʨʛʘʥʘʤʠ ʌʝʜʝʨʘʣʴʥʦʡ ʧʦʛʨʘʥʠʯʥʦʡ ʩʣʫʞʙʳ ʈʌ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʦʣʥʦʤʦʯʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʟʦʥ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʫʩʪʦʡ ʛʠʜʨʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʩʝʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʬʝʨʳ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʫʝʤʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʡʦʥʘʤ ʦʩʥʦʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʝʩʦʟʘʛʦʪʦʚʦʢ.  

ʇʨʠʚʝʜʸʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʨʨʠʪʦʨʠʠ. ɻʫʩʪʦʪʘ ʨʝʯʥʦʡ ʩʝʪʠ ɽʚ-

ʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʈʌ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 0,3 - 0,8 ʢʤ/ʢʤ2. ɼʦʣʠʥʘʤ 

ʨʝʢ ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʛʣʠʥʢʠ, ʛʣʠʥʳ, ʩʫʧʝʩʠ ʠ ʧʝʩʢʠ. ʇʠʪʘʥʠʝ ï 

ʩʥʝʛʦʚʦʝ, ʜʦʞʜʝʚʦʝ ʠ ʧʦʜʟʝʤʥʦʝ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʪʘʣʳʝ ʩʥʝʛʦʚʳʝ ʚʦʜʳ, ʜʦʞʜʠ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ʈʝʢʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʥʝʛʦʚʳʤ ʧʠʪʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚ-

ʣʷʝʪ ʙʦʣʝʝ 50 % ʩʪʦʢʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʪʦʢʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥ-

ʥʝʛʦ ʧʦʣʦʚʦʜʴʷ. ɺʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ ʥʘʩʪʫʧʘʝʪ ʧʦʟʜʥʝʝ, ʯʝʤ ʥʘ ʶʛʝ ʩʪʨʘʥʳ, ʠ 

ʥʦʩʠʪ ʟʘʪʷʞʥʦʡ ʭʘʨʘʢʪʝʨ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʦʙʣʝʩʸʥʥʦʩʪʴ ʪʝʨʨʠʪʦ-

ʨʠʠ ʠ çʚʦʟʚʨʘʪʳ ʭʦʣʦʜʦʚè ʚʦ ʚʨʝʤʷ ʩʥʝʛʦʪʘʷʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʧʝʮʠʬʠʢʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʥʝʦʙʭʦʜʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ, ʘ ʥʝ ʰʘʙʣʦʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʨʘʟʤʝʨʦʚ ʛʨʘʥʠʮ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʶʘʥʩʳ ʬʠ-

ʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʜʭʦʜʘ [1]. 

ʇʝʨʚʳʝ ʚʦʧʨʦʩʳ ʦ ʩʦʟʜʘʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʥʳ ʝʱʸ ʚ XVIII ʚʝʢʝ, ʯʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʦʟʥʘʯʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʧʝʨʝʭʦʜʦʤ ʠʭ ʚ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦ-

ʛʝʥʥʳʝ. ɽʚʨʦʧʝʡʩʢʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʈʦʩʩʠʠ ʩʪʦʣʢʥʫʣʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘ-

ʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ 

ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʛʨʘʥʠʮ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʦʟʥʘʯʠʣʩʷ 

ʧʝʨʝʜ ʥʘʫʢʦʡ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʚ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʦʡ ʚʳʨʫʙʢʦʡ ʣʝʩʦʚ.  

ɺʦʜʦʦʭʨʘʥʥʳʝ ʟʦʥʳ ï ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʘʢʚʘʪʦʨʠʷʤ ʨʝʢ, ʦʟʸʨ, 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʧʨʝʜʝʣʘʭ, ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘ-
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ʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʚʦʜʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ, ʟʘʩʦʨʝʥʠʷ, ʠʩʪʦʱʝʥʠʷ ʠ ʟʘʠʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʷ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʟʘʧʨʝʱʘʝʪʩʷ ʨʘʟ-

ʤʝʱʝʥʠʝ ʩʢʣʘʜʦʚ ʷʜʦʭʠʤʠʢʘʪʦʚ, ʢʣʘʜʙʠʱ, ʩʢʦʪʦʤʦʛʠʣʴʥʠʢʦʚ, ʩʚʘʣʦʢ ʊɹʆ, 

ʨʘʩʧʘʰʢʘ ʟʝʤʝʣʴ, ʨʘʟʤʝʱʝʥʠʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʘʪʝʛʦʨʠʯʝʩʢʠ ʟʘʧʨʝʱʝʥʘ ʚʳʨʫʙʢʘ ʣʝʩʦʚ.  

ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʢʘʪʝʛʦʨʠʠ ʣʝʩʦʚ ʚʜʦʣʴ ʨʝʢ ʜʣʷ ʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝ-

ʞʠʤʘ ʭʦʟʷʡʩʪʚʘ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʡ ʨʦʣʠ ʥʘʩʘʞʜʝʥʠʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʚʠʜʳ ʣʝʩʘ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʢʘʢ ʵʣʝʤʝʥʪʳ ʛʝʦʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʃʝʩʘ ʚʳʧʦʣ-

ʥʷʶʪ ʚʘʞʥʳʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʘʥʜʰʘʬʪʘ ʬʫʥʢʮʠʠ: ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʫʶ, 

ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʫʶ, ʘʢʢʫʤʫʣʷʮʠʦʥʥʫʶ ʠ ʙʘʢʪʝʨʠʮʠʜʥʫʶ. ɺ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ 

ʦʥʠ ʟʘʱʠʱʘʶʪ ʧʦʡʤʫ ʠ ʙʝʨʝʛʘ, ʩʢʣʦʥʳ ʜʦʣʠʥ ʠ ʥʘʜʧʦʡʤʝʥʥʳʝ ʪʝʨʨʘʩʳ ʦʪ ʵʨʦ-

ʟʠʠ, ʟʘʜʝʨʞʠʚʘʶʪ ʠ ʟʘʢʨʝʧʣʷʶʪ ʥʘʥʦʩʳ, ʧʝʨʝʭʚʘʪʳʚʘʶʪ ʦʧʘʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʝʨʝʥʦʩʠʤʳʝ ʩʪʦʢʦʤ ʩ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. ɺ ʜʦʣʠʥʘʭ ʨʝʢ ʦʥʠ ʫʣʫʯ-

ʰʘʶʪ ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʩʥʠʞʘʶʪ ʠʭ ʦʙʤʝʣʝʥʠʝ ʚ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ, ʩʦʭʨʘʥʷʶʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ɺ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʦʪ-

ʥʦʰʝʥʠʡ ʤʝʞʜʫ ʙʠʦʛʝʦʮʝʥʦʟʘʤʠ ʨʝʯʥʳʭ ʜʦʣʠʥ ʣʝʩʘ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺʳʨʫʙʢʘ ʣʝʩʦʚ ʥʘ ʪʝʨʨʘʩʘʭ ʠ ʚʦʜʦʨʘʟʜʝʣʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʝʡʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʯʝʨʪ ʧʦʡʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʧʦʯʚ [1; 2]. 

ɺ ʧʨʝʜʝʣʘʭ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠʙʨʝʞʥʳʝ ʟʘ-

ʱʠʪʥʳʝ ʧʦʣʦʩʳ, ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʢʦʪʦʨʳʭ ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʧʨʠʙʨʝʞʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʣʦʩʘʭ ʟʘʧʨʝʱʘʶʪʩʷ 

ʨʘʩʧʘʰʢʘ ʟʝʤʝʣʴ, ʨʫʙʢʘ ʠ ʢʦʨʯʸʚʢʘ ʣʝʩʘ, ʨʘʟʤʝʱʝʥʠʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʬʝʨʤ ʠ ʣʘʛʝʨʝʡ, ʜʨʫʛʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘ ʠʭ ʪʝʨʨʠʪʦʨʠʠ ʜʦʧʫʩʢʘʝʪʩʷ 

ʨʘʟʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʨʝʢʨʝʘʮʠʠ, ʨʳʙʥʦʛʦ ʠ ʦʭʦʪʥʠʯʴʝʛʦ 

ʭʦʟʷʡʩʪʚ, ʘ ʪʘʢʞʝ ʚʦʜʦʟʘʙʦʨʥʳʭ, ʧʦʨʪʦʚʳʭ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ 

ʧʨʠ ʥʘʣʠʯʠʠ ʣʠʮʝʥʟʠʠ ʥʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ.  

ʈʘʟʤʝʨʳ ʠ ʛʨʘʥʠʮʳ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ, ʨʝʞʠʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʠʜʝ-

ʘʣʝ, ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ, ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʩ ʫʯʸʪʦʤ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʷ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʟʤʝʨʳ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪʩʷ, ʠʩʭʦʜʷ ʪʦʣʴʢʦ ʠʟ ʜʣʠʥʳ ʚʦʜʦʪʦʢʘ ʠʣʠ ʧʣʦʱʘʜʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ.  

ɼʣʷ ʨʝʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʣʠʥʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʰʠ-

ʨʠʥʘ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʫʨʝʟʘ ʚʦʜʳ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ɼʣʷ ʨʝʢ ʜʣʠʥʦʡ ʜʦ 10 ʢʤ ʤʠʥʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʚʦʜʦʦʭʨʘʥʦʡ 

ʟʦʥʳ ï 15 ʤ, ʦʪ 11 ʜʦ 50 ʢʤ ï 100 ʤ, ʦʪ 51 ʜʦ 100 ʢʤ ï 200 ʤ; ʩʚʳʰʝ 100 ʢʤ ï 

500 ʤ., ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʩ ʮʝʣʴʶ ʚʝʜʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. 

ʆʙʳʯʥʦ ʰʠʨʠʥʘ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʚʜʦʣʴ ʨʝʢ ʩʦʩʪʘʚʣʷʝʪ 50 ʤ - 20 ʢʤ ʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ, ʙʝʟ ʫʯʸʪʘ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʡ 
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ʨʦʣʠ ʣʝʩʦʚ ʚ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦ ʚ ʟʘʧʨʝʪʥʳʝ ʧʦʣʦʩʳ ʥʝ ʚʢʣʶ-

ʯʘʶʪʩʷ ʚʩʝ ʥʘʩʘʞʜʝʥʠʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ, ʚʳʧʦʣʥʷʶʱʠʝ ʚʘʞʥʫʶ ʩʨʝʜʦʦʙʨʘʟʫʶ-

ʱʫʶ ʨʦʣʴ, ʘ ʯʘʩʪʴ ʟʘʱʠʪʥʦ-ʚʦʜʦʦʭʨʘʥʥʳʭ ʣʝʩʦʚ ʦʪʥʦʩʷʪ ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ. 

ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʧʦʣʦʩ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʜʦʣʠʥʳ, ʢ ʟʘʱʠʪʥʦ-

ʚʦʜʦʦʭʨʘʥʥʳʤ ʣʝʩʘʤ ʚʜʦʣʴ ʨʝʢ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʦʪʥʦʩʷʪ ʯʘʩʪʴ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʨʝʚʦʩʪʦʝʚ, ʥʝ ʚʳʧʦʣʥʷʶʱʠʭ ʦʩʦʙʦ ʚʘʞʥʦʡ ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʡ 

ʨʦʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʢʝ. ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʢʘʪʝʛʦʨʠʠ ʣʝʩʦʚ ʟʘʧʨʝʪʥʳʭ ʧʦ-

ʣʦʩ ʧʦ ʰʘʙʣʦʥʫ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʚʩʝʭ ʆʇʊ, ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ 

ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʝʩʦʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʛʨʘʥʠʮ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʦʧʪʠʤʘʣʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʠʭ ʚʳʜʝʣʝ-

ʥʠʶ, ʫʯʠʪʳʚʘʶʱʠʡ ʣʘʥʜʰʘʬʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʥʝʩʝʥʠʝ ʚʦʜʦʦʭʨʘʥ-

ʥʳʭ ʣʝʩʦʚ ʢ ʢʘʪʝʛʦʨʠʠ ʆʆʇʊ.  
ʃʠʪʝʨʘʪʫʨʘ 
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CREATION  OF A FOREST TAXATION  DATABASE BASED ON FOR-

EST MANAGEMENT DATA IN GIS ON THE E XAMPLE OF CHER-

NORECHENSK FORESTRY (KAZAKHSTAN)  
Ospanova A., Stanis E.V., ʈeoplesô Friendship University of Russia (RUDN University) 

ɸʥʥʦʪʘʮʠʷ: ʚ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʪʝʨʨʠʪʦʨʠʠ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʚʠʟʫʘ-

ʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʨʠʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʨʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠ-

ʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʝʩʦʪʘʢʩʘʮʠʦʥʥʳʝ ʦʧʠ-

ʩʘʥʠʷ, ʧʣʘʥʳ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʩʥʠʤʢʠ. ʅʘ ʧʨʠʤʝʨʝ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʝʢʪʦʨʠʟʘʮʠʷ ʛʨʘʥʠʮ ʣʝʩʥʳʭ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʡ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ArcMap. ɸʚʪʦʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʢʘʯʝ-
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ʩʪʚʝ ʧʨʠʤʝʨʘ ʘʪʨʠʙʫʪʠʚʥʘʷ ʪʘʙʣʠʮʘ ʜʣʷ ʚʚʦʜʘ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʣʝʩʥʳʤ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʙʘʟʘ ʜʘʥʥʳʭ, 

ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʪʘʢʩʘʮʠʷ 

Abstract: In this article, a database was created on the example of the territory of the 

Chernorechensk forest area, which in the future will allow to make a spatial visualization of 

data by building a series of thematic maps. The sources of information for compiling the data-

base were forest tax descriptions, plans, topographic maps, and remote images. Using the ex-

ample of forming an information database, the boundaries of forest divisions were vectorized 

in ArcMap geoinformation systems. Was developed by the author as an example of the attribute 

table to enter the information on the forest units. As examples of visualization of the information 

database, maps of the forest management of the Chernorechensk forest area were constructed. 

Keywords: forest management, GIS, database, forestry, taxation 

ɺʚʝʜʝʥʠʝ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʩʦʚ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʥʳʭ 

ʘʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪʝʭʥʦ-

ʣʦʛʠʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ, ʟʘʱʠʪʳ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʩʦʚ ʚ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʬʦʨʤʝ ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʰʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʳʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝ-

ʥʠʶ, ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ ʣʝʩʦʚ ʥʝʦʙʭʦʜʠʤʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʫʯʝʪʘ ʣʝ-

ʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [1, 2, 3,]. ɻʀʉ- ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʚ ʣʝʩʥʦʤ 

ʭʦʟʷʡʩʪʚʝ ʦʢʦʣʦ 30 ʣʝʪ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ [4]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɻʀʉ ʚʦʟʤʦʞʥʦ ʠʥʪʝʛʨʠ-

ʨʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ.  

ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʂʘʟʘʭ-

ʩʪʘʥʝ ʜʣʷ ʦʮʝʥʢʠ ʣʝʩʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʣʝʩʦʫʧʨʘʚʣʝʥʠʝ. ʇʨʘʚʠʣʘ ʧʨʦʚʝʜʝʥʠʷ ʣʝ-

ʩʦʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʥʠʮ ʣʝʩʥʠʯʝʩʪʚ, ʣʝʩʦʧʘʨʢʦʚ ʠ ʣʝʩʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, ʤʝʪʦʜʘʤ ʠ ʩʧʦʩʦʙʘʤ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ, ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʜʝʡʩʪʚʫʶʱʝʡ ʀʥʩʪʨʫʢʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ [5]. ʇʣʘʥʠ-

ʨʫʝʤʘʷ ʘʢʪʫʘʣʠʟʘʮʠʷ ʪʘʢʩʘʮʠʦʥʥʳʭ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʣʝʩʦ-

ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ 10 ʣʝʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ 

ʦʙʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʫʯʝʪʘ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʠʟ-

ʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʣʝʩʥʦʛʦ ʥʘʜʟʦʨʘ, ʧʦʪʝʨʝ ʣʝʩʥʳʭ ʨʝʩʫʨ-

ʩʦʚ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʠʭ ʟʘʱʠʪʳ ʠ ʦʭʨʘʥʳ [6]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʂʦʨʨʝʢʪʥʳʡ ʫʯʝʪ ʠʟʤʝʥʝʥʠʡ ʠ ʩʦʩʪʦʷʥʠʷ ʣʝʩ-

ʥʦʛʦ ʬʦʥʜʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ [7]. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʙʘʟ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ ʧʨʠ 

ʧʨʠʦʙʨʝʪʝʥʠʠ ʣʠʮʝʥʟʠʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʠ ʧʝʨʩʦʥʘʣʘ. ʄʳ 

ʩʯʠʪʘʝʤ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ɻʀʉ-ʧʨʦʛʨʘʤʤ ArcMap, QGis, MapInfo ʠ ʠʭ ʘʥʘʣʦʛʦʚ. ɼʘʥ-

ʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪ ʩʭʦʞʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʠʥʪʝʨʬʝʡʩ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʇʆ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʣʝʩʦʫʧʨʘʚʣʝʥʠʷ.  

ʅʘ ʧʨʠʤʝʨʝ ʪʝʨʨʠʪʦʨʠʠ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ ʙʳʣʘ ʧʦʩʪʘʚ-

ʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ɻʀʉ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʘʪʨʠ-

ʙʫʪʠʚʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʯʘʩʪʴ.  

ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ArcMap ʧʨʦʠʟʦ-

ʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.  

1. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥ-

ʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʣʝʩʦʪʘʢʩʘʮʠʦʥʥʳʝ ʦʧʠʩʘ-

ʥʠʷ, ʙʫʤʘʞʥʳʝ ʧʣʘʥʰʝʪʳ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ 

ʩʥʠʤʢʠ. ɼʣʷ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʪʦ-

ʙʨʘʥʳ ʠʟ ʊʘʢʩʘʮʠʦʥʥʳʭ ʦʧʠʩʘʥʠʡ ʣʝʩʥʠʯʝʩʪʚʘ ʣʝʩʦʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʆʪʨʘʜʥʝʥʩʢʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦ-

ʜʦʧʦʣʴʟʦʚʘʥʠʷ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠè. ɺ ʢʘʯʝʩʪʚʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩ-

ʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʥʠʤʢʠ SAS Planet ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ ʠ 

ʧʣʘʥʳ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʟʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çʂʘʟʘʭ-

ʩʢʦʝ ʣʝʩʦʫʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝè.  

2. ɺʝʢʪʦʨʠʟʘʮʠʷ ʙʫʤʘʞʥʳʭ ʢʘʨʪ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʛʝ-

ʦʧʨʠʚʷʟʢʘ ʧʣʘʥʦʚ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤʝ ArcMap, ʪʘʢ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ 

ʜʦʩʪʫʧʥʘ ʙʳʣʘ ʪʦʣʴʢʦ ʚ ʙʫʤʘʞʥʦʤ ʚʠʜʝ. ʅʘ ʧʣʘʥʰʝʪʘʭ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʢʘʢ 

ʧʨʘʚʠʣʦ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʥʠʮʳ ʢʚʘʨʪʘʣʦʚ, ʚʳʜʝʣʦʚ, ʠʭ ʧʣʦʱʘʜʠ, ʜʦʨʦʛʠ ʠ 

ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʙʝʟ ʥʘʣʠʯʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ, ʧʦʵʪʦʤʫ ʧʨʠʚʷʟʢʘ ʨʘʩʪʨʦ-

ʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʢʦʥʪʫʨʘʤ ʚʳʜʝʣʦʚ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴ-

ʥʳʭ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʩʥʠʤʢʘʤʠ. ʇʦʩʣʝ ʛʝʦʧʨʠʚʷʟʢʠ ʨʘʩʪ-

ʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʣʘʥʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʝʢʪʦʨʠʟʘʮʠʷ ʛʨʘʥʠʮ ʢʚʘʨʪʘʣʦʚ, 

ʚʳʜʝʣʦʚ, ʣʠʥʝʡʥʳʭ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ ʫʪʦʯ-

ʥʝʥʠʝ ʛʨʘʥʠʮ ʚʳʜʝʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʩʥʠʤʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʪʦʛʦʚʘʷ ɻʀʉ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʦʩʪʦʷʣʘ ʠʟ 2 ʩʣʦʝʚ: çʢʚʘʨʪʘʣʳè (ʧʦʣʠʛʦʥʘʣʴ-

ʥʳʡ), çʚʳʜʝʣʳè (ʧʦʣʠʛʦʥʘʣʴʥʳʡ). 

3. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʪʨʠʙʫʪʠʚʥʦʡ ʪʘʙʣʠʮʳ ArcGis. 

ɺʚʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʘʪʨʠʙʫʪʠʚʥʦʡ ʪʘʙʣʠʮʳ 

ArcMap ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚ ʪʘʢʩʘʮʠʦʥʥʳʭ ʦʧʠʩʘʥʠʷʭ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʚʳʜʝʣʘ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ: 1) ʜʦʤʠʥʘʥʪ 2) ʩʫʙʜʦʤʠʥʘʥʪ 3) ʚʳʩʦʪʘ ʷʨʫʩʘ ʜʨʝʚʦʩʪʦʷ 4) ʚʦʟʨʘʩʪ 5) 

ʚʳʩʦʪʘ 6) ʜʠʘʤʝʪʨ ʜʨʝʚʦʩʪʦʷ 7) ʢʣʘʩʩ ʚʦʟʨʘʩʪʘ 8) ʛʨʫʧʧʘ ʚʦʟʨʘʩʪʘ 9) ʟʘʧʘʩ 
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ʜʨʝʚʦʩʪʦʷ 10) ʙʦʥʠʪʝʪ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʬʦʨʤʘʪʳ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ï ʪʝʢʩʪʦ-

ʚʳʡ (ʜʦʤʠʥʘʥʪ, ʩʫʙʜʦʤʠʥʘʥʪ) ʠ ʯʠʩʣʦʚʦʡ (ʚʳʩʦʪʘ ʷʨʫʩʘ ʜʨʝʚʦʩʪʦʷ, ʚʦʟʨʘʩʪ 

ʠ ʪ.ʜ.). ʇʨʦʙʣʝʤʦʡ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʨʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤ ʤʘʩ-

ʩʠʚʦʤ ʜʘʥʥʳʭ, ʪʘʢ 1 ʢʚʘʨʪʘʣ ʚ ʩʨʝʜʥʝʤ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʦʢʦʣʦ 15 ʚʳʜʝʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʫʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʂʘʨʪʳ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʣʝʩʥʠʯʝʩʪʚʘ (ʨʠʩ.1).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʷʚʣʷ-

ʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ: ʢʘʨʪ ʢʚʘʨʪʘʣʦʚ ʠ ʚʳʜʝʣʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʳ ʧʦʨʦʜʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʣʝʩʥʠʯʝʩʪʚ, ʢʘʨʪʳ ʙʦʥʠʪʝʪʘ ʣʝʩʦʚ, ʟʘʧʘʩʦʚ ʣʝʩʘ, ʚʦʟʨʘʩʪʘ ʣʝʩʦʚ ʠ ʪ.ʜ. 

 
ʈʠʩ. 1 ʂʘʨʪʘ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʬʨʘʛʤʝʥʪʘ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ. 

 ɿʘʢʣʶʯʝʥʠʝ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʛʝʦʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ArcMap. ʉʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ ʣʝʩ-

ʥʠʯʝʩʪʚʘ (ʂʘʟʘʭʩʪʘʥ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢʘʨʪʘ 

ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʥʠʯʝʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʛʫʪ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʣʝʩʦʫʧʨʘʚʣʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʣʝʩʦʚ 

ʤʦʞʝʪ ʨʝʰʠʪʴ ʚʘʞʥʳʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʜʨʝʚʝʩʥʳʭ 

ʧʦʨʦʜ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʟʜʘʥʠʷ ʣʝʩʥʳʭ ʧʦʣʦʩ.   

ʉʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʏʝʨʥʦʨʝʯʝʥʩʢʦʛʦ 

ʣʝʩʥʠʯʝʩʪʚʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚʧʝʨʚʳʝ.  

ʃʠʪʝʨʘʪʫʨʘ 
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MATHEMATICAL  MODELING  OF PETROGRAPHIC  STRUCTURES 

USING MODERN INFORMATION TECHNOLOGIES  
Zakharova A.A., Voytekhovskiy Yu. L., Saint-Petersburg Mining University 

ɸʥʥʦʪʘʮʠʷ: ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʩʪʨʫʢʪʫʨ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʪʘʪʠʩʪʠʢʝ 

ʤʝʞʟʝʨʥʦʚʳʭ ʢʦʥʪʘʢʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ArcGIS ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʩʯʝʪʘ ʢʦʥʪʘʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʨʘʤʠ ʚʧʝʨʚʳʝ ʥʘʛʣʷʜʥʦ 

ʧʦʣʫʯʝʥʘ ʛʨʘʥʠʮʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʙʠʤʠʥʝʨʘʣʴʥʦʡ ʧʦʨʦʜʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʨʘʚʥʦʚʝʩʠʝ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ, ʩʪʨʫʢʪʫʨʥʘʷ ʠʥʜʠʢʘʪʨʠʩʘ, ʤʝʞʟʝʨʥʦʚʳʝ ʢʦʥʪʘʢʪʳ. 

Abstract: The paper is devoted to modeling the microstructures of rocks using an original 

approach to the analysis of structures based on the statistics of intergranular contacts. The pos-

sibilities of using modern information technologies for modeling are considered. A methodol-

ogy developed by the authors for using the ArcGIS program for automatic contact counting is 

described. As a result of the development of specialized software the authors demonstrated the 

Hardy-Weinberg boundary for triple contacts in a bimineral rock.  

Keywords: mathematical modeling, petrographic structures, Hardy-Weinberg equilib-

rium, structural indicatrix, intergranular contacts. 

ɺʚʝʜʝʥʠʝ. ʉʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘʨʷʜʫ ʩ ʭʠʤʠʯʝʩʢʠʤ ʠ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʜʣʷ ʨʝʰʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʛʝʥʝʟʠʩʘ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʛʝʦ-
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ʣʦʛʠʠ, ʵʪʦʪ ʨʘʟʜʝʣ ʧʝʪʨʦʛʨʘʬʠʠ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʠʩʘʪʝʣʴʥʳʤ. ʂʣʘʩʩʠ-

ʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʠʩʘʥʠʝ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ 

ʟʝʨʝʥ ʠ ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ʊʝʢʩʪʫʨʳ ʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʦʨʦʜ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʍʦʪʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʘʥʛʣʠʡʩʢʦʡ ʠ 

ʬʨʘʥʮʫʟʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʣʦʚʘ çstructureè ʠ çtextureè ʠʤʝʶʪ ʧʨʷʤʦ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʣʷ ʧʝʪʨʦʛʨʘʬʦʚ 

[3,4]. ʇʦʜʦʙʥʳʡ ʦʧʠʩʘʪʝʣʴʥʳʡ ʧʦʜʭʦʜ ʧʦʨʦʞʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʫʢʪʫʨ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʣʘʩʘʭ, [5] ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʨʦʛʠʭ ʛʨʘ-

ʥʠʮ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ 

ʧʝʪʨʦʛʨʘʬʦʚ. ɸʚʪʦʨʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪ ʩʤʝʩʪʠʪʴ ʘʢʮʝʥʪ ʩ ʤʦʨʬʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ, ʘ ʠʤʝʥʥʦ ʨʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ. ʈʘʥʝʝ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ [1] ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʪʘʪʠʩʪʠʢʝ ʤʝʞʟʝʨʥʦʚʳʭ ʢʦʥʪʘʢʪʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʣʦʩʢʦʩʪʴ 

ʰʣʠʬʘ ʧʦʧʘʜʘʶʪ ʣʠʰʴ ʢʦʥʪʘʢʪʳ ʪʨʝʭ ʟʝʨʝʥ (ʪʨʦʡʥʳʝ ʢʦʥʪʘʢʪʳ ʚ ʪʦʯʢʝ) ʠ 

ʜʚʫʭ ʟʝʨʝʥ (ʙʠʥʘʨʥʳʝ ʢʦʥʪʘʢʪʳ ʚʜʦʣʴ ʣʠʥʠʠ) [6], ʢʦʪʦʨʳʝ ʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪ-

ʨʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ï ʙʠʥʘʨʥʳʝ ʢʦʥʪʘʢʪʳ ʚ ʙʠʤʠʥʝ-

ʨʘʣʴʥʦʡ ʧʦʨʦʜʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʚʩʝʛʦ ʜʚʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨ S2
1 ʠ S2

2 

(ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ [2]). ʉʪʨʫʢʪʫʨʥʳʤʠ ʠʥʜʠʢʘʪʨʠʩʘʤʠ 

(ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ) ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʛʠʧʝʨʙʦʣʘ ʠ ʵʣʣʠʧʩ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɻʨʘʥʠʮʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʪʠʧʘʤʠ 

ʙʫʜʝʪ ʨʘʚʥʦʚʝʩʠʝ ʤʦʥʦ- ʠ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ (ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʝ ʚ 

ʥʘʫʢʝ ʨʘʚʥʦʚʝʩʠʝ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ, ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɹʘʨʠʮʝʥʪʨʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ Pij ʜʣʷ ʙʠʤʠʥʝʨʘʣʴʥʦʡ ʛʦʨʥʦʡ ʧʦ-

ʨʦʜʳ. ʇʦʢʘʟʘʥʳ ʪʠʧʳ ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ ʜʠʘʛʨʘʤʤʳ ʠ ʫʨʘʚʥʝʥʠʝ ʙʘ-

ʣʘʥʩʘ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʇʦʜʩʯʝʪ ʛʨʘʥʠʮ ʤʝʞʜʫ ʤʠʥʝʨʘʣʘʤʠ ʚʨʫʯʥʫʶ ï ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫ-

ʜʦʝʤʢʠʡ. ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʳ ArcGIS ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜ-
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ʩʯʝʪʘ ʤʝʞʟʝʨʥʦʚʳʭ ʢʦʥʪʘʢʪʦʚ. ɺ ʧʨʦʛʨʘʤʤʫ ʟʘʛʨʫʞʘʝʪʩʷ ʨʠʩʫʥʦʢ ʠʣʠ ʧʘʥʦ-

ʨʘʤʥʳʡ ʩʥʠʤʦʢ ʰʣʠʬʘ, ʩʦʟʜʘʝʪʩʷ ʪʘʙʣʠʮʘ ʘʪʨʠʙʫʪʦʚ, ʚ ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷ-

ʝʪʩʷ ʥʦʚʳʡ ʩʪʦʣʙʝʮ çʎʚʝʪè. ʂʘʞʜʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʤʠʥʝʨʘʣʘʤʠ ʦʪʤʝʯʘʝʪʩʷ 

ʣʠʥʠʝʡ, ʢʦʪʦʨʦʡ ʟʘʜʘʝʪʩʷ ʮʚʝʪ ʠʣʠ ʙʫʢʚʝʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʪʘʙʣʠʮʫ ʘʪʨʠʙʫʪʦʚ ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʨʘʙʦʪʳ ʩʫʤʤʠʨʫʶʪʩʷ ʧʦ ʢʘʞʜʦʤʫ ʪʠʧʫ ʛʨʘʥʠʮ (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ArcGIS. ʇʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʰʣʠʬʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ 

ʣʠʥʠʷʤʠ ʠ ʪʘʙʣʠʮʘ ʘʪʨʠʙʫʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ArcGIS ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʦʜʩʯʝʪʘ, ʠʩ-

ʢʣʶʯʘʝʪ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʠʣʠ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ 

ʟʝʨʝʥ (ʛʨʘʬʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʫʚʝ-

ʣʠʯʠʚʘʪʴ ʢʘʨʪʠʥʢʫ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʚʪʦ-

ʨʘʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ, ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɹʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʘʩʯʝʪʘʭ ʪʨʦʡ-

ʥʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʤʠʥʝʨʘʣʘʤʠ (ʢʦʪʦʨʳʝ ʚ ʰʣʠʬʝ ʬʠʢʩʠʨʫʶʪʩʷ ʪʦʯ-

ʢʘʤʠ), ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʘʟʨʘʙʦʪʘʥ ʣʠʰʴ 

ʜʣʷ ʙʠʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʜ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ 4 ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʚʝʨʦ-

ʷʪʥʦʩʪʝʡ (p111, p222, 3p112, 3p122), ʦʪʦʙʨʘʟʠʪʴ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘ ʪʝʪʨʘʵʜʨʝ. ɸʚ-

ʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʙʘʟʝ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Pyton, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʣʠʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʙʠʤʠʥʝʨʘʣʴʥʦʡ ʧʦ-

ʨʦʜʝ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʃʠʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʥʪʘʢʪʦʚ ʙʠʤʠʥʝʨʘʣʴʥʦʡ ʧʦʨʦʜʳ (ʧʦʢʘʟʘʥʳ 

ʨʘʟʥʳʝ ʧʨʦʝʢʮʠʠ) 
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ɿʘʢʣʶʯʝʥʠʝ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʧʝʪʨʦʛʨʘʬʠʠ, ʦʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʪʘ-

ʝʪʩʷ ʦʧʠʩʘʪʝʣʴʥʦʡ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʘ ʧʦʜʩʯʝʪʘ ʩʪʘʪʠʩʪʠʢ 

ʤʝʞʟʝʨʥʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʪʨʫʢ-

ʪʫʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʫʧʨʦʱʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʩʯʝʪʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʩ ʧʦ-

ʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʝ-

ʨʝʜ ʘʚʪʦʨʘʤʠ ʚʩʝ ʝʱʸ ʩʪʦʷʪ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʯʝʪʘ ʢʦʥʪʘʢʪʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦ ʰʣʠʬʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʳ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʥʜʠʢʘ-

ʪʨʠʩ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʙʠʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʝ-

ʰʘʪʴʩʷ ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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BIODIVERSITYôS DYNAMIC OF THE SUPERORDER 

DINOSAURIA AT DIFFERENT TAXONOMIC LEVELS  

Nesterov E.M., Egorov P.I., Miroshkina ɸ.E., Zagashev S.M. 

Herzen State Pedagogical University of Russia 

ɸʥʥʦʪʘʮʠʷ: ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʙʘʟʘ ʥʘʜʦʪʨʷʜʘ Dino-

sauria. ʀʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʜʦʪʨʷʜʘ. ʇʨʠʚʝʜʝʥʳ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ ʨʦʜʦʚ ʜʣʷ ʜʠʥʦʟʘʚʨʦʚ ʧʦ ʢʘʞʜʦʤʫ ʦʪʜʝʣʫ ʤʝʟʦʟʦʷ. ʇʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʜʠʥʦʟʘʚʨʦʚ ʚ ʤʦʤʝʥʪ ʜʚʫʭ ʤʝʟʦʟʦʡʩʢʠʭ ʚʳʤʠʨʘʥʠʡ ï 

ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʛʦ ʠ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʧʦʣʥʦʛʦ ʚʳʤʠʨʘʥʠʷ ʜʠ-

ʥʦʟʘʚʨʳ ʷʚʣʷʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʦʟʚʦʥʦʯʥʳʤʠ ʩʫʰʠ, ʥʦ ʠ ʥʘʭʦʜʠʩʴ ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʩʮʚʝʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʩʢʦʨʝʝ ʢʘʪʘʩʪʨʦʬʠʯʥʦʩʪʴ ʩʦʙʳʪʠʡ, 

ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʩʫʰʝ ʚ ʢʦʥʮʝ ʤʝʟʦʟʦʡʩʢʦʡ ʵʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Dinosauria, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʤʘʩʩʦʚʳʝ ʚʳʤʠʨʘʥʠʷ, ʢʘʪʘʩʪʨʦʬʳ. 

Abstract: The dynamics of the development of the biodiversity of this superorder was 

calculated. Estimates of the possible number of genera for dinosaurs for each period of the 

Mesozoic are presented. The data on biodiversity of dinosaurs at the time of two Mesozoic 

extinctions - Late Triassic and Cretaceous-Paleogene - are presented and analyzed. It is shown 
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that at the time of extinction the dinosaurs were far from their natural sunset, which confirms 

the catastrophic nature of events that occurred on land at the end of the Mesozoic era. 

Keywords: Dinosauria, biodiversity, mass extinctions, disasters. 

ɺʳʤʠʨʘʥʠʝ ʚ ʢʦʥʮʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝ-

ʨʝʩ ʜʣʷ ʥʘʫʢʠ. ʂʘʢ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ ʥʘʤ ʤʘʩʩʦʚʦʝ ʚʳʤʠʨʘʥʠʝ ʬʘʥʝʨʦʟʦʷ, ʦ 

ʥʝʤ ʩʦʭʨʘʥʠʣʦʩʴ ʙʦʣʴʰʝ ʬʘʢʪʦʚ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʣʝʪʦʧʠʩʴ ʚʨʝʤʝʥʠ, ʙʦʣʝʝ 

ʧʦʣʥʘ, ʢʨʦʤʝ ʪʦʛʦ, ʤʝʣʦʚʦʝ ʚʳʤʠʨʘʥʠʝ (ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ, ʤʝʟʦʟʦʡʩʢʦʝ) ʧʦʨʦ-

ʜʠʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨʦʚ, ʢʘʢ ʦ ʝʛʦ ʧʨʠʯʠʥʘʭ, ʪʘʢ ʠ ʦ ʝʛʦ ʧʨʦʪʝʢʘʥʠʠ.  

ʄʝʣʦʚʦʝ ʚʳʤʠʨʘʥʠʝ ʟʘʪʨʦʥʫʣʦ ʢʘʢ ʤʦʨʩʢʠʝ, ʪʘʢ ʠ ʥʘʟʝʤʥʳʝ ʵʢʦʩʠ-

ʩʪʝʤʳ. ʇʨʠʯʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʤʠʨʘʥʠʷ ʚ ʦʢʝʘʥʘʭ ʤʦʛʣʠ ʙʳʪʴ ʚʝʩʴʤʘ ʨʘʟ-

ʣʠʯʥʳ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʨʦʙʥʦʤʫ ʠʟʫʯʝʥʠʶ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʚ-

ʪʦʨʘʤʠ [1]) ʩʨʘʚʥʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʧʦʥʷʪʥʳ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚ ʧʦʟʜ-

ʥʝʤʝʣʦʚʳʭ ʦʢʝʘʥʘʭ. ʆʙʦʙʱʝʥʥʦ ʠʭ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ ʩʦʢʨʘʱʝʥʠʝ ʙʠʦ-

ʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʦʚʣʝʢʰʝʝ ʟʘ ʩʦʙʦʡ 

ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ ʥʘʨʫʰʝʥʠʷ ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʝʡ ʚʦʜʦʝʤʦʚ ʠ ʚʳʤʠʨʘʥʠʝ ʦʪ-

ʜʝʣʴʥʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ. ʆ ʧʨʠʯʠʥʘʭ, ʧʨʠʚʝʜʰʠʭ ʢ ʜʘʥʥʦʤʫ ʪʨʦʬʠʯʝ-

ʩʢʦʤʫ ʩʙʦʶ, ʚʝʜʫʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʜʠʩʢʫʩʩʠʠ. 

ʉ ʜʨʫʛʦʡ ʞʝ ʩʪʦʨʦʥʳ ʧʨʦʪʝʢʘʥʠʶ ʥʘʟʝʤʥʦʛʦ ʚʳʤʠʨʘʥʠʷ ʫʜʝʣʝʥʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʂ.ʖ. ɽʩʴʢʦʚʘ, ʥʘʜʦʪʨʷʜ Dinosauria 

ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʠʤ ʧʪʝʨʦʟʘʚʨʘʤʠ ï ʝʜʠʥʩʪʚʝʥʥʘʷ ʢʨʫʧʥʘʷ ʛʨʫʧʧʘ ʦʨʛʘ-

ʥʠʟʤʦʚ, ʚʳʤʠʨʘʶʱʘʷ ʥʘ ʩʫʰʝ ʚ ʢʦʥʮʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ [2]. ʀʤʝʥʥʦ ʧʦ-

ʵʪʦʤʫ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʚʦʧʨʦʩʝ ʦ ʭʘʨʘʢʪʝʨʝ ʥʘʟʝʤʥʦʛʦ ʚʳʤʠʨʘʥʠʷ ʟʘʥʠ-

ʤʘʝʪ ʥʘʜʦʪʨʷʜ Dinosauria, ʷʚʣʷʚʰʠʡʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʠʤʝʨʥʦ 150 ʤʣʥ ʣʝʪ 

ʛʣʘʚʝʥʩʪʚʫʶʱʠʤ ʥʘ ʩʫʰʝ, ʥʦ ʧʦʣʥʦʩʪʴʶ ʚʳʤʝʨʰʠʤ ʢ ʜʘʪʩʢʦʤʫ ʚʝʢʫ, ʧʝʨ-

ʚʦʤʫ ʚʝʢʫ ʂʘʡʥʦʟʦʡʩʢʦʡ ʵʨʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʠʯʥʘ ̫

ʥʘʭʦʜʢʘ ʩʝʤʝʡʩʪʚʘ ʛʘʜʨʦʟʘʚʨʠʜ, ʧʨʠʥʘʜʣʝʞʘʱʘ ̫ʜʘʪʩʢʦʤʫ ʚʝʢʫ - 64.8 Ñ 0.9 

ʤʣʥ ʣʝʪ [9, 10], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʵʪʦʛʦ ʥʘʜʦʪʨʷʜʘ ʧʦʣ-

ʥʦʩʪʴʶ ʧʨʝʢʨʘʪʠʣʦ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʤʝʣʦʚʦʤ ʧʝʨʠʦʜʝ. 

ʅʘʜʦʪʨʷʜ Dinosauria ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʠ ʥʘ ʪʝʢʫ-

ʱʠʡ ʤʦʤʝʥʪ ʥʘʩʯʠʪʳʚʘʝʪ 1245 ʚʠʜʦʚ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʧʦʢʘ ʥʝ ʠʤʝʶʪ ʨʦʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʪʠʧʦʚ ʜʫʙʣʠʨʦʚʘʥʠʷ.  

ɺ 2008 ʛ. Benton [8] ʦʧʨʦʚʝʨʛ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʥʘʜʦʪʨʷʜ ʥʘʩʯʠ-

ʪʳʚʘʝʪ 1401 ʚʠʜ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2008 ʛ.), ʧʦʢʘʟʘʚ, ʯʪʦ 230 ʚʠʜʦʚ ʷʚʣʷʣʠʩʴ 

ʣʠʙʦ ʩʠʥʦʥʠʤʠʯʥʳʤʠ, ʣʠʙʦ ʥʝ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʳʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʚʳʜʝʣʝ-

ʥʠʷ, ʣʠʙʦ ʥʝ ʦʪʥʦʩʠʣʠʩʴ ʢ ʜʠʥʦʟʘʚʨʘʤ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʍʍI ʚʝʢʝ 

ʫʞʝ ʩʜʝʣʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʭʦʜʦʢ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷʶʪ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʣʝʪʦʧʠʩʴ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʦʮʝʥʢʘʤ [8, 9] ʝʞʝʛʦʜʥʦ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʦʣʦ 30 ʥʦʚʳʭ 

ʚʠʜʦʚ ʥʘʜʦʪʨʷʜʘ Dinosauria (ʩʤ. ʨʠʩ. 1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ XX ʚʝʢʘ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ ʚʩʝʛʦ 3-4 ʚʠʜʘ ʚ ʛʦʜ. ʉʧʝʮʠʘʣʠʩʪʳ ʦʮʝʥʠʚʘʶʪ ʚʦʟʤʦʞ-

ʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʘʥʥʦʛʦ ʦʪʨʷʜʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʜʠʘ-

ʧʘʟʦʥʦʤ. ʊʘʢ Wang and Dodson ʚ 2006 ʛʦʜʫ ʥʘ ʨʦʜʦʚʦʤ ʫʨʦʚʥʝ ʦʮʝʥʠʣʠ ʙʠ-

ʦʨʘʟʥʦʦʙʨʘʟʠʝ ʜʠʥʦʟʘʚʨʦʚ ʚ 1850 ʨʦʜʦʚ [18], ʜʝʩʷʪʠʣʝʪʠʝʤ ʨʘʥʝʝ Russell ʜʘʣ 
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ʦʮʝʥʢʫ ʚ 3400 ʨʦʜʦʚ [15]. ʕʪʠ ʟʥʘʯʝʥʠʷ ʚ 3,5 ʠ ʙʦʣʝʝ ʨʘʟ ʙʦʣʴʰʝ ʜʦʢʘʟʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ 2006 ʛ. - 556 ʨʦʜʦʚ [18], ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʘʢʪʫʘʣʴʥʳ 

ʜʘʥʥʳʭ 1090 ʨʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʧʦ ʦʪʢʨʳʪʦʡ ʙʘʟʝ [17]. ʇʨʠ ʵʪʦʤ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʨʦʜʦʚ ʜʠʥʦʟʘʚʨʦʚ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, 

ʦʩʪʘʝʪʩʷ ʩʧʦʨʥʦʡ ʯʘʩʪʴʶ ʠʭ ʩʠʩʪʝʤʘʪʠʢʠ. 

 
ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ ʦʪʢʨʳʪʳʭ ʚʠʜʦʚ ʥʘʜʦʪʨʷʜʘ Dinosauria ʧʦ ʜʝʩʷʪʠʣʝʪʠʷʤ  

(ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄ. Benton [8]) 

ʎʝʣʴ ʨʘʙʦʪʳ - ʩʦʦʪʥʝʩʪʠ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʥʘʤʠʢʫ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʠʥʦʟʘʚ-

ʨʦʚ ʥʘ ʫʨʦʚʥʝ ʩʝʤʝʡʩʪʚ, ʨʦʜʦʚ ʠ ʚʠʜʦʚ ʚ ʤʝʟʦʟʦʡʩʢʦʡ ʵʨʝ. ʊʘʢ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚ-

ʥʝʥʠʝ ʪʝʤʧʦʚ ʚʳʤʠʨʘʥʠʷ ʜʠʥʦʟʘʚʨʦʚ ʚ ʢʦʥʮʝ ʪʨʠʘʩʘ ʠ ʤʝʣʘ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʘʚʪʦʨʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ 

ʚʥʝʩʝʥʥʳʤ ʚ ʙʘʟʫ [17] ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʥʘʜʦʪʨʷʜʘ Dinosauria ʥʘ 01.11.2020. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʘʚʪʦʨʘʤʠ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ ʧʦʩʪʨʦʝʥʘ ʛʝʦʭʨʦʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʰʢʘʣʘ (https://cutt.ly/LhRBjBR) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʠʦʜʦʚ ʤʝʟʦ-

ʟʦʡʩʢʦʡ ʵʨʳ. ʇʦʜʨʦʙʥʘʷ ʪʘʙʣʠʮʘ ʧʦʟʚʦʣʠʣʘ ʩʜʝʣʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝ-

ʥʠʝ ʪʝʤʧʦʚ ʚʳʤʠʨʘʥʠʷ ʜʣʷ ʧʦʟʜʥʝʛʦ ʪʨʠʘʩʘ ʠ ʧʦʟʜʥʝʛʦ ʤʝʣʘ, ʠ ʚʳʚʦʜʳ ʧʦ 

ʩʦʚʨʝʤʝʥʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʤʠʨʘʥʠʷ. 

ʏʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʫʩʣʦʚʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʜʦʪʨʷʜʘ 

Dinosauria ʠ ʦʩʤʳʩʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʤʠʨʘʥʠʷ ʜʘʥʥʦʛʦ ʥʘʜʦʪʨʷʜʘ.  

ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʝʢʘ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʜʦʞʠʣʠ 34 ʩʝʤʝʡʩʪʚʘ ʜʠʥʦʟʘʚ-

ʨʦʚ, 165 ʨʦʜʦʚ, 252 ʚʠʜʘ ʠʟ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʤʝʣʦʚʦʤ ʧʝʨʠʦʜʝ 782 ʚʠʜʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʮʝʥʢʘʤ J. Le Loeuff [12] 104 ʚʠʜʘ ʠʩʯʝʟʣʠ ʥʘ ʛʨʘʥʠʮʝ ʤʝʣʘ-

ʧʘʣʝʦʛʝʥʘ. ʊʘʢ, ʜʣʷ ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 11 ʩʝ-

ʤʝʡʩʪʚ ʠ 18 ʨʦʜʦʚ, 54 ʚʠʜʘ ʠʟ 133 ʦʙʠʪʘʚʰʠʭ ʚ ʪʨʠʘʩʝ, ʜʣʷ ʶʨʩʢʦʛʦ ʧʝʨʠʦʜʘ 

23 ʩʝʤʝʡʩʪʚʘ, 62 ʨʦʜʘ 131 ʚʠʜ (ʨʠʩ. 3, 4). 

ɺʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʠʘʩʘ ʥʝ ʙʳʣʦ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʉ ʤʦʤʝʥʪʘ 

ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʜʠʥʦʟʘʚʨʦʚ ʜʦ ʪʨʠʘʩʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ ʧʨʦʰʣʦ ʦʢʦʣʦ 35-

40 ʤʣʥ ʣʝʪ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, S. Brusatte [6] ʪʦʯʥʳʡ ʤʦʤʝʥʪ ʦʪʜʝʣʝ-

ʥʠʷ ʜʠʥʦʟʘʚʨʦʚ ʦʪ ʜʠʥʦʟʘʚʨʦʤʦʨʬʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ.  
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ɺʦʟʤʦʞʥʳʤ, ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤ ʜʠʥʦʟʘʚʨʦʤ ʤʦʛ ʙʳʪʴ Nyasasaurus 

parringtoni [14]. ʂ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʜʠʥʦʟʘʚʨʳ ʝʱʝ ʥʝ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʷ, ʠ 

ʪʦʣʴʢʦ ʥʘʯʠʥʘʣʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ɿʝʤʣʝ ʠʩʧʳʪʳʚʘʷ ʢʦʥʢʫʨʝʥʮʠʶ ʩʦ 

ʩʪʦʨʦʥʳ ʢʘʢ ʜʨʫʛʠʭ ʨʝʧʪʠʣʠʡ, ʪʘʢ ʠ ʧʨʝʜʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʊʨʠʘʩʦʚʦ-ʶʨʩʢʠʡ ʙʠʦʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʠʥʦ-

ʟʘʚʨʘʤ, ʦʩʚʦʙʦʜʠʚ ʯʘʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ. ʉ ʨʘʥʥʝʡ ʶʨʳ ʠ ʜʦ ʧʦʩʣʝʜʥʠʭ 

ʚʝʢʦʚ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʧʨʦʠʩʭʦʜʠʣ ʨʦʩʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʜʠʥʦʟʘʚʨʦʚ ʥʘ ʚʩʝʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. 

ʊʘʢ, ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʩʩʮʚʝʪʘ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʜʠ-

ʥʦʟʘʚʨʳ ʜʦʩʪʠʛʣʠ ʚ ʤʝʣʦʚʦʤ ʧʝʨʠʦʜʝ (ʨʠʩ. 3). ɼʘʥʥʳʡ ʪʝʟʠʟ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʤʥʝʥʠʶ ʦ ʪʦʤ, ʯʪʦ ʢ ʢʦʥʮʫ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʜʠʥʦʟʘʚʨʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʫʧʘʜʢʘ [2, 16] ʠ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʘʩʪʝʨʦʡʜ ʧʦ ɸʣʴʚʘʨʝʩʫ [3], 

ʠʟʣʠʷʥʠʝ ʜʝʢʘʥʩʢʠʭ ʪʨʘʧʧʦʚ [11] ʠ ʜʨ.) ʧʦʣʦʞʠʣʠ ʢʦʥʝʮ ʵʢʦʩʠʩʪʝʤʝ ʫʞʝ ʚʳ-

ʚʝʜʝʥʥʦʡ ʠʟ ʩʦʩʪʦʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ.  

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʨʦʜʦʚ ʜʠʥʦ-

ʟʘʚʨʦʚ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʝʨʦʷʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʦʤʝʥʪ ʙʠʦʪʠʯʝ-

ʩʢʦʛʦ ʢʨʠʟʠʩʘ. ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʘʘʩʪʨʠʭʪʩʢʦʛʦ ʚʝʢʘ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚ 5,1 ʤʣʥ (70,6ï65,5 ʤʣʥ ʣʝʪ) ʩʦʛʣʘʩʥʦ Gradstein ʠ ʜʨ. [8]. ʇʦʟʜʥʠʡ ʤʘʘʩʪʨʠʭʪ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʦʥʳ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ CF4 68.3 ʤʣʥ [13], ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʟʜʥʝʛʦ ʤʘʘʩʪʨʠʭʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,8 

ʤʣʥ. ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʨʦʜʘ ʜʠʥʦʟʘʚʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʘʷ P. 

Dodson [7], ʩʦʩʪʘʚʣʷʝʪ 7,7 ʤʣʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʜʠʥʦʟʘʚʨ rʙʳʣʠ ʩʧʦʩʦʙʥʳ ʧʝʨʝʞʠʪʴ ʜʘʥʥʳʡ ʨʫʙʝʞ, ʯʪʦ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʚʩʝʤʝʩʪʥʳʤ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʚʩʝʭ 104 ʚʠʜʦʚ ʢ ʥʘʯʘʣʫ ʜʘʪ-

ʩʢʦʛʦ ʚʝʢʘ (ʦʮʝʥʦʯʥʦ ʤʦʛʣʦ ʩʫʱʝʩʪʚʦʚʘʪʴ 628-1078 ʚʠʜʦʚ ʜʦʞʠʚʰʠʭ ʜʦ 

ʧʦʟʜʥʝʛʦ ʤʘʘʩʪʨʠʭʪʘ) [12]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʜʥʝʤʘʘʩʪʨʠʭʪʩʢʠʝ ʜʠʥʦʟʘʚʨʳ 

ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʧʝʨʝʞʠʪʴ ʨʫʙʝʞ ʤʝʣʘ-ʧʘʣʝʦʛʝʥʘ, ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʧʦʟʜʥʝʛʦ ʤʝʣʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʥʝʟʘʧʥʦʤ ʚʳ-

ʤʠʨʘʥʠʠ ʜʠʥʦʟʘʚʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʧʘʢʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʥʘʰʠʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʯʴ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʦ çʩʣʫʯʘʡʥʦʤè 

ʠʩʯʝʟʥʦʚʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʜʠʥʦʟʘʚʨʦʚ, ʪʘʢ ʢʘʢ ʢ ʢʦʥʮʫ ʤʝʣʦʚʦʛʦ ʧʝ-

ʨʠʦʜʘ ʜʠʥʦʟʘʚʨʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʵʚʦʣʶʮʠʦʥʥʦ ʧʨʦʜʚʠʥʫʪʫʶ ʠ ʨʘʟʥʦʦʙʨʘʟ-

ʥʫʶ ʛʨʫʧʧʫ ʦʨʛʘʥʠʟʤʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʦʣʞʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʤʧʦʚ ʧʦʷʚʣʝʥʠʷ ʪʘʢʩʦʥʦʚ ʠ ʚʳʤʠʨʘʥʠʷ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʝʡ ʥʘʜʦʪʨʷʜʘ Dinosauria ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʚʝʢʦʚ ʤʝʟʦʟʦʡʩʢʦʡ ʵʨʳ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʣʦʮʝʥ, ʠʩʢʦʧʘʝʤʘʷ ʬʘʫʥʘ, ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʙʣʘʛʦʧʨʠʷʪ-

ʥʦʩʪʴ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʢʦʩʠʩʪʝʤ. 

 Abstract: A system of multi-vector applied use of data from the study of fossil materials 

is proposed on the basis of a comprehensive study of sections and analysis of the spatiotemporal 

structure and dynamics of species diversity of microteriocomplexes. 

Keywords: Holocene, fossil fauna, species diversity, favorable environmental conditions, 

ecosystem transformation. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʭʨʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠ-

ʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʷʭ ʠ ʵʢʦʣʦʛʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʠʨʦʜ-

ʥʦʡ ʩʨʝʜʳ ʛʦʣʦʮʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ, ʧʦʣʥʦʪʳ ʧʝʨʝʜʘʯʠ ʠ ʰʠʨʦʪʳ ʦʭʚʘʪʘ ʧʘʣʝʦʛʝʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʵʢʦʣʦʛʦ-ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʠ ʵʚʦʣʶʮʠʦʥ-

ʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚ-

ʥʦʩʪʴʶ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʪʦʜʘ ʧʨʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʝʛʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʠ ʤʝʪʦʜʠʯʝ-

ʩʢʠʤʠ ʧʨʠʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʠ ʨʘʟ-

ʚʠʪʠʝ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʪʘʢ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ.  

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʨʷʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʦʪʩʫʪʩʪʚʠʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʝʣʳ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʢʦʧʘʝ-

ʤʳʭ ʤʠʢʨʦʤʘʤʤʘʣʠʡ ʛʦʣʦʮʝʥʘ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘ-

ʣʠʟʘ ʛʦʣʦʮʝʥʦʚʳʭ ʬʦʩʩʠʣʠʡ ʤʠʢʨʦʤʘʤʤʘʣʠʡ, ʦʙʫʩʣʦʚʠʣʠ ʦʙʲʝʢʪʠʚʥʫʶ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʫʯʥʳʭ 

ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʤʥʦʛʦʚʝʢʪʦʨʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʵʢʦʣʦʛʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʣʝʦʥ-

ʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʩʠʩʪʝʤʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʥʳʭ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʤʥʦʛʦʚʝʢʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʤʠʢʨʦʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʵʪʘʧʘʤʠ ʠ 

ʚʢʣʁʯʘʝʪ: 

1) ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʵʪʘʧ: ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ, ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʦ-ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʦʙʦʩ-

ʥʦʚʘʥʠʝʤ ʚʦʟʨʘʩʪʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʨʝʤʝʥʠ ʠʭ ʟʘʭʦʨʦʥʝʥʠʷ (ʪʘʙʣ. 1);  

2) ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʩʘʤʠʭ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʩʪʘʚʘ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʤʠʢʨʦʤʘʤʤʘʣʠʡ (ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʵʪʘʧ). ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʢʦʧʘʝʤʳʭ ʤʠʢ-

ʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʦʚ ʠ ʜʠʥʘʤʠʢʠ ʠʭ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦ-

ʣʦʮʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʨʘʩʢʨʳʚʘʝʪ 

ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦ-
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ʚʘʥʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʯʝʪʳʨʴʤʷ ʤʦʜʫʣʷʤʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ, ʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʘʙʣ. 2); 
ʊʘʙʣʠʮʘ 1. ʀʟʫʯʝʥʥʦʩʪʴ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʠʩʢʦʧʘʝʤʳʭ ʤʠʢʨʦʤʘʤʤʘʣʠʡ ʛʦʣʦʮʝʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʦ-ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ1 
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ʗʩʪʨʝʙʢʘ         

ʅʦʚ. ʈʫʪʢʦʚʠʯʠ       4200Ñ60 (Vib-48)           

ʉʝʤyʥʦʚʠʯʠ ï 1       5780Ñ70 (ʄʛ̔-24)           

ɿʘʨʝʯʴʝ                5150Ñ120 (IGSB-1169)          

ɺʦʨʦʥʯʘ         

ʂʠʨʦʚʦ         

ʇʠʦʥʝʨʩʢʠʡ (ʛʦʨ. 1, 2)         

ɿʝʣʴʚʘ         

ʉʝʤyʥʦʚʠʯʠ ï 2         

ʇʝʩʢʠ ï 3         

ʃʫʟʠʥʦʚʢʘ         

ʇʝʩʢʠ ï 1         

ʇʝʩʢʠ ï 2         

ʉʣʦʙʦʜʘ  ɼʚʠʥʩʢʘʷ   5050Ñ70 (Tln-308)           

ɼʨʦʟʜʳ         

ʂʫʭʘʨʦʚʢʘ         

ɿʘʙʦʣʦʪʴʝ         

ʇʝʩʢʠ ï 4         

ʇʝʩʢʠ ï 5         

ʃʦʧʘʪʠʥʦ         

ʏʝʨʠʢʦʚ         

ɹʨʦʜ         

ʉʠʥʷʚʩʢʘʷ ʉʣʦʙʦʜʘ         

ɹʫʨʦʝ   10170Ñ170, 9640Ñ160 (ɻʥ̔ ï 2309, ɻʥ̔ ï 
2308) ʠ 9430Ñ85 (ʄʛ̔ ï 28)    

        

ʇʣʘʩʢʦʚʮ  r         

ɻʦʞʘ ï 2                 11020Ñ 90 (ʄʽʛ ï 25)           

ɺʦʣʦʩʦʚʦ            10650 +160 (Tln ï 325)           

ʇʘʰʠʥʦ         

 

ʊʘʙʣʠʮʘ 2. ʄʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʢʦʧʘʝʤʳʭ ʩʦʦʙʱʝʩʪʚ ʤʠʢʨʦʤʘʤʤʘʣʠʡ ɹʝ-

ʣʘʨʫʩʠ  
ʄʦʜʫʣʴ 1. ʕʚʦʣʶʮʠʦʥʥʦ-ʧʘ-

ʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

ʄʦʜʫʣʴ 2. ʉʪʨʫʢ-

ʪʫʨʥʦ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ 

ʄʦʜʫʣʴ 3. 

ɹʠʦʤʝʪʨʠ-ʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 

ʄʦʜʫʣʴ 4. ʀʥʪʝʛʨʠʨʦ-

ʚʘʥʚʘʥʥʳʡ ʘʥʘʣʠʟ 

ɹʣʦʢ 1. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʣʠʥʠʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ, ʬʘ-

ʫʥʠ-ʩʪʠʯʝʩʢʠʝ ʟʦʥʳ ʠ ʧʦʜ-

ʟʦʥʳ 

 

ɹʣʦʢ 1. ʕʢʦʣʦʛʠʯʝ-

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦ-

ʦʙʱʝʩʪʚ ʤʠʢʨʦʤʘʤ-

ʤʘʣʠʡ: 

- ʪʝʨʠʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʚʠʜʦʚ; 

ɹʣʦʢ 1. ɺʠʜʦʚʦʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ ʠʩʢʦʧʘʝ-

ʤʳʭ ʬʘʫʥ*:  

- ʦʙʱʝʝ ʚʠʜʦʚʦʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ (ʠʥʜʝʢʩ 

ʐʝʥʥʦʥʘ) (ʅ); 

ɹʣʦʢ 1. ʇʦʢʘʟʘʪʝʣʠ 

ʙʣʘʛʦʧʨʠʷʪʥʦʩʪʠ ʫʩʣʦ-

ʚʠʡ ʩʨʝʜʳ*: 

ʢʦʩʚʝʥʥʳʝ: 

- ʢʨʠʚʳʝ ʜʦʤʠʥʠʨʦʚʘ-

ʥʠʷ* ; 

 
1 ȚȻȳȭȰȯȰȸɆ ȷȰȼȽȹȸȫɀȹȱȯȰȸȳɊ, ȼ ȯȹȼȽȫȽȹɂȸɆȷ ȯȶɊ ȫȸȫȶȳȲȫ ȵȹȶȳɂȰȼȽȭȹȷ ȹȼȽȫȽȵȹȭ  
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ɹʣʦʢ 2. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʤʦʣʷ-

ʨʦʚ ʄ1 ʠ ʄ3 ʬʦʥʦʚʳʭ ʚʠʜʦʚ ʚ 

ʛʦʣʦʮʝʥʝ*:  

- ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʤʦ-

ʣʷʨʦʚ*  ʄ1 ʠ ʄ3; 

- ʚʘʨʠʘʮʠʠ ʤʦʨʬʦʪʠʧʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʣʷʨʦʚ* ʄ1 ʠ 

ʄ3;  

- ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʠ ʘʨʭʘʠʯʥʳʝ 

ʤʦʨʬʦʪʠʧʳ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦ ʚʨʝʤʝʥʠ* ; 

- ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦ-

ʪʠʧʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ*  ʄ1 

ʠ ʄ3; 

- ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʨʬʦʪʠʧʠʯʝʩ-

ʢʦʡ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠ-

ʚʦʩʪʠ ʤʦʣʷʨʦʚ**;  
 

ɹʣʦʢ 3. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʷʨʦʚ* ʄ1 

ʠ ʄ3: - ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʦʣʷʨʘ ʠ ʝʛʦ ʦʪʜʝʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ,  

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʠʥʜʝʢʩʳ 

(ʚʩʝʛʦ 12 ʧʦʢʘʟʘʪʝʣʝʡ)  

- ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ ʚʠʜʦʚ*; 

- ʘʩʩʦʮʠʘʮʠʠ ʣʝʩ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʠ-

ʜʦʚ*; 

 

ɹʣʦʢ 2. ɺʠʜʦʚʦʡ ʩʦ-

ʩʪʘʚ: 

- ʤʘʩʩʦʚʳʝ (ʬʦʥʦ-

ʚʳʝ) ʚʠʜʳ*; 

- ʨʫʢʦʚʦʜʷʱʠʝ (ʨʝ-

ʧʝʨʥʳʝ) ʚʠʜʳ*; 

- ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʠʢ-

ʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʦʚ ʠ 

ʝʛʦ ʜʠʥʘʤʠʢʘ  

 

ɹʣʦʢ 3. ʌʘʟʳ ʚ ʨʘʟ-

ʚʠʪʠʠ ʩʦʦʙʱʝʩʪʚ 

ʤʠʢʨʦʤʘʤʤʘ-

ʣʠʡ**: 

- ʩʫʢʮʝʩʩʠʷ ʜʦʤʠʥʠ-

ʨʫʶʱʠʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʛʨʫʧʧ ʠ ʘʩʩʦʮʠ-

ʘʮʠʡ** 
 

- ʠʥʜʝʢʩ ʚʠʜʦʚʦʛʦ 

ʙʦʛʘʪʩʪʚʘ (d); 

- ʚʳʨʘʚʥʝʥʥʦʩʪʴ 

(ʠʥʜʝʢʩ ʇʠʝʣʫ) (ʝ);  

- ʜʦʤʠʥʠʨʦʚʘʥʠʝ (ʠʥ-

ʜʝʢʩ ʉʠʤʧʩʦʥʘ) (ʩ)  

 

ɹʣʦʢ 2. ʉʭʦʜʩʪʚʦ 

ʠʩʢʦʧʘʝʤʳʭ ʩʦʦʙ-

ʱʝʩʪʚ ʤʠʢʨʦʤʘʤ-

ʤʘʣʠʡ*: 

- ʧʦ ʚʠʜʦʚʦʤʫ ʙʦʛʘʪ-

ʩʪʚʫ (ʢʦʣʠʯʝʩʪʚʫ ʚʠ-

ʜʦʚ); 

- ʧʦ ʚʠʜʦʚʦʤʫ ʩʦ-

ʩʪʘʚʫ ʩʦʦʙʱʝʩʪʚ**  

(ʠʥʜʝʢʩ ʉʝʨʝʥʩʝʥʘ) 

(S); 

- ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʠ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʘʩ-

ʩʦʮʠʘʮʠʡ* 

- ʨʘʥʛ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʤʠʥʘʥʪ-

ʥʳʭ ʚʠʜʦʚ* ; 

- ʠʥʜʝʢʩ ʜʦʤʠʥʠʨʦʚʘ-

ʥʠʷ* ; 

ʧʨʷʤʳʝ: 

- ʠʥʜʝʢʩ ʙʣʘʛʦʧʨʠʷʪʥʦ-

ʩʪʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ** ; 

 

ɹʣʦʢ 2. ʇʦʢʘʟʘʪʝʣʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ-

ʨʦʜʥʳʭ ʙʠʦʪʦʧʦʚ** :  

- ʠʥʜʝʢʩ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʙʠʦʪʦʧʦʚ ʧʦ ʚʠʜʦ-

ʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ** ;  

 

ɹʣʦʢ 3. ʇʦʢʘʟʘʪʝʣʠ 

ʪʝʭʥʦʛʝʥʥʦʡ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʪʦʧʦʚ** : 

 - ʠʥʜʝʢʩ ʪʝʭʥʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʦʪʦ-

ʧʦʚ ʧʦ ʚʠʜʦʚʦʤʫ ʨʘʟʥʦ-

ʦʙʨʘʟʠʶ** ; 

 

*  ʇʦʢʘʟʘʪʝʣʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʚʠ-
ʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʢʦʧʘʝʤʳʭ ʤʠʢʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʦʚ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ. 

** ʆʨʠʛʠʥʘʣʴʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʚʠʜʦʚʦʛʦ ʨʘʟ-

ʥʦʦʙʨʘʟʠʷ ʤʠʢʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʦʚ. 

3) ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʪʘʧ: ʤʥʦʛʦʚʝʢʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʬʦʩʩʠʣʠʡ ʚ ʧʨʠʢʣʘʜʥʳʭ ʮʝʣʷʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʤʥʦʛʦʚʝʢ-

ʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʠ ʵʤ-

ʧʠʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠ-

ʥʘʤʠʢʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʠʢʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 1).  

 ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʧʘʣʝʦʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʤ, ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ, ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʦʤ, ʧʘʣʝʦʵʢʦʣʦʛʠʯʝ-

ʩʢʦʤ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʤ, ʢʘʞʜʦʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʛʦ-

ʚʝʢʪʦʨʥʫʶ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʮʝʣʷʭ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʯʘʩʪʥʳʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʨʝʛʠʦʥʘ, ʤʝʪʦʜʠʢ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ: ʤʝʪʦʜʠʢʫ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʩʭʦʜʥʳʭ ʚʠʜʦʚ ʩʨʝʜʠ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ [1]; 

ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ çʫʩʣʦʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚè ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʦʦʙʱʝʩʪʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʭʨʦʥʦʩʨʝʟʦʚ ʛʦʣʦʮʝʥʘ ʧʦ ʜʘʥʥʳʤ ʚʠʜʦ-

ʚʦʛʦ ʩʭʦʜʩʪʚʘ [2, 3]; ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦʩʪʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʠ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʙʠʦʪʦʧʦʚ ʧʦ ʜʘʥʥʳʤ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʣʷ ʭʨʦʥʦʩʨʝʟʦʚ 

ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʷ ï ʛʦʣʦʮʝʥʘ [4-7]; ʤʝʪʦʜʠʢʫ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʡ ʤʝʪʦʜʦʤ ʢʣʠʤʘʪʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʱʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʨʝʘʣʦʚ ʤʠʢʨʦ-

ʤʘʤʤʘʣʠʡ [8,9] ʠ ʜʨ. 
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ʈʠʩ 1. ʉʭʝʤʘ ʤʥʦʛʦʚʝʢʪʦʨʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʠʩʢʦʧʘʝʤʦʡ ʤʠʢʨʦʪʝʨʠʦʬʘʫʥʳ ʛʦʣʦʮʝʥʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʯʘʩʪʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʨʘʟʨʝ-

ʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠ-ʯʝʩʢʠʭ ʢʦʨ-

ʨʝʣʷʮʠʷʭ, ʧʝʨʠʦʜʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʙʳʪʠʡ ʠ ʚʨʝʤʝʥʥ·ʡ ʜʠʘʛʥʦʩʪʠʢʝ ʨʘʟ-

ʨʦʟʥʝʥʥʳʭ ʬʘʫʥ ʛʦʣʦʮʝʥʘ, ʥʦ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠ-

ʩʪʝʤ ʠ ʩʪʝʧʝʥʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʨʘʚʥʠʚ ʠʭ ʩ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʪʘʣʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʦ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦ-

ʚʝʢʘ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ.  

ʃʠʪʝʨʘʪʫʨʘ 

 ʀʚʘʥʦʚ ɼ.ʃ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ Microtus agrestis L. ʠ Microtus ex gr. arvalis Pall. ʧʦ ʤʦʨ-

ʬʦʣʦʛʠʠ ʠ ʤʦʨʬʦʤʝʪʨʠʠ ʤʦʣʷʨʦʚ ʄ1 ʚ ʠʩʢʦʧʘʝʤʳʭ ʬʘʫʥʘʭ ʛʦʣʦʮʝʥʘ ɹʝʣʘʨʫʩʠ // ɺʝʩʪʥʠʢ 

ɹɻʋ. 2008. ʉʝʨʠʷ 2. ˉ3. - C. 87-93. 

 ʀʚʘʥʦʚ ɼ.ʃ., ʂʘʩʘʯ ɸ.ʀ. ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʤʝʪʦʜʠʢʠ ʧʦʜʩʯʝʪʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪ-

ʢʦʚ ʛʦʣʦʮʝʥʦʚʦʡ ʤʠʢʨʦʪʝʨʠʦʬʘʫʥʳ // ɺʝʩʮʽ ɹɼʇʋ. 2008. ˉ.2 (36). - C. 145-147. 

 ʀʚʘʥʦʚ ɼ.ʃ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʦʦʙʱʝʩʪʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚʨʝʤʝʥʥӢrʭ ʩʨʝʟʦʚ 

ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʷ ï ʛʦʣʦʮʝʥʘ ʧʦ ʜʘʥʥʳʤ ʚʠʜʦʚʦʛʦ ʩʭʦʜʩʪʚʘ ʧʦ ʠʥʜʝʢʩʫ ʉʝʨʝʥʩʝʥʘ // 

ɺʝʩʮi ɹɼʇʋ. 2008. ʉʝʨ. 3, ˉ 3. - ʉ. 50ï57.  

 ʀʚʘʥʦʚ ɼ.ʃ. ɺʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʦʚ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʷ ï ʛʦ-

ʣʦʮʝʥʘ ɹʝʣʘʨʫʩʠ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʫʩʣʦʚʠʡ ʩʨʝʜʳ // ʃʠʪʦʩʬʝʨʘ. 2005, ˉ 2 (23). - ʉ. 45ï53.  
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 ʀʚʘʥʦʚ ɼ.ʃ. ʄʠʢʨʦʪʝʨʠʦʢʦʤʧʣʝʢʩʳ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʛʦʣʦʮʝʥʘ ʢʘʢ ʵʪʘ-

ʣʦʥʳ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠ ʦʮʝʥʢʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʮʝʥʪʥʳʭ ʙʠʦʪʦʧʦʚ ɹʝʣʘʨʫʩʠ 

// ɺʝʩʪʥʠʢ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2011. ʉʝʨ. ɹʠʦʣʦʛʠʷ. ʄʝʜʠʮʠʥʘ. ɻʝʦʛʨʘʬʠʷ, 

ˉ 1(61) ï ʉ.3-7. 
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ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʵʪʘʣʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʦʧʪʠʤʫʤʝ ʛʦʣʦʮʝʥʘ // ɻʝʦʣʦʛʠʷ, ʛʝʦʵʢʦʣʦʛʠʷ, ʵʚʦ-
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 ʀʚʘʥʦʚ ɼ.ʃ. ʆ ʚʚʝʜʝʥʠʠ ʥʦʚʳʭ ʠʥʜʝʢʩʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʩʠ-

ʩʪʝʤ ʛʦʣʦʮʝʥʘ ʧʦ ʚʠʜʦʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʤʠʢʨʦʤʘʤʤʘʣʠʡ // ɼʠʥʘʤʠʢʘ ʵʢʦʩʠʩʪʝʤ ʚ ʛʦ-

ʣʦʮʝʥʝ. ʄ-ʣʳ V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯ. ʢʦʥʬ. ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʢ 100-ʣʝʪʠʶ 

ʃ.ɻ. ɼʠʥʝʩʤʘʥʘ). ï ʄ.: ʄʝʜʠʘ-ʇʈɽʉʉ, 2019. - ʉ. 114-117. 
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- ʄʠʥʩʢ: ɹɻʋ. 2008. - 215 ʩ.  

 Ivanov D. Chronology of micromammal assemblages on the territory of Belarus in the late 

glacial and Holocene \\ Sğupskie Prace Geograficzne. 2016, ˉ13. - P.79-96 

ʊɽʄɸ çɻɽʆɻʈɸʌʀʗ ʀ ʕʂʆʃʆɻʀʗè ʅɸ ʇʗʊʆʄ Cʒɽɿɼɽ  

ɻɽʆɻʈɸʌʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ ʉʉʉʈ (ʃɽʅʀʅɻʈɸɼ, 1970 ɻ.):  

ʂ ʇʗʊʀɼɽʉʗʊʀʃɽʊʀʖ ʉʒɽɿɼɸ 
1ʅʝʩʪʝʨʦʚ ɽ.ʄ., 2,3ʉʥʳʪʢʦ ɺ.ɸ., 2 ʉʦʙʠʩʝʚʠʯ ɸ.ɺ. 

1ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ 
2ʀʥʩʪʠʪʫʪ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʠʤ. ʉ.ʀ. ɺʘʚʠʣʦʚʘ ʈɸʅ 

3ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʠʤ ɺ.ɹ. ʉʦʯʘʚʳ ʉʆ ʈɸʅ 
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CONGRESS OF THE GEOGRAPHICAL SOCIETY  

OF THE USSR (LENINGRAD, 1970):  
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1Nesterov E. M., 2.3Snytko V. A., 2Sobisevich A.V. 

1Herzen Russian state University 
2S.I.Vavilov Institute of history of natural science and technology RAS 

3V. B. Sochava Institute of geography SB RAS 

ɸʥʥʦʪʘʮʠʷ: ɺ ʠʩʪʦʨʠʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʫʢʠ ʇʷʪʳʡ ʩʲʝʟʜ ɺʩʝʩʦʶʟʥʦʛʦ ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʚʦʰʝʣ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʫʯʥʳʝ 

ʜʦʢʣʘʜʳ, ʟʘʩʣʫʰʘʥʥʳʝ ʥʘ ʩʲʝʟʜʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʝ. 

ʇʨʦʩʣʝʞʝʥʘ ʠʩʪʦʨʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʫ ʉʲʝʟʜʘ ʜʦʢʣʘʜʘ ɺ.ɹ. ʉʦʯʘʚʳ çɻʝʦʛʨʘʬʠʷ ʠ 

ʵʢʦʣʦʛʠʷè, ʦʙʩʫʞʜʝʥʠʷ ʜʦʢʣʘʜʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʉʲʝʟʜʘ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ. 

ɼʦʢʣʘʜ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʨʘʟʨʘʙʦʪʢʝ ɺ.ɹ. ʉʦʯʘʚʦʡ ʫʯʝʥʠʷ ʦ ʛʝʦʩʠʩʪʝʤʘʭ ʢʘʢ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ, ʇʷʪʳʡ ʩʲʝʟʜ, ʉʦʯʘʚʘ, ʛʝʦʛʨʘʬʠʷ ʠ ʵʢʦ-

ʣʦʛʠʷ, ʫʯʝʥʠʝ ʦ ʛʝʦʩʠʩʪʝʤʘʭ 

Abstract: The Fifth Congress of the all-Union geographical society is recorded in the his-

tory of geographical science as one of the most productive. Scientific reports presented at the 

Congress are considered. Special attention is paid to environmental issues. The article traces 

the history of V. B. Sochava's report "Geography and ecology" in the program of the Congress, 

discussion of the report during the Congress and publications which followed. The report con-

tributed to development of the Theory of geosystems as a component in the development of 

complex physical geography by V. B. Sochava.  
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ʇʷʪʡr ʩʲʝʟʜ ɺʩʝʩʦʶʟʥʦʛʦ (ʈʫʩʩʢʦʛʦ) ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʲʝʟʜʘ (21-25 ʜʝ-

ʢʘʙʨʷ 1970 ʛ., ʃʝʥʠʥʛʨʘʜ) ʚʦʰʝʣ ʚ ʠʩʪʦʨʠʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʫʢʠ ʢʘʢ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ, ʦʧʨʝʜʝʣʠʚʰʠʭ ʜʘʣʴʥʝʡʰʠʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝ-

ʩʢʦʡ ʛʝʦʛʨʘʬʠʠ, ʦʢʝʘʥʦʣʦʛʠʠ, ʛʝʦʵʢʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ. ɺ 

ʩʲʝʟʜʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚʳʜʘʶʱʠʝʩʷ ʛʝʦʛʨʘʬʳ ʍʍ ʩʪʦʣʝʪʠʷ ʘʢʘʜʝʤʠʢʠ ʀ.ʇ. ɻʝʨʘ-

ʩʠʤʦʚ (1905-1985), ʉ.ɺ. ʂʘʣʝʩʥʠʢ (1901-1977), ʂ.ʂ. ʄʘʨʢʦʚ (1905-1980), ɺ.ɹ. 

ʉʦʯʘʚʘ (1905-1978). ʀʭ ʜʦʢʣʘʜʳ, ʚʳʩʪʫʧʣʝʥʠʷ ʥʘ ʩʲʝʟʜʝ ʧʦʜʚʦʜʠʣʠ ʠʪʦʛʠ ʩʜʝ-

ʣʘʥʥʦʛʦ, ʦʜʥʘʢʦ, ʛʣʘʚʥʦʝ ï ʩʪʘʚʠʣʠ ʥʦʚʳʝ ʟʘʜʘʯʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʫʢʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩʲʝʟʜʘ ʛʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʥʘʫʯʥʳʤ ʜʦʩʪʠ-

ʞʝʥʠʷʤ ʛʝʦʛʨʘʬʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʧʫʪʷʤ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʂʘʞʜʳʡ ʜʝʥʴ ʨʘʙʦʪʳ ʩʲʝʟʜʘ ʚʢʣʶʯʘʣ ʟʘʩʣʫʰʠʚʘʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʩʧʝʮʠ-

ʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ [1]: ʧʝʨʚʳʡ ʜʝʥʴ ï ʀ.ʇ. ɻʝʨʘʩʠʤʦʚ ç 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʛʝʦʛʨʘʬʠʷè; ʚʪʦʨʦʡ ʜʝʥʴ ï ʅ.ɸ. ɻʚʦʟʜʝʮ-

ʢʠʡ, ʂ.ʀ. ɻʝʨʝʥʯʫʢ, ɸ.ɻ. ʀʩʘʯʝʥʢʦ, ɺ.ʉ. ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ çʉʦʩʪʦʷʥʠʝ ʠ ʟʘ-

ʜʘʯʠ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠè, ɺ.ɹ. ʉʦʯʘʚʘ çɻʝʦʛʨʘʬʠʷ ʠ ʵʢʦʣʦʛʠʷè, ʅ.ʀ. ɹʘ-

ʟʠʣʝʚʠʯ, ʅ.ʅ. ʈʦʟʦʚ çɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠè, ɹ.ʀ. ʂʫʜʝʣʠʥ, ɺ.ʅ. ʂʫʥʠʥ, ʄ.ʀ. ɼʴʚʦʚʠʯ, ɸ.ɸ. ʉʦʢʦʣʦʚ 

çʇʨʦʙʣʝʤʳ ʦʙʝʩʧʘʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʨʝʩʥʦʡ ʚʦʜʦʡè; ʪʨʝʪʠʡ ʜʝʥʴ ï ɺ.ɺ. 

ʐʫʣʝʡʢʠʥ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʚʝʥʴʝʚ ʚ ʩʠʩʪʝʤʝ ʦʢʝʘʥ ï ʘʪʤʦʩʬʝʨʘ ï ʤʘʪʝ-

ʨʠʢʠè, ʄ.ʄ. ɽʨʤʦʣʘʝʚ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʝʣʴʬʦʚ ʠ ʙʝʨʝʛʦʚʦʡ 

ʟʦʥʳ, ʂ.ʂ. ʄʘʨʢʦʚ çɻʝʦʛʨʘʬʠʷ ʦʢʝʘʥʦʚè; ʯʝʪʚʝʨʪʳʡ ʜʝʥʴ ï ɹ.ɺ. ɺʠʥʦʛʨʘʜʦʚ, 

ʂ.ʗ. ʂʦʥʜʨʘʪʴʝʚ çɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʄ.ʀ. ɹʫʜʳʢʦ, ɺ.ʄ. ʂʦʪʣʷʢʦʚ, ʖ.ɸ. ʄʝʱʝʨʷʢʦʚ çʆ ʧʨʠʤʝʥʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭè, ʖ.ɻ. 

ʉʘʫʰʢʠʥ ç ʈʝʟʫʣʴʪʘʪʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠè, ɸ.ɺ. ɼʘʨʠʥʩʢʠʡ çʇʨʦʙʣʝʤʳ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷè, ɸ.ʄ. ɸʨʭʘʥʛʝʣʴʩʢʠʡ, ɸ.ʄ. ʄʘʨʠʥʠʯ, ɹ.ʅ. ʉʝʤʝʚʩʢʠʡ çʅʘʫʯ-

ʥʳʝ ʦʩʥʦʚʳ ʚʳʩʰʝʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ ʉʉʉʈè; ʧʷʪʳʡ ʜʝʥʴ - ɺ.ɺ. ʇʦʢʰʠʰʝʚʩʢʠʡ, ɸ.ɸ. 

ʄʠʥʮ, ʆ.ɸ. ʂʦʥʩʪʘʥʪʠʥʦʚ çʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʥʘʫʢʝè, ʂ.ɸ. ʉʘʣʠʱʝʚ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʝʪʩʢʦʡ ʢʘʨʪʦʛʨʘ-

ʬʠʠ ʠ ʟʘʜʘʯʠ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè. ɺʩʝ ʥʘʫʯʥʳʝ ʜʦʢʣʘʜʳ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ ʩʲʝʟʜʘ, ʙʳʣʠ ʟʘʨʘʥʝʝ ʥʘʧʝʯʘʪʘʥʳ ʪʠʧʦʛʨʘʬʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʙʨʦʰʶʨ ʪʠʨʘʞʦʤ ʧʦ 1000 ʵʢʟʝʤʧʣʷʨʦʚ. 

ʂʘʞʜʳʡ ʠʟ ʟʘʩʣʫʞʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʚʳʟʳʚʘʣ ʠʥʪʝʨʝʩ ʫ ʩʣʫʰʘʪʝʣʝʡ. 

ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʦʜʚʝʨʛʣʠʩʴ ʦʙʩʫʞʜʝʥʠʶ. ʈʘʩʩʤʦʪʨʠʤ ʜʦʢʣʘʜ ɺ.ɹ. ʉʦʯʘʚʳ. 

ʊʝʤʘ ʜʦʢʣʘʜʘ çɻʝʦʛʨʘʬʠʷ ʠ ʵʢʦʣʦʛʠʷè ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʤ ʩʘʤʠʤ. ʆʥʘ ʚʦʟ-

ʥʠʢʣʘ ʚ ʭʦʜʝ ʧʝʨʝʧʠʩʢʠ ʩ ʦʨʛʢʦʤʠʪʝʪʦʤ ʩʲʝʟʜʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ɺ.ɹ. ʉʦʯʘʚʝ 

ʦʨʛʢʦʤʠʪʝʪ ʩʲʝʟʜʘ ʧʨʝʜʧʦʣʦʞʠʣ ʜʨʫʛʫʶ ʪʝʤʫ. 

ʇʨʝʟʠʜʝʥʪ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʘʢʘʜʝʤʠʢ ʉ.ɺ. ʂʘʩʣʝʩʥʠʢ ʦʙ-

ʨʘʪʠʣʩʷ ʢ ɺ.ɹ. ʉʦʯʘʚʝ ʩ ʧʠʩʴʤʦʤ [2]: çéʆʪ ʠʤʝʥʠ ʆʨʛʢʦʤʠʪʝʪʘ V ʩʲʝʟʜʘ 
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ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʉʉʉʈ ʦʙʨʘʱʘʝʤʩʷ ʢ ɺʘʤ ʩ ʧʨʦʩʴʙʦʡ ʚʳʩʪʫʧʠʪʴ 

ʥʘ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ ʩʲʝʟʜʘ ʩ ʜʦʢʣʘʜʦʤ çɹʠʦʩʬʝʨʘ ʠ ʯʝʣʦʚʝʢè. ʂʘʢ ɺʳ 

ʟʥʘʝʪʝ, ʵʪʘ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʠ ʦʯʝʥʴ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʩʚʷʟʠ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʝʝ ʦʙʩʫʞʜʝʥʠʝʤ ʥʘ ʘʩʩʘʤʙʣʝʠ 

ʆʆʅ ʚ 1972 ʛʦʜʫé. ɹʫʜʝʤ ʦʯʝʥʴ ʧʨʠʟʥʘʪʝʣʴʥʳ ʟʘ ɺʘʰʝ ʩʦʛʣʘʩʠʝ, ʪʘʢ ʢʘʢ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʝʙʝ ʩʲʝʟʜʘ ʙʝʟ ɺʘʰʝʛʦ ʜʦʢʣʘʜʘ.è 

ʇʦʩʣʝʜʦʚʘʣʦ ʦʪʚʝʪʥʦʝ ʧʠʩʴʤʦ ɺ.ɹ. ʉʦʯʘʚʳ ʉ.ɺ.ʂʘʣʝʩʥʠʢʫ 7 ʬʝʚʨʘʣʷ 1970 

ʛ.[3]: çéʉ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʶ ʧʦʣʫʯʝʥʠʝ ɺʘʰʝʛʦ ʧʠʩʴʤʘ ʩ ʧʨʝʜʣʦ-

ʞʝʥʠʝʤ ʚʳʩʪʫʧʠʪʴ ʥʘ V ʉʲʝʟʜʝ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʆʙʱʝʩʪʚʘ ʉʉʉʈ ʩ ʜʦʢʣʘʜʦʤ: 

çʏʝʣʦʚʝʢ ʠ ʙʠʦʩʬʝʨʘè. ɼʦʢʣʘʜ ʥʘ ʥʘʟʚʘʥʥʫʶ ʪʝʤʫ, ʧʨʠ ʚʩʝʤ ʤʦʝʤ ʠʥʪʝʨʝʩʝ ʢ 

ʥʝʡ, ʧʦʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʤ ʷ ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ ʥʝ ʨʘʩʧʦ-

ʣʘʛʘʶ. ʇʦʵʪʦʤʫ, ʢ ʤʦʝʤʫ ʩʦʞʘʣʝʥʠʶ, ʷ ʚʳʥʫʞʜʝʥ ʦʪ ʥʝʛʦ ʦʪʢʘʟʘʪʴʩʷ. ɽʩʣʠ ɺʳ 

ʠ ʆʨʛʢʦʤʠʪʝʪ ʉʲʝʟʜʘ ʥʘʡʜʝʪʝ ʵʪʦ ʫʤʝʩʪʥʳʤ, ʪʦ ʷ ʤʦʛʫ ʧʨʝʜʣʦʞʠʪʴ ʚʥʠʤʘʥʠʶ 

ʫʯʘʩʪʥʠʢʦʚ ʉʲʝʟʜʘ ʜʦʢʣʘʜ ʥʘ ʪʝʤʫ: çʕʢʦʣʦʛʠʷ ʠ ʛʝʦʛʨʘʬʠʷè éè. 

ʆ ʨʝʰʝʥʠʠ ʦʨʛʢʦʤʠʪʝʪʝ ʉʲʝʟʜʘ ʩʦʦʙʱʠʣ ɺ.ɹ. ʉʦʯʘʚʝ ʛʝʥʝʨʘʣʴʥʳʡ ʩʝʢʨʝ-

ʪʘʨʴ ʦʨʛʢʦʤʠʪʝʪʘ ʄ.ʇ. ʇʝʪʨʦʚ [4]: çéʆʨʛʢʦʤʠʪʝʪ V ʩʲʝʟʜʘ ɺɻʆ ʥʘ ʩʚʦʝʤ ʟʘʩʝ-

ʜʘʥʠʠ ʦʪ 24 ʬʝʚʨʘʣʷ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʦ ʚʢʣʶʯʝʥʠʝ ɺʘʰʝʛʦ ʜʦʢʣʘʜʘ ʥʘ ʪʝʤʫ: 

çʕʢʦʣʦʛʠʷ ʠ ʛʝʦʛʨʘʬʠʷè ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪ ʩʲʝʟʜʘ. ʇʨʦʰʫ ɺʘʩ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʨʝʰʝʥʦ ʨʘʥʝʝ ʆʨʛʢʦʤʠʪʝʪʦʤ ʩʲʝʟʜʘ, ʧʨʠʩʣʘʪʴ ʪʝʢʩʪ ɺʘʰʝʛʦ ʜʦʢʣʘʜʘ éè 

ɼʦʢʣʘʜ ɺ.ɹ. ʉʦʯʘʚʳ [5] ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʀʨʢʫʪʩʢʝ ʦʪʜʝʣʴʥʦʡ ʙʨʦ-

ʰʶʨʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ ʉʲʝʟʜʘ. ɼʦʢʣʘʜ ʩʦʜʝʨʞʘʣ ʩʣʝʜʫ-

ʶʱʠʝ ʨʘʟʜʝʣʳ: I ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚ ʛʝʦʛʨʘʬʠʠ; II  ʇʣʘʥʝʪʘʨʥʘʷ, ʨʝʛʠ-

ʦʥʘʣʴʥʘʷ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʠ ʚ ʛʝʦʛʨʘʬʠʠ ʠ ʵʢʦʣʦʛʠʠ; III  ʕʢʦʣʦʛʠʷ 

ʣʘʥʜʰʘʬʪʘ ʠ ʫʯʝʥʠʝ ʦ ʛʝʦʩʠʩʪʝʤʘʭ; IV ʇʨʠʨʦʜʥʳʝ ʨʝʞʠʤʳ ï ʜʚʠʞʫʱʘʷ ʩʠʣʘ 

ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; V ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʛʝʦʩʠʩʪʝʤ; VI ʕʢʦʣʦʛʠʷ ʯʝʣʦʚʝʢʘ ʢʘʢ ʢʣʶʯʝʚʘʷ ʢʦʥʮʝʧʮʠʷ ʚ ʛʝʦʛʨʘ-

ʬʠʠ; VII  ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʧʨʦʛʥʦʟʳ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʘ ʟʘʩʝʜʘʥʠʠ ʩʲʝʟʜʘ, ʢʦʛʜʘ ʦʙʩʫʞʜʘʣʩʷ ʜʦʢʣʘʜ ɺ.ɹ. ʉʦʯʘʚʳ, ʧʨʝʜʩʝʜʘʪʝ-

ʣʝʤ ʙʳʣ ʄ.ʀ. ɹʫʜʳʢʦ. ɺʦ ʚʩʪʫʧʠʪʝʣʴʥʦʤ ʩʣʦʚʝ ɺ.ɹ. ʉʦʯʘʚʘ ʥʝ ʧʦʚʪʦʨʷʣ ʦʧʫʙ-

ʣʠʢʦʚʘʥʥʦʛʦ ʚ ʜʦʢʣʘʜʝ, ʘ ʦʛʨʘʥʠʯʠʣʩʷ ʧʦʧʳʪʢʦʡ ʫʩʠʣʠʪʴ ʧʦʩʪʘʥʦʚʢʫ ʚʦʧʨʦʩʘ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʪʴ ʝʛʦ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʆʥ ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ ʩ ʩʝʨʝʜʠʥʳ 

1950-ʭ ʛʛ. ʚ ʛʝʦʛʨʘʬʠʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʜʚʠʥʫʣʠʩʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʘ 

ʪʘʢʞʝ [6, c. 55]: çɼʣʷ ʛʝʦʛʨʘʬʠʠ ʵʢʦʣʦʛʠʟʘʮʠʷ ï ʵʪʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʛʣʫʙʴ 

ʩʚʦʝʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ, ʘ ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ï ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʈʘʟʫʤʝʝʪʩʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʣʝʤʝʥʪʘʨʥʦʡ ʛʝʦʩʠʩʪʝʤʝ ʠ ʝʝ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʠ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʙʠʦ-

ʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʥʘʯʘʣʦ ï ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʜʚʠʞʫʱʠʭ ʩʠʣʘʭ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘè. ɹʳʣʦ ʘʢʮʝʥ-

ʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʚ ʛʝʦʛʨʘʬʠʠ, ʥʘ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʛʝʦʩʠʩʪʝʤʘʭ ʚʩʝʭ ʨʘʥʛʦʚ, ʥʘ ʵʢʦʣʦʛʠʶ ʯʝʣʦʚʝʢʘ ʢʘʢ ʢʣʶ-

ʯʝʚʫʶ ʧʨʦʙʣʝʤʫ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʫʢʠ. 
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ɺ ʦʙʩʫʞʜʝʥʠʠ ʜʦʢʣʘʜʘ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ɸ.ɸ. ʂʨʘʫʢʣʠʩ, ɺ.ɸ. ʉʥʳʪʢʦ, 

ɿ.ʀ. ʅʠʢʠʪʠʥʘ, ɸ.ɻ. ʀʩʘʯʝʥʢʦ, ʅ.ʃ. ɹʝʨʫʯʘʰʚʠʣʠ, ʖ.ɻ. ʉʘʫʰʢʠʥ, ɸ.ɸ. ɻʝʨ-

ʙʫʨʪ-ɻʝʡʙʦʚʠʯ. ʊʘʢ, ɸ.ɸ. ʂʨʘʫʢʣʠʩ [7] ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʣʘʥʜʰʘʬʪʥʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ ʛʝʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʩʪʘʮʠʦʥʘʨʘʭ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʆʥ ʛʦʚʦʨʠʣ ʦ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʩʦʙʦʡ ʢʦʤʠʩʩʠʠ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʭʥʠʢʝ. ɺ.ɸ. ʉʥʳʪʢʦ [8] ʩʦʦʙʱʠʣ ʦ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʧʦ ʤʝʪʦʜʫ ʢʦʤʧʣʝʢʩʥʦʡ ʦʨʜʠʥʘʮʠʠ ɺ.ɹ. ʉʦʯʘʚʳ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʪʘʮʠʦʥʘʨʘʭ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʉʆ ɸʅ 

ʉʉʉʈ, ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʛʝʦʩʠʩʪʝʤʘʭ. ɿ.ʀ. ʅʠ-

ʢʠʪʠʥʘ [9] ʫʢʘʟʘʣʘ ʥʘ ʟʥʘʯʝʥʠʝ ʪʝʩʥʦʛʦ ʢʦʥʪʘʢʪʘ ʛʝʦʛʨʘʬʦʚ ʩʦ ʩʧʝʮʠʘʣʠ-

ʩʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʙʠʦʣʦʛʠʠ. ɸ.ɻ. ʀʩʘʯʝʥʢʦ [10] ʦʙʨʘʪʠʣ ʚʥʠʤʘ-

ʥʠʝ ʥʘ ʝʜʠʥʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ, ʭʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦ-

ʜʦʚ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʅ.ʃ. ɹʝʨʫʯʘʰʚʠʣʠ [11] ʩʦʦʙʱʠʣ ʦʙ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʄʘʨʪʢʦʧʩʢʦʤ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʩʪʘʮʠʦʥʘʨʝ (ɻʨʫʟʠʷ).  

ɼʦʢʣʘʜ ɺ.ɹ. ʉʦʯʘʚʳ çɻʝʦʛʨʘʬʠʷ ʠ ʵʢʦʣʦʛʠʷè ʚ ʚʠʜʝ ʞʫʨʥʘʣʴʥʦʡ ʩʪʘ-

ʪʴʠ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʥʘ ʥʝʤʝʮʢʦʤ ʷʟʳʢʝ [12] ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ [13]. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʢʣʘʜ ʙʳʣ ʧʝʨʝʨʘʙʦʪʘʥ, ʜʦʧʦʣʥʝʥ ʠ ʚ ʚʠʜʝ ʛʣʘʚʳ çʕʢʦ-

ʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳè ʚʦʰʝʣ ʚ ʤʦʥʦʛʨʘʬʠʶ ɺ.ɹ. ʉʦʯʘʚʳ çɺʚʝʜʝʥʠʝ ʚ ʫʯʝʥʠʝ 

ʦ ʛʝʦʩʠʩʪʝʤʘʭ [14], ʷʚʣʷʶʱʫʶʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʮʠʪʠʨʫʝʤʳʭ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ (1340 ʩʩʳʣʦʢ ʧʦ ʩʚʝʜʝʥʠʷʤ ʈʀʅʎ ʥʘ 24 ʥʦʷʙʨʷ 2020 ʛ.). 
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ʇʈʀʄɽʅɽʅʀɽ ɸʅɸʃʀɿɸʊʆʈɸ ʀɿʆɹʈɸɾɽʅʀʗ THIXOMET   

MINERAL  ɺ ʄʀʅɽʈɸʃʆɻʀʀ ʀ ʇɽʊʈʆɻʈɸʌʀʀ 

ʀʣʘʣʦʚʘ ʈ.ʂ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

APPLICATION OF THIXOMET MINERAL IMAGE A NALYZER  

IN MINERALOGY AND PETROGRAPHY  
Ilalova R.K., Saint-Petersburg Mining University, Saint-Petersburg 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Thixomet Mineral ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʧʝʪʨʦʛʨʘʬʠʠ. ɺʳʧʦʣʥʝʥ ʰʠʨʦʢʠʡ ʦʙʟʦʨ ʬʫʥʢʮʠʡ ʠ ʤʝʪʦʜʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʥʦʚʦʡ Thixomet ̫ ʚʣʷʶʪʩʷ ʧʘʥʦʨʘʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʩʪʦʠʥ-

ʩʪʚʦʤ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦ-

ʜʷʪʩʷ ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ. ɺ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʜʣʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʵʢʩʧʦʨʪ ʦʪʯʝʪʦʚ ʚ ʧʨʦʜʫʢʪʳ MS Office. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ Thixomet, ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʝʦʣʦʛʠʠ. 

Abstract: Features of application of modern software Thixomet Mineral for solving vari-

ous tasks in the field of mineralogy and petrography are considered. A wide review of functions 

and methods used in mineral composition analysis is made. The basis of Thixomet is panoramic 

studies. The advantage of the module is automatic classification of minerals by optical charac-

teristics with the possibility of manual correction. All examination results are consolidated into 

a single database with subsequent execution of various mineralogical calculations. At the end 

of the work, there is an option to build charts for modeling enrichment processes and export 

reports to MS Office products. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʥʘʫʯʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʛʨʘʤʤʥʳʭ 

ʦʙʝʩʧʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ 

[1]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Thixomet Mineral ʜʣʷ ʨʝʰʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʟʘʜʘʯ (ʨʠʩ. 1). 

ʅʘʟʚʘʥʠʝ ʘʥʘʣʠʟʘʪʦʨʘ ʠʟʦʙʨʘʞʝʥʠʷ Thixomet ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʠʭ 

çthixisè (ʢʘʩʘʥʠʝ) ʠ çmetrisiè (ʠʟʤʝʨʝʥʠʝ), ʪʦ ʝʩʪʴ çʀʟʤʝʨʝʥʠʝ ʚ ʦʜʥʦ ʢʘʩʘ-

ʥʠʝè [2]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʤʝʨʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ, ʚʳʧʦʣʥʷ-

ʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ. ʆʩʥʦʚʦʡ Thixomet 

ʷʚʣʷʶʪʩʷ ʧʘʥʦʨʘʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩ. 2).  

ɼʣʷ ʥʘʯʘʣʘ ʧʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ (ʙʘʟʦʚʳʝ) ʬʫʥʢʮʠʠ ʠ ʤʝʪʦʜʠʢʠ, ʨʝʘ-

ʣʠʟʦʚʘʥʥʳʝ ʚ ʘʥʘʣʠʟʘʪʦʨʝ ʠʟʦʙʨʘʞʝʥʠʡ Thixomet: 1) ʧʦʩʪʨʦʝʥʠʝ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʙʦʣʴʰʠʭ ʧʘʥʦʨʘʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 2) ʨʘʩʰʠ-

ʨʝʥʥʳʡ ʬʦʢʫʩ ʠ 3D ʨʝʢʦʥʩʪʨʫʢʮʠʷ; 3) ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦ ʷʨʢʦʩʪʠ ʠ 
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ʮʚʝʪʫ; 4) ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʣʶʙʳʤ ʤʝʪʨʠʯʝʩʢʠʤ ʠ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ; 5) ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ; 6) 

ʨʫʯʥʳʝ ʠʟʤʝʨʝʥʠʷ (ʨʠʩ. 3). 

 
ʈʠʩ. 1. ʈʘʙʦʯʝʝ ʤʝʩʪʦ, ʦʙʦʨʫʜʦʚʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʤʠʢʨʦʩʢʦ-

ʧʦʤ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʠʷ 

 Thixomet Mineral 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʘʥʦʨʘʤʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 
ʈʠʩ. 3. ʇʨʠʤʝʨ ʨʫʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʩʝʯʝʥʠʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʛʘʙʙʨʦ 

7) ʵʢʩʧʦʨʪ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʣʶʙʳʭ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʜʫʢʪʳ MS 

Office; 8) ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ: ʦʮʝʥʢʘ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʘʥʘʣʠʟ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʜʨʫʛʠʝ. 

ʇʦʜʨʦʙʥʝʝ ʨʘʟʙʝʨʝʤ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦ-

ʜʫʣʷ Thixomet Mineral, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝ-

ʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʤʠʥʝʨʘʣʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ɹʦ-

ʣʝʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦ ʦʧʪʠʯʝ-

ʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ʇʨʠ ʨʫʯʥʦʡ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʘ ʦʙʫʯʘʝʪʩʷ, ʟʘʧʦʤʠʥʘʷ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʢʦʨʨʝʢʪʠʨʫʷ ʠʤʝʶʱʠʝʩʷ ʚ ʙʘʟʝ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʤʠʥʝʨʘʣʦʚ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʚʩʝ ʜʘʥʥʳʝ ʣʝʛʢʦ ʩʚʝʩʪʠ ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥ-

ʥʳʭ, ʩʦʜʝʨʞʘʱʫʶ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʘʥʘʣʠʟʫ: ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʜʦʣʷ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ, ʧʣʦʱʘʜʴ ʠ ʧʝʨʠʤʝʪʨ 

ʢʘʞʜʦʛʦ ʟʝʨʥʘ, ʧʣʦʱʘʜʴ ʠ ʧʝʨʠʤʝʪʨ ʢʘʞʜʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʧʨʦʜʫʢʪʝ (ʚʦʟʤʦʞʝʥ 

ʨʘʩʯʝʪ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʝʨʝʥ ʠ ʤʠʥʝʨʘʣʦʚ, ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʢʨʳʪʳʡ ʬʦʨʤʘʪ ʙʘʟʳ ʜʘʥʥʳʭ (MS Access) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ 

ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ; 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ: ʤʦʜʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʨʘʩʢʨʳʪʠʝ ʚʳʙʨʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ, 

ʪʠʧʳ ʩʨʦʩʪʢʦʚ ʚʳʙʨʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʨʘʟʤʝʨ ʚʳʜʝʣʝʥʠʡ ʢʘʞʜʦʛʦ ʤʠʥʝʨʘʣʘ, ʨʘʟ-

ʤʝʨ ʟʝʨʝʥ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣ, ʩʨʝʜʥʷʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞ-

ʜʦʛʦ ʤʠʥʝʨʘʣʘ, ʨʘʩʯʝʪʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʠ-

ʥʝʨʘʣʘʤ.  

ɺ ʠʪʦʛʝ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʩʦʜʝʨ-

ʞʘʥʠʝ/ʠʟʚʣʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ (ʨʠʩ. 5). 

ɿʘʪʝʤ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʣʝʛʢʦ ʵʢʩʧʦʨʪʠʨʦ-

ʚʘʪʴ ʚ ʧʨʦʜʫʢʪʳ MS Office. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʦʱ-

ʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ [3]. 
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ʈʠʩ. 5. ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʩʦʜʝʨʞʘʥʠʝ/ʠʟʚʣʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʚʘʟʠʨʝʛʫʣʷʨʥʦʩʪʴʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʠʟʚʝʨʞʝʥʠʡ ʘʥʜʝʟʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ. ʇʦ ʚʦʣʥʦʚʳʤ ʬʦʨʤʘʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʤʫʣʴʪʠʧʣʝʪʳ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ DrumCorr ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʧʨʦʰʣʘ ʘʧʨʦʙʠʨʦʚʘʥʠʝ ʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷʭ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2011 ʛ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʧʣʝʪ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ, drumbeats, ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

ɺʚʝʜʝʥʠʝ ʈʷʜ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʨʝʜʚʘʨʷʶʪʩʷ ʠʣʠ ʩʦʧʨʦʚʦʞʜʘ-

ʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ çdrumbeatsè, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝʤ ʤʫʣʴʪʠʧʣʝʪʦʚ ʠʟ ʢʚʘʟʠʨʝʛʫʣʷʨʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ (ɺɿ) ʩ ʙʣʠʟʢʦʡ ʘʤʧʣʠʪʫʜʦʡ [2]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʭ ʛʝʥʝʨʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʦʜʥʦʡ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ ʙʣʠʟʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʯʘ-

ʛʦʚ. ɺʳʜʝʣʝʥʠʝ ʠʟ ʧʦʪʦʢʘ ɺɿ ʦʪʜʝʣʴʥʳʭ ʤʫʣʴʪʠʧʣʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʚʦʣʴʥʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʦ ʚ ʧʨʘʢʪʠʢʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, 4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʧʨʦʰʝʜʰʝʡ 

ʘʧʨʦʙʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ DrumCorr, ʧʦʟʚʦʣʷʶʱʝʡ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʚ ʚʦʣʥʦʚʳʭ ʬʦʨʤʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʣʝʢʮʠʶ ʤʫʣʴʪʠʧʣʝʪʦʚ 

ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʘʳ çdrumbeatsè: ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʣʫʞʘʱʠʡ ʜʣʷ ʧʦʠʩʢʘ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʠʛʥʘʣʦʚ [6], ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʘʚʪʦ-

ʢʦʨʨʝʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ (r). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ὢ1, ὢ2,éὢὲīὒ ʠ ʝʛʦ ʢʦʧʠʠ ὢ1+ὒ, 
ὢ2+ὒ,éὢὲ, ʩʜʚʠʥʫʪʦʡ ʥʘ ʣʘʛ ὒ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʙʫʜʝʪ ʚʳʯʠʩ-

ʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [7]: 

ὶὸ,ὸīὒ=ὢὸὢὸīὒīὢὸὢὸīὒίὸίὸīὒ, 
ʛʜʝ: ὢὸὢὸīὒ=×ὲὸ+ὒὢὸὢὸīὒὲīὒ; ὢὸ=×ὲὸ+ὒὢὸὲīὒ- ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʩʭʦʜ-
ʥʦʛʦ ʨʷʜʘ; ὢὸīὒ=×ὲὸ+ὒὢὸīὒὲīὒ- ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʜʚʠʥʫʪʦʛʦ ʨʷʜʘ; ίὸ ʠ 
ίὸīὒ - ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʠ ʩʜʚʠʥʫʪʦʛʦ ʨʷʜʘ ʩʦ-
ʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʝʥʠʝ r ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʦʪ -1 ʜʦ 1. ʏʝʤ ʙʣʠʞʝ r ʢ 1, ʪʝʤ 

ʩʠʣʴʥʝʝ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ, ʯʝʤ ʙʣʠʞʝ r ʢ -1 ï ʦʙʨʘʪʥʘʷ. ʇʨʠ 

r=0 ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʤʠʥʠ-

ʤʘʣʴʥʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ DrumCorr ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ Python. ʈʝʘʣʠʟʘʮʠʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʚʟʷʪʘ ʠʟ ObsPy ð 

ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [5]. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʛʨʘʤʤʳ DrumCorr ʷʚʣʷʶʪʩʷ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ʩʪʘʥʮʠʡ ʂʘʤʯʘʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅè. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ 

ʩ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʟʘʧʠʩʴʶ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ ʜʘʥʥʳʭ MSEED ʠ ASCII. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʘʧʦʢ. ɺ ʜʠʨʝʢʪʦʨʠʠ data ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ, ʘ ʚ ʜʠʨʝʢʪʦʨʠʠ config ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʜʣʷ 

ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ DrumCorr ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ DrumCorr. 
ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʐʘʛ 1. ɸʥʘʣʠʪʠʯʝʩʢʠ ʦʙʦʟʥʘʯʠʚ 

ʥʘʯʘʣʦ ʧʝʨʚʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ, ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʚʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʠʟ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʦʡ ʛʨʫʧʧʳ. ɼʘʥʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʰʘʙʣʦ-

ʥʦʤ (template). ɼʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ 

ʬʘʡʣʦʤ ʚ ʜʠʨʝʢʪʦʨʠʶ data/template. ʇʦʩʣʝʜʫʶʱʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩʝʡʩʤʠʯʝ-

ʩʢʠʝ ʟʘʧʠʩʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʧʘʧʢʫ, ʨʘʩʧʦʣʘʛʘʝʤʫʶ ʚ data/. 

ʐʘʛ 2. ɼʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ 

ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ JSON, ʛʜʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʘ ʠʤʝʥʥʦ: ʬʠʣʴʪʨ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʦʨʨʝʣʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ, ʧʫʪʠ ʢ ʬʘʡʣʫ ʰʘʙʣʦʥʘ ʠ ʜʠʨʝʢʪʦʨʠʠ 

ʢʦʨʨʝʣʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʬʦʨʤʘʪ ʥʘʟʚʘʥʠʷ ʠʪʦʛʦʚʦʛʦ ʬʘʡʣʘ-ʦʪʯʝʪʘ. 

ʐʘʛ 3. ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʘʥʜʦʡ, ʛʜʝ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʘʨʛʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ: python main.py -c 

config/20110909_0003.json 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʯʠʩʣʝʥʠʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʬʘʡʣʘ ʷʚʣʷʝʪʩʷ ʬʘʡʣ-ʦʪʯʝʪ, ʛʜʝ ʚʳʚʦʜʠʪʩʷ ʠʪʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ (N), ʟʘʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (rs), ʩʨʝʜʥʝʝ ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ (r , rmax), ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ ʩʠʛʥʘʣʦʚ 

ʩ ʚʨʝʤʝʥʥʳʤʠ ʤʝʪʢʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ r i. 

ʈʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ DrumCorr 

ɸʧʨʦʙʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ DrumCorr ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ 

ʧʦʪʦʢʝ ɺɿ ʨʝʞʠʤʘ çdrumbeatsè, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʟʚʝʨʞʝʥʠʝ ʘʥʜʝʟʠʪʦʚʦʛʦ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ (ʧʦʣʫʦʩʪʨʦʚ ʂʘʤʯʘʪʢʘ) ʚ ʩʝʥʪʷʙʨʝ 2011 ʛ., ʢʦʛʜʘ ʤʫʣʴʪʠ-

ʧʣʝʪʳ ɺɿ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʷʟʢʦʛʦ ʣʘʚʦʚʦʛʦ ʧʦ-

ʪʦʢʘ [1]. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʟʘʧʠʩʠ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ KZV ʂʌ ʌʀʎ 

ɽɻʉ ʈɸʅ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʫʜʘʣʝʥʠʠ 2.6 ʢʤ ʦʪ ʢʨʘʪʝʨʘ. 
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ʉ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ɺɿ ʥʘ ʬʦʥʝ ʤʠʢʨʦʩʝʡʩʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʣʦʩʦʚʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʟʘʧʠʩʠ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʛʨʫʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 0.2-10 ɻʮ. ʇʨʦ-

ʛʨʘʤʤʦʡ DrumCorr ʩ ʰʘʙʣʦʥʦʤ 9.09 ʚ 00:03 (ʨʠʩ. 2ʘ) ʚʳʜʝʣʝʥ ʤʫʣʴʪʠʧʣʝʪ 9-

26.09.2011 ʛ., ʚ ʢʦʪʦʨʳʡ ʧʦʤʝʱʝʥʦ 27071 ɺɿ ʩ rs=0.7. ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʠ-

ʤʝʨʘ ʩʫʪʢʠ 21.09.2011 ʛ., ʚ ʢʦʪʦʨʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʦ N=971, 

r =0.72, rmax=0.8. 

 
ʈʠʩ. 2. ɺʦʣʥʦʚʘʷ ʬʦʨʤʘ ʰʘʙʣʦʥʘ (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʤʫʣʴʪʠʧʣʝʪʘ ɺɿ (ʙ), ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʦʡ DrumCorr ʧʦ ʟʘʧʠʩʠ ʢʘʥʘʣʘ SHZ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ KZV 21.09.2011 ʛ. ʚʦ 

ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚ. ʂʠʟʠʤʝʥ. ʅʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 00:14:47. ʉʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʬʨʘʛʤʝʥʪ ʬʘʡʣ-ʦʪʯʝʪʘ (ʚ). 

ʅʘ ʬʨʘʛʤʝʥʪʝ ʰʝʩʪʠʤʠʥʫʪʥʦʡ ʟʘʧʠʩʠ ʤʫʣʴʪʠʧʣʝʪʘ (ʨʠʩ. 2ʙ) ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʤ ʬʨʘʛʤʝʥʪʝ ʬʘʡʣ-ʦʪʯʝʪʘ (ʨʠʩ. 2ʚ) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʠʤʝʶʪ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʩ r i>0.7. ɺʳʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʘ ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʠʥʫʪ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺʥʝʜʨʝʥʠʝ ʚ ʦʙʨʘʙʦʪʢʫ ʧʦʪʦʢʘ ɺɿ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

çdrumbeatsè ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʦʟʚʦʣʠʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʦʪʜʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʠ ʚʳʜʝʣʷʪʴ ʤʫʣʴʪʠʧʣʝʪʳ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʭ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ 

ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ DrumCorr ʠ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʢ ʦʙʰʠʨʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʤ ʟʘʧʠʩʷʤ ʧʦʪʦʢʘ ɺɿ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣ-

ʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010-2013 ʛʛ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-01304-20) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥ-

ʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʝ çʉʝʡʩʤʦʠʥʬʨʘʟʚʫʢʦʚʦʡ 

ʢʦʤʧʣʝʢʩ ʤʦʥʠʪʦʨʠʥʛʘ ʘʨʢʪʠʯʝʩʢʦʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʢʦʤʧʣʝʢʩ ʥʝʧʨʝʨʳʚ-

ʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʤʠʨʘè (https://ckp-rf.ru/usu/507436/).  

ʃʠʪʝʨʘʪʫʨʘ 

 ʌʠʨʩʪʦʚ ʇ.ʇ., ʐʘʢʠʨʦʚʘ ɸ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚ 
ʧʨʦʮʝʩʩʝ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ (ʂʘʤʯʘʪʢʘ) ʚ 2009ï2013 ʛʛ. // ɺʫʣʢʘʥʦʣʦʛʠʷ ʠ ʩʝʡ-

ʩʤʦʣʦʛʠʷ. 2014. ˉ 4. ʉ. 3ï20. https://doi.org/10.7868/S0203030614040026 

 ʌʠʨʩʪʦʚ ʇ.ʇ., ʐʘʢʠʨʦʚʘ ɸ.ɸ. ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè, ʧʨʝʜʚʘʨʷʶʱʠʡ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡ ʠʟʚʝʨʞʝʥʠʷ ʘʥʜʝʟʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ ʠ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ 

https://doi.org/10.7868/S0203030614040026
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʦʜʩʠ-

ʩʪʝʤ, ʚ ʚʠʜʝ ʩʨʝʜ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʠ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʨʝʜʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ. ɼʘʥʥʳʝ ʚʦʧʨʦʩʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʦʪʭʦʜʦʚ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ ʛʝʦʵʢʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

Abstract. The article deals with the interaction of physical subsystems in the form of en-

vironments containing minerals and a cybernetic subsystem, which includes software and hard-

ware, modern automation tools and control solutions. These questions are considered in the 

conditions of ensuring the ecological compatibility of waste within the framework of the con-

cept of introduction of new information technologies in geoecology. 

Keywords: cyber-physical system, environmental friendliness, recognition 

ɺʚʝʜʝʥʠʝ. ɼʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʚ ʢʦʥʝʯʥʳʡ ʧʨʦ-

ʜʫʢʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʵʢʦʥʦʤʠʢʝ 

ʈʦʩʩʠʠ. ʇʝʨʝʭʦʜ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʥʘʭʦʜʷʱʝʡ ʩʚʦʝ ʚʦʧʣʦʱʝʥʠʝ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 
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ʧʨʝʜʲʷʚʣʷʝʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ 

ʙʦʛʘʪʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʦʟʜʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʷ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ, ʦʙʷʟʘʪʝʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦ-

ʣʦʛʠʯʥʦʩʪʠ ʦʪʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ [1], ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʥʮʝʧʮʠʠ ʮʠʬ-

ʨʦʚʠʟʘʮʠʠ, ʠʟʚʝʩʪʥʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ ʢʘʢ ʀʅɼʋʉʊʈʀʗ 4.0. ʆʩʥʦʚʥʳʤ ʠʥʪʝʛʨʠ-

ʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

(ʂʌʉ) [2,3,4], ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʣʥʳʡ ʮʠʢʣ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ ʛʝʦʵʢʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʝ ʢʠ-

ʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʟʠʯʝ-

ʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ - ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʠ ʢʠʙʝʨʥʝʪʠ-

ʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʚʩʝ ʟʥʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʠ ʟʥʘ-

ʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝʤ ʩʝʧʘʨʘʮʠʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʩʠʩʪʝʤ, ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʢʦʥʪʨʦʣʷ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʈʘʟʚʠ-

ʪʠʝ ʂʌʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʧʝʨʝʭʦʜ ʢ 

ʙʝʟʣʶʜʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩʦ ʩʨʝʜʩʪʚʘʤʠ 

ʢʠʙʝʨʥʝʪʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (ʨʠʩ. 1). 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʦʪʭʦʜʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʚ ʨʘʤʢʘʭ ʂʌʉ ʟʥʘʥʠʡ ʚ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ ʛʝʦʵʢʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʭ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʄʝʪʦʜʳ. ʄʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʝʧʘʨʘʮʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʦʪʭʦʜʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʩʪʘʪʴʝ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʨʘʩʩʤʦʪʨʝʥ ʥʘ ʧʨʠʤʝʨʝ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩ-

ʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ.  

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʘʷ (ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ) ʩʝʧʘʨʘʮʠʷ ʦʩʥʦʚʘʥʘ 

ʥʘ ʨʘʟʣʠʯʠʠ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʦʚ ʚʦʟʥʠʢʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝ-

ʩʢʦʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʈʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʘʣʤʘʟʦʚ [5,6] ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠʩʪʦʯʥʠʢʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʧʫʪʝʤ ʚ ʦʙʣʘʩʪʠ ʟʘʜʘʥʥʳʭ ʠʟʤʝʨʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʟʘʜʘʥʠʷ ʨʝʞʠʤʘ ʠ ʫʨʦʚʥʷ ʨʘʟʙʨʘʢʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʚ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ [7]. ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʨʝʟʫʣʴ-

ʪʘʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʝʧʘʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ [8].  
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ʈʠʩ. 1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʢʠʙʝʨʥʝʪʠʢʠ 

ʆʙʩʫʞʜʝʥʠʝ. ʇʨʠʚʝʜʝʥʥʳʡ ʢʨʘʪʢʠʡ ʧʝʨʝʯʝʥʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʙʣʝʤʥʦʡ 

ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʝʧʘʨʘʮʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝ-

ʥʦʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟ-

ʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ. ʄʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʟʜʝʩʴ ʩʣʫʞʘʪ ʨʝ-

ʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝ-

ʥʠʝ ʨʝʞʠʤʦʚ ʩʝʧʘʨʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɺʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʝʡ ʂʌʉ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [9]. 

ɺʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʦʪʭʦʜʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷ-

ʟʘʥʳ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʕʪʠ ʚʦʧʨʦʩʳ ʚʢʣʶʯʘʶʪ ʢʘʢ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʪʘʢ ʠ ʦʪʚʝʯʘʪʴ ʦʙʦʙʱʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʉʦʛʣʘʩʥʦ ʠʤ, ʚʩʝ "ʦʪʭʦʜʳ" 

ʜʦʣʞʥʳ ʩʪʘʪʴ "ʧʠʱʝʡ" ʜʣʷ ʜʨʫʛʦʛʦ ʧʨʦʮʝʩʩʘ: ʣʠʙʦ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, 

ʣʠʙʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʜʨʫʛʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʣʠʙʦ ʨʝʛʝʥʝʨʘʪʠʚʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʧʨʠʨʦʜʳ. 

ɺ ʪɻʦʤ ʩʤʳʩʣʝ ʧʦʢʘ ʨʝʰʝʥʳ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʝ ʚ [10,11]. 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʠ ʩʝʧʘʨʘʮʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʦʪʭʦ-

ʜʦʚ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʦ ʚʪʦʨʠʯʥʳʡ ʨʝʩʫʨʩ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺʥʝʜʨʝʥʠʝ ʂʌʉ ʚ ʚʠʜʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʤʝʞʤʘʰʠʥʥʦʛʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʧʨʦʙʣʝʤʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʮʝʣʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʫʣʫʯʰʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʣʠ 

ʛʣʦʙʘʣʴʥʦ ï ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʪʨʘʩʣʠ. 
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METHODS TO REDUCE THE IMPACT ON THE SURFACE  

ATMOSPHERE OF DIAMOND MINING FROM THE ARCTIC SPRAYS  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʳ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʨʦʩʩʳʧʝʡ ʘʣʤʘʟʦʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ. ʍʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʠ ʚʠʜʳ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʄʦʥʠʪʦʨʠʥʛ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʣʝʤʝʥʪ ʠʥʞʠʥʠʨʠʥʛʘ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʨʦʩʩʳʧʠ ʘʣʤʘʟʦʚ, 

ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ, ʠʥʞʠʥʠʨʠʥʛ. 
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Abstract. The features of technogenic pollution of the surface atmosphere of the territory 

of development of diamond placers in the Arctic zone of Russia are considered. The sources 

and types of air pollution are characterized. A set of measures is proposed to reduce the level 

of technogenic air pollution. Air monitoring is considered as an element of subsoil use engi-

neering. 

Keywords: atmospheric air, pollutants, diamond placers, dust formation, dust suppres-

sion, monitoring, engineering.   

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʘʣʘʥʩʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʌ) ʫʯʠʪʳʚʘʶʪʩʷ 

ʟʘʧʘʩʳ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 1,19 ʤʣʨʜ ʢʘʨ, ʧʨʠ ʵʪʦʤ, ʧʦʯʪʠ 

ʤʠʣʣʠʘʨʜ ʢʘʨʘʪ ʧʦʜʩʯʠʪʘʥ ʧʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ɸ+ɺ+ʉ1. ʇʦʯʪʠ 

94% ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʟʘʧʘʩʦʚ ʘʣʤʘʟʦʚ ʟʘʢʣʶʯʝʥʦ ʚ ʢʦʨʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʯʫʪʴ ʙʦʣʝʝ 6% ð ʚ ʨʦʩʩʳʧʷʭ [1].  

ʂʦʤʧʘʥʠʷ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè ʚʝʣʘ ʦʪʨʘʙʦʪʢʫ ʨʦʩʩʳʧʝʡ ʨ. ʕʙʝʣʷʭ, 

ʨʫʯ. ɻʫʩʠʥʳʡ, ʨʫʯ. ʄʦʨʛʦʛʦʨ, ʫʯʘʩʪʢʘ ʀʩʪʦʢ, ʘ ʆɸʆ çʅʠʞʥʝ-ʃʝʥʩʢʦʝè ʨʘʟ-

ʨʘʙʘʪʳʚʘʣʘ ʨʦʩʩʳʧʠ ʨʝʢ ʄʦʣʦʜʦ, ɹʠʣʣʷʭ ʠ ɺʝʨʭʥʠʡ ɹʠʣʣʷʭ, ʊʘʣʘʭʪʘʭ. 

ɿʘʛʨʷʟʥʝʥʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʦʪʢʨʳʪʦʡ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ   ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʲʝʢʪʦʚ, ʠʩʪʦʯʥʠ-

ʢʦʚ ʠ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʦʧʨʝʜʝʣʝʥʳ:     

1.ʇʦʜʛʦʪʦʚʢʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʚʳʝʤʢʝ (ʇʳʣʴ ʠ ʛʘʟʳ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘ-

ʞʠʥ ʠ ʰʧʫʨʦʚ. ʇʳʣʴ ʠ ʷʜʦʚʠʪʳʝ ʛʘʟʳ ʧʨʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ),  

2. ɺʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ (ʇʳʣʴ ʧʨʠ ʚʳʝʤʢʝ ʠ ʧʦʛʨʫʟʢʝ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʨʘʟʛʨʫʟʢʝ ʚ ʦʪʚʘʣ. ʇʳʣʴ ʠ ʛʘʟʳ ʧʨʠ ʚʳʝʤʢʝ 

ʛʦʨʥʦʡ ʤʘʩʩʳ ʚʳʝʤʦʯʥʳʤʠ ʠ ʚʳʝʤʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤʠ ʤʘʰʠʥʘʤʠ ʩ 

ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ),  

3. ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʢʘʨʴʝʨʥʳʭ ʛʨʫʟʦʚ (ʇʳʣʴ ʥʘ ʚʨʝʤʝʥʥʳʭ ʘʚʪʦʜʦ-

ʨʦʛʘʭ ʠ ʧʫʥʢʪʘʭ ʧʝʨʝʛʨʫʟʢʠ. ʇʳʣʴ ʠʟ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʩʫʜʦʚ ʧʨʠ ʧʝʨʝʤʝʱʝ-

ʥʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ. ɻʘʟʳ ʧʨʠ ʨʘʙʦʪʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʨʝʜʩʪʚ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ),  

4. ʆʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ (ʇʳʣʴ ʧʨʠ ʫʢʣʘʜʢʝ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʚ ʦʪʚʘʣʳ. ʇʳʣʝʥʠʝ ʦʙʥʘʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʚʘʣʦʚ ʧʫʩʪʳʭ ʧʦʨʦʜ 

ʠ ʚʨʝʤʝʥʥʳʭ ʩʢʣʘʜʦʚ ʧʝʩʢʦʚ.). 

ʅʝʜʨʦʧʦʣʴʟʦʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʆʉ - ʘʪʤʦʩʬʝʨʫ, ʧʝʜʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ, ʙʠʦʩʬʝʨʫ. ʆʜʥʠʤ 

ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʟʜʦʨʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʡ ʩʨʝʜʳ, ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʨʝʜ-

ʥʳʭ ʚʳʙʨʦʩʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʠʥʠʤʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʳʣʠ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ [5]. 

ʈʦʩʩʳʧʠ ʦʪʥʦʩʠʪʩʷ ʢ ʘʣʣʶʚʠʘʣʴʥʦʤʫ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. ʊʦʨʬʘ ʨʦʩ-

ʩʳʧʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʠʩʪʳʤ, ʛʣʠʥʠʩʪʳʤ ʠʣʠ ʩʫʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʝ-

ʨʝʜʢʦ ʩ ʧʨʠʤʝʩʴʶ ʦʙʣʦʤʢʦʚ ʢʨʫʧʥʝʝ 1 ʤʤ ʜʦ 20-25%. ʇʨʦʜʫʢʪʠʚʥʳʝ ʠ ʧʝ-

ʨʝʢʨʳʚʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ, ʢʨʫʛʣʳʡ ʛʦʜ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ. 
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ɺʩʢʨʳʰʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʟʨʳʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ (ʪʘʢ ʢʘʢ ʧʦʨʦʜʳ ʦʪʣʠʯʘʝʪ ʧʦʚʳʰʝʥʥʘʷ ʣʴʜʠʩʪʦʩʪʴ), ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʳʭʣʝʥʠʷ ʪʦʨʬʦʚ ʨʳʭʣʠʪʝʣʝʤ ʥʘ ʙʘʟʝ ʙʫʣʴʜʦʟʝʨʘ ɼ-355ɸ. 

ʆʧʨʝʜʝʣʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʳʙʨʦʩʘʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ɿɺ) (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ɿɺ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʨʦʩʩʳʧʠ.  

ɿʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ ʇɼʂ, ʤʛ/ʤ3 

ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʨʘʟʦʚʘʷ 

ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʇʳʣʴ ʥʝʪʦʢʩʠʯʥʘʷ 0,5 0,15 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ 3 1 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ 0,085 0,085 

ʉʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ 0,5 0,05 

ʉʝʨʦʚʦʜʦʨʦʜ 0,008 0,008 

ʉʝʨʦʫʛʣʝʨʦʜ 0,03 0,005 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 0,3 0,1 

ɸʤʤʠʘʢ 0,2 0,2 

ɸʮʝʪʦʥ 0,35 0,35 

ɹʝʥʟʠʥ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʉ) 5 1,5 

ʉʘʞʘ (ʢʦʧʦʪʴ) 0,15 0,05 

ʌʝʥʦʣ 0,01 - 

ʌʦʨʤʘʣʴʜʝʛʠʜ 0,035 - 

ʌʦʩʬʦʨʥʳʡ ʘʥʛʠʜʨʠʜ 0,15 0,05 

ʍʣʦʨ 0,1 0,03 

ʆʙʲʝʤʳ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʧʦ ʪʦʯʝʯʥʳʤ (ʵʢʩʢʘʚʘʪʦʨ ʉʘt-325ɺ; ʙʫʨʦʚʳʝ 

ʩʪʘʥʢʠ ʋʈɹ-2ɸ2; ʧʦʛʨʫʟʯʠʢʠ ʢʘʨʴʝʨʥʳʝ RS-570, ʉʘt-980; ʙʫʣʴʜʦʟʝʨʳ ɼʕʊ-

250, ɼ-355, ʊ-170), ʣʠʥʝʡʥʳʤ (ʘʚʪʦʜʦʨʦʛʠ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ (ʦʪʚʘʣʳ 

ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʠ ʚʨʝʤʝʥʥʳʝ ʩʢʣʘʜʳ ʧʝʩʢʦʚ) ʠʩʪʦʯʥʠʢʘʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʪʜʝʣʴʥʦ; ʘʚʪʦʩʘʤʦʩʚʘʣʳ ɹʝʣɸɿ-75404 - ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʠ ɿɺ. 

ʇʨʠʤʝʥʷʝʤʘʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʪʝʭʥʦʣʦʛʠʷ ʠʩʢʣʶʯʘʝʪ ʟʘʣʧʦʚʳʝ ʚʳʙʨʦʩʳ 

ʚʨʝʜʥʳʭ ɿɺ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʧʨʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ. 

ʇʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʦʛʦ ʩʜʫʚʘʥʠʷ ʧʳʣʠ (ʤʛ/ʤ2 ʩ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʩ ʦʪʢʨʳʪʳʭ ʧʳʣʷʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʚʩʢʨʳʰʥʳʭ ʦʪ-

ʚʘʣʦʚ ʠ ʘʚʪʦʜʦʨʦʛ ʫʯʘʩʪʢʘ ʨʘʙʦʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0,6 ʤʛ/ʤ2, ʜʣʷ 

ʚʨʝʤʝʥʥʳʭ ʩʢʣʘʜʦʚ ʧʝʩʢʦʚ - 1,0 ʤʛ/ʤ2. ʇʝʨʠʦʜ ʧʳʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʩʦʩʪʘʚʣʷʝʪ: ʘʚʪʦʜʦʨʦʛʠ 116 ʜʥʝʡ, ʦʪ-

ʚʘʣʳ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ 180 ʜʥʝʡ, ʩʢʣʘʜʳ ʧʝʩʢʦʚ 100 ʜʥʝʡ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʚʳʜʝʣʝʥʠʷ ɿɺ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʷʚʣʷʶʪʩʷ ʜʚʠ-

ʛʘʪʝʣʠ ʢʘʨʴʝʨʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ (ɹɺʈ). 

ʇʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ɿɺ ʚ 

ʩʦʩʪʘʚʝ ʚʳʙʨʦʩʦʚ ʩʦʩʪʘʚʣʷʝʪ: ʉʆ - 26 ʛ; ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ Nʆ2 - 32 ʛ; ʦʢʩʠʜʘ ʘʟʦʪʘ 

Nʆ - 5,2 ʛ; ʢʝʨʦʩʠʥʘ - 12 ʛ; ʩʘʞʠ - 2 ʛ; ʜʠʦʢʩʠʜʘ ʩʝʨʳ SO2 - 0,02 ʛ; ʬʦʨʤʘʣʴʜʝ-

ʛʠʜʘ - 0,5 ʛ; ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ - 0,00001 ʛ. ʂ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʠʤʝʶʱʝʤʫ ʘʚʪʦʥʦʤ-
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ʥʳʡ ʜʠʟʝʣʴʥʳʡ ʧʨʠʚʦʜ ʦʪʥʦʩʷʪʩʷ: ʙʫʣʴʜʦʟʝʨʳ ʊ-170, ɼʕʊ-250ʄ, ɼ-355; ʧʦ-

ʛʨʫʟʯʠʢʠ ʉʘt-980, RS-570; ʵʢʩʢʘʚʘʪʦʨ ʉʘt-325, ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʋʈɹ-2ɸ2, ʩʘʤʦ-

ʩʚʘʣʳ ɹʝʣɸɿ-75404, ʪʨʘʢʪʦʨʳ ʂ-700, ʜʠʟʝʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 200 ʢɺʪ ʠ 100 

ʢɺʪ, ʥʘʩʦʩʳ ʩ ʜʠʟʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ, ʚʦʜʦʚʦʟʢʘ ʂʘʤɸɿ. 

ʈʘʩʯʝʪ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ɿɺ ʧʨʠ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʜʦʚ ɸʅʆ-6. 

ɼʣʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʥʘ ʢʘʨʴʝʨʝ ʭʘʨʘʢʪʝʨʥʦ ʚʪʦʨʠʯʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ 

ʠʟ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʦ 10-

15 ʯ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʚʦ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʝ ʜʦʩʪʠʛʘʝʪ 

15-17%, ʘ ʧʨʝʚʳʰʘʶʱʘʷ ʇɼʂ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 100 ʯ ʠ ʙʦʣʝʝ. 

ɹɺʈ ʥʘ ʫʯʘʩʪʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʳʭʣʝʥʠʷ ʤʝʨʟʣʳʭ ʪʦʨʬʦʚ ʠ ʧʝʩʢʦʚ, ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʦʪʣʦʚʘʥʦʚ ʠʣʦʦʪʩʪʦʡʥʠʢʦʚ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʫʩʣʦʦʪʚʦʜʥʦʡ 

ʢʘʥʘʚʳ; ʜʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʋʈɹ-2ɸ2. ɺ ʢʘ-

ʯʝʩʪʚʝ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ɺɺ) ʧʨʠʥʠʤʘʝʪʩʷ ʛʨʘʤʤʦʥʠʪ 79/21, ʛʨʘʥʫʣʦ-

ʪʦʣ, ʘʤʤʦʥʠʪ ˉ6ɾɺ ʘ ʩʨʝʜʩʪʚ ʚʟʨʳʚʘʥʠʷ - ʜʝʪʦʥʠʨʫʶʱʠʡ ʰʥʫʨ ɼʐɸ, 

ɼʐɺ, ɼʐʕ-12; ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʨʝʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʙʦʝʚʠʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʨʦʪʠʣʦʚʳʝ ʰʘʰʢʠ ʊ-400ɻ ʠʣʠ ʊɻ-500. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ 0,6 ʢʛ/ʤ3, ʰʘ-

ʰʝʢ ʊ-400ɻ - 7,5 ʢʛ/1000 ʤ3, ʜʝʪʦʥʠʨʫʶʱʝʛʦ ʰʥʫʨʘ - 400ʧ.ʤ./1000ʤ3. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝ-

ʥʠʶ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ ʦʙʲʝʢʪʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ: 

1. ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ, ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ ʚ ʟʦʥʘʭ ʨʘʩʩʝʠ-

ʚʘʥʠʷ ʚʳʙʨʦʩʦʚ; 

2. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʚʳʙʨʦʩ (ʇɼɺ) ɿɺ ʚ ʘʪʤʦʩʬʝʨʫ ʢʘʞʜʳʤ ʠʩʪʦʯʥʠ-

ʢʦʤ ʠ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʮʝʣʦʤ; 

3. ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦ-

ʩʦʚ ʦʪʜʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ 

ʘʪʤʦʩʬʝʨʳ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʪ ʇɼɺ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʠ ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

4. ʧʣʘʥ-ʛʨʘʬʠʢ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʳ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʠ ʚʨʝʜʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʛʘʟʦʚ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ: 

1. ʙʫʨʝʥʠʝ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʜʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʩʫʭʦ-

ʛʦ ʠ ʚʣʘʞʥʦʛʦ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ: 

2. ʦʨʦʰʝʥʠʝ ʟʘʙʦʝʚ ʠ ʜʦʨʦʛ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚʦʜʦʡ: 

3. ʧʨʠʤʝʥʝʥʠʝ ɺɺ ʩ ʥʫʣʝʚʳʤ ʠʣʠ ʙʣʠʟʢʠʤ ʢ ʥʝʤʫ ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ: 

4. ʫʩʪʘʥʦʚʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʛʘʟʦʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʥʘ ʘʚʪʦʩʘʤʦʩʚʘʣʘʭ: 

5. ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ: 
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6. ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʤʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʨʴʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɼʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʩʪʘʥʢʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʙʫ-

ʨʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ: 

1. ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʦ-ʚʦʜʷʥʦʡ ʩʤʝʩʴʶ; 

2. ʩʫʭʦʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ. 

ʇʨʠ ʧʳʣʝʧʦʜʘʚʣʝʥʠʠ ʚʦʟʜʫʰʥʦ-ʚʦʜʷʥʦʡ ʩʤʝʩʴʶ ʦʥʘ ʧʦʜʘʝʪʩʷ ʥʘ ʟʘʙʦʡ 

ʩʢʚʘʞʠʥʳ, ʩʦʟʜʘʚʘʷ ʚʦʜʷʥʦʡ ʬʘʢʝʣ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘ-

ʙʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʤʦʯʝʥʥʘʷ ʚʦʜʦʡ ʧʳʣʴ ʚʤʝʩʪʝ ʩ ʙʫʨʦʚʦʡ ʤʝʣʦʯʴʶ ʚʳʥʦ-

ʩʠʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ ʠ ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʦʪ 

ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ; ʨʘʩʭʦʜ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 0,06-0,7 ʣ/ʩ.  

ʉʫʭʦʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʤʠ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʩʥʠ-

ʞʝʥʠʝ ʧʳʣʝʛʘʟʦʚʳʜʝʣʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʞʝ-

ʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʦʪʥʦʩʷʪ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠ-

ʝʤ ʚʟʨʳʚʘ: 

1. ʚʟʨʳʚʘʥʠʝ ʟʘʨʷʜʦʚ ɺɺ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʚʦʟʜʫʰʥʳʤʠ ʧʨʦʤʝʞʫʪʢʘʤʠ ʩ ʮʝ-

ʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ; 

2. ʚʟʨʳʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʞʘʪʦʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʥʘ ʥʝʫʙʨʘʥʥʫʶ ʛʦʨʥʫʶ 

ʤʘʩʩʫ ʰʠʨʠʥʦʡ ʥʝ ʤʝʥʝʝ 20 ʤ), ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯ-

ʥʦʛʦ ʧʳʣʝʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ; 

3. ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʝ ʟʘʨʷʜʘ. 

ʂ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʆʨʦʰʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʚʟʨʳʚʫ ʫʯʘʩʪʢʦʚ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʠʤ 

ʟʦʥʳ ʠ ʟʦʥʳ ʚʳʧʘʜʝʥʠʷ ʧʳʣʠ. ʇʨʠʣʝʛʘʶʱʘʷ ʢ ʚʟʨʳʚʘʝʤʦʤʫ ʙʣʦʢʫ ʟʦʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʨʦʰʘʝʪʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʟʤʝʪʳʚʘʥʠʷ ʧʳʣʠ ʩ ʫʩʪʫ-

ʧʦʚ. ʕʪʘ ʟʦʥʘ ʜʦʣʞʥʘ ʟʘʭʚʘʪʳʚʘʪʴ ʪʝʨʨʠʪʦʨʠʶ ʥʘ ʰʠʨʠʥʫ 50-60 ʤ ʦʪ ʛʨʘ-

ʥʠʮʳ ʚʟʨʳʚʘʝʤʦʛʦ ʙʣʦʢʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʟ ʨʘʩʯʝʪʘ 8-10 ʣ ʚʦʜʳ ʥʘ 1 ʤ2 ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ. 

2. ɺʟʨʳʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʝʰʥʝʡ (ʩ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʚʦʜʳ 1,4 

ʢʛ/ʤ3 ʚʟʦʨʚʘʥʥʦʡ ʤʘʩʩʳ) ʠ ʚʥʫʪʨʝʥʥʝʡ (ʩ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ 0,8 ʢʛ/ʤ3 ʚʟʦ-

ʨʚʘʥʥʦʡ ʤʘʩʩʳ) ʛʠʜʨʦʟʘʙʦʝʢ ʩʢʚʘʞʠʥ; 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʟʘʙʦʡʢʠ ʚʦʜ-

ʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʜʝʡ Nʘʉl ʠ ʉʘʉl2.  

ɺ ʧʝʨʠʦʜ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʟʘʙʦʡʢʠ ʟʘʪʨʫʜ-

ʥʝʥʦ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʘʯʝʩʪʚʝ ʟʘʙʦʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʥʝʞʥʦ-ʣʝʜʷʥʫʶ ʟʘʙʦʡʢʫ. 

3. ʇʨʠʤʝʥʝʥʠʝ ɺɺ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ. 

4. ʇʝʨʝʥʝʩʝʥʠʝ ʚʟʨʳʚʘ ʥʘ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʪʨʘ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʠ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʠ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʚʣʘʞʥʝʥʠʝ ʦʪʙʠʪʦʡ 
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ʛʦʨʥʦʡ ʤʘʩʩʳ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʫʩʪʫʧʦʚ. ʆʪ-

ʙʠʪʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʫʚʣʘʞʥʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʦʨʦʰʝʥʠʝʤ ʚʦʜʦʡ ʩ ʧʦʤʦ-

ʱʴʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʘʩʧʳʣʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʣʠʚʦʯʥʳʭ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦ-

ʚʦʢ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʛʠʜʨʦʤʦʥʠʪʦʨʘʤʠ; ʨʘʩʭʦʜ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 10-12 ʣ/ʤ2. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʩʜʫʚʘʥʠʷ ʧʳʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʫʧʦʚ ʠ ʠʭ ʦʪʢʦʩʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 6% ʨʘʩʪʚʦʨʦʤ ʩ ʨʘʩ-

ʭʦʜʦʤ 4,2 ʣ/ʤ2, ʧʳʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʪʝʯʝʥʠʝ 7-8 ʩʫʪʦʢ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʜʦʣʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʳʨʴʝ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʥʘ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦ-

ʪʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

- ʦʙʨʘʙʦʪʢʫ ʧʦʣʦʪʥʘ ʘʚʪʦʜʦʨʦʛʠ ʚʦʜʦʡ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ; 

- ʛʠʜʨʦʦʨʦʰʝʥʠʝ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠ ʫʩʪʫʧʦʚ ʧʝʨʝʜ ʚʟʨʳʚʘʤʠ; 

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʝʡ 

ʘʣʤʘʟʦʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʠʩʪʝʤʳ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʪʝʨʨʠʪʦʨʠʡ ʥʦʚʦʛʦ ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ [3].  

ʃʠʪʝʨʘʪʫʨʳ 

 ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ çʆ ʩʦʩʪʦʷʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝ-

ʩʫʨʩʦʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʚ 2015 ʛʦʜʫ. ɸʣʤʘʟʳ. ʄ.: ʄʇʈ, 2016. ʉ. 239.-249 

 ɿʘʭʘʨʦʚ ʉ.ɸ., ʄʫʩʪʘʬʠʥ ʉ.ʂ. ʉʪʨʦʝʥʠʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʩʚʦʝ-

ʥʠʷ ʨʦʩʩʳʧʝʡ ʘʣʤʘʟʦʚ ɸʨʢʪʠʢʠ (ʥʘ ʧʨʠʤʝʨʝ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ɸʥʘʙʘʨ ʠ ʃʝʥʘ). ʊʨʫʜʳ ʀʥ-

ʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ɺʳʧ. 66. ʄʘʭʘʯʢʘʣʘ: ʀɻ ɼʅʎ 

ʈɸʅ, 2016. - ʉ. 51-55.    

 ɿʘʭʘʨʦʚ ʉ.ɸ., ʄʫʩʪʘʬʠʥ ʉ.ʂ. ʄʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩ-
ʩʝʡʥʘ ʧʨʠ ʦʩʚʦʝʥʠʠ ʨʦʩʩʳʧʝʡ ʘʣʤʘʟʦʚ   ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ. ʄʘʪ-ʣʳ ɺʩʝʨʦʩʩʠʡ-

ʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪè. 

ʄ.: ʀʇʂʆʅ ʈɸʅ, 2018. ï ʉ. 120-126. 

 ʀʚʘʥʦʚ ɺ.ɺ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʠ ʚ ʫʩʣʦ-

ʚʠʷʭ ʗʢʫʪʠʠ. ð ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 2015. ð 248 ʩ. 

 ʊʦʤʘʢʦʚ ʇ.ʀ., ʂʦʚʘʣʝʥʢʦ B.C., ʄʠʭʘʡʣʦʚ A.M., ʂʘʣʘʰʥʠʢʦʚ ɸ.ʊ. ʕʢʦʣʦʛʠʷ ʠ ʦʭʨʘʥʘ 

ʧʨʠʨʦʜʳ ʧʨʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. ʄ.: ʄɻɻʋ. 1994.-418 ʩ.  
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ɻʣʘʚʘ II. ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʕʂʆʃʆɻʀʗ 

 

 

 

 

ʂ ɺʆʇʈʆʉʋ ʆ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʊʈɸɼʀʎʀʗʍ  

ɺ ʀɿɻʆʊʆɺʃɽʅʀʀ ʅɽʆʃʀʊʀʏɽʉʂʆʁ ʂɽʈɸʄʀʂʀ  

ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʂɸʈɽʃʀʀ ʇʆ ɼɸʅʅʓʄ  

ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʊ.ɸ. ɺʘʩʠʣʴʝʚʘ, ʀʥʩʪʠʪʫʪ ʷʟʳʢʘ, ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʨʠʠ 

ʂʘʨʝʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʇʝʪʨʦʟʘʚʦʜʩʢ 

TO THE QUESTION OF TECHNOLOGICAL TRADITIONS   

THE NEOLITHIC POTTERY IN KARELIA ACCORDING TO  

PETROGRAPHIC RESEARCH  
T.A. Vasilyeva, Institute of Language, Literature and History of the 

Karelian Research Centre of the Russian Academy of Sciences 

(ILLH KarRC RAS), Petrozavodsk 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʂʘʨʝʣʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʪʝʨʠʘʣʘ ʬʨʘʛʤʝʥʪʦʚ ʢʝ-

ʨʘʤʠʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʛʣʠʥʷʥʦʛʦ ʪʝʩʪʘ. ʇʦ ʩʦʩʪʘʚʘʤ ʬʦʨʤʦʚʦʯ-

ʥʳʭ ʤʘʩʩ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʨʝʚʥʝʡ ʢʝʨʘʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʝʨʘʤʠʢʘ, ʥʝʦʣʠʪ, ʂʘʨʝʣʠʷ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʘʜʠʮʠʠ. 

Abstract. In the paper we present the results of the petrographic study of neolithic pottery 

in Karelia. The components of modelling clay are different. According to the composition of 

modelling clay and different burning conditions of these samples, we revealed features of tech-

nology of the production of ancient clayware.  

Keywords: pottery, neolith, Karelia, petrographic study, technological traditions. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʝ-

ʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʦʚ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʩʭʦʜʥʦʛʦ 

ʛʣʠʥʠʩʪʦʛʦ ʩʳʨʴʷ ʠ ʠʤʝʶʱʠʭʩʷ ʜʦʙʘʚʦʢ: ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʳʭ ʠʟʜʝ-

ʣʠʡ. ɺ ʢʦʥʪʝʢʩʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʪʠʧʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʣʠʥʷʥʦʡ ʧʦʩʫʜʳ 

ʵʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʜʨʝʚʥʝʛʦ 

ʛʦʥʯʘʨʩʪʚʘ: ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʪʝʨʠʘʣ ʬʨʘʛʤʝʥʪʦʚ ʢʝʨʘʤʠʢʠ, ʫʩʪʘ-

ʥʦʚʠʪʴ ʩʭʦʜʩʪʚʦ/ʨʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʘʭ ʛʣʠʥʠʩʪʦʛʦ ʪʝʩʪʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʦʩʝ-

ʣʝʥʠʷʭ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʳʭ ʢʫʣʴʪʫʨ ʠ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ, ʘ ʪʘʢʞʝ 
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ʚʳʷʚʠʪʴ ʘʜʘʧʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ 

ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʩʝʣʝʥʠʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʦ ʤʥʦʛʦʤ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨ ʯʝʨʝʟ ʪʝʭʥʦ-

ʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʣʠʥʷʥʦʡ ʧʦʩʫʜʳ, ʧʦʜʦʡʪʠ ʢ ʚʦʧʨʦʩʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʭʨʦʥʦʣʦʛʠʠ ʧʘʤʷʪʥʠʢʦʚ ʩ ʠʟʫʯʘʝʤʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ɼʣʷ ʜʨʝʚʥʝʡ ʢʝʨʘʤʠʢʠ ʂʘʨʝʣʠʠ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴ-

ʥʳʝ ʩʝʨʠʠ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʘʥʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ ʩʧʝʨʨʠʥʛʩ 

[1], ʩʨʝʜʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʷʤʦʯʥʦ-ʛʨʝʙʝʥʯʘʪʦʡ ʠ ʧʦʟʜʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʛʨʝ-

ʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʠ ʨʦʤʙʦ-ʷʤʦʯʥʦʡ [2, 3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʣʠ-

ʥʷʥʦʡ ʧʦʩʫʜʳ ʚ ʜʨʝʚʥʦʩʪʠ. ɺ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʪ ʘʥʘʣʠʟ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʩ ʮʝ-

ʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ï ʷʚʣʷʝʪʩʷ ʣʠ ʠʩʧʦʣʴʟʫʝʤʳʡ ʪʠʧ ʛʣʠʥʳ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʣʠʥʷʥʳʭ ʩʦʩʫʜʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 135 ʬʨʘʛʤʝʥʪʦʚ ʦʪ 

115 ʩʦʩʫʜʦʚ ʠʟ ʥʝʦʣʠʪʠʯʝʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʂʘʨʝʣʠʠ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʨʝʜʥʝʛʦ ï ʧʦʟʜʥʝʛʦ ʥʝʦʣʠʪʘ ʵʪʘʣʦʥʥʦʛʦ 

ʧʘʤʷʪʥʠʢʘ ɺʠʛʘʡʥʘʚʦʣʦʢʘ I, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 45 ʦʙʨʘʟʮʦʚ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʣʠʥ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʨʘʟ-

ʥʦʚʨʝʤʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʳʚʝʜʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʥʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʩʧʝʨʨʠʥʛ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʝʣʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʠʟ 40 ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʨʥʦ 18% 

(ʐʝʣʪʦʟʝʨʦ VIII , ʆʨʦʚʥʘʚʦʣʦʢ V, ʏʝʣʤʫʞʩʢʘʷ I, ʄʘʣʘʷ ʉʫʥʘ I, ʉʫʣʛʫ III , 

ʉʦʤʙʦʤʘ) ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʛʣʠʥʘʤʠ ʩʤʝʢʪʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ 

ʠʩʪʦʯʥʠʢʦʚ ʛʣʠʥ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʜʢʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʱʠʭ ʛʣʠʥ ʚʳʷʚ-

ʣʝʥʦ ʚ ʯʝʪʳʨʝʭ, ʘ ʞʠʨʥʳʭ ï ʚ ʪʨʝʭ ʬʨʘʛʤʝʥʪʘʭ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʪʦʱʠʪʝʣʷ ʜʦʙʘʚʣʷʣʘʩʴ ʜʨʝʩʚʘ, ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʥʘ ʆʨʦʚʥʘʚʦʣʦʢʝ 

V ï ʜʨʝʩʚʘ ʠ ʰʘʤʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʳ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʵʪʠʭ ʬʨʘʛ-

ʤʝʥʪʦʚ ʩʭʦʞʠ. ʉʪʘʪʠʩʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ ʦ ʩʤʝʰʝʥʠʠ ʛʣʠʥ ʚ ʦʙ-

ʨʘʟʮʘʭ ʩʧʝʨʨʠʥʛ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʜʦʤʠʥʠʨʫʝʪ ʚ ʙʘʩʩʝʡʥʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ (4 

ʬʨʘʛʤʝʥʪʘ), ʉʷʤʦʟʝʨʘ (2 ʬʨʘʛʤʝʥʪʘ) ʠ ʦʜʠʥ ʥʘ ɺʦʜʣʦʟʝʨʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʳʙʦʨʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ ī ʥʘʠʙʦʣʝʝ ʢʨʫʧ-

ʥʳʡ ʦʙʲʝʢʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʘʤʷʪʥʠʢʦʚ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʘ ʥʝʤ ʧʨʝʦʙʣʘʜʘʝʪ.  

ʈʘʥʝʝ ʜʣʷ ʧʦʟʜʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʩʦ ʩʪʦʷʥʦʢ ʉʦʤʙʦʤʘ ʠ ʇʦʛʘ 

ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʨʘʛʤʝʥʪʦʚ 

ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʠ ʨʦʤʙʦ-ʷʤʦʯʥʦʡ ʢʝʨʘʤʠʢʠ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʠ ʛʣʠʥʷʥʦʡ ʧʦʩʫʜʳ ʥʘ ʧʘʤʷʪʥʠʢʝ ʉʦʤʙʦʤʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʝʜʠʥʳʡ 

ʩʦʩʪʘʚ ʬʦʨʤʦʚʦʯʥʦʡ ʤʘʩʩʳ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʝʨʘʤʠʢʠ ï ʪʦʱʠʝ ʛʣʠʥʳ ʛʠʜ-

ʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʨʝʩʚʘ, ʘ ʥʘ ʧʦʩʝʣʝʥʠʠ ʇʦʛʘ I ï ʪʦʱʠʝ ʛʣʠʥʳ ʩʤʝʢ-
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ʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢʞʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʝʩʚʳ. ʇʦ ʜʘʥʥʳʤ ʧʝʪʨʦʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʦʚ ʢʝʨʘʤʠʢʠ ʩʧʝʨʨʠʥʛʩ ʤʳ ʚʠʜʠʤ ʥʝʩʢʦʣʴʢʦ ʠʥʫʶ 

ʩʠʪʫʘʮʠʶ. ʅʘ ʉʦʤʙʦʤʝ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʦʩʪʘʚ, ʚʢʣʶʯʘʶʱʠʡ 

ʞʠʨʥʳʝ ʛʣʠʥʳ ʩʤʝʢʪʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʞʝʣʝʟʠʩʪʳʭ 

ʧʝʣʣʠʪʦʚ ʠ ʜʨʝʩʚʳ, ʚʦ ʚʪʦʨʦʤ ï ʪʦʱʠʝ ʛʣʠʥʳ ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʝʩʚʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚ ʬʦʨʤʦʚʦʯʥʦʡ ʤʘʩʩʳ ʩʦʦʪ-

ʥʦʩʠʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʧʦʟʜʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ. ʅʘ ʧʦʩʝʣʝʥʠʠ ʇʦʛʘ I 

ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʞʝʣʝʟʥʝʥʥʳʝ ʞʠʨʥʳʝ ʛʣʠʥʳ ʩʤʝʢʪʠʪʦ-

ʚʦʛʦ ʩʦʩʪʘʚʘ, ʣʠʙʦ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʞʝʣʝʟʠʩʪʳʭ ʧʝʣʣʠʪʦʚ. ʄʝʞʜʫ ʪʝʤ ʨʘʟʣʠ-

ʯʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʦʱʠʪʝʣʝ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ï ʵʪʦ ʜʨʝʩʚʘ, ʚʦ ʚʪʦʨʦʤ ï 

ʰʘʤʦʪ ʠ ʠʟʤʝʣʴʯʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ [4].  

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩʣʦʞʥʳʭ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʵʧʦʭʠ ʥʝʦʣʠʪʘ ʧʨʦʠʩʭʦʜʠʣʠ ʢʦʥʪʘʢʪʳ ʥʘʩʝʣʝʥʠʷ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʠ ʨʘʟʚʠʚʘʣʠʩʴ ʪʨʘʜʠʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʣʠʥʷʥʦʡ ʧʦʩʫʜʳ. ʅʦʩʠʪʝʣʠ ʵʪʠʭ ʪʨʘʜʠʮʠʡ ʧʨʠ-

ʩʧʦʩʘʙʣʠʚʘʣʠʩʴ ʢ ʨʝʩʫʨʩʥʦʡ ʙʘʟʝ ʥʘ ʤʝʩʪʘʭ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʩʦʩʪʘʚʘʭ 

ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ. ʅʘʧʨʠʤʝʨ, ʚ ʙʘʩʩʝʡʥʝ ɺʦʜʣʦʟʝʨʘ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ 

ʧʝʩʢʘ ʢ ʛʣʠʥʷʥʦʡ ʤʘʩʩʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʩʳʨʴʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʘʡʦʥʝ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʩʪʘʚʘʤʠ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʧʦʟʜʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝ-

ʨʘʤʠʢʠ ʚ ʙʘʩʩʝʡʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʧʦʩʝʣʝʥʠʠ ʅʦʚʟʝʤʩʢʦʝ III  ʚ ʦʙʨʘʟʮʝ 

ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʢʝʨʘʤʠʢʠ ʦʪʤʝʯʝʥʘ ʛʣʠʥʘ ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʠ ʩʤʝʢʪʠ-

ʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʝʩʚʳ, ʚʳʩʫʰʝʥʥʦʡ ʠ ʨʘʩʪʝʨʪʦʡ ʛʣʠʥʳ, 

ʧʝʩʢʘ, ʜʨʦʙʣʝʥʦʡ ʢʝʨʘʤʠʢʠ ʠ ʧʝʨʘ [5]. ɺʳʙʦʨʢʘ ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʢʝʨʘ-

ʤʠʢʠ ʩʦʩʪʘʚʠʣʘ 24 ʦʙʨʘʟʮʘ ʠʟ 50, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʥʥʝʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘ-

ʤʠʢʦʡ ʧʦʜʦʙʥʳʡ ʩʣʫʯʘʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʣʠʥ ï ʝʜʠʥʠʯʥʳʡ. 

ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʩʝʨʠʷ ʬʨʘʛʤʝʥʪʦʚ ʥʝʦʣʠʪʠʯʝʩʢʦʡ ʢʝʨʘ-

ʤʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʡ ʧʦʩʝʣʝʥʠʷ ɺʠʛʘʡʥʘʚʦʣʦʢ I, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʛʦ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʆʥʝʞʩʢʦʛʦ. ɺʳʙʦʨʢʘ ʚʢʣʶʯʘʝʪ 45 ʦʙʨʘʟʮʦʚ. 

ʉʦʛʣʘʩʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʪʠʧʦʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 15 ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʷʤʦʯʥʦ-

ʛʨʝʙʝʥʯʘʪʦʡ, 13 ʩ ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʠ 17 ʩ ʨʦʤʙʦ-ʷʤʦʯʥʦʡ ʢʝʨʘʤʠʢʦʡ. 
ʊʘʙʣʠʮʘ 1. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ ʧʦ ʩʦʩʪʘʚʘʤ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʠʟ ʛʣʠʥʳ 

ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ (1 ʛʨʫʧʧʘ) 
ʂʝʨʘ-

ʤʠʢʘ 
ʛʣʠʥʳ ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ 

ɺ
ʩ
ʝ
ʛ
ʦ

 

ʪʦʱʠʝ ʞʠʨʥʳʝ 

+ɼ2 +ɼ+ʇ +ɼ+ʐ+ʇ+ʆ +ʇ+ʆ +ɼ+ʇ+ʆ  +ɼ+ʇ    +ɼ+ʐ  

ʗɻ3 1 6 1 1 1 10 1 1 2 12 

ɻʗ 0 4 0 1 4 9 0 0 0 9 

ʈʗ 3 2 0 0 2 7 0 1 1 8 

ɺʩʝʛʦ 4 12 1 2 7 26 1 2 3 29 

 

 
2 ȏ ð ȯȻȰȼȭȫ, Ț ð ȺȰȼȹȵ, ȣ ð ɃȫȷȹȽ, ș ð ȹȻȮȫȸȳɂȰȼȵȫɊ ȯȹȬȫȭȵȫ 
3 ȪȎ ð Ɋȷȹɂȸȹ-ȮȻȰȬȰȸɂȫȽȫɊ, ȎȪ ð ȮȻȰȬȰȸɂȫȽȹ-ɊȷȹɂȸȫɊ, țȪ ð ȻȹȷȬȹ-ɊȷȹɂȸȫɊ ȵȰȻȫȷȳȵȫ 
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ʊʘʙʣʠʮʘ 2. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ ʧʦ ʩʦʩʪʘʚʘʤ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʠʟ ʛʣʠʥʳ 

ʩʤʝʢʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (2 ʛʨʫʧʧʘ) 

ʢʝʨʘʤʠʢʘ ʛʣʠʥʳ ʩʤʝʢʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ɺʩʝʛʦ 

ʪʦʱʠʝ ʞʠʨʥʳʝ 

+ʇ +ɼ+ʐ +ɼ+ʆ +ɼ+ʇ+ʆ  +ʇ +ɼ+ʇ +ʇ+ʆ  

ʗɻ 0 1 1 0 2 0 1 0 1 3 

ɻʗ 2 1 0 0 3 0 0 1 1 4 

ʈʗ 3 0 0 1 4 3 1 1 5 9 

ɺʩʝʛʦ 5 2 1 1 9 3 2 2 7 16 

ʈʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤʫ ʩʦ-

ʩʪʘʚʫ ʛʣʠʥ ʠ ʦʪʦʱʠʪʝʣʝʡ ʦʙʦʙʱʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ, ʛʜʝ ʦʪʤʝʯʝʥʦ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʷʤʦʯʥʦ-ʛʨʝʙʝʥʯʘʪʦʡ, ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʠ ʨʦʤʙʦ-ʷʤʦʯʥʦʡ 

ʢʝʨʘʤʠʢʝ ʧʦ ʩʦʩʪʘʚʘʤ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʠʟ ʛʣʠʥʳ ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ 

(ʪʘʙʣʠʮʘ 1, ʛʨʫʧʧʘ 1), ʘ ʪʘʢʞʝ ʠʟ ʛʣʠʥ ʩʤʝʢʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʪʘʙʣʠʮʘ 2, ʛʨʫʧʧʘ 

2). ʂ ʤʠʥʝʨʘʣʴʥʳʤ ʦʪʦʱʠʪʝʣʷʤ ʦʪʥʝʩʝʥʳ ʜʨʝʩʚʘ, ʧʝʩʦʢ, ʰʘʤʦʪ ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ 

ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʦʡ (ʜʨʦʙʣʝʥʘʷ ʢʦʩʪʴ, ʢʦʩʪʥʳʡ ʢʣʝʡ, ʣʠʙʦ ʧʝʨʦ). ɻʣʠʥʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʦʱʠʝ ʠ ʞʠʨʥʳʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʦʱʠʝ ʛʣʠʥʳ ʩʦʜʝʨʞʘʪ 

ʤʥʦʛʦ ʧʝʩʢʘ ʠʣʠ ʩʠʣʴʥʦ ʫʧʣʦʪʥʝʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠʣʠ ʩʮʝʤʝʥʪʠʨʦ-

ʚʘʥʳ ʢʨʝʤʥʝʟʝʤʦʤ, ʛʣʠʥʦʟʝʤʦʤ, ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʜʨ. ʊʦʱʠʝ ʛʣʠʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʥʘ ʦʱʫʧʴ ʰʝʨʦʭʦʚʘʪʳ ʠ ʜʘʶʪ ʩ ʚʦʜʦʡ 

ʥʝʯʪʦ ʪʠʧʘ ʪʝʩʪʘ, ʣʝʛʢʦ ʨʘʩʪʨʝʩʢʠʚʘʶʱʝʛʦʩʷ ʧʨʠ ʨʘʩʢʘʪʳʚʘʥʠʠ. ɾʠʨʥʳʝ 

ʛʣʠʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʣʠʥ ʪʦʱʠʭ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ [6].  

ʇʦ ʠʪʦʛʘʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ: ʚ ʦʙʨʘʟʮʘʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʠʥʳ ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʨʘʟʮʳ ʩ ʛʣʠʥʘʤʠ 

ʩʤʝʢʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʨʝʜʠ ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʨʝʦʙʣʘʜʘʶʪ ʪʦʱʠʝ 

ʛʣʠʥʳ. ʉʦʩʪʘʚʳ ʩ ʞʠʨʥʳʤʠ ʛʣʠʥʘʤʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʥʝ ʩʚʷʟʘʥʳ ʩ ʬʨʘʛʤʝʥ-

ʪʘʤʠ ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʢʝʨʘʤʠʢʠ, ʥʝ ʩʦʜʝʨʞʘʪ ʦʨʛʘʥʠʯʝʩʢʫʶ ʜʦʙʘʚʢʫ, ʘ 

ʤʠʥʝʨʘʣʴʥʳʡ ʦʪʦʱʠʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʨʝʩʚʳ ʩ ʧʝʩʢʦʤ ʠʣʠ ʰʘʤʦʪʦʤ. 

ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʦʱʠʤʠ ʠ ʞʠʨʥʳʤʠ ʛʣʠʥʘʤʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʘ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʤʝʶʪʩʷ ʩʦʩʪʘʚʳ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʦʡ ʚ ʦʙ-

ʨʘʟʮʘʭ ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʦʡ ʠ ʨʦʤʙʦ-ʷʤʦʯʥʦʡ ʢʝʨʘʤʠʢʠ. ʉʦʭʨʘʥʷʝʪʩʷ ʤʥʦʛʦ-

ʦʙʨʘʟʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʦʪʦʱʠʪʝʣʝʡ (ʧʝʩʢʘ, ʜʨʝʩʚʳ, ʰʘʤʦʪʘ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʩʳʨʴʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʝʣʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʘʤʷʪʥʠʢʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʛʣʠʥʠʩʪʦʡ ʤʘʩʩʳ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ ʥʘʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʝʛʦ ʩʦʩʪʘʚ ʠʩʭʦʜʠʣ ʠʟ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʨʫʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʟʥʦʚʨʝʤʝʥʥʦʤ ʭʘ-

ʨʘʢʪʝʨʝ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ ʚʦʟʤʦʞʥʦ ʚʳʷʩʥʠʪʴ ʣʠʰʴ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʦʤ, 

ʩʝʨʠʡʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʷʪʴ ʙʘʟʫ ʧʦ ʩʦʩʪʘʚʘʤ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʛʣʠʥʷʥʦʡ ʧʦ-

ʩʫʜʳ ʵʧʦʭʠ ʥʝʦʣʠʪʘ ʠ ʩʦʩʪʘʚʣʷʪʴ ʥʘʜʝʞʥʳʡ ʧʨʦʚʝʨʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 
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PRIMARY BIOLOGICAL COL ONIZATION OF SOLID ROCKS  

(MORAINES FROM THE KARGA RIVER VALLEY, THE ALTAI)  
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Saint Petersburg State University, Saint Petersburg 

ɸʥʥʦʘʪʮʠʷ: ʇʝʨʚʠʯʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʠʟʘʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦ-

ʙʣʝʤʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ - ʚʳʩʦʢʦʛʦʨʴʷ, ʧʦʣʷʨʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨ. ɹʠʦʦʙʨʘʩʪʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʚʳʭʦʜʘʭ ʧʣʦʪʥʳʭ ʧʦʨʦʜ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʠʛʨʘʶʪ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪ-

ʨʠʚʘʥʠʷ ʠ ʧʝʨʚʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʦʥʘʭ ʜʝʛʣʷʮʠʘʮʠʠ. ɺʳʷʚʣʝʥʳ ʪʠʧʦʚʳʝ 

ʬʦʨʤʳ ʥʘʯʘʣʴʥʦʛʦ ʦʙʨʘʩʪʘʥʠʷ ʧʣʦʪʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ (ʤʦʨʝʥ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʦ-

ʣʠʥʝ ʨʝʢʠ ʂʘʨʛʳ, ʛʦʨʥʳʡ ɸʣʪʘʡ (ɿʘʧʘʜʥʘʷ ʊʫʚʘ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʵʢʦʩʠʩʪʝʤʳ (ʙʠʦʧʣʝʥʢʠ) ʨʘʟʚʠʚʘʶʪʩʷ, ʠʩ-

ʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ (ʤʠʢʨʦʫʛʣʫʙʣʝʥʠʷ), ʘ 

ʪʘʢʞʝ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʛʣʫʙʴ ʧʦʨʦʜʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʬʦʨ-

ʤʠʨʫʶʱʠʭʩʷ ʙʠʦʧʣʝʥʢʘʭ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʘʚʪʦʭʪʦʥʥʳʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʧʣʦʪʥʳʭ ʧʦʨʦʜ, 

ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʣʢʦʟʝʤʘ ʧʣʦʪʥʳʭ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʨʝʥʘ, ʣʠʰʘʡʥʠʢʠ, ʛʨʠʙʳ, ʧʝʨʚʠʯʥʳʝ ʙʠʦʧʣʝʥʢʠ, ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʚʳʚʝʪʨʠʚʘʥʠʝ, ʤʝʣʢʦʟʝʤ. 

 Abstract: The primary biological colonization of solid rocks is a scientific problem that 

has been studied under various conditions (high mountains, polar ecosystems, post-volcanic 

formations, etc.). Biofouling formed on the solid rocks of the moraine deposits plays a notice-

able role in the processes of rock weathering and formation of primary soils in the deglaciation 

zones. The studied rock fragments of moraines were sampled in the Altai, in the valley of the 

Kargy River (Western Tuva). The rock fragments were investigated to reveal the trends of pri-

mary biological colonization. Typical forms of initial fouling of rocks have been identified. 

Using scanning electron microscopy it was shown that microbial biofilms develop along the 

microrelief of the surface of the rock substrate. It was found that the fine size particles of the 

rock were accumulated by the forming biofilms, which contributes to the formation of fine 

earth. 

Keywords: moraine, lichens, fungi, primary biofilms, scanning electron microscopy, 

weathering, fine earth. 

ʇʨʦʙʣʝʤʘ ʧʝʨʚʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʪʦʯʢʘʤ ʨʦʩʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʠʟʫʯʘʣʘʩʴ ʥʘ ʦʙʲʝʢʪʘʭ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʚʳʩʦʢʦʛʦʨʴʷ, ʧʦʣʷʨʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʧʦʩʪʚʫʣʢʘʥʠʯʝ-

ʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨ. [2, 3, 4]. ɺʳʟʦʚʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʟʦʥ ʜʝ-

ʛʣʷʮʠʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɹʠʦʦʙʨʘʩʪʘʥʠʷ ʟʜʝʩʴ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʘ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʠ 

ʠʛʨʘʶʪ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʝʨʚʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘ-

ʟʦʚʘʥʠʷ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʣʠʥʫ ʨʝʢʠ ʂʘʨʛʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʛʦʨʥʦʤ ɸʣʪʘʝ, ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʨʝʩʧʫʙʣʠʢʠ ʊʫʚʘ. ʆʙʨʘʟʮʳ 

ʧʣʦʪʥʳʭ ʧʦʨʦʜ (ʤʦʨʝʥ) ʦʪʦʙʨʘʥʳ ʥʘ ʫʯʘʩʪʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʚʝʨʭʥʝʤ ʪʝ-

ʯʝʥʠʠ ʨʝʢʠ. ʊʝʨʨʠʪʦʨʠʷ ʩʚʦʙʦʜʥʘ ʦʪ ʣʝʜʥʠʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ɻʦʣʦʮʝʥʘ. ʉʦ-

ʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 

ʚʠʜʝ ʙʠʦʧʣʝʥʦʢ ʠ ʣʠʰʘʡʥʠʢʦʚʳʭ ʦʙʨʘʩʪʘʥʠʡ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨ-

ʚʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʧʣʦʪʥʳʭ ʧʦʨʦʜ (ʩʦʩʪʘʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʙʨʘʩʪʘʥʠʡ, ʠʭ ʨʦʣʴ ʚ ʚʳʚʝʪʨʠʚʘʥʠʠ ʧʦʨʦʜʳ) ʥʘ ʧʨʠ-

ʤʝʨʝ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʣʠʥʳ ʨʝʢʠ ʂʘʨʛʳ.  

ɺʝʨʭʦʚʴʝ ʜʦʣʠʥʳ ʨ. ʂʘʨʛʳ ʥʘʭʦʜʠʪʩʷ ʢ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɼʞʫʣʫ-

ʢʫʣʴʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʚʳʩʦʪʳ 2288-2387 ʤ. ʄʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʨʝʜʠ ʢʦ-

ʪʦʨʳʭ ʦʪʙʠʨʘʣʠʩʴ ʦʙʨʘʟʮʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʯʠʥʘʶʪʩʷ ʥʘ 

ʩʢʣʦʥʝ ʐʘʧʰʘʣʴʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʚʥʠʟ ʧʦ ʜʦʣʠʥʝ ʨ. ʂʘʨʛʳ, ʦʙ-

ʨʘʟʫʷ ʝʜʠʥʦʝ ʧʨʦʪʷʞʝʥʥʦʝ ʪʝʣʦ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʪʚʝʨʜʳʭ ʧʦʨʦʜ ʩ ʧʨʠʟʥʘʢʘʤʠ ʧʝʨʚʠʯ-

ʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʨʝʦʤʠʢʨʦ-

ʩʢʦʧʘ Leica M 80. ɺʠʟʫʘʣʠʟʘʮʠʷ ʣʠʰʘʡʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʢʦʣʦʥʠʟʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ 

ʪʚʝʨʜʳʭ ʧʦʨʦʜ, ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʧʦʤʦʱʴʶ ʮʚʝʪʥʦʛʦ 

ʪʨʝʭʤʝʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (KEYENCE). ʃʘʟʝʨʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʤʠʢ-

ʨʦʩʢʦʧ VK-9700, ʗʧʦʥʠʷ). ʄʦʨʬʦʣʦʛʠʶ ʤʠʢʨʦʤʠʮʝʪʦʚ ʠ ʪʝʥʜʝʥʮʠʠ ʠʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʚʝ-

ʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (Leica DM 1000), ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦ-

ʧʠʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (SEM TM 3000, HITAʉHI, ʗʧʦʥʠʷ). 

 ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘʢʠʧʥʦʡ ʣʠʰʘʡʥʠʢ 

ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ Dimelaena oreina (Ach.) Norman. ɽʛʦ ʩʣʦʝʚʠʱʝ 

ʧʣʦʪʥʦ ʧʨʠʨʘʩʪʘʝʪ ʢ ʩʫʙʩʪʨʘʪʫ, ʧʨʦʥʠʢʘʷ ʚ ʥʝʛʦ ʯʝʨʝʟ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ 

ʫʛʣʫʙʣʝʥʠʷ (ʨʠʩ. 2). ɺ ʦʩʥʦʚʥʦʤ ʵʪʦʪ ʣʠʰʘʡʥʠʢ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʩʠʣʠʢʘʪʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ ʦʪʢʨʳʪʳʭ, ʩʫʭʠʭ ʠ ʩʦʣʥʝʯʥʳʭ ʤʝʩʪʘʭ [1]. 

 ʇʦʤʠʤʦ ʣʠʰʘʡʥʠʢʦʚ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʤʠʢʨʦʤʠʮʝʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʤʠʮʝʣʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʦ ʢʨʘʷʤ 

ʦʙʣʦʤʢʦʚ ʧʦʨʦʜʳ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ. 

ʉʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʧʦʨʦʜʳ, ʦʩʪʘʶʪʩʷ 

ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʚ ʤʠʮʝʣʠʘʣʴʥʦʡ ʙʠʦʧʣʝʥʢʝ ʟʘ ʩʯʝʪ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʦʣʠ-

ʤʝʨʥʳʭ ʚʝʱʝʩʪʚ, ʚʳʜʝʣʷʝʤʳʭ ʛʨʠʙʘʤʠ (ʨʠʩ. 3). 

ɸʢʪʠʚʥʳʡ ʨʦʩʪ ʙʠʦʧʣʝʥʦʢ ʧʨʠʚʦʜʠʪ ʢ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʨʦʜʳ ʠ ʩʢʦʧ-

ʣʝʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ ʤʝʣʢʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʧʨʠʢʨʝʧ-

ʣʝʥʥʳʤʠ ʢ ʩʫʙʩʪʨʘʪʫ ʟʘ ʩʯʝʪ ʤʠʢʨʦʙʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʤʝʥʝ-

ʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ, ʧʨʠʚʦʜʠʪ 

ʢ ʝʱʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʬʨʘʛʤʝʥʪʘʮʠʠ. 
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ʈʠʩ. 2. ɼʦʤʠʥʠʨʫʶʱʠʡ ʥʘʢʠʧʥʦʡ ʣʠʰʘʡʥʠʢ Dimelaena oreina (Ach.) Norman ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʦʨʝʥʥʦʡ ʧʦʨʦʜʳ (ʩʣʦʝʚʠʱʝ ʩ ʧʣʦʜʦʚʳʤʠ ʪʝʣʘʤʠ ï ʘʧʦʪʝʮʠʷʤʠ). ɼʘʥʥʳʝ ʩʚʝʪʦ-

ʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

 

 
ʈʠʩ. 3. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʯʘʩʪʠʮʳ ʦʙʣʦʤʢʦʚ ʘʚʪʦʭʪʦʥʥʳʭ ʧʦʨʦʜ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʙʠʦ-

ʧʣʝʥʢʝ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʤʠʢʨʦʤʠʮʝʪʦʚ. (SEM-ʘʥʘʣʠʟ). 
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 ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʭʦʣʦʜʥʳʝ, 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʦʣʠʥʳ ʨ. 

ʂʘʨʛʳ, ʤʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ, ʪʘʢ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʚʳʚʝʪʨʠʚʘʥʠʶ.  

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʘʙʦʪʝ ʉʪʝʧʘʥʯʠʢʦʚʫ ʀ.ʉ. (ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʷ ʣʠʰʘʡʥʠʢʘ). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 

20-04-00888). 
ʃʠʪʝʨʘʪʫʨʘ 
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ʅɸʋʏʅʆɽ ʀ ʂʋʃʔʊʋʈʅʆɽ ɿʅɸʏɽʅʀɽ ʂʆʃʃɽʂʎʀʀ  

ʕ. ʀ. ʕʁʍɺɸʃʔɼɸ ʂ ʄʆʅʆɻʈɸʌʀʀ çʇɸʃɽʆʅʊʆʃʆɻʀʗ ʈʆʉʉʀʀè 

ɺ. ɺ. ɸʨʢʘʜʴʝʚ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

THE SCIENTIFIC AND CULTURAL SIGNIFICANCE  

OF THE E. I. EICHWALD COLLECTION  

TO THE MONOGRAPH çPALEONTOLOGY OF RUSSIAè 
V. V. Arkadiev, Saint-Petersburg State University, Saint-Petersburg 

ɸʥʥʦʪʘʮʠʷ: ʂʦʣʣʝʢʮʠʷ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʢ ʤʦʥʦʛʨʘʬʠʠ çʇʘʣʝʦʥʪʦʣʦʛʠʷ ʈʦʩʩʠʠè, 

ʭʨʘʥʷʱʘʷʩʷ ʚ ʧʘʣʝʦʥʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʤʫʟʝʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʦʙʨʘʟʮʦʚ ʠʟ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ, ʋʨʘʣʘ, ʂʨʳʤʘ, ʂʘʚʢʘʟʘ, ʇʨʠʙʘʣʪʠʢʠ, ʋʢʨʘʠʥʳ, ʇʦʣʴʰʠ, 

ɻʝʨʤʘʥʠʠ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʉʠʙʠʨʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕ. ʀ. ʕʡʭʚʘʣʴʜ, ʧʘʣʝʦʥʪʦʣʦʛʠʷ ʈʦʩʩʠʠ, ʤʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʣʝʢ-

ʮʠʷ, ʬʘʥʝʨʦʟʦʡ. 

Abstract: The collection of E.I. Eichwald for the monograph "Paleontology of Russia", 

kept in the paleontological and stratigraphic museum of St. Petersburg State University, in-

cludes several thousand samples from the Phanerozoic formations of European Russia, the 

Urals, Crimea, the Caucasus, the Baltic States, Ukraine, Poland, Germany, Kazakhstan and Si-

beria. 

Keywords: E.I. Eichwald, paleontology of Russia, monographic collection, phanerozoic. 

ɺ ʧʘʣʝʦʥʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʤʫʟʝʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʭʨʘʥʠʪʩʷ ʢʦʣʣʝʢʮʠʷ ʢ ʤʦʥʦʛʨʘʬʠʠ ʕʜʫʘʨʜʘ ʀʚʘ-

ʥʦʚʠʯʘ ʕʡʭʚʘʣʴʜʘ çʇʘʣʝʦʥʪʦʣʦʛʠʷ ʈʦʩʩʠʠè ï çLethaea Rossica ou Pal®ontol-

ogie de la Russieè. 
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ʕ. ʀ. ʕʡʭʚʘʣʴʜ ï ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʧʘʣʝʦʥʪʦʣʦʛʦʚ XIX  

ʚʝʢʘ. ɺ 1838ï1854 ʛʛ. ʦʥ ʧʨʝʧʦʜʘʚʘʣ ʧʘʣʝʦʥʪʦʣʦʛʠʶ ʚ ʀʥʩʪʠʪʫʪʝ ʢʦʨʧʫʩʘ 

ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ (ʥʳʥʝ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ). ʕʡʭʚʘʣʴʜ ʙʨʘʣʩʷ ʟʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʛʨʫʧʧ ʠʩʢʦʧʘʝʤʳʭ ʞʠ-

ʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ʦʪ ʢʝʤʙʨʠʷ ʜʦ ʢʘʡʥʦʟʦʷ. ʇʨʝʢʨʘʪʠʚ ʯʪʝʥʠʝ ʣʝʢʮʠʡ, 

ʕʡʭʚʘʣʴʜ ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʣʩʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʇʦʯʪʠ 

15 ʣʝʪ ʦʥ ʪʨʫʜʠʣʩʷ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʦʛʨʦʤʥʦʡ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʩʚʦʜʢʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʯʘʩʪʠʯʥʦ ʥʘ ʨʫʩʩʢʦʤ [6, 7] ʠ ʧʦʣʥʦʩʪʴʶ ʥʘ ʬʨʘʥʮʫʟʩʢʦʤ [8-

10] ʷʟʳʢʘʭ. ʂʦʣʣʝʢʮʠʷ ʢ ʵʪʦʡ ʤʦʥʦʛʨʘʬʠʠ ʙʳʣʘ ʧʨʠʦʙʨʝʪʝʥʘ ʧʨʦʬʝʩʩʦʨʦʤ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʣʝʢʩʘʥʜʨʦʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯʝʤ ʀʥʦ-

ʩʪʨʘʥʮʝʚʳʤ ʟʘ 6 000 ʨʫʙʣʝʡ ʠ ʩʪʘʣʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʜʣʷ ʩʦʟʜʘʥʥʦʛʦ ʠʤ ʚ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʙʠʥʝʪʘ. ʇʦʜʨʦʙʥʦ ʠʩʪʦʨʠʷ ʧʦʢʫʧʢʠ ʢʦʣʣʝʢ-

ʮʠʠ ʦʧʠʩʘʥʘ ʚ ʩʪʘʪʴʝ ɻ. ʄ. ɻʘʪʘʫʣʠʥʦʡ ʠ ɺ. ɺ. ɸʨʢʘʜʴʝʚʘ [4].  

ʏʝʤ ʪʘʢ ʧʨʠʤʝʯʘʪʝʣʴʥʘ ʵʪʘ ʢʦʣʣʝʢʮʠʷ? ʇʦʣʥʦʝ ʠʟʜʘʥʠʝ ʤʦʥʦʛʨʘʬʠʠ çʇʘ-

ʣʝʦʥʪʦʣʦʛʠʷ ʈʦʩʩʠʠè ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 3 000 ʩʪʨʘʥʠʮ, 99 ʪʘʙʣʠʮ ʩ ʠʟʦʙʨʘʞʝ-

ʥʠʝʤ 2 000 ʨʘʟʣʠʯʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʂʦʥʝʯʥʦ, ʠʟʦʙʨʘʞʝʥʳ ʙʳʣʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝ 

ʬʦʩʩʠʣʠʠ, ʪʘʢ ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʵʪʫ 

ʮʠʬʨʫ. ʆʪʜʝʣʴʥʳʝ ʪʦʤʘ ʧʦʩʚʷʱʝʥʳ ʧʘʣʝʦʟʦʶ (çʜʨʝʚʥʠʡ ʧʝʨʠʦʜè ʚ ʧʦʥʠʤʘʥʠʠ 

ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ, ʢʦʣʣʝʢʮʠʷ ˉ 1), ʢʘʡʥʦʟʦʶ (çʥʦʚʳʡ ʧʝʨʠʦʜè, ʢʦʣʣʝʢʮʠʷ ˉ 3). 

ʆʧʠʩʘʥʠʝ ʤʝʟʦʟʦʡʩʢʠʭ ʦʢʘʤʝʥʝʣʦʩʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʦ ʣʠʰʴ ʥʘ ʬʨʘʥʮʫʟʩʢʦʤ 

ʷʟʳʢʝ [10] (ʢʦʣʣʝʢʮʠʷ ˉ 2). ʂʦʣʣʝʢʮʠʷ ʟʘʥʷʣʘ ʚ ʦʜʥʦʤ ʠʟ ʟʘʣʦʚ ɻʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʢʘʙʠʥʝʪʘ ʚʩʝ ʮʝʥʪʨʘʣʴʥʳʝ ʚʠʪʨʠʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ɸ. ɸ. ʀʥʦʩʪʨʘʥʮʝ-

ʚʳʤ ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʡ. ʉʙʦʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʕ. ʀ. ʕʡʭʚʘʣʴʜʦʤ ʠ ʝʛʦ ʢʦʣʣʝ-

ʛʘʤʠ ʧʦʯʪʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʪʦʛʜʘʰʥʝʡ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ.  

ʀʩʪʦʨʠʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʚ ʩʪʝʥʘʭ ʋʥʠ-

ʚʝʨʩʠʪʝʪʘ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʘ, ʠʥʦʛʜʘ ʪʨʘʛʠʯʥʘ [4]. ɺʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʚʩʷ ʢʦʣʣʝʢʮʠʷ ʙʳʣʘ ʫʧʘʢʦʚʘʥʘ ʚ ʷʱʠʢʠ ʠ ʧʝʨʝʥʝʩʝʥʘ ʚ ʧʦʜ-

ʚʘʣʳ ʋʥʠʚʝʨʩʠʪʝʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʣʝ ʚʦʡʥʳ ʦʥʘ ʚʝʨʥʫʣʘʩʴ ʥʘ ʩʚʦʝ ʠʩʪʦ-

ʨʠʯʝʩʢʦʝ ʤʝʩʪʦ. ʆʛʨʦʤʥʘʷ ʟʘʩʣʫʛʘ ʚ ʜʝʣʝ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʣʝʢʮʠʠ ʧʨʠʥʘʜʣʝʞʘʣʘ 

ʪʦʛʜʘʰʥʠʤ ʩʦʪʨʫʜʥʠʢʘʤ ʤʫʟʝʷ ʅ. ɸ. ɹʘʫʣʝʨ ʠ ɽ. ʉ. ʇʦʨʝʮʢʦʡ. ɺ 2001 ʛ. ʚ ʤʫʟʝʝ 

ʧʨʦʠʟʦʰʝʣ ʧʦʞʘʨ, ʠ ʯʘʩʪʴ ʢʦʣʣʝʢʮʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʧʦʩʪʨʘʜʘʣʘ. ʅʘ ʧʨʦʪʷ-

ʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʩʦʪʨʫʜʥʠʢʠ ʤʫʟʝʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʵʢʩʧʦʟʠʮʠʶ, ʧʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʣʣʝʢʮʠʠ ʕʡʭʚʘʣʴʜʘ ʙʳʣʘ ʩʥʷʪʘ ʩ ʚʠʪʨʠʥ ʠ ʫʙʨʘʥʘ ʚ 

ʷʱʠʢʠ, ʘ ʚ ʚʠʪʨʠʥʘʭ ʦʩʪʘʚʣʝʥʳ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʟʨʝʣʠʱʥʳʝ ʦʙʨʘʟʮʳ.  

ɺ 2017 ʛ. ʋʥʠʚʝʨʩʠʪʝʪ ʧʨʠʦʙʨʝʣ ʜʣʷ ʤʫʟʝʝʚ ʩʠʩʪʝʤʫ ʂɸʄʀʉ (ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʤʫʟʝʡʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ), ʠ ʩʦ-

ʪʨʫʜʥʠʢʠ ʧʨʦʰʣʠ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʦʡ. ʕʪʦ ʦʢʘʟʘʣʦ ʦʯʝʥʴ ʩʝ-

ʨʴʝʟʥʦʝ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʦ, ʯʪʦʙʳ ʟʘʥʷʪʴʩʷ ʨʝʚʠʟʠʝʡ ʩʫʱʝ-

ʩʪʚʫʶʱʝʛʦ ʤʫʟʝʡʥʦʛʦ ʬʦʥʜʘ ʢʦʣʣʝʢʮʠʡ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʣʣʝʢʮʠʠ ʕ. ʀ. 

ʕʡʭʚʘʣʴʜʘ. ɸʚʪʦʨ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ, ʢʘʢ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʤʝʟʦʟʦʶ, ʩʦʩʨʝʜʦ-

ʪʦʯʠʣ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʯʘʩʪʠ ʢʦʣʣʝʢʮʠʠ ʕ. ʀ. 

ʕʡʭʚʘʣʴʜʘ. ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʡʪʠ ʠ ʩʦʙʨʘʪʴ ʚʦʝʜʠʥʦ ʦʙʨʘʟʮʳ ʧʦ 
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ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ ʠʩʢʦʧʘʝʤʳʭ (ʘʤʤʦʥʠʪʳ, ʙʝʣʝʤʥʠʪʳ, ʜʚʫʩʪʚʦʨʢʠ, ʙʨʘ-

ʭʠʦʧʦʜʳ, ʠʛʣʦʢʦʞʠʝ ʠ ʜʨ.), ʯʘʩʪʠʯʥʦ ʚʳʩʪʘʚʣʝʥʥʳʝ ʥʘ ʚʠʪʨʠʥʘʭ, ʘ ʚ ʦʩʥʦʚ-

ʥʦʤ ʨʘʟʙʨʦʩʘʥʥʳʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʷʱʠʢʘʤ, ʦʯʠʩʪʠʪʴ ʦʙʨʘʟʮʳ ʦʪ ʛʨʷʟʠ. ɼʘʣʝʝ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʚʝʨʢʘ ʥʘʡʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʨʫʢʦʧʠʩʥʳʤ ʢʘʪʘʣʦʛʦʤ, ʩʦ-

ʩʪʘʚʣʝʥʥʳʤ ʚ 1930-ʝ ʛʦʜʳ ʅ. ɸ. ɹʘʫʣʝʨ ʠ ɽ. ʉ. ʇʦʨʝʮʢʦʡ. ʄʥʦʛʠʝ ʦʙʨʘʟʮʳ 

ʠ ʵʪʠʢʝʪʢʠ ʢ ʥʠʤ ʙʳʣʠ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʳ (ʚ ʤʦʥʦʛʨʘʬʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʙʳʣʠ ʨʠʩʫʥʢʠ). ʉʦʩʪʘʚʣʷʣʦʩʴ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ 

ʥʘʡʜʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʝʛʦ ʟʘʤʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ 

(ʚʢʣʶʯʘʷ ʬʦʪʦʛʨʘʬʠʶ ʵʢʟʝʤʧʣʷʨʘ ʠ ʵʪʠʢʝʪʢʠ) ʟʘʥʦʩʠʣʘʩʴ ʚ ʂɸʄʀʉ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʩʦʭʨʘʥʠʣʠʩʴ ʘʚʪʦʨʩʢʠʝ ʵʪʠʢʝʪʢʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʠ 

ʵʪʠʢʝʪʢʠ, ʩʜʝʣʘʥʥʳʝ ʅ. ɸ. ɹʘʫʣʝʨ ʠ ɽ. ʉ. ʇʦʨʝʮʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʨʷʜʘ ʦʙ-

ʨʘʟʮʦʚ ʝʩʪʴ ʵʪʠʢʝʪʢʠ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʠ ʦʢʘʤʝʥʝʣʦʩʪʝʡ ʜʨʫ-

ʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʨʘʨʠʪʝʪʥʳʝ ʵʪʠʢʝʪʢʠ ʅʠʢʦʣʘʷ ʀʚʘʥʦʚʠʯʘ 

ʂʘʨʘʢʘʰʘ, ʠʟʚʝʩʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʤʝʣʦʚʦʡ ʬʘʫʥʝ ʂʨʳʤʘ, ʨʘʙʦʪʘʚʰʝʛʦ 

ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʢʘʙʠʥʝʪʝ) (ʨʠʩ. 1, 2). ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʪʘʢʦʡ ʨʝʚʠʟʠʠ ʢʦʣ-

ʣʝʢʮʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʷʚʠʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʪʘʣʦ-

ʛʦʚ. ɿʘ ʪʨʠ ʧʨʦʰʝʜʰʠʭ ʛʦʜʘ (2018ï2020 ʛʛ.) ʫʜʘʣʦʩʴ ʦʧʫʙʣʠʢʦʚʘʪʴ ʪʨʠ ʢʘʪʘ-

ʣʦʛʘ ʢʦʣʣʝʢʮʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ï ʧʝʨʚʳʡ ʧʦʩʚʷʱʝʥ ʤʝʟʦʟʦʡʩʢʠʤ ʘʤʤʦʥʠ-

ʪʘʤ [1], ʚʪʦʨʦʡ ï ʙʝʣʝʤʥʠʪʘʤ ʠ ʥʘʫʪʠʣʦʠʜʝʷʤ [2], ʪʨʝʪʠʡ ï ʜʚʫʩʪʚʦʨʯʘʪʳʤ 

ʤʦʣʣʶʩʢʘʤ [3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʟʘʚʝʨʰʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʯʝʪʚʝʨʪʦʛʦ 

ʢʘʪʘʣʦʛʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʨʶʭʦʥʦʛʠʭ ʤʦʣʣʶʩʢʘʭ, 

ʙʨʘʭʠʦʧʦʜʘʭ ʠ ʠʛʣʦʢʦʞʠʭ (ʤʦʨʩʢʠʭ ʝʞʘʭ ʠ ʤʦʨʩʢʠʭ ʣʠʣʠʷʭ) ʤʝʟʦʟʦʷ. 

  
ʈʠʩ. 1. ʕʪʠʢʝʪʢʘ, ʥʘʧʠʩʘʥ-

ʥʘʷ ʨʫʢʦʡ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ 

 
ʈʠʩ. 2. ʕʪʠʢʝʪʢʘ, ʥʘʧʠʩʘʥʥʘʷ  

ʨʫʢʦʡ ʅ. ʀ. ʂʘʨʘʢʘʰʘ 

ʕ. ʀ. ʕʡʭʚʘʣʴʜ ʥʝ ʙʳʣ ʩʪʨʘʪʠʛʨʘʬʦʤ, ʠ ʧʨʠʚʷʟʢʘ ʦʙʨʘʟʮʦʚ ʝʛʦ ʢʦʣʣʝʢʮʠʠ 

ʯʘʩʪʦ ʚʝʩʴʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ, ʘ ʠʥʦʛʜʘ ʧʨʦʪʠʚʦʨʝʯʘʱʘʷ ʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫ (ʢʦ-

ʛʜʘ ʜʣʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʫʢʘʟʳʚʘʶʪʩʷ ʩʨʘʟʫ ʜʚʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ). ʆʜʥʘʢʦ ʛʝʦ-

ʛʨʘʬʠʷ ʝʛʦ ʢʦʣʣʝʢʮʠʠ ʥʝʦʙʳʯʘʡʥʦ ʚʝʣʠʢʘ (ɽʚʨʦʧʝʡʩʢʘʷ ʈʦʩʩʠʷ, ʋʨʘʣ, ʂʨʳʤ, 

ʂʘʚʢʘʟ, ʇʨʠʙʘʣʪʠʢʘ, ʋʢʨʘʠʥʘ, ʇʦʣʴʰʘ, ɻʝʨʤʘʥʠʷ). ʈʷʜ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ 

ʂʘʟʘʭʩʪʘʥʘ, ʉʠʙʠʨʠ ʠ ʩ ʦʩʪʨʦʚʦʚ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʄʥʦʛʠʝ ʵʢʟʝʤʧʣʷʨʳ ʦʧʠ-

ʩʘʥʳ ʠʟ ʙʣʠʞʘʡʰʠʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʄʦʩʢʚʳ (ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʨʘʟʨʝʟ ʚ ʨʘʡʦʥʝ 

ʩʝʣ ʍʦʨʦʰʝʚʦ ï ʄʥʝʚʥʠʢʠ, ʥʳʥʝ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʛʦʨʦʜʘ ʄʦʩʢʚʳ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʟʘʩʪʨʦʝʥʥʳʡ). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʦʧʠʩʘʥʦ ʕ. ʀ. ʕʡʭʚʘʣʴʜʦʤ ʠʟ 

ʂʨʳʤʘ (ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʥʠʞʥʝʛʦ ʤʝʣʘ ʫ ʙʳʚʰʝʡ ʜʝʨʝʚʥʠ ɹʠʘʩʘʣʘ ï ʥʳʥʝ 

ʩʝʣʘ ɺʝʨʭʦʨʝʯʴʝ). ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʚʪʦʨʦʤ ʢʘʪʘʣʦʛʘʭ ʜʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʪʨʘʢ-

ʪʦʚʢʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʦʙʨʘʟʮʦʚ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ.  
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ɺ ʢʘʪʘʣʦʛʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʘʤʤʦʥʠʪʘʤ [1], ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 84 

ʚʠʜʦʚ ʘʤʤʦʥʠʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʦʥʦʛʨʘʬʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʣʠʰʴ 23 ʚʠ-

ʜʦʚ. ɺ ʢʘʪʘʣʦʛʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʙʝʣʝʤʥʠʪʘʤ ʠ ʥʘʫʪʠʣʦʠʜʝʷʤ [2], ʠʟʦʙʨʘʞʝʥʳ 

31 ʚʠʜ ʙʝʣʝʤʥʠʪʦʚ ʠ 7 ʚʠʜʦʚ ʥʘʫʪʠʣʦʠʜʝʡ (ʫ ʕʡʭʚʘʣʴʜʘ ï 28 ʚʠʜʦʚ ʙʝʣʝʤ-

ʥʠʪʦʚ ʠ 2 ʚʠʜʘ ʥʘʫʪʠʣʦʠʜʝʡ). ɺ ʢʘʪʘʣʦʛʝ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ [3] ʧʦ-

ʤʝɦʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 336 ʚʠʜʦʚ (ʫ ʕʡʭʚʘʣʴʜʘ ï 145 ʚʠʜʦʚ). ʇʫʙʣʠʢʘʮʠʷ ʬʦ-

ʪʦʛʨʘʬʠʡ ʦʙʨʘʟʮʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʥʷʣʦ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʢʦʣʣʝʢʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʨʠʩʫʥʢʠ ʚ ʤʦʥʦʛʨʘʬʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʥʝ ʚʩʝʛʜʘ ʦʪʨʘʞʘʶʪ ʠʩ-

ʪʠʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʥʦʛʠʭ ʵʢʟʝʤʧʣʷʨʦʚ. ʂʘʪʘʣʦʛʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʚʝʜʫʱʠʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʘʡʪʘʭ. 

ʂ ʢʦʣʣʝʢʮʠʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʱʘʶʪʩʷ ʢʘʢ ʨʦʩʩʠʡʩʢʠʝ, 

ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ. ʋʞʝ ʧʨʦʚʝʜʝʥʘ ʨʝʚʠʟʠʷ ʤʥʦʛʠʭ ʚʠʜʦʚ, 

ʦʧʠʩʘʥʥʳʭ ʕʡʭʚʘʣʴʜʦʤ, ʦʜʥʘʢʦ ʵʪʘ ʨʘʙʦʪʘ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʝʥʠʷ. ʇʦʨʘʞʘʝʪ 

ʦʛʨʦʤʥʳʡ ʤʘʩʰʪʘʙ ʢʦʣʣʝʢʮʠʠ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʝʛʦ ʫʧʦʨʩʪʚʦ ʚ ʜʦʩʪʠʞʝ-

ʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï ʜʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥ-

ʥʦʩʪʠ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʈʦʩʩʠʠ. ɺ ʥʝʢʨʦʣʦʛʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʧʘ-

ʤʷʪʠ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ [5], ʩʢʘʟʘʥʦ: çɺ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ 

ʥʘʡʪʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʰʠʙʢʠ; ʫ ʕʡʭʚʘʣʴʜʘ ʠʭ ʙʳʣʦ ʥʝʤʘʣʦ, ʧʦʪʦʤʫ ʯʪʦ 

ʕʡʭʚʘʣʴʜ ʪʨʫʜʠʣʩʷ ʦʩʦʙʝʥʥʦ ʤʥʦʛʦ. ʅʝʜʦʩʪʘʪʢʠ ʝʛʦ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ ʚʩʝʛʜʘ ʠ ʚʩʝ ʭʦʪʝʣ ʠʩʩʣʝʜʦʚʘʪʴ ʩʘʤ, ʦʜʠʥ, ʠ ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʜʦʣʞʝʥ ʙʳʣ 

ʩʧʝʰʠʪʴ, ʪʦʨʦʧʠʪʴʩʷ; ʦʥ ʫʧʦʨʥʦ ʜʝʨʞʘʣʩʷ ʨʘʟ ʚʳʩʢʘʟʘʥʥʳʭ ʠʤ ʤʥʝʥʠʡ ʠ ʥʝ 

ʣʶʙʠʣ ʧʦʜʯʠʥʷʪʴʩʷ ʤʥʝʥʠʶ ʜʨʫʛʠʭ. ɺʩʝ ʵʪʦ, ʢʦʥʝʯʥʦ ʧʦʨʦʞʜʘʣʦ ʤʥʦʛʦ ʠʤ 

ʥʝʜʦʚʦʣʴʥʳʭ ʠ ʜʘʞʝ ʚʨʘʛʦʚ. ʅʦ ʕʡʭʚʘʣʴʜ ʚʨʘʛʦʚ ʩʚʦʠʭ ʥʝ ʙʦʷʣʩʷ, ʧʨʠʧʦʤʠ-

ʥʘʷ ʠʟʨʝʯʝʥʠʝ: Viel Feind, viel Ehr [ʤʥʦʛʦ ʚʨʘʛʦʚ, ʤʥʦʛʦ ʯʝʩʪʠ].  

ʕʡʭʚʘʣʴʜ ʩʦʰʝʣ ʚ ʤʦʛʠʣʫ, ʦʩʪʘʚʠʚ ʚ ʞʠʟʥʠ ʩʚʦʝʡ ʧʨʠʤʝʨ ʨʝʜʢʦʡ, ʜʦ-

ʩʪʦʡʥʦʡ ʧʦʣʥʦʛʦ ʧʦʜʨʘʞʘʥʠʷ, ʵʥʝʨʛʠʠ ʚ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʣʘʚʥʝʡʰʝ 

ʧʦʩʚʷʱʝʥʥʦʡ ʈʦʩʩʠʠè. 

ʂʦʣʣʝʢʮʠʷ ʕ. ʀ. ʕʡʭʚʘʣʴʜʘ ʢ ʤʦʥʦʛʨʘʬʠʠ çʇʘʣʝʦʥʪʦʣʦʛʠʷ ʈʦʩʩʠʠè, 

ʙʝʟʫʩʣʦʚʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʦʤʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʥʘʩʣʝʜʠʝ ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʝʛʦ ʤʠʨʘ. 
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ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʈɸɿɺʀʊʀʗ ʃɽʉʆʇʈʆʄʓʐ-

ʃɽʅʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʋʉʊʔ-ʀʃʀʄʉʂʆɻʆ ʈɸʁʆʅɸ  

ʀʈʂʋʊʉʂʆʁ ʆɹʃɸʉʊʀ 

ɺʦʟʠʷʥ ʉ.ɸ, ʃʝʚʘʰʝʚʘ ʄ.ɺ., ʀɻʋ, ʛ. ʀʨʢʫʪʩʢ 

GEOECOLOGICAL ASPECTS OF THE FOR EST INDUSTRIAL  

COMPLEX DEVELOPMENT IN UST -ILIMSKY DISTRICT  

OF IRKUTSK REGION  
Voziyan S.A., Levasheva M.V., ISU, Irkutsk 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʨʘʟʚʠʪʦʝ ʤʥʦʛʦʦʪʨʘʩʣʝʚʦʝ ʣʝʩ-

ʥʦʝ ʭʦʟʷʡʩʪʚʦ. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ çɹʦʣʴʰʦʡ ʋʩʪʴ-

ʀʣʠʤʩʢè ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʣʝʩʦʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʨʘʙʦʪʝ 

ʦʩʚʝʱʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʩʪʦʱʝʥʠʷ ʣʝʩʦʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʪʝʨʨʠʪʦʨʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʠʨʦʜʥʳʡ ʬʦʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʀʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʣʝ-

ʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʟʘʛʦʪʦʚʢʠ ʜʨʝʚʝʩʠʥʳ, ʠʟʤʝʥʝʥʠʷ ʣʝʩʦʧʦʢʨʳʪʦʡ ʧʣʦʱʘʜʠ ʟʘ 10-ʪʠ ʣʝʪ-

ʥʠʡ ʧʝʨʠʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʣʝʩʦʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ, ʣʝʩʦʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ, ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

Abstract. A developed diversified forestry has been formed on the territory of the district. 

The implementation of the Bolshoi Ust-Ilimsk complex investment project will entail an in-

crease in the consumption of timber resources. The work highlights the issues of depletion of 

forest resources of the territory. The natural background of the restoration of forest communities 

is considered. The dynamics of indicators of reforestation, timber harvesting, and changes in 

forest-covered area over ten years has been studied. 

Keywords: timber industry complex, timber resources, reforestation, geocryological con-

ditions. 

ʃʝʩʥʳʝ ʨʝʩʫʨʩʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʋʩʪʴ-ʀʣʠʤʩʢʦʛʦ ʨʘʡʦʥʘ. ʃʝʩʠʩʪʦʩʪʴ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 88,3 % (ʣʝʩʠ-

ʩʪʦʩʪʴ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 83 %, ʈʦʩʩʠʠ ï 45 %) [2]. ʃʝʩʘ ʚ ʋʩʪʴ-ʀʣʠʤ-

ʩʢʦʤ ʨʘʡʦʥʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʘ ʧʣʦʱʘʜʠ ʦʢʦʣʦ 3,3 ʤʣʥ. ʛʘ, ʦʙʲʝʤ ʣʝʩʦʩʳʨʴʝʚʳʭ 

ʨʝʩʫʨʩʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 600 ʤʣʥ. ʤ3. ʀʤʝʥʥʦ ʣʝʩʦʩʳʨʴʝʚʦʡ ʧʦʪʝʥʮʠʘʣ ʪʝʨ-

ʨʠʪʦʨʠʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʝʡʰʝʛʦ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʋʩʪʴ-ʀʣʠʤʩʢʦʤ ʨʘʡʦʥʝ. ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʤʝʱʝ-

ʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʣʫʞʠʣʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʨʝʢʠ ɸʥʛʘʨʘ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʨʘʟʚʠʪʦʝ ʤʥʦʛʦʦʪʨʘʩʣʝʚʦʝ 

ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʩʝʪʴ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ 

ʪʘʢʞʝ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʫʶ, ʮʝʣʣʶʣʦʟʥʫʶ ʠ ʣʝʩʦʭʠʤʠʯʝʩʢʫʶ ʧʨʦʤʳʰ-
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ʣʝʥʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ ʋʩʪʴ-ʀʣʠʤʩʢʦʛʦ ʃʇʂ [1]. ʉʪʨʫʢʪʫʨʘ ʃʇʂ ʨʘʡʦʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʣʝʩʦʧʠʣʴʥʦ-ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʟʘʚʦʜʦʤ (ʃɼɿ), ʮʝʣʣʶʣʦʟ-

ʥʳʤ ʟʘʚʦʜʦʤ, ʛʠʜʨʦʣʠʟʥʦ-ʜʨʦʞʞʝʚʳʤ ʟʘʚʦʜʦʤ, ʟʘʚʦʜʦʤ ʧʦʜʛʦʪʦʚʢʠ ʜʨʝʚʝʩ-

ʥʦʛʦ ʩʳʨʴʷ (ɿʇɼʉ), 10 ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʨʝʤʦʥʪʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʚʦʜʦʤ, ʦʙʲʝʜʠʥʝʥʥʳʤ ʘʚʪʦʭʦʟʷʡʩʪʚʦʤ ʥʘ 800 ʣʝʩʦʚʦʟʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʟʘʚʦʜʦʤ ʧʦ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʣʝʩʦʚʦʟʥʦʡ ʪʝʭʥʠʢʠ. 

ɻʨʫʧʧʘ çʀʣʠʤè - ʣʠʜʝʨ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʈʦʩʩʠʠ ʠ ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʦʪʨʘʩʣʝʚʳʭ ʠʛʨʦʢʦʚ ʚ ʤʠʨʝ [8]. ɼʦʣʷ ʬʠʣʠʘʣʘ 

ɻʨʫʧʧʳ çʀʣʠʤè ʚ ʋʩʪʴ-ʀʣʠʤʩʢʝ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʣʶʣʦʟʳ 

ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 32%. ʀʤʝʥʥʦ ʵʪʘ ʢʦʤʧʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʥʘʨʘʱʠʚʘ-

ʥʠʠ ʤʦʱʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 2018 ʛʦʜʫ ʙʳʣ ʟʘʧʫʱʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʠʥ-

ʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ çɹʦʣʴʰʦʡ ʋʩʪʴ-ʀʣʠʤʩʢè [7]. ɼʘʥʥʳʡ ʧʨʦʝʢʪ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʟʘʚʦʜʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʨʪʦʥʘ ʠ ʜʨʫʛʠʭ 

ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʱʥʦʩʪʴʶ 600 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦ-

ʝʢʪʘ ʨʘʩʩʯʠʪʘʥʘ ʜʦ ʢʦʥʮʘ 2021 ʛʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʘʥʠʷ ʧʨʦʚʝʜʝʪ ʤʘʩ-

ʰʪʘʙʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝ-

ʤʦʚ ʚʳʧʫʩʢʘ ʮʝʣʣʶʣʦʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʬʠʣʠʘʣʘ ʜʦʩʪʠʛʥʝʪ 1,5 ʤʣʥ. ʪʦʥʥ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʛʦʜ ʠ ʢʦʤʙʠʥʘʪ 

ʚ ʋʩʪʴ-ʀʣʠʤʩʢʝ ʚʦʡʜʝʪ ʚ ʯʠʩʣʦ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʮʝʣ-

ʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ 2019 ʛ. çɹʦʣʴʰʦʤʫ ʋʩʪʴ-ʀʣʠʤʩʢʫè ʙʳʣ 

ʧʨʠʩʚʦʝʥ ʩʪʘʪʫʩ ʇʨʠʦʨʠʪʝʪʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʦʙʣʘʩʪʠ ʦʩʚʦʝ-

ʥʠʷ ʣʝʩʦʚ. ʀʥʪʝʨʝʩʝʥ ʬʘʢʪ, ʚʩʝʛʦ ʚ ʜʘʥʥʦʤ ʧʝʨʝʯʥʝ ʧʨʦʝʢʪʦʚ 227 ʧʦʟʠʮʠʡ, 

ʠ ʠʤʝʥʥʦ ʚ ʧʨʦʝʢʪʝ çɹʦʣʴʰʦʡ ʋʩʪʴ-ʀʣʠʤʩʢè ʟʘʧʣʘʥʠʨʦʚʘʥ ʢʦʣʦʩʩʘʣʴʥʳʡ 

ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʩʳʨʴʷ ï 11000 ʪʳʩ. ʤ3 [6]. ɹʣʠʞʘʡʰʠʡ ʢʦʥʢʫʨʝʥʪ ʧʦ 

ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ "ɸʨʭʘʥʛʝʣʴʩʢʠʡ ʎɹʂ" ʟʘʷʚʣʷʝʪ 3580 ʪʳʩ. ʤ3, ʪ.ʝ. ʦʙʲʝʤ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʩʳʨʴʷ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ. ʇʦʟʠʮʠʠ ʜʨʫʛʠʭ ʧʨʦʝʢʪʦʚ ʥʝʩʦʧʦ-

ʩʪʘʚʠʤʳ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʚʦʝʥʠʷ ʪʘʢʦʛʦ ʩʪʘ-

ʪʫʩʘ ʢʦʤʧʘʥʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʨʷʜ ʣʴʛʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ, - ʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦ-

ʚʦʨʘ ʘʨʝʥʜʳ ʣʝʩʥʦʛʦ ʫʯʘʩʪʢʘ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʘʫʢʮʠʦʥʘ.  

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʤʦʱʥʦʩʪʝʡ ʃʇʂ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʚʣʝʯʝʪ ʟʘ ʩʦ-

ʙʦʡ ʢʦʤʧʣʝʢʩ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʪʦ-

ʱʝʥʠʝʤ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ. ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝ-

ʥʝʥʠʷ ʣʝʩʦʩʳʨʴʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʇʨʠʘʥʛʘʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʪʘʝʞʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ. 

ʉʨʝʜʠ ʣʝʩʦʚ ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʦʚʳʝ ʠ ʩʦʩʥʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʙʦʨʳ. ʆʥʠ ʟʘ-

ʥʠʤʘʶʪ ʩʣʦʞʝʥʥʳʝ ʧʝʩʯʘʥʳʤ ʘʣʣʶʚʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʘʩ ɸʥʛʘʨʳ ʠ ʝʝ 

ʧʨʠʪʦʢʦʚ, ʚʳʭʦʜʳ ʜʠʘʙʘʟʦʚ ʠ ʫʯʘʩʪʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 

ʧʝʩʯʘʥʠʢʦʚ. ʉʨʝʜʥʠʝ ʧʦ ʫʩʣʦʚʠʷʤ ʫʚʣʘʞʥʝʥʠʷ ʠ ʜʨʝʥʘʞʘ ʫʯʘʩʪʢʠ ʟʘʥʷʪʳ 

ʙʨʫʩʥʠʯʥʦ-ʨʘʟʥʦʪʨʘʚʥʳʤʠ ʙʦʨʘʤʠ. ʅʘ ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ 

ʦʙʳʯʥʳ ʤʰʠʩʪʳʝ ʙʦʨʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʣʝʩʘ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʩʫ-

ʭʠʭ ʣʠʰʘʡʥʠʢʦʚʳʭ ʠ ʨʦʜʦʜʝʥʜʨʦʥʦʚʳʭ ʙʦʨʦʚ. 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʦʧʨʝ-

ʜʝʣʠʣʘ ʦʪʩʫʪʩʪʚʠʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʨʘʥʛʝ 

ʟʦʥʳ. ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʡʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʝʞʥʦʡ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʟʦʥʝ, ʧʨʠ 

ʵʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʣʝʩʦʧʦʢʨʳʪʦʡ ʧʣʦʱʘʜʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʋʩʪʴ-ʀʣʠʤʩʢʦʛʦ ʨʘʡ-

ʦʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʝʩʦʚ, ʘ ʠʤʝʥʥʦ 86 %, ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʮʝʥʥʳʝ ʭʚʦʡʥʳʝ ʧʦ-

ʨʦʜʳ [2,4]. ɺ ʣʝʩʥʳʭ ʤʘʩʩʠʚʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʥʦʚʳʝ ʠ ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʥʘʩʘʞ-

ʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 67 % ʠ 17 % ʧʦʢʨʳʪʳʭ ʣʝʩʦʤ ʟʝʤʝʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʋʩʪʴ-ʀʣʠʤʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘʥʠʤʘʶʪ ʣʝʩʘ III  ʛʨʫʧʧʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ (ʙʦʣʝʝ 85 %) [3,5]. 

 ʇʦ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʪʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝ-

ʣʷʝʪʩʷ ʥʘ ʜʚʝ ʟʦʥʳ. ʖʞʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʨʝʜʢʦʦʩʪʨʦʚʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʛʜʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʘʣʴ-

ʥʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʪʨʠʘʩʘ, ʧʘʣʝʦʟʦʷ, ʧʨʦʪʝʨʦʟʦʷ ʠ ʘʨʭʝʷ, ʧʝʨʝʢʨʳʪʳʝ 

ʧʨʝʨʳʚʠʩʪʦʡ ʪʦʣʱʝʡ ʨʳʭʣʳʭ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʶʚʠʘʣʴʥʦ-

ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʠ ʢʦʣʣʶʚʠʘʣʴʥʳʭ ʱʝʙʥʠʩʪʦ-ʜʨʝʩʚʷʥʦ-ʩʫʛʣʠʥʠʩʪʳʭ ʦʪʣʦ-

ʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 1-2 ʤ, ʥʘ ʢʦʪʦʨʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʶʞʥʦ-ʪʘʸʞʥʳʝ ʩʦʩʥʦʚʳʝ ʠ ʣʠʩʪʚʝʥʥʠʯʥʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʆʩʪʘʣʴʥʘʷ ʪʝʨʨʠ-

ʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʦʩʪʨʦʚʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʛʨʫʥʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʧʦʣʫʩʢʘʣʴʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʤʝʟʦʟʦʷ ʠ ʧʘ-

ʣʝʦʟʦʷ, ʧʝʨʝʢʨʳʪʳʤʠ ʩʧʣʦʰʥʦʡ ʪʦʣʱʝʡ ʨʳʭʣʳʭ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴ-

ʥʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ 12 ʤ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʶʞʥʦ-ʪʘʸʞʥʳʝ ʩʦʩʥʦʚʳʝ ʠ ʣʠʩʪʚʝʥʥʠʯʥʦ-ʩʦʩʥʦʚʳʝ, ʦʩʠʥʦʚʦ-ʙʝʨʝʟʦʚʳʝ ʠ 

ʝʣʦʚʦ-ʧʠʭʪʦʚʳʝ ʣʝʩʘ, ʩ ʧʨʠʤʝʩʴʶ ʢʝʜʨʘ. ʄʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʛʨʫʥʪʳ ʧʨʠ-

ʫʨʦʯʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʢ ʜʦʣʠʥʘʤ ʨʝʢ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʅʘʣʠʯʠʝ ʤʥʦ-

ʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʚ ʤʝʩʪʘʭ ʧʣʦʱʘʜʥʳʭ ʨʫʙʦʢ ʥʘ ʬʦʥʝ ʦʙʱʝʡ ʪʝʥʜʝʥ-

ʮʠʠ ʧʦʚʳʰʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʛʠʦʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝ-

ʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʤ ʩʣʦʝ. ʇʨʦʪʘʠʚʘ-

ʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʨʥʝʚʦʡ 

ʤʘʩʩʳ ʜʨʝʚʦʩʪʦʷ ʦʙʲʝʤʳ ʜʝʩʫʢʮʠʠ ʨʝʟʢʦ ʩʥʠʟʷʪʩʷ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩʩʦʚ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ʀʟʫʯʠʚ ʜʠʥʘʤʠʢʫ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ ʣʝʩʦ-

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʜʠʥʘʤʠʢʘ ʟʘʛʦʪʦʚʢʠ ʜʨʝʚʝʩʠʥʳ, ʠʟʤʝʥʝʥʠʝ ʣʝʩʦʧʦʢʨʳʪʦʡ 

ʧʣʦʱʘʜʠ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʢʘ-

ʟʘʪʝʣʠ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʦʪʨʘʞʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘ-

ʤʠʢʫ, ʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʪʝʪ ʠ ʦʙʲʝʤ ʣʝʩʦʟʘʛʦʪʦʚʦʢ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 2010 ʠ 2019 ʛʛ., ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʦʩʪ ʚ 1,4 ʨʘʟʘ ʦʪʤʝʯʘʝʪʩʷ ʠ ʧʦ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʧʦ ʦʙʲʝʤʫ ʣʝʩʦʟʘʛʦ-

ʪʦʚʦʢ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʨʘʡʦʥʘ (2010 

ʠ 2018 ʛʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʣʝʩʦʧʦʢʨʳʪʦʡ 

ʧʣʦʱʘʜʠ: ʧʣʦʱʘʜʴ ʩʧʣʦʰʥʳʭ ʨʫʙʦʢ ʣʝʩʘ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ. ɺʝ-
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ʨʦʷʪʥʝʡ ʚʩʝʛʦ, ʪʘʢʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʦʬʠʮʠʘʣʴ-

ʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʜʘʥʥʳʭ ʧʦ ʥʝʟʘʢʦʥʥʳʤ 

ʨʫʙʢʘʤ ʣʝʩʘ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʘʢʠʝ ʜʨʝʚʝʩʥʳʝ ʧʦ-

ʨʦʜʳ ʢʘʢ ʩʦʩʥʘ ʠ ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʜʦʩʪʠʛʘʶʪ ʩʧʝʣʦʛʦ ʚʦʟʨʘʩʪʘ ʢ 50 

ʛʦʜʘʤ, ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʣʝʩʦʩʳ-

ʨʴʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʠ. 
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ʋʉʊʋʇɸ ɺ ʇʈɽɼɽʃɸʍ ʂɸʈɸɼɸɻʉʂʆʁ ɹʋʍʊʓ 
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DESCRIPTION OF THE SHORE LEDGE WITHIN OUTCROPS 

THE KARADAG BAY  
Drygval P.V. Peoples Friendship University of Russia (RUDN University), Moscow 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʥʘʪʫʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʪʨʝʭ ʦʙʥʘʞʝ-

ʥʠʡ ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʂʘʨʘʜʘʛʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʘʨʘʜʘʛʩʢʘʷ ʙʫʭʪʘ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʥʘʞʝʥʠʝ, ʙʝʨʝʛʦʚʦʡ ʫʩʪʫʧ  
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Abstract. The work includes a field survey and description of three outcrops of the shore-

line as part of a comprehensive geoenvironmental study of the Karadag nature reserve shore-

line. 

Keywords: shore, Karadag nature reserve, outcrop, shore ledge, Karadagskaya Bay. 

ɺʚʝʜʝʥʠʝ. ɹʝʨʝʛʦʚʘʷ ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʠ ʜʠʥʘʤʠʯʥʦʡ 

ʟʦʥʦʡ ʢʦʥʪʘʢʪʘ ʤʦʨʷ, ʩʫʰʠ ʠ ʘʪʤʦʩʬʝʨʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʪʝʩʥʳʡ ʢʦʥʪʘʢʪ 

[1]. ɺʦʣʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʩʝ ʠʟʤʝʥʝ-

ʥʠʷ ʤʦʨʩʢʠʭ ʙʝʨʝʛʦʚ [2]. ɹʝʨʝʛ ʂʘʨʘʜʘʛʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʚ ʙʦʣʴʰʝʡ ʩʚʦʝʡ 

ʯʘʩʪʠ ʘʙʨʘʟʠʦʥʥʳʡ. ʂʘʨʘʜʘʛʩʢʘʷ ʙʫʭʪʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʠʤʳʢʘʝʪ ʢ ɹʝʨʝʛʦʚʦʤʫ ʭʨʝʙʪʫ ʂʘʨʘʜʘʛʩʢʦʡ ʛʦʨʥʦʡ ʛʨʫʧʧʳ. ʉ ʵʪʠʤ ʩʚʷ-

ʟʘʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʙʫʭʪʳ, ʠʙʦ ʝʸ ʛʝʦʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʝ ʯʝʨʪʳ ʫʥʘʩʣʝʜʦʚʘʣʠ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʚʥʝʜʨʠʚʰʠʭʩʷ ʶʨʩʢʠʭ 

ʚʫʣʢʘʥʠʪʦʚ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʬʣʠʰʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʩʦʚʨʝ-

ʤʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʥʝʦʪʝʢʪʦʥʠʢʠ ʠ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʘʨʘʜʘʛʩʢʘʷ ʛʦʨʥʘʷ ʛʨʫʧʧʘ ï ʵʪʦ ʚʦʩʪʦʯʥʦʝ ʦʢʦʥʯʘʥʠʝ ʛʣʘʚʥʦʡ ʛʨʷʜʳ 

ʂʨʳʤʩʢʠʭ ʛʦʨ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠ ʷʨʢʦ ʚʳ-

ʨʘʞʝʥʥʳʡ ʶʨʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʂʨʳʤʘ. ɼʣʷ ʂʘʨʘʜʘʛʘ ʩʚʦʡʩʪʚʝʥʝʥ 

ʧʝʩʪʨʳʡ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʙʦʣʴ-

ʦhʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʢʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʩʚʦʝʦʙʨʘʟʥʳʝ ʯʝʨʪʳ ʨʝʣʴʝʬʘ [3]. 

ɻʣʘʚʥʝʡʰʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʦʩʪʠʨʘʶʱʘʷʩʷ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʧʦ-

ʚʝʜʥʠʢʘ ʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʘʷ ʝʝ ʦʙʣʠʢ - ʭʨʝʙʝʪ ɹʝʨʝʛʦʚʦʡ. ʆʥ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʣʠʥʟʦʚʠʜʥʦʝ ʪʝʣʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 5 ʢʤ, ʰʠ-

ʨʠʥʦʡ 0,4-0,8 ʢʤ; ʚʳʩʪʦʡ ʜʦ 0,4-0,5 ʢʤ. ʉʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʣʠʚ-

ʰʠʭʩʷ ʧʦʪʦʢʦʚ ʣʘʚ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʩ ʧʣʘʩʪʘʤʠ ʠ ʣʠʥʟʘʤʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ 

ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ [4]. 

ɺ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʠʤʝʥʥʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʦʪʨʘʞʘʶʪ ʩʪʝ-

ʧʝʥʴ ʪʠʧʠʯʥʦʩʪʠ ʠ ʫʥʠʢʘʣʴʥʦʩʪʠ ʧʨʠʨʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʩʪʦ-

ʨʦʥʥʝʡ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʥʠ-

ʤʘʥʠʷ ʩʚʷʟʠ ʚʩʝʭ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʡ ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʨʨʠʪʦʨʠʠ ʟʘʯʘ-

ʩʪʫʶ ʥʝ ʭʚʘʪʘʝʪ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʝʸ ʩʪʨʦʝʥʠʠ. ɺ ʨʘʤʢʘʭ ʪʘʢʦʡ 

ʦʮʝʥʢʠ ʚ 2019 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʪʫʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʙʝʨʝʛʦʚʳʭ ʫʩʪʫʧʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʝʨʝʛʦʚʳʭ 

ʫʩʪʫʧʦʚ ʯʘʩʪʠ ʙʝʨʝʛʘ ʂʘʨʘʜʘʛʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʚ ʂʘʨʘʜʘʛʩʢʦʡ ʙʫʭʪʝ ʚ ʟʦʥʝ ʧʨʠʤʳʢʘʥʠʷ ʢ ɹʝʨʝʛʦʚʦʤʫ ʭʨʝʙʪʫ ʜʣʷ ʧʦ-

ʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ. 
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ʈʠʩ.1. ʄʝʩʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʨʦʜ ɹʝʨʝʛʦʚʦʛʦ ʭʨʝʙʪʘ ʂʘʨʘʜʘʛʩʢʦʛʦ ʟʘ-

ʧʦʚʝʜʥʠʢʘ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʇʨʦʬʠʣʴ ˉ1 ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʤʝʩʪʝ ʧʨʠʤʳʢʘʥʠʷ ʜʝʣʶ-

ʚʠʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʢ ʧʣʷʞʫ ʂʘʨʘʜʘʛʩʢʦʡ ʙʫʭʪʳ. ʆʧʠʩʘʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʩʚʝʨʭʫ 

ʚʥʠʟ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʯʚʝʥʥʳʤ ʩʣʦʝʤ. ʇʦʯʚʘ ʩʝʨʘʷ, 

ʢʘʤʝʥʠʩʪʘʷ ʩ ʤʝʣʢʠʤ ʱʝʙʥʝʤ ʠ ʧʨʦʜʫʢʪʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʝʨʨʠʛʝʥʥʦʡ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʯʘʩʪʠ ʬʣʠʰʝʚʦʡ ʪʦʣʱʠ, ʙʝʟ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʄʦʱʥʦʩʪʴ: 35-40 ʩʤ. ʇʦʯʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʵʣʶʚʠʠ, ʚ ʩʦʩʪʘʚʝ ʝʩʪʴ ʤʝʣʢʘʷ 

ʜʨʝʩʚʘ ʧʣʠʪʯʘʪʦʡ ʬʦʨʤʳ ʠ ʛʨʘʚʠʡ ʦʪ 1 ʩʤ ʜʦ 5 ʩʤ.  

ʇʦʜ ʧʦʯʚʦʡ ʨʘʩʧʦʣʦʞʝʥ ʩʣʦʡ ʨʘʟʜʨʦʙʣʝʥʥʦʛʦ ʘʨʛʠʣʣʠʪʘ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʛʦ ʪʦʥʢʦʧʣʠʪʯʘʪʳʤ ʱʝʙʥʝʤ. ʄʦʱʥʦʩʪʴ ʩʣʦʷ ï 15 ʩʤ, ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶ-

ʱʝʤʫ ʩʣʦʶ ʥʝʯʝʪʢʠʡ. ʋʢʣʦʥ ʩʢʣʦʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 70Á. 

 ʅʠʞʝ ʧʦ ʧʨʦʬʠʣʶ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʩʣʦʡ ʜʝʣʶʚʠʘʣʴʥʳʭ ʠ ʦʩʳʧʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. ʄʘʪʝʨʠʘʣ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ, ʦʯʝʥʴ ʧʣʦʪʥʳʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʢʣʦʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʯʝʭʣʦʤ ʣʝʞʘʱʠʝ ʥʘ ʢʦʨʝʥʥʦʤ ʩʢʣʦʥʝ. ɼʝʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʥʘʩʳʱʝʥʳ ʥʝʦʢʘʪʘʥʥʳʤ ʢʘʤʝʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʨʘʟʥʦʛʦ ʩʦ-

ʩʪʘʚʘ, ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ. ʆʪʤʝʯʘʶʪʩʷ ʧʣʠʪʯʘʪʳʝ (ʜʦ 2 ʩʤ), ʤʝʣʢʦ ʨʘʟʜʨʦʙ-

ʣʝʥʥʳʝ, ʦʩʪʨʦʫʛʦʣʴʥʳʝ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʦʙʣʦʤʢʠ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚ-

ʨʦʣʠʪʦʚ ʜʦ 5 ʩʤ., ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʨʝʩʚʳ ʠ ʛʨʘʚʠʷ.  

ɼʘʣʝʝ ʧʦ ʧʨʦʬʠʣʶ ʨʘʩʧʦʣʦʞʝʥʳ ʙʦʣʴʰʠʝ ʬʨʘʛʤʝʥʪʳ ʤʝʣʘʥʞʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ. ʕʪʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʧʦʨʦʜʳ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʄʦʱʥʦʩʪʴ ʩʣʦʷ ï 170-180 ʩʤ. 
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ɺ ʦʩʥʦʚʘʥʠʠ ʦʙʥʘʞʘʶʪʩʷ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠʟʤʝʥʝʥʥʳʭ ʧʦ-

ʨʦʜ ʪʘʚʨʠʯʝʩʢʦʡ ʩʝʨʠʠ: ʧʝʩʯʘʥʠʢʠ, ʩʣʦʠ ʜʦ 10 ʩʤ), ʩʠʣʴʥʦ ʨʘʟʜʨʦʙʣʝʥʥʳʝ 

ʩʣʦʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʪʦʥʢʦʧʣʠʪʯʘʪʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʩ ʟʝʨʢʘʣʘʤʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʩʠʣʴʥʦʪʨʝʱʠʥʦʚʘʪʳʝ. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥ 1-5 ʤʤ, ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦ-

ʩʣʦʡʢʘ ʘʣʝʚʨʦʣʠʪʦʚ (ʜʦ 3 ʩʤ). 

ʂ ʧʦʜʦʰʚʝ ʦʙʥʘʞʝʥʠʷ ʧʨʠʤʳʢʘʝʪ ʛʘʣʝʯʥʠʢʦʚʳʡ ʧʣʷʞ ʩ ʚʘʣʫʥʘʤʠ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʘʥʜʝʟʠʪʦʚ, ʜʠʘʙʘʟʦʚ, ʙʘʟʘʣʴʪʦʚ, ʪʨʘʩʩʦʚ, ʣʠʧʘʨʠʪʦʚ ʠ 

ʜʨ. ʧʦʨʦʜ).  

 
ʈʠʩ 2. ʇʨʦʬʠʣʴ ˉ1 ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ (ʧʦʣʥʳʡ ʧʨʦʬʠʣʴ) 

 

 
ʈʠʩ 3. ɺʳʭʦʜʷʱʘʷ ʧʦʨʦʜʘ ʨʷʜʦʤ ʩ ʦʧʠʩʳʚʘʝʤʳʤ ʧʨʦʬʠʣʝʤ ˉ1 
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ʈʠʩ 4. ʇʨʦʬʠʣʴ ˉ2 ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ (ʧʦʣʥʳʡ ʧʨʦʬʠʣʴ) 

ʇʨʦʬʠʣʴ ˉ 2 ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʤʝʩʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦ-

ʤʦʠʥʳ, ʯʝʨʝʟ 30 ʤ ʥʘ ʚʦʩʪʦʢ ʦʪ ʧʨʦʬʠʣʷ ˉ 1. (ʨʠʩ.4.) 

ɺʝʨʭʥʠʡ ʩʣʦʡ ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʯʚʦʡ ï 60-80 ʩʤ. ʇʦʯʚʘ ʩʣʦʞʝʥʘ 

ʥʘ ʵʣʶʚʠʠ: ʪʝʤʥʘʷ, ʩʝʨʦʢʦʨʠʯʥʝʚʘʷ, ʢʘʤʝʥʠʩʪʦʩʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʦʬʠʣʝ 

ˉ 1. ɺ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʝʩʪʴ ʬʨʘʛʤʝʥʪʳ ʤʝʣʢʦʡ ʜʨʝʩʚʳ ʠ ʛʨʘʚʠʷ. 

ʅʘ ʫʨʦʚʥʝ 30-40 ʩʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʪʘʚʨʠʯʝʩʢʘʷ ʩʝʨʠʷ (3 ʩʤ ʧʝʩʯʘ-

ʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ). 

 ʅʠʞʝ ʧʦ ʧʨʦʬʠʣʶ ʦʙʥʘʞʝʥʠʷ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʵʣʶʚʠʝʤ, ʥʝʢʨʫʧʥʳʤ, 

ʦʪ 0,5-0,7 ʜʦ 2 ʩʤ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʚʝʪʣʝʥʥʳʡ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ 

ʛʨʫʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʣʶʚʠʝʤ. ʄʘʪʝʨʠʘʣ ʞʝʣʪʦʚʘʪʦ-ʧʘʣʝʚʳʡ, ʧʦʜʚʝʨʛ 

ʚʩʪʨʝʯʘʶʪʩʷ ʘʨʛʠʣʣʠʪʳ (ʧʣʠʪʦʯʢʠ (10-12 ʩʤ)). 

 ʅʠʞʝ ʧʦ ʧʨʦʬʠʣʶ ʩʣʦʡ (15-20 ʩʤ) ï ʨʘʟʜʨʦʙʣʝʥʥʳʡ, ʩʠʣʴʥʦ ʪʨʝʱʠʥʦ-

ʚʘʪʳʡ, ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʡ, ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʪʦʥʢʦʧʣʠʪʯʘʪʳʡ ʤʘʪʝʨʠʘʣ. 

ʅʠʞʝ ʧʦ ʧʨʦʬʠʣʶ ʦʙʥʘʞʝʥʠʷ ʩʢʣʦʥ ʟʘʢʨʳʪ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʦʩʥʦʚʥʦʤ ʘʨʛʠʣʣʠʪʘʤʠ. 

 ʋ ʧʦʜʦʰʚʳ ʦʙʥʘʞʝʥʠʷ, ʚʜʦʣʴ ʧʨʦʤʦʠʥʳ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʛʘʣʴʢʘ ʠ ʚʘ-

ʣʫʥʳ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. ɻʘʣʝʯʥʳʡ ʩʣʦʡ ʧʨʠʤʳʢʘʝʪ ʢ ʪʘʚʨʠʯʝʩʢʦʡ ʩʝʨʠʠ.  

 ɺʦʩʪʦʯʥʝʝ ʧʨʦʤʦʠʥʳ ʦʙʥʘʞʘʝʪʩʷ ʩʣʘʥʮʝʚʘʪʘʷ ʪʦʣʱʘ ʘʨʛʠʣʣʠʪʦʚ (ʢʦ-

ʨʝʥʥʘʷ), ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʘʩʩʳ, ʘʩʧʠʜʥʳʡ ʩʣʘʥʝʮ, ʟʝʨʢʘʣʘ ʩʢʦʣʴʞʝʥʠʷ. 

 ʇʨʦʬʠʣʴ ˉ 3 ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ. ʋ ʢʨʦʚʣʠ ʧʨʦʬʠʣʷ (30-40 ʩʤ) ʥʘʭʦ-

ʜʷʪʩʷ ʩʤʳʪʳʝ ʧʦʯʚʳ. ʆʙʥʘʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʠʣʴʥʦ ʧʝʨʝʤʷʪʳʭ ʨʘʟʜʨʦʙʣʝʥ-

ʥʳʭ ʩʣʘʥʮʝʚ ʪʦʥʢʦʧʣʠʪʯʘʪʳʭ, ʧʝʩʯʘʥʠʢʘ. ʊʘʢʞʝ ʚ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʚʭʦʜʷʪ 

ʘʨʛʠʣʣʠʪ ʠ ʘʣʝʚʨʦʣʠʪ, ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʧʫʩʪʳʥʥʳʡ ʟʘʛʘʨè. ʉʣʘʥʮʳ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʙʣʠʟʢʠ ʢ ʘʩʧʠʜʥʳʤ (ʈʠʩ. 

5). 



101 

 

ɸ  ɹ  
ʈʠʩ 5. ʇʨʦʬʠʣʴ ˉ3 ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ (ɸ - ʚʝʨʭʥʷʷ ʯʘʩʪʴ (ʢʨʦʚʣʷ), ɹ ï ʥʠʞʥʷʷ ʯʘʩʪʴ 

(ʧʦʜʦʰʚʘ)) 

ɺʩʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʦʙʥʘʞʝʥʠʷ ʫʧʠʨʘʝʪʩʷ ʚ ʦʩʳʧʴ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʥʢʦʧʣʠʪʦʯʥʦʡ ʜʨʝʩʚʦʡ ʠ ʧʝʩʢʦʤ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʪʝʤʥʦ ʙʫ-

ʨʦʛʦ ʮʚʝʪʘ ʩ ʛʨʘʚʠʝʤ. 

ɺʳʚʦʜʳ  

ɺ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʙʝʨʝʛʘ ʂʘʨʘʜʘʛ-

ʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩʪʨʦʝʥʠʝ ʪʨʝʭ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʦʙʥʘʞʝʥʠʡ ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ ʚ ʂʘʨʘʜʘʛʩʢʦʡ ʙʫʭʪʝ. ʆʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʩʣʘʛʘʶʱʠʤʠ ʪʦʪ ʫʯʘʩʪʦʢ, ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʣʠʰʝʚʦʡ ʪʦʣʱʠ ʪʘʚʨʠ-

ʯʝʩʢʦʡ ʩʝʨʠʠ (ʚʝʨʭʥʠʡ ʪʨʠʘʩ ð ʩʨʝʜʥʷʷ ʶʨʘ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʨʘʟʜʨʦʙʣʝʥʥʳʤʠ ʠ ʠʟʤʝʥʸʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʳʚʝʪ-

ʨʠʚʘʥʠʷ [5]. ʇʦʯʚʳ ʥʘʤʳʚʥʳʝ, ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʠ ʤʘʣʦʤʦʱʥʳʝ, ʩ ʙʦʣʴʰʠʤ 

ʚʢʣʶʯʝʥʠʝʤ ʨʘʟʥʦʨʦʜʥʦʛʦ ʢʘʤʝʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʬʠʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʥʘʞʝʥʠʡ ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʫʧʘ 

ʧʨʠʤʳʢʘʶʪ ʢ ʨʘʟʚʠʪʦʡ ʧʣʷʞʥʦʡ ʟʦʥʝ ʂʘʨʘʜʘʛʩʢʦʡ ʙʫʭʪʳ. ʆʙʥʘʞʝʥʠʷ 1 ʠ 2, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʤʳʢʘʝʪ ʢ ʛʘʣʝʯʥʠʢʦʚʦʤʫ ʧʣʷʞʫ, ʘ ʦʙʥʘʞʝʥʠʝ 3 ï ʢ ʧʝʩʯʘʥʦʡ 

ʯʘʩʪʠ ʧʣʷʞʥʦʡ ʟʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʟʘ ʩʯʝʪ ʦʩʳʧʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʇʨʦʛʨʘʤʤʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠ-

ʜʝʨʩʪʚʘ ʈʋɼʅ. 
ʃʠʪʝʨʘʪʫʨʘ 

 ɺʝʪʨʦʚʘ ʅ.ʄ., ʀʚʘʥʝʥʢʦ ʊ.ɸ. ʆ ʧʦʜʭʦʜʘʭ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʨʠ-
ʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ // ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʪʝʭʥʦʛʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 2016. ˉ 5. ʉ. 104-112; 

 ɿʘʧʦʚʝʜʥʳʡ ʂʘʨʘʜʘʛ: ʦʯʝʨʢ-ʧʫʪʝʚʦʜʠʪʝʣʴ. ʉʠʤʬʝʨʦʧʦʣʴ: ʉʆʅɸʊ, 2007. 320 ʩ; 

 ʈʝʤʠʟʦʚ ʄ.ʅ. ʆ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʂʘʨʘʜʘʛʘ ʚ ʂʨʳʤʫ // ɿʘʧʠʩʢʠ ʛʝʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʍʘʨʴʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʄ. ɻʦʨʴʢʦʛʦ. 1962. 

ʊ. 15. ʉ. 94-105; 



102 

 

 ʂʦʩʪʝʥʢʦ ʅ.ʉ., ɼʠʢʠʡ ɽ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʞʠʟʥʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ // ʂʘʨʘʜʘʛ ʟʘʧʦʚʝʜ-
ʥʳʡ: ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʝ ʦʯʝʨʢʠ / ʇʦʜ ʨʝʜ. ɸ.ʃ. ʄʦʨʦʟʦʚʦʡ. ʉʠʤʬʝʨʦʧʦʣʴ: ʅ. ʆʨʽʘʥʜʘ, 

2011. ʉ. 151-15. 

 ʇʘʥʦʚ ɼ. ʀ. ʂ ʚʦʧʨʦʩʫ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʂʨʳʤʘ ʚ ʪʨʠʘʩʦʚʦʝ ʠ ʶʨʩʢʦʝ ʚʨʝʤʷ (ʨʫʩ.) 

// ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 4. ɻʝʦʣʦʛʠʷ. ð 1997. ð ̄  3. ð ʉ. 43ð49. 

ʆʇʀʉɸʅʀɽ ʀ ʈʋɼʆʇɽʈʉʇɽʂʊʀɺʅʆʉʊʔ ʀʄʇɸʂʊʅʆʁ ʉʊʈʋʂ-

ʊʋʈʓ ʋʃʋɻ-ʊɸʁɻɸ (ɺʆʉʊʆʏʅʓɽ ʉɸʗʅʓ) 

ɸʙʫʰʢʝʚʠʯ ʉ. ɸ.1, ɸʨʝʩʪʦʚʘ ʊ. ɸ.1, ɺʦʣʠʥ ʂ. ɸ.2, 

1 ð ʆʆʆ çʃʘʙʦʨʘʪʦʨʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭè, 2 ð ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʅʦɿ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

DESCRIPTION AND ORE POTENTIAL OF THE ULUG -TAIGA 

IMPACT STRUCTURE (EA STERN SAYANS) 
Abushkevich S. A.1, Arestova T. A.1, Volin K. A.2, 

1 ð LLC çLaboratory of Remote Forecasting of Mineral Depositsè,  

2 ð Saint Petersburg State University, ESI. Saint-Petersburg 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʝʜʝʥʳ ʢʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʩʪʨʦʝʥʠʝ ʠ ʨʫʜʦʧʝʨʩʧʝʢʪʠʚ-

ʥʦʩʪʴ ʠʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ. ʂʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ð ʨʘʥʝʝ ʥʝ ʦʮʝʥʠʚʘʣʘʩʴ 

ʢʘʢ ʠʤʧʘʢʪʥʘʷ ð ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ð 

ʘʩʪʨʦʙʣʝʤʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʝʝ ʚʦʟʤʦʞʥʘʷ ʨʫʜʦʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʘʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʫʜʘʨʥʠʢ, ʤʠʰʝʥʴ, ʤʝʪʝʦʨʠʪ, Landsat, NDVI, 

NDWI, ʢʦʩʤʦʩʪʨʫʢʪʫʨʥʦʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ, ʢʦʩʤʦʩʧʝʢʪʨʘʣʴʥʦʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ, 

ʥʘʜʚʠʛʠ, ʨʫʜʦʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ. 

Abstract: remote sensing features, structure, and ore potential of the Ulug-Taiga impact 

structure are presented. The ring structure ð previously not evaluated as an impact structure 

ð is described as a supposably an astrobleme. Its possible ore potential is considered. 

Keywords: impact structure, impactor, target, meteorite, Landsat, NDVI, NDWI, struc-

tural and spectral remote sensing, thrusts, ore prospects. 

ʂʨʘʪʝʨ ʠʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʨʦʛʘʭ ɺʦʩʪʦʯ-

ʥʳʭ ʉʘʷʥ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500 ʢʤ ʦʪ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʉʪʨʫʢʪʫʨʘ ʚʳʷʚʣʝʥʘ ʧʨʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ɼʣʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʨʘʟʥʦʩʝʟʦʥʥʳʝ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʦʯʥʦʡ 

ʩʠʩʪʝʤʳ Landsat ETM+ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʧʫʪ-

ʥʠʢʦʚ WorldViewï2, 3. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʳ: 

1. ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʪʝʨʨʠʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʧʦʢʘʥʘʣʴʥʳʭ, 

ʪʘʢ ʠ RGB-ʢʦʤʧʦʟʠʪʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ; 

2. ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ 

ʨʘʩʯʝʪʥʳʤ ʠʥʜʝʢʩʘʤ NDWI ʠ NDVI [4]. 

ʉʪʨʫʢʪʫʨʘ ʋʣʫʛ-ʊʘʡʛʘ ʷʚʣʷʝʪʩʷ ʢʦʣʴʮʝʚʦʡ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ʂʨʘʩʥʳʡ ʂʣʶʯ, ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ɼʞʫʛʦʷʢʦ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʘ-

ʚʳʤ ʧʨʠʪʦʢʦʤ ʨ. ʄʘʣʘʷ ɹʠʨʶʩʘ. ʎʝʥʪʨʦʤ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʠʟʦʤʝʪʨʠʯʥʦʝ 
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ʧʦʜʥʷʪʠʝ ʠ ʦʪʨʦʛʠ ʛʦʨʳ ʋʣʫʛ-ʊʘʡʛʘ ʩ ʦʟʝʨʘʤʠ ʥʘ ʚʳʩʦʪʝ 1 780 ʤ. ʉ ʶʛʘ ʦʪ ʩʪʨʫʢ-

ʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥ ʭʨʝʙʝʪ ʆʛʥʠʪʩʢʠʡ ɹʝʣʦʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʯʝʪʢʦ ʚʳʷʚʣʷʝʪʩʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ Landsat ETM+ 

(ʨʠʩ. 1). ɽʸ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʚʝʩʪʥʳʤ ʦʧʠʩʘ-

ʥʠʷʤ ʩʪʨʫʢʪʫʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ð ʘʩʪʨʦʙʣʝʤʘʤ. 

ʉʪʨʫʢʪʫʨʘ ʋʣʫʛ-ʊʘʡʛʘ ʠʤʝʝʪ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʝʝ ʠʤ-

ʧʘʢʪʥʳʡ ʭʘʨʘʢʪʝʨ: ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʜʥʷʪʠʝ, ʬʨʘʛʤʝʥʪʳ ʢʦʣʴʮʝʚʦʛʦ ʧʦʜʥʷʪʠʷ, 

ʢʦʣʴʮʝʚʦʡ ʚʘʣ, ʟʘʢʨʘʪʝʨʥʳʝ ʚʳʙʨʦʩʳ, ʟʘʢʨʘʪʝʨʥʘʷ ʟʦʥʘ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʣʘʩʴ ʠ ʩʣʘʙʦ ʵʨʦʜʠʨʦʚʘʥʘ (ʨʠʩ. 1), ʠʤʝʝʪ 

ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ, ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ð 12 Ĭ 7,5 ʢʤ, ʦʪʥʦʩʠʪʝʣʴ-

ʥʫʶ ʛʣʫʙʠʥʫ ʢʨʘʪʝʨʘ (ʦʪ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʚʘʣʘ) ð 300 ʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʳ ʢʨʘʪʝʨʘ ʢ ʝʛʦ ʫʩʨʝʜʥʝʥʥʦʤʫ ʜʠʘʤʝʪʨʫ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

0,03, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʢʨʘʪʝʨʦʚ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʧʦ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ ʠʤʧʘʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʳʷʚʣʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ ʂʘʟʘʭ-

ʩʪʘʥʘ [2] ʠ ʇʨʠʙʘʣʭʘʰʴʷ [3]. 

 
ʈʠʩ. 1. ʆʪʦʙʨʘʞʝʥʠʝ ʠʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ ʥʘ ʩʥʠʤʢʝ ʩʧʫʪʥʠʢʘ Land-

sat. 

ɸ ð ʬʨʘʛʤʝʥʪ RGB-ʢʦʤʧʦʟʠʪʘ ʢʘʥʘʣʦʚ 3, 2, 1 ʢʦʩʤʦʩʥʠʤʢʘ ɽʊʄ+ 20 ʠʶʥʷ 2001 

ʛʦʜʘ; ɹ ð ʬʨʘʛʤʝʥʪ RGB-ʢʦʤʧʦʟʠʪʘ ʢʘʥʘʣʦʚ 4, 5, 3 ʢʦʩʤʦʩʥʠʤʢʘ ɽʊʄ+ 20 ʠʶʥʷ 2001 

ʛʦʜʘ. 

ʎʝʥʪʨʘʣʴʥʦʝ ʧʦʜʥʷʪʠʝ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʣʦʢʘʣʴʥʫʶ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʥʦʡ ʬʦʨʤʳ, ʩʤʝʱʝʥʥʫʶ ʢ ʉɿ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʪʷʥʫʪʫʶ ʩ 

ʉɿ ʥʘ ʖɺ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʫʛʦʣ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʠʢʘ ʩʦʩʪʘʚʣʷʣ 45ï65Á, ʘʟʠ-

ʤʫʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʢʦʣʦ 340ï350Á. ʈʘʟʤʝʨʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷ-

ʪʠʷ 3,5 Ĭ 5,5 ʢʤ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʩʥʦʚʥʦʡ ʢʦʥʪʘʢʪ ʤʝʪʝʦʨʠʪʘ (ʫʜʘʨ-

ʥʠʢʘ) ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ (ʤʠʰʝʥʴʶ) ʧʨʠʰʝʣʩʷ ʥʘ ʫʯʘʩʪʦʢ ʚ ʖɺ ʯʘʩʪʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ (97Á58'41,598"ɺ 54Á3'55,493"ʉ). ʇʦʜʦʰʚʘ ʠʟʤʝʥʸʥ-

ʥʳʭ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ, ʩʫʜʷ ʧʦ ʩʤʝʥʝ ʬʦʪʦ-

ʪʦʥʘ ʩ ʙʝʣʦʛʦ ʥʘ ʩʝʨʳʡ, ʟʘʣʝʛʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʦʪʤʝʪʢʘʭ 1 750ï1 800 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʀʟʤʝʥʸʥʥʳʝ ʧʦʨʦʜʳ ʖɺ ʯʘʩʪʠ 
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ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʠʤʝʶʪ ʙʝʣʳʡ ʬʦʪʦʪʦʥ, ʪʦʥʢʦʧʦʣʦʩʯʘʪʳʡ ʠ ʚʳʪʷʥʫ-

ʪʳʡ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʝʡ ʨʝʣʴʝʬʘ, ʤʝʩʪʘʤʠ s-ʦʙʨʘʟʥʳʝ ʩʢʣʘʜʢʠ, ʧʦʜʯʸʨʢʠ-

ʚʘʶʪ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʠ ʩʫʙʰʠʨʦʪʥʳʝ ʟʦʥʳ. ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ 

ʚ ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʘʣʠʩʴ ʠ ʨʘʥʝʝ ʚ ʤʝʪʝʦʨʠʪʥʳʭ ʢʨʘʪʝʨʘʭ ʂʘʟʘʭʩʪʘʥʘ [2, 3].  

ʂʦʣʴʮʝʚʦʝ ʧʦʜʥʷʪʠʝ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ, ʩʦʭʨʘʥʠʣʦʩʴ ʬʨʘʛʤʝʥ-

ʪʘʨʥʦ (ʨʠʩ. 1, 2). ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʚʳʰʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʩ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʅʘʣʠʯʠʝ ʢʦʣʴʮʝʚʦʛʦ ʧʦʜ-

ʥʷʪʠʷ ʪʠʧʠʯʥʦ ʜʣʷ ʘʩʪʨʦʙʣʝʤ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ [2].  

ʂʦʣʴʮʝʚʦʡ ʚʘʣ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ ʚ ʝʸ ʚʦʩʪʦʯʥʦʡ 

ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ. ɼʝʰʠʬʨʠʨʫʶʪʩʷ ʧʦ ʤʘʩʩʠʚʥʦʤʫ, ʨʝʜʢʦ ʧʦʣʦʩʯʘ-

ʪʦʤʫ ʬʦʪʦʨʠʩʫʥʢʫ ʠ ʩʝʨʦʤʫ ʬʦʪʦʪʦʥʫ. ʐʠʨʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʚʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 

400ï900 ʤ, ʚʳʩʦʪʘ ʚʘʣʘ ʦʪ ʜʥʘ ʢʨʘʪʝʨʘ 250ï300 ʤ. ʄʦʱʥʦʩʪʴ ʥʘʩʳʧʥʳʭ ʧʦ-

ʨʦʜ ʢʦʣʴʮʝʚʦʛʦ ʚʘʣʘ ʜʦ 150 ʤ. ɺʳʩʦʪʥʘʷ ʦʪʤʝʪʢʘ ʧʦʜʦʰʚʳ ʚʘʣʘ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ ð 1 450 ʤ. ɺʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʚʘʣʘ ʫʚʝʨʝʥʥʦ ʜʝʰʠʬʨʠʨʫʝʪʩʷ ʧʦ ʩʤʝʥʝ 

ʬʦʪʦʪʦʥʘ ʩ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʥʘ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʠ ʬʦʪʦʨʠʩʫʥʢʘ ʩ ʤʘʩʩʠʚʥʦʛʦ ʥʘ 

ʛʨʫʙʦ-ʧʦʣʦʩʯʘʪʳʡ, ʘ ʪʘʢʞʝ ʧʦ ʧʝʨʝʛʠʙʫ ʩʢʣʦʥʘ ʫ ʧʦʜʥʦʞʠʷ ʚʘʣʘ ʩ ʢʨʫʪʦʧʘ-

ʜʘʶʱʝʛʦ ʥʘ ʧʦʣʦʛʦ ʧʘʜʘʶʱʠʡ. 

ɿʘʢʨʘʪʝʨʥʳʝ ʚʳʙʨʦʩʳ ʜʝʰʠʬʨʠʨʫʶʪʩʷ ʧʦ ʛʨʫʙʦ-ʧʦʣʦʩʯʘʪʦʤʫ ʬʦʪʦʨʠ-

ʩʫʥʢʫ. ʇʦʜʦʰʚʘ ʥʘʩʳʧʥʳʭ ʧʦʨʦʜ ʟʘʢʨʘʪʝʨʥʳʭ ʚʳʙʨʦʩʦʚ ʠʤʝʝʪ ʧʘʜʝʥʠʝ ʦʪ 

ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1, 2). ʐʠʨʠʥʘ ʚʳʙʨʦʩʦʚ ʥʘʩʳʧʥʳʭ ʧʦ-

ʨʦʜ ʦʢʦʣʦ ʦʜʥʦʛʦ ʢʠʣʦʤʝʪʨʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʥʘ ʜʦʭʦʜʠʪ ʜʦ 2,5 ʢʤ 

ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦ 200 ʤ. 

ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ ʨʘʜʠʘʣʴʥʦ ʣʫ-

ʯʠʩʪʳʝ, ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ, ʯʝʪʢʦ ʜʝʰʠʬʨʠʨʫʶʪʩʷ ʢʘʢ ʚʥʫʪʨʠ ʩʘʤʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʟʘ ʝʝ ʧʝʨʠʤʝʪʨʦʤ. ʆʥʠ ʚʠʜʥʳ ʚ ʙʦʨʪʘʭ ʢʦʣʴʮʝʚʦʛʦ ʚʘʣʘ, ʘ 

ʪʘʢʞʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʦʥʠ, ʚʝʨʦʷʪʥʦ, ʤʘʨʢʠʨʫʶʪ ʟʘʢʨʘ-

ʪʝʨʥʫʶ ʟʦʥʫ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʇʦʨʦʜʳ ʤʠʰʝʥʠ, ʚʳʙʨʦʰʝʥʥʳʝ ʨʘʜʠʘʣʴʥʦ, 

ʯʘʩʪʦ ʧʝʨʝʢʨʳʚʘʶʪ ʤʝʣʢʠʝ ʨʘʟʣʦʤʳ (ʨʠʩ. 2). 

ʂʦʣʴʮʝʚʳʝ ʨʘʟʣʦʤʳ ʜʫʛʦʦʙʨʘʟʥʳ ʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʯʸʪʢʫʶ ʢʦʣʴʮʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ. ɺʠʟʫʘʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʫʨʦʚʥʷ ʢʦʣʴʮʝʚʳʭ ʨʘʟʣʦʤʦʚ ʦʪ 

ʮʝʥʪʨʘ ʩʪʨʫʢʪʫʨʳ. ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ð ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʫʛʦʚʳʭ ʠ 

ʢʦʣʴʮʝʚʳʭ ʣʠʥʝʘʤʝʥʪʦʚ ð ʠʤʝʝʪ ʨʘʜʠʫʩ 450ï800 ʤ. ʈʘʜʠʫʩ ʢʦʣʴʮʝʚʳʭ ʨʘʟ-

ʣʦʤʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ð ʦʢʦʣʦ 1 500 ʤ. ʈʘʜʠʫʩ ʪʨʝʪʴʝʛʦ ʢʦʣʴʮʘ ð 2ï2,5 ʢʤ. 

ʀ ʯʝʪʚʸʨʪʳʡ ð 3ï3,4 ʢʤ. 

ʈʫʜʦʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʘʩʪʨʦʙʣʝʤʳ ʋʣʫʛ-ʊʘʡʛʘ. ʄʝʩʪʦ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʫʜʘʨʥʠʢʘ ʩ ʤʠʰʝʥʴʶ ʠ ʤʝʩʪʦ, ʛʜʝ ʧʨʦʠʟʦʰʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝ-

ʥʠʷ, ʭʦʨʦʰʦ ʜʝʰʠʬʨʠʨʫʶʪʩʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʘʡʦʥ ʧʦʜʦʰʚʳ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʝʛʦ ʯʘʩʪʠ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʡ ʟʦʥʦʡ ʧʦʠʩʢʘ ʘʣʤʘʟʦʚ.  

ɺ ʧʣʦʱʘʜʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʧʦʨʦʜ ʖɺ ʯʘʩʪʠ ʮʝʥʪʨʘʣʴ-

ʥʦʛʦ ʧʦʜʥʷʪʠʷ ʤʦʛʣʠ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʛʨʘʥʠʪʦʠʜʳ, ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʠʝʩʷ 

ʧʦʩʣʝ ʫʜʘʨʘ ʤʝʪʝʦʨʠʪʘ. ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʧʨʦʨʘʙʦʪʢʠ ʧʦʨʦʜ ʩʨʘʚʥʝʥʠʝʤ 4 ʠ 7 ʢʘʥʘʣʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʘʚʪʦʨʘʤʠ ʜʣʷ 
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ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʥʪʘʯʘʥ [1]. ʇʦ ʦʧʳʪʫ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ 

ʪʘʢʠʝ ʫʯʘʩʪʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʣʦʱʘʜʥʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ ʧʦ-

ʨʦʜ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʯʘʩʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʥʘ 

ʥʘʣʠʯʠʝ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʥʝʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʡ, ʥʦ ʙʦʣʴʰʠʭ ʧʦ ʟʘʧʘʩʘʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʝ ʟʦʣʦʪʦʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɽʨʛʦʞʫ ʦʪʨʘʙʘʪʳʚʘʣʦʩʴ ʥʘ ʖɺ ʪʝʨʨʠʪʦʨʠʠ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʤ-

ʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠʤʧʘʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʨʘʙʦʪʘʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɺʘʣ ʩʣʦʞʝʥʥʳʡ ʚʳʙʨʦʰʝʥʥʳʤʠ 

ʛʨʘʥʠʪʦʠʜʘʤʠ ʧʝʨʝʢʨʳʣ ʖɿ ʦʢʦʥʝʯʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɽʨʛʦʞʫ, ʯʪʦ ʤʦʛʣʦ 

ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʦʩʪʘʥʦʚʢʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʜʦʙʳʯʠ ʟʦʣʦʪʘ. ʈʫʜʥʳʝ 

ʞʠʣʳ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʧʦʜ ʧʦʨʦʜʘʤʠ ʢʦʣʴʮʝʚʦʛʦ ʥʘʩʳʧʥʦʛʦ ʚʘʣʘ, ʪʘʢ ʢʘʢ ʧʦʜ 

ʥʠʭ ʫʭʦʜʷʪ ʉɺ ʠ ʉɿ ʨʘʟʣʦʤʳ, ʢʦʪʦʨʳʝ ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ.  

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʋʣʫʛ-ʊʘʡʛʘ. 

ɸɹɺ ð ʣʠʥʠʷ ʨʘʟʨʝʟʘ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʜʥʷʪʠʝ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ: 1 ð ʢʨʫʪʦʧʘʜʘʶʱʠʝ, 2 ð ʧʦʣʦʛʦ-

ʧʘʜʘʶʱʠʝ (ʥʘʜʚʠʛʠ ʩ ʶʛʘ), 3 ð ʜʫʛʦʚʳʝ ʨʘʟʣʦʤʳ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ; 4 ð ʢʦʥʪʫʨʳ 

ʢʦʣʴʮʝʚʦʛʦ ʧʦʜʥʷʪʠʷ ʠ ʢʦʣʴʮʝʚʦʛʦ ʚʘʣʘ; 5 ð ʢʦʥʪʫʨʳ ʟʘʢʨʘʪʝʨʥʳʭ ʚʳʙʨʦʩʦʚ; 6 ð ʢʦʥ-

ʪʫʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ; 7 ð ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʤʝʩʪʦ ʧʦʠʩʢʘ ʘʣʤʘʟʦʚ; 8 ð ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʦʝ ʤʝʩʪʦ ʧʦʠʩʢʘ ʟʦʣʦʪʘ (ʚ ʨʘʡʦʥʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʸʥʥʳʭ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʜʥʷʪʠʷ ʠ ʧʦʜ ʢʦʣʴʮʝʚʳʤ ʚʘʣʦʤ). 
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