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ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʆʥ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʢʦʤʧʣʝʢʩ ʚʦʜʥʳʭ ʠ ʦʢʦʣʦʚʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʠ ʝʝ ʩʪʝʧʝʥʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʙʨʝʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʚ ʚʦʜʥʦʡ ʨʝʢʨʝʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ) ʦʮʝʥʢʠ 

ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʨʝʢʨʝʘʮʠʦʥʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

WATER RESOURCE POTENTIAL FOR RECREATIONAL WATER USE: AN 

INTRODUCTION TO THE CONCEPT AND SPAT IAL EVALUATION  

Andreeva I.V., Cilicia S.V. 

Institute for Water and Environmental Problems SB RAS, Barnaul, Russia 

e-mail: andreeva@iwep.ru 

Abstract. The concept of water resource potential for recreational water use is introduced. It is considered 

as a complex of water and near-water conditions that determine the suitability of water bodies and coastal area use 

in water recreation. The principles of spatial (landscape-geographical) evaluation of water resource potential are 

given. The results of the method assessment are shown by the example of Altai Krai. 

Keywords: water resource potential, recreational use, landscape-geographical method, spatial assessment 

of water potential. 

ɺʘʞʥʦʩʪʴ ʨʝʢʨʝʘʮʠʠ ʠ ʝʝ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚ ɺʦʜʥʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2020 ʛ. 

ʈʝʢʨʝʘʮʠʷ ʥʘʟʚʘʥʘ ʚ ʯʠʩʣʝ ʟʥʘʯʠʤʳʭ ʦʪʨʘʩʣʝʡ ʭʦʟʷʡʩʪʚʘ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʚʦʜʳ: ʧʠʪʴʝʚʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʥʝʨʛʝʪʠʢʠ. ɼʦʢʫʤʝʥʪ, ʧʨʦʛʥʦʟʠʨʫʷ ʥʝʠʟʙʝʞʥʳʡ ʨʦʩʪ 

ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʧʝʨʝʞʘʶʱʝʡ ʦʮʝʥʢʠ ʠ ʩʪʨʦʛʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʚʦʚʣʝʯʝʥʠʠ ʨʝʩʫʨʩʦʚ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʯʝʪʢʦʛʦ ʧʦʥʷʪʠʷ çʚʦʜʦʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʮʝʣʝʡ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷè, ʪʝʦʨʠʷ ʝʛʦ ʦʮʝʥʢʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʩʧʝʢʪ. ʀʤʝʶʱʠʝʩʷ ʤʝʪʦʜʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʥʳʝ 

ʢʨʠʪʝʨʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʠʣʠ 

ʝʛʦ ʫʯʘʩʪʦʢ, ʥʦ ʥʝʚʦʟʤʦʞʥʦ ʚʳʷʚʠʪʴ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʈʦʩʩʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 2,8 ʤʣʥ. ʨʝʢ, ʩʪʦʣʴʢʦ ʞʝ 

ʦʟʝʨ ʠ 30 ʪʳʩ. ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʧʨʫʜʦʚ. ɼʣʷ ʚʦʚʣʝʯʝʥʠʷ ʚ ʨʝʢʨʝʘʮʠʶ 

ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʧʘʥʦʨʘʤʥʘʷ ʦʮʝʥʢʘ, ʜʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʛʣʷʜʝʪʴ ʚ 

ʤʘʩʰʪʘʙʘʭ ʩʪʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʛʠʦʥʳ, ʘ ʚʥʫʪʨʠ ʥʠʭ ï 

ʢʦʥʢʨʝʪʥʳʝ ʪʦʯʢʠ ʨʦʩʪʘ.  

ʋʯʠʪʳʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʧʨʘʚʣʷʝʤʦʡ ʨʝʢʨʝʘʮʠʠ ʧʝʨʝʜ ʠʥʳʤʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʩʦʩʪʦʷʱʠʝ ʚ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ ʦʭʨʘʥʳ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʟʘ ʩʯʝʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʤ) ʠ ʙʝʩʩʧʦʨʥʦʤ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ (ʚʚʠʜʫ ʧʦʚʩʝʤʝʩʪʥʦʩʪʠ ʨʝʩʫʨʩʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʣʦʞʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʦʪʜʳʭʘ), ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥ ʩʦʙʩʪʚʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʚʦʜʦʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʮʝʣʝʡ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢʫ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʩʣʫʞʠʣʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʛʝʦʵʢʦʣʦʛʠʠ, ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʛʝʦʛʨʘʬʠʠ, 

ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʚʠʜʝʪʴ ʩʣʦʞʥʳʝ ʷʚʣʝʥʠʷ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʛʦ ʝʜʠʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʩʦʩʪʘʚʠʣʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ArcGIS. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ ʥʘ 

ʧʨʝʜʤʝʪ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʦʪʜʳʭʘ ʠ ʦʟʜʦʨʦʚʣʝʥʠʷ ʠʤʝʥʫʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʢʘʢ 

çʨʝʢʨʝʘʮʠʦʥʥʘʷ ʦʮʝʥʢʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚè. ʊʘʢʘʷ ʪʨʘʢʪʦʚʢʘ ʩʚʦʜʠʪ 

ʦʮʝʥʠʚʘʥʠʝ ʢ ʘʥʘʣʠʟʫ ʝʜʠʥʠʯʥʳʭ ʚʦʜʦʝʤʦʚ ʠʣʠ ʚʦʜʦʪʦʢʦʚ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʦʜʦʝʤʘ. ʂʨʠʪʝʨʠʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʜʝʪʘʣʴʥʦʩʪʴ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʚʦʜʥʦʛʦ ʠʣʠ ʦʢʦʣʦʚʦʜʥʦʛʦ ʦʪʜʳʭʘ. ɸʥʘʣʠʟ ʨʦʩʩʠʡʩʢʦʡ 

ʧʨʘʢʪʠʢʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʮʝʥʦʢ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʦʥʠ, 
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ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʦʧʠʨʘʶʪʩʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʘʟʨʘʙʦʪʦʢ ʢʦʥʮʘ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʦʙʦʙʱʝʥʥʳʭ ʚ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ ʉ.ɸ. ɹʦʛʦʣʶʙʦʚʦʡ [1] ʠ 

ɽ.ɺ. ʂʦʣʦʪʦʚʦʡ [4], ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʠʥ ʚʦʜʥʳʡ ʦʙʲʝʢʪ. ʇʦ 

ʵʪʠʤ ʤʝʪʦʜʠʢʘʤ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʠ, 

ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʦʮʝʥʝʥʥʳʭ ʨʝʢ ʠ 

ʦʟʝʨ ï 30 ï ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʘʙʦʪʝ [5], ʧʦʩʚʷʱʝʥʥʦʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤʫ 

ʂʘʚʢʘʟʫ, ʯʪʦ ʥʝ ʚʳʛʣʷʜʠʪ ʚʧʝʯʘʪʣʷʶʱʠʤ ʚ ʚʠʜʫ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʠ ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʪʦʣʴʢʦ ʩʘʤʳʝ 

ʢʨʫʧʥʳʝ ʠ ʧʦʧʫʣʷʨʥʳʝ ʤʝʩʪʘ ʦʢʦʣʦʚʦʜʥʦʛʦ ʦʪʜʳʭʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʮʝʥʠʚʘʶʪʩʷ ʯʘʩʪʥʳʝ ʦʙʲʝʢʪʳ ʠ ʧʦ ʦʯʝʥʴ 

ʜʝʪʘʣʴʥʳʤ ʰʢʘʣʘʤ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ ʧʦʣʝʚʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʜʣʷ ʩʪʨʘʥʳ ʚ 

ʮʝʣʦʤ ʥʝʚʳʧʦʣʥʠʤʦ, ʥʝ ʦʪʚʝʯʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʮʝʣʷʤ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʘʢʪʠʯʝʩʢʠʭ ʫʪʦʯʥʝʥʠʷʭ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘʯʘʪʦ ʚ 70-ʤ ʛʛ. ʍʍ ʩʪʦʣʝʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʪʝʨʨʠʪʦʨʠʠ ʚ ʥʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʘʥʜʰʘʬʪʥʘʷ ʢʘʨʪʘ, ʘ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʩʦʩʪʦʠʪ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʯʣʝʥʝʥʠʠ ʠʟ ʥʝʝ ʠ ʠʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʢʘʨʪ ʟʝʤʝʣʴ ʨʘʟʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʩʝʣʠʪʝʙʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ, ʟʘʧʦʚʝʜʥʳʭ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ), ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ [6]. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʝʥ 

ʨʝʢʨʝʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʇʦʣʝʩʴʷ (ʋʢʨʘʠʥʘ), ʉʤʦʣʝʥʱʠʥʳ, ʀʚʘʥʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʢʪʠʚʠʟʘʮʠʶ ʥʘʫʯʥʦʛʦ ʧʦʠʩʢʘ ʩʠʩʪʝʤʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʦʡ. ɿʘʢʣʶʯʘʷ ʚ 

ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʵʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʜʭʦʜʷʪ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 

ʨʝʢʨʝʘʮʠʠ ï ʚʦʜʥʦʡ. 

ʂʘʪʝʛʦʨʠʠ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʪʴʝʡ 50 

ɺʦʜʥʦʛʦ ʢʦʜʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʪʥʝʩʝʥʳ ʢ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʶ ʙʝʟ 

ʠʟʲʷʪʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʊʘʢʦʚʳ ʚʠʜʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 
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ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʦʢʦʣʦʚʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʠʭ ʧʦʙʝʨʝʞʠʡ (ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʧʦʣʦʩʝ), ʩʚʷʟʘʥʥʳʝ ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʦʪʜʳʭʝ, ʪʫʨʠʟʤʝ, 

ʩʧʦʨʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʫʪʦʯʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʠʜʳ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʠ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʤʢʠ: ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʠ ʦʢʦʣʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ ʰʠʨʠʥʦʡ ʦʪ 30 ʜʦ 50 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʢʣʦʥʘ ʙʝʨʝʛʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʣʠʥʥʳʤ ʠ ʧʦʡʤʝʥʥʳʤ ʣʘʥʜʰʘʬʪʘʤ ʚ 

ʢʦʥʪʝʢʩʪʝ ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʣʦʢʘʣʴʥʦʛʦ 

(ʪʦʯʝʯʥʦʛʦ) ʫʨʦʚʥʷ ʢ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʠʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʨʝʢʨʝʘʮʠʠ. ʆʥʘ ʩʦʧʨʷʞʝʥʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʬʘʢʪʫʨʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʣʝʚʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ 

(ʠʥʪʝʨʧʦʣʷʮʠʷ, ʘʥʘʣʦʛʠʷ, ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʠ ʜʨ.) ʠ ʦʙʨʘʱʝʥʠʷ ʢ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ. 

ʃʘʥʜʰʘʬʪʥʘʷ ʢʘʨʪʘ ʢʘʢ ʠʩʪʦʯʥʠʢ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʥʘʜʝʞʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ çʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝè. ʆʪʦʙʨʘʞʝʥʥʳʝ ʥʘ ʥʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʙʦʪʘʥʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʦʯʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʳ, ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʥʠʭ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʥʝʠʟʙʝʞʥʦ ʚʣʠʷʶʱʝʛʦ ʥʘ ʩʧʝʮʠʬʠʢʫ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʢʨʝʪʥʳʡ ʝʝ ʚʠʜ [2]. ɺ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʥʜʰʘʬʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʨʢʘʩʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʨʠʨʦʜʥʦ-ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʘ ʢʦʥʢʨʝʪʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ï ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʝʜʠʥʠʮ ʩʦʩʪʦʠʪ 

ʩʫʱʥʦʩʪʴ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ [3]. 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʣʘʚʥʫʶ ʛʠʧʦʪʝʟʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ) ʦʮʝʥʢʠ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʮʝʣʝʡ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ: ʣʘʥʜʰʘʬʪ, 
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ʧʦʥʠʤʘʝʤʳʡ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʡ ʫʯʘʩʪʦʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʪʣʠʯʥʳʡ ʩʚʦʝʦʙʨʘʟʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʤʝʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʦʙʣʠʢ ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʧʦʪʦʤʫ ʫʩʣʦʚʠʷ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʠ ʥʝʛʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤʠ. ʅʘ ʦʩʥʦʚʝ 

ʬʠʟʠʦʥʦʤʠʯʝʩʢʠʭ ʠ ʠʥʜʠʢʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʦʙʨʘʞʝʥʥʳʭ ʥʘ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʘʭ, ʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝ 

ʫʩʣʦʚʠʷ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʠ 

ʠʟʤʝʨʷʶʪʩʷ ʚ ʥʘʪʫʨʝ, ʥʦ ʯʝʪʢʦ ʚʠʜʥʳ ʚʦ ʚʥʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʠʨʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʈʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʚʦʜʥʦʨʝʢʨʝʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʘʨʢʘʩʘ) 

ʪʝʨʨʠʪʦʨʠʠ ï ʤʦʟʘʠʢʠ ʣʘʥʜʰʘʬʪʥʳʭ ʝʜʠʥʠʮ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʘʤʦ ʧʦʥʷʪʠʝ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʜʣʷ ʮʝʣʝʡ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʠ ʧʦʩʢʦʣʴʢʫ ʚ 

ʙʘʟʦʚʳʡ ʪʝʨʤʠʥ ʚʚʝʜʝʥ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʘʩʧʝʢʪ (ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ, ʥʦ ʠ ʠʭ ʧʦʙʝʨʝʞʴʷ), ʪʦ ʠ ʧʦʥʷʪʠʝ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ (ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ) ʬʝʥʦʤʝʥ, 

ʦʧʠʩʳʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʪʦʣʴʢʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʦ ʠ 

ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʥʝʤʫ ʣʘʥʜʰʘʬʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʨʠʪʝʨʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʦʮʝʥʦʢ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʢʘʢ çʣʘʥʜʰʘʬʪʥʦʝ ʦʢʨʫʞʝʥʠʝè ʠʣʠ 

çʣʘʥʜʰʘʬʪʥʳʡ ʬʦʥè, ʪ.ʝ. ʥʝʯʪʦ ʘʙʩʪʨʘʛʠʨʦʚʘʥʥʦʝ ʦʪ ʩʦʙʩʪʚʝʥʥʦ ʨʝʩʫʨʩʘ, 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʟʥʘʯʠʤʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʦʢʦʣʦʚʦʜʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʪ.ʝ. 

ʯʘʩʪʴʶ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ʎʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʦʜʦʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘ ʪʘʢʞʝ 

ʠʭ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ 

ʢʨʠʪʝʨʠʝʚ ʪʨʘʜʠʮʠʦʥʥʦʡ (ʦʙʲʝʢʪʥʦʡ) ʦʮʝʥʢʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ. ɸʜʘʧʪʠʨʦʚʘʥʥʳʝ 

ʢʨʠʪʝʨʠʠ, ʨʘʚʥʦ ʢʘʢ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʥʦʩʷʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʤʦʛʫʪ 

ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ ʦʧʠʩʘʥʠʷʤʠ ʣʘʥʜʰʘʬʪʦʚ ʠ ʦʪʦʙʨʘʞʝʥʳ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠ. 
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ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʘʪʝʛʦʨʠʡ ʚʦʜʥʦ-ʦʢʦʣʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʩʪʝʧʝʥʠ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʥʳʝ ʢʨʠʪʝʨʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʰʢʘʣʳ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʠʥʪʝʛʨʘʣʴʥʳʝ, ʦʧʠʩʳʚʘʝʤʳʝ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʯʠʪʳʚʘʝʤʳʭ ʩ ʢʘʨʪ: 

-  ʬʠʟʠʦʥʦʤʠʯʝʩʢʠʡ ï ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʚʫʶ ʧʨʠʛʦʜʥʦʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ; ʩʦʯʝʪʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʘ ʙʝʨʝʛʘ, 

ʧʦʜʭʦʜʦʚ ʢ ʚʦʜʝ, ʭʘʨʘʢʪʝʨʘ ʧʣʷʞʝʡ ʠ ʜʥʘ; ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ 

ʣʘʥʜʰʘʬʪʥʳʭ ʢʘʨʪ ʦ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦʣʠʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ï ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʛʦʜʥʦʩʪʴ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʯʘʩʪʥʳʭ ʚʠʜʦʚ ʦʪʜʳʭʘ; ʦʙʲʝʜʠʥʷʝʪ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʧʣʦʱʘʜʠ 

ʘʢʚʘʪʦʨʠʠ, ʜʣʠʥʝ ʨʝʢ, ʛʣʫʙʠʥʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ; 

- ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ï ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʘ; ʚʢʣʶʯʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʵʩʪʝʪʠʢʫ 

ʣʘʥʜʰʘʬʪʘ; ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʣʘʥʜʰʘʬʪʥʳʭ ʢʘʨʪ ʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʩʦʯʝʪʘʥʠʷʭ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʘʨ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʋʚʷʟʘʥʥʳʝ ʚ ʬʦʨʤʫ ʢʦʤʧʦʥʝʥʪʘ ʣʘʥʜʰʘʬʪʘ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʦʮʝʥʢʝ ʢʨʠʪʝʨʠʠ, ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ (ʛʣʘʚʥʫʶ) 

ʟʘʜʘʯʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʉʫʪʴ ʝʝ ï ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʯʠʪʳʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ, 

ʘ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʠʥʜʠʢʘʮʠʦʥʥʳʭ) ï ʩ ʧʨʠʢʣʘʜʥʳʭ (ʣʘʥʜʰʘʬʪʥʦʡ, 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ, ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨ.) ʢʘʨʪ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʝʪʦʜʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʝʨʠʷ 

ʧʦ ʦʮʝʥʦʯʥʦʡ ʰʢʘʣʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʘʥʜʰʘʬʪʥʦ-ʚʦʜʥʦʨʝʢʨʝʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
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ʢʘʨʪʦʛʨʘʬʠʠ. ʉʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ ʚʦʜʥʦ-ʦʢʦʣʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʦʧʪʠʤʘʣʴʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʩʪʝʧʝʥʠ 

ʙʣʘʛʦʧʨʠʷʪʥʦʩʪʠ: ʧʦ ʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʦʡ 

ʪʨʝʭʙʘʣʣʴʥʦʡ ʰʢʘʣʝ [4], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʣʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.   

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʘʧʨʦʙʠʨʦʚʘʥʳ ʚ ʦʮʝʥʢʝ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ʃʘʥʜʰʘʬʪʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ, ʟʥʘʯʠʤʳʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʯʝʪʘʥʠʝʤ ʪʨʝʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʬʦʨʤʘʮʠʡ: ʘʣʣʶʚʠʘʣʴʥʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʨʘʚʥʠʥ (ʂʫʣʫʥʜʠʥʩʢʘʷ 

ʥʠʟʤʝʥʥʦʩʪʴ), ʥʘʢʣʦʥʥʳʭ ʧʨʝʜʛʦʨʥʳʭ ʨʘʚʥʠʥ (ʇʨʠʦʙʩʢʦʝ ʧʣʘʪʦ) ʠ 

ʨɻʦʟʠʦʥʥʳʭ ʥʠʟʢʦʛʦʨʠʡ ɸʣʪʘʷ ʠ ʉʘʣʘʠʨʘ. ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʥʠʭ ʜʣʷ 

ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʮʝʣʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʢʘʨʪʳ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʣʘʥʜʰʘʬʪʥʦʡ ʢʘʨʪʳ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ (1:500 000, 

ʥʝ ʠʟʜʘʥʘ, ʬʦʥʜʳ ʀɺʕʇ ʉʆ ʈɸʅ). ʃʘʥʜʰʘʬʪʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʥʷʪʳ ʤʝʩʪʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʦ ʦʙʦʙʱʝʥʥʘʷ 

ʣʝʛʝʥʜʘ (111 ʤʝʩʪʥʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʣʘʥʜʰʘʬʪʳ) ʧʦʟʚʦʣʠʣʘ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ. 

ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʬʠʟʠʦʥʦʤʠʯʝʩʢʫʶ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ 

ʦʮʝʥʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ, 

ʚʳʯʣʝʥʷʷ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʠʥʥʳʭ ʠ ʧʦʡʤʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʜʝʪʘʣʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʦʢʦʣʦʚʦʜʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʠʧʫ ʙʝʨʝʛʘ ʠ ʪʠʧʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʮʝʥʢʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʬʠʟʠʦʥʦʤʠʯʝʩʢʠʡ ʦʙʣʠʢ ʧʦʜʯʝʨʢʥʫʪ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʜʨʦʙʥʦʩʪʷʤʠ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʜʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʊʘʙʣʠʮʘ 1 ï ɸʜʘʧʪʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʪʝʨʠʝʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʮʝʣʝʡ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ɺʠʜ 

ʦʮʝʥʢʠ* 

ʇʘʨʘʤʝʪʨʳ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʧʨʠʛʦʜʥʦ, 3 ʙʘʣʣʘ ʫʩʣʦʚʥʦ ʧʨʠʛʦʜʥʦ, 2 ʙʘʣʣʘ ʤʘʣʦʧʨʠʛʦʜʥʦ, 1 ʙʘʣʣ 

ʊʠʧ ʙʝʨʝʛʘ ʊʆ
 

ʩʫʭʠʝ ʪʝʨʨʘʩʠʨʦʚʘʥʥʳʝ, ʙʝʟ ʢʨʫʪʳʭ 

ʩʧʫʩʢʦʚ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʫʭʠʝ, ʥʦ ʢʨʫʪʦʩʢʣʦʥʥʳʝ, ʯʘʩʪʦ ʦʙʨʳʚʠʩʪʳʝ, 

ʦʩʚʦʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʥʝʩʣʦʞʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʩʧʫʩʢʘ ʢ ʚʦʜʝ  

ʟʘʙʦʣʦʯʝʥʥʳʝ ʠʣʠ ʦʯʝʥʴ ʢʨʫʪʳʝ ʩ ʚʳʩʦʢʠʤ 

ʢʣʠʬʦʤ ʠʣʠ ʦʙʨʳʚʦʤ 

ʃɻʆ ʩʫʭʠʝ ʧʦʣʦʛʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʚʷʥʠʩʪʳʝ ʠ 

ʟʘʣʝʩʝʥʥʳʝ 

ʫʚʣʘʞʥʝʥʥʳʝ ʧʦʣʦʛʠʝ ʠ ʧʦʣʦʛʦʥʘʢʣʦʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʚʷʥʠʩʪʳʝ 

ʟʘʙʦʣʦʯʝʥʥʳʝ, ʟʘʩʦʣʝʥʥʳʝ, ʢʨʫʪʳʝ 

ʪʨʘʚʷʥʠʩʪʳʝ ʠ ʟʘʢʫʩʪʘʨʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʍʘʨʘʢʪʝʨ ʜʥʘ ʊʆ  ʧʝʩʦʢ, ʤʝʣʢʘʷ ʛʘʣʴʢʘ ʢʨʫʧʥʘʷ ʛʘʣʴʢʘ, ʟʘʠʣʝʥʥʳʝ ʧʝʩʢʠ, ʚʘʣʫʥʳ ʠʣ, ʢʘʤʝʥʴ, ʛʣʠʥʘ, ʢʨʫʧʥʳʡ ʦʩʪʨʳʡ ʢʘʤʝʥʴ, 

ʙʦʣʴʰʠʝ ʧʣʠʪʳ, ʧʦʢʨʳʪʳʝ ʚʦʜʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ 

ʃɻʆ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʢʠ ʠ ʩʫʧʝʩʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʛʣʠʥʢʠ, ʛʘʣʝʯʥʠʢʠ ʠ 

ʚʘʣʫʥʥʠʢʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʨʬ ʠ ʠʣʦʚʘʪʳʝ 

ʩʫʛʣʠʥʢʠ, ʣʝʩʩʦʚʠʜʥʳʝ ʩʫʛʣʠʥʢʠ, ʠʣʳ ʠ 

ʛʣʠʥʳ, ʱʝʙʥʠʩʪʳʝ ʩʫʛʣʠʥʢʠ 

ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ, 

ʤ/ʩ 

ʊʆ 
 

0̓,3 0,3ï0,5 >0,5 

ʃɻʆ 0,4ï1,0 (ʚʝʩʴ ʩʧʝʢʪʨ ʦʢʦʣʦʚʦʜʥʦʛʦ ʦʪʜʳʭʘ) 1,1ï3,0 (ʩʧʦʨʪ, ʪʫʨʠʟʤ)  Ò0,3 ʠ >3 (ʪʦʣʴʢʦ ʩʦʟʝʨʮʘʪʝʣʴʥʳʡ ʦʪʜʳʭ) 

ʇʣʦʱʘʜʴ 

ʘʢʚʘʪʦʨʠʠ 

ʊʆ 
 

100ï200 ʯʝʣ./ʛʘ 300ï500 ʯʝʣ./ʛʘ >500 ʯʝʣ./ʛʘ 

0,5ï2 ʩʫʜʦʚ/ʛʘ 2ï5 ʩʫʜʦʚ/ʛʘ >5 ʩʫʜʦʚ/ʛʘ 

ʃɻʆ ʧʨʝʩʥʳʝ ʩ ʧʝʩʯʘʥʳʤ ʠʣʠ ʪʚʝʨʜʳʤ ʜʥʦʤ, 

ʢʨʫʧʥʳʝ ʩʦʣʝʥʳʝ ʠ ʛʦʨʴʢʦ-ʩʦʣʝʥʳʝ 

ʧʨʝʩʥʳʝ ʩ ʚʷʟʢʠʤ ʜʥʦʤ ʤʝʣʢʠʝ ʩʦʣʝʥʳʝ ʠ ʛʦʨʴʢʦ-ʩʦʣʝʥʳʝ ʩ 

ʙʦʣʦʪʘʤʠ ʠ ʩʦʣʦʥʯʘʢʘʤʠ ʧʦ ʙʝʨʝʛʘʤ 

ɻʣʫʙʠʥʘ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʤ 

ʊʆ 
 

Ó1,5 0,8ï1,5 0̓,8 

ʃɻʆ >1,5 (ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʪʜʳʭ) 0,5ï1,5 (ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʪʜʳʭ) 0̓,5 (ʦʢʦʣʦʚʦʜʥʳʡ ʦʪʜʳʭ) 

ɼʣʠʥʘ ʨʝʢʠ, ʢʤ ʊʆ 
 

>150 100ï150 1̓00 

ʃɻʆ >150 (ʪʨʘʥʩ- ʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʡ ʦʪʜʳʭ) 100ï150 (ʦʪʜʳʭ ʚ ʨʝʛʠʦʥʝ) 1̓00 (ʣʦʢʘʣʴʥʳʡ ʦʪʜʳʭ) 

ʕʩʪʝʪʠʢʘ 

ʣʘʥʜʰʘʬʪʘ 

ʊʆ 
 

ʚʦʜʦʝʤ-ʣʝʩ; ʣʝʩʠʩʪʦʩʪʴ 30ï50% ʚʦʜʦʝʤ-ʣʝʩ (ʧʦʣʝ); ʣʝʩʠʩʪʦʩʪʴ 16ï30%, 61ï

85% 

ʚʦʜʦʝʤ-ʢʫʩʪʘʨʥʠʢ 

ʃɻʆ ʦʢʦʣʦʚʦʜʥʳʡ ʣʘʥʜʰʘʬʪʥʳʡ ʢʦʥʪʘʢʪ 

ʚʦʜʦʝʤ ï ʣʝʩ ʚʦʜʦʝʤ-ʣʫʛ; ʚʦʜʦʝʤ-ʩʪʝʧʴ ʚʦʜʦʝʤ-ʢʫʩʪʘʨʥʠʢ 

ʚʥʝʰʥʠʡ (ʧʘʥʦʨʘʤʥʳʡ) ʣʘʥʜʰʘʬʪʥʳʡ ʢʦʥʪʘʢʪ 

ʣʫʛ/ʩʪʝʧʴ ï ʣʝʩ ʣʫʛ/ʩʪʝʧʴ-ʢʫʩʪʘʨʥʠʢ; ʢʫʩʪʘʨʥʠʢ-ʣʝʩ ʣʫʛ/ʩʪʝʧʴ ï ʣʫʛ/ʩʪʝʧʴ;  

ʢʫʩʪʘʨʥʠʢ ï ʢʫʩʪʘʨʥʠʢ/ʣʫʛ, ʩʪʝʧʴ 

*ʊʆ ï ʪʨʘʜʠʮʠʦʥʥʘʷ (ʦʙʲʝʢʪʥʘʷ) ʦʮʝʥʢʘ, ʃɻʆ ï ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ) ʦʮʝʥʢʘ 
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ʅʘʧʨʠʤʝʨ, ʣʘʥʜʰʘʬʪ, ʠʤʝʶʱʠʡ ʚ ʣʝʛʝʥʜʝ ˉ3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʠʤ 

ʜʨʝʚʥʠʤ ʦʟʝʨʥʳʤ ʪʝʨʨʘʩʘʤ ʚʦʣʥʠʩʪʳʤ ʠ ʧʣʦʩʢʠʤ ʩ ʪʠʧʯʘʢʦʚʦ-ʢʦʚʳʣʴʥʳʤʠ 

ʩʫʭʠʤʠ, ʨʘʟʥʦʪʨʘʚʥʦ-ʪʠʧʯʘʢʦʚʦ-ʟʣʘʢʦʚʳʤʠ ʟʘʩʫʰʣʠʚʳʤʠ ʩʪʝʧʷʤʠ, 

ʩʦʣʦʥʮʦʚʦ-ʩʦʣʦʥʯʘʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʯʝʨʥʦʟʝʤʘʭ ʶʞʥʳʭ, ʣʫʛʦʚʦ-

ʢʘʰʪʘʥʦʚʳʭ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ ʩʦʣʦʥʯʘʢʦʚʘʪʳʭ ʧʦʯʚʘʭ ʠ ʢʘʰʪʘʥʦʚʦ-ʣʫʛʦʚʳʭ 

ʩʦʣʦʥʮʘʭ. ɺ ʝʛʦ ʛʨʘʥʠʮʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʟʝʨʘ ʂʫʣʫʥʜʠʥʩʢʦʝ, ɹʦʣʴʰʦʝ 

ʗʨʦʚʦʝ, ʄʘʣʦʝ ʗʨʦʚʦʝ, ɹʫʨʣʠʥʩʢʦʝ, ʂʨʠʚʘʷ ʇʫʯʠʥʘ, ʂʫʨʠʯʴʝ. ʊʠʧ ʙʝʨʝʛʘ 

ʧʣʦʩʢʠʡ, ʩʦ ʩʪʝʧʷʤʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ 1 ʚ ʪʨʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʙʘʣʣʘ. 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ. ʆʥ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʜʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʙʘʣʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʘʷ ʬʠʟʠʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʣʘʥʜʰʘʬʪʘ ʨʘʚʥʘ ʧʷʪʠ ʙʘʣʣʘʤ. 

ʇʦʩʢʦʣʴʢʫ ʩʫʤʤʘ ʚ ʬʠʟʠʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ (ʤʘʢʩʠʤʫʤ ʪʨʠ ʙʘʣʣʘ ʢʘʞʜʘʷ), ʪʦ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ 

ʦʪ 2 ʜʦ 6. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʝʜʠʥʦʜʫʰʥʦ ʧʦʜʜʝʨʞʠʚʘʝʤʦʤ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʛʣʘʚʝʥʩʪʚʝ ʧʝʡʟʘʞʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʨʝʜʠ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʵʩʪʝʪʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʵʪʦʤʫ 

ʚʝʨʭʥʠʡ ʝʝ ʧʨʝʜʝʣ ʥʝ ʦʛʨʘʥʠʯʝʥ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʣʘʥʜʰʘʬʪʘʭ ʥʝʩʢʦʣʴʢʠʭ ʦʪʣʠʯʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʯʝʪʘʥʠʡ 

ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʘʢʪʦʚ. ɼʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʦʧʨʝʜʝʣʝʥʳ ʣʠʰʴ ʧʝʨʚʳʝ ʜʚʝ ʢʘʪʝʛʦʨʠʠ, ʯʪʦ 

ʦʪʨʘʞʝʥʦ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʨʘʚʥʠʥ, ʥʝ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʳʩʪʨʦʡ ʩʤʝʥʦʡ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʯʝʪʘʥʠʡ ʚʳʰʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʠʥʦʡ 

ʛʨʘʜʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʣʘʥʜʰʘʬʪʘ ˉ3 ʭʘʨʘʢʪʝʨʥʳ ʢʦʥʪʘʢʪʳ ʪʠʧʘ çʩʪʝʧʴ-

ʩʪʝʧʴè ʠ çʣʫʛ-ʩʪʝʧʴè, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʦʜʠʥ ʙʘʣʣ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʳʡ ʙʘʣʣ ʝʛʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʚʝʥ ʜʚʫʤ.  

ɺ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʨʝʢʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, 

ʜʣʠʥʝ ʠ ʛʣʫʙʠʥʝ, ʦʟʝʨʘ ï ʧʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʛʣʫʙʠʥʝ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʩʫʤʤʘʨʥʘʷ ʦʮʝʥʢʘ ʨʝʢ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 3ï9 ʙʘʣʣʦʚ, ʦʟʝʨ ï 2ï6. ɼʣʷ 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

12 

ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʤʘʩʩʠʚʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʮʝʥʢʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʬʦʨʤʝ ʨʘʙʦʯʠʭ ʪʘʙʣʠʮ, ʨʘʟʜʝʣʷʶʱʠʭ ʧʦ 

ʩʪʝʧʝʥʠ ʧʨʠʛʦʜʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʩʷ ʧʦʢʘʟʘʥʠʷ ʩ ʚʤʝʱʘʶʱʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʇʨʘʢʪʠʢʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʛʦʜʥʦʩʪʠ 

ʣʘʥʜʰʘʬʪʫ ʩʣʝʜʫʝʪ ʧʨʠʩʚʘʠʚʘʪʴ ʥʘʠʚʳʩʰʫʶ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʫʯʝʩʪʴ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʊʘʢ, ʦʟʝʨʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ 

ˉ3, ʢʨʫʧʥʳʝ ʩʦʣʝʥʳʝ (ʵʣʝʤʝʥʪʘʨʥʳʡ ʙʘʣʣ 3) ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 1,5 ʤ 

(ʵʣʝʤʝʥʪʘʨʥʳʡ ʙʘʣʣ 3), ʯʪʦ ʦʮʝʥʠʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʤ ʙʘʣʣʦʤ 6. ɸ, ʥʘʧʨʠʤʝʨ, 

ʦʟʝʨʘ ɻʦʨʴʢʦʝ, ʉʫʤʥʦʝ, ʂʦʨʦʩʪʝʣʝʚʩʢʦʝ (ʈʫʙʮʦʚʩʢʠʡ ʨʘʡʦʥ) ʚ ʛʨʘʥʠʮʘʭ 

ʣʘʥʜʰʘʬʪʘ ˉ 27 (ʧʦʥʠʞʝʥʥʳʝ ʩʠʣʴʥʦ ʟʘʦʟʝʨʝʥʥʳʝ ʨʘʚʥʠʥʳ ʣʦʞʙʠʥ 

ʜʨʝʚʥʝʛʦ ʩʪʦʢʘ) ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʣʢʠʤ ʩʦʣʝʥʳʤ ʠ ʛʦʨʴʢʦ-ʩʦʣʝʥʳʤ ʩ ʙʦʣʦʪʘʤʠ ʠ 

ʩʦʣʦʥʯʘʢʘʤʠ ʧʦ ʙʝʨʝʛʘʤ (1 ʵʣʝʤʝʥʪʘʨʥʳʡ ʙʘʣʣ) ʛʣʫʙʠʥʦʡ 0,5ï1,5 ʤ (2 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʙʘʣʣʘ) ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 3 ʩʫʤʤʘʨʥʳʭ ʙʘʣʣʘ.  

ʀʪʦʛʦʚʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʙʱʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʚʩʝʭ ʪʨʝʭ ʚʠʜʦʚ ʦʮʝʥʦʢ ʧʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʰʢʘʣʝ. ʇʝʨʝʚʦʜ 

ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʢʠ ʧʦ ʚʠʜʘʤ ʦʮʝʥʠʚʘʥʠʷ ʚ ʠʥʪʝʛʨʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2 ï ʉʭʝʤʘ ʧʝʨʝʚʦʜʘ ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʢʠ ʚ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ɺʠʜ ʦʮʝʥʢʠ 

ʀʥʪʝʛʨʘʣʴʥʘʷ 

ʧʨʠʛʦʜʥʦ, 

3 ʙʘʣʣʘ 

ʫʩʣʦʚʥʦ ʧʨʠʛʦʜʥʦ, 

2 ʙʘʣʣʘ 

ʤʘʣʦʧʨʠʛʦʜʥʦ, 

1 ʙʘʣʣ 

ʉ
ʫ
ʤ
ʤ
ʘ
ʨ
ʥ
ʘ
ʷ

 

ʌʠʟʠʦʥʦʤʠʯʝʩʢʘʷ  5ï6 3ï4 2 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ > 7 4ï6 1ï3 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ: 

ʨʝʢʠ 

ʦʟʝʨʘ 

 

7ï9 

 

4ï6 

 

1ï3 

5ï6 3ï4 2 

ʀʪʦʛʦʚʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ 7ï9 5ï6 3ï4 

 

ɺʠʜʦʚʳʝ ʠ ʠʪʦʛʦʚʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʜʦʣʠʥʥʦ-ʧʦʡʤʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʚ ʣʶʙʦʡ ʠʟ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤ (MapInfo, ArcGis, ArcView ʠ ʜʨ.) ʠ ʧʦʟʚʦʣʷʝʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʝ ʮʝʣʝʚʦʛʦ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʙʳʪʴ ʩʭʝʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʞʝʥʳ ʚʩʝ ʚʠʜʳ 
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ʦʮʝʥʢʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥ ʨʝʟʫʣʴʪʘʪ ʠʪʦʛʦʚʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʮʝʣʝʡ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ.  

 
ʈʠʩ. ï ʀʪʦʛʦʚʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʜʣʷ 

ʮʝʣʝʡ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʦʮʝʥʢʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʘʚʪʦʨʩʢʦʡ ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʟ 35 ʪʠʧʦʚ ʤʝʩʪʥʦʩʪʝʡ, ʦʪʥʦʩʠʤʳʭ ʢ ʜʦʣʠʥʥʳʤ ʠ 

ʧʦʡʤʝʥʥʳʤ, 18 ʠʤʝʶʪ ʚʳʩʰʠʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʙʘʣʣ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʮʝʣʷʭ. ʀʭ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 25,7 

ʪʳʩ. ʢʤ
2
. ʂ ʢʘʪʝʛʦʨʠʠ ʫʩʣʦʚʥʦ ʧʨʠʛʦʜʥʳʭ ʦʪʥʝʩʝʥʳ 15 ʣʘʥʜʰʘʬʪʦʚ ʦʙʱʝʡ 

ʧʣʦʱʘʜʴʶ 14,1 ʪʳʩ. ʢʤ
2
. ʄʘʣʦʧʨʠʛʦʜʥʳ 2 ʣʘʥʜʰʘʬʪʘ, ʦʜʥʘʢʦ ʠʭ ʧʣʦʱʘʜʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ (268,8 ʢʤ
2
) ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʦʡ ʥʠ ʚ ʧʣʦʱʘʜʠ ʢʨʘʷ, ʥʠ ʚ 

ʧʣʦʱʘʜʠ ʦʢʦʣʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʠʥʠʤʘʝʪ ʚ ʧʦʡʤʘʭ 

ʨ. ʆʙʴ ʠ ʝʝ ʧʝʨʚʳʭ ʧʨʠʪʦʢʦʚ ʥʘ ʟʘʧʘʜʥʳʭ ʩʢʣʦʥʘʭ ʇʨʠʦʙʩʢʦʛʦ ʧʣʘʪʦ, 

ʢʨʫʧʥʳʭ ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ ʂʫʣʫʥʜʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʡʤ ʨ. ʆʙʠ ʠ ʢʨʫʧʥʳʭ 
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ʚʦʜʦʪʦʢʦʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʦʙʩʢʦʛʦ ʧʣʘʪʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʝʤʦʚ ʠ 

ʚʦʜʦʪʦʢʦʚ ʨʝʛʠʦʥʘ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʮʝʥʢʫ. 

ʄʠʥʠʤʘʣʴʥʦ ʚ ʬʠʟʠʦʥʦʤʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʮʝʥʝʥʳ ʥʝʛʣʫʙʦʢʠʝ ʚʦʜʦʪʦʢʠ 

ʚ ʩʨʝʜʥʝʛʦʨʴʷʭ ɸʣʪʘʷ ʠ ʥʘ ʉʘʣʘʠʨʩʢʦʤ ʢʨʷʞʝ ʚʚʠʜʫ ʧʨʦʪʝʢʘʥʠʷ ʚ ʟʘʞʘʪʳʭ 

ʩʢʘʣʠʩʪʳʭ ʜʦʣʠʥʘʭ ʠ ʩʨʝʜʠ ʪʨʫʜʥʦ ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʡ ʯʝʨʥʝʚʦʡ ʪʘʡʛʠ. ʅʠʟʢʘʷ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʝʢʨʝʘʮʠʦʥʥʦ ʧʦʧʫʣʷʨʥʳʭ ʦʟʝʨ ʚ ʙʦʨʘʭ ʣʦʞʙʠʥ 

ʜʨʝʚʥʝʛʦ ʩʪʦʢʘ ʠ ʥʘ ʂʫʣʫʥʜʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʪʷʞʝʥʥʦ ʤʦʥʦʪʦʥʥʳʭ ʟʘʢʨʳʪʳʭ (ʣʝʩʥʳʭ) ʣʠʙʦ 

ʦʪʢʨʳʪʳʭ (ʩʪʝʧʥʳʭ) ʧʨʦʩʪʨʘʥʩʪʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʘʢʪʝ ʩ 

ʵʩʪʝʪʠʯʝʩʢʠ ʥʠʟʢʦʦʮʝʥʠʚʘʝʤʳʤʠ ʙʦʣʦʪʥʳʤʠ, ʩʦʣʦʥʮʦʚʳʤʠ ʠ ʩʦʣʦʥʯʘʢʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ. ʄʘʣʦʧʨʠʛʦʜʥʳʤʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʧʨʠʟʥʘʥʳ ʦʯʝʥʴ 

ʤʝʣʢʠʝ ʩʪʝʧʥʳʝ ʚʦʜʦʪʦʢʠ ʨʘʩʧʘʭʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʤʝʣʢʠʝ ʦʟʝʨʘ ʚ 

ʦʢʨʫʞʝʥʠʠ ʙʦʣʦʪ ʠ ʩʦʣʦʥʯʘʢʦʚ.  

ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢ ʢʘʪʝʛʦʨʠʠ ʧʨʠʛʦʜʥʳʭ ʦʪʥʝʩʝʥʳ ʨʝʢʠ 

ʆʙʴ, ʝʝ ʢʨʫʧʥʳʝ ʧʨʠʪʦʢʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ɹʠʷ, ʂʘʪʫʥʴ, ʂʘʩʤʘʣʘ, ɹʘʨʥʘʫʣʢʘ, 

ʏʘʨʳʰ, ʏʫʤʳʰ), ʚʝʨʭʦʚʴʷ ʠ ʩʨʝʜʥʠʝ ʪʝʯʝʥʠʷ ʨʝʢ, ʙʝʨʫʱʠʭ ʥʘʯʘʣʦ ʚ ʛʦʨʘʭ 

ɸʣʪʘʷ, ʩʨʝʜʥʠʝ ʪʝʯʝʥʠʷ ʨʝʢ ʇʨʠʦʙʩʢʦʛʦ ʧʣʘʪʦ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʝ ʠ ʩʨʝʜʥʠʝ 

ʦʟʝʨʘ ʂʫʣʫʥʜʳ. ʋʩʣʦʚʥʦ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʟʥʘʥʳ ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʠʝ ʚʦʜʦʪʦʢʠ ʠ ʚʦʜʦʝʤʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝ ʥʘ 

ʨʘʚʥʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʘʪʦ ʠ ʧʦʣʫʯʠʚʰʠʝ ʜʚʝ ʥʠʟʰʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʦʮʝʥʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ ï ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ. ʂ 

ʤʘʣʦʧʨʠʛʦʜʥʳʤ ʧʨʠʯʠʩʣʝʥʳ ʧʣʦʩʢʦʩʢʣʦʥʦʚʳʝ ʜʦʣʠʥʳ ʠ ʙʘʣʢʠ ʩ ʤʝʣʢʠʤʠ 

ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʚʦʜʦʪʦʢʘʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʦʮʝʥʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ 

ʠʥʜʠʢʘʮʠʦʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʙʝʟ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʯʘʩʪʥʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʪʦ ʪʘʢʠʝ ʚʳʚʦʜʳ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʜʦʩʪʦʚʝʨʥʳʤʠ. 

ɺʳʚʦʜʳ. ʋʪʦʯʥʝʥʠʝ ʧʦʥʷʪʠʷ çʚʦʜʦʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʮʝʣʝʡ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷè ʠ ʚʚʝʜʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʩʧʝʢʪʘ ʚ 

ʨʝʢʨʝʘʮʠʦʥʥʫʶ ʦʮʝʥʢʫ ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ ʧʦʟʚʦʣʠʣʠ ʧʦʜʦʡʪʠ ʢ 
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ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʮʝʥʦʯʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʳʚʘʶʱʝʛʦʩʷ ʥʘ ʠʜʝʦʣʦʛʠʠ 

ʣʘʥʜʰʘʬʪʥʦʡ ʠʥʜʠʢʘʮʠʠ ʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʵʣʝʤʝʥʪʘ ʜʦʣʠʥʥʦ-ʧʦʡʤʝʥʥʦʛʦ ʪʠʧʘ 

ʩʦʯʝʪʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʮʝʣʝʡ ʨʝʢʨʝʘʮʠʠ ʩ 

ʝʜʠʥʳʭ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʦʙʱʝʜʦʩʪʫʧʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʠ ʣʘʥʜʰʘʬʪʥʫʶ ʢʘʨʪʫ ï ʠʥʪʝʛʨʘʮʠʦʥʥʫʶ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʶʙʳʭ ʚʠʜʦʚ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʘʨʘʥʪʠʨʦʚʘʥʳ ʦʙʲʝʢʪʠʚʥʦʩʪʴ 

ʦʮʝʥʢʠ, ʦʧʪʠʤʘʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʘ 

ʠ ʚʳʭʦʜ ʥʘ ʧʨʠʥʷʪʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 
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Abstract. The paper demonstrates the capabilities of modern gravitational weighed lysimeters for the study 

of soil solutions. The results of chemical composition of soil solutions and soil-groundwater runoff of southern 

chernozems in the dry steppe zone of the Kulunda steppe (Altai Krai) are presented. 
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ʇʦʯʚʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʩʦʩʪʘʚʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʩʪʦʢʘ ʚʣʘʛʠ ʠʟ ʧʦʯʚ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʨʝʯʥʫʶ ʩʝʪʴ [1]. ʆʜʥʠʤ ʠʟ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ 

ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʙʱʝʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʝ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʦʯʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʜʥʳʡ 

ʙʘʣʘʥʩ ʠ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʟʚʝʰʠʚʘʝʤʳʭ ʣʠʟʠʤʝʪʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʩʪʦʢʘ. 

ɺ ʘʚʛʫʩʪʝ 2013 ʛʦʜʘ ʚ ʨʘʡʦʥʝ ʩʝʣʘ ʇʦʣʫʷʤʢʠ (ʄʠʭʘʡʣʦʚʩʢʠʡ ʨʘʡʦʥ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ) ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʂʫʣʫʥʜʘè ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʣʠʟʠʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ 2-ʭ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʠʧʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʩʚʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ) 

ʧʣʦʱʘʜʴʶ 11,56 ʤ
2
, ʜʚʫʭ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʧʦʯʚʝʥʥʳʭ ʤʦʥʦʣʠʪʦʚ. ʉʪʘʥʮʠʷ 
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ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʫʩʣʦʚʠʷʤ ʢʣʠʤʘʪʘ ʉʠʙʠʨʠ, ʩʥʘʙʞʝʥʘ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʟʠʤʥʠʝ 

ʤʝʩʷʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʦʥʦʣʠʪʦʚ [3]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʜʥʦʛʦ ʠ ʩʦʣʝʚʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ 

ʂʫʣʫʥʜʠʥʩʢʦʡ ʩʪʝʧʠ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠ ʜʦʩʪʘʚʣʝʥʳ ʥʘ ʣʠʟʠʤʝʪʨʠʯʝʩʢʫʶ 

ʩʪʘʥʮʠʶ ʜʚʘ ʧʦʯʚʝʥʥʳʭ ʤʦʥʦʣʠʪʘ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʣʦʱʘʜʴʶ 1 ʤ
2
, 2 

ʤ ʛʣʫʙʠʥʦʡ. ʆʜʠʥ ʠʟ ʤʦʥʦʣʠʪʦʚ (ʃʠʟ. 1) ʦʪʦʙʨʘʥ ʥʘ ʧʘʰʥʝ, ʢʦʪʦʨʘʷ 

ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 60 ʣʝʪ. ɺʪʦʨʦʡ ʤʦʥʦʣʠʪ 

(ʃʠʟ. 2) ʙʳʣ ʦʪʦʙʨʘʥ ʚ ʟʘʱʠʪʥʦʡ ʣʝʩʦʧʦʣʦʩʝ 30-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʩ ʫʯʘʩʪʢʦʤ 

ʟʣʘʢʦʚʦ-ʢʦʚʳʣʴʥʦʡ ʩʫʭʦʡ ʩʪʝʧʠ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ī ʯʝʨʥʦʟʝʤʳ ʶʞʥʳʝ 

ʩʨʝʜʥʝʤʦʱʥʳʝ ʣʝʛʢʦ- ʠ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʘʨʠʘʥʪ ʯʝʨʥʦʟʝʤʘ ʩʦ ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (Stipa pennata) ʦʪʣʠʯʘʝʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ. ɺ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ (ɸʜ-ɸ-ɸɺ) 

ʧʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 1,6-3,7 %, ʚ ʧʘʭʦʪʥʦʤ ʚʘʨʠʘʥʪʝ 

ʯʝʨʥʦʟʝʤʘ (ɸʧʘʭ-ɸɺ) ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ī 1,6-3,1 %. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ - 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʚ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ī ʚ ʧʝʨʝʭʦʜʥʳʭ 

ʢ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ. 

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʪʨʫʙʢʠ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ (ʈʠʩ. 1), ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʦʯʚʝʥʥʳʭ 

ʤʦʥʦʣʠʪʘʭ ʥʘ ʛʣʫʙʠʥʝ 30, 50 ʠ 120 ʩʤ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʣʠʟʠʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2. 

ʉʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʣʠʟʠʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʧʦʯʚʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʪʷʞʝʥʠʷ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʩ 

ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʘ. 

ʃʠʟʠʤʝʪʨʠʯʝʩʢʠʝ ʚʦʜʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʡ ʩʪʦʢ 

ʩʦʙʠʨʘʶʪʩʷ ʚ ʩʪʝʢʣʷʥʥʳʝ ʠ ʧʣʘʩʪʠʢʦʚʳʝ ʝʤʢʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʥʫʪʨʠ 

ʣʠʟʠʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʘʯʠʚʘʶʱʝʡʩʷ 

ʚʣʘʛʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʯʝʪʯʠʢʠ ʩ ʦʪʢʠʜʳʚʘʶʱʝʡʩʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʦʡ (ʈʠʩ. 3). 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

18 

ʆʙʨʘʟʮʳ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʙʠʦʛʝʦʭʠʤʠʠ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʀɺʕʇ ʉʆ ʈɸʅ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ (ʈɼ ʌ 52.54.493-2006, ʇʅɼ ʌ 14.1:2.96-97, ʇʅɼ 

ʌ 14.1:2.159-2000, ʇʅɼ ʌ 14.1:2.98-97, ʇʅɼ ʌ 14.1:2.95-97, ʇʅɼ ʌ 

14.1:2:3:4.121-97, ʈɼ52.24.381-2006, ʇʅɼ ʌ 14.1:2:4.4-95, 14.1:2:4.4.262-10 

(ʦʪ 0,05 ʤʛ/ ʜʤ
3
), ɻʆʉʊ 10671.6-74. 

 
ʈʠʩ. 1 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ 

(suction probes with ceramic cup) 

 
ʈʠʩ. 2 ï ʆʙʱʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ʣʠʟʠʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 
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ʈʠʩ. 3 ï ɽʤʢʦʩʪʠ ʜʣʷ ʩʙʦʨʘ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜ, ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʩʪʦʢʘ 

ɿʘ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʥʮʠʠ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʝ ʚʦʜʳ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʩʥʦʡ 2015 ʛ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʧʦʩʣʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʩʥʝʛʦʪʘʷʥʠʷ ʥʘ 

ʧʘʭʦʪʥʦʤ ʚʘʨʠʘʥʪʝ ʯʝʨʥʦʟʝʤʘ (ʃʠʟ. 1) ʚ ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʝʨʝʭʦʜʷʪ ʥʠʪʨʘʪʥʳʝ ʬʦʨʤʳ ʘʟʦʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʥʝʩʝʥʠʝʤ ʚ 

ʧʦʯʚʫ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺ ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ, ʘ ʚ ʩʦʩʪʘʚʝ ʘʥʠʦʥʦʚ ï ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʠ ʭʣʦʨʠʜʳ. ʅʘ 

ʧʘʭʦʪʥʦʤ ʚʘʨʠʘʥʪʝ ʯʝʨʥʦʟʝʤʘ ʶʞʥʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʨʝʘʢʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ. ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʩʪʚʦʨʦʚ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ (ʊʘʙʣ. 1). 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜ ʠʟ ʛʫʤʫʩʦʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʫʙʳʚʘʶʱʝʤ 

ʧʦʨʷʜʢʝ: ʞʝʣʝʟʦ > ʤʘʨʛʘʥʝʮ > ʤʝʜʴ > ʮʠʥʢ > ʥʠʢʝʣʴ > ʢʦʙʘʣʴʪ > ʭʨʦʤ. 

ʇʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʡ ʩʪʦʢ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʘʧʨʝʣʝ 2016 ʛ. ʥʘ ʯʝʨʥʦʟʝʤʝ 

ʶʞʥʦʤ ʧʦʜ ʩʪʝʧʴʶ (Stipa pennata) (ʃʠʟ. 2). ʅʘ ʧʘʭʦʪʥʦʤ ʚʘʨʠʘʥʪʝ (ʃʠʟ. 1) 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʩʪʦʢ ʦʪʩʫʪʩʪʚʦʚʘʣ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʦ-

ʛʨʫʥʪʦʚʦʛʦ ʩʪʦʢʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠʦʥʦʚ. ɺ 

ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʩʪʦʢʘ ʜʦʤʠʥʠʨʫʝʪ ʢʘʣʴʮʠʡ, ʘ ʚ 

ʩʦʩʪʘʚʝ ʘʥʠʦʥʦʚ ï ʩʫʣʴʬʘʪʳ ʠ ʭʣʦʨʠʜʳ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʦʯʚ ʟʦʥʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʩʫʭʦʩʪʝʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ [1]. 
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ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜ ʠʟ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ 

(ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ 30 ʩʤ), ʣʠʟʠʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʘʧʨʝʣʴ 2015 (ʩ. ʇʦʣʫʷʤʢʠ, 

ʄʠʭʘʡʣʦʚʩʢʠʡ ʨʘʡʦʥ, ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ), ʤʛ/ʜʤ
3
 

ʇʦʢʘʟʘʪʝʣʠ ʃʠʟʠʤʝʪʨ 1 ʃʠʟʠʤʝʪʨ 2 

ʉʆ
-2

3
 <10,0 <10,0 

ʅʉʆ
-

3
 61,0Ñ2,6 61,0Ñ2,6 

Cl
-
 39,2Ñ4,3 81,2Ñ7,3 

SO
-2

4
 39,5Ñ7,9 20,7Ñ4,1 

ʉʘ
2+

 112,0Ñ12,3 132,0Ñ14,5 

Mg
2+

 28,8Ñ3,2 43,2Ñ4,8 

Na
+
 <1,0 <1,0 

pH 7,2Ñ0,2 5,9Ñ0,2 
-

3
NO  279,7Ñ33,5 5,4Ñ0,65 

-

2
NO  1,5Ñ0,199 0,067Ñ0,013 

NH4
+
 <0,05 0,08Ñ0,03 

ʈʆ4
3-
 <0,002 0,047Ñ0,005 

ʞʝʣʝʟʦ 0,053Ñ0,02 0,056Ñ0,02 

ʤʘʨʛʘʥʝʮ <0,010 0,019Ñ0,006 

ʤʝʜʴ 0,0031Ñ0,001 0,0065Ñ0,001 

ʮʠʥʢ <0,004 0,020Ñ0,006 

ʥʠʢʝʣʴ 0,0005Ñ0,0002 0,0009Ñ0,0002 

ʢʦʙʘʣʴʪ 0,0003Ñ0,0001 0,0002Ñ0,0001 

ʭʨʦʤ <0,0002 <0,0002 

ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ
 

286,5 338,1 

ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʩʪʦʢʘ (ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ 200 ʩʤ) 

ʯʝʨʥʦʟʝʤʘ ʶʞʥʦʛʦ ʧʦʜ ʩʪʝʧʴʶ (Stipa pennata), ʣʠʟʠʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʘʧʨʝʣʴ 2016, 

ʤʛ/ʜʤ3 

ʇʦʢʘʟʘʪʝʣʠ ʃʠʟʠʤʝʪʨ 2 

ʉʆ
-2

3
 <10,0 

ʅʉʆ
-

3
 67,1Ñ2,6 

Cl
-
 256,9Ñ23,1 

SO
-2

4
 777,3Ñ116,6 

ʉʘ
2+

 400,0Ñ44,0 

Mg
2+

 160,8Ñ17,7 

Na
+
 <1,0 

pH 7,4Ñ0,2 
-

3
NO  0,94Ñ0,2 

-

2
NO  <0,007 

NH4
+
 1,10Ñ0,33 

ʈʆ4
3-
 <0,006 

ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ
 

1662,1 
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ɻʝʨʤʘʥʦ-ʈʦʩʩʠʡʩʢʦʛʦ ʧʨʦʝʢʪʘ çʂʫʣʫʥʜʘè) // ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʝʧʷʭ ɽʚʨʘʟʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ: ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 30 ʩʝʥʪʷʙʨʷ - 3 ʦʢʪʷʙʨʷ 2014 ʛ., ɹʘʨʥʘʫʣ / ʧʦʜ ʨʝʜ. 

ʄ.ʄ. ʉʠʣʘʥʪʴʝʚʦʡ, ɺ.ʀ. ɹʝʣʷʝʚʘ, ɽ.ɺ. ʇʦʥʴʢʠʥʦʡ, ɼ.ɺ. ʏʝʨʥʳʭ. ï ɹʘʨʥʘʫʣ: 

ʀʟʜ-ʚʦ ɸʣʪ. ʫʥ-ʪʘ, 2014. ï ʉ. 121-124. 
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Abstract. The problems of the dependence of total radiation on the atmosphere transparency in Western 

Siberia are considered. The total radiation is estimated in terms of the atmosphere state and was compared with 

those measured at the weather station. As a result, a close relationship is obtained. 

Keywords: total radiation, insolation, direct radiation, scattered radiation, atmosphere transparency. 

ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ, ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ ʧʨʠʭʦʜʘ ʵʥʝʨʛʠʠ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʢʣʠʤʘʪʦʚ ʧʣʘʥʝʪʳ.  ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʚʠʜʳ 

ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʝʡ ʢ ɿʝʤʣʝ, ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 0,003 % ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ, (ʂʦʥʜʨʘʪʴʝʚ, 1965) ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʝʧʣʦʚʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ɿʝʤʣʝ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʢʣʠʤʘʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʝʠʟʤʝʥʥʦʩʪʴʶ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ ʥʘ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ɿʝʤʣʠ ʦʪ 

ʉʦʣʥʮʘ ro.  ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʦʪʦʢʘ - ʩʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ Io - ʧʦ 

ʜʘʥʥʳʤ ʂ. ʗ. ʂʦʥʜʨʘʪʴʝʚʘ (1990) ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1356 ʜʦ 1370 ɺʪ/ʤ
2 
ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ    So = 4Ö10
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  MBʪ - ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (Io) ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ: ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘʜ 
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ʧʫʥʢʪʦʤ ʥʘʙʣʶʜʝʥʠʷ, ʚʳʩʦʪʳ ʉʦʣʥʮʘ ʠ ʪ. ʧ. ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʨʝʜʝʣʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʧʦʪʦʢʠ ʧʨʷʤʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚʦʟʨʘʩʪʘʶʪ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ 

ʘʪʤʦʩʬʝʨʳ. ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʦʙʣʘʯʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʩʣʦʠʩʪʳʝ ʠ ʩʣʦʠʩʪʦ-ʢʫʯʝʚʳʝ 

ʦʙʣʘʢʘ ʧʦʣʥʦʩʪʴʶ ʟʘʜʝʨʞʠʚʘʶʪ ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ.  

ʇʝʨʚʦʠʩʪʦʯʥʠʢʦʤ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʠ (D) ʩʣʫʞʠʪ ʧʨʷʤʘʷ ʩʦʣʥʝʯʥʘʷ 

ʨʘʜʠʘʮʠʷ, ʧʦʵʪʦʤʫ ʦʯʝʚʠʜʥʘ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʆʜʥʘʢʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʣʘʯʥʦʩʪʠ ʨʘʩʩʝʷʥʥʘʷ ʨʘʜʠʘʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʙʝʟʦʙʣʘʯʥʦʤ ʥʝʙʝ. ʈʘʩʩʝʷʥʥʘʷ ʨʘʜʠʘʮʠʷ, 

ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʷʤʘʷ, ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʩʫʪʦʯʥʳʡ ʭʦʜ, ʢʦʛʜʘ ʤʘʢʩʠʤʫʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʳ ʉʦʣʥʮʘ, ʪʦ ʝʩʪʴ ʚ ʤʝʩʪʥʳʡ 

ʧʦʣʜʝʥʴ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʝʷʥʥʫʶ ʨʘʜʠʘʮʠʶ ʦʢʘʟʳʚʘʝʪ ʩʥʝʞʥʳʡ 

ʧʦʢʨʦʚ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʷ ʧʦʚʪʦʨʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʦʢʘ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʠ.  

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʝʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ ʩʫʤʤʘʨʥʫʶ ʨʘʜʠʘʮʠʶ (Q). ʅʘ ʧʦʪʦʢ ʩʫʤʤʘʨʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʢʘʢ ʠ ʥʘ ʧʦʪʦʢʠ Io ʠ D, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʦʙʣʘʯʥʦʩʪʴ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦʢʘ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʦʪ ʦʙʣʘʯʥʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ 

ʦʧʠʩʳʚʘʶʪ ʬʦʨʤʫʣʦʡ 

Q= Q0[1-(a+bĀn)n] (2) 

ʛʜʝ Q0 ï ʧʦʪʦʢ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ ʙʝʟʦʙʣʘʯʥʦʤ ʥʝʙʝ; 

n ï ʦʙʣʘʯʥʦʩʪʴ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ; 

a ʠ b ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (bå0,3, ʘ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʦʪʳ ʠ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 0,14 ʜʦ 0,40).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ (ʩʢʣʦʥʝʥʠʷ ʉʦʣʥʮʘ), ʦʪ 

ʚʨʝʤʝʥʠ ʩʫʪʦʢ (ʚʳʩʦʪʳ ʉʦʣʥʮʘ) ʠ ʦʪ ʰʠʨʦʪʳ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʪʨʫʜʥʦʩʪʴ ʚ ʨʘʩʯʝʪʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʮʝʥʢʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʠ ʦʙʣʘʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪʳ ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ 

ʤʝʥʷʶʱʝʡʩʷ ʦʙʣʘʯʥʦʩʪʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳ, ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘʜʝʞʥʳʤ 
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ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʷʤʦʡ S ʠ 

ʨʘʩʩʝʷʥʥʦʡ D ʨʘʜʠʘʮʠʠ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ. 

ʅʘʟʦʚʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ so ʦʪʥʦʰʝʥʠʝ 

ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ ʙʝʟʦʙʣʘʯʥʦʤ ʥʝʙʝ Q0  ʢ ʠʥʩʦʣʷʮʠʠ, ʢʦʪʦʨʘʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ I, 

so = Q0/I ; (3) 

ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʨʝʤʝʥʥʦʛʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʟʨʘʯʥʦʩʪʠ so ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ɿʥʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʨʠʭʦʜʷʱʝʡ ʥʘ ʚʥʝʰʥʶʶ 

ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʨʠʭʦʜʷʱʝʡ ʢ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʩʫʰʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʘʯʥʦʩʪʠ, 

Q0= so Ö I. (4) 

ʇʦ ʚʳʨʘʞʝʥʠʶ (4) ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʥʘʠʙʦʣʴʰʠʝ ʠ ʥʘʠʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʨʠʭʦʜʷʱʝʡ ʥʘ ʚʥʝʰʥʶʶ ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ 

ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʡ ʰʠʨʦʪʳ ʤʝʩʪʥʦʩʪʠ ʚ 

ʛʨʘʥʠʮʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʨʠʩ.1). ʍʦʜ ʨʘʜʠʘʮʠʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʦʙʱʝʤ ʧʦʚʪʦʨʷʝʪ ʭʦʜ ʠʥʩʦʣʷʮʠʠ: ʚ ʫʪʨʝʥʥʠʝ ʠ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʧʨʠʭʦʜʷʱʘʷ ʢ 

ɿʝʤʣʝ ʨʘʜʠʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠʥʩʦʣʷʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʨʘʩʯʝʪʦʚ Q ʥʘʤʠ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ʩ 

ʥʘʙʣʶʜʝʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʩʫʪʦʯʥʳʭ ʩʫʤʤ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʨʷʣʘʩʴ ʩʨʘʚʥʝʥʠʝʤ ʠʭ ʩ 

ʠʟʤʝʨʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʠ ʷʩʥʦʤ ʥʝʙʝ. ɼʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚʢʣʶʯʘʷ ʪʝʨʨʠʪʦʨʠʶ ʩʦʧʨʝʜʝʣʴʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʤʝʩʷʯʥʳʭ ʚʝʣʠʯʠʥ 

ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʣʠʯʠʥ 

ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʫʱʝʩʪʚʫʝʪ 

ʪʝʩʥʘʷ ʩʚʷʟʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ  ʨʘʚʝʥ 0,99. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ 
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ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ 16 ʄɼʞ/(ʤ
2
Öʤʝʩ), ʪʦ ʝʩʪʴ ʦʢʦʣʦ 2% 

ʩʨʝʜʥʝʡ ʤʝʩʷʯʥʦʡ ʚʝʣʠʯʠʥʳ. 
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ʈʠʩ. 1ï ʇʨʠʪʦʢ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʢ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ I (_____) ʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʨʠ ʙʝʟʦʙʣʘʯʥʦʤ ʥʝʙʝ Q0 (
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ʈʠʩ. 2ï ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ Qʠʟʤ  ʠ ʚʳʯʠʩʣʝʥʥʳʭ Qʨʘʩ ʤʝʩʷʯʥʳʭ ʚʝʣʠʯʠʥ 

ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʨʠʝʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʣʷ ʢʨʫʧʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ, ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʜʥʦʫʛʣʫʙʣʝʥʠʷ ʥʘ 

ʨʝʯʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʥʘ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ, ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 
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ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʙʠʦʥʪʦʚ. 
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Abstract. The paper deals with the existing methods of assessment of the impact of dredging on the river 

ecosystem. A method for calculating the environmental stress at works on inland waterways is proposed, and the 

values of this parameter at the current and promising guaranteed depths are determined. A positive effect of channel 

hydraulic engineering structures on the livelihoods of hydrobionts is shown. 

Keywords: River ecosystems, zoobenthos, anthropogenic influence, travel works,  Ob River. 

ɺʥʫʪʨʝʥʥʠʝ ʚʦʜʥʳʝ ʧʫʪʠ ʥʘ ʨʝʢʝ ʆʙʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʫʶ 

ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ, ʩʚʷʟʳʚʘʶʱʫʶ ʞʝʣʝʟʥʫʶ 

ʜʦʨʦʛʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʨʝʛʠʦʥʳ ʶʛʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʠ ʩʝʚʝʨʥʳʤʠ 

ʨʘʡʦʥʘʤʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʫʜʦʭʦʜʥʘʷ ʪʨʘʩʩʘ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʘʥʟʠʪʥʳʭ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʠ 

ʨʫʩʣʦʚʳʧʨʘʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʀʭ ʦʙʲʝʤʳ ʜʦʩʪʠʛʘʣʠ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ 

(ʦʢʦʣʦ 40 ʤʣʥ. ʤ
3  
ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʛʨʫʥʪʘ

 
ʚ ʛʦʜ) ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, 

ʟʘʪʝʤ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ, ʩʦʢʨʘʪʠʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʨʘʟ. ʇʦʩʣʝ ʨʝʟʢʦʛʦ ʩʧʘʜʘ 90-ʭ ʠ 2000-ʭ, ʩ 2007 ʛʦʜʘ ʚʥʦʚʴ 

ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʦʙʲʝʤʦʚ ʜʦ 7-10 ʤʣʥ. ʤ
3
, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʥʘ ʆʙʠ, ʠ ʜʦ 15-20 ʤʣʥ. 

ʤ
3
 [4]. ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʥʪʘ ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʦ ʧʦ ʩʚʦʠʤ 

ʤʘʩʰʪʘʙʘʤ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʪʚʝʨʜʳʤ ʩʪʦʢʦʤ ɺʝʨʭʥʝʡ ʠ ʉʨʝʜʥʝʡ ʆʙʠ: ʪʘʢ, ʧʨʠ 

çʩʚʝʨʭʠʥʪʝʥʩʠʚʥʦʤè ʟʝʤʣʝʯʝʨʧʘʥʠʠ ʚ 70-80-ʝ ʛʦʜʳ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʦʥʫʪʦʛʦ 

ʘʣʣʶʚʠʷ ʙʳʣʦ ʚʩʝʛʦ ʥʘ ʪʨʝʪʴ ʤʝʥʴʰʝ ʚʩʝʭ ʥʘʥʦʩʦʚ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ, ʘ ʥʘ 

ʉʨʝʜʥʝʡ ʆʙʠ ï ʧʨʠʤʝʨʥʦ ʥʘ ʯʝʪʚʝʨʪʴ ʧʨʝʚʳʰʘʣʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʪʚʝʨʜʳʡ ʩʪʦʢ.  
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ɼʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʠ ʨʫʩʣʦʚʳʧʨʘʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʦʥʥʦʛʦ ʛʨʫʥʪʘ, ʦʢʘʟʳʚʘʶʪ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʯʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʘʢʪʫʘʣʠʟʠʨʫʷ ʘʥʘʣʠʟ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʢ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʪʳ, ʪʘʢ ʠ ʥʘ ʩʦʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ [1, 3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʥʦʫʛʣʫʙʣʝʥʠʷ ʠ ʨʫʩʣʦʚʳʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʝʝ 

ʜʦʩʪʠʞʝʥʠʷ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʫʪʝʚʳʭ ʨʘʙʦʪ ʠ ʦʮʝʥʝʥʦ 

ʚʣʠʷʥʠʝ ʙʝʨʝʛʦʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʨʝʯʥʫʶ ʙʠʦʪʫ. 

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʧʫʪʝʚʳʭ ʨʘʙʦʪ 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ ʠʟʣʦʞʝʥ ʚ çʄʝʪʦʜʠʢʝ 

ʠʩʯʠʩʣʝʥʠʷ ʨʘʟʤʝʨʘ ʚʨʝʜʘ, ʧʨʠʯʠʥʸʥʥʦʛʦ ʚʦʜʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʩʫʨʩʘʤè 

(ʫʪʚʝʨʞʜʝʥʘ ʇʨʠʢʘʟʦʤ ˉ1166 ʈʦʩʨʳʙʦʣʦʚʩʪʚʘ ʦʪ 25 ʥʦʷʙʨʷ 2011 ʛʦʜʘ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʄʠʥʶʩʪʝ ʈʦʩʩʠʠ 5 ʤʘʨʪʘ 2012 ʛ. ˉ 23404). ɺ ʥʝʡ ʨʘʟʤʝʨ 

ʫʱʝʨʙʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠ ʬʠʟʠʯʝʩʢʠʭ (ʧʣʦʱʘʜʠ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʦʙʲʝʤʘ ʚʟʤʫʯʝʥʥʦʡ ʚʦʜʳ) ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ (ʢʦʣʠʯʝʩʪʚʦ ʙʝʥʪʦʩʘ ʠ ʧʣʘʥʢʪʦʥʘ) 

ʧʦʢʘʟʘʪʝʣʝʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʥʪʦʩʘ: ʦʯʝʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ 

ʦʨʛʘʥʠʟʤʦʚ ʚʝʩʴʤʘ ʠʟʤʝʥʯʠʚʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ (ʚʨʝʤʝʥʠ 

ʛʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʠ ʪ.ʜ.). ɼʘʞʝ 

ʥʝʙʦʣʴʰʘʷ ʥʝʪʦʯʥʦʩʪʴ ʚ ʟʘʜʘʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʙʠʦʤʘʩʩʳ ʙʝʥʪʦʩʘ, ʧʨʠʚʦʜʠʪ 

ʢ ʠʩʢʘʞʝʥʠʶ ʨʘʟʤʝʨʦʚ ʫʱʝʨʙʘ ʨʳʙʥʳʤ ʟʘʧʘʩʘʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʢʦʨʨʝʢʪʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʪʨʘʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘ ʧʨʘʢʪʠʢʝ, 

ʙʠʦʤʘʩʩʫ ʦʧʨʝʜʝʣʷʶʪ ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʠʥʦʛʜʘ ʧʨʠʥʠʤʘʶʪ ʠʣʠ 

ʫʩʨʝʜʥʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʣʠʟʣʝʞʘʱʠʤ 

ʫʯʘʩʪʢʘʤ ʨʝʢʠ.  

ʀʥʦʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1], ʢʦʪʦʨʳʝ 

ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʢʨʠʪʝʨʠʝʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʨʝʢʘʭ, 
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ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢ. ʂ ʪʘʢʠʤ 

ʧʨʦʷʚʣʝʥʠʷʤ ʦʪʥʝʩʝʥʳ ʩʝʟʦʥʥʦʝ ʧʝʨʝʩʳʭʘʥʠʝ ʨʝʢ, ʩʨʝʟʢʘ ʧʠʢʘ ʧʦʣʦʚʦʜʴʷ, 

ʫʤʝʥʴʰʝʥʠʝ ʚʦʜʦʥʦʩʥʦʩʪʠ ʠʟ-ʟʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʚʦʜʦʟʘʙʦʨʘ ʠ ʨʷʜ ʜʨʫʛʠʭ (ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʊʘʙʣʠʮʘ 1 ï ʂʨʠʪʝʨʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʨʝʢʘʭ, ʩʚʷʟʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʨʫʩʝʣ, ʚʣʠʷʥʠʝʤ ʛʠʜʨʦʫʟʣʦʚ ʠ ʜʨʫʛʠʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʠʟʤʝʥʝʥʥʦʩʪʴ ʨʫʩʝʣ ʈʘʟʤʳʚ ʨʫʩʝʣ ʠ ʧʦʥʠʞʝʥʠʝ 

çʧʦʩʘʜʢʘè ʫʨʦʚʥʷ ʚʦʜʳ 

ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʝʢʠ ʢʘʢ 

ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʇʨʠ 

ʩʦʟʜʘʥʠʠ 

ʚʦʜʦʭʨʘʥʠʣʠ

ʱ ʠ ʢʘʩʢʘʜʦʚ 

ʚʦʜʦʭʨʘʥʠʣʠ

ʱ, % ʜʣʠʥʳ 

ʨʝʢ 

ɺ ʥʠʞʥʠʭ ʙʴʝʬʘʭ 

ʛʠʜʨʦʫʟʣʦʚ ʠ ʨʘʡʦʥʘʭ 

ʨʫʩʣʦʚʳʭ ʢʘʨʴʝʨʦʚ 

ʅʘ ʨʝʢʘʭ, 

ʢʦʣʣʝʢʪʦʨʘ

ʭ ʩʪʦʯʥʳʭ 

ʚʦʜ 

ʅʘ 

ʩʚʦʙʦʜʥʳʭ 

ʫʯʘʩʪʢʘʭ 

ʨʝʢ, % 

ʜʣʠʥʳ 

ʫʯʘʩʪʢʘ ʨʝʢʠ 

ʅʘ 

ʫʨʙʘʥʠʟʠ-

ʨʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʘʭ 

ʀʥʪʝʥʩʠ-

ʚʥʦʩʪʴ 

ʧʦʩʘʜʢʠ 

ʫʨʦʚʥʷ, 

ʩʤ/ʛʦʜ 

ʉʫʤʤʘʨ-

ʥʦʝ 

ʧʦʥʠʞʝ-

ʥʠʝ 

ʫʨʦʚʥʷ 

ʟʘ ʚʨʝʤʷ 

ʧʨʦʷʚʣʝ-

ʥʠʷ, ʩʤ 

ʉʫʤʤʘʨʥʘʷ 

ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ 

ʟʘ ʚʨʝʤʷ 

ʧʨʦʷʚʣʝʥʠʷ

, ʤ 

0 0 ʆʪʩʫʪʩʪʚʫʝ

ʪ 

0 <3 <10 <2 

1 <10 ʆʯʝʥʴ 

ʩʣʘʙʘʷ 

<5 3-5 10-25 2-4 

2 10-25 ʉʣʘʙʘʷ 5-15 5-10 25-50 4-8 

3 25-50 ʉʨʝʜʥʷʷ 15-25 >10 50-100 8-10 

4 50-90 ʉʠʣʴʥʘʷ 25-50 >10 >100 >10 

5 >90 ʇʦʣʥʘʷ >50    

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʩʢʦʨʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʨʬʦʣʦʛʠʠ ʨʫʩʣʘ (ʪ.ʝ. ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʥʘ, ʙʝʨʝʛʦʚ) ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʙʠʦʪʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʘ ʠʣʠ 

ʫʥʠʯʪʦʞʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʝʡ ʥʘʥʦʩʠʪʩʷ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ.  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʩʧʦʣʴʟʫʶ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʦʙʦʟʥʘʯʠʤ ʝʝ ʢʘʢ Ie) ʠ ʦʪ ʪʨʘʥʟʠʪʥʦʛʦ 

ʜʥʦʫʛʣʫʙʣʝʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ie ʙʝʨʝʪʩʷ ʣʶʙʦʡ ʠʥʪʝʨʝʩʫʶʱʠʡ ʫʯʘʩʪʦʢ 

ʨʝʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʷʩʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʥʦʫʛʣʫʙʣʝʥʠʷ ʧʨʠ 
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ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʘʙʘʨʠʪʘʭ ʩʫʜʦʚʦʛʦ ʭʦʜʘ (ʊʛ). ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ  Ie ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ: 

1. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʚʦʟʜʝʡʩʪʚʠʷ (Lʚʦʟʜ)  ʢʘʢ ʩʫʤʤʘ ʜʣʠʥ 

ʧʨʦʨʝʟʠ ʠ ʧʷʪʥʘ ʤʫʪʥʦʩʪʠ:  

Lʚʦʟʜ =Lʧʨʦʨʝʟʴ + L ʤʫʪʥʦʩʪʴ (1) 

2. ʆʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʚʝʨʭ ʧʦ ʪʝʯʝʥʠʶ ʧʦ 

ʩʫʜʦʚʦʤʫ ʭʦʜʫ ʦʙʦʟʥʘʯʘʝʪʩʷ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʊʛ Ò 

ʅ, ʛʜʝ ʅ ï ʛʣʫʙʠʥʘ. 

3. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʪʦʯʢʠ ʚ ʧʨʝʜʝʣʘʭ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʚ ʢʦʪʦʨʦʡ ʊʛ > ʅ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʝ ʜʦ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʚʦʟʜʝʡʩʪʚʠʷ.  

4. ʆʪ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪʥʠʤʘʝʪʩʷ L ʤʫʪʥʦʩʪʴ. 

5. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ 2, ʪ.ʢ. ʧʦʣʦʚʠʥʘ ʫʯʘʩʪʢʘ, ʥʝ 

ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʧʝʨʝʢʘʪʫ, 

ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ; ʧʦʣʫʯʝʥʥʫʶ 

ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ Lʦʙʱ1. 

6. ʆʪ ʥʠʞʥʝʡ ʧʦ ʪʝʯʝʥʠʶ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʠʟ ʧʦ 

ʪʝʯʝʥʠʶ ʧʦ ʩʫʜʦʚʦʤʫ ʭʦʜʫ ʥʘʭʦʜʠʤ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʊʛ Ò ʅ. 

7. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʪʦʯʢʠ ʚ ʧʨʝʜʝʣʘʭ ʩʫʜʦʚʦʛʦ ʭʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʊʛ > ʅ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʝ ʜʦ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʚʦʟʜʝʡʩʪʚʠʷ.  

8. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʣʠʤ ʥʘ 2, ʪ.ʢ. ʧʦʣʦʚʠʥʘ ʫʯʘʩʪʢʘ, ʥʝ 

ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʧʝʨʝʢʘʪʫ, 

ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ; ʧʦʣʫʯʝʥʥʫʶ 

ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ Lʦʙʱ2. 

9. ʉʫʤʤʠʨʫʝʤ ʜʣʠʥʳ ʠ ʥʘʭʦʜʠʤ Lʦʙ:ɦ  

Lʦʙ ɦ= Lʦʙʱ1+ Lʦʙʱ2+ Lʚʦʟʜ  (2) 

10.ɺʳʯʠʩʣʷʝʤ ʩʪʝʧʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ: 

Ie = (Lʦʙ/ɦ Lʚʦʟʜ)Å100%  (3) 

ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʨʫʩʣʦʚʳʝ ʩʲʝʤʢʠ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʧʨʦʨʝʟʝʡ, 

ʨʘʩʩʯʠʪʳʚʘʝʤ Ie ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢʠ ʧʨʠ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 
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ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥʘʭ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ʠʟʤʝʥʠʪʩʷ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥ ʚ 

ʙʦʣʴʰʫʶ ʠ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʳ: ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʩʧʨʦʝʢʪʠʨʦʚʘʚ 

ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʧʨʦʨʝʟʠ ʜʣʷ ʥʦʚʳʭ ʛʘʙʘʨʠʪʦʚ ʠ ʚʥʦʚʴ ʨʘʩʩʯʠʪʘʪʴ Ie.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʯʝʥʴ ʚʘʞʥʦ 

ʢʦʨʨʝʢʪʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ɹʝʟʫʩʣʦʚʥʦ, ʜʘʞʝ ʧʨʠ Ie ʧʨʠʙʣʠʞʘʶʱʝʤʩʷ ʢ 100 % ʥʘ ʫʯʘʩʪʢʝ 

ʨʝʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʛʠʙʝʣʴ ʙʠʦʪʳ: ʥʝ ʚʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʪʘʣʴʥʳ, ʘ ʠʭ 

ʟʦʥʳ ʟʘʭʚʘʪʳʚʘʶʪ ʣʠʰʴ ʯʘʩʪʴ ʘʢʚʘʪʦʨʠʠ ʚʳʟʳʚʘʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʪʘʢ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘʤʠ ʙʳʣ ʚʳʜʝʣʝʥ ʫʯʘʩʪʦʢ (ʩʪʘʥʮʠʷ) ʥʘ ʣʝʚʦʙʝʨʝʞʥʳʭ ʙʝʨʝʛʦʟʘʱʠʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʫ ʉʝʚʝʨʥʦʛʦ ʦʙʲʝʟʜʥʦʛʦ ʤʦʩʪʘ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ (727-728 ʢʤ ʧʦ 

ʣʦʮʤʘʥʩʢʦʡ ʢʘʨʪʝ). ʂʦʤʧʣʝʢʩ ʩʦʦʨʫʞʝʥʠʡ (ʥʘʯʘʣʦ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 55,179769Á 

ʩ.ʰ., 82,860510Á ʚ.ʜ., ʦʢʦʥʯʘʥʠʝ 55,190608 ʩ.ʰ., 82,874086Á ʚ.ʜ.) ʚʦʟʚʝʜʝʥ ʚ 

2009 ʛʦʜʫ ʮʝʣʷʭ ʫʢʨʝʧʣʝʥʠʷ ʙʝʨʝʛʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʩʫʜʦʚʦʡ ʭʦʜ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʙʲʝʢʪʳ.  

1. ʇʝʩʯʘʥʘʷ ʥʘʩʳʧʴ (ʙʝʨʝʛʦʟʘʱʠʪʥʳʡ ʧʣʷʞ) (ʚʳʩʦʪʥʘʷ ʦʪʤʝʪʢʘ 88-92 ʤ 

ʥ.ʫ.ʤ. ɹʉ, ʰʠʨʠʥʘ ʦʢʦʣʦ 40 ʤ). 

2. ʇʣʦʩʢʘʷ ʥʘʩʳʧʴ (ʚʳʩʦʪʥʘʷ ʦʪʤʝʪʢʘ 88-92 ʤ ʥ.ʫ.ʤ. ɹʉ, ʰʠʨʠʥʘ ʦʢʦʣʦ 

110 ʤ, ʜʣʠʥʘ 350 ʤ) ʠʟ ʧʝʩʢʘ ʠ ʤʝʣʢʦʡ ʙʘʟʘʣʴʪʦʚʦʡ ʱʝʙʝʥʢʠ, ʫʣʦʞʝʥʥʦʡ ʥʘ 

ʩʣʦʡ ʛʝʦʪʝʢʩʪʠʣʷ. 

3. ʊʨʠ ʧʦʣʫʟʘʧʨʫʜʳ ʩ ʦʪʩʳʧʢʦʡ ʠʟ ʢʨʫʧʥʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʱʝʙʥʷ 

(ʚʳʩʦʪʥʘʷ ʦʪʤʝʪʢʘ 88-92 ʤ ʥ.ʫ.ʤ. ɹʉ.), ʚʳʜʘʶʱʠʝʩʷ ʚ ʨʫʩʣʦ ʥʘ 250-300 ʤ, 

ʰʠʨʠʥʘ ʢʘʞʜʦʡ ʧʦ ʛʨʝʙʥʶ ʦʢʦʣʦ 20 ʤ. 

ʅʘ ʢʘʞʜʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʫʯʠʪʳʚʘʣʠʩʴ ʙʝʥʪʦʩʥʳʝ (ʧʝʨʠʬʠʪʦʥʥʳʝ) 

ʦʨʛʘʥʠʟʤʳ, ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʨʳʙʥʘʷ ʤʦʣʦʜʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʥʘʚʠʛʘʮʠʠ ʚ 2012-2016 ʛʦʜʘʭ. ɺʦ ʚʨʝʤʷ ʦʪʙʦʨʘ ʧʨʦʙ 

ʦʧʨʝʜʝʣʷʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʫʨʦʚʝʥʴ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥʘʭ (ʩʤ. ʪʘʙʣʠʮʫ 2). 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ Ie (%) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥ 

ʋʯʘʩʪʦʢ ʚʦʜʥʳʭ ʧʫʪʝʡ ɻʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʛʣʫʙʠʥʳ, ʩʤ 

90 110 140 190 220 250 300 

1. ʋʩʪʴʝ ʨ. ɹʠʷ ï ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ 30 45* 60* 90 100 100 100 

2.ʋʩʪʴʝ ʧʦʜʭʦʜʥʦʛʦ ʢʘʥʘʣʘ ï ʫʩʪʴʝ 

ʨ. ʊʦʤʠ 

< 5 < 5 5 8 25* 30* 55 

3.ʋʩʪʴʝ ʨ. ʊʦʤʠ ï ʩ. ʉʦʩʥʠʥʦ 0 0 < 1 <1 <2 5 10* 

4. ʉ. ʉʦʩʥʠʥʦ ï ʫʩʪʴʝ ʨ. ʆʙʠ 0 0 0 0 <1 <1 <2* 

* - ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥʘʭ Ie 

ʥʘ ɺʝʨʭʥʝʡ ʠ ʉʨʝʜʥʝʡ ʆʙʠ ʫʞʝ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʣʫʙʠʥ ʩʚʳʰʝ 200 ʩʤ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘ 

ɺʝʨʭʥʝʡ ʆʙʠ ʜʦʩʪʠʛʥʝʪ ʧʦʯʪʠ 100 %. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, 

ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʪʝʭʥʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʨʝʯʥʦʛʦ ʨʫʩʣʘ ʩʣʝʜʫʝʪ 

ʠʥʪʝʨʧʝʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʥʝʛʘʪʠʚʥʳʝ. ʀʟʫʯʝʥʠʝ ʙʠʦʪʳ ʥʘ ʙʝʨʝʛʦʫʢʨʝʧʠʪʝʣʴʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʩʤ. ʪʘʙʣʠʮʫ 3). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʝ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʘ ʫ ʣʝʚʦʛʦ ʙʝʨʝʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʦʩʴ 

ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʩʢʦʨʦʩʪʷʤ ʪʝʯʝʥʠʷʤʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʞʠʤʘʤʠ.  

ʊʘʢ ʚ ʥʘʯʘʣʝ ʧʝʩʯʘʥʦʡ ʥʘʩʳʧʠ ʠ ʙʘʟʘʣʴʪʦʚʦʡ ʥʘʙʨʦʩʢʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ. ʀʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʟʜʝʩʴ ʥʝʪ, ʚʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʦʦʙʝʥʪʦʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ: 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʤʝʩʪʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʙʠʦʪʦʧʘ ʥʝ ʧʦʚʳʩʠʣʘʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ. ɺ ʨʘʡʦʥʝ ʧʦʣʫʟʘʧʨʫʜ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ï ʚʳʰʝ, ʯʝʤ ʚ ʦʩʥʦʚʥʦʤ ʨʫʩʣʝ ʥʘ 3-5Á ʉ, ʘ 

ʛʨʫʥʪ (ʢʨʫʧʥʘʷ ʛʨʘʥʠʪʥʘʷ ʥʘʙʨʦʩʢʘ) ʙʣʘʛʦʧʨʠʷʪʝʥ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʱʝʙʝʥʢʠ. ʇʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 

2400 ʵʢʟ./ʤ
2
 (ʠʣʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʙʠʦʤʘʩʩʫ ʦʢʦʣʦ 4,1 ʛ/ʤ

2
) ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʙʠʦʪʦʧʘʤʠ ʧʨʦʪʦʢ ʠ ʧʦʡʤʝʥʥʳʭ ʦʟʝʨ ʩ ʠʣʠʩʪʳʤ 
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ʛʨʫʥʪʦʤ. ʅʘ ʤʝʣʢʦʚʦʜʴʝ, ʤʝʞʜʫ ʧʦʣʫʟʘʧʨʫʜʘʤʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʤʦʣʦʜʴ ʨʳʙ. 

ʊʘʙʣʠʮʘ 3 ï ɹʠʦʪʘ ʥʘ ʙʝʨʝʛʦʫʢʨʝʧʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

 ɽʩʪʝʩʪʚʝʥʥʳʡ 

ʙʠʦʪʦʧ (ʤʝʣʢʠʡ 

ʧʝʩʦʢ, ʙʳʩʪʨʦʝ 

ʪʝʯʝʥʠʝ) 

ʇʝʩʯʘʥʘʷ 

ʥʘʩʳʧʢʘ 

(ʤʝʣʢʠʡ 

ʧʝʩʦʢ, 

ʙʳʩʪʨʦʝ 

ʪʝʯʝʥʠʝ) 

ʇʣʦʩʢʘʷ ʥʘʩʳʧʴ 

(ʤʝʣʢʘʷ 

ʙʘʟʘʣʴʪʦʚʘʷ 

ʥʘʙʨʦʩʢʘ, ʙʳʩʪʨʦʝ 

ʪʝʯʝʥʠʝ) 

ʇʦʣʫʟʘʧʨʫʜʳ 

(ʢʨʫʧʥʳʡ 

ʱʝʙʥʠʩʪʳʡ 

ʢʘʤʝʥʴ) 

ɹʝʥʪʦʩ, 

ʧʝʨʠʬʠʪʦʥ 

ʆʪʜʝʣʴʥʳʝ 

ʵʢʟʝʤʧʣʷʨʳ, 

ʙʠʦʤʘʩʩʘ ʥʝ ʚʳʰʝ 

0,022 ʛ/ʤ
2 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʣʠʯʠʥʢʠ 

ʭʠʨʦʥʦʤʠʜ) 

ʆʪʩʫʪʩʪʚʫʝʪ ʄʘʣʦʯʠʩʣʝʥʝʥ, 

ʙʠʦʤʘʩʩʘ 0,05-0,15 

ʛ/ʤ
2
 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʣʠʯʠʥʢʠ ʚʝʩʥʷʥʦʢ, 

ʧʦʜʝʥʦʢ, 

ʨʫʯʝʡʥʠʢʦʚ) 

ʆʙʠʣʝʥ, 

ʙʠʦʤʘʩʩʘ ʜʦ 4,1 

ʛ/ʤ
2
 (ʣʠʯʠʥʢʠ 

ʜʚʫʢʨʳʣʳʭ, 

ʨʫʯʝʡʥʠʢʦʚ, 

ʤʦʰʝʢ, 

ʤʦʣʣʶʩʢʦʚ) 

ɺʦʜʥʳʝ 

ʨʘʩʪʝʥʠʷ ʠ 

ʚʦʜʦʨʦʩʣʝʚʳʝ 

ʦʙʨʘʩʪʘʥʠʷ 

ʆʪʩʫʪʩʪʚʫʶʪ ʆʪʩʫʪʩʪʚʫʶʪ ʆʪʜʝʣʴʥʳʝ 

ʵʢʟʝʤʧʣʷʨʳ 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʵʢʟʝʤʧʣʷʨʳ 

ʤʘʢʨʦʬʠʪʦʚ, 

ʤʝʩʪʘʤʠ ï 

ʚʦʜʦʨʦʩʣʝʚʦʝ 

ʦʙʨʘʩʪʘʥʠʝ 

ʄʦʣʦʜʴ ʨʳʙʳ ʅʝ ʦʪʤʝʯʝʥʘ ʅʝ ʦʪʤʝʯʝʥʘ ʅʝ ʦʪʤʝʯʝʥʘ ɺʩʪʨʝʯʘʝʪʩʷ ʚ 

ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 3-5 ʠ ʙʦʣʝʝ ʣʝʪ 

ʩʦ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʦ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʦʝ ʠʤʝʣʦ ʤʝʩʪʦ ʧʨʠ ʠʭ 

ʩʦʟʜʘʥʠʠ, ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʘʩʳʧʠ ʠ 

ʧʦʣʫʟʘʧʨʫʜʳ ʘʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʠʤʝʶʱʠʝʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 

ʧʦʡʤʳ ʠ ʨʫʩʣʘ ʆʙʠ, ʟʘʯʘʩʪʫʶ, ʧʨʝʚʦʩʭʦʜʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʙʠʦʪʦʧʳ ʧʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʢʘ ʆʙʴ ʚ ʩʚʦʝʤ 

ʚʝʨʭʥʝʤ ʠ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʷʭ ʠʩʧʳʪʳʚʘʝʪ ʦʪ ʧʫʪʝʚʳʭ ʨʘʙʦʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚʦʛʦ ʭʦʜʘ.  

ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʨʫʩʣʝ ʨʝʢʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʠʯʝʤ, ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ 
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ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʠʦʪʦʧʦʚ. ʇʦʣʫʟʘʧʨʫʜʳ, ʰʧʦʨʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʫʯʘʩʪʢʘ ʨʝʢʠ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʩʦʟʜʘʥʠʶ ʘʢʚʘʪʦʨʠʡ, 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʤʦʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʪʚʘʣʳ 

ʛʨʫʥʪʘ ʠʟ ʧʨʦʨʝʟʝʡ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ, 

ʪʘʢ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʫʯʘʩʪʢʠ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʪʢʦʨʤʘ ʨʳʙʳ ʧʦʩʣʝ ʚʝʩʝʥʥʝ-

ʣʝʪʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʠ ʩʢʘʪʘ ʝʝ ʩ ʧʦʡʤʳ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʪʠʭʦʚʦʜʦʚ ʠ ʟʘʣʠʚʦʚ, 

ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʫʨʦʥ ʥʘʥʦʩʠʤʳʡ ʛʠʜʨʦʙʠʦʥʪʘʤ. ɺʳʙʦʨʫ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʭʝʤʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʨʫʩʣʘ ʜʦʣʞʝʥ 

ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʥʦʟ ʢʨʘʪʢʦ- ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʨʝʢʠ ʤʦʞʝʪ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ ʯʘʩʪʠ 

ʫʪʦʯʥʝʥʠʷ ʤʝʪʦʜʦʚ ʫʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ çʥʘʛʨʫʟʦʢè (ʧʦʜʩʯʝʪʘ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʟʘʪʨʦʥʫʪʳʭ ʫʯʘʩʪʢʦʚ, ʨʘʟʤʝʨʦʚ ʧʷʪʝʥ ʤʫʪʥʦʩʪʠ ʠ ʠʥʳʭ), ʪʘʢ ʠ ʚ ʯʘʩʪʠ 

ʩʦʟʜʘʥʠʠ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ. 
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ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠ ʨʝʩʫʨʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ 

ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʠʭ ʦʙʠʪʘʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʜʚʫʭ ʩʫʙʲʝʢʪʦʚ ʈʌ ï ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ 

ʧʨʦʚʦʜʷʪʩʷ, ʩʦʛʣʘʩʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʫʞʝ ʙʦʣʝʝ 40 ʣʝʪ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʣʪʘʡʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʅʋ çɻʦʩʨʳʙʮʝʥʪʨè. ʈʘʙʦʪʳ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʦʙʲʝʤʦʚ 

ʚʳʣʦʚʘ ʚʝʜʫʪʩʷ ʧʦ 95 ʝʜʠʥʠʮʘʤ ʟʘʧʘʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ: ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ï 68; ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ï 27 ʝʜʠʥʠʮ ʟʘʧʘʩʘ. 

ɺ ʧrʦʣʥʷʝʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʧʝʰʥʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʳʙʦʜʦʙʳʚʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʳʙʦʣʦʚʩʪʚʦ ʢʦʨʝʥʥʳʭ 

ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʥʘʨʦʜʦʚ, ʣʶʙʠʪʝʣʴʩʢʦʝ ʠ ʩʧʦʨʪʠʚʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ. ʂʨʦʤʝ 

ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪ ʧʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʮʝʥʥʳʭ ʚʠʜʦʚ ʨʳʙ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʆʮʝʥʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʳʨʴʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʠʢ ï ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʝʛʦ ʜʠʥʘʤʠʢʘ ʚ 

ʨʘʟʥʦʪʠʧʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʆ.ɸ. ɸʣʝʢʠʥʘ [1]. 
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ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ (ʟʦʦʧʣʘʥʢʪʦʥ, ʟʦʦʙʝʥʪʦʩ) ʩʦʙʠʨʘʝʪʩʷ ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʥʘ ʟʘʨʘʥʝʝ ʥʘʤʝʯʝʥʥʳʭ ʩʪʘʥʮʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ 

ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʚʠʪʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʛʣʫʙʠʥ ʠ 

ʩʪʝʧʝʥʠ ʟʘʨʘʩʪʘʥʠʷ ʤʘʢʨʦʬʠʪʘʤʠ). ʇʨʦʙʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʪʙʠʨʘʶʪʩʷ ʤʘʣʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʝʪʴʶ ɸʧʰʪʝʡʥʘ ʠʟ ʤʝʣʴʥʠʯʥʦʛʦ ʛʘʟʘ ˉ 72 ʠ ʬʠʢʩʠʨʫʶʪʩʷ 

4,0 % ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʠʥʘ. ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʘʤʝʨʝ ɹʦʛʦʨʦʚʘ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ 

ʄɹʉ-10 ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ (ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʦʦʙʝʥʪʦʩʘ ʧʨʦʙʳ 

ʛʨʫʥʪʘ ʦʪʙʠʨʘʶʪʩʷ ʜʥʦʯʝʨʧʘʪʝʣʝʤ ʇʝʪʝʨʩʝʥʘ ʩ ʧʣʦʱʘʜʴʶ ʟʘʭʚʘʪʘ 0,025 ʤ
2
, 

ʧʨʦʤʳʚʘʶʪʩʷ ʯʝʨʝʟ ʤʝʣʴʥʠʯʥʳʡ ʛʘʟ ˉ 32, ʨʘʟʙʠʨʘʶʪʩʷ ʧʦ ʚʠʜʘʤ ʠ 

ʬʠʢʩʠʨʫʶʪʩʷ 4,0 % ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʠʥʘ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʦʨʛʘʥʠʟʤʦʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʝʩʯʝʪ ʙʠʦʤʘʩʩʳ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʦʨʛʘʥʠʟʤʦʚ ʧʦʩʣʝ ʬʠʢʩʘʮʠʠ [2].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʣʢʦʨʘʟʤʝʨʥʳʭ ʥʝʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ, ʘ ʪʘʢʞʝ ʤʦʣʦʜʠ ʨʳʙ 

ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ, ʦʪʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʘʣʴʢʦʚʳʤʠ ʦʨʫʜʠʷʤʠ ʣʦʚʘ ï 

ʤʘʣʴʢʦʚʳʤ ʥʝʚʦʜʦʤ ʜʣʠʥʦʡ 20 ʤ ʩ ʷʯʝʝʡ 10 ʤʤ ʚ ʢʨʳʣʴʷʭ ʠ ʛʘʟʦʤ ˉ 32 ʚ 

ʢʫʪʢʝ. ʉʙʦʨ ʠʭʪʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʣʦʚʦʚ ʥʘʙʦʨʦʤ ʨʘʟʥʦʷʯʝʡʥʳʭ ʩʪʘʚʥʳʭ ʞʘʙʝʨʥʳʭ ʩʝʪʝʡ, ʜʣʠʥʘ ʢʘʞʜʦʡ ʩʝʪʠ 

ï 25 ʤ, ʦʙʱʘʷ ʜʣʠʥʘ ʥʘʙʦʨʘ ʩʝʪʝʡ ï 350 ʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʠ ï 12 

ʯʘʩʦʚ. ʏʘʩʪʴ ʧʦʡʤʘʥʥʦʡ ʨʳʙʳ ʧʦʜʣʝʞʠʪ ʧʦʣʥʦʤʫ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 

(ʇɹɸ), ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʟʨʘʩʪʥʳʝ, ʨʘʟʤʝʨʥʳʝ ʠ ʚʝʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʳʙ, ʘ ʪʘʢʞʝ ʧʦʣ, ʩʪʝʧʝʥʴ ʟʨʝʣʦʩʪʠ, ʞʠʨʥʦʩʪʴ ʠ ʥʘʧʦʣʥʝʥʠʝ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ [3, 4, 7].  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʤʦʜʝʣʴʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ: 

ï ʨʝʢʘ ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ (ʄʘʣʳʰʝʚʩʢʘʷ, ʅʠʞʥʷʷ ɿʘʣʦʤʥʘʷ) ʚ ʛʨʘʥʠʮʘʭ 

ʂʘʤʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ; 
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ï ʨʝʢʘ ʆʙʴ ʩ ʧʨʦʪʦʢʦʡ ʍʘʣʪʫʨʠʭʘ ʚ ʛʨʘʥʠʮʘʭ ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ; 

ï ʨʝʢʘ ɹʫʨʣʘ ʠ ʦʟʝʨʘ ɹʫʨʣʠʥʩʢʦʡ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʛʨʘʥʠʮʘʭ 

ɹʫʨʣʠʥʩʢʦʛʦ (ʇʝʩʯʘʥʦʝ) ʠ ʍʘʙʘʨʩʢʦʛʦ (ʄʘʣʦʝ ʊʦʧʦʣʴʥʦʝ) ʨʘʡʦʥʦʚ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ; 

ï ʦʟʝʨʦ ʊʝʣʝʮʢʦʝ ʚ ʛʨʘʥʠʮʘʭ ʊʫʨʦʯʘʢʩʢʦʛʦ ʠ ʋʣʘʛʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ 

ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ; 

ï ʦʟʝʨʘ ʊʘʨʭʘʪʠʥʩʢʦʝ ʠ ʂʘʨʘʢʦʣʴ-ʅʫʨ ʂʦʰ-ɸʛʘʯʩʢʦʛʦ ʨʘʡʦʥʘ 

ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʝʩʝʥʥʝ-ʥʝʨʝʩʪʦʚʳʡ ʧʝʨʠʦʜ ï 

ʠʟʫʯʘʶʪʩʷ ʩʨʦʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʨʝʩʪʦʚʳʭ ʤʠʛʨʘʮʠʡ, ʦʮʝʥʠʚʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʝʨʝʩʪʦʚʳʭ ʩʪʘʜ ʚʩʝʭ ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʝʨʝʩʪʘ, ʫʩʣʦʚʠʡ ʥʘʛʫʣʘ, ʪʝʤʧʦʚ ʨʦʩʪʘ ʤʦʣʦʜʠ ʠ ʧʦʣʦʚʦʟʨʝʣʦʡ ʯʘʩʪʠ ʩʪʘʜ 

ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʦʨ ʧʨʦʙ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʥʘ ʥʘʣʠʯʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʭ 

ʢʘʢ, ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, ʨʪʫʪʴ, ʤʳʰʴʷʢ (ʉʘʥʇʠʅ 2.3.2.1078-2001) [6], 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʟʘʨʘʞʝʥʥʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ ʵʢʪʦ- ʠ ʵʥʜʦʧʘʨʘʟʠʪʘʤʠ, 

ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʳʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʅʘʨʷʜʫ ʩ ʦʮʝʥʢʦʡ ʩʦʩʪʦʷʥʠʷ ʠʭʪʠʦʬʘʫʥʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʫʣʦʚʦʚ, 

ʧʨʦʚʦʜʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ 

ʟʘʧʘʩʦʚ ʧʨʦʤʳʩʣʦʚʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (ʨʝʯʥʦʡ ʨʘʢ, ʘʨʪʝʤʠʷ (ʥʘ ʩʪʘʜʠʠ 

ʮʠʩʪ), ʛʘʤʤʘʨʫʩ, ʭʠʨʦʥʦʤʠʜʳ, ʢʣʘʜʦʮʝʨʳ, ʢʦʧʝʧʦʜʳ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʚʦʜʥʳʭ 

ʙʠʦʨʝʩʫʨʩʦʚ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʭʦʜʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 2016 

ʛʦʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 30 ʧʦʣʝʚʳʭ ʚʳʝʟʜʦʚ ʥʘ ʤʦʜʝʣʴʥʳʝ ʚʦʜʦʝʤʳ ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, ʩʦʙʨʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ (ʪʘʙʣ. 1). 

ʇʨʦʤʳʩʣʦʚʳʝ ʫʣʦʚʳ ʨʳʙʳ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, 

ʫʯʪʝʥʥʳʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʦʡ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʯʝʪʳʨʝ ʛʦʜʘ ʢʦʣʝʙʘʣʠʩʴ ʦʪ 

527,7 (2014 ʛ.) ʜʦ 909,8 ʪ (2016 ʛ.), ʯʪʦ ʩʦʩʪʘʚʠʣʦ ʦʪ 61,1 ʜʦ 77,0 % ʦʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʤʦʚ. ʅʠʟʢʦʝ ʦʩʚʦʝʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩʦ 
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ʩʣʘʙʦʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʦʡ ʨʳʙʦʟʘʛʦʪʦʚʠʪʝʣʝʡ ï ʣʦʚ ʚʝʜʝʪʩʷ 

ʥʝʧʦʩʪʦʷʥʥʦ, ʥʘ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʝʪʥʳʭ 

ʦʨʫʜʠʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʦʤ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʫʣʦʚʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʨʳʙʦʣʦʚʩʪʚʘ ʩʥʠʟʠʣʠʩʴ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ (ʨʠʩ. 1).  

ʊʘʙʣʠʮʘ 1 ï ʆʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʩʦʙʨʘʥʥʦʛʦ ɸʣʪʘʡʩʢʠʤ ʬʠʣʠʘʣʦʤ ʌɻɹʅʋ çɻʦʩʨʳʙʮʝʥʪʨè 

ʧʦ ʧʨʦʛʥʦʟʥʦʡ ʪʝʤʝ ʟʘ ʧʦʣʝʚʦʡ ʩʝʟʦʥ 2016 ʛ. 

ʈʘʡʦʥ 

ʧʨʦʚʝʜʝï

ʥʠʷ 

ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʵʢʟ. 

ʄʘʩʩʦʚʳʝ 

ʧʨʦʤʝʨʳ, 

ʵʢʟ. 

ɻʠʜʨʦʭʠʤʠʷ, 

ʢʦʣ-ʚʦ ʧʨʦʙ 

ɻʠʜʨʦʙʠʦʣʦʛʠʷ, 

ʢʦʣ-ʚʦ ʧʨʦʙ 

ʇʘʨʘʟʠʪʦʣʦʛʠʷ, 

ʢʦʣ-ʚʦ ʧʨʦʙ 

ʕʢʦʣʦʛʠï

ʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʢʦʣ-ʚʦ ʧʨʦʙ 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 

1 953* 7600* 9 48 350 10 

2 770* 1894* 6 40 350 9 

3 
2631* 

5856* 

4762** 
9 608 470 22 

4 - - 6 310 - - 

ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ 

5 430* 1469* 4 24 60 3 

6 284* 884* 4 24   

7 670* 2824* 6 64 120 6 

8 339* 1017* 2 48 40 2 

ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʨ. ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ ʚ ʛʨʘʥʠʮʘʭ ʂʘʤʝʥʩʢʦʛʦ ʠ ʐʝʣʘʙʦʣʠʭʠʥʩʢʦʛʦ 

ʨʘʡʦʥʦʚ; 2 ï ʨ. ʆʙʴ ʩ ʧʨʦʪʦʢʦʡ ʍʘʣʪʫʨʠʭʘ ʚ ʛʨʘʥʠʮʘʭ ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ; 3 ï ʨ. ɹʫʨʣʘ 

ʩ ʦʟʝʨʘʤʠ ʚ ʛʨʘʥʠʮʘʭ ɹʫʨʣʠʥʩʢʦʛʦ ʠ ʍʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʦʚ; 4 ï ʛʠʧʝʨʛʘʣʠʥʥʳʝ ʦʟʝʨʘ 

ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʛ. ʉʣʘʚʛʦʨʦʜ; 5 ï ʨ. ɹʠʷ; 6 ï ʨ. ʂʘʪʫʥʴ; 7 ï ʦʟ. ʊʝʣʝʮʢʦʝ; 8 ï 

ʦʟʝʨʘ ʂʦʰ-ɸʛʘʯʩʢʦʛʦ ʨʘʡʦʥʘ; * ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭʪʠʦʬʘʫʥʳ; ** ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʯʥʦʛʦ 

ʨʘʢʘ 

ɺ ʧʨʦʤʳʩʣʦʚʳʭ ʫʣʦʚʘʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ (2013ï2016 ʛʛ.) ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ: ʣʝʱ (ʦʪ 220,0 ʜʦ 270,0 ʪ ʚ ʛʦʜ), ʧʣʦʪʚʘ (ʦʪ 140,0 ʜʦ 

220,0 ʪ) ʠ ʢʘʨʘʩʴ (ʦʪ 83,3 ʜʦ 325,2 ʪ). ʇʦʤʠʤʦ ʨʳʙʳ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ 

ʜʦʙʳʚʘʶʪʩʷ ʧʨʦʤʳʩʣʦʚʳʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ ʦʙʲʝʤʦʤ ʦʪ 709,7 (2014 ʛ.) ʜʦ 

1394,0 (2016 ʛ.) ʪ. ɺ ʩʨʝʜʥʝʤ ʦʩʚʦʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʟʘ ʯʝʪʳʨʝ ʛʦʜʘ 

ʩʦʩʪʘʚʠʣʦ ʧʦ ʨʳʙʝ 68,0 ʠ ʧʦ ʧʨʦʤʳʩʣʦʚʳʤ ʙʝʩʧʦʟʚʦʥʦʯʥʳʤ 69,5 %.  

ʇʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ 

ɸʣʪʘʡ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʇʨʘʚʠʣʘʤʠ ʨʳʙʦʣʦʚʩʪʚʘ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ [5]. ʈʳʙʥʳʝ ʟʘʧʘʩʳ ʣʠʰʴ ʯʘʩʪʠʯʥʦ 

ʦʩʚʘʠʚʘʶʪʩʷ ʨʳʙʦʣʦʚʘʤʠ-ʣʶʙʠʪʝʣʷʤʠ. ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʩʚʦʝʥʠʝ 

ʢʚʦʪ ʩʧʦʨʪʠʚʥʦ-ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʚ 2006 ʛ. ʩʦʩʪʘʚʠʣʦ 17 %, ʚ 2007 
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ʛ. ï 10, ʚ 2008 ʛ. ï 47, ʚ 2010 ʛ. ï 14 %. ɺ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2016 ʛʛ. ʜʘʥʥʳʝ ʧʦ 

ʦʩʚʦʝʥʠʶ ʢʚʦʪ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʠʟʢʦʝ ʦʩʚʦʝʥʠʷ ʢʚʦʪ ʜʦʙʳʯʠ ʚʦʜʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴʶ ʚʳʩʦʢʦʛʦʨʥʳʭ 

ʚʦʜʦʝʤʦʚ, ʩʣʘʙʳʤ ʫʨʦʚʥʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʫʯʝʪʘ ʚʳʣʦʚʣʝʥʥʦʡ 

ʨʳʙʳ. ʆʙʱʠʡ ʧʨʦʤʳʩʣʦʚʳʡ ʟʘʧʘʩ ʧʦ ʚʦʜʦʝʤʘʤ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ 

ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 230,0ï250,0 ʪ, ʠʟ ʢʦʪʦʨʳʭ 70,0 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʟʝʨʦ 

ʊʝʣʝʮʢʦʝ. 

 
ʈʠʩ. 1 ï ɼʠʥʘʤʠʢʘ ʧʨʦʤʳʩʣʦʚʳʭ ʫʣʦʚʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ 2016 ʛ., ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʥʦʟ 

ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʧʦ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʥʘ 

2017 ʛʦʜ. ʉʫʤʤʘʨʥʳʡ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʦʙʲʝʤ ʩʦʩʪʘʚʠʣ 3045 ʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ï 2973 ʪ ʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ ï 72 ʪ (ʪʘʙʣ. 2). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʟʘʧʘʩʦʚ ʨʳʙ ʷʚʣʷʝʪʩʷ ʥʝʫʯʪʝʥʥʦʝ ʠʟʲʷʪʠʝ ʤʥʦʛʠʭ ʠʭ ʚʠʜʦʚ 

ʦʩʦʙʝʥʥʦ ʧʦ ʩʫʜʘʢʫ, ʱʫʢʝ, ʩʘʟʘʥʫ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʠ ʪʘʡʤʝʥʷ, ʧʝʣʷʜʠ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʥʠʞʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠʡ ʚʳʣʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʝʩʫʨʩʦʚ. 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʛʥʦʟ ʚʦʟʤʦʞʥʦʛʦ ʚʳʣʦʚʘ ʨʳʙʳ ʠ ʧʨʦʤʳʩʣʦʚʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚ 

ʚʦʜʦʝʤʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʥʘ 2017 ʛ., ʪʦʥʥ 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʇʨʝʩʥʦʚʦʜʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ 
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ʦʟʝʨʘ ʨʝʢʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 
ʚʩʝʛʦ ʚ ʧʨʝʩʥʦʚʦʜʥʳʭ 

ʚʦʜʦʝʤʘʭ 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 

ɺʩʝʛʦ: 2425,0 223,0 325,0 2973,0 

ʈʳʙʘ 834,0 223,0 325,0 1382,0 

ʩʘʟʘʥ 23,0 8,0 18,0 49,0 

ʣʝʱ 0,0 105,0 129,0 234,0 

ʩʫʜʘʢ 9,0 2,0 5,0 16,0 

ʥʘʣʠʤ 0,0 2,0 5,0 7,0 

ʱʫʢʘ 12,0 10,0 12,0 34,0 

ʪʦʣʩʪʦʣʦʙʠʢ 1,0 0,0 0,0 1,0 

ʧʣʦʪʚʘ 130,0 60,0 89,0 279,0 

ʢʘʨʘʩʴ 586,0 20,0 17,0 623,0 

ʷʟʴ 10,0 5,0 7,0 22,0 

ʦʢʫʥʴ 63,0 5,0 43,0 111,0 

ʨʦʪʘʥ 0,0 6,0 0,0 6,0 

ʈʘʢʦʦʙʨʘʟʥʳʝ: 1591,0 0,0 0,0 1591,0 

ʨʘʢʠ 90,0 0,0 0,0 90,0 

ʘʨʪʝʤʠʷ(ʥʘ ʩʪʘʜʠʠ 

ʮʠʩʪ) 
1210,0 0,0 0,0 1210,0 

ʛʘʤʤʘʨʫʩ 197,0 0,0 0,0 197,0 

ʢʣʘʜʦʮʝʨʳ ʠ 

ʢʦʧʝʧʦʜʳ 
66,0 0,0 0,0 66,0 

ʭʠʨʦʥʦʤʠʜʳ 28,0 0,0 0,0 28,0 

ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ 

ɺʩʝʛʦ: 54 18 - 72 

ʈʳʙʘ 54 18 - 72 

ʭʘʨʠʫʩ 5 6 - 11 

ʪʘʡʤʝʥʴ 1 2 - 3 

ʤʠʢʠʞʘ 6 - - 6 

ʧʝʣʷʜʴ 4 - - 4 

ʩʠʛ  8 - - 8 

ʣʝʱ 1 - - 1 

ʥʘʣʠʤ 1 2 - 3 

ʱʫʢʘ 2 1 - 3 

ʢʘʨʘʩʴ 3 3 - 6 

ʦʢʫʥʴ 6 1 - 7 

ʝʣʝʮ 1 3 - 4 

ʦʩʤʘʥ 16 - - 16 

ʈʘʢʦʦʙʨʘʟʥʳʝ - - - - 

ɺʳʚʦʜʳ. ɽʞʝʛʦʜʥʦ ʧʨʦʚʦʜʠʤʳʡ ʤʦʥʠʪʦʨʠʥʛ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʥʦ ʚʦʜʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʥʝʜʦʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʨʝʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʪʨʘʩʣʠ ʨʝʛʠʦʥʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 
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ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ 

ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʠ ʨʳʙʦʚʦʜʥʳʭ ʫʯʘʩʪʢʦʚ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ 2003-2016 ʛʛ. ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʜʦʥʥʳʭ 

ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 49 ʦʟʝʨ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʌʘʫʥʘ 

ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 10 ʪʠʧʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʟʦʦʙʝʥʪʦʩʘ ʩʦʩʪʦʠʪ ʠʟ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʇʘʣʝʘʨʢʪʠʢʝ ʠ ɻʦʣʘʨʢʪʠʢʝ ʚʠʜʦʚ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʨʦʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʟʦʦʙʝʥʪʦʩʘ ʦʟʝʨ, ʚʳʜʝʣʝʥʦ 6 ʦʩʥʦʚʥʳʭ 

ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʦʙʝʥʪʦʩ, ʦʟʝʨʘ, ʧʨʠʨʦʜʥʳʝ ʟʦʥʳ, ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ 

THE COMPOSITION AND STRUCTURE OF MACROZOOBENTHOS IN LAKES 

FROM DIFFERENT NATURAL ZONES AND SUBZONES OF WEST SIBERIA  

Vdovina O.N., Bezmaternykh D.M.  

Institute for Water and Environmental Problems SB RAS, Barnaul, Russia 

e-mail: bezmater@iwep.ru 

Abstract. In 2003-2016, the composition and structure of benthic macroinvertebrate communities from 49 

lakes of different natural zones in the south of West Siberia were studied. The macroinvertebrate fauna is 

represented by 10 types of distribution; the species composition of zoobenthos consists of species widely spread in 

the Palearctic and Holarctic. The taxonomic composition, quantitative characteristics and trophic structure of 

lacustrine zoobenthos were described, and 6 major trophic groups of aquatic organisms were identified. 

Keywords: zoobenthos, lakes, natural areas, West Siberia 

ɿʦʦʙʝʥʪʦʩ ï ʩʦʦʙʱʝʩʪʚʦ ʞʠʚʦʪʥʳʭ, ʞʠʟʥʴ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʛʨʘʥʠʮʝʡ 

ʨʳʭʣʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʚʦʜʳ. ʕʪʦ ʩʦʦʙʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʟʚʝʥʦʤ ʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʆʟʝʨʘ ʷʚʣʷʶʪʩʷ ʥʘʢʘʧʣʠʚʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʣʘʥʜʰʘʬʪʘ, ʠʭ ʵʢʦʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʧʦʯʚʝʥʥʳʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʣʠʤʘʪʦʤ [1]. ɺ ʙʦʣʴʰʝʡ, 

ʯʝʤ ʚ ʜʨʫʛʠʭ ʣʠʤʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʪʝʧʝʥʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʟʘʚʠʩʠʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʠʦʮʝʥʦʟʦʚ ʤʝʣʢʦʚʦʜʥʳʭ ʦʟʝʨ. ʇʨʠʨʦʜʥʳʝ ʟʦʥʳ 

ʠ ʧʦʜʟʦʥʳ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʜʫʢʪʦʤ 

ʢʣʠʤʘʪʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʥʦʩʪʠ (ʂʫ) ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʠ ʧʦʜʟʦʥʘʭ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʂʫ ʤʝʥʷʝʪʩʷ ʦʪ 0,6 ʚ 

ʩʫʭʦʡ ʩʪʝʧʠ ʜʦ ʙʦʣʝʝ ʯʝʤ 1,2 ʚ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʝ [2]. ɺʣʠʷʥʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʟʝʨʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʜʨʫʛʠʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢ ʯʪʦ ʚʳʜʝʣʠʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʝ 

ʚʣʠʷʥʠʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ.  



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

42 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ 2003ï2016 ʛʛ. ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ [3-6] ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʦʙʱʝʩʪʚʘ ʜʦʥʥʳʭ 

ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʟʝʨ ʠ ʦʟʝʨʥʳʭ ʩʠʩʪʝʤ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʨʝʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ: ʪʘʡʛʠ, ʣʝʩʦʩʪʝʧʠ ʠ ʩʪʝʧʠ. ɺʩʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʦ 49 ʦʟʝʨ, ʦʪʦʙʨʘʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 390 ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 90 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʙ ʟʦʦʙʝʥʪʦʩʘ. ʄʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠ ʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [7]: ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʙʦʨʳ 

ʧʨʦʚʦʜʠʣʠ ʩʘʯʢʦʤ ʠʣʠ ʩʢʨʝʙʢʦʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ï ʰʪʘʥʛʦʚʳʤ 

ʜʥʦʯʝʨʧʘʪʝʣʝʤ ɻʈ 91 ʩ ʧʣʦʱʘʜʴʶ ʟʘʭʚʘʪʘ 0,007 ʤ
2
 (ʚ 2-3 ʧʦʚʪʦʨʥʦʩʪʷʭ) ʠʣʠ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʩ ʚʘʢʫʫʤʥʳʤ ʟʘʪʚʦʨʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʅʇʆ 

ʊʘʡʬʫʥ ʩ ʧʣʦʱʘʜʴʶ ʟʘʭʚʘʪʘ 0,006 ʤ
2
. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʟʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʪʨʝʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ. ʆʟʝʨʘ ʂʫʣʫʥʜʠʥʩʢʦʝ, ʇʨʝʩʥʦʝ ʠ ʃʶʩʴʢʠʥʦ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʫʭʦʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ ʩʪʝʧʠ; ʦʟʝʨʘ ʂʨʠʚʦʝ (ʙʘʩʩʝʡʥ ʨ. ʂʫʣʫʥʜʳ), ʄʦʩʪʦʚʦʝ, 

ʋʛʣʦʚʦʝ, ʄʘʣ. ɻʦʨʴʢʦʝ (ʙʘʩʩʝʡʥ ʨ. ʂʘʨʘʩʫʢ), ʊʦʧʦʣʴʥʦʝ, ʇʝʩʯʘʥʦʝ, ʍʦʨʦʰʝʝ, 

ɹʦʣ. ʊʦʧʦʣʴʥʦʝ, ʂʨʠʚʦʝ (ʙʘʩʩʝʡʥ ʨ. ɹʫʨʣ)r, ʍʦʤʫʪʠʥʦʝ, ʂʘʙʘʥʴʝ, ɸʙʫʰʢʘʥ, 

ɻʦʨʴʢʦʝ (ʇʨʠʯʘʥʦʚʩʢʘʷ ʛʨʫʧʧʘ ʦʟʝʨ), ɼʫʥʷ, ʀʣʶʡʙʘʩʦʨ, ʃʝʚʦʝ ʇʦʣʴʷʥʦʚʦ, 

ʊʠʪʦʚʦ, ʏʝʙʘʢʣʳ, ʂʨʠʚʦʝ (ʙʘʩʩʝʡʥ ʨ. ʂʘʨʘʩʫʢ) ʠ ʌʘʪʝʝʚʦ (ɼʫʰʥʦʝ) ï ʚ 

ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ; ɻʦʨʴʢʦʝ (ʙʘʩʩʝʡʥ ʨ. ʂʘʩʤʘʣ)r, ɹʦʣ. ʆʩʪʨʦʚʥʦʝ, 

ʉʪʫʜʝʥʦʝ, ʂʫʩʛʘʥ ʠ ɸʩʪʨʦʜʳʤ ï ʚ ʫʤʝʨʝʥʥʦ-ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ; 

ʄʝʣʴʥʠʯʥʦʝ, ʃʝʜʦʨʝʟʥʦʝ, ɹʘʪʦʚʦʝ, ʏʝʨʥʘʢʦʚʦ, ʃʝʥʘ, ɺʝʨʭʥʝʝ, ʅʠʞʥʝʝ, 

ʇʫʩʪʳʥʥʦʝ, ʂʦʪʣʝʥʦʢ, ʌʘʜʠʭʘ, ʐʠʨʦʢʘʷ ʂʫʨʴʷ, ɹʦʣʴʰʦʝ ʠ ʇʨʳʛʘʥʩʢʦʝ ï ʚ 

ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ; ʂʨʫʛʣʦʝ, ʄʘʣʴʮʝʚʦ, ʗʢʦʚʦ ɹʘʨʯʠʥ, ɼʘʥʠʣʦʚʦ, ʂʘʨʙʘʣʳʢ, 

ʋʨʤʘʥʥʦʝ, ʃʝʥʸʚʦ ï ʚ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʝ ʪʘʡʛʠ. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺ ʦʟʝʨʘʭ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ʚʳʷʚʣʝʥʦ 70 

ʚʠʜʦʚ ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠʟ 6 ʢʣʘʩʩʦʚ: Oligochaeta (4), Hirudinea 

(3), Bivalvia (2), Gastropoda (10), Crustacea (1) ʠ Insecta (50). ʉʨʝʜʠ ʥʘʩʝʢʦʤʳʭ 

ʥʘʠʙʦʣʴʰʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʣʠʩʴ ʜʚʫʢʨʳʣʳʝ (23 ʚʠʜʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ 16 ï ʭʠʨʦʥʦʤʠʜʳ), ʪʘʢʞʝ ʠʟ ʥʘʩʝʢʦʤʳʭ ʚʩʪʨʝʯʘʣʠʩʴ ʞʫʢʠ, ʧʦʜʝʥʢʠ, 

ʨʫʯʝʡʥʠʢʠ, ʩʪʨʝʢʦʟʳ, ʢʣʦʧʳ ʠ ʙʘʙʦʯʢʠ. ɼʦʥʥʦʝ ʥʘʩʝʣʝʥʠʝ ʦʟʝʨ ʥʦʩʠʣʦ 

ʭʠʨʦʥʦʤʠʜʥʳʡ ʭʘʨʘʢʪʝʨ (ʦʥʠ ʦʪʤʝʯʝʥʳ ʚ 75% ʧʨʦʙ). 

ɺ ʩʦʩʪʘʚʝ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ 

(ʣʝʩʦʩʪʝʧʴ ʥʘ ʧʦʜʟʦʥʳ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʨʘʟʜʝʣʷʣʠ ʚ ʚʠʜʫ 
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ʦʪʩʫʪʩʪʚʠʷ ʠʭ ʦʪʣʠʯʠʡ ʧʦ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʫ) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 87 ʚʠʜʦʚ 

ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠʟ ʰʝʩʪʠ ʢʣʘʩʩʦʚ: Oligochaeta (1), Hirudinea (4), 

Bivalvia (1), Gastropoda (7), Crustacea (1), Insecta (73). ɸʤʬʠʙʠʦʪʠʯʝʩʢʠʝ 

ʥʘʩʝʢʦʤʳʝ ʩʦʩʪʘʚʠʣʠ 84 % ʦʪ ʯʠʩʣʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʘʢʩʦʥʦʚ, ʙʦʣʴʰʘʷ ʠʭ 

ʯʘʩʪʴ (39 ʚʠʜʦʚ) ʧʨʠʥʘʜʣʝʞʘʣʘ ʢ ʦʪʨʷʜʫ ʜʚʫʢʨʳʣʳʭ, 34 ʚʠʜʘ ï ʩʪʨʝʢʦʟʳ, 

ʧʦʜʝʥʢʠ, ʢʣʦʧʳ, ʞʫʢʠ, ʙʘʙʦʯʢʠ ʠ ʨʫʯʝʡʥʠʢʠ. ʉʨʝʜʠ ʜʚʫʢʨʳʣʳʭ ʧʨʝʦʙʣʘʜʘʣʠ 

ʣʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜ (30 ʚʠʜʦʚ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜʩʝʤ. 

Chironominae (ʦʪʤʝʯʝʥʳ ʚ 92% ʧʨʦʙ). 

ɿʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʟʝʨʘʭ ʫʤʝʨʝʥʥʦ-ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʳ 

ʚʳʷʚʣʝʥʦ 59 ʚʠʜʦʚ ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠʟ 4 ʢʣʘʩʩʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʠʜʦʚ ʧʨʠʰʣʦʩʴ ʥʘ ʜʦʣʶ ʥʘʩʝʢʦʤʳʭ (49 ʚʠʜʦʚ), ʩʨʝʜʠ 

ʥʠʭ ʥʘʠʙʦʣʴʰʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʣʠʩʴ ʜʚʫʢʨʳʣʳʝ (34 ʚʠʜʦʚ, 

ʠʟ ʥʠʭ 29 ï ʭʠʨʦʥʦʤʠʜʳ), ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʣʠʩʴ ʞʫʢʠ, ʧʦʜʝʥʢʠ, ʨʫʯʝʡʥʠʢʠ, 

ʩʪʨʝʢʦʟʳ ʠ ʢʣʦʧʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚʝ ʜʦʥʥʦʡ ʬʘʫʥʳ ʦʟʝʨ ʦʪʤʝʯʝʥʳ 2 ʚʠʜʘ 

ʧʠʷʚʦʢ, 7 ʚʠʜʦʚ ʙʨʶʭʦʥʦʛʠʭ ʤʦʣʣʶʩʢʦʚ ʠ ʦʜʠʥ ʚʠʜ ʨʘʢʦʦʙʨʘʟʥʳʭ. ɼʦʥʥʦʝ 

ʥʘʩʝʣʝʥʠʝ ʦʟʝʨ ʥʦʩʠʣʦ ʭʠʨʦʥʦʤʠʜʥʳʡ ʭʘʨʘʢʪʝʨ (ʦʪʤʝʯʝʥʳ ʚ 99% ʧʨʦʙ). 

ɺ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨʘʭ ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʳ ʚʳʷʚʣʝʥ 91 ʚʠʜ 

ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠʟ 10 ʢʣʘʩʩʦʚ: ʥʝʤʘʪʦʜʳ ï 1, ʦʣʠʛʦʭʝʪʳ ï 1 

ʚʠʜ, ʧʠʷʚʢʠ ï 4, ʥʘʩʪʦʷʱʠʝ ʤʰʘʥʢʠ ï 1, ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ ï 1, 

ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ ï 7, ʨʘʢʦʦʙʨʘʟʥʳʝ ï 2, ʧʘʫʢʦʦʙʨʘʟʥʳʝ ï 1, ʥʘʩʝʢʦʤʳʝ 

ï 73. ʉʨʝʜʠ ʥʘʩʝʢʦʤʳʭ ʥʘʠʙʦʣʴʰʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʣʠʩʴ 

ʜʚʫʢʨʳʣʳʝ (41 ʚʠʜ, ʠʟ ʢʦʪʦʨʳʭ 29 ï ʭʠʨʦʥʦʤʠʜʳ), ʚʩʪʨʝʯʘʣʠʩʴ ʪʘʢʞʝ 

ʩʪʨʝʢʦʟʳ, ʧʦʜʝʥʢʠ, ʢʣʦʧʳ, ʨʫʯʝʡʥʠʢʠ, ʞʫʢʠ ʠ ʥʦʛʦʭʚʦʩʪʢʠ. ɼʦʥʥʦʝ 

ʥʘʩʝʣʝʥʠʝ ʦʟʝʨ ʪʘʢʞʝ ʥʦʩʠʣʦ ʭʠʨʦʥʦʤʠʜʥʳʡ ʭʘʨʘʢʪʝʨ (ʦʥʠ ʦʪʤʝʯʝʥʳ ʚ 89% 

ʧʨʦʙ). 

ʅʘʠʤʝʥʴʰʝʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʟʝʨ ʩʫʭʦʩʪʝʧʥʦʡ 

ʧʦʜʟʦʥʳ, ʟʜʝʩʴ ʚʳʷʚʣʝʥʦ 7 ʚʠʜʦʚ ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠʟ ʜʚʫʭ 

ʦʪʨʷʜʦʚ ʢʣʘʩʩʘ ʥʘʩʝʢʦʤʳʭ. ʆʜʠʥ ʚʠʜ ʠʟ ʦʪʨʷʜʘ ʞʫʢʦʚ ʠ 6 ʠʟ ʦʪʨʷʜʘ 

ʜʚʫʢʨʳʣʳʭ. 

ʌʘʫʥʠʩʪʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʟʦʥ ʠ ʧʦʜʟʦʥ ʚ ʮʝʣʦʤ ʥʝʚʳʩʦʢʦ. ʈʘʩʯʝʪ ʤʝʨ ʚʢʣʶʯʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʜʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʟʝʨʘ 
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ʣʝʩʦʩʪʝʧʥʦʡ, ʫʤʝʨʝʥʥʦ-ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʠ ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʟʦʥ ʠ 

ʧʦʜʟʦʥ, ʠʭ ʩʭʦʜʩʪʚʦ ʚʳʰʝ 55%. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʦʟʝʨ ʩʫʭʦʩʪʝʧʥʦʡ ʧʦʜʟʦʥʳ ʥʘ 

55% ʠ ʙʦʣʝʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʟʝʨ ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʳ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʧʦʜʟʦʥʝ. 

ʅʘʠʙʦʣʝʝ ʦʨʠʛʠʥʘʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ, ʩʭʦʜʩʪʚʦ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʟʝʨʘʤʠ ʜʨʫʛʠʭ ʟʦʥ ʠ ʧʦʜʟʦʥ ʥʝ ʧʨʝʚʳʰʘʣʦ 54%. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

ʦʪʤʝʯʝʥʦ ʚ ʦʟʝʨʘʭ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ï ʦʪ 1 ʜʦ 12 ʚʠʜʦʚ ʚ ʧʨʦʙʝ, ʚ ʩʨʝʜʥʝʤ 5. 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʟʝʨ ʩʫʭʦʩʪʝʧʥʦʡ 

ʧʦʜʟʦʥʳ, ʯʠʩʣʦ ʚʠʜʦʚ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚ ʧʨʦʙʝ ʥʝ ʧʨʝʚʳʰʘʣʦ ʪʨʝʭ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ʢ ʩʫʭʦʡ ʩʪʝʧʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʥʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʪʘʢʩʦʥʦʚ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ɺ 

ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʠ ʩʫʙʜʦʤʠʥʠʨʦʚʘʣʠ: ʩʝʤ. Chironomidae, 

Cʝratopogonidae, Tubificidae ʠ Lymnaeidae. ɺ ʣʝʩʦʩʪʝʧʠ ʜʦʤʠʥʠʨʫʶʱʠʝ ʠ 

ʩʫʙʜʦʤʠʥʠʨʫʶʱʠʝ ʪʘʢʩʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʷʪʴʶ ʛʨʫʧʧʘʤʠ: ʩʝʤ. 

Chironomidae, ʦʪʨ. Odonata, ʦʪʨ. Trichoptera, ʦʪʨ. Ephemeroptherʘ, ʦʪʨ. 

Gammaridae. ɺ ʧʦʜʟʦʥʘʭ ʟʘʩʫʰʣʠʚʦʡ ʠ ʫʤʝʨʝʥʥʦ-ʟʘʩʫʰʣʠʚʦʡ ʩʪʝʧʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʜʦʤʠʥʠʨʫʶʱʠʭ ʪʘʢʩʦʥʦʚ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʥʘ ʩʦʩʪʘʚʘ 

ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ɼʦʤʠʥʠʨʫʶʱʠʝ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʤ. 

Chironomidae ʠ ʩʝʤ. Cʝratopogonidae. ɺ ʟʦʥʝ ʩʫʭʦʡ ʩʪʝʧʠ ʜʦʤʠʥʠʨʫʶʱʠʝ 

ʪʘʢʩʦʥʳ ï ʩʝʤ. Ephydridae ʠ ʩʝʤ. Cʝratopogonidae. 

ɿʦʦʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʘʫʥʳ ʚʳʷʚʠʣ, ʯʪʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʇʘʣʝʘʨʢʪʠʢʝ ʠ ɻʦʣʘʨʢʪʠʢʝ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʚʠʜʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʇʘʣʝʘʨʢʪʠʢʠ. ʌʘʫʥʘ ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʧʠʩʳʚʘʝʪʩʷ 10 

ʪʠʧʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʆʩʥʦʚʫ ʬʘʫʥʳ ʩʦʩʪʘʚʣʷʶʪ ʪʨʘʥʩʧʘʣʝʘʨʢʪʠʯʝʩʢʠʝ 

(42%) ʚʠʜʳ ʠ ʟʘʧʘʜʥʦ-ʧʘʣʝʘʨʢʪʠʯʝʩʢʠʝ ʚʠʜʳ (30%), ʛʦʣʘʨʢʪʠʯʝʩʢʠʝ (17%) 

ʟʘʥʠʤʘʣʠ ʧʦʜʯʠʥʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʅʘ ʚʠʜʳ ʢʦʩʤʦʧʦʣʠʪʳ ʠ ʥʘ ʚʠʜʳ ʩ 

ʛʦʣʘʨʢʪʠʯʝʩʢʠ-ʦʨʠʝʥʪʘʣʴʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʨʠʭʦʜʠʣʦʩʴ ʧʦ 3%, ʜʦʣʷ 

ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʥʝ ʧʨʝʚʳʩʠʣʘ 1%. ɺ ʦʟʝʨʘʭ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʠ 

ʧʦʜʟʦʥ ʥʝ ʚʳʷʚʣʝʥʦ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ɺ ʘʥʘʣʠʟ ʥʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʦʟʝʨʘ 
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ʩʫʭʦʩʪʝʧʥʦʡ ʧʦʜʟʦʥʳ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʚʳʷʚʣʝʥʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤʠ ʜʣʷ ʚʦʜʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʩʠʩʪʝʤʘʤʠ 

ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ [8-11] ʠʟʫʯʝʥʥʳʝ ʦʟʝʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʇʘʣʝʘʨʢʪʠʢʠ.  

ʊʨʦʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. ʉ ʫʯʝʪʦʤ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʪʠʧʘ ʧʠʪʘʥʠʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨʘʭ ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʜʦʥʥʳʭ 

ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [12]): 1) ʛʨʫʥʪʦʟʘʛʣʘʪʳʚʘʪʝʣʠ; 2) 

ʩʦʙʠʨʘʪʝʣʠ-ʜʝʪʨʠʪʦʬʘʛʠ, ʬʘʢʫʣʴʪʘʪʠʚʥʳʝ ʬʠʣʴʪʨʘʪʦʨʳ (ʜʘʣʝʝ ï ʩʦʙʠʨʘʪʝʣʠ-

ʜʝʪʨʠʪʦʬʘʛʠ); 3) ʩʦʙʠʨʘʪʝʣʠ-ʦʙʣʠʛʘʪʥʳʝ ʬʠʣʴʪʨʘʪʦʨʳ; 4) ʩʦʩʢʨʝʙʘʪʝʣʠ; 5) 

ʨʘʟʤʝʣʴʯʠʪʝʣʠ; 6) ʘʢʪʠʚʥʳʝ ʭʠʱʥʠʢʠ. 

ʅʘʠʙʦʣʴʰʠʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ ʦʪʣʠʯʘʣʠʩʴ ʩʦʙʠʨʘʪʝʣʠ-ʜʝʪʨʠʪʦʬʘʛʠ, ʧʦʝʜʘʶʱʠʭ ʜʝʪʨʠʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ. ʕʪʘ ʛʨʫʧʧʘ ʚʢʣʶʯʘʣʘ 56 ʚʠʜʦʚ ʜʦʥʥʳʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʣʠʛʦʭʝʪʘʤʠ ʠʟ ʩʝʤ. Naididae, ʙʨʶʭʦʥʦʛʠʤʠ 

ʤʦʣʣʶʩʢʘʤʠ, ʣʠʯʠʥʢʘʤʠ ʜʚʫʢʨʳʣʳʭ ʠʟ ʩʝʤʝʡʩʪʚ Chironomidae ʠ 

Ceratopogonidae, ʧʦʜʝʥʢʘʤʠ ʠʟ ʩʝʤ. Caenidae ʠ ʞʫʢʘʤʠ ʠʟ ʩʝʤ. Hydrophilidae.  

ʈʘʟʥʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʠʱʥʠʢʠ ï 52 ʚʠʜʘ, 

ʧʨʝʦʙʣʘʜʘʣʠ ʧʠʷʚʢʠ, ʣʠʯʠʥʢʠ ʩʪʨʝʢʦʟ, ʞʫʢʦʚ ʠʟ ʩʝʤ. Dytiscidae, ʢʣʦʧʳ ʠʟ 

ʩʝʤʝʡʩʪʚ Gerridae, Nepidae ʠ Notonectidae. ʊʘʢ ʞʝ ʚ ʜʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʠʱʥʳʝ ʣʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚ ʠʟ ʩʝʤ. Polycentropodidae, 

ʭʠʨʦʥʦʤʠʜ ʧʦʜʩʝʤ. Tanypodinae ʠ ʨʦʜʘ Cryptochironomus, ʘ ʪʘʢʞʝ ʧʨʦʯʠʭ 

ʜʚʫʢʨʳʣʳʭ (Tabanidae ʠ Chaoboridae).  

ʈʘʟʤʝʣʴʯʠʪʝʣʠ (18 ʚʠʜʦʚ) ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʨʶʭʦʥʦʛʠʤʠ 

ʤʦʣʣʶʩʢʘʤʠ ʨ. Lymnaea, ʨʫʯʝʡʥʠʢʘʤʠ ʠʟ ʩʝʤʝʡʩʪʚ Limnephilidae ʠ 

Phryganeidae, ʞʫʢʘʤʠ ʩʝʤ. Chrysomelidae. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʵʪʦʡ ʞʝ ʢʘʪʝʛʦʨʠʠ 

ʦʪʥʝʩʝʥʳ ʭʠʨʦʥʦʤʠʜʳ ʨʦʜʦʚ Cricotopus ʠ Endochironomus, ʪʘʢʞʝ ʜʚʫʢʨʳʣʳʝ 

ʠʟ ʩʝʤ. Tipulidae. 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʩʦʩʢʨʝʙʘʪʝʣʝʡ ʚʢʣʶʯʘʣ 10 ʚʠʜʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚ Corixidae, Molannidae, Dryopidae ʠ Haliplidae. ɻʨʫʧʧʫ ʩʦʙʠʨʘʪʝʣʝʡ ï 

ʦʙʣʠʛʘʪʥʳʭ ʬʠʣʴʪʨʘʪʦʨʦʚ ʦʙʨʘʟʦʚʘʣʠ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ ʠʟ 

ʩʝʤʝʡʩʪʚʘ Sphaeriidae ʠ ʧʦʜʝʥʦʢ Siphlonuridae. ɼʚʘ ʚʠʜʘ ʜʦʥʥʳʭ 
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ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚʳʜʝʣʝʥʦ ʚ ʛʨʫʧʧʝ ʛʨʫʥʪʦʟʘʛʣʘʪʳʚʘʪʝʣʝʡ ʠʟ ʩʝʤ. 

Tubificidae. 

ʏʘʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʢ ʢ ʩʦʩʢʨʝʙʘʪʝʣʷʤ, ʪʘʢ ʠ ʢ 

ʨʘʟʤʝʣʴʯʠʪʝʣʷʤ ï ʵʪʦ ʣʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚ ʩʝʤ. Leptoceridae, ʇʦʜʦʙʥʘʷ 

ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʨʷʜʘ Lepidoptera, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʙʠʨʘʪʝʣʷʤ ï ʦʙʣʠʛʘʪʥʳʤ ʬʠʣʴʪʨʘʪʦʨʘʤ ʠ ʩʦʩʢʨʝʙʘʪʝʣʷʤ. ɸ 

ʪʘʢʞʝ Gammarus lacustris Sars., ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʙʠʨʘʪʝʣʷʤ ï 

ʛʣʦʪʘʪʝʣʷʤ ʠ ʨʘʟʤʝʣʴʯʠʪʝʣʷʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʠ ʘʥʘʣʠʟʝ, ʙʠʦʤʘʩʩʘ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʜʝʣʠʣʘʩʴ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. 

ʅʝ ʚʦʰʣʠ ʚ ʘʥʘʣʠʟ ʚʠʜʳ ʠʟ ʥʝʢʦʪʦʨʳʭ ʩʝʤʝʡʩʪʚ ʦʪʨʷʜʘ ʜʚʫʢʨʳʣʳʭ 

(Stratiomyidae, Ephydridae, Psychodidae, Limoniidae), ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʪʨʦʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʣʠʯʠʥʢʠ ʩʝʤʝʡʩʪʚ 

Dolichopodidae ʠ Scathophagidae, ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʦ 

ʚʠʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ ʩʦʩʪʘʚʠʣʠ ʥʝ ʙʦʣʝʝ 

10% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ.  

ɼʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʦʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʟʦʦʙʝʥʪʦʩʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʪʨʦʬʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʟʦʦʙʝʥʪʦʩʘ ʦʪʤʝʯʝʥʦ ʚ ʦʟʝʨʘʭ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ, ʟʜʝʩʴ ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ. ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʭʠʱʥʠʢʠ ʠ 

ʩʦʙʠʨʘʪʝʣʠ-ʜʝʪʨʠʪʦʬʘʛʠ (47% ʠ 32% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ʢ ʩʫʭʦʩʪʝʧʥʦʡ ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ 

ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩ ʰʝʩʪʠ ʜʦ ʜʚʫʭ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʙʠʨʘʪʝʣʝʡ-ʜʝʪʨʠʪʦʬʘʛʦʚ ʠ ʩʦʩʢʨʝʙʘʪʝʣʝʡ, ʫʤʝʥʴʰʘʣʦʩʴ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʭʠʱʥʠʢʦʚ, ʜʦʣʷ ʨʘʟʤʝʣʴʯʠʪʝʣʝʡ ʤʝʥʷʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ 

ʩʫʭʦʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ ʪʨʦʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʦʙʠʨʘʪʝʣʠ-ʜʝʪʨʠʪʦʬʘʛʠ (60%) ʠ ʭʠʱʥʠʢʠ (40%). 

ʇʦ ʙʠʦʤʘʩʩʝ ʚʦ ʚʩʝʭ ʟʦʥʘʭ ʠ ʧʦʜʟʦʥʘʭ ʜʦʤʠʥʠʨʦʚʘʣʘ ʛʨʫʧʧʘ 

ʩʦʙʠʨʘʪʝʣʝʡ ï ʜʝʪʨʠʪʦʬʘʛʦʚ, ʦʪ ʧʦʜʪʘʝʞʥʦʡ ʢ ʩʫʭʦʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ ʜʦʣʷ ʵʪʦʡ 

ʛʨʫʧʧʳ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 68 ʜʦ 99,5%. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʙʠʦʤʘʩʩʫ ʟʦʦʙʝʥʪʦʩʘ ʚʥʦʩʠʣʠ ʭʠʱʥʠʢʠ, ʠʭ ʦʙʠʣʠʝ ʚ ʦʟʝʨʘʭ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʠ 

ʧʦʜʟʦʥ ʠʟʤʝʥʷʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦʣʴʢʦ ʚ ʩʫʭʦʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ ʦʥʦ 
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ʩʥʠʞʘʣʦʩʴ ʜʦ 0,5%. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ʢ ʩʫʭʦʩʪʝʧʥʦʡ 

ʦʪʤʝʯʝʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ, ʘ ʟʘʪʝʤ ʠʩʯʝʟʥʦʚʝʥʠʝ ʛʨʫʧʧʳ 

ʨʘʟʤʝʣʴʯʠʪʝʣʝʡ. ɼʦʣʷ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʙʳʣʘ ʥʝʚʝʣʠʢʘ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ 

ʚ ʙʠʦʤʘʩʩʫ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʥʠ ʥʝ ʚʥʦʩʠʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʩʥʦʚʥʦʡ ʯʝʨʪʦʡ ʪʨʦʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʦʡ ʬʘʫʥʳ ʠʟʫʯʝʥʥʳʭ ʦʟʝʨ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʛʨʫʧʧʳ ʩʦʙʠʨʘʪʝʣʝʡ-ʜʝʪʨʠʪʦʬʘʛʦʚ. ʇʨʝʦʙʣʘʜʘʥʠʝ 

ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʝ ʦʪʤʝʯʝʥʦ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʘʢ ʜʣʷ 

ʦʟʝʨ [12-15], ʪʘʢ ʠ ʜʣʷ ʨʝʢ [16]. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʙʠʦʤʘʩʩʫ ʟʦʦʙʝʥʪʦʩʘ 

ʚʥʦʩʷʪ ʩʦʙʠʨʘʪʝʣʠ-ʜʝʪʨʠʪʦʬʘʛʠ ʠ ʭʠʱʥʠʢʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ 

(< 0,2 ʢʤ) ʤʝʟʦʪʨʦʬʥʳʭ ʦʟʝʨ [12]. 

ʏʠʩʣʝʥʥʦʩʪʴ (ʧʣʦʪʥʦʩʪʴ) ʠ ʙʠʦʤʘʩʩʘ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʟʝʨʘ 

ʧʦʜʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. 

ɹʠʦʤʘʩʩʘ ʢʦʣʝʙʘʣʘʩʴ ʚ ʨʘʟʥʳʭ ʦʟʝʨʘʭ ʦʪ 0 ʜʦ 11,0 ʛ/ʤ
2
, ʘ ʯʠʩʣʝʥʥʦʩʪʴ ʦʪ 0 ʜʦ 

3,62 ʪʳʩ. ʵʢʟ./ʤ
2
.  

ɺ ʣʝʩʦʩʪʝʧʠ ʙʠʦʤʘʩʩʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0,07 ʜʦ 37 ʛ/ʤ
2
, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ ʧʦ 

ʰʢʘʣʝ ʉ. ʇ. ʂʠʪʘʝʚʘ [17].  

ʂʦʣʝʙʘʥʠʷ ʙʠʦʤʘʩʩʳ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʫʤʝʨʝʥʥʦ-ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ 

ʧʦʜʟʦʥʝ ʙʳʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,7 ʜʦ 13 ʛ/ʤ
2
 ï ʦʪ ʦʯʝʥʴ ʥʠʟʢʦʛʦ ʜʦ 

ʧʦʚʳʰʝʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʧʦ ʰʢʘʣʝ [17]). ɹʠʦʤʘʩʩʘ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʫʤʝʨʝʥʥʦ-ʟʘʩʫʰʣʠʚʦ-ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0,1 

ʜʦ 8,4 ʛ/ʤ
2
; ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʪ ʦʯʝʥʴ ʥʠʟʢʦʛʦ ʜʦ 

ʧʦʚʳʰʝʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ 

ʩʦʦʙʱʝʩʪʚ ʜʦʥʥʳʭ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʟʝʨ ʟʘʩʫʰʣʠʚʦ-

ʩʪʝʧʥʦʡ ʧʦʜʟʦʥʳ. ɺ ʨʘʟʥʳʭ ʦʟʝʨʘʭ ʙʠʦʤʘʩʩʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,07ï96 

ʛ/ʤ
2
 (ʦʪ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ). 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʟʦʦʙʝʥʪʦʩʘ ʦʟʝʨ ʦʪʤʝʯʝʥʳ ʚ ʩʫʭʦʩʪʝʧʥʦʡ 

ʧʦʜʟʦʥʝ, ʚ ʨʘʟʥʳʭ ʦʟʝʨʘʭ ʙʠʦʤʘʩʩʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,1ï5,1 ʛ/ʤ
2
 

(ʥʠʟʢʠʡ ʠ ʫʤʝʨʝʥʥʳʡ ʢʣʘʩʩʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ). 

***  
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʠʭ ʧʦ ʦʟʝʨʘʤ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʠ ʧʦʜʟʦʥ ʶʛʘ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ, ʚ ʧʨʝʩʥʳʭ ʦʟʝʨʘʭ ʠʟ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ʠ ʧʦʜʟʦʥ 

ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʘʨʢʪʠʯʝʩʢʘʷ ʪʫʥʜʨʘ, ʩʝʚʝʨʥʘʷ ʪʘʡʛʘ, ʩʨʝʜʥʷʷ ʪʘʡʛʘ, 

ʶʞʥʘʷ ʪʘʡʛʘ, ʩʨʝʜʥʷʷ ʣʝʩʦʩʪʝʧʴ) ʥʝ ʦʪʤʝʯʝʥʳ ʢʘʢʠʝ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʜʦʣʴ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ [18]. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʦ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ ʦʟʝʨʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʚ ʩʪʝʧʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʘʭ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʨʘʟʚʠʪʠʷ ʜʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʷʚʣʷʣʘʩʴ ʚʳʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ [19-21], ʪʦ 

ʚ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʝ (ʪ.ʝ. ʚ ʟʦʥʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ) ʦʥʘ ʥʝ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʪʦ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʬʘʢʪʦʨ ʧʦʚʳʰʝʥʥʦʡ 

ʛʫʤʠʬʠʢʘʮʠʠ (ʧʦʚʳʰʝʥʥʦʡ ʮʚʝʪʥʦʩʪʠ ʚʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʙʦʣʘʯʠʚʘʥʠʷ). ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʠ 

ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ: ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʟʝʨ (ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʴ ʧʨʦʪʦʯʥʦʩʪʠ), ʯʪʦ 

ʥʝʠʟʙʝʞʥʦ ʧʦʚʳʩʠʣʦ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ. 
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Abstract. The paper presents the analysis of changes in indicators of chemical composition of wetlands 
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ɺʚʝʜʝʥʠʝ. ʈʘʟʚʠʪʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʩʨʝʜʥʝʤ 

ʧʨʝʚʳʰʘʝʪ 30 %. ʀʥʪʝʥʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʦʣʦʪʘ ʦʢʘʟʳʚʘʶʪ ʦʙʲʝʢʪʳ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʦʙʳʯʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, 

ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʢʘʢ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʩʠʣʴʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʦʪʨʘʙʦʪʘʥʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʙʫʨʦʚʦʛʦ ʰʣʘʤʘ. ɺʩʝ ʵʪʦ 

ʚʳʟʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ ʙʦʣʦʪ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ  ʟʝʤʝʣʴ. ʇʦʵʪʦʤʫ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ 

ʨʘʡʦʥʘʭ ʥʝʬʪʝʜʦʙʳʯʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʚ ʧʨʝʜʝʣʘʭ ʙʝʨʸʟʦʚʦʛʦ ʠ 

ʦʩʠʥʦʚʦ-ʙʝʨʸʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʋʯʘʩʪʦʢ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʘʡʦʥʝ 

ʄʘʣʦʠʯʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʄʘʣʘʷ ʀʯʘ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʊʘʨʘ). ʈʘʟʣʠʚ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʦʰʸʣ ʚ ʢʦʥʮʝ 2013 ʛʦʜʘ ʧʨʠ ʧʨʦʨʳʚʝ 

ʥʝʬʪʝʧʨʦʚʦʜʘ. ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʪʝʧʝʥʠ ʠ ʜʠʥʘʤʠʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʚ 2014-2016 ʛʛ. 
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ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʦʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (ɻʆʉʊ 31861-2012, ɻʆʉʊ 17.1.5.04-81, ɻʆʉʊ 17.1.4.01-80), 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʙʳ ʚʦʜʳ ʦʪʙʠʨʘʣʠ ʚ ʯʝʪʳʨʸʭ ʪʦʯʢʘʭ ʩ ʛʣʫʙʠʥʳ 

20 ʩʤ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʠ ʧʣʘʩʪʤʘʩʩʦʚʫʶ ʧʦʩʫʜʫ. 

ʉʨʘʟʫ ʧʦʩʣʝ ʦʪʙʦʨʘ ʧʨʦʙ ʦʧʨʝʜʝʣʷʣʠʩʴ: ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɸʥʘʣʠʟ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʜ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʤ 

ɸʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʉʠʙʅʀʀʉʍʠʊ - ʬʠʣʠʘʣ ʉʌʅʎɸ ʈɸʅ. ʉʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʝʣʠʯʠʥʦʡ ʧʣʦʪʥʦʛʦ 

ʦʩʪʘʪʢʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ (ʇʅɼ ʌ 

14.1:2:4.128-98, ʇʅɼ ʌ 14.1:2:4.5-95). 

ʇʨʠ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʝʪʦʜʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʬʦʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʫʯʘʩʪʢʘ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʥʝʬʪʴʶ ʩ ʬʦʥʦʚʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʇɼʂ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʥʘ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ɹʘʢʯʘʨ ʠ ʀʢʩʘ (ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʝ 

ʦʪʨʦʛʠ ɺʘʩʶʛʘʥʩʢʦʛʦ ʙʦʣʦʪʘ) ʫʜʘʣʝʥʥʳʡ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ʈʝʟʫʣʴʪʘʪʳ. ʇʝʨʚʳʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ 

ʥʝʬʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʥʦʷʙʨʝ 2014 ʛʦʜʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʥʳʡ ʥʝʬʪʴʶ ʫʯʘʩʪʦʢ ʩʦʩʪʘʚʠʣ 15ï20 ʤ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʦʪ ʥʝʬʪʝʧʨʦʚʦʜʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 70ï80 ʤ. ɺʜʦʣʴ ʚʩʝʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ 

ʚ ʣʝʩʥʦʤ ʤʘʩʩʠʚʝ ʠʤʝʝʪʩʷ ʧʨʦʩʝʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʭʥʠʢʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʨʳʚʘ ʥʘ 

ʫʯʘʩʪʢʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʧʝʨʝʤʝʱʘʣʩʷ ʠ ʨʘʙʦʪʘʣ ʵʢʩʢʘʚʘʪʦʨ ʠ ʛʫʩʝʥʠʯʥʘʷ 
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ʪʝʭʥʠʢʘ. ʉʦʙʨʘʥʥʘʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʥʝʬʪʴ ʙʳʣʘ ʩʣʠʪʘ ʚ ʜʚʝ ʨʷʜʦʤ 

ʩʪʦʷʱʠʝ ʸʤʢʦʩʪʠ.  

ɺʦʢʨʫʛ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʧʨʦʠʟʨʘʩʪʘʝʪ ʙʝʨʸʟʦʚʳʡ ʠ ʦʩʠʥʦʚʦ-

ʙʝʨʸʟʦʚʳʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʣʝʩ ʩ ʚʳʩʦʪʦʡ ʜʝʨʝʚʴʝʚ 15 ʤ. ʂʫʩʪʘʨʥʠʢʦʚʳʡ ʷʨʫʩ 

ʧʨʝʜʩʪʘʚʣʝʥ ʠʚʦʡ ʚʳʩʦʪʦʡ 5ʤ. ʊʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʙʦʣʦʯʝʥʥʦʤʫ ʣʝʩʫ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʨʬʘ ʜʦʩʪʠʛʘʝʪ 40 ʩʤ. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 50 %, ʥʘ ʩʝʚʝʨʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʨʝʚʝʩʥʦ-ʤʦʭʦʚʳʝ ʠ ʜʨʝʚʝʩʥʦ-ʪʨʘʚʷʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʙʦʣʦʪʘ, 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʜʨʝʚʝʩʥʳʝ ʠ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦ-

ʪʨʘʚʷʥʳʝ ʥʠʟʠʥʥʳʝ ʙʦʣʦʪʘ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ ʣʝʩʘ. 

 
ʈʠʩ. 1 ï ʋʯʘʩʪʦʢ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ ʄʘʣʦʠʯʩʢʦʤ ʥʝʬʪʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʠʶʣʴ 2015 ʛʦʜʘ) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʠ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʚ ʥʦʷʙʨʝ 2014 ʛʦʜʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʚʦʜʳ ʚ ʜʚʫʭ 

ʪʦʯʢʘʭ: ʪʦʯʢʘ 1 ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ, ʪʦʯʢʘ 

2 ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ.  

ɺʦʜʳ ʪʦʯʢʠ 1 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʦʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ɸʣʸʢʠʥʘ ʆ.ɸ.  [1] ʭʣʦʨʠʜʥʦʛʦ ʢʣʘʩʩʘ ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ 
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 ʥʝʡʪʨʘʣʴʥʳʝ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 1362,4 ʤʛ/ʣ (ʩʦʣʦʥʦʚʘʪʳʝ). ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʪʦʯʢʠ 1. 

ʄ1,3  

ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʠʦʥʦʚ ʭʣʦʨʘ ʠ 

ʥʘʪʨʠʷ ʛʦʚʦʨʠʪ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʯʘʩʪʢʘ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ 

ʞʠʜʢʦʩʪʠ ʚʢʣʶʯʘʶʱʝʡ (ʧʣʘʩʪʦʚʳʝ) ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ. ʉʦʜʝʨʞʘʥʠʝ 

Cʦʨʛ ʚ ʚʦʜʘʭ ʪʦʯʢʠ 1 ʫʯʘʩʪʢʘ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʥʝʬʪʴʶ ʩʦʩʪʘʚʣʷʝʪ 87,5 ʤʛ/ʣ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ ʠ ʤʝʜʠ (0,016 ʠ 0,0066 ʤʛ/ʣ) ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ ʞʝʣʝʟʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,81 ʠ 0,19 ʤʛ/ʣ, ʧʨʝʚʳʰʘʷ ʇɼʂ ʚʩʝʭ ʚʠʜʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʦʜʳ ʪʦʯʢʠ 2 ʥʝʡʪʨʘʣʴʥʳʝ ʭʣʦʨʠʜʥʦʛʦ ʢʣʘʩʩʘ ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʳ 

ʪʨʝʪʴʝʛʦ ʪʠʧʘ  ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 1333,5 ʤʛ/ʣ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʦʨʤʫʣʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʪʦʯʢʠ 2. 

ʄ1,3  

ʉʦʜʝʨʞʘʥʠʝ Cʦʨʛ ʚ ʚʦʜʘʭ ʪʦʯʢʠ 2 ʩʦʩʪʘʚʣʷʝʪ 78,1 ʤʛ/ʣ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ï 0,98 ʤʛ/ʣ, ʬʝʥʦʣʦʚ ï 0,00675 ʤʛ/ʣ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʠ ʨʳʙʦʭʦʟʷʡʩʪʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ (0,0052 ʤʛ/ʣ) ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ ʯʝʤ ʚ ʚʦʜʘʭ ʪʦʯʢʠ 1, ʥʦ 

ʪʘʢʞʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʀʦʥʳ ʘʤʤʦʥʠʷ ʠ 

ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʝʥʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʦʣʴʰʠʭ, ʯʝʤ ʚ ʚʦʜʘʭ ʪʦʯʢʠ 1 (3,24 ʠ 

2,05 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʪʦʯʢʠ 1 ʠ 2 ʩ 

ʬʦʥʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʦʰʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʠʦʥʥʦ-ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʙʦʣʝʝ 

ʯʝʤ ʚ 10 ʨʘʟ) ʧʦʚʳʰʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

ʅʘ ʬʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʳ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

(ʧʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʤʝʥʝʝ 100 ʤʛ/ʣ) ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʘʥʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʠʦʥʘ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʞʝʣʝʟʘ ʠ 

ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʥʝʟʘʛʨʷʟʥʸʥʥʳʭ ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 
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ɺ ʤʘʝ 2015 ʛʦʜʘ ʚʦʜʳ ʪʦʯʢʠ 2 ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 107,4 ʤʛ/ʣ. 

ʆʙʲʷʩʥʠʪʴ ʵʪʦ ʤʦʞʥʦ ʨʘʟʙʘʚʣʝʥʠʝʤ ʪʘʣʳʤʠ ʚʦʜʘʤʠ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜ. 

ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʜ ʪʦʯʢʠ 2 ï 7,4. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʩʦʩʪʘʚʣʷʝʪ 14,9 ʤʛ/ʣ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʉʦʨʛ ï 95,7 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʳʨʦʩʣʘ ʠ ʜʦʩʪʠʛʣʘ 4,6 ʤʛ/ʣ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʠʛʨʘʮʠʝʡ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʚʝʩʝʥʥʠʤʠ ʪʘʣʳʤʠ ʚʦʜʘʤʠ. ʂʘʢ ʠ ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʚ ʚʦʜʘʭ ʫʯʘʩʪʢʘ 

ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʥʝʬʪʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ 

ʞʝʣʝʟʘ (5 ʠ 0,93 ʤʛ/ʣ). 

ɺ ʠʶʣʝ 2015 ʛʦʜʘ ʚʦʜʳ ʪʦʯʢʠ 2 ʭʣʦʨʠʜʥʦʛʦ ʢʣʘʩʩʘ ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʳ 

ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 3893,8 ʤʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜ ʠʦʥʘ 

(2457 ʤʛ/ʣ) ʠ ʠʦʥʘ ʥʘʪʨʠʷ (436 ʤʛ/ʣ) ʩʦʩʪʘʚʣʷʝʪ 2457 ʠ 436 ʤʛ/ʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ 15-20 ʨʘʟ. ɺʦʜʦʨʦʜʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʚʦʜ ʪʦʯʢʠ 2 - 7 ʝʜʠʥʠʮ ʨʅ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ï 0,81 ʤʛʆ2/ʣ. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ - 185, 5 ʤʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ Cʦʨʛ ʩʦʩʪʘʚʣʷʝʪ 71,8 ʤʛ/ʣ. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʚʦʜʘʭ ʫʯʘʩʪʢʘ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʥʝʬʪʴʶ (ʪʦʯʢʘ 2) 

ʦʪʤʝʯʝʥʦ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʠʶʣʝ 2015 ʛʦʜʘ ʦʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦ (50 ʤʛ/ʣ) ʠ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʚ 166 ʨʘʟ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʧʨʦʮʝʩʩʘʤʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʤʠʛʨʘʮʠʠ 

ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂʘʢ ʠ ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʫʜʘʣʸʥʥʳʭ ʦʪ 

ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʦʜʘʭ ʪʦʯʢʠ 2 ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ï 2,8 ʤʛ/ʣ. 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʟʳʩʢʘʥʠʡ ʚ ʠʶʣʝ 2016 ʛʦʜʘ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ 

ʦʪʤʝʯʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʦʜ (ʨʠʩʫʥʦʢ 2). ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ 

ʟʘʧʦʣʥʝʥʳ ʚʦʜʦʡ ʩ ʤʦʱʥʦʡ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʦʡ. ʄʠʢʨʦʧʦʚʳʰʝʥʠʷ ʧʦʢʨʳʪʳ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʩ ʦʙʥʘʞʝʥʠʷʤʠ ʪʦʨʬʘ ʠ ʧʝʩʢʘ. ʉ ʩʝʚʝʨʘ ʠ ʩʝʚʝʨʘ-ʟʘʧʘʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʦʢ  ʚʦʜ ʩ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʙʝʨʝʟʦʚʦʛʦ ʣʝʩʘ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
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ʚʦʜ ʠ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚʦʜʥʳʝ ʧʦʪʦʢʠ, ʚʳʟʳʚʘʶʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʳ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ. ɿʘʛʨʘʜʠʪʝʣʴʥʳʝ ʙʦʥʳ, 

ʨʫʢʘʚʘ ʠ ʢʘʥʘʣʳ, ʚ ʩʣʝʜʩʪʚʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʚʦʜ, ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠ 

ʬʫʥʢʮʠʠ. ʅʝʬʪʷʥʘʷ ʧʣʝʥʢʘ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ ʥʘ ʶʛ ʠ ʧʨʦʥʠʢʘʝʪ ʚ ʦʩʠʥʦʚʦ-ʙʝʨʝʟʦʚʳʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʣʝʩ. ʈʝʟʝʨʚʫʘʨʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʙʦʨʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ, ʧʝʨʝʧʦʣʥʝʥʳ ʠ ʥʘʢʣʦʥʝʥʳ, ʯʪʦ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʚʪʦʨʠʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ. 

 ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘʨʫʰʝʥ. ʇʨʠʨʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ 2016 ʛʦʜʘ (ʚʦʟʤʦʞʥʦ ʦʯʠʱʝʥʠʝ ʠ ʥʘʩʳʱʝʥʠʝ 

ʨʘʩʪʚʦʨʸʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚʦʜ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ) ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ 

ʪʨʘʚʷʥʦʛʦ ʷʨʫʩʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʨʦʛʦʟʦʤ, ʦʩʦʢʦʡ ʩʧʠʥʦʟʘ, ʪʨʦʩʥʠʢʦʤ, 

ʯʘʩʪʫʭʦʡ (Alisma plantago-aquatica), ʚʝʡʥʠʢʦʤ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʨʘʩʪʘʝʪ 

ʚ ʩʝʚʝʨʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ. ʇʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʛʨʘʥʠʮʘʭ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 25-30 %. ʇʦ ʧʝʨʠʤʝʪʨʫ ʚʦʜʦʝʤʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʚʝʡʥʠʢ, ʦʩʦʢʘ, ʪʨʦʩʥʠʢ. 

ʇʨʦʙʳ ʚʦʜʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʪʦʯʢʝ 2, ʪʦʯʢʝ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠ 

ʙʝʨʸʟʦʚʳʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʣʝʩ. ʊʦʯʢʘ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ. ʊʦʯʢʘ ʙʝʨʸʟʦʚʳʡ 

ʟʘʙʦʣʦʯʝʥʥʳʡ ʣʝʩ ʨʘʩʧʦʣʦʞʝʥʘ ʩʝʚʝʨʥʝʝ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʨʨʠʪʦʨʠʶ ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ 

ʪʦʯʢʠ ʙʝʨʸʟʦʚʳʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʣʝʩ ʫʯʠʪʳʚʘʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ ʣʠʥʠʡ 

ʩʪʝʢʘʥʠʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜ. 

ɺʦʜʳ ʙʝʨʸʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʚʦʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ɸʣʸʢʠʥʘ ʆ.ɸ. ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ, 

ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧʳ ʪʨʝʪʴʝʛʦ ʪʠʧʘ  ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

124,6 ʤʛ/ʣ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʜ ʙʝʨʸʟʦʚʦʛʦ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ + 34 ʤɺ ʭʘʨʘʢʪʝʨʠʟʫʷ ʛʝʦʭʠʤʠʯʝʩʢʫʶ 
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ʦʙʩʪʘʥʦʚʢʫ ʢʘʢ ʧʝʨʝʭʦʜʥʫʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ, ʪ.ʝ. ʚʦʜʳ 

ʙʝʨʸʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʠʤʝʶʪ ʥʝʫʩʪʦʡʯʠʚʳʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʠ ʧʝʨʝʤʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  

ɺ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʸʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ  ʚ ʠʶʣʝ 2016 ʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʤʛʆ2/ʣ. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 32,9 ʤʛ/ʣ. ʂʘʢ ʠ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʫʜʘʣʸʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ï 4,5 ʤʛ/ʣ ʠ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ï 3,08 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʮʠʥʢʘ (0,02605 ʤʛ/ʣ) ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ 

ʦʪʤʝʯʝʥʦ ʠ ʥʘ ʬʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʂʘʜʤʠʡ, ʩʚʠʥʝʮ, ʤʝʜʴ ʦʧʨʝʜʝʣʝʥʳ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (<0,0002 ʤʛ/ʣ, 0,00188 ʤʛ/ʣ, <0,0005 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʭ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʉʦʜʝʨʞʘʥʠʝ Cʦʨʛ ʚ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ  ʩʦʩʪʘʚʣʷʝʪ  57,4 ʤʛ/ʣ, ʍʇʂ ï 117,2 ʤʛʆ/ʣ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ï 0,026 ʤʛ/ʣ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝ ʟʘʛʨʷʟʥʸʥʥʳʭ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

 
ʈʠʩ. 2 ï ʋʯʘʩʪʦʢ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ ʄʘʣʦʠʯʩʢʦʤ ʥʝʬʪʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʠʶʣʴ 2016 ʛ.) 

ɺʦʜʳ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦ ʟʥʘʯʝʥʠʶ ʚʦʜʦʨʦʜʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʥʝʡʪʨʘʣʴʥʳʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ɸʣʸʢʠʥʘ ʆ.ɸ. 
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ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʢʣʘʩʩʘ, ʢʘʣʴʮʠʝʚʦʡ ʛʨʫʧʧʳ. ʆʜʥʘʢʦ ʪʠʧ ʚʦʜ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʠʦʥʘʤʠ ʚ ʵʢʚʠʚʘʣʝʥʪʘʭ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠ ʦʜʥʦʤʫ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ɸʣʸʢʠʥʳʤ ʆ.ɸ. ʆʙʲʷʩʥʠʪʴ ʵʪʦ 

ʤʦʞʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʩʤʝʰʘʥʥʳʤʠ ʝʩʪʝʩʪʚʝʥʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɸʣʝʢʠʥʘ 

ʆ.ɸ. ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʦʪʨʘʞʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʦʥʥʦ-ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʪʦʯʢʠ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʨʝʟʦʚʦʤʫ ʟʘʙʦʣʦʯʝʥʥʦʤʫ ʣʝʩʫ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʤʘʛʥʠʷ, ʥʘʪʨʠʷ, ʘʤʤʦʥʠʷ, ʞʝʣʝʟʘ, ʩʫʣʴʬʘʪ ʠ ʥʠʪʨʘʪ ʠʦʥʦʚ 

ʠ ʙʦʣʝʝ ʥʠʟʢʦʝ ʢʘʣʴʮʠʷ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʠʦʥʘ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ - 110,5 ʤʛ/ʣ. ɹʦʣʝʝ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʯʝʤ ʚ ʠʶʣʝ 2015 ʛʦʜʘ (3893 ʤʛ/ʣ) ʤʦʞʥʦ 

ʦʙ̡ʷʩʥʠʪʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʦʜ ʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʙʘʚʣʝʥʠʷ ʚʦʜʘʤʠ, 

ʧʦʩʪʫʧʘʶʱʠʤʠ ʩ ʦʢʨʫʞʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʆʜʥʘʢʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ Feʦʙ ɦ ʠ ʠʦʥʦʚ 

ʘʤʤʦʥʠʷ (6,6 ʠ 6,3 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʜ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ -39 ʤɺ ʭʘʨʘʢʪʝʨʠʟʫʷ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ 

ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʠʣʘ 

0,1 ʤʛʆ2/ʣ. ʈʘʩʪʚʦʨʸʥʥʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʦʜʘʭ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (43, 4 ʤʛ/ʣ), ʯʪʦ ʚ 1,3 ʨʘʟʘ 

ʙʦʣʴʰʝ ʯʝʤ ʚ ʚʦʜʘʭ ʙʝʨʝʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ (32,9 ʤʛ/ʣ). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ ʚ ʚʦʜʘʭ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

0,0562 ʤʛ/ʣ ʠ ʧʨʝʚʳʰʘʝʪ ʚ 2 ʨʘʟʘ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʠ ʚ 5 ʨʘʟ ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʩʚʠʥʝʮ (0,00139 ʤʛ/ʣ), ʢʘʜʤʠʡ 

(ʤʝʥʝʝ 0,0002 ʤʛ/ʣ), ʤʝʜʴ (ʤʝʥʝʝ 0,0005 ʤʛ/ʣ) ʥʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʚʩʝʭ ʚʠʜʦʚ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʚʦʜʘʭ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 106,6 

ʤʛ/ʣ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʍʇʂ ï 222,6 ʤʛʆ/ʣ ʛʦʚʦʨʷʪ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜ 
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ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ɺ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʦʨʛ ʩʦʩʪʘʚʣʷʝʪ 57,4 ʤʛ/ʣ, ʘ ʍʇʂ ï 117,2 

ʤʛʆ/ʣ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʚʦʜʘʭ ʪʦʯʢʠ ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ. ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 2,91 ʤʛ/ʣ, ʧʨʝʚʳʰʘʷ 

ʇɼʂ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 10 ʨʘʟ, ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ï 58 ʨʘʟ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʚ 

112 ʨʘʟ. 

ɺʳʚʦʜʳ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʦʩʠʪ ʩʪʫʧʝʥʯʘʪʳʡ ʠ ʢʦʤʧʣʝʢʩʥʳʡ 

ʭʘʨʘʢʪʝʨ: ʚʳʨʫʙʢʘ ʧʨʦʩʝʢʠ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ (ʧʝʨʝʤʝʱʝʥʠʝ ʛʫʩʝʥʠʯʥʦʡ ʠ ʢʦʣʝʩʥʦʡ ʪʝʭʥʠʢʠ), ʧʦʩʣʝʜʫʶʱʠʡ 

ʨʘʟʣʠʚ ʥʝʬʪʠ, ʩʚʝʜʝʥʠʝ ʦʩʪʘʚʰʝʛʦʩʷ ʜʨʝʚʝʩʥʦʛʦ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʷʨʫʩʘ, 

ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʆʜʥʘʢʦ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠ ʛʣʫʙʦʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʈʘʟʣʠʚ ʥʝʬʪʠ ʬʦʨʤʠʨʫʝʪ ʟʦʥʫ ʩ ʥʝʛʘʪʠʚʥʳʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ, ʜʝʛʨʘʜʘʮʠʝʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ 

ʧʦʚʳʰʝʥʠʝʤ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ ʠ ʪʦʨʬʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʈʘʟʣʠʚ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʞʠʜʢʦʩʪʠ ʚʳʟʳʚʘʝʪ ʧʦʣʥʫʶ ʩʤʝʥʫ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʦʜ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʙʠʦʛʝʦʮʝʥʦʟʘ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʦʥʥʦ-ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʠʦʥʦʚ ʭʣʦʨʘ ʠ ʥʘʪʨʠʷ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1674 ʤʛ/ʣ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚ ʠʶʣʝ 2015 ʛʦʜʘ ï 3894 ʤʛ/ʣ), 

ʭʣʦʨʠʜ ʠʦʥʘ ʜʦ 977 ʤʛ/ʣ, ʠʦʥʘ ʥʘʪʨʠʷ ʜʦ 250 ʤʛ/ʣ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʚ 15 ï 20 ʨʘʟ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʝʪ ʩʦʣʝʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠ 

ʜʝʛʨʘʜʘʮʠʶ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɺ ʚʦʜʝ ʫʯʘʩʪʢʘ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʥʝʬʪʴʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ï 18,5 ʤʛ/ʣ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ - 50 ʤʛ/ʣ), ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʚ 166 ʨʘʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʯʘʩʪʢʘ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʥʝʬʪʠ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ (ʧʣʘʩʪʦʚʳʭ) ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʬʦʨʤʠʨʫʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʩ ʙʦʣʴʰʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
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, Na
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, NH4
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, Feʦʙ,ɦ CO2, ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ 

ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ɹʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʠ ʣʝʛʢʦ ʤʠʛʨʠʨʫʶʱʝʛʦ ʢʘʢ ʧʦ ʪʦʨʬʷʥʦʡ 

ʟʘʣʝʞʠ, ʪʘʢ ʠ ʧʦ ʩʦʧʨʝʜʝʣʴʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ ʭʣʦʨʠʜ ʠʦʥʘ ʦʧʨʝʜʝʣʷʶʪ 

ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʪʘʢʠʭ ʚʦʜ. ɺ ʠʶʣʝ 2016 ʛ. ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ 

ʥʘʪʨʠʷ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 52 ʨʘʟʘ, ʭʣʦʨʠʜ ʠʦʥʦʚ ʚ 105 ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʥʦʷʙʨʝ 2014 ʛʦʜʘ. ɺʳʟʚʘʥʦ ʵʪʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʦʜ, 

ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʦʯʠʱʝʥʠʷ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ. ʆʜʥʘʢʦ 

ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʠʤ, 

ʧʨʝʚʳʰʘʷ ʇɼʂ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 10 ʨʘʟ, ʇɼʂ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï 58 ʨʘʟ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʚʦʜʘʭ ʙʝʨʸʟʦʚʦʛʦ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ ʚ 112 ʨʘʟ. ʉʦʦʪʥʦʰʝʥʠʝ ʠʦʥʦʚ ʚ ʧʨʦʮʝʥʪʘʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʦʪ ʦʙʱʝʡ ʩʫʤʤʳ ʠʦʥʦʚ ʚ ʚʦʜʘʭ ʫʯʘʩʪʢʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʙʝʨʸʟʦʚʳʤ ʟʘʙʦʣʦʯʝʥʥʳʤ ʣʝʩʦʤ ʛʦʚʦʨʠʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʠʦʥʥʦ-ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
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ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʇʨʠʙʘʡʢʘʣʴʷ (ʥʘ ʧʨʠʤʝʨʝ ʧʦʩʝʣʢʦʚ ʃʠʩʪʚʷʥʢʘ, ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ ʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʛ. ʀʨʢʫʪʩʢʘ ʜʦ ʧ. ɹʦʭʘʥ). ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʧʦʯʚʳ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  
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EVALUATION OF ECOLOGICAL STATE OF NATURAL -ANTHROPOGENIC 

COMPLEXES OF BAIKAL REGION ACCORDING TO GEOCHEMICAL 

MONITORING  
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Abstract. The paper presents the study results of the current ecological-geochemical state of natural-

anthropogenic complexes of the Baikal region (by the example of Listvyanka and Bolshoe Goloustnoe villages, and 

the area within Irkutsk city and Bokhan settlement). Such natural components as surface water, snow cover, and soil 

are considered. The major sources of technogenic pollution and degradation of natural systems are specified.  

Keywords: Baikal region, natural-anthropogenic complex, ecological state. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʧʨʠʛʦʜʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʠʜʘ ʝʛʦ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʪʝʨʨʠʪʦʨʠʠ ʚʢʣʶʯʘʝʪ 

ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʦʩʪʨʦʪʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ [5]. 

ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʜ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʧʦʥʠʤʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʣʠ ʩʦʦʙʱʝʩʪʚ, 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʦʥʦʚʳʭ ʵʢʦʩʠʩʪʝʤ ʨʝʛʠʦʥʘ (ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʷʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʜʨ.). 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʜʣʷ 

ʫʥʠʢʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʦʚ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʫʩʠʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʫʨʙʘʥʠʟʘʮʠʠ, 

ʨʝʢʨʝʘʮʠʦʥʥʳʤ ʦʩʚʦʝʥʠʝʤ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʝʛʦ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʳʤ ʩʪʘʪʫʩʦʤ 

ʩʘʤʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʘʭ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʭʨʘʥʳ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʇʨʠʙʘʡʢʘʣʴʷ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʇʨʠʙʘʡʢʘʣʴʷ: ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʩʥʝʛ, ʣʸʜ ʠ ʧʦʜʣʝʜʥʘʷ ʚʦʜʘ.  

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʧʦ ɹʘʡʢʘʣʴʩʢʦʤʫ ʪʨʘʢʪʫ (ʪʝʨʨʠʪʦʨʠʷ 

ʧ. ʃʠʩʪʚʷʥʢʘ), ʧʦ ɻʦʣʦʫʩʪʥʝʥʩʢʦʤʫ ʪʨʘʢʪʫ (ʜʦ ʧ. ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ), ʧʦ 

ʜʦʣʠʥʝ ʨʝʢʠ ɻʦʣʦʫʩʪʥʦʡ ʠ ʧʦ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤʫ ʪʨʘʢʪʫ (ʜʦ ʧ. ɹʦʭʘʥ) (ʨʠʩ. 

1). ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʩʝʢʘʝʪ ʜʚʝ ʧʨʠʤʳʢʘʶʱʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ï ɹʘʡʢʘʣʴʩʢʫʶ ʨʠʬʪʦʚʫʶ ʟʦʥʫ (ʧʦʩʝʣʢʠ ʃʠʩʪʚʷʥʢʘ 

ʠ ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ) ʠ ʶʞʥʳʡ ʚʳʩʪʫʧ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ï 

ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ (ʧ. ɹʦʭʘʥ). ʕʪʠ ʜʚʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʠ ʚ ʮʝʣʦʤ 

ʣʘʥʜʰʘʬʪʥʫʶ ʩʠʪʫʘʮʠʶ ʪʝʨʨʠʪʦʨʠʠ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʨʠʪʦʨʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʣʠʯʘʝʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʚ ʧʦʩʝʣʢʝ ɹʦʭʘʥ ʦʥ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ. ɿʠʤʦʡ 

ʧʨʝʦʙʣʘʜʘʝʪ ʤʘʣʦʦʙʣʘʯʥʘʷ ʠ ʤʘʣʦʩʥʝʞʥʘʷ ʧʦʛʦʜʘ, ʩʦ ʩʣʘʙʳʤʠ ʚʝʪʨʘʤʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʥʪʠʮʠʢʣʦʥ. ʃʝʪʦ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʝ, ʜʦʞʜʣʠʚʦʝ. ɺʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʣʝʪʘ ʚʳʧʘʜʘʝʪ ʦʢʦʣʦ ʧʦʣʫʛʦʜʦʚʦʡ ʥʦʨʤʳ ʦʩʘʜʢʦʚ- 90-100 ʤʤ ʚ 

ʤʝʩʷʮ. ʖʛʦ-ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠʤʝʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪ ʬʦʥʦʚʦʛʦ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʰʠʨʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ɹʘʡʢʘʣʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʙʘʨʴʝʨʥʦʡ ʨʦʣʴʶ ʦʙʨʘʤʣʷʶʱʠʭ ʚʦʜʦʝʤ ʨʘʟʥʦʚʳʩʦʪʥʳʭ ʭʨʝʙʪʦʚ. 
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ʊʝʨʨʠʪʦʨʠʠ ʚʙʣʠʟʠ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʝʥ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʪʠʧ ʢʣʠʤʘʪʘ.  ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʦʝ ʣʝʪʦ ʠ ʪʝʧʣʫʶ ʟʠʤʫ. 

ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 300 ʜʦ 400 ʤʤ [1]. 

 
ʈʠʩ. 1 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ 

ʃʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʀʨʢʫʪʩʢʘ (ʧʦ 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤʫ ʪʨʘʢʪʫ ʜʦ ʧʦʩʝʣʢʘ ɹʦʭʘʥ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʛʦʨʥʦ-

ʧʦʜʪʘʝʞʥʳʤʠ ʩʚʝʪʣʦʭʚʦʡʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʧʣʦʩʢʠʭ ʠ ʚʦʣʥʠʩʪʳʭ ʨʘʚʥʠʥ, ʘ 

ʪʘʢʞʝ ʢ ʛʦʨʥʦ-ʪʘʝʞʥʳʤʠ ʩʚʝʪʣʦʭʚʦʡʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʧʨʝʜʛʦʨʥʦ ʛʨʷʜʦʚʳʭ 

ʠ ʭʦʣʤʠʩʪʳʭ ʧʣʘʪʦ, ʩʢʣʦʥʦʚʳʭ ʠ ʥʠʟʢʦʛʦʨʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ, ʩ ʤʝʨʟʣʦʪʥʳʤʠ 

ʬʦʨʤʘʤʠ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʚʳʨʘʞʝʥ ʦʩʠʥʦʚʦ-ʙʝʨʝʟʦʚʳʤʠ 

ʨʘʟʥʦʪʨʘʚʥʳʤʠ ʫʩʪʦʡʯʠʚʳʤʠ ʣʝʩʘʤʠ, ʩʦʩʥʦʚʳʤʠ ʠ ʣʠʩʪʚʝʥʥʠʯʥʦ-ʩʦʩʥʦʚʳʤʠ 

ʨʦʜʦʜʝʥʜʨʦʚʳʤʠ ʙʨʫʩʥʠʯʥʦ-ʪʨʘʚʷʥʳʤʠ ʣʝʩʘʤʠ ʥʘ ʚʳʨʦʚʥʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ, ʘ ʪʘʢʞʝ ʩʦʩʥʦʚʳʤʠ ʦʩʪʝʧʥʝʥʥʳʤʠ 

ʙʨʫʩʥʠʯʥʦ-ʪʨʘʚʷʥʳʤʠ ʣʝʩʘʤʠ [6]. ʇʦʩʝʣʝʥʠʷ ʃʠʩʪʚʷʥʢʘ ʠ ɹʦʣʴʰʦʝ 

ɻʦʣʦʫʩʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʇʨʠʤʦʨʩʢʦʤ ʭʨʝʙʪʝ. ʇʨʠʤʦʨʩʢʠʡ ʭʨʝʙʝʪ 

ʟʘʥʠʤʘʶʪ ʛʦʨʥʦ-ʪʘʝʞʥʳʝ, ʛʦʨʥʦ-ʪʫʥʜʨʦʚʳʝ ʠ ʛʦʨʥʦ-ʩʪʝʧʥʳʝ 

ʣʘʥʜʰʘʬʪʳ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʪʣʦʭʚʦʡʥʳʤʠ 

ʩʦʩʥʦʚʳʤʠ ʠ ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʣʝʩʘʤʠ, ʘ ʪʘʢʞʝ ʪʝʤʥʦʭʚʦʡʥʳʤʠ ʣʝʩʘʤʠ. 

ʄʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʪʝʤʥʦʭʚʦʡʥʳʭ ʣʝʩʦʚ ʠʟ 

ʢʝʜʨʘ ʠ ʧʠʭʪʳ [3]. 

ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧ. ɹʦʭʘʥ, ʦʙʣʘʜʘʶʱʝʛʦ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʪʝʩʥʦʡ 

ʩʚʷʟʠ ʩ ʵʢʦʥʦʤʠʢʦʡ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ.  ʕʢʦʥʦʤʠʯʝʩʢʦʤʫ ʧʦʜʲʝʤʫ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʟʘʣʝʞʥʳʭ ʠ ʮʝʣʠʥʥʳʭ ʟʝʤʝʣʴ. ɺ 
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ʵʪʦʪ ʚʨʝʤʷ ʚʦʟʨʦʩʣʠ ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ 

ʭʦʟʷʡʩʪʚ [2]. 

ʇʨʠʙʨʝʞʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʝʣʢʠ 

ʃʠʩʪʚʷʥʢʘ ʠ ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʟʘʩʪʨʘʠʚʘʝʪʩʷ 

ʯʘʩʪʥʳʤʠ ʜʦʤʘʤʠ, ʛʦʩʪʠʥʠʮʘʤʠ ʠ ʢʝʤʧʠʥʛʘʤʠ, ʧʨʠʦʙʨʝʪʘʷ ʯʝʨʪʳ ʪʫʨʠʩʪʢʦ-

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʍʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʣʠʙʦ ʥʝ 

ʦʯʠʱʘʶʪʩʷ, ʣʠʙʦ ʦʯʠʱʘʶʪʩʷ, ʥʦ ʥʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ ʠ ʧʦʩʪʫʧʘʶʪ ʚ 

ʦʟʝʨʦ ɹʘʡʢʘʣ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʦʙʝʨʝʞʴʝ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʷ ʀʨʢʫʪʩʢʦ-

ʏʝʨʝʤʭʦʚʩʢʦʛʦ ʠ ʖʞʥʦʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʟʣʦʚ. ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʟʘ ʩʯʝʪ ʤʝʟʦʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʜʦʣʴ ʜʦʣʠʥʳ ʨ. 

ɸʥʛʘʨʳ ʚ ʧʝʨʠʦʜʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʢʦʪʦʨʳʭ ï 29ï34 % ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ [7]. ɺ ɹʦʭʘʥʩʢʦʤ ʨʘʡʦʥʝ 

ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ʧʷʪʠ ʛʦʨʦʜʘʭ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ: ʀʨʢʫʪʩʢ, ʐʝʣʝʭʦʚ, ɸʥʛʘʨʩʢ, ʋʩʦʣʴʝ-

ʉʠʙʠʨʩʢʦʝ, ʏʝʨʝʤʭʦʚʦ. ʅʘ ʜʦʣʶ ʧʨʝʜʧʨʠʷʪʠʡ ʵʪʠʭ ʛʦʨʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ 60 % 

ʩʫʤʤʘʨʥʳʭ ʚʳʙʨʦʩʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʩʝʡ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʩʝʣʢʘʭ ʷʚʣʷʶʪʩʷ 

ʥʝʙʦʣʴʰʠʝ ʢʦʪʝʣʴʥʳʝ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ.  

ʊʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ (ʧʦʩʝʣʦʢ ɹʦʭʘʥ) ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʤʫ (ʧʦʩʝʣʢʠ 

ʃʠʩʪʚʷʥʢʘ ʠ ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʢʪʷʙʨʝ ʠ ʤʘʨʪʝ 2014-2016 ʛʦʜʘʭ 

ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʩʥʝʛʘ, ʣʴʜʘ ʠ 

ʧʦʜʣʝʜʥʦʡ ʚʦʜʳ. ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ.  

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʩʣʫʞʘʪ ʘʪʤʦʩʬʝʨʥʳʝ ʚʳʙʨʦʩʳ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ. ɺ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʷʭ ʩʦʜʝʨʞʘʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ, ʫʛʣʝʨʦʜʘ ʠ ʜʨ. 

ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʚ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʦʜʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 7,18 ʜʦ 8,24. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʪʘʙʣ. 1). ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 5,5 ʤʛ/ʜʤ
3
 

ʠ 0,4 ʤʛ/ʜʤ
3 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4].  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʦʜʚʝʨʞʝʥʘ ʟʘʤʝʪʥʳʤ 

ʩʝʟʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʢʦʨʨʝʣʠʨʫʶʱʠʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʚʦʜʳ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʣʦʨʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʩʪʳʝ 

ʤʠʥʝʨʘʣʳ (ʛʘʣʠʪ, ʩʠʣʴʚʠʥ ʠ ʜʨ.), ʧʦʯʚʳ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʩʪʦʢʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʥʘ 

ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ ʷʚʣʷʶʪʩʷ ʢʦʪʝʣʴʥʳʝ, ʚʳʭʣʦʧʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ 

ʪʘʢʞʝ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪʩʢʦ-

ʏʝʨʝʤʭʦʚʩʢʦʛʦ ʠ ʖʞʥʦʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʟʣʦʚ. ɺ ʮʝʣʦʤ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʙʘʭ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʥʠʞʝ, ʯʝʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʳ ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʝʚʳʰʝʥʠʝ 

ʇɼʂ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʙʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʦʪʦʙʨʘʥʥʳʭ ʨ. ʂʘʯʠʛ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʪʤʝʯʝʥʳ ʚ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ 

ʚʙʣʠʟʠ ʜʦʨʦʛʠ ʠ ʢʦʪʝʣʴʥʳʭ. 

ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʠʥʬʦʨʤʘʪʠʚʝʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʟʘʭʚʘʪʳʚʘʝʪ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ ʪʝʭʥʦʛʝʥʝʟʘ ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʚʳʙʨʦʩʘʤʠ.  

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦ ʤʘʨʰʨʫʪʫ ʦʪ ʛ. ʀʨʢʫʪʩʢʘ ʜʦ ʧ. ɹʦʭʘʥ, ʚ ʣʝʩʥʦʤ 

ʤʘʩʩʠʚʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʝʣʢʦʚ ʃʠʩʪʚʷʥʢʘ ʠ ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ, ʘ ʪʘʢʞʝ 

ʥʘ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʘʢʚʘʪʦʨʠʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʳ: ʩʥʝʛ ʥʘ ʣʴʜʫ ï ʣʝʜ ï ʧʦʜʣʝʜʥʘʷ ʚʦʜʘ. ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 5,58 ï 6,72, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 

ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʚʳʭʣʦʧʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɺ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʩʥʝʛʘ, ʣʴʜʘ ʠ ʧʦʜʣʝʜʥʦʡ ʚʦʜʳ ʦʪʤʝʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ 
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ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ˉ 

ʪʦʯʢʠ ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙʳ t ʨʅ Cl
-
, ʤʛ/ʜʤ

3
 

HCO3
-
, 

ʤʛ/ʜʤ
3
 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʤʛ/ʜʤ
3
 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʪʨʘʢʪ: ʀʨʢʫʪʩʢ-ɹʦʭʘʥ 

ɹ16 ʀʩʪʦʯʥʠʢ 6,0 8,24 15,00 20,74 0,005 

ɹ5 ʨ. ɹʦʣʝʡ 5,0 7,5 22,72 25,62 0,007 

ɹ6 ʨ. ʀʨʝʡ 6,0 8,09 0,36 2,44 0,500 

ɹ8 ʨ. ʆʣʦʥʢʘ 3,0 7,54 1,77 2,44 0,022 

ɹ9 ʨ. ʂʘʯʠʛ 5,0 7,70 1,78 31,72 0,122 

ɹ14 ʨ. ʊʘʨʘʩʘ 3,0 7,74 1,42 85,40 0,006 

ɹ12 ʨ. ʀʜʘ 5,5 7,81 2,13 18,91 0,008 

ʧ. ʃʠʩʪʚʷʥʢʘ 

010ɹ ʧ. ʂʘʤʝʥʫʰʢʘ, ʘʢʚ. ɹʘʡʢʘʣʘ  8,0 7,30 1,42 28,67 0,090 

010ʨ ʨ. ʂʘʤʝʥʫʰʢʘ 3,0 7,47 1,42 29,89 0,012 

17 ʨ. ʉʝʥʥʫʰʢʘ, ʟʘ ʧʦʩʪʨʦʡʢʘʤʠ 10,0 7,69 1,42 1,22 0,015 

18 ʨ. ʉʝʥʥʫʰʢʘ 3,0 7,54 54,69 1,83 - 

18ɹ ʧ. ʉʝʥʥʫʰʢʘ, ʘʢʚ. ɹʘʡʢʘʣʘ 9,0 7,16 1,78 25,62 0,006 

15 ʨ. ɹʘʥʥʳʡ  3,5 7,82 0,71 6,71 0,114 

16ɹ ʧ. ɹʘʥʥʘʷ, ʘʢʚ. ɹʘʡʢʘʣʘ 11,0 7,42 1,07 9,76 0,005 

12 ʨ. ʂʨʝʩʪʦʚʢʘ 3,5 7,75 1,78 2,44 - 

41ɹ ʨ. ʂʨʝʩʪʦʚʢʘ, ʘʢʚ. ɹʘʡʢʘʣʘ 10,5 7,20 0,71 3,05 0,021 

9ʨ ʨ. ʄ. ʏʝʨʝʤʰʘʥʢʘ 4,0 7,45 4,26 59,78 0,143 

52 ʨ. ʄ. ʏʝʨʝʤʰʘʥʢʘ 3,2 7,18 4,26 12,20 - 

10 ʧ. ʄ. ʏʝʨʝʤʰʘʥʢʘ, ʘʢʚ. ɹʘʡʢʘʣʘ 10,0 7,69 1,78 40,87 0,009 

6 ʨ. ɹ. ʏʝʨʝʤʰʘʥʢʘ, ʟʘ ʧʦʩʪʨʦʡʢʘʤʠ 3,5 7,75 0,25 24,40 0,024 

ʧ. ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ 

ɻ33 ʈʫʩʣʦ ʨ. ɻʦʣʦʫʩʪʥʦʡ 2,0 7,56 3,50 40,26 0,002 

ɻ32 ʈʫʩʣʦ ʨ. ɻʦʣʦʫʩʪʥʦʡ 5,0 8,00 2,49 159,82 - 

ɻ19 ʈʫʩʣʦ ʨ. ɻʦʣʦʫʩʪʥʦʡ 4,0 7,91 2,80 132,98 0,017 

ɻ16 ʈʫʩʣʦ ʨ. ɻʦʣʦʫʩʪʥʦʡ 3,0 7,79 3,50 134,20 0,005 

ɻ21 ʈʫʩʣʦ ʨ. ɻʦʣʦʫʩʪʥʦʡ 4,0 7,99 1,42 146,40 0,032 

ɻ10 ʈʫʩʣʦ ʨ. ɻʦʣʦʫʩʪʥʦʡ 1,0 7,98 2,49 128,10 0,004 

ɻ17 ʨ. ʋʨʫʥʪʠʥ 4,0 7,96 2,80 173,24 0,003 

ɻ15 ʨ. ʂʦʩʴʤʘ-ɼʝʨʝʚʝʥʩʢʠʡ 4,0 7,93 2,80 146,40 0,023 

ɻ11 ʧ. ʄʘʣʦʝ ɻʦʣʦʫʩʪʥʦʝ 1,5 7,46 17,60 32,94 0,010 

ɻ12 ʧ. ʄʘʣʦʝ ɻʦʣʦʫʩʪʥʦʝ 4,0 7,63 4,90 48,80 0,028 

ɻ27 ʨ. ʇʨʘʚʳʡ ʈʦʛʦʚʠʢ 6,0 7,84 2,49 86,14 0,008 

ɻ29 ʨ. ɽʣʦʚʢʘ 6,0 7,93 2,49 156,16 0,029 

ɻ18 ʨ. ʉʫʭʦʡ 5,0 7,59 4,90 61,00 0,003 

ʇʨʠʤʝʯʘʥʠʝ: ç-è ï ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʷʚʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 
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ʤʠʥʝʨʘʣʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʘʪʦʚ ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʚʦʟʜʫʰʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʊʕʎ, ʢʦʪʝʣʴʥʳʭ (ʨʠʩ. 2)  

 
ʈʠʩ. 2 ï ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʧʦʜʣʝʜʥʦʡ ʚʦʜʝ, ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʠ 

ʣʴʜʝ, ʤʛ/ʜʤ
3
 

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʥʝʞʥʦʤ 

ʧʦʢʨʦʚʝ, ʫʨʦʚʥʠ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʜʣʷ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʝʜʝʣʴʥʦ-

ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (0,05 ʤʛ/ʜʤ
3
). ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʪʘʢʞʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ. ɺ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ (ʤʘʨʪ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʪʘʷʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʚ ʢʦʪʦʨʦʤ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ, ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ.   

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ: ʦʪʯʫʞʜʝʥʠʝ ʟʝʤʝʣʴ ʧʦʜ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʇʨʠʦʨʠʪʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ɹʦʭʘʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ʦʢʘʟʳʚʘʝʪ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʇʦʜ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʦ ʦʩʚʦʝʥʦ 40 % 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ. ʇʦ ʩʚʝʜʝʥʠʷʤ ɹʦʭʘʥʩʢʦʛʦ ʨʘʡʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʢʦʣʦ 30 % ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ʨʘʡʦʥʘ 

ʧʦʜʚʝʨʞʝʥʦ ʚʝʪʨʦʚʦʡ ʠ ʚʦʜʥʦʡ ʵʨʦʟʠʠ. ʇʘʩʪʴʙʘ ʩʢʦʪʘ ʚʝʜʝʪ ʢ ʫʥʠʯʪʦʞʝʥʠʶ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʩʤʳʚʘ ʧʦʯʚʝʥʥʦʛʦ 
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ʧʦʢʨʦʚʘ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʦʩʝʣʝʥʠʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ 

ʠʩʧʳʪʳʚʘʝʪ ʩʠʣʴʥʦʝ ʨʝʢʨʝʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʫʩʠʣʠʚʰʝʝʩʷ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʨʘʟʨʫʰʝʥʠʝ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ, ʦʥ ʦʙʝʟʦʙʨʘʞʝʥ ʤʥʦʞʝʩʪʚʦʤ ʷʤ, ʢʘʥʘʚ, 

ʙʫʛʨʦʚ ʠ ʨʳʪʚʠʥ. 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʝʨʞʝʥʳ 

ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʢʦʨʦʩʪʴ, ʪʝʤʧʳ ʠ ʨʝʟʫʣʴʪʘʪ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʠʨʦʜʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʦʩʝʣʝʥʠʷʭ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ, ʪʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʤʝʣʢʠʝ ʢʦʪʝʣʴʥʳʝ ʠ ʧʝʯʥʦʝ ʦʪʦʧʣʝʥʠʝ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʚʳʙʨʦʩʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʇʦʣʣʶʪʘʥʪʳ ʧʨʠʚʥʦʩʷʪʩʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʩ ʀʨʢʫʪʩʢʦ-ʏʝʨʝʤʭʦʚʩʢʦʛʦ ʠ ʖʞʥʦʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʟʣʦʚ. 
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ʊʫʚʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʆ ʈɸʅ, ʛ. ʂʳʟʳʣ, ʈʦʩʩʠʷ 
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ɸʥʥʦʪʘʮʠʷ. ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʊʫʚʳ. ʈʠʩʢʠ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʠʨʘʚʥʝʥʥʳʝ ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ, ʬʠʢʩʠʨʫʶʪʩʷ 

ɸʛʝʥʪʩʪʚʦʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ 

ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʩʧʘʩʝʥʠʷ ʥʘ ʚʦʜʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ (ɸʛʝʥʪʩʪʚʦ ɻʆ ʠ ʏʉ 

ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ). ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʷʚʣʝʥʠʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ 

ʧʘʚʦʜʢʠ, ʫʨʘʛʘʥʥʳʝ ʚʝʪʨʳ, ʧʨʠʨʦʜʥʳʡ ʦʯʘʛ ʯʫʤʳ. 

NATURAL ENVIRONMENTAL RISKS ON THE TERRITORY OF TYVA  

Kal'naya O.I, Ayunova O.D. 

Tyva Institute for Exploration of Natural Resources SB RAS, Kyzyl, Russia 

e-mail: kalnaja@mail.ru 

Abstract. The paper deals with natural environmental risks occurred on the territory of Tyva. Risks of 

natural character equated with the emergencies are recorded by the Agency for providing activities in the civil 

defense, protection of population and territories from emergency situations on the territory of the Republic of Tyva 

(Agency of civil defense and emergency situations of the Republic of Tuva). Besides, natural environmental risks 

are the subject of research providing data on the long-term observations and statistical data about phenomena.  

Keywords: natural environmental risks, seismic events, devastating floods, hurricane winds, natural plague 

focus 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ï ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʷʚʣʝʥʠʡ ʠʣʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʠʣʠ ʦʪʜʘʣʸʥʥʳʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʀʩʭʦʜʷ ʠʟ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʚʳʜʝʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʤʝʶʱʠʭʩʷ ʥʘʫʯʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʩʦʙʳʪʠʷʭ, ʢʘʪʘʩʪʨʦʬʘʭ, ʠʤʝʶʱʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ.   

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʫʚʘ ʩʫʱʝʩʪʚʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʊʫʚʳ.  
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʈʝʩʧʫʙʣʠʢʘ ʊʫʚʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʖʞʥʦʡ 

ʉʠʙʠʨʠ, ʚ ʮʝʥʪʨʝ ɸʟʠʘʪʩʢʦʛʦ ʤʘʪʝʨʠʢʘ, ʠ ʛʨʘʥʠʯʠʪ ʥʘ ʟʘʧʘʜʝ ʩ ʈʝʩʧʫʙʣʠʢʦʡ 

ɸʣʪʘʡ, ʥʘ ʩʝʚʝʨʝ ï ʩ ʍʘʢʘʩʠʝʡ, ʂʨʘʩʥʦʷʨʩʢʠʤ ʢʨʘʝʤ, ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʴʶ, ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ï ʩ ʈʝʩʧʫʙʣʠʢʦʡ ɹʫʨʷʪʠʷ. ʉʘʤʘʷ ʧʨʦʪʷʞʸʥʥʘʷ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ 

ʠ ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʊʫʚʳ ʩ ʄʦʥʛʦʣʠʝʡ ʷʚʣʷʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʝʡ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʨʠʩ. 1).  

 
ʈʠʩ. 1 ï ʆʙʟʦʨʥʘʷ ʢʘʨʪʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ 

ʇʣʦʱʘʜʴ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 168 604 ʢʤ
2
, ʥʘʩʝʣʝʥʠʝ (ʧʦ ʜʘʥʥʳʤ ʥʘ 

2016 ʛ.) ï 315 637 ʯʝʣʦʚʝʢ. ʉʪʦʣʠʮʘ ʊʫʚʳ ï ʛ. ʂʳʟʳʣ. ɺ ʊʫʚʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʛʦʨʥʳʝ ʤʘʩʩʠʚʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 80 % ʪʝʨʨʠʪʦʨʠʠ, ʠ ʣʠʰʴ 

ʦʩʪʘʚʰʘʷʩʷ ʝʸ ʯʘʩʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʤʝʞʛʦʨʥʳʤ ʢʦʪʣʦʚʠʥʘʤ. ʂʣʠʤʘʪ 

ʨʝʩʧʫʙʣʠʢʠ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʛʦʜʦʚʦʡ ʠ ʩʫʪʦʯʥʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ. ʉʨʝʜʥʷʷ 

ʤʥʦʛʦʣʝʪʥʷʷ ʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʷʥʚʘʨʝ-ʬʝʚʨʘʣʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -

25 ʜʦ -35Á. ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 2011 ʛʦʜʫ ʩʦʩʪʘʚʠʣ -58Á. 

ʉʨʝʜʥʷʷ ʠʶʣʴʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʪʣʦʚʠʥʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ +20Á, ʚ ʛʦʨʘʭ 

ʚʳʰʝ 1000 ʤ ï ʦʢʦʣʦ +12Á. ɸʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 

ʂʳʟʳʣʝ ʚ 2011 ʛ. ʜʦʩʪʠʛ +43Á. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 

150-300 ʤʤ ʚ ʢʦʪʣʦʚʠʥʘʭ, ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʜʦʩʪʠʛʘʝʪ 1000 ʤʤ [1].  

ɺʩʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʯʨʝʟʚʳʯʘʡʥʳʝ 

ʩʠʪʫʘʮʠʠ)  ʬʠʢʩʠʨʫʶʪʩʷ ɸʛʝʥʪʩʪʚʦʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%B3%D0%BE%D0%BB%D0%B8%D1%8F
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ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʠ ʩʧʘʩʝʥʠʷ ʥʘ ʚʦʜʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ (ɸʛʝʥʪʩʪʚʦ 

ɻʆ ʠ ʏʉ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ), ʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪʩʷ ʚ ʝʞʝʛʦʜʥʳʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʈʝʩʧʫʙʣʠʢʠ 

ʊʳʚʘ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʫʚʳ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ 

ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʷʚʣʝʥʠʷʭ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʈʘʩʩʤʦʪʨʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʫʚʳ.  

1. ʉʝʡʩʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʊʫʚʘ ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠ ʦʧʘʩʥʳʤ 

ʨʝʛʠʦʥʦʤ. ʊʝʨʨʠʪʦʨʠʷ ʨʝʩʧʫʙʣʠʢʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ɹʘʡʢʘʣʦ-ʄʦʥʛʦʣʦ-ɸʣʪʘʡʩʢʦʛʦ ʪʨʘʥʩʘʟʠʘʪʩʢʦʛʦ 

ʩʝʡʩʤʦʘʢʪʠʚʥʦʛʦ ʧʦʷʩʘ. ɺʳʩʦʢʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʚʷʟʘʥʘ ʩ 

ʛʣʫʙʠʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʦʡ ʚ ʟʦʥʝ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʖʞʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʜʠʘʧʠʨʘ. ʊʨʝʪʴ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʠʩʰʝʜʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ 

ʊʫʚʝ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ʂʘʨʪʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʊʫʚʝ ʟʘ ʧʝʨʠʦʜ 2010-2015 ʛʛ.  

ʆʯʘʛʠ ʢʨʫʧʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 
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ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ ʠ 

ʙʣʠʟʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʎʝʥʪʨʝ ʤʦʥʠʪʦʨʠʥʛʘ ʵʥʜʦʛʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʦʙʳʪʠʡ (ʎʄʕʀ ʏʉ) ʧʨʠ ʊʫʚʠʥʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʊʫʚʀʂʆʇʈ ʉʆ ʈɸʅ) ʩ   2010 ʛ. ɿʘ ʧʝʨʠʦʜ 2010-

2015 ʛʛ. ʚ ʊʫʚʝ ʧʨʦʠʟʦʰʣʦ 3059 ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʣʳʭ, ʩ 

ʤʘʛʥʠʪʫʜʦʡ ʄ<4=1694. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ (27.12.2011 ʛ. ʠ 28.02.2012 ʛ.) ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʧʨʦʠʟʦʰʣʦ 2 ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʊʫʚʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, 

ʂʘʘ-ʍʝʤʩʢʠʡ ʛʣʫʙʠʥʥʳʡ ʨʘʟʣʦʤ) ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ(s) 6,6 ʠ ʄ(s) 6,5 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2) [4]. ʋʱʝʨʙ ʦʪ ʧʦʩʣʝʜʩʪʚʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 2 ʤʣʨʜ. ʨʫʙʣʝʡ. 

2. ʈʘʟʨʫʰʠʪʝʣʴʥʳʝ ʧʘʚʦʜʢʠ ʠ ʥʘʚʦʜʥʝʥʠʷ. ɺ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʷ ʊʫʚʳ ʦʭʚʘʪʳʚʘʝʪ ʙʘʩʩʝʡʥʳ ʄʘʣʦʛʦ ɽʥʠʩʝʷ, ɹʦʣʴʰʦʛʦ 

ɽʥʠʩʝʷ ʠ ɺʝʨʭʥʝʛʦ ɽʥʠʩʝʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʙʘʩʩʝʡʥ ʨ. ʍʝʤʯʠʢ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ 

ʚʦʜʦʪʦʢʦʚ, ʩʪʝʢʘʶʱʠʭ ʩ ʶʞʥʳʭ ʩʢʣʦʥʦʚ ʭʨʝʙʪʘ ʊʘʥʥʫ-ʆʣʘ ʠ ʥʘʛʦʨʴʷ 

ʉʘʥʛʠʣʝʥ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʠʩʪʝʤʝ ʂʦʪʣʦʚʠʥʳ ɹʦʣʴʰʠʭ ʆʟʝʨ, ʪʝʨʨʠʪʦʨʠʷ 

ʄʅʈ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ, ʙʘʩʩʝʡʥʳ ʦʩʥʦʚʥʳʭ ʨʝʢ 

ʈʝʯʥʘʷ ʩʝʪʴ ʚ ʨʝʩʧʫʙʣʠʢʝ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ. ɺʩʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 15 329 ʨʝʢ ʠ ʨʫʯʴʝʚ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 72 247 ʢʤ. ɺʩʝ 

ʨʝʢʠ ʠʤʝʶʪ ʛʦʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʭ ʦʩʥʦʚʥʦʡ ʩʪʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʝʩʝʥʥʝ-
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ʣʝʪʥʝʛʦ ʪʘʷʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ, ʯʘʩʪʦ ʚʳʟʳʚʘʶʱʠʭ 

ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʧʘʚʦʜʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʝʞʝʛʦʜʥʦ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʦʧʣʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʞʠʣʳʭ ʧʦʩʝʣʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ɹʦʣʴʰʦʤ ɽʥʠʩʝʝ, ʄʘʣʦʤ ɽʥʠʩʝʝ, ʍʝʤʯʠʢʝ (ʩʸʣʘ ʉʳʩʪʳʛ-

ʍʝʤ, ʉʘʨʳʛ-ʉʝʧ, ʆʪʪʫʛ-ɼʘʰ, ʀʡʠ-ʊʘʣ, ʂʘʨʘ-ʍʦʣʴ, ɸʣʜʘʥ-ʄʘʘʜʳʨ, ʉʫʛ-ɸʢʩʳ 

ʠ ʜʨ.), ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʨʘʡʦʥʦʚ ʛ. ʂʳʟʳʣʘ (ʨʠʩ. 1). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʦʝ 

ʥʘʚʦʜʥʝʥʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʧʨʦʠʟʦʰʣʦ ʚ 2001 ʛ., ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʚ ʨ. 

ɺʝʨʭʥʠʡ ɽʥʠʩʝʡ ʧʨʝʚʳʩʠʣ ʢʨʠʪʠʯʝʩʢʠʡ ʥʘ 1,0 ʤ. ʇʦʜ ʚʦʜʦʡ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ 

700 ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʜʘʯʥʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʵʚʘʢʫʠʨʦʚʘʥʦ 

1600 ʯʝʣʦʚʝʢ.  ɺ 2010 ʛʦʜʫ ʧʘʚʦʜʢʦʚʳʤʠ ʚʦʜʘʤʠ ʙʳʣʠ ʧʦʚʨʝʞʜʝʥʳ ʧʦʢʨʳʪʠʷ 

ʩʝʤʠ ʜʦʨʦʛ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʄʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʧʦ ʦʮʝʥʢʘʤ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʄʠʥʪʨʘʥʩʘ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 7 ʤʣʥ. ʨʫʙʣʝʡ. 

ʇʦ ʜʘʥʥʳʤ [2] ʚ ʧʝʨʠʦʜ ʩ 27 ʤʘʷ ʧʦ 2 ʠʶʥʷ 2014 ʛ. ʚ ʟʘʧʘʜʥʳʭ ʨʘʡʦʥʘʭ 

ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ ʧʨʦʰʣʠ ʦʙʠʣʴʥʳʝ ʜʦʞʜʝʚʳʝ ʦʩʘʜʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʧʦʜʥʷʣʩʷ ʫʨʦʚʝʥʴ ʨʝʢ ɸʣʘʰ, ʍʝʤʯʠʢ ʠ ʠʭ ʧʨʠʪʦʢʦʚ. ʇʦʩʪʨʘʜʘʣʠ ʦʪ ʧʘʚʦʜʢʘ 

183 ʩʝʤʴʠ (425 ʯʝʣʦʚʝʢ). ɺ ʧʷʪʠ ʨʘʡʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ (ɹʘʡ-ʊʘʡʛʠʥʩʢʦʤ, 

ɹʘʨʫʥ-ʍʝʤʯʠʢʩʢʦʤ, ɼʟʫʥ-ʍʝʤʯʠʢʩʢʦʤ, ʂʳʟʳʣʩʢʦʤ ʠ ʉʫʪ-ʍʦʣʴʩʢʦʤ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʘʚʦʜʢʘ ʧʦʩʪʨʘʜʘʣʘ ʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

3. ʋʨʘʛʘʥʥʳʝ ʚʝʪʨʳ. ɺʝʩʥʘ ʚ ʊʫʚʝ (ʚ ʢʦʪʣʦʚʠʥʘʭ) ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʤʘʨʪʝ-ʘʧʨʝʣʝ. ʈʦʩʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 15-22 ʤ/ʩ, 

ʧʦʨʳʚʘʤʠ ʜʦ 25-35 ʤ/ʩ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʩʠʣʴʥʳʝ ʧʳʣʴʥʳʝ ʙʫʨʠ, ʠ ʠʥʦʛʜʘ 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʞʠʣʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʨʝʜʢʦ ï ʢ ʪʨʘʛʠʯʝʩʢʦʡ 

ʛʠʙʝʣʠ ʣʶʜʝʡ.  

4. ʃʝʩʥʳʝ ʧʦʞʘʨʳ. ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʊʫʚʝ ʫʯʘʩʪʠʣʦʩʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʦʚ ʠ ʫʚʝʣʠʯʠʣʘʩʴ ʧʣʦʱʘʜʴ ʛʦʨʝʣʴʥʠʢʦʚ. ɺ ʦʪʜʘʣʝʥʥʳʭ 

ʪʘʝʞʥʳʭ ʨʘʡʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʫʭʠʭ ʛʨʦʟ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʛʦʨʘʥʠʡ 

ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʯʘʛʦʚ ʧʦʞʘʨʦʚ. 

ʇʦ ʜʘʥʥʳʤ ɸʛʝʥʪʩʪʚʘ ɻʆ ʠ ʏʉ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ [2] ʟʘ ʧʦʞʘʨʦʦʧʘʩʥʳʡ ʩʝʟʦʥ 
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ʥʘ ʟʝʤʣʷʭ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʚ 2014 ʛʦʜʫ ʚʦʟʥʠʢʣʦ ʠ ʣʠʢʚʠʜʠʨʦʚʘʥʦ 355 ʣʝʩʥʳʭ 

ʧʦʞʘʨʦʚ ʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 104209,84 ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ: ʣʝʩʥʘʷ ʧʣʦʱʘʜʴ, 

ʧʨʦʡʜʝʥʥʘʷ ʧʦʞʘʨʘʤʠ, ʩʦʩʪʘʚʠʣʘ 99608,24 ʛʘ; ʥʝʣʝʩʥʘʷ ʧʣʦʱʘʜʴ ï 4601,60 ʛʘ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ 2013 ʛʦʜʦʤ (122 ʣʝʩʥʳʭ ʧʦʞʘʨʘ) ʢʦʣʠʯʝʩʪʚʦ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ 

2014 ʛʦʜʫ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 66%, ʣʝʩʥʘʷ ʧʣʦʱʘʜʴ, ʧʨʦʡʜʝʥʥʘʷ ʧʦʞʘʨʘʤʠ, 

ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3,06 ʨʘʟ.  

5. ʇʨʠʨʦʜʥʳʡ ʦʯʘʛ ʯʫʤʳ. ɸʢʪʠʚʥʳʡ ʧʨʠʨʦʜʥʳʡ ʦʯʘʛ ʯʫʤʳ ʚ ʊʫʚʝ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʳʭ ʄʦʥʛʫʥ-ʊʘʡʛʠʥʩʢʦʤ ʠ ʆʚʶʨʩʢʦʤ ʨʘʡʦʥʘʭ (ʨʠʩ. 1). 

ʆʩʥʦʚʥʳʝ ʧʝʨʝʥʦʩʯʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ ï ʛʨʳʟʫʥʳ ʠ ʧʠʪʘʶʱʠʝʩʷ ʢʨʦʚʴʶ 

ʵʢʪʦʧʘʨʘʟʠʪʳ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ (ʙʣʦʭʠ ʠ ʢʣʝʱʠ). ʃʝʛʦʯʥʳʡ ʪʠʧ ʯʫʤʳ 

ʤʦʞʝʪ ʧʨʝʜʘʚʘʪʴʩʷ ʦʪ ʯʝʣʦʚʝʢʘ ʢ ʯʝʣʦʚʝʢʫ ʚʦʟʜʫʰʥʦ-ʢʘʧʝʣʴʥʳʤ ʧʫʪʝʤ. 

ʀʥʢʫʙʘʮʠʦʥʥʳʡ (ʩʢʨʳʪʳʡ) ʧʝʨʠʦʜ ʣʝʛʦʯʥʦʡ ʯʫʤʳ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʚʩʝʛʦ 24 

ʯʘʩʘ. 

ɺ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʩʦʪʨʫʜʥʠʢʘʤʠ ʊʫʚʀʂʆʇʈ ʉʆ ʈɸʅ ʚʳʧʦʣʥʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʯʫʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3]. ɺ ʭʦʜʝ ʨʘʙʦʪ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʵʧʠʟʦʦʪʠʡ ʯʫʤʳ, 

ʧʦʢʘʟʘʥʘ ʚʨʝʤʝʥʥʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʵʧʠʟʦʦʪʠʡ, ʧʦʣʫʯʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ 

ʘʢʪʠʚʥʦʩʪʠ ʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʳʷʚʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʵʧʠʟʦʦʪʠʡ ʯʫʤʳ ʢ ʯʝʪʚʝʨʪʠʯʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ ʚʪʦʨʦʛʦ ʟʚʝʥʘ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʨʠʩ. 4).  

6. ʀʩʪʦʯʥʠʢʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʀʀʀ). ʆʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʦʙʣʫʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ 

ʀʀʀ, ʠʭ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 94,9% 

ʦʪ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʦʙʣʫʯʝʥʠʷ. ɺ ʮʝʣʦʤ, ʩʨʝʜʥʷʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ (ʉʀɼ) ʦʙʣʫʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʟʘ ʩʯʝʪ 

ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 2013 ʛ. ʩʦʩʪʘʚʠʣʘ 7,134 

ʤʟʚ/ʛʦʜ, ʯʪʦ ʧʦʯʪʠ ʥʘ 117% ʙʦʣʴʰʝ ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʡ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʚ ʈʌ ï 3,289 ʤʟʚ/ʛʦʜ) (ʨʠʩ. 5). 
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ʈʠʩ. 4 ï ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢʫʣʴʪʫʨ ʯʫʤʳ ʢ ʯʝʪʚʝʨʪʠʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ 

 
ʈʠʩ. 5 ï ʉʨʝʜʥʷʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ 

ʊʳʚʘ ʟʘ ʩʯʝʪ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʦʙʣʫʯʝʥʠʷ ʟʘ 2013 ʛ., ʤʟʚ/ʛʦʜ  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʇ 2.6.1.2612-10 çʆʩʥʦʚʥʳʝ ʩʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʆʉʇʆʈɹ-99/2010)è ʦʙʣʫʯʝʥʠʝ 

ʥʘʩʝʣʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ ʦʪ ʧʨʠʨʦʜʥʳʭ ʀʀʀ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ï 

ʨʝʩʧʫʙʣʠʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʬʦʥʦʤ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʣʫʯʝʥʠʝ ʟʘ ʩʯʝʪ ʠʟʦʪʦʧʦʚ ʨʘʜʦʥʘ ʠ ʠʭ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ 

ʜʦʯʝʨʥʠʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ, ʠ ʝʛʦ ʚʢʣʘʜ ʩʦʩʪʘʚʣʷʝʪ 80% ʦʪ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ 

ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʀʀʀ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʫʚʳ [2]. 

ɺʳʚʦʜʳ: ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʊʫʚʳ ʦʪʤʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ 

ʩʠʪʫʘʮʠʷʤ ʠ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ.  
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ɸʛʝʥʪʩʪʚʦʤ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʡ ʦʪ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʩʧʘʩʝʥʠʷ ʥʘ ʚʦʜʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ 

(ɸʛʝʥʪʩʪʚʦ ɻʆ ʠ ʏʉ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ) ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 
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Abstract. The report provides an overview of the historical and existing observing networks of the 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʨʝʢʝ ɽʥʠʩʝʡ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʢʘʩʢʘʜ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ. ʉʪʘʨʝʡʰʠʤ ʠ ʥʠʞʥʠʤ ʚ 

ʢʘʩʢʘʜʝ ʷʚʣʷʝʪʩʷ ʂʨʘʩʥʦʷʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ 

ʧʨʦʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ  ʥʘ 

ʂʨʘʩʥʦʷʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ʧʝʨʠʦʜ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɸ ʪʘʢʞʝ, ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʌɻʋ 

çɽʥʠʩʝʡʨʝʛʠʦʥʚʦʜʭʦʟè ʚ 2012-2016 ʛʛ. ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʷ. 

ʅʘʧʦʣʥʝʥʠʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʦʠʩʭʦʜʠʣʦ ʩ 1967 ʧʦ 

1970 ʛʛ.  

ʅʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ: 

ʆʙʲʝʤ ʧʨʠ ʅʇʋ ï 73 ʤʣʥ. ʤ3; ʧʣʦʱʘʜʴ ʟʝʨʢʘʣʘ ï 2062 ʢʤ2; ʜʣʠʥʘ - 

335,5 ʢʤ; ʰʠʨʠʥʘ ʩʨʝʜʥʷʷ ï 6,147 ʢʤ; ʰʠʨʠʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï 10,547 ʢʤ; 

ʛʣʫʙʠʥʘ ʩʨʝʜʥʷʷ ï 35,43 ʤ; ʛʣʫʙʠʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï 110,07 ʤ; ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʙʝʨʝʛʦʚ (ʙʝʟ ʦʩʪʨʦʚʦʚ) ï 2441,6 ʢʤ 
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ɹʝʨʝʛʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʢʨʫʪʳʝ. 

ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʛʣʫʙʦʢʦʝ, ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʨʫʩʣʦʚʳʡ ʭʘʨʘʢʪʝʨ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʤʝʣʢʦʚʦʜʴʝʤ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʟʘʣʠʚʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ 

ʚ ʫʩʪʴʷʭ ʚʧʘʜʘʶʱʠʭ  ʨʝʢ.  

ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʟʦʥʳ:  

1) ʧʨʠʙʨʝʞʥʘʷ ï ʦʪ ʫʨʝʟʘ ʜʦ ʛʣʫʙʠʥʳ 3 ʤ, ʢʦʪʦʨʘʷ ʪʷʥʝʪʩʷ ʫʟʢʦʡ 

ʧʦʣʦʩʦʡ ʚʜʦʣʴ ʦʪʤʝʣʳʭ ʙʝʨʝʛʦʚ ʠ ʥʘʭʦʜʠʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʚʦʜʦʝʤʘ (5% ʧʣʦʱʘʜʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ);  

2) ʤʝʣʢʦʚʦʜʥʘʷ ï ʩ ʛʣʫʙʠʥʘʤʠ ʦʪ 3 ʜʦ 10 ʤ (11% ʧʣʦʱʘʜʠ);  

3) ʛʣʫʙʦʢʦʚʦʜʥʘʷ ï ʛʣʫʙʞʝ 10 ʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠ 

ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ 84 % ʚʩʝʡ ʧʣʦʱʘʜʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

ʆʩʦʙʝʥʥʦ ʦʙʰʠʨʥʘ ʛʣʫʙʦʢʦʚʦʜʥʘʷ ʟʦʥʘ ʚ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ 

ʚʦʜʦʝʤʘ, ʤʝʣʢʦʚʦʜʴʷ ʟʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ, ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ ʩʨʘʟʫ 

ʧʝʨʝʭʦʜʠʪ ʚ ʛʣʫʙʦʢʦʚʦʜʥʫʶ. ɻʣʫʙʠʥʳ ʦʪ 10 ʜʦ 30 ʤ ʟʘʥʠʤʘʶʪ 28 % ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʚʦʜʦʝʤʘ, ʦʪ 30 ʜʦ 40 ʤ ï 12%, ʙʦʣʝʝ 40 ʤ ï 44% [2]. 

ʅʘʯʠʥʘʷ ʩ ʥʘʯʘʣʘ ʥʘʧʦʣʥʝʥʠʷ ʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʝʣʠʩʴ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʨʘʙʦʪʳ ʪʘʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʢʘʢ ʉʠʙʨʳʙʅʀʀʧʨʦʝʢʪ, 

ʂʨʘʩʥʦʷʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʠʚʥʦʛʦʨʩʢʘʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ, ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʝ ʋɻʄʉ [1]. ɺ 

ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʠʩʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ, 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɺ 1990-ʭ ï 2000-ʭ ʛʦʜʘʭ ʦʙʲʝʤ ʧʨʦʚʦʜʠʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥ. ʅʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʩʪʦʚ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʋɻʄʉ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 8 ʚ 1990 ʛ ʜʦ 3 ʚ 2012 ʛ, 

ʪʘʢʞʝ ʩʦʢʨʘʪʠʣʩʷ ʦʙʲʝʤ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʉʠʙʠʨʩʢʠʤ ʬʝʜʝʨʘʣʴʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʂʨʘʩʥʦʷʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) [1]. 

ʅʘʯʠʥʘʷ ʩ 2011 ʛʦʜʘ ʩ ʩʦʟʜʘʥʠʝʤ ʥʘ ʙʘʟʝ ʌɻʋ çɽʥʠʩʝʡʨʝʛʠʦʥʚʦʜʭʦʟè 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʯʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʜʦʤʩʪʚʝʥʥʦʡ 

ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ ʮʝʣʴʶ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉ 2012 ʛʦʜʘ ʥʘʯʘʪʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʨʘʙʦʪʘ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʛʣʘʩʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʥʘʙʣʶʜʝʥʠʡ. 

ʎʝʣʷʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ: 

- ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʥʝʛʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ; 

- ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; 

- ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʮʝʣʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʥʘʜʟʦʨʘ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʦʭʨʘʥʦʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʚʳʙʦʨʝ ʤʝʩʪ ʥʘʙʣʶʜʝʥʠʷ ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʠʪʦʢʦʚ, ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʠʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʆʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʤʝʱʝʥʠʶ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ 

ʙʳʣʦ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʫʯʘʩʪʢʘʭ ʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ 

ʥʘʙʣʶʜʝʥʠʡ ʈʦʩʛʠʜʨʦʤʝʪʘ. 

ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʦʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 13 ʧʫʥʢʪʘʭ 

(ʨʠʩ. 1). 

ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʥʘʢʦʧʣʝʥ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʄʦʭʦʚʩʢʦʤ ʠ ʅʦʚʦʩʝʣʦʚʩʢʦʤ ʧʣʝʩʝ (ʧ. 1, ʧ. 6), ʧʨʝʜʧʣʦʪʠʥʥʦʤ ʩʪʚʦʨʝ ʚ 1 ʢʤ 

ʚʳʰʝ ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʕʉ (ʧ. 12), ʠ ʚ ʟʦʥʘʭ ʚʣʠʷʥʠʷ ʚʳʧʫʩʢʦʚ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧ. ʂʨʘʩʥʦʪʫʨʘʥʩʢ (ʧ. 4) ʠ ʧ. ʅʦʚʦʩʝʣʦʚʦ (ʧ. 7). 

ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʥʘ ʅʦʚʦʩʝʣʦʚʩʢʦʤ ʧʣʝʩʝ ʠ ʥʘ ʧʨʝʜʧʣʦʪʠʥʥʦʤ ʫʯʘʩʪʢʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʪʚʦʨʘʭ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (0,1; 0,5; 

0,9 ʰʠʨʠʥʳ) ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ (ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʦ ʧʨʠʜʦʥʥʦʛʦ 

ʩʣʦʷ). 
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ʄʝʥʝʝ ʦʙʲʝʤʥʳʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʟʘʣʠʚʦʚ ʨʝʢ ʊʫʙʘ (ʧ. 2), ʉʠʩʠʤ (ʧ. 8), ɼʝʨʙʠʥʘ (ʧ. 11), 

ɹʠʨʶʩʘ (ʧ. 12); ʚ ʨʘʡʦʥʘʭ ʧʦʩʝʣʢʦʚ ɸʥʘʰ (ʧ. 5), ʇʨʠʤʦʨʩʢ (ʧ. 9), ɼʘʫʨʩʢʦʝ (ʧ. 

10). 

ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʝʞʝʢʚʘʨʪʘʣʴʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʫʨʦʯʝʥ ʧʦ ʚʨʝʤʝʥʠ ʢ ʦʩʥʦʚʥʳʤ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʬʘʟʘʤ (ʟʠʤʦʡ ʚ ʧʝʨʠʦʜ ʣʝʜʦʩʪʘʚʘ ʧʨʠ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʚʦʜʳ ʠ ʥʘʠʙʦʣʴʰʝʡ ʪʦʣʱʠʥʝ ʣʴʜʘ, ʚ ʥʘʯʘʣʝ ʚʝʩʝʥʥʝʛʦ ʥʘʧʦʣʥʝʥʠʷ 

ʚʦʜʦʸʤʘ, ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ, ʧʨʠ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʚ 

ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ). 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʚʝʜʝʥʠʶ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʥʠʪʝʣʠ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ: ɻʆʉʊ 17.1.3.07-82 çʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʩʪʘʥʜʘʨʪ. ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ɻʠʜʨʦʩʬʝʨʘ. ʇʨʘʚʠʣʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚè, ʈɼ 52.24.309-2011 çʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ 
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ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʩʫʰʠè. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ 21-28 ʧʦʢʘʟʘʪʝʣʷʤ ʠʟ 

ʦʙʣʘʩʪʠ ʘʢʢʨʝʜʠʪʘʮʠʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʯʝʥʴ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʦʩʥʦʚʥʳʤʠ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ: ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʟʘ ʧʷʪʴ ʜʥʝʡ (ɹʇʂ5), ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʟʘ 20 

ʜʥʝʡ (ɹʇʂʧʦʣʥ), ʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʍʇʂ), ʬʝʥʦʣʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʥʠʪʨʠʪ-ʠʦʥʳ, ʥʠʪʨʘʪ-ʠʦʥʳ, ʘʤʤʦʥʠʡ-ʠʦʥ, ʞʝʣʝʟʦ ʦʙʱʝʝ, 

ʤʝʜʴ, ʮʠʥʢ, ʥʠʢʝʣʴ, ʤʘʨʛʘʥʝʮ, ʭʣʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ, ʘʣʶʤʠʥʠʡ, ʚʟʚʝʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʩʚʠʥʝʮ, ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (ʨʅ), ʩʫʭʦʡ ʦʩʪʘʪʦʢ, ʬʦʩʬʘʪ-ʠʦʥ, 

ʪʝʤʧʝʨʘʪʫʨʘ. 

ʂʘʯʝʩʪʚʦ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ 8-9 ʧʦʢʘʟʘʪʝʣʷʤ, 

ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʜʘʥʥʦʝ 

ʚʨʝʤʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (ʨʅ), ʤʘʨʛʘʥʝʮ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʤʝʜʴ, ʮʠʥʢ, ʥʠʢʝʣʴ, 

ʩʚʠʥʝʮ, ʞʝʣʝʟʦ, ʢʘʜʤʠʡ. 

ɺʳʷʚʣʝʥʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʙʘʭ ʚʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʎʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʷʯʝʡʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʚʳʷʚʣʝʥʠʝ ʩʣʫʯʘʝʚ ʚʳʩʦʢʦʛʦ 

(ɺɿ) ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʛʦ (ʕɺɿ) ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʝʩʪʘʤ ʚʳʧʫʩʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʟʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 

- ʤʝʜʴ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʩʨʝʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 5 ʇɼʂ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʟʘ 

ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. 

- ʟʘʛʨʷʟʥʝʥʠʝ ʤʘʨʛʘʥʮʝʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʘ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʜʦ 6 

ʇɼʂ ʚ 2014 ï 15 ʛʦʜʘʭ, ʜʦ 4 ʇɼʂ ʚ 2012 ï 13 ʛʦʜʘʭ). 
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- ʬʝʥʦʣʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ ʚʩʪʨʝʯʘʶʪʩʷ 

ʵʧʠʟʦʜʠʯʝʩʢʠ ʥʘ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʝʟ ʚʠʜʠʤʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

- ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʥʦʩʠʪ 

ʵʧʠʟʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʙʝʟ ʯʝʪʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ;  

- ʧʨʝʚʳʰʝʥʠʷ ɹʇʂ5, ɹʇʂʧʦʣʥ ʠ ʍʇʂ ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʦʥʘʭ 

ʚʣʠʷʥʠʷ ʚʳʧʫʩʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʥʝ ʚʳʷʚʣʷʶʪʩʷ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʚʳʧʫʩʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʊʘʙʣʠʮʘ 1 ï ɺʳʷʚʣʝʥʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ ʛʦʜʘʤ ʥʘʙʣʶʜʝʥʠʷ 

ʚ ʚʦʜʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ɻʦʜ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ 

  2012 2013 2014 2015 2016 

ɸʤʤʦʥʠʡ-ʠʦʥ 1,5-2,54 1,4 2,7-5,8 12,9 ɺɿ   

ɸʣʶʤʠʥʠʡ 1,02-6,3 1,5-9,5 1,1-1,8     

ɸʇɸɺ           

ɹʇʂ5 1,7-3,7   
1,2-41,6 

ʕɺɿ 
1,02-1,04 1,2 

ɹʇʂ ʧʦʣʥ. 1,2-4,4 1,02-1,7 
1,5-36,3 

ɺɿ 
1,1-2 1,3 

ɾʝʣʝʟʦ 1,2-4 1-7,9 2 1,1-2,2 1,7 ï 2,4 

ʄʘʨʛʘʥʝʮ 1,7-12,7 1,2-3 6,1 1,4-6   

ʄʝʜʴ 1,1-2,8 1,1-3,1 1,3-9,7 1,1-5,3 1,1 ï 4,8 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 1,7-3,4 4,4 1,1 1,2-5,3 1,7 

ʅʠʪʨʠʪ-ʠʦʥ 1,1         

ʉʫʣʴʬʘʪ-ʠʦʥ 1,3-2,66 2,4       

ʉʫʭʦʡ ʦʩʪʘʪʦʢ   1,4       

ʌʦʩʬʘʪ-ʠʦʥ 3,2         

ʌʝʥʦʣʳ 1,3-16 1,5-3,1 1,1-5,6 1,1-7,6 1,3 

ʍʇʂ 1,5 1,04-1,2 
1,1-10,9 

ɺɿ 
1,02-2,2 1,2 ï 1,5 

ʎʠʥʢ 1,3-10 2,3-4,4 1,1-6,2 1,1-1,9 1,1 ï 2,8 

ʅʘʪʨʠʡ 1,16         

ʉʚʠʥʝʮ 1,33-1,65         

ʌʪʦʨʠʜ-ʠʦʥ 1,16         

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 1,6-79,2 3,39   1,8   
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ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʚʟʷʪʳʭ ʧʦ ʧʨʦʛʨʘʤʤʝ ʥʘʙʣʶʜʝʥʠʡ ʌɻʋ 

çɽʥʠʩʝʡʨʝʛʠʦʥʚʦʜʭʦʟè ʟʘ 2012-2016 ʛʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʩ ʚʳʷʚʣʝʥʥʳʤʠ 

ʧʨʝʚʳʰʝʥʠʷʤʠ ʇɼʂ ʧʦ ʂʨʘʩʥʦʷʨʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 

2. ʅʘʣʠʯʠʝ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʵʪʦʤ ʛʨʘʬʠʢʝ ʩʚʷʟʘʥʦ ʢʘʢ ʩ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʢʦʪʦʨʳʭ ʚʝʣʠʩʴ 

ʧʦʩʪʦʷʥʥʦ. 

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫʪʚʝʨʞʜʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʇɼʂ ʜʣʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʳʜʝʣʝʥʥʳʝ ʧʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦʩʝʣʢʘ ʅʦʚʦʩʝʣʦʚʦ ʚ 2014 ʛ ï 21,3 ʤʛ/ʢʛ, ʚ 2015 

ʛ ï 37,1 ʤʛ/ʢʛ. ɺ ʩʪʚʦʨʝ 500 ʤ ʚʳʰʝ ʚʳʧʫʩʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧ. ʅʦʚʦʩʝʣʦʚʦ ʚ 2011 ʛ ï 35 ʤʛ/ʢʛ ʠ ʚ ʩʪʚʦʨʝ ʥʘ ʧʨʝʜʧʣʦʪʠʥʥʦʤ 

ʫʯʘʩʪʢʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʕʉ ʚ 2012 ʛ ï 58 ʤʛ/ʢʛ, ʚ 2013 ʛ ï 23,5 

ʤʛ/ʢʛ.  

 
ʈʠʩ. 2 ï ʂʦʣʠʯʝʩʪʚʦ ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʨʦʙ ʚʦʜʳ ʠ ʧʨʦʙ ʚʦʜʳ, 

ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 
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ɺʩʝʛʦ ʟʘ 2011-2016 ʛʛ. ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʠʣʘʤʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʌɻʋ çɽʥʠʩʝʡʨʝʛʠʦʥʚʦʜʭʦʟè ʚʳʧʦʣʥʝʥ ʦʪʙʦʨ 691 ʧʨʦʙʳ ʚʦʜʳ ʠ 

101 ʧʨʦʙʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʧʦ 18127 ʧʦʢʘʟʘʪʝʣʷʤ. 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʌɻʋ çɽʥʠʩʝʡʨʝʛʠʦʥʚʦʜʭʦʟè ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝ ʜʘʥʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ, ʘʚʪʦʨʳ ʜʦʢʣʘʜʘ ʧʣʘʥʠʨʫʶʪ ʧʨʦʚʝʩʪʠ 

ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ 

ʙʘʩʩʝʡʥʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 
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ʉɺʆɹʆɼʅʓɽ ʀ ʉɺʗɿɸʅʅʓɽ ʌʆʈʄʓ ʄɽʊɸʃʃʆɺ ɺ ɺʆɼɸʍ 

ʄɸʃʓʍ ʆɿɽʈ ʉɽɺɽʈʅʆɻʆ ʇʈʀʆɹʔʗ 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʅʘʜʳʤʩʢʦʛʦ ʨʘʡʦʥʘ 

ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ. ʄʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʦʚʝʜʝʥʦ ʨʘʟʜʝʣʝʥʠʝʩʚʦʙʦʜʥʳʭ ʠ 

ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ Zn,Cd, Cu, Pb ʠ ʤʝʪʦʜʦʤʠʥʚʝʨʩʠʦʥʥʦʡʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥʘ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ. ʇʦʩʣʝʜʦʙʘʚʦʢ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚʚ ʧʨʦʙʳ ʚʦʜʳ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦʠʦʥʳ 

ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ  ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʤʝʜʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠʦʥʥʳʡ ʦʙʤʝʥ, ʠʥʚʝʨʩʠʦʥʥʘʷ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

FREE AND BOUND METAL FORMS IN WATERS OF SMALL LAKES OF THE 

NORTHERN PRIOBYE  

Krapotina P.V, Lebedeva N.N, Allayarov D.A., Fefilov N.N. 

Tyumen State University, Tyumen, Russia 

e-mail: krapotinapolina@rambler.ru 

Abstract. The complex-forming ability of natural waters of the Nadym region of the Yamal-Nenets 

Autonomous District is studied. The free and bounded forms of Zn, Cd, Cu, Pb metals were separated by the ion 

exchange method, and their concentration was determined by the method of inverse voltammetry. After the addition 

of standard solutions of metal salts in water samples, it has been found that cadmium and zinc ions are not bound to 

strong complexes. The complex-forming ability of dissolved organic matter concerns only copper ions. 

Keywords: ʩomplex-forming ability, ion exchange, inverse voltammetry 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʙʫʬʝʨʥʫʶ ʝʤʢʦʩʪʴ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʦʢʩʠʯʥʳʤ ʤʝʪʘʣʣʘʤ. ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩʨʝʜʠ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʦʨʤ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʜʦʝʤʦʚ, ʪʘʢ ʢʘʢ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʦʮʝʥʢʦʡ 

ʠ ʠʟʫʯʝʥʠʝʤ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

[1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʦʙʨʘʟʮʳ ʚʦʜ ʅʘʜʳʤʩʢʦʛʦ ʨʘʡʦʥʘ ʗʤʘʣʦ-

ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ, ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ɺʦʜʳ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦʢʠʩʣʳʤʠ, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʴʶ ʦʙʨʘʟʮʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʥʘ ʢʦʣʦʥʢʝ ʩ ʠʦʥʠʪʦʤ ʤʘʨʢʠ 

Dowex ʧʨʦʚʝʜʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ Zn,Cd, 

mailto:krapotinapolina@rambler.ru
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Cu, Pb. ʆʙʨʘʟʮʳ ʚʦʜʳ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 1.6 ʤʣ/ʤʠʥ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʠʦʥʠʪ 

ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʦʚ ʜʦ 

ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʣʣʦʚ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʠʦʥʠʪ ï ʩʦʜʝʨʞʘʥʠʶ 

ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʥʳʭ ʚ ʧʨʦʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ 

ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʋʌ-ʦʙʣʫʯʝʥʠʶ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝʚ ʪʘʙʣʠʮʝ 2 ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʳ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʡ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʦʡ 

ʬʦʨʤʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʳ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʰʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʨʦʙʳ ˉ 2-6, 8, 12 

ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʦʙʘʚʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʧʷʪʠʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʝʤ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʦʙʨʘʟʮʘʭ. ʅʘ 

ʨʠʩʫʥʢʝ 1ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʚʷʟʘʥʥʳʭ 

ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʜʦʙʘʚʢʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ % ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ.   

 
ʈʠʩ. 1 ï ʉʦʜʝʨʞʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʚ % ʦʪ ʠʭ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʠ ʧʦʩʣʝ 

ʜʦʙʘʚʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ ʢʘʜʤʠʷ, ʮʠʥʢʘ ʠ ʤʝʜʠ 

ʂʘʢ ʚʠʜʥʦ, ʠʦʥʳ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶʢʠʦʥʘʤʠ ʤʝʜʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʭʦʨʦʰʠʤʠ 
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ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ çʩʤʷʛʯʝʥʠʝè ʪʦʢʩʠʯʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ 

ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ  

ʠʦʥʦʚ ʤʝʜʠ. 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜ 

ʅʦʤʝʨ 

ʦʟʝʨʘ 
ʊʠʧ ʦʟʝʨʘ 

ʉʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʨʤ 

ʫʛʣʝʨʦʜʘ, ʉʦʨʛ, ʤʛ/ʣ 

ʇʝʨʤʘʥʛʘʥʘʪʥʘʷ 

ʦʢʠʩʣʷʝʤʦʩʪʴ, ʇʆ, 

ʤʛʆ/ʜʤ
3
 

pH,  

ʝʜ. 

ʨʅ 

1 ɹʦʣʦʪʥʦʝ ʦʟʝʨʦ 14,9 28,8 6,18 

2 
ʊʝʨʤʦʢʘʨʩʪʦʚʦʝ 

ʦʟʝʨʦ 
15,1 30,24 5,15 

3 ɹʦʣʦʪʥʦʝ ʦʟʝʨʦ 25,0 22,4 5,96 

4 
ʊʝʨʤʦʢʘʨʩʪʦʚʦʝ 

ʦʟʝʨʦ 
4,82 7,04 5,71 

5 
ʊʝʨʤʦʢʘʨʩʪʦʚʦʝ 

ʦʟʝʨʦ 
10,5 15,84 5,47 

6 ɹʦʣʦʪʥʦʝ ʦʟʝʨʦ 6,76 13,44 6,25 

7 
ʂʘʨʴʝʨʥʦʝ 

ʦʟʝʨʦ,  
0,43 2,24 6,13 

8 
ʉʪʘʨʠʯʥʦʝ 

ʦʟʝʨʦ 
3,52 4,64 6,66 

9 
ʉʪʘʨʠʯʥʦʝ 

ʦʟʝʨʦ 
5,82 6,64 6,74 

10 
ʉʪʘʨʠʯʥʦʝ 

ʦʟʝʨʦ 
7,31 4,8 6,51 

11 
ʂʘʨʴʝʨʥʦʝ 

ʦʟʝʨʦ 
7,79 6,24 7,26 

12 
ʂʘʨʴʝʨʥʦʝ 

ʦʟʝʨʦ 
9,95 14,24 6,67 
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ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ (ʤʢʛ/ʣ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʭ ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ (ʤʢʛ/ʣ ʠ % 

ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ) 



͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͙ ͙ͨͪ͊͒ͤ͟͡·͔ ͔͊ͫͨͭ͟· Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͙͙͎ͣͦͤͭͦͪͤ͊ 
͙ͨͪͪͦ͒ͤ·ͻ ͙ ͙ͨͪͪͦ͒ͤͦ-͔ͭͻ͎͔ͤͦͤͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ 

87  

ʦʙʱ.ʩʚʷʟ.% ʦʙʱ.ʩʚʷʟ.% ʦʙʱ.ʩʚʷʟ.% ʦʙʱ.ʩʚʷʟ.%

1 390 68.9 18 3 0,4 13 194 27,7 14 40,8 8,4 21

2 980 338 34 4,7 0,2 4,3 554 81,7 15 42 4,3 10

3 440 131 30 39 0,1 0,3 292 31,6 11 307 <0.5 <0,2%

4 906 626 69 5,8 0,5 8,6 1170 27,8 2,4 286 28,6 10

5 450 194 43 3,5 0,6 17 589 26,8 4,6 123 21,1 17

6 503 72,1 14 5,6 0,2 3,6 80,6 4,4 5,5 168 16,5 10

7 604 60,7 10 7,9 <0.1 <1,3% 224 3,8 1,7 88,9 13,1 15

8 614 496 81 11,9 0,3 2,5 93,9 1,2 1,3 253 23,1 9,1

9 655 <10 <1,5 9,2 <0.1 1,1 30,3 3,2 11 226 31,4 14

10 292 240 82 21,1 0,1 0,5 326 165 51 152 17 11

11 284 182 64 9,5 0,3 3,2 91,2 4 4,4 95,7 13,8 14

12 280 145 52 6,9 0,3 4,3 141 18 13 383 10,2 2,7

Zn Cd Pb Cu
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ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚʳʙʨʦʩʘʤʠ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʜʦʣʠʥʝ ʨʝʢʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʝʡ ʚʳʧʘʜʝʥʠʡ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ 

ʩʫʤʤʘʨʥʳʭ ʚʳʧʘʜʝʥʠʡ ʘʵʨʦʟʦʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. 
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Abstract. Results of long-term monitoring of snow cover pollution caused by emissions from a cement 

plant are presented. The plant is located in a river valley. With a model of reconstruction of pollutants from 

monitoring data, a numerical analysis of the fields of sedimented solid substances is carried out. An assessment of 

the total amount of the pollutants sedimented near the plant is made. It is shown that local topography has a 

significant effect on the pollution distribution.  

Keywords: atmospheric pollution, snow cover, monitoring, numerical modeling 

ɺʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʚʢʣʶʯʘʷ ʧʦʯʚʝʥʥʳʡ, ʨʘʩʪʠʪʝʣʴʥʳʡ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. 

ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʋʜʦʙʥʳʤ ʧʨʠʨʦʜʥʳʤ ʧʣʘʥʰʝʪʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ [3, 6, 7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʷʥʠʷ 

ʩʥʝʛʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʣʧʦʚʳʡ ʚʳʥʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʚʦʜʦʩʙʦʨʘ ʠ ʠʭ 

ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʨʝʢʠ ʠ ʚʦʜʦʝʤʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ [3, 6]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1, 5]. 

ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʝʡ 
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ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɹʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʧʣʘʥʰʝʪʦʚ: 

ʧʦʯʚʝʥʥʦʛʦ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʦʚ. ʅʦ ʪʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚʦʢʨʫʛ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ [2, 6]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʜʦʣʠʥʝ ʨʝʢʠ, 

ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ. 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʢʠʪʠʤʩʢʠʡ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʙʨʦʩʦʚ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʦʢʠʩʣʦʚ 

ʘʟʦʪʘ, ʩʝʨʳ, ʫʛʣʝʨʦʜʘ, ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʚʨʝʜʥʳʭ 

ʧʨʠʤʝʩʝʡ. ʅʘ ʧʨʦʤʧʣʦʱʘʜʢʝ ʟʘʚʦʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ 

ʤʦʢʨʳʤ ʠ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʤʠʩʩʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʝʪʩʷ ʮʝʭ ʦʙʞʠʛʘ. ʇʨʦʮʝʩʩ ʦʙʞʠʛʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʦʚ ʚʦʜʳ ʦʪ ʩʫʰʢʠ ʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʠ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʦʪ ʜʠʩʩʦʮʠʘʮʠʠ ʠʟʚʝʩʪʥʷʢʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʪʦʧʣʠʚʘ) ʠ ʧʳʣʠ ʦʙʞʠʛʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʆʪʚʦʜ ʛʘʟʦʘʵʨʦʟʦʣʴʥʦʡ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʝ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ 80 ʤʝʪʨʦʚʳʝ ʪʨʫʙʳ ʩ ʜʠʘʤʝʪʨʘʤʠ 6 ʤʝʪʨʦʚ. ʇʨʠ ʩʫʭʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ ʩʪʨʫʢʪʫʨʘ ʚʳʙʨʦʩʦʚ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʣʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʚʳʙʨʦʩʘʭ 
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ʧʨʝʚʘʣʠʨʫʶʪ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʬʨʘʢʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʚʳʥʦʩʫ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ.  

ɿʘʚʦʜ ʨʘʩʧʦʣʦʞʝʥ ʚ ʜʦʣʠʥʝ ʨ. ɹʝʨʜʴ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʛ. ʀʩʢʠʪʠʤ. 

ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʜʥʦʨʦʜʝʥ, ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥ 

ʧʨʠʪʦʢʘʤʠ ʨ. ɹʝʨʜʴ, ʘ ʪʘʢʞʝ ʦʚʨʘʛʘʤʠ, ʫʚʘʣʘʤʠ, ʙʘʣʢʘʤʠ. ɸʙʩʦʣʶʪʥʳʝ 

ʦʪʤʝʪʢʠ ʚʳʩʦʪ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 100 ʜʦ 350 ʤʝʪʨʦʚ. 

ɺ ʢʦʥʮʝ ʟʠʤʥʠʭ ʩʝʟʦʥʦʚ 2012/13 ʛ., 2013/14 ʛ. ʠ 2016/17 ʛ. ʧʨʦʚʦʜʠʣʠʩʴ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʀʩʢʠʪʠʤʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ [7]. ɺ ʟʠʤʥʝʤ ʩʝʟʦʥʝ 2012/13ʛ. ʦʪʙʦʨ 

ʩʥʝʛʦʚʳʭ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʙʦʣʴʰʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. 

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʚʦʩʴʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ (ʨʠʩ. 1). 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʦʪʙʦʨʘ ʧʨʦʙ ʩʥʝʛʘ ʚ ʢʦʥʮʝ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 2013 ʛ.    - ʧʦʣʦʞʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʝʚʝʨʥʳʤ ʩʝʢʪʦʨʘʤ ʚʳʥʦʩʘ 

ʧʨʠʤʝʩʝʡ. ʕʪʦ ʙʳʣʦ ʧʨʦʜʠʢʪʦʚʘʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʨʝʞʠʤʦʤ ʚʝʪʨʘ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ[4]. ʊʦʯʢʠ ʧʨʦʙʦʦʪʙʦʨʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʘʩʩʪʦʷʥʠʡ: ʦʪ 0.4 ʜʦ 3 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʠ 

ʦʪʦʙʨʘʥ rʦʙʨʘʟʮʳ ʩʥʝʛʘ ʙʦʣʝʝ ʯʝʤ ʚ 40 ʪʦʯʢʘʭ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʟʚʦʣʠʣʦ 
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ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ 

ʦʪ ʚʳʩʦʪʥʳʭ ʪʨʫʙ ʟʘʚʦʜʘ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʝʨʘʩʪʚʦʨʸʥʥʦʛʦ ʦʩʘʜʢʘ 

ʠ ʨʅ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʨʦʙʦʦʪʙʦʨʘ ʩʥʝʛʘ ʚ ʩʝʚʝʨʥʦʤ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʠ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʚ ʢʦʥʮʝ 

ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 2013 ʛ. 

ʊʘʙʣʠʮʘ ï ʊʚʸʨʜʳʡ ʦʩʘʜʦʢ ʠ ʨʅ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ, ʚʟʷʪʳʭ ʚ ʢʦʥʮʝ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 2013 ʛ. ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʩʝʚʝʨ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʦʪ ʧʨʦʤʧʣʦʱʘʜʢʠ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ 

ʅʦʤʝʨ 

ʪʦʯʢʠ 

ʈʘʩʩʪʦʷʥʠʝ, 

ʢʤ 

ɺʝʩ ʦʩʘʜʢʘ, 

ʛ 

ɺʝʩ ʧʨʦʙʳ, 

ʢʛ pH 

ʂʦʥʮʝʥʪʨʘʮʠ

ʷ, ʛ/ʣ 

1 0,56 9,49 1,74 11,8 5,45 

2 0,73 3,37 1,76 11,5 1,91 

3 1,03 2,10 2,60 10,9 0,38 

4 1,39 0,74 2,91 9,5 0,25 

5 1,76 0,31 2,33 9,1 0,13 

6 2,18 0,15 2,76 7,9 0,05 

7 2,75 0,12 2,70 8,2 0,04 

10 0,69 2,25 2,47 11,5 0,91 

11 0,92 0,92 2,33 10,8 0,40 

12 1,2 0,54 2,73 10,9 0,20 

13 1,62 0,22 1,93 10,6 0,12 

28 0,76 8,18 2,53 9,9 3,24 

29 0,97 6,42 1,64 9,8 3,91 

30 1,28 2,55 2,69 9,1 0,95 

31 1,97 1,17 2,93 9,0 0,40 

32 2,23 0,99 2,56 8,9 0,39 

33 2,57 0,56 2,51 8,5 0,22 

50 0,81 3,81 2,60 11,1 1,46 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ 1.5 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʚʳʙʨʦʩʦʚ ʚʝʣʠʯʠʥʘ ʨʅ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 8 ʜʦ 12 ʝʜʠʥʠʮ. ʆʙʥʘʨʫʞʝʥʘ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʨʅ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʩʘʜʢʦʚ ʥʘ ʤʘʨʰʨʫʪʘʭ 

ʧʨʦʙʦʦʪʙʦʨʘ. ʅʘ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʚʳʥʦʩ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʠʟʦʰʝʣ ʚ ʩʝʢʪʦʨʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ: ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʟʠʤʥʝʡ ʨʦʟʝ ʚʝʪʨʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʶʞʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʘ [4]. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʦʨʦʛʨʘʬʠʠ ʥʘ ʚʝʪʨʦʚʦʡ ʨʝʞʠʤ ʚ 

ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 
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ʥʘʙʣʶʜʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʳʣʝʚʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ʉʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʦʢʨʝʩʪʥʦʩʪʝʡ ʀʩʢʠʪʠʤʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ 

ʦʪ 7 ʬʝʚʨʘʣʷ 2014 ʛ. (ʀʉɿ çLandsat-8è) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ. ʅʘʧʨʠʤʝʨ, 

ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ ʆʅɼ-86 [5] ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʝʡ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʟʘʜʘʝʪʩʷ ʩ ʙʣʠʟʣʝʞʘʱʝʡ 

ʤʝʪʝʦʩʪʘʥʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚʝʪʨʦʚʳʭ ʨʝʞʠʤʦʚ ʚ ʨʘʡʦʥʝ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʧʨʠʤʝʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʤʝʪʝʦʩʪʘʥʮʠʠ. 

ʇʦʵʪʦʤʫ ʥʘʨʷʜʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʷʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʚʳʙʨʦʩʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ 
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ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʠ ʪʝʤ ʩʘʤʳʤ 

ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʬʨʘʢʮʠʡ. 

ɹʘʟʠʨʫʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 2013 ʛ., ʚ 

ʢʦʥʮʝ ʤʘʨʪʘ 2014 ʛ. ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʤʘʨʰʨʫʪʥʳʡ ʦʪʙʦʨ ʧʨʦʙ ʩʥʝʛʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʚʳʷʚʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʩ 

ʜʘʥʥʳʤʠ 2013 ʛ. 

ɼʘʥʥʳʝ ʞʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʢʦʥʮʝ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 

2017 ʛ. ʚʳʷʚʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʣʷʭ ʚʳʧʘʜʝʥʠʡ ʧʨʠʤʝʩʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ 

ʟʘʧʫʩʢʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʩʫʭʠʤ 

ʩʧʦʩʦʙʦʤ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʦʚ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʟʘʚʦʜʘ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʝ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʪʨʘʩʪʥʳʝ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʨʦʤʧʣʦʱʘʜʢʠ ʟʘʚʦʜʘ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʟʦʥʘ ʚʳʧʘʜʝʥʠʡ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ, ʘ ʥʘ ʫʜʘʣʝʥʠʷʭ 

1.5 ï 2 ʢʤ ʥʘʭʦʜʷʪʩʷ ʤʘʢʩʠʤʫʤʳ ʚʳʧʘʜʝʥʠʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ. ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʮʝʣʦʤ, ʩʫʤʤʘʨʥʳʝ ʚʳʧʘʜʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʠʩʴ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʨʦʩʪʝ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʣʝ pH ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ 

ʚʳʧʘʜʝʥʠʡ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʝʡ ʜʣʠʪʝʣʴʥʳʭ ʚʳʧʘʜʝʥʠʡ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦʣʦʞʝʥʦ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠ 

ʜʠʬʬʫʟʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʧʨʠʤʝʩʠ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʤʧʪʦʪʠʢ ʨʝʰʝʥʠʡ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʘʪʤʦʩʬʝʨʳ ʧʣʦʪʥʦʩʪʴ ʚʳʧʘʜʝʥʠʡ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʧʨʠʤʝʩʠ ʟʘ ʜʣʠʪʝʣʴʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ [7] 
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ʛʜʝ  ,r j - ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ( )Pj  - ʧʨʠʟʝʤʥʘʷ ʨʦʟʘ ʚʝʪʨʦʚ; ( )ɻ m - 

ʛʘʤʤʘ-ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ, 1 2 3, ,q q q - ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ.  

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ  1 2 3, ,q q q ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʉʦʦʪʥʦʰʝʥʠʝ (1) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʦʣʝʡ 

ʚʳʧʘʜʝʥʠʡ ʧʨʠʤʝʩʠ. ʇʦ ʨʘʜʠʘʣʴʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʝʡ ʚʳʧʘʜʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʤʘʢʩʠʤʫʤ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 500 ʤ ʦʪ ʚʳʩʦʪʥʳʭ ʪʨʫʙ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘʣʠʯʠʝ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚʝ ʚʳʧʘʜʝʥʠʡ. 

 

 
ʈʠʩ. 3 ï ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʘʵʨʦʟʦʣʴʥʳʝ ʚʳʧʘʜʝʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʠ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ. 

ƺ, ǒ - ʦʧʦʨʥʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʟʘʤʝʪʥʦ ʠʟʤʝʥʠʣʠ ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʘʵʨʦʟʦʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ. ʅʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ 

(1) ʠ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʧʦʣʝ ʚʳʧʘʜʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ (ʨʠʩ. 4). ɸʥʘʣʠʟ ʨʠʩ. 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʳʥʦʩ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 
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ʥʘʧʨʘʚʣʝʥʠʠ, ʚʜʦʣʴ ʜʦʣʠʥʳ ʨ. ɹʝʨʜʴ. ɿʦʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʳʧʘʜʝʥʠʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.5 ʢʤ ʦʪ ʚʳʩʦʪʥʳʭ ʪʨʫʙ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ. 

ʉʫʤʤʘʨʥʳʝ ʚʳʧʘʜʝʥʠʷ ʧʳʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʜʠʫʩʝ 1 ʢʤ ʦʪ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʘ ʆɸʆ çʀʩʢʠʪʠʤʮʝʤʝʥʪè ʩʦʩʪʘʚʠʣʦ 626 ʪʦʥʥ. ʀ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʘʜʠʫʩʝ 2 ʢʤ ï 875 ʪʦʥʥ, ʚ ʨʘʜʠʫʩʝ 3 ʢʤ ï 942 ʪʦʥʥʳ, ʚ 

ʨʘʜʠʫʩʝ 4 ʢʤ ï 969 ʪʦʥʥ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʳʭ ʚʳʧʘʜʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʭʦʜʷʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʚʘʣʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʳʣʠ 

ʮʝʤʝʥʪʥʳʤ ʟʘʚʦʜʦʤ, ʧʨʦʚʝʜʸʥʥʦʡ ʚ 2012 ʛ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ ʚʘʣʦʚʳʡ 

ʚʳʙʨʦʩ ʧʳʣʠ ʜʦʣʞʝʥ ʙʳʣ ʩʦʩʪʘʚʠʪʴ ʚ ʟʠʤʥʝʤ ʩʝʟʦʥʝ 2012/13 ʛʛ. ʧʦʨʷʜʢʘ 100 

ʪʦʥʥ. 

 
ʈʠʩ. 4 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦʣʝ ʧʣʦʪʥʦʩʪʠ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ (ʛ/ʤ

2
) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʀʩʢʠʪʠʤʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʧʦ ʜʘʥʥʳʤ ʤʘʨʰʨʫʪʥʳʭ ʩʥʝʛʦʩʲʸʤʦʢ ʚ ʢʦʥʮʝ ʟʠʤʥʝʛʦ 

ʩʝʟʦʥʘ 2012/13 ʛ. ɺ ʣʝʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ ʨʠʩʫʥʢʘ ï ʟʠʤʥʷʷ ʨʦʟʘ ʚʝʪʨʦʚ 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʟʠʤʥʝʤ ʩʝʟʦʥʝ 2016/17 ʛ. ʅʘ 

ʨʠʩ. 5ʘ ʧʨʠʚʝʜʝʥʘ ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʦʚ ʵʪʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ 

ʨʠʩ. 5ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʷ ʚʳʧʘʜʝʥʠʡ ʢʘʣʴʮʠʷ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʨʦʤʧʣʦʱʘʜʢʠ ʟʘʚʦʜʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
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ʙʳʣʘ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʤʦʜʝʣʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʜʚʫʭ ʢʦʥʪʨʘʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʠʤʝʩʠ. ʆʪ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʨʦʩ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʘ 

ʠʟ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʘʶʪ ʯʘʩʪʠʮʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʦʤʫ - ʤʦʢʨʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʮʝʤʝʥʪʘ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ - ʩʫʭʦʤʫ. 

 
ʈʠʩ. 5 ï ʃʠʥʝʡʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʞʝʣʝʟʘ ʠ ʤʝʜʠ (ʘ). ɺʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦ ʤʦʜʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʣʴʮʠʷ (ʙ) 

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʘʥʥʳʭ ʤʘʨʰʨʫʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʀʩʢʠʪʠʤʩʢʦʛʦ 

ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʧʦʣʝ ʩʫʤʤʘʨʥʳʭ ʚʳʧʘʜʝʥʠʡ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʟʘ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʳʥʦʩ ʧʨʠʤʝʩʠ ʦʪ 

ʚʳʩʦʪʥʳʭ ʪʨʫʙ ʟʘʚʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ 

ʜʦʣʠʥʳ ʨ. ɹʝʨʜʴ. ɺʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʦʢʘʟʳʚʘʶʪ 

ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʦʮʝʥʦʢ ʵʪʦʛʦ 

ʚʣʠʷʥʠʷ ʪʨʝʙʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʚʩʝʭ ʚʠʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚ ʮʝʤʝʥʪʥʦʛʦ 

ʟʘʚʦʜʘ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʧʨʠʤʝʩʝʡ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʦʩʥʦʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʦʝ ʧʦʣʝ 

ʚʝʪʨʘ ʦʢʦʣʦ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʙʣʠʟʣʝʞʘʱʝʡ ʤʝʪʝʦʩʪʘʥʮʠʠ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʭʦʜ. ʅʘʨʷʜʫ ʩ ʧʨʷʤʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
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ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 18. 
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Abstract. Problems of restoration of snow cover contamination fields from dusting point, linear and area 

sources according to ground and satellite observations are considered.  Using reconstruction models, methods for 

joint analysis of characteristic images of halos and data of contact observations of snow cover contamination near 

sources of suspended matter emissions have been developed. The fields of aerosol pollution were reconstructed for a 

number of large industrial enterprises in Western and Eastern Siberia.   
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ʅʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ 

[3, 5]. ʅʘ ʩʥʠʤʢʘʭ ʫʯʘʩʪʢʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʩʥʝʛʘ ʚʳʛʣʷʜʷʪ ʢʘʢ ʪʝʤʥʦʚʘʪʳʝ 

ʧʷʪʥʘ, ʧʨʠʯʝʤ ʧʦʯʝʨʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ 

ʟʘʧʳʣʝʥʠʷ ʠ ʦʪʨʘʞʘʝʪ ʘʪʤʦʩʬʝʨʥʫʶ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʧʳʣʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʩʦʟʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʟʘʠʤʥʦʡ ʯʠʩʣʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ ʥʘʟʝʤʥʳʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʷʚʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.ʆʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʣʠʞʥʝʡ ʠ ʜʘʣʴʥʝʡ ʟʦʥ ʚʳʧʘʜʝʥʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ 
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ʚʝʱʝʩʪʚ [1, 2, 4]. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʜʦ ʨʘʩʩʪʦʷʥʠʡ 4ï6 ʢʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʠʤʝʩʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʚʳʩʦʪʳ ʠʩʪʦʯʥʠʢʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʪ.ʜ. ʅʘ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚ ʥʸʤ. ɺ ʪʦʤ ʠ ʜʨʫʛʦʤ 

ʩʣʫʯʘʝʫʩʪʘʥʦʚʣʝʥʳ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʧʦʚʝʜʝʥʠʷ ʨʝʰʝʥʠʡ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʧʨʠʟʝʤʥʦʤ ʠ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʷʭ 

ʘʪʤʦʩʬʝʨʳ ʦʪ ʪʦʯʝʯʥʳʭ ʠ ʧʣʦʱʘʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [6, 7]. ʇʦʤʠʤʦ ʩʘʤʠʭ 

ʨʝʰʝʥʠʡ ʵʪʠ ʘʩʠʤʧʪʦʪʠʢʠ ʤʦʛʫʪʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʝʡ 

ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʝʡ 

ʚʳʧʘʜʝʥʠʡ ʧʨʠʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʠ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʤʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʟʠʤʥʠʝ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʥʠʤʢʠ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʦʷʪ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ.  

ʘ) ʄʦʜʝʣʴ ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʷ ʣʦʢʘʣʴʥʳʭ ʚʳʧʘʜʝʥʠʡ ʪʷʞʸʣʦʡ 

ʧʨʠʤʝʩʠ.ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʷ ʚʳʧʘʜʝʥʠʡ 

ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʡ ʧʳʣʠ ʚʧʦʣʥʝ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

çʢʠʥʝʤʘʪʠʯʝʩʢʦʡè ʩʭʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʧʦʣʝ ʚʝʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʜʝʥʠʝ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʪʦʢʩʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʝʨʝʥʦʩ ʧʨʠʤʝʩʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ 
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ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ                  

)()(0 HzQzq r -¹== dy           ,                                      (2) 

ʛʜʝ  ),( zrq  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʚ ʧʣʦʩʢʦʩʪʠ  ),( zr , uï ʩʨʝʜʥʷʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ  r , w  ï ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ 

ʯʘʩʪʠʮ ʧʦ ʦʩʠ z  , ʦʩʴ z  ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, HQ,  ï ʤʦʱʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʘʷ ʚʳʩʦʪʘ ʠʩʪʦʯʥʠʢʘ, d ï ʜʝʣʴʪʘ ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1), (2) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ 

)(),( r
u

w
zzrq +=y   .                                                        (3) 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ )(wN ʚ ʠʩʪʦʯʥʠʢʝ ʧʦ ʩʢʦʨʦʩʪʷʤ 

ʦʩʝʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ [7] 
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ʊʦʛʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (3), (4) ʠ ʩʚʦʡʩʪʚ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʴ 

ʚʳʧʘʜʝʥʠʡ ʧʨʠʤʝʩʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚ ʚʠʜʝ [7] 
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qqq     . 

ʆʮʝʥʢʫ ʥʝʠʟʚʝʩʪʥʦʛʦ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ q ʚ ʚʳʨʘʞʝʥʠʠ (5) ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʜʢʘ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ.  

ʙ) ʄʦʜʝʣʠ ʦʮʝʥʠʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʳʧʘʜʝʥʠʡ ʧʨʠʤʝʩʠ ʦʪ 

ʪʦʯʝʯʥʦʛʦ ʠ ʧʣʦʱʘʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.ʇʦʣʝ ʦʩʨʝʜʥʝʥʥʦʡ ʟʘ ʜʣʠʪʝʣʴʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ [6] 

     ,                               (6) 
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ʛʜʝ r ,j ï ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʩ ʥʘʯʘʣʦʤ ʚ ʤʝʩʪʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ,  ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ  

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʘʭ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ, 

,  ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʤʝʩʠ ʩ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ,ï ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ï ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʣʦʱʘʜʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ S ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʦʝ ʠ ʚʧʦʣʥʝ 

ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ [6]: 
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ddmMuHM hxhxpq ,,2   , 

ʛʜʝ Mï ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʠʤʝʩʠ ʩ ʪʝʨʨʠʪʦʨʠʠS, ),( hxm  ï 

ʵʤʠʩʩʠʷ ʧʨʠʤʝʩʠ ʠʟ ʪʦʯʢʠ ),( hx , ʧʨʠʥʘʜʣʝʞʘʱʝʡ S, P  ï ʨʦʟʘ ʚʝʪʨʦʚ, ml,  ï 

ʵʬʬʝʢʪʠʚʥʳʡ ʮʝʥʪʨ ʚʳʙʨʦʩʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ),( yx  ʫʜʘʣʝʥʘ ʦʪ S 

ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 5ï7 ʢʤ.  

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʤʝʩʝʡ ʦʪ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʉʠʙʠʨʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʘ) ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʵʣʝʢʪʨʦʜʥʳʡ ʟʘʚʦʜ (ʅʕɿ). ɿʘʚʦʜ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʚ 50 ʢʤ ʶʞʥʝʝ ʅʦʚʦʩʠʙʠʨʩʢʘ. ʆʩʥʦʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʧʠʨʦʣʠʟʘ ʛʨʘʬʠʪʘ, ʢʦʢʩʘ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ, 

ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʥʝʬʪʝʭʠʤʠʠ. ʇʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ) 

ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʳʙʨʦʩʦʚ ʟʘʚʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ. ɺʳʙʨʦʩ 

ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ ʙʝʥʟ(ʘ)ʧʠʨʝʥ (ɹʇ) ʠ ʜʨʫʛʠʝ ʇɸʋ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʮʝʭʝ ʦʙʞʠʛʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʝ 180 

ʤʝʪʨʦʚʳʝ ʪʨʫʙʳ. 
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ʆʪʙʦʨ ʧʨʦʙ ʩʥʝʛʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʅʕɿ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʜʚʫʤ ʨʘʜʠʘʣʴʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʙ ʤʘʨʰʨʫʪʘʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʩʝʚʝʨ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ɹʇ ʚ ʩʥʝʛʝ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʪʨʫʙ, ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɹʇ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʟʘʚʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʢʣʘʜ ʜʦʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʠʭ ʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ɹʇ, ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʚʳʧʘʜʝʥʠʡ (ʜʦ 3 ʢʤ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʚʝʣʠʢ.  

ɼʣʷ ʦʮʝʥʢʠ ʪʨʸʭ ʧʘʨʘʤʝʪʨʦʚ ʚ (5) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ ʪʨʸʭ ʪʦʯʢʘʭ ʧʦ ʤʘʨʰʨʫʪʫ ʦʪʙʦʨʘ ʩʥʝʛʦʚʳʭ ʧʨʦʙ. 

ʀʭ ʚʳʙʦʨ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʣʦʢʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳʭ ʧʣʘʥʦʚ ʥʘʙʣʶʜʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɹʇ ʧʦ ʪʨʸʤ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ ʠʟʤʝʨʝʥʠʡ ʚ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʀʟ ʘʥʘʣʠʟʘ ʨʠʩ. 1 ʚʳʪʝʢʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʠʤʝʩʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʡ. 

 
ʈʠʩ. 1 ï ʏʠʩʣʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ (ʘ), ʦʩʘʜʢʘ ʧʳʣʠ (ʙ) ʚ 

ʩʥʝʛʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʤʘʨʰʨʫʪʝ ʧʨʦʙʦʦʪʙʦʨʘ.  ƺ ï ʦʧʦʨʥʳʝ ʪʦʯʢʠ,  ǒ ï ʢʦʥʪʨʦʣʴʥʳʝ 

ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʡ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʧʘʜʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʙʣʠʞʥʝʡ ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʩʦʪʥʳʭ ʪʨʫʙ ʟʘʚʦʜʘ ʚ ʩʦʩʪʘʚʝ ʢʨʫʧʥʳʭ 

ʬʨʘʢʮʠʡ ʯʘʩʪʠʮ.ʄʘʢʩʠʤʫʤ ʧʨʠʟʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 1 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʝʩʴʤʘ ʚʳʩʦʢʠʝ 

ʩʢʦʨʦʩʪʠ ʦʩʝʜʘʥʠʷ ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʯʘʩʪʠʮ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʠʠ ʢʦʩʤʦʩʥʠʤʢʦʚ ʦʢʨʝʩʪʥʦʩʪʝʡ ʅʕɿ, 

ʚʳʧʦʣʥʝʥʳʭ ʚ ʟʠʤʥʠʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ 2009ï2011 ʛʛ., ʧʨʦʚʝʜʝʥʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʥʘʟʝʤʥʳʤ ʜʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ 

ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʥʘ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ. ɼʣʷ ʦʮʠʬʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʨʝʦʣʦʚ ʠ 

ʰʣʝʡʬʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʰʢʘʣʘ ʩʝʨʦʛʦ ʮʚʝʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʢʦʥʪʘʢʪʥʳʭ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʅʕɿ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʥʠʤʢʠ ʀʉɿ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʩʘʡʪʘ ʢʦʤʧʘʥʠʠ 

DigitalGlobe. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ 2 ʤʘʨʪʘ 2011 ʛ. ʠ 31 ʤʘʨʪʘ 2009 

ʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʢʨʝʩʪʥʦʩʪʝʡ ʅʕɿ, ʥʘ ʢʦʪʦʨʳʭ ʚʩʝ ʮʚʝʪʦʚʳʝ 

ʛʨʘʜʘʮʠʠ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʪʦʥʘ ʩʝʨʦʛʦ ʮʚʝʪʘ (ʨʠʩ. 2). ʕʪʦ (ʜʝʰʠʬʨʦʚʢʘ) 

ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʦʨʝʦʣ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʦʩʥʦʚʥʳʭ ʦʯʘʛʦʚ (ʟʘʚʦʜʘ, 

ʫʛʣʝʜʨʦʙʠʣʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʚʪʦʪʨʘʩʩʳ) ʧʦ ʚʳʙʨʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ.  

 
ʈʠʩ. 2 ï ʇʦʣʷ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʚʦʜʘ, 

ʦʮʠʬʨʦʚʘʥʥʳʝ ʚ ʪʦʥʘʭ ʩʝʨʦʛʦ ʮʚʝʪʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ ʦʪʘ) 2 ʤʘʨʪʘ 2011 ʛ., ʙ) 31 

ʤʘʨʪʘ 2009 ʛ.  ï ʩʝʯʝʥʠʷ ʧʦʣʝʡ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʳʥʦʩʘ 

ʅʘ ʨʠʩ. 3ʘ ʧʨʝʜʩʪʘʚʣʝʥʘʯʠʩʣʝʥʥʘʷ ʩʚʷʟʴʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʮʠʬʨʦʚʢʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʥʠʤʢʘ ʚ ʰʢʘʣʝ ʪʦʥʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʤʦʜʝʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ (5) ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 

ʚʳʩʦʪʥʳʭ ʪʨʫʙ ʅʕɿ. ʅʘ ʨʠʩ. 3ʙ ʧʨʠʚʝʜʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʚʷʟʴ ʜʣʷ 

ʧʣʦʱʘʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʦʣʴʥʦʡ ʧʳʣʠ. 
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ʈʠʩ. 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʪʦʥʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ (ʩʥʠʤʦʢ 2.03.2011ʛ.) ʠ ʧʦʣʷʤʠ ʚʳʧʘʜʝʥʠʷ ʧʳʣʠ ʦʪ ʪʨʫʙ ʅʕɿ 

(ʘ) ʠ ʦʪ ʧʣʦʱʘʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʨʦʙʣʝʥʠʶ ʫʛʣʷ (ʙ) 

ʚ) ʆʤʩʢʘʷ ʊʕʎ ï 5. ɺ ʛ. ʆʤʩʢʝ ʊʕʎ-5 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʢʨʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ɺʳʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʊʕʎ-5 ʩʦʩʪʘʚʣʷʶʪ 36% ʦʪ ʝʞʝʛʦʜʥʦʛʦ ʦʙʲʝʤʘ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʛʦʨʦʜʘ. ʆʩʥʦʚʥʦʝ ʠ 

ʨʝʟʝʨʚʥʦʝ ʪʦʧʣʠʚʦ ʊʕʎ-5: ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʨʘʩʪʦʧʦʯʥʦʝ ï ʤʘʟʫʪ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ 

ʵʪʦʛʦ ʫʛʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʚʳʩʦʢʦʟʦʣʴʥʳʡ (ʟʦʣʘ ʙʦʣʝʝ 40%) ʠ 

ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ.  

ʉʦʛʣʘʩʥʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʘʪʤʦʩʬʝʨʳ ʛ. ʆʤʩʢʘ ʜʦʤʠʥʠʨʫʶʪ ʚʝʪʨʳ ʶʞʥʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʚʳʩʦʪʘʭ 200 ʤ ʠ ʙʦʣʝʝ ʙʫʜʫʪ ʫʞʝ ʧʨʝʦʙʣʘʜʘʪʴ 

ʚʝʪʨʘ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʦʪ ʊʕʎ ï 5 ʚ 

ʚʦʩʪʦʯʥʦʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

 
 

ʈʠʩ. 4 ï ʀʟʤʝʨʝʥʥʳʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (6) ʧʣʦʪʥʦʩʪʠ ʚʳʧʘʜʝʥʠʷ ʧʳʣʠ  

ʦʪ ʊʕʎ-5 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʚʦʩʪʦʢ (ʘ) ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ (ʙ) 

ʉʦʛʣʘʩʥʦ ʩʧʫʪʥʠʢʦʚʦʤʫ ʩʥʠʤʢʫ ʥʘ ʨʠʩ. 5 ʦʩʥʦʚʥʳʝ ʚʳʧʘʜʝʥʠʷ ʧʳʣʠ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ ʪʨʫʙ ʧʨʦʠʟʦʰʣʠ ʚ ʩʝʢʪʦʨʝ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʚʦʩʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʦʢʨʝʩʪʥʦʩʪʝʡ ʊʕʎ-5, ʥʘ ʢʦʪʦʨʦʤ ʚʩʝ ʮʚʝʪʦʚʳʝ ʛʨʘʜʘʮʠʠ ʙʳʣʠ 
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ʧʝʨʝʚʝʜʝʥʳ ʚ ʪʦʥʘ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʕʪʦ (ʜʝʰʠʬʨʦʚʢʘ) ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ 

ʦʨʝʦʣ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʦʚʝʩʪʠ ʦʮʠʬʨʦʚʢʫ ʠʟʤʝʥʝʥʠʡ ʪʦʥʦʚ 

ʩʝʨʦʛʦ ʮʚʝʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘ ʚʦʩʪʦʢ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. 

 
ʈʠʩ. 5 ï ʉʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʦʪ 25 ʤʘʨʪʘ 2010 ʛ. ʦʢʨʝʩʪʥʦʩʪʝʡ ʊʕʎ-5 ʛ. ʆʤʩʢʘ 

ʌʦʨʤʫʣʘ (6) ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʣʦʪʥʦʩʪʠ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʥʘ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʦʪ ʊʕʎ-5 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʪʦʥʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ ʦʨʝʦʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ. 5. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʠʬʨʦʚʢʠ ʪʦʥʦʚ 

ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʚʦʩʪʦʢ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʦʪ ʊʕʎ-5 ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʩ ʚʳʧʘʜʝʥʠʷʤʠ ʧʳʣʠ. 

 
ʈʠʩ. 6 ï ʃʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʦʥʦʚ ʩʝʨʦʛʦ 

ʮʚʝʪʘ ʥʘ ʩʥʠʤʢʝ 25.03.2010 ʛ. ʠ ʦʧʠʩʘʥʠʝʤ ʧʦ ʤʦʜʝʣʠ (6) ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ 

ʦʪ ʚʳʩʦʪʥʳʭ ʪʨʫʙ ʊʕʎ-5 ʛ. ʆʤʩʢʘ ʚ ʚʦʩʪʦʯʥʦʤ(ʘ) ʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʙ) 

ʀʟ ʨʠʩ. 3, 6 ʚʳʪʝʢʘʝʪ, ʯʪʦ ʜʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʜʣʷ 

ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʩʪʝʧʝʥʥʘʷ ʩʚʷʟʴ, ʜʣʷ ʧʣʦʱʘʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ï ʣʠʥʝʡʥʘʷ. ɼʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʘʩʰʪʘʙʦʚ ʚʳʧʘʜʝʥʠʡ ʧʳʣʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʚʷʟʴ. 
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ʙ) ʅʦʨʠʣʴʩʢʠʡ ʘʩʬʘʣʴʪʥʦ-ʙʝʪʦʥʥʳʡ ʟʘʚʦʜ (ɸɹɿ). ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦ ʩʧʫʪʥʠʢʦʚʦʤʫ ʩʥʠʤʢʫ (ʨʠʩ. 7ʘ) ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʳʥʦʩʦʚ 

ʚ ʨʘʡʦʥʝ ʛ. ʅʦʨʠʣʴʩʢʘ ʦʪ ɸɹɿ. ɿʘʚʦʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʦʪ ʛʦʨʦʜʘ. 

ʇʦ ʟʘʪʝʤʥʝʥʠʶ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʠʥʘ ʰʣʝʡʬʘ ʚʳʥʦʩʘ ʧʨʠʤʝʩʝʡ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 10 ʢʤ, ʰʠʨʠʥʘ ʰʣʝʡʬʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʤʝʥʝʝ 2 ʢʤ. 

ʅʘ ʨʠʩ. 7ʙ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʦʥʦʚ ʮʚʝʪʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʟʘʚʦʜʘ. 

ʅʘʯʠʥʘʷ ʩ ʨʘʩʩʪʦʷʥʠʡ ʙʦʣʝʝ 4 ʢʤ, ʫʙʳʚʘʥʠʝ ʪʦʥʦʚ ʥʦʩʠʪ ʬʘʢʪʠʯʝʩʢʠ 

ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʨʠʩ. 7ʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʪʦʥʦʤ ʮʚʝʪʘ ʠ ʤʦʜʝʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ (6) ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ 

ʙʦʣʝʝ 4 ʢʤ.   

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʳ ʵʢʦʥʦʤʠʯʥʳʝ 

ʧʦ ʯʠʩʣʫ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʤʦʜʝʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʣʦʢʘʣʴʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʠ ʧʣʦʱʘʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. 

ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʵʨʦʟʦʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʨʷʜʘ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. 

ɺʳʷʚʣʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʧʦʣʷʤʠ 

ʚʳʧʘʜʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʦʥʦʚ ʩʝʨʦʛʦ 

ʮʚʝʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʚ ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʆʤʩʢʘ, ʅʦʨʠʣʴʩʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʣʷʤʠ 

ʭʘʨʘʢʪʝʨʥʘ ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ.ʈʝʛʠʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʫ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ.ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʟʝʤʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  
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ʈʠʩ. 7 ï ʉʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʅʦʨʠʣʴʩʢʘ (ʘ). ʀʟʤʝʥʝʥʠʷ ʪʦʥʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʥʦʩʘ ʧʳʣʠ ʦʪ ʘʩʬʘʣʴʪʦ-ʙʝʪʦʥʥʦʛʦ ʟʘʚʦʜʘ (ʙ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ (ʚ) 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 18. 
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ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨ. ʂʘʯʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 
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ʀʩʪʦʱʝʥʠʝ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʨʝʢ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʢʨʫʧʥʳʭ ʨʝʢ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ. ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ, ʧʦʵʪʦʤʫ ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʚʦʜʦʝʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʨʠʨʦʜʥʦ-ʬʦʥʦʚʳʭ ʫʨʦʚʥʝʡ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʨ. ʂʘʯʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʝʛʠʦʥʘ ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʪʝʨʠʝʚ: 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ɺʠʣʴʢʦʥʩʦʥʘ-ʄʘʥʥʘ-ɺʠʪʥʠ, 

ʬʘʢʪʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʦʮʝʥʠʪʴ ʬʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʩʥʦʚʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦʛʣʘʩʥʦ ʈɼ 

52.24.622-2001 [1]: ʘʣʶʤʠʥʠʷ, ʤʘʨʛʘʥʮʘ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ; 

- ʜʣʷ ʵʪʦʛʦ ʞʝ ʨʷʜʘ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ; 
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- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʫʨʦʚʥʝʡ 

ʟʘʛʨʷʟʥʝʥʠʷ. 

ʈʝʢʘ ʂʘʯʘ ʷʚʣʷʝʪʩʷ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ɽʥʠʩʝʷ, ʥʘʯʠʥʘʝʪʩʷ ʚ ʧʨʝʜʛʦʨʥʦʡ 

ʟʦʥʝ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʠ ʚʧʘʜʘʝʪ ʚ ʥʝʛʦ ʚ ʨʘʡʦʥʝ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ. ʀʤʝʝʪ 

ʜʣʠʥʫ 119 ʢʤ ʠ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 1270 ʢʤ
2
. ɺ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʚʝʜʫʪʩʷ 

ʣʝʩʦʟʘʛʦʪʦʚʢʠ, ʚ ʩʨʝʜʥʝʤ ʠ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ. 

ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʚʝʨʭʥʝʤ ʩʪʚʦʨʝ ʨ. ʂʘʯʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʴʶ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʤʝʪʝʦʩʣʫʞʙʦʡ ʟʘ ʧʝʨʠʦʜ ʩ 1985 ʧʦ 2014 ʛʛ. ʉʪʚʦʨ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ 1 ʢʤ ʚʳʰʝ ʧʦʩ. çʇʘʤʷʪʠ 13 ʙʦʨʮʦʚè; ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʫʩʪʴʷ ï 

63,5 ʢʤ. ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʪʦʢʘ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʥʝ 

ʚʣʠʷʶʪ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʪʘʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʘʯʥʳʝ ʤʘʩʩʠʚʳ ʠ ʚʝʜʫʪʩʷ 

ʣʝʩʦʟʘʛʦʪʦʚʢʠ. 

ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ 

ɺʠʣʴʢʦʥʩʦʥʘ-ʄʘʥʥʘ-ɺʠʪʥʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʚʦʨʘ ʚʦʜʦʪʦʢʘ. ʆʥʠ ʷʚʣʷʶʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚ ʚ ʵʪʦʤ ʩʪʚʦʨʝ ʧʨʠ 

ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʚʦʜʳ, ʪʘʢ ʠ 

ʚʣʠʷʥʠʝʤ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʚʦʨʘ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʦʮʝʥʝʥʳ ʜʚʝ ʬʦʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʬʦʥ, 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʦʛʣʘʩʥʦ ʈɼ 52.24.622-2001 ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ (ʨʠʩ. 1ï2). 

ɼʣʷ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʇɼʂʨ.ʭ. ʧʨʝʚʳʰʝʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʙʳʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʝʩʝʥʥʠʤ ʠ 

ʜʦʞʜʝʚʳʤ ʩʪʦʢʦʤ ʙʘʩʩʝʡʥʘ ʨʝʢʠ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʦʨʤʘʪʠʚʳ ʢʘʯʝʩʪʚʘ ʚʦʜ ʚ 

ʨ. ʂʘʯʘ ʥʝ ʧʨʝʚʳʰʝʥʳ. 
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ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ 

ʘʣʶʤʠʥʠʷ, ʤʘʨʛʘʥʮʘ, ʥʠʢʝʣʷ (ʨʠʩ. 1) ʠ ʞʝʣʝʟʘ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ɼʣʷ 

ʮʠʥʢʘ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 2). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʝ 

ʪʠʧʠʯʥʦ, ʪʘʢ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʣʠ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʝʨʠʦʜʘ. 

ʈʠʩ.1 ï ʌʦʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʢʝʣʷ (ʇɼʂʨ.ʭ. 10 ʤʢʛ/ʣ) ʨ. ʂʘʯʘ 

ʈʠʩ.2 ï ʌʦʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʥʢʘ (ʇɼʂʨ.ʭ. 10 ʤʢʛ/ʣ) ʨ. ʂʘʯʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [2], ʤʝʞʜʫ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʦʢʘʟʘʪʝʣʷʤʠ ʚ ʮʝʣʦʤ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʚʷʟʴ: 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ ʚʦʜʳ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʝʯʥʳʭ ʚʦʜ. ʂʦʣʝʙʘʥʠʷ ʚʦʜʥʦʩʪʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʥʦ ʠ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ 
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ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʬʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʟʘ ʧʝʨʠʦʜ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʚʦʜʥʦʩʪʴʶ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʦʜʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʚʦʜʥʳʤ ʩʪʦʢʦʤ 

ʠʣʠ ʥʘʦʙʦʨʦʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʢʘ ʜʦʧʫʩʪʠʤʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʙʫʜʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʥʠʞʝʥʘ ʠʣʠ ʟʘʚʳʰʝʥʘ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ: 

ʧʦʯʪʠ 30 ʣʝʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʝʯʥʳʭ 

ʚʦʜ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʤʝʪʘʣʣʦʚ ʠʤʝʝʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ. ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʠʤ ʚʘʨʠʘʥʪʦʤ ʦʮʝʥʢʠ 

ʬʦʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ) ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʚʝʨʭʥʝʡ 

ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɼʘʥʥʘʷ ʦʮʝʥʢʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʳʩʦʢʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 15-07-06982. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʈɼ 52.24.622-2001 ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʬʦʥʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʚʦʜʦʪʦʢʦʚ / ʆ.ɸ. ʂʣʠʤʝʥʢʦ, ɺ.ʌ. 

ɻʝʢʦʚ, ʈ.ʉ. ʇʷʪʥʠʮʳʥʘ, ʆ.ɺ. ʉʝʨʛʝʝʚʘ. ï ʄ: ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʈʦʩʩʠʠ ʧʦ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ï 63 ʩ. 

2. ʉʘʚʠʯʝʚ ʆ. ɻ. ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʪʘʝʞʥʦʡ ʟʦʥʳ 
ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ // ɺʝʩʪʥʠʢ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2010. 

ï ˉ 334. ï ʉ. 169-175. 

 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

112 

ʆʎɽʅʂɸ ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ɹʀʆʇʃɽʅʆʂ ʆɿɽʈɸ ɹɸʁʂɸʃ ʉ 

ʇʆʄʆʑʔʖ ʇʆʂɸɿɸʊɽʃɽʁ ʍʃʆʈʆʌʀʃʃɸ 
ʊʠʭʦʥʦʚʘ ʀ.ɺ., ʀʚʘʯʝʚʘ ʄ.ɸ., ʂʨʘʩʥʦʧʝʝʚ ɸ.ʖ., ʇʦʪʘʧʦʚ ʉ.ɸ., ʉʦʨʦʢʦʚʠʢʦʚʘ ɽ.ɻ., ɹʫʪʠʥʘ 

ʊ.ɺ., ɹʝʣʳʭ ʆ.ʀ. 

ʃʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

e-mail: iren@lin.irk.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʆʜʥʠʤ ʠʟ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʙʠʦʧʣʝʥʦʢ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʥʘ 

ʵʥʜʝʤʠʯʥʳʭ ʙʘʡʢʘʣʴʩʢʠʭ ʛʫʙʢʘʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʘʚʪʦʪʨʦʬʦʚ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʦʝʤʦʚ. ʅʘʤʠ 

ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ ʚ ʙʠʦʧʣʝʥʢʘʭ ʙʝʥʪʦʩʘ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʨʘʩʩʯʠʪʘʥʦ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʝʜʠʥʠʮʝ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʡʢʘʣ, ʩʫʙʣʠʪʦʨʘʣʴ, ʮʠʘʥʦʙʘʢʪʝʨʠʠ, ʙʠʦʧʣʝʥʢʠ, ʭʣʦʨʦʬʠʣʣ 
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Abstract. Currently, the degradation of a coastal zone of Lake Baikal occurs. The development of 

cyanobacteria biofilms on endemic Baikal sponges is one of adverse manifestations of the ecological crisis. The 

chlorophyll concentration is an indicator of autotrophs activity and one of three parameters used for establishing the 

trophic status of water bodies. We have tested a method for measuring the chlorophyll concentration in biofilms of 

the lakeôs benthic community and calculated the chlorophyll percentage per unit of raw biomass. 

Keywords: Lake Baikal, sublittoral, cyanobacteria, biofilms, chlorophyll 

ʉʫʙʣʠʪʦʨʘʣʴ ʠʣʠ ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ ï ʩʘʤʘʷ ʙʣʘʛʦʧʨʠʷʪʥʘʷ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʟʦʥʘ ʚ ʢʨʫʧʥʳʭ ʦʟʝʨʘʭ,  ʦʪʣʠʯʘʶʱʘʷʩʷ  ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʙʠʪʘʪʝʣʝʡ [1]. ʉʫʙʣʠʪʦʨʘʣʴ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʙʘʣʘʥʩʘ 

ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʪʨʦʬʠʠ ʠ ʛʝʪʝʨʦʪʨʦʬʠʠ, ʯʫʪʢʦ ʨʝʘʛʠʨʫʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [2, 3]. ʉ 2011 ʛʦʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʠʪʦʨʘʣʠ ʠ ʩʫʙʣʠʪʦʨʘʣʠ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʚ ʧʝʨʚʦʡ 

ʦʪʤʝʯʝʥʳ ʛʥʠʶʱʠʝ ʩʢʦʧʣʝʥʠʷ ʦʪʤʝʨʰʠʭ ʚʦʜʦʨʦʩʣʝʡ, ʤʦʣʣʶʩʢʦʚ ʠ ʛʫʙʦʢ, ʘ 

ʚʪʦʨʘʷ ʩʪʨʘʜʘʝʪ  ʦʪ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʜʣʷ ʵʪʦʡ ʥʠʰʠ ʚʠʜʦʚ 

ʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ [4]. ʆʪʤʝʯʘʝʪʩʷ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʠ ʛʠʙʝʣʴ 

ʵʥʜʝʤʠʯʥʳʭ ʛʫʙʦʢ, ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʠ ʦʙʨʘʩʪʘʥʠʝ ʛʫʙʦʢ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʙʠʦʧʣʝʥʢʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʪʦʨʘʣʴ ʠ 

ʧʝʣʘʛʠʘʣʴ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʮʝʣʦʛʦ ï ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ, ʜʣʷ ʙʝʥʪʦʩʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʥʝʧʨʠʤʝʥʠʤʳ ʤʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʮʝʥʠʚʘʶʱʠʝ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʨʦʬʥʦʩʪʠ ʚʦʜʦʝʤʦʚ ʷʚʣʷʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ, ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ, ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʥʥʦ 
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ʭʣʦʨʦʬʠʣʣ ʦʪʨʘʞʘʝʪ ʦʙʠʣʠʝ ʘʚʪʦʪʨʦʬʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʫʙʣʠʪʦʨʘʣʠ ɹʘʡʢʘʣʘ ʨʘʥʝʝ ʥʝ ʠʟʤʝʨʷʣʩʷ.  

ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ ʚ 

ʙʝʥʪʦʩʥʳʭ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʢʘʭ, ʦʙʨʘʩʪʘʶʱʠʭ ʙʘʡʢʘʣʴʩʢʫʶ 

ʛʫʙʢʫ in situ, ʠ ʚ ʢʫʣʴʪʫʨʝ ʮʠʘʥʦʙʘʢʪʝʨʠʡ.  

ʇʨʦʙʳ ʦʙʨʘʩʪʘʥʠʡ ʩ ʙʦʣʴʥʳʭ ʛʫʙʦʢ ʠ ʢʫʩʦʯʢʠ ʛʫʙʦʢ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚʦ 

ʚʨʝʤʷ ʢʨʫʛʦʙʘʡʢʘʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʚ ʤʘʝ-ʠʶʥʝ 2017 ʛ. ʩ ʧʦʤʦʱʴʶ 

ʚʦʜʦʣʘʟʦʚ ʠ ʟʘʤʦʨʦʞʝʥʳ. ɹʠʦʧʣʝʥʢʠ ʚʳʨʘʱʠʚʘʣʠ ʚ ʢʦʣʙʘʭ ʥʘ ʧʦʢʨʦʚʥʳʭ 

ʩʪʝʢʣʘʭ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ Z-8 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨ ʙʝʥʪʦʩʥʳʭ 

ʮʠʘʥʦʙʘʢʪʝʨʠʡ Synechococcus sp. ʠ  Phormidium sp. ʕʢʩʪʨʘʢʮʠʶ ʭʣʦʨʦʬʠʣʣʘ 

ʠʟ ʚʟʚʝʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʠʦʧʣʝʥʦʢ ʠ ʢʫʩʦʯʢʦʚ ʛʫʙʦʢ ʧʨʦʚʦʜʠʣʠ ʛʦʨʷʯʠʤ 

ʤʝʪʘʥʦʣʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʦʬʠʣʣʘ ʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ 

ʨʘʥʝʝ [5], ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘʤʠ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ 

ʥʘ ʩʳʨʫʶ ʙʠʦʤʘʩʩʫ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ʘ ʚ ʢʫʩʦʯʢʘʭ ʛʫʙʦʢ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 18,5 ʜʦ 707 

ʤʢʛ/ʛʨʘʤʤ ʩʳʨʦʛʦ ʚʝʩʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʛʫʙʢʘʭ ʖʞʥʦʡ ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʦʪ 236,7 ʜʦ 707 

ʤʢʛ/ʛ ʩʳʨʦʛʦ ʚʝʩʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʙʝʥʪʦʩʥʳʭ ʙʠʦʧʣʝʥʢʘʭ ʠʟ 

ʉʨʝʜʥʝʡ ʢʦʪʣʦʚʠʥʳ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 64 ʜʦ 180,3 ʤʢʛ/ʛ ʩʳʨʦʛʦ ʚʝʩʘ, ʠʟ 

ʉʝʚʝʨʥʦʡ ï ʦʪ 18,5 ʜʦ 227,5 ʤʢʛ/ʛ.  ɺ ʙʠʦʧʣʝʥʢʘʭ ʢʫʣʴʪʫʨ ʮʠʘʥʦʙʘʢʪʝʨʠʡ 

Synechococcus sp. ʠ  Phormidium sp. ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ʩʦʩʪʘʚʠʣʘ 

372,2 ʤʢʛ/ʛ ʠ 1741,25 ʤʢʛ/ʛ ʩʳʨʦʛʦ ʚʝʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʮʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʢ ʙʠʦʤʘʩʩʝ ʚ ʧʨʠʨʦʜʥʳʭ ʙʠʦʧʣʝʥʢʘʭ ʩʦʩʪʘʚʠʣʦ ʦʪ 

0,038 % (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʠʦʧʣʝʥʦʢ ʉʝʚʝʨʥʦʛʦ ɹʘʡʢʘʣʘ) ʜʦ  1,19 

% (ʜʣʷ ʙʠʦʧʣʝʥʦʢ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ) ʥʘ ʝʜʠʥʠʮʫ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ. ɺʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʢ ʙʠʦʤʘʩʩʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠ 

ʚ ʢʫʣʴʪʫʨʘʭ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ï 1,28% (Synechococcus sp.) ʠ 2,31 % (Phormidium 

sp.).  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʢ ʙʠʦʤʘʩʩʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʙʠʦʛʝʥʥʦʤ ʜʝʬʠʮʠʪʝ ʬʠʪʦʩʦʦʙʱʝʩʪʚʘ, ʚʳʩʦʢʦʡ ʠʥʩʦʣʷʮʠʠ, 

ʘ ʚʳʩʦʢʦʝ ï ʧʨʠ ʥʠʟʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʟʦʪʦʤ ʠ 

ʬʦʩʬʦʨʦʤ ʠ ʚʥʝʩʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [6].   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 
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ʭʣʦʨʦʬʠʣʣʘ ʚ ʦʙʨʘʩʪʘʥʠʷʭ ʙʘʡʢʘʣʴʩʢʦʡ ʛʫʙʢʠ. ɼʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʙʠʦʪʦʧʦʚ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʘ ʥʘ ʝʜʠʥʠʮʫ 

ʙʠʦʤʘʩʩʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʙʠʦʧʣʝʥʢʘʭ ʖʞʥʦʡ ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʵʪʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʘ. 

ʇʦʭʦʞʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʢ ʙʠʦʤʘʩʩʝ, ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʤʝʟʦʪʨʦʬʥʳʭ ʠ ʵʚʪʨʦʬʥʳʭ ʚʦʜʦʝʤʦʚ.  

 
ʈʠʩ. 1 ï ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʙʠʦʧʣʝʥʦʢ ʮʠʘʥʦʙʘʢʪʝʨʠʡ 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʀ. ɺ. ʍʘʥʘʝʚʫ ʟʘ ʦʪʙʦʨ ʧʨʦʙ ʛʫʙʦʢ. ɸʧʨʦʙʘʮʠʷ 

ʤʝʪʦʜʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʪʝʤʳ ʃʀʅ ʉʆ ʈɸʅ VI.55.1.3 ʠ ʧʨʦʝʢʪʘ 

ʈʌʌʀ ˉ 16-54-44035 ʄʦʥʛ_ʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Cu, Ni, Co, Pb, S ʚ 

ʧʦʯʚʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʧʨʠʷʪʠʡ ɿʘʧʦʣʷʨʥʦʛʦ ʬʠʣʠʘʣʘ ʇɸʆ 

çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè - ʅʘʜʝʞʜʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ ʠ ʩʝʨʘ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘ ʛʣʫʙʠʥʝ 0-5 ʩʤ). ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 40 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʵʤʠʩʩʠʠ.  
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Abstract.  The soil pollution with ʉu, Ni, Co, Pb, and S in technogenic impact zone of metallurgical works 

ñNadezhdaò in the Taimyr Peninsula was studied. Heavy metals and sulphur are accumulated in the upper organic 

and organo-mineral horizons of the soils (mainly at 0-5 cm depth). It was found that the soils were contaminated by 

heavy metals within 40 km of the emission source.  

Keywords: soils, pollution, heavy metals, sulphur 

ʕʢʦʩʠʩʪʝʤʳ ɸʨʢʪʠʢʠ ʠ ʉʫʙʘʨʢʪʠʢʠ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʕʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʨʦʪʢʠʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʠʟʢʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʧʨʠʩʫʪʩʪʚʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, 

ʢʨʘʡʥʷʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚʝʨʭʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʢ ʣʶʙʳʤ ʥʘʨʫʰʝʥʠʷʤ ʠʭ ʬʠʟʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ [6].  

ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʠʢʝʣʷ ʠ ʧʘʣʣʘʜʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ, ʢʦʤʧʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪ 

ʧʣʘʪʠʥʫ, ʤʝʜʴ, ʢʦʙʘʣʴʪ, ʨʦʜʠʡ, ʩʝʨʝʙʨʦ, ʪʝʣʣʫʨ, ʩʝʣʝʥ, ʠʨʠʜʠʡ ʠ ʨʫʪʝʥʠʡ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ɿʘʧʦʣʷʨʥʦʛʦ 

ʬʠʣʠʘʣʘ ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè, ʚʳʙʨʘʩʳʚʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ 

ʪʳʩʷʯʠ ʪʦʥʥ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʝʞʝʛʦʜʥʦ, ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨ. ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʜʠʦʢʩʠʜ ʩʝʨʳ ʠ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʆʢʦʣʦ 96 % ʩʝʨʳ ʧʦʩʪʫʧʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʚʠʜʝ SO2, 
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ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʩʫʣʴʬʘʪʦʚ, ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʩʝʨʦʫʛʣʝʨʦʜʘ, ʢʘʨʙʦʥʠʣʩʫʣʴʬʠʜʘ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ [1]. ɺ ʘʵʨʘʣʴʥʳʭ 

ʚʳʙʨʦʩʘʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʧʳʣʠ ʠ ʘʵʨʦʟʦʣʝʡ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Cu, Ni, Co, Pb) ʠ ʩʝʨʳ ʚ ʧʦʯʚʘʭ ʟʦʥʳ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʅʘʜʝʞʜʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ. 

ɺ ʅʦʨʠʣʴʩʢʦʡ ʜʦʣʠʥʝ ʦʪ ʅʘʜʝʞʜʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ ʥʘ 

ʟʘʧʘʜ-ʩʝʚʝʨʦ-ʟʘʧʘʜ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛ. ɼʫʜʠʥʢʠ) ʙʳʣ ʟʘʣʦʞʝʥ ʪʨʘʥʩʝʢʪ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 70 ʢʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʤʝʨʟʣʦʪʥʳʝ ʧʦʯʚʳ 

(ʢʨʠʦʟʝʤʳ, ʪʦʨʬʷʥʦ-ʢʨʠʤʦʟʝʤʳ, ʭʝʤʦʢʨʠʦʟʝʤʳ). ɹʳʣʦ ʟʘʣʦʞʝʥʦ 27 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ   ʚ ʧʦʯʚʘʭ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʝʨʳ ï 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʂʣʠʤʘʪ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʙʘʨʢʪʠʯʝʩʢʠʡ. ɿʠʤʘ ʩʫʨʦʚʘʷ 

(ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ  -27,6é-28,0 ʉ̄), ʣʝʪʦ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʝ 

(ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ 12,8-13,4 ʉ̄). ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʨʘʚʥʘ -9,8é-10,2 ̄ ʉ. ʉʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 0 ʉ̄ - 965-1023 ̄ ʉ, 

ʚʳʰʝ 10 ʉ̄ - 609-688 ̄ ʉ. ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 363-384 ʤʤ 

ʚ ʛʦʜ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ 77-80 ʜʥʝʡ [4, 5]. ɹʦʣʴʰʠʝ 

ʩʫʪʦʯʥʳʝ ʠ ʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ 

ʢʣʠʤʘʪʘ ʠ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʢʨʠʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʨʝʜʦʚʘʥʠʷ ʧʨʦʤʝʨʟʘʥʠʷ-ʧʨʦʪʘʠʚʘʥʠʷ ʚ ʧʨʦʬʠʣʝ ʧʦʯʚ ʚʦʟʥʠʢʘʝʪ 

ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʫʯʝʥʠʝʤ, ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ, ʤʦʨʦʟʦʙʦʡʥʳʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ [2]. 

ʈʝʣʴʝʬ ʅʦʨʠʣʴʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʦʩʢʦʡ (ʩ ʤʦʨʝʥʥʳʤʠ 

ʚʩʭʦʣʤʣʝʥʠʷʤʠ) ʨʘʚʥʠʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʚʳʩʪʫʧʘʶʪ 

ʧʨʦʜʫʢʪʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʨʘʧʧʦʚʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. 

ʇʨʦʬʠʣʴ ʢʨʠʦʟʝʤʦʚ ʩʦʩʪʦʠʪ ʠʟ ʚʣʘʞʥʦ-ʪʦʨʬʷʥʦʡ ʧʦʜʩʪʠʣʢʠ O, 

ʧʝʨʝʭʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ɸʆ, ʤʠʥʝʨʘʣʴʥʦʛʦ (ʯʘʩʪʦ ʛʣʝʝʚʘʪʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ) 
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ʛʦʨʠʟʦʥʪʘ ɺ (g, ca, )̂, ʧʝʨʝʭʦʜʥʦʛʦ ɺʉ ʠ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ ʉ (ɺʉ ʠ ʉ 

ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʧʨʦʬʠʣʝ), ʢʦʪʦʨʳʝ ʥʘ ʛʣʫʙʠʥʝ 30-130 ʩʤ ʧʦʜʩʪʠʣʘʶʪʩʷ 

ʣʴʜʠʩʪʦʡ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ (ʨʠʩ.).  

ɸ  ɹ  

ʈʠʩ. - ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʢʨʠʦʟʝʤʘ ʛʣʝʝʚʘʪʦʛʦ (ɸ) ʠ ʪʦʨʬʷʥʦ-ʢʨʠʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ (ɹ) 

ɼʣʷ ʧʦʯʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ ʵʤʠʩʩʠʠ, ʦʪʤʝʯʝʥʦ 

ʥʘʨʫʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʜʩʪʠʣʦʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

  ʇʦʩʪʫʧʘʶʱʠʝ ʩ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ Cu, Ni, Co, Pb ʠ S 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚ. ʕʪʠ ʛʦʨʠʟʦʥʪʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʩʦʨʙʮʠʦʥʥʳʭ ʠ 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʪʝʭʥʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʤʝʜʠ ʠ ʥʠʢʝʣʷ) ʚ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʅʘʜʝʞʜʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ (ʚʙʣʠʟʠ 5 ʢʤ), 

ʧʨʝʚʳʰʘʝʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ.   

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʭʥʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ  ʚ ʦʩʥʦʚʥʦʤ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ 

ʛʣʫʙʠʥʝ 0-5 ʩʤ, ʨʝʞʝ 12-30 ʩʤ. ɹʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʦʡ ʧʦʨʦʟʥʦʩʪʴʶ ʩʣʘʙʦʨʘʟʣʦʞʝʥʥʳʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʢʦʪʦʨʘʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʠʩʭʦʜʷʱʝʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ 

ʨʘʩʪʚʦʨʦʚ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠ ʛʘʟʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʝʥʦ ʚ ʧʦʯʚʘʭ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʥʘʚʝʪʨʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, 

ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʦʚ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʦʚ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʵʤʠʩʩʠʠ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ (ʪʘʙʣ.). 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ 

ʧʦʜʚʝʨʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʣʘʥʜʰʘʬʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʧʝʩʪʨʦʪʦʡ ʣʠʪʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ. 

ʊʘʙʣʠʮʘ - ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʭʥʠʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ, ʤʛ/ʢʛ 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʵʤʠʩʩʠʠ, ʢʤ 

Cu Ni Co Pb S 

ʌʠʪʦʮʝʥʦʟʳ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʳ 

1,15-2,7 1511ï9850 1081ï3224 67ï267 11,7ï53 1648ï10470 

5 1163ï5913 526ï2882 5ï160 7,9ï30,2 1136ï7331 

9 704 641 29 10,2 2500 

ʌʠʪʦʮʝʥʦʟʳ ʫʤʝʨʝʥʥʦ ʥʘʨʫʰʝʥʳ 

17 438 402 17 8,3 2573 

25 258 190 26 6,4 1435 

ʌʠʪʦʮʝʥʦʟʳ ʩʣʘʙʦ ʥʘʨʫʰʝʥʳ 

40 35ï343 45ï280 3ï19 3,5ï13,5 501ï1830 

ʌʠʪʦʮʝʥʦʟʳ ʩʣʘʙʦ ʥʘʨʫʰʝʥʳ ʠ ʬʦʥʦʚʳʝ 

70 21ï88 21ï96 1ï10 0,8ï8,6 128ï1972 

ʇʨʠʤʝʯʘʥʠʝ ï ʯʝʨʝʟ ʪʠʨʝ ʧʨʠʚʝʜʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʬʠʢʩʠʨʫʝʪʩʷ ʜʦ 40 ʢʤ ʦʪ 

ʅʘʜʝʞʜʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ, ʜʠʦʢʩʠʜ ʩʝʨʳ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [3], ʪʦʣʴʢʦ 2 % 

ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʩʝʨʳ ʦʩʘʞʜʘʶʪʩʷ ʚ ʨʘʜʠʫʩʝ 250 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. 
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ʟʘ 2014-2016.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʠʤʝʶʪ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʧʠʩʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʠʭ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  
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THE ACIDITY AND MINERAL COMP OSITION OF ATMOSPHER IC 

PRECIPITATION IN VLADIVOSTOK  

Yurchenko S.G. 

Pacific Geographical Institute FEB RAS, Vladivostok, Russia 

e-mail: yurchenko@tig.dvo.ru 

Abstract. The article shows the results of researches of chemical structure of rainfall for the 2014-2016 

years. It is show that atmospheric precipitation has acidic character. Describes the dependence between their 

chemical and meteorological parameters. 

Keywords: atmospheric precipitation, chemical composition, acidity 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ - 

ʦʩʥʦʚʥʦʡ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʩʝʭ ʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ 

ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ 

ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ. ɸʪʤʦʩʬʝʨʥʳʝ ʚʳʧʘʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 

ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʫʩʪʨʘʥʠʤʳʡ 

ʬʘʢʪʦʨ ʠ ʧʦʵʪʦʤʫ ʚ ʪʝʦʨʠʠ ʨʠʩʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʢʘʪʝʛʦʨʠʠ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ ʚʦʟʜʫʭ ʚʝʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ. 

ɺʣʘʜʠʚʦʩʪʦʢ ï ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʮʝʥʪʨ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʟʘʥʠʤʘʝʪ 

ʶʞʥʫʶ ʯʘʩʪʴ ʧʦʣʫʦʩʪʨʦʚʘ ʄʫʨʘʚʴʝʚ-ɸʤʫʨʩʢʦʛʦ ʠ ʧʦʙʝʨʝʞʴʝ ʚʜʦʣʴ 

ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʠ ʚ ʛʣʫʙʠʥʫ ʧʦʣʫʦʩʪʨʦʚʘ ʥʘ 3-5 ʢʤ 

ʪʝʨʨʠʪʦʨʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʩʪʨʦʝʥʘ ʠ ʦʩʚʦʝʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʯʝʣʦʚʝʢʘ: ʞʠʣʳʤʠ ʜʦʤʘʤʠ, ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʧʦʩʪʨʦʡʢʘʤʠ ʨʘʟʥʦʛʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʷʤʠ, ʜʦʤʘʤʠ ʦʪʜʳʭʘ, ʧʨʦʤʟʦʥʘʤʠ, ʜʦʨʦʛʘʤʠ.  

ɺ ʇʨʠʤʦʨʩʢʦʤ ʢʨʘʝ ʤʦʥʠʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʇʨʠʤʛʠʜʨʦʤʝʪ. ɺ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ɺʣʘʜʠʚʦʩʪʦʢʘ ʩʫʱʝʩʪʚʫʝʪ 
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ʥʝʩʢʦʣʴʢʦ ʧʣʦʱʘʜʦʢ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʛʦʜʦʡ. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʣʴʝʬʘ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʦʨʷ ʠʭ ʢʣʠʤʘʪ ʥʝʦʜʠʥʘʢʦʚ. 

ʉ ʠʶʥʷ 2014 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ɼɺʆ ʈɸʅ 

ʧʨʦʚʦʜʠʪʩʷ ʦʪʙʦʨ ʧʨʦʙ ʩ ʧʦʤʦʱʴʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʩʘʜʢʦʩʙʦʨʥʠʢʘ WADOS, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ 700 ʤ ʦʪ ʙʝʨʝʛʘ, ʥʘ ʚʳʩʦʪʝ 

30 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʢʠʩʣʦʪʥʦʩʪʠ, 

ʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʧʨʦʙʘʭ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ NO3
-
, HCO3

-
, pH, SO4

2-
, Cl

-
 ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʦʪʙʦʨʘ ʧʨʦʙ. ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ, ʘ ʢʠʩʣʦʪʥʦʩʪʴ ʧʨʦʙ - ʧʦ ʚʦʜʦʨʦʜʥʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ ʨʅ. ɼʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʘʡʪʝ 

ʧʦʛʦʜʳ [1]. 

ʀʟ ʚʩʝʭ ʚʠʜʦʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʦʩʳ, ʠʥʝʷ, ʠʟʤʦʨʦʟʠ, 

ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʥʘʣʝʪʘ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʞʠʜʢʠʝ ʦʩʘʜʢʠ, ʪ.ʝ. ʜʦʞʜʴ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʧʨʦʙ ʧʦ ʛʨʘʜʘʮʠʷʤ ʨʅ. 

ɺʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ (52%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʨʘʜʘʮʠʶ 

4,5-5 ʨʅ ʠ ʙʦʣʝʝ 90% ʠʭ ʠʤʝʶʪ ʩʣʘʙʦʢʠʩʣʫʶ ʨʝʘʢʮʠʶ (ʨʅ<5,5). ɺ ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʦʙʝʨʝʞʴʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʘʙʦʢʠʩʣʳʤ ʨʘʩʪʚʦʨʘʤ, ʦʜʥʘʢʦ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 5,6Ñ0,9 [2], ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ [3]. ɺ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʢʦʣʦ 20% ʦʪʦʙʨʘʥʥʳʭ ʦʩʘʜʢʦʚ ʥʝ ʩʦʜʝʨʞʘʣʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ, 

ʯʪʦ ʚ 4,5 ʨʘʟʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʴʶ [4]. ɿʘ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʶʥʷ 2014 ʧʦ ʜʝʢʘʙʨʴ 2016 ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʪʝʥʜʝʥʮʠʠ 

ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʦʩʘʜʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ. ɺʦ ʚʥʫʪʨʠʛʦʜʦʚʦʤ ʭʦʜʝ (ʧʦ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʤ ʟʥʘʯʝʥʠʷʤ) ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ʧʨʠʭʦʜʷʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʣʝʪʥʠʝ ʤʝʩʷʮʳ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʦʩʘʜʢʦʚ, 

ʚʦʟʨʘʩʪʘʝʪ ʚʢʣʘʜ SO4
2-
 ʠ NO3

-
, ʠʤʝʶʱʠʭ ʢʘʢ ʤʦʨʩʢʦʝ, ʪʘʢ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ 
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ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʆʜʥʘʢʦ, ʯʝʪʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʘʢʠʩʣʷʶʱʠʤʠ ʘʥʠʦʥʘʤʠ 

ʠ ʚʝʣʠʯʠʥʦʡ ʨʅ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʭʦʪʷ ʪʘʢʘʷ ʩʚʷʟʴ, 

ʙʝʟʫʩʣʦʚʥʦ, ʩʫʱʝʩʪʚʫʝʪ. 

 
ʈʠʩ. 1 ï ʇʦʚʪʦʨʷʝʤʦʩʪʴ (%) ʨʅ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ 

ʉʨʝʜʥʠʝ ʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʘʜʢʦʚ 

ɺʣʘʜʠʚʦʩʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.1. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʠ ʘʥʠʦʥʦʚ 

ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʣʴʬʘʪʥʳʡ ʠʦʥ, ʘ ʩʨʝʜʠ ʢʘʪʠʦʥʦʚ ï ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʧʦʵʪʦʤʫ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʚʳʧʘʜʘʶʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ ʦʪʥʦʩʷʪʩʷ, ʚ ʮʝʣʦʤ, ʢ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʦʤʫ ʢʣʘʩʩʫ. 

ʊʘʙʣʠʮʘ 1 - ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʤʛ/ʣ) ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ 

ʛ. ɺʣʘʜʠʚʦʩʪʦʢ 

 HCO3
-
 SO4

2-
 Cl

-
 NO3

-
 Ca

2+
 Mg

2+
 Na

-
+K

-
 NH4

+
 × ʠʦʥʦʚ 

ɺʩʝ ʦʩʘʜʢʠ 0,97 2,59 1,68 2,25 0,80 0,16 0,96 0,54 7,14 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʦʩʘʜʢʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ: (Cl
-
)/(SO4

2-
+ NO3

-
) ʜʣʷ ʘʥʠʦʥʦʚ ʠ (Na

+
+Mg

2+
)/(Ca

2+
+K

+
) ʜʣʷ 

ʢʘʪʠʦʥʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʦʪʥʦʰʝʥʠʷ ʘʥʠʦʥʦʚ, ʧʨʝʦʙʣʘʜʘʣʠ ʠʦʥʳ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (52 ʩʣʫʯʘʷ ʠʟ 79). ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʢʘʪʠʦʥʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʧʦʣʫʯʘʝʪʩʷ ʤʝʥʴʰʝ (ʚ 63% ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝ Na
+
+Mg

2+
, ʢʦʪʦʨʳʝ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʦʨʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ). ʇʦʤʠʤʦ ʩʪʝʧʝʥʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʦʩʘʜʢʦʚ, ʤʳ 

ʦʧʨʝʜʝʣʠʣʠ ʚʢʣʘʜ ʩʫʣʴʬʘʪʦʚ ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ 
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ʩʦʜʝʨʞʘʥʠʠ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʨʘʩʯʝʪʘʤ, 14% ʩʫʣʴʬʘʪʦʚ 

ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʥʫʪʨʠʛʦʜʦʚʦʝ ʩʝʟʦʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ, ʪʦ ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ ʤʦʨʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʦʩʘʜʢʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʩʝʥʪʷʙʨʷ ʧʦ 

ʥʦʷʙʨʴ/ʜʝʢʘʙʨʴ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʤʦʨʩʢʠʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚ ʦʩʘʜʢʘʭ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʧʦʜʩʪʚʫʝʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʚʝʪʝʨ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʨʘʝʢʪʦʨʠʝʡ ʚʝʪʨʘ, ʢʦʪʦʨʳʡ, ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʧʫʥʢʪʫ ʦʪʙʦʨʘ ʧʨʦʭʦʜʠʪ ʥʘʜ ʘʢʚʘʪʦʨʠʝʡ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʠʥʘʤʠʢʫ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʠ ʥʘʪʨʠʷ 

ʦʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦʜʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʟʘʢʠʩʣʷʶʱʠʭ ʘʥʠʦʥʦʚ ʚ ʦʩʘʜʢʘʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʛʦʜʘ ʚ ʛʦʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʞʜʫ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚ ʦʩʘʜʢʘʭ 

ʠʦʥʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʛʣʘʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʦʩʘʜʢʘʭ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ 

ʍʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ R
2
 

Na
+
+K

+ 
0,65 

Ca
2+ 

0,53 

SO4
2-
 0,76 

Cl
-
 0,59 

ɼʦʞʜʝʚʳʝ ʚʦʜʳ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʝʜʠʥʠʮʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʧʦ ʜʦʞʜʷʤ ʇʨʠʤʦʨʴʷ ʚ ʮʝʣʦʤ [5, 6]. 

ɿʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ: ʦʪ 0,9 ʜʦ 32 ʤʛ/ʣ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 7,1 ʤʛ/ʣ. ʋʨʘʚʥʝʥʠʝ 

ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʥʠʭ ʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʩʫʤʤʘʨʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʩʘʜʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʥʜʝʥʮʠʠ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ. ʊʘʢ, ʚ 2016 ʛ ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 2,7 ʜʦ 32 ʤʛ/ʣ ʧʨʠ ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʪʝʣʝ 8,2 ʤʛ/ʣ, ʘ ʚ ʘʥʘʣʠʟʘʭ 

2014 ʛ. ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,9 ʜʦ 21 ʤʛ/ʣ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 5,8 
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ʤʛ/ʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʪʘʣʦ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʠʟʫʯʝʥʠʷ ʦʩʘʜʢʦʚ. ʊʘʢʞʝ, ʚʠʟʫʘʣʴʥʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʩʘʜʢʦʚ ʠ ʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠʭ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ʄʥʦʛʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʠʭ ʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʫʤʤʘʨʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(ʨʘʩʯʝʪ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ 

ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʘʷ ʦʪʤʝʯʝʥʘ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʜʦʞʜʝʡ, ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʩʫʤʤʳ 

ʠʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘ (R
2
=0,8), ʧʦʵʪʦʤʫ ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʚʤʝʩʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ɺʳʚʦʜʳ: 

1. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʛ.ɺʣʘʜʠʚʦʩʪʦʢʝ (ʚʦʩʪʦʯʥʦʝ 

ʧʦʙʝʨʝʞʴʝ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ), ʠʤʝʶʪ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

2. ɺʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʠʩʣʦʪʥʦʩʪʠ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʩʘʜʢʦʚ ʦʪ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

3. ɺʢʣʘʜ ʚ ʦʙʱʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʟʘʢʠʩʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʣʝʝ 

60%. 

4. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʚʳʧʘʜʘʶʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ.ɺʣʘʜʠʚʦʩʪʦʢʘ 

ʦʪʥʦʩʷʪʩʷ, ʚ ʮʝʣʦʤ, ʢ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʦʤʫ ʢʣʘʩʩʫ. 

5. ɺ ʧʝʨʠʦʜ ʟʠʤʥʠʭ ʤʫʩʩʦʥʦʚ ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʦʩʘʜʢʘʭ ʤʦʨʩʢʠʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. 

 

 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

124 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʛʦʜʘ ʚʦ ɺʣʘʜʠʚʦʩʪʦʢʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʈʘʩʧʠʩʘʥʠʝ ʧʦʛʦʜʳ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://rp5.ru/ɸʨʭʠʚ_ʧʦʛʦʜʳ_ʚʦ_ɺʣʘʜʠʚʦʩʪʦʢʝ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

15.02.2017 

2. ʉʚʠʩʪʦʚ ʇ.ʌ., ʇʝʨʰʠʥʘ ʅ.ɸ., ʇʘʚʣʦʚʘ ʄ.ʊ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ: ʭʠʤʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ ʠ ʢʠʩʣʦʪʥʦʩʪʴ // ʇʨʠʨʦʜʘ. ï 2015. ï ˉ 6. ï ʉ. 28-36. 

3. ʉʫʨʢʦʚʘ ɻ.ɺ., ɽʨʝʤʠʥʘ ʀ.ɼ., ɿʦʨʠʥʘ ʉ.ɸ. ɺʣʠʷʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʤʦʨʩʢʠʭ 
ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʝʪʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʠʙʨʝʞʥʦʡ ʠ ʰʝʣʴʬʦʚʦʡ ʟʦʥ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʰʝʣʴʬʘ. 

ï 2005. ï ɺʳʧ. 12. ï ʉ. 208-214. 

4. ʉʚʠʩʪʦʚ ʇ.ʌ., ʇʦʣʠʱʫʢ ɸ.ʀ., ʇʝʨʰʠʥʘ ʅ.ɸ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦ ʜʘʥʥʳʤ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ) // 

ʊʨʫʜʳ ʛʣʘʚʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʠʤ. ɸ.ʀ. ɺʦʡʢʦʚʘ. ï 2010. ï ˉ 

562. ï ʉ. 76-94. 

5. ʏʫʜʘʝʚʘ ɺ.ɸ., ʏʫʜʘʝʚ ʆ.ɺ., ʖʨʯʝʥʢʦ ʉ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʶʛʝ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ // ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ. ï 2008. ï 

ʊ.35. ï ˉ 1. ï ʉ. 60-71. 

6. ʖʨʯʝʥʢʦ ʉ.ɻ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʛʦʨʦʜʘ ɺʣʘʜʠʚʦʩʪʦʢʘ 
(ʜʦʞʜʴ ʠ ʩʥʝʛ) // ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɼʘʣʴʥʝʤ 

ɺʦʩʪʦʢʝ. ɺʳʧ.2. ï ɺʣʘʜʠʚʦʩʪʦʢ: ɼʘʣʴʥʘʫʢʘ, 2006. ï ʉ. 149-159. 

 

http://rp5.ru/Архив_погоды_во_Владивостоке


͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͙ ͙ͨͪ͊͒ͤ͟͡·͔ ͔͊ͫͨͭ͟· Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͙͙͎ͣͦͤͭͦͪͤ͊ 
͙ͨͪͪͦ͒ͤ·ͻ ͙ ͙ͨͪͪͦ͒ͤͦ-͔ͭͻ͎͔ͤͦͤͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡ 

125  

ʆʎɽʅʀɺɸʅʀɽ ɼʃʀʊɽʃʔʅʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ɺʆɿɼʋʍɸ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ɻʆʈʆɼɸ ʇʆ ʉʇʋʊʅʀʂʆɺʓʄ 

ʅɸɹʃʖɼɽʅʀʗʄ ʉʆʉʊʆʗʅʀʗ ʉʅɽɾʅʆɻʆ ʇʆʂʈʆɺɸ 
ʗʨʦʩʣʘʚʮʝʚʘ ʊ.ɺ.

1
, ʈʘʧʫʪʘ ɺ.ʌ.

2
 

1 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʠʛʠʝʥʳ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

2 
ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

e-mail: tani-ta@list.ru 

ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʟʝʤʥʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʛʛ. ʂʝʤʝʨʦʚʦ ʠ ʅʦʚʦʢʫʟʥʝʮʢʘ ʚʟʚʝʰʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ʅʘ ʟʠʤʥʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʵʪʠʭ ʛʦʨʦʜʦʚ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʘ ʧʣʦʪʥʦʩʪʴ ʪʦʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʯʘʛʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʩʤʦʩʥʠʤʢʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʧʦʩʪʘʭ 

ʈʦʩʛʠʜʨʦʤʝʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʪʝʥʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ, 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʙʘʭ ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʘ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ, 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

EVALUATION OF LONG -TERM POLLUTION OF ATMOSPHERIC AIR OF 

INDUSTRIAL CITY FROM SATELLITE OBSERVATIONS OF SNOW COVER  

Yaroslavtsevaʊ.V.
1
, Raputa V.F.
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Novosibirsk Institute of Hygiene of Rospotrebnadzor, Novosibirsk, Russia 

2 
Institute of Computational Mathematics and Mathematical Geophysics SB RAS, 

Novosibirsk, Russia 

e-mail: tani-ta@list.ru 

Abstract The results of ground and satellite monitoring of snow cover of Kemerovo and Novokuznetsk 

with suspended substances and polyaromatic hydrocarbons are discussed. In winter satellite images of the cities, the 

density of the image-tone of pollution foci is indexed, and the results of computer processing of space images are 

compared with the results of ground monitoring of snow cover contamination at Roshydromet posts. The presence 

of linear correlations between the shades of gray, the content of impurities in the samples of snow-covered water 

and atmospheric pollution is established. 

Keywords: atmosphere, snow cover, suspended matter, satellite images, correlation analysis. 

ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʛʦʨʦʜʘʭ 

ʥʘʭʦʜʷʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʠ ʠʭ ʚʳʙʨʦʩʳ ʥʦʩʷʪ ʚʧʦʣʥʝ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷʥʘ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʅʘ ʥʠʭ ʩʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʦʩʠʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʦʪʨʘʞʘʝʪ ʘʪʤʦʩʬʝʨʥʫʶ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʩʘʞʠ, ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ) ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʙʨʦʩʦʚ [2, 5]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ 

ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʢʦʩʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ. 
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ʅʘʟʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʛʦʨʦʜʘʭ ʥʦʩʷʪ 

ʵʧʠʟʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʨʘʩʢʨʳʪʴ ʧʦʣʥʫʶ 

ʢʘʨʪʠʥʫʟʘʛʨʷʟʥʝʥʠʷ. ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʥʦʨʤʘʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʛʨʷʟʥʝʥʠʷ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ 

ʚʦʧʨʦʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʈʝʛʫʣʷʨʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʛʦʨʦʜʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʪʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʥʘʙʣʶʜʝʥʠʡ 

ʈʦʩʛʠʜʨʦʤʝʪʘ [1]. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʩʥʝʛʘ ʧʦ 

ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʙʦʨʫ ʠʤʝʥʥʦ ʚʙʣʠʟʠ 

ʵʪʠʭ ʧʦʩʪʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʟʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʩʨʝʜʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ [6, 7]. ɺ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʳʝ ʦʮʝʥʢʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʪʝʨʨʠʪʦʨʠʡ ʛʦʨʦʜʘ ʦʧʨʝʜʝʣʸʥʥʳʤʠ 

ʧʨʠʤʝʩʷʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ.   

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ ʥʘʟʝʤʥʦʛʦ ʠ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʦʚ ʠ 

ʚʳʷʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʩʨʝʜʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ.  

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʫ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʂʫʟʙʘʩʩʘ. ʆʪʙʦʨ ʧʨʦʙ ʩʥʝʛʘ 

ʚʳʧʦʣʥʷʣʩʷ ʚ ʙʣʠʞʘʡʰʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʦʨʦʜʩʢʠʭ ʧʦʩʪʦʚ 

ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʛ. ʂʝʤʝʨʦʚʦ ʚ ʢʦʥʮʝ ʟʠʤʥʠʭ 

ʩʝʟʦʥʦʚ 2009-2011 ʛʛ. ʠ ʚ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʝ ʚ ʥʘʯʘʣʝ ʤʘʨʪʘ 2014 ʛ. ʉʭʝʤʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝʤ (ʇʅɿ) ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʵʪʠʭ ʛʦʨʦʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

ʊʝʭʥʠʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʩʥʝʛʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ 

ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ [3]. ʇʨʦʙʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʙʠʨʘʶʪʩʷ ʚ ʚʠʜʝ ʢʝʨʥʦʚ ʩ 

ʧʦʤʦʱʴʶ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʪʨʫʙʳ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ ʥʝʧʦʚʨʝʞʜʸʥʥʦʛʦ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ. ɼʘʣʴʥʝʡʰʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʩʥʝʞʥʳʭ ʧʨʦʙ ʚʳʧʦʣʥʷʣʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʦʩʣʝ ʠʭ ʪʦʧʣʝʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʭʝʤʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [6]. 
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ʈʠʩ. 1 ï ʉʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʧʦʩʪʦʚ ʢʦʥʪʨʦʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʦʮʠʬʨʦʚʘʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʛ. ʂʝʤʝʨʦʚʦ ʦʪ 26.03.2006 ʛ. (ʘ) ʠ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ ʦʪ 5.02.2015 ʛ. (ʙ) 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʸʨʜʦʛʦ ʦʩʘʜʢʘ ʚ ʧʨʦʙʘʭ 

ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1, 2. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʘʙʣ. 1, 2 ʠ 

ʨʠʩ. 1 ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʧʦʩʪʘ ʢ ʧʦʩʪʫ 

ʤʝʥʷʶʪʩʷ ʚʧʦʣʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʜʢʦʚ ʚ ʩʥʝʛʝ ʠ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʛʦʨʦʜʦʚ ʥʘ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ.  

ʊʘʙʣʠʮʘ 1 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʚʸʨʜʦʛʦ ʦʩʘʜʢʘ (ʛ/ʣ) ʚ ʧʨʦʙʘʭ ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ, ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ (ʤʛ/ʤ
3
) ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ (2010/11 ʛ.), ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʥʘ ʇʅɿ ʛ. ʂʝʤʝʨʦʚʦ (ʢʦʩʤʦʩʥʠʤʦʢ ʦʪ 26.03.2006 ʛ.) 

ˉ ʧʦʩʪʘ ʆʩʘʜʦʢ ʧʳʣʠ, ʛ/ʣ ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʛ/ʤ
3
 ʆʪʪʝʥʦʢ ʩʝʨʦʛʦ ʮʚʝʪʘ 

1 0,097 0,034 127 

2 0,135 0,025 159 

8 0,095 0,03 119 

10 0,112 0,059 95 

17 0,144 0,05 71 

19 0,029 0,141 95 

20 0,068 0,043 55 

26 0,043 0,034 159 

ʊʘʙʣʠʮʘ 2 ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʪʚʸʨʜʦʛʦ ʦʩʘʜʢʘ (ʛ/ʣ) ʚ ʧʨʦʙʘʭ ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ, ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ (ʤʛ/ʤ
3
) ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ (2010/11 ʛ.), ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʥʘ ʇʅɿ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ (ʢʦʩʤʦʩʥʠʤʦʢ ʦʪ 5.02.2015 ʛ.) 

ˉ ʧʦʩʪʘ ʆʩʘʜʦʢ ʧʳʣʠ, ʛ/ʣ ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʛ/ʤ
3
 ʆʪʪʝʥʦʢ ʩʝʨʦʛʦ ʮʚʝʪʘ 

9 0,46 0,103 88 

10 0,68 0,18 138 

16 0,6 0,178 107 

18 0,83 0,196 98 

19 0,3 0,156 50 

22 0,048 0,149 10 

23 0,38 0,174 47 
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2. ɸʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʥʠʤʢʠ ʀʉɿ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (Landsat, digitalglobe.com). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʘ ʛ. ʂʝʤʝʨʦʚʦ ʦʪ 26 ʤʘʨʪʘ 2006 ʛ., ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʰʢʘʣʳ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʮʠʬʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ (ʨʠʩ. 1ʘ). ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʦʤ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ ʦʪ 5.02.2015 ʛ. (ʨʠʩ. 1ʙ). 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʦʨʝʦʣʳ ʧʳʣʝʚʳʭ ʚʳʧʘʜʝʥʠʡ ʧʨʠʤʝʩʝʡ ʦʪ 

ʦʩʥʦʚʥʳʭ ʦʯʘʛʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʘ (ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʟʘʚʦʜʳ, ʊʕʎ, ʢʨʫʧʥʳʝ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ). ʀʟ ʨʠʩ. 1 ʚʳʪʝʢʘʝʪ, ʯʪʦ 

ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʚʳʥʦʩ ʧʨʠʤʝʩʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʩʝʚʝʨ ʠ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʙʨʦʩʦʚ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʪʘʙʣ. 1, 2 ʠ ʥʘ 

ʨʠʩ. 1 ï 3, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʧʦʩʪʘ ʢ ʧʦʩʪʫ ʤʝʥʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʜʢʦʚ ʚ ʩʥʝʛʝ ʠ ʪʦʥʘʣʴʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʡ ʛʦʨʦʜʦʚ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛ. 

ʅʦʚʦʢʫʟʥʝʮʢʘ ʩʨʘʚʥʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʩʥʠʤʢʘ, ʩ ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʥʠʭ 

ʧʦʩʪʘʤʠ ˉˉ 10, 16, 18 ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʟʦʥʘʤ ʛʦʨʦʜʘ, ʩ 

ʬʨʘʛʤʝʥʪʦʤ ʩʥʠʤʢʘ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʘ (ʧʦʩʪ ˉ 22) ʧʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʚ ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ ʮʚʝʪʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ 

ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʘʜʢʦʚ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʩʪʘʭ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʏʠʩʣʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʛʛ. ʂʝʤʝʨʦʚʦ ʠ ʅʦʚʦʢʫʟʥʝʮʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʨʠʩ. 4 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʩʘʜʢʦʤ ʧʳʣʠ ʚ ʧʨʦʙʘʭ 

ʩʥʝʛʘ ʠ ʪʦʥʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ ʜʣʷ ʟʠʤʥʠʭ ʩʝʟʦʥʦʚ 

2008-2011 ʛʛ. ʥʘ ʇʅɿ ʛ. ʂʝʤʝʨʦʚʦ. ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʦʥʘ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʢʘ (ʛ/ʣ) ʚ 
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ʧʨʦʙʝ ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ. ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʧʦʩʪʘʭ 

ʫʢʘʟʘʥʳ ʢʚʘʜʨʘʪʠʢʘʤʠ. 

 
ʈʠʩ. 2 ï ʌʨʘʛʤʝʥʪʳ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʢʦʩʤʦʩʥʠʤʢʘ ʛ. ʂʝʤʝʨʦʚʦ ʦʪ 26.03.2006 ʛ. ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩʪʦʚ 10, 26, 8, 19 

 

 
ʈʠʩ. 3 ï ʌʨʘʛʤʝʥʪʳ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʢʦʩʤʦʩʥʠʤʢʘ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ ʦʪ 5.02.2015 ʛ. ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩʪʦʚ ˉ 9, 23, 18, 16 

 
ʈʠʩ. 4 ï ʃʠʥʝʡʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʪʪʝʥʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ 

ʢʦʩʤʦʩʥʠʤʢʝ ʛ. ʂʝʤʝʨʦʚʦ ʦʪ 26.03.2006 ʛ. ʠ ʪʚʸʨʜʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ (ʘ), ʩʫʤʤʳ 

ʇɸʋ (ʙ),ʦʩʘʜʢʘʤʠ ʠ ʚʟʚʝʰʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ (ʤʛ/ʤ
3
) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʇʅɿ ʛ. 

ʂʝʤʝʨʦʚʦ (ʚ)ʜʣʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 2010-2011 ʛʛ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʥʘ ʠ ʦʩʘʜʢʘ ʚ ʩʥʝʛʝ ʜʦʩʪʠʛʘʶʪʩʷ ʜʣʷ ʇʅɿ ˉ 

1, 2, 17, ʤʠʥʠʤʘʣʴʥʦʝ ï ʜʣʷ ʇʅɿ ˉ 19, 26.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʇʅɿ ˉ 1 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ. ʇʦʩʪ ˉ 2 ʥʘʭʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ ʜʘʣʝʢʦ ʦʪ 

ʢʦʢʩʦʭʠʤʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ ʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʦʪ ʥʝʛʦ ʩʥʦʩʘ 
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ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠʤʝʩʝʡ ʯʝʨʝʟ ʨ. ʊʦʤʴ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʝʨʝʩʝʯʝʥʠʝ ʚʩʝʭ 

ʪʨʸʭ ʣʠʥʠʡ ʨʝʛʨʝʩʩʠʡ ʥʘ ʨʠʩ. 4 ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʧʦ ʤʘʩʩʝ 

ʯʘʩʪʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʧʳʣʠ ʧʨʠ ʪʦʧʣʝʥʠʠ ʩʥʝʛʦʚʳʭ ʧʨʦʙ ʧʝʨʝʰʣʘ 

ʚ ʨʘʩʪʚʦʨʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʣʘʩʴ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ. ɺ 

ʮʝʣʦʤ, ʫʨʦʚʝʥʴ ʩʦʛʣʘʩʠʷ ʠʟʤʝʨʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʘʜʢʘ ʚ ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʝ 

ʩ ʜʘʥʥʳʤʠ ʪʦʥʘʣʴʥʦʩʪʠ ʮʚʝʪʘ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ.  

ʅʘ ʨʠʩ. 5ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʦʩʘʜʢʦʤ ʧʳʣʠ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ ʠ ʪʦʥʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ 

ʜʣʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 2013/14 ʛ. ʥʘ ʇʅɿ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ. ʅʘ ʨʠʩ. 5ʙ ʧʨʠʚʝʜʝʥʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʩʘʜʢʦʤ ʧʳʣʠ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ ʠ ʚʟʚʝʰʝʥʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ʇʅɿ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʛʦʨʦʜʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʥʘ ʠ ʦʩʘʜʢʘ ʚ ʩʥʝʛʝ ʜʦʩʪʠʛʘʶʪʩʷ ʜʣʷ ʇʅɿ 

ˉˉ 10, 16, 18, ʤʠʥʠʤʘʣʴʥʦʝ ï ʜʣʷ ʇʅɿ ˉ 22. ʀʟ ʘʥʘʣʠʟʘ ʨʠʩ. 5ʘ ʠ 5ʙ 

ʚʳʪʝʢʘʝʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘʟʝʤʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʝʨʝʩʯʝʪʘ 

ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʦʨʦʜʘʭ. 

 
ʈʠʩ. 5 ï ʃʠʥʝʡʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʩʘʜʢʘʤʠ ʚ (ʛ/ʣ) ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ ʠ 

ʦʪʪʝʥʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ ʢʦʩʤʦʩʥʠʤʢʝ (ʘ), ʦʩʘʜʢʘʤʠ ʠ ʚʟʚʝʰʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ 

ʘʪʤʦʩʬʝʨʝ (ʤʛ/ʤ
3
) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʇʅɿ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ (ʙ) 

ɿʘʢʣʶʯʝʥʠʝ  

ʅʘ ʧʨʠʤʝʨʝ ʛʛ. ʂʝʤʝʨʦʚʦ ʠ ʅʦʚʦʢʫʟʥʝʮʢʘ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʣʠʥʝʡʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʩʘʜʢʦʚ ʚ ʧʨʦʙʘʭ 
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ʩʥʝʛʘ ʠ ʪʦʥʘʣʴʥʦʩʪʷʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ ʟʠʤʥʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ 

ʪʝʨʨʠʪʦʨʠʡ ʵʪʠʭ ʛʦʨʦʜʦʚ.ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʠʤʥʠʭ ʩʝʟʦʥʦʚ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʛʦʨʦʜʦʚ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʟʘʠʤʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʧʨʷʞʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʩʨʝʜʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʥʘ ʧʦʩʪʘʭ ʈʦʩʛʠʜʨʦʤʝʪʘ ʛʛ. ʂʝʤʝʨʦʚʦ ʠ ʅʦʚʦʢʫʟʥʝʮʢʘ ʧʦʟʚʦʣʠʪ 

ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʩʘʞʠ, 

ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʠʥʛʘʣʷʮʠʦʥʥʳʝ ʨʠʩʢʠ ʟʜʦʨʦʚʴʶ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʈɸʅ ˉ 18. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʦʙʲʝʢʪʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʚʘʣʴʥʳʝ ʨʫʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʩʥʦʚʥʳʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʩʥʠʞʝʥʠʝ ʠʭ ʵʤʠʩʩʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ʤʝʪʘʣʣʳ, ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

REVIEW OF ANTHROPOGENIC IMPACT ON ENVIRONMENT OF REGIONS IN 

REPUBLIC OF AL TAI  

Arkhipov I. A., Robertus Yu.V. 

Institute for Water and Environmental Problems SB RAS, Barnaul, Russia 

e-mail: arhipov@iwep.ru 

Abstract. Comparative analysis of the content of toxicant elements in natural environment is carried out. It 

is found that dumping ore are the main carriers of contaminants. Therefore, the key conservation actions should be 

focused on reducing their environmental emissions. 

Keywords: natural deposit, environmental monitoring, natural environment, heavy metals, environmental 

assessment   

ɺʚʝʜʝʥʠʝ. ɺʦʟʨʘʩʪʘʶʱʠʝ ʤʘʩʰʪʘʙʳ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʵʢʦʩʠʩʪʝʤ, ʠ ʧʦʯʚʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʙʠʦʩʬʝʨʳ. ʉʝʛʦʜʥʷ ʧʦʩʣʝʜʩʪʚʠʷ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʫʞʝ ʚʳʨʘʞʘʶʪʩʷ 

ʚ ʮʝʣʦʤ ʨʷʜʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʩʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʩʦ ʩʪʦʨʦʥʳ ʥʝʩʢʦʣʴʢʠʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʛʦʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ: ʨʫʜʥʠʢ "ɺʝʩʝʣʳʡ" ï 

ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ɸʣʪʘʷ; ʂʘʣʛʫʪʠʥʩʢʠʡ ʨʫʜʥʠʢ ï ʤʝʣʢʦʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʝ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʦʪʨʘʙʘʪʳʚʘʶʱʝʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʦʜʥʦʠʤʝʥʥʦʝ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʧʣʦʩʢʦʛʦʨʴʷ ʋʢʦʢ ʚ ʂʦʰ-

ɸʛʘʯʩʢʦʤ ʨʘʡʦʥʝ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ; ɸʢʪʘʰʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ɸɻʄʇ 
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ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʥʘʩʝʣʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʣʘʛʘʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ ʂʫʨʘʡʩʢʦʛʦ ʭʨʝʙʪʘ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʘʭ 2150-2200 ʤ ʚ ʚʝʨʭʦʚʴʝ ʨ. 

ʗʨʣʳʘʤʨʳ (ʣʝʚʳʡ ʧʨʠʪʦʢ ʨ. ʏʠʙʠʪʢʘ, ʙʘʩʩʝʡʥ ʨ. ʏʫʷ, ʖʛʦ-ɺʦʩʪʦʯʥʳʡ 

ɸʣʪʘʡ), ʚ 10 ʢʤ ʚʦʩʪʦʯʥʝʝ ʧʦʩ ɸʢʪʘʰ, ʪʝʨʨʠʪʦʨʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ çʂʘʨʘʢʫʣʴè, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ 

ɸʣʪʘʝ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʘʭ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʘʥʦʤʘʣʠʡ, ʚʳʷʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʚ ʠʟʤʝʥʝʥʠʠ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ.  
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ʚʳʷʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʝʝ ʠʟʤʝʥʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʥʠʞʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ: ʆʙʲʝʢʪʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ: ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʧʦʯʚʳ, ʪʝʭʥʦʟʝʤʳ ʠ ʨʘʩʪʝʥʠʷ. 

ʇʨʦʙʳ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʦʪʙʠʨʘʣʠ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʫʶ 

ʧʦʩʫʜʫ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʸʥʥʦʡ ʬʦʨʤʳ ʨʪʫʪʠ ʚ ʧʨʦʙʘʭ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ EPA 1631 ʥʘ ʨʪʫʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ɸɻʇ (ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʙ BrCl). ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʚʦʜʘʭ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʪʦʤʥʦïʘʜʩʦʨʙʮʠʦʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Solaar-6 ʚ ɸʥʘʣʠʪʠʯʝʩʢʦʤ 

ʎʝʥʪʨʝ ʀɺʕʇ ʉʆ ʈɸʅ.  

ʇʨʦʙʳ ʧʦʯʚ ʦʪʙʠʨʘʣʠ ʠʟ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʛʦʨʠʟʦʥʪʘʤ ʣʠʙʦ ʚ ʚʠʜʝ ʰʫʨʬʦʚ ʩʝʯʝʥʠʝʤ 10ʍ10 ʩʤ ʩ ʛʣʫʙʠʥʦʡ 0-10 ʩʤ. 

ʅʝʛʣʫʙʦʢʠʝ ʰʫʨʬʳ (0-10 ʩʤ) ʟʘʢʣʘʜʳʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʰʪʦʣʴʥʷʭ (ʰʪ 

4, ʰʪ 9), ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʚʦʜʘ, ʠ ʥʘ ʫʩʣʦʚʥʦ-ʬʦʥʦʚʳʭ 

ʫʯʘʩʪʢʘʭ, ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʨʘʟʨʘʙʦʪʢʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʙʳ ʧʦʯʚ 
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ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʟʤʝʣʴʯʘʣʠ ʠ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ 

ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ. ʇʨʦʙʳ ʧʦʯʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʚ ʆʀɻɻ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʠ ɸʥʘʣʠʪʠʯʝʩʢʦʤ ʎʝʥʪʨʝ ɸʣʪɻʋ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ (ʚʦʜ) ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ï ʚʝʱʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʨʫʜ (ʦʪʭʦʜʦʚ) ʠ ʠʩʭʦʜʥʦʡ ʚʦʜʳ, ʩʧʝʢʪʨʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʘʛʝʥʪʦʚ, ʦʪ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚʳʰʝʦʪʤʝʯʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʠʟʫʯʝʥʥʳʭ ʥʘ 31 ʧʨʦʙʝ. ʂ ʯʠʩʣʫ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʵʢʦʣʦʛʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ, 

ʦʪʥʦʩʷʪʩʷ ʘʟʦʪʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʢʠʩʣʷʝʤʦʩʪʠ ʠ ʨʅ ʚʦʜ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ïʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʦʯʥʳʭ ʚʦʜ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ (ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ) 

ʧʨʝʜʧʨʠʷʪʠʡ ʈɸ [1] 
 

ʇʘʨʘʤʝʪʨʳ Ca
2+ 

Na
+ 

NH4
+ HCO3

- SO4
2- 

Cl
- 

NO2
-
 NO3

-
 ʆʄ ʍʇʂ ʨʅ 

ʆɸʆ "ʈʫʜʥʠʢ "ɺʝʩʝʣʳʡ" (ʩʪʦʢʠ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ, n=10) 

ʩʨʝʜ., 
ʤʛ/ʜʤ

3 25.3 17.8 0.16 97.8 24.4 11.6 0.24 6.3 189.0 2.6 7.6 

max, ʤʛ/ʜʤ
3
 30.9 32.1 0.84 140.3 35.5 16.1 0.69 11.9 210.7 5.0 8.2 

V, % 15.8 40.6 163.2 28.2 20.2 19.2 81.0 46.7 9.7 56.6 4.4 
ʆʆʆ "ʂʘʣʛʫʪʠʥʩʢʦʝ"(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʜʳ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ, n=9) 

ʩʨʝʜ., 
ʤʛ/ʜʤ

3
 

14.6 15.8 3.96 13.6 65.1 5.7 0.44 4.3 125.0 7.0 5.7 

max, ʤʛ/ʜʤ
3
 39.6 48.4 9.36 42.7 135.2 7.6 1.30 13.0 235.5 14.4 7.2 

V, % 47.2 108.1 55.6 150.3 36.7 50.4 132.9 43.4 32.8 47.6 19.4 
ʆɸʆ "ɸʢʪʘʰʩʢʦʝ ɻʄʇ" (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʜʳ ʨʪʫʪʥʦʛʦ ʟʘʚʦʜʘ, n=2) 

ʩʨʝʜ., 
ʤʛ/ʜʤ

3
 

47.8 48.6 0.08 59.5 110.7 52.9 0.04 1.6 324.7 4.9 9.4 

max, ʤʛ/ʜʤ
3
 49.5 96.9 0.13 79.3 127.2 98.3 0.07 2.5 452.5 8.4 10.8 

V, % 5.0 140.6 95.8 47.1 21.0 121.5 108.4 86.3 55.7 102.0 21.7 

ʇʨʠʤʝʯʘʥʠʝ: ʢʫʨʩʠʚʦʤ ʚʳʜʝʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʝʝ 1 ʇɼʂ ʜʣʷ ʚʦʜ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ  

ʂʨʦʤʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʞʠʜʢʠʭ ʦʪʭʦʜʘʭ ʨʫʜʥʠʢʘ, ʪʨʘʥʩʣʠʨʫʝʤʳʭ ʚ 

ʧʨʠʨʦʜʥʳʝ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ) ʚʦʜʳ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʣʝʢʩ ʜʨʫʛʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ï ʘʟʦʪʠʩʪʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 
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ʩʦʝʜʠʥʝʥʠʷ (ʪʘʙʣ. 1). ɸʥʘʣʠʟ ʚʢʣʘʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ 

ʪʦʢʩʠʯʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʚʘʣʠʨʫʶʱʫʶ ʨʦʣʴ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ) ʚ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ. 

ɼʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʪʦʢʘʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ) 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʢʘʢ ʦʙ ʠʭ ʧʨʷʤʦʡ ʩʚʷʟʠ ʩ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʨʫʜʘʭ, ʪʘʢ ʠ ʦ ʟʘʤʝʪʥʦʤ ʧʨʝʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʊʄ (ʚ ʜʝʩʷʪʢʠ-ʪʳʩʷʯʠ ʨʘʟ) ʜʝʡʩʪʚʫʶʱʠʭ ʇɼʂ (ʪʘʙʣ. 

2) ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦʜʘʭ [2, 3]. 

ʊʘʙʣʠʮʘ 2 ï ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ (ʤʛ/ʜʤ
3
) ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʪʦʢʘʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʈɸ 

ʆʙʲʝʢʪʳ  Fe Cu Zn Hg Pb Li  Sb W Mo Be 

ʈʫʜʥʠʢ 

"ɺʝʩʝʣʳʡ" 
ʉʪʦʢ ɿʀʌ 0,8 0,066 0,007 0,0002 0,0012 ï ï ï ï ï 

ʈʫʜʥʠʢ 

"ʂʘʣʛʫʪʳ" 

ʉʪʦʢ ʬʘʙʨʠʢʠ 1,2 3,8 0,23 0,0003 0,025 0,015 0,008 0,11 3,26 0,003 

ʉʪʦʢ 

ʦʪʩʪʦʡʥʠʢʘ 
6,6 3,8 0,17 0,036 0,017 0,07 0,015 0,08 1,25 0,003 

ɸɻʄʇ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʚʦʜʘ) 
ï 0,003 0,08 7,08 0,01 ï 0,024 ï ï ï 

ʇʨʠʤʝʯʘʥʠʝ: ʢʫʨʩʠʚʦʤ ʚʳʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʝʝ 30 ʇɼʂ, ʧʨʦʯʝʨʢʠ ʦʟʥʘʯʘʶʪ 

ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ 

ʊʘʙʣʠʮʘ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʤʛ/ʜʤ
3
) ʚ ʚʦʜʘʭ ʨʘʡʦʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʂʘʨʘʢʫʣʴè 

ʕʣʝʤʝʥʪʳ ɹʝʟʳʤʷʥʥʳʡ 

ʨʫʯʝʡ 

ʆʟ. ʂʘʨʘʢʫʣʴ ʈ. ʂʫʨʫʤʪʫ 

ʚʝʨʭʥʠʡ 

ʩʪʚʦʨ 

ʈ. ʂʫʨʫʤʪʫ 

ʥʠʞʥʠʡ ʩʪʚʦʨ 

ʈ. ɹʘʨ-ɹʫʨʛʘʟʳ 

ʧʝʨʝʧʨʘʚʘ 

Be <0,00002 <0,00002 <0,00004 <0,00003 <0,00002 

Co 0,09Ñ0,01 0,16Ñ0,02 0,19Ñ0,03 0,10Ñ0,01 0,09Ñ0,01 

Cu 0,01Ñ0,002 0,008Ñ0,003 0,01Ñ0,002 0,01Ñ0,002 0,006Ñ0,002 

Mo <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

As 0,001Ñ0,0004 0,0006Ñ0,0004 <0,0005 <0,0005 <0,0005 

Sn 0,003+0,001 0,001Ñ0,0005 0,002Ñ0,001 0,0006Ñ0,0003 0,0006Ñ0,0003 

Pb 0,01+0,003 0,008Ñ0,003 0,003Ñ0,001 0,007Ñ0,002 0,005Ñ0,002 

Ag 0,00005 0,00005 0,00005 0,00005 0,00005 

Zn 0,17+0,03 0,09Ñ0,03 0,03+0,009 0,13Ñ0,03 0,02Ñ0,002 

ɿʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ 

ʦʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʀʟ ʥʠʭ ʥʘʠʙʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ ʠ ʜʨ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʩʪʦʢʦʚ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ ʚ ʮʝʣʦʤ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ.  

ʉʪʦʯʥʳʝ ʚʦʜʳ ʠʟʫʯʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʙʠʦʪʳ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ, ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʠʪʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʭʪʠʦʬʘʫʥʳ. 

ɸʥʘʣʠʟ ʚʢʣʘʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʠʭ 

ʙʠʦʪʦʢʩʠʯʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʚʘʣʠʨʫʶʱʫʶ ʨʦʣʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ, 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʂʨ=501187 ʦʪʤʝʯʝʥʳ ʜʣʷ "ʥʘʩʳʱʝʥʥʳʭ" ʊʄ ʩʪʦʢʦʚ 

ʂʘʣʛʫʪʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ, ʘ ʤʠʥʠʤʘʣʴʥʳʝ (ʂʨ=1.5-6.8) ï ʜʣʷ ʩʪʦʢʦʚ ɿʀʌ 

ʨʫʜʥʠʢʘ "ɺʝʩʝʣʳʡ" [4]. 

ʊʘʙʣʠʮʘ 4 ï ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄ ʚ ʚʦʜʝ, ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ, ʬʣʦʨʝ ʠ ʬʘʫʥʝ ʚʦʜʦʝʤʦʚ ʚ 

ʨʘʡʦʥʝ ʨʫʜʥʠʢʘ çɺʝʩʝʣʳʡè, ʤʛ/ʢʛ 

ʄʝʩʪʦ ʦʙʠʪʘʥʠʷ  ʦʙʲʝʢʪ Zn Cu Pb Hg 

ʊ.3 ʆʪʩʪʦʡʥʠʢ ɺʦʜʘ (ʤʛ/ʜʤ
3
) 0,0614 0,0276 0,0023 0,05 

ʊ.3 ʆʪʩʪʦʡʥʠʢ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 110 450 80 0,98 

ʊ.3 ʆʪʩʪʦʡʥʠʢ ʨʘʩʪʝʥʠʷ 15 105 1,4 0,029 

ʊ.3 ʆʪʩʪʦʡʥʠʢ ʨʳʙʘ 110 11 < 1 0,01 

ʊ.4 ʨ. ʉʠʥʶʭʘ ʄʦʩʪ ɺʦʜʘ (ʤʛ/ʜʤ
3
) 0,0526 0,0189 0,0007 0,04 

ʊ.4 ʨ. ʉʠʥʶʭʘ ʄʦʩʪ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 90 150 50 0,2 

ʊ.4 ʨ. ʉʠʥʶʭʘ ʄʦʩʪ ʙʝʥʪʦʩ 23 20 <0,05 0,025 

ʊ.4 ʨ. ʉʠʥʶʭʘ ʄʦʩʪ ʨʳʙʘ  53 1,3 <0,05 0,014 

ʊ. 6 ʨ. ʉʝʡʢʘ (ʥʠʞʝ ʩ. ʉʝʡʢʘ) ʚʦʜʘ 0,0313 0,0024 0,0008 0,05 

ʊ. 6 ʨ. ʉʝʡʢʘ (ʥʠʞʝ ʩ. ʉʝʡʢʘ) ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 70 150 15 0.32 

ʊ. 6 ʨ. ʉʝʡʢʘ (ʥʠʞʝ ʩ. ʉʝʡʢʘ) ʨʳʙʘ  63 11 < 1 0,001 

ʊ.7 ʓʥʳʨʛʘ ʩʨ. ʪʝʯ. ɺʦʜʘ (ʤʛ/ʜʤ
3
) 0,0333 0,0305 0,0038 0,03 

ʊ.7 ʓʥʳʨʛʘ ʩʨ. ʪʝʯ. ʙʝʥʪʦʩ 38 11 0,62 0,015 

ʊ.7 ʓʥʳʨʛʘ ʩʨ. ʪʝʯ. ʨʳʙʘ  70 2,0 0,36 0,02 

ʊ.7 ʓʥʳʨʛʘ ʩʨ. ʪʝʯ. ʨʘʩʪʝʥʠʷ 13 13 1,0 0,012 

ʊ.8 ʓʥʳʨʛʘ ʫʩʪʴʝ ɺʦʜʘ (ʤʛ/ʜʤ
3
) 0,0575 0,0144 0,0079 0,12 

ʊ.8 ʓʥʳʨʛʘ ʫʩʪʴʝ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 45 21 13 0,32 

ʊ.8 ʓʥʳʨʛʘ ʫʩʪʴʝ ʙʝʥʪʦʩ 10 4,5 0,25 0,008 

ʊ.8 ʓʥʳʨʛʘ ʫʩʪʴʝ ʈʘʩʪʝʥʠʷ 10 5,0 0,73 0,005 

ʇɼʂ, ʤʛ/ʢʛ ʜʣʷ ʩʚʝʞʝʡ ʧʨʝʩʥʦʚʦʜʥʦʡ ʨʳʙʳ  40 10 1 0,5 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʙʳʣ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʚ ʚʝʨʭʦʚʴʝ ʨ. ʗʨʣʳʘʤʨʳ 

(ɸɻʄʇ), ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʨʥʦ-ʪʫʥʜʨʦʚʳʤʠ ʩʢʝʣʝʪʥʳʤʠ ʧʦʯʚʘʤʠ, ʥʠʞʝ 

ʩʤʝʥʷʝʪʩʷ ʛʦʨʥʦ-ʣʫʛʦʚʳʤʠ ʠ ʥʘ ʦʪʤʝʪʢʘʭ ʤʝʥʝʝ 2000 ʤ - ʢʘʰʪʘʥʦʚʳʤʠ 

ʧʦʯʚʘʤʠ. ɺ ʣʝʩʥʦʤ ʧʦʷʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʛʦʨʥʦ-ʣʝʩʥʳʝ ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʝ ʠ 

ʛʦʨʥʦ-ʣʝʩʥʳʝ ʙʫʨʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ, ʦʙʨʘʟʫʶʱʠʝ ʤʦʟʘʠʯʥʦʝ ʩʪʨʦʝʥʠʝ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 
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ʚʘʣʦʚʳʭ ʬʦʨʤ ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ, ʪʝʭʥʦʟʝʤʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʣʠʷʥʠʷ ɸɻʄʇ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʚʘʣʦʚ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ 

ʨʫʜ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ (5 ʤʣʥ. ʪ.), ʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 1-3 ʢʣʘʩʩʦʚ ʪʦʢʩʠʯʥʦʩʪʠ (Hg, As, Sb, Zn, Cu ʠ ʜʨ.).  

ʀʟʫʯʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 19 ʪʦʯʢʘʭ. 

ʊʝʭʥʦʟʝʤʳ ʦʪʦʙʨʘʥʳ ʚ ʰʪʦʣʴʥʷʭ, ʧʦʯʚʳ ï ʥʘ ʫʩʣʦʚʥʦ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʘʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʰʪʦʣʝʥ, ʘ ʪʘʢʞʝ ʚʳʰʝ ʠ ʥʠʞʝ ʨʫʜʥʦʛʦ ʧʦʣʷ. ɺ ʨʘʡʦʥʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʢʘʪʝʥʘ (ʪʦʯʢʠ ʂ 1 - ʂ 5), ʚʢʣʶʯʘʶʱʘʷ 5 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ (ʦʪ ʧʨʠʤʠʪʠʚʥʳʭ ʛʦʨʥʦ-ʪʫʥʜʨʦʚʳʭ ʜʦ 

ʛʦʨʥʦ-ʣʝʩʥʳʭ ʠ ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ), ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ 4 ʚʳʩʦʪʥʳʭ ʧʦʷʩʘʭ ï 

ʛʦʨʥʦ-ʪʫʥʜʨʦʚʦʤ, ʛʦʨʥʦ-ʣʫʛʦʚʦʤ ʩʫʙʘʣʴʧʠʡʩʢʦʤ, ʛʦʨʥʦ-ʣʝʩʥʦʤ ʠ ʩʫʭʦ-

ʩʪʝʧʥʦʤ. ʂʘʪʝʥʘ ʟʘʣʦʞʝʥʘ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʚʳʩʰʘʷ 

ʪʦʯʢʘ ʚʟʷʪʘ ʥʘ ʚʳʩʦʪʝ 2700 ʤ., ʥʠʟʰʘʷ - ʚ ʧʨʠʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨ. ʗʨʣʳʘʤʨʳ.  

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʣʠʷʥʠʷ ɸɻʄʇ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʚʘʣʦʚ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ 

ʨʫʜ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ (5 ʤʣʥ. ʪ.), ʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 1-3 ʢʣʘʩʩʦʚ ʪʦʢʩʠʯʥʦʩʪʠ (Hg, As, Sb, Zn, Cu ʠ ʜʨ.). 

ʊʘʙʣʠʮʘ 5 ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ɸʢʪʘʰʩʢʦʛʦ ʨʪʫʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʤʛ/ʢʛ) [4] 

ʊʦʯʢʘ 

ʦʪʙʦʨʘ        

Hg 

ʇʦʯʚʘ 

Hg 

ʈʘʩʪʝʥʠʷ 

ʊʦʯʢʘ 

ʦʪʙʦʨʘ 

Hg 

ʇʦʯʚʘ 

Hg 

ʈʘʩʪʝʥʠʷ 

ʊʦʯʢʘ 

ʦʪʙʦʨʘ 

Hg 

ʇʦʯʚʘ 

Hg 

ʈʘʩʪʝʥʠʷ 

ʂ-1 1 0,195 ʂ-5 7,2 0,100 ʐʊ-4 9,1 0,160 

ʂ-1 1,4 ʂ-5 61 ʐʊ-4 10 

ʂ-2 0,8 0,152 ʂ-5 0,48 ʐʊ-4 0,75 

ʂ-2 7,2 ʂ-5 13 ʐʊ-9 212 5,422 

ʂ-2 0,69 ʊʆ-12 11 0,279 ʐʊ-9 330 

ʂ-3 3,8 0,484 ʊʆ-13 88 0,115 ʐʊ-14 15 0,092 

ʂ-3 1,3 ʊʆ-13 91 ʐʊ-30 62 0,139 

ʂ-3 2,2 ʊʆ-13 22 ʐʊ-36 4,5 0,116 

ʂ-4 2,7 0,035 ʊʆ-14 44 0,086 ʐʊ-21 0,57 0,050 

ʂ-4 1 ʊʆ-16 43 0,094 ʐʊ-27 9,1  

ʐʊ-25 2,6 0,044 ʐʊ 34 1,2 0,130 ʐʊ-41 1,5 0,042 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 6 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦʯʚ (2,1 ʤʛ/ʢʛ) ʭʘʨʘʢʪʝʨʥʦ ʣʠʰʴ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʤʝʩʪʘʭ ʭʨʘʥʝʥʠʷ ʠ 
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ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʩʙʨʦʩʘ ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʧʨʠ ʪʦʤ, ʯʪʦ ʚ 

ʮʝʣʦʤ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʪʫʪʠ ʠʣʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʤʝʩʪʥʦʛʦ ʬʦʥʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʪ.  

ʆʪʢʘʨʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʣʦʱʘʜʠ ʃʠʮʝʥʟʠʦʥʥʦʛʦ ʋʯʘʩʪʢʘ ʂʘʨʘʢʫʣʴʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʀɺʕʇ ʜʘʥʥʳʤ) ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ 

ʨʷʜʘ ʊʄ, ʧʨʦʬʠʣʠʨʫʶʱʠʭ ʜʣʷ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʢʦʙʘʣʴʪ, ʤʝʜʴ, ʚʠʩʤʫʪ, 

ʩʚʠʥʝʮ ʠ ʜʨ.), ʦʢʦʥʪʫʨʠʣʠ ʦʜʥʫ ʠ ʪʫ ʞʝ ʧʣʦʱʘʜʢʫ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʃʋ, 

ʦʪʚʝʯʘʶʱʫʶ ɿʘʧʘʜʥʦʡ ʨʫʜʥʦʡ ʟʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʦʷʚʣʝʥʥʳʝ ʥʘ 

ʧʣʦʱʘʜʠ ʃʋ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʄ ʠ ʭʘʨʘʢʪʝʨ 

ʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʪʨʝʭ 

ʘʩʩʦʮʠʘʮʠʡ ʨʫʜʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʤ ʊʄ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʚʠʥʮʦʤ ʠ ʮʠʥʢʦʤ, ʚʪʦʨʘʷ ï ʚʠʩʤʫʪʦʤ, ʤʳʰʴʷʢʦʤ, ʤʝʜʴʶ ʠ ʢʦʙʘʣʴʪʦʤ, ʘ 

ʪʨʝʪʴʷ ʚʩʝʤʠ ʚʳʰʝʦʪʤʝʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʝʨʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʊʄ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʚʪʦʨʘʷ ï ʜʣʷ ʥʘʣʦʞʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ.  

ʊʘʙʣʠʮʘ 6 ï ʆʮʝʥʢʘ ʘʥʦʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʄ ʚ ʧʦʯʚʘʭ  

ʥʘ ʧʣʦʱʘʜʠ ʂʘʨʘʢʫʣʴʩʢʦʛʦ ʃʋ 

ʇʘʨʘʤʝʪʨʳ Ag Bi Pb Cu Co Ni Zn As Be 

ʄʝʩʪʥʳʡ ʬʦʥ 0.1 < 0.5 25 23 9 40 170 4 1.5 

ʍ, ʤʛ/ʢʛ 0.43 43 239 86 29 48 312 341 2.4 

ʍ, ʝʜ. ʬʦʥʘ 4.3 > 100 9.6 3.7 3.2 1.2 1.8 85.2 1.6 

ʉʘmin 0.32 3 55 55 14 49 238 8.6 1.9 

ʉʘmax 0.6 6.8 84 91 20 58 322 14 2.2 

ʉʘ (ɸɻʕ, 1987) 2 2 70 ï 30 ï ï ï ï 

ʉʘ (ʀɺʕʇ, 2008) 0.4 2 80 60 20 50 300 20 ï 

ʉmax, ʤʛ/ʢʛ 1.65 700 1320 476 202 85 630 6060 6.2 

ʉmax, ʝʜ. ʇɼʂ ï ï 13.2 4.8 4.0 1.7 2.1 303 0.6 

ʍ, ʝʜ. ʇɼʂ ï ï 2.4 0.9 0.6 1.0 1.0 17.0 0.2 

ʇʨʠʤʝʯʘʥʠʝ: ɾʠʨʥʳʡ ʰʨʠʬʪ ï ʩʦʜʝʨʞʘʥʠʝ ² 1 ʇɼʂ (ʬʦʥʘ), ʩʚʝʪʣʳʡ ʪʦʥ  ² 3 ʇɼʂ 

(ʬʦʥʘ), ʪʝʤʥʳʡ ï ² 10 ʇɼʂ (ʬʦʥʘ) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʦʜʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ ʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʤʝʷ ʫʪʦʯʥʝʥʥʳʝ 

ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʤʝʥʪʦʚ  - ʊʣ ʜʣʷ ʦʙʲʝʢʪʦʚ 
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ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʂʢ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʝʥ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʧʦ ʤʝʪʦʜʠʢʝ ɻʦʣʝʚʘ ʈ.ɺ, ɺ.ɺ. ʀʚʘʥʦʚ, 2001). ʕʪʦʪ ʧʨʠʝʤ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʂʘʨʘʢʫʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɻʕʨ = Ɇ (ʊʣĬʂʢ)1 +   + (ʊʣĬʂʢ)n 

ɻʜʝ: ɻʕʨ - ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʣ ï ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʵʣʝʤʝʥʪʘ 

ʂʢ ï ʂʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ 

n ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʯʝʪʘ ʧʦʣʫʯʠʣʠ ʚʝʣʠʯʠʥʫ ɻʕʨ = 1815, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ n
3
 ï n

4  
ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʲʝʢʪʘʤ ʩ ʚʳʩʦʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʦʧʘʩʥʦʩʪʴʶ (ʧʦ ʨʘʥʞʠʨʦʚʘʥʠʶ ʀʚʘʥʦʚʘ ɺ.ɺ). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʳʭ 

ʚʪʦʨʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʧʦʯʚ.  

ɿʘʢʣʶʯʝʥʠʝ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʚʳʜʝʣʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʶʪ ʇɼʂ 

ʧʦʯʚ. ɺ ʩʚʷʟʠ ʩ ʥʝʧʦʣʥʦʪʦʡ ʠʤʝʶʱʠʭʩʷ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʬʦʨʤʘʭ 

ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʚʝʜʫʱʠʭ ʜʝʧʦʥʠʨʫʶʱʠʭ ʩʨʝʜʘʭ, ʜʘʥʥʳʝ ʦʮʝʥʢʠ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ. ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʢʩʠʯʥʦʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʢʘʢ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʪʘʢ ʠ 

ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ. 

ʍʨʘʥʠʣʠʱʘ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʥʘ ʂʘʣʛʫʪʠʥʩʢʦʤ ʨʫʜʥʠʢʝ ʠ ʥʘ 

ʨʫʜʥʠʢʝ "ɺʝʩʝʣʳʡ" ʦʪʥʦʩʷʪʩʷ ʢʦ II  ʢʘʪʝʛʦʨʠʠ ï ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʭ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ, ʘ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʰʣʘʢʦʚ ɸʢʪʘʰʩʢʦʛʦ ɻʄʇ ʢ I ʢʘʪʝʛʦʨʠʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʩʥʦʚʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʩʥʠʞʘʶʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ, 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʠʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʫʩʪʨʦʡʩʪʚʘ. 
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Abstract. One of the reason for low effectiveness of water-protection activities in Russia is the absence of 

the approved instrument, which allows to take into account the spatial differentiation of natural conditions within the 

goal setting process. The report outlines the methodology and algorithms of establishing the water-quality targets 

and prioritizing the water protection measures on a basinwide basis with regard of the spatial differentiation of 

natural and anthropogenic factors. 
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ɸʥʘʣʠʟ ʧʨʦʙʣʝʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ (ɺʆ), ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ɺʆ, ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʮʝʣʝʡ ʠ ʧʨʠʦʨʠʪʝʪʦʚ 

ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ:  

- ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ɺʆ 

(ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʇɼʂʨʭ, ʋʂʀɿɺ ʠ ʪ.ʧ.), ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʦʚ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ;  

- ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʜʦʣʛʦʩʨʦʯʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 
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ʧʣʘʥʠʨʦʚʘʥʠʠ ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ 

ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ (ʎʇ), ʫʟʘʢʦʥʝʥʥʳʝ ʚ ɺʦʜʥʦʤ ʢʦʜʝʢʩʝ ʈʌ;  

- ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʫʪʚʝʨʞʜʝʥʥʳʭ 

ʧʨʦʮʝʜʫʨ (ʘʣʛʦʨʠʪʤʦʚ) ʫʩʪʘʥʦʚʣʝʥʠʷ ʎʇ ʠ ʧʨʠʦʨʠʪʝʪʦʚ ʚʦʜʦʦʭʨʘʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʉʭʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʉʂʀʆɺʆ); 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʝʡ ʘʣʛʦʨʠʪʤʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʡ ʠ ʧʨʠʦʨʠʪʝʪʦʚ ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʠʤʝʶʱʝʡ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʤʘʪʝʨʠʘʣʦʚ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʉʂʀʆɺʆ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʦʧʳʪ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʥʘ ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʙʘʟʠʨʦʚʘʪʴʩʷ ʤʝʪʦʜʦʣʦʛʠʷ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʚʦʜʦʦʭʨʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʘʭ ʢʨʫʧʥʳʭ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʦʚ:  

- ʧʨʠʤʝʥʠʤʦʩʪʴ: ʧʦʣʥʘʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʘʤʢʘʭ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ; 

- ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʚʩʝʭ ʢʨʫʧʥʳʭ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʘʭ ʈʦʩʩʠʠ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ (ʦʧʦʨʘ ʥʘ ʜʘʥʥʳʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ï ɻʉʅ);  

- ʩʧʝʮʠʬʠʯʥʦʩʪʴ: ʫʯʝʪ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʫʯʘʩʪʢʘʤ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ;  

- ʦʙʲʝʢʪʠʚʥʦʩʪʴ: ʚʳʙʦʨ ʪʝʭ ʧʨʦʙʣʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ɺʆ, ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʤʝʶʱʠʤʠʩʷ 

ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ;  
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- ʙʘʩʩʝʡʥʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʚʳʙʦʨ ʪʝʭ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʠʤʝʪʴ 

ʙʘʩʩʝʡʥʦʚʳʡ (ʥʝ ʪʦʣʴʢʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ) ʵʬʬʝʢʪ; 

- ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ: ʚʳʙʦʨ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʠʪʴ, 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ɿɺ
1
;  

- ʛʠʙʢʦʩʪʴ: ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʤʢʘʭ ʮʠʢʣʘ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʧʨʠʦʨʠʪʝʪʦʚ  ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ  

ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʥʘʣʠʟ ʚʥʦʚʴ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  ʫʪʦʯʥʝʥʠʝ 

ʮʝʣʝʡ ʠ ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʪ.ʜ. 

ʈʘʟʤʝʨʳ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʦʜʙʘʩʩʝʡʥʘ) 

ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʝʤʣʝʤʳʡ ʤʘʩʰʪʘʙ ʦʙʦʙʱʝʥʠʡ. ʉ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʤʠʥʠʤʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʯʘʩʪʦʢ (ɺʍʋ). ʇʨʠ 

ʦʮʝʥʢʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʘʥʘʣʠʟʘ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʥʝ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʘ ʚ ʤʘʩʰʪʘʙʘʭ ɺʍʋ, ʩ ʦʧʦʨʦʡ ʥʘ ɻʉʅ. 

ʈʝʯʥʦʡ ʙʘʩʩʝʡʥ (ʥʘʧʨʠʤʝʨ, ʙʘʩʩʝʡʥ ʆʙʠ, ɺʦʣʛʠ) ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʨʷʜ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ, ʠʤʝʪʴ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʧʦʯʚʝʥʥʫʶ, 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʫʶ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ, ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, 

ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʩʭʦʜʩʪʚʦ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʣʝʥʠʷ 

ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʫʯʘʩʪʢʠ, ʥʘʟʚʘʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʥʳʤʠ (ʈʋ). 

ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘʯʘʣʴʥʦʝ ʜʝʣʝʥʠʝ 

ʙʘʩʩʝʡʥʘ ʥʘ ʈʋ ʧʦ ʛʨʘʥʠʮʘʤ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ (ʦʙʣʘʩʪʝʡ). 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʯʣʝʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʠʝʤ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʠʷʤʠ 

                                           
1
 ʇʦʜ ɿɺ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʣʶʙʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ɺʆ. ʇʦʜ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ɿɺ. 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʛʨʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ). ʋʯʠʪʳʚʘʷ ʮʝʣʠ 

ʟʦʥʠʨʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘ, ʛʨʘʥʠʮʳ ʈʋ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦ ʚʦʜʦʨʘʟʜʝʣʘʤ ʠʣʠ 

ʚʦʜʦʪʦʢʘʤ, ʩʦʚʤʝʱʘʷ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʩ ʙʣʠʟʣʝʞʘʱʠʤʠ ʛʨʘʥʠʮʘʤʠ ɺʍʋ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ: ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʜʨʦʙʥʦʤ ʫʯʝʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʘ ʫʯʘʩʪʢʘʭ ʙʘʩʩʝʡʥʘ, ʥʝ ʠʤʝʶʱʠʭ ʫʧʨʘʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ɿɺ ʚ ɺʆ. 

ɽʱʸ ʦʜʠʥ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʈʋ ï 

ʥʘʣʠʯʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʦʥʠʨʦʚʘʥʠʷ 

ʙʘʩʩʝʡʥʘ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʵʪʘʣʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʚʩʝʭ 

ɺʆ ʥʘ ʈʋ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ɺʆ ʠ 

ʩʪʝʧʝʥʠ ʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʠʟʤʝʥʝʥʥʦʩʪʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʥʘʣʠʯʠʝ ʥʘ ʈʋ 

ʧʫʥʢʪʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʥʝ ʟʦʥ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʵʪʘʣʦʥʥʦʛʦ ʇʂʂ), ʠʤʝʶʱʝʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ 

ʨʷʜʳ ʥʘʙʣʶʜʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʨʘʥʠʮʳ ʈʋ.  

ʀʪʘʢ, ʜʣʷ ʫʯʝʪʘ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ 

ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʈʋ ʩ ʫʯʝʪʦʤ ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ: ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ; ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ; ʥʘʣʠʯʠʷ ʵʪʘʣʦʥʥʳʭ ʇʂʂ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ 

ʨʷʜʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʝʡ ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ. ʀʩʭʦʜʷ ʠʟ ʙʫʢʚʳ ɿʘʢʦʥʘ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʠʭ 

ʥʦʨʤʘʪʠʚʦʚ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ɺʆ ʧʦʢʘ ʥʝʪ, ʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʇɼʂʨʭ ʥʝ ʫʯʠʪʳʚʘʶʪ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɺʆ. ɺʦʜʥʳʡ 

ʢʦʜʝʢʩ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ïʎʇ, ʥʝ 

ʨʘʩʢʨʳʚʘʷ, ʧʨʘʚʜʘ, ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʪʝʨʤʠʥʘ.  

ʎʇ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʪʝʤ, ʯʪʦ: 
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- ʎʇ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ (ʩʨʦʢ ʨʝʘʣʠʟʘʮʠʠ 

ʉʂʀʆɺʆ); 

- ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʝʨʝʯʥʷ ʠ ʟʥʘʯʝʥʠʡ ʎʇ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʙʘʩʩʝʡʥʦʚʦʤ 

ʫʨʦʚʥʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ (ʚ ʨʘʤʢʘʭ ʉʂʀʆɺʆ, 

ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʫʝʪʩʷ ɹʘʩʩʝʡʥʦʚʳʤ ʩʦʚʝʪʦʤ ʠ ʫʪʚʝʨʞʜʘʝʪʩʷ ɹʘʩʩʝʡʥʦʚʳʤ 

ʚʦʜʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ï ɹɺʋ); 

- ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʎʇ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ (ʚ ʨʘʤʢʘʭ ʨʝʛʣʘʤʝʥʪʥʦʡ ʧʨʦʮʝʜʫʨʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʉʂʀʆɺʆ). 

ʊʝʨʤʠʥ ʎʇ ʚ ʦʬʠʮʠʘʣʴʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʙʳʣ ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ [3]. ʈʘʟʚʠʪʠʝ ʠ ʘʜʘʧʪʘʮʠʷ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʢ ʨʦʩʩʠʡʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ʧʨʠʚʝʣʠ ʥʘʩ ʢ ʩʣʝʜʫʶʱʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ: ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ïʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ɺʆ, ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʥʘʧʨʘʚʣʝʥʳ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʉʂʀʆɺʆ. ʎʇ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʣʷ 

ʈʋ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʠʶ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɿʥʘʯʝʥʠʷ ʎʇ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʥʘ ʵʪʘʣʦʥʥʳʭ ʇʂʂ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʈʋ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʎʇ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʢʦʩʚʝʥʥʦ 

ʫʯʠʪʳʚʘʶʪ ʠ ʪʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʧʨʠʯʠʥʘʤ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʂ ʧʦʜʦʙʥʳʤ ʬʘʢʪʦʨʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʣʝʪʥʝʝ ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʩʙʦʨʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʩʪʘʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ. ʇʨʠ ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʎʇ ʥʝ 

ʷʚʣʷʶʪʩʷ ʥʠ ʥʦʨʤʘʪʠʚʘʤʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʥʠ ʨʝʛʠʦʥʘʣʴʥʳʤ ʬʦʥʦʤ. ʕʪʦ ï 

ʦʪʨʘʩʣʝʚʳʝ ʜʦʣʛʦʩʨʦʯʥʳʝ ʮʝʣʠ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʨʘʤʢʘʭ ʉʂʀʆɺʆ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʣʘʥ ʙʘʩʩʝʡʥʦʚʳʭ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʎʇ 

ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʥʘʟʥʘʯʘʝʪ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʜʠʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʨʛʘʥ ï ɹɺʋ. ʊʘʢ 
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ʩʦʟʜʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʠʩʢʦʨʝʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʦʣʥʦʤʦʯʠʡ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʬʝʨʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎʇ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʇɼʂʨʭ) ʫʯʠʪʳʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ 

ʚʳʙʦʨʘ ʧʨʠʦʨʠʪʝʪʥʳʭ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ (ʧʦʜʙʘʩʩʝʡʥʝ).  

1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʳʙʠʨʘʶʪʩʷ ʵʪʘʣʦʥʥʳʝ ʇʂʂ. ʆʙʷʟʘʪʝʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ï ʦʪʩʫʪʩʪʚʠʝ ʚʳʰʝ 

ʇʂʂ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʬʦʨʤʝ 2-ʊʇ (ʚʦʜʭʦʟ) ʚʳʧʫʩʢʦʚ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ɺʆ. ʈʘʟʣʠʯʘʝʤ 3 ʪʠʧʘ ʵʪʘʣʦʥʥʳʭ ʇʂʂ ʧʦ 

ʥʘʣʠʯʠʶ ʚʳʰʝ ʥʠʭ ʜʨʫʛʠʭ (ʢʨʦʤʝ ʚʳʧʫʩʢʦʚ ʚ ɺʆ) ʠʩʪʦʯʥʠʢʦʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ:  

ʘ - ʥʝʪ çʚʳʧʫʩʢʦʚ ʥʘ ʨʝʣʴʝʬè (ʧʦ ʬʦʨʤʝ 2-ʊʇ (ʚʦʜʭʦʟ); ʢʦʜʳ ʪʠʧʘ 

ʧʨʠʝʤʥʠʢʘ 80-83), ʥʝʪ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʩʝʣʴʭʦʟʫʛʦʜʠʡ (ʧʦ ʢʘʨʪʝ, 

ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ);  

ʙ - ʥʝʪ çʚʳʧʫʩʢʦʚ ʥʘ ʨʝʣʴʝʬè, ʥʦ ʝʩʪʴ ʤʘʣʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʠ/ʠʣʠ 

ʩʝʣʴʭʦʟʫʛʦʜʠʷ;  

ʚ - ʝʩʪʴ ʚʳʧʫʩʢʠ ʥʘ ʨʝʣʴʝʬ.  

ʕʪʘʣʦʥʥʳʝ ʇʂʂ ʠ ʠʭ ʪʠʧ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 

2. ʇʦ ʩʭʦʜʩʪʚʫ/ʨʘʟʣʠʯʠʶ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʙʘʩʩʝʡʥ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʈʋ (ʩʤ. ʚʳʰʝ). ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʢʘʨʪʫ ʠʟ [4] (ʨʠʩ. 1).  

3. ʅʘ ʢʘʞʜʦʤ ʈʋ ʦʧʨʝʜʝʣʷʶʪʩʷ ʎʇ. ɼʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʎʇ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʵʪʘʣʦʥʥʳʤ ʇʂʂ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʵʪʘʣʦʥʥʳʤ ʇʂʂ ʪʠʧʘ ʘ. ʉʧʦʩʦʙʳ 
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ʨʘʩʯʝʪʘ ʎʇ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʵʪʘʣʦʥʥʳʭ ʇʂʂ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʠ ʎʇ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʬʘʟ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʩʝʟʦʥʦʚ) ʧʦ ʘʣʛʦʨʠʪʤʫ, ʩʛʣʘʞʠʚʘʶʱʝʤʫ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʝʟʦʥʦʚ ʚ ʨʷʜʫ ʥʘʙʣʶʜʝʥʠʡ [1]. ɿʥʘʯʝʥʠʝ 

ʎʇ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʵʪʘʣʦʥʥʳʤ ʇʂʂ ʪʠʧʘ ʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʚʝʨʭʥʝʤʫ 

ʢʚʘʨʪʠʣʶ (Q3) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɿɺ ʥʘ ʵʪʘʣʦʥʥʳʭ ʇʂʂ (ʨʠʩ. 2). ʎʇ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ 

ʜʦʩʪʠʛʥʫʪʳʤ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʇʂʂ (ʥʝ ʵʪʘʣʦʥʥʦʤ, çʛʨʷʟʥʦʤè), ʝʩʣʠ ʤʝʜʠʘʥʘ 

(Me) ʥʘʙʣʶʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ ʙʫʜʝʪ ʥʝ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʎʇ. 

ʘ) 

 

 
ʙ) 

ʈʠʩ. 1 ï ʇʨʠʤʝʨ ʚʳʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʧʦʜʙʘʩʩʝʡʥʘ ʆʙʠ (ʜʦ ʀʨʪʳʰʘ): 

ʘ) ʬʨʘʛʤʝʥʪ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʢʘʨʪʳ; ʙ) ʩʭʝʤʘ ʨʘʩʯʝʪʥʳʭ ʫʯʘʩʪʢʦʚ; ʈʋ-3 ï 

ʥʦʤʝʨ ʨʘʩʯʝʪʥʦʛʦ ʫʯʘʩʪʢʘ.  

 

 
ʈʠʩ. 2 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʎʇ ʧʦ ʤʥʦʛʦʣʝʪʥʝʤʫ ʨʷʜʫ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ, 

ʥʘʙʣʶʜʝʥʥʳʭ ʥʘ ʵʪʘʣʦʥʥʦʤ ʩʪʚʦʨʝ:  

ʨʷʜʳ ʥʘʙʣʶʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ; 

Min ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ; Q1 ï ʥʠʞʥʠʡ ʢʚʘʨʪʠʣʴ; Me ïʤʝʜʠʘʥʘ; Q3 ï ʚʝʨʭʥʠʡ 

ʢʚʘʨʪʠʣʴ; Max ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ (ʪʘʢʠʭ ʢʘʢ ʤʝʜʠʘʥʘ ʠ ʢʚʘʨʪʠʣʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʨʝʜʥʝʛʦ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʪ.ʧ.) ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʣʫʯʘʡʥʳʝ 
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ʚʝʣʠʯʠʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʯʘʩʪʦ ʥʝ ʦʪʚʝʯʘʶʪ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [2]. ʉ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʘ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʠ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ɺʆ ʫʜʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʯʝʥʠʷ ʎʇ ʚ ʚʠʜʝ ʢʨʘʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂʨʭ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʮʝʣʳʭ (ʪʘʙʣ. 1).  

ɽʩʣʠ ʵʪʘʣʦʥʥʳʭ ʇʂʂ ʥʘ ʈʋ ʥʝʪ, ʎʇ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʥʠʞʥʝʤʫ 

ʢʚʘʨʪʠʣʶ Q1 ʤʥʦʛʦʣʝʪʥʝʛʦ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʚʩʝʤ ʇʂʂ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʥʘ ʈʋ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʎʇ ʠ ʠʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1].  

4. ʇʦ ʢʘʞʜʦʤʫ ʇʂʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʪʦʯʥʝʥʠʝ ʎʇ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ 

çʥʝ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳè. 

5. ʇʦ ʢʘʞʜʦʤʫ ʇʂʂ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʝ ɿɺ: ʪʝ ɿɺ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ʎʇ. ʋʩʪʘʥʦʚʣʝʥʠʝ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ɿɺ ʜʘʝʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʫʯʘʩʪʢʘʤ ʙʘʩʩʝʡʥʘ (ʨʠʩ. 3): ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʦʨʠʪʝʪʥʳʭ ɿɺ ʜʦ ʟʥʘʯʝʥʠʡ ʎʇ. ʇʦʩʢʦʣʴʢʫ 

ʇɼʂʨʭ, ʧʨʠ ʚʩʝʭ ʥʝʜʦʩʪʘʪʢʘʭ, ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʪʦʨʦʡ ʤʝʨʦʡ ʦʧʘʩʥʦʩʪʠ 

ɿɺ ʜʣʷ ʙʠʦʪʳ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʧʦʩʪʘʚʣʷʪʴ ʥʘʙʣʶʜʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɿɺ ʥʝ 

ʪʦʣʴʢʦ ʩ ʎʇ, ʥʦ ʠ ʩ ʇɼʂʨʭ.  

 
ʘ) 

 
ʙ) 

ʈʠʩ. 3 ï ʇʨʠʤʝʨ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ 

ʢʨʘʪʥʦ ʇɼʂʨʭ): ʘ) ʨ. ʂʦʢʰʠ (ʈʝʩʧ. ɸʣʪʘʡ); ʙ) ʨ. ɹʘʨʥʘʫʣʢʘ (ʚ ʯʝʨʪʝ ʛ. ɹʘʨʥʘʫʣ); 

  - ʇɼʂʨʭ;  - ʎʇ;  - ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ.  

ʋʩʪʘʥʦʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʧʨʠʦʨʠʪʝʪʦʚ (1 ï ʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ): 

1 ï Me > ʎʇ ʠ Me > ʇɼʂʨʭ (ʤʝʜʠʘʥʘ ʥʘʙʣʶʜʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ 

ʧʨʝʚʦʩʭʦʜʠʪ ʠ ʟʥʘʯʝʥʠʝ ʎʇ, ʠ ʟʥʘʯʝʥʠʝ ʇɼʂʨʭ); 
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2 ï Me > ʎʇ ʠ Me Ò ʇɼʂʨʭ;  

3 ï Me Ò ʎʇ ʠ Me > ʇɼʂʨʭ. 

6. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʦʪ ʠʩʪʦʢʘ ʢ ʟʘʤʳʢʘʶʱʝʤʫ ʩʪʚʦʨʫ) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʫʧʨʘʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ɿɺ. 

ɺʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʩʦʢʨʘʱʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ɺʆ ɿɺ ʧʨʠʦʨʠʪʝʪʘ 1, ʟʘʪʝʤ ï 2 ʠ ʪ.ʜ.  

ɺʳʷʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ɿɺ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʤʘʩʩ ɿɺ ʧʦ ʫʯʘʩʪʢʘʤ ʙʘʩʩʝʡʥʘ ʤʝʞʜʫ ʇʂʂ. ʅʘʟʦʚʝʤ ʪʘʢʠʝ 

ʫʯʘʩʪʢʠ çʢʦʥʪʨʦʣʴʥʳʤʠè (ʂʋ). ɺ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʠ ʝʸ ʨʘʩʭʦʜʘʤʠ, ʜʘʥʥʳʝ ʦʪʯʝʪʥʦʩʪʠ 2-ʊʇ 

(ʚʦʜʭʦʟ), ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʚʳʥʦʩʫ ɿɺ ʩ ʩʝʣʠʪʝʙʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ 

ʧʨʠʦʨʠʪʝʪʥʦʛʦ ɿɺ. 

- ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʘʷ ʛʦʜʦʚʘʷ ʤʘʩʩʘ ɿɺ, ʧʦʩʪʫʧʠʚʰʘʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ɺʆ ʦʪ ʫʯʪʝʥʥʳʭ ʪʦʯʝʯʥʳʭ (ʧʦ ʜʘʥʥʳʤ 2-ʊʇ (ʚʦʜʭʦʟ)) ʠ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ (ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʣʠ ʨʘʩʯʝʪʥʳʤ) ʠʩʪʦʯʥʠʢʦʚ ʥʘ 

ʂʋ. 

- ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʤʘʩʩʳ ɿɺ ʯʝʨʝʟ ʇʂʂ, ʟʘʤʳʢʘʶʱʠʡ 

ʂʋ, ʢʘʢ ʤʝʜʠʘʥʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʨʘʩʭʦʜʳ ʚʦʜʳ (ʧʦ ʜʘʥʥʳʤ 

ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ). 

- ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʷ ʤʘʩʩʳ ɿɺ, ʧʦʩʪʫʧʠʚʰʘʷ ʠʟ ʫʯʪʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʦʪ ʨʘʩʭʦʜʦʚ ʤʘʩʩʳ ɿɺ ʯʝʨʝʟ ʟʘʤʳʢʘʶʱʠʡ ʇʂʂ. ɽʩʣʠ ʵʪʘ ʜʦʣʷ ʙʦʣʝʝ 1%, ʪʦ 

ʤʝʨʦʧʨʠʷʪʠʷʤ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ɿɺ ʧʨʠʜʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʜʣʷ ʵʪʦʛʦ ɿɺ. ʊʘʢʘʷ ʚʳʩʦʢʘʷ çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴè (1%) 

ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʤʘʩʩ ɿɺ. ʕʪʠ 

ʦʰʠʙʢʠ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʙʳ 

ʦʪʙʠʨʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʥʘ ʇʂʂ, ʘ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɿɺ ʧʦ ʰʠʨʠʥʝ ʠ ʛʣʫʙʠʥʝ ʚʦʜʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ 

[2, 5]. 
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- ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʨʠʦʨʠʪʝʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʙʠʨʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦ 

ʠʩʪʦʯʥʠʢʠ (ʚʳʧʫʩʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʠ ʪ.ʧ.), ʥʘ ʢʦʪʦʨʳʭ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ 

ɿɺ ʚ ɺʆ. ʉʨʝʜʠ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʠʨʘʶʪʩʷ ʪʝ, ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ 

ʥʝ ʤʝʥʝʝ 5% ʦʪ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɿɺ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ 

ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʂʋ. ʆʧʳʪ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʜʘʶʪ ʦʙʳʯʥʦ ʙʦʣʝʝ 80% ʚʩʝʡ ʤʘʩʩʳ ɿɺ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ɺʆ ʦʪ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʎʇ (ʘ ʟʥʘʯʠʪ ï ʠ ʧʨʠʦʨʠʪʝʪʳ) ʤʦʛʫʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ɺʆ.  

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʨʠʦʨʠʪʝʪʥʦʛʦ ɿɺ ʥʝ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʫʧʨʘʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʠʩʪʦʯʥʠʢʘʤ ʧʦʩʪʫʧʣʝʥʠʷ ɿɺ ʠ/ʠʣʠ ʫʪʦʯʥʝʥʠʶ ʎʇ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʘʶʪʩʷ ʚ ʉʂʀʆɺʆ ʚ ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʥʳʭ.  

7. ʉʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʙʘʩʩʝʡʥʦʚʳʭ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ɿɺ ʦʪ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʚ ʨʘʤʢʘʭ ʉʂʀʆɺʆ).  

8. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʛʨʘʤʤʳ.  

9. ɼʦʩʪʠʛʥʫʪʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɿɺ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʎʇ. ɽʩʣʠ ʎʇ ʥʝ 

ʜʦʩʪʠʛʥʫʪʳ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʯʠʥʳ, ʥʘʤʝʯʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʪʦʯʥʝʥʠʝ ʎʇ (ʧʦ ʜʦʧʦʣʥʝʥʥʳʤ ʜʘʥʥʳʤ), 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʚʪʦʨ ʮʠʢʣʘ ʧ.ʧ. 2-8 (ʚʦʟʤʦʞʥʦ, ʥʘʯʠʥʘʷ ʩ ʧ. 1). ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 

ʤʘʩʰʪʘʙʘʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ:  
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- ʚʳʷʚʣʝʥʠʝ ʪʝʭ ʧʨʦʙʣʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ɺʆ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ;  

- ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʠʪʴ, 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ;  

- ʚʳʜʝʣʝʥʠʝ ʩʨʝʜʠ ʫʧʨʘʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ɿɺ ʪʝʭ, 

ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʢʦʪʦʨʳʭ ʜʘʜʫʪ ʦʱʫʪʠʤʳʡ ʵʬʬʝʢʪ, ʯʪʦ ʤʦʞʝʪ 

ʩʪʘʪʴ ʦʙʲʝʢʪʠʚʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʟʘʢʦʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʬʝʨʝʥʮʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʡ ʠ 

ʧʨʠʦʨʠʪʝʪʦʚ ʚʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʨʷʜʘ ʉʂʀʆɺʆ, ʧʦʣʫʯʠʚʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʟʘʢʣʶʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʫʪʚʝʨʞʜʝʥʥʳʭ ʠ 

ʨʝʘʣʠʟʫʝʤʳʭ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʳ ʛʦʪʦʚʳ ʢ ʧʦʚʩʝʤʝʩʪʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʘʤʢʘʭ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 1 ï ʇʨʠʤʝʨ ʟʥʘʯʝʥʠʡ ʎʇ ʧʦ ʨʘʩʯʝʪʥʳʤ ʫʯʘʩʪʢʘʤ ʧʦʜʙʘʩʩʝʡʥʘ 

ʨ. ʆʙʴ (ʢʨʘʪʥʦ ʇɼʂʨʭ) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɿɺ 
ʇɼʂʨʭ, 

ʤʛ/ʜʤ
3 

ʈʋ 

1 2 3 4 5 6 7 8 9 10 11 

ɸʟʦʪ ʘʤʤʦʥʠʡʥʳʡ 0,4 1 < 1 1 1 < 2 < 4 2 1 

ɸʟʦʪ ʥʠʪʨʘʪʥʳʡ 9 < < < < < < < < < < < 

ɸʟʦʪ ʥʠʪʨʠʪʥʳʡ 0,02 < < 1 < < < 1 < < < < 

ɸʣʶʤʠʥʠʡ 0,04 1 < 1 1 < 1 1 1 1 1 1 

ɹʇʂ5  2
*
 1 1 2 1 1 1 2 2 1 1 1 

ɾʝʣʝʟʦ ʦʙʱʝʝ 0,1 1 2 1 2 1 5 6 2 18 13 17 

ʂʘʣʴʮʠʷ ʠʦʥʳ 180 < < < < < < < < < < < 

1/(ʩʦʜʝʨʞ. ʨʘʩʪʚ. ʢʠʩʣʦʨʦʜʘ)  1/4
*
(ʜʤ

3
/ʤʛ) 1 < < < 1 < 1 1 1 1 1 

ʄʘʛʥʠʷ ʠʦʥʳ 40 < < 1 < < < < < < < < 

ʄʘʨʛʘʥʝʮ 0,01 1 1 2 1 < 6 7 1 17 1 14 

ʄʝʜʴ 0,001 3 1 1 3 < 6 2 < 19 1 16 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 0,05 3 5 4 8 2 1 8 4 10 9 2 

ʅʠʢʝʣʴ 0,01 1 1 1 1 < 1 1 1 < 1 < 

ʆʢʠʩʣʷʝʤʦʩʪʴ ʙʠʭʨʦʤʘʪʥʘʷ 

(ʍʇʂ) 
15

*
 1 1 1 1 1 1 4 1 4 2 3 

ʉʚʠʥʝʮ 0,006 < < < < < < < < 1 1 1 

ʉʫʣʴʬʘʪʥʳʝ ʠʦʥʳ 100 < < < < < < 1 < < < < 

ʉʫʤʤʘ Nʘ ʠ ʂ 170 < < < < < < < < < < < 

ʉʫʤʤʘ ʠʦʥʦʚ 1000
*
 < < < < < < < < < < < 

ʌʝʥʦʣʳ ʣʝʪʫʯʠʝ 0,001 3 2 1 2 4 2 2 3 3 2 1 

ʌʦʩʬʘʪʳ 0,2 < < < 1 < < < < 1 < < 

ʍʣʦʨʠʜʥʳʝ ʠʦʥʳ 300 < < < < < < < < < < < 

ʍʨʦʤ 6+ 0,02 < < < < < < < < 1 1 < 

ʎʠʥʢ 0,01 < < < < < 4 < < 3 1 2 

ʇʨʠʤʝʯʘʥʠʷ: ç<è ï ʦʟʥʘʯʘʝʪ, ʯʪʦ ʎʇ < 0,5 ʇɼʂʨʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʎʇ = 0 ʚ 

ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʝ ʦʢʨʫʛʣʝʥʠʷ (ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚʦ ʠʟʙʝʞʘʥʠʝ ʥʝʚʝʨʥʦʡ ʪʨʘʢʪʦʚʢʠ ʥʫʣʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ); ç*è ï ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʯʠʩʣʝ ʇɼʂʨʭ; ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ 

ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʢʦʪʦʨʳʭ ɿɺ ʜʣʷ ʆʙʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ 

ʨʷʜʝ ʨʘʙʦʪ [6,7].  

 



˾͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ ͦͻͪ͊ͤ͊ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·  

153  

ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʂɸɼɸʉʊʈʆɺʆɻʆ ʋʏɽʊɸ ɿʆʅ ʉ 

ʆʉʆɹʓʄʀ ʋʉʃʆɺʀʗʄʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʊɽʈʈʀʊʆʈʀʀ ʅɸ 

ʇʈʀʄɽʈɽ ɺʆɼʆʆʍʈɸʅʅʓʍ ɿʆʅ, ʇʈʀɹʈɽɾʅʓʍ ɿɸʑʀʊʅʓʍ 

ʇʆʃʆʉ, ɿʆʅ ɿɸʊʆʇʃɽʅʀʗ, ɿʆʅ ʇʆɼʊʆʇʃɽʅʀʗ 
ɺʝʜʫʭʠʥʘ ɺ.ɻ., ʇʦʩʪʥʦʚʘ ʀ.ʉ., ʂʦʩʪʦʛʨʫʜ ʉ.ʄ.  

ʆʆʆ çʎʝʥʪʨ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè, ʛ. ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

e-mail: varvara_ved@mail.ru  

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʦʧʠʩʘʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ  ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʥʘ 

ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʝʪ ʠ ʧʫʪʠ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʝʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʪʦʧʦʣʦʛʠʷ, 

ʚʦʜʦʦʭʨʘʥʥʘʷ ʟʦʥʘ, ʧʨʠʙʨʝʞʥʘʷ ʟʘʱʠʪʥʘʷ ʧʦʣʦʩʘ, ʟʦʥʘ ʟʘʪʦʧʣʝʥʠʷ, ʟʦʥʘ ʧʦʜʪʦʧʣʝʥʠʷ. 
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PROTECTION ZONES, PROTECTED SHORELINE BELTS AND FLOOD WATER 
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Abstract. The main requirements to graphic part of the description of the boundaries of the zones with 

special conditions for territory use at the cadastral registration and the ways of their enforcement are considered. 

Keywords: unified state register of real estate, coordinate systems, topology, water protection zone, 

protected shoreline belt, flood zone. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʛʨʘʥʠʮʘʭ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ (ʜʘʣʝʝ ï ɺɿ), ʧʨʠʙʨʝʞʥʳʭ 

ʟʘʱʠʪʥʳʭ ʧʦʣʦʩ (ʜʘʣʝʝ ï ʇɿʇ), ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ (ʜʘʣʝʝ ï ɿɿ), ʟʦʥ ʧʦʜʪʦʧʣʝʥʠʷ 

(ʜʘʣʝʝ ï ɿʇ) ʠ ʧʨʦʯʠʭ ʟʦʥ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

[1, ʩʪ. 1], ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʝʜʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 2, ʩʪ. 7, 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 13.07.2015 ˉ 218-ʌɿ, ʚʥʦʩʷʪʩʷ ʚ ɽʜʠʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʥʝʜʚʠʞʠʤʦʩʪʠ (ʜʘʣʝʝ ï ɽɻʈʅ), ʷʚʣʷʶʱʠʡʩʷ ʩʚʦʜʦʤ 

ʜʦʩʪʦʚʝʨʥʳʭ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʚʝʜʝʥʠʡ ʦʙ ʫʯʪʝʥʥʦʤ ʥʝʜʚʠʞʠʤʦʤ 

ʠʤʫʱʝʩʪʚʝ, ʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʘʚʘʭ ʥʘ ʪʘʢʦʝ ʥʝʜʚʠʞʠʤʦʝ ʠʤʫʱʝʩʪʚʦ, 

ʦʩʥʦʚʘʥʠʷʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʷʭ, ʘ ʪʘʢʞʝ ʠʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʬʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʩʚʝʜʝʥʠʡ [2]. 

ʇʦʨʷʜʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʨʛʘʥʳ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʘʚ ʠ ʚʝʜʝʥʠʷ ɽɻʈʅ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʝʢʩʪʦʚʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

(ʜʘʣʝʝ ï ʟʦʥ), ʧʝʨʝʯʥʷ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʛʨʘʥʠʮ ʪʘʢʠʭ ʟʦʥ [3]. 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ XML  ʩʭʝʤʳ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ 
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ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʫʯʝʪ ʚ ɽɻʈʅ 

ʜʦʢʫʤʝʥʪʘʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ, 

ʪʦʧʦʣʦʛʠʠ, ʬʦʨʤʘʪʫ ʠ ʬʦʨʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʦʥ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʇʨʦʮʝʜʫʨʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʦʞʥʫʶ ʠ ʪʨʫʜʦʝʤʢʫʶ ʨʘʙʦʪʫ ʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

- ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʧʦʣʝʚʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɹʃ; 

- ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʘʢʚʘʪʦʨʠʠ ʠ ʙʝʨʝʛʦʚ ʦʙʲʝʢʪʘ 

ʨʘʙʦʪ, ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʳʩʢʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʝʢʘʤ (ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ɿɿ ʠ ɿʇ); 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ɺɿ ʠ ʇɿʇ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʀʉ-ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ (ʧʦʩʪʨʦʝʥʠʝ ʙʫʬʝʨʘ, ʦʚʝʨʣʝʡʥʳʝ 

ʦʧʝʨʘʮʠʠ, ʛʝʥʝʨʘʣʠʟʘʮʠʷ), ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ɿɿ ʠ ɿʇ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʮʠʬʨʦʚʳʤ ʚʳʯʝʨʯʠʚʘʥʠʝʤ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʠʥʩʪʨʫʤʝʥʪʦʚ (ʦʚʝʨʣʝʡʥʳʝ ʦʧʝʨʘʮʠʠ, 

ʛʝʥʝʨʘʣʠʟʘʮʠʷ); 

- ʦʪʦʙʨʘʞʝʥʠʝ ʛʨʘʥʠʮ ʟʦʥ ʥʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ; 

- ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʧʠʩʘʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʜʣʷ 

ʠʭ ʚʥʝʩʝʥʠʷ ʚ ɽɻʈʅ; 

-  ʚʥʝʩʝʥʠʝ ʩʚʝʜʝʥʠʡ ʚ ɽɻʈʅ. 

ʅʘ ʜʘʥʥʳʭ ʵʪʘʧʘʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʝʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʦ ʠ ʥʝ ʧʨʦʧʠʩʘʥʦ ʚ ʥʦʨʤʘʪʠʚʥʦʡ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʪʦʯʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ 

ʩʲʝʤʢʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʨʘʙʦʪʘʭ ʜʣʷ ʚʳʯʝʨʯʠʚʘʥʠʷ ɹʃ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɿɿ ʠ ɿʇ, ʠ ʩʦʟʜʘʥʠʷ 

ʘʢʪʫʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ. ʇʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ (ʜʘʣʝʝ ɼɼɿ), ʢʦʪʦʨʳʤ ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ WGS 84 (ʩʤ. ʨʠʩ.1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ɼɼɿ ʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ 

ʤʝʩʪʥʳʤ ʩʠʩʪʝʤʘʤ ʢʦʦʨʜʠʥʘʪ (ʄʉʂ) ʩʦʛʣʘʩʥʦ ʧ. 4, ʩʪ. 6, ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʦʪ 13.07.2015 ˉ 218-ʌɿ [2], ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʪʦʯʥʦʩʪʠ 

ʜʘʥʥʳʭ. 

 
ʈʠʩ. 1 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ɼɿɿ ʚ ʨʘʙʦʪʘʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʛʨʘʥʠʮ ɺɿ, ʇɿʇ, ɿɿ, ɿʇ 

ʇʦʣʫʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʩʯʝʪʘ (ʪʨʘʥʩʬʦʨʤʘʮʠʠ) ʤʝʞʜʫ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ɹʃ (ʧʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʦʧʠʩʘʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ). 

ʇʝʨʝʚʦʜ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʛʦ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚ WGS 84 ʠ ʄʉʂ 

ʧʨʦʠʟʚʝʩʪʠ ʪʦʯʥʳʡ ʧʝʨʝʚʦʜ ʢʦʦʨʜʠʥʘʪ. ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʝ ʩʲʝʤʦʯʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪ. ʀʩʭʦʜʥʳʤʠ ʧʫʥʢʪʘʤʠ ʜʣʷ ʝʛʦ 

ʩʦʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʫʥʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʧʫʥʢʪʳ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʠ ʪʨʠʘʥʛʫʣʷʮʠʠ), ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʣʷ ʨʘʡʦʥʘ ʨʘʙʦʪ ʧʦ ʢʘʨʪʘʤ 

ʤʘʩʰʪʘʙʘ 1:25000. ʇʦ ʦʪʦʙʨʘʥʥʳʤ ʧʫʥʢʪʘʤ ʤʝʪʦʜʦʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚ WGS 84, 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʯʝʨʝʟ ʟʘʧʨʦʩ ʚ ʋʧʨʘʚʣʝʥʠʝ ʈʦʩʨʝʝʩʪʨʘ ʧʦʣʫʯʘʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʵʪʠʭ ʞʝ ʧʫʥʢʪʦʚ ʚ ʄʉʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠ 

ʫʨʘʚʥʠʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʧʝʨʝʩʯʝʪʘ ʠʟ WGS-84 ʚ ʄʉʂ.  

ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʡ ʧʝʨʝʚʦʜ (ʜʦ 0,01 ʤ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʤʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ çTopcon Toolsè, çLeica Geo Office 7.0è. ʂʨʦʤʝ ʪʦʛʦ ʦʜʥʠʤ ʠʟ 

ʧʨʦʚʝʨʝʥʥʳʭ ʥʘʤʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʙʦʣʝʝ ʛʨʫʙʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

(ʪʦʯʥʦʩʪʴ ʜʦ 0,5 ʤ) ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʢʦʤʧʘʥʠʠ ʈʘʢʫʨʩ ï 

ʧʨʦʛʨʘʤʤʘ çɺʳʯʠʩʣʝʥʠʝ 7 ʧʘʨʘʤʝʪʨʦʚè. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʦʧʦʣʦʛʠʠ. ʅʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ɺɿ ʠ ʇɿʇ, ʦʮʠʬʨʦʚʢʠ ɿɿ 

ʠ ɿʇ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʬʠʣʠʘʣʘʤʠ ʌɻɹʋ çʌʝʜʝʨʘʣʴʥʦʡ 

ʢʘʜʘʩʪʨʦʚʦʡ ʧʘʣʘʪʳ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʢʘʜʘʩʪʨʘ ʠ ʢʘʨʪʦʛʨʘʬʠʠè ʢ ʩʜʘʚʘʝʤʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ, ʦʬʠʮʠʘʣʴʥʦ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʠ ʚʳʷʚʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʭ ʚʥʝʩʝʥʠʷ ʚ ɽɻʈʅ ʠʣʠ ʠʟ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʫʤʦʚ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ʉʣʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʦʛʦ ʩ ʈʦʩʨʝʝʩʪʨʦʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʧʨʦʚʝʨʢʠ ʪʦʧʦʣʦʛʠʠ. 

ʀʩʧʦʣʥʠʪʝʣʠ ʢʘʜʘʩʪʨʦʚʳʭ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʚʝʨʢʫ ʪʦʧʦʣʦʛʠʠ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ (Check Graphics, çʇʨʦʚʝʨʢʘ ʠ ʢʦʨʨʝʢʮʠʷ 

ʪʦʧʦʣʦʛʠʠè ï ʜʣʷ MapInfo, Topology ï ʜʣʷ ArcGis ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʚ, ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʪʠ ʦʰʠʙʢʫ, ʥʦ ʥʝ ʠʩʧʨʘʚʠʪʴ ʝʝ 

(ʠʩʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ ʠʣʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠ). ʇʦʤʠʤʦ ʧʝʨʝʯʥʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʦʪʜʝʣʴʥʦ 

ʩʪʦʠʪ ʚʦʧʨʦʩ ʚʝʣʠʯʠʥʳ ʜʦʧʫʩʢʘ ʧʦ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʧʨʠʤʝʨʘʭ ʫʢʘʟʘʥʳ ʚʠʜʳ ʢʦʥʪʨʦʣʷ ʠ ʜʦʧʫʩʢʠ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʦʥ ʥʘ 

ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʝʪ (ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ ʪʦʧʦʣʦʛʠʠ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʦʧʠʩʘʥʥʳʭ ʥʠʞʝ ʩʣʫʯʘʷʭ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʬʦʨʩʠʨʦʚʘʥʥʳʡ ʧʦʜʧʦʨʥʳʡ 
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ʫʨʦʚʝʥʴ (ʌʇʋ) ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʛʦʥʘʣʴʥʦʤʫ ʪʠʧʫ ʛʝʦʤʝʪʨʠʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ɹʃ ʩ ʧʦʣʠʣʠʥʝʡʥʳʤ ʪʠʧʦʤ ʛʝʦʤʝʪʨʠʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʦʥ ʥʘʤʠ ʚʳʧʦʣʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ 

ʢʦʥʪʨʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷ MapInfo Check Graphics. 

1. ʂʦʥʪʨʦʣʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʦʯʝʢ (ʜʣʷ ʚʩʝʭ ʟʦʥ), ʚʝʣʠʯʠʥʘ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 0,2 ʤ ʚʢʣʶʯʠʪʝʣʴʥʦ (ʨʠʩ. 

2.). ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ. 

 
ʈʠʩ. 2 ï ʆʰʠʙʢʘ ʪʦʧʦʣʦʛʠʠ çʧʦʚʪʦʨʷʶʱʠʝʩʷ ʪʦʯʢʠè (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʧʦʣʠʣʠʥʠʠ 0,01 ʤ) 

2. ʂʦʥʪʨʦʣʴ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ ʠ ʥʘʣʦʞʝʥʠʡ ʯʘʩʪʝʡ ʩʣʦʞʥʳʭ 

ʧʦʣʠʛʦʥʦʚ (ʜʣʷ ʚʩʝʭ ʟʦʥ) (ʨʠʩ. 3, 4, 5). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ:  

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʫʟʣʘʤʠ ʦʜʥʦʡ 

ʧʦʣʠʣʠʥʠʡ, ʣʠʙʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʫʟʣʦʤ ʠ ʩʝʛʤʝʥʪʦʤ 

ʧʦʣʠʣʠʥʠʠ ʤʝʥʝʝ ʠʣʠ ʨʘʚʥʦ 0,5 ʤ; 

- ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝ ʚ ʚʠʜʝ ʧʝʪʣʠ. 

ɼʣʷ ʩʣʦʞʥʳʭ ʧʦʣʠʛʦʥʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʣʦʞʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 

ʢʣʘʩʪʝʨʥʦʛʦ ʜʦʧʫʩʢʘ (0,5 ʤ), ʠʥʘʯʝ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʢʪʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ ʠ ʥʘʣʦʞʝʥʠʷ ʯʘʩʪʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʩʝʯʝʥʠʝ ʩʝʛʤʝʥʪʦʚ ʧʦʣʠʣʠʥʠʠ ʠ ʯʘʩʪʝʡ 

ʧʦʣʠʛʦʥʘ, ʥʦ ʠ ʩʙʣʠʞʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʟʣʦʚ ʠ 

ʩʚʷʟʳʚʘʶʱʠʭ ʠʭ ʩʝʛʤʝʥʪʦʚ ʠʣʠ ʯʘʩʪʝʡ ʧʦʣʠʛʦʥʘ. 

3. ʂʦʥʪʨʦʣʴ ʧʦʠʩʢʘ ʧʠʢʦʚʳʭ ʫʟʣʦʚ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʣʦʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 2Á (ʨʠʩ. 6). 



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

158 

 
ʈʠʩ. 3 ï ʆʰʠʙʢʘ ʪʦʧʦʣʦʛʠʠ çʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝè (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʫʟʣʘʤʠ ʦʜʥʦʡ ʧʦʣʠʣʠʥʠʠ ʨʘʚʥʦ 0,3 ʤ) 

 
ʈʠʩ. 4 ï ʆʰʠʙʢʘ ʪʦʧʦʣʦʛʠʠ çʥʘʣʦʞʝʥʠʷ ʯʘʩʪʝʡ ʩʣʦʞʥʳʭ ʧʦʣʠʛʦʥʦʚè (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʯʘʩʪʷʤʠ ʧʦʣʠʛʦʥʘ 0,46 ʤ) 

 
ʈʠʩ. 5 ï ʆʰʠʙʢʘ ʪʦʧʦʣʦʛʠʠ çʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝè (ʧʝʪʣʷ) 

 
ʈʠʩ.6 ï ʆʰʠʙʢʘ ʪʦʧʦʣʦʛʠʠ çʧʠʢʦʚʳʡ ʫʟʝʣè (ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʥʝʝ 2Á) 

4. ʂʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʨʘʥʠʮ (ʜʣʷ ʚʩʝʭ ʟʦʥ) ï ʪʦʯʥʦʩʪʴ 0,00001 ʤ 

(ʩʤ. ʪʘʙʣ. 1).  ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʧʨʘʚʠʣʘ ʢʦʥʪʨʦʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʨʘʥʠʮ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʥʢʪʘʤʠ 1, 2, 14 ʩʪ. 65 ɺʦʜʥʦʛʦ ʢʦʜʝʢʩʘ ʈʌ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʥʠʮ ɺɿ ʠ ʇɿʇ [4] ʠ ʇʨʘʚʠʣʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ, ʫʪʚ. ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 18.04.2014 ˉ 360 
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[5] ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʥʠʮ ɿɿ ʠ ɿʇ. ɺ ʪʘʙʣʠʮʝ 2 ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʩʣʫʯʘʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʘ ʪʦʧʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʜʣʷ ʧʦʠʩʢʘ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʦʰʠʙʢʠ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘ çTopologyè ʜʣʷ ɻʀʉ ArcGis. 

ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʪʨʦʣʝʤ ʪʦʧʦʣʦʛʠʠ, ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʟʦʥ ʚʦʟʥʠʢʘʶʪ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʚʝʨʣʝʡʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ (çʦʙʨʝʟʢʦʡè ʟʦʥ ʧʦ ʛʨʘʥʠʮʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ 

ʛʨʘʥʠʮʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʝʜʠʥʠʮ). ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʘʨʪʝʬʘʢʪʳ (ʥʝʙʦʣʴʰʠʝ ʧʦ ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʳ) ʧʦʜʣʝʞʘʪ 

ʫʜʘʣʝʥʠʶ, ʣʠʙʦ ʨʫʯʥʦʤʫ ʠʩʧʨʘʚʣʝʥʠʶ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʧʦʷʚʣʝʥʠʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ (ʩʤ. ʢʦʥʪʨʦʣʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʦʯʝʢ) ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʟʥʘʯʠʤʳʭ ʜʣʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʘ ʧʦʣʠʛʦʥʦʚ. 

ʕʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʨʫʜʘ, ʚʨʝʤʝʥʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʩʨʦʢʦʚ ʨʘʙʦʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ 

ʨʘʟʨʝʰʠʤ ʥʘ ʫʨʦʚʥʝ ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʢʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʧʨʦʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʭ 

ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ, ʨʝʰʘʪʴ ʢʦʪʦʨʫʶ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ 

ʫʨʦʚʥʝ ʈʦʩʨʝʝʩʪʨʘ, ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʬʠʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʝ ʜʘʥʥʳʭ ʠ ʚʚʝʜʝʥʠʷ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʧʦʣʦʛʠʠ.  

ʊʘʙʣʠʮʘ 1 ï ɺʠʜʳ ʧʨʦʚʝʨʢʠ ʪʦʧʦʣʦʛʠʠ 

ɺʠʜ ʢʦʥʪʨʦʣʷ ʇʘʨʘʤʝʪʨ 

ʪʦʯʥʦʩʪʠ, ʤ 

ʊʠʧ ʛʝʦʤʝʪʨʠʠ 

ʦʙʲʝʢʪʘ 

ʂʦʥʪʨʦʣʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʦʯʝʢ ʚ ʦʙʲʝʢʪʘʭ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʣʦʷ 

0,2 ʃʠʥʝʡʥʳʝ, 

ʧʣʦʱʘʜʥʳʝ 

ʂʦʥʪʨʦʣʴ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ ʧʦʣʠʛʦʥʦʚ  ʚ ʦʙʲʝʢʪʘʭ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʣʦʷ 

0,5 ʇʣʦʱʘʜʥʳʝ 

ʂʦʥʪʨʦʣʴ ʥʘʣʦʞʝʥʠʷ ʯʘʩʪʝʡ ʩʣʦʞʥʳʭ ʧʦʣʠʛʦʥʦʚ ʚ 

ʦʙʲʝʢʪʘʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʣʦʷ 

0,5 ʇʣʦʱʘʜʥʳʝ 

ʇʦʠʩʢ ʧʠʢʦʚʳʭ ʫʟʣʦʚ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʣʦʷ 2,0  ʃʠʥʝʡʥʳʝ, 

ʧʣʦʱʘʜʥʳʝ 

ʂʦʥʪʨʦʣʴ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ 

ʦʙʲʝʢʪʘʤʠ ʜʝʣʝʥʠʷ 

0,00001 ʇʣʦʱʘʜʥʳʝ 

ʂʦʥʪʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮʘʤ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ 

0,00001 ʇʣʦʱʘʜʥʳʝ 
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ʊʘʙʣʠʮʘ 2 ï ʉʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʨʦʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʨʘʥʠʮ 

 ̄

ʧ/ʧ 

ʅʦʨʤʘʪʠʚʳ, 

ʟʘʢʦʥʳ 

ʉʣʫʯʘʡ 

ʧʨʠʤʝʥʝʥʠʷ 

ʆʧʠʩʘʥʠʝ ʦʰʠʙʢʠ ʇʨʘʚʠʣʦ ʪʦʧʦʣʦʛʠʠ 

(ArcGIS) 

1 ɺɿ ʠ ʇɿʇ 

1.1 ʧ. 1 ʩʪ. 65 

ɺʦʜʥʦʛʦ 

ʢʦʜʝʢʩʘ ʈʌ [4] 

ɻʨʘʥʠʮʳ ɺɿ ʠ ʇɿʇ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʦʪ ɹʃ.  

ʈʘʩʭʦʞʜʝʥʠʝ 

ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʩʣʦʷ 

ʟʦʥʳ ʠ ʣʠʥʝʡʥʦʛʦ ʩʣʦʷ 

ɹʃ 

ɻʨʘʥʠʮʘ ʜʦʣʞʥʘ 

ʩʦʚʤʝʱʘʪʴʩʷ ʩ 

(Boundary Must Be 

Covered By) 

1.2 ʧ. 2 ʩʪ. 65 

ɺʦʜʥʦʛʦ 

ʢʦʜʝʢʩʘ ʈʌ [4] 

ɻʨʘʥʠʮʘ ʇɿʇ 

ʩʦʚʧʘʜʘʝʪ ʩ 

ʛʨʘʥʠʮʝʡ ɺɿ ʠʣʠ 

ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ɺɿ 

ʅʝʧʦʢʨʳʪʳʝ ʦʙʣʘʩʪʠ 

ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ ʇɿʇ 

ɻʨʘʥʠʮʘ ʜʦʣʞʥʘ 

ʩʦʚʤʝʱʘʪʴʩʷ ʩ 

ʦʙʲʝʢʪʘʤʠ ʢʣʘʩʩʘ (Must 

Be Covered By Feature 

Class Of) 

1.3 ʧ. 14 ʩʪ. 65 

ɺʦʜʥʦʛʦ 

ʢʦʜʝʢʩʘ ʈʌ [4] 

ɻʨʘʥʠʮʘ ɺɿ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪ 

ʧʘʨʘʧʝʪʘ 

ʥʘʙʝʨʝʞʥʦʡ 

(ʛʨʘʥʠʮʳ ʇɿʇ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ 

ʧʘʨʘʧʝʪʦʤ) 

ʈʘʩʭʦʞʜʝʥʠʝ 

ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʩʣʦʷ 

ɺɿ ʠ ʣʠʥʝʡʥʦʛʦ ʩʣʦʷ 

ʧʘʨʘʧʝʪʘ ʥʘʙʝʨʝʞʥʦʡ 

(ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʩʣʦʷ 

ʇɿʇ)  

ɻʨʘʥʠʮʘ ʜʦʣʞʥʘ 

ʩʦʚʤʝʱʘʪʴʩʷ ʩ 

(Boundary Must Be 

Covered By) 

 

2 ɿɿ 

2.1 ʧ. 1. ʧʨʠʣʦʞ. ʢ 

ʇʨʘʚʠʣʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ 

ʟʘʪʦʧʣʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ 

[5] 

ɿɿ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʪ ɹʃ, ʌʇʋ 

ʈʘʩʭʦʞʜʝʥʠʝ 

ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʩʣʦʷ 

ʟʦʥr ʠ ʣʠʥʝʡʥʦʛʦ ʩʣʦʷ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

(ʌʇʋ) 

ɻʨʘʥʠʮʘ ɿɿ ʜʦʣʞʥʘ 

ʩʦʚʤʝʱʘʪʴʩʷ ʩ 

(Boundary Must Be 

Covered By) 

2.2 ʧ. 1. ʧʨʠʣʦʞ. ʢ 

ʇʨʘʚʠʣʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ 

ʟʘʪʦʧʣʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ 

[5] 

ɿɿ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʝʚʳʰʝʥʠʷ 

ʜʦʣʞʥʘ ʚʭʦʜʠʪʴ ʚ 

ʟʦʥʫ ʤʝʥʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʝʚʳʰʝʥʠʷ 

(50%<25%<10%<5

%<3%<1% 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ) 

ɿʦʥʘ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʝʚʳʰʝʥʠʷ, ʚʳʭʦʜʠʪ 

ʟʘ ʛʨʘʥʠʮʫ ʟʦʥʳ 

ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʝʚʳʰʝʥʠʷ 

ɼʦʣʞʥʘ ʩʦʚʤʝʱʘʪʴʩʷ ʩ 

ʦʙʲʝʢʪʘʤʠ ʢʣʘʩʩʘ (Must 

Be Covered By Feature 

Class Of) 

3 ɿʇ 

3.1 ʧ. 2. ʧʨʠʣʦʞ. ʢ 

ʇʨʘʚʠʣʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ 

ʟʘʪʦʧʣʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ 

[5] 

ɿʇ ʩʠʣʴʥʦʛʦ 

ʧʦʜʪʦʧʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ ɿɿ 

ʅʘʣʦʞʝʥʠʝ ʠʣʠ 

çʧʫʩʪʦʪʳè ʤʝʞʜʫ ɿʇ ʠ 

ɿɿ 

ɼʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

ʢʣʘʩʪʝʨʥʳʡ ʜʦʧʫʩʢ 

(Must Be Larger Than 

Cluster Tolerance). 

ɺʝʨʰʠʥʳ, ʧʦʧʘʜʘʶʱʠʝ 

ʚ ʧʨʝʜʝʣʳ ʢʣʘʩʪʝʨʥʦʛʦ 

ʜʦʧʫʩʢʘ, ʩʯʠʪʘʶʪʩʷ 

ʩʦʚʧʘʜʘʶʱʠʤʠ ʠ 

ʩʦʚʤʝʱʘʶʪʩʷ ʦʜʥʘ ʩ 

ʜʨʫʛʦʡ 

3.2 ʧ. 2. ʧʨʠʣʦʞ. ʢ 

ʇʨʘʚʠʣʘʤ 

ɿʇ ʫʤʝʨʝʥʥʦʛʦ 

ʧʦʜʪʦʧʣʝʥʠʷ 

ʅʘʣʦʞʝʥʠʝ ʠʣʠ 

çʧʫʩʪʦʪʳè ʤʝʞʜʫ ɿʇ 

ɼʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

ʢʣʘʩʪʝʨʥʳʡ ʜʦʧʫʩʢ 
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 ̄

ʧ/ʧ 

ʅʦʨʤʘʪʠʚʳ, 

ʟʘʢʦʥʳ 

ʉʣʫʯʘʡ 

ʧʨʠʤʝʥʝʥʠʷ 

ʆʧʠʩʘʥʠʝ ʦʰʠʙʢʠ ʇʨʘʚʠʣʦ ʪʦʧʦʣʦʛʠʠ 

(ArcGIS) 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ 

ʟʘʪʦʧʣʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ 

[5] 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ ɿʇ 

ʩʠʣʴʥʦʛʦ 

ʧʦʜʪʦʧʣʝʥʠʷ 

ʫʤʝʨʝʥʥʦʛʦ 

ʧʦʜʪʦʧʣʝʥʠʷ ʠ ɿʇ 

ʩʠʣʴʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ 

(Must Be Larger Than 

Cluster Tolerance). 

ɺʝʨʰʠʥʳ, ʧʦʧʘʜʘʶʱʠʝ 

ʚ ʧʨʝʜʝʣʳ ʢʣʘʩʪʝʨʥʦʛʦ 

ʜʦʧʫʩʢʘ, ʩʯʠʪʘʶʪʩʷ 

ʩʦʚʧʘʜʘʶʱʠʤʠ ʠ 

ʩʦʚʤʝʱʘʶʪʩʷ ʦʜʥʘ ʩ 

ʜʨʫʛʦʡ 

3.3 . 2. ʧʨʠʣʦʞ. ʢ 

ʇʨʘʚʠʣʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ 

ʟʘʪʦʧʣʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ 

[5] 

ɿʇ ʩʣʘʙʦʛʦ 

ʧʦʜʪʦʧʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ ɿʇ 

ʫʤʝʨʝʥʥʦʛʦ 

ʧʦʜʪʦʧʣʝʥʠʷ 

ʅʘʣʦʞʝʥʠʝ ʠʣʠ 

çʧʫʩʪʦʪʳè ʤʝʞʜʫ ɿʇ 

ʩʣʘʙʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʠ 

ɿʇ ʫʤʝʨʝʥʥʦʛʦ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʩʝʤʴ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʫ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʪʢʘʥʷʭ ʨʳʙ ʧʦʢʘʟʘʣ ʥʝʙʦʣʴʰʦʝ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʜʣʷ Cd ʚ  
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ʠʟʫʯʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ ʩʨʝʜʥʝʤ ʥʠʟʢʦʝ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ɼʆʂ ʜʣʷ ʩʚʝʞʠʭ ʧʨʦʜʫʢʪʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʳʙʳ, ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ, ʤʦʥʠʪʦʨʠʥʛ, ʧʘʨʘʟʠʪʳ. 

IʉHTIOPATOLOGICAL AND ENVIRONMENTAL SAFETY OF AQUATIC 

BIOLOGICAL RESOURCES IN WATER BODIES OF ALTAI KRAI  

Vesnina L. V., Teryaeva I. Yu. 

Altai branch of FSBI "Gosrybcenter", Barnaul, Russia 

e-mail:artemia@alt.ru 

Abstract. The paper discusses the main problems of studying ichthyopathological state of water bodies in 

Altai Krai. The studies revealed seven species of parasites of aquatic organisms. The analysis of the content of 

heavy metals in fish tissues showed a slight excess of MPC for Cd in r. Burla within the boundaries of Burlinsky 

and Khabarsky regions. The concentration of heavy metals in tissues of fish from the studied water objects of Altai 

Krai is low on the average and does not exceed the DOC for fresh food. 

Keywords: fish, ihtiopatological safety, monitoring, parasites. 

ɺʚʝʜʝʥʠʝ. ʆʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʨʳʙ ʠ ʜʨʫʛʠʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ ī ʘʢʪʫʘʣʴʥʘʷ ʤʥʦʛʦʧʣʘʥʦʚʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʙʠʦʨʝʩʫʨʩʘʤʠ ʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʩʧʳʰʝʢ ʵʧʠʟʦʦʪʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʳʙʦʚʦʜʩʪʚʘ ʠ ʨʳʙʦʣʦʚʩʪʚʘ ʠʤʝʝʪ 

ʠʟʫʯʝʥʠʝ ʵʧʠʟʦʦʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ʆʩʥʦʚʦʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ ʩ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʙʦʣʝʟʥʷʤʠ 

ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʜʦʣʞʝʥ ʩʪʘʪʴ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ. 

ʈʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʚʦʜʥʳʡ ʬʦʥʜ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ ï ʦʪ ʩʪʝʧʥʦʡ ʜʦ ʧʨʝʜʛʦʨʥʦʡ, ʠ 

ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʪʠʧʦʣʦʛʠʝʡ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ ʚʝʨʭʦʚʴʝ ʆʙʠ ï 
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ʫʯʘʩʪʦʢ ʦʪ ʩʣʠʷʥʠʷ ʨʝʢ ɹʠʷ ʠ ʂʘʪʫʥʴ ʜʦ ʟʦʥʳ ʚʳʢʣʠʥʠʚʘʥʠʷ ʧʦʜʧʦʨʘ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʩ ʦʩʥʦʚʥʳʤʠ ʧʨʠʪʦʢʘʤʠ (ʨʨ. ʇʝʩʯʘʥʘʷ, 

ʏʘʨʳʰ, ɸʣʝʡ,ʏʫʤʳʰ) ʠ ʧʦʡʤʝʥʥʳʤʠ ʚʦʜʦʝʤʘʤʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʠʭʪʠʦʬʘʫʥʝ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʢʘʨʧʦʚʳʭ (40,5 %); 

ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʦʩʦʩʝʚʳʝ ʠ ʩʠʛʦʚʳʝ (10,5 %), ʠʟ ʩʝʤʝʡʩʪʚ ʦʢʫʥʝʚʳʭ ʠ ʢʝʨʯʘʢʦʚʳʭ ʧʦ 7,9 %. 

ɺ ʜʨʫʛʠʭ ʩʝʤʝʡʩʪʚʘʭʥʘʩʯʠʪʳʚʘʝʪʩʷʧʦ 1 ï 2 ʚʠʜʘ. ʉʨʝʜʠ ʥʠʭ ʦʩʥʦʚʥʳʤ 

ʦʙʲʝʢʪʦʤ ʧʨʦʤʳʩʣʘ ʷʚʣʷʝʪʩʷ: ʣʝʱ (Abramis brama (Linnaeus, 1758)), ʧʣʦʪʚʘ 

(Rutilus rutilus (Linnaeus, 1758)), ʩʝʨʝʙʨʷʥʳʡ ʢʘʨʘʩʴ (Carassius auratus 

(Linnaeus, 1758)), ʦʙʳʢʥʦʚʝʥʥʘʷ ʱʫʢʘ (Esox lucius Linnaeus, 1758), ʷʟʴ 

(Leuciscus idus (Linnaeus, 1758)), ʦʙʳʢʥʦʚʝʥʥʳʡ ʩʫʜʘʢ (Stizostedion lucioperca 

(Linnaeus, 1758)), ʨʝʯʥʦʡ ʦʢʫʥʴ (Perca fluviatilis Linnaeus, 1758), ʝʣʝʮ 

(Leuciscus leuciscus (Linnaeus, 1758)) [2, 3]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʴ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʤʘʣʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ: ɻʠʣʝʚʩʢʦʝ, ʇʨʘʚʜʠʥʩʢʦʝ, 

ɹʝʰʝʥʮʝʚʩʢʦʝ, ʉʢʣʶʠʭʠʥʩʢʦʝ, ɹʦʣʴʰʝʯʝʨʝʤʰʘʥʩʢʦʝ. ɿʜʝʩʴ ʦʩʥʦʚʥʳʤ 

ʦʙʲʝʢʪʦʤ ʧʨʦʤʳʩʣʘ ʷʚʣʷʝʪʩʷ: ʧʣʦʪʚʘ, ʨʝʯʥʦʡ ʦʢʫʥʴ, ʣʝʱ, ʩʝʨʝʙʨʷʥʳʡ ʢʘʨʘʩʴ [2]. 

ʎʝʣʴ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ï ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʫʶ 

ʩʠʪʫʘʮʠʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʥʘ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʆʪʙʦʨ ʧʨʦʙ ʠ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʄʋʂ 

3.2.988-00 çʄʝʪʦʜʳ ʩʘʥʠʪʘʨʥʦ-ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʨʳʙ, 

ʤʦʣʣʶʩʢʦʚ, ʨʘʢʦʦʙʨʘʟʥʳʭ, ʟʝʤʥʦʚʦʜʥʳʭ, ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠè ʌʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ɻʦʩʩʘʥʵʧʠʜʥʘʜʟʦʨʘ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠè 

[5] ʠ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʠʢ: çʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʙʦʣʝʟʥʷʤ ʨʳʙè 

[4] ʠ çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʟʫʯʝʥʠʶ ʧʘʨʘʟʠʪʦʚ ʨʳʙè [1].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ 

ʟʘʨʘʞʸʥʥʦʩʪʠ ʨʳʙ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚ ʧʘʨʘʟʠʪʦʣʦʛʠʠ 

ʧʦʢʘʟʘʪʝʣʠ:  
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- ʧʦʨʘʞʝʥʥʦʩʪʴ, ʠʣʠ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ (ʕʀ) ï ʯʠʩʣʦ ʟʘʨʘʞʝʥʥʳʭ 

ʵʢʟʝʤʧʣʷʨʦʚ ʨʳʙ ʢ ʯʠʩʣʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʥʪʘʭ;  

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ (ʀʀ) ï ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʧʘʨʘʟʠʪʦʚ ʚ ʦʜʥʦʡ ʟʘʨʘʞʝʥʥʦʡ ʦʩʦʙʠ ʨʳʙʳ;  

- ʠʥʜʝʢʩ ʦʙʠʣʠʷ (ʀʆ) ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʘʨʘʟʠʪʦʚ ʥʘ ʢʘʞʜʫʶ 

ʦʙʩʣʝʜʦʚʘʥʥʫʶ ʨʳʙʫ ʚ ʚʳʙʦʨʢʝ [7]. 

ɼʣʷ ʚʠʜʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʨʝʜʝʣʠʪʝʣʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʧʠʟʦʦʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʦ ʧʘʨʘʟʠʪʘʨʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʤʝʪʦʜʦʤ ʧʦ ʇʘʚʣʦʚʩʢʦʡ-ɹʳʢʦʚʩʢʦʡ ʩʠʩʪʝʤʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦ 

20-30 ʵʢʟʝʤʧʣʷʨʦʚ ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʳʙ, ʦʙʠʪʘʶʱʠʭ ʚ ʚʦʜʦʝʤʝ. 

ʇʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʥʘʨʫʞʥʳʡ ʦʩʤʦʪʨ ʨʳʙʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʜʣʠʥʳ (ʘʙʩʦʣʶʪʥʘʷ, ʧʨʦʤʳʩʣʦʚʘʷ), ʤʘʩʩʳ ʪʝʣʘ, ʧʦʣʘ, ʩʪʘʜʠʠ ʟʨʝʣʦʩʪʠ ʦʩʦʙʠ. 

ʅʘʨʫʞʥʳʡ ʦʩʤʦʪʨ ʨʳʙʳ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ: 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (ʥʝʦʧʣʘʟʠʷ), ʢʨʦʚʦʠʟʣʠʷʥʠʡ (ʧʦʢʨʘʩʥʝʥʠʷ), ʷʟʚʝʥʥʳʭ 

ʧʦʨʘʞʝʥʠʡ ʢʦʞʠ, ʜʝʬʦʨʤʘʮʠʠ ʢʦʩʪʝʡ, ʧʘʪʦʣʦʛʠʠ ʛʣʘʟ, ʵʢʪʦʧʘʨʘʟʠʪʦʚ, 

ʠʩʪʦʱʝʥʠʷ, ʘʥʝʤʠʠ, ʚʟʜʫʪʠʷ ʙʨʶʰʢʘ (ʚʦʜʷʥʢʘ), ʝʨʦʰʝʥʠʷ ʯʝʰʫʠ, 

ʚʳʧʷʯʠʚʘʥʠʷ ʘʥʫʩʘ, ʥʝʢʨʦʟʘ ʪʢʘʥʝʡ ʠ ʪ.ʜ. 

ɿʘ 2016 ʛʦʜ ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʣʪʘʡʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʅʋ çɻʦʩʨʳʙʮʝʥʪʨè 

ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʪʙʦʨ ʧʨʦʙ ʠʭʪʠʦʤʘʪʝʨʠʘʣʘ ʥʘ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ: 

- ʨʝʢʘ ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ ʚ ʛʨʘʥʠʮʘʭ ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ; 

- ʨʝʢʘ ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ ʚ ʛʨʘʥʠʮʘʭ ʂʘʤʝʥʩʢʦʛʦ ʠ ʐʝʣʘʙʦʣʠʭʠʥʩʢʦʛʦ 

ʨʘʡʦʥʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ; 

- ʨʝʢʘ ɹʫʨʣʘ ʚ ʛʨʘʥʠʮʘʭ ɹʫʨʣʠʥʩʢʦʛʦ ʠ ʍʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʦʚ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ɻʆʉʊ 

7636-85 çʈʳʙʘ, ʤʦʨʩʢʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ, ʤʦʨʩʢʠʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ ʠ 

ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘè. ʇʨʠ ʵʪʦʤ ʨʳʙʫ ʨʘʟʤʦʨʘʞʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ, ʨʘʟʜʝʣʳʚʘʣʠ ʥʘ ʬʠʣʝ ʠ ʠʟʤʝʣʴʯʘʣʠ ʚ ʬʘʨʰ.  
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ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʳʰʴʷʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 

ʄʋ 31-05/04 (ʌʈ.1.31.2004.01119) çʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʙ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʢ ʧʠʱʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʳʰʴʷʢʘ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʘʭ ʪʠʧʘ ʊɸè ʩ ʧʨʠʣʦʞʝʥʠʝʤ çʇʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘʪʦʨʘ ʇɸʅ-Asè (ʨʠʩ. 1). 

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʪʫʪʠʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʄʀ 2740-2002 çʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ ʩʳʨʴʝ. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʡ ʨʪʫʪʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦʡ ʘʙʩʦʨʙʮʠʠè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʟʘʪʦʨʘ ʨʪʫʪʠ çʖʣʠʷ 5ʂè. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʜʤʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʄʋ 31-04/04 (ʌʈ.1.31.2004.00986) 

çʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʢʦʨʤʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʢ ʧʠʱʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʄʝʪʦʜʠʢʘ 

ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʠʥʢʘ, ʢʘʜʤʠʷ, ʩʚʠʥʮʘ ʠ 

ʤʝʜʠ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʘʭ ʪʠʧʘ ʊɸè 

(ʨʠʩ. 2). 

 
ʈʠʩ. 1 ï ɸʥʘʣʠʟʘʪʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʳʰʴʷʢʘ ʇɸʅ-ɸs 
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ʈʠʩ. 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʜʤʠʷ ʚ ʦʙʨʘʟʮʘʭ ʨʳʙʳ 

ʍʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ çɺʨʝʤʝʥʥʳʤ 

ʤʝʪʦʜʠʯʝʩʢʠʤ ʫʢʘʟʘʥʠʷʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʩʪʠʮʠʜʦʚ 

(ɼɼʊ, ɼɼʕ, ɼɼɼ, ʘʣʴʬʘ- ʠ ʛʘʤʤʘ-ɻʍʎɻ) ʚ ʨʳʙʝ ʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè, ʫʪʚʝʨʞʜʝʥʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ 

ɻʣʘʚʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʘʥʠʪʘʨʥʦʛʦ ʚʨʘʯʘ ɸ.ʀ. ɿʘʠʯʝʥʢʦ 22.10.1981ʛ. ˉ 

2482-81.  

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʣʦʪʚʳ, ʚʳʣʦʚʣʝʥʥʦʡ ʚ 

ʨ. ʆʙʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʤʝʥʩʢʦʛʦ ʠ ʐʝʣʘʙʦʣʠʭʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʘ 

ʝʝ ʟʘʨʘʞʝʥʥʦʩʪʴ ʧʦʩʪʦʜʠʧʣʦʩʪʦʤʦʟʦʤ. ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʩʦʩʪʘʚʠʣʘ 

61,0 %; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ï 19 ï 31; ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 27. ɺ ʭʦʜʝ 

ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ 

ʧʣʦʪʚʳ, ʟʘʨʘʞʝʥʥʳʝ ʭʠʣʦʜʦʥʝʣʣʝʟʦʤ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʪʤʝʯʝʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʧʣʦʪʚʳ ʧʠʷʚʢʘʤʠ Piscicola geometra ʠʟ ʩʝʤ. 

Piscicolidae. ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʩʦʩʪʘʚʠʣʘ 3,0 %, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ ï 1ï2, ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 1.   

ʇʨʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʙʳʢʥʦʚʝʥʥʦʡ ʱʫʢʠ, ʚʳʣʦʚʣʝʥʥʦʡ ʚ 

ʨ. ʆʙʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ 

ʨʳʙʳ ʵʨʛʘʟʠʣʝʟʦʤ. ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʩʦʩʪʘʚʠʣʘ 3,0 %; ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ ï 42 ï 63; ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 54. ʇʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʙʳʣʠ 

ʧʦʜʚʝʨʛʥʫʪʳ ʣʝʱ ʠ ʧʣʦʪʚʘ, ʦʪʣʦʚʣʝʥʥʳʝʚʨ. ʆʙʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 



˾͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ ͦͻͪ͊ͤ͊ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·  

167  

ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʨʳʙʳ ʜʠʧʣʦʩʪʦʤʦʟʦʤ. 

ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʫ ʣʝʱʘ ʩʦʩʪʘʚʠʣʘ 2,0 %; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ï 1 

ï 4; ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 2. ʋ ʧʣʦʪʚʳ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ: ʕʀ ï 3,0 %; ʀʀ ï 1 ï7; ʀʆ ï 2. 

ɺ ʭʦʜʝ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨ. ʆʙʴ ʩ ʧʨʠʪʦʢʘʤʠ ʚ 

ʛʨʘʥʠʮʘʭ ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʦʙʥʘʨʫʞʝʥʳ ʧʣʦʪʚʘ ʠ ʣʝʱ, ʟʘʨʘʞʝʥʥʳʝ 

ʤʝʪʘʮʝʨʢʘʨʠʷʤʠ Posthodiplostomum cuticola. ʋ ʧʣʦʪʚʳ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ ʩʦʩʪʘʚʠʣʘ 64,0 %; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ï 2 ï13; ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 4. 

ʋ ʣʝʱʘ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʕʀ ï 21,0 %; ʀʀï1 ï 

9; ʀʆ ï 2.  

ʇʨʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʷʟʷ, ʚʳʣʦʚʣʝʥʥʦʛʦ ʚ ʨ. ɹʫʨʣʘ ʚ 

ʛʨʘʥʠʮʘʭ ɹʫʨʣʠʥʩʢʦʛʦ ʠ ʍʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʟʘʨʘʞʝʥʥʦʩʪʴ 

Trematoda sp., (ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʟʤʝʨʝ 16,6 %, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ï 0ï 1, ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 0,2) ʠ Diplostomum sp. c ʕʀ ï 

33,2 %, ʀʀ ï 7 ï 15, ʀʆ ï 3,6. ɺ ʧʣʦʪʚʝ, ʚ ʭʦʜʝ ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʦʪʤʝʯʝʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ Myxobolus pseudodispar, ʩ ʕʀ ï 80,0 %, 

ʀʀ ï 58 ï 220, ʀʆ ï 109. ʊʘʢʞʝ ʦʪʤʝʯʝʥ Postodiplostomum cuticola, ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʕʀ ï 30,0 %, ʀʀ ï 1 ï 2, ʀʆ ï 0,3 ʠ Diplostomum sp. c ʕʀ ï  

40,0 %, ʀʀ ï 1 ï 4, ʀʆ ï 0,6. ɺ ʱʫʢʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ Trematoda sp., 

ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʦʪʤʝʯʝʥʘ ʚ ʨʘʟʤʝʨʝ 50,0 %, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ï 

1 ï 3, ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 1. 

ɺ ʭʦʜʝʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʪʢʘʥʷʭ 

ʠʟʫʯʘʝʤʳʭ ʚʠʜʦʚ ʨʳʙ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ As, 

Pb ʠ Hg ʚ ʪʢʘʥʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʠʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ Cd ʚ ʨ. ɹʫʨʣʘ ʚ ʛʨʘʥʠʮʘʭ ɹʫʨʣʠʥʩʢʦʛʦ ʠ ʍʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʦʚ 

(ʪʘʙʣʠʮʘ). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʧʨʝʜʝʣʷʚʰʠʭʩʷ ʤʝʪʘʣʣʦʚ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʨʳʙ ʠʟ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʙʦʨʦʢ ʥʝʚʳʩʦʢʘʷ ï ʥʠʞʝ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʈʦʩʩʠʠ ʜʦʧʫʩʪʠʤʳʭ ʦʩʪʘʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ɼʆʂ) 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʚʝʞʠʭ ʨʳʙʦʧʨʦʜʫʢʪʘʭ. ʆʜʥʘʢʦ ʠʤʝʝʪʩʷ ʨʷʜ ʠʩʢʣʶʯʝʥʠʡ. ɺ 
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ʨ. ɹʫʨʣʘ ʚ ʛʨʘʥʠʮʘʭ ɹʫʨʣʠʥʩʢʦʛʦ ʠ ʍʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʦʚ ʚ ʪʢʘʥʷʭ ʩʝʨʝʙʨʷʥʦʛʦ 

ʢʘʨʘʩʷ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Cd ï 0,24 ʤʢʛ/ʛ (ʧʨʠ ʇɼʂ ï 0,2 ʤʢʛ/ʛ). 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ (ʥʦ ʥʝ ʚʳʰʝ ɼʆʂ) ʢʦʥʮʝʥʪʨʘʮʠʷ Cd ï 0,076ʤʢʛ/ʛ (ʧʨʠ 

ʇɼʂ ï 0,2 ʤʢʛ/ʛ) ʠ Hg ï 0,215ʤʢʛ/ʛ (ʧʨʠ ʇɼʂ ï 0,5) ʚ ʨ. ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ ʚ 

ʛʨʘʥʠʮʘʭ ʂʘʤʝʥʩʢʦʛʦ ʠ ʐʝʣʘʙʦʣʠʭʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ (ʧʨʝʞʜʝ ʚʩʝʛʦ pH ʚʦʜʳ ʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʦʡ ʦʨʛʘʥʠʢʠ), ʵʢʦʣʦʛʠʠ (ʪʠʧʘ 

ʧʠʪʘʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʜʨ.) ʠ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ ʦʨʛʘʥʠʟʤʘ 

ʨʳʙ [7]. 

ʊʘʙʣʠʮʘ ï ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʪʢʘʥʷʭ ʨʳʙ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʤʢʛ/ʛ 

ʩʳʨʦʡ ʤʘʩʩʳ, 2016 ʛ. 

ɺʦʜʥʳʡ ʦʙʲʝʢʪ ʄʝʪʘʣʣ 

Pb Cd Hg As 

ʇɼʂ, ʤʢʛ/ʛ ʇɼʂ, ʤʢʛ/ʛ ʇɼʂ, ʤʢʛ/ʛ ʇɼʂ, ʤʢʛ/ʛ 

1,0 0,2 0,5 1,0 

ʨ. ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ ʚ ʛʨʘʥʠʮʘʭ 

ʂʘʤʝʥʩʢʦʛʦ ʠ ʐʝʣʘʙʦʣʠʭʠʥʩʢʦʛʦ 

ʨʘʡʦʥʦʚ 

0,050-0,099 0,007-0,07 0,090-0,215 0,011-0,051 

ʨ. ʆʙʴ ʩ ʧʨʦʪʦʢʘʤʠ ʚ ʛʨʘʥʠʮʘʭ 

ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ 

0,010-0,150 0,009-0,062 0,026-0,169 0,013-0,067 

ʨ. ɹʫʨʣʘ ʚ ʛʨʘʥʠʮʘʭ ɹʫʨʣʠʥʩʢʦʛʦ ʠ 

ʍʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʦʚ 

0,010-0,110 0,0019-0,24 0,057-0,201 0,002-0,008 

 

ʉ ʫʯʝʪʦʤ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʜʤʠʷ ʢ ʚʳʚʝʜʝʥʠʶ ʠʟ ʦʨʛʘʥʠʟʤʘ ʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʨʳʙ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʞʠʟʥʠ, ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʀʟʚʝʩʪʥʦ, ʜʘʞʝ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʦʨʛʘʥʘʭ, ʦʩʪʘʶʪʩʷ 

ʥʝʦʙʨʘʪʠʤʳʤʠ. ʇʦʚʳʰʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʳʙ ʢ ʥʘʢʦʧʣʝʥʠʶ ʢʘʜʤʠʷ ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʨʛʘʥʠʟʤʝ, ʠ ʚ ʮʝʣʦʤ ʧʦʥʠʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʩʤʦʪʠʯʝʩʢʦʡ 

ʨʝʛʫʣʷʮʠʠ.  

ɺʳʚʦʜʳ. ʇʨʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʫ ʨʳʙ ʚʳʷʚʣʝʥʦ ʩʝʤʴ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʚʳʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʣʫʯʘʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʨʳʙʳ 
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ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʦʧʠʩʪʦʨʭʦʟʘ ʠ ʜʠʬʠʣʣʦʙʦʪʨʠʦʟʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʞʝʩʪʢʠʡ ʠʭʪʠʦʧʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ. 

ɸʥʘʣʠʟ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʠ ʵʢʦʣʦʛʠʠ ʨʳʙ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʪʢʘʥʷʭ ʨʳʙ ʠʟ ʠʟʫʯʘʚʰʠʭʩʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ 

ʩʨʝʜʥʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ɼʆʂ ʜʣʷ ʩʚʝʞʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʦʝʤʘʭ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʢʩʠʯʥʳʭ, ʚ ʦʨʛʘʥʠʟʤʝ ʨʳʙ, ʦʙʠʪʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʚ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʝʤʘʭ, ʥʦ ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʥʘʢʘʧʣʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʦʥʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠʟʫʯʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʨʳʙ ʠ ʦʮʝʥʠʚʘʪʴ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʦʝʤʳ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜʳ ʠʭʪʠʦʠʥʜʠʢʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʡʢʘʣ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ. ʆʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ 

ɹʇʊ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʦʙʦʩʪʨʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚʳʟʚʘʥʥʳʭ ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ ʦʟ. 

ɹʘʡʢʘʣ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ 

ʮʝʣʷʭ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʎʕɿ ɹʇʊ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ, ʚʦʜʥʳʡ ʦʙʲʝʢʪ, ʚʦʜʦʦʪʚʝʜʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ, 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ 

WATER BODIES OF CENTRAL ECOLOGICAL ZONE OF THE BAIKAL NATUR AL 

TERRITORY IN TERMS OF ANTHROPOGENIC IMPACTS  
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ɸbstract. Conditions of formation and transformation of water resources in the basin of Lake Baikal under 

the influence of climatic and anthropogenic factors are the most important parameters of the lake ecosystem 

functioning. Assessment of the current water-ecological condition of Central ecological zone of the BPT is the basis 

for the analysis of environmental and social conditions of development of the area. The relevance of research is 

associated with the aggravation of environmental problems caused by falling of the level of Lake Baikal, 

uncontrolled use of coastal areas for the public utility and recreational purposes, etc. The main problems in the CEZ 

BNT is a decrease in water quality and the reduction of water availability.  

Keywords: anthropogenic factor, water body, wastewater collection, water quality, ecological problem 

ʇʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ (ʎʕɿ ɹʇʊ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʨʷʜʦʤ ʧʦʜʟʘʢʦʥʥʳʭ ʘʢʪʦʚ ʠ ʧʦʩʪʘʥʦʚʣʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ [3, 4, 5, 7]. ʉʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʎʕɿ ɹʇʊ ʟʘʥʠʤʘʝʪ 

ʚʦʜʦʦʭʨʘʥʥʘʷ ʟʦʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʷ ʥʘ ʵʪʫ ʪʝʨʨʠʪʦʨʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ, ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʚʦʜʦʩʙʦʨʦʚ. 

ɺʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʥʝʛʘʪʠʚʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʵʬʬʝʢʪʳ 

ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʘʣʦʚʦʜʴʝʤ ʠ ʩʚʷʟʘʥʥʳʤʠ 

ʩ ʵʪʠʤ ʠʩʪʦʱʝʥʠʝʤ ʠ ʵʚʪʨʦʬʠʢʘʮʠʝʡ ʤʘʣʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʥʠʞʝʥʠʝʤ 
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ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ, ʘ ʪʘʢʞʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʦʩʪʦʤ ʩʝʣʠʪʝʙʥʳʭ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʙʣʝʤ ʠ ʜʝʬʠʮʠʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʮʝʥʪʨʘʣʴʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ ɹʇʊ ʪʝʨʨʠʪʦʨʠʠ 

ʆʩʥʦʚʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʚʠʪʠʝʤ ʢʦʤʤʫʥʘʣʴʥʦ-

ʙr ʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʉʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʅʘʠʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (70 %) ʧʦʩʪʫʧʘʶʪ ʚ ʦʟʝʨʦ 

ʩ ʚʦʜʘʤʠ ʢʨʫʧʥʳʭ ʧʨʠʪʦʢʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ; ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʬʝʥʦʣʦʚ ʠ ʤʝʪʘʣʣʦʚ 

ʧʨʠʚʥʦʩʠʪʩʷ ʚ ʦʟ. ɹʘʡʢʘʣ ʩ ʚʦʜʘʤʠ ʨ. ʉʝʣʝʥʛʠ. ʄʘʣʳʝ ʧʨʠʪʦʢʠ ɹʘʡʢʘʣʘ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʦʜʦʩʙʦʨʝ. ʇʨʠʝʤʥʠʢʘʤʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʨʝʢʠ ʇʦʭʘʙʠʭʘ, ʉʥʝʞʥʘʷ, ɹ. ʈʝʯʢʘ, ʄʳʩʦʚʢʘ, ʨʫʯ. 

ɻʦʨʷʯʠʡ. ɹʦʣʴʰʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʜʦʦʪʚʝʜʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʦʛʦ ʫʯʘʩʪʢʘ ʎʕɿ ʠʩʧʳʪʳʚʘʶʪ ʨʝʢʠ ʩʝʚʝʨʥʦʛʦ 

ɹʘʡʢʘʣʘ - ʊʳ̫  ʠ ɺʝʨʭʥʷʷ ɸʥʛʘʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʷʤʳʝ ʩʙʨʦʩʳ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʦʟʝʨʦ (ʄʋʇ ʂʆʉ ʛ. ɹʘʡʢʘʣʴʩʢ), ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʠ ʪʦʯʝʯʥʦʛʦ 

ʠ ʜʠʬʬʫʟʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʎʕɿ ɹʇʊ [1]. 

ɺʝʩʴ ʦʙʲʝʤ ʩʙʨʘʩʳʚʘʝʤʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʦʟʝʨʦ ʠ ʝʛʦ ʧʨʠʪʦʢʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ "ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʝ". ɼʠʥʘʤʠʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʨ. ʉʝʣʝʥʛʘ ʧʦʢʘʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʚʳʥʦʩʘ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ, ʥʠʪʨʘʪʦʚ, ʥʠʪʨʠʪʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʋʜʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪʦʨʥʳʡ 

ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ (ʋʂʀɿɺ) ʉʝʣʝʥʛʠ ʟʘ 10 ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ 

ʟʘʤʳʢʘʶʱʝʤ ʩʪʚʦʨʝ (ʜ. ʄʫʨʟʠʥʦ) ʩʪʘʙʠʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3 ʢʣ. 

"ʟʘʛʨʷʟʥʝʥʥʘʷ". 
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ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʢʘʭ ɹʘʨʛʫʟʠʥ ʠ ʊʫʨʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʤʥʦʛʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (2ʢʣ. "ʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ"). ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ, ʚ 

ʚʦʜʝ ʵʪʠʭ ʨʝʢ ʫʚʝʣʠʯʠʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ, ʩʦʝʜʠʥʝʥʠʡ 

ʘʟʦʪʘ ʠ ʉʇɸɺ.  

ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʩʝʚʝʨʥʳʭ ʧʨʠʪʦʢʦʚ ɹʘʡʢʘʣʘ 

ʧʦʢʘʟʳʚʘʶʪ ʪʝʥʜʝʥʮʠʠ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʩʪʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥʢʘ, ʢʨʝʤʥʠʷ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʋʜʝʣʴʥʳʡ 

ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʨʝʢ ɺʝʨʭʥʷʷ ɸʥʛʘʨʘ ʠ ʊʳʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3 ʢʣ. "ʟʘʛʨʷʟʥʝʥʥʘʷ".  

ʉʨʝʜʠ ʤʘʣʳʭ ʨʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ ɹʘʡʢʘʣʴʩʢʦʡ 

ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʤʝʯʘʶʪʩʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ. ɺ ʧʝʨʠʦʜ 

2012-2015 ʛʛ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʪʦʢʦʚ ʧʦʚʳʩʠʣʘʩʴ ʩʦ 2 ʢʣ. 

"ʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʳʝ" ʜʦ 1 ʢʣ. "ʫʩʣʦʚʥʦ ʯʠʩʪʳʝ". ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʚʦʜʝ 

ʨʝʢ ɻʦʣʦʫʩʪʥʘʷ, ɹʫʛʫʣʴʜʝʡʢʘ, ʄʳʩʦʚʢʘ, ʇʦʭʘʙʠʭʘ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʝʚʳʰʝʥʠʷ 

ʇɼʂ ʧʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ, ʬʝʥʦʣʘʤ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ, ʩʦʝʜʠʥʝʥʠʷʤ 

ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦ 

ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ (2ʊʇ-ʚʦʜʭʦʟ) ʩʙʨʘʩʳʚʘʝʪʩʷ ʩʦ ʩʪʦʯʥʳʤʠ 

ʚʦʜʘʤʠ ʛ. ʉʣʶʜʷʥʢʘ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ) ʚ ʨ. ʇʦʭʘʙʠʭʘ ʠ ʚ ʨ. ʄʳʩʦʚʢʘ ʩʦ 

ʩʪʦʢʘʤʠ ʛ. ɹʘʙʫʰʢʠʥ (ɹʫʨʷʪʠʷ). 

ʇʦʩʪʫʧʣʝʥʠʝ ʜʠʬʬʫʟʥʳʭ ʩʪʦʢʦʚ ʩ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʠʪʝʙʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʨʘʡʦʥʘ ʧ. 

ʃʠʩʪʚʷʥʢʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ɹʘʡʢʘʣʴʩʢʦʛʦ ʎɹʂ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ). 

ɿʘʛʨʷʟʥʝʥʥʳʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʪʦʢʠ ʠ ʚ ʦʟ. 

ɹʘʡʢʘʣ [6]. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʝ ɹʇʊ ʚ ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʝʙʦʣʴʰʠʝ ʦʟʝʨʘ ʠ 

ʜʝʣʴʪʦʚʳʝ ʫʯʘʩʪʢʠ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʦʟ. ɹʘʡʢʘʣ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ - ʊʘʞʝʨʘʥʩʢʠʝ ʦʟʝʨʘ ʚ ʇʨʠʦʣʴʭʦʥʴʝ ʠ ʦʟ. 

ʂʦʪʦʢʝʣʴ ï ʢʨʠʪʠʯʝʩʢʦʝ. ʉʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʠʩʪʦʱʝʥʠʝ ʊʘʞʝʨʘʥʩʢʠʭ 

ʦʟʝʨ ʦʙʫʩʣʦʚʣʝʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 
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ʧʦʚʣʝʢʰʠʤʠ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʫʤʝʥʴʰʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʛʨʫʥʪʦʚʦʛʦ ʧʠʪʘʥʠʷ ʦʟʝʨ. ʇʨʠ ʵʪʦʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʠʣʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ ʦʟʝʨ ï ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʶ. ʇʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠʥʜʝʢʩʫ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ 

ʠʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʠ ʚʦʜʳ ʊʘʞʝʨʘʥʩʢʠʝ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ 

ʫʤʝʨʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʝ (III ʢʣʘʩʩ)  [2]. 

ʉʣʦʞʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʩʫʱʝʩʪʚʫʝʪ ʥʘ 

ʦʟ. ʂʦʪʦʢʝʣʴ, ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʤ ʩ ʨ. ʊʫʨʢʘ ʧʨʠʪʦʢʦʤ ʦʟ. ɹʘʡʢʘʣ. 

ʕʚʪʨʦʬʠʨʦʚʘʥʠʝ ʠ ʟʘʨʘʞʝʥʠʝ ʚʦʜʦʝʤʘ ʦʧʘʩʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʷʤʳʤʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʦʟʝʨʦ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʝ 

ʩʪʦʯʥʳʝ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʚʦʜʦʝʤ ʦʪ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʙʳʪʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʠʚʝʣʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ 

ʵʢʦʩʠʩʪʝʤʳ ʦʟ. ʂʦʪʦʢʝʣʴ.  

ɺʜʦʣʴʙʝʨʝʛʦʚʳʝ "ʩʦʨʦʚʳʝ" ʦʟʝʨʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʟʘʪʦʧʣʝʥʠʠ 

ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ ʧʦʜʥʷʪʠʠ ʫʨʦʚʥʷ ɹʘʡʢʘʣʘ (ɺʝʨʭʥʝʘʥʛʘʨʩʢʠʡ 

ʩʦʨ, ʇʦʩʦʣʴʩʢʠʡ ʩʦʨ ʠ ʜʨ.) ʠʩʧʳʪʳʚʘʶʪ ʩʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʥʘʛʨʫʟʦʢ. ʀʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ ʢʘʨʩʪʦʚʳʝ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ, ʧʦʡʤʝʥʥʳʝ 

ʦʟʝʨʘ ɹʘʡʢʘʣʴʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʢʘʢ ʢʨʫʧʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

ʠʩʧʳʪʳʚʘʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʆʙʲʝʤʳ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʟʝʨʦ 

ɹʘʡʢʘʣ ʥʦʨʤʠʨʫʶʪʩʷ ʟʘʢʦʥʦʤ "ʆʙ ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣ" ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ 

ʈʌ [7, 4.].  ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʶʞʥʫʶ 

ʢʦʪʣʦʚʠʥʘ ʦʟ. ɹʘʡʢʘʣ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦʩʣʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ (ʚ ʛʨʘʥʠʮʘʭ ʎʕɿ ɹʇʊ) ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʧʦ ʉʇɸɺ ʠ ʚʩʝʤ ʬʦʨʤʘʤ ʘʟʦʪʘ. ʆʩʥʦʚʥʦʡ ʧʦʩʪʘʚʱʠʢ 

ʜʘʥʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʛʨʘʥʠʮʘʭ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ - 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ (ʂʆʉ) ʛ. ʉʣʶʜʷʥʢʘ. ʇʦʢʘʟʘʪʝʣʠ 

ʩʙʨʦʩʦʚ ʩ ʂʆʉ ʚ ʤʝʞʜʫʨʝʯʴʝ ʨ. ɸʥʛʘʨʘ ʠ ʨ. ʉʝʣʝʥʛʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 
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ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʶʞʥʫʶ 

ʢʦʪʣʦʚʠʥʫ ʦʟʝʨʘ,  ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʫʶ ʩʨʝʜʫ ʧʦ 

ʉʇɸɺ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ, ʬʦʨʤʘʤ ʘʟʦʪʘ [4].  

ɸʥʘʣʠʟ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʝʚʝʨʥʫʶ ʠ ʩʨʝʜʥʶʶ 

ʢʦʪʣʦʚʠʥʳ ʦʟ. ɹʘʡʢʘʣ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʞʠʣʠʱʥʦʛʦ 

ʩʝʢʪʦʨʘ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʚʳʰʝʥʠʷ 

ʥʦʨʤʘʪʠʚʦʚ ʜʣʷ ʉʝʚʝʨʥʦʡ ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ʧʦ ʭʣʦʨʠʜʘʤ, ʩʦʝʜʠʥʝʥʠʷʤ ʘʟʦʪʘ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ, ʉʇɸɺ ʠ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤ. ʆʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ 

ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʘʪʳ), ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʵʚʪʨʦʬʠʢʘʮʠʠ ʦʟ. ɹʘʡʢʘʣ,  ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʄʆ çʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʠʡ 

ʨʘʡʦʥè.  

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʦʪʚʝʜʝʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʠ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ. ʄʘʣʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠ 

ʧʨʠʙʨʝʞʥʘʷ ʧʦʣʦʩʘ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʠʩʧʳʪʳʚʘʶʪ ʫʩʠʣʠʚʘʶʱʫʶʩʷ 

ʨʝʢʨʝʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʯʪʦ ʪʨʝʙʫʶʪ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʤʝʨ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.   

ɿʘʛʨʷʟʥʝʥʠʝ ʦʟʝʨʘ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ 

ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʷʪʠʝ ʚ 1996 ʛ. ɿʘʢʦʥʘ "ʆʙ ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣ" ʠ 

ʟʘʧʨʝʱʝʥʠʠ ʨʷʜʘ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʝ 

ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ [7,3]. ɺʦʜʦʦʭʨʘʥʥʘʷ ʟʦʥʘ ʦʟʝʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ 2015 ʛ. ʠ ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʦʡ, 

ʥʘʣʦʞʠʣʘ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦʨʠʶ, 

ʧʦʩʪʘʚʠʚ ʤʝʩʪʥʦʝ ʥʘʩʝʣʝʥʠʝ ʚ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ, ʥʝ ʦʢʘʟʘʚ ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʠ ʨʝʩʫʨʩʳ ʦʟʝʨʘ [5]. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʳ ʩʨʦʯʥʳʝ ʤʝʨʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʩ ʜʨʫʛʦʡ - 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ɺɿ ʦʟ. ɹʘʡʢʘʣ ʟʘʧʨʝʱʝʥʘ. ɼʦʩʪʠʞʝʥʠʝ 

ʮʝʣʝʡ ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʇʊ ʩʚʷʟʘʥʳ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 
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ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʎʕɿ ɹʇʊ, ʧʨʠ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʩʦ ʩʪʦʨʦʥʳ ʭʦʟʷʡʩʪʚʫʶʱʠʭ 

ʩʫʙʲʝʢʪʦʚ ʠ ʥʘʩʝʣʝʥʠʷ; ʘʢʪʫʘʣʠʟʘʮʠʠ ʛʨʘʥʠʮʳ ʚʦʜʦʦʭʨʘʥʥʦʡ ʟʦʥʳ ʦʟ. 

ɹʘʡʢʘʣ; ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʩʬʝʨʝ ʠ ʥʘ ʫʨʦʚʥʝ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 16-05-00286 
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ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝʛʦʨʠʷʤ ʦʩʦʙʦ ʦʧʘʩʥʳʭ, ʚʳʩʦʢʦʦʧʘʩʥʳʭ, ʦʧʘʩʥʳʭ ʠ 

ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʭ ʜʣʷ ʫʥʠʢʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʟʝʨʘ ɹʡʘʢʘʣ". 

5. ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 05.03.2015 ˉ 368-ʨ 

ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ ʚʦʜʦʦʭʨʘʥʥʦʡ ʟʦʥʳ ʦʟʝʨʘ ɹʘʡʢʘʣ. 

6. ʉʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢ ʟʘʩʝʜʘʥʠʶ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 
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http://www.geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/250714/infdocs.pdf
http://www.geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/250714/infdocs.pdf
http://docs.cntd.ru/document/420204132


ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

176 

ʈɸʎʀʆʅɸʃʔʅʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʀʊʔɽɺʆʁ ɺʆɼʓ ɺ 

ʈɽɻʀʆʅɸʍ ʉʀɹʀʈʀ 
ɼʝʤʠʥ ɸ.ʇ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʞʠʣʦʛʦ ʬʦʥʜʘ ʨʝʛʠʦʥʦʚ ʉʠʙʠʨʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ. ʇʦʢʘʟʘʥ ʨʦʩʪ ʠʟʥʦʰʝʥʥʦʩʪʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʫʪʝʯʝʢ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʚʦʜʳ, ʧʦʜʘʥʥʦʡ ʚ ʩʝʪʴ. ɺʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʩʥʠʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʜʣʷ ʧʠʪʴʝʚʳʭ ʥʫʞʜ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʫʣʫʯʰʝʥʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʚ ʨʝʛʠʦʥʘʭ ʉʠʙʠʨʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʫʪʝʯʢʘ ʚʦʜʳ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʢʘʯʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʙʝʟʦʧʘʩʥʘʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ. 

RATIONAL USE OF DRINKING WATER IN THE REGIONS  OF SIBERIA  

Demin A.P. 

Water Problems Institute RAS, Moscow, Russia 

e-mail: deminap@mail.ru 

Abstract. The data on the availability of centralized water supply in residential areas in the regions of 

Siberia are given. High deterioration of the water supply network and the increase of leaks in the total volume of the 

supplied water are shown. A downward trend in the use of groundwater for drinking purposes and the average daily 

water consumption from centralized water supply systems are revealed. Data on improving the provision of safe 

drinking water in the regions of Siberia are given. 

Keywords: centralized water supply, water leak, groundwater, quality of water supply sources, safe 

drinking water. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ 

ʚʦʜʦʡ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʙʣʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ 

ʧʨʦʞʠʚʘʥʠʷ ʨʦʩʩʠʷʥ. ʉʠʪʫʘʮʠʷ ʩ ʧʠʪʴʝʚʳʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ ʚ ʉʠʙʠʨʩʢʦʤ 

ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʥʝ ʚʳʟʳʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ. ʆʢʦʣʦ 1 ʤʣʥ. ʯʝʣʦʚʝʢ ʚ 

2015 ʛ. ʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʠ ʙʦʣʝʝ 830 ʪʳʩ. 

ʧʨʦʞʠʚʘʣʦ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʛʜʝ ʚʦʜʘ ʥʘ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʩʪʴ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ [2]. ɹʦʣʝʝ 50% ʞʠʪʝʣʝʡ ʧʦʣʴʟʫʶʪʩʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ. ʅʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʜʦʣʷ 

ʫʪʝʯʝʢ ʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, 

ʧʦʜʘʥʥʦʡ ʚ ʩʝʪʴ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʷʚʣʷʶʪʩʷ: ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʥʘʜʣʝʞʘʱʝʝ ʩʦʩʪʦʷʥʠʝ ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ 

ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʥʠʟʢʦʝ ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 
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ɺ 2015 ʛ. ʫʩʣʫʛʘʤʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʦ 

100% ʛʦʨʦʜʦʚ, 93% ʧʦʩʝʣʢʦʚ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ʠ ʪʦʣʴʢʦ 45% ʩʝʣʴʩʢʠʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʉʠʙʠʨʠ. ʉʠʙʠʨʩʢʠʡ ʦʢʨʫʛ (ʥʘʨʷʜʫ ʩ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʤ) 

ʟʘʥʠʤʘʝʪ ʭʫʜʰʝʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ ʈʦʩʩʠʠ ʧʦ ʜʦʣʝ 

ʞʠʣʦʛʦ ʬʦʥʜʘ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚʦʜʦʧʨʦʚʦʜʦʤ. ɺ 2015 ʛ. ʟʜʝʩʴ 24,4% ʞʠʣʦʛʦ 

ʬʦʥʜʘ ʥʝ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛʦʨʦʜʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 13,8%, ʚ ʩʝʣʴʩʢʦʡ ï 53,3% (ʪʘʙʣ.1). 

ɺ ʛʦʨʦʜʘʭ ʠ ʧʦʩʝʣʢʘʭ ʉʠʙʠʨʠ ʣʫʯʰʝ ʚʩʝʛʦ ʦʙʝʩʧʝʯʝʥʳ ʚʦʜʦʧʨʦʚʦʜʦʤ 

ʞʠʪʝʣʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʝʚ, ʅʦʚʦʩʠʙʠʨʩʢʦʡ, ʂʝʤʝʨʦʚʩʢʦʡ ʠ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʝʡ (88ï92%), ʭʫʞʝ ʚʩʝʛʦ ï ʞʠʪʝʣʠ ʈʝʩʧʫʙʣʠʢ ʊʳʚʘ ʠ ɸʣʪʘʡ 

(57ï66%). ɺ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʉʠʙʠʨʠ ʣʫʯʰʝ ʚʩʝʛʦ ʦʙʝʩʧʝʯʝʥʳ 

ʚʦʜʦʧʨʦʚʦʜʦʤ ʞʠʪʝʣʠ ʂʝʤʝʨʦʚʩʢʦʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʝʡ, ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ (66ï70%), ʭʫʞʝ ʚʩʝʛʦ ï ʞʠʪʝʣʠ ʈʝʩʧʫʙʣʠʢ ʊʳʚʘ ʠ ɹʫʨʷʪʠʷ, 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ, ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ (5ï14%). 

ɼʦʣʷ ʞʠʣʦʛʦ ʬʦʥʜʘ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʉʠʙʠʨʠ ʤʝʜʣʝʥʥʳʤʠ ʪʝʤʧʘʤʠ. ʉ 2000 ʧʦ 2015 ʛ. ʦʥʘ ʚʳʨʦʩʣʘ ʚʩʝʛʦ ʥʘ 7,6 

ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ (ʩ 68 ʜʦ 75,6%). ʇʨʠ ʵʪʦʤ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʩʝʣʝʥʠʷʭ ʵʪʘ 

ʜʦʣʷ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 4,2 (ʩ 82 ʜʦ 86,2), ʘ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘ 14,5 (ʩ 32,2 

ʜʦ 46,7) ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʨʠʨʦʩʪʳ ʧʣʦʱʘʜʠ, 

ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʛʦʨʦʜʘʭ ʠ ʧʦʩʝʣʢʘʭ ʍʘʢʘʩʩʠʠ 

(12,7%), ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ (7,4%), ʤʠʥʠʤʘʣʴʥʳʝ ï ʚ ɹʫʨʷʪʠʠ ʠ ʀʨʢʫʪʩʢʦʡ 

ʦʙʣʘʩʪʠ (1,3%). ɺ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʊʳʚʝ ʟʘ 15 ʣʝʪ ʵʪʘ ʜʦʣʷ ʜʘʞʝ ʩʥʠʟʠʣʘʩʴ. 

ʉʝʣʴʩʢʘʷ ʤʝʩʪʥʦʩʪʴ ʚ 2000 ʛ. ʚʦʜʦʧʨʦʚʦʜʦʤ ʙʳʣʘ ʦʙʦʨʫʜʦʚʘʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʛʦʨʦʜʦʚ ʠ ʧʦʵʪʦʤʫ ʪʝʤʧʳ ʚʚʦʜʘ ʚʦʜʦʧʨʦʚʦʜʦʚ ʚ ʮʝʣʦʤ 

ʟʜʝʩʴ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. ʊʘʢ, ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʆʤʩʢʦʡ ʦʙʣʘʩʪʷʭ, 

ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ ʜʦʣʷ ʧʣʦʱʘʜʠ ʞʠʣʦʛʦ ʬʦʥʜʘ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ 

ʚʦʜʦʧʨʦʚʦʜʦʤ, ʚʳʨʦʩʣʘ ʥʘ 22ï26 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ. ʆʜʥʘʢʦ ʚ ʜʦʪʘʮʠʦʥʥʳʭ 

ʩʫʙʲʝʢʪʘʭ ʬʝʜʝʨʘʮʠʠ ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚʩʝʛʦ ʥʘ 2ï5 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ, ʘ ʚ 

ɹʫʨʷʪʠʠ ʜʘʞʝ ʩʥʠʟʠʣʘʩʴ. 

ʆʙʲʝʤʳ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʥʦʚʳʭ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʥʠʟʢʠʤʠ ʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʦʤ 1990-ʭ ʛʦʜʦʚ ʦʥʠ ʩʦʢʨʘʪʠʣʠʩʴ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɽʩʣʠ ʚ 1990 ʛ. ʚ ʉʠʙʠʨʩʢʦʤ ʦʢʨʫʛʝ ʚʚʝʣʠ ʙʦʣʝʝ 800 ʢʤ ʩʝʪʝʡ, 
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ʪʦ ʚ ʥʘʯʘʣʝ ʠ ʩʝʨʝʜʠʥʝ 2000-ʭ ʛʛ. ï ʤʝʥʝʝ 140 ʢʤ, ʚ 2015 ʛ. ï 202 ʢʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʦʙʲʝʤʳ ʫʣʠʯʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʟʘʤʝʥʝ, ʩ 

ʛʦʜʘʤʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʣʠ. ʊʦʣʴʢʦ ʟʘ 2005ï2015 ʛʛ. ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʥʫʞʜʘʶʱʝʡʩʷ ʚ ʟʘʤʝʥʝ, ʚʳʨʦʩʣʘ ʚ ʉʠʙʠʨʠ ʩ 15,9 ʜʦ 18,7 

ʪʳʩ. ʢʤ. ɺ ʮʝʣʦʤ ʧʦ ʦʢʨʫʛʫ ʚ 2015 ʛ. ʪʨʝʙʦʚʘʣʦ ʟʘʤʝʥʳ 40,8% ʫʣʠʯʥʦʡ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʠʟʥʦʰʝʥʘ ʫʣʠʯʥʘʷ ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʩʝʪʴ ʚ 

ɹʫʨʷʪʠʠ ʠ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ï 59 ʠ 57%. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ 

ʠʟʥʦʰʝʥʥʦʩʪʴ ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ 34ï47% ʠ ʣʠʰʴ ʚ ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ, ʛʜʝ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚʚʦʜʠʣʦʩʴ ʤʥʦʛʦ ʥʦʚʳʭ ʚʦʜʦʧʨʦʚʦʜʦʚ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʫʣʠʯʥʦʡ ʩʝʪʠ ʚʳʨʦʩʣʘ ʥʘ 68% (ʚ ʮʝʣʦʤ ʧʦ ʦʢʨʫʛʫ ʥʘ 12%), ʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

17%. 

ʈʦʩʪ ʠʟʥʦʰʝʥʥʦʩʪʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʫʪʝʯʝʢ ʠ ʥʝʫʯʪʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʲʝʤʫ ʚʦʜʳ, ʧʦʜʘʥʥʦʡ ʚ ʩʝʪʴ. ɿʘ 2000ï2015 ʛʛ.  ʧʦ ʥʘʰʠʤ ʨʘʩʯʝʪʘʤ ʩʦʛʣʘʩʥʦ 

ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ [3] ʜʦʣʷ ʫʪʝʯʝʢ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʧʦ 

ʉʠʙʠʨʩʢʦʤʫ ʦʢʨʫʛʫ ʩ 15,8% ʜʦ 20,6% (ʪʘʙʣ. 2). 

ʋʪʝʯʢʘ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʦʜʳ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʇʦʪʝʨʠ ʚʦʜʳ ʠʟ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʠ ʝʤʢʦʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʢʣʶʯʘʶʪ: 

ʨʘʩʭʦʜʳ ʚʦʜʳ ʧʨʠ ʘʚʘʨʠʷʭ ʠ ʧʦʚʨʝʞʜʝʥʠʷʭ ʥʘ ʩʝʪʠ ʜʦ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʨʠ 

ʫʪʝʯʢʝ ʯʝʨʝʟ ʚʦʜʦʨʘʟʙʦʨʥʳʝ ʢʦʣʦʥʢʠ; ʩʢʨʳʪʳʝ ʫʪʝʯʢʠ ʚʦʜʳ ʠʟ ʩʝʪʠ ʠ 

ʝʤʢʦʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ; ʨʘʩʭʦʜʳ ʚʦʜʳ, ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚʦʜʦʩʥʘʙʞʘʶʱʠʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ. ʅʝʫʯʪʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʜʳ ʥʘ ʪʫʰʝʥʠʝ ʧʦʞʘʨʦʚ, ʥʘ ʫʯʝʙʥʳʝ ʮʝʣʠ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʫʪʝʯʝʢ ʠ ʥʝʫʯʪʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʳʚʘ ʠ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ (13%). 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʫʪʝʯʝʢ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʂʝʤʝʨʦʚʩʢʦʡ ʠ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʝʡ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʦʙʲʝʤ ʧʦʪʝʨʴ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ 

çʜʳʨʷʚʳʭè ʩʝʪʷʭ ʧʦʯʪʠ ʨʘʚʝʥ 1/3 ʦʙʲʝʤʘ ʝʝ ʧʦʜʘʯʠ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʭʦʪʷ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʝʨʝʢʘʯʢʫ ʚʦʜʳ ʙʳʣʠ ʟʘʪʨʘʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ. ʉ 2000 

ʧʦ 2015 ʛ. ʚ ʍʘʢʘʩʩʠʠ, ɹʫʨʷʪʠʠ, ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ 
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ʜʦʣʠ ʫʪʝʯʝʢ ʥʘ 8ï9,5 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʦʚ, ʚ ʨʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ ʥʘ 11, ʘ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 14 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʦʚ. 

ɺ ʘʙʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʦʙʲʝʤ ʫʪʝʯʝʢ ʠ ʥʝʫʯʪʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 15ï30%, ʦʜʥʘʢʦ ʥʘ ʬʦʥʝ 

ʦʧʝʨʝʞʘʶʱʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘʩʝʣʝʥʠʝʤ, ʢʦʤʤʫʥʘʣʴʥʦ-

ʙʳʪʦʚʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʬʠʥʘʥʩʠʨʫʝʤʳʤʠ ʠʟ ʙʶʜʞʝʪʘ, 

ʦʪʤʝʯʘʣʩʷ ʨʦʩʪ ʜʦʣʠ ʫʪʝʯʝʢ ʚʦʜʳ ʚʦ ʚʩʝʭ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ. ɺʩʝʛʦ ʚ 

ʩʠʩʪʝʤʝ ɾʂʍ ʉʠʙʠʨʠ ʪʝʨʷʝʪʩʷ ʦʢʦʣʦ 400 ʤʣʥ. ʤ
3
 ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʇʦʪʝʨʠ 

ʚʦʜʳ ʠʟ-ʟʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʥʘʥʦʩʷʪ, 

ʧʦʤʠʤʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʢʦʣʦʩʩʘʣʴʥʳʡ ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ 

ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʥʝ ʪʦʣʴʢʦ ʫʪʝʯʝʢ, ʥʦ ʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʩʘʤʫ ʩʝʪʴ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ ʚ ʥʝʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʫ 

ʥʘʩ ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʩʪʘʥʜʘʨʪʥʳʝ ʜʣʷ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ [4]. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚ ʙʘʣʘʥʩʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʢʨʫʛʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ. ɼʦʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 45% ʦʪ ʦʙʱʝʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʚ 7 ʠʟ 12 ʩʫʙʲʝʢʪʦʚ ï 

ʙʦʣʝʝ 80 %. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚʦʜʦʡ ʨʘʟʚʝʜʘʥʦ 1890 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʧʨʝʩʥʳʭ ʠ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 948 ʠʟ ʢʦʪʦʨʳʭ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ [1]. 

ʉ 2001 ʧʦ 2014 ʛ. ʦʙʲʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʵʪʠ ʮʝʣʠ 

ʩʦʢʨʘʪʠʣʩʷ ʚ ʉʠʙʠʨʠ ʩ 2,83 ʜʦ 1,72 ʤʣʥ. ʤ
3
/ʩʫʪʢʠ (40%). ɺ ɹʫʨʷʪʠʠ ʵʪʦ 

ʩʦʢʨʘʱʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 49%, ʚ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ ï 60%, ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ï ʙʦʣʝʝ 65%. ʕʪʦ ʦʯʝʥʴ ʥʝʛʘʪʠʚʥʳʡ ʬʘʢʪ, ʪʘʢ ʢʘʢ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʘʠʙʦʣʝʝ 

ʟʘʱʠʱʝʥʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ.  ʃʠʰʴ ʚ ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ ʥʘʙʣʶʜʘʣʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ɺʦʜʦʟʘʙʦʨʳ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʛʦ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʏʝʨʝʟ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʧʨʦʧʫʩʢʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʧʦ 

ʉʠʙʠʨʩʢʦʤʫ ʦʢʨʫʛʫ 50% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʧʦʜʘʥʥʦʡ ʚ ʩʝʪʴ (ʪʘʙʣ. 3).  
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ɿʘ 15 ʣʝʪ XXI  ʚʝʢʘ ʧʨʦʧʫʩʢ ʚʦʜʳ ʯʝʨʝʟ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʫʚʝʣʠʯʠʣʩʷ ʪʦʣʴʢʦ ʥʘ 3 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʦʪʤʝʯʘʣʩʷ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ï 21,5 ʠ 

19,7% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ï ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʳʚʘ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʧʫʩʢ ʚʦʜʳ ʯʝʨʝʟ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʥʘʙʣʶʜʘʣʩʷ ʚ 2015 ʛ. ʚ ʊʦʤʩʢʦʡ ʠ ʆʤʩʢʦʡ 

ʦʙʣʘʩʪʷʭ (98,8 ʠ 90,5%). ɺ ʨʝʩʧʫʙʣʠʢʘʭ ɸʣʪʘʡ ʠ ɹʫʨʷʪʠʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ ʯʝʨʝʟ 

ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʥʝ 

ʧʨʦʧʫʩʢʘʣʘʩʴ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʨʝʜʩʪʚ 

ʙʶʜʞʝʪʦʚ, ʚʥʝʙʶʜʞʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʟʘʡʤʦʚ ʠ ʜʨʫʛʠʭ ʠʥʚʝʩʪʠʮʠʡ 

ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʨʘʩʭʦʜʦʚʘʥʠʶ ʚʦʜʳ ʚ 

ʞʠʣʠʱʥʦʤ ʬʦʥʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʧʠʪʴʝʚʳʝ ʥʫʞʜʳ ʚ ʉʠʙʠʨʠ ʟʘʤʝʪʥʦ ʩʦʢʨʘʱʘʝʪʩʷ. ʉ 2000 ʧʦ 2015 ʛ. 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʠʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʩʥʠʟʠʣʦʩʴ ʩ 259 ʜʦ 145 ʣ. ʇʨʠ 

ʵʪʦʤ ʚ ʜʝʚʷʪʠ ʩʫʙʲʝʢʪʘʭ ʬʝʜʝʨʘʮʠʠ ʦʥʦ ʧʨʝʚʳʰʘʣʦ160, ʘ ʚ ʧʷʪʠ ʩʫʙʲʝʢʪʘʭ 

ʙʳʣʦ ʥʠʞʝ 100 ʣ/ʩʫʪʢʠ (ʧʦʩʣʝʜʥʠʝ ï ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ).  

ʉʦʩʪʦʷʥʠʝ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʤʝʩʪʘʭ 

ʚʦʜʦʟʘʙʦʨʘ ʠʟʤʝʥʷʶʪʩʷ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ ʠ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ. ɺʳʩʦʢʘʷ ʜʦʣʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʨʦʙ ʠʟ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʪʝʭ ʩʫʙʲʝʢʪʘʭ ʉʠʙʠʨʩʢʦʛʦ 

ʦʢʨʫʛʘ, ʛʜʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ɿʘ 2000ï2015 ʛʛ. ʜʦʣʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʨʦʙ ʧʦ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ 

ʚʦʜʦʝʤʘʭ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʚʳʨʦʩʣʘ ʚ ʩʨʝʜʥʝʤ ʧʦ ʉʠʙʠʨʠ ʥʘ 1,3 ʧʨʦʮʝʥʪʥʳʭ 

ʧʫʥʢʪʘ (ʨʠʩ.1). ʇʨʠ ʵʪʦʤ ʚ ʜʚʫʭ ʩʫʙʲʝʢʪʘʭ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ, ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦʝ (ʚʦ ʤʥʦʛʠʭ ʩʫʙʲʝʢʪʘʭ 

ʯʠʩʣʦ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʩʦʩʪʘʚʠʣʦ ʤʝʥʴʰʝ 100 ʠ ʦʥʠ ʥʘ ʨʠʩʫʥʢʝ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ). ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦ ʜʦʣʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʨʦʙ ʧʦ ʥʠʤ ʟʘ 15 ʣʝʪ ʚ ʚʦʜʦʝʤʘʭ ʉʠʙʠʨʠ ʩʥʠʟʠʣʘʩʴ 
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ʥʘ 6,6 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ. ʊʘʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʚʦʜʦʝʤʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʫʙʲʝʢʪʦʚ, ʢʨʦʤʝ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʥʦ ʙʳʣʦ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ï ʥʘ 24,6 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ. 

 

ʈʠʩ. 1 ς ʋʜʝʣʴʥʳʡ ʚʝʩ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʚʦʜʦʝʤʘʭ I ʢʘʪʝʛʦʨʠʠ ʨʝʛʠʦʥʦʚ ʉʠʙʠʨʠ: ʘ) ʧʦ 

ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ; ʙ) ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, % 

ʉʠʪʫʘʮʠʷ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʦʪʚʝʯʘʶʱʝʡ 

ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʣʫʯʰʘʝʪʩʷ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʆʩʦʙʝʥʥʦ ʪʨʝʚʦʞʥʘʷ 

ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ɺ 2015 ʛ. ʣʠʰʴ 74,1% ʞʠʪʝʣʝʡ 

ʩʠʙʠʨʩʢʠʭ ʩʝʣ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʫʩʣʦʚʥʦ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. ɺ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʪʦʣʴʢʦ 54% 

ʩʝʣʴʩʢʠʭ ʞʠʪʝʣʝʡ ʙʳʣʠ ʦʙʝʩʧʝʯʝʥʳ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʚ 

ʍʘʢʘʩʩʠʠ ï 42%, ʥʦ ʩʘʤʦʝ ʭʫʜʰʝʝ ʧʦʣʦʞʝʥʠʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ɹʫʨʷʪʠʠ ï 33% 

(ʪʘʙʣ.4). 


