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NEW FACTS ON BIOTIC SELF-PURIFICATION OF WATER AND 

REGULATION OF TOXICANT LOADS ON WATER SYSTEMS 
ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʥʝʝ ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ 

ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʝʝ ʩʘʤʦʦʯʠʱʝʥʠʠ. ʕʪʘ ʪʝʦʨʠʷ ʧʦʜʯʝʨʢʥʫʣʘ ʨʦʣʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʧʨʦʮʝʩʩʦʚ ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʠ ʧʨʝʜʩʢʘʟʘʣʘ, ʯʪʦ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʬʘʢʪʳ ʦʙ ʵʪʦʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ï ʥʘʧʨʠʤʝʨ, ʦ ʙʠʦʩʦʨʙʮʠʠ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʦʯʠʱʝʥʠʶ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʦʣʠ ʚʦʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʦʯʠʩʪʢʝ ʚʦʜʳ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʬʠʪʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʝʤʣʝʤʳʝ ʥʘʛʨʫʟʢʠ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʥʘʰʠʭ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʘʥʥʦʡ 

ʧʫʙʣʠʢʘʮʠʠ. 

Abstract. Previously, the author developed a qualitative theory of multifunctional role of aquatic organisms in 

improving water quality and water self-purification. This theory underlined the role of a diversity of biological factors 

and processes in improving water quality, and predicted discovery of new facts. Recently new facts on the role of 

biosorption of ecotoxicants were found. In addition, new data on the positive role of aquatic vegetation in water 

purification were obtained. To use the aquatic macrophytes in phytotechnology for water quality improvement, it is 

necessary to determine the acceptable loads of chemical pollutants on water systems with aquatic plants. The paper 

presents a brief analysis of our recent works. 

ɺ ʮʠʢʣʝ ʩʪʘʪʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʠʪʘʶʱʠʭ 
ʚ ʚʦʜʝ ʦʨʛʘʥʠʟʤʦʚ (ʥʘʧʨʠʤʝʨ [1, 2]). 

ʏʘʩʪʴʶ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʫʧʦʨʷʜʦʯʝʥʠʝ ʠ ʩʚʝʜʝʥʠʝ ʚ ʝʜʠʥʳʡ 
ʩʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʘʢʪʦʨʦʚ, ʚʝʜʫʱʠʭ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ ʚʦʜʳ. ʕʪʦʪ ʩʧʠʩʦʢ 
ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 20 ʧʦʟʠʮʠʡ. ʉʨʝʜʠ ʥʠʭ, ʚ ʨʷʜʫ ʧʨʦʯʠʭ, ʩʦʨʙʮʠʷ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʜʦʥʥʳʤʠ 
ʦʩʘʜʢʘʤʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʕʪʦʪ ʧʫʥʢʪ ʪʝʦʨʠʠ ʧʦʣʫʯʠʣ ʥʦʚʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʇʦʜʨʦʙʥʝʝ ʦ ʩʦʨʙʮʠʠ 
ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʠʦʤʘʩʩʦʡ ʠ ʙʠʦʛʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʚʢʣʶʯʘʷ ʜʝʪʨʠʪ 
ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ï ʩʤ. ʧʫʙʣʠʢʘʮʠʠ ʵʪʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʨʫʤʘ [3, 4]. 

ʋʢʘʟʘʥʥʘʷ ʪʝʦʨʠʷ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ ʯʝʪʢʦ ʦʙʦʟʥʘʯʘʝʪ ʨʦʣʴ ʤʥʦʛʠʭ ʛʨʫʧʧ 
ʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʘ ʪʝʦʨʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ 
ʥʦʚʳʭ ʜʘʥʥʳʭ ʦ ʨʦʣʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʦʯʠʱʝʥʠʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 
ʚʦʜʳ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʡ ʪʝʦʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʬʘʢʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʬʘʢʪʳ ʦ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʝ ʧʦʜ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ [5-7 ]. 

ʋʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ ʬʘʢʪʳ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ), ʚʳʟʚʘʥʥʦʝ ʚʦʜʥʳʤʠ ʤʘʢʨʦʬʠʪʘʤʠ [8-9]. 

ʇʦʟʠʪʠʚʥʘʷ ʨʦʣʴ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʦʯʠʱʝʥʠʠ ʚʦʜʳ ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʬʠʪʦʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

9 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʪʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʫʜʦʙʥʦʡ ʤʝʪʦʜʠʢʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʚʦʜʥʫʶ ʩʠʩʪʝʤʫ ʩ ʤʘʢʨʦʬʠʪʘʤʠ. 

ʈʘʥʝʝ ʵʪʘ ʟʘʜʘʯʘ ʥʝ ʙʳʣʘ ʨʝʰʝʥʘ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

(ʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʝʜʠʥʩʪʚʝʥʥʳʡ) ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ 

ʥʘ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ [10-17]. 

ɺ ʨʘʤʢʘʭ ʧʦʩʣʝʜʥʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʬʘʢʪʳ ʦ 

ʜʠʘʧʘʟʦʥʝ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʥʘ ʧʨʠʤʝʨʝ ʇɸɺ), 

ʯʪʦ ʩʣʫʞʠʪ ʚʢʣʘʜʦʤ ʚ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʱʝʥʠʷ ʚʦʜʳ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʪʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʥʦʚʳʡ ʤʝʪʦʜ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʜʦʙʘʚʦʢ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤ. ʄʝʪʦʜ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ 

ʧʷʪʠ ʚʠʜʘʭ ʚʦʜʥʳʭ ʤʘʢʨʦʬʠʪʦʚ (Elodea canadensis Michx., Potamogeton crispus L., Najas 

guadelupensis L., Fontinalis antipyretica L., ʤʘʢʨʦʬʠʪʝ OST-1). ɺ ʤʠʢʨʦʢʦʩʤʳ ʩ ʵʪʠʤʠ 

ʨʘʩʪʝʥʠʷʤʠ ʜʦʙʘʚʣʷʣʠ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (ɼʉʅ) ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʤʦʶʱʝʝ ʩʨʝʜʩʪʚʦ 

(ʉʄʉ) çɸʠʩʪ-ʋʥʠʚʝʨʩʘʣè [12]. ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ɼʉʅ ʜʣʷ ʤʘʢʨʦʬʠʪʘ OST-1 ʩʦʩʪʘʚʣʷʣʘ 460,0 ʤʛ/ʣ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 

213 ʩʫʪʦʢ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ ʉʄʉ ʜʣʷ ʵʪʦʛʦ ʤʘʢʨʦʬʠʪʘ ï 1687,5 ʤʛ/ʣ, 

ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 314 ʩʫʪʦʢ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ 

ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʚʠʜʦʚ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ [12]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʪʝʦʨʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ ʧʨʠʚʝʜʝʥʳ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʢʥʠʛʘʭ 

[18-20]. 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʠ ʠʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, 

ʯʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʨʘʙʦʪʢʫ ʥʦʨʤʘʪʠʚʦʚ ʥʘ ʜʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ ʚ ʩʣʫʯʘʝ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʯʠʱʝʥʠʷ 

ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʪʦʪʝʭʥʦʣʦʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʬʘʢʪʳ ʙʫʜʫʪ 

ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʥʦʨʤʘʪʠʚʦʚ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʥʘʛʨʫʟʦʢ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʜʫ 

ʚʝʱʝʩʪʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʪʦʪʝʭʥʦʣʦʛʠʠ ʦʯʠʱʝʥʠʷ ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʤʥʦʛʠʭ ʚʠʜʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʦʣʣʶʪʘʥʪʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʜʥʫʶ ʩʨʝʜʫ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʉ.ɺ.ʂʦʪʝʣʝʚʮʝʚʘ, ɺ.ɺ.ɽʨʤʘʢʦʚʘ ʠ ʜʨʫʛʠʭ ʢʦʣʣʝʛ ʟʘ 

ʦʙʩʫʞʜʝʥʠʝ, ʊ.ɺ.ʐʝʩʪʘʢʦʚʫ, ɽ.ɸ.ʉʦʣʦʤʦʥʦʚʫ, ɽ.ɺ. ʃʘʟʘʨʝʚʫ ʠ ʜʨʫʛʠʭ ʩʦʘʚʪʦʨʦʚ ʟʘ ʫʯʘʩʪʠʝ 

ʚ ʨʷʜʝ ʦʧʳʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʮʠʪʠʨʫʝʤʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 
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ʌʝʜʝʨʘʣʴʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤ.ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ; 
3 
ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʢʦʣʦʛʠʠ

 
ʠ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ. E-mail: e.evstafeva@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʂʦʥʚʝʥʮʠʠ ʦ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ 

ʧʝʨʝʥʦʩʘʭ ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ (LRTAP) ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʘʪʠʚʘ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ ʵʢʦʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʪʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʠʪʳʚʘʪʴ ʠʭ ʧʨʠʨʦʜʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʢʠʩʣʦʪʥʦʩʪʠ) ʜʣʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ.  

Abstract. In line with methodic recommendations of the Long-Range Transboundary Air Pollution 

Convention (LRTAP), the critical loads are used as an ecological parameter of acceptable impact on different types of 

ecosystems. The loads make it possible to take into account the natural diversity of ecosystems and their resistance to 

technogeneous effects. The paper presents the first results of critical loads calculation of acid-forming compounds 

(acidity) for the forest ecosystems of the Crimea. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʦʢʠʩʣʳ ʘʟʦʪʘ ʠ ʩʝʨʳ 

ɺʚʝʜʝʥʠʝ 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʩ ʝʛʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʥʦʨʤʘʪʠʚʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʛʠʛʠʝʥʠʯʝʩʢʦʤʫ 

ʥʦʨʤʠʨʦʚʘʥʠʶ. ʀ ʪʦ, ʠ ʜʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʛʣʘʤʝʥʪʘʮʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʜʥʘʢʦ ʤʘʩʰʪʘʙ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʠ ʦʙʲʝʢʪ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ 

ʠʩʪʦʯʥʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ ʘʥʪʨʦʧʦʛʝʥʥʳʭ, ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ; ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʝʝ ʣʦʢʘʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ.  

ʇʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʥʦʨʤʠʨʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʩʬʝʨʳ ʠ ʪʠʧʳ ʵʢʦʩʠʩʪʝʤ, ʧʨʠ ʵʪʦʤ ʩʘʤʦ ʚʦʟʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʛʣʦʙʘʣʴʥʦʡ ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʦʩʬʝʨʳ, ʠʤʝʶʱʝʡ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʚʦʠ ʢʘʢ ʧʨʠʨʦʜʥʳʝ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ, ʧʦ ʤʥʝʥʠʶ 

ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ, ʥʝ ʩʪʦʣʴ ʫʞ ʥʦʚʦ ʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ [6], 

ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʩ 

ʧʨʠʨʦʜʦʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʥʦʨʤʠʨʦʚʘʥʠʶ ʫʜʝʣʷʣʦʩʴ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ, ʯʝʤ ʚ ʩʪʨʘʥʘʭ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʢʘʢ ʚ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ [5], ʪʘʢ ʠ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ [7]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʜʨʫʛʠʭ 

ʛʦʩʫʜʘʨʩʪʚʘʭ ʉʅɻ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʋʢʨʘʠʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʬʦʨʤʘʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʂʦʥʚʝʥʮʠʠ ʦ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʧʝʨʝʥʦʩʘʭ ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ (LRTAP), 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʚʥʝʜʨʷʶʱʝʡ ʪʘʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ ʚ ʧʨʘʢʪʠʢʫ 

mailto:e.evstafeva@mail.ru


ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

12 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʜʦʙʥʳʝ ʨʘʙʦʪʳ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ. ʆʜʥʘʢʦ ʠʥʠʮʠʘʪʠʚʥʦʡ ʛʨʫʧʧʦʡ ʢʨʳʤʩʢʠʭ ʫʯʝʥʳʭ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɸʚʪʦʥʦʤʥʦʡ 

ʨʝʩʧʫʙʣʠʢʠ ʂʨʳʤ ʝʚʨʦʧʝʡʩʢʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ 

ʧʨʝʚʳʰʝʥʠʡ ʙʳʣʦ ʥʘʯʘʪʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʢʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɺ ʪʝʯʝʥʠʝ 7 ʣʝʪ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʠ ʢʘʨʪʠʨʦʚʘʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ (ʂʅ) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

[2] ʠ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʠ ʩʝʨʳ [3] ʚ ʤʘʩʰʪʘʙʝ 50ʭ50 ʢʤ. ɼʘʥʥʳʡ ʤʘʩʰʪʘʙ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʦʛʦ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʝʨʨʠʪʦʨʠʠ ʢʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʣʠʩʴ ʩʢʦʨʝʝ ʘʧʨʦʙʘʮʠʝʡ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʯʝʤ ʧʦʣʝʟʥʳʤ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʧʳʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚ 

ʧʨʘʢʪʠʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ. C ʮʝʣʴʶ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʫʯʝʪʘ 

ʧʨʠʨʦʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʢ ʟʘʛʨʷʟʥʠʪʝʣʶ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʩʝʪʢʠ 

ʤʘʩʰʪʘʙʦʤ 5ʭ5 ʢʤ ʧʦ ʤʝʪʦʜʠʢʘʤ ʂʦʥʚʝʥʮʠʠ LRTAP [1], ʢʦʪʦʨʳʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʜʣʷ ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ ʢʠʩʣʦʪʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂ ʯʠʩʣʫ ʧʨʠʦʨʠʪʝʪʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʪʥʦʩʷʪ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʢʦʪʦʨʳʭ (ʂʅ ʢʠʩʣʦʪʥʦʩʪʠ) 

ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʵʢʦʩʠʩʪʝʤ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʢʠʩʣʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʳʧʘʜʝʥʠʡ, ʚʥʦʩʷʱʠʤ ʥʘʠʙʦʣʴʰʠʤ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʦʩʘʜʢʦʚ, ʚʥʦʩʷʪ 

ʦʢʠʩʣʳ ʩʝʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʨʳ 

(ʂʅ(S)max). ɼʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʳ ʘʟʦʪʘ, ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʚ ʦʙʱʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʩʝʨʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʂʅ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚʘʞʥʦ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʘʨʫʰʝʥʠʷ ʙʘʣʘʥʩʘ ʘʟʦʪʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʠ ʧʦʣʫʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʠʤ ʘʪʤʦʩʬʝʨʥʳʤ ʚʳʧʘʜʝʥʠʝʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ [5]. 

ɺʝʣʠʯʠʥʘ ʂʅ ʟʘʚʠʩʠʪ ʦʪ ʙʘʣʘʥʩʘ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʵʪʦʤʫ ʙʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ ʂʅ S ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʂʅ (S)max = BCdep +BCw- Cl dep- Bcupt - ANC le(crit), ʛʜʝ CLmax(S) ï 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʩʝʨʳ; BCdep ï ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʵʢʦʩʠʩʪʝʤʫ ʦʩʥʦʚʥʳʭ 

ʢʘʪʠʦʥʦʚ (Ca+Mg+K+Na), ʛ-ʵʢʚ/ʛʘ/ʛʦʜ; BCw ï ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʢʘʪʠʦʥʦʚ; Cl dep ï ʧʦʩʪʫʧʣʝʥʠʝ ʘʥʠʦʥʦʚ Cl ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʚʳʧʘʜʝʥʠʷʤʠ; Bcupt ï 

ʧʦʛʣʦʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʘʪʠʦʥʦʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʦʡ, ʛ-ʵʢʚ/ʛʘ/ʛʦʜ; ANC le(crit) ï 

ʢʨʠʪʠʯʝʩʢʦʝ ʚʳʤʳʚʘʥʠʝ ʱʝʣʦʯʥʦʩʪʠ, ʠʣʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʢʠʩʣʦʪʦʥʝʡʪʨʘʣʠʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ANCle(crit) = -Q([H]crit + Kgibb[H]
3
crit), ʛʜʝ 

Q ï ʩʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʚʣʘʛʠ, ʧʨʦʩʘʯʠʚʘʶʱʝʡʩʷ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʧʦʯʚʝʥʥʳʡ ʩʣʦʡ 

ʦʩʘʜʢʦʚ, ʤ
3
 /ʛʘ/ʛʦʜ.  

[H]crit ï ʢʨʠʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʪʦʥʦʚ (=0,1 ʵʢʚ. ʤ
-3
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ pH 4,0), 

Kgibb ï ʛʠʙʙʩʠʪʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʤ
6
 /ʛ-ʵʢʚ

2
 (=300) (UBA 1996). 

ʇʨʠ ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʜʣʷ ʢʠʩʣʦʪʥʦʩʪʠ ʂʅ(A) ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʨʘʟʥʦʩʪʴ 

BCw ï ANC le,crit, 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ: 

ʤʠʥʠʤʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ (ʂʅ (N)min), ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ (ʂʅ (N)max), ʥʘʛʨʫʟʢʫ ʧʦ 

ʧʠʪʘʪʝʣʴʥʦʤʫ ʘʟʦʪʫ (Nnut). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʠʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʢʦʩʠʩʪʝʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʧʦʩʪʫʧʣʝʥʠʷ ʦʢʠʩʣʦʚ ʘʟʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ 

ʢʠʩʣʦʪʥʦʩʪʠ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʧʨʠ ʩʦʭʨʘʥʝʥʥʦʤ ʜʣʷ ʙʠʦʪʳ ʧʠʪʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ 

ʧʦʯʚ; ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝ ʚʳʟʳʚʘʶʱʝʤ ʝʛʦ ʠʟʙʳʪʢʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ 

(ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʅ (N)min = Nu + Ni; 
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ʂʅ (N)max = ʂʅ (N)min + ʂʅ(S)max /(1-äde); 

ʂʅnut(N) 

=Ni+Nu+  

N

le(acc) 

1

-fde 

Ni ï ʜʦʣʛʦʩʨʦʯʥʘʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʘʟʦʪʘ, ʛ-ʵʢʚ/ʛʘ/ʛʦʜ; äde (denitrification 

fraction) ï ʜʦʣʷ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʜʨʝʥʘʞʘ ʧʦʯʚʳ, ï ʚʝʣʠʯʠʥʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʪʠʧʦʤ ʧʦʯʚʳ ʠ ʧʨʠʥʠʤʘʝʤʘʷ ʨʘʚʥʦʡ 0,1 ʜʣʷ ʧʦʯʚ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʟ 

ʧʨʦʮʝʩʩʦʚ ʦʛʣʝʝʥʠʷ, 0,5 ï ʜʣʷ ʧʝʩʯʘʥʳʭ ʦʛʣʝʝʥʳʭ ʧʦʯʚ, 0,7 ï ʜʣʷ ʧʦʯʚ ʪʷʞʝʣʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 0,8 ï ʜʣʷ ʪʦʨʬʷʥʳʭ; N le(acc) ï ʜʦʧʫʩʪʠʤʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʘʟʦʪʘ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʦʯʚʘʭ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʠ ʩ ʫʯʝʪʦʤ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʜʨ. ʠʤʤʦʙʠʣʠʟʘʮʠʷ 

ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʣʘ 71,4 ʛ-ʵʢʚ/ʛʘ/ʛʦʜ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʥʳ 10,5% äde ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 

0,1, ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʥʳ 32,5% ï 0,7 ʛ-ʵʢʚ/ʛʘ/ʛʦʜ. ʇʨʠ ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘ ʜʣʷ ʭʚʦʡʥʳʭ, ʩʤʝʰʘʥʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩʦʩʪʘʚʠʣʠ 0,0143, 0,02095 ʠ 0,0276 (ʛ-

ʵʢʚ ʤ
-3
) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʠʟʚʝʜʝʥʥʳʝ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʬʦʨʤʫʣʘʤ ʨʘʩʯʝʪʳ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʜʣʷ 

ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʂʨʳʤʘ ʢʘʨʪʠʨʦʚʘʥʳ ʚ ʤʘʩʰʪʘʙʝ 5ʭ5 ʢʤ
2
. ʈʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʙʳʣʠ 

ʛʨʘʜʫʠʨʦʚʘʥʳ ʥʘ 3 ʢʘʪʝʛʦʨʠʠ: 

ʂʅ (S)max : 700-1000, 1001-1500 ʠ > 1500 ʛ-ʵʢʚ/ʛʘ/ʛʦʜ; 

ʂʅ (N)min: <400, 400-500, >500 ʛ-ʵʢʚ/ʛʘ/ʛʦʜ;  

ʂʅ (N)max : <400, 400-500, >500 ʛ-ʵʢʚ/ʛʘ/ʛʦʜ;  

ʂʅnut(N): <400, 400-500, >500 ʛ- ʢɻʚ/ʛʘ/ʛʦʜ; 

Cʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩ ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʧʦ ʙʣʠʟʢʠʤ ʝʚʨʦʧʝʡʩʢʠʤ 

ʪʝʨʨʠʪʦʨʠʷʤ ʧʦʢʘʟʘʣʦ ʢʘʢ ʩʭʦʜʩʪʚʦ, ʪʘʢ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʊʘʢ, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʂʅ (N)min ʠ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʘʟʦʪʘ ʂʅnut(N) ʙʳʣʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 

ʩʝʨʳ ʂʅ (S)max ʠ ʘʟʦʪʘ ʂʅ (N)max ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʛʘʨʠʠ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʞʝ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʚʩʝ ʢʨʠʪʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʠʤʝʣʠ ʩʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ [8]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʙʘʣʘʥʩʘ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʚʘʞʥʳʤ ʚ ʢʨʳʤʩʢʦʤ ʨʝʛʠʦʥʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʫʶ, ʠ ʪʫʨʠʩʪʠʯʝʩʢʫʶ, ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʠ ʧʨʦʤʳʰʣʝʥʥʫʶ (ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʩʝʚʝʨʥʳʡ ʂʨʳʤ) ʪʝʨʨʠʪʦʨʠʠ. ʇʦʩʣʝʜʥʷʷ ʚʤʝʱʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʥʝʨʛʦʝʤʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʢʠʩʣʳ ʘʟʦʪʘ ʠ ʩʝʨʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʙʨʦʩʘʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʂʨʳʤʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʝʡ ʩ ʚʳʩʦʢʠʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʫʩʣʦʚʠʡ. ɿʜʝʩʴ ʠʤʝʝʪʩʷ ʧʦʨʷʜʢʘ 400 ʪʠʧʦʚ 

ʧʦʯʚ, ʠ ʦʧʳʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʘ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʦʪʦʢʦʚ ʛ. ʄʠʥʩʢʘ. 

ʇʦʢʘʟʘʥʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Cr/Fe, Ni/Fe. ɺʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʯʘʩʪʢʦʚ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʧʝʢʪʨʫ ʤʝʪʘʣʣʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ.  

Abstract. The article presents the estimate of metal contamination in Minsk river bottom sediments. The 

efficiency of coefficients Cr/Fe, Ni/Fe applied in evaluation of metal contamination is shown. The authors have 

classified the sampling sites by their pollution and contaminants spectrum. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ-ʤʝʪʘʣʣʘʤʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʦʪʦʢʦʚ ʛ. ʄʠʥʩʢʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʨʫʧʥʝʡʰʠʤ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʮʝʥʪʨʦʤ ɹʝʣʘʨʫʩʠ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2011ï2014 ʛʛ. 

ɸʥʘʣʠʟ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʵʤʠʩʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʨʠʙʦʨʝ PGS-2 ʧʦ ʤʝʪʦʜʠʢʝ [1]. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ: ʦʮʝʥʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʛʠʩʪʦʛʨʘʤʤ, 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʛʨʘʬʠʢʦʚ ʠ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʠʷ (ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ, ʐʘʧʠʨʦ-ʋʠʣʢʘ), 

ʚʳʯʠʩʣʝʥʠʝ ʜʝʩʢʨʠʧʪʠʚʥʳʭ ʩʪʘʪʠʩʪʠʢ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ. ʇʦʩʣʝʜʥʠʡ ʚʳʧʦʣʥʷʣʩʷ ʤʝʪʦʜʦʤ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʘʛʣʦʤʝʨʘʪʠʚʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ MS Excel, Statistica 8. 

ɼʣʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ʬʘʢʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (Kk), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚ ʦʙʲʝʢʪʝ ʢ ʝʛʦ ʬʦʥʦʚʦʤʫ 

ʟʥʘʯʝʥʠʶ, ʘ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʦʙʲʝʢʪʝ ʢ ʇɼʂ/ʆɼʂ 

[2]. ɺ ʢʘʯʝʩʪʚʝ çʬʦʥʦʚʳʭè ʪʝʨʨʠʪʦʨʠʡ ʠʟʫʯʝʥʳ ɹʝʨʝʟʠʥʩʢʠʡ ʙʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ çʅʘʨʦʯʘʥʩʢʠʡè, ʫʯʘʩʪʦʢ ʨ. ʉʚʠʩʣʦʯʴ ʥʠʞʝ ʆʩʠʧʦʚʠʯʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʫʯʘʩʪʦʢ ʜ. ʃʠʧʝʥʴïʜ. ʋʩʪʠʞ) ʠ ʜʨ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʨʝʜʝʣʳ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʦʪʦʢʦʚ ʛ. ʄʠʥʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʪʴ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʨʝʩʧʫʙʣʠʢʠ (ʚʩʝʛʦ 30 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʨʝʯʥʳʭ ʩʠʩʪʝʤ). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʨʝʜʥʝʤ, ʧʨʠ ʚʩʝʤ ʩʚʦʝʤ çʪʝʭʥʦʛʝʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝè ʄʠʥʩʢ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɹʝʣʘʨʫʩʠ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʦʣʴʢʦ ʚ 

ʦʪʥʦʰʝʥʠʠ Be, V, ʉr, Ni ʠ Cu. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʟʘʛʨʷʟʥʝʥʠʝ ʷʚʥʦ ʚʳʨʘʞʝʥʦ ʣʠʰʴ ʚ 

ʦʪʥʦʰʝʥʠʠ Cr ʠ Cu (Kk = 2). 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʪʥʦʰʝʥʠʷ Cr/Fe, Ni/Fe [3, 4]. ʋʩʪʘʥʦʚʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʚʦʜʦʪʦʢʦʚ ʛ. ʄʠʥʩʢʘ ʉr ʠ Ni. ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʠ ʨʠʩ. 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʥʥʳʝ 
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ʦʪʣʦʞʝʥʠʷ ʛ. ʄʠʥʩʢʘ ʧʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʚ ʩʨʝʜʥʝʤ ʚ 4,7 ʨʘʟʘ ʟʘʛʨʷʟʥʝʥʳ Cr ʠ 

3,6 ʨʘʟʘ Ni ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʝʢ ɹʝʨʝʟʠʥʩʢʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ. ʇʨʦʯʠʝ ʛʦʨʦʜʘ ʚ ʩʨʝʜʥʝʤ ʟʘʛʨʷʟʥʝʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʦʪʦʢʦʚ ʛ. ʄʠʥʩʢʘ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʕʣʝʤʝʥʪ 
ʛ. ʄʠʥʩʢ (n = 49) 

ʅʇ (n = 98) 
ʌʦʥ 

(n = 58) 
ʂʢ 

x  Minïmax 

Be 0,89 ʥ.ʦ.ï1,72 0,50 0,79 1,13 

Ti 904
 

248ï3017 917 1 021 0,88 

V 25,9 2,5ï53,6 13,9 19 1,36 

Cr 33,3 9,74ï1 341 13,8 16,7 2,0 

Mn 345 117ï1 811 291 384 0,90 

Fe, % 0,86 0,34ï3,85 1,03 1,21 0,71 

Co 5,38 ʥ.ʦ.ï22,9 5,16 6,11 0,88 

Ni 19,9 9,90ï382 12,1 14,8 1,34 

Cu 28,5 6,97ï163 20,6 14,1 2,0 

Zn 164 ʥ.ʦ.ï757 173 ï ï 

Sr 195 ʥ.ʦ.ï345 98,9 150 1,3 

Y 11,4 2,0ï36,2 9,63 11,7 0,97 

Zr 320 99ï738 247 364 0,88 

Nb 4,97 ʥ.ʦ.ï29,9 4,94 6,08 0,82 

Ba 394 247ï862 333 466 0,85 

Yb 0,99 ʥ.ʦ.ï3,62 0,98 1,18 0,84 

Pb 19,2 9,6ï81,4 18,3 16,0 1,2 

ʇʨʠʤʝʯʘʥʠʝ: ʅʇ ï ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʙʝʟ ʛ. ʄʠʥʩʢʘ 

ʊʘʙʣʠʮʘ 2 

ʆʪʥʦʰʝʥʠʝ Cr/Fe, Ni/Fe ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʟʫʯʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ɹʝʣʘʨʫʩʠ, ʛ/10 000 ʛ 

ʊʝʨʨʠʪʦʨʠʷ 
Cr/Fe Ni/Fe 

x Minïmax x Minïmax 

ɹʝʨʝʟʠʥʩʢʠʡ ʙʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ 9,0 4,2ï91,7 10,0 4,8ï55,0 

ʛ. ʄʠʥʩʢ 42,0 10,0ï162 36,0 6,1ï320 

ʅʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ (ʙʝʟ ʛ. ʄʠʥʩʢʘ) 23,0 1,7ï161 14,9 3,1ï52,1 

ʊʠʧʠʟʘʮʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʧʫʥʢʪʦʚ ʦʧʨʦʙʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ) ʛ. ʄʠʥʩʢʘ 

ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Ti, V, Cr, Mn, Fe, Ni, Cu, Y, Zr, Ba, Yb, Pb) ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʩʣʝʜʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʦʜʩʪʚʦ ʠʣʠ ʨʘʟʣʠʯʠʝ ʦʙʲʝʢʪʦʚ, ʠʩʭʦʜʷ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʙʦʨʘ 

ʧʝʨʝʤʝʥʥʳʭ. ɺʩʝ ʧʫʥʢʪʳ ʦʧʨʦʙʦʚʘʥʠʷ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʛʨʫʧʧʳ A ʠ B (ʨʠʩ. 2).  

ɻʨʫʧʧʘ ɸ ʦʙʲʝʜʠʥʷʝʪ ʫʯʘʩʪʢʠ ʦʪʙʦʨʘ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʧʦʜʛʨʫʧʧʳ ʧʦ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʧʝʢʪʨʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ ʧʦʜʛʨʫʧʧʘ A4 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʫʯʘʩʪʢʦʚ, 

ʚʳʜʝʣʷʶʱʠʭʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ Cr (Kk = 7,2ï17,0) ʠ Pb (Kk > 3). 

ʀʟ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʝ 2 ʠʤʝʶʪ V, Fe ʠ Cu. 

ʇʦʜʛʨʫʧʧʘ ɸ3 ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʛʜʝ ʦʙʥʘʨʫʞʝʥʦ çʫʨʘʛʘʥʥʦʝè ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ 

(1 341 ʤʛ/ʢʛ). ʇʦʜʛʨʫʧʧʘ ɸ2 ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʯʘʩʪʢʘ ʦʧʨʦʙʦʚʘʥʠʷ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ ʚʙʣʠʟʠ ʚʳʭʦʜʘ ʣʠʚʥʝʚʦʡ ʢʘʥʘʣʠʟʘʮʠʠ ʈʋʇ 

çʉʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ ʠʤ. ʉ. ʄ. ʂʠʨʦʚʘè. ɿʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Ni (Kk = 17,1ï25,8) ʠ Cu (Kk = 3,5ï11,5). ʇʦʜʛʨʫʧʧʘ ɸ1 ʚʢʣʶʯʘʝʪ ʨʷʜ ʪʦʯʝʢ 

ʦʧʨʦʙʦʚʘʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (Kk > 2) ʩʣʝʜʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

Ti, V, Cr, Fe, Ni, Cu, Y, Yb, Pb. ʉʧʝʢʪʨ ʟʘʛʨʷʟʥʷʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠʥʜʠʚʠʜʫʘʣʝʥ ʜʣʷ ʢʘʞʜʦʛʦ 

ʫʯʘʩʪʢʘ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʈʠʩ. 1. ʆʪʥʦʰʝʥʠʝ Cr/Fe, Ni/Fe ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ  

ʠʟʫʯʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ɹʝʣʘʨʫʩʠ, ʛ/10 000 ʛ 
ɹɹɿ ï ɹʝʨʝʟʠʥʩʢʠʡ ʙʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ, ʅʇ ï ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʙʝʟ ʛ. ʄʠʥʩʢʘ 
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ʈʠʩ. 2. ɼʝʥʜʨʦʛʨʘʤʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʫʥʢʪʦʚ ʦʪʙʦʨʘ ʧʨʦʙ  

ʧʦ ʤʝʪʦʜʫ ʋʦʨʜʘ. ɽʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ. 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʝ ʫʯʘʩʪʢʠ ʦʙʨʘʟʫʶʪ ʜʚʝ ʟʦʥʳ: ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ ʥʘ 

ʨ. ʉʚʠʩʣʦʯʴ ʚʙʣʠʟʠ ʚʳʭʦʜʘ ʣʠʚʥʝʚʦʡ ʢʘʥʘʣʠʟʘʮʠʠ ʈʋʇ çʉʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ 

ʠʤ. ʉ. ʄ. ʂʠʨʦʚʘè ʠ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʧʣʦʪʠʥʳ ʏʠʞʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʨʠʩ. 3). 

ɻʨʫʧʧʘ B, ʩʦʩʪʦʠʪ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʭ (ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ) ʫʯʘʩʪʢʦʚ ʠ ʜʝʣʠʪʩʷ ʥʘ 

ʜʚʝ ʧʦʜʛʨʫʧʧʳ B1 ʠ B2. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʧʦʜʛʨʫʧʧʳ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ 

ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ. ʊʘʢ ʚʳʜʝʣʝʥʥʳʝ ʧʦʜʛʨʫʧʧʳ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ Zr, ʥʝ ʷʚʣʷʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʦʤ-ʟʘʛʨʷʟʥʠʪʝʣʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚʦʜʦʪʦʢʦʚ ʛʦʨʦʜʘ ʄʠʥʩʢʘ ʟʘʛʨʷʟʥʝʥʳ Cr ʠ Cu. ʇʨʠʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Cr/Fe, Ni/Fe ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʛ. ʄʠʥʩʢʘ ʧʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ 

ʜʘʥʥʳʤ ʚ ʩʨʝʜʥʝʤ ʚ 4,7 ʨʘʟʘ ʟʘʛʨʷʟʥʝʥʳ Cr ʠ 3,6 ʨʘʟʘ Ni ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʨʝʢ ɹʝʨʝʟʠʥʩʢʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ɺʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʫʥʢʪʦʚ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʣʣʦʚ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ.  



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʈʠʩ. 3. ʊʠʧʠʟʘʮʠʷ ʫʯʘʩʪʢʦʚ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʣʣʦʚ 

Ni19Cu4,9 ï ʘʥʦʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʇɼʂ (ʆɼʂ) [2] 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʯʠʪʘʥʳ ʬʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe, Mn, Cu, Zn, Pb, Cd, Ni ʚ ʪʘʣʣʦʤʘʭ ʤʘʩʩʦʚʳʭ ʚʠʜʦʚ 

ʚʦʜʦʨʦʩʣʝʡ-ʠʥʜʠʢʘʪʦʨʦʚ ʨʦʜʦʚ Fucus, Silvetia, Sargassum, Cystoseira ʠʟ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ 

ʤʦʨʷ ʟʘ ʧʝʨʠʦʜ 1987-2008 ʛʛ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʝ ʤʝʜʠʘʥʳ ʧʣʶʩ ʜʚʝ ʤʝʜʠʘʥʳ ʘʙʩʦʣʶʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʤʝʜʠʘʥʳ (Me+2MAD). 

ʅʠʞʥʠʡ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʘ, ï ʵʪʦ ʤʝʜʠʘʥʘ ʠʟ 15% ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʙʦʨʢʠ ʤʠʥʫʩ ʜʚʦʡʥʘʷ ʤʝʜʠʘʥʘ 

ʘʙʩʦʣʶʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʤʝʜʠʘʥʳ (Me15ï2MAD 15). ɼʠʘʧʘʟʦʥ Me15Ñ2MAD15 ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ ʧʨʠʨʦʜʥʦ-

ʬʦʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

Abstract. The background concentrations of trace metals (Fe, Mn, Cu, Zn, Pb, Cd, and Ni) in the brown 

algae of the genus Fucus, Silvetia, Sargassum, Cystoseira from the Sea of Japan for 1987 - 2008 were estimated. The 

upper limit of background concentration range was taken to be Me+2MAD (median value plus double median of 

absolute deviations from the median). The lower threshold value corresponding to the physiological norm of trace 

metal was Me15ï2MAD15 (a median of 15% of minimum values minus double median of absolute deviations from the 

median). The range Me15Ñ2MAD15 was considered as the natural background one. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʝʪʘʣʣʘʤʠ ʧʦ ʠʥʜʠʢʘʪʦʨʥʳʤ 

ʢʦʤʧʦʥʝʥʪʘʤ ʠʩʧʦʣʴʟʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ - ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ 

ʚ ʦʙʲʝʢʪʝ ʠʟ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʠ ʢ ʪʘʢʦʚʦʤʫ ʚ ʦʙʲʝʢʪʝ ʩʨʘʚʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʬʦʥʦʚʦʤ). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʜʩʯʠʪʘʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʬʦʥʫ, 

ʥʘʟʳʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʘʥʦʤʘʣʴʥʦʩʪʠ (ʢʦʥʪʨʘʩʪʥʦʩʪʠ). ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʜʩʯʠʪʘʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʣʠʪʦʩʬʝʨʝ (ʢʣʘʨʢʫ), ʚ ʢʘʢʦʡ-ʣʠʙʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠʣʠ ʝʝ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʥʘʟʳʚʘʶʪʩʷ ʢʣʘʨʢʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇɼʂ ʚʝʱʝʩʪʚʘ, ʥʘʟʳʚʘʶʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʧʘʩʥʦʩʪʠ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ [1]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʫʨʳʝ ʚʦʜʦʨʦʩʣʠ, ʢʘʢ 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʠʥʜʠʢʘʪʦʨʳ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʤʝʪʘʣʣʘʤʠ ʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ. ʈʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʥʦʤʘʣʴʥʦʩʪʠ ʚʝʜʝʪʩʷ ʩ ʫʯʝʪʦʤ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʦʨʛʘʥʠʟʤʘʭ, ʦʙʠʪʘʶʱʠʭ ʚ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʡʦʥʘʭ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʦʚʥʷ ʦʧʘʩʥʦʩʪʠ ʩʨʝʜʳ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʨʦʛʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʢʪʘʭ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʩʨʝʜʳ ʠ ʦʨʛʘʥʠʟʤʘʭ ʠʟ ʢʦʥʢʨʝʪʥʦʛʦ, ʛʝʦʭʠʤʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʶʪʩ ̫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: ʩʨʝʜʥʷ ̫ ʘʨʠʬʤʝʪʠʯʝʩʢʘ,̫ ʣʠʙʦ ʤʝʜʠʘʥʘ, ʢʘʢ 

ʚʝʣʠʯʠʥʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [2, 3]. ɺʝʣʠʯʠʥʫ 85-ʛʦ ʧʨʦʮʝʥʪʠʣʷ (ʈ85) 

ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʧʦʨʦʛʦʚʫ  ʁʬʦʥʦʚʫ  ʁʢʦʥʮʝʥʪʨʘʮʠ ʁ [4]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʬʦʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʧʦʨʦʛʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

20 

ʤʝʜʠʘʥʫ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʣʶʩ ʜʚʦʡʥʘ ̫ʤʝʜʠʘʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʤʝʜʠʘʥʳ (double 

Median of the Absolute Deviations): ʄʝ+2ʄɸD [3, 5].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ (80-ʝ ï 90- ʛʦʜʳ XX ʠ ʧʝʨʚʦʝ 

ʜʝʩʷʪʠʣʝʪʠʝ XXI  ʩʪʦʣʝʪʠʷ) ʧʦʨʦʛʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe, Mn, Zn, Cu, Cd, Pb, Ni, ʚ ʤʘʩʩʦʚʳʭ 

ʚʠʜʘʭ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʦʜʦʚ Fucus, Silvetia, Sargassum, Cystoseira ʠʟ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ. ʄʘʪʝʨʠʘʣʦʤ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʩʦʚʳʭ ʚʠʜʘʭ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ ï ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ 

Sargassaceae (Cystoseira crassipes, Sargassum miyabei, Sargassum pallidum) ʠ Fucaceae (Fucus 

evanescens, Silvetia babingtonii) ï ʠʥʜʠʢʘʪʦʨʦʚ ʙʠʦʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʚ ʤʦʨʩʢʦʡ 

ʩʨʝʜʝ. ʆʙʨʘʟʮʳ ʚʦʜʦʨʦʩʣʝʡ ʩʦʙʠʨʘʣʠ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 1987, 1995, 1996, 1998, 2001-2004, 

2008 ʛʛ. ʚʜʦʣʴ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʩʦ 115 ʩʪʘʥʮʠʡ. S. miyabei ʠ S. 

pallidum ʦʪʦʙʨʘʥʳ ʚ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʥʘ ʶʛʝ ʠ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʥʘ ʩʝʚʝʨ ʜʦ ʟʘʣ. ʆʣʴʛʠ; F. evanescens ï ʦʪ ʙ. ʂʠʝʚʢʘ ʥʘ ʩʝʚʝʨ ʚʜʦʣʴ 

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʢʨʘʷ ʜʦ ʤ. ʆʣʠʤʧʠʘʜʳ, C. crassipes ʠ S. babingtonii ï ʚʜʦʣʴ ʚʩʝʡ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʇʨʠʤʦʨʴʷ. ʉ ʦʜʥʦʛʦ ʤʝʩʪʘ ʦʪʙʠʨʘʣʠ 3-5 ʵʢʟʝʤʧʣʷʨʦʚ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʚʦʜʦʨʦʩʣʝʡ (ʠʟ ʧʨʦʠʟʨʘʩʪʘʚʰʠʭ), ʪʘʣʣʦʤʳ ʦʪʤʳʚʘʣʠ ʦʪ ʚʟʚʝʩʠ, ʦʯʠʱʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 
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ʉ, ʦʙʲʝʜʠʥʷʣʠ ʚ ʦʜʥʫ ʧʨʦʙʫ.  

ɼʘʣʝʝ ʧʨʦʙʳ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ, ʥʘʚʝʩʢʠ ʧʨʦʙ ʤʠʥʝʨʘʣʠʟʦʚʘʣʠ ʢʦʥʮ. ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʤʘʨʢʠ ʦ.ʩ.ʯ. ʚ 3-ʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʨʠʙʦʨʘʭ Hitachi 180-70, Shimadzu 6800 ʩ ʧʣʘʤʝʥʥʳʤ ʠ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʤ ʩ ʛʨʘʬʠʪʦʚʦʡ ʪʨʫʙʢʦʡ (Pb) ʘʪʦʤʠʟʘʪʦʨʘʤʠ. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ï 10%, ʩʚʠʥʮʘ, ʥʠʢʝʣʷ ï ʜʦ 30%. ɺʩʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʩʫʭʦʡ ʤʘʩʩʳ ʚʦʜʦʨʦʩʣʝʡ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʧʦʜʚʝʨʛʣʠ ʚʳʙʦʨʢʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʪʘʣʣʦʤʘʭ ʙʫʨʳʭ 

ʚʦʜʦʨʦʩʣʝʡ: C. crassipes ʠʟ 44 ʧʨʦʙ, F. evanescens ï 19, S. miyabei ï 97, S. pallidum ï 72 ʠ S. 

babingtonii ï 34 ʧʨʦʙ. ʈʷʜ ʦʧʨʝʜʝʣʝʥʠʡ Pb, Ni ʠ Cd ʙʳʣʠ ʚʳʙʨʘʢʦʚʘʥ  rʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʨʠʯʠʥʘʤ. ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʝʨʷʣʠ ʧʦ ʢʨʠʪʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʳʙʨʦʩʳ ï ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʝ ʚʦʰʝʜʰʠʝ ʚ 

ʜʠʘʧʘʟʦʥ ʥʦʨʤʘʣʴʥʦʛʦ ʠʣʠ ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʩʢʣʶʯʘʣʠ. ɼʣʷ ʦʩʪʘʚʰʝʡʩʷ 

ʚʳʙʦʨʢʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʄʝÑ2MAD. ɺʝʨʭʥʠʤ ʧʦʨʦʛʦʤ ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʯʠʪʘʣʠ 

ʄʝ+2MAD (ʪʘʙʣʠʮʘ). 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚʠʜʘ ʚ ʵʣʝʤʝʥʪʘʭ ʟʘʢʨʝʧʣʝʥʘ ʛʝʥʝʪʠʯʝʩʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʙʠʪʘʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, ʙʠʦʠʥʜʠʢʘʪʦʨʳ ʘʢʢʫʤʫʣʠʨʫʶʪ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʤʝʪʘʣʣʳ ʦʨʛʘʥʠʟʤʘʤʠ ï ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ (ʛʝʥʦʪʠʧ, ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʜʨ.) ʠ ʚʥʝʰʥʠʭ 

(ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ) ʬʘʢʪʦʨʦʚ. ɺ ʬʦʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʥʘʢʦʧʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ, ʛʝʥʦʪʠʧ, ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʷ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʠʤʧʘʢʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʦʜʦʨʦʩʣʠ ʩʧʦʩʦʙʥʳ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʶʱʝʝ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʫ  ʁ ʧʦʪʨʝʙʥʦʩʪ ɹ ʚ ʤʠʢʨʦʵʣʝʤʝʥʪʘʭ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ [6]. 

ʆʩʦʙʠ ʦʜʥʦʛʦ ʚʠʜʘ, ʚʟʷʪʳʝ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ, ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ ʠ ʩ 

ʥʘʣʠʯʠʝʤ ʚ ʝʝ ʩʦʩʪʘʚʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʢ ʛʠʧʦ-, ʪʘʢ ʠ ʛʠʧʝʨʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʬʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ. ʅʠʞʥʷ ̫ʛʨʘʥʠʮʘ ʵʪʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʤʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ, ʘ ʚʝʨʭʥʷ ̫ï ʧʦʨʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʠʟʤʝ, ʢ ʢʦʪʦʨʦʡ ʚʠʜ 
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ʘʜʘʧʪʠʨʦʚʘʣʩʷ ʚ ʜʘʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʡ ʫ ʯʘʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʚʝʜʝʥʠʷ [8].  

ʊʘʙʣʠʮʘ 

ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʷʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ 

ʤʦʨʷ, ʤʢʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ 

Metal Algae AvÑSt Min -Max MeÑ2MAD  Me15Ñ 

2MAD 15 

ʌʦʥʦʚʳʡ 

ʜʠʘʧʘʟʦʥ 

Fe 

1 65Ñ28 25-150 57Ñ24 37Ñ8 19-81 

2 77Ñ44 40-182 61Ñ39 40Ñ1 39-100 

3 501Ñ477 54-2722 353Ñ393 116Ñ36.6 79-746 

4 319Ñ703 40-4397 317Ñ355 92Ñ31 61-672 

5 58Ñ51 13-258 44Ñ10 20Ñ7 13-54 

Mn 

1 8.9Ñ2.7 5-17.5 8.7Ñ3.2 5.8Ñ0.9 4.9-11.9 

2 55.3Ñ35.5 8-129 58.5Ñ9.5 9.2Ñ1.1 8.1-68 

3 484Ñ770 9-5863 266Ñ448 16Ñ13 3-714 

4 157Ñ338 5.9-1435 168Ñ287 21.4Ñ9.4 12-455 

5 18.4Ñ30 1.5-175 12.9Ñ9.5 2.3Ñ0.6 1.7-32.4 

Zn 

1 30.1Ñ16.5 11.3-95.8 26.1Ñ16.6 15.9Ñ0.9 15-42.7 

2 51.4Ñ31.8 20-130 43Ñ37 20.2Ñ0.4 19.8-80 

3 17.8Ñ6.4 8.8-40.8 16.6Ñ7.3 10.7Ñ1.8 8.9-23.9 

4 16.3Ñ7.8 5.1-40.0 14.5Ñ9.3 7.1Ñ0.9 6.2-23.8 

5 33Ñ21 10-104 24Ñ15 15Ñ11 4-39 

Cu 

1 2.8Ñ1.3 1.1-6.2 2.4Ñ1.2 1.3Ñ0.4 0.9-3.6 

2 3.0Ñ1.9 1.0-8.9 2.5Ñ1.6 1.3Ñ0.4 0.9-4.1 

3 3.2Ñ1.8 1.1-10.2  2.9Ñ1.8 1.5Ñ0.2 1.3-4.7 

4 2.5Ñ1.9 0.9-8.9 2.3Ñ1.6 1.1Ñ0.2 0.9-3.9 

5 2.8Ñ2.0 0.5-9.2 2.2Ñ1.3 1.0Ñ0.2 0.8-3.5 

Pb 
3 2.8Ñ3.1 0.06-18.8 1.7Ñ2.1 0.3Ñ0.4 0-3.8 

4 2Ñ3.7 0.1-14.3 2.4Ñ3.1 0.3Ñ0.4 0-5.5 

Ni 

1 3.2Ñ1.5 1.5-7.6 2.8Ñ1.4 1.6Ñ0.3 1.3-4.2 

3 2.4Ñ1.0 0.2-5.2 2.3Ñ1.3 1.2Ñ0.4 0.8-3.6 

4 2.0Ñ1.1 0.5-4.5 2.0Ñ1.8 0.6Ñ0.2 0.4-3.8 

Cd 

1 2.4Ñ0.8 1.2-4.7 2.2Ñ1.0 1.5Ñ0.1 1.4-3.2 

2 2.5Ñ1.9 1.0-7.8 1.8Ñ1.3 1.1Ñ0.3 0.8-3.1 

3 1.6Ñ1.7 0.6-4.5 1.6Ñ1.3 0.8Ñ0.1 0.7Ñ2.9 

4 1.2Ñ0.8 0.5-4.0 1.1Ñ0.6 0.6Ñ0.1 0.5-1.7 

5 1.3Ñ1.2 0.1-7.0 1.1Ñ0.5 0.3Ñ0.1 0.2-1.6 
ʇʨʠʤʝʯʘʥʠʝ. Algae: 1 - C. crassipes, 2 - F. evanescens, 3 - S. miyabei, 4 - S. pallidum, 5 - S. 

babingtonnii. AvÑSt ï ʩʨʝʜʥʝʝÑʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; Min-Max ï ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʨʘʩʯʝʪʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʥʠʞʥʝʛʦ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʚʳʙʦʨʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Meï2MAD ʵʪʘ ʚʝʣʠʯʠʥʘ ʠʥʦʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʥʫʣʷ, ʯʪʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʜʘʞʝ ʜʣʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʵʣʝʤʝʥʪʦʚ (Fe ʠ Mn), 

ʠʤʝʶʱʠʭ ʰʠʨʦʢʠʡ ʧʨʠʨʦʜʥʳʡ ʨʘʟʤʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʠʘʧʘʟʦʥʦʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʚ ʪʢʘʥʷʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠ ʧʨʠʨʦʜʥʳʡ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʦʚ, ʠ ʦʪʨʘʞʘʶʱʠʤ 

ʤʠʥʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ Me15Ñ2MAD ï ʤʝʜʠʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʢʠ ʠʟ 15% ʥʘʠʤʝʥʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʚ ʦʙʲʝʢʪʝ, ʧʣʶʩ-ʤʠʥʫʩ ʜʚʦʡʥʘʷ ʤʝʜʠʘʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʵʪʦʡ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʤʝʜʠʘʥʳ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ Me15ï2MAD ʷʚʣʷʝʪʩʷ ʥʠʞʥʠʤ ʧʦʨʦʛʦʚʳʤ ʫʨʦʚʥʝʤ ʬʦʥʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ [9], ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʙʣʠʟʢʘ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʚ 

ʛʠʜʨʦʙʠʦʥʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʥʝ ʨʘʚʥʘ ʥʫʣʶ ʠ ʥʝ ʧʨʠʥʠʤʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ Pb, ʥʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ 

ʠ ʝʛʦ ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ.  

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʩʩʯʠʪʘʥʳ ʬʦʥʦʚʳʝ ʜʠʘʧʘʟʦʥʳ ʠ ʧʦʨʦʛʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe, Mn, Cu, 

Zn, Cd ʚ ʚʳʙʦʨʢʘʭ ʧʷʪʠ ʚʠʜʦʚ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ, Pb ʠ Ni ï ʜʣʷ ʜʚʫʭ ʠ ʪʨʝʭ ʚʠʜʦʚ 

ʚʦʜʦʨʦʩʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʟʘ ʧʝʨʠʦʜ 1987-2008 

ʛʛ. ʄʝʜʠʘʥʘ ʬʦʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʘʥʦʤʘʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ. Me15Ñ2MAD ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʧʘʟʦʥʘ ʧʨʠʨʦʜʥʳʭ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦʨʦʛʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ.  

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʩʦʛʣʘʰʝʥʠʝ ˉ 14-50-00034). 
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TRACE ELEMENTS IN BIOGEOCHEMICAL CHAIN ñSOIL-PLANT-

ANIMALò OF WEST SIBERIA 
ʌɻɹʆʋ ɺʇʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɸ. ʉʪʦʣʳʧʠʥʘè 

ʛ. ʆʤʩʢ, ʀʥʩʪʠʪʫʪʩʢʘʷ ʧʣʦʱʘʜʴ, 2, 8-(3812)-65-10-63, E-mail: sindireva72@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʷ ʨʷʜʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʥʘ ʧʨʠʤʝʨʝ Cd, Zn) ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʨʘʩʪʝʥʠʝ-ʞʠʚʦʪʥʦʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

Abstract. The paper deals with the underlying principles of rate fixing and forecasting of some microelements 

(Cd, Zn) behavior in the system ñsoil-plant-animalò under certain agro-ecological conditions. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʯʝʪʢʠʭ ʢʨʠʪʝʨʠʝʚ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʥʝʜʦʩʪʘʪʢʘ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʦʚ ï ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʟʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʙʣʝʤʝ ʥʦʨʤʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʨʘʩʪʝʥʠʝ-ʞʠʚʦʪʥʦʝ ʩ 

ʫʯʝʪʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʜʝʡʩʪʚʠʠ ʨʷʜʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Cd, Ni, Zn) ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʯʚ, ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʷʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʟʜʦʨʦʚʴʝ ʞʠʚʦʪʥʳʭ, 

ʧʦʪʨʝʙʣʷʶʱʠʭ ʢʦʨʤʘ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʦʯʚʫ 

ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʶʞʥʦʡ ʣʝʩʦʩʪʝʧʠ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʘʚʪʦʨʦʚ ʧʦ ʙʘʣʘʥʩʫ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʚʝʨʭʥʝʤ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [1,2,3]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʚ 

ʧʦʯʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ Cd, Ni, Zn ʚ 

ʧʦʯʚʫ (ʪʘʙʣʠʮʘ 4.1). 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

çbè ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ. ʊʘʢ, ʧʨʠ 

ʚʥʝʩʝʥʠʠ 1 ʢʛ/ʛʘ ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʵʪʠʭ ʤʝʪʘʣʣʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 0,011, 0,005 ʠ 0,011 ʤʛ/ ʢʛ ʩʣʦʷ ʧʦʯʚʳ 0-30ʩʤ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ çbè ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʝʜʠʥʠʮʳ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ 

ʧʦʯʚʫ ʪʷʞʝʣʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʭʠʤʠʟʤ ʧʦʯʚʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʚ 

ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʧʦʯʚʝ ʠ ʵʪʠʤ ʩʘʤʳʤ ïʧʦʩʪʫʧʣʝʥʠʝ ʚ ʨʘʩʪʝʥʠʝ, ʧʦʣʴʟʫʷʩʴ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ (1): 

  ʉ ʤʛ/ʢʛ = ʉʥ + ɼ 
.
 b ,     (1) 

ʛʜʝ  ʉ ʠ ʉʥ ïʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʜʦ ʚʥʝʩʝʥʠʷ ʵʣʝʤʝʥʪʘ (ʉʥ ) ʠ 

ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʘ (ʉ), ʤʛ/ʢʛ ʧʦʯʚʳ; 

 ɼ ï ʜʦʟʘ ʚʥʝʩʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʛ/ʛʘ; 

 b ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʢʘʜʤʠʷ (0,011); ʥʠʢʝʣʷ (0,005) ʠ ʮʠʥʢʘ 

(0,011) ʤʛ/ʢʛ ʧʦʯʚʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ 

ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʩʣʫʯʘʝ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

24 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʵʪʠʤ ʩʘʤʳʤ ʧʨʝʜʚʠʜʝʪʴ ʜʝʡʩʪʚʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ 

ʧʦʯʚʘ ï ʨʘʩʪʝʥʠʝ [4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, 

ʮʠʥʢʘ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ, ʤʦʨʢʦʚʠ ʠ ʢʦʨʤʦʚʦʡ ʢʫʣʴʪʫʨʳ ï ʨʘʧʩʘ 

ʷʨʦʚʦʛʦ.  

ʇʦ ʩʠʣʝ ʩʚʦʝʛʦ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʪʝʥʠʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʢʫʣʴʪʫʨʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʤʢʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʢʘʪʠʦʥʦʚ ʠ ʜʨʫʛʠʝ [3,4,5].  

ʇʨʦʚʝʜʝʥʥʳʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʥʦʨʤʘʪʠʚʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ çbè ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʫʶ ʧʦʯʚʫ 

ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʪʦʣʦʚʦʡ 

ʩʚʝʢʣʳ, ʤʦʨʢʦʚʠ, ʘ ʪʘʢʞʝ ʚ ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʨʘʧʩʘ ʷʨʦʚʦʛʦ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ çbè Cd, Ni, Zn ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʡ  

ɺ ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʂʫʣʴʪʫʨʘ ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

Cd Ni Zn 

ʂʦʨʥʝʧʣʦʜʳ 

ʉʪʦʣʦʚʘʷ ʩʚʝʢʣʘ 0,0067 0,12 0,13 

ʉʪʦʣʦʚʘʷ ʤʦʨʢʦʚʴ 0,0019 0,03 0,079 

ʅʘʜʟʝʤʥʘʷ ʤʘʩʩʘ 

ʈʘʧʩ ʷʨʦʚʦʡ 0,027 0,06 0,34 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çbè ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ, ʤʦʨʢʦʚʠ, ʨʘʧʩʘ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ 

ʧʦʩʪʫʧʣʝʥʠʠ Cd, Ni, Zn ʚ ʧʦʯʚʫ ʧʦ ʬʦʨʤʫʣʝ (2):  

   Jʤʢ/ʢʛ =ʉʬ+( D x b),    (2) 

ʛʜʝ  J - ʩʦʜʝʨʞʘʥʠʝ Cd, Ni, Zn ʚ ʨʘʩʪʝʥʠʠ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ; 

 ʉʬ - ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Cd, Ni, Zn ʚ ʨʘʩʪʝʥʠʠ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ; 

 D - ʜʦʟʘ ʧʦʩʪʫʧʠʚʰʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʫ, ʢʛ/ʛʘ; 

 b - ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʝʜʠʥʠʮʳ ʧʦʩʪʫʧʠʚʰʝʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʨʘʩʪʝʥʠʝ, ʤʛ/ʢʛ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʧʦʜ ʩʪʦʣʦʚʫʶ ʩʚʝʢʣʫ, ʤʦʨʢʦʚʴ, ʨʘʧʩ ʷʨʦʚʦʡ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ:  

- ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʚ ʧʦʯʚʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʚ ʦʨʛʘʥʘʭ ʟʘʧʘʩʘʥʠʷ ʘʩʩʠʤʠʣʷʥʪʦʚ, ʪʘʢ 

ʠ ʚ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ; 

- ʠʩʭʦʜʷ ʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, ʧʦʛʣʦʱʝʥʠʝ Cd, 

Ni, Zn ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ: ʨʘʧʩ ʷʨʦʚʦʡ > ʩʪʦʣʦʚʘʷ ʩʚʝʢʣʘ > ʤʦʨʢʦʚʴ; 

- ʚ ʥʘʯʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʳʰʝ, ʥʝʞʝʣʠ 

ʢ ʧʝʨʠʦʜʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʵʬʬʝʢʪʦʤ çʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʙʘʚʣʝʥʠʷè; 

- ʚ ʟʘʩʫʰʣʠʚʳʡ ʛʦʜ ʪʝʤʧʳ ʥʘʢʦʧʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ ʚʳʰʝ, ʚ 
ʫʤʝʨʝʥʥʦ ʚʣʘʞʥʳʡ - ʥʠʞʝ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʙʠʦʤʘʩʩʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʷʚʣʝʥʠʝʤ çʨʘʩʢʦʥʮʝʥʪʨʘʮʠʠè; 

- ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʨʘʩʪʝʥʠʷʭ ʠʟʫʯʘʝʤʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʤʦʞʥʦ 

ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʫʙʳʚʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: Zn >Ni>Cd, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʠʭ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʴʶ; ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʪʝʤʧʘʤ 

ʥʘʢʦʧʣʝʥʠʷ ʢʘʜʤʠʡ ʧʨʝʚʦʩʭʦʜʠʪ ʥʠʢʝʣʴ ʠ ʮʠʥʢ; 
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- ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦʜ ʨʘʧʩ ʷʨʦʚʦʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 
ʠʟʤʝʥʷʝʪ ʫʨʦʚʝʥʴ ʧʦʩʪʫʧʣʝʥʠʷ Cd, Ni, Zn ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʝʥʠʷʤʠ, 

ʚʳʨʘʱʝʥʥʳʤʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʘʢʨʦʫʜʦʙʨʝʥʠʡ [5].  

ʇʨʠ ʧʦʚʳʰʝʥʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʞʠʚʦʪʥʳʡ ʦʨʛʘʥʠʟʤ ʩ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʝʡ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʧʦʯʢʘʭ, ʢʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʦʨʛʘʥʳ 

ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʩʠʩʪʝʤʝ ʜʝʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝ Cd, Ni, Zn ʥʘ ʦʨʛʘʥʠʟʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ - ʙʝʣʳʭ ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦ ʤʝʪʘʙʦʣʠʟʤʫ ʥʘʠʙʦʣʝʝ ʩʭʦʜʥʳ ʩ ʯʝʣʦʚʝʢʦʤ.  

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʚ ʧʦʚʳʰʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʧʦʩʪʫʧʘʷ ʧʦ ʧʠʱʝʚʦʡ ʮʝʧʠ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʀʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʧʦʯʚʫ 

ʢʘʜʤʠʷ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʡ. ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʫʯʝʥʳʭ 

[1,2,6,7], ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

(ʥʠʞʝ ʇɼʂ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ, ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʦʚ ʩʠʥʝʨʛʠʟʤʘ ʠ ʘʥʪʘʛʦʥʠʟʤʘ ʤʝʞʜʫ 

ʢʩʝʥʦʙʠʦʪʠʢʘʤʠ ʚ ʧʦʯʚʘʭ, ʨʘʩʪʝʥʠʷʭ ʠ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʦʛʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ 

ʦʧʘʩʥʦʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ 

ʧʨʦʷʚʣʝʥʠʠ ʦʩʪʨʦʛʦ ʦʪʨʘʚʣʝʥʠʷ, ʩʢʦʣʴʢʦ ʚ ʧʦʩʪʦʷʥʥʦʡ ʠʭ ʢʫʤʫʣʷʮʠʠ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤ  r çʧʦʯʚʘ ï ʨʘʩʪʝʥʠʝ ï ʞʠʚʦʪʥʳʡ ʦʨʛʘʥʠʟʤè ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ Cd, Ni, Zn ʥʝ ʪʦʣʴʢʦ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ ʦʨʛʘʥʦʚ ʞʠʚʦʪʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʥʘʡʪʠ ʢʨʠʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦʯʚʝ ʠ ʚʳʨʘʱʝʥʥʦʡ ʥʘ ʥʝʡ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʢʘʟʳʚʘʶʱʠʝ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ.  

ɺ ʩʦʩʪʘʚ ʨʘʮʠʦʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʚʭʦʜʠʣʠ ʨʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʚ ʧʦʯʚʫ ʚ ʨʘʩʯʝʪʥʳʭ ʜʦʟʘʭ Cd, Ni, Zn: ʩʪʦʣʦʚʘʷ ʩʚʝʢʣʘ, ʤʦʨʢʦʚʴ, ʨʘʧʩ ʷʨʦʚʦʡ. 

ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ ʩʦʛʣʘʩʥʦ ʚʘʨʠʘʥʪʘʤ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ Cd, Ni, Zn ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʩʷʮʝʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʨʛʘʥʘʭ [1,2,7]. ʅʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʪʠ ʵʣʝʤʝʥʪʳ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʜʦʣʛʦ ʦʩʪʘʶʪʩʷ ʚ ʧʦʯʢʘʭ ʠ ʧʝʯʝʥʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʝʯʥʦʡ ʠ ʧʝʯʝʥʦʯʥʦʡ ʪʢʘʥʠ ʦʩʦʙʦʛʦ ʙʝʣʢʘ 

ʤʝʪʘʣʣʦʪʠʦʥʠʥʘ, ʙʦʛʘʪʦʛʦ ʪʠʦʣʦʚʳʤʠ ʛʨʫʧʧʘʤʠ. ʇʨʠ ʵʪʦʤ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ 

ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʦʟʳ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʫʯʠʪʴ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʵʪʠʭ ʦʨʛʘʥʦʚ ʫ ʞʠʚʦʪʥʳʭ, ʧʦʪʨʝʙʣʷʚʰʠʭ ʢʦʨʤʘ, ʚʳʨʘʱʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʯʝʪʥʳʭ ʜʦʟʘʭ 0,5-2 ʇɼʂ ʦʪ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ 

ʧʦʯʚʝ.  

ʈʝʘʢʮʠʷ ʜʘʥʥʳʭ ʦʨʛʘʥʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʪʠʧʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʦʪʚʝʪ ʥʘ 

ʩʪʨʝʩʩʦʨʥʳʡ ʬʘʢʪʦʨ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Cd, Ni, Zn. 

ʇʨʠʯʝʤ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ ʫ ʞʠʚʦʪʥʳʭ, ʧʦʪʨʝʙʣʷʶʱʠʭ 

ʢʦʨʤʘ, ʚʳʨʘʱʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʟʘʭ 0,5 ʇɼʂ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʦʨʛʘʥʦʚ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ.  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʨʤʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʟʝ 1 ʇɼʂ, 

ʚ ʧʝʯʝʥʠ ʦʪʤʝʯʘʣʠ ʧʨʠʟʥʘʢʠ ʙʝʣʢʦʚʦʡ ʜʠʩʪʨʦʬʠʷ ʛʝʧʘʪʦʮʠʪʦʚ, ʨʘʩʰʠʨʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ 

ʚʝʥʳ ʩ ʧʦʣʥʦʢʨʦʚʠʝʤ ʩʠʥʫʩʦʠʜʦʚ, ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʝʯʝʥʠ ʞʠʚʦʪʥʳʭ 

ʛʨʫʧʧ ç 2 ʇɼʂè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʳʩʘʤʠ ʛʨʫʧʧ ç1 ʇɼʂè ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʙʳʣʘ ʙʝʣʢʦʚʘʷ ʜʠʩʪʨʦʬʠʷ ʛʝʧʘʪʦʮʠʪʦʚ. ʇʦ ʭʦʜʫ ʩʠʥʫʩʦʠʜʦʚ ʚʩʪʨʝʯʘʣʠʩʴ 

ʛʨʫʧʧʳ ʢʫʧʬʝʨʦʚʳʭ ʢʣʝʪʦʢ.  
ʅʝʬʨʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʠʟʥʘʢʦʚ ʥʘʨʫʰʝʥʠʷ ʪʫʙʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʜʠʩʪʨʦʬʠʷ ʠ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʥʝʢʨʦʟ ʵʧʠʪʝʣʠʷ ʠʟʚʠʪʳʭ ʢʘʥʘʣʴʮʝʚ) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʘʜʤʠʷ, ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʥʝʬʨʠʪʘ 
ï ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʢʝʣʷ (ʥʘʣʠʯʠʝ ʣʠʤʬʦʮʠʪʘʨʥʦʛʦ ʠʥʬʠʣʴʪʨʘʪʘ) ʠ ʩʦʩʫʜʠʩʪʳʭ 
ʨʘʩʩʪʨʦʡʩʪʚ (ʚʳʨʘʞʝʥʥʫʶ ʛʠʧʝʨʝʤʠʶ ʩʦʩʫʜʠʩʪʳʭ ʢʣʫʙʦʯʢʦʚ ʠ ʩʦʩʫʜʦʚ ʢʦʨʢʦʚʦʛʦ ʠ 
ʤʦʟʛʦʚʦʛʦ ʚʝʱʝʩʪʚʘ), ʚ ʤʦʟʛʦʚʦʤ ʚʝʱʝʩʪʚʝ ï ʦʯʘʛʦʚʳʝ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ï ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ 
ʩʦʜʝʨʞʘʥʠʠ ʚ ʢʦʨʤʘʭ ʮʠʥʢʘ [7].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʦʪʚʝʪʘ ʦʨʛʘʥʠʟʤʘ ʥʘ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ 

ʠʟʙʳʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʤʝʪʘʣʣʦʚ, ʧʦʜʚʝʨʞʝʥ ʤʦʜʫʣʷʮʠʷʤ ʚ ʩʚʷʟʠ ʩ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʤʝʥʪʘ, ʜʦʟʘʤʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʩʘʤʦʛʦ ʦʨʛʘʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʥʝʝ ʨʘʩʢʨʳʪʴ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʨʘʩʪʝʥʠʝ-ʞʠʚʦʪʥʦʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ï ʟʘʜʘʯʘ ʩʣʦʞʥʘʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʳʧʦʣʥʠʤʘʷ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʘʭ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʷʚʣʝʥʥʳʝ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ 28 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʣʠʰʘʡʥʠʢʦʚ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʝʨʞʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʨʘʡʦʥʘʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʦʚ ʦʪʨʘʞʘʝʪ ʧʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ʠʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ ʜʣʷ ʉʠʙʠʨʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʦʚ ʊʦʤʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ 

ʚʳʷʚʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

Abstract. The paper gives the data on 28 chemical elements present in the ash of lichens from different 

ecological (non-polluted) regions. It is found that the lichen chemical composition reflects natural geochemical 

features of bed rocks and soils at the territory of their growing. Elemental composition of epiphytic lichens from 

Tomsky region was recommended to use as a regional background for Siberia. This area is characterized by 

negligible industrial influence and the absence of geochemical anomalies of bed rocks and underlying surface. 

ʉʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥʘ 

ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʠʣʠ ʩ ʬʦʥʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʪʦʛʦ ʞʝ ʚʠʜʘ ʨʘʩʪʝʥʠʡ [ɹʘʨʛʘʣʴʠ, 2005]. ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʝ ʥʘ ʩʪʚʦʣʘʭ ʠ ʚʝʪʚʷʭ ʜʝʨʝʚʴʝʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʠ ʨʷʜʫ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ [ɻʘʣʘʥʠʥ, 2003]. ɻʝʦʛʨʘʬʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʠʰʘʡʥʠʢʦʚ ʥʘ ɿʝʤʥʦʤ ʰʘʨʝ ʚʝʩʴʤʘ 

ʦʙʰʠʨʥʘ. ʀʟ ʚʩʝʭ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʣʠʰʘʡʥʠʢʠ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʩʢʦʣʴʢʫ 

ʣʠʰʘʡʥʠʢʠ-ʵʧʠʬʠʪʳ ʥʝ ʠʤʝʶʪ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʠʭ ʧʠʪʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʤ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚ ʦʙʦʙʱʸʥʥʦʤ ʚʠʜʝ ʦʪʨʘʞʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʩʪʘʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʣʠʭʝʥʦʤʦʥʠʪʦʨʠʥʛʘ (ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʰʘʡʥʠʢʦʚ) ʘʥʪʨʦʧʦʛʝʥʥʦ-ʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʬʦʥʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʣʠʰʘʡʥʠʢʘʭ. ɼʣʷ ʚʳʙʦʨʘ ʬʦʥʘ ʦʙʳʯʥʦ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʬʘʢʪʦʨʦʤ ʫʜʘʣʝʥʥʦʩʪʠ 

ʦʮʝʥʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʘʢʠʭ ʨʘʡʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʸʪʩʷ ʚʩʸ ʤʝʥʴʰʝ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʚʳʰʝʥʥʳʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʠʧʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʷʩʦʚ ʠ ʪʠʧʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʭ [ɹʘʨʛʘʣʴʠ, 2005].  

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʰʘʡʥʠʢʦʚ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʫʩʣʦʚʥʦ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʦʜʥʘʢʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ.  

ʆʪʙʦʨ ʧʨʦʙ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʯʝʪʳʨʸʭ ʨʘʡʦʥʘʭ ɿʘʧʘʜʥʦʡ ʠ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʦʜʥʦʤ ʨʘʡʦʥʝ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ: 

- ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʊʦʤʩʢʠʡ ʨʘʡʦʥ (ʶʛ, ʶʛʦ-ʚʦʩʪʦʢ ʨʘʡʦʥʘ, ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʡ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

28 

ʚʣʠʷʥʠʶ ʊʦʤʩʢ-ʉʝʚʝʨʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ), ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʜʪʘʡʛʠ (ʧʦʜʟʦʥʘ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ). ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʚ 2006ʛ. 

[ʐʘʪʠʣʦʚʘ, 2007] ʠ 2013ʛ. ʩ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ. 

- ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʦʪʨʦʛʠ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʶʞʥʦʪʘʝʞʥʳʝ ʪʝʤʥʦʭʚʦʡʥʳʝ ʣʝʩʘ. 

ʆʙʨʘʟʮʳ ʣʠʰʘʡʥʠʢʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʠʶʥʝ 2013ʛ. ʩ ʩʦʩʝʥ. 

- ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ, ʏʝʨʝʤʭʦʚʩʢʠʡ ʨʘʡʦʥ, ʦʢʨʝʩʪʥʦʩʪʠ ʩ. ɻʦʣʫʤʝʪʴ, ʇʨʠʩʘʷʥʩʢʘʷ 

ʧʨʦʚʠʥʮʠʷ ʪʘʝʞʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ 

ʟʘʥʷʪʘ ʣʠʩʪʚʝʥʥʠʯʥʦ-ʩʦʩʥʦʚʳʤʠ ʠ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ. ʇʨʦʙʳ ʣʠʰʘʡʥʠʢʦʚ ʦʪʙʠʨʘʣʠ 

ʚ ʩʝʥʪʷʙʨʝ 2012 ʛ. ʩ ʙʝʨʸʟ. 

- ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ, ʚʙʣʠʟʠ ʦʟ. ɹʘʡʢʘʣ, ʵʪʦ 

ʤʝʞʛʦʨʥʦ-ʢʦʪʣʦʚʠʥʥʳʝ ʪʘʝʞʥʳʝ ʣʘʥʜʰʘʬʪʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʜʨʝʚʦʩʪʦʝ 

ʣʠʩʪʚʝʥʥʠʮʳ. ʆʙʨʘʟʮʳ ʣʠʰʘʡʥʠʢʦʚ ʦʪʙʠʨʘʣʠʩʴ ʚ ʘʚʛʫʩʪʝ 2013 ʛ. ʩ ʩʦʩʝʥ. 

- ɸʚʩʪʨʠʷ, ɿʠʤʤʝʨʠʥʛ, ʚʦʩʪʦʯʥʳʝ ɸʣʴʧʳ, ʨʘʡʦʥ ʧʨʦʙʦʦʪʙʦʨʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ 

ʚʳʩʦʪʥʦʛʦ ʧʦʷʩʘ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ 

ʜʝʨʝʚʴʝʚ (ʜʫʙ ʠ ʜʨ.) ʩ ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʭʚʦʡʥʳʭ (ʝʣʴ). ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ 

ʚʝʩʥʦʡ 2012 ʛ. ʩ ʩʦʩʝʥ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 22 ʧʨʦʙʳ ʵʧʠʬʠʪʥʳʭ 

ʣʠʰʘʡʥʠʢʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʘʣʸʥʥʦʩʪʴʶ ʥʘ ʤʥʦʛʠʝ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ. ʃʠʰʘʡʥʠʢʠ ʦʪʙʠʨʘʣʠʩʴ ʧʦ ʩʣʫʯʘʡʥʦʡ ʩʝʪʢʝ ʥʘ ʚʳʩʦʪʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʦʩʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʩ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʟʢʦ ʜʝʨʝʚʴʝʚ ʠ 

ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʦʜʥʫ ʧʨʦʙʫ. ɺ ʈʦʩʩʠʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚʠʜʳ: Evernia mesomorpha (Flot.) Nyl., 

Hypogymnia physodes (L.) Nyl., Usnea subfloridana Stirt., Parmelia sulcata Tayl., Bryoria 

nadvornikiana (Gyeln.) Brodo ex D. Hawksw. ʠ ʜʨʫʛʠʝ. ɺ ɸʚʩʪʨʠʠ ï Melanohalea olivacea (L.) 

O. Blanco et al., Pseudevernia furfuracea (L.) Zopf, Hypogymnia tubulosa (Schaer.) Hav., Usnea 

filipendula Stirt. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʯʠʱʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʠʥʮʝʪʘ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʯʘʩʪʠʮ ʢʦʨʳ, ʭʚʦʠ ʠ ʧʨ.) ʠ ʚʳʩʫʰʝʥʳ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ 

ʘʥʘʣʠʟʦʚ ʛʦʪʦʚʠʣʠʩʴ ʧʨʦʙʳ ʚʠʜʘ Evernia (ʧʨʦʙʳ ʠʟ ʊʦʤʩʢʦʡ, ʂʝʤʝʨʦʚʩʢʦʡ, ʀʨʢʫʪʩʢʦʡ 

ʦʙʣʘʩʪʝʡ, ɸʚʩʪʨʠʠ) ʠ ʩʤʝʰʘʥʥʳʝ ʧʨʦʙʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʧʨʦʙʝ ʚʠʜʘ 

Evernia mesomorpha (ʜʣʷ ʧʨʦʙ ʠʟ ɹʫʨʷʪʠʠ). ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʘʣʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [Sloof, 

Wolterbeek, 1993; ʄʦʩʢʦʚʯʝʥʢʦ, ɺʘʣʝʝʚʘ, 2011 ʠ ʜʨ.]. 

ɻʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʟʦʣʷʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ. ɺ ʪʝʯʝʥʠʝ ʯʘʩʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʦʚʦʜʠʣʠ ʜʦ 100
0
ʉ, ʟʘʪʝʤ ʦʟʦʣʷʣʠ ʧʨʦʙʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550

0
ʉ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 27784-88. 

çʇʦʯʚʳ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʪʦʨʬʷʥʳʭ ʠ ʦʪʦʨʬʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚè, ʪ.ʢ. 

ʜʣʷ ʦʟʦʣʝʥʠʷ ʣʠʰʘʡʥʠʢʦʚ ʠʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʝ ʥʘʡʜʝʥʦ. ʆʟʦʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʙ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ 

ʫʣʫʯʰʘʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʙʣʘʛʦʜʘʨʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʙʘʭ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 28 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʚʢʣʶʯʘʷ 

ʨʝʜʢʠʝ ʟʝʤʣʠ) ʚ ʣʠʰʘʡʥʠʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʥʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʅɸɸ), 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ 

ʠ ʛʝʦʭʠʤʠʠ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʊʇʋ) (ʘʥʘʣʠʪʠʢ ʩ.ʥ.ʩ. ɸ.ʌ. ʉʫʜʳʢʦ) 

ʧʦ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ˉ ʄʂʍɸ ʅʉɸʄ ˉ 510-ʗʌ ʊʇʋ.  

ɸʥʘʣʠʟ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ (ʨʠʩ. 1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʭ ʫʨʦʚʥʷʭ 

ʥʘʢʦʧʣʝʥʠʷ, ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʦʧʨʝʜʝʣʝʥʠʡ ʪʘʢʠʭ 16 ʵʣʝʤʝʥʪʦʚ, 

ʢʘʢ La, Ce, Sm, Eu, Tb, Yb, Lu, Hf, Th, Sc, Fe, Co, Ca, Na, Rb, Cs, ʘ ʪʘʢʞʝ ʛʨʫʧʧʳ ʠʟ 12 

ʵʣʝʤʝʥʪʦʚ: Cr, Zn, As, Br, Sr, Ag, Sb, Ba, Nd, Ta, Au, U, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʦʮʝʥʢʝ ʠʭ ʩʨʝʜʥʠʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ. 

ʄʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʱʠʤ ʛʣʦʙʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʥʘʧʨʠʤʝʨ, 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

29 

ʦʙʱʠʡ ʧʳʣʝʚʦʡ ʧʝʨʝʥʦʩ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʠ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ 

ʫʨʦʚʥʷ (Th, Hf, Sc ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴ) ʠ ʜʨ. 

ʊʦʛʜʘ ʢʘʢ ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʨʘʞʘʝʪ ʢʘʢ ʧʨʠʨʦʜʥʳʝ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʮʝʥʠʚʘʝʤʳʭ 

ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʢʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʪʦʢʦʚ. ʂ ʧʦʩʣʝʜʥʝʤʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʘʢʦʧʣʝʥʠʝ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʠʰʘʡʥʠʢʘʭ ɸʚʩʪʨʠʡʩʢʠʭ ɸʣʴʧ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʭʨʦʤ, ʙʨʦʤ, ʥʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʨʴʤʳ ʠ ʟʦʣʦʪʘ. 

ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʠ ʙʨʦʤʘ, ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʨʘʡʦʥʦʚ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʥʘ ʩʝʚʝʨʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ [ɹʦʣʴʰʫʥʦʚʘ ʠ ʜʨ., 2014], ʚʦʟʤʦʞʥʦ ʦʪʨʘʞʘʶʪ 

ʚʣʠʷʥʠʝ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ, ʘ ʭʨʦʤ ï ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʧʨʝʜʧʨʠʷʪʠʡ ɸʚʩʪʨʠʠ, ɻʝʨʤʘʥʠʠ, ʐʚʝʡʮʘʨʠʠ. 

 
ʈʠʩ. 1 ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʣʠʰʘʡʥʠʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ, ʤʛ/ʢʛ ʚ ʟʦʣʝ 

ʐʢʘʣʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʚʣʠʷʥʠʷ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʣʠʪʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʰʘʡʥʠʢʘ, ʷʚʣʷʝʪʩʷ ʨʘʡʦʥ 

ʦʟʝʨʘ ɹʘʡʢʘʣ (ɹʘʨʛʫʟʠʥʦ-ʏʝʚʳʨʢʫʡʩʢʠʡ ʧʝʨʝʰʝʝʢ (ɹʏʇ)), ʠʤʝʶʱʠʡ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʫʶ 

ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ ʧʦ Th ʠ U ʠ ʧʨʦʷʚʣʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ [ʄʷʩʥʠʢʦʚ ʠ ʜʨ., 2008; ʈʠʭʚʘʥʦʚ ʠ ʜʨ., 2013]. 

ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʥʘ ʠ ʥʝʦʜʠʤʘ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʨʫʯʴʷ ɸʨʘʥʛʘʪʫʡ, ʚ ʪʦʨʬʷʥʥʠʢʘʭ. ʕʪʠ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʣʠʰʘʡʥʠʢʦʚ, ʚ ʟʦʣʝ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨ. ʠʟʫʯʘʝʤʳʤʠ ʨʘʡʦʥʘʤʠ) ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʜʦ 6,3 ʛ/ʪ ʚ ʟʦʣʝ. 

ʇʦʤʠʤʦ ʫʨʘʥʘ, ʥʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ Na, Rb, Sr, Ba, 

Hf , Ta, Th, ʛʨʫʧʧʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (La, Ce, Nd), ʦʪʨʘʞʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʛʨʘʥʠʪʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. ɺr ʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʠ ʧʝʨʝʥʦʩʦʤ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʯʝʢ ʧʦʯʚ, ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, 

ʢʘʧʝʣʴ ʚʦʜʳ, ʠʭ ʟʘʭʚʘʪ ʠ ʧʦʛʣʦʱʝʥʠʝ ʣʠʰʘʡʥʠʢʘʤʠ.  

ɺʳʙʨʘʥʥʳʡ ʥʘʤʠ ʬʦʥʦʚʳʡ ʫʯʘʩʪʦʢ ʊʦʤʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘʭʦʜʠʪʩʷ ʢ ʶʛʫ, ʶʛʦ-ʟʘʧʘʜʫ ʦʪ 

ʛ.ʛ. ʊʦʤʩʢʘ ʠ ʉʝʚʝʨʩʢʘ (ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʙʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʫʜʘʣʸʥʥʳʭ ʦʪ ʊʦʤʩʢʘ ʥʘ 10-50 ʢʤ), ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʦʪ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʦʟʳ ʚʝʪʨʦʚ. ʕʪʠ ʪʝʨʨʠʪʦʨʠʠ ʤʘʣʦ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʊʦʤʩʢ-ʉʝʚʝʨʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʟʦʥʳ (ʧʦʜʚʝʪʨʝʥʥʘʷ ʩʪʦʨʦʥʘ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʣʠʰʘʡʥʠʢʠ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ, 
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ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

30 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Yb, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʚʣʠʷʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ.  

ʈʘʡʦʥ ʦʪʨʦʛʦʚ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʤ ʬʦʥʦʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʜʘʣʸʥʥʦʩʪʴ ʦʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʫʟʙʘʩʩʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʨʦʜʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʵʪʦ ʠʟʚʝʩʪʥʳʡ 

ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʡ ʨʘʡʦʥ. ɺ ʨʘʡʦʥʝ ʧʨʦʙʦʦʪʙʦʨʘ ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʩʣʦʞʝʥʳ 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʪʨʘʞʘʶʪʩʷ ʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʣʠʰʘʡʥʠʢʦʚ ʨʝʛʠʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʦʨʠʷ ʠ ʫʨʘʥʘ, ʪʘʢʞʝ, ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʣʷ Ag, As, Br , Ca, Cs, ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɺ ʵʧʠʬʠʪʥʦʤ ʣʠʰʘʡʥʠʢʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

Ba, Sr, Nd, Zn, Co. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʜʘʣʴʥʠʤ ʧʝʨʝʥʦʩʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʳʭʦʜʦʤ 

ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. ɸʢʪʠʚʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʣʠʰʘʡʥʠʢʘʤʠ ʮʠʥʢʘ (4316 ʤʛ/ʢʛ ʚ ʟʦʣʝ) 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʘʣʣ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʧʦʯʚ ʨʘʡʦʥʘ 

ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [ɽʚʣʘʤʧʠʝʚʘ, 2008]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʦʚ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʯʝʚʠʜʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚʳʙʦʨ ʬʦʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʉʠʙʠʨʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚ ʧʦʣʴʟʫ ʊʦʤʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʥʠʚʝʣʠʨʫʷ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʘʢʪʠʥʦʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʣʠʷʥʠʷ ʊʦʤʩʢ-ʉʝʚʝʨʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ. ʂ ʪʦʤʫ ʞʝ, ʧʨʠ ʚʳʷʚʣʝʥʠʠ 

ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʣʠʰʘʡʥʠʢʘʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʛʨʷʟʥʸʥʥʳʝ ʤʝʩʪʘ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʨʝʜʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʘʢʦʚʳʤ ʠʟʫʯʘʝʤʦʛʦ ʨʘʡʦʥʘ [ɹʘʨʛʘʣʴʠ, 2005]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʰʘʡʥʠʢʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʟʦʥʘʭ 

ʚʣʠʷʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢʘʞʜʦʛʦ ʠʟ ʠʟʫʯʝʥʥʳʭ ʨʝʛʠʦʥʦʚ, ʥʝʩʦʤʥʝʥʥʦ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʩʪʥʦʛʦ ʬʦʥʘ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʳʙʦʨʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ ʜʣʷ ʉʠʙʠʨʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ ʚʩʝʛʦ 

ʧʦʜʭʦʜʠʪ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʦʚ ʊʦʤʩʢʦʛʦ ʨʘʡʦʥʘ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʢʘʢʠʭ-ʣʠʙʦ ʚʳʷʚʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  
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ɸʥʥʦʪʘʮʠʷ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʦʧʨʝʜʝʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ 28 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ, ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛʦʨʦʜʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʶʛʘ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ. ɺʳʷʚʣʝʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʪʦʧʦʣʷ ʯʝʨʥʦʛʦ ʠ 

ʙʘʣʴʟʘʤʠʯʝʩʢʦʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʙʨʦʤʘ, ʟʦʣʦʪʘ, ʮʠʥʢʘ, ʩʝʨʝʙʨʘ, ʩʪʨʦʥʮʠʷ, ʨʫʙʠʜʠʷ ʠ ʩʫʨʴʤʳ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʣʦʢʘʣʴʥʦʛʦ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

Abstract. The instrumental neutron activation analysis was used to determine the content of 28 chemical 

elements (including rare earths and radioactive ones) in poplar leaves in the cities of Kazakhstan, southern Siberia and 

the Russian Far East. Geochemical association of chemical elements was established for cities with different 

industrial specialization. This data can be used for the quality assessment and biogeochemical monitoring of the 

environment in urban and industrial areas. 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʨʙʘʩʠʩʪʝʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʅ.ʌ. ʈʝʡʤʝʨʩʘ (1990) ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦ-
ʩʪʨʦʠʪʝʣʴʥʳʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʥʘʨʫʰʝʥʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ 
ʵʢʦʩʠʩʪʝʤ. ʀʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʫʨʙʘʥʠʟʘʮʠʠ ʦʙʫʩʣʦʚʠʣ ʨʷʜ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 
ʩʚʷʟʘʥʥʳʭ ʩ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʩʦʩʪʦʷʥʠʠ ʦʩʥʦʚʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ çʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ 
ï ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘè.  

ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʧʨʠʨʦʜʥʳʝ 
ʩʨʝʜʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ ʙʠʦʬʠʣʴʥʳʭ 
ʵʣʝʤʝʥʪʦʚ. ʈʘʩʪʝʥʠʷ ʦʪʨʘʞʘʶʪ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʤʦʛʫʪ 
ʚʳʩʪʫʧʘʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʝʸ ʩʦʩʪʦʷʥʠ.̫ ʅʘ ʵʪʦʤ ʩʚʦʡʩʪʚʝ ʨʘʩʪʝʥʠʡ ʝʱʝ ʚ XIX ʚ. ʙʳʣ 
ʦʩʥʦʚʘʥ ʤʝʪʦʜ ʙʠʦʠʥʜʠʢʘʮʠʠ.  

ʉ 70-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʩʪʴʷ, 
ʢʦʨʘ ʠ ʢʦʣʴʮʘ ʜʝʨʝʚʴʝʚ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 
ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʦʢʨʫʛ ʧʨʝʜʧʨʠʷʪʠʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
(ɹʘʡʛʘʣʠʝʚ ʠ ʜʨ., 2011), ʧʦʩʣʝʜʩʪʚʠʡ ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ (ʈʠʭʚʘʥʦʚ ʠ ʜʨ., 2002) ʠ 
ʪ.ʜ. 

ɽʚʨʦʘʟʠʘʪʩʢʠʝ ʚʠʜʳ ʨʦʜʘ ʪʦʧʦʣʴ ï ʪʦʧʦʣʴ ʯʝʨʥʳʡ (Populus nigra L.) ʠ ʪʦʧʦʣʴ 
ʜʫʰʠʩʪʳʡ (Populus suaveolens Fisch.), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʛʦʨʦʜʦʚ ʠ 
ʩʦʟʜʘʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʧʦʣʦʩ ʚ ʫʤʝʨʝʥʥʦʤ ʧʦʷʩʝ, ʟʘʥʠʤʘʷ ʜʦ 25% ʠ ʙʦʣʝʝ ʦʙʱʝʡ 
ʯʠʩʣʝʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʥʘʩʝʣʝʥʥʳʭ ʤʝʩʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʚʠʜʦʚ 
ʪʦʧʦʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʦʙʰʠʨʥʳʡ ʘʨʝʘʣ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʙʳʩʪʨʳʡ ʨʦʩʪ, ʤʦʱʥʘʷ ʢʨʦʥʘ, ʚʳʩʦʢʘ ̫
ʧʳʣʝ-, ʜʳʤʦ- ʠ ʛʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ (ɹʘʢʫʣʠʥ, 2005).  



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʠ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʪʦʧʦʣʝʡ ʧʦʛʣʦʱʘʝʪ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʘʩʪʠʯʥʦ ʦʯʠʱʘʷ ʝʛʦ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʨʙʘʩʠʩʪʝʤ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʙʦʨ ʧʨʦʙ ʣʠʩʪʚʳ ʧʦ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ ʩ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 

ʈʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʷʜ ʨʘʙʦʪ ʧʦ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʩʪʚʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʦʣ ̫ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʘʭ ( ɽʩʝʥʞʦʣʦʚʘ ʠ ʜʨ., 2013; 

ʐʘʡʤʘʨʜʘʥʦʚʘ ʠ ʜʨ., 2010; ʗʣʘʣʪʜʠʥʦʚʘ ʠ ʜʨ., 2014). ɺ ɻ ʪʠʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʚ ʦʪʥʦʰʝʥʠʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʦʛʝʥʝʟʦʤ, ʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʠʭ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ, ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʪʦʧʦʣʝʡ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʥʫʶ ʠ ʪʝʭʥʦʛʝʥʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʨʘʟʥʦʧʣʘʥʦʚʳʭ 

ʫʨʙʘʩʠʩʪʝʤ ʩ ʨʘʟʚʠʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 2009-2013 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ ʂʘʟʘʭʩʪʘʥʘ (ʊʘʨʘʟ, 

ʇʘʚʣʦʜʘʨ, ʕʢʠʙʘʩʪʫʟ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ɸʢʪʶʙʠʥʩʢ), ʶʛʘ ʉʠʙʠʨʠ (ʊʦʤʩʢ, ʉʝʚʝʨʩʢ, ʂʳʟʳʣ, 

ʂʨʘʩʥʦʢʘʤʝʥʩʢ) ʠ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ (ɹʣʘʛʦʚʝʱʝʥʩʢ).  

ʆʪʙʦʨ ʧʨʦʙ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʚ ʛʦʨʦʜʘʭ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʝʨʠʦʜ ʧʝʨʝʜ ʣʠʩʪʦʧʘʜʦʤ, ʚ ʢʦʥʮʝ 

ʘʚʛʫʩʪʘ ï ʥʘʯʘʣʝ ʩʝʥʪʷʙʨ ̫ʧʦ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ 1Ĭ1 ʢʤ, ʣʠʙʦ 2Ĭ2 ʢʤ. ɺʩʝʛʦ ʦʪʦʙʨʘʥʦ 406 

ʧʨʦʙ. ʃʠʩʪʴʷ ʦʪʙʠʨʘʣʠʩʴ ʤʝʪʦʜʦʤ ʩʨʝʜʥʝʡ ʧʨʦʙʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʨʦʥʳ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʘ 

ʚʳʩʦʪʝ 1,5-2 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩ ʧʨʠʤʝʨʥʦ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʜʝʨʝʚʴʝʚ. ɼʣʷ ʫʧʘʢʦʚʢʠ 

ʧʨʦʙ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʘʬʪ ʧʘʢʝʪʳ. ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʜʣʷ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʣʘ 

ʠʭ ʧʨʦʩʫʰʠʚʘʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʟʤʝʣʴʯʝʥʠʝ, ʚʟʚʝʰʠʚʘʥʠʝ ʠ ʦʟʦʣʝʥʠʝ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʦʟʦʣʝʥʠʷ ʩʧʦʩʦʙʦʤ ʩʫʭʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 26929-94. ʊʠʛʝʣʴ ʩ ʩʫʭʦʡ ʧʨʦʙʦʡ ʧʦʤʝʱʘʣʠ ʚ ʵʣʝʢʪʨʦʧʝʯʴ, 

ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʫʶ ʨʘʥʝʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 250 Áʉ ʠ ʧʨʦʚʦʜʠʣʠ ʝʝ ʦʙʫʛʣʠʚʘʥʠʝ ʜʦ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʜʳʤʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʫʛʣʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʩʪʝʧʝʥʥʦ (ʥʘ 

50 Áʉ ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʤʠʥ) ʧʦʚʳʰʘʣʠ ʜʦ 450 Áʉ. ɺʨʝʤʷ ʦʟʦʣʝʥʠʷ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʧʨʦʙ 

ʩʦʩʪʘʚʣʷʣʦ 5 ʯʘʩʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʟʦʣʳ ʙʨʘʣʠ ʥʘʚʝʩʢʫ 100 ʤʛ ʠ ʧʘʢʝʪʠʨʦʚʘʣʠ ʚ 

ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʤʘʨʢʠ ɸ-995. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʟʦʣʳ ʣʠʩʪʴʝʚ 

ʪʦʧʦʣʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʥʘ 

28 ʵʣʝʤʝʥʪʦʚ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʘʪʪʝʩʪʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʨʦʙ ʟʦʣʳ ʣʠʩʪʚʳ ʧʦ ʚʩʝʤ ʛʦʨʦʜʘʤ ʩʚʝʜʝʥʳ ʚ ʝʜʠʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʟʦʣʳ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʘʭ, ʠʩʧʦʣʴʟʦʚʘʥ ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʂʩ) ï ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʚ ʚʳʙʦʨʢʝ ʧʨʦʙ ʛʦʨʦʜʘ ʢ ʩʨʝʜʥʝʤʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ɻʣʝʤʝʥʪʘ ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʚ ʩʦʚʦʢʫʧʥʦʡ ʚʳʙʦʨʢʝ ʧʨʦʙ 

ʚʩʝʭ ʛʦʨʦʜʦʚ. ʇʦ ʂʩ ʚ ʧʦʨʷʜʢʝ ʠʭ ʫʙʳʚʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ. ɿʥʘʯʠʤʳʡ 

ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʷʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʤ ʬʘʢʪʦʨʦʤ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʩʦʩʪʘʚʣʷʝʪ 3 ʠ ʙʦʣʝʝ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʩʪʴʝʚ ʪʦʧʦʣʝʡ ʨʘʟʣʠʯʥʳʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ. 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

34 

ʊʘʢ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ (ʠʟ 28 ʠʟʫʯʝʥʥʳʭ), ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʨʝʜʥʠʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʪʨʦʝʥ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ: ʂʳʟʳʣ (1) = 

ɸʢʪʶʙʠʥʩʢ (1) < ʇʘʚʣʦʜʘʨ (3) = ʕʢʠʙʘʩʪʫʟ (3) = ʊʘʨʘʟ (3) = ʂʨʘʩʥʦʢʘʤʝʥʩʢ (3) < ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢ (4) < ʊʦʤʩʢ-ʉʝʚʝʨʩʢʘʷ ʘʛʣʦʤʝʨʘʮʠʷ (5) < ɹʣʘʛʦʚʝʱʝʥʩʢ (9). ʆʩʦʙʝʥʥʦ ʷʨʢʦ 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʛʦʨʦʜʦʚ ʚʠʜʥʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʷʜʦʚ 

ʣɻʝʤʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ (ʪʘʙʣ.).  

ʊʘʙʣʠʮʘ 

ʕʣʝʤʝʥʪʳ-ʠʥʜʠʢʘʪʦʨʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ 

ˉ 

ʧ.ʧ 
ɻʦʨʦʜ 

ʂʦʣ-ʚʦ 

ʧʨʦʙ 

ɻʣʘʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ 

ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ* 
ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ** 

1 ʊʘʨʘʟ 44 
ʉʫʧʝʨʬʦʩʬʘʪʥʳʡ ʟʘʚʦʜ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʬʦʩʬʦʨʠʪʦʚ  
Au4,0 > U3,8 >Th3,1 

2 ʇʘʚʣʦʜʘʨ 88 

ɸʣʶʤʠʥʠʝʚʳʡ, ʵʣʝʢʪʨʦʣʠʟʥʳʡ, 

ʬʝʨʨʦʩʧʣʘʚʥʳʡ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ, 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜʳ 

Cr9,2>Au5,0>Sc4,0 

3 ʕʢʠʙʘʩʪʫʟ 42 ʆʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ ʫʛʣʷ U4,0>Br3,9>Co3,0 

4 ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ 101 

ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʡ, ʪʠʪʘʥʦ-ʤʘʛʥʝʪʠʪʦʚʳʡ 

ʢʦʤʙʠʥʘʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʨʠʣʣʠʝʚʦʡ ʠ 

ʪʘʥʪʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 

 

Sb4,9>Ta4,0>Ag3,7>Na3,4 

 

5 ɸʢʪʶʙʠʥʩʢ 45 
ɿʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʚʦʜ 

ʬʝʨʨʦʩʧʣʘʚʦʚ 
Cr15,2 

6 
ʊʦʤʩʢ - ʉʝʚʝʨʩʢʘʷ 

ʘʛʣʦʤʝʨʘʮʠʷ 
31 

ʇʨʝʜʧʨʠʷʪʠʷ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

Nd4,2> Sm3,8> Eu3,8> 

La3,4> Lu3,0 

7 ʂʳʟʳʣ 10 
ʂʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ 
Nd3,4 

8 ʂʨʘʩʥʦʢʘʤʝʥʩʢ 5 

ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: 

ʜʦʙʳʯʘ ʠ ʧʝʨʚʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʫʨʘʥʦʚʳʭ 

ʨʫʜ  

U6,5>ʉs4,9>Th3,1 

9 ɹʣʘʛʦʚʝʱʝʥʩʢ 40 

ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ 

ʟʘʚʦʜʳ, ʢʘʤʝʥʥʳʡ ʠ ʧʝʩʯʘʥʳʡ ʢʘʨʴʝʨʳ 

Nd3,9>Ce3,8>La3,7>Tb3,7> 

Sm3,6 >Lu3,3 >Eu3,3 

>Th3,3>Ta3,2 

ʇʨʠʤʝʯʘʥʠʝ: *ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʛʦʨʦʜʘʭ ʠʤʝʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʊʕʎ ʠ ɻʈʕʉ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʫʛʣʝ. 

** ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʂʩ > 3). 

ʊʘʢ, ʚ ʜʚʫʭ ʠʟ 10 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʭʨʦʤʘ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ɸʢʪʶʙʠʥʩʢ ʠ ʇʘʚʣʦʜʘʨ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʛ. ɸʢʪʶʙʠʥʩʢʝ ʨʘʙʦʪʘʝʪ ʤʦʱʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʭʨʦʤʠʪʦʚʳʭ ʨʫʜ 

ʂʠʤʧʝʨʩʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʛ. ʇʘʚʣʦʜʘʨʝ ʪʘʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʪ, ʥʦ ʦʥ ʥʘʭʦʜʠʪʩʷ 

ʚ 20 ʢʤ ʧʦ ʨʦʟʝ ʚʝʪʨʦʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʚʝʜʫʱʝʛʦ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʂʘʟʘʭʩʪʘʥʘ, ʦʩʥʦʚʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ 

ʭʨʦʤʠʩʪʳʝ, ʢʨʝʤʥʠʩʪʳʝ ʠ ʤʘʨʛʘʥʮʝʚʳʝ ʩʧʣʘʚʳ. ɿʘʚʦʜ ʚʳʧʫʩʢʘʝʪ ʤʠʣʣʠʦʥ ʪʦʥʥ 

ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʛʦʜ.  

ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʣʠʩʪʴʝʚ ʪʦʧʦʣʝʡ ʠʟ ʛ. ʕʢʠʙʘʩʪʫʟʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʥʠʭ ʫʨʘʥʘ. ʉʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ, 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʫʛʣʷʭ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ: ʫʨʘʥʘ 

ï 0,9 ʛ/ʪ, ʘ ʚ ʟʦʣʝ ʫʛʣʷ ï 2,5 ʛ/ʪ (Arbuzov et al., 2011). ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʨʝʜʥʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ ï 1,15 ʛ/ʪ ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʛ. ʕʢʠʙʘʩʪʫʟʘ. ʕʢʠʙʘʩʪʫʟʩʢʠʡ ʫʛʣʴ 

ʩʞʠʛʘʝʪʩʷ ʥʘ ɻʈʕʉ-1 ʠ ɻʈʕʉ-2, ʧʝʨʚʘʷ ʧʦʪʨʝʙʣʷʝʪ ʩʚʳʰʝ 9 ʤʣʥ. ʪʦʥʥ, ʚʪʦʨʘʷ ï ʦʢʦʣʦ 4 

ʤʣʥ. ʪʦʥʥ ʫʛʣʷ ʚ ʛʦʜ. 

ʋʨʘʥ-ʪʦʨʠʝʚʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʛ. ʊʘʨʘʟ ʠ ʛ. 

ʂʨʘʩʥʦʢʘʤʝʥʩʢʝ ʠ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʧʝʮʠʬʠʢʦʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢ, ʚ ʊʘʨʘʟʝ ʚʝʜʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʬʦʩʬʦʨʠʪʦʚʳʭ ʨʫʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (nÅ10 ʛ/ʪ) ʫʨʘʥʘ (ɸʨʙʫʟʦʚ ʠ ʜʨ., 2009), ʘ 
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ʚ ʛʦʨʦʜʝ ʂʨʘʩʥʦʢʘʤʝʥʩʢʝ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʫʨʘʥʦʚʳʭ ʨʫʜ ʉʪʨʝʣʴʮʦʚʩʢʦʡ 

ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ɺ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʟʦʣʳ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʛ. ʂʨʘʩʥʦʢʘʤʝʥʩʢʘ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʷʜʘ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʟʘʣʝʛʘʶʪ ʫʨʘʥʦʚʳʝ ʨʫʜʳ. ʆʩʦʙʝʥʥʦ 

ʵʪʦ ʢʘʩʘʝʪʩʷ ʮʝʟʠʷ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʚ ʩʚʦʝ ʚʨʝʤʷ ʙʳʣʠ ʦʧʠʩʘʥʳ ɻ.ɸ. ʐʘʪʢʦʚʳʤ ʠ ʜʨ. 

(1973) ʙʦʛʘʪʳʝ Cs-ʩʦʜʝʨʞʘʱʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʩʪʝʢʣʘ ï ʧʝʨʣʠʪʳ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʘʷ ʞʝ 

ʧʨʠʨʦʜʘ ʠʟʙʳʪʦʯʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʪʦʧʦʣʷ ʛ. 

ɹʣʘʛʦʚʝʱʝʥʩʢʘ.  

ʆʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʙʫʝʪ ʚʦʧʨʦʩ ʦ ʥʘʭʦʞʜʝʥʠʠ ʟʦʣʦʪʘ ʠ ʥʝʦʜʠʤʘ ʚ ʟʦʣʝ 

ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟʫʯʝʥʥʳʭ ʛʦʨʦʜʦʚ. ɿʦʣʦʪʦ ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʳʡ ʵʣʝʤʝʥʪ ʦʪʤʝʯʝʥ 

ʚ ʛ. ʊʘʨʘʟʝ ʠ ʚ ʛ. ʇʘʚʣʦʜʘʨʝ. ʅʝʦʜʠʤ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʩʪʨʝʯʝʥ ʚ ʂʳʟʳʣʝ, 

ʊʦʤʩʢ-ʉʝʚʝʨʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʠ ɹʣʘʛʦʚʝʱʝʥʩʢʝ, ʛʜʝ ʦʥ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ, ʟʘʥʠʤʘʶʱʠʤ 

ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʨʷʜʫ (ʧʦ ʂʩ). ɺʦʟʤʦʞʥʦ, ʥʝʦʜʠʤ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʚʝʪʨʦʚʳʤ ʧʝʨʝʥʦʩʦʤ ʤʘʪʝʨʠʘʣʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʨʘʟʚʠʪʳʭ ʚʦʢʨʫʛ ʜʘʥʥʳʭ ʛʦʨʦʜʦʚ ʠʣʠ ʢʘʢʠʤʠ-ʣʠʙʦ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʜʠʢʘʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ 

ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʫʨʙʘʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʨʝʛʠʦʥʘʣʴʥʫʶ ʣʠʪʦʭʠʤʠʯʝʩʢʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʪʝʨʨʠʪʦʨʠʡ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʨʙʫʟʦʚ ʉ.ʀ. ɻʝʦʭʠʤʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ ʉ.ʀ. ɸʨʙʫʟʦʚ, 

ʃ.ʇ. ʈʠʭʚʘʥʦʚ; ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʇʋ, 2009.  

2. ɹʘʡʛʘʣʠʝʚ ɹ.ɽ., ʐʘʡʭʫʪʜʠʥʦʚʘ ɸ.ɸ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ // ʕʢʦʣʦʛʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʠ, 2011. ˉ 2. ʉ. 

55-59. 

3. ɹʘʢʫʣʠʥ ɺ.ʊ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʣʷ ʚ ʦʟʝʣʝʥʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚ ʉʠʙʠʨʠ: 

ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ // ʉʠʙʠʨʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, 2005. ˉ 4. ʉ. 563 ï 

571. 

4. ɽʩʝʥʞʦʣʦʚʘ ɸ.ɾ., ʇʘʥʠʥ ʄ.ʉ. ɹʠʦʠʥʜʠʢʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʩʪʴʝʚ ʜʨʝʚʝʩʥʳʭ 

ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ 

ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ // ʕʢʦʣʦʛʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʠ, 

2013. ˉ7. ʉ. 49-53. 

5. ʈʠʭʚʘʥʦʚ ʃ.ʇ., ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʊ.ɸ., ʅʝʩʚʝʪʘʡʣʦ ɺ.ɼ. ʀʟʫʯʝʥʠʝ ʫʨʦʚʥʷ ʠ ʜʠʥʘʤʠʢʠ 

ʥʘʢʦʧʣʝʥʠʷ ʜʝʣʷʱʠʭʩʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʛʦʜʦʚʳʭ ʢʦʣʴʮʘʭ ʜʝʨʝʚʴʝʚ // ɻʝʦʭʠʤʠʷ, 2002. 

ˉ 11. ʉ. 1238-1245.  

6. ʐʘʡʤʘʨʜʘʥʦʚʘ ɹ.ʍ., ɸʩʳʣʙʝʢʦʚʘ ɻ.ɽ., ɹʘʨʘʥʦʚʩʢʘʷ ʅ.ɺ., ɹʠʛʘʣʠʝʚ ɸ.ɹ., ʂʦʨʦʛʦʜ ʅ.ʇ. 

ɹʠʦʠʥʜʠʢʘʮʠʷ ʫʨʙʦʵʢʦʩʠʩʪʝʤʳ ʛ. ʇʘʚʣʦʜʘʨʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʟʦʣʝ ʣʠʩʪʚʳ ʪʦʧʦʣʷ ʯʝʨʥʦʛʦ Populus nigra L. // ɺʝʩʪʥʠʢ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, 2010. ˉ 338. ʉ. 212-216.  

7. ʗʣʘʣʪʜʠʥʦʚʘ ɸ.ʈ., ɹʘʨʘʥʦʚʩʢʘʷ ʅ.ɺ., ʈʠʭʚʘʥʦʚ ʃ.ʇ. ɺʣʠʷʥʠʝ ʚʳʙʨʦʩʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ // ɺʝʩʪʥʠʢ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, 2014. ˉ 2 (85). ʉ. 108-113. 

8. Arbuzov, S.I., Volostnov, A.V., Rikhvanov, L.P., Mezhibor, A.M., Ilenok, S.S. 

Geochemistry of radioactive elements (U, Th) in coal and peat of northern Asia (Siberia, 

Russian Far East, Kazakhstan, and Mongolia) // International Journal of Coal Geology, 2011. 

Vol. 86 (4), pʨ. 318ï328. 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

36 

ʋɼʂ: 550.4:628.4 

ʉ.ɺ. ɸʟʘʨʦʚʘ 

ʆʇʓʊ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼʆɺ ɹʀʆʊɽʉʊʀʈʆɺɸʅʀʗ ɼʃʗ 

ʆʎɽʅʂʀ ʊʆʂʉʀʏʅʆʉʊʀ ʆʊʍʆɼʆɺ ɻʆʈʅʆɼʆɹʓɺɸʖʑʀʍ 

ʇʈɽɼʇʈʀʗʊʀʁ (ʅɸ ʇʈʀʄɽʈɽ ʆɸʆ "ʉɸʗʅʄʈɸʄʆʈ") 

S.V. Azarova 

EXPERIENCE IN APPLICATION OF BIOTESTING METHODS FOR 

ASSESSMENT OF MINING WASTES TOXICITY (ON THE EXAMPLE 

OF JSC çSAYANMRAMORè) 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ɽ-mail: svetazara@tpu.ru  

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʆɸʆ çʉʘʷʥʤʨʘʤʦʨè. ʆʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ: Daphnia magna Straus, Paramecium caudatum, 

Drosophila melanogaster ʠ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʦʙ ʦʪʭʦʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ, ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʦʚ 

ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʪʦʣʴʢʦ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʦ ʠ ʤʝʪʦʜʦʚ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ. 

Abstract. The paper presents the outcomes of application of mining wastes biotesting by the example of JSC 

çSayanmramorè. The results of the detailed research with use of different test-objects (Daphnia magna Straus, 

Paramecium caudatum, Drosophila melanogaster and cell culture of human blood) are given. The comparison of 

biotesting findings and geochemical structure of waste samples is made. To obtain the comprehensive information on 

the assessment of waste hazard, biotesting methods should be also used along with the calculation methods and the 

geochemical analysis. 

ɺ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʘʞʥʫʶ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʦʣʴ ʟʘʥʠʤʘʝʪ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʄʝʪʦʜʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʴʥʦ ʦʮʝʥʠʪʴ ʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʢʦʤʧʣʝʢʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠ ̫

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ ʆɸʆ çʉʘʷʥʤʨʘʤʦʨè ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʇʨʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʦʜʘʤʠ ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʤʘʪʝʨʠʘʣʦʤ 

ʰʣʘʤʦʦʪʩʪʦʡʥʠʢʘ ʠ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʆɸʆ çʉʘʷʥʤʨʘʤʦʨè. ɺ ʧʨʦʙʘʭ 

ʦʪʭʦʜʦʚ ʧʨʦʚʝʜʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʤ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (B, Ni, Mn, Cu, Zn, Ba, Sr, Nb, Cr, ʠ 

V); ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʩ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ (Pb, Cd, As, Co ʠ Se); 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ çʭʦʣʦʜʥʦʛʦ ʧʘʨʘè (Hg) ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ (F). ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɸʆ çʄʝʭʘʥʦʙʦʨ-ɸʥʘʣʠʪè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ ɻʦʩʩʪʘʥʜʘʨʪʘ ʈʌ (ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʚ ɻʦʩʨʝʝʩʪʨʝ ˉ 

RSSG.RU.001.6.1.0011) ʠ ʎʉʀ ʄʠʥʧʨʠʨʦʜʳ ʈʌ (ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ˉ ʎʉ-104 ʦʪ 

03.06.1993). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʚ ʙʫʬʝʨʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʩʧʝʢʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ, ʛ. ɸʙʘʢʘʥ. ɸʪʪʝʩʪʘʪ ʘʢʢʨʝʜʠʪʘʮʠʠ ˉ 

POCC.RU.0002.520665. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ U ʠ Th ʚʳʧʦʣʥʷʣʦʩʴ ʚ 

ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʛʣʘʩʥʦ 

ʠʥʩʪʨʫʢʮʠʠ ʅʉɸʄ ɺʀʄʉ ˉ 410-ʗʌ. 
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ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʉʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʤʝʜʠʮʠʥʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ (ʉɻʄʋ), ʣʘʙʦʨʘʪʦʨʠʠ ɻʋʇ ʊʎ çʊʦʤʩʢʛʝʦʤʦʥʠʪʦʨʠʥʛè ʠ ʚ ʊʦʤʩʢʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʩʧʝʢʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ.  

ʆʮʝʥʢʘ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʭʦʜʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʯʝʪʳʨʝʭ ʪʝʩʪ-ʦʙʲʝʢʪʘʭ: ʨʘʯʢʠ ï 

Daphnia magna Straus, ʧʨʦʩʪʝʡʰʠʝ (ʠʥʬʫʟʦʨʠʠ) ï Paramecium caudatum, ʥʘʩʝʢʦʤʳʝ 

(ʤʫʰʢʠ) ï Drosophila melanogaster, ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ï ʣʠʤʬʦʮʠʪʳ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʭʦʜʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟ ʦʪʭʦʜʦʚ ʆɸʆ 

çʉʘʷʥʤʨʘʤʦʨè ʦʩʦʙʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʟʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ As, Cd, Cr ʠ Cu ʦʪʥʦʩʠʪʝʣʴʥʦ ʇɼʂ ʠ ʆɼʂ. ʇʦʨʦʜʳ ʛʨʘʥʠʪʥʦʛʦ 

ʦʪʚʘʣʘ ʩʦʜʝʨʞʘʪ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr, ʘ ʪʘʢʞʝ U ʠ Th. ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʦ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʫ [1] ʠ ʧʦʩʪʨʦʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʪʘʙʣ. 1) [2] 

ʊʘʙʣʠʮʘ 1 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ ʚ ʦʪʚʘʣʘʭ ʠ ʦʪʭʦʜʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʉʘʷʥʤʨʘʤʦʨè 

ɺʠʜ ʧʨʦʙʳ ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ 

ʇʦʨʦʜʳ ʦʪʚʘʣʘ 

çʛʨʷʟʥʳʡè 

Sʝ10ŸLi 2,85ŸCd2,46ŸCr2,27ŸB2,23ŸAs1,59ŸGa1,05ŸV1,01ŸZn0,98ŸZ

r0,65ŸNi0,6ŸBe0,55ŸMn0,51ŸTl0,5ŸCu0,49ŸCo0,41Ÿ 

Hg0,36ŸPb0,33ŸSr0,27ŸBa0,25 

ʇʦʨʦʜʳ ʦʪʚʘʣʘ ˉ 1 

çʛʨʘʥʠʪʥʳʡè 

Ga1,05ŸB1,04ŸZr1ŸZn0,67ŸAs0,59ŸV0,56Ÿ 

Mn0,53ŸNi0,53ŸBa0,51ŸTl0,5ŸCd0,38ŸCr0,37ŸCu0,26ŸPb0,22ŸCo0,17 

ʐʣʘʤ ʦʪʩʪʦʡʥʠʢʘ Sʝ10ŸGa1,05ŸB1,05ŸSr0,86ŸCu0,73ŸZr0,71ŸV0,56ŸAs0,56Ÿ 

Li 0,51ŸTl0,5ŸBe0,42ŸCd0,38ŸHg0,36ŸCo0,19ŸNi0,19ŸZn0,16Ÿ 

Cr0,12ŸMn0,1ŸPb0,06ŸBa0,05 

ɿʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ Cd15,38ŸB10,17ŸSʝ10ŸAs4,65ŸCr1,61ŸSr1,44ŸGa1,05ŸHg0,72ŸZr0,69

ŸV0,56ŸTl0,5ŸCo0,47ŸNi0,44ŸLi 0,31ŸZn0,3ŸMn0,27Ÿ 

Be0,24ŸBa0,19ŸCu0,17ŸPb0,14 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ [3, 4], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʯʝʪʝ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ ʧʨʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʜʘʥʥʦʤ 

ʤʝʪʦʜʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʯʝʩʪʴ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʝʧʝʥʴ 

ʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʪʭʦʜʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʚʠʜʫ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʝʱʝʩʪʚ ʚ ʤʘʩʩʠʚʘʭ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʩʣʦʞʥʦ ʥʘʡʪʠ ʪʨʝʙʫʝʤʳʝ ʩʚʝʜʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʘʩʥʦʩʪʠ. ɺʦ 

ʚʪʦʨʳʭ, ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ: ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʫ ʥʘʭʦʞʜʝʥʠʷ ʢʦʪʦʨʳʭ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦ ʦʧʨʝʜʝʣʠʪʴ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ; ʪʨʫʜʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʚʷʟʠ ʩ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʝʤ, ʥʦ ʠ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟʳ ʠ ʨʷʜ ʜʨʫʛʠʭ) ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʣʠʙʦ ʥʝ ʧʨʠʚʦʜʠʪʩʷ, ʣʠʙʦ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. ʊʘʢʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʦʧʨʝʜʝʣʷʝʪ ʦʪʭʦʜʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ 

ʩʣʦʞʥʫʶ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʫʶʩʷ ʩʠʩʪʝʤʫ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʨʘʩʯʝʪʥʳʡ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʪʦʢʩʠʯʥʦʩʪʠ ʥʝʠʟʙʝʞʥʦ ʙʫʜʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʣʫʯʘʡʥʫʶ ʚʳʙʦʨʢʫ 

ʫʯʠʪʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝ ʜʘʩʪ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɺ ʢʨʠʪʝʨʠʷʭ [3] ʘʢʮʝʥʪ ʩʪʘʚʠʪʩʷ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ, 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

38 

ʪ.ʝ. ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ, 

ʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʘʥʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʤʝʪʦʜʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʫʟʦʨʠʡ ʠ ʜʘʬʥʠʡ) ʥʝ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʧʘʩʥʦʩʪʠ 

ʦʪʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʨʘʩʯʝʪʥʳʡ 

ʥʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʯʢʦʚ Daphnia magna Straus ʦʩʥʦʚʘʥ ʥʘ 

ʤʝʪʦʜʠʢʝ ʌʈ.1.39.2001.00283. ʄʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʦʪʭʦʜʦʚ ʩ ʧʦʤʦʱʴʶ 

Paramecium caudatum ʧʨʠʤʝʥʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʅɼ ʌʊ 16.2:2.2.3-98. ʄʝʪʦʜʠʢʘ ʥʘ 

D.melanogaster ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʘ ʘʚʪʦʨʦʤ ʜʣʷ ʦʪʭʦʜʦʚ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʉɻʄʋ ʛ. 

ʊʦʤʩʢʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʅ.ʅ. ʀʣʴʠʥʩʢʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, 

ʰʠʨʦʢʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤʠ ʥʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʛʦʨʦʜʩʢʦʡ ʧʳʣʠ ʠ ʧʦʯʚʘʭ. ʇʨʠ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʮʝʥʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ, ʤʦʨʬʦʟʳ, ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʢʫʢʦʣʦʢ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʪʝʣʘ ʠ ʢʨʳʣʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʙʳ ʚ ʩʨʝʜʝ (ʦʧʳʪ/ʢʦʥʪʨʦʣʴ). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ: ʢʨʠʪʝʨʠʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʍ
2 

. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʤʫʪʘʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʙʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʚʪʦʨʩʢʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ˉ 1258829. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʠ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʜʘʮʠʝʡ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʪʭʦʜʳ 

ʦʪʥʦʩʷʪʩʷ ʢ V ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ (ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʧʘʩʥʳʝ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʇʨʝʜʧʨʠʷʪʠʝ ɺʠʜ ʧʨʦʙʳ 
ʊʝʩʪ-ʦʙʲʝʢʪʳ 

1 2 3 4 

ʆɸʆ çʉʘʷʥʤʨʘʤʦʨè 

ʇʦʨʦʜʳ  

ʦʪʚʘʣʦʚ 

ˉ1 çʛʨʷʟʥʳʡè     

ˉ 1 ʛʨʘʥʠʪʥʳʡ     

ʐʣʘʤ ʦʪʩʪʦʡʥʠʢʘ ˉ1     

ʄʨʘʤʦʨʥʘʷ ʢʨʦʰʢʘ    ʥ.ʦ. 

ɿʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ     
ʇʨʠʤʝʯʘʥʠʝ: 1 - Daphnia magna Straus, 2 - Paramecium caudatum, 3 - Drosophila melanogaster, 

4 ï ʢʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ 

  ï ʥʘʣʠʯʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

  ï ʦʪʩʫʪʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʥ.ʦ.  ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʢʩʠʯʥʦʩʪʴ 

ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʢʨʦʤʝ 

Daphnia magna Straus (ʦʩʪʨʘʷ ʬʦʨʤʘ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ [1] ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʤʝʥʷʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʠʟ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ. ɽʩʣʠ ʨʘʟʥʳʝ 

ʪʝʩʪ-ʩʠʩʪʝʤʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʜʠʥʘʢʦʚʫʶ ʨʝʘʢʮʠʶ, ʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʦʪʚʝʪ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʯʝʪʳʨʝ ʛʨʫʧʧʳ, ʧʦʵʪʦʤʫ ʣʦʛʠʯʥʦ 

ʧʨʠʥʠʤʘʪʴ ʦʜʥʦʟʥʘʯʥʦ ʟʘ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ ʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʧʦ ʥʘʣʠʯʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʭʦʪʷ ʙʳ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʦʙʣʘʜʘʶʪ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʨʦʙʳ. ʄʘʪʝʨʠʘʣ 

ʰʣʘʤʦʦʪʩʪʦʡʥʠʢʘ ʠ ʧʦʨʦʜʳ ʦʪʚʘʣʘ çʛʨʷʟʥʳʡè ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ U, V, ʘ ʪʘʢʞʝ Cr (ʧʦʜʚʠʞʥʘʷ ʬʦʨʤʘ) ʠ Cu (ʧʦʜʚʠʞʥʘʷ ʬʦʨʤʘ). ʇʦʨʦʜʳ 

ʦʪʚʘʣʘ ˉ 1 çʛʨʘʥʠʪʥʳʡè ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʙʦʨʦʤ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ï U, Th ʠ Cr 
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(ʧʦʜʚʠʞʥʘʷ ʬʦʨʤʘ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʣʝʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʧʨʝʚʳʰʘʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʦʛʫʪ ʙʳʪʴ ʩ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʪʥʝʩʝʥʳ ʢ ʯʠʩʣʫ, ʚʳʟʳʚʘʶʱʠʭ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʊʘʢ, ʢ ʦʧʘʩʥʳʤ ʦʪʭʦʜʘʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʧʦʨʦʜʳ ʦʪʚʘʣʘ ˉ 1 çʛʨʘʥʠʪʥʳʡè, ʰʣʘʤ ʦʪʩʪʦʡʥʠʢʘ ˉ 1 ʠ ʟʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ 

ʆɸʆ çʉʘʷʥʤʨʘʤʦʨè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʘʩʥʦʩʪʠ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʭʦʨʦʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʟʦʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʘʪʤʦʩʬʝʨʳ ʠ ʝʛʦ 

ʚʳʧʘʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʫʨʦʚʥʷ 15 ʢʛ N ʛʘ
-1
 ʛʦʜ

-1
. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʧʨʠʤʝʨʝ 

ʣʝʩʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ ʘʟʦʪʘ ʥʘ 

ʧʦʯʚʝʥʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

Abstract. Nitrogen is currently a priority air pollutant. In the Russian Federation, its deposition can reach a 

level of 15 kg N ha
-1
 year

-1
. By the example of forest ecosystems in European Russia, the paper demonstrates the 

impact of different levels of anthropogenic nitrogen emission on soils and plants of natural ecosystems through the 

use of biogeochemical models.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʪʦʣʝʪʠʡ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʩʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʛʣʦʙʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʠ ʚʳʧʘʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ (NOx, NH3, N2O). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʦʩʪʫʧʣʝʥʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ N ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʦʩʪʘ [1], ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ, ʘʥʘʣʦʛʠʯʥʳʭ ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ɽʚʨʦʧʝ [2,3]. ɹʦʨʝʘʣʴʥʳʝ 

ʣʝʩʘ ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʠʮʠʪ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʣʠʤʠʪʠʨʫʝʪ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʆʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʚ 

ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʘʟʦʪʥʳʡ ʮʠʢʣ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʵʬʬʝʢʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʠ 

ʵʬʬʝʢʪʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʫʨʦʚʥʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ. 

ʄʝʭʘʥʠʟʤ ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʩʣʝʜʫʶʱʠʡ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ 

N ʠʟ ʘʪʤʦʩʬʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ 

(Nʤʠʥ) ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʘʯʠʥʘʝʪ ʧʨʝʚʳʰʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʈʘʩʪʝʥʠʷ 

ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʘʢʪʠʚʥʦ ʘʜʩʦʨʙʠʨʫʶʪ ʜʦʩʪʫʧʥʳʡ ʠʤ ʘʟʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʜʝʨʝʚʴʝʚ. ʆʙʦʛʘʱʝʥʥʳʡ ʘʟʦʪʦʤ ʦʧʘʜ ʧʦʧʘʜʘʝʪ ʚ 

ʧʦʜʩʪʠʣʢʫ, ʟʘʪʝʤ ʚ ʧʦʯʚʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (N-

NH4/N-NO3>1, ʨʘʩʰʠʨʝʥʠʝ C/N). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʣʠʤʠʪʠʨʦʚʘʥʥʘʷ ʘʟʦʪʦʤ, ʧʝʨʚʠʯʥʘʷ 

ʧʨʦʜʫʢʮʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʢʣʠʢ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʪʦʢ N ʜʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ [4], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʥʳʭ ʚʠʜʦʚ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʩʪʦʨʦʥʫ ʧʨʝʦʙʣʘʜʘʥʠʷ ʵʚʪʨʦʬʦʚ ʠʣʠ ʥʠʪʨʦʬʠʣʦʚ [4,5].  



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

41 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʧʦʩʪʫʧʣʝʥʠʷ Nʤʠʥ ʠʟ ʘʪʤʦʩʬʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʥʝʛʦʩʲʝʤʢʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʢ ʩʫʭʦʝ, ʪʘʢ ʠ ʚʣʘʞʥʦʝ 

ʦʩʘʞʜʝʥʠʝ. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʩʥʝʛʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʢʦʥʮʝ ʬʝʚʨʘʣʷ ï ʥʘʯʘʣʝ ʤʘʨʪʘ (ʚ ʧʝʨʠʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʠ ʜʦ ʧʝʨʠʦʜʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʘʷʥʠʷ). ʅʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʩ 

ʧʣʦʱʘʜʠ ʦʢʦʣʦ 10 ʤ
2
 ʤʝʪʦʜʦʤ çʢʦʥʚʝʨʪʘè ʙʨʘʣʘʩʴ ʩʤʝʰʘʥʥʘʷ ʧʨʦʙʘ ʠʟ 5-ʪʠ ʩʥʝʞʥʳʭ 

ʢʝʨʥʦʚ, ʦʪʙʠʨʘʝʤʳʭ ʥʘ ʚʩʶ ʪʦʣʱʫ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʧʣʘʩʪʠʢʦʚʳʤ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ 

ʜʠʘʤʝʪʨʦʤ 50 ʤʤ. ʆʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʭ ʞʝ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ 

ʧʨʦʚʦʜʠʣʠ ʩʥʝʛʦʩʲʝʤʢʫ. ʇʦʯʚʫ ʦʪʙʨʘʣʠ ʠʟ ʚʝʨʭʥʝʛʦ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʦ ʛʣʫʙʠʥʳ 0-10 

ʩʤ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʣʝʩʘʭ ʪʘʝʞʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʵʪʦʛʦ ʩʣʦʷ ʭʘʨʘʢʪʝʨʥʘ 

ʥʘʠʙʦʣʴʰʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ ʢʦʨʥʝʡ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʭ ʚʠʜʦʚ ʠ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʢʨʦʙʠʦʪʳ [6]. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ N-NH4 ʠ N-NO3 ʚ ʩʥʝʞʥʳʭ ʠ ʧʦʯʚʝʥʥʳʭ 

ʧʨʦʙʘʭ ʧʨʦʚʦʜʠʣʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʝʥʦʣʷʪʛʠʧʦʭʣʦʨʠʪʥʦʡ ʨʝʘʢʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʉ/N ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʉN ʘʥʘʣʠʟʘʪʦʨʘ VARIO ELIII. ʄʝʪʦʜʦʤ ʩʫʙʩʪʨʘʪ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʜʳʭʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ (ʉʤʠʢ) ʠ ʩʢʦʨʦʩʪʴ 

ʙʘʟʘʣʴʥʦʛʦ (ʤʠʢʨʦʙʥʦʛʦ) ʜʳʭʘʥʠʷ (ɹɼ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʘʩʩʯʠʪʘʪʴ çʠʥʪʝʛʨʘʣʴʥʳʝè 

ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʦʯʚʳ [7]. ɻʝʦʙʦʪʘʥʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ 4 ʧʨʦʚʦʨʥʦʩʪʷʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʙʠʣʠʷ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚʠʜʦʚ ʥʘ ʧʣʦʱʘʜʢʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʭʦʜʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʠ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʘʭ ʩ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʫʨʦʚʥʷʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʝʡ 

ʘʟʦʪʘ. ɺʳʙʨʘʥʥʳʝ ʫʯʘʩʪʢʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤʠ, ʭʚʦʡʥʳʤʠ ʠ 

ʩʤʝʰʘʥʥʳʤʠ ʣʝʩʘʤʠ (ʚʦʟʨʘʩʪ 40-60 ʣʝʪ). ɺ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʘʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ 

ʜʦʤʠʥʠʨʦʚʘʣʠ Rubus idaeus, Urtica dioica, Humulus lupulus, ʘ ʚ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ï 

Vaccinium myrtillus, Luzula pilosa, Linnaea borealis. ʇʦʯʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ ʦʪ ʣʝʛʢʦʛʦ ʜʦ ʪʷʞʝʣʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦ ʟʥʘʯʝʥʠʝʤ pH ʦʪ 4.3 

ʜʦ 5.8.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ: 

-  ɸʟʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ: ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʫʤʤʘʨʥʦʝ 

ʚʳʧʘʜʝʥʠʝ Nʤʠʥ (N-NH4 ʠ N-NO3) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0.4 ʜʦ  

15 ʢʛNʛʘ
-1
ʛʦʜ

-1
ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 1-4 ʢʛNʛʘ

-1
ʛʦʜ

-1 
(ʨʠʩ.1). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ (80%) ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ N-NO3 ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʧʫʣʝ 

ʘʟʦʪʘ. ɺʙʣʠʟʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʢʨʫʧʥʳʭ ʘʚʪʦʩʪʨʘʜ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʦʡ ʧʦʩʪʘʚʢʠ ʘʟʦʪʘ 

ʜʦʩʪʠʛʘʣ  

15 ʢʛNʛʘ
-1
ʛʦʜ

-1
.  

- ʇʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʘʭ ʛʫʤʫʩʦʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʣʝʩʥʳʭ ʧʦʯʚ, ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Nʤʠʥ ʩʦʩʪʘʚʣʷʣʦ 5-23 ʤʛ N/ʢʛ ʧʦʯʚʳ, ʚ 

ʩʨʝʜʥʝʤ ï 9-13 ʤʛ N/ʢʛ ʧʦʯʚʳ. ɼʣʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦʯʚʝʥʥʳʡ ʧʫʣ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʘʤʤʦʥʠʝʤ. ʆʜʥʘʢʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʦʡ 

ʧʦʩʪʘʚʢʝ ʚʳʰʝ 4 ʤʛ N ʛʘ
-1
ʛʦʜ

-1 
ʩʫʤʤʘʨʥʳʡ ʧʫʣ Nʤʠʥ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ NO3 (r =0.85), ʘ ʥʠ NH4 (r = 0.61). ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʪʦʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ Nʤʠʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚ ʧʦʯʚʝ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʠʪʨʘʪʥʳʭ ʬʦʨʤ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʉ/N ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 12 ʜʦ 28, ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʷ 12-19. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 20<C/N<35 ʚ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʨʝʥʥʦ-

ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ 

ʧʦʯʚʝʥʥʳʡ ʧʫʣ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʘ ʧʨʠ 10<C/N<20 ï ʣʠʰʴ ʝʛʦ ʢʨʘʪʢʦʩʨʦʯʥʘʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʚʳʰʘʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʘʟʦʪʘ ʙʠʦʪʝ [8]. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʳʧʘʜʝʥʠʷʤʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʉ/N 

ʧʦʯʚ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʉ/N<21 [3]. ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ 

ʧʦʢʘʟʘʣʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʚʳʧʘʜʝʥʠʝʤ Nʤʠʥ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʉ/N ʚ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

42 

ʧʦʯʚʝ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʧʦʩʪʘʚʢʠ N ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

 

 
ʈʠʩ. 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʛʦʜʦʚʳʭ ʚʳʧʘʜʝʥʠʡ ʘʟʦʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ ʣʝʩʦʚ ʟʥʘʯʝʥʠʝ Cʤʠʢ ʠ ɹɼ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 51 ʜʦ 476 ʤʢʛ 

ʉ ʛ
-1

 ʠ 0.21 ʜʦ 1.61 ʤʢʛ ʉ-ʉʆ2 ʛ
-1

 ʯ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʥʦʰʝʥʠʝ ɹɼ/ʉʤʠʢ = qCO2 ʦʪʨʘʞʘʝʪ 

ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʆʪʥʦʰʝʥʠʝ qCO2 > 3 ʚ ʧʦʯʚʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪʘʭ ʉ ʧʨʠ ʦʙʦʨʦʪʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [7] ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʪʨʝʩʩʦʚʳʝ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʙʳʣʠ 3<qCO2< 8 , ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ 

ʧʦʯʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʡ, ʘ ʟʥʘʯʠʪ ʙʦʣʝʝ 

çʫ̫ʟʚʠʤʦʡè ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ʆʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʤʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ Nʤʠʥ ʚ ʧʦʯʚʝ ʠ 

ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʦʡ (r=0.76), Nʤʠʥ ʠ ʩʢʦʨʦʩʪʴʶ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ (r=0.62). 

ɸʥʘʣʠʟʠʨʫʷ ʚʟʘʠʤʦʩʚʷʟʴ ʚʳʧʘʜʝʥʠʡ ʘʟʦʪʘ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʧʘʜʝʥʠʷʭ ʘʟʦʪʘ ʤʝʥʝʝ 1 ʢʛ N ʛʘ
-1

 ʛʦʜ
-1

 ʚʝʣʠʯʠʥʳ Cʤʠʢ ʠ ɹɼ ʚ ʩʨʝʜʥʝʤ 

ʙʳʣʠ 192Ñ177 ʤʢʛ ʉ ʛ
-1

 ʠ 0.81Ñ0.31 ʤʢʛ ʉ-ʉʆ2 ʛ
-1

 ʯ
-1
, ʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʩ ʚʳʧʘʜʝʥʠʷʤʠ ʦʪ 1.5-

8.0 ʢʛ N ʛʘ
-1

 ʛʦʜ
-1
ï ʚʳʰʝ ʚ 1.5 ʠ 1.4 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʝ 

Nʤʠʥ ʚ ʧʦʯʚʘʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʠ, ʚʦʟʤʦʞʥʦ, ʣʠʤʠʪʠʨʦʚʘʥʦ 

ʜʣʷ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʝʝ ʘʢʪʠʚʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Nʤʠʥ ʚ ʧʦʯʚʝ. 

- ɺʠʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ - 

ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɸʥʘʣʠʟ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʠʜʳ-ʥʠʪʨʦʬʠʣʳ, ʦʜʥʘʢʦ ʠʭ ʦʙʠʣʠʝ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ. ʆʙʠʣʠʝ 

ʥʠʪʨʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʚʳʰʝ 20 % ʦʪʤʝʯʝʥʳ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʚʳʧʘʜʝʥʠʝʤ ʘʟʦʪʘ ʚʳʰʝ 10 ʢʛ Nʛʘ
-

1
ʛʦʜ

-1
. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʩʦʚ ʚʳʧʘʜʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1 ʜʦ 4 ʢʛ N ʛʘ

-1
ʛʦʜ

-1
 

ʠ ʜʦʣʷ ʥʠʪʨʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʩʦʩʪʘʚʠʣʘ 5 ï 19 %. ɸ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʚʳʧʘʜʝʥʠʷ ʘʟʦʪʘ ʥʠʞʝ 1 ʢʛ N ʛʘ
-1
ʛʦʜ

-1
 ʦʪʤʝʯʝʥʦ ʦʙʠʣʠʝ ʚʠʜʦʚ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʦʙʠʣʴʥʦʝ 

ʘʟʦʪʥʦʝ ʧʠʪʘʥʠʝ, ʤʝʥʝʝ 2 %. 

ʉʨʘʚʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʳʧʘʜʝʥʠʡ Nʤʠʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʢʨʠʪʠʯʝʩʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ N ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

43 

ʨʘʟʥʳʭ ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ [9] ʚʳʷʚʠʣʦ, ʯʪʦ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʇʦʜʤʦʩʢʦʚʴʷ 

ʚʳʧʘʜʘʶʱʠʡ ʘʟʦʪ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʣʠʛʦʪʨʦʬʥʳʭ ʠ 

ʤʝʟʦʪʨʦʬʥʳʭ ʚʠʜʦʚ, ʘ ʜʣʷ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʚʳʰʝʥʠʡ ʥʝ ʥʘʡʜʝʥʦ. 

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʙʣʠʟʦʩʪʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʚ 

ʦʙʱʝʤ ʧʫʣʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʝʥʠʝ 

ʫʨʦʚʥʷ ʚʳʧʘʜʝʥʠʡ ʘʟʦʪʘ ʠʟʤʝʥʷʝʪ ʦʪʥʦʰʝʥʠʝ ʬʦʨʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʯʚʝ, ʥʦ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʦʪʥʦʰʝʥʠʝ C/N. ʇʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʦʩʘʞʜʝʥʠʷ ʘʟʦʪʘ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʘ, ʦʜʥʘʢʦ ʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʠ Cʤʠʢ, ɹɼ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʧʦʯʚʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ, ʦʪʤʝʯʝʥʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʫʨʦʚʥʝʤ ʚʳʧʘʜʝʥʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʘʟʦʪʘ ʚʳʰʝ 10 ʢʛ Nʛʘ
-1
ʛʦʜ

-1
 .  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 04-14-00098. 
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Abstract. The assessment of rocket fuel components (nitrogen tetroxide and unsymmetrical 

dimethylhydrazine (UDMH)) effects on the ecosystem in sites of falling launch vehiclesô separated parts in the Altai 

Mountains was made. The study was performed with the use of the summary of published data and research reports, 

as well as the experimental studies conducted on the conventional and original techniques. The standards of critical 

loads on acid deposition, nitrogen compounds that do not cause eutrophication of ecosystems and UDMH and do not 

lead to toxic damage of the ecosystems in these sites and related landscapes have been worked out. 

The proposed standards of permissible chemical exposure will help to regulate the number of space vehiclesô 

launches.  

ʇʨʘʢʪʠʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʠ ʵʢʦʩʠʩʪʝʤʥʦʝ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʦʥʜʘ. 

ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʦʨʤʠʨʫʝʪʩʷ ʯʝʨʝʟ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ɻʠʛʠʝʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʇɼʂ ʦʧʠʨʘʝʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ ʧʦʯʚʘʭ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʪʦʢʩʠʯʥʳ ʪʦʣʴʢʦ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʵʣʝʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʯʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʧʨʠʨʦʜʝ ʞʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʯʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʪʦʢʩʠʯʥʦʩʪʴ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʨʦʚʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʩʦʭʨʘʥʝʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 

ɼʘʥʥʳʡ ʥʦʨʤʘʪʠʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʚʦʢʫʧʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʵʢʦʩʠʩʪʝʤ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʦʚ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʘ ʥʝ ʯʝʣʦʚʝʢʘ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʳʝ ʥʦʨʤʘʪʠʚʳ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʤʠ ʢʘʢ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʩʪʨʦʛʠʭ, ʪʘʢ ʠ ʙʦʣʝʝ ʤʷʛʢʠʭ ʚʝʣʠʯʠʥ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʨʠʪʝʨʠʠ ʠ ʧʦʢʘʟʘʪʝʣʠ, ʦʪʨʘʞʘʶʱʠʝ ʥʦʨʤʫ ʠʭ ʩʦʩʪʦʷʥʠʷ ʠ ʜʦʧʫʩʪʠʤʫʶ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʠ ʦʪ 

ʥʝʝ. ʂ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ ʦʪʥʦʩʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʢʦʩʠʩʪʝʤ, ʥʦ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ: 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ, 

ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʙʠʦʮʝʥʦʟʘ, 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠ ̫ ʦʩʥʦʚʥʳʭ ʟʚʝʥʴʝʚ ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʝʡ (ʫʧʨʦʱʝʥʠʝ), ʟʘʤʝʥʘ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

45 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ, ʩʜʚʠʛʠ ʚʦʟʨʘʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʪ.ʜ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʧʦʩʪʫʧʣʝʥʠʷ ʘʪʤʦʪʝʭʥʦʛʝʥʥʳʭ ʚʳʧʘʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʧʦʣʫʯʠʣʦ ʚʳʧʦʣʥʷʝʤʦʝ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʦʜʭʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʝ ʠ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʇʦʜ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦʥʠʤʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʧʨʠʨʦʜʥʳʡ ʦʙʲʝʢʪ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʚʨʝʜʥʳʤ ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʜʦʣʛʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʥʠʡ. ʂʨʠʪʝʨʠʝʤ 

ʚʨʝʜʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

(ʫʤʝʥʴʰʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʩʥʠʞʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʪ.ʜ.), 

ʧʨʠʯʝʤ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʥʝ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʝʯʝʥʠʝ ʣʶʙʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʦʜʥʦʛʦ ʠʟ ʨʘʡʦʥʦʚ ʧʘʜʝʥʠʷ ʦʪʜʝʣʷʶʱʠʭʩʷ 

ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚʘ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çʇʨʦʪʦʥè ʷʚʣʷʶʪʩʷ 

ʪʝʪʨʘʦʢʩʠʜ ʘʟʦʪʘ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ (ʅɼʄɻ). ʊʝʪʨʘʦʢʩʠʜ ʘʟʦʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʅɼʄɻ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, ʧʦʩʪʫʧʘʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʪʝʪʨʘʦʢʩʠʜ ʘʟʦʪʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʦʡ ʦʙʨʘʟʫʝʪ ʘʟʦʪʥʫʶ ʠ ʘʟʦʪʠʩʪʫʶ 

ʢʠʩʣʦʪʫ ʠ ʚʳʟʳʚʘʝʪ ʧʦʜʢʠʩʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʇʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʵʚʪʦʨʦʬʠʢʘʮʠʠ ʵʢʦʩʠʩʪʝʤ, ʘ ʅɼʄɻ  

ʧʨʠʚʦʜʠʪʴ ʢ ʪʦʢʩʠʯʝʩʢʦʤʫ ʧʦʨʘʞʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʦʜʢʠʩʣʷʶʱʝʛʦ ʠ ʵʚʪʨʦʬʠʮʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʂʈʊ 

ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʤʘʩʩʦʚʦʛʦ ʙʘʣʘʥʩʘ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʩʠʩʪʝʤ, 

ʪʘʢʠʝ ʢʘʢ ʪʠʧ ʠ ʪʝʢʩʪʫʨʘ ʧʦʯʚʳ, ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʜ. (ɹʘʰʢʠʥ 

ʠ ʜʨ., 2003, ɹʘʰʢʠʥ, ʂʘʩʠʤʦʚ, 2004). ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʅɼʄɻ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʠ. 

ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʭʦʜʝ ʜʝʪʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʈʇ ʆʏʈʅ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʜʝʣʘʥʘ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʢʫʣʴʪʝʪʦʤ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʨʘʙʦʪ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʂʈʊ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʝʝ ʥʘʧʦʣʥʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʂʈʊ 

ʜʣʷ ʈʇ ʚʪʦʨʳʭ ʩʪʫʧʝʥʝʡ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çʇʨʦʪʦʥè, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʠʪʳʚʘʣʠʩʴ 

ʧʨʠʨʦʜʥʳʝ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʩʠʩʪʝʤ ʨʘʡʦʥʦʚ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʜʣʷ ʪʝʪʨʘʦʢʩʠʜʘ ʘʟʦʪʘ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʜʢʠʩʣʷʶʱʝʛʦ ʜʝʡʩʪʚʠʷ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʟʳʚʘʪʴ ʧʨʦʮʝʩʩ 

ʵʚʪʨʦʬʠʢʘʮʠʠ ʥʘʛʨʫʟʢʠ ʤʠʥʠʤʘʣʴʥʳ. 

ɼʣʷ ʅɼʄɻ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ. ʋʩʠʣʝʥʠʝ ʷʚʣʝʥʠʷ ʵʚʪʨʦʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʥʘʛʨʫʟʦʢ ʂʈʊ.  

ɼʣʷ ʚʩʝʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʈʂɼ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ɻʀʉ-ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ, 

ʦʪʨʘʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʵʢʦʩʠʩʪʝʤ ʩ ʨʘʟʣʠʯʥʳʤ 

ʫʨʦʚʥʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ ʜʦʧʫʩʪʠʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʠʩʣʘ ʧʫʩʢʦʚ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

46 

ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʝʚʳʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʣʶʙʦʤʫ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʦʨʤʘʪʠʚʦʚ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʝʚʳʰʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʨʠʪʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʠ ʨʝʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚʳʧʘʜʝʥʠʡ ʂʈʊ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʙʦʪ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʫʩʢʦʚ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ.  

ʇʦʩʢʦʣʴʢʫ ʧʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʈʂɼ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʦ ʚʢʣʘʜ ʈʂɼ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʬʦʥʦʚʦʛʦ 

(ʜʦʧʫʩʢʦʚʦʛʦ) ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʢʠʩʣʦʪʥʦʩʪʴ, ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ) 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʈʇ ʪʝʨʨʠʪʦʨʠʠ. 

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʠʣʠ 

ʧʨʝʚʳʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ) ʚ ʜʦʧʫʩʢʦʚʦʝ ʚʨʝʤʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʫʶ ʠ ʚʝʜʦʤʩʪʚʝʥʥʫʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʩʫʙʲʝʢʪʫ. 

ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʧʨʝʚʳʰʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʚʝʣʠʯʠʥ, ʚʳʟʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʠʩʪʦʯʥʠʢʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʈʂɼ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʨʛʘʥʳ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ 

ʩʫʙʲʝʢʪʘ ʈʌ ʦʙʝʩʧʝʯʠʣʠ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʪ ʚʳʷʚʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʢʘʟʳʚʘʶʱʠʭ ʪʨʘʥʩʛʨʘʥʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʚ ʈʇ ʆʏʈʅ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 

ˉ 14-27-00083). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʙʳʪʦʚʦʡ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

Abstract. The article presents the results of a study of drinking water salt deposits formed in the household 

heat exchange equipment. It is shown that the element composition of these deposits is formed under the influence of 

natural and anthropogenic factors. The findings suggest that the obtained data can serve as indicators in geochemical 

studies, both of ecological and geological character. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʇʠʪʴʝʚʘʷ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ʇʦ ʜʘʥʥʳʤ ʨʷʜʘ ʘʚʪʦʨʦʚ [1-3 ʠ ʜʨ.] ʢʘʯʝʩʪʚʦ 

ʧʠʪʴʝʚʳʭ ʚʦʜ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ ʜʣʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 

ʷʚʣʷʝʪʩʷ ʝʝ ʞʝʩʪʢʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʥʘʣʠʯʠʝʤ ʚ ʥʝʡ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʘʟʣʠʯʘʶʪ 3 ʚʠʜʘ: ʢʘʨʙʦʥʘʪʥʫʶ, ʠʣʠ ʚʨʝʤʝʥʥʫʶ, ʥʝʢʘʨʙʦʥʘʪʥʫʶ, ʠʣʠ 

ʧʦʩʪʦʷʥʥʫʶ, ʠ ʦʙʱʫʶ ʞʝʩʪʢʦʩʪʴ, ʷʚʣʷʶʱʫʶʩʷ ʩʫʤʤʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ. 

ɺʨʝʤʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʚʦʜʝ ʙʠʢʘʨʙʦʥʘʪʦʚ Ca ʠ Mg, ʧʦʵʪʦʤʫ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʝʪʩʷ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʝʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʇʦʩʪʦʷʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ ʚʦʜʝ ʩʦʣʝʡ ʩʝʨʥʦʡ, ʩʦʣʷʥʦʡ, ʘʟʦʪʥʦʡ ʠ 

ʜʨʫʛʠʭ ʢʠʩʣʦʪ, ʢʨʦʤʝ ʫʛʦʣʴʥʦʡ, ʠ ʢʠʧʷʯʝʥʠʝʤ ʥʝ ʫʜʘʣʷʝʪʩʷ [4]. 

ʉ ʞʝʩʪʢʦʩʪʴʶ ʚʦʜʳ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʢʘʢ ʥʘʢʠʧʝʦʙʨʘʟʦʚʘʥʠʝ. ɼʣʷ ʚʦʜ ʩ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʞʝʩʪʢʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʢʠʧʠ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʩʠʩʪʝʤʘʭ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʧʦʜʛʦʪʦʚʢʠ, ʦʯʠʩʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʩʧʦʩʦʙʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʪʘʢʠʭ ʩʦʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚʦʜʳ ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ (ʯʘʡʥʠʢʠ, ʢʦʪʣʳ, ʩʘʤʦʚʘʨʳ, ʢʘʩʪʨʶʣʠ), 

ʢʘʯʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʢʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ [5-13]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʅʘʯʠʥʘʷ ʩ 1990-ʭ ʛʦʜʦʚ ʥʘ ʢʘʬʝʜʨʝ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʚʝʜʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʢʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʪʝʭ ʧʦʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʭʚʘʪʠʣʠ ʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦʨʠʶ ʶʛʘ 

ʉʠʙʠʨʠ ʠ ʋʨʘʣʘ: ʀʨʢʫʪʩʢʘʷ, ʇʘʚʣʦʜʘʨʩʢʘʷ, ʊʦʤʩʢʘʷ, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʠ, ʈʝʩʧʫʙʣʠʢʠ 

ɹʫʨʷʪʠʷ ʠ ɻʦʨʥʳʡ ɸʣʪʘʡ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 600. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʀʅɸɸ) ʥʘ 28 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ICP-MS) ʥʘ 62 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

48 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʤʝʥʷʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ, ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ f-ʨʘʜʠʦʛʨʘʬʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʮʝʣʦʤ, ʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʥʘ 90-95 % ʘʨʘʛʦʥʠʪʦʤ ʠʣʠ ʢʘʣʴʮʠʪʦʤ. ʇʨʠ 

ʵʪʦʤ, ʥʘ ʧʨʠʤʝʨʝ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʜʣʷ ʥʘʢʠʧʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʩʚʷʟʴ ʢʘʣʴʮʠʪʘ ʩ Fe, Cr, Co (> 0,7), ʘ ʘʨʘʛʦʥʠʪʘ ï ʩʦ Sr (0,7). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʨʙʦʥʘʪʳ Fe, Mn, ʛʠʜʨʦʢʩʠʜʳ Fe, ʩʫʣʴʬʘʪʳ (ʙʘʨʠʪ, ʛʠʧʩ), ʩʠʣʠʢʘʪʳ 

(ʤʦʥʪʤʦʨʨʠʣʦʥʠʪ, ʛʝʤʠʤʦʨʬʠʪ), ʦʧʨʝʜʝʣʷʝʤʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ Ag, Au, Ba, Cu, Ni, Pb, REE, Ta, Zn.  

ʇʦ ʜʘʥʥʳʤ ʀʅɸɸ ʠ ICP-MS, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʥʘʢʠʧʠ ʥʝʦʜʥʦʨʦʜʝʥ ʠ ʦʪʨʘʞʘʝʪ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ. 

ʄʘʪʨʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʷʚʣʷʶʪʩʷ Ca, Na, Fe: ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʢʠ ʤʛ/ʢʛ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘʢʠʧʠ. ɼʣʷ ʝʝ ʚʳʷʚʣʝʥʠʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʨʝʛʠʦʥʘʤ 

ʙʳʣʠ ʧʨʦʥʦʨʤʠʨʦʚʘʥʳ ʢ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʥʘʢʠʧʠ ʚʦʜʳ ʦʟ. ɹʘʡʢʘʣ, ʢʘʢ ʵʪʘʣʦʥʘ ʯʠʩʪʦʡ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ) 

ʈʝʛʠʦʥ ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ 

ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ Zn43.1-Ag12,7-Fe3,8-Sc2,5-Ta2,1-Ba1,8-Sm1,5-Co1,4-Sb1,1-Au1,0 

ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ Zn35.5-Ag6.4-U4.8-Sc4.3-Ce3.5-Ba3.2-Sm2.7-Fe=La2.0-Sr1.6-Lu1.5-

Ca1.4 

ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ Zn64,0-Ag4,2-Fe2,5-Ta2,1-U2,0-Tb1,6-Sc1,5-Sb1,1 

ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʂʘʟʘʭʩʪʘʥ 

Zn118,6-Ta15,5-Ag11,3-U7,1-Sb3,8-Fe3,1-Hf 3-Sc3-Sm2,1-Tb2-

Ba1,9-Co1,8-La1,3-Ce1,2-Sr1,2-Au1,2-Yb1,1-Lu1,1 

ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 

 

- ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ɸʥʛʘʨʘ Zn46,6-Ag8,5-Ta6,4-Sr3,0-U1,8-Ba1,7-Ce=Rb1,4-Tb1,3-Sc1,2-Ca1,1 

- ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɸʥʛʘʨʘ Zn100,5-Sr1,5-Ag1,4-Tb1,1 

ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 

 

- ɿʘʢʘʤʝʥʩʢʠʡ ʨʘʡʦʥ Zn26,4-Ag6,6-Sr=Ta1,4-U1,2-Ce1,0 

- ɹʦʨʛʦʡʩʢʘʷ ʚʧʘʜʠʥʘ Ag8,5-Sr6,7-U2,5-Zn2,1-Ce2,0-La1,7-Sc=Lu1,3-Ba1,0 

- ʇʨʠʛʦʨʦʜ ʛ. ʋʣʘʥ-ʋʜʵ Zn102,4-U17,6-Ce11,2-Ag9,2-Sr1,9-Sc1,6-La1,5-Tb=Ta1,1 

- ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʘʷ 

ʚʧʘʜʠʥʘ 
Zn444,1-Co17,4-Ag15,5-Ba11,4-Sc=Ce6,0-U5,6-Yb4,9-La4,2-Sb4,1-

Sm3,1-Fe2,5-Hf2,3-Lu1,8-Na=Eu1,7-Ta=Th1,4 

- ʊʫʥʢʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ Ag401,2-Au37,2-Zn6,9-Sr2,8-Fe2,5-Ba1,9 
ʇʨʠʤʝʯʘʥʠʝ: ʧʦʣʫʞʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʝ 2. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ ʦʙʫʩʣʦʚʣʝʥʳ 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʚʣʠʷʥʠʝʤ ʬʘʢʪʦʨʦʚ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʯʝʨʝʟ ʚʦʜʫ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʢʠʧʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʨʝʦʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʛʝʦʭʠʤʠʯʝʩʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ (ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʡ ʙʘʪʦʣʠʪ, 

ʫʨʘʥʦʚʦʨʫʜʥʳʝ ʨʘʡʦʥʳ, ʫʛʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ (ɹʘʡʢʘʣʴʩʢʠʡ ʨʝʛʠʦʥ), ʟʦʣʦʪʦʨʫʜʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ)). ɺʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʵʣʝʤʝʥʪʥʦʤ 

ʩʦʩʪʘʚʝ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʊʦʤʩʢ-



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʉʝʚʝʨʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʛʣʦʤʝʨʘʮʠʷ, ʅʇʆ çʄʘʷʢè, ʧʦʜʟʝʤʥʳʡ ʷʜʝʨʥʳʡ ʚʟʨʳʚ çʈʠʬʪ-3è, 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ɼʞʠʜʠʥʩʢʦʛʦ W-Mo ʢʦʤʙʠʥʘʪʘ). 

ɺr ʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʢʠʧʠ ʧʠʪʴʝʚʳʭ ʚʦʜ, ʧʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, 

ʢʘʢ ʦʙʱʝʡ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʥʦʡ (ʟʘʙʦʣʝʚʘʥʠʷ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪ.ʜ.). 

ɿʘʢʣʶʯʝʥʠʝ. ʉʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʠʥʜʠʢʘʪʦʨʥʫʶ ʩʨʝʜʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʥʘʢʠʧʠ ʟʘʚʠʩʠʪ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ɼʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʪʝʨʨʠʪʦʨʠʡ ʩʦ ʩʤʝʰʘʥʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʯʘʩʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʩʝʣʝʥʠʡ. ʆʙʦʩʥʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ brownfield-ʧʨʦʝʢʪʝ ʚʝʜʝʪʩʷ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʝʢʪʘʭ ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʝʥʴ 

ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʚʙrʠʨʘʶʪ ʤʝʨr ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʦʧʳʪ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʧʘʩʥʦʩʪʠ ʧʦʯʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

Abstract. Management of industrial areas of the urban planning and economic settlements development. 

Rationale for environmental safety in brownfield-project conducted in areas of waste management and contaminated 

site remediation. Based on the results of geo-ecological research projects elimination of industrial areas determined 

by the level of danger of pollution and measures to restore the selected area. It analyzes the international experience 

of assessing the level of threat of soil of industrial areas. 

ɺ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʩʚʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʟʝʤʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘʢʨʳʪʳʭ ʧʦ ʧʨʠʯʠʥʘʤ ʥʝʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʤʦʨʘʣʴʥʦʛʦ ʫʩʪʘʨʝʚʘʥʠʷ. ʕʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʤʝʱʝʥʳ ʥʘ 
ʟʝʤʣʷʭ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʭʦʨʦʰʦ ʦʙʝʩʧʝʯʝʥʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ (ʢʦʤʤʫʥʠʢʘʮʠʠ, 
ʪʨʘʥʩʧʦʨʪ ʠ ʜʨ.). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʣʠʢʚʠʜʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠ ʩʘʥʘʮʠʠ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʵʪʘʧʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ 
ʫʯʝʪʘ ʤʥʝʥʠʡ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʦʚ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ,  ʩʦʙʩʪʚʝʥʥʠʢʦʚ, ʠʥʚʝʩʪʦʨʦʚ, ʥʘʩʝʣʝʥʠʷ [1,2]. ʇʨʠ 
ʵʪʦʤ ʚʦʧʨʦʩʳ ʨʝʥʦʚʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ ʟʘʢʨʳʪʳʭ ʠ ʚʳʚʝʜʝʥʥʳʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚ 
ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʠ ʤʝʪʦʜʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʟʠʮʠʡ 
ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦʩʣʝ ʢʦʥʩʝʨʚʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʤʦʞʝʪ 
ʙʳʪʴ ʬʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʝʝ 
ʟʘʛʨʷʟʥʝʥʠʷ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 
ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʧʣʦʱʘʜʦʢ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʠ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʫʯʘʩʪʢʠ ʭʨʘʥʝʥʠʷ ʩʳʨʴʷ, ʧʣʦʱʘʜʢʠ 
ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʟʘʚʦʜʩʢʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʠ 
ʢʦʤʤʫʥʠʢʘʮʠʠ), ʘ ʪʘʢʞʝ ʪʝʨʨʠʪʦʨʠʡ, ʦʪʚʝʜʝʥʥʳʭ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʦʪʭʦʜʦʚ 
(ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʠ, ʧʣʦʱʘʜʢʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ), ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ 
ʢʦʤʤʫʥʠʢʘʮʠʠ.  ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʨʳʪʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʯʘʩʪʦ ʨʘʟʤʝʱʝʥʳ ʛʘʙʘʨʠʪʥʳʝ 
ʦʪʭʦʜʳ ʜʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ,̫ ʦʪʤʝʯʘʝʪʩʷ  ʟʘʭʣʘʤʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʠ 
ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ,  ʙʳʪʦʚʳʤ ʤʫʩʦʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʬʘʢʪʳ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʧʣʦʱʘʜʝʡ ʧʦʜ ʥʫʞʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 
ʩʦʟʜʘʥʠʷ ʟʦʥ ʨʘʟʨʳʚʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʚʘʨʠʡʥʳʭ 
ʬʘʢʪʦʨʦʚ, ʚ ʩʚʦʝ ʚʨʝʤʷ ʧʦʪʨʝʙʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʚʳʝʤʢʠ ʛʨʫʥʪʘ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʧʣʘʥʠʨʦʚʢʠ ʫʯʘʩʪʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʩʳʧʥʦʛʦ ʩʣʦʷ ʧʦʯʚ - ʪʝʭʥʦʟʝʤʦʚ. 
ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʭʥʦʟʝʤʦʚ ʠ ʧʦʯʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʩʚʷʟʘʥʘ ʩ 
ʥʝʰʪʘʪʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ  ʚ ʧʝʨʠʦʜ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʘʤʠ, 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ, ʧʨʦʩʳʧʝʡ ʠ ʪ.ʧ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ 
ʪʝʨʤʠʥʦʣʦʛʠʠ -  brownfield-ʧʨʦʝʢʪʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʦʨʠʪʝʪʥʳʭ 
ʥʘʧʨʘʚʣʝʥʠʡ (ʨʠʩ.): 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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- ʨʝʰʝʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʥʦʩʘ/ʜʝʤʦʥʪʘʞʘ ʦʙʲʝʢʪʘ(ʦʚ) 
ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ); 

- ʨʝʰʝʥʠʷ ʦ ʚʳʚʦʟʝ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ ʠ 
ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʩʥʦʩʝ/ʜʝʤʦʥʪʘʞʝ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. 

 

ʈʠʩ. ʄʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʦʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 
ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 
ʥʝʦʙʭʦʜʠʤʳ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [3,4]. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 
ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʭʥʦʟʝʤʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʩʣʦʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 
ʷʚʣʷʶʪʩʷ: 

- ʘʥʘʣʠʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʠʜʳ ʩʳʨʴʷ ʠ 
ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠʩʪʦʨʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʜʨ.) ʠ ʦʙʦʩʥʦʚʘʥʠʝ 
ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʫʯʝʪʦʤ ʪʦʢʩʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ 
ʤʠʛʨʘʮʠʠ, ʥʘʢʦʧʣʝʥʠʶ ʠ ʜʨ.; 

-  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ (ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʠ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʫʩʣʦʚʠʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 
ʩʘʤʦʦʯʠʱʝʥʠʶ); 

- ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʩʘʥʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʝʚ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩ 
ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʦʟʝʤʦʚ ʠ ʧʦʯʚ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ.  
ʇʨʠ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʳʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʨʘʟʣʠʯʠʷ ʧʦ ʚʠʜʘʤ ʠ ʫʨʦʚʥʶ 
ʟʘʛʨʷʟʥʝʥʠʷ. ɺʘʞʥʦ ʠ ʪʦ, ʯʪʦ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʘʥʘʣʠʟʘ 
ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ  ʠʤʝʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʫʪʚʝʨʞʜʝʥʥʳʭ ʤʝʪʦʜʠʢ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʧʦʚʪʦʨʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʚʦʧʨʦʩʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʪʨʝʙʫʶʪ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ.  

ɺʘʞʥʳʤ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʠ 
ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 
ʪʝʭʥʦʟʝʤʦʚ ʠ ʧʦʯʚ. ʇʨʠ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʜʦʧʫʩʪʠʤʳʝ 
ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʈʦʩʩʠʠ, ʥʦ ʠʤʝʶʱʠʝʩʷ 
ʥʦʨʤʘʪʠʚʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʣʝ 
ʣʠʢʚʠʜʘʮʠʠ ʦʙʲʝʢʪʘ; ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʠ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʘʞʥʳʭ ʧʨʠ ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʠʟʚʦʜʩʪʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʘʞʝʥ ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʨʷʜʝ ʩʪʨʘʥ ɽʉ, ʂʘʥʘʜʝ ʠ ʉʐɸ ʦʧʳʪ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

52 

ʨʝʥʦʚʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ brownfield-
ʧʨʦʝʢʪʦʚ [5].  

ɺ ʅʠʜʝʨʣʘʥʜʘʭ ʜʝʡʩʪʚʫʶʪ ʜʦʢʫʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚ, ʩʦʜʝʨʞʘʱʠʡ ʩʚʝʜʝʥʠʷ 
ʦ ʬʦʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚ, ʦ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʯʝʩʪʚʘ ʠ ʢʨʠʪʝʨʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 
ʧʨʠʥʷʪʠ ̫ ʨʝʰʝʥʠʷ ʦ ʥʝʦʪʣʦʞʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʘʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘ (ʦʯʠʩʪʢʠ, ʫʜʘʣʝʥʠʷ, 
ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʧʨʦʯ.). ʇʝʨʝʯʝʥʴ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʨʘʟʙʠʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ ʠ 
ʚʢʣʶʯʘʝʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʠʦʥʳ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ 
ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ʅʝʤʝʮʢʠʝ ʥʦʨʤʘʪʠʚʳ ʢʘʯʝʩʪʚʘ ʧʦʯʚ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʮʝʣʷʭ ʟʘʱʠʪʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʪ 
ʟʘʛʨʷʟʥʝʥʠʷ; ʧʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʟʦʥʳ (ʧʦʷʩʘ) ʦʭʨʘʥʳ ʠʩʪʦʯʥʠʢʘ 
ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʪʠʧʘ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʯʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʥʜʘʨʪʳ ʦʮʝʥʠʚʘʶʪ ʟʘʛʨʷʟʥʝʥʠʝ 
ʩ ʧʦʟʠʮʠʡ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʦʱʘʜʦʢ ʚ ʙʫʜʫʱʝʤ.  

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʉʐɸ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʳ ʩʦʜʝʨʞʘʥʠʷ ʚ 
ʧʦʯʚʘʭ ʠ ʛʨʫʥʪʦʚʳʭ  ʚʦʜʘʭ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
ʉʨʘʚʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʩ ʠʭ ʩʪʘʥʜʘʨʪʘʤʠ  
ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʤʝʨʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʤʦʛʫʪ 
ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʦʙʱʝʩʪʚʝʥʥʦʛʦ 
ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ʚ ʉʐɸ ʥʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ  ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʳʜʝʣʷʶʪ ʫʨʦʚʥʠ ʦʧʘʩʥʦʩʪʠ (ʦʪʩʫʪʩʪʚʠʝ 
ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʠʩʢʘ; ʥʝʤʠʥʫʝʤʳʡ ʨʠʩʢ; ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʠʩʢ), ʜʣʷ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʫʨʦʚʥʝʡ 
ʦʧʘʩʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 

ɺ ʌʠʥʣʷʥʜʠʠ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʯʠʩʪʢʠ 
ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʦʟʤʦʞʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʦʮʝʥʢʝ 
ʫʯʠʪʳʚʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʩʚʦʡʩʪʚʘ, ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʠ  ʬʦʥʦʚʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʨʠʩʢ ʟʘʛʨʷʟʥʝʥʠ ̫ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ, ʭʘʨʘʢʪʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ 
ʚʦʟʜʝʡʩʪʚʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʅʘ 
ʪʝʨʨʠʪʦʨʠʷʭ, ʛʜʝ ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ,  ʧʦʨʦʛʦʤ  ʩʯʠʪʘʝʪʩʷ  
ʬʦʥ. ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʠ ʜʣʷ ʟʝʤʝʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 
ʪʨʘʥʩʧʦʨʪʘ, ʤʝʩʪ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʜʦʧʫʩʪʠʤʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʚʦʧʨʦʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʝʤʝʣʴ, ʥʘʨʫʰʝʥʥʳʭ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʦʩʩʠʡʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʵʪʦʡ ʩʬʝʨʝ 
ʥʝʩʦʚʝʨʰʝʥʥʦ, ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʛʘʨʤʦʥʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʝʚʨʦʧʝʡʩʢʠʭ ʠʣʠ ʘʤʝʨʠʢʘʥʩʢʠʭ 
ʩʪʘʥʜʘʨʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʠʥʞʝʥʝʨʥʦ-
ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʝ ʚʩʝʭ ʩʪʘʜʠʡ 
ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʣʦʱʘʜʦʢ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʯʝʨʥʦʛʦ, 

ʢʘʢ ʜʣʷ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ 29 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʧʝʮʠʬʠʢʫ ʟʘʛʨʷʟʥʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚʳʙʨʦʩʦʚ. ʉʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʤʦʜʝʣʴ USEtox, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʘʪʴ ʪʦʢʩʠʯʥʦʩʪʴ 

ʚʳʙʨʦʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ. ʅʘʠʙʦʣʴʰʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ 

ʵʢʦʩʠʩʪʝʤʳ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʳʙʨʦʩʘ 8 ʵʣʝʤʝʥʪʦʚ (Ag, As, Ba, Be, Co, Cr, Sb, Zn) ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚʙʣʠʟʠ 

ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ.  

Abstract. The paper presents an example of application of biogeochemical studies on black poplar leaves to 

assess as the environmental pollution as human and ecosystem toxicity in Ust-Kamenogorsk city. The analysis of 29 

chemical element concentrations revealed the peculiarities of the territory contamination and made it possible to 

suggest probable emission sources. The impact degree on the environment was evaluated by introducing the obtained 

results into the USEtox model that allowed to calculate the toxicity of the emissions from industrial enterprises in the 

city. The highest human toxicity and ecotoxicity from the total emission of 8 elements (Ag, As, Ba, Be, Co, Cr, Sb, 

Zn) was observed near to the lead-zinc plant.  

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ ʚ ʪʦʤ ʚʠʜʝ, ʢʘʢ ʤʳ ʠʭ ʟʥʘʝʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ 1970-ʳʝ ʛʦʜʳ [1, 2], ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʫʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʶ ʩʚʠʥʮʘ [3, 4]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʤʭʦʚ, 

ʣʠʰʘʡʥʠʢʦʚ, ʪʘʢ ʠ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʭʦʪʴ ʠ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʙʠʦʠʥʜʠʢʘʪʦʨʘʤʠ, ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʚ ʩʠʣʫ ʠʭ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʛʢʦʩʪʠ ʚʠʜʦʚʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤ, ʢʨʦʤʝ ʪʦʛʦ, ʣʠʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʫʧʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʥʝ 

ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʠʦʜ, ʟʘ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ [5-7].  

ɺʩʣʝʜ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʚ ʮʝʣʦʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʯʝʣʦʚʝʢʘ. ʊʘʢ ʚ 1993 ʛʦʜʫ ɹ. ʄʘʨʢʝʨʪ [8] 

ʧʠʩʘʣ, ʯʪʦ ʙʠʦʠʥʜʠʢʘʮʠʷ ʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛ - ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʵʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ ʠ ʧʦʧʳʪʢʘ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʦʢʩʠʯʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʤʦʥʠʪʦʨʘ (ʦʨʛʘʥʠʟʤʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʘʩʧʝʢʪʘʭ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [8]) ʙʳʣ ʚʳʙʨʘʥ ʪʦʧʦʣʴ ʯʝʨʥʳʡ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʟʘʛʨʷʟʥʠʪʝʣʷʤ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʝʛʦ 

ʣʠʩʪʴʝʚ [6, 9-11], ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ ʙʳʚʰʝʛʦ ʉʉʉʈ. 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʘʚʛʫʩʪʝ 2011 ʛʦʜʘ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʪʙʦʨ 101 ʧʨʦʙʳ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ 

ʧʦ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ, ʦʜʥʦʛʦ ʠʟ ʵʧʠʮʝʥʪʨʦʚ ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʉ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʙʳʣʦ ʩʦʙʨʘʥʦ 

ʧʦʨʷʜʢʘ 20 ʣʠʩʪʴʝʚ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚʦʟʨʘʩʪʘ, ʯʪʦʙʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʫʩʨʝʜʥʝʥʥʦʡ ʧʨʦʙʳ. ʆʪʙʦʨ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩ 

ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʢʨʦʥʳ ʧʨʠʤʝʨʥʦ ʥʘ ʚʳʩʦʪʝ 1,7-2 ʤ, ʥʘ ʫʨʦʚʥʝ ʦʨʛʘʥʦʚ 

ʜʳʭʘʥʠʷ ʯʝʣʦʚʝʢʘ. ʃʠʩʪʴʷ ʙʳʣʠ ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠ ̫ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʘ ʙʝʟ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʠ ʧʨʦʩʫʰʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʧʨʦʙʳ ʙʳʣʠ ʦʟʦʣʝʥ rʚ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ɺ ʨʘʤʢʘʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 29 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 28 ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʥʝʡʪʨʦʥʥʦ 

ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʥʘ ʙʘʟʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʀʈʊ-ʊ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʘʥʘʣʠʪʠʢ ɸ.ʌ. ʉʫʜʳʢʦ), ʙʝʨʠʣʣʠʡ ʞʝ ʙʳʣ ʦʮʝʥʝʥ 

ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ (ʘʥʘʣʠʪʠʢ ʀ.ɽ. ɺʘʩʠʣʴʝʚʘ).  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩʦ çʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʝʥʠʝʤè, ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʠ ʦʙʦʙʱʝʥ ɹ. ʄʘʨʢʝʨʪʦʤ ʚ 1992 ʛʦʜʫ ʥʘ ʧʨʠʤʝʨʝ 

çʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʯʝʣʦʚʝʢʘè [12]. ɹʳʣ ʚʳʜʝʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʝʥʦ ʙʦʣʝʝ 

ʯʝʤ ʚ 3 ʨʘʟʘ: Be33 ï Ta13 ï Zn9,4 ï U7,9 ï Th6,6 ï Na6,2 ï Co5,7 ï Br4,8 ï Sr3,9 ï As3,8 ï Sb3,2. 

ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʵʣʝʤʝʥʪʘ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʨʷʜʫ, 

ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʚ 7 ʨʘʟ. ʇʨʠʯʝʤ ʝʩʪʴ ʦʩʥʦʚʘʥʠʝ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʚ Be, Ta ʠ U ʷʚʣʷʝʪʩʷ ʋʣʴʙʠʥʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʨʘʥʘ, ʙʝʨʠʣʣʠʷ, ʪʘʥʪʘʣʘ ʠ ʥʠʦʙʠʷ [13]. ɸ Zn, 

ʚʝʨʦʷʪʥʦ, ʧʦʩʪʫʧʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ çKazzincè 

[14], ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʛʫʪ ʪʘʢʞʝ ʷʚʣʷʪʴʩʷ As ʠ Sb.  

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ʆʎɺɾ) (ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʯʠʤʦʩʪʠ 

ʚʦʟʤʦʞʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʜʣʷ ʩʠʩʪʝʤʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʮʠʠ 

ʦʪ ʩʳʨʴʷ ʜʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [15]). ʎʝʣʴʶ ʆʎɺɾ ʷʚʣʷʝʪʩʷ 

çʧʝʨʝʚʦʜè ʚʳʙʨʦʩʦʚ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʳʝ 

ʦʮʝʥʠʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ, ʢʨʦʤʝ ʪʦʛʦ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʫʞʝ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʚʳʙʨʦʩʝ ʚ ʚʦʟʜʫʭ 1 ʢʛ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʦʤ ʛʦʨʦʜʝ. ʅʘʤʠ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ USEtox [16] ʠ ʧʨʠʤʝʥʝʥʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʫʤʤʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʠ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʛʦ) ʦʪ ʚʳʙʨʦʩʘ ʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʦʨʦʜʩʢʦʡ ʚʦʟʜʫʭ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʷʪʳ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

Ecoinvent (http://db.ecoinvent.org/). ʉʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

IS = ВВ#ȟ  z-ȟ , 

ʛʜʝ IS ï ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ (ʩʣʫʯʘʝʚ), Cx,i ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʱʝʩʪʚʘ x ʚʳʧʫʱʝʥʥʦʛʦ ʚ ʩʨʝʜʫ i (ʩʣʫʯʘʝʚ/ʢʛ), Mx,i ï 

ʚʳʙʨʦʩ ʚʝʱʝʩʪʚʘ x ʚ ʩʨʝʜʫ i (ʢʛ). 

ʊʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ ʚʳʨʘʞʘʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ PAF*ʤ
3
*ʜʝʥʴ/ʢʛʚʙrʨʦʩ, ʛʜʝ PAF ï 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʘʪʨʘʛʠʚʘʝʤʘʷ ʬʨʘʢʮʠʷ; ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ - ʩʣʫʯʘʝʚ/ʢʛʚʳʙʨʦʩ. ʅʦ ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʯʘʱʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʯʝʨʝʟ ʆʪʥʦʩʠʪʝʣʴʥʫʶ 

ʪʦʢʩʠʯʝʩʢʫʶ ʝʜʠʥʠʮʫ (CTU). 

ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʤʛ/ʢʛ, ʟʥʘʷ 

ʧʣʦʱʘʜʴ ʠ ʚʝʩ ʣʠʩʪʘ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʝʨʝʩʯʝʪ ʚ ʤʛ/ʤ
2
. ʀ ʵʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ çʚʳʙʨʦʩʦʚè, ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʵʪʦ ʧʦʣʥʝʝ ʦʪʨʘʞʘʝʪ 
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ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʦʪʨʘʟʠʪʴ ʥʘʢʦʧʣʝʥʥʦʝ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʠʡ ʧʝʨʠʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ, ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʫʯʝʩʪʴ ʩʠʥʝʨʛʠʟʤ ʠ ʘʥʪʘʛʦʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʩʪʴ ʚʩʝ ʟʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʩʠʣʫ ʥʝʜʦʩʪʘʪʢʘ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʨʘʩʯʝʪʝ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʠ 

ʫʯʪʝʥʳ 8 ʵʣʝʤʝʥʪʦʚ (Ag, As, Ba, Be, Co, Cr, Sb, Zn). ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʧʦʢʘʟʘʪʝʣʴ, 

ʧʦʨʷʜʢʘ 95%, ʚʥʦʩʠʪ ʮʠʥʢ, ʠʤʝʶʱʠʡ ʢʘʢ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʪʘʢ ʠ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʢʘʨʪʘ 

ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 1) ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʮʠʥʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛʦʨʦʜʘ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʢʩʠʯʥʦʩʪʠ (ʙʦʣʝʝ 1,17 ʩʣʫʯʘʝʚ ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʥʘ ʢʤ
2 
ʠ ʙʦʣʝʝ 1 278 387 CTU - ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ) ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ 

ʧʨʦʤʧʣʦʱʘʜʢʠ ʂʘʟʮʠʥʢ. ʅʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʝ ʠ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʝʱʝ 

ʥʝʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʘʨʝʦʣʳ ʩʤʝʩʪʷʪʩʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ 

ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʞʠʪʝʣʝʡ ʛʦʨʦʜʦʚ ʧʨʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ. 
 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ (ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʩʠʩʪʝʤʳ) 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ 

    

 ï ʫʩʣʦʚʥʳʝ ʧʣʦʱʘʜʢʠ, ʨʘʟʤʝʨʦʤ 1 ʢʤ
2
, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʪʦʢʩʠʯʥʦʩʪʠ; 

1 ï ʟʦʣʦʦʪʚʘʣ ˉ3 ʋʂ ʊʕʎ; 2 ï ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ɸʆ çʋʄɿè; 3 ï ʧʨʫʜ ʥʘʢʦʧʠʪʝʣʴ ʩʪʦʢʦʚ ʋʂʂɿ; 4 ï 

ʧʦʣʠʛʦʥ ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʴ ˉ3 ɸʆ çʋʂ ʊʄʂè; 5 ï ʟʦʣʦʦʪʚʘʣ ˉ1 ʉʦʛʨʠʥʩʢʦʡ ʊʕʎ; 6 

ï ʟʦʣʦʦʪʚʘʣ ˉ2 ʋʂ ʊʕʎ; 7 ï ʪʝʨʨʠʢʦʥʳ ɸʆ çʂʘʟʮʠʥʢè; 8 ï ʦʪʚʘʣʴʥʦʝ ʧʦʣʝ ɸʆ çʂʘʟʮʠʥʢè; 9 ï 

ʩʪʘʨʦʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ɸʆ çʋʄɿè; 10 ï ʛʦʨʦʜʩʢʘʷ ʩʚʘʣʢʘ ʪʚʝʨʜʦʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ; 11 ï ʙʳʚʰʠʡ 

ʩʢʣʘʜ ʫʜʦʙʨʝʥʠʡ ʠ ʷʜʦʭʠʤʠʢʘʪʦʚ; 12 ï ʧʨʫʜ ʥʘʢʦʧʠʪʝʣʴ ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ ʂʐʊ [ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʨʠʘʣʦʚ ʢʘʨʪʳ [17] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʘ]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʢʩʠʯʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤʝʝʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʩʢʦʣʴʢʫ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʘʥʥʳʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʜʘʥʥʳʝ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʪʦʚ, ʯʪʦ ʜʘʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ (ʚ ʩʠʣʫ ʜʦʨʦʛʦʚʠʟʥʳ ʝʞʝʜʥʝʚʥʳʭ ʠʟʤʝʨʝʥʠʡ) 

ʨʝʟʫʣʴʪʘʪʳ. ɸ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦ, 

ʦʮʝʥʠʚʘʷ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʀʟʫʯʝʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʜʘʝʪ 

ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʪʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʵʣʝʤʝʥʪʳ ʥʝ 



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʪʦʣʴʢʦ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʫʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʪʘʢʞʝ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʳ. ʅʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʪʘʢʞʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʜʦʨʘʙʦʪʢʦʡ ʙʘʟ ʜʘʥʥʳʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ. 
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ZONING OF PAVLODAR OBLASTô TERRITORY BASED ON 

GEOCHEMICAL INDEXES OF SCALES IN DRINKING WATER 
ʀʥʥʦʚʘʮʠʦʥʥʳʡ ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʘʚʣʦʜʘʨ, ʫʣ. ʃʦʤʦʚʘ 45 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ ʜ. 30, E-mail: shinar_uzh@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʳʭ ʚʦʜ ʚ ʨʦʣʠ ʠʥʜʠʢʘʪʦʨʘ ʚʳʩʪʫʧʠʣʠ ʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ 

ʧʠʪʴʝʚʳʭ ʚʦʜ (ʥʘʢʠʧʴ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ). 

ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʠʣʠ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ ʢʘʞʜʦʛʦ ʨʘʡʦʥʘ ʠʟʫʯʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʯʝʪʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

Abstract. Salt deposits in drinking water (scales) sampled in Pavlodar Oblastô (the Republic of Kazakhstan) 

serve as an indicator of drinking water quality. The obtained analytical data determine the geochemical specificity of 

each area of the studied territory underwent the influence of a combination of factors of different nature. 

ʉʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ (ʥʘʢʠʧʴ) ʥʝʩʫʪ ʚʘʞʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʟʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʝ ʫʯʘʩʪʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʣʦʞʥʳʤ ʩʦʯʝʪʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʬʘʢʪʦʨʦʚ ʢʘʢ ʪʝʭʥʦʛʝʥʥʦʛʦ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [1-4].  

ʉʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʛʠʛʠʝʥʠʯʝʩʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʠʤʝʶʱʠʡ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

[5, 6].  

ʅʘʢʠʧʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: ʚʦ-

ʧʝʨʚʳʭ, ʩʨʝʜʘ ʜʝʧʦʥʠʨʫʶʱʘʷ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ ʧʨʠ ʦʪʙʦʨʝ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʙ ʢ ʘʥʘʣʠʟʫ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʡʦʥʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ) ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ (ʥʘʢʠʧʴ).  

ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʨʠʪʦʨʠʶ, ʠʤʝʶʱʠʡ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʧʦʩʢʦʣʴʢʫ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩʳ ʢʘʢ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʪʘʢ ʠ ʧʨʠʨʦʜʥʦʛʦ.  

ɸʚʪʦʨʘʤʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ 51 ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʚ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʥʦ 169 ʧʨʦʙ 

ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ ʚ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2014 ʛʛ. ʉʨʝʜʠ ʥʠʭ ʢʘʢ ʪʝʨʨʠʪʦʨʠʠ 

ʩʝʣʴʩʢʦʛʦ, ʪʘʢ ʠ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ.  

ʇʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʧʘʪʝʥʪʝ ˉ 

2298212 çʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʫʨʘʥʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè [7]. 

ʉʦʣʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʵʤʘʣʠʨʦʚʘʥʥʦʡ ʧʦʩʫʜʳ (ʯʘʡʥʠʢ, 

ʢʘʩʪʨʶʣʷ), ʚ ʢʦʪʦʨʳʭ ʥʝʦʜʥʦʢʨʘʪʥʦ ʢʠʧʷʪʠʣʘʩʴ ʚʦʜʘ, ʧʨʠ ʧʦʤʦʱʠ ʥʦʞʘ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ ʧʦʩʪʫʢʠʚʘʥʠʝʤ ʧʦ ʩʪʝʥʢʘʤ ʧʦʩʫʜʳ, ʧʦʩʣʝ ʝʝ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʧʨʦʙʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʪʠʨʘʣʘʩʴ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʜʦ 

ʧʦʨʦʰʢʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʫʧʘʢʦʚʳʚʘʣʘʩʴ ʚ ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ ʧʦ 100 ʤʛ ʠ ʦʪʧʨʘʚʣʷʣʘʩʴ 

ʥʘ ʘʥʘʣʠʟ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʚ ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ɻʕɻʍ ʊʇʋ (ʘʥʘʣʠʪʠʢ ï 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉʫʜʳʢʦ ɸ.ʌ), ʠʤʝʶʱʝʡ ʘʢʢʨʝʜʠʪʘʮʠʶ (ˉ ʈʆʉʉ 

RU.0001.511901) ʠ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ (ˉ 410-ʗʌ). ʂʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ (ɻʉʆ 7126-94) ʩʦʩʪʘʚʘ ɹʘʡʢʘʣʴʩʢʦʛʦ ʠʣʘ ɹʀʃ-1.  



ʉʝʢʮʠʷ 4. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʢʠʧʠ ʧʠʪʴʝʚʳʭ ʚʦʜ, ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (Na, Ca, Fe, Zn, Sr, Ba) 
ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɻʨʫʧʧʫ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ 
ʥʘʢʠʧʠ ʧʨʝʚʳʰʘʶʪ ʝʜʠʥʠʮʳ, ʜʝʩʷʪʢʠ ʤʛ/ʢʛ ʠ ʚʳʰʝ, ʩʦʩʪʘʚʣʷʶʪ Cr, Co, As, Br, Rb, Sb, La, 
Ce, Nd, U. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ 
ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʦʢʘʟʳʚʘʝʤʦʛʦ ʚʣʠʷʥʠʷ, ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʛʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 
ʩʣʦʞʠʚʰʫʶʩʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʢ ʚʩʝʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ 
ʢʘʞʜʦʛʦ ʨʘʡʦʥʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.  

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʠʪʴʝʚʳʭ ʚʦʜ ʙʳʣʠ 
ʧʨʦʥʦʨʤʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʥʘʢʠʧʠ ʚʦʜʳ ʠʟ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʚʦʜʘ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʪʘʣʦʥ ʢʘʯʝʩʪʚʘ [8]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 
ʯʪʦ ʯʪʦ ʢʘʞʜʳʡ ʨʘʡʦʥ ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʡ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 
ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʀʨʪʳʰʩʢʦʤ ʨʘʡʦʥʝ (18 ʠʟ 27). ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 
ʥʘʢʠʧʠ ʵʪʦʛʦ ʨʘʡʦʥʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʝ 10) ʷʚʣʷʶʪʩʷ: Zn, Ta, Sb, Hf, Co, 
Sc. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʡʦʥʘʤʠ ʥʘʢʠʧʴ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠʯʠʥʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʥʝʧʦʥʷʪʥʳʤʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 
ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʥʘ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʶʪ ʛʨʘʥʠʪʦʠʜʳ, ʥʝʩʫʱʠʝ ʨʝʜʢʦʤʝʪʘʣʴʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. 

ɹʣʠʟʢʠʤ ʢ ʥʝʤʫ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʢʠʧʠ (16 ʠʟ 27 ʧʦʢʘʟʘʪʝʣʝʡ) 
ʷʚʣʷʝʪʩʷ ɸʢʩʫʩʢʠʡ ʨʘʡʦʥ. ʅʘʢʠʧʴ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ 
ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʄʘʡʢʘʠʥʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, ʚ 
ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʜʦʩʪʠʛʘʝʪ 58,7 ʛ/ʪ, ʘ ʩʝʨʝʙʨʘ 2277 ʛ/ʪ [9].  

ɼʣʷ ɾʝʣʝʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩʧʝʮʠʬʠʯʝʥ Nd ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʡʦʥʘʤʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠ ʩʭʦʞʠ ʃʝʙʷʞʝʥʩʢʠʡ, ʄʘʡʩʢʠʡ ʠ ʕʢʠʙʘʩʪʫʟʩʢʠʡ ʨʘʡʦʥʳ, 
ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ ʙʦʣʴʰʝ 10. ʂʘʢ ʥʘʤ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʪʘʢʘʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʣʧʳʩ, ʚ ʨʫʜʘʭ ʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚʣʷʝʪ 50,4 ʛ/ʪ [10]. 

ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʨʨʠʪʦʨʠʷʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʪʦʣʴʢʦ ʩʝʣʴʩʢʠʝ 
ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʩ ʥʠʟʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 1 ʧʨʠʥʘʜʣʝʞʘʪ 
ʥʘʢʠʧʠ ʧʠʪʴʝʚʳʭ ʚʦʜ ʛ. ɸʢʩʫ (14 ʠʟ 27).  

ʉʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʛʦʨʦʜʦʚ ʇʘʚʣʦʜʘʨʘ (13 ʠʟ 27) ʠ ɸʢʩʫ ʠʤʝʶʪ 
ʩʭʦʜʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ 1: Zn, Ta, 
Ag, U, Fe, Sm, Sb, Sc, Tb, Co. ʆʜʥʘʢʦ ʝʩʪʴ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʘʢʠʧʠ 
ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʨʦʜʘ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʇʘʚʣʦʜʘʨʘ ï Ba, Sr, La; ʜʣʷ ɸʢʩʫ ï Hf, Au, Nd, 
Ce, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
ʩʪʨʦʥʮʠʡ ʠ ʙʘʨʠʡ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʢʠʧʠ, ʥʦ ʠ ʚ 
ʣʠʩʪʴʷʭ ʪʦʧʦʣʷ ʯʝʨʥʦʛʦ, ʘ ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʚ ʚʦʣʦʩʘʭ ʯʝʣʦʚʝʢʘ [11,12]. 
ɺ ʇʘʚʣʦʜʘʨʝ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʡ, 
ʥʝʬʪʝʧʝʨʝʛʦʥʥʳʡ, ʘʣʶʤʠʥʠʝʚʳʡ ʟʘʚʦʜʳ, ʊʕʎ 1, 2, 3 ʠ ʜʨʫʛʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ 
ʩʧʫʪʥʠʢʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ï ʧʨʫʜʳ-ʥʘʢʦʧʠʪʝʣʠ-ʠʩʧʘʨʠʪʝʣʠ, ʰʣʘʤʦ-ʟʦʣʦʦʪʚʘʣʳ, ʩʚʘʣʢʠ 
ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ [13]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʦʨʦʜʘ ɸʢʩʫ, ʟʜʝʩʴ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ 
ʚʳʰʝ, ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʥʘʭʦʞʜʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ, ʥʘ 
ʜʦʣʶ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ 16% ʚʩʝʡ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ. 

ʉʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʛʦʨʦʜʘ ʕʢʠʙʘʩʪʫʟ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪ 4 
ʵʣʝʤʝʥʪʘ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ï Zn, Ag, U, Nd.  
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ɺ ʮʝʣʦʤ, ʜʣʷ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʣʠʯʠʝ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ (Zn, Ta ʠ Ag), ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦʛʦ ʢ 

ʥʠʤ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ U. ʊʘʢ ʢʘʢ Zn ʷʚʣʷʝʪʩʷ ʩʢʚʦʟʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ 

ʠʟʫʯʘʝʤʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʨʝʛʠʦʥʘ, ʠʤʝʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʳ ʦʟʝʨʘ ɹʘʡʢʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʑʝʨʙʘʢʪʠʥʩʢʦʛʦ) 

ʨʘʡʦʥʘʭ ʦʙʣʘʩʪʠ ʙʦʣʴʰʝ 10, ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʊʘ, Ag, U ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʢʫ 

ʩʦʣʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʠʪʴʝʚʳʭ ʚʦʜ ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʉʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʚʳʷʚʣʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʧʣʦʱʘʜʝʡ ʩ ʚʦʟʤʦʞʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ. 
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ENVIRONMENTAL EDUCATION IN MODERN SCHOOL 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʛʘʨʤʦʥʠʯʝʩʢʠ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʠʨʦʜʝ ʠ ʨʘʟʚʠʪʠʷ ʮʝʣʦʩʪʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʤʠʨʘ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʨʦʣʴ ʠʜʝʡ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʘ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

Abstract. The issues of modern environmental education in the development of harmonious person, careful 

relation to nature and holistic perception of the world are touched on. The problems of modern education are 

discussed, and the role of V.I. Vernadsky ideas of intelligence formation in the rising generation is emphasized. 

ɺ ʥʘʰʠ ʜʥʠ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʝʛʦ 
ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʠʨʦʜʝ, ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʦʜʝʞʠ. 

ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʛʘʨʤʦʥʠʠ ʩ ʧʨʠʨʦʜʦʡ ʚʦʟʤʦʞʥʦ ʝʛʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ. 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʧʦʜʦʰʣʦ ʢ ʧʦʨʦʛʫ, ʟʘ ʢʦʪʦʨʳʤ ʥʫʞʥʳ ʠ ʥʦʚʘʷ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ ʠ ʥʦʚʳʝ 
ʟʥʘʥʠʷ ʠ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʮʝʥʥʦʩʪʝʡ. ʀʭ ʥʫʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʚʦʩʧʠʪʳʚʘʪʴ ʩ ʜʝʪʩʪʚʘ. ʉ ʜʝʪʩʪʚʘ 
ʥʫʞʥʦ ʫʯʠʪʴʩʷ ʞʠʪʴ ʚ ʩʦʛʣʘʩʠʠ ʩ ʧʨʠʨʦʜʦʡ, ʚ ʩʦʛʣʘʩʠʠ ʩ ʝʝ ʟʘʢʦʥʘʤʠ. ɸ ʜʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʨʘʩʪʘʶʱʝʛʦ 
ʧʦʢʦʣʝʥʠʷ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ï ʵʪʦ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ. ʇʦʜ 
ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʚʦʩʧʠʪʘʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʝʜʠʥʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ, 
ʛʘʨʤʦʥʠʯʥʦʛʦ ʩ ʧʨʠʨʦʜʦʡ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʜʦʣʞʥʦ ʥʘʯʠʥʘʪʴ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ 
ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʫʶʪ ʠ ʩʝʤʴʷ ʠ ʰʢʦʣʘ, 
ʪ.ʝ. ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʰʢʦʣʳ ʫʩʠʣʠʚʘʝʪʩʷ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʦʜʠʪʝʣʝʡ ʚ ʪʦʤ 
ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʎʝʣʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʆʥʦ ʦʟʥʘʯʘʝʪ ʧʦʥʠʤʘʥʠʝ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʞʠʟʥʴ 
ʯʝʣʦʚʝʢʘ ʚ ʦʢʨʫʞʘʶʱʝʤ ʝʛʦ ʤʠʨʝ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʚ 
ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʠʟʫʯʝʥʠʶ ʠ ʦʭʨʘʥʝ ʩʨʝʜʳ, ʚ ʙʦʨʴʙʝ ʩʦ ʚʩʝʤ, ʯʪʦ ʛʫʙʠʪʝʣʴʥʦ 
ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. 
ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ - ʵʪʦ ʟʥʘʢʦʤʩʪʚʦ ʯʝʣʦʚʝʢʘ ʩ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʦʡ ʤʠʨʘ, 
ʧʨʠʦʙʨʝʪʝʥʠʝ ʯʝʣʦʚʝʢʦʤ ʟʥʘʥʠʡ ʦ ʧʨʠʨʦʜʥʦʤ ʠ ʩʦʮʠʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʩʚʦʝʥʠʝ ʟʥʘʥʠʡ ʦ 
ʧʨʠʨʦʜʝ, ʦ ʝʝ ʮʝʥʥʦʩʪʷʭ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʝʡ ʯʝʣʦʚʝʢʘ, ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʘʭ ʠ ʧʫʪʷʭ 
ʠʭ ʨʝʰʝʥʠʷ. 

ɾʠʚʘʷ ʧʨʠʨʦʜʘ ʚʩʝʛʜʘ ʧʨʠʟʥʘʚʘʣʘʩʴ ʚ ʧʝʜʘʛʦʛʠʢʝ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ 
ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʫʯʝʥʠʢʦʚ. ʆʙʱʘʷʩʴ ʩ ʥʝʡ, ʠʟʫʯʘʷ ʝʝ ʦʙʲʝʢʪʳ ʠ ʷʚʣʝʥʠʷ, 
ʫʯʘʱʠʝʩʷ ʧʦʩʪʝʧʝʥʥʦ ʧʦʩʪʠʛʘʶʪ ʤʠʨ, ʚ ʢʦʪʦʨʦʤ ʞʠʚʫʪ, ʦʪʢʨʳʚʘʶʪ ʫʜʠʚʠʪʝʣʴʥʦʝ 
ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, ʦʩʦʟʥʘʶʪ ʨʦʣʴ ʧʨʠʨʦʜʳ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, 
ʠʩʧʳʪʳʚʘʶʪ ʯʫʚʩʪʚʘ ʠ ʧʝʨʝʞʠʚʘʥʠʷ, ʧʦʙʫʞʜʘʶʱʠʝ ʠʭ ʟʘʙʦʪʠʪʴʩʷ ʦ ʩʦʭʨʘʥʝʥʠʠ ʠ 
ʧʨʠʫʤʥʦʞʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ. 

ʅʘ ʢʘʢʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʠʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʝ? 
ɺʨʝʤʝʥʝʤ ʦʪʩʯʝʪʘ ʰʢʦʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʨʝʬʦʨʤʫ 1984 ʛʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʤʠʤʦ ʚʩʝʦʙʱʝʛʦ ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʜʠʥʥʘʜʮʘʪʠ ʣʝʪ 
ʦʙʫʯʝʥʠʷ, ʧʨʦʚʦʟʛʣʘʩʠʣʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʦʙʦʛʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ 
ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ [1]. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ɺ ʧʝʨʠʦʜ ʩ 1992 ʧʦ 2002 ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʥʘʯʠʥʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʜʠʩʢʫʩʩʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 
ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ. ɺ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ ʚʦʟʥʠʢ 
ʥʦʚʳʡ ʢʫʨʩ ñʆʢʨʫʞʘʶʱʠʡ ʤʠʨò. ɺ ʦʩʥʦʚʥʦʡ ʰʢʦʣʝ ʦʪʜʝʣʴʥʳʡ ʢʫʨʩ ʵʢʦʣʦʛʠʠ ʜʦʣʞʝʥ ʙʳʣ 
ʠʟʫʯʘʪʴʩʷ ʚ ʢʫʨʩʘʭ ʙʠʦʣʦʛʠʠ, ʛʝʦʛʨʘʬʠʠ ʠ ʆɹɾ (ʦʩʥʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʠ). ʇʨʝʧʦʜʘʚʘʥʠʝ 
ʵʢʦʣʦʛʠʠ, ʢʘʢ ʰʢʦʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ, ʩʪʘʣʦ ʪʦʯʥʳʤ ñʩʣʝʧʢʦʤò ʩ ʜʨʫʛʦʛʦ ʰʢʦʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ 
ï ʙʠʦʣʦʛʠʠ. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʨʝʧʠʣ ʦʪʩʫʪʩʪʚʠʝ ʵʢʦʣʦʛʠʠ ʚ ʰʢʦʣʴʥʦʤ ʦʙʫʯʝʥʠʠ ʜʦʢʫʤʝʥʪ, 
ʚʳʰʝʜʰʠʡ ʚ 2004 ʛʦʜʫ ï ñʌʝʜʝʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʦʙʱʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷò [2]. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦ ʩʫʪʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʟʥʘʥʠʝ ʚ ʰʢʦʣʴʥʦʡ ʧʨʘʢʪʠʢʝ, ʘ ʚʩʷ ʩʦʦʙʱʘʝʤʘʷ ʰʢʦʣʴʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʷ 
ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʘʝʤʦʡ ʩʪʠʭʠʡʥʦ, ʚ ʭʦʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʫʯʠʪʝʣʝʡ. 

ʂ ʦʛʨʦʤʥʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʨʦʩʩʠʡʩʢʠʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʠʜʝʠ ʠ ʥʘʫʯʥʦʝ 
ʥʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɺʣʘʜʠʤʠʨʘ ʀʚʘʥʦʚʠʯʘ ɺʝʨʥʘʜʩʢʦʛʦ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʛʨʘʤʦʪʥʳʭ ʣʠʯʥʦʩʪʝʡ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. 
ʍʦʪʷ ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡ ʥʠʢʦʛʜʘ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʟʘʥʠʤʘʣʩʷ ʧʨʦʙʣʝʤʘʤʠ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤ 
ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʝʛʦ ʠʜʝʠ ʜʦʣʞʥʳ ʩʪʘʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 
ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʘ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʀʙʦ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ 
ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʮʝʣʦʩʪʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʤʠʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ 
ʥʘ ʛʣʫʙʦʢʦʤ ʠʟʫʯʝʥʠʠ ʦʩʥʦʚ ʥʘʫʢ ʦ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. 

ʆʙʣʘʜʘʷ ʚʳʩʦʯʘʡʰʠʤʠ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ, ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡ ʠʩʧʦʣʴʟʦʚʘʣ 
ʠʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʣʦʞʠʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʩʪʨʦʝʥʠʷ ʤʠʨʘ ʠ ʩʫʤʝʣ ʧʦʢʘʟʘʪʴ ʝʝ, 
ʦʧʠʨʘʷʩʴ ʥʘ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ. ʊʦʣʴʢʦ ʮʝʣʦʩʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʤʠʨʘ, ʦʩʥʦʚʘʥʥʦʝ 
ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʤ ʠ ʧʦʣʥʦʤ ʠʟʫʯʝʥʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʤ ʧʨʦʮʝʩʩʦʚ, ʥʘ ʦʩʥʦʚʝ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʩʧʦʩʦʙʥʦ ʩʦʟʜʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʨʘʟʚʠʪʫʶ 
ʣʠʯʥʦʩʪʴ. 

ɸ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʯʥʦʩʪʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʫʞʝ ʥʘ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʝ. ʀ ʣʠʰʴ 
ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʫʩʚʦʝʥʠʶ ʦʩʥʦʚ 
ʤʠʨʦʟʜʘʥʠʷ ʠʟ ʤʘʣʝʥʴʢʦʛʦ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʯʝʣʦʚʝʯʢʘ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ 
ʮʝʣʦʩʪʥʘʷ ʪʚʦʨʯʝʩʢʘʷ ʣʠʯʥʦʩʪʴ. ʀ ʪʘʢʘʷ ʣʠʯʥʦʩʪʴ ʙʫʜʝʪ ʩʧʦʩʦʙʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʫʤʘʪʴ, 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʜʫʢʪ. 

ʉʝʛʦʜʥʷ ʨʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʧʘʣʘ ʚ ʩʬʝʨʫ ʚʣʠʷʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ 
ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʱʠʭ ʚ ʈʦʩʩʠʠ ʧʨʠʢʣʘʜʥʫʶ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. 
ʋʞʝ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘʯʘʣʩʷ ʢʦʨʝʥʥʦʡ ʩʣʦʤ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʫ 
ʥʘʩ ʚ ʩʪʨʘʥʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʂ 1998 ʛʦʜʫ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ñʇʨʦʛʨʘʤʤʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷò. 

ɺ ʩʚʝʪʝ ʜʘʥʥʦʡ ñʇʨʦʛʨʘʤʤʳò ʥʘʯʘʣʩʷ ʫʩʢʦʨʝʥʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʫʶ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʤʦʜʝʣʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʚ ʩʪʦʨʦʥʫ ʫʧʨʦʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʰʢʦʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ. ɸ ʩ 2001 ʛʦʜʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʘʯʘʣʩʷ ñʵʢʩʧʝʨʠʤʝʥʪò ʧʦ ʚʥʝʜʨʝʥʠʶ ʝʜʠʥʦʛʦ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʟʘʤʝʥʘ ï ɽɻʕ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʷʭ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʝʛʦʜʥʷ, ʢʘʢ ʥʠʢʦʛʜʘ, ʦʢʘʟʘʣʠʩʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʠʜʝʠ ʠ ʥʘʫʯʥʦʝ 
ʥʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʦ ʮʝʣʦʩʪʥʦʤ ʠ ʚʩʝʩʪʦʨʦʥʥʝʤ ʠʟʫʯʝʥʠʠ ʤʠʨʘ. 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʦʦʩʬʝʨʥʳʭ ʠʜʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʪʨʫʜʘʭ 
ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʧʦʟʚʦʣʠʪ ʚʦʩʧʠʪʘʪʴ ʧʦʢʦʣʝʥʠʝ, ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʠ ʮʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ 
ʙʫʜʝʪ ʥʝ ʬʠʣʦʩʦʬʠʷ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ 
ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʰʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʊʨʫʜʳ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʤʦʛʫʪ ʩʪʘʪʴ ʚʘʞʥʝʡʰʠʤ ʟʚʝʥʦʤ ʚ ʠʟʤʝʥʝʥʠʠ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ 
ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. [3] 
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THE UROV ENDEMIA: BIOGEOCHEMICAL STUDIES 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʛʨʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʩʥʦʚʥʳʭ ʦʯʘʛʦʚ 

ʋʨʦʚʩʢʦʡ ʵʥʜʝʤʠʠ ʚ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʦʙʦʚʘʥʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦ 

ʱʝʣʦʯʥʳʤʠ, ʤʘʣʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ, ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦʛʦ ʪʠʧʘ. ɼʣʷ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʨʷʜʘ ʵʥʜʝʤʠʯʥʳʭ ʣʦʢʘʣʠʟʘʮʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ Eh, ʥʘʣʠʯʠʝ Mn, Sr, Ba ʠ P. ʇʦʯʚʳ ʚʩʝʭ 

ʣʦʢʘʣʠʟʘʮʠʡ ʫʨʦʚʩʢʦʛʦ ʩʫʙʨʝʛʠʦʥʘ ʙʠʦʩʬʝʨʳ ʟʘʤʝʪʥʦ ʦʙʦʛʘʱʝʥʳ P, Mn, Sr, Cr, Ni, Cu and Zn ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʥʦʚʳʤʠ ʧʦʯʚʘʤʠ. ʇʨʠ ʦʮʝʥʢʝ ʤʠʛʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦ ʦʙʱʝʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʠ ʢʦʵʬʬʠʮʠʝʥʪʫ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʤʝʪʥʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ 

ʨʘʩʪʝʥʠʷʤʠ Mn, P, Sr, Cr, Ni, As ʠ ʩʣʘʙʦʝ ʥʘʢʦʧʣʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ Se ʠ Cu. ʇʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʣʝʥʘ, ʥʦ ʤʠʛʨʘʮʠʷ ʝʛʦ ʚ ʨʘʩʪʝʥʠʷ ʙʳʣʘ ʩʥʠʞʝʥʘ ʚ ʤʝʩʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʨʦʚʩʢʦʡ ʙʦʣʝʟʥʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʠ ʚ ʟʝʨʥʦʚʢʘʭ ʧʰʝʥʠʮʳ, ʚʦʣʦʩʷʥʦʤ ʧʦʢʨʦʚʝ ʞʠʚʦʪʥʳʭ ʠ ʤʦʣʦʢʝ ʢʦʨʦʚ. ʈʘʟʣʠʯʠʷ 

ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ - ʦʙʠʣʠʝ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʚ ʛʝʥʝʟʠʩʝ ʫʨʦʚʩʢʦʡ ʵʥʜʝʤʠʠ. 

Abstract. The comparative assessment of levels of content and parameters of migration of biologically active 

chemical elements in soils and plants of basic Urov endemic areas in East Transbaikalia was conducted. It was found 

that the sampled waters were alkalescent, low mineralized and of hydrocarbonate-calcium-magnesium type. For 

swamped endemic sites, the decrease in Eh and the presence of Mn, Sr, Ba and P were detected. The soils of all sites 

of the Urov biosphere subregion were significantly enriched by P, Mn, Sr, Cr, Ni, Cu and Zn compared to the 

background soils. When assessing trace elements migration in the soil-plant complex by their total content and 

biological absorption coefficient, increased plant accumulation of Mn, P, Sr, Cr, Ni, As and decreased accumulation 

of Se and Cu occurred. The content of selenium in landscape soils was practically the same, whereas in plants 

growing in endemic sites was low. The peculiarities of migration of chemical elements in the soil-plant complex are 

manifested in their content in wheat weevils, animal hair and cow milk. Difference in chemical composition of soils 

affects their microbiological spectrum, i.e. abundance of fungi from Fusarium genus. The obtained data are 

considered as risk factors in the genesis of the Kashin-Beck endemia.  

ɺʚʝʜʝʥʠʝ  

ʋʨʦʚʩʢʘʷ ʂʘʰʠʥʘ-ɹʝʢʘ ʙʦʣʝʟʥʴ ï ʪʷʞʝʣʦʝ ʢʦʩʪʥʦ-ʩʫʩʪʘʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʯʝʣʦʚʝʢʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ʏʠʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʝʚʝʨʥʦʡ ʂʦʨʝʝ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʂʠʪʘʝ. ɹʦʣʝʟʥʴ ʯʝʪʢʦ ʣʦʢʘʣʠʟʦʚʘʥʘ, ʚʦʟʥʠʢʘʝʪ ʫ ʜʝʪʝʡ ʠ ʣʠʮ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʕʪʠʦʣʦʛʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʪʦʯʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ [1, 2] ʆʜʥʘʢʦ ʩʨʝʜʠ ʢʦʤʧʣʝʢʩʘ 

ʬʘʢʪʦʨʦʚ ʦʩʦʙʫʶ ʨʦʣʴ ʦʪʚʦʜʷʪ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ ʘʣʠʤʝʥʪʘʨʥʳʤ ʬʘʢʪʦʨʘʤ. ɺ ʩʚʷʟʠ ʩ 

ʨʘʟʚʠʪʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʩʪʨʦʥʮʠʷ, ʬʦʩʬʦʨʘ, ʤʘʨʛʘʥʮʘ ʠ ʩʝʣʝʥʘ, ʢʦʪʦʨʳʝ 

ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʇʦʵʪʦʤʫ ʚ ʪʝʯʝʥʠʝ 1998-2014 ʛʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ 

ʨʘʙʦʪʳ ʚ ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ (ʙʘʩʩʝʡʥʳ ʨʝʢ ʐʠʣʢʘ, ʋʥʜʘ, ɻʘʟʠʤʫʨ, ʋʨʶʤʢʘʥ ʠ ʋʨʦʚ) ʠ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

63 

ʦʙʩʣʝʜʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʵʥʜʝʤʠʯʥʳʝ ʪʨʫʜʥʦ ʜʦʩʪʫʧʥʳʝ ʪʝʨʨʠʪʦʨʠʠ - ʙʳʚʰʠʝ ʩʝʣʘ ɻʦʜʳʤʙʦʡ, 

ɿʦʣʠʥʩʢʦʝ, ɹʦʛʜʘʪʴ. ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʦʣʦʛʦ-ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʪʙʦʨʦʤ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʦʜ, ʧʦʯʚ, ʨʘʩʪʝʥʠʡ, ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ ʠ ʦʩʥʦʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʞʠʪʝʣʝʡ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ ɸɸʉ, ʵʤʠʩʩʠʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌɸ ʠ ʅɸɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʦʙʨʘʙʦʪʘʥ 

ʤʝʪʦʜʘʤʠ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʫʨʦʚʩʢʠʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʚʠʥʮʠʡ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦʢʠʩʣʳʤʠ ʩ pH 6,02-6,60, 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʤʠ. ɼʣʷ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʨʷʜʘ ʵʥʜʝʤʠʯʥʳʭ 

ʦʯʘʛʦʚ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ Eh ʠ ʥʘʣʠʯʠʝ ʤʘʨʛʘʥʮʘ, ʞʝʣʝʟʘ, ʠʥʦʛʜʘ, ʮʠʥʢʘ. ɺ ʨʝʯʥʳʭ 

ʚʦʜʘʭ ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʨʦʙʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʦʜʝʨʞʘʥʠʝ ʦʨʪʦ-ʬʦʩʬʘʪʦʚ ʚ ʬʠʣʴʪʨʦʚʘʥʥʦʡ 

ʚʦʜʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,02 ʜʦ 0,09 ʤʛ/ʣ, ʘ ʚ ʤʝʩʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʨʦʚʩʢʦʡ ʙʦʣʝʟʥʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 0,30 -0,34 ʤʛ/ʣ. ɺ ʨʷʜʝ ʧʨʦʙ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ 

ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ (ʚ ʬʦʨʤʝ ʦ-ʬʦʩʬʘʪʦʚ) ʜʦʩʪʠʛʘʝʪ 0,50-0,54 ʤʛ/ʣ. ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ 

ʦʧʨʦʙʦʚʘʥʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʛʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘ 

ʩʝʣʝʥʘ. ɽʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʘʭ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʩʝʣ ʥʘ ʬʦʥʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʫʣʴʬʘʪʦʚ (6-8 ʤʛ/ʣ) ʨʘʚʥʷʣʠʩʴ 51-125 ʤʢʛ/ʣ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʚʦʜʦʠʩʪʦʯʥʠʢʘʭ ï 154-353 ʤʢʛ/ʣ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ Ca:Sr ʦʧʨʦʙʦʚʘʥʥʳʝ ʚʦʜʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʘʛʦʧʦʣʫʯʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ (51-205 ʠ 44-174, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʨʝʟʢʠʭ 

ʦʪʣʠʯʠʡ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ: 137,5 Ñ 68,2 ʠ 133,1 Ñ 79,1 ʤʛ/ʣ, ʘ ʪʘʢʞʝ ʧʦ ʫʨʦʚʥʶ 

ʩʦʜʝʨʞʘʥʠʷ ʙʘʨʠʷ, ʢʘʣʠʷ, ʥʘʪʨʠʷ ʠ ʭʣʦʨʠʜʦʚ. ʆʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ.  

ɺ ʤʝʩʪʘʭ ʧʨʦʷʚʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʩʫʣʴʬʘʪ-ʢʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ ʪʠʧ ʚʦʜ. ʆʥʠ ʩʣʘʙʦ ʱʝʣʦʯʥʳʝ, ʤʘʣʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ. ʇʦ ʘʥʘʣʠʟʘʤ 

2014 ʛ. (24 ʧʨʦʙʳ) ʪʠʧ ʚʦʜ ʩʦʭʨʘʥʠʣʩʷ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʠʜʦʚ: 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʩʫʣʴʬʘʪ-ʭʣʦʨʠʜ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ ʪʠʧ, ʩʣʘʙʦ ʱʝʣʦʯʥʳʝ, ʤʘʣʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ. ɺʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʛʜʝ ʫʨʦʚʩʢʘʷ ʂʘʰʠʥʘ-ɹʝʢʘ ʙʦʣʝʟʥʴ ʥʝ 

ʚʩʪʨʝʯʘʝʪʩʷ, ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʩʫʣʴʬʘʪ-ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦʤʫ ʪʠʧʫ, 

ʩʣʘʙʦ ʱʝʣʦʯʥʳʝ, ʤʘʣʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ. 

ʉʦʩʪʘʚ ʚʦʜ ʚ ʵʥʜʝʤʠʯʥʳʭ ʣʦʢʘʣʠʟʘʮʠʷʭ ʧʦ ʜʘʥʥʳʤ 2014 ʛ. ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʩʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 2012 ʛ. ʈʝʯʥʳʝ ʚʦʜʳ ʵʥʜʝʤʠʯʥʳʭ ʩʝʣ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 2014 ʛ. 

(ʙʳʚʰʠʝ ʚʳʩʦʢʦ ʧʦʨʘʞʝʥʥʳʝ ʩʝʣʘ) ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʝ ʭʣʦʨʘ, ʩʝʣʝʥʘ, ʮʠʥʢʘ, ʤʝʥʴʰʝ 

ʬʦʩʬʘʪʦʚ, ʘʤʤʦʥʠʡʥʦʛʦ ʠʦʥʘ, ʬʪʦʨʘ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʤʝʜʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2012 ʛ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʚ ʥʘʠʙʦʣʝʝ ʵʥʜʝʤʠʯʥʦʤ ʙʳʚʰʝʤ ʩʝʣʝ ɻʘʥʜʳʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚ ʨ. 

ɻʘʥʜʳʙʦʡ ʜʦʩʪʠʛʘʣʠ 0,5 ʤʛ/ʣ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʘʥʦʤʘʣʠʠ 

ʬʦʩʬʦʨʠʪʦʚ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʣʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ɿʘʤʘʥʘ ʠ ʩʦʪʨ. [4]. 

ʄʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʤʠʛʨʘʮʠʠ. ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ PR2. 

ʇʦʨʦʜʳ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʷʪ ʠʟ ʛʨʘʥʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʜʠʦʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ 

ʜʠʦʨʠʪʦʚ, ʛʘʙʙʨʦ, ʥʦʨʠʪʦʚ, ʛʘʙʙʨʦ-ʥʦʨʠʪʦʚ ʠ ʜʨ. ʇʦʯʚʳ ï ʛʦʨʥʳʝ ʤʝʨʟʣʦʪʥʦ-ʪʘʝʞʥʳʝ 

ʦʧʦʜʟʦʣʝʥʥʳʝ, ʜʝʨʥʦʚʦ-ʣʫʛʦʚʳʝ, ʣʫʛʦʚʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ, ʪʦʨʬʷʥʠʩʪʦ-ʣʫʛʦʚʳʝ, ʣʫʛʦʚʦ-



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʯʝʨʥʦʟʝʤʥʳʝ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʯʘʛʦʚ ʋʨʦʚʩʢʦʡ ʵʥʜʝʤʠʠ ʷʚʣʷʝʪʩʷ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʫʟʢʠʭ ʜʦʣʠʥ, ʩʦʧʨʷʞʝʥʥʘʷ ʩ ʷʚʣʝʥʠʷʤʠ ʪʝʨʤʦʢʘʨʩʪʘ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʧʷʪʥʠʩʪʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʦʮʝʥʢʝ 

ʤʠʛʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʤʝʪʥʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ 

ʨʘʩʪʝʥʠʷʤʠ ʤʘʨʛʘʥʮʘ, ʬʦʩʬʦʨʘ, ʭʨʦʤʘ, ʤʳʰʴʷʢʘ ʠ ʥʠʢʝʣʷ. ʇʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʣʝʥʘ, ʥʦ ʤʠʛʨʘʮʠʷ ʝʛʦ ʚ ʨʘʩʪʝʥʠʷ ʙʳʣʘ ʩʥʠʞʝʥʘ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʪʘʙʣ. 1). ʇʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʧʦʯʚʳ ʦʙʦʠʭ 

ʚʘʨʠʘʥʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʄʠʛʨʘʮʠʷ ʢʘʣʴʮʠʷ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʫʨʦʚʩʢʠʭ ʣʦʢʘʣʠʟʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ ï ʂʙ ʢʘʣʴʮʠʷ ï 1,02 (ʋʨʦʚ), 0,93 

(ʬʦʥ). ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠ ̫ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʵʥʜʝʤʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʚ 

ʨʘʩʪʝʥʠʷʭ ʫʨʦʚʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ. ʇʨʠ ʵʪʦʤ ʂʙ ʬʦʩʬʦʨʘ ʚ ʩʠʩʪʝʤʝ 

ʨʘʩʪʝʥʠʝ-ʧʦʯʚʘ ʫʨʦʚʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʚ 1,8 ʨʘʟʘ ʥʠʞʝ, ʪʦ ʝʩʪʴ ʬʦʩʬʦʨ ʤʠʛʨʠʨʫʝʪ ʙʦʣʝʝ 

ʩʣʘʙʦ ʚ ʨʘʩʪʝʥʠʷ ʵʥʜʝʤʠʯʥʳʭ ʫʯʘʩʪʢʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ, ʧʨʠʯʝʤ, ʜʣʷ ʧʦʯʚ ʫʨʦʚʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʵʪʦ ʦʩʦʙʝʥʥʦ 

ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʪʠʧʦʤ ʣʘʥʜʰʘʬʪʦʚ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ. 

ʋʨʦʚʝʥʴ ʩʪʨʦʥʮʠʷ ʚ ʵʥʜʝʤʠʯʥʳʭ ʧʦʯʚʘʭ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ 

ʧʦʯʚʘʤʠ.  

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ (ʫʢʦʩʦʚ) ʦʯʘʛʦʚ ʋʨʦʚʩʢʦʡ ʵʥʜʝʤʠʠ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʚ ʤʛ/ʢʛ, ʩʝʣʝʥ ï ʚ ʤʢʛ/ʢʛ, ʬʦʩʬʦʨ ï ʚ ʛ/ʢʛ) 

ʍʠʤʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ 

ʂʦʥʪʨʦʣʴ (13 ʪʦʯʝʢ) ʋʨʦʚ (16 ʪʦʯʝʢ) 

 

ʈʘʟʣʠʯʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʉʪʴʶʜʝʥʪʘ) 

ʇʦʯʚʘ ʈʘʩʪʝʥʠʝ ʂʙ ʇʦʯʚʘ ʈʘʩʪʝʥʠʝ ʂʙ ʇʦʯʚʘ ʈʘʩʪʝʥʠʝ ʂʙ 

ʂʘʜʤʠʡ 0,57Ñ 

0,14 

0,24Ñ 

0,18 

0,37Ñ 

0,29 

0,39Ñ 

0,15 

0,18Ñ 

0,17 

0,65Ñ 

0,60 

t=3,28 t=0,90 t=1,25 

ʂʦʙʘʣʴʪ 8,9Ñ 

1,84 

1,0Ñ 

0,48 

0,10Ñ 

0,04 

11,6Ñ 

3,38 

1,2Ñ 

1,04 

0,11Ñ 

0,03 

t=2,68 t=0,67 t=0,04 

ʄʘʨʛʘʥʝʮ 490Ñ 

118 

200Ñ 

100 

0,46Ñ 

0,26 

1094Ñ 

810 

1190Ñ 

1814 

1,97Ñ 

2,49 

t=2,95 t=6,78 t=2,40 

ʄʝʜʴ 10,5Ñ 

6,1 

9,0Ñ 

4,0 

0,98Ñ 

0,49 

16,7Ñ 

6,5 

6,7Ñ 

1,8 

0,47Ñ 

0,16 

t=2,59 t=1,86 t=4,05 

ʄʦʣʠʙʜʝʥ 1,65Ñ 

0,51 

1,30Ñ 

0,64 

0,81Ñ 

0,58 

1,63Ñ 

0,29 

1,27Ñ 

0,45 

0,86Ñ 

0,40 

t=0,10 t=0,13 t=0,23 

ʄʳʰʴʷʢ 3,23Ñ 

1,17 

113Ñ 

34 

0,06Ñ 

0,03 

3,82Ñ 

1,42 

236Ñ 

110 

0,08Ñ 

0,04 

t=1,18 t=4,25 t=5,00 

ʅʠʢʝʣʴ 15,6Ñ 

5,4 

15,9Ñ 

3,1 

0,95Ñ 

1,47 

19,3Ñ 

3,11 

60,2Ñ 

74,24 

3,12Ñ 

4,39 

t=2,13 t=,2,39 t=1,84 

ʉʝʣʝʥ 439Ñ 

113 

110Ñ 

42 

0,26Ñ 

0,16 

414Ñ 

150 

75Ñ 

49 

0,27Ñ 

0,10 

t=0,50 t=2,06 t=0,04 

ʉʪʨʦʥʮʠʡ 328Ñ 

195 

47,3Ñ 

17,2 

0,26Ñ 

0,22 

407Ñ 

155 

111,6Ñ 

116,8 

0,28Ñ 

0,24 

t=1,20 t=2,30 t=0,25 

ʍʨʦʤ 54Ñ 

31 

0,26Ñ 

0,14 

0,013Ñ 

0,014 

89Ñ 

24 

1,34Ñ 

0,80 

0,018Ñ 

0,011 

t=3,28 t=2,85 t=5,21 

ʎʠʥʢ 56,8Ñ 

18,7 

34,8Ñ 

19,8 

0,69Ñ 

0,41 

101,3Ñ 

45,8 

46,9Ñ 

39,0 

0,52Ñ 

0,26 

t=3,52 t=1,07 t=0,61 

ʌʦʩʬʦʨ 0,97Ñ 

0,29 

1,73Ñ 

1,59 

3,21Ñ 

1,86 

1,49Ñ 

0,46 

3,97Ñ 

1,67 

1,78Ñ 

2,50 

t=3,72 t=2,25 t=3,42 

ʆʜʥʘʢʦ ʩʪʨʦʥʮʠʡ ʟʘʤʝʪʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ (ʫʢʦʩʘʭ) ʫʨʦʚʩʢʠʭ ʣʦʢʘʣʠʟʘʮʠʡ. 

ʈʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʛʨʠʙʥʘʷ ʠʥʚʘʟʠʷ ʧʦʯʚ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʧʘʨʘʤʝʪʨʘʤ, ʥʦ ʠ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʤʠʢʨʦʛʨʠʙʦʚ. ɼʣʷ ʯʝʨʥʦʟʝʤʦʚ 

ʋʨʦʚʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʠʣʠʝ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium ʢʘʢ ʧʦ ʠʭ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ 

ʦʙʠʣʠʶ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʰʝʥʠʮʝ ʠ ʤʦʣʦʢʝ 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʠ ʚ ʟʝʨʥʦʚʢʘʭ ʧʰʝʥʠʮʳ, ʚʦʣʦʩʷʥʦʤ ʧʦʢʨʦʚʝ ʞʠʚʦʪʥʳʭ ʠ 

ʤʦʣʦʢʝ ʢʦʨʦʚ.  

ɺ ʟʝʨʥʦʚʢʘʭ ʧʰʝʥʠʮʳ ʦʪʣʠʯʠʡ ʧʦ ʤʝʜʠ, ʩʚʠʥʮʫ, ʤʘʨʛʘʥʮʫ, ʞʝʣʝʟʫ, ʤʳʰʴʷʢʫ ʠ 

ʤʦʣʠʙʜʝʥʫ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ, ʩʪʨʦʥʮʠʷ, ʢʦʙʘʣʴʪʘ ʠ ʩʝʣʝʥʘ ʚ ʟʝʨʥʦʚʢʘʭ 

ʧʰʝʥʠʮʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ, ʮʠʥʢʘ, 

ʥʠʢʝʣʷ ʠ ʭʨʦʤʘ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʧʰʝʥʠʮʳ ʠʟ ʵʥʜʝʤʠʯʥʳʭ ʧʦ ʫʨʦʚʩʢʦʡ ʙʦʣʝʟʥʠ ʪʝʨʨʠʪʦʨʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʝʨʥʦʚʢʘʭ ʧʰʝʥʠʮʳ, ʢʘʢ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʤʘʨʛʘʥʮʘ, ʩʪʨʦʥʮʠʷ, ʩʚʠʥʮʘ ʠ ʤʳʰʴʷʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʨʝʜʝ (ʧʦʯʚʘʭ). 

ɼʘʥʥʳʝ ʧʦ ʘʥʘʣʠʟʫ ʤʦʣʦʢʘ ʢʦʨʦʚ ʠʟ ʵʥʜʝʤʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ, ʭʨʦʤʘ ʠ ʩʪʨʦʥʮʠʷ ʠ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʩʬʦʨʘ, ʩʚʠʥʮʘ, ʤʳʰʴʷʢʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʩʝʣʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʨʦʚʳʤʠ ʜʘʥʥʳʤʠ [3].  

ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʬʦʩʬʦʨʘ ʚ ʤʦʣʦʢʝ ʢʦʨʦʚ (ʜʘʥʥʳʝ ʥʘ 1 ʣ ʧʨʦʜʫʢʪʘ) 

  P, ʤʛ Cu, 

ʤʢʛ 

Pb, 

ʤʢʛ 

Mn, 

ʤʢʛ 

Fe, 

ʤʢʛ 

Cd, 

ʥʛ 

Zn, 

ʤʢʛ 

Sr, 

ʤʢʛ 

As, 

ʥʛ 

Ni , 

ʤʢʛ 

Co 

ʥʛ 

Mo, 

ʤʢʛ 

Cr,  

ʤʢʛ 

Se, 

ʤʢʛ 

ʉ. ɼʦʛʲʝ, 

ɹʨʘʛʠʥ ɺ.ɺ. 

700 53 0,13 0,1 5,2 12,8 3,5 135 3,93 18,7 75,9 9,3 3,3 22 

ʉ. ɼʦʛʲʝ, 

ɸʨʰʠʥʩʢʠʡ 

ɸ.ʀ. 

360 25 0,10 0,03 1,75 22,5 2,7 79 2,38 29,2 11,8 4.6 1,84 22 

ʉ. ɻʘʟ-ɿʘʚʦʜ, 

ʐʝʩʪʦʚ ʈ.ɻ. 

475 29 0,06 0,03 1,05 5,6 3,7 107 1,63 27.6 4,4 4,2 1,42 39 

ʉʠʣʝʟʠʷ, 

ʇʦʣʴʰʘ, 

ʂʅʈ, ʗʧʦʥʠʷ 

740- 

900 

25- 

100 

12- 

35 

0,05- 

0,20 

1,0-

6,0 

1,1-

4,5 

2,4-

6,7 

4,6-

5,7 

29-

35 

53-

68 

5-8 11- 

15 

0,6-

1,70 

50- 

71 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʣʘʙʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʩʪʙʠʱʥʳʭ 

ʨʘʩʪʝʥʠʡ (ʫʢʦʩʦʚ) ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʩʪʨʦʥʮʠʶ, ʭʨʦʤʫ (ʠʟʙʳʪʦʢ) ʠ ʩʝʣʝʥʫ 

(ʥʝʜʦʩʪʘʪʦʢ). ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʦʩʬʦʨʘ, ʪʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʦʣʦʢʝ, ʥʘʧʨʦʪʠʚ, ʥʠʞʝ 

ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ. ʄʦʣʦʢʦ ʢʦʨʦʚ ʵʥʜʝʤʠʯʥʳʭ ʧʦʩʝʣʝʥʠʡ ʩʦʜʝʨʞʠʪ ʤʝʥʴʰʝ ʥʝ ʪʦʣʴʢʦ 

ʬʦʩʬʦʨʘ ʠ ʩʝʣʝʥʘ, ʥʦ ʠ ʩʚʠʥʮʘ, ʤʳʰʴʷʢʘ, ʤʦʣʠʙʜʝʥʘ. ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʩʪʨʦʥʮʠʷ ʠ ʭʨʦʤʘ ʩ ʤʦʣʦʢʦʤ ʢʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 

ʇʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 12-05-00141. 
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VEGETO-AND CARDIOVASCULARTROPIC EFFECT OF CHEMICAL 

ELEMENTS AT THEIR ENDOGENOUS CONTENT IN ATHLETES  
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ɸʥʥʦʪʘʮʠʷ. ʋ 12-15ʣʝʪʥʠʭ ʧʦʜʨʦʩʪʢʦʚ-ʣʝʛʢʦʘʪʣʝʪʦʚ (n=21) ʠʩʩʣʝʜʦʚʘʣʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʙʘʣʘʥʩ 

ʦʨʛʘʥʠʟʤʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʩʙʘʣʘʥʩʘ 1,11 ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦ 

ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʝ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʦʚ Ca, Ni, Cr, K, Fe, Mn, S, Cl, As. ʇʦ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʘʨʜʠʦʨʜʠʦʚʘʩʢʫʣʷʨʥʫʶ ʩʠʩʪʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʩʣʝʜʫʶʱʠʤ: 

Mn>Ti>Pb>Cl,Zr>Ni>As>Ca,Fe>Zn>S>Cu, Se, Rb; ʥʘ ʘʚʪʦʥʦʤʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ: 

Sr>Bi>Ca>S>Ti>Co>Fe>Mn>Cu>K, Br>V, Sn. 

Abstract. A microelement balance in twenty one 12-15 year old track and field athletes was studied by their 

hair element content. Imbalance coefficient of 1,11 was evidence of hyperelementosis of Ca, Ni, Cr, K, Fe, Mn, S, Cl, 

As. The degree of elements impact on the cardiovascular system was as follows: 

Mn>Ti>Pb>Cl,Zr>Ni>As>Ca,Fe>Zn>S>Cu,Se,Rb, whereas on the autonomic nervous system- 

Sr>Bi>Ca>S>Ti>Co>Fe>Mn>Cu>K, Br>V, Sn. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ ʩʧʦʨʪ ʧʨʠʦʙʨʝʣ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʨʛʘʥʠʟʤʝ ʩʧʦʨʪʩʤʝʥʦʚ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʅʘ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʩʨʝʜʳ; ʩʨʝʜʠ ʥʠʭ ï ʚʦʟʜʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʠʩʙʘʣʘʥʩ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʦʨʦʥʫ ʧʨʝʦʙʣʘʜʘʥʠʷ ʪʦʢʩʠʯʥʳʭ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʦʨʛʘʥʠʟʤʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʣʠʙʦ ʧʦʚʳʰʝʥʠʷ 

ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʣɻʝʤʝʥʪʦʚ [1]. ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʤʝʩʪʦ ʥʘʯʠʥʘʶʪ ʟʘʥʠʤʘʪʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ 

ʚ ʦʨʛʘʥʠʟʤʝ ʩʧʦʨʪʩʤʝʥʦʚ [2]. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʘʚʪʦʥʦʤʥʘʷ 

ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ (ɸʅʉ) ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʭʦʜ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ 

ʩʧʦʨʪʩʤʝʥʦʚ [3]. ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʭ ʦ ʚʝʛʝʪʦʪʨʦʧʥʦʩʪʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

(ʄʕ) ʫ ʩʧʦʨʪʩʤʝʥʦʚ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʦʮʝʥʢʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʪʘʪʫʩʘ ʫ ʧʦʜʨʦʩʪʢʦʚ - ʣʝʛʢʦʘʪʣʝʪʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Ca, 

Zn, K, Fe, Cu, Se, Mn, Cr, S, Br, Cl, Co, Va, Ni, Rb, St, Ti, As, Hg, Zr, Sn, Pb, Bi ʚ ʚʦʣʦʩʘʭ ʠ 

ʚʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʝʛʝʪʦ- ʠ ʢʘʨʜʠʦʚʘʩʢʫʣʦʪʨʦʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɹʳʣʘ ʦʙʩʣʝʜʦʚʘʥʘ ʛʨʫʧʧʘ ʧʦʜʨʦʩʪʢʦʚ ï ʣʝʛʢʦʘʪʣʝʪʦʚ ʄɹʆʋ ɼʆ ñʉɼʖʉʐʆʈ ˉ2ò 

ʛʦʨʦʜʘ ʉʠʤʬʝʨʦʧʦʣʴ. ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʥʷʪʠʡ ʣʝʛʢʦʡ ʘʪʣʝʪʠʢʦʡ (ʙʝʛ ʥʘ 

ʢʦʨʦʪʢʠʝ ʠ ʩʨʝʜʥʠʝ ʜʠʩʪʘʥʮʠʠ) ʩʦʩʪʘʚʠʣʘ 2Ñ1,5 ʣʝʪ. ɺ ʛʨʫʧʧʫ ʚʦʰʣʠ 21 ʯʝʣʦʚʝʢ (12 

ʶʥʦʰʝʡ ʠ 9 ʜʝʚʫʰʝʢ) ʦʪ 12 ʜʦ 15 ʣʝʪ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 13Ñ0,92 ʛʦʜʘ). ʇʨʦʙʳ ʚʦʣʦʩ 

ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʩʦʩʪʨʠʛʘʥʠʷ ʩ ʧʨʠʢʦʨʥʝʚʦʡ ʯʘʩʪʠ (2-3 ʤʤ) ʩ 3-5 ʤʝʩʪ ʥʘ ʟʘʪʳʣʦʯʥʦʡ 

ʦʙʣʘʩʪʠ ʛʦʣʦʚʳ, ʙʣʠʞʝ ʢ ʰʝʝ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 5 ʛ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʙʠʦʤʘʪʝʨʠʘʣʘ 
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(ʧʨʦʙ ʚʦʣʦʩ) ʩʦʙʣʶʜʘʣʠ ʵʪʠʯʝʩʢʠʝ ʥʦʨʤʳ. ʅʘ ʦʙʩʣʝʜʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʜʨʦʩʪʢʘ ʧʦʣʫʯʠʣʠ 

ʩʦʛʣʘʩʠʝ ʨʦʜʠʪʝʣʝʡ ʠ ʩʘʤʠʭ ʠʩʧʳʪʫʝʤʳʭ. ʉʦʜʝʨʞʘʥʠʝ ʄʕ ʚ ʚʦʣʦʩʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ɺʀʈʀɸ (ʛ. ʂʠʝʚ). 

ʉʦʩʪʦʷʥʠʝ ɸʅʉ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çCARDIO 

ʋʉ-01è. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʂʦʤʠʪʝʪʘ ʵʢʩʧʝʨʪʦʚ ɽʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ʢʘʨʜʠʦʣʦʛʦʚ ʠ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʢʘʨʜʠʦʩʪʠʤʫʣʷʮʠʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ 

ʦʮʝʥʠʚʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ. ɸʨʪʝʬʘʢʪʳ ʠ ʵʢʩʪʨʘʩʠʩʪʦʣʳ 

ʫʜʘʣʷʣʠʩʴ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʟʘʧʠʩʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʠ ʨʫʯʥʳʤ ʤʝʪʦʜʘʤʠ. ʇʨʝʦʙʣʘʜʘʶʱʠʡ 

ʪʠʧ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʐʣʳʢ ʅ.ʀ [4]. ɺʘʞʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʪʠʧʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʧʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʟʘ ɺʉʈ ʷʚʠʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ SI ʠ VLF. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ñCARDIOò. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Statistica 6.0 (Statsoft. 

2001). ʇʨʦʚʝʨʢʫ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʄʕ ʚ ʚʦʣʦʩʘʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʉʈ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʦʛʨʘʬʠʠ ʚʳʧʦʣʥʷʣʠ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʂʦʣʤʦʛʦʨʦʚʘïʉʤʠʨʥʦʚʘ ʠ ʃʠʣʣʠʬʦʨʩ. ɺ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʵʣʝʤʝʥʪʘ 

ʦʮʝʥʠʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʄ), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (SD). ɺ ʩʣʫʯʘʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ, - ʤʝʜʠʘʥʫ (ʄʝ) ʠ ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ 

(ʀʈ: 25, 75%). ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ U-ʢʨʠʪʝʨʠʷ 

ʄʘʥʥʘ-ʋʠʪʥʠ. ʇʨʠ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠʥʠʤʘʣʠ ʫʨʦʚʝʥʴ 

ʨʘʟʣʠʯʠʡ ʧʨʠ ʨ<0,05. 

ɺʝʛʝʪʦ- ʠ ʢʘʨʜʠʦʚʘʩʢʫʣʦʪʨʦʧʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʨʠʤʝʥʷʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʨʘʩʩʪʨʦʡʩʪʚʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ [5] ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʉʧʠʨʤʝʥʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʤʦʥʠʪʦʨʠʥʛʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 23 ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ 

ʧʦʜʨʦʩʪʢʦʚïʣʝʛʢʦʘʪʣʝʪʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʣʦʩʘʭ (ʪʘʙʣ. 1, 2). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʜʝʪʝʡï

ʣʝʛʢʦʘʪʣʝʪʦʚ, ʤʢʛ/ʛ 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ MÑSD 
ʋʩʣʦʚʥʘʷ 

ʥʦʨʤʘ ʤʠʥ 

ʋʩʣʦʚʥʘʷ 

ʥʦʨʤʘ ʤʘʢʩ 
ʄʝ ʀʈ (25-75 %) 

ʂʘʣʴʮʠʡ* 1816,64Ñ663,48 300,00 700 1831,39 1160,15-2318,05 

ʎʠʥʢ 153,66Ñ103,9 120,00 200 102,97 95,33-196,67 

ʂʘʣʠʡ 771,06Ñ767,64 70,00 170 611,29 237,28-778,20 

ɾʝʣʝʟʦ * 45,42Ñ17,88 15,00 35 42,50 31,96-55,41 

ʄʝʜʴ* 8,24Ñ2,52 9,00 30 7,56 6,4-9,26 

ʉʝʣʝʥ* 0,9Ñ0,34 0,30 1 0,90 0,62-1,12 

ʄʘʨʛʘʥʝʮ* 3,87Ñ2,7 0,50 2 3,83 1,53-4,87 

ʍʨʦʤ* 21,15Ñ9,01 0,50 5 19,42 13,5-27,36 

ʉʝʨʘ 71437,9Ñ20075,94 21000,00 49000 67384,40 55695,5-82793,60 

ɹʨʦʤ 3,93Ñ3,58 2,00 12 2,06 1,58-5,46 

ʍʣʦʨ 1690,5Ñ969,64 60,00 560 1440,58 912,02-2274,81 

ʂʦʙʘʣʴʪ 1,44Ñ1,26 0,00 2 1,15 0,65-2,27 

ɺʘʥʘʜʠʡ 1,19Ñ4,7 0,00 1 0,00 0,00 

ʅʠʢʝʣʴ 8,53Ñ3,21 0,00 4 7,67 7,18-9,85 

ʈʫʙʠʜʠʡ 0,66Ñ0,6 0,00 2 0,53 0,3-0,79 

ʉʪʨʦʥʮʠʡ 2,14Ñ0,84 0,00 3 1,78 1,5-2,75 

ʊʠʪʘʥ 5,43Ñ12,44 0,00 4 0,00 0,00 

* ʉʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ ʃʠʣʣʠʬʦʨʩ 
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ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʜʝʪʝʡ ï ʣʝʛʢʦʘʪʣʝʪʦʚ, ʤʢʛ/ʛ 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ MÑSD 
ʋʩʣʦʚʥʘʷ 

ʥʦʨʤʘ ʤʠʥ 

ʋʩʣʦʚʥʘʷ ʥʦʨʤʘ 

ʤʘʢʩ 
ʄʝ ʀʈ (25-75 %) 

ʄʳʰʴʷʢ* 4,45Ñ1,82 0,00 2 4,48 2,93-5,74 

ʈʪʫʪʴ* 1,64Ñ1,15 0,00 2 1,36 0,78-2,36 

ʎʠʨʢʦʥʠʡ* 1,43Ñ0,95 0,00 2 1,23 1,04-1,90 

ʆʣʦʚʦ 0,34Ñ1,09 0,00 3 0,00 0,00 

ʉʚʠʥʝʮ 0,44Ñ0,4 0,00 2 0,44 0-0,86 

ɺʠʩʤʫʪ 0,53Ñ0,52 0,00 2 0,53 0-0,86 

* ʉʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ ʃʠʣʣʠʬʦʨʩ 

ʊʘʢ, ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʜʝʪʝʡ ï ʣʝʛʢʦʘʪʣʝʪʦʚ ʙʳʣʦ 

ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʜʝʬʠʮʠʪʘ Zn, Cu ʠ ʠʟʙʳʪʢʘ Ca, Ni, Cr, K, Fe, Mn, S, Cl, As. 

ɺʳʧʦʣʥʠʚ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʞʛʨʫʧʧʦʚʳʭ ʦʪʣʠʯʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʨʰʝʡ ʠ ʤʣʘʜʰʝʡ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ (U-ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ), 

ʫʩʪʘʥʦʚʠʣʠ ʜʦʩʪʦʚʝʨʥʫʶ ʨʘʟʥʠʮʫ ʚ ʩʦʜʝʨʞʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʚʳʷʚʠʣʠ 

ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʷ K ʚ ʤʣʘʜʰʝʡ ʛʨʫʧʧʝ ʥʘ 145% (ʨ=0,05), Br ï ʥʘ 189% (ʨ=0,01), 

ʩʦʜʝʨʞʘʥʠʝ V ʙʳʣʦ ʚʳʰʝ ʚ 7 ʨʘʟ (ʨ=0,05). ɸʥʘʣʠʟ ʛʝʥʜʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʫʨʦʚʝʥʴ Pb ʙʳʣ ʚ 3,8 ʨʘʟ ʚʳʰʝ ʫ ʶʥʦʰʝʡ (ʨ=0,001) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʝʚʫʰʝʢ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʄʕ ʩ ʜʘʥʥʳʤʠ ʦʧʨʦʩʘ ʦʙ ʠʩʪʦʯʥʠʢʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (ʨʳʥʦʢ, 

ʤʘʛʘʟʠʥ, ʜʘʯʘ), ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʧʠʱʝʚʳʭ 

ʜʦʙʘʚʦʢ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʧʦʢʘʟʘʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʜʦʩʪʦʚʝʨʥʳʭ (p<0,05) ʠʣʠ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʪʘʢʠʤ ʢʘʢ p<0,1 ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ɺʉʈ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ, ʢʘʣʠʷ, ʞʝʣʝʟʘ, ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, ʩʝʨʳ, ʙʨʦʤʘ, 

ʢʦʙʘʣʴʪʘ, ʚʘʥʘʜʠʷ, ʩʪʨʦʥʮʠʷ, ʪʠʪʘʥʘ, ʦʣʦʚʘ ʠ ʚʠʩʤʫʪʘ ʚ ʧʨʦʙʘʭ ʚʦʣʦʩ (ʨʠʩ. 1 ɹ). ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʷʚʠʣʠ ʪʠʪʘʥ ï 19, ʩʪʨʦʥʮʠʡ ï 

19, ʚʠʩʤʫʪ ï 18, ʢʘʣʴʮʠʡ ï 11, ʩʝʨʘ ï 10, ʪʠʪʘʥ ï 9. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʣʷʮʠʡ ʠʤʝʣʠ 

ʢʦʙʘʣʴʪ ï 4, ʤʘʨʛʘʥʝʮ ʠ ʞʝʣʝʟʦ ï ʧʦ 3, ʤʝʜʴ ï 2; ʢʘʣʠʡ, ʙʨʦʤ, ʚʘʥʘʜʠʡ, ʦʣʦʚʦ ï ʧʦ ʦʜʥʦʡ.  

ʆʮʝʥʢʘ ʚʝʛʝʪʦʪʨʦʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ [5] ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʥʘ ɸʅʉ ʠʤʝʶʪ ʩʪʨʦʥʮʠʡ ʠ ʚʠʩʤʫʪ ï 94 ʠ 89 ʙʘʣʣʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʝ ʢʘʣʴʮʠʡ, ʩʝʨʘ ʠ ʪʠʪʘʥ ï 42, 39 ʠ 37 ʙʘʣʣʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʤʝʥʴʰʝʝ ʚʝʛʝʪʦʪʨʦʧʥʦʝ ʚʣʠʷʥʠʝ ʧʦ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʝ ʠʤʝʶʪ ʤʝʜʴ, 

ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ, ʢʦʙʘʣʴʪï 12, 11, 11, ʠ 7 ʙʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʢʘʣʠʡ, ʙʨʦʤ ʧʦʣʫʯʠʣʠ ʧʦ 

6 ʙʘʣʣʦʚ, ʚʘʥʘʜʠʡ ʠ ʦʣʦʚʦ - ʧʦ 5 ʙʘʣʣʦʚ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ Fe, S, Co, Sr, Ti, Bi 

ʦʢʘʟʳʚʘʣʠ ʚʳʨʘʞʝʥʥʳʝ ʚʣʠʷʥʠʷ ʢʘʢ ʥʘ ʘʚʪʦʥʦʤʥʳʡ ʢʦʥʪʫʨ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

(ʈʉʈ), ʪʘʢ ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʫʨ ʈʉʈ; ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ï ʣʠʰʴ ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʛʦ ʠʟ 

ʥʠʭ. 

 
ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʦʛʨʘʬʠʠ (A) ʠ ɺʉʈ (ɹ) 

ʂʘʨʜʠʦʚʘʩʢʫʣʦʪʨʦʧʥʦʩʪʴ ʄʕ ʦʮʝʥʠʚʘʣʠ, ʘʥʘʣʠʟʠʨʫʷ ʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʦʛʨʘʬʠʠ (ʨʠʩ. 1 ɸ). ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʧʨʦʷʚʠʣʠ 
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ʤʘʨʛʘʥʝʮ ï 11, ʪʠʪʘʥ ï 10. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʣʷʮʠʡ ʠʤʝʣʠ ʩʚʠʥʝʮ, ʭʣʦʨ, ʮʠʨʢʦʥʠʡ, 

ʤʳʰʴʷʢ ï ʧʦ 4 ʩʚʷʟʠ, ʥʠʢʝʣʴ, ʢʘʣʴʮʠʡ, ʞʝʣʝʟʦ, ʩʝʨʘ ï ʧʦ 2, ʮʠʥʢ, ʤʝʜʴ, ʩʝʣʝʥ, ʨʫʙʠʜʠʡ ï ʧʦ 1.  

ʆʮʝʥʢʘ ʢʘʨʜʠʦʚʘʩʢʫʣʦʪʨʦʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ [5] ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ ʩʧʦʨʪʩʤʝʥʦʚ ʦʢʘʟʳʚʘʶʪ 

ʤʘʨʛʘʥʝʮ ʠ ʪʠʪʘʥ ï 56 ʠ 40 ʙʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʝ ʩʚʠʥʝʮ, ʭʣʦʨ, 

ʮʠʨʢʦʥʠʡ, ʥʠʢʝʣʴ, ʤʳʰʴʷʢ ï 28, 16, 16, 14, 12 ʙʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʥʴʰʝʝ 

ʢʘʨʜʠʦʚʘʩʢʫʣʦʪʨʦʧʥʦʝ ʚʣʠʷʥʠʝ ʧʦ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʝ ʦʢʘʟʳʚʘʶʪ ʢʘʣʴʮʠʡ, ʞʝʣʝʟʦ, ʮʠʥʢ, ʩʝʨʘ 

ï 9, 9, 7, 6 ʙʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʤʝʜʴ, ʩʝʣʝʥ ʠ ʨʫʙʠʜʠʡ ʧʦʣʫʯʠʣʠ ʧʦ 3 ʙʘʣʣʘ. 

ɼʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʚ ʛʨʫʧʧʝ ʣʝʛʢʦʘʪʣʝʪʦʚ ʨʘʩʩʯʠʪʘʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʉa(4+), Zn(1-), K(4+), Fe(2+), Cu(1-), 

Se(0), Mn(4+), Cr(4+), S(2+), B(0), Cl(4+), Co(0), V(0), Ni(4+), R(0), Mo(0), Sr(0), Ti(0), Ba(0), 

Pb(0), As(4+), Hg(0), Cd(0), Sb(0), Zr(0), Sn(0), Vi(0) ʩʦʩʪʘʚʠʣ 1,11 [5]. ʍʘʨʘʢʪʝʨ ʜʠʩʙʘʣʘʥʩʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʝ ʩʦ ʩʪʦʨʦʥʳ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: Ca, 

Ni, Cr, K, Fe, Mn, S, Cl, As. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʛʨʫʧʧʝ ʧʦʜʨʦʩʪʢʦʚ-ʣʝʛʢʦʘʪʣʝʪʦʚ 

ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʦʡ ʟʥʘʯʠʤʦʩʪʠ ʮʝʣʦʛʦ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʵʩʩʝʥʮʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʪʦʢʩʠʯʥʳʭ, ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʠ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ. ɺʳʷʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥ rʥʝ 

ʪʦʣʴʢʦ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʢ ʬʠʟʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʥʦ ʠ ʩ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʣʫʦʩʪʨʦʚʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʛʘʜʞʘʥʷʥ ʅ.ɸ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ 

ʯʝʣʦʚʝʢʘ / ʅ.ɸ. ɸʛʘʜʞʘʥʷʥ, ɸ.ɺ. ʉʢʘʣʴʥʳʡ. ï ʄ.: ʂʄʂ, 2001. ï 84 ʩ. 

2. ʉʢʘʣʴʥʳʡ ɸ.ɺ. ʄʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ ʩʧʦʨʪʝ / ʉʢʘʣʴʥʳʡ 

ɸ.ɺ., ʆʨʜʞʦʥʠʢʠʜʟʝ ɿ.ɻ., ɻʨʦʤʦʚʘ ʆ.ɸ. ï ʄ., 2000. ï 71 ʩ. 

3. ɹʘʝʚʩʢʠʡ ʈ.ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʧʨʠ ʩʪʨʝʩʩʝ / 

ʈ.ʄ. ɹʘʝʚʩʢʠʡ, ʆ.ʀ. ʂʠʨʠʣʣʦʚ, ʉ.ɿ. ʂʣʝʮʢʠʥ. ï ʄ.: ʅʘʫʢʘ,1979. -220 ʩ. 

4. ʐʣʳʢ ʅ.ʀ. ʉʝʨʜʝʯʥʳʡ ʨʠʪʤ ʠ ʪʠʧ ʨʝʛʫʣʷʮʠʠ ʫ ʜʝʪʝʡ, ʧʦʜʨʦʩʪʢʦʚ ʠ ʩʧʦʨʪʩʤʝʥʦʚ. ï 

ʀʞʝʚʩʢ: ʀʟʜ-ʚʦ çʋʜʤʫʨʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2009. ï 259 ʩ. 

5. ʇʘʪ. ʋʢʨʘʠʥʘ. ʄʇʂ ɸ61ɺ5/00, ʉʧʦʩʦʙ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ / ɽʚʩʪʘʬʴʝʚʘ ɽ.ɺ., ɿʘʣʘʪʘ ʆ.ɸ., 

ɽʚʩʪʘʬʴʝʚʘ ʀ.ɸ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʜʘʪʝʣʴ ɻʦʩ. ʋʯʨʝʞʜ. çʂɻʄʋ ʠʤʝʥʠ ʉ.ʀ. 

ɻʝʦʨʛʠʝʚʩʢʦʛʦè. ˉ 64810U; ʟʘʷʚʣ. 15.03.11; ʦʧʫʙʣ. 25.11.11. ɹʶʣ. 2011. ˉ22. ʉ.3-4. 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

70 

ʋɼʂ: 663.646 

ʅ.ʂ. ɼʞʘʙʘʨʦʚʘ, ʅ.ʇ. ʉʪʝʧʘʥʝʥʢʦ, ʋ.ɺ ɼʦʟʤʦʨʦʚʘ, 

 ʅ.ɻ. ʉʠʜʦʨʠʥʘ, ɸ.ɸ ʂʦʭʘʥʝʥʢʦ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʀʅɽʈɸʃʔʅʓʍ ʇʈʀʈʆɼʅʓʍ ʉʊʆʃʆɺʓʍ ɺʆɼ 

ʉʀɹʀʈʀ ɺ ʃɽʏɽɹʅʆ-ʆɿɼʆʈʆɺʀʊɽʃʔʅʓʍ ʎɽʃʗʍ 

N. K. Dzhabarova, N.P. Stepanenko, U.V. Dozmorova, 

 N.G. Sidorina, A.A. Kokhanenko 

THE USE OF MINERAL NATURAL TABLE WATERS OF SIBERIA FOR 

HEALTH IMPOVEMENT 
ʌʠʣʠʘʣ çʊʦʤʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʫʨʦʨʪʦʣʦʛʠʠ ʠ 

ʬʠʟʠʦʪʝʨʘʧʠʠè ʌɻɹʋ çʉʠʙʠʨʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʢʣʠʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʌʝʜʝʨʘʣʴʥʦʛʦ 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʪʠʧʠʟʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʚʦʜ ʉʠʙʠʨʠ. 

ʇʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʚʦʜ ʨʝʛʠʦʥʘ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʡ ʚʦʜʳ ʚ ʣʝʯʝʙʥʦʡ ʧʨʘʢʪʠʢʝ. 

Abstract. The characteristic of mineral natural table waters of some regions of Siberia is given. Typification 

of these waters is carried out. The features of physical-chemical and microelement composition of natural table 

waters of Siberia and prospects for their use are described. The results of clinical trials of brackish selenium-

containing water in medical practice are presented. 

ɺ ʠʥʩʪʠʪʫʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʤʠʥʝʨʘʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʚʦʜʘʤ ʦʪʜʝʣʴʥʳʭ 

ʨʝʛʠʦʥʦʚ ʉʠʙʠʨʠ ʚ ʚʠʜʝ ʢʘʜʘʩʪʨʘ ʩ ʫʢʘʟʘʥʠʝʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʟʘʧʘʩʦʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʩʪʘʚʘ, ʢʘʯʝʩʪʚʘ ʠ ʪʠʧʘ ʚʦʜ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʀʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʣʝʯʝʙʥʳʭ ʨʝʩʫʨʩʦʚ ʠʥʩʪʠʪʫʪʘ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʚʝʜʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʥʳʤ ʚ ʈʌ ʥʦʨʤʘʪʠʚʥʳʤ 

ʜʦʢʫʤʝʥʪʘʤ (ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ɻʆʉʊʳ, ʉʘʥʇʠʅʳ ʠ ʜʨ.).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʷʚʣʝʥʠʡ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʚʦʜ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʦʟʣʠʚʘ ʩ ʮʝʣʴʶ ʧʦʪʨʝʙʣʝʥʠʷ 

ʥʘʩʝʣʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʣʝʯʝʙʥʦ-

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʮʝʣʷʭ ʥʘ ʙʘʟʝ ʩʘʥʘʪʦʨʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ.  

ʂ ʤʠʥʝʨʘʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʩʪʦʣʦʚʳʤ ʚʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʤʝʥʝʝ 1ʛ/ʜʤ
3
, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʪʠʚʥʦʤ ʚʠʜʝ ʜʣʷ ʧʠʪʴʷ ʠ ʨʦʟʣʠʚʘ ʙʝʟ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʊʘʢʠʝ ʚʦʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʠ 

ʠʤʝʶʪ ʚʳʭʦʜʳ ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʦʚ ʚ ʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʦʩʚʦʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʦʩʥʦʚʥʦʤ, ʚʦʜʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, 

ʥʘʪʨʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʜʦʟʘʙʦʨʘ ʚ ʩʠʩʪʝʤʝ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʩʪʦʣʦʚʳʭ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜ ʜʣʷ ʦʟʜʦʨʦʚʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ɺ ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʦʟʣʠʚ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʚʦʜ, 

ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʀʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʩʪʠʪʫʪʘ. ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʤʫ ɻʆʉʊ ʈ 54316-2011 çɺʦʜʳ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ 

ʧʠʪʴʝʚʳʝè ʨʘʟʣʠʚʘʝʤʳʝ ʚʦʜʳ ʧʦ ʦʩʥʦʚʥʦʤʫ ʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ ʤʠʥʝʨʘʣʴʥʳʭ ʩʪʦʣʦʚʳʭ ʚʦʜ (ʉʝʥʝʞʩʢʠʡ, ɸʨʭʳʟʩʢʠʡ ʠ ʜʨ.).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʘʭ ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʚʳʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʢʨʝʤʥʠʡ, ʙʦʨ, ʙʨʦʤ ʠ ʜʨ.) ʚ 
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ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝ ʜʦʩʪʠʛʘʶʱʠʭ ʧʨʠʥʷʪʳʭ ʥʦʨʤ ʚ ʙʘʣʴʥʝʦʣʦʛʠʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜ. 

ɺ ʵʪʠʭ ʚʦʜʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʧʠʪʴʝʚʳʭ ʚʦʜʘʭ ʥʦʨʤʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ (ʩʝʣʝʥ, ʩʝʨʝʙʨʦ ʠ ʜʨ.). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ 

ʚʣʠʷʥʠʠ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʜʝʬʠʮʠʪʘ ʩʝʣʝʥʘ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʜʝʬʠʮʠʪʘ ʩʝʣʝʥʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʛʜʝ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, ʧʦʯʚʝ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ʄʠʢʨʦʵʣʝʤʝʥʪ, ʧʦʩʪʫʧʘʷ ʚ ʦʨʛʘʥʠʟʤ ʩ ʧʠʱʝʡ, 

ʠʥʪʝʥʩʠʚʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʣʝʪʦʢ. ʉʝʣʝʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʦʚ, 

ʦʙʣʘʜʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʠ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ 

ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʮʝʧʷʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʠ ʩ ʧʠʱʝʡ [1].  

ʄʠʢʨʦʵʣʝʤʝʥʪ ʩʝʣʝʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʥʝʟʘʤʝʥʠʤʳʭ (ʵʩʩʝʥʮʠʘʣʴʥʳʭ) ʧʠʱʝʚʳʭ 

ʬʘʢʪʦʨʦʚ, ʘʜʝʢʚʘʪʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ï ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ. ʉʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʨʘʥʥʝʤ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ, 

ʢʦʛʜʘ ʚʩʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʩʦʙʝʥʥʦ ʥʘʧʨʷʞʝʥʳ ʠ ʩʦʯʝʪʘʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʥʝʟʨʝʣʦʩʪʴʶ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʨʝʛʫʣʷʮʠʠ [2]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩʝʣʝʥʦʤ 

ʦʨʛʘʥʠʟʤʘ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʘʢʫʰʝʨʩʪʚʘ, ʛʠʥʝʢʦʣʦʛʠʠ, ʧʝʨʠʥʘʪʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʧʝʜʠʘʪʨʦʚ [2,3,4].  

ʉ 1980 ʛʦʜʘ ɺʩʝʤʠʨʥʦʡ ʆʨʛʘʥʠʟʘʮʠʝʡ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʵʣʝʤʝʥʪ ʩʝʣʝʥ ʦʪʥʝʩʸʥ ʢ 

ʥʝʟʘʤʝʥʠʤʳʤ ʬʘʢʪʦʨʘʤ ʧʠʪʘʥʠʷ, ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʩʫʪʦʯʥʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʝʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ, ʧʦʣʘ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ [5].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʩʝʣʝʥʦʜʝʬʠʮʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʧʠʪʴʝʚʳʝ 

ʚʦʜʳ ʩ ʜʦʙʘʚʢʦʡ ʩʝʣʝʥʘ ʚ ʬʦʨʤʝ ʩʝʣʝʥʘʪʘ ʠʣʠ ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʚ 

ʚʦʜʝ 6-8 ʤʢʛ/ʜʤ
3
 [6]. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ ʩ ʥʘʪʠʚʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʣʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʝʣʝʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʦʢʘʟʳʚʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʩʨʝʜʘ. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʦʦʩʘʞʜʝʥʠʠ ʩʝʣʝʥʘ ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, ʛʣʠʥʘʤʠ, ʚʝʨʦʷʪʥʦ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [7]. 

ɻʦʨʥʳʡ ɸʣʪʘʡ ʨʘʩʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʟʘʢʣʶʯʸʥʥʳʭ ʚ 

ʞʠʣʴʥʦ-ʙʣʦʢʦʚʳʭ ʚʦʜʦʥʦʩʥʳʭ ʟʦʥʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ 

ʘʨʪʝʟʠʘʥʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ (ʋʡʤʦʥʩʢʘʷ, ʂʫʨʘʡʩʢʘʷ, ʏʫʡʩʢʘʷ ʠ ʜʨ.). ʕʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʝʩʥʳʝ ʚʦʜʳ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʢʘʯʝʩʪʚʫ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ 

ʤʠʥʝʨʘʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʩʪʦʣʦʚʳʤ ʚʦʜʘʤ. ʇʦ ʜʘʥʥʳʤ ʊʎ çɸʣʪʘʡʛʝʦʤʦʥʠʪʦʨʠʥʛè ʟʘ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ (2001-2009 ʛʛ.) ʚ ʚʦʜʘʭ ʨʷʜʘ ʩʢʚʘʞʠʥ, ʢʦʣʦʜʮʝʚ ʠ ʨʦʜʥʠʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʘʡʤʠʥʩʢʦʛʦ, ʋʩʪʴ-ʂʘʥʩʢʦʛʦ, ʋʩʪʴ-ʂʦʢʩʠʥʩʢʦʛʦ, ʂʦʰ-

ɸʛʘʯʩʢʦʛʦ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, ʚʳʷʚʣʝʥ ʩʝʣʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʇʨʠ ʢʫʨʦʨʪʦʣʦʛʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ 

çʊʝʨʝʢʪʠʥʩʢʘʷè (ʋʩʪʴ-ʂʦʢʩʠʥʩʢʠʡ ʨʘʡʦʥ) ʚ ʧʨʝʜʝʣʘʭ ʋʡʤʦʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʘʤʠ ʦʮʝʥʝʥʳ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʣʝʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 

10 ʤʢʛ/ʜʤ
3
. ʀʩʪʦʯʥʠʢ çɸʩʦʥʦʚ ʢʣʶʯè ʙʝʨʝʪ ʥʘʯʘʣʦ ʥʘ ʩʢʣʦʥʘʭ ʊʝʨʝʢʪʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʠ 

ʠʤʝʝʪ ʚʳʭʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʥʦʛʦ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺʦʜʘ ʠʩʪʦʯʥʠʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʠʪʴʷ ʠ ʠʥʛʘʣʷʮʠʡ ʜʣʷ ʦʟʜʦʨʦʚʣʝʥʠʷ ʦʪʜʳʭʘʶʱʠʭ ʠ ʪʫʨʠʩʪʦʚ ʥʘ ʙʘʟʝ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ.  

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʩʪʦʯʥʠʢʘ çɸʩʦʥʦʚ ʢʣʶʯè, 

ʩʦʜʝʨʞʘʱʝʡ ʩʝʣʝʥ (7-8ʤʢʛ/ʜʤ
3
)
 
ʠ ʩʝʨʝʙʨʦ (5ʤʢʛ/ʜʤ

3
), ʧʦʟʚʦʣʠʣʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʨʦʟʣʠʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʪʦʣʦʚʦʡ ʚʦʜʳ çɸʩʦʥʦʚ ʢʣʶʯè ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ, ʢʘʢ ʚʟʨʦʩʣʦʛʦ, ʪʘʢ ʠ ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʘ. 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

72 

ɺ ʠʥʩʪʠʪʫʪʝ ʧʨʦʚʝʜʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʣʝʯʝʥʠʝ 39 ʯʘʩʪʦ ʙʦʣʝʶʱʠʭ ʜʝʪʝʡ (ʏɹɼ) ʚ 

ʚʦʟʨʘʩʪʝ 8,2+0,7 ʣʝʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 2 ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʷʚʣʷʣʠ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʠ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʦʚ ʧʘʮʠʝʥʪʦʚ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʷʚʣʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʣʝʯʝʙʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʢʨʠʦʤʘʩʩʘʞ ʧʦʜʦʰʚʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩʪʦʧ 

ʨʝʙʝʥʢʘ; ʣʝʯʝʙʥʫʶ ʬʠʟʢʫʣʴʪʫʨʫ ʨʫʯʥʦʡ ʤʘʩʩʘʞ, ʛʨʫʧʧʦʚʫʶ ʛʘʣʦʪʝʨʘʧʠʶ. ʇʘʮʠʝʥʪʘʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʟʥʘʯʘʣʩʷ ʧʨʠʝʤ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʪʦʣʦʚʦʡ 

ʚʦʜʳ çɸʩʦʥʦʚ ʢʣʶʯè. ʂʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 28 ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ. 

ʇʨʦʪʦʢʦʣ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣ ʦʮʝʥʢʫ ʜʠʥʘʤʠʢʠ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ: ʦʧʨʝʜʝʣʝʥʠʝ ʩʳʚʦʨʦʪʦʯʥʳʭ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ (Igɸ, 

IgM, IgG), ʩʫʙʧʦʧʫʣʷʮʠʡ ʣʠʤʬʦʮʠʪʦʚCD3+; CD4+; CD8+; CD19+; ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʠʤʤʫʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʨʣʝʡʢʠʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ (IL-1ɓ, 

IL-4, IL-6). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʪʘʪʫʩ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

Zn, Cu, Pb, Se, J, Cd ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ, ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʤʝʪʦʜʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦ ʙʦʣʝʶʱʠʝ ʨʝʩʧʠʨʘʪʦʨʥʳʤʠ 

ʠʥʬʝʢʮʠʷʤʠ ʜʝʪʠ ʠʤʝʣʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ ʚ ʚʠʜʝ ʩʥʠʞʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ CD4, ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ CD16, ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʝʡ ʩʳʚʦʨʦʪʦʯʥʳʭ IgG ʥʘ 

ʬʦʥʝ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʎʀʂ. ɼʣʷ ʧʘʮʠʝʥʪʦʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʚʳʰʝʥʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ Cd ʠ Pb, ʢʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʩʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ ʢʨʦʚʠ. 

ʇʦʩʣʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʯʝʥʠʷ ʞʘʣʦʙʳ ʧʘʮʠʝʥʪʳ ʦʙʝʠʭ ʛʨʫʧʧʳ ʥʝ ʧʨʝʜʲʷʚʣʷʣʠ. ɺ 

ʜʠʥʘʤʠʢʝ ʣʝʯʝʥʠʷ ʦʪʤʝʯʘʣʘʩʴ ʧʦʟʠʪʠʚʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʩʠʤʧʪʦʤʘʪʠʢʘ. ʇʨʠ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʬʦʥʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʩʫʙʧʦʧʫʣʷʮʠʡ ʣʠʤʬʦʮʠʪʦʚ CD16(ʨ<0,05) ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ CD4, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘʟʥʘʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʝʯʝʥʠʷ ʥʘ 

ʢʣʝʪʦʯʥʦʝ ʟʚʝʥʦ ʠʤʤʫʥʠʪʝʪʘ. ʅʘ ʬʦʥʝ ʣʝʯʝʥʠʷ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʮʠʪʦʢʠʥʘ IL-1ɓ (ʨ<0,038), ʯʪʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʠ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ IL-6, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʪʠʤʫʣʠʨʫʶʱʝʤ ʚʣʠʷʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʯʝʥʠʷ ʥʘ ʮʠʪʦʢʠʥʦʚʳʡ 

ʩʪʘʪʫʩ.  

ʂ ʦʢʦʥʯʘʥʠʶ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʚ ʛʨʫʧʧʝ ʏɹɼ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ 

ʚ ʢʨʦʚʠ (ʨ<0,05), ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʝ ʠʟʤʝʥʷʣʦʩʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʦʝ ʣʝʯʝʥʠʝ ʯʘʩʪʦ ʙʦʣʝʶʱʠʭ ʜʝʪʝʡ ʩ ʚʢʣʶʯʝʥʠʝʤ ʩʝʣʝʥ-

ʩʦʜʝʨʞʘʱʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ çɸʩʦʥʦʚ ʢʣʶʯè ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʘ ʢ ʨʝʩʧʠʨʘʪʦʨʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʟʘ ʩʯʝʪ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʠʤʤʫʥʠʪʝʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ [8]. 

ɺ ʧʨʝʜʝʣʘʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʨʘʡʦʥʦʚ ɸʣʪʘʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʢʚʘʞʠʥ ʚʳʷʚʣʝʥʳ ʠʦʥʳ ʩʝʨʝʙʨʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0,4-15,0 ʤʢʛ/ʜʤ
3
), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʮʝʣʷʭ.  

ɺ ʣʝʯʝʙʥʦʡ ʧʨʘʢʪʠʢʝ ʩʘʥʘʪʦʨʠʷ çʈʘʩʩʚʝʪʳ ʥʘʜ ɹʠʝʡè (ʢʫʨʦʨʪ çɹʝʭʪʝʤʠʨʩʢʠʡè) 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ ʚʦʜʳ. ɺ ʨʘʡʦʥʝ ʩʘʥʘʪʦʨʠʷ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ (ʩʢʚʘʞʠʥʳ ˉ 250 ɼ, ˉ 

252 ɼ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʘʥʘʪʦʨʠʷ ʠ ʨʫʯʝʡ çʉʝʨʝʙʨʷʥʳʡ ʢʣʶʯè). ɺʦʜʳ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʝ ʩʦ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ (ʨʅ 7,8-8,2), ʩʦʜʝʨʞʘʱʠʝ ʢʨʝʤʥʠʝʚʫʶ ʢʠʩʣʦʪʫ (24,7-36,0 

ʤʛ/ʜʤ
3
) ʠ ʠʦʥʳ ʩʝʨʝʙʨʘ (4,5-7,0 ʤʢʛ/ʜʤ

3
). 

ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ çʉʝʨʝʙʨʷʥʳʡ ʢʣʶʯè, ʜʦʙʳʚʘʝʤʦʡ ʠʟ ʩʢʚʘʞʠʥ 

ʩʘʥʘʪʦʨʠʷ (ɹʝʭʪʝʤʠʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ) ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʯʝʚʳʚʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʃʆʈ-ʦʨʛʘʥʦʚ, ʧʘʨʦʜʦʥʪʦʟʦʚ, ʩʪʦʤʘʪʠʪʦʚ, 
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ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʙʦʩʥʦʚʘʥʦ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [9]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ ʚ ʩʘʥʘʪʦʨʠʠ çʈʘʩʩʚʝʪʳ ʥʘʜ ɹʠʝʡè ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʤʦʯʝʚʳʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʣʝʯʝʥʠʷ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʠʝʣʦʥʝʬʨʠʪʘ ʠ ʥʝʬʨʦʣʠʪʠʘʟʘ ʫ ʚʟʨʦʩʣʳʭ ʠ ʜʝʪʝʡ [10] ʦʧʨʝʜʝʣʷʶʪ 

ʫʨʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʢʫʨʦʨʪʘ çɹʝʭʪʝʤʠʨʩʢʠʡè ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ɺʳʷʚʣʝʥʥʳʝ ʧʦʜʟʝʤʥʳʝ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ ʚʦʜʳ ʩʢʚʘʞʠʥ ʠ ʠʩʪʦʯʥʠʢʦʚ ɻʦʨʥʦʛʦ 

ɸʣʪʘʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʥʘ ʙʘʟʝ 

ʤʝʩʪʥʳʭ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʣʝʯʝʙʥʦ-

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʤʝʩʪʥʦʩʪʝʡ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ (çʏʝʤʘʣʴʩʢʘʷè, çɹʠʝ-ʊʝʣʝʮʢʘʷè).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʧʦʠʩʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʪʦʣʦʚʳʭ ʚʦʜ ʚ ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʚʦʜ ʚ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʮʝʣʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ 

ʩʝʟʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʢʘʯʝʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʢʣʠʥʠʢʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ.  
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ɸʥʥʦʪʘʮʠʷ. ʆʙʩʣʝʜʦʚʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʦʣʦʩʘʭ ʠ ʠʭ ʠʤʤʫʥʦʪʨʦʧʥʫʶ ʨʦʣʴ ʫ 37 ʜʝʪʝʡ ʧʝʨʚʳʭ ʪʨʝʭ ʣʝʪ ʞʠʟʥʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ 

ʧʩʠʭʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ, ʠ 21 ʞʝʥʱʠʥʳ-ʨʦʜʠʣʴʥʠʮʳ ʩ ʚʥʫʪʨʠʫʪʨʦʙʥʦʡ ʛʠʙʝʣʴʶ ʧʣʦʜʘ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʜʘʥʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ ʜʝʪʝʡ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ, ʜʣʷ 

ʮʠʥʢʘ ʠ ʤʝʜʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʨʫʧʧʝ ʥʘʙʣʶʜʘʣʩʷ ʜʝʬʠʮʠʪ; ʜʣʷ ʢʘʣʠʷ, ʤʘʨʛʘʥʮʘ, ʭʨʦʤʘ ʠ ʥʠʢʝʣʷ ï ʠʟʙʳʪʦʢ 

ʩʦʜʝʨʞʘʥʠʷ. ɺ ʛʨʫʧʧʝ ʦʙʩʣʝʜʫʝʤʳʭ ʞʝʥʱʠʥ-ʨʦʜʠʣʴʥʠʮ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʪʘʢʞʝ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʮʠʥʢʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʚʳʰʝʥʠʝ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ ʠ ʞʝʣʝʟʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʩʷ ʜʝʬʠʮʠʪ. ʇʦ ʠʤʤʫʥʦʪʨʦʧʥʦʩʪʠ ʵʣʝʤʝʥʪʳ 

ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Zn>Br>Fe, Pb ʫ ʜʝʪʝʡ; Ni>Cd>Zn ʫ ʞʝʥʱʠʥ. 

Abstract. In 37 1-3 year old children with complicated social and neurologic anamnesis and 21 puerperants 

with intrauterine fetal death the immune system parameters, element content and their immunotropic role were 

examined. The deficiency of Zn and Cu and excess of K, Mn, Cr and Ni in children were noted, while the 

concentration of other elements were within normal limits. In puerperants, non-significant excess of Zn and 

deficiency of Fe were revealed. The ability of elements to affect the immune system looks as Zn>Br>Fe, Pb in 

children and Ni>Cd>Zn in women. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚʩʸ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʦʙʨʝʣʦ ʪʘʢʠʝ ʨʘʟʤʝʨʳ, ʯʪʦ ʩʪʘʣʦ ʫʛʨʦʞʘʪʴ ʟʜʦʨʦʚʴʶ 

ʯʝʣʦʚʝʢʘ [1]. 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ (ʄʕ) ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʚ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʫʪʚʝʨʞʜʘʣ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ, ʥʦ ʠ ʩʦʭʨʘʥʷʶʪ ʠ, ʚʦʟʤʦʞʥʦ, 

ʫʚʝʣʠʯʠʚʘʶʪ, ʩʚʦʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚ ʙʦʣʴʥʦʤ ʦʨʛʘʥʠʟʤʝ. ʆʨʛʘʥʦʪʨʦʧʥʦʝ ʚʣʠʷʥʠʝ ʄʕ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʧʨʠʨʦʜʫ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʛʣʫʙʠʥʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʟʘʪʨʘʛʠʚʘʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ ʬʝʨʤʝʥʪʳ ʤʥʦʛʠʭ ʢʣʝʪʦʢ ʠ 

ʪʢʘʥʝʡ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʷ ʩʠʩʪʝʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʦʨʛʘʥʠʟʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ 

ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʥʘ ʣʶʙʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ 

ʛʝʥʝʪʠʯʝʩʢʠʤ çʢʦʜʦʤè, ʢʦʥʩʪʠʪʫʮʠʝʡ ʯʝʣʦʚʝʢʘ. ʀʤʝʥʥʦ ʵʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʲʷʩʥʷʝʪ ʥʝ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʳʡ ʦʪʚʝʪ ʦʨʛʘʥʠʟʤʘ ʥʘ ʜʝʬʠʮʠʪ, ʠʟʙʳʪʦʢ ʠʣʠ ʜʠʩʙʘʣʘʥʩ ʄʕ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʬʦʥʝ ʪʝʭʥʦʛʝʥʥʦ-ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʫ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʢʘʪʝʛʦʨʠʡ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ ʠ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ [2], ʢʦʪʦʨʘʷ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʤʝʥʝʥʠʝ ʝʝ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʘʢ ʦ ʩʦʙʩʪʚʝʥʥʦ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʤʘʪʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ [3]. 

ɺ ʩʠʣʫ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʤʘʨʢʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʨʘʟʣʠʯʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪ.ʝ. ʙʳʪʴ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʠʥʜʠʢʘʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʣʠʯʠʷ ʚ ʨʝʛʠʦʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʝʝ 

ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʭʠʤʠʯʝʩʢʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʩʨʝʜʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʷʜʘ ʪʘʢʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʢʘʢ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠʟʚʝʩʪʥʦ 

ʠʤʤʫʥʦʪʨʦʧʥʦʝ ʠ ʜʘʞʝ ʠʤʤʫʥʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ [2]. ʀʭ ʟʥʘʯʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʦʩʦʙʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʦʨʛʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʠʟʤʝʥʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤ ʠ ʙʣʘʛʦʧʦʣʫʯʥʳʤ 

ʦʨʛʘʥʠʟʤʦʤ ʩʦʩʪʦʷʥʠʝʤ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ.  

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʦʙʩʣʝʜʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʜʝʪʠ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ [4]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʢʩʠʯʥʳʝ ʤʝʪʘʣʣʳ ʧʨʠ ʠʭ ʩʦʜʝʨʞʘʥʠʠ ʚ ʮʝʣʦʤ ʥʝ 

ʚʳʭʦʜʷʱʝʤ ʟʘ ʧʨʝʜʝʣʳ ʥʦʨʤʳ, ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʊʝʤ ʙʦʣʝʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʜʝʬʠʮʠʪʝ 

ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ, ʘ ʪʘʢʞʝ ʫ ʦʩʦʙʳʭ ʢʘʪʝʛʦʨʠʡ ʥʘʩʝʣʝʥʠʷ ï ʜʝʪʝʡ ʩ 

ʦʩʣʦʞʥʝʥʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʤʥʝʟʦʤ, ʞʝʥʱʠʥ ʩ ʚʥʫʪʨʠʫʪʨʦʙʥʦʡ 

ʛʠʙʝʣʴʶ ʧʣʦʜʘ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʠʤʤʫʥʦʪʨʦʧʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʜʝʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʧʩʠʭʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ, ʠ ʞʝʥʱʠʥ-ʨʦʜʠʣʴʥʠʮ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʦʮʝʥʢʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʦʙʩʣʝʜʦʚʘʣʠ 37 ʜʝʪʝʡ ʧʝʨʚʳʭ ʪʨʝʭ ʣʝʪ ʞʠʟʥʠ 

ʠ 21 ʨʦʜʠʣʴʥʠʮʫ, ʫ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʠ ʘʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʙʝʣʦʡ ʢʨʦʚʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʠʤʤʫʥʦʧʨʦʜʫʮʠʨʫʶʱʝʛʦ ʨʷʜʘ ʣʠʤʬʦʮʠʪʦʚ: ʊ- ʠ ɺ-ʣʠʤʬʦʮʠʪʳ, 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ G, A, M, E, ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʠʤʤʫʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʎʀʂ). CD-ʤʘʨʢʝʨʳ 

(CD3+, CD4+, CD8+, CD16+, CD22+, CD25+) ʚʳʷʚʣʷʣʠ ʤʝʪʦʜʦʤ ʥʝʧʨʷʤʦʡ 

ʠʤʤʫʥʦʬʣʶʦʨʝʩʮʝʥʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ.  

ʉʦʜʝʨʞʘʥʠʝ 19 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʜʝʪʝʡ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ, ʘ 11 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʨʦʜʠʣʴʥʠʮ ï ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʣʦʩʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʪʢʘʥʷʭ ʧʨʠ ʠʭ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ, ʪʦ ʝʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʬʦʥʦʚʦʡ ʵʢʩʧʦʟʠʮʠʠ. ɺʟʷʪʠʝ 

ʜʘʥʥʦʛʦ ʙʠʦʤʘʪʝʨʠʘʣʘ ʙʝʟʙʦʣʝʟʥʝʥʥʦ ʠ ʧʨʦʩʪʦ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ [1].  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Statistica 6.0 (Stat-

Soft, 2001). ʇʨʦʚʝʨʢʫ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʦʣʦʩʘʭ ʚʳʧʦʣʥʷʣʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ ʃʠʣʣʠʬʦʨʩ. ɺ ʩʣʫʯʘʝ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʵʣʝʤʝʥʪʘ ʦʮʝʥʠʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (M), 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (SD). ɺ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ ï ʤʝʜʠʘʥʫ (Me) ʠ ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ (25%, 75%). ʀʤʤʫʥʦʪʨʦʧʥʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʧʦʩʦʙʫ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ [5] ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʉʧʠʨʤʝʥʫ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ 

ʜʘʥʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ ʜʝʪʝʡ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ. ʆʜʥʘʢʦ, ʜʣʷ ʮʠʥʢʘ ʠ 

ʤʝʜʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʨʫʧʧʝ ʥʘʙʣʶʜʘʣʩʷ ʜʝʬʠʮʠʪ; ʜʣʷ ʢʘʣʠʷ, ʤʘʨʛʘʥʮʘ, ʭʨʦʤʘ ʠ ʥʠʢʝʣʷ ï 

ʠʟʙʳʪʦʢ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʛʨʫʧʧʝ ʦʙʩʣʝʜʫʝʤʳʭ ʞʝʥʱʠʥ-ʨʦʜʠʣʴʥʠʮ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʪʘʢʞʝ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʮʠʥʢʘ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ ʠ ʞʝʣʝʟʘ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʩ ̫ʜʝʬʠʮʠʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʬʠʮʠʪ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʪʝʢʘʥʠʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʤʘ ʠ ʨʝʛʫʣʷʮʠʠ 

ʬʫʥʢʮʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʷʚʣʝʥʠʝ [6]. ʅʝʜʦʩʪʘʪʦʢ ʮʠʥʢʘ 

ʥʘʙʣʶʜʘʣʩʷ ʥʘʤʠ ʨʘʥʝʝ ʫ 62% ʟʜʦʨʦʚʳʭ ʨʦʜʠʣʴʥʠʮ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʵʪʦʤ ʞʝ ʨʝʛʠʦʥʝ [7], 

ʭʦʪʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʆʨʝʥʙʫʨʛʘ ʚ ʚʦʣʦʩʘʭ ʙʝʨʝʤʝʥʥʳʭ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɼʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʚ ʛʨʫʧʧʝ ʜʝʪʝʡ ʧʝʨʚʳʭ ʪʨʝʭ ʣʝʪ 

ʞʠʟʥʠ ʩ ʦʩʣʦʞʥʝʥʥʳʤ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʘʥʘʤʥʝʟʦʤ ʨʘʩʩʯʠʪʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ (ʂʜʠʩ), ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 0,26 [5]. ʍʘʨʘʢʪʝʨ ʜʠʩʙʘʣʘʥʩʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʝ ʩʦ ʩʪʦʨʦʥʳ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʂ, 

Mn, Cr, Ni.  

ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʚ ʛʨʫʧʧʝ ʨʦʜʠʣʴʥʠʮ ʨʘʚʥʷʣʩʷ -0,2, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʢʦʪʦʨʦʤ ʛʠʧʦʵʣʝʤʝʥʪʦʟʝ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ 

ʠ ʞʝʣʝʟʘ ʚ ʢʨʦʚʠ ʦʙʥʘʨʫʞʠʚʘʣʠ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʘ ʙʝʨʝʤʝʥʥʦʩʪʠ 

ʫ ʟʜʦʨʦʚʳʭ ʞʝʥʱʠʥ [8]. 

ʇʨʠ ʦʮʝʥʢʝ ʠʤʤʫʥʦʪʨʦʧʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʷʭ ʚ ʟʥʘʯʠʤʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ.1). ɺ ʛʨʫʧʧʝ ʜʝʪʝʡ ʧʝʨʚʳʭ ʪʨʝʭ ʣʝʪ ʞʠʟʥʠ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ (28) ʦʙʥʘʨʫʞʠʣ ʮʠʥʢ, ʟʘʪʝʤ ʙʨʦʤ (14), ʞʝʣʝʟʦ (8) ʠ ʩʚʠʥʝʮ (8). ʕʪʦ ʚ 

ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʤʝʶʱʠʤʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦ ʤʥʦʛʦʧʣʘʥʦʚʦʤ ʚʣʠʷʥʠʠ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʮʠʥʢ ʠ ʞʝʣʝʟʦ, ʥʘ ʚʩʝ ʟʚʝʥʴʷ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠ ʜʘʞʝ ʚʨʦʞʜʝʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ[9, 10]. 

 
ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ɺ ʛʨʫʧʧʝ ʞʝʥʱʠʥ-ʨʦʜʠʣʴʥʠʮ ʠʩʩʣʝʜʫʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʪʘʢʞʝ ʙʳʣʠ ʥʝʨʘʚʥʦʟʥʘʯʥʳ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʥʠʢʝʣʴ (37), ʢʘʜʤʠʡ (15) ʠ ʮʠʥʢ (10). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʧʝʨʚʳʝ ʜʚʘ ʠʟ ʥʠʭ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ɽʩʣʠ ʠʤʤʫʥʦʪʨʦʧʥʘʷ ʨʦʣʴ 

ʮʠʥʢʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ, ʚ ʦʪʥʦʰʝʥʠʠ ʫʩʣʦʚʥʦ ʵʩʩʝʥʮʠʘʣʴʥʦʛʦ ʥʠʢʝʣʷ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʝʛʦ ʩʭʦʜʥʦʡ ʩ ʞʝʣʝʟʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ, ʘ ʪʘʢʞʝ ʠʤʤʫʥʦʩʫʧʨʩʩʠʚʥʦʤ ʜʝʡʩʪʚʠʠ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ [11]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʘʢʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʢ ʩʚʠʥʝʮ, ʟʥʘʯʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʣʷ ʦʙʦʠʭ 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʪʠʥʛʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 8 ʙʘʣʣʦʚ, ʝʛʦ ʜʝʡʩʪʚʠʝ ʥʘ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ, ʥʝʦʜʥʦʟʥʘʯʥʦ [12]. ʊʘʢ, ʧʨʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʠ ʚ 

ʦʨʛʘʥʠʟʤʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʠʤʤʫʥʦʜʝʧʨʝʩʩʠʚʥʳʡ ʵʬʬʝʢʪ, ʚ ʦʩʥʦʚʥʦʤ ʩʦ ʩʪʦʨʦʥʳ 

ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ [2]. ɼʘʥʥʳʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʚʠʥʮʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 
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ʭʘʨʘʢʪʝʨʘ: ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʡʪʨʦʬʠʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʣʠʤʬʦʮʠʪʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʫ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ 1-6 ʣʝʪ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʪʘʢʞʝ ʚ ʛ. ʉʠʤʬʝʨʦʧʦʣʝ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ 

ʠʤʤʫʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʣʝʪʦʯʥʦʛʦ ʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʟʚʝʥʘ ʠʤʤʫʥʠʪʝʪʘ, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦʙ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʤ ʜʝʡʩʪʚʠʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʙʠʦʤʦʥʠʪʦʨʠʥʛʦʚʦʝ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʦʙʳʭ ʢʦʥʪʠʥʛʝʥʪʦʚ ʥʘʩʝʣʝʥʠʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʤʦʩʪʠ 

ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʵʩʩʝʥʮʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʪʦʢʩʠʯʥʳʭ, ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ ʩ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʣʫʦʩʪʨʦʚʘ, ʩʢʦʣʴʢʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʥʦʛʦ 

ʙʘʣʘʥʩʘ ʠ ʨʦʣʴʶ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʚʠʪʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʵʥʜʝʤʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʘʢ ʵʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ, ʬʣʶʦʨʦʟ, 

ʙʦʣʝʟʥʠ ʂʝʰʘʥʘ ʠ ʂʘʰʠʥʘ- ɹʝʢʘ.  

Abstract. The analysis of literature data shows that the geochemical features of the Trans-Baikal environment 

are the cause of such endemic diseases as endemic goitre, fluorosis, diseases of Kesan and Kashin - Beck. 

ɺ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʠʤʝʶʪʩʷ ʨʘʡʦʥʳ ʩ ʠʟʙʳʪʢʦʤ ʠʣʠ ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʢʦʪʦʨʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʍʕ) ʚ ʚʦʜʝ, ʧʦʯʚʝ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʣʘʥʜʰʘʬʪʦʚ [1]. ʊʘʢʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʚʠʥʮʠʷʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʜʠʩʙʘʣʘʥʩ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʤʧʦʥʝʥʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʪʘʢʠʭ ʨʘʡʦʥʦʚ [1, 2, 3, 4]. ʆ ʩʚʷʟʠ 

ʤʝʞʜʫ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʚʠʥʮʠʷʤʠ ʠ ʵʥʜʝʤʠʷʤʠ ʝʱʝ ʚ 1950 ʛ. ʧʠʩʘʣ ʚʝʣʠʢʠʡ ʨʫʩʩʢʠʡ 

ʛʝʦʭʠʤʠʢ ɸ.ʅ. ɺʠʥʦʛʨʘʜʦʚ [5].  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʨʝʛʠʦʥʘ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʵʥʜʝʤʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ʵʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ, 

ʬʣʶʦʨʦʟ ʠ ʢʘʨʠʝʩ, ʩʝʣʝʥʦʜʝʬʠʮʠʪʥʳʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟ, ʫʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴ.  

ɼʠʩʙʘʣʘʥʩ ʩʝʣʝʥʘ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʩʝʣʝʥʦʟʦʚ, 

ʚ ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʢʘ ʩʝʣʝʥʘ ʚ ʧʠʪʘʥʠʠ ʯʝʣʦʚʝʢʘ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʥʜʝʤʠʯʝʩʢʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ï ʩʝʣʝʥʦʜʝʬʠʮʠʪʥʘʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ ï ʂʝʰʘʥʩʢʘʷ ʙʦʣʝʟʥʴ, ʚʧʝʨʚʳʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʩʝʚʝʨʝ ʂʠʪʘʷ, ʚ ʦʢʨʫʛʝ ʂʝʰʘʥ ʚ 1935 ʛ. [6]. ɹʦʣʝʟʥʴ ʂʝʰʘʥʘ ʚʧʝʨʚʳʝ ʚ 

ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ ʏʠʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 1987 ʛʦʜʫ ʢʘʢ ʵʥʜʝʤʠʯʝʩʢʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ. ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʛʣʫʙʦʢʦʛʦ ʩʝʣʝʥʦʜʝʬʠʮʠʪʘ - ʚ ʨʷʜʝ 

ʨʘʡʦʥʦʚ ʨʝʛʠʦʥʘ ʚʳʷʚʣʝʥʳ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚ, ʚʦʜʳ ʠ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʘʭ [6]. ɸ.ɺ. ɺʦʱʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ ʚ ʚʦʜʝ ʚ ʛ. 

ʏʠʪʳ ʥʠ ʚ ʦʜʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʝʥʘ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʘ ʪʦʪ ʤʦʤʝʥʪ (1996 ʛ.) ʤʝʪʦʜʦʤ ɻʆʉʊʘ [7]. ʕʪʠ ʞʝ 

ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ ʤʫʢʝ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʧʝʢʘʶʪ 

ʭʣʝʙ, ʘ ʪʘʢʞʝ ʚ ʤʷʩʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ [7].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʦʚʠ ʜʦʥʦʨʦʚ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʛ. ʏʠʪʝ ʧʦʢʘʟʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ 

ʢʨʦʚʠ ʠ ʵʨʠʪʨʦʮʠʪʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʞʠʪʝʣʝʡ ʛ. ʍʘʙʘʨʦʚʩʢʘ ʠ ʛ. ʄʦʩʢʚʳ [8].  

ɻ.ɸ. ɼʨʝʤʠʥʘ ʠ ʄ.ɺ. ʇʨʦʢʦʬʴʝʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʝʥʦʜʝʬʠʮʠʪʘ ʚ 

ɿʘʙʘʡʢʘʣʴʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ ʨʘʮʠʦʥ ʜʦʙʘʚʢʫ ʩʝʣʝʥʘ [9].  

ʋʨʦʚʩʢʘʷ ʵʥʜʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ (ʙʦʣʝʟʥʴ ʂʘʰʠʥʘ-ɹʝʢʘ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʨʝʜʠ 

ʥʘʩʝʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʋʨʦʚʘ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ɺʦʩʪʦʯʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ, ʚ ɿʝʡʩʢʦʤ ʨʘʡʦʥʝ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʆ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʝʟʥʠ 

ʚʳʩʢʘʟʳʚʘʣʠʩʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʤʥʝʥʠʷ ʠ ʛʠʧʦʪʝʟʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʫʙʝʜʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʟʘʙʦʣʝʚʘʥʠʝ ʚʦʟʥʠʢʘʝʪ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʙʘʣʘʥʩʘ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʦʡ ʠ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʪʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʥʦʩʪʷʭ. ʀʩʭʦʜʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺ. ʀ. ʀʚʘʥʦʚʘ, ɸ. ɺ. 

ɺʦʱʝʥʢʦ, ʃ. ʇ. ʅʠʢʠʪʠʥʦʡ, ʃ. ɺ. ɿʘʡʢʦ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʬʦʩʬʘʪʥʦ-ʤʘʨʛʘʥʮʝʚʘʷ ʛʠʧʦʪʝʟʘ 

ʫʨʦʚʩʢʦʡ ʙʦʣʝʟʥʠ. ʇʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤ ʘʚʪʦʨʦʚ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʬʦʩʬʘʪʦʚ ʚ 
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ʧʦʯʚʘʭ ʨʘʡʦʥʦʚ ʵʥʜʝʤʠʠ ʙʳʣʦ ʚʳʰʝ ʚ 2,4 ʨʘʟʘ ʧʨʦʪʠʚ ʢʦʥʪʨʦʣʷ ʠ ʥʦʨʤʳ. ʋʨʦʚʝʥʴ ʤʘʨʛʘʥʮʘ 

ʚ ʧʨʦʜʫʢʪʘʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʧʰʝʥʠʯʥʦʡ ʤʫʢʝ, ʢʘʧʫʩʪʝ, 

ʢʘʨʪʦʬʝʣʝ, ʤʷʩʝ), ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ ʵʥʜʝʤʠʯʥʳʭ ʧʦ ʫʨʦʚʩʢʦʡ ʙʦʣʝʟʥʠ ʨʘʡʦʥʘʭ, ʙʳʣʦ ʚ 1,5 

ʨʘʟʘ ʚʳʰʝ ʥʦʨʤʳ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʝʦʨʠʠ ʦ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ 

ʨʦʣʠ ʤʘʨʛʘʥʮʘ ʠ ʬʦʩʬʦʨʘ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ.  

ʉʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʵʥʜʝʤʠʯʝʩʢʦʛʦ ʟʦʙʘ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ɺʦʩʪʦʯʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ ʠʤʝʶʪ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʯʚʝ ʠ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʟʘʙʦʣʝʚʘʥʠʷ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʜʦʢʘʟʘʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʆʯʘʛʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʣʶʜʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʣʠʯʠʝʤ 

ʝʛʦ ʫ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ [10]. ʆʥ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʫ ʚʟʨʦʩʣʳʭ, ʪʘʢ ʠ ʫ ʜʝʪʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʬʠʣʠʘʣʦʤ ʅʀʀ ʧʝʜʠʘʪʨʠʠ ʚ ʛ. ʏʠʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ 1672 

ʜʝʪʝʡ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ɿʘʙʘʡʢʘʣʴʷ ʠ ʀʥʛʦʜʠʥʩʢʦʤ ʨʘʡʦʥʝ ʛ. ʏʠʪʘ ʫ 

ʧʦʣʦʚʠʥʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʵʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ [11]. ʅ. ʄ. ʐʘʛʠʝʚʦʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʝʪʠ ʩ ʵʥʜʝʤʠʯʝʩʢʠʤ ʟʦʙʦʤ ʙʳʩʪʨʦ ʫʪʦʤʣʷʶʪʩʷ, ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʣʴʥʦ ʫʧʨʘʚʣʷʪʴ 

ʚʥʠʤʘʥʠʝʤ, ʧʨʠʣʘʛʘʶʪ ʫʩʠʣʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ [12]. ʃ.ɺ. ɸʥʠʢʠʥʘ, ɺ.ʅ. ʀʚʘʥʦʚ, 

ʃ.ʇ. ʅʠʢʠʪʠʥʘ, ɸ.ʎ. ɻʦʤʙʦʝʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ ʚ ɿʘʙʘʡʢʘʣʴʝ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ 

ʬʦʥʝ ʜʝʬʠʮʠʪʘ ʡʦʜʘ ʠ ʩʝʣʝʥʘ [13; 14]. ʉʨʝʜʠ ʞʘʣʦʙ ʧʘʮʠʝʥʪʦʚ ʩ ʵʪʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ 

ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʱʝʝ ʥʝʜʦʤʦʛʘʥʠʝ, ʪʨʝʚʦʞʥʦʩʪʴ, ʪʨʝʤʦʨ ʨʫʢ ʠ ʚʝʢ, ʩʝʨʜʮʝʙʠʝʥʠʝ, 

ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, ʯʫʚʩʪʚʦ ʩʪʨʘʭʘ, ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʨ. [15]. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʷ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʨʦʜʥʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʪʦʨʠʜʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʙʦʣʝʝ ʯʝʤ ʥʘ 90% ʧʦʪʨʝʙʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ [16].  

ɺ ʨʘʡʦʥʘʭ ʍʘʨʘʥʦʨʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ, ʧʦʩ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ, ʚ ʛ. ʂʨʘʩʥʦʢʘʤʝʥʩʢ, 

ʧʦʩ. ʅʝʨʯʠʥʩʢʠʡ ɿʘʚʦʜ, ʧʦʩ. ʅʦʚʦʢʨʫʯʠʥʠʩʢ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ [8]. ʉʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ 12-15 ʣʝʪ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ 88,4 % ʠʟ ʥʠʭ, ʠʤʝʶʪ ʬʣʶʦʨʦʟʥʳʝ ʟʫʙʳ [8], ʘ ʫ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 502 ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ 6-7 

ʣʝʪ ʞʠʪʝʣʝʡ ʛ. ʂʨʘʩʥʦʢʘʤʝʥʩʢʘ ʚ 72% ʩʣʫʯʘʝʚ ʚʳʷʚʣʝʥʦ ʧʦʨʘʞʝʥʠʝ ʬʣʶʦʨʦʟʦʤ 

ʧʦʩʪʦʷʥʥʳʭ ʟʫʙʦʚ [17]. ʂʨʘʩʥʦʢʘʤʝʥʩʢ ï ʦʯʘʛ ʵʥʜʝʤʠʯʝʩʢʦʛʦ ʬʣʶʦʨʦʟʘ [18]. 

ɺ ʍʘʨʘʥʦʨʦ-ʊʫʨʛʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʶʛʦ-ʚʦʩʪʦʢʘ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ 

ʪʦʣʴʢʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ, ʥʦ ʠ ʢʨʝʤʥʠʷ [19], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʣʶʦʨʦʟʫ ʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʫ ʥʘʩʝʣʝʥʠʷ ʵʪʦʛʦ ʨʘʡʦʥʘ [20]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ 

ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʘʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʥʜʝʤʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʂʝʰʘʥʩʢʘʷ ʠ ʋʨʦʚʩʢʘʷ ʙʦʣʝʟʥʠ, ʵʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ ʠ 

ʬʣʶʦʨʦʟ. 
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Abstract. The method of X-ray fluorescence analysis allows us to identify the level of micro- and 

macroelements in children with special needs. Children hair served as a biomaterial in our studies. Probable ways of 

correcting nutritional status of children was investigated.  

ʄʘʩʰʪʘʙʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠʥʚʘʣʠʜʠʟʘʮʠʠ ʜʝʪʝʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʘʢ ʤʠʨʦʚʘʷ, ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʠʥʚʘʣʠʜʦʚ ʩ ʜʝʪʩʢʠʤ 

ʮʝʨʝʙʨʘʣʴʥʳʤ ʧʘʨʘʣʠʯʦʤ ʠ ʘʫʪʠʟʤʦʤ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɺʆɿ ʚ 1962 ʛ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 0,4 

ʩʣʫʯʘʷ ʥʘ 1000 ʜʝʪʝʡ, ʚ 1982 ʵʪʘ ʮʠʬʨʘ ʩʦʩʪʘʚʠʣʘ 5,6 , ʘ ʚ 1992 - 9 ʩʣʫʯʘʝʚ ʥʘ 1000 ʜʝʪʝʡ [1, 

2]. ʉ ʥʘʯʘʣʘ 2000 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʪ 13 ʜʦ 15 ʩʣʫʯʘʝʚ ɼʎʇ ʥʘ 1000 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʧʨʠ ʵʪʦʤ ʧʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʩʧʘʩʪʠʯʝʩʢʠʝ 

ʬʦʨʤʳ. ʇʦ ʩʦʦʙʱʝʥʠʶ ʧʨʦʬ. ʕʜʝʣʴʩʦʥʘ, ʧʨʦʮʝʥʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʘʫʪʠʟʤʦʤ ʨʘʩʪʝʪ ʛʦʜ ʦʪ 

ʛʦʜʘ ʧʨʦʩʪʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ, ʚ ʉʐɸ: ʜʦ 1978 ʛ - ʯʠʩʣʦ ʟʜʦʨʦʚʳʭ ʠ 

ʙʦʣʴʥʳʭ ʘʫʪʠʟʤʦʤ ʣʶʜʝʡ ʩʦʩʪʘʚʣʷʣʦ 1:2000 ʯʝʣʦʚʝʢ, ʚ 2007 ʛ. - 1:150, ʚ 2012 ʛ. - 1:88, ʚ 

2013 ʛ. - ʫʞʝ ʚʳʷʚʣʝʥʦ 1:50 ʯʝʣʦʚʝʢ. 

ɺʦʟʨʘʩʪʘʶʱʝʝ ʯʠʩʣʦ ʠʥʚʘʣʠʜʦʚ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ ʠʭ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ [3-8].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʩʪʘʚʠʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʧʘʩʧʦʨʪ ʜʝʪʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʟʚʠʪʠʷ (ɼʎʇ, ʘʫʪʠʩʪʳ) 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʆʙʲʝʢʪʦʤ ʥʘʙʣʶʜʝʥʠʷ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʜʝʪʠ ʦʜʠʥʘʢʦʚʳʝ ʧʦ 

ʚʦʟʨʘʩʪʫ ʠ ʧʦʣʫ, ʠʤʝʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ (ʘʫʪʠʟʤ, ɼʎʇ) ʠ ʜʝʪʠ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʨʘʟʚʠʪʠʝʤ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʙʠʦʤʘʪʝʨʠʘʣ (ʚ ʚʠʜʝ ʚʦʣʦʩ), ʚʟʷʪʳʭ ʫ ʛʨʫʧʧ ʥʘʙʣʶʜʝʥʠʷ 

(n=60) ʚ ʚʦʟʨʘʩʪʝ 6-11 ʣʝʪ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦ-, ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʘ) ʇʦʜʦʙʨʘʪʴ ʛʨʫʧʧʳ ʥʘʙʣʶʜʝʥʠʷ ʠʟ ʯʠʩʣʘ ʜʝʪʝʡ ʘʫʪʠʩʪʦʚ, ɼʎʇ, ʟʜʦʨʦʚʳʭ (60 ʜʝʪʝʡ);  

ʙ) ʆʪʦʙʨʘʪʴ ʙʠʦʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʚʦʣʦʩ (60 ʧʨʦʙ);  

ʚ) ɺʳʧʦʣʥʠʪʴ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ; 

ʛ) ʆʙʨʘʙʦʪʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ (Excel, Statistica 6);  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: 

ɺ ʩʪʝʥʜʦʚʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʜʝʪʠ (6-11 ʣʝʪ) ʫʯʨʝʞʜʝʥʠʷ 

çʈʝʯʠʮʢʦʛʦ ʜʦʤʘ-ʠʥʪʝʨʥʘʪʘ ʜʣʷ ʜʝʪʝʡ ʠʥʚʘʣʠʜʦʚè, ʠʤʝʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 20 ʯʝʣʦʚʝʢ (20 ɼʎʇ); ʜʝʪʠ-ʘʫʪʠʩʪʳ ʚ ʚʦʟʨʘʩʪʝ (6-11 ʣʝʪ) (20); ʠ ʢʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ ʠʟ 20 ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ (6-11 ʣʝʪ).  

ʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʤʘʪʝʨʠʘʣʘ (ʚʦʣʦʩ) ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
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ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ɻʨɻʋ ʠʤ. ʗ. ʂʫʧʘʣʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: 

ʘ) ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʙʟʦʨʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʚ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ 

(ʜʦ 30 ʵʣʝʤʝʥʪʦʚ); 

ʙ) ɹʳʩʪʨʦʪʘ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (30-40 ʤʠʥʫʪ); 

ʚ) ʄʠʥʠʤʘʣʴʥʘʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʙʠʦʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʚʦʣʦʩ, ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ 

ʦʙʨʘʟʮʘ (100 ʤʛ.); 

ʛ) ʄʘʣʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʨʝʘʢʪʠʚʳ [8, 9]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ: 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ï 2.[10, 11] 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʙʠʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʛʨʫʧʧ ʥʘʙʣʶʜʝʥʠʷ (ɼʎʇ, ʘʫʪʠʩʪʳ, 

ʢʦʥʪʨʦʣʴ) n=60, ʤʢʛ/ʛ. 

ʵʣʝʤʝʥʪ ʩʨʝʜʥʝʝ ʩʠʛʤʘ ʦʰʠʙʢʘ min max 

ɼʎʇ 

Ca 417,5979 566,0236 126,5667 32,1131 1791,1350 

K 385,2475 1075,1561 240,4122 86,885 490,61500 

Fe 26,2175 28,0065 6,2624 8,1044 140,7030 

Zn 125,8704 55,3430 12,3751 33,9173 207,4315 

Cu 8,1381 2,4613 0,5504 4,4965 14,9944 

ʘʫʪʠʩʪʳ 

Ca 536,1910 513,1045 114,7337 89,2247 2203,3130 

K 121,9563 82,8443 18,5246 45,9838 343,4681 

Fe 16,5135 7,4894 1,6747 6,8584 34,9222 

Zn 117,5040 50,5168 11,2959 27,3412 214,3692 

Cu 13,0384 5,4389 1,2162 5,6914 29,9533 

ʢʦʥʪʨʦʣʴ 

Ca 646,8784 666,0056 148,9234 103,6593 2424,4160 

K 232,1952 237,2652 53,0541 48,1437 879,5687 

Fe 19,2854 8,4574 1,8911 7,6828 40,5811 

Zn 121,6024 79,2188 17,7139 40,2634 325,8169 

Cu 10,5696 5,8727 1,3132 4,9491 29,1208 

ɺʳʚʦʜʳ: 

ʘ) ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʢʘʢ ʢʦʥʪʨʦʣʷ ʦʮʝʥʢʠ ʵʥʜʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʜʝʪʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ 

(ɼʎʇ, ʘʫʪʠʩʪʳ). 

ʙ) ʉʦʩʪʘʚʣʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʧʘʩʧʦʨʪ ʜʝʪʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ. 

ʚ) ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʚ ʧʦʢʘʟʘʪʝʣʷʭ 

ʙʠʦʵʣʝʤʝʥʪʦʚ (ʢʘʣʴʮʠʡ, ʢʘʣʠʡ, ʮʠʥʢ, ʞʝʣʝʟʦ, ʤʝʜʴ),ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ 

(ʩʚʠʥʝʮ,ʨʪʫʪʴ,ʢʘʜʤʠʡ). 

ʛ) ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʜʝʪʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʟʚʠʪʠʷ ʧʦ ʵʩʩʝʥʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʤ ʵʣʝʤʝʥʪʘʤ ʪʨʝʙʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʩ 

ʫʯʸʪʦʤ ʜʘʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʧʘʩʧʦʨʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʦʣʦʩʘʭ ʛʨʫʧʧ ʥʘʙʣʶʜʝʥʠʷ (ɼʎʇ, ʘʫʪʠʩʪʳ, 

ʢʦʥʪʨʦʣʴ) n=60, ʤʢʛ/ʛ. 

ʵʣʝʤʝʥʪ ʩʨʝʜʥʝʝ ʩʠʛʤʘ ʦʰʠʙʢʘ min max 

ɼʎʇ 

Cd 0,1526 0,1395 0,0312 0,0000 0,5512 

Hg 0,3618 0,1785 0,0399 0,1069 0,8890 

Pb 5,7132 6,2693 1,4019 0,4581 26,2741 

ʘʫʪʠʩʪʳ 

Cd 0,2495 0,2091 0,0468 0,0238 0,7456 

Hg 0,5994 0,5442 0,1217 0,0517 1,9688 

Pb 2,9281 1,4240 0,3184 0,3929 6,1076 

ʢʦʥʪʨʦʣʴ 

Cd 0,1763 0,1321 0,0295 0,0000 0,3782 

Hg 0,3233 0,2348 0,0525 0,0000 0,9435 

Pb 2,4407 1,0245 0,2291 0,4469 4,2558 
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MALIGNANCIES AS AN INDICATOR OF MEDICAL AND 

ECOLOGICAL TROUBLE AREAS LOKTEVSKY ALTAI TERRITORY 
1
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ 

2
ɸʣʪʘʡʩʢʠʡ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʛʦ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ 

ʈɸʄʅ 

656038, ɹʘʨʥʘʫʣ, ʫʣ. ʄʦʣʦʜʝʞʥʘʷ, 1, (3852)243927, E-mail: anton-kovrigin@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʠʭ 

ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʴʩʢʠʭ ʩʦʚʝʪʦʚ ʃʦʢʪʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2010 

ʛʦʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʦʩʭʝʤʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʴʩʢʠʭ ʩʦʚʝʪʦʚ ʨʘʡʦʥʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʦʛʦ. 

Abstract. The incidence of lung malignant neoplasms in the population from Loktevsky region was analyzed 

for the years 2000-2010. The scheme of ranking the regionôs territory by the incidence of lung malignant neoplasms 

is presented. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʮʠʘʣʴʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ 

ʯʝʣʦʚʝʢʘ ʚ 2013 ʛʦʜʫ 156,4 ʤʣʥ. ʯʝʣʦʚʝʢ ʧʨʦʞʠʚʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʤʝʜʠʢʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʜʦʣʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʦʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 72,9 %; ʦʪ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ - 58,4% ʠ 55,3% - ʦʪ 

ʬʘʢʪʦʨʦʚ ʦʙʨʘʟʘ ʞʠʟʥʠ [1,2]. ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ 

ʥʝʛʘʪʠʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʘʩʝʣʝʥʠʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. ʂ ʠʥʜʠʢʘʪʦʨʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʦʪʥʝʩʝʥʳ: ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʪʝʡ, 

ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ, ʵʥʜʦʢʨʠʥʥʦʡ ʠ ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤ, ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʠ 

ʧʘʨʘʟʠʪʘʨʥʳʤʠ ʙʦʣʝʟʥʷʤʠ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʜʨ. [3,4]. ʉʨʝʜʠ 

ʦʪʜʘʣʝʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʩʝʣʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʭʠʤʠʯʝʩʢʦʡ ʵʪʠʦʣʦʛʠʠ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʦ 90% ʚʩʝʭ ʩʣʫʯʘʝʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʥʮʝʨʦʛʝʥʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟ ʥʠʭ 70-80% ʦʪʥʦʩʷʪʩʷ ʢ ʭʠʤʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʠ 10% - ʢ 

ʨʘʜʠʘʮʠʦʥʥʳʤ [5,6,7]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʷʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ [8,9].  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʥʝ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʦ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʤ ʧʦʣʠʛʦʥʝ (1949-1989 ʛʛ.), 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʧʦʜʥʷʪʠʝ ʮʝʣʠʥʥʳʭ ʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ (1954-1957 ʛʛ.), ʤʥʦʛʦʣʝʪʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ, ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʭ ʧʝʩʪʠʮʠʜʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʦʙʨʘʟʫʶʱʠʭ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ ʧʝʨʝʥʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʢʨʘʷ ʠ ʜʨ.[10,11,12,13,14,15,16].  



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

85 

ʆʩʦʙʳʡ ʧʦʣʠʬʘʢʪʦʨʥʳʡ ʟʘʛʨʷʟʥʷʶʱʠʡ ʢʦʤʧʣʝʢʩ ʩʨʝʜʳ ʩʣʦʞʠʣʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ 

ʚ ʃʦʢʪʝʚʩʢʦʤ ʨʘʡʦʥʝ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚʥʝʩʣʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʠ ʛʦʨʥʦ-ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: ʨʘʟʨʘʙʦʪʢʦʡ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ; ʥʘʣʠʯʠʝʤ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ 

ɸʣʪʘʡʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ 

ʦʯʘʛʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ, ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʚʦʟʜʫʭʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʵʨʦʟʠʠ, ʜʝʬʣʷʮʠʠ). ʕʢʦʣʦʛʠʯʝʩʢʦʝ 

ʥʝʙʣʘʛʦʧʦʣʫʯʠʝ ʚ ʨʘʡʦʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʝʱʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʨʨʠʪʦʨʠʠ, 

ʩʚʷʟʘʥʥrʤʠ ʩ ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʪ ʥʠʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʚʠʩʷʪ ʫʨʦʚʥʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [17,21,22,23,24,25]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʝʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʨʫʜʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʨʘʷ ʥʘʫʯʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦʭʠʤʠʠ ʀɺʕʇ ʉʆ ʈɸʅ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠʥʘʜʣʝʞʠʪ 

ʪʚʝʨʜʳʤ ʠ ʞʠʜʢʠʤ ʦʪʭʦʜʘʤ ʭʚʦʩʪʦʚʦʛʦ ʧʝʨʝʜʝʣʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʳ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʦʩʪʘʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 1-3 ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʧʳʣʝʥʠʝ ʦʪ 

ʜʚʫʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɸʣʪʘʡʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʞʠʪʝʣʝʡ [18,19,20]. ʂʦʥʪʨʦʣʴ ʟʘ ʢʘʯʝʩʪʚʦʤ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʦʢʪʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʢʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʌɹʋɿ ʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɻʋ 

çɸʣʪʘʡʩʢʠʡ ʎɻʄʉè. ɺ ʛ. ɻʦʨʥʷʢʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 2 ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʪʘʭ ʠ 1 

ʤʘʨʰʨʫʪʥʦʤ ʧʦʩʪʝ ʚ ʧ. ʂʠʨʦʚʩʢʠʡ ʟʘ 9 ʧʨʠʤʝʩʷʤʠ (ʧʳʣʴ, ʜʠʦʢʩʠʜ ʩʝʨʳ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, 

ʜʠʦʢʩʠʜ ʠ ʦʢʩʠʜ ʘʟʦʪʘ, ʩʝʨʦʚʦʜʦʨʦʜ, ʩʘʞʘ, ʬʝʥʦʣ, ʬʦʨʤʘʣʴʜʝʛʠʜ), ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 

ʦʪʙʦʨʘ ʧʨʦʙ 6 ʜʥʝʡ ʚ ʥʝʜʝʣʶ, 3 ʨʘʟʘ ʚ ʩʫʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛ. ɻʦʨʥʷʢʝ ʧʨʦʚʦʜʷʪʩʷ 

ʧʦʜʬʘʢʝʣʴʥʳʝ ʠ ʤʘʨʰʨʫʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʥʘ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ ʠ ʚ ʟʦʥʝ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ; ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʭʣʦʨʘ ʠ ʘʤʤʠʘʢʘ. ɺ 

2013 ʛ. ʧʨʦʙʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʇɼʂʤ.ʨ. ʚ 1,1 - 2,0 ʨʘʟʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʛ. ɻʦʨʥʷʢ ʠ ʧ. ʂʠʨʦʚʩʢʠʡ. ɺʳʙʨʦʩʳ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʦʨʛʘʥʦʤ 

ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ɸʣʪʘʡʩʢʦʤʫ ʢʨʘʶ ʦʩʪʘʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʚ ʨʘʡʦʥʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʢʦʚ ʣʝʪ (ʪʳʩ. ʪʦʥʥ): 2,659 (1999), 2,891 (2000), 

3,215 (2001), 3,853 (2002), 4,891(2003), 4,692 (2004), 4,496 (2005), 3,462 (2006), 2,793 (2007), 

2,691 (2008), 2,612 (2009), 2,698 (2012), 2,679 (2013) [26,27,28]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʤʝʜʠʢʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʧʦ ʦʮʝʥʢʝ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʦʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɿʦʣʦʪʫʰʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ ʆɸʆ çɸʣʪʘʡʧʦʣʠʤʝʪʘʣʣè ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʨʘʡʦʥʘ ʚ ʛ. ɻʦʨʥʷʢʝ ʠ ʧʦʩ. 

ʂʠʨʦʚʩʢʦʤ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦ 6 ʧʦʢʘʟʘʪʝʣʷʤ: ʚʟʚʝʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʫʛʣʝʨʦʜ ʦʢʩʠʜ, ʫʛʣʝʨʦʜ ʯʝʨʥʳʡ, ʘʟʦʪ ʦʢʩʠʜ (IV), ʤʝʜʴ ʦʢʩʠʜ, ʩʚʠʥʝʮ. 

ʇʨʝʚʳʰʝʥʠʝ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ ʜʦ 1,1-2,0 ʇɼʂʤ.ʨ., ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʣʷ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʫʛʣʝʨʦʜʘ ʦʢʩʠʜʘ, ʫʛʣʝʨʦʜʘ ʯʝʨʥʦʛʦ ʠ ʦʢʩʠʜʘ ʤʝʜʠ. ɺ ʛ. ɻʦʨʥʷʢʝ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ ʟʥʘʯʝʥʠʶ ʜʦʣʠ 

ʧʨʝʚʳʰʝʥʠʷ ʨʝʬʝʨʝʥʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʦʟʜʘʸʪʩʷ ʟʘ ʩʯʸʪ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʤʝʜʠ (II) ʦʢʩʠʜʘ, ʫʛʣʝʨʦʜ ʦʢʩʠʜʘ, ʫʛʣʝʨʦʜʘ ʯʝʨʥʦʛʦ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʡʦʥʘ ʫʩʪʘʥʦʚʣʝʥ: ʥʝʜʦʧʫʩʪʠʤʳʡ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ (OR 1,8), 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʭʨʦʥʠʯʝʩʢʦʡ ʵʢʩʧʦʟʠʮʠʝʡ ʦʢʩʠʜʘ ʤʝʜʠ (II) ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ; 

ʥʝʜʦʧʫʩʪʠʤʳʡ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ ʩʠʩʪʝʤʳ ʢʨʦʚʠ (OR 4,7), ï ʚ ʩʚʷʟʠ ʩ ʭʨʦʥʠʯʝʩʢʠʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʩʚʠʥʮʘ; ʩʫʤʤʘʨʥʳʡ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

86 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʨʠʩʢ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ï ʦʪ 2,1 * 10
5
 ʚ ʧʦʩ. 

ʂʠʨʦʚʩʢʠʡ ʜʦ 2,4 *10
5
 ʚ ʛ. ɻʦʨʥʷʢ [26,27]. 

ɺ ʩʪʨʫʢʪʫʨʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘʩʝʣʝʥʠʷ ʨʘʢ 

ʣʝʛʢʦʛʦ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʙʦʣʴʥʳʭ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʦʛʦ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʦʩʤʦʪʨʦʚ, ʦʪ 

ʯʠʩʣʘ ʙʦʣʴʥʳʭ ʩ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʚ 2006 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 12,0%, 

2007 -11,89%, 2008 ï 11,6%, 2009 ï 11,3%, 2010 ï 11,0%. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. ɺ ʧʝʨʠʦʜ ʩ 1980 ʧʦ 1988 ʛʛ. ʚ ʢʨʘʝ ʧʨʦʠʩʭʦʜʠʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʣʝʛʢʠʭ ʩ 67,5 ʜʦ 103,2*10
5
 ʥʘʩʝʣʝʥʠʷ. ʉ 1988 ʧʦ 1995 ʦʪʤʝʯʘʣʘʩʴ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩ 103,2 ʜʦ 

103,4*10
5
 ʥʘʩʝʣʝʥʠʷ. ʉ 1995 ʧʦ 2013 ʛʛ. ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʩ 

103,4 ʜʦ 75,3*10
5
 ʥʘʩʝʣʝʥʠʷ, ʦʜʥʘʢʦ ʩʦʭʨʘʥʷʶʱʘʷʩʷ ʥʘ ʚʳʩʦʢʠʭ ʮʠʬʨʘʭ [29,30,31,32]. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʠʭ ʥʘʩʝʣʝʥʠʷ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʃʦʢʪʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʟʘ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2010 ʛʛ. ɺ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʘʛʥʦʟʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʘʮʠʝʥʪʘʤ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʘʨʪʦʩʭʝʤʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʨʘʡʦʥʘ ʚ ʨʘʟʨʝʟʝ ʪʝʨʨʠʪʦʨʠʡ ʩʝʣʴʩʢʠʭ ʩʦʚʝʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠ ʨʘʥʞʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʠʭ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʟʘ 

ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2010 ʛʛ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʨʠ ʨʘʥʛʘ: 

- ʢ ʧʝʨʚʦʤʫ ʨʘʥʛʫ ʦʪʥʦʩʷʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ɿʦʣʦʪʫʭʠʥʩʢʦʛʦ, ʋʩʧʝʥʩʢʦʛʦ, ʅʦʚʝʥʩʢʦʛʦ ʠ 
ʂʠʨʦʚʩʢʦʛʦ ʩʝʣʴʩʢʠʭ ʩʦʚʝʪʦʚ, ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʦʪ 29,03 ʜʦ 53,2*10

5
 

ʥʘʩʝʣʝʥʠʷ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʝʣʴʩʢʠʭ ʩʦʚʝʪʘʭ ʵʪʦʛʦ ʨʘʥʛʘ 

ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʜʘʥʥʦʡ ʥʦʟʦʣʦʛʠʝʡ ʧʦ ʢʨʘʶ (57,11*10
5 

ʥʘʩʝʣʝʥʠʷ); 

- ʢʦ ʚʪʦʨʦʤʫ ʨʘʥʛʫ ʦʪʥʦʩʷʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ, ʋʩʪʴʷʥʩʢʦʛʦ, 

ʇʦʢʨʦʚʩʢʦʛʦ, ɻʠʣʝʚʩʢʦʛʦ, ɺʪʦʨʦʢʘʤʝʥʩʢʦʛʦ, ʅʦʚʦʤʠʭʘʡʣʦʚʩʢʦʛʦ, ɽʨʤʦʰʠʭʠʥʩʢʦʛʦ, 

ʃʦʢʪʝʚʩʢʦʛʦ, ʄʘʩʘʣʴʩʢʦʛʦ, ʉʘʤʘʨʩʢʦʛʦ ʠ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʩʝʣʴʩʢʠʭ ʩʦʚʝʪʦʚ, ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʦʪ 58,28 ʜʦ 101,24*10
5
 ʥʘʩʝʣʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʤ 

ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʜʘʥʥʦʡ ʥʦʟʦʣʦʛʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ ʜʦ 100%; 

- ʢ ʪʨʝʪʴʝʤʫ ʨʘʥʛʫ ʦʪʥʦʩʷʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʈʝʤʦʚʩʢʦʛʦ ʠ ɻʝʦʨʛʠʝʚʩʢʦʛʦ ʩʝʣʴʩʢʠʭ 

ʩʦʚʝʪʦʚ, ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 114,37 ʠ 123,91*10
5
 ʥʘʩʝʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʩʨʝʜʥʝʢʨʘʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʃʦʢʪʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʠʭ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʢʘʨʪʦʩʭʝʤʝ 1. 

ɺʳʚʦʜʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛ. ɻʦʨʥʷʢʝ ʧʨʦʠʩʭʦʜʠʪ ʭʨʦʥʠʯʝʩʢʦʝ ʣʦʢʘʣʴʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʢʘʢ ʜʦʤʠʥʠʨʫʶʱʘʷ ʬʦʨʤʘ ʤʠʛʨʘʮʠʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ï ʘʵʨʦʛʝʥʥʘʷ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʫ ʥʘʩʝʣʝʥʠʷ ʚ 

ʨʘʡʦʥʝ ʚʳʩʦʢʠʡ. ɺʳʷʚʣʝʥʥʳʝ ʩʝʣʴʩʢʠʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʠʭ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ. 
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1. ʆ ʩʦʩʪʦʷʥʠʠ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ 2013 ʛʦʜʫ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ. - ʄ.: ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʧʦ 

ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʯʝʣʦʚʝʢʘ, 2014. - 191 ʩ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

87 

2. ʆ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2013 ʛʦʜʫ: 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ. ï ʄ.: ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 2014. ï 463 ʩ. 

3. ʆʥʠʱʝʥʢʦ ɻ.ɻ. ʆ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

//ɻʠʛʠʝʥʘ ʠ ʩʘʥʠʪʘʨʠʷ ˉ2, 2013. - ʉ.4-10 

 

 
ʂʘʨʪʦʩʭʝʤʘ 1. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʛʢʠʭ ʥʘʩʝʣʝʥʠʷ 

ʃʦʢʪʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʟʘ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2010 ʛʛ. 

 

4. ʃʘʟʘʨʝʚ ɸ.ʌ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʧʠʜʝʤʠʦʣʦʛʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

//ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ: ʜʦʩʪʠʞʝʥʠʷ ʠ ʥʝʫʜʘʯʠ 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

88 

ʫʯʘʩʪʠʝʤ 4-5 ʠʶʣʷ 2006 ʛ. ɹʘʨʥʘʫʣ /ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɸ.ʌ. ʃʘʟʘʨʝʚʘ ï 

ɹʘʨʥʘʫʣ: ɸɿɹʋʂɸ, 2006 ï ʉ.293-294 

5. ʇʨʦʬʠʣʘʢʪʠʢʘ, ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʣʝʯʝʥʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ /ʧʦʜ 

ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʠ ʈɸʄʅ, ʧʨʦʬʝʩʩʦʨʘ ʄ.ʀ. ɼʘʚʳʜʦʚʘ. - ʄ.: 

ʀʟʜʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʈʆʅʎ, 2005. ï 423 ʩ. 

6. Lazarev A.F, Petrova V.D., Terekhova S.A., Sinkina T.V, Selezneva., I.A. Factor analysis 

in early detection of malignancies. //J. of Clinical Oncology 2006 ASCO annual meeting 

Proceeding. ï Vol. 24, No. 18S, June 20, 2006. ï 57s. 

7. IARC Monographs on the evaluation of the carcinogenic risk of chemical to 

humans//Tobacco smoking.-Lyon: IARC, 1986.ð38.ð421 p. 

8. ʂʘʥʮʝʨʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ. ʉʧʨʘʚʦʯʥʠʢ. - ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʠʟʫʯʝʥʠʶ ʨʘʢʘ /ʧʦʜ ʨʝʜ. ɺ.ʉ ʊʫʨʫʩʦʚʘ. - ʄ.: ʄʝʜʠʮʠʥʘ, 1987. - 333 ʩ. 

9. ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ ɻʅ 1.1.725-98 çʇʝʨʝʯʝʥʴ ʚʝʱʝʩʪʚ, ʧʨʦʜʫʢʪʦʚ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʳʪʦʚʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʜʣʷ 

ʯʝʣʦʚʝʢʘè (ʫʪʚ. ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ɻʣʘʚʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʘʥʠʪʘʨʥʦʛʦ ʚʨʘʯʘ ʈʌ ʦʪ 

23 ʜʝʢʘʙʨʷ 1998 ʛ. N 32). 

10. ʄʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. /ʗ.ʅ. ʐʦʡʭʝʪ, ʅ.ʌ. ɻʝʨʘʩʠʤʝʥʢʦ, 

ɺ.ʀ. ʂʠʩʝʣʝʚ, ɺ.ʇ. ʇʦʧʦʚ ʠ ʜʨ. // ɺʝʩʪʥʠʢ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ çʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ 

ʧʦʣʠʛʦʥ ï ɸʣʪʘʡè. - 1994.- ˉ 2. - ʉ. 5 - 20. 

11. ɺʠʥʦʢʫʨʦʚ ʖ.ʀ., ʂʨʘʩʥʦʷʨʦʚʘ ɹ.ɸ. ʆʯʘʛʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ: 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ //ʇʨʦʙʣʝʤʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʣʦʛʠʠ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ. ï 1997 

ˉ2-3 - ʉ.41-51 

12. ʇʦʩʣʝʜʩʪʚʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʜʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘʩʝʣʝʥʠʷ ɸʣʪʘʡʩʢʦʛʦ 
ʢʨʘʷ ʠ ʤʝʨʳ ʧʦ ʝʛʦ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʝ /ʧʦʜ ʨʝʜ. ʉ.ʂ. ʐʦʡʛʫ. ï ɹʘʨʥʘʫʣ: ɸʟɹʫʢʘ, 2003. 

ï 412 ʩ. 

13. ɸʣʝʡʥʠʢʦʚ ʄ.ɺ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʮʝʣʠʥʥʳʭ ʠ 
ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ. ʂʦʥʝʮ 1953-1964 ʛʛ.: ʜʠʩʩ. ʢʘʥʜ. ʠʩʪ. ʥʘʫʢ. - ɹʠʡʩʢ, 2004 ï 221 ʩ. 

14. ɸʥʪʦʥʦʚʘ ʆ.ʀ. ʇʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ /ʆ.ʀ. ɸʥʪʦʥʦʚʘ, ʃ.ʄ. 

ɹʫʨʣʘʢʦʚʘ, ɺ.ɺ. ʅʝʩʪʝʨʦʚ. ï ɹʘʨʥʘʫʣ: ɸʉʍʀ, 1986. ï 106 ʩ. 

15. ʈʦʙʝʨʪʫʩ ʖ.ɺ., ʈʠʭʚʘʥʦʚ ʃ.ʇ., ʇʫʟʘʥʦʚ ɸ.ɺ. ʆ ʧʨʦʙʣʝʤʝ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ 
ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ɸʣʪʘʷ //ʄʠʨ ʥʘʫʢʠ, 

ʢʫʣʴʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ 2010, ˉ4, ʯ.2. ï ʉ. 287-289. 

16. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʦʣʝʟʥʝʡ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ɸʣʪʘʡʩʢʦʛʦ 
ʢʨʘʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚʙʣʠʟʠ ʟʦʥ ʚʣʠʷʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ /ʧʦʜ 

ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʗ.ʅ. ʐʦʡʭʝʪʘ /ʗ.ʅ. ʐʦʡʭʝʪ, ʀ.ɹ. ʂʦʣʷʜʦ, ʉ.ɺ. ʇʣʫʛʠʥ, ɸ.ɺ. 

ʇʫʟʘʥʦʚ ï ɹʘʨʥʘʫʣ: ɸʟʙʫʢʘ, 2008 ï 292 ʩ. 

17. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ ʃʦʢʪʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʢʘʢ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʚʳʰʝʥʥʦʡ 
ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ /ʖ.ʀ. ɺʠʥʦʢʫʨʦʚ, ɿ.ʅ. ɿʘʤʷʪʠʥʘ, ɸ.ɽ. ʂʘʧʣʠʥʩʢʠʡ, ɺ.ɺ. 

ʂʠʨʠʣʣʦʚ, ɹ.ɸ. ʂʨʘʩʥʦʷʨʦʚʘ, ʃ.ɺ. ʇʝʩʪʦʚʘ, ɸ.ɺ. ʇʫʟʘʥʦʚ, ʃ.ʅ. ʇʫʨʜʠʢ, ʀ.ʅ. ʈʦʪʘʥʦʚʘ, 

ʀ.ɸ. ʉʫʪʦʨʠʭʠʥ, ʀ.ɸ. ʍʣʝʙʦʚʠʯ, ʖ.ʄ. ʎʠʤʙʘʣʝʡ ʠ ʜʨ. //ʕʢʦʣʦʛʠʷ ʣʘʥʜʰʘʬʪʘ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ: ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(ʀʨʢʫʪʩʢ, 11-12 ʩʝʥʪʷʙʨʷ 2000 ʛ.) ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʉʆ ʈɸʅ, 2000. ï ʉ.46-49. 

18. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʜ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʛʦʨʥʦ-ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ɸʣʪʘʷ 

/ɸ.ɺ. ʇʫʟʘʥʦʚ, ʉ.ɺ. ɹʘʙʦʰʢʠʥʘ, ʖ.ɺ. ʈʦʙʝʨʪʫʩ, ʀ.ɺ. ɻʦʨʙʘʯʝʚ, ʈ.ɺ. ʃʶʙʠʤʦʚ //ʄʠʨ 

ʥʘʫʢʠ, ʢʫʣʴʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ 2007, ˉ 1(4). ï ʉ.4 - 10. 

19. ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʛʦʨʥʦ-

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ɸʣʪʘʷ /ɸ.ɺ. ʇʫʟʘʥʦʚ, ʖ.ɺ. ʈʦʙʝʨʪʫʩ, ʀ.ɺ. ɻʦʨʙʘʯʝʚ, 

ʉ.ɺ. ɹʘʙʦʰʢʠʥʘ, ʈ.ɺ. ʃʶʙʠʤʦʚ //ʇʨʦʙʣʝʤʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʣʦʛʠʠ. 2008. ˉ 6. ʉ.28-

32. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

89 

20. ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʊ.ɸ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ: ʜʠʩʩ. ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ. - ʅʦʚʦʩʠʙʠʨʩʢ, 2003. ï 116 ʩ. 

21. ʇʫʟʘʥʦʚ ɸ.ɺ., ɹʘʙʦʰʢʠʥʘ ʉ.ɺ., ɻʦʨʙʘʯʝʚ ʀ.ɺ. ʇʨʠʦʨʠʪʝʪʥʳʝ ʵʣʝʤʝʥʪʳ-ʟʘʛʨʷʟʥʠʪʝʣʠ 

(Zn.Pb.Cd.Al) ʚ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚʘʭ ʠ ʦʚʦʱʘʭ ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ ʛʦʨʦʜʦʚ ɹʘʨʥʘʫʣʘ, 

ɹʠʡʩʢʘ, ɻʦʨʥʷʢʘ //ɺʝʩʪʥʠʢ ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

2009. ˉ 10. ʉ. 46-50. 

22. ʇʫʟʘʥʦʚ ɸ.ɺ., ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʊ.ɸ., ɻʦʨʙʘʯʝʚ ʀ.ɺ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʢʦʤʧʦʥʝʥʪʘʭ 
ʪʝʭʥʦʛʝʥʥʳʭ ʦʟʝʨ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ɻʆʂʘ //ʄʠʨ ʥʘʫʢʠ, ʢʫʣʴʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ 2009, 

ˉ 2(14). ï ʉ.11 - 13. 

23. ʍʣʝʙʦʚʠʯ ʀ.ɸ., ʇʫʟʘʥʦʚ ɸ.ɺ., ʈʦʪʘʥʦʚʘ ʀ.ʅ. ʄʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ / ʄʘʪʝʨ. 3-ʡ ʈʦʩʩʠʡʩʢʦʡ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʰʢʦʣʳ, ɻʦʨʥʦ-ɸʣʪʘʡʩʢ, 4-8 ʩʝʥʪʷʙʨʷ 2000 ʛ. çɻʝʦʭʠʤʠʯʝʩʢʘʷ 

ʵʢʦʣʦʛʠʷ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʪʘʢʩʦʥʦʚ ʙʠʦʩʬʝʨʳè. ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ 

ʉʠʙ. ʦʪʜ. ʈɸʅ, 2000.- ʉ. 329-331 

24. ʍʣʝʙʦʚʠʯ ʀ.ɸ., ʇʫʟʘʥʦʚ ɸ.ɺ., ʈʦʪʘʥʦʚʘ ʀ.ʅ. ʄʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ // ʉʠʙʠʨʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. - 

2001. - ˉ 2. - ʉ. 255-263. 

25. ʉʦʣʦʤʘʪʠʥʘ ʅ.ɻ., ʄʘʣʢʦʚʘ ʅ.ʅ. ʄʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ 

ʧʝʩʪʠʮʠʜʦʚ ʚ ʩʪʝʧʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ (ʃʦʢʪʝʚʩʢʠʡ ʠ 

ʊʘʣʴʤʝʥʩʢʠʝ ʨʘʡʦʥʳ) //ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ: ʪʝʟʠʩʳ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ɹʘʨʥʘʫʣ, 1991 - ʉ.138-142 

26. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ çʆ ʩʦʩʪʦʷʥʠʠ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʚ 2013 ʛʦʜʫè /ʋʧʨʘʚʣʝʥʠʝ ʌʝʜʝʨʘʣʴʥʦʡ 

ʩʣʫʞʙʳ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʯʝʣʦʚʝʢʘ ʧʦ 

ɸʣʪʘʡʩʢʦʤʫ ʢʨʘʶ ʌɹʋɿ, çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝè - 

ɹʘʨʥʘʫʣ, 2014 - 274 ʩ. 

27. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ çʆ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ɸʣʪʘʡʩʢʦʤ 
ʢʨʘʝ ʚ 2013 ʛʦʜʫè. ï ɹʘʨʥʘʫʣ, 2014 ï 114 ʩ. 

28. ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʦʚ 

ʠ ʛʦʨʦʜʩʢʠʭ ʦʢʨʫʛʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ: ʉʪ. c6. /ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʦʨʛʘʥ ʌʝʜʝʨʘʣʴʥʦʡ 

ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ɸʣʪʘʡʩʢʦʤʫ ʢʨʘʶ. ï ɹʘʨʥʘʫʣ, 2010. ï 276 c. 

29. ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʚ 2012 ʛʦʜʫ (ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ 

ʩʤʝʨʪʥʦʩʪʴ) / ʇʦʜ ʨʝʜ. ɸ.ɼ. ʂʘʧʨʠʥʘ, ɺ.ɺ. ʉʪʘʨʠʥʩʢʦʛʦ, ɻ.ɺ. ʇʝʪʨʦʚʦʡ - ʄ.: ʌɻɹʋ 

çʄʅʀʆʀ ʠʤ. ʇ.ɸ. ɻʝʨʮʝʥʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ. 2014. - 250 ʩ. 

30. ʃʘʟʘʨʝʚ ɸ.ʌ., ʌʝʜʦʩʢʠʥʘ ɸ.ɺ. ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʚ 

2013 ʛʦʜʫ //ʊʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ ʚ ʦʥʢʦʣʦʛʠʠ: ʤʘʪʝʨʠʘʣʳ ʈʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 19-20 ʠʶʥʷ 2014 ʛʦʜʘ ʛ. 

ɹʘʨʥʘʫʣ (ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɸ.ʌ. ʃʘʟʘʨʝʚʘ). ɹʘʨʥʘʫʣ: ɸɿɹʋʂɸ, 2014. ï 

ʉ.3-4. 

31. ɼʠʥʘʤʠʢʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʢʦʤ ʣʝʛʢʦʛʦ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʩ 1980 ʧʦ 2013 ʛʛ. /ɸ.ɻ. 

ɸʛʝʝʚ, ɺ.ʇ. ʅʝʯʫʥʘʝʚ, ɸ.ɺ. ʌʝʜʦʩʢʠʥʘ, ɸ.ɸ. ʄʘʢʩʠʤʝʥʢʦ, ɸ.ʋ. ʇʘʥʘʩʴʷʥ, ʀ.ɺ. 

ɼʝʛʪʷʨʝʚ, ɺ.ʄ. ʂʘʨʧʦʚ, ɸ.ʌ. ʃʘʟʘʨʝʚ //ʊʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ ʚ ʦʥʢʦʣʦʛʠʠ: ʤʘʪʝʨʠʘʣʳ 

ʈʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 19-20 

ʠʶʥʷ 2014 ʛʦʜʘ ʛ. ɹʘʨʥʘʫʣ (ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɸ.ʌ. ʃʘʟʘʨʝʚʘ). 

ɹʘʨʥʘʫʣ: ɸɿɹʋʂɸ, 2014. ï ʉ.5. 

32. ʐʦʡʭʝʪ ʗ.ʅ., ʃʘʟʘʨʝʚ ɸ.ʌ., ɸʛʝʝʚ ɸ.ɻ. ʈʘʢ ʣʸʛʢʦʛʦ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. - ɹʘʨʥʘʫʣ: 

ɸɻʄʋ ʈʀʆ, 2006. - 158 ʩ.  



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

90 

ʋɼʂ: 612.82:577 ï 053.2/6 (470.75+517) 

ʆ.ɸ. ɿʘʣʘʪʘ 

ʅɽʁʈʆʊʈʆʇʅɸʗ ʈʆʃʔ ʅɽʂʆʊʆʈʓʍ ɹʀʆʕʃɽʄɽʅʊʆɺ (ʇʆ 

ɼɸʅʅʓʄ ʅɽʁʈʆ- ʀ ʇʉʀʍʆʌʀɿʀʆʃʆɻʀʏɽʉʂʆɻʆ 

ʆɹʉʃɽɼʆɺɸʅʀʗ ɼɽʊɽʁ ʀ ʇʆɼʈʆʉʊʂʆɺ, ʇʈʆɾʀɺɸʖʑʀʍ ʅɸ 

ʊɽʈʈʀʊʆʈʀʀ ʂʈʓʄʉʂʆɻʆ ʇʆʃʋʆʉʊʈʆɺɸ) 

O.A. Zalata 

NEUROTROPIC ROLE OF SOME BIOELEMENTS (ON DATA OF 

NEURO- AND PSYCHOLOGICAL EXAMINATION OF CHILDREN AND 

ADOLESCENTS FROM THE CRIMEA) 
ʌɻɸʆʋ ɺʆ çʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè 

ʄʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʉ.ʀ. ɻʝʦʨʛʠʝʚʩʢʦʛʦ. E-mail: olga_zalata@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʥʝʡʨʦʪʨʦʧʥʦʡ ʨʦʣʠ ʨʷʜʘ ʙʠʦʵʣʝʤʝʥʪʦʚ (Ca, Fe, Mn, Ni, 

Mo, Sr ʠ Pb) ʚ ʦʨʛʘʥʠʟʤʝ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʫʦʩʪʨʦʚʘ ʂʨʳʤ ʧʦ ʜʘʥʥʳʤ 

ʥʝʡʨʦ- ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

Abstract. A review of the neurothrophic role of some bioelements (Ca, Fe, Mn, Ni, Mo, Sr and Pb) in 

organisms of the Crimean children and adolescents based on the results of neuro- and psychological examination was 

discussed. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʠʭʦʜʠʪ ʠ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (S.ɸraki, K.Murata, P.Grandgjean, S.Caroli, D.Sursel, ʂʫʜʨʠʥ ɸ.ɺ., 

ɻʨʦʤʦʚʘ ʆ.ɸ., ʉʢʘʣʴʥʳʡ ɸ.ɺ., ʉʢʘʣʴʥʘʷ ʄ.ɻ., ʊʨʘʥʢʦʚʩʢʘʷ ʃ.ɺ., ɽʚʩʪʘʬʴʝʚʘ ɽ.ɺ., ʌʨʦʣʦʚʘ 

ʊ.ɺ., ɻʞʝʛʦʮʢʠʡ ʄ.ʈ.). ʕʪʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʠʟʫʯʝʥʠ ̫

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʝʩʧʝʯʝʥʠʠʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ 

ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ 

ʙʠʦʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʛʦʨʪʘʤʠ ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ 

ʢʦʥʪʠʥʛʝʥʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ. ʂ ʯʠʩʣʫ ʪʘʢʦʚʳʭ 

ʦʪʥʦʩʷʪʩʷ ʜʝʪʠ ʠ ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ (ʎʅʉ) [1, 2]. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʘʢ ʵʩʩʝʥʮʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʪʦʢʩʠʯʥʳʭ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʟʛʘ [3, 4]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʵʬʬʝʢʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʩʷ ʘʥʘʣʠʟ ʥʝʡʪʨʦʧʥʦʩʪʠ ʢʘʢ ʥʝʢʦʪʦʨʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ, ʩʪʨʦʥʮʠʡ, ʩʚʠʥʝʮ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʪʘʢ ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʘ - ʢʘʣʴʮʠʷ, ʨʦʣʴ ʢʦʪʦʨʦʛʦ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʤʝʞʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʢʨʘʡʥʝ ʚʘʞʥʘ, ʧʨʠ ʠʭ 

ʥɻʜʦʛʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ ʠ ʜʝʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ 

ʧʩʠʭʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʩʣʝʜʦʚʘʣʠ 4 ʛʨʫʧʧʳ ʜʝʪʝʡ ï ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʠ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ 

ʧʩʠʭʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ. ʄʝʪʦʜʦʤ ʣʦʥʛʠʪʶʜʠʥʘʣʴʥʦʛʦ (ʜʣʠʪʝʣʴʥʦʛʦ) ʥʘʙʣʶʜʝʥʠʷ ʫ ʛʨʫʧʧʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʰʢʦʣʴʥʠʢʦʚ (n=30), ʞʠʪʝʣʝʡ ʛ. ʉʠʤʬʝʨʦʧʦʣʴ (ʈʝʩʧʫʙʣʠʢʘ ʂʨʳʤ) 

ʚʳʧʦʣʥʷʣʠ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ, ʥʝʡʨʦ- ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʘʯʠʥʘʷ ʩ 12-ʪʠ ʠ ʜʦ 15 ʣʝʪ. ʄʝʪʦʜʦʤ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ʦʜʥʦʢʨʘʪʥʦʛʦ) 

ʧʨʦʚʦʜʠʣʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʥʝʡʨʦ-, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫ 

ʜʝʪʝʡ (12,8Ñ0,3) ʣʝʪ ʩ ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʨʥʘʪʘ (n=30); ʫ ʜʝʪʝʡ ʧʝʨʚʳʭ 3-ʭ ʣʝʪ ʞʠʟʥʠ, ʩ ʦʩʣʦʞʥʝʥʥʳʤ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʩʦʮʠʘʣʴʥʳʤ ʘʥʘʤʥʝʟʦʤ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʜʦʤʘ ʨʝʙʝʥʢʘ (n=37); ʫ ʜʝʪʝʡ (9,1Ñ1,6) 
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ʣʝʪ ʩ ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʚʦʩʧʠʪʳʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʤʴʠ ʠ ʦʙʫʯʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʰʢʦʣʝ (n=20). 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʤʝʪʦʜʦʤ. ʇʨʦʮʝʜʫʨʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʝʪʝʡ, ʦʪʙʦʨ 

ʙʠʦʧʨʦʙ ʚʦʣʦʩ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʵʪʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʚ 

ʍʝʣʴʩʠʥʢʩʢʦʡ ʜʝʢʣʘʨʘʮʠʠ 1975 ʛ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʎʅʉ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʛʠʩʪʨʘʮʠʶ ʪʝʢʫʱʝʡ ʕʕɻ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʙʘʭ (ʛʣʘʟʘ ʟʘʢʨʳʪʳ/ʦʪʢʨʳʪʳ, ʨʝʰʝʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʚʝʣʠʯʠʥ ʘʙʩʦʣʶʪʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

(ʉʄ) ʠ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ. ʈʝʛʠʩʪʨʘʮʠʶ ʠ ʘʥʘʣʠʟ ʕʕɻ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (çʊʨʝʜʝʢʩè, 

ʋʢʨʘʠʥʘ), ʦʪʚʦʜʷ ʧʦʪʝʥʮʠʘʣʳ ʤʦʥʦʧʦʣʷʨʥʦ ʦʪ 16 ʣʦʢʫʩʦʚ ʧʦ ʩʠʩʪʝʤʝ ç10-20è ʚ ʟʚʫʢʦ- ʠ 

ʩʚʝʪʦ- ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʦʤʝʱʝʥʠʠ. ɺ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʦʟʨʘʩʪʦʤ ʜʝʪʝʡ, 

ʚʦʩʧʠʪʘʥʥʠʢʦʚ ʜʦʤʘ ʨʝʙʝʥʢʘ ʨʝʛʠʩʪʨʘʮʠʷ ʕʕɻ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʥʝ ʚʳʧʦʣʥʷʣʘʩʴ. ʋ ʜʝʪʝʡ ʩ 

ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠ ʟʘʧʠʩʠ ʕʕɻ ʥʝ ʚʳʧʦʣʥʷʣʠ ʪʝʩʪ ʥʘ 

ʨʝʰʝʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʳʩʰʠʝ ʧʩʠʭʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

(ʧʨʦʠʟʚʦʣʴʥʦʝ ʚʥʠʤʘʥʠʝ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ) ʧʨʠʤʝʥʷʣʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʪʝʩʪʳ 

(ʢʦʨʨʝʢʪʫʨʥʘʷ ʧʨʦʙʘ, ʪʘʙʣʠʮʳ ʐʫʣʴʪʝ, 10 ʩʣʦʚ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ 

ʘʥʘʣʠʟʦʤ ʙʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Statistica 6.0. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ ʃʠʣʣʠʬʦʨʩ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʚʝʨʢʘ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʠʯʘʣʩʷ, ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʩʨʝʜʥʝʛʦ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (MÑSD), ʪʘʢ ʠ ʤʝʜʠʘʥʳ (Me), 

ʫʯʠʪʳʚʘʷ ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ (25%, 75%). ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʣɻʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʨʘʩʯʠʪʳʚʘʣʠ ʢʨʠʪʝʨʠʡ ʜʠʩʙʘʣʘʥʩʘ (ʂʜʠʩ) [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʕʣʝʤʝʥʪʥʳʡ ʧʨʦʬʠʣʴ ʦʨʛʘʥʠʟʤʘ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ, ʘ ʩ ʜʨʫʛʦʡ ʢʘʢ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʞʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʝʨʚʦʡ ʯʘʩʪʴʶ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʷʚʠʣʘʩʴ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ 

ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʜʝʪʝʡ. 

ʈʘʩʩʯʠʪʘʚ ʂʜʠʩ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʣʦ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʚ ʛʨʫʧʧʘʭ ʜʝʪʝʡ ʩ ʨʘʟʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʩʠʭʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ 

ʨʘʟʥʳʤ ʩʦʮʠʘʣʴʥʳʤ ʩʪʘʪʫʩʦʤ, ʪʘʢ ʠ ʚ ʛʨʫʧʧʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʰʢʦʣʴʥʠʢʦʚ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʣʦʥʛʠʪʶʜʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. 

ʋ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ ʵʣʝʤʝʥʪʥʳʡ ʙʘʣʘʥʩ ʠʤʝʣ ʬʘʟʥʳʡ ʭʘʨʘʢʪʝʨ: ʦʪ 

ʛʠʧʦʵʣʝʤʝʥʪʦʟʘ ʚ ʥʘʯʘʣʝ ʥʘʙʣʶʜʝʥʠʷ, ʜʦ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʘ ʚ ʩʪʘʨʰʝʤ ʚʦʟʨʘʩʪʝ. ʉʘʤʳʤ 

ʦʧʪʠʤʘʣʴʥʳʤ ʙʘʣʘʥʩ ʵʣʝʤʝʥʪʦʚ ʙʳʣ ʧʨʠ ʩʨʝʜʥʝʤ ʚʦʟʨʘʩʪʝ ʰʢʦʣʴʥʠʢʦʚ 13,5 ʣʝʪ, ʢʦʛʜʘ ʂʜʠʩ 

ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʩʦʩʪʘʚʠʣ 0,14 (ʪʘʙʣ.1). 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʪʨʝʭ ʛʨʫʧʧʘʭ ʜʝʪʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚ 

ʧʩʠʭʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʠ ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʞʠʚʘʥʠʷ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʘ 

ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʚʳʨʘʞʝʥʥʦʩʪʠ, ʦʪ ʪʝʥʜʝʥʮʠʠ ʜʦ ʷʚʥʦʛʦ (ʪʘʙʣ. 2). 

ʊʘʢ, ʫ ʜʝʪʝʡ ʩ ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʚʦʩʧʠʪʳʚʘʶʱʠʭʩʷ ʚ 

ʩʝʤʴʷʭ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʟʘ ʩʯʝʪ ʠʟʙʳʪʢʘ ʩʦʜʝʨʞʘʥʠʷ Ca, Ni, Fe (ʂʜʠʩ=1,3). ʋ 

ʜʝʪʝʡ, ʚʦʩʧʠʪʘʥʥʠʢʦʚ ʠʥʪʝʨʥʘʪʘ ʩ ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʪʝʥʜʝʥʮʠʷ ʢ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʫ ʟʘ ʩʯʝʪ ʠʟʙʳʪʢʘ ʉʘ ʠ Ni (ʂʜʠʩ=0,85). ʅʘʠʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʩʪʝʧʝʥʴ ʛʠʧʝʨʵʣʝʤʝʥʪʦʟʘ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʦʨʛʘʥʠʟʤʝ Mn ʠ 

Ni, ʙʳʣʘ ʚ ʛʨʫʧʧʝ ʜʝʪʝʡ ʩ ʦʩʣʦʞʥʝʥʥʳʤ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʘʥʘʤʥʝʟʦʤ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʜʦʤʘ ʨʝʙʝʥʢʘ (ʂʜʠʩ=0,57). ʆʙʨʘʱʘʣ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʬʘʢʪ ʪʦʛʦ, 

ʯʪʦ ʚʦ ʚʩʝʭ ʵʪʠʭ ʛʨʫʧʧʘʭ ʚ ʦʨʛʘʥʠʟʤʝ ʵʪʠʭ ʜʝʪʝʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʚʳʰʘʶʱʠʝ 

ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʫʩʣʦʚʥʦʡ ʥʦʨʤʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʣʦʚʥʦ-ʵʩʩʝʥʮʠʘʣʴʥʦʛʦ ʥʠʢʝʣʷ. 

ʊʘʙʣʠʮʘ 1 

ʉʪʝʧʝʥʴ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʫ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

ɻʦʜ ʣʦʥʛʠʪʶʜʘ 1 ʛʦʜ  2 ʛʦʜ  3 ʛʦʜ  4 ʛʦʜ  

ɺʦʟʨʘʩʪ 12,5Ñ0,1 ʣʝʪ 13,5Ñ0,1 ʣʝʪ 14,5Ñ0,1 ʣʝʪ 15,5Ñ0,1 ʣʝʪ 

ʌʦʨʤʫʣʘ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʣʦʩ 

Ca(2-), Fe(2-), Mn, 

Ni, Mo, Sr, Pb 

Ca, Fe(2-), 

Mn, Ni, Mo, 

Sr, Pb 

Ca, Fe, Mn, 

Ni (1+), Mo, 

Sr, Pb 

Ca(3+), Fe, 

Mn(1-), Ni (3+), 

Mo, Sr, Pb (2+) 

ʂ ʜʠʩ -0,57 -0,29 0,14 1 

ʇʨʠʤʝʯʘʥʠʝ: ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʠʟʙʳʪʦʯʥʳʝ, ʧʦʣʫʞʠʨʥʳʤ ʢʫʨʩʠʚʦʤ ï ʜʝʬʠʮʠʪʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 2 

ʉʪʝʧʝʥʴ ʵʣʝʤʝʥʪʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʫ ʜʝʪʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʩʠʭʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

ɻʨʫʧʧʘ ʀʥʪʝʨʥʘʪ  

(n=30) 

ɼʦʤ ʨʝʙʝʥʢʘ 

(n=36) 

ʉʧʝʮ. ʰʢʦʣʘ 

(n=20)  

ɺʦʟʨʘʩʪ 12,8Ñ0,3 ʣʝʪ 2,3Ñ0,4 ʣʝʪ 9,1Ñ1,6 ʣʝʪ 

ʌʦʨʤʫʣʘ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʣʦʩ 

Ca(3+), Fe, Mn, Ni(3+), 

Mo, Sr, Pb 

Ca, Fe, Mn(1+), 

Ni(3+), Mo, Sr, Pb 

Ca(3+), Fe(3+), Mn, 

Ni(3+), Mo, Sr, Pb 

ʂ ʜʠʩ 0,85 0,57 1,3 

ʇʨʠʤʝʯʘʥʠʝ: ʪʝ ʞʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʦʙʤʝʥ ʙʠʦʵʣʝʤʝʥʪʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʙʘʣʘʥʩ [3, 6]. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʝ 

ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʦʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʦʨʛʘʥʠʟʤ ʜʝʪʝʡ, ʚʤʝʰʠʚʘʷʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ [1, 

2], ʘ ʚ ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʠʡ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ʊʘʢ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʜʝʪʝʡ, ʚʦʩʧʠʪʳʚʘʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʨʥʘʪʦʚ ʠ 

ʜʝʪʩʢʠʭ ʜʦʤʦʚ, ʯʘʱʝ, ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʨʦʚʝʩʥʠʢʦʚ, ʚʳʷʚʣʷʶʪ ʵʢʣʘʤʧʩʠʶ ʫ ʤʘʪʝʨʝʡ, 

ʘʣʢʦʛʦʣʠʟʤ ʠ ʢʫʨʝʥʠʝ ʫ ʨʦʜʠʪʝʣʝʡ, ʥʝʜʦʥʦʰʝʥʥʦʩʪʴ, ʥʠʟʢʫʶ ʤʘʩʩʫ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ [7]. 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʨʠʯʠʥʳ ʚ ʢʦʤʧʣʝʢʩʝ, ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ 

ʙʘʣʘʥʩʘ ʦʨʛʘʥʠʟʤʘ ʨʝʙʝʥʢʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʪʝʧʝʥʴ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ 

ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʫ ʚʳʙʨʘʥʥʳʭ ʢʦʛʦʨʪ ʜʝʪʝʡ ʩ ʩʦʩʪʦʷʥʠʝʤ ʠʭ 

ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ. ʉʨʘʚʥʠʪʝʣʴʥʫ  ʁʦʮʝʥʢʫ ʥʝʡʪʨʦʪʨʦʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʣʠ ʧʦ 

ʯʠʩʣʫ ʚʳʷʚʣʝʥʥʳʭ ʜʦʩʪʦʚʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʫʙʳʚʘʶʱʝʤ ʧʦʨʷʜʢʝ. 

ɺ ʛʨʫʧʧʝ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʣʷʮʠʡ (64) ʙʳʣʦ 

ʚ ʚʦʟʨʘʩʪʝ 12-ʪʠ ʣʝʪ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʥʳʡ ʩʪʘʪʫʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʢʘʢ ʛʠʧʦʵʣʝʤʝʥʪʦʟ 

(ʪʘʙʣ.1), ʘ ʥʘʠʤʝʥʴʰʝʝ ï 7 ʚ 13 ʣʝʪ, ʢʦʛʜʘ ʩʪʝʧʝʥʴ ʜʠʩʙʘʣʘʥʩʘ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. ɿʘ ʚʩʝ 

ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʝʩʥʳʝ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕʕɻ ʙʳʣʠ ʩ ʫʨʦʚʥʷʤʠ Sr, Ca, Fe, 

Pb (0,30<r<0,57). ʏʘʱʝ ʚʩʝʛʦ ʩʚʷʟʠ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʕʕɻ ʩ ʦʪʢʨʳʪʳʤʠ 

ʛʣʘʟʘʤʠ (52 ʢʦʨʨʝʣʷʮʠʠ), ʨʝʞʝ ï ʧʨʠ ʧʨʦʙʝ çʛʣʘʟʘ ʟʘʢʨʳʪʳè (44). ʅʘʠʙʦʣʝʝ ʨʝʘʢʪʠʚʥʳʤʠ 

ʯʘʩʪʦʪʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʕʕɻ-ʘʢʪʠʚʥʦʩʪʠ ʢ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʟʨʘʩʪʝ 12-14 ʣʝʪ 

ʙʳʣʠ ʜʝʣʴʪʘ- ʠ ʪʝʪʘ-, ʘ ʚ 16 ʣʝʪ ï ʘʣʴʬʘ- ʠ ʙʝʪʘ-1,2 ʨʠʪʤʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʥʝʡʪʨʦʪʨʦʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʫ ʜʝʪʝʡ, ʚʦʩʧʠʪʘʥʥʠʢʦʚ ʠʥʪʝʨʥʘʪʘ 

ʧʦʢʘʟʘʣʘ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: Pb(67)>Ni(38)>Mn(17)>Ca(4)>Sr(1). ʇʣʦʪʥʦʩʪʴ 
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ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 0,37 ʜʦ 0,71; (0,05<ʨ<0,0001), ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʠ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʕʕɻ ʩ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ (43), ʨʝʞʝ ï ʧʨʠ ʨʝʰʝʥʠʠ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ (25). ʅʘʠʙʦʣʝʝ ʨʝʘʢʪʠʚʥʳʤʠ ʯʘʩʪʦʪʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʕʕɻ-

ʘʢʪʠʚʥʦʩʪʠ ʢ ʩʦʜʝʨʞʘʥʠʶ ʙʠʦʵʣʝʤʝʥʪʦʚ ʦʢʘʟʘʣʠʩʴ ʜʝʣʴʪʘ- ʠ ʘʣʴʬʘ- ʨʠʪʤʳ. 

ɼʣʷ ʜʝʪʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʧʩʠʭʠʯʝʩʢʦʛʦ, ʥʦ ʠ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʮʝʥʢʘ 

ʥʝʡʨʦʪʨʦʧʥʦʩʪʠ ʙʠʦʵʣʝʤʝʥʪʦʚ ʦʙʥʘʪʫʞʠʣʘ ʟʘʚʠʩʠʤʦʩʪʴ: 

Pb(16)>Mn(12)>Ca(10)>Ni(8)>Sr(5)>Fe(2). ʇʣʦʪʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 

0,41 ʜʦ 0,6; (0,05<ʨ<0,0001). ɹ·ʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʝʡ ʫʩʪʘʥʦʚʠʣʠ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʙʳ çʛʣʘʟʘ ʟʘʢʨʳʪʳè ï 44, ʧʨʠ ʦʪʢʨʳʚʘʥʠʠ ʛʣʘʟ ï 18 ʢʦʨʨʝʣʷʮʠʡ. 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʰʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʝʪʝʡ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʦʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʩʦʩʪʦʷʥʠʶ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʠ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʥʦ ʥʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʠʣʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʯʥʦʩʪʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʫ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ 

ʙ·ʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʣʷʮʠʡ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʦʙʥʘʨʫʞʠʚʘʣʠ 

ʜʝʬʠʮʠʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʩʝʥʮʠʘʣʴʥʳʭ ʉʘ ʠ Fe, ʪʦ ʫ ʜʝʪʝʡ ʩ ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤʠ ʙʳʣʠ Ni, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ, ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʙʳʣʦ 

ʠʟʙʳʪʦʯʥʳʤ, ʘ ʪʘʢ ʞʝ Sr. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʙʠʦʤʦʥʠʪʦʨʠʥʛʦʚʦʝ, ʥʝʡʨʦ- ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʜʝʪʩʢʠʭ ʢʦʛʦʨʪ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ 

ʧʩʠʭʠʯʝʩʢʦʡ ʩʬʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʥʝʡʨʦʪʨʦʧʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʷʜʘ ʚʳʙʦʨʦʯʥʳʭ 

ʙʠʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʢʘʯʝʩʪʚʦʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʞʠʚʘʥʠʷ, ʥʦ ʠ ʩ ʩʦʩʪʦʷʥʠʝʤ ʵʣʝʤʝʥʪʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʨʦʣʴʶ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʚʠʪʠʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʩʰʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʝʪʝʡ ʠ 

ʧʦʜʨʦʩʪʢʦʚ. 
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ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʤ ɹʣʘʛʦʚʝʱʝʥʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʦʣʫʯʥʦʤ ʋʩʪʴ-ʇʨʠʩʪʘʥʩʢʦʤ ʨʘʡʦʥʘʭ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ 

Abstract. The paper analyses the rates of physical growth of adolescents in environmentally unfriendly 

Blagoveshchensky and environmentally friendly Ust-Pristansky regions of Altai Krai. 

ʕʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʙʠʦʩʬʝʨʳ, 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʫʩʣʦʚʠʷʤʠ (ɺʝʨʥʘʜʩʢʠʡ ɺ.ʀ., 1927; ʂʦʚʘʣʴʩʢʠʡ ɺ.ɺ., 1982; 

ɸʚʮʳʥ ɸ.ʇ. ʠ ʜʨ., 1991). ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʘʜʘʧʪʠʚʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʬʦʨʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ 

ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. (ʐʘʥʜʘʣʘ, 1989; ɸʤʦʩʦʚ ʇ.ʂ., 1989; ɸʣʝʢʩʝʝʚʘ, 1977, 

ʂʘʟʥʘʯʝʝʚ ɺ.ʇ., 1980, 1997; ɸʛʘʜʞʘʥʷʥ ʅ.ɸ., 1992; ɻʠʯʝʚ ʖ.ʇ., 1996 ʠ ʜʨ.).  

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʦʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʚʠʜʝ ʵʥʜʝʤʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʤ, ʠʟʙʳʪʢʦʤ ʠʣʠ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʚʝʥʴʷʭ ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʠ 

ʚʭʦʜʷʱʠʭ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚ ʛʦʨʤʦʥʳ, ʚʠʪʘʤʠʥʳ, ʬʝʨʤʝʥʪʳ ʠ ʜʨʫʛʠʝ 

ʘʢʮʝʩʩʦʨʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʝʛʫʣʷʮʠʶ ʬʫʥʢʮʠʡ (ɸʚʮʳʥ ɸ.ʇ. ʠ ʜʨ., 1991; 

ɸʛʘʜʞʘʥʷʥ ʅ.ɸ. ʠ ʜʨ., 2001; ʉʢʘʣʴʥʳʡ ɸ.ɺ., 2004 ʠ ʜʨ.). ʇʨʠʨʦʜʥʳʡ ʜʠʩʙʘʣʘʥʩ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʧʨʷʞʝʥʠʶ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʛʦʤʝʦʩʪʘʟ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ. ʕʪʠ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʥʦʩʷʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ. ʀʤʝʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʩ ʦʨʛʘʥʠʟʤʦʤ ʯʝʣʦʚʝʢʘ (ʇʘʚʣʦʚ ʠ ʜʨ., 1989; ʄʠʢʨʦʵʣʝʤʝʥʪʳ..., 1990) ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʚʣʠʷʥʠʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʦʨʛʘʥʠʟʤʘ (ʉʘʣʠʚʦʥ ʠ ʜʨ.,1989; ɽʚʩʪʘʬʴʝʚʘ ɽ. ɺ., 1996; ɹʘʨʘʥʦʚ ɸ.ɸ. ʠ ʜʨ., 1998; ʈʝʚʠʯ ɹ.ɸ. 

ʠ ʜʨ., 2004 ʠ ʜʨ.; ʂʫʯʤʘ ɺ.ʈ. ʠ ʜʨ., 2006 ʠ ʜʨ.). 

ʆʩʦʙʝʥʥʦʩʪʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʛʦʤʝʦʩʪʘʟ ʚʟʨʦʩʣʳʭ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʪʫʱʠʡ ʠ 

ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʦʨʛʘʥʠʟʤ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʚʣʠʷʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[1,2,3,4]. 

ʋʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʟʨʝʣʦʩʪʴʶ ʦʨʛʘʥʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʜʠʩʬʫʥʢʮʠʷʤʠ ʠ ʥʘʨʫʰʝʥʠʷʤʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ, ʫʭʫʜʰʝʥʠʝʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇ. ʂ. ɸʥʦʭʠʥ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʚʢʣʶʯʘʶʪʩʷ ʤʦʙʠʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʘʮʠʠ, ʘ ʧʨʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ - ʠʥʝʨʪʥʳʝ ʠ ʥʝʵʢʦʥʦʤʠʯʥʳʝ [5.6.7.8.9].  

ʌʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʜʝʪʝʡ ï ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʜʝʪʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʦʪʨʘʞʘʶʱʠʡ ʚʣʠʷʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
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[10,11,12,13,]. ɼʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʫʱʝʛʦ ʦʨʛʘʥʠʟʤʘ ʭʘʨʘʢʪʝʨʥʳ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʣʘʙʠʣʴʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

[14,15]. ʇʦʜ ʚʣʠʷʥʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ 

ʢʦʤʧʣʝʢʩ ʠʟʤʝʥʝʥʠʡ ʦʨʛʘʥʠʟʤʘ: ʘʩʪʝʥʠʟʘʮʠʷ, ʛʨʘʮʠʘʣʠʟʘʮʠʷ, ʥʘʨʫʰʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʪʝʣʦʩʣʦʞʝʥʠʷ, ʘʥʜʨʦʤʦʨʬʠʷ ʫ ʞʝʥʱʠʥ, ʛʠʥʝʢʦʤʦʨʬʠʷ ʫ ʤʫʞʯʠʥ ʠ 

ʨʷʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ [16] ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʜʠʩʵʚʦʣʶʪʠʚʥʳʡ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʪʠʧʳ ʢʦʥʩʪʠʪʫʮʠʠ ʯʝʣʦʚʝʢʘ [17,18]. 

ʈʘʥʝʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʆ.ɸ. ʐʫʙʠʥʦʡ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʩʝʣʴʩʢʠʭ ʧʦʜʨʦʩʪʢʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʧʨʠʨʦʜʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʬʦʥʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʨʘʜʦʥʘ ʚ ʧʦʯʚʝ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʦʡ ʜʠʥʘʤʠʢʠ ʜʣʠʥʳ ʠ ʰʠʨʦʪʥʳʭ ʨʘʟʤʝʨʦʚ ʪʝʣʘ ʧʦʜʨʦʩʪʢʦʚ. ʀʤʝʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤʧʘ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʤʘʪʦʪʠʧʦʚ ʫ ʜʝʚʦʯʝʢ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʡʦʥʝ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʨʘʜʠʦʘʢʪʠʚʥʳʤ 

ʬʦʥʦʤ. ʈʘʟʣʠʯʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫ ʧʦʜʨʦʩʪʢʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʡʦʥʝ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʨʘʜʦʥʘ ʚ ʛʨʫʥʪʘʭ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʥʘʣʠʯʠʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʰʠʨʦʪʥʳʭ ʨʘʟʤʝʨʦʚ ʪʝʣʘ (ʙʦʣʴʰʝ ʫ ʜʝʚʦʯʝʢ) ʠ ʩʤʝʱʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ 

ʰʠʨʦʪʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʜʣʠʥʳ ʪʝʣʘ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʚʦʟʨʘʩʪ. ʋ ʜʝʚʦʯʝʢ ʠʟ ʨʘʡʦʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʦʥʦʚʳʭ ʘʥʦʤʘʣʠʡ ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʜʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ 

ʧʦʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʩʦʙʝʥʥʦ ʩʪʘʥʦʚʣʝʥʠʝ ʤʝʥʩʪʨʫʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ 

ʩʨʝʜʠ ʜʝʚʦʯʝʢ-ʧʦʜʨʦʩʪʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʘʩʪʝʥʠʯʝʩʢʠʡ ʠ ʘʩʪʝʥʦ-ʪʦʨʘʢʘʣʴʥʳʡ ʪʠʧ 

ʪʝʣʦʩʣʦʞʝʥʠʷ [19]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɽ.ɺ. ɿʣʦʙʠʥʦʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫ ʜʝʚʦʯʝʢ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʡʦʥʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʵʢʩʪʨʘʛʝʥʠʪʘʣʴʥʦʡ 

ʧʘʪʦʣʦʛʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʟʘʙʦʣʝʚʘʥʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʤʦʯʝʚʳʚʦʜʷʱʠʭ ʧʫʪʝʡ 

ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʜʠʬʬʫʟʥʘʷ ʛʠʧʝʨʧʣʘʟʠʷ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ I ʠ II ʩʪʝʧʝʥʠ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ ʙʦʣʝʝ ʨʘʥʥʠʡ, ʚʳʨʘʞʝʥʥʳʡ ʠ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʡ çʧʫʙʝʨʪʘʪʥʳʡ ʩʢʘʯʦʢè ʧʦ ʜʣʠʥʝ ʪʝʣʘ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʧʝʨʠʦʜʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ ʪʝʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʩʪʝʥʠʟʘʮʠʠ ʜʝʚʦʯʝʢ. ʀʜʝʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʚʪʦʨʠʯʥʳʭ ʧʦʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʩʪʥʦʛʦ ʪʘʟʘ ʧʦ ʞʝʥʩʢʦʤʫ ʪʠʧʫ [20]. 

ɼʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦʭʠʤʠʠ ʀɺʕʇ ʉʆ ʈɸʅ ʠ ʢʘʬʝʜʨʳ ʬʠʟʠʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ɸɻʋ 

ʙʳʣ ʚʳʙʨʘʥ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʡ ɹʣʘʛʦʚʝʱʝʥʩʢʠʡ ʨʘʡʦʥ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʣʘʛʦʧʦʣʫʯʥʳʡ ʋʩʪʴ-ʇʨʠʩʪʘʥʩʢʠʡ ʨʘʡʦʥ ʢʨʘʷ.  

ɺ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʝʘʣʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʨ.ʧ. ɹʣʘʛʦʚʝʱʝʥʢʘ ʠ ʨ.ʧ. ʉʪʝʧʥʦʝ 

ʆʟʝʨʦ (ʆɸʆ çʂʫʯʫʢʩʫʣʴʬʘʪ). ʊʝʨʨʠʪʦʨʠʷ ʨʘʡʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ (ʇɿɸ 2,7-3,0). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʟʝʤʥʦʛʦ ʘʵʨʦʟʦʣʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʨʘʡʦʥʝ ʉʝʣʠʪʨʷʥʦʛʦ ʦʟʝʨʘ (8-10 

ʤʛ/ʤ3), ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 16 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʇɼʂ (0,5 ʤʛ/ʤ3). ʅʘ ʦʢʨʘʠʥʝ ʧ.ʛ.ʪ. ɹʣʘʛʦʚʝʱʝʥʢʘ 

ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 0,6 ʤʛ/ʤ3. ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ: ʪʝʤʧʝʨʘʪʫʨʘ - 230ʉ; ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ - 8-12, ʧʦʨʳʚʳ ʜʦ 15 ʤ/ʩ; ʥʘʧʨʘʚʣʝʥʠʝ 

ʖ-ɿ; ʚʣʘʞʥʦʩʪʴ ï 63%. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʥʦʩʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʝʣʠʪʨʷʥʦʛʦ ʦʟʝʨʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʘʵʨʦʟʦʣʴʥʳʭ ʬʠʣʴʪʨʦʚ, 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ɹʣʘʛʦʚʝʱʝʥʩʢʦʤ ʨʘʡʦʥʝ ʷʚʣʷʝʪʩʷ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʭʦʜʥʘʷ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩ ʯʘʩʪʠʮʘʤʠ ʤʦʨʩʢʦʛʦ ʘʵʨʦʟʦʣʷ, ʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ ʧ. ʉʪʝʧʥʦʝ ʆʟʝʨʦ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʩʦʣʝʥʥʦʩʪʴʶ ʧʦʯʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʠʜʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ 

ʚ ʦʟʝʨʥʦʡ ʚʦʜʝ ʠ ʧʨʠʙʨʝʞʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. ʅʘʠʚʳʩʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʘ ʠ ʩʝʨʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʬʦʥʦʚʦʤ ʧʫʥʢʪʝ (ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʩʦ ʩʪʦʨʦʥʳ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʚʩʧʘʭʘʥʥʦʛʦ ʧʘʨʦʚʦʛʦ ʧʦʣʷ) ʠ ʫ ʚʧʘʜʠʥʳ ʉʝʣʠʪʨʷʥʦʛʦ ʦʟʝʨʘ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʛʝʥʝʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʩʪʝʧʥʳʭ ʨʘʡʦʥʦʚ 

ʩʣʫʞʠʪ ʧʦʜʲʝʤ ʧʳʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʛʨʘʤʤʦʚ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

1 ʤ
3
 ʚʦʟʜʫʭʘ. ʇʦ ʫʨʦʚʥʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʜʦʩʬʝʨʝ ʨʘʡʦʥʘ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʝʪʩʷ 

ʭʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʇɼʂ 

[21,22,23,24,25].  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʧʦʧʝʨʝʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 660 ʜʝʚʦʯʝʢ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 7 ʜʦ 17 ʣʝʪ 

ʦʩʝʥʴʶ 2014 ʛʦʜʘ ʚʦ ʚʨʝʤʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʩʤʦʪʨʘ. ɼʝʚʦʯʢʠ ʷʚʣʷʣʠʩʴ ʝʚʨʦʧʝʦʠʜʘʤʠ ʠ 

ʧʨʦʞʠʚʘʣʠ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. ʆʪ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʙʦ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. 330 ʜʝʚʦʯʝʢ ʙʳʣʠ 

ʞʠʪʝʣʴʥʠʮʘʤʠ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɻʨʫʧʧʫ ʩʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 330 ʜʝʚʦʯʝʢ ï 

ʞʠʪʝʣʴʥʠʮ ʋʩʪʴ-ʇʨʠʩʪʘʥʴʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ (ʧʦ 30 ʯʝʣʦʚʝʢ ʢʘʞʜʦʛʦ ʚʦʟʨʘʩʪʘ). 

ʇʨʠ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʧʨʘʚʠʣʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ 

[26]. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʟʤʝʨʷʣʠ ʜʣʠʥʫ ʪʝʣʘ (ɼʊ), ʩʤ; ʤʘʩʩʫ ʪʝʣʘ (ʄʊ), ʢʛ; 

ʦʙʭʚʘʪ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ (ʚʝʨʭʥʠʡ) (ʆɻʚ) ʩʤ; ʦʙʭʚʘʪ ʙʝʜʝʨ (ʆɹ), ʩʤ; ʰʠʨʠʥʫ ʧʣʝʯ (ʐʇ) ʩʤ; ʠ 

ʰʠʨʠʥʫ ʪʘʟʘ, (ʐʊ) ʩʤ; ʜʣʠʥʫ ʥʦʛʠ (ɼʅ) ʩʤ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ: ʨʦʩʪʦʤʝʨ, ʤʝʜʠʮʠʥʩʢʠʝ ʚʝʩʳ, ʙʦʣʴʰʦʡ ʪʦʣʩʪʦʪʥʳʡ 

ʮʠʨʢʫʣʴ, ʧʣʘʩʪʠʢʦʚʫʶ ʤʝʨʥʫʶ ʣʝʥʪʫ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʧʦʨʮʠʡ ʪʝʣʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ 

ʪʨʦʭʘʥʪʝʨʥʳʡ ʠʥʜʝʢʩ (ʊʀ) ʧʦ ʬʦʨʤʫʣʝ: ʊʀ=ɼʊ/ɼʅ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʠʧ ʚʦʟʨʘʩʪʥʦʡ 

ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ (ʤʝʥʝʝ 1,85 ï ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ, ʦʪ 1,86 ʜʦ 1,91 ï ʜʠʩʵʚʦʣʶʪʠʚʥʳʡ 

ʪʠʧ, ʦʪ 1,92 ʜʦ 1,94 ï ʛʠʧʦʵʚʦʣʶʪʠʚʥʳʡ ʪʠʧ, ʦʪ 1,95 ʜʦ 2,0 ï ʥʦʨʤʦʵʚʦʣʶʪʠʚʥʳʡ ʪʠʧ, ʦʪ 

2,01 ʜʦ 2,03 ï ʛʠʧʝʨʵʚʦʣʶʪʠʚʥʳʡ ʪʠʧ, ʦʪ 2,04 ʜʦ 2,08 ï ʜʠʩʵʚʦʣʶʪʠʚʥʳʡ ʪʠʧ, ʙʦʣʝʝ 2,09 ï 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ [3]).  

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʙʦʪʘʥʳ ʚʘʨʠʘʮʠʦʥʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʘʩʩʯʠʪʳʚʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʠʩʘʪʝʣʴʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʩʪʘʪʠʩʪʠʢʠ ʚʳʚʦʜʘ: ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ (M), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (SD), ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ (m), 95 % ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (95 % CI). 

ɺʳʙʦʨʢʠ ʜʘʥʥʳʭ ʧʨʦʚʝʨʷʣʠ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʣʷ ʯʝʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʨʠʪʝʨʠʡ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʨ<0,05. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ t-ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ. ʈʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʯʠʪʘʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʧʨʠ 95 % ʧʦʨʦʛʝ ʚʝʨʦʷʪʥʦʩʪʠ (ʨ<0,05), ʥʘ ʫʨʦʚʥʝ ʚʳʨʘʞʝʥʥʦʡ 

ʪʝʥʜʝʥʮʠʠ ʧʨʠ 90 % ʧʦʨʦʛʝ ʚʝʨʦʷʪʥʦʩʪʠ (ʨ<0,1), ʥʘ ʫʨʦʚʥʝ ʪʝʥʜʝʥʮʠʠ ʧʨʠ 80 % ʧʦʨʦʛʝ 

ʚʝʨʦʷʪʥʦʩʪʠ (ʨ<0,2). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʦʣʷʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ʭʠ-ʢʚʘʜʨʘʪ (ɢ2) ʇʠʨʩʦʥʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ SPSS 20.0 ʬʠʨʤʳ IBM for 

Windows. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʢʦʥʩʪʠʪʫʮʠʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚ ʦʥʪʦʛʝʥʝʟʝ ʠʩʧʦʣʴʟʦʚʘʥ ʪʨʦʭʘʥʪʝʨʥʳʡ ʠʥʜʝʢʩ (ʊʀ) [26,27]. ʇʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʨʦʭʘʥʪʝʨʥʳʡ ʠʥʜʝʢʩ ʧʨʠʥʠʤʘʝʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʣʠ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʥʝʛʦ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʪʨʦʭʘʥʪʝʨʥʳʡ ʠʥʜʝʢʩ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʪʨʦʭʘʥʪʝʨʥʦʛʦ ʠʥʜʝʢʩʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʦʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ 

ʪʠʧ ʚʦʟʨʘʩʪʥʦʡ ʵʚʦʣʶʮʠʠ ʫ ʜʝʚʫʰʝʢ 17 ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ. ɺʝʣʠʯʠʥʘ ʊʀ Ò1,85 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʪʢʣʦʥʝʥʠʶ ï3SD, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ çʦʯʝʥʴ ʥʠʟʢʠʡè. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʦʮʝʥʢʠ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ (ʮʝʥʪʠʣʴʥʳʤ) 

ʤʝʪʦʜʘʤʠ ʦʪʢʣʦʥʝʥʠʝ ï3SD ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ ʥʠʞʝ 3-ʛʦ ʮʝʥʪʠʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʠʮ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʊʀ Ò1,85 ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 3% ʚ ʠʟʫʯʝʥʥʦʡ ʚʳʙʦʨʢʝ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɹʣʘʛʦʚʝʱʝʥʩʢʦʤ ʨʘʡʦʥʝ 45% ʜʝʚʫʰʝʢ 17-
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ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʠʤʝʶʪ ʚʝʣʠʯʠʥʫ ʊʀ Ò1,85. ɺ ʮʝʣʦʤ 97% ʞʠʪʝʣʴʥʠʮ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʠʤʝʶʪ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ (ʊʀÒ1,85) ʠ ʜʠʩʵʚʦʣʶʪʠʚʥʳʡ (ʊʀ = 1,86õ1,91) ʪʠʧʳ 

ʚʦʟʨʘʩʪʥʦʡ ʵʚʦʣʶʮʠʠ. ʉʨʝʜʠ ʥʠʭ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠʩʧʳʪʫʝʤʳʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʊʀ Ó1,95 

(ʥʦʨʤʦʵʚʦʣʶʪʠʚʥʳʡ ʠ ʛʠʧʝʨʵʚʦʣʶʪʠʚʥʳʡ ʪʠʧʳ ʚʦʟʨʘʩʪʥʦʡ ʵʚʦʣʶʮʠʠ). ʉʨʝʜʠ ʞʠʪʝʣʴʥʠʮ 

ʋʩʪʴ-ʇʨʠʩʪʘʥʴʩʢʦʛʦ ʨʘʡʦʥʘ 80% ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʊʀ ʣʠʙʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʢʣʦʥʷʶʱʠʝʩʷ ʦʪ ʥʦʨʤʘʣʴʥʳʭ (ʛʠʧʦʵʚʦʣʶʪʠʚʥʳʡ, ʥʦʨʤʦʵʚʦʣʶʪʠʚʥʳʡ ʠ 

ʛʠʧʝʨʵʚʦʣʶʪʠʚʥʳʡ ʪʠʧʳ). ʉʨʝʜʠ ʥʠʭ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʮʘ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ 

ʚʦʟʨʘʩʪʥʦʡ ʵʚʦʣʶʮʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʊʀ Ò1,85 ʠ Ó2,09.  
ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʊʀ ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ɼʊ ʠ ɼʅ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʝʤʧʳ 

ʧʨʠʨʦʩʪʦʚ ɼʊ ʠ ɼʅ. ʇʫʙʝʨʪʘʪʥʳʡ ʩʢʘʯʦʢ ʨʦʩʪʘ ʥʘʯʠʥʘʣʩʷ ʤʝʞʜʫ ʜʝʩʷʪʴʶ ʠ ʦʜʠʥʥʘʜʮʘʪʴʶ 
ʛʦʜʘʤʠ ʫ ʜʝʚʦʯʝʢ ʋʩʪʴ-ʇʨʠʩʪʘʥʴʩʢʦʛʦ ʨʘʡʦʥʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʨʠʨʦʩʪʳ ʜʣʠʥʳ ʪʝʣʘ ʫ 
ʞʠʪʝʣʴʥʠʮ ʋʩʪʴ-ʇʨʠʩʪʘʥʴʩʢʦʛʦ ʨʘʡʦʥʘ ʦʪʤʝʯʝʥʳ ʚ 11 ʣʝʪ (8,1 ʩʤ) ʠ ʚ 12 ʣʝʪ (7,5 ʩʤ). ʋ 
ʜʝʚʦʯʝʢ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ɹʣʘʛʦʚʝʱʝʥʩʢʦʤ ʨʘʡʦʥʝ, ʧʫʙʝʨʪʘʪʥʳʡ ʩʢʘʯʦʢ ʨʦʩʪʘ ʥʘʩʪʫʧʘʝʪ 
ʧʦʟʞʝ ʥʘ ʛʦʜ, ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢ ʚʦʟʨʘʩʪʫ 17 ʣʝʪ ʧʦʢʘʟʘʪʝʣʠ ɼʊ ʠ 
ɼʅ ʧʦʯʪʠ ʥʘ 6 ʩʤ ʚʳʰʝ ʫ ʜʝʚʫʰʝʢ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ. ʉʨʘʚʥʝʥʠʝ ʥʘʰʠʭ ʜʘʥʥʳʭ, 
ʢʘʩʘʶʱʠʭʩʷ ʧʫʙʝʨʪʘʪʥʦʛʦ ʩʢʘʯʢʘ ʨʦʩʪʘ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʨʝʤʷ 
ʧʫʙʝʨʪʘʪʥʦʛʦ ʩʢʘʯʢʘ ʫ ʞʠʪʝʣʴʥʠʮ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪʫ ʥʘʯʘʣʘ 
ʧʫʙʝʨʪʘʪʥʦʛʦ ʩʢʘʯʢʘ ʜʝʚʦʯʝʢ ʂʫʟʙʘʩʩʘ [29], ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩ 11 ʣʝʪ. ɺʨʝʤʷ 
ʧʫʙʝʨʪʘʪʥʦʛʦ ʩʢʘʯʢʘ ʫ ʞʠʪʝʣʴʥʠʮ ʋʩʪʴ-ʇʨʠʩʪʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʚʦʤʫ ʜʣʷ 
ʞʠʪʝʣʴʥʠʮ ʛ. ɹʘʨʥʘʫʣʘ [30], ʛ. ʉʫʨʛʫʪʘ [31], ʠ ʛ. ɸʨʭʘʥʛʝʣʴʩʢʘ [32]. ʈʦʩʪ ʪʦʪʘʣʴʥʳʭ 
ʨʘʟʤʝʨʦʚ ʪʝʣʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʦʩʪʦʤ ʩʢʝʣʝʪʘ, ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ 
ʯʝʨʝʜʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʢʦʛʜʘ ʦʜʥʘ ʯʘʩʪʴ ʪʝʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʠʦʜʝ ʫʩʠʣʝʥʥʦʛʦ 
ʨʦʩʪʘ, ʜʨʫʛʘʷ ʧʝʨʝʞʠʚʘʝʪ ʬʘʟʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ. ɺ. ɺ. ɹʫʥʘʢ (1941) ʚʳʷʚʠʣ ʦʩʥʦʚʥʫʶ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʤʝʞʩʝʛʤʝʥʪʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ: ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʬʝʪʘʣʴʥʦʛʦ, 
ʤʣʘʜʝʥʯʝʩʢʦʛʦ, ʜʝʪʩʢʦʛʦ ʠ I ʩʪʘʜʠʠ ʧʫʙʝʨʪʘʪʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʠʥʘ ʢʦʥʝʯʥʦʩʪʝʡ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʳʩʪʨʝʝ ʜʣʠʥʳ ʦʩʝʚʦʛʦ ʩʢʝʣʝʪʘ. ʉʢʘʯʦʢ ʨʦʩʪʘ ʜʣʠʥʳ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ, 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʜʣʠʥʳ ʪʫʣʦʚʠʱʘ, ʘ ʥʝ ʢʦʥʝʯʥʦʩʪʝʡ, ʯʪʦ ʠ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚ 
ʥʘʰʝʡ ʨʘʙʦʪʝ: ʨʦʩʪ ɼʅ ʚʥʦʩʠʪ ʚʢʣʘʜ ʦʢʦʣʦ 50% ʚ ʧʫʙʝʨʪʘʪʥʳʡ ʩʢʘʯʦʢ ʨʦʩʪʘ ʫ ʜʝʚʦʯʝʢ 
ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ. ʀʟʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʚʦʯʝʢ 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫ ʜʝʚʦʯʝʢ ï ʞʠʪʝʣʴʥʠʮ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ 
ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʝʜʧʫʙʝʨʪʘʪʥʦʛʦ ʨʦʩʪʘ. ʊ. ʦ. ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʣʦʚʠʱʘ 
ʥʠʞʥʠʝ ʢʦʥʝʯʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʊʀ. ʉʨʘʚʥʝʥʠʝ ʥʘʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ɼʊ ʩ ʜʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 2 092 695 ʯʝʣʦʚʝʢ ï ʞʠʪʝʣʝʡ ʈʦʩʩʠʠ ʚ 2010-2012 
ʛʦʜʫ [33] ʜʣʷ ʜʝʚʫʰʝʢ ʘʥʘʣʦʛʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʪʝʣʘ 
ʜʝʚʫʰʝʢ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ Ó 90-ʛʦ ʮʝʥʪʠʣʷ (172,1 ʩʤ). ʀʭ 
ʨʦʩʪ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʘʢ ʚʳʩʦʢʠʡ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʪʝʣʘ ʜʝʚʫʰʝʢ 
ʋʩʪʴ-ʇʨʠʩʪʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 25-ʛʦ ʜʦ 75-ʛʦ ʮʝʥʪʠʣʷ. ʀʭ ʨʦʩʪ ʤʦʞʝʪ 
ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʘʢ ʩʨʝʜʥʠʡ. ʋ ʞʠʪʝʣʴʥʠʮ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚʳʰʝ ʜʦʣʷ 
ʜʝʚʫʰʝʢ ʩ ʬʠʟʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʜʣʠʥʳ ʪʝʣʘ ʚʳʩʦʢʠʤ ʠ ʦʯʝʥʴ ʚʳʩʦʢʠʤ, 
ʭʦʪʷ ʚʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ. ʇʦ ʤʥʝʥʠʶ ɽ.ɸ. 
ɹʦʛʜʘʥʦʚʦʡ ʠ ʃ.ʀ. ɸʬʦʥʠʥʦʡ (1990), ʚʳʩʦʢʦʨʦʩʣʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʩʥʠʞʝʥʠʷ 
ʧʨʦʜʫʢʮʠʠ ʵʩʪʨʦʛʝʥʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʠ ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʦʚʳʭ 
ʛʦʨʤʦʥʦʚ ʚ ʢʨʦʚʠ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʟʘʢʨʳʪʠʝ ʟʦʥ ʨʦʩʪʘ ʢʦʩʪʝʡ. ʋʤʝʥʴʰʝʥʠʝ ʪʨʦʭʘʥʪʝʨʥʦʛʦ 
ʠʥʜʝʢʩʘ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʤʝʜʣʝʥʥʦʤ ʧʦʣʦʚʦʤ ʨʘʟʚʠʪʠʠ, ʧʦʩʢʦʣʴʢʫ ʟʦʥʳ ʨʦʩʪʘ ʥʝ 
ʟʘʢʨʳʚʘʶʪʩʷ ʚʦʚʨʝʤʷ ʧʨʠ ʜʝʬʠʮʠʪʝ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʠ ʛʠʧʦʛʦʥʘʜʠʟʤʝ. ʇʨʠ ʜʝʬʠʮʠʪʝ 
ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʧʨʦʮʝʩʩ ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʞʝʪ ʟʘʤʝʜʣʷʪʴʩʷ. ɸʣʪʘʡʩʢʠʡ 
ʢʨʘʡ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʡʦʜʜʝʬʠʮʠʪʥʳʭ ʨʝʛʠʦʥʦʚ [34]. ɺ ʫʩʣʦʚʠʷʭ ʡʦʜʦʜʝʬʠʮʠʪʘ 
ʥʝʜʦʩʪʘʪʦʢ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʥʝʧʦʩʪʦʷʥʝʥ, ʩʧʦʩʦʙʝʥ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʯʝʩʢʦʝ 
ʨʘʟʚʠʪʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʧʦʜʨʦʩʪʢʦʚʦʤ ʧʝʨʠʦʜʝ. ɺ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ 
ʪʝʨʨʠʪʦʨʠʷʭ ʫʚʝʣʠʯʝʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʪʠʨʝʦʠʜʥʦʡ ʧʘʪʦʣʦʛʠʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 
ʪʨʦʭʘʥʪʝʨʥʦʛʦ ʠʥʜʝʢʩʘ, ʚʳʩʦʢʦʨʦʩʣʦʩʪʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʤʝʜʣʝʥʥʳʭ ʪʝʤʧʘʭ 
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ʧʦʣʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʫ ʜʝʚʦʯʝʢ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʚ 
ʦʪʣʠʯʠʝ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʜʝʚʦʯʝʢ ʠʟ ʋʩʪʴ-ʇʨʠʩʪʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʢʣʘʜ ʚʣʠʷʥʠʷ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʧʨʦʞʠʚʘʥʠʷ ʜʝʚʦʯʝʢ ʥʘ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ. 
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ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʭʨʦʥʠʯʝʩʢʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ. ʄʝʪʦʜ ʚʢʣʶʯʘʝʪ ʦʪʙʦʨ ʧʨʦʙ ʚʦʣʦʩ ʠʟ ʢʠʩʪʠ ʭʚʦʩʪʘ ʞʠʚʦʪʥʳʭ, ʦʯʠʩʪʢʫ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʦʜʛʦʪʦʚʢʫ 

ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʦʨʠʛʠʥʘʣʴʥʳʤ ʨʘʥʛʦʤ ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʚʦʣʦʩ.  

Abstract. The method for the diagnosis of chronic microelementoses of farm animals is proposed. The method 

involves selection of the hair samples from the tail bunch, decontamination, sample preparation and instrumental 

estimation of concentrations of heavy metals and essential trace elements. Conclusion on the presence of a 

pathological condition is based on the comparison of the data obtained with original normal concentrations of 

chemical elements in hair samples. 

ɺʚʝʜʝʥʠʝ 

ʇʘʪʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʙʳʪʢʦʤ, ʠʟʤʝʥʝʥʥʳʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ, ʘ 

ʪʘʢʞʝ ʜʠʩʙʘʣʘʥʩʦʤ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʦʣʴ ʚ ʫʭʫʜʰʝʥʠʠ ʟʜʦʨʦʚʴʷ ʠ ʩʥʠʞʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʍʨʦʥʠʯʝʩʢʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʩʫʙʢʣʠʥʠʯʝʩʢʠʭ ʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʤ, ʠʟʙʳʪʢʦʤ ʠʣʠ ʜʠʩʙʘʣʘʥʩʦʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʢʦʨʤʣʝʥʠʝʤ 

ʞʠʚʦʪʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ [1, 2].  

ʍʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʍʉɺ) ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʣʦʩ (ʍʉɺ) ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʦʮʝʥʠʚʘʪʴ ʩʪʘʪʫʩ 

ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ (As, Cd, Hg, Pb, Se, F) ʫ ʯʝʣʦʚʝʢʘ [3-7]. ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ 

ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʞʠʚʦʪʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʘʨʴʠʨʦʚʘʥʠʝ ʍʉɺ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʞʠʚʦʪʥʦʛʦ, ʚʦʟʨʘʩʪʘ, ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ.  

ʊʘʙʣʠʮʘ 1 

ʀʥʜʠʢʘʪʦʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʪʫʩʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʩʦʛʣʘʩʥʦ [8]. 

ʆʨʛʘʥ, ʪʢʘʥʴ Zn Mn Cu I Se Mo Cd Ni Li  As 

ʇʝʯʝʥʴ - +++ +++ +++ +++ +++ ++ + + +++ 

ʇʦʯʢʠ - + - +++ + ++ +++ ++ - +++ 

ʄʦʟʛ - - +++ - - + - + - + 

ʈʝʙʨʦ +++ - - - - + - +++ + - 

ʉʳʚʦʨʦʪʢʘ (+) - + +++ +++ +++ - (+) +++ + 

ɺʦʣʦʩʳ + + + +++ ++ +++ + ++ ++ ++ 
+, ++ ʠ +++ - ʚʦʟʨʘʩʪʘʶʱʠʡ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʣʦʩ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʦʡ ʪʢʘʥʠ ʦʯʝʚʠʜʥʘ. ɺʦ-

ʧʝʨʚʳʭ, ʧʨʦʙʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ, ʥʝ ʪʨʘʚʤʠʨʫʶʱʠʤ ʞʠʚʦʪʥʳʭ ʤʝʪʦʜʦʤ; ʚʦ-ʚʪʦʨʳʭ, ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʡ, ʘ ʩʨʦʢ ʭʨʘʥʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥ; ʚ-ʪʨʝʪʴʠʭ, ʧʦ ʨʷʜʫ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʦʣʦʩʳ ʷʚʣʷʶʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ, ʥʘʢʘʧʣʠʚʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʦʚʴʶ, ʤʦʯʦʡ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʦʨʛʘʥʘʤʠ ʪʘʙʣ. 1. 

ʇʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʝʦʜʥʦʢʨʘʪʥʦ. ʊʘʢ, ʦʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʠʩʧʘʥʩʝʨʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʩʧʘʥʩʝʨʠʟʘʮʠʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʂʈʉ), ʢʫʜʘ 

ʚʢʣʶʯʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ, ʚʦʜʦʠʩʪʦʯʥʠʢʘʭ, ʢʦʨʤʘʭ, 

ʨʘʮʠʦʥʘʭ, ʠ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ, ʢʣʠʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ 

ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʳ ʫ ʂʈʉ, ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʠʭ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʚ ʭʦʟʷʡʩʪʚʝ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ. ʆʜʥʘʢʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ, ʚʢʣʶʯʘʷ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʜʣʠʪʝʣʴʥʳʤ ʠ ʟʘʪʨʘʪʥʳʤ [9]. 

ʀʟʚʝʩʪʝʥ ʩʦʚʨʝʤʝʥʥʳʡ ʩʧʦʩʦʙ ʩʠʩʪʝʤʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʨʨʝʢʮʠʠ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʢʦʨʤʣʝʥʠʶ, 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ 

ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʦʛʦ, ʫʛʣʝʚʦʜʥʦʛʦ, ʞʠʨʦʚʦʛʦ ʦʙʤʝʥʘ, ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʦʚʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʯʠ (ʙʝʣʦʢ, ʛʣʶʢʦʟʘ, 

ʢʝʪʦʥʦʚʳʝ ʪʝʣʘ, ʨʅ, ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʬʦʩʬʦʨ, ʤʝʜʴ, ʮʠʥʢ, ʢʦʙʘʣʴʪ, ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, 

ʥʠʢʝʣʴ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʢʦʥʢʨʝʪʥʦ ʚʚʦʜʠʤʳʡ ʚ ʨʘʮʠʦʥ ʩʦʩʪʘʚ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ. ʆʜʥʘʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʳ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʨʦʚʠ, ʤʦʯʠ, ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʦʡ 

ʙʠʦʧʩʠʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʢʨʘʡʥʝ ʩʣʦʞʥʦ, ʜʣʠʪʝʣʴʥʦ ʠ ʜʦʨʦʛʦ [10]. 

ɿʘʜʘʯʝʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʤʠ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʠʞʠʟʥʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʭʨʦʥʠʯʝʩʢʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ 

[11]. ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ: ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʞʠʚʦʪʥʦʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ; ʦʩʤʦʪʨ ʞʠʚʦʪʥʦʛʦ; ʦʪʙʦʨ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ; ʦʯʠʩʪʢʘ ʚʦʣʦʩ ʦʪ 

ʟʘʛʨʷʟʥʝʥʠʡ; ʚʳʩʫʰʠʚʘʥʠʝ ʦʯʠʱʝʥʥʳʭ ʚʦʣʦʩ; ʠʟʤʝʣʴʯʝʥʠʝ ʚʦʣʦʩ, ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ; 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʣʦʩ; ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ 

(ʜʝʬʠʮʠʪ, ʥʦʨʤʘ, ʠʟʙʳʪʦʢ); ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʪʘʪʫʩʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʆʪʙʦʨ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʢʠʩʪʠ ʭʚʦʩʪʘ (ʦʢʦʣʦ 5 ʛ) ʧʦ ʚʩʝʡ ʜʣʠʥʝ. 

ʇʨʦʙʫ ʧʦʤʝʱʘʶʪ ʚʤʝʩʪʝ ʩ ʵʪʠʢʝʪʢʦʡ ʚ ʙʫʤʘʞʥʳʡ ʠʣʠ ʧʦʣʠʵʪʠʣʝʥʦʚʳʡ ʧʘʢʝʪ ʠ ʜʦʩʪʘʚʣʷʶʪ 

ʚ ʣʘʙʦʨʘʪʦʨʠʶ. ʆʯʠʩʪʢʘ ʚʦʣʦʩ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʪʘʜʠʡ 

ʤʝʪʦʜʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʚʦʣʦʩ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ. ʕʪʘ ʩʪʘʜʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʚʠʜʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʦʩ. ʅʘʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ 3-ʢʨʘʪʥʘʷ ʧʨʦʤʳʚʢʘ 

ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-60Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ (ʢʘʞʜʘʷ 

ʧʨʦʤʳʚʢʘ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʩʪʨʷʭʠʚʘʥʠʠ ʚ ʰʶʪʪʝʣʴ-ʘʧʧʘʨʘʪʝ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ: ʦʪ ICP-MS ʜʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [12-14]. ʄʳ ʨʝʢʦʤʝʥʜʫʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ [15] (ʧʣʘʤʝʥʥʳʡ ʠ ʙʝʩʧʣʘʤʝʥʥʳʡ ʚʘʨʠʘʥʪʳ). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʡʦʜʘ ʠ ʬʪʦʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʦʩʝʣʝʢʪʠʚʥʦʡ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ [16], ʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʝʣʝʥʘ ï ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ [17]. 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʢʠʩʪʠ 

ʭʚʦʩʪʘ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʂʈʉ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʦʟʨʘʩʪʘ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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(ʠʩʢʣʶʯʘʷ ʧʘʪʦʣʦʛʠʶ) ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠ ʟʘʚʠʩʠʤʳʤ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʍʉɺ ʩ 

ʢʣʠʥʠʯʝʩʢʠʤʠ ʠ ʩʫʙʢʣʠʥʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ ʧʨʦʷʚʣʝʥʠʷ ʭʨʦʥʠʯʝʩʢʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʫʩʪʘʥʦʚʣʝʥʦ ʫʤʝʨʝʥʥʦʝ ʠʥʜʠʢʘʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ Sr, Cu, 

Mo, Pb ʠ Se ʚ ʚʦʣʦʩʷʥʦʤ ʧʦʢʨʦʚʝ ʂʈʉ ʚ ʯʘʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʛʠʧʦ- ʠ ʛʠʧʝʨʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʝʜʝʥʘ 

ʚ ʪʘʙʣ. 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʞʠʟʥʝʥʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘʣʠʯʠʝ ʫ ʞʠʚʦʪʥʳʭ ʛʠʧʦ- ʠ ʛʠʧʝʨʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ 

ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʦʡ ʙʠʦʧʩʠʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʧʦʪʝʨʝʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [18, 19]. 

ʊʘʙʣʠʮʘ 2 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʍʉɺ-ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʂʈʉ 

ʍʠʤʠʯʝʩʢʠʡ 

ʕʣʝʤʝʥʪ 

ɼʝʬʠʮʠʪ ʀʟʙʳʪʦʢ 

Zn ʉʨʝʜʥʷʷ ʆʮʝʥʢʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ 

Cu ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

Mn ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

Sr ʆʮʝʥʢʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ ɺʳʩʦʢʘʷ 

Co ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

Mo ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

Se ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʉʧʦʩʦʙ ʠʩʢʣʶʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʘʥʥʠʝ ʠ ʩʢʨʳʪʳʝ 

ʬʦʨʤʳ ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʦʚʦʜʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʢʦʨʨʝʢʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʆʥ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʝʜʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ. ɽʛʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʮʝʣʝʡ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩʢʦʪʘ. 
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Abstract. Copper, zinc, iron, manganese and selenium are essential trace elements playing roles in various 

metabolic processes. The aim of the present study was to assess the concentration of Cu, Zn, Fe, Mn and Se in the 

whole blood of Ovis aries experimentally infected with Haemonchus contortus (Nematoda). Lower blood levels of Cu, 

Zn, Fe, Co and Se in the infected lambs proved that infection with H. contortus can impose a marked effect on the 

health status of lambs. Deficiency of Co, Cu and Fe is a reason to cause severe anemia in infected animals. The 

analyzed elements are classified as very important trace elements for livestock and the results could be used to 

balance and improve the animal diet and thus meliorate the growth and reproduction rate of infected with 

gastrointestinal parasites lambs.  

Key words: Cu, Co, Zn, Fe, Mn, Se, Haemonchus contortus, lambs. 

Introduction  

Copper, zinc, iron, manganese and selenium are essential trace elements playing roles in 

various metabolic processes. Their low intake or reduced absorption and/ or utilization or 

requirements might produce biological alterations and reproductive effects. Nevertheless, when 

present in excess, these essential elements might become toxic.  

The biogenic element levels are changed due to various infections. Trace elements play an 

important role against gastrointestinal parasitism. Gastrointestinal parasites are of great 

importance in sheep and goats [5]. The blood sucking parasite Haemonchus contortus causes huge 

economic losses due to lowered meat and wool production. It is found predominantly in the 

abomasum of young ruminants.  

The aim of the present study was to assess the concentration of Cu, Zn, Fe, Mn and Se in the 

whole blood of Ovis aries experimentally infected with Haemonchus contortus (Nematoda). 

Material and methods 

The experiment was carried out on 18 male lambs of the Black head Pleven breed. The 

lambs were divided into two groups ï lambs infected experimentally with Haemonchus contortus 

and controls (uninfected). The first group was infected two times with 1 800 H. contortus larvae 

per a lamb. Blood samples were collected from the jugular vein in vacutainers 58 days after 

infection. Atomic absorption spectrophotometry was used to measure trace elements in lamb 

blood samples. The statistical analyses were carried out on the Prism 4.0 Programme. 

Results and discussion 

The results obtained in this investigation are summarized in Table 1.  

Copper. Copper blood concentration was significantly affected by a parasite infection with 

H. contortus. It was reduced by 20 %. This finding agrees with those of [3]. They reported that 

blood Cu and Hgb level were decreased in the infected animals compared to the uninfected. The 

affected Cu metabolism is due to the interference between Cu absorption and the increased pH of 

the gastric environment. Reduced hydrolysis in the abomasum when pH is elevated by the 

nematode infection may contribute to reduced Cu availability and absorption [1]. 

Iron . Iron concentration in whole blood was lowed in the infected lambs compared with the 

controls by 19 %. A blood sucking parasite H. contortus causes significant blood loss resulting in 

decrease in erythrocytes, hemoglobin and PCV. Well expressed anemia develops in the infected 

animals [8]. 

Cobalt. In the present study a parasite ï cobalt interaction was observed in high degree. 

Cobalt adequacy can also be examined by determination of vitamin B12 concentrations in plasma 
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or serum, which are believed to reflect dietary cobalt intake and maintenance of vitamin B12 

reserve [6]. It was established a reduced level of vitamin B12 in the lambs infected with 

gastrointestinal nematodes compared with healthy ones. Deficiency of Co, Cu and above all, Fe is 

a cause of anemia in infected animals [7].  

Zinc. Blood zinc concentration was slightly affected by the parasite infection by 17 %. 

Reduced Zn concentration is a good agreement with that of [8]. The lowered Zn level could be 

due to immune response of host [5]. 

Selenium. In the present study blood Se concentrations were significantly affected by the 

parasite infection. It was reduced by 28 % in the infected animals compared to controls. Se is an 

integral part of glutathione peroxidase. It is in a good agreement with the reduced activity of GPx 

in the lambs infected with H. contortus [4]. 

Manganese. There were no deviations in Mn levels in the infected animals compared with 

controls - 4.00 vs. 4.6. There are few data about Mn concentration during parasitoses [2]. 

Subclinical deficiency of Cu, Zn, Fe, Co and Se in the infected lambs proved that infection 

with H. contortus can impose a marked effect on the health status of lambs.  

Suggested reasons for deviations in trace element concentrations in whole blood in the 

infected lambs with H. contortus have included reduced food intake, impaired digestion, 

absorption, and parasitic induced immune responses and associated metabolic activities as well as 

inflammatory responses [9]. 

Analyzed by us elements are classified as very important trace elements for livestock and 

the results could be used to balance and improve the animal diet and thus meliorate the growth 

and reproduction rate of infected lambs. Trace element nutrition and gastrointestinal parasitism 

are very closely linked. Problems with internal parasites need to be investigated from nutritional 

viewpoint. It is necessary to identify the host deficiencies and to accurately calculate the 

supplementation requirements. Targeted mineral supplementation could be a means to reduce the 

requirement for chemotherapeutic control of gastrointestinal nematode infection of small ruminant. 

It is due to their possibility to increase resistance to infection and as a result, trace element 

supplementation has the potential to reduce the requirement for anthelmintic treatment.  

Table 1 

Concentration of trace elements in lamb blood (mg/kg d.w.) 

Element (mg/kg) Control lambs Infected lambs 

Fe 40,1Ñ 2,16 32,44Ñ 5,2 

Zn 8,8Ñ 1,92 7,33Ñ 0,98 

Co 0,07 0,04 

Se 0,46Ñ 0,02 0,33Ñ 0,09 

Mn 4,11Ñ 0,5 4,60Ñ 0,31 
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Abstract. The study compares in vivo the behavior of Zn-beta TCP in a past form implanted in bone of rabbits. 

Biochemical hematological parameters were studied. Their levels were in the physiological limits. No sign effects 

were marked in all animals after operation with autologous and Zn-beta TCP implants. No significant changes in the 

markers of bone metabolism and hepatotoxicity during the post-operative period of a new material implantation were 

observed. Zn-beta TCP has no negative influence on biological response of organism and could be a promising 

material as a bone substitute. 
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Introduction  

Among the diseases with the most serious clinical consequences and economic burden are 

these associated with bone defects [3]. Calcium phosphates (CPs) bioactive materials have been 

used in the medicine but a definite need for their improvement still exists. Synthesis of metal-

modified CPs has drawn much scientific interest since metal ion substitution has been shown to 

improve the mechanical properties and bioactivity of implants [1]. Zn-modified/ tricalcium 

phosphates/TCP ceramics were found to passes lower solubility than pure ones and hence reduce 

the resorption rate. [5] 

The aim of our study was to compare reactive changes in the blood of experimental rabbits 

after using of new Zn-beta tricalcium phosphate as an implant in a rabbit model. 

Material and methods 

Studies have been conducted on 16 male rabbits New Zealand white breed. They were 

divided into two groups: 1-st group ï control with autologous bone implants and 2-nd group with 

Zn-beta tricalcium phosphate implant. The implantation consisted in a creation of a 4 mm 

diameter cavity bone defects in the distal metaphysis of the rabbit femur, described by [2]. A 

powder of the material was used in the paste after mixing with hyaluronic acid. It was placed in 

the defected created. Blood collection was performed by venipuncture of v. saphena lateralis 

before surgery and at the 1-st week and 14-th week after implantation. 

The markers of bone metabolism (the activity of the total alkaline phosphatase (TAP) and 

bone alkaline phosphatase (BAP), level of calcium ( Ca), phosphorus (P), zinc ( Zn), as well as 

markers of potential hepatotoxicity (level of total protein, activity of aspartate aminotransferase 

and alanine aminotransferase (AST, ALT) were measured using Human diagnostic kits by the 

Screen master 588 LiHD 111. 

Results and discussion 

Zn-beta TCP synthesis. 

Fine powder of mono-phase Zn-beta-TCP (with a Zn2
++

, Zn2
++

 Mg 2
+
) ratio of 0.01 was 

obtained after 600
o
C sintering of the precursors (calcium deficient ïSBF-modified CP) [4]. Its 

mineral composition was closed to those in the hard tissues enamel, dentin and bone mineral. [1] 

Table 1 

Compositions of the initial precipitated ACPs and Enamel, Dentin, Cementum and Bone 

Composition Ca P Zn Mg Na K Cl (Ca+Zn)/P 

mmol/g 

Zn-ɓ- TCP 8,74 6,6 0,1 0,06 0,25 0,7 0,06 1,35 
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Serum studies 
The activity of TAP and BAP in the in both groups was decreased in all rabbits at the 1

th
 

week after intervention. At the end of the experiment they continue to be low than their activities 

before the operation. In all croups the activity of TAP and BAP fluctuated with no marked 

changes among in the rabbits in the same group (Table 2).  

Table 2 

Activity of TAP and BAP in serum of rabbits with implants 

 TAP- activity BAP- activity 

Control group Experimental 

group 

Control group Experimental 

group 

Before operation 113,45Ñ10,90 112,16Ñ45,01 86,72Ñ5,4 81,65Ñ13,16 

1
st
 week post operation 97,60Ñ8,42 80,45Ñ9,2 70,65Ñ13,80 55,40Ñ7,66 

12
th
 week post operation 90,33Ñ7,11 71,40Ñ12,33 65,40Ñ15,6 40,82Ñ9,6 

The level of serum Ca and P was increased in both groups at the 1-st week post operation in 

comparison to the levels to the results of the beginning. In both groups Ca and P levels were 

increased during the whole period of the experiment. Their values ranged within normal limits 

during the experiment. The increased levels of Ca and P may be attributed to increased mineral 

turnover in the skeleton. The level of Zn was significantly increased in the experimental group 

and non-significantly increased in the control group. Zn levels were in the physiological range. 

(Table 3). 

Table 3 

Content of Ca, P and Zn in serum of rabbits with implants 

 Ca mM/l P mM/l Zn mg/l 

Control 

group 

Experimental 

group 

Control 

group 

Experimental 

group 

Control 

group 

Experimental 

group 

Before 

operation 

3,45Ñ0,9 3,2Ñ0,17 1,00Ñ0,06 1,15Ñ0,08 2,26Ñ0,82 2,00Ñ0,07 

1
st
 week post 

operation 

3,33Ñ0,9 4,4Ñ0,19 0,89Ñ0,04 0,95Ñ0,07 2,90Ñ0,15 2,56Ñ0,09 

12
th
 week post 

operation 

3,6Ñ0,9 4,6Ñ0,85 1,2Ñ0,08 1,98Ñ0,06 2,97Ñ0,22 2,9Ñ0,04 

The levels of ALT and AST were evaluated as indicators of possible hepatotoxicity after 

implantation. In both groups the ALT level was within the limits of the average values and did not 

differ from preoperative values. AST level was lower than the normal values in the all animals. 

The significant statistical reliability of blood changes was established only in the 2
nd

 group at the 

1
st
week of experiment. (Table 4). 

Table 4 

Content of AST and ALT in serum of rabbits with implants 

 AST content (U/l) ALT content (U/l) 

Control 

group 

Experimental 

group 

Control group Experimental 

group 

Before operation 50,14Ñ9,17 49,06Ñ9,17 84,60Ñ5,30 81,60Ñ3,15 

1
st
 week post operation 37,5Ñ11,90 29,60Ñ5,40 72,85Ñ3,8 75,66Ñ6,90 

12
th
 week post operation 27,86Ñ4,2 23,99Ñ6,2 70,07Ñ5,60 75,42Ñ8,20 

The values of the total protein and glucose during the experiment in both groups did not 

exceed the physiological range. They were similar in both groups (Table 5). 
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During the 1
st
 week of bone regeneration its markers were characterized by a reduction of 

the TAP and BAP level and rising of serum Ca and P levels, with non-significant changes in the 

levels of Zn in the control group Zn level was increased in the experimental group. 

Table 5 

Content of Glucose and total protein in serum of rabbits with implants 

 Glucose mM/l Total protein g/l 

Control group Experimental 

group 

Control 

group 

Experimental 

group 

Before operation 7,05Ñ0,94 6,70Ñ0,44 62,33Ñ1,90 59,80Ñ1,27 

1
st
 week post operation 15,90Ñ2,14 7,35Ñ1,56 60,14Ñ2,67 59,99Ñ1,44 

12
th
 week post operation 5,80Ñ0,30 5,76Ñ0,29 69,17Ñ13,10 61,17Ñ2,55 

During the experiment lasted 14 weeks any essential systemic damages were not observed 

due to operative intervention or by using implantation material. There was no disruption of a 

protein synthetic function of the liver. There were no significant changes of ALT and ACT levels 

observed so that no signs of hepatotoxicity were mentioned. 

The levels of electrolytes and enzymes in the blood were within the normal range and it 

shows that the animals did not show any side responses against the implants inserted within the 

bone tissue.  

The new implant material was well accepted in the physiological condition in rabbits. 

Conclusion 
No significant changes in the markers of bone metabolism and hepatotoxicity during the 

post-operative period of a new material implantation were observed. Zn-beta TCP has not a 

negative influence on biological response of organism and could be a promising material as bone 

substitute. 

Further studies might be done to optimize the properties of the material to allow it to replace 

the natural tissue and continue to perform the same function of bone. 
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CONNECTION OF THE ANTIOXIDANT AND TRACE ELEMENT 

STATUS OF CATTLE 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 

E-mail: safrus2003@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ɼʝʬʠʮʠʪ ʡʦʜʘ ʠ ʩʝʣʝʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʜʠʩʙʘʣʘʥʩʘ ʚ ʩʠʩʪʝʤʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʟʘʱʠʪʳ ʠ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʩʝʣʝʥʦʚʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ ʅʝʯʝʨʥʦʟʝʤʥʦʡ  ʟʦʥʳ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ, ʙʝʩʧʣʦʜʠʶ ʠ 

ʜʠʩʬʫʥʢʮʠʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ. 

Abstract. The deficiency of iodine and selenium is one of the causes of the imbalance in the antioxidant 

defense system and metabolism in conditions of hyposelenic biogeochemical provinces of the non-Chernozem zone. 

As a consequence this leads to the liability to multiple organ diseases, infertility and dysfunction of the thyroid gland. 

ɺʚʝʜʝʥʠʝ 
ʇʨʦʙʣʝʤʘ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʢʘʩʘʝʪʩʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ, ʢʘʢ ʦʩʥʦʚʳ ʚʳʩʦʢʦʡ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ 

ʨʘʩʩʪʨʦʡʩʪʚʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʫ ʢʦʨʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠ ʥʝʘʜʝʢʚʘʪʥʳʤʠ ʩʜʚʠʛʘʤʠ ʚ 

ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʣʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʢʫʰʝʨʩʢʦ-ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ ʫ ʢʦʨʦʚ ʵʥʜʦʢʨʠʥʥʦʛʦ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ, ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʠ ʦʙʱʝʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ [1]. 

ʄʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ  

ʆʮʝʥʠʚʘʣʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʡ (ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ) ʩʪʘʪʫʩ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ 

ʧʨʝʜʝʣʘʭ ʛʠʧʦʩʝʣʝʥʦʚʳʭ (ʂʠʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʧʦ 

ʫʨʦʚʥʶ ʩʝʣʝʥʘ ʚ ʩʨʝʜʝ (ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ). ʄʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʙʣʝʤʳ ʠʟʣʦʞʝʥʳ 

ʧʨʝʞʜʝ [2]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʝʬʠʮʠʪ ʩʝʣʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʯʝʥʠ, ʧʦʯʝʯʥʦʡ ʧʝʨʬʫʟʠʠ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʚʠʪʘʤʠʥʥʦʛʦ ʦʙʤʝʥʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ ʤʦʯʝʚʠʥʳ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʨʝʧʨʦʜʫʢʮʠʠ ʧʨʝʚʳʰʘʣʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫ ʞʠʚʦʪʥʳʭ ʩ ʥʦʨʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩʝʣʝʥʘ ʥʘ 25,9-

83,4%, ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʯʝʚʠʥʘ:ʢʨʝʘʪʠʥʠʥ ʚ ʥʘʯʘʣʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʙʳʣʦ ʚʳʰʝ ʚ 2 ʨʘʟʘ, ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʤ ʝʝ ʵʪʘʧʝ - ʥʘ 64,5%, ʘ ʧʦʩʣʝ ʦʪʝʣʘ - ʥʘ 20-76,7%. ɸʢʪʠʚʥʦʩʪʴ 

ʘʣʘʥʠʥʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ ʙʳʣʘ ʚʳʰʝ ʚ ʜʚʘ ʤʝʩʷʮʘ ʙʝʨʝʤʝʥʥʦʩʪʠ ʥʘ 28,4% (28,0Ñ2,85 

ʧʨʦʪʠʚ 21,8Ñ2,74 ɽ/ʣ), ʚ ʚʦʩʝʤʴ - ʥʘ 14,5% (26,0Ñ2,24 ʧʨʦʪʠʚ 2,7Ñ1,74 ɽ/ʣ) ʠ ʧʦʩʣʝ ʦʪʝʣʘ, ʩ 

ʨʘʟʚʠʪʠʝʤ ʧʦʩʣʝʨʦʜʦʚʦʡ ʧʘʪʦʣʦʛʠʠ, - ʥʘ 75,5%(27,2Ñ2,96 ʧʨʦʪʠʚ 15,5Ñ1,55 ʈ<0,01). 

ɸʢʪʠʚʥʦʩʪʴ ʘʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ ʚ ʥʘʯʘʣʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʙʳʣʘ ʚʳʰʝ ʥʘ 21,6% 

(83,2Ñ5,11 ʧʨʦʪʠʚ 68,4Ñ2,91 ɽ/ʣ, ʈ<0,05), ʘ ʧʦʩʣʝ ʦʪʝʣʘ ʠ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ ʤʘʪʢʠ - ʥʘ 

33,4% (109,9Ñ5,87 ʧʨʦʪʠʚ 82,4Ñ4,31 ɽ/ʣ, ʈ<0,01). ɸʢʪʠʚʥʦʩʪʴ ʛʘʤʤʘ-ʛʣʫʪʘʤʠʣʪʨʘʥʩʬʝʨʘʟʳ ʫ 

ʢʦʨʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʩʝʣʝʥʘ ʧʨʝʚʳʰʘʣʘ ʪʘʢʦʚʫʶ ʫ ʞʠʚʦʪʥʳʭ ʜʨʫʛʦʡ ʛʨʫʧʧʳ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʥʘ 22,4%, ʘ ʧʦ ʝʝ ʟʘʚʝʨʰʝʥʠʠ ð ʥʘ 24,4-48,9%. ʉ ʜʝʬʠʮʠʪʦʤ 

ʩʝʣʝʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʠ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʢʨʦʚʠ ʢʦʨʦʚ ʦʙʱʝʛʦ ʢʘʣʴʮʠʷ (ʥʠʞʝ ʚʦ 

ʚʩʝ ʩʨʦʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 8,7-22,1%, ʈ<0,05-0,001). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʠ ʦ 

ʭʨʦʥʠʯʝʩʢʦʡ ʧʦʯʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [3]. 

ɼʠʩʙʘʣʘʥʩ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʦʢʩʠʜʥʦ-ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʜʝʬʠʮʠʪʝ ʩʝʣʝʥʘ 

ʚʳʷʚʣʷʝʪʩʷ ʠ ʫ ʙʝʩʧʣʦʜʥʳʭ ʢʦʨʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʣʝʥʘ ʚ ʠʭ ʢʨʦʚʠ ʧʨʠ ʪʝʭ ʞʝ ʧʘʪʦʣʦʛʠʷʭ, 

ʯʪʦ ʠ ʫ ʢʦʨʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʙʳʣʘ ʥʠʞʝ ʥʘ 38,4-41,7% (ʈ<0,05-0,01), ʘ ʤʘʣʦʥʦʚʦʛʦ 

ʜʠʘʣʴʜʝʛʠʜʘ (ʄɼɸ) - ʚʳʰʝ ʚ 2,1-1,5 ʨʘʟʘ (2,94Ñ0,22-1,94Ñ0,45 ʤʢʄ/ʣ).  
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ʆʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʪʤʝʯʝʥʳ ʫ ʞʠʚʦʪʥʳʭ, ʤʥʦʛʦʢʨʘʪʥʦ ʙʝʟʨʝʟʫʣʴʪʘʪʥʦ 
ʦʩʝʤʝʥʝʥʥʳʭ (ʈ<0,001). ʄʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ 
ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ, 
ʘ ʚ ʩʣʫʯʘʝ ʦʧʣʦʜʦʪʚʦʨʝʥʠʷ - ʠ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʟʘʨʦʜʳʰʘ. ʇʨʠ ʢʠʩʪʘʭ ʠ ʧʨʠ ʛʠʧʦʬʫʥʢʮʠʠ 
ʷʠʯʥʠʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʄɼɸ ʚ ʢʨʦʚʠ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʫ ʤʥʦʛʦʢʨʘʪʥʦ ʮʠʢʣʠʨʫʶʱʠʭ 
ʞʠʚʦʪʥʳʭ ʥʘ 40,7-51,5%. ɸʢʪʠʚʥʦʩʪʴ ʛʣʫʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʳ ʠ ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟʳ 
ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. 

ʇʨʠ ʜʝʬʠʮʠʪʝ ʚ ʦʨʛʘʥʠʟʤʝ ʙʝʩʧʣʦʜʥʳʭ ʢʦʨʦʚ ʩʝʣʝʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʤʦʯʝʚʠʥʳ 
ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʦʚ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 
ʥʘ 23,7-40,0% (5,12Ñ0,23-5,72Ñ1,00 ʤʄ/ʣ ʧʨʦʪʠʚ 3,07Ñ0,24-4,15Ñ0,56 ʤʄ/ʣ), ʠ ʠʥʜʝʢʩ 
ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʯʝʚʠʥʘ:ʢʨʝʘʪʠʥʠʥ - ʥʘ 36,6-51,0%. ʇʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ 
ʘʣʘʥʠʥʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ ʫ ʢʦʨʦʚ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʠʭʦʜʷʱʠʭ ʚ ʦʭʦʪʫ, ʙʳʣʠ ʚʳʰʝ ʥʘ 25,6%, 
ʩ ʢʠʩʪʘʤʠ ʷʠʯʥʠʢʦʚ - ʥʘ 28,6%, ʘ ʩ ʛʠʧʦʬʫʥʢʮʠʝʡ ʷʠʯʥʠʢʦʚ - ʥʘ 52,6% (ʈ<0,01). 

ɸʢʪʠʚʥʦʩʪʴ ʘʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ ʫ ʞʠʚʦʪʥʳʭ ʩ ʢʠʩʪʘʤʠ ʷʠʯʥʠʢʦʚ ʧʨʠ 
ʜʝʬʠʮʠʪʝ ʩʝʣʝʥʘ ʙʳʣʘ ʚʳʰʝ ʥʘ 17,8%, ʘ ʩ ʛʠʧʦʬʫʥʢʮʠʝʡ ʷʠʯʥʠʢʦʚ - ʥʘ 44,3% (ʈ<0,02). ʕʪʦ 
ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʙʝʩʧʣʦʜʥʳʤ ʢʦʨʦʚʘʤ ʩ ʜʠʩʬʫʥʢʮʠʝʡ ʷʠʯʥʠʢʦʚ ʧʨʠ 
ʜʝʬʠʮʠʪʝ ʩʝʣʝʥʘ, ʩʦʧʫʪʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʛʝʧʘʪʦʧʘʪʠʠ, ʥʦ ʠ ʤʠʦʢʘʨʜʠʦʧʘʪʠʠ. ɼʘʥʥʳʤ 
ʞʠʚʦʪʥʳʤ ʩʚʦʡʩʪʚʝʥʥʳ ʪʘʢʞʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʦʚʠ ʢʘʣʴʮʠʷ (2,26Ñ0,06-
2,38Ñ9,05 ʤʄ/ʣ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʠʮʠʪ ʩʝʣʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʢʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ ʚ ʩʠʩʪʝʤʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʚʳʟʳʚʘʝʪ 
ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʧʦʣʠʦʨʛʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʠ ʙʝʩʧʣʦʜʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ ʇʆʃ-ɸʆɿ ʫ ʙʝʩʧʣʦʜʥʳʭ ʢʦʨʦʚ ʧʨʠ ʨʘʟʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʭ ʩʝʣʝʥʦʤ 

 

ʇʦʢʘʟʘʪʝʣʴ  

ʂʦʨʦʚʳ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ 

ʢʣʠʥ. ʠʟʤʝʥʝʥʠʡ ʚ 

ʧʦʣʦʚʳʭ ʦʨʛʘʥʘʭ  

ʂʦʨʦʚʳ  

ʩ ʢʠʩʪʘʤʠ ʚ ʷʠʯʥʠʢʘʭ  

ʂʦʨʦʚʳ ʩ ʛʠʧʦʬʫʥʢʮʠʝʡ 

ʷʠʯʥʠʢʦʚ  

ʉʝʣʝʥ, ʤʢʛ%  15,4Ñ0,83 

9,4Ñ1,57  

14,6Ñ0,68 

9,0Ñ1,74  

12,7Ñ0,32 

7,4Ñ0,82  

ʄɼɸ, ʤʢʄ/ʣ  1,40Ñ0,089 

 2,94Ñ0,22  

1.30Ñ0,098 

2.09Ñ0,27  

1,57Ñ0,06 

 1,94Ñ0,45  

ɻʇʆ, ʤʄ G-SH//ʣ ʭ 

ʤʠʥ  

10,6Ñ0,88 

9,6Ñ0,56  

14,0Ñ0,55 

10,4Ñ0,53  

14,0Ñ0,55 

 9,5Ñ0,40  

ɻʈ, ʤʢʄ G-SS-G/ʣ ʭ 

ʤʠʥ  

333,0Ñ21,04 

139,0Ñ6,10  

342,0Ñ6,89 

130,0Ñ3,75  

342,0Ñ6,89 

130,0Ñ8,64  

ʉʆɼ, ʫʩʣ.ʝʜ./ʤʛ Hb  0,89Ñ0,07 

 1,02Ñ0,06  

1,12Ñ0,04  

0,91 Ñ0,02  

1,12Ñ0,04 

 0,90Ñ0,06  

ʂʘʪʘʣʘʟʘ, ʤʄ ʅ2O2/ʣ ʭ 

ʤʠʥ  

29,7Ñ1,31 

 34,2Ñ0,84  

34,6Ñ0,98  

31,8Ñ0,79  

34,5Ñ0,89 

 31,8Ñ1,32  

ɺʠʪʘʤʠʥ ɽ, ʤʛ%  1,22Ñ0,10 

 0,94Ñ0,04  

1,22Ñ0,23  

0,83Ñ0,17  

0,70Ñ0,12 

0,86Ñ0,05  

ʇʨʠʤʝʯʘʥʠʝ: ʯʠʩʣʠʪʝʣʴ ð ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʦʚ I ʛʨʫʧʧʳ, ʟʥʘʤʝʥʘʪʝʣʴ ð ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʦʚ II ʛʨʫʧʧʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʡ ʂʈʉ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʨʨʝʢʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ 
ʩʚʷʟʘʥʳ ʩ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʤ ʩʪʘʪʫʩʦʤ ʪʝʨʨʠʪʦʨʠʡ ʠ ʢʘʯʝʩʪʚʦʤ ʢʦʨʤʦʚ. ɼʠʩʙʘʣʘʥʩ ʚ ʩʠʩʪʝʤʝ 
ʤʝʞʛʦʨʤʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʠ ʚ ʩʠʩʪʝʤʝ ʇʆʃ-ɸʆɿ ʫ ʙʝʨʝʤʝʥʥʳʭ ʢʦʨʦʚ ʚʝʜʝʪ ʢ 
ʨʘʟʚʠʪʠʶ ʩʠʥʜʨʦʤʘ ʪʦʢʩʠʢʦʟʘ ʠʣʠ ʛʝʩʪʦʟʘ. ʂʣʠʥʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʬʦʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʡ 
ʩʠʩʪʝʤʳ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʟʚʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʠʥʠʯʝʩʢʠ 
ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʠʭ ʢʨʦʚʠ ʧʨʦʛʝʩʪʝʨʦʥʘ ʥʠʞʝ ʚ 2,2-2,5 ʨʘʟʘ, ʪʝʩʪʦʩʪʝʨʦʥʘ 
ï ʚ 1,85 ʨʘʟʘ, ʵʩʪʨʘʜʠʦʣʘ ï ʥʘ 27,0%, ʢʦʨʪʠʟʦʣʘ ï ʥʘ 34,0-52,8%, ʚʠʪʘʤʠʥʘ ɽ ï ʥʘ 45,4%, ʚʠʪʘʤʠʥʘ 
ʉ ï ʥʘ 20,8%. ʉʦʜʝʨʞʘʥʠʝ ʄɼɸ ʧʨʝʚʳʰʘʣʦ ʪʘʢʦʚʦʝ ʫ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʥʘ 43,3%, 

ʩʪʘʙʠʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ NO
¶
 ï ʥʘ 31,9%, ʘʢʪʠʚʥʦʩʪʴ ɻʇʆ ï ʥʘ 26,6%, ʢʘʪʘʣʘʟʳ ï ʥʘ 17,3%, 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ï ʚ 2,2 ʨʘʟʘ, ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ï ʚ 2,5 ʨʘʟʘ, ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 
ʵʨʠʪʨʦʮʠʪʦʚ ï ʥʘ 55,7%. ʕʪʠʤ ʠʟʤʝʥʝʥʠʷʤ ʩʦʧʫʪʩʪʚʦʚʘʣʠ ʵʦʟʠʥʦʬʠʣʠʷ ʠ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʷ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʧʦʩʣʝʨʦʜʦʚʦʛʦ ʧʝʨʠʦʜʘ ʫ ʢʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ ʧʦʣʦʚʳʭ, ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʥʳʭ ʠ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʚ ʠʭ ʢʨʦʚʠ 
ʥʠʞʝ ʫʨʦʚʥʷ ʫ ʙʝʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ 45,4%, ʘʢʪʠʚʥʦʩʪʴ ɻʇʆ ï ʥʘ 40,5%, ʉʆɼ ï ʥʘ 39,0%, 
ʢʘʪʘʣʘʟʳ ï ʥʘ 331%, ɻʈ ï ʥʘ 20,6%. ʀʟʤʝʥʝʥʠʝ ʙʘʣʘʥʩʘ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ 
ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʫʩʠʣʝʥʠʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ. 

ʈʘʟʚʠʪʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʦʣʦʚʳʭ ʦʨʛʘʥʘʭ ʢʦʨʦʚ ʧʦʩʣʝ ʦʪʝʣʘ ʦʪʤʝʯʘʝʪʩʷ ʥʘ 
ʬʦʥʝ ʧʦʥʠʞʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʦʚʳʭ ʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
ʧʦʚʳʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ 
ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ ʛʣʫʪʘʪʠʦʥʦʚʦʛʦ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 
ʟʘʱʠʪʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʛʝʩʪʝʨʦʥʘ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʢʦʨʦʚ ʥʠʞʝ, ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʚ 
2,3-2,5 ʨʘʟʘ, ʪʝʩʪʦʩʪʝʨʦʥʘ ï ʥʘ 28,0-54,7%, ʪʨʠʡʦʜʪʠʨʦʥʠʥʘ ï ʥʘ 20,6-27,1%, ʚʠʪʘʤʠʥʘ ɽ ï ʥʘ 
35,3%, ʢʘʨʦʪʠʥʘ ï ʥʘ 36,4%, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʄɼɸ ʥʘ 76,0%, ʩʪʘʙʠʣʴʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ NO
¶
 ï ʚ 2,9 ʨʘʟʘ, ʘʢʪʠʚʥʦʩʪʠ ʉʆɼ ï ʥʘ 46,0%, ʢʘʪʘʣʘʟʳ ï ʥʘ 45,0%, ɻʇʆ ï ʥʘ 65,8%, 

ʘ ɻʈ ï ʥʘ 14,6%. 
ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʙʦʣʴʥʳʭ ʵʥʜʦʤʝʪʨʠʪʦʤ ʢʦʨʦʚ ʧʨʦʜʫʢʪʦʚ 

ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʯʝʥʠ, ʧʦʯʝʢ 
ʠ ʩʝʨʜʮʘ. ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʙʝʣʢʘ ʚ ʠʭ ʢʨʦʚʠ ʥʠʞʝ ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʥʘ 8,7%, 
ʣʠʧʠʜʦʚ ï ʥʘ 21,7%, ʭʦʣʝʩʪʝʨʠʥʘ ï ʥʘ 78,3%, ʚʠʪʘʤʠʥʘ ɸ ï ʥʘ 35,3%, ʤʘʛʥʠʷ ï ʥʘ 9,1%, ʩʝʣʝʥʘ ï 
ʥʘ 11,9%, ʘ ʤʦʯʝʚʠʥʳ, ʢʨʝʘʪʠʥʠʥʘ, ʢʦʨʪʠʟʦʣʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ɸʩɸʊ ï ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 28,3; 
8,3; 27,1 ʠ 15,4%.  

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʨʦʚʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʤʦʥʦ-ʣʠʤʬʦʮʠʪʦʟʦʤ, ʣʝʡʢʦ-
ʵʦʟʠʥʦʧʝʥʠʝʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʡʪʨʦʬʠʣʴʥʦʡ ʠ ʵʦʟʠʥʦʬʠʣʴʥʦʡ ʩʪʘʜʠʡ ʣʝʡʢʦʮʠʪʦʟʘ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʠʭ ʠʤʤʫʥʥʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ. 

ʇʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʢʝ ʢʦʨʦʚ ʩʜʚʠʛʠ ʚ 
ʛʦʨʤʦʥʘʣʴʥʦʤ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʛʦʤʝʦʩʪʘʟʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 
ʢʨʦʚʠ ʧʦʣʦʚʳʭ ʠ ʪʠʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ, ʤʦʯʝʚʠʥʳ, ʩʝʣʝʥʘ, ʚʠʪʘʤʠʥʦʚ ɽ ʠ ɸ, ʢʘʪʘʣʘʟʳ ʠ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʄɼɸ, ʉʆɼ, ɻʇʆ, ʦʙʱʝʛʦ ʙʝʣʢʘ, ɓ-ɔ-ʛʣʦʙʫʣʠʥʦʚ, 
ʧʨʦʷʚʣʝʥʠʝʤ ʨʝʘʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʩʠʩʪʝʤʳ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʬʘʛʦʮʠʪʦʚ (ʉʄʌ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʱʠʪʦʚʠʜʥʦʡ ʠ ʥʘʜʧʦʯʝʯʥʠʢʦʚʳʭ ʞʝʣʝʟ, ʩʠʩʪʝʤ 
ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ 
ʢʦʨʦʚ ʪʨʠʡʦʜʪʠʨʦʥʠʥʘ ʥʘ 21,0%, ʢʦʨʪʠʟʦʣʘ ï ʥʘ 38,6%, S-ʥʠʪʨʦʟʦʪʠʦʣʦʚ ï ʥʘ 29,8%, ʩʪʘʙʠʣʴʥʳʭ 
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 ï ʥʘ 61,1%, ʚʠʪʘʤʠʥʘ ɽ ï ʥʘ 31,4%, ʩʝʣʝʥʘ ï ʥʘ 20,6%, ʚ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʛʣʫʪʘʪʠʦʥʦʚʦʛʦ ʟʚʝʥʘ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʧʦʚʳʰʝʥʠʠ 
ʫʨʦʚʥʷ ʄɼɸ ï ʥʘ 57,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʮʠʢʣʠʨʫʶʱʠʤʠ ʞʠʚʦʪʥʳʤʠ, ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʨʫʰʝʥʠʷ ʵʥʜʦʢʨʠʥʥʦʡ ʠ ʛʝʥʝʨʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ 
ʧʦʣʦʚʳʭ ʞʝʣʝʟ.  

ɺ ʢʣʝʪʦʯʥʦʤ ʙʘʣʘʥʩʝ ʢʨʦʚʠ ʢʦʨʦʚ ʩ ʛʠʧʦʬʫʥʢʮʠʝʡ ʷʠʯʥʠʢʦʚ ʧʨʝʚʘʣʠʨʫʝʪ ʣʠʤʬʦʮʠʪʦʟ, 
ʵʬʬʝʢʪʦʨʥʦʝ ʟʚʝʥʦ ʠʤʤʫʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʉʄʌ. 

ʉʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʢʦʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʥʘ 44-70% ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʄɼɸ ʥʘ 19,9-95,5%), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʣʫʪʘʪʠʦʥʦʚʦʛʦ ʟʚʝʥʘ ʩʠʩʪʝʤʳ 
ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ (ʘʢʪʠʚʥʦʩʪʴ ɻʇʆ ʚ ʠʭ ʢʨʦʚʠ ʥʠʞʝ ʥʘ 29,5-42,7%, ɻʈ ï ʥʘ 84,1-250%). ɺ 
ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʨʝʘʢʮʠʡ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʫ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ ʚʘʞʥʫʶ ʨʦʣʴ 
ʠʛʨʘʝʪ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʟʚʝʥʦ ʟʘʱʠʪʳ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʦʢʦʬʝʨʦʣʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʢʦʪʦʨʳʭ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʨʝʧʨʦʜʫʢʮʠʠ ʙʳʣʘ ʥʠʞʝ ʥʘ 19,3-22,6%. ʇʨʠ ʜʝʬʠʮʠʪʝ ʚ ʦʨʛʘʥʠʟʤʝ 
ʩʝʣʝʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʤʦʯʝʚʠʥʳ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 25,4-83,4%, ʠʥʜʝʢʩ ʩʦʦʪʥʦʰʝʥʠʷ 
ʤʦʯʝʚʠʥʘ-ʢʨʝʘʪʠʥʠʥ ï ʥʘ 20-200%, ʘʢʪʠʚʥʦʩʪʴ ɸʣɸʊ ï ʥʘ 14,5-75,5%, ɸʩɸʊ ï ʥʘ 21,6-33,4%, 
ɻɻʊ ï ʥʘ 22,4-48,9%, ʘ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʴʮʠʷ ʩʥʠʞʘʝʪʩʷ ʥʘ 8,7-22,1%. 

ʉʪʘʥʦʚʣʝʥʠʝ ʧʦʣʦʚʦʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʫ ʪʝʣʦʢ ʠ ʧʝʨʝʭʦʜ ʢ ʮʠʢʣʠʯʝʩʢʦʤʫ ʪʠʧʫ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

113 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʷʚʣʝʥʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʚʢʣʶʯʝʥʠʝʤ ʚ 
ʵʪʦʪ ʧʨʦʮʝʩʩ ʢʘʢ ʵʥʜʦʢʨʠʥʥʦʡ, ʪʘʢ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ʈʝʞʠʤʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 
ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ ʩʠʩʪʝʤʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʫ ʪʝʣʦʢ 
ʜʦʩʪʠʛʘʝʪ ʚ 14-15 ʤʝʩʷʮʝʚ, ʘ ʵʥʜʦʢʨʠʥʥʘʷ ʩʠʩʪʝʤʘ ï ʚ ʚʦʟʨʘʩʪʝ 16-18 ʤʝʩʷʮʝʚ. ʇʨʠ ʵʪʦʤ ʚ 
ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʉʆɼ ʠ ʢʘʪʘʣʘʟʘ, 
ʦʩʦʙʝʥʥʦ ʫ ʞʠʚʦʪʥʳʭ ʩ ʜʝʬʠʮʠʪʦʤ ʩʝʣʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʇʘʨʝʥʪʝʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʤ ʢʦʨʦʚʘʤ ʧʨʝʧʘʨʘʪʦʚ ʩʝʣʝʥʘ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 
ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʨʤʘʭ ʧʦʚʳʰʘʝʪ ʧʦʪʝʥʮʠʘʣ ʛʣʫʪʘʪʠʦʥʦʚʦʛʦ ʟʚʝʥʘ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 
ʟʘʱʠʪʳ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, 
ʘʢʪʠʚʠʟʠʨʫʝʪ ʛʦʨʤʦʥʦʩʠʥʪʝʟʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʬʝʪʦʧʣʘʮʝʥʪʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʥʦʨʤʘʣʠʟʫʝʪ 
ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʝʯʝʥʠ. ɺ ʢʨʦʚʠ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, 
ʘʢʪʠʚʥʦʩʪʴ ɻʇʆ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 34-39%, ɻʈ ï ʥʘ 14-23%, ʩʦʜʝʨʞʘʥʠʝ ʵʩʪʨʘʜʠʦʣʘ ï ʥʘ 23,5-49,2%, 
ʘ ʄɼɸ ï ʩʥʠʞʘʝʪʩʷ ʥʘ 14,8-24,7%, ʠʥʜʝʢʩ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʛʝʩʪʝʨʦʥʘ ʩ ʵʩʪʨʘʜʠʦʣʦʤ 
ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2,9 ʨʘʟʘ. ɺ ʢʨʦʚʠ ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʙʫʤʠʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 14,2-15,5%, 
ʤʦʯʝʚʠʥʳ ï ʚ 2,2-2,9 ʨʘʟʘ, ʘʢʪʠʚʥʦʩʪʴ ɸʩɸʊ ʩʥʠʞʘʝʪʩʷ ʥʘ 9,2-14,0%, ɸʣɸʊ ï ʥʘ 17,0-48%, ʑʌ ï 
ʥʘ 7,5-28,6%. 

ʆʙʝʩʧʝʯʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʠʩʪʝʤʝ ʇʆʃ-ɸʆɿ, ʛʦʨʤʦʥʘʣʴʥʳʭ ʠ 
ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʢʦʨʦʚ ʟʘ ʩʯʝʪ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʩʝʣʝʥʘ 
ʧʦʚʳʰʘʝʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʦʜʦʚʦʛʦ ʠ ʧʦʩʣʝʨʦʜʦʚʦʛʦ ʩʪʨʝʩʩʘ, ʢʦʪʦʨʦʝ 
ʧʨʦʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʜʝʨʞʘʥʠʷ ʧʦʩʣʝʜʘ ʚ 2,1-2,7 ʨʘʟʘ, ʩʥʠʞʝʥʠʝʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 
ʧʦʩʣʝʨʦʜʦʚʳʤ ʵʥʜʦʤʝʪʨʠʪʦʤ ʠ ʩʫʙʠʥʚʦʣʶʮʠʝʡ ʤʘʪʢʠ ï ʚ 2,78-3,34 ʨʘʟʘ, ʧʦʚʳʰʝʥʠʝʤ 
ʦʧʣʦʜʦʪʚʦʨʷʝʤʦʩʪʠ ʥʘ 12,4-15,2%, ʩʥʠʞʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʙʝʩʧʣʦʜʠʷ ʫ ʢʘʞʜʦʡ 
ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʡ ʢʦʨʦʚʳ ʚ ʩʨʝʜʥʝʤ ʥʘ 27-31 ʜʝʥʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʣʦʜʦʚʠʪʦʩʪʴ 
ʞʠʚʦʪʥʳʭ ʥʘ 6,5-8%. 

ɺ ʩʪʘʜʘʭ ʩ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʢʦʨʦʚ ʙʦʣʝʝ 6 ʪʳʩ. ʢʛ ʠ ʚʳʩʦʢʦʡ ʩʪʨʝʩʩ-
ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ, ʩʦʭʨʘʥʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʘʢ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ, 
ʪʘʢ ʠ ʚʦʩʧʦʣʥʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ɼʚʫʢʨʘʪʥʦʝ ʧʘʨʝʥʪʝʨʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʤ ʢʦʨʦʚʘʤ ʚ ʧʝʨʠʦʜ ʩʫʭʦʩʪʦʷ 
ʧʨʝʧʘʨʘʪʦʚ ʩʝʣʝʥʘ ʩ ʮʝʣʴʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʛʝʩʪʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ 
ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʨʘʟʚʠʪʠʝ ʘʢʫʰʝʨʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʫ 92,8% ʞʠʚʦʪʥʳʭ, ʧʨʝʚʳʰʘʷ ʧʦʢʘʟʘʪʝʣʴ 
ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 23,7%. ʇʨʠʤʝʥʝʥʠʝ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʧʘʨʘʪʘ ʞʠʚʦʪʥʳʤ ʩ 
ʢʣʠʥʠʯʝʩʢʠʤʠ ʩʠʤʧʪʦʤʘʤʠ ʛʝʩʪʦʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʟʘʜʝʨʞʘʥʠʷ ʧʦʩʣʝʜʘ ʚ 3,2 ʨʘʟʘ ʠ 
ʧʦʩʣʝʨʦʜʦʚʦʡ ʧʘʪʦʣʦʛʠʠ ʥʘ 10%. 

ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʝ ʨʝʛʫʣʷʮʠʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʞʠʚʦʪʥʳʭ 

ʠ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʚʠʪʠʷ ʘʢʫʰʝʨʩʢʦ-ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ, ʥʘʨʷʜʫ ʩ ʵʥʜʦʢʨʠʥʥʦʡ 
ʩʠʩʪʝʤʦʡ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 
ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ 
ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʪʘʪʫʩʘ ʪʝʨʨʠʪʦʨʠʡ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 
ʨʝʛʫʣʷʮʠʠ ʞʠʚʦʪʥʳʭ ʠʛʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷ ʡʦʜʘ ʠ ʩʝʣʝʥʘ, ʥʦ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 
(ʞʝʣʝʟʦ, ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʢʦʙʘʣʴʪ, ʮʠʥʢ, ʤʦʣʠʙʜʝʥ), ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʩʚʷʟʠ ʢʦʪʦʨʳʭ ʩ 
ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʞʠʚʦʪʥʳʭ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʘ ʙʠʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʤʦʣʠʙʜʝʥʘ, ʤʝʜʠ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʚ ʨʫʜʥʳʭ ʠ ʬʦʥʦʚʳʭ 

ʣʘʥʜʰʘʬʪʘʭ. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʢʣʶʯʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʚʦ ʬʨʘʢʮʠʶ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ʤʦʣʦʢʘ ʢʦʨʦʚ. 

Abstract. The biogenic migration of molybdenum, copper, tungsten and rhenium was evaluated in the ore and 

background landscapes. The inclusion of tungsten and rhenium in the fraction of cattle milk xanthine oxidase was 

found for the first time. 

ɺʚʝʜʝʥʠʝ 

ʄʦʣʠʙʜʝʥ ʥʝʟʘʤʝʥʠʤʳʡ ʤʠʢʨʦʵʣʝʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʬʦʨʤ ʞʠʟʥʠ [5,6,9,10]. 

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʤʦʣʠʙʜʝʥʘ ʚ ʧʘʩʪʙʠʱʥʳʭ ʨʘʩʪʝʥʠʷʭ ʠ 

ʢʦʨʤʘʭ ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʫʱʝʩʪʚʫʶʪ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʤʦʣʠʙʜʝʥʫ. ʂʨʠʪʠʯʝʩʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʦʣʠʙʜʝʥʘ ʚ ʨʘʩʪʝʥʠʷʭ ʷʚʣʷʶʪʩʷ (ʚ ʤʛ/ʢʛ) 1-3 (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ); <0.5-1.0 ʠ >3-10 (ʨʠʩʢ) [4]. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʤʦʣʠʙʜʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʦʢʘʟʳʚʘʝʪ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʜʠ ʠ ʩʝʨʳ [4,7,8].  

ʅʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʤʦʣʠʙʜʝʥ ʠ ʤʝʜʴ ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʚ 

ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʝ (ʂʉʆ) - EC 1.17.3.2 [6,11,12]. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʙ ʘʥʪʘʛʦʥʠʟʤʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʭ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʂʉʆ [2, 6]. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʚ ʥʘʯʘʣʴʥʦʡ ʙʠʦʩʬʝʨʝ 

ʚʦʣʴʬʨʘʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʥʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚ ʢʠʩʣʦʨʦʜʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʤʳ ʫʪʨʘʪʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʛʨʫʧʧʘ ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʛʜʝ ʚʦʣʴʬʨʘʤ-

ʩʦʜʝʨʞʘʱʠʝ ʬʝʨʤʝʥʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [6,9].  

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʟʦʬʝʨʤʝʥʪʥʳʡ ʩʧʝʢʪʨ ʬʝʨʤʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʚʠʥʮʠʷʭ ʤʝʥʷʝʪʩʷ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʤʝʜʠ ʧʦʷʚʣʷʣʘʩʴ ʂʉʆ, ʩʦʜʝʨʞʘʱʘʷ ʤʝʜʴ. ʇʨʠ 

ʵʪʦʤ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʤʝʜʴʶ ʟʘʚʠʩʝʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʨʘʮʠʦʥʝ 

ʞʠʚʦʪʥʳʭ ʠ ʩʨʝʜʝ [7].  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʚʳʷʩʥʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʤʝʜʠ ʠ 

ʤʦʣʠʙʜʝʥʘ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʂʉʆ ʤʦʣʦʢʘ ʢʦʨʦʚ ʥʘ ʬʦʥʝ ʨʘʟʣʠʯʥʦʛʦ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʨʝʜʝ ʠ ʢʦʨʤʘʭ. 

ʄʝʪʦʜʳ 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʝʪʦʤ 2009-2014 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ W-Mo 

ʨʫʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ ʠ ʬʦʥʦʚʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʠ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʩ ʦʪʙʦʨʦʤ ʧʦʨʦʜ, ʧʦʯʚ, ʨʘʩʪʝʥʠʡ, 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʨʘʩʪʝʥʠʡ, ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʢʨʦʚʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʘ ʪʘʢʞʝ 

ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʦʣʦʢʦ, ʘʡʨʘʥ, ʩʣʠʚʢʠ ʠ ʧʘʭʪʘ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʞʠʪʝʣʷʤʠ ʧ. 

ʂʫʜʠʥʦʚʦ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʬʦʥ), ʧ. ɿʘʶʢʦʚʦ ʠ ʛ. ʇʨʦʭʣʘʜʥʳʡ (ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʷ, ʬʦʥ), 

ʩ. ɹʳʣʳʤ ʠ ʛ. ʊʳʨʥʳʘʫʟ (ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 
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ʚ ʩʨʝʜʝ ʠ ʢʦʨʤʘʭ), ʩ. ɾʠʨʝʢʝʥ (ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ, ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ), ʩ. 

ʋʥʘʣ (ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ).  

ʇʨʠ ʵʣʝʤʝʥʪʥʦʤ ʘʥʘʣʠʟʝ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʤʦʜʝʣʴ 7500 CE ʬʠʨʤʳ ñAglient Technologisò, ʉʐɸ). 

ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʨʝʞʠʤʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ 

ʨʘʩʪʚʦʨʳ Cu, Mo, W, Re ʠ Fe. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʂʉʆ ʤʦʣʦʢʘ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʠʟʚʝʩʪʥʦʤʫ ʤʝʪʦʜʫ [3, 10]. ʀʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʤʝʥʪ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʩʣʠʚʦʢ (ʧʘʭʪʘ). 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʣʦʞʝʥʳ ʚ ʩʪʘʪʴʝ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ W-Mo ʨʫʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ 

(ʊʳʨʥʳʘʫʟ) [7,8] ʠ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʇʦʜʤʦʩʢʦʚʴʝ) ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʧʦʯʚʘʤʠ, ʥʦ ʠ ʧʘʩʪʙʠʱʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ (ʪʘʙʣ. 1). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʨʘʩʪʝʥʠʷʭ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʝ ʠʤʝʶʪ ʨʝʟʢʠʭ ʦʪʣʠʯʠʡ ʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 234-832 ʤʛ/ʢʛ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ɾʠʨʝʢʝʥʩʢʦʛʦ ɻʆʂʘ ʠ ʋʥʘʣʴʩʢʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ (ʜʦ 1124 ʠ 6841 ʤʛ/ʢʛ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʭ ʦʪʣʠʯʠʡ 

ʤʝʞʜʫ ʦʙʩʣʝʜʫʝʤʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. ʆʜʥʘʢʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʦʪʣʠʯʠʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚʦʣʴʬʨʘʤ ʠ ʤʦʣʠʙʜʝʥ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʡ ʘʥʦʤʘʣʠʠ (ʊʳʨʥʳʘʫʟ, ɹʳʣʳʤ). ʇʨʠ ʵʪʦʤ ɹʳʣʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʪʦʨʠʯʥʫʶ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʫʶ ʧʨʦʚʠʥʮʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʦʩʘ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʫʜʥʳʭ ʢʘʨʴʝʨʦʚ ʠ ʫʯʘʩʪʢʦʚ ʊʳʨʥʳʘʫʟʘ. ʆʩʦʙʦ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʪʝʨʨʠʪʦʨʠʶ ɾʠʨʝʢʝʥʩʢʦʛʦ ɻʆʂʘ. ʇʨʠ ʦʧʨʦʙʦʚʘʥʠʠ ʨʫʜʥʳʭ ʘʥʦʤʘʣʠʡ 

ʈʦʩʩʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʨʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ Mo-

Cu-ɾʠʨʝʢʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ, ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʙʦʙʦʚʳʭ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʧʘʩʪʙʠʱ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʠ (ʚ ʤʛ/ʢʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʚ ʩʢʦʙʢʘʭ ï ʯʠʩʣʦ ʦʙʨʘʟʮʦʚ) 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ Fe Mo Cu W Re 

ʂʫʜʠʥʦʚʦ (ʩʝʥʦ, 2) 390-420 0,32-0,34 3,3-4,0 0,01-0,02 0,0016-0,0039 

ɿʘʶʢʦʚʦ (5) 234-392 0,5-2,2 3,0-13,4 0,03-0.22 0,0010-0,0018 

ɹʳʣʳʤ (12) 242-832 0,7-4,2 3,0-12,1 0,19-1,20 0,011-0,130 

ʊʳʨʥʳʘʫʟ (16) 228-500 1,2-31,0 2,3-13,4 0,1-5,40 0,050-0,540 

ɾʠʨʝʢʝʥ (20) 348-1124 2,5-52,8 3,0-28,7 0,01-0.11 0,0085-47,00 

ʋʥʘʣ (28) 624-6841 0,2-2,8 3,0-17,0 0,02-0,10 0,002-0,007 

ʋʢʘʟʘʥʥʳʝ ʤʝʪʘʣʣʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʚ ʤʦʣʦʢʝ ʢʦʨʦʚ, ʪʘʢ ʠ ʚ ʧʘʭʪʝ. ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʚ ʧʘʭʪʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ 5-10 ʨʘʟ, ʢʘʢ ʚ ʨʫʜʥʳʭ, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʨʘʡʦʥʘʭ. ʊʘʢ, ʚ ʧʘʭʪʝ ʠʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʡʦʥʘ (ʂʫʜʠʥʦʚʦ) ʦʙʥʘʨʫʞʝʥʦ (ʚ ʤʢʛ/ʣ): Cu ï 130, 

Mo ï 93, W ï 0.4, ʘ ʚ ʧʘʭʪʝ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʤʦʣʦʢʘ ʢʦʨʦʚ ʚ ʊʳʨʥʳʘʫʟʝ: Cu ï 684, Mo ï 556, 

W - 4.3 ʤʢʛ/ʣ. 

ʋʯʠʪʳʚʘʷ ʠʟʚʝʩʪʥʫʶ ʩʚʷʟʴ ʤʦʣʠʙʜʝʥʘ ʠ ʤʝʜʠ ʩ ʂʉʆ ʤʦʣʦʢʘ, ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʙʳʣ 

ʚʳʜʝʣʝʥ ʠʟ ʧʘʭʪʳ ʞʠʚʦʪʥʳʭ ʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʡʦʥʦʚ (ʂʫʜʠʥʦʚʦ, ɿʘʶʢʦʚʦ) ʠ ʘʥʦʤʘʣʴʥʳʭ 

ʧʦ ʤʦʣʠʙʜʝʥʫ ʠ ʚʦʣʴʬʨʘʤʫ ʪʝʨʨʠʪʦʨʠʡ (ʊʳʨʥʳʘʫʟ, ɹʳʣʳʤ). ʈʷʜ ʬʨʘʢʮʠʡ ʬʝʨʤʝʥʪʘ ʙʳʣ 

ʦʯʠʱʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʦʨʙʝʥʪʝ TSKGEL ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ, ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʂʉʆ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ. ʇʨʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʬʝʨʤʝʥʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 2 ʬʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʦʣʠʙʜʝʥ ʠ ʤʝʜʴ, ʘ ʪʘʢʞʝ ʤʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ.  

ʇʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʦʯʠʱʝʥʥʳʭ ʬʨʘʢʮʠʡ ʥʘ ʢʦʣʦʥʢʝ BioSep-SEC-3000 ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʭʨʦʤʘʪʦʛʨʘʤʤ ʚ ʧʨʦʮʝʩʩʝ ʵʣʶʠʨʦʚʘʥʠʷ ʠʭ ʠʟ ʢʦʣʦʥʢʠ 

ʩʦʨʙʝʥʪʘ. ʌʨʘʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʤʝʜʴ ʠʤʝʣʘ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʬʨʘʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʤʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤʫ ʧʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

116 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʚ 230 ʠ 200 ʂɼʘ, ʨʘʚʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʂʉʆ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʬʨʘʢʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʂʉʆ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʠ 

ʵʪʦʤ ʚ ʦʧʳʪʘʭ in vitro ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʤʝʪʘʣʣʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʂʉʆ ʤʦʣʦʢʘ ʢʦʨʦʚ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘ ʁʨʪʫʪʴ ʠ ʚʦʣʴʬʨʘʤ. 

ʆʯʠʱʝʥʥʳʡ ʬʝʨʤʝʥʪ ʠʤʝʣ ʧʘʨʘʤʝʪʨʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʂʉʆ ʤʦʣʦʢʘ (ʪʘʙʣ. 2). ɿʜʝʩʴ 

ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʙʨʘʟʮʦʚ ʂʉʆ, ʚʳʜʝʣʝʥʥʳʭ ʥʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [3]. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʝʨʤʝʥʪʘ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʦʪʩʫʪʩʪʚʫʶʪ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʩ ʮʠʥʢ-ʜʠʪʠʦʣʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʟʚʦʣʷʣ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʪʘʢ ʢʘʢ ʦʙʘ ʤʝʪʘʣʣʘ ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʮʠʥʢ-ʜʠʪʠʦʣʦʤ 

ʘʥʘʣʦʛʠʯʥʦ. 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʂʉʆ ʤʦʣʦʢʘ ʢʦʨʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ 

ʞʠʚʦʪʥʳʭ (ʤʢʛ/ʤʛ ʙʝʣʢʘ) 

ʄʝʩʪʦʦʙʠʪʘʥʠʝ 

ʞʠʚʦʪʥʳʭ 

ʌɸɼ Fe Mo Cu W Re 

ʉʠʙʘʡ * 0,70 0,26 0,12 0,02 - -  

ɸʨʤʝʥʠʷ * 1,20 0,40 0,40 <0,01 - -  

ʂʫʜʠʥʦʚʦ 1,15 0,44 0,31 0,03 0,002 0,0004  

ɿʘʶʢʦʚʦ 1,50 0,64 0,47 0,06 0,005 0,0004  

ɹʳʣʳʤ 0,80 0,60 0,44 0,01 0,010 0,0005  

ʊʳʨʥʳʘʫʟ 0,80 0,56 0,60 0,03 0,080 0,0006  
*ʇʦ ʜʘʥʥʳʤ ɻ.ɻ.ʎʦʡ [3]; ʌɸɼ - ʬʣʘʚʠʥʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʬʝʨʤʝʥʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʤʦʣʠʙʜʝʥʘ, ʥʦ ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʚʥʠʤʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʜʠ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʣʴʬʨʘʤʘ ʚ 

ʦʯʠʱʝʥʥʦʡ ʬʨʘʢʮʠʠ ʬʝʨʤʝʥʪʘ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʝʛʦ ʚ ʩʫʙʩʪʨʘʪʝ 

(ʧʘʭʪʝ). ɽʩʣʠ ʫʯʝʩʪʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʧʘʭʪʝ ʠ ʚʦ ʚʩʝʡ ʬʨʘʢʮʠʠ ʦʯʠʱʝʥʥʦʛʦ 

ʬʝʨʤʝʥʪʘ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʝ ʚʝʩʴ ʤʝʪʘʣʣ ʚʢʣʶʯʘʝʪʩʷ ʚ ʂʉʆ ʤʦʣʦʢʘ (ʨʠʩ. 

1). 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ, ʙʝʣʢʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ʤʦʣʦʢʘ 

(ʂʫʜʠʥʦʚʦ) ʚ ʵʣʶʘʪʘʭ ʬʨʘʢʮʠʡ ʦʯʠʱʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʬʝʨʤʝʥʪʘ. 1 ï ʙʝʣʦʢ, ʤʛ/ʤʣ (ʭ10); 2 

ï Mo, ʥʛ/ʤʣ; 3 ï Cu, ʥʛ/ʤʣ; 4 ï ʨʝʥʠʡ, ʥʛ/ʤʣ (ʭ10); 5 ï ʘʢʪʠʚʥʦʩʪʴ ʂʉʆ, ʝʜ/ʤʣ.  
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ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʯʘʩʪʴ ʚʦʣʴʬʨʘʤʘ ʪʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʬʝʨʤʝʥʪʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʯʘʩʪʴ ʝʛʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʩʫʙʲʝʜʠʥʠʮ, 

ʪʘʢ ʢʘʢ ʧʨʠ ɺʕɾʍ ʬʝʨʤʝʥʪʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʧʦʷʚʣʷʶʪʩʷ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ 130 ʠ 40 ʂɼʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ [2]. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʙʣʠʟʢʠʝ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ 

ʂʉʆ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚʦʣʴʬʨʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʷʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪʥʘʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʙʝʣʢʦʚ ʘʢʪʠʚʘʪʦʨʦʚ ʠ ʠʥʛʠʙʠʪʦʨʦʚ ʂʉʆ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʛʝʥ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ W-ʩʦʜʝʨʞʘʱʝʡ ʂʉʆ ʠʣʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ, 

ʩʦʭʨʘʥʠʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫ ʪʝʨʤʦʬʠʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʥʦ ʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʢʣʶʯʝʥʠʝ ʚʦʣʴʬʨʘʤʘ, ʥʘʨʷʜʫ ʩ 

ʤʦʣʠʙʜʝʥʦʤ ʠ ʤʝʜʴʶ ʚ ʂʉʆ ʤʦʣʦʢʘ ʫʩʪʘʥʦʚʣʝʥʦ. ʇʨʠ ʵʪʦʤ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʂʉʆ 

ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʬʝʨʤʝʥʪʘ ʥʘ ʠʟʦʬʦʨʤʳ ʠ ʜʘʪʴ ʦʪʚʝʪ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ W-ʩʦʜʝʨʞʘʱʝʡ ʂʉʆ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʂʉʆ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʤʦʣʦʢʘ ʢʦʨʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʉʝʚʝʨʥʦʡ ʆʩʝʪʠʠ (ʧ. ʋʥʘʣ), ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʚʷʟʳʚʘʥʠʝʤ 

ʤʝʪʘʣʣʘ ʪʠʦʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʣʴʬʨʘʤ-ʤʦʣʠʙʜʝʥʦʚʳʭ 

ʨʫʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ 

ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʪʝʥʠʷʤʠ, ʥʦ ʠ ʚʢʣʶʯʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʬʝʨʤʝʥʪ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʂʉʆ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʩʨʝʜʝ 

ʤʠʛʨʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʨʝʟʢʦ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʨʫʜʥʳʭ ʨʘʡʦʥʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʚʦʣʴʬʨʘʤʘ ʚ 

ʦʨʛʘʥʠʟʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʚ ʂʉʆ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ. 

ʇʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 12-05-00141-a.  
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ʄʆʅʀʊʆʈʀʅɻɽ 

S. Sheshnitsan, N. Golubkina, M. Kapitalchuk, E. Erdenetsogt 

BEEKEEPING PRODUCTS IN ECOLOGICAL MONITORING 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʫʨʦʚʥʷʭ ʩʦʜʝʨʞʘʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʯʝʣʠʥʦʤ ʧʦʜʤʦʨʝ, ʧʨʦʧʦʣʠʩʝ, ʧʝʨʛʝ ʠ 

ʤʸʜʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʮʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʜʤʦʨ ʠ ʧʨʦʧʦʣʠʩ. 

Abstract. Data on the level of macro and trace elements concentration in beekeeping products are shown. 

Honey bees and propolis are proved to be more suitable indicators for ecological monitoring. 

ɺʚʝʜʝʥʠʝ 

ʄʝʜʦʥʦʩʥʳʝ ʧʯʸʣʳ (Apis mellifera L.) ʠ ʧʨʦʜʫʢʪʳ ʧʯʝʣʦʚʦʜʩʪʚʘ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʤʦʥʠʪʦʨʠʥʛʝ ʧʦʣʣʶʪʘʥʪʦʚ, ʚʢʣʶʯʘʷ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʨʘʜʠʦʥʫʢʣʠʜʳ, 

ʧʝʩʪʠʮʠʜʳ ʠ ʜʨ. ʇʯʸʣʳ ʢʘʢ ʪʝʩʪ-ʦʙʲʝʢʪʳ ʠʤʝʶʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʧʦʠʩʢʘʭ ʧʠʱʠ 

ʨʘʙʦʯʠʝ ʧʯʸʣʳ ʣʝʪʘʶʪ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1,5 ʢʤ ʦʪ ʫʣʴʷ, ʠʥʦʛʜʘ ʜʦ 10ï12 ʢʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʱʝ ʠ ʝʸ ʜʦʩʪʫʧʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʜʦ 50 ʢʤ
2
. ɺ ʧʨʦʮʝʩʩʝ 

ʪʘʢʠʭ ʧʦʠʩʢʦʚʳʭ ʧʦʣʸʪʦʚ ʥʘʩʝʢʦʤʳʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʦʙʠʨʘʶʪ ʥʝʢʪʘʨ, ʧʳʣʴʮʫ, 

ʤʝʜʚʷʥʫʶ ʨʦʩʫ, ʩʤʦʣʳ, ʚʦʜʫ ʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʦʣʣʶʪʘʥʪʘʤʠ. ʊʘʢ ʦʥʠ ʥʘʢʘʧʣʠʚʘʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʦʩʷʪʩʷ ʚ ʢʦʣʦʥʠʶ ʥʘ 

ʚʦʣʦʩʢʘʭ ʧʦ ʚʩʝʤʫ ʪʝʣʫ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʜʦʥʦʩʥʳʝ ʧʯʸʣʳ ï ʵʪʦ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ 

ʚʠʜ. ʀʭ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥ [1].  

ʊʝʩʥʝʡʰʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʯʣyʘʤʠ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʝɦ  y ʚ 30-ʭ ʛʦʜʘʭ XX ʚ. [2]. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 

ʧʯʝʣʦʚʦʜʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʩʨʝʜʳ. ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 

ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠʣʠ ʩ ʩʘʤʦʡ ʘʧʠʢʫʣʴʪʫʨʦʡ [3]. 

ʇʨʦʜʫʢʪʳ ʧʯʝʣʦʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʠʱʝʚʦʡ ʮʝʧʠ ʤʝʜʦʥʦʩʥʳʭ ʧʯʸʣ, ʠ ʚ 

ʠʭ ʩʦʩʪʘʚʝ ʦʪʨʘʞʘʶʪʩʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʤʝʜʦʩʙʦʨʘ, ʧʨʠ ʵʪʦʤ 

ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʧʯʸʣʳ ʦʪʙʠʨʘʶʪ ʧʨʦʙʳ ʙʠʦʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʤʸʜʘ, ʧʨʦʧʦʣʠʩʘ, ʧʝʨʛʠ ʠ ʦʨʛʘʥʠʟʤʘ ʩʘʤʠʭ 

ʧʯʸʣ ʚ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʘʥʜʰʘʬʪʘ ʤʦʞʝʪ ʜʘʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ [4]. ʉʚʝʜʝʥʠʷ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠ ʩ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ, ʥʘʧʨʠʤʝʨ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʘʢʪʠʚʠʨʫʶʪ ʤʥʦʛʠʝ ʬʝʨʤʝʥʪʳ ʤʝʜʘ [5]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʭ 

ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʮʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʧʨʦʜʫʢʪʦʚ 

ʧʯʝʣʦʚʦʜʩʪʚʘ (ʧʯʝʣʠʥʳʡ ʧʦʜʤʦʨ, ʧʨʦʧʦʣʠʩ, ʧʝʨʛʘ ʠ ʧʦʣʠʬʣʦʨʥʳʡ ʤʸʜ), ʦʪʦʙʨʘʥʥʳʝ ʚ 

2013ï2014 ʛʛ. ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ: ʄʦʣʜʦʚʘ, ʇʨʠʜʥʝʩʪʨʦʚʴʝ, ʈʦʩʩʠʷ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ɹʘʰʢʠʨʠʷ, ʀʚʘʥʦʚʩʢʘʷ ʦʙʣ., ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣ., ʂʫʨʩʢʘʷ ʦʙʣ., ɸʜʳʛʝʷ) ʠ ʄʦʥʛʦʣʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ (Se) ʦʧʨʝʜʝʣʷʣʠ ʬʣʫʦʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [6]. ʁʦʜ ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤʝʪʨʠʠ ʚ ʩʫʭʠʭ ʦʙʨʘʟʮʘʭ ʧʯʝʣʠʥʦʛʦ ʧʦʜʤʦʨʘ ʠ 

ʧʝʨʛʠ, ʘ ʪʘʢʞʝ ʚ ʩʳʨʳʭ ʦʙʨʘʟʮʘʭ ʤʸʜʘ. ɺ ʧʨʦʧʦʣʠʩʝ ʡʦʜ ʦʧʨʝʜʝʣʷʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [7]. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʄʉ-ʀʉʇ (Al, As, B, Ca, Cd, Co, Cr, Cu K, Hg, Li, Mg, Mn, Na, Ni, Pb, Sn, Sr, V, 

Zn) ʠ ɸʕʉ-ʀʉʇ (Si, P, Fe). ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʘʤʠ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʨʝʜʥʸʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠʟʫʯʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʋʨʦʚʥʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ (ʚ ʤʛ/ʢʛ): 

ʚ ʧʯʝʣʠʥʦʤ ʧʦʜʤʦʨʝ: nĿ10
4
 K > nĿ10

3
 Ca, Mg, Na, P > nĿ10

2
 Al , Fe, Si, Zn > nĿ10

1
 B, Cu, 

Mn, Sr > nĿ10
0
 Ni, Pb > nĿ10

-1
 As, Cd, Co, Cr, I, Li , Se, Sn, V > nĿ10

-2
 Hg  

ʚ ʧʨʦʧʦʣʠʩʝ: nĿ10
3
 K > nĿ10

2
 Al , Ca, Fe, Mg, P > nĿ10

1
 Mn, Na, Pb, Si, Zn > nĿ10

0
 B, Cr, 

Cu, Ni, Sr > nĿ10
-1

 As, Co, I, Li , Sn, V > nĿ10
-2

 Cd, Se > nĿ10
-3

 Hg 

ʚ ʧʝʨʛʝ: nĿ10
3
 K, Ca, P > nĿ10

2
 Mg > nĿ10

1
 Al , B, Cu, Fe, Mn, Na, Si, Zn > nĿ10

0
 Sr > 

nĿ10
-1

 Co, Cr, I, Ni, Pb > nĿ10
-2

 As, Cd, Li, Se, Sn, V > nĿ10
-3

 Hg 

ʚ ʧʦʣʠʬʣʦʨʥʦʤ ʤʸʜʝ: nĿ10
2
 K > nĿ10

1
 Ca, Mg, Na, P, Si > nĿ10

0
 B, Fe, Zn > nĿ10

-1
 Al, 

Cu, I, Mn, Sr > nĿ10
-2

 Cr, Li, Ni, Sn, Pb > nĿ10
-3

 As, Co, Hg, Se, V > nĿ10
-3

 Cd 

 

 
ʈʠʩ. 1. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ (nĀ10

y
 ʤʛ/ʢʛ) ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʯʝʣʠʥʦʛʦ ʧʦʜʤʦʨʘ, ʚ ʧʨʦʧʦʣʠʩʝ ʠ ʧʝʨʛʝ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ ʪʝʣʘʭ ʧʯʸʣ, ʘ ʚ ʤʸʜʝ ï ʝʱʸ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʥʠʞʝ, 

ʯʝʤ ʚ ʧʝʨʛʝ ʠ ʧʨʦʧʦʣʠʩʝ. ʊʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (K, Ca, Mg, P) ʠ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Fe, Cu, Zn, Ni, V, Se). 

ʉʦʜʝʨʞʘʥʠʝ ʝʱʸ ʦʜʥʦʛʦ ʤʘʢʨʦʵʣʝʤʝʥʪʘ ï Na ï ʩʥʠʞʘʝʪʩʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚ ʧʝʨʛʝ, 

ʧʨʦʧʦʣʠʩʝ ʠ ʤʸʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʤʦʨʦʤ. ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ: ʚʦ ʚʩʝʭ ʯʝʪʳʨʸʭ 

ʩʣʫʯʘʷʭ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (nĿ10
-1
) ʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ 

ʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʉʦʧʦʩʪʘʚʠʤʳ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ Mn, Co, Al , Li  ʠ Sn ʚ ʧʦʜʤʦʨʝ, 

ʧʨʦʧʦʣʠʩʝ ʠ ʧʝʨʛʝ, ʦʜʥʘʢʦ ʚ ʤʸʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Mn, Co ʠ Al ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʚ 1000 ʨʘʟ, Li  

ʠ Sn ï ʚ 100 ʨʘʟ. ʂʦʥʮʝʥʪʨʘʮʠʠ Si ʠ B ʥʝ ʩʥʠʞʘʶʪʩʷ ʚ ʤʸʜʝ, ʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, 

ʯʪʦ ʚ ʧʝʨʛʝ ʠ ʧʨʦʧʦʣʠʩʝ, ʥʦ ʵʪʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ ʧʯʝʣʠʥʦʤ ʧʦʜʤʦʨʝ. 
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ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʟʘʪʴ ʦ ʩʦʜʝʨʞʘʥʠʠ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ï Pb, Cd, Hg, Cr ʠ 

As. ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʪʝʣʘʭ ʧʯʸʣ, ʝʱʸ ʙʦʣʴʰʝ ʝʛʦ 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʧʨʦʧʦʣʠʩʝ (ʚ ʩʨʝʜʥʝʤ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ), ʚ ʧʝʨʛʝ ʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʘ ʚ ʤʸʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʥʠʞʘʝʪʩʷ ʚ 1000 ʨʘʟ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʨʦʧʦʣʠʩʦʤ. ʊʫ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠ ʜʣʷ ʭʨʦʤʘ. ʂʘʜʤʠʡ ʠ ʨʪʫʪʴ ï ʝʱʸ 

ʦʜʥʠ ʵʣʝʤʝʥʪʳ-ʪʝʭʥʦʬʠʣʳ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʨʪʫʪʠ, ʠ ʪʦʣʴʢʦ ʚ ʤʸʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʦʝ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʪʫʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʤʸʜʝ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʯʪʦ ʚ 

ʧʨʦʧʦʣʠʩʝ ʠ ʧʝʨʛʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʠ 

ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ çʯʠʩʪʳʤè ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʤʸʜ, ʪ.ʢ. ʚ ʥʸʤ ʩʦʜʝʨʞʠʪʩʷ 

ʚ ʜʝʩʷʪʢʠ ʠʣʠ ʜʘʞʝ ʪʳʩʷʯʠ ʨʘʟ ʤʝʥʴʰʝ ʵʣʝʤʝʥʪʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ, ʯʝʤ ʚ ʧʝʨʛʝ, ʧʨʦʧʦʣʠʩʝ ʠʣʠ 

ʧʦʜʤʦʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʤʸʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʠʝ ʵʩʩʝʥʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʜʥʘʢʦ 

ʤʸʜ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʨʦʚʥʠ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʘʟʳʚʘʶʪʩʷ ʥʠʟʢʠʤʠ (ʠʥʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʚ 

ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʤʸʜ ï ʥʝ ʩʘʤʳʡ ʫʜʦʙʥʳʡ ʠʥʜʠʢʘʪʦʨ 

ʜʣʷ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʪʘʢʦʤʫ ʞʝ ʚʳʚʦʜʫ ʧʨʠʰʣʠ ʬʨʘʥʮʫʟʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʘʢʘʮʠʝʚʦʛʦ ʤʸʜʘ, ʩʦʙʨʘʥʥʦʛʦ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ 

ʌʨʘʥʮʠʠ [8]. 

ɼʣʷ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʜʣʷ ʮʝʣʝʡ 

ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʩʤʦʪʨʠʤ ʩʪʝʧʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ (ʪʘʙʣ.). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ 

ʩʪʝʧʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ, ʪʝʤ ʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤʠ ʙʫʜʫʪ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʜʣʷ ʬʦʥʦʚʳʭ ʠ ʠʤʧʘʢʪʥʳʭ ʟʦʥ.  

ʊʘʙʣʠʮʘ 

ʉʪʝʧʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʧʯʝʣʦʚʦʜʩʪʚʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ 

ʇʨʦʜʫʢʪʳ ʧʯʝʣʦʚʦʜʩʪʚʘ 

ʧʦʜʤʦʨ ʧʨʦʧʦʣʠʩ ʧʝʨʛʘ ʤʸʜ 

10ï40% 
Mg, P, Zn, K, 

Na 

B, Ca, P, Mg, 

Mn, Zn, Sn 

Si, Mn, Ca, As, Sr, 

Cd, I, Cr, V, Mg 

B, Cu, Se, P, K, 

As, Co, Al 

41ï70% 
As, Si, Ca, Li, 

Sr, Fe, Cd, B 

Sr, K, Fe, Si, 

As, Na, Li, Co 

P, B, Fe, Al, K, Na, 

Zn, Li, Pb 

Cd, Ca, I, Mn, Si, 

Sr, V, Sn, Mg, Ni, 

Na, Li, Pb 

70ï100% 
V, Mn, Co, Al, 

Se, Cu 

V, Al, Cd, Se, 

Pb, Cu 
Sn, Co, Ni, Se Fe, Zn 

ʙʦʣʝʝ 100% 
Cr, Ni, Pb, Sn, 

Hg, I 
Cr, Ni, Hg, I Cu, Hg Hg, Cr 

ʇʨʠʤʝʯʘʥʠʝ: ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʳ ʧʦʜʤʦʨʘ ʠ 

ʧʨʦʧʦʣʠʩʘ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʧʝʨʛʠ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʸʜʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʦʷʥʥʳʤ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʥʸʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 70%. ʕʪʦʪ ʬʘʢʪ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʤʸʜʘ ʧʯʸʣʘʤʠ. ʉʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʤʸʜ ʩʦʜʝʨʞʠʪ ʚʩʝʛʦ 0,2% ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ [9]. 

ʇʝʨʛʘ ʠ ʧʨʦʧʦʣʠʩ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʧʯʸʣʘʤʠ, ʯʝʤ ʤʸʜ. ʇʦʵʪʦʤʫ ʦʥʠ, 

ʦʯʝʚʠʜʥʦ, ʣʫʯʰʝ ʦʪʨʘʞʘʶʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚ 

ʦʙʨʘʟʮʘʭ ʧʦʜʤʦʨʘ ʠ ʧʨʦʧʦʣʠʩʘ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ ï 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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Pb, Cr, Hg, Cd ʘ ʪʘʢʞʝ Ni ʠ I. ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

Cu, Se, Co, Mn, Al  ʠ V. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʨʛʠ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʦʩʪʦʷʥʥʳʤ, 

ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ Cu ʠ Hg, ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ 100%. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʦʪʣʠʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ ʜʚʫʭ ʠ ʜʘʞʝ ʪʨʸʭ ʧʦʨʷʜʢʦʚ. ʇʨʠ ʵʪʦʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʯʝʣʠʥʦʤ ʧʦʜʤʦʨʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʚʳʩʦʢʠʤ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʸʜʝ ï ʩʘʤʳʤ ʥʠʟʢʠʤ, ʘ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʨʛʠ ʙʣʠʟʦʢ ʢ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʨʦʧʦʣʠʩʘ. 

ʇʨʦʜʫʢʪʳ ʧʯʝʣʦʚʦʜʩʪʚʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʙʲʝʢʪʠʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʘʪʫʩʘ ʤʥʦʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (V, Mn, Co, Se, Cu, Ni, I) ʠ ʵʣʝʤʝʥʪʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ (Pb, Cr, 

Cd, Hg), ʧʨʠʯʸʤ ʥʘʠʣʫʯʰʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʙʫʜʫʪ ʧʯʝʣʠʥʳʡ ʧʦʜʤʦʨ ʠ ʧʨʦʧʦʣʠʩ.  
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ʉʝʢʮʠʷ 5.3. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. ʉʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʳ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʭʣʝʪʥʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ 

ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ ʠ ʤʝʜʠ ʥʘ ʫʨʦʚʥʝ 5 ʠ 25 ʇɼʂ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʵʣʝʤʝʥʪ). ʇʦʯʚʫ ʟʘʛʨʷʟʥʷʣʠ ʚ ʧʝʨʚʳʡ ʛʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʩ ʨʘʩʪʝʥʠʷʤʠ ʷʯʤʝʥʷ Hordeum vulgare L. ʇʦʩʣʝ ʫʙʦʨʢʠ ʫʨʦʞʘʷ 

ʩʦʩʫʜʳ ʩ ʧʦʯʚʦʡ ʩʦʭʨʘʥʷʣʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʣʝʜʫʶʱʝʤ ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʩʝʟʦʥʝ. ɺ ʚʘʨʠʘʥʪʘʭ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ ʤʝʜʠ. ɺ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚʳ ʤʝʜʴʶ ï ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ ʮʠʥʢʘ. ʇʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʅ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ. ɿʘʛʨʷʟʥʝʥʠʝ ʪʝʤʥʦ-

ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ ʦʪ 5 ʜʦ 25 ʇɼʂ ʠʣʠ ʦʪ 550 ʜʦ 2750 ʤʛ/ʢʛ ʧʦʯʚʳ ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʤʝʜʠ ʟʝʣʝʥʦʡ ʤʘʩʩʦʡ ʷʯʤʝʥʷ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʤʝʜʠ (ʦʪ 5 ʜʦ 25 ʇɼʂ ʠʣʠ ʦʪ 330 ʜʦ 

1650 ʤʛ/ʢʛ ʧʦʯʚʳ) ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʮʠʥʢʘ ʨʘʩʪʝʥʠʷʤʠ ʷʯʤʝʥʷ. 

Abstract. The results of the two-year experiment on the contamination of dark gray forest soil by sulphates of 

zinc and copper at 5 and 25 MPC (calculated using an element) are given. The soil was contaminated in the first year 

of the study before the pot experiment with plants of barley Hordeum vulgare L. After the harvest, the vessels with 

soil were kept under natural conditions and were used in the next growing season. In case of soil contamination by 

zinc sulphate the mobility and accumulation of copper by plants was investigated. In case of soil contamination by 

copper ï mobility and accumulation of zinc. The increase of pH, hydrolytic acidity of soil and the content of mobile 

compounds of metals under the pollution is shown. Contamination of dark gray forest soil by zinc sulphates from 5 to 

25 MPC or from 550 to 2750 mg/kg soil did not affect the copper accumulation green mass of barley. Contamination 

of soil with copper sulphate (from 5 to 25 MPC or from 330 to 1650 mg/kg of soil) resulted in higher accumulation of 

zinc by barley plants. 

ɺʚʝʜʝʥʠʝ 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ (ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʝ) ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʝ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1]. ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʠ ʧʨʠ ʧʦʣʠ- , ʠ ʧʨʠ ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ. ʇʨʠʯʝʤ, 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʜʥʦʛʦ ʠʟ ʤʝʪʘʣʣʦʚ ʚʣʠʷʝʪ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʨʘʩʪʝʥʠʷʤʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʍʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʠ ʥʘʢʦʧʣʝʥʠʷ ʠʭ ʨʘʩʪʝʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʚʦʡʩʪʚ ʩʘʤʦʡ ʧʦʯʚʳ, ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʘ- ʧʦʣʣʶʪʘʥʪʘ, ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʪʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ 

(ʤʝʜʠ) ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ (ʮʠʥʢʘ) ʚ ʧʦʯʚʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʨʘʩʪʝʥʠʷʤʠ ʷʯʤʝʥʷ. 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ 

ʧʨʦʚʦʜʠʣʩʷ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʦʧʳʪ (ʚ 2010 ʠ 2011 ʛʛ.). ʄʘʩʩʘ ʧʦʯʚʳ ʚ ʩʦʩʫʜʝ ï 2 ʢʛ. ʄʝʪʘʣʣʳ 

ʚʥʦʩʠʣʠ ʚ ʧʦʯʚʫ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ (330 ʠ 1650 ʤʛ/ʢʛ ʉu ʠ 550 ʠ 

2750 ʤʛ/ʢʛ Zn), ʤʦʜʝʣʠʨʫʷ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 5 ʇɼʂ ʠ 25 ʇɼʂ. 

ɺʳʨʘʱʠʚʘʣʠ ʷʯʤʝʥʴ Hordeum vulgare L. ʏʝʨʝʟ 45 ʩʫʪʦʢ ʧʦʩʣʝ ʧʦʩʝʚʘ ʨʘʩʪʝʥʠʷ 

ʫʙʠʨʘʣʠ ʠ ʦʪʙʠʨʘʣʠ ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ. ʉʦʩʫʜʳ ʩ ʦʩʪʘʪʢʘʤʠ ʧʦʯʚʳ ʦʩʪʘʚʣʷʣʠ ʜʦ 

ʩʣʝʜʫʶʱʝʡ ʚʝʩʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʜʦʤʠʢʘ. ʇʝʨʝʜ ʥʦʚʳʤ ʚʝʛʝʪʘʮʠʦʥʥʳʤ 

ʩʝʟʦʥʦʤ ʦʧʳʪ ʧʝʨʝʟʘʢʣʘʜʳʚʘʣʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʘʨʠʘʥʪʦʚ.  

Cu ʠ Zn ʠʟ ʧʦʯʚʳ ʠʟʚʣʝʢʘʣʠ ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ (ɸɸɹ) ʩ ʨʅ 

4,8 (ʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ) ʠ 1ʄ ʨʘʩʪʚʦʨʦʤ HCl (ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ) ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʯʚʘ: ʨʘʩʪʚʦʨ 1:10. ʈʘʩʪʝʥʠʷ ʦʟʦʣʷʣʠ ʧʨʠ 450Üʉ. ɿʦʣʫ ʨʘʩʪʚʦʨʷʣʠ ʚ 10% HCl 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʧʨʝʜʝʣʷʣʠ ʤʝʪʘʣʣʳ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

ɺ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʨʘʩʪʝʥʠʷʤʠ ʤʝʜʠ. ɺ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʤʝʜʴʶ ï ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ 

ʮʠʥʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɸʛʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ 

ʪ̫ ʞʝʣʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʳ: ʨʅʩʦʣ. ï 5,7; ʅʛ ï 2,7 ʤʤʦʣʴ ʵʢʚ/100 ʛ ʧʦʯʚʳ; ʉʦʨʛ. ï 3,2%; 

ʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʈ2ʆ5 ʠ ʂ2ʆ ï 15,5 ʠ 9,5 ʤʛ/100 ʛ ʧʦʯʚʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʮʠʥʢʘ ʠ ʤʝʜʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʝʨʠʦʜʘ (2-ʭ ʣʝʪ) ʦʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ (ʨʠʩ.1). ɺʦʟʨʘʩʪʘʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʠʭ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [2-4]. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʫʚʝʣʠʯʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʩʯʠʪʘʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʚʳʜʝʣʝʥʠʷ ʧʨʦʪʦʥʦʚ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʠ 

ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ (ʨʠʩ.2), ʘ ʪʘʢʞʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʝʡ ʠʟʙʳʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʘ-ʧʦʣʣʶʪʘʥʪʘ. 

ʇʦ ʜʘʥʥʳʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 

ʤʝʪʘʣʣʦʚ ʠ ʚʝʣʠʯʠʥʘʤʠ ʨʅʩʦʣ. ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ (r=0,73, Ŭ=0,05), ʘ ʪʘʢʞʝ ʤʝʜʠ (r=0,69, Ŭ=0,05).  

ɺʳʨʘʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʪʤʝʯʝʥʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ. ʇʦʤʠʤʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ-ʧʦʣʣʶʪʘʥʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʪʝʩʥʷʪʴ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ ʥʝ ʪʦʣʴʢʦ ʠʟ ʩʦʩʪʘʚʘ ʦʙʤʝʥʥʳʭ, ʥʦ ʠ ʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ 

ʬʦʨʤ ʚ ʧʦʯʚʝ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ ʚ ʚʘʨʠʘʥʪʝ Cu5ʇɼʂ ʩʦʩʪʘʚʣʷʣʦ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʪ 38 ʜʦ 91 ʤʛ/ʢʛ, ʚ ʚʘʨʠʘʥʪʝ Cu25ʇɼʂ 

ï ʦʪ 250 ʜʦ 912 ʤʛ/ʢʛ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ ʚ ʚʘʨʠʘʥʪʝ Zn5ʇɼʂ 

ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 325 ʜʦ 431ʤʛ/ʢʛ, ʘ ʚ ʚʘʨʠʘʥʪʝ Zn25ʇɼʂ - ʦʪ 1430 ʜʦ 1590 ʤʛ/ʢʛ. 

ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʥʘ ʫʨʦʚʥʝ Cu5ʇɼʂ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ ʚ 

ʧʦʯʚʝ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʣʦʩʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤʠ ʙʫʬʝʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʳ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣʦʚ. ɺ ʚʘʨʠʘʥʪʝ Zn5ʇɼʂ ʪʦʣʴʢʦ 

ʚʦ ʚʪʦʨʦʡ ʩʝʟʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʦʡ 

ʤʝʜʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʜʣʷ 

ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʤʝʜʠ ʠ ʮʠʥʢʘ: ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʚʘʨʠʘʥʪʘʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ. ʅʝʦʜʥʦʟʥʘʯʥʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ ʠ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ (5ʇɼʂ) 

ʧʦʯʚʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʘʢʪʦʨ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʣʠʷʝʪ 
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ʩʠʣʴʥʝʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ, ʯʝʤ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʠʩʣʦʪʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʯʚʳ. ɺ ʨʘʙʦʪʘʭ [5] ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ 

ʠ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʧʦʯʚʝ ʧʦʜʚʝʨʞʝʥʦ ʢʦʣʝʙʘʥʠʷʤ ʚʚʠʜʫ 

ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʪ.ʜ.), ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʠ ʦʙʱʝʤ 

ʪʨʝʥʜʝ, ʥʘʧʨʘʚʣʝʥʥʦʤ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ 

ʚʦ ʚʨʝʤʝʥʠ, ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [5]. 

 
ʈʠʩ.1. ʨʅʩʦʣ. (ʘ) ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ (ʙ) ʧʦʯʚʳ (ʤʤʦʣʴ ʵʢʚ/100 ʛ ʧʦʯʚʳ) ʚ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʚ 2010 ʠ 2011ʛʛ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʠʟ ʦʧʳʪʘ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ. 1. ɺ ʚʘʨʠʘʥʪʘʭ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʫʨʦʚʥʷ) ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ 

ʨʘʩʪʝʥʠʷʭ ʷʯʤʝʥʷ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʚ ʧʦʯʚʝ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʤʝʪʘʣʣʘ 

ʨʘʩʪʝʥʠʷʤʠ. ʃʠʙʦ ʦʥʦ ʙʳʣʦ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʙʳʪʦʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʮʠʥʢʘ ʚ ʧʦʯʚʝ, ʢʦʪʦʨʦʝ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩʥʠʞʘʣʦ ʧʦʩʪʫʧʣʝʥʠʝ ʤʝʜʠ ʚ ʨʘʩʪʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ 

(ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʝʥʠʠ ʢ ʩʦʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ ʤʝʪʘʣʣʘ ʚ 

ʧʦʯʚʝ) ʤʝʜʠ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚ ʚʘʨʠʘʥʪʘʭ ʥʘʠʙʦʣʴʰʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʮʠʥʢʦʤ (ʦʪ 

3,4 ʜʦ 5,6 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ). ʅʘ ʢʦʥʪʨʦʣʝ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 7,5 ʜʦ 18. 

ɸ      ɹ 

 
ʈʠʩ.2. ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ (ɸ) ʮʠʥʢʘ (ɹ) ʚ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʝ 

ʧʨʠ ʝʝ ʟʘʛʨʷʟʥʝʥʠʠ ʩʫʣʴʬʘʪʘʤʠ ʤʝʜʠ (ɹ) ʠ ʮʠʥʢʘ (ɸ). 

ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʮʠʥʢʘ ʨʘʩʪʝʥʠʷʤʠ ʚ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʤʝʜʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ ʚ ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʷʯʤʝʥʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʜʠ. ʊ.ʝ ʧʨʠ 

ʟʘʛʨʷʟʥʝʥʠʠ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʳ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʜʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 330 ʜʦ 1650 

ʤʛ/ʢʛ ʚ ʨʘʩʯʝʪʝ ʥʘ ʵʣʝʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʮʠʥʢʘ ʨʘʩʪʝʥʠʷʤʠ ʷʯʤʝʥʷ. 
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ʇʦʜʪʚʝʨʞʜʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʮʠʥʢʘ ʨʘʩʪʝʥʠʷʤʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʠ ʚʘʨʴʠʨʦʚʘʣʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ ʦʪ 5,3 ʜʦ 8,9. ɺ ʚʘʨʠʘʥʪʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʤʝʜʠ ʂʥ 

ʮʠʥʢʘ ʚʦʟʨʘʩʪʘʣʠ ʠ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 9 ʜʦ 20,1.  

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʠ ʤʝʜʠ ʚ ʨʘʩʪʝʥʠʷʭ ʷʯʤʝʥʷ Hordeum vulgare L. 

 ̄ ɺʘʨʠʘʥʪ Zn, ʤʛ/ʢʛ 

1-ʡ ʩʝʟʦʥ 

ʉu, ʤʛ/ʢ  

1-ʡ ʩʝʟʦʥ 

Zn, ʤʛ/ʢʛ 

2-ʡ ʩʝʟʦʥ 

Cu, ʤʛ/ʢʛ 

2-ʡ ʩʝʟʦʥ 

1 ʂʦʥʪʨʦʣʴ 32,0Ñ2,3 3,6Ñ1,1 21,9Ñ1,4 3,0Ñ0,9 

4 Cu 5 ʇɼʂ 39,6Ñ5,1 9,0Ñ3,1 44,4Ñ7,8 7,4Ñ1,8 

7 Cu 25 ʇɼʂ 75,0Ñ13,3 25,1Ñ4,0 113Ñ21,3 10,8Ñ2,1 

10 Zn 5 ʇɼʂ 470Ñ33 5,0Ñ2,3 395 3,0Ñ1,0 

13 Zn 25 ʇɼʂ 2000Ñ103 5,0Ñ3,4 670 3,4Ñ1,3 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ 

ʩʫʣʴʬʘʪʘʤʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʥʘ ʫʨʦʚʥʝ 5 ʠ 25 ʇɼʂ. ɺʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ Cu ʠ Zn ʚ ʧʦʯʚʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʫʨʦʚʥʷʭ ʝʝ ʟʘʛʨʷʟʥʝʥʠʷ Zn25ʇɼʂ ʠ Cu25 

ʇɼʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʛʨʷʟʥʝʥʠʝ ʪʝʤʥʦ-ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʮʠʥʢʘ ʦʪ 5 ʜʦ 25 

ʇɼʂ ʠʣʠ ʦʪ 550 ʜʦ 2750 ʤʛ/ʢʛ ʧʦʯʚʳ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʵʣʝʤʝʥʪ) ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʤʝʜʠ 

ʟʝʣʝʥʦʡ ʤʘʩʩʦʡ ʷʯʤʝʥʷ Hordeum vulgare L. ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ ʩʫʣʴʬʘʪʘʤʠ ʤʝʜʠ (ʦʪ 5 

ʜʦ 25 ʇɼʂ ʠʣʠ ʦʪ 330 ʜʦ 1650 ʤʛ/ʢʛ ʧʦʯʚʳ) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʮʠʥʢʘ 

ʨʘʩʪʝʥʠʷʤʠ ʷʯʤʝʥʷ. 
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ESTIMATION OF IODINE SUPPLY IN AGRICULTURAL LANDSCAPES 

OF BRYANSK REGION 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ (ɻɽʆʍʀ ʈɸʅ), ʛ. ʄʦʩʢʚʘ. E-mail: victor76@list.ru 

ɸʥʥʦʪʘʮʠʷ. ɹʨʷʥʩʢʘʷ ʦʙʣʘʩʪʴ ʦʜʠʥ ʠʟ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ ʨʷʜʫ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʠʱʝʚʦʡ ʮʝʧʠ, ʚʢʣʶʯʘʷ ʡʦʜ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʪʘʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʜʠʦʠʟʦʪʦʧʘʤʠ ʡʦʜʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʠʩʢ ʥʝʛʘʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʱʠʪʦʚʠʜʥʦʡ 

ʞʝʣʝʟʳ (ʑɾ). ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʡʦʜʘ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʯʚʘʭ 

ʠ ʢʘʨʪʦʬʝʣʝ ʥʘ ʨʠʩʢ ʥʝʛʘʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʑɾ. 

Abstract. Bryansk region is situated in the non-chernozem zone of Russia, which is characterized by a 

deficiency of a number of elements including iodine in soils and biogeochemical food chain. Environmental 

contamination by radioiodine isotopes in areas with natural iodine deficit can cause additional risk of negative 

reaction of the thyroid gland. The goal of this work was to estimate natural iodine level in soils of the private farms 

and its transfer to potato as the main local product consumed by residents for further evaluation of natural iodine 

contribution to the risk of the thyroid gland diseases. 

ɹʨʷʥʩʢʘʷ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʯʝʨʥʦʟʝʤʥʦʤʫ ʨʝʛʠʦʥʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫʩʷ 

ʜʝʬʠʮʠʪʦʤ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʠʱʝʚʦʡ ʮʝʧʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʡʦʜʘ, 

ʨʦʣʴ ʢʦʪʦʨʦʛʦ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (ʑɾ) ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ 

ʥʝʦʩʧʦʨʠʤʘ [2]. ɿʘʛʨʷʟʥʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʤʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʡʦʜʘ ʟʘʧʘʜʥʳʭ ʨʘʡʦʥʦʚ 

ʦʙʣʘʩʪʠ ʚ 1986 ʛ. ʫʚʝʣʠʯʠʣʦ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʩʨʝʜʠ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ [3, 6]. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʡʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, 

ʞʠʚʫʱʝʛʦ ʧʨʦʩʪʳʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʪʨʫʜʦʤ ʠ ʧʠʪʘʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘʤʠ ʤʝʩʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ. ʉ 2007 ʧʦ 2013 ʛ. 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚ (ʃʇʍ) 

ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʝʢʦʪʦʨʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨʘʭ (ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʘʨʪʦʬʝʣʝ), 

ʢʘʢ ʚ ʟʦʥʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʘʤʠ ʡʦʜʘ ʧʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ʏɸʕʉ, ʪʘʢ ʠ 

ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ ʚ ʨʘʡʦʥʘʭ ʩ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʟʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʩʪʘʙʠʣʴʥʳʤ ʡʦʜʦʤ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʠʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʨʠʩʢʠ ʞʠʟʥʠ 

ʠ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʫʧʦʪʨʝʙʣʷʶʱʝʛʦ ʚ ʧʠʱʫ ʢʘʨʪʦʬʝʣʴ, ʚʳʨʘʱʝʥʥʳʡ 

ʚ ʡʦʜʦʜʝʬʠʮʠʪʥʳʭ ʨʘʡʦʥʘʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ.  

ʈʘʟʥʦʦʙʨʘʟʥʳʡ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʧʦʜʟʦʣʠʩʪʳʝ, ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ, ʜʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʳʝ, ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ, ʙʦʣʦʪʥʳʝ, ʩʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ, 

ʯʝʨʥʦʟʸʤʳ) [1] ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʢʦʥʪʨʘʩʪʥʳʭ ʨʘʡʦʥʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʡʦʜʘ 

ʚ ʧʦʯʚʘʭ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʡʦʜʥʦʛʦ ʩʪʘʪʫʩʘ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ 

ʠʟʦʪʦʧʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʡʦʜʘ ʚ ʧʦʯʚʘʭ, 

ʧʦʯʚʝʥʥʳʭ ʢʘʨʪ ʠ ʢʘʨʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʨʘʥʝʝ [3]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʨʘʥʝʝ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʦʚ (ʵʢʩʧʝʜʠʮʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʙʠʦʛʝʦʭʠʤʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɻɽʆʍʀ ʈɸʅ ʠ ɹʨʷʥʩʢʦʛʦ ʢʣʠʥʠʢʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʧʦ ʛʨʘʥʪʘʤ ʈʌʌʀ 07-05-912 ʠ 10-05-01148) ʩ 2007 ʧʦ 2012 ʛʛ. ʚʳʷʚʠʣʠ ʚʳʩʦʢʫʶ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʡʦʜʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʚʷʟʠ ʩʦ ʩʤʝʥʦʡ ʪʠʧʦʚ 

ʧʦʯʚ ʠ ʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʜʦʙʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʟʥʘʯʘʣʴʥʦ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʦʙʫʩʣʦʚʣʝʥʘ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ: ʩʦʯʝʪʘʥʠʝʤ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ɸʥʘʣʠʟ ʧʝʨʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʘʭ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠ ʢʦʥʪʨʘʩʪʥʳʭ ʣʘʥʜʰʘʬʪʦʚ [4]. 

ʅʦʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 2013 ï 2014 ʛʛ. ʩʪʘʣʘ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʝ ʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠ ʤʠʛʨʘʮʠʠ ʡʦʜʘ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʢʘʨʪʦʬʝʣʴ ʚ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦʨʦʜʘʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʣʝʚʦʡ ʦʪʙʦʨ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ɹʨʷʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʠʤʝʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʑɾ ʩʨʝʜʠ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ 

(ʨʠʩ. 1). ɺ ʣʠʯʥʦʤ ʧʦʜʩʦʙʥʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘ ʢʘʨʪʦʬʝʣʴʥʦʤ ʧʦʣʝ ʟʘʢʣʘʜʳʚʘʣʘʩʴ ʪʝʩʪʦʚʘʷ 

ʧʣʦʱʘʜʢʘ ʨʘʟʤʝʨʦʤ 10 ʤ Ĭ 15 ʤ. ɹʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʦʪʙʦʨʘ ʧʨʦʙ: 1) ʤʝʪʦʜʦʤ 

ʢʦʥʚʝʨʪʘ ʚ 5 ʪʦʯʢʘʭ; 2) ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʧʦ ʜʠʘʛʦʥʘʣʠ ʧʣʦʱʘʜʢʠ (ʦʜʥʘ ï ʚ ʮʝʥʪʨʝ ʠ ʜʚʝ ʧʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʫʛʣʘʤ); 3) ʚ ʮʝʥʪʨʝ ʧʣʦʱʘʜʢʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʩʷ ʥʘʢʣʦʥ ʧʣʦʱʘʜʢʠ, 

ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʫʜʦʙʨʝʥʠʡ ʚ ʧʝʨʠʦʜ ʧʦʩʝʚʥʦʡ (ʧʦ ʚʩʝʤ ʧʦʣʶ ʠʣʠ ʤʝʩʪʘʤʠ) ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʤʦʛʫʱʠʝ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʚ ʧʦʯʚʘʭ.  

 
ʈʠʩ. 1 ʂʘʨʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 2007-2013 ʛʛ. 

ʆʪʙʦʨ ʧʦʯʚ ʧʨʦʚʦʜʠʣʩʷ ʨʫʯʥʳʤ ʙʫʨʦʤ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʧʦʯʚʳ ʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʤʦʱʥʦʩʪʴʶ 20 ʩʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʣʦʡʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʛʣʫʙʠʥ: 0-10 

ʩʤ ʠ 10-20 ʩʤ. ɺ ʧʦʣʝʚʦʡ ʩʝʟʦʥ 2009 ʛ. ʧʨʦʚʦʜʠʣʩʷ ʦʪʙʦʨ ʩʨʝʜʥʝʡ ʧʨʦʙʳ ʧʦʯʚ 0-20 ʩʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʙʫʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦʟʳ 

(ʜʦʟʠʤʝʪʨ MIRA) ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʮʝʟʠʷ (ʧʦʣʝʚʦʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ Violinist III, ʉʐɸ) 

ʠ ʬʦʪʦʬʠʢʩʘʮʠʷ ʪʦʯʢʠ ʧʨʦʙʦʦʪʙʦʨʘ.  

ʂʘʨʪʦʬʝʣʴ ʦʪʙʠʨʘʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʦʡ ʧʨʦʙʳ. ʇʨʦʙʳ 

ʧʦʯʚʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʡ ʧʘʢʝʪ, ʢʘʨʪʦʬʝʣʷ ï ʚ ʙʫʤʘʞʥʳʡ ʠ ʜʦʩʪʘʚʣʷʣʠʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʶ. ʉʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʨʦʜʘʥʠʜʥʦ-ʥʠʪʨʠʪʥʳʤ ʤʝʪʦʜʦʤ [5]. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ MS Excel. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʠ ʦʚʦʱʝʡ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2007-2013 ʛʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʪʨʸʤ ʛʝʦʭʠʤʠʯʝʩʢʠ 

ʢʦʥʪʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʀʩʩʣʝʜʦʚʘʥʠʷ 2007 ʛ. ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ ʩʚʸʢʣʝ (5-100 ʤʢʛ/ʢʛ) ʠ ʤʦʨʢʦʚʠ (9-40 ʤʢʛ/ʢʛ), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʧʨʷʞʸʥʥʦ ʦʪʦʙʨʘʥʥʳʤ ʢʘʨʪʦʬʝʣʝʤ (13-249 ʤʢʛ/ʢʛ), ʯʪʦ ʷʚʠʣʦʩʴ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

129 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʚʳʙʦʨʘ ʢʘʨʪʦʬʝʣʷ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʡʦʜʦʤ ʧʦʯʚ ʠ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ ʚ 

ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʚ 2008-2013 ʛʛ. 

ɺʩʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 112 ʧʨʦʙ ʢʘʨʪʦʬʝʣʷ, ʦʪʦʙʨʘʥʥʳʭ ʚ 109 

ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ. ɺ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʦʧʨʝʜʝʣʝʥʦ ʚ 62 ʧʨʦʙʘʭ ʚ ʩʣʦʝ 0-20 ʩʤ, ʘ ʚ 

50-ʪʠ ʧʨʦʙʘʭ ʡʦʜ ʦʧʨʝʜʝʣʸʥ ʚ ʚʝʨʭʥʝʤ (0-10 ʩʤ) ʠ ʥʠʞʥʝʤ (10-20 ʩʤ) ʩʣʦʷʭ ʧʘʭʦʪʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ʇʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʸʪ 

ʨʘʟʣʠʯʠʷ ʧʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʙʘʟʫ ʜʘʥʥʳʭ ʨʘʟʙʠʣʠ ʥʘ ʪʨʠ ʚʳʙʦʨʢʠ: 

ʘʚʪʦʤʦʨʬʥʳʝ ʘʛʨʦʣʘʥʜʰʘʬʪʳ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ (ʪʘʙʣ. 1), 

ʘʚʪʦʤʦʨʬʥʳʝ ʘʛʨʦʣʘʥʜʰʘʬʪʳ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ (ʪʘʙʣ. 2) ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʳ, 

ʟʘʥʠʤʘʶʱʠʝ ʧʦʜʯʠʥʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʭ ʠ ʜʨ. ʧʦʯʚʘʭ (ʪʘʙʣ. 3). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʥʠʟʢʫʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ 

ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʳʤ ʡʦʜʦʤ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʡʦʜʘ, ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʥʘ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ, ʢʘʢ ʚ ʧʦʯʚʝ (1,01 

ʤʛ/ʢʛ ʥʘ 20 ʩʤ), ʪʘʢ ʠ ʚ ʢʘʨʪʦʬʝʣʝ (35,35 ʤʢʛ/ʢʛ). ʇʨʠ ʵʪʦʤ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʘʨʪʦʬʝʣʝ ʥʘ ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʢʘʨʪʦʬʝʣʝ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ  

(H+-Cʘ ʢʣʘʩʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ*) 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ 

ʁʦʜ ʚ ʢʘʨʪʦʬʝʣʝ, 

ʤʢʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ 0-

20 ʩʤ, ʤʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ  

0-10 ʩʤ, ʤʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ  

10-20 ʩʤ, ʤʛ/ʢʛ 

ʯʠʩʣʦ 26 17 9 8 

ʤʠʥʠʤʫʤ 5,5 0,2 0,9 0,6 

ʤʘʢʩʠʤʫʤ 94,8 7,5 2,4 2,1 

ʩʨʝʜʥʝʝ 39,7 1,6 1,7 1,5 

ʩʪ. ʦʪʢʣʦʥʝʥʠʝ 23,9 1,8 0,5 0,5 

ʤʝʜʠʘʥʘ 35,3 1 1,6 1,7 

*ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ (1975) 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚʣʠʷʥʠʝʤ ʥʝ ʫʯʪʸʥʥʳʭ ʚ ʜʘʥʥʦʡ ʚʳʙʦʨʢʝ 

ʬʘʢʪʦʨʦʚ (ʩʦʨʪ ʢʘʨʪʦʬʝʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʚʥʦʩʠʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʩʧʘʰʢʠ ʠ ʧʨ.). 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʢʘʨʪʦʬʝʣʝ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ  

(H+ ʢʣʘʩʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ) 

 

ʁʦʜ ʚ ʢʘʨʪʦʬʝʣʝ, 

ʤʢʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ 

20 ʩʤ, ʤʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ  

0-10 ʩʤ, ʤʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ  

10-20 ʩʤ, ʤʛ/ʢʛ 

ʯʠʩʣʦ 50 27 23 23 

ʤʠʥʠʤʫʤ 3,3 0,2 0,5 0,3 

ʤʘʢʩʠʤʫʤ 203,3 1,9 3,6 3,8 

ʩʨʝʜʥʝʝ 39,8 0,9 1,1 1 

ʩʪ. ʦʪʢʣʦʥʝʥʠʝ 32,9 0,4 0,6 0,7 

ʤʝʜʠʘʥʘ 32,4 0,9 1 0,9 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ʦʞʠʜʘʝʤʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʚʝʨʭʥʝʤ 10-ʩʘʥʪʠʤʝʪʨʦʚʦʤ 

ʩʣʦʝ ʧʦʯʚʳ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ey  ʪʠʧʘ ʠ ʧʨʠʨʦʜʥʦʛʦ ʣʘʥʜʰʘʬʪʘ. ʀʩʢʣʶʯʝʥʠʷ, 

ʬʠʢʩʠʨʦʚʘʚʰʠʝʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ (ɺʝʨʭʦʧʦʣʴʝ, ʇʝʨʝʪʠʥ ʠ ʪ.ʜ.), ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʧʦʜʯʘʩ ʤʝʥʷʶʱʝʡ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʤʝʩʪʘʤʠ, ʠʣʠ ʧʝʨʝʤʝʰʠʚʘʶʱʝʡ ʠʭ. 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʏʸʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʢʘʨʪʦʬʝʣʝ ʚʳʷʚʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ. ɿʥʘʯʠʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʡʦʜʘ ʚ ʢʘʨʪʦʬʝʣʝ ʠ 0-20 ʩʤ 

ʩʣʦʝ ʧʦʯʚ ʚ ʩʣʫʯʘʝ ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʫʩʣʦʚʠʷʭ (R0,05=0,45, n=16).  

ʊʘʙʣʠʮʘ 3  

ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʢʘʨʪʦʬʝʣʝ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ  

(H+-Fe ʢʣʘʩʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ) 

 

ʁʦʜ ʚ ʢʘʨʪʦʬʝʣʝ, 

ʤʢʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ 0-

20 ʩʤ, ʤʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ  

0-10 ʩʤ, ʤʛ/ʢʛ 

ʁʦʜ ʚ ʧʦʯʚʝ  

10-20 ʩʤ, ʤʛ/ʢʛ 

ʯʠʩʣʦ 31 16 15 15 

ʤʠʥʠʤʫʤ 2,9 0,4 0,3 0,3 

ʤʘʢʩʠʤʫʤ 197 2,7 2,8 2,2 

ʩʨʝʜʥʝʝ 35,3 1,1 0,9 0,9 

ʩʪ. ʦʪʢʣʦʥʝʥʠʝ 37,2 0,7 0,7 0,5 

ʤʝʜʠʘʥʘ 25,9 0,9 0,7 0,8 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʠʟʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʡʦʜʦʤ ʧʦʯʚ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʠ 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʥʘ ʥʠʭ ʢʘʨʪʦʬʝʣʷ. ʅʘʙʣʶʜʘʚʰʠʡʩʷ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʡʦʜʘ ʚ ʧʦʯʚʘʭ ʠ 

ʢʘʨʪʦʬʝʣʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʸʥ ʪʦʣʴʢʦ ʩʤʝʥʦʡ ʪʠʧʦʚ ʧʦʯʚ ʠ ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ, 

ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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E-mail: vniissok@mail.ru, tima-seredin@rambler.ru 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʨʪʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ ʥʘʢʦʧʣʝʥʠʷ ʪʨʸʭ ʤʘʢʨʦ- ʠ 

ʪʨʸʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʦʩʴʤʠ ʩʦʨʪʦʚ ʠ ʧʷʪʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʤʠʤʦ 

ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ, ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ, ʯʝʩʥʦʢ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʘʢʪʠʚʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ ʮʠʥʢʘ ʠ 

ʞʝʣʝʟʘ ʠ ʩʣʫʞʠʪ ʭʦʨʦʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ.  

Abstract. The evaluation is carried out, the varietal differences in accumulation of three macro - and three 

micronutrients by eight caltivars and five collectible samples of winter garlic were specified. It was revealed that in 

addition to high content of potassium, calcium and phosphorus, garlic also accumulates zinc and iron and it is a good 

source of mineral substances for human body. 

ʏʝʩʥʦʢ ʦʟʠʤʳʡ (Allium sativum L.) ï ʮʝʥʥʝʡʰʘʷ ʚʦ ʚʩʝʭ ʦʪʥʦʰʝʥʠʷʭ ʦʚʦʱʥʘʷ 

ʢʫʣʴʪʫʨʘ ʩʝʤʝʡʩʪʚʘ Alliaceae. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʯʝʩʥʦʢ ʙʦʛʘʯʝ ʣʫʢʘ ʨʝʧʯʘʪʦʛʦ: ʚ ʥʸʤ 

ʙʦʣʴʰʝ ʫʛʣʝʚʦʜʦʚ, ʘʟʦʪʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʋ ʯʝʩʥʦʢʘ 

ʦʟʠʤʦʛʦ ʚʳʩʦʢʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʩʪʝʥʠʷʤʠ ʨʦʜʘ Allium L. ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʣʫʢʦʚʠʮʘʭ ʜʦ 40%, ʩʳʨʦʛʦ ʙʝʣʢʘ 6-8%, ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʜʦʩʪʠʛʘʝʪ 40-45%. 

ʆʥ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 200 ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʙʝʣʢʠ, ʩʘʭʘʨʘ, ʠʥʫʣʠʥ, 

ʢʣʝʪʯʘʪʢʘ, ʵʬʠʨʥʳʝ ʤʘʩʣʘ, ʘʣʣʠʮʠʥ, ʤʘʢʨʦʵʣʝʤʝʥʪʳ (ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, ʬʦʩʬʦʨ, ʥʘʪʨʠʡ, 

ʤʘʛʥʠʡ) ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ (ʤʘʨʛʘʥʝʮ, ʮʠʥʢ, ʞʝʣʝʟʦ, ʘʣʶʤʠʥʠʡ, ʙʦʨ, ʢʨʝʤʥʠʡ, ʚʘʥʘʜʠʡ, 

ʣʠʪʠʡ), ʚʠʪʘʤʠʥ ʉ, ʬʠʪʦʥʮʠʜʳ, ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ. ɹʝʣʢʠ 

ʯʝʩʥʦʢʘ ʩʦʜʝʨʞʘʪ 17 ʘʤʠʥʦʢʠʩʣʦʪ, ʚʦʩʝʤʴ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʟʘʤʝʥʠʤʳʭ. 

ʏʝʩʥʦʢ ʦʟʠʤʳʡ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ ʩʝʣʝʥʘ ʠ ʛʝʨʤʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʧʦʣʝʟʥʳʤ ʵʣʝʤʝʥʪʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʩʚʦʡʩʪʚʦ ʯʝʩʥʦʢʘ, ʪʘʢʞʝ ʵʪʦ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʝʩʥʦʢʘ 

ʩʫʰʸʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ, ʤʘʨʠʥʦʚʘʥʥʦʛʦ ʠ ʧʘʩʪʳ [1]. 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʡʦʜ, ʞʝʣʝʟʦ, ʮʠʥʢ ʠ ʩʝʣʝʥ ʧʨʠʚʣʝʢʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ 

ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʜʝʬʠʮʠʪ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʘʟʝ ʆʇɹ 

ɺʅʀʀʉʉʆʂ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʝʣʝʢʮʠʠ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʣʫʢʦʚʳʭ ʢʫʣʴʪʫʨ ʚ 2013-2014 ʛʛ. ʥʘ 

ʚʦʩʴʤʠ ʩʦʨʪʘʭ ʠ ʧʷʪʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʘʭ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ: ɹʦʛʘʪʳʨʴ, ɼʝʤʠʜʦʚ, 

ɿʘʦʢʩʢʠʡ, ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ, ʇʦʜʥʝʙʝʩʥʳʡ, ʈʝʧʣʠʢʘʥʪ, ʉʘʨʤʘʪ, ʉʪʨʝʣʝʮ; ʂ-765, ʂ-

768, ʂ-772, ʂ-778 ʠ ʂ-780. ʃʫʢʦʚʠʮʳ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ 2,5-3,2% ʧʦ ʊʶʨʠʥʫ. ʆʙʲʸʤʥʘʷ ʤʘʩʩʘ 

ʧʦʯʚʳ ʚ ʩʣʦʝ 0-20 ʩʤ ʩʦʩʪʘʚʣʷʝʪ 1,05 ʛ/ʤį, ʧʦʣʥʘʷ ʚʣʘʛʦʸʤʢʦʩʪʴ ï 119 ʤʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʣʫʢʦʚʠʮʘʭ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʧʨʦʚʦʜʠʣʠ ʚ ʆʆʆ 

çʄʀʂʈʆʅʋʊʈʀɽʅʊʓè. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ: ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ (ʄʉ-ʀʉʇ), ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

(ɸʕʉ-ʀʉʇ). ɸʧʧʘʨʘʪʫʨʘ: ʂʚʘʜʨʫʧʦʣʴʥʳʡ ʤʘʩʩ- ʩʧʝʢʪʨʦʤʝʪʨ Nexion 300 D (Perken Elmer, 

ʉʐɸ); ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ Optima 2000 DV (Perken Elmer, ʉʐɸ). ʋʨʦʚʥʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʢʘʟʘʪʝʣʴ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʣʫʢʦʚʠʮʘʭ. 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʉʦʨʪʘ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ, ʠʟʫʯʘʝʤʳʝ ʥʘʤʠ, ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʢʘʧʣʠʚʘʪʴ ʚ ʩʚʦʠʭ ʦʨʛʘʥʘʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʰʝʩʪʠ ʵʣʝʤʝʥʪʘʤ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʩ 

ʦʙʳʯʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʪʘʙʣ. 

1). ʀʟʫʯʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʦ ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʝʥʠʷʭ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ 

ʨʘʟʤʝʱʘʶʪʩʷ, ʚ ʩʨʝʜʥʝʤ, ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ: K>Mg>Ca>Fe>Zn>Al . 

ʕʣʝʤʝʥʪʥʳʝ ʨʷʜʳ ʧʦ ʩʦʨʪʘʤ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʤ ʦʙʨʘʟʮʘʤ Allium sativum L. ʠʤʝʶʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ (ʪʘʙʣ. 1-2). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʣʫʢʦʚʠʮʘʭ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, 

2013-2014 ʛʛ. 

ʉʦʨʪʦʦʙʨʘʟʝʮ 
ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 

ʉʘ  ʈ  ʂ  

ɹʦʛʘʪʳʨʴ 195,26Ñ52,1 150,35Ñ17,2 465,5Ñ12,2 

ɿʘʦʢʩʢʠʡ st 216,88Ñ28,3 134,5Ñ15,6 475,6Ñ47,3 

ʈʝʧʣʠʢʘʥʪ 219,82Ñ27,1 146,2Ñ15,8 461,4Ñ50,6 

ʇʦʜʥʝʙʝʩʥʳʡ 200,8Ñ32,1 140,9Ñ17,9 422,05Ñ27,5 

ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ 228,3Ñ31,3 144,9Ñ16,2 418,95Ñ37,1 

ɼʝʤʠʜʦʚ 194,65Ñ36,2 153,91Ñ15,2 445,85Ñ26,1 

ʉʘʨʤʘʪ 207,75Ñ29,2 158,75Ñ15,6 436,2Ñ26,3 

ʉʪʨʝʣʝʮ 157,2Ñ17,4 149,6Ñ14,3 429,2Ñ29,7 

ʂ-765 179,7Ñ17,4 158,9Ñ14,1 464,6Ñ31,1 

ʂ-768 173,7Ñ21,3 138,4Ñ10,4 449,1Ñ28,3 

ʂ-772 164,5Ñ17,8 170,5Ñ19,7 469,4Ñ33,5 

ʂ-778 176,05Ñ34,1 159,25Ñ12,6 467,85Ñ24,7 

ʂ-780 151,17Ñ18,4 156,05Ñ17,4 461,05Ñ31,2 

ʅʘʠʙʦʣʴʰʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʦʙʣʘʜʘʶʪ ʤʘʢʨʦʵʣʝʤʝʥʪʳ (K, 

Ca, P), ʟʘʥʠʤʘʶʱʠʝ ʧʝʨʚʳʝ ʨʘʥʛʠ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʚ ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʯʝʩʥʦʢʘ 

ʦʟʠʤʦʛʦ: ʢʘʣʠʷ ʚʩʝʛʜʘ ʚ ʢʫʣʴʪʫʨʝ ʙʦʣʴʰʝ, ʯʝʤ ʢʘʣʴʮʠʷ, ʘ ʢʘʣʴʮʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʞʝʣʝʟʘ ʠ ʪ.ʜ.  

ʃʠʜʝʨʦʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʴʮʠʷ ʷʚʣʷʝʪʩʷ ʩʦʨʪ ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ, 

ʤʠʥʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫ ʩʦʨʪʘ ʉʪʨʝʣʝʮ ʠ ʦʙʨʘʟʮʘ 780 (ʪʘʙʣ. 1). ɼʠʘʧʘʟʦʥ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ ʩʦʩʪʘʚʠʣ ʦʪ 151,1 ʜʦ 228,3 ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ.  

ɸʢʪʠʚʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ ʩʦʨʪ ɿʘʦʢʩʢʠʡ (ʩʝʣʝʢʮʠʷ ɺʅʀʀʉʉʆʂ). 

ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʦʪʤʝʯʘʣʦʩʴ ʫ ʩʦʨʪʘ ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ. ɼʣʷ 

ʩʝʣʝʢʮʠʠ ʥʘ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʠ ʬʦʩʬʦʨʘ ʚʳʜʝʣʷʝʪʩʷ ʦʙʨʘʟʝʮ ʂ-772.  

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʣʫʢʦʚʠʮʘʭ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʯʝʩʥʦʢʘ 

ʦʟʠʤʦʛʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʇɼʂ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʙʳʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳ (ʪʘʙʣ. 2). 

ʊʘʢ, ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʞʝʣʝʟʘ ʦʙʨʘʟʮʳ 778 ʠ 780 ʧʨʝʚʳʰʘʶʪ ʩʪʘʥʜʘʨʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 

40%; ʩʦʨʪʘ ʈʝʧʣʠʢʘʥʪ ʠ ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ ï ʥʘ 10%. ʆʩʪʘʣʴʥʳʝ ʰʝʩʪʴ ʩʦʨʪʦʚ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʪʘʥʜʘʨʪʘ ʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʤʝʥʝʝ 13 ʤʛ ʞʝʣʝʟʘ ʥʘ 1 ʢʛ ʩʫʭʦʡ 

ʤʘʩʩʳ.  

ʉʦʨʪ ɿʘʦʢʩʢʠʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʮʠʥʢʘ (ʪʘʙʣ. 2). 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, 2013-2014 ʛʛ., ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 

ʉʦʨʪʦʦʙʨʘʟʝʮ Fe Zn Al 

ɹʦʛʘʪʳʨʴ 12,75Ñ4,1 6,7Ñ1,3 1,62Ñ0,59 

ɿʘʦʢʩʢʠʡ st 10,81Ñ3,1 4,7Ñ0,9 2,04Ñ0,33 

ʈʝʧʣʠʢʘʥʪ 14,09Ñ2,7 5,7Ñ0,93 3,14Ñ0,3 

ʇʦʜʥʝʙʝʩʥʳʡ 12,21Ñ3,7 6,0Ñ0,8 2,43Ñ0,8 

ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ 15,12Ñ3,2 6,0Ñ0,8 3,69Ñ0,38 

ɼʝʤʠʜʦʚ 12,9Ñ4,1 5,6Ñ0,7 1,45Ñ0,17 

ʉʘʨʤʘʪ 12,94Ñ3,2 5,8Ñ0,6 1,74Ñ0,18 

ʉʪʨʝʣʝʮ 13,8Ñ1,2 7,5Ñ0,8 0,91Ñ0,004 

ʂ-765 17,48Ñ2,1 9,91Ñ1,31 0,92Ñ0,003 

ʂ-768 16,6Ñ2,1 6,45Ñ0,5 0,96Ñ0,07 

ʂ-772 13,7Ñ2,4 9,54Ñ1,77 0,77Ñ0,03 

ʂ-778 17,87Ñ2,1 6,2Ñ0,5 1,76Ñ0,25 

ʂ-780 17,25Ñ3,1 8,1Ñ1,3 2,6Ñ0,1 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʣʫʢʦʚʠʮʘʭ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ (ʢʨʦʤʝ ʩʦʨʪʘ ɼʝʤʠʜʦʚ) 

ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʘ, ʥʘ 21-72%. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʥʘʢʦʧʣʝʥʠʷ ʮʠʥʢʘ ʫ ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ɸʢʪʠʚʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʘʣʶʤʠʥʠʷ (>3 ʤʛ/ʢʛ ʩʳʨʦʡ ʤʘʩʩʳ) ʷʚʣʷʶʪʩʷ ʩʦʨʪʘ 

ʈʝʧʣʠʢʘʥʪ ʠ ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʷʚʠʣʘʩʴ ʩʦʨʪʦʚʘʷ ʨʝʘʢʮʠʷ ʧʦ 

ʥʘʢʦʧʣʝʥʠʶ ʵʣʝʤʝʥʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʙʦʣʝʝ ʚʣʘʞʥʦʤ 2013 ʛʦʜʫ ʚ 

ʣʫʢʦʚʠʮʘʭ ʵʪʠʭ ʩʦʨʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʙʳʣʦ ʚ ʧʷʪʴ ʨʘʟ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʩʣʦʚʠʷʤʠ ʟʘʩʫʰʣʠʚʦʛʦ 2014 ʛʦʜʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʚʦʩʴʤʠ ʩʦʨʪʦʚ ʠ ʧʷʪʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʯʝʩʥʦʢʘ ʦʟʠʤʦʛʦ ʚʳʜʝʣʝʥ ʦʜʠʥ ʦʙʨʘʟʝʮ ʂ-772 ʧʦ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʠʷ ʠ ʬʦʩʬʦʨʘ. 

ɺʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ ʚʳʜʝʣʷʝʪʩʷ ʩʦʨʪ ʆʜʠʥʮʦʚʩʢʠʡ ʖʙʠʣʝʡʥʳʡ. 
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EFFICACY OF LIQUID COMPLEX HUMIC MICROELEMENT 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʀʥʩʪʠʪʫʪʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʞʠʜʢʠʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʝ ʫʜʦʙʨʝʥʠʷ çʕʣʝɻʫʤè ʥʘ ʦʩʥʦʚʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʪʦʨʬʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʥʝ ʪʦʣʴʢʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʪʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʠʪʘʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʛʫʤʠʥʦʚʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʧʦʩʝʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʩʪʝʥʠʡ ʠ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚʳ ʧʦʜʚʠʞʥʳʤʠ ʬʦʨʤʘʤʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ. ʊʘʢ, ʧʨʠʙʘʚʢʘ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʜʦʩʪʠʛʘʝʪ 8,8 ʮ/ʛʘ, ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʢʫʢʫʨʫʟʳ 85 ʮ/ʛʘ, ʟʝʨʥʘ 

ʢʫʢʫʨʫʟʳ 20,6 ʮ/ʛʘ ʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʜʦ 38 ʮ/ʛʘ. 

Abstract. Based on peat humic substances, a highly concentrated liquid complex microelement fertilizers 

çEleGumè were developed in the Institute for Nature Management. They contain biologically active substances and 

provide the plants also with required trace elements. Field studies have shown that the use of complex humic 

fertilizers with microelements çEleGumè for agricultural crops in accordance with biological needs of plants and the 

level of trace elements content in soil increase the yield and improve the quality of cereals and sugar beet production. 

For instance, the extra yield of winter wheat grain reaches 0,88 t/ha, maizʝ green mass - 8,5 t/ha, maize grain -2,0 t/ha 

and sugar beet - 3,8 t/ha. 

ʇʦʜʘʚʣʷʶʱʘʷ ʜʦʣʷ ʧʣʦʱʘʜʠ ʧʘʰʥʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ 

ʨʝʩʧʫʙʣʠʢʠ ʩʘʤʳʤʠ ʟʥʘʯʠʤʳʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʷʚʣʷʶʪʩʷ ʤʝʜʴ ʠ 

ʤʘʨʛʘʥʝʮ, ʜʣʷ ʢʫʢʫʨʫʟʳ ï ʮʠʥʢ. ʆʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠʣʠ ʘʢʪʠʚʠʨʫʶʪ ʜʝʡʩʪʚʠʝ 

ʬʝʨʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ, ʨʝʛʫʣʠʨʫʶʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ, ʨʘʟʤʥʦʞʝʥʠʝ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ [1]. ɺ ʫʜʦʙʨʝʥʠʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ, ʩʧʦʩʦʙʥʦʡ ʣʝʛʢʦ 

ʫʩʚʘʠʚʘʪʴʩʷ ʨʘʩʪʝʥʠʷʤʠ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ [1, 2]. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʜʢʠʭ ʬʦʨʤ ʫʜʦʙʨʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʛʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ [3-5]. 

ʇʨʠʤʝʥʝʥʠʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ, ʪʘʢ ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʟʝʤʣʝʜʝʣʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ʆʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʫʩʚʦʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʩʪʠʤʫʣʠʨʫʷ ʧʨʦʮʝʩʩʳ ʜʳʭʘʥʠʷ, ʩʠʥʪʝʟ ʙʝʣʢʦʚ ʠ 

ʫʛʣʝʚʦʜʦʚ [6, 7]. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʨʘʩʪʝʥʠʷ 

ʥʝʜʦʧʦʣʫʯʘʶʪ ʤʠʢʨʦʵʣʝʤʝʥʪʳ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʦʚʤʝʩʪʥʦ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʭʝʣʘʪʥʦʡ ʬʦʨʤʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʫʤʠʥʦʚʳʝ 

ʚʝʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 
ɺ ʀʥʩʪʠʪʫʪʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʞʠʜʢʠʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʝ ʫʜʦʙʨʝʥʠʷ çʕʣʝɻʫʤè ʥʘ ʦʩʥʦʚʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʪʦʨʬʘ, 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʛʫʤʠʥʦʚʳʡ ʧʨʝʧʘʨʘʪ (ɻʇ) ï 10 ʛ/ʣ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʪʘʢ, çʕʣʝɻʫʤ-ʄʝʜʴè ʩʦʜʝʨʞʘʣ Cu
2+
ï 50 ʛ/ʣ; çʕʣʝɻʫʤ-ʎʠʥʢè ï Zn

2+
ï 50 ʛ/ʣ, 

çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè ï Mn
2+
ï 50 ʛ/ʣ, çʕʣʝɻʫʤ-ɹʦʨ-ʄʘʨʛʘʥʝʮè ï BO3

3-
 ʠ Mn

2+ 
ʧʦ 50 ʛ/ʣ, 

çʕʣʝɻʫʤ-ɹʦʨ-ʄʝʜèɹ ï BO3
3-

 ʠ Cu
2+ 
ʧʦ 50 ʛ/ʣ [3, 4]. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝʡ (ʩʦʨʪ 

ʂʫʙʫʩ), ʢʫʢʫʨʫʟʦʡ (ʛʠʙʨʠʜ ɼʝʣʴʬʠʥ) ʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʦʡ (ʩʦʨʪʘ ɸʚʠʘ ʠ ɹʝʨʥʠ) ʚ ʄʠʥʩʢʦʤ, 

ʋʟʜʝʥʩʢʦʤ ʠ ʅʝʩʚʠʞʩʢʦʤ ʨʘʡʦʥʘʭ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ [5, 7]. ʇʝʨʝʜ 

ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʝʥʠʡ 1 ʣ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʨʘʩʪʚʦʨʷʣʠ ʚ 200 ʣ ʚʦʜʳ ʠ 

ʧʨʦʠʟʚʦʜʠʣʠ ʥʝʢʦʨʥʝʚʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʩʝʚʦʚ ʩ ʨʘʩʭʦʜʦʤ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ 200 ʣ/ʛʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ  ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ ʬʦʥʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ N150P70K140. ʆʧʳʪʳ 

ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ʨʝʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ [9] ʩ ʯʝʪʳʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴ.ʁ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1 ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɻʇ ʠ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʜʣʷ ʥʝʢʦʨʥʝʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʧʝʨʠʦʜ ʢʫʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚʝʩʥʦʡ ʠ ʚ ʬʘʟʫ ʚʳʭʦʜʘ ʚ ʪʨʫʙʢʫ. 

ʇʨʠ ʵʪʦʤ ʧʨʠʙʘʚʢʠ ʦʪ ʚʥʝʩʝʥʠʷ ʦʜʥʦʛʦ ɻʇ ʩʦʩʪʘʚʠʣʠ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ 4,5 ʮ/ʛʘ ʠ ʚ ʬʘʟʝ 

ʚʳʭʦʜʘ ʚ ʪʨʫʙʫ ï 3,2 ʮ/ʛʘ, ʘ ʦʪ ʚʥʝʩʝʥʠʷ çʕʣʝɻʫʤè ʚ ʬʘʟʝ ʢʫʱʝʥʠʝ 5,6-8,8 ʮ/ʛʘ, ʚ ʬʘʟʝ 

ʚʳʭʦʜʘ ʚ ʪʨʫʙʢʫ 4,5-7,9 ʮ/ʛʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ɻʇ ʠ çʕʣʝɻʫʤè ʚ ʥʘʯʘʣʝ 

ʢʦʣʦʰʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʣʠʰʴ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠʙʘʚʢʠ ʟʝʨʥʘ ʚ ʨʘʟʤʝʨʝ 1,0-2,4 ʮ/ʛʘ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ. 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʩʨʝʜʥʶʶ 

ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʮ/ʛʘ 

ɺʘʨʠʘʥʪʳ 

ʉʨʦʢʠ ʥʝʢʦʨʥʝʚʳʭ ʧʦʜʢʦʨʤʦʢ 

ʢʫʱʝʥʠʝ ʚʳʭʦʜ ʚ ʪʨʫʙʢʫ ʥʘʯʘʣʦ ʢʦʣʦʰʝʥʠʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʠʙʘʚʢʘ 

N150P70K140 ï ʬʦʥ 59,0 ï 59,0 ï 59,0 ï 

ʌʦʥ +ɻʇ 63,5 4,5 62,2 3,2 60,0 1,0 

ʌʦʥ + çʕʣʝɻʫʤ-

ʄʝʜʴè 
64,6 5,6 64,2 5,2 60,0 1,0 

ʌʦʥ + çʕʣʝɻʫʤ-

ʄʘʨʛʘʥʝʮè 
65,6 6,6 63,5 4,5 60,7 1,7 

ʌʦʥ + çʕʣʝɻʫʤ-

ʄʝʜʴè+çʕʣʝɻʫʤ-

ʄʘʨʛʘʥʝʮè 

67,8 8,8 66,9 7,9 61,4 2,4 

ʇʨʠʤʝʥʝʥʠʝ ɻʇ ʠ ʚʩʝʭ ʚʠʜʦʚ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ 

çʕʣʝɻʫʤè ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʦʩʪʫ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʠ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

(ʪʘʙʣ. 2). ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʠ ʢʣʝʡʢʦʚʠʥʳ ʧʦʣʫʯʝʥ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ɻʇ ʚ ʥʘʯʘʣʝ ʢʦʣʦʰʝʥʠʷ, ʭʦʪʷ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɻʇ ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʨʦʢʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. ʅʝʢʦʨʥʝʚʳʝ ʧʦʜʢʦʨʢʠ ʧʦʩʝʚʦʚ ʧʰʝʥʠʮʳ ʞʠʜʢʠʤʠ 

ʛʫʤʠʥʦʚʳʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ çʕʣʝɻʫʤè ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʩ 0,5 ʜʦ 0,8 %, ʢʣʝʡʢʦʚʠʥʳ ʩ 2,4 ʜʦ 4,2 %. ɺ 

ʩʨʝʜʥʝʤ ʧʦ ʩʨʦʢʘʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʠ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʚ ʙʦʣʴʰʝʡ 

ʤʝʨʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʥʘʯʘʣʝ ʢʦʣʦʰʝʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɻʇ ʠ ʚʩʝʭ ʚʠʜʦʚ ʞʠʜʢʠʭ 

ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè. 

ʂʣʝʡʢʦʚʠʥʘ ï ʛʣʘʚʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʙʝʣʢʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʘʯʝʩʪʚʦ ʤʫʢʠ ʠ 

ʚʳʧʝʢʘʝʤʦʛʦ ʭʣʝʙʘ. ʆʪ ʥʝʝ ʟʘʚʠʩʠʪ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ ʭʣʝʙʘ, ʝʛʦ ʦʙʲʝʤ ʠ ʧʦʨʠʩʪʦʩʪʴ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʵʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʣʝʡʢʦʚʠʥʳ ʢ 

ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʘ, ʢʦʪʦʨʦʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʫ ʧʰʝʥʠʮʳ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʨʝʟʫʣʴʪʘʪʘ ï 2,5. 

ʊʘʙʣʠʮʘ 2 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ɺʣʠʷʥʠʝ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʢʘʯʝʩʪʚʦ ʟʝʨʥʘ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

 

ɺʘʨʠʘʥʪʳ 

ʉʨʦʢʠ ʥʝʢʦʨʥʝʚʳʭ ʧʦʜʢʦʨʤʦʢ 

ʢʫʱʝʥʠʝ ʚʳʭʦʜ ʚ ʪʨʫʙʢʫ ʥʘʯʘʣʦ ʢʦʣʦʰʝʥʠʷ 

ʙʝʣʦʢ, 

% 

ʢʣʝʡʢʦʚʠʥʘ, 

% 

ʙʝʣʦʢ, 

% 

ʢʣʝʡʢʦʚʠʥʘ, 

% 

ʙʝʣʦʢ, 

% 

ʢʣʝʡʢʦʚʠʥʘ, 

% 

N150P70K140 ï ʬʦʥ 11,3 27,4 11,3 27,4 11,3 27,4 

ʌʦʥ +ɻʇ 11,4 28,8 11,5 28,0 12,2 29,6 

ʌʦʥ + çʕʣʝɻʫʤ-ʄʝʜʴè 11,4 32,2 11,5 30,0 11,8 35,6 

ʌʦʥ + çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè 11,8 28,5 11,5 28,2 11,8 29,7 

ʌʦʥ + çʕʣʝɻʫʤ-

ʄʝʜʴè+çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè 

11,9 32,9 11,8 33,7 12,1 33,8 

ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʥʘ ʣʫʯʰʝʤ ʚʘʨʠʘʥʪʝ çʕʣʝɻʫʤ-ʄʝʜèɹ
 
ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ 

ʩʦʩʪʘʚʣʷʣʦ 35,6 % ʧʨʠ ʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʬʘʟʝ çʥʘʯʘʣʦ ʢʦʣʦʰʝʥʠʷè. ɺ ʩʨʝʜʥʝʤ ʧʦ 

ʩʨʦʢʘʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʠ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʥʘʯʘʣʝ ʢʦʣʦʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʣʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʝʡʢʦʚʠʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʣʝʡʢʦʚʠʥʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 2,42 ʥʘ ʢʦʥʪʨʦʣʝ 

ʜʦ 2,79 ʚ ʚʘʨʠʘʥʪʝ çʕʣʝɻʫʤ-ʄʝʜèɹ+çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʢʦʨʥʝʚʳʝ ʧʦʜʢʦʨʤʢʠ ʢʫʢʫʨʫʟʳ ʞʠʜʢʠʤʠ 

ʛʫʤʠʥʦʚʳʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ çʕʣʝɻʫʤ-ʎʠʥʢè, çʕʣʝɻʫʤ-ʄʝʜʴè, çʕʣʝɻʫʤ-

ʄʘʨʛʘʥʝʮè ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʟʝʨʥʘ ʢʫʢʫʨʫʟʳ. 

ɺ ʬʦʥʦʚʦʤ ʚʘʨʠʘʥʪʝ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʟʝʨʥʘ ʢʫʢʫʨʫʟʳ ʚ ʩʨʝʜʥʝʤ ʟʘ ʜʚʘ 

ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʘ 565 ʠ 99,8 ʮ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʠʩʩʣʝʜʫʝʤʳʭ ʫʜʦʙʨʝʥʠʡ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 25-85 ʮ/ʛʘ, ʘ ʟʝʨʥʘ ʥʘ 

10,0-20,6 ʮ/ʛʘ (ʪʘʙʣ. 3, 4). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʫʤʠʥʦʚʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤ-ʎʠʥʢè, çʕʣʝɻʫʤ-ʄʝʜʴè, çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʫʢʫʨʫʟʳ ʥʝ ʚʣʠʷʣʦ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʟʝʣʝʥʦʡ ʤʘʩʩʝ, ʢʦʪʦʨʦʝ ʥʝ 

ʧʨʝʚʳʰʘʣʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʩʨʝʜʥʶʶ ʫʨʦʞʘʡʥʦʩʪʴ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʢʫʢʫʨʫʟʳ 

ɺʘʨʠʘʥʪʳ 

ʋʨʦʞʘʡʥʦʩʪʴ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ, 

ʮ/ʛʘ 

ʇʨʠʙʘʚʢʘ ʢ 

ʬʦʥʫ, ʮ/ʛʘ 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ 

ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʢʫʢʫʨʫʟʳ, 

ʤʛ/ʢʛ 

ʅʘʚʦʟ 50 ʪ/ʛʘ+ N180P90K180 - ʬʦʥ 565 ï 168 - 355 

ʌʦʥ + çʕʣʝɻʫʤ-ʎʠʥʢè 650 85 89 - 305 

ʌʦʥ + çʕʣʝɻʫʤ-ʄʝʜʴè 590 25 120 - 308 

ʌʦʥ + çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè 592 27 310 - 390 

ʅʉʈ05 14,5  

ɺʥʝʩʝʥʠʝ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤ-ʎʠʥʢè, 

çʕʣʝɻʫʤ-ʄʝʜʴè, çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè ʚ ʥʝʢʦʨʥʝʚʳʝ ʧʦʜʢʦʨʤʢʠ ʧʦʩʝʚʦʚ ʢʫʢʫʨʫʟʳ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʠ ʟʝʨʥʝ ʥʘ ʫʨʦʚʥʝ: Cu ï 2,8-4,1 

ʠ 1,3-1,5 ʤʛ/ʢʛ; Zn ï 13,0-15,3 ʠ 14,2-16,7 ʤʛ/ʢʛ; Mnï23,0-28,1 ʠ 2,1-4,0 ʤʛ/ʢʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ʦʙʝʩʧʝʯʠʣʦ ʧʨʠʙʘʚʢʫ ʜʦ 38 ʮ/ʛʘ ʧʨʠ ʫʨʦʚʥʝ ʫʨʦʞʘʡʥʦʩʪʠ 575-613 ʮ/ʛʘ (ʪʘʙʣ. 5).  

 

ʊʘʙʣʠʮʘ 4 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ɺʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ 

ʢʫʢʫʨʫʟʳ 

ɺʘʨʠʘʥʪʳ 
ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ 

ʟʝʨʥʘ, ʮ/ʛʘ 
ʇʨʠʙʘʚʢʘ ʢ ʬʦʥʫ, ʮ/ʛʘ 

ʅʘʚʦʟ 50 ʪ/ʛʘ + N180P90K180 - ʬʦʥ 99,8 ï 

ʌʦʥ + çʕʣʝɻʫʤ-ʎʠʥʢè 120,4 20,6 

ʌʦʥ + çʕʣʝɻʫʤ-ʄʝʜʴè 109,8 10,0 

ʌʦʥ + çʕʣʝɻʫʤ-ʄʘʨʛʘʥʝʮè 110,6 10,8 

ʅʉʈ05 7,2 8,3 

ʊʘʙʣʠʮʘ 5 

ɺʣʠʷʥʠʝ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ɺʘʨʠʘʥʪʳ 
ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ 

ʟʝʨʥʘ, ʮ/ʛʘ 
ʇʨʠʙʘʚʢʘ ʢ ʬʦʥʫ, ʮ/ʛʘ 

ʅʘʚʦʟ 50 ʪ/ʛʘ + N180P90K180 - ʬʦʥ 575 ï 

ʌʦʥ + çʕʣʝɻʫʤ-ɹʦʨ-ʄʘʨʛʘʥʝʮè 610 35 

ʌʦʥ + çʕʣʝɻʫʤ-ɹʦʨ-ʄʝʜʴè 613 38 

ʅʉʈ05 20,0 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʘʣʦ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ çʕʣʝɻʫʤ-ɹʦʨ-

ʄʝʜʴè, ʢʦʪʦʨʦʝ ʧʨʠ ʜʚʫʢʨʘʪʥʦʡ ʥʝʢʦʨʥʝʚʦʡ ʧʦʜʢʦʨʤʢʝ (ʚ ʬʘʟʫ 10-12 ʣʠʩʪʴʝʚ ʠ ʯʝʨʝʟ 1,5 

ʤʝʩʷʮʘ ʧʦʩʣʝ ʧʝʨʚʦʡ ʦʙʨʘʙʦʪʢʠ) ʚ ʜʦʟʝ 1,0ï3,0 ʣ/ʛʘ ʦʙʝʩʧʝʯʠʣʦ ʥʘʠʙʦʣʴʰʫʶ ʧʨʠʙʘʚʢʫ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʨʥʝʧʣʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʥʝʤ ʟʘ ʜʚʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʝʥʠʡ 

ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʚ ʥʝʢʦʨʥʝʚʳʝ ʧʦʜʢʦʨʤʢʠ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ ʧʦʚʳʰʘʣʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʨʥʝʧʣʦʜʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʢʠ ʠ ʜʦʟ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʦʪʤʝʯʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʩʘʭʘʨʠʩʪʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʣʴʬʘ-ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʳʤ ʚʘʨʠʘʥʪʦʤ. ʂʦʤʧʣʝʢʩʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʚʣʠʷʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʢʦʨʥʝʧʣʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ ʩʘʭʘʨʘ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʜʚʘ ʛʦʜʘ ʠʩʩʣʝʜʫʝʤʳʝ ʫʜʦʙʨʝʥʠʷ ʧʦʚʳʰʘʣʠ ʚʳʭʦʜ 

ʩʘʭʘʨʘ ʜʦ 8,3 ʮ/ʛʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʳʤ ʚʘʨʠʘʥʪʦʤ (ʪʘʙʣ. 6). 

ʊʘʙʣʠʮʘ 6 

ɺʣʠʷʥʠʝ ʞʠʜʢʠʭ ʛʫʤʠʥʦʚʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ çʕʣʝɻʫʤè ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ɺʘʨʠʘʥʪʳ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ʈʘʩʯʝʪʥʳʡ 

ʚʳʭʦʜ ʩʘʭʘʨʘ 

ʩʦʜʝʨʞʘʥʠʝ 

ʩʘʭʘʨʘ, % 

K Na ŬïN 
% ʮ/ʛʘ 

ʤ-ʤʦʣʴ/100 ʛ 

ʅʘʚʦʟ 50 ʪ/ʛʘ + N180P90K180 - ʬʦʥ 17,4 5,7 0,12 2,05 15,1 86,2 

ʌʦʥ + çʕʣʝɻʫʤ-ɹʦʨ-ʄʘʨʛʘʥʝʮè 17,8 5,8 0,12 1,99 15,8 94,5 

ʌʦʥ + çʕʣʝɻʫʤ-ɹʦʨ-ʄʝʜʴè 17,4 5,5 0,11 2,38 15,1 91,8 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ 

çʕʣʝɻʫʤè ʥʘ ʦʩʥʦʚʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʪʦʨʬʘ ʥʘ ʧʦʩʝʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʩʪʝʥʠʡ ʠ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚʳ 

ʧʦʜʚʠʞʥʳʤʠ ʬʦʨʤʘʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʠ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʢʫʢʫʨʫʟʳ ʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 

 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

138 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʣʝʚʦʡ ɺ. ɺ. ʌʠʟʠʦʣʦʛʠʷ ʨʘʩʪʝʥʠʡ. M., 1989, 464 c. 

2. ʗʛʦʜʠʥ ɹ.ɸ. ɸʛʨʦʭʠʤʠʷ. ʄ.: ʂʦʣʦʩ, 1989. 655 ʩ. 

3. ʂʘʰʠʥʩʢʘʷ ʊ.ʗ., ɸ.ʇ. ɻʘʚʨʠʣʴʯʠʢ, ɻ.ɸ. ʉʦʢʦʣʦʚ, ʄ.ɺ. ʈʘʢ, ɺ.ɺ. ʃʘʧʘ, ɽ.ɸ. ɾʠʜʢʦʝ 

ʢʦʤʧʣʝʢʩʥʦʝ ʛʫʤʠʥʦʚʦʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ (ʚʘʨʠʘʥʪʳ): ʧʘʪ. 16753 ʈʝʩʧ. ɹʝʣʘʨʫʩʴ, ʄʇʂ 

ʉ 05G3/00/ ʉʘʚʘʥʝʮ; ʟʘʷʚʠʪʝʣʴ ɻʅʋ çʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ.ï 

 ̄ ʘ 20110588; ʟʘʷʚʣ. 05.05.2011; ʦʧʫʙʣ. 28.02.2013// ɸʬiʮʳʡʥʳ ʙʶʣ./ʅʘʮ. ʮʵʥʪʨ 

iʥʪʵʣʝʢʪʫʘʣ. ʫʣʘʩʥʘʩʮi.ï 2013. ˉ. 1 ï ʉ.85. 

4. ʂʦʚʨʠʢ ʉ.ʀ, ɹʘʤʙʘʣʦʚ ʅ.ʅ., Cʦʢʦʣʦʚ ɻ.ɸ. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʜʴ-

ʮʠʥʢ ʛʫʤʠʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ: ʧʘʪ. 16752 ʈʝʩʧ. ɹʝʣʘʨʫʩʴ, ʄʇʂ ʉ 05G3/00/; ʟʘʷʚʠʪʝʣʴ 

ɻʅʋ çʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʅɸʅ ɹʝʣʘʨʫʩʠ.ï ʘ 20110695; ʟʘʷʚʣ. 18.05.2011; 

ʦʧʫʙʣ. 28.02.2013// ɸʬiʮʳʡʥʳ ʙʶʣ./ʅʘʮ. ʮʵʥʪʨ iʥʪʵʣʝʢʪʫʘʣ. ʫʣʘʩʥʘʩʮi.ï 2013.ï ˉ 1.ï 

ʉ.86. 

5. ʈʘʢ ʄ.ɺ., ʃʘʧʘ ɺ.ɺ, ʉʦʢʦʣʦʚ ɻ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʛʫʤʠʥʦʚʳʭ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ çʕʣʝʛʫʤè: ʈʝʢʦʤʝʥʜʘʮʠʠ / ʀʥ-ʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʀʥ-ʪ 

ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ. ï ʄʠʥʩʢ, 2013.ï 28 ʩ. 

6. ʈʘʢʦʚʠʯ ɺ.ɸ. , ɹʘʤʙʘʣʦʚ ʅ.ʅ., ɻʘʡʜʫʢʝʚʠʯ ʆ.ʄ., ʂʦʚʨʠʢ ʉ.ʀ., ʂʫʨʟʦ ɹ.ɺ., ʅʘʫʤʦʚʘ 

ɻ.ɺ., ʉʦʢʦʣʦʚ ɻ.ɸ., ʊʦʤʩʦʥ ɸ.ʕ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʨʬʘ ʠ ʩʘʧʨʦʧʝʣʷ ʚ 

ɹʝʣʘʨʫʩʠ // ʄʘʪ. ɺʪʦʨʦʡ ʤʝʞʜʫʥʘʨ. ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ. ʇʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʨʬʷʥʳʭ ʨʝʩʫʨʩʦʚ 18-21 ʘʚʛ. 2014, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 234 ʩ.- ʉ. 37-40. 

7. ʉʦʢʦʣʦʚ ɻ.ɸ., ʂʨʘʩʥʦʙʝʨʩʢʘʷ ʆ.ɻ., ʉʠʤʘʢʠʥʘ ʀ.ɺ, ɻʘʚʨʠʣʴʯʠʢ ʅ.ʉ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʪʦʨʬʘ, ʩʘʧʨʦʧʝʣʷ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠï// 

ʇʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ. ɺʳʧ. 22.ï 2012.ï ʉ. 67-81. 

8. Sokolov G., Szajdak L. & Simakina I. Changes in the structure of nitrogen-containing 

compounds of peat-, sapropel-, and brown coal-based organic fertilizers Agronomy 

Research 6(1), pp.149ï160, 2008. 

9. ɼʦʩʧʝʭʦʚ, ɹ.ɸ. ʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ. ï ʄ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1985. 351 ʩ.  



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

139 

ʋɼʂ: 

ɽ.ɸ. ʂʦʣʝʩʥʠʢʦʚʘ, ʅ.ɺ. ɹʘʨʘʥʦʚʩʢʘʷ, ɽ.ɺ. ʏʝʨʥʝʥʴʢʘʷ 

ʈɽɻʀʆʅɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʕʃɽʄɽʅʊʅʆɻʆ ʉʆʉʊɸɺɸ 

ʅɸɼɿɽʄʅʆʁ ʏɸʉʊʀ FILIPENDULA  ULMARIA  (ROSACEAE) 

(ʖɻ ʉʀɹʀʈʀ) 

E. A. Kolesnikova, N. V. Baranovskaya, E. V. Chernenkaya 

REGIONAL FEATURES OF ELEMENTAL COMPOSITION OF 

ABOVEGROUND PART OF FILIPENDULA ULMARIA (ROSACEAE) 

(SOUTHERN SIBERIA) 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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Abstract. The paper presents the results of a comparative study of the elemental composition of Filipendula 

ulmaria growing on the territory of Tomsk oblast and other regions of Southern Siberia. The calculated concentration 

factors for 28 chemical elements were relative to a certain average content in the sample. 

ʃʘʙʘʟʥʠʢ ʚʷʟʦʣʠʩʪʥʳʡ, ʠʣʠ ʪʘʚʦʣʛʘ ʚʷʟʦʣʠʩʪʥʘʷ (Filipendula ulmaria (L.) Maxim.), ï 

ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ ʠʟ ʩʝʤʝʡʩʪʚʘ ʨʦʟʦʮʚʝʪʥʳʭ (Rosaceae), ʤʝʜʦʥʦʩʥʦʝ 

ʨʘʩʪʝʥʠʝ c ʰʠʨʦʢʠʤ ʘʨʝʘʣʦʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʠʙʠʨʠ [5]. ʎʚʝʪʝʪ ʚ ʠʶʥʝ ï ʠʶʣʝ, ʮʚʝʪʢʠ ʤʝʣʢʠʝ, ʙʝʣʳʝ, ʢʨʝʤʦʚʳʝ, ʩʚʝʪʣʦ-ʞʝʣʪʳʝ, ʩ 

ʩʠʣʴʥʳʤ ʤʝʜʦʚʳʤ ʘʨʦʤʘʪʦʤ, ʦʙʨʘʟʫʶʪ ʩʦʮʚʝʪʠʝ ï ʤʝʪʝʣʢʫ ʜʣʠʥʦʡ ʦʪ 3 ʜʦ 15 ʩʤ. ʇʣʦʜʳ ï 

ʢʦʨʠʯʥʝʚʳʝ ʩʝʤʷʥʢʠ, ʩʦʟʨʝʚʘʶʱʠʝ ʚ ʢʦʥʮʝ ʣʝʪʘ. ʇʨʦʠʟʨʘʩʪʘʝʪ ʚ ʩʳʨʦʡ ʠ ʟʘʙʦʣʦʯʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʧʦ ʙʝʨʝʛʘʤ ʚʦʜʦʝʤʦʚ, ʥʘ ʧʦʣʷʥʘʭ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ, ʩʢʣʦʥʘʭ, ʧʫʩʪʳʨʷʭ [4]. 

ʃʘʙʘʟʥʠʢ ʚʷʟʦʣʠʩʪʥʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʦʡ ʠ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʈʦʩʩʠʠ 

ʠ ʨʷʜʘ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. [1]. 

ɼʘʥʥʳʡ ʚʠʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʢʫʣʴʪʫʨʫ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʨʘʩʪʝʥʠʷ. ʉʣʦʞʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʯʘʩʪʝʡ ʦʙʫʩʣʦʚʠʣ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʠʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʡʨʦʠʥʬʝʢʮʠʡ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ. [2]. 

ɹʦʣʴʰʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʦʩʪʘʚʘ 

ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʢʨʦʤʝ ʪʦʛʦ, 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʚʘʞʥʫʶ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. [3,6]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʫʤʤʘʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʃʘʙʘʟʥʠʢʘ ʚʷʟʦʣʠʩʪʥʦʛʦ 

(Filipendula ulmaria) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʖʛʘ ʉʠʙʠʨʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʨʘʙʦʪʳ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ 

ʣʘʙʘʟʥʠʢʘ ʚʷʟʦʣʠʩʪʥʦʛʦ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 1999ï2014 ʛʛ. ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʚ ɸʣʪʘʡʩʢʦʤ ʠ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ, ʠ 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʠ. ɺ ʚʳʙʦʨʢʫ ʚʭʦʜʠʣʠ ʦʙʨʘʟʮʳ ʣʘʙʘʟʥʠʢʘ ʚʷʟʦʣʠʩʪʥʦʛʦ ʠʟ ʛʝʨʙʘʨʠʷ ʠʤ. 

ʇ.ʅ. ʂʨʳʣʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʙʦʨʦʚ ʩ 1901 ʧʦ 1994 ʛʛ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʩʦʩʪʘʚʠʣʦ 121.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʩʣʝ ʦʟʦʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Üʉ. ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʦʙʣʫʯʝʥʠʝʤ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ, 

ʠʤʝʶʱʝʡ ʘʢʢʨʝʜʠʪʘʮʠʶ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩ.ʥ.ʩ. ɸ.ʌ. ʉʫʜʳʢʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʄʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʣʘʙʘʟʥʠʢʘ ʚʷʟʦʣʠʩʪʥʦʛʦ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ 28 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
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(ʪʘʙʣ.1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʩʙʦʨʘ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ  

(Filipendula ulmaria (L.) Maxim.), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʩʙʦʨʘ (n=121) 

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʢ/ʢʛ 

ʊʦʤʩʢʘʷ 

ʦʙʣʘʩʪʴ 

n=58 

ɸʣʪʘʡʩʢʠʡ 

ʢʨʘʡ 

n=27 

ʅʦʚʦʩʠʙʠʨʩʢʘ

 ̫ʦʙʣʘʩʪʴ 

n=18 

ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʢʨʘʡ 

n=12 

ʈʝʩʧʫʙʣʠʢʘ 

ʍʘʢʘʩʠʷ 

n=6 

Na 175 367 442 390 467 

Ca 5258 8343 8324 8969 8768 

Fe 342 1497 935 1558 1797 

Co 0,3 1 0,7 1,4 1,2 

Zn 53 53 82 103 76 

Cr 2,1 17 5,9 22 24 

Br 13 20 12 43 25 

Sr 25 32 48 31 41 

Ag 0,05 0,06 0,07 0,07 0,08 

Ba 44 38 40 49 42 

As 0,3 0,3 0,4 0,3 0,3 

Rb 8,6 4,1 9,7 18 13 

Sb 0,04 0,1 0,05 0,1 0,1 

Th 0,05 0,09 0,1 0,07 0,09 

U 0,06 0,2 0,1 0,2 0,2 

La 0,3 0,3 0,4 0,3 0,3 

Ce 0,5 0,5 1 0,7 0,9 

Nd 0,7 0,8 0,8 1 1,1 

Sm 0,04 0,06 0,07 0,05 0,06 

Eu 0,008 0,005 0,009 0,007 0,009 

Tb 0,008 0,009 0,04 0,007 0,01 

Yb 0,02 0,02 0,03 0,01 0,04 

Lu 0,003 0,003 0,003 0,004 0,005 

Cs 0,04 0,03 0,04 0,03 0,03 

Sc 0,06 0,1 0,1 0,08 0,1 

Hf 0,03 0,07 0,07 0,06 0,07 

Ta 0,006 0,006 0,008 0,006 0,008 

Au 0,01 0,04 0,03 0,03 0,09 

ʇʦʷʩʥʝʥʠʝ: ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʳ ʨʘʩʪʝʥʠʡ, 

ʩʦʙʨʘʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʯʪʠ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʩʪʘʤʠ ʩʙʦʨʘ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʙʨʦʤ, ʙʘʨʠʡ, ʮʝʟʠʡ, ʨʫʙʠʜʠʡ ʠ ʦʪʜʝʣʴʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʳʨʴʷ, ʩʦʙʨʘʥʥʦʛʦ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʠ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʭʦʨʦʰʠʝ ʠʥʜʠʢʘʪʦʨʥʳʝ ʢʘʯʝʩʪʚʘ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ. 

ʉʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʣʘʙʘʟʥʠʢʝ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʭʦʨʦʰʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʙʣʠʮʘ 2. ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʂʢ) ï ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʦ 

ʚʩʝʡ ʚʳʙʦʨʢʝ ʢ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʩʪʘ ʩʙʦʨʘ ʠ ʩʫʤʤʘʨʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʢʦʧʣʝʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʝʩʪʫ ʩʙʦʨʘ (Zʩʧʢ) (ʪʘʙʣ.2). 
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ʊʘʙʣʠʮʘ 2 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ  

(Filipendula ulmaria (L.) Maxim.), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʩʙʦʨʘ  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʂʢ) 

ʊʦʤʩʢʘʷ 

ʦʙʣʘʩʪʴ  

ɸʣʪʘʡʩʢʠʡ 

ʢʨʘʡ  

ʅʦʚʦʩʠʙʠʨʩʢʘʷ 

ʦʙʣʘʩʪʴ  

ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʢʨʘʡ  

ʍʘʢʘʩʠʷ  

0,1         U 

0,2 Cr         

0,3           

0,4 Fe, Co, Au         

0,5   Rb       

0,6 Na. Sb, Hf, U Eu       

0,7 Sc, Br, Th   Cr, Br, Sb Cs, Tb, Yb   

0,8 

Ca, Zn, As, Sr, 

Ag, Ce, Nd, Sm, 

Tb Zn,Cs, Ce   Ta, Au Cs 

0,9 Cs, La, Lu, Ta Ba, La, Tb, Ta Ba Sc, La, Sm, Eu   

1 Rb, Ba, Eu, Yb Sr, Ag, Nd Nd, Au As, Sr, Th Ba 

1,1   

As,Br, Sm, 

Yb, Lu 

Fe, Rb, Ag, Cs, 

Eu, Lu Ce 

As, La, Eu, Tb, 

Ta 

1,2   Na, Ca, Sc Ca, Co, La, Ta Zn, Ag, Ba, Nd Sc, Zn, Sm 

1,3   Hf, Th Zn, As Na, Ca, Lu, Hf Ca, Sr, Ag, Th 

1,4   Au Sm, Hf, Th, U   Br, Ce, Nd 

1,5     Na, Sc, Sr, Yb Sb Rb, Hf 

1,6   Co     Na, Lu 

1,7   Fe,Sb Ce     

1,8   U   Fe Sb 

1,9   Cr     Co 

2       Rb Fe 

2,1         Yb 

2,2           

2,3       Co   

2,4       Br, U   

2,5       Cr   

2,6         Cr 

2,7           

2,8         Au 

4,1     Tb     

Zʩʧʢ 21 32 36 37 41 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0,2 ʜʦ 1 ʠ ʩʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ 21, ʧʦ ɸʣʪʘʡʩʢʦʤʫ ʢʨʘʶ ʦʪ 0,5-1,9 

(32), ʧʦ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 0,7-4,1 (36), ʂʨʘʩʥʦʷʨʩʢʦʤʫ ʢʨʘʶ 0,7-2,5 (37) ʠ ʧʦ ʍʘʢʘʩʠʠ 

0,1-2,8 (41). ɺʳʷʚʣʝʥʥʘʷ ʩʧʝʮʠʬʠʢʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʨʦʜʥʦ ï ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʬʦʥʦʤ ʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʃʘʙʘʟʥʠʢʘ 

ʚʷʟʦʣʠʩʪʥʦʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʥʘʢʘʧʣʠʚʘʝʪ ʙʦʛʘʪʳʡ ʢʦʤʧʣʝʢʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 
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ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ 

ʩʙʦʨʘ. ʉʫʤʤʘʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʚ ʨʘʩʪʝʥʠʷʭ, ʩʦʙʨʘʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ ʖʛʘ ʉʠʙʠʨʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʪʘʨʰʝʤʫ ʣʘʙʦʨʘʥʪʫ ʛʝʨʙʘʨʠʷ ʇ.ʅ. ʂʨʳʣʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʅ.ɺ. 

ʂʫʨʙʘʪʩʢʦʡ ʠ ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʢ.ʙ.ʥ. ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄ.ɺ. 

ʆʣʦʥʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʙʦʨʘ ʧʨʦʙ ʛʝʨʙʘʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʨʦʬ., 

ʜ.ʛ.-ʤ.ʥ. ʃ.ʇ. ʈʠʭʚʘʥʦʚʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʶ ʠ ʧʦʤʦʱʴ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʴʠ. 
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ʋɼʂ 631.4:633.4:504.054 

ɸ.ɺ. ʇʫʟʘʥʦʚ
1
, ʉ.ɺ. ɹʘʙʦʰʢʠʥʘ

1
, ʀ.ɸ. ɸʣʝʢʩʝʝʚ

2
, ɸ.ɺ. ʉʘʣʪʳʢʦʚ

1 

ʆʉʆɹɽʅʅʆʉʊʀ ʄʀʂʈʆʕʃɽʄɽʅʊʅʆɻʆ ʉʆʉʊɸɺɸ ʆɻʆʈʆɼʅʓʍ 

ʇʆʏɺ ʀ ʆɺʆʑʅʓʍ ʂʋʃʔʊʋʈ ʅɸʉɽʃɽʅʅʓʍ ʇʋʅʂʊʆɺ ɺ 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚ ʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ (ʤʦʨʢʦʚʠ ʠ 

ʢʘʨʪʦʬʝʣʷ) ʩʘʜʦʚʦ-ʦʛʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Cu, Zn, Ni, Pb ʚ ʧʦʯʚʘʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ ʛʫʤʫʩʘ. ɼʣʷ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ï Fe ʠ Mn. ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʷʤʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ 

ʩʦ ʟʥʘʯʝʥʠʝʤ ʨʅ ʩʨʝʜʳ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Zn, ʘ ʪʘʢʞʝ Fe ʠ Mn ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʤʦʨʢʦʚʠ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʢʘʨʪʦʬʝʣʝ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ Co, As. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʚʦʱʥʳʝ 

ʢʫʣʴʪʫʨʳ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʵʩʩʝʥʮʠʘʣʴʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ Zn ʠ Cu. 

Abstract. The content, accumulation and spatial distribution of priority heavy metals and arsenic in vegetable 

soils and vegetable crops (carrots and potatoes) growing in the gardening plots near the Vostochny Cosmodrome is 

studied. It was revealed that the content of Cu, Zn, Ni, Pb in soils is directly related to the humus content. For 

typomorphic microelements (Fe and Mn) a direct positive relation with the soil pH was revealed. It was found that the 

content of Zn as well as Fe and Mn in the carrot is higher than in potatoes; the latter demonstrate higher concentration 

of Co and As. Both vegetables are characterized by intensive accumulation of essential micronutrients Zn and Cu. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʪʝʨʨʠʪʦʨʠʡ 

ʩʪʨʦʷʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʢʦʩʤʦʜʨʦʤʦʚ ʠ ʨʘʡʦʥʦʚ ʧʘʜʝʥʠʷ ʦʪʜʝʣʷʝʤʳʭ ʯʘʩʪʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʙʫʜʫʱʝʤ ʫʨʦʚʥʝʡ ʠ ʪʠʧʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʇʦ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʪʝʨʨʠʪʦʨʠʷ ʩʪʨʦʷʱʝʛʦʩʷ ʢʦʩʤʦʜʨʦʤʘ 

çɺʦʩʪʦʯʥʳʡè ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʦʩʤʦʜʨʦʤʦʚ çɹʘʡʢʦʥʫʨè ʠ 

çʇʣʝʩʝʮʢè, ʯʪʦ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʟʜʝʩʴ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʦʷʱʝʛʦʩʷ ʢʦʩʤʦʜʨʦʤʘ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 

ʆʩʥʦʚʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʚʦʱʠ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ 

ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʘʭ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʧʦʚʝʜʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ çʦʛʦʨʦʜʥʳʝ ʧʦʯʚʳ-ʦʚʦʱʠè ʚ ʨʘʡʦʥʝ ʩʪʨʦʷʱʝʛʦʩʷ 

ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè. 

ʊʝʨʨʠʪʦʨʠʷ ʩʪʨʦʷʱʝʛʦʩʷ ʢʦʩʤʦʜʨʦʤʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʢʨʫʧʥʝʡʰʝʡ ʨʝʢʦʡ ʙʘʩʩʝʡʥʘ 

ʨ. ɸʤʫʨ ï ʨʝʢʦʡ ɿʝʷ ï ʠ ʝʝ ʧʨʠʪʦʢʦʤ ɹʦʣʴʰʘʷ ʇʝʨʘ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʚ 

ʛʨʘʥʠʮʘʭ ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʙʫʨʘʤʠ, ʙʫʨʦʟʸʤʘʤʠ, ʤʝʨʟʣʦʪʥʦ-

ʙʦʣʦʪʥʳʤʠ ʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʧʝʨʝʛʥʦʡʥʳʤʠ ʧʦʯʚʘʤʠ. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʟʘʧʘʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɼʣʷ ʵʢʦʣʦʛʦ-ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʝʤʴ ʥʘʩʝʣʸʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʰʝʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨ. ɹ. ʇʝʨʘ. ɺ ʘʚʛʫʩʪʝ 2013 ʛ. ʚ ʚʳʙʨʘʥʥʳʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚ, ʘ ʪʘʢʞʝ 

ʧʦʧʫʣʷʨʥʳʝ ʦʚʦʱʥʳʝ ʢʫʣʴʪʫʨʳ: ʢʦʨʥʝʧʣʦʜʳ ʤʦʨʢʦʚʠ ʠ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ (ʧʦ 3-5 ʪʦʯʝʢ 

ʦʪʙʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ). ʆʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʠ 
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ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘ, ʦʙʨʘʟʮʳ ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʪʦʙʨʘʥʥʳʝ 

ʦʚʦʱʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʳʣʠ, ʦʯʠʱʘʣʠ ʦʪ ʢʦʞʫʨʳ, ʦʧʦʣʘʩʢʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, 

ʚr ʩʫʰʠʚʘʣʠ. ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʧʦ 32 ʦʙʨʘʟʮʘ ʧʦʯʚ, ʢʦʨʥʝʧʣʦʜʦʚ ʤʦʨʢʦʚʠ, ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʠʭ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ [1]. 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ï Fe, Mn, Cr, V, Ni, Cu, Zn, As, Se, Ag, Pb ʚ ʦʛʦʨʦʜʥʳʭ 

ʧʦʯʚʘʭ ʚ ʨʘʡʦʥʝ ʢʦʩʤʦʜʨʦʤʘ ɺʦʩʪʦʯʥʳʡ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʘ Si(Li)-ʜʝʪʝʢʪʦʨʝ ʥʘ ʩʪʘʥʮʠʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ɺʕʇʇ-3 ʚ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-15 % [2]. ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʧʘʨʝʥʭʠʤʝ ʦʚʦʱʝʡ ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʩ 

ʧʣʘʤʝʥʥʦʡ ʠ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʦʨ ʬʠʨʤʳ Perkin Elmer 

ʤʦʜʝʣʴ HGA-600 (ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʘʷ ʘʪʦʤʠʟʘʮʠʷ ʩ ʟʝʝʤʘʥʦʚʩʢʦʡ ʢʦʨʨʝʢʮʠʝʡ ʬʦʥʘ) ʠ 

ʧʨʠʙʦʨ SP-9 ʬʠʨʤʳ Pye Unicam (ʧʣʘʤʝʥʥʘʷ ʘʪʦʤʠʟʘʮʠʷ) ʚ ʀʥʩʪʠʪʫʪʝ ɻʝʦʭʠʤʠʠ ʠ 

ʄʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʩ ʘʪʪʝʩʪʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ: ʉɹʄʂ-2. 

ɼʝʩʪʨʫʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʙʳ ʧʨʦʚʦʜʠʣʘʩʴ ʩʧʦʩʦʙʦʤ ʩʫʭʦʛʦ 

ʦʟʦʣʝʥʠʷ ʚ ʤʫʬʝʣʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʦʡ ʟʦʣʳ ʥʘʙʦʨʦʤ ʢʠʩʣʦʪ. ɺʣʘʞʥʳʝ 

ʩʦʣʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʇɼʂ [3], ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ ʩʳʨʦʝ ʚʝʱʝʩʪʚʦ, ʠʩʭʦʜʷ ʠʟ 

ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʡ ʤʘʩʩʳ ʚ ʢʘʨʪʦʬʝʣʝ ʥʝ ʙʦʣʝʝ 20%, ʚ ʤʦʨʢʦʚʠ ʥʝ ʙʦʣʝʝ 25% ʠ ʥʝ 

ʤʝʥʝʝ 15%. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤ [4].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʛʦʨʦʜʥʳʝ ʧʦʯʚʳ ʨʘʟʥʳʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʨʘʡʦʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʩʤʦʜʨʦʤʘ ɺʦʩʪʦʯʥʳʡ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʥʠʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3,0 ʜʦ 11,7%, 

ʥʘʠʙʦʣʝʝ ʛʫʤʫʩʠʨʦʚʘʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʦʯʚʳ ʜʘʯʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʛ. ʉʚʦʙʦʜʥʳʡ (6,6 ï 11,7%), 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʦʪʣʠʯʘʣʠʩʴ ʧʦʯʚʳ ʚ ʛ. ʋʛʣʝʛʦʨʩʢʝ (4,0 ï 5,8%), ʩ. ʏʝʨʥʦʚʢʘ 

(3,0 ï 7,6%), ʧ. ɻʣʫʭʘʨʠ (4,7 ï 6,5%). ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʧʦʯʚʘʭ ʧ. ʐʠʤʘʥʦʚʩʢ ʠ ʩ. ʄʘʣʠʥʦʚʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʨ. 

ɹ.ʇʝʨʘ, ʘ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʤʠ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʷʚʣʷʶʪʩʷ ʦʛʦʨʦʜʥʳʝ ʧʦʯʚʳ ʚ 

ʛ. ʋʛʣʝʛʦʨʩʢ ʠ ʚ ʧ. ʏʘʛʦʷʥ. ʨʅ ʩʨʝʜʳ ʚ ʠʟʫʯʝʥʥʳʭ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 

ʩʣʘʙʦʢʠʩʣʦʡ (5.7) ʜʦ ʩʣʘʙʦʱʝʣʦʯʥʦʡ (7.9), ʩʘʤʳʤʠ ʢʠʩʣʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʦʯʚʳ ʚ ʛ. 

ʋʛʣʝʛʦʨʩʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚʙʣʠʟʠ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʨʫʯʴʷ (ʫʨʦʚʝʥʴ ʨʅ ʧʦʯʚ ʟʜʝʩʴ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 5.9Ñ0.1, Cv=2.6%), ʘ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʅ ʧʦʯʚ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʧ. 

ʏʘʛʦʷʥ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨ. ɿʝʷ. ʉʦʜʝʨʞʘʥʠʝ ʈ2ʆ5 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 23.8 - 28.9 ʤʛ/ʢʛ (ʛ. 

ʋʛʣʝʛʦʨʩʢ, ʥʠʟʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʢʠʩʣʳʭ ʧʦʯʚ ʧʦʜʚʠʞʥʳʤ ʬʦʩʬʦʨʦʤ) ʜʦ 362.3 - 366.5 

ʤʛ/ʢʛ (ʚʳʩʦʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʧʦʯʚʘʭ ʧ. ʐʠʤʘʥʦʚʩʢ).  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (25), ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʚ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚʘʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɿʝʝ-ʇʝʨʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʢʣʘʨʢʦʚʳʭ ʚʝʣʠʯʠʥ 

[5], ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Zn, ʘ ʪʘʢʞʝ Cu, Mn, Pb, Ni, V. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʜʠʘʧʘʟʦʥʳ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʝʟʘʛʨʷʟʥʸʥʥʳʭ ʧʦʯʚ ʨʘʟʥʳʭ ʩʪʨʘʥ [6].  

ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʥʘʠʙʦʣʝʝ 

ʛʫʤʫʩʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ ʚ ʛ. ʉʚʦʙʦʜʥʳʡ ʦʪʣʠʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Zn ï ʜʦ 

420 ʤʛ/ʢʛ (262 Ñ55, ʉv=47%).  

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ (22,7-96,1 ʤʛ/ʢʛ, ʚ ʩʨʝʜʥʝʤ 45,7Ñ2,7 ʤʛ/ʢʛ, ʉv=35%) ʠ ʥʠʢʝʣʷ (18,5ï

52,2 ʤʛ/ʢʛ, ʚ ʩʨʝʜʥʝʤ 38,3Ñ1,5 ʤʛ/ʢʛ, Cv=21%) ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ 

ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʨʢʦʚʳʭ ʧʦʯʚ ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢʘ (ʮʝʥʪʨ ɸʤʫʨʩʢʦʡ 
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ʦʙʣʘʩʪʠ, ʫʩʪʴʝ ʨ. ɿʝʷ) [7], ʪʦʛʜʘ ʢʘʢ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʠʥʮʘ (19,9-47,3 ʤʛ/ʢʛ) 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ɹʣʘʛʦʚʝʱʝʥʩʢʫ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚʘʭ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʩʝʨʝʙʨʘ, ʢʘʜʤʠʷ, ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ï ʤʳʰʴʷʢʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʳʰʴʷʢʘ ʚ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚʘʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚ ʨʘʡʦʥʝ ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʆɼʂ ʜʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚ (10 ʤʛ/ʢʛ) [8]. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ As ʚ ʧʦʯʚʘʭ ʧ. ʐʠʤʘʥʦʚʩʢ 17,5 ʠ 21,1 ʤʛ/ʢʛ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʠ 

ʙʦʣʝʝ ʪʷʞʝʣʳʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ) ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ. ɼʦʩʪʦʚʝʨʥʦ ʥʘʠʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʝ As ʠ ʧʦʜʚʠʞʥʳʭ ʬʦʩʬʘʪʦʚ ʚ ʧʦʯʚʘʭ ʠʟ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʝʣʘʭ ʄʘʣʠʥʦʚʢʘ (4.9Ñ0.7 ʤʛAs/ʢʛ ʧʨʠ 

66.6Ñ21.5 ʤʛP2O5/ʢʛ ) ʠ ʏʘʛʦʷʥ (5.3 Ñ0.7 ʤʛAs/ʢʛ ʧʨʠ 66.8Ñ19.9 ʤʛʈ2ʆ5/ʢʛ). ʇʦʯʚʳ ʚ ʩ. 

ʏʘʛʦʷʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʅ ʩʨʝʜʳ (7.0 ï 7.7, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 7.4Ñ0.2, Cv=5%) ï ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʤʳʰʴʷʢ, ʢʘʢ ʘʥʠʦʥʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʤʦʞʝʪ ʤʠʛʨʠʨʦʚʘʪʴ ʟʘ ʧʨʝʜʝʣʳ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʘ ʪʘʢʞʝ ʙʳʪʴ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʨʘʩʪʝʥʠʡ [9]. ɿʜʝʩʴ ʞʝ ʦʙʥʘʨʫʞʝʥʦ 

ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ ï ʜʦ 2220 ʤʛ/ʢʛ (ʚ ʩʨʝʜʥʝʤ 1786Ñ136 ʤʛMn/ʢʛ) ʠ 

ʞʝʣʝʟʘ ï ʜʦ 3700 ʤʛFe/ʢʛ (3420Ñ211 ʤʛFe/ʢʛ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢʞʝ ʩʣʘʙʦʱʝʣʦʯʥʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʢʨʝʧʣʝʥʠʶ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ.  

ʉʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʙʘʭ, ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʳʨʫʶ ʤʘʩʩʫ, ʦʢʘʟʘʣʦʩʴ ʥʠʞʝ ʇɼʂ [3], ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʮʠʥʢʘ ʚ ʜʚʫʭ ʧʨʦʙʘʭ 

ʤʦʨʢʦʚʠ ʚ ʧ. ʏʝʨʥʦʚʢʘ - 14 ʤʛZn/ʢʛ ʩʳʨʦʡ ʤʘʩʩʳ, ʯʪʦ ʚʳʰʝ ʇɼʂ (10 ʤʛ/ʢʛ). ʍʦʪʷ ʚ ʧʦʯʚʘʭ 

ʵʪʦʛʦ ʩʝʣʘ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʥʝ ʩʘʤʦʝ ʚʳʩʦʢʦʝ (90-162 ʤʛ/ʢʛ), ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ 

ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ (5,1Ñ0,9% ʛʫʤʫʩʘ, Cv=38%) ʦʙʲʷʩʥʷʝʪ ʣʫʯʰʫʶ ʜʦʩʪʫʧʥʦʩʪʴ 

ʤʝʪʘʣʣʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʎʠʥʢ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʧʦʩʣʝ ʞʝʣʝʟʘ ʤʝʩʪʦ ʚ 

ʨʷʜʫ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʠʭ ʢʦʣʠʯʝʩʪʚʫ ʚ ʦʚʦʱʘʭ. ɼʣʷ ʮʠʥʢʘ ʥʘʤʠ ʦʪʤʝʯʝʥ ʩʘʤʳʡ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚʘʭ ʠ ʚ ʨʘʩʪʝʥʠʷʭ 

(r=+0.31). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʨʥʝʧʣʦʜʦʚ ʥʘʢʘʧʣʠʚʘʪʴ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚʳʰʝ, ʯʝʤ ʧʦʜʟʝʤʥʳʭ ʧʦʙʝʛʦʚ (ʢʣʫʙʥʝʡ). ɺ ʩʦʛʣʘʩʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ [10], ʚ ʤʦʨʢʦʚʠ, ʚʳʨʘʱʝʥʥʦʡ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʨʘʡʦʥʘ ʩʪʨʦʷʱʝʛʦʩʷ 

ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè, ʩʦʜʝʨʞʘʥʠʝ ʉu (2,2 - 6,1 ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ, ʚ ʩʨʝʜʥʝʤ 3,7° 0,2 

ʤʛ/ʢʛ, ʉv=28%), Zn (15-93 ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ, ʚ ʩʨʝʜʥʝʤ 35°6, ʉv=57%), Fe (64-164 ʤʛ/ʢʛ, ʚ 

ʩʨʝʜʥʝʤ 109Ñ5 ʤʛ/ʢʛ, ʉv=26%) ʠ Mn (9,8-45 ʤʛ/ʢʛ, ʚ ʩʨʝʜʥʝʤ 16,4°1,5 ʤʛ/ʢʛ ʉv=52%), ʭʦʪʷ 

ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʠʚʦʜʠʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʝʣʠʯʠʥʳ [6,11,12], ʥʦ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʢʘʨʪʦʬʝʣʝ. ʂʘʨʪʦʬʝʣʴ ʞʝ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Co ʠ As. ʅʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ As (ʜʦ 0,36 ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ) ʦʪʤʝʯʝʥʦ ʚ ʢʘʨʪʦʬʝʣʝ, ʚʳʨʘʱʝʥʥʦʤ ʚ ʧ. 

ʏʘʛʦʷʥ. ʇʦʯʚʳ ʚ ʵʪʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ, ʢʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ, ʦʪʣʠʯʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʅ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʧʝʨʝʚʦʜʫ ʘʥʠʦʥʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʚʠʞʥʳʝ, ʜʦʩʪʫʧʥʳʝ ʨʘʩʪʝʥʠʷʤ ʬʦʨʤʳ, ʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ ʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʛʦʨʦʜʥʳʭ ʧʦʯʚ ʧ. ʏʘʛʦʷʥ ʩʥʠʞʘʝʪ ʠʭ ʩʦʙʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʈ2ʆ ʚ ʧʦʯʚʘʭ ʧ. ʏʘʛʦʷʥ ʚʩʝʛʦ 69Ñ20 ʤʛ5/ʢʛ (ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʤʳʰʴʷʢʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʥʘ ʬʦʥʝ ʥʝʜʦʩʪʘʪʢʘ 

ʧʦʜʚʠʞʥʳʭ ʬʦʩʬʘʪʦʚ ʚ ʧʦʯʚʝ [9]). ʇʨʠ ʵʪʦʤ, ʚ ʤʦʨʢʦʚʠ ʟʜʝʩʴ ʦʙʥʘʨʫʞʝʥʦ ʩʘʤʦʝ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ (15-18 ʤʛ/ʢʛ) (ʩʣʘʙʦʱʝʣʦʯʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʦʯʚ ʧ. ʏʘʛʦʷʥ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʤʦʨʢʦʚʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦ ʧʦ 

ʪʝʯʝʥʠʶ ʨʝʢ, ʢ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʢʦʩʤʦʜʨʦʤʘ (ʛ. ʐʠʤʘʥʦʚʩʢ, ʩ. ʄʘʣʠʥʦʚʢʘ, ʩ. ʏʘʛʦʷʥ), 

ʩʦʜʝʨʞʘʥʠʝ Fe ʠ Mn ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʤʦʨʢʦʚʠ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʠ ʙʣʠʞʝ ʢ ʫʩʪʴʶ ï ʚ ʛ. ʉʚʦʙʦʜʥʳʡ (ʜʦ 164 ʤʛFe/ʢʛ ʩʫʭ.ʤ.), ʚ ʩ. ʏʝʨʥʦʚʢʘ 

(ʜʦ 42 ʠ 45 ʤʛMn/ʢʛ ʩʫʭ. ʄ.), ʚ ʛ. ʋʛʣʝʛʦʨʩʢ (ʚ 152 ʤʛFe/ʢʛ ʩʫʭ.ʤ.) (ʨʠʩ. 1). ʇʦʚʳʰʝʥʥʦʝ 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

146 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʦʚʦʱʘʭ ʚ ʧ. ʋʛʣʝʛʦʨʩʢ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʙʣʠʟʠ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʨʫʯʴʷ (ʚ ʜʘʥʥʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʛʨʘʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʬʦʨʤ ʞʝʣʝʟʘ), ʘ ʪʘʢʞʝ ʥʝ ʩʘʤʳʤʠ 

ʣʫʯʰʠʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ ï ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʥʠʭ ʚ ʩʨʝʜʥʝʤ 5.2Ñ0.6%, Cv=20%) ʠ ʬʦʩʬʦʨʘ 

(65.7Ñ39.4 ʤʛP2ʆ5/ʢʛ, Cv=103%) ʧʨʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

(ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ 19.3Ñ2.3%, ʉv=21%). ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʚ ʤʦʨʢʦʚʠ ʠ ʢʘʨʪʦʬʝʣʝ ʚ ʩ. ʏʝʨʥʦʚʢʘ ʠ ʧ. ɻʣʫʭʘʨʠ (ʨʠʩ. 1) ʪʘʢʞʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʘʭ ʵʪʠʭ ʩʝʣ ʛʫʤʫʩʘ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʛʣʠʥʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʚʷʟʳʚʘʪʴ ʤʝʪʘʣʣʳ ʠ ʧʝʨʝʚʦʜʠʪʴ ʠʭ ʚ ʥʝʜʦʩʪʫʧʥʳʝ ʨʘʩʪʝʥʠʷʤ 

ʬʦʨʤʳ. ʆʚʦʱʠ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʛ. ʐʠʤʘʥʦʚʩʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚʳʰʝ ʜʨʫʛʠʭ ʧʦ ʪʝʯʝʥʠʶ ʨ. 

ɹ. ʇʝʨʘ, ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʚʦʱʘʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʣʫʯʰʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʧʦʯʚ ʵʪʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ 

ʧʦʜʚʠʞʥʳʤ ʬʦʩʬʦʨʦʤ. 

 

ʈʠʩ. 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʙʘʭ ʤʦʨʢʦʚʠ ʠ ʢʘʨʪʦʬʝʣʷ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʩʘʜʦʚʦ-ʦʛʦʨʦʜʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚ ʨʘʡʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè (ɿʝʝ-

ɸʤʫʨʩʢʦʝ ʤʝʞʜʫʨʝʯʴʝ). 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ ʠʥʜʝʢʩʦʚ ʘʢʢʫʤʫʣʷʮʠʠ [6], ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʠʟʫʯʝʥʥʳʤʠ ʦʚʦʱʘʤʠ ʧʦʛʣʦʱʘʶʪʩʷ ʵʩʩʝʥʮʠʘʣʴʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ Zn ʠ Cu, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

Fe ʠ Mn ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʙʘʨʴʝʨʥʦʩʪʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʢʘʨʪʦʬʝʣʝʤ ʥʠʞʝ, ʯʝʤ ʤʦʨʢʦʚʴʶ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ. ʄ., 1975. ï 656 ʩ. 

2. ɹʘʨʳʰʝʚ ɺ.ɹ., ʂʦʣʤʦʛʦʨʦʚ ʖ.ʇ., ʂʫʣʠʧʘʥʦʚ ɻ.ʅ., ʉʢʨʠʥʩʢʠʡ ɸ.ʅ. 

ʈʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ // ɾʫʨʥʘʣ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï 1986. ï ʊ. 41. ï ʉ. 389ï401. 

3. ɻʘʙʦʚʠʯ, ʈ.ɼ. ʇʨʠʧʫʪʠʥʘ ʃ.ʉ. ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʭʨʘʥʳ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʦʪ 

ʚʨʝʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʂʠʝʚ: ɿʜʦʨʦʚʴʷ, 1987. 248 ʩ. 

4. ʃʘʢʠʥ ɻ.ʌ. ɹʠʦʤʝʪʨʠʷ. ï ʄ.: ɺʳʩʰ. ʰʢʦʣʘ, 1980. ï 293ʩ. 

5. ɺʠʥʦʛʨʘʜʦʚ ɸ.ʇ. ɻʝʦʭʠʤʠʷ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ. ʄ.: 

ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ. 1957. 234 ʩ. 

6. ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ ɸ., ʇʝʥʜʠʘʩ ʍ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ. ʄ.: ʄʠʨ, 1989. 

439 ʩ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

147 

7. ʂʘʪʦʣʘ ɺ.ʄ., ʈʘʜʦʤʩʢʘʷ ɺ.ʀ., ʈʘʜʦʤʩʢʠʡ ʉ.ʄ. ʊʦʢʩʠʯʥʳʝ ʤʝʪʘʣʣʳ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʛʦʨʦʜʘ ɹʣʘʛʦʚʝʱʝʥʩʢʘ ʠ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ. // 

ɹʶʣʣʝʪʝʥʴ ʬʠʟʠʦʣʦʛʠʠ ʠ ʧʘʪʦʣʦʛʠʠ ʜʳʭʘʥʠʷ. 2009. ˉ 31. ʉ. 7-11. 

8. ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʳʰʴʷʢʘ ʚ ʧʦʯʚʘʭ. 

ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ 2.1.7.020-94. ʄ., ɻʦʩʢʦʤʩʘʥʵʧʠʜʥʘʜʟʦʨ ʈʦʩʩʠʠ. 1995. 6 ʩ. 

9. ɻʘʤʘʶʨʦʚʘ ɺ.ʉ. ʄʳʰʴʷʢ ʚ ʵʢʦʣʦʛʠʠ ʠ ʙʠʦʣʦʛʠʠ. ʄ.: ʅʘʫʢʘ, 1993. 208ʩ. 

10. ɸʣʝʢʩʝʝʚ ɺ.ɹ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ. ʃ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1987. 140 ʩ. 

11. ʂʨʘʩʥʠʮʢʠʡ ɺ.ʄ. ɸʛʨʦʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʘʛʨʦʮʝʥʦʟʦʚ: ʤʦʥʦʛʨʘʬʠʷ. ʆʤʩʢ: 
ʆʤɻɸʋ, 2001. 68 ʩ. 

12. ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʊ.ɸ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ɼʠʩʩ. ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ. ʅʦʚʦʩʠʙʠʨʩʢ, 2003. 116 ʩ. 



 

ʉʝʢʮʠʷ 5. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

148 

ʋɼʂ [582.099:577.118]:631.445.5 (470.46) 

ɸ.ʅ. ɻʫʥʜʘʨʝʚʘ, ʕ.ʀ. ʄʝʣʷʢʠʥʘ 

ɺʀɼʆɺʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʂʆʅʎɽʅʊʈɸʎʀʀ ʄʀʂʈʆʕʃɽʄɽʅʊʆɺ 

ɼʀʂʆʈɸʉʊʋʑʀʄʀ ʈɸʉʊɽʅʀʗʄʀ ɸʈʀɼʅʆʁ ɿʆʅʓ 

A.N. Gundareva, E.I. Melyakina 

SPECIES CHARACTERISTICS OF MICROELEMENTS 

CONCENTRATION BY WILDLY GROWING PLANTS OF THE ARID 

ZONE 
ʌɻɹʆʋ ɺʇʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ 37 ʚʠʜʦʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʳʷʚʣʝʥʳ ʚʠʜʦʚʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʠʜʘ. 

ʇʨʦʩʣʝʞʠʚʘʣʘʩʴ ʩʚʷʟʴ ʚ ʥʘʢʦʧʣʝʥʠʠ ʠʟʫʯʝʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʯʚ ʦʙʣʘʩʪʠ. 

ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢ ʨʘʟʣʠʯʥʳʤ ʩʝʤʝʡʩʪʚʘʤ.  

Abstract. About 37 species of wild plants of the Astrakhan region were investigated. Specific features of 

identified trace elements concentration were revealed. The biogeochemical activity of species was found. The relation 

of the accumulation of the studied trace elements with microelement composition of soils was observed. Regularities 

of distribution of trace elements depending on plantsô belonging to different families were determined.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʠʦʥʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʞʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: ʚʦ-ʧʝʨʚʳʭ, ʵʪʦ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʪʝʨʨʠʪʦʨʠʠ ʚ ʮʝʣʦʤ, ʚʦ-ʚʪʦʨʳʭ, ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʤʦʥʠʪʦʨʠʥʛ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʠ, 

ʚ-ʪʨʝʪʴʠʭ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʩʝ ʵʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʀʛʨʘʷ ʨʦʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʷʪ ʠʟ 

ʧʦʯʚ, ʘ ʯʘʩʪʠʯʥʦ ʠʟ ʚʦʜʳ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʩʬʝʨʳ, ʧʨʠʯʝʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʣʦʞʥʳʤ ʠ ʜʠʥʘʤʠʯʥʳʤ.  

ʉʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ, ʝʝ ʨʅ, ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʜʨ.. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʦʙʱʝʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʣʘʥʜʰʘʬʪʘ, ʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ 

ʨʘʟʣʠʯʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʫʯʘʩʪʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢ ʞʝ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ ʠ ʫʩʣʦʚʠʡ 

ʠʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʪʝʥʠʷʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [1, 2]. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʟʤʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ: 

ʚʥʫʪʨʝʥʥʠʝ ï ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʠʦʣʦʛʠʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʦʨʛʘʥʠʟʤʘ ʠ ʚʥʝʰʥʠʝ ï ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ. [3]  

ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cu, Zn ʠ Mn ʚ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʘʭ ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʳʭ ʟʦʥ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʆʙʨʘʟʮʳ ʨʘʩʪʝʥʠʡ ʦʪʙʠʨʘʣʠ ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʡ ʚʝʛʝʪʘʮʠʠ, ʢʦʛʜʘ ʨʘʩʪʝʥʠʷ ʦʙʨʘʟʫʶʪ 

ʥʘʠʙʦʣʴʰʫʶ ʙʠʦʤʘʩʩʫ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

149 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʘʚʘʤʠ, 

ʢʫʩʪʘʨʥʠʯʢʘʤʠ ʠ ʢʫʩʪʘʨʥʠʢʘʤʠ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʦ ʤʝʨʝ ʫʩʠʣʝʥʠʷ ʟʘʩʫʰʣʠʚʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʩʝʨʦʬʠʪʥʳʭ ʠ ʵʬʝʤʝʨʦʚʳʭ ʬʦʨʤ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʘʨʠʜʥʦʛʦ 

ʧʦʷʩʘ ʚ ʧʨʠʨʦʜʥʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʪʨʘʚʷʥʠʩʪʳʝ ʬʠʪʦʮʝʥʦʟʳ. [4] 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʷʚʣʝʥʦ 1367 ʚʠʜʦʚ ʚʳʩʰʠʭ ʩʦʩʫʜʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ [5]. ɺ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʫʯʘʩʪʢʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʦʙʣʘʜʘʣʦ ʩʪʝʧʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ, ʘ ʪʘʢ ʞʝ ʣʫʛʦʚʳʝ ʪʨʘʚʳ.  

ʅʘʤʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 37 ʚʠʜʦʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ. ɼʦʤʠʥʠʨʦʚʘʣʠ ʨʘʩʪʝʥʠʷ 

ʩʝʤʝʡʩʪʚ ʢʨʝʩʪʦʮʚʝʪʥʳʝ, ʙʦʙʦʚʳʝ, ʩʣʦʞʥʦʮʚʝʪʥʳʝ ʠ ʟʣʘʢʦʚʳʝ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʪʝʥʠʷʭ ʧʨʠʚʝʜʝʥʳ ʚ ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʪʘʙʣ. 1, 2). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ 

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ( ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) 

 Cu Zn Mn 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 4 13 7 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 37,8 65,8 169,3 

ʉʨʝʜʥʷʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ 10 33,1 23,7 

ʆʰʠʙʢʘ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ 0,3 0,7 1,4 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, % 69,2 45,4 119,7 

ʈʇʂ 0,6 0,7 0,1 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ɸ. ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, 1989 [6]  1,1 ï 3,8 12 ï 47 26 ï 493 

ʂʦʚʘʣʴʩʢʠʡ, 1971, 1974 [7, 8]  3 ï 12  20 ï 60  20 ï 60  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʜʠʢʦʨʘʩʪʫʱʠʭ 

ʨʘʩʪʝʥʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʘʨʴʠʨʦʚʘʣʦ, ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʠʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʪʘʢ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʫʢʦʩʘʭ ʧʘʩʪʙʠʱʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦʨʤʘʭ ʧʦ ʜʘʥʥʳʤ ɺ.ɺ. ʂʦʚʘʣʴʩʢʦʛʦ ʠ ʜʨ. [7] ʠ ɺ.ɺ. ʂʦʚʘʣʴʩʢʦʛʦ [8] ʩʦʩʪʘʚʣʷʣʦ 3 ī 12 

ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʘʨʛʘʥʮʘ ʠ ʮʠʥʢʘ 20 ī 60 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʘʙʣ. 1). ʆʧʠʨʘʷʩʴ 

ʥʘ ʧʨʠʚʝʜʝʥʥʳʝ ʥʦʨʤʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ 84% ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ʠ ʣʠʰʴ ʫ 16% ʨʘʩʪʝʥʠʡ ī ʚʳʰʝ ʥʦʨʤʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʨʛʘʥʮʘ ʚ ʥʦʨʤʝ ʫ 35% ʨʘʩʪʝʥʠʡ, ʫ 60% ʨʘʩʪʝʥʠʡ ʥʠʞʝ ʥʦʨʤʳ ʠ ʫ 5% ʨʘʩʪʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ. ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ ʦʪʤʝʯʝʥʳ ʫ 16% ʨʘʩʪʝʥʠʡ, ʫ 78% ʚ 

ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ʠ ʪʦʣʴʢʦ ʣʠʰʴ ʫ 6% ʨʘʩʪʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʫʯʝʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʚʠʜʦʚʳʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʘʤʠʭ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʩ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ.  

ʇʦ ʚʝʣʠʯʠʥʝ ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʘʩʪʝʥʠʷʭ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: Cu<Mn<Zn. ʊʦʛʜʘ ʢʘʢ ʚ ʧʦʯʚʘʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʵʪʦʪ ʨʷʜ 

ʦʙʨʘʪʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ, ʘ ʠʤʝʥʥʦ Cu<Zn<Mn [9]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ 

ʦʙʣʘʜʘʣʠ ʩʝʣʝʢʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʅʘʤʠ ʪʘʢ ʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢ ʨʘʟʣʠʯʥʳʤ ʩʝʤʝʡʩʪʚʘʤ (ʪʘʙʣ. 

3). 
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ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʤʠʥʘʥʪʥʳʭ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʷʭ (ʤʛ/ʢʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ) 

ɺʠʜ ʨʘʩʪʝʥʠʷ 
Cu 

MÑm 
ʈʇʂCu 

Mn 

MÑm 
ʈʇʂMn 

Zn  

MÑm 
ʈʇʂZn 

1 2 3 4 5 6 7 

Artemisia vulgaris L. 17,3Ñ3 1,04 46,7Ñ3,6 0,3 45,2Ñ7,5 1 

Lactuca tatarica (L.) C. A. Mey. 5,2Ñ0,6 0,3 12,4Ñ0,7 0,08 23,7Ñ1,2 0,5 

Carduus acanthoides L. 4Ñ0,4 0,2 7Ñ1,1 0,04 14,1Ñ1,3 0,3 

Helianthus lenticularis Dougl 6,5Ñ0,4 0,4 13,7Ñ1,1 0,1 13Ñ0,5 0,3 

Xanthium spinosum L. 5,5Ñ0,4 0,3 14,7Ñ1 0,1 24,2Ñ2,1 0,5 

Chamomilla recutita (L.) Rauschert 4,6Ñ0,2 0,3 21Ñ1,8 0,1 13Ñ1,1 0,3 

Grindelia squarrosa (Pursh) Dun 7,6Ñ0,6 0,4 23,7Ñ1 0,2 32,1Ñ1,6 0,7 

Acroptilon repens (L.) DC. 7,4Ñ0,4 0,4 33,1Ñ5,7 0,2 29,7Ñ2,8 0,6 

Inula helenium L. 4,6Ñ0,3 0,3 24Ñ1,3 0,2 44,3Ñ2,6 1 

Chenopodium glaucum L. 6,8Ñ0,4 0,4 18,6Ñ1 0,1 40,6Ñ2,3 0,8 

Atriplex calotheca (Rafn) Fries 5Ñ0,5 0,3 11,5Ñ1,1 0,07 53,8Ñ2,4 1,1 

Melilotus jfficinalis (L.) Pall 7,2Ñ0,5 0,4 14,8Ñ1 0,1 25,3Ñ1,1 0,5 

Alhagi pseudalhagi (Bieb.) Fisch. 5,4Ñ0,4 0,3 15,7Ñ1,5 0,1 26,2Ñ1,3 0,5 

Vicia cracca L. 6,8Ñ0,6 0,4 15,3Ñ1,3 0,1 35Ñ2 0,7 

Portulaca oleracea L. 14,03Ñ1 0,8 11,3Ñ1,7 0,07 53,6Ñ2,7 1,1 

Barbarea vulgaris R. Br. 16,7Ñ2,7 1,01 19,4Ñ0,6 0,1 20Ñ0,7 0,4 

Erysimum cheiranthoides L. 14,02Ñ1 0,8 24,2Ñ0,7 0,2 26,2Ñ0,8 0,5 

Capsella bursa ī pastoris (L.) 

Medic 
12,3Ñ0,6 0,7 16Ñ1 0,1 25,1Ñ1,1 0,5 

Polygonum aviculare L. 8,7Ñ1,2 0,5 8,5Ñ1 0,05 47Ñ7,1 1 

Cannabis ruderalis Janisch. 5,7Ñ0,6 0,3 22,6Ñ0,8 0,1 40,7Ñ2 0,8 

Consolida regalis S. F. Gray 5,8Ñ0,4 0,3 13Ñ1,1 0,08 39,7Ñ1,6 0,8 

Chelidonium majus L. 11,5Ñ1 0,7 23,7Ñ0,7 0,1 29,8Ñ1 0,6 

Plantago major L. 37,8Ñ1,6 2,3 25,6Ñ0,8 0,1 44,1Ñ1,7 1 

Galium aparine L. 8,7Ñ0,7 0,5 25,4Ñ0,5 0,2 32,2Ñ1,6 0,7 

Ajuga china Schred. 5,4Ñ0,5 0,3 72,5Ñ2,7 0,5 18Ñ0,8 0,4 

Amaranthus blitoides S. Wats. 9,2Ñ0,7 0,5 8,1Ñ0,8 0,05 31,2Ñ1,3 0,6 

Amaranthus albus L. 23,1Ñ1 1,4 10Ñ0,4 0,06 14,3Ñ1 0,3 

Cynodon dactylon (L.) Pers. 12,5Ñ1 0,7 23,8Ñ23,8 0,2 34,6Ñ1,5 0,7 

Echinochloa crusgalli (L.) Beauv. 7,8Ñ0,7 0,5 28,5Ñ2,4 0,2 26,5Ñ2,7 0,5 

Phragmites australis (Cav.) Trin. ex 

Steud. 
4,8Ñ0,6 0,3 169,3Ñ15,2 1,1 19Ñ1,8 0,4 

Lolium temulentum L. 8,8Ñ0,6 0,5 8,2Ñ1,1 0,05 65,8Ñ3,2 1,4 

Lolium remotum Schrank 11,6Ñ0,8 0,7 12,1Ñ0,5 0,08 61,8Ñ3 1,3 

Bromus arvensis L. 10,5Ñ0,6 0,6 13,4Ñ0,7 0,08 31,3Ñ1 0,6 

Avena fatua L. 11,4Ñ0,5 0,7 17Ñ0,6 0,1 31,6Ñ1,2 0,7 

Elytrigia repens (L.) Nevski 11,8Ñ0,5 0,7 23Ñ1,4 0,2 35,6Ñ2,1 0,7 

Setaria viridis (L.) Beauv. 7,7Ñ0,5 0,5 17,5Ñ0,8 0,1 34,2Ñ1,3 0,7 

Setaria glauca (L.) Beauv. 9,8Ñ0,8 0,6 13,1Ñ0,5 0,08 43,4Ñ2,3 1 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 10Ñ0,3 0,6 23,7Ñ1,4 0,1 33,1Ñ0,7 0,7 
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ʂʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ ʜʦʤʠʥʘʥʪʥʳʭ 

ʩʝʤʝʡʩʪʚ (ʩʨʝʜʥʝʝ) 

ʉʝʤʝʡʩʪʚʦ  

ʉʦʜʝʨʞʘʥʠʝ 

Cu (ʤʛ/ʢʛ 

ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ) 

ʂɹʇCu 

ʉʦʜʝʨʞʘʥʠʝ  

Mn (ʤʛ/ʢʛ 

ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ) 

ʂɹʇMn 

ʉʦʜʝʨʞʘʥʠʝ  

Zn (ʤʛ/ʢʛ 

ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ) 

ʂɹʇZn 

Compositae 7,05Ñ0,5 0,4 21,8Ñ1,5 0,1 26,5Ñ1,6 0,5 

Chenopodiaceae 6,8Ñ0,4 0,4 15,03Ñ1,1 0,1 47,2Ñ2,2 1 

Fabaceae 6,5Ñ0,3 0,4 15,3Ñ0,7 0,1 28,8Ñ1,2 0,6 

Cruciferae 14,3Ñ1 0,9 19,8Ñ0,8 0,1 23,7Ñ0,7 0,5 

Amaranthaceae 16,1Ñ1,7 1 9,1Ñ0,5 0,05 22,7Ñ2,1 0,5 

Gramineae 9,7Ñ0,3 0,6 32,6Ñ4,8 0,2 38,4Ñ1,5 0,8 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʧʦʜʚʝʨʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. 

ɺʳʷʚʣʝʥʳ ʚʠʜʳ ʠ ʩʝʤʝʡʩʪʚʘ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʢʘʧʣʠʚʘʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʳ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʫ 

ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ, ʱʠʨʠʮʳ ʙʝʣʦʡ, ʧʦʣʳʥʠ ʦʙʳʢʥʦʚʝʥʥʦʡ. ʅʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫ 

ʨʦʤʘʰʢʠ ʦʙʦʜʨʘʥʥʦʡ, ʯʝʨʪʦʧʦʣʦʭʘ ʢʦʣʶʯʝʛʦ, ʜʝʚʷʩʠʣʘ ʚʳʩʦʢʦʛʦ, ʪʨʦʩʪʥʠʢʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ɺʳʩʦʢʦʡ ʫʪʠʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʮʠʥʢʫ ʷʚʣʷʶʪʩʷ ʧʣʝʚʝʣ 

ʦʧʴʷʥʷʶʱʠʡ ʠ ʧʣʝʚʝʣ ʨʘʩʩʪʘʚʣʝʥʥʳʡ, ʣʴʥʷʥʦʡ, ʣʝʙʝʜʘ ʢʨʘʩʠʚʦʧʣʦʜʥʘʷ ʠ ʧʦʨʪʫʣʘʢ 

ʦʛʦʨʦʜʥʳʡ. ʅʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ï ʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʦʨʥʦʛʦ, ʨʦʤʘʰʢʠ ʦʙʦʜʨʘʥʥʦʡ, 

ʯʝʨʪʦʧʦʣʦʭʘ ʢʦʣʶʯʝʛʦ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʛʘʥʮʘ ʚʳʷʚʣʝʥʦ ʫ ʚʠʜʦʚ: ʪʨʦʩʪʥʠʢʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ, ʞʠʚʫʯʢʠ ʭʠʦʩʩʢʦʡ, ʧʦʣʳʥʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʛʦʨʯʘʢʘ ʧʦʣʟʫʯʝʛʦ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫ ʯʝʨʪʦʧʦʣʦʭʘ ʢʦʣʶʯʝʛʦ, ʛʦʨʮʘ ʧʪʠʯʴʝʛʦ, ʱʠʨʠʮʳ 

ʞʤʠʥʜʦʚʠʜʥʦʡ ʠ ʱʠʨʠʮʳ ʙʝʣʦʡ. ʉʝʤʝʡʩʪʚʘ ʱʠʨʠʮʝʚʳʝ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʤʝʜʠ (ʂɹʇ=1), ʘ ʩʝʤʝʡʩʪʚʘ ʤʘʨʝʚʳʝ ʢ ʫʪʠʣʠʟʘʮʠʠ ʮʠʥʢʘ (ʂɹʇ=1). 
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EVALUATION OF SELENIUM CONTENT IN VEGETATION OF 

SIBERIAN RED DEER FARMS  
ɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ɺʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ. E-mail: maimant@mail.ru  

Abstract. Selenium is an essential micro-element. The shortage of it causes negative consequences. The 

organism of Siberian red deer receives selenium from plant food. Thus, the knowledge of selenium content in plants 

is of vital importance. 

ʅʘ ɸʣʪʘʝ ʢ ʢʦʥʮʫ XIX ʚʝʢʘ ʫʞʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʙʦʣʝʝ 200 ʤʘʨʘʣʴʥʠʢʦʚ ʩ 

ʧʦʛʦʣʦʚʴʝʤ 3180 ʤʘʨʘʣʦʚ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʢʨʫʧʥʳʭ ʭʦʟʷʡʩʪʚ ʠ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢ 

ʧʘʥʪʦʣʝʯʝʥʠʶ ʥʘ ɸʣʪʘʝ ʚ 30-ʝ ʛʦʜʳ XX ʚʝʢʘ ʩʪʘʣʠ ʚʦʟʥʠʢʘʪʴ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʣʠ 

ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʉʪʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠ ʁ

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʟ ʧʘʥʪʦʚ, ʠʟʫʯʘʪʴʩʷ ʣʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ 

ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʳʝ ʜʦʣʞʥʳ ʧʦʣʫʯʘʪʴ ʧʦʣʥʦʮʝʥʥʦʝ 

ʧʠʪʘʥʠʝ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ. 

ʉʝʣʝʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʜʦʩʪʘʪʦʢ ʢʦʪʦʨʦʛʦ 

ʚʳʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʥʝʢʨʦʪʠʯʝʩʢʦʡ ʜʝʛʝʥʝʨʘʮʠʠ ʧʝʯʝʥʠ, 

ʧʦʨʘʞʝʥʠʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʢʠʰʝʯʥʠʢʘ, ʧʨʦʷʚʣʝʥʠʠ ʙʝʣʦʤʳʰʝʯʥʦʡ ʙʦʣʝʟʥʠ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʦʩʪʨʳʤ ʠʣʠ ʭʨʦʥʠʯʝʩʢʠʤ ʬʦʨʤʘʤ ʦʪʨʘʚʣʝʥʠʷ.  

ɺ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʩʝʣʝʥ ʧʦʩʪʫʧʘʝʪ ʩ ʧʠʱʝʡ ʠ ʚʦʜʦʡ. ʆʩʥʦʚʥʦʡ ʧʠʱʝʡ ʤʘʨʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʨʘʩʪʝʥʠʷ, ʧʦʵʪʦʤʫ ʟʥʘʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. 

ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʤʘʨʘʣʴʥʠʢʦʚ 

ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʝʣʝʥʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʇʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʩʝʣʝʥ ʨʘʩʪʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ 

ʥʝʘʢʢʫʤʫʣʷʪʦʨʳ.  

ʈʘʩʪʝʥʠʷ ʧʦʣʫʯʘʶʪ ʩʝʣʝʥ ʠʟ ʧʦʯʚʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʙʩʦʨʙʮʠʠ ʟʘʚʠʩʠʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ, ʦʪ ʩʚʦʡʩʪʚ ʧʦʯʚʳ (ʨʅ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʭʘʨʘʢʪʝʨʘ ʜʨʝʥʘʞʘ), ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ: 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʜʨ.[1]. 

ɼʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʘʩʪʝʥʠʡ ʬʦʨʤʘʤʠ ʩʝʣʝʥʘ ʷʚʣʷʶʪʩʷ ʩʝʣʝʥʠʪʳ, ʩʝʣʝʥʘʪʳ ʠ ʯʘʩʪʠʯʥʦ 

ʩʝʣʝʥ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ, ʤʘʨʛʘʥʮʘ, ʢʘʨʙʦʥʘʪʘʤʠ, ʩʫʣʴʬʠʜʘʤʠ ʠ 

ʛʠʜʨʦʣʠʟʫʝʤʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʦʯʚʳ [1]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,1 ʤʛ/ʢʛ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʚ 

ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʷʭ; ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ - 3 ʤʛ/ʢʛ [2]. 

ʅʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʘ ʚ ʨʘʩʪʝʥʠʷʭ ʧʘʩʪʙʠʱ ʤʘʨʘʣʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʭʦʪʥʦ ʧʦʝʜʘʝʤʦʡ 

ʞʠʚʦʪʥʳʤʠ. ʕʪʦ ʪʨʘʚʷʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ, ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ ʢʫʩʪʘʨʥʠʢʦʚ, ʭʚʦʷ ʣʠʩʪʚʝʥʥʠʮʳ, 

ʢʝʜʨʘ, ʝʣʠ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʄʠʨʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʣʝʥʘ ʚ ʨʘʩʪʝʥʠʷʭ ʦʪʥʦʩʷʪʩʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʢ ʧʠʱʝʚʳʤ ʨʘʩʪʝʥʠʷʤ. ɼʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʣʝʥʘ ʚ ʜʠʢʦʨʘʩʪʫʱʠʭ, ʦʩʦʙʝʥʥʦ 

ʜʨʝʚʝʩʥʳʭ ʠ ʢʫʩʪʘʨʥʠʢʦʚʳʭ, ʢʨʘʡʥʝ ʤʘʣʦ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ ʣʠʜʠʨʫʝʪ 

ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ (2,083-4,48 ʤʛ/ʢʛ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʣʝʥʘ ʚ ʭʚʦʝ ʝʣʠ ʠ ʢʝʜʨʘ 

ʢʦʣʝʙʣʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 1,08-3,17 ʠ 0,74-1,42 ʤʛ/ʢʛ. 

ɾʠʚʦʪʥʳʤʠ ʪʘʢʞʝ ʦʭʦʪʥʦ ʧʦʝʜʘʶʪʩʷ ʢʫʩʪʘʨʥʠʢʠ ʠ ʧʦʣʫʢʫʩʪʘʨʥʠʢʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʥʝʚʳʩʦʢʦʝ: ʤʘʣʠʥʘ ʩʦʜʝʨʞʠʪ ʦʪ 0,042 ʜʦ 0,051 ʤʛ/ʢʛ, 

ʢʫʨʠʣʴʩʢʠʡ ʯʘʡ ï 0,26-0,27 ʤʛ/ʢʛ.  

ʉ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʧʦʝʜʘʶʪʩʷ ʞʠʚʦʪʥʳʤʠ ʣʫʢʦʚʠʮʳ ʣʠʣʠʠ-ʩʘʨʘʥʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʣʝʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,39 ʜʦ 0,44 ʤʛ/ʢʛ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʷʭ ʤʘʨʘʣʴʥʠʢʦʚ, ʤʛ/ʢʛ 

ʅʘʟʚʘʥʠʝ ʨʘʩʪʝʥʠʷ ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ  

ʃʠʣʠʷ ʩʘʨʘʥʢʘ Lilium pilosiusculum (ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ) 0,052-0,29 0,17 

ʃʠʣʠʷ ʩʘʨʘʥʢʘ Lilium pilosiusculum (ʣʫʢʦʚʠʮʳ) 0,40-0,44 0,42 

ʄʘʣʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Rubus idaeus) 0,042-0,051 0,047 

ʂʫʨʠʣʴʩʢʠʡ ʯʘʡ (ʣʘʧʯʘʪʢʘ ʢʫʩʪʘʨʥʠʢʦʚʘʷ) 

Dasiphora fruticosa 

0,26-0,27 0,265 

ʉʦʩʥʘ ʩʠʙʠʨʩʢʘ ̫Pinus sibirica (ʭʚʦʷ) 0,74-1,42 1,06 

ɽʣɹ ʦʙʳʢʥʦʚʝʥʥʘʷ P²cea §bies (ʭʚʦʷ) 1,08-3,17 1,83 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘ ̫Larix sibirica (ʭʚʦʷ) 2,083-4,48 3,32 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʚʦʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʷʚʣʷʝʪʩʷ ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʝʣʝʥʘ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʘ ʚ 

ʨʘʮʠʦʥʝ ʞʠʚʦʪʥʳʭ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʠ ʜʣʷ ʤʦʣʦʜʥʷʢʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩ.ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ˉ 1216 çɺʣʠʷʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʪʨʘʥʩʣʦʢʘʮʠʡ 

ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʵʢʦʩʠʩʪʝʤ ɻʦʨʥʦʛʦ 

ɸʣʪʘʷè.  
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APPLICATION OF HPLC-NAM SPECTROFLUORIMTRY FOR 

DETERMINATION OF SULFUR-CONTAINING COMPOUNDS IN THE 

ENVIRONMENTAL OBJECTS 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʛ ʢʦʣʠʯʝʩʪʚ ʘʢʪʠʚʥʳʭ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʮʠʩʪʝʠʥʘ, ʛʣʫʪʘʪʠʦʥʘ, ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ) ʧʦʩʨʝʜʩʪʚʦʤ 

ɺʕɾʍ-ʩʧʝʢʪʨʦʬʣʶʦʨʦʤʝʪʨʠʠ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʫʭʠʭ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ. ʄʝʪʦʜ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʜʣʷ ʦʮʝʥʢʠ 

ʵʚʦʣʶʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʨʘʩʪʝʥʠʡ, ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʠ ʚʝʪʝʨʠʥʘʨʠʠ. 

Abstract. The new method for quantitative determination of nanogram quantities of active sulfur-containing 

compounds (cysteine, glutathione, metallothioneines and their derivatives) by HPLC- spectrofluorometry in 

biogeochemical objects (including dried leaves of plants) was proposed. The method is to be used in basic and 

applied research for evaluation of evolution of natural and man-made ecosystems, diagnosis of microelementhoses of 

plants, animals and man in clinical and veterinary medicine. 

ɺʚʝʜʝʥʠʝ 

ʉʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʠʦʩʬʝʨʝ. ɸʤʠʥʦʢʠʩʣʦʪʳ 

(ʮʠʩʪʝʠʥ, ʤʝʪʠʦʥʠʥ), ʧʝʧʪʠʜʳ (ʛʣʫʪʘʪʠʦʥ) ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʙʝʣʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʮʠʩʪʝʠʥʦʤ, - ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʳ (ʄʊ) ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʜʝʪʦʢʩʠʮʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʙʠʦʩʬʝʨʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʬʠʪʦ- ʠ ʟʦʦʭʝʣʘʪʠʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ ʠ ʦʙʲʝʢʪʘʭ ʠʤʝʝʪ ʚʘʞʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʆʜʥʘʢʦ ʨʘʟʜʝʣʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʥʘ ʫʨʦʚʥʝ ʥʛ ʠ ʧʛ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʧʨʠʤʝʥʝʥʘ 

ɺʕɾʍ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʨʠʚʘʪʠʟʘʮʠʝʡ ʚʝʱʝʩʪʚ N-9(ʘʢʨʠʜʠʥʠʣ)ʤʘʣʝʠʤʠʜʦʤ (ʅɸʄ) ʠ 

ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʢʦʣʦʥʢʘʭ ʪʠʧʘ BioSep. ʈʝʘʛʝʥʪ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʷʧʦʥʩʢʠʤʠ 

ʫʯʝʥʳʤʠ [3], ʥʝ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ, ʘ ʝʛʦ SH-ʧʨʦʠʟʚʦʜʥʦʝ 

ʬʣʫʦʨʝʩʮʠʨʫʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 435 ʥʤ (ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ ʤʘʢʩʠʤʫʤʦʤ 360 ʥʤ).  

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʄʊ ʦʩʫʱʝʩʪʚʣʷʣʠ, ʠʩʧʦʣʴʟʫʷ ɺʕɾʍ ʭʨʦʤʘʪʦʛʨʘʬ 

ʩ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ 320 (Hitachi) ʩ ʞʠʜʢʦʩʪʥʦʡ ʢʶʚʝʪʦʡ ʦʙʲʝʤʦʤ 7 ʤʢʣ, ʘ ʪʘʢʞʝ ʩʦ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ RF-530 (Shimadzu). ɺʦʟʙʫʞʜʘʶʱʠʡ ʩʚʝʪ ʩ 

ʤʘʢʩʠʤʫʤ ʧʨʠ 365 ʥʤ ʠʣʠ ʧʨʠ 251 ʥʤ, ʘ ʤʘʢʩʠʤʫʤ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʛʦ ʩʚʝʪʘ ʧʨʠ 435,1 ʥʤ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʦʥʢʫ (300 ʤʤ ʜʣʠʥʦʡ x 3 ʤʤ ʚ ʜʠʘʤʝʪʨʝ), ʟʘʧʦʣʥʝʥʥʫʶ ʩʦʨʙʝʥʪʦʤ ʥʘ 

ʩʠʣʠʢʘʛʝʣʝʚʦʡ ʦʩʥʦʚʝ ʪʠʧʘ BioSep. ʉʢʦʨʦʩʪʴ ʵʣʶʝʥʪʘ (ʩʤʝʩʴ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 0,1 ʄ ʥʘʪʨʠʡ-

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (pH = 6,80) ʩʦʩʪʘʚʣʷʣʘ 0,35 ʤʣ/ʤʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʣʫʪʘʪʠʦʥʘ (ɻʣ) ʠ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʘ (ʄʊ) ʚ ʬʦʨʤʝ 

ʅɸʄ-ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʢʣʶʟʠʚʥʦʡ ɺʕɾʍ ʥʘ ʢʦʣʦʥʢʘʭ 
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ʪʠʧʘ BioSep [1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʨʷʜʦʢ ʚʳʭʦʜʘ ʅɸʄ-ʧʨʦʠʟʚʦʜʥʳʭ ʠʟ ʢʦʣʦʥʢʠ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʵʢʩʢʣʶʟʠʚʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ï ɻʣ ʩ ʤʝʥʴʰʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚʳʭʦʜʠʣ 

ʨʘʥʝʝ ʄʊ (ʪʘʙʣ. 1). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʝʨʠʚʘʪʠʟʘʮʠʷ ʨʝʟʢʦ ʤʝʥʷʣʘ ʧʦʣʷʨʥʦʩʪʴ 

ʤʦʣʝʢʫʣ, ʯʪʦ ʠ ʦʪʨʘʞʘʣʦʩʴ ʥʘ ʠʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʣʠʟʦʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʚʩʝ ʦʣʠʛʦʤʝʨʳ ʄʊ ʵʣʶʠʨʦʚʘʣʠʩʴ ʦʜʥʠʤ ʧʠʢʦʤ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʡ ʢʦʣʦʥʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʶʝʥʪʘ 

ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʮʝʣʘʷ ʛʨʫʧʧʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

(ʩʫʣʴʬʠʜʳ ʠ ʩʫʣʴʬʠʪʳ) ʧʦʩʣʝ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʩ ʅɸʄ. ʇʨʠ ʵʪʦʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʠʛʘʣʘ 1-8 ʥʛ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʲʝʤʝ 10-20 ʤʢʣ, ʢʨʦʤʝ ʤʝʪʠʦʥʠʥʘ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ɻʣ ʠ ʄʊ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʧʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩʚʝʪʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 251 ʥʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʨʷʜʦʢ ʫʚʝʣʠʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ. ʇʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ɺ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ɻʣ 

(ʦʢʠʩʣʝʥʥʘʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʳ), ʪʘʢ ʠ ʄʊ (2,5-13,2 ʤʛ/ʣ). ɺ ʣʠʩʪʴʷʭ ʩʚʝʞʠʭ 

ʨʘʩʪʝʥʠʡ ʠ ʛʨʠʙʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʪʦʣʴʢʦ ɻʣ ʠ ʄʊ, ʥʦ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʪʝʥʠʷ ʩ ʟʘʛʨʷʟʥʝʥʥʳʭ ʤʝʪʘʣʣʘʤʠ ʫʯʘʩʪʢʦʚ ʩʦʜʝʨʞʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɻʣ ʠ, 

ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʄʊ. ʉʜʝʣʘʥʳ ʧʦʧʳʪʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʳʩʫʰʝʥʥʳʭ 

ʨʘʩʪʝʥʠʷʭ (ʣʠʩʪʴʷ ɸʩʪʨʘʛʘʣʘ ʧʨʠʧʦʜʥʠʤʘʶʱʝʛʦʩʷ - Astragalus adsurgens Pall.). ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʄʊ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʦʣʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʳʩʫʰʝʥʥʳʭ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ. ɻʣ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʛʦʨʘʟʜʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʊʘʙʣʠʮʘ 1 

ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʢʦʣʦʥʢʝ BioSep 

 

ʉʦʝʜʠʥʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

 ʤʘʩʩʘ 

ɺʨʝʤʷ  

ʵʣʶʠʨʦʚʘʥʠʷ, 

ʤʠʥ. 

ʇʨʝʜʝʣ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʥʛ)  

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ: 

365 ʥʤ 251 ʥʤ 

ɻʣʫʪʘʪʠʦʥ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

307,32 1,00 2-4 0,2-0,4 

ʄʝʪʘʣʣʦʪʠʦʥʝʠʥ 6000-70000 1,19 6-8 0,6-0,8 

ɸʮʝʪʠʣʮʠʩʪʝʠʥ 163,2 1,25 1-3 0,1-0,3 

Na2SO3 126,04 1,40 3-4 0,3-0,4 

Na2S 78,05 1.37 3-4 0,3-0,4 

L-ʮʠʩʪʝʠʥ 121,16 1,42 3-4 0,3-0,4 

DL-ʤʝʪʠʦʥʠʥ 149,21 2,05 30-50 10-20 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʡ ʢʦʣʦʥʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʶʝʥʪʘ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʨʠʚʘʪʠʟʘʮʠʠ SH-ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʅɸʄ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 1). 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʛʥʘʣ 

ʜʝʪʝʢʪʦʨʘ ʢ ʅɸʄ-ʧʨʦʠʟʚʦʜʥʳʤ ʛʣʫʪʘʪʠʦʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʦʜʘʚʣʷʶʪ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʅɸʄ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʛʣʫʪʘʪʠʦʥʦʤ. ʅʝʩʢʦʣʴʢʦ 

ʥʝʷʩʥʳʤ ʦʩʪʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʳʩʦʢʠʭ ʜʦʟ ʢʘʜʤʠʷ ʠ ʨʪʫʪʠ 

(1 ʤʢʛ/ʤʢʣ). ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʅɸʄ-ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʠ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚ, 

ʤʝʰʘʶʱʠʭ ʠʟʤʝʨʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʄʊ, ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʜʝʨʠʚʘʪʠʟʘʮʠʠ. 

ʆʜʠʥ ʠʟ ʥʠʭ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʠʥʜʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ [2], ʙʳʣ ʧʨʠʤʝʥʝʥ ʥʘʤʠ ʜʣʷ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

156 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʪʘʪʠʦʥʘ, ʄʊ, ʮʠʩʪʝʠʥʘ ʠ ʤʝʪʠʦʥʠʥʘ ʧʦʩʣʝ ʠʭ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʤʦʥʦʡʦʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʨʠʚʘʪʠʟʘʮʠʝʡ ʦ-ʬʪʘʣʝʚʳʤ 

ʜʠʘʣʴʜʝʛʠʜʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ 

ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʄʊ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʨʦʤʘʪʦʛʨʘʤʤʳ 

ʩʤʝʩʠ ʛʣʫʪʘʪʠʦʥʘ, ʄʊ, ʤʝʪʠʦʥʠʥʘ ʠ ʮʠʩʪʝʠʥʘ. 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ ʩ 

ʅɸʄ. ʆʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 200 ʤʢʣ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ ï 1 

ʤʢʛ. ʀʥʲʝʮʠʨʦʚʘʥʦ ʚ ʢʘʤʝʨʫ ʚʚʦʜʘ ʧʨʦʙʳ 5 ʤʢʣ ʨʘʩʪʚʦʨʘ (25 ʥʛ ʚʝʱʝʩʪʚʘ). ɼʝʪʝʢʪʦʨ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ, ɚ ʚʦʟʙʫʞʜʝʥʠʷ ï 251 ʥʤ, ɚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ï 435 ʥʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʚʳʷʩʥʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʆʌɸ-ʧʨʦʠʟʚʦʜʥʳʭ ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 3).  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʠʛʥʘʣ ʧʦʣʫʯʝʥ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 10 ʤʠʥ.- 1 ʯʘʩ. 

ɿʘʪʝʤ ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ ʧʘʜʘʝʪ ʠ ʯʝʨʝʟ ʥʝʜʝʣʶ ʩʪʘʥʦʚʠʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʆʌɸ-ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʝʤ ʅɸʄ-ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʧʦʩʪʝʧʝʥʥʦ ʛʠʜʨʦʣʠʟʫʶʪʩʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʭʨʘʥʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʪʥʦʰʝʥʠʠ ʄʊ, ʵʪʦʪ 

ʩʧʦʩʦʙ ʯʨʝʟʚʳʯʘʡʥʦ ʵʬʬʝʢʪʠʚʝʥ, ʪʘʢ ʢʘʢ 1 ʥʛ ʚʝʱʝʩʪʚʘ ʚʳʟʳʚʘʝʪ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʚ 40-50 

ʤʚ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʄʊ ʚ 8-10 ʥʛ/ʛ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

 
ʈʠʩ. 2. ɸʥʘʣʠʟ ʩʤʝʩʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ɺʕɾʍ-ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ. ɸ: ʅɸʄ-ʧʨʦʠʟʚʦʜʥʳʝ, ɚ ʚʦʟʙʫʞʜʝʥʠʷ ï 251 ʥʤ, ɚ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ï 435 ʥʤ. ɹ: ʆʌɸ-ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʩʣʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ɚ ʚʦʟʙʫʞʜʝʥʠʷ ï 330 

ʥʤ, ɚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ï 450 ʥʤ. ɼʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʢʦʣʦʥʢʠ ï BioSep 2000 + 

Jupiter 4u Proteo 90A (30Ĭ4,6 mm). ʕʣʶʝʥʪ ï ʩʤʝʩʴ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ 

(pH=6,8), ʨʘʩʭʦʜ ï 0,35 ʤʣ/ʤʠʥ. ʇʠʢʠ: ɻ ï ʛʣʫʪʘʪʠʦʥ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ, ʄʊ ï 

ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʳ, ʎ ï ʮʠʩʪʝʠʥ, ʄʝʪ ï ʤʝʪʠʦʥʠʥ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʈʠʩ. 3. ɺʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʘ ʥʘ ʢʦʤʧʣʝʢʩʳ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʩ ʦ-

ʬʪʘʣʝʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʧʦʩʣʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʠ pH=12,5. Gl ï ʛʣʫʪʘʪʠʦʥ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ, MT ï ʤʝʪʘʣʦʪʠʦʥʝʠʥʳ, Met ïd,l-ʤʝʪʠʦʥʠʥ, Cys ï l-ʮʠʩʪʝʠʥ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʮʠʩʪʝʠʥ, ʛʣʫʪʘʪʠʦʥ, 

ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ) ʧʦʩʨʝʜʩʪʚʦʤ ɺʕɾʍ-ʅɸʄ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ ʚ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʚʢʣʶʯʘʷ ʣʠʩʪʴʷ ʚʳʩʫʰʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʄʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʜʣʷ ʦʮʝʥʢʠ ʵʚʦʣʶʮʠʠ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʨʘʩʪʝʥʠʡ, ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ, ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʠ ʚʝʪʝʨʠʥʘʨʠʠ. 

ʇʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 15-05-00279. 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʲʷʩʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʟʥʘʥʠʷ ʬʦʨʤ ʠʭ ʤʠʛʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʚʦʜʘ-ʧʦʨʦʜʘ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʡʦʜʘ ʠ ʩʝʣʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʬʠʢʩʘʮʠʠ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝ I
-
 ʠ HSe

-
 ʚ ʦʙʨʘʟʮʘʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʜʚʠʞʥʦʩʪʴ ʡʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʭ (CaI
+
, CaI2 ʠ ʪ.ʜ.), ʪʘʢ ʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ Eh ʩ ʠʟʙʳʪʢʦʤ ʞʝʣʝʟʘ ʚ ʩʠʩʪʝʤʝ, Se ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ Fe
2-
 c 

ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ FeSe. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʠʮʠʪ ʡʦʜʘ ʠ ʩʝʣʝʥʘ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʢʩʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ ʠ ʛʣʝʝʚʦʤ ʙʘʨʴʝʨʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʡʦʜʘ ʧʦʚʳʰʘʝʪ ʝʛʦ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʦʜʝ, ʦʙʦʛʘʱʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ ʠ ʢʘʣʴʮʠʝʤ. 

Abstract. Explanation of distribution of chemical elements in natural landscapes is impossible without 

knowledge of the forms of their migration depending upon the characteristic features of the water-rock system. The 

purpose of this investigation is to estimate the possible occurrence forms of iodine and selenium by thermodynamic 

modeling to explain their mobility and fixation in geochemically different natural landscapes in conditions of 

radioactive contamination. Thermodynamic calculations have shown the prevalence of I
-
 and HSe

-
 in water samples 

of the Bryansk region. The mobility of iodine can be achieved through the formation of both mineral (CaI
+
, CaI2, etc.) 

and organic-mineral complexes. Under the low Eh conditions with an excess of iron in the system, Se can react with 

Fe
2-
 forming FeSe. Thus, the deficiency of iodine and selenium in drinking water may occur due to their fixation on 

carbonate and gley barriers. However, the formation of soluble complexes of iodine enhances migrating ability of 

iodine in the water enriched with organic matter and calcium. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʨʘʡʦʥʘʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʪʝʨʨʠʪʦʨʠʷ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʤʠʤʦ, 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʜʠʦʠʟʦʪʦʧʘʤʠ ʮʝʟʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʡʦʜʘ, ʧʦʩʪʫʧʠʚʰʠʤʠ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʏɸʕʉ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦ-

ʧʨʠʨʦʜʥʳʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʦʚʳʩʠʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʪʘʢʠʭ, ʢʘʢ ʨʘʢ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (ʑɾ), 

ʢʘʨʜʠʦʧʘʪʠʷ ʠ ʧʨ. [9]. ʂ ʪʘʢʦʛʦ ʨʦʜʘ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʠʪʩʷ ʧʨʠʨʦʜʥʳʡ ʜʝʬʠʮʠʪ ʡʦʜʘ ʠ 

ʩʝʣʝʥʘ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʑɾ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʠ ʩʝʣʝʥʘ ʚ ʧʦʯʚʘʭ ʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʪʠʧʦʤ ʢʣʘʩʩʘ ʚʦʜʥʦʡ 

ʤʠʛʨʘʮʠʠ ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ (1975) [3, 9]. ʆʜʥʘʢʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʝʬʠʮʠʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʘʭ ʤʠʛʨʘʮʠʠ 
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ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʧʦʚʝʜʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʠʨʦʜʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʠʪʴʝʚʳʭ ʚʦʜʘʭ ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʦʩʘʞʜʝʥʠʝ ʠʟʫʯʘʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. 

ɹʨʷʥʩʢʘ ̫ ʦʙʣʘʩʪ ɹ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ 

(ʄʦʩʢʦʚʩʢʦʛʦ ʠ ɼʥʝʧʨʦʚʩʢʦʛʦ). ʈʘʡʦʥʳ, ʥʘʠʙʦʣʝʝ ʧʦʩʪʨʘʜʘʚʰʠʝ ʦʪ ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ɼʥʝʧʨʦʚʩʢʦʤʫ 

ʙʘʩʩʝʡʥʫ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʪʦʣʱʠ. ʏʝʪʚʝʨʪʠʯʥʳʝ, 

ʥʝʦʛʝʥʦʚʳʝ, ʧʘʣʝʦʛʝʥʦʚʳʝ ʠ ʤʝʣʦʚʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʦʙʨʘʟʫʶʪ ʚʝʨʭʥʶʶ ʪʦʣʱʫ, ʘ 

ʥʠʞʥʷʷ ʩʣʦʞʝʥʘ ʚʦʜʦʥʦʩʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ [2]. 

ɼʣʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʚʦʜʥʦʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɺʦʜʦʟʘʙʦʨ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʣʦʜʮʘʤʠ ʠ ʥʝʛʣʫʙʦʢʠʤʠ ʯʘʩʪʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʨʘʡʦʥʦʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʜʘʤʠ 

ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ, ʩʫʣʴʬʘʪʥʦ- 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ- ʤʘʛʥʠʝʚʦʛʦ ʠ ʢʘʣʴʮʠʝʚʦʛʦ ʩʦʩʪʘʚʘ [2]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʜ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʥʝʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʣʘʥʜʰʘʬʪʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʠʧʦʚ ʧʦʯʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʬʠʢʩʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ [5]. ʅʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥ rʧʦ ʦʙʱʠʤ ʫʩʣʦʚʠʷʤ ʚʦʜʥʦʡ 

ʤʠʛʨʘʮʠʠ [11] ʦʧʦʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ 

ʩʫʛʣʠʥʢʘʭ ʠ ʧʦʣʝʩʩʢʠʝ ʣʘʥʜʰʘʬʪʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʠ ʤʦʨʝʥʥʳʭ ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ [4].  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʚʦʜ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2013-2014 ʛʛ., ʧʦʢʘʟʘʣ, 

ʯʪʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʠʜ-ʠʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʤʢʛ/ʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʞʥʝʤʫ 

ʟʥʘʯʝʥʠʶ ʧʨʝʜʝʣʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʡʦʜʘ ʜʣʷ ʧʠʪʴʝʚʳʭ ʚʦʜ (10-

125 ʤʢʛ) [1]. ʇʨʠ ʵʪʦʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʡʦʜʘ ʠ ʩʝʣʝʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʠʪʴʝʚʳʭ, ʩʚʷʟʘʥʘ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʣʘʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʤʝʩʪʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʧʦʤʦʨʬʥʳʭ ʠʦʥʦʚ (ʚʦʜʦʨʦʜʘ, ʢʘʣʴʮʠʷ ʠ ʞʝʣʝʟʘ), 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʣʘʩʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ [7, 8]. 

ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʦ ʜʘʥʥʳʤ 2009-2012 ʛʛ.) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʡʦʜʘ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ ʤʠʛʨʘʮʠʝʡ ʥʝ ʪʦʣʴʢʦ ʚ ʬʦʨʤʝ ʡʦʜʠʜʘ, ʥʦ ʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚ ʚʠʜʝ CaI
+
 ʠ MgI

+
. ɽʩʣʠ 

ʧʝʨʚʳʡ ʪʠʧ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʣʘʥʜʰʘʬʪʘʭ ʧʦʣʝʩʩʢʦʛʦ ʪʠʧʘ, ʪʦ 

ʚʪʦʨʦʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘʠʙʦʣʝʝ ʚʘʞʝʥ ʜʣʷ ʤʠʛʨʘʮʠʠ ʡʦʜʘ ʚ ʦʧʦʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʡʦʜʘ ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʥʝʡʪʨʘʣʴʥʦ-ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʠʛʨʘʮʠʠ 

ʡʦʜʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʩʘʞʜʝʥʠʶ ʡʦʜʘ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ 

ʙʘʨʴʝʨʝ (ʧʨʠ ʝʛʦ ʥʘʣʠʯʠʠ). ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʦʡ 

ʩʝʣʝʥʘ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʩʝʣʝʥʠʜ, ʢʦʪʦʨʳʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ 

ʤʦʞʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʬʘʟʫ FeSe ʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʚ ʧʦʯʚʘʭ ʧʦʜʯʠʥʝʥʥʳʭ ʛʠʜʨʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʦʚ [10].  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-ʧʦʨʦʜʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦ ʩʦʜʝʨʞʘʥʠʠ 

ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʦʥʥʦʤ ʩʦʩʪʘʚʝ, ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʤʦʜʝʣʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʠ ʦ Eh ʠ pH ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ.  
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ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʙ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʤʦʨʦʟʢʦʡ ʧʨʠ 

ʭʨʘʥʝʥʠʠ. ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʙʦʨʦʤ ʚʳʧʦʣʥʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʨʅ, Eh ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʨʪʘʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (pH-ʤʝʪʨ, Eh-ʤʝʪʨ, ʢʦʥʜʫʢʪʦʤʝʪʨ). 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ (ʀʉʇ-

AʕC), ʢʘʪʠʦʥʥʦʛʦ ʠ ʘʥʠʦʥʥʦʛʦ (ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ, ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʜʳ) ʩʦʩʪʘʚʘ 

ʚʦʜ, ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ [13] ʠ ʩʝʣʝʥʘ [6], ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʩʣʝʜʥʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʠʟʤʝʨʷʣʩʷ ʘʥʘʣʠʟʘʪʦʨʦʤ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ 

ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ (ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʵʣʝʢʪʨʦʣʠʪʥʦʡ 

ʷʯʝʡʢʠ), ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʪʦʢʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʩ 

ʜʦʟʠʨʦʚʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ [14]. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HCh (ʨʘʟʨʘʙʦʪʯʠʢ ʐʚʘʨʦʚ ʖ.ɺ.) ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʩʦʟʜʘʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʟ 19 ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʚʫʭ ʢʚʘʟʠʵʣʝʤʝʥʪʦʚ (ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, Hu ʠ ʬʫʣʴʚʦʢʠʩʣʦʪʘ, Fu ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:10 ), ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚʩʝ ʨʘʩʯʝʪʳ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤ 

ʥʘʭʦʞʜʝʥʠʷ ʚʚʝʜʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʚʝʨʜʳʝ ʬʘʟʳ, ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠ 

ʬʘʟʳ-ʩʦʨʙʝʥʪʳ (ʛʸʪʠʪ). ʀʩʪʦʯʥʠʢʦʤ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩʣʫʞʠʣʘ 

ʙʘʟʘ ʜʘʥʥʳʭ UNITHERM (ʢʘʬʝʜʨʘ ʛʝʦʭʠʤʠʠ ʄɻʋ). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠ Eh-pH ʫʩʣʦʚʠʷ ʚʦʜ, ʥʦʚʳʤ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʦʮʝʥʝʥʥʦʛʦ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ ʍʇʂ, ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʯʝʪ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʸʪʠʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʡʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʚʦʜʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦʤʫ ʢʣʘʩʩʫ ʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ (Eh=-0,270-+0,004) ʫʩʣʦʚʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ pH=5-8 ʠ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʨʘʩʯʝʪ ʧʦ ʍʇʂ) ʦʪ <0,20 ʤʛ/ʣ ʜʦ 45,11 ʤʛ/ʣ. ʇʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, 

ʢʘʢ ʠ ʦʧʨʝʜʝʣʝʥʦ ʨʘʥʝʝ, ʡʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʚʠʜʝ ʠʦʥʦʚ I
-
, ʘ ʩʝʣʝʥ - ʚ ʚʠʜʝ HSe

-
. 

ʇʦʜʪʚʝʨʞʜʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (CaI
+
 ʠ MgI

+
) ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʬʦʨʤ 

CaI2 ʠ MgI2. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʚʦʜʘʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʤʠʤʦ ʡʦʜʠʜ-ʠʦʥʘ ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʠʦʜʘʪʘ (IO3
-
),

 
ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ CaI
+
. ɺ ʥʠʭ ʞʝ ʩʝʣʝʥ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʚ ʬʦʨʤʝ SeO3

2-
. 

ʈʘʚʥʦʚʝʩʥʘʷ ʪʚʝʨʜʘʷ ʬʘʟʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜ ʚʩʝʭ ʪʠʧʦʚ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʣʴʮʠʪʦʤ, ʢʚʘʨʮʝʤ, ʜʦʣʦʤʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ ʠ ʘʧʘʪʠʪʦʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʦʪʚʝʯʘʝʪ 

ʩʦʩʪʘʚʫ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʩʪʚʦʨʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ c ʠʦʥʘʤʠ ʉa ʠ ʄg. ʆʨʛʘʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʡʦʜʘ 

ʠ ʩʝʣʝʥʘ ʥʝ ʦʮʝʥʠʚʘʣʠʩʴ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʭ ʡʦʜʦʤ 

ʢʦʣʦʜʝʟʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʦʧʦʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʡʦʜ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʠʜʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʡʦʜʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʡʦʜʘ ʠ ʩʝʣʝʥʘ ʚ 

ʩʭʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʥʘʧʨʠʤʝʨ, ʬʠʢʩʘʮʠʶ ʩʝʣʝʥʘ ʚ ʧʦʣʝʩʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ 

ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʛʣʝʝʚʦʤ ʙʘʨʴʝʨʝ, ʘ ʡʦʜʘ - ʚ ʦʧʦʣʴʥʳʭ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʘʨʴʝʨʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʡʦʜʘ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʝʛʦ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʦʜʘʭ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʦʩʣʝʜʥʠʡ ʤʝʭʘʥʠʟʤ ʚ ʩʣʫʯʘʝ ʥʘʭʦʞʜʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʡʦʜʘ ʚ ʚʦʜʘʭ ʚ ʬʦʨʤʝ, 

ʠʜʝʥʪʠʯʥʦʡ ʩʪʘʙʠʣʴʥʦʤʫ ʘʥʘʣʦʛʫ, ʤʦʛʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʜʝʨʞʘʥʠʶ ʠʭ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʧʦʩʪʫʧʣʝʥʠʶ ʩ ʧʠʪʴʝʚʳʤʠ ʚʦʜʘʤʠ ʚ ʦʨʛʘʥʠʟʤʳ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 
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FILTRATION  
1
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ (ɻɽʆʍʀ ʈɸʅ), 117312, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʂʦʩʳʛʠʥʘ, 19.ʊʝʣ.:+7 4991374127. 

ʌʘʢʩ: +7 (495) 938205. E-mail: korobova@geokhi.ru; 
2
ɹʨʷʥʩʢ-ɻʝʦʮʝʥʪʨ, ʛ. ɹʨʷʥʩʢ. 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʢʨʦ- ʠ ʨʷʜʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜʘʭ ʜʦ ʠ ʧʦʩʣʝ ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: 1) ʩʪʘʥʜʘʨʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʯʝʨʝʟ ʬʠʣʴʪʨ 

0,45 Õʤ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ ʚʙʣʠʟʠ ʛʦʨʦʜʩʢʠʭ ʧʦʩʝʣʝʥʠʡ (ʚʳʰʝ, ʚ ʧʨʝʜʝʣʘʭ ʠ 

ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ); 2) ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʬʠʣʴʪʨ 0,2 Õʤ ʦʟʝʨʥʳʭ ʠ ʧʠʪʴʝʚʳʭ ʚʦʜ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ; 3) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,45, 0,2 ʠ 0,1 Õʤ ʦʙʨʘʟʮʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʦʪʦʙʨʘʥʥʳʭ ʚ 2014 ʛ. ʧʦ ʩʝʟʦʥʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʘ, ʪʠʧʘ ʚʦʜ ʠ ʩʝʟʦʥʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. 

Abstract. Membrane filtration was used to study distribution of macro- and microelements and their 

association with different size fractions in natural surface and ground waters. Three variants of filtration was 

performed to compare the concentration of chemical elements before and after filtration: 1) standard filtration of the 

river water through 0.45 Õm filter at three points upstream, downstream and within the settlement; 2) filtration 

through 0.2 Õm filter of the lake and drinking water from different sources; 3) seasonal sequential filtration using 

0.45; 0.2 and 0.1 Õm filters. The applied techniques showed considerably different patterns of chemical elementsô 

association with different size fractions depending upon their chemical properties, water types and sampling season.  

1. ɺʚʝʜʝʥʠʝ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ13-05-00823 ʠʟʫʯʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʧʠʪʴʝʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 
ʟʦʥʘʭ ʩ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʴ ʁʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ 
ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ. ɺ 2013-2014 ʛʛ. ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʤʘʢʨʦ- ʠ 
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʩ ʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʝʪʦʜʦʤ ʤʝʤʙʨʘʥʥʦʡ 
ʬʠʣʴʪʨʘʮʠʠ. ʎʝʣɹ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ 
ʥʘʭʦʞʜʝʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚ 
ʝʩʪʝʩʪʚʝʥʥʦ-ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥʘʭ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ 
ʥʘʛʨʫʟʢʠ. 

2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʨʘʟʮʳ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʦʪʙʠʨʘʣʠ ʠʟ ʚʦʜʦʪʦʢʦʚ, ʚʦʜʦʝʤʦʚ, 
ʢʦʣʦʜʮʝʚ ʠ ʩʢʚʘʞʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʠ 
ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʤʝʩʪʝ ʦʪʙʦʨʘ ʦʧʨʝʜʝʣʷʣʠ ʨʅ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (ʤʝʪʦʜʦʤ 
ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ) ʚʦʜ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʫʶ ʬʠʣʴʪʨʘʮʠʶ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ. 
ʄʝʤʙʨʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: 1) ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ 
ʩʪʘʥʜʘʨʪʥʳʡ ʬʠʣʴʪʨ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ; 2) ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʬʠʣʴʪʨ 0,2 ʤʢʤ; 3) 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,45; 0,22; 0,1 ʤʢʤ, ʪ.ʝ. ʦʪ 
ʙʦʣʴʰʝʛʦ ʢ ʤʝʥʴʰʝʤʫ ʨʘʟʤʝʨʫ. ʌʠʣʴʪʨʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʙʦʨʘ ʚʦʜʳ ʚʨʫʯʥʫʶ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʧʨʠʮʝʚʦʡ ʥʘʩʘʜʢʠ ʬʠʨʤʳ ʄʠʣʣʠʧʦʨ. ɺʳʙʦʨ ʨʘʟʤʝʨʦʚ ʧʦʨ ʤʝʤʙʨʘʥ 
ʦʧʨʝʜʝʣʷʣʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ: ʠʟʚʝʩʪʥʦ, ʯʪʦ 
ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 0,45 ʤʢʤ ʠ ʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʘʤʠ, ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʤʠ 
ʘʛʨʝʛʘʪʘʤʠ, ʤʝʣʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ; ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 0,22 ʤʢʤ 
ʚʢʣʶʯʘʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʣʣʦʠʜʳ ʠ ʙʘʢʪʝʨʠʠ; ʯʘʩʪʠʮʳ 0,1 ʤʢʤ ʦʙʳʯʥʦ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚʠʨʫʩʘʤʠ [2-4]. ʇʝʨʚʳʡ 
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ʚʘʨʠʘʥʪ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʨʝʯʥʳʭ ʚʦʜʦʪʦʢʘʭ ʠ ʠʭ ʟʘʧʨʫʜʘʭ ʚ ʧʨʝʜʝʣʘʭ ʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʷʜʘ 
ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʩʣʝʜʥʠʭ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ. ʆʪʙʦʨ ʧʨʦʚʝʜʝʥ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʜʥʷ ʣʝʪʘ 2014 ʛ. ʧʨʠ 
ʦʜʠʥʘʢʦʚʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʙʳʣ ʧʨʦʙʥʳʤ ʠ ʧʨʦʚʝʜʝʥ ʚ 2013 ʛ. ʥʘ 
ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʧʨʦʙ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʘ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,22 ʤʢʤ. ʊʨʝʪʠʡ 
ʚʘʨʠʘʥʪ ʬʠʣʴʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʝʥ ʚ 2014 ʛ. ʚ ʥʝʢʦʪʦʨʳʭ ʧʫʥʢʪʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʨʘʟʥʦʛʦ ʪʠʧʘ 
ʧʦ ʩʝʟʦʥʘʤ. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʳ 
ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʤʝʩʪʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ (20 ʤʢʛ/ʤʣ). ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʜ ʦʧʨʝʜʝʣʷʣʠ 
ʤʝʪʦʜʦʤ ɸʕʉ-ʀʉʇ ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʧʦʣʠʭʨʦʤʘʪʦʨʝ ICAP-9000 ʠ ʩʧʝʢʪʨʦʤʝʪʨʝ 
ICAP 6500 (Thermo Scientific). ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʣʠʷ ʧʨʦʚʦʜʠʣʠ ɸɸʉ ʤʝʪʦʜʦʤ ʥʘ 
ʩʧʝʢʪʨʦʤʝʪʨʝ ʬʠʨʤʳ ʇʝʨʢʠʥ-ʕʣʤʝʨ, ʤʦʜʝʣʴ 603. ʆʩʥʦʚʥʳʝ ʘʥʠʦʥʳ (Cl
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) ʠʟʤʝʨʷʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʭ 
ʵʣʝʢʪʨʦʜʦʚ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. ʁʦʜʠʜ-ʠʦʥ 
ʦʧʨʝʜʝʣʷʣʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʨʦʜʘʥʠʜʥʦ-ʥʠʪʨʠʪʥʳʤ ʤʝʪʦʜʦʤ [1]. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʡʦʜʫ 
ʩʦʩʪʘʚʣʷʣʘ 1 ʥʛ/ʤʣ, ʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 2-5%.  

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 
3.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʪʠʚʥʳʭ ʠ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʦʜʘʭ ʧʨʠʨʦʜʥʦʛʦ 

ʚʦʜʦʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ (ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʬʠʣʴʪʨʘʮʠʠ) 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʜʦ (ʧʝʨʚʘʷ ʢʦʣʦʥʢʘ ʧʦ ʢʘʞʜʦʡ ʧʨʦʙʝ) ʠ ʧʦʩʣʝ 
ʬʠʣʴʪʨʘʮʠʠ (ʬʠʣʴʪʨ 0,45 ʤʢʤ) ʚʦʜ ʨ. ʆʣʝʰʥʠ, ʦʪʦʙʨʘʥʥʳʭ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʛ. ɼʷʪʴʢʦʚʦ 
(ɼʷʪʴʢʦʚʦ-2), ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ (ɼʷʪʴʢʦʚʦ-1) ʠ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ (ɼʷʪʴʢʦʚʦ-
3).  

ɺʳʰʝ ʛʦʨʦʜʘ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʠʪʩʷ ʤʝʥʴʰʝ Ca ʠ ʙʦʣʴʰʝ Si, ʯʪʦ ʤʦʞʝʪ 
ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʟʥʦʤ ʩʦʩʪʘʚʝ ʧʠʪʘʶʱʠʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 
ʩʝʛʤʝʥʪʦʚ ʨʝʢʠ. ʅʠʞʝ ʛʦʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʘʭ Al, 
Fe, Mn, K, Na, S, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʦʪʨʘʞʘʶʱʠʝ, ʧʨʠʨʦʜʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʣʠʙʦ 
ʥʝʢʦʪʦʨʳʡ ʚʢʣʘʜ ʩʪʦʢʘ ʠʟ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʥʝʞʝʣʠ ʚʣʠʷʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦ ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 
Fe, Al , Mn ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʬʨʘʢʮʠʠ ʢʨʫʧʥʝʝ 0,45 ʤʢʤ, ʧʨʠʯʝʤ ʚʢʣʘʜ ʦʪʥʦʩʠʤʦʡ ʢʦ ʚʟʚʝʩʠ 
ʬʨʘʢʮʠʠ (> 0,45 ʤʢʤ) ʚʳʰʝ ʧʦʩʣʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʢʠ ʯʝʨʝʟ ʛ. ɼʷʪʴʢʦʚʦ. ʇʘʨʘʣʣʝʣʴʥʦ ʚ 
ʧʦʩʣʝʜʥʝʤ ʧʫʥʢʪʝ ʦʪʙʦʨʘ ʚʦʜ ʥʘʙʣʶʜʘʝʪʩʷ 1,5-2-ʢʨʘʪʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ 
ʩʦʜʝʨʞʘʥʠʷ I, P, Na, K ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʫʢʨʘʪʥʳʡ ʨʦʩʪ ʍʇʂ (102,2 ʤʛʆ2/ʣ ʧʨʦʪʠʚ 54,8, 24,7 
ʤʛʆ2/ʣ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʥʢʪʘʭ ʦʪʙʦʨʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʙʘʤʠ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ, ʯʪʦ 
ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʧʨʠʨʦʜʥʦʛʦ, ʣʠʙʦ ʘʛʨʦʠʩʪʦʯʥʠʢʘ. ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ, ʪ.ʝ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝʥʥʦʡ 
ʬʦʨʤʝ. 

3.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʪʠʚʥʳʭ ʠ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʦʜʘʭ ʨʘʟʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʬʠʣʴʪʨʘʮʠʠ) 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʚʦʜ ʨʘʟʥʦʛʦ ʪʠʧʘ (ʦʟʝʨʥʳʝ, ʦʟ. ʇʝʨʝʪʠʥ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʪʴʝʚʳʭ ʮʝʣʷʭ, ʘ ʪʘʢʞʝ ʧʠʪʴʝʚʳʝ ʚʦʜʳ ʠʟ ʯʘʩʪʥʦʡ ʩʢʚʘʞʠʥʳ, (ʩ. ʉʪʘʨʳʡ 
ɺʳʰʢʦʚ) ʠ ʠʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ (ʚʦʜʦʧʨʦʚʦʜ, ʇɻʊ ʉʝʣʴʮʦ). ʇʦ 
ʢʘʪʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʝ Ca, ʯʝʤ ʦʟʝʨʥʳʝ, ʘ ʧʨʦʙʘ ʠʟ 
ʮʝʥʪʨʘʣʥɹʦʛʦ ʚʦʜʦʧʨʦʚʦʜʘ (ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ) ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʦʙʦʛʘʱʝʥʘ Mg, K, Ba, I ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʨʠʩ. 2). ʉʦʜʝʨʞʘʥʠʝ Fe ʧʘʜʘʣʦ ʚ ʨʷʜʫ: ʚʦʜʦʧʨʦʚʦʜʥʳʝ 
ʚʦʜʳ>ʩʢʚʘʞʠʥʥʳʝ>>ʦʟʝʨʥʳʝ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Si ʚʳʜʝʣʷʣʩʷ 
ʦʙʨʘʟʝʮ ʠʟ ʩʢʚʘʞʠʥʳ, Al ï ʦʙʨʘʟʝʮ ʦʟʝʨʥʦʡ ʚʦʜʳ.  

ʌʠʣʴʪʨʘʮʠʷ ʚʦʜ (ʜʠʘʤʝʪʨ ʧʦʨ ʬʠʣʴʪʨʘ 0,2 ʤʢʤ) ʧʦʢʘʟʘʣʘ, ʯʪʦ Fe ʠ Zn ʥʘʭʦʜʷʪʩʷ ʚ 
ʦʩʥʦʚʥʦʤ ʚʦ ʬʨʘʢʮʠʠ, ʢʨʫʧʥʝʝ 0,2 ʤʢʤ (99% ʠ 94% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʫʱʝʩʪʚʝʥʥʘʷ ʜʦʣʷ 
Mn ʚ ʩʢʚʘʞʠʥʥʦʡ ʚʦʜʝ (38%), Al - ʚ ʦʟʝʨʥʦʡ ʚʦʜʝ (42%), Ba - ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ (21%) ʪʘʢʞʝ 
ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʯʘʩʪʠʮʘʤʠ ʢʨʫʧʥʝʝ 0,2 ʤʢʤ. ʆʩʪʘʣʴʥʳʝ ʢʘʪʠʦʥʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʠʩʪʠʥʥʦʤ 
ʨʘʩʪʚʦʨʝ ʠʣʠ ʙʦʣʝʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʦʜʦʧʨʦʚʦʜʥʳʭ 
ʚʦʜʘʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ I ʚ ʬʦʨʤʝ ʠʦʜʠʜʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣ 
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ʚ ʩʦʩʪʘʚʝ ʠʩʪʠʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (97%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʟʝʨʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʜʦʣʷ ʵʪʦʡ 
ʬʨʘʢʮʠʠ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ (51-80%, ʪʘʙʣ. 1). ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʪʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʦʜʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʤʠʢʨʦʜʠʩʧʝʨʩʥʦʤ 
ʩʦʩʪʦʷʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʣʣʦʠʜʦʚ. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʝ ʥʘʪʠʚʥʦʡ (ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʧʦ ʢʘʞʜʦʡ 

ʧʨʦʙʝ) ʠ ʬʠʣʴʪʨʦʚʘʥʥʦʡ (ʬʠʣʴʪʨ 0,45 ʤʢʤ, ʚʪʦʨʦʡ ʩʪʦʣʙʝʮ) ʚʦʜʳ ʠʟ ʨ. ʆʣʝʰʥʷ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ ʦʪ ʛ. ɼʷʪʴʢʦʚʦ (ʨ. ʆʣʝʰʥʷ), ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ (ʧʨʦʪʦʯʥʘʷ ʟʘʧʨʫʜʘ ʥʘ ʨ. ʆʣʝʰʥʝ) 

ʠ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ (ʥʠʞʝ ʚʪʦʨʦʡ ʟʘʧʨʫʜʳ). 

 
ʈʠʩ. 2. ʉʧʝʢʪʨ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʚʦʜ 2013 ʛ. ʜʦ ʠ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ (ʨʘʟʤʝʨ ʧʦʨ - 0,2 ʤʢʤ). ʈʘʩʰʠʬʨʦʚʢʘ ʅʇ: ʇʝʨ - ʇʝʨʝʪʠʥ, ʉʪ. ɺʳʰ- - ʉʪʘʨʳʡ 

ɺʳʰʢʦʚ, ʉʝʣ ï ʉʝʣʴʮʦ (ɹʨʷʥʩʢʠʡ ʨʘʡʦʥ); ʊʠʧʳ ʚʦʜ: ʦʟʝʨʦ ï ʦʟʝʨʥʳʝ, ʢʦʣ ï ʢʦʣʦʜʝʟʥʳʝ, ʚʧʨ ï 

ʚʦʜʦʧʨʦʚʦʜʥʳʝ (ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ) 

3.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʪʠʚʥʳʭ ʠ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʦʜʘʭ ʚ ʨʘʟʥʳʝ 

ʩʝʟʦʥʳ ʛʦʜʘ (ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ ʬʠʣʴʪʨʘʮʠʠ) 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʩʣʝʞʝʥʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ 
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ʦʧʨʦʙʦʚʘʥʠʷ (ʚ ʨʘʡʦʥʘʭ ʧʦʩ. ʂʦʞʘʥʳ, ɼʝʤʝʥʢʘ, ʉʝʣʴʮʦ. ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦʜʪʚʝʨʜʠʣ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʩʪʴ Fe, Al , Mn ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ ʦʧʨʦʙʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʡʦʜʘ (I) ʚ ʦʙʨʘʟʮʘʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʨʘʟʥʦʛʦ ʪʠʧʘ ʧʦ ʬʨʘʢʮʠʷʤ ʜʚʫʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ (ʙʦʣʴʰʝ ʠ ʤʝʥʴʰʝ 2 ʤʢʤ) 

ʊʠʧ ʚʦʜ ʄʝʩʪʦ ʦʪʙʦʨʘ, 

ʥʦʤʝʨ ʧʨʦʙʳ 

ɼʦ 

ʬʠʣʴʪʨʘʮʠʠ 

ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ (ʬʘʟʘ 

<0,2 ʤʢʤ) 

% ʚ ʬʠʣʴʪʨʘʪʝ 

ʦʟʝʨʦ ʇʝʨʝʪʠʥ-5 ʥ/ʦ 9,9 ʥ/ʦ 

ʦʟʝʨʦ ɼʝʥʠʩʢʦʚʠʯʠ 3,5 2,8 80 

ʦʟʝʨʦ ʂʦʞʘʥʦʚʩʢʦʝ-2 9,8 5,3 55 

ʢʦʣʦʥʢʘ ʉʪ.ɺʳʰʢʦʚ-2 5,3 3,3 62 

ʢʦʣʦʥʢʘ ʊʨʦʩʪʘʥʴ-2 4,9 2,5 51 

ʚʦʜʦʧʨʦʚʦʜ ʉʝʣʴʮʦ-4 13,1 12,6 97 

ɼʣʷ I ʦʙʥʘʨʫʞʝʥʘ ʩʝʟʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʩʚʷʟʠ ʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ: ʚ 

ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʢʘʢ ʚ ʦʟʝʨʥʳʭ, ʪʘʢ ʠ ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠʩʫʪʩʪʚʠʝ ʡʦʜʘ ʚ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮʘʭ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ʉʝʟʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ I ʠ Fe ʚ ʬʠʣʴʪʨʘʪʘʭ ʦʟʝʨʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʚ ʨʘʡʦʥʝ ʧ. 

ʂʦʞʘʥʳ (ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ). 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ Al, Fe, Mn 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚ ʚʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (>0,45 ʤʢʤ), 
ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʝ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʙʦʣʝʝ ʤʝʣʢʠʝ ʬʠʣʴʪʨʳ ʧʨʠʤʝʨʥʦ 
ʦʜʠʥʘʢʦʚʦ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʡʦʥʝ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʝ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ʇʦʚʝʜʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʧʨʠʤʝʩʝʡ (ʥʘʧʨʠʤʝʨ, Zn) 
ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʭ ʩʦʨʙʮʠʝʡ ʥʘ ʯʘʩʪʠʮʘʭ ʦʢʩʠʜʦʚ ʠʣʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʣʦʩʴ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ. ɼʣʷ I ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 
ʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʥʳʭ ʬʨʘʢʮʠʷʭ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʦʜ ʠ ʩʝʟʦʥʘ ʛʦʜʘ. 
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THE USE OF X-RAY ANALYSIS FOR THE STUDY OF Sr
+2
 SORPTION 

KINETIC ON NATURAL CLINOPTILOLITES 
ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʢʣʠʥʦʧʪʠʣʦʣʠʪʦʚ ʠʟ ʥʝʙʦʣʴʰʠʭ ʥʘʚʝʩʦʢ ʧʨʦʙʳ (50-100 ʤʛ). ʀʟʫʯʝʥʳ ʜʝʪʘʣʠ ʢʠʥʝʪʠʢʠ 

ʩʦʨʙʮʠʠ Sr
2+ 
ʥʘ ʧʨʠʨʦʜʥʳʭ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘʭ ʠʟ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. 

Abstract. The technique of x-ray fluorescence analysis to determine the chemical composition of the 

clinoptilolites from the small samples (50-100mg) was developed. The ion-exchange kinetic processes of Sr
2+

 on 

natural clinoptilolites from surface drinking water were studied in detail. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʪʦʢʩʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ) ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʦʢʨʫʛ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʤʝʩʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠʨʦʜʥʳʭ ʮʝʦʣʠʪʦʚ, ʩʝʣʝʢʪʠʚʥʦ ʩʦʨʙʠʨʫʶʱʠʭ ʤʥʦʛʠʝ ʚʝʱʝʩʪʚʘ-ʟʘʛʨʷʟʥʠʪʝʣʠ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʦʨʙʝʥʪʦʤ ʜʣʷ ʵʪʦʡ ʮʝʣʠ, ʩʧʦʩʦʙʥʳʤ ʩʝʣʝʢʪʠʚʥʦ ʩʦʨʙʠʨʦʚʘʪʴ ʠ 

ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʪʴ ʠʦʥʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʠʭ ʯʠʩʣʝ ð ʩʚʠʥʝʮ, ʮʠʥʢ, ʢʘʜʤʠʡ, ʤʝʜʴ, 

ʨʘʜʠʦʥʫʢʣʠʜʳ (ʩʪʨʦʥʮʠʡ, ʮʝʟʠʡ) ʠ ʜʨ., ʷʚʣʷʝʪʩʷ ʢʣʠʥʦʧʪʠʣʦʣʠʪʩʦʜʝʨʞʘʱʠʡ ʪʫʬ (ʂʃʇʊ). 

ʂʣʠʥʦʧʪʠʣʦʣʠʪ - ʦʩʥʦʚʥʦʡ ʤʠʥʝʨʘʣ (60-80%), ʚʭʦʜʷʱʠʡ ʚ ʝʛʦ ʩʦʩʪʘʚ. ʕʪʦ ʜʦʩʪʫʧʥʦʝ ʠ 

ʠʤʝʶʱʝʝ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʢʘʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ 

ʨʝʛʫʣʷʨʥʳʭ ʧʦʣʦʩʪʝʡ ʠ ʢʘʥʘʣʦʚ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʠ ʠʦʥʦʦʙʤʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ.  

ɼʣʷ ʛʨʘʤʦʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤ ʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ 

ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʨʙʝʥʪʦʚ. 

ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʩʦʨʙʮʠʠ Sr
2+ 
ʠ ʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʂʃʇʊ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʍʦʥʛʫʨʫʫ (ʗʢʫʪʠʷ), ʍʦʣʠʥʩʢʦʝ (ɿʘʙʘʡʢʘʣʴʝ) ʠ ɹʝʣʳʡ ʇʣʘʩʪ (ɹʦʣʛʘʨʠʷ) ʠʟ 

ʧʨʠʨʦʜʥʳʭ ʧʠʪʴʝʚʳʭ ʚʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ çʪʦʥʢʦʛʦ ʩʣʦʷè 

[Boyd G.E. et al., 1947], ʫʩʣʦʚʠʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ 

ʥʘʚʝʩʦʢ ʩʦʨʙʝʥʪʘ ʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʨʘʩʪʚʦʨʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ AXIOS Advanced (ʬʠʨʤʳ "PANalytical B.V.", Holland), 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʢʠʩʣʦʨʦʜʘ ʜʦ ʫʨʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 10
-4

 - 100 %. ʇʨʠʙʦʨ ʦʩʥʘʱʝʥ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʪʨʫʙʢʦʡ ʩ Rh ʘʥʦʜʦʤ ʤʦʱʥʦʩʪʴʶ 3 ʢʚʪ, ʩʢʘʥʠʨʫʶʱʠʤ ʢʘʥʘʣʦʤ ʩ ʢʨʠʩʪʘʣʣʘʤʠ-

ʘʥʘʣʠʟʘʪʦʨʘʤʠ (PE-002-C, PX-1, GʝIII-C, LIF-200, LIF-220) ʠ ʜʝʪʝʢʪʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, 

ʩʦʩʪʦ̫ɦ ʠʤ ʠʟ ʧʨʦʪʦʯʥʦʛʦ ʠ ʟʘʧʘʷʥʥʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʩʯʝʪʯʠʢʦʚ ʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂŬ- ʣʠʥʠʡ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ i-ʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʙʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ʩʧʦʩʦʙ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ Ŭ ï ʢʦʨʨʝʢʮʠʠ, ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʘʢʝʪʦʤ 

ʧʨʦʛʨʘʤʤ çSuper Qè ʩʧʝʢʪʨʦʤʝʪʨʘ. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʪʝʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʠ Sr ʚ ʂʃʇʊ ʜʣʷ ʥʝʙʦʣʴʰʠʭ 

ʥʘʚʝʩʦʢ ʧʨʦʙʳ (ʦʪ 50ʤʛ ʜʦ 100ʤʛ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʙʨʘʟʮʳ ʩʦʩʪʘʚʘ (ʉʆʉ), ʙʣʠʟʢʠʝ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʢ ʂʃʇʊ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Sr ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʙʳʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʣʫʯʘʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʦʢʩʠʜʦʚ Sr ʚ ʧʨʠʨʦʜʥʳʝ ʉʆʉ.  

ʇʨʦʙʳ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʠʟ ʥʘʚʝʩʢʠ ʚ 100 

ʤʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20ʤʛ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 5:1. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʰʠʙʢʫ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, 

ʩʦʩʪʘʚʠʣʠ: ʜʣʷ SiO2 ʠ Fe2O3<1%, Al2O3-3%, K2O, Na2O ʠ Sr-6%, CaO-9%, TiO2 ʠ MgO-15%. 

ʊʨʝʙʦʚʘʣʦʩʴ ʦʮʝʥʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʈs) 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʯʠʪʘʪʴ ʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʢʨʠʪʝʨʠʶ çʥʘʩʳʱʝʥʥʦʛʦè ʩʣʦʷ, 

ʢʘʢ ʜʣʷ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʪʨʦʥʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʈs ʚ 1%-ʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ [ʃʦʩʝʚ ʅ.ʌ.,1969]: 

ʈs> 4,62/(ɛm1 /Sinű + ɛmi/Sinɣ), 

ʛʜʝ ɛm1, ɛmi ï ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ (ɚ1) ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʡ (ɚi), ű ʠ ɣ ï ʫʛʣʳ ʧʘʜʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʝʮ ʠ ʦʪʙʦʨʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢ ʢʘʢ ʚ ʧʨʠʙʦʨʝ Axios Advanced ʵʪʠ ʫʛʣʳ ʨʘʚʥʳ 45Á, ʪʦ ʧʨʠ 

ʤʘʩʩʝ ʠʟʣʫʯʘʪʝʣʷ 0,12ʛʨ ʠ ʨʘʜʠʫʩʝ 0,5ʩʤ ʧʦʣʫʯʘʝʤ 

(ɛm1 + ɛmi) > 4,62/1,41*0,153=21,42ʩʤ
2
/ʛ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʦʡ ʙʫʜʝʪ ʥʘʩʳʱʝʥʥʳʤ, ʝʩʣʠ ʝʛʦ ʩʫʤʤʘʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʙʫʜʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʚʝʣʠʯʠʥʫ 21,42ʩʤ
2
/ʛ. 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ɛmi ʜʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʠʥʠʡ Fe KŬ ʠ Sr KŬ ʜʣʷ ʠʟʣʫʯʘʪʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʦʨʙʝʥʪʦʚ ʜʘʥʥʦʛʦ 

ʪʠʧʘ, ʨʘʟʙʘʚʣʝʥʥʳʭ ʧʦʣʠʩʪʠʨʦʣʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 5:1. ɼʣʷ ʣʠʥʠʠ Fe KŬ ɛmi ʩʦʩʪʘʚʠʣʦ 63,43 

ʩʤ
2
/ʛ. ʆʯʝʚʠʜʥʦ (ʜʘʞʝ ʙʝʟ ʫʯʝʪʘ ʦʩʣʘʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɛm1)), ʯʪʦ ʵʪʦʪ ʩʣʦʡ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ʩ Z<26 ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʶ çʥʘʩʳʱʝʥʥʦʛʦè ʩʣʦʷ.  

ʈʘʩʩʯʠʪʘʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɛmi ʜʣʷ ʣʠʥʠʠ Sr KŬ ʩʦʩʪʘʚʠʣʦ 5,1 ʩʤ
2
/ʛ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʨʦʙʫ, ʪʦ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ Rh ʘʥʦʜʦʤ ʂ-ʩʝʨʠʠ ʵʣʝʤʝʥʪʦʚ ʜʦ ʄʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ Sr KŬ) 

ʚʦʟʙʫʞʜʘʶʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, Rh KŬ-ʠʟʣʫʯʝʥʠʝʤ, ʘ ʚ ʠʟʫʯʘʝʤʳʭ ʩʦʨʙʝʥʪʘʭ ʥʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʪʝʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʠʥʳ ʚʦʣʥ ʢʨʘʝʚ ʧʦʛʣʦʱʝʥʠʷ ʢʦʪʦʨʳʭ ʢʦʨʦʯʝ 

ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʂŬ ʩʝʨʠʠ ʩʪʨʦʥʮʠʷ, ʪʦ ɛm1 ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʠ ʦʪ ʤʘʩʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɛmi) [ʃʦʩʝʚ 

ʅ.ʌ., 1969]: 

ɛm1 = (ɚ1/ ɚi)
3
 ɛmi 

ʛʜʝ ɚ1 - ʚ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʧʝʨʚʠʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʊʘʢ ʢʘʢ ɚ1< ɚi, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ɛm1 < ɛmi . ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʣʠʥʠʠ Sr 

KŬ ʜʘʥʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʥʝʥʘʩʳʱʝʥʥʳʡè ʩʣʦʡ. 

ʇʨʦʙʳ (100ʤʛ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ Sr, ʠʤʝʣʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʙʣʠʟʢʠʡ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʦʨʙʝʥʪʘʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ, ʧʨʘʢʪʠʯʝʩʢʠ, ʦʜʠʥʘʢʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʂŬ- ʣʠʥʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʢʘʣʠʙʨʦʚʦʯʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʪʦʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʚ 5% 

ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʤʝʪʦʜ çʪʦʥʢʦʛʦè ʩʣʦʷ), 

ʦʙʨʘʟʮʳ ʩʦʨʙʝʥʪʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʥʘ ʘʥʘʣʠʟ, ʠʥʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʥʘʚʝʩʢʠ ʤʝʥʝʝ 

100ʤʛ (ʦʪ 50 ʜʦ 100 ʤʛ). ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʝʡ ʜʠʘʤʝʪʨʦʤ 1ʩʤ ʠ ʚʝʩʦʤ 

0,06ʛʨ (50 ʤʛ ʧʨʦʙʳ + 10 ʤʛ ʅ8ʉ8) ʩʦʩʪʘʚʣʷʝʪ 0,0764ʛ/ʩʤ
2
. ʉʣʦʡ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ çʥʘʩʳʱʝʥʥʳʤè, ʝʩʣʠ ʜʣʷ ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʩʣʘʙʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 
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(ɛm1+ ɛmi)>43,2ʛ/ʩʤ
2
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʪʘʢʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ çʥʘʩʳʱʝʥʥʦʛʦè ʩʣʦʷ.  

ɼʣʷ ʩʪʨʦʥʮʠʷ ʜʘʥʥʳʡ ʚʠʜ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʘʣʠʟʫ ʚ çʧʨʦʤʝʞʫʪʦʯʥʳʭè ʩʣʦʷʭ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʠʟʣʫʯʘʪʝʣʷ (ʧʘʜʘʝʪ ʩ ʝʝ ʫʤʝʥʴʰʝʥʠʝʤ). ʕʪʦ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʥʠʞʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʪʨʦʥʮʠʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʚʝʩʢʘ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 100ʤʛ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʨʘʟʣʠʯʠʝ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʢʘʣʠʙʨʦʚʢʝ, ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Sr ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ 

ʠʟʣʫʯʘʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʂʃʇʊ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: 

ʍʦʥʛʫʨʫʫ, ʍʦʣʠʥʩʢʦʝ, ɹʝʣʳʡ ʇʣʘʩʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Sr: ʍʦʥʛʫʨʫʫ-1,85%, 

ʍʦʣʠʥʩʢʦʝ -7,7%, ɹʝʣʳʡ ʧʣʘʩʪ ï 7,9%. ʇʨʠʛʦʪʦʚʣʝʥʳ ʠʟʣʫʯʘʪʝʣʠ ʤʘʩʩʦʡ (ʧʨʦʙʘ 

+ʧʦʣʠʩʪʠʨʦʣ): 30, 60, 80, 100 ʠ 120 ʤʛ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʩʯʝʪʘ 

ʩʦʜʝʨʞʘʥʠʷ Sr ʥʘ ʥʘʚʝʩʢʫ ʚ 120ʤʛ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʠʟʣʫʯʘʪʝʣʷ ʥʘʥʝʩʝʥʳ ʥʘ ʝʜʠʥʳʡ 

ʛʨʘʬʠʢ (ʨʠʩ.1). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ 

ʩʦʨʙʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʝʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

 

ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʦʪ ʤʘʩʩʳ 

ʠʟʣʫʯʘʪʝʣʷ: ʨʷʜ 1 ï ɹʝʣʳʡ ʇʣʘʩʪ, ʨʷʜ 2 ï ʍʦʥʛʫʨʫʫ, ʨʷʜ 3- ʍʦʣʠʥʩʢʦʝ 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʩʝ ʩʪʘʜʠʠ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʢʠʥʝʪʠʢʠ ʚ ʜʝʪʘʣʷʭ ʥʘ ʂʃʇʊ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʍʦʥʛʫʨʫʫ, ʍʦʣʠʥʩʢʦʝ ʠ ɹʝʣʳʡ ʇʣʘʩʪ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʥʘ ʂʃʇʊ, ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʡ ʚ 

ʨʘʟʙʘʚʣʝʥʥʳʭ (ʧʨʠʨʦʜʥʳʭ) ʨʘʩʪʚʦʨʘʭ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 2-ʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ: 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ (Thompson et al., 1986). ʇʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ 

ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʩʦʨʙʝʥʪʘ ʩ ʨʘʩʪʚʦʨʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 2-ʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ, ʢʦʪʦʨʳʝ 

ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʨʘʥʝʝ. 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʠʥʝʪʠʢʠ 

ʩʦʨʙʮʠʠ Sr
2+

 ʠʟ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʩ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʪʨʦʥʮʠʷ ʉ Sr
2+

= 3 mg/L. ʇʨʠ 

ʵʪʦʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, NH4- ʬʦʨʤʘ 

ʂʃʇʊ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʍʦʥʛʫʨʫʫ, ʍʦʣʠʥʩʢʦʛʦ ʠ ɹʝʣʳʡ ʇʣʘʩʪ. 

ɺʠʜʥʦ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Sr
2+

 (ʦʪ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʜʦ t=5-6 Ā10
4 
s) ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʚʥʫʪʨʠʜʠʬʬʫʟʠʦʥʥʦʡ ʢʠʥʝʪʠʢʠ ʜʣʷ ʚʩʝʭ 3-ʭ ʩʦʨʙʝʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʥʫʪʨʠʜʠʬʬʫʟʠʦʥʥʦʡ [ʅʠʢʘʰʠʥʘ ʠ ʜʨ., 1977] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʥʫʪʨʝʥʥʝʡ ʜʠʬʬʫʟʠʠ Sr
2+

 ʥʘ ʜʘʥʥʳʭ ʩʦʨʙʝʥʪʘʭ (DSr
2+

). ɼʘʣʝʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ 
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˾Ύ͒м 

˾Ύ͒н 

˾Ύ͒о 
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ʨʠʩ.2, ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 2.5Ā10
5
- 5Ā10

5
ʩʝʢ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʠʝ ʠʦʥʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (2-ʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʪʘʜʠʷ). ɿʘʪʝʤ ʚʥʦʚʴ ʠʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʨʙʮʠʠ Sr
2+

. ʀ ʪɻʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʂʃʇʊ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʥʘʨʫʞʝʥ ʚʧʝʨʚʳʝ. 

 
ʈʠʩ 2. ʉʦʨʙʮʠʷ Sr

2+
 ʥʘ NH4-ʬʦʨʤʝ ʂʃʇʊ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ: ʍʦʥʛʫʨʫʫ ( ƴ), ɹʝʣʳʡ ʇʣʘʩʪ (ƶ), ʍʦʣʠʥʩʢʦʝ (ǅ). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ ʩʦʨʙʮʠʠ Sr
2+

 ʥʘ ʂʃʇʊ ʩ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʠ ʥʘ ʵʪʦʡ 

ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ. 
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ASSESSMENT OF COMPOSITION AND PROPERTIES OF DUST IN 

THE AREA INFLUENCED BY KARABASH COPPER SMELTING 

PLANT 
1 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 

E-mail: tatsy@geokhi.ru; fedotov_ps@mail.ru; mihail.ermolin@gmail.com  
2
 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʠʉè 

3 
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʩʦʙʦʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʈɸʅ 

ɸʥʥʦʪʘʮʠʷ. ʉʜʝʣʘʥʘ ʦʮʝʥʢʘ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ, ʦʪʦʙʨʘʥʥʦʡ ʚʙʣʠʟʠ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ 

ʢʦʤʙʠʥʘʪʘ. ɺʳʷʚʣʝʥʳ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ S, Pb, Cu, Zn, Cd, As ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʤʝʪʥʘʷ 

ʯʘʩʪʴ ʢʦʪʦʨʳʭ (ʦʪ 0.5 ʜʦ 45%) ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ʠ ʣʝʛʢʦ çʚʳʩʚʦʙʦʞʜʘʝʪʩʷè ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. ʄʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʧʦʣʝ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʧʠʨʘʣʴʥʦʡ ʢʦʣʦʥʢʝ 

ʚʳʜʝʣʝʥʳ ʬʨʘʢʮʠʠ ʧʳʣʠ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ >2 ʤʢʤ, 0.2-2 ʤʢʤ ʠ <200 ʥʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʀʉʇ-ʄʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦ- ʠ 

ʩʫʙʤʠʢʨʦʯʘʩʪʠʮʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʢʨʦʯʘʩʪʠʮ), ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʳʙʨʦʩʘʭ ʢʦʤʙʠʥʘʪʘ. 

Abstract. The composition of the atmospheric dust collected near the copper smelting plant has been assessed. 

Dramatically high concentrations of S, Pb, Cu, Zn, Cd, As, and other elements were found. The considerable portion 

of these elements (from 0.5 up to 45%) is present in water soluble forms and can be easily mobilized in the 

environment. Size fractions of dust (>2 mm, 0.2-2 mm, and <200 nm) were separated using field-flow fractionation in 

a rotating coiled column, characterized by electronic microscopy, and analyzed by ICP-MS. It is shown that nano- 

and submicroparticles do not contain increased (as compared to microparticles) concentrations of elements present in 

plant emissions. 

ʖʞʥʳʡ ʋʨʘʣ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʛʠʦʥʘʤ, ʛʜʝ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʥʝʩʣʦ 
ʛʨʦʤʘʜʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʆʜʥʠʤ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʷʚʣʷʝʪʩʷ 
ʨʘʡʦʥ ʛ. ʂʘʨʘʙʘʰʘ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʚʦʢʨʫʛ ʂʘʨʘʙʘʰʩʢʦʛʦ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ 
ʢʦʤʙʠʥʘʪʘ (ʂʄʂ) ʟʘ 100 ʣʝʪ ʨʘʙʦʪʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʦʙʨʘʟʦʚʘʣʘʩʴ 
ʛʝʦʪʝʭʥʦʛʝʥʥʘʷ ʟʦʥʘ. ʆʩʪʘʥʦʚʢʘ ʢʦʤʙʠʥʘʪʘ, ʧʦʚʪʦʨʥʳʡ ʧʫʩʢ ʯʝʨʝʟ 9 ʣʝʪ ʠ, ʥʘʢʦʥʝʮ, 
ʢʦʨʝʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʙʨʦʩʦʚ, ʜʝʣʘʝʪ ʵʪʦʪ ʨʘʡʦʥ 
ʫʜʦʙʥʳʤ ʧʦʣʠʛʦʥʦʤ ʧʦ ʠʟʫʯʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ.  

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʂʘʨʘʙʘʰʩʢʦʡ 
ʛʝʦʪʝʭʥʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʧʳʣʝʛʘʟʦʚʳʝ ʚʳʙʨʦʩʳ ʂʄʂ (ʘʵʨʘʣʴʥʳʡ ʪʠʧ 
ʪʝʭʥʦʛʝʥʝʟʘ). ɺʳʙʨʦʩʳ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʝʛʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Pb, 
Zn, Cd, Cu ʠ ʜʨ.) ʚ ʚʠʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʘʵʨʦʟʦʣʝʡ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 
çʢʠʩʣʳʭ ʜʦʞʜʝʡè ʩ ʨʅ 3.5-3.8 ʠ ʘʥʦʤʘʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʠ 
ʥʝʨʘʩʪʚʦʨʠʤʦʡ (ʪʚʝʨʜʦʬʘʟʥʦʡ) ʬʦʨʤʝ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʘʢʠʭ 
ʦʩʘʜʢʘʭ ʤʦʛʫʪ ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʩʦʜʝʨʞʘʥʠʷ ʚ ʬʦʥʦʚʳʭ ʦʩʘʜʢʘʭ [1]. 
ʊʚʝʨʜʦʬʘʟʥʳʝ ʚʳʧʘʜʝʥʠʷ ʤʦʞʥʦ ʦʪʦʙʨʘʪʴ ʧʫʪʝʤ ʧʨʦʢʘʯʠʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 
ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʠʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʜʦʞʜʝʚʦʡ ʠʣʠ ʪʘʣʦʡ ʚʦʜr. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʦ 
ʧʨʦʙʳ ʢʨʘʡʥʝ ʤʘʣʦ, ʘ ʚ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʚʳʜʝʣʷʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ 
ʵʣʝʤʝʥʪʦʚ. 

ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ ʚ ʘʚʛʫʩʪʝ 2013 ʛ. ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ 
ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠ ʩ ʚʥʝʰʥʠʭ ʦʪʣʠʚʦʚ ʦʢʦʥ ʣʦʜʞʠʡ ʪʨʝʪʴʝʛʦ ʵʪʘʞʘ ʩ 
ʨʘʟʣʠʯʥʳʭ ʩʪʦʨʦʥ ʟʜʘʥʠʷ ï ʚʦʩʪʦʯʥʦʡ, ʦʙʨʘʱʝʥʥʦʡ ʚ ʩʪʦʨʦʥʫ ʂʄʂ, ʠ ʟʘʧʘʜʥʦʡ, 
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ʚʳʭʦʜʷʱʝʡ ʥʘ ʛʦʨʦʜʩʢʫʶ ʫʣʠʮʫ. ʄʘʩʩʘ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʱʘʜʠ 
(ʧʨʠʤʝʨʥʦ 50 ʩʤ

2
) ʨʘʟʣʠʯʘʝʪʩʷ ï 2.52 ʛ ʥʘ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʝ ʠ 0.54 ʛ ï ʥʘ ʚʦʩʪʦʯʥʦʡ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʦʙʘʚʢʦʡ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʦʨʦʞʥʦʡ ʧʳʣʠ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʂʄʂ ï ʦʢʦʣʦ 2 
ʢʤ. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʜʘʥʠʷ ʧʦʧʘʜʘʥʠʝ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʠ ʩʥʝʛʘ ʥʘ ʦʪʣʠʚʳ 
ʤʘʣʦʚʝʨʦʷʪʥʦ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʦʛʦ ʨʦʜʘ ʧʳʣʴ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʦʨʦʞʥʦʡ 
ʧʳʣʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʮʘʭ (ʦʩʦʙʝʥʥʦ ʚ ʚʦʩʪʦʯʥʦʤ) ʣʠʰʴ ʚ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ. ʆʩʥʦʚʥʳʤʠ ʞʝ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʪʚʝʨʜʦʬʘʟʥʳʝ 
ʚʳʧʘʜʝʥʠʷ ʠʟ ʚʳʙʨʦʩʦʚ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʚʳʚʝʪʨʠʚʘʥʠʝ ʢʦʨʝʥʥʳʭ ʛʦʨʥʳʭ 
ʧʦʨʦʜ ʠ ʧʦʯʚ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʳʡ ʧʝʨʝʥʦʩ ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʨʦʙʘʤʠ ʘʪʤʦʩʬʝʨʥʦʡ 
ʧʳʣʠ, ʚʳʧʘʜʘʚʰʝʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ.  

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 
ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ ʠ ʀʉʇ-
ʄʉ) ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʘʚʪʦʢʣʘʚʝ. ʉʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ 
ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʩʪʦʯʥʦʤ ʦʙʨʘʟʮʝ (ʩʦ ʩʪʦʨʦʥʳ ʂʄʂ) ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʟʘʧʘʜʥʦʤ. ɼʣʷ 
ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʳʙʨʦʩʘʭ ʂʄʂ (As, 
Cd, Cu, Pb, Zn), ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʪ ʣʦʢʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ (ʉʬ), 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʂʘʨʘʙʘʰʩʢʦʡ ʛʝʦʪʝʭʥʦʛʝʥʥʦʡ ʟʦʥʳ (ʨʠʩ. 1). ɹʦʣʝʝ ʪʦʛʦ, ʵʪʠ ʩʦʜʝʨʞʘʥʠʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʦʯʚʘʭ ʂʘʨʘʙʘʰʘ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ. ʂʦʥʮʝʥʪʨʘʮʠʠ Cu, Zn ʠ Pb ʩʦʧʦʩʪʘʚʠʤ r ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʝʜʥʝʥʥʳʭ ʨʫʜʘʭ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
As (ʜʦ 4 ʛ/ʢʛ) ʠ ʩʝʨʳ ï 19 ʠ 11 ʛ/ʢʛ (1.9 ʠ 1.1%). ɺʩʝ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ 
ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʚʳʙʨʦʩʳ ʂʄʂ. 

 
ʈʠʩ. 1. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (ʉ/ʉʬ) ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ 

ʇʨʠ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ çʩʤʳʚʘʶʪʩʷè ʩ ʯʘʩʪʠʮ ʧʳʣʠ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʧʠʨʘʣʴʥʦʡ 

ʢʦʣʦʥʢʝ (ɺʉʂ) ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʦʙʨʘʟʮʘ ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ, ʦʪʦʙʨʘʥʥʦʡ ʩ ʟʘʧʘʜʥʦʡ, ʤʝʥʝʝ 

ʛʨʷʟʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʳʣʠ ʵʣʝʤʝʥʪʦʚ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚʦʜʦʡ (ʨʠʩ. 2). ʉʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2 ʵʣʝʤʝʥʪʦʚ S, Zn, Cd, Cu, As, 

Hg ʠ Pb ʩʦʜʝʨʞʘʪʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʙʨʦʩʘʭ ʂʄʂ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʪʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ 

ʚʠʜʝ ʧʦʧʘʜʘʝʪ ʥʘ ʣʘʥʜʰʘʬʪ ʩ ʜʦʞʜʝʚʦʡ ʠ ʪʘʣʦʡ ʚʦʜʦʡ ʠ ʣʝʛʢʦ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ. ʂʨʦʤʝ ʪʦʛʦ, ʧʳʣʴ, ʠʟ ʢʦʪʦʨʦʡ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ 

ʧʝʨʝʭʦʜʠʪ 46.1% ʩʝʨʳ, 16.1% ʮʠʥʢʘ, 10.3 ʢʘʜʤʠʷ, 2.3% ʤʝʜʠ, 2.1% ʤʳʰʴʷʢʘ ʠ 0.5% ʩʚʠʥʮʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʣʝʛʢʠʝ ʯʝʣʦʚʝʢʘ, ʝʩʣʠ ʫʯʝʩʪʴ ʚʳʩʦʢʦʝ 

ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʳʣʠ. 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ʈʠʩ. 2. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ 
ɼʣʷ ʦʮʝʥʢʠ ʤʠʛʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʦʧʘʩʥʦʩʪʠ 

ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʦʡ ʧʳʣʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʝ yʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʥʳʤʠ ʬʨʘʢʮʠʷʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʨʘʟʣʠʯʥʳʝ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 
ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʦʨʛʘʥʠʟʤ 
ʯʝʣʦʚʝʢʘ ʧʨʠ ʜʳʭʘʥʠʠ. ʏʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʢʤ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʜʣʷ 
ʟʜʦʨʦʚʴʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʳʜʝʣʝʥʠʝ ʠ 
ʨʘʟʜʝʣʝʥʠʝ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʦʪ 
ʤʘʩʩʳ ʧʳʣʠ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʮʝʥʪʨʠʬʫʛ ʩʜʝʣʘʪʴ ʵʪʦ 
ʥʝ ʫʜʘʝʪʩʷ. ʄʝʪʦʜ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ 
ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʠ ʧʳʣʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʠ ʨʘʟʜʝʣʷʪʴ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2 
ʤʢʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʦʝʤʦʢ, ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʠ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ 
ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʫʩʧʝʥʟʠʶ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 
ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʧʨʠʨʦʜʥʳʭ 
ʦʙʨʘʟʮʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʚʳʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 
ʩʧʠʨʘʣʴʥʦʡ ʢʦʣʦʥʢʝ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ [2]. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ 
ʚʳʜʝʣʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʬʨʘʢʮʠʡ ʥʘʥʦ-, ʩʫʙʤʠʢʨʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʧʳʣʠ ʂʘʨʘʙʘʰʘ ʚ 
ɺʉʂ. ʇʨʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʙʨʘʣʠ ʥʘʚʝʩʢʫ 100 ʤʛ. ɺ 
ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ (ʞʠʜʢʦʩʪʠ-ʥʦʩʠʪʝʣʷ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʙʝʟ 
ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʇʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 
ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʬʨʘʢʮʠʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (ʉʉ). ʇʦ ʜʘʥʥʳʤ ʉʉ ʧʝʨʚʘʷ 
ʬʨʘʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 200 ʥʤ, ʚʪʦʨʘʷ ʬʨʘʢʮʠʷ ï ʯʘʩʪʠʮʘʤʠ 
ʨʘʟʤʝʨʦʤ 0.2ï2 ʤʢʤ, ʪʨʝʪʴʷ ʬʨʘʢʮʠʷ ï ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2 ʤʢʤ (ʨʠʩ. 3). ʂʨʦʤʝ 
ʪʦʛʦ, ʬʨʘʢʮʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 4), 
ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʚʟʚʝʰʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʀʉʇ-ʄʉ ʠ ʀʉʇ-ɸʕʉ. ʄʘʩʩʘ 
ʚʳʜʝʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 200 ʥʤ, 0.2ï2 ʤʢʤ ʠ ʙʦʣʝʝ 2 ʤʢʤ ʩʦʩʪʘʚʠʣʘ 
0.1, 0.6 ʠ 99.3 ʤʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪ.ʝ. ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʠʮʘʤʠ 
ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2 ʤʢʤ. 

 
ʈʠʩ. 3. ʆʮʝʥʢʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ʧʳʣʠ ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ 
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ʈʠʩ. 4. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʧʳʣʠ: ʘ ï < 200 ʥʤ, ʙ ï 0.2ï2 ʤʢʤ, ʚ ï > 2 ʤʢʤ 

ʀʉʇ-ʄʉ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʧʦʢʘʟʘʣ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (Mg, Al , Ca ʠ Fe) ʚʦʟʨʘʩʪʘʝʪ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʠʭ ʚʦ ʬʨʘʢʮʠʠ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʙʦʣʝʝ 2 ʤʢʤ ʚ ʩʨʝʜʥʝʤ ʚ 2-5 
ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚʦ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 200 ʥʤ. 

ʕʣʝʤʝʥʪʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʠʟ ʚʳʙʨʦʩʦʚ ʂʄʂ) ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʧʦʚʳʰʝʥʥʫʶ 
ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʙʨʦʩʘʤʠ ʢʦʪʦʨʳʭ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʂʄʂ, ʦʢʘʟʘʣʦʩʴ ʥʠʞʝ, ʯʝʤ ʚʦ ʬʨʘʢʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ. ʊʘʢʘʷ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʦʡ ï ʚ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 
ʤʦʩʢʦʚʩʢʦʡ ʫʣʠʯʥʦʡ ʧʳʣʠ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮʳ ʦʪʣʠʯʘʣʠʩʴ ʧʦʚʳʰʝʥʥʳʤ 
(ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʢʨʦʯʘʩʪʠʮ) ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [3]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 
ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ S, Cu, Zn, Pb, Cd, As, Cr, Ni ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ ʠ ʤʝʜʠ ʚʦ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 
ʙʦʣʝʝ 2 ʤʢʤ ʜʦ 6 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚʦ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 200 ʥʤ (ʨʠʩ. 5ɸ). 
ʈʘʟʥʠʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Zn, Pb, As, Cr, Ni ʚʳʨʘʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʘ ʜʣʷ Cd 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʜʚʫʭ ʤʝʣʢʠʭ ʬʨʘʢʮʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʵʪʠʭ 
ʵʣʝʤʝʥʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Cu, ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʙʨʘʪʥʳʡ 
ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Ag ʠ Sn, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʶʪ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ (ʨʠʩ. 5ɹ). 

 
ʈʠʩ. 5. ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ ʟʘʧʘʜʥʦʛʦ 

ʦʙʨʘʟʮʘ ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʘʪʤʦʩʬʝʨʥʦʡ 

ʧʳʣʠ ʚʳʷʚʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ, ʢʘʜʤʠʷ, ʤʳʰʴʷʢʘ, ʮʠʥʢʘ, ʤʝʜʠ, 

ʩʚʠʥʮʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ʠ 

ʣʝʛʢʦ çʚʳʩʚʦʙʦʞʜʘʝʪʩʷè ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʝʩʦʤʥʝʥʥʦ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʨʘʡʦʥʝ ʦʪʙʦʨʘ 

ʧʨʦʙ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʯʘʩʪʠʮʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʠʢʨʦʯʘʩʪʠʮ), ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʚʳʙʨʦʩʘʭ ʂʄʂ.  



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʤʝʨʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʵʢʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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DEVELOPMENT OF THE TECHNOQUES FOR ESTIMATION OF 

LAYER-BY-LAYER ELEMENTAL CONTENT IN PLANT OBJECTS 

WITH THE USE OF LASER SPECTRAL ANALYSIS  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʣʦʡʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʯʝʨʥʠʢʘ, 

ʙʨʫʩʥʠʢʘ), ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ Ca ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʧʝʢʪʨʦʚ ʩʜʚʦʝʥʥʳʤʠ ʣʘʟʝʨʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʩʣʦʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʣʴʮʠʷ ʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʦʧʨʝʜʝʣʷʪʴ ʨʝʞʠʤʳ ʧʠʪʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ.  

Abstract. The method of layer-by-layer spectral analysis when spectra are excited by double laser pulses 

enabling one to estimate the content of Ca in vegetable objects (bilberries and red bilberries) has been proposed. This 

method also makes it possible to establish the nourishment regimes during a particular time interval. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʣʘʟʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ 
ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʦʙʨʘʟʮʦʚ ʧʨʦʮʝʩʩʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʦʤ ʮʠʢʣʝ. ʇʦʛʣʦʱʝʥʠʝ 
ʦʙʨʘʟʮʦʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʟʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʣʦʢʘʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʩʪʨʫʢʮʠʠ ʠ 
ʯʘʩʪʠʯʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʦʩʥʦʚʳ. ʇʨʠ ʧʨʠʭʦʜʝ ʩ ʟʘʜʝʨʞʢʦʡ ʚʪʦʨʦʛʦ 
ʠʤʧʫʣʴʩʘ ʠʟ ʩʝʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʜʚʠʞʝʥʠʝ ʬʨʦʥʪʘ ʜʝʩʪʨʫʢʮʠʠ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ ʩʦ 
ʩʢʦʨʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ ʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʝ ʟʦʥʳ 
ʧʦʨʘʞʝʥʠʷ ʟʘ ʩʯʝʪ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʴ ʦʙʨʘʟʮʘ, ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ 
ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʚ ʢʘʥʘʣʝ ʧʨʦʙʦʷ ʠ ʚʦʟʙʫʞʜʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ 
ʧʨʦʜʫʢʪʦʚ [1, 2].  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʘʪʦʤʥʦ-
ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʉʧʝʢʪʨʦʤʝʪʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 
ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʘʟʤʳ ʜʚʫʭʠʤʧʫʣʴʩʥʳʡ ʥʝʦʜʠʤʦʚʳʡ ʣʘʟʝʨ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʵʥʝʨʛʠʝʡ ʠ 
ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ (ʤʦʜʝʣʴ LS2131 DM). ʆʥ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ (ʜʦ 80 ʤɼʞ), ʪʘʢ ʠ ʚʨʝʤʝʥʥʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (0-100 ʤʢʩ). ʃʘʟʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʯʘʩʪʦʪʦʡ 
ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʦ 10 ɻʮ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʠʟʣʫʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʜʚʦʝʥʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʜʦ 80 ʤɼʞ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ º 15 ʥʩ. 
ɺʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʤʦʞʥʦ ʤʝʥʷʪʴ ʩ ʰʘʛʦʤ 1 ʤʢʩ. ʃʘʟʝʨʥʦʝ 
ʠʟʣʫʯʝʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʦʙʨʘʟʝʮ ʩ ʧʦʤʦʱʴʶ ʘʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʦʨʘ ʩ ʬʦʢʫʩʥʳʤ 
ʨʘʩʩʪʦʷʥʠʝʤ 100 ʤʤ. ʈʘʟʤʝʨ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 50 ʤʢʤ. ʀʩʧʦʣʴʟʫʷ 
ʨʘʩʬʦʢʫʩʠʨʦʚʢʫ ʠʟʣʫʯʝʥʠʷ, ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʣʘʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʦ 2 ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ 
ʧʦʩʣʦʡʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʩʫʰʝʥʥʳʝ 
ʦʙʨʘʟʮʳ ʢʫʩʪʦʚ ʯʝʨʥʠʢʠ ʤʠʨʪʦʣʠʩʪʥʦʡ (Vaccinium myrtillus L), ʩʝʤʝʡʩʪʚʘ ɺʝʨʝʩʢʦʚʳʝ 
(Ericaceae) ʠ ʙʨʫʩʥʠʢʠ (Vaccinium vitis-idaea), ʚʟʷʪʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʦʡ 
ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ çɿʘʧʘʜʥʘʷ ɹʝʨʝʟʠʥʘè ɺʦʣʦʞʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 
ʆʙʨʘʟʮʳ ʦʪʦʙʨʘʥ  rʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʝʤʝʥʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʫʩʪʦʚ, ʩʝʤʝʥʥʦʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ 
ʯʝʨʥʠʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʩʝʤʝʥʘ ʧʨʦʨʘʩʪʘʶʪ ʚʝʩʥʦʡ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 
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ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ. ʈʘʩʪʫʪ ʢʫʩʪʳ ʤʝʜʣʝʥʥʦ: ʟʘ ʣʝʪʦ ʧʨʠʤʝʨʥʦ ʥʘ 1 ʩʤ. 
ʏʝʨʥʠʢʘ ʥʝ ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ. ɼʣʷ ʥʝʝ ʥʝʦʙʭʦʜʠʤʳ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ. ɺ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʯʝʨʥʠʢʘ ʨʘʟʤʥʦʞʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʛʝʪʘʪʠʚʥʳʤ ʧʫʪʝʤ ʩ 
ʧʦʤʦʱʴʶ ʢʦʨʥʝʚʠʱ. ɼʣʷ ʯʝʨʥʠʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʣʠʥʥʳʭ 
ʢʦʨʥʝʚʠʱ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʢʫʩʪʳ. ʆʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ 
ʢʦʨʥʝʚʠʱʘ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʶʪʩʷ ʢʫʩʪʳ ʩʣʝʜʫʶʱʝʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʩʚʦʝʦʙʨʘʟʥʘʷ ʢʦʣʦʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʯʝʨʥʠʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ ʚʝʛʝʪʘʪʠʚʥʦ 
ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʢʫʩʪʦʚ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʣʝʪ. ʊʘʢʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
ʞʠʟʥʠ ʠʤʝʶʪ, ʧʨʘʚʜʘ, ʥʝ ʦʪʜʝʣʴʥʳʝ ʢʫʩʪʠʢʠ, ʘ ʮʝʣʳʡ ʢʣʦʥ, ʪ. ʝ. ʤʥʦʞʝʩʪʚʦ ʢʫʩʪʦʚ, 
ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʜ ʟʝʤʣʝʡ ʢʦʨʥʝʚʠʱʘʤʠ. ʆʪʜʝʣʴʥʳʡ ʢʫʩʪʠʢ ʞʠʚʝʪ ʣʝʪ ʧʷʪʴ-ʩʝʤʴ, ʨʝʜʢʦ 
ʙʦʣʴʰʝ. ʃʠʩʪʴʷ ʯʝʨʥʠʢʠ ʞʠʚʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʣʛʦ, ʦʪ ʚʝʩʥʳ ʜʦ ʦʩʝʥʠ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ 
ʤʦʣʦʜʘʷ ʯʝʨʥʠʢʘ ʥʝ ʩʙʨʘʩʳʚʘʝʪ ʣʠʩʪʴʝʚ, ʚʝʯʥʦʟʝʣʝʥʦʡ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦ 10 ʣʝʪ. 

ʃʠʩʪʴʷ ʠ ʧʦʙʝʛʠ ʫʧʦʪʨʝʙʣʷʶʪ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʬʦʨʤʘʭ ʜʠʘʙʝʪʘ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʱʠʡʩʷ 
ʚ ʥʠʭ ʛʣʠʢʦʟʠʜ ʥʝʦʤʠʨʪʠʣʣʠʥ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʥʠʞʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ. 
ʇʦʙʝʛʠ ʯʝʨʥʠʢʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʨʦʪʠʚʦʜʠʘʙʝʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ çɸʨʬʘʟʝʪʠʥè ʚʤʝʩʪʝ ʩ 
ʢʨʘʧʠʚʦʡ, ʬʘʩʦʣʴʶ ʠ ʢʣʝʚʝʨʦʤ [3]. 

ʊʘʢ ʢʘʢ ʢʫʩʪ ʯʝʨʥʠʢʠ ʨʘʩʪʝʪ ʧʨʠʤʝʨʥʦ ʜʝʩʷʪʴ ʣʝʪ, ʪʦ ʵʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 
ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʧʦʩʣʦʡʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʢʫʩʪʘ. 
ʆʮʝʥʠʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 
ʧʝʨʠʦʜʘʭ ʥʘʢʦʧʣʝʥʠʷ ʨʘʩʪʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʁ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʦʩʘʜʢʠ, ʧʳʣʴ).  

ʋ ʙʨʫʩʥʠʢʠ ʣʠʩʪʴʷ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʨʘʩʪʝʥʠʠ ʛʦʨʘʟʜʦ ʜʦʣʴʰʝ ð ʜʚʘ-ʪʨʠ ʛʦʜʘ, 
ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʝʨʝʟʠʤʦʚʳʚʘʶʪ ʧʦʜ ʩʥʝʛʦʤ, ʥʘʢʘʧʣʠʚʘʪʁ ʠ ʭʨʘʥʪ̫ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 
ʠʟʤʝʥʝʥʠʷʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʣʝʩʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʚʦʣ ʚ ʦʙʨʘʟʮʘʭ ʯʝʨʥʠʢʠ 
ʠ ʞʠʣʢʫ ʣʠʩʪʘ ʚ ʦʙʨʘʟʮʘʭ ʙʨʫʩʥʠʢʠ. 

ʇʦʩʣʦʡʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʷʭ ʠ ʚʨʝʤʝʥʥʳʭ 
ʠʥʪʝʨʚʘʣʘʭ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʆʮʝʥʝʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ Ca (393,239 
ʥʤ) ʜʣʷ ʜʝʩʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʣʦʝʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʨʫʩʥʠʢʠ. ɼʣʷ ʯʝʨʥʠʢʠ 
ʧʨʦʚʝʜʝʥʦ ʧʦʩʣʦʡʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʣʴʮʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ ʧʨʠʤʝʨʥʦ 
ʯʝʨʝʟ 0,5 ʩʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʚ ʩʧʝʢʪʨʘʭ 

ʦʙʨʘʟʮʦʚ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʝ ʣʠʥʠʠ Ca II  (l= 393,367 ʥʤ, l= 396,847 ʥʤ). ʃʠʥʠʠ Mg II  (l= 

384,824 ʥʤ, l= 385,040 ʥʤ) ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʦʡʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʣʴʮʠʷ ʜʣʷ ʯʝʨʥʠʢʠ 

(10 ʪʦʯʝʢ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ) ʠ ʙʨʫʩʥʠʢʠ (1 ʪʦʯʢʘ ʞʠʣʢʠ). ʕʥʝʨʛʠ ̫ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ 30 ʤɼʞ, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʥʠʤʠ - 8 ʤʢʩ. 

ʂʘʢ ʚʠʜʥʦ, ʚ ʦʙʨʘʟʮʘʭ ʯʝʨʥʠʢʠ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʣʴʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʚʝʨʭʥʠʭ ʩʣʦʷʭ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʪʦʯʝʢ 1 ʠ 2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʚʦʣʘ ʢʫʩʪʘ ʯʝʨʥʠʢʠ. ʊʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʥʠʞʥʝʡ ʯʘʩʪʠ 
ʮʝʥʪʨʘʣʴʥʦʡ ʞʠʣʢʠ ʣʠʩʪʘ ʙʨʫʩʥʠʢʠ. ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʢʘʣʴʮʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ. 

 
ʈʠʩʫʥʦʢ 1. ʇʦʩʣʦʡʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ ʢʘʣʴʮʠʷ ʚ ʦʙʨʘʟʮʘʭ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʦʯʝʥʴ ʤʘʣʦ. ʊʘʢ, 

ʧʨʠ ʜʠʘʤʝʪʨʝ ʧʨʦʙʠʚʘʝʤʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʦʨʷʜʢʘ 100 ʤʢʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʰʝʥʥʦʛʦ ʚ 

ʧʘʨʦʧʣʘʟʤʝʥʥʦʝ ʦʙʣʘʢʦ Ca, Mg ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 10
-10

 ʛʨʘʤʤʘ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʫʩʠʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʜʘʝʪ ʥʝʙʦʣʴʰʘʷ ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʜʚʘ - ʪʨʠ ʧʦʨʷʜʢʘ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʢʦʧʣʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ ʨʘʟ [3]. 

ʅʘʤʠ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʜʙʦʨʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʩʫʤʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ 10 ʜʦ 100 ʪʦʯʝʢ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʚ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʣʠʥʠʠ ʞʝʣʝʟʘ Fe I (l= 385,99 ʥʤ) ʠ 

ʘʣʶʤʠʥʠʷ Al I (396,153 ʥʤ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʘ      ʙ 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Al, Mg ʠ Fe ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 

(ʘ); ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ (ʙ). 
ʇʦʣʫʯʝʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ 

ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʝʨʚʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʚʦʛʦ 
ʠʤʧʫʣʴʩʘ ʥʘʢʣʘʜʳʚʘʪʁʩʷ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʠ ʠʩʧʘʨʝʥʠʷ ʘʵʨʦʟʦʣʝʡ, ʚʳʟʚʘʥʥʳʝ ʚʪʦʨʳʤ 
ʠʤʧʫʣʴʩʦʤ. ʆʙʱʝʡ ʯʝʨʪʦʡ ʚʩʝʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʙʦʡ ʚ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜʘʭ, 
ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʠ ʠʩʧʘʨʝʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʵʨʦʟʦʣʴʥʳʝ 
ʯʘʩʪʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʬʘʢʪʦʨ, ʦʙʣʝʛʯʘʶʱʠʡ ʧʨʦʙʦʡ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 
ʣʘʚʠʥʳ ʚ ʧʨʦʜʫʢʪʘʭ ʨʘʟʨʫʰʝʥʠʷ ʯʘʩʪʠʮ [4]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʪʝʣ 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʣʠʯʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʝʤʝ 
ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ.  

ɺr ʧʦʣʥʝʥʥʳʝ ʥʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʣʘʟʝʨʥʦʡ 
ʧʣʘʟʤʳ, ʦʙʨʘʟʫʝʤʦʡ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʜʚʫʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʘʞʥʳʭ 
ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʭʦʨʦʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʩʣʦʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, ʦʧʨʝʜʝʣʷʪʴ ʨʝʞʠʤʳ ʧʠʪʘʥʠʷ, ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ 
ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ 
ʩʨʦʢʠ. 
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ʊ.ʀ. ʉʠʨʦʤʣʷ 
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Abstract. Forms of chemical elements was investigated in sod-podzolic and gray forest soils of Priobskoye 

plateau. The comparative analysis of fractionation methods was made. The regional characteristics were specified and 

the role of soil components was studied. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ) ʚ ʧʦʯʚʘʭ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʯʘʣʠʩʴ ʫʞʝ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʥʘʟʘʜ, ʥʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʨʘʩʪʝʪ ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄ, ʧʦʠʩʢʘ ʧʫʪʝʡ ʠʭ 

ʫʣʫʯʰʝʥʠʷ [1-3 ʠ ʜʨ.]. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʤʝʪʦʜʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʝʨʚʦʛʦ ʦʪʥʦʩʷʪ ʫʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʩʚʷʟʘʥʥʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ) ʠ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʠʟʚʣʝʯʝʥʠʷ ʩʘʤʳʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʬʨʘʢʮʠʡ ʊʄ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʮʠʡ ʩʠʣʴʥʦ ʦʪʜʘʣʷʝʪ 

ʩʠʩʪʝʤʫ ʧʦʯʚʘ-ʨʘʩʪʚʦʨ ʦʪ ʠʩʭʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ ʩʪʝʧʝʥʴ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ [1-4 ʠ ʜʨ.]. ʊ.ʄ. ʄʠʥʢʠʥʘ [2] ʨʘʟʨʘʙʦʪʘʣʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦ ʊʵʩʩʠʝʨʫ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʦ ʉʦʣʦʚʴʝʚʫ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʤʝʪʦʜʠʢʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʣʦʚʥʳ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʩʪʠʥʥʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʄ ʚ ʧʦʯʚʘʭ ʧʦ 

ʬʦʨʤʘʤ ʥʘʭʦʞʜʝʥʠʷ [5, 6 ʠ ʜʨ.]. ʅʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ ʠ 

ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʊʄ ʚ ʧʦʯʚʘʭ, ʜʘʶʪ ʧʨʘʚʠʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʝ ʚ ʮʝʣʦʤ ʠ ʩ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʳ ʚ ʩʚʷʟʳʚʘʥʠʠ ʤʝʪʘʣʣʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ ʚʳʨʘʞʘʝʪʩʷ 

ʥʝ ʚ ʧʦʠʩʢʝ "ʥʘʠʣʫʯʰʠʭ" ʭʠʤʠʯʝʩʢʠʭ ʵʢʩʪʨʘʛʝʥʪʦʚ, ʘ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʝʡʩʪʚʠʷ "ʩʪʘʥʜʘʨʪʥʳʭ" ʵʢʩʪʨʘʛʝʥʪʦʚ ʥʘ ʧʦʯʚʳ, ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʭʠʤʠʠ ʠ 

ʤʠʥʝʨʘʣʦʛʠʠ [5].  

ɺ ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ ʨʘʙʦʪ rʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʥʘʯʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤʠ, ʦʩʦʙʝʥʥʦ 

ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ.  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʩʝʨʳʝ ʣʝʩʥʳʝ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʩʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 12536-79, ʨʅʩʦʣ ï ʧʦ ɻʆʉʊ 26483-85, ʧʦʜʚʠʞʥʫʶ ʬʦʨʤʫ ʊʄ ï ʧʦ ʈɼ 

52.18.289-90, ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄ ï ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʘʚʪʦʢʣʘʚʘʭ ʩʤʝʩʴʶ 
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ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ: ʅNO3, HF ʠ HClO4. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ ʂʚʘʥʪ-2ɸ.  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʩʭʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʪʘʙʣ. 1), ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʦʩʪʘʚʦʤ ʵʢʩʪʨʘʛʠʨʫʶʱʠʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʯʚʫ: ʩʭʝʤʳ ʄʘʢʃʘʨʝʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʃʘʜʦʥʠʥʘ [7] ʩ 

ʜʦʧʦʣʥʝʥʠʷʤʠ [8] (ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʥʝʧʨʦʯʥʦ ʠ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʬʨʘʢʮʠʡ ʩʫʤʤʠʨʦʚʘʣʠ, ʢʘʢ ʠ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʤʦʨʬʥʳʤʠ ʠ ʦʢʢʣʶʜʠʨʦʚʘʥʥʳʤʠ ʦʢʩʠʜʘʤʠ/ʛʠʜʨʦʢʩʠʜʘʤʠ Fe ʠ Mn) ʠ ʩʭʝʤʳ ʊʵʩʩʠʝʨʘ. 

ʄʝʪʦʜ ʄʘʢʃʘʨʝʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʬʨʘʢʮʠʡ ʊʄ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʞʝʣʝʟʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʝ ʵʢʩʪʨʘʛʠʨʫʶʱʠʝ ʨʘʩʪʚʦʨʳ, ʯʝʤ ʚ ʤʝʪʦʜʝ ʊʵʩʩʠʝʨʘ, ʢʦʪʦʨʳʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʊʄ ʠʟ ʧʦʯʚʳ. ɼ.ɺ. ʃʘʜʦʥʠʥ ʠ ʜʨ. 

[7, 9, 10 ʠ ʜʨ.] ʨʝʢʦʤʝʥʜʫʶʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʝʪʦʜʫ ʄʘʢʃʘʨʝʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʫʜʦʙʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʤʝʥʴʰʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ (ʚ ʤʝʪʦʜʝ ʊʵʩʩʠʝʨʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʚʳʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ, ʧʝʨʝʥʝʩʝʥʠʝ ʥʘʚʝʩʢʠ ʠʟ ʦʜʥʦʡ ʧʦʩʫʜʳ ʚ 

ʜʨʫʛʫʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ, ʤʝʰʘʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʶ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʊʄ). ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʊʝʩʩʠʝʨʘ ʚʢʣʶʯʝʥʘ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊ.ʄ. ʄʠʥʢʠʥʦʡ [2], ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ɽʚʨʦʧʝ ʥʘʨʷʜʫ ʩ ʤʝʪʦʜʦʤ ɺʉR, ʢʦʪʦʨʳʡ ʚ ʧʨʠʥʮʠʧʝ ʩʣʝʜʫʝʪ ʩʭʝʤʝ ʊʵʩʩʠʝʨʘ.  

ʊʘʙʣʠʮʘ 1 
ʉʭʝʤʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ˉ 
ʬʨ. 

ʌʨʘʢʮʠʠ ʧʦ ʤʝʪʦʜʫ ʄʘʢʃʘʨʝʥʘ  
(ʚ ʤʦʜʠʬʠʢʘʮʠʠ)  

ʌʨʘʢʮʠʠ ʧʦ ʤʝʪʦʜʫ ʊʵʩʩʠʝʨʘ 

1 ʆʙʤʝʥʥʘʷ 
(0,1 M Ca(NO3)2) 

ʆʙʤʝʥʥʘʷ 
(1 M MgCl2) 

2 
ʉʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʘʷ 

(2,5% CH3COOH) 
ʉʚʷʟʘʥʥʘʷ ʩ ʢʘʨʙʦʥʘʪʘʤʠ 

(1M CH3COONa) 

3* 
ʉʚʷʟʘʥʥʘʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 
(ʩʣʘʙʦ ʩʚʷʟʘʥʥʘʷ (0,1 M EDTA) ʠ 

ʧʨʦʯʥʦʩʚʷʟʘʥʥʘʷ (0,1 M K4P2O7 + 0,1 M NaOH)) 

ʉʚʷʟʘʥʥʘʷ ʩ ʘʤʦʨʬʥʳʤʠ ʦʢʩʠʜʘʤʠ/ 
ʛʠʜʨʦʢʩʠʜʘʤʠ Fe ʠ Mn 

(0,04 ʄ NH2OHĿHCl ʚ 25% CH3COOH) 

4* 

ʉʚʷʟʘʥʥʘʷ ʩ ʦʢʩʠʜʘʤʠ/ʛʠʜʨʦʢʩʠʜʘʤʠ Fe ʠ Mn 
(ʘʤʦʨʬʥʳʤʠ (0,2 M (NH4)2C2O4 + 0,2 M H2C2O4) ʠ 
ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ (0,2 M (NH4)2C2O4 + 

0,2 M H2C2O4 + 0,1 M ʘʩʢʦʨʙʠʥʦʚʘʷ ʢ-ʪʘ ʧʨʠ ʋʌ)) 

ʉʚʷʟʘʥʥʘʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 
(0,02 M HNO3+30% H2O2, pH 2, ʟʘʪʝʤ 
3,2 ʄ CH3COONH4 ʚ 20% HNO3) 

5 
ʆʩʪʘʪʦʯʥʘʷ ʬʨʘʢʮʠʷ 

(HF + HNO3) 
ʆʩʪʘʪʦʯʥʘʷ ʬʨʘʢʮʠʷ 

(HF+HClO4, ʟʘʪʝʤ HNO3) 
ʇʨʠʤʝʯʘʥʠʝ: *ʚ ʤʝʪʦʜʠʢʘʭ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦʨʷʜʦʢ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ. 

ʉʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ ʦʪʥʦʩʷʪʩʷ ʢ ʟʦʥʘʣʴʥʳʤ ʧʦʯʚʘʤ ʩʝʚʝʨʥʦʡ ʣʝʩʦʩʪʝʧʠ ʆʙʩʢʦʛʦ 

ʧʨʘʚʦʙʝʨʝʞʴʷ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ 

ʆʙʠ ʠ ʩʢʣʦʥʦʚ ʣʝʩʩʦʚʦʛʦ ʧʣʘʪʦ, ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʧʦʚʳʰʝʥʥʳʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ ʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ɸʢʘʜʝʤʛʦʨʦʜʢʘ ʧʦʜ ʙʝʨʝʟʦʚʳʤʠ ʣʝʩʘʤʠ ʠ ʦʩʪʝʧʥʝʥʥʳʤʠ ʣʫʛʘʤʠ, ʘ ʪʘʢʞʝ ʟʝʤʣʷʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥrʝ ʚ ʙʝʨʝʟʦʚʦʤ ʣʝʩʫ 

ʚ ʨʘʡʦʥʝ ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ɸʢʘʜʝʤʛʦʨʦʜʢʘ, ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï 2,7%, ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ï 18,7%, ʨʅʚʦʜʥ ï 5,9. ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʘʟʦʥʘʣʴʥʳ, ʥʦ ʠʩʭʦʜʥʦ ʟʘʥʠʤʘʣʠ ʦʢʦʣʦ 85% ʧʣʦʱʘʜʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ɸʢʘʜʝʤʛʦʨʦʜʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʜʦʣʠʥʝ ʨ. ʆʙʴ, ʛʜʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚ ʚʣʠʷʶʪ ʥʝ ʟʦʥʘʣʴʥʳʝ, ʘ ʣʦʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʣʠʟʦʩʪʴʶ 

ʨʝʢʠ ʠ ʣʠʪʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʦʡ ʪʝʨʨʠʪʦʨʠʠ [11]. ʇʨʦʙʳ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʦʤ ʣʝʩʫ ʚʦʟʣʝ ʦʧʳʪʥʳʭ ʧʦʣʝʡ ʀʎʠɻ ɸʢʘʜʝʤʛʦʨʦʜʢʘ, 

ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï 2,3%, ʢʦʣʠʯʝʩʪʚʦ 

ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ï 15,8%, ʨʅʚʦʜʥ ï 6,4. ɿʘʛʨʷʟʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʧʦʯʚʘʭ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ ʥʠʢʝʣʷ ʠ ʩʚʠʥʮʘ ʥʠʞʝ ʇɼʂ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ʧʦ ʤʝʜʠ ï ʩʨʝʜʥʷʷ, ʧʦ ʮʠʥʢʫ ï ʦʯʝʥʴ ʥʠʟʢʘʷ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʍʕ ʧʦ ʬʨʘʢʮʠʷʤ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʩʦʩʪʘʚʘ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʩʨʦʜʩʪʚʦ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʯʚʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ. ʅʘ ʨʠʩʫʥʢʝ 

1 ʧʨʠʚʝʜʝʥ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ ʊʄ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʣʫʯʰʝ ʦʮʝʥʠʪʴ ʩʭʦʞʝʩʪʴ ʠ ʨʘʟʣʠʯʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ ʩʦʜʝʨʞʘʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʬʨʘʢʮʠʡ. 

  

  

ʈʠʩʫʥʦʢ 1. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ ʊʄ, % ʦʪ ʩʫʤʤʳ ʬʨʘʢʮʠʡ 

(ʩʝʨʘʷ ʣʝʩʥʘʷ ʧʦʯʚʘ: ɸ ï ʧʦ ʄʘʢʃʘʨʝʥʫ, ɺ ï ʧʦ ʊʵʩʩʠʝʨʫ; 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ ʧʦʯʚʘ: ɹ ï ʧʦ ʄʘʢʃʘʨʝʥʫ, ɻ ï ʧʦ ʊʵʩʩʠʝʨʫ) 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʯʚʳ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʯʝʥʴ ʙʣʠʟʢʠ ï ʚ ʩʝʨʳʭ ʣʝʩʥʳʭ 

ʧʦʯʚʘʭ ʯʫʪʴ ʙʦʣʴʰʝ ʛʫʤʫʩʘ ʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʨʅʚʦʜʥ, ʚʘʣʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʊʄ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʠʩʫʥʦʢ 1. 

ɺ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦ ʄʘʢʃʘʨʝʥʫ) ʧʨʠʤʝʨʥʦ 40% ʉu ʠ Pb 

ʩʚʷʟʘʥʦ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʯʫʪʴ ʙʦʣʴʰʝ 30% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʪʘʪʦʯʥʫʶ ʬʨʘʢʮʠʶ, 

ʦʢʦʣʦ 20 % ʟʘʢʨʝʧʣʝʥʳ ʞʝʣʝʟʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʯʝʥʴ ʤʘʣʦ. Zn 

ʠ Ni ʙʦʣʝʝ ʧʦʜʚʠʞʥʳ, ʥʦ ʥʝ ʧʨʦʷʚʣʷʶʪ ʪʘʢʦʛʦ ʩʨʦʜʩʪʚʘ ʢ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ, ʧʦʯʪʠ 

ʧʦʣʦʚʠʥʘ ʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʣʦʤ ʙʣʠʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʦ ʫ ʚʩʝʭ ʍʕ ʥʝʤʥʦʛʦ 

ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʞʝʣʝʟʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʡ 
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ʬʨʘʢʮʠʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʫ Pb, ʥʦ ʚʳʰʝ ï ʫ Cu (ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʜʦʣʠ 

ʬʨʘʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ).  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ ʊʵʩʩʠʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ ʢʘʨʪʠʥʘ. ʅʝʩʢʦʣʴʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʧʦʜʚʠʞʥʳʭ ʬʨʘʢʮʠʡ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʍʕ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʜʦʣʷ ʦʩʪʘʪʦʯʥʦʡ ʬʨʘʢʮʠʠ (ʚ 1,5-4,5 ʨʘʟʘ). ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʣʷʶʪʩʷ 

ʜʣʷ ʬʦʨʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʞʝʣʝʟʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʥʝ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʦʥʦʚ ʊʄ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ, ʯʪʦ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ï ʧʦ ʤʝʪʦʜʫ ʄʘʢʃʘʨʝʥʘ ʩʥʘʯʘʣʘ ʠʟʚʣʝʢʘʝʪʩʷ 

ʬʨʘʢʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʘ ʧʦ ʤʝʪʦʜʫ ʊʵʩʩʠʝʨʘ ï ʩʚʷʟʘʥʥʘʷ 

ʦʢʩʠʜʘʤʠ/ʛʠʜʨʦʢʩʠʜʘʤʠ Fe ʠ Mn. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ Cu, Pb, Ni, Cd ʚ ʩʝʨʳʭ ʣʝʩʥʳʭ ʠ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʇʨʠʦʙʩʢʦʛʦ ʧʣʘʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʜʣʷ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ [7, 9, 10, 12 ]. ʇʨʠ ʵʪʦʤ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʦʝʜʠʥʝʥʠʡ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ.  
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FORMS OF COMPOUNDS OF CHEMICAL ELEMENTS IN MEDICINAL 

PLANTS 
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Abstract. A comparative study of the content of chemical elements in the native plant material (Plantago 

major L., Artemisia sieversiana Willd ) was made, and the degree of extraction of dosage forms depending on the 

extractant type was specified.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ ʥʘʭʦʜʷʪʩʷ 

ʚ ʥʘʠʙʦʣʝʝ ʫʩʚʦʷʝʤʦʡ ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʬʦʨʤʝ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʩʦʯʝʪʘʥʠʠ [1]. 

ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʣʠʯʠʝ ʚ ʥʘʪʠʚʥʦʤ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ ʥʝʦʙʭʦʜʠʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 

ʧʦʣʫʯʘʝʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤʘʭ, ʧʦʩʢʦʣʴʢʫ ʠʟʚʣʝʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʩʫʭʦʛʦ ʩʳʨʴʷ ʚ ʞʠʜʢʫʶ ʬʦʨʤʫ (ʥʘʩʪʦʡ ʠʣʠ ʦʪʚʘʨ) ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ [2]. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʧʝʨʝʭʦʜʠʪ ʣʠʰʴ ʥʝʢʦʪʦʨʘʷ ʜʦʣʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʨʘʩʪʝʥʠʷʭ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʶʱʠʭ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʧʦʪʨʝʙʣʝʥʠʷ [3]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʍʕ) ʚ ʥʘʪʠʚʥʦʤ 

ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʩʳʨʴʝ ʨʘʩʪʝʥʠʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʩʪʝʧʝʥʠ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʵʢʩʪʨʘʛʝʥʪʘ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʮʳ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ (Plantago major L.) (ʣʠʩʪʴʷ) ʠ ʧʦʣʳʥʠ ʉʠʚʝʨʩʘ (Artemisia 

sieversiana Willd) (ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ), ʩʦʙʨʘʥʥʳʝ ʚ ʬʘʟʫ ʮʚʝʪʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢʘ, ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʅʉʆ) ʠ ʚʦʟʣʝ ʢʨʫʧʥʳʭ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʨʝʛʠʦʥʘ (ʚ ʪʘʙʣ. 1 ï ʢʦʣʦʥʢʘ ʥʦʤʝʨ I). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ P. major ʠʟ ʛ. ʈʫʟʘ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) (II), ʛ. ɸʥʘʧʘ (ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʢʨʘʡ) (III), ʛ. ɹʘʨʥʘʫʣ (ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ) (IV) ʠ ʊʶʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʟʘʢʘʟʥʠʢʘ (ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʴ) (V).  

ʆʙʱʫʶ ʟʦʣʴʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʳ, ʥʝ ʨʘʩʪʚʦʨʠʤʦʡ ʚ 10% HCl, ʦʧʨʝʜʝʣʷʣʠ 

ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ [5]. ʉʦʜʝʨʞʘʥʠʝ ʍʕ ʚ ʩʦʣʷʥʦʢʠʩʣʳʭ ʵʢʩʪʨʘʢʪʘʭ, ʚʦʜʥʳʭ ʦʪʚʘʨʘʭ 

ʠ ʩʧʠʨʪʦʚʳʭ ʥʘʩʪʦʷʭ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʬʘʨʤʘʢʦʧʝʝ (ɻʌ) [5], 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʍʕ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʜʫʛʦʚʳʤ ʘʨʛʦʥʦʚʳʤ ʜʚʫʭʩʪʨʫʡʥʳʤ ʧʣʘʟʤʦʪʨʦʥʦʤ ʧʦʩʣʝ ʩʫʭʦʛʦ ʦʟʦʣʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʍʕ 

ʧʨʠʚʝʜʝʥʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʦʟʜʫʰʥʦ-ʩʫʭʠʝ ʦʙʨʘʟʮʳ. ɺʩʝ ʘʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʝʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ.  

ɼʣʷ ʦʮʝʥʢʠ ʧʝʨʝʭʦʜʘ ʍʕ ʚ ʬʠʪʦʧʨʝʧʘʨʘʪʳ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ Ŭ 

(ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʍʕ, ʠʟʚʣʝʢʘʝʤʦʛʦ ʵʢʩʪʨʘʛʝʥʪʦʤ, ʢ ʚʘʣʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʍʕ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ Ĭ 100%) . 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʤʳʪʳʭ ʣʠʩʪʴʝʚ P. major ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʦʙʱʝʡ 

ʟʦʣʴʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʳ, ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʚ 10 % HCl, ʚʩʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ɻʌ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʦʨʤʠʨʫʝʤʳʭ ʍʕ (ʪʘʙʣ. 1) ʚʦ ʚʩʝʭ 
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ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʡ ʇɼʂ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ 

ʥʘ ʩʫʭʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ, ʥʦʨʤʠʨʫʝʤʳʭ ʉʘʥʇʠʅ 2.3.2.1078-01, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ [4]. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ʚ ʧʨʦʙʘʭ ʠʟ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʝ Al, Fe 

ʠ Mo, ʚ ʦʙʨʘʟʮʘʭ ʠʟ ɸʥʘʧʳ ʙʦʣʴʰʝ Na, Sr, Cu, Zn ʠ Nb, ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʦʪʤʝʯʝʥʦ. ɼʣʷ ʧʨʦʙ ʅʉʆ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 33 ʍʕ ʥʝ ʧʨʝʚʳʰʘʝʪ 50% (ʙʦʣʝʝ 50% ï Al , Fe, 

Mn, Mo, Nb, Ti; ʙʦʣʝʝ 100% ï Cr, Sn). 

ʊʘʙʣʠʮʘ 1 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (MÑm) ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ, ʤʛ/ʢʛ  

ʍʕ A. sieversiana 
P. major 

I II  III  IV  V 

Al  2154Ñ589/770Ñ117 634Ñ90 625Ñ100 559Ñ88 636Ñ112 137Ñ97 

Ba 29Ñ6 178Ñ13 105Ñ8 87Ñ9 142Ñ12 264Ñ24 

Be 0,10Ñ0,02 0,08Ñ0,01 0,08Ñ0,01 0,10Ñ0,01 0,08Ñ0,01 0,07Ñ0,01 

B 30,8Ñ4,3 30,7Ñ1,2 26,7Ñ2,1 33,0Ñ2,3 26,9Ñ1,4 21,5Ñ1,8 

Ca 15180Ñ1326 27553Ñ1441 25291Ñ1584 34110Ñ1547 24498Ñ1488 22721Ñ1455 

Cd 0,75Ñ0,13 0,48Ñ0,04 0,45Ñ0,04 0,45Ñ0,04 0,38Ñ0,05 0,46Ñ0,03 

Ce* <2,0-17,3* <2,0-6,1* 3,9Ñ0,4 5,3Ñ0,4 3,8Ñ0,3 < 2,0 

Co 0,83Ñ0,14/0,45Ñ0,07 0,50Ñ0,03 0,56Ñ0,04 0,43Ñ0,05 0,49Ñ0,03 0,35Ñ0,04 

Cr 0,82Ñ0,16 0,60Ñ0,15 0,29Ñ0,12 0,37Ñ0,14 0,38Ñ0,17 0,17Ñ0,11 

Cu 18,1Ñ2,5 10,7Ñ1,2 14,0Ñ1,5 65,8Ñ5,4 17,1Ñ2,1 12,7Ñ1,7 

Fe 934Ñ244 272Ñ34 260Ñ37 252Ñ35 258Ñ41 70Ñ28 

Ga 0,57Ñ0,18 0,31Ñ0,03 0,23Ñ0,03 0,30Ñ0,03 0,29Ñ0,04 0,27Ñ0,03 

K 45500Ñ4170/32930Ñ2990 36095Ñ1523 38655Ñ1872 41538Ñ2114 27007Ñ1687 50787Ñ2245 

La 2,31Ñ0,49 1,96Ñ0,10 2,10Ñ0,10 2,47Ñ0,09 1,95Ñ0,08 2,06Ñ0,11 

Mg 2957Ñ254 3057Ñ136 3133Ñ157 4305Ñ174 3836Ñ128 3698Ñ165 

Mn 67,2Ñ19,1 30,0Ñ4,4 25,9Ñ3,8 27,4Ñ4,2 37,8Ñ3,9 46,6Ñ4,3 

Mo 1,02Ñ0,13 2,29Ñ0,27 2,18Ñ0,21 2,85Ñ0,25 1,78Ñ0,24 0,95Ñ0,12 

Na 1003Ñ386 225Ñ21 227Ñ32 5640Ñ587 227Ñ35 102Ñ22 

Nb 0,35Ñ0,13 0,12Ñ0,02 0,10Ñ0,01 1,58Ñ0,08 0,06Ñ0,01 0,07Ñ0,01 

Ni 3,47Ñ0,63 1,53Ñ0,09 1,47Ñ0,09 2,35Ñ0,10 1,55Ñ0,09 2,90Ñ0,11 

P 3362Ñ482 3702Ñ279 4972Ñ312 6413Ñ508 2533Ñ254 4173Ñ452 

Pb 1,35Ñ0,35 0,76Ñ0,06 0,49Ñ0,07 0,68Ñ0,08 1,10Ñ0,08 0,68Ñ0,07 

Sc 0,41Ñ0,07/0,22Ñ0,03 0,24Ñ0,02 0,22Ñ0,02 0,30Ñ0,02 0,28Ñ0,02 0,13Ñ0,01 

Si 5657Ñ1584 2010Ñ168 2860Ñ184 2289Ñ178 1697Ñ154 1287Ñ124 

Sn* <0,1-2,08* < 0,1-1,8* < 0,1 < 0,1 < 0,1 < 0,1 

Sr 67Ñ7 221Ñ16 135Ñ14 629Ñ58 204Ñ18 169Ñ17 

Ti 88,8Ñ22,4 27,6Ñ3,7 53,6Ñ5,4 24,0Ñ2,8 27,6Ñ3,2 10,8Ñ2,1 

V 4,49Ñ1,11/1,74Ñ0,20 1,19Ñ0,13 1,44Ñ0,11 1,18Ñ0,14 1,00Ñ0,11 0,68Ñ0,09 

Y 1,84Ñ0,77 0,64Ñ0,06 1,02Ñ0,08 0,56Ñ0,05 0,63Ñ0,06 0,55Ñ0,05 

Yb 0,25Ñ0,16 0,06Ñ0,01 0,09Ñ0,01 0,05Ñ0,01 0,06Ñ0,01 0,04Ñ0,01 

Zn 39,7Ñ4,8 31,7Ñ2,9 17,8Ñ3,1 67,8Ñ5,8 24,5Ñ2,5 19,2Ñ2,2 

Zr 2,73Ñ1,70 2,86Ñ0,21 5,52Ñ0,32 3,11Ñ0,20 2,62Ñ0,24 2,18Ñ0,22 

ɿʦʣʘ, 

% 15,5Ñ0,8/11,5Ñ0,4 15,7Ñ0,3 14,4Ñ0,2 15,2Ñ0,1 12,0Ñ0,3 14,9Ñ0,2 

ʇʨʠʤʝʯʘʥʠʝ. * ï ʨʘʟʤʘʭ ʚʘʨʴʠʨʦʚʘʥʠʷ (ʨʘʩʩʯʠʪʘʪʴ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ). ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʍʕ, ʢʦʪʦʨʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ. ʋ A. sieversiana ʜʣʷ çʟʘʧʳʣʝʥʥʳʭè ʠ çʯʠʩʪʳʭè ʨʘʩʪʝʥʠʡ ʦʪʜʝʣʴʥʦ 

ʧʨʠʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ. 

ɺ ʩʦʣʷʥʦʢʠʩʣʳʭ ʵʢʩʪʨʘʢʪʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʨʘʟʥʠʮʘ ʚ 

ʩʦʜʝʨʞʘʥʠʠ Cu, Fe ʠ Na, ʧʨʠʯʝʤ ʜʣʷ Na ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʚ ʩʧʠʨʪʦʚʳʭ ʠ 
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ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ (ʪʘʙʣ. 2, ʩʤ. ʧʨʠʤʝʯʘʥʠʝ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʧʝʮʠʬʠʢʦʡ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ (ʦʙʨʘʟʮʳ ʦʪʦʙʨʘʥʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ). ʉʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʍʕ 10% HCl ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʉʘ, Fe, K, Mn, Zn (68-99 % ʦʪ ʚʘʣʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ), ʤʠʥʠʤʘʣʴʥʘ ʜʣʷ Sr (4-31%) ʠ Cd (15-62%), ʭʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʣʝʢʘʝʪʩʷ 

(ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʤʠ ʚʳʪʷʞʢʘʤʠ). 

ɺʦʜʥʳʝ ʠʟʚʣʝʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ Cd ʠ Pb. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʍʕ (ʢʨʦʤʝ Cu) ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚʦʜʦʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ï ʚ 1,2-

12 ʨʘʟ. ɺ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʭʦʜʠʪ ʜʦ 90% ʦʪ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʂ, Ca, Mg, Mn, Na, 

ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟʚʣʝʢʘʶʪʩʷ ʥʘʤʥʦʛʦ ʩʣʘʙʝʝ, ʦʩʦʙʝʥʥʦ Fe ï 1-4%. ʉʧʠʨʪʦʚʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʦʪʯʘʩʪʠ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ Pb (27-76%), K ʠ Na (16-62%), ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʚʣʝʢʘʶʪʩʷ Sr (2-9%) ʠ Fe (0-4%). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʍʕ ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ.  

ʊʘʙʣʠʮʘ 2 

ɺʘʨʠʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʍʕ (ʤʛ/ʢʛ) ʚ ʵʢʩʪʨʘʢʪʘʭ P. major  

ʕʣʝʤʝʥʪ 

ʕʢʩʪʨʘʛʝʥʪ 

10 % ʅʉl 40% C2H5ʆʅ ʅ2ʆ 

MÑm V MÑm V MÑm V 

Ca 24498Ñ1050 20 2977Ñ222 35 12109Ñ1362 49 

Cd 0,15Ñ0,02 54 0,12Ñ0,01 59 Ƅ Ƅ 

Cu* 5,96Ñ0,40* 37 0,71Ñ0,06 39 0,64Ñ0,08 56 

Fe* 239Ñ26* 59 2,8Ñ0,4 68 4,2Ñ0,6 60 

ʂ 30163Ñ993 17 12746Ñ1024 38 24737Ñ1904 34 

Li  1,65Ñ0,12 40 0,41Ñ0,11 122 0,89Ñ0,11 55 

Mg 2336Ñ106 24 686Ñ43 30 1482Ñ112 33 

Mn 27,9Ñ3,6 68 4,4Ñ0,6 69 25,5Ñ4,4 75 

Na* 151Ñ9* 30 70Ñ4* 28 135Ñ11* 35 

Pb 0,57Ñ0,05 40 0,32Ñ0,03 49 Ƅ Ƅ 

Sr 28,9Ñ2,0 36 9,2Ñ0,9 44 30,4Ñ4,1 59 

Zn 28,2Ñ2,6 43 2,4Ñ0,2 29 8,5Ñ0,7 34 

ʇʨʠʤʝʯʘʥʠʝ. "*" ï ʩʦʜʝʨʞʘʥʠʝ Cu ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʛ. ʈʫʟʘ 12,1Ñ1,4 ʤʛ/ʢʛ, ʠʟ ʛ. ɸʥʘʧʘ ï 12,0Ñ1,7 ʤʛ/ʢʛ; 

ʩʦʜʝʨʞʘʥʠʝ Fe ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʊʶʤʝʥʩʢʦʡ ʦʙʣ. 65Ñ8 ʤʛ/ʢʛ; ʩʦʜʝʨʞʘʥʠʝ Na ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʛ. ɸʥʘʧʘ 

4870Ñ540, 1520Ñ112, 3660Ñ422 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ. ɿʜʝʩʴ ʠ ʚ 

ʪʘʙʣ. 3: "Ƅ" ʩʦʜʝʨʞʘʥʠʝ ʍʕ ʥʠʞʝ ʧʨʝʜʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʇʦʣʦʚʠʥʘ ʦʙʨʘʟʮʦʚ A. sieversiana ʧʦ ʦʙʱʝʡ ʟʦʣʴʥʦʩʪʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ɻʌ. 

ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ, ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʚ 10 % HCl, ʦʙʥʘʨʫʞʝʥʦ ʫ 20% 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʦʨʤʠʨʫʝʤʳʭ ʍʕ (ʪʘʙʣ. 1) ʚʦ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʡ ʇɼʂ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʜʦʙʘʚʦʢ ʥʘ ʩʫʭʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ, ʥʦʨʤʠʨʫʝʤʳʭ ʉʘʥʇʠʅ 2.3.2.1078-01. ɺ 

çʟʘʧʳʣʝʥʥʳʭè ʨʘʩʪʝʥʠʷʭ ʚʳʰʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Al, Co, K, Sc ʠ V (ʪʘʙʣ. 1) ʠ ʩʦʜʝʨʞʘʥʠʝ 

Fe, ʵʢʩʪʨʘʛʠʨʫʝʤʦʝ 10% HCl (ʨʘʟʥʠʮʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ) (ʪʘʙʣ. 3).  

ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʍʕ 10% HCl ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʉʘ, Fe, K, Mg, Mn, Zn (66-96% ʦʪ 

ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ), ʤʠʥʠʤʘʣʴʥʘ ʜʣʷ Sr (7-18%), ʭʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʣʝʢʘʝʪʩʷ (ʢʘʢ ʠ 

ʦʩʪʘʣʴʥʳʤʠ ʚʳʪʷʞʢʘʤʠ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ P. major, 

ʥʦ ʉd ʠʟʚʣʝʢʘʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ 34-60%, ʯʪʦ ʧʦʯʪʠ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ.  

ɺ ʩʧʠʨʪʦʚʳʝ ʵʢʩʪʨʘʢʪʳ Fe ʠʟʚʣʝʢʘʝʪʩʷ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʦʪ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ; Sr, Ca, 

Mn < 10 %; Cu, Cd, Zn < 20 %, ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ Pb ï 15-73%. ʉʘ, 

ʂ, Mn ʠ Sr ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚʦʜʦʡ ʩʠʣʴʥʝʝ, ʯʝʤ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ, ʥʦ ʥʝ ʙʦʣʝʝ 40% ʦʪ 

ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʍʕ. 

ɺ P. major ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Ba, Ca, Mo, Sr ʠ ʟʦʣʳ, ʚ A. sieversiana 

ï Cd, Fe, Ni, Si, Ti (ʚ ʟʘʧʳʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʪʘʢʞʝ Al ʠ V). ɺ ʵʢʩʪʨʘʢʪʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ: 1) ʩʦʣʷʥʦʢʠʩʣʳʝ ï Ca, Sr (ʙʦʣʴʰʝ ʚ P. major), Fe, Mn, Ni ʠ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 

185 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ (ʙʦʣʴʰʝ ʚ A. sieversiana); 2) ʩʧʠʨʪʦʚʳʝ ï Ca, K, Li , Sr (ʙʦʣʴʰʝ ʚ P. 

major), Cu ʠ Zn (ʙʦʣʴʰʝ ʚ A. sieversiana); 3) ʚʦʜʥʳʝ ï Ca, Fe, K, Li , Mg, Mn, Ni Sr, Zn 

(ʙʦʣʴʰʝ ʚ P. major), Cu (ʙʦʣʴʰʝ ʚ A. sieversiana). 

ʊʘʙʣʠʮʘ 3 

ɺʘʨʠʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʍʕ (ʤʛ/ʢʛ) ʚ ʵʢʩʪʨʘʢʪʘʭ A. sieversiana 

ʍʕ 

ʕʢʩʪʨʘʛʝʥʪ  

10 % ʅʉl 40% C2H5ʆʅ ʅ2ʆ 

MÑm V MÑm V MÑm V 

Ca 13630Ñ1635 36 695Ñ85 37 1313Ñ226 49 

Cd 0,32Ñ0,08 75 0,10Ñ0,02 53 Ƅ Ƅ 

Cu 9,69Ñ1,64 51 2,47Ñ0,48 58 1,36Ñ0,11 24 

Fe* 1271Ñ348/368Ñ51 84 3,7Ñ0,5 40 2,0Ñ0,3 45 

ʂ 30018Ñ1953 20 10099Ñ476 14 11550Ñ460 11 

Li  1,72Ñ0,70 121 0,15Ñ0,03 54 0,14Ñ0,03 62 

Mg 2357Ñ271 35 529Ñ73 41 477Ñ86 51 

Mn 49,4Ñ7,3 45 4,2Ñ0,7 48 7,7Ñ1,2 44 

Na 675Ñ395 175 279Ñ160 172 212Ñ166 220 

Pb 1,20Ñ0,34 86 0,64Ñ0,09 44 Ƅ Ƅ 

Sr 8,6Ñ1,8 64 2,9Ñ0,2 18 5,9Ñ0,7 32 

Zn 33,8Ñ5,0 44 5,5Ñ0,9 47 4,1Ñ0,9 61 

ʇʨʠʤʝʯʘʥʠʝ: "*" ï ʜʣʷ çʟʘʧʳʣʝʥʥʳʭè ʠ çʯʠʩʪʳʭè ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʚʘʷ ʵʣʝʤʝʥʪʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʦʩʪʦʷʥʩʪʚʝ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʥʦʨʤʘʪʠʚʘʤ.  

ʈʘʩʪʚʦʨ 10% HCl ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʚʣʝʢʘʝʪ ʉʘ, Fe, K, Mg, Mn, Zn (ʜʦ 99% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ), ʤʠʥʠʤʘʣʴʥʦ ï Sr, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʣʝʢʘʝʪʩʷ ʉr (ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʤʠ 

ʵʢʩʪʨʘʛʝʥʪʘʤʠ), ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. ɺʦʜʥʳʝ ʠʟʚʣʝʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ Cd ʠ Pb. ʋ P. major ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʍʕ (ʢʨʦʤʝ Cu) 

ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚʦʜʦʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ï ʚ 1,2-12 ʨʘʟ, ʜʣʷ A. 

sieversiana ʪʘʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʦʪʚʘʨʳ P. major ʧʝʨʝʭʦʜʠʪ ʜʦ 90% 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, A. sieversiana ï ʥʝ ʙʦʣʝʝ 40 %. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʍʕ ʦʯʝʥʴ 

ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 14-05-31211 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ Cu, Pb ʠ Zn ʚ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʧʨʠ ʪʝʭʥʦʛʝʥʥʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʠʭ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ Cu, Pb ʠ Zn ʚ ʧʦʯʚʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʪʦʜʘʤ ʄʠʣʣʝʨʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɹʝʨʪʠ, ɼʞʘʢʦʙʩ ʠ ʊʝʩʩʠʝʨʘ. 

ɺʳʷʚʣʝʥʘ ʨʦʣʴ ʧʦʯʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʝʩʠʣʠʢʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Fe ʠ 

ʢʘʨʙʦʥʘʪʦʚ) ʚ ʧʦʛʣʦʱʝʥʠʠ ʠ ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

Abstract. The composition of the Cu, Pb and Zn compounds in chernozems ordinary at technogenic pollution 

was studied using different approaches and fractionation methods. A comparative analysis of the results of the Cu, Pb 

and Zn compounds fractionation in soil defined by successive fractionation of heavy metals based on Miller's 

methods modified by Bertie, Jacobs and Tessier was made. The role of soil components (organic substances, non-

silicate compounds of Fe and carbonates) in the absorption and strength of fixing heavy metals was revealed. 

ɺʚʝʜʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ ʷʚʣʷʝʪʩʷ ʪʨʘʥʟʠʪʥʦʡ ʟʦʥʦʡ ʤʝʞʜʫ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʴʶ ʈʦʩʩʠʠ, ɹʣʠʞʥʠʤ ɿʘʨʫʙʝʞʴʝʤ ʠ ʨʝʩʧʫʙʣʠʢʘʤʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʩʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ), ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʠʪʦʛʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʚʝʜʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʣʘʥʜʰʘʬʪʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʫʨʦʚʥʝʤ ʠʭ 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʝ, ʩʢʦʣʴʢʦ ʠʭ ʬʨʘʢʮʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʣʫʚʝʢʦʚʦʡ ʦʧʳʪ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʧʦʯʚʘʭ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʊʄ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ ʠʟʫʯʝʥʳ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʩʭʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʥʳʝ ʬʘʟʳ ʥʦʩʠʪʝʣʠ ʊʄ 

ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʦʯʚʘʭ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ 

ʤʝʪʘʣʣʦʚ. 

ɺʩʝ ʤʝʪʦʜʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʩʦʟʜʘʥʳ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʚ ʦʙʱʝʤ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʜʚʫʭ ʛʨʫʧʧ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʯʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʨʫʛʘʷ 

ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʥʝʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʷʪ ʨʝʘʛʝʥʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʙʥʘʨʫʞʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʯʥʦʩʪʠ ʫʜʝʨʞʠʚʘʥʠʷ 

ʤʝʪʘʣʣʦʚ [1]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʧʦʯʚʘʭ ʠʩʧʦʣʴʟʫʶʪ 

ʵʢʩʪʨʘʛʝʥʪʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʝ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ ʧʝʨʝʯʝʥʴ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʣʶʪʘʥʪʦʚ, ʩʧʦʩʦʙʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʙʦʩʥʦʚʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʅʝ ʨʘʟʨʘʙʦʪʘʥʘ ʝʜʠʥʘʷ ʢʦʥʮʝʧʮʠʷ ʦ 
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ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦ-ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ 

ʊʄ ʚ ʧʦʯʚʘʭ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʊʄ, ʠʭ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʪʨʫʜʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʧʨʠ 

ʪʝʭʥʦʛʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ. ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʝʞʝʛʦʜʥʦ ʩ 2008 ʧʦ 

2013ʛʛ. ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʯʚʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʤʧʘʢʪʥʦʡ ʟʦʥʳ 

(1,6 ʢʤ ʠ 15 ʢʤ ʚ ʉ-ɿ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ (ʅʯɻʈʕʉ)), ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʘʨʠʘʥʪʘʤʠ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʨʝʜʥʝʤʦʱʥʦʛʦ ʤʘʣʦʛʫʤʫʩʥʦʛʦ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ ʥʘ ʞʝʣʪʦ-ʙʫʨʳʭ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 2004 ʛ. - 

ʯʝʨʥʦʟʝʤ ʤʠʛʨʘʮʠʦʥʥʦ-ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ). ʇʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩ ʟʘʣʝʞʥʳʭ 

ʫʯʘʩʪʢʦʚ.ɺ ʧʦʯʚʘʭ ʠʟʫʯʘʣʠ ʬʦʨʤʳ ʩʦʝʜʠʥʝʥʠʡ Cu, Pb ʠ Zn. ɺʳʙʦʨ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥ 

ʩ ʪʝʤ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ [2]. 

ɸʥʘʣʠʟ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʚ ʧʦʯʚʘʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʧʣʦʱʘʜʦʢ ʧʨʦʚʦʜʠʣʠ 

ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ (ʉʧʝʢʪʨʦʩʢʘʥ MAKC-GV). ʀʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʄʠʣʣʝʨʘ [3] ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɹʝʨʪʠ, ɼʞʘʢʦʙʩ [4]. ʉʭʝʤʘ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʪʦʜʫ ʊʝʩʩʠʝʨʘ [5].ʉʦʜʝʨʞʘʥʠʝ ʊʄ ʚ 

ʧʦʯʚʝʥʥʳʭ ʚʳʪʷʞʢʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

(ɸɸʉ). ɺʩʝ ʘʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Cu, Pb ʠ Zn ʚ ʧʦʯʚʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,6 

ʢʤ ʦʪ ʅʯɻʈʕʉ, ʨʘʚʥʦʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 72 ʤʛ/ʢʛ, 68 ʤʛ/ʢʛ ʠ 112 ʤʛ/ʢʛ (ʊʘʙʣ. 2), ʧʨʝʚʳʰʘʝʪ 

ʇɼʂ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʜʣʷ Cu 55 ʤʛ/ʢʛ; Pb 32 ʤʛ/ʢʛ ʠ Zn 100 ʤʛ/ʢʛ [6, 7]. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʢʤ ʦʪ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʚʥʦ 42 ʤʛ/ʢʛ Cu, 28 ʤʛ/ʢʛ Pb ʠ 87 ʤʛ/ʢʛ Zn 

ʥʠʞʝ ʇɼʂ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʜʣʷ ʧʦʯʚ, ʨʘʚʥʳʡ 37, 27 ʠ 80 

ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ Cu, Pb ʠ Zn ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʤʤʘ ʬʨʘʢʮʠʡ ʤʝʪʘʣʣʦʚ ʙʣʠʟʢʘ ʢ ʠʭ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʧʦʯʚʝ (ʪʘʙʣ. 2, 3). 

ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʦʤ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʜʘʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʤʠʩʩʠʠ, 40-

86% ʦʪ ʩʫʤʤʳ ʬʨʘʢʮʠʡ Cu, Zn ʠ Pb ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʦʩʪʘʪʦʯʥʦʡ ʬʨʘʢʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʚʷʟʴ ʤʝʪʘʣʣʘ ʩ ʩʠʣʠʢʘʪʘʤʠ. ɺ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥⱪʥʥʳʭ ʚʳʙʨʦʩʘʤʠ ʅʯɻʈʕʉ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʩʥʠʟʠʣʦʩʴ ʜʦ 23-51%, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ 

ʘʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʊʄ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʦʩʪʘʪʦʯʥʦʡ 

ʬʨʘʢʮʠʠ ʥʘ ʧʦʯʚʘʭ ʨʘʡʦʥʘ ʅʯɻʈʕʉ ʧʦ ʤʝʪʦʜʫ ʄʠʣʣʝʨʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʝʩʩʠʝʨʦʤ 

ʜʣʷ Cu ʚ 1,4 ʨʘʟʘ, Pb ʚ 1,5 ʨʘʟʘ ʠ Zn ʚ 1,2 ʨʘʟʘ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʠʟʚʣʝʯʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʬʨʘʢʮʠʡ ʤʝʪʦʜʦʤ ʄʠʣʣʝʨʘ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ Cu, Pb ʠ Zn ʚ ʧʦʯʚʝ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ, ʦʙʤʝʥʥʳʭ ʠ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ) ʚʦʟʨʘʩʪʘʝʪ (ʊʘʙʣ. 1, 2), 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʘ ʄʠʣʣʝʨʘ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʨʘʡʦʥʘ ʅʯɻʈʕʉ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʤʝʥʥʦʛʦ 

Zn ʚ 9,7 ʨʘʟ, Cu ʚ 4,4 ʨʘʟ, Pb ʚ 3,6 ʨʘʟ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʤʝʪʦʜʫ ʊʝʩʩʠʝʨʘ ʜʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ 6,3, 2,3 ʠ 10,7 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʘʨʙʦʥʘʪʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ Cu. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʚʦʟʨʘʩʪʘʝʪ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʜʝʡʩʪʚʠʝ Zn ʠ ʈb ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʘʨʙʦʥʘʪʘʤʠ. ʇʦʜ ʚʣʠʷʥʠʝʤ 

ʘʵʨʦʟʦʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʢʦʣʠʯʝʩʪʚʦ Pb, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʘʨʙʦʥʘʪʘʤʠ, ʚʦʟʨʘʩʪʘʝʪ ʚ 

5 ʨʘʟ (ʊʘʙʣ. 2). 

ʉʦʜʝʨʞʘʥʠʝ Zn ʚ ʘʣʶʤʦʩʠʣʠʢʘʪʘʭ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʩʘʤʦʝ ʚʳʩʦʢʦʝ (68,3 

ʤʛ/ʢʛ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 85% ʦʪ 

ʩʫʤʤʳ ʬʨʘʢʮʠʡ. ɺ ʧʦʯʚʘʭ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʜʦʣʷ ʦʙʤʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ Zn ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 6% ʧʨʦʪʠʚ 1-2% ʚ ʩʣʫʯʘʝ ʟʘʛʨʷʟʥʝʥʠʷ Cu ʠʣʠ Pb. 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 
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ʊʘʙʣʠʮʘ 1 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʨʘʡʦʥʘ ʅʯɻʈʕʉ ʧʦ 

ʤʝʪʦʜʫ ʄʠʣʣʝʨʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɹʝʨʪʠ, ɼʞʘʢʦʙʩ [4], ʤʛ/ʢʛ (n=9) 
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Cu 

15  0,2Ñ0,1 0,6Ñ0,1 2,5Ñ0,3 0,3Ñ0,1 5,3Ñ1,2 5,1Ñ1,0 2,6Ñ0,6 18,4Ñ2,9 35,0Ñ3,1 42,0Ñ4,1 

1,6  1,5Ñ0,2 2,0Ñ0,3 5,5Ñ0,8 0,8Ñ0,5 21,3Ñ4,3 12,0Ñ2,3 5,6Ñ0,9 28,3Ñ3,3 77,0Ñ6,7 72,0Ñ6,1 

Pb 

15  0,4Ñ0,1 0,6Ñ0,1 1,6Ñ0,3 0,9Ñ0,4 2,0Ñ0,3 1,2Ñ0,2 1,8Ñ0,4 18,1Ñ3,1 26,6Ñ2,0 28,0Ñ2,3 

1,6  1,2Ñ0,1 2,4Ñ0,5 8,0Ñ1,3 1,4Ñ0,5 17,4Ñ3,7 7,5Ñ1,5 3,4Ñ0,6 25,9Ñ4,3 67,2Ñ6,9 68,0Ñ6,1 

Zn 

15  0,5Ñ0,1 0,6Ñ0,1 2,0Ñ0,2 1,1Ñ0,3 4,3Ñ0,9 2,0Ñ0,4 1,6Ñ0,3 70,3Ñ8,3 82,4Ñ8,0 87,0Ñ7,7 

1,6  3,4Ñ0,2 7,3Ñ2,1 15,0Ñ3,9 2,8Ñ0,5 6,1Ñ1,3 9,5Ñ2,2 4,2Ñ0,6 50,7Ñ9,3 99,0Ñ9,7 112,0Ñ11 

ʊʘʙʣʠʮʘ 2 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʊʄ ʚ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʨʘʡʦʥʘ ʅʯɻʈʕʉ 

ʧʦ ʤʝʪʦʜʫ ʊʝʩʩʠʝʨʘ [5], ʤʛ/ʢʛ (n=9) 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʅʯɻʈʕʉ 

ʌʨʘʢʮʠʠ 

ʦʙʤʝʥʥʘʷ 
ʩʚʷʟʘʥʥʘʷ ʩ 

ʢʘʨʙʦʥʘʪʘʤʠ 

ʩʚʷʟʘʥʥʘʷ 

ʩ Fe-Mn 

ʦʢʩʠʜʘʤʠ 

ʩʚʷʟʘʥʥʘʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ 

ʦʩʪʘʪʦʯʥʘʷ 
ʉʫʤʤʘ 

ʬʨʘʢʮʠʡ 

Cu 

15 ʢʤ 1,0Ñ0,1 3,5Ñ0,2 9,0Ñ1,1 8,7Ñ1,5 14,8Ñ2,2 37,0Ñ4,9 

1,6 ʢʤ 2,3Ñ0,2 6,0Ñ1,4 23,4Ñ3,3 25,2Ñ3,8 18,3Ñ3,1 75,2Ñ7,9 

Pb 

15 ʢʤ 0,3Ñ0,1 1,5Ñ0,2 6,3Ñ0,5 5,9Ñ0,9 11,0Ñ2,1 25,1Ñ4,6 

1,6 ʢʤ 3,2Ñ0,4 8,5Ñ1,2 15,4Ñ1,9 22,8Ñ2,3 15,1Ñ3,2 65,0Ñ11,6 

Zn 

15 ʢʤ 1,3Ñ0,4 6,0Ñ0,9 10,3Ñ1,1 8,9Ñ1,2 54,0Ñ6,7 80,4Ñ13,4 

1,6 ʢʤ 8,2Ñ1,5 14,8Ñ3,5 23,4Ñ4,1 12,0Ñ1,6 49,6Ñ8,5 108,0Ñ16,1 

ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ Cu, Pb ʠ Zn ʚ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

Fe ʚ ʦʩʥʦʚʥʦʤ ʚʳʰʝ, ʯʝʤ ʚ ʘʤʦʨʬʥʳʭ ʬʦʨʤʘʭ. ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʩʦʜʝʨʞʘʥʠʝ Cu, Zn, Pb, ʩʚʷʟʘʥʥʳʭ ʩ ʘʤʦʨʬʥʳʤʠ ʬʦʨʤʘʤʠ, ʯʝʤ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ, 

ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʝʭʥʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʫ (ʊʘʙʣ. 2).  

ɼʣʷ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʠ Cu ʚ ʞʝʣʝʟʠʩʪʦʡ 

ʬʨʘʢʮʠʠ, ʘ ʜʣʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ï Cu. ɺ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʨʦʣʴ Pb, ʩʚʷʟʘʥʥʦʛʦ ʩ Fe-Mn 

ʦʢʩʠʜʘʤʠ, ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʩʚʷʟʳʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʄ ʚ ʧʦʯʚʘʭ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ɺ ʧʦʯʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʟʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʅʯɻʈʕʉ, Cu, Pb ʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, Zn ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ɺ ʩʣʫʯʘʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚʥʦʩʠʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʧʦʛʣʦʱʝʥʠʝ 

ʧʦʯʚʦʡ Pb ʠ Cu. Zn ʙʦʣʝʝ ʩʢʣʦʥʝʥ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʈʦʣʴ 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʞʝʣʝʟʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚʝʣʠʢʘ ʚ ʧʦʛʣʦʱʝʥʠʠ ʧʦʯʚʦʡ Cu. ɺ ʦʪʣʠʯʠʝ ʦʪ Cu ʠ Pb, ʜʣʷ Zn 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʘʢʪʠʚ ʊʘʤʤʘ ʜʘʞʝ ʧʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠʟʣʫʯʝʥʠʠ ʥʝ 

ʩʧʦʩʦʙʝʥ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʪʴ ʭʦʨʦʰʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʞʝʣʝʟʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦʛʣʦʱʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʥʦʩʷʪ 

ʩʣʘʙʦʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʞʝʣʝʟʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʨʠ 

ʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʬʨʘʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʤʦʨʬʥʳʤʠ ʦʢʩʠʜʘʤʠ Fe, 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʨʦʢ ʜʘʚʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʢʩʠʜʦʚ Fe ʧʨʦʠʩʭʦʜʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʠ ʥʘʣʠʯʠʝ ʨʝʟʢʦʛʦʚʦʟʨʘʩʪʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʘʤʦʨʬʥʦʤ Fe ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʘʚʥʦ ʧʨʦʠʟʦʰʝʜʰʝʤ ʟʘʛʨʷʟʥʝʥʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʊʝʩʩʠʝʨʘ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʊʄ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʠ ʚʦ ʬʨʘʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ Fe-Mn ʦʢʩʠʜʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʦʩʪʘʪʦʯʥʦʡ ʬʨʘʢʮʠʠ ʧʦ ʤʝʪʦʜʫ ʊʝʩʩʠʝʨʘ ʥʠʞʝ, ʯʝʤ ʧʦ ʤʝʪʦʜʫ 

ʄʠʣʣʝʨʘ. ʆʪʤʝʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ˉ 5.885.2014/ʂ, 

ʈʌʌʀ ˉ 14-05-00586 ɸ, ɻʨʘʥʪʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ ʄʂ-6448.2014.4. 
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EXPRESS-METHOD FOR POLYCYCLIC AROMATIC 

HYDROCARBONS EXTRACTION FROM PLANTS 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʨʘʩʪʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʪʨʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250
ʦ
ʉ ʠ 100 ʘʪʤ. ʧʨʠ ʚʨʝʤʝʥʠ 

ʘʥʘʣʠʟʘ 30 ʤʠʥ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʦʤʳʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʵʢʩʪʨʘʢʮʠʠ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʠʟ ʨʘʩʪʝʥʠʡ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ ʧʨʦʮʝʩʩʘ, ʤʝʥʴʰʝʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ ʘʥʘʣʠʪʘ. 

Abstract. The new express-method for polycyclic aromatic hydrocarbons (i.e.benzo[a]pyrene) extraction from 

plants using subcritical water was developed. Plant treatment by water with temperature 250
ʦ
ʉ and pressure 100 atm 

during 30 min was an optimal condition for extraction. The results of benzo[a]pyrene content detection in natural 

grassy vegetation using subcritical water were compared to those from the traditional saponification method using of 

organic solvents. The ecologically clean technological process, less laboriousness of the analysis and the highest 

recovery rate are the advantages of the method for benzo[a]pyrene extraction from natural grassy vegetation using 

subcritical water. 

ɹʝʥʟ(ʘ)ʧʠʨʝʥ ʷʚʣʷʝʪʩʷ ʨʝʧʝʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ (ʇɸʋ). ʕʪʦ 

ʧʦʣʣʶʪʘʥʪ Ƚ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʢʘʥʮʝʨʦʛʝʥ ʠ ʤʫʪʘʛʝʥ [1]. ʉʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚʦ ʚʩʝʭ 

ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʧʦʜʣʝʞʠʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʯʪʦ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʦʡ [1, 2, 3]. ɺ ʈʌ ʜʣʷ ʮʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʫʶʪ ʯʝʪʳʨʝ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ ʧʦʯʚʝ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʢʩʪʨʘʢʮʠʠ ʛʝʢʩʘʥʦʤ [4, 5] ʠʣʠ ʙʝʥʟʦʣʦʤ [6] ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʦʙʨʘʟʮʘ ʦʟʚʫʯʠʚʘʥʠʝʤ ʦʙʨʘʟʮʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʇɸʋ ʠ ʜʨʫʛʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʤʳʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʠʧʷʯʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʩʧʠʨʪʦʚʦʤ 

ʨʘʩʪʚʦʨʝ ʱʝʣʦʯʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʛʝʢʩʘʥʦʤ [7]. ʉʫʱʝʩʪʚʫʶʪ 

ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʵʢʩʪʨʘʢʮʠʠ ʧʦʣʣʶʪʘʥʪʘ ʛʝʢʩʘʥʦʤ [5] ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʵʢʩʪʨʘʢʪʦʚ ʥʘ ʢʦʣʦʥʢʝ ʩ 

ʩʠʣʠʢʘʛʝʣʝʤ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ ʪʨʘʚʷʥʠʩʪʳʭ 

ʨʘʩʪʝʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ. ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦʜʦʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ɹʘʇ ʠʟ ʨʘʩʪʝʥʠʡ ʠ ʩʨʘʚʥʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ ʨʘʩʪʝʥʠʷʭ ʵʪʠʤ ʤʝʪʦʜʦʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɹʘʇ ʚ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʦʤʦʱʴʶ ʦʤʳʣʝʥʠʷ [7]. 
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ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʵʢʩʪʨʘʢʮʠʠ ɹʘʇ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʦʙʨʘʟʮʘʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʇʝʨʩʠʘʥʦʚʩʢʦʡ ʩʪʝʧʠ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚʜʘʣʠ ʦʪ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʈʘʩʪʠʪʝʣʴʥʳʝ 

ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʫʩʨʝʜʥʝʥʥʳʝ ʧʨʦʙʳ ʫʢʦʩʦʚ ʪʨʘʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʧʣʦʱʘʜʢʘʭ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʥʘʜʟʝʤʥʳʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ: 

ʧʳʨʝʡ ʧʦʣʟʫʯʠʡ (Elytrigia repenes), ʧʦʣʳʥʴ ʘʚʩʪʨʠʡʩʢʘʷ (Artemisia austriaca), 

ʪʳʩʷʯʝʣʠʩʪʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ (Achillea millefolium), ʧʠʞʤʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Tanacetum 

vulgare), ʘʤʙʨʦʟʠʷ ʧʦʣʳʥʥʦʣʠʩʪʥʘʷ (Ambrosia artemisiifolia), ʮʠʢʦʨʠʡ ʦʙʳʢʥʦʚʝʥʥʳʡ 

(Cichorium intybus).  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʘʥʦʣ 96,0% (ʯ.ʜ.ʘ.), ʥ-ʛʝʢʩʘʥ 99,0 

(ʭ.ʯ.), ʙʝʟʚʦʜʥʳʡ ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ 98% (ʯ.ʜ.ʘ.), ʘʮʝʪʦʥʠʪʨʠʣ ʜʣʷ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 99,9% (ʦ.ʩ.ʯ.), ɻʉʆ 7515-98 3,4-ʙʝʥʟʧʠʨʝʥʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

(100 ʛ/ʜʤ
3
). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ɹʘʇ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʢʘʨʪʨʠʜʞ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ɺʦʟʜʫʰʥʦ-ʩʫʭʦʡ 

ʦʙʨʘʟʝʮ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʨʘʩʪʠʨʘʥʠʝʤ ʚ ʬʘʨʬʦʨʦʚʦʡ 

ʩʪʫʧʢʝ ʠ ʜʚʘʞʜʳ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ. ʅʘʚʝʩʢʫ 1 ʛ ʨʘʩʪʝʨʪʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʢʘʨʪʨʠʜʞ, ʜʦʙʘʚʣʷʣʠ 8 ʤʣ 

ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʫʯʠʚʘʣʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʙʦʣʪʘʤʠ. ʂʘʨʪʨʠʜʞ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 230, 240, 250, 260 ʠʣʠ 270
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 20, 30 ʠʣʠ 

40 ʤʠʥ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʩʣʝ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

250
ʦ
ʉ ʠ ʜʘʚʣʝʥʠʠ 100 ʘʪʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʢʘʨʪʨʠʜʞ 

ʨʘʟʚʠʥʯʠʚʘʣʠ, ʩʦʜʝʨʞʠʤʦʝ 2 ʠʣʠ 3 ʨʘʟʘ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ ʩ ʩʠʥʝʡ 

ʣʝʥʪʦʡ ʚ ʩʪʝʢʣʷʥʥʫʶ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʜʦ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʘʞʜʳʡ ʨʘʟ ʧʨʦʤʳʚʘʷ 

ʬʠʣʴʪʨ 2 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ɹʘʇ ʪʨʝʭʢʨʘʪʥʦ 

ʧʝʨʝʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʥ-ʛʝʢʩʘʥʦʤ (ʯ.ʜ.ʘ.). ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʣʙʫ ʧʨʠʣʠʚʘʣʠ 5 ʤʣ, ʟʘʢʨʳʚʘʣʠ 

ʩʪʝʢʣʷʥʥʦʡ ʧʨʦʙʢʦʡ ʠ ʚʩʪʨʷʭʠʚʘʣʠ ʥʘ ʰʝʡʢʝʨʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʈʘʟʜʝʣʝʥʠʝ ʩʣʦʝʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʝ ʦʙʲʝʤʦʤ 50 ʤʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʪʨʠ ʵʪʘʧʘ ʩ 

ʦʯʝʨʝʜʥʦʡ ʧʦʨʮʠʝʡ ʛʝʢʩʘʥʘ. ʆʙʲʝʜʠʥʝʥʥʳʡ ʛʝʢʩʘʥʦʚʳʡ ʵʢʩʪʨʘʢʪ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʚʦʨʦʥʢʫ 

ʩ ʧʨʦʢʘʣʝʥʥʳʤ ʙʝʟʚʦʜʥʳʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʵʢʩʪʨʘʢʪ ʫʧʘʨʠʚʘʣʠ ʚ 

ʛʨʫʰʝʚʠʜʥʦʡ ʢʦʣʙʝ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʷʥʦʡ ʙʘʥʠ 40
ʦ
ʉ ʜʦ ʩʫʭʦʛʦ 

ʦʩʪʘʪʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ɹʘʇ ʚ ʵʢʩʪʨʘʢʪʝ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. 

ʇʦʣʥʦʪʫ ʵʢʩʪʨʘʢʮʠʠ ɹʘʇ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ [5]. ɼʣʷ ʵʪʦʛʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʦʙʨʘʟʝʮ 

ʤʘʩʩʦʡ 1 ʛ ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʜʣʷ ʨʦʪʦʨʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʠ ʜʦʙʘʚʣʷʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ɹʘʇ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʟ ʨʘʩʯʝʪʘ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɹʘʇ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʝ 2, 4, 6, 8, 16 ʠʣʠ 32 ʥʛ/ʛ. ʇʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʪʝʯʝʥʠʝ 

30 ʤʠʥ ʚ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʪʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 7
Á
ʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʘ 

ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʦʙʨʘʟʝʮ ʤʝʪʦʜʦʤ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ɹʘʇ ʚ ʵʢʩʪʨʘʢʪʘʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʥʘ ʧʨʠʙʦʨʝ Thermo Separation 

Product 2000 (ʉʐɸ) ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ (UV-1000) ʠ ʬʣʶʦʨʝʩʮʝʥʪʥʳʤ (FL-3000) 

ʜʝʪʝʢʪʦʨʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ 

ʀʉʆ 13877 [8].  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɹʘʇ ʚ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʪʦʙʨʘʥʥʦʡ 

ʩ ʬʦʥʦʚʦʛʦ ʫʯʘʩʪʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʢʮʠʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ɹʘʇ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʦʙʨʘʟʮʝ ʢʦʣʝʙʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2,8 ʜʦ 7,2 ʥʛ/ʛ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ɹʘʇ: ʦʙʨʘʙʦʪʢʘ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250
ʦ
ʉ ʠ ʜʘʚʣʝʥʠʠ 100 ʘʪʤ. ʚ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 
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ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʚʣʝʯʝʥʠʝ ɹʘʇ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 5-20%, ʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʩʪʨʘʢʮʠʷ 

ɹʘʇ ʤʦʞʝʪ ʩʥʠʟʠʪʴʩʷ ʚ 2-3 ʨʘʟʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʚʦʡʩʪʚʘ 

ʚʦʜʳ ʚ ʩʫʙʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʵʪʦʛʦ ʧʦʣʣʶʪʘʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ɹʘʇ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʚʫʤʷ ʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ [5] ʧʨʠʚʝʜʝʥʳ 

ʚ ʊʘʙʣʠʮʝ 2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʤʝʪʦʜʦʤ ʦʤʳʣʝʥʠʷ ʠ ʤʝʪʦʜʦʤ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʤʦʞʥʦ ʠʟʚʣʝʢʘʪʴ ɹʘʇ ʠʟ ʨʘʩʪʝʥʠʡ (ʊʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʚʣʝʢʘʝʤʦʛʦ ɹʘʇ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʢʮʠʠ (n=9), ʥʛ/ʛ  

ʊʝʤʧʝʨʘʪʫʨʘ 

ʵʢʩʪʨʘʢʮʠʠ, 
Á
ʉ 

ɺʨʝʤʷ ʵʢʩʪʨʘʢʮʠʠ, ʤʠʥ 

20 30 40 

230 4,9Ñ1,5 6,6Ñ1,4 3,5Ñ1,3 

240 5,7Ñ1,7 6,8Ñ1,8 3,2Ñ1,5 

250 6,4Ñ1,9 7,2Ñ1,5 4,7Ñ1,8 

260 5,6Ñ1,4 6,4Ñ1,6 3,6Ñ1,4 

270 4,7Ñ1,3 5,8Ñ1,4 2,8Ñ1,3 

ʊʘʙʣʠʮʘ 2 

ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ɹʘʇ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʵʢʩʪʨʘʢʮʠʠ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʡ ʠ ʤʝʪʦʜʦʤ ʦʤʳʣʝʥʠʷ (n= 9) 

ʉʦʜʝʨʞʘʥʠʝ ɹʘʇ ʚ 

ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʥʛ/ʛ) 

ʆʙʥʘʨʫʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɹʘʇ ʚ 

ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʥʛ/ʛ) 

ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ɹʘʇ ʠʟ 

ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

(%)  

ʀʩʭʦʜʥʦʝ ɺʥʝʩʝʥʦ 

ʄʝʪʦʜ 

ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ 

ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʄʝʪʦʜ 

ʦʤʳʣʝʥʠʷ 

ʄʝʪʦʜ 

ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ 

ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ  

ʄʝʪʦʜ 

ʦʤʳʣʝʥʠʷ  

7,2Ñ0,5 

2.0 9.0Ñ1.8 6.7Ñ1.2 97.8 72.8  

8.0 14.9Ñ2.3 11.0Ñ2.4 98.0 72.3 

16.0 22.8Ñ3.3 16.6Ñ2.5 98.2 71.5 

32.0 38.4Ñ4.7 28.1Ñ3.3 98.0 71.7 

64.0 69.7Ñ5.3 52.1Ñ4.9 97.9 73.2 

ʇʨʠ ʵʪʦʤ, ʦʜʥʘʢʦ, ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɹʘʇ ʚ ʦʙʨʘʟʮʘʭ 

ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʦʪ 10 ʜʦ 70 ʥʛ/ʛ) ʤʝʪʦʜʦʤ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʫʜʘʝʪʩʷ ʠʟʚʣʝʢʘʪʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 34% ɹʘʇ ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜ ʦʤʳʣʝʥʠʷ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʟʘʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɹʘʇ ʩʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʣʶʪʘʥʪʘ ʤʝʪʦʜʦʤ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

89-98% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʣʶʪʘʥʪʘ ʚ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʘʥʘʣʠʟʝ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʦʤʳʣʝʥʠʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʥʝ ʧʨʝʚʳʰʘʣʠ 71-73%. ɺ ʨʘʙʦʪʝ 

[9] ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʢʨʠʪʝʨʠʠ (250
ʦ
ʉ ʧʨʠ 30 ʤʠʥʫʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ) ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʧʠʨʝʥʘ, ʬʝʥʘʥʪʨʝʥʘ ʠ ʬʣʫʦʨʘʥʪʝʥʘ ʠʟ ʤʦʨʩʢʦʛʦ ʧʝʩʢʘ, 

ʩʧʝʮʠʘʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʇɸʋ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ï ʜʦ 95%. ɸʥʘʣʦʛʠʯʥʳʝ ʪʝʥʜʝʥʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʪʳ 

ʠʟʚʣʝʯʝʥʠʷ ʇɸʋ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʙʦʪʝ [10] ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ 

ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 16 ʇɸʋ ʠʟ ʩʧʝʮʠʘʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʠ ʩʝʜʠʤʝʥʪʦʚ. ʆʜʥʘʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʘʥʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʢʮʠʠ (ʦʪ 100-200
ʦ
ʉ), 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʇɸʋ ʥʝ ʧʨʝʚʳʰʘʣʘ 50%. 
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ɿʘʢʣʶʯʝʥʠʝ. ɺʧʝʨʚʳʝ ʦʧʠʩʘʥ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ɹʘʇ ʚ 

ʨʘʩʪʝʥʠʷʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ɹʘʇ ʠʟ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ 30 ʤʠʥʫʪʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʚʳʩʫʰʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250
ʦ
ʉ ʠ ʜʘʚʣʝʥʠʠ 100 ʘʪʤ. ʇʨʠ ʵʪʦʤ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ɹʘʇ ʠʟ ʨʘʩʪʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 98%, ʯʪʦ ʥʘ 25% ʠ ʙʦʣʝʝ ʧʨʝʚʳʰʘʝʪ 

ʨʝʟʫʣʴʪʘʪ ʵʢʩʪʨʘʢʮʠʠ ʧʦʣʣʶʪʘʥʪʘ ʛʝʢʩʘʥʦʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʦʤʳʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʦ 50 ʤʣ ʥʘ 1 ʦʙʨʘʟʝʮ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʪʨʘʢʮʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 8 ʯʘʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ ʄʂ-6827.2015.4, 

ʈʌʌʀ ˉ 15-35-21134. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʠʥʮʘ ʚ 

ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ, ʟʘʛʨʷʟʥʝʥʥʦʤ ʥʠʪʨʘʪʘʤʠ ʤʝʪʘʣʣʘ ʚ ʜʦʟʝ 300 ʠ 2000 ʤʛ/ʢʛ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʫ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʦʩʪ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʳʭ, 

ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʬʦʨʤ. ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʯʚʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʬʦʨʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʥʝʩʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʫʯʘʩʪʠʝʤ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

Abstract. In the model experiment, the regularities of transformation processes of lead in ordinary chernozem, 

contaminated with nitrates of the metal at a dose of 300 and 2000 mg / kg were detected. It has been established that 

the introduction of lead in the soil increases the content of loosely bound compounds. There was an increasing 

mobility of the metal due to the increase of absolute content of exchangeable forms, complex forms and specifically 

sorbate forms. No stabilization was observed in the ratio of forms in the test soils during two years after incubation 

that indicates the low transformation rate of the introduced lead compounds with participation of natural soil 

components. 

ɺʚʝʜʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʩʝʩʪʦʨʦʥʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʚ ʧʦʯʚʝ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ (ʊʄ), ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ [1]. 

ʌʠʪʦʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʊʄ ʧʨʦʷʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ.  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʧʦʯʚʝ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʪʦʢʩʠʯʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʠʷ ʪʦʣʴʢʦ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚʦʟʥʠʢʘʝʪ 

ʦʙʲʝʢʪʠʚʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ [2, 3]. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʩʷ ʚʝʨʭʥʠʡ 0-

20 ʩʤ ʩʣʦʡ ʧʦʯʚʳ ʮʝʣʠʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʯʝʨʥʦʟʝʤʦʤ ʦʙʳʢʥʦʚʝʥʥʳʤ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʤ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ. ʀʩʩʣʝʜʫʝʤʘʷ ʧʦʯʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʉʦʨʛ. ï 6,3%, pH ï 7,2; ɽʂʆ ï 371 

ʤʄĀʢʛ
-1
; ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ (ʤʄĀʢʛ

-1
): ʉʘ

2+
 ï310, Mg

2+
 ï 45, Na

+
 ï1, ʂʦʙʤ. ï 228; ʉʘʉʆ3 ï 

0,1%; ʈ2ʆ5ʧʦʜʚ. ï 1,6 ʤʛ/100 ʛ; ʬʠʟʠʯʝʩʢʘʷ ʛʣʠʥʘ ï 48,1%, ʠʣ ï 28,6%.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ Pb ʠʩʧʦʣʴʟʦʚʘʣʠ [4]: 1 ʥ. ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʳʡ 

ʙʫʬʝʨ (ɸɸɹ) ʩ pH 4.8, ʠʟʚʣʝʢʘʶʱʠʡ ʦʙʤʝʥʥʳʝ ʬʦʨʤʳ ʤʝʪʘʣʣʘ; 1% ʕɼʊɸ ʚ ɸɸɹ ʩ pH 4.8, 

ʠʟʚʣʝʢʘʶʱʠʡ ʦʙʤʝʥʥʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ ʠ 1ʥ HCl, ʠʟʚʣʝʢʘʶʱʠʡ 

ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ. ʇʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ Pb ʚ ʚʳʪʷʞʢʝ ʩʤʝʰʘʥʥʦʛʦ 

ʨʝʘʛʝʥʪʘ ʠ ɸɸɹ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʭʦʜʠʣʠ ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʪʘʣʣʘ ʚ ʚʳʪʷʞʢʝ HCl ʠ ɸɸɹ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʝʪ ʛʨʫʧʧʫ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʅʉ) ʤʝʪʘʣʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʝʛʦ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʧʦʯʚʝ. ʉʦʜʝʨʞʘʥʠʝ Pb ʚ 

ʚʳʪʷʞʢʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɸɸʉ).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʦʤ ʯʝʨʥʦʟʝʤʝ 

ʦʙʳʢʥʦʚʝʥʥʦʤ (0 - 20 ʩʤ) ʩʦʩʪʘʚʣʷʝʪ 26 ʤʛ/ʢʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʥʦʚʦʤʫ ʫʨʦʚʥʶ [5, 6]. 



 

IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ 
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ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ 2,6 ʨʘʟʘ (ʢʣʘʨʢ Pb ʜʣʷ ʧʦʯʚ ʧʦ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʫ [7] ʩʦʩʪʘʚʣʷʝʪ 10 ʤʛ/ʢʛ). 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʦʙʤʝʥʥʳʭ ʬʦʨʤ Pb ʦʯʝʥʴ ʥʠʟʢʦʝ ï ʤʝʥʴʰʝ 0,7 

ʤʛ/ʢʛ (ʪʘʙʣ. 1), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʢʘʨʙʦʥʘʪʦʚ, ʠʭ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʤʠʮʝʣʷʨʥʦʡ ʬʦʨʤʦʡ ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ [8]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ Pb ʚ ʧʦʯʚʝ (80-83%) ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ 

ʜʦʣʶ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʝʛʦ 17-20% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ Pb (ʪʘʙʣ. 2). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʘʤʠ (62-64% ʦʪ ʛʨʫʧʧʳ ʅʉ ʤʝʪʘʣʣʘ) (ʪʘʙʣ. 2), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʯʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʤʝʪʘʣʣʘ ʩ ʧʦʯʚʝʥʥʦ-ʧʦʛʣʦʱʘʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ (ʇʇʂ). 

ʅʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Pb, ʦʙʨʘʟʫʶʱʝʛʦ ʥʝʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (20-22% ʦʪ ʛʨʫʧʧʳ ʅʉ ʩʦʝʜʠʥʝʥʠʡ). ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʘʙʦʱʝʣʦʯʥʫʶ 

ʨʝʘʢʮʠʶ ʩʨʝʜʳ, Pb ʚ ʟʘʤʝʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʨʙʠʨʫʝʪʩʷ ʧʦ ʠʦʥʦʦʙʤʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ: ʜʦʣʷ 

ʝʛʦ ʦʙʤʝʥʥʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 16%.  

ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ (ʢʦʥʪʨʦʣʴ) ʬʦʨʤ rʩʦʝʜʠʥʝʥʠʡ Pb ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʡ 

ʨʷʜ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʘʙʩʦʣʶʪʥʦʛʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ: ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʝ > ʢʦʤʧʣʝʢʩʥʳʝ > ʦʙʤʝʥʥʳʝ.  

ʊʘʙʣʠʮʘ 1 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʚ ʪʝʯʝʥʠʝ 

2-ʭ ʣʝʪ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ, ʤʛ/ʢʛ 

ɼʦʟʘ 

ʚʥʝʩʝʥʠʷ 

ʤʛ/ʢʛ 

ʆʙʤʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʂʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʅʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

1 ʛʦʜ 2 ʛʦʜ 1 ʛʦʜ 2 ʛʦʜ 1 ʛʦʜ 2 ʛʦʜ 1 ʛʦʜ 2 ʛʦʜ 

ʢʦʥʪʨʦʣʴ 0,7Ñ0,05 0,8Ñ0,09 0,9Ñ0,1 1,1Ñ0,2 2,9Ñ0,4 3,1Ñ0,5 4,5Ñ0,9 5,0Ñ0,7 

300 58,9Ñ7,2 23,8Ñ3,2 67,2Ñ8,4 33,0Ñ2,7 176,9Ñ19,5 36,7Ñ4,1 303,0Ñ29,6 93,5Ñ11,5 

2000 143,9Ñ16,3 112,1Ñ13,4 707,8Ñ35,8 106,9Ñ12,6 825,8Ñ43,1 196,1Ñ20,5 1677,5Ñ74,7 415,1Ñ36,3 

ʇʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ ʥʠʪʨʘʪʦʤ Pb ʚ ʜʦʟʘʭ 300 ʤʛ/ʢʛ ʠ 2000 ʤʛ/ʢʛ 

ʧʦʩʣʝ 1-ʛʦʜʘ ʠʥʢʫʙʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ 

ʬʦʨʤʘʭ. ɺ ʧʦʯʚʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (83-94% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʦʩʪ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʘ ʟʘ 

ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʬʦʨʤ (ʪʘʙʣ. 1).  

ʅʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Pb ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ, ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʘʤʠ, ʦʜʥʘʢʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (49-

59% ʦʪ ʩʫʤʤʳ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʦʡ. ʀʭ ʜʦʣʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1,1-1,3 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʤʦʞʥʦ, ʯʘʩʪʴ ʤʝʪʘʣʣʘ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʦʣʝʝ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ [9]. 

ɺ ʧʝʨʚʳʡ ʛʦʜ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʦʨʤ Pb ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ ʝʛʦ ʚʥʝʩʝʥʠʷ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ Pb ʚ ʧʦʯʚʫ ʚ ʜʦʟʝ 300 ʤʛ/ʢʛ 

ʜʦʣʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʦʙʤʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʦʩʣʝʜʥʠʝ ʥʘʠʙʦʣʝʝ ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʠ ʚʥʝʩʝʥʠʠ 2000 ʤʛ/ʢʛ ʤʝʪʘʣʣʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 2,1 ʨʘʟʘ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʦʚʣʝʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦʯʚʳ ʚ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʤʝʪʘʣʣʦʤ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʫ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʟʝ 

(2000 ʤʛ/ʢʛ) ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʤʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Pb ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʠʭ ʜʦʣʷ ʩʥʠʞʘʝʪʩʷ. ɼʘʥʥʳʡ ʬʘʢʪ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʧʦʣʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʚʥʝʩʝʥʥʦʡ ʩʦʣʠ ʤʝʪʘʣʣʘ ʚ ʧʝʨʚʳʡ ʛʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ.  



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

196 

ʊʘʙʣʠʮʘ 2 

ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʚ 

ʪʝʯʝʥʠʝ 2-ʭ ʣʝʪ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʫ 

ɼʦʟʘ ʚʥʝʩʝʥʠʷ, ʤʛ/ʢʛ 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ* 

ʅʉ** 

 ʅʉ*   

ʦʙʤʝʥʥʳʝ/ʢʦʤʧʣʝʢʩʥʳʝ/ 

ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʝ*** 

1 ʛʦʜ 2 ʛʦʜ 1 ʛʦʜ 2 ʛʦʜ 

ɹʝʟ ʚʥʝʩʝʥʠʷ 
26 

17 

25 

20 

5 

16/20/64 

5 

16/22/62 

300 
322 

94 

326 

28 

303 

19/22/59 

94 

26/35/39 

2000 
2016 

83 

2023 

21 

1678 

9/42/49 

415 

27/26/47 
* ʤʛ/ʢʛ;  

** ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ;  

*** % ʦʪ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ Pb ʧʦ ʬʦʨʤʘʤ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ, ʪʘʢ ʠ ʚ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʦʜʠʥʘʢʦʚʦʝ: ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʝ > ʢʦʤʧʣʝʢʩʥʳʝ > ʦʙʤʝʥʥʳʝ. 

ɹʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤʘʭ, ʯʝʤ ʚ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʦʙʤʝʥʥʳʭ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʚʠʥʝʮ, ʢʘʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʠʤʝʝʪ ʩʨʦʜʩʪʚʦ ʢ ʦʨʛʘʥʠʯʝʩʢʦʤʫ 

ʚʝʱʝʩʪʚʫ [5, 10].  

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʤ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʦʙʤʝʥʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʘ. ɼʦʣʷ ʜʘʥʥʳʭ 

ʬʦʨʤ Pb ʥʘ ʚʪʦʨʦʡ ʛʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 1/3 ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʅʉ ʤʝʪʘʣʣʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʜʚʫʭʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʧʦʯʚʝ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 

ʩʦʣʝʡ ʤʝʪʘʣʣʘ ʝʱʝ ʥʝ ʫʩʪʘʥʦʚʠʣʦʩʴ. ʇʦ ʜʘʥʥʳʤ ʄ.ɸ. ʎʘʧʣʠʥʦʡ [11], ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʧʦʯʚʝ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʦʪ ʧʦʣʫʛʦʜʘ ʜʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʵʢʟʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Pb ʚ ʧʦʯʚʫ ʚ ʧʝʨʚʳʝ ʛʦʜʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʨʝʜ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʪʝʭʥʦʛʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ˉ 
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ʄ.ʇ. ʆʥʦʰʢʦ 

ʄʅʆɻʆʎɽʃɽɺʆɽ ɻɽʆʍʀʄʀʏɽʉʂʆɽ ʂɸʈʊʆɻʈɸʌʀʈʆɺɸʅʀɽ 30-

ʂʄ ɿʆʅʓ ɺʃʀʗʅʀʗ ʆʉʊʈʆɺɽʎʂʆʁ ɸʕʉ 

M.P. Onoshko 

MULTI-PURPOSE GEOCHEMICAL MAPPING OF A 30 KM ZONE OF 

INFLUENCE OF OSTROVETS NUCLEAR POWER PLANT (NPP) 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʧʦ ʛʝʦʣʦʛʠʠè,  

ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ. E-mail: onoshko@geology.org.by 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 1:100 000 ʜʘʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠ 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 30-ʢʤ ʟʦʥʳ ʩʪʨʦʷʱʝʡʩʷ ʚ ɹʝʣʘʨʫʩʠ ʆʩʪʨʦʚʝʮʢʦʡ ɸʕʉ. ʀʟʣʦʞʝʥ ʧʨʦʮʝʩʩ 

ʧʦʩʪʨʦʝʥʠʷ ʨʷʜʘ ʮʠʬʨʦʚʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʘʨʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ. 

Abstract. Geochemical and ecological-geochemical estimation of the 30 km zone under the construction of 

Ostrovets NPP in Belarus was made on the basis of geochemical survey (scale:1: 100 000). The process of creating 

digital geochemical maps by means of technologies of multipurpose geochemical mapping was presented. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʙʦʪʳ ʷʚʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 

1:100 000 ʪʝʨʨʠʪʦʨʠʠ 30-ʢʤ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʩʪʨʦʷʱʝʡʩʷ ʆʩʪʨʦʚʝʮʢʦʡ ɸʕʉ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ Nï35ï41 (ʉʚʠʨʴ). ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ɸʕʉ ʨʘʩʧʦʣʦʞʝʥʳ 

ʅʘʨʦʯʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢʘ (ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ), ʜʚʘ ʣʘʥʜʰʘʬʪʥʳʭ 

ʟʘʢʘʟʥʠʢʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʟʥʘʯʝʥʠʷ (çʉʦʨʦʯʘʥʩʢʠʝ ʦʟʝʨʘè, çɻʦʣʫʙʳʝ ʦʟʝʨʘè, ʚʭʦʜʷʱʠʡ ʚ 

ʩʦʩʪʘʚ ʅʘʨʦʯʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ), ʦʜʠʥ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʟʘʢʘʟʥʠʢ çʐʚʘʢʰʪʳè. 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ, ʣʝʜʥʠʢʦʚʳʤʠ, ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ, 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʦʟʸʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʙʦʣʦʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ.  

ʈʘʡʦʥ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʧʨʦʚʠʥʮʠʠ ï ʇʦʦʟʝʨʩʢʦʡ ʦʟʝʨʥʦ-

ʣʝʜʥʠʢʦʚʳʭ, ʤʦʨʝʥʥʦ- ʠ ʭʦʣʤʠʩʪʦ-ʤʦʨʝʥʥʦ-ʦʟʝʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʦʜʥʦʛʦ ʉʚʝʥʮʷʥʩʢʦ-

ʅʘʨʦʯʘʥʩʢʦʢʦ ʭʦʣʤʠʩʪʦ-ʤʦʨʝʥʥʦ-ʦʟʝʨʥʦʛʦ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʘ. ʇʦ 

ʩʚʦʝʤʫ ʚʳʩʦʪʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʣʘʥʜʰʘʬʪʳ ʨʝʛʠʦʥʘ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʩʝʤ ʪʨʝʤ ʠʤʝʶʱʠʤʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʛʨʫʧʧʘʤ ʣʘʥʜʰʘʬʪʦʚ ï ʚʦʟʚʳʰʝʥʥʳʤ, ʩʨʝʜʥʝʚʳʩʦʪʥʳʤ ʠ ʥʠʟʤʝʥʥʳʤ. 

ɺʦʟʚʳʰʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʟʘʥʠʤʘʶʪ ʝʛʦ ʦʢʨʘʠʥʥʳʝ ʯʘʩʪʠ ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʠ ʶʛʦ-

ʟʘʧʘʜʥʫʶ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʢ ʮʝʥʪʨʫ ʦʥʠ ʩʤʝʥʷʶʪʩʷ ʩʨʝʜʥʝʚʳʩʦʪʥʳʤʠ ʠ ʥʠʟʤʝʥʥʳʤʠ. 

ɺʳʩʦʪʘ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 170 ʜʦ 230 ʤ ʠ ʚʳʰʝ. ʅʠʟʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʚ ʧʨʝʜʝʣʘʭ 130-170 ʤ. 

ʆʧʨʦʙʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʢʨʦʚʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʇʨʦʚʝʜʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ 330 ʧʨʦʙʘʤ ʧʦʨʦʜ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʀʟ 

ʥʠʭ ʚ 130 ʧʨʦʙʘʭ ʩʧʝʢʪʨʘʣʴʥʳʤ ʵʤʠʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʜʝʣʘʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʚ 230 ʧʨʦʙʘʭ ʨʝʥʪʛʝʥʦ-ʬʣʶʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥ ʤʘʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ʦʪʣʦʞʝʥʠʡ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʪʘ ʢʘʨʪ ʧʨʦʚʝʜʝʥ rʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟ:r 

ʟʦʣʴʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʨʅ ʩʨʝʜʳ, ʉ ʦʨʛ., ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʯʚ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ: 

ʤʘʢʨʦʵʣʝʤʝʥʪʳ ï ʂ2ʆ, ʈ2ʆ5 ʠ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ Mn, Cu, Zn, Co, Mo, B.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ [1, 2] ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʩʦʟʜʘʥ r ʢʦʤʧʣʝʢʪʳ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʢʘʨʪ 

ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʣʠʩʪʫ ˉ Nï35ï41 (ʉʚʠʨʴ): ʢʘʨʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ; ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʢʨʦʚʥʳʭ 

ʦʪʣʦʞʝʥʠʡ; ʣʘʥʜʰʘʬʪʥʘʷ ʢʘʨʪʘ; ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʦʥʦɻʣʝʤʝʥʪʥʳʝ ʢʘʨʪʳ ʧʦʢʨʦʚʥʳʭ 

ʦʪʣʦʞʝʥʠʡ; ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʵʣʝʤʝʥʪʥʘʷ ʢʘʨʪʘ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ (0,10ï0,15 ʤ); 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʵʣʝʤʝʥʪʥʘʷ ʢʘʨʪʘ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ (0,40ï0,60 ʤ); ʵʢʦʣʦʛʦ-
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ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʘ; ʘʛʨʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʘ; ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʘ; 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʢʘʨʪʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ; ʜʚʝ ʢʘʨʪʳ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ ʢʘʢ ʦʩʥʦʚʳ ʧʨʦʛʥʦʟʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʢʘʨʪʳ. ɺʩʝ ʢʘʨʪʳ 

ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʳ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʟʜʘʥʥʦʡ ʥʘ ʦʮʠʬʨʦʚʘʥʥʦʡ 

ʪʦʧʦʦʩʥʦʚʝ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʘʟʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʂʘʨʪʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʣʝʛʝʥʜʘʤʠ. ʇʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤ Arc View ʠ Corel Draw. 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʩʪʘʚʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʩʣʝʜʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ: ï ʢʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ï ʧʦʩʪʨʦʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʪʨʦʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʵʣʝʤʝʥʪʥʘʷ ʠ 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʳ. 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʵʣʝʤʝʥʪʥʘʷ ʢʘʨʪʘ (ʨʠʩ.1) ʧʦʩʪʨʦʝʥʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʘʨʪʳ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʦʞʝʥʠʡ, 

ʤʦʥʦʵʣʝʤʝʥʪʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʨʘʩʯʝʪʘ ʢʣʘʨʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʎʠʬʨʦʚʦʡ 

ʪʝʤʘʪʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʫʤʤ ʢʣʘʨʢʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ. ʂʘʨʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʮʚʝʪʦʚʦʡ ʰʢʘʣʦʡ ʛʨʘʜʘʮʠʡ ʧʦ ʩʫʤʤʝ 

ʢʣʘʨʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʢʣʘʨʢʘʤʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜ ɹʝʣʘʨʫʩʠ [3] ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ, ʮʠʨʢʦʥʠʷ, ʥʠʦʙʠʷ, ʙʘʨʠʷ, ʙʦʨʘ ʧʨʝʚʳʰʘʶʪ ʢʣʘʨʢ ʧʦ ɹʝʣʘʨʫʩʠ ʚ 1,6-

3,2 ʨʘʟʘ. ʆʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʢʣʘʨʢʘ ʫ Cr ï ʚ 4,4 ʨʘʟʘ. ɺ ʧʨʝʜʝʣʘʭ ʢʣʘʨʢʘ 

ʩʦʜʝʨʞʘʥʠʝ Pb, V, Mn. ʅʠʞʝ ʢʣʘʨʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ Co, Ti, Zn, Be, Y, Yb. ʇʦ ʤʘʢʨʦʵʣʝʤʝʥʪʥʦʤʫ 

ʩʦʩʪʘʚʫ ʚʳʰʝ ʢʣʘʨʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫ Na (ʚ 1,3 ʨʘʟʘ), ʚ ʧʨʝʜʝʣʘʭ ʢʣʘʨʢʘ ʩʦʜʝʨʞʘʥʠʝ SiO2, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʪʘʣʴʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʥʠʞʝ ʢʣʘʨʢʘ (ʫ MgO ʠ Fe2O4 ï 0,74, ʫ Al2O3 ï 0,58, ʫ 

CaO ʠ K2O ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,32 ʠ 0,25). 

ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ ʥʠʞʝ ʢʣʘʨʢʦʚʳʭ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ Ni, Cr, Zr ʠ Cu ï ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ 

ʢʣʘʨʢʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜ ʚ 1,4-6,1 ʨʘʟʘ. 

ʅʘ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʘʢʞʝ ʦʧʨʦʙʦʚʘʣʠʩʴ ʝʩʪʝʩʪʚʝʥʥʘʷ (ʤʦʭ, ʨʘʟʥʦʪʨʘʚʴʝ, 

ʦʩʦʢʘ) ʠ ʢʫʣʴʪʫʨʥʘʷ (ʤʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʣʘʢʦʚʳʤʠ ʚʠʜʘʤʠ) 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ɺ ʧʨʦʙʘʭ ʤʭʘ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb, Ni ʠ Co. ɺ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ Cu ʠ B. ʐʠʨʝ ʚʩʝʛʦ ʩʧʝʢʪʨ ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ ʫ ʨʘʟʥʦʪʨʘʚʴʷ: Cr, V, Mn, Ti, Zr, Sr, Ba, Nb, Be, Y, Yb. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʪʨʘʞʝʥʦ ʥʘ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʢʘʨʪʝ (ʨʠʩ. 

2). ʆʥʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʢʘʨʪʳ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʢʘʨʪʳ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʧʦʢʨʦʚʥʳʭ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʨʘʩʯʝʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ Zc, ʘ 

ʪʘʢʞʝ ʩʙʦʨʘ, ʧʝʨʝʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʷʟʥʝʥʠʷ Zc ï ʢʦʵʬʬʠʮʠʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʦʙʱʠʡ ʚʢʣʘʜ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚ ʠʣʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʆʥ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ:  

Zc = ×ʂʩ ï (nï1), ʛʜʝ ʂʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ; n ï ʯʠʩʣʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʂʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ ʂʩ=ʉʭ/ʉf, ʛʜʝ ʉX, ʉf ï ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚʚ ʧʦʯʚʘʭ ʧʨʠʨʠʨʦʜʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʜʣʷ ʜʘʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, n ï ʯʠʩʣʦ 

ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʤʝʪʘʣʣʦʚ ʩ ʂʩ >1. 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʘ ʚʟʷʪʳ ʫʩʣʦʚʥʦ-ʯʠʩʪʳʝ ʧʨʠʨʦʜʥʳʝ ʤʝʩʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ. ʎʠʬʨʦʚʦʡ ʪʝʤʘʪʠʯʝʩʢʠʡ ʩʣʦʡ ʥʘ ʢʘʨʪʝ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ Zc.  



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ʈʠʩʫʥʦʢ 1. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʵʣʝʤʝʥʪʥʘʷ ʢʘʨʪʘ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ (0,10-0,15 ʤ) 

ʣʠʩʪʘ Nï35ï41 (ʉʚʠʨʴ) 
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ʈʠʩʫʥʦʢ 2. ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʘ ʣʠʩʪʘ Nï35ï41 (ʉʚʠʨʴ) 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʕʪʦ ʪʝʨʨʠʪʦʨʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʅʘʨʦʯʘʥʩʢʠʡ, ʟʘʢʘʟʥʠʢʦʚ ï 

ʉʦʨʦʯʘʥʩʢʠʝ ʦʟʝʨʘ, ɻʦʣʫʙʳʝ ʦʟʝʨʘ, ʐʚʘʢʰʪʳ ʠ ʚʦʜʦʩʙʦʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʘʚʦʙʝʨʝʞʴʷ 

ʨ. ɺʠʣʠʠ, ʟʘʥʷʪʳʝ ʧʨʠʨʦʜʥʳʤʠ ʥʝʥʘʨʫʰʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʚʦʙʝʨʝʞʴʷ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ʨ. ɺʠʣʠʠ (ʆʩʪʨʦʚʝʮʢʠʡ ʨʘʡʦʥ) ʚ ʧʨʝʜʝʣʘʭ ʭʦʣʤʠʩʪʦ-ʛʨʷʜʦʚʦʡ ʤʦʨʝʥʥʦʡ ʨʘʚʥʠʥʳ ʠ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʉʤʦʨʛʦʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ Nï35ï41 (ʚʦʣʥʠʩʪʘʷ ʤʦʨʝʥʥʦ-

ʟʘʥʜʨʦʚʘʷ ʨʘʚʥʠʥʘ) ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʥʠʡ. ʉʨʝʜʠ ʪʝʨʨʠʪʦʨʠʡ ʩʨʝʜʥʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʪʤʝʯʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ, ʟʘʥʷʪʳʝ ʧʘʰʥʝʡ, ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ.  

ʉʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʟʘʧʦʚʝʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ 

ʫʯʘʩʪʢʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʷʞʝʥʥʦʝ. 

ʕʪʦ ʨʘʩʧʘʭʘʥʥʳʝ ʫʯʘʩʪʢʠ ʚ ʧʨʝʜʝʣʘʭ ʟʘʧʦʚʝʜʥʠʢʘ ʉʦʨʦʯʘʥʩʢʠʝ ʦʟʝʨʘ (ʚ ʨʘʡʦʥʝ ʜʜ. ɹʫʡʢʠ, 

ɹʝʣʘʷ ɺʦʜʘ, ɾʫʢʦʡʥʠ, ɹʦʣʴʰʦʝ ʊʫʨʦʚʴʝ) ʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʅʘʨʦʯʘʥʩʢʠʡ ʚ ʨʘʡʦʥʝ 

ʜ. ʂʦʤʘʨʦʚʦ. ʅʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʨʦʙʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ (Zc < 8,0). ʊʦʣʴʢʦ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʥʠʡ ʠ ʚʳʩʦʢʠʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʥʘʧʨʷʞʝʥʥʦʤʫ (Zc 8-16). ʋʯʘʩʪʢʦʚ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤʠ Zc 16-32 ʠ ʚʳʰʝ ʥʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʇʦ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷ, ʦʪʨʘʞʝʥʥʘʷ ʥʘ ʣʠʩʪʝ N-35-41, ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʩʣʘʙʦʟʘʛʨʷʟʥʝʥʥʘʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʩʝ ʘʥʦʤʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʣʘʨʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʨʨʠʪʦʨʠʷʤ ʩ ʤʦʨʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʇʦʯʚr ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ, ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ï ʤʦʨʝʥʥʳʝ 

ʩʫʛʣʠʥʢʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ. ʕʪʦ ʤʦʣʦʜʳʝ ʧʦʟʝʨʩʢʠʝ ʤʦʨʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. ɺʪʦʨʳʤ ʬʘʢʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʮʝʥʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚ ʧʨʝʜʝʣʘʭ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʣʘʥʜʰʘʬʪʦʚ ʫʩʪʦʡʯʠʚʳʭ ʢ ʭʠʤʠʯʝʩʢʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʫʯʘʩʪʢʦʚ ʧʦ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦʤʫ ʣʘʥʜʰʘʬʪʫ 

ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʭʦʣʤʠʩʪʦʡ ʤʦʨʝʥʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʩʫʧʝʨʘʢʚʘʣʴʥʦʤʫ ʣʘʥʜʰʘʬʪʫ 

ʭʦʣʤʠʩʪʦ-ʛʨʷʜʦʚʦʡ ʤʦʨʝʥʥʦʡ ʨʘʚʥʠʥʳ, ʷʚʣʷʶʱʠʭʩʷ ʩʨʝʜʥʝʫʩʪʦʡʯʠʚʳʤʠ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭD ʠ ŭ
18
ʆ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʀʂïʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʛ. ɹʘʨʥʘʫʣʝ ʟʘ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ 2013 ʧʦ ʦʢʪʷʙʨʴ 2014 

ʛʦʜʦʚ 

Abstract. The isotope composition analysis of ŭD and ŭ
18

O in precipitation of Barnaul city (November 2013-

October 2014) was performed with IR laser absorption spectroscopy on Picarro L2130-i equipped with WS-CRDS 

system.  

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʦʜʳ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʩʪʘʚʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ (
18
ʆ) ʠ ʚʦʜʦʨʦʜʘ (

2
ʅ) ʚ ʚʦʜʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʢʨʫʛʦʚʦʨʦʪʝ 

ʚʦʜʳ ʥʘʯʘʣʠʩʴ c 1950 ʛʦʜʦʚ [1,2,3] .  

ɺ ʩʝʨʝʜʠʥʝ 1980-ʭ ʛʦʜʦʚ OôKeefe ʠ Deacon [4] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

Wavelength Scanned Ring Down Spectroscopy, ʩʦʢʨʘʱʝʥʥʦ WS-CRDS (ʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʥʝʘʢʩʠʘʣʴʥʳʭ ʢʶʚʝʪʘʭ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ ʜʣʠʥʘʤ 

ʚʦʣʥ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʣʫʯʠʣʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʦ ʙʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [5]. ɸʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Picarro 

(www.picarro.com) ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʦʣʦʛʠʶ WS-CRDS ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʜʣʠʥ ʚʦʣʥ ʚ ʘʥʘʣʠʟʘʪʦʨʘʭ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠ ʛʘʟʦʚ 

Picarro L2130-i ʠ Picarro L2140-i. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʷʪ ɹ

çʰʫʤʦʚʳʝè ʩʧʝʢʪʨʘʣʴʥʳʝ ʥʘʣʦʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʀʂ-ʤʝʪʦʜʦʚ ʠ 

ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʦʚ 

ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ [6].  

ɺ ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʀɺʕʇ ʉʆ ʈɸʅ ʩ 2013 ʛʦʜʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʧʨʠʙʦʨʝ Picarro L2130-i ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʘ VSMOW2 (Vienna Standard Mean Ocean Water 2). ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʦʪʙʠʨʘʣʠ 

ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ ʀɺʕʇ ʉʆ ʈɸʅ ï ʜʦʞʜʴ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʢʦʥʠʯʝʩʢʠʝ ʢʦʥʪʝʡʥʝʨʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʭ ʚʳʧʘʜʝʥʠʷ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʙ. ʇʦʩʣʝ ʦʪʙʦʨʘ ʧʨʦʙʳ ʜʦʞʜʝʚʳʝ ʦʩʘʜʢʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ 0,45 ʤʢʤ ʠ ʧʦʤʝʱʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʛʝʨʤʝʪʠʯʥʳʝ ʢʦʥʪʝʡʥʝʨʳ. ʇʨʦʙʳ 

ʪʚʝʨʜʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʩʥʝʛ) ʩʦʙʠʨʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʢʦʨʦʙʢʠ, ʥʘ ʤʝʩʪʝ ʦʪʙʦʨʘ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʛʝʨʤʝʪʠʯʥʳʝ ʧʘʢʝʪʳ, ʘ ʟʘʪʝʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʩʧʣʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʛʝʨʤʝʪʠʯʥʳʝ 

ʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʂʘʞʜrʡ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠʟʤʝʨʷʣʠ 3 ï 5 ʨʘʟ, ʯʝʨʝʟ ʢʘʞʜʳʝ ʜʝʩʷʪʴ ʠʟʤʝʨʝʥʠʡ 

ʚʳʧʦʣʥʷʣʠ ʠʟʤʝʨʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ŭD ʠ ŭ
18
ʆ (1ů, n = 5) 

ʩʦʩʪʘʚʣʷʝʪ Ñ0.4 ă ʠ Ñ0.1 ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ 2013 ʛʦʜʘ ʧʦ ʦʢʪʷʙʨʴ 2014 ʛʦʜʘ ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 64 ʧʨʦʙʳ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ɺ ʪʝʯʝʥʠʝ ʭʦʣʦʜʥʦʛʦ ʩʝʟʦʥʘ (ʩ ʥʦʷʙʨʷ ʧʦ ʥʘʯʘʣʦ ʤʘʨʪʘ) ʙʳʣʠ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʩʥʝʛʘ, ʦʙʱʠʡ ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣ 31,6 ʤʤ. ɺ ʪʝʯʝʥʠʝ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ 

(ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ) ʚʳʧʘʣʦ 285,2 ʤʤ ʦʩʘʜʢʦʚ (42 ʧʨʦʙʳ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ŭ
18
ʆ ʩʦʩʪʘʚʣʷʣʦ ʦʪ -34,7 ă ʜʦ -16,5 ă ʠ ŭD ʦʪ-270,7 ă ʜʦ -

126,6 ă, ʧʨʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ (ʥʦʨʤʠʨʦʚʘʥʥʳʭ) ʟʥʘʯʝʥʠʷʭ -21,5 ă ʜʣʷ ŭ
18
ʆ ʠ -163,9 ă 

ʜʣʷ ŭD. ɺ ʪʝʯʝʥʠʝ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʟʥʘʯʝʥʠʷ ŭ
18
ʆ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʠʟʤʝʥʷʣʠʩʴ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ -17,5 ʜʦ -2,7 ă, ʘ ŭD ʦʪ -128,5 ʜʦ -35,4 ă. ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ (ʥʦʨʤʠʨʦʚʘʥʥʳʝ) ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ -12,2 ă ʜʣʷ ŭ
18
ʆ ʠ -89,4 ă ʜʣʷ 

ŭD. ʇʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ (ʥʦʨʤʠʨʦʚʘʥʥʳʝ) ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʙʦʠʭ ʩʝʟʦʥʦʚ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʙʣʠʟʣʝʞʘʱʝʡ ʪʝʨʨʠʪʦʨʠʠ - ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢʘ ʧʦ ʜʘʥʥʳʤ ʩʝʪʠ GNIP [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭD ʠ ŭ
18
ʆ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʛ. ɹʘʨʥʘʫʣʘ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ 

ʧʨʠʙʦʨʝ Picarro L2130-i ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʭʦʨʦʰʫʶ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʥʘʰʠʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʪʘʥʮʠʠ GNIP, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʝ.  
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STUDYING ASH-SLIME WASTE COMPOSITION OF AKSU 

FERROALLOY PLANT FOR UTILIZATION PURPOSES AND 

CATALYSTS PRODUCTION  
ʇʘʚʣʦʜʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. E-mail: ruslanbox@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʝʜʝʥ ʦʪʙʦʨ ʧʨʦʙ ʩ ʪʝʨʨʠʪʦʨʠʠ ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ 

ʬʝʨʦʩʧʣʘʚʦʚ (ɸɿʌ). ɺʳʧʦʣʥʝʥ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ʇʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʢʘʨʪʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ɸɿʌ ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʪʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

Abstract.  Sampling of wastes from the territory of the ash-slime store of Aksu ferroalloy plant (AFP, Aksu, 

Kazakhstan) was done. The element analysis by method of X-ray spectroscopy was made. The results of the analysis 

were presented. Electronic maps of concentrative distribution of elements on the territory of AFP ash-slime store 

were constructed using a method of neural network. The paper gives the results of using such wastes for catalyst 

production in petrochemical processes. 

ʅʘʨʘʱʠʚʘʥʠʝ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 

ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʝʛʠʦʥʘʭ. ɺ ʂʘʟʘʭʩʪʘʥʝ 

ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʷʜʢʘ 700 ʤʣʥ. ʪʦʥʥ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠʟ ʥʠʭ ʪʦʢʩʠʯʥʳʭ ï 

ʦʢʦʣʦ 250 ʤʣʥ. ʪʦʥʥ. ʅʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʠʤʝʶʪ ʦʪʭʦʜʳ ʛʦʨʥʦʨʫʜʥʳʭ ʠ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ (29,4%), ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ (25,7%), 

ʂʦʩʪʘʥʘʡʩʢʦʡ (17,0%) ʠ ʇʘʚʣʦʜʘʨʩʢʦʡ (14,6%) ʦʙʣʘʩʪʝʡ [1]. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ɺʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʦ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʦʙʱʝʩʪʚʘ.  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʭʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʝʚʦʛʦ ʨʝʩʫʨʩʘ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʝʨʞʘʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝ ʠʟʚʣʝʢʘʝʤʳʭ ʚ ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʥʝʨʝʜʢʦ ʚ ʟʦʣʦʰʣʘʤʦʚʳʭ ʦʪʚʘʣʘʭ ʩʦʜʝʨʞʘʪʩʷ ʟʘʧʘʩʳ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʨʘʚʥʳʝ ʮʝʣʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ.  

ɺ ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚʭʦʜʷʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ ʞʝʣʝʟʦ, ʬʪʦʨ, 

ʩʪʨʦʥʮʠʡ, ʤʘʛʥʠʡ, ʘʣʶʤʠʥʠʡ, ʮʠʥʢ, ʤʝʜʴ, ʭʨʦʤ, ʤʦʣʠʙʜʝʥ, ʤʘʨʛʘʥʝʮ, ʩʚʠʥʝʮ, ʪʠʪʘʥ, ʫʨʘʥ, 

ʨʘʜʠʡ, ʪʦʨʠʡ. ʊʘʢ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ (ɸɿʌ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʠʭ ʜʦʙʳʯʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʭʠʤʠʠ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ [2-4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʙʳʣʴʶ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʩʘʤ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʩ ʧʦʤʦʱʴʶ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

206 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʬʨʘʢʮʠʡ, ʣʠʙʦ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ɺʳʰʝʠʟʣʦʞʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺʥʝʜʨʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ 

ʨʝʛʠʦʥʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʟʘʤʢʥʫʪʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʇʦʩʣʝʜʥʝʝ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ 

ʇʘʚʣʦʜʘʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ ʢʨʫʧʥʳʤ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ʈʝʩʧʫʙʣʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ɸɿʌ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʵʬʬʝʢʪʘ 

ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʦʣʦʰʣʘʤʦʚʦʡ ʤʘʩʩʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʄʝʪʦʜʠʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʦʪʭʦʜʦʚ ʩ ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ 

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪʚʘʣʦʚ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸɿʌ. ʆʪʙʦʨ 

ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ çɻʆʉʊ 17.4.4.02-84. ʇʦʯʚʳ. ʄʝʪʦʜʳ ʦʪʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ 

ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘè, çɻʆʉʊ 17.4.3.01-83. 

ʇʦʯʚʳ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙè, çɻʆʉʊ 5180-84. ɻʨʫʥʪʳ. ʄʝʪʦʜʳ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢè. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙ ʦʪʭʦʜʦʚ ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ʘʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ 

ʬʝʨʨʦʩʧʣʘʚʦʚ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʨʦʙ ʦʪʭʦʜʦʚ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Japan 

Computer Xray analyser JCXA 733. ʉʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʘʣʠ ʪʨʝʭʢʨʘʪʥʦ. ɿʘ ʦʩʥʦʚʥʦʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʙʨʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ.  

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʇʦʣʫʯʝʥʥʫʶ ʟʦʣʦʰʣʘʤʦʚʫʶ ʤʘʩʩʫ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ 

ʦʪʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɿʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʢʘʰʠʮʝʦʙʨʘʟʥʦʡ ʤʘʩʩʳ. ʃʘʙʦʨʘʪʦʨʥʳʤ ʵʢʩʪʨʫʜʝʨʦʤ ʬʦʨʤʦʚʘʣʠ ʤʘʩʩʫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʛʨʘʥʫʣ ʜʠʘʤʝʪʨʦʤ 3-4 ʤʤ ʠ ʜʣʠʥʦʡ 10-15 ʤʤ (ʨʠʩʫʥʦʢ 1). 

ʇʦʩʣʝ ʵʪʦʛʦ ʛʨʘʥʫʣʳ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 100 ï 150 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʲʝʤʘ 

ʪʝʤʧʝʨʘʪʫʨʳ 25-30 Áʉ ʚ ʯʘʩ, ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, 

ʧʨʠ 300 Áʉ ï 1 ʯʘʩ, ʧʨʠ 400 Áʉ ï 1 ʯʘʩ, ʧʨʠ 500 Áʉ ï 5 ʯʘʩʦʚ. ʇʨʦʢʘʣʠʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʪʭʦʜʦʚ ʨʝʟʠʥʳ 

ʌʦʨʤʦʚʘʥʥʳʡ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠʩʧʳʪʳʚʘʣʠ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʪʭʦʜʦʚ ʨʝʟʠʥʳ (ʠʟʥʦʰʝʥʥʳʝ ʘʚʪʦʧʦʢʨʳʰʢʠ) ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʪʝʤʧʝʨʘʪʫʨʘ (350 - 400 Áʉ), ʜʘʚʣʝʥʠʝ (ʈAr = 5ʄʇʘ).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: 

ʥʘʚʝʩʢʫ 15 ʛ. ʤʝʣʢʦʠʟʤʝʣʴʯʝʥʥʦʡ ʨʝʟʠʥʳ (0,4 ï 0,6 ʤʤ) ʩʤʝʰʠʚʘʣʠ ʩ 15 ʛ. ʤʘʟʫʪʘ (ʬʨʘʢʮʠʷ 

650 Áʉ), ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʶ ʧʘʩʪʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʠ 0,67 ʛ. ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 Áʉ ʠ ʜʘʚʣʝʥʠʠ ʘʨʛʦʥʘ 5 ʄʇʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʯʘʩʘ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ [5]. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çʂʨʠʩʪʘʣʣ 2000ʄè ʩ ʧʣʘʤʝʥʥʦ ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ 

ʧʨʦʛʨʘʤʤʝ çNetChrom 2.0è. ɻʘʟ ʥʦʩʠʪʝʣʴ ï ʘʨʛʦʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʆʪʙʦʨ ʧʨʦʙ ʟʦʣʦʰʣʘʤʦʚʦʡ ʤʘʩʩʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ɸɿʌ 
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ɿʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʴ ɸɿʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʟʝʨʦ, ʚ ʢʦʪʦʨʦʤ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ. ʊʦʯʝʯʥʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʥʘ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʢʝ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ 

ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʧʨʦʙʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʯʘʩʪʴ ʧʦʯʚʳ, ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʯʚʳ. ʊʦʯʝʯʥʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʛʦʨʠʟʦʥʪʘʤ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 200 ʛ ʢʘʞʜʘʷ. ʂʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʯʥʳʭ ʧʨʦʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ 17.4.3.01-83 ʠ ʩʦʩʪʘʚʣʷʝʪ 80 ʦʙʨʘʟʮʦʚ ʦʪʭʦʜʦʚ. ɼʣʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʜʠʥʝʥʥʫʶ ʧʨʦʙʫ ʩʦʩʪʘʚʣʷʣʠ ʠʟ ʧʷʪʠ ʪʦʯʝʯʥʳʭ ʧʨʦʙ, ʚʟʷʪʳʭ ʩ 

ʦʜʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʢʠ. ʄʘʩʩʘ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʨʦʙʳ ī ʥʝ ʤʝʥʝʝ 1 ʢʛ. ɺʩʝʛʦ ʧʦʣʫʯʝʥʦ 16 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʨʦʙ. 

ʉʦʩʪʘʚ ʦʪʭʦʜʦʚ ɸɿʌ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʨʦʙ ʦʪʭʦʜʦʚ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʢʘʟʘʣ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ (ʚʝʩ. %) ʢʠʩʣʦʨʦʜʘ ï 46,18, ʥʘʪʨʠʷ ï 0,54, ʤʘʛʥʠʷ ï 5,01, ʘʣʶʤʠʥʠʷ ï 1,23, 

ʢʨʝʤʥʠʷ ï 34,16, ʩʝʨʳ ï 0,40, ʭʣʦʨʘ ï 0,26, ʢʘʣʠʷ ï 1,41, ʢʘʣʴʮʠʷ ï 4,44, ʪʠʪʘʥʘ ï 0,01, ʭʨʦʤʘ 

ï 1,73, ʤʘʨʛʘʥʮʘ ï 2,18, ʞʝʣʝʟʘ ï 1,01, ʮʠʥʢʘ ï 1,38, ʦʣʦʚʘ ï 0,06. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʙ 

ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ.  

ʇʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʨʝʟʠʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠʟʥʦʰʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ 

ʷʚʣʷʶʪʩʷ ʛʘʟʳ (ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʦʞʠʛʘʥʠʷ), ʞʠʜʢʠʝ ʧʨʦʜʫʢʪʳ (ʪʦʧʣʠʚʦ, ʜʦʙʘʚʢʠ ʢ 

ʪʦʧʣʠʚʫ, ʤʘʩʣʘ), ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦ ʤʝʪʦʜʠʢʝ ʦʧʠʩʘʥʥʦʡ 

ʚʳʰʝ, ʚʳʭʦʜ ʞʠʜʢʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦ ʚʟʚʝʰʝʥʥʦʡ ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʩʦʩʪʘʚʠʣ 19,97 ʛ., ʘ ʚʳʭʦʜ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʳ ï 10 ʛ. ʇʦʣʫʯʝʥʥʫʶ ʞʠʜʢʫʶ ʬʨʘʢʮʠʶ ʧʦʜʚʝʨʛʘʣʠ ʧʝʨʝʛʦʥʢʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʨʘʢʮʠʠ: ʙʝʥʟʠʥʦʚʘʷ (0-180 Áʉ) ï 4,92 ʛ.; ʢʝʨʦʩʠʥʦʚʘʷ 

(180-250 Áʉ) ï 3,67 ʛ.; ʜʠʟʝʣʴʥʘʷ (280-320 Áʉ) ï 4,37 ʛ.; ʦʩʪʘʪʦʢ ï 7,01 ʛ. 

ʇʦ ʜʘʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 5) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʪʭʦʜʦʚ ʨʝʟʠʥʳ ʥʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʛʨʫʧʧʳ ʧʘʨʘʬʠʥʦʚ, ʠʟʦʧʘʨʘʬʠʥʦʚ, ʥʘʬʪʝʥʦʚʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʛʨʫʧʧ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ: ʧʘʨʘʬʠʥʳ (3,374 %), ʠʟʦʧʘʨʘʬʠʥʳ (33,280 %), ʘʨʦʤʘʪʠʢʘ (8,870 %), ʥʘʬʪʝʥʳ 

(3,394 %). 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʪʭʦʜʦʚ 

ʨʝʟʠʥʳ. ɾʠʜʢʫʶ ʬʨʘʢʮʠʶ ʧʨʦʜʫʢʪʘ ʧʦʜʚʝʨʛʘʣʠ ʧʝʨʝʛʦʥʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʬʨʘʢʮʠʠ: 0-180 Áʉ ï 4,92 ʛ.; 180-250 Áʉ ï 3,67 ʛ.; 280-320 Áʉ ï 4,37 ʛ.; ʦʩʪʘʪʦʢ ï 

7,01 ʛ. ʇʦ ʜʘʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 25) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʪʭʦʜʦʚ ʨʝʟʠʥʳ ʥʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʛʨʫʧʧʳ ʧʘʨʘʬʠʥʦʚ, ʠʟʦʧʘʨʘʬʠʥʦʚ, ʥʘʬʪʝʥʦʚʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʛʨʫʧʧ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ: ʧʘʨʘʬʠʥʳ (3,374 %), ʠʟʦʧʘʨʘʬʠʥʳ (33,280 %), ʘʨʦʤʘʪʠʢʘ (8,870 %), ʥʘʬʪʝʥʳ 

(3,394 %). 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʥʘ ʚʳʭʦʜ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ. ɺʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʚʝʨʩʠʶ ʦʪʭʦʜʦʚ ʨʝʟʠʥʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 400 
Á
ʉ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʢʨʝʢʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʧʦʣʫʯʝʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʅʘʚʝʩʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,67 ʛ. ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʚʳʭʦʜʘ ʞʠʜʢʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʙʝʥʟʠʥʦʚʘʷ 

ʬʨʘʢʮʠʷ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʟʠʥʳ ʠ ʧʘʩʪʦʦʙʨʘʟʦʚʘʪʝʣʷ (ʤʘʟʫʪʘ) 1:3 ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʤʝʪʦʜʫ ʩʦʩʪʘʚʠʣʦ 77 ʧʫʥʢʪʦʚ. 

 

 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʳʝ ʦʪʭʦʜʳ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʝʰʝʚʦʝ ʠ ʜʦʩʪʫʧʥʦʝ ʩʳʨʴʝ. ɿʘ 

ʩʯʝʪ ʵʪʦʛʦ ʩʳʨʴʷ ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʛʣʘʚʥʦʡ ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ. ʆʪʭʦʜʳ, ʢʘʢ ʠ 

ʚʩʝ ʧʨʦʜʫʢʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʣʴʟʫʶʪʩʷ ʩʧʨʦʩʦʤ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʞʠʜʢʠʝ ï ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʛʘʟ ï ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ, ʜʦʞʠʛʘʥʠʷ ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ, ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ï ʢʘʢ ʜʦʙʘʚʢʘ ʢ ʜʦʨʦʞʥʳʤ ʙʠʪʫʤʘʤ ʣʠʙʦ 

ʩʦʨʙʝʥʪ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪ ɹ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘʢʪʠʚʥʦʛʦ ʚ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ɸʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʩʧʝʰʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʦʪʭʦʜʦʚ ʨʝʟʠʥʳ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ. 
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STUDY OF COMPOSITION OF CATALYST OBTAINED AS A RESULT 

OF AKSU FERROALLOY PLANT WASTES UTILIZATION 
ʇʘʚʣʦʜʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. E-mail: ruslanbox@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ɿʦʣʦʰʣʘʤʦʚʳʝ ʦʪʭʦʜʳ ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ: ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

Abstract. Ash-slime wastes of the Aksu ferroalloy plant (AFP, Aksu, Kazakhstan) were used for obtaining of 

a catalyst for petrochemical processes. The results of analysis made with the application of methods of X-Ray 

analysis, electron microscopy and Auger spectroscopy are presented. The results of chemical processes using the 

obtained catalyst are presented as well. 

ʇʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʈʂ ʚ ʂʘʟʘʭʩʪʘʥʝ ʝʞʝʛʦʜʥʦ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʷʜʢʘ 700 ʤʣʥ. ʪʦʥʥ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʂʘʢ ʩʦʦʙʱʘʝʪ ʄʆʆʉ, "ʚ ʩʪʨʘʥʝ 

ʥʘʢʦʧʣʝʥʦ ʙʦʣʝʝ 22 ʤʣʨʜ. ʪʦʥʥ ʦʪʭʦʜʦʚ, ʠʟ ʥʠʭ ʙʦʣʝʝ 16 ʤʣʨʜ ʪʦʥʥ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʦʢʦʣʦ 6 ʤʣʨʜ ʪʦʥʥ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ.".  

ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʘʢʪʫʘʣʴʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, ʥʦ ʠ ʜʣʷ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʩʪʨʘʥ ʩ ʨʘʟʚʠʪʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʩʬʝʨʦʡ 

[1]. ʆʪʭʦʜʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ ʩʚʦʝʛʦ 

ʩʦʩʪʘʚʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ ʟʦʣ ʠ ʰʣʘʤʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʭʦʜʠʪ ʨʷʜ ʮʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʨʦʤ, 

ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʚʘʥʘʜʠʡ, ʪʠʪʘʥ ʠ ʪ.ʜ. ʉʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʭʦʜʘʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʜʦʩʪʠʛʘʝʪ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʦʪʚʘʣʳ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʜʦʙʳʯʠ ʵʪʠʭ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ [2]. 

ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʟʘʤʢʥʫʪʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

[3,4]. ɿʘʤʢʥʫʪʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʦʩʥʦʚʥʦʤ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [5,6]. 

ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʪʘʢʦʛʦ ʨʦʜʘ ʦʪʭʦʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ. ɻʦʨʘʟʜʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʪʘʢʦʛʦ ʪʠʧʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʆʞʝ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-6610 (Japan) ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Japan Computer Xray analyser JCXA 733.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʇʦʣʫʯʝʥʥʫʶ ʟʦʣʦʰʣʘʤʦʚʫʶ ʤʘʩʩʫ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ 

ʦʪʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɿʘʪʝʤ, ʩʤʝʰʠʚʘʣʠ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʣʠʥʦʡ ï 

ʢʘʣʴʮʠʪ (1/8 ʯʘʩʪʴ) ʠ ʩʠʣʠʢʘʪʦʤ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʃʘʙʦʨʘʪʦʨʥʳʤ 

ʵʢʩʪʨʫʜʝʨʦʤ ʬʦʨʤʦʚʘʣʠ ʤʘʩʩʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʛʨʘʥʫʣ ʜʠʘʤʝʪʨʦʤ 1,5-2 ʤʤ 

ʠ ʜʣʠʥʦʡ 10-15 ʤʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʛʨʘʥʫʣʳ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 100 ï 150 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʲʝʤʘ ʪʝʤʧʝʨʘʪʫʨʳ 25-30 Áʉ ʚ ʯʘʩ, ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 



ʉʝʢʮʠʷ 6. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 
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200 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʧʨʠ 300 Áʉ ï 1 ʯʘʩ, ʧʨʠ 400 Áʉ ï 1 ʯʘʩ, ʧʨʠ 500 Áʉ ï 5 ʯʘʩʦʚ. 

ʇʨʦʢʘʣʠʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ. 

ʄʝʪʦʜʠʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʛʘʟʦʡʣʷ 

ʂʘʪʘʣʠʟʘʪʦʨ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ɸɿʌ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʠ ï ʛʘʟʦʡʣʴ (240-350 Áʉ) ï 

ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʦʪʦʯʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʙʲʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï 75 ʤʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʦʪ 450 ʜʦ 500 Áʉ. ɼʘʚʣʝʥʠʝ ï ʘʪʤʦʩʬʝʨʥʦʝ. 

ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ ï 1,5 ʤʣ/ʤʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʜʚʘʞʜʳ. ʉʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʩʪʘʚ ʧʨʦʙ ʦʪʭʦʜʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʪʝʨʨʠʪʦʨʠʠ ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ɸʢʩʫʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ (ɸɿʌ). 

ɿʘʪʝʤ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʩʪʘʚ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙ ʦʪʭʦʜʦʚ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʧʝʢʪʨ ʢʘʞʜʦʡ ʧʨʦʙʳ ʩʥʠʤʘʣʩʷ ʪʨʝʭʢʨʘʪʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʨʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ʕʣʝʤʝʥʪʳ ʥʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ. ɼʣʷ ʚʳʨʘʞʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʩʫʤʤʠʨʦʚʘʣʠ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʡ ʧʨʦʙʝ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʚʝʩ.%: O - 46,18; Si - 34,16; Mg ï 5,01; Ca ï 4,44; Mn ï 2,18; Cr ï 1,73; K ï 

1,41; Zn ï 1,38; Al ï 1,23; Fe ï 1,01; Na ï 0,54; S ï 0,4; Cl ï 0,26; Sn ï 0,06. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Cr, Mn, Fe. ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʛʦʪʦʚʠʣʠ ʠʟ ʤʘʪʝʨʠʘʣʘ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʬʦʨʤʦʚʘʥʠʷ ʠ ʧʨʦʢʘʣʠʚʘʥʠʷ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʛʨʘʥʫʣ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʚʝʩ.%: O ï 49,67; Si ï 33,83; Mg ï 5,03; Ca ï 

1,09; Mn ï 1,47; Cr ï 1,50; K ï 1,63; Zn ï 1,31; Al  ï 1,42; Fe ï 1,01; Na ï 0,93; S ï 0,45; Cl ï 0,67. 

ɺʠʜʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʣʦʚʦ, ʢʘʣʴʮʠʡ 

ʦʙʲʷʩʥʷʶʪʩʷ ʥʝ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʟʦʣʦʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʦʪʜʝʣʴʥʦʡ 

ʛʨʘʥʫʣʝ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʣʠʙʦ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ.  

ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʳʤ. ʆʜʥʘʢʦ ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʢʨʠʩʪʘʣʣʠʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʩʢʦʧʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʥʘ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʪʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʫʜʠʪʴ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [7]. 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʆʞʝ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 1). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Cr ʠ 

Fe. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʨʛʘʥʝʮ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʦ. 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʛʨʘʥʫʣ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2 a. ʚʠʜʥʳ ʢʨʫʧʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʳʝ ʯʘʩʪʠʮʳ. ʇʨʦʢʘʣʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʯʘʩʪʠʮ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2 b). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʠʚʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʩʪʘʜʠʠ ʧʨʦʢʘʣʠʚʘʥʠʷ ʚ ʭʦʜʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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a.       b. 

   
c.       d. 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣʳ ʢʘʪʘʣʠʟʘʪʦʨʘ  

(a. ï ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ, b. ï Mn, c. ï Cr, d. ï Fe) 

   
a.       b. 

ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ (a. ï ʠʩʭʦʜʥʘʷ ʧʨʦʙʘ ʦʪʭʦʜʦʚ, 

b. ï ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ) 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ ʛʘʟʦʡʣʷ 

ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʠ ï ʛʘʟʦʡʣʴ (ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 240-350 Áʉ) ï ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʘʚʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ, ʧʨʠ 450 Áʉ ʠ 500 Áʉ. ʈʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʛʣʫʙʠʥʘ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ ï ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʳʭʦʜʫ 

ʞʠʜʢʦʬʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʨʘʙʦʪʢʘ ʟʦʣʦʰʣʘʤʘ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʡ ʧʨʦʜʫʢʪ ï 

ʢʘʪʘʣʠʟʘʪʦʨ ʢʨʝʢʠʥʛʘ ʛʘʟʦʡʣʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʫʪʠʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ɸɿʌ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʛʘʟʦʡʣʷ (P = 690 ʤʤ.ʨʪ.ʩʪ., m 

ʩʳʨʴʷ = 40 ʛ.) 

ʊ,
 Á
ʉ 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʢʨʝʢʠʥʛʘ, % ʤʘʩʩ. 
ɻʣʫʙʠʥʘ 

ʧʨʝʚʨʘʱʝʥʠʷ, 

% ʤʘʩʩ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʦ ʚʳʭʦʜʫ 

ʞʠʜʢ. 

ʧʨʦʜʫʢʪʦʚ, % 

ɻʘʟ ɹʝʥʟʠʥ 

(ʅʂ - 

200 ϲʉ) 

ʉʨʝʜʥʠʡ 

ʜʠʩʪʠʣʣʷʪ 

(200-270 ϲʉ) 

ɻʘʟʦʡʣʴ 

(270-350 ϲC) 
ʆʩʪʘʪʦʢ, 

(> 350 ϲʉ) 

500 2,00 23,99 29,48 18,28 26,25 55,47 96,39 

450 0,43 18,92 32,08 44,98 3,59 51,43 99,16 
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ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʛʣʦʱʝʥʠʷ XANES ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ 

ʙʫʨʦʛʦ ʫʛʣʷ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʘ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʯʝʤ ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʉʪʝʧʝʥʴ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʠ 

ʠʦʥʘ Cu
2+

 ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʤʦʣʝʢʫʣʝ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʫʨʦʛʦ ʫʛʣʷ ʚʳʰʝ, ʯʝʤ ʚ ʛʫʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʝ ʯʝʨʥʦʟʝʤʘ.  

Abstract. Results of modern techniques X-ray absorption spectroscopy XANES and IR-spectroscopy for 

investigation of organic matter ordinary chernozem and brown coal were described. The molecular structure of humic 

acid brown coal more enriched by cyclic fragments than in ordinary chernozem. The degree of covalence of the Cu
2+

 

ions with functional groups in the molecule of humic acid of brown coal more than in humic acid of chernozem. 

ʇʨʦʙʣʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʋʯʝʥʳʝ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʜʘʥʥʳʤ 

ʚʦʧʨʦʩʦʤ, ʧʨʠʙʝʛʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ 

ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʂ ʧʨʠʤʝʨʫ, ʨʘʟʚʠʪʠʝ ʠʩʪʦʯʥʠʢʦʚ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʥʘʙʦʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ [1].  

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ (XAS ï X-ray absorption spectroscopy) 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤ ʩʝʙʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʠ 

ʥʘʫʢʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʄʝʪʦʜ XAS ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʫʯʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ (XRD ï X-ray diffraction). ɹʦʣʝʝ ʪʦʛʦ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ XAS ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ 

ʦʧʨʝʜʝʣʷʪʴ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʱʝʩʪʚʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʳʤʠ ʠ ʜʘʚʘʪʴ ʣʦʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʢʦʣʦʧʦʨʦʛʦʚʘʷ 

ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ (XANES ï X-ray absorption near edge 

structure) ʠ ʜʘʣʴʥʷʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ (EXAFS ï 

extended X-Ray absorption fine structure). ʄʝʪʦʜ EXAFS ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠ ʪʠʧʝ ʘʪʦʤʦʚ, ʙʣʠʞʘʡʰʠʭ ʢ ʧʦʛʣʦʱʘʶʱʝʤʫ, ʢʦʪʦʨʳʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ. XANES ʩʧʝʢʪʨ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʝʜʢʨʘʝʚʫʶ ʦʙʣʘʩʪʴ, ʦʙʣʘʩʪʴ ʩʢʘʯʢʘ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʢʦʣʦʢʨʘʝʚʫʶ 

ʦʙʣʘʩʪʴ ʟʘ ʢʨʘʝʤ ʧʦʛʣʦʱʝʥʠʷ. XANES ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤʘ, ʦ ʣʦʢʘʣʴʥʦʡ ʘʪʦʤʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʢʨʫʛ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʪʦʤʘ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʩʦʩʪʘʚ ʚʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʛʫʤʫʩʘ ï ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʦʥʦʚ Cu (II) ʚ ʥʠʭ. 
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ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʮʳ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚʳʜʝʣʝʥʥʳʝ ʩʦʛʣʘʩʥʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ [2] ʠʟ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʙʫʨʦʛʦ ʫʛʣʷ ɸʣʝʢʩʘʥʜʨʠʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʥʘʩʳʱʘʣʠʩʴ ʠʦʥʘʤʠ Cu
2+

 ʚ ʬʦʨʤʝ ʥʠʪʨʘʪʦʚ. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʦʙʨʘʟʮʘʤʠ ʛʫʤʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʦʛʦ ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ï Cu(NO3)2.  

ʇʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʀʂ-ʌʫʨɹʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʌʉʄ-1202. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʦ ʠʟʤʝʨʝʥʦ 

100 ʩʢʘʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 450 ʩʤ
-1 
ʜʦ 4500 ʩʤ

-1
. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʢʦʣʦʧʦʨʦʛʦʚʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʚʙʣʠʟʠ K-ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ XANES ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʪʘʥʮʠʠ çʉʪʨʫʢʪʫʨʥʦʝ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʢʘʥʘʣʝ 1.3ʙ ʂʫʨʯʘʪʦʚʩʢʦʛʦ ʮʝʥʪʨʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. ʀʩʪʦʯʥʠʢʦʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʢʘʥʘʣʝ 1.3ʙ ʩʣʫʞʠʪ ʧʦʚʦʨʦʪʥʳʡ ʤʘʛʥʠʪ ʩ ʧʦʣʝʤ 1.7 ʊʣ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ çʉʠʙʠʨʴ-2è. 

ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʝʪ 2.5 ɻʵɺ, 

ʩʨʝʜʥʠʡ ʪʦʢ 60-70 ʤɸ [3]. 

ʀʂ-ʩʧʝʢʪʨ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ, ʩʦʜʝʨʞʠʪ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 3427ï3544 ʩʤ
-1
, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʠʩ. 1). ʂʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʉOOH 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʣʦʩʝ ʦʢʦʣʦ 1700-1720 ʩʤ
-1

 ʚ ʩʧʝʢʪʨʝ ʯʠʩʪʦʡ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʯʝʨʥʦʟʝʤʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʧʦʣʦʩʳ ʥʠʚʝʣʠʨʫʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʣʝʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʠʦʥʘ Cu (II ), ʢʦʛʜʘ ʩʚʦʙʦʜʥʘʷ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʫʶ. ʂʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʢʦʣʝʙʘʥʠʷ 

ʧʨʠ 1590-1590 ʩʤ
-1

 ʠ 1400 ʩʤ
-1

 ʠ ʩʠʣʴʥʦ ʢʦʣʝʙʣʝʪʩʷ ʧʦ ʩʧʝʢʪʨʘʤ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʯʝʨʥʦʟʝʤʘ ʠ ʙʫʨʦʛʦ ʫʛʣʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʨʫʧʧ ʚ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʩʧʝʢʪʨʘʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 1600-1610 ʩʤ
-1

 ʧʨʦʷʚʣʷʶʪʩʷ ʉ=ʉ ʩʚʷʟʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʜʥʘʢʦ ʟʜʝʩʴ 

ʪʘʢʞʝ ʚʣʠʷʝʪ ʚʦʜʘ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʠʨʦʚʢʠ. ɺ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ ʩʚʷʟʠ ʤʝʪʘʣʣ-

ʢʠʩʣʦʨʦʜ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 150 ʠ 450 ʩʤ
-1
. ʇʠʢʠ 

ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ CuðOðH ʩʚʷʟʴʶ ʠ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

845ï900 ʩʤ
-1
. ʉʠʣʴʥʘʷ ʧʦʣʦʩʘ ʦʢʦʣʦ 880 ʩʤ

-1 
ʚ ʧʨʝʧʘʨʘʪʝ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʯʝʨʥʦʟʝʤʘ ʧʨʠ 

ʥʘʩʳʱʝʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʥʮʝʚʳʤ ʛʨʫʧʧʘʤ ʉ=ʉʅ2. ʇʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ 

ʢ ʧʦʷʚʣʝʥʠʶ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ ʚ ʨʘʡʦʥʝ 1640 ʩʤ
-1

. ʋʩʪʫʧʳ ʥʘ ʧʦʣʦʩʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʩʚʷʟʘʥʳ ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʧʧ. ʇʦʣʦʩʳ ʤʝʪʠʣʴʥʳʭ ʠ ʤʠʪʝʣʝʥʦʚʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʩʧʝʢʪʨʘʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ðʉðʅ ʧʨʠ 2860-2920 ʩʤ
-1

 ʠ ʚ ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 

1360-1480 ʩʤ
-1

.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʯʝʨʥʦʟʝʤʘʭ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʤʥʦʛʦʟʘʤʝʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ (ʚ ʯʠʩʪʦʡ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʝ) ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ (ʧʨʠ ʥʘʩʳʱʝʥʠʠ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ Cu(NO3)2) ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ɼʣʷ ʧʨʝʧʘʨʘʪʘ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʙʫʨʦʛʦ ʫʛʣʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ Cu
2+

 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘʤ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ (1400, 1230, 1050 ʩʤ
-1

 ʠ ʜʨ.), ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

(ʮʠʢʣʠʯʝʩʢʠʭ) ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ XANES ʩʧʝʢʪʨʦʚ (ʨʠʩ. 2ʘ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʚʩʝʭ 

ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʜʢʨʘʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 8970-8980 ʵɺ. ɼʘʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ 1s­3d ʫʨʦʚʝʥʴ, ʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʦʤ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʤʝʜʠ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ. 

XANES ʩʧʝʢʪʨʳ ʚʩʝʭ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʧʨʝʜʢʨʘʝʚʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʠʦʥʦʚ Cu
2+

 [4]. 
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ʀʥʪʝʥʩʠʚʥʦʩʪʴ XANES ʩʧʝʢʪʨʦʚ ʂ-ʢʨʘʷ Cu ʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʦʤ ʨʝʬʝʨʝʥʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Cu(NO3)2. ʊʘʢʞʝ ʜʣʷ ʵʪʠʭ ʩʧʝʢʪʨʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʚʫʶʱʝʡ 9015 ʵɺ. 

ɼʣ̫ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (ʨʠʩ. 2ʙ).  

 
ʈʠʩʫʥʦʢ 1. ʀʂ-ʩʧʝʢʪʨʳ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʙʫʨʦʛʦ ʫʛʣʷ 

ɼʣʷ ʩʧʝʢʪʨʦʚ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʜʚʘ ʧʠʢʘ a ʠ b. ɺ 

ʩʧʝʢʪʨʝ Cu(NO3)2 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʧʠʢʦʚ ʦʜʠʥʘʢʦʚʘʷ. ʅʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ a ʠ b ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʝ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʯʝʨʥʦʟʝʤʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʇʠʢ a ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ Cu
2+ 
ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʏʝʤ ʥʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ a, ʪʝʤ 

ʚʳʰʝ ʩʪʝʧʝʥʴ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʠ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʧʝʢʪʨʝ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʙʫʨʦʛʦ ʫʛʣʷ (ʨʠʩ. 2ʘ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʪʦʨʦʛʦ ʧʠʢʘ b ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʥʘ 1s­4pz/py ʫʨʦʚʝʥʴ. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ [5], ʯʪʦ 

ʥʘʠʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢ b ʠʤʝʝʪ ʚ ʩʧʝʢʪʨʘʭ ʧʨʝʧʘʨʘʪʦʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʩʦʜʝʨʞʘʱʠʭ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʠʦʥʳ Cu
2+
. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʪʨʦʡʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ 

ʢʦʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʠʦʥ Cu
2+
, ʩʚʷʟʘʥʥʳʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 2. XANES ʩʧʝʢʪʨʳ ʂ-ʢʨʘʷ Cu ʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ (ʘ) ʠ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

XANES ʩʧʝʢʪʨʦʚ (ʙ), ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʙʫʨʦʛʦ ʫʛʣʷ 




























































































































































































































