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Abstract: Variety of relationship in the nature, various relations between the nature and 

the transformed environment, difficult processes in society, predetermine also a variety of 

approaches as in definition of a place of geoecology in system of sciences, and its structure. 
 

ʌʨʘʥʮʫʟʩʢʠʡ ʬʠʣʦʩʦʬ ʠ ʪʝʦʣʦʛ ʇʴʝʨ ʊʝʡʷʨ ʜʝ ʐʘʨʜʝʥ, ʠʩʩʣʝʜʫʷ ʬʝʥʦʤʝʥ ʯʝ-

ʣʦʚʝʢʘ, ʧʠʩʘʣ: çʂʦʛʜʘ-ʥʠʙʫʜʴ ʤʳ ʦʧʫʩʪʦʰʠʤ ʥʘʰʠ ʨʫʜʥʠʢʠ ʠ ʠʩʯʝʨʧʘʝʤ ʥʘʰʠ 

ʥʝʬʪʷʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʟʘʤʝʥʠʚ ʠʭ ʯʝʤ-ʥʠʙʫʜʴ ʜʨʫʛʠʤ. ʅʦ ʥʠʯʪʦ ʥʘ ɿʝʤʣʝ ʥʝ ʤʦ-

ʞʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʠ ʥʘʩʳʪʠʪʴ ʥʘʰʫ ʞʘʞʜʫ ʟʥʘʥʠʡ, ʥʠ ʠʩʯʝʨʧʘʪʴ ʥʘʰʫ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʠʟʦʙʨʝʪʝʥʠʷ, é ʝʩʣʠ ʤʳ ʠʜʝʤ ʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʵʨʝ ʥʘʫʢʠ, ʪʦ ʵʪʘ ʵʨʘ ʙʫʜʝʪ ʚ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʵʨʦʡ ʥʘʫʢʠ ʦ ʯʝʣʦʚʝʢʝè (ʊʨʦʬʠʤʦʚ, 2008). 

ʏʝʪʚʝʨʪʴ ʚʝʢʘ ʥʘʟʘʜ ʫʪʚʝʨʞʜʝʥʠʝ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʦ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʩʪʘʥʦ-

ʚʠʪʩʷ ʨʝʰʘʶʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʣʦʡ (ɺʝʨʥʘʜʩʢʠʡ, 2012) ʥʝ ʚʩʝʤ ʢʘʟʘʣʦʩʴ ʦʜ-

ʥʦʟʥʘʯʥʳʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʝʨʝʤʝʱʘʷ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ, ʪʝʭʥʦ-

ʛʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʥʝʢʦʪʦʨʳʝ ʧʣʘʥʝʪʘʨʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ, ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʨʝʢ, ʣʝʜʥʠʢʦʚ ʠ ʜʨ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʣʠ ʢ ʩʯʘʩʪʴʶ, ʤʳ ʥʝ ʤʦʞʝʤ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘ-

ʚʠʪʴʩʷ, ʧʦ ʩʫʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ, ʦʪ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʝ. ɻʝʦʵʢʦʣʦʛʠʷ, ʤʝʞʧʨʝʜʤʝʪʥʘʷ, ʥʝ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʥʘʫʢʘ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪ ʦʪʥʦʰʝʥʠʷ ʢʦʩʥʦʡ, ʥʝ ʞʠʚʦʡ ʤʘʪʝʨʠʠ ʩ ʞʠʚʦʡ ʤʘʪʝʨʠʝʡ (ʅʝʩʪʝʨʦʚ, 2011). 

ʉʦʛʣʘʩʥʦ ɺ.ʊ. ʊʨʦʬʠʤʦʚʫ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʛʝʦʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷ-

ʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʬʝʨ ɿʝʤʣʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʙʠʦʪʳ (ʊʨʦʬʠʤʦʚ, 2008). ɺ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʦʨʠʠ ʛʝʦʵʢʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʧʦʜʦʡʪʠ ʢ ʘʥʘ-

ʣʠʟʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʚʩʝʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʬʝʨ ɿʝʤʣʠ, ʢ ʨʘʟʨʘʙʦʪʢʝ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʦ-

ʵʢʦʣʦʛʠʠ ʢʘʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʠ. 

ɹʠʦʩʬʝʨʘ ʚ ʙʠʦʣʦʛʠʠ ʠ ʚʳʜʝʣʷʝʤʘʷ ʛʝʦʛʨʘʬʘʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʞʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ ɿʝʤʣʷ ʚ ʮʝʣʦʤ, ʥʦ ʩʫʞʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʘʣʠʟʘ çʝʜʠʥʦʡè ʙʠʦʣʦʛʦ-ʛʝʦʛʨʘʬʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩ-

ʪʝʤʳ ʚ ʨʘʤʢʘʭ çʣʘʥʜʰʘʬʪʥʦʡ ʩʬʝʨʳè, ʦʙʲʝʜʠʥʷʶʱʝʡ ʚ ʩʝʙʝ ʧʦʥʷʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, 
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ʛʠʜʨʦʩʬʝʨʳ ʠ ʪʨʦʧʦʩʬʝʨʳ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʨʠʣʦʞʝʥʠʷ ʛʝʦʛʨʘʬʠʠ, ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʙʠʦʣʦʛʠʠ, ʫʯʠʪʳʚʘʝʪ ʠ ʚʘʞʥʝʡʰʠʝ ʠʥʪʝʨʝʩʳ 

ʛʝʦʣʦʛʠʠ. ʍʦʪʷ ʩʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ ʥʠ ʜʥʘ, ʥʠ ʧʦʢʨʳʰʢʠ, ʦʥʘ ʭʦʨʦʰʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʥʘʫʢ ʚ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʩʦʮʠʦʩʬʝʨʳ. 

ʉʝʛʦʜʥʷ ʥʘʫʢʠ ʦ ɿʝʤʣʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ, ʧʦʣʴʟʫʶ-

ʱʠʝʩʷ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʜʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʜʣʷ ʥʠʭ ʠʥʪʝʨʝʩ. ɺʩʝ ʵʪʠ ʦʙ-

ʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʠʤʝʶʪ ʜʝʣʦ ʩ ʤʛʥʦʚʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʨʦʮʝʩʩʦʚ, ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʘʩʰʪʘʙʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ɺʩʝ ʦʥʠ 

ʛʣʦʙʘʣʴʥʳ ʧʦ ʩʚʦʝʤʫ ʤʘʩʰʪʘʙʫ ʠ ʩʚʷʟʘʥʳ ʩ ʚʦʧʨʦʩʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ ɿʝʤʣʷ: ʛʝʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʣʠʪʦʩʬʝʨʘ; ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ; ʠʩʪʦʨʠʷ ɿʝʤʣʠ, ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʜʦ ʥʘʩʪʦʷʱʠʭ ʜʥʝʡ. 

ɺʩʝ ʵʪʠ ʨʘʟʜʝʣʳ ʥʘʫʢʠ ʦ ɿʝʤʣʝ ï ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ, ʥʘʫʯʥʳʝ ʦʙʣʘʩʪʠ. ɺʩʝ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʚʦʧʨʦʩʦʚ ʛʣʦʙʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʙʱʝʩʪʚʘ ʠ 

ʥʘʫʢʠ. ʆʙʱʝʩʪʚʦ ʥʘʭʦʜʠʪ ʠʭ ʚʩʝ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤʠ, ʝʩʣʠ ʫ ʥʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʥʠʭ. ɺ ʛʣʦʙʘʣʴʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʝʤʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ɿʝʤʣʠ ï ʵʪʦ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʆʙʱʝʩʪʚʫ ʥʫʞʥʦ ʥʘʡʪʠ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʙʝʟ ʫʱʝʨʙʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʥʦʤ ʜʣʷ ʨʝʩʫʨʩʦʚ ɿʝʤʣʠ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ, ʛʝʦ-

ʵʢʦʣʦʛʠʷ ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʟʘʥʷʪʴ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʵʪʦʡ ʧʘʨʘʜʠʛʤʝ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʩʪʨʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʩʠʩʪʝʤʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʦ-

ʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ï ʩʨʝʜʳ ʝʛʦ ʦʙʠʪʘʥʠʷ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʯʝʣʦʚʝʢʘ ʩ ʥʝʡ. ɿʥʘʯʠ-

ʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʢʨʫʛʘ ʧʨʦʙʣʝʤ ʠ ʟʘʥʠʤʘʝʪ ʛʝʦʵʢʦʣʦʛʠʷ, ʢʘʢ ʯʘʩʪʴ ʵʢʦʣʦʛʠʠ, 

ʠʩʩʣʝʜʫʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʘʩʧʝʢʪʘʤʠ ʦʢ-

ʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʬʦʥʦʚʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʢ ʢʦʪʦʨʳʤ ʤʳ ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ (ʠʣʠ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʩʷ), ʠ ʠʭ ʠʟʤʝʥʝʥʠʡ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ, ʢʘʢ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʥʘʰʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʝʸ, ʘ ʯʘʩʪʦ 

ʢʦʤʙʠʥʘʮʠʡ ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ. ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʯʝʣʦʚʝʢʘ 

ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʦ: ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʝʛʦ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʦʦʨʫʞʝʥʠʷ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʠ ʞʠʚʦʪʥʳʡ ʤʠʨ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʢʫʣʴʪʫʨʝʥʥʳʡ, ʧʦʯʚʘ, ʚʦʜʘ ʠ ʪ.ʧ.) (ʊʨʠʬʦʥʦʚ, ʂʘʨʘʭʘʥʷʥ, 2008). ʀʤʝʥʥʦ 

ʪʘʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʳ ʠʤʝʝʤ ʚ ʚʠʜʫ, ʢʦʛʜʘ ʛʦʚʦʨʠʤ ʦʙ ʫʭʫʜʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠʣʠ ʝʸ ʫʣʫʯʰʝʥʠʠ ʚ ʨʘʤʢʘʭ ʥʦʦʩʬʝʨʥʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʆʪʥʦʰʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʩ ʥʘʯʘʣʘ ʢʦʵʚʦʣʶʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʙʠʦʢʦʩʥʦʡ 

ʩʨʝʜʳ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʥʘʟʚʘʪʴ ʧʝʨʤʘʥʝʥʪʥʳʤ (ʧʦʩʪʦʷʥʥʳʤ) ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ. 

ʇʝʨʤʘʥʝʥʪʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʙʠʦʩʬʝʨʳ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʩʪʠʤʫʣʠʨʫʝʪ ʦʙʨʘ-

ʱʝʥʠʝ ʢ ʠʩʪʦʨʠʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ ʧʨʦʰʣʦʛʦ. ʆʥʠ ʩʣʫʯʘʣʠʩʴ ʚ ʠʩʪʦʨʠʠ 

ɿʝʤʣʠ ʝʱʝ ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʚʝʣʠ ʢ ʚʳʤʠʨʘʥʠʶ ʤʥʦʞʝʩʪʚʘ ʩʠʩʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʛʨʫʧʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʩʦ 

ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ, ʘ ʛʝʦʵʢʦʣʦʛʠʷ ʧʦʣʫʯʘʝʪ ʧʨʘʚʦ ʥʘ ʠʩʪʦʨʠʯʝʩʢʫʶ ʤʝ-

ʪʦʜʦʣʦʛʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʣʘʜʘʝʪ ʧʨʠʟʥʘʢʘʤʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʥʘʫʢʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʦʙʩʫʞʜʝʥʠʡ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʙʣʝʤ ʧʦʩʚʷʱʝʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʦʮʠʘʣʴʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʥʘ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʠ ʦʙʨʘʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʨʝʜʳ ʥʘ ʯʝʣʦʚʝʢʘ. ʆʪʜʘʚʘʷ ʜʦʣʞʥʦʝ ʵʪʠʤ ʘʩʧʝʢʪʘʤ, ʟʘʤʝʪʠʤ, ʯʪʦ ʥʝʨʝʜʢʘʷ ʧʝʨʝ-
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ʦʮʝʥʢʘ ʧʦʜʦʙʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢ ʞʝ ʢʘʢ ʛʦʩʧʦʜʩʪʚʦʚʘʚʰʘʷ ʚ ʧʨʝʞʥʠʝ ʛʦʜʳ 

ʩʪʨʘʪʝʛʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʧʝʨʝʜʝʣʢʠ ʧʨʠʨʦʜʳ, ï ʧʨʦ̫ʚʣʝʥʠʷ ʘʥʪʨʦʧʦʮʝʥʪʨʠʟʤʘ. 

ʇʦʯʪʠ ʚʩʝ ʦʙʩʫʞʜʘʝʤʳʝ ʷʚʣʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʜʠʩʩʠʧʘʪʠʚ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʠ ʚʝʱʝ-

ʩʪʚʦʤ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʛʝʦʜʠʥʘʤʠʢʠ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʝ 

ʩʦʦʙʱʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ çʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦè ʜʝʪʝʨʤʠʥʠʟʤʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʈʦʩʩʠʠ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʸ ʧʨʠʨʦʜ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʩʪʦʨʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʠ ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʥʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʥʪʘʣʠʪʝʪʘ ʨʦʩʩʠʷʥ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʷ ʠʤʝʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ. ʂ ʠʭ ʯʠʩʣʫ 

ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʪʝʨʨʠʪʦʨʠʠ ʩ ʥʝʥʘʨʫʰʝʥʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʵʢʦʩʠʩʪʝ-

ʤʘʤʠ, ʦʙʠʣʠʝ ʣʝʩʦʚ ʠ ʟʘʧʘʩʦʚ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʥʝʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʧʨʠ ʝʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʛʦʨʦʜʘʭ (ʊʨʠʬʦʥʦʚ, ʂʘʨʘʭʘʥʷʥ, 2008). ʉʦʭʨʘʥʷʶʱʘʷʩʷ 

ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʝʩʩʠʥʛ ʥʘ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ.  

ɺ ʥʘʫʢʝ ʠʟʚʝʩʪʝʥ ʧʨʠʥʮʠʧ ʥʝʧʦʣʥʦʪʳ ʠʥʬʦʨʤʘʮʠʠ (ʧʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ) 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʜʝʡʩʪʚʠʷʭ ʯʝʣʦʚʝʢʘ ʧʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʧʨʠʨʦʜʳ ʚʩʝʛʜʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʘʧʨʠʦʨʥʦʛʦ ʩʫʞʜʝʥʠʷ ʦʙʦ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʷʭ. ʕʢʩʪʨʘʧʦʣʠʨʦʚʘʚ ʜʝʡʩʪʚʠʝ ʧʨʠʥʮʠʧʘ ʥʘ ʩʦʮʠʫʤ, ʧʨʠʜʝʤ 

ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʧʦʣʠʪʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʩʬʝʨʝ, ʢʘʢ ʠ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʨʝʜʢʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦ-

ʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʪʘʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʷʚ-

ʣʝʥʠʝ ʩʠʩʪʝʤʳ ʩʪʨʘʭʦʚ. ɺʩʝ ʵʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʝʩʪʴ ʩʣʝʜʩʪʚʠʷ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʘʤʠ ʟʘʢʦʥʦʚ ʵʚʦʣʶʮʠʠ ʇʨʠʨʦʜʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʨʦʜʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʨʝʛʫʣʠʨʫʶʱʠʭ (ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ) ʨʘʟʚʠʪʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʄʥʦʛʦʦʙʨʘʟʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚ ʧʨʠʨʦʜʝ, ʤʥʦʛʦʫʨʦʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝ-

ʞʜʫ ʧʨʠʨʦʜʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʩʨʝʜʦʡ, ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʦ-

ʮʠʦʩʬʝʨʝ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʢʘʢ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʘ 

ʛʝʦʵʢʦʣʦʛʠʠ ʚ ʩʠʩʪʝʤʝ ʥʘʫʢ, ʪʘʢ ʠ ʝʝ ʩʪʨʫʢʪʨʝ (ʉʦʣʦʤʠʥ, ʅʝʩʪʝʨʦʚ, 2013). ʅʘ-

ʚʝʨʥʦʝ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʦʞʥʦ ʦʪʜʘʪʴ ʝʜʠʥʦʤʫ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ, ʥʦ ʫ 

ʥʝʛʦ ʥʝʪ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ. ʈʝʛʣʘʤʝʥʪʠ-

ʨʦʚʘʪʴ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʛʝʦʵʢʦʣʦʛʠʷ ʥʝ ʤʦʞʝʪ. ʅʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʣʶʜʝʡ (ʩʦʮʠʫʤ), ʧʨʠʥʠʤʘʶ-

ʱʠʭ ʨʝʰʝʥʠʷ, ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʝʝ ʟʘʜʘʯ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʊʨʦʬʠʤʦʚ ɺ.ʊ. ʇʘʨʘʜʦʢʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʠ ʟʘ-

ʜʘʯ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʦ ʚʦʟʤʦʞʥʦʤ ʧʫʪʠ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ // ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ: ɼʦʢʣʘʜʳ 2-ʦʡ ʄʝʞʜ. ʥʘʫʯʥʦʡ ʢʦʥʬ.  ï ɺʣʘʜʠʤʠʨ: ɺɻɻʋ, 2008.  

2. ʉʦʣʦʤʠʥ ɺ.ʇ., ʅʝʩʪʝʨʦʚ ɽ.ʄ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʛʝʦʵʢʦʣʦʛʠʷ, ʝʝ ʩʠʩʪʝʤʥʦʩʪʴ ʠ ʟʘʢʦʥʳ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ // ʇʨʦʙʣʝʤʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʣʦʛʠʠ. 2013. ̄ 5. ʉ. 110-115. 

3. ʊʨʠʬʦʥʦʚ ɺ.ɻ., ʂʘʨʘʭʘʥʷʥ ɸ.ʉ. ɼʠʥʘʤʠʢʘ ɿʝʤʣʠ ʠ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ. ï ʄ.: ʆɻʀ, 2008. 

4. ʅʝʩʪʝʨʦʚ ɽ.ʄ. ʃʦʛʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʫʢʝ ʦ ɿʝʤʣʝ // Universum: ɺʝʩʪʥʠʢ 

ɻʝʨʮʝʥʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2011. ˉ11. ï ʉ. 40-51. 

5. ɺʝʨʥʘʜʩʢʠʡ ɺ.ʀ. ɹʠʦʩʬʝʨʘ ʠ ʥʦʦʩʬʝʨʘ. ï ʄ.: ɸʡʨʠʩ-ʧʨʝʩʩ, 2012. ï 576 ʩ. 

6. ʊʝʡʷʨ ʜʝ ʐʘʨʜʝʥ ʇ. ʌʝʥʦʤʝʥ ʯʝʣʦʚʝʢʘ: ʉʙ. ʦʯʝʨʢʦʚ ʠ ʵʩʩʝ. ï ʄ.: ACT, 2002. ï 553 ʩ.  



 6 

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʇʈʆɹʃɽʄʓ ʅɸʋʂʀ ʆ ɿɽʄʃɽ 
 

 

ʕʂʆʃʆɻʀʏɽʉʂʀɽ ʀɼɽʀ ɺ ʊʈʋɼɸʍ ʏɸʈʃɿɸ ɼɸʈɺʀʅɸ 
 

ʈʝʤʠʟʦʚʘ ʉ.ʊ., ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ECOLOGICAL IDEAS IN THE WRITINGS OF CHARLES DARWIN  
 

Remizova S.T., Herzen University, St.Petersburg, Russia 
 

Abstract: The article gives an analytical overview of the book of Charles Darwin's ñThe origin 

of species by means of natural selection" on the subject of ecological ideas. This review will reveal 

the sources of some ecological knowledge even before the formation of the science of Ecology.  
 

ʕʢʦʣʦʛʠʷ, ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ, ʵʪʦ ʥʘʫʢʘ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʞʠʚʦʡ ʠ 

ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ. ʀʜʝʠ ʵʢʦʣʦʛʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʫʞʝ ʚ ʪʨʘʢʪʘʪʘʭ ʜʨʝʚʥʝʛʨʝʯʝ-

ʩʢʠʭ ʬʠʣʦʩʦʬʦʚ. ʉ ʪʝʭ ʧʦʨ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʥʝʧʨʝ-

ʨʳʚʥʦ ʚʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ.  

ʉʦʚʨʝʤʝʥʥʳʡ XXI  ʚʝʢ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʚʝʢʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʵʢʦʣʦ-

ʛʠʠ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʙʩʫʞʜʘʶʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ, ʦʪ ʧʦʚʩʝʜʥʝʚʥʳʭ 

ʦʙʳʚʘʪʝʣʴʩʢʠʭ ʨʘʟʛʦʚʦʨʦʚ ʜʦ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʥʘʫʯʥʳʭ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʜʠʩʢʫʩ-

ʩʠʡ. ɼʘ ʠ ʩʘʤʠ ʵʪʠ ʧʨʦʙʣʝʤʳ ʨʘʟʥʦʧʦʨʷʜʢʦʚʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʢʘʢ ʣʦʢʘʣʴʥʳʭ 

ʚʦʧʨʦʩʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʣʠʟʣʝʞʘʱʝʛʦ ʚʦʜʦʸʤʘ ʠʣʠ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ, 

ʪʘʢ ʠ ʦʙʩʪʘʥʦʚʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʣʦʤ ʚ ʤʘʩʰʪʘʙʘʭ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. ɸʜʝʢ-

ʚʘʪʥʫʶ ʦʮʝʥʢʫ ʥʳʥʝʰʥʝʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ ʚʦʟʤʦʞʥʦ ʜʘʪʴ 

ʣʠʰʴ ʚ ʢʦʥʪʝʢʩʪʝ ʝʸ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʙʘʟʠʨʫʶɦʝʛʦʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ. ʇʦʵʪʦʤʫ ʤʝʩʪʦ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠʜʝʡ ʚ ʪʨʫʜʘʭ ʏʘʨʣʟʘ ɼʘʨʚʠʥʘ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʫʯʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʧʨʘʟʜʥʳʡ ʠʥʪʝʨʝʩ.   

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʨʤʠʥ çʵʢʦʣʦʛʠʷè ʝʱʸ ʥʝ ʚʦʰʸʣ ʚ ʥʘʫʯʥʫʶ ʪʝʨʤʠʥʦʣʦ-

ʛʠʶ ʢʦ ʚʨʝʤʝʥʠ ʥʘʧʠʩʘʥʠʷ ʏ. ɼʘʨʚʠʥʦʤ ʢʥʠʛʠ çʇʨʦʠʩʭʦʞʜʝʥʠʝ ʚʠʜʦʚ ʧʫʪʸʤ ʝʩ-

ʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘè, ʥʦ ʯʝʨʝʟ ʚʝʩʴ ʝʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʪʨʫʜ çʢʨʘʩʥʦʡ ʥʠʪʴʶè 

ʧʨʦʭʦʜʠʪ ʠʜʝʷ ʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ 

ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʚʦʣʶʮʠʶ (ɼʘʨʚʠʥ, 1991).  

ɺ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʫʯʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʵʢʦʣʦʛʠʷ ʦʬʦʨʤʠʣʘʩʴ ʩ 

ʤʦʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʘ çʵʢʦʣʦʛʠʷè ʥʝʤʝʮʢʠʤ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʤ ʕʨʥ-

ʩʪʦʤ ɻʝʢʢʝʣʝʤ ʚ 1866 ʛ. çʇʦʜ ʵʢʦʣʦʛʠʝʡ ʤʳ ʧʦʥʠʤʘʝʤ ʦʙʱʫʶ ʥʘʫʢʫ ʦʙ ʦʪʥʦʰʝ-

ʥʠʷʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʢʫʜʘ ʤʳ ʦʪʥʦʩʠʤ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʚʩʝ 

çʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷè. ʆʥʠ ʯʘʩʪʠʯʥʦ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʯʘʩʪʠʯʥʦ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʦʡ ʧʨʠʨʦʜʳ; ʥʦ ʢʘʢ ʪʝ, ʪʘʢ ʠ ʜʨʫʛʠʝ ... ʠʤʝʶʪ ʚʝʩʴʤʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʬʦʨʤ ʦʨʛʘʥʠʟʤʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʠʥʫʞʜʘʶʪ ʠʭ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʩʝʙʝè 

(Haeckel, 1866, ʮʠʪ. ʧʦ ɸʥʪʦʣʦʛʠʷ ʵʢʦʣʦʛʠʠ, 2004, ʩ. 9).   

ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʥʷʪʠʝ ʵʢʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʰʠʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʕ. ɻʝʢʢʝʣʷ. ʅ.ʌ. ʈʝʡʤʝʨʩ ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 50 ʦʪʨʘʩʣʝʡ ʚ 

ʵʢʦʣʦʛʠʠ. ʊʦ ʩʦʜʝʨʞʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʢʣʘʜʳʚʘʣ ʚ ʧʦʥʷʪʠʝ çʵʢʦʣʦʛʠʠè ʕ. ɻʝʢʢʝʣʴ, 

ʅ.ʌ. ʈʝʡʤʝʨʩ ʦʧʨʝʜʝʣʠʣ ʢʘʢ ʙʠʦʵʢʦʣʦʛʠʶ ʠ ʜʘʣ ʝʸ ʨʘʩʰʠʨʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, çʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʠʩʩʣʝʜʫʶʱʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩʠʩʪʝʤʥʳʭ 
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ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʦʪ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʜʦ ʙʠʦʩʬʝʨʳ) ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʦʢʨʫ-

ʞʘʶʱʝʡ ʠʭ ʩʨʝʜʦʡè (ʈʝʡʤʝʨʩ, 1994, ʩ. 14). ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʢʨʫʞʘʶ-

ʱʫʶ ʩʨʝʜʫ ʢʘʢ ʥʘʙʦʨ ʘʙʠʦʪʠʯʝʩʢʠʭ ʛʝʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʠ ʨʘʟʚʠʪʠʝ ʙʠʦʩʬʝʨʳ, ʪʦ ʚ ʪʨʫʜʘʭ ʏ. ɼʘʨʚʠʥʘ ʤʦʞʥʦ ʥʘʡʪʠ ʠʩʪʦʢʠ ʢʘʢ ʙʠʦ-, ʪʘʢ ʠ 

ʛʝʦɻʢʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. ʕʢʦʣʦʛʠʷ, ʧʦ ʤʥʝʥʠʶ ʕ. ɻʝʢʢʝʣʷ, ʠʩʩʣʝʜʫʝʪ çéʚʩʝ ʪʝ 

ʟʘʧʫʪʘʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʳʝ ɼʘʨʚʠʥ ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʠʣ ʢʘʢ ʙʦʨʴʙʫ ʟʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝè (Haeckel, 1870, ʮʠʪ. ʧʦ ɸʥʪʦʣʦʛʠʷ ʵʢʦʣʦʛʠʠ, 2004, ʩ. 10).  

ʏ. ɼʘʨʚʠʥ ʧʠʩʘʣ, ʯʪʦ ʪʝʨʤʠʥ çʙʦʨʴʙʘ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝè ʧʨʠʤʝʥʸʥ çʚ ʰʠʨʦʢʦʤ 

ʠ ʤʝʪʘʬʦʨʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʚʢʣʶʯʘʷ ʩʶʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʜʥʦʛʦ ʩʫʱʝʩʪʚʘ ʦʪ ʜʨʫ-

ʛʦʛʦé ʅʦ ʪʘʢʞʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʨʘʩʪʝʥʠʝ ʥʘ ʦʢʨʘʠʥʝ ʧʫʩʪʳʥʠ ʚʝʜʝʪ ʙʦʨʴʙʫ ʟʘ ʞʠʟʥʴ 

ʧʨʦʪʠʚ ʟʘʩʫʭʠ, ʭʦʪʷ ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠè 

(ɼʘʨʚʠʥ, 1991, ʩ. 67). ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʮʠʪʘʪʳ ʧʦʥʷʪʥʦ, ʯʪʦ çʙʦʨʴʙʘ ʟʘ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝè ʵʪʦ ʦʙʨʘʟʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʦʪʦʙʨʘʞʘʶʱʝʝ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ, ʪ.ʝ. çʧʝʨʝʞʠʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭè.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʵʚʦʣʶʮʠʦʥʠʩʪʘ ɾʘʥʘ ɹʘʪʠʩʪʘ ʃʘʤʘʨʢʘ, 

ʢʦʪʦʨʳʡ ʘʙʩʦʣʶʪʠʟʠʨʦʚʘʣ ʟʥʘʯʝʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʟʤʦʚ, 

ʏʘʨʣʟ ɼʘʨʚʠʥ ʩʯʠʪʘʣ, ʯʪʦ ʩʘʤʳʤʠ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʙʦʨʴʙʝ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ. ɸ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʜʝʡʩʪʚʫʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʦʩʚʝʥʥʦ. ʆʥ ʧʠʩʘʣ: çé ʪʘʢ ʢʘʢ ʧʝʨʝʤʝʥʘ ʢʣʠʤʘʪʘ 

ʙʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ, ʪʦ ʤʳ ʩʢʣʦʥʥʳ ʧʨʠʧʠʩʘʪʴ ʚʩʝ ʷʚʣʝʥʠʷ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʜʝʡ-

ʩʪʚʠʶ. ʅʦ ʵʪʦ ʣʦʞʥʳʡ ʚʟʛʣʷʜéè (ɼʘʨʚʠʥ, 1991, ʩ.71).  

ʆʜʥʘʢʦ ʙʳʣʦ ʙʳ ʦʧʨʦʤʝʪʯʠʚʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʏ. ɼʘʨʚʠʥ ʥʝʜʦʦʮʝʥʠʚʘʣ ʨʦʣʴ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʩʣʦʞʠʚʰʝʤʩʷ ʩʦʩʪʦʷʥʠʠ ʠ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʠʜʝʷ ʝʛʦ ʪʝʦʨʠʠ ʦʙ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʢ çʫʩʣʦʚʠʷʤ ʞʠʟʥʠ ʚ ʩʚʦʝʡ 

ʦʙʣʘʩʪʠè, ʠʣʠ çʩʪʘʮʠʠè, ʚʧʣʦʪʥʫʶ ʧʦʜʭʦʜʠʪ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʧʦʥʷʪʠʶ çʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʥʠʰʠè. ʕʪʘ ʠʜʝʷ ʫʩʠʣʝʥʘ ʫʪʚʝʨʞʜʝʥʠʝʤ ʦ ʜʚʫʭ çʚʝʣʠʢʠʭè ʟʘʢʦʥʘʭ ï çɽʜʠʥʩʪʚʘ 

ʊʠʧʘ ʠ ʋʩʣʦʚʠʡ ʉʫʱʝʩʪʚʦʚʘʥʠʷè. ʇʦʜ ʝʜʠʥʩʪʚʦʤ ʪʠʧʘ ʧʦʥʠʤʘʝʪʩʷ ʝʜʠʥʩʪʚʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʠ, ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʦʙʨʘʟʘ ʞʠʟʥʠ. ɺʳʨʘʞʝʥʠʝ çʫʩʣʦ-

ʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷè ʦʟʥʘʯʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ 

ʘʜʘʧʪʘʮʠʠ çʢʘʞʜʦʛʦ ʩʫʱʝʩʪʚʘ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʝʛʦ ʞʠʟʥʠ, 

ʣʠʙʦ ʧʫʪʝʤ ʘʜʘʧʪʘʮʠʠ ʠʭ ʚ ʧʨʦʰʣʳʝ ʚʨʝʤʝʥʘè (ɼʘʨʚʠʥ, 1991, ʩ. 174). ʅʘʧʨʘʚʣʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ 

ʦʙʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʜʘʧʪʘʮʠʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ï ʘʫʪʦʵʢʦʣʦʛʠʶ (ʂʠʩʝʣʸʚ ʠ ʜʨ., 2005).  

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʡ ʚʠʜ, ï ʵʪʦ ʠʜʝʘ-

ʣʠʟʠʨʦʚʘʥʥʳʡ ʩʫʛʫʙʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʝʨʤʠʥ çʵʢʦʩʠʩʪʝʤʘè, ʢʘʢ çʢʦʤʧʣʝʢʩ ʦʨʛʘ-

ʥʠʟʤʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝè ʙʳʣ ʚʚʝʜʸʥ ʚ ʫʧʦʪʨʝʙʣʝ-

ʥʠʝ ʘʥʛʣʠʡʩʢʠʤ ʫʯʸʥʳʤ ɸ. ʊʝʥʩʣʠ ʚ 1935 ʛʦʜʫ (ʗʥʠʥ, 1990). ʈʘʥʴʰʝ, ʚ 1902 ʛʦʜʫ, 

ʰʚʝʡʮʘʨʩʢʠʡ ʙʦʪʘʥʠʢ ʂ. ʐʨʸʪʝʨ ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʜʠʩʮʠʧʣʠʥʫ ï çʫʯʝʥʠʝ ʦ ʨʘʩʪʝ-

ʥʠʷʭ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʞʠʚʫʪ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʝʥʠʝ ʦ ʨʘʩʪʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʦʪʳʩʢʠ-

ʚʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè ï ʠ ʥʘʟʚʘʣ ʝʸ çʩʠʥʵʢʦʣʦʛʠʷè (ʗʥʠʥ, 

1990). ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʧʦʜ ʩʠʥʵʢʦʣʦʛʠʝʡ ʧʦʥʠʤʘʶʪ ʵʢʦʣʦʛʠʶ ʵʢʦʩʠʩʪʝʤ. ɿʥʘ-

ʢʦʤ̫ʩʴ ʩ ʨʘʙʦʪʦʡ ʏ. ɼʘʨʚʠʥʘ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʪʘʢʦʤ ʵʢʦʩʠʩʪʝʤʥʦʤ 

ʢʦʥʪʝʢʩʪʝ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʣ çʩʣʦʞʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ʜʨʫʛ ʢ 
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ʜʨʫʛʫ ʚ ʙʦʨʴʙʝ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝè (ɼʘʨʚʠʥ, 1991, ʩ. 72). ʆʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʩʪʦʷʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʦʨʛʘʥʠʟʤʦʚ ʚ ʜʠʥʘʤʠʢʝ, ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ, ʫʪʚʝʨʞʜʘʷ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʳʤʝʨʰʠʤʠ ʠ ʥʳʥʝ ʞʠʚʫʱʠʤʠ ʦʨʛʘʥʠʟ-

ʤʘʤʠ ʚʳʨʘʞʘʶʪ ʩʦʙʦʡ çʟʘʤʝʯʘʪʝʣʴʥʳʡ ʟʘʢʦʥ ʩʫʢʮʝʩʩʠʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʠʧʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʦʙʣʘʩʪʝʡè (ɼʘʨʚʠʥ, 1991, ʩ. 310).  

ʂʨʦʤʝ ʪʦʛʦ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʚʦʣʶʮʠʠ ʚʠʜʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʏ. ɼʘʨʚʠʥ ʧʨʠʜʘʚʘʣ ʧʨʦʮʝʩʩʘʤ ʤʠʛʨʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ, ʧʦʩʚʷʪʠʚ ʚ ʩʚʦʝʡ 

ʨʘʙʦʪʝ çʇʨʦʠʩʭʦʞʜʝʥʠʝ ʚʠʜʦʚéè ʜʚʝ ʩʧʝʮʠʘʣʴʥʳʝ ʛʣʘʚʳ ʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʠ. ɽʛʦ ʪʚʸʨʜʦʝ ʫʙʝʞʜʝʥʠʝ, ʯʪʦ ʧʨʠʯʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʢʦʥ-

ʢʨʝʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʝ ʩʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʢ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʦʧʨʝʜʝʣʸʥʥʦ 

ʚʳʨʘʞʝʥʦ ʚ ʩʣʦʚʘʭ: çʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʱʝʩʪʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʥʘʩ ʧʦʨʘʞʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʦʪ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʬʘʢʪ, 

ʯʪʦ ʥʠ ʩʭʦʜʩʪʚʦ, ʥʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʙʠʪʘʪʝʣʷʤʠ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʧʦʣʥʝ ʦʙʲʷʩʥʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠè (ɼʘʨʚʠʥ, 

1991, ʩ.315). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʥʘʭʦʜʠʤ ʚ ʝʛʦ ʨʘʙʦʪʝ  ʨʘʩʩʫʞʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʦʚʝʡʰʠʭ ʜʣʷ ʪʦʡ ʵʧʦʭʠ ʜʦʩʪʠʞʝʥʠʷʭ ʛʝʦʣʦ-

ʛʠʠ. ʊʘʢ, ʩ ʙʦʣʴʰʦʡ ʫʙʝʜʠʪʝʣʴʥʦʩʪʴʶ ʏ. ɼʘʨʚʠʥ ʦʙʲʷʩʥʷʝʪ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʘʣʴʧʠʡʩʢʠʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʬʦʨʤ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ɽʚʨʦʧʳ ʠ ɸʤʝ-

ʨʠʢʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʝʜʥʠʢʦʚʦʛʦ ʢʣʠʤʘʪʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ çʚʧʦʣʥʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤ 

ʬʘʢʪʝ, ʯʪʦ ʣʝʜʥʠʢʦʚʳʡ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʣè (ɼʘʨʚʠʥ, 1991, ʩ. 329). 

ɺ ʝʛʦ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʬʣʦʨʳ ʚʩʣʝʜ ʟʘ ʠʟʤʝʥʝ-

ʥʠʝʤ ʣʘʥʜʰʘʬʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʧʝʨʝʤʝʥ ʚ ʢʣʠʤʘʪʝ ʚʦ ʚʨʝʤʷ ʤʥʦʛʦ-

ʢʨʘʪʥʳʭ ʧʝʨʠʦʜʦʚ ʦʣʝʜʝʥʝʥʠʡ. ʇʦʜʳʪʦʞʠʚʘʷ ʜʝʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʦʥ ʜʘʸʪ 

ʦʙʨʘʟʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ ʤʠʛʨʘʮʠʠ: çɾʠʚʦʡ ʧʦʪʦʢ ʨʘʟʣʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩ ʩʝʚʝʨʘ ʠ ʚ ʪʝʯʝʥʠʝ ʜʨʫʛʦʛʦ ʩ ʶʛʘ, ʧʨʠʯʝʤ ʠ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫ-

ʯʘʝ ʜʦʩʪʠʛʘʣ ʵʢʚʘʪʦʨʘ; é ʞʠʚʦʡ ʧʦʪʦʢ ʦʩʪʘʚʠʣ ʩʚʦʠ ʞʠʚʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʥʘʰʠʭ 

ʛʦʨʥʳʭ ʚʝʨʰʠʥʘʭ, ʧʦ ʣʠʥʠʠ, ʧʦʩʪʝʧʝʥʥʦ ʚʦʩʭʦʜʷʱʝʡ ʩ ʘʨʢʪʠʯʝʩʢʠʭ ʥʠʟʤʝʥʥʦʩʪʝʡ 

ʜʦ ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʳ ʧʦʜ ʵʢʚʘʪʦʨʦʤè (ɼʘʨʚʠʥ, 1991, ʩ.339). ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʢ ʩʣʝʜʫʝʪ, ʚʝʨʦʷʪʥʦ, ʦʪʥʝʩʪʠ ʢ ʵʢʦʣʦʛʦ-ʣʘʥʜʰʘʬʪ-

ʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʥʘʟʚʘʥʥʦʤʫ ʚ ʍʍ ʚ. ʂ. ʊʨʦʣʣʝʤ çʛʝʦʵʢʦʣʦʛʠʝʡè (ʊʠʤʘʰʝʚ, 2007).  

ɼʠʥʘʤʠʢʫ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʏ. ɼʘʨʚʠʥ ʨʘʩʩʤʘʪʨʠʚʘʣ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟ-

ʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʥʦ ʠ ʚ ʩʠʣʫ ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʠʪʦʩʬʝʨʝ. ʆʥ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʦʟʚʨʘʱʘʣʩʷ ʢ ʚʦʧʨʦʩʫ ʦʙ ʦʯʝʨʪʘʥʠʠ ʤʘʪʝʨʠʢʦʚ ʠ ʚʦʟʤʦʞʥʦʡ ʨʘʟ-

ʜʨʦʙʣʝʥʥʦʩʪʠ ʠʭ ʥʘ ʦʩʪʨʦʚʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ, ʯʪʦ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʣʠʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ ʢʦʥʢʨʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʨʠʯʠʥʫ ʧʦʜʦʙʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʥ 

ʫʩʤʘʪʨʠʚʘʣ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʷʭ ʣʠʪʦʩʬʝʨʳ: çɺʩʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʳ 

ʷʩʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘʤ, ʯʪʦ ʢʘʞʜʘʷ ʦʙʣʘʩʪʴ ʧʦʜʚʝʨʛʘʣʘʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʤʝʜʣʝʥ-

ʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʫʨʦʚʥʷ, ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʟʘʭʚʘʪʳʚʘʣʠ ʙʦʣʴʰʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘè (ɼʘʨʚʠʥ, 1991, ʩ. 274). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʢʦʥʮʝʧʮʠʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʵʚʩʪʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ), ʏ. 

ɼʘʨʚʠʥ ʛʦʚʦʨʠʪ ʦʙ ʠʟʤʝʥʝʥʠʷʭ çʫʨʦʚʥʷ ʩʫʰʠè. ʅʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʨʘʟʥʳʝ ʘʢʮʝʥʪʳ ʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʢʪʦʥʠʢʠ ʣʠʪʦʩʬʝʨʳ, ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʦʚʝʨʞʠʤʳʤ ʬʘʢʪ ʝʸ ʚʦʟʜʝʡʩʪ-

ʚʠʷ ʥʘ ʙʠʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ. çɺʦ ʚʨʝʤʷ ʧʝʨʠʦʜʦʚ ʧʦʜʥʷʪʠʷ ʦʙʣʘʩʪʴ ʩʫʰʠ ʠ 

ʧʨʠʤʳʢʘʶʱʘʷ ʢ ʥʝʡ ʦʙʣʘʩʪʴ ʤʝʣʢʦʚʦʜʴʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʠ ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʥʦʚʳʝ ʩʪʘʮʠʠ; ʘ ʚʩʝ ʵʪʦ é ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʨʘʟʥʦ-
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ʚʠʜʥʦʩʪʝʡ ʠ ʚʠʜʦʚ; ʥʦ ʠʤʝʥʥʦ ʢ ʵʪʠʤ ʧʝʨʠʦʜʘʤ ʠ ʦʪʥʦʩʷʪʩʷ ʦʙʳʯʥʦ ʧʨʦʙʝʣʳ ʚ ʛʝʦ-

ʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠè (ɼʘʨʚʠʥ, 1991, ʩ. 275). ɺ ʵʪʦʤ ʢʦʨʦʪʢʦʤ ʬʨʘʛʤʝʥʪʝ ʨʘʙʦʪʳ ʏ. 

ɼʘʨʚʠʥʘ ʦʙʥʘʞʘʶʪʩʷ ʩʨʘʟʫ ʜʚʝ ʧʨʦʙʣʝʤʳ: ʠ ʥʝʧʦʣʥʦʪʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʨʘʟʚʠʪʠʠ ʙʠʦʩʬʝʨʳ.  

ʇʘʨʘʜʠʛʤʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦʩʠʩʪʝʤʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʠʟʫʯʝʥʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. ʕʢʦʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʞʠʚʳʭ 

ʠ ʥʝʞʠʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʥʘ ʦʙʲʝʜʠʥʷʝʪ ʚ ʦʜʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʦʣʝ ʞʠʚʦʝ ʚʝʱʝ-

ʩʪʚʦ ʠ ʩʨʝʜʫ ʝʛʦ ʦʙʠʪʘʥʠʷ (ɻʣʘʜʝʥʢʦʚ, 2004). ʉʦʚʨʝʤʝʥʥʳʝ ʝʩʪʝʩʪʚʦʠʩʧʪrʘʪʝʣʠ ʥʝ 

ʜʦʣʞʥʳ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʠʩʪʦʢʠ ʠʭ ʟʥʘʥʠʡ ʦ ʧʨʠʨʦʜʝ ʠʤʝʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʨʥʠ. ʂʘʢ 

ʟʘʚʝʱʘʥʠʝ ʏʘʨʣʟʘ ɼʘʨʚʠʥʘ ʩʚʦʠʤ ʧʦʪʦʤʢʘʤ ʤʦʞʥʦ ʨʘʩʮʝʥʠʚʘʪʴ ʝʛʦ ʩʣʦʚʘ: çé ʤʳ 

ʤʦʞʝʤ ʙʳʪʴ ʫʚʝʨʝʥʳ, ʯʪʦ ʦʙʳʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ ʥʝ ʙʳʣʘ ʥʠ ʨʘʟʫ 

ʧʨʝʨʚʘʥʘ ʠ ʯʪʦ ʥʠʢʦʛʜʘ ʥʠʢʘʢʠʝ ʢʘʪʘʢʣʠʟʤʳ ʥʝ ʦʧʫʩʪʦʰʘʣʠ ʚʩʶ ʟʝʤʣʶ. ʆʪʩʶʜʘ ʤʳ 

ʤʦʞʝʤ ʩ ʜʦʚʝʨʠʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʙʝʟʦʧʘʩʥʦʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʙʫʜʫʱʝʝ. ʀ ʪʘʢ 

ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʩʠʣʫ ʠ ʨʘʜʠ ʙʣʘʛʘ ʢʘʞʜʦʛʦ ʩʫʱʝʩʪʚʘ, ʪʦ 

ʚʩʝ ʢʘʯʝʩʪʚʘ, ʪʝʣʝʩʥʳʝ ʠ ʫʤʩʪʚʝʥʥʳʝ, ʩʢʣʦʥʥʳ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʘè (ɼʘʨʚʠʥ, 1991, ʩ. 419).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʛ. (ʧʨʦʝʢʪ 2.3.1). 
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superimposes restrictions on macroevolution. These restrictions are connected with processes of 

the deployment genotype in ontogenes, as well as with morphological spatial restrictions. 

Progressive evolution is labored for groups with the external armor for want of the free space. 

Cognate restrictions are observed in the development of the brain-everted development. Changing 

the dominant groups causes general biosphera of the realignment. Dominant groups displace and 

suppress representatives preceding dominant group in the main, biotop. This causes a realignment 

on all levels of biosphera relations. An Essential reinforcement of the influence of dominant 

groups occurs in the process of evolutions biosphera on the transformation of biosphera relations. 

Dominant groups a development on cerebral way. For them distinctive inverted a development of 

the brain. Shaping the new communications between neurons in the cortex of the cerebrum of the 

neanderthal man radically has raised a mentality of the brain. As a result this appear a new man ï 

of Homo sapiens sapiens and new formation ï Noosphere.  
 

ɺʚʝʜʝʥʠʝ. ʋʛʣʫʙʣʝʥʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʦ ʧʨʠʨʦʜʝ ʚʝʜʫʪ ʢ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʨʘʩʯʣʝʥʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʝʜʠʥʦʤ ʧʨʦʮʝʩʩʝ ʝʝ ʵʚʦʣʶʮʠʠ. 

ʕʪʦ ʥʝʠʟʙʝʞʥʦ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʜʠʥʩʪʚʘ ʧʨʠʨʦʜ-

ʥʳʭ ʷʚʣʝʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ, ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʦʝ, ʙʠʦ-

ʣʦʛʠʯʝʩʢʦʝ ʠ ʥʦʦʩʬʝʨʥʦʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʩʦʧʦʜʯʠʥʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʨʘʟ-

ʚʠʪʠʷ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʛʫʣʷʨʥʦ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʫʯʝʥʳʭ ʠ ʩʪʘʚʷʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʤʠʥʘʨʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈɻʇʋ ʠʤ. ɻʝʨʮʝʥʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʝʥʠʷ ʦʪʤʝʯʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʠ ʧʫʪʝʡ ʠʭ ʨʘʟʨʝʰʝʥʠʷ ʧʦʩʚʷʱʝʥʘ ʩʪʘʪʴʷ ɽ.ʄ. ʅʝʩʪʝʨʦʚʘ (2011), ʚ ʢʦʪʦʨʦʡ ʩʪʘ-

ʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʡ ʤʘʪʝʨʠʠ ʠ ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʝ ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ. ʇʘʣʝʦʥʪʦ-

ʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʦʝʥʠʷ ʘʨʭʝʪʠʧʘ ʦʪ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʢʚʘʩʬʝ-

ʨʦʡ, ʪʝʨʨʘʩʬʝʨʦʡ ʠ ʘʵʨʦʩʬʝʨʦʡ (ʇʦʧʦʚ, 2010, 2011 ʘ, ʙ). ʉʫʱʝʩʪʚʫʝʪ ʚʝʩʴʤʘ 

ʚʘʞʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʙʣʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʛʜʝ ʞʠʟʥʴ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʘʢʪʠʚʥʳʡ ʠ ʥʝʦʪʲʝʤʣʝʤʳʡ ʢʦʤʧʦ-

ʥʝʥʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ (ɺʝʨʟʠʣʠʥ, ʆʢʥʦʚʘ, 2011). ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʞʠʟʥʴ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ, ʦʙʣʘʜʘʝʪ ʠʤʤʘ-

ʥʝʥʪʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʵʚʦʣʶʮʠʠ (ʇʦʧʦʚ, 2010, 2011 ʘ, ʙ). 

ʆʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ ʵʚʦʣʶʮʠʷ, ʢʦʪʦʨʳʡ ʧʦʜ-

ʚʝʨʛʩʷ ʜʝʚʘʣʴʚʘʮʠʠ. ʉʪʦʨʦʥʥʠʢʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ (ʉʊʕ) ʩʦ-

ʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʠʟʫʯʝʥʠʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʩʦ-

ʚʝʨhʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʘʢʪʳ ʵʚʦʣʶʮʠʠ. çɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʡ ʩʠʩʪʝʤʳ (ʚʠʜʘ) ʵʚʦ-

ʣ ʮʁʠʷ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʪ.ʝ. ʤʘʢʨʦʵʚʦʣʶʮʠʷ, ʠʣʠ ʵʚʦʣʶʮʠʷ ʥʘ ʫʨʦʚʥʝ 

ʚʳʰʝ ʚʠʜʘ, ʠʜʝʪ ʣʠʰʴ ʧʫʪʝʤ ʤʠʢʨʦʵʚʦʣʶʮʠʠè (ɺʦʨʦʥʮʦʚ, 2004, ʉ. 297). ʕʪʦʪ 

ʚʳʚʦʜ ʧʨʠʚʝʣ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʠʟʫʯʝʥʠʶ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʘʨʭʝʪʠʧʘ, ʚ ʢʦʪʦʨʦʤ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʟʘʧʝʯʘʪʣʝ-

ʚʘʝʪʩʷ ʚʝʩʴ ʧʫʪʴ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʪʦʣʴʢʦ ʚ 

ʨʘʤʢʘʭ ʚʠʜʘ, ʪ.ʝ. ʚ ʤʛʥʦʚʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʵʣʝʤʝʥ-

ʪʘʨʥʳʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʩʜʚʠʛ, ʧʨʠʚʝʣ ʩʪʦʨʦʥʥʠʢʦʚ ʉʊʕ ʢ ʛʣʫʙʦʢʦ ʦʰʠʙʦʯʥʦʤʫ 

ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʘ ʠ ʠʤʝʝʪ ʥʝʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢ-

ʪʝʨ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʢʦʨʦʪʢʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʠ ʤʘʩʩʳ ʩʣʫʯʘʡʥʳʭ, 
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ʥʝʜʦʣʛʦʚʝʯʥʳʭ ʠ ʥʝʪʠʧʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʪʨʝʥʜʦʚ ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʛʝʥʝʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʠ, ʜʣʷʱʝʡʩʷ ʩʦʪʥʠ ʠ ʩʦʪʥʠ ʤʠʣ-

ʣʠʦʥʦʚ ʣʝʪ. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʙʠʦʪʠʯʝ-

ʩʢʠʝ, ʪʘʢ ʠ ʘʙʠʦʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʤ ʉʊʕ ʦʪʜʘʝʪ ʧʨʝʜʧʦʯ-

ʪʝʥʠʝ. ʊʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʞʠʚʦʛʦ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ ʩ ʘʙʠʦʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ (ʙʠʦ-

ʛʝʦʮʝʥʦʟ, ʚ ʧʦʥʠʤʘʥʠʠ ɺ.ʅ. ʉʫʢʘʯʝʚʘ), ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ-

ʧʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʦʥʦ ʥʝ ʨʘʙʦʪʘʝʪ ʚ ʤʘʢʨʦʵʚʦʣʶʮʠʦʥʥʦʤ ʚʨʝʤʝʥ-

ʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʶʪ ʫʞʝ ʠʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʘʧʳ ʛʠʛʘʥʪʩʢʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ï ʦʪ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʜʦ ʯʝʣʦʚʝʢʘ 

ʠ ʥʦʦʩʬʝʨʳ ï ʦʩʪʘʶʪʩʷ ʚʥʝ ʧʦʣʷ ʟʨʝʥʠʷ ʉʊʕ. ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʞʝ ʤʘʪʝʨʠʘʣ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʝʜʫʱʝʤ ʟʥʘʯʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʙʠʦʩʠʩʪʝʤ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ (ʇʦʧʦʚ, 2008, 2010, 2011 ʘ, ʙ).  

ʕʚʦʣʶʮʠʷ ʙʠʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤʠ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ, ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʬʠʣʫʤʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʫʜʘʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʘʨʭʝ-

ʪʠʧʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʦʤʠʥʘʥʪʥʳʝ ʛʨʫʧʧʳ (ʙʠʣʘʪʝʨʘʣʠʠ, 

ʭʦʨʜʦʚʳʝ, ʧʦʟʚʦʥʦʯʥʳʝ). ɻʝʥʝʨʘʣʴʥʳʝ ʯʝʨʪʳ ʩʪʨʦʝʥʠʷ ʘʨʭʝʪʠʧʦʚ ʵʪʠʭ ʛʨʫʧʧ ʦʧʨʝ-

ʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʧʦʜʯʠʥʝʥʥʳʭ ʚʝʪʚʝʡ. ɺ ʤʘʢʨʦʵʚʦʣʶʮʠʠ, ʧʨʦʪʝʢʘʶ-

ʱʝʡ ʚ ʛʠʛʘʥʪʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʯʝʤ ʚʠʜ. ɺ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʛʣʘʚʥʳʭ ʬʠʣʫ-

ʤʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʢʦʥʢʫʨʝʥʪʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʜʯʠʥʝʥʥʳʤʠ ʚʝʪʚʷʤʠ ʚ 

ʭʦʜʝ ʘʜʘʧʪʠʚʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʢʦʨʧʦʨʘ-

ʪʠʚʥʳʝ ʦʪʥʦʰʝʥʠʷ (ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʠʱʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʩʠʤʙʠʦʟʦʚ), ʧʨʝ-

ʚʨʘʱʘʷʩʴ ʚ ʙʠʦʮʝʥʦʪʠʯʝʩʢʠʝ ʩʚʷʟʠ (ʇʦʧʦʚ, 2008, 2010, 2011ʘ,ʙ).  

ʀʪʘʢ, ʤʠʢʨʦʵʚʦʣʶʮʠʷ ʜʘʝʪ ʧʝʨʚʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʤʘʢʨʦʵʚʦʣʶʮʠʠ, ʚ ʭʦʜʝ ʢʦ-

ʪʦʨʦʡ ʦʪʙʠʨʘʶʪʩʷ ʫʞʝ ʬʠʣʫʤʳ ʩ ʫʜʘʯʥʳʤʠ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʇʨʠ-

ʩʧʦʩʦʙʣʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʧʨʦʛʨʝʩʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʬʠʣʫʤʦʚ, ʥʘʧʨʘʚʣʝʥʳ ʥʘʧʨʷʤʫʶ 

ʠʣʠ ʢʦʩʚʝʥʥʦ ʥʘ ʙʦʨʴʙʫ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʚʦʣʶʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʞʝʩʪʢʦʡ 

ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ (ʘʨʭʝʪʠʧʘ) ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʙʦʨʘ ʚ ʪʝʯʝ-

ʥʠʝ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ʉʪʨʫʢʪʫʨʘ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʨʦʤʦʨʬʦʟʘʤʠ 

ʜʦʤʠʥʘʥʪʥʳʭ ʛʨʫʧʧ ʩ ʫʜʘʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʘʨʭʝʪʠʧʘ (ʙʠʣʘʪʝʨʘʣʠʠ, ʧʦʟʚʦʥʦʯʥʳʝ). 

ʆʥʠ ʧʦʜʘʚʣʷʶʪ ʛʨʫʧʧʳ, ʤʝʥʝʝ ʫʜʘʯʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ, ʟʘʢʨʳʚʘʷ ʠʤ ʜʦʨʦʛʫ ʢ ʧʨʦ-

ʛʨʝʩʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ (ʘʨʪʨʦʧʦʜʳ, ʤʦʣʣʶʩʢʠ, ʠ ʜʨ.). ʇʦʩʣʝʜʥʠʝ ʦʙʨʘʟʫʶʪ ʥʠʞʥʠʝ 

ʵʪʘʞʠ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ. ɺ ʩʫʢʮʝʩʩʠʠ ʚʝʥʜʦ-ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʘʨʦʤʦʨʬʦʟʦʚ ʜʦʤʠ-

ʥʘʥʪʥʳʭ ʛʨʫʧʧ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʤʝʛʘʘʨʦʤʦʨʬʦʟʘ, ʚʝʜʫʱʠʝ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʞʠʟʥʠ: ʤʝʛʘʘʨʘʤʦʨʬʦʟʳ ʧʨʦʪʦʤʥʦʛʦʢʣʝʪʦʯʥʳʭ, ʧʨʦʪʦʙʠʣʘ-

ʪʝʨʘʣʴʥʳʭ, ʮʝʨʝʙʨʘʣʴʥʳʡ ʠ ʥʦʦʩʬʝʨʥʳʡ ʤʝʛʘʘʨʘʤʦʨʬʦʟʳ (ʇʦʧʦʚ, 2008, 2010, 2011ʘ,ʙ).  

ʈʘʟʚʠʪʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʤʤʘʥʝʥʪʥʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʞʠʟʥʠ, ʚ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʚʠʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢ ʜʚʠʞʝʥʠʶ ʠ ʦʩʦʙʝʥʥʦ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʣʝʜʥʝʝ ʥʝʠʟʙʝʞʥʦ 

ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫ ʦʨʛʘʥʠʟʤʘ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ ï ʤʦʟʛʘ. ʀʤʝʥʥʦ ʮʝʨʝʙ-

ʨʘʣʴʥʳʡ ʧʫʪʴ ʵʚʦʣʶʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʜʦʤʠʥʘʥʪʥʳʭ ʛʨʫʧʧ, ʦʧʨʝʜʝʣʠʣ ʦʙʱʝʝ 

ʨʘʟʚʠʪʠʝ ʙʠʦʩʬʝʨʳ ʠ ʧʨʠʚʝʣ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʦʩʬʝʨʳ (ʇʦʧʦʚ, 2008, 2009, 2010, 2011 

ʘ, ʙ). ʅʦʦʩʬʝʨʘ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʪʦʣʴʢʦ ʦʜʥʠʤ ʚʠʜʦʤ ï ʯʝʣʦʚʝʢʦʤ, ʥʦ ʦʥʘ ʥʘʯʘʣʘ 

ʦʢʘʟʳʚʘʪʴ ʤʦʱʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʩʬʝʨʫ ʚ ʮʝʣʦʤ. ʕʚʦʣʶʮʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʩʬʝʨʳ (ʯʝʣʦʚʝʢʘ) ʚʳʭʦʜʠʪ ʧʦ ʩʚʦʝʡ ʟʥʘʯʠʤʦʩʪʠ ʟʘ ʨʘʤʢʠ ʦʙʱʝʙʠʦʩʬʝʨʥʳʭ 
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ʦʪʥʦʰʝʥʠʡ, ʪ.ʝ. ʟʘ ʧʨʝʜʝʣʳ ʦʙʱʝʡ ʩʠʩʪʝʤʳ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʦʩʬʝʨʳ ï ʵʪʦ ʠʪʦʛ 

ʨʘʟʚʠʪʠʷ ʙʠʦʩʬʝʨʳ ʢʘʢ ʥʝʠʟʙʝʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʙʦʨʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʙʠʦʩʠʩʪʝʤ. 

ɺ ʨʘʤʢʘʭ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʦʤʘʥʴʦʥʮʘ, ʪ.ʝ. ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʘʥʴʦʥʮʳ ʦʪʣʠʯʘʣʠʩʴ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʠʥ-

ʪʝʣʣʝʢʪʘ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʚʩʝʭ ʩʪʦʨʦʥʘʭ ʠʭ ʞʠʟʥʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʵʚʦʣ ʮʁʠʠ ʤʦʟʛʘ, ʩʚʷʟʘʥ-

ʥʦʛʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɺ ʵʚʦʣʶʮʠʠ ʢʨʦ-

ʤʘʥʴʦʥʮʘ ʦʪʤʝʯʘʝʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʬʘʢʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʜʦ 1400 ʩʤį ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʝʤʫ ʥʝʘʥʜʝʨʪʘʣʴʮʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʤʝʣʠ ʦʙʲʝʤ ʤʦʟʛʘ 1500 ʩʤį. ɼʦ ʵʪʦʛʦ ʚ ʨʘʟʚʠʪʠʠ ʧʨʠʤʘʪʦʚ ʯʝʪʢʦ ʩʦʭʨʘʥʷʣʘʩʴ 

ʪʝʥʜʝʥʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʤʦʟʛʘ (ʃʘʤʙʝʨʪ, 1991). ʉ ʥʘʰʝʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʤʦʟʛʘ ʢʨʦʤʘʥʴʦʥʮʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʢʦʤ 

ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʟʛʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʪ.ʝ. ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝʤ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʰʠʭ ʝʛʦ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ (ʇʦʧʦʚ, 2008). ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʠʩʪʝʤʥʳʡ 

ʧʦʜʭʦʜ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʦʟʥʘʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ 

ʷʚʣʝʥʠʡ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʯʝʩʪ-

ʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʘ ʥʘʯʠʥʘʶʪʩʷ ʦʙʳʯʥʦ ʩ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ, 

ʘ ʟʘʪʝʤ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʧʫʪʠ ʚ 

ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ ʠ ʦʙʫʩʣʦʚʠʣʦ ʫʩʢʦʨʝʥʠʝ ʪʝʤʧʦʚ ʝʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʚ 

ʨʝʟʢʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʣʶʜʝʡ. ʅʘʧʨʠʤʝʨ, ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʅ.ʅ. ɺʦʨʦʥ-

ʮʦʚʘ: ʯʠʩʣʝʥʥʦʩʪʴ ʛʦʤʠʥʠʜ 2 ʤʣʥ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 130 ʪʳʩʷʯ ʦʩʦ-

ʙʝʡ, 300 ʪʳʩ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʠʭ ʯʠʩʣʦ ʜʦʩʪʠʛʣʦ 1 ʤʣʥ. ʏʠʩʣʝʥʥʦʩʪʴ ʢʨʦʤʘʥʴʦʥʮʝʚ 

40-20 ʪʳʩ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʧʨʝʚʳʩʠʣʘ 3 ʤʣʥ ʦʩʦʙʝʡ, ʘ 6 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʯʠʩʣʝʥʥʦʩʪʴ 

ʣʶʜʝʡ ʥʘ ɿʝʤʣʝ ʫʞʝ ʧʨʝʚʳʩʠʣʘ 80 ʤʣʥ ʦʩʦʙʝʡ (ɺʦʨʦʥʮʦʚ, 2004, ʉ. 19, 21, 41).  

ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʢʨʦʤʘʥʴʦʥʮʝʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝ-

ʘʥʜʝʨʪʘʣʴʮʘʤʠ, ʧʨʦʷʚʠʣʦʩʴ ʚ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʦʭʦʪʳ, ʯʪʦ ʠʤʝʣʦ ʦʛ-

ʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ. ʉʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʫʜʠʡ ʦʭʦʪʳ, ʘ ʛʣʘʚʥʦʝ ï ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʦʭʦʪʳ ï ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʧʝʰʥʝʝ ʦʭʦʪʠʪʴʩʷ ʥʘ ʢʨʫʧʥʳʭ 

ʞʠʚʦʪʥʳʭ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙʥʘʨʫʞʝʥʥʳʝ ʦʛʨʦʤʥʳʝ ʛʨʫʜʳ ʢʦʩʪʝʡ. 

ʅʘʧʨʠʤʝʨ, ʥʘʭʦʜʢʘ ʦʩʪʘʪʢʦʚ ʪʳʩʷʯʠ ʙʠʟʦʥʦʚ ʚ ʦʜʥʦʤ ʠʟ ʦʚʨʘʛʦʚ ʶʞʥʦʡ ʈʦʩʩʠʠ, 

ʘ ʪʘʢʞʝ ʩʢʝʣʝʪʳ 10 ʪʳʩ. ʣʦʰʘʜʝʡ, ʥʘʡʜʝʥʥʳʭ ʧʦʜ ʩʢʘʣʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ʌʨʘʥʮʠʠ 

(ʃʘʤʙʝʨʪ, 1991; ʄʘʨʪʳʥʦʚ, 1996).  

ʇʦʣʫʯʝʥʠʝ ʥʝʠʩʩʷʢʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʱʠ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ 

ʦʪ ʦʭʦʪʳ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʯʝʣʦʚʝʢ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʝʤʝʩʝʣ ʠ 

ʠʩʢʫʩʩʪʚʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʩʢʘʣʴʥʘʷ ʞʠʚʦʧʠʩʴ ʚ ʧʝʱʝʨʘʭ ʩ ʠʟʦʙʨʘ-

ʞʝʥʠʷʤʠ ʞʠʚʦʪʥʳʭ ʠ ʩʮʝʥ ʦʭʦʪʳ, ʜʦʩʪʠʛʘʶʱʘʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʩʦʢʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʘ. ɼʨʝʚʥʠʡ ʯʝʣʦʚʝʢ ʦʩʪʘʚʠʣ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʢʨʘʰʝʥʠʷ ʠ ʩʢʫʣʴʧ-

ʪʫʨʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʢʘʤʥʷ, ʢʦʩʪʝʡ ʞʠʚʦʪʥʳʭ ʠ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ. ʂʨʦʤʘʥʴ-

ʦʥʩʢʠʝ ʧʦʛʨʝʙʝʥʠʷ ʛʦʚʦʨʷʪ ʦ ʩʠʤʚʦʣʠʯʝʩʢʠʭ ʨʠʪʫʘʣʘʭ, ʦ ʚʝʨʝ ʢʨʦʤʘʥʴʦʥʮʝʚ ʚ 

ʧʦʪʫʩʪʦʨʦʥʥʠʡ ʤʠʨ, ʘ ʪʘʢʞʝ ʦ ʨʦʩʪʝ ʙʦʛʘʪʩʪʚʘ ʠ ʩʦʮʠʘʣʴʥʦʤ ʨʘʩʩʣʦʝʥʠʠ. ʆʥʠ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʫʭʦʚʥʦʤ ʨʘʟʚʠʪʠʠ, ʧʦʷʚʣʝʥʠʠ ʟʘʯʘʪʢʦʚ 

ʬʠʣʦʩʦʬʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʧʨʠʨʦʜʳ ʠ ʤʝʩʪʘ ʯʝʣʦʚʝʢʘ ʚ ʥʝʡ (ʃʘʤʙʝʨʪ, 1991; ʂʵʨ-

ʨʦʣʣ, 1993; ʄʘʨʪʳʥʦʚ, 1996).  

ʉʘʤʦʩʦʟʥʘʥʠʝ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʩʚʦʝʛʦ ʝʜʠʥʩʪʚʘ ʠ ʤʝʩʪʘ ʚ ʧʨʠʨʦʜʝ ʧʦʜʛʦʪʦʚʠʣʠ 

ʝʛʦ, ʥʘʢʦʥʝʮ, ʢ ʧʦʟʥʘʥʠʶ ʚʳʩʰʠʭ ʠʩʪʠʥ, ʦʬʦʨʤʣʝʥʥʳʭ ʉʣʦʚʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶɦʠʭ 

ʝʛʦ ʥʦʚʦʡ ʨʦʣʠ ʚ ʤʠʨʝ, ʪ.ʝ. ʥʦʚʦʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʞʠʚʦʛʦ. ʆʩʦʟʥʘʥʠʝ ʯʝʣʦʚʝʯʝ-

ʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʤʝʥʳ ʦʪʥʦʰʝʥʠʡ, ʮʘʨʷʱʠʭ ʚ ʦʙʱʝʩʪʚʝ ʚ ʜʫʭʝ ʜʘʨʚʠʥʦʚʩʢʦʡ 

ʙʦʨʴʙʳ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʠʣʦ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ 

ʠʩʪʠʥ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʵʚʦʣʶʮʠʠ ʞʠʚʦʛʦ, ʟʘ ʩʫʱʝʩʪ-

ʚʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤ. ʅʘʩʪʦʷ-

ʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʳʤ, ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʧʦʜ-

ʩʪʝʛʠʚʘʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʡ ʤʦʱʴʶ ʯʝʣʦʚʝʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʧʦʨʦʡ ʨʘʟʨʫʰʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʤʢʘʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʜʘʨʚʠʥʦʚʩʢʦʛʦ ʦʪʙʦʨʘ. ʇʦʥʠʤʘʥʠʝ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʱʝʥʠʷ ʛʦʩ-

ʧʦʜʩʪʚʫʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʣʶʜʴʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʛʥʝʪʝ-

ʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʩʣʘʙʳʭ, ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʧʨʠʟʥʘʥʠʝ ʩʘʤʦʮʝʥʥʦʩʪʠ 

ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʙʠʣʠʟʘʮʠʠ ʚʩʝʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʢʘʯʝʩʪʚ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. ʕʪʦʪ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʚʳʞʠʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʛʨʫʧʧ ʣʶʜʝʡ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʠ ʥʘʩʪʦʷ-

ʪʝʣʴʥʳʤ. ʉʠʩʪʝʤʘ ʜʫʭʦʚʥʳʭ, ʤʦʨʘʣʴʥʳʭ ʠʩʪʠʥ (ʉʣʦʚʦ) ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʬʫʥʜʘʤʝʥ-

ʪʦʤ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʥʘʜʩʪʨʦʝʢ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ ʠʭ ʛʨʫʧ-

ʧʘʤʠ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʧʨʘʚʦʚʳʭ, ʢʫʣʴʪʫʨʥʳʭ ʠ ʪ. ʧ. (ʇʦʧʦʚ, 2011 ʘ, ʙ). 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ, ʩʦʟʜʘʶʱʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʚʩʝʛʦ ʮʝʥʥʦʛʦ ʚ ʢʘʞʜʦʤ ʯʝʣʦʚʝʢʝ, ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳ ʜʣʷ ʦʙʱʝʩʪʚʘ. ʆʥʠ ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʫʩʠʣʠʚʘʶʪ ʝʜʠʥʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʞʠʚʘʥʠʝ ʠ ʧʨʦʮʚʝʪʘʥʠʝ ʢʘʢ 

ʚʩʝʛʦ ʦʙʱʝʩʪʚʘ, ʪʘʢ ʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʕʪʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʩʘʤʦʮʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʘʞʜʦʡ ʦʩʦʙʠ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʛʝʥʝʨʘʣʴʥʫʶ 

ʪʝʥʜʝʥʮʠʶ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʠʦʩʬʝʨʳ. ʂʘʯʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩh ʠʡ ʫʨʦʚʝʥʴ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʯʝʩʪʚʫ ʧʝʨʝʡʪʠ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʶ ʫʞʝ ʠʥʦʡ ʩʬʝʨʳ ï ʜʫʭʦʚʥʦʡ, ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʯʠʩʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ. ʉʪʨʝʤʣʝʥʠʝ ʢ ʨʘʟʚʠʪʠʶ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʦʛʫʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʙʦʨʴʙʳ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʞʝ ʠʩʯʝʨʧʘʣʦ ʩʝʙʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʫʭʦʚʥʦʛʦ ʩʪʘ-

ʥʦʚʠʪʩʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴ ʠ ʨʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʬʝʨʳ. ʉʪʨʝʤʣʝʥʠʝ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʶ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʬʝʨʳ ʚʥʝ ʨʘʤʦʢ ʜʫʭʦʚʥʦʛʦ ï ʠʥʘʜʘʧʪʠʚʥʳʡ ʧʫʪʴ 

ʨʘʟʚʠʪʠʷ. ʆʥ ʚʝʜʝʪ ʢ ʚʦʟʚʨʘʪʫ ï ʥʘ ʫʨʦʚʝʥʴ ʙʦʨʴʙʳ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʪ.ʝ. ʢ ʩʥʠʞʝ-

ʥʠʶ ʥʘ ʧʨʝʜʳʜʫʱʫʶ ʩʪʫʧʝʥʴ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʦʦʩʬʝʨʳ ʪʝʧʝʨʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʧʦʵʪʦʤʫ ʠʥʪʝʣʣʝʢʪ (ʤʦʟʛ) ʩʝʡʯʘʩ ʩʪʘʣ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ ʰʠʨʦʢʠʭ ʠ ʛʣʫʙʦʢʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʦʦʨʫʞʝʥʥʳʭ 

ʩʦʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʦʡ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʛʦʩʫʜʘʨʩʪʚʦ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ 

ʩʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʟʘʚʠʩʠʪ ʝʛʦ ʚʳʞʠʚʘʥʠʝ. ʃʶʜʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʩʪʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ 

ʦʪʙʦʨʘ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʚ ʥʦʦʩʬʝʨʝ ʥʝʠʟʙʝʞʥʦ ʜʦʣʞʥʘ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʟʘʢʦʥ-

ʯʠʪʴʩʷ ʥʦʚʳʤ ʩʢʘʯʢʦʤ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʯʝʣʦʚʝʢʘ. ʉʣʦʞʥʝʡʰʠʝ ʥʘ-
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ʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʫʩʧʝʰʥʦ ʠ ʙʳʩʪʨʦ ʨʝʰʘʶʪʩʷ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ ʠʭ 

ʧʦʜʩʪʝʛʠʚʘʝʪʩʷ ʦʩʪʨʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ 

ʘʪʦʤʥʦʡ ʙʦʤʙʳ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʥʘʢʘʥʫʥʝ ʵʪʦʛʦ ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ. 

ʉ ʦʞʠʜʘʝʤʳʤʠ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʩʚʷʟʘʥ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ï ʤʦʨʘʣʴʥʳʭ, ʵʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ, 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʝʱʝ ʚ ʉʣʦʚʝ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚʳʞʠʚʘʥʠʷ ʯʝʣʦʚʝ-

ʯʝʩʪʚʘ ʚʦʦʙʱʝ, ʚʢʣʶʯʘʷ ʦʙʫʟʜʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʧʦ ɼʘʨʚʠʥʫ. 
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Abstract: Global ecological catastrophe in the history of the Earth were called by different 

natural planetary and space reasons ï recurring cosmic events. Today, the major factor of the 
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global environmental crisis on Earth ï man, this is the main difference of the present crisis 

from all previous ones. 
 

ʆʙʦʩʪʨʷʶʱʠʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʦʙʘʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʫʞʝ ʥʝ 

ʧʝʨʚʳʡ ʚ ʜʣʠʪʝʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʧʦʭʘʭ ɿʝʤʣʠ. ɹʠʦʣʦʛʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʵʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʪʦʨʦʡ ʢʨʫʧʥʝʡʰʠʡ ʛʣʦʙʘʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʚ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʚ ʠʩʪʦʨʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ɿʝʤʣʝ ʞʠʚʦʛʦ ʠ ʝʛʦ ʵʚʦʣʶʮʠʠ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʠʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ ʯʝʪʳʨʝʭ 

ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ (ʪʦʯʥʝʝ, 3,8 ʤʣʨʜ. ʣʝʪ). ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ, 

ʧʦ ʤʥʝʥʠʶ ʫʯʝʥʳʭ, ʙʳʣ ʥʘ ɿʝʤʣʝ ʚ ʪʝ ʜʨʝʚʥʝʡʰʠʝ ʚʨʝʤʝʥʘ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʚʦʣʶʮʠʠ ʞʠʚʳʝ ʢʣʝʪʢʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʠʩʢʘʭ ʚʦʜʳ ʠ ʝʝ ʜʠʘʣʠʟʘ 

ʚʳʜʝʣʷʣʠ ʚ ʦʛʨʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʢʠʩʣʦʨʦʜ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʣʠ ʥʘ ɿʝʤʣʝ 

ʢʠʩʣʦʨʦʜʥʫʶ ʘʪʤʦʩʬʝʨʫ. ɼʦ ʵʪʦʛʦ ʥʘ ɿʝʤʣʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʤʥʦʛʦ ʬʦʨʤ 

ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʜʣʷ ʥʠʭ ʩʦʟʜʘʥʠʝ ʯʫʞʜʦʡ ʢʠʩʣʦʨʦʜʥʦʡ 

ʘʪʤʦʩʬʝʨʳ ʙʳʣʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʩʦʙʳʪʠʝʤ ï ʛʣʦʙʘʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʢʨʠʟʠʩʦʤ, ʧʨʠʚʝʜʰʠʤ ʢ ʚʳʤʠʨʘʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʬʦʨʤ. ɺ ʭʦʜʝ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ ʚ ʠʪʦʛʝ ʚʩʝ ʞʝ ʫʩʪʘʥʦʚʠʣʦʩʴ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʚʳʤʠʨʘʥʠʷ ʙʠʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʢʨʠʟʠʩʘʤʠ, 

ʧʨʦʠʩʭʦʜʠʣʠ ʤʥʦʛʦʢʨʘʪʥʦ (ʉʦʣʦʤʠʥ, ʅʝʩʪʝʨʦʚ, 2013). 

ɺʩʝ ʵʪʠ ʛʣʦʙʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚʳʟʳʚʘʣʠʩʴ 

ʨʘʟʥʳʤʠ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʣʘʥʝʪʘʨʥʳʤʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ï 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ-

ʭʦʞʜʝʥʠʝʤ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ 

ʠ ʪ.ʧ.), ʩʤʝʥʷʶʱʠʤʠʩʷ ʵʧʦʭʘʤʠ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʣʠʪʦʩʬʝʨʳ (ʦʨʦʛʝʥʝʟʘ ʠ ʨʠʬʪʦʛʝʥʝʟʘ), ʩʦʧʨʦʚʦʞʜʘʝʤʳʤʠ ʠʟʤʝʥʝʥʠ̫ʤʠ 

ʚ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝʨʳ ʠ ʢʣʠʤʘʪʘ, ʪʨʘʥʩʛʨʝʩʩʠʷʤʠ (ʥʘʩʪʫʧʣʝʥʠʝʤ) ʠ ʨʝʛʨʝʩʩʠʷʤʠ 

(ʦʪʩʪʫʧʘʥʠʝʤ) ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʪ.ʧ. ʇʨʠʯʠʥʳ ʠʭ ʚʦ ʤʥʦʛʦʤ ʜʦ ʢʦʥʮʘ ʝʱʝ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ, ʥʦ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʩʝ ʵʪʠ ʢʘʪʘʩʪʨʦʬʳ ʙʳʣʠ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ, ʧʨʠʨʦʜʥʳʤʠ (ʅʝʩʪʝʨʦʚ, 2013). 

ʊʝʧʝʨʴ ʞʝ ʛʣʘʚʥʝʡʰʠʡ ʬʘʢʪʦʨ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʥʘ ɿʝʤʣʝ 

ï ʯʝʣʦʚʝʢ, ʠ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʥʘʩʪʦʷʱʝʛʦ ʢʨʠʟʠʩʘ ʦʪ ʚʩʝʭ 

ʧʨʝʜʳʜʫʱʠʭ. ʉʦʚʨʝʤʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʪʠʚʦʝʩʪʝʩʪʚʝʥ, ʦʥ ʚʳʟʚʘʥ ʩʘʤʠʤ ʯʝʣʦʚʝʢʦʤ. ʅʝʨʘʟʫʤʥʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʭʦ-

ʟʷʡʩʪʚʝʥʥʘʷ, ʠʣʠ ʪʝʭʥʦʛʝʥʥʘʷ (ʘʥʪʨʦʧʦʛʝʥʥʘʷ), ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʦ ʚʩʝʭ ʝʝ ʩʣʦʞʥʳʭ 

ʠ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʬʦʨʤʘʭ ʧʨʠʚʦʜʠʪ ʥʘ ʥʘʰʠʭ ʛʣʘʟʘʭ ʧʨʠʨʦʜʫ ʥʘ ɿʝʤʣʝ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʠʟʠʩʫ. ʅʝʨʘʟʫʤʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚ ʧʨʝʜʝʣʘʭ ʛʠʛʘʥʪʩʢʦʛʦ ʣʠʪʦʩʬʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʦʯʥʝʝ, ʚ ʝʝ ʩʘʤʦʡ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ, ʥʘʟʳʚʘʝʤʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, ʚʥʦʩʠʪ ʦʛʨʦʤʥʳʡ ʜʠʩʙʘʣʘʥʩ ʚ 

ʨʘʚʥʦʚʝʩʠʝ ʟʝʤʥʦʡ ʙʠʦʩʬʝʨʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʮʠʚʠʣʠʟʘʮʠʠ ʩʪʘʣʦ 

ʥʦʩʠʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʙʳʩʪʨʳʡ, ʘ ʧʦ ʤʝʨʢʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ï 

ʚʟʨʳʚʥʦʡ ʭʘʨʘʢʪʝʨ. ʀʥʜʫʩʪʨʠʘʣʴʥʘʷ ʨʝʚʦʣʶʮʠʷ ʚ ʤʠʨʝ ʧʨʠʚʝʣʘ ʢ ʛʣʦʙʘʣʴʥʦʤʫ 

ʚʤʝʰʘʪʝʣʴʩʪʚʫ ʯʝʣʦʚʝʢʘ ʚ ʣʠʪʦʩʬʝʨʫ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ (ʅʝʩʪʝʨʦʚ, 2005). 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠ ʠʟʚʣʝʢʘʝʤʦʛʦ ʯʝʣʦʚʝʢʦʤ 

ʤʘʪʝʨʠʘʣʘ ʚ ʣʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʨʝʚʳʰʘʝʪ 100 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ ʚ ʛʦʜ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʙʦʣʴʰʝ 
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ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ, ʩʥʦʩʠʤʦʛʦ ʚʦʜʘʤʠ ʨʝʢ ʚ ʦʢʝʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʜʝʥʫʜʘʮʠʠ, 

ʨʘʟʤʳʚʘ ʩʫʰʠ. ɽʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʥʘʥʦʩʦʚ, ʧʝʨʝʤʝʱʘʝʤʳʭ ʚʩʝʤʠ ʪʝʢʫʯʠʤʠ 

ʚʦʜʘʤʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 13 ʢʤ
3
, ʪʦ ʝʩʪʴ ʚ 30 ʨʘʟ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ (ʍʘʟʘʥʦʚ, 1975). ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʠʨʝ ʫʜʚʘʠʚʘʝʪʩʷ ʢʘʞʜʳʝ 14-15 ʣʝʪ. ʊʦ ʝʩʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʚʦʠʤ ʤʘʩʰʪʘʙʘʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʪʘʣʘ ʥʝ 

ʪʦʣʴʢʦ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʧʨʠʨʦʜʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʭ ʧʨʝʚʦʩʭʦʜʠʪ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʣ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ (ɺʝʨʥʘʜʩʢʠʡ, 1991) ʥʝ ʚʠʜʷ, 

ʦʜʥʘʢʦ, ʚ ʵʪʦʤ ʥʠʢʘʢʦʡ ʫʛʨʦʟʳ ʮʠʚʠʣʠʟʘʮʠʠ. 

ʅʘ ʦʛʨʦʤʥʳʭ ʧʣʦʱʘʜʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʚ ʝʝ ʥʝʜʨʘʭ ʥʘ ʥʘʰʠʭ ʛʣʘʟʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʷʚʣʝʥʠʡ (ʦʧʦʣʟʥʝʡ, ʩʝʣʝʡ, ʧʦʜʪʦʧʣʝʥʠʷ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, 

ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʟʚʘʥʳ ʠʣʠ ʘʢʪʠʚʠʟʠʨʦʚʘʥʳ ʯʝʣʦʚʝʢʦʤ, 

ʯʘʩʪʦ ʝʛʦ ʥʝʨʘʟʫʤʥʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ, ʘ ʥʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ (ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʤʠ). ʆʥʠ ʨʦʚʝʩʥʠʢʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, 

ʠ ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʤʘʩʰʪʘʙʳ ʠʭ ʧʨʦʷʚʣʝʥʠʡ ʥʘ ɿʝʤʣʝ 

ʚʩʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʶʪ. 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʜʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʠʨʦʜʥʳʤʠ ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʯʘʩʪʦʪʘ ʧʨʦʷʚʣʝʥʠʷ 

ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʠʨʦʜʥʳʝ. ʆʪʩʶʜʘ 

ʚʳʪʝʢʘʝʪ ʠʭ ʯʨʝʟʚʳʯʘʡʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʢʘ ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʤʥʦʛʠʝ 

ʦʧʘʩʥʳʝ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʦ ʚ ʘʨʩʝʥʘʣʝ ʤʝʪʦʜʦʚ ʠʥʞʝ-

ʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ ʥʘʫʯʥʳʡ ʦʧʳʪ ʧʦ ʧʨʦʛʥʦʟʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦ ʤʝʨʦʧʨʠʷʪʠʷʤ ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʠʥʞʝ-

ʥʝʨʥʫʶ ʟʘʱʠʪʫ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʝ ʫʱʝʨʙʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʦʩʪʨʷʶʱʝʤʩʷ ʥʘ ɿʝʤʣʝ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʢʨʠʟʠʩʝ ʨʦʣʴ ʨʘʟ-

ʣʠʯʥʳʭ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʣʠʪʦʩʬʝʨʝ, ʦʛʨʦʤʥʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ (ʅʝʩʪʝʨʦʚ, ʉʦʣʦʤʠʥ, ʉʫʭʦʨʫʢʦʚ, 2006). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʝ ʛʝʦʵʢʦʣʦʛʠʠ ʚ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʥʝʠʟʤʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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Abstract: The article pays attention to the important role of the energy component of 

natural and technogenic processes and phenomena in the life of the biota and human. By the 

example of variations of geomagnetic field there gives a forecast of possible and 

environmentally safe ways of the Earth evolution. 
 

ʕʥʝʨʛʝʪʠʢʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʦʧʨʝʜʝʣʝ̫ʪʩʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. ʅʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʟʫʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʞʠʚʦʛʦ ʚʝɦ ʝʩʪʚʘ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦ-

ʬʠʟʠʢʠ [1]. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ ï ʵʪʦ ʨʘʟʜʝʣ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʬʠʟʠʢʠ, ʠʟʫ-

ʯʘʶʱʠʡ ʩ ʧʦʤʦʱʴʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠʨʦʜʥʳʝ, ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʝ 

ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ ʠ ʧʦʨʦʞʜʘʝʤʳʝ ʠʤʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʦ-

ʛʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ï ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʦʟʜʝʡʩʪʚʠʠ ʵʪʠʭ ʧʦʣʝʡ, ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʙʠʦʪʫ [4]. 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʵʚʦʣʶʮʠʠ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʯʝʣʦʚʝʢ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣʠʩʴ ʠ 

ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʩʪʘʚʣʷʶɦʠʭ ʝʩʪʝʩʪ-

ʚʝʥʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ, ʩʝʡʩʤʠʯʝʩʢʦʝ, ʪʝʧʣʦʚʦʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ (ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʝ), ʨʘʜʠʘʮʠʦʥʥʦʝ. 

ɺʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʜʠʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʩʫʱʝʩʪʚʫʶɦ ʠʝ ʥʘ 

ɿʝʤʣʝ ʩ ʤʦʤʝʥʪʘ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʦʧʨʝʜʝʣʠʣʠ ʦʙʣʠʢ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ ʧʦʟʚʦʣʠʣʠ ʫʩʪʦʡʯʠʚʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʘ ʪʦʯʥʝʝ ï 

ʦʙʝʩʧʝʯʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʧʨʦʮʝʩʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʩʪʦʣʝʪʠʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʧʦʣʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʧʨʠʯʝʤ ʠʭ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʧʦʣʝ ɿʝʤʣʠ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʧʦʜʯʘʩ 

ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ [4]. 

ɺ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ɿʘʧʠʩʢʘʭ ɺʄʆ ʩʪʘʪʴʝ ɺ.ɺ. ɻʘʚʨʠʣʝʥʢʦ [3] ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʧʨʦʙʣʝʤʳ ʠ ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ 

ʠ ʛʝʦʭʠʤʠʠ ʢʘʢ çʚʝʱʝʩʪʚʝʥʥʦʡè ʦʩʥʦʚʳ ʧʦʟʥʘʥʠʷ ʙʠʦʩʬʝʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩ-

ʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʠʜʝʡ ɺ.ʀ. ɺʝʨʥʘʜ-

ʩʢʦʛʦ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʩʬʝʨʳ ʢʘʢ ʜʠʥʘʤʠʯʥʦʡ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʠ-

ʚʦʛʦ ʠ ʢʦʩʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. 

ʉʦʛʣʘʰʘʷʩʴ ʚ ʮʝʣʦʤ ʩ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʩ ʧʦʜʭʦʜʦʤ ʠ ʠʟʣʦʞʝʥʠʝʤ ʧʨʦʙʣʝʤ ʠ 

ʟʘʜʘʯ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ, ʭʦʪʝʣʦʩʴ ʙʳ ʦʙʨʘʪʠʪʴ ʙʦʣʝʝ ʧʨʠ-

ʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. 

ʊʘʢ, ʚ ʩʚʦʝʡ ʢʥʠʛʝ çɹʠʦʩʬʝʨʘ ʠ ʥʦʦʩʬʝʨʘè [2] ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʧʠʩʘʣ (Ä3, ʩ. 

37): çɹʣʘʛʦʜʘʨʷ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʷʤ ʙʠʦʩʬʝʨʘ ʧʦʣʫʯʘʝʪ ʚʦ ʚʩʝʤ ʩʚʦʝʤ 
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ʩʪʨʦʝʥʠʠ ʥʦʚʳʝ, ʥʝʦʙʳʯʥʳʝ ʠ ʥʝʠʟʚʝʩʪʥʳʝ ʜʣʷ ʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʚʦʡʩʪʚʘ ʠ 

ʦʪʨʘʞʘʶʱʠʡ ʝʝ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʣʠʢ ʟʝʤʣʠ ʚʳʷʚʣʷʝʪ ʚ ʵʪʦʡ ʩʨʝʜʝ ʥʦʚʫʶ, 

ʠʟʤʝʥʝʥʥʫʶ ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʢʘʨʪʠʥʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺʝʱʝʩʪʚʦ ʙʠʦʩʬʝʨʳ ʙʣʘʛʦʜʘʨʷ ʠʤ ʧʨʦʥʠʢʥʫʪʦ ʵʥʝʨʛʠʝʡ; ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʠʚʥʳʤ, ʩʦʙʠʨʘʝʪ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪ ʚ ʙʠʦʩʬʝʨʝ ʧʦʣʫʯʝʥʥʫʶ ʚ ʬʦʨʤʝ ʠʟʣʫʯʝʥʠʡ 

ʵʥʝʨʛʠʶ, ʧʨʝʚʨʘʱʘʝʪ ʝʝ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʚ ʵʥʝʨʛʠʶ ʚ ʟʝʤʥʦʡ ʩʨʝʜʝ ʚ ʩʚʦʙʦʜʥʫʶ, 

ʩʧʦʩʦʙʥʫʶ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʙʦʪʫ.  

ʆʙʨʘʟʦʚʘʥʥʘʷ ʠʤ ɿʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʦʣʦʯʢʘ ʥʝ ʤʦʞʝʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʢʘʢ ʦʙʣʘʩʪʴ ʚʝʱʝʩʪʚʘ; ʵʪʦ ʦʙʣʘʩʪʴ ʵʥʝʨʛʠʠ, ʠʩʪʦʯʥʠʢ 

ʠʟʤʝʥʝʥʠʷ ʧʣʘʥʝʪʳ ʚʥʝʰʥʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠè (ʢʦʥʝʮ ʮʠʪʘʪʳ). 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʝʜʝʣʘʭ ʢʨʘʪʢʦʡ ʩʪʘʪʴʠ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʦʙʱʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʦʩʪʘʥʦʚʠʤʩʷ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, 

ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʭ ï ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʟʤʝ-

ʨʝʥʥʦʝ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʦʨʦʞʜʘʝʤʳʭ ʨʘʟʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ:  

ʛʣʘʚʥʦʝ ʧʦʣʝ. ɹʦʣʝʝ 95% ʠʟʤʝʨʷʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʦ ʚʥʝʰʥʝʤ çʞʠʜʢʦʤè ʷʜʨʝ ʧʣʘʥʝʪʳ. ʕʪʘ ʯʘʩʪʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘʟʚrʘʶʪ ʥʦʨʤʘʣʴʥʳʤ ʠʣʠ ʛʣʘʚʥʳʤ ʧʦʣʝʤ. ɻʣʘʚʥʦʝ ʧʦʣʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝ-

ʤʝʥʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ (ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ). ɻʦʚʦʨʷ ʦ ʝʛʦ ʜʠʥʘʤʠʢʝ, ʯʘʱʝ ʚʩʝʛʦ 

ʥʘʟʳʚʘʶʪ ʦʙʱʠʡ ʜʨʝʡʬ ʤʘʛʥʠʪʥʳʭ ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ, ʠʟʤʝʥʝʥʠʝ ʧʦʣʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʣʘʥʝʪʳ, ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 

ʘʥʦʤʘʣʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʧʦʨʦʜ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʉʁ ʜʘ ʚʭʦʜʷʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ. ʆʥʠ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʥʝʢʦʪʦ-

ʨʳʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ ʘʥʦʤʘʣʠʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ʆʜʥʘʢʦ, ʚ ʦʙʱʝʤ 

ʧʦʣʝ ʧʣʘʥʝʪʳ ʩʠʣʴʥʳʝ ʣʦʢʘʣʥɹʳʝ ʘʥʦʤʘʣʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʚ ʮʝʣʦʤ 

ʠʭ ʚʢʣʘʜ ʚ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 1ï2%; 

ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ. ʊʦʢʠ, ʪʝʢʫʱʠʝ ʚ ʠʦʥʦʩʬʝʨʝ, ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʛʝʦʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ. ʆʥ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2%. ɺʘʨʠʘʮʠʠ ʧʦʣʷ ʦʪ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʯʝʥʴ 

ʜʠʥʘʤʠʯʥʳ ï ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʧʣʝʩʢʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʊ. ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʤʝʨʷʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ. ɽʜʠʥʠʮʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 

ʩʠʩʪʝʤʝ ʉʀ ï ʪʝʩʣʘ (ʊʣ). ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʝʜʠʥʠʮʳ ï ʤʠʢ-

ʨʦʪʝʩʣʘ (ʤʢʊʣ), ʨʘʚʥʘʷ 10
-6
 ʊʣ, ʠ ʥʘʥʦʪʝʩʣʘ (ʥʊʣ), ʨʘʚʥʘʷ 10

-9
 ʊʣ. 

ʅʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʘʭ ɿʝʤʣʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥ-

ʜʫʢʮʠʠ ʛʣʘʚʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ 70 ʤʢʊʣ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʨʘʚʥʘ ʥʫʣʶ), ʥʘ ʵʢʚʘʪʦʨʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 

30 ʤʢʊʣ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʨʘʚʥʘ ʥʫʣʶ). 

ʉʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʢʣʝʪʢʘʭ ʩʢʦʧʣʝʥʠʡ ʤʘʛʥʝʪʠʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ. ʊʘʢʠʝ ʩʢʦʧʣʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʫ ʛʦʣʫʙʝʡ, ʧʯʝʣ, ʤʦʣʣʶʩʢʦʚ ʠ ʫ ʯʝʣʦ-

ʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʨʛʘʥʠʟʤ ʩʘʤ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤ ʧʦʣʝʤ. ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʚʳʟʳʚʘʶʪʩʷ ʠʦʥʥʳʤʠ ʙʠʦʪʦʢʘʤʠ, ʤʝʣʴʯʘʡʰʠʤʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʧʦʧʘʚʰʠʤʠ ʚ ʦʨʛʘʥʠʟʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʡ ʚʦʩ-
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ʧʨʠʠʤʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʛʣʘʚʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʨʠʘ-

ʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʯʝʥʴ ʤʥʦʛʦ ʩʧʝʢʫʣʷʮʠʡ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʨʝʛʫ-

ʣʷʨʥʦ ʧʦʷʚʣʷʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɽʩʪʴ ʬʘʢʪʳ, ʠ 

ʝʩʪʴ ʜʦʤʳʩʣʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʪʠʭ ʬʘʢʪʘʭ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɼʨʝʡʬ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ. ʕʜʞʚʦʨʪ ɼʵʚʠʜ, ɼʫʛʣʘʩ ʄʦʫʩʦʥ ʠ ɸʣʠʩʪʝʨ ʄʘʢʝʡ 

(ʯʣʝʥʳ ʵʢʩʧʝʜʠʮʠʠ 1907ï1909 ʛʛ. ʘʥʛʣʠʡʩʢʦʛʦ ʧʦʣʷʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʕʨʥʝʩʪʘ 

ʐʝʢʣʪʦʥʘ) ʦʢʘʟʘʣʠʩʴ ʧʝʨʚʳʤʠ ʣʶʜʴʤʠ, ʩʪʫʧʠʚʰʠʤʠ ʥʘ ʶʞʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʣʶʩ 

(ʖʄʇ), ʢʦʪʦʨʳʡ ʚ ʪʦʪ ʜʝʥʴ ʦʢʘʟʘʣʩʷ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 7225 ʶ. ʰ., 15516 

ʚ. ʜ., ʪ.ʝ. ʚ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʠ ɸʥʪʘʨʢʪʠʜʳ. ʋʞʝ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʖʄʇ ʩʦ-

ʰʝʣ ʩ ʤʘʪʝʨʠʢʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʝʘʥʝ ï ʠʟʤʝʨʝʥʠʷ ʚ 2000 ʛ. ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦ-

ʚʘʥʥʦʤ ʩʫʜʥʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʖʄʇ ʥʘʭʦʜʠʣʩʷ ʥʘʧʨʦʪʠʚ ʧʦʙʝʨʝʞʴʷ ɿʝʤʣʠ ɸʜʝʣʠ ʚ 

ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 6440 ʶ. ʰ., 13807 ʚ. ʜ. ʆʪʩʶʜʘ ʜʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʩʁʘ 

ʦʢʦʣʦ 2810 ʢʤ, ʠ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʅʝ ʩʪʦʠʪ 

ʥʘ ʤʝʩʪʝ ʠ ʩʝʚʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʣʶʩ (ʉʄʇ).  

ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʦʙʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʘ ʩʜʝʣʘʣʠ ʚ XX ʩʪʦʣʝʪʠʠ. 

ʆʜʥʘʢʦ ʠʭ ʧʦʚʝʜʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ XX ʠ XXI ʚʚ. ʦʢʘʟʘʣʦʩʴ ʨʘʟʥʳʤ. ʊʘʢ ʖʄʇ, ʢ ʥʘ-

ʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʣ ʩʢʦʨʦʩʪʴ ʩʚʦʝʛʦ ʜʨʝʡʬʘ ï ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦ 

4ï5 ʢʤ/ʛʦʜ. ʉʄʇ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 1971 ʛ. ʩʤʝʱʘʣʩʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 9 ʢʤ/ʛʦʜ, ʟʘʪʝʤ ʥʝʦʞʠʜʘʥʥʦ ʝʛʦ ʜʚʠʞʝʥʠʝ ʩʪʘʣʦ ʫʩʢʦʨʷʪʴʩʷ, ʠ ʢ 

ʥʘʯʘʣʫ 1990-ʭ ʛʦʜʦʚ ʦʥ ʩʤʝʱʘʣʩʷ ʫʞʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 15 ʢʤ/ʛʦʜ. ʀ ʝʩʣʠ ʝʛʦ ʥʠʯʪʦ ʥʝ 

ʦʩʪʘʥʦʚʠʪ, ʪʦ ʫʞʝ ʯʝʨʝʟ 20 ʣʝʪ ʦʥ ʧʦʡʜʸʪ ʧʨʷʤʳʤ ʢʫʨʩʦʤ ʥʘ ʉʠʙʠʨʴ. ʊʘʢʦʚʳ ʬʘʢʪʳ. 

ɺʳʚʦʜʳ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʨʘʟʥʳʤʠ, ʩʘʤʳʡ ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʠʡ ʠʟ ʢʦʪʦ-

ʨʳʭ ï ʥʝʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʟʦʢ ʚ ʢʘʨʪʠʥʫ ʚʩʝʦʙʱʝʛʦ ʭʘʦʩʘ, ʩʚʟ̫ʘʥʥʦʛʦ 

ʩ ʂʦʥʮʦʤ ʉʚʝʪʘ. 

ʀʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʦʞʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʦʣ -ʁ

ʩʦʚ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʧʦ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ï ʤʘʛ-

ʥʠʪʥʳʤ ʩʢʣʦʥʝʥʠʷʤ ʠ ʥʘʢʣʦʥʝʥʠʷʤ, çʟʘʩʪʳʚʰʠʤè ʚ ʤʠʥʝʨʘʣʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ï 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʠʩʭʦʜʠʣʠ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʧʦʣʶʩʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ ʤʝʥʷʣʠʩʴ ʤʝʩʪʘʤʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ 5 

ʤʣʥ ʣʝʪ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʦʢʦʣʦ 20 ʨʘʟ. 

ɼʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʝ ʧʦʣʷʨʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʣʘʥʝʪʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʘʢʫʶ-ʪʦ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʛʝʦʬʠʟʠʢʠ ʥʘʟʳʚʘʶʪ 

ʵʧʦʭʘʤʠ, ʠʣʠ ʭʨʦʥʘʤʠ. ʂ ʧʨʠʤʝʨʫ, ʩʝʡʯʘʩ ʤʳ ʞʠʚʸʤ ʚ ʵʧʦʭʫ ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʠ 

çɹʨʶʥʝʩè, ʥʘʟʚʘʥʥʫʶ ʪʘʢ ʚ ʯʝʩʪʴ ʛʝʦʬʠʟʠʢʘ ɹʝʨʥʘʨʜʘ ɹʨʶʥʝʩʘ, ʦʪʢʨʳʚʰʝʛʦ ʩʘʤʦ 

ʷʚʣʝʥʠʝ ʠʥʚʝʨʩʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʥʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʫʞʝ ʦʢʦʣʦ 780 ʪʳʩ. ʣʝʪ ʠ 

ʫʞʝ çʦʪʢʨʦʚʝʥʥʦ ʟʘʪʷʥʫʣʘʩʴè ʧʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʦʨʘʢʫʣʦʚ ʦʪ ʥʘʫʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʝʨʦʷʪʥʦʡ ʩʤʝʥʳ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʚʦʟʤʦʞʥʦ ʚʨʝʤʝʥʥʦʝ ʠʩ-

ʯʝʟʥʦʚʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʧʣʘʥʝʪʫ ʦʙʨʫʰʠʪʩʷ ʧʦʪʦʢ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʚʩʝʛʦ ʞʠʚʦʛʦ.  

ɺʥʫʪʨʠ ʦʜʥʦʡ ʵʧʦʭʠ ʯʘʩʪʦ ʩʣʫʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʧʝʨʝ-

ʧʦʣʶʩʦʚʢʠ, ʥʘʟʳʚʘʝʤʳʝ ʵʧʠʟʦʜʘʤʠ, ʠʚʝʥʪʘʤʠ ʠʣʠ ʩʫʙʭʨʦʥʘʤʠ. ʂ ʧʨʠʤʝʨʫ, ʚ ʭʨʦʥʝ 

ʄʘʪʫʷʤʳ ʚʳʜʝʣʝʥʳ ʪʨʠ ʦʪʯʸʪʣʠʚʳʭ ʵʧʠʟʦʜʘ: ʍʘʨʘʤʠʣʴʦ, ʆʣʜʫʚʘʡ ʠ ʈʝʶʥʴʦʥ. 

ɺ ʵʧʦʭʫ ɹʨʶʥʝʩʘ ʵʧʠʟʦʜʦʚ ʧʦʣʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʧʦʣʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʟʘʪʦ 

ʛʝʦʬʠʟʠʢʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʝ ʧʦʣʶʩʘ ɿʝʤʣʠ ʚʨʝʤʝʥʘʤʠ ʩʦ-
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ʚʝʨʰʘʣʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ (ʪʳʩʷʯʝʣʝʪʥʠʝ) ʵʢʩʢʫʨʩʳ ʚ ʙʦʣʝʝ ʶʞʥʳʝ ʰʠʨʦʪʳ. 

ʅʘʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ 14 ʵʢʩʢʫʨʩʦʚ ʩ ʦʪʭʦʜʦʤ ʦʪ ʧʦʣʶʩʦʚ ʚʨʘʱʝʥʠʷ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 45. ɺ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ, ʩʫʜʷ ʧʦ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ, ʩʦʚʧʘʜʝʥʠʝ 

ʙʳʣʦ ʦʯʝʥʴ ʭʦʨʦʰʠʤ: ʫʩʨʝʜʥʸʥʥʦʝ ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʥʠʭ ʪʳʩʷʯʝʣʝʪʠʡ ʧʦʣʦ-

ʞʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ. ʕʪʦ 

ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʩʠʪʫʘʮʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʩʪʦʣʝʪʠʷ ʯʝʤ-ʪʦ ʥʘʧʦʤʠʥʘʝʪ ʥʝ-

ʙʦʣʴʰʦʡ ʵʢʩʢʫʨʩ, ʢʦʪʦʨʳʡ ʚ ʥʘʰʠ ʜʥʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʟʘʚʝʨʰʘʝʪʩʷ (ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʜʠʧʦʣʷ ɿʝʤʣʠ ʫʤʝʥʴʰʘʝʪʩʷ).  

ʇʦ ʧʦʚʦʜʫ çʛʨʷʜʫʱʝʡè ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʥʝ ʙʳʩʪʨʳʡ (ʩʝʛʦʜʥʷ ʣʝʛʣʠ ʩʧʘʪʴ, ʘ ʟʘʚʪʨʘ ʧʨʦʩʥʫʣʠʩʴ ï ʫ ʧʣʘʥʝʪʳ ʧʦʣʶʩʘ 

ʧʦʤʝʥʷʣʠʩʴ ʤʝʩʪʘʤʠ!) ʠ ʜʣʠʪʩʷ ʧʦ ʨʘʩʯʝʪʘʤ ʛʝʦʬʠʟʠʢʦʚ ʧʦʨʷʜʢʘ 10 ʪʳʩʷʯ ʣʝʪ. 

ʇʘʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʣʘʥʝʪʳ. ɸʨʭʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ 

ʪʦʤ, ʯʪʦ ʫʞʝ ʦʢʦʣʦ ʜʚʫʭ ʪʳʩʷʯʝʣʝʪʠʡ ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʦʪʦʥʥʦʝ ʫʙʳʚʘʥʠʝ ʦʙʱʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʣʘʥʝʪʳ M
C
. ʀʟʤʝʨʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 200 ʣʝʪ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩ 1829 ʛ. ʜʦ 1960-ʭ ʛʦʜʦʚ ʜʠʥʘʤʠʢʘ M
C

 ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ t)0,004-(0,87M , ʊʣĀʤ
3
, ʛʜʝ t ï ʵʪʦ ʚʨʝʤʷ ʚ ʛʦʜʘʭ, ʦʪʩʯʠʪʳ-

ʚʘʝʤʦʝ ʦʪ 1900 ʛ. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʧʦʣʥʦʩʪʴʶ çʦʙʥʫʣʠʪè M  ʚʩʝʛʦ ʟʘ ʜʚʝ ʪʳʩʷʯʠ 

ʣʝʪ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ 1970 ʛ. ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ï ʢʦɻʬʬʠʮʠʝʥʪ ʧʝʨʝʜ t ʚʦʟ-

ʨʦʩ ʜʦ 0,006, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ çʦʙʥʫʣʝʥʠʷè M  ʜʦ ʢʘʢʠʭ-ʪʦ 1200ï1300 ʣʝʪ! 

ʕʪʦ ʫʞʝ ʥʝ ʛʝʦʣʦʛʠʯʝʩʢʠʡ, ʘ ʠʩʪʦʨʠʯʝʩʢʠʡ ʩʨʦʢ. ʊʦʯʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝ-

ʥʠʷ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʵʪʫ ʜʠʥʘʤʠʢʫ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʶʪ. 

ʆʪʩʶʜʘ ʧʘʥʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʦʙ ʠʩʯʝʟʥʦʚʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʝʤʠʥʫʝʤʦʡ 

ʛʠʙʝʣʠ ʚʩʝʡ ʙʠʦʪʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʞʝʩʪʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʦ-

ʥʝʯʥʦ, ʪʘʢʦʡ ʩʮʝʥʘʨʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʝʥ. ʊʝ ʞʝ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʥʘʙʣʶʜʝ-

ʥʠʷ ʟʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʜʨʝʚʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ʙʳʣʠ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʦʙʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʣʘ-

ʥʝʪʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣ ʝʱʝ ʥʠʞʝ, ʯʝʤ ʩʝʡʯʘʩ. ʆʜʥʘʢʦ, ʜʦʭʦʜʷ ʜʦ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʥʦʚʘ ʥʘʯʠʥʘʣʘ ʨʘʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʣʘʥʝʪʳ ʚʦ ʚʨʝʤʝʥʠ ʥʘʧʦ-

ʤʠʥʘʝʪ ʩʠʥʫʩʦʠʜʫ, ʦʩʴ ʢʦʪʦʨʦʡ ʥʝ ʨʘʚʥʘ ʥʫʣʶ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳ-

ʩʦʢʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. 

ʂʨʦʤʝ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳ-

ʩʪʨʳʤ, ʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʚʳʟʳʚʘʝʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦ-

ʢʘʤʠ ʚ ʠʦʥʦʩʬʝʨʝ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʦʥʦʩʬʝʨʳ ʩʚʟ̫ʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʥʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ ʩʦʣʥʝʯʥʳʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʥʝʨʝʛʫʣʷʨʥʳʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩʦ ʚʩʧʳʰ-

ʢʘʤʠ ʥʘ ʉʦʣʥʮʝ ʠ ʧʨʠʭʦʜʦʤ ʥʘ ɿʝʤʣʶ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦʪʦʢʦʚ. ʇʨʦʷʚʣʷʶʪʩʷ 

ʦʥʠ ʚ ʚʠʜʝ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ.  

ʄʘʛʥʠʪʥʳʝ ʙʫʨʠ ʙʳʚʘʶʪ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ï ʜʦ 1000 ʥʊʣ ʠ ʙʦʣʝʝ, ʯʘʱʝ ʚ 

ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʰʠʨʦʪʘʭ. ɺʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠʟʤʝʥʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʷ 

(30 000ï70 000 ʥʊʣ). ʀʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʙʫʨʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʛʦʜʳ ʤʘʢʩʠʤʫʤʦʚ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 11 ʣʝʪ. ʄʘʛʥʠʪʥʳʤ ʙʫʨʷʤ ʩʦʧʫʪʩʪ-
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ʚʫʶʪ ʧʦʣʷʨʥʳʝ ʩʠʷʥʠʷ, ʫʭʫʜh ʝʥʠʝ ʨʘʜʠʦʩʚʷʟʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʦʪʝʣʣʫʨʠ-

ʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʆ ʚʣʠʷʥʠʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʥʘ ʟʜʦʨʦʚʴʝ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ. ɺ ʦʩʥʦʚʥʦʤ ʩʪʨʘʜʘʶʪ 

ʣʶʜʠ ʩ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʦʨʛʘʥʦʚ 

ʜʳʭʘʥʠʷ. ʏʠʩʣʦ ʟʚʦʥʢʦʚ ʚ çʩʢʦʨʫʶ ʧʦʤʦʱʴè ʚ ʵʪʠ ʜʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟ. ʄʝʜʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʯʝʨʝʟ ʉʄʀ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʤʘʩʩʦʚʳʭ ʠʥʬʘʨʢʪʦʚ ʠ ʠʥʩʫʣʴʪʦʚ ʫ ʥʘʩʝʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʥʘ ʯʝʣʦʚʝʢʘ ʜʦ ʩʠʭ ʧʦʨ ʚʳʟ-r

ʚʘʝʪ ʩʧʦʨʳ. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʘʶʪʩʷ ʤʥʝʥʠʷ ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʘ-

ʚʠʣʴʥʝʝ ʚʩʝʛʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʪʦ ʷʚʣʝʥʠʝ.  

ɺ ʩʚʷʟʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʚʦʟʥʠʢʘʝʪ ʚʘʞʥʳʡ ʚʦʧʨʦʩ: ʧʦʯʝʤʫ ʥʘʠʙʦʣʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʦʢʘʟʳʚʘʶʪ ʠʤʝʥʥʦ ʩʣʘʙʳʝ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʣʷ, ʢʦʛʜʘ 

ʢʨʫʛʦʤ ʩʪʦʣʴʢʦ ʩʠʣʴʥʳʭ ï ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ ɿʝʤʣʠ, ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ? ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, ʯʪʦ ɺʳ ʣʝʪʠʪʝ ʥʘ ʦʪʜʳʭ ʚ ɽʛʠʧʝʪ. ʅʘ ʰʠʨʦʪʝ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 51 000 ʥʊʣ. 

ʏʝʨʝʟ 4ï5 ʯʘʩʦʚ ʧʦʣʝʪʘ ʚʳ ʧʦʧʘʜʝʪʝ ʚ ʤʝʩʪʥʦʩʪʴ, ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 42 000 ʥʊʣ, ʪ.ʝ. ʥʘ 9 000 ʥʊʣ ʤʝʥʴʰʝ. ɺʳ ʩʣʳʰʘʣʠ ʦʪ 

ʢʦʛʦ-ʥʠʙʫʜʴ ʞʘʣʦʙʳ ʥʘ ʟʜʦʨʦʚʴʝ ʚ ʩʚʷʟʠ ʩ ʪʘʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? ɸ ʪʝʧʝʨʴ ʩʨʘʚʥʠʪʝ ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʮʠʬʨʫ ʩ 1000 

ʥʊʣ ʦʯʝʥʴ ʩʠʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʢʦʪʦʨʘʷ ʙʳʚʘʝʪ ʥʝ ʯʘʱʝ 1 ʨʘʟʘ ʚ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 

ʂʘʢ ʧʦʣʘʛʘʶʪ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩʚʟ̫ʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʯʝʣʦʚʝʢʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʚ ʦʙ-

ʣʘʩʪʠ ʥʠʟʢʠʭ ʠ ʩʚʝʨʭʥʠʟʢʠʭ ʯʘʩʪʦʪ (0,01ï100 ɻʮ) ʠ ʧʦʪʦʤʫ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪ-

ʥʳʭ ʙʫʨʴ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʤʝʥʥʦ ʚ ʪʘʢʦʡ ʧʦʣʦʩʝ. 

ʀʥʪʝʨʝʩʥʘ ʪʘʢʞʝ ʩʣʝʜʫʶʱʘʷ ʛʠʧʦʪʝʟʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 

ʨʝʯʴ ʠʜʝʪ ʦ ʜʦʚʦʣʴʥʦ ʩʣʘʙʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʪʦ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʩʫ-

ʱʝʩʪʚʝʥʥʘ ʠʥʬʦʨʤʘʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʘ ʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʇʨʦʱʝ ʛʦʚʦʨʷ, 

ʩʘʤʘ ʧʦ ʩʝʙʝ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʨʝʜʥʘ ʜʣʷ ʦʨʛʘʥʠʟʤʘ. ʅʦ ʩʢʘʯʦʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʟʳʚʘʷ ʨʝʟʦʥʘʥʩ ʥʘ çʯʝʣʦʚʝʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭè, ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʜʨʘʞʠʪʝʣʝʤ ʜʣʷ ʧʩʠʭʠʢʠ. ɸ ʧʦʪʦʤ ʫʞʝ ʧʩʠʭʠʢʘ ʫʩʪʨʘʠʚʘʝʪ ʩʪʨʝʩʩ ʚʩʝʤʫ 

ʦʨʛʘʥʠʟʤʫ, ʦʪʯʝʛʦ ʠ ʫʭʫʜʰʘʝʪʩʷ ʩʘʤʦʯʫʚʩʪʚʠʝ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ï ʚʦ ʚʨʝʤʷ 

ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʥʝ ʧʘʥʠʢʦʚʘʪʴ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʜʳʭʘʪʝʣʴʥʦʡ ʛʠʤʥʘʩʪʠʢʠ, ʟʘʥʷʪʠʡ ʩʧʦʨʪʦʤ ʠʣʠ ʧʨʦʩʪʦ ʭʦʨʦʰʝʡ ʧʨʦ-

ʛʫʣʢʠ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ. 
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Abstract: Transformation of the geological environment under the influence of anthropogenic 

activities, especially in regions with intensive oil and gas extraction, where the frequency of 

manifestations of seismic events are often connected with the strike of the fault line, with zones of 

deep faults and the intersection nodes one and various orders lineaments (in Orenburg region), 

which is a reasonable probability can be "active" or "dangerous" seism generating zones. The article 

systematizes the possible complex ways and methods of pre-aggregation features messengersô 

earthquakes and to enhance the capacity of the seismic monitoring network by providing support 

observing slow horizontal and vertical shifts the Earthôs crust in the region by geodetic, gravimetric 

water meter-governmental, satellite, acoustic logging and visual observations.  
 

ʆʧʠʨʘʷʩʴ ʥʘ ʚʳʜʚʠʥʫʪʦʝ ʨʘʥʝʝ ʧʦʣʦʞʝʥʠʝ ʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜ-

ʚʝʩʪʥʠʢʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ʨʘʡʦʥʝ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʅɻʂʄ) [1], ʥʘʤʠ ʧʨʦʜʦʣʞʝʥʳ ʧʦʠʩʢʠ ʠ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʝʢ-

ʪʦʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʠ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ. 

ʃʠʪʦʩʬʝʨʘ ʠ ʤʘʥʪʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʳʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʘʢ ʚ ʩʠʩʪʝʤʝ ɿʝʤʣʷ-ʃʫʥʘ-ʉʦʣʥʮʝ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʩ ʵʬʬʝʢʪʘʤʠ ʮʠʢʣʠʯʥʦʩʪʠ ʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ ʛʣʦʙʘʣʴ-

ʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʠʥʜʠʢʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʟʦʥ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚʘʨʠʘʮʠʷʤʠ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʛʠʜʨʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʨʘʡ-

ʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʛʠʜʨʦ-

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʧʨʠʤʝʨʝ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʅɻʂʄ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʥʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ [2, 3].  

ʇʦʜ ʧʨʦʛʥʦʟʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʥʠʤʘʝʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʙʫ-

ʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʠ, ʚʦʟʤʦʞʥʦʡ ʩʠʣʳ ʠ ʭʘʨʘʢʪʝʨʘ ʝʝ ʧʨʦʷʚ-

ʣʝʥʠʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [14]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʦʜʥʘʢʦ, ʯʪʦ ʚ ʦʙʱʝʩʪʚʝ ʫʯʝʥʳʭ 

ʧʦʢʘ ʝʱʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʤʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʄʳ, ʢʘʢ ʠ ɺʦʝʚʦʜʘ ʆ.ɼ. [5], ʧʦʜ ʢʨʘʪʢʦʩʨʦʯʥʳʤʠ 

ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʧʦʥʠʤʘʝʤ ʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʬʠʢʩʠʨʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʠʣʠ ʚʠʟʫʘʣʴʥʦ ʟʘ 12-14 ʜʥʝʡ ʜʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʜʦʙʳʯʠ  ʥʝʬʪʠ ʠ ʛʘʟʘ ʘʥʘ-
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ʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʟʦʥʘʭ, 

ʛʜʝ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʜʫʪ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɿʜʝʩʴ ʥʘʢʘ-

ʧʣʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʩ̫ʝʥʠʡ, ʧʨʦʷʚ-

ʣʷʶʱʠʭʩʷ ʙʦʣʝʝ ʯʘʩʪʦ ʠ ʩ ʚʳʩʦʢʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ʂ ʪʘʢʠʤ ʩʝʡʩʤʦʘʢʪʠʚʥʳʤ 

ʟʦʥʘʤ ʦʪʥʦʩʷʪʩʷ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ (ʟʦʥʳ ʩʧʨʝʜʠʥʛʘ, ʩʫʙʜʫʢ-

ʮʠʠ, ʢʦʣʣʠʟʠʠ ʠ ʪ.ʧ.), ʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʧʦʣʠʛʦʥʘʤʠ ʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʙʣʦʢʘʭ ʢʦʥ-

ʪʠʥʝʥʪʦʚ. ʊʘʢ ʚ 2001 ʛʦʜʫ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʂʘʩʢʘʜʠʷ ʥʘ ʟʘʧʘʜʝ ʉʐɸ ʟʘʨʝʛʠʩʪ-

ʨʠʨʦʚʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʤʝʜʣʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʜʚʠʛʦʤ ʟʝʤʥʦʡ 

ʢʦʨʳ [15]. ɼʦ ʪʦʛʦ ʚʨʝʤʝʥʠ ʥʠ ʦʜʠʥ ʜʝʡʩʪʚʫʶʱʠʡ ʩʝʡʩʤʦʛʨʘʬ ʥʝ ʬʠʢʩʠʨʦʚʘʣ 

ʤʝʜʣʝʥʥʳʭ ʧʦʜʚʠʞʝʢ ʧʦʜ ʟʝʤʥʦʡ ʢʦʨʦʡ. ʅʦ ʩ ʪʝʭ ʧʦʨ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ 

ʩʦʙʳʪʠʷ ʚʦʟʥʠʢʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥʘʭ ʣʠʪʦ-

ʩʬʝʨʥʳʭ ʧʣʠʪ, ʠ ʩʚʷʟʘʥʳ ʦʥʠ ʩ ʤʝʜʣʝʥʥʳʤʠ ʩʜʚʠʛʘʤʠ ʠʣʠ, ʢʘʢ ʠʭ ʥʘʟʚʘʣʠ, çʵʧʠʟʦʜʠ-

ʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʠ ʩʜʚʠʛʘʤʠè ʠʣʠ çʪʠʭʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠè [15] (ʨʠʩ. 1). 
 

 
 

ʈʠʩ. 1. ɿʦʥʘ ʩʫʙʜʫʢʮʠʠ ʂʘʩʢʘʜʠʷ [15] 
 

ʇʦʜ çʪʠʭʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠè ʧʦʥʠʤʘʶʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʳ (ʤʠʢʨʦʧʣʠʪʳ), ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʵʧʠʟʦʜʠʯʝ-

ʩʢʠʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʪʦʣʯʢʘʤʠ ʜʦ 1-6 ʚʠʙʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ, ʠ ʧʦʣʥʘʷ ʬʘʟʘ ʦʧʠʩʳ-

ʚʘʝʤʦʛʦ ʩʜʚʠʛʘ ʤʦʞʝʪ ʟʘʥʷʪʴ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʠʣʠ ʦʢʦʣʦ ʛʦʜʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʳʯʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ɿʘ 

ʧʦʣʥʳʡ ʮʠʢʣ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʜʦʭʦʜʠʪ ʜʦ 5 ʤʤ, ʘ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ï 

ʜʦ 7 ʤʤ. ʇʨʠʯʠʥʳ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ çʪʠʭʦʛʦ ʟʝʤʣʝʪʨʩ̫ʝʥʠʷè ʦʩʪʘʶʪʩʷ ʥʝʧʦʥʷʪ-

ʥʳʤʠ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʍʘʡʜʠ ʍʴʶʩʪʦʥ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʰʪʘʪʘ ɺʘʰʠʥʛʪʦʥ 

(ʉʐɸ) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʷʪʠ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 2004-

2009 ʛ.ʛ. [16]. ʇʦ ʤʥʝʥʠʶ ʫʯʝʥʳʭ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʧʨʠ ʵʪʦʤ ʷʚʣʝʥʠʠ ʯʸʪʢʠʡ ʩʠʛʥʘʣ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʚʝʜʫʱʝʛʦ ʢʨʘʷ 

ʩʦʪʨʷʩʝʥʠʷ ʠ ʥʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ, ʚʝʨʦʷʪʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʣʠʚʥʳʭ ʩʠʣ, 

ʜʚʠʞʝʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʯʝʨʝʟ ʫʞʝ ʧʨʦʡʜʝʥʥʫʶ ʦʙʣʘʩʪʴ ʯʘʱʝ ʚ ʨʘʡʦʥʝ 

ʧʨʦʣʠʚʘ ʍʫʘʥ-ʜʝ-ʌʫʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʯʝʥʦ, ʯʪʦ çʪʠʭʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷè ʧʨʦʠʩʭʦ-
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ʜʷʪ ʥʘ ʛʣʫʙʠʥʘʭ 35-55 ʢʤ, ʛʜʝ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʣʠʪʦʩʬʝʨʥʳʝ ʙʣʦʢʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤʠ ʠ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤʠ. ʅʘ ʤʝʥʴʰʠʭ ʛʣʫʙʠʥʘʭ (ʦʢʦʣʦ 20 ʢʤ) 

ʧʣʠʪʳ ʩʧʦʩʦʙʥʳ ʩʜʝʨʞʠʚʘʪʴ ʥʘʨʘʩʪʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʩʦʪʝʥ ʣʝʪ. çʊʠʭʠʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷè ʠʟʫʯʘʶʪʩʷ ʚ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʩ 2002 ʛʦʜʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʡʦʥʝ 

ʗʧʦʥʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʦʩʪʨʦʚʘ ʀʩʣʘʥʜʠʷ, ʘ ʪʘʢʞʝ ɻʘʚʘʡʩʢʦʛʦ ʚʫʣʢʘʥʘ ʂʠʣʘʫʵʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʪʤʝʯʘʶʪ ɺ.ɽ. ʍʘʠʥ, ʄ.ɻ. ʃʦʤʠʟʝ [12], ʣʠʪʦʩʬʝʨʥʳʝ 

ʙʣʦʢʠ ʫʯʘʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʷʭ, ʥʦ ʜʚʠʛʘʷʩʴ ʧʦ ʩʬʝ-

ʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʚʝʨʰʘʶʪ ʝʱʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʮʝʥʪʨ ʟʝʤʥʦʛʦ ʰʘʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʕʡʣʝʨʘ. ʊʦ ʝʩʪʴ, ɺʦʩ-

ʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʪʝʨʨʠʪʦʨʠʷ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʅɻʂʄ, ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʩʣʦʞʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʢʨʫʛʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʥʦ ʟʜʝʩʴ ʛʣʫʙʠʥʳ ʦʙʣʘʩʪʝʡ ʥʝʩʪʘ-

ʙʠʣɹʥʦʩʪʠ ʠ ʤʷʛʢʦʩʪʠ ʣʠʪʦʩʬʝʨʥʳʭ ʙʣʦʢʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʫʪ 

ʙʦʣʴʰʝ. ɺʝʨʦʷʪʥʦ, ʟʜʝʩʴ ʪʦʞʝ ʚʦʟʤʦʞʥʳ çʪʠʭʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷè. 

ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʯʘʩʪʦ ʩʚʷʟʘʥʥʳʝ ʩ ʟʦʥʘʤʠ 

ʛʣʫʙʠʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʟʣʘʤʠ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ. ɻʣʫʙʠʥʥʳʝ 

ʨʘʟʣʦʤʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʦʧʝʨʷʶʱʝʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ, ʚʦʟʥʠ-

ʢʘʶʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʥʝʡʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʨʝʜʳ, ʩʛʫʱʝʥʠʝʤ ʤʠʢʨʦʪʨʝʱʠ-

ʥʦʚʘʪʦʩʪʠ ʠ ʝʝ ʧʨʦʷʚʣʝʥʠʝʤ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʦʣʝʡ ʵʢʟʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ï ʩʤʳʚʦʚ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʚʨʘʛʦʚ. 

ɺ ʥʘʯʘʣʝ ʩʝʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʉʉʉʈ ʙʳʣʦ ʥʘʯʘʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʮʝʣʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʢʨʫʧ-

ʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ. ʅʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʛʝʦʜʠ-

ʥʘʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʠ ʦʭʚʘʯʝʥʳ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ, 

ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ɹʘʰʢʠʨʩʢʦʛʦ 

ʩʚʦʜʘ ʠ ʉʦʣʠʢʘʤʩʢʦʡ ʚʧʘʜʠʥʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ (ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ɺʘʨʪʦʚʩʢʦʤ ʩʚʦʜʝ), ʘ ʪʘʢʞʝ ʚ ʊʝʨʩʢʦ-ʂʘʩʧʠʡʩʢʦʤ ʠ ʇʨʝʜ-

ʛʠʩʩʘʨʩʢʦʤ ʧʨʝʜʛʦʨʥʳʭ ʠ ʈʠʦʥʦ-ʂʫʨʠʥʩʢʦʤ ʤʝʞʛʦʨʥʦʤ ʧʨʦʛʠʙʘʭ (ʨʠʩ.2) [10,11]. 

ɿʜʝʩʴ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʣʦʢʘʣɹʥʳʝ ʘʥʦʤʘʣʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʧʦʨʷʜʢʘ. ʕʪʠ ʘʥʦʤʘʣʠʠ ʚʩrʦʢʦʘʤʧʣʠʪʫʜʥʳʝ (5070 ʤʤ/ʛʦʜ), 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʥʳʝ (0,11 ʛʦʜʘ). ʆʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʳ 

(0,1 1ʢʤ), ʦʙʣʘʜʘʶʪ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʩʢʦʨʦʩʪʠ ʜʣʷ ʥʠʭ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʳ 

ʧʦʨʷʜʢʘ 27 ʤʤ/ʛʦʜ. ʊʘʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ 

ʂʫʟʴʤʠʥʳʤ ʖ.ʆ. ʥʘʟʚʘʥʳ ʩʫʧʝʨʠʥʪʝʥʩʠʚʥrʤʠ [6, 7]. ɺ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʪʠʧʳ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʷʭ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʣʷ (L) 

ǀïʘʥʦʤʘʣʠʡ ʜʦʩʪʠʛʘʶʪ 0,12 ʢʤ, Sïʘʥʦʤʘʣʠʡ ï 5 10 ʢʤ, ʘ ïʘʥʦʤʘʣʠʡ ï 10 30 

ʢʤ, ʛʜʝ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ m = 10ï6 (ʝʩʣʠ ʘʤʧʣʠʪʫʜʘ (h) ʚʳʨʘʞʝʥʘ ʚ 

ʤʠʣʣʠʤʝʪʨʘʭ, ʪʦ ʰʠʨʠʥʘ ʘʥʦʤʘʣʠʠ (L) ʚ ʢʠʣʦʤʝʪʨʘʭ). 
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ʈʠʩ. 2. ʇʨʠʤʝʨʳ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʠʧʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ [8].  

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

1 ï ʟʦʥʳ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ,  

2 ï ʟʦʥʳ ʘʥʦʤʘʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ,  

3 ï ʘʤʧʣʠʪʫʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ,  

4 ï ʧʨʦʙʫʨʝʥʥʳʝ ʩʢʚʘʞʠʥʳ. 
 

ɺ ʧʣʘʪʬʦʨʤʝʥʥʳʭ çʘʩʝʡʩʤʠʯʥʳʭè ʙʣʦ-

ʢʘʭ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʟʦʥ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʥʦ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʟ-

ʣʦʤʘʭ ʘʩʝʡʩʤʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʚʳʰʝ, ʯʝʤ ʚ 

ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ [8]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʜʝʩʴ 

ʪʘʢʞʝ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ, ʘʥʘʣʦ-

ʛʠʯʥʳʡ çʤʝʜʣʝʥʥʦʡè ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʛʝʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ (ʨʠʩ.3).  

ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʥʝ ʩʢʦʨʦʩʪʠ ʜʝ-

ʬʦʨʤʘʮʠʡ, ʘ ʠʭ ʘʤʧʣʠʪʫʜʳ. ɽʩʣʠ ʞʝ ʧʨʠ-

ʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʞʜʫ ʧʦ-

ʚʪʦʨʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʫʧʝʨʠʥʪʝʥ-

ʩʠʚʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʣʷ ʘʩʝʡʩʤʠʯʥʳʭ 

ʨʘʟʣʦʤʦʚ ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʩʝʡʩʤʦʘʢ-

ʪʠʚʥʳʭ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʩʤʝʱʝʥʠʷ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʚʜʦʣʴ ʨʘʟ-

ʣʦʤʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʥʦ ʩ ʤʝʥʴʰʠʤ 

ʯʠʩʣʦʤ ʚʠʙʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ ʠ ʩʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʬʘʟʳ ʩʜʚʠʛʘ. 

ʅʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 

çʪʠʭʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡè ʜʦʩʪʘʪʦʯʥʦ ʧʨʦ-

ʜʦʣʞʠʪʝʣʝʥ (ʙʦʣʝʝ 10 ʜʥʝʡ), ʠʭ ʤʦʞʥʦ ʦʙ-

ʥʘʨʫʞʠʚʘʪʴ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʦʙʘʣɹʥʦʡ 

ʩʠʩʪʝʤʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ï ITRF ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʩʣʫʞʙʳ ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠ-

ʮʠʦʥʠʨʦʚʘʥʠʷ (GPS) ʜʣʷ ʛʝʦʜʠʥʘʤʠʢʠ.  
 

ʈʠʩ. 3. ʊʘʙʣʠʮʘ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʘʥʦʤʘʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥ ʨʘʟʣʦʤʦʚ [8] 
 

ʀʟʫʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʠʩ-
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ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (GPS-ʩʠʩʪʝʤ), ʘ ʪʘʢʞʝ ʧʫʣʴʩʘʮʠʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚ 

ʨʝʝʩʪʨʝ ʧʨʠʟʥʘʢʦʚ-ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʚʦʟʤʦʞʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ. ʇʨʠʯʠ-

ʥʘʤʠ ʚʦʟʤʦʞʥʦʛʦ ʦʞʠʚʣʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʭʦʜ 

ʘʚʪʝʨhʦʢʦʚ ʜʘʣʴʥʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦ-ɻʠʤʘʣʘʡ-

ʩʢʦʡ ʛʦʨʥʦʩʢʣʘʜʯʘʪʦʡ ʩʪʨʘʥʳ, ʯʪʦ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʞʴʷ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚ ʄʦʩʢʚʝ(24.05.2013) ʦʢʘʟʘʣʠʩʴ ʘʬʪʝʨʰʦʢʘʤʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ, ʥʘ ʉʘʭʘʣʠʥʝ ʠ ʂʘʤʯʘʪʢʝ. ʈʘʟʨʘʙʦʪʢʘ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 3 ʜʦ 7 ʙʘʣʣʦʚ [13]. 

ʋʚʝʣʠʯʝʥʠʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʚʳʩʦʢʦʪʦʯʥʳʤʠʛʨʘʚʠʤʝʪʨʠ-

ʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ ʨʘʙʦʪʘʤʠ ʤʝʪʦʜʦʤ ʦʙʤʝʥʥʳʭ ʚʦʣʥ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

(ʄʆɺɿ). ʅʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ (1965, 1998) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʥʠ, ʢʦʛʜʘ ʠʟ-ʟʘ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫ-

ʯʠʪʴ ʫʚʝʨʝʥʥʳʝ ʦʪʩʯʝʪʳ ʧʦ ʰʢʘʣʝ ʛʨʘʚʠʤʝʪʨʘ [13]. ʉʝʨʴʝʟʥʳʝ ʘʚʘʨʠʡʥʳʝ ʧʦ-

ʩʣʝʜʩʪʚʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʛ. ʅʝʬʪʝʶʛʘʥʩʢ ï ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ 3,5 ʙʘʣʣʘ, ʚ 

ʨʘʡʦʥʝ ʛ. ʇʳʪʴ-ʗʭʘ ï ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʘʚʘʨʠʠ ʥʘ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʠʟ-ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚ ʙʘʩʩʝʡʥʝ ʥʠʞʥʝʛʦ 

ʪʝʯʝʥʠʷ ʨ. ʀʨʪʳʰ ï ʘʚʘʨʠʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʘʩʪʦʪʘ ʧʨʦʷʚʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ʨʘʡʦʥʝ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʅɻʂʄ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʣʠʥʝʡʥʳʭ ʨʘʟʣʦʤʦʚ, ʩ 

ʟʦʥʘʤʠ ʛʣʫʙʠʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʟʣʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʜʥʦ- ʠ 

ʨʘʟʥʦʧʦʨʷʜʢʦʚʳʭ ʣʠʥʝʘʤʝʥʪʦʚ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʆʨʝʥʙʫʨʞʴʷ, ʢʦʪʦʨʳʝ, ʩ ʜʦʩ-

ʪʘʪʦʯʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʤʦʛʫʪ ʩʪʘʪʴ çʘʢʪʠʚʥʳʤʠ ʨʘʟʣʦʤʘʤʠè ʠʣʠ çʦʧʘʩʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠè. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʧʠʮʝʥʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʦ ʧʨʦʩʪʠʨʘ-

ʥʠʶ ʣʠʥʝʡʥʳʭ ʨʘʟʣʦʤʦʚ ʤʦʞʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʧʨʠʟʥʘʢʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʟʦʥ.  

ɼʨʫʛʠʤ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʟʦʥ 

ʷʚʣʷʝʪʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ ʥʝʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ ʥʝʬʪʝʛʘʟʦʦʪʜʘʯʘ ʧʨʦ-

ʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʯʝʨʝʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʥʦ 

ʚʢʣʶʯʠʪʴ ʚ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʟʦʥ ʫʢʘʟʳʚʘʶʪ ʪʘʢʞʝ ʘʥʦʤʘʣʠʠ 

ʵʤʘʥʘʮʠʡ ʛʘʟʦʚ ʨʘʜʦʥʘ ʠ ʛʝʣʠʷ ʥʘ ʦʧʦʨʥʳʭ ʧʫʥʢʪʘʭ ʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦ-

ʚʪʦʨʥʳʭ ʧʣʦʱʘʜʥʳʭ ʛʘʟʦʚʳʭ ʩʲʝʤʢʘʭ. ɸʥʦʤʘʣʠʠ ʛʝʣʠʷ, ʨʘʜʦʥʘ ʚ ʨʝʞʠʤʝ ʧʦ-

ʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʘʢʞʝ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʚʝʩʪ-

ʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʉʪʘʨʝʡʰʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʷʚ-

ʣʷʝʪʩʷ ʚʦʜʦʤʝʨʥʳʡ ʤʝʪʦʜ. ʇʦʚʪʦʨʥʳʝ ʚʦʜʦʤʝʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʧʨʦ-

ʚʦʜʠʪʴ ʥʘ ʢʨʫʧʥʳʭ ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ, ʧʦ ʩʝʪʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ. ɹʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʟʤʝ-

ʥʝʥʠʷ ʦʪʤʝʪʦʢ ʨʝʧʝʨʦʚ ʩʦ ʚʨʝʤʝʥʝʤ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʜʝʬʦʨʤʘʮʠʷʤʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʦʩʘʜʦʢ ʠʣʠ ʚʳʧʫʯʠʚʘʥʠʷ ʛʨʫʥʪʘ. ʏʘʱʝ ʠʟʤʝʥʝʥʠʷ ʦʪ-

ʤʝʪʦʢ ʥʦʩʷʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʷʪ ʩʦ ʟʥʘʢʦʤ, ʩʦʚʧʘ-
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ʜʘʶʱʠʤ ʩʦ ʟʥʘʢʦʤ ʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ [9]. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʩʢʦʨʦʩʪʝʡ ʦʪʤʝʪʦʢ ʨʝʧʝʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ɺ ʢʦʤʧʣʝʢʩʝ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ 

ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʚʦʣʦʩʷʥʳʭ ʪʨʝʱʠʥ ʥʘ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫ-

ʞʝʥʠʷʭ. ʉʦʩʪʘʚʣʝʥʠʝ ʢʘʜʘʩʪʨʘ ʤʝʪʦʢ ʚʦʣʦʩʷʥʳʭ ʪʨʝʱʠʥ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʜʠʥʘ-

ʤʠʢʠ ʚʦ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜ-

ʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʩʝʡʩʤʠ-

ʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʨʘʡʦʥʳ ʠ ʧʣʦʱʘʜʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚʳʩʦʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʟʜʘʥʠʡ, ʠ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ 2002 ʛʦʜʫ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʝʩʩʠʡ ʥʘ ʧʦʣʠʛʦʥʝ çʅʝʬʪʝʢʠʧè, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʳʪʘʥʠʷʤʠ 

ʧʝʨʚʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʚʠʤʝʪʨʘ çɻʅʋ-ʂɺʂè, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʦ çɺʅʀʀɻʝʦʬʠʟʠʢʘè. ɿʜʝʩʴ ʀ.ʅ. ʄʠʭʘʡʣʦʚʳʤ ʙʳʣʠ ʦʙʥʘ-

ʨʫʞʝʥʳ ʛʨʘʚʠʠʥʝʨʮʠʘʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʣʠʙʦ ʚʦʚʩʝ ʥʝ ʬʠʢʩʠʨʦʚʘʚʰʠʝʩʷ ʨʘʥʝʝ, 

ʣʠʙʦ ʦʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʝʟ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ [5]. 

ʇʦʜ ʛʨʘʚʠʠʥʝʨʮʠʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʢʘʟʚrʘʝ-

ʤʳʝ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʥʘ ʛʨʘʚʠʤʝʪʨʳ. ʆʮʝʥʠʪʴ ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʤʦʞʥʦ ʥʘ 

ʦʩʥʦʚʝ ʚʳʯʠʩʣʷʝʤʦʡ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʘʚʠʤʝʪʨʘʤʠ ʜʠʩʧʝʨʩʠʠ, ʪʦʯ-

ʥʝʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪʩʯʸʪʦʚ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʊʝʨʤʠʥ çʛʨʘʚʠʠʥʝʨʮʠ-

ʘʣʴʥʳʝ ʵʬʬʝʢʪʳè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʘʟ-

ʜʝʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶɦ ʠʭ ʩʠʣ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʛʨʘʚʠʤʝʪʨ ʧʨʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʝ [9]. ʇʦʵʪʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʛʝʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ), ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʟʥʘʯʝʥʠʷʭ ʜʠʩʧʝʨʩʠʡ ʦʪ-

ʩʯʸʪʦʚ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʥʘʯʝʥʠʷʭ æg. ʇʦʜ ʛʨʘʚʠʠʥʝʨʮʠ-

ʘʣʴʥʳʤ ʧʦʣʝʤ  ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʦʪʩʯʸʪʦʚ ʩʠʣʳ 

ʪʷʞʝʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʪʦʯʢʝ ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʚʠʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʛʨʘʚʠʠʥʝʨʮʠʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʧʨʝʜʚʘʨʷʶʪ ʚʳʩʦʢʦʤʘʛʥʠʪʫʜʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘ 7-14 ʜʥʝʡ, ʪʦ ʠʭ ʠʟʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʚ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʍʘʨʘʢ-

ʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʛʨʘʚʠʠʥʝʨʮʠʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦ-

ʚʘʥʥʳʭ ʛʨʘʚʠʤʝʪʨʦʚ, ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ ʤʝʪʦʜʦʤ ʦʙʤʝʥʥʳʭ ʚʦʣʥ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ (ʄʆɺɿ) ʚ ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʠʧʘ çʆʨʝʥʙʫʨʛ-ʛʘʟ-ʩʝʡʩʤʠʢʘè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ çʆʨʝʥʙʫʨʛ-ʛʘʟ-ʩʝʡʩ-

ʤʠʢʘè, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩʣʫʞʙʘʤʠ çɻʘʟʧʨʦʤʜʦʙʳʯʘ ʆʨʝʥʙʫʨʛè, ʄʏʉ ʆʨʝʥ-

ʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʦʪʜʝʣʦʤ ʛʝʦʵʢʦʣʦʛʠʠ ʆʅʎ ʋʨʆ ʈɸʅ ʚ ʥʳʥʝʰʥʝʤ ʝʝ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ 

ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʟʘ 10-14 ʜʥʝʡ) ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝ-

ʪʨ̫ʩʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʝʡʩ-

ʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʦʧʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʤʝʜʣʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʜʚʠʞʢʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 

ʨʝʛʠʦʥʝ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ, ʚʦʜʦʤʝʨʥʳʤʠ, ʜʠʩʪʘʥʮʠʦʥ-

ʥʳʤʠ (ʩʧʫʪʥʠʢʦʚʳʤʠ), ʘʢʫʩʪʠʯʝʩʢʠʤʠ (ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ) ʠ ʚʠʟʫʘʣʴ-
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ʥʳʤʠ ʥʘʙʣʶʜʝʥʠʤ̫ʠ. ʈʘʩʰʠʨʝʥʠʝ ʩʝʪʠ ʦʧʦʨʥʳʭ ʥʘʙʣʜʁʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  

 ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʙʥʦʚʠʪʴ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʢʘʨʪʫ ʨʘʟʣʦʤʥʳʭ ʟʦʥ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʦʚʝʡʰʠʭ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

 ʅʘ ʦʩʥʦʚʝ ʦʙʥʦʚʣʝʥʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʧʦʨʥʫʶ ʩʝʪʴ ʛʨʘ-

ʚʠʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʠʚʷʟʘʚ ʝʝ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʥʘʙʣʜʁʝʥʠʡ ʚ 

ɹʘʰʢʦʨʪʦʩʪʘʥʝ, ʊʘʪʘʨʩʪʘʥʝ, ʂʘʟʘʭʩʪʘʥʝ, ʇʝʨʤʩʢʦʡ ʠ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ; 

 ʇʨʦʚʝʩʪʠ ʨʝʚʠʟʠʶ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʪʷʛʦʪʝʶʱʠʭ ʢ ʟʦʥʘʤ ʛʣʫʙʠʥ-

ʥʳʭ ʨʘʟʣʦʤʦʚ, ʩ ʮʝʣʴʶ ʧʝʨʝʚʦʜʘ ʠʭ ʚ ʩʝʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

 ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦʚʪʦʨʥʳʭ ʪʨʠʘʥʛʫʣʷʮʠʡ ʚ ʨʝʛʠʦʥʝ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʚʪʦʨʥʳʭ ʥʠʚʝʣʠʨʦʚʦʢ ʧʦ ʩʝʪʠ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʚʜʦʣʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʡ. 

 ʆʨʛʘʥʠʟʦʚʘʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ ʧʦʚʪʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʛʝʦ-

ʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʣʠʥʠʠ ʧʨʦʬʠʣʷ ʠ ʧʦ ʛʣʫʙʦʢʠʤ ʥʘʙʣʶʜʘʪʝʣɹ-

ʥʳʤ ʩʢʚʘʞʠʥʘʤ. ʇʨʦʚʦʜʠʪ ɹʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʧʨʦʩʪʘʠʚʘʶʱʠʭ 

ʠʣʠ ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥʘʭ.ʇʨʠ ʵʪʦʤ ʩʣʝ-

ʜʫʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʪʝʨʤʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʦʚ ʠ 

ʛʝʦʪʝʨʤʠʯʝʩʢʠʭ ʩʪʫʧʝʥʝʡ. ʆʩʫʱʝʩʪʚʣʷʪʴ ʧʨʷʤʦʝ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʧʦʤʦ-

ʱʴʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ ʉɸʊ (ʧʦʚʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʩʢʚʘʞʠʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʝʣʝʚʠʟʦʨʘ) ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ 

FMI (FormationMicroImager, ʨʦʩʩʠʡʩʢʠʭ ʘʥʘʣʦʛʦʚ ʥʝʪ). 
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Abstract: Influence of ozone and small gas components of the atmosphere on climate of Earth 

is considered. The role of the antʨropogenous and natural factors having important impact on 

formation of climate is shown. Need of development of a network of monitoring of ozone and 

other pollutants of the atmosphere the Russian Federation uniting universities is discussed. 
 

1. ɼʣʷ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ï ʩʣʦʞʥʦʡ ʩ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʜʠʥʘʤʠʯʥʦʡ 

ʩʠʩʪʝʤʳ ï ʭʘʨʘʢʪʝʨʥʳ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʚʘʞʥʳ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʦʟʦʥʦʚʳʡ ʩʣʦʡ ʠ ʥʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʘʢʪʠʚʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʩʦʟʜʘʶʱʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʧʘʨʥʠʢʦʚʳʡ ʵʬ-

ʬʝʢʪè, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʘʪʤʦʩʬʝʨʥʳʭ ʩʣʦʸʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʩʩʝʠʚʘʶʱʠʝ ʠ ʧʦʛʣʦʱʘʶʱʠʝ ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ ʢʦʤʧʦʥʝʥʪʳ. 

ʆʟʦʥ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʘʨʥʠʢʦʚʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦ-

ʥʝʥʪʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʋʌ ʠʟʣʫʯʝʥʠʷ ʥʘ ʙʠʦʪʫ, ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʭʠʤʠʶ, ʦʧ-

ʨʝʜʝʣʷʝʤʫʶ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʤʘʣʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʘʪʤʦʩʬʝʨʳ. ʆʩʥʦʚʥʳʤ ʛʘ-

ʟʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ çʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪè ʷʚʣʷʝʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ, ʩʦʟʜʘʶʱʠʡ 

ʩʣʦʞʥʳʡ ʦʙʣʘʯʥʳʡ ʧʦʢʨʦʚ, ʘʥʘʣʦʛʠʯʥʳʡ ʩʪʝʢʣʫ (ʠʣʠ ʧʣʝʥʢʝ) ʚ ʦʙʳʯʥʦʤ ʧʘʨʥʠʢʝ. 

ʈʦʣʴ ʜʨʫʛʠʭ ʛʘʟʦʚ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷʤʠ ʠ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦ-

ʚʝʨʢʠ. ʆʯʝʥʴ ʚʘʞʥʳʡ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʘʟ ʤʝʪʘʥ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ 

http://law.admyimen.ru/noframe/nic?d&nd=4662009178&nh=1%20%20
http://www.dissercat.com/content/graviinertsialnye-effekty-v-probleme-prognozazemletryasenii?_openstat=cmVm.
http://www.dissercat.com/content/graviinertsialnye-effekty-v-probleme-prognozazemletryasenii?_openstat=cmVm.
http://ecowars.tv/disasters/1913-osobennosti-tihih-zemletryaseniy.html
http://www.gosnadzor.info.html/
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ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʆʥ ʨʘʟʣʘʛʘʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʛʠʜʨʦ-

ʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʚ ʪʨʦʧʦʩʬʝʨʝ. ʏʝʣʦʚʝʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʥʘ ʝʛʦ ʠʩʪʦʯʥʠʢʠ, ʠ ʥʘ ʝʛʦ ʩʪʦʢ. ʉʭʦʜʥʳʝ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʩ 

ʤʝʪʘʥʦʤ ʟʘʢʠʩʴ ʘʟʦʪʘ ʠ ʭʣʦʨʦʬʪʦʨʦʫʛʣʝʨʦʜʳ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʦ 

ʩʚʦʝʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʛʘʟʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ çʧʘʨʥʠʢʦʚʦʤè 

ʧʦʪʝʧʣʝʥʠʠ. ʆʜʥʘʢʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʠʤʘʪ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʵʪʠ ʛʘʟʳ ʫʯʘʩʪʚʫʶʪ. ʄʥʦʛʠʝ ʜʨʫ-

ʛʠʝ ʤʘʣʳʝ ʛʘʟʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʪʤʦʩʬʝʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʚʣʠʷʷ ʥʘ ʢʦʥʮʝʥ-

ʪʨʘʮʠʶ ʦʟʦʥʘ, ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʤʝʪʘʥʘ. ɻʘʟʦʦʙʨʘʟʥʳʝ, ʧʨʠʨʦʜʥʳʝ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʦʢʠʩʣʷʶʪʩʷ ʚ ʪʨʦʧʦʩʬʝʨʝ ʜʦ ʩʫʣʴʬʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʘʣʴʙʝʜʦ, ʦʪʯʘʩʪʠ ʢʦʤʧʝʥʩʠʨʫʷ ʚʣʠʷʥʠʝ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ. ʍʠʤʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʝʸ çʧʘʨʥʠʢʦʚʳʡè ʵʬʬʝʢʪ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʴʶ, ʢʣʠʤʘʪʦʤ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʥʝʣʴʟʷ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʪʝʥʮʠʘʣ ʠʩʪʦʱʝʥʠʷ 

ʦʟʦʥʘ ʠʣʠ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʝʱʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʫʩʧʝʰʥʦ 

ʚʥʝʜʨʷʚʰʠʤʠʩʷ ʚ ʥʘʫʯʥʫʶ, ʧʦʣʠʪʠʯʝʩʢʫʶ ʠ ʦʙʱʝʩʪʚʝʥʥʫʶ ʩʨʝʜʫ.  

2. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʟʘ ʩʯʝʪ ʘʥʪʨʦʧʦʛʝʥ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʩʯʠʪʘʶʪʩʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʳʰʝ, ʘ ʪʘʢʞʝ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʠ ʘʵʨʦʟʦʣʝʡ. ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʛʨʝʚʘʥʠʶ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘʵʨʦʟʦʣʠ, ʯʘʩʪʠʯʥʦ ʧʦʛʣʦʱʘʷ ʠ ʦʪʨʘʞʘʷ ʩʦʣʥʝʯ-

ʥʫʶ ʨʘʜʠʘʮʠʶ, ʦʭʣʘʞʜʘʶʪ ʝʝ. ʕʪʠ ʬʘʢʪʦʨʳ ʚʢʣʶʯʝʥʳ ʚ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʣʦʢ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʣʠʤʘʪʘ ʚ ʚʠʜʝ ʫʧʨʦʱʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʡ ʠ ʧʨʦʚʝʨʷʶʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʝʘʣʴʥʦʛʦ (ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʩʨʝʜ-

ʥʝʛʣʦʙʘʣʴʥʦʛʦ) ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʤʦʜʝʣʴʥʳʤ ʚ ʪʝʯʝʥʠʝ ʪʦʛʦ ʞʝ 

ʩʘʤʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʧʝʨʝʥʦʩʘ ʨʘʜʠʘʮʠʠ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ɿʝʤʣʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʭ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʥʝʨʝʰʝʥʥʳʭ. ɿʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʦʣʠ ʥʝ 

ʤʝʥʝʝ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʘʨʥʠ-

ʢʦʚʦʤʫ ʵʬʬʝʢʪʫ ʥʘʧʨʘʚʣʝʥʠʠ.  

3. ʅʘ ʦʩʥʦʚʝ ʨʘʢʝʪʥʳʭ, ʘʵʨʦʩʪʘʪʥʳʭ, ʥʘʟʝʤʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʦʩʫ-

ʱʝʩʪʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʉʦʣʥʮʝ-ʦʟʦʥ-ʢʣʠʤʘʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʙʦʙ-

ʱʘʶʱʠʡ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ ʠ ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦ 

ʧʨʦʙʣʝʤʝ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʪʴ ʨʘʙʦʯʫʶ ʛʠʧʦʪʝʟʫ ʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʝ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʘʢ ʛʣʘʚʥʦʡ 

(ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ çʙʨʠʪʚʳ ʆʢʢʘʤʘè). ʆʛʨʦʤʥʘʷ ʨʦʣʴ ʚ ʵʪʠʭ ʠʟʤʝʥʝʥʠʷʭ 

ʧʨʠʥʘʜʣʝʞʠʪ ʘʪʤʦʩʬʝʨʥʦʤʫ ʦʟʦʥʫ, ʧʦʜʚʝʨʞʝʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ 

ʚʘʨʠʘʮʠʷʤ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ), ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʦʟʦʥʦʩʬʝʨʳ ʚ ʩʦʟʜʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʛʝʨʝʥʪʥʦ-

ʨʝʟʦʥʘʥʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ çʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶè ʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʛʣʦʙʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʚʝʜʫʱʠʤʠ ʢ çʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶè.  

4. ʈʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʫʤʝʥʴʰʝʥʠʝʤ 

ʦʟʦʥʘ ʚ ʚʝʨʭʥʝʡ ʩʪʨʘʪʦʩʬʝʨʝ ʢʘʢ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ (ʚʘʨʠʘʮʠʠ ʦʟʦʥʦʘʢʪʠʚʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʋʌ-ʠʟʣʫʯʝʥʠʷ), ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢ ʢʠʩʣʦʨʦʜ-

ʥʦʤʫ (ʭʣʦʨʥʦʛʦ, ʚʦʜʦʨʦʜʥʦʛʦ, ʘʟʦʪʥʦʛʦ ʠ ʜʨ.) ʮʠʢʣʦʚ, ʚʳʟʚʘʥʥʳʭ ʨʦʩʪʦʤ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʩʝ ʪʝʭ ʞʝ çʧʘʨʥʠʢʦʚʳʭè ʛʘʟʦʚ ʥʘ ʚʳʩʦʪʘʭ 40-50 ʢʤ (ʍʌʋ ʠ ʜʨʫ-
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ʛʠʭ). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʪʨʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝ-

ʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʨʘʡʦʥʝ ʩʪʨʘʪʦʧʘʫʟʳ, ʤʝʥʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, ʧʨʠʣʠʚʥʳʭ ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ (ʦʩʦʙʝʥʥʦ ʚ ʪʨʦʧʠʢʘʭ), ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʚʩʶ ʜʠʥʘʤʠʢʫ ʛʣʦʙʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʥʠʭ ʩʣʦʝʚ ʟʘ ʩʯʝʪ ʜʠʩʩʠʧʘʮʠʠ ʧʨʠ-

ʭʦʜʷʱʝʡ çʦʪʨʘʞʝʥʥʦʡè ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ.  

5. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʦʟʦʥʥʦʛʦ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥ-

ʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ. ɺʳʷʚʣʝʥʘ 

ʢʦʨʨʝʣʷʮʠʷ ʧʦʪʦʢʦʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ) ʩ ʘʵʨʦʟʦʣʴʥʦʡ ʧʨʦ-

ʟʨʘʯʥʦʩʪʴʶ ʘʪʤʦʩʬʝʨʳ ʠ ʦʙʣʘʯʥʦʩʪʴʶ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʣʠʷʥʠʝ ɻʂʃ ʥʘ ʦʙʣʘʯ-

ʥʦʩʪʴ/ʘʵʨʦʟʦʣʴ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʟʝʤʥʦʤʫ ʰʘʨʫ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʘʥʥʳʝ ʤʝʜʠʮʠʥʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʦʩʚʝʥʥʦʛʦ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦ-ʦʙʣʘʯʥʦʛʦ ʠʥʜʝʢʩʘ ï ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩ-

ʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ 

(ʢʦʩʤʠʯʝʩʢʠʤʠ ʠ ʥʘʟʝʤʥʳʤʠ) ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ ʥʘʰ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʷʚ-

ʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʶ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʘʪʤʦʩʬʝʨʫ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ï çʩʪʨʫʢʪʫʨʘʭè ʩʫʙʛʣʦʙʘʣʴ-

ʥʦʛʦ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʤʝʨʘ. ʆʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʟʦʥʘʥʩ-

ʥʳʭ ʯʘʩʪʦʪʘʭ, ʚʝʩʴʤʘ ʙʣʠʟʢʠʭ (ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʱʠʭ!), ʥʘʧʨʠʤʝʨ, ʩ ʩʦʣ-

ʥʝʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. (ɺ 11-ʣʝʪʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʜʦʩʪʠ-

ʛʘʪʴ ʦʪ ʦʜʥʦʛʦ ʛʦʜʘ ʜʦ ʧʦʣʫʪʦʨʘ ʣʝʪ). ʕʪʦ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʚʣʠʷʥʠʷ ʢʚʘʟʠʜʚʫʭʣʝʪʥʝʛʦ ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ (ʧʝʨʠʦʜʳ ʦʪ 20 ʜʦ 40 ʤʝʩʷʮʝʚ) 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʳ (15-100 ʢʤ) ʠ 11-ʣʝʪʥʝʡ ʩʦʣʥʝʯʥʦʡ ʮʠʢʣʠʯʥʦ-

ʩʪʠ (ʧʝʨʠʦʜʳ ʦʪ 100 ʜʦ 135 ʤʝʩʷʮʝʚ) ʥʘ ʦʟʦʥʦʚʳʡ ʩʣʦʡ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʠ ʧʦ 

ʨʝʛʠʦʥʘʤ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʦʟʦʥʦʩʬʝʨʳ 

ʠʛʨʘʶʪ ʦʨʙʠʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʃʫʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ çʣʫʥʥʳʝè ʛʘʨʤʦʥʠʢʠ ʚ 

ʩʧʝʢʪʨʘʭ ʦʟʦʥʘ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

6. ɿʘʪʨʦʥʫʪ ʢʨʫʛ ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʪ.ʥ. ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤʠ ʝʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʚʘʞʥʳʝ ʬʠʟʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʘ ʧʨʠʤʝʨʝ ʥʘʰʝʛʦ ʘʥʘʣʠʟʘ ʨʷʜʘ ʛʦʜʦʚʳʭ ʪʦʣʱʠʥ ʢʦʣʝʮ ʷʧʦʥ-

ʩʢʦʛʦ ʢʠʧʘʨʠʩʘ ʟʘ 800 ʣʝʪ ʧʦʢʘʟʘʥʘ ʯʝʪʢʘʷ ʩʚʷʟʴ ʧʝʨʠʦʜʦʚ ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʭ ʢʦ-

ʣʝʙʘʥʠʡ (ʂɼʂ) ʩ ʧʝʨʠʦʜʘʤʠ ʕʣʴ-ʅʠʥʴʦ ï ʖʞʥʦʝ ʂʦʣʝʙʘʥʠʝ ʠ ʩ ʯʘʥʜʣʝʨʦʚʩʢʠʤ 

ʧʝʨʠʦʜʦʤ (ʏʇ), ʚʧʝʨʚʳʝ ʫʢʘʟʘʥʥʘʷ ʉʠʜʦʨʝʥʢʦʚʳʤ (2002 ʛ) ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ 

ʍʍ ʚ. ʀʩʧʦʣʴʟʫʷ ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʉɺɿ), ʤʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʠʣʠʚʦʚ 

ʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʝ. ʇʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʠ ʥʝʦʞʠʜʘʥʥʳʤ ʚ ʧʨʦʙʣʝʤʝ ʠʥʜʠʡʩʢʦʛʦ ʤʫʩʩʦʥʘ ʷʚʠʣʦʩʴ 

ʦʪʢʨʳʪʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʵʢʩʪʨʝʤʫʤʦʚ ʉɺɿ ʩ ʚʳʧʘʜʝʥʠʝʤ (ʫʩʠʣʝʥʠʝʤ) ʦʩʘʜʢʦʚ 

ʥʘ ʤʘʩʰʪʘʙʘʭ ʜʥʝʡ. ɸʥʘʣʦʛʠʯʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ ʵʢʩ-

ʪʨʝʤʫʤʦʚ ʉɺɿ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʧʨʝʩʩʠʡ ʚʩʝʭ ʚʠʜʦʚ ʚ ʀʥʜʠʡʩʢʦʤ ʠ ʊʠʭʦʤ 

ʦʢʝʘʥʘʭ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʜʝʧʨʝʩʩʠʠ ʚ ʪʨʦʧʠʯʝʩʢʠʡ ʮʠʢʣʦʥ (ʪʘʡʬʫʥ). ɻʣʘʚʥʫʶ ʠ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʜʣʷ ɿʝʤʣʠ, ʢʘʢ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʠʛʨʘʶʪ ʚʥʝʰʥʠʝ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʥʝʡ ʩʠʩʪʝʤʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ çʦʩʮʠʣʣʷʪʦʨʦʚè 

(ʃʫʥʘ, ɿʝʤʣʷ, ʉʦʣʥʮʝ, ʧʣʘʥʝʪʳ) ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ (ʘ ʪʘʢʞʝ ʪʝʨʤʠʯʝʩʢʠʝ ʜʣʷ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ) ʧʨʠʣʠʚʥʳʝ ʩʠʣʳ.  
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7. ɿʘʤʝʯʘʪʝʣʴʥʦʡ ʠ ʪʠʧʠʯʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʳʭ (ʉɺɸʅ) 

ʜʠʘʛʨʘʤʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʣʠ-

ʯʠʥ ʘʤʧʣʠʪʫʜ ʠ ʜʘʞʝ ʥʘʙʦʨʘ ʪʘʢʠʭ ʛʘʨʤʦʥʠʢ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʠʦʜʳ. ʇʦʩʣʝʜ-

ʥʝʝ ʛʦʚʦʨʠʪ ʦ ʩʤʝʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ (çʢʚʘʥʪʦʚʘʥʥʦʛʦè) ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʉʤʝʥʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʟ-

ʣʠʯʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʛʝʦʩʬʝʨʘʭ ɿʝʤʣʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘʙʦ-

ʨʘʤʠ ʠʭ ʛʘʨʤʦʥʠʢ ʧʨʠʚʝʣʘ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 19 ʚʝʢʘ ʢ ʧʝʨʝʭʦʜʫ ʚʩʝʡ ʢʣʠʤʘʪʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢ ʥʦʚʦʤʫ ʨʝʞʠʤʫ (ʩ ʥʦʚʳʤʠ ʥʘʙʦʨʘʤʠ ʛʘʨʤʦʥʠʢ ʚ ʩʧʝʢʪʨʘʭ) ï 

ʨʝʞʠʤʫ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ʅʘʯʘʣʦ ʧʦʪʝʧʣʝʥʠʷ çʩʦʚʧʘʣʦè 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʢʦʣʝʙʘʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʥʜʝʢʩʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʛʦʜʳ 

ʠ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʉɺɿ), ʢʦ-

ʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʩʝʡʯʘʩ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ 

ʩ ʵʪʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ, ʩʦʟʜʘʥʥʳʤ ʧʨʠʨʦ-

ʜʦʡ, ʠʥʪʝʛʨʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʘʥʩʘʤʙʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ɿʝʤʣʠ (ʏʇ, ʂɼʂ, ʛʘʨʤʦʥʠʢʠ ʬʝʥʦʤʝʥʘ ʕʣʴ-

ʅʠʥʴʦ ï ʖʞʥʦʝ ʢʦʣʝʙʘʥʠʝ ʠ ʜʨ.) ʠʟʤʝʥʯʠʚʦʩʪʴ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚ-

ʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ ʨʝʟʦʥʘʥʩʥʫʶ ʩʠʩʪʝʤʫ ʩ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʛʘʨʤʦʥʠʢ ʠ 

ʩʫʙʛʘʨʤʦʥʠʢ ï ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʥʦ ʩʦ ʩʧʝʢʪʨʦʤ, ʤʝʥʷʶʱʝʤʩʷ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʛʝʦʩʬʝʨ, ʕʚʦʣʶʮʠʷ ʢʣʠʤʘʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʦʟʦʥʦʚʳʡ ʩʣʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʩʪʨʦ-

ʥʦʤʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʮʠʣʣʷʪʦʨʦʚ (ʟʘʩʫʭʠ, ʥʘʚʦʜʥʝʥʠʷ ʠ ʜʨ.).  

8. ʃʫʥʥʦ-ʩʦʣʥʝʯʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʨʠʣʠʚʳ (çʦʩʮʠʣʣʷʪʦʨʳè ï ɿʝʤʣʷ, ʃʫʥʘ, 

ʉʦʣʥʮʝ) ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʣʶ-

ʙʦʝ ʚʨʝʤʷ ʟʘʨʘʥʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ, ʥʦ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʜ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ. ʕʪʦ ʜʦʣʞʥʦ ʧʨʠ-

ʚʝʩʪʠ ʥʝʠʟʙʝʞʥʦ ʢ ʩʣʝʜʫʶʱʝʤʫ (ʝʩʪʝʩʪʚʝʥʥʦ ʜʠʩʢʫʩʩʠʦʥʥʦʤʫ) ʚʘʞʥʦʤʫ ʩʣʝʜʩʪʚʠʶ: ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʧʨʝʜʝʣ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ, ʠʣʠ, 

ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦʩʪʦʨʦʞʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʦʮʝʥʢʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʫʩʠʣʠʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʦʢʘʣʴ-

ʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʵʥʜʦʛʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʚʢʣʶʯʘʷ ʢʦ-

ʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʧʦʜʢʦʨʦʚʳʝ ʣʦʢʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ (ʂʇʃɺ) , ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʚʥʫʪʨʝʥʥʠʤ ʷʜʨʦʤ ɿʝʤʣʠ, ʢʦʥʪʫʨʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʞʠʜʢʦʛʦ ʷʜʨʘ, ʤʘʥʪʠʝʡ ʠ 

ʝʝ ʤʘʥʪʠʡʥʳʤʠ ʢʘʥʘʣʘʤʠ. ʕʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʩʮʠʣʣʷʪʦʨʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʢʚʘʟʠʧʦʩʪʦʷʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʢʘʟʳ-

ʚʘʪʴ ʥʝʫʯʠʪʳʚʘʝʤʳʝ ʧʦʢʘ ʤʦʱʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʝʘʥ ʠ ʘʪʤʦʩʬʝʨʫ. 

9. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʦʙʲʝʜʠʥʝʥʥʫʶ ʚʫʟʦʚʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠ-

ʟʝʤʥʦʛʦ ʦʟʦʥʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʘʪʤʦʩʬʝʨʳ, ʤʝʪʝʦʧʘʨʘʤʝʪ-

ʨʦʚ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʫʟʦʚ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʘʥʠʪʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪ ʧʦʷʩʥʝʥʠʷ. ɺ ʧʦʤʝʱʝʥʠʷʭ 

ʚʫʟʦʚ ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʦʪʠʚʦʦʢʩʠʜʘʥʪʥʫʶ ʩʠʩʪʝʤʫ ʯʝʣʦ-

ʚʝʢʘ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʦʟʦʥʘ, ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʪʦʣʫʦʣʘ, ʢʩʠʣʦʣʘ, 

ʙʝʥʟʦʣʘ, ʠʟʦʦʢʪʘʥʘ ʣʘʟʝʨʥʳʤʠ ʧʨʠʥʪʝʨʘʤʠ ʠ ʤʥʦʞʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ. ɺ ʘʫʜʠʪʦ-

ʨʠʷʭ ʧʦʚʳʰʝʥ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʬʦʥ ʠʟ-ʟʘ ʤʘʩʩʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ 
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ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʧʣʘʥʰʝʪʦʚ, ʤʦʥʠʪʦʨʦʚ. ʅʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʩʫʭʦʡ ʚʦʟʜʫʭ ʠ 

ʧʳʣʴ ʠʟ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʚʳʰʝʥ ʫʨʦʚʝʥʴ ʘʥʪʨʦʧʦʪʦʢʩʠʥʦʚ (ʯʝʣʦʚʝʢ 

ʚʳʜʝʣʷʝʪ ʦʢʦʣʦ 400 ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ). 

ʇʦʚʳʰʝʥʥʘʷ ʘʣʣʝʨʛʝʥʥʘʷ ʠ ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫ ʩʪʫʜʝʥʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʥʝʘʜʝʢʚʘʪʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʠʣʠ ʦʙʱʝʚʫʟʦʚ-

ʩʢʦʤʫ ʩʥʠʞʝʥʠʶ ʦʟʦʥʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʘʞʥʳʭ ʤʘʩʦʢ, ʨʘʩ-

ʧʳʣʝʥʠʷ ʚʦʜʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ.  

ʆʙʲʝʜʠʥʝʥʥʘʷ ʚʫʟʦʚʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʠʤ ʨʝʘʢʮʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʦʟʦʥʘ ʠ ʧʦʛʦʜʥʳʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʀʜʝʷ ʦ 

ʪʝʩʥʦʡ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʦʟʦʥʦʤ ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʤ 

ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ɼʦʙʩʦʥʦʤ ʝʱʝ ʚ ʢʦʥʮʝ ʜʚʘʜʮʘʪʳʭ ʛʦʜʦʚ 

ʍʍ ʚ. ʉ ʪʝʭ ʧʦʨ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʵʪʦʡ ʛʠʧʦʪʝʟʳ. 

ʅʘʧʨʠʤʝʨ, ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʛʨʦʟʳ ʠ ʫʨʘʛʘʥʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʩʠʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʘʷ ʚʘʨʠʘʮʠʷ ʦʟʦʥʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʷ ʛʨʦʟʦʚʦʛʦ ʬʨʦʥʪʘ. ʉ 

ʧʦʤʦɦɹʶ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʘ, 

ʚʳʜʝʣʝʥʠʶ ʠʟ ʝʛʦ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʦʣʠ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ (ʧʦ ʘʥʘʣʠʟʫ ʚʨʝ-

ʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʧʨʦʮʝʩʩʳ ʬʦʪʦʭʠʤʠ-

ʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʦʥʘ) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦ-

ʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʩʯʠʪʘʷ, ʯʪʦ ʧʨʠʟʝʤʥʳʡ ʦʟʦʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʟʦʥʘ. 
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ʢʘʡʤʳ ʠ ʧʦʣʥʦʛʦ ʚʦʜʦʥʘʩʳʱʝʥʠʷ (ʨʠʩ. 1; ʨʠʩ. 2, ʧʦʟʠʮʠʷ 1). ʂʘʞʜʘʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʟʦʥ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ, ʦʙʨʘʟʫʷ ʛʝʥʝʪʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʫʶ ʮʝʧʴ ʪʨʸʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʩʫʰʘ, ʙʦʣʦʪʦ, ʦʟʝʨʦ) ʠ ʩʚʷ-

ʟʫʶʱʠʭ ʠʭ ʢʦʥʪʘʢʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʨʠʩ. 2, ʧʦʟʠʮʠʷ 2). ʉʦʩʪʦʷʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝ-

ʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʫʰʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ (ʩʤ. ʨʠʩ. 2, ʧʦʟʠʮʠʷ 3). ʊʘʢ, ʚ ʵʢʩʪʨʝʤʘʣʴʥʦ ʟʘʩʫʰʣʠʚʳʡ ʧʝʨʠʦʜ 

ʣʝʪʥʝʛʦ ʚʨʝʤʝʥʠ ʠ ʤʘʣʦʩʥʝʞʥʳʡ ʧʝʨʠʦʜ ʟʠʤʥʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʤʘʪʝʨʠʢʝ ʫʤʝʥʴʰʘʶʪʩʷ 

ʛʨʘʥʠʮʳ ʠ ʤʝʥʷʝʪʩʷ ʨʝʞʠʤ ʦʟʸʨ ʠ ʙʦʣʦʪ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʩʫʰʠ. ʅʘʦʙʦʨʦʪ, ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʜʦʞʜʣʠʚʳʡ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʚʨʝʤʝʥʠ ʠ ʩʥʝʞʥʳʡ ʧʝʨʠʦʜ ʟʠʤʥʝʛʦ ʚʨʝ-

ʤʝʥʠ ʛʨʘʥʠʮʳ ʦʟʸʨ ʠ ʙʦʣʦʪ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʱʘʜʴ ʩʫʰʠ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʩʚʦʠʤ 

ʧʨʠʨʦʜʥʳʤ ʟʘʢʦʥʘʤ, ʛʜʝ ʠʜʝʪ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʨʠʩ. 3). ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ, ʧʨʝʦʙʣʘʜʘʝʪ ʠʥʬʠʣʴʪʨʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʥʘ ʧʦʯʚʝʥʥʦʤ ʧʦ-

ʢʨʦʚʝ ʧʦʣʫʯʘʝʪ ʨʘʟʚʠʪʠʝ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ. ɺ ʦʙʣʘʩʪʠ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝ-

ʥʠʷ ʩʫʰʠ ʟʘ ʩʯʝʪ ʧʦʜʚʠʞʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʘʧʠʣʣʷʨʥʦʡ ʢʘʡʤʳ (ʇɻʂʂ) ʥʘ ʝʸ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠʜʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʦʪ (ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ), ʛʜʝ ʦʩʥʦʚ-

ʥʳʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʨʘʟʚʠʪʠʷ ʪʦʨʬʦʦʙʨʘʟʫʶ-

ʱʝʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʯʘʩʪʴ ʟʘʣʝʞʠ [1, 3]. ʇʦʵʪʦʤʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʙʦʣʦʪʦ- ʠ ʪʦʨʬʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ʧʨʠ ʥʝʛʣʫʙʦʢʦʤ ʟʘʣʝʛʘʥʠʠ  ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ɺ ʟʦʥʝ ʢʘʧʠʣʣʷʨʥʦʡ ʢʘʡʤʳ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʝʸ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʢ 

ʫʨʦʚʥʶ ʛʨʫʥʪʦʚʦʡ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʡ ʠ ʧʦʣʥʦʡ ʚʣʘʞ-

ʥʦʩʪʠ, ʩʥʠʞʘʝʪʩʷ ʧʦʜʚʠʞʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ʢʘʧʠʣʣʷʨʥʦʡ ʢʘʡʤʳ. ʇʨʠ ʧʦʣʥʦʡ 

ʚʣʘʞʥʦʩʪʠ, ʨʘʚʥʦʡ 100%, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ.  

ɹʦʣʦʪʦ ï ʵʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʚ ʞʠʚʦʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʘʩʪʠʪʝʣʴ-

ʥʳʡ ʧʦʢʨʦʚ ʠ ʝʛʦ ʦʙʠʪʘʪʝʣʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʩʘʤʦʨʘʟʚʠʪʠʝ ʙʦʣʦʪʥʦʡ ʵʢʦʩʠʩʪʝʤʳ) 

ʠ ʪʦʨʬʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ī ʧʨʠʨʦʜʥʦʝ ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ ʚ ʬʦʨʤʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʪʝʣʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʙʦʣʦʪʥʳʝ ʣʘʥʜʰʘʬʪʳ ï ʨʝʟʫʣʴʪʘʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʳ ʠ ʢʣʠʤʘʪʘ ʚ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ, ʥʘʯʠʥʘʷ ʩ ʨʘʥʥʝʛʦ ʛʦʣʦʮʝʥʘ.  

ɺ ʦʟʝʨʘʭ (ʤʝʣʢʦʚʦʜʥʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʸʤʘʭ) ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠʜʸʪ ʧʨʦʮʝʩʩ 

ʥʘʢʦʧʣʝʥʠʷ ʦʟʸʨʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʩʘʧʨʦʧʝʣʷ. ʉʘʤʳʝ ʚʝʨʭʥʠʝ 

ʥʝʫʧʣʦʪʥʝʥʥʳʝ ʩʠʣʴʥʦ ʦʙʚʦʜʥʝʥʥʳʝ ʩʘʧʨʦʧʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʣʦʠ ʦʟʝʨʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ï ʧʝʣʦʛʝʥʘ. ʆʥʠ ʟʘʩʝʣʝʥʳ ʜʦʥʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ (ʣʠʯʠʥ-

ʢʘʤʠ ʥʘʩʝʢʦʤʳʭ, ʯʝʨʚʷʤʠ, ʤʦʣʣʶʩʢʘʤʠ ʠ, ʦʩʦʙʝʥʥʦ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ), ʢʦʪʦ-

ʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʧʨʦʧʝʣʝʡ. 

ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʣʦʛʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʪʨʦʬʥʦʩʪʠ ʦʟʝʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʢʦʣʦ ʦʜʥʦʛʦ ʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʧʦʜ ʣʝʜʷʥʳʤ ʧʦʢʨʦʚʦʤ ʚ ʩʧʦʢʦʡʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 1 ʤʤ ʩʘ-

ʧʨʦʧʝʣʝʚʳʡ ʩʣʦʡ [2]. ʉʘʧʨʦʧʝʣʴ ï ʩʦʚʨʝʤʝʥʥʳʝ ʪʦʥʢʦʩʪʨʫʢʪʫʨʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʜ ʚʦʜʦʡ, ʥʘ ʜʥʝ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ʠʟ ʦʩʪʘʪʢʦʚ ʦʨʛʘʥʠʟʤʦʚ (ʧʣʘʥʢʪʦʥʥʳʭ, ʙʝʥʪʦʩʥʳʭ) ʠ ʚʳʩ-

ʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʙʦʣʴʰʦʡ ʨʦʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʨʠ ʤʘʣʦʤ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʜʝʨʞʘʱʝʝ ʥʝ 

ʤʝʥʝʝ 15% ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ), ʘ ʪʘʢʞʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ (ʤʠʥʝʨʘʣʴʥʳʝ) 

ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʛʝʥʥʦʛʦ ʠ ʧʨʠʚʥʦʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  
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ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʧʨʦʧʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʦʟʝʨʘʭ ʦʙʫʩʣʦʚʣʝʥʳ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ, ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʭʘʨʘʢʪʝʨʦʤ ʠ ʨʘʟʤʝʨʘʤʠ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ, ʤʦʨʬʦʤʝʪʨʠʝʡ ʦʟʝʨʥʦʡ 

ʢʦʪʣʦʚʠʥʳ ʠ ʪ.ʧ. ʆʜʥʠʤ ʠʟ ʨʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʟʚʠʪʠʠ ʦʟʝʨ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ, ʜʝʡʩʪʚʫʷ ʧʦʩʪʦʷʥʥʦ ʠ ʦʜʥʦʩʪʦʨʦʥʥʝ, ʚʝʜʝʪ ʢ ʧʦʩʪʝʧʝʥ-

ʥʦʤʫ ʦʙʤʝʣʝʥʠʶ ʦʟʝʨ ʠ ʥʘʢʦʧʣʝʥʠʶ ʩʘʧʨʦʧʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʫʪʠ 

ʨʘʟʚʠʪʠʷ ʦʟʝʨ ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʫʤʠʨʘʥʠʷ, ʧʨʠ ʦʙʤʝʣʝʥʠʠ ʠ ʟʘʨʘʩ-

ʪʘʥʠʠ ʩʘʧʨʦʧʝʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʦʙʱʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʪʠʧʦʣʦʛʠʯʝʩʢʠ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʠ ʦʪ ʘʣʣʦʭʪʦʥʥʦʡ ʯʝʨʝʟ ʩʤʝʰʘʥʥʫʶ ʢ ʘʚʪʦʭʪʦʥʥʦʡ. 

ʀʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ɿʝʤʣʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʦʩʪʦʷ-

ʥʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʦ-ʣʝʩʥʦʡ ʙʠʦʛʝʦʩʠʩʪʝʤʳ (ʨʠʩ. 4). 

ʕʪʦʪ ʧʨʦʮʝʩʩ, ʥʝ ʧʨʝʢʨʘʱʘʶʱʠʡʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʩʣʝʣʝʜʥʠʢʦʚʴʷ, ʧʨʠ-

ʚʝʣ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʦʟʝʨ, ʣʝʩʦʚ ʠ ʙʦʣʦʪ, ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦ-

ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʥʘʢʦʧʠʚʰʠʝʩʷ ʪʦʨʬʷʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʩʛʣʘʜʠʣʠ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʳʡ ʨʝʣʴʝʬ, ʥʦ ʠ ʠʟʤʝʥʠʣʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʨʨʠʪʦʨʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʩʦʩʪʦʷ-

ʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʢʘ ʠ ʧʦʢʘʟʳ-

ʚʘʝʪ ʪʝʩʥʫʶ ʛʝʥʝʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʛʦʨʠʟʦʥʪʘʤʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʫʩʣʦʚʠʷʤʠ 

ʨʘʟʚʠʪʠʷ, ʩʦʩʪʘʚʦʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʤʘʪʝ-

ʨʠʢʝ (ʩʫʰʘ, ʙʦʣʦʪʦ, ʦʟʝʨʦ) (ʩʤ. ʨʠʩ. 2). 
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ɺ ʛʝʦʣʦʛʠʠ ʜʘʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʨʦʰʣʦʤ 

ʪʨʦʧʠʢʦʚ ʩ ʜʦʚʦʣʴʥʦ ʪʝʧʣʳʤ ʦʢʝʘʥʦʤ ʠ ʨʘʟʚʠʪʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ 

ʤʝʩʪʝ ʥʳʥʝʰʥʠʭ ʧʦʣʷʨʥʳʭ ʰʘʧʦʢ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʥʦʩʠʣʦ ʯʠʩʪʦ ʫʤʦʟʨʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʥʠʢʘʢʠʭ ʝʛʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʝʥʥʦ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʨʦʰʣʦʤ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ: ʧʨʠʥʷʪʘ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ çɸʥʪʘʨʢʪʠʯʝ-

ʩʢʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʙʫʨʝʥʠʝè. ɺ ʧʨʦʮʝʩʩʝ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɸʥ-

ʪʘʨʢʪʠʜʳ ʫ ʰʝʣʴʬʦʚʦʛʦ ʣʝʜʥʠʢʘ ʈʦʩʩʘ ʦʙʥʘʨʫʞʝʥʳ ʢʨʦʰʝʯʥʳʝ ʦʢʘʤʝʥʝʚʰʠʝ 

ʦʩʪʘʥʢʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ï ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʤʦʨʩʢʠʭ ʦʙʠʪʘʪʝʣʝʡ, ʦʙʳʯʥʦ 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʪʝʧʣʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜʘʭ. ʆʙʥʘʨʫʞʝʥʠʝ ʠʭ ʚ 

ʩʘʤʦʤ ʭʦʣʦʜʥʦʤ ʨʝʛʠʦʥʝ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʜʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʣʝʜʥʠʢʦʚʦʛʦ 

ʧʝʨʠʦʜʘ ɸʥʪʘʨʢʪʠʢʠ. ɻʣʫʙʠʥʘ ʧʨʦʙʫʨʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʠʣʘ 1285 ʤ, ʛʜʝ, ʢʘʢ 

ʧʦʣʘʛʘʶʪ, ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʩʣʦʞʠʚʰʘʷʩʷ ʚ ʖʞʥʦʡ ʧʦʣʷʨ-

ʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ. 

ʊʦʣʱʠʥʘ ʣʴʜʘ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʧʦʣʶʩʘ ï 2840 ʤ; ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ -48.9
0
C (ʤʘʢʩʠʤʘʣʴʥʘʷ -14,7

0 
C, ʤʠʥʠʤʘʣʴʥʘʷ -74,3

0
 C). 

ɸʥʘʣʠʟ ʜʦʥʥʳʭ ʠ ʣʝʜʷʥʳʭ ʢʝʨʥʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʱʠʥʫ ʣʴʜʘ, ʩʦʩʪʘʚ 

ʘʪʤʦʩʬʝʨʳ ʠ ʜʘʞʝ ʧʨʠʤʝʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʭ ʠʣʠ ʠʥʳʭ ʜʨʝʚʥʠʭ ʦʪʨʝʟʢʦʚ ʚʨʝ-

ʤʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʠʟʫʯʝʥʠʷ, ʢʘʢ ʤʦʞʥʦ ʜʫʤʘʪʴ, ʫʜʘʩʪʩʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʦʥʷʪʴ, ʢʘʢ ʤʦʛʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘʩʪʦʣʴʢʦ ʦʙʰʠʨʥʳʝ ʣʝʜʷʥʳʝ ʰʝʣʴʬʳ, ʯʪʦ 

ʠʭ ʧʣʦʱʘʜʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʝʨʨʠʪʦʨʠʝʡ ʌʨʘʥʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʙʳʣʦ ʢʘʢ ʤʠʥʠʤʫʤ 60 ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʠʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʣʝʜʷʥʘʷ ʢʦʨʢʘ ʫʪʦʣʱʘʣʘʩʴ ʠ ʩʪʘʥʦʚʠʣʘʩʴ ʧʨʦʯʥʝʝ. ʀʤʝʥʥʦ ʚ 

ʦʜʥʦʤ ʠʟ ʪʘʢʠʭ ʩʣʦʝʚ ʠ ʦʙʥʘʨʫʞʝʥʳ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ. 

ɺʳʩʢʘʟʘʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʘʡʜʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʥʢʦʚ ʜʦʣʞʥʳ 

ʙʳʣʠ ʙʳ ʦʙʠʪʘʪʴ ʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʖʞʥʦʤʫ ʧʦʣʶʩʫ, ʘ ʥʝʩʢʦʣʴʢʦ 

ʩʝʚʝʨʥʝʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʙʳʣʠ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʙʳʣʠ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʠʤʠ, ʘ ʝʛʦ ʧʣʦʱʘʜʴ ʙʦʣʴʰʝ. ɺ ʥʘʯʘʣʝ ʧʣʠʦʮʝʥʘ 

(5,3 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʥʝʪʳ ʧʦʚʳʩʠʣʘʩʴ, ʠ ʣʴʜʳ ʩʪʘʣʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʜʠʥʘʤʠʯʥʳʤʠ. ɺʦʟʤʦʞʥʦ, ʦʥʠ ʠ ʧʨʠʥʝʩʣʠ ʚ ʩʝʙʝ ʫʞʝ ʪʦʛʜʘ ʟʘʤʝʨʟʰʠʝ ʜʠʘʪʦʤʦʚʳʝ 

ʚʦʜʦʨʦʩʣʠ, ʦʙʠʪʘʚʰʠʝ ʚ ʧʦʣʫʪʦʨʘ ʪʳʩʷʯʘʭ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʖʞʥʦʛʦ ʧʦʣʶʩʘ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʤʠʩʩʠʠ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ 3,5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʥʘ ʟʝʤʣʝ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʩʝʡʯʘʩ (ʚʦʟʤʦʞʥʦ, ʥʘ 2-3 
0
C 

ʚʳʰʝ). ʀʟʫʯʠʚ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʣʘʥʝʪʳ ʚ ʪʝ ʚʨʝʤʝʥʘ, ʤʦʞʥʦ ʣʫʯʰʝ ʧʦ-

ʥʷʪʴ, ʯʪʦ ʞʜʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ ʩʣʫʯʘʝ ʥʘʩʪʫʧʣʝʥʠʷ ʧʝʨʠʦʜʘ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ʚ 

2100 ʛʦʜʫ. ʉʮʝʥʘʨʠʡ ʧʦʪʝʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ɸʥʪʘʨʢʪʠʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʜʦ 90% ʣʴʜʘ ʥʘ ʧʣʘʥʝʪʝ, ʥʝʫʢʣʦʥʥʦ 

ʧʦʚʳʰʘʝʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ 1950 ʛ. ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ 0,5 
0
C, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʪʝʤʧʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʝʘʣʴʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʪʝʧ-

ʣʝʥʠʷ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. ɼʦʢʘʟʘʥʦ, ʯʪʦ 120 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ 

ʣʴʜʳ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʥʪʘʨʢʪʠʢʠ ʟʘʥʠʤʘʣʠ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ, ʯʝʤ ʩʝʡʯʘʩ, ʠ ʠʭ 

ʪʘʷʥʠʝ ʙʳʣʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʦʢʝʘʥʘ. ɽʩʣʠ ʟʘʥʠʤʘʝʤʘʷ 

ʠʤʠ ʧʣʦʱʘʜʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʠʩʴ, ʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʦʢʘʟʳʚʘʝʪʩʷ ʛʦʨʘʟʜʦ 

ʥʠʞʝ, ʯʝʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʫʤʘʪʴ.  
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʵʧʦʭʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʤ ʢʣʠʤʘʪʦʤ ʧʝʨʝʤʝ-

ʞʘʣʠʩʴ ʧʝʨʠʦʜʘʤʠ ʨʝʟʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʯʘʩʪʠʯʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʥʝʪʳ. ʕʪʠ ʧʝʨʠʦʜʳ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʦʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ 

ʚʳʤʠʨʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. ʇʦʩʣʝʜʥʷʷ ʵʧʦʭʘ ʦʣʝʜʝʥʝʥʠʷ ï ʧʣʝʡʩʪʦ-

ʮʝʥ ï ʥʘʯʘʣʘʩʴ ʧʨʠʤʝʨʥʦ 2,5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ɺ ʪʝʯʝʥʠʝ ʝʝ ʣʝʜʥʠʢʦʚʳʝ ʧʝʨʠʦʜʳ ï 

ʧʨʦʤʝʞʫʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ï ʩʤʝʥʷʣʠʩʴ ʤʝʞʣʝʜʥʠʢʦʚʴʷʤʠ, ʪʦ ʝʩʪʴ 

ʧʝʨʠʦʜʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ʇʦʩʣʝʜʥʝʝ ʧʦʪʝʧʣʝʥʠʝ ʧʨʦʠʟʦʰʣʦ 130-120 

ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚʳʨʦʩʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 1-5 
0
C, 

ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ ʧʦʜʥʷʣʩʷ ʥʘ 4-8 ʤ, ʘ ʧʣʦʱʘʜʴ ʣʴʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʘʩʴ 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʣʴʜʳ ʥʘʯʥʫʪ ʪʘʷʪʴ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʫʨʦʚʝʥʴ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʥʘ 57 ʤ, ʠ ʧʦʜ ʚʦʜʦʡ ʦʢʘʞʫʪʩʷ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ, 

ʢʘʢ ʇʝʢʠʥ ʠ ʃʦʥʜʦʥ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʖʞʥʦʡ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʖʞʥʦʤ ʦʢʝʘʥʝ ʪʝʧʣʳʭ ʪʝʯʝʥʠʡ, ʧʦʜʦʙʥʳʭ 

ɻʦʣʴʬʩʪʨʠʤʫ. ʂ ʪʦʤʫ ʞʝ, ɸʥʪʘʨʢʪʠʜʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʤʘʪʝʨʠʢʦʤ ʥʘ 

ʧʣʘʥʝʪʝ (ʝʝ ʚʳʩʦʪʘ ʙʦʣʝʝ 2000 ʤ). ʉʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʳʤ ʥʘʨʫʰʝ-

ʥʠʝʤ ʵʢʦʣʦʛʠʠ, ʠʟ-ʟʘ ʯʝʛʦ ʶʞʥʘʷ ʯʘʩʪʴ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʛʣʦʱʘʪʴ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠʟ ʘʪʤʦʩʬʝʨʳ.  
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Abstract: The taxonomic composition and content of the palinoflora components identified in 

the pollen spectra of the Muravian (Eemian) regional pollen zones were used as the ground to 

correlate successive phases of the vegetation evolution in the territory of Belarus and Poland during 

the respective time intervals of the Pleistocene. Some general regularities, as well as regional 

peculiarities were distinguished in the space and time dynamics of the plant communities. The 

palaeoclimate reconstructions made for the chronologically successive phases of the Interglacial 

suggest that the average July temperature of the climate optimum of the Muravian Interglacial was 

probably 1.5ÁC higher and the January temperature ï 4ÁC higher than the respective temperatures of 

the Holocene optimum. The Juli temperature of the Muravian Interglacial could be 3ÁC higher in 

comparison with the present-day temperature parameters of the territory of Belarus. 
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ʋʥʠʢʘʣʴʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʡ ɹʝʣʘʨʫʩʠ ʠ ʇʦʣʴʰʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʦʨʥʳʝ ʨʘʟʨʝʟʳ ʤʫʨʘʚʠʥʩʢʦʛʦ (ʵʝʤʩʢʦʛʦ) ʤʝʞʣʝʜʥʠ-

ʢʦʚʴʷ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʷʤ ʩʤʝʞʥʳʭ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ, ʘ ʪʘʢʞʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ɹʦʛʘʪʳʡ ʧʘʣʝʦʥʪʦʣʦʛʠ-

ʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʪʴ ʥʘʫʯʥʫʶ ʦʩ-

ʥʦʚʫ ʜʣʷ ʧʨʦʛʥʦʟʘ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʚ ʙʫʜʫʱʝʤ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʧʣʝʡ-

ʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʝʣʘʨʫʩʠ ʠ ʇʦʣʴʰʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʣʝʡʩʪʦʮʝʥʘ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʤʝʞʨʝʛʠʦʥʘʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʳʣʴʮʝʚʳʭ ʟʦʥ [4, 5]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʠ-

ʣʠʩʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʣʠʤʘʪʘ ʠ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʠ ʇʦʣʴʰʠ. ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʝʥʝʥ 

ʤʝʪʦʜ ʩʦʚʤʝʱʝʥʠʷ ʢʣʠʤʘʪʦʛʨʘʤʤ ʨʦʜʦʚ ʜʝʥʜʨʦʬʣʦʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʩʩʠʡ-

ʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [2]. 

ʆ ʭʘʨʘʢʪʝʨʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʫʨʘʚʠʥʩʢʦʛʦ (ʵʝʤʩʢʦʛʦ) ʤʝʞʣʝʜʥʠʢʦʚʴʷ ɹʝʣʘʨʫʩʠ ʠ 

ʇʦʣʴʰʠ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʩʪʘʚ ʧʘʣʠʥʦʬʣʦʨʳ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʳʣʴʮʝʚʳʭ ʟʦʥ [4ï6]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʬʘʟʘ mr 1 PinusïBetulaïPicea ʦʪʨʘʞʘʝʪ ʨʘʟʚʠʪʠʝ ʩʤʝ-

ʰʘʥʥʳʭ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʭ ʠ ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʳʭ ʩ ʫʯʘʩʪʠʝʤ ʝʣʠ ʣʝʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʙʳʣʠ Betula pendula, B. pubescens, Pinus sylvestris, Picea 

obovata. ɺ ʚʠʜʝ ʧʨʠʤʝʩʠ ʚʩʪʨʝʯʘʣʠʩʴ Larix ʠ Juniperus communis, ʧʦʷʚʠʣʩʷ Ulmus 

laevis. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʚ ʵʪʦ ʚʨʝʤʷ (ʬʘʟʘ E1 PinusïBetula) ʨʘʟʚʠʚʘʣʠʩʴ ʙʦʨʝ-

ʘʣʴʥʳʝ ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ ʩ ʫʯʘʩʪʠʝʤ Picea abies, ʨʝʞʝ Picea obovata. ɺ ʥʠʭ 

ʫʞʝ ʧʨʦʠʟʨʘʩʪʘʣʠ Quercus robur, Ulmus laevis, Corylus avellan.  

ʌʘʟʘ mr 2 Pinus ï Betula ï Quercus ï ʩʤʝʰʘʥʥʳʝ ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ ʩ ʧʨʠʤʝ-

ʩʴʶ Quercus robur ʠ Fraxinus excelsior. ʇʨʠʩʫʪʩʪʚʫʝʪ Ephedra distachya, ʥʘ ʟʘʧʘʜʝ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ï Hedera helix. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʫʯʘʩʪʠʝ ʪʝʨʤʦʬʠʣʴʥʳʭ 

ʧʦʨʦʜ ʚ ʩʦʩʪʘʚʝ ʣʝʩʦʚ ʚ ʬʘʟʝ E2 PinusïBetulaïUlmus ʙʳʣʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʘ ʚ 

ʢʦʥʮʝ ʬʘʟʳ, ʢʘʢ ʠ ʚ ʟʘʧʘʜʥʳʭ ʨʘʡʦʥʘʭ ɹʝʣʘʨʫʩʠ, ʧʦʷʚʠʣʘʩʴ Hedera helix.  

ʌʘʟʘ mr 3 QuercusïPinusïCorylus (mr3a Pinus, mr3b Corylus) ïh ʠʨʦʢʦʣʠʩʪʚʝʥ-

ʥʳʝ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦ-ʭʚʦʡʥʳʝ (ʜʫʙʦʚʳʝ, ʜʫʙʦʚʦ-ʚʷʟʦʚʳʝ ʩ ʫʯʘʩʪʠʝʤ ʩʦʩʥʳ) 

ʣʝʩʘ. ʇʨʦʠʟʨʘʩʪʘʣʠ ʦʣʴʰʘʥʠʢʠ (Alnus incana ʠ Alnus glutinosa). ɺ ʩʦʩʪʘʚʝ ʪʝʨʤʦ-

ʬʠʣʴʥʳʭ ʧʦʨʦʜ ʚʳʷʚʣʝʥʳ Quercus robur, Q. petraea, Q. pubescens., Ulmus laevis, 

Ulmus minor, Acer platanoides, Fraxinus excelsior. ʋʯʘʩʪʠʝ ʩʦʩʥʳ ʩʦʢʨʘʱʘʣʦʩʴ, ʘ 

Corylus avellana ï ʚʦʟʨʘʩʪʘʣʦ, ʧʨʦʠʟʨʘʩʪʘʣʠ ʪʘʢʞʝ Ephedra distachya ʠ Hedera helix 

(ʥʘ ʟʘʧʘʜʝ ɹʝʣʘʨʫʩʠ). ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ (ʬʘʟʘ E3 ï QuercusïFraxinusïUlmus 

(E3a Pinus, E3b Corylus) ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʠ ʥʝʢʦʪʦʨʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʚ ʣʝʩʘʭ 

ʧʦʷʚʠʣʠʩʴ Taxus baccata, Vitis, Ligustrum, Hedera helix, ʯʪʦ ʷʚʣʷʣʦʩʴ ʦʪʨʘʞʝʥʠʝʤ 

ʫʩʠʣʝʥʠʷ ʚʣʠʷʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ.  

ʌʘʟʘ mr 4  CorylusïQuercusïTilia ï ʜʫʙʦʚʳʝ ʠ ʜʫʙʦʚʦ-ʚʷʟʦʚʳʝ ʣʝʩʘ ʩ ʦʨʝʰʥʠʢʦʤ, 

ʥʘʯʘʣʦ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʦʣʴʰʘʥʠʢʦʚ. ɺ ʵʪʦ ʚʨʝʤʷ Ulmus ʧʦʣʫʯʠʣ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʦʷʚʠʣʠʩʴ Tilia cordata, T. platyphyllos ʠ Carpinus betulus. ʄʘʢʩʠ-
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ʤʘʣʴʥʳʤ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʙʳʣʦ ʫʯʘʩʪʠʝ Corylus, ʢʦʪʦʨʳʡ, ʚʦʟʤʦʞʥʦ, ʩʦʟʜʘʚʘʣ ʤʦʥʦ-

ʮʝʥʦʟʳ. ɺ ʵʪʦ ʚʨʝʤʷ (ʬʘʟʘ E-4 Corylus-Quercus-Tilia, ʧʦʜʬʘʟʘ ɽ4ʘ CorylusïQuercus) 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʩʤʝʰʘʥʥʳʝ ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʣʝʱʠʥʳ ʠ ʚʳʩʦʢʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴʶ. 

ʇʨʦʠʟʨʘʩʪʘʣʠ Ilex aquifolium, Vitis, Taxus.  

ʌʘʟʘ mr 5 TiliaïCorylusïCarpinus ï ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʚ ʢʦʪʦʨʳʭ ʛʣʘʚʥʦʡ 

ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʙʳʣʘ Tilia (T.cordata, T platyphyllos, T. tomentosa). ʋʯʘ-

ʩʪʠʝ ʣʠʧʳ ʚ ʵʪʦ ʚʨʝʤʷ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ɹʝʣʘʨʫʩʠ. ʂ ʢʦʥʮʫ ʬʘʟʳ 

ʚʦʟʨʦʩʣʦ ʫʯʘʩʪʠʝ Carpinus betulus, ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʣʘ ʣʝʱʠʥʘ. 

ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʠʤʝʣʠ ʬʦʨʤʘʮʠʠ ʠʟ Alnus incana ʠ Alnus glutinosa. ɺ ʩʦʩʪʘʚʝ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʇʦʣʴʰʠ ʚ ʵʪʦ ʚʨʝʤʷ (ʧʦʜʬʘʟʘ ɽ4b TiliaïCarpinus) ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ Vitis, 

Ilex, Taxus, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʤʷʛʢʦʤ ʟʠʤʥʝʤ ʧʝʨʠʦʜʝ. 

ʌʘʟʘ mr 6 CarpinusïTilia ï ʛʨʘʙʦʚʦ-ʣʠʧʦʚʳʝ ʣʝʩʘ ʩ ʧʦʜʣʝʩʢʦʤ ʠʟ ʣʝʱʠʥʳ ʠ ʦʣʴ-

ʰʘʥʠʢʠ. ʆʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʙʳʣʠ Carpinus betulus, Tilia 

cordata, T platyphyllos, T. tomentosa. ɺ ʩʦʩʪʘʚʝ ʣʝʩʦʚ ʧʦʷʚʠʣʘʩʴ Picea abies, ʚ ʚʠʜʝ 

ʧʨʠʤʝʩʠ ï Ulmus laevis, Ulmus minor, Quercus robur, Q. petraea, Q. pubescens, Acer 

platanoides, Fraxinus excelsior. ɺ ʵʪʦ ʚʨʝʤʷ (ʬʘʟʘ ɽ5 CarpinusïCorylusïAlnus) ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʜʦʤʠʥʠʨʦʚʘʣʠ ʣʝʩʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʛʣʘʚʥʳʤʠ ʜʨʝʚʝʩ-

ʥʳʤʠ ʧʦʨʦʜʘʤʠ ʙʳʣʠ Carpinus, Tilia, Picea. ɺ ʩʦʩʪʘʚʝ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʙʳʣʠ ʪʘʢʞʝ 

Taxus baccata ʠ Abies ʘlba. ɺ ʧʦʜʣʝʩʢʝ ʧʨʦʠʟʨʘʩʪʘʣ Corylus avellana, ʧʦ-ʧʨʝʞʥʝʤʫ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʣʠ ʦʣʴʰʘʥʠʢʠ. ʇʦʷʚʠʣʠʩʴ Buxus sempervirens ʠ Ilex 

aquifolium ï ʪʘʢʩʦʥʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ ʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ.  

ʌʘʟʘ mr 7 CarpinusïPicea ï ʛʨʘʙʦʚʳʝ, ʝʣʦʚʦ-ʛʨʘʙʦʚʳʝ ʠ ʛʨʘʙʦʚʦ-ʝʣʦʚʳʝ ʣʝʩʘ 

ʩ ʣʝʱʠʥʦʡ ʚ ʧʦʜʣʝʩʢʝ, ʩ ʧʨʠʤʝʩʴʶ Quercus ʠ Ulmus, ʦʣʴʰʘʥʠʢʘʤʠ ʚ ʫʚʣʘʞʥʝʥ-

ʥʳʭ ʤʝʩʪʘʭ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʵʪʦʡ ʬʘʟʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ 

ʬʘʟʳ ɽ6 Picea-Abies-Alnus, ʢʦʛʜʘ ʠʟ ʩʦʩʪʘʚʘ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦ 

ʠʩʯʝʟʘʶʪ ʪʝʨʤʦʬʠʣʴʥʳʝ ʧʦʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ Picea abies ʠ Abies alba, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʘʣʴʥʝʡʰʝʤ ʧʦʭʦʣʦʜʘʥʠʠ ʢʣʠʤʘʪʘ.  

ʌʘʟʘ mr 8 PiceaïPinus ï ʭʚʦʡʥʳʝ (ʝʣʦʚʳʝ, ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʠ ʩʦʩʥʦʚʦ-ʝʣʦʚʳʝ) 

ʣʝʩʘ ʩ ʫʯʘʩʪʠʝʤ Carpinus ʠ Betula. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ ʵʪʦʡ ʬʘʟʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʘ ʬʘʟʳ ɽ6 Picea-Abies-Alnus, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʜʘʣʴʥʝʡʰʝʝ 

ʩʦʢʨʘʱʝʥʠʝ ʫʯʘʩʪʠʷ ʪʝʨʤʦʬʠʣʴʥʳʭ ʧʦʨʦʜ, ʭʦʪʷ ʝʱʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ Carpinus, 

Quercus, Corylus, ʠʟʨʝʜʢʘ Taxus ʠ Hedera. ʈʦʣʴ Picea ʠ Abies ʚʦʟʨʘʩʪʘʣʘ. ʀʟʤʝʥʝʥʠʷ 

ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʧʦʭʦʣʦʜʘʥʠʝ ʢʣʠʤʘʪʘ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʬʘʟʘ ʤʫʨʘʚʠʥʩʢʦʛʦ ʤʝʞʣʝʜʥʠʢʦʚʴʷ (mr 9 Pinus) ʦʪʨʘʞʘʝʪ 

ʨʘʟʚʠʪʠʝ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʫʯʘʩʪʠʝʤ ʝʣʠ ʠ ʙʝʨʝʟʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ 

ʪʨʘʚʷʥʠʩʪʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʜʝʛʨʘʜʘʮʠʠ ʣʝʩʥʳʭ 

ʮʝʥʦʟʦʚ ʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʇʦʣʴʰʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʝ (E 7 Pinus) ʚ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʧʨʝʦʙʣʘ-

ʜʘʣʘ ʩʦʩʥʘ, ʧʨʦʠʟʨʘʩʪʘʣʠ ʪʘʢʞʝ Picea, Betula, Larix, Abies, Carpinus, ʯʪʦ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʙʦʨʝʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʣʠʤʘʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʫʶ ʬʘʟʫ ʤʫʨʘʚʠʥʩʢʦʛʦ (ʵʝʤʩʢʦʛʦ) 

ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʥʝʤʦʨʘʣʴʥʳʡ ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʣ ʥʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠ-

ʪʦʨʠʷʭ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ, ʠʤʝʣʘ ʤʝʩʪʦ ʬʣʦʨʠʩʪʠʯʝʩʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘ-

ʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ ɿʘʧʘʜʥʦʡ 
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ɽʚʨʦʧʳ, ʚ ʦʧʪʠʤʫʤʝ ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʚ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʣʠ 

Taxus baccata, Ilex aquifolium, Tilia platyphyllos, Vitis, Hedera helix ʠ ʜʨʫʛʠʝ ʨʘʩʪʝʥʠʷ, 

ʪʨʝʙʦʚʘʪʝʣʴʥʳʝ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ ʟʠʤʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʨʘʩʪʝʥʠʡ, ʥʘʧʨʠʤʝʨ, Tilia platyphyllos, ʧʨʦʠʟʨʘʩʪʘʣʠ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʥʦ ʠ ʚʭʦʜʠʣʠ ʚ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʩʝʡ ɺʦʩ-

ʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ [1]. Hedera helix ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʤʫʨʘʚʠʥʩʢʦʝ 

ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʘʨʝʘʣʦʤ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʥʘʭʦʜʢʠ ʝʝ ʧʳʣʴʮʳ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʠʪʚʳ, ʪʘʢ ʠ ɹʝʣʘʨʫʩʠ. ʊʠʩʩ ʷʛʦʜʥʳʡ ʠ 

ʧʘʜʫʙ ʚ ʤʫʨʘʚʠʥʩʢʦʝ ʚʨʝʤʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʧʨʦʠʟʨʘʩʪʘʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʣʝʪʥʠʭ ʠ ʟʠʤʥʠʭ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ, ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ʧʘʣʠʥʦʬʣʦʨʳ ʤʫʨʘʚʠʥʩʢʦʛʦ (ʵʝʤ-

ʩʢʦʛʦ) ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʧʣʝʡʩʪʦʮʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʠ ʇʦʣʴʰʠ.  
 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʫʨʘʚʠʥʩʢʦʛʦ 

(ʵʝʤʩʢʦʛʦ) ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʦʧʪʠʤʫʤʦʤ ʛʦʣʦʮʝʥʘ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʟʠʤʥʠʤʠ ʠ ʣʝʪʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 
 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʬʘʟ ʠʤʝʝʪʩʷ ʥʝʩʦʤʥʝʥʥʘʷ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚʳʷʚʣʝʥʳ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʷʥʚʘʨʩʢʠʭ ʧʘʣʝʦʪʝʤʧʝ-

ʨʘʪʫʨ. ʇʦʢʘʟʘʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, 

ʯʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʴʰʠ, ʦʜʥʘʢʦ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʘʭ ʦʥʠ ʙʳʣʠ ʩʭʦʜ-

ʥʳʤʠ. ʇʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʦʧʪʠʤʫʤʦʤ ʛʦʣʦ-

ʮʝʥʘ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɼʣʷ ʩʘʤʳʭ ʪʝʧʣʳʭ ʬʘʟ (mr 4 ʠ ɽ 4) ʦʧʪʠ-

ʤʫʤʘ ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʠ ʇʦʣʴʰʠ ʧʦʣʫʯʝʥʳ ʦʜʠʥʘʢʦʚʳʝ 

ʜʠʘʧʘʟʦʥʳ ʠʶʣʴʩʢʠʭ (tÁVII  = +19Áé+23ÁC) ʠ ʷʥʚʘʨʩʢʠʭ (tÁI = +3Áéï4ÁC) ʪʝʤʧʝ-

ʨʘʪʫʨ. ʉʨʘʚʥʝʥʠʝ ʠʭ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠʶʣʷ ʠ ʷʥʚʘʨʷ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʜʣʷ ʦʧʪʠ-

ʤʫʤʘ ʛʦʣʦʮʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ (tÁVII  = +18Áé+21ÁC, tÁI = ï3Áéï6ÁC) [3], 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʶʣʴʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʤʫʨʘʚʠʥʩʢʦʛʦ 

ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʤʦʛʣʘ ʙʳʪʴ ʚʳʰʝ ʥʘ 1,5 ÁC, ʘ ʷʥʚʘʨʩʢʘʷ ï ʥʘ 4ÁC. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 
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ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʤʫʨʘʚʠʥʩʢʦʛʦ ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʩ ʩʦ-

ʚʨʝʤʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠʶʣʷ ʠ ʷʥʚʘʨʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ (tÁVII  = 

+17.5Áé+18.5ÁC; tÁI = ï4Áéï8ÁC) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʶʣʴʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʫʨʘ-

ʚʠʥʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʙʳʣʠ ʚʳʰʝ ʧʨʠʤʝʨʥʦ ʥʘ 3ÁC, ʘ ʷʥʚʘʨʩʢʠʝ ï ʥʘ 5.5ÁC.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ɹʈʌʌʀ ʍ13ʃʀʊ-009. 
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Abstract: The water level in Lake Ladoga during its existence changed slightly as it had to 

settle down always below numerous peat bogs formed on its reservoirs. Data on not 

penetration of the Ladoga waters testify to low level of waters of the lake, at least, within the 

last 6000 years, to the lake Voloyarvi settling down close at the height of 15 m also. 
 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʪʘʪʴʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʨʦʰʣʦʤ ʷʚʣʷʶʪʩʷ ʪʦʨʬʷʥʠʢʠ ʥʘ ʝʛʦ 

ʚʦʜʦʩʙʦʨʘʭ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʝʜʠʥʦʛʦ ʦʟʝʨʥʦʛʦ ʚʦʜʦʝʤʘ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝ ʤʦʛ ʙʳʪʴ ʚʳʰʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʥʘ ʝʛʦ ʚʦʜʦʩʙʦʨʘʭ ʪʦʨʬʷʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʳʣʠ ʙʳ ʟʘʪʦʧʣʝʥʳ ʠ ʥʝ 

ʤʦʛʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʦʜʦʩʙʦʨʳ ʚʩʝʛʜʘ ʚʳʰʝ ʙʘʩʩʝʡʥʘ, ʚ 

ʢʦʪʦʨʳʡ ʩʪʝʢʘʶʪ ʩ ʥʠʭ ʚʦʜʳ. ʕʪʦ ʙʝʟʫʩʣʦʚʥʘʷ ʠʩʪʠʥʘ  ʜʣʷ ʣʶʙʦʛʦ ʚʦʜʦʝʤʘ 
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ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʂʩʪʘʪʠ, ʦ ʪʘʢʦʤ ʢʣʠʤʘʪʝ ʚ ʛʦʣʦʮʝʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʦʟʝʨʘ ʠ ʚ ʝʛʦ ʦʢʨʫʞʝʥʠʠ 

ʪʦʨʬʷʥʠʢʦʚ ï ʧʨʝʢʨʘʩʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʦʟʝʨʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʥʝ 

ʤʦʛ ʙʳʪʴ ʚ ʛʫʤʠʜʥʦʤ ʢʣʠʤʘʪʝ ʚʳʰʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʪʦʨʬʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʝʛʦ 

ʚʦʜʦʩʙʦʨʘʭ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʠ ʚʳʪʝʢʘʶʱʘʷ ʠʟ ʦʟʝʨʘ ʨʝʢʘ, ʠʣʠ ʧʨʦʣʠʚ, ʠʤʝʣʠ 

ʦʙʷʟʘʪʝʣʴʥʦ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʥʠʞʝ, ʯʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʤʦʛʦ ʦʟʝʨʘ, ʠ 

ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʣʞʥʳ ʙʳʣʠ ʠʤʝʪʴ ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʠʞʝ ʚʳʩʦʪ 

ʪʦʨʬʷʥʠʢʦʚ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʦʟʝʨʘ. ʄʳ ʧʨʠʚʝʣʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʯʝʚʠʜʥʳʝ 

ʠʩʪʠʥʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ. 

ɸʢʚʘʪʦʨʠʷ ʦʟʝʨʥʦʛʦ ʚʦʜʦʝʤʘ ʠ ʝʛʦ ʚʦʜʦʩʙʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʮʝʣʦʝ, 

ʝʜʠʥʩʪʚʦ ʢʦʪʦʨʦʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʪʨʘʥʩʛʨʝʩʩʠʷʭ ʠ ʨʝʛʨʝʩ-

ʩʠʷʭ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʫʰʠ. ɺʦʜʦʝʤ ʩ ʚʦʜʦʩʙʦʨʘʤʠ ʚʝʜʫʪ 

ʩʝʙʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʨʘʟʣʠʯʠʷ ʯʘʩʪʝʡ ʢʦʪʦʨʦʛʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʰʴ ʫʨʦʚʥʝʤ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʚʦʜʳ ʚ ʦʟʝʨʝ. ʆʜʥʘʢʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʨʫʧʥʳʭ ʦʟʝʨ ʚʦ ʚʨʝʤʝʥʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʫʨʦʚʥʷ ʥʝ ʙʳʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʇʨʠʯʠʥʳ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ.  

ɼʣʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʛʦʣʦʮʝʥʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʅʝʚʳ, ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʥʠʞʝ-

ʥʠ̫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʦʣʦʮʝʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʟʢʠʝ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʨʝʯʥʦʛʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʧʘʜʘʣʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢ, ʥʘʠʙʦʣʝʝ 

ʨʝʛʨʝʩʩʠʚʥʳʤ ʵʪʘʧʦʤ ʦʢʘʟʘʣʩʷ ʘʪʣʘʥʪʠʯʝʩʢʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ, ʦʩʦʙʝʥʥʦ ʝʛʦ 

ʦʧʪʠʤʫʤ ï ʦʢʦʣʦ 6,5-5 ʪʳʩ. ʣ. ʥ. ʇʨʠ ʙʦʣʝʝ ʧʨʦʭʣʘʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ, 

ʤʘʨʢʠʨʦʚʘʥʥʦʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ, ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʳʯʥʦ ʧʨʝʠʤʫʱʝʩʪ-

ʚʝʥʥʦ ʚʳʰʝ [1]. ʆʜʥʘʢʦ, ʬʠʢʩʠʨʫʝʤʘʷ ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʧʨʠʙʨʝʞʥʦ-ʨʝʯʥʳʭ ʠʣʠ 

ʧʨʠʙʨʝʞʥʦ-ʦʟʝʨʥʳʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʅʝʚʳ, ʚʦʟʥʠʢʰʠʭ ʚ ʢʦʥʮʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʜʦʩʪʠʛʘʣʘ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʩʝʛʦ ʦʢʦʣʦ 11 ʤ 

[12]. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʠʚʦʜʠʤʳʤ ʚ ʜʨʫʛʦʡ ʩʪʘʪʴʝ [11] ʚʩʝ ʦʩ-

ʥʦʚʥʳʝ ʨʘʟʨʝʟʳ ʛʦʣʦʮʝʥʘ ʩʦʙʩʪʚʝʥʥʦ ʚʦʜʦʩʙʦʨʦʚ ʇʨʠʣʘʜʦʞɹ̫  (ʢʨʦʤʝ ʦʜʥʦʛʦ ʚ ʨʘʡ-

ʦʥʝ ʅʠʞʥʝʦʩʠʥʦʚʩʢʦʛʦ ʙʦʣʦʪʘ), ʠʤʝʶʪ ʚʳʩʦʪʫ ʥʠʞʝ 16 ʤ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʛʦ, ʚ ʜʨʫʛʠʭ ʧʨʠʚʦʜʠʤʳʭ ʨʘʟʨʝʟʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʦʨʠʟʦʥʪʳ 

ʪʦʨʬʘ, ʟʘʣʝʛʘʶʱʠʝ ʥʠʞʝ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ 14 ʤ ʠ ʚʳʰʝ  ʧʨʠʤʝʨʥʦ 6 ʤ. ʅʘʰʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [4, 5], ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʜʦʧʦʣʥʠʣʠ 

ʩʚʝʜʝʥʠʷ, ʧʨʠʚʦʜʠʤʳʝ ɼ.ɹ. ʄʘʣʘʭʦʚʩʢʠʤ ʠ ʜʨ., ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʢʘʟʘʚ, ʯʪʦ ʠ ʚ ʜʨʫ-

ʛʠʭ ʤʝʩʪʘʭ ʚʦʜʦʩʙʦʨʦʚ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʪʦʨʬʷʥʠʢʠ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʦʭʚʘʪʳʚʘʶʪ ʜʠʘʧʘʟʦʥ ʚʳʩʦʪ ʤʝʞʜʫ 6-14 ʤ. ʇʨʠ ʵʪʦʤ ʠʥʦʛʜʘ ʪʦʨʬʷʥʳʝ 

ʧʣʘʩʪʳ, ʢʘʢ ʠ ʚ ʨʘʟʨʝʟʘʭ ʧʨʠʚʦʜʠʤʳʭ ʚ [11], ʩʦʯʝʪʘʶʪʩʷ ʩ ʛʠʪʪʠʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʦʟʝʨʘ ʚʩʪʨʝʯʘʶʪʩʷ ʠʥʦʛʜʘ ʠ ʤʦʱʥʳʝ ʟʘʣʝʞʠ 

ʪʦʨʬʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʚʝʥʴ ʚʦʜ ʃʘʜʦʛʠ 

ʥʝ ʤʦʛ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʜʠʥʘʢʦʚʳʭ ʩ ʥʠʤʠ ʚʳʩʦʪʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʨʫʧʥʳʡ 

ʙʦʣʦʪʥʳʡ ʤʘʩʩʠʚ ï çʐʠʨʠʥʩʢʦʝè, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʦʣʭʦʚʘ, ʠʤʝʝʪ 

ʘʙʩʦʣʶʪʥʫʶ ʦʪʤʝʪʢʫ ʣʦʞʘ ʦʢʦʣʦ 17 ʤ, ʘ ʤʦʱʥʦʩʪʴ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ï ʧʦʯʪʠ 7 ʤ. 

ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʙʦʣʦʪʦ çʋʩʪʴ-ʊʦʩʥʝʥʩʢʦʝè ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ 

ʚʦʜʦʨʘʟʜʝʣʝ ʨʝʢ ʊʦʩʥʦ ʠ ɹʦʣʴʰʘʷ ʀʞʦʨʢʘ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʣʦʞʘ 
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ʩʦʩʪʘʚʣʷʶʪ 12,0-14,0 ʤ, ʤʦʱʥʦʩʪʴ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ï 6,3 ʤ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʠʟʫʯʝʥʠʝ ʟʘʣʝʞʝʡ ʵʪʠʭ ʙʦʣʦʪ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʘʙʠʣʴʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠ-

ʦʥʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʦʙʫʩʣʦʚʠʚʰʠʭ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ ʚʦ ʚʩʝ ʵʪʘʧʳ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʨʘʟʨʝʟʘʭ ʪʦʨʬʷ-

ʥʠʢʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʝʜʳ ʨʘʟʤʳʚʘ ʠʣʠ ʧʦʜʪʦʧʣʝʥʠʡ [6, 7]. 

ʅʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʙʦʣʦʪʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʝ ʚ ʟʦʥʝ ʪʝʯʝʥʠʷ ʨ. ʅʝʚʳ: çʃʘʭʪʠʥʩʢʦʝè, çʐʫʚʘʣʦʚʩʢʦʝè, çɻʣʘʜʢʦʝè, çʉʠʛʦʣʦʚ-

ʩʢʠʡ ʤʦʭè ʠ ʜʨ. [8]. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʦʣʦʪʘ ʠʤʝʶʪ ʨʘʟʣʠʯ-

ʥʳʝ ʧʣʦʱʘʜʠ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ ʫʨʦʚʥʠ, ʥʦ ʚʩʝ ʦʥʠ 

ʧʦʷʚʠʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʨʝʙʦʨʝʘʣʴʥʳʡ ʵʪʘʧ, ʠ çʧʨʦʰʣʠè ʚʝʩʴ ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʡ 

ʮʠʢʣ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. ɽʩʣʠ ʩʣʝʜʦʚʘʪʴ ʪʦʯʢʝ ʟʨʝʥʠʷ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʨ. ʅʝʚʳ ʚʩʣʝʜ-

ʩʪʚʠʝ ʧʨʦʨʳʚʘ ʣʘʜʦʞʩʢʠʭ ʚʦʜ ʚ ʢʦʥʮʝ ʛʦʣʦʮʝʥʘ, ʪʦ ʚ ʨʘʟʨʝʟʘʭ, ʭʦʪʷ ʙʳ ʥʝʢʦʪʦʨʳʭ, 

ʫʢʘʟʘʥʥʳʭ ʙʦʣʦʪ ʵʪʦ ʩʦʙʳʪʠʝ ʦʪʨʘʟʠʣʦʩʴ ʙʳ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʨʳʚʦʤ ʚ ʦʩʘʜʢʦʥʘʢʦʧ-

ʣʝʥʠʠ, ʠʣʠ ʧʦʷʚʣʝʥʠʠ ʚ ʪʦʨʬʷʥʠʢʝ ʣʠʥʟ ʘʣʝʚʨʠʪʘ ʠʣʠ ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪ.ʧ. 

ʇʦʜʦʙʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʦʝʥʠʠ ʟʘʣʝʞʝʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

ʂʦʣʝʙʘʥʠʷ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʤʦʛʣʠ ʙʳʪʴ 

ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʫʨʦʚʝʥʴ ʝʛʦ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʣ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʠʞʝ ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʷ ʥʘ ʝʛʦ ʚʦʜʦʩʙʦʨʘʭ 

ʪʦʨʬʷʥʠʢʦʚ. ʊʘʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʨʦʚʥʷ, ʚʦʟʤʦʞʥʦ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʙʰʠʨʥʦʩʪʴʶ 

ʚʦʜʦʩʙʦʨʦʚ ʦʟʝʨʘ ʠ ʛʨʦʤʘʜʥʦʡ ʤʘʩʩʦʡ ʚʦʜʳ ʚ ʥʝʤ ï ʦʢʦʣʦ 838 ʢʤ
3
. ʇʨʠ ʵʪʦʤ ʥʘʜʦ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʢʨʦʚʣʝ ʨʘʟʨʝʟʦʚ, ʚʢʣʶʯʘʷ ʠ ʨʘʡʦʥ ʚ 

ʚʝʨʭʦʚʴʷʭ ʨ. ʅʝʚʳ, ʠʤʝʶʪ ʧʝʩʯʘʥʳʡ ʩʦʩʪʘʚ ʠ ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʥʘʟʝʤʥʳʭ 

ʧʨʠʙʨʝʞʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ (ʙʝʨʝʛʦʚʳʭ). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʣʷ ʢʨʫʧʥʳʭ ʦʟʝʨ 

ʚʦʦʙʱʝ ʭʘʨʘʢʪʝʨʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʫʨʦʚʥʷ ʚʦʜ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʦʥʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʯʝʪʢʦ, ʚʦʧʨʝʢʠ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ ʦ 

ʚʦʟʤʦʞʥʦʤ ʫʨʦʚʥʝ ʚʦʜ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʨʫʛʠʭ ʩʚʝʜʝʥʠʡ. ʊʘʢ, 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʃ.ɺ. ʃʫʜʠʢʦʚʦʡ  ʜʠʘʪʦʤʦʚʳʭ 

ʠʟ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʦʟ. ɺʦʣʦʷʨʚʠ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʠʙʨʝʞʥʦʡ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ ʥʝʤ ʩʝʡʯʘʩ 15 ʤ ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʥʝʧʨʝʨʳʚʥʦʝ  ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʦʟʝʨʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 

6000 ʣʝʪ, ʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʣʝʜʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʃʘʜʦʞʩʢʠʭ ʚʦʜ [10, 13]. ɿʥʘʯʠʪ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 6000 ʣʝʪ ʫʨʦʚʝʥʴ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʝ ʤʦʛ ʧʦʜʥʠʤʘʪʴʩʷ ʜʦ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʠ ʙʣʠʟʢʦʡ ʢ 15 ʤ.  

ʂ ʪʘʢʦʤʫ ʞʝ ʚʳʚʦʜʫ ʧʨʠʚʦʜʷʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʨʘʟʜʝʣʘ ʃʘʜʦʛʠ ʠ ɹʘʣ-

ʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʨʘʡʦʥʝ ʧʦʩ. ɺʝʱʝʚʦ. ʕʪʦʪ ʚʦʜʦʨʘʟʜʝʣ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ 

ʚʳʩʦʪʫ 15 ʤ; ʨʘʥʥʝʝ ʞʝ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʥ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ ʠʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʦʜʲʝʤʘ  ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʵʪʦʪ ʨʘʡʦʥ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚʦ 

ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʛʦʣʦʮʝʥʘ, ʤʦʛʣʘ ʜʦʩʪʠʛʘʪʴ ʫʨʦʚʥʷ ʦʢʦʣʦ 15 ʤ.  

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʦʚʝʨʭʥʦʩʪʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʚ ʛʦʣʦʮʝʥʝ ʥʝ ʜʦʩʪʠʛʘʣʘ ʜʘʞʝ 15 ʤ, ʨ. ʅʝʚʘ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʦʣʦʜʦʡ ʛʝʥʝʟʠʩ, ʘ 

ʜʦʣʞʥʘ ʙʳʣʘ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ, ʧʨʠʜʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʩʤʝʥʫ ʧʨʦʣʠʚʫ, ʩʦʝʜʠʥʷʚʰʝʤʫ ʪʝʨʨʠʪʦʨʠʶ ʶʛʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩ ʌʠʥʩʢʠʤ ʟʘʣʠ-

ʚʦʤ. ʈʝʢʘ ʅʝʚʘ, ʩʤʝʥʠʚʰʘʷ ʠʥʪʝʥʩʠʚʥʳʡ ʩʪʦʢ ʧʦ ʧʨʦʣʠʚʫ, ʙʫʜʫʯʠ ʤʦʱʥʦʡ, ʧʦʣʥʦ-
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ʚʦʜʥʦʡ ʨʝʢʦʡ, ʧʨʦʪʝʢʘʚʰʝʡ ʧʦ ʨʳʭʣʳʤ ʣʝʜʥʠʢʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʧʦ ʥʘʰʝʤʫ ʤʥʝ-

ʥʠʶ, ʥʝ ʤʦʛʣʘ ʠʩʯʝʟʥʫʪʴ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʘ, ʩʤʝʥʠʚʰʠʩʴ ʩʪʦʢʦʤ ʚ ʨʘʡʦʥʝ ʧʦʩ. 

ɺʝʱʝʚʦ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʪʘʤ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɺʝʜʴ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʥʝʪ ʩʣʝʜʦʚ 

ʤʦʱʥʳʭ ʧʦʪʦʢʦʚ, ʩʭʦʜʥʳʭ ʩ ʥʝʚʩʢʠʤ. ʄʦʛ ʙʳʪʴ ʣʠʰʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʤʝʣʢʦʚʦʜ-

ʥʳʡ ʠ ʤʘʣʦʚʦʜʥʳʡ ʧʫʪʴ ʩʦʝʜʠʥʝʥʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ ʚ ʘʥʮʠ-

ʣʦʚʦʝ ʚʨʝʤʷ, ʢʦʪʦʨʳʡ ʥʝ ʤʦʛ ʧʨʠʚʝʩʪʠ ʢ ʣʠʢʚʠʜʘʮʠʠ ʩʪʦʢʘ ʧʦ ʨ. ʅʝʚʝ [2].  

ʇʨʦʪʠʚ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ ʨ. ʅʝʚʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ, ʦʯʝʚʠʜʥʦ, ʫʢʘʟʳʚʘʝʪ ʠ 

ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʚ ʨʘʡʦʥʝ ʙʦʣʦʪʘ ʉʷʥʪʩʫʦ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʫʟʢʦʡ ʢʦʪʣʦʚʠʥʝ 

ʚ 10 ʢʤ ʦʪ ʧʦʩʝʣʢʘ ʂʫʨʢʠʝʢʠ ʠ ʚ 3 ʢʤ ʦʪ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʆʪʤʝʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 25 ʤ, ʘ ʤʦʱʥʦʩʪʴ ʚʩʢʨʳʪʳʭ ʦʪʣʦʞʝʥʠʡ ï 7 ʤ. ʆʜʥʘʢʦ, ʥʝʷʩʥʦ ʥʘ 

ʢʘʢʫʶ ʚʳʩʦʪʫ ʪʝʨʨʠʪʦʨʠʷ ʙʳʣʘ ʧʦʜʥʷʪʘ ʚ ʪʝʯʝʥʠʝ ʛʦʣʦʮʝʥʘ. ɺʝʨʭʥʠʝ ʩʣʦʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʛʣʠʥʦʡ ʠ ʪʦʨʬʦʤ (45 ʩʤ), ʘ ʥʘ ʛʣʫʙʠʥʝ 0,45-7,0 ʤ ʟʘʣʝʛʘʝʪ ʩʘʧʨʦʧʝʣʴ. ʋʩ-

ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʚ ʧʘʣʝʦʚʦʜʦʝʤʝ ʧʨʦʠʩʭʦʜʠʣʦ ʙʝʟ ʧʝʨʝʨʳ-

ʚʦʚ, ʩ ʧʨʝʙʦʨʝʘʣʴʥʦʛʦ ʵʪʘʧʘ ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ. ɼʘʥʥʳʝ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʙʦʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʢʠ 

ʦʙʠʪʘʪʝʣʝʡ ʜʠʩʪʨʦʬʥʦʛʦ ʚʦʜʦʝʤʘ ʩ ʧʨʠʟʥʘʢʘʤʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ. ʂʦʤʧʣʝʢʩʳ ʜʠʘʪʦ-

ʤʝʡ ʙʦʨʝʘʣʴʥʦʛʦ ʧʘʣʝʦʚʦʜʦʝʤʘ ʩʦʩʪʘʚʣʷʶʪ ʨʫʢʦʚʦʜʷʱʠʝ ʚʠʜʳ ɸʥʮʠʣʦʚʦʛʦ ʦʟʝʨʘ. ɺ 

ʘʪʣʘʥʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʚʝʜʫʱʠʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʣʘʥʢʪʦʥʥʳʝ ʚʠʜʳ. ɺ ʩʫʙʙʦʨʝʘʣʝ ʩʦʩʪʘʚ 

ʜʠʘʪʦʤʝʡ ʦʪʨʘʞʘʝʪ ʦʙʤʝʣʝʥʠʝ, ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʪʦʯʥʦʩʪʠ ʠ ʥʘʯʘʣʦ ʟʘʨʘʩʪʘʥʠʝ ʚʦʜʦ-

ʝʤʘ. ɺ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʵʪʘʧ ʧʨʦʮʝʩʩ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʧʨʦʜʦʣʞʘʣʩʷ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʦʙʠʪʘʪʝʣʝʡ ʛʫʤʫʩʠʨʦʚʘʥʥʳʭ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʚʦʜʦʝʤʦʚ [9]. ʅʘʧʨʘʚʣʝʥʥʦʝ ʩ ʩʫʙʙʦʨʝʘʣʘ ʦʙʤʝʣʝʥʠʝ ʚʦʜʦʝʤʘ ʥʝ ʚʷʞʝʪʩʷ ʩ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʨʘʥʩʛʨʝʩʩʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʧʨʠʚʝʜʰʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨ. ʅʝʚʳ. 

ɺ ʩʚʷʟʠ ʩʦ ʚʩʝʤ ʚʳʰʝʦʪʤʝʯʝʥʥʳʤ, ʤʳ ʥʝ ʤʦʞʝʤ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʥʝʨʝʜʢʦ ʧʨʠ-

ʚʦʜʠʤʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤʠ ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ɹʘʣʪʠʡ-

ʩʢʦʛʦ ʤʦʨʷ ʚ ʧʦʟʜʥʝ- ʠ ʧʦʩʣʝʣʝʜʥʠʢʦʚʴʝ. ʅʘ ʥʠʭ ʧʦʩʣʝ ʘʥʮʠʣʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ 

ʫʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʠʤʝʨʥʦ ʩ 9 ʪʳʩ. ʣ. ʥ. ʜʦ 5 ʪʳʩ. ʣ. ʥ. ʧʦʢʘʟʳʚʘʣʩʷ 

ʩʪʘʙʠʣʴʥʳʤ, ʧʨʠʯʝʤ ʟʘʤʝʪʥʦ ʚʳʰʝ 15 ʤ. ɿʘʪʝʤ, ʧʦʯʪʠ ʜʦ 3 ʪʳʩ. ʣ. ʥ., ʪʦ ʝʩʪʴ ʜʦ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʨʳʚʘ ʨ. ʅʝʚʳ, ʦʥ ʦʪʤʝʯʘʣʩʷ, ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʤ, ʥʦ ʥʘ ʚʳʩʦʪʝ 

ʧʦʯʪʠ 20 ʤ. ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʥʥʝʝ [3], ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʟʨʝʟʳ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʪʦʨʬʷʥʠʢʘʤʠ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ 

ʚʦʜʦʩʙʦʨʘʭ ʃʘʜʦʛʠ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʨʠʤʝʨʥʦ ʜʦ 3 ʪʳʩ. ʣ. ʥ., 

ʥʠʞʝ ʫʨʦʚʥʷ ʦʟʝʨʘ. ʅʦ ʪʘʢʦʛʦ ʥʝ ʤʦʛʣʦ ʙʳʪʴ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʦʨʬʷʥʠʢʦʚ ʙʝʟʫʩʣʦʚʥʦ. ɺʳʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥ ï ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʝʝ ʥʝʦʜʥʦʢʨʘʪʥʫʶ ʧʫʙʣʠʢʘʮʠʶ, ʥʝ ʦʪʚʝʯʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  
 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɺʝʨʟʠʣʠʥ ʅ.ʅ., ʂʘʣʤʳʢʦʚʘ ʅ.ʉ. ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʃʘʜʦʞ-

ʩʢʦʤ ʦʟʝʨʝ ʚ ʛʦʣʦʮʝʥʝ // ɺʝʩʪʥ.ʉʇʙɻʋ. ʉʝʨ.7:ɻʝʦʣʦʛʠʷ, ʛʝʦʛʨʘʬʠʷ. 2000. ɺʳʧ.1. ʉ. 15-22. 

2. ɺʝʨʟʠʣʠʥ ʅ.ʅ., ʂʘʣʤʳʢʦʚʘ ʅ.ɸ., ʆʢʥʦʚʘ ʅ.ʉ. ʀʩʪʦʨʠʷ ʨ. ʅʝʚʳ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʝʝ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʳʭ-ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ // ʊʠʭʚʠʥʩʢʘʷ ʚʦʜʥʘʷ 

ʩʠʩʪʝʤʘ. ï ʉʇʙ.: ʀʟʜ-ʚʦ ʈɻʇʋ ʠʤ. ɸ.ʀ.ɻʝʨʮʝʥʘ. 2012. ï ʉ. 156-163.  
3. ɺʝʨʟʠʣʠʥ ʅ.ʅ., ʂʣʝʡʤʝʥʦʚʘ ɻ.ʀ. ʂ ʚʦʧʨʦʩʫ ʦ ʧʨʦʙʣʝʤʘʭ ʧʦʥʠʤʘʥʠʷ ʃʘʜʦʞʩʢʦʡ 

ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʢʠ ʅʝʚʳ // ʀʟʚ. ʈɻʆ. 2012. ʊ. 144. ɺʳʧ. 4. ʉ. 33-41.  

4. ɺʝʨʟʠʣʠʥ ʅ.ʅ., ʆʢʥʦʚʘ ʅ.ʉ. ʉʣʝʜʳ ʛʦʣʦʮʝʥʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʴʶʥ 
(ʟʘʧʘʜʥʘʷ ʦʢʨʘʠʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ) ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ // 

ʊʠʧʳ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʣʠʪʦʛʝʥʝʟʘ ʠ ʠʭ ʵʚʦʣʶʮʠʷ ʚ ʠʩʪʦʨʠʠ ʟʝʤʣʠ. ʄʘʪʝʨʠʘʣʳ 5-

ʛʦ ɺʩʝʩʦʶʟʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛ ʩʦʚʝʱʘʥʠʷ. ʊʦʤ 1. 2008. ï ʉ. 134-137. 



 

 47 

5. ɺʝʨʟʠʣʠʥ ʅ.ʅ., ʉʝʚʘʩʪʴʷʥʦʚ ɼ.ɺ. ʉʣʝʜʳ ʛʦʣʦʮʝʥʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʇʨʠʣʘʜʦʞʴʝ 
// ɼʦʢʣʘʜʳ ɸʅ. 2001. ʊ. 381. ˉ 2. ï ʉ. 255-258. 

6. ʀʚʘʥʦʚ ʂ.ɽ., ʂʣʝʡʤʝʥʦʚʘ ɻ.ʀ. ɺʦʟʨʘʩʪ ʙʦʣʦʪʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʝʛʦ ʩʚʷʟʴ ʩ 

ʛʠʜʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ // ɼʠʥʘʤʠʢʘ ʣʘʥʜʰʘʬʪʦʚ ʨʘʚʥʠʥʥʳʭ ʠ ʛʦʨʥʳʭ 

ʩʪʨʘʥ. ʄʝʞʚʫʟ. ʉʙ. ʀʟʜ-ʚʦ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʫʥ-ʪʘ. ʃ. 1982. ï ʉ. 22-40. 

7. ʂʣʝʡʤʝʥʦʚʘ ɻ.ʀ., ɺʝʨʟʠʣʠʥ ʅ.ʅ. ʅʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʇʨʠʥʝʚʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʙʦʣʦʪʘ çʋʩʪʴ-ʊʦʩʥʝʥʩʢʦʝè // ʀʟʚ. ʈɻʆ. 

2011. ʊ. 143. ɺʳʧ. 3. ï ʉ. 65-73. 

8. ʂʣʝʡʤʝʥʦʚʘ ɻ.ʀ., ɺʝʨʟʠʣʠʥ ʅ.ʅ., ʂʦʨʥʝʝʥʢʦʚʘ ʅ.ʖ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʨʝʜʥʝʤ ʛʦʣʦʮʝʥʝ // 

ɺʝʩʪʥ. ʉʇʙɻʋ. ʉʝʨ. 7. 2010. ɺʳʧ. 1. 62-70. 

9. ʂʣʝʡʤʝʥʦʚʘ ɻ.ʀ., ɺʠʰʥʝʚʩʢʘʷ ɽ.ʄ., ɼʦʣʫʭʘʥʦʚ ʇ.ʄ. ɻʦʣʦʮʝʥʦʚʘʷ ʠʩʪʦʨʠʷ ʧʘʣʝʦʙʘʩ-

ʩʝʡʥʦʚ ʥʘ ʃʘʜʦʞʩʢʦ-ɹʘʣʪʠʡʩʢʦʤ ʚʦʜʦʨʘʟʜʝʣʝ // ɻʝʦʛʨʘʬʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴ ˉ 6.  

ʉ.-ʇʝʪʝʨʙʫʨʛ. ʀʟʜ-ʚʦ ʉʇʙɻʋ. 1992. ï ʉ. 129-147. 

10. ʃʫʜʠʢʦʚʘ ɸ.ɺ., ʂʫʟʥʝʮʦʚ ɼ.ɼ. ʇʘʣʝʦʣʠʤʥʦʣʦʛʠʷ ʦʟʝʨʘ ɺʦʣʦʷʨʚʠ ʧʦ ʜʘʥʥʳʤ 

ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ // ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʳʭ ʚʦʜʦʝʤʦʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʚ ʩʚʷʟʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʩʚʦʝʥʠʝʤ ʩʝʚʝʨʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʉʇʙ., 2005. ʉ. 62.  

11. ʄʘʣʘʭʦʚʩʢʠʡ ɼ.ɹ., ɸʨʩʣʘʥʦʚ ʍ.ɸ., ɻʝʡ ʅ.ɸ. ʠ ʜʨ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʛʦʣʦʮʝʥʦʚʦʡ 
ʠʩʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ // ʕʚʦʣʶʮʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʛʝʦʩʠʩʪʝʤʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʉʇʙ.: ʈɻʆ. 1993. ï ʉ. 61-73. 

12. ʄʘʣʘʭʦʚʩʢʠʡ ɼ.ɹ., ɸʨʩʣʘʥʦʚ ʍ.ɸ., ɻʝʡ ʅ.ɸ. ʠ ʜʨ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʩʪʦʨʠʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʅʝʚʳ // ʕʚʦʣʶʮʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʛʝʦʩʠʩʪʝʤʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʉʇʙ.: ʈɻʆ. 1993. ï ʉ. 74-84. 

13. ʉʫʙʝʪʪʦ ɼ.ɸ., ɸʨʩʣʘʥʦʚ ʍ.ɸ., ɼʦʣʫʭʘʥʦʚ ʇ.ʄ. ʠ ʜʨ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʃʘʜʦʞ-

ʩʢʦʛʦ ʦʟʝʨʘ ʚ ʛʦʣʦʮʝʥʝ ʠ ʨʘʩʩʝʣʝʥʠʝ ʯʝʣʦʚʝʢʘ // ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʭ ʚʦʜʦʝʤʦʚ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʉʇʙ.: ʅʘʫʢʘ. 2005. ï ʉ. 207-214. 

 

 

ʅɽʂʆʊʆʈʓɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʕɺʆʃʖʎʀʀ ʊɽʍʅʆɻɽʅɽɿɸ 

ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 
 

ʂʘʨʣʦʚʠʯ ʀ.ɸ., ʂʘʨʣʦʚʠʯ ʀ.ɽ. 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʣʘʜʠʤʠʨ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʥʝʢʦʪʦʨʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ: ʮʝʣʦʩʪ-
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʭʥʦʛʝʥʝʟ ʧʨʦʮʝʩʩ ʛʣʦʙʘʣʴʥʳʡ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʦʪ ʘʥʪʨʦʧʦʛʝʥ-

ʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʀʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʝʟʘ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ, ʧʦ 

ʤʘʩʰʪʘʙʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʳ, ʥʘ ʣʦʢʘʣʴʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ 

ʛʣʦʙʘʣʴʥʳʝ. ʕʪʠ ʛʨʘʥʠʮʳ ʚʝʩʴʤʘ ʫʩʣʦʚʥʳ. ʂ ʧʨʠʤʝʨʫ, ʘʚʘʨʠʷ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ 

ɸʕʉ. ɿʜʝʩʴ ʧʣʦʱʘʜʴ ʩʘʤʦʡ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 1ʛʘ ï ʪ.ʝ., ʵʪʦ ʣʦʢʘʣʴʥʳʡ ʠʩ-

ʪʦʯʥʠʢ ʪʝʭʥʦʛʝʥʝʟʘ, ʥʦ ʨʘʟʤʝʨʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ 

ʯʝʤ ʨʝʛʠʦʥʘʣʴʥʳʝ ï 19 ʦʙʣʘʩʪʝʡ ʚ ʈʌ ʠ ʨʷʜ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ [4, 

7]. ɸʥʘʣʦʛʠʯʥʦ ʠ ʧʨʠ ʘʚʘʨʠʠ ʥʘ ɸʕʉ ʚ ʗʧʦʥʠʠ (ʌʫʢʫʩʠʤʘ). ʇʦ ʨʘʟʤʝʨʘʤ ʩʪʘʥ-

ʮʠʷ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ 0,5 ʛʘ ʟʝʤʣʠ (ʪ.ʝ. ʵʪʦ ʪʦʯʝʯʥʳʡ, ʣʦʢʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ï 4 ʨʝ-

ʘʢʪʦʨʘ), ʘ ʧʦ ʧʣʦʱʘʜʠ, ʦʭʚʘʯʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʚʘʨʠʠ ï ʨʝʛʠʦʥʘʣʴʥʳʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʠʪʴ ʬʘʢʪʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʚʝʜʝʥʠʷ ʦ ʪʝʭʥʦʛʝʥʝʟʝ ʥʦʩʷʪ ʟʘʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ. ʆʪʨʳ-

ʚʦʯʥʳʝ ʜʘʥʥʳʝ ʚ ʧʝʯʘʪʠ ʦ ʧʝʨʚʳʭ ʪʳʩʷʯʘʭ ʧʦʛʠʙʰʠʭ ʠ ʦ ʨʝʰʝʥʠʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 

ʟʘʢʨʳʪʴ ʚʩʝ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ʚ ʩʪʨʘʥʝ, ʠ ʦ ʧʝʨʝʭʦʜʝ ʥʘ ʵʥʝʨʛʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 

ʫʛʣʷ ʚʳʩʪʨʘʠʚʘʶʪ ʚʳʚʦʜʳ ʦ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʨʘʥʠʮʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ. 

ʉʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʢ 

ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʪʝʭʥʦʛʝʥʝʟʘ, ï ʘʚʘʨʠʠ ʥʘ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥʘʭ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦʙ ʘʚʘʨʠʠ ʥʘ ʥʝʬʪʷʥʦʡ ʩʢʚʘʞʠʥʝ (ʧʣʘʪʬʦʨʤʝ) ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ 

ʟʘʣʠʚʝ ʚ 2012 ʛ. çʅʦʨʤʘʣʴʥʫʶè, ʪ.ʝ. ʥʝ ʘʚʘʨʠʡʥʫʶ ʩʢʚʘʞʠʥʫ ʦʙʳʯʥʦ ʢʣʘʩʩʠʬʠʮʠ-

ʨʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʭʥʦʛʝʥʝʟʘ. ɿʘʛʨʷʟʥʝʥʠʷ ʦʪ ʪʘʢʠʭ (ʥʝ ʘʚʘʨʠʡ-

ʥʳʭ) ʩʢʚʘʞʠʥ (ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ) ʥʦʩʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʩ-

ʰʪʘʙʳ ʘʚʘʨʠʠ ʥʘ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʝ ï ʧʣʘʪʬʦʨʤʝ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦ ʧʣʦʱʘʜʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣʠ ʩʦʠʟʤʝʨʠʤʳ ʩ ʨʘʟʤʝʨʦʤ ʩʘʤʦʛʦ ʟʘʣʠʚʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʛʠʙʝʣʠ ʧʦʯʪʠ 

ʚʩʝʡ ʬʘʫʥʳ ʚ ʘʢʚʘʪʦʨʠʠ ʚʩʝʛʦ ʟʘʣʠʚʘ. ʕʪʫ ʘʚʘʨʠʶ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝ-

ʛʠʦʥʘʣʴʥʦʡ. 

ɼʨʫʛʠʝ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʝʟʘ: ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʚʦʜʳ, ʬʘʙʨʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪ ʚ ʯʘʩʪʥʦʤ ʧʦʨʷʜʢʝ ʦʥʠ ʚʩʝ ʦʪʥʦʩʷʪʩʷ 

ʢ ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʪʝʭʥʦʛʝʥʝʟʘ, ʥʦ ʚ ʩʫʤʤʝ ʦʙʨʘʟʫʶʪ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʛʠʦ-

ʥʘʣʴʥʦʛʦ ʠ ʜʘʞʝ ʛʣʦʙʘʣʴʥʦʛʦ ʫʨʦʚʥʷ [5]. ʆʜʥʠʭ ʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʩʚʳʰʝ 150 ʪʳʩʷʯ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʯʠʩ-

ʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʩʳʨʴʝʤ, ʪʦ ʦʥʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʷʪ ʚ ʢʨʫʧʥʳʝ ʪʝʭʥʦ-ʧʨʠʨʦʜʥʳʝ ʛʝʦʩʠʩʪʝʤʳ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʛʝʦʢʦʤʧʣʝʢʩʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɿʘ ʧʨʠʤʝʨʦʤ ʦʙʨʘʪʠʤʩʷ, 

ʦʧʷʪʴ-ʪʘʢʠ ʢ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʷʤ. ʊʘʢ, ʥʝʬʪʷʥʘʷ ʠ ʛʘʟʦʚʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ 

(ʪʨʫʙʦʧʨʦʚʦʜʥʘʷ)  ʩʠʩʪʝʤʘ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʩʘʤʘʷ ʢʨʫʧʥʘʷ ʠ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʚ 

ʤʠʨʝ. ɽʸ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʙʦʣʝʝ 3 ʪʳʩ. ʢʤ ʠ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ 2 

ʪʳʩ. ʢʤ. ʇʨʠ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʥʦʨʤʘʣʴʥʳʭ (ʥʝ ʘʚʘʨʠʡʥʳʭ) ʫʩʣʦʚʠʷʭ 

ʧʦʪʝʨʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ ʩʚʳʰʝ 380 ʤʣʥ ʤ
3
/ʛʦʜ. ʅʘ ʧʦʪʝʨʠ ʧʨʠ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʪʨʫʙʘʤ (ʨʘʟʨʝʰʝʥʥʳʝ ʧʦʪʝʨʠ) ʧʨʠʭʦʜʠʪʩʷ 1% ʦʪ 

ʜʦʙʳʪʳʭ ʦʙʲʸʤʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʯʴ ʠʜʝʪ ʦ ʛʣʦʙʘʣʴʥʦʤ ʟʘ-

ʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ɻʣʦʙʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦ-

ʛʝʥʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʨʘʟʤʝʨʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʈʦʩʩʠʠ. ʊʘʢ, ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʳʡ ʢʦʤʧʣʝʢʩ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 

240 ʪʳʩ. ʢʤ ʠ ʫʞʝ ʧʝʨʝʰʸʣ ʛʨʘʥʠʮʳ ʩʪʨʘʥʳ ʚ ɽʚʨʦʧʫ ʠ ɸʟʠʶ (ʂʠʪʘʡ). ɺ ʈʦʩʩʠʠ ʢ 

ʧʦʪʝʨʷʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʩʪʘʥʮʠʷʭ ʜʦʙʘʚʣʷʶʪʩʷ ʫʪʝʯʢʠ ʫʛʣʝ-

ʚʦʜʦʨʦʜʦʚ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʪʙʦʨʦʚ ʩʳʨʴʷ ʠ ʪʝʨʘʢʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ 
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ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʪʙʦʨʦʚ ʠ ʪʝʨʘʢʪʦʚ ʥʘ ʥʝʬʪʝ ʠ ʛʘʟʦʧʨʦʚʦʜʘʭ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʦʜʜʘʶʪʩʷ ʢʦʥʪʨʦʣʶ, ʧʦʩʢʦʣʴʢʫ ʢʦʨʨʫʤʧʠʨʦʚʘʥʥʘʷ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʦʡ. ɿʘʛʨʷʟʥʝʥʠʷ ʥʝʬ-

ʪʴʶ ʣʘʥʜʰʘʬʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʦʙʨʝʣʦ ʛʣʦʙʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ. ʊʘʢ, 

ʅ. ɹʫʷʣʦʚ ʠ ʅ. ʉʦʣʥʮʝʚʘ ʧʨʠʚʦʜʷʪ ʧʣʦʱʘʜʠ, ʟʘʛʨʷʟʥʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʩʦʠʟ-

ʤʝʨʠʤʳʝ ʩ ʨʘʟʤʝʨʘʤʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ: ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ, ʆʙʩʢʘʷ, 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʘʷ, ɺʦʣʛʦ-ʋʨʘʣʴʩʢʘʷ, ɹʫʭʘʨʦ-ʍʠʚʠʥʩʢʘʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ [13]. 

ʇʨʠʯy ʤ, ʧʣʦʱʘʜʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪʩʷ ʨʘʟʤʝʨʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʢʚʘʞʠʥʘʤ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʭ ʧʨʠʤʝʨʦʚ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. ʇʦʩʣʝ ʩʝʙʷ ʥʝʬʪʷʥʠʢʠ ʦʩʪʘʚʣʷʶʪ ʪʝʭ-

ʥʦʛʝʥʥʳʝ ʧʦʯʚʳ [13]. ʅʘʧʨʠʤʝʨ: ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʩʣʝ ʨʘʟʙʫʨʠʚʘʥʠʷ ʩʢʚʘʞʠʥ 

ʦʩʪʘʣʠʩʴ ʙʨʦʰʝʥʥʳʤʠ ʩʚʳʰʝ 16 ʪʳʩʷʯ ʘʤʙʘʨʦʚ ʩʦ ʰʣʘʢʦʤ ʠ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʦʤ.  

ʅʦ ʦʙʨʘʪʠʤʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʨʠʤʝʨʫ, ʢʦʛʜʘ ʞʠʪʝʣʠ ʮʝʣʦʛʦ ʛʦʨʦʜʘ ʦʢʘʟʘʣʠʩʴ 

ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ. ʕʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʝʬʪʠ, ʛʘʟʦʢʦʥ-

ʜʝʥʩʘʪʘ ʠ ʦʟʦʢʝʨʠʪʘ ʛ. ɹʦʨʠʩʣʘʚʘ ʚ ɿʘʧʘʜʥʦʡ ʋʢʨʘʠʥʝ [12]. ʂʘʢ ʧʠʰʝʪ ʘʚʪʦʨ, ʚ ʛ. 

ɹʦʨʠʩʣʘʚʣʝ ʚʩʷ ʝʛʦ ʪʝʨʨʠʪʦʨʠʷ ʧʨʦʧʠʪʘʥʘ ʥʝʬʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʫʟʝʡ 

ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʪ.ʯ. ʥʘ 

ʥʘʩʝʣʝʥʠʝ. ɿʜʝʩʴ ʥʝʬʪʴ ʠ ʦʟʦʢʝʨʠʪ ʩʪʘʣʠ ʜʦʙʳʚʘʪʴ ʩ ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ (ʠ ʧʦ ʥʘʰʝ 

ʚʨʝʤʷ) ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʚ ʛʦʨʦʜʝ ʙʳʣʦ ʚʳʨʳʪʦ ʩʚʳʰʝ 20 ʪʳʩʷʯ 

ʢʦʣʦʜʮʝʚ, ʛʣʫʙʠʥʦʡ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ 155 ʤʝʪʨʦʚ. ɽʩʪʴ ʠ ʘʤʙʘʨʳ ʝʤʢʦʩʪʴʶ ʙʦ-

ʣʝʝ 10 ʪʳʩ. ʤ
3
, ʘ ʪʘʢʞʝ ʩʢʚʘʞʠʥʳ, ʛʣʫʙʠʥʦʡ ʜʦ 2 ʪʳʩ. ʤ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɹʦʨʠ-

ʩʣʘʚ ʦʪʤʝʯʘʣʠʩʴ ʘʚʘʨʠʡʥʳʝ ʚʳʙʨʦʩʳ ʥʝʬʪʠ, ʧʦʞʘʨʳ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʠʨʦʜʳ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛ. ɹʦʨʠʩʣʘʚ ʩ ʝʛʦ ʜʦʙʳʚʥʳʤʠ ʠ ʧʝʨʝʨʘ-

ʙʘʪʳʚʘʶʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩ ʧʦʣʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʩʯʠʪʘʶʪʩʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦ-

ʛʝʥʥʳʤʠ (ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ) ʢʦʤʧʣʝʢʩʘʤʠ. ʇʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʧʨʦ-

ʚʦʞʜʘʶʪ ʧʦʯʪʠ ʚʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʧʨʦʚʠʥʮʠʠ ʤʠʨʘ ʥʘ ʨʝʛʠʦ-

ʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ ʩ ʩʝʚʝʨʘ ʜʦ ʵʢʚʘʪʦʨʘ ʠ ʜʘʣʝʝ ʦʪ ʵʢʚʘʪʦʨʘ ʥʘ ʶʛ, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʣʠʯʠʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʠʭ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʚ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʷʭ.  

ʀʟ ʢʨʘʪʢʦʛʦ ʦʙʟʦʨʘ ʪʝʭʥʦʛʝʥʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʨʘʟʚʝʜʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦʪʨʝʙʠʪʝʣʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʙʳʪʫ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʥʘ ʣʦʢʘʣʴʥʦʤ, ʛʣʦʙʘʣʴʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʩʣʝʜʫʝʪ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʛʝʥʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʛʝʥʝʟʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʙʳʪʘ ʩʚʷʟʘʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʘʚʦʜʦʚ, ʬʘʙʨʠʢ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʢʨʫʧ-

ʥʳʭ ʛʦʨʦʜʘʭ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʥʘʯʘʣʘ XXI  ʚ. ʠ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʪʝʤ ʙʦʣʴʰʝ ʯʝʤ ʢʨʫʧʥʝʝ ʛʦʨʦʜ. ʈʝʯʴ ʠʜʝʪ ʦ ʨʦʩʪʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ 

(ʧʨʦʤʳʰʣʝʥʥʳʭ) ʛʦʨʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʳʪʘ, ʪ.ʝ. ʛʦʨʦʜʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ ʩʚʳʰʝ 0,5 ʤʣʥ ʯʝʣ. 

ɻʦʨʦʜʘ ʦʧʨʝʜʝʣʠʣʠ ʧʨʠʦʨʠʪʝʪ ʚ ʛʦʣʦʩʦʚʘʥʠʠ ʣʶʜʝʡ ʚ ʚʳʙʦʨʝ ʤʝʩʪʘ ʞʠʪʝʣʴ-

ʩʪʚʘ ï ʛʦʨʦʜ ʠʣʠ ʩʝʣʦ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʛʦʨʦʜʘʭ ʧʨʦʞʠʚʘʝʪ ʜʦ 85% 

ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. ʊʝʭʥʦʛʝʥʝʟ ʩʪʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʨʫʧʥʳʭ ʛʦʨʦ-

ʜʦʚ. ʆʩʦʙʝʥʥʦ ʧʦʢʘʟʘʪʝʣʴʥʳ ʢʨʫʧʥʳʝ ʛʦʨʦʜʩʢʠʝ ʘʛʣʦʤʝʨʘʮʠʠ. ʊʦʣʴʢʦ ʚ ʈʦʩʩʠʠ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 33 ʢʨʫʧʥʳʭ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ. ʅʝ ʤʝʥʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳ ʘʛ-

ʣʦʤʝʨʘʮʠʠ ʘʤʝʨʠʢʘʥʩʢʠʝ, ʝʚʨʦʧʝʡʩʢʠʝ, ʷʧʦʥʩʢʠʝ ʠ ʜʨ. ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʣʦʢʘʣʴʥʦʛʦ, ʨʝʛʠʦʥʘʣʴʥʦʛʦ, ʘ ʚ ʩʫʤʤʝ ʛʣʦʙʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʊʘʢ ʢʘʢ 
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ʵʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʫʧʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʪʦ ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʟʳʚʘʪʴ ʧʨʠ-

ʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʛʝʦʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʥʠʭ ʠʩʪʦʯʥʠʢʦʤ ʪʝʭʥʦʛʝʥʝʟʘ ʚʳʩʪʫ-

ʧʘʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʚʦʜʳ, ʬʘʙʨʠʢʠ (ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʨʛʘʥʠʯʝ-

ʩʢʦʝ ʠ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ), ʥʘʩʝʣʝʥʠʝ (ɾʂʍ) ʠ ʪʨʘʥʩʧʦʨʪ ï ʘʚʪʦʤʦʙʠʣʴʥʳʡ, 

ʚʦʟʜʫʰʥʳʡ ʠ ʧʦʜʟʝʤʥʳʡ, ʘ ʪʘʢʞʝ ʚʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʦʨʦʜʦʚ [2]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʚʳʩʪʫʧʘʶʪ ʦʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʘ ʵʪʦ 100 ɻʪ/ʛʦʜ ʜʦʙʳʚʘʶʪ ʚʤʝʩʪʝ ʩ ʦʪʭʦʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 10 

ɻʪ/ʛʦʜ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. ʆʙʨʘʪʠʤʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢ ʪʝʭʥʦʛʝʥʝʟʫ ʄʦʩʢʦʚ-

ʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ [14]. ʇʦʤʠʤʦ ʥʘʩʝʣʝʥʠʷ ʩʘʤʦʡ ʄʦʩʢʚʳ ʚ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʬʝʨʝ ʫʯʘʩʪʚʫʝʪ ʥʘʩʝʣʝʥʠʝ ʧʨʠʛʦʨʦʜʦʚ ʄʦʩʢʚʳ, ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʵʪʦ ʫʞʝ ʚ 

ʩʫʤʤʝ 18 ʤʣʥ ʯʝʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʦʩʢʚʘ ʠ ʛʦʨʦʜʘ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʪʝʭʥʦ-

ʛʝʥʥʳʡ-ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʝʦʢʦʤʧʣʝʢʩ, ʟʘʥʠʤʘʶʱʠʡ 28% ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʡ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʘ ʜʝʚʩʪʚʝʥʥʘʷ ʧʨʠʨʦʜʘ, ʢʦ-

ʪʦʨʘʷ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ ʪʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ. ɻʝʦʛʨʘʬʳ ʧʦʜʩʯʠʪʘʣʠ, ʯʪʦ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 55% ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʚʩʝʡ ʧʣʘʥʝʪʳ [5, 6, 11]. 

ʊʝʭʥʦʛʝʥʝʟ ï ʵʪʦ ʧʨʦʮʝʩʩ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʳ (ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ), ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʝʪ ʘʥʪʨʦʧʦʛʝʥʝʟ, ʘ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʦ-

ʛʝʥʝʟʘ ʠ ʘʥʪʨʦʧʦʛʝʥʝʟʘ, ʚ ʛʣʦʙʘʣʴʥʦʤ ʠʟʤʝʨʝʥʠʠ, ʩʣʫʞʘʪ ï ʟʘʛʨʷʟʥʝʥʠʷ, ʦʪʭʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʮʝʥʥʦʩʪʠ: ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʤʘʰʠʥʳ, ʩʪʘʥʢʠ, 

ʧʨʠʙʦʨʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪ ʵʚʦʣʶʮʠʠ ʚʩʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʦʙʲʝʜʠʥʷʝ-

ʤʳʝ ʦʙʱʠʤ ʧʦʥʷʪʠʝʤ ï çʪʝʭʥʦʩʬʝʨʘè [6, 8]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 150-180 ʣʝʪ, ʘ ʵʪʦ ʝʩʪʴ ʚʨʝʤʷ ʛʦʩʧʦʜʩʪʚʘ ʅʊʈ, ʦʙʱʝʩʪʚʦ ʥʝ 

ʦʩʦʟʥʘʚʘʷ ʩʦʜʝʷʥʥʦʛʦ, ʩʦʟʜʘʣʦ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʭʥʦʩʬʝʨʫ, ʜʣʷ ʢʦʪʦʨʦʡ ʬʠʟʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʘʨʘʤʝʪʨʳ ʠ ʩʚʦʡʩʪʚʘ ʦʢʘʟʘʣʠʩʴ ʩʦʠʟʤʝʨʠʤʳʤʠ ʩ ʦʧʨʝʜʝ-

ʣʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʧʨʠʨʦʜʥʳʭ ʛʝʦʢʦʤʧʣʝʢʩʦʚ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ [8]. 

ʈʘʟʤʝʨʳ ʪʝʭʥʦʩʬʝʨʳ ʚʥʫʰʠʪʝʣʴʥʳʝ: 200-220 ɻʪ. ʇʨʠʯʝʤ, ʦʥʘ ʧʦʜʨʘʟʜʝʣʝ̫ʪʩʷ 

ʥʘ ʘʢʪʠʚʥʫʶ ï 20-25 ɻʪ/ʛʦʜ ʠ ʧʘʩʩʠʚʥʫʶ (ʠʣʠ ʥʘʢʦʧʣʝʥʥʫʶ), ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʪʝʭʥʦʩʬʝʨʳ. ɸʢʪʠʚʥʫʶ ʜʦʣʶ ʪʝʭʥʦʩʬʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʭʥʦʛʝʥʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʣʣʶʪʘʥʪʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ʣʦʢʘʣʴ-

ʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʭʠʤʠʢʠ ʝʞʝʛʦʜʥʦ ʦʪʢʨʳʚʘʶʪ ʩʚʳʰʝ 5 ʪʳʩ. ʥʦʚʳʭ ʧʦʣʣʶʪʘʥʪʦʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʤʘʩʩʦʦʙʤʝʥʫ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ.  

ʇʘʩʩʠʚʥʘʷ ʪʝʭʥʦʩʬʝʨʘ ʝʞʝʛʦʜʥʦ ʧʦʧʦʣʥʷʝʪʩʷ ʦʪʭʦʜʘʤʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ 

(ʦʙʦʛʘʱʝʥʠʝ, ʧʝʨʝʜʝʣ ʠ ʜʦʙʳʯʘ) ʩʚʳʰʝ 7 ʤʣʨʜ ʪ., ʘ ʚʤʝʩʪʝ ʩ ʚʩʢʨʳʪʳʤʠ ʦʙʲ-

ʝʤʘʤʠ ʧʦʨʦʜ ʜʦ 100 ɻʪ/ʛʦʜ [4]. 

ʉʦʚʨʝʤʝʥʥʳʤ ʦʙʱʝʩʪʚʦʤ ʜʣʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʟ 110 ɻʪ/ʛʦʜ ʜʦʙʪrʦʛʦ 

ʪʨʘʪʠʪʩʷ ʚʩʝʛʦ 9 ɻʪ/ʛʦʜ ʩʳʨʴʷ. ʆʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʳʨʴʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʞʠʛʘʝʪʩʷ ʚ ʪʦʧʢʘʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʪʨʘʥʩʧʦʨʪʦʤ, ɾʂʍ, ʠ ʧʦʧʘʜʘʝʪ ʚ ʦʪʭʦʜʳ 

ʦʙʦʛʘʱʝʥʠʷ, ʧʝʨʝʜʝʣʘ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʪ.ʝ. ʚʦʟʚʨʘʪ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ ʧʨʠʨʦʜʫ ʠ 

ʬʦʨʤʠʨʫʝʪ ʪʝʭʥʦʩʬʝʨʫ [4].  

ʊʝʭʥʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʪʝʭʥʦʩʬʝʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʘʩʩʦʙʤʝʥʝ 

(ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ ʧʨʠʨʦʜʝ) [1] ʢʨʦʤʝ ʧʦʣʣʶʪʘʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʨʦʜʘ çʧʦʢʘè ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʦʟʥʘʪʴ. ɺʦʟʥʠʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨ-
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ʥʦʩʪʴ: ʪʝʭʥʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʧʘʚʰʠʝ ʠʣʠ ʩʢʣʘʜʠʨʦʚʘʥʥʳʝ (ʠʩʢʫʩʩʪʚʝʥʥʦ) 

ʚʙʣʠʟʠ ʦʪ ʦʙʣʘʛʦʨʘʞʠʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʨʘʟʫʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʯʚʳ, ʪʝʭ-

ʥʦʛʝʥʥʳʝ ʛʨʫʥʪʳ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [10]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʥʝ ʦʩʪʘʚʣʷʝʪ ʩʦʤʥʝʥʠʡ ʚ ʪʝʭʥʦʛʝʥ-

ʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʦʪ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʜʦʙʳʚʘʝʤʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [3,10]. ʃʠʜʝʨʘʤʠ ʧʦ ʜʦʙʳʯʝ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚʳʩʪʫʧʘʝʪ ʉʐɸ, ʂʠʪʘʡ ʠ ʈʦʩʩʠʷ. ʅʘ ʵʪʠ ʩʪʨʘʥʳ ʧʨʠʭʦʜʠʪʩʷ 

ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʟ 117 ʚʦ ʚʩʝʤ ʤʠʨʝ. ʊʦʣʴʢʦ ʚ 

ʈʦʩʩʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 20 ʪʳʩ. ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʣʠʰʴ ʜʝʩʷʪʢʠ, ʥʦ ʢʨʫʧʥʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ. ʕʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʤʝʩʪʝ ʩ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʧʨʝʜʧʨʠ-

ʷʪʠʷʤʠ ʠ ʦʙʨʘʙʦʪʢʦʡ ʦʧʨʝʜʝʣʷʶʪ ʪʝʭʥʦʛʝʥʥʳʡ ʬʦʥ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʮʝʣʳʭ ʨʝʛʠʦ-

ʥʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʄɸ ʚʤʝʩʪʝ ʩ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʤʠ ʟʘʚʦʜʘʤʠ (ʃʠʧʝʮʢ ʠ ʜʨ.) ʬʦʨʤʠʨʫʶʪ ʪʝʭʥʦʛʝʥʝʟ Fe ʮʝʣʦʛʦ ʨʝʛʠʦʥʘ, ʚ ʉʨʝʜ-

ʥʝʤ ʠ ʖʞʥʦʤ ʋʨʘʣʝ (ɽʢʘʪʝʨʝʥʙʫʨʛ, ʏʝʣʷʙʠʥʩʢ, ʄʘʛʥʠʪʦʛʦʨʩʢ ʠ ʜʨ.) ʪʝʭʥʦʛʝʥʝʟ Fe, 

Cu, Pb. Zn ʠ ʜʨ., ʚ ʅʦʨʠʣʴʩʢʝ ï ʪʝʭʥʦʛʝʥʝʟ Cu, Pb, Ni ʠ ʪ.ʜ. ɺʳʷʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʢʘʞʜʳʡ ʛʦʨʦʜ, (ʨʝʛʠʦʥ) ʦʙʣʘʛʦʨʘʞʠʚʘʶʱʠʡ ʩʳʨʴʸ çʧʘʭʥʝʪè ʧʦ ʦʩ-

ʥʦʚʥʦʤʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʵʣʝʤʝʥʪʫ. ʊʝʭʥʦʛʝʥʥʳʡ ʟʘʧʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʥʦʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʝʭʥʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʠʣʠ ʨʝʛʠʦʥʘ [4] ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ï Cu, 

Zn, Pb, As, Sb, Hg, Te, Se, ʠ ʜʨ. [9]. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʫ-

ʧʘʝʪ ʦʪ ʟʘʚʦʜʩʢʠʭ ʪʨʫʙ ʠ ʦʪ ʪʨʘʥʩʧʦʨʪʘ, ʚʳʧʘʜʘʝʪ ʥʘ ʧʦʯʚʳ, ʚ ʚʦʟʜʫʭ ʠ ʨʘʟʥʦʩʠʪʩʷ 

ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʤʝʩʪʥʦʛʦ, ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ [1,5]. 

ɺʳʚʦʜ: ʉʪʘʥʦʚʠʪʩʷ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʜʣʷ ʪʝʭʥʦʩʬʝʨʳ ʩʦʟʜʘʥʥʦʡ ʦʙʱʝ-

ʩʪʚʦʤ ʠ ʝʸ ʯʘʩʪʝʡ ʧʨʠʝʤʣʝʤʳ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʚ 

ʩʦʩʪʘʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ.  
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Abstract: Bibliographic and fund material on subject area of Project and region of 

investigation (European Russia) was collected and systematized into annotated catalogue. 

Estimation of native landscapes resource potential and complex reconstructions of settling, 

household and landuse systems were made for certain historic periods at the key sites. Most of 

the published paleogeographic, paleolandscape and historical-geographic maps undergone 

adjoint analysis wich revealed certain periods of land development and use. 
 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ ʷʚʣʝ̫ʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʣʘʥʜʰʘʬʪʦʚ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʦʛʝʥʝʟʘ, ʧʝʨʠʦʜʠʟʘʮʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʧʨʠʨʦʜʥʦʡ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ [1, 2, 3]. ɸʥʘʣʠʟ ʠʩʪʦʯʥʠ-

ʢʦʚʝʜʯʝʩʢʦʡ ʙʘʟʳ (419 ʠʩʪʦʯʥʠʢʦʚ), ʦʪʨʘʞʘʶʱʝʡ ʢʦʤʧʣʝʢʩʥʳʝ ʣʘʥʜʰʘʬʪʥʳʝ, ʢʦʤ-

ʧʦʥʝʥʪʥʳʝ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠ ʬʦʥʜʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʚ ʨʘʟʥʳʭ ʣʘʥʜ-

ʰʘʬʪʥʳʭ ʧʦʜʟʦʥʘʭ ɽʊʈ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʠʪʳʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʫʶ ʠ ʣʦʢʘʣʴʥʫʶ 

ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʧʦʣʫ-

ʯʝʥʥʳʝ ʨʘʥʝʝ ʚʳʚʦʜʳ ʦʙ ʦʙʦʩʦʙʣʝʥʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ [8, 

2, 3]. ʉʨʝʜʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʠʤʝʣ ʘʥʘʣʠʟ ʣʘʥʜʰʘʬʪʥʳʭ ʢʘʨʪ, ʢʘʨʪ ʬʠ-

ʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʘʨʪ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʶ ɽʊʈ [4, 5, 6, 7]. ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʬʘʢʪʦʨ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʣʘʥʜʰʘʬʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥʘʭ ʩʪʘʣ 

ʧʨʦʷʚʣʷʪʴʩʷ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʪʠʧʘ ʭʦʟʷʡʩʪʚʘ ʩ ʵʥʝʦʣʠʪʘ-ʙʨʦʥʟʳ (ʘʪ-

ʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ) ʚ ʶʞʥʳʭ ʩʪʝʧʥʳʭ ʨʘʡʦʥʘʭ (ʥʘ ʩʝʚʝʨʥʦʡ ʧʝʨʠʬʝʨʠʠ ʦʩʥʦʚʥʳʭ 

ʮʝʥʪʨʦʚ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʭʦʟʷʡʩʪʚʘ) ʠ ʩ ʙʨʦʥʟʦʚʦʛʦ ʚʝʢʘ ʚ ʣʝʩʥʳʭ ʦʙʣʘʩʪʷʭ. ʅʘ ʢʣʶ-

ʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʣʘʥʜʰʘʬʪʦʚ ʪʘʝʞʥʳʭ, ʩʤʝʰʘʥʥʳʭ, ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ, ʩʝʚʝʨ-

ʥʳʭ, ʪʠʧʠʯʥʳʭ ʠ ʶʞʥʳʭ ʩʪʝʧʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʣʘʥʜʰʘʬʪʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʩʦʚʨʝʤʝʥʥʘʷ ʣʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʪʘʢʞʝ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʮʝʥʢʘ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʝʣʝʥʮʝʚ 

ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʨʝʪʨʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʧʨʠʨʦʜʥʦ-ʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʉʦʩʪʘʚʣʝʥʳ ʩʝʨʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʠʩʪʦʨʠʢʦ-

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʨʦʬʠʣʝʡ, ʣʘʥʜʰʘʬʪʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ʥʝ ʪʦʣʴʢʦ ʣʝʩʥʳʭ [8, 9], ʥʦ ʠ ʚʥʝʣʝʩʥʳʭ ʦʙʣʘʩʪʝʡ, 

ʦʧʨʝʜʝʣʝʥʘ ʨʦʣʴ ʣʘʥʜʰʘʬʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ 

ʵʪʥʦʩʦʚ, ʥʘʯʠʥʘʷ ʩ ʨʘʥʥʠʭ ʵʪʘʧʦʚ (ʵʥʝʦʣʠʪ-ʙʨʦʥʟʦʚʳʡ ʚʝʢ) ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʯʝʣʦ-



 

 53 

ʚʝʢʘ ʠ ʣʘʥʜʰʘʬʪʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʟʦʥʘʣʴʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʢʦʥʢʨʝʪʥʳʝ 

ʭʨʦʥʦʩʨʝʟʳ ʜʣʷ ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʩʪʝʧʥʦʡ ʟʦʥ. 

ʉʦʧʨʷʞʝʥʥʳʭ ʘʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʧʘʣʝʦʣʘʥʜ-

ʰʘʬʪʥʳʭ ʠ ʠʩʪʦʨʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʜʣʷ ɽʊʈ, ʢʦʤʧʣʝʢʩʥʳʝ ʵʢʩʧʝʜʠʮʠ-

ʦʥʥʳʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʩʭʝʤʫ ʧʝʨʠʦʜʠʟʘʮʠʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʫʪʦʯʥʠʪʴ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʠʧʳ ʘʥʪʨʦʧʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ɽʊʈ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʘʷ ʩʭʝʤʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʕʥʝʦʣʠʪ ï ʨʘʥʥʠʡ ʙʨʦʥʟʦʚʳʡ ʚʝʢ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʭʦʟʷʡʩʪʚʘ ʚ 

ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʩʪʝʧʥʦʡ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʦʪʥʦʩʠʪʩʷ ʢ 

IV (ʵʥʝʦʣʠʪ) ï III  (ʨʘʥʥʠʡ ʙʨʦʥʟʦʚʳʡ ʚʝʢ) ʪʳʩʷʯʝʣʝʪʠʷʤ ʜʦ ʥ.ʵ. ʀʤʝʥʥʦ ʩ ʵʪʦʛʦ 

ʧʝʨʠʦʜʘ ʥʘ ɽʊʈ ʥʘʯʠʥʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʥʝʦʣʠʪʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ. ʉ ʧʦʤʦ-

ʱʴʶ ʤʝʜʥʳʭ ʠ ʙʨʦʥʟʦʚʳʭ ʪʦʧʦʨʦʚ ʦʩʚʘʠʚʘʣʠʩʴ ʥʦʚʳʝ ʧʣʦʱʘʜʠ ʧʦʜ ʧʦʩʝʚʳ ʚ 

ʣʝʩʦʩʪʝʧʥʦʡ ʧʦʣʦʩʝ. ɺ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʝ ʠ 

ʧʝʨʝʣʦʞʥʦʝ ʟʝʤʣʝʜʝʣʠʝ. ɺ ʩʪʝʧʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ ʛʣʘʚʝʥʩʪʚʫʝʪ ʩʢʦʪʦʚʦʜ-

ʩʪʚʦ, ʠʤʝʶʱʝʛʦ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ. ʅʘ ʦʙʰʠʨʥʳʭ ʤʝʞʜʫʨʝʯʥʳʭ ʩʪʝʧ-

ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʧʦʜʚʠʞʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, ʥʦ ʧʦ ʜʦʣʠʥʘʤ ʨʝʢ ʚ ʚʦʢʨʫʛ ʧʦʩʪʦʷʥʥʳʭ ʩʝʣʝʥʠʡ ʦʪ-

ʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʣʝʜʳ ʤʷʩʦʤʦʣʦʯʥʦʛʦ, ʧʨʠʜʦʤʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ ʧʨʝʦʙ-

ʣʘʜʘʥʠʝʤ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ. ʖʞʥʳʡ ʘʨʝʘʣ ʚ ʨʘʥʥʝʤ ʙʨʦʥʟʦʚʦʤ 

ʟʘʥʠʤʘʣʠ ʧʣʝʤʝʥʘ ʤʘʡʢʦʧʩʢʦʡ ʢʫʣʴʪʫʨʳ ʢʦʥʝʮ IV ï ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ III  ʪʳʩʷʯʝ-

ʣʝʪʠʷ ʜʦ ʥ.ʵ., ʭʦʟʷʡʩʪʚʦ ʢʦʪʦʨʳʭ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʩʦʯʝʪʘʥʠʠ ʤʦʪʳʞʥʦʛʦ ʟʝʤʣʝ-

ʜʝʣʠʷ ʠ ʧʨʠʜʦʤʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ, ʘʙʩʦʣʶʪʥʦ ʪʷʛʦʪʝʚʰʠʤʠ ʢ ʜʦʣʠʥʥʳʤ ʠ ʧʨʠ-

ʜʦʣʠʥʥʳʤ ʫʯʘʩʪʢʘʤ ʚ ʨʘʡʦʥʘʭ ʧʦʩʝʣʝʥʠʡ. ʀʤʝʥʥʦ ʵʪʠ ʫʯʘʩʪʢʠ ʠ ʩʪʘʣʠ ʦʜʥʠʤʠ 

ʠʟ ʧʝʨʚʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʠ. ʌʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚʢʣʶʯʘʣʠ ʦʪ 4 ʜʦ 

6-7 ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ (ʇʍʉ): ʩʝʣʠʪʝʙʥʳʝ (ʥʘʜʧʦʡʤʝʥʥʳʝ ʪʝʨʨʘʩʳ 

ʠ ʧʨʠʜʦʣʠʥʥʳʝ ʩʢʣʦʥʳ ʤʝʞʜʫʨʝʯʠʡ, ʧʘʩʪʙʠʱʥʦ-ʣʫʛʦʚʳʝ (ʧʦʡʤʳ ʨʝʢ ʠ ʥʘʜʧʦʡ-

ʤʝʥʥʳʝ ʪʝʨʨʘʩʳ) ʠ ʧʘʩʪʙʠʱʥʦ-ʩʪʝʧʥʳʝ (ʧʨʠʜʦʣʠʥʥʳʝ ʫʨʦʯʠʱʘ ʤʝʞʜʫʨʝʯʠʡ). 

ʕʪʠ ʧʣʝʤʝʥʘ ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ ʢ ʫʩʣʦʚʠʷʤ ʩʫʭʦʛʦ ʠ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. ʈʝʟʢʦʝ 

ʧʦʭʦʣʦʜʘʥʠʝ ʚ ʩʝʨʝʜʠʥʝ III  ʪʳʩ. ʜʦ ʥ.ʵ. ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʩʯʝʟʥʦ-

ʚʝʥʠʷ ʵʪʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʩʪʝʧʥʦʡ ʟʦʥʳ ʚ ɽʊʈ ʟʘʥʠʤʘʣ ʦʩʦʙʳʡ ʤʠʨ 

ʩʪʝʧʥʳʭ ʩʢʦʪʦʚʦʜʯʝʩʢʠʭ ʥʘʨʦʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʚ ʵʥʝʦʣʠʪʝ ʢ ʭʚʘʣʳʥʩʢʦ-ʩʨʝʜʥʝ-

ʩʪʦʛʦʚʩʢʠʤ ʧʣʝʤʝʥʘʤ, ʧʦʟʜʥʝʝ ʩʤʝʥʠʚʰʠʤʠ, ʛʝʥʝʪʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʠʤ, ʚ ʥʘʯʘʣʴ-

ʥʦʤ ʙʨʦʥʟʦʚʦʤ ʚʝʢʝ ʥʘʨʦʜʘʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʷʤʥʦʡ ʦʙʱʥʦʩʪʠ (ʥʘʟʚʘʥʥʳʝ ʪʘʢ ʧʦ 

ʷʤʥʳʤ ʢʫʨʛʘʥʘʤ) ï ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʪ ʥʘʯʘʣʘ III  ʪʳʩ. ʜʦ ʥ.ʵ. ʜʦ ʝʛʦ ʧʦʩʣʝʜʥʝʡ 

ʯʝʪʚʝʨʪʠ. ʆʩʥʦʚʫ ʭʦʟʷʡʩʪʚʘ ʩʦʩʪʘʚʣʷʣʦ ʧʦʜʚʠʞʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʩʝʟʦʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ. ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ çʷʤʥʦʝè ʢʦʯʝʚʥʠʯʝʩʪʚʦ ʪʘʢʞʝ ʪʷʛʦʪʝʣʦ ʢ 

ʧʨʠʨʝʯʥʳʤ ʨʘʡʦʥʘʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʯʥʳʤ ʜʦʣʠʥʘʤ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ 

ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʳʝ ʩʝʟʦʥʥʳʝ ʩʪʦʷʥʢʠ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʜʘ ʩʦʩʪʘʚʣʷʣʠ ʤʝʣʢʠʡ 

ʨʦʛʘʪʳʡ ʩʢʦʪ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʯʘʩʪʠʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʣʦʰʘʜʠ, ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʠʥʝʡ. ɼʣʷ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬ-

ʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʢʨʘʡʥʝ ʧʨʦʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ ʇʍʉ ʩʝʣʠ-

ʪʝʙʥʳʝ (ʚʨʝʤʝʥʥʳʝ ʩʪʦʷʥʢʠ ʚ ʧʨʠʜʦʣʠʥʥʳʭ ʠ ʜʦʣʠʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʧʘʩʪʙʠʱʥʦ-

ʩʪʝʧʥʳʝ (ʧʨʠʜʦʣʠʥʥʳʝ ʩʪʝʧʥʳʝ ʫʨʦʯʠʱʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ) ʠ ʧʘʩʪ-

ʙʠʱʥʦ-ʣʫʛʦʚʳʝ (ʚ ʜʦʣʠʥʘʭ ʨʝʢ). ʇʘʩʪʙʠʱʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʣʠʩʴ ʚʩʣʝʜʩʪʚʠʝ 
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ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʳ ʠ ʢʦʨʤʦʚ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. ɺ ʩʚʷʟʠ ʩ ʫʩʠʣʝʥʠʝʤ ʟʘʩʫʰʣʠʚʦʩʪʠ ʩʪʝʧʝʡ 

ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʠ ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʮʝʣʦʤ ʘʥ-

ʪʨʦʧʦʛʝʥʥʳʡ ʧʨʝʩʩ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʣʘʥʜʰʘʬʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʚʝʣʠʢ. ɺ ʣʝʩʥʦʡ ʟʦʥʝ ʚ ʵʪʦ ʚʨʝʤʷ ʦʙʠʪʘʣʠ ʥʘʨʦʜʳ, ʝʱʝ ʥʝ çʚʳʰʝʜʰʠʝè ʠʟ ʩʪʘʜʠʠ 

ʚʝʜʝʥʠʷ ʧʨʠʩʚʘʠʚʘʶʱʝʛʦ ʭʦʟʷʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʣʝʤʝʥʘ ʚʦʣʦʩʦʚʩʢʦʡ ʢʫʣʴʪʫʨʳ.  

ɹʨʦʥʟʦʚʳʡ ʚʝʢ. ɺ ʩʨʝʜʥʠʡ ʙʨʦʥʟʦʚʳʡ ʚʝʢ (ʢʦʥʝʮ III ʧʦ II ʪʳʩʷʯʝʣʝʪʠʝ) ʧʨʦʠʩʭʦ-

ʜʠʪ ʨʝʟʢʠʡ ʨʦʩʪ ʤʘʩʰʪʘʙʦʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʧʨʦʚʦʞʜʘʚ-

ʰʠʡʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʪʥʦʢʫʣʴʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɺ ʩʪʝʧʥʦʡ ʟʦʥʝ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʦʙʰʠʨʥʳʡ ʤʘʩʩʠʚ ʢʘʪʘʢʦʤʙʥʦʡ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ ʦʙʱʥʦʩʪʠ (ʜʦʥʝʮʢʘʷ, 

ʧʨʠʘʟʦʚʩʢʘʷ, ʤʘʥʳʯʩʢʘʷ, ʧʦʚʦʣʞʩʢʘʷ ʠ ʜʨʫʛʠʝ ʢʫʣʴʪʫʨʳ), ʧʨʠʯʝʤ ʥʘ ʩʝʚʝʨʝ ʛʨʘʥʠʮʘ 

ʟʘʭʦʜʠʪ ʚ ʣʝʩʦʩʪʝʧʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʘʣʴʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ʫʢʦʨʝʥʠ-

ʣʠʩʴ ʜʚʘ ʪʠʧʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʩʪʝʧʠ ʘʙʩʦʣʶʪʥʦ ʛʦʩʧʦʜʩʪʚʦʚʘʣʦ ʧʦʜʚʠʞʥʦʝ 

ʩʢʦʪʦʚʦʜʩʪʚʦ ʢʦʯʝʚʦʛʦ ʪʠʧʘ, ʩ ʨʘʟʚʝʜʝʥʠʝʤ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ʅʘ-

ʨʷʜʫ ʩ ʜʦʣʠʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʶʪʩʷ ʠ ʤʝʞʜʫʨʝʯʥʳʝ.  

ɺ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚʝʣʦ ʦʩʝʜʣʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʘ 

ʦʩʥʦʚʫ ʭʦʟʷʡʩʪʚʘ ʩʦʩʪʘʚʣʷʣʦ ʧʘʩʪʫʰʝʩʢʦʝ, ʧʨʠʜʦʤʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ ʩ ʧʨʝʦʙʣʘ-

ʜʘʥʠʝʤ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ. ɺ ʨʘʡʦʥʘʭ ʧʦʩʪʦʷʥʥʳʭ ʧʦʩʝʣʝʥʠʡ ʜʣʠ-

ʪʝʣʴʥʳʝ ʚʳʧʘʩʳ ʩʢʦʪʘ ʥʘ ʦʜʥʦʤ ʤʝʩʪʝ ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʣʥʦʤʫ ʫʥʠʯʪʦʞʝʥʠʶ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ. ʆʯʝʥʴ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʡʤʝʥʥʳʝ ʣʘʥʜʰʘʬʪʥʳʝ ʢʦʤʧʣʝʢʩʳ.  

ɺ ʣʝʩʥʦʡ ʟʦʥʝ (ʚ ʧʦʜʟʦʥʘʭ ʩʤʝʰʘʥʥʳʭ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ) ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʠʣʘʩʴ ʬʘʪʴʷʥʦʚʩʢʦ-ʙʘʣʘʥʦʚʩʢʘʷ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʘʷ ʦʙʱʥʦʩʪʴ. ɸʨ-

ʭʝʦʣʦʛʠ ʚʢʣʶʯʘʶʪ ʵʪʫ ʦʙʱʥʦʩʪʴ ʚ ʧʨʝʜʝʣʳ ʦʛʨʦʤʥʦʛʦ ʘʨʝʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʫʣʴʪʫʨ ʰʥʫʨʦʚʦʡ ʢʝʨʘʤʠʢʠ, ʦʭʚʘʪʳʚʘʚʰʠʭ ʚʩʶ ʣʝʩʥʫʶ ʧʦʣʦʩʫ ɺʦʩʪʦʯʥʦʡ, ʎʝʥ-

ʪʨʘʣʴʥʦʡ ʠ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ. ɻʣʘʚʥʦʡ ʦʪʨʘʩʣʴʶ ʭʦʟʷʡʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʣʝʩʥʦʝ 

ʩʢʦʪʦʚʦʜʩʪʚʦ ʩ ʨʘʟʚʝʜʝʥʠʝʤ, ʩʥʘʯʘʣʘ, ʩʚʠʥʝʡ, ʘ ʟʘʪʝʤ ʤʝʣʢʦʛʦ ʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ; ʦʭʦʪʘ ʠ ʨʳʙʦʣʦʚʩʪʚʦ ʥʦʩʠʣʦ ʧʦʜʯʠʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʘʩʪʙʠʱʘ ʙʳʣʠ ʣʦʢʘʣʠ-

ʟʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʦʡʤʘʭ ʨʝʢ, ʠ ʧʨʠʦʟʝʨʥʳʭ ʥʠʟʤʝʥʥʦʩʪʷʭ, ʠʤʝʶʱʠʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝ ʦʪʢʨʳʪʳʭ ʤʝʩʪ ï ʣʫʛʦʚʳʭ ʧʨʦʛʘʣʠʥ ʠ ʧʦʣʷʥ. ɺʳʥʫʞʜʝʥʥʳʝ ʧʦʩʪʦ-

ʷʥʥʳʝ ʧʝʨʝʭʦʜʳ ʵʪʠʭ ʧʝʨʚʦʧʦʩʝʣʝʥʮʝʚ ʥʘ ʥʦʚʳʝ ʤʝʩʪʘ ʚ ʧʦʠʩʢʘʭ ʧʘʩʪʙʠʱ ʧʨʠʚʦ-

ʜʠʣʠ ʢ ʚʦʚʣʝʯʝʥʠʶ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʚʩʝ ʥʦʚʳʭ ʠ ʥʦʚʳʭ ʫʯʘʩʪʢʦʚ. 

ʇʨʦʜʦʣʞʘʶʱʘʷʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʚ ʙʨʦʥʟʦʚʦʤ ʚʝʢʝ ʧʨʠ-

ʚʝʣʘ ʢ ʫʩʠʣʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʫ. ʉ ʧʨʦʠʟʚʦʜʷʱʠʤ 

ʭʦʟʷʡʩʪʚʦʤ ʩʚʷʟʘʥʘ ʩʤʝʥʘ ʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʥʜʰʘʬʪʦʚ ʜʨʫʛʠʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʠʤʝʥʥʦ ʩ ʵʢʩʪʝʥʩʠʚʥʳʤ ʭʦʟʷʡʩʪʚʦʚʘʥʠʝʤ ʬʘʪʴʷʥʦʚʩʢʠʭ ʧʣʝʤʝʥ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʠ 

ʥʘʯʘʣʦ ʦʙʝʟʣʝʩʠʚʘʥʠʷ ʧʦʡʤ ʨʝʢ ʠ ʦʟʝʨ. ɺ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʣʘʥʜʰʘʬʪʦʚ, ʚ 

ʧʦʡʤʝʥʥʳʭ ʫʨʦʯʠʱʘʭ ʠ ʤʝʩʪʥʦʩʪʷʭ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʫʩʪʦʡʯʠʚʳʝ ʵʣʝʤʝʥʪʳ ʘʥ-

ʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʧʦʡʤʝʥʥʳʝ ʣʫʛʘ. ʉʢʣʘʜʳʚʘʝʪʩʷ ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪ-

ʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʧʦʡʤʝʥʥʳʤ ʩʢʦʪʦʚʦʜʩʪʚʦʤ (ʘʛʨʦʛʝʦʩʠʩʪʝʤʳ ʧʘʩʪʙʠʱʥʦʛʦ ʪʠʧʘ ʩ 

ʧʦʡʤʝʥʥʳʤʠ ʣʫʛʘʤʠ ʠ ʨʝʜʢʦʣʝʩʴʷʤʠ), ʢʦʪʦʨʘʷ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ʇʦʟʜʥʝʝ (II ʪʳʩ. ʜʦ ʥ.ʵ.) ʚ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʙʨʦʥʟʦʚʦʛʦ ʚʝʢʘ (ʧʦʟʜʥʠʡ ʙʨʦʥʟʦ-

ʚʳʡ ʚʝʢ) ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʘʷ ʘʨʠʜʠʟʘʮʠʷ ʢʣʠʤʘʪʘ, ʩʤʝʥʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʠʝ ʟʦʥʳ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʪʠʧʘ ʭʦʟʷʡʩʪʚʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʝʧʝʡ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʢʦʪʦʚʦʜʯʝʩʢʠʡ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʢʫʣʴʪʫʨʥʳʡ ʪʠʧ 

ʧʨʦʠʟʚʦʜʷʱʝʡ ʵʢʦʥʦʤʠʢʠ ʩ ʫʧʨʦʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʚʢʣʶʯʘʚʰʠʭ 3, ʤʘʢʩʠʤʫʤ 4-5 ʇʍʉ). ʆʩʝʜʣʦʝ ʩʢʦʪʦ-
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ʚʦʜʯʝʩʢʦ-ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ. ɺ ʣʝʩʦ-

ʩʪʝʧʥʦʡ ʟʦʥʝ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʟʝʤʣʝʜʝʣʠʝ ʫʞʝ ʥʝ ʫʩʪʫʧʘʣʦ ʩʢʦʪʦʚʦʜʩʪʚʫ. ʅʘ ʶʛʝ 

ʣʝʩʥʦʡ ʟʦʥʳ ʠ ʚ ʩʝʚʝʨʥʦʡ ʣʝʩʦʩʪʝʧʠ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʩʦʙʳʡ ʪʠʧ ʤʥʦʛʦʦʪʨʘʩʣʝʚʦʡ 

ʵʢʦʥʦʤʠʢʠ ʩ ʜʠʥʘʤʠʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʠʟʚʦʜʷʱʠʭ ʠ ʧʨʠʩʚʘʠʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ. ʅʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʣʝʩʥʦʡ ʟʦʥʳ ʚʩʝ ʝʱʝ ʦʩʥʦʚʥʳʤ ʟʘʥʷʪʠʝʤ ʥʘʩʝʣʝʥʠʷ ʙʳʣʠ ʦʭʦʪʘ ʠ 

ʨʳʙʦʣʦʚʩʪʚʦ ʩ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʦʩʝʜʣʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ. ɸʥʘʣʠʟ ʢʘʨʪ ʵʪʥʦʢʫʣʴʪʫʨ-

ʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʯʝʪʢʦ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʥʠʮʫ ʣʝʩʘ ʠ ʣʝʩʦʩʪʝʧʠ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʨʫʙʝʞʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʭ ʠ ʠʥʜʦʠʨʘʥʩʢʠʭ ʥʘʨʦʜʦʚ. 

ɾʝʣʝʟʥʳʡ ʚʝʢ. ʅʘ ʨʫʙʝʞʝ II-I ʪʳʩ. ʜʦ ʥ. ʵ. ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʙʨʦʥʟʦʚʦʛʦ ʢ 

ʞʝʣʝʟʥʦʤʫ ʚʝʢʫ. ɺ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʳʭʘʥʠʝ ʩʪʝʧʝʡ. 

ɺ ʩʪʝʧʥʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ 

ʢʦʯʝʚʦʛʦ ʠʣʠ ʧʦʣʫʢʦʯʝʚʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʩ ʧʦʣʥʦʡ ʫʥʠʬʠʢʘʮʠʝʡ ʭʦʟʷʡʩʪʚʘ ʥʘ 

ʦʛʨʦʤʥʳʭ ʧʣʦʱʘʜʷʭ. ʆʩʝʜʣʦʝ ʩʢʦʪʦʚʦʜʯʝʩʢʦ-ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʪʦʣʴʢʦ ʚ ʣʝʩʦʩʪʝʧʠ. ʅʘʯʘʣʦ ʞʝʣʝʟʥʦʛʦ ʚʝʢʘ ʚ ʧʨʠʯʝʨʥʦʤʦʨʩʢʠʭ ʩʪʝʧʷʭ ɽʊʈ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʢʠʤʤʝʨʠʡʩʢʦʡ ʠ ʩʢʠʬʩʢʦʡ ʢʫʣʴʪʫʨ (ʟʘʭʚʘʪʠʚʰʠʭ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʛʨʘʥʠʯʥʳʝ ʩ ʋʢʨʘʠʥʦʡ ʨʘʡʦʥʳ). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʥʦʚʫ ʭʦʟʷʡʩʪʚʘ ʩʢʠʬʦʚ ʩʦ-

ʩʪʘʚʣʷʣʦ ʢʦʯʝʚʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ, ʘ ʟʘʪʝʤ ʠ ʧʦʣʫʢʦʯʝʚʦʝ. ʉʦʩʝʜʥʠʝ ʣʝʩʦʩʪʝʧʥʳʝ ʧʣʝ-

ʤʝʥʘ ʩʦʩʪʘʚʣʷʣʠ ʦʩʝʜʣʳʝ ʥʘʨʦʜʳ, ʟʘʥʠʤʘʚʰʠʝʩʷ ʟʝʤʣʝʜʝʣʠʝʤ (ʚʳʨʘʱʠʚʘʣʠ ʧʰʝ-

ʥʠʮʫ ʠ ʧʨʦʩʦ) ʠ ʨʘʟʚʝʜʝʥʠʝʤ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʧʘʩʪʫʰʝʩʢʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ). 

ʆʩʝʜʣʦʛʦ ʩʢʠʬʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʈ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ. ɺ ʙʘʩʩʝʡʥʝ 

ʂʫʙʘʥʠ ʠ ʇʨʠʘʟʦʚʴʝ ʚ ʨʘʥʥʝʤ ʞʝʣʝʟʥʦʤ ʚʝʢʝ ʨʘʩʩʝʣʠʣʠʩʴ ʟʝʤʣʝʜʝʣʴʯʝʩʢʦ-ʩʢʦ-

ʪʦʚʦʜʯʝʩʢʠʝ ʧʣʝʤʝʥʘ ʤʝʦʪʩʢʦʡ ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʚʝʜʰʠʭ ʦʩʝʜʣʳʡ ʦʙʨʘʟ 

ʞʠʟʥʠ. ɺ ʨʘʡʦʥʘʭ ʠʭ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʣʘʥʜʰʘʬʪʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ ʩʝʣʠʪʝʙʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʷ ʧʘ-

ʭʦʪʥʳʝ ʘʛʨʦʛʝʦʩʠʩʪʝʤʳ, ʧʘʩʪʙʠʱʥʦ-ʩʪʝʧʥʳʝ ʠ ʧʘʩʪʙʠʱʥʦ-ʣʫʛʦʚʳʝ ʇʍʉ.  

ɺʩʶ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʩʪʝʧʥʦʡ ʠ ʦʪʯʘʩʪʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʥʘʩʝʣʷʣʠ ʢʦʯʝʚʥʠʢʠ-

ʩʢʦʪʦʚʦʜʳ ʩʘʚʨʦʤʘʪʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʅʘʣʠʯʠʝ ʩʪʘʙʠʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩ ʧʦʩʪʦʷʥ-

ʥʳʤʠ çʟʠʤʥʠʢʘʤʠè ʠ çʣʝʪʥʠʢʘʤʠè ʙʳʣʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʝʜʝʥʠʷ ʢʦʯʝʚʦʛʦ ʩʢʦʪʦʚʦʜ-

ʩʪʚʘ ʩʘʚʨʦʤʘʪʘʤʠ, ʘ ʟʘʪʝʤ ʠ ʩʤʝʥʠʚʰʠʤʠ ʠʭ ʧʣʝʤʝʥʘʤʠ ʩʘʨʤʘʪʩʢʦʡ ʢʫʣʴʪʫʨʳ. ɺ 

ʪʦʞʝ ʚʨʝʤʷ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚ ʞʝʣʝʟʥʦʤ 

ʚʝʢʝ ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ, ʦʪʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʢʨʘʡʥʝ ʫʧʨʦʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʭʘʨʘʢʪʝʨ-

ʥʦʡ ʜʣʷ ʦʙʣʘʩʪʝʡ ʢʦʯʝʚʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥ. ɺ ʣʝʩʥʦʡ ʟʦʥʝ 

ʚ ʞʝʣʝʟʥʦʤ ʚʝʢʝ (ʥʘʯʘʣʦ I ʪʳʩ. ʜʦ ʥ.ʵ. ï ʥʘʯʘʣʦ I ʪʳʩ. ʥ.ʵ.) ʚ ʝʝ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

(ɺʝʨʭʥʝʝ ʇʦʜʥʝʧʨʦʚʴʝ, ʚʝʨʭʦʚʴʷ ʆʢʠ ʠ ɺʦʣʛʠ), ʘ ʪʘʢʞʝ ʣʝʩʦʩʪʝʧʴ ʙʘʩʩʝʡʥʦʚ ɼʝʩʥʳ 

ʠ ʉʝʡʤʘ ʙʳʣʠ ʟʘʩʝʣʝʥʳ ʧʣʝʤʝʥʘʤʠ, ʦʪʥʦʩʠʤʳʤʠ ʢ ʧʨʦʪʦʙʘʣʪʩʢʦʡ ʷʟʳʢʦʚʦʡ ʛʨʫʧʧʝ.  

ʂ ʚʦʩʪʦʢʫ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʧʣʝʤʝʥʘ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʭ ʣʝʩ-

ʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬ-

ʪʦʚ ʩʣʦʞʠʣʠʩʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘʭ ʇʍʉ: 1) ʥʝʙʦʣʴʰʠʝ ʧʦ ʧʣʦɦʘʜʠ ʩʝʣʠʪʝʙʥʳʝ 

(ʩʝʣʠʱʘ ʠ ʛʦʨʦʜʠʱʘ) ʩ ʧʨʠʣʝʛʘʶʱʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʠʥʠʘʪʶʨʥʳʤʠ ʧʘʭʦʪʥʳʤʠ 

ʘʛʨʦʛʝʦʩʠʩʪʝʤʘʤʠ ï ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʤʳʩʘʭ ʠ ʩʪʨʝʣʢʘʭ ʤʝʞʜʫ ʙʝʨʝʛʘʤʠ ʨʝʢ ʠ 

ʚʧʘʜʘʶʱʠʤʠ ʚ ʥʠʭ ʦʚʨʘʛʘʤʠ ʠ ʙʘʣʢʘʤʠ; 2) ʧʘʩʪʙʠʱʥʳʝ ʘʛʨʦʛʝʦʩʠʩʪʝʤʳ, ʟʘʥʠ-

ʤʘʶʱʠʝ ʧʦʡʤʝʥʥʳʝ ʠ ʜʦʣʠʥʥʦ-ʙʘʣʦʯʥʳʝ ʇʊʂ. ʀ, ʥʘʢʦʥʝʮ, 3) ʩʘʤʳʝ ʦʙʰʠʨʥʳʝ 

ʧʦ ʧʣʦʱʘʜʠ ʩʚʦʝʦʙʨʘʟʥʳʝ ʇʍʉ ʩ ʚʝʜʝʥʠʝʤ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʋʚʝ-

ʣʠʯʠʚʘʶʪʩʷ ʧʣʦʱʘʜʠ ʠ ʛʣʫʙʠʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʘʥʜʰʘʬʪʳ. ʉ 

ʧʦʜʩʝʯʥʳʤ ʟʝʤʣʝʜʝʣʠʝʤ ʧʦʷʚʠʣʩʷ ʠ ʥʦʚʳʡ ʚʠʜ ʥʘʨʫʰʝʥʠʡ ʣʘʥʜʰʘʬʪʦʚ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʦʛʥʝʚʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʤʘʩʩʠʚʳ ʚʪʦʨʠʯʥʳʭ ʣʝʩʦʚ ʩʪʘʣʠ ʧʦ-
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ʩʪʦʷʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʣʘʥʜʰʘʬʪʦʚ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʞʝʣʝʟʥʦʛʦ ʚʝʢʘ (ʥʘ ʨʫ-

ʙʝʞʝ ʵʨ) ʧʦʩʝʣʝʥʮʳ ʚʝʣʠ ʢʦʤʧʣʝʢʩʥʦʝ ʛʠʙʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʘ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ, 

ʣʘʥʜʰʘʬʪʳ ʦʪʣʠʯʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 6-8 ʇʍʉ. 

ʈʘʥʥʝʝ ʩʨʝʜʥʝʚʝʢʦʚʴʝ ï I ʪʳʩʷʯʝʣʝʪʠʝ ʥ.ʵ. ï ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʣʝʩʦ-

ʩʪʝʧʥʦʡ ʠ ʣʝʩʥʦʡ ʟʦʥʘʭ ʥʘ ʢʨʘʡʥʝʤ ʟʘʧʘʜʝ ɽʊʈ ʚʦʩʪʦʯʥʦʩʣʘʚʷʥʩʢʦʡ ʥʘʨʦʜʥʦʩʪʠ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʷʜʘ ʧʣʝʤʝʥʥʳʭ ʩʦʶʟʦʚ. ʆʩʥʦʚʫ ʭʦʟʷʡʩʪʚʘ ʩʣʘʚʷʥʩʢʠʭ ʧʦʩʝʣʝʥʮʝʚ 

ʩʦʩʪʘʚʣʷʣʦ ʧʘʰʝʥʥʦʝ ʟʝʤʣʝʜʝʣʠʠ ʠ ʩʝʣʠʱʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ. ɺʩʷ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʘ ʟʘʥʷʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʤ ʥʘʩʝʣʝʥʠʝʤ 

(ɺʝʨʭʥʝʝ ʇʦʚʦʣʞʴʝ, ɺʦʣʛʦ-ʆʢʩʢʦʝ ʤʝʞʜʫʨʝʯʴʝ) ʠ ʪʶʨʩʢʠʤ ï ʚ ʇʦʚʦʣʞʴʝ. ʀʥ-

ʪʝʥʩʠʚʥʦʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʥʝʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʳ ɽʊʈ ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʚʦ 2-ʦʡ ʧʦʣʦʚʠʥʝ I-ʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʥ.ʵ. ʥʘ ʬʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʧʣʝ-

ʥʠʷ, ʧʦʟʚʦʣʠʚʰʝʛʦ ʩʣʘʚʷʥʩʢʠʤ (ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʟʘʧʘʜʝ) ʠ ʫʛʨʦ-ʬʠʥʩʢʠʤ (ʥʘ ʚʦʩ-

ʪʦʢʝ) ʧʣʝʤʝʥʘʤ ʧʨʦʜʚʠʥʫʪʴ ʜʘʣʝʢʦ ʥʘ ʩʝʚʝʨ ʟʦʥʫ ʧʘʰʝʥʥʦʛʦ (ʫ ʩʣʘʚʷʥ) ʠ ʤʦʪʳʞ-

ʥʦʛʦ (ʫ ʬʠʥʥʦ-ʫʛʦʨʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ) ʟʝʤʣʝʜʝʣʠʷ. ʉʪʨʫʢʪʫʨʘ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʦʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. ʄʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʜʦ 10 ʚʠʜʦʚ ʇʍʉ, ʠʭ ʩʣʘʛʘʚʰʠʭ: ʉʝʣʠʪʝʙʥʳʝ (ʩʝʣʠʱʘ ʠ ʛʦʨʦʜʠʱʘ); 

ʇʘʭʦʪʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʧʘʭʦʪʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʧʘʭʦʪʥʦ-ʣʝʩʥʳʝ; ʇʘʩʪʙʠʱʥʦ-

ʩʝʥʦʢʦʩʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʣʫʛʦʚʳʝ; ʇʘʩʪʙʠʱʥʦ-ʣʝʩʥʳʝ; ʃʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ; 

ʆʭʦʪʥʠʯʴʠ ʠ ʈʳʙʦʣʦʚʯʝʩʢʠʝ. ʊʘʢʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʠ 

ʦʯʝʨʝʜʥʘʷ, ʤʦʱʥʘʷ ʚʦʣʥʘ ʤʠʛʨʘʮʠʡ ʚʦʠʥʩʪʚʝʥʥʳʭ ʦʨʜ ʢʦʯʝʚʥʠʢʦʚ ʧʦ ʚʩʝʡ ʝʚ-

ʨʦʘʟʠʘʪʩʢʦʡ ʩʪʝʧʥʦʡ ʟʦʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʣʝʩʥʦʡ ʟʦʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʥʝʝ ʙʣʘʛʦ-

ʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ, ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʩʝʣʝʥʠʷ ʩʪʘʣʦ 

ʧʨʦʞʠʚʘʪʴ ʠʤʝʥʥʦ ʟʜʝʩʴ, ʯʝʤ ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʩʪʝʧʥʦʡ ʟʦʥʘʭ.  

ɺ ʩʪʝʧʥʦʡ ʟʦʥʝ ʚ ʨʘʥʥʝʤ ʩʨʝʜʥʝʚʝʢʦʚʴʝ ʧʨʦʠʩʭʦʜʠʣʘ ʨʝʟʢʘʷ ʩʤʝʥʘ ʘʨʭʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʩʚʷʟʘʥʥʳʭ ʩ ʚʪʦʨʞʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʣʝʤʝʥ ʢʦʯʝʚʥʠʢʦʚ. ʉʥʘ-

ʯʘʣʘ ʛʫʥʥʳ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʧʦʜʚʠʞʥʳʤ ʢʦʯʝʚʳʤ ʩʢʦʪʦʚʦʜʩʪʚʦ, ʟʘʪʝʤ ʢʦʯʝʚʦʝ ʠ 

ʧʦʣʫʢʦʯʝʚʦʝ ʥʘʩʝʣʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʜʚʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʷ: ʍʘ-

ʟʘʨʩʢʠʡ ʢʘʛʘʥʘʪ ʠ ɺʝʣʠʢʘʷ ɹʦʣʛʘʨʠʷ. ʇʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʟʝʤʣʝʜʝʣʴʯʝʩʢʦ-ʩʢʦʪʦʚʦʜʯʝʩʢʦʛʦ ʪʠʧʘ, ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʵʪʠʭ ʟʝʤ-

ʣʷʭ, ʠʤʝʣʠ ʪʨʠ ʚʠʜʘ ʩʝʣʠʪʝʙʥʳʭ ʇʍʉ (ʩʝʣʠʱʘ, ʛʦʨʦʜʠʱʘ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʩʪʦ-

ʷʥʢʠ), ʧʘʩʪʙʠʱʥʦ-ʩʪʝʧʥʳʝ, ʧʘʩʪʙʠʱʥʦ-ʣʫʛʦʚʳʝ ʠ, ʤʝʩʪʘʤʠ, ʧʘʭʦʪʥʳʝ. ʇʦʩʝʣʝʥʠʷ 

ʨʘʟʤʝʱʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʙʝʨʝʛʘʤ ʨʝʢ ʠ ʥʘʜʧʦʡʤʝʥʥʳʤ ʪʝʨʨʘʩʘʤ. ʆʙʳʯʥʦ 

ʢʦʯʝʚʴʷ (ʩʝʟʦʥʥʳʝ ʩʪʦʡʙʠʱʘ) ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩʘʭ. 

ʇʘʭʦʪʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʨʘʡʦʥʘʭ ʧʦʩʪʦʷʥʥʳʭ ʩʝʣʝʥʠʡ. 

ɼʨʝʚʥʝʨʫʩʩʢʠʡ ʧʝʨʠʦʜ. ʉʚʦʝʦʙʨʘʟʠʝ ʩʣʘʚʷʥʩʢʦʛʦ ʨʘʩʩʝʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʟʜʝʩʴ ʦʥʦ ʧʨʦʪʝʢʘʣʦ ʚ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ 

çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè ʠ ɹʘʣʪʠʡʩʢʦ-ɺʦʣʞʩʢʦʛʦ ʧʫʪʠ ʠ ʩʣʦʞʝʥʠʷ ʥʘ ʩʝʚʝʨʝ ɺʦʩʪʦʯ-

ʥʦʡ ɽʚʨʦʧʳ ʨʘʥʥʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ. ɺ VIII-X ʚʝʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʩʪʝʧ-

ʥʦʡ ʠ ʣʝʩʥʦʡ ʟʦʥʳ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʨʝʚʥʝʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʩʳʛʨʘʣʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʚʦʜʥʳʝ ʧʫʪʠ. ʉʪʘʥʦʚʣʝʥʠʝ 

ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʧʫʪʝʡ ʧʨʦʠʩʭʦʜʠʣʦ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ 

ʥʠʭ ʩʝʪʠ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ, ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʚʷʟʘʥʦ ʩ ʥʘʪʫ-

ʨʘʣʴʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʠ ʮʝʣʠʢʦʤ ʟʘʚʠʩʝʣʘ ʦʪ ʤʝʩʪʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦʪ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʨʘʟʥʳʭ ʦʪʨʝʟʢʘʭ ʦʥʘ ʨʝʟʢʦ 

ʦʪʣʠʯʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʘʣʴʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʦʠʩʭʦʜʠʪ 

ʙʫʨʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʦʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʪʥʦʩʠ-
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ʪʝʣʴʥʦ ʛʫʩʪʦ ʟʘʩʝʣʝʥʥʳʭ ʟʝʤʣʷʭ, ʢʘʢ ʮʝʥʪʨʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʡʦʥʦʚ. ɺ 

ʵʪʠʭ ʨʘʡʦʥʘʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʘʥʪʨʦʧʦ-

ʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʩ ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʝʛʦ 

ʩʦʩʪʘʚ ʚʭʦʜʠʣʦ ʜʦ 12-15 ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʅʘʠ-

ʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʣʝʜʫʶʱʠʝ: ʉʝʣʠʪʝʙʥʳʝ (ʩʝʣʠʱʘ); ʇʘʭʦʪ-

ʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʧʘʭʦʪʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʧʘʭʦʪʥʦ-ʣʝʩʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʩʝʥʦʢʦʩ-

ʥʳʝ; ʇʘʩʪʙʠʱʥʦ-ʣʫʛʦʚʳʝ; ʃʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ; ɹʦʨʪʥʳʝ; ʆʭʦʪʥʠʯʴʠ; ɻʦʨʥʦʜʦ-

ʙʳʚʘʶʱʠʝ, ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ. ɺ ʣʘʥʜʰʘʬʪʥʦʤ ʧʣʘʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʜʨʝʚʥʝ-

ʨʫʩʩʢʠʝ ʛʦʨʦʜʘ ʟʘʥʠʤʘʶʪ ʵʢʦʪʦʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʛʨʘʥʠʮʘʤ (ʠʣʠ ʨʷʜʦʤ ʩ ʥʠʤʠ) 

ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ, ʘ ʯʘʱʝ ʪʨʝʭ ʠ ʙʦʣʝʝ ʣʘʥʜʰʘʬʪʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʟʘ ʨʝʜʢʠʤ ʠʩ-

ʢʣʶʯʝʥʠʝʤ, ʵʪʠ ʛʨʘʥʠʮʳ ʷʚʣʷʶʪʩʷ ʠ ʛʨʘʥʠʮʘʤʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ï ʨʘʡʦʥʦʚ ʠ ʜʘʞʝ ʧʨʦʚʠʥʮʠʡ.  

ʉ ʣʘʥʜʰʘʬʪʥʳʭ ʧʦʟʠʮʠʡ ʚʳʜʚʠʥʫʪʳ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʯʠʥʳ ʧʝʨʝʥʦʩʘ ʤʥʦʛʠʭ ʜʨʝʚ-

ʥʝʨʫʩʩʢʠʭ ʛʦʨʦʜʦʚ. ɺ ʜʨʝʚʥʝʨʫʩʩʢʠʡ ʧʝʨʠʦʜ ʤʝʩʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʦʜʦʚ (ʧʨʦ-

ʪʦʛʦʨʦʜʦʚ), ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʙʠʨʘʣʠʩʴ ʥʘ ʚʘʞʥʝʡʰʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʩ ʫʯʝʪʦʤ ʠʭ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘ ʥʠʟʢʠʭ ʵʣʝʤʝʥʪʘʭ 

ʨʝʣʴʝʬʘ. ʇʦʟʜʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʩʰʠʨʝʥʠʝ ʠʣʠ ʜʘʞʝ çʧʝʨʝʥʦʩè ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʫʯʘʩʪʢʠ (ʚʳʩʦʢʠʝ ʪʝʨʨʘʩʳ, ʜʦʣʠʥʥʳʝ ʟʘʥʜʨʳ, ʧʨʠʨʝʯʥʳʝ ʤʦʨʝʥʥʳʝ ʨʘʚʥʠʥʳ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʦ ʫʩʪʨʦʝʥʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʙʦʣʝʝ ʙʦʛʘʪʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʦʡ.  

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ I ʪʳʩ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ ʠ ʇʨʠʢʘʤʴʷ ʧʨʦ-

ʠʩʭʦʜʠʣ ʧʨʦʮʝʩʩ ʵʪʥʦʛʝʥʝʟʘ ʤʥʦʛʠʭ ʧʣʝʤʝʥ ʠ ʚ X ʚʝʢʝ ʙʳʣʦ ʩʦʟʜʘʥʦ ʢʨʫʧʥʦʝ ʛʦʩʫ-

ʜʘʨʩʪʚʦ ï ɺʦʣʞʩʢʘʷ ɹʦʣʛʘʨʠʷ. ɺ ʵʢʦʥʦʤʠʢʝ ʵʪʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʦʠʟʦʰʝʣ ʧʝʨʝʭʦʜ 

ʦʪ ʢʦʯʝʚʦʛʦ ʩʢʦʪʦʚʦʜʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢ ʦʩʝʜʣʦʤʫ ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʤʫ, ʚʦ ʤʥʦʛʦʤ 

ʩʭʦʜʥʦʤ ʩ ʜʨʝʚʥʝʨʫʩʩʢʠʤ. ɺ ʩʪʝʧʥʦʡ ʟʦʥʝ ʧʨʦʜʦʣʞʘʣ ʜʦʤʠʥʠʨʦʚʘʪʴ ʫ ʨʘʟʣʠʯʥʳʭ 

ʧʣʝʤʝʥ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʧʦʜʚʠʞʥʳʡ ʢʦʯʝʚʦʡ ʠ ʧʦʣʫʢʦʯʝʚʦʡ ʪʠʧ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ:  

1. ʉʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʭʦʟʷʡʩʪʚʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʥʝʦʣʠʪʠʯʝʩʢʘʷ ʨʝ-

ʚʦʣʶʮʠʷ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʧʨʦʠʟʦʰʝʣ ʚ ʵʥʝʦʣʠʪʝ ï ʨʘʥʥʝʤ 

ʙʨʦʥʟʦʚʦʤ ʚʝʢʝ. ɺ ʩʪʝʧʥʳʭ ʨʘʡʦʥʘʭ ï ʥʝʩʢʦʣʴʢʦ ʨʘʥʴʰʝ, ʯʝʤ ʚ ʣʝʩʥʳʭ.  

2. ɺʦ ʚʩʝʭ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥʘʭ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʯʝʣʦʚʝʢʘ ʠ ʣʘʥʜʰʘʬʪʘ 

ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ çʚʤʝʱʘʶʱʝʛʦè ʣʘʥʜʰʘʬʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʜʦ ʜʨʝʚʥʝʨʫʩʩʢʦʛʦ ʧʝʨʠʦʜʘ 

ʦʪʤʝʯʘʝʪʩʷ ʞʝʩʪʢʘʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘ-

ʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʝʣʝʥʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʪ ʤʝʩʪʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

3. ʏʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ɽʊʈ ʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʝ-

ʣʝʥʠʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʧʦʩʝʣʝʥʮʝʚ. ɿʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʦ ʚʩʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ ʚ ʩʭʦʜʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ (ʟʦʥʘʣʴʥʳʭ) ʫʩʣʦʚʠʷʭ 

ʧʦʩʝʣʝʥʮʳ ʚʝʣʠ ʦʜʥʦʪʠʧʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʨʠ ʚʝʜʝʥʠʠ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʦʜʥʦʪʠʧʥʳʝ ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʦʜʥʦʪʠʧʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʣʘʥʜʰʘʬʪʳ.  

4. ʈʝʟʢʠʡ ʧʝʨʝʣʦʤ ʚ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʩʠʩʪʝʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʣʘʥʜʰʘʬʪʦʛʝʥʝʟʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʩ-

ʩʝʣʝʥʠʝʤ ʧʣʝʤʝʥ ʣʝʩʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʘʭ ʧʣʝʤʝʥ ʞʝʣʝʟʥʦʛʦ ʚʝʢʘ, ʚʝʜʰʠʭ ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʭʦʟʷʡʩʪʚʦ.  
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5. ʅʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʯʝʣʦʚʝʢʘ (ʛʣʫʙʠʥʘ ʠ ʪʝʨʨʠʪʦʨʠ-

ʘʣʴʥʳʡ ʦʭʚʘʪ) ʥʘ ʣʘʥʜʰʘʬʪʳ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʣʘʚʷʥʩʢʠʤ ʟʘʩʝʣʝʥʠʝʤ, ʥʘʯʠʥʘʷ ʩ VIII 

ʚʚ. ʥ.ʵ. ʅʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʭʚʘʪʳʚʘʶʪ ʤʥʦʛʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʢʣʶʯʘʷ ʧʦʯʚʳ ʠ 

ʣʠʪʦʛʝʥʥʫʶ ʦʩʥʦʚʫ, ʣʘʥʜʰʘʬʪʦʚ. ɺ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʣʘʥʜʰʘʬʪʦʚ ʧʦʷʚ-

ʣʷʶʪʩʷ ʥʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʵʣʝʤʝʥʪʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: 

ʩʝʣʠʪʝʙʥʳʝ ʠ ʧʘʭʦʪʥʳʝ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʠʣʠʩʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-

05-00618). 
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Abstract: Work of complex expedition of Institute of History of Science and Technology of 

RAS and of Moscow State University oriented to study the historical waterways of Russia began 

in 2003 and have now been collected and summarized a huge amount of field and archival 

materials on Mariinskaya and the Northern Dvina water systems, Ladoga and Onega channels, 

lake-channel system Big Solovetsky Islands, boat carry Belozero-Onega waterway, Northern 
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Dvina waterway, Vyshnevolotskaya and Tikhvin and water systems, and way "from Vikings to 

Greeks."GIS database for historic waterways of the European part of Russia including 

hydrological and hydrochemical data, landscape descriptions, archival and cartographic sources 

on the history of water systems was created. The basis of its methodological and technical content 

were maps. Fixing the current state of the waterways of Russia and the framing of their cultural 

and historical landscapes using satellite images, topographical maps, photos and video area 

complemented by an analysis of old maps of the region. Hydroengineer and historical monuments 

were included in the description of a single landscape, allowed fuller and deeper anthropogenic 

landscape transformation and evolution. Completed studies have scientific value as a 

methodological basis for the formation of a new historical and scientific direction. 
 

ɺ 2012 ʛ. ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʥʦʡ ʠʩʪʦʨʠʢʦ-ʥʘʫʯʥʦʡ ʵʢʩʧʝʜʠʮʠʠ 

çɻʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʠʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠè, ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʀʥʩʪʠʪʫ-

ʪʦʤ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʈɸʅ ʠʤ. ʉ.ʀ.ɺʘʚʠʣʦʚʘ ʩ ʫʯʘʩʪʠʝʤ ʫʯʝʥʳʭ 

ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʅʦʚʛʦʨʦʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ, 

ʉʤʦʣʝʥʩʢʦʛʦ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʀʥʩʪʠʪʫʪʘ ʢʨʠʦʩʬʝʨʳ ɿʝʤʣʠ ʉʆ ʈɸʅ. 

ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʚ ʨʘʡʦʥʝ ɺʦʣʞʩʢʦ-ɼʥʝʧʨʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ ɺʝʣʠʢʦʛʦ ʪʦʨʛʦʚʦʛʦ ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ 

ʛʨʝʢʠè. ɺ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʵʢʩʧʝʜʠʮʠʝʡ ʙʳʣ ʦʙʩʣʝʜʦʚʘʥ ʚʦʣʭʦʚʩʢʠʡ ʫʯʘʩʪʦʢ, 

ʚʢʣʶʯʘʷ ʛʦʨʦʜʘ ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ ʠ ʉʪʘʨʘʷ ʃʘʜʦʛʘ. ɺ 2012-2013 ʛʛ. ʧʨʦʚʝʜʝʥʦ ʠʩ-

ʪʦʨʠʢʦ-ʥʘʫʯʥʦʝ ʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʜʠʥʥʦʡ ʟʦʥʳ ɼʥʝʧʨʦ-

ɼʚʠʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚʦʜʥʦʛʦ ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè (ʨʝʢ ʃʦʚʘʪʴ, ɿʘʧʘʜʥʘʷ 

ɼʚʠʥʘ, ʅʝʤʘʥ, ʉʚʠʩʣʦʯʴ, ɹʝʨʝʟʠʥʘ, ɼʥʝʧʨ; ʛʦʨʦʜʦʚ ɺʝʣʠʢʠʝ ʃʫʢʠ, ʍʦʣʤ, ɻʨʦʜʥʦ, 

ʄʠʥʩʢ, ɹʝʨʝʟʠʥʦ, ɹʦʙʨʫʡʩʢ), ʘ ʪʘʢʞʝ ʧʘʤʷʪʥʠʢʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʟʦʜʯʝʩʪʚʘ - 

ɸʚʛʫʩʪʦʚʩʢʦʛʦ ʢʘʥʘʣʘ. ɹʳʣ ʦʧʨʝʜʝʣʝʥ ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʠʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʵʪʠʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤ, ʧʦʢʘʟʘʥʘ ʣʘʥʜʰʘʬʪʥʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʘʥʘʣʦʚ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ 

ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʵʪʠʤ ʩʦʦʨʫʞʝʥʠʷʤ ʪʝʨʨʠʪʦʨʠʡ, ʚʳʷʚʣʝʥʳ ʠ ʠʟʫʯʝʥʳ ʛʠʜʨʦʪʝʭʥʠ-

ʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ (ʢʘʥʘʣʳ, ʧʣʦʪʠʥʳ, ʜʘʤʙʳ, ʤʦʩʪʳ ʠ ʪ.ʜ.). ʊʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦ-

ʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʥʝʧʨʦʚʩʢʦ-ʜʚʠʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ 

ʨʘʡʦʥʝ ʨʝʢ ʂʘʪʳʥʴ ʠ ʂʘʩʧʣʷ [1, 2, 3, 4]. 

ʇʨʦʚʦʜʠʚʰʝʝʩʷ ʨʘʙʦʪʳ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʳ ʠ ʛʠʜ-

ʨʦʪʝʭʥʠʢʠ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ ʧʫʪʝʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ-

ʭʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʚʣʠʷʚʰʠʭ ʥʘ ʚʳʙʦʨ ʠ ʨʘʟʚʠʪʠʝ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʛʦ ʚʦʜʥʦʛʦ ʧʫʪʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʠʪʠʯʝʩʢʠʭ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʪʴ ʠʟʫʯʘʝʤʳʝ ʧʘʤʷʪ-

ʥʠʢʠ ʢʘʢ ʵʣʝʤʝʥʪʳ ʝʜʠʥʦʛʦ ʠʩʪʦʨʠʢʦ-ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʟʘʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʦʜʛʦʪʦʚʢʫ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʦʥʥʳʭ ʦʧʠʩʘʥʠʡ, ʥʦ ʠ ʫʪʦʯʥʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʘʤʷʪʥʠʢʦʚ (ʨʝʪʨʦ-

ʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʩʪʘʨʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʪ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ) ʠ ʠʟʫʯʝʥʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʉʝʛʦʜʥʷ 

ʟʥʘʯʝʥʠʝ ʚʦʜʥʳʭ ʧʫʪʝʡ ʥʝ ʩʪʦʣʴ ʚʝʣʠʢʦ ʢʘʢ ʝʱʝ ʩʪʦʣʝʪʠʝ ʥʘʟʘʜ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ ʩʝʚʝʨʝ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʪʦʢ ʥʘʩʝʣʝʥʠʷ ʠʟ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʘʝʪʩʷ ʵʢʦʣʦʛʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʙʘʣʘʥʩ, ʚʳʨʘʙʦʪʘʥʥʳʡ 
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ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʢʦʚ. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶ-

ʱʠʝʩʷ ʫʪʨʘʪʦʡ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʧʨʦʮʚʝʪʘʥʠʷ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ. ʉʦʭʨʘ-

ʥʠʚʰʠʝʩʷ ʧʘʤʷʪʥʠʢʠ ʢʫʣʴʪʫʨʳ ʠ ʛʠʜʨʦʪʝʭʥʠʢʠ ʥʫʞʜʘʶʪʩʷ ʚ ʥʝʤʝʜʣʝʥʥʦʤ ʦʙʩʣʝʜʦ-

ʚʘʥʠʠ ʠ ʦʧʠʩʘʥʠʠ ʜʣʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʠʣʠ ʨʝʩʪʘʚʨʘʮʠʠ. ɺʦ ʤʥʦʛʠʭ ʩʣʫ-

ʯʘʷʭ ʧʘʤʷʪʥʠʢʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʦʙʨʘʟʫʶʱʝʛʦ ʥʘʯʘʣʘ ʧʨʠ ʚʦʟʨʦʞʜʝʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʛʠʦʥʘ. ɺ ʭʦʜʝ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʴʪʫʨʳ ʠ ʛʠʜʨʦʪʝʭʥʠʢʠ ʩʪʘʨʠʥʥʳʭ 

ʚʦʜʥʳʭ ʧʫʪʝʡ, ʩʪʘʚʰʝʛʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, ʚʧʝʨʚʳʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʦʧʠʩʘʥʠʝ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʴʪʫʨʳ, ʧʨʠʨʦʜʳ ʠ ʛʠʜʨʦ-

ʪʝʭʥʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʘʭ ʩʪʘʨʠʥʥʳʭ ʚʦʜʥʳʭ ʧʫʪʝʡ. ʅʘʨʷʜʫ ʩ ʚʳʷʚʣʝʥʠʝʤ 

ʘʨʭʠʚʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʧʦʩʪʨʦʡʢʦʡ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʘ ʵʚʦʣʶʮʠʷ ʠʭ ʨʦʣʠ ʚ ʠʟʤʝʥʝʥʠʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝ, ʫʪʦʯʥʝʥʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʘʤʷʪʥʠʢʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʭ 

ʧʨʠʚʷʟʢʘ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʩʪʘʨʠʥʥʳʤ ʢʘʨʪʘʤ. ʇʦ ʩʫʱʝʩʪʚʫ, ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʥʘʯʘʣʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ, ʚʢʣʶʯʘʶɦʝʡ ʚ ʩʝʙʷ ʧʘʩʧʦʨʪʠʟʠʨʦ-

ʚʘʥʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʠʥʪʝʨʝʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʢʦʤʧʣʝʢʩ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʙʩʪʚʝʥʥʦ ʚʦʜʥʳʭ ʧʫʪʝʡ. ʆʙʱʝʡ 

ʜʦʤʠʥʘʥʪʦʡ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚ ʩʠʩʪʝʤʫ, ʩʪʘʥʦʚʠʪʩʷ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʩʘʤ 

ʚʦʜʥʳʡ ʧʫʪʴ, ʘ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʡ ʣʘʥʜʰʘʬʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʩʝ ʘʩʧʝʢʪʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʨʦʜʥʳʝ ʬʦʨʤʘʮʠʠ. ʉʦʟʜʘʥʠʝ ʛʝʦʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʙʘʟʳ) ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠ ʯʠʩʪʦ ʪʝʭʥʠʯʝʩʢʫʶ 

ʯʘʩʪʴ. ʉʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʙʘʟʳ 

ʩʣʫʞʘʪ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ʅʦ ʠ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʩʫʪ ʦʧʨʝʜʝʣʝʥ-

ʥʫʶ ʠʩʪʦʨʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. ʌʠʢʩʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʧʫʪʝʡ 

ʈʦʩʩʠʠ ʠ ʦʙʨʘʤʣʷʶʱʠʭ ʠʭ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʩ-

ʤʦʩʥʠʤʢʦʚ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʬʦʪʦ- ʠ ʚʠʜʝʦʩʲʝʤʢʠ ʤʝʩʪʥʦʩʪʠ ʜʦʧʦʣʥʷʶʪʩʷ 

ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʘʨʠʥʥʳʤʠ ʢʘʨʪʘʤʠ [5, 6, 7]. ɹʣʦʢ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʝʜʠʥʦʝ ʣʘʥʜʰʘʬʪʥʦʝ ʦʧʠʩʘʥʠʝ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʝʝ ʠ ʛʣʫʙʞʝ ʦʮʝʥʠʪʴ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʠ ʵʚʦʣʶʮʠʶ 

ʣʘʥʜʰʘʬʪʦʚ. ʉʦʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʠʩʪʦʯʥʠʢʦʚʘʷ ʙʘʟʘ ʚʦʜʥʳʭ ʧʫʪʝʡ, ʚʳʷʚʣʝʥʳ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʪʝʢʩʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʝʡ, ʧʦʩʪʨʦʡ-

ʢʦʡ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʪɹʫʨʳ ʠ ʛʠʜʨʦʪʝʭʥʠʢʠ ʧʦ ʄʘʨʠʠʥʩʢʦʡ, 

ʉʝʚʝʨʦ-ɼʚʠʥʩʢʦʡ, ɺʳʰʥʝʚʦʣʦʮʢʦʡ ʠ ʊʠʭʚʠʥʩʢʦʡ ʚʦʜʥʳʤ ʩʠʩʪʝʤʘʤ, ʃʘʜʦʞʩʢʦʤʫ ʠ 

ʆʥʝʞʩʢʦʤʫ ʢʘʥʘʣʘʤ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʪʦʨʠʢʦ-ʥʘʫʯʥʳʡ ʧʦʜʭʦʜ ʥʘʨʷʜʫ ʩ ʵʣʝʤʝʥ-

ʪʘʤʠ ʠ ʧʨʠʥʮʠʧʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʴ-

ʪʫʨʳ ʠ ʛʠʜʨʦʪʝʭʥʠʢʠ ʢʘʢ ʵʣʝʤʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚʳʟʚʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʢʦʪʦʨʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʝʜʤʝʪʥʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʢʘʥʚʦʡ ʩʪʘʣʦ ʤʥʦʛʦʘʩʧʝʢʪʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʩʪʦʨʠʠ ʚʦʜʥʦʛʦ ʧʫʪʠ, ʢʘʢ ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʥʘʯʘʣʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʮʝ-

ʣʦʛʦ ʨʝʛʠʦʥʘ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʠʩʪʦʨʠʢʦ-ʥʘʫʯʥʳʡ ʘʥʘʣʠʟ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʘʤʷʪʥʠʢʘ 

ʢʫʣʴʪʫʨʳ ʠ ʛʠʜʨʦʪʝʭʥʠʢʠ ʙʳʣ ʜʦʧʦʣʥʝʥ ʠʩʪʦʨʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ, ʣʘʥʜʰʘʬʪʥʳʤ 

ʠ ʵʢʦʣʦʛʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ ʠ ʚ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʥʦʚʦʛʦ ʠʩʪʦʨʠʢʦ-ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩ-

ʧʝʢʪʳ. ɼʘʥʥʳʝ ʩʦʟʜʘʚʘʝʤʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-



 

 61 

ʚʘʥʳ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʦʮʝʥʢʠ ʝʝ ʪʫʨʠʩʪʠʯʝʩʢʦ-ʨʝʢʨʝʘ-

ʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɺʝʣʠʢʠʡ ʪʦʨʛʦʚʳʡ ʧʫʪʴ ʜʨʝʚʥʦʩʪʠ ʩʪʘʣ ʩʢʣʘʜʳʚʘʪʴʩʷ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʨʘʩʩʝʣʝʥʠʝʤ ʩʣʘʚʷʥ ʚ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ VIII ʚʝʢʘ. ʆʥ ʩʦ-

ʩʪʦʷʣ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ï ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè ʠ çɺʝʣʠʢʦʛʦ 

ɺʦʣʞʩʢʦʛʦ ʧʫʪʠè, ʩʚʷʟʘʚʰʠʭ ʉʝʚʝʨ ɽʚʨʦʧʳ ʩ ʖʛʦʤ ʠ ʩ ɺʦʩʪʦʢʦʤ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ. ʆʥʠ ʠʤʝʣʠ ʤʥʦʛʦ ʦʪʚʝʪʚʣʝʥʠʡ, ʧʨʦʥʠʟʘʚʰʠʭ ʩʝʪʴʶ ʚʦʜʥʳʭ ʜʦʨʦʛ ʣʝʩʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ. ʇʫʪʴ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè ʰʝʣ ʩ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ 

ɼʥʝʧʨʫ, ʧʦ ʧʨʠʪʦʢʘʤ ʠ ʚʦʣʦʢʘʤ ʢ ɿʘʧʘʜʥʦʡ ɼʚʠʥʝ, ʜʘʣʝʝ ʧʦʚʦʨʘʯʠʚʘʣ ʥʘ ʩʝʚʝʨ 

ʯʝʨʝʟ ʀʣʴʤʝʥʴ ʠ ɺʦʣʭʦʚ ʢ ʃʘʜʦʛʝ (ʦʟʝʨʦ ʅʝʚʦ), ʘ ʟʘʪʝʤ - ʧʦ ʅʝʚʝ ʚ ɹʘʣʪʠʡʩʢʦʝ 

(ɺʘʨʷʞʩʢʦʝ) ʤʦʨʝ. ɺʦʩʪʦʯʥʳʡ ʞʝ çɺʦʣʞʩʢʠʡè ʧʫʪʴ ʰʝʣ ʧʦ ʂʘʩʧʠʶ ʠ ɺʦʣʛʝ, ʟʘ-

ʪʝʤ ʩ ʝʝ ʚʝʨʭʦʚʴʝʚ ʧʦʚʦʨʘʯʠʚʘʣ ʥʘ ʩʝʚʝʨ ʠ ʧʦ ʚʦʣʦʢʘʤ ʧʝʨʝʭʦʜʠʣ ʥʘ ʨʝʢʠ ʇʦʣʘ 

ʠʣʠ ʄʩʪʘ. ɼʘʣʝʝ ʤʘʨʰʨʫʪ ʧʨʦʣʝʛʘʣ ʢ ʀʣʴʤʝʥʶ ʠ ʧʦ ɺʦʣʭʦʚʫ ʠ ʚʳʭʦʜʠʣ ʢ ʪʦʡ ʞʝ 

ʃʘʜʦʛʝ. ɺʘʞʥʝʡʰʠʤ ʫʟʣʦʤ ʦʙʦʠʭ ʧʫʪʝʡ ʙʳʣʦ ʦʟʝʨʦ ʀʣʴʤʝʥʴ ʠ ʚʝʨʭʦʚʴʷ ɺʦʣ-

ʭʦʚʘ, ʛʜʝ ʵʪʠ ʪʦʨʛʦʚʳʝ ʜʦʨʦʛʠ ʩʣʠʚʘʣʠʩʴ ʚʦʝʜʠʥʦ [8, 9, 10]. 

ɼʨʫʛʠʝ ʜʚʘ ʚʘʞʥʳʭ ʫʟʣʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʚʝʨʭʦʚʴʷʭ ɺʦʣʛʠ ʠ ʚ ʚʝʨʭʦʚʴʷʭ ɼʥʝʧʨʘ, 

ʦʪʢʫʜʘ ʤʘʨʰʨʫʪʳ ʧʨʦʭʦʜʠʣʠ ʢ ɿʘʧʘʜʥʦʡ ɼʚʠʥʝ ʠ ʜʘʣʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ɹʘʣ-

ʪʠʡʩʢʦʝ ʤʦʨʝ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʩʪʘʥʦʚʣʝʥʠʝ ʪʦʨʛʦʚʳʭ ʩʚʷʟʝʡ ʩʦ ʩʪʨʘʥʘʤʠ ʖʛʘ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘʨʘʙʩʢʦʛʦ ʍʘʣʠʬʘʪʘ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʪʨʝʙʥʦʩʪʴʶ ʥʘʩʝʣʝ-

ʥʠʷ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ ʚ ʩʝʨʝʙʨʷʥʦʤ ʩʳʨʴʝ (ʩʝʨʝʙʨʷʥʦʡ ʤʦʥʝʪʝ), ʘ ʘʨʘʙʩʢʠʭ ʢʫʧ-

ʮʦʚ ï ʚ ʧʨʝʜʤʝʪʘʭ ʩʣʘʚʷʥʩʢʠʭ ʠ ʚʘʨʷʞʩʢʠʭ ʧʨʦʤʳʩʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʶʛʘ ʧʦ 

ʵʪʦʤʫ ʧʫʪʠ ʥʘ ʩʝʚʝʨ ʰʝʣ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʚʠʟʘʥʪʠʡʩʢʠʭ ʪʦʚʘʨʦʚ: ʚʠʥʦ, ʧʨʷʥʦʩʪʠ, 

ʶʚʝʣʠʨʥʳʝ ʠʟʜʝʣʠʷ, ʠʢʦʥʳ, ʜʦʨʦʛʠʝ ʪʢʘʥʠ, ʢʥʠʛʠ. ʂʠʝʚ ʧʦʩʪʘʚʣʷʣ ʥʘ ʩʝʚʝʨ 

ʪʘʢʞʝ ʭʣʝʙ ʠ ʨʘʟʣʠʯʥʳʝ ʨʝʤʝʩʣʝʥʥʳʝ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʠʟʜʝʣʠʷ. ʉ ʩʝʚʝʨʘ ʞʝ, ʠʟ 

ʉʢʘʥʜʠʥʘʚʠʠ ʚʝʟʣʠ ʦʨʫʞʠʝ ʠ ʨʝʤʝʩʣʝʥʥʳʝ ʠʟʜʝʣʠʷ, ʠʟ ʇʨʠʙʘʣʪʠʢʠ ʧʦʩʪʫʧʘʣ 

ʷʥʪʘʨʴ, ʘ ʠʟ ʉʝʚʝʨʥʦʡ ʈʫʩʠ ï ʣʝʩ, ʤʝʭʘ, ʧʝʥʴʢʘ, ʤʝʜ, ʚʦʩʢ ʠ ʪ.ʧ. ʋʞʝ ʚ IX ʚ. ʈʫʩʴ 

ʫʩʪʘʥʦʚʠʣʘ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʥʝʧʨʦʚʩʢʠʤ ʪʦʨʛʦʚʳʤ ʧʫʪʝʤ çʀʟ ʚʘʨʷʛ ʚ 

ʛʨʝʢʠè: ʦʥ ʩʪʘʣ ʥʝ ʧʨʦʩʪʦ ʛʣʘʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʨʪʝʨʠʝʡ, ʥʦ ʠ ʚʘʞʥʝʡʰʠʤ ʪʦʨ-

ʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ çʩʪʝʨʞʥʝʤè ɼʨʝʚʥʝʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʦʙʲʝʜʠʥʠʚ ʅʦʚʛʦ-

ʨʦʜʩʢʫʶ ʠ ʂʠʝʚʩʢʫʶ ʈʫʩʴ, ʩʚʷʟʘʚ ʪʠʚʝʨʮʝʚ, ʫʣʠʯʝʡ, ʧʦʣʷʥ, ʩʝʚʝʨʷʥ, ʜʨʝʚʣʷʥ, 

ʜʨʝʛʦʚʠʯʝʡ, ʨʘʜʠʤʠʯʝʡ, ʢʨʠʚʠʯʝʡ ʠ ʩʣʦʚʝʥ ʠʣʴʤʝʥʩʢʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʥʝʤʫ ʜʦ 

ʩʝʨʝʜʠʥʳ XIII ʚ. ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʚʷʟʠ ʂʠʝʚʘ ʩ ɺʠʟʘʥʪʠʝʡ, ʘ, ʥʘʯʠʥʘʷ ʩ XIII ʚ. 

ʰʣʘ ʦʩʥʦʚʥʘʷ ʪʦʨʛʦʚʣʷ ʩ ʛʦʨʦʜʘʤʠ ɻʘʥʟʝʡʩʢʦʛʦ ʩʦʶʟʘ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʚʦʟʥʠʢʣʠ 

ʜʨʝʚʥʝʡʰʠʝ ʨʫʩʩʢʠʝ ʛʦʨʦʜʘ: ʃʘʜʦʛʘ, ʅʦʚʛʦʨʦʜ ɺʝʣʠʢʠʡ, ʉʪʘʨʘʷ ʈʫʩʩʘ, ʉʤʦ-

ʣʝʥʩʢ, ʃʶʙʝʯ, ɺʳʰʛʦʨʦʜ, ʂʘʥʝʚ ʠ ʜʨ. ʅʝ ʩʣʫʯʘʡʥʦ ʏʝʨʥʦʝ ʤʦʨʝ ʚ ʚʦʩʪʦʯʥʳʭ ʠ 

ʨʫʩʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʟʳʚʘʣʠ ʈʫʩʩʢʠʤ ʤʦʨʝʤ. 

ɺ ʪʦ ʚʨʝʤʷ ʧʫʪʴ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠ è ʙʳʣ ʜʣʠʪʝʣʴʥʳʤ ʠ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ ʩʦ 

ʤʥʦʞʝʩʪʚʦʤ ʦʧʘʩʥʳʭ ʤʝʩʪ. ʇʫʪʴ ʧʨʦʭʦʜʠʣ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʘʨʰʨʫʪʫ: ʜʨʝʚʥʠʝ 

ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ ʉʢʘʥʜʠʥʘʚʠʠ ʠ ʶʞʥʦʛʦ ʙʝʨʝʛʘ ɹʘʣʪʠʢʠ ð ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ï 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ ï ʨʝʢʘ ʅʝʚʘ (ʥʘ ʢʦʪʦʨʦʡ ʚ ʪʦ ʚʨʝʤʷ ʙʳʣʠ ʧʦʨʦʛʠ) ï ʰʪʦʨʤʦʚʦʝ 

ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ï ʨʝʢʘ ɺʦʣʭʦʚ (ʩ ɺʦʣʭʦʚʩʢʠʤʠ, ɻʦʩʪʠʥʦʧʦʣʴʩʢʠʤʠ ʠ ʇʯʝʚ-

ʩʢʠʤʠ ʧʦʨʦʛʘʤʠ) ï ʦʟʝʨʦ ʀʣʴʤʝʥʴ (ʦʪʣʠʯʘʚʰʝʝʩʷ ʢʨʘʡʥʝ ʥʝʩʧʦʢʦʡʥʳʤ ʠ ʢʦʚʘʨ-

ʥʳʤ ʜʣʷ ʩʫʜʦʭʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʦʤ). ʆʪ ʦʟʝʨʘ ʧʫʪʴ ʰʝʣ ʧʦ ʨʝʢʘʤ ʃʦʚʘʪʴ ʠʣʠ ʞʝ 

ʂʫʥʴʷ ʠʣʠ ʉʝʨʝʞʘ, ʦʪ ʢʦʪʦʨʳʭ ʫʞʝ ʚʦʣʦʢʦʤ ʩʫʜʘ ʧʝʨʝʪʘʩʢʠʚʘʣʠ ʚ ʨʘʡʦʥʝ ʥʳ-

ʥʝʰʥʝʡ ʜʝʨʝʚʥʠ ɺʦʣʦʢ ʠ ʜʘʣʝʝ ʚ ʨʝʢʫ ʊʦʨʦʧʘ, ʧʨʠʪʦʢ ɿʘʧʘʜʥʦʡ ɼʚʠʥʳ. ʇʦ 

ɼʚʠʥʝ ʩʧʫʩʢʘʣʠʩʴ ʜʦ ʂʘʩʧʣʠ ʠ ʜʦʩʪʠʛʘʣʠ ʝʝ ʠʩʪʦʢʘ ʠʟ ʦʟʝʨʘ ʂʘʩʧʣʷ. ʊʘʤ ʩʣʝʜʦ-
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ʚʘʣ ʦʯʝʨʝʜʥʦʡ ʚʦʣʦʢ ʚ ʨʝʯʢʫ ʂʘʪʳʥʴ, ʚʧʘʜʘʚʰʫʶ ʚ ɼʥʝʧʨ. ɼʘʣʝʝ ʧʫʪʴ ʚʳʭʦʜʠʣ ʚ 

ʏʝʨʥʦʝ ʤʦʨʝ, ʤʠʥʫʷ ɼʥʝʧʨʦʚʩʢʠʝ ʧʦʨʦʛʠ (ʥʘʩʯʠʪʳʚʘʣʦʩʴ 7 ʧʦʨʦʛʦʚ) ʠ ʫʟʢʦʝ ʩʢʘʣʠ-

ʩʪʦʝ ʤʝʩʪʦ ï ʂʨʘʨʠʡʩʢʫʶ ʧʝʨʝʧʨʘʚʫ, ʛʜʝ ʯʘʩʪʦ ʫʩʪʨʘʠʚʘʣʠ ʟʘʩʘʜʳ ʧʝʯʝʥʝʛʠ. ɺ ʥʠʞ-

ʥʝʤ ʪʝʯʝʥʠʠ ɼʥʝʧʨʘ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʚʳʡʪʠ ʚ ʏʝʨʥʦʝ ʤʦʨʝ, ʩʫʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩ-

ʥʘʱʘʣʠ (ʩʪʘʚʠʣʠ ʥʘ ʣʘʜʴʠ ʤʦʨʩʢʠʝ ʧʘʨʫʩʘ) ʥʘ ʦʩʪʨʦʚʝ ʍʦʨʪʠʮʘ ʥʘ ɼʥʝʧʨʝ, ʣʠʙʦ ʥʘ 

ʦʩʪʨʦʚʝ ɹʝʨʝʟʘʥʴ ʙʣʠʟ ʫʩʪʴʷ ɼʥʝʧʨʘ. ʉʫʱʝʩʪʚʦʚʘʣ ʝʱʝ ʦʜʠʥ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ 

ʥʘ ʦʩʪʨʦʚʝ ɿʤʝʠʥʳʡ ʙʣʠʟ ʜʝʣʴʪʳ ɼʫʥʘʷ. ʇʦ ʤʦʨʶ ʩʫʜʘ ʜʚʠʛʘʣʠʩʴ ʚʜʦʣʴ ʝʚʨʦʧʝʡ-

ʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ (ʈʫʤʝʣʠʡʩʢʦʛʦ ʙʝʨʝʛʘ) ʜʦ ʂʦʥʩʪʘʥʪʠʥʦʧʦʣʷ. ʆʙʱʘʷ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʴ ʨʝʯʥʳʭ ʧʫʪʝʡ ʠ ʚʦʣʦʢʦʚ ʦʪ ʫʩʪʴʷ ʅʝʚʳ ʜʦ ʫʩʪʴʷ ɼʥʝʧʨʘ ʩʦʩʪʘʚʣʷʣʘ ʩʚʳʰʝ 

2200 ʢʤ. ʇʫʪʴ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè, ʧʦʤʠʤʦ çɺʝʣʠʢʦʛʦ ɺʦʣʞʩʢʦʛʦè ʧʫʪʠ, ʙʳʣ ʩʚʷʟʘʥ 

ʠ ʩ ʇʨʠʧʷʪʩʢʦ-ʙʫʞʩʢʠʤ, ʫʭʦʜʠʚʰʠʤ ʚ ɿʘʧʘʜʥʫʶ ɽʚʨʦʧʫ. 

ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʙʳʣʠ ʙʦʣʴʰʠʝ (ʥʘ 30 40 ʯʝʣ.) ʜʦʣʙʣʝʥʳʝ 

ʣʘʜʴʠ-ʦʜʥʦʜʝʨʝʚʢʠ. ʀʟʚʝʩʪʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʚʠʟʘʥʪʠʡʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʘ ʂʦʥʩʪʘʥ-

ʪʠʥʘ VIII ɹʘʛʨʷʥʦʨʦʜʥʦʛʦ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʚʠʯʠ ʠ ʜʨʫʛʠʝ ʜʨʝʚʥʝʨʫʩʩʢʠʝ ʧʣʝʤʝʥʘ ʩʚʦ-

ʟʠʣʠ ʪʘʢʠʝ ʣʦʜʢʠ ʚ ʉʤʦʣʝʥʩʢ, ʏʝʨʥʠʛʦʚ ʠ ʜʨʫʛʠʝ ʛʦʨʦʜʘ, ʘ ʟʘʪʝʤ ʩʧʣʘʚʣʷʣʠ ʧʦ 

ɼʥʝʧʨʫ ʚ ʂʠʝʚ, ʛʜʝ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʝʨʝʦʙʦʨʫʜʦʚʘʣʠ, ʟʘʛʨʫʞʘʣʠ ʪʦʚʘʨʘʤʠ ʠ 

ʦʪʧʨʘʚʣʷʣʠ ʚʥʠʟ ʧʦ ɼʥʝʧʨʫ. ʇʫʪʴ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè ʠʤʝʣ ʦʛʨʦʤʥʦʝ ʧʦʣʠʪʠʯʝʩʢʦʝ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʨʝʚʥʝʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʦ ʥʝʤʫ ʦʩʫʱʝʩʪʚʣʷ-

ʣʠʩʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʪʦʨʛʦʚʳʝ ʩʚʷʟʠ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʚʜʦʣʴ ʵʪʦʛʦ ʧʫʪʠ ʚʦʟʥʠʢʘʣʠ ʢʨʫʧʥʳʝ ʠ ʤʝʣʢʠʝ ʛʦʨʦʜʘ, ʷʚʣʷʚʰʠʝʩʷ ʦʧʦʨʥʳʤʠ 

ʧʫʥʢʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʝʤʫ ʥʘʜʝʞʥʫʶ ʦʭʨʘʥʫ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʝ, ʪʘʢ ʢʘʢ ʥʫʞʥʦ ʙʳʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʥʘʜʣʝʞʘʱʝʤ ʩʦʩʪʦʷʥʠʠ ʚʦʣʦʢʠ, 

ʧʦʨʪʦʚʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʪ.ʧ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʧʘʜʘʷ ʚʧʝʨʚʳʝ ʥʘ ʈʫʩʴ, ʩʢʘʥʜʠʥʘʚʳ, 

ʦʪʧʨʘʚʣʷʷʩʴ ʠʟ ʃʘʜʦʛʠ ʧʦ ɺʦʣʭʦʚʫ ʚʛʣʫʙʴ ʩʪʨʘʥʳ, ʚʩʪʨʝʯʘʣʠ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʮʝʣʦʶ 

ʮʝʧʦʯʢʫ ʫʢʨʝʧʣʝʥʥʳʭ ʧʦʩʝʣʝʥʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʩʣʘʚʷʥʘʤʠ çʛʦʨʦʜʘʤʠè. ʆʪʩʶʜʘ ʠ 

ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʩʪʨʘʥʫ Gardariki, ʪʦ ʝʩʪʴ çʩʪʨʘʥʦʡ ʛʘʨʜʦʚè - çʛʦʨʦʜʦʚè. ʆʯʝʥʴ ʚʘʞ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʠʭ 

ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʠʭ ʧʦʩʝʣʝʥʮʝʚ ʜʦʣʞʥʘ ʙʳʣʘ ʦʧʠʨʘʪʴʩʷ ʥʘ ʤʝʩʪʥʫʶ ʨʝʩʫʨʩʥʫʶ ʙʘʟʫ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ʧʫʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʘʣʴʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ʜʦʩʪʘ-

ʪʦʯʥʦ ʨʝʟʢʦ ʦʪʣʠʯʘʣʘʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɽʩʣʠ ʥʘ ʶʛʝ ʵʪʦʛʦ ʚʦʜʥʦʛʦ ʧʫʪʠ ʧʦ ʩʨʝʜʥʝʤʫ 

ʪʝʯʝʥʠʶ ɼʥʝʧʨʘ ʠ ʶʞʥʝʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘ-

ʥʷʪʠʡ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, ʪʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʝʨʚʦʧʦʩʝʣʝʥʮʘʤ ʧʨʠʭʦʜʠʣʦʩʴ ʜʦ-

ʚʦʣʴʥʦ ʪʱʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʳʙʦʨʫ ʩʚʦʠʭ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ. ʅʝ ʩʣʫʯʘʡʥʦ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʦʪʨʝʟʢʘʭ ʧʫʪʠ ʪʘʢ ʠ ʥʝ ʚʦʟʥʠʢʣʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʢʨʫʧʥʦʛʦ ʛʦʨʦʜʘ, ʘ ʚ 

ʩʣʫʯʘʝ ʉʤʦʣʝʥʩʢʘ ʠ ʅʦʚʛʦʨʦʜʘ, ʛʦʨʦʜʘ ʧʨʠʭʦʜʠʣʦʩʴ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʥʦʚʳʝ ʤʝʩʪʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʝʢʠ ɺʦʣʭʦʚ ʦʪ ɺʝʣʠʢʦʛʦ ʅʦʚʛʦʨʦʜʘ (ʦʟʝʨʦ 

ʀʣʴʤʝʥʴ), ʜʦ ʉʪʘʨʦʡ ʃʘʜʦʛʠ (ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ) ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʟʝʤʝʣʴ 

ʩʣʦʞʠʣʘʩʴ ʧʦʩʝʣʝʥʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʢʨʘʡʥʝ ʨʝʜʢʦʡ ʩʝʪʴʶ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ 

ʥʝ ʚʦʟʥʠʢʣʦ ʥʠ ʦʜʥʦʛʦ ʟʘʤʝʪʥʦʛʦ ʛʦʨʦʜʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ IX ʚ. ʤʦʛʣʠ ʩʫʱʝʩʪ-

ʚʦʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʛʦʨʦʜʘ-ʢʨʝʧʦʩʪʠ ʚ ʨʘʡʦʥʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʣ ɻʨʫʟʠʥʦ, ʉʝʣʠʱʠ ʠ 

ɿʚʘʥʢʘ. ɺʦʦʙʱʝ ʞʝ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʙʳʣʦ ʧʦʜʯʠʥʝʥʦ ʥʫʞʜʘʤ ʪʦʨ-

ʛʦʚʦʛʦ ʧʫʪʠ. ʆʥʠ ʠʟʚʝʩʪʥʳ ʣʠʙʦ ʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʤʝʩʪʘʭ ï ʫ ʧʦʨʦʛʦʚ, ʣʠʙʦ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʜʥʝʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʩʣʫʞʠʣʠ ʟʘʱʠʪʦʡ ʜʣʷ ʥʘʩʝʣʝʥʠʷ 

ʙʣʠʟʣʝʞʘʱʝʡ ʦʢʨʫʛʠ, ʘ ʪʘʢʞʝ ʦʧʦʨʥʳʤʠ ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ ʥʘ ʚʦʜʥʳʭ 

ʜʦʨʦʛʘʭ. ʀʭ ʨʘʟʚʠʪʠʝ ʠ ʚʦʟʤʦʞʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʛʦʨʦʜʘ ʠ ʟʘʚʠʩʝʣʦ 
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ʦʪ ʤʝʩʪʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʣ ʠ ʝʱʝ ʦʜʠʥ ʣʠʤʠʪʠ-

ʨʫʶʱʠʡ ʬʘʢʪʦʨ ʟʘʩʝʣʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʦʢʨʝʩʪʥʦʩʪʝʡ ʚʦʜʥʳʭ ʧʫʪʝʡ. ɼʝʣʦ ʚ ʪʦʤ, 

ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʯʝʪʢʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʤʝʞʨʝ-

ʛʠʦʥʘʣʴʥʦʡ ʪʦʨʛʦʚʣʝʡ ʠ ʛʨʘʙʝʞʦʤ. ʂʫʧʮʳ ʙʳʣʠ ʥʝʧʣʦʭʦ ʚʦʦʨʫʞʝʥʳ, ʯʪʦʙʳ ʟʘʱʠ-

ʪʠʪʴ ʩʝʙʷ ʠ ʩʚʦʠ ʪʦʚʘʨʳ, ʘ ʞʠʪʝʣʠ ʥʝʙʦʣʴʰʠʭ ʣʝʩʥʳʭ ʧʦʩʝʣʢʦʚ ʥʝ ʞʜʘʣʠ ʜʦʙʨʘ ʦʪ 

ʚʦʦʨʫʞʝʥʥʳʭ ʦʪʨʷʜʦʚ ʢʫʧʮʦʚ, ʧʦʵʪʦʤʫ ʩʝʣʴʩʢʠʝ ʞʠʪʝʣʠ ʩʪʘʨʘʣʠʩʴ ʠʟʙʝʛʘʪʴ ʦʞʠʚ-

ʣʝʥʥʳʭ ʚʦʜʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʢʘʢ, ʚʧʨʦʯʝʤ, ʠ ʙʦʣʴʰʠʭ ʜʦʨʦʛ. (ʆʪʩʶʜʘ, ʚʠʜʠʤʦ, ʠ 

ʧʦʰʣʘ ʧʦʛʦʚʦʨʢʘ çʨʘʟʙʦʡʥʠʢ ʩ ʙʦʣʴʰʦʡ ʜʦʨʦʛʠè). ʅʘʧʨʠʤʝʨ, ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩ-

ʩʠʠ ʤʝʩʪʥʦʝ ʥʘʩʝʣʝʥʠʝ ʚ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʞʠʚʘʣʦ ʚ ʤʝʣʢʠʭ 

ʜʝʨʝʚʥʷʭ, ʨʘʟʙʨʦʩʘʥʥʳʭ ʚ ʥʝʧʨʦʭʦʜʠʤʳʭ ʣʝʩʘʭ ʠ ʩʨʝʜʠ ʙʦʣʦʪ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ 

ʨʝʜʢʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʣʶʯʘʣʘʩʴ ʪʘʢʞʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʣʘʥʜʰʘʬʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʘʢʦʚʳ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʛʦʜ-

ʥʳʭ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʟʘʥʷʪʠʷ ʟʝʤʣʝʜʝʣʠʝʤ, ʦʯʝʥʴ ʤʘʣʦ. ɺʦʣʭʦʚ ʧʨʦʪʝʢʘʝʪ ʧʦ ʥʘʠʙʦʣʝʝ 

ʥʠʟʢʦʡ ʯʘʩʪʠ ɺʦʣʭʦʚʦ-ʀʣʴʤʝʥʩʢʦʡ ʥʠʟʠʥʳ, ʥʘ ʤʝʩʪʝ ʜʨʝʚʥʝʡ ʦʟʝʨʥʦʡ ʚʧʘʜʠʥʳ 

ʣʝʜʥʠʢʦʚʦʛʦ ʚʦʜʦʝʤʘ. ʇʦʯʚʳ ʟʜʝʩʴ ʙʝʜʥʳʝ ʠ ʩʳʨʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʟʦʣʠ-

ʩʪʳʝ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ, ʦʪʣʠʯʘʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʳʤ 

ʨʝʞʠʤʦʤ. ʆʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʙʦʣʦʪʘ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ ʟʝʤʣʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʚʦʢʨʫʛ ʉʪʘʨʦʡ ʃʘʜʦʛʠ (ʧʝʨʚʦʡ ʩʪʦʣʠʮʳ ɼʨʝʚʥʝʡ ʈʫʩʠ) ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ ʦʢʨʫʛʠ ʥʝ 

ʧʦʟʚʦʣʠʣʦ ʩʪʘʪʴ ʝʡ ʮʝʥʪʨʦʤ ʚʩʝʡ ʩʣʦʚʝʥʩʢʦʡ ʟʝʤʣʠ. ɺʩʝʛʦ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ, ʧʦʩʣʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʨʠʭʦʜʘ ʈʶʨʠʢʘ, ʦʥʘ ʙʳʣʘ ʧʦʢʠʥʫʪʘ ʠʤ ʨʘʜʠ ʇʨʠʠʣʤɹʝʥʴʷ, ʛʜʝ 

ʩʣʦʞʠʣʘʩʴ ʩʦʚʝʨʰʝʥʥʦ ʠʥʘʷ ʧʦʩʝʣʝʥʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʵʢʦʥʦʤʠʢʘ 

ʃʘʜʦʛʠ ʪʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʚʥʝʰʥʠʝ ʩʚʷʟʠ, ʘ ʝʝ ʚʦʟʚʳʰʝʥʠʝ ʙʳʣʦ 

ʦʙʷʟʘʥʦ ʢʨʘʡʥʝ ʚʳʛʦʜʥʦʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʧʦʩʨʝʜʥʠʯʝʩʢʦʡ ʨʦʣʠ ʚ 

ʪʦʨʛʦʚʣʝ ʠ ʨʘʟʚʠʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʨʝʤʝʩʣʦ, ʩʫʜʦʩʪʨʦʝʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʧʫʪʠ ʠ ʪ.ʜ.), ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʵʪʦʡ ʦʞʠʚʣʝʥʥʦʡ ʚʦʜʥʦʡ 

ʜʦʨʦʛʠ. ʅʦʚʛʦʨʦʜʩʢʦʝ ʇʨʠʠʣʴʤʝʥʴʝ (ʇʨʠʠʣʴʤʝʥʩʢʦʝ ʇʦʦʟʝʨʴʝ) ʟʘʥʠʤʘʣʦ ʥʝ ʤʝʥʝʝ 

ʚʳʛʦʜʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʪʦʨʛʦʚʳʭ ʧʫʪʝʡ, ʩʦ ʩʬʦʨʤʠʨʦ-

ʚʘʚʰʝʡʩʷ ʦʙʰʠʨʥʦʡ ʩʠʩʪʝʤʦʡ ʚʦʜʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʧʘʜʘʶʱʠʭ ʚ 

ʀʣʴʤʝʥʴ ʨʝʢʘʭ ʃʦʚʘʪʴ, ʇʦʣʘ, ʄʩʪʘ, ʐʝʣʦʥʴ ʠ ʥʘ ʚʳʪʝʢʘʶʱʝʤ ʠʟ ʥʝʛʦ ɺʦʣʭʦʚʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʣʦ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʠ ʙʘʣʪʠʡʩʢʦ-ʚʦʣʞʩʢʦʡ ʪʦʨʛʦʚʣʝ. ʅʝʤʘʣʦʚʘʞʥʦ ʠ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʵʪʦʪ ʨʘʡʦʥ ʙʳʣ ʛʫʩʪʦ ʟʘʩʝʣʝʥ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʦʣʴ ʦʧʦʨʥʦʛʦ 

ʧʫʥʢʪʘ ʟʜʝʩʴ ʚʳʧʦʣʥʷʣʦ ɻʦʨʦʜʠʱʝ (ʈʶʨʠʢʦʚʦ ʛʦʨʦʜʠʱʝ), ʩʯʠʪʘʶʱʝʝʩʷ ʙʦʣʴʰʠʥ-

ʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʪʦʨʠʢʦʚ ʠʤʝʥʥʦ ʪʝʤ ʩʘʤʳʤ ʣʝʪʦʧʠʩʥʳʤ ʅʦʚʛʦʨʦʜʦʤ. ʆʥʦ 

ʥʘʭʦʜʠʣʦʩʴ ʚ 2 ʢʤ ʦʪ ʅʦʚʛʦʨʦʜʘ ʠ ʟʘʥʠʤʘʣʦ ʧʝʨʚʳʡ ʦʪ ʀʣʴʤʝʥʷ ʦʩʪʨʦʚ - ʭʦʣʤ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʡ ʧʨʠ ʨʘʟʜʚʦʝʥʠʠ ɺʦʣʭʦʚʘ ʥʘ ʨʫʢʘʚʘ ʥʘʧʨʦʪʠʚ ʇʝʨʳʥʠ, ʛʣʘʚʥʦʛʦ ʷʟʳʯʝ-

ʩʢʦʛʦ ʩʚʷʪʠʣʠʱʘ ʥʦʚʛʦʨʦʜʩʢʠʭ ʩʣʦʚʝʥ, ʥʘʭʦʜʷʰʝʛʦʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʝʨʝʛʫ 

ʫ ʠʩʪʦʢʘ ʨʝʢʠ. ʇʦʩʝʣʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʟʜʝʩʴ ʫʞʝ ʢ ʩʝʨʝʜʠʥʝ IX ʚ., ʘ ʚʦʟʤʦʞʥʦ ʠ 

ʝʱʝ ʨʘʥʝʝ - ʚ VIII ʚ. ɻʦʨʦʜʠʱʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʝʩʪʝʩʪʚʝʥʥʦ ʟʘʱʠʱʝʥʥʳʡ 

çʢʣʶʯè ʥʝ ʪʦʣʴʢʦ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʨʘʡʦʥʫ, ʥʦ ʠ ʢʦ ʚʩʝʤʫ ʙʘʩʩʝʡʥʫ ʦʟʝʨʘ ʀʣʴʤʝʥʴ. 

ʕʪʦ ʙʳʣʦ ʪʦʨʛʦʚʦ-ʨʝʤʝʩʣʝʥʥʦʝ ʧʦʩʝʣʝʥʠʝ, ʚʳʧʦʣʥ̫ ʚʰʝʝ ʬʫʥʢʮʠʠ ʦʭʨʘʥʳ ʠ ʢʦʥ-

ʪʨʦʣʷ ʚʘʞʥʝʡʰʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʈʶʨʠʢʦʚʦ ʛʦ-

ʨʦʜʠʱʝ ʷʚʣʷʣʦʩʴ ʮʝʥʪʨʦʤ ʨʘʥʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʘʚʷʥ ʉʝʚʝʨʥʦʡ 

ʈʫʩʠ, ʩʪʘʚ ʦʧʣʦʪʦʤ ʢʥʷʟʝʡ ʠ ʠʭ ʜʨʫʞʠʥ ʫʞʝ ʚ IX-X ʚʚ. ʕʢʦʥʦʤʠʢʘ ʨʝʛʠʦʥʘ ʦʧʠʨʘ-

ʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʥʝʰʥʠʝ ʩʚʷʟʠ, ʪʦʨʛʦʚʣʶ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʠʟʚʣʝʯʝʥʠʝ ʚʳʛʦʜ ʠʟ 

ʢʦʥʪʨʦʣʷ ʥʘʜ ʪʦʨʛʦʚʳʤʠ ʧʫʪʷʤʠ, ʥʦ ʠ ʥʘ ʩʦʙʩʪʚʝʥʥʫʶ ʧʨʦʯʥʫʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʫʶ ʙʘʟʫ. ʅʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʩʭʦʣʤʣʝʥʠʡ ï ʦʩʪʘʥʮʦʚ - ʩ ʭʦʨʦʰʦ ʜʨʝʥʠ-
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ʨʦʚʘʥʥʳʤʠ ʣʝʛʢʠʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʜʦʨʦʜʥʳʤʠ ʧʦʯʚʘʤʠ ʜʘʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʫʨʦʞʘʠ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʪʦʛʦ 

ʚʨʝʤʝʥʠ (ʦʟʠʤʘʷ ʨʦʞʴ, ʷʨʦʚʘʷ ʧʰʝʥʠʮʘ, ʦʚʝʩ, ʷʯʤʝʥʴ). ʅʘʙʦʨ ʵʪʠʭ ʢʫʣʴʪʫʨ ʧʦʟʚʦ-

ʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫʞʝ ʚ XI-XII  ʚʚ. ʪʨʝʭʧʦʣʴʥʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ. ʇʝʨʝ-

ʥʦʩ ʞʝ ʦʧʦʨʥʦʛʦ ʧʫʥʢʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʦʣʠʮʳ ʨʝʛʠʦʥʘ ʥʘ ʥʦʚʦʝ ʤʝʩʪʦ ʤʦʞʥʦ 

ʦʙʲ̫ʩʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʣʠʪʠʯʝʩʢʠʤʠ, ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʦ 

ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʩʪʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʈʶʨʠʢʦʚʦʛʦ ʛʦʨʦʜʠʱʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʭʦʣʤʦʤ-ʦʩʪʨʦʚʦʤ, ʅʦʚʛʦ-

ʨʦʜ ʤʦʛ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʚʩʭʦʣʤʣʝʥʠʷʭ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʙʝʨʝʛʘʭ ʢʘʢ ʩʘʤʦʛʦ ɺʦʣʭʦʚʘ, ʪʘʢ ʠ ʝʛʦ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʧʨʠʪʦʢʦʚ. ɻʦʨʦʜʫ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʤʫ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ X ʚ., 

ʙʳʣʘ ʧʨʠʩʫʱʘ ʥʝ ʤʦʥʦʮʝʥʪʨʠʯʝʩʢʘʷ, ʘ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʦ ʩʝʨʝʜʠʥʳ 

X ʚ. ʥʘ ʝʛʦ ʤʝʩʪʝ ʥʘʭʦʜʠʣʩʷ ʨʷʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ 

ʮʝʥʪʨʦʚ (ʪʨʠ ʜʨʝʚʥʝʡʰʠʭ çʢʦʥʮʘè ʛʦʨʦʜʘ: ʃʶʜʠʥ, ʅʝʨʝʚʩʢʠʡ ʠ ʉʣʘʚʝʥʩʢʠʡ). ʇʦ-

ʩʪʝʧʝʥʥʦ çʧʫʩʪʦʧʦʨʦʞʥʠʝè ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʥʠʤʠ ʟʘʩʪʨʘʠʚʘʣʠʩʴ. ʅʘʜʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʵʪʠ ʛʦʨʦʜʩʢʠʝ çʷʜʨʘè ʟʘʤʠʥʘʣʠ ʩʘʤʳʝ ʚʦʟʚʳʰʝʥʥʳʝ ʫʯʘʩʪʢʠ ʪʝʨʨʠʪʦʨʠʠ - 

ʦʩʪʘʥʮʦʚʳʝ ʚʩʭʦʣʤʣʝʥʠʷ. 

ʀʥʪʝʨʝʩʥʘ ʩʫʜʴʙʘ ʠ ʜʨʫʛʦʛʦ ʧʦʜʦʙʥʦʛʦ ʚʘʞʥʦʛʦ ʦʧʦʨʥʦʛʦ ʧʫʥʢʪʘ ʥʘ ʧʫʪʠ çʀʟ 

ʚʘʨʷʛ ʚ ʛʨʝʢʠè - ʉʤʦʣʝʥʩʢʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʦʨʦʜ (ʥʳʥʝʰʥʠʡ ɻʥʝʟʜʦʚʩʢʠʡ ʘʨ-

ʭʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ), ʚʦʟʥʠʢ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ɼʥʝʧʨʘ ʧʨʠʤʝʨʥʦ ʚ 12 ʢʤ ʦʪ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʉʤʦʣʝʥʩʢʘ ʚ ʥʘʯʘʣʝ X ʚ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʪʦʣʝʪʠʷ ʧʦʩʝʣʝʥʠʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʨʘʩʰʠʨʠʣʦʩʴ, ʥʦ ʫʪʨʘʪʠʣʦ ʟʥʘʯʝʥʠʝ ʨʝʤʝʩʣʝʥʥʦ-ʪʦʨʛʦʚʦʛʦ ʮʝʥʪʨʘ ʫʞʝ 

ʚ ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ XI ʚ. ʉʦʩʪʦʷʣʦ ʦʥʦ ʠʟ ʜʚʫʭ ʛʦʨʦʜʠʱ: ʩʝʣʠʱʘ ʠ ʦʛʨʦʤʥʦʛʦ 

ʢʣʘʜʙʠʱʘ (ʢʨʫʧʥʝʡʰʠʡ ʢʫʨʛʘʥʥʳʡ ʤʦʛʠʣʴʥʠʢ ʨʘʥʥʝʩʨʝʜʥʝʚʝʢʦʚʦʡ ʵʧʦʭʠ ʚ 

ɽʚʨʦʧʝ - 4,5 ʪʳʩ. ʢʫʨʛʘʥʦʚ). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʫʥʢʪʦʚ ʧʨʦʞʠʚʘʥʠʷ 

ʥʘʩʝʣʝʥʠʷ ʟʘʥʠʤʘʣʦ ʧʝʨʚʫʶ ʪʝʨʨʘʩʫ ʥʘ ʦʙʦʠʭ ʙʝʨʝʛʘʭ ʨʝʢʠ ʉʚʠʥʝʮ, ʘ ʯʘʩʪʴ ʝʛʦ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʦʡʤʝ ɼʥʝʧʨʘ. ʎʝʥʪʨʘʣʴʥʦʝ ʛʦʨʦʜʠʱʝ ʟʘʥʠʤʘʣʦ ʤʳʩ ʧʝʨʚʦʡ ʪʝʨ-

ʨʘʩʳ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʉʚʠʥʝʮ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʝ 12-14 ʤ ʥʘʜ ʫʨʝʟʦʤ 

ʨʝʢʠ. ɺʦʟʤʦʞʥʦ, ʫʞʝ ʪʦʛʜʘ ʫ ʧʦʜʥʦʞʠʷ ʛʦʨʦʜʠʱʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʙʝʨʝʛʫ 

ʦʟʝʨʘ ɹʝʟʜʦʥʢʘ ʩʫʱʝʩʪʚʦʚʘʣʘ ʚʥʫʪʨʝʥʥʷʷ ʛʘʚʘʥʴ ʩ ʜʝʨʝʚʷʥʥʳʤ ʥʘʩʪʠʣʦʤ, ʢʦʪʦ-

ʨʫʶ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʪʘʥʠ ʜʣʷ ʤʝʣʢʠʭ ʩʫʜʦʚ. ʇʝʨʚʳʝ 

ʫʢʨʝʧʣʝʥʠʷ ʉʤʦʣʝʥʩʢʘ ʜʘʪʠʨʫʶʪʩʷ ʨʫʙʝʞʦʤ XI-XII  ʚʚ. ɿʘʩʝʣʝʥʠʝ ʧʦʜʦʣʘ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʩʝʨʝʜʠʥʝ XI ʚ., ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʯʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʘ ʠ 

ʧʨʝʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʚʘʞʥʝʡʰʠʡ ʦʧʦʨʥʳʡ ʮʝʥʪʨ ʥʘ ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè. ɺ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʟʘʪʫʭʘʥʠʠ ɻʥʝʟʜʦʚʘ ʠ ʨʘʩʮʚʝʪʝ ʉʤʦʣʝʥʩʢʘ ʦʧʨʝʜʝ-

ʣʷʶʱʫʶ ʨʦʣʴ ʪʘʢʞʝ ʩʳʛʨʘʣ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʳʡ ʬʘʢʪʦʨ. ɻʥʝʟʜʦʚʦ ʨʘʩʧʦʣʘʛʘ-

ʣʦʩʴ ʥʘ ʫʯʘʩʪʢʝ ʜʦʣʠʥʳ ɼʥʝʧʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʩʝʛʤʝʥʪʦʤ ʧʦʡʤʳ ʠ ʩʠʩʪʝʤʦʡ 

ʰʠʨʦʢʠʭ ʥʠʟʢʠʭ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʠ ʜʦʣʠʥʥʳʭ ʟʘʥʜʨʦʚ ʩ ʧʝʩʯʘʥʳʤʠ ʤʘʣʦ-

ʧʣʦʜʦʨʦʜʥʳʤʠ ʧʦʯʚʘʤʠ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠ ʪʦ, ʯʪʦ ʯʘʩʪʴ ʩʝʣʝʥʠʡ ʨʘʟʚʠ-

ʚʘʣʘʩʴ ʥʘ ʩʘʤʦʡ ʧʦʡʤʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʟʘʩʫʰʣʠʚʦ-

ʩʪʴʶ ʢʣʠʤʘʪʘ ʠ ʤʘʣʦʡ ʚʦʜʥʦʩʪʴʶ, ʧʦʡʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʪʘʧʣʠʚʘʣʘʩʴ. ʊʦ ʝʩʪʴ, 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʢʨʫʧʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʟʘʥʷʪʠʷ ʟʝʤʣʝʜʝʣʠʝʤ ʚ ʙʣʠʞʘʡʰʝʡ ʦʢʨʝ-

ʩʪʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʛʣʦ ʩʣʫʞʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʧʦʩʝʣʝʥʠʡ ʚ ʙʣʠʞʘʡʰʝʡ ʦʢʨʫʛʝ ʠ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩʘʤʠʭ ʛʦʨʦʜʠʱ. ʉʤʦʣʝʥʩʢ ʨʘʟʚʠʚʘʣʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʝʩʫʨʩʥʦʡ ʙʘʟʦʡ. 
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ɻʦʨʦʜ ʙʳʣ ʟʘʣʦʞʝʥ ʥʘ ʚʳʩʦʢʦʤ ʣʝʚʦʤ ʙʝʨʝʛʫ ɼʥʝʧʨʘ (ʜʦ 80-90 ʤ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʚʳʩʦʪʳ), ʨʘʩʩʝʯʝʥʥʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʚʨʘʛʘʤʠ, ʜʦʣʠʥʘʤʠ ʨʫʯʴʝʚ ʙʘʣʦʯ-

ʥʦʛʦ ʪʠʧʘ ʠ ʤʝʣʢʠʤʠ ʨʝʯʢʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʬʨʘʛʤʝʥʪʳ 

ʥʠʟʢʠʭ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ, ʟʘʪʦ ʤʝʩʪʘʤʠ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ ʥʠʟʢʠʡ ʜʦʣʠʥʥʳʡ 

ʟʘʥʜʨ (ʪʨʝʪʴʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ), ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʙʦʨʪʫ ʜʦʣʠʥʳ ʠ ʥʘʢʣʦʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫʨʝʯʥʳʭ ʤʦʨʝʥʥʦ-ʚʦʜʥʦʣʝʜʥʠʢʦʚʳʭ ʠ ʚʦʜʥʦʣʝʜʥʠʢʦʚʳʭ ʨʘʚ-

ʥʠʥ. ʇʦ ʣʝʚʦʤʫ ʙʦʨʪʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, ʢʘʢ ʠ ʚ ɻʥʝʟʜʦʚʦ, ʩʠʩʪʝʤʘ ʥʠʟʢʠʭ ʥʘʜ-

ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʠ ʧʦʡʤʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʩʫʛʣʠʥʢʘʤʠ, ʨʝʞʝ ʤʦʨʝʥʦʡ. ʄʝʞʦʚʨʘʞʥʳʝ ʠ ʤʝʞʨʝʯʥʳʝ ʚʳʩʦʢʠʝ ʫʚʘʣʳ ʧʨʠ 

ʚʳʭʦʜʝ ʚ ʜʦʣʠʥʫ ʨʝʢʠ ɼʥʝʧʨ ʦʙʨʘʟʫʶʪ ʨʘʟʥʦʡ ʰʠʨʠʥʳ ʤʳʩʳ, ʥʘʟʳʚʘʝʤʳʝ ʤʝʩʪ-

ʥʳʤ ʥʘʩʝʣʝʥʠʝʤ çʛʦʨʘʤʠè (ʉʦʙʦʨʥʘʷ, ʇʦʢʨʦʚʩʢʘʷ, ʂʘʟʘʥʩʢʘʷ, ɺʦʩʢʨʝʩʝʥʩʢʘʷ, 

ʐʢʣʥ̫ʘʷ ʠ ʜʨ.). ʅʘ ʩʘʤʦʡ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʛʦʨʝ (ʉʦʙʦʨʥʦʡ) ʩ ʢʨʫʪʳʤʠ ʦʙʨʳʚʠ-

ʩʪʳʤʠ ʩʢʣʦʥʘʤʠ ʠ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʧʝʨʚʘʷ ʢʨʝʧʦʩʪʴ ʉʤʦʣʝʥʩʢʘ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫ-

ʯʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʨʫʛʠʭ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʥʘ ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè ʤʦʞʝʪ 

ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʝʣʝʥʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʝʩʪʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ. 

ɼʨʝʚʥʝʝ ʛʦʨʦʜʠʱʝ ʄʝʥʩʢ (ʜ. ɻʦʨʦʜʠʱʝ ʄʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʘʚʦʤ 

ʙʝʨʝʛʫ ʨʝʢʠ ʄʝʥʢʘ, ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ ʇʪʠʯʠ, ʥʘ ʦʩʪʘʥʮʝ. ʉʦʙʩʪʚʝʥʥʦ ʨʝʢʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ ʨʫʯʝʡ, ʦʢʨʫʞʝʥʥʳʡ ʠʚʦʚʳʤʠ ʢʫʩʪʘʤʠ ʠ ʦʪʜʝʣʴʥʳʤʠ 

ʚʝʪʣʘʤʠ. ɽʛʦ ʙʝʨʝʛʘ ʫ ʜʝʨʝʚʥʠ ʢʦʝ-ʛʜʝ ʩʧʣʦʰʴ ʧʦʨʦʩʣʠ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ, 

ʣʫʛ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʩʪʙʠʱʘ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ɺʳʨʘʞʝʥʘ 

ʧʦʡʤʘ ʠ ʫʩʪʫʧ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ ʨʝʢʠ ʫ ʦʩʥʦʚʘʥʠʷ ʦʩʪʘʥʮʘ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 

ʜʨʝʚʥʝʝ ʛʦʨʦʜʠʱʝ ʄʝʥʩʢ. ɺʳʩʦʪʘ ʩʢʣʦʥʦʚ ʭʦʣʤʘ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʦʠʪ ʜʨʝʚʥʝʝ ʛʦʨʦ-

ʜʠʝɦ, ʜʦʩʪʠʛʘʝʪ 10 ʤ. ɺ ʧʣʘʥʝ ʧʦʩʝʣʝʥʠʝ ʠʤʝʝʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʩ 

ʥʝʢʠʤ ʚʳʩʪʫʧʦʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʘʣʦʤ ʚʳʩʦʪʦʡ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʠʱʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʥʠʞʝʥʠʷ) 3 ʤ ʠ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 3 ʤ. ʆʩʤʦʪʨ 

ʝʛʦ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʠʤʝʝʪʩʷ ʚʳʭʦʜ ʠʟ ʦʙʚʘʣʦʚʘʥʥʦʡ ʯʘʩʪʠ, ʠ 

ʩʦʭʨʘʥʠʣʠʩʴ ʦʩʪʘʪʢʠ ʟʝʤʣʷʥʳʭ ʫʢʨʝʧʣʝʥʠʡ, ʧʦʨʦʩʰʠʝ ʢʣʝʥʦʤ ʦʩʪʨʦʣʠʩʪʥʳʤ, 

ʦʩʠʥʘʤʠ, ʠʚʘʤʠ, ʦʣʴʭʦʡ. ʅʘʨʫʞʥʘʷ ʩʪʦʨʦʥʘ ʩʢʣʦʥʦʚ, ʦʙʨʘʱʝʥʥʘʷ ʢ ʜʝʨʝʚʥʝ ɻʦʨʦ-

ʜʠʱʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʘʚʣʝʥʥʳʡ ʩʢʦʪʦʤ ʣʫʛ. ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʣʘ ʠ 

ʜʥʠʱʝ ʧʦʨʦʩʣʠ ʙʫʨʴʷʥʦʤ ʩ ʦʙʠʣʠʝʤ ʨʫʜʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʨʘʧʠʚʘ, ʧʦʣʳʥʴ, 

ʩʥʳʪʴ, ʦʪʜʝʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ, ʭʘʪʴʤʘ ʪʶʨʠʥʛʝʥʩʢʘʷ, ʚ 

ʣʫʛʦʚʦʤ ʨʘʟʥʦʪʨʘʚʴʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʮʠʢʦʨʠʡ, ʪʳʩʷʯʝʣʠʩʪʥʠʢ, ʛʝʨʘʥʴ ʣʫʛʦʚʘʷ, 

ʢʦʨʦʚʷʢ, ʧʦʜʤʘʨʝʥʥʠʢ, ʚʝʨʦʥʠʢʘ ʜʣʠʥʥʦʣʠʩʪʥʘʷ ʠ ʜʨ.). ɼʥʠʱʝ ʠʤʝʝʪ ʫʢʣʦʥ ʢ ʶʛʦ-

ʚʦʩʪʦʢʫ, ʠ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʭʦʜʠʪ ʨʫʩʣʦ ʚʨʝʤʝʥʥʦʛʦ ʚʦʜʦʪʦʢʘ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʚ ʜʨʝʚʥʦʩʪʠ ʟʜʝʩʴ ʨʘʩʧʦʣʘʛʘʣʩʷ ʩʢʦʪʥʳʡ ʜʚʦʨ ʠʣʠ ʢʘʢʠʝ-ʪʦ ʝʱʝ ʭʦʟʷʡ-

ʩʪʚʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʘ ʚ ʤʝʩʪʝ ʚʳʭʦʜʘ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʨʦʪʘ. ʆʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʛʦʨʦʜʠʱʘ ʧʦʨʦʩʣʘ ʣʝʩʦʤ. ʉʢʚʦʟʴ ʥʝʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨ-ʶʛ ʧʨʦʭʦʜʠʪ ʧʨʦ-

ʩʝʣʦʯʥʘʷ ʜʦʨʦʛʘ. ʋ ʩʝʚʝʨʥʦʛʦ ʚʭʦʜʘ ʚ ʛʦʨʦʜʠʱʝ, ʦʯʝʚʠʜʥʦ, ʪʦʞʝ ʥʘʭʦʜʠʣʠʩʴ ʚʦʨʦʪʘ. 

ʅʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʄʝʥʢʘ ʥʘʭʦʜʠʪʩʷ ʜʝʨʝʚʥʷ ɻʦʨʦʜʠʱʝ, ʟʘʥʠʤʘʶʱʘʷ ʚʪʦʨʦʡ-

ʪʨʝʪʠʡ ʫʩʪʫʧ ʢʦʨʝʥʥʦʛʦ ʙʝʨʝʛʘ, ʧʦʯʪʠ ʨʘʚʥʳʡ ʧʦ ʚʳʩʦʪʝ ʦʩʪʘʥʮʫ. ʅʘ ʙʝʨʝʛʫ ʨʝʢʠ ʢ 

ʚʦʩʪʦʢʫ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʠ ʤʦʩʪʘ ʯʝʨʝʟ ʨʝʯʢʫ ʦʙʥʘʨʫʞʝʥ ʨʘʩʢʦʧ. ɺ ʨʘʟʨʝʟʝ 

ʩʨʝʜʠ ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘʤʝʪʝʥ ʯʝʨʥʳʡ ʢʫʣʴʪʫʨʥʳʡ ʩʣʦʡ ʠ 

ʦʙʠʣʠʝ ʯʝʨʝʧʢʦʚ ʛʣʠʥʷʥʦʡ ʧʦʩʫʜʳ. ɺʝʨʦʷʪʥʦ, ʩ ʨʘʟʨʘʩʪʘʥʠʝʤ ʛʦʨʦʜʠʱʘ ʯʘʩʪʴ 

ʧʦʩʝʣʝʥʠʷ ʧʝʨʝʰʣʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʙʝʨʝʛ ʨʝʢʠ, ʥʦ ʵʪʦ ʩʣʫʯʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʟʞʝ, ʯʝʤ ʚʦʟʥʠʢʣʦ ʛʦʨʦʜʠʱʝ ʄʝʥʩʢ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʟʜʝʩʴ ʩʫʱʝʩʪʚʦʚʘʣʠ ʢʘʢʠʝ-ʪʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ. ʈʝʢʘ ʄʝʥʢʘ ʚ ʵʪʦʤ ʤʝʩʪʝ ʦʢʨʫʞʝʥʘ ʠʚʦʚʳʤʠ ʢʫʩʪʘʤʠ 

ʠ ʚʝʪʣʘʤʠ, ʘ ʪʘʢʞʝ ʩʢʦʰʝʥʥʳʤʠ ʟʘʨʦʩʣʷʤʠ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ, ʧʦʜʩʪʫʧʘʶ-

ʱʠʤʠ ʧʨʷʤʦ ʢ ʨʫʩʣʫ. ʈʷʜʦʤ ʥʘʭʦʜʷʪʩʷ ʦʛʦʨʦʜʳ ʠ ʚʳʛʦʥ ʩʢʦʪʘ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ ʇʦʣʦʮʢʘ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʪʘʢʫʶ ʞʝ ʢʘʨʪʠʥʫ, ʢʘʢ ʠ 

ʚ ʩʣʫʯʘʝ ʩ ɺʝʣʠʢʠʤ ʅʦʚʛʦʨʦʜʦʤ ʠ ʉʤʦʣʝʥʩʢʦʤ. ʀʤʝʥʥʦ ʚʜʦʣʴ ʚʦʜʥʳʭ ʧʫʪʝʡ ʚ 

ɼʨʝʚʥʝʡ ʈʫʩʠ ʨʘʟʨʘʩʪʘʣʠʩʴ ʧʦʩʝʣʝʥʠʷ ʠ ʩʢʣʘʜʳʚʘʣʠʩʴ ʚ ʩʚʦʝʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʣʠʥʝʡʥʦʛʦ ʪʠʧʘ. ʀʭ ʞʠʪʝʣʠ ʚʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʥʦʛʦʫʢʣʘʜʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʚʢʣʶ-

ʯʘʚʰʝʝ ʥʝ ʪʦʣʴʢʦ ʦʭʦʪʫ ʠ ʨʳʙʦʣʦʚʩʪʚʦ, ʥʦ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ, ʠ ʟʝʤʣʝʜʝʣʠʝ. 

ʀʤʝʥʥʦ ʟʝʤʣʝʜʝʣʠʝʤ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʟʘʥʠʤʘʪʴʩʷ ʣʶʜʠ, ʯʪʦʙʳ ʚʳʞʠʪʴ. ʇʦ-

ʩʣʝʜʥʝʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʘʤʠʭ ʚʦʜʥʭr ʧʫʪʝʡ. ʆʩʥʦʚʥʳʝ ʨʝʢʠ ʠʤʝʣʠ ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʜʦʣʠʥʳ, 

ʠʭ ʜʥʠʱʘ, ʧʦʡʤʳ ʠ ʙʦʨʪʘ ʦʙʨʘʟʦʚʘʥʳ ʢʦʨʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ ʜʦʣʠʥʳ. ʉʘʤʠ ʞʝ ʦʥʠ ʚ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʥʘʩʣʝʜʫʶʪ ʣʦʞʙʠʥʳ ʩʪʦʢʘ ʪʘʣʳʭ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ ʜʦ ʥʘ-

ʯʘʣʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ ʙʳʣʠ 

ʧʨʠʛʦʜʥʳ ʢʘʢ ʧʨʠʙʨʦʚʦʯʥʳʝ ʫʯʘʩʪʢʠ ʜʦʣʠʥ ʠ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʥʘʜʧʦʡʤʝʥʥʳʭ 

ʪʝʨʨʘʩ, ʪʘʢ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʫʯʘʩʪʢʠ ʜʦʣʠʥʥʳʭ ʟʘʥʜʨʦʚ (ʦʩʪʘʪʢʦʚ ʜʨʝʚʥʠʭ ʣʦʞʙʠʥ 

ʩʪʦʢʘ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ). ɺ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʵʪʠ ʫʯʘʩʪʢʠ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʚ ʜʘʥʥʳʭ ʨʘʡʦʥʘʭ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʘʛʨʘʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʣʦʛʦʧʦʢʘʪʦʥʘʢʣʦʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʨʦʪʢʠʤʠ 

ʣʠʥʠʷʤʠ ʜʦʙʝʛʘʥʠʷ (ʧʨʠʨʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ) ʦʙʫʩʣʘʚʣʠʚʘʣʘ ʫʩʠʣʝʥʥʳʡ ʦʪʪʦʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɿʘʤʝʜʣʝʥʥʳʡ ʚ ʮʝʣʦʤ ʜʨʝʥʘʞ ʠ ʠʟʙʳʪʦʯʥʦʝ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʝʣʘʣʠ ʧʦʯʚʳ ʵʪʠʭ ʤʝʩʪ ʙʦʣʝʝ ʩʫʭʠʤʠ ʠ ʪʝʧʣʳʤʠ, 

ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʩʨʦʢʘʤʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʚʝʩʝʥʥʠʤ ʧʦʣʝʚʳʤ ʨʘʙʦʪʘʤ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʤʠ ʟʝʤʣʷʤʠ ʦʢʨʫʞʘʶʱʠʭ ʣʘʥʜʰʘʬʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʦ-

ʚʪʦʨʳʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʩʫʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʣʠ-

ʯʘʶʱʠʝʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʢʦʨʦʪʢʦʤ ʣʝʪʝ ʩ ʥʝʫʩʪʦʡʯʠʚʦʡ ʧʦʛʦ-

ʜʦʡ ʷʚʣʷʣʠʩʴ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ [11, 12]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʥʘ ʤʝʞʜʫʨʝʯʴʷʭ (ʚʦʜʦʨʘʟʜʝʣʘʭ) ʦʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʨʘʩ-

ʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʣʦʞʙʠʥ ʩʪʦʢʘ. ʉʦʙʩʪʚʝʥʥʦ ʚʦʣʦʢʠ ʠ ʧʦʷʚʠʚʰʠʝʩʷ ʧʦʟʜʥʝʝ 

ʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʢʣʘʜʳʚʘʣʠʩʴ ʯʝʨʝʟ çʤʝʞʙʘʩʩʝʡʥʦʚʳʝ ʧʝʨʝʣʠʚʳè, ʩʦʝʜʠ-

ʥʷʚʰʠʝ ʢʨʫʧʥʳʝ ʣʦʞʙʠʥʳ. ɺ ʣʘʥʜʰʘʬʪʥʦʤ ʧʣʘʥʝ ʦʥʠ ʠʤʝʣʠ ʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɿʜʝʩʴ ʚʦʟʥʠʢʘʣʠ ʧʝʨʚʳʝ ʧʦʩʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝ-

ʥʝʤ ʨʘʟʨʘʩʪʘʣʠʩʴ, ʯʝʤʫ ʦʩʦʙʝʥʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʇʠʢ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʚʦʜʥʳʤ ʘʨʪʝʨʠʷʤʠ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʧʨʠʰʝʣʩʷ ʥʘ ʢʦʥʝʮ XIX - ʥʘʯʘʣʦ XX ʚʚ. ʚ 

ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʤʩʷ ʥʘʨʘʩʪʘʶ-

ʱʠʤ ʦʙʲʝʤʦʤ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʧʨʠ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʩʝʪʠ. ʈʘʟʚʠʪʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʬʦʥʝ ʥʘʩʠʣʴʩʪ-

ʚʝʥʥʦʡ ʢʦʣʣʝʢʪʠʚʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʞʝ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʨʘʟʨʫʰʝʥʠʶ ʩʣʦ-

ʞʠʚʰʝʡʩʷ ʧʦʩʝʣʝʥʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ɺ 1960-ʝ ʛʛ. ʥʝʛʘʪʠʚ-

ʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʘ ʠ ʧʨʦʚʦʜʠʚʰʘʷʩʷ ʧʦʣʠʪʠʢʘ ʧʦ ʫʢʨʫʧʥʝʥʠʶ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 

ɺʩʝ ʵʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʧʨʠʚʝʣʦ ʢ ʫʧʘʜʢʫ ʚʦʜʥʦ-ʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʮʝʣʦʤ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʦʮʝʥʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ; ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʘʪʤʦʩʬʝʨʳ (ʰʠʨʠʥʘ ʠ ʛʣʫʙʠʥʘ ʨʝʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʝʝ 
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ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʢʠʩʣʦʪʥʦʩʪʴ (ʨʅ), ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʚʦʟʜʫʭʘ, ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʦʙʣʘʯʥʦʩʪʴ) ʚ 60 ʪʦʯʢʘʭ ʥʘ ʨʝʢʝ ɹʝʨʝʟʠʥʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 500 ʢʤ ʠ ʚʳʙʦʨʦʯʥʦ ʥʘ ʨʝʢʘʭ ʊʦʨʦʧʘ, ʃʦʚʘʪʴ, ʅʝʤʘʥ, ʉʚʠʩʣʦʯʴ, ʄʝʥʢʝ 

(ʥʘ ʠʭ ʙʘʟʝ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ, ʜʦʧʦʣʥʝʥʥʘʷ ʣʘʥʜʰʘʬʪʥʳʤʠ ʦʧʠʩʘʥʠʷʤʠ); ʙʳʣʘ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ ʩ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

(ʦʩʦʙʝʥʥʦ ʵʪʦʪ ʬʘʢʪ ʟʘʤʝʪʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʦʨʫʩʩʠʠ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʢʘʭ; ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʩʦ-

ʧʨʷʞʝʥʥʳʝ ʪʘʙʣʠʮʳ çɻʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʣʘʥʜʰʘʬʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉʨʝʜʠʥʥʦʡ ʟʦʥʳ ɼʥʝʧʨʦ-ɼʚʠʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚʦʜʥʦʛʦ ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ ʛʨʝʢʠè. 

ʇʦ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʦʮʝʥʢʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʥʦʛʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ɸʚʛʫ-

ʩʪʦʚʩʢʠʡ ʢʘʥʘʣ (ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 101 ʢʤ ʩʦʝʜʠʥʷʝʪ ɺʠʩʣʫ ʠ ʅʝʤʘʥ, ʥʘʩʯʠʪʳʚʘʝʪ 18 

ʰʣʶʟʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʪʨʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 22 ʢʤ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɹʝʣʦʨʫʩʩʠʠ, ʘ ʦʩ-

ʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʇʦʣʴʰʠ. ɼʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʡ ʨʝʢʦʥʩʪ-

ʨʫʢʮʠʠ ʰʣʶʟʦʚʘʥʥʦʡ ʙʝʣʦʨʫʩʩʢʦʡ ʯʘʩʪʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʢʘʥʘʣ ʩʪʘʣ ʝʜʠʥʳʤ ʚʦʜʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʣʷ ʣʶʙʠʪʝʣʝʡ ʚʦʜʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʘ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʦʭʦʜʦʚ ʚʜʦʣʴ 

ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ). ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʦʟʜʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʫʨʠʩʪʩʢʦ-ʵʢʩ-

ʢʫʨʩʠʦʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʦ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʚʦʜʥʦʤʫ ʪʦʨʛʦʚʦʤʫ ʧʫʪʠ çʀʟ ʚʘʨʷʛ ʚ 

ʛʨʝʢʠè, ʧʨʦʭʦʜʠʚʰʝʤʫ ʚ ʩʨʝʜʥʝʚʝʢʦʚʴʝ ʧʦ ɼʥʝʧʨʫ ʠ ɹʝʨʝʟʠʥʝ. ʀʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʝʩʪ ʜʣʷ ʪʫʨʠʟʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʚʝʪʣʦʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʪʫʨʠ-

ʩʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ çɹʝʨʝʟʠʥʘè ʚʜʦʣʴ ʨʝʢʠ ɹʝʨʝʟʠʥʳ ʦʪ ʛʦʨʦʜʘ ʉʚʝʪʣʦʛʦʨʩʢʘ ʜʦ 

ʚʧʘʜʝʥʠʷ ʝʝ ʚ ɼʥʝʧʨ. 

ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝ-

ʜʝʥʠʠ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʚʦʜ-

ʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʫʪʷʤʠ, ʥʘ ʠʩʪʦʨʠʯʝʩʢʦʤ ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. ʇʦʤʠʤʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʦʮʝʥʝʥʳ ʤʘʩʰʪʘʙʳ ʦʩʚʦʝʥʠʷ, ʤʥʦʛʦʣʝʪ-

ʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʚ ʩʚʷʟʠ ʩ ʚʦʟʚʝʜʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʧʨʦʚʝʜʝʥʦ ʣʦʢʘʣʴʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ (ʩʦʟʜʘʥʘ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʘʤ 12-05-00316, 12-05-10014, 13-05-100216, 14-

05-06618 ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Abstract: This work is devoted to the studying of the place name's origin of the 

Ingermanland (approximately central part of the modern Leningrad region). In the article are 

considered the geological and geomorphological features of the Leningrad region in context 

with place names of the studied area. 
 

ʀʥʛʝʨʤʘʥʣʘʥʜʠʷ ʠʣʠ ʀʥʛʨʠʷ ï ʵʪʥʦʢʫʣʴʪʫʨʥʳʡ ʠ ʠʩʪʦʨʠʯʝʩʢʠʡ ʨʝʛʠʦʥ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉ ʵʪʥʦʢʫʣʴʪʫʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦʪ ʨʝʛʠʦʥ ʠʩʪʦʨʠʯʝʩʢʠ ʙʳʣ ʦʙʣʘʩʪʴʶ ʩʤʝ-

ʰʘʥʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʭ (ʩʘʘʤʳ, ʚʦʜʴ, ʠʞʦʨʘ, ʬʠʥʥʳ, 

ʵʩʪʦʥʮʳ) ʠ ʩʣʘʚʷʥʩʢʠʭ (ʨʫʩʩʢʠʝ) ʧʣʝʤʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʪʦʧʦʥʠ-

ʤʠʢʘ ʨʝʛʠʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʟ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʪʦʧʦʥʠʤʦʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʨʦʜʥʦʩʪʝʡ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʧʦʥʠʤʦʚ ʣʶʙʦʡ ʤʝʩʪʥʦʩʪʠ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʮʝʣʳʡ ʨʷʜ 

ʬʘʢʪʦʨʦʚ [5,6]: ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʳ, ʭʘʨʘʢʪʝʨ ʧʨʠʤʠʪʠʚʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʝʢʦʛʜʘ 

ʥʘʩʝʣʷʚʰʠʭ ʨʝʛʠʦʥ ʧʣʝʤʝʥ, ʛʦʩʧʦʜʩʪʚʫʶʱʠʝ ʨʝʣʠʛʠʦʟʥʳʝ ʢʫʣʴʪʳ, ʨʘʩʩʝʣʝʥʠʝ 

ʥʘʨʦʜʦʚ, ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɼʝʡʩʪʚʫʶʱʠʝ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ 

ʚʩʝʡ ʦʙʣʘʩʪʠ ʪʦʧʦʥʠʤʳ ʚ ʦʩʥʦʚʥʦʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ XV ʧʦ XX ʚʝʢ ʚʢʣʶʯʠ-

ʪʝʣʴʥʦ. ɸʚʪʦʨʦʤ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʦʢʦʣʦ 100 ʪʦʧʦʦʙʲʝʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʳʚʰʝʡ ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʢʘʟʘʥʘ ʠʣʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʚʷʟʴ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʩʪʥʦʩʪʠ, ʠʟ ʥʠʭ 56% ï ʬʠʥʥʦ-ʫʛʦʨʩʢʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʠ 44% ï ʨʫʩʩʢʦʛʦ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʠʥʥʦ-ʫʛʦʨʩʢʠʭ ʪʦʧʦʥʠʤʦʚ ʦʢʘʟʘʣʩʷ ʨʝʣʴʝʬ ï 36%, ʨʝʢʠ ï 22%, ʧʦʨʦʜʳ ï 20%; 

ʦʟʝʨʘ ʠ ʙʦʣʦʪʘ ï 13%, ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ï 9%. ɼʣʷ 

ʨʫʩʩʢʠʭ ʪʦʧʦʥʠʤʦʚ ʛʣʘʚʥʳʤ ʪʦʧʦʥʠʤʦʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʙʳʣʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʠʜʨʦʩʝʪʠ 40%, ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ï 22%, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ï 16%, ʧʦʨʦʜʳ ï 

14%, ʦʟʝʨʘ ʠ ʙʦʣʦʪʘ ï 8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʩʝʨʠʡ ʪʦʧʦʥʠʤʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʫʙʩʪʨʘʪʦʤ.  

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ 

ʏʘʩʪʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʧʦʩʝʣʝʥʠʡ ʢ ʙʝʨʝʛʘʤ ʨʝʢ, ʦʧʨʝʜʝʣʠʣʘ ʪʝʩʥʫʶ ʩʚʷʟʴ 

ʤʥʦʛʠʭ ʠʥʛʝʨʤʘʥʣʘʥʜʩʢʠʭ ʪʦʧʦʥʠʤʦʚ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʯ-

ʥʳʭ ʜʦʣʠʥ. ʇʨʠ ʵʪʦʤ ʣʠʜʠʨʫʶʪ ʪʦʧʦʥʠʤʳ ʧʦʩʝʣʝʥʠʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ 
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ʫʜʦʙʥʳʭ, ʚʳʩʦʢʠʭ, ʥʝ ʟʘʪʦʧʣʷʝʤʳʭ ʙʝʨʝʛʘʭ ʨʝʢ. ɼʣʷ ʨʫʩʩʢʠʭ ʥʘʟʚʘʥʠʡ ʩʨʝʜʠ ʧʦ-

ʩʝʣʝʥʠʡ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʧʨʝʜʝʣʘʭ ʥʝ ʪʦʣʴʢʦ ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ, ʥʦ ʠ ʚʩʝʡ ʃʝʥʠʥ-

ʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʪʦʧʦʥʠʤʳ ʩ ʦʩʥʦʚʘʥʠʝʤ çʛʦʨʘè, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʢʘʢ ʚʦʟʚʳʰʝʥʥʳʡ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩ ʧʨʠʣʝ-

ʛʘʶʱʠʤʠ ʫʯʘʩʪʦʢ: ɸʣʝʢʩʘʥʜʨʦʚʩʢʘʷ ʛʦʨʢʘ, ɹʝʣʦʛʦʨʢʘ, ɹʦʣʴʰʠʝ ʛʦʨʢʠ. ʌʠʥʥʦ-

ʫʛʦʨʩʢʠʤ ʘʥʘʣʦʛʦʤ ʪʦʧʦʥʠʤʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʇʫʜʦʤʷʛʠ (mªki ï ʬʠʥ. ï 

ʭʦʣʤ, ʛʦʨʘ). ʂ ʵʪʦʡ ʞʝ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʝʣʝʥʠʷ ɺʳʨʫ ʠ ɺʳʨʠʮʫ [1], ʪʘʢʞʝ 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʢʨʫʪʦʤ, ʦʙʨʳʚʠʩʪʦʤ ʙʝʨʝʛʫ ʨ. ʆʨʝʜʝʞ (ʬʠʥʥ. vuori  ï ʛʦʨʘ), 

ʥʦ ʜʣʷ ʜʘʥʥʳʭ ʪʦʧʦʥʠʤʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʠʥʘʷ ʚʝʨʩʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪ 

ʬʠʥʥʦ-ʫʛʦʨʩʢʦʛʦ ʩʣʦʚʘ v»ru (ʚʳʨʫ) ï ʢʦʣʴʮʦ, ʢʨʫʛʦʚʦʨʦʪ. ʉ ʫʯʝʪʦʤ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʢʠ ʆʨʝʜʝʞ ʪʘʢʘʷ ʚʝʨʩʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʦʧʦʥʠʤʘ ʪʘʢʞʝ 

ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʘ. 

ɼʣʷ ʨʝʢ ʀʞʦʨʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚ ʤʝʩʪʘʭ ʧʨʦʨʝʟʘʥʠʷ ʠʤʠ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞ-

ʩʢʦʛʦ ʛʣʠʥʪʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʦʛʦʚ, ʯʪʦ ʧʦʣʫʯʠʣʦ ʦʪʨʘʞʝʥʠʝ ʠ ʚʙʣʠʟʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʦʧʦʥʠʤʘʭ: ʇʦʨʦʛ (ʜʣʷ ʩʣʘʚʷʥʩʢʠʭ ʪʦʧʦʥʠʤʦʚ) ʠ 2 ʜʝʨʝʚʥʠ ʂʦ-h

ʢʠʥʦ (ʬʠʥʥʦ-ʫʛʦʨʩʢʠʝ ï koski- ʢʦʰʢʠ ʨʝʯʥʦʡ ʧʦʨʦʛ, ʧʝʨʝʢʘʪ, ʚʦʜʦʧʘʜ). ʅʝʩʢʦʣʴʢʦ 

ʠʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʧʨʝʜʠʩʪʦʨʠʷ ʙʳʣʘ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʦʧʦʥʠʤʦʚ ɹʦʣʴʰʠʝ ʇʦʨʦʛʠ ʠ 

ʇʦʨʦʛʠ (ʦʙʘ ʧʦʩʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚʦ ɺʩʝʚʦʣʦʞʩʢʦʤ ʨʘʡʦʥʝ, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. 

ʅʝʚʳ) ʠ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʦʙʷʟʘʥʳ ʥʝʚʩʢʠʤ ʧʦʨʦʛʘʤ, ʚʦʟʥʠʢʰʠʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʨʫʩʣʦʤ ʅʝʚʳ ʤʦʨʝʥʥʦʡ ʛʨʷʜʳ. 

ʅʝʨʦʚʥʳʡ ʭʘʨʘʢʪʝʨ ʜʥʘ ʧʨʠʚʦʜʠʣ ʥʝ ʪʦʣʴʢʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʨʦʛʦʚ, ʥʦ ʠ 

ʦʪʤʝʣʝʡ, ʙʨʦʜʦʚ ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʪʦʧʦʥʠʤʦʚ: ɹʦʣʴ-

ʰʦʝ, ʄʘʣʦʝ ɿʘʙʦʨʦʜʴʝ.  

ɼʣʷ ʟʘʧʘʜʘ ʀʞʦʨʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʥʳ ʤʝʣʢʠʝ ʨʝʢʠ ʩ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʳʩʪʨʳʤ ʪʝʯʝʥʠʝʤ, ʚʝʨʦʷʪʥʦ ʦʪʩʶʜʘ ʠ ʧʨʦʠʩʪʝʢʘʝʪ ʛʠʜʨʦʥʠʤ ʉʪʨʝʣʢʘ 

(ʩʣʘʚʷʥʩʢʠʡ ʢʦʨʝʥʴ çʩʪʨè ʦʟʥʘʯʘʝʪ çʜʚʠʞʝʥʠʝè, çʪʝʯʝʥʠʝè), ʚ ʯʝʩʪʴ ʨʝʢʠ ʧʦʣʫ-

ʯʠʣʦ ʥʘʟʚʘʥʠʝ ʠ ʧʦʩʝʣʝʥʠʝ ʉʪʨʝʣʴʥʘ [4]. 

ʉʣʦʞʥʳʡ, ʨʘʟʚʝʪʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʯʥʦʡ ʩʝʪʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ-

ʩʣʫʞʠʣ ʧʨʠʯʠʥʦʡ ʪʦʧʦʥʠʤʦʚ: ʇʦʨʝʯʴʝ, ʇʦʣʫʯʴʝ, ɺʳʙʴʝ. ʇʦʩʣʝʜʥʷʷ ʜʝʨʝʚʥʷ ʨʘʩ-

ʧʦʣʦʞʝʥʘ ʥʘ ʙʝʨʝʛʫ ʦʜʥʦʠʤʝʥʥʦʡ ʨʝʢʠ, ʚʤʝʩʪʝ ʩ ʥʠʞʥʠʤ ʪʝʯʝʥʠʝʤ ʨʝʢʠ ʃʫʛʠ, 

ʦʙʨʘʟʫʶʱʝʡ ʥʝʙʦʣʴʰʦʡ ʦʩʪʨʦʚʦʢ, çʚʳʙʠʪʳʡ ʫ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʫʰʠè. ʉ ʫʯʝʪʦʤ 

ʪʦʧʦʥʠʤʦʚ, ʚʪʦʨʠʯʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʠʜʨʦʥʠʤʘʤ ʚ ʵʪʦʪ ʩʧʠʩʦʢ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʙʘʚʣʝʥʳ: ɹʦʣʴʰʦʡ ʉʘʙʩʢ, ʄʘʣʳʡ ʉʘʙʩʢ [1], ʥʘʭʦʜʷʱʠʝʩʷ ʚʙʣʠʟʠ ʚʧʘʜʝʥʠʷ 

ʨʝʢʠ ʉʘʙʳ ʚ ʨʝʢʫ ʃʫʛʫ (çʩʘʙʘè (ʵʩʪ) ï ʭʚʦʩʪ, ʪ.ʝ. ʧʨʠʪʦʢ) ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʉʫʡʜʘ [1] (ʬʠʥʥ. suisto ï ʜʝʣʴʪʘ, ʚʦʟʤʦʞʥʦ ʟʘ ʜʝʣʴʪʫ ʧʦʩʯʠʪʘʣʠ ʤʝʞʜʫʨʝʯʴʝ 

ʉʫʡʜʳ ʠ ʂʦʙʨʠʥʢʠ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨʝʯʥʦʡ ʩʝʪʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʦʩʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʩʝʨʝʜʠʥʝ ʛʦʣʦʮʝʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʳ 

ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʨʝʢʠ, ʢʘʥʴʦʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʪʘʢ ʠ ʙʦʣʝʝ ʩʪʘ-

ʨʳʝ (ʩ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʠ ʩʠʣʴʥʦ ʤʝʘʥʜʨʠʨʫʶʱʠʤʠ 

ʨʫʩʣʘʤʠ). ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ ʮʠʪʠʨʫʝʪʩʷ ʬʨʘʟʘ, ʯʪʦ ʛʦʨʦʜ 

ʊʦʩʥʦ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʦʪ ʨʝʢʠ ï ʊʦʩʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʟʚʘʥʥʦʡ ʦʪ ʩʪʘʨʦʩʣʘ-

ʚʷʥʩʢʦʛʦ ʩʣʦʚʘ ʪʴʩʴʥʲ ï ʫʟʢʠʡ. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʩ ʧʦʥʠ-

ʤʘʥʠʝʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʟʚʘʥʠʷ ʃʫʢʘʰʠ. ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ [11] ʫʜʝʣʷʶʪ ʵʪʦʡ 

ʪʝʤʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, ʚ ʥʠʭ ʬʠʛʫʨʠʨʫʝʪ ʜʦ 4 ʚʝʨʩʠʡ. ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʘ ʩ ʫʯʝʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʨʝʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʪʦʧʦʥʠʤʘ ʠ ʩʢʦʨʝʝ ʩʣʘ-
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ʚʷʥʩʢʦʛʦ, ʯʝʤ ʬʠʥʥʦʫʛʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʨʠ-

ʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʦʩʥʦʚʦʡ ʜʣʷ ʪʦʧʦʥʠʤʘ ʣʫʢʘ ï ʟʜʝʩʴ ʠʟʣʫʯʠʥʘ ʀʞʦʨʳ. ʉ 

ʟʨʝʣʳʤʠ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 2 ʧʦʩʝʣʝʥʠʡ ʩ ʥʘ-

ʟʚʘʥʠʝʤ ʉʪʘʨʠʮʳ. 

ɼʦʚʦʣʴʥʦ ʤʥʦʛʦ ʩʧʦʨʦʚ ʩʚʷʟʘʥʦ ʠ ʩ ʜʨʫʛʠʤ, ʥʝ ʤʝʥʝʝ ʟʥʘʤʝʥʠʪʳʤ ʛʠʜʨʦʥʠʤʦʤ ʠ 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʦʪ ʥʝʛʦ ʪʦʧʦʥʠʤʦʤ ï ʄʛʦʡ [11]. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʦʪ ʬʠʥ-

ʩʢʦʛʦ ʪʦʧʴ ï muta ʜʦ ʠʞʦʨʩʢʦʛʦ ʤʴʷ, ʤʫʷ ï çʙʘʙʘè ʠʣʠ çʪʸʤʥʘʷ ʚʦʜʘè. ʉ ʫʯʝʪʦʤ ʜʦ-

ʤʠʥʠʨʫʶʱʝʡ ʪʝʤʥʦʡ ʦʢʨʘʩʢʠ ʨʝʢ, ʨʘʚʥʠʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʙʣʘʩʪʠ ʠ ʯʘʩʪʦʛʦ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʠʩʪʦʢʦʚ ʨʝʢ ʚ ʙʦʣʦʪʘʭ ʚʘʨʠʘʥʪ ʧʝʨʝʚʦʜʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʣʶʙʳʤʠ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ.  

ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʘʩʪʷʤ ʨʝʢʠ (ʚʝʨʭʦʚʴʷʤ ʠʣʠ ʥʠʟʦʚʴʷʤ) 

ʪʘʢʞʝ ʷʚʠʣʘʩʴ ʧʦʚʦʜʦʤ ʜʣʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʦʩʝʣʝʥʠʡ. ʆʪʩʶʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ ʧʨʦʠʟʦʰʣʠ: ʋʩʪʴʝ, ʋʩʪʴ-ʀʞʦʨʘ, ʋʩʪʴ-ʃʫʛʘ. 

ʆʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ 

ʈʝʛʠʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ. 

ʈʘʡʦʥ ʟʘʥʠʤʘʝʪ ʶʛ ʃʝʤʙʦʣʦʚʩʢʦʡ (ʂʘʨʝʣʴʩʢʠʡ  ʧʝʨʝʰʝʝʢ) ʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʀʞʦʨʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. ʅʠʟʤʝʥʥʦʩʪʠ ʨʘʟʚʠʪʳ ʧʦ ʙʝʨʝʛʘʤ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʚ ʜʦʣʠʥʘʭ ʢʨʫʧʥʳʭ ʨʝʢ, ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ï ʇʨʝʜʛʣʠʥʪʦʚʘʷ 

(ʇʨʠʥʝʚʩʢʘʷ), ʇʨʠʤʦʨʩʢʘʷ ʠ ʇʨʠʣʘʜʦʞʩʢʘʷ. ʉ ʶʛʘ ʇʨʠʥʝʚʩʢʘʷ ʥʠʟʠʥʘ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪʩʷ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʤ ʚ ʨʝʣʴʝʬʝ ʫʩʪʫʧʦʤ ï ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʠʤ ʛʣʠʥ-

ʪʦʤ, ʦʪʜʝʣʷʶʱʠʤ ʩ ʩʝʚʝʨʘ ʪʝʨʨʠʪʦʨʠʶ ʀʞʦʨʩʢʦʛʦ ʧʣʘʪʦ (ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʙʦ-

ʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʥʫʜʘʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʨʜʦʚʠʢʘ). ʀʩʪʦʨʠʯʝʩʢʠ 

ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʫʩʪʫʧ ʛʣʠʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʘʷ ʧʨʝʛʨʘʜʘ, ʠʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʥʘ ʙʨʦʚʢʝ ʛʣʠʥʪʘ ʙʳʣʠ ʚʳʩʪʨʦʝʥʳ ʤʥʦʛʠʝ ʢʨʫʧʥʳʝ ʢʨʝʧʦʩʪʠ ʩʝʚʝʨʦ-ʟʘ-

ʧʘʜʘ ï ʂʦʧʦʨʴʝ, ʗʤ, ʀʚʘʥʛʦʨʦʜ, ʉʪʘʨʘʷ ʃʘʜʦʛʘ, ʊʘʣʣʠʥʥ. ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʢʨʝʧʦʩʪʝʡ ʥʘ ʙʨʦʚʢʝ ʛʣʠʥʪʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʠ ʥʝʫʢʨʝʧʣʝʥʥʳʝ ʧʦʩʝʣʝ-

ʥʠʷ, ʥʘʟʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʦʪʨʘʞʘʶʪ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ: 

ɻʦʨʥʘʷ ʐʘʣʴʜʠʭʘ, ɻʣʷʜʠʥʦ ï ʦʪ ʨʫʩʩʢʦʛʦ 'ʛʣʷʜʝʥʴ' ï ʚʳʩʦʢʦʝ ʤʝʩʪʦ, ʩ ʢʦʪʦʨʦʛʦ 

ʚʠʜʥʳ ʦʢʨʝʩʪʥʦʩʪʠ [3]. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʟʚʘ-

ʥʠʷ ʜʝʨʝʚʥʠ ɿʨʝʢʠʥʦ (ʦʪ ʟʨʝʪʴ, ʟʨʶ) [3]. ɼʝʨʝʚʥʠ, ʨʘʩʧʦʣʦʞʠʚʰʠʝʩʷ ʫ ʧʦʜʥʦʞʠʷ 

ʛʣʠʥʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʣʘʜʦʞʩʢʦʡ ʠ ʇʨʠʤʦʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ ʇʦʜʛʦʨʴʝ, ʅʠʞʥʷʷ ʐʘʣʴʜʠʭʘ, ʇʦʜʦʣʴʝ  ʠ ʅʠʟʠʥʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʥʪʝʨʝʩʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʪʦʧʦʥʠʤʦʚ ʩ ʢʦʨʥʝʤ 

ʣʘʜʦʛʘ. ɺ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 3 ʧʦʜʦʙʥʳʭ ʪʦʧʦʥʠʤʘ: ʉʪʘʨʘʷ ʠ 

ʅʦʚʘʷ ʃʘʜʦʛʘ ʥʘ ʙʝʨʝʛʫ ʨ. ɺʦʣʭʦʚ ʚ ʧʨʝʜʝʣʘʭ ʇʨʠʣʘʜʦʞʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ 

ʃʘʜʦʛʘ ʥʘ ʙʝʨʝʛʫ ʨ. ʏʝʨʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʞʦʨʩʢʦʛʦ ʧʣʘʪʦ. ɼʣʷ ʧʝʨʚʦʛʦ, ʢʘʢ 

ʩʘʤʦʛʦ ʜʨʝʚʥʝʛʦ ʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʛʦ ʪʦʧʦʦʙʲʝʢʪʘ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʚʝʨʩʠʶ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʟʚʘʥʠʷ ʦʪ ʥʘʠʤʝʥʦʚʘʥʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʠʟ ʬʠʥ. 

aallokko, aalto ï ʚʦʣʥʘ). ʆʜʥʘʢʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦʟʥʠʢʣʘ ʚʝʨʩʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 

ʥʘʟʚʘʥʠʷ ʨʝʢʠ ʃʘʜʦʛʘ (ʥʳʥʝ ʃʘʜʦʞʢʘ, ʠʟ ʬʠʥ. Alode-joki, ʛʜʝ alle ï çʥʠʟ, ʥʠʞ-

ʥʠʡè ʠ joki ï çʨʝʢʘè) [7]. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʛʠʦʥʝ ʝʩʪʴ ʝʱʝ ʦʜʠʥ ʦʜʥʦʢʦʨʝʥ-

ʥʦʡ ʪʦʧʦʥʠʤ, ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʙʝʨʝʛʫ ʨʝʢʠ, ʚ ʥʠʟʤʝʥʥʦʤ ʤʝʩʪʝ 2 ʚʝʨʩʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. 

ɺ ʦʙʣʘʩʪʷʭ ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ, ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʨʘʡʦʥʘ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʘʷ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʦʥʝ ʢʨʘʝʚʳʭ ʬʦʨʤ, ʯʪʦ 

ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʠʡ ʪʦʧʦʥʠʤʦʚ. ʊʘʢ ʨʘʟʚʠʪʳʡ ʥʘ ʟʘ-
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ʧʘʜʝ ʠ ʩʝʚʝʨʝ ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ ʢʘʤʦʚʦ-ʦʟʦʚʳʡ ʨʝʣʴʝʬ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʪʦʧʦʥʠʤʦʚ ʩ ʦʩʥʦʚʦʡ: 

çselkª ʩʝʣʴʛʘè (ʛʨʷʜʘ) ï ʂʦʨʘʙʩʝʣʴʢʠ, ʆʩʝʣʴʢʠ, ɺʝʨʭʥʠʝ ʆʩʝʣʴʢʠ, ʅʠʞʥʠʝ 

ʆʩʝʣʴʢʠ ʠ ʪ.ʜ.;  

çmaki ʤʷʛʠè (ʭʦʣʤ) ï ɺʘʨʪʝʤʷʛʠ, ʇʫʜʦʤʷʛʠ, ʂʝʣʣʦʤʷʢʠ (ʩʦʚʨ. ʂʦʤʘʨʦʚʦ) [2]; 

kukkula ï ʭʦʣʤ, ʛʦʨʢʘ ï ʂʝʣʢʦʣʦʚʦ; 

çkallio ʢʘʣʠʦè (ʛʦʨʘ) ï ʂʘʣʠʱʠ (ʝʩʪʴ ʠ ʜʨʫʛʘʷ ʚʝʨʩʠʷ: ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʟʚʘ-

ʥʠʷ ʜʝʨʝʚʥʠ, ʩʚʷʟʘʥʦ ʩ ʜʦʙʳʯʝʡ ʞʝʣʝʟʘ. ɺ ʜʨʝʚʥʦʩʪʠ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʠʟ ʙʦʣʦʪʥʦʡ 

ʨʫʜʳ ʚ ʦʩʦʙʳʭ ʢʦʪʣʘʭ ð ʢʘʣʠʱʘʭ, ʧʦʣʫʯʘʣʠ ʩʳʨʦʜʫʪʥʦʝ ʞʝʣʝʟʦ). 

ʃʶʙʦʧʳʪʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦʣʫʯʠʣʘʩʴ ʩ ʜʝʨʝʚʥʝʡ ʩ ʥʝʦʙʳʯʥʳʤ ʥʘʟʚʘʥʠʝʤ ʆʥ-

ʩʪʦʧʝʣʴ. ʌʠʥʩʢʦʝ ʥʘʭʚʘʥʠʝ ʵʪʦʡ ʜʝʨʝʚʥʠ Mustapªª , ʛʜʝ çmustaè ï ʯʝʨʥʳʡ ʠ 

çpªªè ï ʛʦʣʦʚʘ. ɼʝʨʝʚʥʷ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʚʦʟʚʳʰʝʥʠʠ (çʚʦʟ-

ʛʣʘʚʣʷʝʪè) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʣʝʛʘʶʱʝʡ ʤʝʩʪʥʦʩʪʠ. 

ʉʨʝʜʠ ʨʫʩʩʢʠʭ ʪʦʧʦʥʠʤʦʚ ʵʪʦʡ ʛʨʫʧʧʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʧʦʥʠʤʳ ʩ ʦʩʥʦʚʦʡ: 

çʛʨʠʚʘè (ʧʦʣʦʛʠʝ ʠ ʜʣʠʥʳʝ ʫʚʘʣʳ, ʥʝʚʳʩʦʢʠʝ ʙʫʛʨʳ, ʚ ʇʩʢʦʚʩʢʦʡ ï ʚʦʜʦʨʘʟ-

ʜʝʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʭʦʜʠʪ ʜʦʨʦʛʘ) ï ɹʦʨʠʩʦʚʘ ɻʨʠʚʘ; 

çh ʘʧʢʠè (ʧʦ ʭʘʨʘʢʪʝʨʥʦʡ ʬʦʨʤʝ ʭʦʣʤʦʚ) ï ʐʘʧʢʠ; 

ʙʫʷʥ ï ʚ ʜʨʝʚʥʝʨʫʩʩʢʦʤ ʷʟʳʢʝ ʠ ʥʘʨʦʜʥʳʭ ʛʦʚʦʨʘʭ ʩʣʦʚʦ çʙʫʡè ʠ ʧʨʦʠʟʚʦʜʥʦʝ 

ʦʪ ʥʝʛʦ çʙʫʷʥè: ʚʳʩʦʢʦʝ ʤʝʩʪʦ: ʛʦʨʘ, ʭʦʣʤ, ʙʫʛʦʨ ï ɹʫʷʥʠʮʳ [8]; 

çʛʦʨʢʘè ï ʂʨʘʩʥʘʷ ɻʦʨʢʘ, ɻʦʨʢʠ, ʇʷʪʘʷ ɻʦʨʘ. 

ʉ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ, ʛʦʩ-

ʧʦʜʩʪʚʫʶʱʠʤʠ ʚ ʨʝʛʠʦʥʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʙʣʘʩʪʷʤ ʘʢʢʫʤʫʣʷʮʠʠ ʦʩʥʦʚʥʦʡ 

ʤʦʨʝʥʳ ʩʚʷʟʘʥʳ ʪʦʧʦʥʠʤʳ ɺʠʩʪʠʥʦ  (ʬʠʥ. ï viisto ï ʧʦʢʘʪʡr). 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʪʦʧʦʥʠʤʳ ʩ ʦʩʥʦʚʦʡ çsaari ʩʘʨʠè (ʦʩʪʨʦʚ). ʇʨʠ 

ʵʪʦʤ ʩʶʜʘ ʚʭʦʜʠʪ ʢʘʢ ʪʦʧʦʥʠʤʳ ʩ çʧʨʷʤʳʤè ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ, 

ʪ.ʝ ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʦʩʪʨʦʚʥʦʡ ʯʘʩʪʠ ʩʫʰʠ ï ʉʘʨʢʶʣʷ, ʪʘʢ ʠ ʪʦʧʦʥʠʤʳ ʩ ʦʩ-

ʥʦʚʦʡ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ, ʦʙʦʩʦʙʣʝʥʥʦʩʪʴ ʜʘʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ï ɻʘʧʩʘʨʳ. 

ʉʭʦʜʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʟʚʘʥʠʷ ʜʝʨʝʚʝʥʴ ʂʫʡʚʦʟʳ ʠ ʂʫʡʚʦʨʳ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʚʳʰʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʨʝʜʠ ʟʘʙʦʣʦʯʝʥ-

ʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʦʩʥʦʚʘ ʦʪ kuiva ï ʩʫʭʦʡ). 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ 

ɺ ʨʝʛʠʦʥʝ ʨʘʟʚʠʪʳ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ ʠ ʧʣʝʡʩʪʦʮʝʥʘ ï ʛʦ-

ʣʦʮʝʥʘ. ʇʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʨʝʥʥʳʭ ʩʫʛʣʠʥʢʦʚ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʛʨʫʧʧʳ ʪʦʧʦʥʠʤʦʚ ʢʘʢ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʭ, ʪʘʢ ʠ ʩʣʘʚʷʥʩʢʠʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʦʪ ʢʦʨʥʝʡ çsaviè ʠ çʛʣʠʥʢʘè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʉʘʚʠʢʠʥʦ (ʬʠʥʥ. Savikylª, kylª ï ʜʝ-

ʨʝʚʥʷ), ʉʘʚʢʠʥʦ (ʬʠʥʥ. Savikkina), ɻʣʠʥʢʘ, ɻʣʠʥʢʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʩʫʛʣʠ-

ʥʠʩʪʳʤʠ ʙʝʨʝʛʘʤʠ ʀʞʦʨʳ ʩʚʷʟʘʥʦ ʠ ʥʘʟʚʘʥʠʝ ʜʝʨʝʚʥʠ ʄʫʪʘ-ʂʶʣʷ (çmutaè ï ʠʣ).  

ʈʘʟʚʠʪʠʝ ʚ ʨʘʡʦʥʝ ʙʦʣʦʪʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ çʩʧʝʮʠʘʣʠʟʘ-

ʮʠʷè ʦʪʜʝʣʴʥʳʭ ʜʝʨʝʚʝʥʴ ʚʝʨʦʷʪʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʘʢʠʭ ʪʦʧʦ-

ʥʠʤʦʚ ʢʘʢ ɹʦʣʴʰʘʷ ʠ ʄʘʣʘʷ ʇʫʩʪʦʤʝʨʞʘ [13] (ʦʩʥʦʚʘ ʦʪ ʩʪʘʨʦʩʣʘʚʷʥʩʢʦʛʦ 

pustopera- pusto- ʟʘʣʝʞʴ, ʟʘʣʦʛ, pera- ʧʨʝʜʣʦʛ ʟʘ ï çʜʝʨʝʚʥʷ ʟʘ ʟʘʣʝʞʴèʁ), ʂʦʪʣʳ 

(ʦʩʥʦʚʘ ʦʪ ʢʦʪʣʦʚ ï ʷʤ, ʚ ʢʦʪʦʨʳʭ ʢʦʛʜʘ-ʪʦ ʚʘʨʠʣʠ ʩʤʦʣʫ). 

ʇʦʤʠʤʦ ʧʨʷʤʦʛʦ ʫʢʘʟʘʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ (ʩʦʩʪʘʚ) ʧʦʨʦʜ, ʝʩʪʴ ʢʦʩʚʝʥʥʳʝ ʧʝʪʨʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʫʢʘʟʘʪʝʣʠ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʮʚʝʪʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʨʘʟʚʠʪʳʭ ʚ ʜʘʥ-

ʥʦʡ ʤʝʩʪʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ. ʊʘʢ ʜʣʷ ʶʞʥʦʡ ʯʘʩʪʠ ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ ʭʘʨʘʢʪʝʨʥʦ 
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ʨʘʟʚʠʪʠʝ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʦʙʥʘʞʘʶʱʠʭʩʷ ʚ ʦʙʨʳʚʘʭ 

ʨʝʢ ʆʨʝʜʝʞ, ʉʫʡʜʘ. ɺʝʨʦʷʪʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʡ çʢʨʦʚʘʚʦ-ʢʨʘʩʥʳʡè ʮʚʝʪ ʨʝʯʥʳʭ 

ʦʙʨʳʚʦʚ ʧʦʩʣʫʞʠʣ ʧʦʚʦʜʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʧʦʥʠʤʦʚ ɺʝʨʝʚʦ, ɹʦʣʴʰʦʝ ɺʝ-

ʨʝʚʦ (ʦʩʥʦʚʘ ʦʪ ʬʠʥ. verinen ï ʢʨʦʚʘʚʳʡ). ʀʤʝʥʥʦ ʵʪʦʤʫ ʩʣʦʚʫ ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʘʧʠʩʘʥʠʝ ʜʝʨʝʚʥʠ ʠ ʨʝʢʠ ʥʘ ʢʘʨʪʝ ʂʝʧʧʝʥʘ ʇ.ʀ. (1849). ʆʜʥʘʢʦ ʩʫʱʝʩʪ-

ʚʫʝʪ ʠ ʧʨʦʩʣʘʚʷʥʩʢʘʷ ʚʝʨʩʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʟʚʘʥʠʷ ʨʝʢʠ ʦʪ ʠʟʚʠʣʠʩʪʦʡ ʨʝʯʢʠ 

ɺʝʨʝʚʘ [14]. 

ʃʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʦʣʝʝ 1800 ʦʟʝʨ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʡʦʥʘʭ ʣʝʜʥʠʢʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʝʣʴʝʬʘ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʦʟʝʨ ʪʷʛʦʪʝʝʪ ʢ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʝ ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ. ɼʣʷ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ 

ʯʘʩʪʦ ʩʚʦʡʩʪʚʝʥʥʳ ʥʠʟʢʠʝ, ʟʘʙʦʣʦʯʝʥʥʳʝ, ʠʟʨʝʟʘʥʥʳʝ ʟʘʣʠʚʘʤʠ ʠ ʙʫʭʪʘʤʠ ʙʝ-

ʨʝʛʘ; ʪʦʨʬʷʥʦʝ, ʧʦʢʨʳʪʦʝ ʠʣʦʤ ʜʥʦ, ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ɺʩʝ 

ʵʪʠ ʧʨʠʟʥʘʢʠ ʦʪʨʘʟʠʣʠʩʴ ʚ ʪʦʧʦʥʠʤʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʥʦʩʪʠ.  

ʊʘʢ ʧʦʚʳʰʝʥʥʘʷ ʩʪʝʧʝʥʴ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʠʥʥʦ-

ʫʛʦʨʩʢʠʭ ʪʦʧʦʥʠʤʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʦʩʥʦʚʳ çsuoè ï ʙʦʣʦʪʦ: ʉʫʦʨʘʥʜʘ (ranta ï 

ʙʝʨʝʛ; çɿʘʙʦʣʦʯʝʥʥʳʡ ʙʝʨʝʛ, ɹʝʨʝʛ ʙʦʣʦʪʘè), ʐʫʰʘʨʳ (ʦʩʥʦʚʘ ʦʪ ʬʠʥ. suo ï 

ʙʦʣʦʪʦ, saari ï ʦʩʪʨʦʚ, çɿʘʙʦʣʦʯʝʥʥʳʡ ʦʩʪʨʦʚè) ʠʣʠ ʃʘʛʦʣʦʚʦ (ʦʩʥʦʚʘ ʦʪ ʬʠʥ. 

laho ï ʛʥʠʣʦʡ). ɼʣʷ ʩʣʘʚʷʥʩʢʠʭ ʪʦʧʦʥʠʤʦʚ ʪʘʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʇʦʜʤʦʰʴʝ 

(ʦʩʥʦʚʘ ʦʪ ʤʦʭ ï ʙʦʣʦʪʦ, çʧʦʜ (ʟʘ?) ʙʦʣʦʪʦʤè).  

ʅʝʨʦʚʥʳʡ ʭʘʨʘʢʪʝʨ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʦʟʝʨʥʳʝ ʪʝʨʨʘʩʳ, ʧʝ-

ʨʝʤʝʞʘʶʱʠʝʩʷ ʩ ʥʠʟʢʠʤʠ ʙʝʨʝʛʘʤʠ, ʧʦʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʦʧʦʥʠʤʘ 

ʩ ʦʩʥʦʚʦʡ kiero ï ʢʨʠʚʘʷ ï ʂʝʨʨʦ. ʋ ʩʣʘʚʷʥ çʦʟʝʨʥʦʡè ʤʝʩʪʥʦʩʪʠ ʩʦʭʨʘʥʷʣʘʩʴ ʪʨʘ-

ʜʠʮʠʦʥʥʘʷ ʪʷʛʘ ʢ ʧʦʩʝʣʝʥʠʷʤ ʥʘ ʚʦʟʚʳʰʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʦʪʩʶʜʘ ʠ ʥʘ ʣʠʤʥʦʣʦʛʠʯʝ-

ʩʢʦʤ ʩʫʙʩʪʨʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʪʦʧʦʥʠʤ ɻʦʨʢʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ 

ʪʦʧʦʥʠʤ ʂʘʚʝʣʘʭʪʘ (ʦʩʥʦʚʘ ʦʪ ʬʠʥ. lahti ï ʟʘʣʠʚ). ɼʘʥʥʘʷ ʜʝʨʝʚʥʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʚʦʜʦʝʤʘ (ʦʢʦʣʦ 1 ʢʤ ʜʦ ʶʞʥʦʛʦ ʙʝʨʝʛʘ ɼʫ-

ʜʝʨʛʦʬʩʢʦʛʦ ʦʟʝʨʘ, ʙʝʨʝʛ ʢʦʪʦʨʦʛʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʳʛʣʷʜʠʪ ʢʘʢ ʜʦʚʦʣʴʥʦ ʛʣʫʙʦʢʦ 

ʚʨʝʟʘʶʱʠʡʩʷ ʟʘʣʠʚ), ʧʦʵʪʦʤʫ ʥʝ ʩʦʚʩʝʤ ʧʦʥʷʪʥʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʟʚʘʥʠʷ, ʧʨʷʤʦ 

ʫʢʘʟʳʚʘʶʱʝʝ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʦʝʤʘ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʝʨʚʘʷ ʯʘʩʪʴ ʪʦʧʦʥʠʤʘ ʦʙʨʘ-

ʟʦʚʘʣʘʩʴ ʦʪ ʬʠʥʩʢʦʛʦ ʩʣʦʚʘ kªvellª ï ʭʦʜʠʪʴ, ʜʦʡʪʠ, ʠ ʫʢʘʟʳʚʘʣʘ ʥʘ çʧʝʰʫʶè ʜʦʩ-

ʪʫʧʥʦʩʪʴ ʟʘʣʠʚʘ. 

ʂʘʢ ʠ ʚ ʩʠʪʫʘʮʠʠ ʩ ʪʦʧʦʥʠʤʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʠʜʨʦʛʨʘʬʠʠ, 

ʨʝʣʴʝʬ ʜʥʘ ʦʟʝʨʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ, ʚ ʧʝʨ-

ʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʥʘʣʠʯʠʠ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʭ ʧʦʨʦʛʦʚ ʠ ʦʪʤʝʣʝʡ ʧʨʠʚʝʣʠ ʢ ʬʦʨ-

ʤʠʨʦʚʘʥʠʶ ʪʦʧʦʥʠʤʘ ʂʦʰʢʠʥʦ (ʙʝʨʝʛ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ). 

ʅʘʢʦʥʝʮ, ʚ ʥʘʟʚʘʥʠʷʭ ʢʘʢ ʬʠʥʥʦ-ʫʛʦʨʩʢʠʭ, ʪʘʢ ʠ ʩʣʘʚʷʥʩʢʠʭ ʪʦʧʦʥʠʤʦʚ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʷʤʳʝ ʫʢʘʟʘʥʠʷ ʥʘ ʩʘʤ ʬʘʢʪ ʥʘʣʠʯʠʷ ʨʷʜʦʤ ʦʟʝʨʘ: ʃʘʤʧʦʚʦ (ʦʩ-

ʥʦʚʘ ʦʪ ʬʠʥ. lampi ï ʣʝʩʥʦʝ ʦʟʝʨʦ),  ʆʟʝʨʢʠ, ɹʦʣʴʰʠʝ ʆʟʝʨʪʠʮʳ. 

ɸʢʚʘʣʴʥʳʡ ʩʫʙʩʪʨʘʪ 

ɸʨʪʝʟʠʘʥʩʢʠʡ ʙʘʩʩʝʡʥ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʧʨʠʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʚʢʣʶʯʘʝʪ 

ʛʜʦʚʩʢʠʡ (ʚʝʥʜʩʢʠʡ), ʦʨʜʦʚʠʢʩʢʠʡ ʠ ʤʝʞʤʦʨʝʥʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ. 

ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʜʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʂʘʨʝʣʴʩʢʦʤ ʧʝʨʝʰʝʡʢʝ ʩʦʩʪʘʚʣʷʝʪ 

100-200 ʤ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʶʛʫ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʨʜʦʚʠʢʩʢʠʡ ʚʦʜʦ-

ʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʶʞʥʳʭ ʦʢʨʘʠʥʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ: ʚ ʃʦʤʦʥʦ-
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ʩʦʚʩʢʦʤ, ɻʘʪʯʠʥʩʢʦʤ, ɺʦʣʦʩʦʚʩʢʦʤ ʨʘʡʦʥʘʭ. ʕʪʦʪ ʛʦʨʠʟʦʥʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʛʣʫʙʠʥʝ ʙʦʣʝʝ 30 ʤ. ʄʝʞʤʦʨʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡ-

ʦʥʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (ʇʦʣʶʩʪʨʦʚʝ, ʈʞʝʚʢʝ-ʇʦʨʦʭʦʚʳʭ), ʚ ʂʫʨʦʨʪʥʦʤ ʨʘʡʦʥʝ 

ʠ ʥʘ ʂʘʨʝʣʴʩʢʦʤ ʧʝʨʝʰʝʡʢʝ. ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʰʝ ʛʜʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʥʘ 

ʛʣʫʙʠʥʝ 50-100 ʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʧʦʜʭʦʜʷʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʦʨʜʦʚʠʢʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʅʝ ʩʣʫʯʘʡʥʦ ʪʦʧʦʥʠʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʢʚʘʣʴʥʦʤ ʩʫʙʩʪʨʘʪʝ, ʪ.ʝ. 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʶʞʥʦʡ ʧʦʣʦʚʠʥʳ 

ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ ï ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʨʜʦʚʠʢʘ. ʂ ʪʘʢʠʤ 

ʪʦʧʦʥʠʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ɺʳʩʦʢʦʢʣʶʯʝʚʦʡ, ʂʠʧʝʥʴ [4] (ʢʠʧʝʥ ï ʞʠʚʦʨʦʜʥʳʡ 

ʢʣʶʯ, ʨʦʜʥʠʢ, ʧʨʦʙʠʚʰʠʡʩʷ ʦʪʚʝʩʥʦ ʚʚʝʨʭ ʠ ʙʫʜʪʦ ʢʠʧʷʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʚʦʝʡ), ɺʨʫʜʘ [8] (ʚʨʫʪʝʮ ï ʨʦʜʥʠʢ), ʊʘʡʮʳ [4,8] (ʜʨʝʚʥʝʨʫʩʩʢ. çʪʘʠʮʳè ï ʪʘʡ-

ʥʳʝ (ʪ.ʝ. ʧʦʜʟʝʤʥʳʝ) ʨʦʜʥʠʢʠ, ʢʣʶʯʠ; ʨʫʯʴʠ), ʗʟʚʠʱʝ (ʦʩʥʦʚʘ ʷʟʚʘ ï ʦʚʨʘʛ, ʧʝ-

ʱʝʨʘ, ʷʤʘ), ʈʫʯʴʠ. 

ʄʘʨʠʥʠʩʪʩʢʠʡ ʩʫʙʩʪʨʘʪ 

ɿʘʧʘʜʥʘʷ ʧʦʣʦʚʠʥʘ ʀʥʛʨʠʠ ʦʤʳʚʘʝʪʩʷ ʌʠʥʩʢʠʤ ʟʘʣʠʚʦʤ. ʉʝʚʝʨʥʳʝ ʙʝʨʝʛʘ 

ʟʘʣʠʚʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ, ʚʳʩʦʢʠʝ, ʶʞʥʳʝ ï ʥʠʟʢʠʝ, ʧʦʜʪʦʧʣʝʥʥʳʝ. ɺʦʟʤʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʪʦʧʦʥʠʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʨʠʥʠʩʪʩʢʦʤ ʩʫʙʩʪʨʘʪʝ (ʦʩʦʙʝʥʥʦʩʪʷʭ ʙʝʨʝ-

ʛʦʚʦʡ ʣʠʥʠʠ ʟʘʣʠʚʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʥʛʨʠʠ. ʕʪʦ ʃʘʫʪʘ-

ʨʘʥʪʘʘ (ʩʦʚʨ. ʉʤʦʣʷʯʢʦʚʦ) [2] ï ʦʩʥʦʚʘ ʦʪ ʬʠʥ. lauta ï ʜʦʩʢʘ, ranta ï ʧʣʦʪʦʚʳʡ 

ʙʝʨʝʛ; ʀʥʦʥʠʝʤʠ (ʩʦʚʨ. ʇʝʩʦʯʥʦʝ) [2] ï ʙʝʨʝʛ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʩ ʭʦʨʦʰʦ ʚʳʨʘ-

ʞʝʥʥʳʤ ʤʳʩʦʤ (ʦʩʥʦʚʘ ʦʪ ʬʠʥ. niemi ï ʤʳʩ, ʚʦʟʤʦʞʥʦ iso ï ʙʦʣʴʰʦʡ); ʃʘʭʪʘ ï 

ʦʩʥʦʚʘ ʦʪ ʬʠʥ. lahti ï ʟʘʣʠʚ.  

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʀʥʛʝʨʤʘʥʣʘʥʜʠʠ ʚ ʨʘʡʦʥʝ ʧʦʷʚʣʝʥʠʷ ʪʝʨʨʘʩʠʨʦʚʘʥʥʦʛʦ ʨʝʣʴ-

ʝʬʘ ʇʨʠʤʦʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʪʦʧʦʥʠʤ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʦʟʚʳʰʝʥ-

ʥʳʭ ʫʯʘʩʪʢʦʚ ʣʶʙʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʪ ʦʩʥʦʚʳ ʛʦʨʢʘ ï ʂʨʘʩ-

ʥʘʷ ɻʦʨʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳ ʩʨʘʟʫ ʚ ʜʚʫʭ ʦʪʥʦhʝ-

ʥʠʷʭ. ɺʦ-ʧʝʨʚʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʪʦʧʦʥʠʤʦʚ ʠ 

ʚ ʙʦʣʝʝ ʩʧʦʨʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺʦ-ʚʪʦʨʳʭ, ʢʦʩʚʝʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʭʘʨʘʢʪʝʨʝ 

ʧʘʣʝʦʣʘʥʜʰʘʬʪʦʚ ʨʝʛʠʦʥʘ ʚ ʠʩʪʦʨʠʯʝʩʢʦʝ ʚʨʝʤʷ (ʚʦʧʨʦʩ, ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʥʝ 

ʢʘʩʘʶʪʩʷ ʛʝʦʣʦʛʠ). 
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Abstract: This article represents clean development mechanisms (CDM) as a way to 

sustainable development for both developed and developing countries. Today it is obvious that 

human activity has been making a negative impact on environment, which was extremely high 

during last 50 years. Kyoto protocol has created a great opportunity for receiving an additional 

investment for reorganizing industrial process as a step to green economy in developing countries. 

Since 2005 thousands of CDM projects are registered around the world, and the most active 

countries to develop them are China, India and Brazil. Common problem with projects realization 

is a lack of international experience in this field and low environmental awareness of society. 
 

ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʧʦʜʧʠʩʘʥʥʳʡ ʚ 1997 ʛʦʜʫ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʢʘʢ ʦʙʷʟʘ-

ʪʝʣʴʩʪʚʘ ʜʣʷ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʧʦ ʩʥʠʞʝʥʠʶ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʘʢ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʥʦʛʠʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʜʣʷ ʩʤʝʥʳ çʛʨʷʟʥʦʛʦè ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʦʝ. ɼʠʩʢʫʩʩʠʠ ʥʘ 

ʪʝʤʫ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʧʨʦ-

ʜʦʣʞʘʶʪʩʷ ʠ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴʩʷ, ʚʝʨʦʷʪʥʦ, ʜʦʣʛʠʝ ʛʦʜʳ, ʦʜʥʘʢʦ ʥʝʩʦʤʥʝʥʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʚʨʝʜ-

ʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ ʤʝʭʘʥʠʟʤ ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʨʠʨʦʜʳ ʥʝ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʥʘʛʨʫʟʢʦʡ. ʈʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ, 

ʪʘʢʠʝ, ʢʘʢ ʣʝʩʘ, ʨʳʙʥʳʝ ʨʝʩʫʨʩʳ ʠ ʪʘʢ ʜʘʣʝʝ, ʥʝ ʫʩʧʝʚʘʶʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ, 

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʫʥʠʯʪʦʞʝʥʠʝ ʘʨʝʘʣʦʚ ʦʙʠʪʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝ-

ʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʠʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʬʘʢʪʦʨʳ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ 

ʢʘʢ ʦ ʚʳʧʦʣʥʝʥʠʠ ʩʪʨʘʥʘʤʠ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʂʠʦʪʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʪʘʢ ʠ ʦ ʩʦʟ-

ʥʘʪʝʣʴʥʦʤ ʚʝʜʝʥʠʠ ʭʦʟʷʡʩʪʚʘ ʚ ʮʝʣʦʤ ʠ ʩʪʨʝʤʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚ ʤʠʨʘ ʢ ʫʩʪʦʡʯʠ-

ʚʦʤʫ ʨʘʟʚʠʪʠʶ.  

ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʘʥʘʤ ʚʩʝʭ ʫʨʦʚʥʝʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦ-

ʤʠʢʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʥʠʞʝʥʠʶ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘ ʧʨʠʨʦʜʫ, ʠ ʜʘʥʥʘʷ ʠʥʠʮʠʘʪʠʚʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʜʥʠʤ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ï ʤʝʭʘʥʠʟʤʦʤ ʯʠʩʪʦʛʦ ʨʘʟʚʠʪʠʷ ï ʨʘʟʚʠʪʳʝ 

ʛʦʩʫʜʘʨʩʪʚʘ ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʙʲʝʤ ʩʚʦʠʭ ʚʳʙʨʦʩʦʚ ʠʥʚʝʩʪʠʮʠʷʤʠ ʚ ʵʢʦ-

ʥʦʤʠʢʫ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ. ʈʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ ʧʝʨʝʦʩʥʘʩʪʠʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩ 

http://lukashi.ru/content/o-proiskhozhdenii-nazvaniya-lukashi
http://prigorod-peterburg.ru/mga/mga-poselok-proisxozhdenie-nazvaniya/
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ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʯʘʩʪʥʳʡ ʙʠʟʥʝʩ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʩʝʙʝ ʵʪʦʛʦ ʧʦʟʚʦʣʠʪʴ, ʥʝ ʧʦ-

ʥʝʩʷ ʩʝʨʴʝʟʥʳʭ ʫʙʳʪʢʦʚ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʜʦʭʦʜʥʦʩʪʠ ʠ ʩʪʘʚʠʪ ʧʦʜ 

ʫʛʨʦʟʫ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʳʥʢʘ, ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʭʘʥʠʟʤʳ ʯʠʩʪʦʛʦ ʨʘʟʚʠʪʠʷ 

(ʄʏʈ) ʷʚʣʷʶʪʩʷ ʧʨʝʢʨʘʩʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʠʥʠʮʠʘʪʠʚ ʠ ʤʝ-

ʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʣʷ ʚʩʝʭ ʛʦʩʫʜʘʨʩʪʚ ʤʠʨʘ, 

ʘ ʄʏʈ ʧʦʟʚʦʣʷʶʪ ʠ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʩʪʨʘʥʘʤ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ.  

ɹʝʟʫʩʣʦʚʥʦ, ʤʝʭʘʥʠʟʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʢ ʠ ʤʝʭʘʥʠʟʤʳ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʪʦʨʛʦʚʣʷ ʢʚʦʪʘʤʠ ʥʘ ʚʳʙʨʦʩʳ ʠ ʚ ʮʝʣʦʤ ʠʥʠʮʠʘʪʠʚʳ ʂʠʦʪʦ ʥʝ-

ʦʜʥʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʨʠʪʠʢʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʜʣʝʥʠʷ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚʳʟʳʚʘʝʪ ʫ ʤʠʨʦʚʦʡ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʝ ʩʦʤʥʝʥʠʷ, ʄʏʈ ʷʚʣʷʶʪʩʷ ʧʨʝʢʨʘʩʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʠ ʠʥʚʝʩʪʠʨʦʚʘʪʴ 

ʩʨʝʜʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʫ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ. ʉʝʛʦʜʥʷ ʩʠʪʫʘʮʠʷ ʪʘʢʦʚʘ, ʯʪʦ ʦʛ-

ʨʦʤʥʳʝ ʜʝʥʴʛʠ ʚʢʣʘʜʳʚʘʶʪʩʷ ʠʤʝʥʥʦ ʚ ʪʝ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʥʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ, ʢʘʢ ʩʢʘʟʘʣ ɼʞʝʡʤ ʂʵʤʝʨʦʥ, ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʢʦʤʧʘʥʠʠ Climate Change Capital (ʆʩʣʦ, 2011 ʛʦʜ), ʠ ʵʪʦ 

ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ. [1] 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʂʠʦʪʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʚʥʝʜʨʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʪrʤ 

ʛʦʩʫʜʘʨʩʪʚʘʤ ʠ ʢʦʤʧʘʥʠʷʤ ʧʦʣʫʯʠʪʴ ʢʨʝʜʠʪʳ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʝʨʪʠʬʠʮʠʨʦ-

ʚʘʥʥʳʝ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ (ʉʉɺ), ʢʦʪʦʨʳʝ ʧʨʠʨʘʚʥʝʥʳ ʢ 1 ʤʝʪʨʠʯʝʩʢʦʡ 

ʪʦʥʥʝ ʵʢʚʠʚʘʣʝʥʪʘ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʀʤʝʥʥʦ ʉʉɺ ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʨʘʤʢʘʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʧʨʦʪʦʢʦʣʫ. ɹʝʟʫʩʣʦʚʥʦ, ʢʘʞʜʳʡ 

ʧʨʦʝʢʪ ʄʏʈ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʦʚʝʨʢʫ, ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʦʬʦʨʤ-

ʣʝʥʠʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʴʥʳʝ ʠ ʠʟʤʝʨʠʤʳʝ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʠ ʠʭ ʫʯʝʪ. 

ʅʘʯʠʥʘʷ ʩ 2005 ʛʦʜʘ, ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʄʏʈ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʂʠʪʘʝ ʠ ʀʥ-

ʜʠʠ, ʘ ʪʘʢʞʝ ʩʪʨʘʥʘʭ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2011 ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʄʏʈ ʜʦʩʪʠʛʣʦ 3542 [2], ʠʟ ʥʠʭ ʧʦʯʪʠ 46% ï ʚ 

ʂʠʪʘʝ, ʧʦʯʪʠ 21% ï ʚ ʀʥʜʠʠ, ʠ ʙʦʣʝʝ 5,5% ï ʚ ɹʨʘʟʠʣʠʠ. ʅʘ 2011 ʛʦʜ ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʦ ʙʦʣʝʝ 450 ʤʠʣʣʠʦʥʦʚ ʉʉɺ. ʋʜʘʯʥʳʤ ʧʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦ 

ʄʏʈ ʩʣʫʞʠʪ ʋʟʙʝʢʠʩʪʘʥ, ʛʜʝ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ ʄʏʈ ʷʚʣʷʶʪʩʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ, ʭʠʤʠʯʝ-

ʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʢʦʤʤʫʥʘʣʴʥʳʡ ʩʝʢʪʦʨ, ʘ ʪʘʢʞʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯ-

ʥʠʢʠ ʵʥʝʨʛʠʠ.  

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ ʄʏʈ ʨʝʛʫʣʠʨʫʝʪʩʷ ʄʘʨʨʘʢʝʰʩʢʠʤʠ ʩʦʛʣʘʰʝʥʠʷʤʠ, 

ʧʦʜʧʠʩʘʥʥʳʤʠ ʚ 2001 ʛʦʜʫ. ʋʩʣʦʚʠʷ ʫʯʘʩʪʠʷ ʩʪʨʘʥʳ (ʠʣʠ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ) ʚ ʧʨʦʝʢʪʘʭ ʄʏʈ ʩʣʝʜʫʶʱʠʝ: 

 ʥʘʣʠʯʠʝ ʫʧʦʣʥʦʤʦʯʝʥʥʦʛʦ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʦ ʄʏʈ; 

 ʨʘʪʠʬʠʢʘʮʠʷ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ; 

 ʜʦʙʨʦʚʦʣʴʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʝ. 

ʇʨʦʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ, 

ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ (ʪ. ʥ. ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʨʘʥʳ). ʈʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ð ʢʦʤʧʝʪʝʥʮʠʷ ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʨʘʥʳ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ çʵʣʝʤʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠè, ʦʟʥʘʯʘʶɦʠʡ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ 
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ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʣʠʰʴ ʚ ʨʘʤʢʘʭ ʄʏʈ, ʘ ʧʨʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʢʨʘʡʥʝ ʤʘʣʘ. 

ʄʏʈ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʩʝʢʪʦʨʘʭ: 

1) ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

2) ʵʥʝʨʛʝʪʠʢʘ 

3) ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

4) ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 

5) ʦʪʭʦʜʳ 

6) ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ, ʣʝʩʦʚʦʜʩʪʚʦ [3] 

ʇʦ ʩʫʪʠ, ʄʏʈ ʷʚʣʷʶʪʩʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʟʥʘʯʠʪ, ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʥʘʙʦʨ ʨʠʩʢʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ ʠʥ-

ʚʝʩʪʦʨʘ, ʄʏʈ-ʠʥʚʝʩʪʦʨ ʚʢʣʘʜʳʚʘʝʪ ʜʝʥʴʛʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦ-

ʩʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘ ʠʥʚʝʩʪʠʮʠʡ ʨʘʚʥʘ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʘʚʘʝʤʦʛʦ ʩʦʢʨʘ-

ʱʝʥʠʷ ʚʳʙʨʦʩʦʚ. ɼʦʭʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʜʘʞʠ ʩʝʨʪʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʚʳʙʨʦʩʦʚ (ʉʉɺ), ʥʘʟʳʚʘʶʪ ʫʛʣʝʨʦʜʥʳʤʠ ʜʦʭʦʜʘʤʠ. ʉʪʦʠ-

ʤʦʩʪʴ ʉʉɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʨʳʥʢʝ, 

ʘ ʪʘʢʞʝ ʜʝʣʝʥʠʝʤ ʨʠʩʢʦʚ ʤʝʞʜʫ ʧʨʦʜʘʚʮʦʤ ʠ ʧʦʢʫʧʘʪʝʣʝʤ ʥʘ ʫʨʦʚʥʝ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʄʏʈ-ʧʨʦʝʢʪʘ. ɽʩʣʠ ʧʨʦʜʘʚʝʮ ʙʝʨʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʨʠʩʢʦʚ ʥʘ ʩʝʙʷ, ʪʦ 

ʮʝʥʘ ʙʫʜʝʪ ʚʳʰʝ, ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʮʝʥʘ ʥʘ ʉʉɺ [4]. 

ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ 

ʄʏʈ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʤʘʣʳʭ ɻʕʉ ʚ 

ɸʨʤʝʥʠʠ ʧʦʩʪʨʦʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʨʝʢʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʜʝʥʘ ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ, ʣʠʰʠʚ 

ʚʦʜʳ ʧʨʠʣʝʛʘʶʱʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʠ ʙʝʟ ʪʦʛʦ ʤʘʣʦʚʦʜʥʫʶ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʪʘʢʠʭ 

ʩʠʪʫʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʘ ʦʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶɦʫʶ ʩʨʝʜʫ 

ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ɺ ʥʦʷʙʨʝ 2013 ʛʦʜʘ ʚ ɺʘʨʰʘʚʝ ʧʨʦʰʣʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʛʜʝ ʦʙ-

ʩʫʞʜʘʣʘʩʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ: ʧʨʦʝʢʪʳ 

ʩʦʚʤʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʄʏʈ, ʨʳʥʢʠ ʪʦʨʛʦʚʣʠ ʢʚʦʪʘʤʠ ʥʘ ʚʳʙʨʦʩʳ ʉʆĮ, ʧʦ-

ʩʣʝʜʥʠʝ ʧʦʣʫʯʠʣʠ ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʂʠʪʘʝ, ʯʝʡ ʦʙʦʨʦʪ ʤʝʩʪʥʳʭ 

ʨʳʥʢʦʚ 7 ʧʨʦʚʠʥʮʠʡ ʩʦʩʪʘʚʠʣ 2,2 ʤʣʥ. ʪʦʥʥ ʟʘ ʪʨʠ ʧʦʩʣʝʜʥʠʭ ʛʦʜʘ. ʊʘʢʞʝ ʧʨʠ-

ʤʝʨʦʤ ʩʝʨʴʝʟʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʩʫʞʜʘʝʤʦʡ ʧʨʦʙʣʝʤʝ ʩʣʫʞʠʪ ʰʪʘʪ ʂʘʣʠʬʦʨʥʠʷ, 

ʢʦʪʦʨʳʡ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʟʘʥʠʤʘʝʪ 

18-ʝ ʤʝʩʪʦ ʧʦ ʦʙʲʝʤʫ ʚʳʙʨʦʩʦʚ ʚ ʤʠʨʝ. ɺ 2011 ʛʦʜʫ ʚ ʰʪʘʪʝ ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʨʦ-

ʛʨʘʤʤʘ ʚʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʢʚʦʪʠʨʦʚʘʥʠʷ ʠ ʪʦʨʛʦʚʣʠ ʚʳʙʨʦʩʘʤʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʢ 2020 ʛʦʜʫ ʜʦ ʫʨʦʚʥʷ 1990-ʛʦ [5]. 

ɻʦʩʫʜʘʨʩʪʚʘ ʚʩʝʛʦ ʤʠʨʘ ʦʱʫʱʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʨʝʘʣʠ-

ʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʄʏʈ ʦʯʝʚʠʜʥʘ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʨʝʘʣʠʟʘ-

ʮʠʁ ʩʫʱʝʩʪʚʝʥʥʳ ʠ ʚʧʦʣʥʝ ʨʝʘʣʴʥʳ, ʘ ʚʳʛʦʜʳ ʦʪ ʵʪʠʭ ʚʣʦʞʝʥʠʡ ʩʪʘʥʫʪ ʦʯʝ-

ʚʠʜʥʳ ʣʠʰʴ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ɺ ʜʘʥʥʦʤ ʬʘʢʪʝ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʘʷ 

ʧʨʠʯʠʥʘ ʢʨʠʪʠʢʠ ʤʝʭʘʥʠʟʤʦʚ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚ ʮʝʣʦʤ ʠ ʧʨʦʝʢʪʦʚ ʄʏʈ ʚ 

ʯʘʩʪʥʦʩʪʠ. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʟʜʝʩʴ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʠʤʝʥʥʦ ʧʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʦʟʥʘʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, 

ʯʪʦʙʳ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʠʥʚʝʩʪʠʮʠʠ ʚ ʵʢʦʣʦʛʠʟʘʮʠʶ ʵʢʦʥʦʤʠʢʠ ʥʝ 

ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʥʝʛʘʪʠʚʥʳʝ ʟʘʪʨʘʪʳ.  



 

 78 

ɺʘʨʠʘʥʪʦʤ ʧʦʣʫʯʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʛʫʪ ʙʳʪʴ, ʢ ʧʨʠʤʝʨʫ, ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʝ ʛʨʘʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘʤʠ ʝʚʨʦʧʝʡʩʢʠʭ 

ʩʪʨʘʥ ʠ ʗʧʦʥʠʠ, ʛʜʝ ʫʞʝ 10 ʣʝʪ ʩʫʱʝʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦʜ-

ʜʝʨʞʢʠ ʨʘʟʚʠʪʠʷ ʄʏʈ-ʧʨʦʛʨʘʤʤ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʘʪʝʤ, ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʧʨʦʝʢʪʘ ʠ ʧʨʦʜʘʞʠ ʧʝʨʚʳʭ ʉʉɺ, ʯʘʩʪʴ ʩʨʝʜʩʪʚ ʤʦʞʝʪ ʧʦʡʪʠ ʥʘ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʦʚʳʝ ʧʨʦʝʢʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʳ, ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʨʦʪʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ [6].  

ɻʣʘʚʥʳʤ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʄʏʈ ʷʚʣʷʝʪʩʷ ʵʣʝ-

ʤʝʥʪʘʨʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʧʳʪʘ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʚ ʤʠʨʝ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ 

ʠʥʠʮʠʘʪʠʚʘ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʠ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʦʢ, ʠ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʤʠʨʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ, ʯʪʦʙʳ 

ʚʝʨʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʝʢʪ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʠ ʧʨʦʝʢ-

ʪʦʚ ʩʚʷʟʘʥʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢʠ, ʠ ʜʣʷ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʧʝʮʠʘʣʠʩʪʳ ʨʝʢʦʤʝʥʜʫʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ 

ʦʧʳʪʥʳʤʠ ʢʦʥʩʘʣʪʠʥʛʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʴ ʙʦʨʴʙʳ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʯʝʚʠʜʥʘ. ʂʠʦʪʩʢʠʡ 

ʧʨʦʪʦʢʦʣ ʩʦʟʜʘʣ ʨʘʙʦʯʠʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʢʘʢ 

ʨʘʟʚʠʪʳʭ, ʪʘʢ ʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, ʠ ʤʝʭʘʥʠʟʤ ʯʠʩʪʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʢʘʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦ-

ʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʢʘ ʩʨʝʜʩʪʚ. ɺʘʞʥʝʡʰʝʡ ʠʥʠʮʠʘʪʠʚʦʡ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ ʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʟʥʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʟʘʱʠʪʫ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʦʙʤʝʥ ʦʧʳʪʦʤ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʠ 

ʢʦʤʧʘʥʠʷʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʧʨʦʝʢʪʳ ʄʏʈ, ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʦʧʳʪʘ ʧʦʜʦʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʙ-

ʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʠʩʢʣʶʯʠʪʴ ʙʘʨʴʝʨʳ, ʤʝʰʘʶʱʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʤʝ-

ʭʘʥʠʟʤʦʚ ʯʠʩʪʦʛʦ ʨʘʟʚʠʪʠʷ. 
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Abstract: The article reviews the conditions the formation of structural-denudation lowlands 

of the periphery of the Baltic Shield. Shown that their geological structure had a significant 

impact on the natural geoecological zoning factors of waters areas and their coastal zones. 
 

ɺ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ ʚʘʞʥʝʡʰʝʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝ-

ʥʠʷ ʨʝʛʠʦʥʘ, ʠʩʪʦʨʠʷ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʪʝʤ ʬʦʥʦʤ, ʥʘ ʢʦʪʦ-

ʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʀʤʝʥʥʦ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʚ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʘʩʥʳʭ. 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʨʝʛʠʦʥ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʥʠʢʘʣʴʥʳʤ 

ʨʝʛʠʦʥʦʤ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʨʠʫʨʦʯʝʥ ʢ ʦʜʥʦʤʫ ʠʟ 

ʛʣʘʚʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʫʙʝʞʝʡ ï ʧʝʨʝʭʦʜʫ ʦʪ ɹʘʣʪʠʡʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʱʠʪʘ ʢ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ (ʈʫʩʩʢʦʡ) ʧʣʠʪʝ. ɺ ʦʙʣʘʩʪʠ ʱʠʪʘ ʚʳʭʦʜʷʪ 

ʧʦʨʦʜʳ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʮʠʢʣʦʚ ʦʨʦʛʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʝʛʠʦʥʘ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʣʴʝʬʘ ʬʫʥʜʘʤʝʥʪʘ ʝʛʦ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʣʦ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʈʝʣʴʝʬ ʬʫʥʜʘʤʝʥʪʘ ʬʦʨʤʠʨʫʝʪ ʪʦʪ ʢʘʨʢʘʩ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʠʣ ʬʦʨʤʳ 

ʧʦʜʥʷʪʠʡ ʠ ʧʨʦʛʠʙʦʚ, ʢʘʢ ʚ ʢʘʡʥʦʟʦʝ, ʪʘʢ ʠ ʚ ʥʝʜʘʚʥʝʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʣ ʥʘ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 

ʛʣʮ̫ʠʦ-ʵʢʟʘʨʘʮʠʦʥʥʳʭ ʠ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʜʦʣʴ ʦʢʨʘʠʥʳ ʱʠʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ɹʝʣʦʤʦʨʩʢʦ-ɹʘʣʪʠʡʩʢʘʷ ʢʨʘʝ-

ʚʘʷ ʥʠʟʤʝʥʥʦʩʪʴ. ɽʸ ʨʘʩʯʣʝʥʝʥʥʳʡ ʛʝʪʝʨʦʛʝʥʥʳʡ ʜʦʣʝʜʥʠʢʦʚʳʡ ʨʝʣʴʝʬ ʙʳʣ ʩʬʦʨ-

ʤʠʨʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʥʫʜʘʮʠʠ ʠ ʵʨʦʟʠʠ. ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʦʣʝʜʥʠʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʟʤʝʥʥʦʩʪʠ, ʷʚʣʷʣʦʩʴ ʘʩʩʠʤʝʪʨʠʯʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɽʸ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʧʨʠʧʦʜʥʷʪʳʡ ʙʦʨʪ, ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ʧʝʨʠʬʝʨʠʠ ʱʠʪʘ, ʙʳʣ ʩʣʦʞʝʥ 

ʜʦʧʣʘʪʬʦʨʤʝʥʥʳʤʠ ʠ ʨʘʥʥʝʧʣʘʪʬʦʨʤʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʨʦʜ, ʘ ʶʛʦ-ʚʦʩʪʦʯ-

ʥʳʡ ʙʦʨʪ ï ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʣʘʪʬʦʨʤʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɻʨʘʥʠʮʘ 

ʩʤʝʥʳ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ ʧʨʠʤʝʨʥʦ ʩʦʚʧʘʜʘʣʘ ʩ ʦʩʥʦʚʥʦʡ ʦʩʴʶ ɹʝʣʦʤʦʨʩʢʦ-ɹʘʣ-

ʪʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʘʷ ʜʝʥʫʜʘʮʠʷ, ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ 



 

 80 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʜʦʣʝʜʥʠʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʷʚʠʣʘʩʴ ʥʘ ʧʣʦ-

ʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʜʦʣʴ ʣʠʥʠʠ ʚʳʢʣʠʥʠʚʘʥʠʷ ʦʩʘ-

ʜʦʯʥʦʛʦ ʯʝʭʣʘ. ɸ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʝʨʝʫʛʣʫʙʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝ-

ʨʠʠ ʚʧʘʜʠʥ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʵʬʬʫʟʠʚʥʳʤʠ ʧʦʨʦ-

ʜʘʤʠ ʚ ʘʚʣʘʢʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʦʙʣʠʢ ʱʠʪʘ (ʛʨʘʥʠʮʘ ʱʠʪʘ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʦʙʣʠʢ) ʠ ʝʛʦ 

ɹʝʣʦʤʦʨʩʢʦ-ɹʘʣʪʠʡʩʢʦʡ ʧʝʨʠʬʝʨʠʠ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʣʝʜʥʠʢʦʚʦʡ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʦʡ 

ʵʨʦʟʠʠ. ɺ ʣʝʜʥʠʢʦʚʦʡ ʠʩʪʦʨʠʠ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʘʢʪʠʚʠʟʘʮʠʠ ʦʣʝʜʝʥʝ-

ʥʠʷ. ʃʝʜʥʠʢʦʚʳʝ ʵʪʘʧʳ ʧʝʨʝʤʝʞʘʣʠʩʴ ʩ ʤʝʞʣʝʜʥʠʢʦʚʳʤʠ. ɽʩʣʠ ʚ ʣʝʜʥʠʢʦʚʳʝ ï 

ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ, ʪʦ ʚ ʤʝʞʣʝʜʥʠʢʦʚʳʝ ï ʩʝʜʠʤʝʥʪʘʮʠʠ. ʇʨʠʯʝʤ, ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʧʨʦʠʟʦʰʣʦ ʠʤʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ. ɿʘʧʦʣʥʝ-

ʥʠʝ ʵʨʦʟʠʦʥʥʳʭ ʜʝʧʨʝʩʩʠʦʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʨʳʭʣʳʤʠ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʦʪ-

ʣʦʞʝʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʝʞʣʝʜʥʠʢʦʚʳʝ ʮʠʢʣʳ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ, ʙʦʣʝʝ ʤʦʣʦʜʳʝ 

ʵʪʘʧʳ, ʪʝ ʞʝ ʫʛʣʫʙʣʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʛʣʷʮʠʦ-ʵʢʟʘʨʘʮʠʦʥʥʳʤ ʠ ʵʨʦʟʠʦʥ-

ʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʧʝʨʝʫʛʣʫʙʣʝ-

ʥʠʶ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʥʘʠʙʦʣʝʝ ʚʳʨʘ-

ʞʝʥʥʳʝ ʥʠʟʤʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, ʢ ʢʦʪʦʨʳʤ ʪʷʛʦʪʝʶʪ 

ʤʦʨʩʢʠʝ ʠ ʦʟʝʨʥʳʝ ʘʢʚʘʪʦʨʠʠ (Amantov, 1995; Amantov, Fjeldskaar, Cathles, 2011). 

ʇʨʠ ʵʪʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʫʙʘʢʚʘʣʴʥʦʡ ɹʝʣʦʤʦʨʩʢʦ-ɹʘʣʪʠʡ-

ʩʢʦʡ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʱʠʪʘ ʩ ʧʣʠʪʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʵʪʘʞʥʦʛʦ ʢ ʜʚʫʭ-

ʵʪʘʞʥʦʤʫ ʪʠʧʫ ʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʟʤʝʥʥʦʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ ʘʢʚʘʪʦʨʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʠ 

ɹʝʣʦʛʦ ʤʦʨʝʡ, ʃʘʜʦʞʩʢʦʛʦ ʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʠ ʝʜʠʥʦʡ 

ɹʘʣʪʠʡʩʢʦ-ɹʝʣʦʤʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʬʦʨʤʳ ʚ ʦʙʨʘʤʣʝʥʠʠ ɹʘʣʪʠʡ-

ʩʢʦʛʦ ʱʠʪʘ ʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʜʠʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥ-

ʥʳʭ ʩʦ ʩʣʦʞʥʦʡ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ɹʝʣʦʤʦʨʩʢʦ-ɹʘʣʪʠʡʩʢʦʡ ʢʨʘʝʚʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. 

ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʣʘʪʬʦʨʤʳ ʩ ʨʘʟʥʳʤʠ ʛʝʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʚʝʜʫʱʝʡ 

ʨʦʣʠ ʤʥʦʛʦʬʘʟʥʳʭ ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʢʘʡʥʦʟʦʡʩʢʠʭ (ʪʨʝʪʠʯʥʳʭ) ʜʦʣʝʜʥʠʢʦʚʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʧʦʩʣʝʜʫʶʱʠʭ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ ʤʦʱʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʡ ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʛʣʷʮʠʘʣʴʥʦʡ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʦʡ ʜʝʥʫʜʘʮʠʠ. 

ʇʦʣʦʞʝʥʠʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ɹʝʣʦʛʦ ʤʦʨʷ, ʃʘʜʦʞʩʢʦʛʦ ʠ 

ʆʥʝʞʩʢʦʛʦ ʦʟʝʨ ʚ ʧʨʝʜʝʣʘʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʠʬʝʨʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʩʣʦ-

ʞʠʣʠʩʴ ʢ ʤʦʤʝʥʪʫ ʟʘʣʦʞʝʥʠʷ ʘʢʚʘʪʦʨʠʡ, ʧʦʚʣʠʷʣʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʥʘ ʠʭ ʘʢʚʘʪʦʨʠʡ ʠ ʙʝʨʝʛʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʠʣʦ 

ʩʧʝʮʠʬʠʢʫ ʧʨʦʷʚʣʝʥʠʷ ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʦʪʨʘʟʠʣʦʩʴ 

ʥʘ ʭʘʨʘʢʪʝʨʝ ʨʝʣʴʝʬʘ ʜʥʘ ʘʢʚʘʪʦʨʠʡ ʠ ʠʭ ʙʝʨʝʛʦʚ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʩʦʩʪʘʚʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʩʘʜʢʦʚ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʥʘ ʘʢʚʘʪʦʨʠʡ ʠ ʠʭ ʙʝʨʝ-

ʛʦʚ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ: ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʣʠʪʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦ-

ʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʩ-

ʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʌʠʥʩʢʦʛʦ 
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ʟʘʣʠʚʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ɽʛʦ ʘʢʚʘʪʦʨʠʷ ʠ ʙʝʨʝʛʦʚʘʷ ʟʦʥʘ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʦʩʥʦʚ-

ʥʳʝ ʯʘʩʪʠ: ʩʝʚʝʨʥʫʶ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥ-

ʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʨʦʜ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ; ʮʝʥʪʨʘʣʴʥʫʶ, ʠʣʠ ʧʝʨʝʭʦʜʥʫʶ, 

ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʬʫʥʜʘʤʝʥʪ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ; ʶʞʥʫʶ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ, ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʧʘʣʝʦ-

ʟʦʡʩʢʠʭ ʧʦʨʦʜ ʧʣʠʪʥʦʛʦ ʯʝʭʣʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʝʥʷʶʪʩʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦ-

ʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʉ ʩʝʚʝʨʘ ʥʘ ʶʛ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʩʥʠʞʘʝʪʩʷ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʛʨʫʥʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʥʝ-

ʙʣʘʛʦʧʨʠʷʪʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʘʩʥʳʭ, ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ (ʕɻʇ) ʠ ʘʥʪʨʦ-

ʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. 

ɸʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʕɻʇ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʝʚʝʨʥʳʝ ʨʘʡʦʥʳ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

ʠ ʝʛʦ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʣʠʪʦʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʣʝʜʥʠʢʦʚʳʭ ʚʘʣʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʪʘʙʠʣʴʥʦʡ ʩʠʪʫʘʮʠʝʡ ʩ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʦ ʧʣʦʱʘʜʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʕɻʇ. ɼʣʷ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ ʕɻʇ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʦʣʥʦʚʦʡ ʘʙʨʘʟʠʝʡ, ʣʠʥʝʡʥʦʡ ʠ ʧʣʦʱʘʜʥʦʡ ʵʨʦʟʠʝʡ, ʵʦʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʬʦʥʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʜʥʠʢʦʚʳʭ ʧʝʩʯʘʥʳʭ ʣʠʪʦʢʦʤʧʣʝʢʩʦʚ. ɺ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʨʘʟʚʠ-

ʪʠʝ ʕɻʇ ʩʚʷʟʘʥʦ ʩ ʥʝʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʣʝʜʥʠʢʦʚʳʭ ʠ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʧʝʩʯʘ-

ʥʳʭ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʣʠʪʦʢʦʤʧʣʝʢʩʦʚ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʷʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʧʦʣʟʥʝ-

ʚʦʛʦ, ʧʨʦʩʘʜʦʯʥʦʛʦ ʠ ʦʩʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʜʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʩʫʙʩʪʨʘʪʘ ʚʣʠʷʶʪ ʥʘ ʣʠʪʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜ-

ʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʯʣʝʥʸʥʥʦʛʦ 

ʜʦʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʨʘʟʤʳʚʫ ʩʫʙ-

ʩʪʨʘʪʘ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʠʣʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʪʦʥ-

ʢʦʜʠʩʧʝʨʩʥʳʭ ʪʠʧʦʚ ʦʩʘʜʢʦʚ. ʈʘʟʤʳʚʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʘʣʦʦʙʨʘʟ-

ʥʳʤ ʧʦʜʥʷʪʠʷʤ ʜʥʘ ʠ ʙʝʨʝʛʘʤ ʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ ʶʞʥʦʡ 

ʯʘʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʴʰʠʭ ʛʣʫʙʠʥ, ʘʢʪʠʚʥʦʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʨʘʟʤʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʦʩʘʜʢʠ ʩ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʩʯʘʥʦʛʦ ʪʝʨʨʠ-

ʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʤʝʰʘʥʥʳʝ ʦʩʘʜʢʠ. 

ʉ ʤʝʭʘʥʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ ʙʝʨʝʛʦʚ ʠ ʭʘʨʘʢʪʝʨʦʤ ʙʝʨʝʛʦʚʳʭ ʵʢʟʦ-

ʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʘʥʳ ʤʦʨʬʦʣʦʛʠʷ ʧʦʙʝʨʝʞʴʷ ʠ ʪʠʧʳ ʙʝʨʝʛʦʚ. ʉʣʝʜʩʪʚʠʝʤ 

ʵʪʠʭ ʞʝ ʧʨʠʯʠʥ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠʣʠ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʚ ʙʝʨʝ-

ʛʦʚʦʡ ʟʦʥʝ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʣʠʪʦʢʦʤʧʣʝʢʩʳ, ʘ ʪʘʢʞʝ ʣʝʜʥʠʢʦʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʣʫʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. ʇʨʠ ʨʘʟʤʳʚʝ ʪʘʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʣʫʥʥʦʡ 

ʦʪʤʦʩʪʢʠ. ʆʥʘ ʙʨʦʥʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʥʘ ʠ ʙʝʨʝʛʦʚ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ 

ʠʭ ʨʘʟʤʳʚʫ. ɺ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʶʞʥʳʭ ʨʘʡʦʥʦʚ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʨʘʟʚʠʪʳ ʣʝʜʥʠʢʦ-

ʚʳʝ ʠ ʜʦʯʝʪʚʝʨʪʠʯʥʳʝ ʧʝʩʯʘʥʳʝ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʣʠʪʦʢʦʤʧʣʝʢʩʳ ʩ ʥʝʚʳʩʦʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʪʦ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʘʙʨʘʟʠʠ ʠ ʨʘʟʨʫʰʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʘʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʝʨʠʬʝ-

ʨʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ ʵʢʦʣʦʛʦʛʝʦʣʦ-
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Abstract: One of vital issues of geoecology of the region of Teriberka ï broad development of 

traces of Holocene tectonic violations. These numerous traces testify to need to assume the 

increased seismodanger at constructions of gas pipelines. In all studied tectonic the violations, 

developed only in archaean breeds, including the route of the gas pipeline under construction, 

weren't found glacial deposits. Means, dislocations arose after washout in a place of violations of 

a glacial precipitation. In the studied territory rather small, sharply dismembered relief which 

could arise only in postglacial time at formation of numerous large and small breaks is developed. 

This process was shown and to the west, in particular, in the territory, adjacent to Murmansk, 

studied by other researchers. 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʦʜʠʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʘʟʦʧʨʦʚʦʜʘ ʚ 

ʨʘʡʦʥʝ ʊʝʨʠʙʝʨʢʠ ʥʘ ʩʝʚʝʨʝ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɺ 2013 ʛʦʜʫ ʦʥʦ ʙʳʣʦ ʧʨʠ-

ʦʩʪʘʥʦʚʣʝʥʦ ʠ ʢʘʢʦʚʦ ʝʛʦ ʙʫʜʫʱʝʝ ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʦ. ʗʩʥʦ ʦʜʥʦ ï ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʦʢʨʫʞʝʥʠʠ ʛʫʙʳ ʊʝʨʠʙʝʨʩʢʘʷ ʩʣʝʜʳ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʤʘʩʰʪʘʙʘʤ ʛʦʣʦʮʝʥʦʚʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ [2, 3] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʛʘʟʦʧʨʦʚʦʜʘ, ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʝʨʠʙʝʨʩʢʦʛʦ ʨʘʡʦʥʘ ʦʥ 

ʧʨʦʭʦʜʠʪ ʧʦ ʩʝʡʩʤʦʦʧʘʩʥʦʡ ʟʦʥʝ. ɺ ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʤʥʝʥʠʷ, ʚʝʨʦʷʪʥʦ, ʛʦʚʦʨʷʪ ʠ 

ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʣʝʜʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʠ ʚ ʙʦʣʝʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʘʡʦʥʘʭ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ [10]. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʫʯʝʥʥʳʝ ʥʘʤʠ ʦʩʥʦʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʛʦʣʦʮʝʥʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ  ʠ 

ʫʩʣʦʚʠʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʊʝʨʠʙʝʨʢʠ (ʨʠʩ.1). 

ʀʟ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʊʝʨʠʙʝʨʢʠ, ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʩʣʝʜʫ-ʁ

ʱʠʝ. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʥʘʨʫʰʝʥʠʷʭ, ʨʘʟʚʠʪʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʘʨʭʝʡʩʢʠʭ ʧʦʨʦʜʘʭ, 

ʙʝʟʨʘʟʣʠʯʥʦ ʙʳʣʠ ʣʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʟʢʠʤʠ, ʚ ʧʝʨʚʳʝ ʤʝʪʨʳ, ʠʣʠ, ʨʝʞʝ, ʰʠʨʦ-
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ʢʠʤʠ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, ʧʦʥʠʞʝʥʠʷʤʠ, ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʨʘʩʧʦʣʘʛʘʣʠʩʴ 

ʣʠ ʙʦʨʪʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʥʘ ʨʘʟʣʠʯʥʦʡ ʠʣʠ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ, ʥʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʣʝʜʥʠʢʦʚʳʝ ʠʣʠ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ. 

 
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ ʨʘʡʦʥʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ. ʎʠʬʨʳ 1-7 ï ʫ ʤʝʩʪ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʦʚ ʪʦʨʬʘ ʠʟ ʩʝʡʩʤʦʛʝʥʥʳʭ ʨʘʟʣʦ-

ʤʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʜʠʦ-

ʫʛʣʝʨʦʜʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʜʘʚʰʠʝ ʚʦʟʨʘʩʪ 

ʦʪ 6300Ñ80 ɺʈ ʜʦ 1497Ñ50 ɺʈ 
 

ʋʢʘʟʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʪʨʝʱʠʥʳ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʠʭ ʫʯʘ-

ʩʪʢʠ ʧʦʥʠʞʝʥʠʡ, ʚʦʟʥʠʢʣʠ ʚ ʧʦʩʣʝʣʝʜ-

ʥʠʢʦʚʦʝ ʚʨʝʤʷ, ʧʨʠʯʝʤ ʢ ʤʦʤʝʥʪʫ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʧʢʠʭ 

ʘʨʭʝʡʩʢʠʭ ʪʦʣʱ ʦʪʩʫʪʩʪʚʦʚʘʣ ʯʝʭʦʣ 

ʣʝʜʥʠʢʦʚʳʭ ʠ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʨʳʭʣʳʭ 

ʧʦʨʦʜ. ʆʯʝʚʠʜʥʦ, ʦʥ ʙʳʣ ʫʞʝ ʩʤʳʪ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ ʝʱʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʩʣʦʢʘʮʠʡ. ʊʘʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʨʠʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʂʦʣ-ɹ

ʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚʩʷ ʦʙʰʠʨʥʘʷ ʧʝʨʠʬʝʨʠʡʥʘʷ ʯʘʩʪʴ ʧʦʣʫʦʩʪ-

ʨʦʚʘ ʚ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʨʘʥʩʛʨʝʩʩʠʷʤ [5]. ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʳʭ-ʛʦʣʦʮʝʥʦʚʳʭ 

ʪʨʘʥʩʛʨʝʩʩʠʷʭ ʩʦʜʝʨʞʠʪʩʷ  ʚ ʢʥʠʛʝ [4]. ʆʜʥʘʢʦ, ʢʦʥʝʯʥʦ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʤʥʦʛʠʝ ʠʟʣʦʞʝʥʥʳʝ ʚ ʵʪʦʤ ʪʨʫʜʝ ʤʘʪʝʨʠʘʣʳ ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ɺ ʵʪʦʤ ʦʪʥʦ-

ʰʝʥʠʠ ʠʥʪʝʨʝʩʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɺ.ʗ. ɽʚʟʝʨʦʚʘ [6] ʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝ-

ʩʪʚʝ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ ʥʘ ʂʦʣʩɹʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʪʨʘʥʩʛʨʝʩʩʠʡ, ʯʝʤ 

ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʠʭ ʙʳʣʦ ʚʩʝʛʦ ʪʨʠ. ʀʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʦ-

ʜʷʪʩʷ ʚ ʩʪʘʪʴʝ ɺ.ɺ. ʂʦʣʴʢʘ ʠ ʆ.ʇ. ʂʦʨʩʘʢʦʚʦʡ [7] ʜʣʷ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ ʂʘʥʜʘ-

ʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʥʠʭ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʩ 10 ʪʳʩ. ʣ. ʥ. ʠ ʧʨʠ-

ʤʝʨʥʦ ʜʦ 5 ʪʳʩ. ʣ. ʥ. ʚ ʦʟʝʨʘʭ, ʥʘ ʚʳʩʦʪʘʭ 88 ï 30 ʤ, ʦʪʣʘʛʘʣʠʩʴ ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ. 

ʄʦʨʩʢʠʝ ʪʨʘʥʩʛʨʝʩʩʠʠ ʧʨʠʚʝʣʠ ʢʘʢ ʢ ʩʤʳʚʫ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚʳʭ ʦʪ-

ʣʦʞʝʥʠʡ, ʣʝʞʘʚʰʠʭ ʥʘ  ʧʨʠʧʦʜʥʷʪʳʭ ʘʨʭʝʡʩʢʠʭ ʪʦʣʱʘʭ, ʪʘʢ ʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʦʥʠʞʝʥʥʳʭ ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʘʭ ʛʘʣʝʯʥʦ-ʚʘʣʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʢʣʶʯʘʷ ʵʨʨʘʪʠʯʝʩʢʠʡ, ʥʝʩʦʤʥʝʥʥʦ, ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ [4]. ʕʪʠ ʦʪʚʘʣʳ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʚʦ-

ʛʥʫʪʳʤ ʫʯʘʩʪʢʘʤ ʙʝʨʝʛʘ ʠ ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʚ ʤʦʨʝ, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʪ ʥʘ 

ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʘʩʘʭ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 50 ʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʦʜʲʝʤ ʤʦʨʩʢʠʭ ʚʦʜ 

ʜʦʣʞʝʥ ʙʳʣ ʙʳʪʴ ʚ ʥʘʯʘʣʝ ʛʦʣʦʮʝʥʘ. ʆʥ ʩʤʳʣ ʩ ʦʙʰʠʨʥʳʭ ʧʨʠʙʨʝʞʥʳʭ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʦʟʚʳʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʨʳʭʣʳʡ ʤʦʨʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɺʝʨʦʷʪʥʦ, ʦʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠ ʦʩʪʘʚʰʠʝʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʦʩʢʦʚʝʨʰʠʥʥʳʭ 

ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʟʞʝ ʪʨʘʥʩʛʨʝʩʩʠʡ, ʢʨʫʧʥʳʝ ʣʝʜʥʠʢʦʚʳʝ 

ʛʣʳʙʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʤʝʣʢʠʭ, ʤʦʨʩʢʠʤʠ 

ʚʦʜʘʤʠ ʚ ʤʦʨʝ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʷ, ʧʦʜʚʝʨʛʰʘʷʩʷ ʧʦʩʣʝʣʝʜ-
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ʥʠʢʦʚʳʤ ʪʨʘʥʩʛʨʝʩʩʠʷʤ, ʙʳʣʘ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʢʘʟʘʥʥʘʷ ɻʨʝʢʦʚʳʤ ʠ ʂʦʰʝ-

ʣʝʚʦʡ [5] ʚ ʠʭ ʩʪʘʪʴʝ ʥʘ ʨʠʩ.2, ʪʘʢ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʧʨʦ-

ʠʟʦʰʣʦ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ, ʧʨʠʚʝʜʰʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʣʦʞʥʦ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʧʨʠ-

ʙʨʝʞʥʦʛʦ ʨʝʣʴʝʬʘ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤ ʢʨʫʧʥʦ-

ʤʘʩʰʪʘʙʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

ʕʪʠ ʥʘʨʫʰʝʥʠʷ ʚʦʟʥʠʢʣʠ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʙʩʪʘʥʦʚʢʝ ʨʘʩʪʷʞʝʥʠʷ. ʕʪʦ ʧʨʦʷʚʠʣʦʩʴ 

ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʨʘʟʣʦʤʳ ʙʳʣʠ ʨʘʟʣʦʤʘʤʠ ʨʘʩʪʷʞʝʥʠʷ, ʦʪʯʝʪʣʠʚʦ 

ʟʠʷʶʱʠʤʠ, ʧʦʧʝʨʝʯʥʠʢʦʤ ʚ ʧʝʨʚʳʝ ʤʝʪʨʳ, ʠʥʦʛʜʘ ʠ ʙʦʣʝʝ. ʆʥʠ ʙʳʣʠ ʠʣʠ 

ʝʜʠʥʠʯʥʳʤʠ, ʠʥʦʛʜʘ ʧʨʦʪʷʛʠʚʘʶʱʠʤʠʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩ-

ʩʪʦʷʥʠʷ, ʠʣʠ ʩʦʚʤʝʱʝʥʥʳʤʠ, ʧʘʨʥʳʤʠ [2, 3]. ɺʦ ʚʩʝʭ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʩʣʫʯʘʷʭ 

ʨʘʟʣʦʤʳ ʬʠʢʩʠʨʦʚʘʣʠ ʨʘʩʪʷʞʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ. ʈʘʟʣʦʤʥʳʝ 

ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʧʦʥʠʞʝʥʠʷʤʠ, ʥʦ ʠ ʪʨʝʱʠʥʘʤʠ 

ʧʦʧʝʨʝʯʥʠʢʦʤ ʦʙʳʯʥʦ ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢʨʫʧ-

ʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦʨʦʜ, ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʩʣʘʛʘʶʱʠʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʷʜʦʤ ʩʪʝʥʢʠ 

ʨʘʟʣʦʤʦʚ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʛʣʳʙ ʠ ʦʙʣʦʤʢʦʚ, ʟʘʧʦʣʥʷʶʱʠʭ ʠʭ, ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʪʦʨʬʷʥʦʡ ʤʘʪʝʨʠʘʣ. ʀʟʫʯʝʥʠʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʚʦʟʨʘʩʪʘ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ 7 

ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʦʣʦʮʝʥʦʚʦʤ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʦʤ ʠʭ 

ʚʦʟʨʘʩʪʝ, ʘ ʠʤʝʥʥʦ ʦʪ 6300Ñ80ɺʈ ʜʦ 1497Ñ50ɺʈ. ɿʥʘʯʠʪ ʩʦʚʨʝʤʝʥʥʳʡ 

ʨʘʩʯʣʝʥʝʥʥʳʡ ʨʝʣʴʝʬ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚʦʟʥʠʢ ʚ ʛʦʣʦʮʝʥʦʚʦʝ 

ʚʨʝʤʷ, ʥʦ ʥʝ ʚ ʥʘʯʘʣʝ ʝʛʦ. ʊʦʨʬʷʥʠʢʠ ʜʦʣʞʥʳ ʙʳʣʠ ʚʦʟʥʠʢʥʫʪʴ ʥʝ ʥʘ ʤʥʦʛʦ ʧʦʟʞʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʤʠʭ ʨʘʟʣʦʤʦʚ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʣʦʩʪʠ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ 

ʛʣʳʙʘʤʠ ʚ ʨʘʟʣʦʤʘʭ ʙʳʣʠ ʙʳ ʫʞʝ ʟʘʩʳʧʘʥʳ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ɻʣʘʚʥʦʝ ʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʙʳ ʨʘʟʣʦʤʳ ʙʳʣʠ ʙʳ ʜʦʛʦʣʦʮʝʥʦʚʳʤʠ, 

ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʥʝʩʪʠ ʩʣʝʜʳ ʣʝʜʥʠʢʦʚʦʡ ʵʨʦʟʠʠ ʠ ʙʳʪʴ ʟʘʧʦʣʥʝʥʥʳʤʠ ʣʝʜʥʠ-

ʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʦ ʥʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. 

ʇʨʠʚʝʜʝʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʩʥʦʚʥʳʭ ʠʟ ʠʟʫʯʝʥʥʳʭ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʚ 

ʨʘʡʦʥʝ ʊʝʨʠʙʝʨʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʦ ʢ ʩʝʚʝʨʫ ʦʪ ʧʦʩ. ʊʝʨʠʙʝʨʢʠ 

(ʨʘʥʝʝ ʥʘʟʳʚʘʚʰʝʛʦʩʷ, ʢʘʢ ʥʘ ʢʘʨʪʝ ï ʃʦʜʝʡʥʦʝ), ʪʦ ʝʩʪʴ ʚ ʨʘʡʦʥʝ ʤ. ɾʠʣʦʡ. ɿʜʝʩʴ 

ʧʦʜ ˉ 1 (ʨʠʩ.1) ʨʘʟʣʦʤ, ʠʜʫʱʠʡ ʦʪ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʢʨʫʛʣʦʛʦ ʦʟʝʨʘ ʚ ʰʠʨʦʪʥʦʤ ʥʘ-

ʧʨʘʚʣʝʥʠʠ ʜʦ ʛʫʙʳ ʃʦʜʝʡʥʘʷ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʟʠʷʶʱʝʡ ʪʨʝʱʠʥʦʡ ʧʦʧʝʨʝʯʥʠʢʦʤ ʚ 

ʧʝʨʚʳʝ ʤʝʪʨʳ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʝʥʢʘʤʠ, ʨʘʩʩʝʢʘʶʱʝʡ ʧʝʨʝʩʝʢʘʝʤʫʶ ʚʦʟʚʳʰʝʥ-

ʥʦʩʪʴ ʧʦʧʝʨʝʢ. ʅʘ ʨʠʩ. 2 ʚʠʜʝʥ ʭʘʨʘʢʪʝʨ ʨʘʟʣʦʤʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʝʛʦ, ʧʨʠʯʝʤ ʦʥ 

ʷʚʣʷʝʪʩʷ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʤ. ʇʨʠʤʝʨʥʦ 200 ʤ ʩʝʚʝʨʥʝʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʥʘʣʦʛʠʯ-

ʥʳʡ, ʪʘʢʞʝ ʰʠʨʦʪʥʳʡ ʨʘʟʣʦʤ (ʨʘʟʣʦʤ ˉ 2 ʥʘ ʨʠʩ.1), ʥʦ ʫʱʝʣʴʝ, ʠʜʫʱʝʝ ʢ ʛʫʙʝ ʃʦ-

ʜʝʡʥʘʷ, ʦʯʝʥʴ ʢʨʫʪʦʝ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʥʢʘʤʠ, ʩʥʝʞʥʠʢʦʤ ʚ ʦʩʥʦʚʘʥʠʠ, ʩ ʧʦʧʝʨʝʯʥʠ-

ʢʦʤ ʨʚʘ ʦʢʦʣʦ 3 ʤ. ʖʞʥʘʷ ʯʘʩʪʴ ʫ ʛʫʙʳ ʚʳʰʝ ʩʝʚʝʨʥʦʡ (ʨʠʩ.3). ʅʘ ʩʝʚʝʨʥʦʤ ʦʛʨʘ-

ʥʠʯʝʥʠʠ ʪʦʡ ʞʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʤ. ɾʠʣʦʡ, ʪʘʢʞʝ ʧʨʠʤʝʨʥʦ ʩ ʟʘ-

ʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʪʢʠʡ ʟʠʷʶʱʠʡ ʨʘʟʣʦʤ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 1.5 ʤ (ʨʘʟʣʦʤ ˉ 

3, ʨʠʩ.1). ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʝʛʦ ʦʪʯʝʪʣʠʚʦ ʥʠʞʝ ʶʞʥʦʡ. ʋ ʧʦʩʣʝʜʥʝʡ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʪʝʥʢʘ ʨʘʟʣʦʤʘ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʪʳ 5 ʤ. ɿʘʧʘʜʥʝʝ ʫʧʦʤʷʥʫʪʦʛʦ ʦʙʥʘʞʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʚ 1 ʢʤ ʥʘʭʦʜʠʪʩʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʚʳʩʦʪʦʡ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 40 ʤ (ʨʘʟʣʦʤ 

ˉ 5, ʨʠʩ.1), ʩʝʢʫʱʘʷʩʷ ʰʠʨʦʪʥʳʤ ʨʘʟʣʦʤʦʤ, ʩʪʝʥʢʠ ʢʦʪʦʨʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʥʦ ʥʘ 

ʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʝʚʦʡ ʯʘʩʪʠ, ʠʤʝʶʱʝʡ ʰʠʨʠʥʫ ʦʢʦʣʦ 1-1.5 ʤ. ɿʠʷʶʱʠʡ ʨʘʟʣʦʤ 

ˉ 4 (ʩʤ. ʨʠʩ.1) ʠʤʝʝʪ ʚʳʩʦʪʫ ʧʦʯʪʠ 100 ʤ ʠ ʧʨʦʩʪʠʨʘʥʠʝ ʦʢʦʣʦ 20-200
0
. ʈʘʟʣʦʤ ʭʦ-

ʨʦʰʦ ʚʳʨʘʞʝʥ, ʥʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʥʝʤʫ ʥʝʟʥʘʯʠʪʝʣʴʥʳ.  
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ʈʠʩ. 2. ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʟʣʦʤʘ (ʨʘʟʣʦʤ ˉ 1 

ʥʘ ʨʠʩ. 1), ʚʳʭʦʜʷʱʘʷ ʢ ʛʫʙʝ ʃʦʜʝʡʥʘʷ 

ʈʠʩ. 3. ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʟʣʦʤʘ 

(ʨʘʟʣʦʤ ˉ 2 ʥʘ ʨʠʩ. 1), ʪʘʢʞʝ ʰʠ-

ʨʦʪʥʦʛʦ, ʚʳʭʦʜʷʱʘʷ ʢ ʛʫʙʝ ʃʦʜʝʡʥʘʷ 

ʩʦ ʩʥʝʞʥʠʢʦʤ ʚ ʦʩʥʦʚʘʥʠʠ 
 

ʉʣʝʜʫʶʱʠʤʠ, ʦʧʠʩʳʚʘʚʰʠʤʠʩʷ ʨʘʟʣʦʤʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʦʨʬʷʥʠʢʠ, ʙʳʣʠ 

ʜʚʘ (ˉ 6 ʠ ˉ 7), ʠʟʫʯʝʥʥʳʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʠ ʚʦʟʚʳʝhʥʥʦ-

ʩʪʠ ʤʝʞʜʫ ʛʫʙʦʡ ʃʦʜʝʡʥʘʷ ʠ ʦʟ. ʇʝʨʚʦʝ ʊʠʪʦʚʩʢʦʝ. ɿʜʝʩʴ ʨʘʟʣʦʤʳ ʩʝʢʫʪ ʧʦʧʝʨʝʢ 

ʚʦʟʚʳʰʝʥʥʦʩʪʴ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʡ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʠʪ 120 ʤ. ʈʘʟʣʦʤʳ ʨʘʩʧʦ-

ʣʘʛʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʤ ʠ ʠʜʫʪ ʧʦ ʘʟʠʤʫʪʫ ʦʢʦʣʦ 40
0
. ʆʥʠ ʯʘʩʪʦ 

ʦʙʨʘʟʫʶʪ ʨʘʩʱʝʣʠʥʳ ʩ ʰʠʨʠʥʦʡ ʦʪ 0,5 ʜʦ 5 ʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 8 ʤ. ʇʨʠ ʵʪʦʤ, ʚ 

ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʧʦʜʥʷʪʳʤ ʷʚʣʷʝʪʩʷ ʪʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʝ, ʪʦ ʩʝʚʝʨʦ-ʟʘ-

ʧʘʜʥʦʝ ʢʨʳʣʦ ʨʘʟʣʦʤʦʚ. 

ʀʟʫʯʝʥʥʳʡ ʩʧʝʢʪʨ ʩʝʡʩʤʦʛʝʥʥʳʭ ʨʘʟʣʦʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ. ʅʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ ʥʠʭ, ʢʦʥʝʯʥʦ, ʠʤʝʶʪ ʨʘʟʣʦʤʳ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ, ʘ ʪʝʤ ʩʘʤʳʤ ʠ 

ʬʦʨʤʠʨʦʚʘʚʰʠʝ ʢʨʫʧʥʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ. ʀʤʝʥʥʦ ʦʥʠ ʩʦʟʜʘʚʘʣʠ 

ʨʝʣʴʝʬ, ʚ ʢʦʪʦʨʦʤ ʧʦʜʥʷʪʠʷ ʩʦʯʝʪʘʣʠʩʴ ʩ ʢʨʫʧʥʳʤʠ, ʚʧʣʦʪʴ ʜʦ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʢʣʦʥʘʤʠ, ʨʘʟʜʝʣʷʶʱʠʤʠʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ (ʨʠʩ.4). ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʟʦʥʳ ʩʦʧʨʷʞʝʥʥʳʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʨʘʟʣʦʤʦʚ, ʨʘʟʜʝ-

ʣʷʶʱʠʭ ʪʘʢʠʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ ʧʦʥʠʞʝʥʠʷ (ʨʠʩ.5).  

ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ, ʨʝʣʴʝʬ ʨʘʡʦʥʘ ʊʝ-

ʨʠʙʝʨʢʠ ʚʳʛʣʷʜʠʪ ʛʦʨʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʝʛʦ ʜʦʩʪʠ-

ʛʘʶʪ ʚʩʝʛʦ ʣʠʰʴ 200 ʤ. ʌʦʨʤʘʣʴʥʦ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʠʬʝʨʠʠ ʌʝʥʥʦʩʢʘʥʜʠʠ, 

ʢʦʪʦʨʘʷ ʚʦ ʚʨʝʤʷ ʦʣʝʜʝʥʝʥʠʷ ʧʨʦʷʚʣʷʣʘ ʩʝʙʷ ʢʘʢ ʪʨʘʥʟʠʪʥʘʷ ʟʦʥʘ [8]. ʆʜʥʘʢʦ ʩʦ-

ʚʨʝʤʝʥʥʳʝ ʚʦʜʦʩʙʦʨʳ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʷʚʣʷʶʪʩʷ ʤʝʩʪʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʨʝʢʠ ʥʝ ʪʝʢʫʪ ʥʘ ʧʦʣʫʦʩʪʨʦʚ ʠʟ ʌʝʥʥʦʩʢʘʥʜʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʢʘʢ ʠ ʚ ʠʟʫʯʝʥ-

ʥʦʤ ʥʘʤʠ ʨʘʡʦʥʝ, ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪ-

ʨʦʚʝ ʚ ʛʦʣʦʮʝʥʦʚʦʝ ʚʨʝʤʷ, ʧʨʠʯʝʤ ʥʝ ʚ ʩʘʤʦʤ ʝʛʦ ʥʘʯʘʣʝ. ɽʱʝ ʜʣʷ ʧʨʝʙʦʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʨʠʩʫʝʪʩʷ ʩʚʷʟʴ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ɹʘʨʝʥʮʝʚʘ 

ʠ ɹʝʣʦʛʦ ʤʦʨʝʡ [5]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʛʜʘ ʨʝʣʴʝʬ ʙʳʣ ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʝʝ ʚʳʨʦʚ-

ʥʝʥʥʳʡ, ʙʦʣʝʝ ʥʠʟʢʠʡ, ʯʝʤ ʩʝʡʯʘʩ. 
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ʇʨʘʚʜʘ, ʧʦ ʜʨʫʛʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [10], ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦ-

ʮʝʥʘ-ʛʦʣʦʮʝʥʘ ʛʣʷʮʠʦʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʜʥʷʪʠʝ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʠʤʝʣʦ 

ʢʫʧʦʣʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʧʨʠʯʝʤ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʝʛʦ ʧʦʜʥʠʤʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ 

ʚʦʩʪʦʯʥʘʷ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʧʦʜʥʷʪʠʷ ʥʝ ʠʟʤʝʥʷʣʩʷ ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝ-

ʤʝʥʠ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʠ ʩʭʝʤʘ ʠʟʦʙʘʟ ʜʣʷ ʨʘʥʥʝʛʦ ʛʦʣʦʮʝʥʘ (~9000 
14
ʉ), ʥʘ ʢʦʪʦʨʦʡ ʠʟʦʙʘʟʘ 80 ʤ ʧʝʨʝʩʝʢʘʝʪ ʟʦʥʫ ʧʨʝʙʦʨʝʘʣʴʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʧʦ-

ʢʘʟʘʥʥʦʡ ʚ [5] ʥʘ ʨʠʩ.2.  
 

  
ʈʠʩ. 4. ɺʦʟʚʳʰʝʥʥʦʩʪʴ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʪʝʥʢʦʡ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʢ ʥʝʡ ʟʠʷʶ-

ʱʠʤ ʩʤʝʱʝʥʠʝʤ ʪʘʢʞʝ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʨʘʟʣʦʤʫ 

ʈʠʩ 5. ɼʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʠʷʶʱʠʭ ʨʘʟʣʦʤʘ, 

ʨʘʟʜʝʣʷʶʱʠʭ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʠ ʧʨʠʣʝʞʘ-

ʱʝʝ ʧʦʥʠʞʝʥʠʝ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʠʡ, ʨʝʟʢʦ ʨʘʩʯʣʝ-

ʥʝʥʥʳʡ ʨʝʣʴʝʬ ʥʘ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʨʘʞʝʥ ʦʯʝʥʴ ʦʪʯʝʪʣʠʚʦ. ʆʥ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʙʝʨʝʞʴʷ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʟʘʣʠʚʘʤʠ, ʛʫʙʘʤʠ, ʚʜʘʶʱʠ-

ʤʠʩʷ ʚ ʤʘʪʝʨʠʢ. ʍʘʨʘʢʪʝʨʥʦ ʦʙʠʣʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʟʝʨʥʳʭ 

ʚʦʜʦʝʤʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ. ʊʘʢʦʡ ʠʥʪʝʥʩʠʚʥʦ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʥʥʳʡ ʨʝʣʴʝʬ, ʥʝʨʝʜʢʦ ʩ ʢʨʫʪʳʤʠ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʳʚʠʩʪʳʭ ʩʢʣʦʥʘʤʠ, ʨʝʟʢʠʤʠ 

ʧʦʥʠʞʝʥʠʷʤʠ, ʥʝ ʤʦʛ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ. 

ɹʝʟʫʩʣʦʚʥʦ, ʧʨʠ ʩʪʦʣʴ ʨʘʩʯʣʝʥʝʥʥʦʤ ʨʝʣʴʝʬʝ ʚ ʩʣʫʯʘʝ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʦ 

ʚʨʝʤʷ ʦʣʝʜʝʥʝʥʠʷ, ʜʦʣʞʥʳ ʙʳʣʠ ʙʳ ʚʦʟʥʠʢʥʫʪʴ ʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʩʦʭʨʘ-

ʥʠʪʴʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʣʷʮʠʦʜʠʩʣʦʢʘʮʠʠ. ʆʜʥʘʢʦ ʦʥʠ ʥʘʤʠ 

ʥʝ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʘʡʦʥʝ ʊʝʨʠʙʝʨʢʠ ʚʦ 

ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ʨʝʣʴʝʬ ʙʳʣ ʚʳʨʦʚʥʝʥʥʳʤ, ʧʦʣʦʛʠʤ, ʥʠʟʢʠʤ ʠ ʧʦʪʦʤʫ 

ʥʝ ʦʢʘʟʳʚʘʣ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʜʚʠʞʝʥʠʶ ʣʝʜʥʠʢʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʨʝʣʴ-

ʝʬʘ ʥʝʨʝʜʢʦ ʩ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ, ʨʘʟʥʦʚʳʩʦʪʥʳʤʠ ʦʟʝʨʥʳʤʠ ʚʦʜʦʝʤʘʤʠ ʠ ʤʦʨ-

ʩʢʠʤʠ ʟʘʣʠʚʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʦʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʢʪʠʚʥʦʛʦ ʣʝʜ-

ʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʧʝʨʝʢʨʳʚʘʚʰʝʛʦ ʪʘʢʦʡ ʨʝʣʴʝʬ. ɺʝʜʴ ʣʝʜʥʠʢ ʜʦʣʞʝʥ ʙʳʣ ʚ -r

ʧʘʭʠʚʘʪʴ ʠ ʩʛʣʘʞʠʚʘʪʴ ʨʝʣʴʝʬ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥ ʜʚʠʛʘʣʩʷ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʥʦʛʦ, ʧʦʣʦʛʦʛʦ ʨʝʣʴʝʬʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ ʨʘʩʯʣʝʥʝʥʥʳʡ ʨʝʣʴʝʬ, ʨʘʟʚʠʪʳʡ ʚ ʨʘʡʦʥʝ ʊʝʨʠ-

ʙʝʨʩʢʦʡ ʛʫʙʳ, ʷʚʣʷʝʪʩʷ ʤʦʣʦʜʳʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʚ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ, 
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ʧʨʠʯʝʤ ʥʝ ʚ ʝʛʦ ʥʘʯʘʣʝ, ʘ ʧʦʩʣʝ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʠʭ ʪʨʘʥʩʛʨʝʩʩʠʡ, ʦʟʥʘʤʝʥʦʚʘʚ-

ʰʠʭʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʣʝʯʥʦ-ʚʘʣʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʝʥʯʘʶʱʠʭ ʛʨʫʙʦʦʙʣʦʤʦʯ-

ʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ. ʇʨʠ ʤʦʨʩʢʠʭ ʪʨʘʥʩʛʨʝʩʩʠʷʭ ʩ ʩʫʰʠ ʚ ʦʩʥʦʚʥʦʤ 

ʙʳʣ ʩʥʝʩʝʥ ʣʝʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ, ʠʩʢʣʶʯʘʷ ʣʠʰʴ ʥʘʠʙʦʣʝʝ ʧʦʥʠʞʝʥʥʳʝ ʫʯʘ-

ʩʪʢʠ, ʥʘʧʨʠʤʝʨ ʧʦ ʨʝʢʝ ʊʝʨʠʙʝʨʢʝ, ʠʣʠ ʚʦʰʝʜʰʠʡ ʚ ʩʦʩʪʘʚ ʫʧʦʤʠʥʘʚʰʠʭʩʷ ʛʘ-

ʣʝʯʥʦ-ʚʘʣʫʥʥʳʭ ʧʨʠʙʨʝʞʥʳʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʚʦʛʥʫʪʳʤ ʫʯʘʩʪ-

ʢʘʤ ʤʦʨʩʢʦʛʦ ʙʝʨʝʛʘ. ʉʢʘʟʘʥʥʦʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʯʪʦ ʧʦʩʣʝ-

ʣʝʜʥʠʢʦʚʳʝ ʧʦʜʥʷʪʠʷ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʫʩʣʦʚʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʦʡ ʩʠʩ-

ʪʝʤʳ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʨʘʟʣʦʤʦʚ, ʨʘʩʯʣʝʥʠʚʰʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠ ʧʨʠ-

ʜʘʚʰʠʭ ʝʡ ʙʣʦʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ [4]. ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ 

ʝʱʝ ʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ, ʯʝʤ ʜʣʷ ʨʘʡʦʥʘ ʊʝʨʠʙʝʨʢʠ, ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʣʝ-

ʞʘʱʝʡ ʢ ʄʫʨʤʘʥʩʢʫ, ʛʜʝ ʩʣʝʜʳ ʦʧʠʩʘʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʝʝ ʠ ʤʥʦ-

ʛʦʯʠʩʣʝʥʥʝʝ [10]. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʳ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʫʙʣʠ-

ʢʘʮʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦ ʌʝʥʥʦʩʢʘʥʜʠʠ ʠ ʝʝ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʢʘʢ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʝ ʧʨʦʚʠʥʮʠʠ [9, 11]. 

ʉʝʡʩʤʦʛʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʡʦʥʘ ʄʫʨʤʘʥʩʢʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʦʢʘ-

ʟʘʥʳ ʥʘ ʨʠʩ.6 [10].  
 

 

 

ʈʠʩ. 6. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʠʟʫʯʝʥʥʳʭ ʩʝʡʩʤʦʜʝʬʦʨʤʘʮʠʡ ʠ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʡʦʥʝ ʄʫʨ-

ʤʘʥʩʢʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʦ ʅʠʢʦ-

ʣʘʝʚʦʡ ʠ ʜʨ. [10] 

1 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʚʳʜʝʣʝʥ-

ʥʳʝ ʧʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

(ʘ), ʧʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʘʵʨʦʬʦʪʦ-

ʩʥʠʤʢʦʚ (ʙ); 2 ï ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʧʦ-

ʨʦʜ; 3-7 ï ʧʘʣʝʦ-ʩʝʡʩʤʦʜʝʬʦʨʤʘʮʠʠ 

(ʧʨʝʜʧʦʣʘʛʘ-ʝʤʳʝ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ). 

ʉʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʝ: 3 ï ʨʘʟʨʳʚʳ ʩʦ 

ʩʜʚʠʛʦʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʜʚʠʞʝʥʠʷ, 4 ï 

ʩʙʨʦʩʦʚʳʝ ʫʩʪʫʧʳ (ʘ), ʩʝʡʩʤʦʪʝʢʪʦʥʠ-

ʯʝʩʢʠʝ ʨʚʳ ʠ ʪʨʝʱʠʥʳ (ʙ). ʉʝʡʩʤʦʛʨʘ-

ʚʠʪʘ-ʮʠʦʥʥʳʝ: 5 ï ʦʙʚʘʣʳ ʦʙʨʫʰʝʥʠʷ 

ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ (ʘ), ʦʧʦʣʟʥʠ ʨʳʭʣʳʭ ʦʪ-

ʣʦʞʝʥʠʡ (ʙ). ɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʩʝʡʩʤʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʝ: 6 ï ʩʪʦʣʙʳ ʦʪʩʝʜʘʥʠʷ, 

ʩʙʨʦʩʦ-ʦʙʚʘʣʳ ʠ ʚʳʢʦʣʳ. ɼʝʬʦʨʤʘʮʠʠ 

ʚʩʪʨʷʭʠʚʘʥʠʷ: 7 ï ʪʨʝʱʠʥʳ, ʧʨʦʚʘʣʳ, 

ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʜʨʦʙʣʝʥʠʷ ʧʦ-

ʨʦʜ. 8 ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʭʦʜʘ ʦʧʦʣʟʥʷ, 

8950Ñ150 ï ʚʦʟʨʘʩʪ ʧʦ 
14
ʉ.  

 

ʅʘ ʥʝʤ ʚʠʜʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ (ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡ-

ʩʢʠʭ) ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʫʩʪʫʧʘʤʠ ʠʣʠ ʠʭ ʩʝʨʠʝʡ, ʧʨʠʫʨʦ-

ʯʝʥʥʳʭ ʢ ʥʦʚʝʡʰʠʤ ʨʘʟʣʦʤʘʤ. ʆʥʠ ʥʝʨʝʜʢʦ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 10 

ʢʤ. ʉʘʤʠ ʩʙʨʦʩʦʚʳʝ ʫʩʪʫʧʳ ʚʳʩʦʪʦʡ ʦʪ 3 ʜʦ 25 ʤ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʘʨʷʜʫ ʩʦ ʩʛʣʘʞʝʥʥʳʤʠ ʙʨʦʚʢʘʤʠ ʙʦʨʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠʭ 
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ʦʪʤʝʯʘʣʠʩʴ ʥʘʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʦʥʦʚ ʚ ʚʠʜʝ ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦ 

ʩʣʝʜʘʤʠ ʦʪʨʳʚʘ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʂ ʙʦʨʪʘʤ ʫʩʪʫʧʦʚ ʪʘʢʞʝ ʧʨʠʫʨʦʯʝʥʳ ʠʥʦʛʜʘ 

ʧʫʩʪʳʝ ʥʠʰʠ ʠ ʚʳʙʠʪʳʝ ʙʣʦʢʠ ʧʦʨʦʜ. ʉʦʚʧʘʜʝʥʠʝ ʪʘʢʠʭ ʙʣʦʢʦʚ ʩ ʥʠʰʘʤʠ ʧʦʟʚʦ-

ʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʨʝʱʠʥʳ ʙʳʣʠ ʨʘʟʜʚʠʥʫʪʳ ʥʘ 0.5ï2.5 ʤ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʘʤʠʭ ʫʩʪʫʧʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʛʣʳʙʳ, ʩʜʚʠʥʫʪʳʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘ-

ʧʨʘʚʣʝʥʠʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʟʳʨʴʢʦʚ, ʥʘʚʠʩʘʶʱʠʭ ʥʘʜ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʫʩʪʫʧʘʤʠ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ [10], ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʨʠʡʪʠ ʢ ʚʳ-

ʚʦʜʫ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ, ʢʘʢ ʠ ʚ ʠʟʫʯʝʥʥʦʤ ʥʘʤʠ [2, 3], ʤʦʱʥʳʝ 

ʨʘʟʣʦʤʳ ʷʚʣʷʶʪʩʷ ʟʠʷʶʱʠʤʠ ʩ ʨʘʟʜʚʠʛʦʤ ʜʦ 2.5 ʤ. ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪʩʷ, ʩʜʝʣʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʠ ʪʷʛʦʪʝʶʪ ʢ ʨʘʟ-

ʣʦʤʘʤ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʡ (ʛʦʣʦʮʝʥʦʚʦʡ) ʘʢʪʠʚʠʟʘʮʠʠ ʜʚʠʞʝʥʠʡ, 

ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ. ʆʥʠ ʨʘʟʨʳʚʘʶʪ ʠ ʩʤʝʱʘʶʪ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʣʘʛʘʶʱʠʝ ʢʦʥʫʩʳ ʚʳʥʦʩʘ ʠ ʤʦʨʝʥʥʳʝ 

ʚʘʣʳ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢ ʫʩʪʫʧʘʤ ʠ ʫʱʝʣʴʷʤ ʧʨʠʫʨʦʯʠʚʘʶʪʩʷ ʦʙʚʘʣʳ, ʥʠʰʠ ʦʙ-

ʨʫʰʝʥʠʷ, ʩʜʚʠʥʫʪʳʝ ʙʣʦʢʠ ʧʦʨʦʜ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʙʳʩʪʨʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠ ʩʦʧʫʪʩʪʚʫʶ-

ʱʠʝ ʠʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʣʠʟʢʠ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʢ ʦʪʤʝʯʘʝʤʳʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʯ-

ʢʘʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 9-10 ʙʘʣʣʦʚ ʠ ʥʝ ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʚʥʝ ʩʝʡʩʤʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ [10]. ʕʪʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʚʳʚʦʜ, ʢʦʪʦʨʳʡ, ʧʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʠ ʢ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ ʨʘʡʦʥʫ ʊʝʨʠʙʝʨʢʠ. 

ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʪʦ ʦʢʘʟʳʚʘ-

ʝʪʩʷ, ʯʪʦ ʨʝʣʴʝʬ ʚ ʥʝʤ ʚʝʩʴʤʘ ʨʘʩʯʣʝʥʝʥʥʳʡ, ʧʨʠʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʪʨʘʩʪʥʦ, ʩ 

ʦʙʠʣʠʝʤ ʦʟʝʨ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ. ʇʦ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʠ 

ʦʙʱʝʤʫ ʦʙʣʠʢʫ ʦʥ ʩʭʦʜʝʥ ʩ ʨʠʩ.1, ʥʝʪ ʣʠʰʴ ʤʦʨʩʢʠʭ ʧʦʙʝʨʝʞʠʡ. ʇʦʵʪʦʤʫ ʥʘʧʨʘ-

ʰʠʚʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ, ʢʘʢ ʠ ʧʨʝʜʳ-

ʜʫʱʝʛʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʠ ʦ ʩʣʝʜʘʭ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʦʢʨʝʩʪ-

ʥʦʩʪʷʭ ʄʫʨʤʘʥʩʢʘ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʟʝʨʦ, ʦʙʨʘʟʦ-

ʚʘʚʰʝʝʩʷ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʛʦʨʘʞʠʚʘʥʠʷ ʦʧʦʣʟʥʝʤ ʜʦʣʠʥʳ 

ʨʫʯʴʷ. ɺʦʟʨʘʩʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 8950Ñ150 ʣʝʪ ï ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʥʘʢʦʧ-

ʣʝʥʠʷ ʦʨʛʘʥʠʢʠ ʚ ʦʟʝʨʝ [10]. ʊʘʢ ʯʪʦ ʙʣʠʟ ʄʫʨʤʘʥʩʢʘ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʨʝʚʥʝʝ, ʯʝʤ ʚ ʨʘʡʦʥʝ ʊʝʨʠʙʝʨʢʠ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ, ʧʨʠʚʦʜʠʤʳʝ ʉ.ɹ. ʅʠʢʦʣʘʝʚʦʡ ʠ ʜʨ. 

[10] ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʄʫʨʤʘʥʩʢʘ ʫʯʘʩʪʢʘ ï ʜʦʣʠʥʳ ʨ. ʇʝ-

ʯʝʥʛʠ. ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʟʜʝʩʴ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʨʘʟʨʝʟ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʜʝʬʦʨ-

ʤʘʮʠʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʥʘ ʤʝʩʪʝ ʨʘʟʨʳʚʥʦʛʦ ʥʘʨʫʰʝʥʠʷ, 

ʠʜʫʱʝʛʦ ʚʜʦʣʴ ʜʦʣʠʥʳ ʨ. ʇʝʯʝʥʛʠ. ʅʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʵʪʦʡ ʨʝʢʠ, ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ 10 

ʢʤ ʧʦ ʝʝ ʪʝʯʝʥʠʶ ʦʪ ʚʧʘʜʝʥʠʷ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʚ ʢʨʦʚʣʝ 25-ʤʝʪʨʦʚʦʡ ʪʝʨʨʘʩʳ ʧʦʜ 

ʧʦʯʚʝʥʥʳʤ ʩʣʦʝʤ ʟʘʣʝʛʘʶʪ ʤʦʨʩʢʠʝ ʩʫʛʣʠʥʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʩʪʠʣʘʶʪʩʷ ʬʣʶʚʠʦʛʣʷ-

ʮʠʘʣʴʥʳʤʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ. ɺ ʛʦʨʠʟʦʥʪʝ ʩʫʛʣʠʥʢʦʚ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʘʢʦʚʠʥʳ ʤʦʨʩʢʠʭ ʤʦʣʣʶʩʢʦʚ, ʜʘʚʰʠʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʠʨʦʚʢʠ  8530Ñ90 ʠ 

8495Ñ90 ʣʝʪ. ʀʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʘʯʢʠ ʩʫʛʣʠʥʢʦʚ, ʧʝʨʝʤʝʰʘʥʥʳʭ ʩ ʧʝʩʢʦʤ, ʧʦʣʫʯʝʥʘ 

ʜʘʪʠʨʦʚʢʘ ʨʘʢʦʚʠʥ 8505Ñ60 ʣʝʪ. ɺ ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʝʡʩʤʦʛʝʥʥʳʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʩʫʛʣʠʥʢʦʚ ʠ ʧʝʩʢʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʚʥʝʜʨʝʥʠʡ ʠ ʟʘʪʝʢʦʚ ʩʫʛʣʠ-

ʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩ ʧʝʩʢʦʤ ʠ ʦʙʣʦʤʢʘʤʠ ʨʘʢʦʚʠʥ ʚ ʧʦʜʩʪʠʣʘʶ-

ʱʠʡ ʧʝʩʯʘʥʳʡ ʛʦʨʠʟʦʥʪ. ɼʝʬʦʨʤʘʮʠʠ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [10] ʚʦʟʥʠʢʣʠ ʧʦʩʣʝ ʦʪ-
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ʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʫʛʣʠʥʢʦʚ, ʪʦ ʝʩʪʴ ʚ ʧʝʨʠʦʜ 8.1ï8.5 ʪʳʩ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʦʛʜʘ ʧʨʦʠʟʦʰʝʣ ʩʠʣʴʥʳʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ. 

ɺ ʦʙʩʫʞʜʘʚʰʝʡʩʷ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʯʝʥʴ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ ʩʚʝʜʝ-

ʥʠʷ ʦ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦʣʠʥʳ ʨ. ʇʝʯʝʥʛʘ ʚ ʙʦʨʝʘʣʝ. ʅʝʩʦʤʥʝʥʥʦ, ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʠʤʝʥʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘʡʜʫʪ ʜʘʣʴʥʝʡʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ, ʚʝʨʦʷʪʥʦ, ʚʨʷʜ ʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʨʘʩʪʷʞʝ-

ʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʞʘʪʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʄʘʣʦ ʚʝʨʦʷʪʥʘ ʩʤʝʥʘ ʩʞʘʪʠʷ ʨʘʩʪʷʞʝʥʠʝʤ ʜʣʷ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʭ ʚ ʜʨʝʚʥʝʤ ʨʫʩʣʝ ʨʝʢʠ ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ. ɺʝʜʴ ʥʠʞʝ ʤʘʣʦʤʦʱʥʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʢʘʢʠʭ ʣʠʙʦ ʧʝʨʝʤʷʪʠʡ, ʩʜʚʠʛʦʚ ʠ ʜʨʫʛʠʭ ʥʘʨʫʰʝ-

ʥʠʡ, ʘ ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳ ʧʨʦʷʚʠʪʴʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʩʪʷʞʝʥʠʡ, ʩʤʝʥʠʚ-

ʰʠʭʩʷ ʩʞʘʪʠʝʤ. ʉʢʦʨʝʝ ʠʤʝʣʦ ʤʝʩʪʦ ʧʨʦʩʪʦ ʨʝʟʢʦʝ ʩʝʡʩʤʦʛʝʥʥʦʝ ʩʦʪʨʷʩʝʥʠʝ, ʧʨʦ-

ʷʚʠʚʰʝʝʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʩʪʨʷʭʠʚʘʥʠʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʷʭ, ʪ.ʝ. ʧʨʦʮʝʩʩʳ 

ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʳʤ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ [1].  

ʇʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʧʦ ʨʘʡʦʥʫ ʊʝʨʠʙʝʨʢʠ, ʪʘʢ ʠ ʧʦ ʙʦʣʝʝ ʟʘʧʘʜʥʦʤʫ 

ʨʝʛʠʦʥʫ, ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚ [10], ʟʘʩʪʘʚʣʷʶʪ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʚʳʚʦʜʦʤ, ʩʜʝʣʘʥʥʳʤ ʚ 

ʫʢʘʟʘʥʥʦʡ ʩʪʘʪʴʝ ʦ ʪʦʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʛʣʷʮʠʦʠʟʦʩʪʘʟʠʷ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʬʦʥʝ ʛʣʷʮʠʦʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʜʥʷʪʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʦʧʫʩʢʘʥʠʷ ʠ ʘʥʦʤʘʣʴʥʳʝ ʧʦʜʥʷʪʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʂ ʪʘʢʠʤ ʘʥʦʤʘʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʘʚʪʦʨʳ ʫʧʦʤʷʥʫʪʦʡ ʩʪʘʪʴʠ ʦʪʥʦʩʷʪ ʜʦʣʠʥʫ ʨ. 

ʇʝʯʝʥʛʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʚʠʪʳ ʦʩʘʜʢʠ ʪʨʘʥʩʛʨʝʩʩʠʠ ʪʘʧʝʩ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʧʦ ʠʭ 

ʤʥʝʥʠʶ ʚʦʩʪʦʯʥʝʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʤʝʥʴʰʠʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʧʦʜʥʷʪʠʷ ʚ ʛʦʣʦ-

ʮʝʥʝ. ʆʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ, ʩʠʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥ-

ʥʳʡ, ʤʝʣʢʠʡ ʨʝʣʴʝʬ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 1, ʧʦ-ʚʠʜʠʤʦʤʫ, ʭʘʨʘʢʪʝʨ-

ʥʳʡ ʚʦʦʙʱʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʯʘʩʪʦ ʩʦʧʨʷʞʝʥʥʳʡ ʩ ʯʝʪʢʠʤʠ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʩʚʷʟʘʥ ʩ ʛʣʷ-

ʮʠʦʠʟʦʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʜʥʷʪʠʷʤʠ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʛʣʷʮʠʦʠʟʦʩʪʘʟʠʷ ʧʨʠʚʝʣʘ ʚ 

ʦʩʥʦʚʥʦʤ ʢ ʢʨʫʧʥʦʤʫ ʢʫʧʦʣʦʦʙʨʘʟʥʦʤʫ ʧʦʜʥʷʪʠʶ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ [4, 

ʨʠʩ. 35 ʠ 36] ʠ [10, ʨʠʩ. 9], ʘ ʙʦʣʝʝ ʤʝʣʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ï ʢ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʶ ʩʣʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʨʝʣʴʝʬʘ ʩ ʩʦʯʝʪʘʥʠʝʤ ʫʯʘʩʪʢʦʚ ʧʦʜʥʷʪʠʡ ʠ 

ʦʧʫʩʢʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʘ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʣʝʜʳ 

ʧʨʦʷʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚ ʨʘʡʦʥʝ ʊʝʨʠʙʝʨʢʠ, ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛʘʟʦʧʨʦʚʦʜʘ, ʝʩʣʠ ʦʥ ʟʜʝʩʴ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 14-05-00858 ʠ ʛʨʘʥʪʘ 

ʉʇʙɻʋ ˉ 1.38.253.2014.  
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Abstract: Some problems are highlighted in the paper, which are connected with impacts 

of enterprises of color metallurgy on the environment as well as the potential possibilities of 

radioactive pollution in the region. 
 

ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʘ ʄʫʨʤʘʥʩʢʘʷ ʦʙ-

ʣʘʩʪʴ, ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ 13 ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʠʟʠʩʥʘʷ ʵʢʦʣʦʛʠ-

ʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ (ɽʛʦʨʝʥʢʦʚ, ʂʦʯʫʨʦʚ, 2005). ɻʣʘʚʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝ-

ʤʘʤʠ ʨʝʛʠʦʥʘ ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʠʩʪʦʱʝʥʠʝ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ 

ʩʫʰʠ, ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʕʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʨʝ-

ʛʠʦʥʝ ʦʧʨʝʜʝʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ (ʜʦʙʳʯʘ, ʦʙʦʛʘʱʝʥʠʝ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʧʝʨʝʜʝʣ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ). 

ʈʫʜʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (ʚ 2010 ʛ. ʟʜʝʩʴ ʙʳʣʦ ʜʦʙʳʪʦ 7321 ʪʳʩ. ʪ. ʤʝʜʥʦ-ʥʠ-

ʢʝʣʝʚʳʭ ʨʫʜ) ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʨʫʜʘʭ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 5%, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ï 6-7% (ʊʨʦʬʠʤʦʚ 

http://www.kolasc.net.ru/russian/sever08%203.pdf
http://www.kolasc.net.ru/russian/sever07.html
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ʠ ʜʨ., 2006), ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʪ. ʤʝʪʘʣʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʨʘʙʦʪʘʪʴ 100-

200 ʪ. ʠ ʙʦʣʝʝ ʨʫʜʳ. ɹʘʣʣʘʩʪʥʘʷ, ʥʝʠʩʧʦʣʴʟʫʝʤʘʷ ʯʘʩʪʴ ʩʳʨʴʷ, ʧʝʨʝʭʦʜʠʪ ʚ ʦʪ-

ʭʦʜʳ. ɺ 2010 ʛ. ʚ ʨʝʛʠʦʥʝ ʦʙʨʘʟʦʚʘʣʦʩʴ 195, 7 ʤʣʥ. ʪ. ʦʪʭʦʜʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ, ʚʩʢʨʳʰʥʳʝ ʠ ʧʨʦʭʦʜʥʳʝ ʧʦʨʦʜʳ ʠ ʪ.ʧ.), 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 99,5% ʦʪ ʚʩʝʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʛʠʦʥʘ (ɼʦʢʣʘʜ ʦ ʩʦʩʪʦʷ-

ʥʠʠé, 2011). ɺ ʨʫʜʘʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ, ʩʦʜʝʨ-

ʞʘʪʩʷ ʤʥʦʛʠʝ ʨʘʩʩʝʷʥʥʳʝ ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʦʢʩʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʩʝʨʘ, 

ʤʳʰʴʷʢ, ʩʫʨʴʤʘ, ʩʝʣʝʥ, ʪʝʣʣʫʨ ʠ ʜʨ.), ʢʦʪʦʨʳʝ, ʧʦʧʘʜʘʷ ʚ ʦʪʚʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʉ ʜʦʙʳʯʝʡ ʨʫʜ ʩʚʷʟʘʥʦ ʥʘʨʫʰʝʥʠʝ ʟʝʤʝʣʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ ï ʢʘʨʴʝʨʦʚ, ʦʪʚʘʣʦʚ, ʥʘʢʦʧʣʝʥʠʝ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʫʜʥʠʯʝ-

ʩʢʠʭ ʚʦʜ, ʘʢʪʠʚʠʟʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʣʦʱʘʜʴ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʥʘ 

ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 16 ʪʳʩ. ʛʘ (ɻʦʩ.ʜʦʢʣʘʜé, 2007). 

ʇʦ ʚʳʙʨʦʩʘʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʦʙʣʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ 3-ʤ ʤʝʩʪʝ ʩʨʝʜʠ 11 ʩʫʙʲʝʢʪʦʚ ʈʌ, ʚʭʦʜʷʱʠʭ ʚ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ, ʧʦʩʣʝ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʠ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ 2010 ʛ. ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʙʳʣʦ ʚʳʙʨʦʰʝʥʦ 368,28 ʪʳʩ. ʪ. ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (287,6 ʪʳʩ. ʪ.) ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ (80,28 

ʪʳʩ. ʪ), ʚ ʪʦʤ ʯʠʩʣʝ: ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ï 30,79 ʪʳʩ. ʪ., ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ï 

256,84 ʪʳʩ. ʪ., ʜʠʦʢʩʠʜʘ ʩʝʨʳ ï 215,54 ʪʳʩ. ʪ., ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ï 20,46 ʪʳʩ. ʪ., 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ ï 15,96 ʪʳʩ. ʪ. (ɻʦʩ. ʜʦʢʣʘʜé, 2011). 

ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʥʦʩʷʪ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʝ ʢʦʤʙʠʥʘʪʳ çʇʝʯʝʥʛʘʥʠʢʝʣʴè, ʧʣʘʚʠʣʴʥʳʡ ʮʝʭ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧ. ʅʠ-

ʢʝʣʴ, ʘ ʮʝʭ ʦʙʞʠʛʘ ʚ ʛ. ɿʘʧʦʣʷʨʥʳʡ, ʠ çʉʝʚʝʨʦʥʠʢʝʣʴè (ʛ. ʄʦʥʯʝʛʦʨʩʢ), ʥʘ ʜʦʣʶ ʢʦ-

ʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 54% ʚʳʙʨʦʩʦʚ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʣʘʩʪʠ 

(154,9 ʪʳʩ. ʪ.) ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 

(ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ), ʘ ʪʘʢʞʝ ʤʝʜʠ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ ʠ ʜʨʫʛʠʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ 

ʜʝʣʘʝʪ ʛʦʨʦʜʘ ʄʦʥʯʝʛʦʨʩʢ, ɿʘʧʦʣʷʨʥʳʡ ʠ ʧʦʩʝʣʦʢ ʅʠʢʝʣʴ ʩʘʤʳʤʠ ʟʘʛʨʷʟʥʝʥʥʳʤʠ 

ʛʦʨʦʜʘʤʠ ʚ ʦʙʣʘʩʪʠ. ɺ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʢʦʤʙʠʥʘʪʦʚ ʩʨʝʜ-

ʥʝʛʦʜʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚ ʚʦʟʜʫʭʝ ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚ 

4-10 ʨʘʟ (ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩé, 1999). 

ɺ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʝʤʦʚ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʫʯʘʩʪʚʫʶʪ 

ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʭʦʟʷʡʩʪ-

ʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʢʠ. ɺ 2010 ʛ. ʚ ʚʦʜʦʝʤʳ ʩʙʨʦʰʝʥʦ 1748,7 ʤʣʥ. ʤį ʩʪʦʯʥʳʭ ʚʦʜ, 

ʠʟ ʥʠʭ ʟʘʛʨʷʟʥʝʥʥʳʭ 353 ʤʣʥ. ʤį (ɻʦʩ. ʜʦʢʣʘʜ é, 2011). 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʫʣʴʬʘʪʦʚ, ʬʪʦʨʠʜʦʚ, ʩʦ-

ʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʦʜʦʝʤʘʭ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʟʦʥʘʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʪʦʚ çʇʝʯʝʥʛʘ-

ʥʠʢʝʣʴè ʠ çʉʝʚʝʨʦʥʠʢʝʣʴè ʆɸʆ çʂʦʣʴʩʢʘʷ ɻʄʂè. ʆɸʆ çʂʦʣʴʩʢʘʷ ɻʄʂè ʚʭʦ-

ʜʠʪ ʚ ʯʠʩʣʦ 55 ʢʨʫʧʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʈʦʩʩʠʠ 

(ɻʦʩ. ʜʦʢʣʘʜ é, 2007). 

ʊʘʢ, ʚ ʫʩʪʴʝ ʨ. ʂʦʣʦʩʡʦʢʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʥʠʢʦʤ ʩʪʦʯʥʳʭ ʚʦʜ ʆɸʆ 

çʂʦʣʴʩʢʘʷ ɻʄʂè, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 57 ʇɼʂ, ʤʝʜʠ ʦʪ 

12 ʜʦ 16 ʇɼʂ. ʈʝʢʘ ʇʝʯʝʥʛʘ ʠ ʝʝ ʧʨʠʪʦʢʠ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʆɸʆ 

çʂʦʣʴʩʢʘʷ ɻʄʂè. ɺ ʨʝʢʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ, ʤʝʜʠ, ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 4 ʜʦ 8 ʇɼʂ. ɺ ʝʝ ʧʨʠʪʦʢʝ ʍʘʫʢʠʣʘʤʧʠʡʦʢʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ 



 

 92 

ʜʦʩʪʠʛʘʝʪ 17 ʇɼʂ, ʥʠʢʝʣʷ ï 27 ʇɼʂ. ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʦʤ 

ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʅʠʚʳ ʷʚʣʷʝʪʩʷ ʝʝ ʧʨʠʪʦʢ ʅʶʜʘʡ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ 

ʩʦʩʪʘʚʣʷʝʪ 63 ʇɼʂ, ʥʠʢʝʣʷ 43 ʇɼʂ, ʩʫʣʴʬʘʪʦʚ ʙʦʣʝʝ 7 ʇɼʂ, ʥʘʪʨʠʷ 5 ʇɼʂ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʝʤʳ ʧʦʤʠʤʦ ʩʪʦʯʥʳʭ ʚʦʜ ʟʘʛʨʷʟʥʷʶʪʩʷ ʪʘʢʞʝ ʚʨʝʜʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʘʪʤʦʩʬʝʨʳ (ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, 

ʩʫʣʴʬʘʪʳ ʠ ʜʨ.). ʂʠʩʣʦʪʥʳʝ ʜʦʞʜʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʘʢʠʩʣʝʥʠʶ ʦʟʝʨʥʳʭ ʠ ʨʝʯʥʳʭ 

ʚʦʜ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʡʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʤʝʪʘʣʣʫʨʛʠ-

ʯʝʩʢʠʤ ʢʦʤʙʠʥʘʪʘʤ. 

ʂʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠʤʝʝʪ ʚ ʨʝʛʠʦʥʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʨʘʡʦʥʦʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚʦʜʳ ʨʝʢ ʠ ʦʟʝʨ. 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʙʫʩʣʦʚʠʣ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚ ʨʝʛʠʦʥʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʩʩʦʮʠʘʮʠʝʡ ʵʣʝʤʝʥ-

ʪʦʚ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʤʦʞʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʪ 10 ʜʦ 60 ʢʤ ʦʪ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʪʦʚ (ʄʦʠʩʝʝʥʢʦ, ɼʘʫ-

ʚʘʣʴʪʝʨ, ʈʦʜʶʩʠʥʢʠʥ, 1998). ʊʘʢ, ʧʦʯʚʳ ʄʦʥʯʝʛʦʨʩʢʦʛʦ ʠ ʇʝʯʝʥʛʩʢʦʛʦ ʨʘʡʦʥʦʚ 

ʟʘʛʨʷʟʥʝʥʳ ʥʠʢʝʣʝʤ, ʤʝʜʴʶ, ʢʦʙʘʣʴʪʦʤ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʠʟʤʝʥʷʝʪ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʫʛʥʝʪʘʝʪ ʧʦʯʚʝʥʥʫʶ 

ʤʠʢʨʦʬʣʦʨʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʧʣʦʜʦʨʦʜʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ. ɼʝʛʨʘʜʘʮʠʷ 

ʧʦʯʚ ʚʝʜʝʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚ ʮʝʣʦʤ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦʨʥʦʛʦ ʩʝʚʝʨʦ-ʪʘʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʮʝʧʦʯʢʠ 

ʧʨʝʚʨʘʱʝʥʠʡ: ʦʙʝʜʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ Ÿ ʚʳʧʘʜʝʥʠʝ 

ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʛʦ ʷʨʫʩʘ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʜʨʝʚʦʩʪʦʷ Ÿ ʥʘʨʫʰʝʥʠʝ ʧʦʜʟʦʣʠ-

ʩʪʳʭ ʠ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʧʦʯʚ Ÿ ʫʥʠʯʪʦʞʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ  Ÿ ʩʤʳʚ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ Ÿ ʛʣʫʙʦʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʣʠʪʦʛʝʥʥʦʡ ʦʩʥʦʚʳ ʣʘʥʜʰʘʬʪʦʚ 

ʟʘ ʩʯʝʪ ʩʤʳʚʘ ʨʳʭʣʦʛʦ ʤʘʪʝʨʠʘʣʘ Ÿ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʢʩʠʯʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘ-

ʥʠʷ (ɼʦʥʯʝʚʘ ʠ ʜʨ., 1992). 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʥʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɿʜʝʩʴ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʂʦʣʴʩʢʘʷ ɸʕʉ, ʘʪʦʤʥʳʡ 

ʚʦʝʥʥʳʡ ʠ ʛʨʘʞʜʘʥʩʢʠʡ ʬʣʦʪ, ʚʦʝʥʥʳʝ ʠ ʛʨʘʞʜʘʥʩʢʠʝ ʩʫʜʦʨʝʤʦʥʪʥʳʝ ʟʘʚʦʜʳ, 

ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʠ ʫʪʠʣʠʟʘʮʠʝʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ 

ʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʯʨʝʞʜʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʭʨʘʥʠʣʠʱʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʙʣʠʟʠ ʙʝʨʝʛʦʚ ʧʦʣʫʦʩʪʨʦʚʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘʭʦʜʷʪʩʷ 

ʟʘʪʦʧʣʝʥʥʳʝ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ ʠ ʩʫʜʘ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ. ʊʘʢ, ʪʦʣʴʢʦ ʟʘ 

ʧʝʨʠʦʜ ʩ 1965 ʧʦ 1991 ʛʛ. ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʙʳʣʦ ʟʘʪʦʧʣʝʥʦ 17 ʩʫʜʦʚ, 

ʘ ʪʘʢʞʝ 13 ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʘʪʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ (ɹʦʛʜʘʥʝʮ ʠ ʜʨ., 1998). 

ʀ ʭʦʪʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ (ɼʦʢʣʘʜ ʦ ʩʦʩʪʦʷʥʠʠé, 2012), 

ʚʥʠʤʘʥʠʝ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʛʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚʝʣʠʢʦ. ɺ 2010-2012 ʛʛ. ʚ 

ʨʝʛʠʦʥ ʧʦʩʪʫʧʠʣʦ 130 ʤʣʥ ʜʦʣʣʘʨʦʚ ʉʐɸ ʠʟ 13 ʩʪʨʘʥ ʥʘ ʧʨʦʝʢʪʳ ʚ ʩʬʝʨʝ ʷʜʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʌʨʘʥʮʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʌʠʥʣʷʥʜʠʷ, ʀʪʘʣʠʷ ʬʠʥʘʥʩʠʨʫʶʪ ʧʨʦʝʢʪʳ 

ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʘʪʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, ʟʘʢʨʳʪʠʶ ʙʝʨʝʛʦʚʳʭ ʭʨʘʥʠʣʠʱ ʦʪʨʘʙʦ-
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ʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʫʜʥʘ ʜʣʷ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʪʦʣʴʢʦ ʢʦʣʣʝʢʪʠʚʥʳʤʠ ʫʩʠʣʠʷʤʠ ʨʘʟʥʳʭ ʩʪʨʘʥ. 
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Abstract: This report contains a total collection of geoecologocal risk factors. The territory of 

the Karelian Isthmus is heterogeneous in terms of geology, and the degree of urbanization. Befor 

now  large number of works has been done on individual risks, but no one united all at once. 
 

ʂʘʨʝʣʴʩʢʠʡ ʧʝʨʝʰʝʝʢ ï ʫʯʘʩʪʦʢ ʩʫʰʠ ʤʝʞʜʫ ʌʠʥʩʢʠʤ ʟʘʣʠʚʦʤ ʠ ʃʘʜʦʞʩʢʠʤ 

ʦʟʝʨʦʤ. ʖʞʥʦʡ ʛʨʘʥʠʮʝʡ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʩʯʠʪʘʝʪʩʷ ʨʝʢʘ ʅʝʚʘ, ʘ ʩʝʚʝʨʥʘʷ 

ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʪ ʧʦ ʣʠʥʠʠ ɺʳʙʦʨʛ ï ʛʨʘʥʠʮʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʂʘʨʝʣʠʠ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠ, ʵʪʦ ʪʝʨʨʠʪʦʨʠʷ ʧʨʠʤʝʨʥʦ ʤʝʞʜʫ 61Á21ô ʠ 59Á46ô ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ 

ʠ 27Á42ô ʠ 31Á08ô ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. ʉ ʩʝʚʝʨʘ ʥʘ ʶʛ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʧʝʨʝʰʝʡʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 150ï180 ʢʤ, ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ 55ï110 ʢʤ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʪʝʨʨʠʪʦʨʠʷ 
ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʳʤ ʮʝʣʳʤ. ʆʥʘ ʨʘʟʜʝʣʝʥʘ ʤʝʞʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ (ʂʫʨʦʨʪʥʳʡ, 

ʇʨʠʤʦʨʩʢʠʡ, ɺʳʙʦʨʛʩʢʠʡ, ʂʘʣʠʥʠʥʩʢʠʡ, ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʠʡ ʠ ʅʝʚʩʢʠʡ (ʧʨʘʚʳʡ 
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ʙʝʨʝʛ) ʨʘʡʦʥʳ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ) ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʴʶ (ʇʨʠʦʟʝʨʩʢʠʡ, ɺʳ-

ʙʦʨʛʩʢʠʡ ʠ ɺʩʝʚʦʣʦʞʩʢʠʡ ʨʘʡʦʥʳ ʃʝʥʦʙʣʘʩʪʠ). ʇʨʠ ʚʳʷʩʥʝʥʠʠ ʬʘʢʪʦʨʦʚ ʛʝʦʵʢʦʣʦ-

ʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʥʝ ʟʘʪʨʘʛʠʚʘʣʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʠʨʦʜʘ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʣʝʩʘ ʜʦ ʩʠʭ ʧʦʨ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 60 % 

ʧʣʦʱʘʜʠ ʧʝʨʝʰʝʡʢʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʫʝʪ 35 ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʠ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʵʪʦ ʥʝ ʤʘʣʦ. ʇʦ-

ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʯʪʦ ʤʦʞʝʪ ʥʘʚʨʝʜʠʪʴ ʧʨʠʨʦʜʥʦʤʫ ʙʦʛʘʪʩʪʚʫ, ʥʘʭʦʜʷ-

ʱʝʤʫʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʥʦʡ ʩʪʦʣʠʮʳ ʩʪʨʘʥʳ ʠ ʩʪʘʨʘʪʴʩʷ 

ʧʨʝʩʝʢʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ.  

ʇʦʜ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʨʠʩʢʦʤ ʘʚʪʦʨʳ ʧʦʥʠʤʘʶʪ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚ-

ʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʨʝʜʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʭ ʧʨʠʨʦʜ-

ʥʳʤʠ ʠ/ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʌʘʢʪʦʨ ʨʠʩʢʘ ï ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ 

ʨʠʩʢʘ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʚʠʜʦʚ, ʠʥʜʠʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʇʨʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ 

ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʦʛʝʥʥʳʝ ʨʠʩʢʠ, ʧʦʜʨʘʟʜʝʣʷʷ ʠʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ. 

ʇʨʠʨʦʜʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʠʩʢʠ 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʘʙʠʣʴʥʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʦʙʩʪʘ-

ʥʦʚʢʫ, ʪʝʨʨʠʪʦʨʠʶ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʝʡʩʤʠʯʝʩʢʠ ʦʧʘʩ-

ʥʳʤ ʨʝʛʠʦʥʘʤ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʯʘʩʪʦ ʧʦ-

ʚʪʦʨʷʶʱʠʭʩʷ ʦʪʛʦʣʦʩʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʦʩʝʜʥʠʭ ʨʝʛʠʦʥʘʭ.  

ʇʨʠʨʦʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʨʠʩʢʠ 

ʈʘʟʨʫʰʝʥʠʝ ʙʝʨʝʛʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʤ ʩʪʨʦʝʥʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʨʘʟʨʫʰʝ-

ʥʠʝ ʙʝʨʝʛʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʖʛʦ-ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʙʝʨʝʛʦʚʘʷ ʧʦʣʦʩʘ ʂʫʨʦʨʪʥʦʛʦ ʨʘʡʦʥʘ ʩʣʘʛʘʝʪʩʷ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʚʝʥʜʘ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʠʭ ʣʝʜʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʦ ʜʘʥʥʳʤ ʠʟ-

ʜʘʶʱʠʭʩʷ ɺʉɽɻɽʀ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʶʣʣʝʪʝʥʝʡ ʦ ʩʦʩʪʦʷʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʳ, ʚ 2011 ʠ 2012 ʛʛ. ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʂʫʨʦʨʪʥʦʛʦ ʨʘʡʦʥʘ ʚʳʷʚʣʝʥ ʧʨʦʜʦʣʞʘʶ-

ʱʠʡʩʷ ʨʘʟʤʳʚ ʤʦʨʠʩʪʦʛʦ ʢʨʘʷ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʚʦʜʥʦʡ ʧʝʩʯʘʥʦʡ ʪʝʨʨʘʩʳ ʚ ʨʘʡʦʥʝ 

ʛ. ɿʝʣʝʥʦʛʦʨʩʢ ï ʧʦʩ. ʈʝʧʠʥʦ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʘʢʪʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʘʙʨʘʟʠʠ (ʨʘʟʤʳʚʘ) ʙʝʨʝʛʦʚ. ʅʦ ʥʝ ʪʦʣʴʢʦ ʧʦʜʤʳʚ ʪʝʨʨʘʩʳ ʨʘʟʤʳʚʘʝʪ ʙʝ-

ʨʝʛ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʧʦʛʦʜʥʳʡ ʬʘʢʪʦʨ. ʊʘʢ ʦʪʩʪʫʧʘʥʠʝ ʙʝʨʝʛʦʚ ʜʦ ʦʩʝʥʠ-

ʟʠʤʳ 2011 ʛʦʜʘ ʩʦʩʪʘʚʣʷʣʦ 1 ʤ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʇʦʩʣʝ ʦʩʝʥʥʝ-ʟʠʤʥʠʭ ʰʪʦʨ-

ʤʦʚ ʙʝʨʝʛ ʦʪʩʪʫʧʠʣ ʥʘ 10 ʤ ʠ ʚ ʧʦʷʩʝ ʘʚʘʥʜʶʥ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʘʙʨʘʟʠʦʥʥʳʡ ʫʩʪʫʧ. 

ʄʥʦʛʠʝ ʦʙʲʝʢʪʳ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʚʨʝʞʜʝʥʳ ʠʣʠ ʚʦʚʩʝ ʨʘʟ-

ʨʫʰʝʥʳ, ʥʦ ʫʞʝ ʣʝʪʦʤ 2012 ʛʦʜʘ ʥʘ ʥʠʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘ-

ʙʦʪʳ. ɿʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2012 ʛʦʜʘ ʧʨʦʠʟʦʰʣʦ ʩʛʣʘʞʠʚʘʥʠʝ ʘʙʨʘʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ, 

ʥʦ ʘʚʘʥʜʶʥʳ ʥʝ ʚʦʩʩʪʘʥʦʚʠʣʠʩʴ ʠ ʨʘʟʤʳʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʚʦʜʥʦʡ ʪʝʨʨʘʩʳ ï ʝʩʪʝ-

ʩʪʚʝʥʥʦʡ ʟʘʱʠʪʳ ʙʝʨʝʛʦʚ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ï ʧʨʦʜʦʣʞʘʝʪʩʷ.  

ʕʚʪʨʦʬʠʢʘʮʠʷ ʦʟʝʨ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʟʝʨ. ʇʨʠʙʨʝʞʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠʟ ʥʠʭ ʟʘʥʷʪʳ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʫʛʦʜʴʷʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʧʦʩʝʣʝʥʠʷʤʠ. ʀʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦ-
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ʣʠʯʝʩʪʚʘ ʩʪʦʯʥʳʭ ʚʦʜ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʟʝʨ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʚʪʨʦʬʠʢʘʮʠʠ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʦʙʠʪʘʶʱʫʶ ʚ ʥʝʡ ʙʠʦʪʫ.  

ʈʘʜʠʦʘʢʪʠʚʥʘʷ ʦʧʘʩʥʦʩʪʴ. ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʛʨʘʥʠʪʦʚ ʨʘʧʘʢʠʚʠ. ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʘʥʠʪʳ ʨʘʧʘʢʠʚʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʨʘʜʠʘʮʠʠ ʠ ʨʘʜʦʥʦʚʳʭ ʵʤʘʥʘʮʠʡ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʦʥʦʚʦʡ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʢʨʘʩʥʳʭ, ʨʦʟʦʚʳʭ ʠ ʩʝʨʳʭ ʨʘʧʘʢʠʚʠ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 35 ʜʦ 40 ʤʢʈ/ʯ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʛʨʘʥʠʪʦʚ ʨʘʧʘʢʠʚʠ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ ʥʘ ʘʧʧʘʨʘʪʝ Jeol JSM-6510 LA. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʙʳʣʦ ʚʳ-

ʷʩʥʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʛʨʘʥʠʪʦʚ ʨʘʧʘʢʠʚʠ ʠ ʚʳʜʝʣʝ-

ʥʠʷ ʨʘʜʦʥʘ ʷʚʣʷʶʪʩʷ ʫʨʘʥ ʠ ʪʦʨʠʡ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʘʭ ï 

ʮʠʨʢʦʥʝ, ʘʣʣʘʥʠʪʝ, ʙʘʩʪʥʝʟʠʪʝ. ʇʨʠ ʵʪʦʤ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʨʦʜʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʠʥʝʨʘʣ ʪʦʨʠʪ ʩ ʦʩʥʦʚʥʳʤ ʤʠʤʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ï 

ʪʦʨʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʦʥ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʠʟ ʛʨʘʥʠʪʦʚ ʨʘʧʘʢʠʚʠ, ʦʯʝʚʠʜʥʦ, 

ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʜʦʯʝʨʥʠʭ ʧʨʦʜʫʢʪʦʚ ʫʨʘʥʘ ʠ ʪʦʨʠʷ ï ʩʦʙʩʪʚʝʥʥʦ ʨʘʜʦʥʘ ʠ ʪʦʨʦʥʘ. 

ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʥʘ ʛʣʫʙʠʥʝ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʨʘʜʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ, ʘʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʘʶʱʠʤʩʷ ʚ ʉʝʚʝʨʥʦʤ ʇʨʠʣʘʜʦʞʴʝ. 

ʕʪʠʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʞʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʠʪʴ ʨʝʟʢʦ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʟʨʘʯ-

ʥʦʩʪʴ ʨʷʜʘ ʦʟʸʨ ʢ ʩʝʚʝʨʫ ʦʪ ɿʝʣʝʥʦʛʦʨʩʢʘ ʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʦʚ 

ʥʘ ʜʥʝ ʵʪʠʭ ʦʟʸʨ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ.  

ʇʣʳʚʫʥʳ. ɼʣʷ ʟʘʩʪʨʦʡʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʩʪʨʦʝʥʠʝ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ. ʇʣʳʚʫʥʳ, ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʢ 

ʧʦʜʟʝʤʥʳʭ, ʪʘʢ ʠ ʥʘʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ.  

ʊʝʭʥʦʛʝʥʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʠʩʢʠ 

ʅʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʳ. 

ʅʘʰʘ ʩʪʨʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʦ-

ʩʪʘʚʱʠʢʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʀ 

ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʂʘʨʝʣʴ-

ʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʚ ʧʦ-

ʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʣʦʞʝʥʳ 

ʢʨʫʧʥʳʝ ʥʝʬʪʝ- ʠ ʛʘʟʦ-

ʧʨʦʚʦʜʳ, ʪʨʘʥʩʧʦʨʪʠ-

ʨʫʶʱʠʝ ʪʦʧʣʠʚʦ ʚ ʩʝʚʝʨ-

ʥʫʶ ɽʚʨʦʧʫ (ʨʠʩ.). ɼʘʥ-

ʥʳʝ ʦʙʲʝʢʪʳ ʦʪʥʝʩʝʥʳ ʢ 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʨʠʩʢʘʤ ʠʟ-

ʟʘ ʠʭ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʠ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʫʞʝ ʙʳʣʦ ʟʘʬʠʢʩʠ-

ʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʫʪʝʯʝʢ 

ʥʘ ʵʪʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʘ-

ʥʘʣʘʭ, ʥʘʧʨʠʤʝʨ, ʢʨʫʧʥʘʷ 
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ʫʪʝʯʢʘ ʥʝʬʪʠ ʠʟ-ʟʘ ʥʝʟʘʢʦʥʥʦʛʦ ʚʨʝʟʘ ʚ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʘʥʘʣ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʉʝʨʪʦ-

ʣʦʚʦ ʚ 2011 ʛʦʜʫ. ʇʦʩʣʝʜʩʪʚʠʷ ʵʪʦʡ ʫʪʝʯʢʠ ʥʝ ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʝʱʝ ʠ ʚ ʤʘʨʪʝ 2013 

ʛʦʜʘ. ʅʝʬʪʷʥʳʝ ʧʷʪʥʘ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʨʝʢʠ ʍʘʨʚʘʟʠ, ʧʨʠʪʦʢʘ 

ʆʭʪʳ. ɺʨʝʜ ʪʘʢʠʝ ʫʪʝʯʢʠ ʥʘʥʦʩʷʪ ʩʝʨʴʝʟʥʳʡ, ʠ ʚ ʩʣʫʯʘʝ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ, ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʢʦʩʠʩʪʝʤ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʘ.  

ɸʚʪʦʜʦʨʦʛʠ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʘʷ ʩʝʪʴ ʘʚʪʦʜʦʨʦʛ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʬʘʢʪʦʨ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ. ʉʧʝʮʠʘʣʴʥʳʭ ʧʣʦʱʘʜʥʳʭ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʥʠʟʢʦ-

ʢʘʯʝʩʪʚʝʥʥʳʭ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, 

ʦʜʥʘʢʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʜʨʫʛʠʤ ʨʘʡʦʥʘʤ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʤʥʝʚʘʪʴʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʜʦʣʴ ʘʚʪʦʜʦ-

ʨʦʛ. ʂʨʦʤʝ ʪʦʛʦ, ʝʱʸ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʛ. XX ʚʝʢʘ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʫʯʘʩʪʢʠ ʪʝʨʨʠʪʦʨʠʠ ʚʜʦʣʴ ʜʦʨʦʛʠ ʃʝʥʠʥʛʨʘʜ ï ʃʠʩʠʡ ʥʦʩ. ʇʨʠ 

ʵʪʦʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʘʥʦʤʘʣʠʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʩʚʠʥʮʘ ʠ ʦʣʦʚʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʥʘʫʯʥʦʡ ʧʝʯʘʪʠ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ 30 ʣʝʪ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ɾʝʣʝʟʥʳʝ ʜʦʨʦʛʠ. ɺ ʮʝʣʦʤ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʥʘʥʦʩʷʪ ʚʨʝʜ, ʥʦ ʥʝ ʥʘʩʪʦʣʴʢʦ 

ʩʝʨʴʝʟʥʳʡ, ʯʪʦʙʳ ʧʨʠʨʦʜʘ ʥʝ ʤʦʛʣʘ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ. ʆʜʥʘʢʦ, ʠʥʦʛʜʘ ʩʪʨʦʠʪʝʣʴ-

ʥʳʝ ʢʦʤʧʘʥʠʠ ʥʘʨʫʰʘʶʪ ʧʨʘʚʠʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʪʝʤ ʩʘʤʳʤ ʫʭʫʜʰʘʶʪ ʦʙʱʫʶ 

ʦʙʩʪʘʥʦʚʢʫ. ʊʘʢ ɿɸʆ çʉʪʨʦʡʧʫʪʴʠʥʚʝʩʪè ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʳʥʝ ʜʝʡʩʪʚʫʶʱʝʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʃʦʩʝʚʦ ï ʂʘʤʝʥʥʦʛʦʨʦʩʢ, ʥʝʟʘʢʦʥʥʦ ʜʦʙʳʚʘʣʠ ʧʝʩʦʢ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʝʣʠʮʝʥʟʠʨʦʚʘʥʥʘʷ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚʨʝʜʥʘ ʥʝ 

ʪʦʣʴʢʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʜʣʝʞʘʱʠʭ 

ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʢʘʟʘʥʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʥʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʫʪʝ-

ʧʨʦʚʦʜʳ, ʪʦ ʝʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʤʦʩʪʳ ʯʝʨʝʟ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ, ʯʪʦ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʨʘʡʦʥʘʭ ʧʝʨʝʝʟʜʦʚ.  

ʊʝʭʥʦʛʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʨʠʩʢʠ 

ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʂʘʨʝʣʴʩʢʠʡ ʧʝʨʝʰʝʝʢ ʫʥʠ-

ʢʘʣʝʥ ʧʦ ʩʚʦʝʤʫ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ: ʩʝʚʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʭʦʜʦʤ ʩʢʘʣʴ-

ʥʳʭ ʧʦʨʦʜ, ʶʛ ï ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʜʦʙʳʯʘ, ʢʘʢ 

ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʨʘʥʠʪʦʚ.  

ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʜʦʙʳʯʝ ʧʝʩʯʘʥʳʝ ʢʘʨʴʝʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʝʨʴʸʟ-

ʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʥʦʚʷʪʩʷ ʦʟʝʨʘʤʠ. ʂʘʨʴʝʨʳ 

ʧʦ ʜʦʙʳʯʝ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ ʪʘʢ ʞʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʥʝ ʧʨʠʥʦʩʷʪ ʙʦʣʴ-

ʰʦʛʦ ʚʨʝʜʘ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ. ʐʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝ ʚʝʣʠʢʦ, ʧʦʪʦʤʫ ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʙʝʨʝʯʴ ʢʘʤʝʥʴ, ʠ ʤʘʩʩʦʚʳʝ ʚʟʨʳʚʳ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ. ɿʘʛʨʷʟʥʝʥʠʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʪʘʢ ʞʝ ʥʝʚʝʣʠʢʦ ʠʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʜʦʙʳʯʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʳʯʥʦ 

ʚʳʰʝ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ʆʧʘʩʥʳʤʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʘʨʴʝʨʳ ʧʦ ʜʦʙʳʯʝ 

ʱʝʙʥʷ ʠ ʜʨʫʛʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʜʦʙʳʯʝ ʚʦʟʥʠʢʘʝʪ ʩʠʣʴʥʦʝ ʧʳʣʝ-

ʚʦʝ ʠ ʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠʟ-ʟʘ ʯʘʩʪʳʭ ʚʟʨʳʚʦʚ ʧʦʨʦʜʳ. ʆʪʚʘʣʳ ʧʝʨʝʜʨʦʙʣʝʥ-

ʥʦʡ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʵʦʣʦʚʦʛʦ ʨʘʟʥʦʩʘ 

ʩʠʣʠʢʘʪʥʦʡ ʧʳʣʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʱʝ-

ʙʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ, ʠ ʧʦʧʘʜʘʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʝʪʦʥ 

ʱʝʙʥʷ ʛʨʘʥʠʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 
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ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʨʴʝʨʘʭ ʧʨʦʚʦʜʠʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʠ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʨʠʩʢʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʨʝʙʫʶʱʠʡ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ʅʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ʠ ʜʨʫʛʠʝ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʪʝʨʨʠʪʦʨʠʠ. ʉʦ-

ʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʪʝʣʴʥʳʝ, ʩʚʘʣʢʠ ʙʳʪʦʚʳʭ 

ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʩʨʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜ-

ʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʂʘʨʝʣʴʩʢʦʤʫ ʧʝʨʝʰʝʡʢʫ ʠʤʝʶʪʩʷ ʣʠʰʴ ʵʧʠʟʦʜʠʯʝ-

ʩʢʠʝ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʶʪʩʷ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʘʭ ʛʦʨʦʜʦʚ ʉʚʝʪʦʛʦʨ-

ʩʢʘ ʠ ʇʨʠʦʟʝʨʩʢʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʥʦʛʦʣʝʪʥʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʮʝʣʣʶʣʦʟʥʦ- ʙʫʤʘʞ-

ʥʳʭ ʢʦʤʙʠʥʘʪʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʪʤʝʪʠʤ, ʯʪʦ ʙʣʘʛʦ-

ʜʘʨʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʟʘʚʦʜ ʚ ʇʨʠʦʟʝʨʩʢʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʢʨʘʪʠʣ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʝʸ ʧʦʩʣʝʜʩʪʚʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʣʠʢʚʠʜʠʨʦʚʘʥʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʝ ʤʦʞʝʪ, ʢʦʥʝʯʥʦ, 

ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʧʦʣʥʦʪʫ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʘʢʪʦʨʦʚ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʥʘ 

ʂʘʨʝʣʴʩʢʦʤ ʧʝʨʝʰʝʡʢʝ. ɸʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʝʸ ʢʘʢ ʦʜʥʫ ʠʟ ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ 

ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʢʘʢ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤʳ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʛʝʦʵʢʦʩʠʩʪʝʤʳ 

ʵʪʦʛʦ, ʚʦ ʤʥʦʛʦʤ ʫʥʠʢʘʣʴʥʦʛʦ, ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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ʠʟʫʯʝʥʠʶ ʛʝʦʭʠʤʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʸʤʦʚ ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ 

ʩ ʮʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʦʙʩʪʘʥʦʚʦʢ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ. ʈʘʩʰʠʬʨʦʚʢʘ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʜʝʪʘʣʴʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  
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Abstract: The work of a very important geo-environmental problems: the study of 

geochemistry of sediments of inland basins of the Valaam archipelago to reconstruct holocen 

history. Explanation and comparison of paleogeohemical and paleogeographic depositional 

environment was carried out using various petro- and geochemical modules, that help restore a 

more detailed palaeogeographical conditions that existed at the territory under consideration.  
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ʆʩʦʙʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʦʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝ-

ʣʘʛʘ ʚ ʛʦʣʦʮʝʥʝ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ 

ʨʘʟʚʠʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪ-

ʚʠʷ. ʂʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʚʠʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʥʦ-

ʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ (ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʧʘʣʠʥʦʣʦʛʠʯʝ-

ʩʢʠʭ, ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʠ ʧʨ.), ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʠ ʜʝʪʘʣʠʟʠʨʦ-

ʚʘʪʴ ʵʚʦʣʶʮʠʦʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ʨʝʛʠʦʥʘ, ʜʘʪʴ ʝʝ ʦʙʱʫʶ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʫ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʵʚʦʣʶʮʠʶ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʪʝʨʨʠʪʦʨʠʠ. ɼʣʷ ɺʘʣʘʘʤʩʢʦʛʦ 

ʘʨʭʠʧʝʣʘʛʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʝʪʘʣʴʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʵʚʦʣʶʮʠʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʘʩʧʝʢʪʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʸʤʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʥʝʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʳʚʘʣʠʩʴ, ʚ ʧʝʨ-

ʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1], ʘ ʛʝʦʭʠʤʠʷ ʠ ʛʝʦʣʦʛʠʷ 

ʠʟʫʯʘʣʠʩʴ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʤʘʛʤʘʪʠʟʤʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʨʠʠ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʘʨʭʠʧʝʣʘʛʘ ʠ ʦʮʝʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ [2, 3, 4, 5, 6, 7]. 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʩʚʝʜʝʥʠʷ ʦ ʧʦʪʦʢʘʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʚ 

ʠʩʪʦʨʠʯʝʩʢʦʤ ʩʨʝʟʝ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʰʣʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʚʦ-

ʜʦʩʙʦʨʝ ʠ ʚ ʩʘʤʦʤ ʚʦʜʦʝʤʝ. ʇʦʤʠʤʦ ʵʚʦʣʶʮʠʦʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ɸʥʘʣʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʩʝʛʜʘ ʦʟʥʘʯʘʝʪ ʦʙʲʝʜʠʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝ-

ʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʘʥʘʣʠʟʠʨʫʝ-

ʤʦʛʦ ʩʣʦʷ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʦʧʠʨʘʷʩʴ ʥʘ 

ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʩʘʜʢʦʚ, ʩʧʦʩʦʙʝʥ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʚʝʱʝʩʪʚʝʥ-

ʥʦʤ ʩʦʩʪʘʚʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʤʝʱʘʶʱʠʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ; ʜʘʪʴ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ. ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚè, 

ʠ ʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ (ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʨʘʟʠʪʴ 

ʩʚʦʠʤ ʧʦʚʝʜʝʥʠʝʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʚʦʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʦ-

ʨʦʥʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʫʩʣʦʚʠʡ [8].  

ʆʩʥʦʚʦʡ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʠʣʠʩʴ ʩʝʤʴ ʥʝʥʘʨʫʰʝʥʥʳʭ ʢʦʣʦʥʦʢ ʦʩʘʜ-

ʢʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 0,4 ʜʦ 8,5 ʤʝʪʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʩʚʳʰʝ 2000 ʦʙ-

ʨʘʟʮʦʚ ʃʘʙʦʨʘʪʦʨʥʳʡ ʵʪʘʧ ʨʘʙʦʪ ʚʢʣʶʯʠʣ ʚ ʩʝʙʷ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʦʪʣʦʞʝʥʠʡ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʚ ʎʂʇ çɻʝʦʵʢʦʣʦʛʠʷè ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʨʠʙʦʨʝ 

çʉʇɽʂʊʈʆʉʂɸʅ ʄɸʂʉ-GVè. ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʠʭ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ [9]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʝʢʦʪʦʨʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʙʦʣʦʪʘ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʂʫʢʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘ ʛʨʘ-

ʬʠʢʘʭ ʦʪʯʸʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘ-

ʧʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ 



 

 99 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʝʜʠʤʝʥʪʦʛʝ-

ʥʝʟʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʬʣʫʢʪʫʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʤʝʥʝ ʫʩʣʦʚʠʡ, ʥʝ ʥʘʰʝʜʰʠʭ ʩʚʦʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʠʟʤʝʥʝʥʠʠ ʣʠʪʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ. 
 

TiO2, % V, ppm P2O5, % Zn, ppm

 
ʈʠʩ. 1. ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʘʜʢʘʭ ʙʦʣʦʪʘ 

ʶʛʦ-ʟʘʧʘʜʥʝʝ ʂʫʢʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 
 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʚʳʚʦʜʳ, ʦʜʥʘʢʦ ʧʦʜʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʶʪ ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʟʫʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʪʠʧʳ ʦʙʨʘʟʫʝʤʳʭ 

ʠʤʠ ʘʩʩʦʮʠʘʮʠʡ ʜʘʶʪ ʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʣʝ-

ʞʠʪ ʘʥʘʣʠʟ ʩʚʝʜʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ ʟʥʘʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʭʠʤʠʯʝ-

ʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩ-

ʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ ʠ ʚʳʷʚʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʠʨʫʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘ-

ʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʦʙʦʩʥʦʚʘʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʢɸ ʜʣʷ ɺʘʣʘʘʤʘ, ʪʘʢ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ [8, 9, 10]. ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʦʪʣʦʞʝʥʠʡ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ; ʠʭ ʣʠʪʦʬʘʮʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ; 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ, ʘ ʪʘʢʞʝ ʠʥʜʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʩʘʜʦʯʥʦʡ ʧʦʨʦʜʝ ʠ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʥʝʡ ʙʝʟ ʠʟʤʝʥʝʥʠʡ 

ʧʨʠ ʜʠʘʛʝʥʝʟʝ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʚʦʜʦʝʤʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʢʘʟʘ-

ʪʝʣʴ SiO2/Al 2O3. ʉʦʦʪʥʦʰʝʥʠʝ SiO2/Al 2O3 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʥʦʩʪʠ 

ʦʪʣʦʞʝʥʠʡ ʢʨʝʤʥʝʟʝʤʦʤ ʠʣʠ ʛʣʠʥʦʟʝʤʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʘʮʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʠ ʤʦ-
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ʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟ-

ʤʝʥʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʬʦʩʬʘ-

ʪʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʦ ʨʘʟʨʝʟʫ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʝʨʠʦʜʳ  ʧʦʚʳʰʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʨʠʩ. 2). 
 

 
ʈʠʩ. 2. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʚʦʜʦʸʤʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʚʦʜʦʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʫʨʦʚʥʷʭ, ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʯʝʨʪʳ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʨʘʟʨʝʟʫ. ʊʘʢ, ʜʣʷ 

ʚʩʝʭ ʚʦʜʦʸʤʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʵʪʘʧʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʧʨʠ 

ʵʪʦʤ ʠʭ ʩʤʝʥʘ ʚʩʝʛʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʛʣʫʙʠʥʳ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘ-

ʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ SiO2/Al2O3 ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʚʷʟʘʥʦ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʣʫʙʠʥʳ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʤʝ-

ʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʠʥʜʠʢʘʪʦʨʘ ʘʥʪʨʦʧʦ-

ʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʈ2ʆ5) ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʩʝʭ ʨʘʟʨʝʟʦʚ, ʠ ʩʚʷʟʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʸʤʦʚ (ʥʘ ʫʨʦʚʥʝ 120-90 ʩʤ) ʠ 

ʥʘʯʘʣʦʤ ʦʩʚʦʝʥʠʷ ʘʨʭʠʧʝʣʘʛʘ ʯʝʣʦʚʝʢʦʤ. ʉʭʦʜʩʪʚʦ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ 

ʚʦʜʦʸʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʩʚʠʜʝʪʝʣʴʩʪ-

ʚʫʝʪ ʦ ʝʜʠʥʦʤ ʪʨʝʥʜʝ ʛʦʣʦʮʝʥʦʚʦʡ ʵʚʦʣʶʮʠʠ ʚʩʝʛʦ ʘʨʭʠʧʝʣʘʛʘ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ 

ʨʘʩʯʣʝʥʷʪʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʝ ʪʦʣʱʠ ʦʩʘʜʢʦʚ, ʚʳʜʝʣʷʷ ʚ ʥʠʭ ʦʧʨʝʜʝ-

ʣʸʥʥʳʝ ʵʪʘʧʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʦʙʳʪʠʷʤ ʛʦ-

ʣʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ. ʅʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʧʦʟʜʥʝʛʦ-

ʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʸʤʦʚ ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʙʳʣʠ ʚʳ-

ʷʚʣʝʥʳ ʯʝʨʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ:  
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ʘ) ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʠʟʫʯʝʥʥʳʭ ʚʦʜʦʸʤʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʩʚʦʡʩʪʚʝʥʥʦ ʥʘʢʦʧʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʪʣʦʞʝ-

ʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ;  

ʙ) ʜʣʷ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʟʘʤʝʜʣʝʥʠʝ 

ʪʝʤʧʦʚ ʪʝʨʨʠʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ ʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ;  

ʚ) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʬʠʢʩʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʣʘʥʜʰʘʬʪʳ; 

ʛ) ʦʩʥʦʚʥʳʝ ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʚ ʛʦʣʦ-

ʮʝʥʦʚʦʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʱʠʤ ʭʦʜʦʤ ʠʩʪʦʨʠʠ ʧʦʩʣʝʣʝʜʥʠʢʦʚʴʷ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ ʠ ʣʦʢʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʃʘ-

ʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʜʠʥʘʤʠʢʦʡ ʢʣʠʤʘʪʘ ʧʦʩʣʝʜʥʠʭ 10 ʪʳʩ. ʣʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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Abstract: This research shows geochemical evidence for changes in lake Vozhanskoye history 

with an approach using geochemical indicators for reconstructing palaeoecological conditions.  
 

ʅʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʶʪʩʷ ʦʟʝʨʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ 

ʨʘʟʤʝʨʘʤ, ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʠ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʀʭ ʛʝʥʝʟʠʩ ʠ ʵʚʦʣʶʮʠʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʠʩʪʦʨʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ, ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝ-

ʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʦʪʝʢʘʝʪ ʚ ʪʝʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʚʩʝʤ ʧʨʠʨʦʜʥʳʤ ʢʦʤ-

ʧʣʝʢʩʦʤ ʚʦʜʦʩʙʦʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʟʝʨ ʚ ʥʠʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʜʦʥʥʳʝ ʦʩʘʜʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʜʥʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʩʘʤʦʤ ʦʟʝʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟ-

ʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʥʝʤ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ, ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʠʟʚʥʝ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʠʮʳ, ʚʟʚʝʰʝʥʥʳʝ ʚ ʚʦʜʝ ʠ ʧʨʠʚʥʝʩʝʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʥʳʤ ʩʪʦʢʦʤ, ʧʳʣʴ, ʧʨʠʥʦʩʠʤʘʷ ʚʝʪʨʦʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʳʣʴʮʘ ʨʘʩʪʝʥʠʡ) ʠ ʚʳʧʘ-

ʜʘʶʱʘʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʥʘ ʟʝʨʢʘʣʦ ʦʟʝʨʘ, ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ, ʧʦʩʪʫ-

ʧʘʶʱʠʝ ʩ ʪʨʝʱʠʥʥʳʤʠ (ʧʦʜʟʝʤʥʳʤʠ) ʚʦʜʘʤʠ, ʨʘʩʪʚʦʨʝʥʥʦʝ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚʦ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʦʣʴ ʜʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴʩʷ. ɺʝʩʴ ʧʦʩʪʫʧʘʶʱʠʡ ʤʘʪʝʨʠʘʣ, ʫʯʘʩʪʚʫʷ ʚ 

ʢʨʫʛʦʚʦʨʦʪʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʠ ʦʙʨʘʟʫʝʪ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʠʤʝʶʱʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʯʝʨʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʕʪʠʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʚʩʝʤ ʭʦʜʦʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ [13, 14]. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʦʟʝʨʥʦʛʦ 

ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʛʦʣʦʮʝʥʘ ʦʟʝʨʘ ɺʦʞʘʥʩʢʦʝ ʥʘ ʦʩʥʦʚʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ. 

ʆʟʝʨʦ ɺʦʞʘʥʩʢʦʝ ʟʘʥʠʤʘʝʪ ʣʝʜʥʠʢʦʚʫʶ ʢʦʪʣʦʚʠʥʫ, ʠʤʝʝʪ ʧʝʩʯʘʥʦʝ ʜʥʦ, ʤʝʩ-

ʪʘʤʠ ʠʣʠʩʪʦʝ ʩ ʩʘʧʨʦʧʝʣʝʤ. ʇʣʦʩʢʠʡ ʥʠʟʢʠʡ ʠ ʪʦʧʢʠʡ ʙʝʨʝʛ ʦʙʨʘʟʫʝʪ ʠʣʠʩʪʫʶ ʧʦ-

ʣʦʩʫ ʟʘʢʨʘʡʢʠ ʰʠʨʠʥʦʡ ʦʪ 30 ʜʦ 70 ʤ, ʢʦʪʦʨʘʷ ʟʘʪʦʧʣʝʥʘ ʠ ʧʦʨʦʩʣʘ ʢʘʤʳʰʦʤ, ʦʩʦ-

ʢʦʡ ʩʪʨʦʡʥʦʡ ʠ ʪʨʦʩʪʥʠʢʦʤ [15]. ʇʣʦʱʘʜʴ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 2,12 ʢʤ
2
. ʆʟʝʨʦ ʠʤʝʝʪ 

ʬʦʨʤʫ, ʚʳʪʷʥʫʪʫʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠ-

ʧʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʟʝʨ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ ʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦ-

ʭʦʞʜʝʥʠʝʤ ʣʝʜʥʠʢʘ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʝʨʠʤʝʪʨ ʦʟʝʨʘ ʚʤʝʩʪʝ ʩ ʧʝʨʠʤʝʪʨʦʤ 

ʦʩʪʨʦʚʘ ʥʘ ʶʛʝ ï 13 ʢʤ 900 ʤ. ɼʣʠʥʘ 3 ʢʤ, ʰʠʨʠʥʘ 1,3 ʢʤ, ʛʣʫʙʠʥʘ ʦʪ 1,1 ʜʦ 5,3 ʤ 

[9]. ʆʟʝʨʦ ɺʦʞʘʥʩʢʦʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʫʥʠʢʘʣʴʥʦʛʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ ï ʊʠʭʚʠʥʩʢʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʚʦʜʥʳʡ ʧʫʪʴ, ʩʪʘʚʰʠʡ 

ʚʦʧʣʦʱʝʥʠʝʤ ʧʝʨʝʜʦʚʦʡ ʠʥʞʝʥʝʨʥʦʡ ʤʳʩʣʠ, ʙʳʣ ʦʪʢʨʳʪ ʜʣʷ ʩʫʜʦʭʦʜʩʪʚʘ ʚ 1811 

ʛʦʜʫ, ʭʦʪʷ ʢ ʪʦʤʫ ʤʦʤʝʥʪʫ ʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʝʱʝ ʥʝ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ. ʆʜʥʘʢʦ ʫʞʝ ʩ 

ʩʝʨʝʜʠʥʳ 19 ʚʝʢʘ ï ʧʦʩʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʅʠʢʦʣʘʝʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ ʄʘʨʠʠʥʩʢʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ï ʟʥʘʯʝʥʠʝ ʊʠʭʚʠʥʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʘʣʦ ʨʝʟʢʦ 
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ʩʥʠʞʘʪʴʩʷ. ɺ ʢʦʥʮʝ 50-ʭ ï ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʥʝʨʝʥ-

ʪʘʙʝʣʴʥʦʡ, ʠ ʚ 1966 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ ʝʸ ʦʬʠʮʠʘʣʴʥʦʝ ʟʘʢʨʳʪʠʝ [11, 12, 14, 15].  

ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʙʨʘʥ ʚ ʩʦʩʪʘʚʝ ʵʢʩʧʝʜʠʮʠʡ 2011-

2013 ʛʛ. ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ. ʂʦʣʦʥʢʠ ʜʦʥ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʙʠʨʘʣʠʩʴ ʦʪ ʛʨʘʥʠʮʳ ʚʦʜʘ-ʜʥʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ 

ʤʦʱʥʦʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʦʟʝʨʥʦʛʦ ʙʫʨʘ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ. ɺʩʝʛʦ ʙʳʣʦ ʟʘʣʦʞʝʥʦ 3 

ʩʢʚʘʞʠʥʳ (ʨʠʩ. 1). ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʎʂʇ 

çɻʝʦʵʢʦʣʦʛʠʷè ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʚʘʢʫʫʤʥʦʤ ʩʧʝʢ-

ʪʨʦʤʝʪʨʝ çʉʇɽʂʊʈʆʉʂɸʅ ʄɸʂʉ-GVè. ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣ-

ʥʝʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʂʫʣʴʢʦʚʦʡ ʄ.ɸ. ʠ ʅʝʩʪʝʨʦʚʦʡ ʃ.ɸ. 

ʥʘ ʥʠʟʢʦʬʦʥʦʚʦʤ ʞʠʜʢʦʩʪʥʦʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʩʯʝʪʯʠʢʝ Quantulus-1220. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʝʩʪʘ 

ʧʨʦʙʦʦʪʙʦʨʘ  

 

ʉʢʚʘʞʠʥʘ 1 ʠʤʝʝʪ 

ʤʦʱʥʦʩʪʴ 9,3 ʤ (ʨʠʩ. 2). 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (80-

260 ʩʤ) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʝʤʥʦ-ʩʝʨʳʤʠ ʥʝʧʣʦʪʥʳʤʠ 

ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʠʣʘʤʠ, ʢʦ-

ʪʦʨʳʝ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝ-

ʥʷʶʪʩʷ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʤʠ 

ʥʝʧʣʦʪʥʳʤʠ ʦʨʛʘʥʦʛʝʥ-

ʥʳʤʠ ʠʣʘʤʠ (260-1010 ʩʤ), ʦʜʥʘʢʦ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʦ ʦʪʪʝʥʢʫ ʦʪʣʦʞʝ-

ʥʠʷʤʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʦʚʦʣʴʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʥʘ ʩʭʝʤʝ ʨʘʟʨʝʟʘ ʜʘʥʥʘʷ 

ʨʘʟʥʠʮʘ ʥʝ ʦʪʨʘʞʝʥʘ. ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʡ ʚʦʟʨʘʩʪ ʦʙʨʘʟʮʦʚ ʦʪʣʦʞʝʥʠʡ ʩ ʛʣʫʙʠʥ 760-

780 ʩʤ ʠ 990-1010 ʩʤ ʩʦʩʪʘʚʠʣ 7390 Ñ 70 BP ʠ 7600 Ñ 100 BP ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʢʚʘʞʠʥʘ 2 (790-890 ʩʤ), ʦʪʦʙʨʘʥʥʘʷ ʥʘ ʙʝʨʝʛʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʯʘʥʦ-ʛʣʠʥʠ-

ʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʧʨʠʤʝʩʴʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʜʠʦʫʛʣʝʨʦʜʥʘʷ 

ʜʘʪʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʩ ʛʣʫʙʠʥʳ 870-890 ʩʤ ʩʦʩʪʘʚʠʣʘ 9500 Ñ 100 BP. ʉʢʚʘʞʠʥʘ 3 

(140-490 ʩʤ) ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 350 ʩʤ. ʅʘ ʛʣʫʙʠʥʝ 490-485 ʩʤ ʩʢʚʘʞʠʥʦʡ ʚʩʢʨʳʪʳ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʯʝʨʝ-

ʜʫʶʱʠʝʩʷ ʧʝʩʯʘʥʳʝ ʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ ʦʪʣʦʞʝʥʠʷ (485-465 ʩʤ). ʇʦʩʣʝʜʥʠʝ 

ʩʤʝʥʷʶʪʩʷ ʧʦʯʪʠ ʯʝʨʥʳʤʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ (465-459 ʩʤ), ʧʝʨʝʭʦʜʷ-

ʱʠʤʠ ʚ ʩʚʝʪʣʳʝ ʩʝʨʦ-ʟʝʣʝʥʳʝ ʛʣʠʥʠʩʪʳʝ ʠʣʳ ʩ ʦʪʯʝʪʣʠʚʦʡ ʩʣʦʠʩʪʦʩʪʴʶ (459-

450 ʩʤ). ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʥʦʪʦʥʥʳʤʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʙʫʨʦ-

ʚʘʪʳʤʠ ʥʝʧʣʦʪʥʳʤʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʠʣʘʤʠ (450-140 ʩʤ), ʜʣʷ ʧʦʜʦʰʚʳ ʢʦʪʦʨʳʭ 

(440-450 ʩʤ) ʧʦʣʫʯʝʥʘ ʨʘʜʠʦʫʛʣʝʨʦʜʥʘʷ ʜʘʪʘ, ʩʦʩʪʘʚʠʚʰʘʷ 7909 Ñ 100 BP. 

ʆʩʦʙʝʥʥʦʩʪʠ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʨʘʟʨʝʟʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʦʝʤʘ ʩʫʱʝʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʘʥʦʚʦʢ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ ʥʘʰʣʦ ʩʚʦʸ ʦʪʨʘʞʝʥʠʝ ʚ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʧʦ-

ʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ 2 ʵʪʘʧʘ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ:  

1-ʡ ʵʪʘʧ (ʩʢʚʘʞʠʥʘ 2 ʠ ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʢʚʘʞʠʥʳ 3) ï ʥʘʢʦʧʣʝʥʠʝ ʛʣʠʥʠʩʪʦʡ ʠ 

ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ ʪʦʣʱʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ 

ʭʦʣʦʜʥʦʛʦ ʦʟʝʨʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʪʘʷʥʠʷ ʤʘʩʩʠʚʦʚ ʧʦʛʨʝʙʝʥʥʦʛʦ ʤʝʨʪ-
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ʚʦʛʦ ʣʴʜʘ ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʙʘʩʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʩ ʥʝʟʘʢʨʝʧʣʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

2-ʡ ʵʪʘʧ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ 3 ʠ ʩʢʚʘʞʠʥʘ 1 ʧʦʣʥʦʩʪʴʶ) ï ʦʨʛʘ-

ʥʦʛʝʥʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʥʘʯʘʣʝ ʘʪʣʘʥʪʠʯʝʩʢʦʡ 

ʬʘʟʳ ʛʦʣʦʮʝʥʘ ʠ ʚʝʨʦʷʪʥʦʛʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʪʘʷʥʠʷ ʤʘʩʩʠʚʦʚ ʤʝʨʪʚʦʛʦ ʣʴʜʘ.  
 

 
 

ʈʠʩ. 2. ʈʘʟʨʝʟʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ɺʦʞʘʥʩʢʦʝ 
 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʢʩʠʜʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʟʨʝʟʘʤ ʜʦʥʥʳʭ ʦʪ-

ʣʦʞʝʥʠʡ ʦʟ. ɺʦʞʘʥʩʢʦʝ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʭʠʤʠʝʡ ʠ 

ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʶ ʨʘʟʨʝʟʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ ʛʣʫʙʠʥ 80-250 ʩʤ ʠ 

250-1010 ʩʤ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ 1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʘʤ ʛʣʫʙʠʥ 140-200 ʩʤ ʠ 

200-440 ʩʤ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ, ʧʦʵʪʦʤʫ 

ʜʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʩʢʚʘʞʠʥʳ 3, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʨʘʞʘʶʱʝʡ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʚʦʜʦʝʤʘ ʠ 

ʚʳʙʨʘʥʥʦʡ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʜʣʷ ʦʟʝʨʘ ɺʦʞʘʥʩʢʦʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʦʣʱʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ɺʦʞʘʥ-

ʩʢʦʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ ʦʙʥʘʨʫ-

ʞʠʚʘʝʪ ʚ ʮʝʣʦʤ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʢ ʩʨʝʜʥʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʣʠʥʠʩʪʳʭ ʦʪ-
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ʣʦʞʝʥʠʡ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʈʘʟʣʠʯʠʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠ-

ʢʦʡ ʛʝʥʝʟʠʩʘ ʦʪʣʦʞʝʥʠʡ (ʦʨʛʘʥʦʛʝʥʥʳʝ ʠʣʳ). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʩʦʜʝʨʞʘʥʠʷ 

ʦʢʩʠʜʦʚ ʬʦʩʬʦʨʘ ʠ ʤʘʨʛʘʥʮʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʭ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʘʜʢʘ. ɼʘʥ-

ʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
 

ʊʘʙʣʠʮʘ 1. 

ɼʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʦʞʘʥʩʢʦʝ (ʩʢʚ. 3) 
 

 
ʏʠʩʣʦ 

ʧʨʦʙ 

Min, 

% 

Max, 

% 

ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 

ʉʨʝʜʥʝʝ, 

% 

ɻʣʠʥʘ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ (ʇʘʥʦʚʘ, 

ɻʘʚʨʠʣʝʥʢʦ, 2007) 

SiO2 125 17,6 72,80 12,43 34,84 52,38 

Al 2O3 125 1,65 11,67 1,96 6,98 15,3 

TiO2 125 0,01 0,71 0,20 0,20 0,85 

MnO 125 0,03 1,47 0,12 0,11 0,09 

MgO 125 0,07 2,07 0,32 1,45 3,02 

K2O 125 0,42 1,90 0,30 1,22 3,89 

CaO 125 1.38 5,66 0,70 2,13 5,55 

Na2O 125 0,01 1,61 0,59 0,55 0,82 

P2O5 125 0,06 4,41 0,81 1,15 0,12 
 

ɼʣʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʦʞʘʥʩʢʦʝ (ʩʢʚʘʞʠʥʘ 3) ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢ-

ʨʦʵʣʝʤʝʥʪʦʚ ʚʳʯʠʩʣʷʣʦʩʴ ʧʦ 125 ʧʨʦʙʘʤ (ʪʘʙʣ. 2). ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚʳ-

ʙʦʨʢʠ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʨʘʟʙʨʦʩʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ (=1,69-3,22). ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ 

ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʨʘʩʭʦʞʜʝʥʠʝʤ ʚ 

ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

(ʪʘʙʣ. 2). ʀʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ Cu ( =1,46), Cr ( =1,49), Rb ( =1,32), Y 

( =1,16) ʠ Zr ( =1,45), ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ. 
 

ʊʘʙʣʠʮʘ 2. 

ɼʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʦʞʘʥʩʢʦʝ (ʩʢʚ. 3) 
 

ʍʠʤʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ 

ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʙ 

ʉʛʝʦʤ, 

ʤʛ/ʢʛ 

ʉʛʘʨʤ, 

ʤʛ/ʢʛ 

ʄʠʥʠʤʫʤ, 

ʤʛ/ʢʛ 

ʄʘʢʩʠʤʫʤ, 

ʤʛ/ʢʛ  

Pb 125 75,95 19,96 1,50 520,31 3,95 

Zn 125 175,08 131,67 22,58 323,53 1,83 

Cu 125 24,06 21,28 2,20 32,80 1,46 

Ni 125 24,07 17,12 0,80 34,28 1,69 

Co 125 2,26 0,65 0,30 34,70 6,41 

Cr 125 107,58 96,20 23,55 153,13 1,49 

V 125 174,08 113,93 6,18 264,07 1,91 

Sr 125 107,50 67,69 1,98 175,15 1,69 

Rb 125 55,06 52,29 10,57 83,22 1,32 

Ba 125 49,41 29,50 20,00 566,53 3,57 

La 125 46,04 10,35 0,60 85,49 3,01 

Y 125 22,91 22,63 12,70 28,87 1,16 

Zr 125 113,71 106,26 31,80 271,29 1,45 

Feʦʙʱ  (%) 125 9,96 8,05 1,22 17,43 1,69 
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ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʢʣʘʨʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʪʘʙʣ. 3) (ɺʠʥʦ-

ʛʨʘʜʦʚ, 1962). ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʣʘʨʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʂʢ) ʵʣʝʤʝʥʪʦʚ ï 

ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢ ʫʩʣʦʚ-

ʥʦʤʫ ʠʭ ʢʣʘʨʢʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʢ ʢʣʘʨʢʫ (ʂʢ=0,2-0,8). ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ Cu, Ni, Co, Sr, Rb, Ba, Zr, Ti, Mn. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ Pb, Zn, Cr, V, Y ʠ Fe 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʪʣʦʞʝʥʠʷʭ ʚ ʢʦʥʮʝʥʪʨʘʮʠ̫ ʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʢʣʘʨʢ. 
ʊʘʙʣʠʮʘ 3. 

ʂʣʘʨʢʠ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ɺʦʞʘʥʩʢʦʝ (ʩʢʚ. 3) 
 

ʍʠʤ. 

ʣɻʝʤʝʥʪ, 

ʤʛ/ʢʛ 

Pb Zn Cu Ni Co Cr  Sr Rb Ba Y Zr Ti Mn Fe 

ʂʣʘʨʢ ʚ 

ʟʝʤʥʦʡ 

ʢʦʨʝ, 

ʤʛ/ʢʛ 

16 83 47 58 18 83 90 340 150 650 20 170 4500 1000 46500 

ʂʢ 1,3 1,6 0,5 0,3 0,4 1,2 1,3 0,2 0,4 0,2 1,1 0,7 0,3 0,8 2,3 
 

ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʩʩʠʚʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʜʝʣʝʥʳ ʘʩ-

ʩʦʮʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ. 4). ɽʜʠʥʩʪʚʝʥʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʚʷʟʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ, ʷʚʣʷʝʪʩʷ ʘʩʩʦʮʠʘʮʠʷ Cu-Ni, 

ʧʨʠ ʵʪʦʤ ʘʩʩʦʮʠʘʮʠʷ P2O5-Pb-Cr-V, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦ-

ʞʝʥʠʡ, ʨʘʩʧʘʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʨʠ ʩʤʝʥʝ ʣʠʪʦʣʦʛʠʠ ʦʩʘʜʢʘ. 
ʊʘʙʣʠʮʘ 4.  

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʦʟ. ɺʦʞʘʥʩʢʦʝ (ʩʢʚ. 3) 
 

ʃʠʪʦʣʦʛʠʷ ʦʪʣʦʞʝʥʠʡ 

(ʛʣʫʙʠʥʘ, ʩʤ) 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ 

(ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ) 

ʆʨʛʘʥʦʛʝʥʥʳʝ ʠʣʳ (140-450) 
1) Cu-Ni; 

2) K2O-SiO2-Ba-Al2O3-Zr-TiO2 

ɻʣʠʥʠʩʪʳʝ ʠ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ (450-490) 

1) P2O5-Pb-Cr-V; 

2) Cu-Ni; 

3) K2O-Al2O3-TiO2-Rb-Ba 
 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʣʦʞʝʥʠʡ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʝʪʦʤ ʣʠʪʦʣʦʛʠʠ ʨʘʟʨʝʟʘ. ɼʣʷ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʛʣʫʙʠʥʝ 450-490 ʩʤ ʬʦʨʤʫʣʳ ʪʨʝʭ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ ʚʳʛʣʷʜʷʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
ʇʝʨʚʳʡ ʬʘʢʪʦʨ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʝʝ ʦʙʦʛʘʱʝʥʠʝ ʧʨʦʙ ʨʷʜʦʤ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʬʘʢʪʦʨʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠʣʦʚ ʩ ʛʣʫʙʠʥ 140-450 ʩʤ, 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʩʚʷʟʘʥʳ ʩ ʧʝʨʚʳʤʠ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ 
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(F1 ï 49, F2 ï 14, F3 ï 10%), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʌʦʨʤʫʣʘ 1-ʛʦ ʬʘʢʪʦʨʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
ɺʝʨʦʷʪʥʦ, ʧʝʨʚʳʡ ʬʘʢʪʦʨ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʱʝʝ ʦʙʦʛʘʱʝʥʠʝ ʧʦʨʦʜ ʭʠʤʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ɺ ʛʝʥʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʧʦ-

ʢʘʟʘʪʝʣʴ ʥʘʢʦʧʣʝʥʠʷ ʚ ʠʣʘʭ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ ʦʪʚʝʯʘʶʪ ʥʘʢʦʧʣʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ Zr, Ba ʚ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʦʩʘʜʢʘ. 

ʉʪʨʫʢʪʫʨʘ 2-ʛʦ ʠ 3-ʛʦ ʬʘʢʪʦʨʦʚ ʥʝʷʩʥʘʷ: 

 
ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʝʜʴ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʩʘʜʢʘʭ ʟʘʩʪʦʡʥʳʭ ʚʦʜ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʦ ʚʳ-

ʧʦʣʥʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʨʷʜʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ï ʦʪʥʦʰʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʩʠʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʣʝʦʢʣʠʤʘʪʘ ʠ 

ʣʦʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ: ʠʥʜʝʢʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ CIA ʠ CIW, ʛʠʜʨʦʣʠ-

ʟʘʪʥʳʡ ʤʦʜʫʣʴ (Al 2ʆ3+Tiʆ2+Fe2ʆ3+Feʆ)/SiO2), ʘʣʶʤʦʢʨʝʤʥʠʝʚʳʡ ʤʦʜʫʣʴ 

(Al 2O3/Siʆ2), ʪʠʪʘʥʦʚʳʡ ʤʦʜʫʣʴ (TiO2/Al 2O3), ʢʘʣʠʝʚʳʡ ʤʦʜʫʣʴ (ʂ2ʆ/ɸ12ʆ3), 

ʱʝʣʦʯʥʦʡ ʤʦʜʫʣʴ (Na2O/K2O), ʠʥʜʠʢʘʪʦʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ Fe/Ca, SiO2/Al2O3, 

La/V, Rb/Sr, V/Cr [1ï8, 10, 16]. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʤʦʞʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʟʣʠʯ-

ʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ (ʨʠʩ. 3): 450-490 ʩʤ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʙʦʨʝʘʣʴʥʦʛʦ ʵʪʘʧʘ ʛʦʣʦʮʝʥʘ (ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜ-

ʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ) ʧʨʦʠʩʭʦʜʠʣʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ,  ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʦʣʦʜʥʦʛʦ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʦʚʦʜʥʦʛʦ, ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʦʛʦ ʚʦʜʦʝʤʘ. ʇʦʚʳ-

ʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ SiO2/Al 2O3 ʦʪʨʘʞʘʶʪ ʦʙʦʛʘʱʝʥʠʝ ʦʩʘʜʢʦʚ ʢʚʘʨʮʝʤ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʛʣʠʥʠʩʪʳʤʠ ʠ ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʦʨʦʰʦ 

ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ  ʧʝʩʢʦʚ ʠ ʘʣʝʚʨʠʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʠʥʜʠʢʘʪʦʨʥʳʭ ʩʦʦʪ-

ʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ Fe/Ca ʠ CIA ʬʠʢʩʠʨʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʭʠʝ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ Na2O/K2O, ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪ-

ʥʦʰʝʥʠʷ Rb/Sr ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʘʙʳʝ ʧʨʦʮʝʩʩʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʭʣʘʜʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ.  

ɺ ʩʣʦʝ 450-210 ʩʤ ï ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʥʳʭ ʩʦʦʪʥʦ-

ʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ Fe/Ca, CIA, Rb/Sr ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ Na2O/K2O, ʯʪʦ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪ ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʠ 

ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʚʣʘʞʥʳʤ ʠ ʪʝʧʣʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʬʘʟʳ ʛʦʣʦʮʝʥʘ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʠʟʤʝʥʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʡ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 210 ʩʤ ʬʠʢʩʠʨʫʝʪ ʩʤʝʥʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩ-

ʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʝ ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʠ ʩʫʙʙʦʨʝʘʣʴʥʦʡ ʬʘʟʳ ʛʦʣʦʮʝʥʘ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ï ʩʣʦʡ 210-140 ʩʤ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘ-

ʯʝʥʠʡ Na2O/K2O ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ Fe/Ca, ʯʪʦ  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʣʘʙ-
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ʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ  ʠʟʤʝ-

ʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʚ ʩʪʦʨʦʥʫ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ. ʇʨʠ ʙʦʣʝʝ ʜʝ-

ʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʦʡ 165-140 ʩʤ, 

ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʜʝʢʩʘ CIA, CIW ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩ-

ʪʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Na2O/K2O ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʙʦʣʴʰʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʜʘʥʥʳʡ ʩʣʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚʦ ʚʨʝʤʷ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʡ ʬʘʟʳ ʛʦʣʦʮʝʥʘ. 
 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʨʘʟʨʝʟʫ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʦʞʘʥʩʢʦʝ (ʩʢʚʘʞʠʥʘ 3) 
 

ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʣʶʤʦʢʨʝʤʥʠʝʚʦʛʦ ʠ ʛʠʜʨʦʣʠʟʘʪʥʦʛʦ ʤʦʜʫʣʝʡ ʚ ʩʣʦʝ ʦʪ-

ʣʦʞʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ 440-140 ʩʤ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʠ ʛʣʫʙʦʢʦʝ ʚʳʚʝʪʨʠ-

ʚʘʥʠʝ ʧʦʨʦʜ ʦʙʣʘʩʪʠ ʩʥʦʩʘ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʪʝʧʣʦʛʦ ʠ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʝ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ 

ʠ ʪʠʪʘʥʘ. ɺʘʞʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʢʘʣʠʝʚʳʡ ʤʦʜʫʣʴ (ʂʄ), 

ʠʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʤʠʥʝʨʘʣʘʭ ʚ 

ʩʦʩʪʘʚʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɼʣʷ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ɺʦʞʘʥʩʢʦʝ ʭʘʨʘʢʪʝʨʥʦ ʨʘʚʥʦʤʝʨ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʫʨʦʚʥʝ 0,2 ʝʜʠʥʠʮ, ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʦʩʘʜʢʦʚ ʛʠʜʨʦʩʣʶʜ ʠ ʭʣʦʨʠʪʦʚ. ɺ ʦʙʱʝʤ ʠ 

ʮʝʣʦʤ, ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 0,3 ʝʜʠʥʠʮ, ʨʘʟʜʝʣʷʶ-

ʱʝʝ, ʧʦ ʜʘʥʥʳʤ ʈ.ʂʦʢʩʘ [7] ʣʠʪʦʛʝʥʥʳʝ ʠ ʧʝʪʨʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʪʣʦʞʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʣʠʪʦʛʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ V/Cr ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ ʦʪʣʠʯʘʶʪʩʷ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-2 ʝʜʠʥʠʮ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦʙ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ ʜʦʩʪʘ-

ʪʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʷ ʚʩʢʨʳʪʘʷ ʪʦʣʱʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚʦʜʦʝʤʘ ʘʢ-

ʢʫʤʫʣʠʨʦʚʘʣʘʩʴ ʚ ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʦʤ ʙʘʩʩʝʡʥʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ɺʦʞʘʥʩʢʦʝ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʦʙʩʪʘʥʦʚʢʠ ʦʟʝʨʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʠʟʫʯʝʥʦ ʦʪʨʘʞʝʥʠʝ 
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ʜʠʥʘʤʠʢʠ ʧʘʣʝʦʫʩʣʦʚʠʡ ʛʦʣʦʮʝʥʘ ʚ ʩʦʩʪʘʚʝ ʦʩʘʜʢʦʚ. ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʙʳʣʘ ʩʪʘʙʠʣʴʥʦʡ. ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʘʢʦʧʣʝʥʥʳʭ 

ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʦʚ ʧʦʭʦʣʦʜʘʥʠʷ-ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ ʚ ʥʘʯʘʣʝ ʦʟʝʨʥʦʛʦ ʩʝʜʠ-

ʤʝʥʪʦʛʝʥʝʟʘ, ʩʥʠʞʘʶʪʩʷ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʡ Fe/Ca, Rb/Sr ʠ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ 

CIA, CIW, ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Sr, Ba ʠ Zr. ʅʘʠʙʦʣʝʝ ʯʝʪʢʦ ʚ 

ʣʝʪʦʧʠʩʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʨʘʞʝʥ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʭʣʘʜʥʳʭ ʠ ʩʫʭʠʭ ʫʩʣʦʚʠʡ 

ʙʦʨʝʘʣʘ ʢ ʚʣʘʞʥʳʤ ʠ ʪʝʧʣʳʤ ʫʩʣʦʚʠʷʤ ʘʪʣʘʥʪʠʢʠ. ɺʳʜʝʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʦʪʣʦ-

ʞʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʩʫʙʙʦʨʝʘʣ ʠ ʩʫʙʘʪʣʘʥʪʠʢʫ, ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʚʠʜʫ 

ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʜʠʦʫʛʣʝ-

ʨʦʜʥʳʭ ʜʘʪʠʨʦʚʦʢ. ʆʜʥʘʢʦ ʧʦʚʝʜʝʥʠʝ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥ-

ʜʠʢʘʪʦʨʦʚ ʧʦ ʨʘʟʨʝʟʘʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʝʨʝʜʦʚʘʥʠʝ ʚʣʘʞʥʳʭ ʠ ʩʫʭʠʭ ʧʝʨʠʦʜʦʚ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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Abstract: Bottom sediments are one of the most important components of aquatic ecosystems 

and the most complete source of information about the history of lakes. Through geochemical 

analysis of sediments, we are able to make a reconstruction of the parameters of lake systems 

formation and define the changes of the environment throughout the Holocene. This article 

summarizes the results of the study of lithogeochemical characteristics of Karadzhinskoe and Saki 

lake sediments to reconstruct palaeoecological conditions of the environment. It was found that 

the geochemical characteristics of lakes sediments exhibit similar patterns, and identified three 

main phases of sedimentation. The results may point to the fact that the history of the lakes of 

western Crimea had intimate character and was determined not only by local, but primarily by 

regional factors in the evolution of the environment. 
 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʝʩʫʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʧʨʠʨʦʜʥʳʭ ʦʙ-

ʩʪʘʥʦʚʦʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦ ʩʨʝʜʩʪʚʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʚʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝ-

ʥʠʷʭ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʢʘʢ ʥʘ ʣʦʢʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ  ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ [5, 6, 9]. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʣʠ-

ʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʥʦʩʥʳʭ ʦʟʝʨ ʩ ʮʝʣʴʶ ʨʝ-
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ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. ʆʙʲʝʢʪʳ ʠʟʫʯʝʥʠʷ ï ʉʘʢʩʢʦʝ ʠ 

ʂʘʨʘʜʞʠʥʩʢʦʝ ʦʟʝʨʘ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ.  

ʆʟʝʨʦ ʉʘʢʩʢʦʝ (ʨʠʩ. 1) ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

(ʛ. ʉʘʢʠ) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʣʢʦʚʦʜʥʳʡ ʚʦʜʦʝʤ ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʜʝʣʝʥʥʳʡ ʦʪ ʤʦʨʷ ʧʝʨʝʩʳʧʴʶ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʟʝʨʘ ʰʣʦ ʚ 

ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 5 ʪʳʩʷʯ ʣʝʪ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ, ʜʦʥʥʳʝ ʦʪ-

ʣʦʞʝʥʠʷ ʉʘʢʩʢʦʛʦ ʦʟʝʨʘ ʜʦʩʪʠʛʘʶʪ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ [8]. 

ʂʘʨʘʜʞʠʥʩʢʦʝ ï ʩʘʤʦʝ ʟʘʧʘʜʥʦʝ ʠʟ ʦʟʝʨ ʂʨʳʤʘ (ʩ. ʆʣʝʥʝʚʢʘ) (ʨʠʩ. 2). ɺ ʦʪʣʠ-

ʯʠʝ ʦʪ ʉʘʢʩʢʦʛʦ, ʂʘʨʘʜʞʠʥʩʢʦʝ ʦʟʝʨʦ ʥʝ ʧʦʪʝʨʷʣʦ ʩʚʷʟʠ ʩ ʤʦʨʝʤ. ʀʟʤʝʥʝʥʠʝ 

ʫʨʦʚʥʷ ʦʟʝʨʘ ʧʦʜʚʝʨʞʝʥʦ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩʠʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʚʨʝʤʝʥʘʤʠ ʧʨʝ-

ʚʳʰʘʷ ʫʨʦʚʝʥʴ ʤʦʨʷ. ʄʦʨʩʢʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʦʟʝʨʦ ʚʦ ʚʨʝʤʷ ʰʪʦʨʤʦʚ ʠ ʚʝ-

ʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ ʯʝʨʝʟ ʜʦʚʦʣʴʥʦ ʫʟʢʫʶ ʧʝʨʝʩʳʧʴ [8]. 
 

 
 

ʈʠʩ.1. ʄʝʩʪʦ ʧʨʦʙʦʦʪʙʦʨʘ 
 

ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʜʚʝ ʩʢʚʘʞʠʥʘ ʛʣʫʙʠʥʦʡ 440 ʩʤ ʠ 520 

ʩʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ ʦʧʠʩʘ-

ʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʣʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʨʘʙʦʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʟʦʚ. ʆʪʙʦʨ ʢʝʨʥʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʣʘʚʫʯʝʡ ʧʣʘʪʬʦʨʤʳ ʩ ʧʦʤʦʱʴʶ ʦʟʝʨʥʦʛʦ ʙʫʨʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʥʘʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʚʦʜʥʳʝ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
 

 
 

ʈʠʩ. 2. ʄʝʩʪʦ ʧʨʦʙʦʦʪʙʦʨʘ 
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ʄʝʪʦʜʳ ʠ ʤʝʪʦʜʠʢʘ 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʎʂʇ çɻʝʦʵʢʦʣʦʛʠʷè (ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ) ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʚʘʢʫʫʤʥʦʤ ʩʧʝʢ-

ʪʨʦʤʝʪʨʝ çʉʇɽʂʊʈʆʉʂɸʅ ʄɸʂʉ-GVè. ʇʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʦʣʫʯʠʚʰʠʡ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʩ 1980-ʭ ʛʦʜʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ʥʝʜʘʚʥʝʛʦ ʧʨʦʰʣʦʛʦ. ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʦ ʨʘʟʨʝʟʫ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʘʶʪ ʢʣʶʯ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ [2]. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʘʤʠ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʘʢ, ʠʥʜʝʢʩ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, Fe/Mn ʠ Ba/Sr ʢʦʵʬʬʠʮʠʝʥʪʳ [1, 3, 4, 7]. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʂʨʳʤʩʢʠʭ ʦʟʝʨ 
ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʉʘʢʩʢʦʛʦ ʦʟʝʨʘ (ʨʠʩ. 3) ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA) ʜʣʷ ʚʩʝʡ ʪʦʣʱʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 60 ʝʜʠʥʠʮ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʨʠʜʥʳʡ ʢʣʠʤʘʪ ʩʫʰʠ ʚʦ ʚʨʝʤʷ ʩʫʱʝʩʪ-

ʚʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʦʣʱʠ. ʇʦʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʷ Fe/Mn ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 60-90 ʩʤ ʠ 485-500 ʩʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʝʝ ʦʙʤʝʣʝʥʠʝ ʠ 

ʦʧʨʝʩʥʝʥʠʝ ʙʘʩʩʝʡʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʱʝʡ ʥʘ ʛʣʫʙʠʥʝ 90-485 ʩʤ. ʆʪʥʦʰʝʥʠʝ 

Ba/Sr ʠʤʝʝʪ ʩʚʦʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ 60-90 ʩʤ ʠ 485-500 ʩʤ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʧʨʝʩʥʦʚʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʦʣʱʠ. 

ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʂʘʨʘʜʞʠʥʩʢʦʛʦ ʦʟʝʨʘ (ʨʠʩ. 3) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA) ʥʘ-

ʙʣʶʜʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 520-550 ʩʤ ʠ 580-670 ʩʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ ʚ ʩʪʦʨʦʥʫ ʛʫʤʠʜʠʟʘʮʠʠ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʣʱʠ 150-520 ʩʤ ʧʨʝʦʙʣʘʜʘʣʠ 

ʘʨʠʜʥʳʝ ʫʩʣʦʚʠʷ. ʇʦʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʷ Fe/Mn ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʛʣʫʙʠʥʘʭ 520-550 ʩʤ ʠ 580-670 ʩʤ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʤʝʣʝʥʠʝ ʠ ʦʧʨʝʩʥʝʥʠʝ 

ʙʘʩʩʝʡʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʱʝʡ ʥʘ ʛʣʫʙʠʥʝ 150-520 ʩʤ. ʆʪʥʦʰʝʥʠʝ Ba/Sr ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ 525-550 ʩʤ ʠ 580-670 ʩʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʧʨʝʩʥʦʚʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʦʣʱʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʉʘʢʩʢʦʛʦ ʠ ʂʘ-

ʨʘʜʞʠʥʩʢʦʛʦ ʦʟʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʛʣʫʙʠʥʘʭ 485 ʩʤ (ʉʘʢʩʢʦʝ ʦʟʝʨʦ) ʠ 510 ʩʤ 

(ʂʘʨʘʜʞʠʥʩʢʦʝ ʦʟʝʨʦ) ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʭʠʤʠʠ ʦʩʘʜʢʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʨʘʟʚʠʪʠʠ 

ʘʢʚʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʪʝʧʥʦʛʦ ʂʨʳʤʘ. 

ɺʳʚʦʜ r

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʂʘʨʘʜʞʠʥʩʢʦʛʦ ʦʟʝʨʘ ʦʙ-

ʥʘʨʫʞʠʚʘʶʪ ʩʭʦʞʠʝ ʩ ʉʘʢʩʢʠʤ ʦʟʝʨʦʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʪʦʣʱʠ ʦʩʘʜʢʦʚ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʨʠʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ; ʧʦ-

ʩʪʝʧʝʥʥʦʝ ʦʙʤʝʣʝʥʠʝ ʠ ʦʧʨʝʩʥʝʥʠʝ ʙʘʩʩʝʡʥʦʚ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ-

ʥʦʰʝʥʠʡ  Fe/Mn ʠ Ba/Sr ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

ʦʟʝʨ ʟʘʧʘʜʥʦʛʦ ʂʨʳʤʘ ʠʤʝʣʘ ʙʣʠʟʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʝ ʩʢʦʣʴʢʦ ʣʦ-

ʢʘʣʴʥʳʤʠ, ʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʵʚʦʣʶʮʠʠ ʩʨʝʜʳ. 
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ʈʠʩ. 3. ɿʥʘʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʉʘʢʩʢʦʛʦ ʠ ʂʘʨʘʜʞʠʥʩʢʦʛʦ ʦʟʝʨ 
 

ɺʳʜʝʣʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ ʪʝʟʠʩ ʦ ʩʫʱʝʩʪ-

ʚʦʚʘʥʠʠ ʤʠʥʠʤʫʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʘʢʚʘʣʴʥʳʭ ʛʝʦʩʠʩʪʝʤ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʘʜʥʦʛʦ ʂʨʳʤʘ. ʇʝʨʚʳʡ ʵʪʘʧ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʣʱʠ ʦʩʘʜʢʦʚ ʚ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʦʜʦʝʤʳ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʟʘʣʠʚʳ ʏʝʨʥʦʛʦ ʤʦʨʷ. ɺʪʦʨʦʡ ʵʪʘʧ ï ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʟʝʨ ʢʘʢ ʦʙʦʩʦʙʣʝʥʥʳʭ 

ʦʪ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʠʩʪʝʤ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʦʝʤʦʚ ʩ ʥʝʧʦʣʥʦʡ ʧʦʪʝʨʝʡ ʩʚʷʟʠ ʩ ʏʝʨʥʳʤ ʤʦʨʝʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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INFLUENCE OF MICROCLIMATE OF ST. PETERSBURGôs 

DISTRICTS ON LEVEL OF THEIR POLLUTION  
 

Vorontsova A.V., SUTD, Saint-Petersburg 
 

Abstract: In article microclimatic features of five districts of the city (central, seaside and 

continental) are considered. On the basis of the constructed maps of spatial distribution of 

elements for each area influence of a microclimate on pollution level is discussed. 
 

ɺ ʢʨʫʧʥʳʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʘʭ ʠ ʨʝʛʠʦʥʘʭ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʚʦ ʤʥʦ-

ʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɿʘʛʨʷʟʥʠʪʝʣʠ, ʧʦʧʘʚʰʠʝ ʚ ʘʪʤʦ-

ʩʬʝʨʫ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʝʝ ʩʘʤʦʦʯʠʱʝʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʘʜʝʥʠʷ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʥʠʢʘʶʪ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʜʝʧʦʥʠʨʫʶʱʠʭ ʩʨʝʜʘʭ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʳʤʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʥʰʝʪʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʘʵʨʦʟʦʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʟʘʛʨʷʟʥʝ-

ʥʠʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʀʟʫ-

ʯʝʥʠʝ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʢʘʨʪʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʮʝʥʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʪʦʯ-

ʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. 

ʂ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʦʪʥʦʩʷʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ 

(ʊʄ). ʊʄ ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪ ʚ ʪʨʦʬʠʯʝʩʢʠʝ ʮʝʧʠ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʘʭ; ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʮʠʢʣʳ ʠ ʚʳʟʳʚʘʶʪ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. ɼʨʝʚʝʩʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʛʦʨʦʜʦʚ ʤʦʛʫʪ 
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ʩʥʠʞʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʊʄ, ʟʘʜʝʨʞʠʚʘʷ ʜʦ 60-70% ʧʳʣʠ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ, ʘ 

ʟʠʤʦʡ ï ʜʦ 37%, ʧʦʚʳʰʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʤʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʶ, ʦʯʠʱʝʥʠʶ ʧʨʠʟʝʤʥʳʭ ʩʣʦʝʚ ʘʪʤʦ-

ʩʬʝʨʳ ʦʪ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʣʠ-

ʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʊʄ ʫ ʨʘʩʪʝʥʠʡ ʥʘʨʫʰʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ 

ʚʝʱʝʩʪʚ, ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʦʩʪ ʠ ʩʥʠʞʘʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ 

ʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʙʦʣʝʚʘʥʠʷʤ. ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʤʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʜʝʨʝʚʴʝʚ ʚ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï ʢʨʫʧʥʝʡʰʠʡ ʤʝʛʘʧʦʣʠʩ ɽʚʨʦʧʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʪʦʣʴ 

ʩʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ (59Á57ôʩ.ʰ. ʠ 30Á19ôʚ.ʜ.). ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʦʨʦʜʘ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʙʲʷʩʥʷʶʪ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʦʜʘ 

(ʯʘʩʪʘʷ ʩʤʝʥʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ). ʂʣʠʤʘʪ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʊʘʢʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʪʫʤʘʥʳ, ʦʩʘʜʢʠ ʦʢʘʟʳ-

ʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʆʜʥʘʢʦ ʩʚʷʟʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩ 

ʢʘʞʜʳʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʧʦ-

ʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʦʮʝʥʢʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʧʦ-

ʪʝʥʮʠʘʣ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ (ʄʇɸ). ɸʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʝʦ-

ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʄʇɸ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʇʝʪʝʨʙʫʨʛʘ ʟʘ ʛʦʜ ʠ ʧʦ ʩʝʟʦʥʘʤ. ɺ 

ʟʠʤʥʠʡ ʩʝʟʦʥ (ʜʝʢʘʙʨʴ-ʤʘʨʪ) ʄʇɸ=0,6, ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ (ʠʶʥʴ-ʘʚʛʫʩʪ) ʄʇɸ ʜʦʩʪʠ-

ʛʘʝʪ 2 ʝʜʠʥʠʮ, ʛʦʜʦʚʦʡ ʄʇɸ=1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛʝ ʭʘʨʘʢʪʝʨʥʘ ʭʦʨʦʰʘʷ ʩʘʤʦʦʯʠʱʘʶʱʘʷʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʘ ʜʣʷ ʣʝʪ-

ʥʝʛʦ ʩʝʟʦʥʘ ʥʘʦʙʦʨʦʪ. ɺ ʮʝʣʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʛʦʨʦʜʘ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʘʢʦʧʣʝʥʠʶ ʧʨʠʤʝʩʝʡ. 

ɻʦʨʦʜʩʢʘʷ ʩʨʝʜʘ ʚʳʜʝʣʷʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʤʥʦʛʦ ʪʝʧʣʘ ʚ ʩʚʷʟʠ ʩ ʨʘʙʦʪʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʨʘʥʩʧʦʨʪʘ, ʊʕʎ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝ-

ʧʣʘ ʩʣʫʞʘʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʦʨʦʛ, ʢʨʳʰʠ ʠ ʩʪʝʥʳ ʟʜʘʥʠʡ. ʊʝʧʣʳʡ ʚʦʟ-

ʜʫʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʬʦʨʤʠʨʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʦʩʪʨʦʚʘ ʪʝʧʣʘè ʥʘʜ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʡʦʥʘʤʠ ʛʦʨʦʜʘ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʮʝʥʪʨʝ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʝʛʦ ʦʢʨʘʠʥʘʤʠ. çʆʩʪʨʦʚʘ ʪʝʧʣʘè ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʜ ʛʦʨʦ-

ʜʦʤ ʘʵʨʦʟʦʣʴʥʦʡ ʜʳʤʢʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʠ 

ʩʥʠʞʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʛʨʘʣʴ-

ʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʥʘ 3-5% ʥʠʞʝ, ʯʝʤ ʚ ʃʝʥʠʥʛʨʘʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. çʆʩʪʨʦʚ ʪʝʧʣʘè ʚʳʟʳʚʘʝʪ ʢʦʥʚʝʢʪʠʚʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚʦʟʜʫʭʘ, 

ʧʨʠʯʝʤ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʚʝʪʨʘ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʳ ʢ ʮʝʥʪʨʫ ʛʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʣʦʭʦʡ ʚʝʥʪʠʣʠʨʫʝʤʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʠ ʥʘʢʦʧʣʝʥʠʶ ʟʜʝʩʴ ʚʨʝʜ-

ʥʳʭ ʧʨʠʤʝʩʝʡ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʩʥʠʞʝʥʠʝ ʥʘ 1-2 ʤ/ʩ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʮʝʥ-

ʪʨʝ ʛʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʘʠʥʘʤʠ, ʦʙʲʷʩʥʷʶʱʝʝʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʛʦʨʦʜʩʢʦʡ 

ʟʘʩʪʨʦʡʢʦʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ.  

ʄʠʢʨʦʢʣʠʤʘʪ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʘʢʚʘʪʦ-

ʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʷʤʦʡ 

ʠ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʦʩʝʥʴʶ, ʟʠ-

ʤʦʡ ʠ ʚʝʩʥʦʡ ʚ ʛʦʨʦʜʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʢ ʶʞʥʳʤ. ʆʜ-
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ʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʥʘʜ ʘʢʚʘʪʦʨʠʝʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʝʛʦ ʧʨʠ-

ʙʨʝʞʥʦʡ ʯʘʩʪʴʶ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʣʘʯʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦ-

ʩʬʝʨʳ, ʧʨʠʙʨʝʞʥʳʝ ʨʘʡʦʥʳ ʛʦʨʦʜʘ (ʇʨʠʤʦʨʩʢʠʡ, ʂʫʨʦʨʪʥʳʡ ʠ ʪ.ʜ.) ʧʦʣʫʯʘʶʪ ʧʨʷ-

ʤʦʡ ʠ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʮʝʥʪʨʘʣʴʥʳʝ ʠ çʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝè ʨʘʡʦʥʳ 

[113]. ɺ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚʳʰʝ, ʘ ʙʨʠʟʦʚʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʭʘʨʘʢ-

ʪʝʨʥʘʷ ʜʣʷ ʥʠʭ, ʜʘʞʝ ʚ ʪʠʭʫʶ ʧʦʛʦʜʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʯʠʱʝʥʠʶ ʚʦʟʜʫʭʘ [96, 113].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʠʟʦʩʪʴ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʭʘʨʘʢʪʝʨ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʉʘʥʢʪ-ʇʝ-

ʪʝʨʙʫʨʛʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʨʘʡʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʡʦʥʦʚ. ʄʠʢʨʦʢʣʠʤʘʪ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ 

ʛʦʨʦʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʦʜʩʢʦʛʦ çʦʩʪʨʦʚʘ ʪʝʧʣʘè, ʘ 

ʤʠʢʨʦʢʣʠʤʘʪ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ ʟʘ-

ʛʨʷʟʥʝʥʠʝ, ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ, ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʳʭ. 

ɿʠʤʦʡ 2010-2011 ʛʦʜʘ ʚ ʧʷʪʠ ʨʘʡʦʥʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (ʎʝʥʪʨʘʣʴʥʳʡ, ɺʘʩʠ-

ʣʝʦʩʪʨʦʚʩʢʠʡ, ʇʨʠʤʦʨʩʢʠʡ, ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʠʡ ʠ ʇʫʰʢʠʥʩʢʠʡ (ʇʫʰʢʠʥ ʠ ʇʘʚ-

ʣʦʚʩʢ)) ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʪʙʦʨ ʧʨʦʙ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʤʠʢʨʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʡʦʥʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʝʧʣʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʩʝʪʴ ʪʦʯʝʢ ʧʨʦʙʦʦʪʙʦʨʘ. ʊʘʢʞʝ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʝʪʠ ʫʯʠʪʳʚʘʣʦʩʴ 

ʨʘʩʧʦʣʦʞʝʥʠʝ çʟʝʣʝʥʳʭ ʟʦʥè ʧʦ ʨʘʡʦʥʘʤ. ɺ ʩʨʝʜʥʝʤ ʧʦ ʢʘʞʜʦʤʫ ʨʘʡʦʥʫ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ 50-60 ʪʦʯʝʢ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦ-

ʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ çʉʇɽʂʊʈʆʉʂɸʅ-

ʄɸʂʉè ʚ ʎʂʇ çɻʝʦʵʢʦʣʦʛʠʷè ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʊ.ɺ. ɹʝʣʷʢʦʚʳʤ ʚ ʧʘʢʝʪʝ ʧʨʦ-

ʛʨʘʤʤ ArcGIS ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ArcGIS Geostatistical Analyst. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (Zc), ʨʘʩʩʯʠʪʘʥʥʳʝ ʘʚʪʦʨʦʤ, 

ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʦʮʝʥʦʯʥʦʡ ʰʢʘʣʦʡ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʖ.ɽ. ʉʘʝʪʳ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʮʝʥʦʯʥʦʡ ʰʢʘʣʦʡ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦ-

ʢʨʦʚʘ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʫʩʪʘʥʦʚʣʝʥ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ ʧʦ ʚʩʝʤ ʨʘʡʦʥʘʤ. ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʎʝʥʪʨʘʣʴ-

ʥʦʤʫ ʨʘʡʦʥʫ ʨʘʚʥʦʤʝʨʥʦ (ʨʠʩ.1ʘ), ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʘʛʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦ-

ʜʝʨʞʘʥʠʷʤʠ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʠʥʜʝʢʩʘ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɼʣʷ ɺʘʩʠʣʝʦʩʪʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ.1ʙ) 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚ 1,5-2 ʨʘʟʘ ʥʠʞʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʭʦʨʦʰʝʡ ʧʨʦʜʫʚʘʝʤʦ-

ʩʪʴʶ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʡʦʥʘ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʩʪʨʦʡʢʠ. 

ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʠʞʘʶʪ ʠ ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɺʘʩʠʣʴ-

ʝʚʩʢʦʛʦ ʦʩʪʨʦʚʘ (ʉʤʦʣʝʥʩʢʦʝ ʧʨʘʚʦʩʣʘʚʥʦʝ ʠ ʣʶʪʝʨʘʥʩʢʦʝ ʢʣʘʜʙʠʱʘ), ʟʘʜʝʨʞʠ-

ʚʘʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʅʘ ʬʦʥʝ ʦʙʱʝʛʦ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʩʝ-

ʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʫʨʦʯʝʥʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʦʥʘ.  

ɺ ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʤ ʨʘʡʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ 

(ʨʠʩ. 1ʚ). ʇʨʠʩʫʪʩʪʚʠʝ ʦʯʘʛʦʚ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʤʠʢʨʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʡʦʥʘ, ʭʘʨʘʢʪʝʨʦʤ ʟʘʩʪʨʦʡʢʠ ʠ ʨʘʟʥʳʤ ʫʨʦʚ-



 

 117 

ʥʝʤ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ. ʊʘʢ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʦʯʘʛ ʩ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʧʨʦʩʧʝʢʪʦʤ ʐʘʫʤʷʥʘ, ʗʢʦʨʥʦʡ ʫʣʠʮʝʡ, ʄʘʣʦʦʭʪʠʥʩʢʦʡ ʥʘʙʝʨʝʞʥʦʡ, ʰʦʩʩʝ ʈʝ-

ʚʦʣʶʮʠʠ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʫʪʷʤʠ. ʐʦʩʩʝ ʈʝʚʦʣʶʮʠʠ, ʧʨʦʩʧʝʢʪ ʕʥʝʨʛʝʪʠʢʦʚ, 

ʉʨʝʜʥʝʦʭʪʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ ï ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʠ ʯʘʩʪʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʨʦʙʢʘʤʠ, ʘ ʟʜʘʥʠʷ ʙʣʠʟʢʦ ʧʨʠʣʝʛʘʶʱʠʝ ʢ 

ʵʪʠʤ ʤʘʛʠʩʪʨʘʣʷʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʧʨʠʜʦʨʦʞʥʦʡ ʧʦʣʦʩʝ, 

ʪʝʤ ʩʘʤʳʤ ʫʭʫʜʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚʜʦʣʴ ʤʘʛʠʩʪʨʘʣʝʡ. 
 

 

                                    ʘ                                                               ʙ 

 
                                  ʚ                                                                 ʛ 

ʈʠʩ. 1. ʂʘʨʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʩʫʤʤʘʨʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ: ʘ ï ʎʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥ, ʙ ï ɺʘʩʠʣʝʦʩʪʨʦʚʩʢʠʡ ʨʘʡʦʥ,  

ʚ ï ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʠʡ ʨʘʡʦʥ, ʛ ï ʇʨʠʤʦʨʩʢʠʡ ʨʘʡʦʥ 
 

ɺ ʇʨʠʤʦʨʩʢʦʤ ʨʘʡʦʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʣʠʷʥʠʝ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʝ ʩʘʤʘʷ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩʠʪʫʘʮʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʯʘʩʪʠ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʝʥ ʥʠʟʢʠʡ, ʥʦ ʙʣʠʟʢʠʡ ʢ ʩʨʝʜʥʝʤʫ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ (ʨʠʩ.1ʛ). ʅʘʠʙʦʣʴʰʫʶ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʠʩʧʳʪʳʚʘʝʪ 

ʶʞʥʘʷ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʘʚ-

ʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʙʦʣʴʰʘʷ ʜʦʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɸʥʦ-

ʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʦʯʝʢ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 
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ʥʘ ʫʣʠʮʝ ʉʘʚʫʰʢʠʥʘ, ɼʠʙʫʥʦʚʩʢʦʡ ʫʣʠʮʝ, ʇʨʠʤʦʨʩʢʦʤ ʧʨʦʩʧʝʢʪʝ ʤʝʞʜʫ ʩʪʘʥ-

ʮʠʷʤʠ ʤʝʪʨʦ ʏʝʨʥʘʷ ʨʝʯʢʘ ʠ ʉʪʘʨʘʷ ʜʝʨʝʚʥʷ.  

ʇʫʰʢʠʥ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʢʘʢ ʨʘʡʦʥ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʩ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪ-

ʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʚ ʚʦʟʜʫʰʥʦʤ ʙʘʩʩʝʡʥʝ. 

ɺ ʧʘʨʢʘʭ ʠ ʩʢʚʝʨʘʭ ʩʫʤʤʘʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʦʯʝʢ ʦʪʙʦʨʘ ʨʷʜʦʤ ʩ ʜʦʨʦʛʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʝ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʞʠʪʝʣʝʡ ʇʝʪʝʨʙʫʨʛʘ, ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʙʣʘʛʦʧʦʣʫʯʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʥʳʤʠ 

ʢʘʨʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʄ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʙʣʘʛʦʧʦʣʫʯʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩʢʣʘʜʳʚʘʶ-

ʱʝʡʩʷ ʚ ʧʷʪʠ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʧʦ ʫʤʝʥʴʰʝʥʠʶ (ʠʩʯʝʟʥʦʚʝʥʠʶ) ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʚʠʥʮʘ ʚ ʩʥʝʛʦʚʦʤ ʧʦʢʨʦʚʝ ʛʦʨʦʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʪʝʭʥʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʩʦ ʩʪʦʨʦʥʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʫʣʫʯʰʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʇʝʪʝʨ-

ʙʫʨʛʘ. ʆʜʥʘʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʭ ʨʘʡʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ. ʀʟ ʰʝʩʪʠ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʂʨʘʩʥʦ-

ʛʚʘʨʜʝʡʩʢʠʡ, ʇʨʠʤʦʨʩʢʠʡ ʠ ʎʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥʳ, ʘ ʇʫʰʢʠʥ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʢʘʢ ʩʘʤʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʦʣʫʯʥʳʡ ʨʘʡʦʥ. 
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HOURLY PRECIPITATION CHARACTERISTICS AT THE KIELCE 

UPLAND (SOUTHERN POLAND) 
 

Roman Suligowski, Institute of Geography, The Jan Kochanowski University, Kielce, Poland 
 

Introduction  

In summer months of recent years (1997-2010) in southern Poland area, enormously 

high rainfalls have occurred, resulting in a number of flash-floods in the upper Odra and 

Vistula basins. At that time, numerous local floods have been observed also in Kielce 

Upland. Those floods covered the area of up to several hundred square kilometers. 

http://www.meteo.nw.ru/
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The analysis of catastrophic rainfall floods demonstrated that in the second half of 

20-th century the area of Kielce Upland was one of a few physicogeographical regions 

of Poland with the highest frequency of local floods (Dobrowolski et al. 2005). Also 

the investigations of Ciupa (2002a, b) and Prokop (2006) have confirmed that Kielce 

Upland is an area particularly predisposed for very intensive storms. 

Maximum precipitation values are essential input data for hydrological models that 

calculate maximum flood hydrographs in small river catchments. Specifying the 

characteristics of maximum rainfalls that could occur in selected catchment in short 

time steps (for example - 1 h) is substantial for this modelling. Therefore, the analysis 

of the maximum precipitation characteristics in one hour intervals in Kielce Upland 

seems to be justified because of the flood risk they cause. 

The statistical analysis used precipitation data for the summer months (V-X) from the 

years 1961-2000, which was obtained from measurements performed in 6 meteorological 

stations located in the area of interest: Bodzentyn, Kielce-Sukow, Sandomierz, Skroniow, 

Suchedniow and Swiety Krzyz. Hourly precipitation sums and time of their occurrence 

were arranged according to Central European Time. Summarized precipitations in one 

hour intervals were the basis to create hourly precipitation series. Additionally, for all 

measuring stations, Annual Maximum Series (AMS) were derived, AMS method being 

widely described in a number of publications (Flood Studies Report 1975, Sevruk and 

Geiger 1981, Pilon et al. 1991, Koutsoyiannis and Baloutsos 2000, Alexanderson et al. 

2001, Bonnin et al. 2006, Deka et al. 2009). 

Study area 

Kielce Upland is, from the physicogeographical point of view, a macroregion which 

occupies the area of 6 800 km
2
, and is a part of Malopolska Upland (Kondracki 2011) (Fig. 1).  

 

 
 

Fig. 1. Physicogeographical location of the study area. 1 ï precipitation stations (station 

names listed in table 2.1), 2 ï river, 3 ï Kielce Upland boundary, 4 ï mesoregion 
 

The region described is characterized by diverse terrain morphology, forming low 

or moderate upland hills (Gielniow Hummock, Sandomierz Upland), and plateaus 
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(IğŨa Foothills, Szydğow Plateau, Suchedniow Plateau). In the central and northern 

part of the macroregion, among the mentioned hills and plateaus, Swietokrzyskie 

Mountains are situated, with relative heights of 200-300 meters. A characteristic 

feature of this mountains relief is the existence of many parallel mountain ranges and 

ridges (dominant directions are WNWïESE and NWïSE). 

Spatial distribution of annual precipitation totals in the region is the result of dominant 

directions (NW and W) of incoming humid air masses and almost parallel positions of 

ridges and hills in Swietokrzyskie Mountains. An important role in local air circulation is 

played by humid, vast, flat-bottomed valleys and surrounding slope areas on their northern 

and southern sides. This specific terrain morphology and deforested, agriculturally used 

areas of Sandomierska Upland enhance heat convection and turbulence processes, which 

lead to rapid development of clouds and rainfall, especially in the late spring period. 

In the meteorological stations of Swietokrzyskie Mountains, an apparent hypsometric 

gradient of rainfall is also observed. Here, the mean annual precipitation totals (1961-2000) 

reaches 620-680 mm (Biernat et al. 2004), and in the highest stations - above 800 mm 

(Swiety Krzyz ï 823 mm). On the south east side of Swietokrzyskie Mountains lower 

precipitation totals are observed (Staszow ï 543 mm, Klimontow ï 572 mm, Sandomierz ï 

568 mm), regardless the height of the meteorological stations, which could lead to an 

assumption that there is a rain shadow. Similar annual precipitation totals were recorded in 

IğŨa Foothills: Osowka ï 528 mm, Kurzacze ï 575 mm (Suligowski et al. 2009).  

Results 

The average number of hours, in which the rainfall occurred in pluviographic stations 

localized in Kielce Upland in the summer half-year (May ï October) 1961-2000, varied 

from 7,5% (Sandomierz) to 10,8% (Swiety Krzyz) of total number of hours in this time. 

The analysis of pluviographic data sheets has shown that real precipitation duration in this 

half-year ranged from 4,6 to 6,5% of total number of hours in the half-year (Fig. 2). 
 

 
Fig. 2. Percentage of number of hours with precipitation and real precipitation duration at 

the pluviographic stations of Kielce Upland in the warm half-year (1961ï2000) 
 

The analysis covered average duration (tsr), average depth (Hsr) and average 

intensity (Isr) of hourly precipitation (Fig. 3). Additionally, basic characteristics of the 

analyzed rainfall are presented in Table 1.  

The values of all three mentioned rainfall characteristics were very similar. Apparent 

divergence in rainfall duration emerged only in addition to the average (from 35 to 4 min) 

and median (35-50 min).  Noticeable divergence occurred also between the highest observed 

precipitation depth (36,0-61,9 mm) and intensity (1,045-2,500 mmĀmin
-1
). The analysis of the 

average duration of hourly precipitation showed the lowest values in Bodzentyn and  

Sandomierz. The highest value (above 45 minutes) was recorded in Swiety Krzyz. 
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Fig. 3. Average: precipitation duration tsr 

(min), precipitation depth Hsr (mm) and hourly 

precipitation intensity Isr (mmĀmin
ī1

) at the 

pluviographic stations of Kielce Upland in the 

warm half-year (1961ï2000) 
 

Extremely high one hour rainfall occurred on 17.07.1965 in Swiety Krzyz (61,9 mm) 

and on 15.07.1995 in Skroniow (48,0 mm). Both of those storms took place in the 

afternoon and were the result of cold weather fronts moving in the axis of cyclonic furrows. 

In all measuring stations 75% of hourly precipitation did not exceed 1,2 mm (Table 1). 

Relatively short time of precipitation duration (tsr) in Bodzentyn station have found its 

confirmation in the highest average precipitation intensity. The lowest one hour rainfall 

intensity 0,029 mmĀmin
ī1 

occurred in Suchedniow (Table 1). The absolute maximum of 

rainfall intensity was recorded in Bodzentyn ï it was a short, 5-minute storm (9.09.1968). 

Distribution of maximum precipitation arranged in series of 1 hour to 24 hours 

duration showed regularity. The average depth of maximum hourly precipitation (Hsr) 

apparently increased with the rainfall duration (t) in all measuring stations, especially 

in Sandomierz. This relation was described by the exponential equation: 

Hsr, N = A0 Ā 0 
B

t
 

where: 

A0, B0 ï regression coefficient 

R
2
ï

 
determination coefficient  

Ŭ ï significance level  

Course of the curves was illustrated in Fig. 4, obtained values of regression 

coefficient were arranged in Table 2. High values of determination coefficient (R
2
), 

ranging from 0,982 (Kielce-Sukow) to 0,999 (Skroniow), at the significance level Ŭ = 

0,01, showed high reliance of these variables. 
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Table 1. Statistical characteristics of hourly precipitation in the pluviographic stations of 

Kielce Upland in the warm half-year (1961ï2000) 
 

Precipitation 

characteristics 

Statistical 

characteristics 

B
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t
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K
r
z
y
Ũ

 

Duration 

t (min) 

Average 35,3 38,8 36,1 36,5 36,6 45,8 

Mean Squared Error 0,2 0,2 0,2 0,2 0,2 0,2 

Median 35 40 40 40 40 50 

Maximum 60 60 60 60 60 60 

Percentile 25% 15 20 15 15 20 20 

Percentile 75% 60 60 60 60 60 60 

Depth 

H (mm) 

Average 1,1 1,0 0,9 1,1 1,0 1,1 

Mean Squared Error 0,02 0,01 0,01 0,02 0,02 0,02 

Median 0,5 0,5 0,3 0,5 0,5 0,5 

Maximum 36,0 37,1 39,2 48,0 31,5 61,9 

Percentile 25% 0,2 0,2 0,1 0,2 0,2 0,2 

Percentile 75% 1,2 1,1 1,0 1,2 1,2 1,2 

Intensity 

I (mm Ā min
ī1

) 

Average 0,040 0,030 0,030 0,035 0,029 0,032 

Mean Squared Error 0,001 0,001 0,001 0,001 0,001 0,001 

Median 0,020 0,015 0,015 0,020 0,015 0,015 

Maximum 2,500 1,567 1,660 1,800 1,045 1,980 

Percentile 25% 0,010 0,008 0,007 0,010 0,010 0,007 

Percentile 75% 0,037 0,031 0,028 0,035 0,030 0,033 
 

 

Table 2. Values of regression coefficient (A0, B0) and determination coefficient (R
2
) of 

average depth of maximum hourly precipitation as a duration function in the pluviographic 

stations of Kielce Upland in the warm half-year (1961ï2000) 
 

Pluviometric stations A0 B0 R
2 

Ŭ 

Bodzentyn 18,018 0,267 0,997 0,01 

Kielce-Sukow 18,330 0,262 0,982 0,01 

Sandomierz 18,002 0,240 0,994 0,01 

Skroniow 18,609 0,233 0,999 0,01 

Suchedniow 16,389 0,261 0,994 0,01 

Swiety Krzyz 19,529 0,242 0,990 0,01 
 

In addition, distribution of the absolute maximum of hourly precipitation depths in 

all analyzed duration time periods in individual measuring points was variable. 

Admittedly, absolute maximums of hourly precipitation had a tendency to rise with 

the time duration, but this process was not regular (Fig. 5). 

Summary 

Hourly precipitation distribution in the function of time showed the existence of two 

different groups of measuring stations. In the first one, an apparent rise of the maximum 

hourly precipitation depth was noticeable in the first hours of rainfall duration, while later 

this process was weakened. To this group belong: Bodzentyn (rise up to 6 hours), Kielce-

Sukow and Suchedniow (rise up to 3 hours). Measurements from Suchedniow were a 

phenomenon, where the maximum 3-hour precipitation depth was the same as for the 18-

hour one. The second group of stations, with close to rectilinear distribution of analyzed 

relation, was formed by: Skroniow and Sandomierz. After a relatively levelized 

distribution of the maximum precipitation depths in first hours of rainfall duration, 
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starting from 6 hours in Skroniow and from 12 hours in Sandomierz, an apparent rise up to 

24 hours is visible. By contrast, in Swiety Krzyz station, the lowest growth of precipitation 

depth, up to 10 hours of rainfall duration, was the result of the biggest observed hourly 

precipitation depth in this point (61,9 mm). In the analyzed period of 1961-2000, only in 

two described measuring stations 24-hour precipitation sum exceeded 100 mm.  
 

 
 

Fig. 4. Average maximum hourly precipitation 

depths Hsr, N (mm) as a function of precipitation 

duration t (h) in the meteorological and 

hydrometeorological stations of Kielce Upland 

in the warm half-year (1961ï2000) 

Fig. 5. Absolute maximum hourly 

precipitation depths Hmax, N (mm) of 

precipitation duration t (h) in the 

pluviographic stations of Kielce Upland in 

the warm half-year (1961ï2000) 
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Abstract: The article examines the question of the study of mountain soils using ladshftno 

-ecological method which allows to trace the main migration patterns of trace elements in the 

radial and lateral directions. 
 

ʇʨʠʨʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʵʢʦʩʠʩʪʝʤʳ) ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʠʨʦʜʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

ʘʙʠʦʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʙʠʦʪʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʚʝʨʰʘʝʪʩʷ ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥ-

ʥʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ [1]. ʀʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʘ ʬʘʢʪʦʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. 

ʃʘʥʜʰʘʬʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʜʠʬ-

ʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʥʘ ʩʠʩʪʝʤʫ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦ-

ʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʥʦʛʦ ʨʘʥʛʘ, ʦʙʣʘʜʘʶʱʠʭ ʛʝʥʝʪʠʯʝʩʢʠʤ ʝʜʠʥʩʪʚʦʤ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʣʘʪʝʨʘʣʴʥʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʠ ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ, ʵʦʣʦʚʳʡ ʚʳʥʦʩ ʠ ʧʨʠʚʥʦʩ ʚʝʱʝʩʪʚʘ ʠ ʙʠʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ. 

ɺʦʧʨʦʩʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥ ʛʦʨ-

ʥʳʭ ʩʠʩʪʝʤ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. ʀʟʫʯʝʥʠʝ ʩʧʝʮʠʬʠʢʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʦʜʥʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʮʠʷʭ, ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ 

ʚʳʩʦʪʘʤ. ʇʦʯʚʳ ʧʨʝʜʛʦʨʠʡ ʠ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʙʫʬʝʨ-
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ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʯʚʘʤʠ, ʥʦ ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʥʘ ʨʘʚʥʠʥʘʭ. 

ʇʦʯʚʘ ʢʘʢ ʮʝʣʦʩʪʥʦʩʪʴ (ʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʝ ʧʦʯʚʝʥʥʦʝ ʪʝʣʦ) ʩʘʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʨʫʞʘʶʱʝʡ ʘʙʠʦʪʠʯʝʩʢʦʡ ʠ ʙʠʦʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, ʦʙʤʝʥʠʚʘ-

ʷʩʴ ʚ ʮʝʣʦʤ ʚʝʱʝʩʪʚʦʤ, ʵʥʝʨʛʠʝʡ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʵʪʦʡ ʩʨʝʜʦʡ [2]. ʊʨʘʢʪʦʚʘʥʠʝ 

ʧʦʯʚ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʦʚʦʛʦ, ʦʬʦʨʤʣʷʶʱʝʛʦʩʷ 

ʩʝʡʯʘʩ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʵʢʦʣʦʛʠʠ ʧʦʯʚ [3]. ɺ ʨʘʤʢʘʭ ʵʢʦʣʦʛʠʠ ʧʦʯʚ 

ʣʘʥʜʰʘʬʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʯʚ ʚ ʯʘʩʪʥʦʤ ʨʝ-

ʘʣʴʥʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [4], ʦʙʨʘʟʦʚʘʥʥʦʤ ʯʘʩʪʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʠʣʠ ʠʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʀʟʫʯʝʥʠʝ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʦʯʚʘʤʠ ʧʨʠʨʦʜʥʦʛʦ 

ʧʘʨʢʘ ʠ ʩʨʝʜʦʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʳʭ ʧʦʯʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʇʦʯʚʳ ʛʦʨʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʦʙʱʝʝ ʩʚʦʝʦʙʨʘʟʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʧʦʯ-

ʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʣʠʯʥʦʝ ʦʪ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʝ-

ʥʫʜʘʮʠʠ ʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ɻʦʨʥʦʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʣʠ ʧʦʩʪʦʷʥʥʦ ʥʘʨʫʰʘʝʤʳʡ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ. 

ʄʘʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɽʨʛʘʢʠ 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʇʦ 

ʩʦʯʝʪʘʥʠʶ ʛʦʨʠʟʦʥʪʦʚ ʠʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʩʝʨʦʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ (AY-G-CG~~); ʩʝʨʳʝ (AY-AEL-BEL-BT-C); ʨʞʘʚʦʟʸʤʳ 

(AY-BFM-C); ʙʫʨʦʟʸʤʳ (AY-BM-C) (ʂʣʘʩʩʠʬʠʢʘʮʠʷ, 2004), ʛʦʨʥʦ-ʣʫʛʦʚʳʝ 

ʧʦʯʚʳ (ɸd-Aʉ-C) (ʂʣʘʩʩʠʬʠʢʘʮʠʷ, 1977) 

ʅʘ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ ɽʨʛʘʢʠ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʜʚʝ ʢʘʪʝʥʳ: ʧʝʨʚʘʷ ʢʘʪʝʥʘ ʥʘ ʩʢʣʦʥʝ 

ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ (1505-1313 ʤ), ʘ ʚʪʦʨʘʷ ʥʘ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ (1898-1353 ʤ) 

ɺ ʮʝʣʦʤ ʚʳʩʦʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʦʩʪʥʫʶ ʩʦ-

ʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʵʣʝʤʝʥʪʘʨʥʳʭ ʵʢʦʛʝʦʩʠʩʪʝʤ) ʦʪ 

ʚʝʨʰʠʥʳ ʢ ʧʦʜʥʦʞʠʶ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ  ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ  ʝʜʠʥʩʪʚʦʤ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ  ʚ ʧʨʝʜʝʣʘʭ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʛʜʝ ʩʦʭʨʘʥʷʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ. ɿʘ ʩʯʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʩʪʚʦ-

ʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʚʝʨʭʫ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʩʦʟʜʘʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʧʦʯʚ ʵʣʶʚʠʘʣʴʥʳʭ, ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ, ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʠ ʩʫ-

ʧʝʨʘʢʚʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʵʢʦʛʝʦʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ ʦʧʦʨʥʳʝ ʫʯʘ-

ʩʪʢʠ ʩ ʟʘʣʦʞʝʥʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʨʘʟʨʝʟʘʤʠ. ʄʝʩʪʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʶʪ ʚʦ ʤʥʦʛʦʤ ʛʣʘʚʥʳʝ ʯʝʨʪʳ ʛʝʦʭʠʤʠʠ ʧʦʯʚ ʨʝʛʠʦʥʘ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʩʦʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦ-

ʨʦʜʥʳʤï ʛʦʨʥʳʤʠ ʧʦʨ ʦʜʘʤʠ ʩʣʫʞʘʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʠ ʛʨʘʥʠʪʳ [5]. 

ɸʥʘʣʠʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɽʨʛʘʢʠ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʩʝ ʠʟʫʯʘʝʤʳʝ ʧʦʯʚʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʦʬʠʣʠ 

ʨʞʘʚʦʟʸʤʦʚ ʪʠʧʠʯʥʳʭ (ʢʘʪʝʥʘ 1 ʠ 2 ʵʣʶʚʠʘʣʴʥʳʝ ʠ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʘʷ ʬʘʮʠʠ), 

ʩʝʨʳʭ ʠ ʛʦʨʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʝ. ɺʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʠ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʛʦʨʠʟʦʥʪʘ G ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʣʝʝʚʳʭ 

ʧʦʯʚʘʭ ï ʩʫʧʝʩʯʘʥʳʝ, ʘ ʥʠʞʥʷʷ ʯʘʩʪʴ ʛʦʨʠʟʦʥʪʘ G ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ï 
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ʩʚʷʟʥʦʧʝʩʯʘʥʳʝ. ɹʫʨʦʟʝʤʳ ʪʠʧʠʯʥʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʩʫʧʝʩʯʘʥʳʝ, ʩ ʜʦ-

ʤʠʥʠʨʦʚʘʥʠʝʤ ʢʨʫʧʥʦʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ (56%) ʠ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʡ ʧʳʣʠ (27%). 

ʈʞʘʚʦʟʝʤʳ ʪʠʧʠʯʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʝʨʦʛʫʤʫʩʦʚʳʝʛʣʝʝʚʳʝ ʧʦʯʚʳ, ʬʦʨʤʠʨʫ-ʁ

ʱʠʝʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɽʨʛʘʢʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʢʣʘʩ-

ʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʚʳʩʦʢʦʛʫʤʫʩʥʳʝ, ʛʦʨʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ï ʦʯʝʥʴ ʚʳʩʦʢʦʛʫʤʫʩʥʳʝ 

(15%), ʘ ʩʝʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʝʛʫʤʫʩʥʳʤ (2,63%). ʇʦ ʚʝʣʠʯʠʥʝ ʨʅ ʧʦʯʚʳ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʢʠʩʣʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʢʠʩʣʦʪʥʦʩʪʴ  ʩʥʠʞʘʝʪʩʷ ʚʥʠʟ ʧʦ 

ʧʨʦʬʠʣʶ. ʉʥʠʞʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʨʞʘʚʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ, ʩʝʨʳʭ ʠ ʚ ʛʦʨʥʦ-ʣʫʛʦʚʳʭ 

ʧʦʯʚʘʭ ʢ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ ʩʚʷʟʘʥʦ ʩ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʠʟ ʧʦʯ-

ʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʣʝʝʚʳʭ ʧʦʯʚ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʜʦʟʘʩʪʦʡʥʳʤ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ, ʩʚʦʡʩʪʚʝʥʥʳʤ ʧʦʡʤʝʥʥʳʤ 

ʧʦʯʚʘʤ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʫʪʦʨʥʳʭ ʦʢʠʩʣʦʚ ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʥʠʟ ʧʦ 

ʧʨʦʬʠʣʶ, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʨʞʘʚʦʟʝʤʳ ʪʠʧʠʯʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʘʥʩʵ-

ʣʶʚʠʘʣʴʥʦʡ ʬʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Fe2O3 ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʛʦʨʠʟʦʥʪʝ AEL, ʘ 

ʚ ʙʫʨʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ ʈʘʩʧʨʝʜʝʣʝʥʠʝ Al2O3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʩʭʦʜʷʱʝʡ ʤʠʛʨʘʮʠʝʡ. 

ʇʦ ʨʘʜʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳ ʩʝʨʳʝ ʧʦʯʚʳ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ɽʨʛʘʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʞʘʚʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ 

ʛʣʝʝʚʳʭ ʧʦʯʚ ʢʘʪʝʥʳ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʩʝʨʳʭ ʧʦʯʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦʡ ʬʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ ʚʣʠʷʥʠʝ ʩʪʦʢʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʩʢʣʦʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʞʘʚʦʟʝʤʳ ʠ ʙʫʨʦʟʝʤʳ ʪʠʧʠʯʥʳʝ, 

ʛʦʨʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʢʘʪʝʥʳ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʛʝʦ-

ʭʠʤʠʯʝʩʢʠʤ ʬʘʮʠʷʤ, ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳ ʚ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʢʘʪʝʥʳ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʵʢʩʧʦʟʠʮʠʝʡ ʠ ʢʨʫʪʠʟʥʦʡ ʩʢʣʦʥʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʪʥʦʡ ʧʦʷʩʥʦʩʪʴʶ. 

ʇʦʩʪʨʦʝʥʳ ʨʷʜʳ ʨʘʜʠʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʛʦʨʥʦʛʦ ʤʘʩ-

ʩʠʚʘ ɽʨʛʘʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʦ 

ʨʘʩʩʝʠʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʭ ʩʦʧʨʷʞʝʥʠʷʭ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɽʨʛʘʢʠ, ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʵʣʶʚʠʘʣʴʥʳʤʠ, ʪʨʘʥʩʵʣʶ-

ʚʠʘʣʴʥʳʤʠ ʠ ʩʫʧʝʨʘʢʚʘʣʴʥʳʤʠ ʬʘʮʠʷʤʠ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʝʥʘʭ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʦʜʥʦʨʦʜ-

ʥʳʡ. ɹʦʣʝʝ ʢʦʥʪʨʘʩʪʥʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʢʘʪʝʥʘ ʶʞʥʦʡ ʵʢʩʧʦʟʠ-

ʮʠʠ. Nd, Cs, Sc, Rb, Zn ʠ Cr ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʤʠʛʨʘʮʠʦʥʥʳʤʠ ʧʦ-

ʪʦʢʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʧʨʷʞʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩ-

ʪʘʣʴʥʳʤʠ ʠʟʫʯʝʥʥʳʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʶʚʠʘʣʴʥʳʭ ʬʘʮʠʡ ʢʘʪʝʥ, ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʡ 

ʜʦʣʠʥʳ ʨ. ʄʘʣʘʷ ɹʫʡʙʘ ʨʘʟʚʠʚʘʶʪʩʷ ʨʞʘʚʦʟʸʤʳ ʪʠʧʠʯʥʳʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʘʥʩʵ-

ʣʶʚʠʘʣʴʥʦʡ ʠ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʬʘʮʠʡ ʩʢʣʦʥʘ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʝʨʘʷ ʧʦʯʚʳ, ʥʘ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦʡ ʬʘʮʠʠ ʩʢʣʦʥʘ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʦʨʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ, ʨʞʘʚʦʟʝʤʳ ʠ ʙʫʨʦʟʸʤʳ ʪʠʧʠʯʥʳʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʧʝʨʘʢʚʘʣʴʥʦʡ ʬʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʛʣʝʝʚʘʷ ʧʦʯʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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INFLUENCE OF LAND USE ON HEAVY METALS SPATIAL 

DISTRIBUTION IN SOILS IN KIELCE  
 

Tadeusz Ciupa, Institute of Geography, The Jan Kochanowski University,  Kielce, Poland 
 

Introduction  
A widespread and simultaneously dangerous phenomenon observed in urbanized areas 

is the existence of high concentrations of heavy metals in soils, sometimes reaching very 

high level (Kukier 1985). This problem concerns most of the Polish cities. Dusted 

atmosphere is the basic source of soil  heavy metal contaminants but there are also other 

pollution sources of local range. For example ï intense traffic in almost every city 

strongly pollutes roadsides and the atmosphere.. Lead contamination is common because 

this heavy element is added to fuel to neutralize pattering of vehicle engines. The means 

of transport pollute the environment also with other heavy metals coming from fuel 

burning. This problem was undertaken by many authors (Bernhardt et al. 1976, Garcia, 

Castro 1981, Kabata-Pendias et al. 1995). Another area of human activity strongly 

connected with urbanized areas is producing of heat energy, which in Kielce is based 

mostly on coal. Ashes exhaled to the atmosphere are many times richer in heavy metals 

than coal they came out from (Gğowiak, Pacyna 1982). Those heavy elements are: lead, 

cadmium, zinc, mercury, copper etc. In the Kielce area, important sources of soil heavy 

metal contamination appear also nearby cement factories. General data concerning air and 

soil pollution in Kielce and Swietokrzyskie Voivodeship is included in environmental 

report: State of Swietokrzyskie Province Environment é(2013). 

Aim and methods 
The aim of this work is to present a state of selected soil heavy metal pollution in 

Kielce in addition to land use.  

For the purpose of the research, 60 soil probes were collected from the areas of different 

land use in Kielce, including: housing areas (8 probes), roadsides (10 probes), green areas (8 

probes), allotments (25 probes) and rural areas (9 probes) (Fig 1). Probes were collected 

from the surface layer of soils ï from 0 to 0,2 m deep. Content of 13 heavy metals was 

examined in mg/kg (Ag ï silver, As ï arsenic, Co ï cobalt, Cr ï chromium, Cu ï copper, Fe 

ï iron, Hg ï mercury, J ï iodine, Mn ï manganese, Mo ï molybdenum, Ni ï nickel, Pb ï 

lead, Zn ï zinc). Additionally, we measured pH in H2O and KCL. Air-dried probes were 

sifted on a 1 mm sieve and taken to a heavy metal concentration analysis with fluorescence 

spectroscopy (XRF) in the Institute of Physics in High Pedagogic School in Kielce. Among 
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many methods of heavy elements analysis in environmental probes, an important role is 

played by those that activate and measure characteristic X-ray radiation. A method from this 

group was used in this research. Using X-ray method, concentration analysis of elements in 

probes was based on activation and measurement of characteristic X-ray radiation of heavy 

metal atoms. Spectrums of these radiations were measured by Si(Li) semiconductor 

detector. Registered X-ray spectrum lines unequivocally identifiy chemical composition of 

analyzed probe and their intensity is proportional to adequate elements concentrations. 

Examined heavy metal concentrations were obtained on a base of a system calibration curve 

made with standardized soil probe ï Soil-7, according to IAEA/RL112 (Braziewicz 2000). 

For the soil heavy metal contamination evaluation, a 5-grade contamination classification 

proposed by the Institute of Soil Science and Plant Cultivation in 1993 (changed by National 

Inspectorate of Environmental Protection ï PIOS) was used: 0 ï non-contaminated soils, I 

grade of contamination ï soils with noticeable, raised contamination, II grade of 

contamination ï weakly contaminated soils, III grade of contamination ï moderately 

contaminated soils, IV grade of contamination ï moderately-strong contaminated soils, V 

grade of contamination ï very strongly contaminated soils. For the elements that are not 

included in the above classification (As, Co, Hg, Mo), a contamination evaluation has been 

performed due to Methodological Guidelines (1995), which included soil quality standards 

abided by the European Union and treated as norms in a number of European countries. The 

elements like Ag, Fe and Mn are not included in the above norms and standards at all (Table 

1). In the performed research four of 13 analyzed heavy metals (silver, mercury, iodine, 

molybdenum) have been classified below the instrument detection sensibility due to their very 

low concentration in soils. Because of that they have been discounted in the following, 

analytical part of this paper. The inability to detect those elements leads to an assumption that 

they have very low concentrations and are not dangerous to the environment.  
 

Table 1. Threshold values of heavy metal concentrations (mg/kg) in upper layer of soils (0,0ï0,2 m) 

and their relation to soil contamination level (Praca zbiorowa. IUNiG Puğawy 1993r.). Remarks: 

below detection sensibility ï bds; no standards ï ns, soils of B area ï B; PIOS standards ï PIOS; 

UE standards ï UE; allowed concentrations ï A; not allowed concentrations ï NA 
 

Element Contamination level Remarks 

A NA 0 I II  III  IV  V  

Ag - - - - - - - - bds; ns 

As <20 >20  - - - - - - B;UE 

Co <20 >20  - - - - - - B;UE 

Cr - - 30 60 150 300 500 >500 B; PIOS 

Cu - - 20 50 80 100 500 >500 PIOS 

Fe - - - - - - - - ns 

Mg <0,3 >0,3 - - - - - - ns 

J - - - - - - - - bds; ns 

Mn - - - - - - - - ns 

Mo <10 >10 - - - - - - bds; UE 

Ni - - 25 50 75 150 600 >600 PIOS 

Pb - - 40 100 250 1000 5000 >5000 PIOS 

Zn - - 70 150 300 1000 3000 >3000 PIOS 
 

Study area 
The performed heavy metals content research shows that their concentration in 

soils in Kielce and in the surrounding areas in most cases does not exceed heavy metal 
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concentrations of non-contaminated soils in Poland. Despite that, average heavy metal 

concentrations in soils in Kielce are, for example, higher than in Warsaw 

agglomeration. The reason for that phenomenon is the fact that soils in Kielce in many 

places have been created on the foundation of Paleozoic rocks. Those rocks have much 

bigger heavy metal concentrations than quaternary sandy deposits covering most of the 

Warsaw area (Lenartowicz 1994). The aoils of Kielce and its surroundings contain an 

average of: silver ï 0,07mgĀkg
-1
; arsenic ï 5,20 mgĀkg

-1
; cobalt ï 5,00 mgĀkg

-1
; 

chromium ï 35,00 mgĀkg
-1
; copper ï 15,00 mgĀkg

-1
; mercury ï 0,06 mgĀkg

-1
; iron ï 

0,58 %; iodine ï 0,90 mgĀkg
-1
; manganese ï 638,0 mgĀkg

-1
; molybdenum ï 1,0 mgĀkg

-

1
; nickel ï 13,0 mgĀkg

-1
; lead ï 75,0 mgĀkg

-1
; zinc ï 104,0 mgĀkg

-1
 (Lenartowicz 1994). 

 

 

Figure 1. Location of sampling 

points of soil heavy metal 

concentration analysis in Kielce. 

Explanations:  

1 ï housing areas, samples 1-8; 

2 ï roadsides, samples 1-10;  

3 ï green areas, samples 1-8;  

4 ï allotments, samples 1-25;  

5 ï rural areas, samples 1-9;  

6 ï Kielce borders. 

 

Results 

Measured extreme and average 

concentrations of heavy metals in 

the upper layer of soils according 

to the areas of different land-use 

are presented in Table 1. 

Arsenic (As). In natural 

conditions, arsenic exists 

simultaneously with Cu, Pb, Zn, 

Co, Ni, Fe, Ag. Its concentration 

in soil varies from 0,1 to 40 

mgĀkg
-1
, averagely 6,0. Arsenic is 

used in manufacturing of plant 

protection products, where it reaches concentration from 10 to 70 mgĀkg
-1
 (Dojlido 1998). 

The performed research showed that the highest average concentration of arsenic ï 1,15 

mgĀkg
-1 

exists in the area of allotments. This could be explained by the extensive use of 

the mentioned plant protection products. Another important source of arsenic 

contamination is, apart from metal ores, coal and naphtha. Because of that, rather high 

arsenic concentrations were measured on roadsides. The lowest average concentrations of 

arsenic were in the rural areas (0,6 mgĀkg
-1
) (Table 1). 

Cobalt (Co). In natural conditions cobalt, as an element, exists mostly near sulfur 

deposits in a shape of two minerals ï smaltite and cobaltite. Those minerals are often 

found near iron and manganese minerals. Industrial wastes and coal burning are the 

source of cobalt contamination (Dojlido 1995). The measured average cobalt 

concentrations did not exceed allowed standards (20 mgĀkg
-1
). Maximum 
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concentrations were found on roadsides (18,66 mgĀkg
-1
) and allotment soils, the lowest 

values in rural areas (12,92 mgĀkg
-1
) (Table 2). 

 

Table 2. Extreme and average concentrations of heavy metals in the upper layer of soils in the 

areas of different land-use in Kielce 
 

Character of 

land-use 

Value 

type 

  Concentration (mgĀkg
-1
) 

As Co Cr Cu Fe Mn Ni Pb Zn 

Housing 

areas 

min 0,06 5,90 15,40 7,13 29,3 94,70 2,47 15,30 30,90 

average 0,73 17,07 38,70 9,41 78,8 252,8 7,73 51,65 69,48 

max 1,39 36,4 62,5 14,20 161000,0 793,00 18,40 144,00 145,0 

Roadsides min 0,51 9,90 10,00 8,17 2950,0 84,60 3,04 29,7 51,50 

average 0,84 18,66 27,04 14,19 5734,0 182,80 6,43 79,29 152,72 

max 1,22 36,4 65,3 24,00 10280,0 449,00 13,30 144,00 297,00 

Green areas min 0,56 5,50 12,50 5,59 1500,0 31,70 1,51 4,68 7,48 

average 0,82 15,48 20,01 7,27 6098,0 152,5 4,41 54,58 70,40 

max 1,13 22,2 30,40 10,20 7130,0 300,00 6,61 106,0 140,00 

Allotments min 0,39 6,10 7,94 2,75 2090,0 74,70 1,93 18,90 24,20 

average 1,15 18,21 34,29 11,09 6503,0 256,60 6,11 40,04 110,16 

max 9,13 49,00 85,6 25,20 22400,0 574,00 19,70 100,0 598,00 

Rural areas min 0,37 5,70 0,288 3,93 2,13 87,30 2,00 12,30 17,30 

average 0,60 12,31 16,82 5,69 3573,0 169,6 7,27 28,45 40,06 

max 0,75 22,60 44,20 7,82 7,18 394,0 36,7 38,00 72,50 
 

Chromium (Cr).  Important source of chromium pollution are coal burning and 

manufacturing of pigments and fungicides. Chromium concentration below 30 mgĀkg
-1
 

is allowed by standards. Average measured chromium concentrations in allotments 

reached 34,29 mgĀkg
-1
, and in the housing areas 38,70 mgĀkg

-1
,which denotes I grade 

of contamination (soils with noticeable, raised contamination). Coal burning and plant 

protection products are the main source of chromium in those areas. The lowest 

concentrations of chromium were found in rural areas. 

Copper (Cu). Copper is widely spread in natural environment. It exists as free 

element and is also a part of oxides, sulfides, carbonates etc. There are numerous sources 

of copper contamination, for example different branches of industry, corrosion of copper 

wires and plant protection products. Copper concentrations below 20 mgĀkg
-1
 are allowed 

in soils. Average concentrations of copper in all analyzed probes did not exceed this 

threshold. The highest concentrations were found on roadsides (14,19 mgĀkg
-1
) and in 

allotments soils (11,09 mgĀkg
-1
), the lowest in rural areas (5,69 mgĀkg

-1
). 

Iron (Fe). Iron is widely spread in the Earthôs surface but is rare in elemental form 

ï mainly in ores such as hematite, magnetite, limonite, piryte and siderite. Many 

organic compounds includes iron, it is also widely used in industry. To main sources 

of iron contamination belong leaching from rocks and industrial wastes. The biggest 

average iron concentration was found in housing areas (7881 mgĀkg
-1

), the lowest in 

rural areas. Threshold Fe concentrations are not included in contamination standards. 

Manganese (Mn). Manganese, often existing besides iron, is widely spread in 

nature. It is used to produce alloys, glass, batteries, fertilizers etc. Big amounts of 

manganese are exhaled to the atmosphere while burning coal and naphtha. The biggest 

manganese concentrations were found in allotments (256,6 mgĀkg
-1
) and soils of 

housing areas (252,9 mgĀkg
-1
). Manganese concentrations are non-standardized.  

Nickel (Ni). In natural conditions nickel exists in a form of sulfides and arsenides 

and constitutes about 0,01 % of the Earth's crust. Main source of nickel contamination 
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is production of alloys, catalytic converters, batteries and fungicydes, also burning of 

diesel fuel. Allowed treshold of nickel contamination in soils is 25 mgĀkg
-1
. Among 

analyzed soils, the highest nickel concentrations were found in housing areas 7,73 

mgĀkg
-1
, the lowest in the green areas 4,41 mgĀkg

-1
. Nickel in the soils in Kielce area 

does not cause any danger because it fits the soil contamination standards. 

Lead (Pb). Lead is common in the Earth's crust. There are many sources of lead 

contamination in urbanised areas. Among them the most important are: ashes from coal 

burning, exhaust gases, various industrial plants and cement factories. Allowed lead 

contamination level is 40 mgĀkg
-1
. Average lead concentration, below this border, was found 

only in the rural areas (28,45 mgĀkg
-1
), additionally soils of allotments were on the borderline 

with average concentrations of 40,04 mgĀkg
-1
. The highest average of lead concentration was 

found in roadsides (79,3 mgĀkg
-1
), which is a result of fuel burning contaminants.  

Zinc (Zn). This element is rare in natural environment. Zinc and its compounds are 

used in pigment production, plant protection products, covering other metal surfaces 

etc. Because of that, there are many sources of soil zinc contamination. Allowed zinc 

contamination level is 70 mgĀkg
-1
. Simmilar concentrations were found only in rural 

areas (40,06 mgĀkg
-1
) and housing areas (69,48 mgĀkg

-1
). Zinc concentrarion in soils of 

green areas exceeded this standard (70,4 mgĀkg
-1
). Significantly higher values of 

average zinc concentrations were found in allotments (110, 16 mgĀkg
-1
), which is a 

result of using plant protection products. The highest zinc concentrations were found 

in soils of roadsides (152, 72 mgĀkg
-1
), and the reason for that is the traffic pollution. 

Conclusions  
1) Among 13 analyzed heavy metals (Ag, As, Co, Cr, Cu, Fe, Hg, J, Mn, Mo, Ni, Pb, 

Zn) in four cases (Ag, Hg, J, Mo) the concentrations found were below the instrument 

detection sensibility. These elements are not dangerous to the analyzed soils. 

2) Two of the analyzed elements ï Fe and Mn, are not included in Polish nor 

international protection standards, because even their large concentrations are not 

dangerous to soil environment.  

3) The analysis showed spatial regularities of heavy metals distribution in soils in the 

areas of different land use: 

 housing areas - here the maximum concentrations of Cr, Fe, and Ni were found, 

 roadsides ï the highest average concentrations of Co, Cu, Pb and Zn, 

 allotments ï the highest average concentrations of As and Mg, 

 green areas ï the lowest average concentrations of Mn and Ni 

 rural areas ï the lowest average concentrations of As, Co, Cr, Cu, Fe, Pb and Zn. 

4) Spatial distribution of nine analyzed heavy metals in Kielce is clearly related to the 

character of land use. 

5) Analyzed elements concentrations were generally not high, only in individual 

samples concentrations reached higher levels, exceeding the standards. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯ-

ʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʦʚ ʛ.ʇʫʰʢʠʥ ï ʫʥʠʢʘʣʴʥʦʛʦ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʧʨʠʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʛʝʦʭʠʤʠʠ ʵʣʝʤʝʥʪʦʚ-

ʧʦʣʣʶʪʘʥʪʦʚ (ʨʘʜʠʦʥʫʢʣʠʜʦʚ (14ʉ, 3ʅ), ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʤʳʰʴʷʢʘ ʠ ʜʨ.) ʠ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ (P, K, Ca), ʢʦʪʦʨʳʝ ʧʦʢʘ-

ʟʘʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ: ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ 

ʪ̫ ʞʝʣʳʭ ʤʝʪʘʣʣʦʚ; ʢʨʦʤʝ ʪʦʛʦ, ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʨʘʡʦʥʘʭ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʝʜʥʝʥʳ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
 

HEAVY  METALS  AND RADIONUCLIDES  (14ʉ, 3ʅ) IN THE 

ENVIRONMENT  
 

Nesterov E., Zarina L., Kulkova M., Rogovaya ʆ., Herzen University, Saint-Petersburg 
 

Abstract: The paper presents the results of environmental and geochemical researches of soil and 

plant covers in Pushkin town ï a unique cultural and historical center, suburb of Saint-Petersburg 

(Russia). We have obtained results of geochemical analysis of elements-pollutants (radionuclides 

(14ʉ, 3ʅ), heavy metals, arsenium, etc.) and chemical elements required for growth and development 

of plants (P, K, Ca), and they showed high degree of dependence between distribution of elements in 

soils and plants: high degree of correlation is common for distribution of radionuclides and heavy 

metals; moreover, soils and vegetation in areas contaminated with heavy metals and radionuclides are 

as a rule depleted in nutrients. The obtained results were proved by bioindication researches. 
 

ɺʚʝʜʝʥʠʝ 

ʋʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ ʦʪʭʦʜʦʚ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʤʝʥʷʷ ʝʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʄʘʩʰʪʘʙ ʧʨʦʮʝʩʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʪʝʥ-

ʩʠʚʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ ʠ ʠʭ ʦʢʨʝ-
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ʩʪʥʦʩʪʷʭ. ɼʣʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʢʨʫʧʥʝʡʰʝʛʦ ʠʟ ʩʝʚʝʨʥʳʭ ʤʝʛʘʧʦʣʠʩʦʚ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʝʡʩʪʚʠʷ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʨʘʟʚʠʪʠʝ ʩʘʤʦʛʦ ʛʦʨʦʜʘ, ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʨʷʜʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦ-

ʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ɺʘʞʥʝʡʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘ-ʁ

ʱʝʡ ʩʨʝʜʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʦʚ. ʇʦʯʚʳ ʦʪʨʘʞʘʶʪ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ 

ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ: ʣʝʪʥʠʡ 

ʠ ʦʩʝʥʥʠʡ ʩʝʟʦʥʳ, ʠʣʠ ʟʘ ʚʝʩʴ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʉʝʟʦʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘ-

ʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʘʚʦʤ ʣʠʩʪʚʳ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ 

ʪʝʥʜʝʥʮʠʶ ʚ ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʳʝ ʦʯʘʛʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʤʳʭ ʥʘʨʫʰʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (14ʉ, 

3ʅ), ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʠ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦ-

ʚʘʭ ʛ.ʇʫʰʢʠʥ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʠʛʦʨʦʜʦʤ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʇʫʰʢʠʥ ï ʫʥʠ-

ʢʘʣʴʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʤʫʟʝʡ-ʟʘʧʦʚʝʜʥʠʢ çʎʘʨʩʢʦʝ 

ʉʝʣʦè ï ʧʘʤʷʪʥʠʢ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʠ ʜʚʦʨʮʦʚʦ-ʧʘʨʢʦʚʳʡ ʘʥʩʘʤʙʣʴ 

XVIII ï ʥʘʯʘʣʘ XX ʚʝʢʦʚ. ɻʦʨʦʜ ʚʢʣʶʯʝʥ ʚ ʩʧʠʩʦʢ ʧʘʤʷʪʥʠʢʦʚ, ʦʭʨʘʥʷʝʤʳʭ 

ʖʅɽʉʂʆ. ʇʦʵʪʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ʏʝʨʝʟ ʛʦʨʦʜ ʧʨʦʭʦ-

ʜʠʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʣʠʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï ɺʠʪʝʙʩʢ, ʥʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ ɼʝʪʩʢʦʝ ʉʝʣʦ ʠ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ 21-ʡ ʢʤ.  

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʳʯʥʦ ʫʜʝʣʷʝʪʩʷ ʪʷʞʝʣʳʤ 

ʤʝʪʘʣʣʘʤ [1]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʠʥʜʠʢʘʮʠʦʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʳʭ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʝʢʪʨʘʣʴʥʳʭ). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʦʢʩʠʯʥʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʪʨʫʜʥʦʩʪʴʶ ʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ, 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ 

ʜʨʫʛʠʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʣʣʶʪʘʥʪʘʤʠ. ɺʢʣʶʯʘʷʩʴ ʚʦ ʚʩʝ ʪʠʧʳ ʤʠʛʨʘʮʠʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʤʝʥʷʶʪ ʫʨʦʚʝʥʴ ʩʚʦʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʠʣʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʘʞʥʝʡʰʠʭ 

ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ: ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ (14ʉ, 3ʅ) ʷʚʣʷʝʪʩʷ ʦʩʦ-

ʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʚʷʟʠ ʩ ʫʩʪʦʡʯʠʚʳʤ ʨʘʟʚʠʪʠʝʤ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʘʢʚʘʪʦʨʠʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʙʲʝʢʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʘʪʦʤʥʳʝ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʠ, ʭʨʘʥʠʣʠʱʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʤʦʥʪ ʘʪʦʤ-

ʥʳʭ ʩʫʜʦʚ, ʟʘʚʦʜ ʧʦ ʧʝʨʝʧʣʘʚʢʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʝʘʢʪʦʨʳ ʠ ʜʨ.).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʘʢʠʭ ʜʦʣʛʦʞʠʚʫʱʠʭ ʠʟʦʪʦʧʦʚ, 

ʢʘʢ 14ʉ ʠ 3ʅ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʊʦʛʜʘ, ʢʘʢ ʵʪʠ ʨʘʜʠʦʥʫʢ-

ʣʠʜʳ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʜʦʟʫ ʦʙʣʫʯʝʥʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʧʨʠ ʨʘʩʧʘʜʝ 14ʉ ʧʨʠʚʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪ-
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ʚʝʥʥʦ ʢ ʛʝʥʥʳʤ ʤʫʪʘʮʠʷʤ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʨʘʪʠʤʳʤʠ. ʊʘʢʠʤ ʞʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʦʙʣʘʜʘʝʪ ʠ ʨʘʜʠʦʘʢ-

ʪʠʚʥʳʡ ʠʟʦʪʦʧ ʚʦʜʦʨʦʜʘ ï ʪʨʠʪʠʡ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩ 

ʚʦʟʜʫʭʦʤ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʦʩʦʚ ʦʪʭʦʜʦʚ ʧʨʠ ʨʘʙʦʪʝ ʘʪʦʤʥʳʭ 

ʨʝʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʪʠʭ ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʭ 

ʠʟʦʪʦʧʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɻʦʨʦʜ ʇʫʰʢʠʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪ-

ʨʘʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʇʫʰʢʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

240 ʢʤ
2
, ʘ ʥʘʩʝʣʝʥʠʝ ï ʦʢʦʣʦ 130000 ʯʝʣʦʚʝʢ. ɺ ʩʘʤʦʤ ʛ.ʇʫʰʢʠʥ ʧʨʦʞʠʚʘʝʪ ʙʦ-

ʣʝʝ 92000 ʯʝʣʦʚʝʢ ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʇʫʰʢʠʥʩʢʦʤ ʨʘʡʦʥʝ ʩʯʠʪʘʝʪʩʷ ʦʜ-

ʥʦʡ ʠʟ ʩʘʤʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝʪ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʨʘʡʦʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʜʝʨʝʚʦʦʙʨʘʙʘʪʳ-

ʚʘʶʱʝʡ ʠ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʠ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʟʘʥʷʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʤʠ ʫʛʦʜʴʷʤʠ. ʍʦʨʦʰʦ ʨʘʟʚʠʪʘ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʘ, ʢʨʦʤʝ ʪʦʛʦ, ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʨʘʡʦʥʘ ʧʨʦʭʦʜʷʪ ʜʚʝ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ: ʄ-20 (ʂʠʝʚʩʢʦʝ ʰʦʩʩʝ) ʠ ʄ-10 (ʪʨʘʩʩʘ çʈʦʩʩʠʷè).  

ɸʚʪʦʨʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ.ʇʫʰʢʠʥ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʚ ʧʝʨʠʦʜ 2010-2012 ʛʛ. 

ʧʨʦʚʦʜʠʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (14ʉ, 3ʅ), ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʧʦʯʚʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ), ʘ ʪʘʢ ʞʝ 

ʦʮʝʥʢʫ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʤʝʪʦʜʘʤʠ ʙʠʦʠʥʜʠʢʘʮʠʠ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛ.ʇʫʰʢʠʥ ʙʳʣʦ ʟʘʣʦʞʝʥʦ 114 ʪʦʯʝʢ ʧʨʦʙʦʦʪʙʦʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ ʛʦʨʦʜʘ, ʪʦʯʢʠ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʦʟʝʣʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ: ʚ ʩʘʜʘʭ, 

ʧʘʨʢʘʭ, ʩʢʚʝʨʘʭ, ʙʫʣʴʚʘʨʘʭ ʠ ʦʟʝʣʝʥʝʥʥʳʭ ʫʣʠʮʘʭ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʙʳʣʠ ʦʪʦ-

ʙʨʘʥʳ ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʠ ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ (ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʦʪʙʦʨʳ). ʆʩʝʥʥʠʡ 

ʦʪʙʦʨ ʣʠʩʪʚʳ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [2]. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʂʇ çɻʝʦ-

ʵʢʦʣʦʛʠʷè ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ɺ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦ-

ʱʴʶ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʚʘʢʫʫʤʥʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʤ 

ʢʨʠʩʪʘʣʣ-ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʩʧʝʢʪʨʦʤʝʪʨʝ çʉʧʝʢʪʨʦʩʢʘʥ ʄɸʂʉ-

GVè ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (Mg, Al , 

Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Br, Rb, Sr, Zr, Ba, Pb). ɺ 

ʨʘʡʦʥʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 9 ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ. ɺ ʦʙʨʘʟʮʘʭ ʣʠʩʪʚʳ ʵʪʠʭ ʪʦʯʝʢ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (14ʉ, 3ʅ) ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘ ʥʠʟʢʦʬʦʥʦʚʦʛʦ ʞʠʜ-

ʢʦʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ-ʨʘʜʠʦʤʝʪʨʘ Quantulus 1220 ʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ Sample Oxidizer 307. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʮʝʥʠʚʘʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʙʠʦʠʥʜʠʢʘʮʠʠ (ʦʮʝʥʢʘ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥʳ; ʦʮʝʥʢʘ 

ʧʦʚʨʝʞʜʝʥʠʡ: ʭʣʦʨʦʟ, ʮʝʥʪʨʘʣʴʥʳʡ ʠ ʢʨʘʝʚʦʡ ʥʝʢʨʦʟʳ; ʤʝʪʦʜ ʬʣʫʢʪʫʠʨʫʶʱʝʡ 

ʘʩʠʤʤʝʪʨʠʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʨʘʟʚʠʪʠʷ ʣʠʩʪʘ) ʪʝʩʪ-ʦʙʲʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 
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ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʧʘ ʤʝʣʢʦʣʠʩʪʥʘʷ (T²lia cord§ta) ʠ ʷʩʝʥʴ 

ʦʙʳʢʥʦʚʝʥʥʳʡ (Fr§xinus exc®lsior) ï ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

ʜʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ArcGIS ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʦʜʫʣʝʤ 

ArcGIS Geostatistical Analyst. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ: 

1) ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ: ʧʨʝʜʝʣʴʥʦ-

ʜʦʧʫʩʪʠʤʳʤʠ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ-ʜʦʧʫʩʪʠʤʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʘʭ (ʇɼʂ ʠ ʆɼʂ) [3, 4];  

2) ʩ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʠʱʝ, ʢʦʪʦ-

ʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦ ʜʘʥʥʳʤ ʐʚʝʡʮʘʨʩʢʦʛʦ RPO (22.06.1994): ʜʣʷ ʪʨʠʪʠʷ 1000 

ɹʢ/ʢʛ (8400 TU), ʜʣʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ 250 ɹʢ/ʢʛ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʦʮʝʥʠʚʘʝʪʩʷ 104 pʄʉ ʧʦ ʜʘʥʥʳʤ [5]. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʦʵʢʦʣʦʛʠʷè ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ ʠ ʧʦʯʚ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ-ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʠ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʘʭ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ (ʪʘʙʣ.) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 1-3 ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ (ʪʦʢʩʠʯʥʦʩʪʠ) ʵʣʝʤʝʥʪʦʚ [6], ʟʘ ʠʩʢʣʶ-

ʯʝʥʠʝʤ ʤʝʜʠ, ʚ ʧʦʯʚʘʭ ʛ.ʇʫʰʢʠʥʘ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ. ʉʨʝʜʥʝʝ 

ʧʨʝʚʳʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʥɹʦ ʇɼʂ ʧʦ ʥʠʢʝʣʶ ʩʦʩʪʘʚʣʷʝʪ 1,06 ʨʘʟʘ, ʢʦʙʘʣʴʪʫ ï 1,32, 

ʩʚʠʥʮʫ ï 2,16 ʨʘʟʘ, ʮʠʥʢʫ ï 3,17, ʤʳʰʴʷʢʫ ï 5,81, ʭʨʦʤʫ ï 10,06. ʇʨʝʚʳʰʝʥʠʝ 

ʇɼʂ ʧʦ ʤʳʰʴ̫ ʢʫ, ʩʚʠʥʮʫ, ʭʨʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ. 

ʇʦʚʩʝʤʝʩʪʥʦ ʚ ʧʦʯʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʦʪʤʝʯʝʥʳ ʢʨʘʡʥʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʘʨʛʘʥʮʘ. ɿʥʘʯʝʥʠʷ ʚʘʥʘʜʠʷ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 
 

ʊʘʙʣʠʮʘ 2. 

ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʳʰʴʷʢʘ ʚ ʧʦʯʚʘʭ ʛ.ʇʫʰʢʠʥ, ppm 
 

ʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠ
 
ʕʣʝʤʝʥʪ ʉʨʝʜʥʝʝ Min Max ʇɼʂ*, ʆɼʂ**  

1 Pb 69,41 16,83 384,66 32*  

1 As 11,62 3,29 85,31 2*  

1 Zn 174,66 38,96 898,11 55**  

2 Cr 60,40 38,79 197,82 6* 

2 Co 6,61 1,93 28,13 5* 

2 Ni 21,27 11,37 130,92 20* 

2 Cu 22,26 6,38 116,97 33**  

3 V 47,29 22,75 77,15 150* 

3 Mn 0,04 0,02 0,23 1500* 

3 Sr 180,98 105,13 296,83   
 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʢʘʨʪʘ (ʨʠʩ.1), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ ʛ.ʇʫʰʢʠʥ 

ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ. ʄʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ʢ ʟʘʧʘʜʫ ʦʪ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʛʜʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 100-130 ppm, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘ-
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ʪʠʚʳ ʚ 3-4 ʨʘʟʘ. ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʳʤ 

ʪʝʨʨʠʪʦʨʠʷʤ ʠ ʦʢʨʘʠʥʥʳʤ ʯʘʩʪʷʤ ʛʦʨʦʜʘ. ʉʭʦʞʫʶ ʢʘʨʪʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʭʨʦʤ, ʤʳʰʴʷʢ ʠ ʮʠʥʢ, ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛ.ʇʫʰʢʠʥ ʟʦʥʳ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʣʶʪʘʥʪʘʤʠ:  

1) ʟʦʥʘ ʩ çʚʳʩʦʢʦʡè ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʠʷ: ʧʦʣʦʩʘ ʢ ʟʘʧʘʜʫ ʦʪ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ 

ʰʠʨʠʥʦʡ 2-2.5 ʢʤ, ʜʣʷ ʵʪʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʝʥ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ; 

2) ʟʦʥʳ ʩ çʥʠʟʢʦʡè ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʠʷ: ʟʦʥʘ ʢ ʚʦʩʪʦʢʫ ʦʪ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʩʘʜʦʚʦ-ʧʘʨʢʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʢʨʘʠʥʥʳʝ ʯʘʩʪʠ ʛʦʨʦʜʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʛ.ʇʫʰʢʠʥʘ. ʌʦʩʬʦʨ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘ-

ʥʠʷ ʨʘʩʪʝʥʠʡ, ʥʝʜʦʩʪʘʪʦʢ ʬʦʩʬʦʨʘ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʬʦʩʬʦʨʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʟʦʥʳ 

ʧʦʥʠʞʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʠ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʦʙʝʜʥʝʥʳ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʢʘʨʪʘ (ʨʠʩ. 2) ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʘ ʤʦʟʘʠʯʥʘʷ 

ʢʘʨʪʠʥʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʦʩʬʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʥʘʙʣʶ-

ʜʘʶʪʩʷ ʥʘ ʚʦʩʪʦʢʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʛʦʨʦʜʘ, ʚ ʦʢʨʘʠʥʥʳʭ ʯʘʩʪʷʭ, ʚ ʢʨʫʧʥʳʭ ʩʘʜʘʭ 

ʠ ʧʘʨʢʘʭ, ʪ.ʝ. ʦʪʯʘʩʪʠ ʧʦʚʪʦʨʷʶʪ ʢʦʥʪʫʨʳ ʚʳʜʝʣʝʥʥʳʭ ʟʦʥ ʩ ʫʩʣʦʚʥʦ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ.  
 

  
ʈʠʩ. 1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʠʥʮʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʛ.ʇʫʰʢʠʥ 

(ʢʘʨʪʦʩʭʝʤʘ: ɹʝʣʷʢʦʚ ʊ.ɺ.) 

ʈʠʩ. 2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʛ.ʇʫʰʢʠʥ 

(ʢʘʨʪʦʩʭʝʤʘ: ɹʝʣʷʢʦʚ ʊ.ɺ.) 
 

ɺ ʟʦʥʝ ʩ çʚʳʩʦʢʠʤè ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʚ ʮʝʥʪʨʝ ʛʦ-

ʨʦʜʘ, ʥʘ ʧʨʠʜʦʨʦʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʚʙʣʠʟʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ) ʚ ʦʙʨʘʟ-

ʮʘʭ ʣʠʩʪʴʝʚ (ʣʝʪʥʠʡ ʦʪʙʦʨ) ʩʦʜʝʨʞʘʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ 

ʧʦ ʨʘʡʦʥʫ ʢʦʥʮʝʥʪʨʘʮʠʠ Al, Si, Ba, Cl, Mn, Ni, Cu, Zn, Sr, Rb ʠ ʧʦʥʠʞʝʥʥʳʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ P, K, Ca, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ɼʣʷ ʟʦʥ ʩ çʥʠʟ-

ʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷè, ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʢʨʫʧʥʳʤ ʩʘʜʘʤ ʠ ʧʘʨʢʘʤ, ʘ ʪʘʢʞʝ 
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ʦʢʨʝʩʪʥʦʩʪʷʤ ʛ.ʇʫʰʢʠʥ, ʥʘʦʙʦʨʦʪ ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʨʝʜʥʠʤʠ ʧʦ ʨʘʡʦʥʫ ʢʦʥʮʝʥʪʨʘʮʠʠ P, K, Ca. 

ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʝʥ-

ʥʝʡ ʣʠʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʪʥʝʡ ʧʦʢʘʟʘʣ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʦʩʝʥʥʝʡ ʣʠʩʪʚʝ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Al, Fe, Ti, Ba ʠ Cl ʨʘʟ-

ʥʠʮʘ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʘ (ʙʦʣʴʰʝ ʚ 6-13 ʨʘʟ). ʉʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Zn, 

Mn, Cu, Ni) ʪʘʢʞʝ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʣʠʩʪʴʷʭ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʭ ʚ ʦʩʝʥʥʠʭ ʦʙʨʘʟʮʘʭ ʜʦ 3 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʣʝʪʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʜʝʨʝʚʴʝʚ  
ʀʟʤʝʨʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 14ʉ ʠ 3ʅ ʚ ʦʙʨʘʟʮʘʭ ʣʠʩʪʚʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ 

ʛ.ʇʫʰʢʠʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3-4. ʀʟ ʜʠʘʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʪʠʷ 

ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʣʠʩʪʚʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ ʇɼʂ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʫʛʣʝʨʦʜʘ 

>105 pMC ʚ ʣʠʩʪʴʷʭ ʜʝʨʝʚʴʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʯʢʘʭ 7.1, 4.1, 23, 20.1, 27, 57. ʇʦʥʠ-

ʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ < 105 pMC ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʪʦʯʢʘʭ 12.1, 22.1. ʇʦʚʳʰʝʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʪʨʠʪʠʶ >190 TUx10
-1
, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʪʦʯʢʘʭ 7.1, 20.1, 57. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʝʡ, ʢʘʢ ʜʣʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ, ʪʘʢ ʠ ʜʣʷ 

ʪʨʠʪʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʣʠʩʪʚʝ ʜʝʨʝʚʴʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʠʥʪʝʥ-

ʩʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʢʦʣʦ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʧʦʣʦʪʥʘ (ʨʠʩ. 3-4).  
 

  
ʈʠʩ.3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ 

ʦʙʨʘʟʮʘʭ ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ ʛ.ʇʫʰʢʠʥ 
ʈʠʩ.4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʨʠʪʠʷ ʚ ʦʙʨʘʟʮʘʭ 

ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ ʛ.ʇʫʰʢʠʥ 
 

ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʠʥʜʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʝʨʝʚʴʝʚ ʚ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʢʘʟʚrʘʶʪ, 

ʯʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥʳ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʘʩʘʞ-

ʜʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʩʚʦʙʦʜʥʦ ʨʘʩ-

ʪʫʱʠʭ ʜʝʨʝʚʴʝʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʬʦʥʝ ʤʠʥʠʤʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ 

(ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʜʝʨʝʚʴʷ ʚ ʪʦʯʢʘʭ 61 ʠ 57). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʥʘʩʘʞ-

ʜʝʥʠʡ ʩʥʠʞʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10% (ʪʦʯʢʠ 23, 27).  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʬʣʫʢʪʫʠʨʫʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ (ʌɸ) 

ʷʩʝʥʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʘʪʦʣʦʛʠʡ ʣʠʩʪʘ (ʇʄ) ʣʠʧʳ ʤʝʣ-

ʢʦʣʠʩʪʥʦʡ, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʦʪʨʘʞʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘ-

ʛʨʫʟʢʠ ʥʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʡʦʥʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

ʇʨʝʜʝʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʌɸ ʥʘ ʜʝʨʝʚʴʷʭ ʚ ʇʫʰʢʠʥʩʢʦʤ ʨʘʡʦʥʝ ʩʦʩʪʘʚʠʣʠ 

0.41-0.91, ʧʨʠʯʝʤ ʥʝ ʚʳʷʚʣʝʥʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʩʠʤʤʝʪʨʠʝʡ ʣʠʩʪʘ ʠ ʯʠʩʣʦʤ 
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ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʨʘʟʚʠʪʠʷ. ʆʜʥʘʢʦ ʚ ʪʦʯʢʝ 20.1 ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʤʘʷ ʢʦʨ-

ʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ ʣʠʩʪʘ (ʥʘʠʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ), ʌɸ (ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ) ʠ ʥʘʣʠʯʠʷ ʢʨʘʝʚʦʛʦ ʥʝʢʨʦʟʘ ʥʘ ʣʠʩʪʴʷʭ ʷʩʝʥʷ. ɺʳʩʦʢʘʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʜʘʥʥʳʭ ʧʦ ʜʚʫʤ ʪʝʩʪ-ʦʙʲʝʢʪʘʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʚʝ ʰʢʘʣʳ 

ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝ-

ʨʝʥʠʷ, ʧʦ ʩʫʪʠ, ʦʧʠʩʳʚʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʮʝʩʩ. 

ʇʦ ʜʘʥʥʳʤ ʙʠʦʠʥʜʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʝ ʨʘʡʦʥʳ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʩʪʝʧʝʥʴʶ ʜʝʡʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ. ɺʘʨʠʘʮʠʷ ʚʳ-

ʙʦʨʢʠ ʧʦʨʘʞʝʥʠʷ ʣʠʩʪʘ ʚ ʇʫʰʢʠʥʩʢʦʤ ʨʘʡʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 0-100 ʜʣʷ ʭʣʦʨʦʟʘ, 11-

67 ʜʣʷ ʮʝʥʪʨʦʚʦʛʦ ʥʝʢʨʦʟʘ ʠ 11-80 ʜʣʷ ʢʨʘʝʚʦʛʦ ʥʝʢʨʦʟʘ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʛ.ʇʫʰʢʠʥ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ 

ʨʘʩʪʝʥʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʢʦʣʦ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. ɸʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ 

ʵʪʠʭ ʪʦʯʢʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 115 pMC%. ɺ ʟʦʥʘʭ ʧʘʨʢʦʚ ʠ ʩʢʚʝʨʦʚ ʘʢʪʠʚʥʦʩʪʴ 

ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 90 pMC%. ʂʘʢ ʦʪʤʝʯʘʝʪ Lichtfouse et al. [7], ʠʟʤʝ-

ʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʛʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʯʫʪʢʠʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʠʟʤʝʥʝʥʠʷ ʉʆ2, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʟʜʫʭ ʧʨʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ʇʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 14ʉ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ [8, 9] ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ çʤʝʨʪʚʳʤè ʨʘʜʠʦʫʛʣʝʨʦʜʦʤ, ʪʘʢ ʥʘ-

ʟʳʚʘʝʤʳʡ çʵʬʬʝʢʪ ɿʶʩʩʘè, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʦ-

ʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ (ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʥʝʬʪʴ, ʛʘʟ ʠ ʪ.ʜ.). ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ ʟʘʬʠʢʩʠ-

ʨʦʚʘʥ ʩ ʩʝʨʝʜʠʥʳ 19-ʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʥʘʯʘʣʘʩʴ ʀʥʜʫʩʪʨʠʘʣʴʥʘʷ ʈʝʚʦʣʶʮʠʷ. ʇʦʩʣʝ 

ʟʘʧʨʝʪʘ ʷʜʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 1950-1960-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚ 1963 ʛ. ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʨʦʜʥʳʤ ʫʨʦʚʥʝʤ, ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʯʘʣʦ ʩʥʠʞʘʪʴʩʷ 

ʟʘ ʩʯʝʪ ʦʙʤʝʥʘ ʉʆ2 ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ ʠ ʦʢʝʘʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ 

ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʷ çʤʝʨʪʚʦʛʦè ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘ ʧʝʨʠʦʜ ʩ 1991 ʛ., ʩʦʜʝʨʞʘʥʠʝ 14ʉ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʉʆ2 ʩʥʠʟʠʣʦʩʴ ʜʦ 104 pMC [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʪʫʧʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʉʆ2 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦʣʞʥʦ ʫʤʝʥʴʰʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʦʜʥʦʣʝʪʥʠʭ ʪʨʘʚʘʭ. ɼʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʣʦʢʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝ-

ʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʚ ʪʨʘʚʘʭ ʤʦʞʝʪ ʙʳʪʴ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʠ ʩʞʠʛʘ-

ʥʠʠ ʤʫʩʦʨʘ, ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʢʠ ʠʣʠ ʨʝʛʝʥʝʨʘʮʠʠ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʷʜʝʨ-

ʥʳʭ ʦʪʭʦʜʦʚ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʤʝʩʪʘʭ ʧʣʦʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦ-

ʪʦʢʘ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʉʆ2, ʢʦʪʦʨʳʡ ʫʩʚʘʠʚʘʝʪʩʷ ʨʘʩʪʝ-

ʥʠʷʤʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠ ʙʳʩʪʨʦʤʫ ʯʘʩʪʠʯʥʦʤʫ ʚʦʟʦʙʥʦʚʣʝ-

ʥʠʶ [10], ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʚʝʛʝʪʘʪʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʝʱʝ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ.  

ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʠ ʪʨʠʪʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʪʦʯʢʘʭ 7.1, 57, 20.1. ʊʦʯʢʘ 7.1 ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʢʚʝʨʝ ʥʘ ʇʨʠʚʦʢʟʘʣʴʥʦʡ ʧʣʦʱʘʜʠ, 

ʚ ʣʠʩʪʚʝ ʜʝʨʝʚʴʝʚ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ-
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ʧʦʣʣʶʪʘʥʪʦʚ ʢʘʢ ʭʣʦʨ, ʤʘʨʛʘʥʝʮ, ʤʝʜʴ, ʮʠʥʢ, ʨʫʙʠʜʠʡ. ɺ ʧʦʯʚʘʭ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʠ ʤʝʜʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʧʦʯʚʳ, ʠ ʣʠʩʪʚʘ ʜʝ-

ʨʝʚʴʝʚ ʦʙʝʜʥʝʥʳ ʬʦʩʬʦʨʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ 

ʵʪʦʤ ʤʝʩʪʝ ʧʦʛʣʦʱʘʪʴ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʕʣʝʤʝʥʪʳ-ʧʦʣʣʶʪʘʥʪʳ, ʦʩʦʙʝʥʥʦ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʩʥʠʞʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɼʘʥ-

ʥʳʝ ʙʠʦʠʥʜʠʢʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ʫʛʥʝʪʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ ʚ ʵʪʦʡ 

ʪʦʯʢʝ. ʊʦʯʢʘ 57, ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʥʠʢʝʣʷ ʠ ʩʪʨʦʥʮʠʷ. ʇʦ ʜʘʥʥʳʤ ʙʠʦʠʥ-

ʜʠʢʘʮʠʠ ï ʵʪʦ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʝ ʜʝʨʝʚʦ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ɺ ʪʦʯʢʝ 20.1, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ɸʢʘʜʝʤʠʯʝʩʢʦʤ ʧʨʦʩʧʝʢʪʝ 

ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʨʘʜʠʦʫʛʣʝʨʦʜʘ ʠ ʪʨʠʪʠʷ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ-ʧʦʣʣʶʪʘʥʪʦʚ ʢʘʢ ʘʣʶʤʠʥʠʡ, ʢʨʝʤ-

ʥʠʡ, ʪʠʪʘʥ, ʢʘʣʴʮʠʡ, ʙʘʨʠʡ, ʞʝʣʝʟʦ, ʥʠʢʝʣʴ. ɺ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ. ʇʦ ʜʘʥʥʳʤ ʙʠʦʠʥʜʠʢʘʮʠʠ ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʤʘʷ ʢʦʨ-

ʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ ʣʠʩʪʘ (ʥʘʠʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ), ʌɸ (ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ) ʠ ʥʘʣʠʯʠʷ ʢʨʘʝʚʦʛʦ ʥʝʢʨʦʟʘ ʥʘ ʣʠʩʪʴʷʭ. ʕʪʘ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʳʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʥʠʞʘʶʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʵʢʦʣʦʛʠ-

ʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʦʜʩʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ: ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʣʦʞʠʚʰʝʡʩʷ ʣʘʥʜʰʘʬʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʛʦʨʦʜʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴ-

ʥʳʤ ʥʦʨʤʘʪʠʚʘʤ ʦʟʝʣʝʥʝʥʠʷ, ʘʚʪʦʥʦʤʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʦʪʦʨʚʘʥʥʦʩʪʴ ʦʪ ʟʝʣʝ-

ʥʦʡ ʟʦʥʳ; ʦʪʩʫʪʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʟʝʣʝʥʳʭ ʢʦʨʠʜʦʨʦʚ ʚʜʦʣʴ ʣʠʥʝʡʥʳʭ ʣʘʥʜ-

ʰʘʬʪʥʳʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʩʝʡ; ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘʩʘʞʜʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʙʲʝʢʪʘ ʦʟʝʣʝʥʝʥʠʷ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʚ ʮʝʣʦʤ 

ï ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʦʟʝʣʝʥʝʥʠʷ. ʃʘʥʜʰʘʬʪʥʳʡ ʘʥʘʣʠʟ ʫʣʠʮ ʠ ʤʘʛʠ-

ʩʪʨʘʣʝʡ ʛʦʨʦʜʘ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ ʧʨʦʙʦʦʪʙʦʨ, ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʩʦʯʝʪʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʛʦʨʦʜʘ ʢʘʢ ʫʩʠʣʠ-

ʚʘʶʪ, ʪʘʢ ʠ ʦʩʣʘʙʣʷʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʨʝʜʳ. 

ɸʩʠʤʤʝʪʨʠʷ ʣʠʩʪʴʝʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ: ʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʦʥʘ ʙʳʣʘ ʚʳʰʝ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥ-

ʥʦʡ ʥʘʛʨʫʟʢʠ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʩʩ). 

ʇʨʦʚʝʜʝʥʥʳʡ ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʝʣʠʪʝʙʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦʟʚʦʣʠʣ 

ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ, ʩʣʦʞʠʚʰʫʶʩʷ ʥʘ ʫʣʠʮʘʭ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝ-

ʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʥʘʧʨʷʞʝʥʥʫʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʠʣʥɹʳʤʠ ʚʠʜʠʤʳʤʠ 

ʧʦʨʘʞʝʥʠʷʤʠ ʣʠʩʪʴʝʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘ-

ʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ-ʧʦʣʣʶʪʘʥʪʦʚ ʠ ʜʦʣʛʦʞʠʚʫʱʠʭ ʨʘ-

ʜʠʦʥʫʢʣʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʣʠʩʪʚʳ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʣʠʩʪʴʝʚ ʜʝʨʝʚʴʝʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 2.3.1 ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʛ. 
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ɸʥʥʦʪʘʮʠʷ: ʉʝʨʴʝʟʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʳʯʥʦ ʫʜʝʣʷʝʪʩʷ ʪʷʞʝʣʳʤ 
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ʰʝʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 
 

INFLUENCE OF HEAVY METALS ON THE VEGETATION C OVER 

OF THE URBAN ENVIRONMENT  
 

Makarova J., Herzen University, Saint-Petersburg 
 

Abstract: The close attention at ekologo-geochemical researches of components of 

environment of the urbanized territories usually is paid to heavy metals not for nothing. It is 

caused by a wide circulation and indicator value of this type of pollution, and also existence 

of well fulfilled and rather cheap analytical methods. 
 

ʈʘʩʪʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʚʳʧʦʣʥʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʠ. ʆʥʠ ʚʣʠʷʶʪ ʥʘ ʤʠʢ-

ʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʩʥʠʞʘʶʪ ʰʫʤʦʚʫʶ ʥʘʛʨʫʟʢʫ, 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʟʜʫʭʘ: ʙʠʦʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʠ 

ʨʘʩʩʝʠʚʘʶʪ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʦʙʦʛʘʱʘʶʪ ʚʦʟʜʫʭ ʢʠʩʣʦʨʦʜʦʤ (ɼʚʦʨʘʢʦʚ-

ʩʢʠʡ, 1983). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʧʦʣʣʶʪʘʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠ-

ʤʘʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʅʝʩʪʝʨʦʚ, ʊʠʤʠʨʛʘʣʝʝʚ, ʄʘʩʣʦʚʘ, 2008). ʋʞʝ ʩʝʡʯʘʩ ʪʘ-

ʢʠʝ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ, ʢʘʢ ʇʝʪʝʨʙʫʨʛ, ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʣʦʱʘʜʠ 

ʘʥʦʤʘʣʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝ-
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ʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ. ʆʧʘʩʥʦʩʪʴ ʠʭ ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʥʘʨʫʰʝʥʠʝʤ ʚʘʞʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʦʨʛʘʥʠʟʤʝ, ʚ ʢʦʪʦʨʳʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʧʨʠʥʠʤʘʶʪ ʥʝʧʦʩʨʝʜʩʪ-

ʚʝʥʥʦʝ ʫʯʘʩʪʠʝ (ɻʵʣʩʪʦʥ ʠ ʜʨ., 1983). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʫʨʙʦʩʠʩʪʝʤʳ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʆʥʘ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʪʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦ-

ʨʦʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʝ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ (ɹʘʰʢʠʥ ʠ ʜʨ., 2004). ʊʘʢ ʢʘʢ ʥʘʨʫʰʝʥʠʷ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʧʨʝʜʰʝʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʆʩʦʙʝʥʥʦʩʪʷʤ ʥʘʢʦʧʣʝʥʠʷ ʊʄ ʚ ʨʘʩʪʝʥʠʷʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦʩʚʷ-

ʱʝʥʳ ʤʥʦʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʠʭ ʧʨʦʩʣʝʞʝʥʳ ʠʟʤʝʥʝʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥ-

ʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʦ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊʄ, ʧʝʨʝʭʚʘʯʝʥʥʳʭ ʨʘʩ-

ʪʝʥʠʷʤʠ. ɻʦʨʘʟʜʦ ʤʝʥʴʰʝ ʨʘʙʦʪ ʢʘʩʘʝʪʩʷ ʬʨʘʢʮʠʡ ʊʄ, ʤʝʪʘʙʦʣʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʠ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʨʘʩʪʝʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ ʚʝʛʝʪʘʮʠʠ. ʊʨʝʙʫʶʪ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʨʘʩʪʝʥʠʡ ʛʦʨʦʜʩʢʠʭ ʣʘʥʜ-

ʰʘʬʪʦʚ ʥʘ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʊʄ ʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʨʝʜʘʭ: ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʧʦʯʚʝ.  

ʉʝʨʴʝʟʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʳʯʥʦ ʫʜʝʣʷʝʪʩʷ ʪʷʞʝʣʳʤ ʤʝ-

ʪʘʣʣʘʤ ʥʝ ʟʨʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʠʥʜʠʢʘʮʠʦʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʳʭ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʝʡ ʚʳ-

ʩʦʢʦʡ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʦʢʩʠʯʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ, ʪʨʫʜʥʦʩʪʴʶ ʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʦʜ-

ʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʜʨʫʛʠʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʧʦʣʣʶʪʘʥʪʘʤʠ. ɺʢʣʶʯʘʷʩʴ ʚʦ ʚʩʝ ʪʠʧʳ ʤʠʛʨʘʮʠʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʤʝʥʷʶʪ ʫʨʦʚʝʥʴ ʩʚʦʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʣʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ, 

ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʘʞʥʝʡʰʠʭ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠ-

ʨʦʜʥʳʭ ʩʨʝʜ: ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʧʦʜʚʝʨʞʝʥʳ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝ-

ʩʪʚʘ (Zarina, Nesterov, Gracheva, 2011). ʂ ʧʨʠʦʨʠʪʝʪʥʳʤ ʪʦʢʩʠʢʘʥʪʘʤ, ʟʘʛʨʷʟʥʠʪʝ-

ʣʷʤ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʦʪʥʦʩʷʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪ-

ʚʦʤ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʠ ʩʧʦʩʦʙʥʳʝ ʠʥʘʢʪʠʚʠ-

ʨʦʚʘʪʴ ʧʦʩʣʝʜʥʠʝ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪ ʚ ʪʨʦʬʠʯʝʩʢʠʝ ʮʝʧʠ, ʥʘʢʘʧ-

ʣʠʚʘʶʪʩʷ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʘʭ; ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʮʠʢʣʳ ʠ ʚʳʟʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʛʝ-

ʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɺʳʚʝʜʝʥʠʝ ʞʝ ʠʭ ʠʟ ʵʢʦʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝ-

ʨʠʦʜʘ ʚʨʝʤʝʥʠ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ.  

ɼʨʝʚʝʩʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʊʄ, ʟʘʜʝʨʞʠʚʘʷ 

ʧʳʣʴ, ʧʦʚʳʰʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʶ, ʦʯʠʱʝʥʠʶ ʧʨʠʟʝʤʥʳʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʦʪ ʟʘʛʨʷʟ-

ʥʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʜʣʠ-
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ʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʫ ʨʘʩʪʝʥʠʡ ʥʘʨʫʰʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʦʩʪ ʠ ʩʥʠʞʘʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʨ-

ʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝ-

ʣʝʡ (ʅʝʩʪʝʨʦʚ, ɿʘʨʠʥʘ, ʇʠʩʢʫʥʦʚʘ, 2009). ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʦʨʦʜʘ ʦʙʲ-

ʷʩʥʷʝʪ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʧʦʛʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʯʘʩʪʦʡ ʩʤʝʥʦʡ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ɹʣʠ-

ʟʦʩʪʴ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʭʘʨʘʢʪʝʨ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʨʘʡ-

ʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʨʘʡʦʥʦʚ. ʄʠʢʨʦʢʣʠʤʘʪ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʦʜʩʢʦʛʦ çʦʩʪʨʦʚʘ ʪʝʧʣʘè, ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚ-

ʣʷʶʪʩʷ ʧʣʦʭʘʷ ʚʝʥʪʠʣʠʨʫʝʤʦʩʪʴ ʠ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʘʠʥʘʤʠ, ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ. ʆʩʣʘʙʣʝʥʠʝ ʚʝʪ-

ʨʦʚʦʛʦ ʨʝʞʠʤʘ ʦʙʲʷʩʥʷʝʪʩʷ ʝʱʝ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʦʡ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝʤ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ʄʠʢʨʦʢʣʠʤʘʪ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʂʣʠʤʘʪ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ: ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʪʫʤʘʥʳ, 

ʦʩʘʜʢʠ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʄʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʝʠʚʘʶʱʝʡ  ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ (ʄʇɸ) ʜʣʷ ʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛʘ, ʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ: ʜʣʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ ʭʘʨʘʢʪʝʨʥʘ ʭʦʨʦʰʘʷ ʩʘʤʦ-

ʦʯʠʱʘʶʱʘʷʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʘ ʜʣʷ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ ʥʘʦʙʦʨʦʪ (ɺʦʨʦʥ-

ʮʦʚʘ, ʅʝʩʪʝʨʦʚ, 2012). ɺ ʮʝʣʦʤ ʟʘ ʛʦʜ ʚ ʘʪʤʦʩʬʝʨʝ ʇʝʪʝʨʙʫʨʛʘ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝ-

ʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʘʢʦʧʣʝʥʠʶ ʧʨʠʤʝʩʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʤʝʜʠ, ʞʝʣʝʟʘ ʠ ʮʠʥʢʘ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʥʘʣʠʯʠʝ ʪʦʯʝʢ ʩ çʘʥʦʤʘʣʴʥʳʤʠè 

(ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ) ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʙʫʣʴʚʘʨʥʦʡ ʧʦʣʦʩʝ ʄʦʩʢʦʚʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʠ ʧʦʯ-

ʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʭʣʦʨʠʜʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʫʯʘʩʪʢʦʚ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʥʘʧʨʷʞʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ 

ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʜʝʨʝʚʴʝʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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MERCURY  IN THE AIR OF SAINT -PETERSBURG 
 

Gavrilenko V.V., Adyasov Y.V., Herzen University, Saint-Petersburg 
 

Abstract: The report contains a summary of data on distribution of mercury pollution in the 

soil air of the different parts of St. Petersburg. Mercury in the Central districts formed different 

fields of soil enrichment with high local anomalies. In the Primorsky district a mercury abundance 

is found out in the area of the former depository of waste where a park zone is now. But all parts 

of St-Petersburg are safety for wealth in according to contents of mercury. 
 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʨʦʜʥʳʭ, ʛʦʨʦʜʩʢʠʝ ʛʝʦʵʢʦʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʦ-ʪʝʭ-

ʥʦʛʝʥʥʳʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʙʦʣʴʰʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʛʝʦʵʢʦʩʠʩʪʝʤ ʛʦʨʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʢʘʢ ʟʚʝʥʫ ʙʠʦʪʳ ʫʜʝʣʷʝʪʩʷ 

ʩʦʩʪʦʷʥʠʶ ʯʝʣʦʚʝʢʘ ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʪʨʦʥʫʪʦʡ ʪʝʭʥʦʛʝʥʝʟʦʤ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʝʟʢʦ ʟʘʪʨʫʜʥʝʥʘ ʪʠʧʠʟʘʮʠʷ ʯʘʩʪʥʳʭ ʛʝʦʵʢʦʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʚ ʢʘʞʜʦʤ ʛʦʨʦʜʝ ʠ, 

ʙʦʣʝʝ ʪʦʛʦ, ʚ ʢʘʞʜʦʤ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠʩʫʱʠʝ ʪʦʣʴʢʦ ʠʤ ʣʦʢʘʣʴ-

ʥʳʝ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ (ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ) ʧʦʣʝʡ, ʦʪʣʠʯʘʶ-

ʱʠʭʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ.  

ʇʨʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʦʙʱʝ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʠʟ ʦʙʱʝʡ ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʝʦʵʢʦʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʠ/ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠ ʣʦʢʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ: 

ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ʛʦʨʦʜʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʠʩʪʦʨʠʠ ʟʘʩʪʨʦʡʢʠ, ʘ ʵʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʧʦʜʦʙʥʳʭ ʨʘʟʣʠʯʠʡ. 

ʈʪʫʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʛʦʨʦʜʘʭ, ʪʝʤ ʙʦʣʝʝ ʚ 

ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʤʝʛʘʧʦʣʠʩʘʭ, ʢʘʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʛʜʝ ʠʩʪʦʨʠʷ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʩ ʥʘʯʘʣʘ XVII I ʚʝʢʘ ʛʦʨʦʜ ʨʘʟʚʠʚʘʣʩʷ ʢʘʢ ʠʤ-

ʧʝʨʩʢʘʷ ʩʪʦʣʠʮʘ, ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʜʚʫʭ ʚʝʢʦʚ ʟʦʣʦʯʝʥʠʝ ʠʟʜʝʣʠʡ ʠ 

ʢʨʫʧʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʜʝʪʘʣʝʡ (ʰʧʠʣʝʡ, ʢʫʧʦʣʦʚ ʠ ʜʨ.) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʷʣʘʩʴ ʪʝʭʥʠʢʘ ʦʛʥʝʚʦʛʦ 
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ʟʦʣʦʯʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʛʜʝ ʚʘʞʥʝʡʰʠʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʣʠʩʴ 

ʨʪʫʪʥʳʝ ʘʤʘʣʴʛʘʤʳ ʟʦʣʦʪʘ. ɺʩʝ ʦʥʠ ʪʨʝʙʦʚʘʣʠ ʨʘʩʭʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʪʫʪʠ, ʢʦʪʦʨʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʣʢʠʤʠ ʠ ʢʨʫʧʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʚʳʙʨʘʩʳʚʘʣʘʩʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʝʧʦʥʠʨʦʚʘʣʘʩʴ ʚ ʧʦʯʚʘʭ. ɺ XX ʠ ʥʘʯʘʣʝ 

XXI  ʚʚ. ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʨʪʫʪʠ ʚ ʧʦʯʚʳ ʩʪʘʣʠ ʷʚʣʷʪʴʩʷ ʦʪʭʦʜʳ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʩʚʘʣʢʠ ʛʘʟʦʨʪʫʪʥʳʭ ʣʘʤʧ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʦʙʱʝʝ ʪʝʭʥʦʛʝʥʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʯʚ ʠ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʈʝʛʠʦʥʘʣʴʥʳʤ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ɻɻʇ çʅʝʚʩʢʛʝʦʣʦʛʠʷè ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʣʦʱʘʜʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʣʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʪʫʪʠ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʠʭ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʣʦʢʘʣʴʥʳʝ 

ʘʥʦʤʘʣʠʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ. ʇʦ ʜʘʥʥʳʤ ʫʢʘʟʘʥʥʳʭ ʘʚʪʦʨʦʚ, ʩʨʝʜʥʷʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʪʫʪʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ (0-10 ʩʤ) ʩʦʩʪʘʚʣʷʝʪ 

0,36 ʤʛ/ʢʛ, ʯʪʦ ʚ 12 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʨʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ 0,03 ʤʛ/ʢʛ. ʇʨʠ 

ʵʪʦʤ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʥʘʠʙʦʣʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ, ʠ ʵʪʦʪ ʤʝʪʘʣʣ ʚʦʰʸʣ ʚ ʛʨʫʧʧʫ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ.  

ɿʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʘʨʥʦʡ 

ʨʪʫʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʟʝʤʥʦʤ ʚʦʟʜʫʭʝ ʛʦʨʦʜʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʠ. ɺ 2011-2012 ʛʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ 

ʙʦʣʴʰʠʭ ʩʧʝʮʠʘʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʠʩʪʦʨʠʠ 

ʟʘʩʪʨʦʡʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʨʠʤʦʨʩʢʦʤ ʠ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʘʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘ-

ʨʦʚ ʨʪʫʪʠ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ɿʝʝʤʘʥʦʚ-

ʩʢʦʡ ʢʦʨʨʝʢʮʠʝʡ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘʪʦʨʘ 

ʨʪʫʪʠ ʈɸ-915ʄ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʪʫʪʠ ʚ ʚʦʟʜʫʭʝ ʦʪ 0,3 ʥʛ/ʤ
3
. ɽʩʪʝʩʪʚʝʥʥʦʝ (ʬʦʥʦʚʦʝ) ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʥʝʟʘ-

ʛʨʷʟʥʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ 1ï3 ʥʛ/ʤ
3
. ʇɼʂ ʨʪʫʪʠ ʚ ʚʦʟʜʫʭʝ ʥʘʩʝʣʝʥʥʳʭ 

ʤʝʩʪ ʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï 300 ʥʛ/ʤ
3
.  ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ ʚ ʣʫʥʢʝ ʛʣʫʙʠʥʦʡ 10 ʩʤ, ʧʦʩʣʝ ʯʝʛʦ 

ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ ʚ ʚʦʟʜʫʭʝ ʧʦʯʚʳ. ʇʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʦʚ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʝʥʥʦʤ 

ʚʦʟʜʫʭʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ.  

ʌʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʧʨʠʟʝʤʥʦʤ ʠ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ ʦʙʦʠʭ ʨʘʡʦʥʦʚ 

ʛʦʨʦʜʘ ʚʘʨʴʠʨʫʶʪ ʚ ʠʥʪʝʨʚʘʣʝ 1ï10 ʥʛ/ʤ
3
. ʆʪʤʝʯʘʝʪʩʷ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ ʚ ʚʦʟʜʫʭʝ, ʟʘʤʝʨʝʥʥʦʤ ʚ ʧʦʯʚʝ ʠ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 1 ʤ ʥʘʜ 

ʥʝʡ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʚ ʧʨʠʟʝʤʥʦʤ ʚʦʟʜʫʭʝ ʚʩʝʛʜʘ ʥʠʞʝ ʠ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʳ, ʯʝʤ ʟʘʤʝʨʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ, ʯʪʦ 

ʩʥʠʤʘʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʤʝʨʦʚ ʨʪʫʪʠ ʚ ʚʦʟʜʫʭʝ 

ʥʘʜ ʟʝʤʣʸʡ ʚ ʪʦʯʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʇʨʠʤʦʨʩʢʦʤ ʨʘʡʦʥʝ (ʨʠʩ.1), ʛʜʝ ʟʘʩʪʨʦʡʢʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʨ-

ʨʠʪʦʨʠʠ ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, ʫʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʠʯʠʪ ʩ 

ʙʦʣʴʰʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-ʩʢʣʘʜʩʢʦʡ ʟʦʥʦʡ, ʢʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʥʳʡ 

ʩʝʢʪʦʨ, ʠ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʟʘʛʨʷʟʥʝʥʳ ʙʳʪʦʚʳʤ ʤʫʩʦʨʦʤ, ʘ ʢʦʝ-ʛʜʝ ʚʦʟʥʠʢʣʠ  

ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ.  
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ʈʠʩ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ 

ʧʨʠʟʝʤʥʦʤ ʚʦʟʜʫʭʝ ʇʨʠʤʦʨʩʢʦʛʦ 

ʨʘʡʦʥʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 
 

ɺʩʝ ʵʪʦ, ʚʠʜʠʤʦ, ʠ ʚʣʠʷʝʪ ʥʘ ʥʘ-

ʣʠʯʠʝ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ ʚ ʚʦʟ-

ʜʫʭʝ. ʈʪʫʪʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚ ʶʞʥʦʡ, 

ʟʘʩʪʨʦʝʥʥʦʡ, ʯʘʩʪʠ ʤʝʥʝʝ ʚʳʨʘ-

ʞʝʥʦ, ʯʝʤ ʚ ʩʝʚʝʨʥʦʡ, ʥʦ ʚʩʝ ʞʝ 

ʠʤʝʶʪʩʷ ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʨʪʫʪʠ (ʜʦ 50 ʥʛ/ʤ
3
) ʚ 

ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ ʚʙʣʠʟʠ ʜʦʨʦʛʠ ʠ 

ʫ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʚʳʚʦʟʘ ʤʫʩʦʨʘ. 

ʆʜʥʘʢʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʧʨʠ-

ʟʝʤʥʦʤ ʚʦʟʜʫʭʝ ʥʠʟʢʦʝ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʦʜʥʦʨʦʜʥʦ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʪʦʢʠ ʚʦʟʜʫʭʘ. 

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʢʦʚʫʶ ʟʦʥʫ ʠ 

ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʶʞʥʦʡ, ʟʘʩʪʨʦ-

ʝʥʥʦʡ, ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘ-

ʥʠʷʤʠ ʨʪʫʪʠ. ɹʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʨʘʥʠʮ 

ʥʝʟʘʩʪʨʦʝʥʥʦʡ ʟʦʥʳ ʠ ʪʝʨʨʠʪʦʨʠʠ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʨʪʫʪʠ 

ʚ ʧʦʯʚʝʥʥʦʤ ʠ ʧʨʠʟʝʤʥʦʤ ʚʦʟʜʫʭʝ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʟʘʭʦ-

ʨʦʥʝʥʠʝʤ ʩʚʘʣʦʯʥʳʭ ʤʘʩʩ ʜʦ ʧʦʷʚ-

ʣʝʥʠʷ ʣʝʩʦ-ʧʘʨʢʦʚʦʡ ʟʦʥʳ, ʪʘʢ ʠ ʩ 

ʜʣʠʪʝʣʴʥʳʤ ʜʝʧʦʥʠʨʦʚʘʥʠʝʤ ʚ 

ʧʦʯʚʝ ʨʪʫʪʠ, ʚʳʚʦʜʷʱʝʡʩʷ ʠʟ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʦ ʚʩʝʤʫ ʨʘʡʦʥʫ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʧʨʠʟʝʤʥʦʤ ʠ ʧʦʯʚʝʥʥʦʤ 

ʚʦʟʜʫʭʝ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ ʚ ʚʦʟʜʫʭʝ.  

ɺ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ (ʨʠʩ. 2.) ʟʦʥʳ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʥʝʝ ʨʘʟʤʳʪʳ, ʙʦ-

ʣʝʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠ ʷʨʢʦ ʚʳʨʘʞʝʥʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʥʦʤʘʣʠʠ ʧʦ ʨʪʫʪʠ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʫʯʘʩʪʢʘʭ: ʚ ʨʘʡʦʥʝ ʇʫʰʢʠʥʩʢʦʡ ʫʣʠʮʳ, ʫʣʠʮʳ ʄʘʨʘʪʘ ʠ ʃʠ-

ʛʦʚʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ (ʟʥʘʯʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʘʨʴʠʨʫʶʪ ʦʪ 11 ʥʛ/ʤ
3
 ʜʦ 51 ʥʛ/ʤ

3
, 

ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ ʧʠʢʘ ʚ ʨʘʡʦʥʝ ʧʘʤʷʪʥʠʢʘ ʇʫʰʢʠʥʘ ʥʘ ʇʫʰʢʠʥʩʢʦʡ ʫʣʠʮʝ).  

ʅʘ ʄʘʥʝʞʥʦʡ ʧʣʦʱʘʜʠ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʪʫʪʠ ʩʦʩʪʘʚʣʷʣʠ 18 ʥʛ/ʤ
3
, ʚ 

ʨʘʡʦʥʝ ʂʨʝʤʝʥʯʫʛʩʢʦʡ ʠ ɸʪʘʤʘʥʩʢʦʡ ʫʣʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʪ 11 ʜʦ 18 ʥʛ/ʤ
3
. ɺ ʨʘʡʦʥʝ ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʧʦʚʳʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 13 ʥʛ/ʤ
3
 ʜʦ 19 ʥʛ/ʤ

3
; ʥʘ 5 ʉʦʚʝʪʩʢʦʡ ʫʣʠʮʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʯʝʯʥʘʷ ʘʥʦʤʘʣʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʪʫʪʠ 147 ʥʛ/ʤ
3
, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦ-

ʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦ ʦʙʦʠʤ ʨʘʡʦʥʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ, çʧʷʪʥʠʩʪʫʶè 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ, ʦʥʠ, ʚ ʩʨʝʜ-

ʥʝʤ, ʚʳʰʝ, ʯʝʤ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʇʨʠʤʦʨʩʢʦʤ ʨʘʡʦʥʝ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ 
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ʩʚʷʟʘʥʦ ʩ ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʝʡ ʟʘʩʪʨʦʡʢʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʛʦʨʦʜʘ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ɼʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʥʘ ʘʥʦʤʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʦʩʪʘʚʣʷʶʪ 24 ʥʛ/ʤ
3
, ʜʣʷ ʇʨʠʤʦʨʩʢʦʛʦ ï 19 ʥʛ/ʤ

3
. 

 

 
 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʧʨʠʟʝʤʥʦʤ ʚʦʟʜʫʭʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 
 

ɺ ʮʝʣʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʜʘʞʝ ʥʘ ʘʥʦʤʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʝ ʧʨʝ-

ʚʳʰʘʷ ʇɼʂ ʜʣʷ ʨʪʫʪʠ ʚ ʚʦʟʜʫʭʝ (300 ʥʛ/ʤ
3
). ʆʜʥʘʢʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʧʦʟʚʦʣʠʣʦ ʚʳ-

ʷʚʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʦʙʱʝʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦ-

ʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʚʦʟʜʫʭʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʯʘʩʪʢʦʚ ʤʝʛʘʧʦʣʠʩʘ. 
 

 

ʂ ʄɽʊʆɼʀʂɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆɺɽɼɽʅʀʗ ʈʊʋʊʀ ɺ 

ɹʆʃʆʊʅʓʍ ʕʂʆʉʀʉʊɽʄɸʍ 
 

ʍʘʨʠʪʦʥʯʫʢ ɸ.ʖ., ʌʦʤʠʯʝʚʘ ʄ.ʅ., ʇʦʧʢʦʚ ʅ.ɹ., ʉʤʠʨʥʦʚʘ ɸ.ɺ., ɿʘʨʠʥʘ ʃ.ʄ. 

ʈɻʇʋ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, alexharis@mail.ru 
 

ɸʥʥʦʪʘʮʠʷ: ʊʦʨʬʷʥʠʢʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʨʪʫʪʠ. ʈʪʫʪʴ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʛʦʨʦʜʦʚ ʠ ʧʨʠʣʝʛʘʶʱʠʭ 

ʢ ʥʠʤ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʣʘʜʘʶʱʠʤ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʵʣʝʤʝʥʪ ʝʱʝ ʠ ʩʣʫʞʠʪ ʭʦʨʦʰʠʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʩʢʨʳʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʥʘ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘ-

ʥʠʷ ʨʪʫʪʠ ʚ ʪʦʨʬʘʭ ʙʦʣʦʪ. 
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Abstract: Peatlands are good ʜʝʧʦʥʠʨʫʶʱʝʡ environment for mercury. Mercury is one of 

the main pollutants of the environment of cities and territories adjacent to them, possessing 

wide spectrum of negative impact on living organisms. However, in addition to the negative 

impacts element to another and serves as a good indicator of the hidden mineralization that 

has an impact on the dynamics of mercury in peat bogs. 
 

ɹʦʣʦʪʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʢʣʠʤʘʪʘ, 

ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʥʠʤʘʝʤʦʡ ʠʤʠ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʷʚʣʷʶʪʩʷ ʚʪʦʨʳʤ ʧʦʩʣʝ ʦʢʝʘʥʘ ʨʝʟʝʨʚʫʘʨʦʤ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʩʣʫʞʘʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʬʠʣʴʪʨʦʤ ʥʘ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʘʪʤʦ-

ʩʬʝʨʳ ʚ ʚʦʜʦʝʤʳ ʠ ʚʦʜʦʪʦʢʠ. 

ʊʦʨʬ, ʘʢʪʠʚʥʦ ʦʙʨʘʟʫʝʤʳʡ ʙʦʣʦʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʣʫʞʠʪ ʚʘʞʥʝʡʰʠʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʢʣʠʤʘʪʝ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʠ ʚʩʝʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʚ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʣʠ ʥʘ ʥʝʛʦ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʨʬʘ 

ʜʘʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ, ʚʦʜʥʦʤ ʨʝʞʠʤʝ ʠ 

ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʩʦʩʪʦʷʥʠʷ ʙʦʣʦʪʘ. ʀʤʝʥʥʦ ʵʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʝʘʢʮʠʶ 

ʙʦʣʦʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʰʣʦʤ ʠ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʥʘ ʙʫʜʫʱʝʝ. 

ɼʣʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ ʚʝʩʴʤʘ ʚʘʞʝʥ ʚʢʣʘʜ ʙʦʣʦʪ (ʜʦʤʠʥʠʨʫʶʱʘʷ ʣʘʥʜ-

ʰʘʬʪʦʦʙʨʘʟʫʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʚ ʩʦʭʨʘʥʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ. ɹʦʣʦʪʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʨʝʛʠʦʥʘ, 

ʩʦʟʜʘʶʪ ʦʩʦʙʝʥʥʳʡ ʨʝʣʴʝʬ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʠʧʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʷ ʭʘʨʘʢʪʝʨ ʦʢʨʫʞʘʶʱʝʛʦ ʣʘʥʜʰʘʬʪʘ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʨʨʠʪʦʨʠʠ. 

ɺʚʠʜʫ ʨʘʩʪʫʱʝʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʨʝʛʠʦʥʘ, ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʣʦʪ ʢʘʢ ʢʦʤ-

ʧʦʥʝʥʪʘ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʪʦʨʬʘ, ʧʨʠʯʠʥ ʝʛʦ ʨʘʟʣʠʯʥʦʛʦ ʪʝʤʧʘ, ʠ ʫʛʣʫʙʣʝʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʩʣʫʞʘʪ ʟʚʝʥʦʤ ʢʘʢ ʚ ʧʦʟʥʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ, ʪʘʢ ʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʦʣʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ ʨʝʛʠʦʥʘ, ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʧʨʦʛʥʦʟʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʵʚʦʣʶʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʅʝʩʪʝʨʦʚ ʠ ʜʨ, 2006, 2009, 2012).  

ʊʦʨʬʷʥʠʢʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʨʪʫʪʠ. ʈʪʫʪʴ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʛʦʨʦʜʦʚ ʠ ʧʨʠʣʝʛʘʶ-

ʱʠʭ ʢ ʥʠʤ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʣʘʜʘʶʱʠʤ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪ-

ʚʠʷ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʵʣʝʤʝʥʪ 

ʝʱʝ ʠ ʩʣʫʞʠʪ ʭʦʨʦʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʢʨʳʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʪ-

ʧʝʯʘʪʦʢ ʥʘ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʪʦʨʬʘʭ ʙʦʣʦʪ. 

ʈʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʪʫʪʠ ʚ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚ ʪʦʨʬʘʭ, ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ 

ʪʘʢʞʝ ʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʛʦʜʠʪʴʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʸʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʜʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʙʦʣʦʪʥʳʭ ʩʠʩʪʝʤʘʭ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 
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ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʨʪʫʪʠ ʚ ʪʦʨʬʘʭ ʠ ʧʦʯʚʘʭ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥ-

ʪʘʭ ʙʠʦʩʬʝʨʳ (ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 2003, ɹʘʰʢʠʥ, 2004). ʊʦʨʬʷʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʪʫʪʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʥʘʢʦʧʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʦ ʠ ʨʝʪʨʦʩʧʝʢʪʠʚʫ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʧʨʦʰʣʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʌ, ʚʳʷʚʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʨʪʫʪʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʝ ʥʘʢʦʧʣʝʥʠʷ ʚ ʥʠʭ, ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʛʠʦʥʘ ʢʘʢ ʘʨʭʠʚʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʝʧʦʥʠʨʦʚʘ-

ʥʠʷ ʨʪʫʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʭʨʦʥʦʣʦʛʠʠ ʨʪʫʪʥʦʛʦ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʚ ʪʦʨʬʷ-

ʥʳʭ ʟʘʣʝʞʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʂ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʛʦʜʠʯʥʳʭ ʢʦʣʴʮʘʭ ʜʝʨʝʚʴʝʚ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚʝʜʸʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1) ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚ-

ʣʝʥʥʦʡ ʮʝʣʠ, ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʣʘʜʢʫ ʠ ʩʙʦʨ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʠʥʚʝʥʪʘʨʷ 

(ʙʦʣʦʪʥʳʡ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʙʫʨʳ ʠ ʰʘʥʮʝʚʳʡ ʠʥʩʪʨʫʤʝʥʪ). 

2) ʧʦʣʝʚʦʡ ʵʪʘʧ ʩʦʩʪʦʠʪ ʠʟ ʦʪʙʦʨʘ ʧʨʦʙ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʳʯʥʦ ʟʠʤʦʡ 

(ʨʘʙʦʪʳ ʣʝʛʯʝ ʚʝʩʪʠ ʩʦ ʩʢʦʚʘʥʥʦʡ ʣʴʜʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʦʪʘ). ʉ ʧʦʤʦʱʴʶ ʙʫʨʘ 

ʠʟʚʣʝʢʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʙʦʣʦʪʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʦʪʦʨʦʛʦ, ʢʘʞʜʫʶ ʢʦʣʦʥʢʫ ʦʪʙʠʨʘʶʪ ʩ ʧʝʨʝʢʨʳ-

ʪʠʝʤ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʧʠʩʳʚʘʶʪʩʷ (ʩʪʨʫʢʪʫʨʘ, ʪʝʢʩʪʫʨʘ, ʮʚʝʪ ʠ ʪ.ʜ.) 

ʧʘʢʫʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʧʘʢʝʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʟʘʩʦʨʝʥʠʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ 

ʜʨʫʛʠʤʠ, ʧʦʜʧʠʩʳʚʘʶʪʩʷ, ʠ ʚʝʟʫʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʥʘ ʘʥʘʣʠʟ. 

3) ʣʘʙʦʨʘʪʦʨʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʙ ʠʣʠ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʦʪʯʝʪʦʚ ʢʘʨʪ ʠ ʛʨʘʬʠʢʦʚ.  

ɺ ʎʂʇ çɻʝʦʵʢʦʣʦʛʠʷè ʠʤʝʝʪʩʷ ʨʪʫʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʈɸ915ʄ (ʚʩʝ ʧʨʦʙʳ ʘʥʘ-

ʣʠʟʠʨʫʶʪʩʷ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ), ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʥʘ ʧʨʠ-

ʩʪʘʚʢʘ ʜʣʷ ʧʠʨʦʣʠʟʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʛʨʫʥʪʘ (ʇʀʈʆ 915+), ʯʪʦ ʚ ʩʫʤʤʝ ʜʘʸʪ ʜʦʩ-

ʪʦʡʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʨʪʫʪʠ ʚ ʪʚʝʨʜʳʭ ʛʨʫʥʪʘʭ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʭ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʜʦ ʞʠʜʢʦʩʪʠ ʠʣʠ ʘʵʨʦʟʦʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪʩʷ ʚ ʪʘʙʣʠʮʳ, ʧʦ ʢʦʪʦʨʳʤ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ, 

ʜʠʘʛʨʘʤʤʳ ʠ ʢʘʨʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʦʨʛʘʥʦʚ 

ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ, ʪʦʨʬʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʭʦʞʠʭ ʨʘʙʦʪ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʰʠ ʨʘʙʦʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʯʘʣʝ ʧʫʪʠ, ʚ ʦʩ-

ʥʦʚʫ ʧʦʣʦʞʝʥʦ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ, ʢʘʢ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʃʷʧʠʥʦʡ ɽ.ɽ. (ʃʷʧʠʥʘ ʠ ʜʨ., 2007, 2007, 2009) 

ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʚʝʜʝʥʠʶ ʨʪʫʪʠ ʚ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤʘʭ. ʇʨʦʙʳ ʪʦʨʬʘ ʦʪʦʙʨʘʥʳ ʥʘ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʊʦʤʩʢʦʛʦ ʨʘʡʦʥʘ, ʊʦʤ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘ-
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ʥʠʡ ʷʚʣʷʶʪʩʷ ʪʦʨʬʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ, ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʵʪʠʭ ʦʙʲʝʢʪʘʭ.  

ɺ ʨʘʙʦʪʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʨʷʤʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʪʫʪʠ ʩ ʧʨʝʦʙʣʘ-

ʜʘʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ, ʦʨʦʛʨʘʬʠʝʡ ʠ ʫʨʦʚʥʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ. 

ʀʟʫʯʝʥʠʝ ʪʦʨʬʘ ʠ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʜʝʨʝʚʴʝʚ ʊʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚʳʷʚʠʣʦ ʩʭʦʜʥʳʡ 

ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ, ʦʪʨʘʞʘʶʱʠʡ ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ (Martlnez-Cortizas, 1999; Steinnes, 2006 ʠ ʜʨ.). 

ʅʘ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʪʫʪʠ ʚ ʪʦʨʬʘʭ ʚʣʠʷʶʪ ʙʦʪʘʥʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ, ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʪʦʨʬʘ  ʠ ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʟʘʣʝʞʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʝʩʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʨʠʥʝʩʝʥʥʦʡ ʨʪʫʪʠ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʦʤ (ʦʢʠʩʣʠʪʝʣʴʥʦʤ) ʙʘʨʴʝʨʝ. 

ʅʘ ʙʦʣʦʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʚʝʣʘʩʴ ʪʦʨʬʦʜʦʙʳʯʘ, ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʥʠʞʝ. ɺ ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʘʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʪʫʪʠ ʚʳʰʝ. ʍʦʪʝʣʦʩʴ ʙʳ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʭʘʨʘʢʪʝʨ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʪʫʪʠ ʪʘʢʞʝ 

ʚʣʠʷʶʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʪʦʨʬʘ, ʠʭ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʪʦʨʬʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʜʨ.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʬʠʣʝ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʛʝʥ-

ʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚʩʝʭ ʵʢʦʩʠʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʦʪ 1,4 ʜʦ 3,0 ʨʘʟ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʣʶʪʘʥʪʘ ʚ ʚʝʨʭʥʝʤ 60-ʩʤ ʩʣʦʝ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʩʣʦʷʤʠ. ʇʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ ʨʪʫʪʠ ʧʦ ʛʣʫʙʠʥʝ ʙʳʣʘ ʚʳʷʚ-

ʣʝʥʘ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ, ʦʪʨʘʞʘʝʪ ʦʙʱʝʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʧʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʤʝʪʘʣʣʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ (ʛʣʫʙʠʥʘ 60 ʩʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʍʍ ʚ). 

 
ʈʠʩ. 1. ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʩʯʝʪ-

ʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʘʣʦ-

ʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ (ʃʷ-

ʧʠʥʘ, 2012) 

 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ 

ʜʨʝʚʝʩʠʥʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦ-

ʨʦʜʳ ʜʝʨʝʚʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʢʦʨʘ ʜʝʨʝʚʴʝʚ ʥʘʢʘʧʣʠʚʘʝʪ ʟʘ-

ʛʨʷʟʥʠʪʝʣʠ ʛʦʨʘʟʜʦ ʠʥʪʝʥʩʠʚ-

ʥʝʝ, ʯʝʤ ʦʩʪʘʣʴʥʳʝ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʨʘʩʪʝʥʠʡ (ɹʝʣʦʛʦʣʦʚʘ ʠ ʜʨ., 2010). ʆʙʱʠʝ 

ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʢ ʢʦʥʮʫ XX ʚ. ɺ 

ʜʨʝʚʝʩʠʥʝ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʝʨʝʚʴʝʚ ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʤʠ ʨʪʫʪʠ ʠ ʰʠʨʠʥʦʡ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈɻʇʋ 

ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ ʥʘ 2012-2016 ʛʦʜʳ (ʧʨʦʝʢʪ 2.3.1). 
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Abstract: Natural withdrawal of uranium, radon, fluoride, strontium isotopes from the 

stones of the Perm, the lower Triassic, the Jurassic periods along fault lines, springs, valleys 

in Povetluzhye structures established the following contrasts: zero, normal (MAC), abnormal 

and extreme natural peak-wave radiation areas (9906-9999 MCR/h). 
 

ʉʨʝʜʥʝʝ ʠ ɺʝʨʭʥʝʝ ʇʦʚʝʪʣʫʞʴʝ ʩʣʦʞʝʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʠ 

ʧʦʜʩʪʠʣʘʝʤʳʤʠ ʠʭ ʶʨʩʢʠʤʠ, ʥʠʞʥʝʪʨʠʘʩʦʚʳʤʠ ʠ ʚʝʨʭʥʝʧʝʨʤʩʢʠʤʠ ʪʘʪʘʨʩʢʠʤʠ 

ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʖʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʨʝʜʥʝʛʦ ʇʦ-
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ʚʝʪʣʫʞʴʷ. ʀʭ ʦʙʥʘʞʝʥʠʷ ʚʳʭʦʜʷʪ ʧʦ ʙʝʨʝʛʘʤ ʜʦʣʠʥ ʨʝʢ, ʨʫʯʴʸʚ ʠ ʦʚʨʘʛʦʚ. ɺʩʝ 

ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʬʦʥʦʚ ʇʦ-

ʚʝʪʣʫʞʴʷ. ʌʦʥʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʫʨʘʥ, ʨʘʜʠʡ, ʪʦʨʠʡ, ʨʘʜʦʥ, ʩʪʨʦʥ-

ʮʠʡ, ʮʠʨʢʦʥ, ʩʝʨʝʙʨʦ ʩʘʤʦʨʦʜʥʦʝ, ʜʠʩʧʨʦʟʠʡ, ʬʪʦʨ ʠ ʜʨʫʛʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ, ʚʩʝʛʦ ʙʦʣʝʝ 15 ʚʠʜʦʚ. [ɻʝʦʣ. ʟʘʧʠʩʢʘ ʢ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʈʌ ʤʘʩʰʪʘʙʘ 

1:1 000 000 ʠ 1:200 000, 1999-2001, ɹʘʢʘʥʠʥʘ ʠ ʜʨ., 2004, ʂʫʣʠʥʝʥʢʦ, 2008-2013]. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʴʥʦ-ʤʘʛʥʠʪʥʳʝ ʟʦʥʳ ʉʨʝʜʥʝʛʦ ʠ 

ɺʝʨʭʥʝʛʦ ʇʦʚʝʪʣʫʞʴʷ ʠ ʩʤʝʞʥʦʛʦ ʩ ʥʠʤ ʄʦʣʦʤʦ-ɺʷʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʩʚʝʱʘʣʠʩʴ ʩ 

1967 ʧʦ 2013 ʛ. ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʫʧʦʤʷʥʫʪʳʭ. ʇʝʨʚʳʝ ʚʳ-

ʢʣʘʜʢʠ ʝʩʪʝʩʪʚʝʥʥʳʭ  ʨʘʜʠʘʮʠʦʥʥʳʭ ʬʦʥʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʦʨʦʜ ʥʘʭʦʜʠʤ ʚ 

ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪʘʭ ʊ. ʅ. ʐʪʳʭʘʣʶʢ ʠ ʜʨ. [1962-1965] ʧʦ ʪʨʝʫʛʦʣʴʥʠʢʫ 

ɿʘʚʝʪʣʫʞʴʷ: ʧ.ʧ. ʗʢʦʚʣʝʚʦ-ʩʪ. ɹʫʨʫʥʜʫʯʠʭʘ ï ʉʷʚʘ ʩ ʮʝʥʪʨʦʤ ʚ ʧ. ʇʘʥʠʥʦ. ɿʜʝʩʴ 

ʚ ʨʷʜʝ ʤʝʩʪ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ 1-4*10
-12

 ï 3-8*10
-4-5

 ʛʨ/ʣ U,Ra 

[ʐʪʳʭʘʣʶʢ, 1964; ʂʫʣʠʥʝʥʢʦ, 2008-2010]. ʅʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ʚ ʪʨʫʜʘʭ ʉɺʊɻʋ ʠ 

ɺʉɽɻɽʀ ʧʦʜ ʨʝʜ. ʂʠʨʠʢʦʚʘ [1999-2001] ʠ ʩʙʦʨʥʠʢʝ çʇʦʚʝʪʣʫʞʴʝè [ɹʘʢʘʥʠʥʘ ʠ 

ʜʨ., 2004] ʪʘʢʞʝ ʦʩʚʝʱʝʥʳ ʠʩʪʦʯʥʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʫʨʘʥ ʚ ʧʝʨʤʩʢʠʭ, ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʘʭ: ʰʥʫʨʦʚʦʡ, ʛʥʝʟʜʦʚʳʡ ʠ 

ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ (ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʜʨ. ʧʦʨʦʜʳ). 

ʂʘʢ ʥʘ ʚʳʭʦʜʝ ʩ ʨʦʜʥʠʢʦʚ, ʚ ʨʫʯʴʷʭ, ʣʦʛʘʭ, ʦʚʨʘʛʘʭ, ʙʘʣʢʘʭ, ʪʘʢ ʠ ʥʘ ʨʝʢʘʭ, 

ʦʟʝʨʘʭ, ʙʦʣʦʪʘʭ ʠ ʤʝʞʜʫʨʝʯʴʷʭ ʉʨʝʜʥʝʡ ʠ ɺʝʨʭʥʝʡ ɺʝʪʣʫʛʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʜʠʘ-

ʮʠʦʥʥʳʝ ʬʦʥʳ (ɽʈʌ) ʠʤʝʶʪ ʧʠʢʦʚʦ-ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ 0ï

24 ʜʦ 32ï45ï63 ʤʢʨ/ʯ (ʂʦʥʝʚʦ, ʄʫʥʜʦʨʦ, ʆʜʦʝʚʩʢʦʝ, ʂʣʠʤʠʥʦ-ɹʳʢʦʚʦ, ʅʫʞʥʘ, 

ʈʦʞʜʝʩʪʚʝʥʩʢʦʝ, ʊʨʦʠʮʢʦʝ, ɺʦʭʤʘ, ɹʦʛʦʚʘʨʦʚʦ, ʅʦʚʦʪʨʦʠʮʢʦʝ ʠ ʏʝʨʥʦʚʩʢʦʝ). ɺ 

ʦʩʦʙʦʤ ʨʷʜʫ ʚ ʉʨʝʜʥʝʤ ʇʦʚʝʪʣʫʞʴʝ ʩʪʦʷʪ: ʫʨʦʯ. ʉʧʠʨʠʥʦ ʚ 3,5 ʢʤ ʶʞʥʝʝ ʩ. ʆʜʦ-

ʝʚʩʢʦʝ (ʚʩʧʣʝʩʢ 9999 ʤʢʨ/ʯ, 15.09.2009) ʠ ʜ. ʂʨʘʩʥʘʷ ɻʦʨʢʘ ʙʣʠʟ ʩ. ʊʨʦʠʮ-

ʢʦʝ(9906 ʤʢʨ/ʯ, 2011). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʩʧʣʝʩʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʟʘʙʨʦʰʝʥʥʳʭ 

ʢʦʣʦʜʮʝʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʦʪ 15 ʜʦ 35 ʩ. [ʂʫʣʠʥʝʥʢʦ, 2009-2013]. ʇʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦ-ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʥʠʡ (20-39 ʤʢʨ/ʯ) ʚ ʫʨʦʯ. ʂʣʠʤʠʥʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 2-3ʤʠʥ ʥʘ ʣʝʚʳʭ ʠʩʪʦʢʘʭ ʨ. ʄʝʞʝʫʤʠʭʠ ʧʨʠʪʦʢʘ ʅʫʞʥʳ 

(2.10.2009). ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʥʦ-ʘʥʦʤʘʣʴʥʦʡ ʪʦʯʢʦʡ ʷʚʣʷʶʪʩʷ ʦʢʨʝʩʪʥʦʩʪʠ ʩ. 

ʏʝʨʥʦʚʩʢʦʝ ʐʘʙʘʣʠʥʩʢʦʛʦ ʨ-ʥʘ ʂʠʨʦʚʩʢʦʡ ʦʙʣ-ʪʠ ʚ ɺʝʨʭʥʝʤ ʇʦʚʝʪʣʫʞʴʝ. ɿʜʝʩʴ 

ʥʘʤʠ 29.08.2013 ʚ ʟʘʨʦʩʰʝʤ ʧʦʣʝ ʦʙʩʣʝʜʦʚʘʥʘ ʚʫʣʢʘʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʣʠʪʘ 

ʨʘʟʤʝʨʘʤʠ 0,28*0,8*1,3 ʤ, ʢʦʪʦʨʫʶ ʦʙʥʘʨʫʞʠʣʠ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʤʝʩʪʥʳʝ 

ʞʠʪʝʣʠ. ʈʘʥʝʝ ʪʨʘʢʪʦʨʥʳʤʠ ʧʣʫʛʘʤʠ ʦʩʢʦʣʢʠ ʵʪʦʡ ʧʣʠʪʳ ʙʳʣʠ ʨʘʩʪʘʱʝʥʳ ʚ ʨʘ-

ʜʠʫʩʝ 40-100 ʤ. ɼʣʠʥʥʘʷ ʦʩʴ ʧʣʠʪʳ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦ ʘʟʠʤʫʪʫ ʖɿ-ʉɺ. ʇʣʠʪʘ ʩʦʟ-

ʜʘʝʪ ʘʥʦʤʘʣʴʥʦ-ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ (ʨʝʥʪʛʝʥʦʚʩʢʫʶ) ʟʦʥʫ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʬʦ-

ʥʦʤ ʦʪ 6-15 ʤʢʨ/ʯ ʜʦ 21-32-36-45 ʤʢʨ/ʯ. ʂʦʤʧʘʩʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʢ ʧʨʷʤʘʷ , 

ʪʘʢ ʠ ʦʙʨʘʪʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʦ ʘʟʠʤʫʪʫ 180-215 ʛʨʘʜ. ʖ-ʖɿ. ʇʦʢʘʟʘʥʠʷ ʨʘ-

ʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ ʥʘ ʚʫʣʢʘʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʣʠʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 11.30 ʜʦ 

13.11 ʜʥʷ, ʪ.ʝ. ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩ 40 ʤʠʥ. ʂ ʢʦʥʮʫ ʥʘʙʣʶʜʝʥʠʷ ʧʦʷʚʣʷʣʩʷ ʟʚʦʥ ʚ 

ʫʰʘʭ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ. ʄʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʥʠʡ ʚʳʷʚʣʝʥʦ 14, ʩ 20 ʜʦ 45ʤʢʨ/ʯ. 

ʉʤʝʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʥʠʡ ʜʦʟʠʤʝʪʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʟ 10-20ʩʝʢ ʚ ʪʝʯʝ-

ʥʠʝ 5 ʤʠʥ. ʇʨʝʜʣʘʛʘʝʤ ʟʘʧʠʩʴ ʭʦʜʘ ʟʘʤʝʨʘ ʧʦʢʘʟʘʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʬʦʥʦʚ ʩ ʥʝ-

ʢʦʪʦʨʳʤʠ ʩʦʢʨʘʱʝʥʠʷʤʠ ʠʟ 280 ʧʦʢʘʟʘʥʠʡ: 17 ʤʢʨ/ʯ, 9, 11, 10, 13, 6, 7, 14, 7, 14, 
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15, 16, 13, 14, 16, 14, 22-11ʯ 54ʤʠʥ; 12, 13, 19, 11, 10, 17, 11, 17, 16, 16-12 ʯ 07 

ʤʠʥ; 17, 14, 16, 16, 14, 11, 16, 12, 17, 8, 15, 12, 5-12ʯ 10 ʤʠʥ; 18-12ʯ 13 ʤʠʥ; 8, 11, 

9, 9, 17, 8, 13, 9, 20-12ʯ 19 ʤʠʥ; 11, 11, 16, 11, 8, 12, 15, 10, 13, 11, 10, 12, 9, 11, 

17-12 ʯ 27 ʤʠʥ; 10, 16, 10, 11, 9, 15, 21, 24, 45-12 ʯ 34 ʤʠʥ; 43, 43,45, 45,36, 36, 

32,32, 24 -12ʯ 38 ʤʠʥ; 14, 24, 24,17, 14, 16, 16, 17, 16, 17, 13, 13, 14, 8, 12, 14, 14.  

ʅʘʙʣʶʜʝʥʠʷ ʦʢʦʥʯʝʥʳ ʚ 13 ʯ 11 ʤʠʥ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʷʚʠʣʠʩʴ ʧʦ-

ʩʣʝ ʦʪʢʦʣʘ ʢʫʩʢʘ ʧʣʠʪʳ. ʇʣʠʪʘ ʣʝʞʠʪ ʥʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʬʣʶʚʠʦ-ʛʣʷʮʝʘʣʴʥʳʭ 

ʧʝʩʢʘʭ ʩʤʝʥʷʶʱʠʭʩʷ ʯʝʨʝʟ 40 ʤ ʩʫʛʣʠʥʢʘʤʠ. ɺ ʮʝʣʦʤ ʪʝʨʨʠʪʦʨʠʷ ʦʢʨʝʩʪʥʦʩʪʝʡ 

ʩ. ʏʝʨʥʦʚʩʢʦʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 1,6 ʢʤ ʦʪ ʨ. ɺʝʪʣʫʛʠ, ʩʣʦʞʝʥʘ ʢʦʨʝʥʥʳʤʠ ʥʠʞ-

ʥʝʪʨʠʘʩʦʚʳʤʠ (ʚʦʭʦʤʩʢʘʷ ʩʚʠʪʘ) ʠ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʜʦʣʠʥ ʚʝʨʭʥʝ-ʧʝʨʤʩʢʠʤʠ 

(ʥʝʬʝʜʦʚʩʢʠʤʠ) ʦʪʣʦʞʝʥʠʷʤʠ.  
 

 
ʈʠʩ.1. ʌʨʘʛʤʝʥʪʳ ʬʝʨʨʦʤʘʛ-

ʥʝʪʠʪʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

çʧʣʠʪʳè ʙʣʠʟ ʩ. ʏʝʨʥʦʚʩʢʦʝ. 

ʌʦʪʦ ʘʚʪʦʨʘ 

 

ʇʨʠ ʧʦʚʪʦʨʥʦʤ çʩʧʦʢʦʡʥʦʤè 

ʜʦʤʘʰʥʝʤ ʜʦʟʠʤʝʪʨʠʨʦʚʘʥʠʠ 

ʦʙʣʦʤʢʘ ʧʣʠʪʳ ʨʘʟʤʝʨʦʤ 4*9 

*19,4 ʩʤ ʚ ʪʝʯʝʥʠʝ 1ʯ 9 ʤʠʥ 

(1.09.2013) ʠʟ 125 ʧʦʢʘʟʘʥʠʡ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʢʘʟʘʣʠʩʴ 3 

ʤʢʨ/ʯ (3 ʧʦʢʘʟʘʥʠʷ), 4 ʤʢʨ/ʯ (8 ʧʦʢʘʟʘʥʠʡ), ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʥʠʷ 16-17 ʤʢʨ/ʯ 

(ʧʦ ʦʜʥʦʤʫ ʧʦʢʘʟʘʥʠʶ). ʏʘʩʪʳ 12-14 ʤʢʨ/ʯ, ʩʨʝʜʥʝʝ 8-9 ʤʢʨ/ʯ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʛʤʦ-ʤʘʛʥʝʪʠʪʦʚʦʡ ʧʣʠʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʘ ʝʝ ʩʢʦʣʘʭ 

ʤʘʩʩʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʝʩʪʘʤʠ ʜʚʫʭ-ʪʨʝʭ ʩʣʦʡʥʦʩʪʴ ʧʨʠ ʩʣʠʷʥʠʠ ʛʘʟʦʚʳʭ ʧʦʣʦʩ-

ʪʝʡ ʠ ʢʘʚʝʨʥ. ʂʘʚʝʨʥʳ ʧʫʟʳʨʴʢʦʚʦ-ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ (ʨʘʢʦʚʠʥʥʦʛʦ) ʠ ʧʨʦʚʦʣʦʯ-

ʥʦʛʦ ʪʠʧʦʚ. ʇʝʨʚʳʝ ʨʘʟʤʝʨʘʤʠ 0,5*0,7; 1,5*0,6; 1,5*1,5; 1,5*1*5,5 ʩʤ; ʚʪʦʨʳʝ - 

(ʧʨʦʚʦʣʦʯʥʳʝ) ï ʜʦ 0,6*0,7*6,5 ʩʤ. ɻʘʟʦʚʦ-ʧʫʟʳʨʴʢʦʚʳʝ ʢʘʤʝʨʳ ʦʪ1-2 ʜʦ 3-5 ʤʤ 

ʚ ʜʠʘʤʝʪʨʝ ʧʦʢʨʳʚʘʶʪ ʜʦ 42-45 ʢʚ. ʩʤ ʦʪ 133 ʢʚ. ʩʤ ʧʣʦʱʘʜʠ ʩʢʦʣʘ, ʪ. ʝ. ʜʦ 30 %, 

ʫʯʠʪʳʚʘʷ ʨʘʢʦʚʠʥʳ ï ʜʦ 40-45 %. ɺʝʨʭ ʙʫʛʨʠʩʪʳʡ, ʢʦʨʠʯʥʝʚʘʪʳʡ. ɺʥʫʪʨʝʥʥʷʷ 

ʯʘʩʪʴ ʜʚʫʭʮʚʝʪʥʘʷ: ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʘʷ ʧʦ ʧʝʨʠʬʝʨʠʠ (1,5-2 ʩʤ), ʮʝʥʪʨʘʣʴʥʘʷ ï 

ʩʪʘʣʴʥʦ-ʩʝʨʘʷ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ. ʅʘ ʩʢʦʣʘʭ ʚʠʜʥʳ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʘʛʥʝ-

ʪʠʪʘ. ʆʙʱʠʡ ʚʠʜ ʧʣʠʪʳ ʠ ʦʙʣʦʤʢʘ ʥʘ ʩʢʦʣʝ ʠʤʝʝʪ ʚʠʜ ʥʝʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʣʘʚ-

ʣʝʥʥʦʛʦ ʯʫʛʫʥʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʢʠ ʂʠʨʠʢʦʚ ʠ ʜʨ.,1999-2001  ʚ ɺʝʨʭʥʝʤ ʇʦʚʝʪʣʫ-

ʞʴʝ ʧʦ ʧʨʘʚʦʙʝʨʝʞʴʶ ɺʝʪʣʫʛʠ ʦʪ ʩ. ʂʨʫʛʣʳʞʝʡ ʜʦ ʩ. ʏʝʨʥʦʚʩʢʦʝ ʠ ʜʘʣʝʝ ʥʘ ʟʘ-

ʧʘʜ ʜʦ ʂʣʶʯʝʡ ʚʳʷʚʣʝʥʳ 3 ʢʠʩʣʳʭ ʠʥʪʨʫʟʠʠ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʟʜʝʩʴ ʥʘ ʛʨʘ-

ʥʠʮʝ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʠ ʂʦʪʝʣʴʥʠʯʝʩʢʦʛʦ ʩʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʩʝʚʝʨʦ-ʟʘʧʘʜ-

ʥʦʡ ʤʦʥʦʢʣʠʥʘʣʠ, ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʦʤʦʚ, ʣʠʥʝʡʥʳʭ ʟʦʥ ʠ ʚʘʣʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ-

ʷʩʥʳ ʢʦʨʥʠ ʠ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ. ʅʝʷʩʥʦ ʪʘʢʞʝ ʥʘ ʢʘʢʫʶ ʚʳʩʦʪʫ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʠ ʧʦʜʥʠʤʘʣʠʩʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʝʨʨʠʪʦʨʠʷ ʏʝʨʥʦʚʩʢʦʛʦ ʚ ʶʨʩʢʦ-

ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʧʨʠʤʳʢʘʣʘ ʢ  ʟʦʥʝ ʧʨʦʣʠʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ  ʚ ʫʩ-

ʣʦʚʠʷʭ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ ʤʝʞʜʫ ʂʨʘʩʘʚʠʥʩʢʠʤʠ ʋʚʘʣʘʤʠ ʥʘ ʶʛʝ ( ʐʘʙʘ-

ʣʠʥʦ, ʉʚʝʯʘ, ʂʦʪʝʣʴʥʠʯ) ʠ ʉʝʚʝʨʥʳʤʠ ʋʚʘʣʘʤʠ (ɹʦʛʦʚʘʨʦʚʦ, ɼʘʨʦʚʩʢʦʡ, ʆʧʘ-


