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ʆʊ ʈɽɼʂʆʃɽɻʀʀ 
 
 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

ɺ ʧʝʨʚʦʤ ʚʳʧʫʩʢʝ çʊʨʫʜʦʚ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅè, ʧʦʩʚʷʱʝʥʥʦʤ 

ʪʝʤʝ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʡ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʉʝʚʝʨʘè, 

ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨ ɽʚʨʦ-ɸʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘ. ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʚʦʜʦʝʤʳ ʄʫʨʤʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʟʝʨʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʚ ʧʨʠʛʨʘʥʠʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʝʞʜʫ ʈʦʩʩʠʝʡ, ʅʦʨʚʝʛʠʝʡ ʠ ʌʠʥʣʷʥʜʠʝʡ. ʕʪʦʪ ʨʘʡʦʥ 

ʫʞʝ ʙʦʣʝʝ 60 ʣʝʪ ʠʥʪʝʥʩʠʚʥʦ ʟʘʛʨʷʟʥʷʝʪʩʷ ʚʳʙʨʦʩʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʝʨʥʠʩʪʦʛʦ 

ʛʘʟʘ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʧʝʨʝʜʝʣʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʬʘʡʥʰʪʝʡʥʘ ʥʘ ʢʦʤʙʠʥʘʪʝ çʇʝʯʝʥʛʘʥʠʢʝʣʴè. 

ɸʚʪʦʨʘʤʠ ʦʙʦʙʱʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ; ʧʦʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ (ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʟʦʦʧʣʘʥʢʪʦʥʘ, 

ʟʦʦʙʝʥʪʦʩʘ, ʠʭʪʠʦʬʘʫʥʳ), ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʛʥʦʟ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ.r 
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ʋɼʂ 574.58 

 
ʅ.ɸ.ʂʘʰʫʣʠʥ, ɼ.ɹ.ɼʝʥʠʩʦʚ, ʉ.ɸ.ɺʘʣʴʢʦʚʘ, ʆ.ʀ.ɺʘʥʜʳʰ, ʇ.ʄ.ʊʝʨʝʥʪʴʝʚ  
 
ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ʀɿʄɽʅɽʅʀʁ ʇʈɽʉʅʆɺʆɼʅʓʍ ʕʂʆʉʀʉʊɽʄ 
ɽɺʈʆ-ɸʈʂʊʀʏɽʉʂʆɻʆ ʈɽɻʀʆʅɸ 
 
ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʩʥʦʚʦʜʥʳʭ 
ʚʦʜʦʝʤʦʚ ʉʝʚʝʨʘ ɽʚʨʦʧʳ. ɺʳʷʚʣʝʥ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʟʤʝʥʝʥʠʷʭ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʧʫʣʷʮʠʡ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 
ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʦʨʛʘʥʠʟʤʘʭ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʘ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. 
ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʦʪ 
ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʛʥʦʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʙʠʦʮʝʥʦʟʦʚ. 
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THE MODERN TENDENCIES OF MODIFICATION OF FRESH WATER ECOSYSTEMS  
OF THE EURO-ARCTIC REGION 
 
Abstract 

Results long-term integrated researches of freshwater ecosystem of North Europe are reported. 
A number of patterns in modification of the structure and the functioning of hydrobiont 
populations and the specific changes in their organisms as affected of heavy metals water 
pollution were revealed. The forecast of hydrobiont community development is presented. 
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ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʟʘʥʠʤʘʶʪ ʚʘʞʥʝʡʰʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ɸʨʢʪʠʢʠ. ʆʟʝʨʘ ʠ ʨʝʢʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʩʦʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ, ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ ʢʦʨʝʥʥʳʭ 

ʥʘʨʦʜʦʚ, ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʭ ʞʠʟʥʝʥʥʦʡ ʩʨʝʜʳ. ʇʨʝʩʥʳʝ ʚʦʜʳ ʩʣʫʞʘʪ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʘʨʪʝʨʠʷʤʠ ʤʥʦʛʠʭ ʨʝʛʠʦʥʦʚ, ʦʙʲʝʢʪʘʤʠ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠ ʩʧʦʨʪʠʚʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ, ʨʳʙʦʚʦʜʩʪʚʘ, ʨʝʢʨʝʘʮʠʦʥʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʨʘʟʚʠʪʠʶ ʪʫʨʠʟʤʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ɸʨʢʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʛʨʠʨʫʶʪ ʚʩʝ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʭ ʚʦʜʦʩʙʦʨʦʚ. ɺʩʣʝʜʩʪʚʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ɿʝʤʣʠ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦ 

ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʘʭ, ʧʝʨʝʥʦʩʠʪʩʷ ʚ ɸʨʢʪʠʢʫ, ʛʜʝ ʦʥʠ ʦʩʘʞʜʘʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʚ ɻ ʢʦʩʠʩʪʝʤʘʭ. ɿʥʘʯʠʪʝʣʴʥʘ ʨʦʣʴ ʠ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʨʝʛʠʦʥʘʭ ʠʛʨʘʶʪ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʠʤʝʶʱʠʝ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʀ ʭʦʪʷ 

ʦʙʱʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʦʜʥʦʟʥʘʯʥʘ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ 

ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ 

ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʥʠʞʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ 
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ʝʝ, ʧʦ ʦʙʨʘʟʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʘʢʘʜʝʤʠʢʘ ʖ.ʀ. ʀʟʨʘʵʣʷ, çʥʝʨʚʦʟʥʦʩʪʠè. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʫʨʦʚʥʠ ʧʨʦʷʚʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʘʥʦʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʬʦʥʝ ʪʨʝʥʜʘ ʥʘ 

ʧʦʪʝʧʣʝʥʠʝ (Polyakov et al., 2002; McBean et al., 2005; ACIA, 2005). ʈʝʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʩʣʦʞʥʦʩʪʴ 

ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ. ʄʥʦʛʦʛʨʘʥʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʩʦ 

ʩʪʦʨʦʥʳ ʵʢʦʩʠʩʪʝʤ ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʜʝʨʞʢʠ, ʠʭ ʧʝʨʝʢʨʳʚʘʥʠʷ, ʧʨʦʷʚʣʝʥʠʷ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʘʜʜʠʪʠʚʥʳʭ ʠ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʣʘʝʪ ʢʨʘʡʥʝ 

ʩʣʦʞʥʳʤʠ ʧʦʧʳʪʢʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʚʦʜʦʝʤʦʚ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʩʪʘʝʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʴʥʦʡ. ʅʝ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʥʪʨʦʣʴ ʟʘ ʚʩʝʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʠ ʙʠʦʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʞʝ ʩʘʤʳʭ 

ʧʨʦʩʪʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɼʣʷ ʦʮʝʥʢʠ ʠʭ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʚʝʱʝʩʪʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʚʦʜʝ ʠ/ʠʣʠ 

ʚ ʩʝʜʠʤʝʥʪʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʨʢʝʨʦʚ (ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝ 

ʚʝʱʝʩʪʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʙʠʦʪʝ). ʂʘʞʜʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʦʛʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ ʣʠʰʴ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʙʠʦʪʫ ʚʦʜʦʝʤʘ ʣʠʰʴ ʧʦ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʚʦʜʝ ʠʣʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩʦ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʇɼʂ) ʠʤʝʝʪ 

ʚʝʩʴʤʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ (ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʠ ʦʨʛʘʥʠʟʤʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʪ.ʜ.) ʠʤʝʶʪ ʦʯʝʚʠʜʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ "ʠʥʪʝʛʨʠʨʫʶʱʠʤʠ" ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʩʝʭ 

ʠʟʤʝʥʝʥʠʡ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʨʘʞʘʶʪ 

ʦʪʚʝʪʳ ʙʠʦʪʳ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʚʳʷʚʠʪʴ 

ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʇʦʢʘʟʘʪʝʣʠ ʩʦʦʙʱʝʩʪʚʘ ʠ ʧʦʧʫʣʷʮʠʡ ʯʘʩʪʦ ʦʧʦʩʨʝʜʦʚʘʥʳ 

ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʠ ʧʨʦʪʝʢʘʶʪ ʥʘ 

ʬʦʥʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʥʷʪʠʝ "ʥʦʨʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ" ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʚʦʣʴʥʦ ʫʩʣʦʚʥʦ ʠ ʥʝʧʦʩʪʦʷʥʥʦ. ʆʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʨʝʛʠʦʥʘʣʴʥʳʭ, ʩʝʟʦʥʥʳʭ, ʤʝʞ- ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ, ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ, 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʠ ʢʦʣʝʙʘʥʠʡ ʥʦʨʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ ʢ ʥʠʤ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʨʫʜʥʦʩʪʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ 

ʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʦʪʚʝʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʇʦʵʪʦʤʫ 

ʧʨʦʚʝʜʝʥʠʝ ʣʠʰʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʚʩʝ ʚʦʧʨʦʩʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʩʣʦʞʥʷʶʱʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʦʝʤʦʚ ɽʚʨʦ-ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʥʦʩʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʦʩʪʘʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʤʫ ʪʠʧʫ ʟʘʛʨʷʟʥʝʥʠʷ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʩʚʦʡʩʪʚʝʥʥʘ ʩʣʝʜʫʶʱʘʷ ʩʧʝʮʠʬʠʢʘ: 

¶ ʥʘʛʨʫʟʢʘ ʥʦʩʠʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚʳʧʘʜʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʟ ʘʪʤʦʩʬʝʨʳ: 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʢʦʨʦʪʢʠʝ ʧʝʨʠʦʜʳ 

ʩʥʝʛʦʪʘʷʥʠʷ ʠʣʠ ʦʙʠʣʴʥʳʭ ʜʦʞʜʝʡ ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʤʝʜʣʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ; 

¶ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʘʟʝʤʥʳʭ ʠ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, 

ʚʦʟʨʘʩʪʘʥʠʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʣʛʦʞʠʚʫʱʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʵʪʠʭ ʵʢʦʩʠʩʪʝʤʘʭ; 

¶ ʩʢʦʨʦʩʪʴ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʛʝʦʣʦʛʠʝʡ ʚʦʜʦʩʙʦʨʦʚ, ʣʘʥʜʰʘʬʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʤʦʨʬʦʣʦʛʠʝʡ ʚʦʜʦʝʤʦʚ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ; 

¶ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʳʧʘʜʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʶ 
ʚʦʜʦʩʙʦʨʘ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʚʦʜʦʝʤʝ, ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʚʝʩʴ ʵʪʦʪ ʨʘʡʦʥ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʜʦʝʤʦʚ ʉʝʚʝʨʘ. 

¶ ʇʨʠʨʦʜʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ. ɼʣʷ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ 

ʣʘʥʜʰʘʬʪʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʜʘʞʝ 

ʥʘ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʚʦʜʦʝʤʳ ʩ ʨʘʜʠʢʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ 

ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʪʩʫʪʩʪʚʠʝ ʯʝʪʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʘʨʢʪʠʯʝʩʢʠʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

(ʢʦʨʦʪʢʠʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʢʦʨʦʪʢʠʝ ʧʠʱʝʚʳʝ ʮʝʧʠ, ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʜʦʩʪʫʧʥʦʡ ʵʥʝʨʛʠʠ, ʫʷʟʚʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʩʦʦʙʱʝʩʪʚ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʦʪ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ). 

¶ ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚʳʧʘʜʝʥʠʷ, ʤʠʛʨʘʮʠʡ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʧʝʮʠʬʠʢʘ ʧʨʦʮʝʩʩʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘ ʬʦʥʝ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʆʪʩʫʪʩʪʚʠʝ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʥʘʯʘʣʘ ʨʝʛʠʦʥʘʣʴʥʦ-ʬʦʥʦʚʦʡ ʟʦʥʳ, 

ʯʪʦ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʰʠʙʢʝ ʚʳʙʦʨʘ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʣʦʢʘʣʴʥʦʡ ʟʦʥʝ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʦʙʲʝʢʪʠʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ: ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʩʦʟʜʘʥʦ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʟʘ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʨʝʪʨʦʩʧʝʢʪʠʚʫ. ʇʨʠʯʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʟʳ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʟʦʥʳ 

ʣʦʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʠ ʨʝʛʠʦʥʘʣʴʥʦ-ʬʦʥʦʚʦʡ ʟʦʥʳ. 

¶ ɸʢʢʫʤʫʣʷʮʠʷ ʜʦʣʛʦʞʠʚʫʱʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ, 

ʧʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʵʢʦʩʠʩʪʝʤʝ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʫʜʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʭ 

ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʆʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʵʢʦʩʠʩʪʝʤ ʚ çʜʦʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʝʨʠʦʜè. ʆʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʣʳʭ ʩʫʙʣʝʪʘʣʴʥʳʭ ʜʦʟ. 
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ʊʨʫʜʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ 

ʨʝʛʠʦʥʘ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ 

ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʠʜʨʦʙʠʦʥʪʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʠ ʦʮʝʥʢʝ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʣʴʟʷ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɽʛʦ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʚ ʧʨʠʨʦʜʥʦʤ ʚʦʜʦʝʤʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʕʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ, 

ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʤʝʪʘʣʣ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʫʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʘ (ʯʝʨʝʟ ʚʦʜʫ, ʜʦʥʥʳʝ ʦʩʘʜʢʠ, ʧʠʱʫ), ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʳʙ, ʵʬʬʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʩʪʨʝʩʩʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʨʳʙ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʝ 

ʫʯʘʩʪʢʠ ʠ ʜʨ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʨʅ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʂʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ  

ʠ ʨʝʛʫʣʠʨʫʶʱʠʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʚʦ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ. ʇʦʥʠʞʝʥʠʝ ʨʅ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʤʥʦʛʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʚʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ. ɺʘʞʥʝʡʰʠʡ 

ʵʬʬʝʢʪ ʨʅ ï ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʙʠʦʜʦʩʪʫʧʥʳʤʠ ʬʦʨʤʘʤʠ 

ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʅ. 

ʍʦʪʷ ʚʳʙʨʦʩʳ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʮʚʝʪʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʨʝʛʠʦʥʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʢʨʘʪʠʣʠʩʴ, ʦʥʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʧʨʦʮʝʩʩʳ ʟʘʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ  

ʚ ʢʠʩʣʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʠ ʚʳʟʳʚʘʷ ʚʝʩʝʥʥʠʝ ʨʅ-ʰʦʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʢʨʘʱʘʶʪʩʷ (ʨʠʩ.1). 
ʇʦʤʠʤʦ ʢʠʩʣʦʪʥʦʩʪʠ ʥʘ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ ʩʨʝʜʳ. ʊʘʢ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʥʠʟʢʠʤ ʨʅ, ʠʦʥʳ Ca
+2

 ʠ Mg
+2

 ʤʦʛʫʪ 
ʧʨʦʷʚʣʷʪʴ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʦʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ 
ʫʩʧʝʰʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʧʦʩʣʝʜʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʘʙʨ ʨʳʙ. ʄʥʦʛʠʝ 
ʧʨʠʨʦʜʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 
ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʚʝʱʝʩʪʚʦ-ʟʘʛʨʷʟʥʠʪʝʣʴ 
ʠʣʠ ʢʘʢʘʷ-ʪʦ ʝʛʦ ʯʘʩʪʴ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʚʷʟʘʥʥʳʭ ʬʦʨʤʘʭ (ʢʦʤʧʣʝʢʩʘʭ ʠʣʠ 
ʘʩʩʦʮʠʘʮʠʷʭ), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʙʠʦʪʳ. 
ʇʨʠ ʵʪʦʤ ʚʝʱʝʩʪʚʦ-ʟʘʛʨʷʟʥʠʪʝʣʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʥʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʫʛʨʦʟʘ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʝʩʣʠ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʨʅ). ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 
ʫʯʠʪʳʚʘʪʴ çʧʦʩʪʦʷʥʩʪʚʦè ʪʦʢʩʠʢʘʥʪʘ (ʪ.ʝ. ʝʛʦ ʚʨʝʤʷ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʚʦʜʦʝʤʝ) ʠ ʨʠʩʢ 
ʙʠʦʥʘʢʦʧʣʝʥʠʷ ʚ ʧʠʱʝʚʳʭ ʮʝʧʷʭ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʪʦʢʩʠʢʘʥʪʘ ʚ ʦʨʛʘʥʠʟʤʘʭ ʚʳʩʰʠʭ ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʉʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 
ʙʳʪʴ ʘʙʩʦʨʙʠʨʦʚʘʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʚʢʣʶʯʝʥʳ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ ʠʣʠ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʧʘʜʘʶʪ ʚ ʦʨʛʘʥʠʟʤʳ ʞʠʚʦʪʥʳʭ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʨʦʬʠʯʝʩʢʠʭ 
ʫʨʦʚʥʝʡ ʩ ʧʠʱʝʡ (ʬʠʣʴʪʨʘʪʦʨʳ, ʙʝʥʪʦʬʘʛʠ ʠ ʪ.ʜ.). 
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ʈʠʩ.1. ɼʠʥʘʤʠʢʘ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʆɸʆ çʂʦʣʴʩʢʘʷ 
ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷè (http://www.kolagmk.ru/ecology/monitoring) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ  

ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʘʭ ʟʘʚʠʩʠʪ ʦʪ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʦʮʝʥʢʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʩʝʛʜʘ ʩʪʦʠʪ 

ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʦʮʝʩʩʳ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ ʉʝʚʝʨʘ ɽʚʨʦʧʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʃʘʙʦʨʘʪʦʨʠʝʡ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʀʇʇʕʉ ʂʅʎ ʈɸʅ, ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʩʦʦʙʱʝʩʪʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʦʙʲʝʢʪʠʚʥʦ 

ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʝʝ ʦʮʝʥʢʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʚ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʷʚʠʪʴ ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʛʦʚʳʝ ʫʨʦʚʥʠ 

ʥʘʛʨʫʟʦʢ ʠ ʜʘʪʴ ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʡ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʟʤʝʥʝʥʠʷʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʧʫʣʷʮʠʡ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ 

ʦʨʛʘʥʠʟʤʘʭ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʘ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʚʝʣʠʯʠʥʳ 

ʥʘʛʨʫʟʢʠ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

 

ʊʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʡ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ 

 

ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʧʨʦʜʫʮʝʥʪʳ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʚ ʩʝʚʝʨʥʳʭ ʦʙʣʘʩʪʷʭ ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʦʩʣʠ. ʈʘʟʣʠʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʥʥʦʡ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ɹʘʨʠʥʦʚʘ, ʄʝʜʚʝʜʝʚʘ, 1996; 

ʂʦʤʫʣʘʡʥʝʥ, 2003, 2007; ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006; ʂʦʤʫʣʘʡʥʝʥ ʠ ʜʨ., 2006;). ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʠʟʫʯʝʥʥʦʩʪʴ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʨʝʛʠʦʥʘ, ʦʩʦʙʝʥʥʦ  

ʚ çʜʦʠʥʜʫʩʪʨʠʘʣʴʥʳʡè ʧʝʨʠʦʜ ʠ ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʝʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʦʜʦʨʦʩʣʷʭ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ 

ʚ ʨʷʜʝ ʨʘʙʦʪ (ʂʦʤʫʣʘʡʥʝʥ ʠ ʜʨ., 2006). ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʧʝʨʚʳʭ ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ (Wahlanberg, 1812; Nylander, 

Saelan, 1859; Kihlman, 1890; Kihlman, Palmen, 1889). ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ 

ʩʦʩʪʘʚʘ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʴʛʦʬʣʦʨʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʩʪʚʠʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʵʢʦʩʠʩʪʝʤ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʦʝʤʦʚ ʚʥʝʩʣʠ ʩʦʪʨʫʜʥʠʢʠ ʀʥʩʪʠʪʫʪʘ 

ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ (ɼʘʚʳʜʦʚʘ, 1971; ʃʝʪʘʥʩʢʘʷ, 1974) ʠ ʂʘʨʝʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

(ʂʦʤʫʣʘʡʥʝʥ, 2003; 2007). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʠʜʦʚʦʤ 

ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʂʦʣʴʩʢʦʛʦ ʉʝʚʝʨʘ (ʂʘʛʘʥ, ɼʝʥʠʩʦʚ, 2002; 

ʐʘʨʦʚ, 2004; ɼʝʥʠʩʦʚ, ʂʘʰʫʣʠʥ, 2007; ɼʝʥʠʩʦʚ, 2007; 2009; 2010; ʂʘʰʫʣʠʥ  

ʠ ʜʨ., 2008; 2009). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʜʦʨʦʩʣʷʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʨʘʟʥʦʪʠʧʥʳʭ ʤʘʣʳʭ ʦʟʝʨ ʨʝʛʠʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʷʚʣʷʝʪʩʷ 

ʦʪʨʳʚʦʯʥʦʡ. ʄʥʦʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʦ ʜʘʥʥʳʤ ʨʘʟʦʚʦʛʦ ʦʪʙʦʨʘ ʧʨʦʙ, 

ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʥʝ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʦʝʤʘ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ 

ʢ ʬʠʪʦʧʣʘʥʢʪʦʥʫ, ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʥr ʢ ʨʝʟʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʪʚʝʪ ʥʘ ʤʝʥʷʶʱʠʝʩʷ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʤʘʣʳʭ ʦʟʝʨʘʭ. ɺ ʵʪʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʚʝʣʠʢʘ ʨʦʣʴ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ. 
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ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʦʩʥʦʚʥʳʭ 
ʪʝʥʜʝʥʮʠʷʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʚʦʜʦʨʦʩʣʝʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 
ʜʝʩʷʪʠʣʝʪʠʷ. ʇʨʦʠʩʭʦʜʷʪ ʨʘʜʠʢʘʣʴʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʴʛʦʮʝʥʦʟʦʚ, ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʩʫʢʮʝʩʩʠʡ ʢʘʢ 
ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʛʦ ʜʝʡʩʪʚʠʷ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʛʫʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʠʟ 
ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʫʩʠʣʝʥʥʳʝ ʘʥʦʤʘʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ.2). 

 

 
 

ʈʠʩ.2. ʉʭʝʤʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʪʦʪ 
ʧʨʦʮʝʩʩ ʬʘʢʪʦʨʳ 
 

ɺʦʜʦʨʦʩʣʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʩʝ ʧʨʦʠʩʭʦʜʷʱʠʝ 
ʠʟʤʝʥʝʥʠʷ: ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʤʝʥʷʶʪʩʷ 
ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʙʱʝʩʪʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ 
ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ. ʕʪʦ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ 
ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʠ ʟʘʜʘʯ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 
ʚʦʜ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪʩʷ 
ʫʯʠʪʳʚʘʪʴ ʩʠʥʝʨʛʝʪʠʢʫ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʥʝʦʜʥʦʟʥʘʯʥʦ 
ʠ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʱʝʧʨʠʥʷʪʳʭ 
ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʯʝʚʠʜʥʦ, ʨʷʜ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ 
ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʧʝʨʝʩʤʦʪʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʦʙʲʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʠʥʜʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʩʘʧʨʦʙʥʦʩʪʠ. ʉʘʧʨʦʙʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʚʳʞʠʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʦʨʛʘʥʠʯʝʩʢʦʛʦè 
ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ 
ʧʠʪʘʥʠʷ (ʬʦʩʬʘʪʳ ʠ ʥʠʪʨʘʪʳ) ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʜʫʮʝʥʪʦʚ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘʛʨʷʟʥʝʥʠʝ ʵʪʦʛʦ ʪʠʧʘ 
ʩʦʧʨʷʞʝʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʠʟʳʩʢʘʥʠʡ, ʧʨʦʮʝʜʫʨʳ ʆɺʆʉ ʠ ʜʨ. ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ ʧʦ 
ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʨʤʘʪʠʚʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ 
ɻʆʉʊ 17.1.3.07-82. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠ ʩʪʝʧʝʥʠ ʠʭ ʟʘʛʨʷʟʥʝʥʠʷ 
ʨʝʢʦʤʝʥʜʦʚʘʥ ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ (S), ʚʳʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ 
(ʨʠʩ.3) (ʉʣʘʜʝʯʝʢ, 1967; ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006; 1986; Sladecek, 1973). 
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ʈʠʩ.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʠ ʩʘʧʨʦʙʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ ʩʘʤʦʦʯʠʱʝʥʠʷ (ɻʆʉʊ 17.1.3.07-82) 

 

ʈʝʘʢʮʠʷ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜ 

ʥʘ ʦʩʥʦʚʝ ʩʘʧʨʦʙʥʦʛʦ ʠʥʜʝʢʩʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʘʣʴʛʦʮʝʥʦʟʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʜʝʢʩ 

ʩʘʧʨʦʙʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʘʣʴʛʦʮʝʥʦʟʦʚ 

ʠ ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʪʝʧʝʥʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʤʝʞʚʠʜʦʚʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʘ ʪʘʢʞʝ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʠʦʪʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ ʥʝ ʫʯʠʪʳʚʘʣ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʥʦʚʳʭ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ 

ʘʥʦʤʘʣʠʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʦʙʱʝʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ 

ʚʦʜʦʨʦʩʣʝʡ ʧʣʘʥʢʪʦʥʘ ʠ ʧʝʨʠʬʠʪʦʥʘ ʚʦʜʦʝʤʦʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʂʦʣʴʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ. ɺ ʥʝ ʥʘʨʫʰʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʣʦʢʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʫʩʣʦʚʠʡ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺʩʝ ʚʦʜʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʣʠʤʥʦʩʘʧʨʦʙʥʦʡ ʢʘʪʝʛʦʨʠʠ (S ʦʪ 0 ʜʦ 2.0) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʣʴʪʨʘʦʣʠʛʦʪʨʦʬʥʳʤ ʠ ʦʣʠʛʦʪʨʦʬʥʳʤ ʪʨʦʬʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʭʣʦʨʦʬʠʣʣʘ çaè. ʌʠʪʦʧʝʨʠʬʠʪʦʥ ʠʟʫʯʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʚʠʜʦʚ, ʯʠʩʣʝʥʥʦʩʪʴʶ ʠ ʙʠʦʤʘʩʩʦʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ) ʠ ʟʘʯʘʩʪʫʶ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʠʪʦʤʘʩʩʳ, ʦʙʨʘʟʫʝʤʦʡ ʘʚʪʦʪʨʦʬʘʤʠ ʚ ʚʦʜʦʝʤʘʭ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʝʣʢʦʚʦʜʥʳʭ ʪʫʥʜʨʦʚʳʭ ʦʟʝʨ (ʨʠʩ.4). 
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ʈʠʩ.4. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (Chl), ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ 
ʧʣʘʥʢʪʦʥʘ ʠ ʧʝʨʠʬʠʪʦʥʘ (Hô), ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (B), ʠʥʜʝʢʩ 
ʩʘʧʨʦʙʥʦʩʪʠ (S) ʠ ʥʝʢʦʪʦʨʳʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʝʨ 
ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʂʦʣʴʩʢʦʛʦ ʉʝʚʝʨʘ: 
1 ï ʟʘʛʨʷʟʥʷʝʤʳʝ ʠ ʵʚʪʨʦʬʠʨʫʝʤʳʝ; 2 ï ʪʫʥʜʨʦʚʳʝ ʠ ʣʝʩʦʪʫʥʜʨʦʚʳʝ;  
3 ï ʛʦʨʥʳʝ; 4 ï ʩʝʚʝʨʦʪʘʝʞʥʳʝ 

 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʘʧʨʦʙʥʦʛʦ ʠʥʜʝʢʩʘ, ʦʪʨʘʞʘʶʱʝʛʦ 

ʥʘʛʨʫʟʢʫ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (S), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, 
ʠʩʧʳʪʳʚʘʶʱʠʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʘʧʘʪʠʪʦʚʳʭ ʨʫʜ 
(ʆɸʆ çɸʧʘʪʠʪè ʠ ʂʦʚʜʦʨʩʢʠʡ ɻʆʂ), ʘ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 
ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ (ʩʪʦʢʘʤʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦ 
ʚʳʩʦʢʠʤʠ ʜʣʷ ʚʦʜ ʂʦʣʴʩʢʦʛʦ ʉʝʚʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ N ʠ P. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
pH ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ (ʨʠʩ.4). ɺʦʜʦʝʤʳ ʵʪʦʡ ʛʨʫʧʧʳ 
ʨʘʟʣʠʯʘʶʪʩʷ ʥʘʙʦʨʦʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʝʤ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 
ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʚʠʜʦʚʦʛʦ 
ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʘʧʨʦʙʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʜʦʝʤʳ, ʠʩʧʳʪʳʚʘʶʱʠʝ ʪʦʢʩʠʯʝʩʢʫʶ 
ʥʘʛʨʫʟʢʫ ʠʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʡ ʚʟʚʝʩʠ, 
ʦʪʣʠʯʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ S, ʥʘ ʫʨʦʚʥʝ ʦʣʠʛʦʩʘʧʨʦʙʥʳʭ 
ʚʦʜ (0.8-1.2) ʚ ʩʠʣʫ ʫʛʥʝʪʝʥʠʷ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ ï ʩʘʧʨʦʙʠʦʥʪʦʚ. ɺʝʨʦʷʪʥʦ, 
ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ ʥʝʦʙʭʦʜʠʤʳ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʘʧʨʦʙʥʦʛʦ ʠʥʜʝʢʩʘ ʠ ʝʛʦ 
ʘʜʘʧʪʘʮʠʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ ʧʦ ʧʨʠʥʷʪʳʤ ʚ ʈʌ ʥʦʨʤʘʪʠʚʘʤ ʣʠʙʦ 
ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ (ɻʆʉʊ 17.1.3.07-82). 
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ʋʩʠʣʝʥʠʝ ʵʚʪʨʦʬʠʢʘʮʠʠ. ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʵʚʪʨʦʬʠʢʘʮʠʷ ʚʦʜ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʪʦʢʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʘʧʘʪʠʪʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛʦʨʦʜʦʚ, 

ʥʦ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʉʪʝʧʝʥʴ ʚʢʣʘʜʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʳ 

ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʝʣʠʯʠʥʳ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʚʦʜʦʨʦʩʣʝʡ ʧʣʘʥʢʪʦʥʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ 

ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʩʠʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ.4). 

ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʜʣ̫ ʜʚʫʭ ʫʯʘʩʪʢʦʚ ʘʢʚʘʪʦʨʠʠ ʦʟ.ʀʤʘʥʜʨʘ ʠ ʦʟʝʨʥʦ-ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʇʘʩʚʠʢ. 

 

 
 

ʈʠʩ.5. ʊʨʝʥʜʳ ʫʚʝʣʠʯʝʥʠʷ ʙʠʦʤʘʩʩʳ (ʛ/ʤ
3
) ʣʝʪʥʝʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ: 

ʘ) ʦʟʝʨʥʦ-ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ ʇʘʩʚʠʢ, ʙ) ʦʟ.ʀʤʘʥʜʨʘ, ʨʘʡʦʥ ʦʩʪʨʦʚʘ ʁʦʢʦʩʪʨʦʚ; 

ʚ) ʦʟ.ʀʤʘʥʜʨʘ, ʛʫʙʘ ʄʦʥʯʝ 

 

ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʘʢ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʜʣʷ ʦʟ.ʀʤʘʥʜʨʘ), ʪʘʢ ʠ ʠʭ ʜʠʘʧʘʟʦʥ ï ʙʦʣʴʰʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ 

ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʚʧʣʦʪʴ ʜʦ çʮʚʝʪʝʥʠʷè ʚʦʜʳ) ʚ ʦʪʜʝʣʴʥʳʝ ʩʝʟʦʥʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʭʨʘʥʷʣʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʷ 

ʙʠʦʤʘʩʩʳ (ʩ ʫʯʝʪʦʤ ʵʢʩʪʨʝʤʘʣʴʥʳʭ) ʚʳʨʦʩʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʆʯʝʚʠʜʥʦ, ʧʨʦʮʝʩʩʳ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʫʩʠʣʠʚʘʪʴʩʷ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʤʦʱʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʚ ʩʪʦʨʦʥʫ ʧʦʪʝʧʣʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (2006-2010) ʚ ʚʦʜʦʝʤʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʄʫʨʤʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʷʚʣʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ ʧʣʘʥʢʪʦʥʘ, ʚʧʣʦʪʴ ʜʦ 

ʮʠʘʥʦʧʨʦʢʘʨʠʦʪʠʯʝʩʢʦʛʦ ʮʚʝʪʝʥʠʷ ʚʦʜʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʛʫʣʷʨʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʦʦʙʱʝʩʪʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ 

ʙʘʟʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʀʤʘʥʜʨʘè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʝʨʠʦʜʳ 

ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʮʚʝʪʝʥʠʝ ʚʦʜ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʧʨʦʛʨʝʚʘʝʤʳʭ ʟʘʣʠʚʘʭ ʚ ʨʘʡʦʥʝ ʦʩʪʨʦʚʘ ɹʦʣʴʰʦʡ ʁʦʢʦʩʪʨʦʚ. ʆʩʥʦʚʥʳʤʠ 

ʤʘʩʩʦʚʳʤʠ ʚʠʜʘʤʠ ʣʝʪʥʝʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʠʶʣʴ-ʘʚʛʫʩʪ) ʷʚʣʷʶʪʩʷ ʧʝʨʠʜʠʥʝʝʚʳʝ 

(Ceratium hirundinella (O.F. M¿ll.) Bergh f. hirundinella; Peridinium goslaviense Wolosz) 

ʠ ʩʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Anabaena lemmermannii P. Richt.; A. flos-aquae Born. et Flah. 


