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ʋʅʀɺɽʈɿʀʊɽʊ ʋ ʅʆɺʆʄ ʉɸɼʋ 

ʇʆɲʆʇʈʀɺʈɽɼʅʀ ʌɸʂʋʃʊɽʊ 

 

ʂˀʫʯʥʘ ʜʦʢʫʤʝʥʪʘʮʠʿʩʢʘ ʠʥʬʦʨʤʘʮʠʿʘ 

 
ʈʝʜʥʠ ʙʨʦʿ:  

ʈɹʈ 
 

ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ:  

ʀɹʈ 
 

ʊʠʧ ʜʦʢʫʤʝʥʪʘʮʠʿʝ:  

ʊɼ 
ʄʦʥʦʛʨʘʬʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ 

ʊʠʧ ʟʘʧʠʩʘ:  

ʊɿ 
ʊʝʢʩʪʫʘʣʥʠ ʰʪʘʤʧʘʥʠ ʤʘʪʝʨʠʿʘʣ 

ɺʨʩʪʘ ʨʘʜʘ:  

ɺʈ 
ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ ʘʫʪʦʨʘ: 

ɸʋ 
ʉʪʝʬʘʥ ʉʪʿʝʧʘʥʦʚʠ˂, ʤʘʩʪʝʨ ʠʥʞʝˁʝʨ 

ʄʝʥʪʦʨ (ʪʠʪʫʣʘ, ʠʤʝ, ʧʨʝʟʠʤʝ, ʟʚʘˁʝ) 

ʄʅ 

ʜʨ ɹʨʘʪʠʩʣʘʚ ʄʘʪʦʚʠ˂, ʥʘʫʯʥʠ 

ʩʘʨʘʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʟʘ ʥʠʟʠʿʩʢʦ 

ʰʫʤʘʨʩʪʚʦ ʠ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

ʅʦʚʠ ʉʘʜ 

 

ʇʨʦʬ. ʜʨ  ʉʘʰʘ ʆʨʣʦʚʠ˂, ʨʝʜʦʚʥʠ 

ʧʨʦʬʝʩʦʨ ʇʦˀʦʧʨʠʚʨʝʜʥʠ ʬʘʢʫʣʪʝʪ ʫ 

ʅʦʚʦʤ ʉʘʜʫ; ʥʘʫʯʥʠ ʩʘʚʝʪʥʠʢ, ʀʥʩʪʠʪʫʪ 

ʟʘ ʥʠʟʠʿʩʢʦ ʰʫʤʘʨʩʪʚʦ ʠ ʟʘʰʪʠʪʫ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʅʦʚʠ ʉʘʜ 

 

ɱʝʟʠʢ ʧʫʙʣʠʢʘʮʠʿʝ:  

ɱʇ 
ʉʨʧʩʢʠ ʿʝʟʠʢ 

ɱʝʟʠʢ ʠʟʚʦʜʘ:  

ɱʀ 
ʉʨʧʩʢʠ/ ɽʥʛʣʝʩʢʠ 

ɿʝʤˀʘ ʧʫʙʣʠʢʦʚʘˁʘ: 

ɿʇ 
ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ 

ʋʞʝ ʛʝʦʛʨʘʬʩʢʦ ʧʦʜʨʫʯʿʝ: 

ʋɻʇ 
ɸʇ ɺʦʿʚʦʜʠʥʘ 

ɻʦʜʠʥʘ: 

ɻʆ 
2019. 

ʀʟʜʘʚʘʯ: 

ʀɿ 
ɸʫʪʦʨʩʢʠ ʨʝʧʨʠʥʪ 
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ʄʝʩʪʦ ʠ ʘʜʨʝʩʘ:  

ʄɸ 

ʇʦˀʦʧʨʠʚʨʝʜʥʠ ʬʘʢʫʣʪʝʪ, ʊʨʛ ɼʦʩʠʪʝʿʘ 

ʆʙʨʘʜʦʚʠ˂ʘ 8, 21 000 ʅʦʚʠ ʉʘʜ 

 
ʌʠʟʠʯʢʠ ʦʧʠʩ ʨʘʜʘ:  

ʌʆ 

ɹʨʦʿ ʧʦʛʣʘʚˀʘ 7/ ʩʪʨʘʥʠʮʘ 256/ ʩʣʠʢʘ 

172/ ʪʘʙʝʣʘ 44/ ʨʝʬʝʨʝʥʮʠ 269/  

ʅʘʫʯʥʘ ʦʙʣʘʩʪ:  

ʅʆ 
ɹʠʦʪʝʭʥʠʯʢʝ ʥʘʫʢʝ 

ʅʘʫʯʥʘ ʜʠʩʮʠʧʣʠʥʘ:  

ʅɼ 
ɸʛʨʦʥʦʤʠʿʘ- ʐʫʤʘʨʩʪʚʦ 

ʇʨʝʜʤʝʪʥʘ ʦʜʨʝʜʠʮʘ, ʢˀʫʯʥʝ ʨʝʯʠ: 

ʇʆ 
ɹʫʢʚʘ, ʢʣʠʤʘ, ʜʝʥʜʨʦʝʢʦʣʦʛʠʿʘ, ʛʦʜʦʚʠ, 

ʋɼʂ: 572.021:551.583.4:582.632.2(043.3) 

ʏʫʚʘ ʩʝ: 

ʏʋ 

ɹʠʙʣʠʦʪʝʢʘ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ 

ʫ ʅʦʚʦʤ ʉʘʜʫ, ʪʨʛ ɼʦʩʠʪʝʿʘ ʆʙʨʘʜʦʚʠ˂ʘ 

8, ʅʦʚʠ ʉʘʜ 

ɺʘʞʥʘ ʥʘʧʦʤʝʥʘ: 

ɺʅ 
 

ʀʟʚʦʜ:  

ʀɿ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʚʠ 

ʧʨʦʫʯʘʚʘˁʝʤ ʫʪʠʮʘʿʘ ʢʣʠʤʝ ʥʘ ʙʫʢʦʚʝ 

ʰʫʤʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʠ ʈʝʧʫʙʣʠʮʠ 

ʉʨʧʩʢʦʿ. ɹʫʢʚʘ ʿʝ ʚʨʩʪʘ ʢʦʿʘ ʧʦʜʥʦʩʠ 

ʩʫʰʥʝ ʧʝʨʠʦʜʝ, ʘʣʠ ʫʢʦʣʠʢʦ ʩʝ ʩʫʰʥʠ 

ʧʝʨʠʦʜʠ ʫʯʝʩʪʘʣʦ ʧʦʥʘʚˀʘʿʫ ʤʦʛʫ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʨʠʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ 

ʦʚʠʭ ʰʫʤʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ 

ʠ ʪʨʘʿʘˁʘ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ, ʧʨʝʤʘ 

ʨʘʟʣʠʯʠʪʠʤ ʢʣʠʤʘʪʩʢʠʤ ʩʮʝʥʘʨʠʿʠʤʘ, ʫ 

ʙʫʜʫ˂ʥʦʩʪʠ  ʩʝ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʧʦʤʝʨʘˁʝ 

ʛʨʘʥʠʮʘ ʘʨʝʘʣʘ ʙʫʢʦʚʠʭ ʩʘʩʪʦʿʠʥʘ ʢʘ 

ʚʝ˂ʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ. 

ʎʠˀ ʦʚʦʛ ʨʘʜʘ ʙʠʦ ʿʝ ʠʩʪʨʘʞʠʪʠ ʫʪʠʮʘʿ 

ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʫ 

ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʢʣʠʤʘʪʩʢʝ ʟʦʥʝ (ʀʣʠʨʩʢʘ ʠ 

ʄʝʟʠʿʩʢʘ ʧʨʦʚʠʥʮʠʿʘ), ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ 

ʰʫʤʘ (ʜʦˁʘ ʛʨʘʥʠʮʘ, ʝʢʦʣʦʰʢʠ ʦʧʪʠʤʫʤ 

ʠ ʛʦʨˁʘ ʛʨʘʥʠʮʘ), ʩʘʛʣʝʜʘʪʠ ʜʫʛʦʨʦʯʥʠ 

ʫʪʠʮʘʿ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʜʘʚʠʥʘ ʥʘ ʨʘʩʪ ʠ 

ʚʠʪʘʣʥʦʩʪ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʫʪʠʮʘʿ 

ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʥʘ ʨʘʩʪ ʠ 

ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ.  

ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʧʦʿʝʜʠʥʘʯʥʦ ʧʦ 
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ʣʦʢʘʣʠʪʝʪʠʤʘ, ʘ ʟʘʪʠʤ ʩʫ ʛʨʫʧʠʩʘʥʠ ʠ 

ʦʙʿʝʜʠˁʝʥʠ ʧʦ ʛʝʦʛʨʘʬʩʢʠʤ ʟʦʥʘʤʘ ʠ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ. ɿʘ ʩʚʘʢʠ ʣʦʢʘʣʠʪʝʪ 

ʫʨʘʹʝʥʘ ʿʝ ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ 

ʫʟʦʨʢʦʚʘʥʘ ʩʪʘʙʣʘ, ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʭʨʦʥʦʣʦʛʠʿʝ ʪʠʭ ʩʪʘʙʘʣʘ ʠ ʘʥʘʣʠʟʠʨʘʥʝ 

ʢʣʠʤʘʪʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʜʨʫʯʿʘ. 

ʐʠʨʠʥʘ ʛʦʜʦʚʘ ʿʝ ʩʪʘʚˀʝʥʘ ʫ ʢʦʨʝʣʘʮʠʿʫ 

ʩʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʘʟʜʫʭʘ ʠ ʩʘ ʢʦʣʠʯʠʥʦʤ 

ʧʘʜʘʚʠʥʘ. ɸʥʘʣʠʟʠʨʘʥ ʿʝ ʠ ʫʪʠʮʘʿ 

ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʥʘ ʨʘʩʪ 

ʙʫʢʦʚʠʭ ʰʫʤʘ.  

ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʫʪʠʮʘʿ ʢʣʠʤʝ ʥʘ 

ʨʘʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʠʟʨʘʞʝʥʠʿʠ ʫ ʤʝʟʠʿʩʢʦʿ 

ʥʝʛʦ ʫ ʠʣʠʨʩʢʦʿ ʧʨʦʚʠʥʮʠʿʠ. ʍʨʦʥʦʣʦʛʠʿʝ 

ʩʪʘʙʘʣʘ ʩʘ ʜʦˁʝ ʛʨʘʥʠʮʝ ʠʤʘʿʫ ʠʟʨʘʞʝʥʠʿʝ 

ʧʠʢʦʚʝ ʥʝʛʦ ʭʨʦʥʦʣʦʛʠʿʝ ʩʪʘʙʘʣʘ ʢʦʿʝ ʩʝ 

ʥʘʣʘʟʝ ʫ ʦʧʪʠʤʫʤʫ ʠ ʥʘ ʛʦʨˁʦʿ ʛʨʘʥʠʮʠ 

ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ 

ʰʫʤʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʨʦʤʝʥʘ ʢʣʠʤʝ 

ʟʥʘʯʘʿʥʠʿʝ ʫʪʠʮʘʣʘ ʥʘ ʰʠʨʠʥʫ ʛʦʜʦʚʘ ʥʘ 

ʥʠʞʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ. 

ʋ ʙʫʢʦʚʠʤ ʰʫʤʘʤʘ ʫ ʉʨʙʠʿʠ ʠ ʈʝʧʫʙʣʠʮʠ 

ʉʨʧʩʢʦʿ ʧʦʩʪʦʿʠ ʩʤʘˁʝˁʝ ʰʠʨʠʥʝ ʛʦʜʦʚʘ, 

ʦʜʥʦʩʥʦ ʜʝʙˀʠʥʩʢʦʛ ʧʨʠʨʘʩʪʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʘʟʜʫʭʘ ʠ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ. ʆʚʦ 

ʩʤʘˁʝˁʝ ʿʝ ʠʟʨʘʞʝʥʠʿʝ ʥʘ ʜʦˁʦʿ ʛʨʘʥʠʮʠ 

ʠ ʫ ʦʧʪʠʤʫʤʫ ʥʝʛʦ ʥʘ ʛʦʨˁʦʿ ʛʨʘʥʠʮʠ 

ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ 

ʰʫʤʘ, ʘʣʠ ʥʠʿʝ ʿʦʰ ʫʚʝʢ ʚʝʣʠʢʠʭ ʨʘʟʤʝʨʘ 

ʜʘ ʙʠ ʫʪʠʮʘʣʦ ʥʘ ʧʦʤʝʨʘˁʝ ʘʨʝʘʣʘ 

ʙʫʢʦʚʠʭ ʰʫʤʘ ʠ ʧʦʚʣʘʯʝˁʘ ʙʫʢʚʝ ʥʘ ʚʝ˂ʝ 

ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ. 

ʀ ʫ ʠʣʠʨʩʢʦʿ ʠ ʫ ʤʝʟʠʿʩʢʦʿ ʧʨʦʚʠʥʮʠʿʠ ʫ 

ʩʚʝ ʪʨʠ ʟʦʥʝ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ 

ʙʫʢʦʚʠʭ ʰʫʤʘ ʟʘʙʝʣʝʞʝʥʦ ʿʝ ʩʤʘˁʝˁʝ 

ʰʠʨʠʥʝ ʛʦʜʦʚʘ ʫ ʠʟʨʘʟʠʪʦ ʩʫʰʥʠʤ 

ʛʦʜʠʥʘʤʘ, ʘ ʢʦʜ ʥʝʢʠʭ ʣʦʢʘʣʠʪʝʪʘ   

ʟʘʙʝʣʝʞʝʥʦ ʿʝ ʩʤʘˁʝˁʝ ʰʠʨʠʥʝ ʛʦʜʦʚʘ ʠ ʫ 

ʛʦʜʠʥʘʤʘ ʥʘʢʦʥ ʠʟʨʘʟʠʪʦ ʩʫʰʥʠʭ ʛʦʜʠʥʘ.  

  

ɼʘʪʫʤ ʧʨʠʭʚʘʪʘˁʘ ʪʝʤʝ ʦʜ ʩʪʨʘʥʝ ʅʅ 05. ʩʝʧʪʝʤʙʘʨ 2017. ʛʦʜʠʥʝ 
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ʚʝ˂ʘ:  

ɼʇ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ: 

ɼʆ 
 

ʏʣʘʥʦʚʠ ʢʦʤʠʩʠʿʝ: 

(ʠʤʝ ʠ ʧʨʝʟʠʤʝ / ʪʠʪʫʣʘ / ʟʚʘˁʝ / ʥʘʟʠʚ 

ʦʨʛʘʥʠʟʘʮʠʿʝ / ʩʪʘʪʫʩ) 

ʂʆ 

ʇʨʝʜʩʝʜʥʠʢ: ʧʨʦʬ. ʜʨ ɹʨʘʥʠʩʣʘʚʘ 

ʃʘʣʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, 

ʇʦˀʦʧʨʠʚʨʝʜʥʠ ʬʘʢʫʣʪʝʪ ʫ ʅʦʚʦʤ 

ʉʘʜʫ 

__________________________________ 

 

ʏʣʘʥ: ʧʨʦʬ. ʜʨ ʊʦʤ ʃʝʚʘʥʠʯ, ʚʘʥʨʝʜʥʠ 

ʧʨʦʬʝʩʦʨ ɹʠʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɲʫʙˀʘʥʠ; ʥʘʫʯʥʠ 

ʩʘʚʝʪʥʠʢ, ʀʥʩʪʠʪʫʪ ʟʘ ʰʫʤʘʨʩʪʚʦ 

ʉʣʦʚʝʥʠʿʝ 

__________________________________ 

 

ʏʣʘʥ: ʜʨ ɼʝʿʘʥ ʉʪʦʿʘʥʦʚʠ˂, ʥʘʫʯʥʠ 

ʩʘʨʘʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʟʘ ʥʠʟʠʿʩʢʦ 

ʰʫʤʘʨʩʪʚʦ ʠ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

ʅʦʚʠ ʉʘʜ 

__________________________________ 

 

ʄʝʥʪʦʨ: ʜʨ ɹʨʘʪʠʩʣʘʚ ʄʘʪʦʚʠ˂, 

ʥʘʫʯʥʠ ʩʘʨʘʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʟʘ ʥʠʟʠʿʩʢʦ 

ʰʫʤʘʨʩʪʚʦ ʠ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

ʅʦʚʠ ʉʘʜ 

__________________________________  

 

ʄʝʥʪʦʨ: ʧʨʦʬ. ʜʨ ʉʘʰʘ ʆʨʣʦʚʠ˂, 

ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʦˀʦʧʨʠʚʨʝʜʥʠ 

ʬʘʢʫʣʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ; ʥʘʫʯʥʠ 

ʩʘʚʝʪʥʠʢ, ʀʥʩʪʠʪʫʪ ʟʘ ʥʠʟʠʿʩʢʦ 

ʰʫʤʘʨʩʪʚʦ ʠ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

ʅʦʚʠ ʉʘʜ 

__________________________________ 

 



ˑ̏̋̓̏̑̒̋́ ̗̪̅̉̒̆̑̓́̉́                                                                ˞ ̓̆́̎̕ ˞̪̯̓̆̐́̎̏̃̉ 

 

UNIVERSITY OF NOVI SAD 

FACULTY OF AGRICULTURE 

 

Key Word Documentation 

 
Accession number:  

ANO 
 

Identification number:  

INO 
 

Document type:  

DT 
Monograph documentation 

Type of record:  

TR 
Textual printed material 

Contents code:  

CC 
PhD Thesis 

Author: 

Au 
Stefan Stjepanoviĺ, M. Sc. 

Mentor: 

MN 

dr Bratislav Matoviĺ, scientific associate, 

Institute of lowland forestry and 

environment Novi Sad 

 

dr Saġa Orloviĺ, Full professor, Faculty of 

Agriculture Univerity of Novi Sad; 

Scientific advisor, Institute for lowland 

forestry andenvironment Novi Sad 

 

Title:  

TI 

Impact of climate on growth and vitality of 

trees in depending to horizontal and 

vertical distribution of beech forests 

Language of text:  

LT 
Serbian 

Language of abstract:  

LA 
Serbian/ English 

Country of publication: 

CP 
Republic of Serbia 

Locality of publication: 

LP 
Vojvodina 

Publication year: 

PY 
2019. 

Publisher: 

PU 
Authorôs reprint 



ˑ̏̋̓̏̑̒̋́ ̗̪̅̉̒̆̑̓́̉́                                                                ˞ ̓̆́̎̕ ˞̪̯̓̆̐́̎̏̃̉ 

 

Publication place:  

PP 

Faculty of Agriculture, Sq. Dositeja 

Obradovica 8, 21 000 Novi Sad 

 
Physical description:  

PD 

Chapter number 7/ pages 256/ pictures 

172/ tables 44/ references 269/  

Scientific field:  

SF 
Biotechnology 

Scientific discipline:  

SD 
Agronomy- Forests 

Subject, Key words: 

SKW 

European beech, climate, dendroecology, 

tree rings 

UDC: 572.021:551.583.4:582.632.2(043.3) 

Holding data: 

HD 

Library of Faculty of Agriculture in Novi 

Sad, Sq. Dositeja Obradovica 8, Novi Sad 

Note: 

N 
 

Abstract:  

AB 

 

 

 

 

 

 

 

 

 

 

 

 

The PhD thesis studies the climate influence 

on European beech forests in the Republic of 

Serbia and Republic of Srpska. European 

beech is a species that tolerates droughts, but 

if the dry periods often recur, they can 

negatively affect growth and vitality of these 

forests. Considering the increasing number 

and the duration of dry periods, according to 

various climate scenarios, in the future it can 

be expected that areals of the beech stands 

will be moved to the higher altitudes.  

The aim of this paper was to investigate the 

climatic effect on the growth and vitality of 

beech trees in two different climatic zones 

(Illyrian and Moesian provinces), depending 

on the vertical diffusion of beech forests 

(lower limit, ecological optimum and upper 

limit), considering the long-term influence of 

temperature and precipitation on growth and 

vitality and to identify the influence of 

extreme weather conditions on the growth 

and vitality of beech trees.  

The results are presented separately by sites, 

and then they are classified and unified by 

geographical zones and altitudes. Descriptive 

statistics for the sampled trees has been done 
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for each site, the chronologies of these trees 

were showed, and the climatic characteristics 

of the area were analyzed. The width of tree 

rings is correlated with the air temperatures 

and the amount of precipitation. The 

influence of extreme weather conditions on 

the growth of beech forests has also been 

analyzed.  

The results show that the climatic influence 

on the growth of beech trees is stronger in 

the Moesian than in the Illyrian province. 

Chronology of trees of the lower limit has 

stronger peaks than the chronology of trees 

that are in the optimum and at the upper limit 

of the vertical diffusion of beech forests, 

which means that the climate change 

significantly influenced the width of the tree 

rings at lower altitudes. In beech forests in 

Serbia and the Republic of Srpska there is 

decrease in the width of the tree rings, i.e. the 

diameter growth depending on the change in 

air temperature and the amount of 

precipitation. This reduction is stronger at the 

lower limit and in the optimum than at the 

upper limit of the vertical diffusion of beech 

forests, but it is still not large-scaled to have 

the influence on the movement of areal of 

beech forests and the moving of beech to 

higher altitudes. In the Illyrian and Moesic 

provinces, in all three zones of vertical 

diffusion of beech forests, the decrease in the 

width of tree rings in the exceptionally 

droughty years has been recorded, and in 

some regions the decrease in the width of 

tree rings has also been recorded in years 

after extremely dry years. 
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ɿʘʭʚʘʣʥʠʮʘ 

 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʤʝʥʪʦʨʠʤʘ ʜʨ ɹʨʘʪʠʩʣʘʚʫ ʄʘʪʦʚʠ˂ʫ, ʜʨ ʉʘʰʠ ʆʨʣʦʚʠ˂ʫ, ʯʣʘʥʦʚʠʤʘ 

ʢʦʤʠʩʠʿʝ ʜʨ ɼʝʿʘʥʫ ʉʪʦʿʘʥʦʚʠ˂ʫ, ʜʨ ʊʦʤʫ ʃʝʚʘʥʠʯʫ, ʜʨ ɹʨʘʥʠʩʣʘʚʠ ʃʘʣʠ˂ ʢʘʦ ʠ 

ʧʨʦʬʝʩʦʨʫ ɺʘʩʠʣʠʿʫ ʀʩʘʿʝʚʫ ʥʘ ʥʝʩʝʙʠʯʥʦʿ ʠ ʧʨʠʿʘʪʝˀʩʢʦʿ ʧʦʤʦ˂ʠ ʠ ʧʦʜʨʰʮʠ ʧʨʠʣʠʢʦʤ 

ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʧʨʦʬ. ʜʨ ʉʘʰʠ ʆʨʣʦʚʠ˂ʫ ʠ ʧʨʦʬ. ʜʨ ʊʦʤʫ ʃʝʚʘʥʠʯʫ ʥʘ 

ʫʩʪʫʧˀʝʥʠʤ ʜʝʥʜʨʦʭʨʦʥʦʣʦʰʢʠʤ ʣʘʙʘʨʘʪʦʨʠʿʘʤʘ ʥʘ ʀʥʩʪʠʪʫʪʫ ʟʘ ʥʠʟʠʿʩʢʦ 

ʰʫʤʘʨʩʪʚʦ ʠ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʫ ʅʦʚʦʤ ʉʘʜʫ ʠ ʀʥʩʪʠʪʫʪʫ ʟʘ ʰʫʤʘʨʩʪʚʦ 

ʉʣʦʚʝʥʠʿʝ ʫ ɲʫʙˀʘʥʠ, ʫ ʢʦʿʠʤ ʩʘʤ ʩʧʨʦʚʝʦ ʚʝ˂ʠ ʜʝʦ ʩʚʦʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ.  

 

ʊʘʢʦʹʝ ʞʝʣʠʤ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʙʠʚʰʝʤ ɼʝʢʘʥʫ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ 

ʉʘʨʘʿʝʚʫ, ʧʨʦʬ. ʜʨ ɺʝʩʥʠ ʄʠʣʠ˂, ʩʘʜʘʰˁʝʤ ɼʝʢʘʥʫ ʜʦʮ. ʜʨ ɼʝʿʘʥʠ ʉʪʘʥʠ˂ ʠ ʢʦʣʝʛʘʤʘ 

ʠʟ ʢʦʣʝʢʪʠʚʘ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ ʢʦʿʠ ʩʫ ʠʤʘʣʠ 

ʨʘʟʫʤʝʚʘˁʘ ʟʘ ʤʦʿʝ ʧʦʚʨʝʤʝʥʦ ʦʜʩʫʩʪʚʦ, ʫ ʩʚʨʭʫ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ʆʛʨʦʤʥʦ ʭʚʘʣʘ ʤʦʿʦʿ ʧʦʨʦʜʠʮʠ, ʢʦʿʘ ʿʝ ʫʚʝʢ ʙʠʣʘ ʫʟ ʤʝʥʝ ʩʚʝ ʦʚʝ ʛʦʜʠʥʝ, ʧʨʦʣʘʟʠʣʘ ʩʘ 

ʤʥʦʤ ʠ ʣʝʧʝ ʠ ʨʫʞʥʝ ʪʨʝʥʫʪʢʝ, ʚʝʨʦʚʘʣʘ ʫ ʤʝʥʝ ʠ ʥʝʩʝʙʠʯʥʦ ʤʠ ʧʨʫʞʘʣʘ ʩʚʘʢʠ ʚʠʜ 

ʧʦʤʦ˂ʠ ʠ ʧʦʜʨʰʢʝ, ʧʦʯʝʚ ʦʜ ʥʘʿʨʘʥʠʿʠʭ ʰʢʦʣʩʢʠʭ ʜʘʥʘ ʧʘ ʜʦ ʜʘʥʘʩ.  

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʩʫʧʨʫʟʠ ʄʠʨʿʘʥʠ ʠ ʢ˂ʝʨʢʠ ɼʘʰʠ, ʢʦʿe ʩʫ ʤʠ ʙʠʣʝ ʥʝʠʩʮʨʧʘʥ 

ʠʟʚʦʨ ʤʦʪʠʚʘʮʠʿʝ ʧʨʠ ʠʟʨʘʜʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.   

 

ʆʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʩʚʝ˂ʫʿʝʤ ˁʠʤʘ.   

 

 

 

 

ʅʦʚʠ ʉʘʜ, 2019. ʛʦʜʠʥʝ 
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1 

 

1. ʋɺʆɼ 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʦʜ ʥʘʩʣʦʚʦʤ ,,ʋʪʠʮʘʿ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʠ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ ʰʫʤʘñ ʙʘʚʠ ʩʝ 

ʘʢʪʫʝʣʥʦʤ ʪʝʤʘʪʠʢʦʤ- ʧʨʦʫʯʘʚʘˁʝʤ ʫʪʠʮʘʿʘ ʢʣʠʤʝ ʥʘ ʙʫʢʦʚʝ ʰʫʤʝ ʫ ʈʝʧʫʙʣʠʮʠ 

ʉʨʙʠʿʠ ʠ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ.  

ɹʫʢʚʘ ʿʝ ʚʨʩʪʘ ʢʦʿʘ ʧʦʜʥʦʩʠ ʩʫʰʥʝ ʧʝʨʠʦʜʝ, ʘʣʠ ʫʢʦʣʠʢʦ ʩʝ ʩʫʰʥʠ ʧʝʨʠʦʜʠ 

ʫʯʝʩʪʘʣʦ ʧʦʥʘʚˀʘʿʫ ʤʦʛʫ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʨʠʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʙʫʢʚʝ (Milad et al., 

2011). ʂʘʤʧʠʦʣʠ ʠ ʩʘʨ. (Campioli et al., 2012) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʟʥʘʯʘʿʥʠʿʝʛ 

ʩʤʘˁʝˁʘ ʧʨʠʨʘʩʪʘ ʫʢʦʣʠʢʦ ʩʫʰʘ ʥʘʩʪʫʧʠ ʫ ʨʘʥʦʿ ʬʘʟʠ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʥʝʛʦ ʢʘʜʘ 

ʩʝ ʩʫʰʥʠ ʧʝʨʠʦʜʠ ʿʘʚʝ ʧʨʝʜ ʢʨʘʿ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ. ʆʧʪʠʤʘʣʥʠ ʩʪʘʥʠʰʥʠ ʫʩʣʦʚʠ ʟʘ 

ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʙʫʢʚʝ ʥʘ ɹʘʣʢʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʚʫ ʩʫ ʣʦʢʘʣʠʪʝʪʠ ʩʘ ʫʤʝʨʝʥʦʤ ʢʣʠʤʦʤ 

(Spanos, Gaitanis, 2010).  

ʉ ʦʙʟʠʨʦʤ ʥʘ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʠ ʪʨʘʿʘˁʘ ʩʫʰʥʠʭ ʧʝʨʠʦʜʘ, ʧʨʝʤʘ ʨʘʟʣʠʯʠʪʠʤ 

ʢʣʠʤʘʪʩʢʠʤ ʩʮʝʥʘʨʠʿʠʤʘ, ʫ ʙʫʜʫ˂ʥʦʩʪʠ  ʩʝ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʧʦʤʝʨʘˁʝ ʛʨʘʥʠʮʘ ʘʨʝʘʣʘ 

ʙʫʢʦʚʠʭ ʩʘʩʪʦʿʠʥʘ ʢʘ ʚʝ˂ʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ (Von Wuehlisch, 2004). ʈʘʟʣʠʯʠʪʘ 

ʬʠʟʠʦʣʦʰʢʘ ʠ ʝʢʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ (Fotelli et al., 2002; Fang, Lechowicz, 2006; Geßler 

et al., 2007; Granier et al., 2000; Matyas et al., 2010; Lasermann, Brauning, 2011; Stojanoviĺ 

et al., 2013) ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʩʫʰʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʨʘʩʪ ʠ 

ʚʠʪʘʣʥʦʩʪ ʙʫʢʚʝ. ʋʢʦʣʠʢʦ ʩʝ ʦʩʪʚʘʨʝ ʧʨʝʜʚʠʹʝʥʠ ʢʣʠʤʘʪʩʢʠ ʩʮʝʥʘʨʠʿʠ, ʉʪʦʿʘʥʦʚʠ˂ ʠ 

ʩʘʨ. (2013) ʠʩʪʠʯʫ ʜʘ ˂ʝ ʚʝ˂ʠʥʘ ʙʫʢʦʚʠʭ ʰʫʤʘ ʥʘ ʢʨʘʿʫ 21. ʚʝʢʘ ʙʠʪʠ ʚʘʥ ʧʦʩʪʦʿʝ˂ʠʭ 

ʝʢʦʣʦʰʢʠʭ ʛʨʘʥʠʮʘ.  

ʂʨʘʿʝʤ 20. ʠ ʧʦʯʝʪʢʦʤ 21. ʚʝʢʘ, ʥʘ ɹʘʣʢʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʚʫ ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ 

ʟʥʘʯʘʿʥʠʿʝ ʩʫʰʝˁʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʰʫʤʩʢʠʭ ʜʨʚʝʥʘʩʪʠʭ ʚʨʩʪʘ. ɹʝʥʠʩʪʦʥ ʠ ʩʘʨ. (Beniston et 

al., 2007) ʧʨʦʮʝˁʫʿʫ ʜʘ ˂ʝ ʫ ʩʢʦʨʠʿʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʟʝʤˀʝ ʮʝʥʪʨʘʣʥʝ ɽʚʨʦʧʝ ʠʤʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʢʘʦ ʰʪʦ ʩʘʜʘ ʠʤʘ ʿʫʞʥʘ ɽʚʨʦʧʘ ʠ ʄʝʜʠʪʝʨʘʥ. ʊʦ ˂ʝ ʥʝʛʘʪʠʚʥʦ 

ʫʪʠʮʘʪʠ ʥʘ ʰʫʤʩʢʝ ʝʢʦʩʠʩʪʝʤʝ (Shaver et al., 2000; Askeev et al., 2005; Maracchi et al., 

2005) ʿʝʨ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʤʝʨʘˁʘ ʛʨʘʥʠʮʘ ʘʨʝʘʣʘ ʚʨʩʪʘ ʧʨʝʤʘ ʩʝʚʝʨʫ (Metzger et al., 2004; 

Shiyatov et al., 2005). ʋ ʟʘʧʘʜʥʦʿ ʠ ʮʝʥʪʨʘʣʥʦʿ ɽʚʨʦʧʠ ʜʦ ʢʨʘʿʘ ʚʝʢʘ (2071-2100) ʜʦ˂ʠ ˂ʝ 

ʜʦ ʩʤʘˁʝˁʘ ʙʨʦʿʘ ʯʝʪʠʥʘʨʩʢʠʭ ʚʨʩʪʘ ʠ ˁʠʭʦʚʝ ʟʘʤʝʥʝ ʩʘ ʣʠʰ˂ʘʨʩʢʠʤ ʚʨʩʪʘʤʘ ʟʙʦʛ 

ʧʦʨʘʩʪʘ ʪʝʤʝʧʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ ʩʤʘˁʝˁʘ ʚʣʘʛʝ (Lasch et al., 2002; Lexer et al., 2002; 

Pretzsch, Dursky, 2002; Freeman et al., 2005; Koca et al., 2006). ɹʨʫʜʤʝʜʦʚ ʠ ʩʘʨ. 

(Broodmeadow et al., 2005) ʥʘʚʦʜʝ ʜʘ ˂ʝ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʧʦʨʝʜ ʯʝʪʠʥʘʨʩʢʠʭ 

ʙʠʪʠ ʫʛʨʦʞʝʥʝ ʠ ʣʠʰ˂ʘʨʩʢʝ ʚʨʩʪʝ, ʪʿ. ʜʘ ˂ʝ ʜʘʥʘʰˁʠ ʘʨʝʘʣ ʤʥʦʛʠʭ ʤʝʟʦʪʝʨʤʥʠʭ ʠ 

ʤʝʟʦʬʠʣʥʠʭ ʚʨʩʪʘ ʟʘʫʟʝʪʠ ʢʩʝʨʦʪʝʨʤʥʠ ʠ ʪʝʨʤʦʬʠʣʥʠ ʣʠʰ˂ʘʨʠ. ʂʫʪʥʘʨ ʠ ʂʦʙʣʝʨ 

(ʂutnar, Kobler, 2011) ʩʫ ʜʦʰʣʠ ʜʦ ʨʝʟʫʣʪʘʪʘ ʜʘ ˂ʝ ʩʝ ʜʦ ʢʨʘʿʘ ʚʝʢʘ ʫʯʝʰ˂ʝ 

ʪʝʨʤʦʬʠʣʥʠʭ ʰʫʤʘ ʧʦʚ˂ʘʪʠ ʜʦ 50,4% ʧʦ ʦʧʪʠʤʠʩʪʠʯʥʦʤ ʩʮʝʥʘʨʠʿʫ, ʘ ʧʦ 

ʧʝʩʠʤʠʩʪʠʯʥʦʤ ʜʦ 86,8%. ɻʝʩʣʝʨ ʠ ʩʘʨ. (Geßler et al., 2007) ʪʚʨʜʝ ʜʘ ʙʫʢʚʘ ʜʦ ʢʨʘʿʘ ʍʍI 

ʚʝʢʘ ʥʝ˂ʝ ʚʠʰʝ ʙʠʪʠ ʜʦʤʠʥʘʥʪʥʘ ʚʨʩʪʘ ʫ ʮʝʥʪʨʘʣʥʦʿ ɽʚʨʦʧʠ.    

ʋ ʝʢʦʣʦʰʢʦʿ ʛʨʫʧʠ ʤʝʟʦʬʠʣʥʠʭ ʙʫʢʦʚʠʭ ʰʫʤʘ ʫ ʉʨʙʠʿʠ ʠ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʥʝ 

ʿʘʚˀʘʿʫ ʩʝ ʫʯʝʩʪʘʣʠ ʩʫʰʥʠ ʧʝʨʠʦʜʠ, ʧʘ ʝʢʩʪʨʝʤʥʠ ʢʣʠʤʘʪʩʢʠ ʝʣʝʤʝʥʪʠ ʠ ʢʣʠʤʘʪʩʢʝ 
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ʧʨʦʤʝʥʝ ʥʠʩʫ ʟʥʘʯʘʿʥʠʿʝ ʫʪʠʮʘʣʝ ʥʘ ʦʚʫ ʚʨʩʪʫ ʫ ʉʨʙʠʿʠ ʠ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ. ʋ ʦʚʠʤ 

ʜʨʞʘʚʘʤʘ ʥʠʩʫ ʟʘʙʝʣʝʞʝʥʘ ʤʘʩʦʚʥʘ ʩʫʰʝˁʘ ʙʫʢʦʚʠʭ ʩʘʩʪʦʿʠʥʘ, ʘʣʠ ʧʦʩʪʦʿʝ ʩʧʦʨʘʜʠʯʥʘ 

ʩʫʰʝˁʘ ʙʫʢʦʚʠʭ ʩʪʘʙʘʣʘ (Stojanoviĺ, 2014), ʜʦʢ ʩʫ ʫ ʟʝʤˀʘʤʘ ʫ ʦʢʨʫʞʝˁʫ ʥʧʨ. 

(ʄʘʹʘʨʩʢʘ) ʢʦʥʩʪʘʪʦʚʘʥʘ ʤʘʩʦʚʥʠʿʘ ʩʫʰʝˁʘ ʙʫʢʦʚʠʭ ʰʫʤʘ (Lakatos, Molnar, 2009). 

ʅʘʿʠʥʪʝʥʟʠʚʥʠʿʝ ʩʫʰʝˁʝ ʰʫʤʘ ʫ ʉʨʙʠʿʠ ʿʝ ʢʦʥʩʪʘʪʦʚʘʥʦ ʫ ʥʠʟʠʿʩʢʠʤ ʰʫʤʘʤʘ 

ʭʨʘʩʪʘ ʣʫʞˀʘʢʘ, ʧʦˀʩʢʦʛ ʿʘʩʝʥʘ ʠ ʭʨʘʩʪʘ ʮʝʨʘ, ʘ ʫ ʧʣʘʥʠʥʩʢʠʤ ʰʫʤʘʤʘ ʢʦʜ ʩʤʨʯʝ 

(Raduloviĺ et al., 2014). ʊʨʝʥʫʪʥʦ ʩʪʘˁʝ ʙʫʢʦʚʠʭ ʰʫʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʠ 

ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʿʝ  ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ, ʙʫʢʚʘ ʥʠʿʝ ʟʥʘʯʘʿʥʠʿʝ ʫʛʨʦʞʝʥʘ ʩʫʰʝˁʝʤ, 

ʩʘʩʪʦʿʠʥʝ ʩʫ ʦʯʫʚʘʥʝ ʠ ʠʤʘʿʫ ʨʘʟʥʦʣʠʢʫ ʩʪʨʫʢʪʫʨʫ (Matoviĺ et al., 2018). ʉ ʦʙʟʠʨʦʤ ʜʘ 

ʩʝ ʧʨʝʤʘ ʨʘʟʣʠʯʠʪʠʤ ʢʣʠʤʘʪʩʢʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʧʨʝʜʚʠʹʘ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ, ʧʦʩʪʦʿʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʤʘʩʦʚʠʿʝʛ ʩʫʰʝˁʘ 

ʙʫʢʦʚʠʭ ʰʫʤʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʜʝʪʘˀʥʘ ʜʝʥʜʨʦʭʨʦʥʦʣʦʰʢʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ˂ʝ ʠʤʘʪʠ ʟʘ ʮʠˀ ʜʘ ʠʩʪʨʘʞʝ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʢʣʠʤʘʪʩʢʠʭ 

ʝʣʝʤʝʥʘʪʘ ʥʘ ʧʨʠʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ, ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʧʨʦʰʣʦʩʪʠ, ʥʘ 

ʧʦʜʨʫʯʿʫ ʉʨʙʠʿʝ ʠ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ.  

1.1. ʉTAɳɽ ʐʋʄɸ ʋ ʉʈɹʀɱʀ ʀ ʈɽʇʋɹʃʀʎʀ ʉʈʇʉʂʆɱ 

1.1.1. ʉTAɳɽ ʐʋʄɸ ʋ ʉʈɹʀɱʀ 

ʇʨʝʤʘ ʅʘʮʠʦʥʘʣʥʦʿ ʠʥʚʝʥʪʫʨʠ ʰʫʤʘ (Bankoviĺ i sar., 2009.) ʫʢʫʧʥʘ ʧʦʚʨʰʠʥʘ 

ʰʫʤʘ ʫ ʉʨʙʠʿʠ ʠʟʥʦʩʠ 2.252.400 ha ʠʣʠ 29,1% ʪʝʨʠʪʦʨʠʿʝ, ʰʪʦ ʉʨʙʠʿʫ ʩʚʨʩʪʘʚʘ ʫ 

ʩʨʝʜˁʝ ʰʫʤʦʚʠʪʫ ʟʝʤˀʫ. ʉʪʘˁʝ ʰʫʤʘ ʧʨʝʤʘ ʚʣʘʩʥʠʰʪʚʫ ʫ ʉʨʙʠʿʠ ʿʝ 53% : 47% ʫ 

ʢʦʨʠʩʪ ʜʨʞʘʚʥʠʭ ʰʫʤʘ. ʅʘʮʠʦʥʘʣʥʦʤ ʠʥʚʝʥʪʫʨʦʤ ʰʫʤʘ ʉʨʙʠʿʝ (2009) ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ 

49 ʚʨʩʪʘ ʜʨʚʝ˂ʘ, ʦʜ ʯʝʛʘ ʿʝ 40 ʣʠʰ˂ʘʨʩʢʠʭ ʠ 9 ʯʝʪʠʥʘʨʩʢʠʭ. ɹʫʢʚʘ ʟʘʫʟʠʤʘ ʦʢʦ 40,5 % 

ʟʘʧʨʝʤʠʥʝ ʮʝʣʦʢʫʧʥʦʛ ʰʫʤʩʢʦʛ ʬʦʥʜʘ ʉʨʙʠʿʝ, ʰʪʦ ʿʝ ʯʠʥʠ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʦʤ ʚʨʩʪʦʤ 

ʧʦ ʟʘʧʨʝʤʠʥʠ ʠ ʫ ʧʨʠʚʘʪʥʠʤ ʠ ʫ ʜʨʞʘʚʥʠʤ ʰʫʤʘʤʘ. ʅʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʚʨʩʪʘ ʧʦ 

ʧʦʚʨʰʠʥʠ ʫ ʜʨʞʘʚʥʠʤ ʰʫʤʘʤʘ ʿʝ ʙʫʢʚʘ, ʘ ʫ ʧʨʠʚʘʪʥʠʤ ʮʝʨ ʠ ʙʫʢʚʘ. ɹʫʢʦʚʝ ʰʫʤʝ 

ʧʦʢʨʠʚʘʿʫ 660 400 ha ʠʣʠ 29,3% ʫʢʫʧʥʦ ʦʙʨʘʩʣʝ ʧʦʚʨʰʠʥʝ, ʦʜ ʯʝʛʘ 67,4% ʫ ʜʨʞʘʚʥʦʤ 

ʚʣʘʩʥʠʰʪʚʫ.  

ɹʫʢʚʘ ʛʨʘʜʠ ʠ ʯʠʩʪʝ ʠ ʤʝʰʦʚʠʪʝ ʩʘʩʪʦʿʠʥʝ. ʏʠʩʪʝ ʙʫʢʦʚʝ ʩʘʩʪʦʿʠʥʝ ʟʘʩʪʫʧˀʝʥʝ 

ʩʫ ʩʘ 86,3%, ʘ ʤʝʰʦʚʠʪʝ ʩʘ 13,7% ʧʦʚʨʰʠʥʝ. ʋ ʫʢʫʧʥʦʤ ʰʫʤʩʢʦʤ ʬʦʥʜʫ ʟʥʘʪʥʦ ʿʝ 

ʫʯʝʰ˂ʝ ʜʝʚʘʩʪʠʨʘʥʠʭ ʰʫʤʘ. ɺʠʩʦʢʝ ʜʝʚʘʩʪʠʨʘʥʝ ʰʫʤʝ ʯʠʥʝ 3,24%, ʘ ʠʟʜʘʥʘʯʢʝ 

ʜʝʚʘʩʪʠʨʘʥʝ ʰʫʤʝ 3,45% ʫʢʫʧʥʦʛ ʰʫʤʩʢʦʛ ʬʦʥʜʘ.  

ʊʨʝʥʫʪʥʦ ʩʪʘˁʝ ʜʨʞʘʚʥʠʭ ʰʫʤʘ ʩʝ ʤʦʞʝ ʦʢʘʨʝʢʪʝʨʠʩʘʪʠ ʢʘʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʟʘʧʨʝʤʠʥʘ ʫ ʦʚʠʤ ʰʫʤʘʤʘ 185 m
3
/ ha, ʘ ʪʝʢʫ˂ʠ ʟʘʧʨʝʤʠʥʩʢʠ 

ʧʨʠʨʘʩʪ 4,5 m
3
/ ha. ʋ ʜʨʞʘʚʥʦʤ ʚʣʘʩʥʠʰʪʚʫ ʧʨʝʦʚʣʘʹʫʿʫ ʚʠʩʦʢʝ ʨʘʟʥʦʜʦʙʥʝ ʰʫʤʝ ʩʘ 

38,9%, ʟʘʪʠʤ ʠʟʜʘʥʘʯʢʝ ʰʫʤʝ ʩʘ 36,6%, ʚʠʩʦʢʝ ʿʝʜʥʦʜʦʙʥʝ ʰʫʤʝ 11,3%, ʰʠʢʘʨʝ 5,7%, 

ʰʠʙˀʘʮʠ ʠ ʣʠʩʥʠʯʢʝ ʰʫʤʝ ʩʘ 4,4%. 

ʐʫʤʝ ʫ ʧʨʠʚʘʪʥʦʤ ʚʣʘʩʥʠʰʪʚʫ ʩʫ ʣʦʰʠʿʝʛ ʢʚʘʣʠʪʝʪʘ, ʰʪʦ ʛʦʚʦʨʠ ʧʨʦʩʝʯʥʘ 

ʟʘʧʨʝʤʠʥʘ ʦʜ 133 m
3
/ ha ʠ ʪʝʢʫ˂ʠ ʟʘʧʨʝʤʠʥʩʢʠ ʧʨʠʨʘʩʪ 3,5 m

3
/ ha. ʋ ʧʨʠʚʘʪʥʦʤ 

ʚʣʘʩʥʠʰʪʚʫ ʜʦʤʠʥʠʨʘʿʫ ʩʘʩʪʦʿʠʥʝ ʠʟʜʘʥʘʯʢʦʛ ʧʦʨʝʢʣʘ ʩʘ ʦʢʦ 79,4%, ʩʘʩʪʦʿʠʥʝ ʚʠʩʦʢʦʛ 
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ʧʦʨʝʢʣʘ ʟʘʫʟʠʤʘʿʫ 16,9%, ʜʦʢ ʿʝ ʫʯʝʰ˂ʝ ʢʫʣʪʫʨʘ ʠ ʚʝʰʪʘʯʢʠ ʧʦʜʠʛʥʫʪʠʭ ʩʘʩʪʦʿʠʥʘ 

ʩʢʨʦʤʥʦ (ʦʢʦ 3,7%). 

ʋ ʧʦʛʣʝʜʫ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʚʘ ʩʝ ʦʜ ʧʨʠʨʦʜʝ ʿʘʚˀʘ ʦʜ 100 ʧʘ ʜʦ 

1700 m ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ. ɹʫʢʦʚʝ ʩʘʩʪʦʿʠʥʝ ʩʝ ʿʘʚˀʘʿʫ ʥʘ ʩʚʠʤ ʪʠʧʦʚʠʤʘ ʟʝʤˀʠʰʪʘ 

ʧʦʯʝʚ ʦʜ ʚʨʣʦ ʢʠʩʝʣʠʭ, ʧʨʝʢʦ ʥʝʫʪʨʘʣʥʠʭ ʜʦ ʫʣʪʨʘ ʙʘʟʠʯʥʠʭ ʟʝʤˀʠʰʪʘ.   

1.1.2. ʉʊɸɳɽ ʐʋʄɸ ʋ ʈɽʇʋɹʃʀʎʀ ʉʈʇʉʂʆɱ 

ʀʟ ʉʪʨʘʪʝʛʠʿʝ ʨʘʟʚʦʿʘ ʰʫʤʘʨʩʪʚʘ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ (ʈʉ) 2011-2021 ʜʦʣʘʟʠʤʦ ʜʦ 

ʧʦʜʘʪʢʘ ʜʘ ʫʢʫʧʥʘ ʧʦʚʨʰʠʥʘ ʰʫʤʘ ʠ ʰʫʤʩʢʦʛ ʟʝʤˀʠʰʪʘ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ ʧʨʝʤʘ 

ʧʦʜʘʮʠʤʘ ʂʘʪʘʩʪʨʘ ʰʫʤʘ ʠ ʰʫʤʩʢʦʛ ʟʝʤˀʠʰʪʘ ʠʟʥʦʩʠ 1.282.412 ha ʠʣʠ 51,7% ʦʜ 

ʫʢʫʧʥʝ ʧʦʚʨʰʠʥʝ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ. ʆʜʥʦʩ ʜʨʞʘʚʥʠʭ ʰʫʤʘ ʧʨʝʤʘ ʧʨʠʚʘʪʥʠʤ ʰʫʤʘʤʘ 

ʿʝ 78% : 22%. ʋʢʫʧʥʘ ʜʨʚʥʘ ʟʘʣʠʭʘ ʰʫʤʘ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ ʠʟʥʦʩʠ 227.391.300 mį, ʦʜ 

ʯʝʛʘ ʿʝ 81,2% ʫ ʩʚʦʿʠʥʠ ʜʨʞʘʚʝ, ʘ 18,8% ʫ ʧʨʠʚʘʪʥʦʤ ʩʝʢʪʦʨʫ. ʇʨʝʤʘ ʇʨʦʩʪʦʨʥʦʤ 

ʧʣʘʥʫ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʪʨʝʥʫʪʥʘ ʰʫʤʦʚʠʪʦʩʪ ʚʝ˂ʘ ʟʘ ʦʢʦ 

300.000 ha (CORINA ʧʨʦʛʨʘʤ). ʋ ʩʚʦʿʠʥʠ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ ʦʜ ʫʢʫʧʥʦʛ ʰʫʤʩʢʦʛ 

ʬʦʥʜʘ ʥʘʣʘʟʠ ʩʝ 982.893 ha (77%), ʘ ʫ ʧʨʠʚʘʪʥʦʿ ʩʚʦʿʠʥʠ 281.965 ha (22%) ʰʫʤʘ ʙʝʟ 

ʰʫʤʩʢʦʛ ʟʝʤˀʠʰʪʘ. Oʩʪʘʣʠʭ 1% (17.554 ha) ʦʪʧʘʜʘ ʥʘ ʫʟʫʨʧʘʮʠʿʝ.  

ʅʘʿʚʠʰʝ ʰʫʤʘ (ʦʢʦ 60% ʦʜ ʫʢʫʧʥʦʛ ʰʫʤʩʢʦʛ ʬʦʥʜʘ ʈʉ) ʩʝ ʥʘʣʘʟʠ ʫ ʧʣʘʥʠʥʩʢʦʿ 

ʟʦʥʠ (1000ï1500 mnv.), ʥʝʰʪʦ ʤʘˁʝ (ʦʢʦ 36% ʦʜ ʫʢʫʧʥʦʛ ʰʫʤʩʢʦʛ ʬʦʥʜʘ ʈʉ) ʠʭ ʿʝ ʫ 

ʙʨʜʩʢʦʿ ʟʦʥʠ (500ï1000 mnv.) ʘ ʥʘʿʤʘˁʝ (ʦʢʦ 4%) ʫ ʥʠʟʠʿʩʢʦʿ ʟʦʥʠ (ʥʠʞʝ ʦʜ 500 mnv.).  

ʆʜ ʛʣʘʚʥʠʭ ʚʨʩʪʘ ʰʫʤʩʢʦʛ ʜʨʚʝ˂ʘ ʫ ʟʦʥʠ ʩʘ ʥʘʜʤʦʨʩʢʦʤ ʚʠʩʠʥʦʤ ʤʘˁʦʤ ʦʜ 500 m 

ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝ ʩʫ ʰʫʤʝ ʭʨʘʩʪʘ ʢʠʪˁʘʢʘ ʩʘ ʦʢʦ 95% ʧʦʚʨʰʠʥʝ, ʫ ʙʨʜʩʢʦʿ ʟʦʥʠ (500ï

1000 mnv.) ʰʫʤʝ ʙʫʢʚʝ ʩʘ 47%  ʧʦʚʨʰʠʥʝ, ʘ ʫ ʧʣʘʥʠʥʩʢʦʿ ʟʦʥʠ (1000ï1500 mnv.) ʰʫʤʝ 

ʙʫʢʚʝ ʠ ʿʝʣʝ ʩʘ ʩʤʨʯʦʤ ʩʘ 71% ʧʦʚʨʰʠʥʝ. 

ʋ ʜʨʞʘʚʥʦʤ ʚʣʘʩʥʠʰʪʚʫ ʧʨʝʦʚʣʘʹʫʿʫ ʚʠʩʦʢʝ ʰʫʤʝ ʩʘ 55,8%, ʠʟʜʘʥʘʯʢʝ ʰʫʤʝ 

ʯʠʥʝ 17,7%, ʥʘ ʧʦʚʨʰʠʥʝ ʧʦʜʝʩʥʝ ʟʘ ʧʦʰʫʤˀʘʚʘˁʝ ʠ ʛʘʟʜʦʚʘˁʝ ʦʪʧʘʜʘ 21,2%, ʜʦʢ 

5,3% ʦʪʧʘʜʘ ʥʘ ʧʦʚʨʰʠʥʝ ʥʝʧʦʜʝʩʥʝ ʟʘ ʛʘʟʜʦʚʘˁʝ. ʋ ʰʫʤʘʤʘ ʫ ʩʚʦʿʠʥʠ ʈʝʧʫʙʣʠʢʝ 

ʉʨʧʩʢʝ ʜʦʤʠʥʠʨʘʿʫ ʙʫʢʦʚʝ ʰʫʤʝ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʚʠʩʦʢʠʤ ʰʫʤʘʤʘ ʩʘ ʧʨʠʨʦʜʥʦʤ ʦʙʥʦʚʦʤ 

(17,7%) ʠ ʰʫʤʝ ʿʝʣʝ ʠ ʩʤʨʯʝ ʠ ʙʫʢʚʝ, ʿʝʣʝ ʠ ʩʤʨʯʝ (22%).  

ʂʘʜʘ ʛʦʚʦʨʠʤʦ ʦ ʠʟʜʘʥʘʯʢʠʤ ʰʫʤʘʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʫ ʜʨʞʘʚʥʦʤ 

ʚʣʘʩʥʠʰʪʚʫ ʩʫ ʪʦ ʫʛʣʘʚʥʦʤ ʙʫʢʦʚʝ ʰʫʤʝ (7,1%). ʋʢʫʧʥʠ ʛʦʜʠʰˁʠ ʟʘʧʨʝʤʠʥʩʢʠ 

ʧʨʠʨʘʩʪ ʫ ʰʫʤʘʤʘ ʫ ʩʚʦʿʠʥʠ ʈʝʧʫʙʣʠʢʝ  ʿʝ ʦʢʦ 5.134.000 mį. ʇʨʦʩʝʯʥʘ ʟʘʣʠʭʘ ʟʘ ʩʚʝ 

ʢʘʪʝʛʦʨʠʿʝ ʰʫʤʘ ʫ ʜʨʞʘʚʥʦʿ ʩʚʦʿʠʥʠ  ʠʟʥʦʩʠ 247,4 mį/ha.  

ʋ ʜʨʞʘʚʥʠʤ ʰʫʤʘʤʘ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʢʘʪʝʛʦʨʠʿʘ ʰʫʤʘ ʩʫ ʚʠʩʦʢʝ ʰʫʤʝ ʩʘ 

ʧʨʠʨʦʜʥʦʤ ʦʙʥʦʚʦʤ (47,1%), ʟʘʪʠʤ ʰʫʤʩʢʝ ʢʫʣʪʫʨʝ (6,4%) ʠ ʚʠʩʦʢʝ ʜʝʛʨʘʜʠʨʘʥʝ ʰʫʤʝ 

(2,4%). ʋ ʧʨʠʚʘʪʥʦʤ ʚʣʘʩʥʠʰʪʚʫ ʧʨʝʦʚʣʘʹʫʿʫ ʠʟʜʘʥʘʯʢʝ ʰʫʤʝ ʩʘ 63,6%, ʚʠʩʦʢʝ ʰʫʤʝ 

ʟʘʫʟʠʤʘʿʫ 34,1%, ʘ ʧʦʚʨʰʠʥʝ ʧʦʜʝʩʥʝ ʟʘ ʧʦʰʫʤˀʘʚʘˁʝ ʠ ʛʘʟʜʦʚʘˁʝ ʟʘʫʟʠʤʘʿʫ 2,2%. ʋ 

ʧʨʠʚʘʪʥʠʤ ʰʫʤʘʤʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʚʠʩʦʢʠʤ ʰʫʤʘʤʘ ʩʘ ʧʨʠʨʦʜʥʦʤ ʦʙʥʦʚʦʤ ʜʦʤʠʥʠʨʘʿʫ 

ʭʨʘʩʪʦʚʝ ʰʫʤʝ (10,8%) ʠ ʙʫʢʦʚʝ ʰʫʤʝ (10,4%).  

ʂʘʜʘ ʛʦʚʦʨʠʤʦ ʦ ʠʟʜʘʥʘʯʢʠʤ ʰʫʤʘʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʫ ʧʨʠʚʘʪʥʦʤ 

ʚʣʘʩʥʠʰʪʚʫ ʪʦ ʩʫ ʥʘʿʯʝʰ˂ʝ ʤʝʰʦʚʠʪʝ ʙʫʢʦʚʦ ʭʨʘʩʪʦʚʝ ʰʫʤʝ (20,3%).  
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ɽʚʨʦʧʩʢʘ ʙʫʢʚʘ (Fagus sylvaticʘ L.) ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʰʫʤʩʢʠʭ ʚʨʩʪʘ 

ʜʨʚʝ˂ʘ ʫ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ ʢʘʢʦ ʩʘ ʝʢʦʥʦʤʩʢʦʛ ʪʘʢʦ ʠ ʩʘ ʝʢʦʣʦʰʢʦʛ ʘʩʧʝʢʪʘ (Ballian 

i sar., 2012). ʀʩʪʘ ʛʨʫʧʘ ʘʫʪʦʨʘ ʥʘʚʦʜʠ ʧʨʝʤʘ (Stefanoviĺ, 1977; Stefanoviĺ i sar., 1983; 

Beus, 1984) ʜʘ ʫ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ ʦʙʠʯʥʘ ʙʫʢʚʘ ʧʦʢʘʟʫʿʝ ʿʘʢʦ ʜʦʙʨʫ ʭʦʨʠʟʦʥʪʘʣʥʫ 

ʠ ʚʝʨʪʠʢʘʣʥʫ ʨʘʩʣʦʿʝʥʦʩʪ, ʧʘ ʩʝ ʿʘʚˀʘ ʦʜ ʥʘʿʥʠʞʠʭ ʰʫʤʩʢʠʭ ʧʦʿʘʩʘ, ʛʜʝ ʿʝ ʫ 

ʘʩʦʮʠʿʘʮʠʿʠ ʩ ʭʨʘʩʪʦʤ ʣʫʞˁʘʢʦʤ ʠ ʢʠʪˁʘʢʦʤ (Fagetum submontanum), ʧʦʪʦʤ ʨʘʩʪʝ ʫ 

ʙʨʜʩʢʦʤ ʧʦʿʘʩʫ ʛʜʝ ʯʠʥʠ ʯʠʩʪʝ ʩʘʩʪʦʿʠʥʝ (Fagetum montanum), ʪʝ ʫ ʥʘʿʚʘʞʥʠʿʝʤ 

ʧʣʘʥʠʥʩʢʦʤ ʧʦʿʘʩʫ ʛʜʝ ʫ ʟʘʿʝʜʥʠʮʠ ʩ ʦʙʠʯʥʦʤ ʿʝʣʦʤ ʠʣʠ ʩʘ ʿʝʣʦʤ ʠ ʩʤʨʯʦʤ ʯʠʥʠ 

ʥʘʿʟʥʘʯʘʿʥʠʿʫ ʰʫʤʩʢʫ ʟʘʿʝʜʥʠʮʫ ʙʫʢʦʚʦ-ʿʝʣʦʚʠʭ ʰʫʤʘ (Abieti fagetum).  

ʀʟ ʩʘʜʘʰˁʝ ʩʪʨʫʢʪʫʨʝ ʧʦʚʨʰʠʥʘ ʰʫʤʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʝʢʦʣʦʰʢʦ-

ʧʨʦʠʟʚʦʜʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʰʫʤʩʢʠʭ ʧʦʚʨʰʠʥʘ ʢʦʨʠʩʪʝ ʩʘ ʥʘʿʚʠʰʝ 50% ʦʜ ʧʨʦʜʫʢʮʠʦʥʠʭ 

ʤʦʛʫ˂ʥʦʩʪʠ ʩʪʘʥʠʰʪʘ.  

1.2. Aʈɽɸʃ, ʊɸʂʉʆʅʆʄʀɱɸ ʀ ɹʀʆɽʂʆʃʆʐʂɽ 

ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ ɹʋʂɺɽ 

ɹʫʢʚʘ ʩʝ ʦʜ ʧʨʠʨʦʜʝ ʿʘʚˀʘ ʫ ʚʝʦʤʘ ʰʠʨʦʢʦʤ ʜʠʿʘʧʘʟʦʥʫ, ʧʦʯʝʚ ʦʜ ʩʝʚʝʨʘ ʫ 

ʐʚʝʜʩʢʦʿ ʠ ʅʦʨʚʝʰʢʦʿ (Jovanoviĺ, 1971), ʧʨʝʢʦ ʠʩʪʦʢʘ ʫ ʇʦˀʩʢʦʿ (Lavadinoviĺ, Isajev, 

2002), ʟʘʧʘʜʥʦʿ ʃʝʪʦʥʠʿʠ, ʿʫʞʥʦʿ ʃʠʪʚʘʥʠʿʠ ʠ ʟʘʧʘʜʥʦʿ ʈʫʩʠʿʠ (Bolte et al., 2007), ʥʘ ʿʫʛʫ 

ʥʘ ɹʘʣʢʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʚʫ, ʮʝʥʪʨʘʣʥʦʿ ʀʪʘʣʠʿʠ, ʧʣʘʥʠʥʩʢʠʤ ʧʨʝʜʝʣʠʤʘ ʉʠʮʠʣʠʿʝ ʠ 

ʂʦʨʟʠʢʝ (Lavadinoviĺ, Isajev, 2002) ʠ ʥʘ ʟʘʧʘʜʫ ʜʦ ʌʨʘʥʮʫʩʢʝ ʠ ʿʫʞʥʝ ɽʥʛʣʝʩʢʝ ʠ 

ʩʝʚʝʨʥʝ ʐʧʘʥʠʿʝ (ɱovanoviĺ, 1971). ɿʘʫʟʠʤʘ ʧʨʦʩʪʦʨ ʦʜ 37
ʦ
 ʜʦ 60

ʦ
 ʩʝʚʝʨʥʝ ʛʝʦʛʨʘʬʩʢʝ 

ʰʠʨʠʥʝ (ʉɻʐ) ʠ ʦʜ 8
ʦ
 ʜʦ 35

ʦ 
ʠʩʪʦʯʥʝ ʛʝʦʛʨʘʬʩʢʝ ʜʫʞʠʥʝ (ʀɻɼ).  

ʅʘ ʩʣ. 1 ʧʨʠʢʘʟʘʥ ʿʝ ʘʨʝʘʣ ʙʫʢʚʝ ʫ ɽʚʨʦʧʠ ʧʨʝʤʘ ñEuropean forest genetic 

resources programmeò (EUFORGEN). 

 

ʉʣʠʢʘ 1: ɸʨʝʘʣ ʝʚʨʦʧʩʢʝ ʙʫʢʚʝ (Fagus sylvatica L.) www.euforgen.org  

http://www.euforgen.org/
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ʇʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʩʤʘʪʨʘʿʫ ʜʘ ʫ ɽʚʨʦʘʟʠʿʠ ʨʘʩʪʝ ʿʝʜʥʘ ʚʨʩʪʘ ʙʫʢʚʝ (Fagus 

sylvatica L.) ʩʘ ʜʚʝ ʧʦʜʚʨʩʪʝ: F. sylvatica spp. sylvatica i F. sylvatica spp. orientalis 

(Gömöry et al., 1999; Denk, 2003; Denk et al., 2002). ʀʩʘʿʝʚ (Isajev, 2005) ʠʩʪʠʯʝ ʜʘ ʧʦʨʝʜ 

ʦʙʠʯʥʝ ʙʫʢʚʝ Fagus sylvatica L. ʫ ɽʚʨʦʧʠ ʨʘʩʪʫ ʿʦʰ ʜʚʝ ʚʨʩʪʝ ʙʫʢʚʝ, Fagus taurica Popl. 

ʠ Fagus moesiaca / Domin, Maly/ Czeczott. Fagus taurica Popl. ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʥʘ ʂʨʠʤʫ 

ʧʨʝʜʩʪʘʚˀʘ ʩʣʫʯʘʿʥʠ ʭʠʙʨʠʜ ʠʟʤʝʹʫ F. sylvatica L. ʠ F. orientalis L., ʜʦʢ ʤʝʟʠʿʩʢʘ ʙʫʢʚʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ɹʘʣʢʘʥʩʢʦ ʧʦʣʫʦʩʪʨʚʦ ʧʨʝʜʩʪʘʚˀʘ ʠʥʪʨʦʛʨʝʩʠʿʩʢʫ ʭʠʙʨʠʜʠʟʘʮʠʿʫ 

F. sylvatica L. i F. orientalis L, ʠ ˁʠʭʦʚʠʭ ʭʠʙʨʠʜʘ. ʇʘʫʣ ʠ ʩʘʨ. (Paule et al., 1984) ʩʫ 

ʜʦʰʣʠ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ  Fagus sylvatica L. ʠ Fagus moesiaca ʥʠʩʫ ʿʘʢʦ 

ʠʟʨʘʞʝʥʝ ʢʘʦ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ F. sylvatica i F. orientalis.  

ʄʘʪʦʚʠ˂ (2012) ʢʦʥʩʪʘʪʫʿʝ ʜʘ ʩʫ ʫ ʨʘʥʠʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʩʚʝ ʜʦ 1897. ʛʦʜʠʥʝ 

ʩʠʩʪʝʤʘʪʠʯʘʨʠ ʩʤʘʪʨʘʣʠ ʜʘ ʫ ɽʚʨʦʧʠ ʨʘʩʪʝ ʩʘʤʦ ʿʝʜʥʘ ʚʨʩʪʘ ʙʫʢʚʝ (Fagus sylvatica L.),  

ʘʣʠ ʧʨʝʤʘ ʊʦʤʠ˂ (Tomiĺ, 2004) ʫ ʩʠʥʪʘʢʩʦʥʦʤʩʢʦʿ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʠ ʰʫʤʘ 

ɹʘʣʢʘʥʘ ʨʘʟʣʠʯʠʪʠ ʘʫʪʦʨʠ ʩʫ ʫʟʝʣʠ ʫ ʦʙʟʠʨ ʧʦʩʪʦʿʘˁʝ ʤʝʟʠʿʩʢʝ ʙʫʢʚʝ (Fagus moesiaca) 

ʠ ˁʝʥ ʜʦʩʪʘ ʰʠʨʦʢ ʘʨʝʘʣ, ʪʝ ʩʫ ʩʚʝ ʰʫʤʝ ʫ ʢʦʿʠʤʘ ʿʝ ʝʜʠʬʠʢʘʪʦʨ ʤʝʟʠʿʩʢʘ ʙʫʢʚʘ 

ʠʟʜʚʦʿʠʣʠ ʫ ʧʦʩʝʙʥʫ ʩʚʝʟʫ. ʉʚʝ ʙʫʢʦʚʝ ʰʫʤʝ ʉʨʙʠʿʝ ʠ ɹʫʛʘʨʩʢʝ, ʩʝʚʝʨʥʝ ʄʘʢʝʜʦʥʠʿʝ ʠ 

ʩʝʚʝʨʦʠʩʪʦʯʥʝ ʎʨʥʝ ɻʦʨʝ ʪʘʢʦ ʩʫ ʩʚʨʩʪʘʣʠ ʫ ʩʚʝʟʫ ʤʝʟʠʿʩʢʝ ʙʫʢʚʝ Fagion moesiacae.  

ʉʠʥʪʘʢʩʦʥʦʤʩʢʠ ʰʫʤʝ ʙʫʢʚʝ ʫ ʉʨʙʠʿʠ ʧʨʠʧʘʜʘʿʫ ʨʘʟʨʝʜʫ ʝʚʨʦʩʠʙʠʨʩʢʠʭ 

ʣʠʩʪʦʧʘʜʥʠʭ ʰʫʤʘ (Querco-Fagetea), ʨʝʜʫ ʰʫʤʝ ʙʫʢʚʝ (Fagetalia sylvaticae), ʧʦʜʨʝʜʫ 

ʰʫʤʝ ʤʝʟʠʿʩʢʝ ʙʫʢʚʝ (Fagenalia moesiacae) ʠ ʩʚʝʟʠ ʙʫʢʦʚʠʭ ʰʫʤʘ (Fagion moesiacae). 

ʆʚʘ ʩʚʝʟʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ 7 ʧʦʜʩʚʝʟʘ, ʦʜ ʢʦʿʠʭ ʩʫ 4 ʠʟʜʚʦʿʝʥʝ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʯʠʪʠʭ 

ʥʘʜʤʦʨʩʢʠʭ ʚʠʩʠʥʘ, a 3 ʥʘ ʦʩʥʦʚʫ ʝʜʘʬʩʢʠʭ ʨʘʟʣʠʢʘ (ʊʦʤʠ˂, 2006).  

ʉ ʦʙʟʠʨʦʤ ʥʘ ʚʠʩʠʥʩʢʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʊʦʤʠ˂ (2006) ʢʦʥʩʪʘʪʫʿʝ ʜʘ ʩʫ ʠʟʜʚʦʿʝʥʝ 

ʩʣʝʜʝ˂ʝ ʧʦʜʩʚʝʟʝ: ʙʨʜʩʢʝ ʰʫʤʝ ʙʫʢʚʝ (Fagenion moesiacae submontanum), ʧʣʘʥʠʥʩʢʝ 

ʰʫʤʝ ʙʫʢʚʝ (Fagenion moesiacae montanum), ʰʫʤʝ ʙʫʢʚʝ ʠ ʿʝʣʝ (Abieti-Fagenion 

moesiacae), ʩʫʙʘʣʧʠʿʩʢʝ ʰʫʤʝ ʙʫʢʚʝ (Fagenion moesiacae subalpinum). ʆʩʠʤ ʚʝʨʪʠʢʘʣʥʦ 

ʫʩʣʦʚˀʝʥʠʭ ʬʠʪʦʮʝʥʦʟʘ ʿʘʚˀʘʿʫ ʩʝ ʠ ʬʠʪʦʮʝʥʦʟʝ ʢʦʿʝ ʩʫ ʝʜʘʬʩʢʠ ʫʩʣʦʚˀʝʥʝ, ʘ ʪʦ ʩʫ: 

ʰʫʤʝ ʙʫʢʚʝ ʠ ʮʨʥʦʛ ʛʨʘʙʘ (Ostryo-Fagenion moesiacae), ʰʫʤʝ ʙʫʢʚʝ ʠ ʤʝʯʠʿʝ ʣʝʩʢʝ 

(Corylo colurnae-Fagenion moesiacum) ʠ ʘʮʠʜʦʬʠʣʥʝ ʰʫʤʝ ʙʫʢʚʝ (Luzulo-Fagenion 

moesiacae), ʥʘʚʦʜʝ ʎʚʿʝʪʠ˂ʘʥʠʥ (Cvjetiĺanin, 2003), ɱʦʚʘʥʦʚʠ˂ ʠ ʎʚʿʝʪʠ˂ʘʥʠʥ 

(Jovanoviĺ, Cvjetiĺanin, 2005).  

ʂʦʥʪʠʥʝʥʪʘʣʥʠ ʜʝʣʦʚʠ ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ ʧʨʠʧʘʜʘʿʫ ʝʫʨʦʩʠʙʠʨʩʢʦʿ-

ʩʝʚʝʨʥʦʘʤʝʨʠʯʢʦʿ ʨʝʛʠʿʠ, ʘ ʤʘˁʠ ʜʝʦ ʜʨʞʘʚʝ ʤʝʜʠʪʝʨʘʥʩʢʦʿ ʠ ʘʣʧʩʢʦ-ʚʠʩʦʢʦʥʦʨʜʠʿʩʢʦʿ 

ʨʝʛʠʿʠ (Horvatiĺ, 1967). ʆʚʝ ʨʝʛʠʿʝ ʜʝʣʝ ʩʝ ʥʘ ʧʨʦʚʠʥʮʠʿʝ. ɿʘʧʘʜʥʘ ʧʨʦʚʠʥʮʠʿʘ ʿʝ 

ʠʣʠʨʩʢʘ ʠ ʦʥʘ ʦʙʫʭʚʘʪʘ ʭʫʤʠʜʥʠʿʝ ʢʨʘʿʝʚʝ, ʠʩʪʦʯʥʘ ʿʝ ʤʝʟʠʿʩʢʘ ʠ ʦʥʘ ʦʙʫʭʚʘʪʘ ʘʨʠʜʥʠʿʝ 

ʢʨʘʿʝʚʝ, ʘ ʪʨʝ˂ʘ ʿʝ ʩʨʝʜˁʝʝʚʨʦʧʩʢʘ ʠ ʦʥʘ ʦʙʫʭʚʘʪʝ ʩʝʚʝʨʥʝ ʢʨʘʿʝʚʝ ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ 

(Stefanoviĺ i sar., 1983). ɹʨʜʩʢʝ ʙʫʢʦʚʝ ʰʫʤʝ ʩʝ ʿʘʚˀʘʿʫ ʥʘ ʢʨʝʯˁʘʯʢʠʤ ʧʦʜʣʦʛʘʤʘ ʫ 

ʟʘʧʘʜʥʦʿ ʠ ʿʫʛʦʟʘʧʘʜʥʦʿ ɹʦʩʥʠ, ʘ ʥʘ ʩʠʣʠʢʘʪʥʦʿ ʧʦʜʣʦʟʠ ʫ ʮʝʥʪʨʘʣʥʦʤ ʠ ʩʝʚʝʨʥʦʤ ʜʝʣʫ 

ɹʦʩʥʝ. ɹʨʜʩʢʝ ʰʫʤʝ ʙʫʢʚʝ ʥʘ ʟʝʤˀʠʰʪʠʤʘ ʙʦʛʘʪʠʤ ʙʘʟʘʤʘ ʿʘʚˀʘʿʫ ʩʝ ʫ ʩʚʝʟʘʤʘ Fagion 

Illyricum. ʊʝʨʤʦʬʠʣʥʫ ʚʘʨʠʿʘʥʪʫ ʙʫʢʦʚʠʭ ʰʫʤʘ ʯʠʥʝ ʬʠʪʦʮʝʥʦʟʝ Seslerio autumnalis-

Fagetum, Ostryo-Fagetum, Aceri obtusati-Fagetum. ɹʫʢʦʚʝ ʰʫʤʝ ʥʘ ʟʝʤˀʠʰʪʠʤʘ 

ʩʠʨʦʤʘʰʥʠʤ ʙʘʟʘʤʘ ʧʨʠʧʘʜʘʿʫ ʩʚʝʟʠ Luzulo-Fagion. ʆʚʫ ʩʚʝʟʫ ʯʠʥʠ ʚʠʰʝ ʬʠʪʦʮʝʥʦʟʘ: 

Luzulo-Fagetum, Blechno-Fagetum ʠ Musco-Fagetum. ʐʫʤʝ ʙʫʢʚʝ ʠ ʿʝʣʝ ʙʝʟ ʩʤʨʯʝ ʩʫ 
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ʢʣʠʤʘʨʝʛʠʦʥʘʣʥʝ ʰʫʤʝ ʠ ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʩʫ ʫ ʧʦʜʨʫʯʿʠʤʘ ʛʜʝ ʩʝ ʿʘʯʝ ʦʩʝ˂ʘ ʫʪʠʮʘʿ 

ʤʝʜʠʪʝʨʘʥʩʢʝ ʢʣʠʤʝ, ʪʿ. ʫ ʿʫʞʥʠʤ ʜʝʣʦʚʠʤʘ ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ. ʐʫʤʝ ʙʫʢʚʝ ʿʝʣʝ ʠ 

ʩʤʨʯʝ ʩʫ ʚʝʦʤʘ ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʫ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ. ʅʘʣʘʟʝ ʩʝ ʠ ʥʘ ʢʨʝʯˁʘʮʠʤʘ ʠ 

ʥʘ ʢʠʩʝʣʦ-ʩʤʝʹʠʤ ʠ ʦʧʦʜʟʦˀʝʥʠʤ ʟʝʤˀʠʰʪʠʤʘ. ʉʫʙʘʣʧʩʢʝ ʰʫʤʝ ʙʫʢʚʝ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʩʫ ʠ ʥʘ ʢʨʝʯˁʘʯʢʠʤ ʠ ʥʘ ʢʠʩʝʣʦ-ʩʤʝʹʠʤ ʟʝʤˀʠʰʪʠʤʘ (Stefanoviĺ i sar., 

1983). 

1.3. ɸʅɸʊʆʄʉʂɸ ɻʈɸɫɸ ʀ ʈɸʉʊ ʉʊɸɹɸʃɸ ɹʋʂɺɽ 

ɽʚʨʦʧʩʢʘ ʙʫʢʚʘ (Fagus sylvatica L.) ʿʝ ʙʘʢʫˀʘʚʘ ʠ ʜʠʬʫʟʥʦ ʧʦʨʦʟʥʘ ʚʨʩʪʘ. ɹʦʿʘ 

ʩʚʝʞʝʛ ʜʨʚʝʪʘ ʿʝ ʙʝʣʦ-ʞʫʪʘ, ʘ ʧʨʦʩʫʰʝʥʦʛ ʞʫʪʦ-ʮʨʚʝʥʘ. ʂʦʜ ʙʫʢʚʝ ʥʠʿʝ ʨʝʪʢʘ ʧʦʿʘʚʘ 

ʣʘʞʥʝ ʩʨʯʝʚʠʥʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʯʝʪʘʢ ʪʨʫʣʝʞʠ. ʇʨʩʪʝʥʦʚʠ ʧʨʠʨʘʩʪʘ ʩʫ 

ʢʦʥʮʝʥʪʨʠʯʥʠ ʩʘ ʿʘʩʥʦ ʠʟʨʘʞʝʥʦʤ ʛʨʘʥʠʮʦʤ, ʘ ʤʦʛʫ ʙʠʪʠ ʠ ʚʘʣʦʚʠʪʠ ʢʘʜʘ ʠʭ ʿʝ ʪʝʰʢʦ 

ʫʦʯʠʪʠ (Gajiĺ, 1987). ʊʨʘʢʝ ʣʠʛʥʫʤʘ ʢʦʜ ʜʨʚʝʪʘ ʙʫʢʚʝ ʩʫ ʚʠʜˀʠʚʝ ʥʘ ʩʚʘ ʪʨʠ ʧʨʝʩʝʢʘ ʠ 

ʠˁʭʦʚʘ ʰʠʨʠʥʘ ʠʟʥʦʩʠ ʜʦ 1 mm. ʊʨʘʢʝ ʣʠʛʥʫʤʘ ʥʘ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʠʤʘʿʫ ʠʟʛʣʝʜ 

ʨʘʜʠʿʘʣʥʠʭ ʣʠʥʠʿʘ, ʥʘ ʨʘʜʠʿʘʣʥʦʤ ʧʨʝʩʝʢʫ ʩʝ ʙʦʿʦʤ ʠ ʩʿʘʿʝʤ ʨʘʟʣʠʢʫʿʫ ʦʜ ʦʩʥʦʚʥʝ ʤʘʩʝ 

ʜʨʚʝʪʘ, ʘ ʥʘ ʪʘʥʛʝʥʮʠʿʘʣʥʦʤ ʧʨʝʩʝʢʫ ʩʫ ʫ ʚʠʜʫ ʚʨʝʪʝʥʘʩʪʠʭ ʣʠʥʠʿʘ, ʪʘʤʥʝ ʙʦʿʝ ʜʫʞʠʥʝ 

ʜʦ 1 cm. ʊʨʘʭʝʿʝ ʩʝ ʥʝ ʤʦʛʫ ʫʦʯʠʪʠ ʧʨʦʩʪʠʤ ʦʢʦʤ. ɼʨʚʦ ʿʝ ʪʝʰʢʦ, ʪʚʨʜʦ, ʯʚʨʩʪʦ ʠ 

ʩʨʝʜˁʝ ʝʣʘʩʪʠʯʥʦ (ɺʠʣʦʪʠ˂, 2000, ʩʪʨ. 108). 

ʐʪʦ ʩʝ ʪʠʯʝ ʤʠʢʨʦʩʢʦʧʩʢʝ ʛʨʘʹʝ, ʥʘ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʫʥʫʪʘʨ ʧʨʩʪʝʥʘ 

ʧʨʠʨʘʩʪʘ ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʦʢʨʫʛʣʝ ʜʦ ʿʘʿʘʩʪʝ ʪʨʘʭʝʿʝ ʢʦʿʝ ʩʫ ʧʦʿʝʜʠʥʘʯʥʦ ʠʣʠ ʛʨʫʧʥʦ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʨʝʹʝʥʝ. ʊʨʘʭʝʿʝ ʢʦʿʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʙʣʠʞʝ ʛʨʘʥʠʮʠ ʛʦʜʘ ʩʫ ʤʘˁʝ, ʟʙʦʛ 

ʯʝʛʘ ʿʝ ʜʨʚʦ ʢʦʿʝ ʩʝ ʬʦʨʤʠʨʘ ʫ ʿʝʩʝʥ ʪʘʤʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʚʦ ʢʦʿʝ ʩʝ ʬʦʨʤʠʨʘ ʫ 

ʧʨʦʣʝ˂ʝ. ʊʨʘʭʝʿʝ ʟʨʝʣʦʛ ʜʨʚʝʪʘ ʩʫ ʠʩʧʫˁʝʥʝ ʪʠʣʘʤʘ, ʯʠʿʘ ʿʝ ʬʫʥʢʮʠʿʘ ʜʘ ʠʩʧʫʥʝ ʣʫʤʝʥ 

ʪʨʘʭʝʿʘ ʠ ʪʘʢʦ ʩʤʘˁʝ ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʜʨʚʝʪʘ (Vilotiĺ, Radoġeviĺ, 2005).  

ʍʦʨʤʦʥʠ ʨʘʩʪʘ (ʘʫʢʩʠʥ ʠ ʮʠʪʦʢʠʥʠʥ) ʧʦʜʩʪʠʯʫ ʜʝʦʙʫ ˂ʝʣʠʿʝ, ʨʘʩʪ ʠ ʨʘʟʚʦʿ. 

ʊʦʢʦʤ ʛʦʜʠʥʘ ʜʦʙʨʠʭ ʝʢʦʣʦʰʢʠʭ ʫʩʣʦʚʘ, ʭʦʨʤʦʥʠ ʨʘʩʪʘ ʩʝ ʧʨʦʠʟʚʦʜʝ ʦʙʠʣʥʦ ʫ 

ʘʧʠʢʘʣʥʦʤ ʤʝʨʠʩʪʝʤʫ ʠ ʧʨʝʥʦʩʝ ʩʝ ʥʠʟ ʩʪʘʙʣʦ ʫ ʬʣʦʝʤ ʜʨʚʝʪʘ ʠ ʧʦʜʩʪʠʯʫ ʨʘʩʪ ʜʫʞ 

ʯʠʪʘʚʦʛ ʢʘʤʙʠʿʫʤʘ. ʋ ʩʪʨʝʩʥʠʤ ʛʦʜʠʥʘʤʘ, ʥʝʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ ʭʦʨʤʦʥʘ ʨʘʩʪʘ ʥʝ ʤʦʞʝ 

ʜʘ ʧʦʢʨʝʥʝ ʨʘʩʪ ʥʝʢʠʭ ʜʝʣʦʚʘ ʩʪʘʙʣʘ, ʧʦʩʝʙʥʦ ʫ ʧʦʜʥʦʞʿʫ ʜʨʚʝʪʘ ʧʘ ʛʦʜʦʚʠ ʙʠʚʘʿʫ 

ʤʝʩʪʠʤʠʯʥʦ ʦʜʩʫʪʥʠ ʠʣʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʩʘʤʦ ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʩʪʘʙʣʘ. ʍʦʨʤʦʥʠ 

ʨʘʩʪʘ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʩʝ ʢʨʝ˂ʫ ʦʜ ʚʨʭʘ (ʦʜ ʛʨʘʥʘ) ʜʦ ʢʦʨʝʥʘ, ʪʘʢʦ ʜʘ ʿʝ ʚʝ˂ʘ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʥʝʜʦʩʪʘʿʫ ʛʦʜʦʚʠ ʫ ʙʣʠʟʠʥʠ ʧʘˁʘ (Speer, 2009).  

ʈʘʩʪ ʩʪʘʙʣʘ ʥʘ ʥʘʰʝʤ ʧʦʜʥʝʙˀʫ ʩʝ ʦʙʠʯʥʦ ʦʩʪʚʘʨʫʿʝ ʫ ʧʝʨʠʦʜʫ (ʘʧʨʠʣ-ʦʢʪʦʙʘʨ) 

ʠ ʪʘʿ ʧʝʨʠʦʜ ʩʝ ʥʘʟʠʚʘ ʚʝʛʝʪʘʮʠʦʥʠ ʧʝʨʠʦʜ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʘʢʪʠʚʥʦʤ ʠ ʥʝʘʢʪʠʚʥʦʤ 

ʧʝʨʠʦʜʫ ʩʪʘʙʣʘ ʪʦʢʦʤ ʮʝʣʝ ʛʦʜʠʥʝ, ʩʪʘʙʣʘ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʨʠʢʘʞʫ ʢʣʠʤʫ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʛʦʜʠʰˁʠʤ ʜʦʙʠʤʘ (Fritts, 1976). ʈʘʩʪ ʩʪʘʙʣʘ ʿʝ ʥʝʧʦʚʨʘʪʥʦ ʫʚʝ˂ʘˁʝ 

ˁʝʛʦʚʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʥʘ ˁʝʛʘ ʫʪʠʯʝ ʤʥʦhʪʚʦ ʬʘʢʪʦʨʘ ʩʧʦˀʘʰˁʝ ʩʨʝʜʠʥʝ. ʅʘ ʧʨʦʣʝ˂ʥʠ 

ʨʘʩʪ ʩʪʘʙʣʘ ʥʘʿʚʠʰʝ ʫʪʠʯʫ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʧʘʜʘʚʠʥʝ ʪʝʢʫ˂ʝ ʛʦʜʠʥʝ ʠ ʚʨʝʤʝʥʩʢʝ 

ʧʨʠʣʠʢʝ ʫ ʿʝʩʝʥ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ. ʋ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ ʨʘʩʪ ʟʘʚʠʩʠ ʚʠʰʝ ʦʜ ʧʘʜʘʚʠʥʘ ʠ 

ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʥʝʛʦ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘ (Dukiĺ, Petroviĺ, 2014). ʅʘ ʨʘʩʪ ʩʪʘʙʣʘ ʫ 

ʩʘʩʪʦʿʠʥʠ ʪʘʢʦʹʝ ʫʪʠʯʝ ʧʦʣʦʞʘʿ ʩʪʘʙʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʩʝʜʥʘ ʩʪʘʙʣʘ, ʦʙʠʣʥʦʩʪ ʫʨʦʜʘ 
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ʩʝʤʝʥʘ ʫ ʧʨʝʪʭʦʜʥʦʿ ʛʦʜʠʥʠ, ʝʢʩʧʦʟʠʮʠʿʘ, ʥʘʛʠʙ ʪʝʨʝʥʘ ʠʪʜ. ʉʪʘʤʝʥʢʦʚʠ˂ ʠ ɺʫʯʢʦʚʠ˂ 

(Stamenkoviĺ, Vuļkoviĺ, 1988) ʥʘʚʦʜʝ ʜʘ ʩʫ ʤʘʿʩʢʝ ʠ ʿʫʥʩʢʝ ʧʘʜʘʚʠʥʝ ʦʜʣʫʯʫʿʫ˂ʝ ʟʘ 

ʧʨʠʨʘʩʪ ʩʚʠʭ ʠʩʪʨʘʞʠʚʘʥʠʭ ʚʨʩʪʘ ʥʘ ʧʦʜʨʫʯʿʫ ʉʨʙʠʿʝ.  

ʋʩʣʦʚ ʟʘ ʧʦʯʝʪʘʢ ʨʘʩʪʘ ʩʪʘʙʣʘ ʫ ʜʝʙˀʠʥʫ ʿʝ ʦʩʪʚʘʨʠʚʘˁʝ ʤʠʥʠʤʘʣʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʫ ʢʨʦʰˁʠ, ʜʝʙʣʫ ʠ ʟʝʤˀʠʰʪʫ ʢʦʿʘ ˂ʝ ʜʘ ʧʦʜʩʪʘʢʥʝ ʥʘʩʪʘʿʘˁʝ 

ʭʦʨʤʦʥʘ ʨʘʩʪʘ. ʍʦʨʤʦʥʠ ʨʘʩʪʘ (ʘʫʢʩʠʥ ʠ ʮʠʪʦʢʠʥʠʥ) ʧʦʜʩʪʠʯʫ ʜʝʦʙʫ ˂ʝʣʠʿʝ, ʨʘʩʪ ʠ 

ʨʘʟʚʦʿ. ʊʦʢʦʤ ʛʦʜʠʥʘ ʜʦʙʨʠʭ ʝʢʦʣʦʰʢʠʭ ʫʩʣʦʚʘ, ʭʦʨʤʦʥʠ ʨʘʩʪʘ ʩʝ ʧʨʦʠʟʚʦʜʝ ʦʙʠʣʥʦ ʫ 

ʘʧʠʢʘʣʥʦʤ ʤʝʨʠʩʪʝʤʫ ʠ ʧʨʝʥʦʩʝ ʩʝ ʥʠʟ ʩʪʘʙʣʦ ʫ ʬʣʦʝʤ ʜʨʚʝʪʘ ʠ ʧʦʜʩʪʠʯʫ ʨʘʩʪ ʜʫʞ 

ʯʠʪʘʚʦʛ ʢʘʤʙʠʿʫʤʘ. ʋ ʛʦʜʠʥʘʤʘ ʫ ʢʦʿʠʤ ʿʝ ʙʠˀʢʘ ʜʦʞʠʚʝʣʘ ʩʪʨʝʩ, ʥʝʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ 

ʭʦʨʤʦʥʘ ʨʘʩʪʘ ʥʝ ʤʦʞʝ ʜʘ ʧʦʢʨʝʥʝ ʨʘʩʪ ʥʝʢʠʭ ʜʝʣʦʚʘ ʩʪʘʙʣʘ, ʧʦʩʝʙʥʦ ʫ ʧʦʜʥʦʞʿʫ 

ʜʨʚʝʪʘ ʧʘ ʛʦʜʦʚʠ ʙʠʚʘʿʫ ʤʝʩʪʠʤʠʯʥʦ ʦʜʩʫʪʥʠ, ʠʣʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʩʘʤʦ ʫ ʦʜʨʝʹʝʥʠʤ 

ʜʝʣʦʚʠʤʘ ʩʪʘʙʣʘ. ʍʦʨʤʦʥʠ ʨʘʩʪʘ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʩʝ ʢʨʝ˂ʫ ʦʜ ʚʨʭʘ (ʦʜ ʛʨʘʥʘ) ʜʦ 

ʢʦʨʝʥʘ, ʪʘʢʦ ʜʘ ʿʝ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʥʝʜʦʩʪʘʿʫ ʛʦʜʦʚʠ ʫ ʙʣʠʟʠʥʠ ʧʘˁʘ (Speer, 2009).  

ʇʦʨʝʜ ʧʨʦʩʝʯʥʝ ʜʥʝʚʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʠʟʥʦʩʠ 5-10 
ʦ
ʉ, ʙʠʪʥʝ ʩʫ ʠ 

ʤʠʥʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʿʝʨ ʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʜʥʝ ʠʩʧʦʜ ʦʜʨʝʹʝʥʝ ʛʨʘʥʠʮʝ ʤʦʞʝ ʜʘ 

ʦʜʣʦʞʠ ʧʦʯʝʪʘʢ ʨʘʟʚʠʿʘˁʘ ʧʫʧʦˀʘʢʘ ʠ ʜʝʙˀʠʥʩʢʠ ʧʨʠʨʘʩʪ (Dukiĺ, Petroviĺ, 2014). 

ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ ʿʝ ʪʘʢʦʹʝ ʙʠʪʘʥ ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʧʦʯʝʪʘʢ ʜʝʙˀʠʥʩʢʦʛ 

ʧʨʠʨʘʩʪʘ ʩʪʘʙʣʘ (Dukiĺ, Petroviĺ, 2014).  

ʀʩʪʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʜʝʙˀʠʥʩʢʠ ʧʨʠʨʘʩʪ ʧʨʝʩʪʘʿʝ ʥʘʢʦʥ ʧʦʿʘʚʝ ʤʨʘʟʝʚʘ. 

ɼʝʙˀʠʥʩʢʠ ʧʨʠʨʘʩʪ ʧʨʝʩʪʘʿʝ ʠ ʘʢʦ ʥʝʤʘ ʤʨʘʟʝʚʘ ʘ ʥʘʩʪʫʧʝ ʿʝʩʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʝ 

ʠʥʭʠʙʠʨʘʿʫ ʬʠʪʦʭʦʨʤʦʥʝ ʨʘʩʪʘ. ʇʨʦʮʝʩ ʧʨʝʩʪʘʥʢʘ ʨʘʩʪʘ ʧʦʯʠˁʝ ʪʘʢʦ ʰʪʦ ʩʝ ʟʘʫʩʪʘʚˀʘ 

ʜʝʦʙʘ ˂ʝʣʠʿʘ, ʥʦʚʦʥʘʩʪʘʣʝ ˂ʝʣʠʿʝ ʩʝ ʜʠʬʝʨʝʥʮʠʨʘʿʫ, ˁʠʭʦʚʠ ˂ʝʣʠʿʩʢʠ ʟʠʜʦʚʠ ʩʝ ʩʣʘʞʫ ʠ 

ʜʝʙˀʘʿʫ. ɺʝ˂ʠʥʘ ʰʫʤʩʢʠʭ ʚʨʩʪʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʥʘʰʠʤ ʢʨʘʿʝʚʠʤʘ ʧʦʯʠˁʫ 

ʧʨʠʨʘʰ˂ʠʚʘʪʠ ʢʨʘʿʝʤ ʘʧʨʠʣʘ ʘ ʩʘ ʨʘʩʪʦʤ ʧʨʝʩʪʘʿʫ ʫ ʦʢʪʦʙʨʫ (Stamenkoviĺ, Vuļkoviĺ, 

1988).  

ʉʪʘʙʣʦ ʫ ʪʦʢʫ ʿʝʜʥʝ ʛʦʜʠʥʝ ʬʦʨʤʠʨʘ ʿʝʜʘʥ ʛʦʜ, ʘʣʠ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʪʘʙʣʦ 

ʫ ʪʦʢʫ ʠʩʪʝ ʛʦʜʠʥʝ ʦʙʨʘʟʫʿʝ ʚʠʰʝ ʛʦʜʦʚʘ. ʊʠ ʛʦʜʦʚʠ ʩʝ ʥʘʟʠʚʘʿʫ ʣʘʞʥʠ ʛʦʜʦʚʠ ʠ ʥʘʩʪʘʿʫ  

ʢʘʜ ʟʙʦʛ ʥʝʧʦʚʦˀʥʠʭ ʦʢʦʣʥʦʩʪʠ ʧʨʠʨʘʩʪ ʩʪʘʙʣʘ ʧʨʝʩʪʘʥʝ, ʘ ʢʘʜʘ ʩʝ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ 

ʬʘʢʪʦʨʠ ʚʨʘʪʝ ʫ ʥʦʨʤʘʣʫ ʩʪʘʙʣʘ ʥʘʩʪʘʚˀʘʿʫ ʩʘ ʥʦʨʤʘʣʥʠʤ ʨʘʩʪʦʤ. ʃʘʞʥʠ ʛʦʜʦʚʠ ʩʝ 

ʤʦʛʫ ʨʘʟʣʠʢʦʚʘʪʠ ʥʘ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʧʦ ʪʦʤʝ ʰʪʦ ʥʝʤʘʿʫ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʝ ʛʨʘʥʠʮʝ 

ʨʘʥʦʛ ʠ ʢʘʩʥʦʛ ʜʨʚʝʪʘ (Stokes et al., 1996). ʋ ʩʪʘʙʣʫ ʩʝ ʫʩʣʝʜ ʩʣʘʙʠʭ ʟʠʤʘ ʦʙʨʘʟʫʿʫ 

ʤʨʘʟʥʠ ʛʦʜʦʚʠ, ʢʦʿʠ ʩʝ ʭʠʩʪʦʣʦʰʢʠ ʨʘʟʣʠʢʫʿʫ ʦʜ ʧʨʘʚʠʭ ʛʦʜʦʚʘ ʿʝʨ ʠʤʘʿʫ ʠʩʢʨʠʚˀʝʥʝ 

ʢʩʠʣʝʤʩʢʝ ʝʣʝʤʝʥʪʝ ʠ ʬʦʨʤʠʨʘʿʫ ʧʘʨʝʥʭʠʤʩʢʝ ˂ʝʣʠʿʝ (Klepac, 1963).  

ʃʘʞʥʠ ʛʦʜʦʚʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʚʘʞʥʦʩʪ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʘ ʫ ʦʛʨʘʥʠʯʝʥʠʤ ʢʣʠʤʘʪʩʢʠʤ 

ʫʩʣʦʚʠʤʘ. ʃʘʞʥʠ ʛʦʜʦʚʠ ʩʝ ʦʙʠʯʥʦ ʿʘʚˀʘʿʫ ʢʦʜ ʙʨʟʦʨʘʩʪʫ˂ʠʭ ʚʨʩʪʘ ʜʨʚʝ˂ʘ ʠ ʢʦʜ 

ʢʦʜʦʤʠʥʘʥʪʥʦʛ ʜʨʚʝ˂ʘ (Copenheaver et al., 2004). ʇʦʿʝʜʠʥʘ ʩʪʘʙʣʘ ʪʨʦʧʩʢʦʛ ʢʣʠʤʘʪʘ 

ʬʦʨʤʠʨʘʿʫ ʜʠʬʫʟʥʝ ʛʨʘʥʠʮʝ ʛʦʜʦʚʘ ʢʘʜʘ ʨʘʩʪʫ ʫ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʥʝ ʤʦʨʘʿʫ 

ʥʠʢʘʜ ʜʘ ʧʨʝʢʠʥʫ ʨʘʩʪ. ɿʙʦʛ ʪʦʛʘ ʠʤʘʿʫ ʜʠʬʫʟʥʝ ʛʨʘʥʠʮʝ ʛʦʜʦʚʘ ʙʝʟ ʩʪʚʘʨʥʠʭ ʧʨʦʤʝʥʘ ʫ 

ʜʝʙˀʠʥʠ ˂ʝʣʠʿʩʢʦʛ ʟʠʜʘ. ʏʝʩʪʦ ʩʝ ʛʦʜ ʫ ʜʨʫʛʦʿ ʛʦʜʠʥʠ ʩʘʩʪʦʿʠ ʦʜ ˂ʝʣʠʿʘ ʢʘʩʥʦʛ ʜʨʚʝʪʘ, 

ʿʝʨ ʥʘʩʪʘʚˀʘʿʫ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜʝ ˂ʝʣʠʿʝ ʩʘ ʜʝʙʝʣʠʤ ʟʠʜʦʚʠʤʘ ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ 

ʢʨʘʿ ʚʝʛʝʪʘʮʠʿʝ.  
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ɼʝʰʘʚʘ ʩʝ ʜʘ ʢʦʜ ʥʝʫʥʠʬʦʨʤʥʠʭ ʩʪʘʙʘʣʘ, ʪʿ. ʢʦʜ ʩʪʘʙʘʣʘ ʨʘʟʣʠʯʠʪʠʭ ʧʦ ʚʠʩʠʥʠ 

ʠ ʧʨʝʯʥʠʢʫ ʜʦʣʘʟʠ ʜʦ ʢʦʥʮʝʥʪʨʠʩʘˁʘ ʚʝ˂ʝʛ ʙʨʦʿʘ ʛʦʜʦʚʘ ʥʘ ʤʘʣʦʤ ʧʨʦʩʪʦʨʫ. ʋ ʦʚʦʤ 

ʩʣʫʯʘʿʫ, ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʛʦʜʦʚʘ ˂ʝ ʙʠʪʠ ʧʨʠʢˀʝʰʪʝʥʦ, ʪʘʢʦ ʜʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʠʟʚʨʪʢʘ ʩʘ 

ʠʩʪʦʛ ʜʨʚʝʪʘ ʥʘ ʠʩʪʦʿ ʚʠʩʠʥʠ ˂ʝ ʜʘʪʠ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʝ ʧʦʜʘʪʢʝ. ɸʢʦ ʿʝ ʧʨʝʚʠʰʝ 

ʛʦʜʦʚʘ ʧʨʠʢˀʝʰʪʝʥʦ, ʚʝʦʤʘ ʿʝ ʪʝʰʢʦ, ʧʘ ʠ ʥʝʤʦʛʫ˂ʝ ʫʦʯʠʪʠ ʬʦʨʤʠʨʘʥʝ ʛʦʜʦʚʝ, ʯʘʢ ʠ ʩʘ 

ʧʨʝʢʣʘʧʘˁʝʤ. ʆʚʝ ʘʥʦʤʘʣʠʿʝ ʛʦʜʦʚʘ ʤʦʛʫ ʩʝ ʿʘʚʠʪʠ ʢʦʜ ʙʠʣʦ ʢʦʿʝ ʚʨʩʪʝ ʜʨʚʝ˂ʘ ʙʝʟ 

ʦʙʟʠʨʘ ʥʘ ˁʝʥʫ ʧʦʨʦʟʥʦʩʪ (Larson, 1994).  

ʂʦʜ ʚʨʩʪʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʩʨʝʜˁʠʤ ʠ ʚʠʩʦʢʠʤ ʛʝʦʛʨʘʬʩʢʠʤ ʰʠʨʠʥʘʤʘ, ʤʨʘʟʥʠ 

ʧʨʩʪʝʥʦʚʠ ʩʝ ʿʘʚˀʘʿʫ ʢʘʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʧʘʜʥʝ ʠʩʧʦʜ ʥʫʣʝ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ 

ʧʝʨʠʦʜʘ. ʇʦʩʪʦʿʝ ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʭʠʧʦʪʝʟʝ ʦ ʪʦʤʝ ʢʘʢʦ ʩʝ ʬʦʨʤʠʨʘʿʫ ʤʨʘʟʥʠ ʧʨʩʪʝʥʦʚʠ. 

ʇʨʚʘ ʪʚʨʜˁʘ ʿʝ ʜʘ ʤʨʘʟʥʠ ʧʨʩʪʝʥʦʚʠ ʥʘʩʪʘʿʫ ʢʘʜʘ ʩʝ ʚʦʜʘ ʟʘʤʨʟʘʚʘ ʫ ʣʫʤʝʥʠʤʘ ˂ʝʣʠʿʘ ʠ 

˂ʝʣʠʿʘ ʩʝ ʨʘʟʘʨʘ. ʂʘʩʥʠʿʝ ʩʝ ʢʘʤʙʠʿʫʤ ʜʝʣʠ ʠ ʠʟʛʫʞʚʘʥʝ ʪʨʘʭʝʠʜʝ ʩʝ ʟʛˁʝʯʝ ʠ 

ʬʦʨʤʠʨʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʤʨʘʟʥʝ ʧʨʩʪʝʥʦʚʝ (Glock, 1951). ɼʨʫʛʦ ʦʙʿʘʰˁʝˁʝ ʿʝ ʜʘ 

ʚʦʜʘ ʫ ʩʪʘʙʣʫ ʫ ʙʣʠʟʠʥʠ ʟʝʤˀʝ ʠʣʠ ʫ ʩʘʤʦʿ ʟʝʤˀʠ ʟʘʤʨʟʘʚʘ ʘʣʠ ʠʩʧʘʨʘʚʘˁʝ ʠʟ ʢʨʦʰˁʠ 

ʩʝ ʥʘʩʪʘʚˀʘ ʧʘ ʪʘʢʦ ʧʨʦʧʘʜʘʿʫ ʩʧʦˀʥʝ ˂ʝʣʠʿʝ ʢʦʿʝ ʥʠʩʫ ʣʠʛʥʠʬʠʮʠʨʘʥʝ. ʄʨʘʟʥʠ 

ʧʨʩʪʝʥʦʚʠ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ ʚʨʩʪʝ ʫ ʧʣʘʥʠʥʩʢʠʤ ʧʨʝʜʝʣʠʤʘ ʠ ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʢʦʜ 

ʩʪʘʙʘʣʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʝ ʥʘ ʚʝʣʠʢʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ.  

ʇʦʩʪʦʿʝ ʪʘʢʦʹʝ ʠ ʘʥʦʤʘʣʠʿʝ ʛʦʜʦʚʘ ʥʘʩʪʘʣʝ ʫʩʣʝʜ ʪʦʛʘ ʰʪʦ ʥʝʢʝ ʚʘʰʠ ʩʠʩʘʿʫ ʩʦʢ 

ʦʜ ʩʠʪʥʠʭ ˂ʝʣʠʿʩʢʠʭ ʦʰʪʝ˂ʝˁʘ ʢʘʤʙʠʿʫʤʘ ʠ ʧʨʦʠʟʚʦʜʝ ʤʨˀʝ ʥʘ ʠʟʚʨʪʢʫ. ʆʥʝ ʥʘ 

ʫʟʜʫʞʥʦʤ ʧʨʝʩʝʢʫ ʠʤʘʿʫ ʪʝʢʩʪʫʨʫ ʙʦʿʝ ʰʘʤʧʘˁʮʘ.  ʆʚʘ ʦʰʪʝ˂ʝˁʘ ʦʜ ʚʘʰʠ ʥʝ ʤʦʛʫ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʧʦʢʘʟʘʪʝˀʠ ʛʦʜʦʚʘ, ʦʩʠʤ ʘʢʦ ʥʝ ʥʘʩʪʘʥʫ ʪʘʢʦ ʜʘ ʩʝ ʰʪʝʪʘ ʯʠʥʠ ʢʘʦ 

ʧʦʩʝʙʘʥ ʛʦʜ (Speer, 2009). 

ʆʞʠˀʮʠ ʦʜ ʧʦʞʘʨʘ ʩʫ ʿʦʰ ʿʝʜʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʘʥʘʪʦʤʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʦʿʘ ʿʝ ʫʟʨʦʢʦʚʘʥʘ ʤʝʩʪʠʤʠʯʥʠʤ ʦʜʫʤʠʨʘˁʝʤ ʢʘʤʙʠʿʫʤʘ ʟʙʦʛ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʟʘʟʚʘʥʠʭ ʚʘʪʨʦʤ. ʆʞʠˀʘʢ ʩʝ ʬʦʨʤʠʨʘ ʥʘ ʤʝʩʪʫ ʛʜʝ ʿʝ ʢʘʤʙʠʿʫʤ ʫʙʠʿʝʥ ʟʙʦʛ ʚʠʩʦʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʢʦʥ ʫʙʠʿʘˁʘ ʢʘʤʙʠʿʫʤʘ ʢʦʨʘ ʦʙʠʯʥʦ ʦʪʧʘʜʥʝ ʠ ʜʨʚʦ ʧʦʩʪʘʿʝ 

ʥʝʟʘʰʪʠ˂ʝʥʦ. ɾʠʚʠ ʢʘʤʙʠʿʫʤ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʦʞʠˀʢʘ ʢʘʣʫʩʠʨʘ, ʪʿ. ʨʘʩʪʝ ʙʨʟʦ ʠ ʟʘʚʨʰʘʚʘ 

ʬʦʨʤʠʨʘˁʝ ʦʞʠˀʢʘ ʫ ʩʪʨʫʢʪʫʨʠ ʜʨʚʝʪʘ. ɾʠʚʝ ʢʘʤʙʠʿʘʣʥʝ ˂ʝʣʠʿʝ ʥʘ ʨʫʙʫ ʦʜʫʤʨʣʦʛ 

ʢʘʤʙʠʿʫʤʘ ʩʫ ʚʝ˂ʝ ʠ ʧʨʝʢʨʠʚʘʿʫ ʧʦʚʨʝʹʝʥʠ ʧʨʦʩʪʦʨ, ʪʘʢʦ ʜʘ ʩʪʘʙʣʦ ʤʦʞʝ ʧʦʥʦʚʦ ʜʘ 

ʨʘʩʪʝ. ʅʘ ʦʩʥʦʚʫ ʜʝʪʘˀʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʚʨʝʤʝʥʘ ʥʘʩʪʘʥʢʘ ʦʞʠˀʢʘ, ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʠ 

ʚʨʝʤʝ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ (Speer, 2009).  



ˑ̏̋̓̏̑̒̋́ ̗̪̅̉̒̆̑̓́̉́                                                                ˞ ̓̆́̎̕ ˞̪̯̓̆̐́̎̏̃̉ 

 

9 

 

2. ʇʈɽɻʃɽɼ ɼʆʉɸɼɸʐɳʀʍ ʀʉʊʈɸɾʀɺɸɳɸ 

2.1. ɼɽʅɼʈʆɽʂʆʃʆʐʂɸ ʀʉʊʈɸɾʀɺɸɳɸ 

ɼʝʥʜʨʦʭʨʦʥʦʣʦʛʠʿʘ ʿʝ ʥʘʫʢʘ ʢʦʿʘ ʩʝ ʙʘʚʠ ʜʘʪʠʨʘˁʝʤ ʠ ʧʨʦʫʯʘʚʘˁʝʤ ʧʨʩʪʝʥʦʚʘ 

ʧʨʠʨʘʩʪʘ ʜʨʚʝ˂ʘ ʠ ʞʙʫˁʘ (Smith, Lewis, 2007). ɸʥʘʣʠʟʘ ʛʦʜʦʚʘ ʫ ʧʨʦʰʣʦʩʪʠ 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠ ʤʦʥʠʪʦʨʠʥʛ (Dukiĺ, Petroviĺ, 2014). ʋʧʦʨʝʹʠʚʘˁʝʤ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʬʘʢʪʦʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʘʜʘʚʠʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʫʥʯʘʥʠ 

ʧʝʨʠʦʜʠ ʠ ʠʥʜʝʢʩʠ ʩʫʰʝ, ʩʘ ʛʦʜʠʰˁʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʛʦʜʘ, ʢʘʦ ʰʪʦ ʩʫ ʛʨʘʥʠʮʝ ʛʦʜʘ 

(Fritts, 1976), ʛʫʩʪʠʥʘ ʛʦʜʦʚʘ (McCarroll et al., 2002; Schweingruber et al., 1978)  ʠʣʠ 

ʩʪʘʙʠʣʥʠ ʠʟʦʪʦʧʠ (McCarroll, Loader, 2004), ʤʦʛʫ˂ʝ ʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʥʘʿʚʘʞʥʠʿʝ 

ʢʣʠʤʘʪʩʢʝ ʧʘʨʘʤʝʪʨʝ ʨʘʩʪʘ ʜʨʚʝʪʘ ʠ ʨʝʢʦʥʩʪʨʫʠʩʘʪʠ ʠʭ ʫ ʥʘʟʘʜ ʫ ʚʨʝʤʝʥʫ ʜʦ ʧʝʨʠʦʜʘ 

ʢʘʜʘ ʩʫ ʫʟʝʪʠ ʠʟʚʨʪʮʠ. ʊʦ ʿʝ ʤʦʛʫ˂ʝ ʘʢʦ ʨʘʟʚʠʿʝʥʘ ʭʨʦʥʦʣʦʛʠʿʘ ʛʦʜʘ ʩʘʜʨʞʠ ʟʥʘʯʘʿʘʥ 

ʢʣʠʤʘʪʩʢʠ ʩʠʛʥʘʣ ʠ ʧʦʩʝʜʫʿʝ ʜʦʚʦˀʥʫ ʜʫʞʠʥʫ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ 

(Poljanġek et al., 2015).  

ɼʝʥʜʨʦʭʨʦʥʦʣʦʛʠʿʘ ʩʝ ʧʨʦʞʠʤʘ ʩʘ ʦʩʪʘʣʠʤ ʥʘʫʯʥʠʤ ʜʠʩʮʠʧʣʠʥʘʤʘ ʧʦʧʫʪ 

ʜʝʥʜʨʦʘʨʭʝʦʣʦʛʠʿʝ, ʜʝʥʜʨʦʢʣʠʤʘʪʦʣʦʛʠʿʝ, ʜʝʥʜʨʦʝʢʦʣʦʛʠʿʝ, ʜʝʥʜʨʦʤʦʨʬʦʣʦʛʠʿʝ, 

ʜʝʥʜʨʦʛʣʘʮʠʦʣʦʛʠʿʝ, ʜʝʥʜʨʦʭʠʜʨʦʣʦʛʠʿʝ, ʜʝʥʜʨʦʧʠʨʦʣʦʛʠʿʝ, ʜʝʥʜʨʦʝʥʪʦʤʦʣʦʛʠʿʝ, 

ʜʝʥʜʨʦʭʝʤʠʿʝ ʠ ʜʝʥʜʨʦʚʫʣʢʘʥʦʣʦʛʠʿʝ. ɼʝʥʜʨʦʝʢʦʣʦʛʠʿʘ ʿʝ ʦʜ 1980. ʛʦʜʠʥʝ ʧʦʩʪʘʣʘ 

ʦʩʥʦʚʘ ʜʝʥʜʨʦʭʨʦʥʦʣʦʰʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ ʩʚʝʩʪʠ ʦ ʟʘʛʘʹʝˁʫ ʰʫʤʘ ʫ 

ʉʝʚʝʨʥʦʿ ɸʤʝʨʠʮʠ ʠ ɽʚʨʦʧʠ (Amoroso et al., 2017). 

ɼʘ ʙʠ ʩʝ ʦʙʿʘʩʥʠʣʝ ʨʝʘʢʮʠʿʝ ʙʫʢʚʝ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ, ʢʘʦ ʠ ʨʘʟʣʠʯʠʪ ʨʘʩʪ 

ʩʪʘʙʘʣʘ ʫ ʩʘʩʪʦʿʠʥʘʤʘ, ʠʟʫʯʘʚʘʿʫ ʩʝ ʦʜʥʦʩʠ ʠʟʤʝʹʫ ʰʠʨʠʥʝ ʛʦʜʦʚʘ ʙʫʢʚʝ ʠ ʢʣʠʤʝ ʥʘ 

ʤʝʩʝʯʥʦʤ ʥʠʚʦʫ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʨʘʩʪʘ 

ʜʨʚʝʪʘ ʠ ʢʣʠʤʘʪʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʟʘʩʥʦʚʘʥʝ ʩʫ ʥʘ ʢʦʨʝʣʘʮʠʿʠ ʠʟʤʝʹʫ ʠʥʜʠʢʘʪʦʨʘ 

ʰʠʨʠʥʝ ʧʨʩʪʝʥʘ ʧʨʠʨʘʩʪʘ ʠ ʤʝʩʝʯʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ (Fritts, 1976). ʇʨʝʪʧʦʩʪʘʚˀʘ 

ʩʝ ʜʘ ʜʝʙˀʠʥʩʢʠ ʧʨʠʨʘʩʪ ʦʜʨʘʞʘʚʘ ʬʠʟʠʦʣʦʰʢʝ ʧʨʦʮʝʩʝ, ʘ ʩʨʝʜˁʘ ʤʝʩʝʯʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʢʣʠʤʘʪʩʢʠʤ 

ʬʝʥʦʤʝʥʠʤʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʬʠʟʠʦʣʦʛʠʿʫ ʩʪʘʙʣʘ (Lebourgeois et al., 2005).  

ɼʨʚʝ˂ʝ ʢʘʦ ʜʫʛʦʛʦʜʠʰˁʠ ʦʨʛʘʥʠʟʘʤ ʯʫʚʘ ʫ ʛʦʜʦʚʠʤʘ ʘʨʭʠʚʫ ʧʨʝʪʭʦʜʥʠʭ ʫʩʣʦʚʘ 

ʟʘ ʨʘʩʪ. ʊʘ ʘʨʭʠʚʘ ʟʘʚʠʩʠ ʦʜ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʘʦ ʰʪʦ ʩʫ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ, 

ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʩʪʘʙʘʣʘ, ʧʦʨʝʤʝ˂ʘʿʠ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʣʘ ʠʣʠ ʩʧʝʮʠʬʠʯʥʠ ʦʙʨʘʩʮʠ 

ʨʘʩʪʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʚʝ˂ʘ ʢʦʿʝ ʨʘʩʪʝ ʥʘ ʛʨʘʥʠʮʠ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ, ʛʜʝ ʿʝ ʯʝʩʪʦ ʩʘʤʦ 

ʿʝʜʘʥ ʬʘʢʪʦʨ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ (ʥʘ ʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʘʥʠʥʠ), ʥʘ ʜʨʚʝ˂ʝ ʢʦʿʝ ʨʘʩʪʝ 

ʫ ʫʤʝʨʝʥʠʤ ʰʫʤʘʤʘ ʫʪʠʯʫ ʨʘʟʣʠʯʠʪʠ ʢʣʠʤʘʪʩʢʠ ʠ ʝʢʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ (Scharnweber, 

et al., 2011). ʆʚʦ ʥʘʤ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʭʨʦʥʦʣʦʛʠʿʘ ʧʨʦʰʠʨʠ ʜʦ ʤʦʤʝʥʪʘ ʥʝʢʦʛ ʜʦʛʘʹʘʿʘ 

ʠʣʠ ʯʘʢ ʜʦ ʧʝʨʠʦʜʘ ʧʨʝʢʦ ʩʪʘʨʦʩʪʠ ʩʪʘʙʣʘ. ʅʘ ʧʨʠʤʝʨ, ʫʢʦʣʠʢʦ ʟʥʘʤʦ ʜʘ ʿʝ 1968. 

ʛʦʜʠʥʘ ʙʠʣʘ ʠʟʫʟʝʪʥʦ ʩʫʰʥʘ ʛʦʜʠʥʘ, ʯʠʪʘˁʝʤ ʭʨʦʥʦʣʦʛʠʿʝ ʫ ʪʦʤ ʧʝʨʠʦʜʫ ʥʘʠ˂ʠ ˂ʝʤʦ 

ʥʘ ʿʘʢʦ ʫʩʢʝ ʛʦʜʦʚʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʝʨʠʦʜʝ ʩʘ ʤʘʣʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ ʘ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʊʘʢʦʹʝ, ʧʦʤʦ˂ʫ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʿʝ ʤʦʞʝʤʦ ʦʜʨʝʜʠʪʠ ʢʘʜʘ ʿʝ ʥʝʢʠ 
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ʦʙʿʝʢʘʪ ʠʟʛʨʘʹʝʥ ʠ ʢʘʜʘ ʿʝ ʥʝʢʦ ʩʪʘʙʣʦ ʧʦʩʝʯʝʥʦ. ʊʦ ʫʪʚʨʹʫʿʝʤʦ ʧʦʨʝʹʝˁʝʤ ʧʣʫʪʘʿʫ˂ʠʭ 

ʭʨʦʥʦʣʦʛʠʿʘ ʩʘ ʞʠʚʠʤ ʭʨʦʥʦʣʦʛʠʿʘʤʘ.  

ʇʨʝʤʘ ʌʨʠʪʩʫ (Fritts, 1976) ʧʨʠʥʮʠʧ ʨʝʧʣʠʢʘʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʧʦʚʝ˂ʘˁʝ 

ʟʥʘʯʘʿʥʦʩʪʠ ʝʢʦʣʦʰʢʦʛ ʩʠʛʥʘʣʘ. ʋʢʦʣʠʢʦ ʫʟʦʨʢʫʿʝʤʦ ʚʠʰʝ ʫʟʦʨʘʢʘ ʥʘ ʿʝʜʥʦʤ ʩʪʘʙʣʫ 

ʠʣʠ ʚʠʰʝ ʩʪʘʙʘʣʘ ʥʘ ʿʝʜʥʦʤ ʣʦʢʘʣʠʪʝʪʫ ʧʦʫʟʜʘʥʠʿʝ ʤʦʞʝʤʦ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ ʩʝ ʟʘʠʩʪʘ 

ʧʦʿʘʚˀʫʿʝ ʥʝʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʪʦʤ ʩʪʘʙʣʫ (ʥʧʨ. ʣʘʞʥʠ ʛʦʜ) ʠʣʠ ʥʘ ʪʦʤ ʣʦʢʘʣʠʪʝʪʫ 

(ʥʧʨ. ʩʤʘˁʝˁʝ ʰʠʨʠʥʝ ʛʦʜʦʚʘ ʫ ʦʜʨʝʹʝʥʦʿ ʛʦʜʠʥʠ). 

ʍʦʨʠʟʦʥʪʘʣʥo ʠ ʚʝʨʪʠʢʘʣʥo ʟʦʥʠʨʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʧʨʫʞʘ ʦʩʥʦʚʫ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 

ʙʠʦʢʣʠʤʘʪʩʢʠʭ ʿʝʜʠʥʠʮʘ ʫ ʫʩʣʦʚʠʤʘ ʚʦʜʝ˂ʠʭ ʜʝʥʜʨʦʢʣʠʤʘʪʩʢʠʭ ʩʠʛʥʘʣʘ (Piovesan et 

al., 2005; Di Filippo et al., 2007), ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʙʠʦʢʣʠʤʘʪʩʢʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʦʧʫʣʘʮʠʿʘ ʜʨʚʝ˂ʘ. ɸʢʦ ʧʦʩʪʦʿʝ ʜʦʚʦˀʥʦ ʜʫʛʝ ʭʨʦʥʦʣʦʛʠʿʝ, ʤʦʛʫ˂ʝ ʿʝ 

ʠʩʪʨʘʞʠʪʠ ʚʨʝʤʝʥʩʢʫ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʢʣʠʤʝ ʠ ʨʘʩʪʘ (Biondi, 1999) ʠ ʬʦʨʤʫʣʠʩʘʪʠ 

ʭʠʧʦʪʝʟʝ ʦ ʧʦʪʝʥʮʠʿʘʣʥʠʤ ʫʪʠʮʘʿʠʤʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʙʠˀʘʢʘ ʠ 

ʜʠʥʘʤʠʢʫ ʟʘʿʝʜʥʠʮʘ (Cook et al., 2001; Jump, Penuelas, 2005; Whittaker et al., 2005).  

ɻʦʜʦʚʠ ʜʨʚʝʪʘ ʩʫ ʚʨʝʜʘʥ ʙʠʦʠʥʜʠʢʘʪʦʨ, ʢʦʿʠ ʤʦʛʫ ʧʦʚʝʟʘʪʠ ʚʠʰʝ 

ʝʢʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʨʘʩʪ ʰʫʤʘ (Schweingruber, 1996). ɼʝʥʜʨʦʢʣʠʤʘʪʩʢʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʩʣʝʜˁʠʭ ʜʝʮʝʥʠʿʘ ʦʤʦʛʫ˂ʠʣʘ ʩʫ ʨʘʟʫʤʝʚʘˁʝ ʫʪʠʮʘʿʘ ʥʘʜʤʦʨʩʢʠʭ 

ʚʠʩʠʥʘ ʥʘ ʨʘʩʪ ʩʪʘʙʘʣʘ ʠ ʨʝʘʢʮʠʿʫ ʩʪʘʙʣʘ ʥʘ ʨʘʟʣʠʯʠʪʝ ʝʢʦʣʦʰʢʝ ʯʠʥʠʦʮʝ (Meko et al., 

1993). ɼʝʥʜʨʦʝʢʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʜʨʘʛʦʮʝʥ ʘʣʘʪ ʥʘʫʯʥʦ ʟʘʩʥʦʚʘʥ ʥʘ ʫʧʨʘʚˀʘˁʫ 

ʰʫʤʩʢʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ, ʧʦʚʝʟʠʚʘˁʫ ʙʠʦʢʣʠʤʘʪʩʢʠʭ ʠ ʢʣʠʤʘʪʩʢʠʭ ʚʘʨʠʿʘʮʠʿʘ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʰʫʤʘ (Biondi, 1999; Piovesan, Schirone, 2000). 

ʃʘʤʘʨʰ ʠ ʩʘʨ. (LaMarche et al., 1984) ʩʧʨʦʚʝʣʠ ʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʉɸɼ-ʫ ʠ 

ʧʦʢʘʟʘʣʠ ʢʘʢʦ ʩʪʘʪʠʩʪʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʭʨʦʥʦʣʦʛʠʿʘ ʰʠʨʠʥʘ ʧʨʩʪʝʥʦʚʘ ʧʨʠʨʘʩʪʘ ʠʟ 

ʝʢʦʣʦʰʢʠ ʨʘʟʣʠʯʠʪʠʭ ʩʪʘʥʠʰʪʘ ʤʦʞʝ ʨʝʢʦʥʩʪʨʫʠʩʘʪʠ ʢʣʠʤʫ ʧʦʿʝʜʠʥʠʭ ʧʦʜʨʫʯʿʘ ʠ 

ʛʦʜʠʥʘ. ʆʥʠ ʩʫ ʜʦʰʣʠ ʜʦ ʟʘʢˀʫʯʘʢʘ ʜʘ ʨʘʩʪ ʩʪʘʙʘʣʘ ʥʘ ʛʦʨˁʦʿ (ʩʝʚʝʨʥʦʿ) ʛʨʘʥʠʮʠ 

ʥʘʿʚʠʰʝ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ, ʘ ʨʘʩʪ ʩʪʘʙʘʣʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʝ ʥʘ ʜʦˁʦʿ (ʿʫʞʥʦʿ) 

ʛʨʘʥʠʮʠ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʥʘʿʚʠʰʝ ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ.  

ʎʠˀ ʜʝʥʜʨʦʝʢʦʣʦʛʠʿʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʢʣʠʤʝ, ʫʩʣʦʚʘ ʩʪʘʥʠʰʪʘ ʠ 

ʨʘʩʪʘ ʩʪʘʙʘʣʘ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʝʛʟʦʛʝʥʠ ʠ ʝʥʜʦʛʝʥʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʨʘʩʪ 

ʬʠʪʦʮʝʥʦʟʘ. 

2.2. ʂʃʀʄɸʊʉʂɽ ʇʈʆʄɽʅɽ ʅɸ ɻʃʆɹɸʃʅʆʄ, ʈɽɻʀʆʅɸʃʅʆʄ 

ʀ ʃʆʂɸʃʅʆʄ ʅʀɺʆʋ ʀ ɳʀʍʆɺ ʋʊʀʎɸɱ ʅɸ ʈɸʉʊ ʀ 

ʈɸʉʇʈʆʉʊʈɸɳɽʅʆʉʊ ʐʋʄʉʂʀʍ ɽʂʆʉʀʉʊɽʄɸ 

2.2.1. ʂʃʀʄɸʊʉʂɽ ʇʈʆʄɽʅɽ ʅɸ ɻʃʆɹɸʃʅʆʄ ʅʀɺʆʋ 

ʇʦʜ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʧʦʜʨʘʟʫʤʝʚʘʤʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʘʜʘʚʠʥʘ, ʚʝʪʨʘ ʠ ʜʨʫʛʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʝʚʠʜʝʥʪʥʠ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʦʜ ʥʘʿʤʘˁʝ 30 ʛʦʜʠʥʘ, ʥʘʩʪʘʣʝ ʠʣʠ ʧʨʠʨʦʜʥʠʤ ʧʫʪʝʤ ʠʣʠ ʜʝʿʩʪʚʦʤ 

ʯʦʚʝʢʘ (Whitlock, 2012). ʌʘʢʪʦʨʠ ʢʦʿʠ ʧʦʢʨʝ˂ʫ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʤʦʛʫ ʙʠʪʠ 

ʘʩʪʨʦʥʦʤʩʢʝ, ʛʝʦʬʠʟʠʯʢʝ ʠ ʙʠʦʪʠʯʢʝ ʧʨʠʨʦʜʝ. ɸʩʪʨʦʥʦʤʩʢʠ ʬʘʢʪʦʨʠ ʦʜʥʦʩʝ ʩʝ 
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ʧʨʝʚʘʩʭʦʜʥʦ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʉʫʥʮʫ, ʢʘʦ ʠ ʫʜʘˀʝʥʦʩʪʠ ʠ ʧʦʣʦʞʘʿʘ ɿʝʤˀʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʉʫʥʮʝ. ɻʝʦʬʠʟʠʯʢʠ ʬʘʢʪʦʨʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʪʝʢʪʦʥʩʢʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ɿʝʤˀʝ. ɹʠʦʪʠʯʢʠ 

ʬʘʢʪʦʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʨʝʜʘʥ ʠ ʥʝʧʦʩʨʝʜʘʥ ʫʪʠʮʘʿ ʞʠʚʠʭ ʙʠ˂ʘ ʥʘ ʢʣʠʤʫ. ʆʚʠ 

ʬʘʢʪʦʨʠ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ ʥʝʘʥʪʨʦʧʦʛʝʥʝ ʠ ʘʥʪʨʦʧʦʛʝʥʝ. ʅʝʘʥʪʨʦʧʦʛʝʥʠ ʬʘʢʪʦʨʠ ʩʫ 

ʝʢʦʩʠʩʪʝʤʩʢʠ ʬʘʢʪʦʨʠ ʥʘ ʢʦʿʝ ʿʝ ʪʝʰʢʦ ʫʪʠʮʘʪʠ ʫ ʮʠˀʫ ʫʙʣʘʞʠʚʘˁʘ ʢʣʠʤʘʪʩʢʠʭ 

ʧʨʦʤʝʥʘ ʥʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ.  ɸʥʪʨʦʧʦʛʝʥʠ ʬʘʢʪʦʨʠ ʩʫ ʦʥʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʩʫ ʥʘʩʪʘʣʠ 

ʜʝʿʩʪʚʦʤ ʯʦʚʝʢʘ, ʠ ʜʘʥʘʩ ʢʘʜʘ ʩʝ ʢʘʞʝ ,,ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝñ ʤʠʩʣʠ ʩʝ ʫʧʨʘʚʦ ʥʘ ʦʚʝ 

ʬʘʢʪʦʨʝ (Puniġiĺ, Azdejkoviĺ, 2015).  

ʉʢʦʨʦ ʯʝʪʠʨʠ ʜʝʮʝʥʠʿʝ ʥʘʫʯʥʠʮʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʨʝʤʝ˂ʘʿ ʦʩʝʪˀʠʚʝ ʝʥʝʨʛʝʪʩʢʝ 

ʨʘʚʥʦʪʝʞʝ ʧʣʘʥʝʪʝ ɿʝʤˀʝ ʢʦʿʠ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ ʧʣʘʥʝʪʝ. ʀʟ 

ʧʘʣʝʦʢʣʠʤʘʪʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʩʝ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʜʝʰʘʚʘʣʝ ʠ 

ʨʘʥʠʿʝ, ʘʣʠ ʥʝ ʦʚʦʣʠʢʦʤ ʙʨʟʠʥʦʤ ʢʘʦ ʜʘʥʘʩ, ʜʘ ʩʝ ʧʨʠʨʦʜʥʠ ʩʠʩʪʝʤʠ ʥʝ ʤʦʛʫ 

ʘʜʘʧʪʠʨʘʪʠ ʥʘ ˁʠʭ (Pecelj, Pecelj, 2015; Rusenen, 2007). ɸʩʪʨʦʥʦʤʩʢʘ ʪʝʦʨʠʿʘ ʠ 

ʄʠʣʘʥʢʦʚʠ˂ʝʚʠ ʮʠʢʣʫʩʠ ʧʦʪʚʨʹʫʿʫ ʯʠˁʝʥʠʮʫ ʜʘ ʛʣʦʙʘʣʥʘ ʢʣʠʤʘʪʩʢʘ ʟʘʛʨʝʚʘˁʘ ʧʦʩʪʦʿʝ 

ʠ ʙʝʟ ʘʥʪʨʦʧʦʛʝʥʦʛ ʜʝʿʩʪʚʘ. ʄʠʣʘʥʢʦʚʠ˂ ʿʝ ʢʨʝʥʫʦ ʦʜ ʧʨʝʜʧʦʩʪʘʚʢʝ ʜʘ ʢʣʠʤʘ ʟʘʚʠʩʠ ʦʜ 

ʢʦʣʠʯʠʥʝ ʩʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʢʦʿʫ ʧʨʠʤʝ ʨʘʟʣʠʯʠʪʠ ʜʝʣʦʚʠ ɿʝʤˀʠʥʝ ʣʦʧʪʝ, ʰʪʦ ʟʘʚʠʩʠ 

ʦʜ ʫʜʘˀʝʥʦʩʪʠ ʉʫʥʮʘ ʠ ʧʦʣʦʞʘʿʘ ɿʝʤˀʝ (ʇʘʥʪʠ˂, 1979).  

ʂʣʠʤʘ ʥʘ ɿʝʤˀʠ ʫʩʣʦʚˀʝʥʘ ʿʝ ʩʚʝ ʚʠʰʝ ʘʥʪʨʦʧʦʛʝʥʠʤ ʬʘʢʪʦʨʠʤʘ, ʢʦʿʠʤʘ ʩʝ 

ʤʝˁʘ ʭʝʤʠʿʩʢʘ ʢʦʤʧʦʟʠʮʠʿʘ ʘʪʤʦʩʬʝʨʝ ʠ ʛʨʘʜʠ ʝʬʝʢʘʪ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ (Pecelj, Pecelj, 

2015). ʋʛˀʝʥ-ʜʠʦʢʩʠʜ (CO2) ʠ ʜʨʫʛʠ ʛʘʩʦʚʠ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʧʨʦʧʫʰʪʘʿʫ ʢʨʘʪʢʦʪʘʣʘʩʥʦ 

ʩʫʥʯʝʚʦ ʟʨʘʯʝˁʝ ʠ ʘʧʩʦʨʙʫʿʫ ʜʫʛʦʪʘʣʘʩʥʦ ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ ʟʝʤˀʠʰʪʘ, 

ʟʘʜʨʞʘʚʘʿʫ˂ʠ ʪʘʢʦ ʩʫʥʯʝʚʫ ʝʥʝʨʛʠʿʫ ʢʦʿʘ ʩʝ ʦʜʙʠʿʘ ʦʜ ʪʣʘ ʠ ʩʪʚʘʨʘ ʝʬʝʢʘʪ ʩʪʘʢʣʝʥʝ 

ʙʘʰʪʝ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʝʬʝʢʪʫ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʩʨʝʜˁʘ ʛʣʦʙʘʣʥʘ ʪʝʤʙʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ 

ʧʨʠʟʝʤʥʦʤ ʜʝʣʫ ʘʪʤʦʩʬʝʨʝ ʿʝ ʦʢʦ 15 ÁC, ʘ ʜʘ ʥʝʤʘ ʝʬʝʢʪʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʙʠʣʘ ʙʠ -18 

ÁC, ʠ ʥʝ ʙʠ ʙʠʦ ʤʦʛʫ˂ ʞʠʚʦʪ ʥʘ ʧʣʘʥʝʪʠ ɿʝʤˀʠ (ʂʘʜʦʚʠ˂ ʠ ʩʘʨ., 2007). ʉʤʘʪʨʘ ʩʝ ʜʘ ˂ʝ 

ʙʨʦʿ ʩʪʘʥʦʚʥʠʢʘ ʜʦ 2045. ʛʦʜʠʥʝ ʥʘ ʧʣʘʥʝʪʠ ɿʝʤˀʠ ʧʦʨʘʩʪʠ ʩʘ 7 ʥʘ 9 ʤʠʣʠʿʘʨʜʠ, ʩʘʤʠʤ 

ʪʠʤ ˂ʝ ʧʦʩʣʝʜʠʮʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʧʦʩʪʘʪʠ ʩʚʝ ʠʟʨʘʞʝʥʠʿʝ, ʘ ʧʠʪʘˁʝ ʟʘʰʪʠʪʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʦʜʨʞʠʚʦʛ ʨʘʟʚʦʿʘ ʩʚʝ ʘʢʪʫʝʣʥʠʿʝ (Ristiĺ, Ġljivanļanin, 2015).  

ɿʘ ʘʥʘʣʠʟʫ ʧʨʦʮʝʥʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʠ ʘʜʘʧʪʘʮʠʿʫ ʥʘ ʧʨʦʤʝʥʝ ʢʣʠʤʝ ʢʦʨʠʩʪʝ 

ʩʝ ʪʟʚ. IPCC ʩʮʝʥʘʨʠʿʠ (Intergovernmental Panel on Climate Change). ʇʨʚʠ ʠʟʚʝʰʪʘʿ 

ʄʝʹʫʚʣʘʜʠʥʦʛ ʧʘʥʝʣʘ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʬʦʨʤʠʨʘʥ ʿʝ 2001. ʛʦʜʠʥʝ (IPCC, 2001). 

ʆʥ ʿʝ ʙʠʦ ʦʩʥʦʚʘ ʟʘ ʆʢʚʠʨʥʫ ʢʦʥʚʝʥʮʠʿʫ ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ 

ʢʦʿʘ ʠʤʘ ʟʘ ʮʠˀ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʩʧʨʝʯʘʚʘˁʝ 

ʦʧʘʩʘʥʦʛ ʫʪʠʮʘʿ ʯʦʚʝʢʘ ʥʘ ʢʣʠʤʘʪʩʢʠ ʩʠʩʪʝʤ. ʂʣʠʤʘ ʥʘ ɿʝʤˀʠ ʫʩʣʦʚˀʝʥʘ ʿʝ ʩʚʝ ʚʠʰʝ 

ʘʥʪʨʦʧʦʛʝʥʠʤ ʬʘʢʪʦʨʠʤʘ, ʢʦʿʠʤʘ ʩʝ ʤʝˁʘ ʭʝʤʠʿʩʢʘ ʢʦʤʧʦʟʠʮʠʿʘ ʘʪʤʦʩʬʝʨʝ ʠ ʛʨʘʜʠ 

ʝʬʝʢʘʪ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ (Pecelj, Pecelj, 2015). ʋʛˀʝʥ-ʜʠʦʢʩʠʜ (CO2) ʠ ʜʨʫʛʠ ʛʘʩʦʚʠ 

ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʫʪʠʯʫ ʥʘ ʧʨʝʥʦʩ ʝʥʝʨʛʠʿʝ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʢʨʦʟ ʘʪʤʦʩʬʝʨʫ.  

ʅʘʛʣʝ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO2 ʜʦʛʦʜʠʣʝ ʩʫ ʩʝ ʢʨʘʿʝʤ ʧʦʩʣʝʜˁʝʛ ʣʝʜʝʥʦʛ 

ʜʦʙʘ, ʧʨʝ ʦʢʦ 7000 ʛʦʜʠʥʘ, ʠ ʪʘʜʘ ʿʝ ʫʦʯʝʥʦ ʜʘ ʿʝ ʘʪʤʦʩʬʝʨʩʢʠ CO2 ʟʥʘʪʥʦ ʧʦʚʝ˂ʘʥ (Petit 

et al., 1999). ɼʘ ʩʝ ʨʘʜʠ ʦ ʝʥʦʨʤʥʦʤ ʧʦʚʝ˂ʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO2,  ʛʦʚʦʨʠ ʧʦʜʘʪʘʢ ʜʘ ʿʝ 

ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʜʠʥʜʫʩʪʨʠʿʩʢʠ ʧʝʨʠʦʜ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʫʟʨʦʢʦʚʘʥʘ 

ʘʥʪʨʦʧʦʛʝʥʠʤ ʬʘʢʪʦʨʦʤ ʧʦʚʝ˂ʘʥʘ ʟʘ 79% ʫ ʧʝʨʠʦʜʫ (1970-2004) ʛʦʜʠʥʝ (Simundriĺ, 

2010). ʀʘʢʦ ʩʝ ʜʦʩʪʘ ʧʘʞˁʝ ʧʦʩʚʝ˂ʫʿʝ ʫʙʣʘʞʘʚʘˁʫ ʧʨʦʤʝʥʘ ʢʣʠʤʝ, ʛʦʜʠʰˁʝ ʝʤʠʩʠʿʝ 
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ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʧʦʨʘʩʣʝ ʩʫ ʫ ʧʨʦʩʝʢʫ 2,2% ʫ ʧʝʨʠʦʜʫ (2000-2010) ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʝʨʠʦʜ (1970-2000) ʛʦʜʠʥʘ (IPCC, 2014).  

ʉʘʜʘʰˁʠ ʥʠʚʦ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠʟʥʦʩʠ ʦʢʦ 430 ʤʠʣʠʦʥʠʪʠʭ ʜʝʣʦʚʘ (ppm), 

ʘ ʧʨʝʜʚʠʹʘ ʩʝ ʜʘ ˂ʝ ʜʦ 2050. ʛʦʜʠʥʝ ʜʦʩʪʠ˂ʠ ʚʨʝʜʥʦʩʪ ʦʜ 550 ppm, ʰʪʦ ʿʝ ʩʢʦʨʦ ʜʫʧʣʦ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʜʠʥʜʫʩʪʨʠʿʩʢʠ ʧʝʨʠʦʜ (280 ppm). ʆʚʘʢʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ 

ʙʘʰʪʝ ʿʝ ʠʟʘʟʚʘʣʘ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʥʘ ʧʣʘʥʝʪʠ ʟʘ ʚʠʰʝ ʦʜ 0,5 
ʦ
ʉ, ʘ 

ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʜʦ ʢʨʘʿʘ ʚʝʢʘ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʘʥʝʪʠ ɿʝʤˀʠ ʧʦʨʘʩʪʝ ʟʘ ʚʠʰʝ ʦʜ 

2 
ʦ
ʉ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʣʠʤʘʪʩʢʦʛ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ (IPCC, 2013; Simundriĺ, 2010).  

ɻʣʦʙʘʣʥʦ, ʥʠʚʦ CO2 ʨʘʩʪʝ ʠʟ ʜʘʥʘ ʫ ʜʘʥ ʠ ʪʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʫʟʨʦʢʘ 

ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. ʇʨʝʤʘ (IPCC, 2014) 9. ʤʘʿ 2013. ʛʦʜʠʥʝ ʟʘʙʝʣʝʞʝʥ ʢʘʦ ʜʘʪʫʤ ʩʘ 

ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʠʤ ʜʥʝʚʥʠʤ ʧʨʦʩʝʢʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO2, ʢʦʿʠ ʿʝ ʧʨʝʤʘʰʠʦ ʯʘʢ 400 

(ppm). ʀʩʪʠ ʥʠʚʦ ʿʝ ʧʦʥʦʚʦ ʜʦʩʪʠʛʥʫʪ ʫ ʤʘʨʪʫ 2014. ʛʦʜʠʥʝ ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʩʫ ʫ ʜʚʝ 

ʫʟʘʩʪʦʧʥʝ ʛʦʜʠʥʝ, ʟʘʙʝʣʝʞʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʰʪʦ ʚʝ˂ʝ ʦʜ ʛʨʘʥʠʯʥʠʭ (350 ppm).  

ʇʦʩʪʦʿʠ 40 ʨʘʟʣʠʯʠʪʠʭ SRES (Special Report on Emission Scenarios) ʩʮʝʥʘʨʠʿʘ 

ʄʝʹʫʚʣʘʜʠʥʦʛ ʧʘʥʝʣʘ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ (ʩʣ. 2). ʇʨʝʜʥʦʩʪ ʦʚʠʭ ʤʦʜʝʣʘ ʿʝ ʰʪʦ 

ʠʤʘʿʫ ʠʥʪʝʛʨʠʩʘʥ ʧʨʠʩʪʫʧ ʫ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʩʘ 

ʜʝʤʦʛʨʘʬʩʢʦʛ, ʩʦʮʠʿʘʣʥʦʛ, ʝʢʦʥʦʤʩʢʦʛ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʘʩʧʝʢʪʘ. ɽʤʠʩʠʦʥʠ (SRES) 

ʩʮʝʥʘʨʠʿʠ ʩʝ ʜʝʣʝ ʥʘ 4 ʛʨʫʧʝ Ăʧʦʨʦʜʠʮʝñ (ɸ1, ɸ2, ɹ1 ʠ ɹ2). ʉʮʝʥʘʨʠʿʘ ʠʟ ʛʨʫʧʝ ɸ ʠʤʘʿʫ 

ʬʦʢʫʩ ʥʘ ʧʨʦʿʝʢʮʠʿʘʤʘ ʝʢʦʥʦʤʩʢʦʛ ʨʘʩʪʘ ʘ ʩʮʝʥʘʨʠʿʘ ʠʟ ʛʨʫʧʝ ɹ ʥʘ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ. 

ʉʮʝʥʘʨʠʿʘ ʠʟ ʛʨʫʧʝ 1 ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʛʣʦʙʘʣʠʟʘʮʠʿʠ, ʘ ʩʮʝʥʘʨʠʿʘ ʠʟ ʛʨʫʧʝ 2 ʥʘ 

ʨʝʛʠʦʥʘʣʠʟʘʮʠʿʠ (Nakicenovic et al., 2000; IPCC, 2000).  

 

ʉʣʠʢʘ 2: ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ SRES ʩʮʝʥʘʨʠʿʘ 

http://www.grida.no/climate/ipcc/emission/003.htm  
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ʉʮʝʥʘʨʠʿʘ ʙʫʜʫ˂ʝ ʢʣʠʤʝ ʧʦʢʘʟʫʿʫ ʜʘ ʫʢʦʣʠʢʦ ʩʝ ʟʥʘʯʘʿʥʦ ʥʝ ʦʛʨʘʥʠʯʠ ʝʤʠʩʠʿʘ 

ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ, ʧʦʨʘʩʪ ʩʨʝʜˁʝ ʛʣʦʙʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʢʨʘʿʘ ʚʝʢʘ ʤʦʞʝ ʙʠʪʠ 

ʧʨʝʢʦ 4 
ʦ
ʉ, ʘ ʠʥʪʝʥʟʠʪʝʪ ʠ ʫʯʝʩʪʘʣʦʩʪ ʝʢʩʪʨʝʤʥʠʭ ʜʦʛʘʹʘʿʘ ʙʠ˂ʝ ʧʦʚʝ˂ʘʥʠ (IPCC, 2013).  

ʏʝʪʚʨʪʠ ʠʟʚʝʰʪʘʿ ʄʝʹʫʚʣʘʜʠʥʦʛ ʧʘʥʝʣʘ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʥʘʚʦʜʠ ʜʘ 

ʧʦʩʪʦʿʝ ʜʦʚʦˀʥʦ ʿʘʩʥʠ ʜʦʢʘʟʠ ʜʘ ʿʝ ʛʣʦʙʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʢʦʤ 20. ʚʝʢʘ ʧʦʨʘʩʣʘ ʟʘ 0,6 
ʦ
ʉ, ʘ ʥʠʚʦ ʤʦʨʘ ʩʝ ʧʦʚʝ˂ʘʦ ʟʘ 20 ʩm. ʀʟʚʝʰʪʘʿ ʧʨʝʜʚʠʹʘ ʜʘ ʙʠ ʜʦ 2100. ʛʦʜʠʥʝ ʛʣʦʙʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʛʣʘ ʜʘ ʧʦʨʘʩʪʝ ʦʜ 1,4 ʜʦ 5,8 
ʦ
ʉ, ʘ ʥʠʚʦ ʤʦʨʘ ʜʦ 88 ʩm (IPCC, 2007). 

ʇʝʪʠ ʠʟʚʝʰʪʘʿ ʄʝʹʫʚʣʘʜʠʥʦʛ ʧʘʥʝʣʘ ʟʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʧʦʪʚʨʜʠʦ ʿʝ ʯʦʚʝʢʦʚ 

ʫʪʠʮʘʿ ʥʘ ʧʨʦʤʝʥʫ ʢʣʠʤʝ (IPCC, 2013). ʉʨʝʜˁʘ ʛʣʦʙʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʘʩʣʘ ʿʝ ʟʘ 0,85 
ʦ
ʉ ʫ ʧʝʨʠʦʜʫ ʦʜ 1880-2012. ʛʦʜʠʥʝ. ʋʦʯʝʥ ʿʝ ʧʦʨʘʩʪ ʥʠʚʦʘ ʠ ʢʠʩʝʣʦʩʪʠ ʦʢʝʘʥʘ, 

ʩʤʘˁʝˁʝ ʧʦʚʨʰʠʥʝ ʩʝʚʝʨʥʝ ʣʝʜʝʥʝ ʧʣʦʯʝ ʫ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ, ʩʤʘˁʝˁʝ ʤʘʩʝ ʙʨʦʿʥʠʭ 

ʛʣʝʯʝʨʘ, ʧʘʜ ʩʨʝʜˁʝ ʩʪʨʘʪʦʩʬʝʨʩʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʤʘˁʝˁʝ ʧʦʚʨʰʠʥʝ ʩʥʝʞʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʩʝʚʝʨʥʝ ʭʝʤʠʩʬʝʨʝ ʫ ʧʨʦʣʝ˂ʝ (IPCC, 2013).  

ɻʣʦʙʘʣʥʠ ʥʠʚʦ ʤʦʨʘ ʿʝ ʧʦʨʘʩʪʘʦ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʰʣʠ ʚʝʢ. ʉʪʦʧʘ ʨʘʩʪʘ ʿʝ ʧʦʩʝʙʥʦ 

ʚʝʣʠʢʘ ʫ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ (Chruch, White, 2006). ʇʝʪʝʨʩʦʥ ʠ ʩʘʨ. (Peterson et al., 

2009) ʩʫ ʜʦʰʣʠ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʿʝ ʠʥʪʝʥʟʠʚʥʠʿʝ ʟʘʛʨʝʚʘˁʝ ʥʘʰʝ ʧʣʘʥʝʪʝ ʧʦʯʝʣʦ ʦʜ 

1971. ʛʦʜʠʥʝ, ʘ ʚʝ˂ ʦʜ 1981. ʛʦʜʠʥʝ ʥʘʩʪʫʧʘ 20 ʥʘʿʪʦʧʣʠʿʠʭ ʛʦʜʠʥʘ. ʋ 2014. ʛʦʜʠʥʠ ʿʝ 

ʟʘʙʝʣʝʞʝʥʘ ʥʘʿʚʝ˂ʘ ʩʨʝʜˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 1880. ʛʦʜʠʥʝ, ʪʿ. ʦʜ ʢʘʜʘ ʩʝ ʚʨʰʝ 

ʢʦʥʪʠʥʫʠʨʘʥʘ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʚʘ ʠʥʬʦʨʤʘʮʠʿʘ ʫʢʘʟʫʿʝ ʜʘ ʿʝ 2014. ʛʦʜʠʥʘ ʙʠʣʘ 

ʥʘʿʪʦʧʣʠʿʘ ʛʦʜʠʥʘ ʜʦ ʪʘʜ. ʅʘʢʦʥ 2014. ʛʦʜʠʥʝ, ʫʩʣʝʜʠʦ ʿʝ ʥʠʟ ʦʜ ʪʨʠ ʿʦʰ ʪʦʧʣʠʿʝ ʛʦʜʠʥʝ 

(2015., 2016. ʠ 2017.). ʆʚʘʢʘʚ ʥʠʟ ʦʜ ʯʝʪʠʨʠ ʚʝʟʘʥʝ ʝʢʩʪʨʝʤʥʦ ʪʦʧʣʝ ʛʦʜʠʥʝ ʥʠʿʝ ʿʦʰ 

ʥʠʢʘʜ ʟʘʙʝʣʝʞʝʥ (NASA, 2018) 

ʉʚʝʜʦʮʠ ʩʤʦ ʧʦʿʘʚʝ ʩʚʝ ʪʦʧʣʠʿʠʭ ʣʝʪʘ ʠ ʙʣʘʞʠʭ ʟʠʤʘ, ʙʝʟ ʩʥʝʞʥʠʭ ʧʘʜʘʚʠʥʘ. 

ʉʚʝ ʿʝ ʪʦ ʧʦʩʣʝʜʠʮʘ ʧʦʚʣʘʯʝˁʘ ʣʝʜʥʠʥʢʘ ʥʘ ʚʝ˂ʝ ʚʠʩʠʥʝ ʥʘ ʧʣʘʥʠʥʘʤʘ ʫʤʝʨʝʥʦʛ ʧʦʿʘʩʘ, 

ʠʟʜʠʟʘˁʘ ʥʠʚʦʘ ʩʚʝʪʩʢʦʛ ʦʢʝʘʥʘ, ʥʘʜʠʨʘˁʘ ʰʫʤʘ ʧʨʝʤʘ ʧʦʿʘʩʫ ʪʫʥʜʨʠ ʫ ʚʠʰʠʤ 

ʛʝʦʛʨʘʬʩʢʠʤ ʰʠʨʠʥʘʤʘ, ʩʤʘˁʠʚʘˁʘ ʧʦʚʨʰʠʥʘ ʧoʜ ʩʪʘʣʥʦ ʩʤʨʟʥʫʪʠʤ ʟʝʤˀʠʰʪʝʤ ʫ 

ʩʝʚʝʨʥʦʿ ɽʚʨʦʧʠ ʠ ʦʧʘʜʘˁʘ ʥʠʚʦʘ ʚʦʜʝ ʫ ʿʝʟʝʨʠʤʘ. ɻʦʪʦʚʦ ʜʘ ʥʝʤʘ ʜʨʞʘʚʝ ʫ 

ʩʫʙʪʨʦʧʩʢʦʤ ʧʦʿʘʩʫ ʛʜʝ ʩʝ ʩʚʘʢʦʜʥʝʚʥʦ ʥʝ ʜʦʛʘʹʘʿʫ ʧʦʞʘʨʠ. ʉʫʰʝ ʩʫ ʧʨʘʪʝ˂ʘ ʧʦʿʘʚʘ ʘ 

ʰʪʝʪʝ ʥʘʩʪʘʣʝ ʜʝʿʩʪʚʦʤ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫ ʦʛʨʦʤʥʝ ʠ ʥʝʥʘʜʦʢʥʘʜʠʚʝ (Pecelj, 

Pecelj, 2015).  

ɻʣʦʙʘʣʥʘ ʘʥʘʣʠʟʘ ʧʘʜʘʚʠʥʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 1900. ʜʦ 2005. ʛʦʜʠʥʝ ʧʦʢʘʟʫʿʝ ʪʨʝʥʜ 

ʧʦʨʘʩʪʘ ʛʦʜʠʰˁʠʭ ʩʫʤʘ ʫ ʩʝʚʝʨʥʦʿ ʠ ʿʫʞʥʦʿ ɸʤʝʨʠʮʠ, ʩʝʚʝʨʥʦʿ ɽʚʨʦʧʠ, ɸʟʠʿʠ ʠ 

ɸʫʩʪʨʘʣʠʿʠ, ʜʦʢ ʩʫ ʥʝʛʘʪʠʚʥʠ ʪʨʝʥʜʦʚʠ ʛʦʜʠʰˁʠʭ ʩʫʤʘ ʧʘʜʘʚʠʥʘ ʫʦʯʝʥʠ ʫ ʟʘʧʘʜʥʦʿ ʠ 

ʿʫʞʥʦʿ ɸʬʨʠʮʠ, ʉʘʭʝʣʫ, ʿʫʞʥʦʿ ɸʟʠʿʠ ʠ ʄʝʜʠʪʝʨʘʥʫ (ʊrenberth et al., 2007). ʇʦʚʝ˂ʘʥʘ 

ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʫ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ ʤʦʞʝ ʧʦʟʠʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʰʫʤʝ ʫ ʩʝʚʝʨʥʠʤ 

ʜʝʣʦʚʠʤʘ, ʧʦʩʝʙʥʦ ʥʘ ʦʥʝ ʢʦʿʝ ʩʫ ʫʛʨʦʞʝʥʝ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (Barber et al., 2000).  

ʉʤʘʪʨʘ ʩʝ ʜʘ ʜʦ ʩʨʝʜʠʥʝ ʦʚʦʛ ʚʝʢʘ ɸʨʢʪʠʢ ʥʝ˂ʝ ʙʠʪʠ ʟʘʣʝʹʝʥ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ, 

ʰʪʦ ˂ʝ ʠʟʘʟʚʘʪʠ ʥʝʩʪʘʥʘʢ ʤʥʦʛʠʭ ʚʨʩʪʘ ʢʦʿʝ ʞʠʚʝ ʥʘ ˁʝʤʫ (Pecelj, Pecelj, 2015). 

ʇʨʦʛʥʦʟʝ ʩʫ ʜʘ ˂ʝ ʧʦ ɸ2 ʩʮʝʥʘʨʠʿʫ, ʿʝʜʥʦʤ ʦʜ ʝʢʩʪʨʝʤʥʠʿʠʭ ʩʮʝʥʘʨʠʿʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʘʩʪʠ ʟʘ ʯʘʢ 3,8 
o
C ʜʦ 2100 ʛʦʜʠʥʝ, ʜʘ ˂ʝ ʣʝʪʘ ʙʠʪʠ ʜʫʞʘ ʠ ʪʦʧʣʠʿʘ, ʘ 

ʛʦʜʠʥʝ ʩʘ ʚʝ˂ʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʘʤʧʣʠʪʫʜʘʤʘ (Boģaniĺ, Gaġperiļ, 2010). ʊʘʢʦ ʙʨʟ ʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʤʝʥʠʦ ʛʝʦʛʨʘʬʩʢʝ ʧʦʿʘʩʝʚʝ ʠ ʛʝʦʛʨʘʬʩʢʝ ʟʦʥʝ ʧʣʘʥʝʪʝ 

ɿʝʤˀʝ. ʇʣʦʜʥʝ ʦʙʣʘʩʪʠ ʙʠ ʧʦʩʪʘʣʝ ʩʫʰʥʝ, ʫ ʧʫʩʪʠˁʘʤʘ ʙʠ ʥʘʩʪʫʧʠʣʠ ʯʝʩʪʠ ʢʠʰʥʠ 
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ʧʝʨʠʦʜʠ, ʦʪʘʧʘˁʝ ʛʣʝʯʝʨʘ ʙʠ ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʠʟʜʠʟʘˁʝ ʥʠʚʦʘ ʤʦʨʘ ʟʘ ʦʢʦ 2 m, ʰʪʦ ʙʠ 

ʜʘˀʝ ʜʦʚʝʣʦ ʜʦ ʧʦʪʘʧʘˁʘ ʤʥʦʛʠʭ ʚʘʞʥʠʭ ʝʢʦʥʦʤʩʢʠʭ ʟʦʥʘ ʠ ʙʨʦʿʥʠʭ ʦʩʪʨʚʘ (Pecelj, 

Pecelj, 2015).  

ɹʨʟʠʥʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʧʦʩʪʘʿʝ ʥʘʿʚʘʞʥʠʿʠ ʧʦʢʨʝʪʘʯ ʧʨʦʤʝʥʘ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ, ʰʪʦ ʚʦʜʠ ʜʦ ʩʪʦʧʝ ʫʙʨʟʘʥʦʛ ʠʟʫʤʠʨʘˁʘ ʚʨʩʪʘ. ʉʤʘʪʨʘ ʩʝ ʜʘ ˂ʝ ʦʢʦ 30% 

ʩʠʩʘʨʘ, ʧʪʠʮʘ ʠ ʚʦʜʦʟʝʤʘʮʘ ʫ ʦʚʦʤ ʚʝʢʫ ʙʠʪʠ ʠʩʪʨʝʙˀʝʥʦ. ɻʫʙʠʪʘʢ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ 

ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʦʩʝʪˀʠʚʦʩʪ ʚʦʜʝʥʠʭ ʠ ʢʦʧʥʝʥʠʭ ʝʢʦʩʠʩʪʝʤʘ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʠ 

ʢʠʩʝʣʦʩʪ ʦʢʝʘʥʘ, ʰʪʦ ʩʤʘˁʫʿʝ ˁʠʭʦʚʝ ʙʝʟʙʝʜʥʝ ʛʨʘʥʠʯʥʝ ʥʠʚʦʝ. ɺʘʩʠˀʝʚʠ˂ ʠ ʩʘʨ. 

(Vasiljeviĺ i sar., 2015) ʩʫ ʤʠʰˀʝˁʘ ʜʘ ʩʝ ʪʨʝʙʘ ʰʪʦ ʧʨʝ ʧʨʠʣʘʛʦʜʠʪʠ ʧʨʦʤʝʥʘʤʘ ʢʣʠʤʝ, 

ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʥʘʧʦʨʝ ʢʦʿʠ ʩʝ ʫʣʘʞʫ ʜʘ ʩʝ ʧʨʦʥʘʹʫ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ 

ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʫ ʘʪʤʦʩʬʝʨʠ. ɽʬʝʢʪʠʚʥʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʥʘ ʧʨʦʤʝʥʝ ʢʣʠʤʝ ʥʝ˂ʝ ʙʠʪʠ 

ʤʦʛʫ˂ʝ ʙʝʟ ʧʦʩʣʝʜʠʮʘ ʥʘ ʜʨʫʰʪʚʦ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ (ʊʦl et al., 2006).  

ʄʠʣʠʥʯʠ˂ ʠ ʩʘʨ. (Milinļiĺ i sar., 2014) ʥʘʚʦʜʝ ʜʘ ʩʝ ʛʫʙʠʪʘʢ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ 

ʤʘʩʦʚʥʦ ʧʦʚʝ˂ʘʦ ʟʘʭʚʘˀʫʿʫ˂ʠ ʘʥʪʨʦʧʦʛʝʥʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ. ʂʦʥʪʠʥʫʠʨʘʥʦ 

ʬʘʚʦʨʠʟʦʚʘˁʝ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʚʨʩʪʘ ʢʦʿʝ ʩʫ ʦʜ ʢʦʨʠʩʪʠ ʯʦʚʝʢʫ, ʫʟʨʦʢ ʿʝ 

ʭʦʤʦʛʝʥʠʟʘʮʠʿʝ ʠ ʦʩʠʨʦʤʘʰʝˁʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ. ʉʣʠʯʥʝ ʧʦʩʣʝʜʠʮʝ ʩʝ ʜʦʛʘʹʘʿʫ ʠ 

ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ ʥʘʯʠʥʘ ʫʧʦʪʨʝʙʝ ʟʝʤˀʠʰʪʘ, ʢʘʦ ʠ ʧʨʦʤʝʥʝ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘ ʫ 

ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʠʣʠ ʫʨʙʘʥʘ ʧʦʜʨʫʯʿʘ.  

ʂʘʦ ʦʜʛʦʚʦʨ ʥʘ ʧʨʦʤʝʥʫ ʢʣʠʤʝ ʫ ʆʢʚʠʨʥʦʿ ʢʦʥʚʝʥʮʠʿʠ ʋʿʝʜʥʠˁʝʥʠʭ ʥʘʮʠʿʘ ʦ 

ʧʨʦʤʝʥʘʤʘ ʢʣʠʤʝ (United Nations Farmework Convention on Climate Change) ʜʝʬʠʥʠʰʫ 

ʩʝ ʜʚʘ ʧʦʿʤʘ: ʫʤʘˁʝˁʝ ʧʨʦʤʝʥʘ ʩʤʘˁʝˁʝʤ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʠ ʘʜʘʧʪʘʮʠʿʘ ʥʘ 

ʧʨʦʤʝʥʝ (IPCC, 2007). ʇʦʪʧʠʩʠʚʘˁʝʤ ʂʿʦʪʦ ʧʨʦʪʦʢʦʣʘ ʤʥʦʛʝ ʟʝʤˀʝ ʩʫ ʩʝ ʦʙʘʚʝʟʘʣʝ ʜʘ 

˂ʝ ʧʨʠʣʘʛʦʜʠʪʠ ʥʘʮʠʦʥʘʣʥʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʠ ʧʨʝʜʫʟʝʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ 

ʫʢʫʧʥʠʭ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ.  

ʆʩʠʤ ʢʣʠʤʘʪʦʣʦʛʘ ʠ ʤʝʪʝʦʨʦʣʦʛʘ, ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʫ ʩʢʦʨʠʿʝ ʚʨʝʤʝ 

ʧʦʯʝʣʠ ʩʫ ʜʘ ʩʝ ʙʘʚʝ ʠ ʛʝʦʛʨʘʬʠ, ʙʠʦʣʦʟʠ, ʝʢʦʣʦʟʠ, ʭʠʜʨʦʣʦʟʠ, ʘʛʨʦʥʦʤʠ, ʰʫʤʘʨʠ ʠ 

ʤʥʦʛʠ ʜʨʫʛʠ (Pecelj, Pecelj, 2015).  

2.2.2. ʂʃʀʄɸʊʉʂɽ ʇʈʆʄɽʅɽ ʅɸ ʈɽɻʀʆʅɸʃʅʆʄ ʀ ʃʆʂɸʃʅʆʄ 

ʅʀɺʆʋ 

ʅʘ ʧʨʦʩʪʦʨʫ ɹʘʣʢʘʥʘ ʚʨʰʝʥʦ ʿʝ ʤʦʜʝʣʠʨʘˁʝ ʢʣʠʤʝ ʧʦʤʦ˂ʫ ʨʝʛʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ 

ʠ ʚʨʰʝʥʘ ʩʫ ʧʨʝʜʚʠʹʘˁʘ ʙʫʜʫ˂ʠʭ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ. ʈʝʛʠʦʥʘʣʥʠ ʢʣʠʤʘʪʩʢʠ ʤʦʜʝʣ 

EBU-POM ʿʝ ʧʦʪʧʫʥʦ ʧʦʚʝʟʘʥ ʘʪʤʦʩʬʝʨʩʢʦ-ʦʢʝʘʥʩʢʠ ʤʦʜʝʣ (ņurĽeviĺ, Rajkoviĺ, 2008, 

2010). ʅʘʯʠʥ ʧʦʚʝʟʠʚʘˁʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʬʠʟʠʯʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʨʘʟʤʝʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʤʘʩʝ ʥʘ ʛʨʘʥʠʮʠ ʠʟʤʝʹʫ ʘʪʤʦʩʬʝʨʝ ʠ ʤʦʨʘ (ņurĽeviĺ, 2010). ʇʨʝʤʘ 

ʨʝʟʫʣʪʘʪʠʤʘ EBU-POM ʤʦʜʝʣʘ ʜʦ ʢʨʘʿʘ ʚʝʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʉʨʙʠʿʠ ʙʠ ʤʦʛʣʘ ʧʦʨʘʩʪʠ  

ʟʘ 4 
ʦ
ʉ ʫ ʦʜʥʦʩʫ ʥʘ ʩʨʝʜˁʫ ʪʝʤʧʝʨʘʪʫʨʫ ʠʟ ʨʝʬʝʨʝʥʪʥʦʛ ʧʝʨʠʦʜʘ 1961-1990 ʧʦ ɸ1B 

ʩʮʝʥʘʨʠʿʫ. ɸʥʦʤʘʣʠʿʝ ʩʨʝʜˁʠʭ ʛʦʜʠʰˁʠʭ ʘʢʫʤʫʣʘʮʠʿʘ ʧʘʜʘʚʠʥʘ ʧʦ ʠʩʪʦʤ ʢʣʠʤʘʪʩʢʦʤ 

ʤʦʜʝʣʫ ʠ ʠʩʪʦʤ ʢʣʠʤʘʪʩʢʦʤ ʩʮʝʥʘʨʠʿʫ (ɸ1B), ʥʘʤ ʫʢʘʟʫʿʫ ʜʘ ʙʠʩʤʦ ʢʨʘʿ ʚʝʢʘ ʜʦʯʝʢʘʣʠ 

ʩʘ ʧʝʨʤʘʥʝʥʪʥʠʤ ʜʝʬʠʮʠʪʠʤʘ ʦʜ ʥʝʢʦʣʠʢʦ ʧʨʦʮʝʥʘʪʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʥʝʪʥʠ ʧʝʨʠʦʜ 

1961-1990 ʛʦʜʠʥʝ (ņurĽeviĺ i sar., 2015).  
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ʅʘ ʯʠʪʘʚʦʤ ɹʘʣʢʘʥʩʢʦʤ ʧʦʣʫoʩʪʨʚʫ ʫ ʧʝʨʠʦʜʫ 1982-1991. ʛʦʜʠʥʝ ʟʘʙʝʣʝʞʝʥʦ ʿʝ 

ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʟʘ ʦʢʦ 20%, ʥʘʨʦʯʠʪʦ ʫ ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ (Sahsamanoglou 

et al., 1997). ʉʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ ʧʦʨʝʜ ɹʘʣʢʘʥʩʢʦʛ 

ʧʦʣʫʦʩʪʨʚʘ ʫʦʯʝʥʦ ʿʝ ʠ ʫ ʿʫʞʥʦʿ ɽʚʨʦʧʠ, ʄʝʜʠʪʝʨʘʥʫ, ʥʝʢʠʤ ʜʝʣʦʚʠʤʘ ʩʝʚʝʨʥʝ ɽʚʨʦʧʝ 

ʠ ʜʝʣʫ ʉʢʘʥʜʠʥʘʚʠʿʝ (Hurrell, van Loon, 1997). ʋ ɹʫʛʘʨʩʢʦʿ ʢʨʘʿʝʤ ʦʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ 

ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʟʘʙʝʣʝʞʝʥʦ ʿʝ 11 ʫʟʘʩʪʦʧʥʠʭ ʛʦʜʠʥʘ ʩʘ ʩʤʘˁʝʥʠʤ ʢʦʣʠʯʠʥʘʤʘ 

ʧʘʜʘʚʠʥʘ ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʦ ʥʘ ʩʫʰʥʝ ʧʝʨʠʦʜʝ ʥʘ ʦʚʦʤ ʧʦʜʨʫʯʿʫ (Velev, 1996).  

ɿʠʤʘ 2011. ʙʠʣʘ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʭʣʘʜʥʠʿʠʭ ʫ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ, ʧʘ ʿʝ 

ʫʩʣʝʜʠʣʦ ʿʘʢʦ ʪʦʧʣʦ ʣʝʪʦ ʢʦʿʝ ʿʝ ʠʟʘʟʚʘʣʦ ʚʝʣʠʢʝ ʩʫʰʝ ʠ ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʧʦʞʘʨʝ. ʋ 

ʧʨʦʣʝ˂ʝ 2014. ʛʦʜʠʥʝ ʧʦʜʨʫʯʿʝ ɹʘʣʢʘʥʘ ʿʝ ʧʦʛʦʜʠʦ Vb ʮʠʢʣʦʥ ʢʦʿʠ ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʦ 

ʧʦʧʣʘʚʝ ʚʝʣʠʢʠʭ ʨʘʟʤʝʨʘ ʫ ʍʨʚʘʪʩʢʦʿ, ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ ʠ ʉʨʙʠʿʠ (Stadtherr et al., 

2016).  

ʉʪʦʿʘʥʦʚʠ˂ ʠ ʩʘʨ. (Stojanoviĺ et al., 2013) ʢʦʥʩʪʘʪʫʿʫ ʜʘ ʙʠ ʧʦ ʦʩʪʚʘʨʝˁʫ 

ʢʣʠʤʘʪʩʢʦʛ ʩʮʝʥʘʨʠʿʘ (ɸ1B) ʰʫʤʩʢʠ ʝʢʦʩʠʩʪʝʤʠ ʧʨʝʪʨʧʝʣʠ ʜʨʘʩʪʠʯʥʝ ʧʨʦʤʝʥʝ, ʘ 

ʉʪʦʿʠʯʠ˂ (2014) ʪʚʨʜʠ ʜʘ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʬʝʥʦʣʦʰʢʠʭ ʮʠʢʣʫʩʘ ʙʠˀʘʢʘ. 

ɹʨʘʰʘʥʘʮ-ɹʩʘʥʘʮ ʠ ɴʠʨʢʦʚʠ˂-ʄʠʪʨʦʚʠ˂ (Braġanac-Bosanac, Ĺirkoviĺ-Mitroviĺ, 2013) 

ʢʦʥʩʪʘʪʫʿʫ ʜʘ ʧʦʚʝ˂ʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ, 

ʢʦʣʠʯʠʥʘ ʠ ʨʘʩʧʦʜʝʣʘ ʧʘʜʘʚʠʥʘ ʫ ʚʝʛʝʪʘʮʠʦʥʦʤ ʧʝʨʠʦʜʫ ʠ ʜʨʫʛʠ ʝʢʩʪʨʝʤʠ ʠʤʘʿʫ ʰʠʨʦʢ 

ʩʧʝʢʪʘʨ ʝʬʝʢʘʪʘ ʢʘʢʦ ʥʘ ʰʫʤʩʢʝ eʢʦʩʠʩʪʝʤʝ ʫ ʮʝʣʠʥʠ, ʪʘʢʦ ʠ ʥʘ ʧʦʿʝʜʠʥʘʯʥʘ ʩʪʘʙʣʘ ʠ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʬʝʥʦʣʦʛʠʿʫ ʙʠˀʘʢʘ. ʋ ʩʚʦʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ (Chimielewski, Rotzer, 

2001) ʫʩʪʘʥʦʚʠʣʠ ʩʫ ʜʘ ʧʨʦʣʝ˂ʝ ʥʘʩʪʫʧʘ 8 ʜʘʥʘ ʨʘʥʠʿʝ ʫ ʧʦʩʣʝʜˁʝ ʪʨʠ ʜʝʮʝʥʠʿʝ 20. ʚʝʢʘ 

ʠ ʜʘ ˂ʝ ʪʦ ʫʪʠʮʘʪʠ ʜʘ ʩʪʘʙʣʘ ʨʘʩʪʫ ʜʫʞʝ ʫ ʩʫʰʥʠʤ ʧʝʨʠʦʜʠʤʘ (Geßler et al., 2007) ʠ 

ʠʟʤʝˁʝʥʠʤ ʤʨʘʟʥʠʤ ʧʝʨʠʦʜʠʤʘ (Kreyling et al., 2012).  

ʈʘʢʠ˂ʝʚʠ˂ (1980) ʿʝ ʫʨʘʜʠʦ ʢʣʠʤʘʪʩʢʫ ʨʝʦʥʠʟʘʮʠʿʫ ʟʘ ʧʦʜʨʫʯʿʝ ʉʨʙʠʿʝ. ʅʘ 

ʦʩʥʦʚʫ ʪʝ ʨʝʦʥʠʟʘʮʠʿʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ ʿʝ ʠʟʜʚʦʿʠʦ 3 ʢʣʠʤʘʪʩʢʝ ʦʙʣʘʩʪʠ: 

ʢʦʥʪʠʥʝʥʪʘʣʥʫ (ɸ), ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʫ (ɹ) ʠ ʠʟʤʝˁʝʥʦ ʩʨʝʜʦʟʝʤʥʫ (ɺ). ʉʚʘʢʘ ʦʜ 

ʦʚʠʭ ʦʙʣʘʩʪʠ ʜʝʣʠ ʩʝ ʥʘ ʧʦʜʦʙʣʘʩʪʠ. ʇʨʚʘ ʢʣʠʤʘʪʩʢʘ ʦʙʣʘʩʪ (ɸ) ʦʙʫʭʚʘʪʘ ɺʦʿʚʦʜʠʥʫ ʠ 

ʇʝʨʠʧʘʥʦʥʩʢʠ ʦʙʦʜ, ʇʦʤʦʨʘʚˀʝ ʠ ʠʩʪʦʯʥʫ ʉʨʙʠʿʫ ʜʦ ʅʠʰʘʚʝ. ɼʨʫʛʘ ʢʣʠʤʘʪʩʢʘ ʦʙʣʘʩʪ, 

(ɹ) ʦʙʫʭʚʘʪʘ ʧʨʦʩʪʦʨ ʦʜ ʛʨʘʥʠʮʝ ʩʘ ʄʘʢʝʜʦʥʠʿʦʤ ʠ ɹʫʛʘʨʩʢʦʤ ʥʘ ʠʩʪʦʢʫ ʠ ʿʫʛʦʠʩʪʦʢʫ 

ʜʦ ʛʨʘʥʠʮʝ ʩʘ ɹʦʩʥʦʤ ʠ ʍʝʨʮʝʛʦʚʠʥʦʤ ʠ ʎʨʥʦʤ ɻʦʨʦʤ ʥʘ ʟʘʧʘʜʫ. ʅʘ ʩʝʚʝʨʫ ʿʝ 

ʦʛʨʘʥʠʯʝʥʘ ʜʦʣʠʥʦʤ ɿʘʧʘʜʥʝ ʄʦʨʘʚʝ ʠ ʅʠʰʘʚʝ, ʘ ʥʘ ʿʫʛʦʟʘʧʘʜʫ ʩʘ ʠʟʤʝˁʝʥʦ-

ʩʨʝʜʦʟʝʤʥʦʤ ʢʣʠʤʘʪʩʢʦʤ ʦʙʣʘʩʪʠ. ʊʨʝ˂ʘ ʢʣʠʤʘʪʩʢʘ ʦʙʣʘʩʪ (ɺ) ʧʨʠʙʣʠʞʥʦ ʩʝ ʧʦʢʣʘʧʘ 

ʩʘ ʨʝʛʠʦʥʘʣʥʦ-ʛʝʦʛʨʘʬʩʢʦʤ ʛʨʘʥʠʮʦʤ ʠʟʤʝʹʫ ʂʦʩʦʚʘ ʠ ʄʝʪʦʭʠʿʝ. 

ʉʨʝʜˁʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʫ ʉʨʙʠʿʠ ʫ ʧʝʨʠʦʜʫ (1949-2010) ʢʨʝʪʘʣʝ 

ʩʫ ʩʝ ʦʜ 3 
ʦ
ʉ ʫ ʚʠʩʦʢʦʧʣʘʥʠʥʩʢʠʤ ʧʨʝʜʝʣʠʤʘ ʜʦ 12 

ʦ
ʉ ʫ ʨʘʚʥʠʯʘʨʩʢʠʤ ʦʙʣʘʩʪʠʤʘ. 

ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʟʘ ʧʝʨʠʦʜ (1961-1990) ʛʦʜʠʥʝ, ʟʘ ʧʦʜʨʫʯʿʘ ʥʘ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʜʦ 300 m ʠʟʥʦʩʠʣʘ ʿʝ 10,9 
ʦ
ʉ, ʟʘ ʧʦʜʨʫʯʿʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʝ ʥʘ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ 300-500 m ʦʢʦ 10 
ʦ
ʉ, ʘ ʥʘ ʧʦʜʨʫʯʿʠʤʘ ʧʨʝʢʦ 1000 m ʥʘʜʤʦʨʩʢʝ 

ʚʠʩʠʥʝ ʦʢʦ 6 
ʦ
ʉ. ɻʦʜʠʰˁʝ ʩʫʤʝ ʧʘʜʘʚʠʥʘ ʨʘʩʪʫ ʩʘ ʧʦʨʘʩʪʦʤ ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ. ʋ 

ʥʠʞʠʤ ʧʨʝʜʝʣʠʤʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʢʨʝʪʘʣʘ ʩʝ ʫ ʠʥʪʝʨʚʘʣʫ 540-820 mm. 

ʇʦʜʨʫʯʿʘ ʩʘ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʧʨʝʢʦ 1000 m ʠʤʘʣʘ ʩʫ 700-1500 mm ʛʦʜʠʰˁʝ 

ʧʘʜʘʚʠʥʘ (ʈʘʜʦʚʘʥʦʚʠ˂, ɼʫʮʠ˂, 2004).  
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16 

 

ʉʨʙʠʿʫ ʠ ʯʠʪʘʚ ʨʝʛʠʦʥ ʿʫʛʦʠʩʪʦʯʥʝ ɽʚʨʦʧʝ ʦʯʝʢʫʿʫ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ ʢʣʠʤʝ ʫ 

ʩʢʦʨʠʿʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. ʇʨʦʿʝʢʮʠʿʝ ʧʨʝʤʘ ʨʝʛʠʦʥʘʣʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʤʦʜʝʣʠʤʘ ʧʨʝʜʚʠʹʘʿʫ 

ʧʦʨʘʩʪ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʢʨʘʿʘ ʚʝʢʘ 2,4-2,8 
ʦ
ʉ ʧʨʝʤʘ ʦʧʪʠʤʠʩʪʠʯʥʦʤ ʩʮʝʥʘʨʠʿʫ 

(A1B), ʦʜʥʦʩʥʦ 3,4-3,8 
ʦ
ʉ ʧʦ ʧʝʩʠʤʠʩʪʠʯʥʦʤ ʩʮʝʥʘʨʠʿʫ  (A2). ʇʨʝʤʘ ʦʧʪʠʤʠʩʪʠʯʥʦʤ 

ʩʮʝʥʘʨʠʿʫ ʦʯʝʢʫʿʝ ʩʝ ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʯʠʪʘʚʦʿ ʉʨʙʠʿʠ, ʦʩʠʤ ʫ ɺʦʿʚʦʜʠʥʠ 

ʠ ʠʩʪʦʯʥʦʿ ʉʨʙʠʿʠ. ʇʨʝʤʘ ʧʝʩʠʤʠʩʪʠʯʥʦʤ ʩʮʝʥʘʨʠʿʫ ʫ ɺʦʿʚʦʜʠʥʠ ˂ʝ ʩʝ ʧʦʚʝ˂ʘʪʠ 

ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʘ ʫ ʦʩʪʘʣʠʤ ʜʝʣʦʚʠʤʘ ʉʨʙʠʿʝ ˂ʝ ʩʝ ʩʤʘˁʠʪʠ ʠʣʠ ʦʩʪʘʪʠ ʠʩʪʘ 

(ʇʦʧʦʚʠ˂, 2007).  

ʅʘ ʧʦʜʨʫʯʿʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʦʜ ʩʨʝʜʠʥʝ ʧʨʦʰʣʦʛ ʚʝʢʘ ʢʦʥʩʪʘʪʦʚʘʥ ʿʝ ʨʘʩʪ 

ʩʨʝʜˁʝ ʜʥʝʚʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʦʜ 0,3 
ʦ
ʉ ʧʦ ʜʝʢʘʜʠ (MPZS, 2015). ʋʦʯʝʥ ʿʝ ʠ 

ʧʦʨʘʩʪ ʢʣʠʤʘʪʩʢʦʛ ʠʥʜʝʢʩʘ ʜʫʞʠʥʝ ʪʦʧʣʦʪʥʠʭ ʪʘʣʘʩʘ (Warm spell duration index- 

WSDI). ʇʦ ʫʤʝʨʝʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ (Popoviĺ i sar., 2009), ʫʩʪʘʥʦʚʠʣʠ ʩʫ ʜʘ ˂ʝ ʥʘ 

ʧʦʜʨʫʯʿʫ ʉʨʙʠʿʝ ʜʦ ʢʨʘʿʘ ʚʝʢʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʘʩʪʠ ʟʘ 2,6 
ʦ
C. ʃʝʪʘ ˂ʝ ʙʠʪʠ 

ʪʦʧʣʠʿʘ ʟʘ 3,5 
ʦ
ʉ, ʿʝʩʝʥ ʟʘ 2,2 

ʦ
ʉ, ʟʠʤʝ ʟʘ 3,2 

ʦ
ʉ, ʘ ʧʨʦʣʝ˂ʘ ʟʘ 2,5 

ʦ
ʉ. ʆʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ 

ʣʝʪʘ  ʙʠʪʠ ʜʫʞʘ ʠ ʪʦʧʣʠʿʘ ʩʘ ʤʘˁʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ, ʜʦʢ ˂ʝ ʝʢʩʪʨʝʤʥʝ ʧʘʜʘʚʠʥʝ 

ʧʦʧʫʪ ʿʘʢʠʭ ʢʠʰʘ ʙʠʪʠ ʫʯʝʩʪʘʣʠʿʝ ʯʘʢ ʠ ʫ ʎʝʥʪʨʘʣʥʦʿ ɽʚʨʦʧʠ ʠ ʄʝʜʠʪʝʨʘʥʫ, ʘ ʨʝʯʥʝ 

ʧʦʧʣʘʚʝ ʩʚʝ ʯʝʰ˂ʝ. Mʥʦʛʦ ʩʫ ʙʠʪʥʠʿʠ ʚʨʝʤʝ ʧʦʿʘʚˀʠʚʘˁʘ ʠ ʫʯʝʩʪʘʣʦʩʪ ʧʦʿʘʚʘ 

ʝʢʩʪʨʝʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʩʨʝʜˁʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʜʨʝʹʝʥʦ ʧʦʜʨʫʯʿʝ (Laliĺ i sar., 

2011).  

ʋ ʉʨʙʠʿʠ ʠ ʟʝʤˀʘʤʘ ʦʢʨʫʞʝˁʘ ʥʠʿʝ ʙʠʣʦ ʤʥʦʛʦ ʨʘʜʦʚʘ ʢʦʿʠ ʩʫ ʩʝ ʙʘʚʠʣʠ 

ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʧʨʦʩʪʦʨʥʦʛ ʨʘʩʧʦʨʝʜʘ ʧʘʜʘʚʠʥʘ. ʅʘ ʧʦʜʨʫʯʿʫ ʍʨʚʘʪʩʢʝ ʿʝ ʘʥʘʣʠʟʠʨʘʥ 

ʪʨʝʥʜ ʧʘʜʘʚʠʥʘ ʠ ʜʦʰʣʠ ʩʫ ʜʦ ʨʝʟʫʣʪʘʪʘ ʜʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ 

ʦʧʘʜʘ ʜʫʞ ʦʙʘʣʝ ɱʘʜʨʘʥʩʢʦʛ ʤʦʨʘ, ʧʦʛʦʪʦʚʦ ʪʦʢʦʤ ʟʠʤʝ ʠ ʧʨʦʣʝ˂ʘ (Gajiĺ-Ļapka, Cindriĺ, 

2011). ʀʩʪʨʘʞʠʚʘˁʝ ʪʨʝʥʜʘ ʧʘʜʘʚʠʥʘ ʟʘ ʉʨʙʠʿʫ ʿʝ ʿʘʢʦ ʟʥʘʯʘʿʥʦ ʟʙʦʛ ˁʝʥʦʛ ʧʦʣʦʞʘʿʘ 

ʠʟʤʝʹʫ ʤʝʜʠʪʝʨʘʥʩʢʠʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʢʣʠʤʝ. ʉʪʘʥʦʿʝʚʠ˂ ʠ ʩʘʨ. (Stanojeviĺ et 

al., 2014) ʿʝ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʛʦʜʠʰˁʠ ʪʨʝʥʜ ʧʘʜʘʚʠʥʘ ʫ ʉʨʙʠʿʠ ʟʘ ʧʝʨʠʦʜ 1951-2010 

ʛʦʜʠʥʝ ʫʦʯʠʣʘ ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʥʘ ʩʝʚʝʨʦʠʩʪʦʢʫ, ʠʩʪʦʢʫ, ʿʫʛʦʠʩʪʦʢʫ ʠ ʿʫʛʫ 

ʟʝʤˀʝ, ʜʦʢ ʿʝ ʫ ʦʩʪʘʣʠʤ ʜʝʣʦʚʠʤʘ ʟʝʤˀʝ ʢʦʥʩʪʘʪʦʚʘʥ ʧʦʟʠʪʠʚʘʥ ʪʨʝʥʜ ʩʘ ʥʘʿʚʠʰʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʥʘ ʟʘʧʘʜʫ ʠ ʿʫʛʦʟʘʧʘʜʫ.  

ʆʩʥʦʚʥʠ ʪʠʧʦʚʠ ʢʣʠʤʝ ʫ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ ʩʫ: ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʠ, 

ʧʣʘʥʠʥʩʢʠ ʠ ʿʘʜʨʘʥʩʢʠ (Milosavljeviĺ, 1973). ʋʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʢʣʠʤʘ ʿʝ 

ʟʘʩʪʫʧˀʝʥʘ ʫ ʇʝʨʠʧʘʥʦʥʩʢʦʤ ʙʘʩʝʥʫ ʠ ʢʘʨʘʢʪʝʨʠʰʫ ʿʝ ʫʤʝʨʝʥʦ ʪʦʧʣʘ ʣʝʪʘ ʠ ʫʤʝʨʝʥʦ 

ʭʣʘʜʥʝ ʟʠʤʝ. ʉʨʝʜˁʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʿʝ ʦʢʦ 10 
ʦ
ʉ, ʘ ʛʦʜʠʰˁʘ ʢʦʣʠʯʠʥʘ 

ʧʘʜʘʚʠʥʘ ʢʦʿʘ ʩʝ ʠʟʣʫʯʠ ʿʝ ʦʢʦ 1200 mm. ʆʚʫ ʢʣʠʤʫ ʠʤʘʿ ʛʨʘʜʦʚʠ ʉʘʨʘʿʝʚʦ, ɹʘˁʘ ʃʫʢʘ, 

ɺʠʰʝʛʨʘʜ, ɿʝʥʠʮʘ, ɼʦʙʦʿ, ɹʠʭʘ˂ ʠ ʊʫʟʣʘ. ʂʘʦ ʧʦʜʪʠʧ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʥʝ ʢʣʠʤʝ 

ʠʟʜʚʘʿʘ ʩʝ ʧʘʥʦʥʩʢʘ ʢʣʠʤʘ ʢʦʿʫ ʦʜʣʠʢʫʿʫ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʛʦʜʠʰˁʠʭ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ 

(800 mm) ʠ ʧʨʦʩʝʯʥʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ 10-11 
ʦ
ʉ. ʆʚʘ ʢʣʠʤʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʿʝ ʟʘ ɹʠʿʝˀʠʥʫ (Bajiĺ, Trbiĺ, 2016).  

ʇʣʘʥʠʥʩʢʘ ʢʣʠʤʘ ʿʝ ʦʰʪʨʠʿʘ ʢʣʠʤʘ ʩʘ ʩʨʝʜˁʠʤ ʛʦʜʠʰˁʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 5 
ʦ
ʉ, 

ʘ ʧʘʜʘʚʠʥʝ ʩʝ ʠʟʣʫʯʫʿʫ ʫ ʚʠʜʫ ʢʠʰʝ ʠ ʩʥʝʛʘ ʢʦʿʠ ʩʝ ʟʘʜʨʞʘʚʘ ʟʥʘʪʥʦ ʜʫʞʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʜʝʣʝ ʩʘ ʥʠʞʦʤ ʥʘʜʤʦʨʩʢʦʤ ʚʠʩʠʥʦʤ. ʂʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʿʝ ʦʢʦ 1200 l/m
2
. ʆʚʘʢʚʘ 

ʢʣʠʤʘ ʿʝ ʟʘʩʪʫʧˀʝʥʘ ʥʘ ɹʿʝʣʘʰʥʠʮʠ ʠ ɱʘʭʦʨʠʥʠ.  ɱʘʜʨʘʥʩʢʘ ʠ ʠʟʤʝˁʝʥʦ ʿʘʜʨʘʥʩʢʘ 

ʢʣʠʤʘ ʦʜʣʠʢʫʿʝ ʩʝ ʙʣʘʛʠʤ ʠ ʢʠʰʥʠʤ ʟʠʤʘʤʘ ʠ ʪʦʧʣʠʤ ʠ ʩʫʚʠʤ ʣʝʪʠʤʘ. ʉʨʝʜˁʝ 
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ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʠʟʥʘʜ 14 
ʦ
ʉ. ʆʚʘʿ ʪʠʧ ʢʣʠʤʝ ʟʘʩʪʫʧˀʝʥ ʿʝ ʫ ʅʝʫʤʫ, ʘ 

ʠʟʤʝˁʝʥʦ ʿʘʜʨʘʥʩʢʘ ʢʣʠʤʘ ʿʝ ʥʝʰʪʦ ʢʦʥʪʠʥʝʥʪʘʣʥʠʿʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʿʝ ʟʘ ʄʦʩʪʘʨ, 

ʊʨʝʙʠˁʝ ʠ ɲʫʙʠˁʝ (Bajiĺ, Trbiĺ, 2016).  

 ʋ ʩʝʚʝʨʦʟʘʧʘʜʥʦʤ ʜʝʣʫ ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ, ʫ ʧʝʨʠʦʜʫ (1961-1990), ʥʘ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʜʦ 500 m ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʢʨʝʪʘʣʝ ʩʫ ʩʝ 

ʦʢʦ 11 
ʦ
ʉ, ʘ ʥʘ ʧʦʜʨʫʯʿʠʤʘ ʠʟʥʘʜ 500 mnv. 5-10 

ʦ
ʉ ʠʟʫʟʝʚ ʚʠʩʦʢʠʭ ʧʣʘʥʠʥʘ ʛʜʝ ʩʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʠʣʝ ʠʩʧʦʜ 4 
ʦ
ʉ. ʅʘʿʤʘˁʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʩʝ ʠʟʣʫʯʠ ʥʘ ʢʨʘʿˁʝʤ 

ʩʝʚʝʨʦʠʩʪʦʢʫ (750 mm) ʜʦʢ ʧʦʜʨʫʯʿʝ ʠʩʪʦʯʥʝ ʍʝʨʮʝʛʦʚʠʥʝ ʧʨʠʤʠ ʠ ʜʦ 2000 mm 

ʧʘʜʘʚʠʥʘ ʛʦʜʠʰˁʝ, ʜʦʢ ʦʩʪʘʣʠ ʜʝʣʦʚʠ ʈʝʧʫʙʣʠʢʝ ʧʨʠʤʝ ʦʜ 850-1500 mm ʛʦʜʠʰˁʝ 

(Trbiĺ, Bajiĺ, 2011).  

ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ ʿʝ ʧʦʩʝʙʥʦ ʦʩʝʪˀʠʚʘ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʟʙʦʛ ʩʚʦʿʝ 

ʛʝʦʛʨʘʬʩʢʝ ʧʦʟʠʮʠʿʝ, ʝʢʦʥʦʤʩʢʝ ʚʘʞʥʦʩʪʠ ʩʝʢʪʦʨʘ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʰʫʤʘʨʩʪʚʘ, ʢʘʦ ʠ 

ʟʙʦʛ ʩʚʦʛ ʦʛʨʘʥʠʯʝʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ. ʋ ʪʦʢʫ 

ʧʦʩʣʝʜˁʝ ʜʝʮʝʥʠʿʝ ʫ ɹʠʍ ʩʫ ʩʝ ʜʝʩʠʣʝ ʠ ʚʝʣʠʢʝ ʩʫʰʝ (2012) ʠ ʚʝʣʠʢʝ ʧʦʧʣʘʚʝ (2014) 

ʢʦʿʝ ʩʫ ʠʟʘʟʚʘʣʝ ʝʥʦʨʤʥʝ ʛʫʙʠʪʢʝ ʫ ʩʚʠʤ ʩʝʢʪʦʨʠʤʘ (TNC, 2016). ʃʝʪˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ 

ʚʝ˂ʠʤ ʛʨʘʜʦʚʠʤʘ (ɹʘˁʘ ʃʫʢʘ, ʄʦʩʪʘʨ, ʉʘʨʘʿʝʚʦ ʠ ʊʨʝʙʠˁʝ) ʩʫ ʧʦʨʘʩʣʝ ʧʨʝʢʦ 1,5 
ʦ
ʉ 

ʪʦʢʦʤ ʧʨʦʪʝʢʣʝ ʜʝʮʝʥʠʿʝ, ʘ ʧʨʦʤʝʥʠʣʠ ʩʫ ʩʝ ʠ ʨʝʞʠʤʠ ʧʘʜʘʚʠʥʘ (ʊrbiĺ et al., 2014).  

ʇʨʝʤʘ ʪʨʝ˂ʝʤ ʅʘʮʠʦʥʘʣʦʤ ʠʟʚʝʰʪʘʿʫ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ɹʠʍ (TNC, 

2016), ʫ ʧʝʨʠʦʜʫ (1961-2014) ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʥʘ 

ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ (0,4-1 
ʦ
ʉ). ɿʘ ʠʩʪʠ ʧʝʨʠʦʜ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʩʪʘʛʥʘʮʠʿʘ ʠʣʠ ʙʣʘʛʦ 

ʧʦʚʝ˂ʘˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʯʠʪʘʚʦʿ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ. ʇʨʦʤʝʥʝ ʫ ʢʦʣʠʯʠʥʠ 

ʧʘʜʘʚʠʥʘ ʠʟʨʘʞʝʥʠʿʝ ʩʫ ʫ ʩʝʟʦʥʘʤʘ ʥʝʛʦ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ.  

ʇʨʝʤʘ ʜʨʫʛʦʤ ʅʘʮʠʦʥʘʣʥʦʤ ʠʟʚʝʰʪʘʿʫ ʦ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ɹʠʍ (ɮNC, 

2012) ʥʘ ʦʩʥʦʚʫ ʢʣʠʤʘʪʦʣʦʰʢʠʭ ʤʦʜʝʣʘ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʨʘʩʪʘ ʩʨʝʜˁʝ 

ʩʝʟʦʥʩʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʧʝʨʠʦʜʫ (2001-2030) ʫ ʦʧʩʝʛʫ 0,8-1 
ʦ
ʉ. ɿʠʤʝ ˂ʝ ʙʠʪʠ ʪʦʧʣʠʿʝ ʟʘ 

0,5-0,8 
ʦ
ʉ, ʘ ʥʘʿʚʝ˂ʝ  ʧʨʦʤʝʥʝ ˂ʝ ʩʝ ʜʝʰʘʚʘʪʠ ʪʦʢʦʤ ʣʝʪˁʠʭ ʤʝʩʝʮʠ (1,1-1,4 

ʦ
ʉ). 

ʂʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ˂ʝ ʩʝ ʩʤʘˁʠʪʠ ʟʘ 10% ʫ ʟʘʧʘʜʥʠʤ ʜʝʣʦʚʠʤʘ ʟʝʤˀʝ, ʘ ʧʦʚʝ˂ʘʪʠ ʟʘ 

5% ʫ ʠʩʪʦʯʥʠʤ. ʅʘʿʚʝ˂ʝ ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʙʠ˂ʝ ʫ ʿʝʩʝʥ ʠ ʫ ʟʠʤʫ. ʇʨʝʤʘ 

RCP8.5, A2 ʠ A1B ʩʮʝʥʘʨʠʿʫ  ʜʦ ʢʨʘʿʘ 21. ʚʝʢʘ ʩʝ ʦʯʝʢʫʿʝ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʘʟʜʫʭʘ ʠ ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ. ʊʘʢʦ ʧʨʝʤʘ RCP8.5 ʩʮʝʥʘʨʠʿʫ ʟʘ ʧʝʨʠʦʜ ʦʜ 

(2011-2040) ʦʯʝʢʫʿʝ ʩʝ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʘ 1,6-2 
ʦ
ʉ, ʘ ʟʘ ʧʝʨʠʦʜ (2071-2100) 5,4-5,6 

ʦ
ʉ ʫ 

ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ (1971-2000). ʂʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʫ ʧʨʚʦʤ ʧʝʨʠʦʜʫ ˂ʝ 

ʠʤʘʪʠ ʨʘʩʪ ʟʘ 5%, ʘ ʫ ʥʘʨʝʜʥʘ ʜʚʘ ʧʝʨʠʦʜʘ ʙʝʣʝʞʠ˂ʝ ʩʤʘˁʝˁʝ 10-20%. ʅʘʿʚʝ˂ʝ 

ʩʤʘˁʝˁʝ ʧʘʜʘʚʠʥʘ ʙʠ˂ʝ ʫ ʧʨʦʣʝʪˁʠʤ ʠ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ ʫ ʧʝʨʠʦʜʫ (2071-2100) ʯʘʢ ʜʦ 

40%. ʇʨʝʤʘ ɸ2 ʩʮʝʥʘʨʠʿʫ ʟʘ ʧʦʩʣʝʜˁʠ ʧʝʨʠʦʜ (2071-2100) ʧʨʝʜʚʠʹʘ ʩʝ ʧʦʚʝ˂ʘˁʝ 

ʪʝʤʝʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʟʘ 3,8-4,2 
ʦ
ʉ, ʘ ʧʨʝʤʘ ɸ1ɺ ʩʮʝʥʘʨʠʿʫ ʟʘ ʠʩʪʠ ʧʝʨʠʦʜ ʧʨʝʜʚʠʹʘ ʩʝ 

ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ 2,4 
ʦ
ʉ.  

Tʨʙʠ˂ ʠ ʩʘʨ. (Trbiĺ i sar., 2015) ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʈʝʧʫʙʣʠʯʢʦʛ 

ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʛ ʟʘʚʦʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ ʢʦʥʩʪʘʪʫʿʫ ʜʘ ʿʝ ʫ ʧʨʝʪʭʦʜʥʠʭ 10 

ʛʦʜʠʥʘ ʧʦʚʝ˂ʘʥ ʠʥʪʝʥʟʠʪʝʪ ʠ ʬʨʝʢʬʝʥʮʠʿʘ ʝʢʩʪʨʝʤʥʠʭ ʜʦʛʘʹʘʿʘ ʫ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ. 

ɻʦʜʠʥʝ ʫ ʢʦʿʠʤʘ ʜʦʤʠʥʠʨʘʿʫ ʧʦʧʣʘʚʝ ʢʘʦ ʝʢʩʪʨʝʤʥʠ ʜʦʛʘʹʘʿʠ ʩʫ (2004., 2010., 2014.). 

ʉʫʰʝ ʩʫ ʙʠʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ (2000., 2003., 2007., 2011., 2012.), ʢʣʠʟʠʰʪʘ ʟʘ  (2010. 
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ʠ 2014.), ʘ ʿʘʢʠ ʦʣʫʿʥʠ ʚʝʪʨʦʚʠ ʠ ʛʨʘʜ ʟʘ (2005., 2006., 2009., 2012., 2013., ʠ 2014. 

ʛʦʜʠʥʫ.   

ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫʛʨʘʹʝʥʝ ʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʠ ʧʣʘʥʠʨʘˁʘ 

ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʫ ɹʦʩʥʠ ʠ ʍʝʨʮʝʛʦʚʠʥʠ, ʩʘ ʧʦʩʝʙʥʠʤ ʥʘʛʣʘʩʢʦʤ ʥʘ ʧʦʧʣʘʚʝ, ʩʫʰʝ, 

ʢʣʠʟʠʰʪʘ ʠ ʰʫʤʩʢʝ ʧʦʞʘʨʝ (ʊrbiĺ i sar., 2015). ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʦʜʫʞʝʥʝ ʠ ʢʦʤʧʣʝʢʩʥʝ ʦʧʘʩʥʦʩʪʠ ʠ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʦʥʝ ʚʠʰʝʩʪʨʫʢʝ (ʩʫʰʝ, ʧʦʧʣʘʚʝ, 

ʝʢʩʪʨʝʤʥʝ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʝ (ʣʦʢʘʣʥʝ, ʝʥʪʠʪʝʪʩʢʝ, ʜʨʞʘʚʥʝ ʠ 

ʛʣʦʙʘʣʥʝ) ʤʦʞʝʤʦ ʨʝ˂ʠ ʜʘ ʠʤʘʿʫ ʠ ʢʨʘʪʢʦʨʦʯʥʝ ʠ ʜʫʛʦʨʦʯʥʝ ʠʩʭʦʜʝ ʢʘʦ ʠ ʥʝʧʦʟʥʘʪʝ 

ʠʩʭʦʜʝ (O'Brien et al., 2006).  

2.2.3. ʂʃʀʄɸʊʉʂɽ ʇʈʆʄɽʅɽ ʀ ʐʋʄʉʂʀ ɽʂʆʉʀʉʊɽʄʀ 

ʅʘ ʢʦʿʠ ʥʘʯʠʥ ʠ ʢʦʿʦʤ ʙʨʟʠʥʦʤ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʫʪʠʯʫ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ  

ʧʠʪʘˁʝ ʿʝ ʢʦʿʝ ʧʨʠʚʣʘʯʠ ʩʚʝ ʚʝ˂ʫ ʧʘʞˁʫ ʰʠʨʦʢʠʭ ʥʘʨʦʜʥʠʭ ʤʘʩʘ ʜʘʥʘʰˁʠʮʝ. ʐʫʤʝ, 

ʚʝʛʝʪʘʮʠʿʘ ʠ ʝʢʦʩʠʩʪʝʤʩʢʝ ʫʩʣʫʛʝ ʠʤʘʿʫ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʦʜʛʦʚʦʨʫ ʥʘ ʦʚʦ ʧʠʪʘˁʝ 

(Tanacs et al., 2016). ʉʪʘʙʠʣʥʦʩʪ ʰʫʤʩʢʠʭ ʝʢʦʩʠʩʪʝʤʘ ʧʦʜ ʧʨʦʤʝʥˀʠʚʠʤ ʢʣʠʤʘʪʩʢʠʤ 

ʫʩʣʦʚʠʤʘ ʟʘʚʠʩʠ ʦʜ ʘʜʘʧʪʘʮʠʦʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʚʨʩʪʘ ʜʨʚʝ˂ʘ (Scharnweber 

et al., 2011). ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʤʘʣʝ ʧʨʦʤʝʥʝ ʢʣʠʤe ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʠʭ ʧʨʦʤʝʥʘ ʫ ʩʘʩʪʘʚʫ ʚʨʩʪʘ ʫʢʦʣʠʢʦ ʜʦʤʠʥʘʥʪʥʝ ʚʨʩʪʝ ʧʦʩʪʘʥʫ ʤʘˁʝ 

ʨʝʟʠʩʪʝʥʪʥʝ (Bugmann, 1997; Lindner et al., 1997; van der Meer et al., 2002). ɽʢʩʪʨʝʤʥʦ 

ʩʫʰʥʝ ʧʝʨʠʦʜʝ (ʥʧʨ. ʣʝʪʦ 2003. ʛʦʜ.) ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʠʟʦʣʦʚʘʥʝ ʜʦʛʘʹʘʿʝ, 

ʚʝ˂ ʢʘʦ ʜʦʛʘʹʘʿe ʢʦʿʠ ʙʠ ʩʝ ʤʦʛʣʠ ʧʦʿʘʚˀʠʚʘʪʠ ʩʚʝ ʯʝʰ˂ʝ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ (Bréda, 

Badeau, 2008). 

ʐʫʤʩʢʠ ʝʢʦʩʠʩʪʝʤʠ ʠʤʘʿʫ ʛʣʦʙʘʣʥʦ, ʨʝʛʠʦʥʘʣʥʦ ʠ ʣʦʢʘʣʥʦ ʜʝʿʩʪʚʦ. ɻʣʦʙʘʣʥʦ 

ʜʝʿʩʪʚʦ ʩʝ ʦʛʣʝʜʘ ʫ ʟʥʘʯʘʿʫ ʫʪʠʮʘʿʘ ʰʫʤʩʢʠʭ ʝʢʦʩʠʩʪʝʤʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʙʠʣʘʥʩʘ O2 ʠ 

CO2 ʫ ʘʪʤʦʩʬʝʨʠ ʠ ʩʧʨʝʯʘʚʘˁʫ ʧʨʦʤʝʥʘ ʢʣʠʤʝ. ʈʝʛʠʦʥʘʣʥʦ ʜʝʿʩʪʚʦ ʿʝ ʫʪʠʮʘʿ ʰʫʤʝ ʥʘ 

ʨʝʞʠʤ ʚʦʜʘ, ʘ ʬʫʥʢʮʠʿʝ ʰʫʤʝ ʢʘʦ ʥʧʨ. ʟʘʰʪʠʪʘ ʦʜ ʝʨʦʟʠʿʝ, ʭʠʜʨʦʣʦʰʢʘ, ʚʦʜʦʟʘʰʪʠʪʥʘ 

ʬʫʥʢʮʠʿʘ, ʠ ʜʨʫʛʝ ʩʫ ʣʦʢʘʣʥʦ ʜʝʿʩʪʚʦ ʰʫʤʝ ʠ ʥʝ ʤʦʛʫ ʩʝ ʧʨʝʥʦʩʠʪʠ ʥʘ ʜʨʫʛʘ ʧʦʜʨʫʯʿʘ.  

ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʣʠʢʠ ʠʟʘʟʦʚ ʟʘ ʮʝʣʫ ʧʣʘʥʝʪʫ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ 

ʟʘ ʝʚʨʦʧʩʢʦ ʰʫʤʘʨʩʪʚʦ ʫ 21. ʚʝʢʫ. ʐʫʤʝ ʢʘʦ ʚʝʣʠʢʠ ʧʨʦʠʟʚʦʹʘʯʠ O2 ʠ 

ʧʦʪʨʦʰʘʯʠ CO2 ʫʪʠʯʫ ʥʘ ʢʣʠʤʫ, ʘʣʠ ʠ ʢʣʠʤʘ ʠ ʧʨʦʤʝʥʘ ʢʣʠʤʝ, ʫʪʠʯʫ ʥʘ ʨʘʩʪ ʠ 

ʚʠʪʘʣʥʦʩʪ ʰʫʤʘ. ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʠ ʢʣʠʤʘʪʩʢʠ ʝʢʩʪʨʝʤʠ ʩʚʝ ʯʝʰ˂ʝ ʫʟʨʦʢʫʿʫ 

ʩʤʘˁʝˁʝ ʨʘʩʪʘ ʠ ʧʨʠʨʘʩʪʘ ʰʫʤʘ ʠ ʪʘʢʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʦʙʥʘʚˀʘˁʝ ʰʫʤʘ ʠ 

ʧʦʜʩʪʠʯʫ ˁʠʭʦʚʦ ʩʫʰʝˁʝ (Allen et al., 2010; Stjepanoviĺ et al., 2015). ʂʣʠʤʘʪʩʢʝ 

ʧʨʦʤʝʥʝ ʩʫ ʧʦʟʥʘʪʝ ʢʘʦ ʿʝʜʥʘ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʧʨʝʪˁʠ ʟʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪ ʠ ʝʢʦʩʠʩʪʝʤʝ. 

ɼʠʨʝʢʪʥʠ ʠ ʠʥʜʠʨʝʢʪʥʠ ʝʬʝʢʪʠ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʦʤʝʥʝ ʨʝʞʠʤʘ ʧʘʜʘʚʠʥʘ, 

ʫʪʠʯʫ ʥʘ ʠʟʫʤʠʨʘˁʝ ʚʨʩʪʘ (Gill et al., 2013).  

ʋ ʦʜʥʦʩʫ ʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʦʚʨʰʠʥʝ, ʰʫʤʩʢʠ ʝʢʦʩʠʩʪʝʤʠ ʤʦʛʫ ʜʘ ʫʩʢʣʘʜʠʰʪʝ 

20 ʜʦ 100 ʧʫʪʘ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʉʆ2 ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʠ ʩʘʤʠʤ ʪʠʤ ʠʤʘʿʫ ʠʟʫʟʝʪʥʦ 

ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʩʤʘˁʝˁʫ ʦʚʦʛ ʛʘʩʘ ʫ ʚʘʟʜʫʭʫ ʢʘʦ ʿʝʜʥʦʛ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʫʟʨʦʯʥʠʢʘ 

ʝʬʝʢʘʪʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʰʫʤʩʢʠ ʝʢʦʩʠʩʪʝʤʠ ʧʦʯʥʫ ʜʘ ʦʪʧʫʰʪʘʿʫ 

ʫʩʢʣʘʜʠʰʪʝʥʠ ʉʆ2 ʥʘʟʘʜ ʫ ʘʪʤʦʩʬʝʨʫ ʫʩʣʝʜ ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʩʘʤʦʿ ʰʫʤʠ, ʢʘʦ ʥʧʨ. 
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ʝʢʩʪʨʝʤʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʧʦʿʘʚʘʤʘ, ʣʝʜʦʠʟʚʘʣʘʤʘ, ʦʜʫʤʠʨʘˁʝʤ ʩʪʘʨʠʭ ʩʪʘʙʘʣʘ, ʥʘʧʘʜʦʤ 

ʰʪʝʪʥʠʭ ʠʥʩʝʢʘʪʘ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʠʤ ʜʝʿʩʪʚʦʤ ʧʦʧʫʪ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʝʯʘ, ʧʦʞʘʨʘ ʠ 

ʩʣʠʯʥʦ, ʰʫʤʝ ʧʦʩʪʘʿʫ ʟʘʛʘʹʠʚʘʯʠ (Braġanac-Bosanac, Ĺirkoviĺ-Mitroviĺ, 2015).  

ʋʪʠʮʘʿ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʰʫʤʩʢʝ ʝʢʦʩʠʩʪʝʤʝ ʤʦʞʝ ʩʝ ʠʩʧʦˀʠʪʠ ʫ ʚʠʜʫ 

ʧʨʦʤʝʥʘ ʘʨʝʘʣʘ ʚʨʩʪʝ ʜʨʚʝ˂ʘ, ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʰʪʝʪʝ ʦʜ ʠʥʩʝʢʘʪʘ, ʛˀʠʚʘ, 

ʧʦʞʘʨʘ, ʩʥʘʞʥʠʭ ʚʝʪʨʦʚʘ ʠ ʩʣʠʯʥʦ (Littell et al., 2016; Trumbore et al., 2015; Anderegg et 

al., 2015; Czucz, et al., 2011). ʅʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿʠ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʢʘʦ ʧʨʦʤʝʥʝ ʛʨʘʥʠʮʘ 

ʘʨʝʘʣʘ ʧʦʿʝʜʠʥʠʭ ʪʠʧʦʚʘ ʰʫʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʝʦʛʨʘʬʩʢʫ ʰʠʨʠʥʫ ʠ ʥʘʜʤʦʨʩʢʫ ʚʠʩʠʥʫ, 

ʜʨʫʛʘʯʠʿʘ ʧʨʠʨʦʜʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʧʦʚʨʰʠʥʘ ʪʠʧʦʚʘ ʰʫʤʘ ʫ ˁʠʭʦʚʦʤ ʤʝʹʫʩʦʙʥʦʤ 

ʦʜʥʦʩʫ, ʤʦʛʫ˂ʝ ʧʦʚʣʘʯʝˁʝ ʠ ʥʝʩʪʘʿʘˁʝ ʧʦʿʝʜʠʥʠʭ ʟʘʿʝʜʥʠʮʘ, ʜʨʫʛʘʯʠʿʠ ʩʘʩʪʘʚ 

ʧʦʿʝʜʠʥʠʭ ʙʠˀʥʠʭ ʟʘʿʝʜʥʠʮʘ ʫʟ ʩʤʝʥʫ ʚʨʩʪʘ ʫ ʩʧʨʘʪʦʚʥʦʩʪʠ ʠ ʩʦʮʠʿʘʣʥʦʤ ʧʦʣʦʞʘʿʫ ʠ 

ʧʨʦʤʝʥʘ ʦʜʥʦʩʘ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ ʜʨʚʝ˂ʘ ʧʨʝʤʘ ʩʚʝʪʣʦʩʪʠ.  

ʇʦʩʪʦʿʝ ʜʦʢʘʟʠ ʜʘ ʩʫ ʰʫʤʝ ʫ ʩʚʠʤ ʜʝʣʦʚʠʤʘ ʩʚʝʪʘ ʧʦʛʦʹʝʥʝ ʩʫʰʝˁʝʤ ʫʩʣʝʜ 

ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʘ (Allen et al., 2010). ɿʘʙʝʣʝʞʝʥ ʿʝ ʦʧʩʝʛ ʧʦʤʝʨʘˁʘ ʘʨʝʘʣʘ ʰʫʤʩʢʠʭ 

ʚʨʩʪʘ ʜʨʚʝ˂ʘ ʢʘʦ ʧʦʩʝʜʠʮʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ (Hanewinkel et al., 2013). ʋ ʧʝʨʠʦʜʫ ʦʜ 

2001. ʜʦ 2010. ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ ʩʫ ʧʦʨʘʩʣʝ ʟʘ 0,5 
ʦ
C ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜ (1961-1990), ʘ ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜ ʦʜ 

(1991-2000) ʧʦʨʘʩʣʝ ʩʫ ʟʘ 0,2 
ʦ
C (Morice et al., 2012). ʇʨʝʤʘ ʄʝʹʫʚʣʘʜʠʥʦʤ ʧʘʥʝʣʫ ʦ 

ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ (IPCC, 2007) ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ɽʚʨʦʧʫ ʫ 

ʜʝʩʝʪʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ (2002-2011) ʙʠʣʘ ʿʝ 1,3 
ʦ
ʉ ʠʟʥʘʜ ʦʯʝʢʠʚʘʥʝ.  

ɻʨʫʧʘ ʘʫʪʦʨʘ ʧʨʝʜʚʦʹʝʥʘ ʊʫʠʣʝʨʦʤ (Thuiller et al., 2005) je ʜʦʰʣʘ ʜʦ ʟʘʢˀʫʯʢʘ 

ʜʘ ˂ʝ ʚʨʩʪʝ ʢʦʿʝ ʠʤʘʿʫ ʝʢʦʣʦʰʢʝ ʟʘʭʪʝʚʝ ʙʣʠʩʢʝ ʧʨʦʩʝʯʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʙʠʪʠ 

ʤʘˁʝ ʦʩʝʪˀʠʚʝ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʥʝʛʦ ʚʨʩʪʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʛʨʘʥʠʮʘʤʘ ʘʨʝʘʣʘ. 

ɺʨʩʪʝ ʢʦʿʝ ʟʘʫʟʠʤʘʿʫ ʰʠʨʝ ʧʦˀʝ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʠʤʘ˂ʝ ʚʝ˂ʫ ʪʦʣʝʨʘʥʮʠʿʫ ʥʘ 

ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʦʜ ʚʨʩʪʘ ʢʦʿʝ ʩʫ ʤʘˁʝ ʧʣʘʩʪʠʯʥʝ. ʅʘʿʚʠʰʝ ˂ʝ ʩʝ ʧʦʤʝʨʠʪʠ ʚʨʩʪʝ 

ʪʦʧʣʠʭ ʠ ʩʫʰʥʠʭ ʢʨʘʿʝʚʘ ɽʚʨʦʧʝ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʧʨʠʥʫʹʝʥʝ ʜʘ ʤʠʛʨʠʨʘʿʫ ʩʝʚʝʨʥʠʿʝ ʢʘ 

ʭʣʘʜʥʠʿʠʤ ʨʝʛʠʦʥʠʤʘ (ņurĽiĺ i sar., 2015).  

ɸʪʣʘʥʩʢʠ, ʘʣʧʩʢʠ ʠ ʙʦʨʝʘʣʥʦ-ʘʣʧʩʢʠ ʭʦʨʦʪʠʧ ʠʟʛʫʙʠ˂ʝ ʧʨʦʩʝʯʥʦ ʠ ʜʦ 55% 

ʘʢʪʫʝʣʥʠʭ ʩʪʘʥʠʰʪʘ, ʜʦʢ ˂ʝ ʚʨʩʪʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʤʝʜʠʪʝʨʘʥʩʢʦʤ ʬʣʦʨʥʦʤ ʝʣʝʤʝʥʪʫ 

ʠʤʘʪʠ ʥʘʿʤʘˁʠ ʧʨʦʮʝʥʘʪ ʠʟʛʫʙˀʝʥʠʭ ʩʪʘʥʠʰʪʘ, ʥʘʩʫʧʨʦʪ ʪʦʤʝ ʦʥʝ ˂ʝ ʧʨʦʰʠʨʠʪʠ ʩʚʦʿʘ 

ʩʪʘʥʠʰʪʘ ʟʘ 80%, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʙʦʨʝʘʣʥʦ-ʘʣʧʩʢʠʭ ʢʦʿʘ ˂ʝ ʤʦ˂ʠ ʜʘ ʩʝ ʧʨʦʰʠʨʝ ʩʘʤʦ 8%. 

ʆʩʝʪˀʠʚʦʩʪ ʚʨʩʪʘ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʟʘʚʠʩʠ˂ʝ ʦʜ ʛʝʦʛʨʘʬʩʢʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ 

ʚʨʩʪʘ ʠ ˁʠʭʦʚʠʭ ʝʢʦʣʦʰʢʠʭ ʦʩʦʙʠʥʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʝʛʠʦʥʘʣʥʠʤ ʦʙʨʘʩʮʠʤʘ ʩʪʝʧʝʥʘ 

ʠʟʣʦʞʝʥʦʩʪʠ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ (Thuiller et al., 2005).  

ɻʨʫʧʘ ʘʫʪʦʨʘ ʧʨʝʜʚʦʹʝʥʘ ɸʨʘʫʞʦʤ (Araujo et al., 2004) ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ˂ʝ 

ʧʨʠʙʣʠʞʥʦ 5% ʚʨʩʪʘ ʠʟʛʫʙʠʪʠ ʩʚʦʿʝ ʩʘʜʘʰˁʝ ʘʨʝʘʣʝ ʟʙʦʛ ʧʨʦʤʝʥʝ ʢʣʠʤʝ, ʜʦʢ ˂ʝ 2% 

ʚʨʩʪʘ ʠʤʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʣʠʤʘʪʦʛʝʥʝ ʫʩʣʦʚʝ ʟʘ ʦʧʩʪʘʥʘʢ, ʘʣʠ ʩʝ ʦʥʠ ʥʝ˂ʝ ʧʨʦʩʪʦʨʥʦ 

ʧʦʜʫʜʘʨʘʪʠ ʩʘ ʩʘʜʘʰˁʠʤ ʘʨʝʘʣʠʤʘ. ɹʘʰʠʝʪʦ ʠ ʩʘʨ. (Bascietto et al., 2004), ɹʦʣʪ ʠ ʩʘʨ. 

(Bolte et al., 2010) ʪʚʨʜʝ ʜʘ ˂ʝ ʩʝ ʘʨʝʘʣ ʙʫʢʚʝ ʧʨʦʰʠʨʠʪʠ ʫ ʩʝʚʝʨʥʦʿ ɽʚʨʦʧʠ, ʘ ɷʘʤʧ ʠ 

ʩʘʨ. (Jump et al., 2006), ʇʠʦʚʝʩʝʥ (Piovesan et al., 2008) ʜʘ ˂ʝ ʘʨʝʘʣ ʙʫʢʚʝ ʜʘ ʩʝ ʩʫʟʠ ʫ 

ʫʿʞʥʦʿ ɽʚʨʦʧʠ. ʅʘʿʫʛʨʦʞʝʥʠʿʠ ʧʨʦʩʪʦʨʠ ʧʨʝʜ ʧʦʪʝʥʮʠʿʘʣʥʠʤ ʙʫʜʫ˂ʠʤ ʧʨʦʤʝʥʘʤʘ 

ʢʣʠʤʝ ʙʠ˂ʝ ʿʫʞʥʘ ɽʚʨʦʧʘ ʠ ʉʢʘʥʜʠʥʘʚʩʢʦ ʧʦʣʫʦʩʪʨʚʦ, ʜʦʢ ʥʝʦʙʠʯʥʦ ʦʜʩʪʫʧʘˁʝ 
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ʧʨʝʜʩʪʘʚˀʘ ʩʪʝʧʝʥ ʫʛʨʦʞʝʥʦʩʪʠ ʄʘʹʘʨʩʢʝ, ʰʪʦ ʩʝ ʦʙʿʘʰˁʘʚʘ ʠʟʨʘʟʠʪʠʤ ʥʠʟʠʿʩʢʠʤ 

ʢʘʨʘʢʪʝʨʦʤ ʨʝˀʝʬʘ ʠ ʭʦʤʦʛʝʥʦʰ˂ʫ ʫʩʣʦʚʘ ʩʪʘʥʠʰʪʘ.  

ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʩʫ ʫ ʧʦʩʣʝʜˁʠʭ 50 ʛʦʜʠʥʘ ʠʟʘʟʚʘʣʝ ʙʨʦʿʥʝ ʧʨʦʤʝʥʝ ʫ 

ʨʘʩʧʨʦʩʪʨʘˁʝˁʫ ʚʨʩʪʘ (Parmesan, Yohe, 2003) ʠ ʧʨʝʜʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ˂ʝ ʙʠʪʠ ʛʣʘʚʥʠ 

ʫʟʨʦʢ ʥʝʩʪʘʥʢʘ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ (Thomas et al., 2004). ʋʯʝʰ˂ʝ 

ʪʝʨʤʦʬʠʣʥʠʭ ʰʫʤʘ ʢʦʿʝ ʩʫ ʩʣʘʙʠʿʝʛ ʢʚʘʣʠʪʝʪʘ ʠ ʢʦʿʝ ʩʫ ʩʢʣʦʥʠʿʝ ʧʦʞʘʨʠʤʘ ˂ʝ ʩʝ 

ʧʦʚʝ˂ʘʪʠ, ʧʘ ˂ʝ ʛʘʟʜʦʚʘˁʝ ʙʠʪʠ ʫʩʤʝʨʝʥʦ ʚʠʰʝ ʢʘ ʟʘʰʪʠʪʠ ʰʫʤʘ (Kutnar, Kobler, 2011). 

ʀʩʪʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ˂ʝ ʙʫʢʦʚʝ ʰʫʤʝ ʜʦ ʢʨʘʿʘ 21. ʚʝʢʘ ʙʠʪʠ ʟʘʤʝˁʥʝ ʢʩʝʨʦʪʝʨʤʥʠʿʦʤ 

ʚʝʛʝʪʘʮʠʿʦʤ ʫ ʉʣʦʚʝʥʠʿʠ. ʐʫʤʝ ʙʫʢʚʝ ʠ ʿʝʣʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʧʨʦʜʫʢʪʠʚʥʠʿʝ ʰʫʤʝ ʠ 

ʰʫʤʝ ʩʘ ʥʘʿʚʠʰʝ ʠʟʨʘʞʝʥʠʤ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʤ ʫ ʉʣʦʚʝʥʠʿʠ. ʋʢʦʣʠʢʦ ʙʠ ʥʝʩʪʘʣʝ ʦʚʝ 

ʰʫʤʝ ʠʣʠ ʩʤʘˁʠʣʝ ʩʚʦʿʝ ʘʨʝʘʣʝ ʜʦʰʣʦ ʙʠ ʜʦ ʠʟʫʤʠʨʘˁʘ ʤʥʦʛʠʭ ʞʠʚʦʪʠˁʩʢʠʭ ʚʨʩʪʘ 

ʢʦʿʝ ʩʫ ʩʪʘʥʦʚʥʠʮʠ ʦʚʠʭ ʰʫʤʘ (Kutnar et al., 2002).  

ɹʫʢʚʘ ʜʘʥʘʩ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʫ ʚʨʩʪʫ ʜʨʚʝ˂ʘ ʫ ʮʝʥʪʨʘʣʥʦʿ ɽʚʨʦʧʠ 

(Ellenberg, 1996; Leuschner et al., 2006) ʢʦʿʘ ʿʝ ʫʿʝʜʥʦ ʝʢʦʥʦʤʩʢʠ ʠ ʝʢʦʣʦʰʢʠ ʥʘʿʚʘʞʥʠʿʘ 

ʚʨʩʪʘ ʫ ʦʚʦʤ ʜʝʣʫ ɽʚʨʦʧʝ (Geßler et al., 2007). ɹʫʢʚʘ ʪʨʝʥʫʪʥʦ ʧʦʢʨʠʚʘ ʚʠʰʝ ʦʜ 2/3 

ʰʫʤʩʢʦʛ ʧʦʜʨʫʯʿʘ ʮʝʥʪʨʘʣʥʝ ɽʚʨʦʧʝ (Bohn et al., 2003). ɸʥʪʨʦʧʦʛʝʥʠʤ ʫʪʠʮʘʿʠʤʘ 

ʫʯʝʰ˂ʝ ʰʫʤʝ ʠ ʰʫʤʩʢʠʭ ʟʝʤˀʠʰʪʘ ʩʤʘˁʝʥʦ ʿʝ ʥʘ 1/5 (Bolte et al., 2007; Fischer, Fischer, 

2012). ɹʝʟ ʘʥʪʨʦʧʦʛʝʥʠʭ ʫʪʠʮʘʿʘ ʙʫʢʚʘ ʙʠ ʦʩʪʘʣʘ ʜʦʤʠʥʘʥʪʥʘ ʚʨʩʪʘ ʫ ʝʚʨʦʧʩʢʠʤ 

ʰʫʤʘʤʘ (Ellenberg, Leuschner, 2009).  

ʋʪʠʮʘʿ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʙʫʢʦʚʠʭ ʩʘʩʪʦʿʠʥʘ ʧʨʦʫʯʘʚʘʣʠ ʩʫ ʤʥʦʛʠ ʥʘʫʯʥʠʮʠ ʰʠʨʦʤ 

ɽʚʨʦʧʝ. ʋ ʀʪʘʣʠʿʠ ʥʘ ɸʧʝʥʠʥʠʤʘ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʿʦʤ ʙʫʢʚʝ ʩʫ ʩʝ ʙʘʚʠʣʠ (Piovesan et 

al., 2003, 2005, 2008), ʥʘ ɸʣʧʠʤʘ (Di Filippo et al., 2007), ʫ ʅʝʤʘʯʢʦʿ (Büntgen et al., 

2008; Friedrichs et al., 2009; Dittmar et al., 2003; Dittmar, Elling, 2007), ʫ ʌʨʘʥʮʫʩʢʦʿ 

(Lebourgeois et al., 2005), ʫ ʐʚʝʜʩʢʦʿ (Drobyshev et al., 2010), ʫ ʐʧʘʥʠʿʠ (Rozas, 2001; 

Rozas et al., 2015) ʠ ʫ ʉʣʦʚʝʥʠʿʠ (Cufar et al., 2008).  

ʊʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʢʣʠʤʘʪʩʢʠ 

ʬʘʢʪʦʨʠ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪ ʚʨʩʪʘ ʥʘ ʛʣʦʙʘʣʥʦʤ, ʨʝʛʠʦʥʘʣʥʦʤ ʠ ʣʦʢʘʣʥʦʤ 

ʥʠʚʦʫ (Casalegno et al., 2011). ʂʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʿʝ ʚʘʞʘʥ ʬʘʢʪʦʨ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ 

ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʫ ʘʨʝʘʣʘ ʙʫʢʦʚʠʭ ʰʫʤʘ (Fang, Lechowicz, 2006). ɼʠ ʌʠʣʠʧʦ ʠ 

ʩʘʨ. (Di Filippo et al., 2007), ʇʦʚʝʩʘʥ ʠ ʩʘʨ. (Piovesan et al., 2005) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʧʦʩʪʦʿʝ 

ʨʝʘʢʮʠʿʝ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʩʪʘʙʘʣʘ ʠ ʜʘ ʦʥʝ ʟʘʚʠʩʝ ʦʜ ʥʘʜʤʦʨʩʢʠʭ ʚʠʩʠʥʘ ʠ ʛʝʦʛʨʘʬʩʢʠʭ 

ʰʠʨʠʥʘ ʠʩʪʨʘʞʠʚʘʥʠʭ ʣʦʢʘʣʠʪʝʪʘ. 

ʇʨʦʤʝʥʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʫʢʦʚʠʭ ʰʫʤʘ ʫʩʣʝʜ ʜʝʿʩʪʚʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ 

ʙʘʚʠʣʠ ʩʫ ʩʝ (Biondi 1993; Di Filippo et al., 2007; Leuzinger et al., 2005; Fyllas,Troumbis, 

2009; Pretzsch et al., 2015). ʆʥʠ ʩʫ ʜʦʰʣʠ ʜʦ ʟʘʢˀʫʯʘʢʘ ʜʘ ʫ ʙʫʢʦʚʠʤ ʰʫʤʘʤʘ, ʫ 

ʫʿʛʦʟʘʧʘʜʥʦʿ ɽʚʨʦʧʠ, ʥʘ ʰʠʨʠʥʫ ʛʦʜʦʚʘ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʥʘ ʜʝʙˀʠʥʩʢʠ ʧʨʠʨʘʩʪ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʦʚʠʭ ʰʫʤʘ ʫʪʠʯʫ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ, ʜʦʩʪʫʧʥʦʩʪ ʚʦʜʝ ʠ ʢʦʣʠʯʠʥʘ 

ʧʘʜʘʚʠʥʘ ʫ ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ. ʀʘʢʦ ʿʝ ʜʦʢʘʟʘʥʦ ʜʘ ʿʝ ʫ ʘʪʤʦʩʬʝʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO2 

ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʥʘ, ʿʦʰ ʫʚʝʢ ʿʝ ʥʝʿʘʩʥʦ ʫ ʢʦʿʦʿ ʤʝʨʠ CO2 ʫʪʠʯʝ ʥʘ ʨʘʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ 

ʰʫʤʘ ʫ ʧʨʠʨʦʜʥʠʤ ʝʢʦʩʠʩʪʝʤʠʤʘ. ʈʦʪʩʝʨ ʠ ʩʘʨ. (Rotzer et al., 2013) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ 

ʫʢʦʣʠʢʦ ʿʝ ʘʩʠʤʠʣʘʮʿʘ C ʤʘˁʘ ʩʤʘˁʫʿʝ ʩʝ ʠ ʚʨʝʜʥʦʩʪ ʪʨʘʥʩʧʠʨʘʮʠʿʝ ʰʪʦ ʫʪʠʯʝ ʥʘ 

ʩʤʘˁʝˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʫʢʚʝ. 
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ʋ ʿʫʛʦʟʘʧʘʜʥʦʿ ɽʚʨʦʧʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʫ ʤʝʩʝʮʫ ʤʘʿʫ ʠ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ 

ʫ ʣʝʪˁʠʤ ʠ ʟʠʤʩʢʠʤ ʤʝʩʝʮʠʤʘ ʩʫ ʛʣʘʚʥʠ ʠʥʠʮʠʿʘʪʦʨʠ ʜʝʙˀʠʥʩʢʦʛ ʧʨʠʨʘʩʪʘ ʩʪʘʙʘʣʘ. 

ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠʨʘʩʪʘ ʢʦʥʩʪʘʪʦʚʘʥʝ ʩʫ ʫ ʢʠʰʥʠʤ ʛʦʜʠʥʘʤʘ (Budeanu et al., 2016). 

ʉʪʦʿʘʥʦʚʠ˂ ʠ ʩʘʨ. (Stojanoviĺ et al., 2018) ʧʨʦʫʯʘʚʘʿʫ˂ʠ ʨʝʘʢʮʠʿʫ ʙʫʢʦʚʠʭ ʰʫʤʘ ʫ 

ʿʫʛʦʠʩʪʦʯʥʦʿ ɽʚʨʦʧʠ ʫʩʪʘʥʦʚʠʣʠ ʩʫ ʜʘ ʫ ʤʝʩʝʮʫ ʿʫʥʫ ʠ ʿʫʣʫ ʥʠʿʝ ʧʦʩʪʦʿʘʣʘ ʥʠʢʘʢʚʘ 

ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʨʘʩʪʘ ʩʪʘʙʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʥʠʪʠ ʠʟʤʝʹʫ ʨʘʩʪʘ ʩʪʘʙʘʣʘ ʠ 

ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ. ʀʥʪʝʨʝʩʘʥʪʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʜʘ ʩʫ ʥʘʿʿʘʯʝ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ 

ʰʠʨʠʥʝ ʛʦʜʦʚʘ ʠ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʦʩʪʚʘʨʝʥʝ ʫ ʛʦʜʠʥʠ ʢʦʿʘ ʿʝ ʧʨʝʪʭʦʜʠʣʘ ʬʦʨʤʠʨʘˁʫ 

ʛʦʜʘ. 

ʋ ʈʫʤʫʥʠʿʠ ɹʘʜʠʘʥʠ (Budeanu et al., 2016) ʢʦʥʩʪʘʪʫʿʫ ʜʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ 

ʥʠʩʫ ʫʪʠʮʘʣʝ ʥʘ ʙʫʢʦʚʝ ʰʫʤʝ, ʠʘʢʦ ʿʝ ʧʨʠʨʘʩʪ ʙʠʦ ʩʤʘˁʝʥ ʫ ʿʫʥʫ ʠ ʫ ʩʝʧʪʝʤʙʨʫ, ʢʘʦ ʠ 

ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʢʦʿʘ ʩʝ ʠʟʣʫʯʠ ʫ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ. ʈʘʟʣʠʢʝ ʫ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʤʝʹʫ 

ʥʘʿʪʦʧʣʠʿʠʭ ʠ ʥʘʿʭʣʘʜʥʠʿʠʭ ʤʝʩʝʮʠ ʠ ʩʨʝʜˁʠʭ ʛʦʜʠʰˁʠʭ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʧʦʢʘʟʘʣʝ 

ʩʫ ʩʝ ʢʘʦ ʥʘʿʙʠʪʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʪʧʦʨʥʦʩʪ ʠ ʘʜʘʧʪʘʮʠʿʫ ʙʫʢʦʚʠʭ ʰʫʤʘ (Salamon-

Albert et al., 2017).  ʀʩʪʠ ʘʫʪʦʨʠ ʠʩʪʠʯʫ ʜʘ ˂ʝ ʧʘʜʘʚʠʥʝ ʢʦʿʝ ʩʝ ʠʟʣʫʯʝ ʫ ʟʠʤʩʢʦʤ 

ʧʝʨʠʦʜʫ ʙʠʪʠ ʚʘʞʘʥ ʬʘʢʪʦʨ ʟʘ ʝʢʦʣʦʰʢʫ ʦʪʧʦʨʥʦʩʪ ʠ ʘʜʘʧʪʘʮʠʿʫ ʦʚʝ ʚʨʩʪʝ ʥʘ 

ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ.  

ʉʠʤʫʣʘʮʠʿʝ ʨʘʩʪʘ ʠʟʚʨʰʝʥʝ ʫ ʉʣʦʚʘʯʢʦʿ ʫʢʘʟʫʿʫ ʜʘ ˂ʝ ʩʝ ʧʨʦʠʟʚʦʜʥʦʩʪ ʙʫʢʚʝ 

ʩʤʘˁʠʪʠ ʫ ʮʝʥʪʨʘʣʥʦʿ ɽʚʨʦʧʠ ʜʦ ʢʨʘʿʘ 21. ʚʝʢʘ, ʥa ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʦʢʦ 500 m. 

ʂʦʥʢʨʝʪʥʦ, ʩʫʰʝˁʝ ʙʫʢʚʝ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʟʘ 5%, ʘ 70% ʩʘʩʪʦʿʠʥʘ ʠʤʘ˂ʝ ʩʤʘˁʝʥʫ 

ʧʨʦʠʟʚʦʜʥʦʩʪ (Hlasny et al., 2011). ʉʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʚʝʛʝʪʘʮʠʦʥʦʤ 

ʧʝʨʠʦʜʫ ʠ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠʟʘʟʠʚʘ ʩʫʰʝ ʥʘ ʤʥʦʛʠʤ ʠʩʪʨʘʞʠʚʘʥʠʤ 

ʣʦʢʘʣʠʪʝʪʠʤʘ. ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʙʫʢʦʚʠʭ ʩʘʩʪʦʿʠʥʘ ʩʝ ʩʤʘˁʫʿʝ ʫ ʪʦʧʣʠʤ ʣʝʪˁʠʤ 

ʧʝʨʠʦʜʠʤʘ ʠ ʫ ʧʝʨʠʦʜʠʤʘ ʩʘ ʚʠʰʝ ʩʫʰʥʠʭ ʤʝʩʝʮʠ ʫ ʛʦʜʠʥʠ. ɹʫʢʚʘ ʥʘʩʪʘʚˀʘ ʜʘ ʨʘʩʪʝ 

ʫʧʨʢʦʩ ʩʫʰʥʦʤ ʧʝʨʠʦʜʫ ʩʚʝ ʜʦʢ ʠʤʘ ʜʦʚʦˀʥʦ ʚʣʘʞʥʦʩʪʠ, ʘʣʠ ʦʥʘ ʪʘʜʘ ʠʤʘ ʩʤʘˁʝʥ 

ʧʨʠʨʘʩʪ (Hartmann, 2011; GeÇler et al., 2007; Ciais et al., 2005).  

ʂʦʣʠʥʛ ʠ ʩʘʨ. (Kolling et al., 2007) ʩʫ ʜʦʢʘʟʘʣʠ ʜʘ ʙʫʢʚʘ ʤʦʞʝ ʠʟʜʨʞʘʪʠ ʩʨʝʜˁʝ 

ʛʦʜʠʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʜʦ 13 
o
C, ʩʘʤʦ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʠʤʘ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ 

ʚʣʘʛʝ. ɸʣʝʥ ʠ ʩʘʨ. (ɸllen et al., 2010) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ 

ʫʟʨʦʢʫʿʫ ʩʚʝ ʚʝ˂ʝ ʦʜʫʤʠʨʘˁʝ ʩʪʘʙʘʣʘ ʙʫʢʚʝ, ʘ ʄʝʥʮʝʣ ʠ ʩʘʨ. (Menzel et al., 2006) ʜʘ 

ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʛʫ ʧʨʦʜʫʞʠʪʠ ʚʝʛʝʪʘʮʠʦʥʠ ʧʝʨʠʦʜ ʟʘ ʥʝʢʦʣʠʢʦ ʜʘʥʘ. ʇʨʝʤʘ 

ʧʨʦʛʥʦʟʠʨʘʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʚʝʛʝʪʘʮʠʦʥʠ ʧʝʨʠʦʜ ʟʘ ʙʫʢʦʚʝ ʰʫʤʝ ˂ʝ ʩʝ 

ʧʦʚʝ˂ʘʪʠ ʟʘ 12 ʜʘʥʘ  (Rotrzer et al., 2013). 

ɿʘ ʮʝʥʪʨʘʣʥʫ ɽʚʨʦʧʫ ʧʨʝʜʚʠʹʘ ʩʝ ʚʝʦʤʘ ʙʨʟ ʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʢʨʘʿʘ 21. ʚʝʢʘ, 

ʧʨʘ˂ʝʥ ʩʤʘˁʝˁʝʤ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ (Christensen et al., 2007). ʋ ʪʦʤ 

ʢʦʥʪʝʢʩʪʫ ʩʝ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʜʘ ʣʠ ˂ʝ ʩʝ ʩʫʧʝʨʠʦʨʥʦʩʪ ʙʫʢʚʝ ʫ ʰʫʤʘʤʘ ʥʘ ʜʦˁʦʿ 

ʛʨʘʥʠʮʠ ʚʠʩʠʥʩʢʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʩʤʘˁʠʪʠ ʫ ʩʝʚʝʨʦʠʩʪʦʯʥʦʿ ʅʝʤʘʯʢʦʿ, ʘ ʜʨʫʛʝ ʚʨʩʪʝ, 

ʦʪʧʦʨʥʠʿʝ ʥʘ ʩʫʰʫ ʧʦʧʫʪ ʭʨʘʩʪʦʚʘ ʜʦʙʠʪʠ ʚʝ˂ʠ ʟʥʘʯʘʿ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʯʠˁʝʥʠʮʫ ʜʘ 

ʰʫʤʘʨʩʢʘ ʧʦʣʠʪʠʢʘ ʪʨʝʥʫʪʥʦ ʧʦʜʨʞʘʚʘ ʧʨʝʚʦʹʝˁʝ ʯʝʪʠʥʘʨʩʢʠʭ ʤʦʥʦʢʫʣʪʫʨʘ ʫ 

ʤʝʰʦʚʠʪʝ ʰʫʤʝ, ʧʦʩʝʙʥʦ ʫʥʦʰʝˁʝʤ ʙʫʢʚʝ, ʦʚʦ ʧʠʪʘˁʝ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʘʢʪʫʝʣʥʦ ʟʘ 

ʰʫʤʘʨʩʢʫ ʩʪʨʫʢʫ ʿʝʨ ʩʫ ʙʫʢʚʘ ʠ ʭʨʘʩʪ ʝʢʦʥʦʤʩʢʠ  ʥʘʿʚʘʞʥʠʿʝ ʚʨʩʪʝ ʣʠʰ˂ʘʨʘ ʫ ʅʝʤʘʯʢʦʿ 

(Scharnweber et al., 2011).  
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ʋ ʮʝʥʪʨʘʣʥʦʿ ʀʪʘʣʠʿʠ, ʥʝʢʦʣʠʢʦ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʧʦʪʚʨʜʠʣʦ ʜʘ ʿʝ ʫʧʨʢʦʩ 

ʭʦʤʦʛʝʥʠʤ ʫʩʣʦʚʠʤʘ ʫ ʙʫʢʦʚʠʤ ʰʫʤʘʤʘ ʬʣʦʨʠʩʪʠʯʢʠ ʩʘʩʪʘʚ ʨʘʟʣʠʯʠʪ (Feoli, 

Lagonegro, 1982; Ellenberg 1988; Rosati et al., 2010). ʅʘ ɸʧʝʥʠʥʠʤʘ, ʫ ʀʪʘʣʠʿʠ, ʙʫʢʚʘ ʩʝ 

ʥʘʣʘʟʠ ʦʜ ʦʢʦ 200-400 ʜʦ 2000-2100 m ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ (Piovesan et al., 2011). ʀʟ 

ʦʚʦʛʘ ʤʦʞʝʤʦ ʚʠʜʝʪʠ ʜʘ ʙʫʢʦʚʝ ʰʫʤʝ ʫ ɸʧʝʥʠʥʠʤʘ ʧʨʫʞʘʿʫ ʿʝʜʠʥʩʪʚʝʥʫ ʧʨʠʣʠʢʫ ʟʘ 

ʜʝʥʜʨʦʭʨʦʥʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʥʦʩʘ ʢʣʠʤʝ ʠ ʨʘʩʪʘ ʜʨʚʝʪʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ.  

ʇʝʥʫʝʣʘʩ ʠ ɹʦʘʜʘ (Penuelas, Boada, 2003) ʫʩʪʘʥʦʚʠʣʠ ʩʫ ʜʘ ʿʝ ʨʘʩʪ ʙʫʢʚʝ ʥʘ 

ʧʣʘʥʠʥʠ ʄʦʥʪʩʝʥʠ (ʂʘʪʘʣʦʥʠʿʘ, ʐʧʘʥʠʿʘ) ʧʨʦʤʝˁʝʥ ʟʙʦʛ ʛʣʦʙʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ ʠ 

ʧʨʦʤʝʥʝ ʢʦʨʠʰʪʝˁʘ ʟʝʤˀʠʰʪʘ. ʆʥʠ ʢʦʥʩʪʘʪʫʿʫ ʜʘ ʦʚʘ ʚʨʩʪʘ ʩʤʘˁʫʿʝ ʩʚʦʿʫ ʙʨʦʿʥʦʩʪ ʥʘ 

ʥʠʞʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʠ ʜʘ ʿʝ ʟʘʤʝˁʫʿʝ ʭʨʘʩʪ ʯʝʩʤʠʥʘ.  

ʋ ʤʝʜʠʪʝʨʘʥʩʢʦʤ ʙʘʩʝʥʫ, ʙʫʢʚʘ ʨʘʩʪʝ ʫ ʧʣʘʥʠʥʩʢʠʤ ʧʦʜʨʫʯʿʠʤʘ ʛʜʝ ʠʤʘ 

ʜʦʚʦˀʥʦ ʧʘʜʘʚʠʥʘ (Fotelli et al., 2002). ʅʠʩʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʢʘʩʥʝ ʤʨʘʟʝʚʝ 

ʠ ʩʢʨʘ˂ʫʿʫ ʜʫʞʠʥʫ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʥʘ ʛʦʨˁʠʤ ʛʨʘʥʠʮʘʤʘ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʚʨʩʪʝ, 

ʥʘ ʚʠʰʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ, ʩʝʚʝʨʥʠʤ ʰʠʨʠʥʘʤʘ ʠ ʠʩʪʦʯʥʠʤ ʜʫʞʠʥʘʤʘ (Bolte et 

al., 2007; Maxime, Henrik, 2011). ʉʘʥʪʦʩ ʠ ʩʘʨ. (Santos et al., 2002), ʄʫʠʣʦʪ ʠ ʩʘʨ. 

(Mouillot et al., 2002), ʇʦʫʟʠʟ (Pausas, 2004) ʠ ʄʦʨʠʦʥʜʦ ʠ ʩʘʨ. (Moriondo et al., 2006) 

ʫʩʪʘʥʦʚʠʣʠ ʩʫ ʜʘ ˂ʝ ʞʙʫʥʘʩʪʘ ʚʝʛʝʪʘʮʠʿʘ ʟʘʤʝʥʠʪʠ ʧʦʩʪʦʿʝ˂ʫ ʚʝʛʝʪʘʮʠʿʫ ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ 

ʙʨʦʿʘ ʧʦʞʘʨʘ ʠ ʫʯʝʘʩʪʘʣʦʩʪʠ ʧʦʞʘʨʘ. 

ʋ ʩʝʚʝʨʥʦʿ ɽʚʨʦʧʠ ʠ ʐʚʝʜʩʢʦʿ, ʦʟʙʠˀʥʠʿʘ ʜʝʥʜʨʦʭʨʦʥʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ 

ʙʫʢʚʠ ʪʨʝʥʫʪʥʦ ʥʝ ʧʦʩʪʦʿʝ, ʧʘ ʟʘ ʦʚʫ ʚʨʩʪʫ ʥʝ ʧʦʩʪʦʿʠ ʨʝʛʠʦʥʘʣʥʘ ʭʨʦʥʦʣʦʛʠʿʘ. ʉ 

ʦʙʟʠʨʦʤ ʜʘ ʫ ʐʚʝʜʩʢʦʿ ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʧʦʰʫʤˀʘʚʘˁʝ ʠ ʧʨʠʨʦʜʥʫ ʦʙʥʦʚʫ ʨʘʩʪʝ 

(Agestam et al., 2003), ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʪʘˀʥʠʿʝ ʠ ʙʦˀʝ ʧʨʦʫʯʠʪʠ ʝʢʦʣʦʰʢʝ ʫʩʣʦʚʝ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʠ ʨʘʩʪ ʙʫʢʚʝ (Drobyshev et al., 2010). ʂʦʢʘ ʠ ʩʘʨ. (Koca et al., 2006) 

ʢʦʥʩʪʘʪʫʿʫ ʜʘ ˂ʝ ʩʝ ʘʨʝʘʣ ʙʫʢʚʝ ʧʦʚʝ˂ʘʪʠ ʫ ʉʝʚʝʨʥʦʿ ɽʚʨʦʧʠ, ʘ ʘʨʝʘʣ ʙʦʨʝʘʣʥʠʭ ʚʨʩʪʘ 

ʩʤʘˁʠʪʠ. ɱʫʞʥʘ ʐʚʝʜʩʢʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ, ʟʙʦʛ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ (Christensen, 

Christensen, 2007) ʤʦʞʝ ʧʦʩʪʘʪʠ ʿʫʞʥʘ ʛʨʘʥʠʮʘ ʘʨʝʘʣʘ ʟʘ ʩʤʨʯʫ, ʘ ʩʝʚʝʨʥʘ ʛʨʘʥʠʮʘ 

ʧʨʠʨʦʜʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʟʘ ʙʫʢʦʚʝ ʰʫʤʝ (Grundman, 2009).  

ɹʨʫʙʝʿʢʝʨ (Brubaker, 1986) ʢʦʥʩʪʘʪʫʿʝ ʜʘ ʦʜʨʘʩʣʘ ʩʪʘʙʣʘ ʙʫʢʚʝ ʠʤʘʿʫ ʠʟʨʘʞʝʥʫ 

ʧʣʘʩʪʠʯʥʦʩʪ, ʪʿ. ʜʘ ʧʨʠ ʥʝʧʦʚʦˀʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʫʩʧʦʨʘʚʘʿʫ ʨʘʩʪ ʢʘʢʦ ʙʠ 

ʧʨʝʞʠʚʝʣʘ, ʩʚʝ ʜʦʢ ʩʝ ʧʦʥʦʚʦ ʥʝ ʩʪʚʦʨʝ ʧʦʚʦˀʥʠ ʫʩʣʦʚʠ ʟʘ ʨʘʩʪ.  ʉʫʰʥʠ ʧʝʨʠʦʜʠ ʫʪʠʯʫ 

ʥʝʧʦʚʦˀʥʦ ʥʘ ʚʦʜʥʠ ʧʦʪʝʥʮʠʿʘʣ ʙʫʢʚʝ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʦʛʨʘʥʠʯʝʥʦʛ ʩʥʘʙʜʝʚʘˁʘ ʘʟʦʪʦʤ 

(GeÇler et al., 2007). ʐʘʨʫ ʠ ʩʘʨ. (Charru et al., 2010) ʩʫ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʬʨʘʥʮʫʩʢʝ 

ʥʘʮʠʦʥʘʣʥʝ ʠʥʚʝʥʪʫʨʝ ʰʫʤʘ ʫʦʯʠʣʠ ʦʧʘʜʘˁʝ ʧʨʠʨʘʩʪʘ ʪʝʤʝˀʥʠʮʝ ʟʘ 5% ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʝʨʠʦʜ (1987-2004) ʢʘʦ ʧʦʩʣʝʜʠʮʫ ʚʝʣʠʢʠʭ ʩʫʰʘ. ɼʝʬʠʮʠʪ ʚʦʜʝ ʫ ʨʘʥʦʤ ʣʝʪˁʝʤ 

ʧʝʨʠʦʜʫ ʿʝ ʫʪʠʮʘʦ ʥʝʛʘʪʠʚʥʦ ʥʘ ʧʦʚʝ˂ʘˁʝ ʧʨʠʨʘʩʪʘ ʩʪʘʙʘʣʘ ʙʫʢʚʝ (Lebourgeois et al., 

2005). ʋ ʩʝʚʝʨʦʠʩʪʦʯʥʦʿ ʌʨʘʥʮʫʩʢʦʿ, ɹʦʥʪʝʤʧʩ ʠ ʩʘʨ. (Bontemps et al., 2009, 2010) ʩʫ 

ʫʦʯʠʣʠ ʧʘʜ ʧʨʝʯʥʠʢʘ ʠ ʚʠʩʠʥʘ ʢʦʜ ʜʦʤʠʥʘʥʪʥʠʭ ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʫ 1990. ʛʦʜʠʥʠ.  

ɼʝ ɹʦʢ ʠ ɺʝʨʙʝʢ (De Boeck, Verbeeck, 2011) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ ʩʫʰʝ ʿʘʚˀʘʿʫ 

ʟʙʦʛ ʧʦʚʝ˂ʘʥʠʭ ʩʨʝʜˁʠʭ ʠ ʤʘʢʩʠʤʘʣʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʧʦʚʝ˂ʘʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ, ʩʤʘˁʝˁʘ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʠ ʚʝ˂ʝʛ ʙʨʦʿʘ ʩʫʥʯʘʥʠʭ ʧʝʨʠʦʜʘ. 

ʉʫʰʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʠʦʤʠʤʘ ʠ ʫ ʰʫʤʘʤʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʢʣʠʤʘʪʩʢʠʤ 

ʫʩʣʦʚʠʤʘ (Anderegg et al., 2013). ʏʫʬʘʨ ʠ ʩʘʨ. (Cufar et al., 2008), ɼʠ ʌʠʣʠʧʦ ʠ ʩʘʨ. (Di 
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Filippo et al., 2007), ɻʘʨʘʤʟʝʛʠ ʠ ʂʝʨʥ (Garamszegi, Kern, 2014) ʠʩʪʠʯʫ ʜʘ ʩʫ ʚʘʞʥʝ 

ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʟʘ ʨʘʩʪ ʙʫʢʚʝ ʠ ʦʥʠ ʧʦʚʝʟʫʿʫ ʥʝʜʦʩʪʘʪʘʢ ʧʘʜʘʚʠʥʘ ʠ 

ʩʤʘˁʝˁʝ ʨʘʩʪʘ ʩʘ ʩʫʰʦʤ.  

ʊʦʧʣʦʪʥʠ ʪʘʣʘʩ 2003. ʛʦʜʠʥʝ ʿʝ ʟʘʭʚʘʪʠʦ ʮʝʥʪʨʘʣʥʫ ɽʚʨʦʧʫ ʠ ʠʟʘʟʚʘʦ ʩʤʘˁʝˁʝ 

ʧʨʠʨʘʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʰʫʤʘ ʫ ʦʚʦʤ ʜʝʣʫ ɽʚʨʦʧʝ (Ciais et al., 2005). ʇʝʥʫʝʣʘʩ ʠ 

ʩʘʨ. (Penuelas et al., 2001), ʂʘʨʥʘʿʩʝʨ ʠ ʩʘʨ. (Carnicer et al., 2011) ʠ ʉʘʥʥʯʝʟ-ʉʘʣʛʝʨʦ 

(Sanchez-Salguero et al., 2012) ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʿʝ ʧʦʨʝʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʫʟʨʦʢ ʩʫʰʘ 

ʫ ʄʝʜʠʪʝʨʘʥʫ ʠ ʿʫʛʦʟʘʧʘʜʥʦʿ ɽʚʨʧʠ ʫ ʧʝʨʠʦʜʫ 1994-1995 ʠ 2005. ʛʦʜʠʥʝ  ʙʠʣʘ ʥʠʩʢʘ ʠ  

ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ. ʈʦʟʘʩ ʠ ʆʣʘʥʦ (Rozas, Olano, 2017) ʩʫ ʫʦʯʠʣʠ ʩʤʘˁʝˁʝ ʨʘʩʪʘ 

ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʫ ʐʧʘʥʠʿʠ ʫʩʣʝʜ ʩʫʰʘ 2003. ʠ 2005. ʛʦʜʠʥʝ. ʉʫʰʘ 2012. ʛʦʜʠʥʝ ʫ 

ʠʩʪʦʯʥʦʿ ʠ ʿʫʞʥʦʿ ʐʧʘʥʠʿʠ ʥʘʩʪʘʣʘ ʿʝ ʟʙʦʛ ʪʦʧʣʝ  ʧʨʝʪʭʦʜʥʝ ʟʠʤʝ ʠ ʨʘʥʦʛ ʢʨʝʪʘˁʘ 

ʚʝʛʝʪʘʮʠʿʝ (Camarero et al., 2015). ʄʘʪʠʿʘʩ ʠ ʩʘʨ. (ʄatyas et al., 2010) ʪʘʢʦʹʝ ʫʢʘʟʫʿʫ ʥʘ 

ʤʦʛʫ˂ʥʦʩʪ ʩʤʘˁʝˁʘ ʧʦʚʨʰʠʥʘ ʙʫʢʦʚʠʭ ʰʫʤʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ ʩʫʰʥʠʭ 

ʧʝʨʠʦʜʘ. ʅʘ ʧʨʠʤʝʨ, ʝʢʩʪʨʝʤʥʦ ʩʫʰʥʠ ʧʝʨʠʦʜʠ ʠʟʤʝʹʫ 2000. ʠ 2003. ʛʦʜʠʥʝ ʠʟʘʟʚʘʣʠ 

ʩʫ ʩʤʘˁʝˁʝ ʚʠʪʘʣʥʦʩʪʠ ʙʫʢʚʝ ʰʪʦ ʿʝ ʧʨʘ˂ʝʥʦ ʙʠʦʪʠʯʢʠʤ ʦʰʪʝ˂ʝˁʠʤʘ, ʘ ʟʘʪʠʤ ʿʝ 

ʜʦʰʣʦ ʜʦ ʩʫʰʝˁʘ ʙʫʢʦʚʠʭ ʩʘʩʪʦʿʠʥʘ ʫ ʚʝʣʠʢʠʤ ʨʘʟʤʝʨʘʤʘ ʫ ʄʘʹʘʨʩʢʦʿ ʠ ʠʩʪʦʯʥʦʿ 

ʉʣʦʚʝʥʠʿʠ (Lakatos, Molnar, 2009). 

ʉʫʰʝ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʘʩʪ ʩʪʘʙʘʣʘ ʜʫʛʦʨʦʯʥʦ ʠ ʢʨʘʪʢʦʨʦʯʥʦ. ʂʨʘʪʢʦʨʦʯʥʠ 

ʧʝʨʠʦʜʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 1-5 ʛʦʜʠʥʘ ʥʘʢʦʥ ʩʫʰʝ ʠ ʧʦʢʘʟʫʿʫ ʢʘʢʦ ʩʝ ʰʫʤʘ ʦʧʦʨʘʚˀʘ ʦʜ 

ʩʫʰʝ (Lloret et al., 2011). ʇʝʣʪʠʝʨ ʠ ʩʘʨ. (Peltier et al., 2016) ʠʩʪʠʯʫ ʜʘ ʩʝ ʜʫʛʦʨʦʯʥʠ 

ʧʝʨʠʦʜʠ ʦʜʥʦʩʝ ʥʘ ʧʝʨʠʦʜʝ 10-30 ʛʦʜʠʥʘ ʫ ʢʦʿʠʤ ʩʝ ʫʧʦʨʝʹʫʿʫ ʪʨʝʥʜʦʚʠ ʨʘʩʪʘ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʩʪʘʙʘʣʘ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʠʣʠ ʜʝʮʝʥʠʿʘ ʥʘʢʦʥ ʩʫʰʝ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʢʫʤʫʣʘʪʠʚʥʝ ʝʬʝʢʪʝ ʫʟʘʩʪʦʧʥʠʭ ʩʫʰʘ. ɹʫʿʘʥ ʠ ʩʘʨ. (Bhuyan et al., 2017) ʩʫ ʫʩʪʘʥʦʚʠʣʠ 

ʜʘ ʩʫ ʩʪʘʙʣʘ ʢʦʿʘ ʨʘʩʪʫ ʫ ʫʤʝʨʝʥʦʤ ʠ ʩʨʝʜʦʟʝʤʥʦʤ ʨʝʛʠʦʥʫ ʦʩʝʪˀʠʚʠʿʘ ʥʘ ʢʨʘ˂ʝ ʠ 

ʩʨʝʜˁʝʨʦʯʥʝ ʩʫʰʝ, ʜʦʢ ʿʝ ʜʨʝʚʝ˂ʝ ʢʦʿʝ ʨʘʩʪʝ ʥʘ ʧʦʜʨʫʯʿʫ ʛʜʝ ʿʝ ʟʘʩʪʫʧˀʝʥʘ 

ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʢʣʠʤʘ ʚʠʰʝ ʦʩʝʪˀʠʚʦ ʥʘ ʜʫʛʦʨʦʯʥʝ ʩʫʰʝ.  

ʋʛʨʦʞʝʥʦʩʪ ʝʚʨʦʧʩʢʝ ʙʫʢʚʝ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʙʠʣʘ ʿʝ ʧʨʝʜʤʝʪ 

ʠʩʪʨʘʞʠʚʘˁʘ ʙʨʦʿʥʠʭ ʘʫʪʦʨʘ (Leuzinger et al., 2005; GeÇler et al., 2007; Matyas et al., 

2010; Czucz et al., 2011; Stojanoviĺ et al., 2013), ʢʦʿʠ ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʩʤʘˁʝˁʘ 

ʧʦʚʨʰʠʥʘ ʙʫʢʦʚʠʭ ʰʫʤʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. ʂʨʘʤʝʨ ʠ ʩʘʨ. (Kramer et al., 2010) ʩʫ ʜʦʰʣʠ ʜʦ 

ʨʝʟʫʣʪʘʪʘ ʜʘ ˂ʝ ʩʝ ʧʦʚʨʰʠʥʝ ʙʫʢʦʚʠʭ ʰʫʤʘ ʩʤʘˁʠʪʠ ʜʦ 2050. ʛʦʜʠʥʝ ʥʘ ʿʫʛʫ 

ʌʨʘʥʮʫʩʢʝ, ʀʪʘʣʠʿʝ, ɻʨʯʢʝ ʠ ʥʘ ʧʨʦʩʪʦʨʠʤʘ ʙʠʚʰʝ ɱʫʛʦʩʣʘʚʠʿʝ, ʘ ʜʘ ˂ʝ ʩʝ ʫʯʝʰ˂ʝ ʦʚʠʭ 

ʰʫʤʘ ʫ ʰʫʤʩʢʦʤ ʬʦʥʜʫ ʉʢʘʥʜʠʥʘʚʠʿʝ ʠ ɹʘʣʪʠʯʢʠʭ ʟʝʤʘˀʘ ʧʦʚʝ˂ʘʪʠ.  

ʋ ʧʦʜʨʫʯʿʠʤʘ ʛʜʝ ʩʫ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ, ʢʘʦ ʠ ʫ ʩʨʝʜˁʠʤ ʜʦ ʚʠʩʦʢʠʤ 

ʚʠʩʠʥʩʢʠʤ ʧʦʜʨʫʯʿʠʤʘ ʠʩʪʦʯʥʠʭ ɸʣʧʘ, ʫʦʯʝʥʦ ʿʝ ʜʘ ʙʫʢʚʘ ʨʝʘʛʫʿʝ ʧʦʟʠʪʠʚʥʦ ʥʘ 

ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ (Seidl et al., 2011). ʀʧʘʢ, ʢʦʜ ʧʦʜʨʫʯʿʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʝ ʥʘ ʥʠʞʠʤ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʧʨʠʩʫʪʥʦ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʦʚʝ˂ʘˁʝ ʜʝʬʦʣʠʿʘʮʠʿʝ ʙʫʢʚʝ ʦʜ 

ʛʫʙʘʨʘ (Lymantria dispar) (Hlasny, Turļani, 2009), ʢʘʦ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʰʪʝʪʘ ʦʜ 

ʙʫʢʚʠʥʦʛ ʧʦʪʢʦʨˁʘʢʘ (Taphrorychus bicolor) (Lakatos, Molnar, 2009) ʰʪʦ ʤʦʞʝ ʜʘ 

ʩʤʘˁʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʠ ʧʦʜʨʞʠ ʰʠʨʝˁʝ ʭʨʘʩʪʦʚʘ ʠ ʜʨʫʛʠʭ ʚʨʩʪʘ ʢʦʿʝ ʩʫ ʪʦʣʝʨʘʥʪʥʝ 

ʥʘ ʩʫʰʫ (Pretzsch et al., 2013; Rigling et al., 2013).  

ɹʘʰʠʝʪʦ ʠ ʩʘʨ. (Bascietto et al., 2004), ɹʦʣʪ ʠ ʩʘʨ. (Bolte et al., 2010) ʪʚʨʜʝ ʜʘ ˂ʝ 

ʩʝ ʘʨʝʘʣ ʙʫʢʚʝ ʧʨʦʰʠʨʠʪʠ ʫ ʩʝʚʝʨʥʦʿ ɽʚʨʦʧʠ, ʘ ɷʘʤʧ ʠ ʩʘʨ. (Jump et al., 2006), 
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ʇʠʦʚʝʩʝʥ (Piovesan et al., 2008) ʜʘ ˂ʝ ʘʨʝʘʣ ʙʫʢʚʝ ʜʘ ʩʝ ʩʫʟʠ ʫ ʫʿʞʥʦʿ ɽʚʨʦʧʠ. ʇʨʝʤʘ 

ɹʘʜʠʘʥʠʿʫ (Budeanu et al., 2016) ʙʫʢʦʚʝ ʩʘʩʪʦʿʠʥʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʦʧʪʠʤʫʤʫ ʥʠʩʫ 

ʫʛʨʦʞʝʥʝ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ, ʘ ʩʘʩʪʦʿʠʥʘʤʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʛʦʨˁʦʿ ʠ ʜʦˁʦʿ 

ʛʨʘʥʠʮʠ ʚʠʩʠʥʩʢʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʫ ʤʘˁʦʿ ʠʣʠ ʚʝ˂ʦʿ ʤʝʨʠ ʧʨʝʪʠ ʦʧʘʩʥʦʩʪ ʦʜ ʧʨʦʤʝʥʘ 

ʘʨʝʘʣʘ ʟʙʦʛ ʫʪʠʮʘʿʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. 

ʀʘʢʦ ʛʣʦʙʘʣʥʦ ʟʘʛʨʝʚʘˁʝ ʧʨʦʜʫʞʘʚʘ ʪʨʘʿʘˁʝ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʫ ʨʝʛʠʿʠ 

ʄʦʥʪʩʝʥʠ (Penuelas et al., 2002) ʜʦʣʘʟʠ ʜʦ ʜʝʬʦʣʠʿʘʮʠʿʝ ʢʦʜ ʟʨʝʣʠʭ ʩʪʘʙʘʣʘ ʙʫʢʚʝ, ʰʪʦ 

ʿʝ ʫʿʝʜʥʦ ʠ ʫʟʨʦʢʫʿʝ ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʩʪʘʙʘʣʘ (Duchesne et al., 2003). ʋ ʙʫʜʫ˂ʥʦʩʪʠ ˂ʝ 

ʙʫʢʚʫ ʫ ʦʚʦʿ ʨʝʛʠʿʠ ʟʘʤʝʥʠʪʠ ʚʨʩʪʝ ʢʦʿʝ ʩʫ ʪʦʣʝʨʘʥʪʥʠʿʝ ʥʘ ʩʫʰʫ ʠ ʪʦʧʣʠʿʝ ʧʝʨʠʦʜʝ. 

ʄʝʹʫʪʠʤ, ʧʦʩʤʘʪʨʘʥʦ ʩʘ ʛʣʦʙʘʣʥʦʛ ʘʩʧʝʢʪʘ ʥʘ ʥʠʞʠʤ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʤʦʛʫ 

ʥʘʩʪʫʧʠʪʠ  ʦʟʙʠˀʥʠ ʧʨʦʙʣʝʤʠ ʦʧʩʪʘʥʢʘ ʦʚʝ ʚʨʩʪʝ ʫ ʧʦʜʨʫʯʿʠʤʘ ʫʿʞʥʝ ɽʚʨʦʧʝ (ɱump et 

al., 2006). ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʨʠʨʦʜʥʫ ʟʘʤʝʥʫ ʝʚʨʦʧʩʢʝ ʙʫʢʚʝ ʩʘ 

ʭʨʘʩʪʦʤ ʫ ʦʜʨʝʹʝʥʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʘ ʨʘʟʣʠʢʝ ʫ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ 

ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʚʨʩʪʝ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʦʙʣʠʢʦʚʘʪʠ ʙʫʜʫ˂ʥʦʩʪ ʥʝʢʠʭ ʝʚʨʦʧʩʢʠʭ ʰʫʤʘ 

(Czucz et al., 2011).  

ʋ ʙʫʜʫ˂ʥʦʩʪʠ, ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʧʦʩʪʦʿʝ˂ʝ ʰʫʤʝ ʙʫʢʚʝ ʫʛʣʘʚʥʦʤ ʦʧʩʪʘʪʠ ʥʘ ʚʝ˂ʠʤ 

ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ (ʠʟʥʘʜ 800 mnv.). ʋ ʥʝʢʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʩʝ ʙʫʢʚʘ 

ʙʠʪʠ ʚʘʞʥʘ ʚʨʩʪʘ ʟʘ ʦʙʥʦʚʫ ʫʛʨʦʞʝʥʠʭ ʩʤʨʯʝʚʠʭ ʰʫʤʘ (Spiecker et al., 2004). 

ʇʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʤʝʨʘˁʘ ʧʨʦʠʟʚʦʜʥʦʩʪʠ ʙʫʢʚʝ, ʠ ʜʘ ˂ʝ ʧʨʦʠʟʚʦʜʥʦʩʪ 

ʙʫʢʚʝ ʙʠʪʠ ʦʧʪʠʤʘʣʥʘ ʥʘ ʚʠʩʠʥʘʤʘ ʦʜ ʦʢʦ 1.200 mnv. (Hlasny et al., 2011) ʜʦ ʢʨʘʿʘ ʚʝʢʘ, 

ʰʪʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʙʫʢʚʘ ʙʠʪʠ ʢˀʫʯʥʘ ʚʨʩʪʘ ʟʘ ʛʘʟʜʦʚʘˁʝ ʰʫʤʘʤʘ ʫ ʧʣʘʥʠʥʩʢʠʤ 

ʧʨʝʜʝʣʠʤʘ. ʇʦʰʪʦ ʫʙʣʘʞʘʚʘˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʧʦʩʪʘʿʝ ʩʚʝ ʚʘʞʥʠʿʝ ʧʠʪʘˁʝ, ʰʫʤʝ 

˂ʝ ʠʤʘʪʠ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʙʦʨʙʠ ʩʘ ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ, ʧʘ ˂ʝ ʠ ʦʜʣʫʢʝ ʫ ʛʘʟʜʦʚʘˁʫ 

ʰʫʤʘʤʘ ʩʚʝ ʚʠʰʝ ʙʠʪʠ ʚʝʟʘʥʝ ʟʘ ʘʜʘʧʪʘʮʠʿʫ (Tanacs et al., 2016). ʄʝʜʘʨʝʚʠ˂ ʿʝ ʩʘ 

ʩʘʨʘʜʥʠʮʠʤʘ (Medareviĺ et al., 2014) ʜʦʰʘʦ ʜʦ ʟʘʢˀʫʯʘʢʘ ʜʘ ˂ʝ ʰʫʤʩʢʝ ʟʘʿʝʜʥʠʮʝ ʫ 

ʉʨʙʠʿʠ ʙʠʪʠ ʠʟʣʦʞʝʥʝ ʨʘʟʣʠʯʠʪʠʤ ʥʝʛʘʪʠʚʥʠʤ ʫʪʠʮʘʿʠʤʘ, ʢʦʿʠ ʩʫ ʜʠʨʝʢʪʥʘ ʠʣʠ 

ʠʥʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʧʨʦʤʝʥʝ ʢʣʠʤʝ.  
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3. ʎʀɲ ʀʉʊʈɸɾʀɺɸɳɸ ʀ ʈɸɼʅɽ ʍʀʇʆʊɽɿɽ  

ʆʧʰʪʠ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ:  

 

1. ʀʩʪʨʘʞʠʪʠ ʫʪʠʮʘʿ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʫ ʜʚʝ ʨʘʟʣʠʯʠʪʝ 

ʢʣʠʤʘʪʩʢʝ ʟʦʥʝ (ʀʣʠʨʩʢʘ ʠ ʄʝʟʠʿʩʢʘ ʧʨʦʚʠʥʮʠʿʘ). 

2. ʀʩʪʨʘʞʠʪʠ ʫʪʠʮʘʿ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ ʰʫʤʘ (ʜʦˁʘ ʛʨʘʥʠʮʘ, ʝʢʦʣʦʰʢʠ ʦʧʪʠʤʫʤ ʠ 

ʛʦʨˁʘ ʛʨʘʥʠʮʘ).  

3. ʉʘʛʣʝʜʘʚʘˁʝ ʜʫʛʦʨʦʯʥʦʛ ʫʪʠʮʘʿʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʜʘʚʠʥʘ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ 

ʙʫʢʦʚʠʭ ʰʫʤʘ. 

4. ʀʜʝʥʪʠʬʠʢʦʚʘˁʝ ʫʪʠʮʘʿʘ ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ 

ʩʪʘʙʘʣʘ ʙʫʢʚʝ.  

 

ʅʘ ʦʩʥʦʚʫ ʮʠˀʝʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʬʦʨʤʫʣʠʩʘʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʭʠʧʦʪʝʟʝ: 

 

ʍ1: ʋʪʠʮʘʿ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ ʤʘˁʝ ʿʝ ʠʟʨʘʞʝʥ ʫ ʠʣʠʨʩʢʦʿ ʥʝʛʦ ʫ 

ʤʝʟʠʿʩʢʦʿ ʧʨʦʚʠʥʮʠʿʠ. 

ʍ2: ʋʪʠʮʘʿ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʠʟʨʘʞʝʥʠʿʠ ʿʝ ʥʘ ʜʦˁʦʿ ʛʨʘʥʠʮʠ ʥʝʛʦ ʫ 

ʦʧʪʠʤʫʤʫ ʠ ʥʘ ʛʦʨˁʦʿ ʛʨʘʥʠʮʠ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ ʰʫʤʘ. 

ʍ3: ʇʦʚʝ˂ʘʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʥʝʛʘʪʠʚʥʦ ʘ ʧʦʚʝ˂ʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʦʚʠʭ ʰʫʤʘ.  

ʍ4: ɽʢʩʪʨʝʤʥʦ ʩʫʰʥʝ ʛʦʜʠʥʝ ʫʪʠʯʫ ʥʝʛʘʪʠʚʥʦ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʙʫʢʚʝ. 
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4. ʄɸʊɽʈʀɱɸʃ ʀ ʄɽʊʆɼ 

4.1. ʄɸʊɽʈʀɱɸʃ  

4.1.1. ʀɿɹʆʈ ʃʆʂɸʃʀʊɽʊɸ 

ʀʩʪʨʘʞʠʚʘˁʝ ʫʪʠʮʘʿʘ ʢʣʠʤʝ ʥʘ ʨʘʩʪ ʠ ʚʠʪʘʣʥʦʩʪ ʩʪʘʙʘʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʠ ʚʝʨʪʠʢʘʣʥʦʛ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ ʰʫʤʘ ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʥʘ ʫʢʫʧʥʦ 

15 ʣʦʢʘʣʠʪʝʪʘ, 6 ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʠ 9 ʣʦʢʘʣʠʪʝʪʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. ʋʟʦʨʢʦʚʘʥʦ 

ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʩʝ ʙʫʢʚʘ ʿʘʚˀʘ ʦʜ ʧʨʠʨʦʜʝ ʥʘ ʜʦˁʦʿ ʛʨʘʥʠʮʠ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ, 

ʛʜʝ ʩʝ ʙʫʢʚʘ ʥʘʣʘʟʠ ʫ ʦʧʪʠʤʫʤʫ ʠ ʛʜʝ ʩʝ ʥʘʣʘʟʠ ʥʘ ʛʦʨˁʦʿ ʛʨʘʥʠʮʠ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ. 

ʇʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʚʦʹʝʥʦ ʿʝ ʨʘʯʫʥʘ ʜʘ ʣʦʢʘʣʠʪʝʪʠ ʙʫʜʫ ʨʘʩʧʦʨʝʹʝʥʠ ʪʘʢʦ ʜʘ 

ʧʦʢʨʠʚʘʿʫ ʮʝʣʫ ʪʝʨʠʪʦʨʠʿʫ ʠ ʿʝʜʥʝ ʠ ʜʨʫʛʝ ʨʝʧʫʙʣʠʢʝ ʠ ʜʘ ʩʝ ʥʘʣʘʟʝ ʫ ʙʣʠʟʠʥʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʩʪʘʥʠʮʘ.  

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʿʝ ʫʟʦʨʢʦʚʘʥʦ ʥʘ 3 ʣʦʢʘʣʠʪʝʪʘ ʫ ʠʩʪʦʯʥʦʤ ʜʝʣʫ ʠ 3 

ʣʦʢʘʣʠʪʝʪʘ ʫ ʟʘʧʘʜʥʦʤ ʜʝʣʫ ʈʝʧʫʙʣʠʢʝ. ʋʟ ʧʦʤʦ˂ ʢʘʨʪʝ ʨʝʘʣʥʝ ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʰʫʤʩʢʝ 

ʚʝʛʝʪʘʮʠʿʝ ʠʟʘʙʨʘʥʠ ʩʫ ʣʦʢʘʣʠʪʝʪʠ ʩʘ ʢʦʿʠʭ ʩʫ ʫʟʝʪʠ ʫʟʦʨʮʠ. ʋ ʠʩʪʦʯʥʦʤ ʜʝʣʫ, 

ʦʜʘʙʨʘʥʠ ʣʦʢʘʣʠʪʝʪʠ ʩʫ ʃʦʧʘʨʝ (ʜʦˁʘ ʛʨʘʥʠʮʘ), ɺʣʘʩʝʥʠʮʘ (ʦʧʪʠʤʫʤ) ʠ ɱʘʭʦʨʠʥʘ 

(ʛʦʨˁʘ ʛʨʘʥʠʮʘ), ʘ ʫ ʟʘʧʘʜʥʦʤ ʜʝʣʫ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ ʫʟʦʨʢʦʚʘʥʦ ʿʝ ʫ ʉʨʧʮʫ (ʜʦˁʘ 

ʛʨʘʥʠʮʘ), ʄʨʢʦˁʠ˂ ɻʨʘʜʫ (ʦʧʪʠʤʫʤ) ʠ ʀʩʪʦʯʥʦʤ ɼʨʚʘʨʫ (ʛʦʨˁʘ ʛʨʘʥʠʮʘ).  

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫʟʦʨʢʦʚʘʥʦ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ: ʌʨʫʰʢʘ ɻʦʨʘ, 

ʂʦʩʤʘʿ, ɺʨʰʘʯʢʠ ʙʨʝʛ (ʜʦˁʘ ʛʨʘʥʠʮʘ), ʀʩʪʦʯʥʘ ɹʦʨʘˁʘ, ɾʝˀʠʥ, ʂʫʢʘʚʠʮʘ (ʦʧʪʠʤʫʤ) ʠ 

ɻʦʣʠʿʘ, ɺʣʘʩʠʥʘ ʠ ʉʪʘʨʘ ʧʣʘʥʠʥʘ (ʛʦʨˁʘ ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘˁʝˁʘ ʙʫʢʦʚʠʭ ʰʫʤʘ).  

ʅʘ ʩʣ. 3 ʠ 4 ʢʘʦ ʠ ʫ ʪʘʙ. 1 ʧʨʠʢʘʟʘʥʠ ʩʫ ʣʦʢʘʣʠʪʝʪʠ ʫʟʦʨʢʦʚʘʥʠ ʫ ʈʝʧʫʙʣʠʮʠ 

ʉʨʧʩʢʦʿ ʠ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. 
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ʉʣʠʢʘ 3: ʃʦʢʘʣʠʪʝʪʠ ʫʟʦʨʢʦʚʘʥʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ  

 

 

ʉʣʠʢʘ 4: ʃʦʢʘʣʠʪʝʪʠ ʫʟʦʨʢʦʚʘʥʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ  
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Tʘʙʝʣʘ 1: ʇʨʠʢʘʟ ʣʦʢʘʣʠʪʝʪʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʫʟʦʨʢʦʚʘʥʘ ʩʪʘʙʣʘ ʙʫʢʚʝ 

ʃʆʂɸʃʀʊɽʊ ʐʋʄʉʂʆ 

ɻɸɿɼʀʅʉʊɺʆ 

(ʐɻ) 

ʅɸɼʄʆʈʉʂɸ 

ɺʀʉʀʅɸ (m) 

ʂʆʆʈɼʀʅɸʊɽ ɹʈ. 

ʉʊɸɹɸʃɸ 

ʉʈɽɼɳʀ 

ʇʈɽʏʅʀʂ 

(cm) 

ʃʦʧʘʨʝ 
,,ʄɸɱɽɺʀʎɸñ 

ʃʆʇɸʈɽ 
353 

N 44ʦ41'35,2'' 

E 18ʦ48'28,2'' 
15 35,8 

ɺʣʘʩʝʥʠʮʘ 
,,ɹʀʈɸʏñ 

ɺʃɸʉɽʅʀʎɸ 
1050 

N 44ʦ10'06,0'' 

E 18ʦ55'10,0'' 
15 43,9 

ɱʘʭʦʨʠʥʘ ,,ɱɸʍʆʈʀʅɸñ ʇɸʃɽ 1335 
N 43ʦ41'36,0'' 

E 18ʦ38'30,0'' 
15 38,4 

ʉʨʙʘʮ 
,,ɻʈɸɼʀʐʂɸñ 

ɻʈɸɼʀʐʂɸ 
252 

N 45ʦ05'23,2'' 

E 17ʦ37'55,2'' 
15 38,9 

ʄʨʢʦˁʠ˂ ɻʨʘʜ 
Ăʃʀʉʀʅɸñ 

ʄʈʂʆɳʀɴ ɻʈɸɼ 
1030 

N 44ʦ23'53,5'' 

E 17ʦ03'46,21'' 
15 49,9 

ʀʩʪʦʯʥʠ ɼʨʚʘʨ 
,,ʂʃɽʂʆɺɸʏɸñ 

ʇʆʊʆʎʀ 
1569 

N 44ʦ23'36,0'' 

E 16ʦ37'30,0'' 
15 39,5 

ʌʨʫʰʢʘ ɻʦʨʘ 
ʅʇ ,,ʌʈʋʐʂɸ 

ɻʆʈɸñ 
417 

N 45ʦ08'09,0'' 

E 19ʦ38'29,4'' 
15 50,1 

ʂʦʩʤʘʿ 
,,ɹɽʆɻʈɸɼñ 

ɹɽʆɻʈɸɼ 
600 

N 44ʦ27'57,4'' 

E 20ʦ34'00,5'' 
15 49,7 

ɺʨʰʘʯʢʠ ɹʨʝʛ 
,,ɹɸʅɸʊñ  

ʇɸʅʏɽɺʆ 
583 

N 45ʦ07'55,4'' 

E 21ʦ24'52,3'' 
15 49,3 

ʀʩʪʦʯʥʘ ɹʦʨʘˁʘ 
Ăɹʆʈɸɳɸñ 

ʃʆɿʅʀʎɸ 
823 

N 44ʦ21'26,4'' 

E 19ʦ16'43,4'' 
15 67,9 

ɾʝˀʠʥ 
,,ʉʊʆʃʆɺʀñ 

ʂʈɸɲɽɺʆ 
1170 

N 43ʦ30'00,2'' 

E 20ʦ46'56,3'' 
15 71,4 

ʂʫʢʘʚʠʮʘ 
,,ʃɽʉʂʆɺɸʎñ 

ʃɽʉʂʆɺɸʎ 
885 

N 42ʦ48'35,1'' 

E 21ʦ53'39,9'' 
15 62,7 

ɻʦʣʠʿʘ 
,,ɻʆʃʀɱɸñ 

ʀɺɸɳʀʎɸ 
1580 

N 43ʦ19'49,1'' 

E 20ʦ14'29,0'' 
15 50,1 

ɺʣʘʩʠʥʘ ,,ɺʈɸɳɽñ ɺʈɸɳɽ 1600 
N 42ʦ35'38,4'' 

E 22ʦ15'57,5'' 
15 45,0 

ʉʪʘʨʘ ʇʣʘʥʠʥʘ 

,,ʊʀʄʆʏʂɽ 

ʐʋʄɽñ- ɹʆɲɽɺɸʎ 

 

1640 
N 43ʦ22'23,0'' 

E 22ʦ36'41,4'' 
15 54,9 
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4.2. ʄɽʊʆɼ 

4.2.1. ʇʈʀʂʋʇɲɸɳɽ ʀ ʆɹʈɸɼɸ ɹʀʆʃʆʐʂʀʍ ʇʆɼɸʊɸʂɸ 

ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ 2013., 2014. ʠ ʧʦʯʝʪʢʦʤ 2015. ʛʦʜʠʥʝ ʫ ʯʠʩʪʠʤ, ʨʘʟʥʦʜʦʙʥʠʤ 

ʩʘʩʪʦʿʠʥʘʤʘ ʙʫʢʚʝ. ʇʦʰʪʦ ʭʦʤʦʛʝʥʦʩʪ ʣʦʢʘʣʠʪʝʪʘ ʦʜʨʝʹʫʿʝ ʢʚʘʣʠʪʝʪ ʭʨʦʥʦʣʦʛʠʿʘ, ʫ 

ʫʟʦʨʘʢ ʩʫ ʫʰʣʘ ʩʪʘʙʣʘ ʯʠʿʘ ʨʘʟʣʠʢʘ ʫ ʥʘʜʤʦʨʩʢʠʤ ʚʠʩʠʥʘʤʘ ʥʠʿʝ ʙʠʣʘ ʚʝ˂ʘ ʦʜ 50 

ʤʝʪʘʨʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʫ ʠʤʘʣʘ ʠʩʪʝ ʤʠʢʨʦʢʣʠʤʘʪʩʢʝ ʫʩʣʦʚʝ ʠ ʩʪʘˁʝ ʫʥʫʪʘʨ ʩʘʩʪʦʿʠʥʝ ʿʝ 

ʙʠʣʦ ʿʝʜʠʥʩʪʚʝʥʦ. ʇʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʚʦʹʝʥʦ ʿʝ ʨʘʯʫʥʘ ʜʘ ʩʪʘʙʣʘ ʙʫʜʫ ʜʦʤʠʥʘʥʪʥʘ 

ʧʦ ʧʨʝʯʥʠʢʫ ʠ ʚʠʩʠʥʠ, ʢʘʦ ʠ ʜʘ ʥʝ ʙʫʜʫ ʦʢʨʫʞʝʥʘ ʢʦʥʢʫʨʝʥʪʥʠʤ ʩʪʘʙʣʠʤʘ.  ʇʨʝʤʘ 

ʂʦʤʠʥʫ (Komin, 1970), ʜʦʤʠʥʘʥʪʥʘ ʩʪʘʙʣʘ ʧʨʫʞʘʿʫ ʥʘʿʧʦʫʟʜʘʥʠʿʝ ʢʣʠʤʘʪʩʢʝ ʧʦʜʘʪʢʝ ʠ 

ʦʜʨʘʞʘʚʘʿʫ ʜʠʥʘʤʠʢʫ ʨʘʩʪʘ ʮʝʣʝ ʩʘʩʪʦʿʠʥʝ ʩʘ ʚʠʰʝ ʧʨʝʮʠʟʥʦʩʪʠ.  

ʅʘ ʩʚʘʢʦʤ ʣʦʢʘʣʠʪʝʪʫ ʫʟʦʨʘʢ ʿʝ ʦʙʫʭʚʘʪʘʦ ʧʦ 15 ʜʦʤʠʥʘʥʪʥʠʭ ʩʪʘʙʘʣʘ ʙʫʢʚʝ. 

ʌʨʠʪʩ (Fritts, 1976) ʿʝ ʫʩʪʘʥʦʚʠʦ ʜʘ ʚʝʯʠʯʠʥʘ ʫʟʦʨʢʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ 15 ʜʦʤʠʥʘʥʪʥʠʭ 

ʩʪʘʙʘʣʘ ʢʘʢʦ ʙʠ ʙʠʦ ʟʘʜʦʚʦˀʝʥ ʧʨʠʥʮʠʧ ʨʝʧʣʠʢʘʮʠʿʝ, ʪʿ. ʜʘ ʩʝ ʫʥʘʢʨʩʥʠʤ ʜʘʪʠʨʘˁʝʤ 

ʠʟʙʝʛʥʝ ʤʦʛʫ˂ʥʦʩʪ ʧʦʿʘʚʝ ʥʝʜʦʩʪʘʪʢʘ ʛʦʜʘ ʠʣʠ ʧʦʩʪʦʿʘˁʝ ʣʘʞʥʦʛ ʛʦʜʘ. ʉʚʘʢʦʤ ʩʪʘʙʣʫ 

ʠʟʤʝʨʝʥ ʿʝ ʧʨʩʥʠ ʧʨʝʯʥʠʢ ʧʦʤʦ˂ʫ ʧʨʝʯʥʠʮʝ ʠ ʚʠʩʠʥʝ ʧʦʤʦ˂ʫ Vertex III ʫʨʝʹʘʿʘ ʟʘ 

ʤʝʨʝˁʝ ʚʠʩʠʥʘ. ʆʜʨʝʹʝʥʝ ʩʫ ʪʘʢʦʹʝ ʠ ʢʦʦʨʜʠʥʘʪʝ ʮʝʥʪʨʘʣʥʦʛ ʩʪʘʙʣʘ ʩʘʩʪʦʿʠʥʝ ʧʦʤʦ˂ʫ 

GPS ʫʨʝʹʘʿʘ ʢʘʦ ʠ ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ ʮʝʥʪʨʘʣʥʦʛ ʩʪʘʙʣʘ ʩʘʩʪʦʿʠʥʝ.  

ʇʦʪʦʤ ʿʝ ʇʨʝʩʣʝʨʦʚʠʤ ʧʨʠʨʘʰʪʘʿʥʠʤ ʩʚʨʜʣʦʤ ʥʘ ʧʨʩʥʦʿ ʚʠʩʠʥʠ (h= 1,30 m) 

ʩʚʘʢʦ ʩʪʘʙʣʦ ʫʙʫʰʝʥʦ ʜʦ ʮʝʥʪʨʘ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʠ ʠʟʚʨʪʮʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʦʜʨʝʹʫʿʝ 

ʰʠʨʠʥʘ ʛʦʜʦʚʘ (ʩʣ. 5). ʀʟʚʨʪʮʠ ʩʫ ʫʟʠʤʘʥʠ ʩʘ ʜʚʝ ʫʥʘʢʨʩʥʝ ʩʪʨʘʥʝ ʩʪʘʙʣʘ (ʩʝʚʝʨʥʝ ʠ 

ʠʩʪʦʯʥʝ). ʇʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʠʟʙʝʛʘʚʘʥʘ ʩʫ ʩʪʘʙʣʘ ʢʦʿʘ ʩʫ ʨʘʩʣʘ ʥʘ ʢʦʩʠʥʘʤʘ, ʩʪʘʙʣʘ 

ʣʦʰʝʛ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ, ʢʘʦ ʠ ʤʝʩʪʘ ʙʣʠʟʫ ʦʟʣʝʜʘ ʥʘ ʩʪʘʙʣʫ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ 

ʘʥʦʤʘʣʠʿʝ ʥʘ ʠʟʚʨʪʮʠʤʘ. 

ʋʟʝʪʠ ʠʟʚʨʪʮʠ ʩʫ ʧʘʢʦʚʘʥʠ ʫ ʧʣʘʩʪʠʯʥʝ ʩʣʘʤʯʠʮʝ ʢʦʿʝ ʩʫ ʙʠʣʝ ʥʫʤʝʨʠʩʘʥʝ 

ʨʝʜʥʠʤ ʙʨʦʿʝʚʠʤʘ ʠ ʥʘʟʠʚʦʤ ʣʦʢʘʣʠʪʝʪʘ (ʩʣ. 6). ʉʫʰʝˁʝ ʠʟʚʨʪʘʢʘ ʪʨʘʿʘʣʦ ʿʝ 20 ʜʘʥʘ ʥʘ 

ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠʣʠʢʦʤ ʩʫʰʝˁʘ ʠʟʚʨʪʮʠ ʩʫ ʙʠʣʠ ʧʦʩʪʘʚˀʝʥʠ ʫ ʢʘʥʘʣʝ 

(ʞʣʝʙʦʚʝ) ʢʘʨʪʦʥʩʢʠʭ ʢʫʪʠʿʘ (ʩʣ. 7), ʧʨʠʪʠʩʥʫʪʠ ʪʝʨʝʪʦʤ ʦʜʦʟʛʦ, ʢʘʢʦ ʙʠ ʢʘʨʪʦʥ ʰʪʦ 

ʙʦˀʝ ʫʧʠʦ ʚʣʘʛʫ, ʠ ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʜʝʬʦʨʤʘʮʠʿʝ ʠʟʚʨʪʘʢʘ.  
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ʉʣʠʢʘ 5: ɺʘʹʝˁʝ ʠʟʚʨʪʘʢʘ ʠʟ ʩʪʘʙʣʘ ʧʨʝʩʣʝʨʦʚʠʤ ʩʚʨʜʣʦʤ 
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ʉʣʠʢʘ 6: ʇʘʢʦʚʘˁʝ ʠʟʚʨʪʘʢʘ ʥʘ ʪʝʨʝʥʫ  

 

  

ʉʣʠʢʘ 7: ʉʫʰʝˁʝ ʠʟʚʨʪʘʢʘ  

 

ʆʩʫʰʝʥʠ ʠʟʚʨʪʮʠ ʩʫ ʣʝʧˀʝʥʠ ʣʝʧʢʦʤ Drvofix ʥʘ ʜʨʚʝʥʝ ʣʝʪʚʠʮʝ ʢʦʿʝ ʩʫ ʠʤʘʣʝ 

ʧʨʦʩʝʯʝʥ ʞʣʝʙ ʢʨʦʟ ʩʨʝʜʠʥʫ, ʥʘ ʢʦʿʠ ʿʝ ʥʘʣʝʛʘʦ ʠʟʚʨʪʘʢ ʨʘʜʠʿʘʣʥʦʤ ʩʪʨʘʥʦʤ ʦʢʨʝʥʫʪʦʤ 

ʢʘ ʚʨʭʫ, ʪʿ. ʧʦʩʪʘʚˀʝʥ ʪʘʢʦ ʜʘ ʙʠ ʪʨʘʭʝʠʜʝ ʠʣʠ ʩʫʜʦʚʠ ʙʠʣʠ ʥʦʨʤʘʣʥʠ ʥʘ ʧʦʚʨʰʠʥʫ 

ʣʝʪʚʠʮʝ (ʩʣ. 8). ʃʝʪʚʠʮʝ ʩʫ ʪʘʢʦʹʝ ʙʠʣʝ ʥʫʤʝʨʠʩʘʥʝ ʙʨʦʿʝʚʠʤʘ ʠ ʩʣʦʚʠʤʘ ʢʘʢʦ ʙʠ ʩʝ 

ʟʥʘʣʦ ʥʘ ʢʦʿʦʿ ʣʝʪʚʠʮʠ ʩʝ ʥʘʣʘʟʠ ʢʦʿʠ ʠʟʚʨʪʘʢ. ɼʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʢʨʠʚˀʝˁʘ ʠ 

ʚʠʪʦʧʝʨʝˁʘ ʠʟʚʨʪʢʘ, ʠʟʚʨʪʘʢ ʿʝ ʙʠʦ ʜʦʜʘʪʥʦ ʧʨʠʯʚʨʰ˂ʝʥ ʟʘ ʣʝʪʚʠʮʫ ʢʦʤʘʜʠ˂ʠʤʘ 
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ʣʝʧˀʠʚʝ ʪʨʘʢʝ. ʅʘʢʦʥ 2 ʜʘʥʘ ʢʦʤʘʜʠ˂ʠ ʣʝʧˀʠʚʝ ʪʨʘʢʝ ʩʫ ʫʢʣʦˁʝʥʠ ʩʘ ʠʟʚʨʪʢʘ, ʠʟʚʨʪʘʢ 

ʿʝ ʧʨʝʩʝʯʝʥ ʪʘʥʛʝʥʮʠʿʘʣʥʦ, ʟʘʪʠʤ ʠʟʙʨʫʰʝʥ ʰʤʠʨʛʣ ʧʘʧʠʨʦʤ ʢʨʫʧʥʝ ʛʨʘʥʫʣʘʮʠʿʝ ʘ 

ʟʘʪʠʤ ʠ ʰʤʠʨʛʣ ʧʘʧʠʨʦʤ ʩʠʪʥʝ ʛʨʘʥʫʣʘʮʠʿʝ, ʢʘʢʦ ʙʠ ʧʨʩʪʝʥʦʚʠ ʧʨʠʨʘʩʪʘ ʙʠʣʠ ʰʪʦ 

ʙʦˀʝ ʚʠʜˀʠʚʠ.   

 

ʉʣʠʢʘ 8: ʇʦʩʪʘʚˀʝʥ ʠ ʠʟʙʨʫʰʝʥ ʠʟʚʨʪʘʢ ʩʪʘʙʣʘ ʙʫʢʚʝ ʧʨʠʧʨʝʤˀʝʥ ʟʘ ʩʢʝʥʠʨʘˁʝ 

 

ʋʟʦʨʮʠ ʩʫ ʧʨʚʦ ʩʢʝʥʠʨʘʥʠ ʫ ʚʠʩʦʢʦʿ ʨʝʟʦʣʫʮʠʿʠ ʧʦʤʦ˂ʫ ATRICS ʩʠʩʪʝʤʘ 

(Levaniļ, 2007) (ʩʣ. 9), ʘ ʟʘʪʠʤ ʿʝ ʤʝʨʝʥʘ ʰʠʨʠʥʘ ʛʦʜʦʚʘ ʢʦʨʠʩʪʝ˂ʠ ʩʦʬʪʚʝʨʝ 

WinDENDRO (www.regentinstruments.com) (ʩʣ. 10) ʠ Coo Recorder v.7.3 (Larson, 2003) 

(ʩʣ. 11). ʂʦʨʠʩʪʝ˂ʠ ʧʨʦʛʨʘʤ C Dendro v.7.3 (Larson, 2010) ʫʨʘʹʝʥʘ ʿʝ ʢʦʨʝʣʘʮʠʦʥʘ 

ʘʥʘʣʠʟʘ ʰʠʨʠʥʝ ʛʦʜʦʚʘ. ʍʨʦʥʦʣʦʛʠʿʝ ʩʫ ʫʢʨʰʪʝʥʝ ʠ ʩʠʥʭʨʦʥʠʟʦʚʘʥʝ ʫ PAST-5
Ê  

(ʩʣ. 

12) ʜʝʥʜʨʦʭʨʦʥʦʣʦʰʢʦʤ ʩʦʬʪʚʝʨʫ, ʢʦʨʠʩʪʝ˂ʠ ʠ ʚʠʟʫʝʣʥʘ ʧʦʨʝʹʝˁʘ ʥʘ ʝʢʨʘʥʫ ʠ 

ʩʪʘʪʠʩʪʠʯʢʝ ʧʘʨʘʤʝʪʨʝ. ʀʥʜʠʚʠʜʫʘʣʥʝ ʰʠʨʠʥʝ ʛʦʜʦʚʘ ʩʫ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʝ ʢʦʨʠʩʪʝ˂ʠ 

ARSTAN (Cook, Krusic, 2005) (ʩʣ. 13) ʜʘ ʙʠ ʫʢʣʦʥʠʣʝ ʪʨʝʥʜʦʚʝ ʚʝʟʘʥʝ ʟʘ ʩʪʘʨʦʩʪ ʠ 

ʝʣʠʤʠʥʠʩʘʣʝ ʠʟ ʭʨʦʥʦʣʦʛʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʫʧʨʦʩʝʯʠʣʝ ʭʨʦʥʦʣʦʛʠʿʝ.  

BootRes ʧʘʢʝʪ ʫ ʦʢʚʠʨʫ ʧʨʦʛʨʘʤʘ R Studio (Zang, 2010) ʿʝ ʦʤʦʛʫ˂ʠʦ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʦʩʪʝ ʇʠʨʩʦʥʦʚʝ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʬʘʢʪʦʨʘ ʦʢʦʣʠʥʝ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʘʟʜʫʭʘ ʠ ʧʘʜʘʚʠʥʘ) ʠ ʰʠʨʠʥʝ ʛʦʜʦʚʘ. ʅʘ ʘʧʩʮʠʩʠ ʤʘʣʠʤ ʩʣʦʚʠʤʘ ʩʫ ʦʟʥʘʯʝʥʠ ʤʝʩʝʮʠ 

ʧʨʝ ʬʦʨʤʠʨʘˁʘ ʛʦʜʘ, ʘ ʚʝʣʠʢʠʤ ʩʣʦʚʠʤʘ ʤʝʩʝʮʝ ʥʘʢʦʥ ʬʦʨʤʠʨʘˁʘ ʛʦʜʘ. ɿʥʘʯʘʿʥʝ 

ʢʦʨʝʣʘʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥe ʪʘʤʥʠʿʦʤ ʙʦʿʦʤ. ʋ ʩʚʠʤ ʘʥʘʣʠʟʘʤʘ ʢʦʨʠʰʪʝʥ ʿʝ bootstrapping 

ʩʪʘʪʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ, ʰʪʦ ʿʝ ʧʦʚʝ˂ʘʣʦ ʧʦʫʟʜʘʥʦʩʪ ʨʝʟʫʣʪʘʪʘ. Treeclim ʿʝ ʩʦʬʪʚʝʨ ʢʦʿʠ 

ʩʫ ʨʘʟʚʠʣʠ ɿʘʥʛ ʠ ɹʠʦʥʜʠ (Zang, Biondi, 2015) ʦʤʦʛʫ˂ʠʦ ʿʝ ʢʦʨʝʣʘʮʠʦʥʫ ʠ ʨʝʛʨʝʩʠʦʥʫ 

ʘʥʘʣʠʟʫ ʢʣʠʤʝ ʠ ʨʘʩʪʘ ʩʪʘʙʘʣʘ. R ʧʘʢʝʪ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʫ ʢʣʠʤʘʪʩʢʠʭ 

ʜʠʿʘʛʨʘʤʘ (ʩʣ. 14), ʧʨʝʤʘ ɺʦʣʪʝʨʫ ʠ ʃʠʪʫ (Walter, Lieth, 1967).  

ʉʨʝʜˁʠ ʤʝʩʝʯʥʠ ʢʣʠʤʘʪʩʢʠ ʧʦʜʘʮʠ ʫʟʝʪʠ ʩʫ ʠʟ ʙʘʟe ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ ʝ-ʆBS 

ʟʘ ʤʝʪʝʦʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʠʤ ʩʝ ʥʘʣʘʟʝ ʫʟʦʨʢʦʚʘʥʠ ʣʦʢʘʣʠʪʝʪʠ, ʠʣʠ ʟʘ ʥʘʿʙʣʠʞʝ 

ʤʝʪʝʦʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ, ʫʢʦʣʠʢʦ ʥʠʩʫ ʧʦʩʪʦʿʘʣʠ ʧʦʜʘʮʠ ʟʘ ʫʟʦʨʢʦʚʘʥʝ ʤʝʪʝʦʨʦʣʦʰʢʝ 

ʩʪʘʥʠʮʝ (Haylock et al., 2008). ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʥʘʤ ʜʦʩʪʫʧʥʠ ʧʦʪʧʫʥʠ ʢʣʠʤʘʪʩʢʠ 

ʧʦʜʘʮʠ ʦʜ 1950. ʛʦʜʠʥʝ ʜʦ ʜʘʥʘʩ, ʘ ʩʪʘʨʦʩʪ ʩʪʘʙʘʣʘ ʫ ʠʩʪʨʘʞʠʚʘʥʠʤ ʩʘʩʪʦʿʠʥʘʤʘ ʿʝ ʙʠʣʘ 

ʟʥʘʪʥʦ ʚʝ˂ʘ (ʠ ʜʦ 300 ʛʦʜʠʥʘ ʥʘ ʧʦʿʝʜʠʥʘʯʥʠʤ ʩʪʘʙʣʠʤʘ), ʜʫʞʠʥʝ ʭʨʦʥʦʣʦʛʠʿʘ ʩʫ 

ʧʨʠʣʘʛʦʹʝʥʝ ʢʣʠʤʘʪʩʢʠʤ ʧʦʜʘʮʠʤʘ. ʇʦʰʪʦ ʩʝ ʩʧʨʦʚʦʜʝ ʜʝʥʜʨʦʝʢʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʢʘʟʠʚʘʪʠ ʧʦʪʧʫʥʝ ʭʨʦʥʦʣʦʛʠʿʝ ʢʘʦ ʢʦʜ ʥʝʢʠʭ ʜʨʫʛʠʭ 


