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ɻʪʫʬʨ 

ʄʝʪʦʶ ʤʽʞʥʘʨʦʜʥʦʛʦ ʨʦʟʜʽʣʫ ʻ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʚʦʭ ʪʝʤ ʩʪʦʨʦʥʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʢʦʨʜʦʥʦʤ ʽ 
ʟʘʟʥʘʻ ʚʧʣʠʚʫ. ɺ ʧʝʨʰʽʡ ʯʘʩʪʠʥʽ ʨʦʟʜʽʣʫ ʚʢʘʟʫʶʪʴʩʷ ʚʠʩʥʦʚʢʠ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 
ʪʨʘʥʩʢʦʨʜʦʥʥʠʭ ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʚôʷʟʘʥʝ ʟ ʩʠʤʫʣʶʚʘʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ 
ʚʠʢʠʜʽʚ ʚʥʘʩʣʽʜʦʢ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ. ɺ ʥʘʩʪʫʧʥʽʡ ʯʘʩʪʠʥʽ ʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʘʥʥʷ, ʷʢʽ ʥʘʜʽʡʰʣʠ ʚ 
ʟʚ'ʷʟʢʫ ʟ ʇʦʧʝʨʝʜʥʴʦʶ ʢʦʥʩʫʣʴʪʘʮʽʡʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ (ʇʂɼ), ʽ ʷʢʽ ʯʽʪʢʦ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʝʤʘʪʠʢʠ 
ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʦʤʫ ʥʘ ʥʠʭ ʟʨʫʯʥʦ ʙʫʣʦ ʚʽʜʧʦʚʽʩʪʠ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. 
ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʰʠʭ ʧʠʪʘʥʴ, ʪʦ ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʫʚʘʞʝʥʥʷ, ʷʢʽ ʥʘʜʽʡʰʣʠ ʚʽʜ ʞʠʪʝʣʽʚ ʽʥʰʠʭ ʢʨʘʾʥ, ʙʫʣʠ 
ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʩʢʣʘʜʝʥʥʽ ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʤʫ ʚʦʥʠ ʜʦʩʪʫʧʥʽ ʫ 
ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʜʽʣʘʭ ʜʣʷ ʚʩʽʭ, ʭʪʦ ʥʠʤʠ ʮʽʢʘʚʠʪʴʩʷ. ʎʽ ʪʝʤʠ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʬʦʨʤʽ ʚʽʜʧʦʚʽʜʝʡ ʥʘ 
ʦʢʨʝʤʽ ʟʘʧʠʪʘʥʥʷ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʚʠʥʠʢʣʠ ʟ ʇʂɼ, ʤʝʪʦʶ ʷʢʦʾ ʥʝ ʙʫʣʦ ʥʘʜʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ 
ʤʠ ʚʧʝʚʥʝʥʽ ʫ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ ʥʘʣʝʞʥʦʛʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ɼʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 
ʩʝʨʝʜʦʚʠʱʝ, ʢʦʞʥʠʡ ʟʘʧʠʪʫʶʯʠʡ ʦʪʨʠʤʘʻ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʥʠʤ ʟʘʧʠʪʘʥʥʷ, ʪʘ ʥʘʚʽʪʴ ʙʽʣʴʰʝ.  

1 ʌʠʙʜʙʤʵʦʞʦʦʸ ʫʩʙʦʪʣʧʩʝʧʦʦʡʮ ʛʨʤʡʛʾʛ 

ʇʦʙʫʜʦʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʥʦʚʠʭ ʙʣʦʢʽʚ ɸɽʉ ʧʽʜʧʘʜʘʻ ʧʽʜ ʜʽʶ ʧʽʜʧʠʩʘʥʦʾ ʚ ʂʦʥʚʝʥʮʽʾ ɽʩʧʦ ʧʨʦ ʦʮʽʥʢʫ 
ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʪʨʘʥʩʢʦʨʜʦʥʥʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʘ ʪʘʢʦʞ ɼʠʨʝʢʪʠʚʠ 85/337/ɭɽʉ 
ʩʪʦʩʦʚʥʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʜʝʷʢʠʭ ʜʝʨʞʘʚʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʧʨʦʝʢʪʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʜʦʧʦʚʥʝʥʦʾ 
ɼʠʨʝʢʪʠʚʘʤʠ ʈʘʜʠ ɭʉ 97/11/ɭʉ, 2003/35/ɭʉ ʪʘ 2009/31/ɭʉ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʂʦʥʚʝʥʮʽʾ ɽʩʧʦ ʚ ʋʛʦʨʱʠʥʽ 
ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʇʦʩʪʘʥʦʚʦʶ ʋʨʷʜʫ ʋʛʦʨʱʠʥʠ ˉ 148/1999. (ʚʽʜ X. 13.). ɺ ɼʦʜʘʪʢʫ ˉ 1 ʜʦ ʂʦʥʚʝʥʮʽʾ 
ʚʢʘʟʘʥʽ ʪʽ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ, ʜʦ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʾ ʚʠʤʦʛʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʚʠʜʽʚ 
ʜʽʷʣʴʥʦʩʪʽ, ʜʝʨʞʘʚʠ, ʷʢʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʮʝ ʾʭ ʩʪʦʩʫʻʪʴʩʷ, ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ 
ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʩʥʦʚʽ 
ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʟʽʚ ʪʝʨʠʪʦʨʽʷ ʚʧʣʠʚʫ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʜʘʥʫ ʜʝʨʞʘʚʫ ʯʠ ʥʽ. ʇʦʥʷʪʪʷ 
ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʇʦʩʪʘʥʦʚʦʶ ʋʨʷʜʫ ʋʛʦʨʱʠʥʠ ˉ 148/1999. (X. 13.) ʇʨʠ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘ ʛʘʟʦʧʦʜʽʙʥʽ ʪʘ ʨʽʜʢʽ ʚʠʢʠʜʠ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʾʭ 
ʤʦʞʣʠʚʦʛʦ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘʚʦʜʷʪʴʩʷ ʜʘʣʽ.  

ʑʦʜʦ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʢʠʜʽʚ ʧʨʠ ʥʘʩʪʘʥʥʽ ʘʚʘʨʽʡ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʧʨʦʝʢʪʽ, ʪʝʨʠʪʦʨʽʷ ʥʝʧʨʷʤʦʛʦ ʚʧʣʠʚʫ 
ʙʫʣʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ, ʷʢ ʪʘʢʘ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʟʘʭʠʩʥʦʶ ʟʦʥʦʶ ʨʘʜʽʫʩʦʤ 500 ʤ, ʟ ʯʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ 
ʪʨʘʥʩʢʦʨʜʦʥʥʽ ʚʧʣʠʚʠ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʧʦʪʨʽʙʥʦ. ʈʽʚʝʥʴ ʜʦʜʘʪʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ 
ʦʪʦʯʝʥʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʘ ʽ ʥʘʚʽʪʴ ʚ ʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʽʩʥʫʚʘʥʥʷ ʞʠʚʥʦʩʪʽ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʥʘʡʙʽʣʴʰʦʛʦ 
ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʾ ï ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʞʠʚʥʦʩʪʽ, ʪʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝ, ʱʦ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 
ʪʨʘʥʩʢʦʨʜʦʥʥʠʡ ʚʧʣʠʚ ʨʘʜʽʘʮʽʾ, ʷʢʠʡ ʜʽʷʪʠʤʝ ʥʘ ʪʘʤʦʰʥʶ ʞʠʚʥʽʩʪʴ. 

ʇʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʝʢʦʤʽʩʽʾ ʥʦʚʠʭ ʙʣʦʢʽʚ ʪʨʘʥʩʢʦʨʜʦʥʥʠʡ ʨʘʜʽʦʣʦʛʽʯʥʠʡ 
ʚʧʣʠʚ ʥʘ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʠʡ ʤʦʞʝ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʴ ʥʘ ɼʫʥʘʡ ʽ ʡʦʛʦ ʞʠʚʫ ʧʨʠʨʦʜʫ, ʥʝ ʚʚʘʞʘʻʪʴʩʷ 
ʟʥʘʯʥʠʤ ʟʘ ʩʫʪʪʻʚʠʡ, ʪʦʤʫ ʤʦʚʘ ʧʨʦ ʟʦʥʠ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʥʝ ʚʝʜʝʪʴʩʷ. 

ʑʦʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 500-ʤʝʪʨʦʚʦʤʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʽʜʨʽʟʢʫ (1525,75-ʡ ʢ̔ ʣʦʤʝʪʨ 
ɼʫʥʘʶ), ʚ ʪʝʧʝʨʽʰʥʴʦʤʫ ʩʪʘʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ɼʫʥʘʶ ʥʝ ʜʦʩʷʛʘʻ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 
ʆʜʥʘʢ, ʚ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʫʩʽʭ ʰʝʩʪʠ ʙʣʦʢʽʚ) ʧʨʠ ʪʽʡ ʢʦʤʙʽʥʘʮʽʾ 
ʜʝʙʝʪʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʷʢʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʘ, ʘʣʝ ʨʽʜʢʦ ʪʨʘʧʣʷʻʪʴʩʷ 
ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʽʜʨʽʟʢʫ. ɼʣʷ 
ʪʦʛʦ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʚʠʱʝʥʥʶ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ ʟʘʭʦʜʠ (ʤʦʥʽʪʦʨʠʥʛ), 
ʟʘʩʪʦʩʫʚʘʪʠ ʜʦʜʘʪʢʦʚʝ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʚʞʠʪʠ ʽʥʰʠʭ ʟʘʭʦʜʽʚ. ʆʩʢʽʣʴʢʠ ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʥʦʨʤʘʤʠ 
ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʞʦʨʩʪʢʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 500-ʤʝʪʨʦʚʦʛʦ ʚʽʜʨʽʟʢʫ, ʪʦʤʫ ʥʝʤʘʻ 
ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʘʭʫʚʘʪʠʩʷ ʟʽ ʟʥʘʯʥʠʤ ʪʨʘʥʩʢʦʨʜʦʥʥʠʤ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 



ɿɸʊ çʄɺʄ ʇʘʢʰ-ɯɯè ɽʧʪʤʾʝʟʞʦʦʸ ʛʨʤʡʛʬ ʦʙ ʦʙʛʣʧʤʡʱʦʼ ʪʞʩʞʝʧʛʡʲʞ 

ɹʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʙʣʦʢʽʚ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸɽʉ çʇʘʢèh ʄʽʞʥʘʨʦʜʥʠʡ ʨʦʟʜʽʣ 
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ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ (ʥʝ ʨʘʜʽʦʣʦʛʽʯʥʠʭ) ʚʧʣʠʚʽʚ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ 
ʪʨʘʥʩʢʦʨʜʦʥʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʜʽʾ ʩʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʤʘʣʦʡʤʦʚʽʨʥʠʤ. ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʜʝʢʦʤʽʩʽʾ ɸɽʉ 
ʫ ʟʚôʷʟʢʫ ʚʝʣʠʢʠʤ ʧʨʦʤʽʞʢʦʤ ʯʘʩʫ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʦʯʥʠʭ ʫʤʦʚ ʚʠʚʦʜʫ ʽʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʩʠʪʴ ʚʘʞʢʦ 
ʧʨʦʛʥʦʟʫʚʘʪʠ. ɿʘʛʘʣʦʤ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʦʯʽʢʫʚʘʪʠ ʤʦʞʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʝʪʘʧʫ 
ʙʫʜʽʚʥʠʮʪʚʘ, ʘʙʦ ʤʝʥʰʽ ʟʘ ʥʠʭ. 

 

ʑʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʞʠʚʥʽʩʪʴ ʩʫʭʦʜʦʣʫ ʽ ʚʦʜʷʥʫ ʞʠʚʥʽʩʪʴ, ʜʦʚʢʽʣʣʷ ʥʘʩʝʣʝʥʠʭ 
ʧʫʥʢʪʽʚ ʽ ʣʘʥʜʰʘʬʪ, ʘ ʪʘʢʦʞ ʦʯʽʢʫʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʾʭ 
ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʚʧʣʠʚʫ ʥʝʤʘʻ. 

ʉʪʦʩʦʚʥʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʚʧʣʠʚʠ ʟʘʚʞʜʠ ʟʘʣʠʰʘʶʪʴʩʷ ʣʦʢʘʣʴʥʠʤʠ, ʪʦʤʫ ʥʝ ʤʦʞʥʘ ʚʝʩʪʠ ʤʦʚʫ 
ʧʨʦ ʾʭ ʪʨʘʥʩʢʦʨʜʦʥʥʠʡ ʚʧʣʠʚ. 

ɿʘʛʘʣʦʤ ʢʘʞʫʯʠ, ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʘʚʘʨʽʾ ʥʝ ʧʦʪʨʽʙʥʦ ʨʘʭʫʚʘʪʠʩʷ ʟ ʪʨʘʥʩʢʦʨʜʦʥʥʠʤ ʚʧʣʠʚʦʤ. 

2 ʋʩʙʦʪʣʧʩʝʧʦʦʡʢ ʛʨʤʡʛ ʩʙʝʾʧʙʣʫʡʛʦʡʮ ʛʡʣʡʝʾʛ 

ʆʮʽʥʶʚʘʪʠ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʨʘʜʽʘʮʽʾ ʚʘʞʢʦ, ʘʜʞʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʤʽʨʶʻʪʴʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ 
ʤʝʪʦʜʘʤʠ, ʘ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʩʪʦʩʦʚʥʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʤʘʣʠʭ ʜʦʟ ʥʝʜʦʩʪʘʪʥʽʡ. 
ɺʥʝʩʝʥʥʷ ʜʦ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʥʘʩʪʫʧʥʠʭ ʜʝʢʽʣʴʢʘ ʨʝʯʝʥʴ ʽ ʜʘʥʠʭ ʥʘʤʠ ʟʨʦʙʣʝʥʦ ʟ ʤʝʪʦʶ ʧʦʣʝʛʰʝʥʥʷ 
ʧʦʨʽʚʥʷʥʥʦʩʪʽ ʚʥʝʩʝʥʠʭ ʚʝʣʠʯʠʥ ʚ ʪʘʙʣʠʮʷʭ ʮʴʦʛʦ ʨʦʟʜʽʣʫ.  

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʥʦʩʽʻʤ ʝʥʝʨʛʽʾ, ʯʘʩʪʠʥʘ ʷʢʦʾ, ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟ ʧʝʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 
ʩʝʨʝʜʦʚʠʱʘʤʠ ʧʦʛʣʠʥʘʻʪʴʩʷ ʽ ʧʝʨʝʜʘʻʪʴʩʷ ʾʤ (ʥʘʧʨ. ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʦʥʮʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʟʝʤʣʝʶ, 
ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʘ ʥʘʛʨʽʚʘʻʪʴʩʷ). ɼʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʷʢʱʦ ʥʘ ʷʢʫʩʴ ʨʝʯʦʚʠʥʫ ʜʽʻ ʨʘʜʽʦʘʢʪʠʚʥʝ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦ ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʽʡ, ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʽ ʧʦʛʣʠʥʫʪʽʡ ʝʥʝʨʛʽʾ. ɼʣʷ ʦʮʽʥʢʠ, ʧʨʦʛʥʦʟʫ 
ʦʯʽʢʫʚʘʥʦʛʦ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʽʣʴʢʦʩʪʽ, ʧʨʦʧʦʨʮʽʡʥʽ ʧʦʛʣʠʥʫʪʽʡ ʯʘʩʪʠʥʽ ʝʥʝʨʛʽʾ (ʜʦʟʽ). ɽʥʝʨʛʽʷ, 
ʧʦʛʣʠʥʫʪʘ ʦʜʠʥʠʮʝʶ ʤʘʩʠ ʨʝʯʦʚʠʥʠ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʛʣʠʥʫʪʦʶ ʜʦʟʦʶ. 
ʇʦʥʷʪʪʷ ʜʦʟʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʠʧ ʽ ʝʥʝʨʛʽʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʜʦʟʦʶ. ʆʜʥʘʢ ʜʦʟʠ 
(ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʦʟʠ), ʧʦʛʣʠʥʫʪʽ ʨʽʟʥʠʤʠ ʦʨʛʘʥʘʤʠ, ʪʢʘʥʠʥʘʤʠ, ʚ ʨʽʟʥʽʡ ʤʽʨʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʰʢʦʜʞʝʥʥʷ 
ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʚ ʮʽʣʦʤʫ. ɭ ʯʫʪʣʠʚʽ ʽ ʤʝʥʰ ʯʫʪʣʠʚʽ ʪʢʘʥʠʥʠ. ʎʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʘʢ ʟʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 
ʚʘʛʦʤʦʩʪʽ, ʢʦʪʨʠʡ ʚʠʨʘʞʘʻ ʪʝ, ʚ ʷʢʽʡ ʤʽʨʽ ʦʢʨʝʤʽ ʪʢʘʥʠʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʫ ʜʦʟʫ, ʷʢʘ ʧʨʦʛʥʦʟʫʻ 
ʩʪʫʧʽʥʴ ʫʨʘʞʝʥʥʷ ʫʩʴʦʛʦ ʦʨʛʘʥʽʟʤʫ. 

ʉʫʤʘʨʥʝ ʨʘʜʽʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʫʩʽʭ ʚʠʜʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʋʛʦʨʱʠʥʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 3 ʤɿʚ1 
(mSV), ʱʦ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʜʦʟʦʶ ʤʝʜʠʯʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ 4 ʤɿʚ (mSV), ʘʣʝ ʽ 
ʥʘʚʽʪʴ ʨʝʥʪʛʝʥʦʛʨʘʬʽʷ ʟʫʙʽʚ ʩʧʨʠʯʠʥʷʻ ʜʦʟʫ ʚ 0,1 ʤɿʚ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʤʘʣʶʥʢʫ ʟʦʙʨʘʞʝʥʦ ʨʦʟʧʦʜʽʣ ʚ 
ʚʽʜʩʦʪʢʘʭ ʚʧʣʠʚʫ ʜʞʝʨʝʣ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʣʶʜʝʡ, ʜʝ ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, 
ʱʦ ʩʘʤʝ ʩʝʢʪʦʨ, ɦ ʦ ʧʦʭʦʜʠʪʴ ʚʽʜ ʷʜʝʨʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʥʘʡʤʝʥʰʠʤ. 

 

 

                                                      
1 * ɿʽʚʝʨʪ (ʧʦʟʥʘʯʝʥʥʷ: ɿʚ) ʝʢʚʽʚʘʣʝʥʪʥʘ ʨʘʜʽʘʮʽʡʥʘ ʜʦʟʘ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠï ʧʦʭʽʜʥʘ ʦʜʠʥʠʮʷ ʝʢʚʽʚʘʣʝʥʪʫ ʜʦʟʠ ʚ ʩʠʩʪʝʤʽ 

ʉɯ, ʢʦʪʨʘ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʮʽʥʶʻ ʥʘ ʧʽʜʩʪʘʚʽ ʾʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ. 1ʥɿʚ( nSv) ʦʜʥʦʤʽʣʴʷʨʜʥʘ, 1 ʤʢɿʚ 

(1ÕSv), ʦʜʥʦʤʽʣʴʡʦʥʥʘ, ʘ 1 ʤɿʚ (mSv) ʪʠʩʷʯʥʘ ʯʘʩʪʠʥʘ ʦʜʠʥʠʮʽ ɿʚ (Sv). 
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ʈʠʩ. 1: ʈʦʟʧʦʜʽʣ (ʚ ʚʽʜʩʦʪʢʘʭ) ʜʞʝʨʝʣ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʣʶʜʝʡ. 

ʈʘʜʽʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʙʣʠʟʫ ɸɽʉ çʇʘʢʰè ʚ ʩ. ʏʘʤʧʘ ʱʦʨʽʯʥʦ ʩʢʣʘʜʘʻ 50 
ʥɿʚ (nSv), ʽ ʮʝ ʟʥʘʯʝʥʥʷ ʧʨʦʩʪʽʰʝ ʩʧʨʠʡʤʘʻʪʴʩʷ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠʨʦʜʥʠʡ ʨʘʜʽʘʮʽʡʥʠʡ ʬʦʥ ʚ ʤ. 
ʇʘʢʰ ʩʪʘʥʦʚʠʪʴ 80-100 ʥɿʚ (nSv) ʟʘ ʛʦʜʠʥʫ, ʪʦʙʪʦ ʚʽʜ ʨʦʙʦʪʠ ɸɽʉ ʟʘ ʨʽʢ ʤʠ ʟʘʟʥʘʻʤʦ ʪʘʢʫ ʞ ʜʦʟʫ ʚ ʩ. 
ʏʘʤʧʘ, ʷʢ ʧʝʨʝʙʫʚʘʶʯʠ ʛʦʜʠʥʫ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʜʝʩʴ ʧʦʙʣʠʟʫ ʇʘʢʰʘ. 

2.1 ʅʞʫʧʝ ʩʙʝʾʧʤʧʜʾʰʦʧʿ ʣʤʙʪʡʭʾʣʙʯʾʿ. 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʢʦʨʠʩʪʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ: 

ʃʙʫʞʜʧʩʾʸ  ʉʙʝʾʧʤʧʜʾʰʦʡʢ ʛʨʤʡʛ (ɾ = ʞʭʞʣʫʡʛʦʙ ʝʧʠʙ)  

ʥʝʡʪʨʘʣʴʥʘ  E < 90 ʤʢɿʚ (ɛSv)/ʨʽʢ  

ʩʪʝʨʧʥʘ  90 ʤʢɿʚ (ɛSv)/ʨʽʢ < E < 1 ʤɿʚ (mSv)/ʨʽʢ  

ʦʙʪʷʞʣʠʚʘ  1 ʤɿʚ(mSv)/ʨʽʢ < E < 10 ʤɿʚ (mSv)/2 ʜʥʽ ʘʙʦ 10 ʤɿʚ (mSv)/ʥʘ ʧʦʜʽʶ*  

ʰʢʽʜʣʠʚʘ  10 ʤɿʚ/2 ʜʥʽ ʘʙʦ 10 ʤɿʚ(mSv)/ʧʦʜʽʷ < E < 1  ɿʚ(Sv)/ʥʘ ʧʦʜʽʶ** 

ʧʨʠʧʠʥʷʶʯʘ  1 ɿʚ(Sv)/ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ < E 

* ʙʝʟ ʚʧʣʠʚʫ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʞʢʘ  
** ʟʘ ʧʦʚʥʠʡ ʪʝʨʤʽʥ ʞʠʪʪʷ (ʜʦʨʦʩʣʠʤ - 50 ʨʦʢʽʚ, ʜʽʪʷʤ - 70 ʨʦʢʽʚ), ʙʝʟ ʚʧʣʠʚʫ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʞʢʘ  
 

ʜʝ:  

90 ʤʢɿʚ (ɛSv)/ʨʽʢ ï ʛʨʘʥʠʯʥʝ ʦʙʤʝʞʝʥʥʷ ʜʦʟʠ, ʚʠʟʥʘʯʝʥʝ ɼʝʨʞʘʚʥʦʶ ʉɽʉ- ʉʣʫʞʙʦʶ 
ɼʝʨʞʘʚʥʦʛʦ ʩʘʥʽʪʘʨʥʦʛʦ ʣʽʢʘʨʷ (ĆNTSZ-OTH); 

1 ʤɿʚ(mSv)/ʨʽʢ - ʣʽʤʽʪ ʜʦʟʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ;  

10 ʤɿʚ(mSv)/- ʜʦʟʘ, ʷʢʫ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʫ ʚʽʜʤʽʥʥʦʤʫ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʧʘʜʢʫ; 

1 ɿʚ(Sv)/ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ï ʘʚʘʨʽʡʥʠʡ ʨʽʚʝʥʴ ʚʪʨʫʯʘʥʥʷ ʟ ʤʝʪʦʶ ʦʩʪʘʪʦʯʥʦʾ ʝʚʘʢʫʘʮʽʾ. 
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2.2 ɻʨʤʡʛ ʩʾʝʣʡʮ ʩʙʝʾʧʙʣʫʡʛʦʡʮ ʛʡʣʡʝʾʛ çʈʙʣʱ-ɰɰè 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʚʧʣʠʚʫ ʨʽʜʢʠʭ ʚʠʢʠʜʽʚ ʟʘ ʦʩʥʦʚʫ ʙʫʣʦ ʚʟʷʪʦ ʨʽʚʝʥʴ ʚʠʢʠʜʫ ʚ 
ʥʦʨʤʘʣʴʥʦʤʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ. ʅʘ ʚʽʜʩʪʘʥʽ 100 ʢʤ ʚʽʜ ʢʦʨʜʦʥʫ ʟ ʉʝʨʙʽʻʶ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʤʽʰʫʚʘʥʥʷ ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʙʽʣʷ ʩ. ˆʝʨ'ʻʥ. 

ɺ ʥʘʩʪʫʧʥʽʡ ʪʘʙʣʠʮʽ ʥʘʚʦʜʷʪʴʩʷ ʜʦʟʠ, ʱʦ ʦʯʽʢʫʶʪʴʩʷ ʚ ʨʘʡʦʥʽ ʢʦʨʜʦʥʫ ʟ ʉʝʨʙʽʻʶ. 

ʉʙʝʾʧʦʬʣʤʾʝ 
ɽʡʫʡʦʙ ʛʾʣʧʥ 1-2 ʩʧʣʡ ɽʧʩʧʪʤʙ ʤʷʝʡʦʙ 

ʠʧʛʦʾʱʦy ʛʦʬʫʩʾʱʦʸ ʨʧʛʦʙ ʠʧʛʦʾʱʦy ʛʦʬʫʩʾʱʦʸ ʨʧʛʦʙ 
58Co 1,8E-04 5,2E-04 7,0E-04 1,8E-04 2,5E-04 4,3E-04 
60Co 7,7E-03 2,2E-02 3,0E-02 7,8E-03 6,6E-03 1,4E-02 
51Cr 3,8E-06 2,9E-05 3,3E-05 3,9E-06 1,8E-05 2,2E-05 

134Cs 4,0E-02 1,1E+00 1,1E+00 4,0E-02 7,9E+00 8,0E+00 
137Cs 5,8E-02 1,4E+00 1,5E+00 5,8E-02 8,6E+00 8,7E+00 

3H (HTO) 0,0E+00 2,1E+01 2,1E+01 0,0E+00 2,1E+01 2,1E+01 
14C 0,0E+00 1,6E+01 1,6E+01 0,0E+00 1,6E+01 1,6E+01 
131I 9,2E-05 3,9E-01 3,9E-01 1,5E-04 9,1E-02 9,1E-02 
132I 3,2E-05 8,3E-05 1,1E-04 5,5E-05 3,3E-05 8,8E-05 
133I 4,5E-05 1,1E-02 1,1E-02 7,6E-05 2,9E-03 3,0E-03 
134I 2,3E-05 1,6E-05 3,8E-05 3,9E-05 7,7E-06 4,6E-05 
135I 3,9E-05 5,4E-04 5,8E-04 6,6E-05 1,8E-04 2,5E-04 

54Mn 1,2E-04 2,5E-04 3,6E-04 1,2E-04 2,6E-04 3,8E-04 
89Sr 3,4E-06 1,6E-03 1,6E-03 3,4E-06 5,8E-04 5,8E-04 
90Sr 7,4E-07 7,2E-05 7,2E-04 7,4E-07 6,3E-05 6,3E-05 

ʌʪʵʧʜʧ 1,1E-01 4,0E+01 4,1E+01 1,1E-01 5,4E+01 5,4E+01 

ʊʘʙʣʠʮʷ 1: ʈʽʯʥʽ ʜʦʟʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ - ʜʽʪʝʡ ʚʽʢʦʤ 1-2 ʨʦʢʠ ʪʘ ʜʦʨʦʩʣʠʭ ʚ ʨʘʡʦʥʽ ʢʦʨʜʦʥʫ ʟ ʉʝʨʙʽʻʶ, ʚʠʭʦʜʷʯʠ ʟ 
ʨʽʯʥʠʭ ʨʽʜʢʠʭ ʚʠʢʠʜʽʚ (ʥɿʚ/ʨʽʢ). 

ɿʚʠʯʘʡʥʦ, ʪʫʪʝʰʥʽ ʜʦʟʠ ʥʝ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ, ʥʘʢʣʘʜʝʥʠʤʠ ʥʘ ʜʦʟʠ, ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʤʦʞʥʘ 
ʩʢʘʟʘʪʠ, ʱʦ ʨʽʜʢʽ ʚʠʢʠʜʠ ʜʚʦʭ ʙʣʦʢʽʚ ʟʘ ʨʽʢ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 17 ʭʚʠʣʠʥʥʫ ʧʦʭʽʜʥʫ ʚʽʜ ʩʝʨʝʜʥʴʦʩʚʽʪʦʚʦʾ 
ʜʦʟʠ ʧʨʠʨʦʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ (2,4 ʤɿʚ/ʨʽʢ.) ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʚʠʥʠʢ ʚ 
ʨʝʟʫʣʴʪʘʪʽ ʨʽʜʢʠʭ ʚʠʢʠʜʽʚ, ʜʣʷ ʧʨʦʞʠʚʘʶʯʠʭ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʫ ʟ ʉʝʨʙʽʻʶ ʦʯʽʢʫʻʪʴʩʷ ʥʝʡʪʨʘʣʴʥʠʡ ʝʬʝʢʪ. 

2.3 ɻʨʤʡʛ ʠʙʚʩʬʝʦʷʷʰʡʮ ʙʫʥʧʪʭʞʩʦʡʮ ʩʙʝʾʧʙʣʫʡʛʦʡʮ ʛʡʣʡʝʾʛ çʈʙʣʱ-ɰɰè 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʱʦ ʚʠʢʠʜʘʪʠʤʫʪʴʩʷ ʚ ʧʦʚʽʪʨʷ 
ʥʦʚʠʤʠ ʙʣʦʢʘʤʠ, ʷʢʽ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸɽʉ çʇʘʢʰè, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽ ʱʦʜʦ ʪʝʨʠʪʦʨʽʡ 
ʩʫʩʽʜʥʽʭ ʢʨʘʾʥ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʦʜʝʣʴ çTREX Eulerè ʥʘ ʨʝʛʫʣʷʨʥʽʡ ʩʽʪʮʽ, ʱʦ ʦʭʦʧʣʶʻ ʎʝʥʪʨʘʣʴʥʫ 
ɭʚʨʦʧʫ ʪʘ ʙʘʟʫ ʱʦʛʦʜʠʥʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟʘ 2011 ʨʽʢ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʯʠʩʣʝʥʴ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʽʥʪʝʛʨʦʚʘʥʽ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʛʘʣʷʮʽʡʥʽ ʜʦʟʠ 
(ʥʘʙʫʪʽ ʰʣʷʭʦʤ ʚʜʠʭʘʥʥʷ). 

ɼʣʷ ʩʠʤʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʦʜʝʣʽ ʟ ʨʽʟʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʠʤʫʣʷʮʽʾ ʧʦʰʠʨʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟ. 
ɿʘʩʪʦʩʦʚʘʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʧʨʦʡʰʣʠ ʚʘʣʽʜʘʮʽʶ ʽ ʤʘʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʷʜʝʨʥʽ ʨʝʬʝʨʝʥʮʽʾ, ʯʘʩʪʠʥʘ ʟ 
ʥʠʭ ʽ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʧʝʨʘʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ɸɽʉ çʇʘʢʰè. 
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2.3.1 ʅʧʝʞʤʵ çTREX Eulerè 

ʅʘ ʨʝʛʽʦʥʘʣʴʥʽʡ ʘʙʦ ʙʽʣʴʰʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʰʢʘʣʽ ʤʦʜʝʣʽ ɻʘʫʩʘ ʚʞʝ ʥʝ ʜʘʶʪʴ ʥʘʣʝʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʦʤʫ, 
ʱʦ ʚʞʝ ʥʝ ʟʜʘʪʥʽ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʤʽʥʣʠʚʽʩʪʶ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʦʣʽʚ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 
ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʙʽʣʴʰ 
ʢʦʤʧʣʝʢʩʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʧʦʣʷ ʚ ʙʽʣʴʰʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʰʢʘʣʘʭ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʘ 
ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʪʠʧʫ Euler ʩʽʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ çTREXè. ɺ ʤʦʜʝʣʷʭ ʪʠʧʫ Euler ʚʠʟʥʘʯʝʥʘ ʯʘʩʪʠʥʘ 
ʘʪʤʦʩʬʝʨʠ ʧʦʢʨʠʚʘʻʪʴʩʷ  ʩʽʪʢʦʶ, ʘ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʨʦʟʚ'ʷʟʫʶʪʴʩʷ ʜʣʷ ʾʾ 
ʚʫʟʣʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʽʰʝʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤ ʘʙʦ ʧʝʨʝʤʽʥʥʠʤ ʯʘʩʦʚʠʤ ʢʨʦʢʦʤ. ɺ ʤʦʜʝʣʽ çTREX-
Eulerè ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʩʽʪʢʠ, ʱʦ ʧʦʢʨʠʚʘʻ ʎʝʥʪʨʘʣʴʥʫ ɭʚʨʦʧʫ.  

ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ.  

 

ʈʠʩ. 2:  ɹʣʦʢ-ʩʭʝʤʘ ʟʘʩʪʦʩʦʚʘʥʦʾ ʤʦʜʝʣʽ ʪʠʧʫ çTREX-Eulerè. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʚ ʤʦʜʝʣʽ ʚ ʨʽʚʥʷʥʥʷʭ ʧʝʨʝʥʦʩʫ ʚʨʘʭʦʚʫʻʪʴʩʷ 
ʥʘʩʪʫʧʥʝ: 

ī ʘʜʚʝʢʮʽʷ (ʧʣʠʥ ʧʦʚʽʪʨʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ); 

ī ʚʝʨʪʠʢʘʣʴʥʘ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʜʠʬʫʟʽʷ; 

ī ʦʩʘʜʞʝʥʥʷ; 

ī ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ; 

ī ʝʤʽʩʽʷ. 
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Ӷ
╥ɳ ὧӶ ╚ɳɳ ὧӶ Ὧ Ὧ Ὑ Ὁ  

ʜʝ: 

Ã ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʘʥʦʛʦ ʚʠʜʫ ʨʝʯʦʚʠʥʠ [ʦʜʠʥʠʮʷ ʤʘʩʠ/ʤ3], 

6 ÕȟÖȟ×  ʩʝʨʝʜʥʻ ʧʨʦʩʪʦʨʦʚʝ ʧʦʣʝ ʚʽʪʨʽʚ [ʤ/ʩ], 
kd ʢʦʝʬʽʮʽʻʥʪ ʩʫʭʦʛʦ ʦʩʘʜʞʝʥʥʷ [1/ʩ], 
kw ʢʦʝʬʽʮʽʻʥʪ ʚʦʣʦʛʦʛʦ ʦʩʘʜʞʝʥʥʷ [1/ʩ], 

+ +ȟ+ȟ+  ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʢʦʝʬʽʮʽʻʥʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʬʫʟʽʾ [ʤ2/ʩ], 
R ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [ʦʜʠʥʠʮʷ ʤʘʩʠ/(ʤ3ʩ], 
E ʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʨʝʯʦʚʠʥʠ [ʦʜʠʥʠʮʷ ʤʘʩʠ/ʦʙ'ʻʤ]. 

ʄʦʜʝʣʴ ʢʚʘʟʽ-ʪʨʠʚʠʤʽʨʥʘ, ʷʢ ʽ ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʥʘ ʧʨʘʢʪʠʮʽ. 
ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʯʘʩʪʠʥʘ ʘʪʤʦʩʬʝʨʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʤʦʜʝʣʶʚʘʥʥʶ, ʨʦʟʙʠʚʘʻʪʴʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 
ʥʘ ʰʘʨʠ, ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦ ʚʟʷʪʦʤʫ ʰʘʨʽ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʘ 
ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʦʪʽʢ ʤʘʪʝʨʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 
ʪʦʯʥʦ ʦʧʠʩʘʪʠ ʚʝʨʪʠʢʘʣʴʥʝ ʟʤʽʰʫʚʘʥʥʷ, ʚʠʩʦʪʫ ʧʦʜʽʣʠʣʠ ʥʘ 32 ʚʠʩʦʪʥʽ ʨʽʚʥ.̔  

ɺʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʜʦ ʚʠʩʦʪʠ 200 ʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 12 ʨʽʚʥʽʚ, ʘ ʚʽʜ ʚʠʩʦʪʠ 200 ʤ ʜʦ 3000 ʤ ï ɦ ʝ 20 ʨʽʚʥʽʚ 
ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʱʦʙ ʫ ʛʽʜʨʦʩʪʘʪʠʯʥʽʡ ʘʪʤʦʩʬʝʨʽ ʨʽʟʥʠʮʷ ʪʠʩʢʫ ʤʽʞ ʨʽʚʥʷʤʠ ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ (197 ʇʘ ʪʘ 1514 
ʇʘ). ʎʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʚʩʪʘʚʣʝʥʥʷ ʜʚʦʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʪʠʩʢʫ ʦʜʥʘ ʚ ʦʜʥʫ, ʷʢ ʮʝ ʚʢʘʟʘʥʦ ʥʘ 
ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ʈʠʩ. 3: ʈʦʟʤʽʱʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʚ ʤʦʜʝʣʽ. 

magass§g (m) ʚʠʩʦʪʘ (ʤ) 

ɺʠʙʽʨ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʪʘ ʨʦʟʜʽʣʴʥʦʩʪʽ ʩʽʪʢʠ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦʩʪʽ ʨʽʰʝʥʥʷ, ʽ ʢʨʽʤ 
ʮʴʦʛʦ, ʤʦʞʝ ʪʘʢʦʞ ʧʨʠʚʝʩʪʠ ʜʦ ʯʠʩʝʣʴʥʦʾ ʧʦʭʠʙʢʠ ʚʥʘʩʣʽʜʦʢ ʩʢʽʥʯʝʥʦʾ ʨʦʟʜʽʣʴʥʦʩʪʽ ʩʽʪʢʠ ʪʘ ʜʦ ʧʨʦʙʣʝʤ ʟʽ 
ʟʙʽʞʥʽʩʪʶ ʽ ʩʪʘʙʽʣʴʥʽʩʪʶ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʬʫʟʽʾ ʦʪʨʠʤʫʻʤʦ ʩʪʘʙʽʣʴʥʝ ʨʽʰʝʥʥʷ, ʷʢʱʦ ʤʽʞ ʧʦʩʪʽʡʥʦʶ 
ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ K, ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ æt ʪʘ ʨʦʟʜʽʣʴʥʽʩʪʶ ʩʽʪʢʠ æx ʽʩʥʫʻ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ: 

ς+ϽЎÔ

ЎØ
ρ 

  



ɿɸʊ çʄɺʄ ʇʘʢʰ-ɯɯè ɽʧʪʤʾʝʟʞʦʦʸ ʛʨʤʡʛʬ ʦʙ ʦʙʛʣʧʤʡʱʦʼ ʪʞʩʞʝʧʛʡʲʞ 

ɹʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʙʣʦʢʽʚ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸɽʉ çʇʘʢèh ʄʽʞʥʘʨʦʜʥʠʡ ʨʦʟʜʽʣ 
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ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʘʜʚʝʢʮʽʾ ʩʪʘʙʽʣʴʥʝ ʨʽʰʝʥʥʷ ʽʩʥʫʻ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ V, 

ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ЎÔ ʪʘ ʨʦʟʜʽʣʴʥʽʩʪʶ ʩʽʪʢʠ ЎØ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

ȿἤȿϽЎÔ

ЎØ
ρ 

ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʜʘʥʽʡ ʢʦʥʩʪʘʥʪʽ ʜʠʬʫʟʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʽʰʝʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ, 
ʟʙʽʣʴʰʫʶʯʠ ʨʦʟʜʽʣʴʥʽʩʪʴ ʩʽʪʢʠ ʪʘ ʟʤʝʥʰʫʶʯʠ ʽʥʪʝʨʚʘʣ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ. ɸʣʝ ʷʢʱʦ ʢʦʨʠʩʪʘʪʠʩʷ ʩʽʪʢʦʶ ʟ ʚʝʣʠʢʠʤʠ 
ʢʦʤʽʨʢʘʤʠ, ʪʦ ʦʜʨʘʟʫ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʢʠʜʫ ʜʣʷ ʚʝʣʠʢʦʾ ʪʝʨʠʪʦʨʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʨʫʪʠʡ ʛʨʘʜʽʻʥʪ 
ʨʦʟʤʘʟʫʻʪʴʩʷ ʽ ʩʧʨʠʯʠʥʷʻ ʚʝʣʠʢʝ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʠʬʫʟʽʾ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʦʮʽʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 
ʢʦʥʫʩʽ ʚʠʥʦʩʫ (çʰʣʝʡʬʦʚʽè) ʙʫʜʝ ʟʘʥʠʞʝʥʘ, ʘ ʦʮʽʥʢʘ ʰʠʨʠʥʠ ʢʦʥʫʩʘ ʚʠʥʦʩʫ ʙʫʜʝ ʟʘʚʠʱʝʥʘ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ 
ʽʥʪʝʨʚʘʣʫ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʪʘ ʧʨʠ ʩʽʪʮʽ ʟ ʤʘʣʠʤʠ ʢʦʤʽʨʢʘʤʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʫʩʝ ʮʝ 
ʨʘʟʦʤ, ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʢʦʤʧʨʦʤʽʩʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʪʘ ʢʨʦʢʽʚ ʩʽʪʢʠ. ɺ ʨʦʟʨʦʙʣʝʥʽʡ ʥʘʤʠ 
ʤʦʜʝʣʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʘ ʦʩʘʜʞʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʧʦʭʦʜʠʪʴ ʟ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ, 

ʜʣʷ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʧʦʢʨʠʚʘʻ ʎʝʥʪʨʘʣʴʥʫ ɭʚʨʦʧʫ, ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʽʩʪʶ 0,15 Ĭ 0,1 ʢʤ (~10 ʢʤ Ĭ ~10 ʢʤ) ʪʘ 
ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʚ 10 ʩ. 

ʉʊʈʋʂʊʋʈɸ ɿɸʉʊʆʉʆɺɸʅʆɰ ʄʆɼɽʃɯ ɽʁʃɽʈɸ 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʠʥ.  

ɻʦʣʦʚʥʘ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ, ʚʠʢʣʠʢʘʻ ʨʽʟʥʽ ʬʫʥʢʮʽʾ, ʦʨʛʘʥʽʟʫʻ ʾʭ ʚ ʮʠʢʣʠ ʽ ʚʨʝʰʪʽ ʚʠʜʘʻ ʨʝʟʫʣʴʪʘʪʠ.  

ʇʝʨʰʠʡ ʩʫʙʤʦʜʫʣʴ ʟʘʜʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʅʘ ʛʨʘʥʠʮʷʭ ʜʽʘʧʘʟʦʥʫ ʟʘʜʘʻʪʴʩʷ ʫʤʦʚʘ 
ôno-fluxô, ʪʦʙʪʦ ʚʚʘʞʘʻʤʦ, ʱʦ ʯʝʨʝʟ ʛʨʘʥʠʮʽ ʥʝʤʘʻ ʧʦʪʦʢʫ ʨʝʯʦʚʠʥʠ. ʆʢʨʝʤʘ ʧʽʜʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʦʚʫʻ ʘʜʚʝʢʮʽʶ, 
ʚʝʨʪʠʢʘʣʴʥʫ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʜʠʬʫʟʽʶ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʨʽʚʥʽ ʚʠʩʦʪʠ. ɼʦʚʞʠʥʫ ʄʦʥʽʥʘ-ʆʙʫʭʦʚʘ (L) ʪʘ ʢʦʝʬʽʮʽʻʥʪ 
ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ (Kz), ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʦʾ 
ʬʫʥʢʮʽʾ. ʆʢʨʝʤʽ ʨʦʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʧʦʪʦʢʽʚ ʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥ (ʘʜʚʝʢʮʽʾ, ʜʠʬʫʟʽʾ), ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ 
ʦʩʘʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʨʦʟʱʝʧʣʝʥʥʷ ʦʧʝʨʘʪʦʨʘ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʥʠʞʯʝ. 

ʂʦʝʬʽʮʽʻʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʠʬʫʟʽʾ ʚ ʤʦʜʝʣʽ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ɺʝʨʪʠʢʘʣʴʥʘ ʪʫʨʙʫʣʝʥʪʥʘ ʜʠʬʫʟʽʷ ʙʫʣʘ 
ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʂ-ʪʝʦʨʽʾ, ʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʘʟʦʤ ʟ ʟʘʣʝʞʥʠʤ ʚʽʜ ʚʠʩʦʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʬʫʟʽʾ Kz. ɼʣʷ ʪʦʛʦ, ʱʦʙ 
ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʙʽʛʫ ʤʦʜʝʣʽ, Kz ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʠʤ, ʚʠʧʘʜʢʦʚʠʤ ʤʝʪʦʜʦʤ. ɺʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 
(ʧʨʦʬʽʣʴ) ʦʢʨʝʤʠʭ ʨʝʯʦʚʠʥ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ: 

ЋÃ

ЋÔ

Ћ

ЋÚ
+ Ú

ЋÃ

ЋÚ
 

ʂʦʝʬʽʮʽʻʥʪ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ ʙʫʚ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʩʭʦʞʦʩʪʽ ʄʦʥʽʥʘ-
ʆʙʫʭʦʚʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

+ Ú
ʆÕzÚ

ɰ
Ú
,

ρ
Ú

(
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ ʥʘ ʜʘʥʽʡ ʚʠʩʦʪʽ z ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʚʠʩʦʪʠ ʰʘʨʫ 
ʟʤʽʰʫʚʘʥʥʷ (Hz), ʰʚʠʜʢʦʩʪʽ ʪʝʨʪʷ (u*), ʬʫʥʢʮʽʾ ʩʪʘʙʽʣʴʥʦʩʪʽ (Ɋ), ʧʦʩʪʽʡʥʦʾ ʂʘʨʤʘʥʘ (ə) ʪʘ ʜʦʚʞʠʥʠ ʄʦʥʽʥʘ-ʆʙʫʭʦʚʘ 
(L).  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʫʭʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ʦʩʘʜʞʝʥʥʷ ʚʚʘʞʘʚʩʷ ʧʦʩʪʽʡʥʠʤ. ɺʦʣʦʛʝ ʦʩʘʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 
ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʧʝʨʝʚʠʱʫʚʘʣʘ 80%. ʂʨʽʤ ʮʴʦʛʦ, ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 
ʦʩʘʜʞʝʥʥʷ ʚʠʧʘʜʘʻ ʪʽʣʴʢʠ ʟ ʧʝʨʰʦʛʦ, ʥʘʡʙʣʠʞʯʦʛʦ ʜʦ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʰʘʨʫ.  

ʇʨʦʛʨʘʤʘ, ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ, ʟʘʚʜʘʥʥʷ ʨʽʚʥʽʚ ʚʠʩʦʪʠ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 
ʢʨʦʢʫ ʯʘʩʫ ʧʦ ʢʦʞʥʦʤʫ ʨʽʚʥʶ ʨʦʟʨʘʭʦʚʫʻ ʘʜʚʝʢʮʽʶ, ʧʽʩʣʷ ʯʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʦʚʧʘ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻ ʚʝʨʪʠʢʘʣʴʥʝ 
ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ ʽ ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʮʴʦʛʦ ʜʦʚʞʠʥʫ ʄʦʥʽʥʘ-ʆʙʫʭʦʚʘ. ʅʘʧʨʠʢʽʥʮʽ 
ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʚ ʧʨʠʟʝʤʥʠʭ (ʽʥʘʢʰʝ ʢʘʞʫʯʠ ʚ ʙʣʠʟʴʢʠʭ ʜʦ ʧʦʚʝʨʭʥʽ) ʰʘʨʘʭ. ɼʣʷ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ 
ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʚʠʱʝʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ. 
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ʏʠʩʣʦʚʠʡ ʤʝʪʦʜ ʨʽʰʝʥʥʷ 

3D ʤʦʜʝʣʽ ʟ ʧʨʠʡʥʷʪʥʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʯʝʟʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʚʠʪʦʥʯʝʥʫ ʪʝʭʥʽʢʫ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ. ɺ ʤʦʜʝʣʽ çTREX-Eulerè ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʤʠ 
ʩʢʦʨʠʩʪʘʣʠʩʷ ʤʝʪʦʜʦʤ ʨʦʟʱʝʧʣʝʥʥʷ ʦʧʝʨʘʪʦʨʘ, ʪʦʙʪʦ ʯʣʝʥʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʯʘʩʪʠʥʥʠʤʠ 
ʧʦʭʽʜʥʠʤʠ ʨʦʟʚ'ʷʟʫʚʘʣʠʩʴ ʢʦʞʥʠʡ ʦʢʨʝʤʦ. ɼʠʩʢʨʝʪʠʟʘʮʽʶ ʯʣʝʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʝʥʦʩ ʫ ʧʨʦʩʪʦʨʽ, 
ʤʠ ʚʠʢʦʥʘʣʠ ʟʘ ʩʭʝʤʦʶ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʤʠ ʙʨʘʣʠ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ ʘʜʚʝʢʮʽʡʥʠʡ ʯʣʝʥ 
(ʚʧʣʠʚ ʘʜʚʝʢʮʽʾ), ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ ʩʪʘʨʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ cold ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 
ʢʦʥʮʝʥʪʨʘʮʽʾ cadv (ʥʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʘʜʚʝʢʮʽʾ): 

tAcc advoldadv D+=  

ʇʽʩʣʷ ʮʴʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʞʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ cadv, ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 
cdiff , ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʜʠʬʫʟʽʾ (ʦʢʨʝʤʦ ʨʦʟʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ 
ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʬʫʟʽʾ): 

tAcc diffadvdiff D+=  

ʅʘʧʨʠʢʽʥʮʽ, ʚʠʭʦʜʷʯʠ ʽʟ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʚʧʣʠʚʠ ʭʽʤʽʯʥʠʭ 
ʨʝʘʢʮʽʡ, ʩʫʭʦʛʦ ʪʘ ʚʦʣʦʛʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

tAcc chemdiffchem D+=  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʘ ʚ ʪʨʴʦʭ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʘʭ ʢʦʥʮʝʥʪʨʘʮʽʷ cnew, ʧʽʩʣʷ ʜʘʥʦʛʦ ʢʨʦʢʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ 
ɝÔ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʚʧʣʠʚ ʫʩʽʭ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ. ɺ ʨʽʚʥʷʥʥʷʭ: Aadv ï ʦʧʝʨʘʪʦʨ ʘʜʚʝʢʮʽʾ, Adiff ï ʦʧʝʨʘʪʦʨ ʜʠʬʫʟʽʾ, 
ʘ Achem ï ʦʧʝʨʘʪʦʨ, ʱʦ ʦʧʠʩʫʻ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʦʩʘʜʞʝʥʥʷ. ɼʣʷ ʾʭ ʨʽʰʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʨʽʟʥʽ ʤʝʪʦʜʠ. 

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʻ ʪʘʢ ʟʚʘʥʠʡ 
çʤʝʪʦʜ ʧʨʷʤʠʭè. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʫʚʘʥʥʽ ʧʦ ʯʘʩʫ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 
ʨʽʚʥʷʥʴ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʧʽʩʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʯʣʝʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʝʥʦʩ, 
ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘʣʝʞʥʽ ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ɼʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʜʚʝʢʮʽʾ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʘʢ ʟʚʘʥʘ çʜʨʫʛʘ ʩʭʝʤʘ ʟ ʨʽʟʥʠʮʷʤʠ ʧʨʦʪʠ ʧʦʪʦʢʫè, ʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʪʠʢʘʣʴʥʦʾ 
ʜʠʬʫʟʽʾ ï ʪʘʢ ʟʚʘʥʘ çʧʝʨʰʘ ʩʭʝʤʘ ʟ ʨʽʟʥʠʮʷʤʠ ʧʨʦʪʠ ʧʦʪʦʢʫè. ʄʝʪʦʜʠ çʧʨʦʪʠ ʧʦʪʦʢʫè ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ 
ʧʦʨʷʜʢʫ ʻ ʩʭʝʤʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʨʽʰʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʜʣʷ ʘʜʚʝʢʮʽʾ ʪʘ ʜʠʬʫʟʽʾ. ʋ ʚʠʧʘʜʢʫ 
ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʩʫʭʦʛʦ ʪʘ ʚʦʣʦʛʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʝ ʬʽʛʫʨʫʻ ʧʨʦʩʪʦʨʦʚʘ ʧʦʭʽʜʥʘ, ʪʫʪ ʪʨʝʙʘ ʪʽʣʴʢʠ ʚʠʢʦʥʘʪʠ 
ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʯʘʩʫ. ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʯʘʩʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʯʣʝʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʚʥʘ ʩʭʝʤʘ 
ɽʡʣʝʨʘ. 

2.3.2 ɻʡʣʧʩʡʪʫʙʦʾ ʥʞʫʞʧʩʧʤʧʜʾʰʦʾ ʚʙʠʡ ʝʙʦʡʮ 

ʉɽʈɽɼʅɯ ɿʅɸʏɽʅʅʗ ʄɽʊɽʆʈʆʃʆɻɯʏʅʀʍ ɼɸʅʀʍ ɼʃʗ ʂʆʅʉɽʈɺɸʊʀɺʅʀʍ ʆʎɯʅʆʂ 

ɼʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʦʮʽʥʦʢ ʥʘʤʠ ʙʫʣʠ ʚʟʷʪʽ ʜʦ ʫʚʘʛʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ, ʾʭ 
ʩʝʨʝʜʥʽ ʪʘ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʭʘʨʘʢʪʝʨʥʠʡ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʡ ʧʘʥʫʶʯʠʡ ʥʘʧʨʷʤ ʚʽʪʨʫ, ʘʣʝ ʥʘʤʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʝʟʘʣʝʞʥʘ 
ʚʽʜ ʥʘʧʨʷʤʢʽʚ ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʦʮʽʥʢʘ. 

ɿʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʙʫʣʠ ʚʟʷʪʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ 2002 ʨ. ʧʦ 2011 ʨ. ʥʘ ʨʽʚʥʷʭ 20 ʤ ʪʘ 
120 ʤ ʇʘʢʰʩʴʢʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʚʝʞʽ. 

ʉʝʨʝʜ ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽʡ ʚʝʞʽ ʚʠʤʽʨʽʚ ʜʘʥʠʭ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʙʫʣʦ, ʪʦʤʫ ʜʣʷ ʦʮʽʥʦʢ 
ʙʫʣʘ ʚʟʷʪʘ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʽʤʘʪʫ, ʷʢʘ ʜʣʷ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʦʚʠʪʴ 10,7 ÁC. 
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ʇʨʠʧʫʩʢʘʶʯʠ ʩʫʭʝ, ʘʜʽʘʙʘʪʠʯʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʽʚʥʽ ʪʠʩʢʫ 925 ʛʇʘ 
ʩʪʘʥʦʚʠʪʴ 4,7 ÁC, ʘ ʥʘ ʨʽʚʥʽ ʪʠʩʢʫ 850 ʛʇʘ ï 3,3 ÁC. ɿʘ ʚʠʩʦʪʫ ʛʝʦʧʦʪʝʥʮʽʘʣʫ ʥʘ ʨʽʚʥʽ ʪʠʩʢʫ 925 ʛʇʘ ʙʫʣʦ 
ʚʟʷʪʦ 700 ʤ, ʘ ʥʘ ʨʽʚʥʽ ʪʠʩʢʫ 850 ʛʇʘ ï 1 500 ʤ. ɺʠʩʦʪʘ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʘʡʥʠʞʯʦʤʫ 
ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʜʝʥʥʦʛʦ ʯʘʩʫ ʨʽʚʥʽ (300 ʤ), ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʰʠʨʝʥʥʷ 
ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. 

ʍʤʘʨʥʽʩʪʴ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʽʚʥʽ 4 ʦʢʪʘʥʪʠ (ʭʤʘʨʥʽʩʪʴ ï 50 %), ʩʝʥʩʠʙʝʣʴʥʠʡ ʧʦʪʽʢ ʪʝʧʣʘ ï ʥʘ ʨʽʚʥʽ 
100 ɺʪ/ʤ2, ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ï ʥʘ ʨʽʚʥʽ 0,25 ʤ. 

ʂʨʽʤ ʮʽʻʾ ʪʠʧʦʚʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʧʨʠ ʦʢʨʝʤʠʭ ʩʠʤʫʣʷʮʽʷʭ ʥʘʤʠ ʙʨʘʚʩʷ ʜʦ ʫʚʘʛʠ ʪʘʢʦʞ ʦʜʠʥ 
ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʩʪʘʥ ʧʦʛʦʜʠ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʚʠʙʨʘʣʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ 20 ʤ ï 1 ʤ/ʩ, ʥʘ ʚʠʩʦʪʽ 120 
ʤ ï 2 ʤ/ʩ, ʚʠʩʦʪʫ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ï 100 ʤ, ʧʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʚʝʨʪʠʢʘʣʴʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʘʨʫʚʘʥʥʷ 
ʽʟʦʪʝʨʤʽʯʥʝ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʠʣʴʥʝ (ʨʦʟʰʘʨʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʩʪʘʙʽʣʴʥʝ).  

ʉʀʄʋʃʗʎɯɰ ɿ ɼɯʁʉʅʀʄʀ ɼɸʅʀʄʀ ʄɽʊɽʆʈʆʃʆɻɯʏʅʆɰ ɹɸɿʀ ɼɸʅʀʍ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʽʡʩʥʽ ʜʘʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʥʘʤʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʣʴʥʘ ʩʠʤʫʣʷʮʽʷ ʥʘ ʮʽʣʠʡ ʨʽʢ, 
ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʱʦʛʦʜʠʥʥʠʭ ʚʠʢʠʜʽʚ. ɼʣʷ ʩʠʤʫʣʷʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʯʘʩʪʢʦʚʦ ʨʝʟʫʣʴʪʘʪʠ ʪʦʯʢʦʚʠʭ 
ʚʠʤʽʨʽʚ, ʯʘʩʪʢʦʚʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʚʠʭʦʜʘʭ ʯʠʩʣʦʚʠʭ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʩʪʦʩʦʚʫʶʯʠ 
ʤʦʜʝʣʴ ɽʡʣʝʨʘ, ʩʠʤʫʣʶʚʘʪʠ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʙʽʣʴʰʽ ʚʽʜʩʪʘʥʽ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʘʨʭʽʚʥʽ ʜʘʥʽ 
ʤʝʪʝʦʨʦʣʦʛ̔ʯʥʦʾ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ Global Forecast System (GFS). ʈʦʟʜʽʣʴʥʽʩʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʦʣʽʚ 
ï 3 ʛʦʜʠʥʠ. ʄʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʽʚʥʽʚ ʯʠʩʣʦʚʦʾ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ GFS ʙʫʣʠ 
ʢʦʥʚʝʨʪʦʚʘʥʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʨʽʚʥʽ ʤʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ (ʫʩʴʦʛʦ ʜʣʷ 34-ʭ ʨʽʚʥʽʚ).  

 

ʇʨʠʤʽʪʢʠ:  
ʏʝʨʚʦʥʠʤʠ ʢʚʘʜʨʘʪʘʤʠ ʧʦʟʥʘʯʝʥʽ ʚʫʟʣʠ ʩʽʪʢʠ ʤʦʜʝʣʽ GFS. ɾʦʚʪʠʤʠ ʢʨʫʛʘʤʠ ʧʦʟʥʘʯʘʻʪʴʩʷ ʨʦʟʜʽʣʴʥʽʩʪʴ ʩʽʪʢʠ, ʟʘʩʪʦʩʦʚʘʥʦʾ 
ʧʨʠ ʩʠʤʫʣʷʮʽʾ ɽʡʣʝʨʘ. ɿʥʘʯʝʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʚ ʮʠʭ ʪʦʯʢʘʭ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʤʝʪʦʜʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʈʠʩ. 4: ʇʦʨʽʚʥʷʥʥʷ ʨʝʰʽʪʯʘʩʪʠʭ ʩʽʪʦʢ ʯʠʩʣʦʚʦʾ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ GFS ʪʘ ʤʦʜʝʣʽ ɽʡʣʝʨʘ 

  



ɿɸʊ çʄɺʄ ʇʘʢʰ-ɯɯè ɽʧʪʤʾʝʟʞʦʦʸ ʛʨʤʡʛʬ ʦʙ ʦʙʛʣʧʤʡʱʦʼ ʪʞʩʞʝʧʛʡʲʞ 
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ʈʆɿʈɸʍʋʅʆʂ ɯʅɻɸʃʗʎɯʁʅʆɰ ɼʆɿʀ 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ, ʧʦʚôʷʟʘʥʦʾ ʟ ʚʜʠʭʘʥʥʷʤ (ʽʥʛʘʣʷʮʽʻʶ), ʚ 
ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʜʝ: 

V: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʭʘʥʥʷ [ʤ3/ʜʝʥʴ],  

Kj:  ʢʦʝʬʮ̔ʽʻʥʪ ̔ ʥʛʘʣʷʮʽʡʥʦʾ ʜʦʟʠ j-ʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ [ɿʚ/ɹʢ],  

f1,j: ʚʢʘʟʫʻ ʟʜʘʪʥʽʩʪʴ ʣʝʛʝʥʽʚ ʫʪʨʠʤʘʪʠ j-ʠʡ ʨʘʜʽʦʥʫʢʣʽʜ.  

F: ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʨʘʞʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʪʘ ʚ 
ʧʨʠʤʽʱʝʥʥʽ, ʘ ʪʘʢʦʞ ʝʢʨʘʥʽʟʫʶʯʠʡ ʝʬʝʢʪ ʙʫʜʠʥʢʫ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʟʷʪʦ ʟʘ 0,4, 
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ɯʥʪʝʛʨʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʽʟʦʪʦʧʽʚ ʚ ʪʦʯʮʽ P ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʽʜ t1 ʜʦ t2. 

2.3.3 ɽʙʦʾ ʲʧʝʧ ʩʙʝʾʧʙʣʫʡʛʦʡʮ ʛʡʣʡʝʾʛ. 

ʆʧʠʩʘʥʘ ʚ ʨʦʟʜʽʣʘʭ 20 ʪʘ 21, ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʜʢʦ ʚʠʥʠʢʘʶʯʘ, ʧʝʨʝʜʙʘʯʝʥʘ ʧʨʦʝʢʪʦʤ ʘʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ TA4 
(ʇʦʩʪʘʥʦʚʘ ʋʨʷʜʫ ˉ118/2011. (ʚʽʜ VII. 11.) ɼʦʜʘʪʦʢ ˉ 10, ʈʦʙʦʯʠʡ ʩʪʘʥ 163: ɹʘʟʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʊA4: 
ʇʦʜʽʾ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʘʟʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʨʦʝʢʪʥʽ ʘʚʘʨʽʾ ʟ ʜʫʞʝ ʤʘʣʦʶ ʯʘʩʪʦʪʦʶ ʚʠʥʠʢʥʝʥʥʷ: 10-4 
> f > 10-6 [1/ʨʽʢ]) ʤʘʻ ʥʝʡʪʨʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘ ʦʪʦʯʫʶʯʫ ʞʠʚʥʽʩʪʴ, ʥʘʚʽʪʴ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 
ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ.  

ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʪʨʘʥʩʢʦʨʜʦʥʥʠʭ ʚʧʣʠʚʽʚ ʤʠ ʟʨʦʙʠʣʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʠʢʠʜʠ ʧʦʭʦʜʷʪʴ ʟ ʪʘʢʦʾ ʩʝʨʡʦʟʥʦʾ 
ʘʚʘʨʽʾ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʷʢʦʾ ʤʝʥʰʘ, ʥʽʞ 10-6 1/ʨʝʘʢʪʦʨʥʠʡ ʨʽʢ. ʎʽ ʧʦʜʽʾ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʙʘʟʫ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʝʙʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʘʪʝʛʦʨʽʾ ʧʦʟʘʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ TAK1 (DEC1) ʘʙʦ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ TAK2 
(DEC2). (ʈʦʟʰʠʨʝʥʥʷ ʙʘʟʠ ʧʨʦʝʢʪʫʚʘʥʥʷ: ʇʦʟʘʧʨʦʝʢʪʥʽ ʘʚʘʨʽʾ TAK1, ʘʙʦ ʩʝʨʡʦʟʥʽ ʘʚʘʨʽʾ TAK2). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʟʘʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ TAK1, ʘʙʦ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ (DEC1): 

ʇʨʦʮʝʩ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʦʯʽʢʫʚʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʪʘ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʪʽʣʴʢʠ 
ʚʥʘʩʣʽʜʦʢ ʜʝʢʽʣʴʢʦʭ, ʥʝʟʘʣʝʞʥʠʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, ʧʦʤʠʣʦʢ, ʽ ʥʘʩʣʽʜʢʠ ʷʢʦʛʦ ʤʦʞʫʪɹ  ʙʫʪʠ ʪʷʞʯʠʤʠ, ʥʽʞ ʥʘʩʣʽʜʢʠ ʧʨʦʮʝʩʽʚ, 
ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʙʘʟʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʟʦʥʠ ʙʝʟ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʥʷ.  

ʇʽʩʣʷ ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ çʅʦʨʤ ʪʘ ʧʨʘʚʠʣ ʟ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠè (ʅʇ ʗʈɹ) ʟʘʤʽʩʪʴ ʪʝʨʤʽʥʫ çʧʦʟʘʧʨʦʝʢʪʥʘ ʘʚʘʨʽʷè 
ʚʩʪʫʧʘʻ ʚ ʩʠʣʫ ʥʘʩʪʫʧʥʠʡ ʧʫʥʢʪ:  

ʃʧʥʨʤʞʣʪʦʙ ʙʛʙʩʾʸ (TAK1) 

ʋ ʚʠʧʘʜʢʫ ʥʦʚʦʛʦ ʙʣʦʢʘ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ï ʮʝ ʪʘʢʠʡ ʨʦʙʦʯʠʡ ʩʪʘʥ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʦʯʽʢʫʚʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 
ʧʦʜʽʡ ʪʘ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʪʽʣʴʢʠ ʚʥʘʩʣʽʜʦʢ ʜʝʢʽʣʴʢʦʭ, ʥʝʟʘʣʝʞʥʠʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ, ʧʦʤʠʣʦʢ, ʽ ʥʘʩʣʽʜʢʠ 
ʷʢʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʪʷʞʯʠʤʠ, ʥʽʞ ʥʘʩʣʽʜʢʠ ʪʘʢʠʭ ʨʦʙʦʯʠʭ ʩʪʘʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʙʘʟʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 
ʧʦʰʢʦʜʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʝʟ ʾʭ ʨʦʟʧʣʘʚʣʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʫʞʝ ʽʩʥʫʁ ʯʦʛʦ ʷʜʝʨʥʦʛʦ ʦʙ'ʻʢʪʘ ï ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʝʢʪʥʽʡ 
ʘʚʘʨʽʾ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ TAK2 (DEC2): 

ɸʚʘʨʽʡʥʠʡ ʩʪʘʥ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷʤ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʽ 
ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʷʢʦʛʦ ʩʝʨʡʦʟʥʽʰʠʡ, ʥʽʞ ʚʧʣʠʚ ʧʨʦʝʢʪʥʠʭ ʘʙʦ ʧʦʟʘʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ. 

ʇʽʩʣʷ ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ ʅʇ ʗʈɹ ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚ ʜʽʶ ʚʩʪʫʧʠʪʴ ʥʘʩʪʫʧʥʝ ʨʝʯʝʥʥʷ:  

ɼʣʷ ʙʣʦʢʽʚ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ - ʮʝ ʨʦʙʦʯʠʡ ʩʪʘʥ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ ʧʘʣʠʚʘ, ʽ ʚʧʣʠʚ 
ʷʢʦʛʦ ʟʘ ʤʝʞʘʤʠ ʪʝʨʠʪʦʨʽʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʝʨʡʦʟʥʽʰʠʡ, ʥʽʞ ʚʧʣʠʚ ʧʨʦʝʢʪʥʦʾ ʘʚʘʨʽʾ (TA4) ʘʙʦ ʧʦʟʘʧʨʦʝʢʪʥʦʾ ʘʚʘʨʽʾ (TAK1). 

ɺʀʂʀɼʀ 

ɺʠʢʠʜʠ ʥʘʜʭʦʜʷʪʴ ʟ ʜʚʦʭ ʜʞʝʨʝʣ: ʟ ʜʠʤʦʭʦʜʫ ʚʠʩʦʪʦʶ 100 ʤ ʪʘ ʟ ʥʠʞʥʴʦʛʦ ʩʢʠʜʫ (35 ʤ).  

ʇʦʩʪʘʯʘʣʴʥʠʢʦʤ ʨʝʘʢʪʦʨʽʚ ʙʫʣʠ ʥʘʜʘʥʽ ʦʮʽʥʦʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʠʜʽʚ ʥʘ ʜʚʦʭ ʟʛʘʜʘʥʠʭ ʚʠʩʦʪʘʭ, ʫ ʨʽʟʥʽ 
ʤʦʤʝʥʪʠ ʪʘ ʧʝʨʽʦʜʠ ʯʘʩʫ ʧʨʠ ʦʢʨʝʤʠʭ ʘʚʘʨʽʡʥʠʭ ʩʮʝʥʘʨʽʷʭ, ̫ ʢʽ ʥʘʚʦʜʷʪʴʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʪʘʙʣʠʮʽ. 

ɰʠʧʫʧʨ 

ʆʡʟʦʾʢ ʪʣʡʝ (35 ʥ) ɽʡʥʧʮʾʝ (100 ʥ) 

1 ʝʞʦʵ: 10 ʝʦʾʛ: 30 ʝʦʾʛ: 1 ʝʞʦʵ: 10 ʝʦʾʛ: 30 ʝʦʾʛ: 

ʙʣʫʡʛʦʾʪʫʵ (ɺʣ) 

ɾʤʞʥʞʦʫʙʩʦʡʢ ʢʧʝ 

I-131 2,3E+11  2,4E+11  2,4E+11  1,1E+08  5,9E+08  8,7E+08  

I-132 2,5E+11  2,5E+11  2,5E+11  3,4E+07  3,4E+07  3,4E+07  

I-133 3,4E+11  3,4E+11  3,4E+11  1,2E+08  2,0E+08  2,0E+08  

I-134 2,7E+11  2,7E+11  2,7E+11  2,3E+07  2,3E+07  2,3E+07  

I-135 2,3E+11  2,3E+11  2,3E+11  5,3E+07  5,6E+07  5,6E+07  

ʇʩʜʙʦʾʰʦʡʢ ʢʧʝ 

I-131 1,8E+09  1,2E+10  2,0E+10  2,5E+09  1,7E+10  2,8E+10  

I-132 2,8E+08  2,8E+08  2,8E+08  4,0E+08  4,0E+08  4,0E+08  

I-133 1,8E+09  3,3E+09  3,3E+09  2,6E+09  4,7E+09  4,7E+09  

I-134 1,0E+08  1,0E+08  1,0E+08  1,4E+08  1,4E+08  1,4E+08  

I-135 6,7E+08  7,3E+08  7,3E+08  9,5E+08  1,0E+09  1,0E+09  

ɰʦʞʩʫʦʾ ʜʙʠʡ 

Kr-85m 3,6E+10  3,6E+10  3,6E+10  4,9E+11  5,0E+11  5,0E+11  

Kr-87 8,5E+10  8,5E+10  8,5E+10  3,5E+11  3,5E+11  3,5E+11  

Kr-88 1,2E+11  1,2E+11  1,2E+11  1,1E+12  1,1E+12  1,1E+12  

Xe-133 8,2E+11  2,0E+12  2,4E+12  3,2E+13  1,9E+14  2,6E+14  

Xe-135 3,6E+10  3,7E+10  3,7E+10  8,1E+11  9,8E+11  9,8E+11  

Xe-138 1,9E+11  1,9E+11  1,9E+11  1,1E+11  1,1E+11  1,1E+11  

ɹʞʩʧʠʧʤʾ 

Cs-134 1,4E+08  1,4E+08  1,4E+08  6,2E+05  6,2E+05  6,2E+05  

Cs-137 7,2E+07  7,2E+07  7,2E+07  3,2E+05  3,2E+05  3,2E+05  

ʊʘʙʣʠʮʷ 2: ɿʥʘʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʨʠ ʘʚʘʨʽʾ ʢʘʪʝʛʦʨʽʾ TAK1 (DEC1)  
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ɰʠʧʫʧʨ 

ʆʡʟʦʾʢ ʪʣʡʝ (35 ʥ) ɽʡʥʧʮʾʝ (100 m) 

0-1 ʝʞʦʵ: 1-7 ʝʦʾʛ: 7-30 ʝʦʾʛ: 1-7 ʝʦʾʛ: 7 ð 30 nap 

ʙʣʫʡʛʦʾʪʫʵ (Bq) 

ɾʤʞʥʞʦʫʙʩʦʡʢ ʢʧʝ 

I-131 9,4E+12 4,1E+11  3,5E+11  

I-132 7,9E+11 5,2E+09  2,8E+09  

I-133 1,3E+13 3,1E+11  2,9E+11  

I-134 2,6E+11 -  -  

I-135 5,1E+12 7,8E+10  7,7E+10  

ʇʩʜʙʦʾʰʦʡʢ ʢʧʝ 

I-131 1,8E+12 8,4E+11 4,7E+11 4,5E+12 4,7E+12 

I-132 3,7E+11 3,1E+10 - 1,6E+11 - 

I-133 2,4E+12 2,9E+11 5,9E+08 1,8E+12 5,9E+09 

I-134 3,0E+10 - - - - 

I-135 8,9E+11 2,4E+10 - 1,8E+11 - 

ɰʦʞʩʫʦʾ ʜʙʠʡ 

Kr-85m 3,9E+13 4,3E+11 - 3,6E+13 - 

Kr-87 1,1E+13 - -  - 

Kr-88 6,2E+13 1,3E+11 - 1,1E+13 - 

Xe-133 2,4E+15 1,1E+15 2,0E+14 5,7E+16 2,0E+16 

Xe-135 6,2E+14 4,7E+13 - 2,9E+15 - 

Xe-138 7,8E+11 - - - - 

ɹʞʩʧʠʧʤʵ 

I-131 4,5E+13 6,8E+12 - 6,2E+11 - 

I-132 3,5E+13 7,9E+10 - 5,3E+09 - 

I-133 7,5E+13 5,7E+12 - 5,6E+11 - 

I-134 5,8E+12 - - - - 

I-135 4,5E+13 9,2E+11 - 9,2E+10 - 

Cs-134 1,1E+13 1,6E+12 2,5E+11 1,5E+11 2,5E+10 

Cs-137 5,2E+12 8,1E+11 1,6E+11 7,3E+10 1,6E+10 

ʊʘʙʣʠʮʷ 3: ɿʥʘʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʨʠ ʘʚʘʨʽʾ ʢʘʪʝʛʦʨʽʾ TAK2 (DEC2)  
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2.3.4 ʈʩʡ ʦʧʩʥʙʤʵʦʡʮ ʞʣʪʨʤʬʙʫʙʯʾʢʦʡʮ ʛʡʣʡʝʙʮ 

ɿʅɸʏɽʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ ɸʂʊʀɺʅʆʉʊɯ 

ʇʨʠ ʥʦʨʤʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʢʠʜʘʭ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʠʜʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʤʘʣʶʥʢʫ:  

 
ʈʠʩ. 5: ʇʦʣʝ ʽʥʪʝʛʨʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʠʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʟʘ ʧʦʚʥʠʡ 2011 ʨʽʢ 

ʧʦʙʣʠʟʫ ʟʘʧʣʘʥʦʚʘʥʠʭ ʙʣʦʢʽʚ ɸɽʉ, ʚ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ (0ï2 ʤ)  
fºldrajzi sz®less®g ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ 

fºldrajzi hossz¼s§g ʛʝʦʛʨʘʬʽʯʥʘ ʜʦʚʛʦʪʘ 

ɿʅɸʏɽʅʅʗ ʇʆʃʗ ʆʉɸɼɾɽʅʅʗ 

ʇʦʣʝ ʦʩʘʜʞʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʚʠʢʠʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʤʘʣʶʥʢʫ:  

 
ʈʠʩ. 6: ʇʦʣʝ ʦʩʘʜʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʟʘ ʧʦʚʥʠʡ 2011 ʨʽʢ ʧʦʙʣʠʟʫ ʟʘʧʣʘʥʦʚʘʥʠʭ ʙʣʦʢʽʚ 

ɸɽʉ 
fºldrajzi sz®less®g ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ 

fºldrajzi hossz¼s§g ʛʝʦʛʨʘʬʽʯʥʘ ʜʦʚʛʦʪʘ 

  



ɿɸʊ çʄɺʄ ʇʘʢʰ-ɯɯè ɽʧʪʤʾʝʟʞʦʦʸ ʛʨʤʡʛʬ ʦʙ ʦʙʛʣʧʤʡʱʦʼ ʪʞʩʞʝʧʛʡʲʞ 
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ɯʅɻɸʃʗʎɯʁʅɯ ɼʆɿʀ 

ʆʙʪʞʤʞʦʡʢ ʨʬʦʣʫ 

ʃʧʧʩʝʡʦʙʫʡ ʥʧʝʞʤʾ ɰʦʜʙʤʸʯʾʢʦʾ ʝʧʠʡ 

(ʝʧʩʧʪʤʙ ʤʷʝʡʦʙ) 

ʦʀʛ/ʩʾʣ 

ɰʦʜʙʤʸʯʾʢʦʾ ʝʧʠʡ 

(ʝʡʫʡʦʙ) 

ʦʀʛ/ʩʾʣ 
ʱʡʩʧʫʙ ʝʧʛʜʧʫʙ 

ˇʩʙʯ 15,50 47,1 1,420E-02 1,428E-02 

ɿʘʛʨʝʙ  15,95 45,8 3,560E-01 3,581E-01 

ɺʽʜʝʥʴ 16,40 48,2 3,741E-01 3,762E-01 

ɹʨʘʪʠʩʣʘʚʘ 17,15 48,2 6,750E-01 6,790E-01 

ʅʦʚʽ ʉʘʜ 19,85 45,3 9,892E-01 9,951E-01 

ɹʝʣʛʨʘʜ 20,45 44,8 8,876E-01 8,928E-01 

ɸʨʘʜ 21,35 46,2 6,228E-01 6,265E-01 

ʂʦʰʠʮʝ 21,35 48,7 4,156E-01 4,180E-01 

ʆʨʘʜʷ 21,95 47,0 1,808E-01 1,819E-01 

ʋʞʛʦʨʦʜ 22,25 48,6 2,515E-01 2,530E-01 

ʊʘʙʣʠʮʷ 4: ʈʦʟʨʘʭʦʚʘʥʽ ʨʽʯʥʽ ʽʥʛʘʣʷʮʽʡʥʽ ʜʦʟʠ, ɦ ʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʠʢʠʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ  

(ʜʣʷ ʜʦʨʦʩʣʠʭ ʪʘ ʜʽʪʝʡ)  

2.3.5 ʌ ʛʡʨʙʝʣʬ ʛʡʣʡʝʾʛ, ʲʧ ʨʞʩʞʛʞʩʱʬʷʫʵ ʥʞʟʾ ʚʙʠʡ ʨʩʧʞʣʫʬʛʙʦʦʸ.  

ʋ ʚʠʧʘʜʢʫ ʚʠʢʠʜʽʚ, ʱʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʤʝʞʽ ʙʘʟʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʘʜʽʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʜʘʥʦʾ 
ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʨʘʭʫʥʢʦʤ ʽʥʛʘʣʷʮʽʡʥʦʾ ʜʦʟʠ, ʪʘʢ ʷʢ ʟʥʘʯʝʥʥʷ ʽʥʰʠʭ ʜʦʟ, 
ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘ ʧʦʨʷʜʢʠ ʤʝʥʰʝ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʛʘʣʷʮʽʡʥʦʾ ʜʦʟʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʚ ʜʘʥʽʡ 
ʤʽʩʮʝʚʦʩʪʽ. 

ʊʦʤʫ ʚ ʨʘʤʢʘʭ ʩʠʤʫʣʷʮʽʾ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʦʯʽʢʫʚʘʥʽ ʩʝʨʝʜʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 
ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʠʜʽʚ ʢʘʪʝʛʦʨʽʾ TAK1 (DEC1) ʽ TAK2 (DEC2), ʷʢ ʜʣʷ ʨʘʥʥʽʭ ʪʘʢ ʽ ʜʣʷ ʧʽʟʥʽʭ 
ʚʠʢʠʜʽʚ. (ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʜʘʥʦʤʫ ʚʫʟʣʽ ʩʽʪʢʠ ï ʮʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 
ʘʢʪʠʚʥʦʩʪʽ ʩʠʤʫʣʴʦʚʘʥʠʭ ʥʘ ʧʝʨʽʦʜ ʦʜʥʦʛʦ ʨʦʢʫ. (ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʜʘʥʦʤʫ 
ʚʫʟʣʽ ʩʽʪʢʠ ï ʮʝ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʪʠʚʥʦʩʪʽ ʩʠʤʫʣʴʦʚʘʥʠʭ ʥʘ ʧʝʨʽʦʜ ʦʜʥʦʛʦ ʨʦʢʫ.)  

ʇʽʩʣʷ ʮʴʦʛʦ ʜʣʷ ʦʙʦʭ ʧʦʜʽʡ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʯʽʢʫʚʘʥʽ ʟʥʘʯʝʥʥʷ ʨʘʥʥʽʭ ʪʘ ʧʽʟʥʽʭ ʽʥʛʘʣʷʮʽʡʥʠʭ ʜʦʟ, ʷʢ ʜʣʷ 
ʜʦʨʦʩʣʠʭ, ʪʘʢ ʽ ʜʣʷ ʜʽʪʝʡ. (ʈʘʥʥʽʤʠ ʚʚʘʞʘʶʪʴʩʷ ʜʦʟʠ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 
ʫ ʚʠʧʘʜʢʫ TAK1 - ʥʘ ʙʘʟʽ ʚʠʢʠʜʽʚ 7-ʜʝʥʥʦʛʦ (0-7 ʜʥʽʚ) ʧʝʨʽʦʜʫ, ʘ ʫ ʚʠʧʘʜʢʫ TAK2 - ʥʘ ʙʘʟʽ ʚʠʢʠʜʽʚ 10-
ʜʝʥʥʦʛʦ (0-10 ʜʥʽʚ) ʧʝʨʽʦʜʫ. ʇʽʟʥʽʤʠ ʚʚʘʞʘʶʪʴʩʷ ʜʦʟʠ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 
ʥʘ ʙʘʟʽ ʚʠʢʠʜʽʚ 30-ʜʝʥʥʦʛʦ (0-30 ʜʥʽʚ) ʧʝʨʽʦʜʫ.) 

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʨʘʥʥʽʭ ʜʦʟ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʟʷʪʦ: ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʘʨʽʾ TAK1 (DEC1) ï 
ʚʠʢʠʜʠ ʟʘ 1-10 ʜʥʽʚ (ʪʘʙʣʠʮʷ 2), ʘ ʜʣʷ ʩʝʨʡʦʟʥʦʾ ʘʚʘʨʽʾ TAK2 (DEC2) - ʚʠʢʠʜʠ ʟʘ 0-7 ʜʥʽʚ (ʪʘʙʣʠʮʷ 3).  

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʧʽʟʥʽʭ ʜʦʟ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʟʷʪʦ: ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʘʨʽʾ TAK1 (DEC1) ï 
ʚʠʢʠʜʠ ʟʘ 30 ʜʥʽʚ (ʪʘʙʣʠʮʷ 2), ʘ ʜʣʷ ʩʝʨʡʦʟʥʦʾ ʘʚʘʨʽʾ TAK2 (DEC2) - ʚʠʢʠʜʠ ʟʘ 7-30 ʜʥʽʚ (ʪʘʙʣʠʮʷ 3).  

ɿʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ, ʱʦ ʣʝʞʘʪʴ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʫ, ʧʦʜʘʶʪʴʩʷ ʚ ʪʘʙʣʠʮʷʭ ʥʠʞʯʝ ʥʘ 
ʧʽʜʩʪʘʚʽ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʚʫʟʣʘʭ ʩʽʪʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʡʙʣʠʞʯʝ ʜʦ ʮʠʭ ʤʽʩʪ.  



ɿɸʊ çʄɺʄ ʇʘʢʰ-ɯɯè ɽʧʪʤʾʝʟʞʦʦʸ ʛʨʤʡʛʬ ʦʙ ʦʙʛʣʧʤʡʱʦʼ ʪʞʩʞʝʧʛʡʲʞ 

ɹʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʙʣʦʢʽʚ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸɽʉ çʇʘʢèh ʄʽʞʥʘʨʦʜʥʠʡ ʨʦʟʜʽʣ 
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ɿʅɸʏɽʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ ɸʂʊʀɺʅʆʉʊɯ 

ʇʦʣʷ ʩʝʨʝʜʥʽʭ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʪʠʚʥʦʩʪʽ, ʦʯʽʢʫʚʘʥʽ ʧʨʠ ʧʦʜʽʷʭ, ɦ ʦ ʧʝʨʝʚʝʨʰʫʶʪʴ 
ʙʘʟʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʜʣʷ ʚʠʢʠʜʽʚ ʢʘʪʝʛʦʨʽʡ TAK1 (DEC1) ʽ TAK2 (DEC2) ʟʦʙʨʘʞʝʥʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʤʘʣʶʥʢʘʭ. 

  

a) ʨʘʥʥʽ b) ʧʽʟʥʽ 

ʈʠʩ. 7: ʇʦʣʷ ʨʘʥʥʴʦʾ ʪʘ ʧʽʟʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʚʠʢʠʜʫ ʢʘʪʝʛʦʨʽʾ TAK1 (DEC1)) 
fºldrajzi sz®less®g ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ 

fºldrajzi hossz¼s§g ʛʝʦʛʨʘʬʽʯʥʘ ʜʦʚʛʦʪʘ 

 

  

a) ʨʘʥʥʽ b) ʧʽʟʥʽ 

ʈʠʩ. 8: ʇʦʣʷ ʨʘʥʥʴʦʾ ʪʘ ʧʽʟʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʚʠʢʠʜʫ ʢʘʪʝʛʦʨʽʾ TAK2 (DEC2)) 
fºldrajzi sz®less®g ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ 

fºldrajzi hossz¼s§g ʛʝʦʛʨʘʬʽʯʥʘ ʜʦʚʛʦʪʘ 

  








































