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ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʜʠʨʝʢʪʦʨ 

 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʂʘʟʠʤʠʨ ɺʦʣʦʜʠʤʠʨ ɺʽʢʪʦʨʦʚʠʯ, 
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ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈʆɹʆʊʀ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʣʶʜʩʪʚʦ ʧʦʩʪʽʡʥʦ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʧʦʚôʷʟʘʥʦ ʷʢ ʟ̔ 

ʧʦʩʪʽʡʥʠʤʠ ʚʠʢʠʜʘʤʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʮʝʩʽ ʥʦʨʤʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʚʘʨʽʡ. ʇʨʠʯʠʥʦʶ ʪʘʢʠʭ 

ʘʚʘʨʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ ʯʠ ʧʦʤʠʣʢʠ ʣʶʜʝʡ, ʘ ʥʘʩʣʽʜʢʦʤ ʫ ʙʫʜʴ-ʷʢʦʤʫ 

ʨʘʟʽ ʻ ʧʦʪʨʘʧʣʷʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʨʦʙʦʪ ̔

ʄ. ɺʘʣʴʜʠʯʫʢʘ (Waldichuk, 1989), ʩʝʨʝʜ ʨʝʯʦʚʠʥ, ʷʢʽ ʟʘʙʨʫʜʥʶʶʪʴ ʤʦʨʩʴʢʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʚʠʜʽʣʷʶʪʴʩʷ ʥʘʬʪʘ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʩʠʥʪʝʪʠʯʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʘʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʧʦʙʫʪʦʚʝ ʩʤʽʪʪʷ. ʋ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʨʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, 

ʱʦ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʘʶʪʴ ʩʭʦʞʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʣʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʠʥʪʝʪʠʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʽ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. 

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʪʨʽʙʥʦ ʚʦʣʦʜʽʪʠ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʾʭʥʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ ʪʘ ʜʦʚʢʽʣʣʷ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʽʟ ʨʘʜʽʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ PC-CREAM, NARAC, RODOS, ARGOS, WSPEEDI, MOIRA-PLUS ʪʘ 

ʽʥʰʽ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ, ʱʦ 

ʧʨʠʡʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʽʰʝʥʥʷ. 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʯʘʩʪʠʥʫ ʨʘʮʽʦʥʫ ʣʶʜʠʥʠ. ʈʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʯʝʨʝʟ ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ 

ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʪʘ ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʚʦʜʦʶ ʯʠ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ 

ʫʟʙʝʨʝʞʞʽ. ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʚ ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʻ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʯʠ ʨʝʘʣʽʟʘʮʽʾ ʜʝʷʢʦʛʦ ʩʮʝʥʘʨʽʶ 

ʤʦʞʣʠʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʜʝʣʽ ʧʦʚʠʥʥʽ ʙʨʘʪʠʩʷ ʜʦ ʫʚʘʛʠ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʦʧʠʩʫʚʘʪʠʩʷ ʧʨʦʮʝʩʠ, ʱʦ ʟ ʥʠʤ ʚʽʜʙʫʚʘʶʪʴʩʷ: ʧʝʨʝʥʦʩ ʧʽʜ ʜʽʻʶ 

ʪʝʯʽʡ, ʜʠʬʫʟʽ,̫ ʚʟʘʻʤʦʜʽ ̫ʟʽ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʽ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʧʘʜ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ. ɺʠʭʦʜʷʯʠ ʟ 

ʤʽʥʣʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʉʚʽʪʦʚʦʤʫ ʦʢʝʘʥʽ, 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʝʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʮʽ ʧʨʦʮʝʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʟ 

ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʧʦʩʪʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʝʨʝʟ ʾʭʥʶ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʫ ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʨʽʩʥʽ ʚʦʜʦʡʤʠ ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʚʞʠʚʘʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʩʧʦʞʠʚʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʠʭ ʯʝʨʝʟ 

ʧʨʽʩʥʦʚʦʜʥʽ ʰʣʷʭʠ. 
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ʇʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ (ʏɸɽʉ) ʫ ʨʘʤʢʘʭ ʧʨʦʝʢʪʽʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʉʦʶʟʫ ʽ ʟʘ ʫʯʘʩʪʽ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʉʠʩʪʝʤʘ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS (Real-time On-line 

DecisiOn Support). ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʩʧʽʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʜʣʷ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʤʦʞʣʠʚʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ, ʘ ʪʘʢʦʞ ʧʣʘʥʫʚʘʥʥʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʠʭ 

ʢʦʥʪʨʟʘʭʦʜʽʚ. ʇʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʩʪʘʣʘ ʟʨʦʟʫʤʽʣʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʚ ʩʠʩʪʝʤʫ RODOS ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʝʨʝʥʦʩʫ 

ʨʘʜ̔ʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ. ɺ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʷʭ ʧʨʦʮʝʩʠ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʜʫʞʝ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʘʙʦ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʜʣʷ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʢʦʞʥʦʛʦ ʦʨʛʘʥʽʟʤʫ ʽ ʤʦʞʫʪʴ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʦʯʫʶʯʦʾ ʚʦʜʠ. ʂʨʽʤ ʪʦʛʦ, ʮʽ ʤʦʜʝʣʽ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ 

ʥʝ ʚʭʦʜʠʣʠ ʚ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʡ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʪʨʘʧʣʷʶʪʴ 

ʨʽʟʥʽ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʚ ʥʠʭ ʤʦʜʝʣʝʡ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʘ ʦʮʽʥʦʢ ʜʦʟ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ ʽ 

ʤʦʨʩʴʢʠʭ ʰʣʷʭʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʠʭ ʪʝʤ ʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ: 

ñʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʽʚ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʫʨʷʜʫʚʘʥʥʷ (ɽ-ʉʀʉʊɽʄɸ)ò, ñʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʥʷ ʽ ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʽʪʥʽʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʘʭ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ɯʅʊɽɻʈɸʎɯʗ)ò, ñʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫ (ɻɯɼʈʆʄɽʊɽʆ)ò; ʧʨʦʝʢʪʫ 

ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʤʽʩʽʾ EURANOS ñɭʚʨʦʧʝʡʩʴʢʠʡ ʧʽʜʭʽʜ ʜʦ ʷʜʝʨʥʦʛʦ ʽ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʪʘ ʩʪʨʘʪʝʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷò (2006-2009 ʨʨ.); 

ʧʨʦʛʨʘʤʠ ʄɸɻɸʊɽ ñɽʢʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ EMRAS IIò 

(2009-2011 ʨʨ.); ʧʨʦʛʨʘʤʠ ʄɸɻɸʊɽ ñʄʦʜʝʣʶʚʘʥʥʷ ʽ ʜʘʥʽ ʜʣʷ ʦʮʽʥʦʢ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ MODARIAò (2012-2015 ʨʨ.); ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅɸʅ 

ʋʢʨʘʾʥʠ: ñʂʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʜʣʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦ ʣʽʢʚʽʜʘʮʽʾ 

ʥʘʩʣʽʜʢʽʚ ʟʘʙʨʫʜʥʝʥʴ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥʘʭ ʤʦʨʽʚò (2015-2016 ʨʨ.); ʧʨʦʛʨʘʤʠ 

ʄɸɻɸʊɽ ñʈʦʟʨʦʙʢʘ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʛʘʨʤʦʥʽʟʘʮʽʷ ʤʦʜʝʣʝʡ ʽ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʦʢ 

ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ MODARIA ɯɯò (2016-2019 ʨʨ.); ʩʧʽʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʗʧʦʥʩʴʢʦʛʦ 

ʪʦʚʘʨʠʩʪʚʘ ʟ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʠ ʪʘ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʋʢʨʘʾʥʠ ñʇʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʽʞ ʟʘʙʨʫʜʥʝʥʠʤʠ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʽ 

ʤʦʨʩʴʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʽʩʣʷ ʘʚʘʨʽʡ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ ʽ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉò 

(2016-2017 ʨʨ.); ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʝʢʪʫ ʄɸɻɸʊɽ IAEA CRP K41017 ñʇʦʚʝʜʽʥʢʘ ʪʘ 
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ʚʧʣʠʚʠ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʾʭʥʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʪʨʘʩʝʨʽʚ ʜʣʷ ʦʢʝʘʥʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴò (2017-2021 ʨʨ.); 

ʩʪʘʞʫʚʘʥʥʷ ʚ ʅʘʫʢʦʚʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʤ. 

ɸʙʽʢʦ (ʗʧʦʥʽʷ) ʟʘ ʪʝʤʦʶ ñʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʮʝʟʽʶ ʚ ʩʠʩʪʝʤʽ ʚʦʜʘ ï ʜʦʥʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ ï ʧʨʠʜʦʥʥʠʡ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡò 

(9 ʞʦʚʪʥʷ ï 9 ʣʠʩʪʦʧʘʜʘ 2018 ʨ.). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʰʠʨʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʷʢ ʥʦʚʠʭ, ʪʘʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ 

ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʮʽʥʢʠ 

ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ. ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ 

ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

- ʽʥʪʝʛʨʘʮʽʷ ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʥʠʤʠ ʰʣʷʭʘʤʠ ʚ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʽʟ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ; 

- ʘʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ POSEIDON-R ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ ʟ ʤʝʪʦʶ ʾʭʥʴʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS; 

- ʨʦʟʨʦʙʢʘ ʤʦʜʫʣʷ ʦʮʽʥʢʠ ʜʦʟ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ ʰʣʷʭʽʚ 

ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS; 

- ʨʦʟʚʠʪʦʢ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʚ ʥʝʾ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʯʝʨʝʟ ʜʦʥʥʠʡ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʩʦʣʦʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ ʽ ʢʘʣʴʮʽʶ) ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʚ 

ʨʦʟʧʨʽʩʥʝʥʠʭ ʚʦʜʦʡʤʘʭ; 

- ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʫ ʨʠʙʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʙʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʨʛʘʥʽʟʤʫ, ʪʘʢʠʭ ʷʢ ʤʘʩʘ ʽ 

ʧʦʣʦʞʝʥʥʷ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ, ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ POSEIDON-R ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʧʦʩʪʫʧʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʏʦʨʥʦʛʦ ʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʽ 

ʩʭʽʜʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ʗʧʦʥʽʾ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1; 

- ʽʥʪʝʛʨʘʮʽʷ ʤʦʜʝʣʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ 

ʧʝʨʝʥʦʩʫ THREETOX ʟ ʤʝʪʦʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ ʾʭʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʫʯʘʩʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʚ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʥʦʩʪʝʡ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ʚʧʝʨʰʝ 

¶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʮʝʜʫʨ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ 

ʤʦʜʝʣʷʤʠ ʟʜʽʡʩʥʝʥʘ ʽʥʪʝʛʨʘʮʽʷ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʚ ɭʚʨʦʧʝʡʩʴʢʫ 

ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʣʘʥʮʶʞʢʘ 

ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʨʘʜʽʘʮʽʡʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʡ ʥʘ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʝ ʣʠʰʝ ʥʘ ʤʦʨʩʴʢʦʤʫ 

ʫʟʙʝʨʝʞʞʽ, ʘʣʝ ʡ ʫ ʛʣʠʙʠʥʽ ʢʦʥʪʠʥʝʥʪʫ; 

¶ ʜʣʷ ʦʮʽʥʢʠ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʟ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʟʜʽʡʩʥʝʥʘ ʽʥʪʝʛʨʘʮʽʷ ʤʦʜʝʣ ̔

POSEIDON-R ʫ ʧʣʘʪʬʦʨʤʫ PREDO; 

¶ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ 

ʥʘʩʝʣʝʥʥʷʤ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʟʘʙʨʫʜʥʝʥʽ ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ ʰʣʷʭʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʫ 

ʩʠʩʪʝʤʽ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS; 

¶ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽ ̫ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʨʠʙʦʶ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʯʦʚʠʥ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʝʡ ʟʘʩʚʦʻʥʥʷ ʽ 

ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʤʘʩʠ ʨʠʙʠ; 

¶ ʟʜʽʡʩʥʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽ ̫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ, 

ɹʘʣʪʽʡʩʴʢʦʛʦ, ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʽʚ, ʤʦʨʽʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʽ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʜʣʷ ʧʝʨʽʦʜʫ ʟ 1945 ʧʦ 2020 ʨʦʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ 

¶ ʢʘʤʝʨʥʫ ʤʦʜʝʣ ɹ POSEIDON-R ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʜʦʥʥʦʛʦ 

ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʜʝ ʚʧʝʨʰʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʫ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ, ʪʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʦ ʾʾ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ʥʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

¶ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ 

THREETOX ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ 137Cs ʚ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʪʘ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʤʘʡʙʫʪʥʽʭ ʘʚʘʨʽʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

1) ʩʪʚʦʨʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʩʽʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʷʭ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʚʥʘʩʣʽʜʦʢ 

ʙʫʜʴ-ʷʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ɭʚʨʦʧʝʡʩʴʢʦʶ ʩʠʩʪʝʤʦʶ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ RODOS; 

2) ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ 

ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ FDMA ʚ ʩʠʩʪʝʤʽ RODOS, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʥʘʚʢʦʣʦ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ; 
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3) ʚʢʣʶʯʝʥʥʷʤ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʫ ʧʣʘʪʬʦʨʤʫ PREDO, ʱʦ 

ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ 

ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʐʚʝʮʽʾ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ; 

4) ʦʪʨʠʤʘʥʥʷʤ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ POSEIDON-R ʥʘʙʦʨʫ ñʝʪʘʣʦʥʥʠʭò ʢʘʤʝʨ, 

ʱʦ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʧʪʠʤʘʣʴʥʽ ʦʙʣʘʩʪʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʏʦʨʥʦʤʫ ʪʘ ʽʥʰʠʭ ʤʦʨʷʭ. 

ʊʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʽ: 

- ʚ ʋʢʨʘʾʥʩʴʢʦʤʫ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʤʫ ʮʝʥʪʨʽ ɼʉʅʉ ʋʢʨʘʾʥʠ ʫ ʯʘʩʪʠʥʽ 

ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʷ ʦʮʽʥʢʠ ʜʦʟ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ; 

- ʚ ʋʢʨʘʾʥʩʴʢʦʤʫ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ɼʉʅʉ ʋʢʨʘʾʥʠ ʪʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ʫ ʯʘʩʪʠʥʽ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʴ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

- ʥʘ ʈʽʚʥʝʥʩʴʢʽʡ ɸɽʉ ʫ ʯʘʩʪʠʥʽ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʷ ʦʮʽʥʢʠ ʜʦʟ ʜʣʷ ʥʘʩʝʣʝʥʥʷ 

ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡʥʠʭ ʚʠʢʠʜʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨ. ʉʪʠʨ; 

- ʚ ʢʦʤʧʘʥʽʾ çFacilia ABè (ʐʚʝʮʽʷ) ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʣʘʪʬʦʨʤʠ PREDO ʜʣʷ 

ʦʮʽʥʢʠ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ 

ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʐʚʝʮʽʾ; 

- ʚ ʂʦʨʝʡʩʴʢʦʤʫ ʽʥʩʪʠʪʫʪʽ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʢʝʘʥʫ (KIOST) ʜʣʷ ʦʮʽʥʢʠ 

ʧʦʪʝʥʮʽʡʥʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ, 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1; 

- ʚ ʊʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʂʘʨʣʩʨʫʝ (ʅʽʤʝʯʯʠʥʘ) ʫ ʯʘʩʪʠʥʽ ʨʦʟʨʦʙʢʠ 

ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʪʘ ʾʭʥʴʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ɻʽʜʨʦʤʦʜʫʣʴ ʩʠʩʪʝʤʠ RODOS. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ ʜʠʩʝʨʪʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

ʢʦʨʝʢʪʥʦʶ ʧʘʨʘʤʝʪʨʠʟʘʮʽʻʶ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʷ; ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ 

ʯʠʩʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ; ʙʣʠʟʴʢʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; ʫʟʛʦʜʞʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʦʪʨʠʤʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟ 

ʦʧʫʙʣʽʢʦʚʘʥʠʤʠ ʚ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʧʽʜʭʦʜʽʚ, ʧʘʨʘʤʝʪʨʠʟʘʮʽʡ ʪʘ 

ʟʜʽʡʩʥʝʥʥʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ, ʘ ʪʘʢʦʞ ʫʯʘʩʪʽ ʚ 

ʽʥʪʝʛʨʘʮʽʾ ʤʦʜʝʣʝʡ ʫ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ. ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʘʭ 

ʟʜʦʙʫʚʘʯʘ [9], [10], [12], [18] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʙʨʦʙʢʘ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʾʭʥʻ ʦʙʛʦʚʦʨʝʥʥʷ ʨʘʟʦʤ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʛʨʫʧʦʶ 

ʩʧʽʚʘʚʪʦʨʽʚ ʪʘ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ. ʋ ʨʦʙʦʪʘʭ [1], [3], [4] ʘʚʪʦʨʫ 

ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [5], 

[7], [8], [11], [16], [17], [20], [21] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, 

ʧʽʜʛʦʪʦʚʢʘ ʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʙʨʦʙʢʘ ʽ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʾʭʥʴʦʤʫ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʫʯʘʩʪʴ ʚ ʦʙʛʦʚʦʨʝʥʥʽ ʪʘ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ. ʋ ʨʦʙʦʪʘʭ [2], [13], [15], ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʽʥʪʝʛʨʫʚʘʥʥʷʤ 

ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʫ RODOS, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʚʥʝʩʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʤʽʥ ʫ 



6 
 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʝʣʝʡ, ʾʭʥʻ ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʽ [6] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʪʘ 

ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʽ [22] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʫʯʘʩʪʴ ʚ ʦʙʛʦʚʦʨʝʥʥʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ɼʦʧʦʚʽʜʽ ʥʘ 13 ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʘ ʷʢʠʤʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ, ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ 

ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ. ʋ ʚʠʧʘʜʢʫ ʽʥʰʠʭ 10 ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʢʦʥʬʝʨʝʥʮʽʡ ʘʚʪʦʨ 

ʧʨʠʡʤʘʚ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʜʦʧʦʚʽʜʝʡ ʪʘ ʥʘʧʠʩʘʥʥʽ ʪʝʟ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. ɿ ʨʦʙʽʪ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʦʙʠʩʪʦ ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʙʫʚʘʣʘʩʷ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʽ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ. ʄʘʪʝʨʽʘʣʠ ʨʽʟʥʠʭ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ, ʥʘ 8 ʢʦʥʬʝʨʝʥʮʽʷʭ ñʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʠʩʪʝʤ ʄʆɼʉò (2007, 2011, 2013, 2014, 2016, 2017, 2018, 2019 ʨʨ.), ʥʘ 4 

ʢʦʥʬʝʨʝʥʮʽʷʭ ɭʚʨʦʧʝʡʩʴʢʦʾ ʛʝʦʬʽʟʠʯʥʦʾ ʩʧʽʣʢʠ (ɺʽʜʝʥʴ, ɸʚʩʪʨʽʷ, 2013, 2014, 2015, 

2018 ʨʨ.), ʥʘ 3 ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʨʘʜʽʦʝʢʦʣʦʛʽʾ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɹʝʨʛʝʥ, ʅʦʨʚʝʛʽʷ, 2008 ʨ.; ɻʘʤʽʣʴʪʦʥ, ʂʘʥʘʜʘ, 2011 ʨ.; 

ɹʘʨʩʝʣʦʥʘ, ɯʩʧʘʥʽʷ, 2014 ʨ.), ʥʘ 2 ʢʦʥʬʝʨʝʥʮʽʷʭ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʝʥʝʨʛʝʪʠʮʽ ɻ.ɭ. ʇʫʭʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (2006, 2018 ʨʨ.), ʥʘ 2 ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʙʽʦʛʝʦʭʽʤʽʾ ʨʽʜʢʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ (ɸʪʝʥʩ, ʉʐɸ, 2013 ʨ.; ʌʫʢʫʦʢʘ, 

ʗʧʦʥʽʷ, 2015 ʨ.), ʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ 

ñʉʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘò (2015 ʨ.), ʥʘ ʱʦʨʽʯʥʦʤʫ 

ʟôʾʟʜʽ ʇʽʚʥʽʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʴʢʦʾ ʤʦʨʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (ʉʘʥ ɼʽʻʛʦ, ʉʐɸ, 

2016 ʨ.), ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʢʦʥʛʨʝʩʽ ʟ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ (ʂʝʡʧʪʘʫʥ, ʇʽʚʜʝʥʥʘ 

ɸʬʨʠʢʘ, 2016 ʨ.), ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʮʝʩʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʨʘʜʽʦʝʢʦʣʦʛʽʾ 

(ʉʝʚʽʣʴʷ, ɯʩʧʘʥʽʷ, 2016 ʨ.). 

ʈʦʙʦʪʘ ʚ ʮʽʣʦʤʫ ʜʦʧʦʚʽʜʘʣʘʩʷ ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ ʩʝʤʽʥʘʨʽ ʚʽʜʜʽʣʝʥʥʷ ˉ 2 

ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ. ʆʢʨʝʤʽ ʨʦʟʜʽʣʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʩʝʤʽʥʘʨʽ ʨʘʜʠ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ (2017 ʨ.), ʥʘ ʩʝʤʽʥʘʨʘʭ ʇʝʨʰʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʦʢʝʘʥʦʛʨʘʬʽʾ (FIO), ʎʠʥʜʘʦ, ʂʅʈ (2013-2018 ʨʨ.), ʥʘ ʩʝʤʽʥʘʨʘʭ ʂʦʨʝʡʩʴʢʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʥʘʫʢ ʧʨʦ ʦʢʝʘʥ (KIOST), ɸʥʩʘʥ, ʈʝʩʧʫʙʣʽʢʘ ʂʦʨʝʷ (2012-2017 ʨʨ.) ʪʘ 

ɹʫʩʘʥ, ʈʝʩʧʫʙʣʽʢʘ ʂʦʨʝʷ (2018-2019 ʨʨ.), ʥʘ ʩʝʤʽʥʘʨʘʭ ʋʥʽʚʝʨʩʠʪʝʪʫ ʌʫʢʫʩʽʤʠ ʪʘ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʎʫʢʫʙʠ (ʗʧʦʥʽʷ, 2018 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 45 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. 

ɿʦʢʨʝʤʘ, 17 ʩʪʘʪʝʡ ʫ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʽ Web of 

Science, 5 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ɼɸʂ ʋʢʨʘʾʥʠ, ʟ ʷʢʠʭ ʜʚʽ ʦʜʥʦʦʩʽʙʥʽ, 

ʪʘ 23 ʨʦʙʦʪʠ ʫ ʟʙʽʨʥʠʢʘʭ ʧʨʘʮʴ ʽ ʪʝʟ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʢʣʶʯʘʻ ʚʩʪʫʧ, ʩʽʤ 

ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 298 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 7 

ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 418 ʩʪʦʨʽʥʦʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ 321 

ʩʪʦʨʽʥʢʘ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ 114 ʨʠʩʫʥʢʽʚ ʽ 29 ʪʘʙʣʠʮʴ. 
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ʆʉʅʆɺʅʀʁ ɿʄɯʉʊ ʈʆɹʆʊʀ 

 

 

ʋ ʚʩʪʫʧʽ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙˇʨʫʥʪʦʚʘʥʘ ʚʘʞʣʠʚʽʩʪʴ ʽ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʣʘʜʝʥʘ ʤʝʪʘ ʨʦʙʦʪʠ, ʚʽʜʟʥʘʯʝʥʘ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʚʦʜʷʪʴʩʷ ʜʘʥʽ ʱʦʜʦ ʘʧʨʦʙʘʮʽʾ ʪʘ 

ʩʪʨʫʢʪʫʨʠ ʨʦʙʦʪʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʽʩʥʫʶʯʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʚʠʪʦʢʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʷʜʝʨʥʠʭ ʘʚʘʨʽʷʭ. 

ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʘʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʣʘʥʦʚʘʥʠʭ (ʨʝʛʫʣʷʨʥʠʭ) ʚʠʪʦʢʽʚ ʪʘ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ ʆ.ʄ. ʊʨʦʬʠʤʯʫʢʘ 

(Trofymchuk et al., 2015), ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʘʢʠʭ ʚʠʪʦʢʽʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʥʘ ʣʶʜʠʥʫ. ʆʧʠʩʘʥʦ ʰʣʷʭʠ ʚʧʣʠʚʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ 

ʣʶʜʠʥʫ ʫ ʚʠʛʣʷʜʽ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ. ʄʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʘʪʤʦʩʬʝʨʽ 

ʨʦʟʚʠʚʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ ʈ. ɼʨʘʢʩʣʝʨʘ, ɸ. ʉʪʦʣʷ, ʃ. ʈʦʙʝʨʪʩʦʥʘ, ɯ.ɺ. ʂʦʚʘʣʴʮʷ, 

ʄ.ʄ. ʊʘʣʝʨʢʘ ʪʘ ʽʥ. ʇʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ ʁ. ʆʥʽʰʽ, 

ʅ.ʖ. ʄʘʨʛʚʝʣʘʰʚʽʣʽ, ɺ.ʉ. ʄʘʜʝʨʠʯʘ, ʄ.ʁ. ɾʝʣʝʟʥʷʢʘ, ɯ.ʆ. ɹʨʦʚʯʝʥʢʘ, ʈ. ʇʝʨʽʘʥʝʩʘ, 

ɼʞ. ʆʣʜʨʽʜʞʘ, ʊ. ʂʦʙʘʷʰʽ, ɼ. ʎʫʤʫʥʝ, ʄ. ʅʘʢʘʥʦ ʪʘ ʽʥ. ʅʘʚʝʜʝʥʠʡ ʢʦʨʦʪʢʠʡ ʦʧʠʩ 

ʽʩʥʫʶʯʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʨʝʛʫʣʷʨʥʠʭ ʚʠʢʠʜʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʷʭ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʤʦʨʩʴʢʦʾ ʩʢʣʘʜʦʚʦʾ ʚ 

ʜʘʥʽ ʩʠʩʪʝʤʠ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʧʨʠʥʮʠʧʠ, ʥʘ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʷʜʝʨʥʠʭ ʘʚʘʨʽʷʭ RODOS. ɹʽʣʴʰʽʩʪʴ ʨʦʟʨʦʙʦʢ, 

ʟʜʡ̔ʩʥʝʥʠʭ ʫ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʦʟʚʠʪʦʢ ʽ ʨʦʟʰʠʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʜʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʨʽʟʥʦʛʦ ʪʠʧʫ: ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʜʦ 

ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʽ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʝʡ. ʅʘʜʘʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʷʢʠʭ ʚʠʧʘʜʢʽʚ ʾʭ ʥʘʡʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʶʪʴʩʷ ʟʘʛʘʣʴʥʽ 

ʧʨʠʥʮʠʧʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʟʘʚʠʩʣʠʤʠ (ʟʚʘʞʝʥʠʤʠ) ʫ ʚʦʜʽ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ ʜʦʥʥʠʤʠ 

ʚʽʜʢʣʘʜʝʥʥʷʤʠ. ʊʦʤʫ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʨʝʯʦʚʠʥʠ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʥʦʩ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʤʘ ʨʽʚʥʷʥʥʷʤʠ: ʜʣʷ ʨʦʟʯʠʥʝʥʦʾ ʬʘʟʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʘʜʩʦʨʙʦʚʘʥʦʾ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺ ʥʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜ ʜʽʻʶ ʪʝʯʽʡ ʽ ʧʨʦʮʝʩʽʚ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʘ 
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ʪʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽ ̫ʤʽʞ ʦʙʦʤʘ ʬʘʟʘʤʠ, ʟʘ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʩʪʘʥʥʽʡ ʜʦʜʘʥʦʢ 

ʫ ʢʦʞʥʦʤʫ ʨʽʚʥʷʥʥʽ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʟʯʠʥʝʥʽʡ ʬʘʟʽ ʤʘʻ ʚʠʛʣʷʜ 

 

( )1,2
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W W W
t h h d d W S
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z z x x y y
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µ µ µ µ
+ + +

µ µ µ µ
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¡= + + - -æ öæ ö æ ö

µ µ µ µ µ µç ÷ ç ÷ç ÷

=

,                 (1) 

 

ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʭ ʦʧʠʩʫʻʪʴʩʷ ʷʢ 
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( )1,2

d S d S d S d S
g

d S d S d S
t h h d d W S

S C S C S C S C
V W W

t x y z

S C S C S C
A A a S K C C

z z x x y y
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n
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µ µ µ µ

å õµ µ µµ µ µå õ å õ
¡= + + + -æ öæ ö æ ö

µ µ µ µ µ µç ÷ ç ÷ç ÷

=

,          (2) 

 

ʜʝ t ï ʯʘʩ, CW ʽ CS ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʾ ʫ ʚʦʜʽ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʽ 

ʘʜʩʦʨʙʦʚʘʥʦʾ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʚʽʜʜʧʦʚʽʜʥʦ, U, V, W ï ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ 

ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʥʘ ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ x, y, z, ʚʽʜʧʦʚʽʜʥʦ, Ah, nt¡ ï ʢʦʝʬʽʮʽʻʥʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʬʫʟʽʾ, ʚʽʜʧʦʚʽʜʥʦ, Sd ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ 

ʯʘʩʪʠʥʦʢ, Wg ï ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʨʦʟʤʽʨʫ, Kd ï 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ñʚʦʜʘ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠò, ʘ1,2 ï 

ʢʽʥʝʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ. ʋ ʚʠʧʘʜʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (1) ʽ (2) ʧʦʪʨʽʙʥʦ ʚʢʣʶʯʠʪʠ ʱʝ 

ʜʦʜʘʥʢʠ WCl-  ʽ S dC Sl- , ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ. ɺ ʥʠʭ l ï 

ʢʦʝʬʽʮʽʻʥʪ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʽʩʥʫʶʯʽ ʢʘʤʝʨʥʽ ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʘʤʝʨ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʘ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʟ 

ʥʠʭ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʛʨʘʥʠʮʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʯʽʡ ʽ 

ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʷʭ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʦʪʦʯʫʶʯʽʡ ʚʦʜʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʤʽʩʪʴ ʨʽʚʥʷʥʴ (1) ʽ (2) ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ C0 ʫ 

ʚʦʜʽ: 

 

( ) ( )0
0 0 0

1

d d
g T

d d

C K S
C W C C

t z K S
U

å õµ µ
+Ð - Ðæ ö

µ µ +ç ÷
= Ðɜ ,                              (3) 

 

ʜʝ U  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, Tɜ  ï ʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʽ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. 
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ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʘʤʢʘʭ ʢʘʤʝʨʥʦʾ 

ʤʦʜʝʣʽ ʘʜʚʝʢʪʠʚʥʠʡ ʽ ʜʠʬʫʟʽʡʥʠʡ ʜʦʜʘʥʢʠ ʨʽʚʥʷʥʥʷ (3) ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʦʢʘʤʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ, ʘ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ 

ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ï ʧʦʪʦʢʘʤʠ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʚʦʜʠ ʚ ʥʠʞʥʽ, ʘ ʧʦʪʽʤ ʽ ʚ ʜʥʦ. 

ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʜʥʽ ʥʘʡʯʘʩʪʽʰʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ, ʚ ʷʢʽʡ 

ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥ ̔ʪʨʦɹʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʰʘʨʘʤʠ ʫ ʢʦʞʥʽʡ ʢʘʤʝʨʽ. 

ʅʘʚʦʜʷʪʴʩʷ ʧʨʠʢʣʘʜʠ ʩʫʯʘʩʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʮʠʨʢʫʣʷʮʽʾ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʆʢʨʝʤʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʪʨʠʚʠʤʽʨʥʽʡ ʤʦʜʝʣʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ THREETOX, ʫ ʨʦʟʨʦʙʮʽ ʷʢʦʾ ʙʨʘʚ ʫʯʘʩʪʴ ʘʚʪʦʨ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɺʢʘʟʘʥʦ, ʱʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʜʦʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʪʘʧʦʤ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʨʦʙʦʪʠ ʙʫʜʴ-ʷʢʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʚ ʤʦʥʦʛʨʘʬʽʾ ɺ.ɺ. ʃʠʪʚʠʥʦʚʘ 

(ʃʠʪʚʠʥʦʚ ʠ ʜʨ., 2013). 

ɿʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʚʦʥʠ ʨʝʘʣʽʟʦʚʘʥʽ. 

ʆʢʨʝʩʣʝʥʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʜʭʦʜʫ, ʘ ʪʘʢʦʞ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. 

ɺʽʜʤʽʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʾʭʥʴʦʛʦ ʧʝʨʝʥʦʩʫ ʧʦ ʪʨʦʬʽʯʥʠʭ ʣʘʥʮʶʞʢʘʭ 

ʞʠʚʣʝʥʥʷ, ʷʢʘ ʧʦʚʠʥʥʘ ʝʬʝʢʪʠʚʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʽʚ ʫ ʚʠʧʘʜʢʫ 

ʘʚʘʨʽʡʥʠʭ ʽ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʅʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʱʝ ʚ 

ʩʝʨʝʜʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ, ʟʦʢʨʝʤʘ ʚ ʨʦʙʦʪʘʭ ɻ.ɻ. ʇʦʣʽʢʘʨʧʦʚʘ. ɺʽʜʪʦʜʽ ʨʦʟʫʤʽʥʥʷ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, 

ʧʦʩʪʫʧʦʚʦ ʧʦʢʨʘʱʫʚʘʣʦʩʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʤʦʨʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ (ʨʽʚʥʦʚʘʞʥʠʡ 

ʧʽʜʭʽʜ). ʆʩʥʦʚʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ 

ʦʨʛʘʥʽʟʤʽ Corg ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʪʦʯʫʶʯʽʡ ʡʦʛʦ ʚʦʜʽ Cw: 

 

org wC CF C= Ö ,                                                            (4) 

 

ʜʝ CF ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ 

ʟʘʩʚʦʶʚʘʪʠ ʧʝʚʥʫ ʨʝʯʦʚʠʥʫ. ɺʠʤʦʛʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʻ ʫʤʦʚʘ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʽ ñʚʦʜʘ-ʦʨʛʘʥʽʟʤò, ʘ ʪʘʢʦʞ 

ʚʽʜʩʫʪʥʽʩʪʴ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʝʨʝʚʘʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʤʦʨʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ, ʤʘʶʯʠ ʣʠʰʝ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʽ ʽ ʚʝʣʠʯʠʥʫ CF. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʙʫʪʠ 

ʚʧʝʚʥʝʥʠʤ ʫ ʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ, ʘ ʪʘʢʦʞ ʫ ʪʦʤʫ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. ʅʘʙʽʨ ʘʢʪʫʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ CF ʜʣʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʝʨʽʦʜʠʯʥʦ ʧʫʙʣʽʢʫʻʪʴʩʷ ʚ 

ʪʝʭʥʽʯʥʠʭ ʟʚʽʪʘʭ ʄʽʞʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ (ʄɸɻɸʊɽ). 
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ʇʨʠ ʘʚʘʨʽʡʥʦʤʫ ʚʠʪʦʮʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʘ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʽ, ʪʦʜʽ ʷʢ ʾʾ ʟʘʩʚʦʻʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʡʤʘʻ ʜʝʷʢʠʡ ʯʘʩ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʤʝʪʘʙʦʣʽʟʤʫ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʟʘʩʚʦʻʥʥ ̫

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʤʦʨʩʴʢʠʤ ʦʨʛʘʥʽʟʤʦʤ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

0.5

org

f f f w w w org

dC
C B C K C= A K K

dt
+ - ,                                        (5) 

 

ʜʝ Af ʽ Bw ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʩʚʦʻʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʾʞʽ ʽ ʚʦʜʠ, ʚʽʜʧʦʚʽʜʥʦ, Cf ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʾʞʽ, Kf ʽ Kw ï ʚʝʣʠʯʠʥʘ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, 

ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʦʨʛʘʥʽʟʤʦʤ, ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ, 

ʚʽʜʧʦʚʽʜʥʦ, K0.5 ï ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʫ ʯʘʩʪʦ ʚʠʨʘʞʘʶʪʴ ʯʝʨʝʟ 

ʧʝʨʽʦʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʦʨʛʘʥʽʟʤʫ T0.5: 0.5 0.5ln 2 /K T= . 

ʈ̔ ʚʥʷʥʥʷ (5) ʭʘʨʘʢʪʝʨʥʝ ʣʠʰʝ ʜʣʷ ʨʝʯʦʚʠʥ, ʷʢʽ ʦʜʥʦʨʽʜʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ 

ʦʨʛʘʥʽʟʤʽ. ʗʢʱʦ ʞ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʦ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʚʥʽ 

ʥʘʙʣʠʞʝʥʥʷ ʽ ʩʧʨʦʱʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʝʚʥʠʭ 

ʨʝʯʦʚʠʥ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ ɼʞ. ɺʽʚʝʩʘ ʽ ɹʘʪʣʝ (Vives i Batlle et al., 2008) ʚʚʦʜʠʪʴʩʷ 

ʧʦʥʷʪʪʷ ñʰʚʠʜʢʦʾò ʽ ñʧʦʚʽʣʴʥʦʾò ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʟʤʫ ʟ ʤʦʨʩʴʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʚ 

ʨʦʙʦʪʽ ʈ. ʍʝʣʽʥʛʘ (Heling et al., 2002) ʫ ʨʘʤʢʘʭ ʤʦʜʝʣʽ BURN ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ 

ʦʨʛʘʥʠ ʯʠ ʪʢʘʥʠʥʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʘʥʽ ʧʽʜʭʦʜʠ 

ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʝʤʧʽʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ. 

ʋ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʩʽ ʦʨʛʘʥʽʟʤʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷʭ 

ñʭʠʞʘʢ-ʞʝʨʪʚʘò, ʬʦʨʤʫʶʯʠ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ. ɺʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʚ ʡʦʛʦ ʾʞʽ ʤʘʻ 

ʥʘʟʚʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʦʬʽʯʥʦʛʦ ʧʝʨʝʥʦʩʫ TTF. ʇʨʠ TTF > 1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ (ʙʽʦʧʽʜʩʠʣʝʥʥʷ), ʘ ʧʨʠ 

TTF < 1 ï ʥʘʚʧʘʢʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʘʭ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ ʥʠʞʯʠʭ 

ʣʘʥʦʢ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʜʦ ʚʠʱʠʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʧʝʣʘʛʽʯʥʠʡ ʣʘʥʮʶʞʦʢ 

ʞʠʚʣʝʥʥʷ. ʄʦʜʝʣʴ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʚ ʜʦʥʥʦʤʫ ʣʘʥʮʶʞʢʫ 

ʞʠʚʣʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ ʖ. ʊʘʪʝʜʠ (Tateda et al., 2013), ʘʣʝ ʚ ʥʽʡ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. 

ɼʝʪʘʣʴʥʽʰʝ ʦʧʠʩʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣ ɹ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʣʘʥʮʶʞʢʫ 

ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ BURN, ʷʢʘ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʥʘʩʪʫʧʥʠʭ 

ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R. ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʝʣʽ ʻ ʪʝ, 

ʱʦ ʜʣʷ ʨʠʙʠ ʨʽʚʥʷʥʥʷ (5) ʦʧʠʩʫʻ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʣʠʰʝ ʚ 

ʪʢʘʥʠʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (ʤôʷʟʘʭ, ʢʽʩʪʢʘʭ, ʰʣʫʥʢʫ ʘʙʦ ʦʨʛʘʥʘʭ), ʘ 

ʚʤʽʩʪʦʤ ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ ï ʥʝʭʪʫʻʪʴʩʷ. 

ɼʣʷ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽʩʥʫʻ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ï ʬʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʝʡ ʜʘʥʦʛʦ ʪʠʧʫ ʟʘʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ 
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ʨʽʟʥʠʤʠ ʦʨʛʘʥʘʤʠ ʯʝʨʝʟ ʢʨʦʚ. ʗʢ ʧʨʘʚʠʣʦ, ʚ ʥʠʭ ʨʠʙʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʢʽʣʴʢʦʭ ʚʽʜʜʽʣʝʥʴ, ʪʘʢʠʭ ʷʢ ʢʨʦʚ, ʪʢʘʥʠʥʠ ʥʘʢʦʧʠʯʝʥʥʷ (ʤôʷʟʠ ʪʘ ʢʽʩʪʢʠ), ʟʷʙʨʘ, 

ʰʣʫʥʦʢ, ʥʠʨʢʠ, ʧʝʯʽʥʢʘ ʽ ʪʨʘʚʥʠʡ ʢʘʥʘʣ. ʈʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʦʨʛʘʥʘʤʠ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʦʙʤʽʥ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʤʽʞ ʢʨʦʚôʶ ʽ ʢʦʞʥʠʤ ʦʨʛʘʥʦʤ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʣʷ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʻ ʯʫʪʣʠʚʠʤʠ ʜʦ ʙʫʜʴ-

ʷʢʠʭ ʟʤʽʥ ʫʤʦʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʙʪʦ, ʜʘʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʣʠʰʝ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ ʪʠʭ ʨʝʯʦʚʠʥ, ʜʣʷ ʷʢʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʦʨʦʪʢʦ ʦʧʠʩʘʥʘ ʘʣʦʤʝʪʨʠʯʥʘ ʪʝʦʨʽʷ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʰʚʠʜʢʩ̔ʪɹ ʤʝʪʘʙʦʣʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʤʘʩʠ. ɿʘ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷʤ ʤʽʥʽʤʫʤʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʧʨʠ ʨʦʟʧʦʜʽʣʝʥʥʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʤʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ ʚ 

ʦʨʛʘʥʽʟʤ ̔ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʤʘʩʠ ʚ ʩʪʝʧʝʥʽ Ĳ, ʱʦ ʜʦʚʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʽ ɼʞ. ɺʝʩʪʘ 

(West et al., 1997). ʋ ʢʽʣʴʢʦʭ ʤʦʜʝʣʷʭ ʧʝʨʝʥʦʩʫ 137Cs ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʣʠʰʝ ʜʣʷ ʚʝʣʠʯʠʥʠ T0.5. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʠʡ ʥʦʚʽʡ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʠʙʦ ,ʁ ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʥʝʩʦʢ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ. ʋ ʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ̔ 

ʧʨʠʧʫʱʝʥʥʷ: 1) ʦʨʛʘʥʽʟʤ ʨʠʙʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʦʤʽʨʦʢ, ʫ ʢʦʞʥʽʡ ʟ ʷʢʠʭ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʝ ʨʽʚʥʦʤʽʨʥʦ; 2) ʫʩʽ ʢʦʤʽʨʢʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ 

ʪʢʘʥʠʥ: ʤôʷʟʠ, ʢʽʩʪʢʠ ʽ ʦʨʛʘʥʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʽʚ; 3) ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʦʨʛʘʥʽʟʤ ʟ̔ ʚʦʜʠ ʯʝʨʝʟ ʟʷʙʨʘ ʪʘ ʟ ʾʞʽ ʯʝʨʝʟ 

ʪʨʘʚʥʫ ʩʠʩʪʝʤʫ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʪʢʘʥʠʥʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 4) 

ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʮʠʭ ʪʢʘʥʠʥ; 5) ʰʚʠʜʢʦʩʪʽ 

ʟʘʩʚʦʻʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ ʨʠʙʠ, ʟʛʽʜʥʦ ʟ 

ʘʣʦʤʝʪʨʠʯʥʦʶ ʪʝʦʨʽʻʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʪʨʴʦʭ ʨʽʚʥʷʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʦʧʠʩʫʻ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʦʢʨʝʤʽʡ ʪʢʘʥʠʥʽ (ʢʽʩʪʢʘʭ Cbone, ʤôʷʟʘʭ Cmuscle ʽ ʦʨʛʘʥʘʭ Corgan): 

 

0.5( )

0.5( )

0.5( )

bone
b f f b w w b bone

muscle
m f f m w w m muscle

organ

o f f o w w o organ

dC
a K C b K C K C

dt

dC
a K C b K C K C

dt

dC
a K C b K C K C

dt

ë
= + -î

î
î

= + -ì
î
î

= + -î
í

,                                     (6) 

 

ʜʝ ai ʪʘ bi ï ʢʦʝʬʽʮʽʻʥʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʾʞʽ 

ʪʘ ʟ ʚʦʜʠ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʢʽʩʪʦʢ (i = b), ʤôʷʟʽʚ (i = m) ʪʘ ʦʨʛʘʥʽʚ (i = o). ɸʥʘʣʦʛʽʯʥʦ, ʚ 

ʢʦʞʥʦʤʫ ʨʽʚʥʷʥʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʪʢʘʥʠʥʠ K0.5(i). 

ʋ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʤʝʪʘʙʦʣʽʟʤ ʨʠʙʠ ʚʽʜ ʾʾ ʤʘʩʠ M, ʟʛʽʜʥʦ ʟ ʘʣʦʤʝʪʨʠʯʥʦʶ ʪʝʦʨʽʻʶ. ɿʦʢʨʝʤʘ, ʚʝʣʠʯʠʥʘ 
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ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʽ ʢʽʣʴʢʩ̔ʪɹ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʾ ʯʝʨʝʟ ʟʷʙʨʘ ʚʦʜʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʥʘ 

ʦʜʠʥʠʮʶ ʤʘʩʠ ʨʠʙʠ ʤʘʻ ʚʠʛʣʷʜ 

 
1/4

ff M=K a - ,             1/4
ww M=K a - .                                         (7) 

 

ɸʥʘʣʦʛʽʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʜʣʷ ʰʚʠʜʢʦʩʪ̔ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʦʨʛʘʥʽʟʤʫ K0.5 ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ 

T0.5, ʟʛʽʜʥʦ ʟ ʨʦʙʦʪʘʤʠ A. ʍʝʥʜʨʽʢʩʘ (Hendriks, 2007) ʪʘ ʅ. ɹʝʨʝʩʬʦʨʜʘ (Beresford et 

al., 2016): 

 

1/4
0.5( ) ii M=K a - ,          1/4

0.5( )

ln 2
i

i

T M
a
= ,                                        (8) 

 

ʜʝ af, aw ʽ ai ï ʘʣʦʤʝʪʨʠʯʥʽ ʩʪʘʣʽ, ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘ 

ʦʩʥʦʚʽ ʟʥʘʡʜʝʥʠʭ ʫ ʣʽʪʝʨʘʪʫʨʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʋ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʠʭ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʘʣʦʤʝʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʘʨʘʤʝʪʨʠ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʠʙʠ ʨʽʟʥʦʾ ʤʘʩʠ 

M, ʢʛ Kf, ʢʛ/(ʢʛÖʜ) Kw, 

ʤ3/(ʢʛÖʜ) 

T0.5 

(ʦʨʛʘʥʠ), ʜ 

T0.5 (ʤôʷʟʠ), 

ʜ 

T0.5 

(ʢʽʩʪʢʠ), ʜ 

0,0002 0,1 0,67 3 12 82 

0,006 0,043 0,29 7 28 193 

0,2 0,018 0,12 17 66 464 

4 0,0085 0,057 36 140 980 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ai ʪʘ bi ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʟ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ 

ʤʦʜʝʣʽ (6) ʚ ʫʤʦʚʘʭ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ ʽ ʚ ʨʠʙʽ ʪʘ ʚ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʚ ʦʨʛʘʥʽʟʤ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ 

ʪʢʘʥʠʥʘʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʚʦʥʦ ʪʫʜʠ ʧʦʪʨʘʧʠʣʦ (ʟ ʚʦʜʦʶ ʯʠ ʟ ʾʞʝʶ): 

 

3

1

i

i i
i

i i

i fa A

CR
CR

a

ma

=

=

ä
,                i i

w f

b a

B A
= ,                                        (9) 

 

ʜʝ CRi ï ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʜʦ 

ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ i-ʪʽʡ ʪʢʘʥʠʥʽ, mi ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ i-ʪʦʾ ʪʢʘʥʠʥʠ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ai ʪʘ bi ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ Af, Bw, 

CRi ʽ mi, ʷʢʽ ʻ ʚʽʜʦʤʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʧʫʙʣʽʢʘʮʽʡ ʉ. ʇʫʽ (Pouil et al., 

2018), ʊ. ʗʥʢʦʚʽʯ (Yankovich, 2003; Yankovich et al., 2010), ʖ. ʊʘʪʝʜʠ (Tateda et al., 

2013). 

ɸʥʘʣʽʟʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (9), ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʢʦʞʥʦʶ ʪʢʘʥʠʥʦʶ ʟʘʣʝʞʠʪʴ ʣʠʰʝ 
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ʚʽʜ ʪʠʧʫ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʨʠʙʠ. ʎʝ ʻ ʥʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʦʪʨʠʤʘʥʠʤ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʫ ʤʦʜʝʣʽ ʧʨʠʧʫʱʝʥʴ ʽ ʩʧʨʦʱʝʥʴ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʦ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʚ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ 

ʣʠʰʝ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʨʘʮʽʦʥʫ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʟʥʘʡʜʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʦʬʽʯʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʭʠʞʘʢ ï ʞʝʨʪʚʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʣʠʰʝ ʮʝʟʽʡ ʩʝʨʝʜ 9 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʘʣʽʚ, ʜʣʷ ʷʢʠʭ ʚʽʜʦʤʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʠ, ʤʘʻ 

ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. ɼʣʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʥʝʩʢʫ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʚ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ, ʩʘʤʝ ʮʷ ʪʢʘʥʠʥʘ ʚʽʜʽʛʨʘʻ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ, ʘ ʚʤʽʩʪʦʤ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. ʇʨʦʮʝʩ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʢʽʩʪʢʦʚʽʡ ʪʢʘʥʠʥʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ. 

ʍʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʦʜʥʦʛʦ ʨʦʢʫ. 

ʗʢʱʦ ʟʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʦʨʛʘʥʘʭ, ʪʦ ʾʭʥʽʡ ʚʥʝʩʦʢ ʫ 

ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ ʧʦʨʽʚʥʷʥʠʡ ʟ̔ ʚʥʝʩʢʦʤ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʦʨʛʘʥʽʚ, ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʤôʷʟʽʚ. ʊʦʤʫ ʥʘʚʽʪʴ 

ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ ʜʘʻ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʟʘʛʘʣʴʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʜʘʥʠʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʨʽʟʥʠʭ ʨʦʙʦʪʘʭ. ɿʦʢʨʝʤʘ, ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽ, ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʙʦʪʽ ʊ. ʄʝʪʴʶʟ (Mathews et al., 2008), ʚʽʜʙʫʚʘʣʦʩʷ 

ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ 57Co, 54Mn ʽ 134Cs ʤʘʣʴʢʘʤʠ ʜʦʨʘʜʠ (Sparus auratus) 

ʩʝʨʝʜʥʴʦʶ ʤʘʩʦʶ 0,2 ʛ ʟ ʚʦʜʠ ʧʨʦʪʷʛʦʤ 22 ʜʥʽʚ. ʋ ʘʥʘʣʦʛʽʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚ 

ʨʦʙʦʪʽ ʈ. ɼʞʝʬʨʽ (Jeffree et al., 2006) ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʟʘʩʚʦʻʥʥʷ ʮʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʢʘʣʢʘʥʦʤ (Psetta maxima), ʱʦ ʻ ʨʽʟʥʦʚʠʜʦʤ ʢʘʤʙʘʣʠ, ʤʘʩʦʶ 6,7Ñ1,4 ʛ ʧʨʦʪʷʛʦʤ 14 

ʜʥʽʚ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʟʘʩʚʦʻʥʥʷ ʟʛʘʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʨʠʙʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʤʘʩʠ ʨʠʙʠ ʚ ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ (ʪʘʙʣ. 1). ʈʦʟʨʘʭʦʚʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʴʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʠʙʽ ʟʘʛʘʣʦʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʤʽʨʘʤʠ (ʨʠʩ. 1). 

ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʨʦʟʨʦʙʣʝʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʨʠʙʠ ʨʽʟʥʦʾ ʤʘʩʠ, 

ʪʘʢ ʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ. 

ʉʭʦʞʠʤ ʯʠʥʦʤ ʙʫʚ ʚʽʜʪʚʦʨʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʽ ɾ.ʇ. ɹʦʜʽʥʘ 

(Baudin et al., 2000), ʧʦ ʟʘʩʚʦʻʥʥʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 60Co, 54Mn ʽ 137Cs ʦʩʦʙʠʥʘʤʠ 

ʤʦʣʦʜʦʾ ʬʦʨʝʣʽ (Oncorhynchus mykiss) ʤʘʩʦʶ 11,3Ñ1,2 ʛ ʟ ʾʞʽ ʧʨʦʪʷʛʦʤ ʬʘʟʠ 

ʟʘʩʚʦʻʥʥʷ ʪʘ ʟʘʪʫʭʘʥʥʶ ʾʭʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʨʛʘʥʽʟʤʽ ʫ ʬʘʟʽ ʚʠʚʝʜʝʥʥʷ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʠʙʽ ʟ ʚʠʤʽʨʷʥʠʤʠ. 

 



14 
 

 
(ʘ) 

 
(ʙ) 

 
(ʚ) 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʦʚʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 57Co (ʘ), 54Mn (ʙ) ʽ 134Cs (ʚ) ʫ 

ʨʠʙʽ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʚʦʜʽ (ʣʽʥʽʾ ʥʘ ʛʨʘʬʽʢʘʭ) ʪʘ ʮʽ ʞ ʚʽʜʥʦʰʝʥʥʷ, 

ʦʪʨʠʤʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ (ʪʦʯʢʠ ʟ ʜʦʚʽʨʯʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ), ʜʣʷ ʤʘʣʴʢʽʚ ʜʦʨʘʜʠ ʽ 

ʢʘʣʢʘʥʫ 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʦʜʠʪʴʩʷ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ POSEIDON-R, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʾʾ ʥʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. ʄʦʜʝʣʴ POSEIDON-R 

ʦʧʠʩʫʻ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʩʠʩʪʝʤʫ ʢʘʤʝʨ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ. ʂʦʞʥʘ ʟ ʢʘʤʝʨ ʤʦʜʝʣʽ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʫʜʴ-ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʪʨʠʚʠʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʫ ʚʦʜʽ ʽʩʥʫʻ ʧʦʩʪʽʡʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ. ɿʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʦʪʨʘʧʠʣʦ ʫ ʚʦʜʫ, ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʤʽʞ ʢʘʤʝʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʯʽʡ ʽ ʧʨʦʮʝʩʽʚ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ ʪʘ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʦʨʙʮʽʾ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʟ ʯʘʩʦʤ 

ʦʩʽʜʘʶʪʴ ʥʘ ʜʥʦ, ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʤʽʞ ʚʦʜʦʶ ʽ ʜʥʦʤ. ʇʝʨʝʥʦʩ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʢʘʤʝʨʘ ʚʢʣʶʯʘʻ ʪʨʠ ʰʘʨʠ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. 
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ʈʽʚʥʷʥʥʷ ʤʦʜʝʣʽ POSEIDON-R ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʘ (3) ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʫ ʢʦʞʥʽʡ ʢʘʤʝʨʽ ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ 

- ʜʣʷ ʚʦʜʥʠʭ ʰʘʨʽʚ: 

 

,0
0 0 0 0( 1) 1 0 2 1

0 0 1

( ) ,
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jm ik ik i k ik ik k k sik

m j ik jm k

F F LC
C C C C C Q

t V V h
g g l g+

è øµ
= - + - + + +é ù

µ é ùê ú
ää ;       (10) 

 

- ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ: 
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- ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ: 
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ʊʫʪ C0ik ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʰʘʨʽ ʚʦʜʠ i ʢʘʤʝʨʠ k (i = 1 ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʧʨʠʜʦʥʥʦʛʦ ʰʘʨʫ ʚʦʜʠ), C1k  ̔ C2k ï ʦʙôʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ 

ʚʝʨʭʥʴʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʰʘʨʘʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʢʘʤʝʨʠ k, ʚʽʜʧʦʚʽʜʥʦ, ɚ ï ʩʪʘʣʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ, Fijkm ï ʧʦʪʦʢʠ ʚʦʜʠ ʟ ʰʘʨʫ i ʢʘʤʝʨʠ k ʚ ʰʘʨ j ʢʘʤʝʨʠ m, V0ik ʽ 

hik ï ʦʙôʻʤ ʽ ʪʦʚʱʠʥʘ i-ʪʦʛʦ ʰʘʨʫ ʚʦʜʠ ʚ ʢʘʤʝʨʽ k, ʚʽʜʧʦʚʽʜʥʦ, Lt,k ʽ Lm,k ï ʪʦʚʱʠʥʠ 

ʚʝʨʭʥʴʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ ʢʘʤʝʨʽ k, ʚʽʜʧʦʚʽʜʥʦ, Qsik ï ʪʦʯʢʦʚʝ 

ʜʞʝʨʝʣʦ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ i-ʪʦʤʫ ʰʘʨʽ ʚʦʜʠ ʢʘʤʝʨʠ k, ɔ0iké ɔ5k ï ʢʦʝʬʽʮʽʻʥʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʢʘʤʝʨʠ k, ʧʦʚôʷʟʘʥʽ ʟ ʦʩʽʜʘʥʥʷʤ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʾʭʥʴʦʶ ʨʝʩʫʩʧʝʥʟʽʻʶ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʘʤʠ ʜʠʬʫʟʽʾ ʽ ʙʽʦʪʫʨʙʘʮʽʾ ʫ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ʇʨʠ ʮʴʦʤʫ ʚʧʝʨʰʝ ʩʝʨʝʜ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʝʡ ʙʫʚ ʚʨʘʭʦʚʘʥʠʭ 

ʧʦʪ̔ʢ ʘʢʪʠʚʥʦʩʪʽ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʚʦʜʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʨʝʩʫʩʧʝʥʟʽʾ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʧʨʠʜʦʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʫ ʤʽʣʢʠʭ ʢʘʤʝʨʘʭ [17]. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʨʽʤ ʧʝʣʘʛʽʯʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ 

ʽʥʰʠʭ ʤʦʜʝʣʷʭ, ʧʦʪʨʽʙʥʦ ʪʘʢʦʞ ʦʧʠʩʫʚʘʪʠ ʜʦʥʥʠʡ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ (ʨʠʩ. 2) ʜʣʷ 

ʦʧʠʩʫ ʧʝʨʝʭʦʜʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ [11]. ʁʦʛʦ 

ʧʦʯʘʪʢʦʚʦʶ ʣʘʥʢʦʶ ʻ ʦʨʛʘʥʽʯʥʘ ʬʨʘʢʮʽʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ 

ʨʽʚʥʦʚʘʟʽ ʟ ʥʝʦʨʛʘʥʽʯʥʦʶ, ʟ ʧʨʦʧʦʨʮʽʡʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʥʠʤʠ. ʉʘʤʝ 

ʦʨʛʘʥʽʯʥʫ ʬʨʘʢʮʽʶ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʩʧʦʞʠʚʘʶʪʴ ʜʦʥʥʽ ʙʝʟʭʨʝʙʝʪʥʽ ʦʨʛʘʥʽʟʤʠ, 

ʟʘʩʚʦʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʨʫʜʥʝʥʥʷ ʟ̔ ʜʥʘ. ʇʨʠʜʦʥʥʘ ʨʠʙʘ ʭʘʨʯʫʻʪʴʩʷ ʷʢ 

ʜʦʥʥʠʤʠ ʙʝʟʭʨʝʙʝʪʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʦʶ ʬʨʘʢʮʽʻʶ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. 

ɼʦ ʨʘʮʽʦʥʫ ʜʦʥʥʠʭ ʭʠʞʘʢʽʚ ʚʭʦʜʷʪʴ ʨʽʟʥʽ ʪʠʧʠ ʙʝʟʭʨʝʙʝʪʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʧʨʠʜʦʥʥʽ 

ʨʠʙʠ. ʊʘʢʦʞ ʚ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠʙʝʨʝʞʥʽ ʭʠʞʘʢʠ ʷʢ ʪʠʧ, ʱʦ ʭʘʨʯʫʻʪʴʩʷ 

ʧʝʣʘʛʽʯʥʠʤʠ ʽ ʜʦʥʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚ ʧʨʠʙʝʨʝʞʥʽʡ ʦʙʣʘʩʪʽ. ʊʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʟ ʤʝʪʦʶ ʦʧʠʩʫ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʨʠʙ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ʨʘʮʽʦʥʦʤ ʽ ʧʦʣʦʞʝʥʥʷʤ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʣʘʥʮʶʞʢʽʚ ʞʠʚʣʝʥʥʷ [11] ʫ ʤʦʜʝʣʽ 

POSEIDON-R. ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤʢʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ 

ʦʨʛʘʥʽʟʤʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʾʭʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʦʜʠʥ ʦʜʥʠʤ 

 

ʏʝʨʝʟ ʰʚʠʜʢʠʡ ʤʝʪʘʙʦʣʽʟʤ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʴʦʤʫ 

Cph ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 

ʄɸɻɸʊɽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʘʣʴʥʦʤʫ ʟʘʩʚʦʻʥʥʶ ʨʘʜʽʦʥʫʢʣʽʜʘ ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʶ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ʧʝʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʥʦʩʥʦ ʚʦʜʠ, 

ʨʽʟʥʠʤ ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ: 

 

Wph phC CF C= Ö ,                                                              (13) 

 

ʜʝ CFph ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʚʦʜʦʨʦʩʪʷʭ Calg, ʷʢʽ ʟʘʩʚʦʶʶʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʠ ʚʠʢʣʶʯʥʦ ʟ ʚʦʜʠ, ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʦʩʣʠʥʽ ʚʞʝ ʥʝ ʤʦʞʥʘ 

ʥʝʭʪʫʚʘʪʠ. ʊʦʤʫ ʜʣʷ ʚʦʜʦʨʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ ʽ ʚʠʚʝʜʝʥʥʷ ʡʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ: 

 

( )
0.5( )

ln 2alg

alg w alg

alg

dC
CF C C

T
=

dt
Ö - Ö ,                                              (14) 

 

ʜʝ CFalg ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʚʦʜʦʨʦʩʪʝʡ, 0.5( )algT  ï ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ 

ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʨʦʩʣʠʥʠ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʢʨʽʤ ʨʠʙʠ, ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ (5), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʧʫʙʣʽʢʘʮʽʡ ɼʞ. ɺʽʚʝʩʘ ʽ ɹʘʪʣʝ 
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(Vives i Batlle et al., 2007), ʖ. ʊʘʪʝʜʠ (Tateda et al., 2013), ʂ. ɯʚʘʪʠ (Iwata et al., 2013), 

ʊ. ʉʦʪʦʤʝ (Sohtome et al., 2014). ɼʣʷ ʨʠʙʠ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʦʚʘ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. ɸʣʝ ʫ ʚʠʧʘʜʢʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʨʽʚʥʦʤʽʨʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ (ʥʘʧʨʠʢʣʘʜ, ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ 
134,137Cs), ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (5), ʚ 

ʷʢʦʤʫ ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʦʨʛʘʥʽʟʤʫ T0.5 ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ. ʈʘʮʽʦʥ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ n ʨʽʟʥʠʭ ʪʠʧʽʚ ʾʞʽ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʾʞʽ Cf ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʤʫʚʘʥʥʷ: 

 

0

pred
prey,if prey,i

prey,i

n

i

drw
=   C C P

drw=
ä ,                                              (15) 

 

ʜʝ ,prey iC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʾʞʽ ʪʠʧʫ i , ,prey iP  ï ʯʘʩʪʢʘ ʾʞʽ ʪʠʧʫ i ʚ 

ʨʘʮʽʦʥʽ, preddrw  ï ʯʘʩʪʢʘ ʩʫʭʦʾ ʤʘʩʠ ʚ ʦʨʛʘʥʽʟʤʽ ʭʠʞʘʢʘ, preydrw  ï ʯʘʩʪʢʘ ʩʫʭʦʾ ʤʘʩʠ ʚ 

ʦʨʛʘʥʽʟʤʽ ʞʝʨʪʚʠ. ɯʥʜʝʢʩ ñ0ò ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. 

ʋ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʩʚʦʻʥʥʷ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʞʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ. ɼʣʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ 

ʢʦʥʢʫʨʫʶʯʠʤ ʻ ʽʦʥ ʢʘʣʽʶ K+, ʘ ʜʣʷ ʩʪʨʦʥʮʽʶ ï ʽʦʥ ʢʘʣʴʮʽʶ Ca2+ ʯʝʨʝʟ ʩʭʦʞʽʩʪʴ 

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʞ ʜʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʋ ʤʦʜʝʣʽ ʮʝ ʨʝʘʣʽʟʦʚʘʥʦ [1] ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʽ ʚʦʜʦʨʦʩʪʝʡ ʧʨʠ 

ʟʘʩʚʦʻʥʥʽ ʥʠʤʠ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ ʜʣʷ ʽʟʦʪʦʧʽʚ ʩʪʨʦʥʮʽʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʚʦʜʠʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʜʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʩʦʣʦʥʦʩʪʽ ʚʦʜʠ, ʷʢʘ ʽ ʚʠʟʥʘʯʘʻ ʚʤʽʩʪ ʽʦʥʽʚ ʢʘʣʽʶ ʽ ʢʘʣʴʮʽʶ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʜʘʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʟʧʨʽʩʥʝʥʽʡ ʚʦʜʽ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ. 

ʋʩʽ ʧʨʦʮʝʩʠ ʚ ʤʦʜʝʣʽ POSEIDON-R ʦʧʠʩʫʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

re

d

dt
A= +

C
C Q ,                                                          (16) 

 

ʜʝ ʉ ï ʚʝʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʽʡ, A ï ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʘ ʚʢʣʶʯʘʻ ʟʥʘʯʝʥʥʷ 

ʧʦʪʦʢʽʚ ʚʦʜʠ ʤʽʞ ʢʘʤʝʨʘʤʠ, ʧʘʨʘʤʝʪʨʠ ʣʘʥʮʶʞʢʽʚ ʞʠʚʣʝʥʥʷ ʪʘ ʽʥ., Qre ï ʚʝʢʪʦʨ 

ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ. ʇʨʠ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʟ ʯʘʩʦʤ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʦ-ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʤʝʪʦʜ, ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪʽ 

ɹ. ʇʘʪʪʝʥʘ (Patten, 1971), ʷʢʠʡ ʜʘʻ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (16). 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚ ʥʴʦʤʫ ʚʽʜʩʫʪʥʽ ʧʦʭʠʙʢʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʘ ʧʝʚʥʦʶ 

ʩʭʝʤʦʶ, ʷʢ ʮʝ ʟʘʟʚʠʯʘʡ ʙʫʚʘʻ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. 

ʊʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʨʠʚʘʥʥʷ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʷʜʫ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 
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ʤʘʪʨʠʯʥʦʾ ʝʢʩʧʦʥʝʥʪʠ ʨʷʜʦʤ ʊʝʡʣʦʨʘ. ʏʘʩʦʚʠʡ ʢʨʦʢ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ 

ʨʽʚʥʷʥʥʷ (16) ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʧʨʦʤʽʞʢʘʤʠ, ʥʘ ʷʢʠʭ ʚʝʣʠʯʠʥʘ Qre ʥʝ ʟʤʽʥʶʻʪʴʩʷ, 

ʱʦ ̒ ʚʘʞʣʠʚʠʤ ʧʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʋ ʤʦʜʝʣʽ POSEIDON-R, ʢʨʽʤ ʩʪʘʥʜʘʨʪʥʦʾ ʜʦʟʠ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʝʧʨʦʜʫʢʪʽʚ, ʙʫʣʦ ʜʦʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʦʟʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʜʠʭʘʥʥʷ ʨʦʟʧʠʣʝʥʦʾ ʚ ʧʦʚʽʪʨʽ ʤʦʨʩʴʢʦʾ 

ʚʦʜʠ, ʘ ʪʘʢʦʞ ʦʮʽʥʶʚʘʪʠ ʜʦʟʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ 

ʧʣʷʞʽ, ʧʣʘʚʘʥʥʷ ʫ ʯʦʚʥʽ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʚʦʜʽ. 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ POSEIDON-R ʫ ʩʠʩʪʝʤ ̔RODOS ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʞʝ 

ʛʦʪʦʚʫ ʦʙʣʘʩʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʥʪʝʛʨʦʚʘʥʫ ʚ ʩʠʩʪʝʤʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʥʘʙʦʨʦʤ 

ʢʘʤʝʨ ʟ̔ ʚʠʟʥʘʯʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʧʦʪʦʢʘʤʠ ʚʦʜʠ ʤʽʞ ʥʠʤʠ, ʷʢʽ ʙ 

ʚʽʜʪʚʦʨʶʚʘʣʠ ʨʝʘʣʴʥʫ ʩʠʩʪʝʤʫ ʪʝʯʽʡ ʫ ʨʝʛʽʦʥʽ. ɺ ʩʠʩʪʝʤʽ RODOS, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʚ 6-ʪʠ ʦʙʣʘʩʪʷʭ (ʨʠʩ. 3), ʜʣʷ 

ʷʢʠʭ ʥʘʣʘʰʪʦʚʘʥʘ ʤʦʜʝʣʴ POSEIDON-R: ʏʦʨʥʝ, ɹʘʣʪʽʡʩʴʢʝ, ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʷ, ʤʦʨʷ 

ʧʚ̔ʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʤʦʨʷ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʪʘ ʇʽʚʜʝʥʥʦ-ʂʠʪʘʡʩʴʢʝ ʤʦʨʝ. ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ ʜʦ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ, ʘ 

ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ̔ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ 

ʨʦʟʜʽʣʘʭ 4, 5 ʽ 6 ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʰʽʩʪʴ ʦʙʣʘʩʪʝʡ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʜʣʷ ʷʢʠʭ ʙʫʣʘ ʘʜʘʧʪʦʚʘʥʘ ʢʘʤʝʨʥʘ 

ʤʦʜʝʣʴ POSEIDON-R ʫ ʩʠʩʪʝʤ ̔RODOS 

 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ 137Cs ʽ 90Sr ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʤʝʨʥʦʾ 

ʤʦʜʝʣʽ POSEIDON-R. ʆʩʢʽʣʴʢʠ ʏʦʨʥʝ ʤʦʨʝ ʟʚôʷʟʘʥʝ ʟ ʉʝʨʝʜʟʝʤʥʠʤ, ʜʣʷ ʥʠʭ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʟʘʛʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ (ʨʠʩ. 4), ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʦʪʦʢʠ 

ʨʘʜ̔ʦʘʢʪʠʚʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʤʦʨʷʤʠ. ʆʙôʻʤ ʽ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʢʦʞʥʦʾ ʢʘʤʝʨʠ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʛʣʠʙʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 
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ɭʚʨʦʧʝʡʩʴʢʦʾ ʤʦʜʝʣʽ ʦʢʝʘʥʫ NEMO, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʉʣʫʞʙʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (CMEMS ï Copernicus Marine Environment 

Monitoring Service) ʟʘ ʧʦʩʠʣʘʥʥʷʤ http://marine.copernicus.eu/. ɻʣʠʙʦʢʽ ʦʙʣʘʩʪʽ ʙʫʣʠ 

ʧʦʜʽʣʝʥʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ ʜʣʷ ʢʨʘʱʦʛʦ ʦʧʠʩʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʘʢʪʠʚʥʦʩʪʽ. ʂʽʣʴʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʫ ʪʦʚʱʽ ʚʦʜʠ 

ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʛʣʠʙʠʥʠ. ʇʦʪʦʢʠ ʚʦʜʠ ʤʽʞ ʢʘʤʝʨʘʤʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ 

ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ 10 ʨʦʢʽʚ ʪʨʠʚʠʤʽʨʥʠʭ ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʦʶ ʤʦʜʝʣʣʶ 

NEMO ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʨʝʘʥʘʣʽʟʫ. ɺʨʘʭʦʚʫʚʘʣʠʩʷ ʪʘʢʦʞ ʧʦʪʦʢʠ ʚʦʜʠ ʟ 

ʦʩʥʦʚʥʠʭ ʨʽʯʦʢ, ʦʙʤʽʥ ʚʦʜʦʶ ʟ ɸʟʦʚʩʴʢʠʤ ʤʦʨʝʤ ʪʘ ʟ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʏʦʨʥʦʛʦ ʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʽʚ [21]. ʊʝʤʥʠʤ 

ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʽ ʛʣʠʙʦʢʦʚʦʜʥʽ ʢʘʤʝʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʦʚʱʫ ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 4 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ. ʂʘʤʝʨʠ ʟ̔ ʪʨʴʦʤʘ ʽ ʜʚʦʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʰʘʨʘʤʠ ʧʦʟʥʘʯʝʥʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ. ʄʽʣʢʦʚʦʜʥʽ ʢʘʤʝʨʠ, ʷʢʽ ʥʝ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʧʦʟʥʘʯʝʥʽ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 137Cs ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʧʝʨʽʦʜʫ 1945-2020 ʨʦʢʽʚ [19]. ʉʝʨʝʜ ʜʞʝʨʝʣ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʷ ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ, ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʪʘ ʩʪʽʢ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʦʩʥʦʚʥʠʭ ʨʽʯʦʢ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʘʩʝʡʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʚʠʤʽʨʘʤʠ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ 

ʨʽʟʥʠʭ ʢʨʘʾʥ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤʠ ʜʣʷ ʚʦʜʠ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʽ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʫ ʨʽʟʥʠʭ ʢʘʤʝʨʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʅʘʧʨʠʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʦʜʠ 

ʚ ʫʩʽʭ ʢʘʤʝʨʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ ʟʘ ʚʝʩʴ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʪʴ 0,91. 

ʅʘ ʨʠʩ. 5 ʟʦʙʨʘʞʝʥʽ ʧʨʦʬʽʣʽ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʚ ʢʘʤʝʨʽ 69. ʋʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

http://marine.copernicus.eu/
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ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʽʟʥʠʭ ʰʘʨʘʭ ʚʦʜʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ ʧʨʦʮʝʩʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ɺʠʜʥʦ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʫʞʝ 

ʧʦʚʽʣʴʥʦ ʧʨʦʥʠʢʘʻ ʫ ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʅʘʚʽʪʴ ʯʝʨʝʟ 20 ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ 

ʥʘ ʏɸɽʉ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʙʽʣʷ ʜʥʘ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 1 ɹʢ ʤ-3 ʧʨʠ ʧʦʚʝʨʭʥʝʚʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʣʠʟʴʢʦ 20 ɹʢ ʤ-3. 

 

 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ 137Cs ʽ 90Sr 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜ ʩʦʣʦʥʦʩʪʽ 

(ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ 

ʢʘʣʽʶ K+ ʽ ʢʘʣʴʮʽʶ Ca2+, ʚʽʜʧʦʚʽʜʥʦ) 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʝ ʫʟʛʦʜʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ 

ʷʢ ʜʣʷ ʥʝʭʠʞʠʭ, ʪʘʢ ʽ ʜʣʷ ʭʠʞʠʭ 

ʚʠʜʽʚ ʨʠʙʠ ʫ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ 

ʣʠʤʘʥʽ, ʚ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʜʦʩʠʪʴ ʥʠʟʴʢʘ ʩʦʣʦʥʽʩʪʴ S = 3. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʨʦʟʧʨʽʩʥʝʥʥʷ ʤʦʨʩʴʢʦʾ 

ʚʦʜʠ ʜʦ ʩʦʣʦʥʦʩʪʽ S = 18, ʷʢʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ 

ʏʦʨʥʦʛʦ ʤʦʨʷ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʢʝʘʥʩʴʢʦʶ ʩʦʣʦʥʽʩʪʶ S = 33, ʥʝ ʤʘʻ 

ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʘʩʚʦʻʥʥʷ ʜʘʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ. 

ʈʠʩʫʥʦʢ 5 ï ʇʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʟ 

ʚʠʤʽʨʘʤʠ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʽʣʽ (ʢʘʤʝʨʘ 

69) ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ [19, 21] 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʜʝʣʶʚʘʣʦʩʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʟ ʚʠʤʽʨʘʤʠ ʫ ʚʦʜʽ ʚ ʨʽʟʥʠʭ 

ʢʘʤʝʨʘʭ ʜʦʩʷʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʩʪʘʥʦʚʠʣʦ ʙʣʠʟʴʢʦ 900 ʊɹʢ. ʎʷ ʚʝʣʠʯʠʥʘ ʚʪʨʠʯʽ ʙʽʣʴʰʘ, ʥʽʞ ʦʮʽʥʢʠ, 

ʟʜʽʡʩʥʝʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭʥʴʦʛʦ 

ʧʝʨʝʛʣʷʜʫ. ɺ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʽ ʦʮʽʥʢʠ ʚʤʽʩʪʫ 137Cs ʽ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʥʘ ʦʩʥʦʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʤʽʩʪ ʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʜʦʥʥʠʭ 

ʚʜ̔ʢʣʘʜʝʥʥʷʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 3% ʡʦʛʦ ʚʤʽʩʪʫ ʫ ʚʦʜʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʜʫʞʝ ʧʦʚʽʣʴʥʠʤ 

ʧʨʦʥʠʢʥʝʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʟ ʥʘʩʪʫʧʥʠʤ ʦʩʽʜʘʥʥʷʤ 

ʥʘ ʜʥʦ. ʈʦʟʨʘʭʦʚʘʥʠʡ ʚʤʽʩʪ 137Cs ʽ 90Sr ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 100-ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʧʨʠ ʟʘʜʘʥʠʭ ʜʞʝʨʝʣʘʭ ʮʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʮʽʥʢʘʤʠ, ʟʜʽʡʩʥʝʥʠʤʠ 

ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʫ ʟʥʠʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ ʜʘʶʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʤʦʨʷ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ. 

ʋ ʧôʪ̫ʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩʫʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʷʭ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʉʝʨʝʜʟʝʤʥʦʛʦ 

ʤʦʨʷ, ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʫʣʦ ʛʣʦʙʘʣʴʥʝ ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ʃʠʰʝ ʚ ʥʝʚʝʣʠʢʽʡ ʯʘʩʪʠʥʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ, 
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ʘ ʩʘʤʝ ʚ ɸʜʨʽʘʪʠʯʥʦʤʫ ʽ ɽʛʝʡʩʴʢʦʤʫ ʤʦʨʷʭ, ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʽʩʣʷ ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʚʥʘʩʣʽʜʦʢ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ 2000-ʭ ʨʦʢʘʭ 

ʩʪʘʣʘ ʧʨʘʢʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʶ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʚ ʷʢʦʤʫ ʚʩʝ ʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

(ʨʠʩ. 5). ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ̔ʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʘʣʦ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ 

ʤʽʞ ʥʠʤʠ [21], ʭʦʯʘ ʮʠʭ ʜʘʥʠʭ ʻ ʥʝʙʘʛʘʪʦ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʠʤ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʝʨʝʥʦʩʫ 137Cs ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʥʦʚʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ (ʨʠʩ. 6), ʧʦʻʜʥʘʥʘ ʟ ʽʩʥʫʶʯʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʧʽʚʥʽʯʥʦ-

ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ. ɺ ʥʽʡ ʢʘʤʝʨʠ, ʛʣʠʙʠʥʦʶ ʧʦʥʘʜ 60 ʤ, ʜʽʣʷʪʴʩʷ 

ʥʘ ʜʚʘ ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ (ʧʦʚʝʨʭʥʝʚʠʡ ʽ ʧʨʠʜʦʥʥʠʡ) ʜʣʷ ʢʨʘʱʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ̔ʩʪʨʘʪʠʬʽʢʘʮʽʻʶ ʤʦʨʷ. ʆʙʤʽʥ ʚʦʜʦʶ ʤʽʞ ʢʘʤʝʨʘʤʠ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʥʘ 

ʦʩʥʦʚʽ ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ 10 ʨʦʢʽʚ ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ 3-ʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ SMHI 

ʐʚʝʜʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʚʩʷ ʧʨʠʪʽʢ ʨʽʯʢʦʚʦʾ 

ʚʦʜʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʨʘʚʠʣʴʥʠʡ ʙʘʣʘʥʩ ʚʦʜʠ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ ʪʘ ʧʦʪʽʢ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʨʽʯʦʢ. 

ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ ɻʝʣʴʩʽʥʩʴʢʦʾ ʢʦʤʽʩʽʾ (HELCOM), ʫ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ 

ʧʦʪʨʘʧʠʣʦ 1800 ʊɹʢ 137Cs ʫ ʨʝʟʫʣʴʪʘʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚʽʜ ʚʠʧʨʦʙʫʚʘʥʴ 

ʘʪʦʤʥʦʾ ʟʙʨʦʾ, 250 ʊɹʢ ʽʟ ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ ʉʝʣʣʘʬʽʣʜ (ɸʥʛʣʽʷ) ʽ ʃʘ ʍʘʛ 

(ʌʨʘʥʮʽʷ), 4700 ʊɹʢ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ ʽ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 

ʏɸɽʉ ʪʘ 300 ʊɹʢ ʟ ʚʦʜʦʶ ʨʽʯʦʢ. 

 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʚʠʤʽʨʘʤʠ ʚ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʷʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ [11]. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʠ ʙʫʣʠ 

ʫʩʝʨʝʜʥʝʥʽ ʧʦ ʨʦʢʘʭ ʽ ʟʛʨʫʧʦʚʘʥʽ ʧʦ 

ʦʙʣʘʩʪʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʤʝʨʘʤ 

ʤʦʜʝʣʽ. ʏʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʢʦʞʥʦʾ ʢʘʤʝʨʠ. ʋ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ 

ʫʟʛʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʭʠʞʦ ʾ

ʧʝʣʘʛʽʯʥʦ ʾ ʨʠʙʠ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ 

ʟʤʽʥʶʻʪʴʩʷ ʩʣʽʜʦʤ ʟʘ ʡʦʛʦ ʟʤʽʥʘʤʠ ʚ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʟ ʘʥʘʣʦʛʽʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ 

ʟʘʪʫʭʘʥʥʷ (0,08 ʨ-1). ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ   137Cs   ʫ   ʧʨʠʜʦʥʥʽʡ   ʨʠʙʽ 

ʈʠʩʫʥʦʢ 6 ï ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ 

ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ [11, 16]. ɿʘʪʝʤʥʝʥʽ 

ʢʘʤʝʨʠ ʤʘʶʪʴ ʜʚʘ ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ ʫ 

ʚʦʜʽ 
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ʢʦʨʝʣʶʶʪʴ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʟʽ ʩʭʦʞʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,06 ʨ-1 [16]. ɺʘʞʣʠʚʠʤ ʙʫʣʦ 

ʚʨʘʭʫʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ 137Cs ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜ 

ʩʦʣʦʥʦʩʪʽ (ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ), ʘʜʞʝ ʚ ʧʽʚʥʽʯʥʠʭ ʦʙʣʘʩʪʷʭ 

ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʨʦʟʧʨʽʩʥʝʥʥʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʪʦʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʯʢʦʚʦʾ ʚʦʜʠ. 

ɿʜʽʡʩʥʶʚʘʣʦʩ ̫ʪʨʠʚʠʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 

ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ THREETOX [9]. ɼʣʷ ʮʴʦʛʦ ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ ʧʨʦʤʽʞʢʫ 3,0·4,5 ʢʤ ʽ 20-ʤʘ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʨʽʚʥʷʤʠ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʟ ʧʦʯʘʪʢʫ 1986 ʨʦʢʫ ʜʦ ʢʽʥʮʷ 1990 

ʨʦʢʫ. ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ, 

ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ THREETOX ʽ 

ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R, ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ. 

ɺ ʦʩʥʦʚʥʦʤʫ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ, ʘ ʽʥʦʜʽ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʨʽʟʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʘ ʙʫʣʠ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʠʤʠ. ʆʙʠʜʚʽ ʤʦʜʝʣʽ 

ʜʘʶʪʴ ʜʫʞʝ ʩʭʦʞʽ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʚʝʜʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟ ʤʝʥʰ ʟʘʙʨʫʜʥʝʥʦʶ ʚʦʜʦʶ, ʧʨʦʥʠʢʥʝʥʥʷ ʚ 

ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʽ ʦʩʽʜʘʥʥʷ ʥʘ ʜʥʦ, ʘ ʪʘʢʦʞ ʟʤʽʥ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʫ 

ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʤʦʨʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʯʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʨʠʤʘʪʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʦʮʽʥʢʠ ʟʤʽʥ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʘʩʰʪʘʙʘʭ ʮʽʣʦʛʦ ʤʦʨʷ. 

ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʚʢʣʶʯʘʻ 

103 ʨʝʛʽʦʥʘʣʴʥʽ ʢʘʤʝʨʠ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʇʽʚʥʽʯʥʝ ʤʦʨʝ, ɯʨʣʘʥʜʩʴʢʝ ʤʦʨʝ, ʂʝʣʴʪʩʴʢʝ 

ʤʦʨʝ, ɹʽʩʢʘʡʩʴʢʫ ʟʘʪʦʢʫ, ɸʥʛʣʽʡʩʴʢʠʡ ʢʘʥʘʣ ʽ ʧʨʠʣʝʛʣʽ ʦʙʣʘʩʪʽ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ. 

ɯʨʣʘʥʜʩʴʢʝ ʤʦʨʝ, ʟʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ ʉ. ʐʘʨʤʘʩʩʦʥ (Charmasson et al., 2014), ʚʩʝ ʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʽʚ ʫ ʩʚʽʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʦʢʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʟʘʚʦʜʫ ʧʦ ʟʙʘʛʘʯʝʥʥʶ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʉʝʣʣʘʬʽʣʜ (ɸʥʛʣʽʷ), ʷʢʠʡ 

ʜʦʩʷʛʥʫʚ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ 70-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ. ɺʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ, ʧʽʩʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʧʦʯʠʥʘʶʯʠ ʟ 90-ʭ ʨʦʢʽʚ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʧʦʯʠʥʘʻ ʧʦʚʝʨʪʘʪʠʩʷ ʫ ʚʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ 

ʜʠʬʫʟʽʾ ʪʘ ʨʝʩʫʩʧʝʥʟʽʾ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʚʦʜʽ ʫ ʜʚʘ ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʧʨʦʮʝʩ ʨʝcʫʩʧʝʥʟʽʾ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ (ʨʠʩ. 7). ʉʘʤʝ ʚʨʘʭʫʚʘʥʥʷ ʧʦʪʦʢʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʜʥʘ ʫ ʚʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʩʫʩʧʝʥʟʽʾ [17] ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ 

ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʟ ʚʠʤʽʨʷʥʠʤʠ ʜʣʷ ʚʦʜʠ ʽ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ (ʨʠʩ. 7). 

ɿʘʛʘʣʦʤ ʜʣʷ ʢʦʞʥʦʾ ʟ ʦʧʠʩʘʥʠʭ ʦʙʣʘʩʪʝʡ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

ʟ̔ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʠʭ ʚʽʜʥʦʰʝʥ ɹ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 

ʚʠʤʽʨʷʥʠʭ (GM) ʪʘ ʩʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʠʭ ʚʽʜʭʠʣʝʥ ɹ (GSD), ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 2. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʝʣʴ POSEIDON-R ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ ʧʝʨʝʥʦʩ 
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ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙʣʘʩʪʷʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʦʪʝʥʮʽʡʥʠʭ 

ʘʚʘʨʽʡ ʫ ʨʘʤʢʘʭ ɭʚʨʦʧʝʡʩʴʢʦʾ ʩʠʩʪʝʤʠ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS. 

 

  
ʈʠʩʫʥʦʢ 7 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ ʚʦʜʽ (ʟʣʽʚʘ) ʽ 

ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ (ʩʧʨʘʚʘ) ʚ ʦʜʥʽʡ ʟ ʢʘʤʝʨ ɯʨʣʘʥʜʩʴʢʦʛʦ ʤʦʨʷ [17] 

 

ʊʘʙʣʠʮʷ 2 ï ʉʪʘʪʠʩʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʚ ʤʦʜʝʣ ̔

POSEIDON-R ʽ ʚʠʤʽʨʷʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs ʜʣʷ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ 

 ʏʦʨʥʝ 

ʤʦʨʝ 

ɹʘʣʪʽʡʩʴʢʝ 

ʤʦʨʝ 

ʉʝʨʝʜʟʝʤʥʝ 

ʤʦʨʝ 

ʇʥ.-ʩʭ. 

ɸʪʣʘʥʪʠʢʘ 

ʋʟʙʝʨʝʞʞʷ 

ʗʧʦʥʽʾ 

GM GSD GM GSD GM GSD GM GSD GM GSD 

ɺʦʜʘ 1,07 1,34 0,89 1,42 1,11 1,59 0,99 1,85 1,16 2,05 

ɼʦʥʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ 

0,99 1,49 0,86 2,17 1,18 1,89 1,4 1,5 0,96 2,35 

ʅʝʭʠʞʘ 

ʨʠʙʘ 

1,06 1,47 0,91 1,32 1,28 2,26 1,2 1,32 2,6 3,63 

ʍʠʞʘ ʨʠʙʘ 1,12 1,92 - - - - 1,34 1,66 - - 

ʇʨʠʜʦʥʥʘ 

ʨʠʙʘ 

- - 0,92 1,67 - - 1,27 1,41 0,68 2,17 

ɼʦʥʥʽ 

ʭʠʞʘʢʠ 

- - - - - - - - 0,77 2,22 

ʇʨʠʙʝʨʝʞʥʽ 

ʭʠʞʘʢʠ 

1,27 1,73 0,91 1,37 - - 1,19 1,25 0,85 2,46 

 

ɹʫʣʠ ʟʜʽʡʩʥʝʥʽ ʦʮʽʥʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʤʦʜʝʣʣʶ POSEIDON-R ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʚ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʷʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʩʽʭ ʤʦʨʷʭ, ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʟʘ ʚʠʥʷʪʢʦʤ 

ɯʨʣʘʥʜʩʴʢʦʛʦ, ʨʦʟʨʘʭʦʚʘʥʽ ʜʦʟʠ ʟʘʚʞʜʠ ʙʫʣʠ ʜʘʣʝʢʠʤʠ ʚʽʜ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ 1 ʤɿʚ/ʨʽʢ. ɺ 

ɯʨʣʘʥʜʩʴʢʦʤʫ ʤʦʨʽ ʧʨʦʪʷʛʦʤ 1975-1979 ʨʦʢʽʚ ʽʥʜʠʚʽʜʫʚʘʣʴʥʽ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʛʨʫʧʠ ʣʶʜʝʡ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʣʝʶ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʚ ʾʭʥʴʦʤʫ ʨʘʮʽʦʥʽ 

ʤʦʛʣʠ ʧʝʨʝʚʠʱʠʪʠ ʮʝʡ ʨʽʚʝʥʴ. 
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ʐʦʩʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʤʦʜʝʣʶʚʘʥʥʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 137Cs ʽ 90Sr ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʥʘ ʬʦʥʽ ʽʩʥʫʶʯʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʚ̔ʥʽʯʥʦ-

ʟʘʭʽʜʥʦ ʾʯʘʩʪʠʥʠ ʊʠʭʦʛʦ ʦʢʝʘʥʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ 175 ʢʘʤʝʨ ʜʣʷ 

ɾʦʚʪʦʛʦ, ʉʭʽʜʥʦ-ʂʠʪʘʡʩʴʢʦʛʦ ʽ ʗʧʦʥʩʴʢʦʛʦ ʤʦʨ̔ʚ, ʘ ʪʘʢʦʞ ʩʭʽʜʥʦʛʦ ʫʟʙʝʨʝʞʞʷ 

ʗʧʦʥʽʾ. ʆʙôʻʤ ʽ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ 

ʛʣʠʙʠʥʠ ʟ ʈʝʛʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʦʢʝʘʥʫ ROMS. ɻʣʠʙʦʢʽ ʦʙʣʘʩʪʽ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʪʨʠ 

ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ. ʆʙʤʽʥ ʚʦʜʦʶ ʤʽʞ ʢʘʤʝʨʘʤʠ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ 10 ʨʦʢʽʚ ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ ʮʽʻʶ ʞ ʤʦʜʝʣʣʶ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʚʩʷ 

ʧʨʠʪʽʢ ʚʦʜʠ ʟ ʦʩʥʦʚʥʠʭ ʨʽʯʦʢ ʨʝʛʽʦʥʫ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟ 1945 ʨʦʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʬʦʥʦʚʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʤʦʤʝʥʪ ʘʚʘʨʽʾ [7, 8]. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ 137Cs ̔  90Sr ʫ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʜʦ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʙʫʣʦ 

ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʚʽʜ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ɺ ʤʦʜʝʣʽ ʮʝ ʟʘʜʘʚʘʣʦʩʷ ʷʢ 

ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʧʘʜʽʥʥʷ ʥʘ ʢʦʞʥʫ ʢʘʤʝʨʫ, ʘ ʪʘʢʦʞ ʷʢ ʧʦʪʦʢʠ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 

ʛʨʘʥʠʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʦʩʫ ʪʝʯʽʷʤʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʄʘʨʰʘʣʦʚʠʭ ʦʩʪʨʦʚʘʭ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʊʠʭʦʛʦ ʦʢʝʘʥʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʫ ʨʽʟʥʠʭ ʢʘʤʝʨʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʟ ʚʠʤʽʨʘʤʠ, ʜʦʩʪʫʧʥʠʤʠ ʚ ʙʘʟʽ 

ʜʘʥʠʭ MARiS ʪʘ ʚ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. ɿʦʢʨʝʤʘ, ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʜʣʷ 

ʧʝʨʽʦʜʫ ʟ 1960 ʧʦ 2005 ʨʦʢʠ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʽ ʚʠʤʽʨʷʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʩʪʘʥʦʚʣʷʪʴ 0,925 ʜʣʷ 137Cs ʽ 0,958 ʜʣʷ 90Sr. 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ 

ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʞʝʨʝʣʘ 137Cs ʽ 90Sr ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʽʩʥʫʶʯʠʭ ʦʮʽʥʦʢ. ʆʪʨʠʤʘʥʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ 

ʚʦʜʠ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʽʜʪʚʝʨʜʞʫʻ ʮʽ 

ʦʮʽʥʢʠ. ɿʦʢʨʝʤʘ, ʧʨʷʤʠʡ ʚʠʪʽʢ 137Cs ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜ ʯʘʩ ʘʚʘʨʽʾ ʩʪʘʥʦʚʠʚ 

3,5 ʇɹʢ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʊʠʭʦʛʦ ʦʢʝʘʥʫ 

ʧʦʪʨʘʧʠʣʦ ʙʣʠʟʴʢʦ 10 ʇɹʢ 137Cs. ʆʮʽʥʢʠ ʚʠʪʦʢʫ 90Sr ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 40 ʊɹʢ 

ʜʦ 1 ʇɹʢ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʡʢʨʘʱʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʜʣʷ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʤʽʨʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʧʨʷʤʠʡ ʚʠʪʽʢ ʩʪʘʥʦʚʠʚ 160 ʊɹʢ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʫʪʦʯʥʝʥʥʷʤ ʽʩʥʫʶʯʠʭ ʦʮʽʥʦʢ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʤʽʨʘʤʠ ʜʣʷ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1, ʚ 

ʷʢʽʡ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʢʘʤʝʨ ʟʤʽʥʶʚʘʣʠʩʷ ʚʽʜ 30 ʜʦ 60 ʢʤ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʦʙʣʘʩʪʽ 

ʧʦʙʣʠʟʫ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʩʦʢʠʡ ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʘ, ʪʘʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʧʦʢʘʟʫʻ ʾʾ ʟʜʘʪʥʽʩʪʴ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʨʦʮʝʩʠ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʢʣʶʯʘʶʯʠ 

ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɿʘʛʘʣʦʤ 

ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137ʉs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ, ʧʨʠʜʦʥʥʽʡ ʨʠʙʽ, ʜʦʥʥʠʭ ʭʠʞʘʢʘʭ ʽ ʧʨʠʙʝʨʝʞʥʠʭ ʭʠʞʘʢʘʭ ʜʣʷ ʢʘʤʝʨ, ʚ 

ʷʢʠʭ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ [16]. ʇʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʤʘʢʩʠʤʫʤʘʭ ʤʽʞ 

ʨʦʟʨʘʭʦʚʘʥʦʶ ʽ ʚʠʤʽʨʷʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ 



25 
 

ʥʝʭʠʞʦʾ ʧʝʣʘʛʽʯʥʦʾ ʨʠʙʠ (ʪʘʙʣ. 2), ʷʢʘ ʧʦʨʽʚʥʶʚʘʣʘʩʷ ʟ ʚʠʤʽʨʘʤʠ ʚ ʷʧʦʥʩʴʢʽʡ ʩʪʘʚʨʠʜʽ 

(Trachurus japonicas). ɺʦʥʠ ʧʦʷʩʥʶʶʪʴʩʷ ʩʝʟʦʥʥʦʶ ʤʽʛʨʘʮʽʻʶ ʜʘʥʦʛʦ ʚʠʜʫ ʨʠʙʠ, ʷʢʘ 

ʥʝ ʚʨʘʭʦʚʫ̒ ʪʴʩʷ ʚ ʤʦʜʝʣʽ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʦʟʚʠʪʦʢ ʙʽʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʢʘʤʝʨʥʽʡ ʤʦʜʝʣʽ 

POSEIDON-R ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ ʥʝʤʦʞʣʠʚʽʩʪʶ ʦʧʠʩʘʪʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ ʨʘʤʢʘʭ 

ʽʩʥʫʶʯʠʭ ʥʘ ʪʦʡ ʯʘʩ ʧʽʜʭʦʜʽʚ. ɿʦʢʨʝʤʘ, ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ ʜʚʘ ʨʦʢʠ ʧʽʩʣʷ ʘʚʘʨʽʾ, ʢʦʣʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʩʫʪʪʻʚʘ ʟʥʠʟʠʣʘʩʴ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʝʜʝʥʥʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʦʢʝʘʥʩʴʢʦʾ ʚʦʜʠ, ʟʘʙʨʫʜʥʝʥʽ ʜʦʥʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ ʧʦʯʘʣʠ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʜʦʥʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs ʫ ʧʝʣʘʛʽʯʥʠʭ ʽ 

ʧʨʠʜʦʥʥʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʱʦ ʩʪʘʣʦ ʧʦʰʪʦʚʭʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ 

ʞʠʚʣʝʥʥʷ ʚ ʤʦʜʝʣʽ POSEIDON-R. ʇʨʦʪʝ ʮʝ ʥʝ ʚʠʨʽʰʠʣʦ ʧʨʦʙʣʝʤʫ ʦʪʨʠʤʘʥʥʷ 

ʟʘʥʠʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʪʨʦʥʮʽʶ ʚ ʨʠʙʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ. ʃʠʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʜʦʙʨʝ 

ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʫ ʨʠʙʽ (ʨʠʩ. 8). 
 

 

ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʚʠʤʽʨʶʚʘʥʴ 90Sr ʧʨʦʚʦʜʠʣʘʩʷ ʚ 

ʥʝʚʝʣʠʢʽʡ ʧʨʠʙʝʨʝʞʥʽʡ ʦʙʣʘʩʪʽ 

ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1, ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʜʦʜʘʪʢʦʚʘ ʧʨʠʙʝʨʝʞʥʘ 

ʢʘʤʝʨʘ ʨʦʟʤʽʨʦʤ 4ʭ4 ʢʤ ʽ ʛʣʠʙʠʥʦʶ 

18 ʤ ʜʣʷ ʦʧʠʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. ʈʦʟʨʘʭʦʚʘʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʢʘʤʝʨʽ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʚʦʜʠ, 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʪʘ ʧʝʣʘʛʽʯʥʦʾ ʭʠʞʦʾ 

ʨʠʙʠ ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʘʚʘʨʽʡʥʦʛʦ 

ʚʠʪʦʢʫ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚʝʣʠʯʠʥʦʶ 

160 ʊɹʢ. ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʦ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ 90Sr ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥʘʭ ʨʠʙʠ [14]. ɸʜʞʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ BURN, ʚ ʷʢʽʡ 

ʚʨʘʭʦʚʫʻʪʴʩʷ       ʣʠʰʝ      ʥʘʢʦʧʠʯʝʥʥʷ 

ʈʠʩʫʥʦʢ 8 ï ʇʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʫ ʭʠʞʽʡ 

ʨʠʙʽ ʟ ʚʠʤʽʨʘʤʠ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʢʘʤʝʨʽ 

ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 [14] 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʢʽʩʪʢʘʭ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʥʠʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʫ ʨʠʙʽ [8]. 

ʈʦʟʨʘʭʦʚʘʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʦʟʠ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʦʧʨʦʤʽʥʝʥʥʷ (ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʨʝʧʨʦʜʫʢʪʽʚ, ʧʣʘʚʘʥʥʷ ʫ ʚʦʜʽ ʪʘ ʥʘ ʧʣʘʚʥʠʭ ʟʘʩʦʙʘʭ, ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʣʷʞʽ, 

ʚʜʠʭʘʥʥʷ ʨʦʟʧʠʣʝʥʠʭ ʢʨʘʧʝʣʴ ʚʦʜʠ ʥʘ ʫʟʙʝʨʝʞʞʽ) ʚʽʜ 137Cs ʙʫʣʠ ʥʘ 2-3 ʧʦʨʷʜʢʠ 

ʙʽʣʴʰʠʤʠ, ʥʽʞ ʚʽʜ 90Sr, ʜʣʷ 2011 ʨʦʢʫ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦʶ. ʉʝʨʝʜ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʤʽʥʫʶʯʦʶ ʙʫʣʘ ʜʦʟʘ 

ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ. ɿʘʛʘʣʴʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ 15-ʢʤ 
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ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ 2011 ʨʦʮʽ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ 

POSEIDON-R, ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 1,5 ʤɿʚ, ʱʦ ʚʩʴʦʛʦ ʣʠʰʝ ʚ ʧʽʚʪʦʨʘ ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ 

ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʟʘ 

ʥʦʨʤʘʪʠʚʘʤʠ   ʄɸɻɸʊɽ.    ɼʣʷ   100-ʢʤ   ʦʙʣʘʩʪʽ   ʥʘʚʢʦʣʦ   ɸɽʉ   ʌʫʢʫʩʽʤʘ-1   ʜʦʟʠ 

 

 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ 

ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʫ 2011 

ʨʦʮʽ ʩʪʘʥʦʚʠʣʠ 3,6 ʤʢɿʚ, ʱʦ ʻ 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʜʦʟ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʚ 1957 ʨʦʮʽ ʧʽʜ ʯʘʩ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʙʽʣʷ 

ʙʝʨʝʛʽʚ ʗʧʦʥʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ʊʘʢʦʞ 

ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʣʝʢʪʠʚʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʗʧʦʥʽʾ ʥʘ 

ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʠʣʦʚʫ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ (ʨʠʩ. 9). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʘʚʘʨʽʷ ʥʘ ɸɽʉ 

ʌʫʢʫʩʽʤʘ-1 ʤʦʛʣʘ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ ʜʣʷ 

ʞʠʪʝʣʽʚ ʗʧʦʥʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ 

ʧʨʠʙʣʠʟʥʦ ʚ 9 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʦʘʚʘʨʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ [7]. 

ʈʠʩʫʥʦʢ 9 ï ʂʦʣʝʢʪʠʚʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʗʧʦʥʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʜʣʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ 134Cs ʽ 137Cs ʥʘ ʦʩʥʦʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ [7] 

ɿʘʚʜʷʢʠ ʽʥʪʝʥʩʠʚʥʠʤ ʪʝʯʽʷʤ, ʰʚʠʜʢʦʩʪʽ ʦʯʠʱʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʟʜʦʚʞ ʫʟʙʝʨʝʞʞʷ ʗʧʦʥʽʾ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʙʫʣʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ 

ʚʠʱʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʏʦʨʥʦʛʦ ʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʽʚ, ʟʘʙʨʫʜʥʝʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ [16]. ʐʚʠʜʢʦʩʪʽ ʟʘʪʫʭʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʝʭʠʞʽʡ ʨʠʙʽ ʙʫʣʠ 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʰʘʨʽ ʚʦʜʠ ʚ ʫʩʽʭ ʪʨʴʦʭ ʤʦʨʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɺʽʜʧʦʚʽʜʥʦ, ʦʯʠʱʝʥʥʷ ʧʨʠʜʦʥʥʦʾ 

ʨʠʙʠ ʚʽʜʙʫʚʘʣʦʩʷ ʩʭʦʞʠʤ ʯʠʥʦʤ, ʷʢ ʟʘʪʫʭʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ. ʊʦʙʪʦ, ʩʧʽʣʴʥʦʶ ʨʠʩʦʶ ʜʣʷ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʻ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʯʠʱʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʘʩʘʤʧʝʨʝʜ ʚʽʜ ʟʤʽʥ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʾʭʥʴʦʤʫ ʨʘʮʽʦʥʽ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ 4 ʦʨʛʘʥʽʟʤʠ: ʬʽʪʦʧʣʘʥʢʪʦʥ, 

ʟʦʦʧʣʘʥʢʪʦʥ, ʥʝʭʠʞʫ ʽ ʭʠʞʫ ʨʠʙʫ, ʙʫʚ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ 

THREETOX, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʽ ʢʘʨʪʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 [18]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʦʯʥʦ ʧʦʢʘʟʫʶʪʴ ʰʣʷʭʠ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʊʠʭʦʤʫ 

ʦʢʝʘʥʽ, ʘ ʪʘʢʦʞ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137ʉs ʫ ʨʠʙʽ. ɿʦʢʨʝʤʘ, ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 2 ʨʦʢʠ ʧʽʩʣʷ ʘʚʘʨʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ 137ʉs ʫ ʥʝʭʠʞʽʡ ʨʠʙʽ 

ʧʝʨʝʩʪʘʣʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥ,ɹ ʷʢʠʡ ʚ ʗʧʦʥʽʾ ʩʪʘʥʦʚʠʪʴ 100 ɹʢ ʢʛ-1, ʪʦʜʽ 

ʷʢ ʫ ʭʠʞʽʡ ʨʠʙʽ ʚʦʥʘ ʚʩʝ ʱʝ ʟʘʣʠʰʘʣʘʩʷ ʟʥʘʯʥʦ ʚʠʱʦʶ ʚ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ɸɽʉ. 

ʋ ʩʦɹʤʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ̔ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ ʚ ʥʠʭ ʤʦʜʝʣʝʡ 
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ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤ ʷʜʝʨʥʦʛʦ 

ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ, ʪʘʢ ʽ ʩʠʩʪʝʤ ʦʮʽʥʢʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʽ ʣʶʜʠʥʫ ʧʨʠ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʘʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ. 

ʆʧʠʩʘʥʽ ʜʝʪʘʣʽ ʽʥʪʝʛʨʘʮʽʾ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʚ ɭʚʨʦʧʝʡʩʴʢʫ 

ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS. ɿʦʢʨʝʤʘ, ʩʪʚʦʨʝʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʤʦʜʝʣʽ, ʚ ʷʢʦʤʫ ʢʦʨʠʩʪʫʚʘʯ, ʢʨʽʤ ʦʜʥʽʻʾ ʟ ʰʝʩʪʠ ʦʙʣʘʩʪʝʡ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʻ ʟʤʦʛʫ 

ʦʙʠʨʘʪʠ ʪʠʧ ʤʦʜʝʣʽ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʽ ʣʘʥʮʶʞʦʢ 

ʞʠʚʣʝʥʥʷ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ (ʨʠʩ. 10). ɼʣʷ ʢʦʞʥʦʾ ʟ ʜʘʥʠʭ ʦʙʣʘʩʪʝʡ 

ʚʠʟʥʘʯʝʥʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʠ ʽ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʚʽʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʨʦʙʦʪʠ ʤʦʜʝʣʽ, ʱʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. ʊʘʢʦʞ ʽʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨ, ʷʢʱʦ ʚ ʮʴʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ. ʋ ʩʠʩʪʝʤʽ 

RODOS  ʟʘ  ʜʦʧʦʤʦʛʦʶ   ʤʦʜʝʣʽ   POSEIDON-R   ʟʜʽʡʩʥʶʶʪʴʩʷ  ʦʮʽʥʢʠ  ʟʘʙʨʫʜʥʝʥʥʷ 

 

 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʦʪʨʠʤʘʥʠʭ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʨʝʧʨʦʜʫʢʪʽʚ, ʧʝʨʝʙʫʚʘʥʥʷ 

ʥʘ ʫʟʙʝʨʝʞʞʽ ʯʠ ʫ ʚʦʜʽ, ʘ 

ʪʘʢʦʞ ʾʭʥʽ ʟʤʽʥʠ ʚ ʯʘʩʽ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʯʠ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʥʪʨʟʘʭʦʜʽʚ. ʆʧʠʩʘʥʽ ʷʚʠʱʘ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʽʟʥʴʦʾ ʬʘʟʠ 

ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ, ʚ ʷʢʽʡ 

ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʥʘʜʘʥʥʷ 

ʧʨʦʛʥʦʟʫ, ʢʦʣʠ ʟʘʙʨʫʜʥʝʥʽ 

ʦʙʣʘʩʪʽ ʩʪʘʥʫʪʴ ʙʝʟʧʝʯʥʠʤʠ 

ʜʣʷ ʣʶʜʠʥʠ ʽ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʽʚ. 

ʈʠʩʫʥʦʢ 10 ï ɻʦʣʦʚʥʘ ʧʘʥʝʣʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʤʦʜʝʣʽ POSEIDON-R ʚ ʽʥʪʝʨʬʝʡʩʽ ʩʠʩʪʝʤʠ 

RODOS 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʜʫʨʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 

ʥʘ ʧʦʚʝʨʭʥʶ ʤʦʨʷ ʟ ʤʦʜʫʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ ʩʠʩʪʝʤʠ RODOS ʫ ʤʦʜʝʣʴ 

POSEIDON-R. ʆʩʢʽʣʴʢʠ ʢʘʤʝʨʠ ʤʦʜʝʣʽ POSEIDON-R ʟʥʘʯʥʦ ʙʽʣʴʰʽ, ʥʽʞ ʢʦʤʽʨʢʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʪʦ ʚʝʣʠʯʠʥʘ ʚʠʧʘʜʽʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʫʤʘ ʟʚʘʞʝʥʠʭ ʚʠʧʘʜʽʥʴ 

ʫʩʽʭ ʢʦʤʽʨʦʢ ʩʽʪʢʠ ʘʪʤʦʩʬʝʨʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʣʦʱʫ ʢʘʤʝʨʠ. ʉʭʦʞʠʤ 

ʯʠʥʦʤ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʪʽʢ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ 

RIVTOX. ɸ ʩʘʤʝ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʽ RIVTOX ʫ ʚʠʛʣʷʜʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ [ɹʢ/ʤ3] ʽ ʚʝʣʠʯʠʥʠ ʨʦʟʭʦʜʫ ʚʦʜʠ ʚ ʛʠʨʣʽ ʨʽʯʢʠ [ʤ3/ʩ] ʫ ʢʦʞʥʠʡ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ RODOS ʽ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʚ 

ʧʦʪʽʢ ʨʘʜʽʦʥʫʢʣʽʜʽʚ [ɹʢ/ʨʽʢ] ʜʣʷ ʤʦʜʝʣʽ POSEIDON-R. 

ʈʦʙʦʪʘ ʤʦʜʝʣʽ POSEIDON-R, ʽʥʪʝʛʨʦʚʘʥʦʾ ʚ ʩʠʩʪʝʤʫ RODOS, ʧʦʢʘʟʘʥʘ ʥʘ 

ʧʨʠʢʣʘʜʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʚʠʪʦʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 90Sr ʟ ʚʦʜʘʤʠ ɼʫʥʘʶ ʚ ʏʦʨʥʝ 

ʤʦʨʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʤʦʚʥʦʛʦ ʚʠʢʠʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ɸɽʉ ʏʦʨʥʘʚʦʜʘ (ʈʫʤʫʥʽʷ). 

ʈʝʘʣʽʟʦʚʘʥʦ ʣʘʥʮʶʞʦʢ ʤʦʜʝʣʝʡ, ʱʦ ʚʢʣʶʯʘʻ ʘʪʤʦʩʬʝʨʥʠʡ ʧʝʨʝʥʦʩ 90Sr, ʡʦʛʦ 
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ʚʠʧʘʜʽʥʥʷ ʥʘ ʟʝʤʣʶ, ʩʪʽʢ ʫ ʨʽʯʢʦʚʫ ʩʠʩʪʝʤʫ ʽ ʧʝʨʝʥʦʩ ʫ ʏʦʨʥʝ ʤʦʨʝ, ʘ ʪʘʢʦʞ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʛʽʜʥʦ ʟʽ ʩʪʨʝʩʦʚʠʤ 

ʩʮʝʥʘʨʽʻʤ, ʥʘ ɸɽʉ ʏʦʨʥʘʚʦʜʘ ʚʽʜʙʫʚʩʷ ʫʤʦʚʥʠʡ ʘʪʤʦʩʬʝʨʥʠʡ ʚʠʢʠʜ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 
90Sr ʟʘʛʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 2,7Ö1012 ɹʢ. ɸʪʤʦʩʬʝʨʥʠʡ ʧʝʨʝʥʦʩ 90Sr ʽ ʡʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣ ̔LSMC. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ 

ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʧʨʦʛʥʦʟ ʥʘ 2 ʤʽʩʷʮʽ ʟʤʠʚʫ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʚ ʨʽʯʢʦʚʫ 

ʩʠʩʪʝʤʫ ʤʦʜʝʣʣʶ RETRACE ʪʘ ʡʦʛʦ ʧʝʨʝʥʦʩʫ ʚ ʏʦʨʥʝ ʤʦʨʝ ʤʦʜʝʣʣʶ RIVTOX. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ POSEIDON-R ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʙʝʨʝʞʥʦʾ ʦʙʣʘʩʪʽ 

ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʠʩʘʥʦʾ ʘʚʘʨʽʾ ʙʫʜʝ ʥʘ 2-3 ʧʦʨʷʜʢʠ ʤʝʥʰʠʤ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 90Sr ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ [15]. 

ɼʣʷ ʦʧʠʩʫ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ ʚ ʩʠʩʪʝʤʫ RODOS ʙʫʣʘ ʽʥʪʝʛʨʦʚʘʥʘ ʤʦʜʝʣʴ 

FDMA (Foodchain and Dose Model ï Aquatic), ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʷʢʦʾ ʚʽʜʥʦʚʣʶʚʘʚʩʷ 

ʟʛʽʜʥʦ ʟ ʥʘʷʚʥʦ ʁ ʜʦʢʫʤʝʥʪʘʮʽʻ.ʁ ʆʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʦʜʝʣʽ, ʻ: 1) ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʦʩʣʠʥʠ 

ʯʝʨʝʟ ʾʭʥʽʡ ʧʦʣʠʚ (ʟʨʦʰʝʥʥʷ) ʪʘ 2) ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʪʚʘʨʠʥʠ ʯʝʨʝʟ 

ʩʧʦʞʠʚʘʥʥʷ ʨʦʩʣʠʥ ʽ ʚʦʜʠ. ɺʦʥʠ ʬʦʨʤʫʶʪʴ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʴʤʠ ʧʨʦʜʫʢʪʽʚ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʦʜʠ ʽ 

ʨʠʙʠ. ɺ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʧʨʽʩʥʦʚʦʜʥʠʭ 

ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ, ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 11. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ 

ʧʨʦ ʟʨʦʰʝʥʥʷ ʨʦʩʣʠʥ, ʜʘʥʽ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ, ʨʠʙʠ ʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʜʘʥʽ 

ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʽ ʨʦʩʣʠʥ ʪʚʘʨʠʥʘʤʠ ʪʘ ʽʥ. ʊʘʢʽ ʜʘʥʽ ʙʫʣʠ ʟʽʙʨʘʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʦʧʨʘʮʴʦʚʘʥʽ ʽ ʚʥʝʩʝʥʽ ʚ ʩʠʩʪʝʤʫ RODOS, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʫ RODOS ʚ ʋʢʨʘʾʥʽ. 

 

 
ʈʠʩʫʥʦʢ 11 ï ʉʭʝʤʘ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʧʨʽʩʥʦʚʦʜʥʠʭ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ ʚ 

ʤʦʜʝʣʽ FDMA 
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ʂʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʽʥʪʝʛʨʦʚʘʥʘ ʫ ʧʣʘʪʬʦʨʤʫ PREDO, 

ʨʦʟʨʦʙʣʝʥʫ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʫʨʷʜʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ 

ʨʘʜʽʘʮʽʡʥʫ ʙʝʟʧʝʢʫ, ʧʨʦ ʨʽʚʝʥʴ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 10 ʜʦ 30 ʢʤ ʥʘʚʢʦʣʦ 

ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʐʚʝʮʽʾ. ɺ ʥʽʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʷʢ 

ʤʦʨʩʴʢʦʛʦ, ʪʘʢ ʽ ʥʘʟʝʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ POSEIDON-R. ʋʩʽ ʨʦʟʨʘʭʫʥʢʠ ʚ 

ʧʣʘʪʬʦʨʤʽ PREDO ʟʜʽʡʩʥʶʶʪʴʩʷ ʜʣʷ ʥʦʨʤʦʚʘʥʠʭ ʚʠʢʠʜʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʜʦʟʦʚʽ ʤʥʦʞʥʠʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ. ɿʘʛʘʣʴʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʤʥʦʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʠʢʠʜʫ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ 

ʱʦʨʦʢʫ, ʥʘ ʦʪʨʠʤʘʥʽ ʜʦʟʦʚʽ ʤʥʦʞʥʠʢʠ. ʊʘʢʽ ʜʦʟʦʚʽ ʤʥʦʞʥʠʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʢʦʥʪʨʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ 

ʥʘʩʝʣʝʥʥʷ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʨʘʮʽʦʥʦʤ ʭʘʨʯʫʚʘʥʥʷ ʽ ʯʘʩʦʤ, ʧʨʦʚʝʜʝʥʠʤ ʫ 

ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʥʘ ʩʚʽʞʦʤʫ ʧʦʚʽʪʨʽ. 

ʄʦʜʝʣʴ POSEIDON-R ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ 60Co ʽ 54Mn ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʚʢʦʣʦ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ 

ʐʚʝʮʽʾ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʙʝʨʝʟʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ, ʟʦʢʨʝʤʘ, ʜʣʷ ɸɽʉ ʌʦʨʩʤʘʨʢ 

(ʨʠʩ. 12). ʈʦʟʨʦʙʣʝʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ ʜʘʻ ʥʘʡʢʨʘʱʝ ʫʟʛʦʜʞʝʥʥʷ 

(ʨʠʩ. 13) ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʙʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʠʤʽʨʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ ʷʢ ʜʣʷ ʥʝʭʠʞʦʾ ʧʝʣʘʛʽʯʥʦʾ ʨʠʙʠ, ʪʘʢ ʽ ʜʣʷ ʧʨʠʙʝʨʝʞʥʦʛʦ ʭʠʞʘʢʘ, 

ʢ̫ʠʡ ʭʘʨʯʫʻʪʴʩʷ ʧʝʣʘʛʽʯʥʠʤʠ ʪʘ ʧʨʠʜʦʥʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ 

ʚʨʘʭʫʚʘʥʥʷ ʚ ʤʦʜʝʣʽ ʚʥʝʩʢʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʨʠʙʽ ʯʝʨʝʟ ʾʾ ʟʥʘʯʥʫ ʤʘʩʦʚʫ ʯʘʩʪʢʫ. 

 

 
ʈʠʩʫʥʦʢ 12 ï ʏʘʩʪʠʥʘ ʩʠʩʪʝʤʠ 

ʢʘʤʝʨ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ (ʜʠʚ. 

ʨʠʩ. 6) ʥʘʚʢʦʣʦ ɸɽʉ ʌʦʨʩʤʘʨʢ. 

ñʇʨʠʙʝʨʝʞʥʘò ʢʘʤʝʨʘ, ʧʦʟʥʘʯʝʥʘ 

ʙʫʢʚʦʶ ñBò, ʚʠʜʽʣʷʻ ʦʙʣʘʩʪʴ, ʢʫʜʠ 

ʚʠʪʽʢʘʻ ʟʘʙʨʫʜʥʝʥʘ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 

ʚʦʜʘ ʟ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ɸɽʉ 

 
ʈʠʩʫʥʦʢ 13 ï ʇʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʧʽʜʭʦʜʽʚ ʽ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 60Co ʫ ʧʨʠʙʝʨʝʞʥʦʤʫ 

ʭʠʞʘʢʫ ʚ ʢʘʤʝʨʽ ñBò 
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ʋ ʚʠʩʥʦʚʢʘʭ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. 

ʋ ʜʦʜʘʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ̔ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʪʘ ʩʧʠʩʦʢ 

ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʪʨʠʚʠʤʽʨʥʘ 

ʤʦʜʝʣʴ ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ THREETOX, ʥʘʚʝʜʝʥʽ ʜʘʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʽ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ, ʟʽʙʨʘʥʽ ʟ ʧʫʙʣʽʢʘʮʽʡ ʨʽʟʥʠʭ 

ʘʚʪʦʨʽʚ, ʥʘʜʘʻʪʴʩʷ ʜʦʧʦʤʽʞʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʽʥʩʪʨʫʢʮʽʷ ʱʦʜʦ ʟʘʧʫʩʢʫ ʤʦʜʝʣʽ POSEIDON-R ʫ ʩʠʩʪʝʤʽ RODOS  ̔

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ FDMA ʜʣʷ ʨʽʟʥʠʭ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. 

 

 

ɺʀʉʅʆɺʂʀ 

 

 

ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʜʣʷ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʣʷʭʦʤ 

ʚʢʣʶʯʝʥʥʷ ʚ ʥʠʭ ʷʢ ʥʦʚʠʭ, ʪʘʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʣʶʜʠʥʫ. ɺ ʭʦʜʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢ̔ ʥʦʚʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

1. ʈʦʟʨʦʙʣʝʥʽ ʧʨʦʮʝʜʫʨʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʢʘʤʝʨʥʦ ʾ

ʤʦʜʝʣʽ POSEIDON-R ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ 

RODOS. ɿʜʽʡʩʥʝʥʘ ʘʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ POSEIDON-R ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʜʦ ʤʦʨʽʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʊʠʭʦʛʦ ʦʢʝʘʥʫ, ʟʘʙʨʫʜʥʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ (ʏɸɽʉ) ʪʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʧʝʨʝʥʦʩ ʽʩʥʫʶʯʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʠʭ ʪʘ ʜʘʚʘʪʠ ʧʨʦʛʥʦʟ ʥʘ ʤʘʡʙʫʪʥʻ ʧʨʠ ʧʦʷʚʽ 

ʙʫʜʴ-ʷʢʦʛʦ ʥʦʚʦʛʦ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʩʠʩʪʝʤʽ 

RODOS ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ POSEIDON-R ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʪʨʠʤʘʥʠʭ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭʥʽ ʟʤʽʥʠ ʚ ʯʘʩʽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʯʠ ʚʥʘʩʣʽʜʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʟʘʭʦʜʽʚ. 

2. ʂʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʫ ʧʣʘʪʬʦʨʤʫ PREDO ʜʣʷ 

ʦʮʽʥʢʠ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ 

ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʫʪ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʚʘ ʜʞʝʨʝʣʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ: ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʤʦʨʷ ʟ ʘʪʤʦʩʬʝʨʠ ʪʘ ʧʨʷʤʠʡ ʚʠʪʽʢ ʟ 

ʘʪʦʤʥʦʛʦ ʦʙôʻʢʪʘ. ʆʪʨʠʤʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʦʚʠʭ ʤʥʦʞʥʠʢʽʚ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʨʽʟʥʽ ʛʨʫʧʠ ʣʶʜʝʡ. 

ʄʦʜʝʣʴ POSEIDON-R ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 60Co 

ʽ 54Mn ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʚʢʦʣʦ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʐʚʝʮʽʾ, ʟʦʢʨʝʤʘ, ɸɽʉ 

ʌʦʨʩʤʘʨʢ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʙʝʨʝʟʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ. ɿʘʚʜʷʢʠ ʥʦʚʠʤ ʤʝʪʦʜʘʤ, 

ʨʦʟʨʦʙʣʝʥʠʤ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʚʜʘʣʦʩʷ ʜʦʩʷʛʥʫʪʠ ʢʨʘʱʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʙʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʚʠʤʽʨʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙʠ. 
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3. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟ, ʦʪʨʠʤʘʥʠʭ ʥʘʩʝʣʝʥʥʷʤ ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ ʰʣʷʭʽʚ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʚ ʩʠʩʪʝʤʫ RODOS ʙʫʣʘ ʽʥʪʝʛʨʦʚʘʥʘ ʤʦʜʝʣʴ FDMA. ɺ ʥʽʡ ʧʨʦʚʦʜʠʪʴʩʷ 

ʦʮʽʥʢʘ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʥʘʩʝʣʝʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ ʚʞʠʚʘʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ 

ʚʥʘʩʣʽʜʦʢ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʟʘʙʨʫʜʥʝʥʠʭ ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ ʰʣʷʭʠ. ʇʨʦʚʝʜʝʥʘ ʘʜʘʧʪʘʮʽʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʦ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɿʦʢʨʝʤʘ, ʙʫʣʠ ʟʽʙʨʘʥʽ, ʦʧʨʘʮʴʦʚʘʥʽ ʽ ʚʥʝʩʝʥʽ ʚ ʩʠʩʪʝʤʫ RODOS 

ʜʘʥʽ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʽʚ, ʱʦ ʩʧʨʠʷʣʦ ʾʾ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʋʢʨʘʾʥʽ. 

4. ʇʨʦʚʝʜʝʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ POSEIDON-R ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʦʧʠʩʫ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ 

ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ. ɿʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʤʦʜʝʣʴ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʠʙʦʶ, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʟʘʩʚʦʻʥʥʷ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ ʽ 

ʢʘʣʴʮʽʶ, ʚʽʜʧʦʚʽʜʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʪʘ 

ʦʙʣʘʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

5. ʈʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʠʙʦʶ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʧʝʚʥʠʭ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ. ʆʨʛʘʥʽʟʤ 

ʨʠʙʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʦʤʽʨʦʢ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʪʨʠ ʛʨʫʧʠ ʪʢʘʥʠʥ: 

ʢʽʩʪʢʠ, ʤôʷʟʠ ʽ ʦʨʛʘʥʠ, ʱʦ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʙʽʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʦʥʦʚʣʝʥʥʷ 

ʢʣʽʪʠʥ. ʋ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ 

ʤʝʪʘʙʦʣʽʟʤʫ ʨʠʙʠ, ʚʽʜ ʾʾ ʤʘʩʠ ʫ ʩʪʝʧʝʥʽ -ı, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʙʽʦʣʦʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʠ ʘʣʦʤʝʪʨʠʯʥʠʭ ʩʪʘʣʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʜʘʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʣʽʪʝʨʘʪʫʨ,̔ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʨʝʛʫʣʷʨʥʠʭ ʽ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʘʭ ʟ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɿʦʢʨʝʤʘ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ 57Co, 54Mn ʽ 134Cs ʫ ʨʽʟʥʠʭ ʚʠʜʘʭ 

ʨʠʙʠ ʧʨʠ ʾʭʥʴʦʤʫ ʟʘʩʚʦʻʥʥʽ ʟ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 60Co, 54Mn ʽ 137Cs 

ʧʨʠ ʟʘʩʚʦʻʥʥʽ ʟ ʾʞʽ ʧʦʢʘʟʘʣʠ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʟ ʚʠʤʽʨʘʤʠ. 

6. ʋ ʨʦʟʨʦʙʣʝʥʽʡ ʤʦʜʝʣʽ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʚʧʝʨʰʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ. ʁʦʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ 

ʜʦʥʥʽ ʙʝʟʭʨʝʙʝʪʥʽ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʦʨʛʘʥʽʯʥʫ ʬʨʘʢʮʽʶ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, 

ʟʘʩʚʦʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʨʫʜʥʝʥʥʷ ʟ̔ ʜʥʘ, ʧʨʠʜʦʥʥʘ ʨʠʙʘ ʪʘ ʜʦʥʥʽ ʭʠʞʘʢʠ. 

ʈʦʟʛʣʷʜ ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʫ ʚʠʧʘʜʢʫ ʩʫʪʪʻʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʚʠʪʦʮʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʘʙʦ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʚ ʤʦʨʩʴʢʝ 

ʩʝʨʝʜʦʚʠʱʝ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭʥʴʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʜʥʽ. 

7. ʂʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ 137Cs ʫ ʏʦʨʥʦʤʫ, ɹʘʣʪʽʡʩʴʢʦʤʫ ʪʘ 

ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʷʭ, ʫ ʤʦʨʷʭ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʘ 

ʪʘʢʦʞ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʊʠʭʦʛʦ ʦʢʝʘʥʫ, ʚʢʣʶʯʥʦ ʟ ɾʦʚʪʠʤ, ʉʭʽʜʥʦ-

ʂʠʪʘʡʩʴʢʠʤ ʽ ʗʧʦʥʩʴʢʠʤ ʤʦʨʷʤʠ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʦʧʠʩʘʥʠʭ ʦʙʣʘʩʪʝʡ ʙʫʣʦ ʦʪʨʠʤʘʥʝ 
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ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ, ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʤʽʩʪ 137Cs ʫ ʏʦʨʥʦʤʫ ʽ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʷʭ ʟʫʤʦʚʣʝʥʠʡ 

ʧʝʨʝʚʘʞʥʦ ʘʚʘʨʽʻʶ ʥʘ ʏɸɽʉ, ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ï ʛʣʦʙʘʣʴʥʠʤ ʘʪʤʦʩʬʝʨʥʠʤ 

ʚʠʧʘʜʽʥʥʷʤ, ʫ ʤʦʨʷʭ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ï ʚʠʪʦʢʦʤ ʽʟ 

ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʟʘʚʦʜʫ ʉʝʣʣʘʬʽʣʜ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ 

ʟʜʽʡʩʥʝʥʽ ʦʮʽʥʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ɯʨʣʘʥʜʩʴʢʦʤʫ ʤʦʨʽ ʧʨʦʪʷʛʦʤ 1975-1979 ʨʦʢʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʣʶʜʝʡ ʟ̔ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʣʝʶ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʫ 

ʾʭʥʴʦʤʫ ʨʘʮʽʦʥʽ ʤʦʛʣʠ ʧʝʨʝʚʠʱʠʪʠ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 1 ʤɿʚ/ʨʽʢ. ʋ ʚʠʧʘʜʢʫ ʘʚʘʨʽʾ ʥʘ ɸɽʉ 

ʌʫʢʫʩʽʤʘ-1 ʣʠʰʝ ʜʣʷ ʫʤʦʚʥʦʾ ʛʨʫʧʠ ʣʶʜʝʡ, ʷʢʽ ʙ ʩʧʦʞʠʚʘʣʠ ʤʦʨʝʧʨʦʜʫʢʪʠ, 

ʚʠʣʦʚʣʝʥʽ ʚ 15-ʢʤ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ɸɽʉ, ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʩʢʣʘʣʘ 

ʙʣʠʟʴʢʦ 1,5 ʤɿʚ. ʊʘʢʦʞ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʣʝʢʪʠʚʥʽ ʜʦʟʠ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ ʚʠʣʦʚʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʟ̔ ʚʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 

ʜʽʷʣʘ ʟʘʙʦʨʦʥʘ ʥʘ ʪʘʢʠʡ ʚʠʣʦʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʘʥʘ ʘʚʘʨʽʷ ʤʦʛʣʘ ʩʧʨʠʯʠʥʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʗʧʦʥʽʾ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʧʨʠʙʣʠʟʥʦ ʚ 9 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʘʚʘʨʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

8. ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ 

ʌʫʢʫʩʽʤʘ-1 ʪʘ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨ̔ ʧʨʦʪʷʛʦʤ ʧôʷʪʠ ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ 

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ 

THREETOX. ɿ ʾʾ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʽ ʜʝʪʘʣʴʥʽ ʢʘʨʪʠ ʪʘ ʰʣʷʭʠ ʧʦʰʠʨʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137ʉs ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʊʠʭʦʛʦ 

ʦʢʝʘʥʫ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʪʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʤʘʡʙʫʪʥʽʭ 

ʘʚʘʨʽʡ ʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ THREETOX ʙʫʣʠ ʽʥʪʝʛʨʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. 
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