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ɸʅʆʊɸʎɯʗ 

 

ɹʝʞʝʥʘʨ ʈ.ɺ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ï ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2020. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʘ 

ʦʩʥʦʚʽ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʪʘ ʜʦʟʦʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʣʶʜʠʥʫ ʯʝʨʝʟ ʨʽʟʥʽ ʰʣʷʭʠ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʆʙôʻʢʪʠ ʭʽʤʽʯʥʦʾ, ʘʪʦʤʥʦʾ ʪʘ ʽʥʰʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʦʨʩʴʢʦʤʫ 

ʫʟʙʝʨʝʞʞʽ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʜʞʝʨʝʣʦʤ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ɿʘʙʨʫʜʥʶʶʯʽ 

ʨʝʯʦʚʠʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʩʪʽʡʥʠʭ ʚʠʢʠʜʽʚ ʫ 

ʧʨʦʮʝʩʽ ʥʦʨʤʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʚʘʨʽʡ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʽ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʟʽ ʩʭʦʞʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʋ ʚʠʧʘʜʢʫ 

ʨʝʛʫʣʷʨʥʦʛʦ ʯʠ ʘʚʘʨʽʡʥʦʛʦ ʚʠʪʦʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦʪʨʽʙʥʦ ʚʦʣʦʜʽʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ̔ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʦʩʘʜʦʚʠʤ ʦʩʦʙʘʤ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʽʰʝʥʥʷ. ɼʘʥʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʫʢʫʧʥʦʩʪʽ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʚʭʦʜʷʪʴ ʜʦ 

ʨʘʮʽʦʥʫ ʣʶʜʠʥʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʚ ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʚ ʛʣʦʙʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʘʭ. ʇʨʦʪʝ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʟ̔ ʨʘʜʽʘʮʽʡʥʦʾ 



  

ʙʝʟʧʝʢʠ ʤʦʨʩʴʢʘ ʩʢʣʘʜʦʚʘ ʥʝ ʨʦʟʛʣʷʜʘʣʘʩʷ ʚʟʘʛʘʣʽ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʷʢ 

ʟʦʚʥʽʰʥʷ ʢʦʤʧʦʥʝʥʪʘ. 

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, ʜʠʬʫʟʽʷ, 

ʚʟʘʻʤʦʜʽʷ ʟʽ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʽ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʧʘʜ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ. ɿʘʩʚʦʻʥʥʷ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʮʽʻʾ ʨʝʯʦʚʠʥʠ, ʚʠʜʫ ʤʦʨʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ, 

ʡʦʛʦ ʚʽʢʫ ʽ ʧʦʣʦʞʝʥʥʷ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʦʣʦʥʦʩʪʽ. ɺʠʭʦʜʷʯʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʦʨʛʘʥʽʟʤʽʚ, ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʤʽʥʣʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʉʚʽʪʦʚʦʤʫ 

ʦʢʝʘʥʽ, ʥʝʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʮʽ ʧʨʦʮʝʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʟ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ 

ʧʦʩʪʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʝʨʝʟ ʾʭʥʶ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʾʭʥʴʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʨʽʰʝʥʴ ʟ̔ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʚ ʥʠʭ ʷʢ ʥʦʚʠʭ, ʪʘʢ ʽ 

ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʣʶʜʠʥʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʪʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʤʽʞ ʤʦʜʝʣʷʤʠ ʪʘ ʧʨʦʚʝʜʝʥʘ ʘʜʘʧʪʘʮʽʷ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʜʦ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ ʟ ʤʝʪʦʶ ʾʾ ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ 

RODOS, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʦʮʽʥʶʚʘʪʠ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ. ɺ ʩʠʩʪʝʤʽ RODOS ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʥʘʩʝʣʝʥʥʷʤ ʟʘʚʜʷʢʠ ʩʧʦʞʠʚʘʥʥʶ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʠʭ ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ ʰʣʷʭʠ 



  

ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʊʘʢʦʞ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʚ ʧʣʘʪʬʦʨʤʫ 

PREDO, ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ ʦʮʽʥʢʠ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ 

ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ. 

ʂʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɿʦʢʨʝʤʘ, 

ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʜʦʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʝ, ʟʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʝʣʘʛʽʯʥʠʭ. ʋ ʥʽʡ ʚʧʝʨʰʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʮʴʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʻ 

ʜʦʥʥʽ ʙʝʟʭʨʝʙʝʪʥʽ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʦʨʛʘʥʽʯʥʫ ʬʨʘʢʮʽʶ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, 

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

ɺʨʘʭʫʚʘʥʥʷ 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 ʧʨʠʚʦʜʠʪʴ ʜʦ ʾʭʥʴʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʜʥʽ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜ 

ʩʦʣʦʥʦʩʪʽ ʦʪʦʯʫʶʯʦʾ ʚʦʜʠ, ʪʦʙʪʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ ʽ 

ʢʘʣʴʮʽʶ, ʚʽʜʧʦʚʽʜʥʦ. ɼʘʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ POSEIDON-R ʜʘʻ ʟʤʦʛʫ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʾ ʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʘʭ ʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʩʦʣʦʥʦʩʪʽ, ʟʦʢʨʝʤʘ, ʚ 

ʣʠʤʘʥʘʭ ʽ ʛʠʨʣʘʭ ʨʽʯʦʢ ʟ ʤʘʡʞʝ ʧʨʽʩʥʦʶ ʚʦʜʦʶ, ʘ ʪʘʢʦʞ ʫ ʤʦʨʷʭ ʟ ʚʝʣʠʢʠʤ ʩʪʦʢʦʤ 

ʨʽʯʢʦʚʦʾ ʚʦʜʠ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʭʽʤʽʢʦ-ʙʦ̔ʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʧʝʚʥʠʭ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʢʽʥʝʪʠʯʥʦ-

ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʨʠʙʠ. 

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 ʚ ʩʪʝʧʝʥʽ -ı, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʙʽʦʣʦʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʠ ʘʣʦʤʝʪʨʠʯʥʠʭ 

ʩʪʘʣʠʭ ʚʠʟʥʘʯʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʦʨʽʚʥʷʥʥʷ 



  

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʜʘʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʠʩʘʥʠʭ ʚ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ, ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʨʝʛʫʣʷʨʥʠʭ ʽ ʘʚʘʨʽʡʥʠʭ 

ʚʠʪʦʢʘʭ ʟ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɿʦʢʨʝʤʘ, ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʽʟʦʪʦʧʽʚ 57Co, 54Mn ʽ 134Cs ʚ 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. 

ʇʨʠ ʘʜʘʧʪʘʮʽʾ ʤʦʜʝʣʽ POSEIDON-R ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ ʟ ʤʝʪʦʶ ʚʢʣʶʯʝʥʥʷ 

ʚ ʩʠʩʪʝʤʫ RODOS, ʚʦʥʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ 137Cs ʫ ʏʦʨʥʦʤʫ, ɹʘʣʪʽʡʩʴʢʦʤʫ ʪʘ ʉʝʨʝʜʟʝʤʥʦʤʫ 

ʤʦʨʷʭ, ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʇʽʚʥʽʯʥʝ, 

ɯʨʣʘʥʜʩʴʢʝ, ʂʝʣʴʪʩʴʢʝ ʤʦʨʷ ʪʘ ɹʽʩʢʘʡʩʴʢʫ ʟʘʪʦʢʫ, ʘ ʪʘʢʦʞ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ʚʢʣʶʯʥʦ ʟ ɾʦʚʪʠʤ, ʉʭʽʜʥʦ-ʂʠʪʘʡʩʴʢʠʤ ʽ ʗʧʦʥʩʴʢʠʤ ʤʦʨʷʤʠ. 

ɼʣʷ ʢʦʞʥʦʾ ʟ ʦʧʠʩʘʥʠʭ ʦʙʣʘʩʪʝʡ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ, 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʤʽʩʪ 137Cs ʫ ʏʦʨʥʦʤʫ ʽ 

ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʷʭ ʟʫʤʦʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʘʚʘʨʽʻʶ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ 

(ʏɸɽʉ), ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ï ʛʣʦʙʘʣʴʥʠʤ ʘʪʤʦʩʬʝʨʥʠʤ ʚʠʧʘʜʽʥʥʷʤ, ʫ ʤʦʨʷʭ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ï ʚʠʪʦʢʦʤ ʽʟ ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʟʘʚʦʜʫ 

ʉʝʣʣʘʬʽʣʜ. 

ɹʫʣʠ ʦʮʽʥʝʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʦʟʠ 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, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 1 ʤɿʚ/ʨʽʢ. ɺ 

ɯʨʣʘʥʜʩʴʢʦʤʫ ʤʦʨʽ ʧʨʦʪʷʛʦʤ 1975-1979 ʨʦʢʽʚ ʽʥʜʠʚʽʜʫʚʘʣʴʥʽ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʣʶʜʝʡ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʣʝʶ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʚ ʾʭʥʴʦʤʫ ʨʘʮʽʦʥʽ 

ʧʝʨʝʚʠʱʫʚʘʣʠ ʮʝʡ ʨʽʚʝʥʴ. 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.  



  

ɿ ʤʝʪʦʶ ʜʝʪʘʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

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

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

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ THREETOX. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʽ ʢʘʨʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

137ʉs ʪʘ ʰʣʷʭʠ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs 

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

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʤʘʡʙʫʪʥʽʭ ʘʚʘʨʽʡ ʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ THREETOX ʙʫʣʠ 

ʚʧʝʨʰʝ ʽʥʪʝʛʨʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ. 

ʂʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʚ ʧʣʘʪʬʦʨʤʫ PREDO ʜʣʷ ʦʮʽʥʢʠ 

ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʐʚʝʮʽʾ, ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 60Co ʪʘ 54Mn ʫ 

ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʤʽʨʘʤʠ ʜʣʷ ɸɽʉ 

ʌʦʨʩʤʘʨʢ, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʥʘ ʙʝʨʝʟʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ. ʈʦʟʨʦʙʣʝʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ ʜʘʻ 

ʢʨʘʱʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʙʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʠʤʽʨʘʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʪʠʧʽʚ ʨʠʙʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʚʨʘʭʫʚʘʥʥʷ ʚʥʝʩʢʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥ, ʦʩʢʽʣʴʢʠ 

ʥʘʚʽʪʴ ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ ʯʝʨʝʟ ʾʾ ʟʥʘʯʥʫ ʤʘʩʦʚʫ ʯʘʩʪʢʫ. 

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. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʜʝʣʽ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʪʝʨʠʪʦʨʽʷʭ 

ʧʨʦʞʠʚʘʥʥʷ, ʷʢʘ ʻ ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʛʽʜʨʦʤʦʜʫʣʷ ʩʠʩʪʝʤʠ RODOS. ʇʘʨʘʤʝʪʨʠ 

ʤʦʜʝʣʽ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʙʫʣʠ ʟʽʙʨʘʥʽ, 



  

ʦʧʨʘʮʴʦʚʘʥʽ ʽ ʚʥʝʩʝʥʽ ʚ ʩʠʩʪʝʤʫ RODOS, ʱʦ ʩʧʨʠʷʣʦ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʋʢʨʘʾʥʽ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʦʮʽʥʢʘ ʜʦʟ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʠ RODOS ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʘʭ ʋʢʨʘʾʥʠ ʽ ʚ ʫʨʷʜʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʟʦʢʨʝʤʘ, ʥʘ ʈʽʚʥʝʥʩʴʢʽʡ ɸɽʉ ʪʘ ʚ ʮʝʥʪʨʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʮʝʥʪʨʫ ɼʉʅʉ ʋʢʨʘʾʥʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ, ʨʘʜʽʦʥʫʢʣʽʜʠ, 

ʢʦʤʧôʶʪʝʨʥʘ ʧʽʜʪʨʠʤʢʘ ʨʽʰʝʥʴ, ʩʠʩʪʝʤʘ RODOS, ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R, 

ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ, ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʘʚʘʨʽʷ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ, ʘʚʘʨʽʷ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1. 
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The thesis focuses on the development and improvement of information 

technologies for the systems of computer support of decisions in radiation safety based on 

the new and upgraded mathematical models for the contamination transport in aquatic 

ecosystems and dose effects on humans through different pathways of irradiation. 

Chemical, nuclear or other facilities located on the seacoast usually release different 

contaminants. They enter the environment due to regular releases during the normal 

operation of industrial sites and in result of various accidents. Only radioactive 

contamination is considered in the thesis taking into account that developed models and 

methods can be used for other types of contamination with similar properties. In the case 

of regular or accidental release of radionuclides, information should be available to make 

decisions regarding the need to take measures to reduce the negative impact on humans. 

For this purpose, systems for the computer support of decisions in radiation safety are 

being developed to provide the necessary information to decision-makers. Such systems 

typically consist of a set of interrelated mathematical models. Decision making is based on 

information on the level of environmental contamination, including aquatic ecosystems, 

whose different components are part of the human diet. The mathematical modeling is an 

effective tool to find the contamination level of marine environment both in regional and 

global scale. However, until recently, information systems of radiation safety did not 

include the marine component at all or it was used as external element. 

To reproduce the real situation or to implement some possible contamination 

scenario, the main sources of contamination should be considered in the model as well as 

processes that occur with it, for example transport with currents, diffusion, interaction with 



  

suspended sediments, bottom deposits and marine organisms, and decay due to various 

factors. Assimilation of each substance by marine organisms depends on properties of this 

substance, species of the organism, its age, position in the food web and characteristics of 

the marine environment, especially temperature and salinity. Based on the diversity of 

marine organisms, amount of contaminants at the current level of industrial development, 

and frequent changes of characteristics of the marine environment in the oceans, it is 

impossible to describe these processes using the model with a set of standard parameters 

due to their variability in the natural environment. Thus, there is a need to develop models 

for the assimilation of contaminants by marine organisms and their integration into 

systems for the computer support of decisions in radiation safety. 

The aim of the work is extending the functionality of information systems for 

nuclear facilities by incorporating both new and advanced mathematical models for 

calculation of contaminants concentration in different components of marine environment 

using a limited number of suggested parameters and for estimation of possible impact on 

humans. For realization of this aim, mechanisms for automatic data transfer between 

models were developed and the POSEIDON-R model was customized to European seas 

that helped to integrate it into the system for nuclear emergency response RODOS. This 

gives the possibility to provide a long-term prediction for the radionuclide transfer in the 

marine environment in online mode and to estimate the radiation doses for population. The 

module for calculating the doses of radiation received by people due to consumption of 

food products of plant and animal origin contaminated through the freshwater pathways of 

radionuclide transfer was also developed in the RODOS system. In addition, the 

POSEIDON-R model was incorporated in the PREDO platform designed for estimation 

the radiation doses to population from regular releases of radionuclides from nuclear 

facilities. 

The box model POSEIDON-R was improved for using in systems for the computer 

support of decisions in radiation safety. In particular, the model of the benthic food web 

has been developed allowing us to describe the contamination of benthic organisms, 

which, according to existing observations, is different from pelagic ones. Here transfer of 

contamination from bottom sediments to marine organisms is considered for the first time. 



  

This food web includes benthic invertebrates, which consumes organic fraction of bottom 

deposit assimilating contamination from the seabed, as well as demersal fish and bottom 

predators. Consideration of these processes is important when bottom sediments are 

significantly contaminated due to accidental release of radionuclides or in the case of 

marine environment contamination by radionuclides that have a high ability to adsorb by 

sediments, resulting in their accumulation in the bottom. In addition, the dependence of 

cesium and strontium uptake rates by marine organisms on the salinity of surrounding 

water that means the concentration of competition ions potassium and calcium, 

respectively, is obtained. Such improvement of POSEIDON-R model allows it to be used 

in water bodies with a wide range of salinity, including estuaries with almost fresh water 

and seas with large river water runoff. 

A new kinetic-allometric model for non-uniform assimilation of contamination by 

fish was developed to take into account the chemical and biological features of 

contaminants to accumulate in certain tissues of the organism. The fish body is considered 

as a set of compartments combined into three groups of tissues: bones, muscles and 

organs, which have significant differences in biological time of living cell renewal. Model 

parameters describing the main metabolic processes depend on mass of fish to the -ı 

power that is in agreement with the general scaling law in biology. The values of 

allometric constants were determined based on known experimental data. Comparison of 

the simulation results with data of laboratory experiments described in the literature was 

carried out for radionuclides, which are responsible for the long-term contamination of the 

marine environment in result of routine or accidental releases from nuclear power plants. 

In particular, the calculated concentrations of radioactive isotopes 57Co, 54Mn and 134Cs in 

different fish species during their uptake from water as well as corresponding 

concentrations of 60Co, 54Mn and 137Cs during their uptake from food were in good 

agreement with the measurements. 

The customization of POSEIDON-R model to European seas was the necessary step 

for its integration in the RODOS system. For this purpose, it was applied for long-term 

simulation of the transfer of radioactive cesium 137Cs in the Black Sea, Baltic Sea, 

Mediterranean Sea, in the Northeastern Atlantic containing the North Sea, Irish Sea, Celtic 



  

Sea and Biscay Bay, and in the Northwestern Pacific including the Yellow Sea, East China 

Sea and Japan Sea. For every region, the calculated concentrations of radionuclide in the 

water, bottom sediments and marine organisms agree with the corresponding 

measurements throughout the simulation period. It is shown that the accident at the 

Chornobyl NPP had a dominant contribution to the total amount of 137Cs in the Black and 

Baltic seas, global atmospheric deposition ï in the Mediterranean Sea and release from the 

nuclear reprocessing plant Sellafield ï in the Northeastern Atlantic. 

Individual doses of radiation from seafood consumption were estimated based on 

the concentrations of 137Cs in European seas calculated by the POSEIDON-R model. It 

was shown that in all considered seas, except Irish Sea, the calculated doses were always 

much lower than the maximum effective dose commitment for public from anthropogenic 

radionuclides equal to 1 mSv/y. In the Irish Sea, the annual individual doses of irradiation 

to a reference group of population with the highest fraction of seafood in their diets 

exceeded this level during 1975-1979. In the case of Fukushima nuclear accident, the 

individual dose of radiation was about 1.5 mSv for a virtual group of people who would 

consume seafood only from a 15 km area around the NPP. 

A three-dimensional model THREETOX was used for detailed reproducing the 

transfer of radioactive contamination in the Northwestern Pacific over two years after the 

Fukushima nuclear accident and in the Baltic Sea during the five years following the 

Chornobyl accident. It provides maps for 137ʉs concentrations in the marine environment 

and directions for its propagation at different times. To reproduce the transport of 137ʉs in 

marine organisms of Pacific Ocean following the Fukushima nuclear accident and to 

predict the effects of future accidents, the components of modelling technology for aquatic 

ecosystems contamination were integrated for the first time in three-dimensional model 

THREETOX. 

The box model POSEIDON-R was incorporated into the PREDO platform to 

estimate radiation doses to the public resulting from the releases of radionuclides in the 

marine environment during normal operation of nuclear facilities in Sweden. The 

calculated concentrations of radioactive 60Co and 54Mn in the water, bottom sediments and 

marine organisms are compared with the corresponding measurements for the Forsmark 



  

NPP located on the Baltic Sea coast. The developed kinetic-allometric model for the for 

non-uniform assimilation of contamination in fish gives better agreement of the calculated 

concentrations for both radionuclides with measurements for fish species at different 

levels of the food chain compared to other models. This is caused by the contribution of 

different tissues, because even a low concentration of activity in muscle tissue 

significantly affects the total content of radionuclide in fish due to its large mass fraction. 

The FDMA model was integrated into the RODOS system for calculation the doses 

received by the population from freshwater pathways of irradiation. It provides the dose 

assessment due to consumption by people of the drinking water and food products of plant 

and animal origin contaminated through freshwater. The input data for the model is the 

concentration of radionuclides in the water on agricultural and habitat areas, which is the 

output information of the RODOS hydro module. Model parameters related to different 

radioecological regions of Ukraine were collected, processed and integrated into the 

RODOS system that was contributed to its implementation in Ukraine. Nowadays, the 

dose assessment for population from freshwater pathways of irradiation using the RODOS 

system is carried out at the nuclear facilities of Ukraine and in governmental structures. In 

particular, it is in operate at the Rivne NPP and in the Radiation Accidents Consequences 

Prediction Center of the Ukrainian Hydrometeorological Center that is confirmed by the 

relevant acts of implementation. 

Keywords: aquatic ecosystems, contaminants, radionuclides, computer support of 

decisions, RODOS system, box model POSEIDON-R, kinetic-allometric model, radiation 

doses to public, accident at the Chornobyl NPP, Fukushima nuclear accident. 
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ʪʢʘʥʠʥʘʤʠ ʦʨʛʘʥʽʟʤʫ éééééééééééééééééééééééééé89 

2.4 ʆʩʦʙʣʠʚʦʩʪʽʤʦʜʝʣʽ.éééééééééééééééééééééééé.92 

2.5 ɸʥʘʣʽʟ ʚʥʝʩʢʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʚ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ                         

ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʠʙʽ .ééééééééééééééé.éééééééééééé.94 

2.6 ʇʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʜʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ .éééééééé.98 

2.6.1 ɿʘʩʚʦʻʥʥʷ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 57Co, 54Mn  ̔134Cs ʨʠʙʦʶ.éééé98 

2.6.2. ɿʘʩʚʦʻʥʥʷ 60Co, 54Mn ʽ 137Cs ʨʠʙʦʶ ʟ ʾʞʽ ʪʘ ʾʭʥʻ ʚʠʚʝʜʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ .éé101 

2.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2  éééééééééééééééééééééé.103 

ʈʆɿɼɯʃ 3 ʇɽʈɽʅʆʉ ɿɸɹʈʋɼʅɽʅʅʗ ʏɽʈɽɿ ʃɸʅʎʖɾʂʀ ɾʀɺʃɽʅʅʗ 

ʄʆʈʉʔʂʀʍ ʆʈɻɸʅɯɿʄɯɺ ʋ ʂɸʄɽʈʅɯʁ ʄʆɼɽʃɯ POSEIDON-R.éééé106 

3.1 ʇʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭéééééééééé107 

3.2 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ.éé.113 

3.2.1 ʇʝʣʘʛʽʯʥʠʡ ʽ ʧʨʠʜʦʥʥʠʡ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ...éééééééééééé.114 

3.2.2 ʆʜʥʦʨʽʜʥʝ ʽ ʥʝʦʜʥʦʨʽʜʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʠʙʽ .éééééééé118 
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3.3 ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʚ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʫ ʨʦʟʧʨʽʩʥʝʥʽʡ ʚʦʜʽ .ééééééééééééééééééééé.119 

3.4 ɼʞʝʨʝʣʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʦʜʝʣʽ .éééééééééé121 

3.5 ʏʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ .éééééééééééééééé.123 

3.6 ʈʦʟʨʘʭʫʥʦʢ ʜʦʟ ʜʣʷ ʣʶʜʠʥʠ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʽʜ ʨʽʟʥʠʭ                     

ʜʞʝʨʝʣ ʦʧʨʦʤʽʥʝʥʥʷéééééééééééééééééééééééééé126 

3.6.1 ɼʦʟʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ éééééééééééééééééé.127 

3.6.2 ɼʦʟʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ééééééééééééééééééé128 

3.6.3 ʂʦʣʝʢʪʠʚʥʽ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ééééééééééééééé129 

3.6.4 ʈʦʟʨʘʭʫʥʦʢ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ .ééééééééé130 

3.7 ɿʚôʷʟʦʢ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʟ ʽʩʥʫʶʯʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ .ééééééé130 

3.8 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 .éééééééééééééééééééééé.133 

ʈʆɿɼɯʃ 4 ʈɽʂʆʅʉʊʈʋʂʎɯʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʏʆʈʅʆɻʆ 

ʄʆʈʗ ɼʆ ʊɸ ʇɯʉʃʗ ɸɺɸʈɯɰ ʅɸ ʏʆʈʅʆɹʀʃʔʉʔʂɯʁ ɸɽʉééééééé135 

4.1 ɯʩʥʫʶʯʽ ʦʮʽʥʢʠ ʚʤʽʩʪʫ 137Cs ʪʘ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ .éééééééééé.137 

4.2 ɿʙʽʨ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʽ 90Sr ʫ ʚʦʜʽ, 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷéééééééééé138 

4.3 ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ POSEIDON-R ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷééééééééééé.139 

4.4 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 137Cs ʫ ʤʦʨʩʴʢʦʤʫ    

ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ .ééééééééééééééééééééééé.143 

4.5 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 90Sr ʫ ʤʦʨʩʴʢʦʤʫ     

ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ .ééééééééééééééééééééééé.153 

4.6 ʆʮʽʥʢʠ ʚʤʽʩʪʫ 137Cs ʪʘ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷééééééééééééééééééééééééééééé159 

4.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 .éééééééééééééééééééééé.164 

ʈʆɿɼɯʃ 5 ʄʆɼɽʃʖɺɸʅʅʗ ʇɽʈɽʅʆʉʋ 137Cs ɺ ɯʅʐʀʍ      

ɭɺʈʆʇɽʁʉʔʂʀʍ ʄʆʈʗʍ éééééééééééééééééééééé166 

5.1 ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝééééééééééééééééééééééééé166 

5.1.1 ʉʠʩʪʝʤʘ ʢʘʤʝʨ éééééééééééééééééééééééééé167 

5.1.2 ɼʞʝʨʝʣʘ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ééééééééééééééééé169 
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5.1.3 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ             

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʠʤʽʨʘʤʠ .éééééééééééééé172 

5.1.4 ɹʘʣʘʥʩ 137Cs ʪʘ ʡʦʛʦ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ ʽ ʚʦʜʦʦʙʤʽʥʫ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ ʪʘ ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ é180 

5.2 ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ ééééééééééééééééééééééééé185 

5.2.1 ʉʠʩʪʝʤʘ ʢʘʤʝʨ éééééééééééééééééééééééééé185 

5.2.2 ɼʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ éééééééé188 

5.2.3 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽééééééé191 

5.2.4 ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ THREETOX ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ           

ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʚ      

1986-1990 ʨʦʢʘʭ .ééééééééééééééééééééééééééé.198 

5.3 ʄʦʨʷ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ .ééééééééé204 

5.3.1 ʉʠʩʪʝʤʘ ʢʘʤʝʨ éééééééééééééééééééééééééé205 

5.3.2 ɼʞʝʨʝʣʘ 137Cs éééééééééééééééééééééééééé.207 

5.3.3 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ             

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʠʤʽʨʘʤʠ .éééééééééééééé208 

5.4 ʆʮʽʥʢʘ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʜʣʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ .éééééé.212 

5.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 .éééééééééééééééééééééé.215 

ʈʆɿɼɯʃ 6 ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ                     

ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʥʘ ʬʦʥʽ ʽʩʥʫʶʯʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ                          

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʊʠʭʦʛʦ ʦʢʝʘʥʫ                                                                 218 

6.1 ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ POSEIDON-R ʜʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ                   

ʊʠʭʦʛʦ ʦʢʝʘʥʫ éééééééééééééééééééééééééééé.223 

6.2 ɼʦʚʛʦʩʪʨʦʢʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ              

ʯʘʩʪʠʥʽ ʊʠʭʦʛʦ ʦʢʝʘʥʫ ééééééééééééééééééééééééé226 

6.2.1 ɻʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ 137Cs, ʩʧʨʠʯʠʥʝʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʘʪʦʤʥʦʾ                

ʟʙʨʦʾ, ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʡʦʛʦ ʧʝʨʝʥʦʩʫ ʚ ɾʦʚʪʦʤʫ, ʉʭʽʜʥʦ-ʂʠʪʘʡʩʴʢʦʤʫ ʽ   

ʗʧʦʥʩʴʢʦʤʫ ʤʦʨʷʭ .éééééééééééééééééééééééééé.227 

6.2.2 ɼʞʝʨʝʣʘ 137Cs ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1éééééééééé233 
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6.2.3 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ             

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʠʤʽʨʘʤʠ ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ééé.234 

6.3 ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ 90Sr ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ                    

ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʥʘ ʬʦʥʽ ʽʩʪʦʨʠʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷéééééééééééé244 

6.3.1 ɺʽʜʪʚʦʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ɾʦʚʪʦʛʦ, ʉʭʽʜʥʦ-ʂʠʪʘʡʩʴʢʦʛʦ ʽ ʗʧʦʥʩʴʢʦʛʦ        

ʤʦʨʽʚ ʧʨʦʪʷʛʦʤ 1945-2010 ʨʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ éé245 

6.3.2 ʆʮʽʥʢʘ ʜʞʝʨʝʣʘ 90Sr ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 éééééééé252 

6.3.3 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʣʶʜʩʪʚʦ ʧʦʩʪʽʡʥʦ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʧʦʚôʷʟʘʥʦ ʷʢ ʽʟ 

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. ɼʦ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʟʘʙʨʫʜʥʶʶʪʴ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʬʪʘ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʩʠʥʪʝʪʠʯʥʽ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʚʫʛʣʝʚʦʜʥʽʚ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʘʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʧʦʙʫʪʦʚʝ 

ʩʤʽʪʪʷ [1]. 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 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 

[2], NARAC [3], RODOS [4], ARGOS [5], WSPEEDI [6], MOIRA-PLUS [7] 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 
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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. 

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 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ 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. 
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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 

ʚʧʣʠʚʠ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʾʭʥʻ 

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

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 ʤʦʜʝʣʽ 

POSEIDON-R ʫ ʧʣʘʪʬʦʨʤʫ PREDO; 

¶ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ 

ʥʘʩʝʣʝʥʥʷʤ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ 
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ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʟʘʙʨʫʜʥʝʥʽ ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ ʰʣʷʭʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʫ 

ʩʠʩʪʝʤʽ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS; 

¶ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ 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 ʨʝʢʦʥʩʪʨʫʢʮʽʷ 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 ʤʦʜʝʣʴ 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; 
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2) ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʯʝʨʝʟ ʧʨʽʩʥʦʚʦʜʥʽ 

ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ FDMA ʚ ʩʠʩʪʝʤʽ RODOS, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʥʘʚʢʦʣʦ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ; 

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. 
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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 [37], [44], [85], [205] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʙʨʦʙʢʘ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʾʭʥʻ ʦʙʛʦʚʦʨʝʥʥʷ ʨʘʟʦʤ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʛʨʫʧʦʶ 

ʩʧʽʚʘʚʪʦʨʽʚ ʪʘ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ. ʋ ʨʦʙʦʪʘʭ [67], [121], [144] ʘʚʪʦʨʫ 

ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [30], 

[33], [34], [38], [119], [133], [143], [153] 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 [54], [154], [155], ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʽʥʪʝʛʨʫʚʘʥʥʷʤ 

ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʫ RODOS, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʚʥʝʩʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʤʽʥ ʫ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʝʣʝʡ, ʾʭʥʻ ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʽ [9] 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 
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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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ʈʆɿɼɯʃ 1 

ʈɸɼɯʆɸʂʊʀɺʅɽ ɿɸɹʈʋɼʅɽʅʅʗ ʄʆʈʉʔʂʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ʊɸ ʆʇʀʉ 

ʇʈʆʎɽʉɯɺ ʁʆɻʆ ʇɽʈɽʅʆʉʋ ʄɽʊʆɼɸʄʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ 

 

 

ɿ ʧʦʯʘʪʢʦʤ ʧʨʦʤʠʩʣʦʚʦʾ ʝʧʦʭʠ ʨʽʟʥʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʧʦʩʪʽʡʥʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ ʮʦɹʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʻ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʫ ʧʨʦʩʪʦʨʽ ʽ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ. ɺ ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ ʉʚʽʪʦʚʦʛʦ 

ʦʢʝʘʥʫ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʥʝʙʝʟʧʝʯʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʽʻʾ ʘʙʦ ʢʽʣʴʢʦʭ ʨʝʯʦʚʠʥ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʨʠʙʝʨʝʞʥʠʭ 

ʨʘʡʦʥʽʚ ʟ̔ ʚʝʣʠʢʦʶ ʛʫʩʪʦʪʦʶ ʥʘʩʝʣʝʥʥʷ ʽ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʮʠʤ ʚʠʢʠʜʘʤʠ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [8]. ʑʦʙ ʟʘʬʽʢʩʫʚʘʪʠ 

ʧʝʨʝʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ, ʧʦʪʨʽʙʥʦ 

ʧʦʩʪʽʡʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʦʙʣʘʩʪʝʡ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʟʘʙʨʫʜʥʝʥʥʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʚʽʜʧʦʚʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʦʙʣʠʟʫ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʙʝʨʝʟʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʦʜʦʡʤ [9] ʯʠ ʥʘ ʤʦʨʩʴʢʦʤʫ ʫʟʙʝʨʝʞʞʽ. ʇʨʦʪʝ 

ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʟʥʘʯʥʠʭ ʥʝʜʦʩʣʽʜʞʝʥʠʭ ʦʙʣʘʩʪʝʡ ʫ ʚʠʧʘʜʢʫ 

ʛʣʦʙʘʣʴʥʠʭ ʘʚʘʨʽʡ. ɼʘʥʫ ʧʨʦʙʣʝʤʫ ʚʠʨʽʰʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥ,̫ ʷʢʝ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ ʽ ʥʘ ʣʶʜʠʥʫ. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʣʠʰʝ ʤʘʶʯʠ ʨʦʟʨʘʭʦʚʘʥʽ 

ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʝʚʥʽʡ ʦʙʣʘʩʪʽ ʤʦʨʷ, ʷʢʽ ʫʟʛʦʜʞʫʶʪʴʩʷ 

ʟ ʽʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʧʦʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʮʽʻʾ ʦʙʣʘʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʜʣʷ ʦʮʽʥʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʠʥʫʣʦʤʫ, ʪʘʢ ʽ ʜʣʷ ʧʨʦʛʥʦʟʫ ʥʘ ʤʘʡʙʫʪʥʻ. 

ɿʘʛʘʣʦʤ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʟ 

ʷʢʠʭ ʦʩʥʦʚʥʠʤʠ, ʟʛʽʜʥʦ ʟ [1], ʚʚʘʞʘʶʪʴʩʷ: 1) ʥʘʬʪʘ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ; 2) ʩʠʥʪʝʪʠʯʥʽ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʚʫʛʣʝʚʦʜʥʽʚ; 3) ʚʘʞʢʽ ʤʝʪʘʣʠ (ʧʝʨʝʚʘʞʥʦ ʨʪʫʪʴ, ʢʘʜʤʽʡ ʽ ʩʚʠʥʝʮʴ); 

4) ʘʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ; 5) ʧʦʙʫʪʦʚʝ ʩʤʽʪʪʷ. ɼʝʷʢʽ ʟ ʥʠʭ ʤʘʶʪʴ ʩʧʽʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʽ ʩʠʥʪʝʪʠʯʥʘ ʦʨʛʘʥʽʢʘ ʟʘʩʚʦʶʶʪʴʩʷ 
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ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʚʦʥʠ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʚ ʧʝʚʥʠʭ ʦʨʛʘʥʘʭ ʯʠ ʪʢʘʥʠʥʘʭ, ʟʜʽʡʩʥʶʶʯʠ ʥʘ ʥʠʭ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ. ʈʘʜʽʦʥʫʢʣʽʜʠ ʨʦʟʧʘʜʘʶʪʴʩʷ ʟ ʯʘʩʦʤ, ʚʠʧʨʦʤʽʥʶʶʯʠ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʯʘʩʪʠʥʢʠ, ʪʦʜʽ ʷʢ ʦʨʛʘʥʽʯʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʤʦʞʫʪʴ ʨʦʟʧʘʜʘʪʠʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʠʭ ʯʠ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʥʦʩʫ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʧʨʦʮʝʩʠ ʨʦʟʪʽʢʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ, 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ, ʫʪʚʦʨʝʥʥʷ ʝʤʫʣʴʩʽʾ ʪʘ ʽʥ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʾʭʥʴʦʛʦ 

ʧʝʨʝʥʦʩʫ ʽʩʥʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʥʝ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ 

ʨʦʙʦʪʠ. ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ ʥʝ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʧʝʨʝʥʦʩ ʧʦʙʫʪʦʚʦʛʦ ʩʤʽʪʪʷ, ʷʢʝ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ ʽ ʥʝ ʟʘʩʚʦʶʻʪʴʩʷ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. 

ɿ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʥʷ ʧʝʨʰʠʭ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʚʽʜʙʫʣʘʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʥʦʤʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʣʶʜʠʥʫ. ʉʝʨʝʜ ʥʠʭ ʙʫʣʠ ʽ ʩʝʨʡʦʟʥʽ ʥʝʱʘʩʥʽ ʚʠʧʘʜʢʠ, 

ʥʘʧʨʠʢʣʘʜ, ʘʚʘʨʽʷ ʥʘ ʷʜʝʨʥʦʤʫ ʟʘʚʦʜʽ ñʄʘʷʢò (1957 ʨ., ʉʈʉʈ), ʘʚʘʨʽʷ ʥʘ ʘʪʦʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʋʽʥʜʩʢʝʡʣ (ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ï ñʉʝʣʣʘʬʽʣʜò, 1957 ʨ., ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) ʘʙʦ 

ʘʚʘʨʽʷ ʥʘ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ñʊʨʠ-ʤʘʡʣ-ʘʡʣʝʥʜò (1979 ʨ., ʉʐɸ), ʷʢʽ ʧʨʠʚʝʨʥʫʣʠ 

ʛʨʦʤʘʜʩʴʢʫ ʜʫʤʢʫ ʜʦ ʧʨʦʙʣʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʧʨʠʷʣʠ ʨʦʟʚʠʪʢʫ ʧʨʠʥʮʠʧʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʙʝʟʧʝʯʥʽʰʦʛʦ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʷʜʝʨʥʠʤʠ ʦʙôʻʢʪʘʤʠ. ɹʫʣʠ ʩʪʚʦʨʝʥʽ ʽ ʟʘʧʨʦʚʘʜʞʝʥʽ ʥʦʚʽ ʙʽʣʴʰ ʞʦʨʩʪʢʽ 

ʧʨʘʚʠʣʘ ʱʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʥʦʚʦʢ ʷʜʝʨʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʷʭ. 

ɸʣʝ ʚʩʽ ʮʽ ʟʘʭʦʜʠ ʥʝ ʛʘʨʘʥʪʫʚʘʣʠ ʚʽʜʩʫʪʥʦʩʪʽ ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ ʥʘʚʽʪʴ ʽʟ 

ʛʣʦʙʘʣʴʥʠʤ ʚʧʣʠʚʦʤ, ʷʢ ʮʝ ʙʫʣʦ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ) 

ʫ ʢʚʽʪʥʽ 1986 ʨʦʢʫ, ʪʘ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ ʙʝʨʝʟʥʽ 2011 ʨʦʢʫ. ɿ ʤʝʪʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʚʠʧʘʜʢʽʚ ʚ ʘʪʦʤʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʽʟʥʠʭ ʢʨʘʾʥ ʫ 1988 

ʨʦʮʽ ʄʽʞʥʘʨʦʜʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ (ʄɸɻɸʊɽ) ʨʦʟʨʦʙʠʣʦ ʄʽʞʥʘʨʦʜʥʫ 

ʰʢʘʣʫ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ [10]. ɺ ʥʽʡ ʫʩʽ ʥʘʜʟʚʠʯʘʡʥʽ ʧʦʜʽʾ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʚʽʜ 0 ʜʦ 7 ʨʽʚʥʷ (ʪʘʙʣ. 1.1) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʠʪʦʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜ ʦʙʣʘʩʪʽ ʾʭʥʴʦʾ ʜʽʾ. 

 



19 
 

ʊʘʙʣʠʮʷ 1.1 ï ʄʽʞʥʘʨʦʜʥʘ ʰʢʘʣʘ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ 

ʈʽʚʝʥʴ ɺʧʣʠʚ ʥʘ ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʈʽʚʝʥʴ 7: ɻʣʦʙʘʣʴʥʘ 

ʘʚʘʨʽʷ 

ɺʠʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʩʣʽʜʢʠ ʷʢʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ 

ʈʽʚʝʥʴ 6: ʉʝʨʡʦʟʥʘ 

ʘʚʘʨʽʷ 

ʈʘʜʽʦʘʢʪʠʚʥʠʡ ʚʠʢʠʜ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʥʦʚʠʭ ʟʘʭʦʜʽʚ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ʈʽʚʝʥʴ 5: ɸʚʘʨʽʷ ʟ 

ʨʠʟʠʢʦʤ ʜʣʷ ʜʦʚʢʽʣʣʷ 

ʆʙʤʝʞʝʥʠʡ ʚʠʢʠʜ, ʱʦ ʧʦʪʨʝʙʫʻ ʯʘʩʪʢʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʥʦʚʠʭ ʟʘʭʦʜʽʚ ʟ ʚʽʜʥʦʚʣʝʥʥʷ 

ʈʽʚʝʥʴ 4: ʃʦʢʘʣʴʥʘ 

ʘʚʘʨʽʷ 

ʅʝʟʥʘʯʥʠʡ ʚʠʢʠʜ ʙʝʟ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ 

ʨʽʚʥʷ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ (ʤʦʞʣʠʚʝ ʦʧʨʦʤʽʥʝʥʥʷ 

ʧʝʨʩʦʥʘʣʫ ʟ ʣʝʪʘʣʴʥʠʤ ʚʠʧʘʜʢʦʤ) 

ʈʚ̔ʝʥʴ 3: ʉʝʨʡʦʟʥʘ 

ʧʦʜʽʷ 

ʄʽʟʝʨʥʦ ʤʘʣʠʡ ʚʠʢʠʜ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʟ ʩʝʨʡʦʟʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ; 

ʚʪʨʘʪʘ, ʚʠʢʨʘʜʝʥʥʷ ʘʙʦ ʜʦʩʪʘʚʢʘ ʥʝ ʟʘ ʘʜʨʝʩʦʤ 

ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ 

ʈʽʚʝʥʴ 2: ʅʘʜʟʚʠʯʘʡʥʘ 

ʧʦʜʽʷ 

ʉʝʨʡʦʟʥʽ ʚʽʜʤʦʚʠ ʟʘʩʦʙʽʚ ʙʝʟʧʝʢʠ, ʱʦ ʧʨʠʚʝʣʠ ʜʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ; ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʦʛʦ 

ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ ʚ ʥʘʣʝʞʥʽʡ ʫʧʘʢʦʚʮʽ; 

ʧʦʨʫʰʝʥʥʷ ʫʧʘʢʦʚʢʠ ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ 

ʈʽʚʝʥʴ 1: ɸʥʦʤʘʣʴʥʘ 

ʩʠʪʫʘʮʽʷ 

ʇʦʜʽʷ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʛʦ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; ʚʪʨʘʪʘ, ʚʠʢʨʘʜʝʥʥʷ ʘʙʦ ʜʦʩʪʘʚʢʘ ʥʝ ʟʘ 

ʘʜʨʝʩʦʤ ʥʠʟʴʢʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ 

ʈʽʚʝʥʴ 0: ʅʝʟʥʘʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ 

ɺʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʚʧʣʠʚʠ 

 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʰʢʘʣʠ ʧʦʣʷʛʘʻ ʚ ʧʦʣʝʛʰʝʥʥʽ ʦʧʝʨʘʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʽ 

ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʽ ʤʽʞ ʬʘʭʽʚʮʷʤʠ, ʟʘʩʦʙʘʤʠ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʘʩʝʣʝʥʥʷʤ 
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ʚʽʜʥʦʩʥʦ ʟʥʘʯʠʤʦʩʪʽ ʷʜʝʨʥʠʭ ʧʦʜʽʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ, ʘʚʘʨʽʷʤ ʥʘ 

ʏɸɽʉ ʽ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʙʫʣʦ ʧʨʠʩʚʦʻʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʴʦʤʠʡ ʨʽʚʝʥʴ, ʘʚʘʨʽʾ ʥʘ 

ʟʘʚʦʜʽ ñʄʘʷʢò ï ʰʦʩʪʠʡ ʨʽʚʝʥʴ, ʘʚʘʨʽʷʤ ʥʘ ʘʪʦʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʋʽʥʜʩʢʝʡʣ, ʥʘ ɸɽʉ 

ñʊʨʠ-ʤʘʡʣ-ʘʡʣʝʥʜò ʪʘ ʢʽʣʴʢʦʤ ʽʥʰʠʤ ï ʧôʷʪʠʡ ʨʽʚʝʥʴ. ɿ ʯʘʩʦʤ ʜʘʥʘ ʰʢʘʣʘ ʧʦʯʘʣʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʽ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʧʦʜʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʧʝʨʝʚʝʟʝʥʥʷʤ, ʟʙʝʨʽʛʘʥʥʷʤ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʥʝʤʦʞʣʠʚʦ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʥʘʷʚʥʽʩʪʴ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʟʫʤʦʚʣʶʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. ʎʝ ʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʘʚʘʨʽʾ ʥʘ ʷʢʠʭ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʪʨʘʧʣʷʥʥʷ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʪʘʢʠʭ ʘʚʘʨʽʡ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʾʭʥʽ 

ʚʧʣʠʚʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʥʘ ʣʶʜʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ. 

ʋ ʚʠʧʘʜʢʫ ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ, ʧʦʯʠʥʘʶʯʠ ʟ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ ʟʘ ʄʽʞʥʘʨʦʜʥʦʶ 

ʰʢʘʣʦʶ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ, ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʧʦʪʨʘʧʣʷʻ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʦʢʨʝʤʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʝ ʤʦʞʝ ʧʝʨʝʥʦʩʠʪʠʩʴ ʥʘ ʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʆʩʢʽʣʴʢʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ 

ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʝʨʝʟʽ ʤʦʨʽʚ ʽ ʦʢʝʘʥʽʚ, ʥʘʩʣʽʜʢʦʤ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʥʘ ʥʠʭ ʤʦʞʝ ʙʫʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʦʢʫ ʯʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʜʥʽ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʪʝʥʮʽʡʥʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʪʘʢʽ ʷʢ ʟʘʪʦʧʣʝʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ 

ʚʽʜʭʦʜʠ, ʘʪʦʤʥʽ ʧʽʜʚʦʜʥʽ ʯʦʚʥʠ, ʨʝʘʢʪʦʨʠ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ ʪʘ 

ʚʪʨʘʯʝʥʽ ʷʜʝʨʥʽ ʙʦʻʧʨʠʧʘʩʠ. ʇʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʨʘʜʽʦʘʢʪʠʚʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʯʠʥʘʻ ʧʝʨʝʥʦʩʠʪʠʩʷ ʪʝʯʽʷʤʠ, ʧʨʦʥʠʢʘʪʠ ʚ ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʧʽʜ ʜʽʻʶ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʚʟʘʻʤʦʜʽʷʪʠ ʟʽ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ ʽ ʟ ʜʥʦʤ, ʘ ʪʘʢʦʞ 

ʟʘʩʚʦʶʚʘʪʠʩʴ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʣʶʜʠʥʠ ʯʝʨʝʟ ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʪʘ ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʢʦʥʪʘʢʪʫ ʟ ʚʦʜʦʶ ʯʠ ʧʝʨʝʙʫʚʘʥʥ ̫ʥʘ ʫʟʙʝʨʝʞʞʽ. 
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1.1 ʈʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

 

 

ɼʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʩʪʽʡʥʦ ʧʨʠʩʫʪʥʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʤʦʨʷʭ ʽ ʚ ʦʢʝʘʥʘʭ. ɺʦʥʠ ʬʦʨʤʫʶʪʴ ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ 

ʨʘʜʽʘʮʽʾ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʛʽʦʥʫ. ɾʠʚʽ ʦʨʛʘʥʽʟʤʠ, ʱʦ 

ʟʘʚʞʜʠ ʚʽʜʯʫʚʘʣʠ ʚʧʣʠʚ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʨʠʩʪʦʩʫʚʘʣʠʩʷ ʜʦ ʥʴʦʛʦ. ɿ 

ʩʝʨʝʜʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ, ʢʦʣʠ ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʘʪʦʤʥʦʾ 

ʝʥʝʨʛʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʽʣʫ ʷʜʨʘ, ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʩʪʘʣʠ ʧʦʪʨʘʧʣʷʪʠ 

ʘʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʽ ʧʨʦʜʫʢʪʠ ʾʭʥʴʦʛʦ ʧʦʜʽʣʫ. ʈʘʧʪʦʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʬʦʥʫ, ʱʦ ʧʝʨʽʦʜʠʯʥʦ ʪʨʘʧʣʷʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʞʠʚʽ 

ʦʨʛʘʥʽʟʤʠ, ʟʦʢʨʝʤʘ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ, ʟʤʽʥʠ ʬʫʥʢʮʽʡ ʧʝʚʥʠʭ ʪʢʘʥʠʥ ʯʠ ʦʨʛʘʥʽʚ ʽ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʚôʷʟʘʥʠʭ ʟ ʮʠʤ ʭʚʦʨʦʙ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʞʝʨʝʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʧʨʦʮʝʩʽʚ ʾʭʥʴʦʛʦ ʧʝʨʝʥʦʩʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ. 

 

 

1.1.1 ʇʨʠʨʦʜʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ 

 

 

ʋ ʜʘʥʠʡ ʯʘʩ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 70 ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʋʤʦʚʥʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʨʠ ʛʨʫʧʠ: 1) ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʷʜʽʚ; 2) ʨʘʜʽʦʥʫʢʣʽʜʠ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʚʠʥʠʢʘʶʪʴ 

ʥʘ ɿʝʤʣʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ; 3) ʽʥʰʽ 

ʨʘʜʽʦʥʫʢʣʽʜʠ ʟ ʚʝʣʠʢʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ ʟʝʤʥʫ ʢʦʨʫ ʧʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ɿʝʤʣʽ. ʈʘʜʽʦʘʢʪʠʚʥʠʤ ʨʷʜʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʫʧʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ 

ʧʦʨʽʚʥʷʥʠʤ ʟ ʯʘʩʦʤ ʽʩʥʫʚʘʥʥʷ ɿʝʤʣʽ (ʢʽʣʴʢʘ ʤʽʣʴʷʨʜʽʚ ʨʦʢʽʚ). ʇʨʠʢʣʘʜʘʤʠ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʟʘʧʦʯʘʪʢʦʚʫʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʷʜʠ, ʻ ʽʟʦʪʦʧʠ ʪʦʨʽʶ (232Th) ʽ ʫʨʘʥʫ 
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(238U). ʊʘʢʽ ʚʽʜʦʤʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʷʢ ʽʟʦʪʦʧʠ ʨʘʜʽʶ ʽ ʨʘʜʦʥʫ ʻ ʩʢʣʘʜʦʚʠʤʠ ʜʘʥʠʭ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʷʜʽʚ. ʊʦʙʪʦ ʚʦʥʠ ʧʦʩʪʽʡʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʉʝʨʝʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʻ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ ʚʫʛʣʝʮʶ 14C, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʚʝʨʭʥʽʭ 

ʰʘʨʘʭ ʘʪʤʦʩʬʝʨʠ ʟ ʘʟʦʪʫ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ (1 14 14 1

0 7 6 1n N C H+ ­ + ). 

ʇʽʩʣʷ ʮʴʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʚʫʛʣʝʮʴ ʫ ʩʢʣʘʜʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʘʩʚʦʶʻʪʴʩʷ 

ʨʦʩʣʠʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʧʦʪʨʘʧʣʷʻ ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʯʝʨʝʟ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʨʘʜʽʦʥʫʢʣʽʜʦʤ ʟ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʻ ʽʟʦʪʦʧ 

ʢʘʣʽʶ 40K, ʷʢʠʡ ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʆʩʢʽʣʴʢʠ ʢʘʣʽʡ ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʣʘʥʝʪʽ, ʥʘʚʽʪʴ 0,02% ʚʽʜ ʡʦʛʦ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 40K, ʨʦʙʠʪʴ ʚʥʝʩʦʢ ʮʴʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʽʟʦʪʦʧʫ ʫ 

ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ. 

ʇʦʯʠʥʘʶʯʠ ʟ 40-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʠʭ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ, 

ʧʨʦʚʝʜʝʥʠʭ ʣʶʜʠʥʦʶ, ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʯʘʣʠ ʧʦʪʨʘʧʣʷʪʠ ʘʥʪʨʦʧʦʛʝʥʥʽ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʚʩʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʦʜʥʘʢʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʩʧʦʥʪʘʥʥʦʤʫ ʧʦʜʽʣʽ ʫʨʘʥʫ 

235U ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʚʽʣʴʥʠʤʠ ʥʝʡʪʨʦʥʘʤʠ ʽʩʥʫʻ ʧʝʚʥʘ ʢʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜʥʦʩʥʦʛʦ ʚʠʭʦʜʫ ʽʟʦʪʦʧʽʚ ʚʽʜ ʤʘʩʦʚʦʛʦ ʯʠʩʣʘ ʟ ʜʚʦʤʘ ʚʠʨʘʞʝʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʩʦʚʠʤ ʯʠʩʣʘʤ 95 ʽ 134. ʇʨʠ ʮʴʦʤʫ ʤʽʥʽʤʫʤ ʧʨʠʧʘʜʘʻ ʥʘ ʜʽʘʧʘʟʦʥ 

ʤʘʩʦʚʠʭ ʯʠʩʝʣ ʚʽʜ 110 ʜʦ 125. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʠhʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʪʘʢʠʭ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ ʻ ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ ʡʦʜʫ (131I), ʮʝʟʽʶ 

(134Cs, 137Cs) ʽ ʩʪʨʦʥʮʽʶ (90Sr), ʤʘʩʦʚʽ ʯʠʩʣʘ ʷʢʠʭ ʙʣʠʟʴʢʽ ʜʦ ʯʠʩʝʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʘʢʩʠʤʫʤʘʤ ʥʘ ʢʨʠʚʽʡ ʚʽʜʥʦʩʥʦʛʦ ʚʠʭʦʜʫ ʽʟʦʪʦʧʽʚ. ɺ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ) ʚ ʘʪʤʦʩʬʝʨʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʪʨʘʧʣʷʻ 

ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʽʥʝʨʪʥʠʭ ʛʘʟ̔ʚ ʢʩʝʥʦʥʫ (133Xe, 135Xe) ʽ 

ʢʨʠʧʪʦʥʫ (85Kr). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʚʦʜʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ 

ʨʝʘʢʪʦʨʘ, ʧʦʪʨʘʧʣʷʻ ʪʨʠʪʽʡ (3H) ʪʘ ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ ʤʘʪʝʨʽʘʣʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʨʝʘʢʪʦʨʘ ʽ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʽʟʦʪʦʧʠ ʟʘʣʽʟʘ (59Fe), ʢʦʙʘʣʴʪʫ 

(58Co, 60Co), ʤʘʨʛʘʥʮ ʁ(54Mn), ʮʠʥʢʫ (65Zn) ʪʘ ʽʥ. 
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1.1.2 ʂʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

 

 

ʆʜʠʥʠʮʝʶ ʚʠʤʽʨʶʚʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʻ ɹʝʢʝʨʝʣʴ [ɹʢ], ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʘʜʫ ʦʜʥʦʛʦ ʷʜʨʘ ʟʘ ʩʝʢʫʥʜʫ. ʅʘʧʨʠʢʣʘʜ, 1 ʛ 

ʯʠʩʪʦʛʦ ʨʘʜʽʶ 226Ra ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʶ 3,7Ö1010 ɹʢ ʘʙʦ 37 ɻɹʢ, 1 ʛ ʢʘʣʽʶ 

40K ʤʘʻ ʘʢʪʠʚʥʽʩʪʴ 2,65Ö105 ɹʢ ʘʙʦ 265 ʢɹʢ. ɺʽʜʧʦʚʽʜʥʦ, ʦʙôʻʤʥʘ ʯʠ ʤʘʩʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪ̔ ʨʘʜʽʦʥʫʢʣʽʜʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ɹʢ/ʤ3 ʯʠ ɹʢ/ʢʛ ʪʘ ʾʭʥʽʤʠ 

ʧʦʭʽʜʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʚʠʤʽʨʶʚʘʥʥʷ (ɹʢ/ʣ, ɹʢ/ʛ ʽ ʪ.ʜ.). ʉʘʤʝ ʮʽ ʚʝʣʠʯʠʥʠ 

ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʋ ʩʝʨʝʜʦʚʠʱʽ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʢʽʣʴʢʘ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʦʶ ʝʥʝʨʛʽʻʶ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʨʦʟʧʘʜʫ. ɺʠʤʽʨʷʚʰʠ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ 

ʨʽʟʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʯʠ ʤʘʩʠ ʨʝʯʦʚʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʜʝʷʢʦʛʦ ʦʨʛʘʥʽʟʤʫ) ʽ 

ʨʦʟʜʽʣʠʚʰʠ ʾʾ ʥʘ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʩʝʢʫʥʜʘʭ, ʦʪʨʠʤʘʻʤʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʮʽʡ ʨʝʯʦʚʠʥʽ. ʏʘʩʪʦ ʜʘʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ 

ʥʘʟʠʚʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʘʜʽʦʥʫʢʣʽʜʘ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʤʦʞʫʪʴ ʚʠʧʨʦʤʽʥʶʚʘʪʠʩʴ ʷʜʨʘ ʛʝʣʽʶ (a-

ʯʘʩʪʠʥʢʠ), ʝʣʝʢʪʨʦʥʠ ʯʠ ʧʦʟʠʪʨʦʥʠ (b-ʯʘʩʪʠʥʢʠ) ʘʙʦ ʬʦʪʦʥʠ (g-ʧʨʦʤʝʥʽ). ʊʦʤʫ 

ʨʦʟʨʽʟʥʷʶʪʴ 3 ʪʠʧʠ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟʘ ʩʧʦʩʦʙʦʤ ʚʠʧʨʦʤʽʥʝʥʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʥʠʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʚʧʣʠʚʦʤ ʥʘ ʪʢʘʥʠʥʠ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ. 

ʇʦʛʣʠʥʫʪʘ ʪʢʘʥʠʥʦʶ ʝʥʝʨʛʽʷ ʚʠʧʨʦʤʽʥʝʥʦʾ ʯʘʩʪʠʥʢʠ ʽ ʩʧʨʠʯʠʥʷʻ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʦʨʛʘʥʽʟʤ. ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʟʦ  ʁ ʧʦʛʣʠʥʫʪʦʾ ʨʘʜʽʘʮʽʾ 

(ʦʧʨʦʤʽʥʝʥʥʷ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʝʥʥʷ, ʧʦʛʣʠʥʫʪʽʡ ʦʜʠʥʠʮʝʶ ʤʘʩʠ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʦʟʫ ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʘʙʦ ʚʽʜ ʾʭ ʩʫʤʽʰʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʧʝʨʝʙʫʚʘʶʪʴ ʚʦʥʠ ʧʦʟʘ 

ʦʨʛʘʥʽʟʤʦʤ ʯʠ ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʟ ʾʞʝʶ, ʚʦʜʦʶ ʘʙʦ ʧʦʚʽʪʨʷʤ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʜʠʥʠʮʝʶ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʻ 

ɻʨʝʡ [ɻʨ], ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʥʝʨʛʽʶ, ʧʦʛʣʠʥʫʪʫ ʦʜʠʥʠʮʝʶ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ: 1 ɻʨ = 

1 ɼʞ/ʢʛ. ʇʨʦʪʝ ʨʽʟʥʽ ʪʠʧʠ ʚʠʧʨʦʤʽʥʝʥʥʷ ʟ ʦʜʥʘʢʦʚʦʶ ʝʥʝʨʛʽʻʶ ʤʦʞʫʪʴ ʟʘʚʜʘʪʠ 
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ʨʽʟʥʦʾ ʰʢʦʜʠ ʦʨʛʘʥʽʟʤʫ. ʑʦʙ ʮʝ ʚʨʘʭʫʚʘʪʠ, ʜʣʷ ʣʶʜʠʥʠ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

(ʨʘʜʽʘʮʽʡʥʠʡ ʟʚʘʞʫʚʘʥʠʡ ʬʘʢʪʦʨ WR). ɼʣʷ b- ʽ g-ʦʧʨʦʤʽʥʝʥʥʷ WR = 1, ʜʣʷ a-

ʦʧʨʦʤʽʥʝʥʥʷ WR = 20. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʦʟʘ ʚʽʜ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʧʨʦʤʽʥʝʥʥʷ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʦʛʣʠʥʫʪʠʭ ʜʦʟ, ʚʽʜʢʦʨʠʛʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʘʜʽʘʮʽʡʥʠʤʠ 

ʟʚʘʞʫʚʘʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʠ ʜʣʷ ʚʩʴʦʛʦ ʦʨʛʘʥʽʟʤʫ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʜʥʽ ʯʘʩʪʠʥʠ ʪʽʣʘ (ʦʨʛʘʥʠ, ʪʢʘʥʠʥʠ) ʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ, 

ʥʽʞ ʽʥʰʽ. ʊʦʤʫ ʚʚʦʜʷʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʯʫʪʣʠʚʦʩʪʽ ʪʢʘʥʠʥ ʦʨʛʘʥʽʟʤʫ WT. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʰʣʫʥʢʫ WT = 0,12, ʜʣʷ ʧʝʯʽʥʢʠ WT = 0,04, ʜʣʷ ʤʦʟʢʫ WT = 0,01. ʇʨʠ ʮʴʦʤʫ ʩʫʤʘ 

ʜʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʚʩʴʦʛʦ ʦʨʛʘʥʽʟʤʫ ʩʪʘʥʦʚʠʪʴ 1 (1TW =ä ). ʑʦʙ ʦʮʽʥʠʪʠ 

ʩʫʤʘʨʥʠʡ ʝʬʝʢʪ ʚʽʜ ʦʧʨʦʤʽʥʝʥʥʷ ʦʨʛʘʥʽʟʤʫ, ʧʦʪʨʽʙʥʦ ʧʽʜʩʫʤʫʚʘʪʠ ʜʦʙʫʪʢʠ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʜʣʷ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʯʫʪʣʠʚʦʩʪʽ. 

ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʶ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʜʦʟʦʶ. ʆʜʠʥʠʮʝʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʽ ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʻ ɿʽʚʝʨʪ [ɿʚ]. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʱʦʨʽʯʥʘ 

ʝʬʝʢʪʠʚʥʘ ʜʦʟʘ ʚʽʜ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 40K ʽ 14C ʩʪʘʥʦʚʠʪʴ 

0,17 ʤɿʚ ʽ 0,012 ʤɿʚ, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʩʫʤʘʨʥʘ ʝʬʝʢʪʠʚʥʘ ʜʦʟʘ ʚʽʜ ʫʩʽʭ ʧʨʠʨʦʜʥʠʭ 

ʜʞʝʨʝʣ ʨʘʜʽʘʮʽʾ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 1 ʜʦ 10 ʤɿʚ ʟʘ ʨʽʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʛʽʦʥʫ 

[11]. 

ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʄɸɻɸʊɽ, ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʩʪʘʥʦʚʠʪʴ 1 ʤɿʚ/ʨʽʢ [12]. ʇʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʨʦʚʦʜʠʪʠ ʝʚʘʢʫʘʮʽʶ ʥʘʩʝʣʝʥʥʷ ʟ ʨʝʛʽʦʥʫ, 

ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʝ ʧʝʨʝʚʠʱʝʥʥʷ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʜʦʟʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ [13] ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʘʥʽ 

ʚʧʣʠʚʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʨʽʟʥʽ ʪʢʘʥʠʥʠ ʦʨʛʘʥʽʟʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʶʯʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʫ ʜʦʟʫ ʜʣʷ ʣʶʜʠʥʠ, 

ʧʝʨʝʤʥʦʞʠʚʰʠ ʜʘʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘ ʜʦʟʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽ ʥʘ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʇʦʨʷʜ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʜʦʟʘʤʠ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʨʦ ʷʢʽ ʡʰʣʘ ʤʦʚʘ ʚʠʱʝ, ʪʘʢʦʞ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʥʷʪʪʷ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʫʤʘʨʥʫ ʜʦʟʫ, ʦʪʨʠʤʘʥʫ 
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ʧʝʚʥʦʶ ʛʨʫʧʦʶ ʣʶʜʝʡ. ɰʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʬʝʨʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʟʘʚʜʘʥʥʷ 

ʷʢʦʛʦ ʥʘʡʯʘʩʪʽʰʝ ʧʦʣʷʛʘʻ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʟʥʠʞʝʥʥ ̔ʦʧʨʦʤʽʥʝʥʥʷ ʛʨʫʧ ʧʝʨʩʦʥʘʣʫ ʘʙʦ 

ʥʘʩʝʣʝʥʥʷ, ʘ ʥʝ ʦʢʨʝʤʦʾ ʣʶʜʠʥʠ. ʆʜʠʥʠʮʝʶ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ ʻ 

ʣʶʜʠʥʦ-ɿ̔ ʚʝʨʪ [ʣʶʜ.-ɿʚ]. ʉʘʤʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʭʚʦʨʦʙ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʘʜʽʘʮʽʡʥʠʤʠ 

ʚʧʣʠʚʘʤʠ ʥʘ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. 

 

 

1.1.3 ɼʞʝʨʝʣʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

 

 

ɸʥʪʨʦʧʦʛʝʥʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʉʚʽʪʦʚʠʡ ʦʢʝʘʥ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ 

[14]. ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʢʝʘʥʫ ʩʬʦʨʤʫʚʘʚʩʷ ʚ ʤʠʥʫʣʦʤʫ 

ʩʪʦʣʽʪʪʽ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ɺ ʜʘʥʠʡ ʯʘʩ ʪʘʢʦʞ 

ʽʩʥʫʶʪʴ ʥʝʚʝʣʠʢʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʪʘʢʽ ʷʢ ʧʦʩʪʽʡʥʽ ʚʠʪʦʢʠ ʘʢʪʠʚʥʦʩʪʽ ʟ ʜʽʶʯʠʭ 

ɸɽʉ ʽ ʟʘʚʦʜʽʚ ʧʦ ʟʙʘʛʘʯʝʥʥʶ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʧʨʦʩʦʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʟʘʭʦʨʦʥʝʥʠʭ ʥʘ ʤʦʨʩʴʢʦʤʫ ʜʥʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʟʘʪʦʥʫʣʠʭ 

ʘʪʦʤʥʠʭ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ. ʆʩʪʘʥʥʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʣʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 (ʗʧʦʥʽʷ) ʚ 

2011 ʨʦʮʽ. 

ɸʪʤʦʩʬʝʨʥʽ ʽ ʧʽʜʚʦʜʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʪʦʤʥʦʾ ʟʙʨʦʾ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ ʟ 1945 ʜʦ 

1980 ʨʦʢʫ, ʩʪʘʣʠ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʚʽʜʙʫʣʠʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʚ ʧʝʨʽʦʜʠ 1951-1958 ʪʘ 1961-1962 

ʨʦʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʫʭʫ ʘʪʦʤʥʦʾ ʙʦʤʙʠ ʚ ʘʪʤʦʩʬʝʨʽ ʚʠʥʠʢʘʻ ʨʦʟʞʘʨʝʥʘ ʟʦʥʘ ʫ 

ʬʦʨʤʽ ʢʫʣʽ, ʷʢʘ ʜʫʞʝ ʰʚʠʜʢʦ ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʛʦʨʫ ʥʘ ʚʠʩʦʪʫ 5-20 ʢʤ, ʟʘʭʦʧʣʶʶʯʠ ʧʠʣ 

ʟ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ʆʭʦʣʦʜʞʫʶʯʠʩʴ, ʚʦʛʥʷʥʘ ʢʫʣʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʢʣʫʙʯʘʩʪʫ ʜʠʤʦʚʫ 

ʭʤʘʨʫ ʫ ʚʠʛʣʷʜʽ ʛʨʠʙʘ (ʨʠʩ. 1.1). ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʥʽʤʘʻʪʴʩʷ ʫ ʚʝʨʭʥʽ ʰʘʨʠ ʘʪʤʦʩʬʝʨʠ, ʧʽʩʣʷ ʯʦʛʦ ʦʩʽʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ 

ʟʝʤʣʽ ʯʠ ʚʦʜʠ ʫ ʚʠʛʣʷʜʽ ñʩʫʭʦʛʦò (ʯʘʩʪʠʥʢʠ ʧʠʣʫ) ʯʠ ñʤʦʢʨʦʛʦò (ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ) 

ʚʠʧʘʜʽʥʥʷ. ʏʘʩʪʠʥʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦʪʨʘʧʣʷʻ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʽ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘʚʢʦʣʦ 
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ɿʝʤʣʽ, ʧʦʩʪʫʧʦʚʦ ʦʩʽʜʘʶʯʠ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ. ɹʘʛʘʪʦ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʨʦʚʦʜʠʣʠʩʷ ʉʧʦʣʫʯʝʥʠʤʠ ʐʪʘʪʘʤʠ ɸʤʝʨʠʢʠ ʚ ʊʠʭʦʤʫ ʦʢʝʘʥʽ ʥʘ ʘʪʦʣʘʭ 

ʄʘʨʰʘʣʦʚʠʭ ʦʩʪʨʦʚʽʚ, ʱʦ ʩʧʨʦʚʦʢʫʚʘʣʦ ʩʫʪʪʻʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙʣʘʩʪʝʡ 

ʦʢʝʘʥʫ. ʊʘʢʦʞ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜʚʦʜʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʩʽ ʫʪʚʦʨʝʥʽ 

ʨʘʜʽʦʥʫʢʣʽʜʠ ʧʦʪʨʘʧʣʷʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɺʠʧʨʦʙʫʚʘʥʥʷ ʘʪʦʤʥʦʾ ʙʦʤʙʠ ʥʘ ʄʘʨʰʘʣʦʚʠʭ ʦʩʪʨʦʚʘʭ (wikipedia.org) 

 

ɯʥʰʠʤ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʪʘʣʠ ʘʚʘʨʽʾ ʥʘ 

ʘʪʦʤʥʠʭ ʦʙôʻʢʪʘʭ. ɿʦʢʨʝʤʘ, ʘʚʘʨʽʷ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ 1986 ʨʦʢʫ (ʨʠʩ. 1.2 ʘ) 

ʩʧʨʠʯʠʥʠʣʘ ʥʘʡʙʽʣʴʰʠʡ ʤʠʪʪʻʚʠʡ ʚʠʢʠʜ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʠʧʘʣʘ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ 

ʚʽʜ ɸɽʉ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʫʪʪʻʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʟʥʘʣʠ 

ʣʠʰʝ ʏʦʨʥʝ ʽ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʷ. ɿʦʚʩʽʤ ʽʥʰʘ ʩʠʪʫʘʮʽʷ ʤʘʣʘ ʤʽʩʮʝ ʧʨʠ ʘʚʘʨʽʾ ʥʘ ɸɽʉ 

ʌʫʢʫʩʽʤʘ-1 2011 ʨʦʢʫ (ʨʠʩ. 1.2 ʙ), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʫʟʙʝʨʝʞʞʽ ʊʠʭʦʛʦ ʦʢʝʘʥʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʚʠʢʠʜ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʘʚʘʨʽʾ ʥʘ ɸɽʉ 

ʌʫʢʫʩʽʤʘ-1 ʙʫʚ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʠʡ, ʥʽʞ ʧʨʠ ʯʦʨʥʦʙʠʣʴʩʴʢʽʡ ʘʚʘʨʽʾ [15], ʫ ʤʦʨʩʴʢʝ 

ʩʝʨʝʜʦʚʠʱʝ ʧʦʪʨʘʧʠʣʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ 

[16], ʙʣʠʟʴʢʦ 80% ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʚʠʪʝʢʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʠʙʝʨʝʞʥʫ ʦʙʣʘʩʪʴ ʘʙʦ ʚʠʧʘʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ʦʢʝʘʥʫ ʟ ʘʪʤʦʩʬʝʨʠ. 

ɺʽʜʦʤʽ ʘʚʘʨʽʾ ʥʘ ʽʥʰʠʭ ʦʙôʻʢʪʘʭ, ʪʘʢʽ ʷʢ ʘʚʘʨʽʷ ʥʘ ʷʜʝʨʥʦʤʫ ʟʘʚʦʜʽ ñʄʘʷʢò (1957 ʨ.), 
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ʘʚʘʨʽʷ ʥʘ ʘʪʦʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʋʽʥʜʩʢʝʡʣ (1957 ʨ.) ʘʙʦ ʘʚʘʨʽʷ ʥʘ ɸɽʉ ñʊʨʠ-ʤʘʡʣ-

ʘʡʣʝʥʜò (1979 ʨ.) ʥʝ ʧʨʠʚʝʣʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [14]. 

 

 

ʘ) wikipedia.org 

 

ʙ) ʘʛʝʥʪʩʪʚʦ ʥʦʚʠʥ Reuters 

ʈʠʩʫʥʦʢ 1.2 ï ɺʠʛʣʷʜ ʟʨʫʡʥʦʚʘʥʦʛʦ ʯʝʪʚʝʨʪʦʛʦ ʝʥʝʨʛʦʙʣʦʢʘ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ (ʘ) ʽ ʪʝʨʠʪʦʨʽʷ ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʚ 

ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʦʜʘ, ʚʽʜʢʘʯʘʥʘ ʟ ʧʦʰʢʦʜʞʝʥʠʭ ʨʝʘʢʪʦʨʽʚ (ʙ) 

 

ɺʠʪʦʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʦʨʤʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʻ ʥʝʟʥʘʯʥʠʤʠ. ɺʠʥʷʪʢʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʪʽʢ ʟ ʘʪʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʉʝʣʣʘʬʽʣʜ 

(ɸʥʛʣʽʷ) ʚ ɯʨʣʘʥʜʩʴʢʝ ʤʦʨʝ ʪʘ ʟ ʟʘʚʦʜʫ ʧʦ ʟʙʘʛʘʯʝʥʥʶ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ñʄʘʷʢò 

(ʉʈʉʈ) ʯʝʨʝʟ ʨʽʯʢʦʚʫ ʩʠʩʪʝʤʫ ʚ ʂʘʨʩʴʢʝ ʤʦʨʝ. ɼʘʥʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʩʧʨʠʯʠʥʠʣʠ ʩʫʪʪʻʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʣʠʰʝ ʚ ʦʙʣʘʩʪʽ ʧʦʙʣʠʟʫ 

ʤʽʩʮʷ ʚʠʪʦʢʫ, ʘʣʝ ʽ ʥʘ ʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʥʴʦʛʦ. ɯʥʰʽ ʦʙôʻʢʪʠ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ 

ʣʠʰʝ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ɺʘʨʪʦ ʪʘʢʦʞ ʟʛʘʜʘʪʠ, ʱʦ ʧʨʦʪʷʛʦʤ 1946-1993 ʨʦʢʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘʭʦʨʦʥʝʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʊʠʭʦʛʦ ʪʘ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʽʚ ʪʘ ʚ 

ʇʽʚʥʽʯʥʦ-ʣɹ ʦʜʦʚʠʪʦʤʫ ʦʢʝʘʥʽ. ʂʨʽʤ ʢʦʥʪʝʡʥʝʨʽʚ ʟ ʚʽʜʭʦʜʘʤʠ (ʨʠʩ. 1.3 ʘ), ʥʘ 

ʤʦʨʩʴʢʦʤʫ ʜʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʢʽʣʴʢʘ ʨʝʘʢʪʦʨʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ ʪʘ 

ʟʘʪʦʥʫʣʠʭ ʘʪʦʤʥʠʭ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ. ʋʩʽ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʞʝʨʝʣʦʤ 
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ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʩʪʝʞʝʥʥʷ ʘʪʦʤʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʯʦʚʥʘ ʂ-

278 ñʂʦʤʩʦʤʦʣʝʮʴò (ʨʠʩ. 1.3 ʙ) ʧʽʜ ʯʘʩ ʥʦʨʚʝʟʴʢʦʾ ʝʢʩʧʝʜʠʮʽʾ ʟ ʜʦʩʣʽʜʞʝʥʥʷ 

ɹʘʨʝʥʮʝʚʦʛʦ ʤʦʨʷ ʚ 2019 ʨʦʮʽ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ ʫ ʚʦʜʽ 

ʧʦʙʣʠʟʫ ʯʦʚʥʘ ʙʣʠʟʴʢʦ 800 000 ɹʢ/ʤ3 [17]. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʚʠʪʦʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʘʜʞʝ ʬʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽ ̫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʇʽʚʥʽʯʥʦ-ʣʴʦʜʦʚʠʪʦʤʫ ʦʢʝʘʥ ̔ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 3,2 ɹʢ/ʤ3 [16]. 

 

 

ʘ) ʝʢʨʘʥ ʛʽʜʨʦʣʦʢʘʪʦʨʘ [297] 

 

ʙ) ʬʦʪʦʛʨʘʬʽʷ ʅʦʨʚʝʟʴʢʦʾ ʘʛʝʥʮʽʾ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʈʠʩʫʥʦʢ 1.3 ï ʂʦʥʪʝʡʥʝʨʠ ʟ ʨʽʜʢʠʤʠ ʷʜʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʥʠʟʴʢʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʥʘ ʜʥʽ ʂʘʨʩʴʢʦʛʦ ʤʦʨʷ (ʘ) ʽ ʟʘʪʦʥʫʣʠʡ ʘʪʦʤʥʠʡ ʧʽʜʚʦʜʥʠʡ ʯʦʚʝʥ ñʂʦʤʩʦʤʦʣʝʮʴò (ʙ) 

 

 

1.1.4 ʊʠʧʠ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

 

 

ʅʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʻ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʦʪʝ ʚ ʥʴʦʛʦ ʻ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ: ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘʡʯʘʩʪʽʰʝ ʧʨʦʚʦʜʷʪʴ ʣʠʰʝ ʚ ʦʙʣʘʩʪʷʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ 

ʧʦʢʨʠʚʘʶʪʴ ʥʝʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ 

ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ, ʥʠʞʯʝ ʷʢʦʾ ʥʝʤʦʞʣʠʚʦ ʟʘʬʽʢʩʫʚʘʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ; 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟ ʟʤʽʥʠ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʯʘʩʦʤ ʯʠ 

ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. ʊʦʤʫ ʜʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 
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ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ 

ʫʩʫʚʘʶʪʴ ʦʧʠʩʘʥʽ ʥʝʜʦʣʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʜʦʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʪʘʧʦʤ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʨʦʙʦʪʠ ʤʦʜʝʣʽ [18]. 

ʆʜʥʝ ʟ ʧʝʨʰʠʭ ˇʨʫʥʪʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʩʴʢ̔ʡ 

ʚʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚ ʨʦʙʦʪʽ [19]. ʋ ʥʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʚʦʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʱʦ ʦʧʠʩʫʚʘʣʘ ʫʩʝʨʝʜʥʝʥʽ ʧʦ 

ʛʣʠʙʠʥʽ ʪʝʯʽʾ ʚ ʤʦʨʷʭ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʰʝʣʴʬʫ ʟ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ 35 ʢʤ. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ 137Cs ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʟʘʚʦʜʫ 

ʟʽ ʟʙʘʛʘʯʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʉʝʣʣʘʬʣ̔ʜ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʝʨʝʟʽ ɯʨʣʘʥʜʩʴʢʦʛʦ 

ʤʦʨʷ, ʤʦʜʝʣʶʚʘʣʦʩʷ ʷʢ ʧʝʨʝʥʦʩ ʧʘʩʠʚʥʦʾ ʜʦʤʽʰʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. ɿ ʪʦʛʦ ʯʘʩʫ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʩʪʫʧʦʚʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʣʠʩʷ. ɺ ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 

ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ THREETOX [20], ʚ ʷʢʽʡ ʨʦʟʛʣʷʜʘʣʘʩʷ 

ʚʟʘʻʤʦʜʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽʟ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ, 

ʟʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [21]. ɿ ʨʦʩʪʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʟôʷʚʠʣʠʩʴ ʤʦʞʣʠʚʦʩʪʽ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʟ ʢʨʘʱʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʤʦʜʝʣʽ ʨʽʟʥʦʛʦ ʪʠʧʫ [22]. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʢʘʥʘʣʫ ʟ ʜʦʩʠʪʴ 

ʰʚʠʜʢʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʮʽʣʢʦʤ 

ʜʦʩʪʘʪʥʽʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʧʨʦʩʪʽʰʦʾ ʦʜʥʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʊʘʢʠʡ ʪʠʧ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʉʫʝʮʴʢʦʤʫ ʢʘʥʘʣʽ [23]. ʗʢʱʦ 

ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʚʝʨʪʠʢʘʣʽ ʥʝʦʜʥʦʨʽʜʥʠʡ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʭ ʚʦʜʦʡʤ, ʮʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ. ɺ 

ʨʦʙʦʪʽ [24] ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ 1,5-ʚʠʤʽʨʥʘ (ʧʽʚʪʦʨʘ-ʚʠʤʽʨʥʘ) ʤʦʜʝʣʴ, ʚ ʷʢʽʡ 

ʩʠʩʪʝʤʘ ʉʝʨʝʜʟʝʤʥʦʛʦ-ʄʘʨʤʫʨʦʚʦʛʦ-ʏʦʨʥʦʛʦ-ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʦʜʥʦʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ ʟ ʦʧʠʩʦʤ ʛʣʠʙʦʢʦʚʦʜʥʠʭ ʦʙʣʘʩʪʝʡ ʟʘʭʽʜʥʦʾ ʽ ʩʭʽʜʥʦʾ ʯʘʩʪʠʥ 

ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ, ʘ ʪʘʢʦʞ ʄʘʨʤʫʨʦʚʦʛʦ ʽ ʏʦʨʥʦʛʦ ʤʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʧʽʜʤʦʜʝʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʪʚʦʨʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. 

ɼʚʦʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʤʽʣʢʠʭ ʧʨʠʙʝʨʝʞʥʠʭ ʚʦʜʦʡʤ, 
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ʪʘʢʠʭ ʷʢ ʣʠʤʘʥʠ ʽ ʟʘʪʦʢʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʟʝʨ ʽ ʰʝʣʴʬʦʚʠʭ ʦʙʣʘʩʪʝʡ ʤʦʨʽʚ. 

ʆʙʦʚôʷʟʢʦʚʦʶ ʚʠʤʦʛʦʶ ʜʣʷ ʪʘʢʠʭ ʚʦʜʦʡʤ ʻ ʾʭʥʷ ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦ ʚʝʨʪʠʢʘʣʽ, ʦʩʢʽʣʴʢʠ 

ʨʝʟʫʣʴʪʘʪʠ ʜʚʦʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʟʘʚʞʜʠ ʻ ʫʩʝʨʝʜʥʝʥʠʤʠ ʧʦ ʛʣʠʙʠʥʽ. ɼʫʞʝ ʯʘʩʪʦ 

ʚʣʽʪʢʫ ʚ ʧʦʤʽʨʥʠʭ ʰʠʨʦʪʘʭ ʥʘʚʽʪʴ ʤʽʣʢʽ ʚʦʜʦʡʤʠ ʩʪʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʧʨʦʛʨʽʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʚʦʜʠ ʽ 

ʬʦʨʤʫʻʪʴʩʷ ʩʪʽʡʢʘ ʩʪʨʘʪʠʬʽʢʘʮʽʷ, ʷʢʘ ʧʝʨʝʰʢʦʜʞʘʻ ʚʝʨʪʠʢʘʣʴʥʽʡ ʜʠʬʫʟʽʾ, ʱʦ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʜʣʷ ʤʽʣʢʠʭ 

ʚʦʜʦʡʤ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ, ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʤʦʜʝʣʝʡ. ʇʨʦʪʝ ʟ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ 

ʦʧʠʩʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʚʦʜʦʡʤʠ ʽ ʤʦʨʩʴʢʽ ʩʠʩʪʝʤʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʩʘʤʝ ʤʝʪʦʜʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɯʥʰʠʤ ʪʠʧʦʤ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʻ ʢʘʤʝʨʥʽ ʤʦʜʝʣʽ. ʇʦʯʠʥʘʶʯʠ ʟ 80-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʦʮʽʥʦʢ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʥʘʩʝʣʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ [25-28]. ɿ ʯʘʩʦʤ 

ʫ ʜʝʷʢʠʭ ʟ ʥʠʭ ʧʦʯʘʣʠ ʚʨʘʭʦʚʫʚʘʪʠʩ ̫ʧʨʦʮʝʩʠ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʤʦʜʝʣʽ ʻ 

ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R [29], ʷʢʘ ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʟ 

ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS. ʆʩʦʙʣʠʚʽʩʪʶ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʝʡ ʻ ʪʝ, ʱʦ ʚ 

ʥʠʭ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʘʤʝʨ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʫʩʽ ʧʘʨʘʤʝʪʨʠ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʥʦʩ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʛʨʘʥʠʮʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʢʘʤʝʨʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʯʽʷʤ ʽ ʜʠʬʫʟʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥ.ʁ ʊʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʧʨʦʪʝ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʝʣʠʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ (ʧʦʥʘʜ 1000 ʢʤ) ʽ ʯʘʩʦʚʠʭ (ʚʽʜ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ ʜʦ ʢʽʣʴʢʦʭ 

ʩʪʦʣʽʪʴ, ʘ ʟʘ ʧʦʪʨʝʙʠ ʽ ʪʠʩʷʯʦʣʽʪʴ) ʤʘʩʰʪʘʙʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʧʠʩʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʘʚʢʦʣʦ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ, ʪʦʜʽ ʷʢ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʦʮʽʥʦʢ 
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ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʜʞʝʨʝʣʘ ʪʘ ʤʦʞʣʠʚʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʣʶʜʠʥʫ ʢʨʘʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʢʘʟʫʶʪʴ ʢʘʤʝʨʥʽ ʤʦʜʝʣʽ. 

ɸʚʘʨʽʷ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ ʙʝʨʝʟʥʽ 2011 ʨʦʢʫ ʟʫʤʦʚʠʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ 

ʤʦʜʝʣʝʡ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʊʠʭʦʛʦ ʦʢʝʘʥʫ [30-40]. ʇʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʥʠʢʘʤ 

ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʟʥʘʡʪʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽ ʚʠʧʨʘʚʠʪʠ ʥʝʜʦʣʽʢʠ ʚ ʥʠʭ. 

 

 

1.2 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚ ̔ʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

 

 

ʇʨʠ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʘʭ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʪʨʘʧʣʷʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ 

ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʘʣʝ ʾʭʥʷ ʩʫʤʘʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʝʟʥʘʯʥʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʥʦʩʫ ʽ ʜʠʬʫʟʽʾ ʚ ʘʪʤʦʩʬʝʨʽ ʯʠ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʦʥʠ ʬʦʨʤʫʶʪʴ ʥʘʩʪʽʣʴʢʠ 

ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʾʭ ʥʝʤʦʞʣʠʚʦ ʟʘʬʽʢʩʫʚʘʪʠ. ʇʨʦʪʝ ʚʦʥʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʜʝʷʢʠʡ ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʯʘʩʽ ʯʠ ʧʨʠ 

ʤʽʛʨʘʮʽʾ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ. ʊʦʤʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [41] ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʮʽʥʢʘ ʚʧʣʠʚʫ 

ʪʘʢʠʭ ʚʠʪʦʢʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʥʘ ʣʶʜʠʥʫ. ʇʝʨʰʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʣʷ 

ʦʮʽʥʢʠ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʠʪʦʢʽʚ ʧʨʠ ʟʚʠʯʘʡʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʧʠʩʘʥʘ ʚ ʟʚʽʪʽ ɭʚʨʦʧʝʡʩʴʢʦʾ ʂʦʤʽʩʽʾ [42]. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ 70-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ ʚ ɯʨʣʘʥʜʩʴʢʦʤʫ ʤʦʨʽ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ 

ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʦʚôʷʟʫʚʘʣʠ ʟ 

ʜʽʷʣʴʥʽʩʪʶ ʟʘʚʦʜʫ ʧʦ ʟʙʘʛʘʯʝʥʥʶ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʉʝʣʣʘʬʽʣʜ. ɼʘʥʝ ʨʘʜʽʦʘʢʪʠʚʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʰʠʨʶʚʘʣʦʩʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʟ ʦʢʝʘʥʩʴʢʠʤʠ ʪʝʯʽʷʤʠ ʽ ʩʧʨʠʯʠʥʠʣʦ 
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ʨʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ, ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʪʘ ʫʟʙʝʨʝʞʞʷ 

ʅʦʨʚʝʛʽʾ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʞʠʪʝʣʽʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. 

ʋ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʦʪʨʽʙʥʦ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ 

ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʥʘʧʨʷʤʦʢ ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʩʝʣʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʯʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʢʦʥʪʨʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʪʘʢʦʛʦ ʚʧʣʠʚʫ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʜʦ ʦʮʽʥʢʠ ʜʦʟʦʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʣʶʜʠʥʫ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

 

 

1.2.1 ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ 

ʨʝʛʫʣʷʨʥʠʭ ʚʠʢʠʜʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

PC-CREAM [2]. ɺʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʥʦʩ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʥʘʩʣʽʜʦʢ ʨʝʛʫʣʷʨʥʠʭ ʚʠʢʠʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ. ʇʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʢʠʜʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʪʘʢ ʽ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʦʤʫ PC-CREAM ʤʽʩʪʠʪʴ ʤʦʜʝʣʽ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʈʘʜʽʦʥʫʢʣʽʜʠ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʨʦʟʩʽʶʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʟʦʚʥʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʪʨʘʧʣʷʪʠ ʚ ʦʨʛʘʥʽʟʤ ʯʝʨʝʟ ʚʜʠʭʘʥʥʷ, 

ʬʦʨʤʫʶʯʠ ʚʥʫʪʨʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ. ʊʘʢʦʞ ʨʘʜʽʦʥʫʢʣʽʜʠ ʦʩʽʜʘʶʪʴ ʟ ʘʪʤʦʩʬʝʨʠ ʧʨʠ 
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ʢʦʥʪʘʢʪʽ ʟ ʧʽʜʩʪʠʣʘʶʯʦʶ ʧʦʚʝʨʭʥʝʶ ʘʙʦ ʯʝʨʝʟ ʦʧʘʜʠ. ʆʩʽʜʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ 

ʧʦʚʝʨʭʥ ʁ ʟʝʤʣʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʝʡ ʪʨʴʦʤʘ 

ʩʧʦʩʦʙʘʤʠ: ʟʦʚʥʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʦʩʘʜʞʝʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʚʥʫʪʨʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʚʜʠʭʘʥʥʷ ʧʽʜʥʷʪʠʭ ʟ ʟʝʤʣʽ ʯʘʩʪʠʥʦʢ ʪʘ ʚʽʜ ʚʞʠʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʦʾ ʾʞʽ. ɺʘʞʣʠʚʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʜʘʥʠʭ ʰʣʷʭʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʘʜʽʦʥʫʢʣʽʜʘ  ̔ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʫ ʚʽʥ ʦʩ̔ʜʘʻ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʨʦʟʛʣʷʜʘʪʁʴʩʷ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ 

ʧʦʪʨʘʧʠʣʠ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ ʚʠʪʦʮʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʽʯʢʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʡʦʛʦ ʧʝʨʝʥʦʩ ʪʝʯʽʻʶ, ʜʠʬʫʟʽʷ ʪʘ ʦʩʽʜʘʥʥʷ ʥʘ ʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʘ ʜʦʟ 

ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʚʦʜʽ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʪʘ ʧʠʪʥʦʾ ʚʦʜʠ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʨʽʯʢʠ. ʇʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱ ̔ ʥʘʩʘʤʧʝʨʝʜ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʠʧʣʠʚʥʠʭ ʪʝʯʽʡ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʚʘʞʝʥʠʭ ʫ 

ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʪʘ ʰʚʠʜʢʽʩʪʶ ʾʭʥʴʦʛʦ ʦʩʽʜʘʥʥʷ. ɿʘ ʧʦʜʘʣʴʰʠʡ ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʠʚʘʣʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʨʩʴʢʽ ʪʝʯʽʾ. 

ʋ ʚʠʧʘʜʢʫ ʽʩʥʫʚʘʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʤʦʞʝ 

ʧʦʰʠʨʠʪʠʩʷ ʟ ʪʝʯʽʷʤʠ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ, ʧʦʪʨʽʙʥʦ ʦʮʽʥʶʚʘʪʠ ʜʦʟʠ ʜʣʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʰʣʷʭʠ ʦʧʨʦʤʽʥʝʥʥʷ: 

ʚʥʫʪʨʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʽ ʚʜʠʭʘʥʥʷ ʨʦʟʧʠʣʝʥʦʾ ʚ 

ʧʦʚʽʪʨʽ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʪʘ ʟʦʚʥʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʣʷʞ.̔ 

ʆʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʪʘ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʜʘʥʦʤʫ ʧʦʢʦʣʽʥʥʽ, ʘ ʪʘʢʦʞ ʜʦ ʩʧʘʜʢʦʚʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʝʬʝʢʪʽʚ ʫ ʡʦʛʦ ʥʘʱʘʜʢʽʚ. ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʝʬʝʢʪʠ ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ ʫ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʦʨʦʛʦʚʠʭ ʨʽʚʥʽʚ ʜʦʟʠ. ʎʽ ʨʽʚʥʽ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʟʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʤʘʶʪʴ ʤʽʩʮʝ ʚʥʘʩʣʽʜʦʢ ʚʠʢʠʜʽʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ. ɯʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʜʦ 

ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʦʥʢʦʣʦʛʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʦʩʽʙ ʚ ʧʦʪʦʯʥʦʤʫ ʧʦʢʦʣʽʥʥʽ ʪʘ ʚ ʾʭʥʽʭ 

ʥʘʱʘʜʢʽʚ, ʚʚʘʞʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦʟʽ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʦʷʚʘ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʥʝ ʻ ʥʝʛʘʡʥʦ ,ʁ ʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʟʥʘʯʥʦʛʦ ʧʝʨʽʦʜʫ, ʷʢʠʡ ʤʦʞʝ ʩʷʛʘʪʠ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ. ʊʦʤʫ ʚʽʢ ʣʶʜʠʥʠ, ʢʦʣʠ 
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ʚʦʥʘ ʟʘʟʥʘʣʘ ʦʧʨʦʤʽʥʝʥʥʷ, ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʦʪʨʠʤʘʥʘ 

ʜʦʟʘ ʩʧʨʠʯʠʥʠʪʴ ʧʝʚʥʠʡ ʝʬʝʢʪ ʜʣʷ ʟʜʦʨʦʚô ̫ʮʽʻʾ ʣʶʜʠʥʠ ʧʨʦʪʷʛʦʤ ʾʾ ʞʠʪʪʷ. ʆʩʥʦʚʥʝ 

ʟʘʚʜʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ PC-CREAM, ʷʢ ʽ ʽʥʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʦʙôʻʢʪʽʚ 

ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜ 

ʜʘʥʠʭ ʚʠʪʦʢʽʚ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. ʊʘʢʽ ʦʮʽʥʢʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽ ʢʦʣʝʢʪʠʚʥʠʭ ʜʦʟ ʚʽʜ ʫʩʽʭ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ 

ʨʽʟʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ. 

 

 

1.2.2 ʉʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

 

 

ʇʝʨʰʦʶ ʩʠʩʪʝʤʦʶ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʠ ʷʜʝʨʥʠʭ 

ʘʚʘʨʽʷʭ ʚʚʘʞʘʻʪʴʩʷ ʘʤʝʨʠʢʘʥʩʴʢʘ ʩʠʩʪʝʤʘ NARAC, ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʧʦʯʘʪʢʫ 70-ʭ ʨʦʢʽʚ 

ʍʍ ʩʪʦʣʽʪʪʷ ʚ ʃʽʚʝʨʤʦʨʩʴʢʽʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ [3]. ɺʦʥʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ñʊʨʠ-

ʤʘʡʣ-ʘʡʣʝʥʜò (1979 ʨ.) ʽ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ (1986 ʨ.). ɺ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʘ 

NARAC ʚʢʣʶʯʘʻ ʥʘʙʽʨ ʤʦʜʝʣʝʡ ʜʣʷ (ʘ) ʦʮʽʥʢʠ ʜʞʝʨʝʣʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʪʠʧʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ, (ʙ) ʨʦʟʨʘʭʫʥʢʫ ʾʭʥʴʦʛʦ ʧʝʨʝʥʦʩʫ ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ 

ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ, (ʚ) ʦʮʽʥʦʢ ʦʪʨʠʤʘʥʠʭ ʥʘʩʝʣʝʥʥʷʤ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʨʘʜʽʘʮʽʡʥʦʤʫ ʟʘʭʠʩʪʫ [43]. ʄʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʥʽʡ ʚʽʜʩʫʪʥʽ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʘʚʘʨʽʷʭ, ʧʽʜ 

ʯʘʩ ʷʢʠʭ ʨʽʟʥʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ 

ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ ʯʠ ʽʥʰʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ, ʙʫʣʘ 

ʫʩʚʽʜʦʤʣʝʥʘ ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ. ɸʜʞʝ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʧʦ ʟʜʽʡʩʥʝʥʥʶ ʟʘʭʦʜʽʚ ʧʽʜ ʯʘʩ ʽ ʧʽʩʣʷ 

ʘʚʘʨʽʾ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʝʣʠʯʠʥʘ 

ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʊʦʤʫ 
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ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʽʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʉʠʩʪʝʤʘ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ RODOS [4], ʷʢʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʥʠʞʯʝ. 

ʇʨʠʢʣʘʜʦʤ ʱʝ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʟ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʽʟʥʠʭ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʘʭ ʚ 13 ʢʨʘʾʥʘʭ, 

ʻ ʩʠʩʪʝʤʘ ARGOS [5]. ʎʷ ʩʠʩʪʝʤʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚ 1992 ʨʦʮʽ ʚ ɼʘʥʽʾ ʟ ʤʝʪʦʶ 

ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʩʝʣʝʥʥʶ ʽ ʫʨʷʜʦʚʠʤ ʩʪʨʫʢʪʫʨʘʤ ʫ ʚʠʧʘʜʢʫ ʧʦʪʨʘʧʣʷʥʥʷ ʚ 

ʘʪʤʦʩʬʝʨʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʡ ʥʘ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ, 

ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ. 

ɿʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʚ 

ʘʪʤʦʩʬʝʨʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʚôʷʟʘʥʠʭ ʟ ʭʽʤʽʯʥʠʤʠ, ʙʽʦʣʦʛʽʯʥʠʤʠ, 

ʨʘʜʽʘʮʽʡʥʠʤʠ ʽ ʷʜʝʨʥʠʤʠ ʘʚʘʨʽʷʤʠ. ʇʨʠ ʷʜʝʨʥʠʭ ʘʚʘʨʽʷʭ ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʤʦʞʣʠʚʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ 

ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʪʘ ʾʭʥʽ ʟʤʽʥʠ ʚ ʯʘʩʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʩʠʩʪʝʤʘ ʥʘʜʘʻ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʢʦʥʪʨʦʣʶʶʯʠʤ ʦʨʛʘʥʘʤ ʟ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʽʡ 

ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ. ʅʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤʠ ARGOS ʻ ʪʝ, ʱʦ ʚ ʥʽʡ ʥʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʦʜʥʽ ʰʣʷʭʠ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʇʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʩʪʘʜʽʾ, ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʧʨʠʙʝʨʝʞʥʦʛʦ ʨʝʛʽʦʥʫ, ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ: ʘʢʪʠʚʥʘ ʬʘʟʘ, ʧʽʩʣʷ-

ʘʚʘʨʽʡʥʘ ʬʘʟʘ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʬʘʟʘ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʠʤʠ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʤʠ ʤʘʩʰʪʘʙʘʤʠ, ʽ ʢʦʞʥʘ ʟ ʥʠʭ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʠʡ ʪʠʧ ʤʦʜʝʣʽ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ. ʋ ʨʦʙʦʪʘʭ [44, 22] 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʾ ñ̔ ʜʝʘʣʴʥʦʾò ʤʦʜʝʣʽ, ʷʢʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʜʥʘʢʦʚʦ 

ʜʦʙʨʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ. ɿʚʠʯʘʡʥʦ, ʚʩʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʦʜʥʘʢʦʚʽ, 

ʘʣʝ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʰʪʘʙʫ, ʾʭʥʷ ʯʠʩʝʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽ ʩʧʨʦʱʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʜʝʣʷʭ, ʻ ʨʽʟʥʠʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʾ ʬʘʟʠ ʘʚʘʨʽʾ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʥʝʾ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʜʥʷʤʠ ʯʠ ʪʠʞʥʷʤʠ, ʧʦʚʠʥʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʜʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʦ ʮʴʦʛʦ ʚʞʝ ʧʦʟʠʪʠʚʥʦ 



36 
 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʛʨʘʻ ʪʘʢʦʞ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʥʘ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ, ʱʦ ʟʘʡʤʘʻ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʊʦʤʫ ʚ ʜʝʷʢʠʭ 

ʢʨʘʾʥʘʭ ʽʩʥʫʶʪʴ ʤʦʜʝʣʽ, ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʦʙôʻʢʪʽʚ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʬʫʥʢʮʽʦʥʫʶʯʘ ʤʦʜʝʣʴ ʤʦʨʩʴʢʦʾ ʮʠʨʢʫʣʷʮʽʾ ʽ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ ʪʘ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʜʣʷ ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʽ 

ʘʪʣʘʥʪʠʯʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ʌʨʘʥʮʽʾ STERNE [45]. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʾʾ ʥʝʤʦʞʣʠʚʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʽʥʰʠʭ ʨʘʡʦʥʽʚ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ. ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ, ʷʢʠʡ ʻ ʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʝʯʽʡ ʟ ʤʦʜʝʣʝʡ 

ʮʠʨʢʫʣʷʮʽʾ, ʱʦ ʻ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ [46]. ɼʘʥʠʡ ʤʝʪʦʜ 

ʦʧʠʩʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [47]. ʉʭʦʞʠʡ ʧʽʜʭʽʜ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʨʦʙʦʪʽ [48], ʜʝ 

ʂʦʨʦʪʢʦʩʪʨʦʢʦʚʘ ʩʠʩʪʝʤʘ ʦʮʽʥʢʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʟ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ STEAMER ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʚʦʜʘʭ ʗʧʦʥʽʾ ʧʨʦʪʷʛʦʤ 8 ʽ 30 ʜʥʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫ ʮʠʨʢʫʣʷʮʽʾ ʦʢʝʘʥʫ. ʇʨʦʪʝ ʧʨʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʛʽʦʥʘʭ, ʪʘʢʠʭ ʷʢ ʦʙʣʘʩʪʽ 

ʤʦʛʫʪʥʽʭ ʦʢʝʘʥʽʯʥʠʭ ʪʝʯʽʡ ɻʦʣʴʬʩʪʨʽʤ ʽ ʂʫʨʦʩʽʦ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʥʝʩʪʘʙʽʣʴʥʽ ʚʠʭʦʨʠ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ, 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʫʪʪʻʚʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʤʦʜʝʣʶʚʘʥʥʽ. ʏʝʨʝʟ ʮʝ ʨʦʟʨʘʭʦʚʘʥʽ ʪʝʯʽʾ 

ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʝʘʣʴʥʠʭ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʩʫʪʪʻʚʠʭ ʧʦʭʠʙʦʢ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʥʘʧʨʷʤʢʽʚ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʜʞʝʨʝʣʦ ʟʥʘʭʦʜʠʪʠʤʝʪʴʩʷ ʧʦʙʣʠʟʫ 

ʪʘʢʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʛʽʦʥʫ [44]. 

ʋ ʚʠʧʘʜʢʫ ʧʽʩʣʷ-ʘʚʘʨʽʡʥʦʾ ʬʘʟʠ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʦʾ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ ʚʽʜ 

ʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʜʦ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ, ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʘʢʪʠʚʥʦʾ ʬʘʟʠ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʯʝʨʝʟ ʚʽʜʜʘʣʝʥʥʷ ʯʘʩʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʤʘʡʙʫʪʥʻ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʜ 

ʧʦʰʫʢʫ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʠʥʫʣʦʤʫ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ 

ʧʨʠʧʫʱʝʥʥʽ: ʷʢʱʦ ʩʝʨʝʜ ʚʩʽʭ ʩʪʘʥʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ ʙʫʜʝ 

ʟʥʘʡʜʝʥʠʡ ʩʪʘʥ, ʦʩʥʦʚʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʟʥʘʯʠʪʴ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʧʨʠʢʣʘʜ, ʪʝʯʽʾ) 
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ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʪʘʢ ʩʘʤʦ ʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʊʦʙʪʦ, ʟʥʘʡʰʦʚʰʠ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʩʪʘʥ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʠʥʫʣʦʤʫ ʽ ʟʥʘʶʯʠ ʡʦʛʦ ʨʦʟʚʠʪʦʢ ʥʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ (ʚʽʜ ʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʜʦ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ), ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʮʽ 

ʜʘʥʽ ʷʢ ʧʨʦʛʥʦʟ ʪʝʯʽʡ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ [49]. 

ʇʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʬʘʟʽ ʚʘʞʣʠʚʠʤʠ ʩʪʘʶʪʴ ʧʨʦʮʝʩʠ ʦʙʤʽʥʫ ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʤʽʞ ʚʦʜʦʶ ʽ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ, ʘ ʪʘʢʦʞ ʤʽʛʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʘʭ 

ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʆʩʢʽʣʴʢʠ ʜʘʥʘ ʬʘʟʘ ʤʦʞʝ ʪʨʠʚʘʪʠ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ 

ʨʦʢʽʚ, ʘ ʽʥʦʜʽ ʽ ʜʝʩʷʪʠʣʽʪʴ, ʪʦʙʪʦ ʚʝʩʴ ʧʝʨʽʦʜ ʯʘʩʫ ʧʽʩʣʷ ʘʚʘʨʽʾ, ʢʦʣʠ ʚʽʜʯʫʚʘʻʪʴʩʷ ʾʾ 

ʚʧʣʠʚ ʥʘ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʥʘʡʢʨʘʱʝ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʪʝʯʽʾ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʪʠʤʫʪʴ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʘʥʦʛʦ ʨʝʛʽʦʥʫ ʥʘʧʨʷʤʢʠ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ. ʅʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ 

ʟʘʙʨʫʜʥʝʥʠʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʷʢʽ ʥʘʢʦʧʠʯʠʣʠ ʜʝʷʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʘʢʪʠʚʥʦʾ ʬʘʟʠ ʘʚʘʨʽʾ ʽ ʟʜʘʪʥʽ ʡʦʛʦ ʚʽʜʜʘʚʘʪʠ ʫ ʚʦʜʫ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʥʽʡ ʟʥʠʟʠʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʨʦʟʚʝʜʝʥʥʷ ʫ ʚʝʣʠʢʦʤʫ ʦʙôʻʤʽ ʦʢʝʘʥʩʴʢʦʾ ʚʦʜʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ [50]. ɯʥʰʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʛʨʘʻ ʨʦʣʴ ʥʘ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ 

ʤʘʩʰʪʘʙʘʭ, ʻ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ. ʂʦʞʝʥ ʦʨʛʘʥʽʟʤ ʤʘʻ 

ʟʜʘʪʥʽʩʪʴ ʟʘʩʚʦʶʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʟ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʽʚ, 

ʷʢʠʤʠ ʚʽʥ ʭʘʨʯʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʟʘʙʨʫʜʥʝʥʥʷ ʜʝʷʢʠʡ ʯʘʩ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʽ 

ʚʠʚʦʜʠʪʴʩʷ ʟ ʥʴʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʽʚ ʤʝʪʘʙʦʣʽʟʤʫ. ɸʣʝ, ʦʩʢʽʣʴʢʠ ʤʦʨʩʴʢʽ 

ʦʨʛʘʥʽʟʤʠ ʬʦʨʤʫʶʪʴ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʛʨʫʻ ʚʽʜ ʧʨʦʩʪʽʰʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʜʦ ʩʢʣʘʜʥʽʰʠʭ, ʟʘʣʠʰʘʶʯʠʩʴ ʚ ʥʠʭ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʊʦʤʫ ʚ 

ʦʨʛʘʥʽʟʤʘʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʝʨʰʠʥʽ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʥʘʚʽʪʴ ʯʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ. 

ɸʚʘʨʽʾ ʥʘ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʘʭ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʧʨʽʩʥʦʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʽʻʶ ʟ ʤʦʜʝʣʝʡ, ʜʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʧʨʽʩʥʦʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ,  ̒MOIRA [51]. ʅʘ ʾʾ ʦʩʥʦʚʽ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ MOIRA-PLUS, ʷʢʘ ʟʘ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʥʪʨʟʘʭʦʜʽʚ ʪʘ ʦʮʽʥʶʚʘʪʠ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʾʭʥʽʡ ʟʤʠʚ ʟ 

ʚʦʜʦʟʙʦʨʫ ʪʘ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ ʧʨʦʩʪʽ ʤʦʜʝʣʽ, ʚ 

ʷʢʠʭ ʙʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʪʨʟʘʭʦʜʽʚ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʦʯʽʢʫʚʘʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ, ʩʦʮʽʘʣʴʥʠʤʠ 

ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. ʂʨʽʤ ʧʨʽʩʥʦʚʦʜʥʠʭ ʩʠʩʪʝʤ MOIRA-PLUS ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʦʮʽʥʦʢ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 137Cs ʫ ʚʦʜʽ ʽ ʚ ʨʠʙʽ 

ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ [7]. 

 

 

1.2.3 ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS 

 

 

ʉʠʩʪʝʤʘ RODOS (Real-time On-line DecisiOn Support) ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʩʧʽʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʜʣʷ ʦʮʽʥʢʠ 

ʥʘʩʣʽʜʢʽʚ ʤʦʞʣʠʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ, ʘ ʪʘʢʦʞ ʧʣʘʥʫʚʘʥʥʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʪʘ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʢʦʥʪʨʟʘʭʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʜʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʩʪʘʶʪʴ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʽʥʰʠʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 1.4). ʅʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʛʥʦʟʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʷʤʢʽʚ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦʚʽʪʨʷʥʠʤʠ ʰʣʷʭʘʤʠ ʪʘ 

ʾʭʥʴʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ ʽ ʨʽʟʥʠʭ ʚʦʜʦʡʤ. ʆʪʨʠʤʘʥʝ ʜʞʝʨʝʣʦ ʘʢʪʠʚʥʦʩʪʽ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʤʠ ʰʣʷʭʘʤʠ, ʪʘ ʚ ʤʦʜʝʣʽ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. ʄʘʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʚ ʦʙʣʘʩʪʷʭ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʤʽʩʮʷ ʘʚʘʨʽʾ, ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʧʝʨʩʦʥʘʣʫ ʽ ʥʘʩʝʣʝʥʥʷ ʚ ʟʦʥʽ ʘʚʘʨʽʾ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʠʩʪʝʤʦʶ ʥʘʜʘʶʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʟʜʽʡʩʥʝʥʥʶ ʟʘʭʦʜʽʚ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʥʘ ʟʜʦʨʦʚôʷ 

ʣʶʜʠʥʠ, ʝʢʦʥʦʤʽʢʫ ʨʝʛʽʦʥʫ ʪʘ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ RODOS 

(https://resy5.iket.kit.edu/JRODOS/) 

 

ʉʠʩʪʝʤʘ RODOS ʩʪʨʫʢʪʫʨʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪ: ʫʧʨʘʚʣʷʶʯʠʡ 

ʩʝʨʚʝʨ ʘʙʦ ʤʝʥʝʜʞʝʨ, ʦʙʯʠʩʣʶʚʘʯ, ʢʣʽʻʥʪ  ̔ʩʝʨʚʝʨ ʙʘʟ ʜʘʥʠʭ (ʨʠʩ. 1.5). ɼʦ ʩʠʩʪʝʤʠ 

ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʧʨʠʻʜʥʫʚʘʪʠʩʷ ʨ̔ ʟʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʣʘʩʥʦʾ ʽʥʩʪʘʣʷʮʽʾ 

ʢʣʽʻʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʚʠʜʽʣʷʻʪʴʩʷ ʦʢʨʝʤʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʢʦʤʧʦʥʝʥʪ [52]. 

ʄʝʥʝʜʞʝʨ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʩʦʙʦʶ ʫʩʽʭ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʻ  ̔ʥʘʧʨʘʚʣʷʻ ʧʦʪʦʢʠ ʜʘʥʠʭ ʤʽʞ 

ʯʘʩʪʠʥʘʤʠ ʩʠʩʪʝʤʠ [52]. ʎʝ ʻʜʠʥʠʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʤʘʻ ʟʚô̫ ʟʦʢ ʟ ʫʩʽʤʘ 

ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʥʪʘʢʪʫʶʪʴ ʪʽʣʴʢʠ ʟ ʥʠʤ. ʄʝʥʝʜʞʝʨ 

ʚʽʜʩʠʣʘʻ ʟʘʧʠʪʠ ʜʦ ʙʘʟ ʜʘʥʠʭ, ʚʠʜʘʻ ʢʦʤʘʥʜʠ ʥʘ ʟʘʧʫʩʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, 

ʥʘʜʘʻ ʾʤ ʚʭʽʜʥʽ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, (ʥʘʧʨʠʢʣʘʜ, ʟ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʣʽʻʥʪʘ, 

ʙʘʟʠ ʜʘʥʠʭ, ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʚʝʨʰʝʥʠʭ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ ʨʦʟʨʘʭʫʥʢʽʚ), ʧʝʨʝʜʘʻ ʚʠʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜʧʦʚʽʜʥʠʤ ʘʜʨʝʩʘʪʘʤ (ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʤʦʜʫʣʶ ʢʣʽʻʥʪʘ, ʙʘʟʽ ʜʘʥʠʭ). 

ɿʘʚʜʘʥʥʷ ʢʣʽʻʥʪʩʴʢʦ ʾʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, ʷʢʘ ʻ ʦʨʽʻʥʪʦʚʘʥʦʶ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʧʦʣʷʛʘʻ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥ ̔ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʫ, ʚʽʜʦʙʨʘʞʝʥʥ ̔ʡʦʛʦ ʜʽʡ, ʟʙʦʨ̔ ʜʘʥʠʭ 

ʜʣʷ ʟʘʧʠʪʽʚ ʜʦ ʤʝʥʝʜʞʝʨʘ. ʂʣʽʻʥʪ ʤʽʩʪʠʪʴ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʚ ʷʢʦʤʫ 

https://resy5.iket.kit.edu/JRODOS/
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ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʽʥʪʝʨʬʝʡʩʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʟʙʦʨʫ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʟʨʫʯʥʽʡ ʜʣʷ ʥʴʦʛʦ ʬʦʨʤʽ [52]. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʤʦʜʫʣʴ ʢʣʽʻʥʪʘ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʨʫʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ, ʢʘʨʪ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ 

ʟ ʛʝʦʛʨʘʬʽʯʥʦʶ ʧʨʠʚôʷʟʢʦʶ ʪʘ ʽʥ. ʂʣʽʻʥʪ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʟʘʩʦʙʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʨʫʯʥʽʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʬʦʨʤʽ. 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʭʝʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ [53] ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ RODOS 

 

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʧʫʩʢ ʤʦʜʝʣʝʡ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘ 

ʢʦʤʘʥʜʦʶ ʤʝʥʝʜʞʝʨʘ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ 

ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʝʥʝʜʞʝʨ, ʘ ʚʞʝ ʟʚʽʜʪʠ ʥʘʜʭʦʜʷʪʴ ʜʦ ʢʣʽʻʥʪʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʘʙʦ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʟʘʭ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʙʘʟ 

ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʙʘʟʫ ʜʘʥʠʭ ʧʨʦʝʢʪʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʧʨʦʝʢʪʠ ʽ ʟʘʜʘʯʽ ʨʘʟʦʤ ʟ 

ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʙʘʟʫ ʬʽʢʩʦʚʘʥʠʭ 

ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ, ʧʘʨʘʤʝʪʨʠ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ 

ʨʝʛʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʙʘʟʠ ʟʦʚʥʽʰʥʽʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʜʘʥʽ ʧʨʦʛʥʦʟʫ ʧʦʛʦʜʠ, ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʽʥʬʦʨʤʘʮʽʷ). 
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ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ, ʷʢʽ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʩʠʩʪʝʤʫ RODOS, ʦʨʛʘʥʽʟʦʚʘʥʽ ʫ ʬʦʨʤʽ 

ʧʣʘʛʽʥʽʚ ï ʥʝʦʙʦʚôʷʟʢʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʢʦʤʧʽʣʶʶʪʴʩʷ ʪʘ 

ʜʠʥʘʤʽʯʥʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʢʦʞʥʦʾ ʥʦʚʦʾ ʤʦʜʝʣʽ ʯʠ ʚʥʝʩʝʥʥʽ ʟʤʽʥ ʜʦ ʚʞʝ ʽʩʥʫʶʯʠʭ ʚ 

ʩʠʩʪʝʤʽ ʤʦʜʝʣʝʡ ʥʝ ʢʦʨʠʛʫʚʘʪʠ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʚʽʨʢʫ ʮʽʣʽʩʥʦʩʪʽ 

ʩʠʩʪʝʤʠ [53]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʤʠ ʰʣʷʭʘʤʠ ʚ 

ʩʠʩʪʝʤʽ RODOS ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʛʽʜʨʦʤʦʜʫʣʽ [54], ʱʦ ʤʽʩʪʠʪʴ ʥʘʙʽʨ ʤʦʜʝʣʝʡ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ. ɿʦʢʨʝʤʘ, ʦʜʥʦʚʠʤʽʨʥʘ 

ʤʦʜʝʣʴ RIVTOX ʦʧʠʩʫʻ ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʯʢʘʭ; ʨʦʟʨʘʭʫʥʦʢ ʟʤʠʚʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʦʜʦʟʙʦʨʽʚ ʟʜʽʡʩʪʶʻʪʴʩʷ ʚ ʤʦʜʝʣʽ RETRACE; ʧʨʦʮʝʩʠ ʾʭʥʴʦʛʦ 

ʧʝʨʝʥʦʩʫ ʚ ʟʘʧʣʘʚʘʭ ʨʽʯʦʢ ʽ ʤʽʣʢʠʭ ʚʦʜʦʡʤʘʭ ʦʧʠʩʫʪʁʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʚʠʤʽʨʥʦʾ 

ʤʦʜʝʣʽ COASTOX; ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʛʣʠʙʦʢʠʭ ʚʦʜʦʡʤʘʭ ʽ ʧʨʠʙʝʨʝʞʥʠʭ 

ʟʦʥʘʭ ʤʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ THREETOX. ɺ ʜʘʥʠʭ ʤʦʜʝʣʷʭ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʦʜʥʠʤʠ ʰʣʷʭʘʤʠ. ʇʽʩʣʷ 

ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʪʨʘʧʠʣʘ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ, ʩʪʘʣʘ ʟʨʦʟʫʤʽʣʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʤʦʨʩʴʢʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʚʝʣʠʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. ʅʝʦʙʭʽʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʛʽʜʨʦʤʦʜʫʣʷ ʩʠʩʪʝʤʠ RODOS ʻ ʤʦʜʫʣʴ ʦʮʽʥʦʢ ʜʦʟ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʨʽʩʥʦʚʦʜʥʠʭ 

ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ, ʨʦʟʨʦʙʢʘ ʷʢʦʛʦ ʻ ʦʜʥʠʤ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

 

1.2.4 ʆʙʣʘʩʪʽ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʚ ʩʠʩʪʝʤʫ RODOS 

 

 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʠ RODOS ʻ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʧʦ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʥʘ ʦʩʥʦʚʽ 

ʦʯʽʢʫʚʘʥʠʭ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʩʫʢʫʧʥʽʩʪʶ ʤʦʜʝʣʝʡ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ POSEIDON-R 
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ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ RODOS ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʞʝ ʛʦʪʦʚʫ ʦʙʣʘʩʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʩʠʩʪʝʤʫ ʢʘʤʝʨ ʟ ʫʩʽʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʦʢʽʚ ʚʦʜʠ ʤʽʞ ʥʠʤʠ, ʷʢʽ ʙ 

ʚʽʜʪʚʦʨʶʚʘʣʠ ʨʝʘʣʴʥʫ ʩʠʩʪʝʤʫ ʪʝʯʽʡ ʚ ʨʝʛʽʦʥʽ), ʽʥʪʝʛʨʦʚʘʥʫ ʚ ʩʠʩʪʝʤʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʩʠʩʪʝʤʽ RODOS ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ 

ʚ 6 ʦʙʣʘʩʪʷʭ, ʜʣʷ ʷʢʠʭ ʥʘʣʘʰʪʦʚʘʥʘ ʤʦʜʝʣʴ POSEIDON-R: ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ, ʤʦʨʷ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ, ʏʦʨʥʝ ʤʦʨʝ 

(ʦʙʣʘʩʪ ̔ 1-4 ʥʘ ʨʠʩ. 1.6 ʘ, ʚʽʜʧʦʚʽʜʥʦ), ʘ ʪʘʢʦʞ ʤʦʨʷ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʊʠʭʦʛʦ ʦʢʝʘʥʫ (ʦʙʣʘʩʪʴ 5 ʥʘ ʨʠʩ. 1.6 ʙ) ʪʘ ʇʽʚʜʝʥʥʦ-ʂʠʪʘʡʩʴʢʝ ʤʦʨʝ (ʦʙʣʘʩʪʴ 6 ʥʘ 

ʨʠʩ. 1.6 ʙ). ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ ʜʦ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʘʭ 4, 5 ʽ 6 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.  

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1.6 ï ɭʚʨʦʧʝʡʩʴʢʽ ʤʦʨʷ (ʘ) ʪʘ ʤʦʨʷ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʊʠʭʦʛʦ 

ʦʢʝʘʥʫ (ʙ), ʷʢ ̔ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʚ ʩʠʩʪʝʤʫ RODOS ʜʣʷ ʟʜʡ̔ʩʥʝʥʥʷ ʚ ʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ POSEIDON-R 
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1.3 ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʽʜ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʨʦʟʫʤʽʶʪʴ ʥʘʙʽʨ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʦʧʠʩʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ ʘʙʦ ʷʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ʥʘʙʽʨ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʽʚʥʷʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʦʜʝʣʽ. ʋ ʜʘʥʠʡ 

ʯʘʩ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʨʦʟʯʠʥʝʥʦʾ ʫ ʚʦʜʽ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʻ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʫʩʝʨʝʜʥʝʥʠʭ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ ʨʽʚʥʷʥ ɹ ʧʝʨʝʥʦʩʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʜʣʷ ʦʧʠʩʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʠʬʫʟʽʾ. ʆʪʞʝ, 

ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʝʨʝʥʦʩ ʨʦʟʯʠʥʝʥʦʾ ʫ ʚʦʜʽ ʧʘʩʠʚʥʦʾ ʜʦʤʽʰʢʠ (ʨʝʯʦʚʠʥʠ, ʷʢʘ ʥʝ 

ʚʟʘʻʤʦʜʽʻ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʥʝ ʨʦʟʧʘʜʘʻʪʴʩʷ ʟ ʯʘʩʦʤ) 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

t h h

C C C C C C C
V W A A

t x y z z z x x y y
U n

å õµ µ µ µ µ µ µ µ µ µå õ å õ
¡+ + + + +æ öæ ö æ ö

µ µ µ µ µ µ µ µ µ µç ÷ ç ÷ç ÷
= ,               (1.1) 

 

ʜʝ t ï ʯʘʩ, C ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, U, V, W ï ʧʨʦʝʢʮʽʾ 

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

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʬʫʟʽʾ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʦʪʝ ʯʘʩʪʦ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʟʘʚʠʩʣʠʤʠ 

(ʟʚʘʞʝʥʠʤʠ) ʫ ʚʦʜʽ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ. ʊʦʤʫ ʤʦʜʝʣʴ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʠʥʥʘ ʦʧʠʩʫʚʘʪʠ ʜʠʬʫʟʽʶ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʜʦʥʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʨʝʯʦʚʠʥʠ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʮʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʯʽʡ ʽ 

ʨʦʟʤʽʨʽʚ ʩʘʤʠʭ ʯʘʩʪʠʥʦʢ, ʘʜʞʝ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʧʽʜʥʽʤʘʶʪʴʩʷ ʟ ʜʥʘ (ʟʤʫʯʫʶʪʴʩʷ) ʧʨʠ 
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ʤʝʥʰʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʥʽʞ ʢʨʫʧʥʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ 

ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ, ʩʭʦʞʦʛʦ ʜʦ (1.1), ʘʣʝ ʷʢʝ ʤʽʩʪʠʪʴ ʜʦʜʘʥʦʢ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʧʦʣʽ ʩʠʣʠ ʪʷʞʽʥʥʷ: 

 

( )d d d d d d d
g t h h

S S S S S S S
V W W A A

t x y z z z x x y y
U n

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

µ µ µ µ µ µ µ µ µ µç ÷ ç ÷ç ÷
= ,       (1.2) 

 

ʜʝ Sd ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ, Wg ï ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ 

ʯʘʩʪʠʥʦʢ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʨʦʟʤʽʨʫ. ʇʦʪʦʢʠ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘ ʜʥʦ ʽ 

ʾʭʥʴʦʾ ʨʝʩʫʩʧʝʥʟʽʾ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʫ ʚʦʜʽ, ʟʘʜʘʶʪʴʩʷ ʚ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ. 

ɺʟʘʻʤʦʜʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ̔ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʘʨʘʤʝʪʨʠʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ 

ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ [55]. ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʷʤʠ, ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʩʠʩʪʝʤʽ ñʚʦʜʘ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠò ʟʘʚʞʜʠ ʧʨʷʤʫʻ ʜʦ ʨ̔ ʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʟ ʧʝʚʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʧʦʜʽʣʫ Kd, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʘʜʩʦʨʙʫʚʘʪʠʩʷ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʥʘ 

ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʭ CS ʜʦ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʪʦʯʫʶʯʽʡ ʚʦʜʽ CW ʧʨʠ ʫʤʦʚʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʞ ʥʠʤʠ ʨʽʚʥʦʚʘʛʠ 

 

lim S
d t

W

C
K

C
­¤= .                                                             (1.3) 

 

ʊʦʙʪʦ, ʫ ʚʠʧʘʜʢʫ CS < KdÖCW ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ, ʢʦʣʠ ʞ CS > KdÖCW ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʦʨʦʪʥʠʡ ʧʨʦʮʝʩ ï ʜʝʩʦʨʙʮʽʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʦʜʫ. ɺʨʘʭʫʚʘʚʰʠ ʟʚôʷʟʦʢ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʨʦʟʧʦʜʽʣʫ ʽ ʰʚʠʜʢʦʩʪʷʤʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʚ ʢʽʥʝʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ [55], 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʜʘʥʢʠ ʚ ʨʽʚʥʷʥʥʷʭ ʧʝʨʝʥʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʦʮʝʩʠ 

ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ. 
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ʆʪʞʝ, ʷʢʱʦ ʟʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ʚʟʘʻʤʦʜʽʻ ʟʽ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, 

ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʚʘ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʚ ʷʢʠʭ ʦʩʪʘʥʥʽʡ 

ʜʦʜʘʥʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʮʶ ʚʟʘʻʤʦʜʽʶ: 

- ʚ ʨʦʟʯʠʥʝʥʽʡ ʬʘʟʽ 
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;              (1.4) 

 

- ʥʘ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʭ 
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;           (1.5) 

 

ʜʝ ʘ1,2 ï ʢʽʥʝʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: ʘ12 ï ʰʚʠʜʢʽʩʪʴ ʘʜʩʦʨʙʮʽʾ (ʧʨʠ CS < KdÖCW)  ̔

ʘ21 ï ʰʚʠʜʢʽʩʪʴ ʜʝʩʦʨʙʮʽʾ (ʧʨʠ CS > KdÖCW). ʋ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (1.4) ʽ (1.5) ʧʦʪʨʽʙʥʦ ʚʢʣʶʯʠʪʠ ʱʝ ʜʦʜʘʥʢʠ WCl-  ʽ S dC Sl- , 

ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ. ɺ ʥʠʭ l ï ʢʦʝʬʽʮʽʻʥʪ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. ɺ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʜʦ ʮʠʭ ʨʽʚʥʷʥʴ ʟʘʜʘʶʪʴʩʷ ʧʦʪʦʢʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʥʘ ʜʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʡʦʛʦ ʦʩʽʜʘʥʥʷ ʟ ʘʪʤʦʩʬʝʨʠ ʽ 

ʦʙʤʽʥ ʟ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʷʢ ʩʢʣʘʜʦʚʦʾ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʚ 

ʚʦʜʫ ʽ ʤʦʞʝ ʤʘʪʠ ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʦʙʣʠʟʫ ʜʞʝʨʝʣʘ, ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦ 

ʨʦʟʚʦʜʠʪʴʩʷ ʜʦ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʝʨʝʥʦʩʫ ʪʝʯʽʷʤʠ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʊʦʜʽ ʷʢ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʚʽʜʢʣʘʣʦʩʷ ʥʘ ʜʥʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʩʽʜʘʥʥʷ ʩʠʣʴʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʯʠ ʚʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʾ ʚ ʤʦʤʝʥʪʠ 

ʯʘʩʫ, ʢʦʣʠ ʫ ʚʦʜʽ ʙʫʣʘ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ ʪʘʤ ʧʨʦʪʷʛʦʤ 



46 
 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʜʥʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ: 1) ʦʩʽʜʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʪʦʚʱʽ ʚʦʜʠ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ; 2) ʨʝʩʫʩʧʝʥʟʽʾ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʧʽʜ ʜʽʻʶ ʧʨʠʜʦʥʥʠʭ ʪʝʯʽʡ ʽ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʝʨʝʥʦʩʦʤ ʫ ʚʦʜʥʦʤʫ ʰʘʨʽ ʽ ʦʩʽʜʘʥʥʷʤ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ; 3) ʜʠʬʫʟʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ 

ʧʨʠʜʦʥʥʠʤ ʰʘʨʦʤ ʚʦʜʠ ʽ ʧʦʨʦʚʦʶ ʚʦʜʦʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʤʽʞʢʘʭ ʤʽʞ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ  ̔ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʚ ʜʥʽ; 4) ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʛʣʠʙ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʚʥʘʩʣʽʜʦʢ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʪʘ ʙʽʦʪʫʨʙʘʮʽʾ, ʪʦʙʪʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, ʷʢʽ ʞʠʚʫʪʴ ʫ ʜʥʽ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʧʝʚʥʦʾ ʪʦʚʱʠʥʠ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʨʽʜʥʦʾ ʩʫʤʽʰʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ ʧʦʨʦʚʦʾ ʚʦʜʠ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʾ ʩʫʤʽʰʽ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʜʣʷ ʨʦʟʯʠʥʝʥʦʾ ʽ 

ʘʜʩʦʨʙʦʚʘʥʦʾ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʬʨʘʢʮʽʡ ʨʝʯʦʚʠʥʠ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ. ʆʩʢʽʣʴʢʠ 

ʚʥʝʩʦʢ ʨʦʟʯʠʥʝʥʦʾ ʬʨʘʢʮʽʾ ʚ ʟʘʛʘʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʻ ʥʝʟʥʘʯʥʠʤ, 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽ ʾʮʴʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʜʦʥʥʦʤʫ ʰʘʨʽ ʉb ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʜʝ *Z  ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, W

bC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʧʦʨʦʚʽʡ ʚʦʜʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, Sr  ʽ eb ï ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ ʯʘʩʪʠʥʦʢ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʽ ʾʭʥʷ ʧʦʨʠʩʪʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʦ, qs ʽ qr ï ʧʦʪʦʢʠ ʦʩʽʜʘʥʥʷ ʽ ʨʝʩʫʩʧʝʥʟʽʾ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʥʘʧʨʘʚʣʝʥʽ ʚ ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ, a1,3 ï ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ ʪʘ 

ʜʝʩʦʨʙʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ (ʫ ʚʠʧʘʜʢʫ W

b d bC K C<  ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʜʩʦʨʙʮʽʷ ʟ ʰʚʠʜʢʽʩʪʶ a13, ʢʦʣʠ ʞ 
W

b d bC K C>  ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʩʦʨʙʮʽʷ ʟ ʰʚʠʜʢʽʩʪʶ 

a31). ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʨʽʚʥʷʥʴ (1.4) ʽ (1.5), ʧʨʠ ʨʘʜʽʦʘʢʪʠʚʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʽ ʚ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (1.6) ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʜʘʥʦʢ *bC Zl- , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ. 



47 
 

ʋ ʜʥʽ ʧʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʫ ʚʦʜʽ, 

ʦʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ, ʟ 

ʧʦʨʦʚʦʶ ʚʦʜʦʶ ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʟʚʘʞʝʥʦʾ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʚʩʽʻʶ 

ʩʚʦʻʶ ʧʦʚʝʨʭʥʝʶ ʢʦʥʪʘʢʪʫʻ ʟ ʦʪʦʯʫʶʯʦʶ ʾʾ ʚʦʜʦʶ. ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ [56], ʚʝʣʠʯʠʥʘ 

a1,2 ʥʘ 1-3 ʧʦʨʷʜʢʠ ʙʽʣʴʰʘ, ʥʽʞ a1,3, ʪʦʜʽ ʷʢ ʫ ʨʦʙʦʪʽ [20] ʚʽʜʥʦʰʝʥʥʷ a1,2 ʜʦ a1,3 

ʩʪʘʥʦʚʠʪʴ ʜʚʘ ʧʦʨʷʜʢʠ. ɺ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (1.6) ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʧʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʤʽʞ ʧʦʨʦʚʦʶ ʚʦʜʦʶ ʽ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ, ʪʦʜʽ 

ʷʢ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʦʧʠʩʫʻ ʧʦʪʦʢʠ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʟʚʘʞʝʥʠʤʠ ʫ 

ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʪʘ ʡʦʛʦ ʧʽʜʥʽʤʘʥʥʷ ʟ ʜʥʘ ʫ ʚʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʩʫʩʧʝʥʟʽʾ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ. 

ʋ ʤʦʜʝʣʷʭ, ʚ ʷʢʠʭ ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʽʣʴʢʦʭ 

ʰʘʨʽʚ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʧʨʦʮʝʩʠ ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʛʣʠʙ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʚʥʘʩʣʽʜʦʢ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʪʘ ʙʽʦʪʫʨʙʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʜʥʽ [57]. 

 

 

1.4 ʂʘʤʝʨʥ̔ ʤʦʜʝʣ ̔

 

 

ɹʽʣʴʰʽʩʪʴ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʨʦʟʨʦʙʣʷʣʠʩʷ ʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʦʣʦʛʽʾ, ʦʧʠʩʘʥʽʡ ʫ [26]. ɿʦʢʨʝʤʘ, ʚ ʢʘʤʝʨʥʽʡ 

ʤʦʜʝʣʽ [27] ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʢʘʤʝʨ, ʚ ʷʢʠʭ ʦʧʠʩʫʪ̒ʩɹ ̫ ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ɯʨʣʘʥʜʩʴʢʦʤʫ ʤʦʨʽ, ʚʦʜʘʭ 

ʥʘʚʢʦʣʦ ʐʦʪʣʘʥʜʽʾ, ʇʽʚʥʽʯʥʦʤʫ ʤʦʨʽ, ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ, ʧʨʦʪʦʮʽ ʃʘ ʄʘʥʰ, 

ɹʽʩʢʘʡʩʴʢʽʡ ʟʘʪʦʮʽ ʽ ʘʪʣʘʥʪʠʯʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ɯʩʧʘʥʽʾ ʪʘ ʇʦʨʪʫʛʘʣʽʾ. ɺʩʴʦʛʦ ʚ ʜʘʥʽʡ 

ʦʙʣʘʩʪʽ ʥʘʨʘʭʦʚʫʪʁʴʩʷ 42 ʢʘʤʝʨʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʦʜʠʥ ʘʙʦ ʜʚʘ ʰʘʨʠ ʚ ʪʦʚʱʽ ʚʦʜʠ 

ʽ ʦʜʠʥ ʰʘʨ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ʊʘʢʘ ʞ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʦʧʠʩʫʻʪʴʩʷ ʚ ʤʦʜʝʣʷʭ PC-

CREAM [2] ʽ POSEIDON-R [29]. ʇʨʦʪʝ ʚ ʥʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ 

(ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 11 ʢʘʤʝʨ), ʘ ʚ ʤʦʜʝʣʽ POSEIDON-R ï ʱʝ ʡ ʏʦʨʥʝ ʤʦʨʝ (4 ʢʘʤʝʨʠ). 

ʇʨʠ ʮʴʦʤʫ ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʚ ʢʦʞʥʽʡ ʢʘʤʝʨʽ ʤʦʜʝʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ 
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ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʪʠ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʥʠʭ. 

ʋ ʤʦʜʝʣʽ ʅʦʨʚʝʟʴʢʦʾ ʘʛʝʥʮʽʾ ʨʘʜʽʘʮʽʡʥʦ ʾʙʝʟʧʝʢʠ [58] ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʦʭʦʧʣʶʻ 

ʇʽʚʥʽʯʥʦ-ʃʴʦʜʦʚʠʪʠʡ ʦʢʝʘʥ, ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʟʥʘʯʥʽ ʜʞʝʨʝʣʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʙʫʚ ʚʠʪʽʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʦʜʘʤʠ ʨʽʯʢʠ ʆʙ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʷʣʴʥʦʩʪʽ ʟʘʚʦʜʫ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ʷʜʝʨʥʦʾ ʟʙʨʦʾ ñʄʘʷʢò. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʩʫʪʥʻ ʚ 

ɹʘʨʝʥʮʦʚʦʤʫ ʽ ʂʘʨʩʴʢʦʤʫ ʤʦʨʷʭ ʚʥʘʩʣʽʜʦʢ ʟʘʪʦʧʣʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʝʡʥʝʨʽʚ, ʢʽʣʴʢʦʭ ʨʝʘʢʪʦʨʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ 

ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ ʪʘ ʟʘʪʦʥʫʣʠʭ ʘʪʦʤʥʠʭ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ. ʎʝ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʯʘʩʦʤ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʇʽʚʥʽʯʥʦ-ʃʴʦʜʦʚʠʪʦʤʫ ʦʢʝʘʥʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ 

ʨʝʛʽʦʥʫ ʻ ʥʘʷʚʥʽʩʪʴ ʣʴʦʜʦʚʦʛʦ ʧʦʢʨʦʚʫ, ʧʣʦʱʘ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʬʘʢʪ ʣʴʦʜʦʚʦʛʦ 

ʜʨʝʡʬʫ, ɦ ʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʽ ʚ ʟʘʤʝʨʟʣʦʤʫ ʩʪʘʥʽ. 

ʅʠʞʯʝ ʬʦʨʤʫʣʶʶʪʴʩʷ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʢʘʤʝʨʥʠʭ 

ʤʦʜʝʣʷʭ ʚ ʨʘʤʢʘʭ ʧʨʠʧʫʱʝʥ,ɹ ̫ ʢʽ ʚ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

 

 

1.4.1 ʈʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʨʦʟʯʠʥʝʥʦʶ ʫ ʚʦʜʽ ʬʘʟʦʶ ʽ ʘʜʩʦʨʙʦʚʘʥʦʶ 

ʥʘ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʢʘʭ 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʘʤʝʨʫ ʷʢ ʩʫʤʽʰ ñʚʦʜʘ-ʯʘʩʪʠʥʢʠò, ʜʝ ʧʦʨʠʩʪʽʩʪʴ eb ʚʠʟʥʘʯʘʻ 

ʚʽʜʥʦʩʥʠʡ ʦʙôʻʤ ʚʦʜʠ ʚ ʩʫʤʽʰʽ. ʋ ʚʦʜʥʦʤʫ ʰʘʨʽ ʚʝʣʠʯʠʥʘ eb ʙʣʠʟʴʢʘ ʜʦ 1 (eb ¢ 1), 

ʪʦʜʽ ʷʢ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ eb ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʤʽʞʢʫ ʚʽʜ 0,4 ʜʦ 0,8 ʽ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʽ ʛʣʠʙʠʥʠ ʾʭʥʴʦʛʦ ʟʘʣʷʛʘʥʥʷ. ʊʦʜʽ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʢʘʭ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʩʫʤʽʰʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ( )1S

S d S S bC C S Cr e= = - , ʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ ï 

W

b WC Ce= . ɿʚʽʜʩʠ ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ 0

W SC C C= + . ʊʘʢʦʞ ʚʚʦʜʠʪʴʩʷ 
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ʧʘʨʘʤʝʪʨ fW, ʷʢʠʡ ʦʧʠʩʫʻ ʯʘʩʪʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʯʠʥʽ, ʘ ( )1 Wf-  

ʙʫʜʝ ʧʦʟʥʘʯʘʪʠ ʯʘʩʪʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ʆʪʞʝ, 

 

0

W

WC f C= ,        ( )01S

WC f C= - .                                               (1.7) 

 

ʋ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʦʪʦʯʫʶʯʽʡ ʚʦʜʽ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.3) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

S

d d S
d W

b b W

S S C C
K

C Ce e
= =     ʘʙʦ    

( )1 S
S b

d W

b

C
K

C

r e

e

-
= .                             (1.8) 

 

ʊʦʜʽ, ʧʽʜʩʪʘʚʣʷʶʯʠ (1.7) ʚ (1.8), ʤʘʻʤʦ 
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ʇʨʝʜʩʪʘʚʠʤʦ ʨʽʚʥʷʥʥʷ (1.4-1.5) ʷʢ ʩʠʩʪʝʤʫ, ʱʦ ʦʧʠʩʫʻ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʦʜʽ ʚ ʨʦʟʯʠʥʝʥʽʡ ʬʘʟʽ ʽ ʘʜʩʦʨʙʦʚʘʥʝ ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ: 
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,                   (1.10) 

 

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

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʽ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ.  

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʘʪʤʦʩʬʝʨʠ ʫ ʚʠʛʣʷʜʽ ñʩʫʭʦʛʦò ʽ ñʤʦʢʨʦʛʦò ʚʠʧʘʜʽʥʥʷ: 
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ʜʝ qw ʽ qp ï ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʘʪʤʦʩʬʝʨʠ ʫ ʨʦʟʯʠʥʝʥʽʡ ʬʘʟʽ ʪʘ ʥʘ ʯʘʩʪʠʥʢʘʭ 

ʧʠʣʫ, ʚʽʜʧʦʚʽʜʥʦ.  

ʆʙʤʽʥ ʟʘʙʨʫʜʥʝʥʥʷʤ ʤʽʞ ʚʦʜʦʶ ʽ ʜʥʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʦʢʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ (ʜʣʷ ʨʦʟʯʠʥʝʥʦʾ ʬʘʟʠ) ʽ ʙʽʦʪʫʨʙʘʮʽʾ (ʜʣʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ): 
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ʜʝ D ʽ B ï ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʽ ʙʽʦʪʫʨʙʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ, LD ʽ LB ï 

ʭʘʨʘʢʪʝʨʥʽ ʤʘʩʰʪʘʙʠ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʽ ʙʽʦʪʫʨʙʘʮʽʾ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ (ʽʥʜʝʢʩ 1) 

ʽ ʚ ʧʨʠʜʦʥʥʦʤʫ ʰʘʨʽ ʚʦʜʠ (ʽʥʜʝʢʩ 0). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʟ ʩʠʩʪʝʤʠ (1.10) ʪʘ ʚʠʨʘʞʝʥʥʷ CS ʯʝʨʝʟ C0 

ʟʛʽʜʥʦ ʟ (1.7) ʽ (1.9), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʦʜʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʫ ʚʦʜʥʦʤʫ ʰʘʨʽ eb º 1: 
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ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʘʤʢʘʭ ʢʘʤʝʨʥʦʾ 

ʤʦʜʝʣʽ, ʘʜʚʝʢʪʠʚʥʠʡ ʽ ʜʠʬʫʟʽʡʥʠʡ ʜʦʜʘʥʢʠ ʨʽʚʥʷʥʥʷ (1.15) ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʦʢʘʤʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ, ʘ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ 
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ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ï ʧʦʪʦʢʘʤʠ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʫ ʪʦʚʱʽ ʚʦʜʠ ʚ ʥʠʞʥʽ, ʘ ʧʦʪʽʤ ʽ ʚ 

ʜʥʦ. ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (1.15) ʧʦ ʦʙôʻʤʫ ʢʘʤʝʨʠ ʽ ʚʨʘʭʫʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ (1.11-1.14), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʫ ʪʦʚʱʽ ʚʦʜʠ: 

- ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 
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- ʫ ʰʘʨʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʦʚʱʽ ʚʦʜʠ 
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- ʫ ʧʨʠʜʦʥʥʦʤʫ ʰʘʨʽ 
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ʜʝ Vi ï ʦʙôʻʤ ʚʦʜʥʦʛʦ ʰʘʨʫ ʚ ʢʘʤʝʨʽ i, Fji ï ʧʦʪʽʢ ʚʦʜʠ ʟ ʢʘʤʝʨʠ j ʚ ʢʘʤʝʨʫ i, 

ʉ0(i,k-1) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʰʘʨʽ ʚʦʜʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʱʝ ʪʦʛʦ, ʷʢʠʡ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚ ʢʘʤʝʨʽ i, h0i ï ʪʦʚʱʠʥʘ ʧʨʠʜʦʥʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʚʦʜʠ ʚ ʢʘʤʝʨʽ i, 

h1 ï ʪʦʚʱʠʥʘ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, 
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, hi ï ʪʦʚʱʠʥʘ 

ʰʘʨʫ ʚʦʜʠ ʚ ʢʘʤʝʨʽ i. ʈʽʚʥʷʥʥʷ (1.18) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ, 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.7) ʽ (1.9). ʆʪʞʝ, 
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ʜʝ ̔ʥʜʝʢʩʠ 0 ʽ 1 ʚ ʧʘʨʘʤʝʪʨ ̔ R (ʜʠʚ. ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1.9) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʨʠʜʦʥʥʦʛʦ ʰʘʨʫ ʚʦʜʠ ʽ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, e1 ï 

ʧʦʨʠʩʪʽʩʪʴ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ɸʙʦ, ʚʚʽʚʰʠ ʜʦʜʘʪʢʦʚʽ ʧʦʟʥʘʯʝʥʥʷ, 

ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (1.19) ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ 
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ʜʝ ʧʘʨʘʤʝʪʨʠ Diff0 ʽ Biot0 ʧʦʟʥʘʯʘʶʪʴ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʚ ʜʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʽ ʙʽʦʪʫʨʙʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʧʘʨʘʤʝʪʨʠ Diff1 ʽ Biot1 ï 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʪʦʢʠ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

 

 

1.4.2 ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ 

 

 

ʆʩʢʽʣʴʢʠ ʢʘʤʝʨʥʽ ʤʦʜʝʣʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʤʽʥ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʽ ʧʦʨʦʚʘ ʚʦʜʘ ʟʘʚʞʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. ʊʦʤʫ ʚ 

ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʦʟʯʠʥʝʥʦʾ ʽ 

ʘʜʩʦʨʙʦʚʘʥʦʾ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (1.3) ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʤʽʩʪʴ ʩʠʩʪʝʤʠ ʜʚʦʭ 

ʨʽʚʥʷʥʴ, ʘʥʘʣʦʛʽʯʥʦʾ ʜʦ (1.10), ʦʪʨʠʤʘʪʠ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ɺʨʘʭʦʚʫʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ C1 ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʜʝ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʪʽʢ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʚʦʜʠ ʥʘ ʜʥʦ, ʜʨʫʛʠʡ ï ʧʦʪʦʢʠ 
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ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʚ ʜʥʦ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʽ ʙʽʦʪʫʨʙʘʮʽʾ, ʪʨʝʪʽʡ ï 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʪʦʢʠ ʟ ʜʥʘ ʫ ʚʦʜʫ, ʯʝʪʚʝʨʪʠʡ ï ʧʦʪʽʢ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʩʽʜʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ ʩʝʨʝʜʥʽʡ ʰʘʨ, ʧôʷʪʠʡ ʽ 

ʰʦʩʪʠʡ ʜʦʜʘʥʢʠ ʦʧʠʩʫʶʪʴ ʜʠʬʫʟʽʡʥʽ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʚ ʩʝʨʝʜʥʽʡ ʽ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʽʜʧʦʚʽʜʥʦ. 

ɸʥʘʣʦʛʽʯʥʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ C2 ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʜʝ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʪʽʢ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ 

ʥʠʞʥʽʡ ʰʘʨ, ʘ ʚʩʽ ʽʥʰʽ ʜʦʜʘʥʢʠ ʚʞʝ ʦʧʠʩʘʥʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʽʚʥʷʥʥʽ. 

ʋ ʨʽʚʥʷʥʥʷʭ (1.21-1.22) ʽʥʜʝʢʩʠ 0, 1, 2 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʠʜʦʥʥʦʛʦ ʰʘʨʫ ʚʦʜʠ, 

ʚʝʨʭʥʴʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʽʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, 
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ʆʩʢʽʣʴʢʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʠʣʦ ʚ ʥʠʞʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʚʞʝ 

ʥʽʢʦʣʠ ʥʝ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʚʝʨʭ, ʥʠʞʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʰʘʨʠ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʜ ʥʠʤ. ʊʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽ ̫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʴʦʤʫ ʥʝ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʟ 

ʙʫʜʴ-ʷʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ɸʣʝ ʥʘʡʯʘʩʪʽʰʝ 

ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʢʫʪʘ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʷʢʠʡ 

ʚʟʘʻʤʦʜʽʻ ʟ ʚʦʜʦʶ, ʽ ʚ ʷʢʦʤʫ ʥʘʷʚʥʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʣʘʥʮʶʞʢʽʚ 

ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʉʘʤʝ ʪʦʤʫ ʩʭʝʤʘ ʟ ʪʨʴʦʤʘ ʰʘʨʘʤʠ ʚ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʚ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʷʭ. 
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ʑʦʙ ʦʪʨʠʤʘʪʠ ʦʩʪʘʪʦʯʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʦʜʽ ʽ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʚ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʷʭ, ʨʽʚʥʷʥʥʷ (1.16, 1.17, 1.20, 1.21, 

1.22) ʜʽʣʷʪʴʩʷ ʥʘ ʦʙôʻʤ ʚʽʜʧʦʚʽʜʥʠʭ ʰʘʨʽʚ ʫ ʪʦʚʱʽ ʚʦʜʠ ʘʙʦ ʚ ʜʥʽ. 

 

 

1.4.3 ʇʨʦʙʣʝʤʘ ʩʧʦʪʚʦʨʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʩʽʡ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

 

 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ ʚ ʨʘʤʢʘʭ ʢʘʤʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ: 1) ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʤʝʞʘʭ ʢʘʤʝʨʠ ʽ 2) ʤʠʪʪʻʚʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʘʜʚʝʢʪʠʚʥʠʭ ʽ ʜʠʬʫʟʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽ, ʪʘʢʠʤ ʯʠʥʠʤ, ʜʦ ʡʦʛʦ ʰʚʠʜʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʚʩʽʡ ʦʙʣʘʩʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʷʢʱʦ ʨʦʟʨʘʭʫʥʦʢ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʢʦʣʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʮʝʡ ʯʘʩ ʥʝ ʤʦʛʣʦ 

ʧʝʨʝʥʝʩʪʠʩʷ ʪʝʯʽʷʤʠ ʥʘ ʚʝʣʠʢʫ ʚʽʜʩʪʘʥʴ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʱʦ ʽ ʻ 

ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʢʘʤʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʙʣʠʞʯʠʤʠ ʜʦ 

ʨʝʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚ ʨʦʙʦʪʽ [58] ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ñʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʛʨʘʬʫò, ʢʦʣʠ ʙʫʜʫʻʪʴʩʷ ʩʭʝʤʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ ʟ ʚʢʘʟʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʯʘʩʫ Ti, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ 

ʮʝʥʪʨʘʤʠ ʮʠʭ ʢʘʤʝʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʽʚʥʷʥʥʷʭ (1.16-1.18) ʟôʷʚʣʷʻʪʴʩʷ ʧʘʨʘʤʝʪʨ d ʚ 

ʜʦʜʘʥʢʘʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʪʦʢʠ ʚʦʜʠ ʤʽʞ ʢʘʤʝʨʘʤʠ: ij iF Cd, ʜʝ 0d=  ʧʨʠ it T<  ʽ 1d=  

ʧʨʠ it T² . ʇʨʠ ʮʴʦʤʫ Ti ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ʤʽʞ ʦʜʥʠʤʠ ʽ 

ʪʠʤʠ ʩʘʤʠʤʠ ʢʘʤʝʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʝʨʽʦʜʠʯʥʦʤʫ ñʫʚʽʤʢʥʝʥʥʶò 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʜʥʽʻʾ ʢʘʤʝʨʠ ʚ ʽʥʰʫ ʟ ʧʝʨʽʦʜʦʤ Ti, ʪʦʜʽ ʷʢ ʚ ʨʝʰʪʫ 

ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʧʝʨʝʥʦʩ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʨʦʪʝ ʚ ʨʦʙʦʪʽ [58] ʥʝ ʜʦʩʣʽʜʞʝʥʦ 

ʚʠʢʦʥʘʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʪʘʢʦʤʫ ñʧʦʨʮʽʡʥʦʤʫò ʧʝʨʝʥʦʩʽ ʟʘʙʨʫʜʥʝʥʥʷ. 
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1.5 ʊʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʮʠʨʢʫʣʷʮʽʾ ʽ ʧʝʨʝʥʦʩʫ 

 

 

ʆʧʠʩ ʪʝʯʽʡ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [22], ʘʜʞʝ ʩʘʤʝ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘ ̒ ʚʝʣʠʯʠʥʫ ʽ 

ʥʘʧʨʷʤʦʢ ʧʝʨʝʥʦʩʫ. ʅʘʚʽʪʴ ʫ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʷʭ ʧʦʪʦʢʠ ʚʦʜʠ ʤʽʞ ʢʘʤʝʨʘʤʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʪʝʯʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦɦʙ ʦʧʠʩʘʪʠ ʧʝʨʝʥʦʩ ʙʫʜʴ-

ʷʢʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʟʤʽʥʥʽ ʚ 

ʯʘʩʽ ʧʦʣʷ ʪʝʯʽʡ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʜʚʘ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʮʠʭ ʪʝʯʽʡ: 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʝʨʝʜ ʨʦʟʨʘʭʦʚʘʥʽ ʪʝʯʽʾ ʛʣʦʙʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ ʮʠʨʢʫʣʷʮʽʾ ʘʙʦ 

ʦʪʨʠʤʫʚʘʪʠ ʾʭ ʩʘʤʦʩʪʽʡʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ 

ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚ ʨʘʤʢʘʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. 

ʊʨʠʚʠʤʽʨʥʽ ʧʦʣʷ ʪʝʯʽʡ, ʨʦʟʨʘʭʦʚʘʥʽ ʨʽʟʥʠʤʠ ʛʣʦʙʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʮʠʨʢʫʣʷʮʽʾ, ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʠʪʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʨʥʝʪ ʩʪʦʨʽʥʦʢ ʤʦʜʝʣʝʡ. ɼʫʞʝ 

ʯʘʩʪʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʘʙʦ ʧʦʪʨʝʙʫʶʪʴ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʜʘʥʠʭ ʜʣʷ ʘʚʪʦʨʠʟʘʮʽʾ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʘʤʝʨʠʢʘʥʩʴʢʽ ʤʦʜʝʣʽ HYCOM 

[59] (ʨʦʟʨʘʭʦʚʘʥʽ ʪʨʠʚʠʤʽʨʥʽ ʧʦʣʷ ʪʝʯʽʡ ʜʣʷ ʚʩʴʦʛʦ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʟʽ ʟʤʽʥʥʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦʩʪʫʧʥʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ https://hycom.org/) ʽ MOM 

(ʨʦʟʨʘʭʦʚʘʥʽ ʧʦʣʷ ʪʝʯʽʡ ʜʦʩʪʫʧʥʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ https://www.gfdl.noaa.gov/mom-

ocean-model/), ʻʚʨʦʧʝʡʩʴʢʘ ʤʦʜʝʣʴ NEMO (ʨʦʟʨʘʭʦʚʘʥʽ ʪʨʠʚʠʤʽʨʥʽ ʧʦʣʷ ʪʝʯʽʡ ʟʽ 

ʟʤʽʥʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦʩʪʫʧʥʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ http://www.nemo-ocean.eu/, 

ʷʧʦʥʩʴʢʘ ʤʦʜʝʣʴ OFES [60] (ʨʦʟʨʘʭʦʚʘʥʽ ʪʨʠʚʠʤʽʨʥʽ ʧʦʣʷ ʪʝʯʽʡ ʜʣʷ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ 

ʜʦʩʪʫʧʥʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ http://www.jamstec.go.jp/ofes/ofes.html). 

ɯʥʦʜʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʚʦʻʥʥʷ (ʘʩʠʤʽʣʷʮʽʾ) ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ʾʭʥʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʚʠʤ̔ʨʷʥʠʭ ʟʥʘʯʝʥʴ. ɼʘʥʠʡ ʤʝʪʦʜ ʨʝʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʥʠʡ, ʟʦʢʨʝʤʘ, ʜʣʷ ʤʦʜʝʣʽ 

HYCOM. ʊʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʽ ʧʦʣʷ ʪʝʯʽʡ ʟ ʘʩʠʤʽʣʷʮʽʻʶ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʦʥ-ʣʘʡʥ 

ʩʝʨʚʽʩʽ ʧʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʻ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʟʘ 

ʧʦʩʠʣʘʥʥʷʤ http://marine.copernicus.eu/. ɺ ʨʦʙʦʪʽ [37] ʪʨʠʚʠʤʽʨʥʽ ʪʝʯʽʾ, ʦʪʨʠʤʘʥʽ ʚ 

ʘʛʝʥʪʩʪʚʽ JAMSTEC ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ FORA [61], ʱʦ ʚʨʘʭʦʚʫʻ ʜʘʥ̔ ʨʝʘʥʘʣʽʟʫ, 

https://hycom.org/
https://www.gfdl.noaa.gov/mom-ocean-model/
https://www.gfdl.noaa.gov/mom-ocean-model/
http://www.nemo-ocean.eu/
http://www.jamstec.go.jp/ofes/ofes.html
http://marine.copernicus.eu/
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ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʊʠʭʦʤʫ 

ʦʢʝʘʥʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1. 

ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʧʦʣʽʚ ʪʝʯʽʡ ʻ ʾʭʥʽʡ ʨʦʟʨʘʭʫʥʦʢ ʟ 

ʩʘʤʦʩʪʽʡʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ 

ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ, ʟ ʯʠʤ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʪʨʫʜʥʦʱʽ ʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʮʠʨʢʫʣʷʮʽʾ. ʅʝʜʦʣʽʢʦʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʽʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʘʥʦʚʮʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʜʣʷ ʟʘʧʫʩʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʟʤʽʥʥʠʭ ʚ ʯʘʩʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʷʢʽ, ʚʣʘʩʥʝ, ʽ ʚʠʟʥʘʯʘʶʪʴ 

ʭʘʨʘʢʪʝʨ ʪʝʯʽʡ ʚ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʻ POM [62], ROMS [63], SELFE/SCHISM [64], FVCOM [65]. ʆʧʠʩʘʥʽ ʤʦʜʝʣʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ, ʱʦ ʩʧʨʠʷʻ ʾʭʥʴʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʚ ʥʘʫʢʦʚʠʭ 

ʢʦʣʘʭ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʥʘ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ 

THREETOX, ʨʦʟʨʦʙʣʝʥʫ ʚ ɯʄʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʚ 90-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ [20]. ɰʡ 

ʭʘʨʘʢʪʝʨʥʽ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʽ POM, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʾʾ 

ʧʨʠʥʮʠʧʘʭ. ɺʽʜʤʽʥʥʽʩʪʶ ʤʦʜʝʣʽ THREETOX ʻ ʪʝ, ʱʦ ʚʦʥʘ ʦʧʠʩʫʻ ʱʝ ʽ ʧʝʨʝʥʦʩ 

ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ʄʦʜʝʣʴ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʡ 

ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʫʩʧʽʰʥʽ ʧʨʠʢʣʘʜʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʦʜʦʡʤ [66-68]. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʪʘ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʾʭʥʴʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʨʠʚʝʜʝʥʠʡ ʚ ʨʦʙʦʪʽ [69]. ʆʩʢʽʣʴʢʠ ʤʦʜʝʣʴ 

THREETOX ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʾʾ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʧʦʜʘʻʪʴʩʷ ʚ 

ʜʦʜʘʪʢʫ ɺ. 
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1.6 ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ 

 

 

ʇʨʦʮʝʩ ʟʘʩʚʦʻʥʥʷ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʜʝʷʢʽ ʟ ʷʢʠʭ ʻ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤʠ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 

ʰʚʠʜʢʽʩʪʴ ʟʘʩʚʦʻʥʥʷ, ʪʘʢ ʽ ʦʨʛʘʥʠ (ʪʢʘʥʠʥʠ ʦʨʛʘʥʽʟʤʫ), ʚ ʷʢʠʭ ʮʷ ʨʝʯʦʚʠʥʘ 

ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ. ʊʘʢʦʞ ʚʘʞʣʠʚʫ ʨʦʣʴ ʛʨʘʻ ʧʦʣʦʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʚ 

ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʟʘʩʚʦʻʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ 

ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʦʧʠʩʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʧʝʨʰʝ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ 

ʚʩʝʨʝʜʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [82, 83]. ɿ ʪʦʛʦ ʯʘʩʫ 

ʙʘʟʘ ʜʘʥʠʭ ʚʠʤʽʨʽʚ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʚʘʣʘʩʷ, ʱʦ ʧʨʠʚʝʣʦ ʜʦ ʚʩʝ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ [84]. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʟʤʽʥʠ ʫ ʚʦʜʽ. 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤʦʨʩʴʢʦʤʫ 

ʦʨʛʘʥʽʟʤʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ (ʨʽʚʥʦʚʘʞʥʠʡ ʧʽʜʭʽʜ). ɼʘʥʠʡ 

ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʨʛʘʥʽʟʤʽ ʻ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʪʦʯʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦʙʪʦ ʫ ʚʦʜʽ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʙʫʜʫʪʴ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ. 

ʅʘ ʦʩʥʦʚʽ ʥʝʜʘʚʥʽʭ ʨʦʙʽʪ [84, 85] ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʢʨʘʱʝ ʚʽʜʪʚʦʨʶʶʪʴ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ, ʥʽʞ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʽʚʥʦʚʘʞʥʦʤʫ ʧʽʜʭʦʜʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʥʘʩʧʨʘʚʜʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʘ ʟʘʪʨʠʤʢʘ ʤʽʞ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʚʦʜʽ 

 ̔ʚʽʜʧʦʚʽʜʥʦʶ ʟʤʽʥʦʶ ʚ ʦʨʛʘʥʽʟʤʽ, ʪʦʜʽ ʷʢ ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʧʽʜʭʦʜʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʽ 
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ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʟʘʪʨʠʤʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʨʽʟʥʠʡ ʜʣʷ 

ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʆʩʥʦʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 

ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ 

ʦʨʛʘʥʽʟʤʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʘʥʦʾ ʟʘʪʨʠʤʢʠ. 

ɼʣʷ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽʩʥʫʻ ʦʢʨʝʤʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ï ʬʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺ ʦʩʥʦʚʥʫ ʤʦʜʝʣʝʡ ʜʘʥʦʛʦ ʪʠʧʫ ʟʘʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ 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. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ ʮʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʘʥʠʡ ʤʝʪʦʜ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʠʙʦʶ ʣʠʰʝ ʜʣʷ ʨʝʯʦʚʠʥ ʟ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʧʽʜʭʦʜʫ. ʂʨʽʤ 

ʪʦʛʦ, ʧʨʠʚʦʜʠʪʴʩʷ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʮʠʭ ʧʽʜʭʦʜʘʭ. 

 

 

1.6.1 ʃʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ 

 

 

ʋ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʩʽ ʦʨʛʘʥʽʟʤʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʘʭ 

ñʭʠʞʘʢ-ʞʝʨʪʚʘò, ʬʦʨʤʫʶʯʠ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ. ɼʫʞʝ ʯʘʩʪʦ ʪʦʡ ʩʘʤʠʡ ʦʨʛʘʥʽʟʤ 

ʤʦʞʝ ʙʫʪʠ ʭʠʞʘʢʦʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ ʞʝʨʪʚʦʶ ï ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʽʥʰʠʭ. ʇʦʣʦʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʦʬʽʯʥʠʤ 

ʬʘʢʪʦʨʦʤ TF. ʋ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʰʦʶ ʣʘʥʢʦʶ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʻ 

ʬʽʪʦʧʣʘʥʢʪʦʥ ʽ ʚʦʜʦʨʦʩʪʽ, ʜʣʷ ʷʢʠʭ TF = 1. ɺʦʥʠ ʬʦʨʤʫʶʪʴ ʦʨʛʘʥʽʯʥʫ ʤʘʩʫ ʟ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ʅʘʩʪʫʧʥʦʶ ʣʘʥʢʦʶ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʻ 

ʟʦʦʧʣʘʥʢʪʦʥ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʭʘʨʯʫʶʪʴʩʷ ʚʦʜʦʨʦʩʪʷʤʠ ʽ ʚʽʜʤʝʨʣʠʤʠ 
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ʨʝʰʪʢʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʚʠʜʠ ʜʦʥʥʠʭ ʙʝʟʭʨʝʙʝʪʥʠʭ ʦʨʛʘʥʽʟʤʽʚ). ɼʣʷ ʥʠʭ TF = 2. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʣʽʥ̔ʡʥʦʤʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʪʨʦʬʽʯʥʦʤʫ ʨʽʚʥʽ 

(TF = 3) ʟʥʘʭʦʜʷʪʴʩʷ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʭʘʨʯʫʶʪʴʩʷ ʟʦʦʧʣʘʥʢʪʦʥʦʤ (ʢʘʣʴʤʘʨʠ, ʤʝʜʫʟʠ, 

ʜʝʷʢʽ ʚʠʜʠ ʨʠʙʠ). ʇʦʪʽʤ ʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʨʦʟʤʽʱʫʶʪʴʩʷ ʭʠʞʽ ʚʠʜʠ ʨʠʙʠ, ʜʣʷ 

ʷʢʠʭ TF = 4. ɯ ʥʘ ʚʝʨʰʠʥʽ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʽ ʭʠʞʘʢʠ ʟ TF = 5. 

ʇʨʦʪʝ ʯʘʩʪʦ ʙʫʚʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ ʭʘʨʯʫʶʪʴʩʷ ʾʞʝʶ ʟ 

ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʪʨʦʬʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʙʫʜʝ 

ʥʝʮʽʣʠʤ. ɿʛʽʜʥʦ ʟ [86], ʚʝʣʠʯʠʥʫ ʪʨʦʬʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ TFprey,i ï ʪʨʦʬʽʯʥʠʡ ʬʘʢʪʦʨ i-ʪʦʛʦ ʦʨʛʘʥʽʟʤʫ ʚ ʨʘʮʽʦʥʽ ñʭʠʞʘʢʘò, Pprey,i ï 

ʯʘʩʪʢʘ ʦʨʛʘʥʽʟʤʽʚ ʟ i-ʪʦʛʦ ʪʨʦʬʽʯʥʦʛʦ ʨʽʚʥʷ ʚ ʨʘʮʽʦʥʽ, n ï ʢʽʣʴʢʽʩʪʴ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ ʚ 

ʨʘʮ̔ʦʥʽ. ɺ ʨʦʙʦʪʽ [86] ʥʘʚʦʜʷʪʴʩʷ ʟʥʘʯʝʥʥʷ TF ʜʣʷ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʨʦʬʽʯʥʦʛʦ ʬʘʢʪʦʨʫ TF = 5 ʥʘʣʝʞʠʪʴ ʢʦʩʘʪʢʘʤ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʝʨʰʠʥʽ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ [87]. 

 

 

1.6.2 ʈʽʚʥʦʚʘʞʥʠʡ ʧʽʜʭʽʜ 

 

 

ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ (CF) ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ Corg ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʻʾ ʨʝʯʦʚʠʥʠ 

ʚ ʦʪʦʯʫʶʯʽʡ ʦʨʛʘʥʽʟʤ ʚʦʜʽ Cw ʙʫʣʦ ʚʚʝʜʝʥʝ ʚ ʤʦʨʩʴʢʽʡ ʪʦʢʩʠʢʦʣʦʛʽʾ ʚ ʨʦʙʦʪʽ [88]. ɿ 

ʪʦʛʦ ʯʘʩʫ ʜʘʥʠʡ ʧʨʠʥʮʠʧ ʩʪʘʚ ʜʦʤʽʥʫʶʯʠʤ ʽ ʚ ʨʘʜʽʦʙʽʦʣʦʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ 
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ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ CF ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʟʘʩʚʦʶʚʘʪʠ 

ʧʝʚʥʫ ʨʝʯʦʚʠʥʫ, ʱʝ ʦʜʥʽʻʶ ʚʠʤʦʛʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ ʻ ʫʤʦʚʘ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʽ ñʚʦʜʘ-ʦʨʛʘʥʽʟʤò, ʪʦʙʪʦ ʢʦʥʮʝʥʪʨʘʮʽʾ Cw ʽ Corg ʥʝ 

ʧʦʚʠʥʥʽ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ. ʂʨʽʤ ʪʦʛʦ, ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʽʜʩʫʪʥʽʤʠ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʤʫ ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʩʬʦʨʤʫʚʘʪʠʩʷ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ ʜʞʝʨʝʣʘ 

ʟʘʙʨʫʜʥʝʥʥʷ), ʷʢʠʡ ʥʝ ʻ ʝʢʚʽʚʘʣʝʥʪʦʤ ʨʽʚʥʦʚʘʞʥʦʤʫ ʨʦʟʧʦʜʽʣʫ [50]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʨʝʛʫʣʷʨʥʦʛʦ ʚʠʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙôʻʢʪʫ ʯʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʨʦʙʦʪʠ ʙʫʜʴ-ʷʢʦʾ ɸɽʉ, ʚ ʦʙʣʘʩʪʽ ʧʦʙʣʠʟʫ ʜʘʥʦʛʦ ʚʠʪʦʢʫ ʥʝ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʚʥʦʚʘʞʥʠʡ ʧʽʜʭʽʜ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʝʣʠʯʠʥʘ ʚʠʪʦʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʻ ʧʦʩʪʽʡʥʦʶ. 

ʗʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ CF ʜʣʷ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʨʽʟʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʽʜ ʯʘʩ ʤʦʨʩʴʢʠʭ 

ʝʢʩʧʝʜʠʮʽʡ). ɼʫʞʝ ʯʘʩʪʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʧʝʚʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʚʠʜʽ ʤʦʨʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ, ʦʪʨʠʤʘʥʽ ʮʠʤʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ, ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʩʚʦʻʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʦʜʫ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ, ʷʢʘ ʪʘʢʦʞ ʻ 

ʟʘʙʨʫʜʥʝʥʦʶ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʮʽʡ ʞʝ ʚʦʜʽ. ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʪʨʘʧʣʷʻ ʚ ʦʨʛʘʥʽʟʤ, ʷʢ ʧʨʘʚʠʣʦ, ʣʠʰʝ ʚ ʨʦʟʯʠʥʝʥʽʡ ʬʦʨʤʽ ʟ ʚʦʜʠ [84]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʦʥʷʪʪʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʜʚʦʭ 

ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ: ʙʽʦʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ (BCF) ï ʜʣʷ ʚʠʧʘʜʢʫ ʟʘʩʚʦʻʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʢʣʶʯʥʦ ʟ ʚʦʜʠ, ʙʽʦʘʢʫʤʫʣʷʮʽʡʥʠʡ ʬʘʢʪʦʨ (BAF) ï ʧʨʠ ʟʘʩʚʦʻʥʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ. ʇʨʦʪʝ ʥʝ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʦʪʨʠʤʫʶʪʴʩʷ 

ʪʘʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ, ʚʞʠʚʘʶʯʠ ʟʘʛʘʣʴʥʝ ʧʦʥʷʪʪʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ. ʏʝʨʝʟ ʮʝ ʽ ʚʠʥʠʢʘʻ 

ʨʽʟʥʠʮʷ ʚ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʥʷʭ CF. 

ʅʘʙʽʨ ʟʥʘʯʝʥʴ CF ʜʣʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʝʨʽʦʜʠʯʥʦ 

ʧʫʙʣʽʢʫʻʪʴʩʷ ʚ ʪʝʭʥʽʯʥʠʭ ʟʚʽʪʘʭ ʄɸɻɸʊɽ. ʄʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ ʚ ʮʴʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, 

ʷʢ ʧʨʘʚʠʣʦ, ʛʨʫʧʫʶʪʴʩʷ ʫ ʚʝʣʠʢʽ ʢʣʘʩʠ, ʪʘʢʽ ʷʢ ʬʽʪʦʧʣʘʥʢʪʦʥ, ʟʦʦʧʣʘʥʢʪʦʥ, 
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ʚʦʜʦʨʦʩʪʽ, ʤʦʣʶʩʢʠ, ʨʘʢʦʧʦʜʽʙʥʽ ʽ ʨʠʙʘ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ 

ʢʣʘʩʫ ʻ ʟʥʘʯʥʘ ʚʠʜʦʚʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʽ ʥʘʚʽʪʴ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʚʥʽ ʪʠʧʠ 

ʦʨʛʘʥʽʟʤʽʚ ʟʘ ʦʙʣʘʩʪʶ ʧʨʦʞʠʚʘʥʥʷ ʯʠ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. ɸʣʝ ʫ 

ʟʚôʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ 

ʧʦʙʣʠʟʫ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʜʫʞʝ ʯʘʩʪʦ ʜʠʩʧʝʨʩʽʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ CF ʻ 

ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʦʶ, ʱʦ ʚʪʨʘʯʘʻʪʴʩʷ ʟʤʽʩʪ ʫ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʨʛʘʥʽʟʤʽʚ. 

ʏʘʩ ʚʽʜ ʯʘʩʫ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʫ ʙʘʟʽ ʜʘʥʠʭ ʄɸɻɸʊɽ 

ʦʥʦʚʣʶʶʪʴʩʷ ʫ ʟʚôʷʟʢʫ ʟ ʦʪʨʠʤʘʥʥʷʤ ʨʽʟʥʠʭ ʫʪʦʯʥʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʝʥʴ CF, ʟʛʽʜʥʦ ʟ ʘʢʪʫʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʄɸɻɸʊɽ [89], ʥʝ ʛʘʨʘʥʪʫʻ 

ʾʭʥʶ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʧʨʠʢʣʘʜ, CF 

ʜʣʷ ʦʜʥʽʻʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʘʩʚʦʶʻʪʴʩʷ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʦʨʛʘʥʽʟʤʦʤ, ʤʦʞʝ ʙʫʪʠ 

ʨʽʟʥʠʤ ʫ ʚʽʜʢʨʠʪʦʤʫ ʦʢʝʘʥʽ ʽ ʚ ʧʨʠʙʝʨʝʞʥʽʡ ʦʙʣʘʩʪʽ ʯʠ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʤʦʨʽ, ʪʦʤʫ 

ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʯʢʦʚʦʾ ʚʦʜʠ ʬʦʨʤʫʶʪʴʩʷ ʦʙʣʘʩʪʽ ʟʽ ʟʥʠʞʝʥʦʶ ʩʦʣʦʥʽʩʪʶ, ʚ ʷʢʠʭ 

ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʟʘʩʚʦʶʚʘʪʠ ʧʝʚʥʫ ʨʝʯʦʚʠʥʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ. 

ɹʝʟʫʤʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʤʦʨʩʴʢʦʤʫ 

ʦʨʛʘʥʽʟʤʽ, ʤʘʶʯʠ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʽ ʽ ʚʝʣʠʯʠʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ. ɸʜʞʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʽʣʴʰʦʩʪʽ ʨʝʯʦʚʠʥ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ 

ʚʠʤʽʨʷʪʠ ʫ ʚʦʜʽ, ʥʽʞ ʚ ʦʨʛʘʥʽʟʤʽ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤ ʫ ʟʥʘʯʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ, ʘ ʪʘʢʦʞ ʫ ʪʦʤʫ, ʱʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. ɺ 

ʜʘʥʠʡ ʯʘʩ CF ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ 

ʟʜʘʪʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʫ ʪʦʤʫ ʞ ʩʘʤʦʤʫ ʦʨʛʘʥʽʟʤʽ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʦʩʪʽ 

ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠ ʧʝʚʥʫ ʨʝʯʦʚʠʥʫ ʟ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʇʨʠʢʣʘʜʦʤ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʮʽʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ERICA Tool 

[90]. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʘʟʫ ʜʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ ʫ 

ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [91]. ɿʥʘʯʝʥʥʷ CF ʫ ʮʽʡ ʙʘʟʽ ʜʘʥʠʭ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʨʝʣʶʶʪʴ 

ʟ ʜʘʥʠʤʠ ʄɸɻɸʊɽ [89], ʘ ʦʨʛʘʥʽʟʤʠ ʟʛʨʫʧʦʚʘʥʽ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ. ɺ ʤʦʜʝʣʽ ʻ ʧʦʜʽʣ 
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ʨʠʙʠ ʥʘ ʧʨʠʜʦʥʥʫ ʽ ʧʝʣʘʛʽʯʥʫ, ʘʣʝ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʥʘʯʝʥʥʷ CF ʜʣʷ ʥʠʭ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

ʊʘʢʦʞ ERICA Tool ʤʽʩʪʠʪʴ ʙʘʟʫ ʜʘʥʠʭ ʜʦʟʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʦʢ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʮʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʽ ʚ ʦʪʦʯʫʶʯʽʡ ʾʭ ʚʦʜʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʦʢ ʜʦʟʠ, ʦʪʨʠʤʘʥʦʾ ʧʝʚʥʠʤ 

ʦʨʛʘʥʽʟʤʦʤ ʟʘ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ t ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 

in orginD DC C t= ,                ex wexD DC Ct= ,                                (1.25) 

 

ʜʝ Din ʽ Dex ï ʜʦʟʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ 

ʦʨʛʘʥʽʟʤʫ ʧʝʚʥʠʤ ʨʘʜʽʦʥʫʢʣʽʜʦʤ, ʚʽʜʧʦʚʽʜʥʦ, DCin ʽ DCex ï ʜʦʟʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ, ʢʦʞʝʥ ʦʨʛʘʥʽʟʤ 

ʤʘʻ ʨʽʟʥʽ ʜʦʟʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

 

 

1.6.3 ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ 

 

 

ɼʫʞʝ ʯʘʩʪʦ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʫ ʨʝʛʫʣʷʨʥʠʭ ʯʠ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʜʣʷ 

ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʣʶʜʠʥʦʶ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ 

ʯʠ ʽʥʰʠʭ ʜʦʟʦʚʠʭ ʚʧʣʠʚʽʚ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʚʥʦʚʘʞʥʠʡ 

ʧʽʜʭʽʜ. 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 [85]. 

ʋ ʥʘʡʧʨʦʩʪʽʰʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʷʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʦʨʛʘʥʽʟʤʽ. ɸʣʝ ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʪʘ 
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ʚʽʜ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ, ʣʠʰʝ ʜʝʷʢʽ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʪʘʢʫ ʟʜʘʪʥʽʩʪʴ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʽʦʥʠ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ, ʷʢʽ ʤʘʶʪʴ ʩʭʦʞʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ 

ʽʦʥʘʤʠ ʢʘʣʽʶ, ʱʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʘʪʦʤʽʚ ʪʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʧʨʘʢʪʠʯʥʦ ʫʩʽʭ ʪʢʘʥʠʥ ʦʨʛʘʥʽʟʤʫ. ʇʨʦʪʝ ʚ ʤʦʜʝʣʷʭ ʯʘʩʪʦ ʜʘʥʠʡ ʧʽʜʭʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʜʣʷ ʚʩʽʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʪʚʦʨʠʪʠ ʨʝʘʣʴʥʽ ʟʤʽʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ. ʇʨʠʢʣʘʜʦʤ ʤʦʜʝʣʽ, ʜʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʠʡ ʧʨʠʥʮʠʧ,  ̒RESRAD-BIOTA [92]. 

ʋ ʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ D-DAT [93] ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʦʜʥʦʯʘʩʥʦ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ, ʚʚʘʞʘʶʯʠ, ʱʦ ʾʞʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʽʚʥʦʚʘʟʽ ʟ ʚʦʜʦʶ. ɺ ʥʽʡ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʨʽʟʥʠʭ ʪʠʧʠ ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʟʤʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ: ñh ʚʠʜʢʠʡò ʽ ñʧʦʚʽʣʴʥʠʡò, ʱʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʥʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʦʧʠʩʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ. ɼʘʥʘ ʤʦʜʝʣʴ ʧʦʢʣʠʢʘʥʘ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʪʠʧʦʚʫ ʜʠʥʘʤʽʢʫ ʦʯʠʱʝʥʥʷ ʦʨʛʘʥʽʟʤʫ, ʧʨʠʢʣʘʜ ʷʢʦʾ ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩ. 1.7. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝ ʧʝʨʝʭʦʜʠʪʴ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʨʛʘʥʽʟʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʜʚʦʭ ʥʝʚʟʘʻʤʦʜʽʶʯʠʭ ʤʽʞ 

ʩʦʙʦʶ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʰʚʠʜʢʫ ʽ ʧʦʚʽʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʦʪʦʯʫʶʯʠʤ 

ʡʦʛʦ ʩʝʨʝʜʦʚʠʱʝʤ. ʆʪʞʝ, ʚ ʤʦʜʝʣʽ D-DAT ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʢʦʞʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʦʨʛʘʥʽʟʤʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

 

2

21 1 12 2

dC
C C= k k

dt
- ,                                                          (1.26) 

 

3

31 1 13 3

dC
C C= k k

dt
- ,                                                          (1.27) 

 

ʜʝ t ï ʯʘʩ, C1 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ, ʉ2 ʽ ʉ3 ï ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ, ʱʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ñh ʚʠʜʢʦʶò ʽ ñʧʦʚʽʣʴʥʦʶò ʬʘʟʘʤʠ, 

ʚʽʜʧʦʚʽʜʥʦ, k21 ʽ k31 ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʦʨʛʘʥʽʟʤʦʤ ʜʣʷ ñh ʚʠʜʢʦʾò ʽ ñʧʦʚʽʣʴʥʦʾò ʬʘʟ, ʚʽʜʧʦʚʽʜʥʦ (ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʬʘʢʪʦʨʫ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʜʘʥʦʤʫ ʦʨʛʘʥʽʟʤʽ), k12 ʽ k13 ï 
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ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ ʜʣʷ ñh ʚʠʜʢʦʾò ʽ ñʧʦʚʽʣʴʥʦʾò ʬʘʟ, ʷʢʽ 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʝʨʽʦʜʘʤʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʊ2 ʽ ʊ3 (ʜʠʚ. 

ʨʠʩ. 1.7). 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʊʠʧʦʚʘ ʜʠʥʘʤʽʢʘ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʡʦʜʫ 

131I ʟ ʯʘʩʦʤ ʫ ʤʦʣʶʩʢʘʭ (Littorina littorea), ʟʛʽʜʥʦ ʟ [93]. ʇʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʚʽʜʧʦʚʽʜʘʻ 

ʤʦʤʝʥʪʫ ʧʝʨʝʤʽʱʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʙʨʫʜʥʝʥʥʷ C0 ʚ ʯʠʩʪʫ ʚʦʜʫ 

 

ʊʦʙʪʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʦʨʛʘʥʽʟʤʫ ʽ ʢʦʞʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤʦʜʝʣʽ D-DAT 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ñh ʚʠʜʢʦʛʦò ʽ ñʧʦʚʽʣʴʥʦʛʦò ʧʝʨʽʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʞʥʦʶ ʬʘʟʦʶ. 

ɺʝʣʠʯʠʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʠʢʣʘʜ ʦʜʥʦʛʦ ʟ ʷʢʠʭ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.7. ʋ ʜʘʥʠʡ ʯʘʩ ʙʘʟʘ ʜʘʥʠʭ ʤʦʜʝʣʽ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʊ2 ʽ ʊ3 

ʙʣʠʟʴʢʦ 10 ʧʦʰʠʨʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʢʣʘʩʽʚ ʦʨʛʘʥʽʟʤʽʚ: ʬʽʪʦʧʣʘʥʢʪʦʥ, 

ʟʦʦʧʣʘʥʢʪʦʥ, ʚʦʜʦʨʦʩʪʽ, ʤʦʣʶʩʢʠ, ʤʘʣʽ ʽ ʚʝʣʠʢʽ ʜʦʥʥʽ ʨʘʢʦʧʦʜʽʙʥʽ, ʘ ʪʘʢʦʞ ʧʝʣʘʛʽʯʥʽ 

ʽ ʧʨʠʜʦʥʥʽ ʨʠʙʠ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟ ʯʘʩʦʤ ʮʷ ʙʘʟʘ ʜʘʥʠʭ ʙʫʜʝ ʧʦʧʦʚʥʶʚʘʪʠʩʴ. 

ɹʫʜʴ ʷʢʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʫ ʚʦʜʫ, ʟʘʩʚʦʶʻʪʴʩʷ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʧʝʨʝʥʦʩʠʪʴʩʷ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ 

ʚʽʜ ʥʠʞʯʠʭ ʣʘʥʦʢ ʜʦ ʚʠʱʠʭ (ʨʠʩ. 1.8). ʇʨʠ ʮʴʦʤʫ ʜʝʷʢʽ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ʨʦʩʪʦʤ ʪʨʦʬʽʯʥʦʛʦ 
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ʬʘʢʪʦʨʫ. ʇʨʦʪʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘʢʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʘ ʥʘʚʽʪʴ ʥʘʚʧʘʢʠ ï ʤʘʻ ʤʽʩʮʝ ʦʙʝʨʥʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʾʭʥʴʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʪʘ ʪʨʦʬʽʯʥʠʤ ʬʘʢʪʦʨʦʤ [94]. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʘʜʽʦʥʫʢʣʽʜʘ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʫ ʚʩʴʦʤʫ ʦʨʛʘʥʽʟʤʽ ʘʙʦ ʚ 

ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ ʯʠ ʪʢʘʥʠʥʘʭ. ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ [94], ʪʘʢʽ ʤʝʪʘʣʠ ʷʢ ʢʘʜʤʽʡ (Cd), 

ʤʽʜʴ (Cu), ʥʽʢʝʣʴ (Ni), ʩʚʠʥʝʮʴ (Pb) ʽ ʮʠʥʢ (Zn) ʧʦʢʘʟʫʶʪʴ ʦʙʝʨʥʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʾʭʥʴʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʮʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ 

ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ, ʪʦʜʽ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʝʟʽʶ (Cs) ʟʨʦʩʪʘʻ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ 

[95]. 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʇʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʟʛʽʜʥʦ ʟ [96] 

 

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 ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ 

(ʙʽʦʧʽʜʩʠʣʝʥʥʷ), ʘ ʧʨʠ TTF < 1 ï ʥʘʚʧʘʢʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʘʭ 

ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ ʥʠʞʯʠʭ ʣʘʥʦʢ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ ʜʦ ʚʠʱʠʭ. 
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ɺ ʨʦʙʦʪʽ [97] ʧʦʢʘʟʘʥʦ, ʱʦ ʝʬʝʢʪ ʙʽʦʧʽʜʩʠʣʝʥʥʷ (TTF > 1) ʜʣʷ ʚʩʽʭ ʪʨʦʬʽʯʥʠʭ 

ʨʽʚʥʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʮʝʟʽʶ. ʅʘ ʜʝʷʢʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʷʭ ʙʽʦʧʽʜʩʠʣʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʩʝʣʝʥʫ, ʢʘʜʤʽʶ ʪʘ ʮʠʥʢʫ. ɼʣʷ ʘʤʝʨʠʮʽʶ, ʢʦʙʘʣʴʪʫ ʽ ʤʘʨʛʘʥʮʶ ʚ 

[97] ʙʫʣʦ ʦʪʨʠʤʘʥʦ TTF < 1 ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʨʽʟʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ ʟ ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ [89]. ʃʠʰʝ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ 

ʬʘʢʪʦʨ ʮʝʟʽʶ ʟʨʦʩʪʘʻ ʧʨʠ ʨʦʩʪʽ ʪʨʦʬʽʯʥʦʛʦ ʬʘʢʪʦʨʫ. ɼʣʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ 

ʧʨʘʚʠʣʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʝʨʥʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʬʘʢʪʦʨʦʤ ʪʘ 

ʪʨʦʬʽʯʥʠʤ ʬʘʢʪʦʨʦʤ. 

ɭ ʢʽʣʴʢʘ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ 

ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [87, 98-102]. ɼʝʷʢʽ ʟ ʥʠʭ ʨʦʟʨʦʙʣʷʣʠʩʷ ʜʣʷ ʣʘʥʮʶʞʢʘ 

ʞʠʚʣʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ [99], ʽʥʰʽ ʤʘʣʠ ʥʘ ʤʝʪʫ ʦʧʠʩʘʪʠ 

ʟʘʛʘʣʴʥʽ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ñʭʠʞʘʢ-ʞʝʨʪʚʘò ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʦʪʝ ʚ 

ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʧʝʣʘʛʽʯʥʠʡ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ. ʄʦʜʝʣʴ, ʚ 

ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʚ ʜʦʥʥʦʤʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ [100]. ɺʦʥʘ ʚʢʣʶʯʘʻ 13 ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʢʽʣʴʢʘ 

ʣʘʥʮʶʞʢʽʚ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʧʝʨʝʧʣʽʪʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ɿʦʢʨʝʤʘ, ʚ ʤʦʜʝʣʴ ʚʭʦʜʷʪʴ 

ʚʦʜʦʨʦʩʪʽ, ʨʽʟʥʽ ʪʠʧʠ ʙʝʟʭʨʝʙʝʪʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʥʝʭʠʞʘ ʽ ʭʠʞʘ ʧʝʣʘʛʽʯʥʘ ʨʠʙʘ, 

ʦʨʛʘʥʽʯʥʽ ʨʝʰʪʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʜʥʽ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʪʠʧʠ ʧʨʠʜʦʥʥʦʾ ʨʠʙʠ, ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ ʩʚʽʡ ʨʘʮʽʦʥ. ʋ ʜʘʥʽʡ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʝ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʘʭ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ Corg 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (1.28), ʷʢʝ ʜʣʷ ʢʦʞʥʦʛʦ 

ʦʨʛʘʥʽʟʤʫ ʤʘʻ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʥʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʠʧʽʚ ʾʞʽ, ʱʦ 

ʚʭʦʜʷʪʴ ʚ ʡʦʛʦ ʨʘʮʽʦʥ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʨʛʘʥʽʟʤʫ, ʚ ʨʘʮʽʦʥ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʪʨʠ ʪʠʧʠ 

ʾʞʽ, ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ 
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ʜʝ Kw ï ʰʚʠʜʢʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʟ ʚʦʜʠ, Cw ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ, Kf ï ʰʚʠʜʢʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʾʞʽ, a ï 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʾʞʽ, C1, C2  ̔C3 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʨʽʟʥʠʭ ʪʠʧʘʭ ʾʞʽ, r i ï ʯʘʩʪʢʘ ʾʞʽ ʪʠʧʫ i ʚ ʨʘʮʽʦʥʽ ʦʨʛʘʥʽʟʤʫ, k0 ï ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʚ ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʨʽʟʥʽ 

ʪʠʧʠ ʾʞʽ ʚʭʦʜʷʪʴ ʚ ʨʘʮʽʦʥ ʦʨʛʘʥʽʟʤʫ ʚ ʦʜʥʘʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ. ʊʦʙʪʦ, ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ r1 = r2 = 1/3. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʜʘʥʽʡ ʤʦʜʝʣʽ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʟʘʚʞʜʠ ʻ ʚʦʜʘ. ʊʦʙʪʦ, ʥʘʚʽʪʴ ʦʨʛʘʥʽʟʤʠ ʟ ʧʨʠʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ 

ʞʠʚʣʝʥʥʷ ʦʪʨʠʤʫʶʪʴ ʨʘʜʽʦʥʫʢʣʽʜʠ ʟ ʚʦʜʠ ʽ ʟ ʦʨʛʘʥʽʟʤʽʚ ʟ ʥʠʞʯʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ, ʘ 

ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʑʝ ʦʜʥʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ ʤʦʜʝʣʷʤʠ ʻ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʽ, ʷʢʘ ʻ ʢʣʶʯʦʚʦʶ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ. ʋ ʢʘʤʝʨʥʠʭ ʤʦʜʝʣʷʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʫ ʚʦʜʽ, ʷʢ ʽ ʚ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʶ ʜʣʷ ʢʦʞʥʦʾ ʢʘʤʝʨʠ. ɼʣʷ ʦʨʛʘʥʽʟʤʽʚ ʮʝ ʨʽʚʥʦʟʥʘʯʥʝ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʥʠ 

ʨʫʭʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʜʘʥʦʾ ʢʘʤʝʨʠ ʽ ʥʝ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʩʫʩʽʜʥʽ. ʇʨʠ ʧʝʚʥʦʤʫ ʨʦʟʤʽʨʽ 

ʢʘʤʝʨ ʪʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ, ʜʣʷ ʷʢʠʭ ʥʝ ʻ 

ʭʘʨʘʢʪʝʨʥʦʶ ʩʝʟʦʥʥʘ ʤʽʛʨʘʮʽʷ. ɺ ʽʥʰʠʭ ʤʦʜʝʣʷʭ [93, 100] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʨʝʟʫʣʴʪʘʪʠ ʪʨʠʚʠʤʽʨʥʠʭ ʯʠ ʜʚʦʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʚ ʧʝʚʥʽʡ 

ʪʦʯʮʽ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʷʢʱʦ ʙ ʮʽ ʦʨʛʘʥʽʟʤʠ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʪʦʯʮʽ, ʜʣʷ ʷʢʦʾ 

ʚʽʜʦʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʚʦʜʽ, ʱʦ ʻ ʥʝ ʥʘʜʪʦ ʨʝʘʣʽʩʪʠʯʥʠʤ. 

ʋʩʽ ʦʧʠʩʘʥʽ ʤʦʜʝʣʽ ʧʝʨʝʚʘʞʥʦ ʪʝʩʪʫʚʘʣʠʩʷ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʪʨʘʧʣʷʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ 137Cs ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʜʘʥʠʭ 

ʤʦʜʝʣʝʡ ʥʘʣʘʰʪʦʚʘʥʽ ʩʘʤʝ ʜʣʷ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ. ʅʝ ʚʽʜʦʤʦ ʯʠ ʙʫʜʫʪʴ ʚʦʥʠ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʟʘʩʚʦʻʥʥʷ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ 

ʾʭʥʽʡ ʧʝʨʝʥʦʩ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ. 
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1.6.4 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʢʨʝʤʠʭ ʪʢʘʥʠʥʘʭ 

ʨʠʙʠ BURN-POSEIDON 

 

 

ʆʩʢʽʣʴʢʠ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ 

ʦʨʛʘʥʽʟʤʽ ʥʝʦʜʥʦʨʽʜʥʦ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʧʝʚʥʠʭ ʦʨʛʘʥʘʭ ʯʠ ʪʢʘʥʠʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʜʽ ʷʢ ʚ ʽʥʰʠʭ ï ʥʠʞʯʘ. ɼʘʥʠʡ ʬʘʢʪ ʚʟʷʪʠʡ ʟʘ 

ʦʩʥʦʚʫ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ BURN 

[98], ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʢʘʤʝʨʥʫ ʤʦʜʝʣʴ POSEIDON [29]. ʋʩʴʦʛʦ ʚ ʤʦʜʝʣʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 100 ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʦʜʽʣʝʥʽ ʥʘ 4 ʛʨʫʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʩʥʦʚʥʠʭ ʪʢʘʥʠʥ ʯʠ ʦʨʛʘʥʽʚ ʨʠʙʠ, ʜʝ ʚʦʥʠ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ. ɿʦʢʨʝʤʘ, ʪʘʢʽ 

ʨʘʜʽʦʥʫʢʣʽʜʠ, ʷʢ ʪʨʠʪʽʡ (3ʅ) ʪʘ ʽʟʦʪʦʧʠ ʮʝʟʽʶ (131Cs, 134Cs, 136Cs, 137Cs), 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ; ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʢʘʣʴʮʽʡ (45Ca), ʘ ʪʘʢʦʞ ʽʟʦʪʦʧʠ 

ʩʪʨʦʥʮʽʶ (89Sr, 90Sr), ʨʘʜʽʶ (223Ra, 224Ra, 225Ra, 226Ra, 228Ra,) ʽ ʫʨʘʥʫ (232U, 233U, 234U, 

235U, 236U, 237U, 238U) ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʢʽʩʪʢʘʭ; ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʮʠʨʢʦʥʽʡ (95Zr) ʪʘ 

ʽʟʦʪʦʧʠ ʥʝʧʪʫʥʽʶ (237Np, 239Np) ʽ ʢʶʨʽʶ (242Cm, 243Cm, 244Cm) ï ʫ ʰʣʫʥʢʫ; ʨʝʰʪʘ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï ʚ ʽʥʰʠʭ ʦʨʛʘʥʘʭ ʨʠʙʠ, ʪʘʢʠʭ ʷʢ ʥʠʨʢʠ, ʧʝʯʽʥʢʘ ʪʘ ʽʥ. 

ʋ ʤʦʜʝʣʽ BURN ʚʠʜʽʣʷʶʪʴʩʷ ʪʘʢʽ ʪʠʧʠ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ: ʬʽʪʦʧʣʘʥʢʪʦʥ, 

ʟʦʦʧʣʘʥʢʪʦʥ, ʜʚʘ ʪʠʧʠ ʨʠʙʠ (ʥʝʭʠʞʘ ʽ ʭʠʞʘ), ʤʦʣʶʩʢʠ, ʨʘʢʦʧʦʜʽʙʥʽ ʽ ʚʦʜʦʨʦʩʪʽ, ʷʢʽ 

ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ (ʨʠʩ. 1.9). ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʪʘ ʫ ʚʦʜʦʨʦʩʪʷʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘ 

ʬʦʨʤʫʣʦʶ (1.24). ɺʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʮʴʦʤʫ ʙʝʨʝʪʴʩʷ ʟʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ ʄɸɻɸʊɽ [89]. ɼʣʷ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ, ʚ ʷʢʦʤʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʦʨʛʘʥʽʟʤʦʤ ʟ̔ ʚʦʜʠ  ̔ʾʞʽ 

 

0

org

f f w w org

dC
C b C k C= aK K

dt
+ - .                                      (1.29) 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ ʚ ʨʽʚʥʷʥʥʽ (1.29) ʙʝʨʝʪʴʩʷ ʜʦ 

ʫʚʘʛʠ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʨʛʘʥʽʟʤ ʟʘ ʜʝʥʴ Kw, ʪʘ ʯʘʩʪʢʘ ʘʢʪʠʚʥʦʩʪʽ, 
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ʱʦ ʧʨʠ ʮʴʦʤʫ ʟʘʩʚʦʶʻʪʴʩʷ ï b. ɺʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ ʦʧʠʩʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʯʠʥʠ ʧʝʨʽʦʜʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ (T0.5), ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ ʚ ʦʨʛʘʥʽʟʤʽ k0 = ln2/T0.5. 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʚ ʤʦʜʝʣʽ BURN-

POSEIDON [94] 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʝʣʽ BURN ʻ ʪʝ, ʱʦ ʜʣʷ ʨʠʙʠ ʨʽʚʥʷʥʥʷ (1.29) ʦʧʠʩʫʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʣʠʰʝ ʫ ʪʢʘʥʠʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ (ʤôʷʟʘʭ, ʢʽʩʪʢʘʭ, ʰʣʫʥʢʫ ʘʙʦ ʦʨʛʘʥʘʭ), ʘ ʚʤʽʩʪʦʤ ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ 

ʪʢʘʥʠʥʘʭ ï ʥʝʭʪʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʽʦʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʊ0.5 ʫ 

ʨʽʚʥʷʥʥʽ (1.29) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʘʩʫ ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ ʫ ʮʽʡ ʪʢʘʥʠʥʽ. ɼʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ ʦʪʨʠʤʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʚʽʜʧʦʚʽʜʥʽʡ 

ʪʢʘʥʠʥʽ ʤʥʦʞʠʪʴʩʷ ʥʘ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʜʘʥʦʾ ʪʢʘʥʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ. ʗʢ ʚʠʜʥʦ ʟʽ ʩʭʝʤʠ 

(ʨʠʩ. 1.9), ʚ ʨʘʮʽʦʥ ʪʘʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢ ʤʦʣʶʩʢʠ ʽ ʨʘʢʦʧʦʜʽʙʥʽ, ʚʭʦʜʪ̫ʴ ʦʜʥʦʯʘʩʥʦ 

ʬʽʪʦʧʣʘʥʢʪʦʥ ʽ ʟʦʦʧʣʘʥʢʪʦʥ. ʊʦʤʫ ʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʾʞʽ Cf : 

 

1

n

i

pred
prey,if prey,i
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drw
=   C C P

drw=

ä ,                                               (1.30) 
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ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʨʘʮʽʦʥ ñʭʠʞʘʢʘò, Cprey,i ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʾʞʽ ʪʠʧʫ i , Pprey,i ï ʯʘʩʪʢʘ ʾʞʽ ʪʠʧʫ i ʚ ʨʘʮʽʦʥʽ, drwpred, 

drwprey ï ʯʘʩʪʢʘ ʩʫʭʦʾ ʤʘʩʠ ʚ ʦʨʛʘʥʽʟʤʽ ñʭʠʞʘʢʘò ʽ ñʞʝʨʪʚʠò, ʚʽʜʧʦʚʽʜʥʦ. ʇʘʨʘʤʝʪʨ drw 

ʚʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʪʦʛʦ, ʱʦ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ ʩʢʣʘʜʘʻ ʚʦʜʘ, 

ʪʦʜʽ ʷʢ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʩʫʭʫ ʯʘʩʪʠʥʫ ʦʨʛʘʥʽʟʤʫ. ɿʥʘʯʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (ʪʘʙʣ. 1.2) 

ʟʘʜʘʚʘʣʠʩʷ ʟʛʽʜʥʦ ʟ ʨʦʙʦʪʦ  ʁ[103]. ɿʥʘʯʝʥʥʷ ʧʝʨʽʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ 

ʊ0.5 ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʦʨʛʘʥʽʟʤʫ (ʪʘʙʣ. 1.2), ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʯʠʥʠ ʜʣʷ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥ ʨʠʙʠ (ʪʘʙʣ. 1.3) ʪʘ ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʮʠʭ ʪʢʘʥʠʥ ʙʨʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ [104]. 

 

ʊʘʙʣʠʮʷ 1.2 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ BURN 

ʊʠʧ ʦʨʛʘʥʽʟʤʫ drw Kf 

(ʜ-1) 

a Kw 

(ʤ3(ʢʛÖʜ)-1) 

b T0.5 

(ʜ) 

ʌʽʪʦʧʣʘʥʢʪʦʥ 0.1 - - - - - 

ɿʦʦʧʣʘʥʢʪʦʥ 0.1 1.0 0.2 1.5 0.001 5 

ʄʦʣʶʩʢʠ 0.1 0.06 0.5 0.15 0.001 50 

ʈʘʢʦʧʦʜʽʙʥʽ 0.1 0.015 0.5 0.1 0.001 100 

ʅʝʭʠʞʘ ʨʠʙʘ 0.25 0.030 0.5 0.1 0.001 ʊʘʙʣ. 1.3 

ʍʠʞʘ ʨʠʙʘ 0.3 0.0055 0.7 0.075 0.001 ʊʘʙʣ. 1.3 

 

ʊʘʙʣʠʮʷ 1.3 ï ʇʘʨʘʤʝʪʨʠ ʪʢʘʥʠʥ ʨʠʙʠ ʚ ʤʦʜʝʣʽ BURN 

ʇʘʨʘʤʝʪʨ ʤʦʜʝʣʽ ʂʽʩʪʢʠ ʄôʷʟʠ ʆʨʛʘʥʠ ʐʣʫʥʦʢ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ f 0.12 0.80 0.05 0.03 

ʇʝʨʽʦʜ ʊ0.5 ʜʣʷ ʥʝʭʠʞʦʾ 

ʨʠʙʠ (ʜ) 

 

500 

 

75 

 

20 

 

3 

ʇʝʨʽʦʜ ʊ0.5 ʜʣʷ ʭʠʞʦʾ 

ʨʠʙʠ (ʜ) 

 

1000 

 

200 

 

40 

 

5 
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1.6.5 ʌʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʽ ʤʦʜʝʣʽ 

 

 

ɿʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ, ʢʦʥʪʘʢʪʫʶʯʠ ʟ ʦʨʛʘʥʽʟʤʦʤ, ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʥʴʦʛʦ ʪʘ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʢʣʘʜʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʉʧʨʦʱʝʥʦ ʮʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʯʦʪʠʨʤʘ ʝʪʘʧʘʤʠ: ʟʘʩʚʦʻʥʥʷ, ʨʦʟʧʦʜʽʣ ʤʽʞ ʪʢʘʥʠʥʘʤʠ, ʫʯʘʩʪʴ ʚ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʘʭ, 

ʚʠʚʝʜʝʥʥʷ [105]. ʄʘʪʝʤʘʪʠʯʥʦ ʜʘʥʽ ʧʨʦʮʝʩʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ [106-110]. ʋ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘʢʽ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʫʪʁʴʩʷ ʜʣʷ ʨʠʙʠ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʪʨʘʧʣʷʻ ʚ ʦʨʛʘʥʽʟʤ ʨʠʙʠ ʟ ʚʦʜʠ ʯʝʨʝʟ ʟʷʙʨʘ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʾʞʽ. ɺ ʟʷʙʨʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʩʚʦʻʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ 

ʢʠʩʥʶ, ʨʘʟʦʤ ʟ ʷʢʠʤ ʫ ʢʨʦʚ ʧʦʪʨʘʧʣʷʶʪʴ ʨʦʟʯʠʥʝʥʽ ʫ ʚʦʜʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ. ɯʟ 

ʩʪʨʘʚʦʭʦʜʫ ʾʞʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʰʣʫʥʦʢ, ʟ ʷʢʦʛʦ ʚ ʢʨʦʚ ʨʘʟʦʤ ʟ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʚʩʤʦʢʪʫʪ̒ʴʩʷ ʽ ʟʘʙʨʫʜʥʝʥʥʷ. ʏʝʨʝʟ ʢʨʦʚ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʟʥʦʩʠʪʴʩʷ ʧʦ ʚʩʽʭ ʦʨʛʘʥʘʭ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʽ ʚʽʜ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʦʨʛʘʥʽʟʤʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʢʣʽʪʠʥʘʭ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥ ʯʠ ʦʨʛʘʥʽʚ. ʇʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥ ʟ̔ ʢʨʦʚʽ ʚ ʪʢʘʥʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʫʟʽʡʥʠʭ ʪʘ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʚʩʽʭ ʪʢʘʥʠʥʘʭ 

ʦʨʛʘʥʽʟʤʫ ʽʩʥʫʚʘʪʠʤʝ ʧʝʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʣʝ ʚʦʥʘ ʙʫʜʝ ʨʦʟʧʦʜʽʣʝʥʘ ʚ 

ʦʨʛʘʥʽʟʤʽ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽʡ ʩʝʨʝʜʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ, ʚ ʜʝʷʢʠʭ ʦʨʛʘʥʘʭ ʮʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʜʫʞʝ ʚʠʩʦʢʦʶ, ʧʨʠʚʦʜʷʯʠ ʜʦ ʰʢʽʜʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʪʨʘʚʣʝʥʥʷ ʽ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ (ʤʝʪʘʙʦʣʽʟʤʫ) ʟʘʡʤʘʻ 

ʧʝʯʽʥʢʘ. ʆʜʥʦʯʘʩʥʦ ʚʦʥʘ ʛʨʘʻ ʨʦʣʴ ʬʽʣʴʪʨʘ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʧʨʠʥʦʩʷʪʴʩʷ ʢʨʦʚôʶ ʨʘʟʦʤ ʟ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʥʽʡ. ɼʝʷʢʽ 

ʨʝʯʦʚʠʥʠ ʟʘʣʠʰʘʶʪʴ ʧʝʯʽʥʢʫ ʨʘʟʦʤ ʟ ʥʝʧʦʪʨʽʙʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʙʤʽʥʫ, ʷʢʽ ʧʦʪʽʤ 

ʚʠʚʦʜʷʪʴʩʷ ʟ ʦʨʛʘʥʽʟʤʫ ʯʝʨʝʟ ʥʠʨʢʠ, ʜʝ ʮʽ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʯʘʩʪʢʦʚʦ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ. ɿ ʧʝʯʽʥʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʚʠʚʦʜʠʪʠʩʷ ʨʘʟʦʤ ʟ ʞʦʚʯʶ ʚ 

ʪʨʘʚʥʠʡ ʢʘʥʘʣ, ʟʚʽʜʢʠ ʚʦʥʦ ʟʘʣʠʰʘʻ ʦʨʛʘʥʽʟʤ ʟ ʥʝʧʝʨʝʪʨʘʚʣʝʥʠʤʠ ʨʝʰʪʢʘʤʠ ʾʞʽ. 

ʗʢʱʦ ʨʠʙʘ ʧʦʪʨʘʧʣʷʻ ʚ ʯʠʩʪʫ ʚʦʜʫ, ʢʦʣʠ ʙʽʣʴʰʝ ʥʝʤʘʻ ʧʨʠʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʟʦʚʥʽ, 

ʢʨʦʚ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʦʯʠʱʫʻʪʴʩʷ. ʇʦʪʽʤ ʧʦʯʠʥʘʶʪʴ ʦʯʠʱʫʚʘʪʠʩʷ ʚʩʽ ʽʥʰʽ ʦʨʛʘʥʠ, 
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ʧʦʩʪʫʧʦʚʦ ʚʽʜʜʘʶʯʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʢʨʦʚ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʝ ʧʦʚʪʦʨʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʜʝʷʢʠʭ ʦʨʛʘʥʽʚ, ʷʢʱʦ ʚʦʥʠ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʮʽʻʶ ʢʨʦʚôʶ. 

ʋ ʬʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʚ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ ʚʩʽ ʮʽ ʧʨʦʮʝʩʠ, ʦʨʛʘʥʽʟʤ 

ʨʠʙʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʜʽʣʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʢʨʦʚ 

(ʨʠʩ. 1.10). ʇʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʊʘʢ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ [108], ʜʝ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʘʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ [111]. ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʦʚʘ ʜʣʷ 

ʬʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ [108], ʱʦ ʦʧʠʩʫʻ 

ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʚʽʜʜʽʣʝʥʥʷʤʠ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʦʨʛʘʥʽʟʤ ʨʠʙʠ (ʥʫʤʝʨʘʮʽʷ 

ʨʽʚʥʷʥʴ ʚʽʜʧʦʚʽʜʘʻ ʥʫʤʝʨʘʮʽʾ ʚʽʜʜʽʣʝʥʴ ʥʘ ʨʠʩ. 1.10): 
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ʜʝ V ï ʦʙôʻʤ ʢʨʦʚʽ ʚ ʦʨʛʘʥʽʟʤʽ (ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ ʚʥʘʩʣʽʜʦʢ ʨʦʩʪʫ 

ʦʨʛʘʥʽʟʤʫ), C1 ï ʟʘʛʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʢʨʦʚʽ, Eij ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

ʨʦʟʯʠʥʝʥʦʾ ʬʘʟʠ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʤʽʞ ʚʽʜʜʽʣʝʥʥʷʤʠ i ʪʘ j, fd ï ʜʦʣʷ ʨʦʟʯʠʥʝʥʦʾ 

ʬʘʟʠ ʚ ʟʘʛʘʣʴʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʢʨʦʚʽ, wi ï ʤʘʩʘ ʚʽʜʜʽʣʝʥʥʷ i (ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ ʚʥʘʩʣʽʜʦʢ ʨʦʩʪʫ ʦʨʛʘʥʽʟʤʫ), wt ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʦʨʛʘʥʽʟʤʫ, ni ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʽʜʜʽʣʝʥʥʽ i, pi ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʶʶʯʦʾ 

ʨʝʯʦʚʠʥʠ ʤʽʞ ʢʨʦʚôʶ ʽ ʚʽʜʜʽʣʝʥʥʷʤ i ʚ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ, E3w ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

ʤʽʞ ʟʷʙʨʘʤʠ ʽ ʦʪʦʯʫʶʯʦʶ ʚʦʜʦʶ, aw ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʟ 

ʚʦʜʠ, b47 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʟ ʪʨʘʚʥʦʛʦ ʢʘʥʘʣʫ ʚ ʰʣʫʥʦʢ, 

Ir ï ʚʝʣʠʯʠʥʘ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ, nfd ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʾʞʽ, Eg ï ʚʝʣʠʯʠʥʘ 

ʚʠʚʝʜʝʥʥʷ ʟ ʪʨʘʚʥʦʛʦ ʢʘʥʘʣʫ, K5 ï ʚʝʣʠʯʠʥʘ ʚʠʚʝʜʝʥʥʷ ʯʝʨʝʟ ʥʠʨʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʭʝʤʘ ʬʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʦʾ ʤʦʜʝʣʽ [108] 
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ɺ ʜʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʦʶ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ 

ʨʝʯʦʚʠʥʠ ʽ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʤʦʜʝʣʽ. ɺʠʟʥʘʯʝʥʥʷ ʾʭʥʽʭ ʚʝʣʠʯʠʥ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ [108, 109] ʧʦʢʘʟʘʣʦ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʤʠ 

(ʟʘʣʝʞʘʪʠ ʚʽʜ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠ ʚʽʜ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ 

ʥʘʢʦʧʠʯʝʥʥʷ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʢʘʜʤʽʶ) ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʩʘʤʦʤʫ ʚʠʜʽ ʨʠʙʠ (ʨʘʡʜʫʞʥʘ 

ʬʦʨʝʣʴ). ʎʝ ʽ ʻ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʘʥʠʭ ʤʦʜʝʣʝʡ, ʦʩʢʽʣʴʢʠ ʥʝʚʽʜʦʤʦ ʷʢ ʟʤʽʥʷʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʧʨʠ ʧʝʚʥʽʡ ʟʤʽʥʽ ʫʤʦʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 

 

1.6.6 ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʚʽʜ ʡʦʛʦ 

ʤʘʩʠ (ʘʣʦʤʝʪʨʠʯʥʘ ʪʝʦʨʽʷ) 

 

 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʻ ʾʭʥʷ 

ʤʘʩʘ. ɺʦʥʘ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʙʽʦʣʦʛʽʾ, ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʫ Rr, ʱʦ ʦʧʠʩʫʻ ʧʝʚʥʠʡ 

ʤʝʪʘʙʦʣʽʯʥʠʡ ʧʨʦʮʝʩ ʚ ʦʨʛʘʥʽʟʤʽ, ʚʽʜ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ M [ʢʛ] ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ 

 

rr M=R
ba ,                                                                      (1.38) 

 

ʜʝ ar ï ʘʣʦʤʝʪʨʠʯʥʘ ʩʪʘʣʘ, ʷʢʘ ʽ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʧʝʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʦʨʛʘʥʽʟʤʽ, b ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ, ʙʽʣʴʰʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʦʨʛʘʥʽʟʤʦʤ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ. ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʫʪʚʦʨʶʻʪʴʩʷ ʫ 

ʚʩʴʦʤʫ ʦʙôʻʤʽ (ʤʘʩʽ) ʦʨʛʘʥʽʟʤʫ, ʘ ʚʠʜʽʣʷʻʪʴʩʷ ʯʝʨʝʟ ʡʦʛʦ ʧʦʚʝʨʭʥʶ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, 

ʱʦ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ ʫ ʬʦʨʤʫʣʽ (1.38) ʩʪʘʥʦʚʠʪʠʤʝ ӏ. ʇʨʦʪʝ, ʱʝ ʚ 30-ʭ ʨʦʢʘʭ ʍʍ 

ʩʪʦʣʽʪʪʷ ʚ ʨʦʙʦʪʽ [112] ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʘʙʦʣʽʯʥʠʭ 
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ʧʨʦʮʝʩʽʚ ʫ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʤʘʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ ʻ ʙʣʠʟʴʢʠʤ ʜʦ 

Ĳ. ʎʝ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [113], ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʤʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ ʚ 

ʪʨʠʚʠʤʽʨʥʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ ʚ ʩʪʝʧʝʥʽ Ĳ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʩʷʛʥʝʥʥʷʤ 

ʤʽʥʽʤʫʤʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʧʨʠ ʨʦʟʧʦʜʽʣʝʥʥʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

ʋ ʨʦʙʦʪʘʭ [114-116] ʦʧʠʩʘʥʠʡ ʚʠʱʝ ʟʘʢʦʥ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʋ ʥʠʭ ʪʘʢʦʞ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʤʝʪʘʙʦʣʽʟʤ ʨʠʙʠ, ʟʦʢʨʝʤʘ, ʚʝʣʠʯʠʥʘ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ, ʰʚʠʜʢʽʩʪʴ 

ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ (ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ ʥʘʧʽʚʞʠʪʪʷ) ʪʘ ʽʥʰʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ ʨʠʙʠ ʚ 

ʧʝʚʥʽʡ ʩʪʝʧʝʥʽ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (1.38). ʍʦʯʘ ʜʠʩʢʫʩʽʾ ʧʨʦ ʚʝʣʠʯʠʥʫ ʧʦʢʘʟʥʠʢʘ 

ʩʪʝʧʝʥʷ ʚʝʜʫʪʴʩʷ ʜʦ ʮʴʦʛʦ ʯʘʩʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʽʥ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʋ ʨʦʙʦʪʽ [117] ʚʠʩʣʦʚʣʝʥʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʘʢʠʭ ʷʢ ʘʜʩʦʨʙʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʶ ʦʨʛʘʥʽʟʤʫ, 

ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʚʽʜ ʤʘʩʠ ʚ ʩʪʝʧʝʥʽ ӏ. ʂʦʤʙʽʥʘʮʽʷ 

ʧʨʦʮʝʩʽʚ, ʰʚʠʜʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ ʚ ʨʽʟʥʠʭ ʩʪʝʧʝʥʷʭ, ʽ ʷʢʽ 

ʥʝʤʦʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʦʜʥʦʟʥʘʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʘ ʩʪʝʧʝʥʷ ʫ ʬʦʨʤʫʣʽ (1.38). 

ʏʘʩʪʢʦʚʦ ʘʣʦʤʝʪʨʠʯʥʘ ʪʝʦʨʽʷ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʢʽʣʴʢʦʭ ʤʦʜʝʣʷʭ ʧʝʨʝʥʦʩʫ 137Cs ʧʦ 

ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ [87, 102], ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

ʚʝʣʠʯʠʥʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚʽʜ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ. ʇʨʦʪʝ 

ʚ ʥʠʭ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

 

1.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʪʠʧʠ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʨʦʟʛʣʷʥʫʪ ̔ʜʞʝʨʝʣʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʩʧʦʩʦʙʠ ʦʮʽʥʢʠ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʣʶʜʠʥʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʧʨʠʢʣʘʜʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʞʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ 

ʧʝʨʝʥʦʩ ʜʝʷʢʠʭ ʽʥʰʠʭ ʪʠʧʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. 
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ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʥ̔ʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʮʽʥʦʢ ʥʘʩʣʽʜʢʽʚ 

ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʪʘ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʷʜʝʨʥʠʭ ʘʚʘʨʽʷʭ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ 

ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS. ʆʙˇʨʫʥʪʦʚʘʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʤʦʨʩʴʢʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ. 

ɺʠʜʽʣʝʥʦ ʪʨʠ ʩʪʘʜʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫ 

ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ: ʘʢʪʠʚʥʘ ʬʘʟʘ, ʧʽʩʣʷ-ʘʚʘʨʽʡʥʘ ʬʘʟʘ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʬʘʟʘ. 

ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʠʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʤʘʩʰʪʘʙʘʤʠ, ʽ ʢʦʞʥʘ ʟ ʥʠʭ 

ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʠʡ ʪʠʧ ʤʦʜʝʣʽ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ. ʇʨʠʚʝʜʝʥʠʡ ʦʧʠʩ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʩʪʘʜʽʾ. 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥ ̔ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʚʘʞʣʠʚʠʤ ʻ ʥʝ ʣʠʰʝ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʟʯʠʥʝʥʽʡ ʬʘʟʽ, ʘʣʝ ʽ ʡʦʛʦ ʚʟʘʻʤʦʜʽʷ ʟ ̔

ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ ʽ ʟ ʜʥʦʤ. ʊʦʤʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ 

ʦʧʠʩʫʚʘʪʠ ʧʝʨʝʥʦʩ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʧʝʨʝʥʦʩ ʮʠʭ ʯʘʩʪʠʥʦʢ ʪʝʯʽʷʤʠ, ʾʭʥʻ 

ʦʩʽʜʘʥʥʷ ʥʘ ʜʥʦ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʪʘ ʨʝʩʫʩʧʝʥʟʽʶ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʽʚ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʥʘ. 

ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʦʧʠʩ ʪʝʯʽʡ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʈʦʟʛʣʷʥʫʪʦ ʜʚʘ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʪʝʯʽʡ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʝʨʝʜ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʝʯʽʡ ʛʣʦʙʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ ʦʢʝʘʥʫ ʘʙʦ ʾʭʥʻ 

ʦʪʨʠʤʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚ ʨʘʤʢʘʭ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʠʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʛʣʦʙʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʮʠʨʢʫʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ. 

ʆʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

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

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

ʅʘʡʧʨʦʩʪʽʰʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤʦʨʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ (ʨʽʚʥʦʚʘʞʥʠʡ ʧʽʜʭʽʜ). ʆʩʥʦʚʦʶ ʜʘʥʦʛʦ 
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ʤʝʪʦʜʫ ʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʨʛʘʥʽʟʤʽ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʪʦʯʫʶʯʽʡ ʡʦʛʦ ʚʦʜʽ. ʇʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʤʦʨʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ, ʤʘʶʯʠ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʽ ʽ ʚʝʣʠʯʠʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ CF. ɸʣʝ ʧʨʠ ʮʴʦʤʫ 

ʧʦʪʨʽʙʥʦ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤ ʫ ʟʥʘʯʝʥʥʽ CF, ʘ ʪʘʢʦʞ ʫ ʪʦʤʫ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. 

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 

ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘʡʢʨʘʱʝ 

ʚʽʜʪʚʦʨʶʶʪʴ ʜʠʥʘʤʽʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʜʣʷ ʨʝʯʦʚʠʥ, ʷʢʽ ʨʽʚʥʦʤʽʨʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ 

ʦʨʛʘʥʽʟʤʘʭ. ʗʢʱʦ ʞ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʚʥʽ 

ʥʘʙʣʠʞʝʥʥʷ ʽ ʩʧʨʦʱʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʝʚʥʠʭ 

ʨʝʯʦʚʠʥ. ʅʘʧʨʠʢʣʘʜ, ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ñh ʚʠʜʢʦʾò ʽ ñʧʦʚʽʣʴʥʦʾò ʚʟʘʻʤʦʜʽʾ ʦʨʛʘʥʽʟʤʫ 

ʟ ʤʦʨʩʴʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʘʙʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʚʥʽ ʦʨʛʘʥʠ ʯʠ ʪʢʘʥʠʥʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʜʽ ʷʢ ʚʥʝʩʢʦʤ ʽʥʰʠʭ ʯʘʩʪʠʥ ʦʨʛʘʥʽʟʤʫ 

ʥʝʭʪʫʻʪʴʩʷ. ɼʘʥʽ ʧʽʜʭʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʝʤʧʽʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ. 

ʌʘʨʤʘʢʦ-ʢʽʥʝʪʠʯʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʽʟʥʠʭ ʦʨʛʘʥʘʭ ʽ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʠ 

ʦʙʤʽʥʫ ʤʽʞ ʥʠʤʠ. ɺ ʥʠʭ ʨʠʙʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʜʽʣʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʯʝʨʝʟ ʢʨʦʚ. ʇʨʦʪʝ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʦʶ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʽ ʻ ʢʨʠʪʠʯʥʠʤʠ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʤʦʜʝʣʽ. ɺʠʟʥʘʯʝʥʥʷ ʾʭʥʽʭ ʚʝʣʠʯʠʥ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʤʠ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʩʘʤʦʤʫ ʚʠʜʽ ʨʠʙʠ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʙʫʜʴ-ʷʢʡ̔ 

ʟʤʽʥʽ ʫʤʦʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʝʡ ʜʘʥʦʛʦ ʪʠʧʫ ʪʘʢʦʞ 
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ʟʤʽʥʶʶʪʴʩʷ. ʊʦʙʪʦ, ʾʭ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʝʘʣʴʥʠʭ ʚʦʜʦʡʤ, ʫʤʦʚʠ ʚ ʷʢʠʭ 

ʟʤʽʥʶʶʪʴʩʷ ʫ ʯʘʩʽ ʽ ʚ ʧʨʦʩʪʦʨʽ. 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʦ ʣʘʥʮʶʞʢʘʭ 

ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʯʦʚʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʦʙʝʨʥʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʾʭʥʴʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʪʘ 

ʪʨʦʬʽʯʥʠʤ ʬʘʢʪʦʨʦʤ (ʧʦʣʦʞʝʥʥʷʤ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ). ʃʠʰʝ ʜʣʷ ʮʝʟʽʶ, ʩʝʨʝʜ 

ʨʦʟʛʣʷʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ, ʭʘʨʘʢʪʝʨʥʠʡ ʝʬʝʢʪ ʙʽʦʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʚʩʽʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ. 

ɺʽʜʟʥʘʯʝʥʝ ʽʩʥʫʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʚʽʜ 

ʡʦʛʦ ʤʘʩʠ. ɿʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʜʦʩʷʛʥʝʥʥʷʤ ʤʽʥʽʤʫʤʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʧʨʠ 

ʨʦʟʧʦʜʽʣʝʥʥʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʤʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʦʨʛʘʥʽʟʤʘʭ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʤʘʩʠ ʚ ʩʪʝʧʝʥʽ Ĳ. ɺ ʢʽʣʴʢʦʭ ʤʦʜʝʣʷʭ ʧʝʨʝʥʦʩʫ 137Cs ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʣʠʰʝ ʜʣʷ ʚʝʣʠʯʠʥʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʦʨʛʘʥʽʟʤʫ. 

ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʙʦ ʥʝ 

ʚʢʣʶʯʘʶʪʴ ʙʽʦʣʦʛʽʯʥʫ ʩʢʣʘʜʦʚʫ, ʘʙʦ ʨʦʟʛʣʷʜʘʶʪʴ ʾʾ ʚ ʜʫʞʝ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ, 

ʥʘʡʯʘʩʪʽʰʝ ʚ ʨʘʤʢʘʭ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʽʜʭʦʜʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʜʝʣʽ ʟʘʩʚʦʻʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʮʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ ʫ ʚʠʛʣʷʜʽ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʤʦʜʝʣʽ, ʷʢʘ ʙ ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʚʘʣʘ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ, 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʢʨʽʤ ʪʦʛʦ ʾʾ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʘʢʦʞ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʾʭʥʴʦʛʦ ʧʝʨʝʥʦʩʫ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ. ɺʦʥʘ ʧʦʚʠʥʥʘ 

ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʦʾ ʤʘʩʠ ʫ ʚʠʧʘʜʢʫ ʷʢ 

ʘʚʘʨʽʡʥʠʭ ʪʘʢ ʽ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʅʘʩʪʫʧʥʽ 

ʨʦʟʜʽʣʠ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʽ ʦʧʠʩʫ ʪʘʢʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʶ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʷʭ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʨʦʙʦʪʘʭ [9, 22, 44, 66-68, 

85]. 
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ʈʆɿɼɯʃ 2 

ʂɯʅɽʊʀʏʅʆ-ɸʃʆʄɽʊʈʀʏʅɸ ʄʆɼɽʃʔ ʅɽʆɼʅʆʈɯɼʅʆɻʆ ɿɸʉɺʆɭʅʅʗ 

ɿɸɹʈʋɼʅɽʅʅʗ ɺ ʈʀɹɯ 

 

 

ʅʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ (ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥ.) 

ʨʠʙʦ ,ʁ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ɺ ʦʩʥʦʚʥʦʤʫ ʚʽʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʘʩʚʦʻʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʚʦʜʠ ʽ ʾʞʽ ʪʘ ʰʚʠʜʢʽʩʪʶ ʾʾ 

ʚʠʚʝʜʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʥʽ ʧʨʦʮʝʩʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ, ʧʘʨʘʤʝʪʨʽʚ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʦʮʝʩʽʚ ʦʙʤʽʥʫ ʚ 

ʦʨʛʘʥʽʟʤʽ (ʤʝʪʘʙʦʣʽʟʤʫ) ʪʘ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʟʥʽ ʨʝʯʦʚʠʥʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʧʝʚʥʠʭ 

ʪʢʘʥʠʥʘʭ ʨʠʙʠ. ʅʘʧʨʠʢʣʘʜ, ʽʟʦʪʦʧʠ ʮʝʟʽʶ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʤôʷʟʦʚʽʡ 

ʪʢʘʥʠʥʽ, ʽʟʦʪʦʧʠ ʩʪʨʦʥʮʽʶ ʯʠ ʨʘʜʽʶ ï ʚ ʢʽʩʪʢʦʚʽʡ. ɯʥʰʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʯʠ ʩʪʘʙʽʣʴʥʽ 

ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʢʦʙʘʣʴʪ, ʤʘʨʛʘʥʝʮʴ, ʮʠʥʢ, ʧʣʫʪʦʥʽʡ ʽ ʪ.ʜ. ʧʝʨʝʚʘʞʥʦ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ, ʟʦʢʨʝʤʘ ʚ ʥʠʨʢʘʭ, ʧʝʯʽʥʮʽ, ʰʣʫʥʢʫ ʪʘ ʽʥ. 

ʆʩʥʦʚʥʽ ʽʩʥʫʶʯʽ ʪʠʧʠ ʤʦʜʝʣʝʡ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʜʽʣʽ 1.6. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ 

ʾʭʥʴʦʛʦ ʧʝʨʝʥʦʩʫ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ, ʷʢʘ ʙ ʝʬʝʢʪʠʚʥʦ ʚʽʜʪʚʦʨʶʚʘʣʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʦʾ ʤʘʩʠ ʫ ʚʠʧʘʜʢʫ ʷʢ ʘʚʘʨʽʡʥʠʭ, ʪʘʢ ʽ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʴʦʤʫ ʽ ʧʨʠʩʚʷʯʝʥʠʡ ʜʘʥʠʡ ʨʦʟʜʽʣ ʨʦʙʦʪʠ. 

ʅʘʡʧʨʦʩʪʽʰʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʢʨʫʛʦʦʙʽʛʫ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʩʠʩʪʝʤʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʦʨʛʘʥʽʟʤʫ ʽ ʦʪʦʯʫʶʯʦʾ ʡʦʛʦ ʚʦʜʠ, ʤʘʻ ʚʠʛʣʷʜ 
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ʜʝ t ï ʯʘʩ [ʜ], Kw ï ʰʚʠʜʢʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʦʜʠʥʠʮʝʶ ʤʘʩʠ 

ʦʨʛʘʥʽʟʤʫ [ʤ3/(ʢʛÖʜ)], k0 ï ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ [ʜ-1], l ï 

ʩʪʘʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ (ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ) [ʜ-1], M ï ʤʘʩʘ ʦʨʛʘʥʽʟʤʫ [ʢʛ] ʽ V ï 

ʦʙôʻʤ ʦʪʦʯʫʶʯʦʾ ʡʦʛʦ ʚʦʜʠ [ʤ3]. ʆʩʢʽʣʴʢʠ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʛʘʣʴʥʘ ʤʘʩʘ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʻ ʤʽʟʝʨʥʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʩʦʶ ʚʦʜʠ, ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ 

(2.2) ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʠʥ ʜʦʜʘʥʦʢ, ʧʦʚôʷʟʘʥʠʡ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʨʦʟʧʘʜʦʤ. ʊʦʙʪʦ, 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʟʤʘʤʠ ʥʝ ʟʤʽʥʶʻ ʾʾ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʚʦʜʽ. ʃʠʰʝ ʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. 

ʅʘʩʪʫʧʥʠʤ ʧʦʰʠʨʝʥʠʤ ʩʧʨʦʱʝʥʥʷʤ ʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ Kw ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʩʪʫ ʦʨʛʘʥʽʟʤʫ (Kw = const). ʐʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʦʨʛʘʥʽʟʤʫ ʜʫʞʝ ʯʘʩʪʦ ʘʩʦʮʽʶʶʪʴ ʟ ʯʘʩʦʤ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʪʠ ʜʣʷ ʨʽʟʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʽ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦ ʘʥʘʣʦʛʽʾ ʜʦ ʧʝʨʽʦʜʫ 

ʬʽʟʠʯʥʦʛʦ ʥʘʧʽʚʨʦʟʧʘʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʚʚʦʜʠʪʴʩʷ ʧʘʨʘʤʝʪʨ ʧʝʨʽʦʜʫ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʦʨʛʘʥʽʟʤʫ (T0.5), ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʧʨʦʮʝʩʽʚ 

ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ ʚ ʦʨʛʘʥʽʟʤʽ k0 = ln2/T0.5. ɺʨʘʭʦʚʫʶʯʠ ʦʧʠʩʘʥʽ ʩʧʨʦʱʝʥʥʷ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʥʘʡʧʨʦʩʪʽʰʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʫ ʚʠʛʣʷʜʽ 

 

0.5

ln 2org

w w org

dC
C C

T
= K

dt
l

å õ
- +æ ö
ç ÷

.                                             (2.3) 

 

ɼʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʝʣʠʢʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ ʤʘʻʤʦ 0kl , ʪʦʤʫ 

ʧʨʦʮʝʩʦʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʚ ʦʨʛʘʥʽʟʤʽ ʥʝʭʪʫʶʪʴ. ʏʘʩʪʦ ʨʽʚʥʷʥʥʷ (2.3) ʟʨʫʯʥʦ 

ʟʘʧʠʩʘʪʠ ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ, ʚʠʨʘʟʠʚʰʠ ʧʘʨʘʤʝʪʨ Kw ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 

CF, ʘʜʞʝ ʟʥʘʯʝʥʥʷ CF ʚʽʜʦʤʽ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʢʣʘʩʽʚ ʦʨʛʘʥʽʟʤʽʚ, ʘ 

ʚʝʣʠʯʠʥʫ Kw ʥʝ ʪʘʢ ʧʨʦʩʪʦ ʚʠʤʽʨʷʪʠ. ɺ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ (dCorg/dt = 0) ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ org wC CF CÖ= , ʘ ʦʪʞʝ ( )0.5ln 2 /wK T CF= , ʽ ʨʽʚʥʷʥʥʷ (2.3) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʇʨʦʪʝ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʩʽ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ, ʢʨʽʤ ʨʦʩʣʠʥ, 

ʟʘʩʚʦʶʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝ ʣʠʰʝ ʟ ʚʦʜʠ, ʘʣʝ ʽ ʟ ʾʞʽ. ɺʦʥʠ ʬʦʨʤʫʶʪʴ ʣʘʥʮʶʞʢʠ 

ʞʠʚʣʝʥʥʷ, ʚ ʷʢʠʭ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʟʘʡʤʘʶʪʴ ʚʠʱʽ ʣʘʥʢʠ, ʭʘʨʯʫʶʪʴʩʷ ʦʨʛʘʥʽʟʤʘʤʠ ʟ 

ʥʠʞʯʠʭ ʣʘʥʦʢ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʦʨʛʘʥʽʟʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʘʙʨʫʜʥʝʥʽʡ ʚʦʜʽ, 

ʦʨʛʘʥʽʟʤʠ ʟ ʥʠʞʯʠʭ ʣʘʥʦʢ ʪʘʢʦʞ ʻ ʟʘʙʨʫʜʥʝʥʠʤʠ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʨʝʯʦʚʠʥ ʾʭʥʻ 

ʟʘʩʚʦʻʥʥʷ ʩʘʤʝ ʯʝʨʝʟ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ ʻ ʜʦʤʽʥʫʶʯʠʤ. ʊʦʤʫ ʚ ʨʽʚʥʷʥʥʽ, ʱʦ 

ʦʧʠʩʫʻ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʤʦʨʩʴʢʠʤ ʦʨʛʘʥʽʟʤʦʤ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʽ ʦʙʠʜʚʘ ʰʣʷʭʠ ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ: 
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ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ C ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ t ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʾʞʽ ʽ ʟ ʚʦʜʠ (ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʚ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ), ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʦʨʛʘʥʽʟʤʫ 

(ʦʩʪʘʥʥʽʡ ʜʦʜʘʥʦʢ ʚ ʨʽʚʥʷʥʥʽ). ʋ ʨʽʚʥʷʥʥʽ (2.5) Cf ʧʦʟʥʘʯʘʻ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʾʞʽ. ʈʘʮʽʦʥ ʭʘʨʯʫʚʘʥʥʷ ʤʦʨʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʨʽʟʥʽ 

ʪʠʧʠ ʥʠʞʯʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʊʦʤʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ Cf ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩʪʢʫ 

ʢʦʞʥʦʛʦ ʦʨʛʘʥʽʟʤʫ ʚ ʨʘʮʽʦʥʽ ʭʘʨʯʫʚʘʥʥʷ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʠʭ. 

ʇʨʠ ʪʘʢʦʤʫ ʩʧʨʦʱʝʥʦʤʫ ʧʽʜʭʦʜʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʯʘʩʪʢʘ ʟʘʩʚʦʻʥʦʛʦ ʟ ʾʞʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʝʛʫʣʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʘʩʚʦʻʥʥʷ Af, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʨʽʟʥʦʶ ʜʣʷ 

ʢʦʞʥʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ [118], ʪʦʜʽ ʷʢ ʥʝʟʘʩʚʦʻʥʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ 

ʚʠʚʦʜʠʪʴʩʷ ʟ ʦʨʛʘʥʽʟʤʫ ʟ ʨʝʰʪʢʘʤʠ ʾʞʽ, ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʤʦʜʝʣʶʚʘʥʥʽ. ɸʥʘʣʦʛʽʯʥʦ 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʣʠʰʝ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʩʚʦʶʻʪʴʩʷ, 

ʬʽʣʴʪʨʫʶʯʠʩʴ ʯʝʨʝʟ ʟʷʙʨʘ ʨʠʙʠ ʯʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɺʦʥʘ 

ʦʧʠʩʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ Bw. ʐʚʠʜʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʦʨʛʘʥʽʟʤʫ K0.5, ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʠ ʜʦʜʘʥʢʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 1) ʚʠʚʝʜʝʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 
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ʦʨʛʘʥʽʟʤʫ, 2) ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʩʪʫ ʦʨʛʘʥʽʟʤʫ 

(ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ ʧʨʠ ʪʽʡ ʩʘʤʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ) ʪʘ 3) 

ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʨʦʟʧʘʜʦʤ (ʣʠʰʝ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ). ʊʘʢʠʤ ʯʠʥʦʤ, 
0.5

0.5

ln 2
gK

T
l l= + +, ʜʝ 

T0.5 ï ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ, lg ï ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ 

ʦʨʛʘʥʽʟʤʫ, l ï ʩʪʘʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʻ 

ʜʦʤʽʥʫʶʯʠʤ, ʪʦʤʫ ʨʦʩʪʦʤ ʦʨʛʘʥʽʟʤʫ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʨʦʟʧʘʜʦʤ ʜʫʞʝ ʯʘʩʪʦ 

ʥʝʭʪʫʶʪʴ. ʇʨʦʪʝ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʜʦʜʘʥʢʠ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʢʦʨʦʪʢʦʞʠʚʫʯʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʰʚʠʜʢʽʩʪʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʨʽʚʥʷʥʦʶ, ʘʙʦ ʥʘʚʽʪʴ ʙʽʣʴʰʦʶ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ. 

ʊʦʜʽ ʜʘʥʠʡ ʜʦʜʘʥʦʢ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʤʦʜʝʣʶʚʘʥʥʽ. ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʚ ʨʽʚʥʷʥʥʽ 

(2.5), ʪʘʢʽ ʷʢ Cw ʽ Cf, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ 

ʚʦʜʽ ʽ ʚ ʾʞʽ, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʪʘʢʦʞ Kf ʽ Kw, ʱʦ ʦʧʠʩʫʶʪʴ ʚʝʣʠʯʠʥʫ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʽ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʾ ʚʦʜʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʦʜʠʥʠʮʝʶ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ, 

ʚʽʜʧʦʚʽʜʥʦ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʟʤʽʩʪ ʚ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ. 

ɸʣʝ, ʷʢ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʚʠʱʝ, ʙʽʣʴʰʽʩʪʴ ʨʝʯʦʚʠʥ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ 

ʥʝʨʽʚʥʦʤʽʨʥʦ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʚ 

ʤʦʜʝʣʽ BURN-POSEIDON [98], ʜʝ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʚʤʽʩʪʦʤ ʚ ʪʢʘʥʠʥʽ, ʜʝ ʮʝʡ ʨʘʜʽʦʥʫʢʣʽʜ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ, ʘ 

ʚʤʽʩʪʦʤ ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ (ʪʢʘʥʠʥʘʭ ʟ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ) 

ʥʝʭʪʫʚʘʣʦʩʷ (ʜʠʚ. ʨʦʟʜʽʣ 1.6.4). ʇʨʦʪʝ ʜʘʥʠʡ ʧʽʜʭʽʜ ʩʧʨʘʚʝʜʣʠʚʠʡ ʣʠʰʝ ʜʣʷ ʜʝʷʢʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʠʧʫ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ [33, 38, 119], ʷʢʽ ʙʽʣʴʰ-ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʫ ʚʩʴʦʤʫ ʦʨʛʘʥʽʟʤʽ, ʦʩʢʽʣʴʢʠ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ, ʜʝ 

ʚʦʥʠ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ, ʻ ʜʦʤʽʥʫʶʯʦʶ ʚ ʦʨʛʘʥʽʟʤʽ. ɼʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ, ʽʛʥʦʨʫʚʘʥʥʷ ʾʭʥʴʦʛʦ ʚʤʽʩʪʫ ʚ ʤôʷʟʘʭ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʘʥʠʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʠʙʽ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʟʘʛʘʣʴʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ. 
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ʊʦʤʫ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʨʠʙʽ Cfish 

ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʤʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚ m ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʾ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ: 

 

1

m

kfish k
k=

=C C  mä ,                                                                 (2.6) 

 

ʜʝ 
km ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ k -ʪʦʾ ʪʢʘʥʠʥʠ, 

kC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ k -ʪʽʡ 

ʪʢʘʥʠʥʽ. 

 

 

2.1 ʆʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ 

 

 

ʆʜʥʠʤ ʟ̔ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʢʽʥʝʪʠʯʥʦ-

ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʥʝʩʦʢ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ. ʊʫʪ ʥʝ ʦʧʠʩʫʶʪʴʩʷ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ 

ʦʨʛʘʥʘʤʠ, ʷʢ ʫ ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʷʭ (ʜʠʚ. ʨʦʟʜʽʣ 1.6.5), ʧʨʦʪʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʠʙʽ ʚʽʜ ʾʾ ʨʦʟʤʽʨʫ (ʘʣʦʤʝʪʨʽʾ). 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʘʨʘʤʝʪʨʽʚ, ʥʽʞ ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʽ 

ʤʦʜʝʣʽ, ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙʠ. 

ʋ ʥʦʚʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ̔ ʧʨʠʧʫʱʝʥʥʷ: 

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

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʝ ʨʽʚʥʦʤʽʨʥʦ; 

2) ʚʩʽ ʢʦʤʽʨʢʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ ʪʢʘʥʠʥ: ʤôʷʟʠ, ʢʽʩʪʢʠ ʽ ʦʨʛʘʥʠ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ; 

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

ʪʨʘʚʥʫ ʩʠʩʪʝʤʫ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʪʢʘʥʠʥʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 
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4) ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʮʠʭ ʪʢʘʥʠʥ; 

5) h ʚʠʜʢʦʩʪʽ 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, ʤôʷʟʘʭ ʽ ʦʨʛʘʥʘʭ): 

 

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

,                                     (2.7) 

 

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

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

ʢʦʞʥʦʤʫ ʨʽʚʥʷʥʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʪʢʘʥʠʥʠ K0.5(i). ʂʦʝʬʽʮʽʻʥʪʠ ai ʪʘ bi ʧʦʚôʷʟʫʶʪʴʩʷ ʟ̔ 

ʟʥʘʯʝʥʥʷʤʠ ʟʘʛʘʣʴʥʠʭ ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʟʘʩʚʦʻʥʥʷ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʟʤʦʤ ʟ ʾʞʽ Af 

ʽ ʟ ʚʦʜʠ Bw, ʚʽʜʦʤʠʤʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ, ʪʘʢʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

 

3

1
f i i

i=

A = amä ,           
3

1
w i i

i=

B b= mä .                                             (2.8) 

 

ʈʦʟʧʦʜʽʣ ʫʩʽʭ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ ʨʠʙʠ ʥʘ ʪʨʠ ʛʨʫʧʠ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʦʜʝʣʽ, 

ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʚʝʣʠʯʠʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ K0.5(i). ɿʛʽʜʥʦ ʟ̔ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ ʫ ʢʽʩʪʢʦʚʽʡ ʪʢʘʥʠʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʪʘʤ ʚʽʜʢʣʘʣʦʩʷ, 

ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʪʘʤ ʜʦʚʰʝ, ʥʽʞ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ. ɿʥʘʯʥʦ ʰʚʠʜʰʝ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʟʘʩʚʦʻʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤôʷʟʦʚʦʶ ʪʢʘʥʠʥʦʶ. ɯʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʦʨʛʘʥʽʟʤʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʱʝ ʰʚʠʜʰʠʤʠ 

ʦʙʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʦʤʫ ʚ ʤʦʜʝʣʽ ʚʦʥʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʦʜʥʫ ʛʨʫʧʫ ʟ ʫʤʦʚʥʦʶ 

ʥʘʟʚʦʶ ñʦʨʛʘʥʠò. ʍʦʯʘ ʬʽʟʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʰʣʫʥʢʫ ʪʘ ʽʥʰʠʭ 

ʦʨʛʘʥʽʚ ʨʠʙʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʚ ʤʦʜʝʣʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʰʚʠʜʢʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʠʭ ʻ ʩʭʦʞʠʤʠ ʽ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʫ ʢʽʩʪʢʘʭ ʽ ʤôʷʟʘʭ. ʋ ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʚʠʚʦʜʠʪʴʩʷ ʟ ʦʜʥʽʻʾ ʪʢʘʥʠʥʠ, ʥʝ ʟʘʩʚʦʶʻʪʴʩʷ ʽʥʰʦʶ ʩʘʤʝ ʯʝʨʝʟ 

ʟʥʘʯʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʚʝʣʠʯʠʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ (ʙʽʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ 

ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ) ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʥʠʭ.  

 

 

2.2 ɸʣʦʤʝʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

 

ʋ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʤʝʪʘʙʦʣʽʟʤ ʨʠʙʠ, ʟʦʢʨʝʤʘ ʚʝʣʠʯʠʥʠ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʽ ʢʽʣʴʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʾ ʯʝʨʝʟ 

ʟʷʙʨʘ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʢʦʞʥʦʾ 

ʪʢʘʥʠʥʠ, ʚʽʜ ʤʘʩʠ ʨʠʙʠ ʚ ʩʪʝʧʝʥʽ Ĳ, ʟʛʽʜʥʦ ʟ [113], ʷʢ ʮʝ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʽ 1.6.6. 

ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ Kf ʪʘ ʮʠʨʢʫʣʷʮʽʾ ʚʦʜʠ ʯʝʨʝʟ ʟʷʙʨʘ ʨʠʙʠ Kw ʚ 

ʨʽʚʥʷʥʥʷʭ ʤʦʜʝʣʽ (3.3) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ, ʥʝʦʙʭʽʜʥʦ M3/4 

ʧʦʜʽʣʠʪʠ ʥʘ M, ʽ ʦʪʨʠʤʘʻʤʦ ʦʩʪʘʪʦʯʥʽ ʘʣʦʤʝʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ: 

 

1/4
ff M=K a - ,             1/4

ww M=K a - .                                    (2.9) 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ K0.5 ʧʨʦʧʦʨʮʽʡʥʘ 

ʜʦ ʡʦʛʦ ʤʘʩʠ ʚ ʩʪʝʧʝʥʽ -ı [116, 120], ʱʦ ʨ̌ʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 
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ɺʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʚʠʚʝʜʝʥʥʷ K0.5 ʽ ʙʽʦʣʦʛʽʯʥʠʤ ʯʘʩʦʤ 

ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ T0.5, ʟʘʧʠʰʝʤʦ ʚʽʜʧʦʚʽʜʥʽ ʘʣʦʤʝʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʪʢʘʥʠʥʠ: 

 

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

0.5( )

ln 2
i

i

T M
a
= .                                 (2.10) 

 

ʈʦʟʛʣʷʥʫʪʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʪʘʢʦʞ ʟʘʣʝʞʘʪʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʪʦʯʫʶʯʦʾ ʦʨʛʘʥʽʟʤ ʚʦʜʠ ʽ ʾʾ ʩʦʣʦʥʦʩʪʽ [102, 121]. ɿʛʽʜʥʦ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ [122], ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʤʘʻ 

ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʟʘʩʚʦʻʥʥʽ ʽ ʚʠʚʝʜʝʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ. ɺ ʨʦʙʦʪʽ 

[123] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʧʝʚʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʢʦʙʘʣʴʪ Co ʽ ʤʘʨʛʘʥʝʮʴ Mn, 

ʩʦʣʦʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʛʘʜʘʥʽ ʧʨʦʮʝʩʠ. ɼʣʷ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʚʧʣʠʚ 

ʩʦʣʦʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʠʤ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ Cs ʽ ʩʪʨʦʥʮʽʶ Sr. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʮʝʟʽʡ ʤʘʻ ʩʭʦʞʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʢʘʣʽʻʤ, ʘ ʩʪʨʦʥʮʽʡ ï ʟ 

ʢʘʣʴʮʽʻʤ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʩʦʣʦʥʽʩʪʶ. 

ʆʩʢʽʣʴʢʠ ʦʨʛʘʥʽʟʤʠ ʥʝ ʟʘʚʞʜʠ ʨʦʟʨʽʟʥʷʶʪʴ ʝʣʝʤʝʥʪʠ ʟʽ ʩʭʦʞʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʮʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʧʨʠ ʾʭʥʴʦʤʫ ʟʘʩʚʦʻʥʥʽ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʚ ʤʦʜʝʣʽ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ. 

 

 

2.3 ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

 

 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ 

ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʨʠʙʦʶ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʘʣʦʤʝʪʨʠʯʥʽ ʩʪʘʣʽ af, 

aw ʽ ai, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʾʞʽ ai 

ʪʘ ʟ ʚʦʜʠ bi. 
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2.3.1 ɸʣʦʤʝʪʨʠʯʥʽ ʩʪʘʣʽ 

 

 

ɺʝʣʠʯʠʥʫ af ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʜʝʥʥʫ ʚʝʣʠʯʠʥʫ 

ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ Kf ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʨʠʙʠ ʤʘʩʦʶ ʚʽʜ 1 ʛ ʜʦ 7,5 ʢʛ [87]. ɿʛʽʜʥʦ ʟ ʮʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.9), af ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0,008 ʜʦ 0,02 ʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ af = 0,012. ʉʘʤʝ ʮʷ ʚʝʣʠʯʠʥʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʤʦʜʝʣʽ. 

ʋ ʨʦʙʦʪʽ [124] ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʟʘʩʚʦʻʥʥʷ 134Cs ʟ ʚʦʜʠ ʤʘʣʴʢʘʤʠ ʟʦʣʦʪʠʩʪʦʾ 

ʜʦʨʘʜʠ (Sparus auratus) ʤʘʩʦʶ 0,2 ʛ. ʇʨʠ ʮʴʦʤʫ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʫʣʦ ʚʠʢʣʶʯʝʥʝ 

ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʦʨʛʘʥʽʟʤ ʨʠʙʠ ʯʝʨʝʟ ʾʞʫ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʦʮʽʥʢʘʤʠ, 

ʰʚʠʜʢʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ (w wB K ) ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʩʪʘʥʦʚʠʣʘ 

0,0007 ʤ3/(ʢʛÖʜ). ɺʨʘʭʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʫ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʮʝʟʽʶ ʟ 

ʚʦʜʠ Bw = 0,001 [87, 98, 100], ʪʘ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʣʦʤʝʪʨʠʯʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.9) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ aw = 0,08. ʅʘ ʞʘʣʴ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʙʫʣʦ 

ʟʥʘʡʜʝʥʦ ʘʥʘʣʦʛʽʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ. ɸʣʝ ʦʩʢʽʣʴʢʠ 

ʚʥʝʩʦʢ ʟʘʩʚʦʻʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʻ ʥʝʟʥʘʯʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʥʝʩʢʦʤ ʯʝʨʝʟ ʾʞʫ 

[125], ʫ ʤʦʜʝʣʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʘʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ 

ʚʽʜʭʠʣʝʥʥʷ ʥʝ ʤʘʪʠʤʫʪʴ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʟʤʽʚ, ʢʫʜʠ 

ʚʦʥʦ ʧʦʪʨʘʧʣʷʻ ʦʜʥʦʯʘʩʥʦ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ, ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. 

ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [126], ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ T0.5 ʤʘʨʛʘʥʮʶ ʟ 

ʦʨʛʘʥʽʚ (ʥʠʨʦʢ, ʧʝʯʽʥʢʠ ʪʘ ʽʥʰʠʭ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ) ʬʦʨʝʣʽ (Salmo trutta) ʤʘʩʦʶ 6 ʛ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 7 ʜʥʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʘʥʽ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.10) ʙʫʣʘ 

ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʘʣʦʤʝʪʨʠʯʥʦʾ ʩʪʘʣʦʾ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʦʨʛʘʥʽʚ ao = 0,0275. ɺʽʜʧʦʚʽʜʥʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ ʚʠʟʥʘʯʘʚʩʷ ʥʘ 

ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [97, 124, 127] ʧʦ ʟʘʪʫʭʘʥʥʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʟʽʶ ʚ ʨʽʟʥʠʭ ʚʠʜʘʭ ʨʠʙʠ ʨʽʟʥʦʾ ʤʘʩʠ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʨʘʜʽʦʥʫʢʣʽʜ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ, ʷʢʘ ʛʨʘʻ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʚ ʦʨʛʘʥʽʟʤʽ 

ʨʠʙʠ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʟʘʪʫʭʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʟʽʶ ʚ ʥʽʡ ʻ ʙʣʠʟʴʢʦʶ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ 
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ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʟʘʪʫʭʘʥʥʷ ʚ ʮʽʣʦʤʫ ʦʨʛʘʥʽʟʤʽ, ʷʢʘ ʽ ʚʠʤʽʨʶʚʘʣʘʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʧʠʩʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(2.10), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ am = 0,007. ɼʣʷ ʩʪʨʦʥʮʽʶ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ 

ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʢʽʩʪʢʘʭ, ʪʘʢʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ. ɺ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʙʨʘʥʝ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ab = 0,001, ʧʨʠ ʷʢʦʤʫ ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʢʽʩʪʦʢ, ʟʛʽʜʥʦ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (2.10) ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 500 ʜʥʽʚ 

ʜʣʷ ʨʠʙʠ ʤʘʩʦʶ 200 ʛ ʽ 1000 ʜʥʽʚ ʜʣʷ ʨʠʙʠ ʤʘʩʦʶ 4 ʢʛ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʟʥʘʯʝʥʥʷʤʠ ʧʨʠʡʥʷʪʠʤʠ ʚ ʤʦʜʝʣʽ BURN-POSEIDON [98], ʧʨʠʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 

1.3 (ʜʠʚ. ʨʦʟʜʽʣ 1.6.4). ʎʽ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʨʠʙʠ ʙʫʣʠ ʚʠʙʨʘʥʽ ʷʢ ʩʪʘʥʜʘʨʪʥʽ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦ ʚʠʣʦʚʣʝʥʦʾ ʥʝʭʠʞʦʾ (200 ʛ) ʽ ʭʠʞʦʾ (4 ʢʛ) ʨʠʙʠ, ʚʽʜʧʦʚʽʜʥʦ, ʟʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ [102, 128]. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʣʦʤʝʪʨʠʯʥʠʭ ʩʪʘʣʠʭ, ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʚʝʣʠʯʠʥʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʨʠʙʠ ʙʫʜʴ-ʷʢʦʾ ʤʘʩʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʪʘʙʣʠʮʽ 2.1 ʧʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʣʷ ʨʠʙʠ: 1) ʤʘʩʦʶ 0,2 ʛ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ [124]; 2) ʤʘʩʦʶ 6 ʛ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ [127]; 3) ʤʘʩʦʶ 200 ʛ (ʥʝʭʠʞʘ ʨʠʙʘ ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ); 4) ʤʘʩʦʶ 4 ʢʛ (ʭʠʞʘ ʨʠʙʘ ʚ ʤʦʜʝʣʶʚʘʥʥʽ). 

 

ʊʘʙʣʠʮʷ 2.1 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 
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2.3.2 ʂʦʝʬʽʮʽʻʥʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʨʽʟʥʠʤʠ 

ʪʢʘʥʠʥʘʤʠ ʦʨʛʘʥʽʟʤʫ 

 

 

ʋ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ 

ʤʘʪʠʤʝʤʦ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʪʘ ʫ ʾʭʥʽʭ 

ʪʢʘʥʠʥʘʭ ʥʝ ʟʤʽʥʶʚʘʪʠʤʫʪʴʩʷ ʟ ʯʘʩʦʤ: 0idC

dt
= . ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

f

food

w

C
ʉF

C
= ,          tot

tot

w

C
ʉF

C
= ,         tot

i

i

C
CR

C
= ,                        (2.11) 

 

ʜʝ CFtot  ̔ CFfood ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʨʠʙʠ ʪʘ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʠʤʠ ʚʦʥʘ 

ʭʘʨʯʫʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, CRi ï ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʜʦ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ i-ʪʽʡ ʪʢʘʥʠʥʽ [129]. ɺʠʢʦʨʠʩʪʘʚʰʠ ʜʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ (2.7) ʜʣʷ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʫ ʚʠʛʣʷʜʽ 

 

0.5( )i
tot w

i w i w wfood

i
f

CF C
CF C b K C K

CR
a K + = .                                    (2.12) 

 

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

ʦʨʛʘʥʘʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ ʷʢ ʚʦʥʦ ʪʫʜʠ ʧʦʪʨʘʧʠʣʦ (ʟ ʚʦʜʦʶ ʯʠ ʟ ʾʞʝʶ). ʄʦʞʣʠʚʦ 

ʜʣʷ ʧʝʚʥʠʭ ʨʝʯʦʚʠʥ ʜʘʥʝ ʧʨʠʧʫʱʝʥʥʷ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦʤʫ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʡʦʛʦ 

ʷʢ ʜʝʷʢʝ ʥʘʙʣʠʞʝʥʥʷ. ɿʛʽʜʥʦ ʟ ʥʠʤ, 

 

i i

w f

b a

B A
= .                                                        (2.13) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.13) ʚ (2.12) ʪʘ ʢʦʨʠʩʪʫʶʯʠʩʴ ʘʣʦʤʝʪʨʠʯʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (2.9 ï 2.10), ʦʪʨʠʤʘʻʤʦ 
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( )i i
w w totf food

if
f

a
A CF B CF

A CR

a
aa + = .                                (2.14) 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʫʚʘʥʥʷ (2.14) ʧʦ ʪʨʴʦʭ ʪʢʘʥʠʥʘʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ ʤʘʩʦʚʠʭ 

ʯʘʩʪʦʢ, ʟʛʽʜʥʦ ʟ (2.6), ʤʘʻʤʦ 

 

3

1

i i
w w totf food

i i
f

A CF B CF
CR

ma
aa

=

+ = ä .                                  (2.15) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.15) ʚ (2.14), ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʢʦʞʥʦʶ ʪʢʘʥʠʥʦʶ ʟ ʾʞʽ: 
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i i
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.                                                 (2.16) 

 

ʄʘʶʯʠ ai, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ bi ʟʘ ʬʦʨʤʫʣʦʶ (2.13). ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ i-ʪʦʶ 

ʪʢʘʥʠʥʦʶ ʨʠʙʠ ʟ ʾʞʽ (ai) ʪʘ ʟ ʚʦʜʠ (bi) ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ Af, Bw, CRi ʽ 

mi. 

ʂʦʝʬʽʮʽʻʥʪʠ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʾʞʽ 

Af, ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [118]. 

ɼʣʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʥʘ ʪʝ, ʱʦ ʟ ʯʘʩʦʤ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʾʭʥʴʦʤʫ ʚʠʟʥʘʯʝʥʥʶ. ɭ 

ʥʝʙʘʛʘʪʦ ʜʘʥʠʭ ʧʦ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʚʦʜʠ Bw. 

ʏʘʩʪʢʦʚʦ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʥʝʩʦʢ ʟʘʩʚʦʻʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʻ 

ʥʝʟʥʘʯʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʥʝʩʢʦʤ ʯʝʨʝʟ ʾʞʫ [125]. ʉʪʘʥʜʘʨʪʥʘ ʚʝʣʠʯʠʥʘ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʮʝʟʽʶ ʟ ʚʦʜʠ Bw, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʦʜʝʣʶʚʘʥʥʽ, 

ʩʪʘʥʦʚʠʪʴ 0,001 [87, 98, 100]. ɼʣʷ ʩʪʨʦʥʮʽʶ ʮʷ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʦʣʦʥʦʩʪʽ (ʜʠʚ. 

ʨʦʟʜʽʣ 3.3 ʨʦʙʦʪʠ) ʽ ʚ ʫʤʦʚʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʦʥʘ ʜʦʨʽʚʥʶʻ 3Ö10-5. ɼʣʷ 
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ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʜʦʩʷʛʘʻʪʴʩʷ 

ʢʦʣʠ Bw ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,002·0,005 (ʜʠʚ. ʦʩʪʘʥʥʽʡ ʧʫʥʢʪ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ 

ʨʝʯʦʚʠʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʜʦ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ i-ʪʽʡ ʪʢʘʥʠʥʽ (CRi) ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʝʜʝʥʽ ʚ [129]. ɺʝʣʠʯʠʥʘ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʚ ʦʨʛʘʥʽʟʤʽ 

ʨʠʙʠ ʙʫʣʘ ʫʟʘʛʘʣʴʥʝʥʘ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ ʧʫʙʣʽʢʘʮʽʡ [129, 130] ʽ ʚ ʤʦʜʝʣʽ ʩʪʘʥʦʚʠʪʴ: 

mb = 0,12; mm = 0,8; mo = 0,08. ʈʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ (2.16) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ai ʜʣʷ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2. ʇʨʘʚʠʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʫʟʛʦʜʞʝʥʥʷʤ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʽʟʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʠʙʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ (ʜʠʚ. ʨʦʟʜʽʣ 2.6) ʪʘ ʟ ʜʘʥʠʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʘʚʘʨʽʡʥʠʭ (ʨʦʟʜʽʣ 6.3.3) ʪʘ ʨʝʛʫʣʷʨʥʠʭ (ʨʦʟʜʽʣ 7.4.2) 

ʚʠʪʦʢʘʭ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ʥ̔  ʚ ʨʦʙʦʪʽ [118] ʥʽ ʚ 

ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʥʝʤʘʻ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ Af ʜʣʷ 

ʽʟʦʪʦʧʽʚ ʩʪʨʦʥʮʽʶ. ɺʝʣʠʯʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 2.2, ʙʫʣʘ ʚʠʙʨʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʫ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʜʦʩʷʛʘʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ ʜʣʷ ʨʠʙʠ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʄɸɻɸʊɽ [89], ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʣʘʥʮʶʞʢʫ 

ʞʠʚʣʝʥʥʷ ʟʦʦʧʣʘʥʢʪʦʥ ï ʨʠʙʘ. 

 

ʊʘʙʣʠʮʷ 2.2 ï ʂʦʝʬʽʮʽʻʥʪʠ ʟʘʩʚʦʻʥʥʷ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʾʞʽ ai ʜʣʷ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥ 

ɯʟʦʪʦʧʠ Af ao am ab 

Cs 0,76 0,65 0,88 0,08 

Sr 0,285 0,51 0,21 0,64 

Co 0,081 0,8 0,02 0,007 

Mn 0,235 0,98 0,18 0,07 
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2.4 ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʽ 

 

 

ɸʥʘʣʽʟʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.16), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʢʦʞʥʦʶ ʪʢʘʥʠʥʦʶ ʟʘʣʝʞʠʪʴ ʣʠʰʝ 

ʚʽʜ ʪʠʧʫ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʨʠʙʠ. ʎʝ ʻ ʥʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʦʪʨʠʤʘʥʠʤ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʚ ʤʦʜʝʣʽ ʧʨʠʧʫʱʝʥʴ ʽ ʩʧʨʦʱʝʥʴ. ɺ ʧʨʠʥʮʠʧʽ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʠʙʠ ʤʦʞʝ ʜʝʱʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʘʨʝʘʣʫ ʽ ʧʦʣʦʞʝʥʥʷ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ (ʪʨʦʬʽʯʥʦʛʦ ʨʽʚʥʷ). 

ʅʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʟ ʪʨʦʧʽʯʥʠʭ ʨʘʡʦʥʽʚ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʨʠʙʠ ʚ ʧʦʤʽʨʥʠʭ ʰʠʨʦʪʘʭ. ʎʝ 

ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʘʣʦʤʝʪʨʠʯʥʠʭ ʩʪʘʣʠʭ ai, ʘ ʦʪʞʝ ʽ ʥʘ ʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʨʠʙʦʶ (2.16). ɼʣʷ ʚʠʚʯʝʥʥʷ ʜʘʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʑʝ ʦʜʠʥ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʘʥʘʣʽʟʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʧʝʚʥʫ ʨʝʯʦʚʠʥʫ. ʆʪʞʝ, ʟ ʨʽʚʥʷʥʥʷ (2.15) ʤʘʻʤʦ 
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ʆʪʨʠʤʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʚ 

ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʣʠʰʝ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʨʘʮʽʦʥʫ, ʽ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ. ɺ ʨʦʙʦʪʘʭ [117, 131] ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 

ʦʨʛʘʥʽʟʤʫ CFtot ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʤʘʩʠ, ʘʣʝ ʮʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ ʪʠʤ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʦʨʛʘʥʽʟʤʫ ʟʤʽʥʶʻʪʴʩʷ ʪʠʧ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʽʥ ʩʧʦʞʠʚʘʻ (ʟʦʦʧʣʘʥʢʪʦʥ, 

ʨʘʢʦʧʦʜʽʙʥʽ, ʤʘʣʴʢʠ ʨʠʙʠ ʽ.ʪ.ʜ.), ʪʦʙʪʦ CFfood, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ (2.17). 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʾʞʽ ʻ ʜʦʤʽʥʫʶʯʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʟʘʩʚʦʻʥʥʷʤ ʽʟ ʚʦʜʠ [125], ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ 
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ʦʨʛʘʥʽʟʤʫ (CFtot) ʪʘ ʡʦʛʦ ʾʞʽ (CFfood). ɼʘʥʝ ʚʽʜʥʦʰʝʥʥʷ ʤʘʻ ʥʘʟʚʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʨʦʬʽʯʥʦʛʦ ʧʝʨʝʥʦʩʫ TTF ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʭʠʞʘʢ ï ʞʝʨʪʚʘ. 
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ɺ ʪʘʙʣʠʮʽ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷ TTF, ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʟʘ ʬʦʨʤʫʣʦʶ (2.18). ɺʠʜʥʦ, ʱʦ ʣʠʰʝ ʮʝʟʽʡ ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ (TTF > 1). ʎʝ 

ʦʧʠʩʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʽ [95], ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ 137Cs ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʾʭʥʴʦʛʦ ʪʨʦʬʽʯʥʦʛʦ ʨʽʚʥʷ. ɼʣʷ 

ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʣʘʥʮʶʞʢʫ 

ʞʠʚʣʝʥʥʷ (TTF < 1), ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʩʥʦʚʢʘʤʠ, ʧʨʠʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [94], ʜʝ 

ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʚʦʨʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʪʨʦʬʽʯʥʠʤ ʨʽʚʥʝʤ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʥʠʭ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ. ʊʘʢʦʞ ʮʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

[117], ʜʝ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʜʣʷ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʦʨʛʘʥʽʟʤʠ ʟ ʨʽʟʥʠʭ ʣʘʥʦʢ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʘ, ʷʢ ʧʨʘʚʠʣʦ, ʦʨʛʘʥʽʟʤʠ ʟ ʙʽʣʴʰʦʶ 

ʤʘʩʦʶ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʠʱʠʭ ʣʘʥʢʘʭ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ. ʊʦʙʪʦ, ʨʝʟʫʣʴʪʘʪʠ [117] 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʨʛʘʥʽʟʤʠ ʟ ʚʠʱʠʭ ʣʘʥʦʢ ʣʘʥʮʶʞʢʘ 

ʞʠʚʣʝʥʥʷ ʤʘʶʪʴ ʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ. ɸ ʮʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʧʘʜʢʫ TTF < 1. 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʥʝ ʦʧʠʩʫʻ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʽʞ ʪʢʘʥʠʥʘʤʠ ʨʠʙʠ. ɺʽʥ ʣʠʰʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʥʝʩʦʢ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦ ʚʽʜʪʚʦʨʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʟʘʩʚʦʻʥʥʶ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʠʙʽ (ʙʫʜʝ 

ʧʨʠʚʝʜʝʥʦ ʥʠʞʯʝ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ) ʧʦʢʘʟʫʻ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤʠ. ɺ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ ʙʫʜʝ 
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ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ ʯʝʨʝʟ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ ʚ ʤʦʨʩʴʢʠʭ ʩʠʩʪʝʤʘʭ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʨʝʛʫʣʷʨʥʠʭ ʪʘ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʝʣʴ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʮʽʥʦʢ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʦʢʫ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

 

ʊʘʙʣʠʮʷ 2.3 ï ʂʦʝʬʽʮʽʻʥʪʠ ʪʨʦʬʽʯʥʦʛʦ ʧʝʨʝʥʦʩʫ TTF ʜʣʷ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ 

ɽʣʝʤʝʥʪ TTF ɽʣʝʤʝʥʪ TTF ɽʣʝʤʝʥʪ TTF 

Cs 1,3 Mn 0,4 Cu 0,04 

Sr 0,71 Zn 0,35 Cd 0,25 

Co 0,06 Ag 0,03 Cr 0,03 

 

 

 

2.5 ɸʥʘʣʽʟ ʚʥʝʩʢʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʚ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ ʚ 

ʨʠʙʽ 

 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʟʘʩʚʦʻʥʥʷ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʦʨʛʘʥʽʟʤʽ 

ʨʠʙʠ, ʟʛʽʜʥʦ ʟ ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ, ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ 

ʧʦʩʪʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ Tuptake. ʈʦʟʛʣʷʜʘʣʠʩʷ 

ʨʘʜʽʦʥʫʢʣʽʜʠ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ: 137Cs (ʚ ʤôʷʟʘʭ), 

90Sr (ʚ ʢʽʩʪʢʘʭ) ʽ 60Co (ʚ ʦʨʛʘʥʘʭ). ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.7) ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʟ ʾʞʽ ʧʨʠ ʥʫʣʴʦʚʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʤʘʻ ʚʠʛʣʷʜ 
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ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʯʠʥʘʻʪʴʩʷ ʧʝʨʽʦʜ ʦʯʠʱʝʥʥʷ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʦʞʠʚʘʥʥʶ ʥʝʟʘʙʨʫʜʥʝʥʦʾ ʾʞʽ. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.7) ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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ʜʝ , uptakebone TC , , uptakemuscle TC , , uptakeorgan TC  ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʢʽʩʪʢʘʭ, ʤôʷʟʘʭ ʽ 

ʦʨʛʘʥʘʭ ʨʠʙʠ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʾʞʽ.  

ɼʣʷ ʦʙʦʭ ʧʝʨʽʦʜʽʚ: ʟʘʩʚʦʻʥʥʷ (ʪʨʠʚʘʣʽʩʪʶ 170 ʜʥʽʚ) ʽ ʚʠʚʝʜʝʥʥʷ (ʪʨʠʚʘʣʽʩʪʶ 

330 ʜʥʽʚ), ʟʘʛʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʷʢ ʩʫʤʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʚ ʢʦʞʥʽʡ ʪʢʘʥʠʥʽ, ʧʦʤʥʦʞʝʥʘ ʥʘ ʾʾ ʤʘʩʦʚʫ ʯʘʩʪʢʫ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ 

(2.6). ʇʘʨʘʤʝʪʨʠ ʩʧʦʞʠʚʘʥʥʷ Kf ʽ ʚʠʚʝʜʝʥʥʷ K0.5(i) ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʠ 

ʚʝʣʠʯʠʥʘʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʨʠʙʠ ʤʘʩʦʶ 0,2 ʢʛ (ʜʠʚ. ʪʘʙʣ. 2.1). ʂʦʝʬʽʮʽʻʥʪʠ 

ʟʘʩʚʦʻʥʥʷ ʪʢʘʥʠʥʘʤʠ ʦʨʛʘʥʽʟʤʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ai ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2. ʇʨʦʪʷʛʦʤ 

ʧʝʨʽʦʜʫ ʟʘʩʚʦʻʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʾʞʽ ʩʢʣʘʜʘʣʘ 1 ɹʢ/ʢʛ ʜʣʷ ʢʦʞʥʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʘ. ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʦʨʛʘʥʽ ʪʘ ʾʭʥʽ 

ʚʥʝʩʢʠ ʚ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʠʙʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.1-2.3. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʘʨʽʘʥʪ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ 137Cs ʚ ʨʠʙʽ, ʢʦʣʠ 

ʤôʷʟʠ ʛʨʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ (ʨʠʩ. 2.1). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ 

ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ ʟʥʘʯʥʦ ʚʠʱʘ, ʥʽʞ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ (ʨʠʩ. 2.1 ʘ). ɸ ʦʩʢʽʣʴʢʠ ʤʘʩʦʚʘ 
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ʯʘʩʪʢʘ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ ʻ ʜʦʤʽʥʫʶʯʦʶ ʚ ʦʨʛʘʥʽʟʤʽ, ʪʽʣʴʢʠ ʚʦʥʘ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʠʙʽ (ʨʠʩ. 2.1 ʙ). ʎʝ ʚʽʜʧʦʚʽʜʘʻ 

ʧʽʜʭʦʜʫ, ʦʧʠʩʘʥʦʤʫ ʚ ʤʦʜʝʣʽ BURN [98], ʜʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʣʠʰʝ ʚ ʪʢʘʥʠʥʽ, ʚ ʷʢʽʡ ʮʝʡ ʨʘʜʽʦʥʫʢʣʽʜ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ, ʘ 

ʚʤʽʩʪʦʤ ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ ʥʝʭʪʫʻʪʴʩʷ. 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.1 ï ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ (a) ʪʘ ʾʭʥʽʡ ʚʥʝʩʦʢ ʫ 

ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ (ʙ) 

 

ʋ ʚʠʧʘʜʢʫ 90Sr ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʦʨʛʘʥʽʟʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ (ʨʠʩ. 2.2). ʍʦʯʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʻ ʥʘʡʚʠʱʦʶ ʫ ʢʽʩʪʢʘʭ (ʨʠʩ. 2.2 ʘ), ʚʥʝʩʦʢ ʩʪʨʦʥʮʽʶ ʚ ʢʽʩʪʢʦʚʽʡ 

ʪʢʘʥʠʥʽ ʩʪʘʻ ʧʝʨʝʚʘʞʘʶʯʠʤ ʫ ʟʘʛʘʣʴʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ ʧʨʠʙʣʠʟʥʦ 

ʥʘ 300-ʡ ʜʝʥʴ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩ. 2.2 ʙ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ 

ʥʘʢʦʧʠʯʝʥʥʷ 90Sr ʫ ʢʽʩʪʢʘʭ ʨʠʙʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 ʨʦʢʫ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʚʘʞʢʦ ʧʝʨʝʚʽʨʠʪʠ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ 

ʞʦʜʥʠʭ ʜʘʥʠʭ ʟ ʪʘʢʠʤ ʯʠ ʩʭʦʞʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʥʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.2 ï ʂʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ (a) ʪʘ ʾʭʥʽʡ ʚʥʝʩʦʢ ʫ 

ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ (ʙ) 

 

ɿʘʩʚʦʻʥʥʷ 60Co ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʚʘʨʽʘʥʪʽʚ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʮʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʦʨʛʘʥʘʭ ʨʠʙʠ ʨʦʩʪʝ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʽ ʩʫʪʪʻʚʦ 

ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ (ʨʠʩ. 2.3 ʘ). ʇʨʦʪʝ ʚʥʝʩʦʢ ʦʨʛʘʥʽʚ ʚ 

ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 60Co ʚ ʨʠʙʽ ʧʦʨʽʚʥʷʥʠʡ ʟ̔ ʚʥʝʩʢʦʤ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ ʧʨʦʪʷʛʦʤ 

ʧʝʨʽʦʜʫ ʟʘʩʚʦʻʥʥʷ, ʪʦʜʽ ʷʢ ʚ ʧʝʨʽʦʜ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤôʷʟʘʭ ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʦʚʰʝ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭʥʴʦʛʦ ʚʥʝʩʢʫ (ʨʠʩ. 2.3 ʙ). ʆʜʥʘʢʦʚʠʡ ʚʥʝʩʦʢ 

ʜʚʦʭ ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʦʚôʷʟʘʥʠʡ ʟ ʨʽʟʥʦʶ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ. 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʦʨʛʘʥʽʚ, ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ, 

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

ʘʢʪʠʚʥʦʩʪʽ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ ʜʘʻ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ. 

ʆʩʥʦʚʥʠʤ ʚʠʩʥʦʚʢʦʤ ʜʘʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ ʻ ʪʝ, ʱʦ ʥʝ ʪʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ, ʘʣʝ ʽ ʚʥʝʩʦʢ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʚ 

ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ʨʠʙʽ, ʪʦʙʪʦ ʜʦʙʫʪʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʜʘʥʽʡ ʪʢʘʥʠʥʽ ʥʘ ʾʾ ʤʘʩʦʚʫ ʯʘʩʪʢʫ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.3 ï ʂʦʥʮʝʥʪʨʘʮʽʷ 60Co ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ (a) ʪʘ ʾʭʥʽʡ ʚʥʝʩʦʢ ʫ 

ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ (ʙ) 

 

 

2.6 ʇʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʜʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 

 

ʇʨʦʮʝʩʠ ʟʘʩʚʦʻʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʨʠʙʦʶ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ (ʥʘʧʨʠʢʣʘʜ, [97], [124], [126], [127], 

[132] ʪʘ ʽʥ.). ɸʣʝ ʣʠʰʝ ʚ ʜʝʷʢʠʭ ʟ ʥʠʭ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʧʠʩʘʥʽ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʠʪʠ ʡʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ. ɺ ʜʘʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʚʦʻʥʥʷ 

ʨʠʙʦʶ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

 

2.6.1 ɿʘʩʚʦʻʥʥʷ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 57Co, 54Mn ʽ 134Cs ʨʠʙʦʶ 

 

 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʙʦʪʽ [124], ʚʽʜʙʫʚʘʣʦʩʷ ʟʘʩʚʦʻʥʥʷ ʢʽʣʴʢʦʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʘʣʴʢʘʤʠ ʜʦʨʘʜʠ (Sparus auratus) ʩʝʨʝʜʥʴʦʶ ʤʘʩʦʶ 0,2 ʛ ʟ ʚʦʜʠ 
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ʧʨʦʪʷʛʦʤ 22 ʜʥʽʚ. ɺ ʘʥʘʣʦʛʽʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ [127] ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʟʘʩʚʦʻʥʥʷ 

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

ʧʨʦʪʷʛʦʤ 14 ʜʥʽʚ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʘʙʨʫʜʥʝʥʘ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʚʦʜʘ ʧʝʨʽʦʜʠʯʥʦ 

ʦʥʦʚʣʶʚʘʣʘʩʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ. ʍʘʨʯʫʚʘʥʥʷ 

ʨʠʙʠ ʚʽʜʙʫʚʘʣʦʩʷ ʧʽʜ ʯʘʩ ʮʠʭ ʦʥʦʚʣʝʥʴ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ 

ʦʨʛʘʥʽʟʤ ʨʠʙʠ ʟ ʾʞʝʶ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʽʟʦʪʦʧʽʚ ʢʦʙʘʣʴʪʫ 57Co, ʤʘʨʛʘʥʮʶ 54Mn ʽ 

ʮʝʟʽʶ 134Cs ʨʠʙʦʶ, ʟʛʽʜʥʦ ʟ ʫʤʦʚʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʽʜʙʫʚʘʣʦʩʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʨʠʙʽ (ʨʠʩ. 2.4). ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʜʝʥʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʦʜʠ ʯʝʨʝʟ ʟʷʙʨʘ ʨʠʙʠ Kw ʪʘ hʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʨʠʙʠ K0.5(i), ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʤʘʩʠ ʨʠʙʠ ʚ ʢʦʞʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ (ʜʠʚ. ʪʘʙʣ. 2.1). ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʩʚʦʻʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ 

ʚʦʜʠ bi ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚ ʨʦʟʜʽʣʽ 2.3.2. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʟʜʘʪʥʽʩʪʴ ʨʠʙʠ 

ʘʜʩʦʨʙʫʚʘʪʠ ʯʘʩʪʠʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʩʚʦʻʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʢʦʙʘʣʴʪʫ ʽ ʤʘʨʛʘʥʮʶ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʦʟʧʦʜʽʣʫ ʤʽʞ ʘʜʩʦʨʙʦʚʘʥʦʶ ʽ ʨʦʟʯʠʥʥʦʶ ʬʘʟʘʤʠ. ʆʩʢʽʣʴʢʠ ʚ ʨʽʚʥʷʥʥʷʭ ʤʦʜʝʣʽ (2.7) 

ʜʘʥʠʡ ʧʨʦʮʝʩ ʥʝ ʦʧʠʩʫʻʪʴʩʷ, ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʟʘʩʚʦʻʥʥʷ 57Co ʽ 54Mn ʤʘʣʴʢʘʤʠ 

ʜʦʨʘʜʠ ʧʨʠʡʤʘʣʦʩʷ Bw = 0,005, ʘ ʜʣʷ ʟʘʩʚʦʻʥʥʷ ʮʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʢʘʣʢʘʥʦʤ Bw = 

0,002, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʨʠʙʘ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ ʤʘʻ ʙʽʣʴʰʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʚʦʛʦ ʦʙôʻʤʫ, ʥʽʞ ʨʠʙʘ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʨʘʱʘ ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʨʠʙʦʶ ʤʝʥʰʦʛʦ 

ʨʦʟʤʽʨʫ. ɼʣʷ ʮʝʟʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʧʦʜʽʣʫ 

ʤ̔ ʞ ʘʜʩʦʨʙʦʚʘʥʦʶ ʽ ʨʦʟʯʠʥʝʥʦʶ ʬʘʟʘʤʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʙʘʣʴʪʦʤ ʽ ʤʘʨʛʘʥʮʝʤ [89], 

ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʩʪʘʥʜʘʨʪʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ Bw = 0,001. ɺʘʨʪʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʢʦʣʠ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ ʟʘʙʨʫʜʥʶʶʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ, ʪʘʢʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ Bw ʥʝ ʤʘʪʠʤʫʪʴ ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʦʪʨʠʤʘʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʠʙʽ, ʦʩʢʽʣʴʢʠ ʚʥʝʩʦʢ ʟʘʩʚʦʻʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʚʦʜʠ ʻ ʥʝʟʥʘʯʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʥʝʩʢʦʤ ʯʝʨʝʟ ʾʞʫ [125]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 
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ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʘʜʩʦʨʙʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʦʚʝʨʭʥʝʶ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʤʝʪʦʤ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

 

ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 2.4 ï ʈʦʟʨʘʭʦʚʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 57Co (ʘ), 54Mn (ʙ)  ̔134Cs 

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

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

[124] ʽ ʢʘʣʢʘʥʫ [127] 
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ʈʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʴʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʠʙʽ ʟʘʛʘʣʦʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʚʠʤʽʨʘʤʠ (ʨʠʩ. 2.4). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʘʚʠʣʴʥʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʷʢʫ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʨʠʙʠ ʨʽʟʥʦʾ ʤʘʩʠ, ʪʘʢ ʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʽʟʥʠʤʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ ʙʫʣʘ ʨʽʟʥʦʶ, ʥʘ ʨʠʩ. 2.4 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʠʙ̔ Cf ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʚʦʜʽ Cw. 

 

 

2.6.2 ɿʘʩʚʦʻʥʥʷ 60Co, 54Mn ʽ 137Cs ʨʠʙʦʶ ʟ ʾʞʽ ʪʘ ʾʭʥʻ ʚʠʚʝʜʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ 

 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʢʦʧʠʯʝʥʥʶ ʪʨʴʦʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʠʙʽ ʧʨʦʪʷʛʦʤ ʬʘʟʠ 

ʟʘʩʚʦʻʥʥʷ ʪʘ ʟʘʪʫʭʘʥʥʶ ʾʭʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʨʛʘʥʽʟʤʽ ʧʨʦʪʷʛʦʤ ʬʘʟʠ ʚʠʚʝʜʝʥʥʷ 

ʦʧʠʩʘʥʠʡ ʚ ʨʦʙʦʪʽ [132]. ʋ ʬʘʟʽ ʟʘʩʚʦʻʥʥʷ 10 ʦʩʦʙʠʥ ʤʦʣʦʜʦʾ ʬʦʨʝʣʽ (Oncorhynchus 

mykiss) ʤʘʩʦʶ 11,3Ñ1,2 ʛ ʛʦʜʫʚʘʣʠʩʷ ʟʘʙʨʫʜʥʝʥʦʶ ʾʞʝʶ (ʤʘʣʴʢʘʤʠ ʢʦʨʦʧʽʚ) ʥʘ 

ʧʨʦʪʷʟʽ 42 ʜʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ ʚʢʘʟʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 60Co, 54Mn ʽ 137Cs 

ʚ ʢʦʨʦʧʘʭ ʪʘ ʜʦʙʦʚʠʡ ʨʘʮʽʦʥ ʬʦʨʝʣʽ. ʇʽʩʣʷ ʬʘʟʠ ʟʘʩʚʦʻʥʥʷ ʬʦʨʝʣʽ ʜʘʚʘʣʠ 

ʥʝʟʘʙʨʫʜʥʝʥʫ ʾʞʫ ʧʨʦʪʷʛʦʤ 73 ʜʥʽʚ, ʱʦ ʩʢʣʘʣʦ ʬʘʟʫ ʟʘʪʫʭʘʥʥʷ. ʇʝʨʽʦʜʠʯʥʦ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʤʽʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʩʽʭ ʦʩʦʙʠʥʘʭ ʬʦʨʝʣʽ. 

ɼʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʚ ʨʽʯʢʦʚʽʡ ʚʦʜʽ ʜʣʷ ʧʨʽʩʥʦʚʦʜʥʠʭ ʚʠʜʽʚ ʨʠʙʠ. 

ɸʣʝ ʦʩʢʽʣʴʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʜʭʦʜʠʣʦ ʚ ʦʨʛʘʥʽʟʤ ʣʠʰʝ ʟ ʾʞʝʶ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, 

ʱʦ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʩʦʣʝʡ ʤʝʪʘʣʽʚ ʫ ʚʦʜʽ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʨʽʩʥʦʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʥʝ ʤʘʚ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩʠ ʟʘʩʚʦʻʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʨʠʙʦʶ, ʱʦ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʯʽʢʫʚʘʪʠ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʦʤʫ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ 60Co, 54Mn ʽ 137Cs ʟ ʾʞʽ ʪʘ ʾʭʥʴʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ, ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʤʦʨʩʴʢʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ 

ʨʠʙʠ K0.5(i), ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʘʥʦʾ ʤʘʩʠ ʨʠʙʠ. ɺʦʥʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʩʥʦʚʽ 
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ʘʣʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.10) ʽ ʩʪʘʥʦʚʠʣʠ K0.5(b) = 0,003 ʜ
-1, K0.5(m) = 0,021 ʜ-1, 

K0.5(o) = 0,084 ʜ
-1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʽʦʣʦʛʽʯʥʦʤʫ ʯʘʩʫ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʢʽʩʪʦʢ, ʤôʷʟʽʚ ʽ ʦʨʛʘʥʽʚ ʨʠʙʠ ʥʘ ʨʽʚʥʽ 230, 33 ʽ 8 ʜʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ. ɿʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʩʚʦʻʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʾʞʽ ai ʜʣʷ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʚ ʨʘʤʢʘʭ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ (ʜʠʚ. ʪʘʙʣ. 2.2). 

ʈʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 60Co ʚ ʨʠʙʽ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʤʽʨʷʥʦʶ (ʨʠʩ. 2.5 ʘ) ʷʢ 

ʜʣʷ ʬʘʟʠ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʬʘʟʠ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ 54Mn 

(ʨʠʩ. 2.5 ʙ) ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʫ ʬʘʟ̔ ʟʘʩʚʦʻʥʥʷ ʽ ʜʝʱʦ ʟʘʚʠʱʝʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʬʘʟ̔ ʚʠʚʝʜʝʥʥʷ. ʍʦʯʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʽ 

ʚʠʤʽʨʷʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 2, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʩʢʣʘʜʥʽʩʪʴ ʦʧʠʩʘʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʘʩʚʦʻʥʥʷ ʨʠʙʦʶ 60Co ʽ 54Mn ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʟʘʩʚʦʻʥʥʷ 137Cs, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ (60Co ʽ 

54Mn ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʦʨʛʘʥʘʭ, ʪʦʜʽ ʷʢ 137Cs ï ʚ ʤôʷʟʘʭ). ʏʝʨʝʟ ʮʝ, ʜʦʙʨʝ 

ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ ʨʠʙʽ ʧʨʦʪʷʛʦʤ ʬʘʟ 

ʟʘʩʚʦʻʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ (ʨʠʩ. 2.5 ʚ) ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʚ ʤʦʜʝʣʽ 

ʫʟʘʛʘʣʴʥʝʥʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʴʦʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʣʦʜʽʡ ʭʠʞʽʡ ʨʠʙʽ ʧʦʢʘʟʘʣʦ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ 

ʚʠʤʽʨʷʥʠʭ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʷʢ ʜʣʷ ʬʘʟʠ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʪʘʢ ʽ ʜʣʷ ʬʘʟʠ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ. ʇʝʨʝʚʘʛʦʶ ʤʦʜʝʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ ʨʠʙʠ.  
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 2.5 ï ʂʦʥʮʝʥʪʨʘʮʽʷ 60Co (ʘ), 54Mn (ʙ) ʽ 137Cs (ʚ) ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ 

(ʤʘʣʴʢʽʚ ʬʦʨʝʣʽ), ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ 

ʤʦʜʝʣʽ (ʣʽʥʽʾ ʥʘ ʛʨʘʬʽʢʘʭ) ʪʘ ʦʪʨʠʤʘʥʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ (ʪʦʯʢʠ ʟ ʜʦʚʽʨʯʠʤʠ 

ʽʥʪʝʨʚʘʣʘʤʠ), ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʙʦʪʽ [132] 

 

 

2.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

 

ʈʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʠʙʦʶ. ɺʦʥʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʧʝʚʥʠʭ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ. ʆʨʛʘʥʽʟʤ 

ʨʠʙʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʦʤʽʨʦʢ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʪʨʠ ʛʨʫʧʠ ʪʢʘʥʠʥ: 
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ʢʽʩʪʢʠ, ʤôʷʟʠ ʽ ʦʨʛʘʥʠ, ʱʦ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʙʽʦʣʦʛʽʯʥʦʤʫ ʯʘʩʽ ʦʥʦʚʣʝʥʥʷ 

ʢʣʽʪʠʥ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʚʠʚʦʜʠʪʴʩʷ ʟ ʦʜʥʽʻʾ ʪʢʘʥʠʥʠ, ʥʝ 

ʟʘʩʚʦʶʻʪʴʩʷ ʽʥʰʦʶ ʩʘʤʝ ʯʝʨʝʟ ʟʥʘʯʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʚʝʣʠʯʠʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʥʠʭ. ʆʪʞʝ, ʤʦʜʝʣʴ ʥʝ ʦʧʠʩʫʻ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʪʢʘʥʠʥʘʤʠ 

ʨʠʙʠ, ʘʣʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʥʝʩʦʢ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ.  

ʋ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ 

ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʠ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʢʦʞʥʦʶ 

ʪʢʘʥʠʥʦʶ, ʚʽʜ ʤʘʩʠ ʨʠʙʠ. ɿʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʙʽʦʣʦʛʽʾ, ʙʫʣʘ 

ʧʨʠʡʥʷʪʘ ʟʘʣʝʞʥʽʩʪʴ ʟʛʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʚʽʜ ʤʘʩʠ ʚ ʩʪʝʧʝʥʽ -ı. ʇʨʠ ʮʴʦʤʫ 

ʟʥʘʯʝʥʥʷ ʘʣʦʤʝʪʨʠʯʥʠʭ ʩʪʘʣʠʭ ʚʠʟʥʘʯʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʨʽʟʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʦʨʛʘʥʽʟʤʫ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʟ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ 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). ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʪʢʘʥʠʥʠ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʪʠʧʫ ʟʘʙʨʫʜʥʶʶʯʦʾ 

ʨʝʯʦʚʠʥʠ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʨʠʙʠ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʚ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʣʠʰʝ ʧʨʠ ʟʤʽʥʽ 

ʡʦʛʦ ʨʘʮʽʦʥʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʦʨʛʘʥʽʟʤʫ. 

ɿʥʘʡʜʝʥʝ 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. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʥʝʩʢʫ ʚʩʽʭ ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʨʠʙʽ ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʤôʷʟʦʚʽʡ 
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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 ʦʜʠʥʦʛʦ ʨʦʢʫ. ʗʢʱʦ 

ʟʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʦʨʛʘʥʘʭ, ʪʦ ʾʭʥʽʡ ʚʥʝʩʦʢ ʚ 

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 ʚ ʟʘʛʘʣʴʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ. 

ʇʨʝʜʩʪʘʚʣʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ 

ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʨʽʟʥʠʭ ʨʦʙʦʪʘʭ. 

ɿʦʢʨʝʤʘ, ʚ ʜʚʦʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʽʟʦʪʦʧʽʚ 57Co, 54Mn ʽ 134Cs ʟ ʚʦʜʠ, ʘ ʚ ʪʨʝʪʴʦʤʫ ï ʽʟʦʪʦʧʽʚ 60Co, 54Mn ʽ 137Cs ʟ ʾʞʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʢʘʟʘʣʦ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʧʨʦʪʷʛʦʤ ʢʦʞʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʂʨʽʤ ʪʦʛʦ, ʢʦʞʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʨʠʙʠ 

ʨʽʟʥʦʾ ʤʘʩʠ, ʱʦ ʚʨʘʭʦʚʫʚʘʣʦʩʷ ʚ ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ ʘʣʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ 

ʨʠʙʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙʠ ʨʽʟʥʦʾ ʤʘʩʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʨʦʙʦʪ ̔[272]. 
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ʈʆɿɼɯʃ 3 

ʇɽʈɽʅʆʉ ɿɸɹʈʋɼʅɽʅʅʗ ʏɽʈɽɿ ʃɸʅʎʖɾʂʀ ɾʀɺʃɽʅʅʗ ʄʆʈʉʔʂʀʍ 

ʆʈɻɸʅɯɿʄɯɺ ʋ ʂɸʄɽʈʅɯʁ ʄʆɼɽʃɯ POSEIDON-R 

 

 

ʋ ʧʦʯʘʪʢʦʚʽʡ ʚʝʨʩʽʾ ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON [28] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ 

ʦʮʽʥʢʠ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʠʪʦʢʽʚ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʚ 

ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ. ɼʣʷ ʦʧʠʩʫ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʽʜʭʽʜ, ʦʧʠʩʘʥʠʡ ʚ [26]. ʇʨʠ ʮʴʦʤʫ 

ʚʨʘʭʦʚʫʚʘʚʩʷ ʚʧʣʠʚ ʜʦʯʽʨʥʽʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʪʦʙʪʦ ʪʠʭ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʽʚʥʦʚʘʞʥʠʡ ʧʽʜʭʽʜ (ʜʠʚ. ʨʦʟʜʽʣ 1.6.2). ʊʘʢʦʞ ʤʦʜʝʣʴ 

ʜʘʚʘʣʘ ʦʮʽʥʢʠ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʨʝʧʨʦʜʫʢʪʽʚ.  

ʇʽʟʥʽʰʝ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ 

ʧʝʣʘʛʽʯʥʦʤʫ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ BURN [98]. ɺʦʥʘ ʜʦʟʚʦʣʷʻ 

ʦʧʠʩʫʚʘʪʠ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ, 

ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ɺ ʮʽʡ 

ʤʦʜʝʣʽ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʛʨʫʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ 

ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʢʦʤʙʽʥʫʶʪʴʩʷ ʫ ʛʨʫʧʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʪʢʘʥʠʥʘʤʠ ʨʠʙ, ʚ ʷʢʠʭ ʮʽ ʨʘʜʽʦʥʫʢʣʽʜʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ (ʜʠʚ. ʨʦʟʜʽʣ 1.6.4). ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʦʾ ʨʦʟʨʦʙʢʠ ʦʥʦʚʣʝʥʘ ʤʦʜʝʣʴ ʫʚʽʡʰʣʘ ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ 

ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ RODOS [4] ʧʽʜ ʥʘʟʚʦʶ POSEIDON-R [29]. 

ɸʣʝ ʘʚʘʨʽʷ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʧʦʢʘʟʘʣʘ ʥʝʜʦʣʽʢʠ ʤʦʜʝʣʽ, ʟʦʢʨʝʤʘ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʨʝʩʫʩʧʝʥʟʽʾ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʧʨʦʙʣʝʤʠ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʣʠʰʝ ʦʜʥʽʻʾ ʪʢʘʥʠʥʠ ʚ ʨʠʙʽ 

ʧʨʠ ʦʧʠʩʽ ʟʘʩʚʦʻʥʥʷ ʙʽʣʴʰʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʦʮʽʥʢʠ ʜʦʟ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʧʨʠ ʧʝʨʝʙʫʚʘʥʥʽ ʥʘ ʫʟʙʝʨʝʞʞʽ ʯʠ ʫ ʚʦʜʽ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʧʨʠʚʦʜʠʪʴʩʷ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʦʜʝʣʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʥʦʚʠʭ ʨʦʟʨʦʙʦʢ ʽ 
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ʚʜʦʩʢʦʥʘʣʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R ʚ ʩʫʯʘʩʥʦʤʫ ʚʠʛʣʷʜʽ 

[133] ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʧʝʨʝʥʦʩ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʟʘʢʽʥʯʫʶʯʠ ʦʮʽʥʢʘʤʠ ʜʦʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʯʝʨʝʟ ʤʦʨʩʴʢʽ ʰʣʷʭʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 3.1). 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʘʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʡʦʛʦ ʚʟʘʻʤʦʜʽ ʾʟ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ 

ʰʣʷʭ̔ʚ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ 

 

 

3.1 ʇʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ 

 

 

ʄʦʜʝʣʴ POSEIDON-R ʦʧʠʩʫʻ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʩʠʩʪʝʤʫ ʢʘʤʝʨ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ. ʂʦʞʥʘ ʟ ʢʘʤʝʨ ʚ ʤʦʜʝʣʽ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʫʜʴ-ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʰʘʨʽʚ ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʚʠʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʨʠʩ. 3.2). ʊʘʢʦʞ 
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ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʫ ʚʦʜʽ ʽʩʥʫʻ ʧʦʩʪʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ. ɿʘʙʨʫʜʥʝʥʥʷ, 

ʦɦ 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.  

  

 

ʈʠʩʫʥʦʢ 3.2 ï ɺʝʨʪʠʢʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʢʘʤʝʨ ʫ ʤʦʜʝʣʽ POSEIDON-R. ʉʪʨʽʣʢʘʤʠ 

ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤʢʠ ʦʙʤʽʥʫ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ ʽ ʰʘʨʘʤʠ 

  

ʇʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʢʘʤʝʨʘ ʚ ʤʦʜʝʣʽ ʚʢʣʶʯʘʻ ʪʨʠ ʰʘʨʠ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ʆʙʤʽʥ ʘʢʪʠʚʥʽʩʪʶ ʤʽʞ ʚʝʨʭʥʽʤ ʰʘʨʦʤ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʽ 

ʚʦʜʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ, ʙʽʦʪʫʨʙʘʮʽʾ (ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʜʠʬʫʟʽʡʥʠʡ 

ʧʨʦʮʝʩ) ʪʘ ʨʝʩʫʩʧʝʥʟʽʾ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʷʢʘ ʬʦʨʤʫʻ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ ʘʢʪʠʚʥʦʩʪʽ 

ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʧʨʠʜʦʥʥʠʡ ʰʘʨ ʚʦʜʠ. ɿʘʙʨʫʜʥʝʥʥʷ ʟ 

ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʜʠʬʫʥʜʫʻ ʚ ʩʝʨʝʜʥʽʡ ʰʘʨ. ʂʨʽʤ ʮʴʦʛʦ, 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʦʩʽʜʘʥʥʷ ʚʽʜʢʣʘʜʝʥʴ ʫ ʥʠʞʥʽ ʰʘʨʠ ʟ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ 
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ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʪʦʚʱʽ ʚʦʜʠ. ʇʦʚʝʨʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʩʝʨʝʜʥʴʦʛʦ 

ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʚʝʨʭʥʽʡ ʰʘʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ. 

ʈʘʜʽʦʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʦʩʽʜʘʻ ʟ ʩʝʨʝʜʥʴʦʛʦ ʚ ʥʠʞʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʚʞʝ 

ʥʽʢʦʣʠ ʥʝ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʚʝʨʭ. ʉʭʝʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʫ ʢʘʤʝʨʠ ʤʦʜʝʣʽ POSEIDON-R, ʘ 

ʪʘʢʦʞ ʧʦʪʦʢʠ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʽʞ ʚʦʜʥʠʤʠ ʰʘʨʘʤʠ, ʰʘʨʘʤʠ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʪʘ 

ʦʙʤʽʥʫ ʟ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.2. 

ʈʽʚʥʷʥʥʷ ʤʦʜʝʣʽ POSEIDON-R ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ ʽ ʚ ʨʽʟʥʠʭ ʰʘʨʘʭ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ (ʜʠʚ. ʨʦʟʜʽʣ 1.3). ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʨʘʜʽʦʥʫʢʣʽʜʠ, ʘʜʩʦʨʙʦʚʘʥʽ 

ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ CS, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʨʦʟʯʠʥʝʥʠʤʠ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 

CW, ʟʛʽʜʥʦ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

WS dC K C= .                                                                (3.1) 

 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 1.4, ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ 

POSEIDON-R ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜ ̔

ʜʣʷ ʚʦʜʥʠʭ ʰʘʨʽʚ: 

 

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

0 0 1

( )
jimk ijkm t kik

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 ;        (3.2) 

 

ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ: 

 

,1 1
2 3 1 1 01 4 2

, ,

( )
m kk k

k k k k k k k

t k t k

LC h
C C C

t L L
g g l g g

µ
=- + + + +

µ
;                           (3.3) 

 

ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ: 
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,2
4 5 2 3 1

,

( )
t kk
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µ
.                                      (3.4) 

 

ʊʫʪ C0ik ï ʫʩʝʨʝʜʥʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʰʘʨ̔ ʚʦʜʠ i ʢʘʤʝʨʠ k, i = 1 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʠʜʦʥʥʦʛʦ ʰʘʨʫ ʚʦʜʠ, C1k  ̔C2k ï ʫʩʝʨʝʜʥʝʥʘ ʦʙôʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʝʨʭʥʴʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʰʘʨʽ 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  ̔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 ʧʝʨʝʥʦʩʫ ʜʣʷ ʢʘʤʝʨʠ k, ʱʦ ʦʧʠʩʫʶʪʴ: 

g0i ï ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʦʩʽʜʘʥʥʷ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʟ 

ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʚʦʜʠ ʫ ʥʠʞʥʽ; 

g1 ï ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʦʩʽʜʘʥʥʷ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʟ 

ʧʨʠʜʦʥʥʦʛʦ ʰʘʨʫ ʚʦʜʠ ʫ ʚʝʨʭʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ; 

g2 ï ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʧʨʠʜʦʥʥʠʡ 

ʰʘʨ ʚʦʜʠ; 

g3 ï ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʝʨʭʥʴʦʛʦ ʚ ʩʝʨʝʜʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ; 

g4 ï ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʩʝʨʝʜʥʴʦʛʦ ʫ ʚʝʨʭʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ; 

g5 ï ʧʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʩʝʨʝʜʥʴʦʛʦ ʚ ʥʠʞʥʽʡ ʰʘʨ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. 

ɼʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʦʜʠ ʜʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 
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ɼʣʷ ʰʘʨʽʚ ʫ ʪʦʚʱʽ ʚʦʜʠ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 
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                                                                   (3.6) 

 

ɼʣʷ ʧʨʠʜʦʥʥʠʭ ʰʘʨʽʚ ʚʦʜʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʜʥʦʤ, ʪʘ ʜʣʷ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 
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ʜʝ ʧʘʨʘʤʝʪʨ Rk ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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ʊʫʪ Lb,k ï ʪʦʚʱʠʥʘ ʧʨʠʜʦʥʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʫ ʚʦʜʽ ʚ ʢʘʤʝʨʽ k, SSk ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʚ ʢʘʤʝʨʽ k, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, Wgk ï ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ 

ʢʘʤʝʨʽ k ʷʢ ʬʫʥʢʮʽʷ ʾʭʥʴʦʛʦ ʨʦʟʤʽʨʫ, SSWk = SSkĀWgk ï ʧʦʩʪʽʡʥʠʡ ʧʦʪʽʢ ʦʩʽʜʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʚ ʢʘʤʝʨʽ k, D ï ʢʦʝʬʽʮʽʻʥʪ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʬʫʟʽʾ ʯʘʩʪʠʥʦʢ ʫ ʜʥʽ, Bk ï 

ʢʦʝʬʽʮʽʻʥʪ ʙʽʦʪʫʨʙʘʮʽʾ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʢʘʤʝʨʠ k, Ůk  ̔ɟk ï 

ʧʦʨʠʩʪʽʩʪʴ ʽ ʛʫʩʪʠʥʘ ʯʘʩʪʠʥʦʢ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʢʘʤʝʨʽ k, ʚʽʜʧʦʚʽʜʥʦ. 

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʝʨʭʥʴʦʤʫ ʽ ʩʝʨʝʜʥʴʦʤʫ ʰʘʨʘʭ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ 1kʉ  ʽ 2kʉ  (ɹʢ ʢʛ-1) ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 
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ʋ ʨʦʙʦʪʘʭ [38, 133] ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʘʥʜʘʨʪʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʦʙʤʽʥʫ 

ʘʢʪʠʚʥʽʩʪʶ ʤʽʞ ʚʦʜʦʶ ʽ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʽʣʴʢʠ ʧʨʦʮʝʩʠ 

ʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ, ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʽ ʙʽʦʪʫʨʙʘʮʽʾ, ʟʘʥʠʞʫʻ ʧʦʪʦʢʠ ʘʢʪʠʚʥʦʩʪʽ ʚ 

ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ ʗʧʦʥʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤʠ ʪʝʯʽʷʤʠ, ʪʘ ʚ 

ɯʨʣʘʥʜʩʴʢʦʤʫ ʽ ʇʽʚʥʽʯʥʦʤʫ ʤʦʨʷʭ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠʣʴʥʽ ʧʨʠʧʣʠʚʥʽ ʪʝʯʽʾ. ɯʩʥʫʻ 

ʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ɿʛʽʜʥʦ ʟ [134], ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʝʨʝʥʦʩ 137Cs ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʩʫʩʧʝʥʟʽʾ ʟʘʙʨʫʜʥʝʥʠʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʪʘ ʾʭ ʧʦʚʪʦʨʥʦʛʦ ʦʩʽʜʘʥʥʷ ʧʽʜ 

ʜʽʻʶ ʪʝʯʽʡ, ʭʚʠʣʴ, ʘ ʪʘʢʦʞ ʜʝʩʦʨʙʮʽʾ ʚ ʧʦʨʦʚʫ ʚʦʜʫ ʽ ʙʽʦʪʫʨʙʘʮʽʾ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ 

[135] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʨʝʩʫʩʧʝʥʟʽʷ ʽ ʧʨʦʩʪʦʨʦʚʠʡ ʧʝʨʝʥʦʩ ʤʽʣʢʠʭ ʬʨʘʢʮʽʡ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʥʘ ʜʥʽ. ʉʧʨʦʱʝʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʦʙʤʽʥʫ ʚ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʝ ʜʦʟʚʦʣʷʻ 

ʦʧʠʩʫʚʘʪʠ ʟʛʘʜʘʥʽ ʷʚʠʱʘ ʚ ʤʦʜʝʣʽ POSEIDON-R. ʏʝʨʝʟ ʮʝ ʚ ʤʦʜʝʣʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʨʝʩʫʩʧʝʥʟʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. 
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ʋ ʤʦʜʝʣʽ POSEIDON-R ʜʘʥʠʡ ʧʨʦʮʝʩ ʙʫʚ ʦʧʠʩʘʥʠʡ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʧʦʪʽʢ 

ʘʢʪʠʚʥʦʩʪʽ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʚʦʜʫ (ʦʩʪʘʥʥʽʡ ʜʦʜʘʥʦʢ 

ʢʦʝʬʽʮʽʻʥʪʘ g2 ʚ ʨʽʚʥʷʥʥʽ 3.7), ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʧʨʠʜʦʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʫ ʤʽʣʢʠʭ 

ʢʘʤʝʨʘʭ. ʇʘʨʘʤʝʪʨ ɓ0 ʙʫʚ ʦʮʽʥʝʥʠʡ ʷʢ 
82 10-Ö  ʽ 84 10-Ö  ʜʣʷ ʤʦʨʽʚ ʙʝʟ ʥʘʷʚʥʦʩʪʽ 

ʩʠʣʴʥʠʭ ʧʨʠʧʣʠʚʥʠʭ ʪʝʯʽʡ ʽ ʟ ʥʠʤʠ, ʚʽʜʧʦʚʽʜʥʦ. |Vk| ï ʤʦʜʫʣʴ ʧʨʠʜʦʥʥʦʾ ʰʚʠʜʢʦʩʪ̔ ʚ 

ʢʘʤʝʨʽ k, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʚʩʽʭ ʧʦʪʦʢʽʚ ʚʦʜʠ Fkn ʤʽʞ ʧʨʠʜʦʥʥʠʤ 

ʰʘʨʦʤ ʢʘʤʝʨʠ k ʪʘ ʚʦʜʥʠʤʠ ʰʘʨʘʤʠ ʟ ʩʫʩʽʜʥʽʭ ʢʘʤʝʨ ʜʦ ʧʣʦʱʽ ʙʽʯʥʠʭ ʛʨʘʥʝʡ, ʱʦ 

ʨʦʟʜʽʣʷʶʪʴ ʮʽ ʢʘʤʝʨʘʤʠ, Skn: 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʪʘʢ ʟʚʘʥʽ ʜʦʯʽʨʥʽ ʨʘʜʽʦʥʫʢʣʽʜʠ. ʎʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʤʦʜʝʣʽ POSEIDON-

R. ʈʽʚʥʷʥʥʷ ʜʣʷ ʜʦʯʽʨʥʽʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʘʶʪʴ ʪʘʢʠʡ ʩʘʤʠʡ ʚʠʛʣʷʜ, ʷʢ ʽ ʨʽʚʥʷʥʥʷ (3.2-

3.4), ʘʣʝ ʟ ʽʥʰʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʜʘʥʦʛʦ ʜʦʯʽʨʥʴʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʘ, ʽ ʜʞʝʨʝʣʦʤ, ʷʢʝ ʦʧʠʩʫʻ ʧʦʷʚʫ ʜʦʯʽʨʥʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʧʘʜʫ ʦʩʥʦʚʥʦʛʦ. 

  

 

3.2 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

 

 

ɿʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʚʦʜʠ, ʘ ʪʘʢʦʞ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʾʞʽ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ, ʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʽ ʥʝ ʧʦʪʨʽʙʥʦ, ʦʧʠʩʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʢʦʞʥʦʤʫ ʚʠʜʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʫ ʤʦʜʝʣʽ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ 

ʜʽʣʷʪʴʩʷ ʥʘ ʛʨʫʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʪʠʧʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʚ ʣʘʥʮʶʞʢʫ 

ʞʠʚʣʝʥʥʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʫ ʚʩʽʭ ʛʨʫʧʘʭ ʨʦʟʤʽʨ ʽ ʤʘʩʘ ʦʨʛʘʥʽʟʤʽʚ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʦ ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ. ɺ ʤʦʜʝʣʽ ʢʦʞʥʘ ʛʨʫʧʘ ʦʨʛʘʥʽʟʤʽʚ 
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʷʢʦʶ ʤʘʩʦʶ, ʜʣʷ ʷʢʦʾ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʎʝ ʦʙʤʝʞʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʧʠʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʪʘ ʾʭʥʴʦʾ ʤʽʛʨʘʮʽʾ ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ. ʊʘʢʠʡ ʩʪʘʥʜʘʨʪʥʠʡ 

ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʠʨʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʽ 

ʟʘʣʝʞʥʽ ʚʽʜ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʨʛʘʥʽʟʤʽʚ ʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʦʢʨʝʤʦ, ʱʦ ʟʘʟʚʠʯʘʡ ʨʦʙʠʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʷʭ. 

 

 

3.2.1 ʇʝʣʘʛʽʯʥʠʡ ʽ ʧʨʠʜʦʥʥʠʡ ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ 

 

 

ʋ ʧʦʯʘʪʢʦʚʽʡ ʚʝʨʩʽʾ ʤʦʜʝʣʽ BURN-POSEIDON [98] ʨʦʟʛʣʷʜʘʚʩʷ ʣʠʰʝ 

ʧʝʣʘʛʽʯʥʠʡ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʚ ʬʽʪʦʧʣʘʥʢʪʦʥ, ʟʦʦʧʣʘʥʢʪʦʥ, ʥʝʭʠʞʫ ʽ 

ʭʠʞʫ ʨʠʙʠ, ʤʦʣʶʩʢʠ, ʨʘʢʦʧʦʜʽʙʥʽ ʪʘ ʚʦʜʦʨʦʩʪʽ (ʜʠʚ. ʨʦʟʜʽʣ 1.6.4). ʇʨʦʪʝ ʧʽʩʣʷ ʘʚʘʨʽʾ 

ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʽ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ 

ʞʠʚʣʝʥʥʷ [38, 136, 137], ʷʢʠʡ ʟʫʤʦʚʣʶʻ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʢʦʣʠ ʚʦʜʘ ʧʨʘʢʪʠʯʥʦ ʦʯʠʱʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʯʽʡ ʪʘ ʧʨʦʮʝʩʽʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʨʦʟʯʠʥʝʥʥʷ, ʘ ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ 

ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʠʤʠ ʱʝ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

ʏʝʨʝʟ ʮʝ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʜʦʧʦʚʥʝʥʘ ʛʨʫʧʘʤʠ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, 

ʷʢʽ ʬʦʨʤʫʶʪʴ ʜʦʥʥʠʡ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʰʣʷʭʠ 

ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɼʦʥʥʽ ʙʝʟʭʨʝʙʝʪʥʽ ʦʨʛʘʥʽʟʤʠ ʩʧʦʞʠʚʘʶʪʴ ʦʨʛʘʥʽʯʥʫ ʬʨʘʢʮʽʶ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʥʝʦʨʛʘʥʽʯʥʦʶ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʨʛʘʥʽʯʥʽʡ ʬʨʘʢʮʽʾ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ 

ʚʝʨʭʥʴʦʤʫ (ʘʢʪʠʚʥʦʤʫ) ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, 

ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1-5% [138]. ɼʦ 

ʜʦʥʥʦʾ ʦʨʛʘʥʽʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʨʝʰʪʢʠ ʚʽʜʤʝʨʣʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʦʩʽʣʠ ʥʘ ʜʥʦ, ʘ ʪʘʢʦʞ 

ʙʘʢʪʝʨʽʾ ʪʘ ʽʥʰʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ʇʨʠʜʦʥʥʘ ʨʠʙʘ ʭʘʨʯʫʻʪʴʩʷ 

ʷʢ ʜʦʥʥʠʤʠ ʙʝʟʭʨʝʙʝʪʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ, ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʦʶ ʬʨʘʢʮʽʻʶ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʰʣʫʥʢʽʚ ʜʝʷʢʠʭ ʜʦʥʥʠʭ ʨʠʙ [139]. 
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ɼʦ ʨʘʮʽʦʥʫ ʜʦʥʥʠʭ ʭʠʞʘʢʽʚ ʚʭʦʜʷʪʴ ʨʽʟʥʽ ʪʠʧʠ ʙʝʟʭʨʝʙʝʪʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʧʨʠʜʦʥʥʽ 

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

ʧʝʣʘʛʽʯʥʠʤʠ ʽ ʜʦʥʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚ ʧʨʠʙʝʨʝʞʥʽʡ ʦʙʣʘʩʪʽ. ʉʭʝʤʘʪʠʯʥʦ ʰʣʷʭʠ 

ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.3. 

ʏʝʨʝʟ ʰʚʠʜʢʠʡ ʤʝʪʘʙʦʣʽʟʤ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʥʴʦʤʫ 

Cph ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ [89], ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʤʝʥʪʘʣʴʥʝ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ʧʝʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʥʦʩʥʦ ʚʦʜʠ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʘ: 

 

Wph phC CF C= Ö ,                                                                 (3.11) 

 

ʜʝ phCF  ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʣʘʥʮʶʞʢʽʚ ʞʠʚʣʝʥʥʷ ʚ ʤʦʜʝʣʽ 

POSEIDON-R. ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤʢʠ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ 

ʦʨʛʘʥʽʟʤʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʾʭʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʦʜʠʥ ʦʜʥʠʤ 
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ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʚʦʜʦʨʦʩʪʷʭ Calg, ʷʢʽ ʟʘʩʚʦʶʶʪʴ 

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

ʽʛʥʦʨʫʚʘʪʠ. ʊʦʤʫ ʜʣʷ ʚʦʜʦʨʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ ʽ ʚʠʚʝʜʝʥʥʷ ʡʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ 

ʨʦʩʣʠʥʠ: 

 

( )
0.5( )

ln 2alg

alg w alg

alg

dC
CF C C

T
=

dt
Ö - Ö ,                                                 (3.12) 

 

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

ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʦʜʦʨʦʩʪʝʡ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʢʨʽʤ ʨʠʙʠ, ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ 

 

0.5

ln 2
f f w w

dC
aK C bK C C

dt T
= + - ,                                                   (3.13) 

 

ʜʝ C  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʧʝʚʥʦʤʫ ʪʠʧʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, Cf ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʾʞʽ ʮʴʦʛʦ ʦʨʛʘʥʽʟʤʫ, a ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʾʞʽ, Kf ï ʜʝʥʥʘ ʚʝʣʠʯʠʥʘ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ, b  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ, Kw ï ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʨʛʘʥʽʟʤ ʟʘ ʜʝʥʴ; T0.5 ï 

ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʦʨʛʘʥʽʟʤʫ. ɿʥʘʯʝʥʥʷ ʜʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. ɺʦʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʧʫʙʣʽʢʘʮʽʡ [100, 

140-142]. 

ɼʣʷ ʨʠʙʠ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ 

ʤʦʜʝʣʴ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʨʦʟʛʣʷʥʫʪʘ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ. ɸʣʝ ʚ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢ ʮʝ ʦʧʠʩʘʥʦ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʧʫʥʢʪʽ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ. 
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ʊʘʙʣʠʮʷ 3.1 ï ʇʘʨʘʤʝʪʨʠ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

  

i 

  

ʆʨʛʘʥʽʟʤ 

ʇʘʨʘʤʝʪʨ 

m, ʢʛ drw a b Kw 

(ʤ3(ʢʛ ʜ)-1) 

Kf  

(ʜ-1) 

T0.5 

(ʜ) 

0 ɼʦʥʥʘ ʦʨʛʘʥʽʢʘ - 0.1 - - - - - 

1 ʌʽʪʦʧʣʘʥʢʪʦʥ - 0.1 - - - - - 

2 ɿʦʦʧʣʘʥʢʪʦʥ 1.0Ö10-5 0.1 0.2 0.001 1.5 1.0 5 

3 ʅʝʭʠʞʘ ʨʠʙʘ 0.2 0.25 ʈʦʟʜʽʣ 2.3.2 ʊʘʙʣ. 2.1 

4 ʍʠʞʘ ʨʠʙʘ 4.0 0.3 ʈʦʟʜʽʣ 2.3.2 ʊʘʙʣ. 2.1 

5 ɺʦʜʦʨʦʩʪʽ 0.1 0.1 - - - - 60 

6 ɼʦʥʥʽ 

ʙʝʟʭʨʝʙʝʪʥʽ 

0.001 0.1 0.3 0.001 0.1 0.02 15 

7 ʄʦʣʶʩʢʠ 0.1 0.1 0.5 0.001 0.15 0.06 50 

8 ʈʘʢʦʧʦʜʽʙʥʽ 1.0 0.1 0.5 0.001 0.1 0.015 100 

9 ʇʨʠʜʦʥʥʘ ʨʠʙʘ 0.2 0.25 ʈʦʟʜʽʣ 2.3.2 ʊʘʙʣ. 2.1 

10 ɼʦʥʥʽ ʭʠʞʘʢʠ 4.0 0.3 ʈʦʟʜʽʣ 2.3.2 ʊʘʙʣ. 2.1 

11 ʇʨʠʙʝʨʝʞʥʽ 

ʭʠʞʘʢʠ 

4.0 0.3 ʈʦʟʜʽʣ 2.3.2 ʊʘʙʣ. 2.1 

  

ʈʘʮʽʦʥ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ n ʨʽʟʥʠʭ ʪʠʧʽʚ ʾʞʽ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʾʞʽ 
fC  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʤʫʚʘʥʥʷ 

 

0

pred
prey,if prey,i

prey,i

n

i

drw
=   C C P

drw=
ä ,                                                   (3.14) 

 

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. 

ʈʘʮʽʦʥ ʦʨʛʘʥʽʟʤʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 3.2. 
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ʊʘʙʣʠʮʷ 3.2 ï ʈʘʮʽʦʥ ʦʨʛʘʥʽʟʤʽʚ, ʧʨʠʡʥʷʪʠʡ ʚ ʤʦʜʝʣʽ 

         ñʍʠʞʘʢò 

ñɾʝʨʪʚʘò 

 2 3 4 6 7 8 9 10 11 

0        0.5     0.1     

1  1.0       0.6 0.1       

2    1.0     0.2 0.8       

3      1.0           0.2 

5        0.5 0.2 0.1       

6              0.7 0.3 0.25 

7              0.1 0.2 0.1 

8              0.1 0.2 0.2 

9                0.3 0.25 

  

 

3.2.2 ʆʜʥʦʨʽʜʥʝ ʽ ʥʝʦʜʥʦʨʽʜʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʠʙʽ 

 

 

ʅʘʡʯʘʩʪʽʰʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ 

ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʨʠʙʦʶ ʩʪʦʩʫʻʪʴʩʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ (134,137Cs). ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʝʟʽʡ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ, ʚʽʥ ʤʘʻ 

ʚʝʣʠʢʠʡ ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ, ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʜʦʙʨʝ ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ ʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ (ʜʠʚ. 

ʨʦʟʜʽʣ 2.4). ʉʘʤʝ ʪʦʤʫ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚʽʥ ʜʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʚ 

ʜʦʟʫ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʪʨʠʤʘʥʫ ʯʝʨʝʟ ʚʦʜʥʽ ʰʣʷʭʠ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ. 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 2.5 (ʨʠʩ. 2.1), ʜʣʷ ʮʝʟʽʶ, ʱʦ ʧʝʨʝʚʘʞʥʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ 

ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ, ʡʦʛʦ ʚʤʽʩʪʦʤ ʚ ʽʥʰʠʭ ʪʢʘʥʠʥʘʭ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʤʫ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʝʟʽʡ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʨʠʙʠ. ʏʝʨʝʟ ʮʝ 

ʚ ʤʦʜʝʣʽ POSEIDON-R ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ ʫ ʚʩʽʭ ʪʠʧʘʭ ʨʠʙʠ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.13), ʚ ʷʢʦʤʫ ʙʽʦʣʦʛʽʯʥʠʡ ʯʘʩ 
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ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʦʨʛʘʥʽʟʤʫ T0.5 ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʧʦʢʘʟʘʚ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ [33, 38, 119, 143]. ʎʝ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʜʘʥʥʷ 

ʦʮʽʥʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʫ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʯʠ ʚʥʘʩʣʽʜʦʢ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (3.13) ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʟʘʥʠʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ [34]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʥʝʩʦʢ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʫ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ, ʟʛʽʜʥʦ ʟ 

ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʦʶ ʤʦʜʝʣʣʶ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʠʙʽ 

(ʜʠʚ. ʨʦʟʜʽʣ 2). ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ, ʽʥʪʝʛʨʦʚʘʥʦʾ ʚ ʢʘʤʝʨʥʫ ʤʦʜʝʣʴ 

POSEIDON-R ʷʢ ʜʣʷ ʚʠʪʦʢʽʚ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ɸɽʉ, ʪʘʢ ʽ ʜʣʷ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. 

 

 

3.3 ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʚ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʫ ʨʦʟʧʨʽʩʥʝʥʽʡ ʚʦʜʽ 

 

 

ɺʽʜʦʤʦ, ʱʦ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʩʚʦʻʥʥʷ ʜʝʷʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʞʠʚʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʫ ʚʦʜʽ. 

ʂʦʥʢʫʨʫʶʯʠʤ ʽʦʥʦʤ ʜʣʷ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ ʻ ʽʦʥ ʢʘʣʽʶ K+ ʯʝʨʝʟ 

ʩʭʦʞʽʩʪʴ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʮʽ ʜʚʘ ʝʣʝʤʝʥʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʛʨʫʧʽ ʪʘʙʣʠʮʽ 

ʄʝʥʜʝʣʻʻʚʘ). ʆʩʢʽʣʴʢʠ ʮʝʟʽʡ ʧʦʪʨʘʧʣʷʻ ʚ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʯʝʨʝʟ 

ʥʘʡʥʠʞʯʫ ʣʘʥʢʫ (ʟʘʩʚʦʻʥʥʷ ʮʝʟʽʶ ʦʨʛʘʥʽʟʤʘʤʠ ʯʝʨʝʟ ʚʦʜʫ ʛʨʘʻ ʜʨʫʛʦʨʷʜʥʫ ʨʦʣʴ), 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ ʚʦʜʦʨʦʩʪʝʡ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʚʽʜ ʚʤʽʩʪʫ ʽʦʥʽʚ 

ʢʘʣʽʶ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʚʦʜʠʪʴʩʷ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ FK, ʷʢʠʡ 
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ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʤʦʨʩʴʢʠʤʠ ʨʦʩʣʠʥʘʤʠ (ʬʦʨʤʫʣʘ ʅʝʨʥʩʪʘ): 

 

0.05

1220
exp ln

K +
F  =

  K
0.73   

39.1  

å õå õ
-æ öæ ö
Qç ÷ç ÷

,                                           (3.15) 

 

ʜʝ K+ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʢʘʣʽʶ (ʤʛ/ʣ), Q ï ʪʝʤʧʝʨʘʪʫʨʘ (ʂ). ʇʨʦʪʝ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʢʘʣʽʶ ʚ ʤʦʨʩʴʢʽʡ ʚʦʜʽ ʥʝ ʟʘʚʞʜʠ ʚʽʜʦʤʘ. ɿʥʘʯʥʦ ʧʨʦʩʪʽʰʝ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʩʦʣʦʥʦʩʪʽ, ʚʠʨʘʟʠʚʰʠ ʯʝʨʝʟ ʥʝʾ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʽʦʥʽʚ ʢʘʣʽʶ: 

 

11.6 4.28K S+= Ö - ,                                                  (3.16) 

 

ʜʝ S ï ʩʦʣʦʥʽʩʪʴ ʚʦʜʠ (ʛ/ʣ). ɼʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʝ ʧʨʠ S > 0,14. 

ʊʦʜʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʜʣʷ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʽ ʚʦʜʦʨʦʩʪʝʡ ʤʘʪʠʤʫʪʴ 

ʚʠʛʣʷʜ 

 

*

ph K phCF F CF= Ö ,             *

alg K algCF F CF= Ö ,                              (3.17) 

 

ʜʝ *

phCF  = 20 ʣ/ʢʛ, *

algCF  = 50 ʣ/ʢʛ ï ʩʪʘʥʜʘʨʪʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʬʘʢʪʦʨʠ 137Cs ʫ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [89]. ɺʧʝʨʰʝ ʜʘʥʠʡ ʧʽʜʭʽʜ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [121] 

ʽ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ [144]. 

ɼʣʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʽʟʦʪʦʧʫ ʩʪʨʦʥʮʽʶ 90Sr ʢʦʥʢʫʨʫʶʯʠʤ ʽʦʥʦʤ ʻ Ca2+ (ʚʦʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʛʨʫʧʽ ʪʘʙʣʠʮʽ ʄʝʥʜʝʣʻʻʚʘ). ɿʘʩʚʦʻʥʥʷ ʩʪʨʦʥʮʽʶ ʟ ʚʦʜʠ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʠ ʽ ʟʷʙʨʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʽʰʫ ʨʦʣʴ, ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʟʽʻʤ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ 

ʥʝʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʩʪʨʦʥʮʽʶ ʯʝʨʝʟ ʣʘʥʮʶʞʦʢ ʞʠʚʣʝʥʥʷ ʚ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʽʥ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʢʽʩʪʢʘʭ ʨʠʙ. ʊʦʤʫ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʥʘ ʟʘʩʚʦʻʥʥʷ 90Sr ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚ ʤʦʜʝʣʽ ʢʦʝʬʽʮʽʻʥʪ 
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ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʚʦʜʠ b ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʝʤʧʽʨʠʯʥ ̔ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫ʥʘ 

ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʨʽʚʥʦʚʘʞʥʠʭ ʨʽʚʥʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: 

 

( )
1.35

0.1 11.6 9.5b S
-

= Ö + .                                               (3.18) 

 

ʌʦʨʤʫʣʫ (3.18) ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ S > 0,5. 

 

 

3.4 ɼʞʝʨʝʣʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʦʜʝʣʽ 

 

 

ɺ ʤʦʜʝʣʽ POSEIDON-R ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ 

ʧʦʪʨʘʧʠʣʠ ʚ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʨʝʟʫʣʴʪʘʪʽ: 

1) ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʶ ʚʦʜʠ; 

2) ʩʪʦʢʫ ʯʝʨʝʟ ʨʽʯʢʦʚʫ ʩʠʩʪʝʤʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʚʠʧʘʣʠ ʟ ʘʪʤʦʩʬʝʨʠ ʥʘ ʟʝʤʥʫ 

ʧʦʚʝʨʭʥʶ; 

3) ʨʝʛʫʣʷʨʥʠʭ ʯʠ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʽʷʣʴʥʽʩʪʶ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʝʨʝʟʽ ʤʦʨʷ ʘʙʦ ʚ ʛʣʠʙʠʥʽ ʤʘʪʝʨʠʢʘ ʥʘ ʙʝʨʝʟʽ ʨʽʯʢʠ; 

4) ʘʚʘʨʽʡʥʦʛʦ ʚʠʪʦʢʫ ʚ ʙʫʜʴ ʷʢʽʡ ʪʦʯʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʥʘʧʨʠʢʣʘʜ, 

ʧʦʚôʷʟʘʥʦʛʦ ʟ ʘʚʘʨʽʻʶ ʥʘ ʘʪʦʤʥʦʤʫ ʧʽʜʚʦʜʥʦʤʫ ʯʦʚʥʽ). 

ɼʣʷ ʧʨʠʙʝʨʝʞʥʠʭ ʚʠʪʦʢʽʚ ʢʦʨʠʩʥʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʥʘʚʢʦʣʦ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚ ʤʦʜʝʣʽ 

ʧʝʨʝʜʙʘʯʝʥʝ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ çʧʨʠʙʝʨʝʞʥʦʾè ʢʘʤʝʨʠ, ʚʢʣʘʜʝʥʦʾ ʚ ʟʚʠʯʘʡʥʫ 

çʨʝʛʽʦʥʘʣʴʥʫè ʢʘʤʝʨʫ, ʢʫʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʪʽʢ. ɯʩʥʫʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ 

ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ: ʘ) ʧʨʠʙʝʨʝʞʥʘ ʢʘʤʝʨʘ ʤʦʞʝ ʤʘʪʠ ʣʠʰʝ ʦʜʠʥ ʚʝʨʪʠʢʘʣʴʥʠʡ ʰʘʨ ʫ 

ʪʦʚʱʽ ʚʦʜʠ; ʙ) ʧʨʠʙʝʨʝʞʥʘ ʢʘʤʝʨʘ ʚʟʘʻʤʦʜʽʻ ʣʠʰʝ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ ʦʪʦʯʫʶʯʦʾ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʘʤʝʨʠ, ʪʦʤʫ ʛʣʠʙʠʥʘ ʧʨʠʙʝʨʝʞʥʦʾ ʢʘʤʝʨʠ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʪʦʚʱʠʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʘʤʝʨʠ; ʚ) ʧʦʪʦʢʠ ʚʦʜʠ ʤʽʞ ʧʨʠʙʝʨʝʞʥʦʶ 

ʽ ʚʽʜʧʦʚʽʜʥʦʶ ʨʝʛʽʦʥʘʣʴʥʦʶ ʢʘʤʝʨʘʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʽ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ; ʛ) ʣʠʰʝ 



122 
 

ʦʜʥʘ ʧʨʠʙʝʨʝʞʥʘ ʢʘʤʝʨʘ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʚ ʢʦʞʥʽʡ ʨʝʛʽʦʥʘʣʴʥʽʡ ʢʘʤʝʨʽ; ʜ) ʚ 

ʧʨʠʙʝʨʝʞʥʽʡ ʢʘʤʝʨʽ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʦʜʥʝ ʟʤʽʥʥʝ ʚ ʯʘʩʽ ʜʞʝʨʝʣʦ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ (ʫ 

ʚʠʧʘʜʢʫ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ, ʧʦʪʨʽʙʥʦ ʟʘʜʘʚʘʪʠ ʩʫʤʫ ʾʭʥʴʦʛʦ ʚʠʪʦʢʫ, ʷʢʘ ʪʘʢʦʞ ʤʦʞʝ 

ʙʫʪʠ ʟʤʽʥʥʦʶ ʚ ʯʘʩʽ). 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʢʘʤʝʨʽ, 

ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʣʠ, ʱʦ ʚ ʪʘʢʠʭ ʣʦʢʘʣʴʥʠʭ ʤʘʩʰʪʘʙʘʭ ʧʦʯʠʥʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ 

ʚʠʧʘʜʢʦʚʘ ʤʽʛʨʘʮʽʷ ʨʠʙʠ, ʷʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʜʝʷʢʽ ʚʽʜʩʪʘʥʽ ʚ ʧʦʰʫʢʘʭ ʾʞʽ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʫ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʴ (2.7) ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʘʙʦ ʫ ʧʨʘʚʫ ʯʘʩʪʠʥʫ 

ʨʽʚʥʷʥʥʷ (3.13) ʧʨʠ ʦʜʥʦʨʽʜʥʦʤʫ ʥʘʢʦʧʠʯʝʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚʚʦʜʠʪʴʩʷ ʥʦʚʠʡ 

ʜʠʬʫʟʽʡʥʠʡ ʯʣʝʥ ( )/reg coast

migrC C T-  ʜʣʷ ʧʨʠʙʝʨʝʞʥʦʾ ʢʘʤʝʨʠ ʽ ( )( )/reg coast

migrC C Td- -  

ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʘʤʝʨʠ. ʊʫʪ Tmigr ï ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʤʽʛʨʘʮʽʾ ʨʠʙʠ ʤʽʞ 

ʧʨʠʙʝʨʝʞʥʦʶ (coast) ʽ ʨʝʛʽʦʥʘʣʴʥʦʶ (reg) ʢʘʤʝʨʘʤʠ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʧʨʠʙʝʨʝʞʥʦʾ ʢʘʤʝʨʠ ʽ ʚʠʜʫ ʨʠʙʠ; d ï ʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʫ ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʘʤʝʨʠ ʜʦ 

ʦʙôʻʤʫ ʧʨʠʙʝʨʝʞʥʦʾ ʢʘʤʝʨʠ. 

ʊʘʢʦʞ ʫ ʤʦʜʝʣʽ POSEIDON-R ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʫʚʘʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʢʨʠʪʦʤʫ ʦʢʝʘʥʽ (ʥʘʧʨʠʢʣʘʜ, 

ʟʘʪʦʥʫʣʠʭ ʢʦʨʘʙʣʽʚ, ʘʪʦʤʥʠʭ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ ʯʠ ʟʘʭʦʨʦʥʝʥʠʭ ʷʜʝʨʥʠʭ ʚʽʜʭʦʜʽʚ). ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʢʦʣʦ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʶʻʪʴʩʷ çʣʦʢʘʣʴʥʘè ʢʘʤʝʨʘ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʘ) ʣʦʢʘʣʴʥʘ ʢʘʤʝʨʘ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʤʽʱʝʥʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʨʝʛʽʦʥʘʣʴʥʽʡ ʢʘʤʝʨʽ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʛʣʠʙʠʥʽ; ʙ) ʦʙôʻʤ ʽ ʛʣʠʙʠʥʘ 

ʣʦʢʘʣʴʥʦʾ ʢʘʤʝʨʠ ʟʘʜʘʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʟʦʚʥʽʰʥʴʦʾ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʢʘʤʝʨʠ; ʚ) ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʧʨʠʙʝʨʝʞʥʦʾ ʢʘʤʝʨʠ, ʧʦʪʦʢʠ ʚʦʜʠ ʤʽʞ 

ʣʦʢʘʣʴʥʦʶ ʽ ʚʽʜʧʦʚʽʜʥʦʶ ʨʝʛʽʦʥʘʣʴʥʦʶ ʢʘʤʝʨʘʤʠ ʟʘʜʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʢʘʭ. 
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3.5 ʏʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ 

 

 

ʋʩʽ ʧʨʦʮʝʩʠ ʚ ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

 

re

d

dt
A= +

C
C Q ,                                                             (3.19) 

 

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 ʩʪʫʧʽʥʯʘʪʽʡ ʟʤʽʥʽ ʟ ʯʘʩʦʤ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʦ-ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʤʝʪʦʜ [145], ʷʢʠʡ ʜʘʻ ʪʦʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.19). ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʧʨʠ 

ʯʠʩʝʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʜʞʝʨʝʣʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤ. ʅʠʞʯʝ ʧʨʠʚʝʜʝʥʠʡ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʆʜʥʦʨʽʜʥʝ ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ 

 

d
A

dt
=

C
C                                                           (3.20) 

 

ʤʘʻ ʨʦʟʚôʷʟʦʢ: 

 

C C( ) ( )t eAt= 0 .                                                        (3.21) 

 

ʇʨʦʪʷʛʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ ( , )t tn n+1  ʮʝʡ ʨʦʟʚôʷʟʦʢ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

C Cn

A t

ne+ =1

D
,                                                       (3.22) 
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ʘʙʦ, ʧʦʟʥʘʯʠʚʰʠ ʯʘʩʦʚʠʡ ʢʨʦʢ ʟʤʽʥʥʦʶ t, 

 

C C( ) ( )t e tn

A

n+ =t t .                                                (3.23) 

 

ʄʘʪʨʠʯʥʘ ʝʢʩʧʦʥʝʥʪʘ eAt ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʊʝʡʣʦʨʘ 

 

e I A
A A A

k

A
k

t t
t t t

= + + + ++
( )

!

( )

!
...

( )

!

2 3

2 3
,                               (3.24) 

 

ʜʝ I ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ (ʜʽʘʛʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ = 1, ̔ ʥʰʽ ʝʣʝʤʝʥʪʠ = 0) ʟ ʪʽʻʶ 

ʞ ʢʽʣʴʢʽʩʪʶ ʨʷʜʢʽʚ ʽ ʢʦʣʦʥʦʢ, ʱʦ ʽ ʤʘʪʨʠʮʷ A. 

ʈʦʟʚôʷʟʦʢ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.19) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

 

C C Q( ) ( ) ( )
( )

t e t e e t dtn

A

n

A t At

t

t

n

n

n

+ = +
+ -

+

ñt t t

t

.                                 (3.25) 

 

ʇʨʠ ʮʴʦʤʫ ʫ ʚʠʧʘʜʢʫ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ Q ʚ ʤʝʞʘʭ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʪʦʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

C C Q( ) ( ) ( ) ( )t e t e I A tn

A

n

A

n+ = + - -t t t 1
.                                (3.26) 

 

ʈʽʚʥʷʥʥʷ (3.26) ʻ ʦʩʥʦʚʥʠʤ ʨʽʚʥʷʥʥʷʤ ʤʘʪʨʠʯʥʦ-ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʤʝʪʦʜʫ, ʜʝ 

A-1  ʧʦʟʥʘʯʘʻ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ ʜʦ A (ʪʦʙʪʦ A A AA I- -= =1 1
). 

ʈʘʟʦʤ ʟ ʤʠʪʪʻʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ C ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʫʤʘʨʥʽ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʢʦʥʮʝʥʪʨʘʮʽʾ IC ʜʣʷ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʛʣʠʥʫʪʦʾ ʜʦʟʠ: 

 

0

( ) ( )
nt

nIC t C t dt

t

t

+

+ =ñ ,                                            (3.27) 
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0

( ) ( ) ( ) ( ) ( )
n n n

n n

t t t

n n

t t

IC t C t dt C t dt IC t C t dt

t t

t

+ +

+ = + = +ñ ñ ñ.                         (3.28) 

 

ʆʩʢʽʣʴʢʠ ʜʣʷ ( );n nt t t tÍ +  

 

( )( ) ( ) 1( ) ( ) ( )n nA t t A t t

n nC t e C t e I A Q t
- - -= + - ,                                (3.29) 

 

ʪʦ 

 

( )( )

( )

( ) ( )

( )

( ) ( ) 1

( ) ( ) 1

( ) ( )1 1 1

1

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) (

n

n n

n

n n

n n

n n

n n
n n

n n

t

A t t A t t

n n n n

t

t t

A t t A t t

n n n

t t

t t
A t t A t t

n n n
t t

A

n n

IC t IC t e C t e I A Q t dt

IC t C t e dt e I A Q t dt

IC t C t e A e A It A Q t

IC t C t e I A

t

t t

t t

t

t

+

- - -

+ +

- - -

+ +
- -- - -

-

+ = + + - =

= + + - =

= + + - =

= + - +

ñ

ñ ñ

( )1 1) ( ).A

ne I A I A Q tt t- -- -

                 (3.30) 

 

ɺʚʽʚʰʠ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʪʨʠʮʴ: 

 

1( ) : ,AE e tt =                                                                         (3.31) 

 

( ) 12( ) : ,AE e I Att -= -                                                          (3.32) 

 

( )( )1 13( ) : ,AE e I A I Att t- -= - -                                               (3.33) 

 

ʨʽʚʥʷʥʥʷ (3.26)  ̔(3.30) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

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

( ) ( ) 2( ) ( ) 3( ) ( ).

n n n

n n n n

t E t E t

IC t IC t E t E t

t t t

t t t

+ = +

+ = + +

C C Q

C Q
                      (3.34) 
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ʄʘʪʨʠʮʽ E1, E2 ʽ E3 ʧʦʚôʷʟʘʥʽ ʨʝʢʫʨʝʥʪʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

2

0

1( ) 2( ) ,

2( ) 3( ) ,

( )
3( ) .

( 2)!

k

k

E E A I

E E A I

A
E

k

t t

t t t

t
t t

¤

=

= +

= +

=
+

ä

                                                           (3.35) 

 

ʇʨʠ ʮʴʦʤʫ ʥʝʩʢʽʥʯʝʥʥʠʡ ʨʷʜ (3.35) ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʠʡ ʩʢʽʥʯʝʥʥʦʶ ʩʫʤʦʶ ʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ (ʨʷʜ ʧʝʨʝʨʠʚʘʻʪʴʩʷ, ʢʦʣʠ ʥʘʩʪʫʧʥʠʡ ʯʣʝʥ ʩʫʤʠ ʤʝʥʰʠʡ, ʥʽʞ 

ʧʦʪʨʽʙʥʘ ʪʦʯʥʽʩʪʴ). 

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

ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʘ ʧʝʚʥʦʶ 

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

ʊʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʨʠʚʘʥʥʷ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʷʜʫ (4.35). 

 

 

3.6 ʈʦʟʨʘʭʫʥʦʢ ʜʦʟ ʜʣʷ ʣʶʜʠʥʠ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʦʧʨʦʤʽʥʝʥʥʷ 

 

 

ʄʦʜʝʣʴ POSEIDON-R ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʽ ʢʦʣʝʢʪʠʚʥʽ 

ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʫʣʷʨʥʠʭ ʯʠ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʽʚ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ, ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʟʘʭʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʘʤʝ 

ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʦʢ ʤʦʞʣʠʚʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ (ʜʠʚ. ʨʦʟʜʽʣ 7). ʋ ʤʦʜʝʣʽ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʦʟʠ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʝʧʨʦʜʫʢʪʽʚ ʽ ʚʜʠʭʘʥʥʷ ʨʦʟʧʠʣʝʥʦʾ ʚ ʧʦʚʽʪʨʽ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʣʷʞʽ ʪʘ ʧʣʘʚʘʥʥʷ ʚ ʯʦʚʥʽ ʯʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʦʜʽ (ʨʠʩ. 3.4). 
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ʈʠʩʫʥʦʢ 3.4 ï ʐʣʷʭʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʟʛʽʜʥʦ ʟ [146], ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʤʦʜʝʣʽ POSEIDON-R, ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʦʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʝ 

 

 

 

3.6.1 ɼʦʟʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

 

 

ɯʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʨʽʢ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʞʠʚʘʥʥʷ 8 

ʢʘʪʝʛʦʨʽʡ (f) ʤʦʨʝʧʨʦʜʫʢʪʽʚ (ʭʠʞʘ ʽ ʥʝʭʠʞʘ ʧʝʣʘʛʽʯʥʘ ʨʠʙʘ, ʧʨʠʜʦʥʥʘ ʨʠʙʘ, ʜʦʥʥʽ ʽ 

ʧʨʠʙʝʨʝʞʥʽ ʭʠʞʘʢʠ, ʤʦʣʶʩʢʠ, ʨʘʢʦʧʦʜʽʙʥʽ ʽ ʚʦʜʦʨʦʩʪʽ) Eseafood,k ʜʣʷ k-ʪʦʾ ʢʘʤʝʨʠ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

 

( )8

, ,1, ing f k f kfseafood k DC IC CRE
=

= ä ,                                   (3.36) 

 

ʜʝ ICf,k ï ʽʥʪʝʛʨʦʚʘʥʘ ʟʘ ʨʽʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ (ʩʫʤʘ ʢʦʥʮʝʥʪʨʘʮʽʡ, 

ʧʦʤʥʦʞʝʥʠʭ ʥʘ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʮʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʫʣʠ ʧʦʩʪʽʡʥʠʤʠ, ʚ 

ʤʝʞʘʭ ʜʘʥʦʛʦ ʨʦʢʫ) ʚ ʤʦʨʝʧʨʦʜʫʢʪʽ ʪʠʧʫ f, CRf,k ï ʚʝʣʠʯʠʥʘ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʨʝʧʨʦʜʫʢʪʫ ʪʠʧʫ f (ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ ʣʶʜʠʥʠ ʘʙʦ ʜʣʷ ʣʶʜʠʥʠ, 

ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʚʥʦʾ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ, ʥʘʧʨʠʢʣʘʜ ʜʦ ʨʠʙʦʣʦʚʽʚ), DCing ï ʜʦʟʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʤʦʨʝʧʨʦʜʫʢʪʽʚ [13]. 
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ɯʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʨʽʢ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʜʠʭʘʥʥʷ 

ʨʦʟʧʠʣʝʥʦʾ ʚ ʧʦʚʽʪʨʽ ʤʦʨʩʴʢʦʾ ʚʦʜʠ Einh,k ʜʣʷ k-ʪʦʾ ʢʘʤʝʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

 

,, inh air kinh k inh inhDC CE R T= ,                                                (3.37) 

 

ʜʝ Cair,k ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʧʦʚʽʪʨʽ ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʙʝʨʝʛʘ 

ʤʦʨʷ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, Rinh ï ʦʙôʻʤ ʧʦʚʽʪʨʷ, ʱʦ ʚʜʠʭʘʻʪʴʩʷ ʣʶʜʠʥʦʶ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ (ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 0,83 ʤ3/ʛʦʜ), Tinh ï ʢʽʣʴʢʽʩʪʴ 

ʛʦʜʠʥ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʙʝʨʝʛʘ ʤʦʨʷ, DCinh ï 

ʜʦʟʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜ ʚʜʠʭʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ [13]. 

 

 

3.6.2 ɼʦʟʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

 

 

ɯʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʨʽʢ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ 

ʧʣʷʞʽ Ebeach,k ʜʣʷ k-ʪʦʾ ʢʘʤʝʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

 

1,

,
60

k

soilbeach k beach

C
DCE T= ,                                                   (3.38) 

 

ʜʝ 1,kC  ï ʧʦʚʝʨʭʥʝʚʘ ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʘ (ɹʢ/ʤ2) ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʫʰʽ ʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʚʦʜʦʶ (ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʭʚʠʣʴ ʯʠ ʧʨʠʧʣʠʚʽʚ), 

60 ï ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ (ʢʛ/ʤ2) ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, DCsoil ï ʜʦʟʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ [13], Tbeach ï ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ 

ʧʣʷʞʽ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʨʽʢ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʚʦʜʽ 

(ʧʣʘʚʘʥʥʷ) Eswim,k ʜʣʷ k-ʪʦʾ ʢʘʤʝʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 
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,, subm w k swimswim k DC CE T= ,                                                     (3.39) 

 

ʜʝ Cw,k ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ, DCsubm ï 

ʜʦʟʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʥʫʨʝʥʥʽ ʚ ʚʦʜʫ [13], Tswim ï ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʧʨʦʚʝʜʝʥʠʭ ʫ ʤʦʨʩʴʢʽʡ ʚʦʜʽ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʨʽʢ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʚʘʥʥʷ ʚ ʯʦʚʥʽ 

Eboat,k ʜʣʷ k-ʪʦʾ ʢʘʤʝʨʠ ʦʧʠʩʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

 

,, 0.5 subm w kboat k boatDC CE T= ,                                                 (3.40) 

 

ʜʝ Tboat ï ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʧʨʦʚʝʜʝʥʠʭ, ʧʣʘʚʘʶʯʠ ʫ ʯʦʚʥʽ. 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʧʣʘʚʘʶʯʠ ʫ ʯʦʚʥʽ, ʣʶʜʠʥʘ ʦʪʨʠʤʫʻ ʧʦʣʦʚʠʥʫ ʜʦʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʚʥʠʤ ʟʘʥʫʨʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʚʦʜʠ, 

ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʯʦʚʥʦʤ. 

ɿʘʛʘʣʴʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʜʦʟʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʫʚʘʥʥʷ ʜʦʟ, 

ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʫʩʽʭ ʩʧʦʩʦʙʽʚ ʦʧʨʦʤʽʥʝʥʥʷ. 

 

 

3.6.3 ʂʦʣʝʢʪʠʚʥʽ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ 

 

 

ʂʦʣʝʢʪʠʚʥʘ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʩʫʤʘʨʥʽʡ ʜʦʟʽ, ʦʪʨʠʤʘʥʽʡ ʛʨʫʧʦʶ 

ʣʶʜʝʡ. ɺʦʥʘ ʥʘʡʯʘʩʪʽʰʝ ʦʮʽʥʶʻʪʴʩʷ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʧʝʚʥʦʾ ʢʨʘʾʥʠ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʩʘʤʝ ʢʦʣʝʢʪʠʚʥʘ ʜʦʟʘ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʛʽʨʰʝʥʥʷ 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ ʟʘʣʝʞʠʪʴ ʟʙʽʣʴʰʝʥʥʷ 

ʨʠʟʠʢʫ ʟʘʭʚʦʨʶʚʘʥʥʷ ʦʥʢʦʣʦʛʽʯʥʠʤʠ ʭʚʦʨʦʙʘʤʠ, ʚʠʥʠʢʥʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʤʫʪʘʮʽʡ ʽ, 

ʥʘʚʽʪʴ, ʩʤʝʨʪʽ. ɸʣʝ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʥʝ ʢʦʥʢʨʝʪʥʦʾ ʣʶʜʠʥʠ, ʘ ʥʘʩʝʣʝʥʥʷ ʚ ʮʽʣʦʤʫ. ʊʦʙʪʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ ʚʠʥʠʢʥʝʥʥʷ ʦʧʠʩʘʥʠʭ ʧʦʜʽʡ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ ʧʝʚʥʦʾ ʢʨʘʾʥʠ. 
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ɺ ʤʦʜʝʣʽ POSEIDON-R ʢʦʣʝʢʪʠʚʥʘ ʜʦʟʘ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʝʧʨʦʜʫʢʪʽʚ 

ECseafood ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

 

( )8

, ,1
1

n

ing f k f kf
k

seafood DC IC HEC
=

=

= ä ä ,                               (3.41) 

 

ʜʝ Hf,k ï ʚʝʣʠʯʠʥʘ ʨʽʯʥʦʛʦ ʚʠʣʦʚʫ ʤʦʨʝʧʨʦʜʫʢʪʫ ʪʠʧʫ f ʚ ʢʘʤʝʨʽ k. ɼʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʢʦʣʝʢʪʠʚʥʦʾ ʜʦʟʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʝʣʠʯʠʥʫ ʚʠʣʦʚʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʧʝʚʥʦʶ ʢʨʘʾʥʦʶ ʫ ʚʩʽʭ ʢʘʤʝʨʘʭ ʤʦʜʝʣʽ. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʚʠʣʦʚʣʝʥʽ 

ʤʦʨʝʧʨʦʜʫʢʪʠ ʩʧʦʞʠʚʘʶʪʴʩʷ ʞʠʪʝʣʷʤʠ ʩʘʤʝ ʮʽʻʾ ʢʨʘʾʥʠ. 

 

 

3.6.4 ʈʦʟʨʘʭʫʥʦʢ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ 

 

 

ʄʘʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ ʽ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ POSEIDON-R ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʠ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʘʤʠ (1.25). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʟʘ 

ʜʘʥʠʭ ʜʦʟʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ERICA Tool (ʜʠʚ. ʨʦʟʜʽʣ 1.6.2), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ. 

 

 

3.7 ɿʚôʷʟʦʢ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʟ ʽʩʥʫʶʯʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

 

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ [147], ʷʢʽ ʩʪʦʩʫʚʘʣʠʩʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʤʽʥ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʨʽʟʥʠʭ ʚʠʜʘʭ ʨʠʙʠ, ʟôʷʩʫʚʘʣʦʩʷ, ʱʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʜʣʷ ʧʝʣʘʛʽʯʥʠʭ ʽ ʧʨʠʜʦʥʥʠʭ ʚʠʜʽʚ ʨʠʙʠ 

ʚʽʜʙʫʚʘʣʦʩʷ ʧʦ ʨʽʟʥʦʤʫ. ʎʴʦʛʦ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

[33]. ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʧʨʠʜʦʥʥʠʭ ʚʠʜʘʭ ʨʠʙʠ ʟʥʠʞʫʚʘʣʘʩʷ 
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ʧʦʚʽʣʴʥʽʰʝ, ʚʠʥʠʢʣʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʚ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʦʢʝʘʥʩʴʢʠʤʠ ʪʝʯʽʷʤʠ, ʘ ʚ ʜʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʩʬʦʨʤʫʚʘʣʦʩʷ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 137Cs ʧʽʜ ʯʘʩ ʘʚʘʨʽʾ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʥʘʯʥʦ ʪʨʠʚʘʣʽʰʦʛʦ ʯʘʩʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʤʦʜʝʣʴ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ [38] ʪʘ ʚʥʝʩʝʥʘ ʚ ʢʘʤʝʨʥʫ ʤʦʜʝʣʴ POSEIDON-

R. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ, ʚ ʜʦʩʣʽʜʞʝʥʥʽ [136] ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʦʮʽʥʢʘ ʧʝʨʝʥʦʩʫ 137Cs ʟ 

ʟʘʙʨʫʜʥʝʥʠʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ ʜʦʥʥʽ ʦʨʛʘʥʽʟʤʠ. ʋ ʥʴʦʤʫ ʚʽʜʤʽʯʝʥʘ ʥʠʟʴʢʘ 

ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʟʘʩʚʦʶʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʧʨʦʪʝ ʥʘʚʽʪʴ ʚʦʥʘ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʾ ʨʽʟʥʠʮʽ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʽʞ ʧʝʣʘʛʽʯʥʠʤʠ ʽ ʧʨʠʜʦʥʥʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ. ɺ ʨʦʙʦʪʽ [137] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʦʜʠʣʦʩʷ, ʱʦ ʟʘʙʨʫʜʥʝʥʽ ʜʦʥʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ ʻ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ ʜʣʷ ʜʦʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ 

ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ɸɽʉ ʌʫʢʫʩʽʤʘ-1. ʇʽʟʥʽʰʝ ʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ ʚ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚ [128, 139, 148, 149]. ʋ 

ʞʦʜʥʽʡ ʨʦʙʦʪʽ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝ ʩʪʘʚʠʣʦʩʷ ʧʽʜ ʩʫʤʥʽʚ. 

ʇʨʦʙʣʝʤʘ ʚʧʣʠʚʫ ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʧʨʠ ʟʘʩʚʦʻʥʥʽ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʟ ʚʦʜʠ ʙʫʣʘ ʦʧʠʩʘʥʘ ʚ ʨʽʟʥʠʭ ʨʦʙʦʪʘʭ ʜʣʷ ʧʨʽʩʥʦʚʦʜʥʠʭ ʚʦʜʦʡʤ. ɿʦʢʨʝʤʘ, ʚ 

[150] ʨʦʟʛʣʷʥʫʪʝ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʦʜʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʘʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʦʨʛʘʥʽʟʤ 

ʥʝ ʤʦʞʝ ʨʦʟʨʽʟʥʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧʠ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʷʢʱʦ 

ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʭʽʤʽʯʥʫ ʬʦʨʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʪʘʙʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʘʥʘʣʦʛʽʯʥʠʡ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ ʟʘʩʚʦʶʚʘʪʠʤʝʪʴʩʷ 

ʦʨʛʘʥʽʟʤʦʤ ʛʽʨʰʝ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʥʠʤʠ. ʆʩʢʽʣʴʢʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʟʘʩʚʦʻʥʥʷ ʦʨʛʘʥʽʟʤʘʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʚ ʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʨʽʟʥʦʤʫ. ɺ ʨʦʙʦʪʽ [151] ʚʨʘʭʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʮʝʟʽʶ ʨʠʙʦʶ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʽʶ ʫ ʚʦʜʦʡʤʽ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʩʭʦʞʽʩʪʶ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʦʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʦʪʞʝ, ʾʭʥʴʦʶ 

ʢʦʥʢʫʨʝʥʮʽʻʶ ʧʨʠ ʟʘʩʚʦʻʥʥʽ. ʊʦʙʪʦ, ʢʨʽʤ ʥʘʷʚʥʦʩʪʽ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʘʙʽʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʥʘ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘʷʚʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʽ ʩʭʦʞʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
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ʋ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʫʪʴ ʪʨʘʧʣʷʪʠʩʷ ʦʙʣʘʩʪʽ ʟ ʚʝʣʠʢʠʤ ʛʨʘʜʽʻʥʪʦʤ 

ʩʦʣʦʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʣʠʤʘʥʠ ʨʽʯʦʢ ʯʠ ʤʦʨʷ ʟʽ ʟʥʘʯʥʠʤ ʨʽʯʢʦʚʠʤ ʩʪʦʢʦʤ), ʱʦ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʟʘʩʚʦʻʥʥʷ ʧʝʚʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. 

ʊʦʤʫ ʚ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʢʘʤʝʨʥʫ ʤʦʜʝʣʴ POSEIDON-R ʙʫʣʘ ʚʥʝʩʝʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʚʽʜ ʩʦʣʦʥʦʩʪʽ, ʪʦʙʪʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ ʽ ʢʘʣʴʮʽʶ, ʚʽʜʧʦʚʽʜʥʦ (ʨʦʟʜʽʣ 3.3). ʎʝ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʤʦʨʩʴʢʽʡ ʩʦʣʦʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ 

ʨʦʟʧʨʽʩʥʝʥʠʭ ʚʦʜʦʡʤʘʭ. ʋ ʜʘʥʠʡ ʯʘʩ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʟʘʩʚʦʻʥʥʷ ʪʘ 

ʚʠʚʝʜʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʣʦʥʦʩʪʽ 

(ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ). ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [152] ʜʦʩʣʽʜʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ ʚʠʚʝʜʝʥʥʷ 137Cs ʟ ʨʠʙʠ ʚʽʜ ʩʦʣʦʥʦʩʪʽ, ʘ ʚ ʨʦʙʦʪʽ [123] ï ʚʧʣʠʚ ʩʦʣʦʥʦʩʪʽ ʥʘ 

ʟʘʩʚʦʻʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ 8 ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʨʠʙʦʶ. ɺʩʝ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʪʝʤʠ ʪʘ ʚʢʘʟʫʻ ʥʘ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʽʥʝʪʠʯʥʦ-ʘʣʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ (ʜʠʚ. ʨʦʟʜʽʣ 2) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʘʭʦʜʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʨʠʙʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʧʝʚʥʠʭ ʪʢʘʥʠʥʘʭ ʦʨʛʘʥʽʟʤʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʤʦʜʝʣʽ 

ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʘʩʠ ʨʠʙʠ ʧʨʦʮʝʩʽʚ ʟʘʩʚʦʻʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʦʜʠ ʽ ʟ ʾʞʽ 

ʪʘ ʡʦʛʦ ʚʠʚʝʜʝʥʥʷ ʢʦʞʥʦʶ ʪʢʘʥʠʥʦʶ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ. ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʦʾ 

ʤʦʜʝʣʽ ʚ ʢʘʤʝʨʥʫ ʤʦʜʝʣʴ POSEIDON-R ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʘʭ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʠ 

ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʧʨʠ ʨʝʛʫʣʷʨʥʠʭ ʯʠ ʘʚʘʨʽʡʥʠʭ ʚʠʪʦʢʘʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʻ ʟʜʽʡʩʥʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʽʚ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ [153]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ POSEIDON-R ʚ ʩʫʯʘʩʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʦʶ 

ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʷʜʝʨʥʠʭ ʘʚʘʨʽʷʭ [154], ʘ ʪʘʢʦʞ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʽʥʦʢ ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʽʩʥʫʶʯʠʭ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʘʭ [155] ʪʘ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ. ɾʦʜʥʘ ʟ ʽʩʥʫʶʯʠʭ ʫ ʜʘʥʠʡ ʯʘʩ ʤʦʜʝʣʝʡ ʥʝ ʦʧʠʩʫʻ ʚʩʽ ʚʠʱʝ 

ʟʛʘʜʘʥʽ ʧʨʦʮʝʩʠ. 
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3.8 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 

ʇʨʦʚʝʜʝʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ POSEIDON-R, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʾ ʚ ʦʙʣʘʩʪʷʭ 

ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʧʨʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʠʪʦʢʘʭ ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʨʝʩʫʩʧʝʥʟʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ʇʨʦʮʝʩ ʨʝʩʫʩʧʝʥʟʽʾ ʦʧʠʩʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤ 

ʧʦʪʦʢʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʚʦʜʫ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʜʦ ʧʨʠʜʦʥʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʽʣʢʠʭ ʢʘʤʝʨʘʭ. 

ʆʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʫ ʜʦʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʞʠʚʣʝʥʥʷ, ʷʢʠʡ 

ʦʧʠʩʫʻ ʧʝʨʝʭʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ. 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 ʟ 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. 

ʈʦʟʛʣʷʥʫʪʘ ʟʘʣʝʞʥʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʽʟʦʪʦʧʽʚ ʮʝʟʽʶ ʽ ʩʪʨʦʥʮʽʶ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ: ʢʘʣʽʶ ʽ ʢʘʣʴʮʽʶ, ʚʽʜʧʦʚʽʜʥʦ. ɺ ʤʦʜʝʣʽ ʮʝ ʨʝʘʣʽʟʦʚʘʥʦ 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 ʟʘʩʚʦʻʥʥʷ ʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʨʦʟʧʨʽʩʥʝʥʽʡ ʚʦʜʽ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ. 
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ʋ ʟʚôʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʫʚʘʥʥʷ ʨʽʟʥʠʭ ʰʣʷʭʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʠʥʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʪʦʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʝ, ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʜʦʧʦʚʥʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʠ ʜʦʟ ʷʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘʢ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

ɿʦʢʨʝʤʘ, ʢʨʽʤ ʩʪʘʥʜʘʨʪʥʦʾ ʜʦʟʠ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʝʧʨʦʜʫʢʪʽʚ, 

ʚ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʦʟʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʜʠʭʘʥʥʷ 

ʨʦʟʧʠʣʝʥʦʾ ʚ ʧʦʚʽʪʨʽ ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʜʦʟ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʣʷʞʽ, ʧʣʘʚʘʥʥʷ ʫ ʯʦʚʥʽ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ 

ʫ ʚʦʜʽ. 

ʆʧʠʩʘʥʽ ʨʦʟʨʦʙʢʠ ʙʫʣʠ ʚʥʝʩʝʥʽ ʚ ʢʘʤʝʨʥʫ ʤʦʜʝʣʴ POSEIDON-R, ʱʦ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʣʦ ʾʾ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʤʦʜʝʣʴ POSEIDON-

R ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʜʣʷ ʨʝʛʫʣʷʨʥʠʭ ʚʠʪʦʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢ ʽ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʱʦ 

ʚʽʜʨʽʟʥʷʻ ʾʾ ʩʝʨʝʜ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʦʮʽʥʦʢ. ɼʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʾʡ ʙʫʪʠ ʢʦʤʧʦʥʝʥʪʦʤ 

ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʦʢʨʝʤʘ, ʚʦʥʠ ʩʪʘʣʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʠ 

ʚʢʣʶʯʝʥʥʽ ʤʦʜʝʣʽ POSEIDON-R ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ RODOS. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʯʝʨʝʟ 

ʣʘʥʮʶʞʢʠ ʞʠʚʣʝʥʥʷ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʪʨʠʚʠʤʽʨʥʽʡ 

ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ, ʱʦ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʨʦʙʦʪʘʭ [38, 121, 133, 

144]. 

 

 



135 
 

ʈʆɿɼɯʃ 4 

ʈɽʂʆʅʉʊʈʋʂʎɯʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʏʆʈʅʆɻʆ ʄʆʈʗ ɼʆ 

ʊɸ ʇɯʉʃʗ ɸɺɸʈɯɰ ʅɸ ʏʆʈʅʆɹʀʃʔʉʔʂɯʁ ɸɽʉ 

 

 

ʏʦʨʥʝ ʤʦʨʝ ï ʛʣʠʙʦʢʝ ʤʦʨʝ ʤʽʞ ɭʚʨʦʧʦʶ ʪʘ ɿʘʭʽʜʥʦʶ ɸʟʽʻʶ. ʁʦʛʦ ʧʣʦʱʘ 

ʩʪʘʥʦʚʠʪʴ 422 ʪʠʩ. ʢʤ2, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ï 2 245 ʤ. ʃʠʰʝ ʙʣʠʟʴʢʦ 20% ʤʦʨʷ 

ʟʘʡʤʘʻ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ ʰʝʣʴʬ ʛʣʠʙʠʥʦʶ ʜʦ 200 ʤ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʦʨʷ ʤʘʻ ʛʣʠʙʠʥʫ ʧʦʥʘʜ 2 000 ʤ. ʏʦʨʥʝ ʤʦʨʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ ʚʦʜʥʠʤ ʙʘʣʘʥʩʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʦʜʠ ʨʽʯʦʢ, ʱʦ ʚ ʥʴʦʛʦ 

ʚʧʘʜʘʶʪʴ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʦʣʦʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʢʝʘʥʩʴʢʠʭ 

ʟʥʘʯʝʥʴ. ɿʦʢʨʝʤʘ, ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʦʨʷ ʩʦʣʦʥʽʩʪʴ ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ 17-18, ʘ ʚ 

ʧʨʠʜʦʥʥʦʤʫ ï ʙʣʠʟʴʢʦ 22. ʏʦʨʥʝ ʤʦʨʝ ʻ ʧʨʠʨʦʜʥʠʤ ʢʦʨʜʦʥʦʤ ʋʢʨʘʾʥʠ ʟ ʧʽʚʜʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʾʡ ʤʦʨʩʴʢʠʡ ʟʚôʷʟʦʢ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʚʭʦʜʠʪʴ ʫ 

ʣʘʥʮʶʞʦʢ ʥʘʧʽʚʟʘʢʨʠʪʠʭ ʤʦʨʽʚ ʧʽʚʜʥʷ ɭʚʨʦʧʠ, ʱʦ ʤʘʶʪʴ ʚʠʭʽʜ ʚ ɸʪʣʘʥʪʠʯʥʠʡ 

ʦʢʝʘʥ. ʆʩʦʙʣʠʚʽʩʪʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʻ ʪʝ, ʱʦ ʚ ʙʘʩʝʡʥʽ ʨʽʯʦʢ, ʷʢʽ ʚ ʥʴʦʛʦ ʚʧʘʜʘʶʪʴ 

ʜʽʶʪʴ 37 ʙʣʦʢʽʚ ɸɽʉ, ʘ ʮʝ ʩʢʣʘʜʘʻ ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟʧʝʢʫ ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʝʚʝʣʠʢʠʡ ʚʦʜʦʦʙʤʽʥ ʤʽʞ ʏʦʨʥʠʤ ʽ 

ʉʝʨʝʜʟʝʤʥʠʤ ʤʦʨʷʤʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʙʫʜʴ-ʷʢʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʚ 

ʤʦʨʝ, ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʥʴʦʤʫ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʆʧʠʩʘʥʽ ʬʘʢʪʦʨʠ, ʘ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ RODOS, ʟʫʤʦʚʠʣʠ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ 4-ʤʫ ʙʣʦʮʽ ʏɸɽʉ, ʷʢʘ ʩʪʘʣʘʩʷ 26 ʢʚʽʪʥʷ 1986 ʨʦʢʫ, 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦʪʨʘʧʠʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɼʝʪʘʣʴʥʠʡ 

ʦʧʠʩ ʘʚʘʨʽʾ, ʾʾ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ ʥʘʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʘʭ [156, 157]. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʦʩʽʣʘ ʚ 30-ʢʤ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ʏɸɽʉ. ʇʨʦʪʝ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʝʨʝʥʝʩʣʘʩʷ ʟ ʘʪʤʦʩʬʝʨʥʠʤʠ ʧʦʪʦʢʘʤʠ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʽ 

ʩʬʦʨʤʫʚʘʣʘ ʥʝʦʜʥʦʨʽʜʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ 

http://uk.wikipedia.org/wiki/%D0%84%D0%B2%D1%80%D0%BE%D0%BF%D0%B0
http://uk.wikipedia.org/wiki/%D0%90%D0%B7%D1%96%D1%8F
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ʢʨʘʾʥ [158]. ʇʨʠ ʮʴʦʤʫ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʠʧʘʣʘ ʥʘ ʧʦʚʝʨʭʥʶ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ɿ ʨʘʜʽʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʜʦʚʛʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ ʊ1/2, 

ʻ 137Cs (ʊ1/2 = 30,2 ʨʦʢʠ) ʽ 
90Sr (ʊ1/2 = 28,8 ʨʦʢʽʚ). ʆʙʠʜʚʘ ʨʘʜʽʦʥʫʢʣʽʜʠ ʻ ʦʩʥʦʚʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʱʝʧʣʝʥʥʷ ʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ, ʚʦʥʠ ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ ʽ ʣʝʛʢʦ 

ʟʘʩʚʦʶʶʪʴʩʷ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʟʘʚʜʷʢʠ ʩʭʦʞʦʩʪʽ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [121] 

ʤʽʞ ʩʪʨʦʥʮʽʻʤ ʽ ʢʘʣʴʮʽʻʤ (ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʩʢʝʣʝʪʽ ʨʠʙ), ʘ ʪʘʢʦʞ ʤʽʞ ʮʝʟʽʻʤ ʽ ʢʘʣʽʻʤ 

(ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʤôʷʟʦʚʽʡ ʪʢʘʥʠʥʽ). ʊʦʤʫ ʜʘʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʩʘʤʝ ʮʠʤʠ ʜʚʦʤʘ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʙʫʣʠ 

ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ ʚʩʝʨʝʜʠʥʽ 

ʍʍ ʩʪʦʣʽʪʪʷ ʪʘ ʘʚʘʨʽʷ ʥʘ ʏɸɽʉ 1986 ʨʦʢʫ [178]. ʇʦʨʽʚʥʷʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʠʧʘʣʘ ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʣʦʙʘʣʴʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ, ʤʘʢʩʠʤʫʤ ʷʢʦʛʦ ʧʨʠʧʘʜʘʻ ʥʘ ʪʝʨʠʪʦʨʽʶ ʤʽʞ 40ʦ ʽ 50ʦ ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ 

[11], ʱʦ ʧʨʦʭʦʜʠʪʴ ʷʢʨʘʟ ʯʝʨʝʟ ʤʦʨʝ. ɸʚʘʨʽʷ ʥʘ ʏɸɽʉ ʩʬʦʨʤʫʚʘʣʘ ʜʚʘ ʰʣʷʭʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ: ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʭʤʘʨʠ ʚʽʜ ʧʦʰʢʦʜʞʝʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ 

ʩʪʽʢ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʨʽʯʢʦʚʠʤʠ ʚʦʜʘʤʠ ɼʥʽʧʨʘ ʪʘ ɼʫʥʘʶ, ʥʘ ʙʘʩʝʡʥʠ ʷʢʠʭ ʚʠʧʘʣʘ 

ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʢʽʣʴʢʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʧʦʯʘʣʘ ʟʤʝʥʰʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʨʦʟʧʘʜʫ ʽ ʚʠʪʦʢʫ ʘʢʪʠʚʥʦʩʪʽ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʯʝʨʝʟ ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ. ɸʣʝ 

ʦʩʢʽʣʴʢʠ ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ 137Cs ʽ 90Sr ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30 ʨʦʢʽʚ, ʘ ʧʦʪʽʢ ʯʝʨʝʟ 

ɹʦʩʬʦʨ ʤʘʣʠʡ, ʧʦʨʽʚʥʷʥʦ ʟ ʦʙôʻʤʦʤ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʪʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ 

ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʧʦʣʦʞʝʥʥʶ ʽ ʤʘʣʦʤʫ ʦʙʤʽʥʫ ʚʦʜʦʶ ʟ ʉʝʨʝʜʟʝʤʥʠʤ ʤʦʨʝʤ, ʏʦʨʥʝ 

ʤʦʨʝ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ̔ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʽʚ ʫ ʩʚʽʪʽ ʟʘ ʚʤʽʩʪʦʤ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 
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ʆʩʢʽʣʴʢʠ ʚ ʙʘʩʝʡʥʽ ʨʽʯʦʢ, ʱʦ ʚʧʘʜʘʶʪʴ ʫ ʏʦʨʥʝ ʤʦʨʝ, ʨʦʟʤʽʱʝʥʽ ʜʽʶʯʽ ɸɽʉ, 

ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʦʪʝʥʮʽʡʥʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʷ. 

ʊʦʤʫ ʩʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʏʦʨʥʦʛʦ ʤʦʨʷ ʜʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ 

ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʘ ʪʘʢʦʞ ʦʮʽʥʶʚʘʪʠ ʾʭʥʽʡ ʚʢʣʘʜ ʚ ʽʩʥʫʶʯʽ ʥʘ 

ʪʦʡ ʯʘʩ (ʬʦʥʦʚʽ) ʨʘʜʽʦʣʦʛʽʯʥʽ ʪʘ ʜʦʟʦʚʽ ʚʧʣʠʚʠ ʥʘ ʥʘʩʝʣʝʥʥʷ. 

 

 

4.1 ɯʩʥʫʶʯʽ ʦʮʽʥʢʠ ʚʤʽʩʪʫ 137Cs ʪʘ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ 

 

 

ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ [159], ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ 

ʪʨʘʚʥʽ 1986 ʨʦʢʫ ʩʢʣʘʣʦ 1700-2400 ʊɹʢ 137Cs. ɿʨʘʟʫ ʞ ʧʽʩʣʷ ʮʴʦʛʦ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 

137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʦʨʷ ʪʦʚʱʠʥʦʶ 50 ʤ ʜʦʩʷʛʥʫʚ 2700 ʊɹʢ, ʱʦ ʚ 6-10 ʨʘʟʽʚ 

ʙʽʣʴʰʝ, ʥʽʞ ʜʦ ʘʚʘʨʽʾ. ɸʣʝ ʜʘʥʠʡ ʚʤʽʩʪ ʨʽʟʢʦ ʟʥʠʟʠʚʩʷ ʜʦ 1600 ʊɹʢ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʦʥʠʢʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʙʽʣʴʰ ʛʣʠʙʦʢʽ ʰʘʨʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʤʽʩʪ 137Cs ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʦʨʷ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʚʘʚʩʷ ʜʦ 500-600 ʊɹʢ ʫ 1998 ʨʦʮʽ ʽ 300-

400 ʊɹʢ ʫ 2001-2004 ʨʦʢʘʭ. ɼʘʥʽ ʦʮʽʥʢʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 

137Cs ʫ ʤʦʨʽ. ʇʨʠʪʽʢ 137Cs ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ ʩʪʘʥʦʚʠʚ ʚʩʴʦʛʦ 26 ʊɹʢ 

ʧʨʦʪʷʛʦʤ 1986-2000 ʨʦʢʽʚ [160]. ɺʠʪʽʢ 137Cs ʯʝʨʝʟ ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ ʩʢʣʘʚ 250 ʊɹʢ 

ʧʨʦʪʷʛʦʤ 1986-2000 ʨʦʢʽʚ [161]. 

ɿʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ 90Sr ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʙʫʣʦ ʟʥʘʯʥʦ 

ʤʝʥʰʠʤ. ʇʨʠʙʣʠʟʥʦ 200-300 ʊɹʢ ʚʠʧʘʣʦ ʥʘ ʧʦʚʝʨʭʥʶ ʤʦʨʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ 

ʘʚʘʨʽʾ [161] ʪʘ 160 ʊɹʢ ʧʦʪʨʘʧʠʣʦ ʚ ʤʦʨʝ ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ ʧʨʦʪʷʛʦʤ 

1986-2000 ʨʦʢʽʚ [160]. ʊʦʙʪʦ ʜʣʷ 90Sr ʚʥʝʩʦʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʽ ʧʨʠʪʦʢʫ ʟ 

ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ ʙʫʚ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 137Cs. ɺʠʪʽʢ 90Sr ʯʝʨʝʟ 

ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ ʩʢʣʘʚ 110 ʊɹʢ ʧʨʦʪʷʛʦʤ 1986-2000 ʨʦʢʽʚ [161]. 

ʅʘʚʝʜʝʥʽ ʦʮʽʥʢʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ, ʧʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʥʘ ʜʫʞʝ ʦʙʤʝʞʝʥʽʡ 

ʘʢʚʘʪʦʨʽʾ. ɾʦʜʥʦʾ ʜʝʪʘʣʴʥʦʾ ʟʡʦʤʢʠ ʤʦʨʷ ʥʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʽ 
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ʟʘ ʧʝʨʽʦʜ ʯʘʩʫ ʟ 1945 ʨʦʢʫ ʧʦ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʪʴ 

ʧʝʨʝʚʽʨʠʪʠ ʦʮʽʥʢʠ, ʟʜʽʡʩʥʝʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ ʪʘ ʟʨʦʙʠʪʠ ʾʭʥʻ ʫʪʦʯʥʝʥʥʷ. ʄʘʶʯʠ 

ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʙʫʜʫʪʴ ʦʮʽʥʝʥʽ ʧʦʪʦʢʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʯʝʨʝʟ ʧʨʦʪʦʢʠ 

ɹʦʩʬʦʨ ʽ ɼʘʨʜʘʥʝʣʣʠ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʥʴʦʤʫ. 

 

 

4.2 ɿʙʽʨ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʽ 90Sr ʫ 

ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ 

 

 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʙʫʣʠ 

ʚʠʤʽʨʷʥʽ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʴʢʽʡ ʙʫʭʪʽ ʽ ʩʪʘʥʦʚʠʣʠ 815 ɹʢ/ʤ3 ʜʣʷ 137Cs ʽ 157 ɹʢ/ʤ3 ʜʣʷ 90Sr. 

ʅʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʩʪʘʣʦ ʙʽʣʴʰ-ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʠʤ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs 12-21 ɹʢ/ʤ3 ʙ̔ ʣʷ ʙʝʨʝʛʽʚ ɹʦʣʛʘʨʽʾ ʽ 11-26 ɹʢ/ʤ3 ʙʽʣʷ ʙʝʨʝʛʽʚ 

ɻʨʫʟʽʾ. 

ʅʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʙʫʣʠ ʚʠʤʽʨʷʥʽ 

ʚ 1992-1994 ʨʦʢʘʭ ʫ ʛʠʨʣʽ ʨʽʯʢʠ ɼʫʥʘʶ ʽ ʚ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ. ʎʝ ʧʦʚᾷʷʟʘʥʦ ʟ 

ʘʪʤʦʩʬʝʨʥʠʤ ʚʠʧʘʜʽʥʥʷʤ ʨʘʜʽʦʥʫʢʣʽʜʘ ʥʘ ʙʘʩʝʡʥʠ ʨʽʯʦʢ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʡʦʛʦ 

ʩʪʦʢʦʤ ʧʦ ʨʽʯʢʦʚʽʡ ʩʠʩʪʝʤʽ ʪʘ ʘʜʩʦʨʙʮʽʾ ʥʘ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʭ ʧʽʩʢʫ ʽ ʥʘʤʫʣʫ ʟ 

ʥʘʩʪʫʧʥʠʤ ʾʭʥʽʤ ʦʩʽʜʘʥʥʷʤ ʥʘ ʜʥʦ. ʉʘʤʝ ʚ ʛʠʨʣʘʭ ʨʽʯʦʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʘʢʠʭ ʟʚʘʞʝʥʠʭ 

ʯʘʩʪʠʥʦʢ ʤʘʢʩʠʤʘʣʴʥʘ. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʫ ʨʘʡʦʥʽ ʛʠʨʣ 

ʨʽʯʦʢ ʫ 1990-1994 ʨʦʢʘʭ ʩʪʘʥʦʚʠʚ 10-40 ʢɹʢ/ʤ2, ʘ ʥʘ ʤʦʨʩʴʢʦʤʫ ʰʝʣʴʬʽ - 2-5 ʢɹʢ/ʤ2 

[162]. ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʚ ʤʦʨʽ 

ʥʘʚʧʨʦʪʠ ʛʠʨʣʘ ɼʫʥʘʶ ʫ ʚʝʨʝʩʥʽ 1986 ʨʦʢʫ ʽ ʩʪʘʥʦʚʠʣʘ 500 ɹʢ/ʢʛ [163]. ɼʦ 2005 ʨʦʢʫ 

ʮʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʥʠʟʠʣʘʩʷ ʜʦ 100 ɹʢ/ʢʛ [164]. 

90Sr ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʘʜʩʦʨʙʫʻʪʴʩʷ ʟʚʘʞʝʥʠʤʠ ʫ ʚʦʜʽ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʧʨʠ 

ʦʩʽʜʘʥʥʽ ʬʦʨʤʫʶʪʴ ʜʦʥʥʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 137Cs. ʊʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʫ 

ʤʦʨʩʴʢʠʭ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʟʘʣʠʰʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʪʦʤʫ 

ʞ ʨʽʚʥʽ, ʱʦ ʽ ʜʦ ʘʚʘʨʽʾ, ʽ ʩʪʘʥʦʚʠʣʘ 1,3 ɹʢ/ʢʛ. ʇʨʦʪʝ ʚ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ ʙʫʣʠ 
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ʚʠʤʽʨʷʥʽ ʟʥʘʯʥʦ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɿʦʢʨʝʤʘ, ʚ 1986 ʨʦʮʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʫ 

ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʩʪʘʥʦʚʠʣʘ 40 ɹʢ/ʢʛ, ʫ 1989 ʨʦʮʽ ï 85 ɹʢ/ʢʛ, ʘ ʚ 

1990-1996 ʨʦʢʘʭ ï 45 ɹʢ/ʢʛ [165]. 

ɿʘʛʘʣʦʤ ʥʝ ʽʩʥʫʻ ʞʦʜʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʎʝ ʩʧʨʠʯʠʥʷʻ 

ʩʫʪʪʻʚʽ ʥʝʟʨʫʯʥʦʩʪʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʷ [178]. 

ɿʦʢʨʝʤʘ, ʧʨʠ ʘʜʘʧʪʘʮʽʾ ʙʫʜʴ-ʷʢʠʭ ʤʦʜʝʣʝʡ ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷ ʢʦʞʥʦʛʦ ʨʘʟʫ ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʦʜʠʪʠ ʟʙʽʨ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʤʽʨʘʤʠ. ʇʨʠʢʣʘʜʦʤ ʜʣʷ ʥʘʩʣʽʜʫʚʘʥʥʷ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ, ʜʣʷ ʷʢʦʛʦ ʚʝʣʠʢʠʡ ʤʘʩʠʚ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʟʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʚ ʙʘʟʽ 

ʜʘʥʠʭ MARiS (Marine Information System). ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʄɸɻɸʊɽ 

çBehavior and effects of natural and anthropogenic radionuclides in the marine 

environment and their use as tracers for oceanography studiesè ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʟ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʚʥʦʩʷʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ MARiS. ʋ ʭʦʜʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ 

ʟʽʙʨʘʥʽ ʽ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ, ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ 

ʨʽʟʥʠʭ ʢʨʘʾʥ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ [163, 166-175]. ʎʝʡ ʤʘʩʠʚ ʜʘʥʠʭ (ʜʠʚ. ʜʦʜʘʪʦʢ ɼ), 

ʙʫʚ ʧʝʨʝʜʘʥʠʡ ʚ ʄɸɻɸʊɽ ʜʣʷ ʾʭʥʴʦʛʦ ʚʥʝʩʝʥʥʷ ʚ ʙʘʟʫ ʜʘʥʠʭ MARiS, ʱʦ ʧʦʚʠʥʥʦ 

ʩʧʨʠʷʪʠ ʧʦʜʘʣʴʰʦʤʫ ʚʠʚʯʝʥʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

 

 

4.3 ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ POSEIDON-R ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷ 

 

 

ɼʣʷ ʦʧʠʩʫ ʚʦʜʦʦʙʤʽʥʫ ʤʽʞ ʏʦʨʥʠʤ ʽ ʉʝʨʝʜʟʝʤʥʠʤ ʤʦʨʷʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʦʢ ʧʦʪʦʢʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʤʦʨʷʤʠ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʟʘʛʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ʜʚʦʭ ʤʦʨʽʚ (ʨʠʩ. 4.1). ɺʦʥʘ ʚʢʣʶʯʘʻ 61 ʢʘʤʝʨʫ ʚ 

ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ, 45 ʢʘʤʝʨ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ, ʄʘʨʤʫʨʦʚʝ ʤʦʨʝ, ɸʟʦʚʩʴʢʝ ʤʦʨʝ, 

ɼʥʽʧʨʦ-ɹʫʟʴʢʠʡ ʣʠʤʘʥ ʪʘ 4 ʜʦʜʘʪʢʦʚʽ ʢʘʤʝʨʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʠʪʽʢ ʚʦʜʠ ʟ ʦʩʥʦʚʥʠʭ 
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ʨʽʯʦʢ ʙʘʩʝʡʥʫ: ɼʥʽʧʨʘ, ɼʫʥʘʶ, ʈʦʥʠ ʽ ʇʦ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ. 

ʆʩʢʽʣʴʢʠ ʚ ʙʘʩʝʡʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʟʥʘʭʦʜʷʪʴʩʷ 37 ʜʽʶʯʠʭ ʘʪʦʤʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʪʦ 

ʚʨʘʭʫʚʘʥʥʷ ʨʽʯʦʢ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʦʧʠʩʫ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʷ ʯʝʨʝʟ ʚʦʜʥʽ ʰʣʷʭʠ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʚôʷʟʦʢ ʟ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ ʯʝʨʝʟ 

ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ. ɺ ʤʝʞʘʭ ʢʘʤʝʨʠ ˉ100 ʙʫʣʘ ʩʪʚʦʨʝʥʘ ñʧʨʠʙʝʨʝʞʥʘò ʢʘʤʝʨʘ ʜʣʷ 

ʦʧʠʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʴʢʽʡ ʙʫʭʪʽ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʠʧʘʜʽʥʥʷʤ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʚʠʤʽʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʠʙʽ ʚ ʮʽʡ ʙʫʭʪʽ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʱʝ ʨʘʟ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ 

ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʥʦʾ 

ʤʦʜʝʣʽ POSEIDON-R. 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʏʦʨʥʦʛʦ ʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʽʚ. ʊʝʤʥʠʤ ʢʦʣʴʦʨʦʤ 

ʧʦʟʥʘʯʝʥʽ ʛʣʠʙʦʢʦʚʦʜʥʽ ʢʘʤʝʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʦʚʱʫ ʚʦʜʠ 4 ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʰʘʨʘʤʠ. 

ʂʘʤʝʨʠ ʟ ʪʨʴʦʤʘ ʽ ʜʚʦʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʰʘʨʘʤʠ ʧʦʟʥʘʯʝʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʽ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ. ʄʽʣʢʦʚʦʜʥʽ ʢʘʤʝʨʠ, ʷʢʽ ʥʝ ʨʦʟʜʽʣʷʶʪʴʩʷ ʧʦ 

ʚʝʨʪʠʢʘʣʽ, ʧʦʟʥʘʯʝʥʽ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ 

 

ʆʙôʻʤ ʽ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʛʣʠʙʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ɭʚʨʦʧʝʡʩʴʢʦʾ 
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ʤʦʜʝʣʽ ʦʢʝʘʥʫ NEMO, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ [176]. ɻʣʠʙʦʢʽ ʦʙʣʘʩʪʽ 

ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ ʜʣʷ ʢʨʘʱʦʛʦ ʦʧʠʩʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʘʢʪʠʚʥʦʩʪʽ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ (ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʛʣʠʙʠʥʠ 

25 ʤ), ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ (25-100 ʤ), ʩʝʨʝʜʥʴʦʤʫ ʰʘʨʽ (100-600 ʤ) ʽ ʥʠʞʥʴʦʤʫ ʰʘʨʽ 

(ʧʦʥʘʜ 600 ʤ). ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʙʫʣʦ ʚʚʝʜʝʥʦ ʜʣʷ ʦʧʠʩʫ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʝʨʰʽ ʤʽʩʷʮʽ ʧʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʝ. ʂʽʣʴʢʽʩʪʴ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʫ ʪʦʚʱʽ ʚʦʜʠ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʛʣʠʙʠʥʠ. ʇʦʪʦʢʠ 

ʚʦʜʠ ʤʽʞ ʢʘʤʝʨʘʤʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ 10 ʨʦʢʽʚ (2006-2015) 

ʪʨʠʚʠʤʽʨʥʠʭ ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʦʶ ʤʦʜʝʣʣʶ NEMO ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ 

ʨʝʘʥʘʣʽʟʫ [176]. ɺʨʘʭʦʚʫʚʘʣʠʩʷ ʪʘʢʦʞ ʧʦʪʦʢʠ ʚʦʜʠ ʟ ʨʽʯʦʢ ɼʫʥʘʶ (202 ʢʤ3/ʨʽʢ) ʽ 

ɼʥʽʧʨʘ (53 ʢʤ3/ʨʽʢ) ʪʘ ʦʙʤʽʥ ʚʦʜʦʶ ʟ ɸʟʦʚʩʴʢʠʤ ʽ ʄʘʨʤʫʨʦʚʠʤ ʤʦʨʷʤʠ. 

ɼʣʷ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʚʦʜʦʦʙʤʽʥʫ ʤʽʞ ʏʦʨʥʠʤ ʽ ʉʝʨʝʜʟʝʤʥʠʤ 

ʤʦʨʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʚʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʽʚ ʚʦʜʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, 

ʱʦ ʨʦʟʧʨʽʩʥʝʥʘ ñʣʝʛʢʘò ʯʦʨʥʦʤʦʨʩʴʢʘ ʚʦʜʘ ʚʠʪʽʢʘʻ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚ 

ʄʘʨʤʫʨʦʚʝ ʤʦʨʝ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɹʦʩʬʦʨ, ʘ ʧʦʪʽʤ ʽ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ï ʯʝʨʝʟ ʧʨʦʪʦʢʫ 

ɼʘʨʜʘʥʝʣʣʠ. ʊʦʜʽ ʷʢ ʩʦʣʦʥʘ ʽ ñʚʘʞʢʘò ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʘ ʚʦʜʘ ʚʪʽʢʘʻ ʚ ʏʦʨʥʝ ʤʦʨʝ 

ʯʝʨʝʟ ʧʨʠʜʦʥʥʠʡ ʰʘʨ. ʉʘʤʝ ʮʷ ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʘ ʚʦʜʘ ʟʘʧʦʚʥʶʻ ʩʦʙʦʶ ʛʣʠʙʠʥʥʽ 

ʦʙʣʘʩʪʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʽ ʬʦʨʤʫʻ ʜʫʞʝ ʩʪʽʡʢʫ ʩʪʨʘʪʠʬʽʢʘʮʽʶ, ʷʢʘ ʧʝʨʝʰʢʦʜʞʘʻ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʚʦʜʠ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʯʽʾ ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʽ ʧʨʠʜʦʥʥʦʤʫ ʰʘʨʘʭ ʧʨʦʪʦʢ ɹʦʩʬʦʨ ʽ ɼʘʨʜʘʥʝʣʣʠ ʥʘʧʨʘʚʣʝʥʽ 

ʥʘʟʫʩʪʨʽʯ ʦʜʥʘ ʦʜʥʽʡ. ʆʩʢʽʣʴʢʠ ʮʽ ʧʨʦʪʦʢʠ ʻ ʜʦʩʠʪʴ ʤʽʣʢʠʤʠ ʽ ʜʦʚʛʠʤʠ, ʜʝʷʢʘ 

ʯʘʩʪʠʥʘ ʚʦʜʠ ʟ ʥʠʞʥʴʦʛʦ ʰʘʨʫ ʚʪʷʛʫʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʽ ʪʝʯʝ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʽʚ ʚʦʜʠ ʥʘ ʨʽʟʥʠʭ ʢʽʥʮʷʭ ʧʨʦʪʦʢ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ (ʪʘʙʣ. 4.1). ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʜʘʥʠʭ ʧʦʪʦʢʽʚ. ɿʘʟʚʠʯʘʡ 

ʧʦʪʦʢʠ ʚʦʜʠ, ʦʮʽʥʝʥʽ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʽ ʩʦʣʦʥʦʩʪʽ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʥʫʜʩʝʥʘ), ʤʘʶʪʴ 

ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʯʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʦʪʦʢʠ, ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ [177]. ʋ ʨʦʟʜʽʣʽ 

5.1.4 ʦʮʽʥʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʦʪʦʢʽʚ ʚʦʜʠ ʯʝʨʝʟ ʧʨʦʪʦʢʠ ʜʣʷ ʦʮʽʥʢʠ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʟʤʽʥ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

ʇʦʪʦʢʠ ʚʦʜʠ ʟ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ ʚ ʏʦʨʥʝ ʽ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚ ʤʦʜʝʣʽ ʩʢʣʘʜʘʣʠ 
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47,5 ʢʤ3/ʨʽʢ ʽ 33,1 ʢʤ3/ʨʽʢ, ʚʽʜʧʦʚʽʜʥʦ. ɺʦʜʦʦʙʤʽʥ ʤʽʞ ʉʝʚʘʩʪʦʧʦʣʴʩʴʢʦʶ ʙʫʭʪʦʶ ʽ 

ʢʘʤʝʨʦʶ ˉ100 ʟʘʜʘʚʘʚʩʷ ʥʘ ʨʽʚʥʽ 38 ʢʤ3/ʨʽʢ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʧʨʦ ʩʝʨʝʜʥʽ 

ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʡ ʥʘ ʚʠʭʦʜʽ ʟ ʙʫʭʪʠ. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʇʦʪʦʢʠ ʚʦʜʠ (ʢʤ3/ʨ) ʫ ʚʝʨʭʥʴʦʤʫ ʽ ʥʠʞʥʴʦʤʫ ʰʘʨʘʭ ʥʘ ʨʽʟʥʠʭ 

ʢʽʥʮʷʭ ʧʨʦʪʦʢ ɹʦʩʬʦʨ ʽ ɼʘʨʜʘʥʝʣʣʠ (ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʥʘʧʨʷʤ ʪʝʯʽʡ ʟ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʉʝʨʝʜʟʝʤʥʝ) 

ɼʞʝʨʝʣʦ ʜʘʥʠʭ ʇʽʚʥʽʯʥʠʡ ʢʽʥʝʮʴ ʇʽʚʜʝʥʥʠʡ ʢʽʥʝʮʴ 

ɺʝʨʭʥʽʡ 

ʰʘʨ 

ʅʠʞʥʽʡ 

ʰʘʨ 

ɺʝʨʭʥʽʡ 

ʰʘʨ 

ʅʠʞʥʽʡ 

ʰʘʨ 

ʇʨʦʪʦʢʘ ɹʦʩʬʦʨ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʥʫʜʩʝʥʘ [202]  603 -303 653 -353 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʥʫʜʩʝʥʘ [296] 658 -337 639 -318 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ [177] 429 -176 477 -224 

ʇʨʦʪʦʢʘ ɼʘʨʜʘʥʝʣʣʠ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʥʫʜʩʝʥʘ [202] 847 -547 1218 -918 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʥʫʜʩʝʥʘ [296] 919 -598 1331 -1010 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ [177] 738 -490 1233 -983 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʻ ʡʦʛʦ ʨʦʟʧʨʽʩʥʝʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʢʝʘʥʦʤ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʷʢʫ ʧʨʠʥʦʩʷʪʴ ʨʽʯʢʠ ʚ ʤʦʨʝ, ʙʽʣʴʰʘ, ʥʽʞ 

ʢʽʣʴʢʽʩʪʴ ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʥʴʦʛʦ ʯʝʨʝʟ ɹʦʩʬʦʨ. ɼʘʥʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʟʘʩʚʦʻʥʥʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʮʝʟʽʶ 137Cs ʽ ʩʪʨʦʥʮʽʶ 90Sr 

ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʯʝʨʝʟ ʤʝʥʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ ʽ 

ʢʘʣʴʮʽʶ ʫ ʚʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʦʟʜʽʣ 3.3). ɺ ʤʦʜʝʣʽ ʩʦʣʦʥʽʩʪʴ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʚʦʜʠ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʩʪʘʥʦʚʠʣʘ 18, ʪʦʜʽ ʷʢ ʥʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʰʝʣʴʬʽ 

(ʢʘʤʝʨʠ 106-108) ʽ ʚ ɸʟʦʚʩʴʢʦʤʫ ʤʦʨʽ (ʢʘʤʝʨʘ 111) ʚʦʥʘ ʜʦʨʽʚʥʶʚʘʣʘ 16 ʽ 12, 

ʚʽʜʧʦʚʽʜʥʦ. ʉʦʣʦʥʽʩʪʴ ʫ ʢʘʤʝʨʘʭ 105 (ʥʘʚʢʦʣʦ ʛʠʨʣʘ ɼʫʥʘʶ) ʽ 109 (ʛʠʨʣʦ ɼʥʽʧʨʘ) 

ʩʢʣʘʜʘʣʘ 14, ʘ ʚ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ (ʢʘʤʝʨʘ 110) ï 3. 
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4.4 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 137Cs ʫ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 137Cs ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʧʝʨʽʦʜʫ 1945-2020 ʨʦʢʽʚ [178]. ʉʝʨʝʜ ʜʞʝʨʝʣ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʷ ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ, ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ 1986 ʨʦʢʫ ʪʘ 

ʩʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʨʽʯʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʘʩʝʡʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ɺʝʣʠʯʠʥʫ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʥʘ ʢʘʤʝʨʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘ 

ʦʩʥʦʚʽ ʱʦʨʽʯʥʠʭ ʜʘʥʠʭ ʛʫʩʪʠʥʠ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʧʣʘʥʝʪʠ [11] ʤʽʞ 40 ʽ 50 

ʛʨʘʜʫʩʘʤʠ ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ ʜʣʷ ʧʝʨʽʦʜʫ 1945-2000 ʨʦʢʽʚ (ʨʠʩ. 4.2). ɼʣʷ ʦʮʽʥʢʠ 

ʛʫʩʪʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʜʣʷ ʧʝʨʽʦʜʫ 2001-2020 ʨʦʢʽʚ ʫʩʝʨʝʜʥʝʥʽ 

ʟʥʘʯʝʥʥʷ ʟʘ ʧʦʧʝʨʝʜʥʽ 5 ʨʦʢʽʚ ʝʢʩʪʨʘʧʦʣʶʚʘʣʠʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʨʦʟʧʘʜʫ. 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ɻʫʩʪʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʤʽʞ 40 ʽ 50 ʛʨʘʜʫʩʘʤʠ ʧʽʚʥʽʯʥʦʾ 

ʰʠʨʦʪʠ 
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ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʪʦ, ʟʛʽʜʥʦ ʟ [179], ʟʘʙʨʫʜʥʝʥʥʷ 

ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʪʨʘʚʥʽ 1986 ʨʦʢʫ ʙʫʣʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚʟʜʦʚʞ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʭʤʘʨʠ, ʷʢʘ 

ʧʝʨʝʤʽʱʫʚʘʣʘʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʚʽʜ ʧʦʰʢʦʜʞʝʥʦʛʦ 4-ʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʏɸɽʉ. ɼʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ 

ʏɸɽʉ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʛʫʩʪʠʥʘ ʚʠʧʘʜʽʥʥʷ ʙʫʣʘ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ ʚʠʤʽʨʷʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ (ʨʠʩ. 4.3). ɼʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʙʫʣʠ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʤʦʨʷ, ʷʢʘ, ʟʛʽʜʥʦ ʟ 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ [159], ʩʪʘʥʦʚʠʣʘ 2400 ʊɹʢ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚ ʪʨʘʚʥʽ 1986 ʨʦʢʫ, ʘ ʪʘʢʦʞ ʩʫʤʘʨʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʽʥʥʷ ʥʘ 

ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.2. ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʣʦʩʷ ʚʠʧʘʜʽʥʥʷ 

137Cs ʥʘ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʠʩʫ ʧʦʪʦʢʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʽʞ 

ʤʦʨʷʤʠ. ɼʝʪʘʣʴʥʽʰʝ ʮʝ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ, ʜʝ ʦʧʠʩʫʻʪʴʩʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ. ɿʦʢʨʝʤʘ, ʚʠʧʘʜʽʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ɽʛʝʡʩʴʢʦʛʦ ʤʦʨʷ, ʷʢʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʻ ʟ ʏʦʨʥʠʤ ʤʦʨʝʤ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ, ʙʫʣʦ ʦʮʽʥʝʥʝ ʟʛʽʜʥʦ ʟ [180]. 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʈʦʟʧʦʜʽʣ 137ʉs ʥʘ ʧʦʚʝʨʭʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʧʝʨʽʦʜ ʟ 12 ʯʝʨʚʥʷ ʧʦ 6 

ʣʠʧʥʷ 1986 ʨ. [179] 
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ʊʘʙʣʠʮʷ 4.2 ï ɻʫʩʪʠʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʫ ʪʨʘʚʥʽ 1986 ʨʦʢʫ ʪʘ 

ʩʫʤʘʨʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʽʥʥʷ ʥʘ ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ (ʨʝʢʦʥʩʪʨʫʢʮʽʷ) 

ʆʙʣʘʩʪʴ ɻʫʩʪʠʥʘ 

ʚʠʧʘʜʽʥʥʷ, ɹʢ/ʤ2 

ʉʫʤʘʨʥʝ 

ʚʠʧʘʜʽʥʥʷ, Tɹʢ 

ʂʘʤʝʨʠ 

ɽʛʝʡʩʴʢʝ ʤʦʨʝ 5000 400 51 

ʄʘʨʤʫʨʦʚʝ ʤʦʨʝ 2000 30 64 

ɸʟʦʚʩʴʢʝ ʤʦʨʝ 1000 40 111 

ʇʽʚʜʝʥʥʘ ʽ ʩʭʽʜʥʘ ʯʘʩʪʠʥʠ 

ʏʦʨʥʦʛʦ ʤʦʨʷ 

2500 570 65, 66, 68-86 

ɿʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʽ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʡ 

ʰʝʣʴʬ 

5000 470 67, 93-97, 

105-110 

ʉʝʚʘʩʪʦʧʦʣʴʩʴʢʠʡ 

ʤʘʢʩʠʤʫʤ 

25000 150 100 

ʆʙʣʘʩʪʽ ʥʘʚʢʦʣʦ 

ʩʝʚʘʩʪʦʧʦʣʴʩʴʢʦʛʦ 

ʤʘʢʩʠʤʫʤʫ 

20000 300 90-91 

ʆʙʣʘʩʪʽ ʚʟʜʦʚʞ ʧʽʚʜʝʥʥʦʛʦ 

ʫʟʙʝʨʝʞʞʷ ʂʨʠʤʩʴʢʦʛʦ 

ʧʽʚʦʩʪʨʦʚʘ 

15000 220 101-102 

ʈʝhʪʫ ʯʘʩʪʠʥ ʏʦʨʥʦʛʦ 

ʤʦʨʷ 

10000 690 87-89, 92, 98-

99, 103-104 

 

ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʪʽʢ 137Cs ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ 

ʚ 1945-1985 ʨʦʢʘʭ ʦʮʽʥʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ 

[181], ʷʢʘ ʜʘʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʽʯʢʦʚʽʡ ʚʦʜʽ ʥʘ ʦʩʥʦʚʽ ʛʫʩʪʠʥʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʾʾ ʙʘʩʝʡʥ. ʆʪʨʠʤʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʥʦʞʠʣʘʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʽʜʧʦʚʽʜʥʦʾ ʱʦʨʽʯʥʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ʢʦʞʥʦʶ ʨʽʯʢʦʶ. ɼʣʷ ʧʝʨʽʦʜʫ 1986-1997 ʨʦʢʽʚ 

ʙʨʘʣʠʩʷ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʨʽʯʢʘʭ ɼʥʽʧʨʽ ʽ ɼʫʥʘʾ [160] ʪʘ ʚʠʪʨʘʪʠ 
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ʚʦʜʠ ʩʘʤʠʭ ʨʽʯʦʢ (ʪʦʯʢʠ ʥʘ ʨʠʩ. 4.4). ɼʣʷ ʧʝʨʽʦʜʫ 1998-2009 ʨʦʢʽʚ ʟʥʦʚʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ ʥʘ ʨʠʩ. 4.4), ʘ ʜʣʷ ʧʝʨʽʦʜʫ 

2010-2020 ʨʦʢʽʚ ʜʘʥʽ ʧʨʠʪʦʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʏʦʨʥʝ ʤʦʨʝ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ 

ʝʢʩʪʨʘʧʦʣʶʚʘʣʠʩʷ (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ ʥʘ ʨʠʩ. 4.4). 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʑʦʨʽʯʥʠʡ ʩʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 137Cs ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ ʚ 

ʏʦʨʥʝ ʤʦʨʝ 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 4.5. ʋʩʽ ʚʠʤʽʨʠ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʦʜʘʪʢʫ ɼ (ʪʘʙʣ. ɼ.1-ɼ.4), ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʢʘʤʝʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʚʦʛʦ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ɺʠʤʽʨʠ ʜʦ 1980 ʨʦʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʨʘʬʽʢʫ ʜʣʷ 

ʢʘʤʝʨʠ 69, ʙʫʣʠ ʦʮʠʬʨʦʚʘʥʽ ʟʽ ʟʚʽʪʫ [182]. ʎʽ ʚʠʤʽʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʝʨʝʜʥʝʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʞʥʦʾ 

ʢʘʤʝʨʠ, ʦʩʢʽʣʴʢʠ ʜʦ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʩʧʨʠʯʠʥʝʥʝ 

ʛʣʦʙʘʣʴʥʠʤ ʚʠʧʘʜʽʥʥʷʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʙʫʣʦ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʠʤ. 

ɿ ʨʠʩ. 4.5 ʚʠʜʥʦ, ʱʦ ʤʦʜʝʣʴ ʚʽʜʪʚʦʨʶʻ ʤʘʢʩʠʤʫʤʠ, ʧʦʚôʷʟʘʥʽ ʷʢ ʟ ʛʣʦʙʘʣʴʥʠʤ 

ʚʠʧʘʜʽʥʥʷʤ (ʤʘʢʩʠʤʫʤ ʧʨʠʧʘʜʘʻ ʥʘ 1963 ʨʽʢ), ʪʘʢ ʽ ʟ ʚʠʧʘʜʽʥʥʷʤ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ 
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(1986 ʨʽʢ), ʪʘ ʾʭʥʻ ʨʦʟʯʠʥʝʥʥʷ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ, ʟʦʢʨʝʤʘ, 

ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ 2000-ʭ ʨʦʢʽʚ (ʢʘʤʝʨʠ 69, 91, 

109). 

 

 

ʂʘʤʝʨʘ 67 

 

ʂʘʤʝʨʘ 69 

 

ʂʘʤʝʨʘ 91 

 

ʂʘʤʝʨʘ 95 

 

ʂʘʤʝʨʘ 100 

 

ʂʘʤʝʨʘ 109 

ʈʠʩʫʥʦʢ 4.5 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʘʭ) ʟ ʚʠʤʽʨʘʤʠ 

(ʪʦʯʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ 
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ʅʘ ʨʠʩ 4.6 ʟʦʙʨʘʞʝʥʽ ʧʨʦʬʽʣʽ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʚ ʢʘʤʝʨʽ 69. ʋʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʽʟʥʠʭ ʰʘʨʘʭ ʚʦʜʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ ʧʨʦʮʝʩʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʅʘ ʧʨʠʢʣʘʜʽ ʢʘʤʝʨʠ 66 ʧʦʢʘʟʘʥʦ ʷʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʝʚʦʣʶʮʽʶ ʚ ʯʘʩʽ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʷ ʥʘ 

ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ. ɿʦʢʨʝʤʘ, ʚʠʜʥʦ, ʱʦ ʚ ʛʣʠʙʠʥʥʦʤʫ ʰʘʨʽ ʚʦʜʠ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ. ʆʮʽʥʢʠ 

ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʛʣʠʙʠʥʽ ʪʘ ʘʥʘʣʽʟ ʡʦʛʦ ʟʤʽʥʠ ʚ ʯʘʩʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ 4.6.  

 

 

 

ʂʘʤʝʨʘ 66 

 

ʂʘʤʝʨʘ 69 

ʈʠʩʫʥʦʢ 4.6 ï ʈʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʯʦʪʠʨʴʦʭ ʰʘʨʘʭ ʚʦʜʠ (ʢʘʤʝʨʘ 

66) ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʤʽʨʘʤʠ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʽʣʽ (ʢʘʤʝʨʘ 69) ʚ ʨʽʟʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ. ʉʚʽʪʣʽ ʪʦʯʢʠ ʧʦʟʥʘʯʘʶʪʴ ʚʠʤʽʨʠ ʟ ʙʘʟʠ ʜʘʥʠʭ [183], ʪʝʤʥʽ ï ʟʽ ʩʪʘʪʪʽ 

[184] 

 

ɿʘʛʘʣʦʤ ʢʦʨʝʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʚʦʜʠ ʫ ʚʩʽʭ ʢʘʤʝʨʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ ʟʘ ʚʝʩʴ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.7. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʩʪʘʥʦʚʠʪʴ 0,91. ʉʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʥʦʰʝʥʥʷ 



149 
 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʜʦ ʚʠʤʽʨʷʥʠʭ ʩʢʣʘʜʘʻ GM = 1,07, ʘ 

ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ GSD = 1,34. ɼʝʷʢʝ ʥʝʩʧʽʚʧʘʜʽʥʥʷ ʤʦʞʝ 

ʧʦʷʩʥʶʚʘʪʠʩʴ ʥʝʪʦʯʥʽʩʪʶ ʟʘʜʘʥʥʷ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʽʩʥʫʻ 

ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʟʧʦʜʽʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʏʦʨʥʝ ʤʦʨʝ ʧʽʩʣʷ 

ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʘ ʚ ʨʦʙʦʪʽ ʚʽʥ ʟʘʜʘʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʢʦʚʠʭ ʜʘʥʠʭ ʧʨʦ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʦʨʷ [178]. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʤʦʜʝʣʴ ʨʦʟʨʘʭʦʚʫʻ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʢʦʞʥʽʡ ʢʘʤʝʨʽ, ʪʦʜʽ ʷʢ 

ʚʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʪʦʯʢʘʭ, ʘ ʧʦʪʽʤ ʧʨʦʚʦʜʠʣʦʩʷ ʘʨʠʬʤʝʪʠʯʥʝ 

ʫʩʝʨʝʜʥʝʥʥʷ ʟʥʘʯʝʥʴ ʚ ʦʙʣʘʩʪʷʭ ʤʦʨʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʤʝʨʘʤ ʤʦʜʝʣʽ, ʱʦ ʤʦʛʣʦ 

ʧʨʠʚʝʩʪʠ ʜʦ ʧʝʚʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ʂʦʨʝʣʷʮʽʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʽ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ (ʫ ʚʩʽʭ ʢʘʤʝʨʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ) ʟʘ ʧʝʨʽʦʜ ʟ 1979 ʧʦ 2011 

ʨʦʢʠ. ʐʪʨʠʭʦʚʠʤʠ ʣʽʥʽʷʤʠ ʧʦʟʥʘʯʝʥʝ ʚʽʜʭʠʣʝʥʥʷ ʫ 2 ʨʘʟʠ 

 

ʊʘʢʦʞ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ (ʨʠʩ. 4.8), ʭʦʯʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ, ʥʽʞ ʫ ʚʦʜʽ. ɿʦʢʨʝʤʘ, GM = 0,99, ʘ GSD = 1,49. 
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ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʏʦʨʥʦʛʦ ʤʦʨʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤ 137Cs. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ, ʱʦ 

ʯʦʨʥʦʙʠʣʴʩʴʢʘ ʘʚʘʨʽʷ ʧʨʠʟʚʝʣʘ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʜʦʥʥʠʭ 

ʚ̔ ʜʢʣʘʜʝʥʥʷʭ ʙʽʣʷ ʫʟʙʝʨʝʞʞʷ ɹʦʣʛʘʨʽʾ ʧʨʠʙʣʠʟʥʦ ʫ 2-2,5 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʦʘʚʘʨʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

 

 

ʂʘʤʝʨʘ 74 

 

ʂʘʤʝʨʘ 94 

ʈʠʩʫʥʦʢ 4.8 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʘʭ) ʟ 

ʚʠʤʽʨʘʤʠ (ʪʦʯʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʏʦʨʥʦʛʦ 

ʤʦʨʷ 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙ ʧʦʢʘʟʘʥʝ 

ʥʘ ʨʠʩ. 4.9. ɺʠʜʥʦ, ʱʦ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʥʝʭʠʞʽʡ ʨʠʙʽ ʚ ʢʘʤʝʨʽ 95 ʽ 

ʥʘ ʰʝʣʴʬʦʚʽʡ ʦʙʣʘʩʪʽ ʜʫʞʝ ʩʭʦʞʘ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʜʠʥʘʤʽʢʦʶ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʚʦʜʠ (ʨʠʩ. 4.5). ɿʦʢʨʝʤʘ, ʚ ʥʠʭ ʽʜʝʥʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ 

(ʰʚʠʜʢʽʩʪʴ ʦʯʠʱʝʥʥʷ) ï 0,07 ʨ-1. ɼʝʱʦ ʽʥʰʘ ʩʠʪʫʘʮʽʷ ʟ ʧʨʠʙʝʨʝʞʥʠʤʠ ʭʠʞʘʢʘʤʠ 

(ʉʝʚʘʩʪʦʧʦʣʴʩʴʢʘ ʙʫʭʪʘ), ʜʦ ʨʘʮʽʦʥʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʷʢ ʧʝʣʘʛʽʯʥʽ, ʪʘʢ ʽ ʧʨʠʜʦʥʥʽ 

ʦʨʛʘʥʽʟʤʠ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ 

(0,05 ʨ-1), ʦʩʢʽʣʴʢʠ ʧʨʠʜʦʥʥʽ ʦʨʛʘʥʽʟʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʘʢʪʠʚʥʽʩʪʶ ʟ ʜʦʥʥʠʤʠ 

ʚʽʜʢʣʘʜʝʥʥʷʤʠ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʯʠʱʫʶʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʚʦʜʘ (ʨʠʩ. 4.8). 
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ʂʘʤʝʨʘ 95 

 

ʐʝʣʴʬʦʚʘ ʦʙʣʘʩʪʴ 

 

ʐʝʣʴʬʦʚʘ ʦʙʣʘʩʪʴ 

 

ʉʝʚʘʩʪʦʧʦʣʴʩʴʢʘ ʙʫʭʪʘ 

ʈʠʩʫʥʦʢ 4.9 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʘʭ) ʟ ʚʠʤʽʨʘʤʠ 

(ʪʦʯʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʠʭ ʚʠʜʘʭ ʨʠʙʠ ʚ ʢʘʤʝʨʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ 

 

ɺʧʣʠʚ ʟʥʠʞʝʥʦʾ ʩʦʣʦʥʦʩʪʽ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ ʥʘ ʟʘʩʚʦʻʥʥʷ 137Cs ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʻ ʥʝʚʝʣʠʢʠʤ, ʦʩʢʽʣʴʢʠ ʩʦʣʦʥʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʥʘ ʙʽʣʴʰʽʡ 

ʯʘʩʪʠʥʽ ʤʦʨʷ. ɺʠʥʷʪʢʦʤ ʻ ʣʠʤʘʥʠ ʽ ʛʠʨʣʘ ʨʽʯʦʢ, ʟʦʢʨʝʤʘ, ɼʥʽʧʨʦ-ɹʫʟʴʢʠʡ ʣʠʤʘʥ. 

ʅʠʟʴʢʘ ʩʦʣʦʥʽʩʪʴ ʫ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ (ʢʘʤʝʨʘ 110 ʥʘ ʨʠʩ. 4.1) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʮʽʥʠʪʠ ʥʘʩʢʽʣʴʢʠ ʜʘʥʠʡ ʬʘʢʪʦʨ ʚʧʣʠʚʘʻ ʥʘ ʟʘʩʚʦʻʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 137Cs ʨʽʟʥʠʤʠ 

ʚʠʜʘʤʠ ʨʠʙ. ʅʘ ʨʠʩ. 4.10 ʟʦʙʨʘʞʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʥʝʭʠʞʽʡ 

(ʧʣʦʪʚʘ, ʪʘʨʘʥʴ) ʽ ʭʠʞʽʡ (ʩʫʜʘʢ, ʦʢʫʥʴ, ʞʝʨʝʭ) ʚʠʜʘʭ ʨʠʙʠ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʩʦʣʦʥʦʩʪʽ: 18 ï ʭʘʨʘʢʪʝʨʥʘ ʩʦʣʦʥʽʩʪʴ ʜʣʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ; 3 ï 

ʩʝʨʝʜʥʷ ʩʦʣʦʥʽʩʪʴ ʫ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ. ɺʠʜʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ 
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ʟʘʩʚʦʻʥʥʷ 137Cs ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜ ʩʦʣʦʥʦʩʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ 

ʽʦʥʽʚ ʢʘʣʽʶ K+) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʝ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʤʽʨʘʤʠ ʷʢ ʜʣʷ ʥʝʭʠʞʠʭ (ʨʠʩ. 4.10 ʙ), ʪʘʢ ʽ ʜʣʷ ʭʠʞʠʭ (ʨʠʩ. 4.10 ʚ) ʚʠʜʽʚ ʨʠʙ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʤʫ ʦʧʠʩʽ ʟʤʽʥ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʦʜʽ (ʨʠʩ. 4.10 ʘ) ɼʥʽʧʨʦ-ɹʫʟʴʢʦʛʦ ʣʠʤʘʥʫ. 

 

 

ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 4.10 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʩʦʣʦʥʦʩʪʽ (S = 3 ʽ S = 18) ʪʘ ʚʠʤʽʨʘʤʠ ([185] ʜʣʷ ʚʦʜʠ ʽ [186] ʜʣʷ ʨʠʙʠ) ʫ 

ʚʦʜʽ (ʘ), ʥʝʭʠʞʽʡ ʨʠʙʽ (ʙ) ʽ ʭʠʞʽʡ ʨʠʙʽ (ʚ) ʚ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ 

 

ʆʩʢʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʽ ʥʝʭʠʞʽʡ ʨʠʙʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʦʜʥʘʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʟʘ ʚʠʥʷʪʢʦʤ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 
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ʏɸɽʉ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ, ʱʦ ʥʝʭʠʞʘ ʨʠʙʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʚʦʜʦʶ. ʊʦʤʫ ʚ 

ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 137Cs ʫ ʥʝʭʠʞʽʡ ʨʠʙʽ (ʚʽʜʥʦʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʠʙʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʚʦʜʽ ʚ ʨʽʚʥʦʚʘʞʥʠʭ 

ʫʤʦʚʘʭ) ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ, ʷʢʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 81 ʣ/ʢʛ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʭʠʞʽʡ ʨʠʙʽ (ʰʝʣʴʬʦʚʘ ʦʙʣʘʩʪʴ) ʟʤʽʥʶʻʪʴʩʷ ʙʽʣʴʰ ʧʣʘʚʥʦ, ʥʽʞ ʫ 

ʥʝʭʠʞʽʡ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ, ʟ ʙʽʣʴʰʠʤ ʯʘʩʦʤ 

ʦʥʦʚʣʝʥʥʷ ʢʣʽʪʠʥ (ʧʦʚʽʣʴʥʽʰʠʤ ʤʝʪʘʙʦʣʽʟʤʦʤ), ʷʢʠʡ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ ʟ 

ʙʽʣʴʰʠʤʠ ʨʦʟʤʽʨʘʤʠ. ɺʩʝ ʦʜʥʦ, ʰʚʠʜʢʽʩʪʴ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʭʠʞʽʡ ʨʠʙʽ ʙʣʠʟʴʢʘ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʫ ʚʦʜʽ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʩʝʨʝʜʠʥʠ 1990-ʭ ʨʦʢʽʚ. ʈʦʟʨʘʭʦʚʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 137Cs ʫ ʭʠʞʽʡ ʨʠʙʽ 

ʩʪʘʥʦʚʠʪʴ 95 ʣ/ʢʛ. 

ɿʘʛʘʣʦʤ ʤʦʜʝʣʴ ʚʽʜʪʚʦʨʶʻ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʠʭ ʚʠʜʘʭ 

ʨʠʙʠ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: GM = 1,06 ʽ GSD = 1,47 

ʜʣʷ ʥʝʭʠʞʦʾ ʨʠʙʠ; GM = 1,12 ʽ GSD = 1,92 ʜʣʷ ʭʠʞʦʾ ʨʠʙʠ; GM = 1,27 ʽ GSD = 1,73 

ʜʣʷ ʧʨʠʙʝʨʝʞʥʠʭ ʭʠʞʘʢʽʚ. 

 

 

4.5 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 90Sr ʫ ʤʦʨʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 90Sr ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʧʝʨʽʦʜʫ 1945-2020 ʨʦʢʽʚ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʪʽ ʞ ʩʘʤʽ ʜʞʝʨʝʣʘ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ: ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ 

ʟʙʨʦʾ, ʘʚʘʨʽʷ ʥʘ ʏɸɽʉ 1986 ʨʦʢʫ ʪʘ ʩʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ 

ɼʫʥʘʶ. ɿʛʽʜʥʦ ʟ [11], ʛʫʩʪʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs (ʨʠʩ. 4.2) ʜʦ 90Sr 

ʚʽʜʥʦʩʠʪʴʩʷ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 1,5. ɼʣʷ ʦʮʽʥʢʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 

ʏɸɽʉ ʙʫʣʦ ʟʥʘʡʜʝʥʝ ʩʝʨʝʜʥʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʽ 137Cs 

(ʪʘʙʣ. ɼ.1) ʫ ʚʦʜʽ, ʷʢʝ ʩʪʘʥʦʚʠʣʦ 0,44 ʚ 1988 ʨʦʮʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʛʫʩʪʠʥʘ ʚʠʧʘʜʽʥʥʷ 90Sr 

ʟʥʘʭʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʛʫʩʪʠʥʠ ʚʠʧʘʜʽʥʥʷ 137Cs, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚ ʪʘʙʣ. 4.2, 
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ʥʘ ʦʪʨʠʤʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʩʧʨʘʚʝʜʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʦʙʠʜʚʘ 

ʨʘʜʽʦʥʫʢʣʽʜʠ ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ ʽ ʤʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʧʝʨʽʦʜʠ ʥʘʧʽʚʨʦʟʧʘʜʫ. 

ʆʪʨʠʤʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʛʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ 90Sr ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʚ ʪʨʘʚʥʽ 1986 ʨʦʢʫ ʟʥʘʭʦʜʠʣʦʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 750-1050 ʊɹʢ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʢ 300 ʊɹʢ [187]. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʛʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ 

90Sr ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʟʘʜʘʚʘʣʦʩʷ ʥʘ ʨʽʚʥʽ 900 ʊɹʢ. 

ʗʢ ʽ ʜʣʷ 137Cs, ʢʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʫ ʨʽʯʢʘʭ ɼʥʽʧʨʽ ʽ ɼʫʥʘʾ ʚ 1945-1985 ʨʦʢʘʭ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ [181]; ʜʣʷ 

ʧʝʨʽʦʜʫ 1986-1997 ʨʦʢʽʚ ʙʨʘʣʠʩʷ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr [160]; ʜʣʷ ʧʝʨʽʦʜʫ 

1998-2009 ʨʦʢʽʚ ʟʥʦʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ. ɺʝʣʠʯʠʥʘ ʩʪʦʢʫ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʦʮʽʥʶʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʽ ʟʘʟʥʘʯʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʜʘʥʠʭ ʧʨʦ ʚʠʪʨʘʪʠ 

ʚʦʜʠ ʚ ʢʦʞʥʽʡ ʨʽʯʮʽ. ɼʣʷ ʧʝʨʽʦʜʫ 2010-2020 ʨʦʢʽʚ ʜʘʥʽ ʧʨʠʪʦʢʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ 

ʏʦʨʥʝ ʤʦʨʝ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ ʝʢʩʪʨʘʧʦʣʶʚʘʣʠʩʷ (ʨʠʩ. 4.11). 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ʑʦʨʽʯʥʠʡ ʩʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 90Sr ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ 

ɼʫʥʘʶ ʚ ʏʦʨʥʝ ʤʦʨʝ. ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ʧʦʟʥʘʯʘʻ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʤʦʜʝʣʽ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ, ʩʠʤʚʦʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʤʽʨʽʚ, ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ʧʦʢʘʟʫʻ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʪʨʘʧʦʣʷʮʽʾ 
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ʇʦʨʽʚʥʶʶʯʠ ʚʝʣʠʯʠʥʫ ʩʪʦʢʫ 90Sr ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ ʚ ʏʦʨʥʝ ʤʦʨʝ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ 137Cs (ʨʠʩ. 4.4), ʚʠʜʥʦ, ʱʦ ʜʦ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʚʦʥʠ ʙʫʣʠ 

ʩʭʦʞʠʤʠ: ʟ ɼʫʥʘʶ ʩʪʽʢʘʣʦ ʙʽʣʴʰʝ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʥʽʞ ʟ ɼʥʽʧʨʘ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʛʦ 

ʨʦʟʭʦʜʫ ʚʦʜʠ. ʇʨʦʪʝ ʧʽʩʣʷ ʘʚʘʨʽʾ ʩʠʪʫʘʮʽʷ ʟʤʽʥʠʣʘʩʷ. ʏʝʨʝʟ ʧʦʛʘʥʫ ʟʜʘʪʥʽʩʪʴ 90Sr 

ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʯʘʩʪʠʥʢʘʤʠ ˇʨʫʥʪʫ, ʧʽʩʢʫ ʯʠ ʥʘʤʫʣʫ, ʧʦʨʽʚʥʷʥʦ ʟ 137Cs, ʟʥʘʯʥʘ ʡʦʛʦ 

ʢʽʣʴʢʽʩʪʴ ʟ ʧʦʰʢʦʜʞʝʥʦʛʦ ʨʝʘʢʪʦʨʘ ʜʦʩʷʛʥʫʣʘ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʨʽʯʢʦʚʫ 

ʩʠʩʪʝʤʫ ʇʨʠʧôʷʪʽ ʽ ɼʥʽʧʨʘ, ʚʢʣʶʯʘʶʯʠ ʢʘʩʢʘʜ ʚʦʜʦʩʭʦʚʠʱ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ 

ʟʘʪʨʠʤʫʚʘʣʠ 137Cs. ʎʝ ʧʨʠʚʝʣʦ ʜʦ ʙʽʣʴʰʦʛʦ ʩʪʦʢʫ 90Sr ʟ ɼʥʽʧʨʘ, ʥʽʞ ʟ ɼʫʥʘʶ, ʚ ʢʽʥʮʽ 

80-ʭ ʨʦʢʽʚ, ʽ ʜʦ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʛʦ ʩʪʦʢʫ ʚ 90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ (ʨʠʩ. 4.11). ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʨʽʚʥʘ 

ʚʝʣʠʯʠʥʘ ʩʪʦʢʫ ʟ ʜʚʦʭ ʨʽʯʦʢ ʜʣʷ 1998-2020 ʨʦʢʽʚ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʽʣʴʰʠʡ ʨʦʟʭʽʜ ʚʦʜʠ 

ʚ ɼʫʥʘʾ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 4.12. ʗʢ ʽ ʜʣʷ 137Cs, ʚʩʽ 

ʚʠʤʽʨʠ ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʢʘʤʝʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ɿ 

ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 90Sr ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ, ʥʽʞ 137Cs. ɸʣʝ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ 

ʦʧʠʩʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʜʽʥʥʷ 90Sr ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʪʘ 

ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ. ʂʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʚ ʢʘʤʝʨʽ 110 ʦʧʠʩʫʻ 

ʟʘʙʨʫʜʥʝʥʥʷ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʛʦ ʣʠʤʘʥʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʽʢ ʨʘʜʽʦʥʫʢʣʽʜʘ 

ʚ ʏʦʨʥʝ ʤʦʨʝ ʟ ʚʦʜʦʶ ʨʽʯʢʠ ɼʥʽʧʨʦ. ʉʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʜʦ ʚʠʤʽʨʷʥʠʭ ʩʢʣʘʜʘʻ GM = 1,04, ʘ 

ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ GSD = 1,54. ʗʢ ʽ ʜʣʷ 137Cs, ʪʘʢʝ ʥʝʩʧʽʚʧʘʜʽʥʥʷ 

ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ ʥʝʪʦʯʥʽʩʪʶ ʟʘʜʘʥʥʷ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʧʝʚʥʽ ʧʨʠʧʫʱʝʥʥʷ. 
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ʂʘʤʝʨʘ 67 

 

ʂʘʤʝʨʘ 98 

 

ʂʘʤʝʨʘ 107 

 

ʂʘʤʝʨʘ 110 

ʈʠʩʫʥʦʢ 4.12 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʘʭ) ʟ ʚʠʤʽʨʘʤʠ 

(ʪʦʯʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ 90Sr ʫ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʟʦʙʨʘʞʝʥʝ ʥʘ ʨʠʩ. 4.13. ʆʩʢʽʣʴʢʠ ʚʠʤʽʨʽʚ ʟʦʚʩʽʤ ʤʘʣʦ ʽ ʚʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʜʣʷ ʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʫʟʙʝʨʝʞʞʷ ʊʫʨʝʯʯʠʥʠ, ʮʝ ʥʝ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ. ɸʣʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʯʦʨʥʦʙʠʣʴʩʴʢʘ ʘʚʘʨʽʷ ʧʨʠʟʚʝʣʘ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʫʟʙʝʨʝʞʞʷ 

ʊʫʨʝʯʯʠʥʠ ʚ 2,5 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʘʚʘʨʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʘ ʤʘʢʩʠʤʫʤ, 

ʧʦʚôʷʟʘʥʠʡ ʟ ʘʚʘʨʽʻʶ ʥʘ ʏɸɽʉ, ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʫʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʛʣʦʙʘʣʴʥʦʤʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʚʠʧʘʜʽʥʥʶ ʚ 60-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ. ʊʘʢʦʞ ʚʠʜʥʦ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ 137Cs (ʜʠʚ. ʨʠʩ. 4.8), ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟ ʤʝʥʰʠʤ ʧʨʠʪʦʢʦʤ 90Sr ʫ ʏʦʨʥʝ ʤʦʨʝ ʚʽʜ ʫʩʽʭ ʜʞʝʨʝʣ, ʘʣʝ ʽ ʟ 

ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʧʦʜʽʣʫ Kd, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʘʜʩʦʨʙʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʘ 
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ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (ʩʪʘʥʜʘʨʪʥʽ ʟʥʘʯʝʥʥʷ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʄɸɻɸʊɽ [89]: ʜʣʷ 137Cs 

Kd = 2000 ʣ/ʢʛ; ʜʣʷ 
90Sr Kd = 200 ʣ/ʢʛ). 

 

 

ʂʘʤʝʨʘ 65 

 

ʂʘʤʝʨʘ 74 

ʈʠʩʫʥʦʢ 4.13 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʘʭ) ʟ 

ʚʠʤʽʨʘʤʠ (ʪʦʯʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʚʟʜʦʚʞ ʫʟʙʝʨʝʞʞʷ ʊʫʨʝʯʯʠʥʠ 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 4.14. ɺʠʜʥʦ, ʱʦ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ 90Sr ʥʘʷʚʥʽ ʣʠʰʝ ʜʣʷ ʢʽʣʴʢʦʭ 

ʨʦʢʽʚ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ. ɺʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ ʧʨʦʤʽʞʢʫ ʟʥʘʯʝʥʴ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʠʙʠ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ ʚ ʮʝʡ ʯʘʩ. ʗʢ ʽ ʜʣʷ 

137Cs, ʨʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 90Sr ʫ ʨʠʙʽ ʥʘ ʰʝʣʴʬʦʚʽʡ ʦʙʣʘʩʪʽ ʚ ʧʝʨʽʦʜ ʧʝʨʝʜ 

ʘʚʘʨʽʻʶ ʥʘ ʏɸɽʉ ʟʤʽʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ (ʨʠʩ. 4.12) ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ 

(ʰʚʠʜʢʽʩʪʶ ʦʯʠʱʝʥʥʷ) 0,06 ʨ-1. ʆʩʢʽʣʴʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʝʡ ʧʝʨʽʦʜ ʙʫʣʦ ʙʣʠʟʴʢʠʤ ʜʦ ʨʽʚʥʦʚʘʛʠ, ʪʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʬʘʢʪʦʨʠ 90Sr ʚ ʥʝʭʠʞʽʡ ʽ ʭʠʞʽʡ ʚʠʜʘʭ ʨʠʙʠ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʆʪʞʝ, ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 90Sr ʜʣʷ ʥʝʭʠʞʦʾ ʨʠʙʠ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʩʪʘʥʦʚʠʪʴ 9 ʣ/ʢʛ, ʘ ʜʣʷ ʭʠʞʦʾ ʨʠʙʠ ï 13 ʣ/ʢʛ. ʎʽ ʚʝʣʠʯʠʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʾ ʚʝʣʠʯʠʥʠ 3 ʣ/ʢʛ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ʦʢʝʘʥʫ [89], ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʘʧʽʚʟʘʢʨʠʪʦʛʦ ʽ ʜʝʱʦ ʨʦʟʧʨʽʩʥʝʥʦʛʦ ʏʦʨʥʦʛʦ ʤʦʨʷ. 
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ʐʝʣʴʬʦʚʘ ʦʙʣʘʩʪʴ 

 

ʐʝʣʴʬʦʚʘ ʦʙʣʘʩʪʴ 

 

ʂʘʤʝʨʘ 100 

 

ɼʥʽʧʨʦ-ɹʫʟʴʢʠʡ ʣʠʤʘʥ 

ʈʠʩʫʥʦʢ 4.14 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʢʨʠʚʽ ʥʘ ʛʨʘʬʽʢʘʭ) ʟ ʚʠʤʽʨʘʤʠ 

(ʪʦʯʢʠ) ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʫ ʨʽʟʥʠʭ ʚʠʜʘʭ ʨʠʙʠ ʚ ʢʘʤʝʨʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ 

 

ɺʧʣʠʚ ʟʥʠʞʝʥʦʾ ʩʦʣʦʥʦʩʪʽ ʥʘ ʟʘʩʚʦʻʥʥʷ 90Sr ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʻ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʛʦ ʣʠʤʘʥʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʠʪʴ 

ʥʠʟʴʢʦʶ ʩʦʣʦʥʽʩʪʶ (S = 3). ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ 

ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚʽʜ ʩʦʣʦʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʝ ʩʧʽʚʧʘʜʽʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʠʤʽʨʘʤʠ (ʨʠʩ. 4.14), ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʩʦʣʦʥʽʩʪʴ (S = 18). ɿʘʛʘʣʦʤ ʤʦʜʝʣʴ 

ʚʽʜʪʚʦʨʶʻ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 90Sr ʚ ʨʽʟʥʠʭ ʚʠʜʘʭ ʨʠʙʠ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʘʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: GM = 0,98 ʽ GSD = 1,98. 
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4.6. ʆʮʽʥʢʠ ʚʤʽʩʪʫ 137Cs ʪʘ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ 

 

 

ʉʪʘʪʠʩʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs ʪʘ 90Sr 

ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʤʽʨʘʤʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʤʦʜʝʣʴ 

POSEIDON-R ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ ʟʤʽʥʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ʊʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʦʢ ʚʤʽʩʪʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʪʘ 

ʰʣʷʭʽʚ ʚʠʪʦʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʤʦʨʷ. 

ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 137Cs ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.15. ɺʠʜʥʦ, ʱʦ ʫ ʚʦʜʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʣʦʙʘʣʴʥʦʤʫ (1966 ʨʽʢ) ʪʘ ʯʦʨʥʦʙʠʣʴʩʴʢʦʤʫ (1986 ʨʽʢ) ʚʠʧʘʜʽʥʥʷʤ. 

ʇʨʠ ʮʦɹʤʫ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʚ 1986 ʨʦʮʽ (3668 ʊɹʢ) ʙʫʚ ʧʨʠʙʣʠʟʥʦ ʫ 2 ʨʘʟʠ 

ʙʽʣʴʰʠʤ, ʥʽʞ ʚ 1966 ʨʦʮʽ (1858 ʊɹʢ). 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʫ ʚʦʜʽ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ) ʏʦʨʥʦʛʦ ʤʦʨʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ POSEIDON-R 

 

ʋ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʚʤʽʩʪ 137Cs ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʚʦʜʽ. ɺʽʜʥʦʰʝʥʥʷ 

ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʤʽʩʪʫ ʫ ʚʦʜʽ ʥʝ 
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ʧʝʨʝʚʠʱʫʻ 3% ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ 62,4 ʊɹʢ ʚ 1997 ʨʦʮʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʜʫʞʝ ʧʦʚʽʣʴʥʠʤ ʧʨʦʥʠʢʥʝʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʊʘʢ, ʫ 

2000-ʭ ʨʦʢʘʭ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʙʽʣʷ ʜʥʘ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 1 ɹʢ ʤ-3 ʧʨʠ ʧʦʚʝʨʭʥʝʚʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʣʠʟʴʢʦ 20 ɹʢ ʤ-3 (ʜʠʚ. ʨʠʩ. 4.6). ʊʦʙʪʦ ʥʘʚʽʪʴ ʯʝʨʝʟ 20 ʨʦʢʽʚ ʧʽʩʣʷ 

ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʜʫʞʝ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 137Cs ʧʨʦʥʠʢʣʘ ʫ ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʩʽʣʘ ʥʘ ʜʥʽ. 

ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ ʪʘ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʦʯʠʱʝʥʥʷ, 

ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ ʟ ʯʘʩʦʤ ʚʤʽʩʪʫ 137Cs ʫ 100-ʤʝʪʨʦʚʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʰʘʨʽ ʚʦʜʠ, ʘ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʟ ʦʮʽʥʢʘʤʠ, ʧʨʠʚʝʜʝʥʠʤʠ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ [159, 179, 188, 189]. ʅʘ ʨʠʩ. 4.16 ʚʠʜʥʦ, ʱʦ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʚʤʽʩʪ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʦʮʽʥʢʘʤʠ, ʟʜʽʡʩʥʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʝʨʝʜ ʘʚʘʨʽʻʶ ʥʘ ʏɸɽʉ 

ʚʤʽʩʪ 137Cs ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 470 ʊɹʢ. ɺʽʥ 

ʟʙʽʣʴʰʠʚʩʷ ʚ 5,7 ʨʘʟʽʚ (ʜʦ 2690 ʊɹʢ) ʫ 1986 ʨʦʮʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʣʦʩʷ ʡʦʛʦ 

ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ, ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʙʽʣʴʰ 

ʛʣʠʙʦʢʽ ʰʘʨʠ ʪʘ ʚʠʪʦʢʫ ʯʝʨʝʟ ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ ʚ ʄʘʨʤʫʨʦʚʝ, ʘ ʧʦʪʽʤ ʽ ʚ 

ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ. ɺ ʪʘʙʣʠʮʽ 4.3 ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʪʘ ʰʣʷʭʠ ʚʠʪʦʢʫ 137Cs ʽ 

90Sr ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʧʝʨʽʦʜ ʟ 2000 ʧʦ 2010 ʨʦʢʠ ʟʛʽʜʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʫ ʟʥʠʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ ʜʘʶʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʤʦʨʷ ʪʘ ʨʘʜʽʘʮʽʡʥʠʡ ʨʦʟʧʘʜ. ʑʦʜʦ ʰʚʠʜʢʦʩʪʽ ʦʯʠʱʝʥʥʷ, ʪʦ, ʟʛʽʜʥʦ ʟ 

ʚʠʤʽʨʘʤʠ, ʚʤʽʩʪ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʟʤʝʥʰʠʚʩʷ ʚ 2 ʨʘʟʠ ʯʝʨʝʟ 6 ʨʦʢʽʚ 

ʧʽʩʣʷ ʘʚʘʨʽʾ [159]. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʘʢʝ ʟʤʝʥʰʝʥʥʷ ʚ 80-ʭ ï 90-ʭ ʨʦʢʘʭ ʍʍ 

ʩʪʦʣʽʪʪʷ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ 8 ʨʦʢʽʚ, ʫ 2000-ʭ ʨʦʢʘʭ ï ʟʘ 11 ʨʦʢʽʚ, ʘ ʚ 2010-ʭ ʨʦʢʘʭ ï ʟʘ 13 

ʨʦʢʽʚ. ʊʦʜʽ ʷʢ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʟʤʝʥʰʫʚʘʚʩʷ ʧʦʚʽʣʴʥʽʰʝ: ʚ 2 

ʨʘʟʠ ʧʨʠʙʣʠʟʥʦ ʟʘ 25 ʨʦʢʽʚ. ʊʦʙʪʦ ʚ ʮʽʣʦʤʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ 137Cs 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʨʦʟʧʘʜʫ [178]. 
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ʈʠʩʫʥʦʢ 4.16 ï ɺʤʽʩʪ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 100-ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʏʦʨʥʦʛʦ 

ʤʦʨʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ POSEIDON-R (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʽ ʦʮʽʥʝʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʚʠʤʽʨʶʚʘʥʴ (ʪʦʯʢʠ ʟ ʜʦʚʽʨʯʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ) ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ [159, 179, 188, 189] 

 

ʊʘʙʣʠʮʷ 4.3 ï ʆʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʪʘ ʰʣʷʭʠ ʚʠʪʦʢʫ 137Cs ʽ 90Sr ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ ʟ 2000 ʧʦ 2010 ʨʦʢʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʤʦʜʝʣʣʶ POSEIDON-R 

 137Cs, ʊɹʢ 90Sr, ʊɹʢ 

ɺʤʽʩʪ ʩʪʘʥʦʤ ʥʘ 2000 ʨʽʢ 877 422 

ɻʣʦʙʘʣʴʥʝ ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ 0.5 0.3 

ʇʨʠʪʽʢ ʟ ʚʦʜʦʶ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ 3.2 15.4 

ʇʨʠʪʽʢ ʟ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ 8.9 2.9 

ɺʠʪʽʢ ʚ ɸʟʦʚʩʴʢʝ ʤʦʨʝ -6.6 -2.6 

ɺʠʪʽʢ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɹʦʩʬʦʨ -74 -41 

ʇʨʦʥʠʢʥʝʥʥʷ ʚ ʛʣʠʙʰʽ ʰʘʨʠ ʚʦʜʠ -168 -78 

ʈʘʜʽʘʮʽʡʥʠʡ ʨʦʟʧʘʜ -163 -85 

ɺʤʽʩʪ ʩʪʘʥʦʤ ʥʘ 2010 ʨʽʢ 478 234 

 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʦʮʽʥʢʘ ʚʤʽʩʪʫ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʨʦʙʦʪʽ 

[159] ʜʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 200-800 ʊɹʢ, ʱʦ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʟʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʤʦʜʝʣ ̔ POSEIDON-R. ʎʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ ʪʠʤ, ʱʦ ʚ ʨʦʙʦʪʽ [159] ʦʮʽʥʢʠ 
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ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʽʚ ʧʝʨʝʚʘʞʥʦ ʚ ʤʽʣʢʦʚʦʜʥʽʡ ʯʘʩʪʠʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ɸʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʜʘʚʘʪʠ ʩʫʪʪʻʚʽ ʧʦʭʠʙʢʠ, ʦʩʢʽʣʴʢʠ ʤʽʣʢʦʚʦʜʥʘ ʯʘʩʪʠʥʘ ʟʘʡʤʘʻ 

ʣʠʰʝ ʙʣʠʟʴʢʦ 20% ʧʦʚʝʨʭʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʊʠʤ ʙʽʣʴʰʝ, ʱʦ ʚ ʛʣʠʙʦʢʦʚʦʜʥʽʡ ʯʘʩʪʠʥʽ 

ʤʦʨʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʟʥʘʯʥʦ ʤʝʥʰʘ ʯʝʨʝʟ 

ʧʦʚʽʣʴʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʫʜʠ. 

ɿʤʽʥʘ ʚʤʽʩʪʫ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʚʽʜʙʫʚʘʣʘʩʷ ʩʭʦʞʠʤ ʯʠʥʦʤ. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 

90Sr ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʫ 1986 ʨʦʮʽ (1645 ʊɹʢ) ʙʫʚ ʫ 1,6 ʨʘʟʠ ʙʽʣʴʰʠʤ, ʥʽʞ ʚ 60-ʭ 

ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ (1000 ʊɹʢ) ʧʽʜ ʯʘʩ ʤʘʢʩʠʤʫʤʫ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ʅʘ ʨʠʩ. 4.17 ʧʨʝʜʩʪʘʚʣʝʥʝ 

ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 137Cs ʽ 90Sr ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ɺʠʜʥʦ, ʱʦ ʢʨʠʚʽ ʥʘ ʨʠʩ. 4.17 ʘ 

ʽʜʫʪʴ ʧʨʘʢʪʠʯʥʦ ʧʘʨʘʣʝʣʴʥʦ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʜʝʥʪʠʯʥʫ ʟʤʽʥʫ ʚʤʽʩʪʫ ʦʙʦʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʥʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. ɭ ʜʝʷʢʘ ʨʽʟʥʠʮʷ ʫ ʚʽʜʥʦʰʝʥʥʽ ʚʤʽʩʪʫ 

137Cs ʜʦ 90Sr ʧʝʨʝʜ ʘʚʘʨʽʻʶ ʥʘ ʏɸɽʉ ʽ ʧʽʩʣʷ ʥʝʾ. ɼʦ ʘʚʘʨʽʾ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 137Cs ʫ 

ʚʦʜʽ ʙʫʣʘ ʙʽʣʴʰʦʶ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ 90Sr ʚ 1,85 ʨʘʟʠ, ʘ ʧʽʩʣʷ ʘʚʘʨʽʾ ʮʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʘʣʦ ʨʽʚʥʠʤ 2,09 ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʚʠʧʘʜʽʥʥʽ 

1986 ʨʦʢʫ ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. ʉʫʪʪʻʚʽʰʦ  ʁ

ʻ ʨʽʟʥʠʮʷ ʤʽʞ ʚʤʽʩʪʦʤ 137Cs ʽ 90Sr ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ (ʨʠʩ. 4.17 ʙ). ɿʘ ʨʘʭʫʥʦʢ 

ʨʽʟʥʠʮʽ ʚ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʟʦʢʨʝʤʘ ʚ ʢʦʝʬʽʮʽʻʥʪʽ ʨʦʟʧʦʜʽʣʫ, 137Cs ʢʨʘʱʝ 

ʘʜʩʦʨʙʫʻʪʴʩʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 90Sr. ɺʽʜʥʦʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 137Cs ʜʦ 90Sr 

ʫ ʜʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 4 ʜʦ 5 ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ. 

ʈʦʟʨʘʭʦʚʘʥʠʡ ʚʤʽʩʪ 90Sr ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 100-ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ 

(ʨʠʩ. 4.18) ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʮʽʥʢʘʤʠ, ʟʜʽʡʩʥʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ [159, 173, 

179]. ʎʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʧʨʠʡʥʷʪʠʭ 

ʫ ʤʦʜʝʣʶʚʘʥʥ̔, ʙʫʣʠ ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʝʘʣʴʥʠʭ. ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʧʝʨʝʜ ʘʚʘʨʽʻʶ 

ʥʘ ʏɸɽʉ ʚʤʽʩʪ 90Sr ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 260 ʊɹʢ. 

ɺʽʥ ʟʙʽʣʴʰʠʚʩʷ ʚ 4,3 ʨʘʟʠ (ʜʦ 1130 ʊɹʢ) ʫ 1986 ʨʦʮʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʤʽʩʪ 90Sr 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ, ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʙʽʣʴʰ 

ʛʣʠʙʦʢʽ ʰʘʨʠ ʪʘ ʚʠʪʦʢʫ ʯʝʨʝʟ ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ ʚ ʄʘʨʤʫʨʦʚʝ, ʘ ʧʦʪʽʤ ʽ ʚ 
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ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ (ʪʘʙʣ. 4.3). ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʟʘʛʘʣʦʤ ʟʤʽʥʠ ʚʤʽʩʪʫ ʦʙʦʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʻ ʩʭʦʞʠʤʠ. ʈʽʟʥʠʮʷ ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ ʙʽʣʴʰʦʛʦ ʩʪʦʢʫ 

90Sr ʟ ʚʦʜʦʶ ʨʽʯʦʢ ʪʘ ʥʝʟʥʘʯʥʠʤ ʧʝʨʝʚʘʞʘʥʥʷʤ ʜʦʜʘʥʢʫ, ʧʦʚôʷʟʘʥʠʤ ʟ ʨʘʜʽʘʮʽʡʥʠʤ 

ʨʦʟʧʘʜʦʤ 90Sr, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʜʝʱʦ ʤʝʥʰʠʤ ʧʝʨʽʦʜʦʤ ʡʦʛʦ ʥʘʧʽʚʨʦʟʧʘʜʫ. ɸʣʝ ʮʝ ʥʝ 

ʤʘʻ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 4.17 ï ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʽ 90Sr ʫ ʚʦʜʽ (ʘ) ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ (ʙ) 

ʏʦʨʥʦʛʦ ʤʦʨʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ POSEIDON-R 

 

 

ʈʠʩʫʥʦʢ 4.18 ï ɺʤʽʩʪ 90Sr ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 100-ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʏʦʨʥʦʛʦ 

ʤʦʨʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ POSEIDON-R (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʽ ʦʮʽʥʝʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʚʠʤʽʨʶʚʘʥʴ (ʪʦʯʢʠ ʟ ʜʦʚʽʨʯʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ) ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ [159, 173, 179] 
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ʑʦʜʦ ʰʚʠʜʢʦʩʪʽ ʦʯʠʱʝʥʥʷ, ʪʦ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

90Sr ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ 2 ʨʘʟʠ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʦʪʷʛʦʤ 11 ʨʦʢʽʚ ʚ 

1990-ʭ ʽ 2000-ʭ ʨʦʢʘʭ ʪʘ ʧʨʦʪʷʛʦʤ 14 ʨʦʢʽʚ ʚ 2010-ʭ ʨʦʢʘʭ. ʊʦʜʽ ʷʢ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 

90Sr ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ ʟʤʝʥʰʠʚʩʷ ʚ 2 ʨʘʟʠ ʧʨʠʙʣʠʟʥʦ ʟʘ 27 ʨʦʢʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 137Cs 

ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʧʦʚʽʣʴʥʽʰʝ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʎʝ ʤʦʞʝ 

ʧʦʷʩʥʶʚʘʪʠʩʴ ʣʠʰʝ ʙʽʣʴʰʠʤ ʩʪʦʢʦʤ 90Sr ʟ ʚʦʜʦʶ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ, ʷʢʠʡ 

ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʻ ʡʦʛʦ ʚʠʪʽʢ ʯʝʨʝʟ ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ ʽ ʨʘʜʽʘʮʽʡʥʠʡ ʨʦʟʧʘʜ. 

 

 

4.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

 

ɼʦʚʛʦʩʪʨʦʢʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ 137Cs 

ʽ 90Sr ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ: ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʘʪʦʤʥʦʾ ʟʙʨʦʾ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ 1986 ʨʦʢʫ ʪʘ ʩʪʦʢʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʨʽʯʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʘʩʝʡʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʇʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʤʽʨʘʤʠ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ 

ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʾʾ ʧʝʨʝʥʦʩ 

ʫ ʛʣʠʙʦʢʦʚʦʜʥʽ ʦʙʣʘʩʪʽ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʽ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʨʠʙʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R, ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷ, 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ RODOS ʘʙʦ ʽʥʰʠʭ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʦʮʽʥʦʢ ʚʧʣʠʚʽʚ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʪʘʢʠʭ ʜʞʝʨʝʣ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ 137Cs ʽ 90Sr ʤʦʨʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ ʚʽʜ ʩʦʣʦʥʦʩʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʢʘʣʽʶ K+ ʽ ʢʘʣʴʮʽʶ Ca2+, 

ʚʽʜʧʦʚʽʜʥʦ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʝ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʤʽʨʘʤʠ ʷʢ ʜʣʷ ʥʝʭʠʞʠʭ, ʪʘʢ ʽ ʜʣʷ ʭʠʞʠʭ ʚʠʜʽʚ ʨʠʙʠ ʚ ɼʥʽʧʨʦ-ɹʫʟʴʢʦʤʫ ʣʠʤʘʥʽ, ʜʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʥʠʟʴʢʘ ʩʦʣʦʥʽʩʪʴ S = 3. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʦʟʧʨʽʩʥʝʥʥʷ ʤʦʨʩʴʢʦʾ 
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ʚʦʜʠ ʜʦ ʚʝʣʠʯʠʥʠ 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. 

ʆʪʨʠʤʘʥʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ̔  90Sr ʚ ʧʝʣʘʛʽʯʥʽʡ ʨʠʙʽ ʜʫʞʝ ʩʭʦʞʘ 

ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʜʠʥʘʤʽʢʦʶ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʩʪʘʥ, ʙʣʠʟʴʢʠʡ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʬʘʢʪʦʨʠ 

ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʠʙʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 137Cs ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ 

ʜʣʷ ʥʝʭʠʞʦʾ ʨʠʙʠ, ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʥʦʚʠʪʴ 81 ʣ/ʢʛ, ʘ ʜʣʷ 

ʭʠʞʦʾ ï 95 ʣ/ʢʛ. ɼʣʷ 90Sr ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʯʠʥʠ ʜʦʨʽʚʥʶʶʪʴ 9 ʣ/ʢʛ ʽ 13 ʣ/ʢʛ. 

ʋ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʽ ʦʮʽʥʢʠ ʚʤʽʩʪʫ 137Cs ʽ 90Sr ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʥʘ ʦʩʥʦʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʤʽʩʪ ʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ 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 ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʮʽʥʢʘʤʠ, ʟʜʽʡʩʥʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʫ ʟʥʠʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʏʦʨʥʦʛʦ ʤʦʨʷ ʜʘʶʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʛʣʠʙʠʥʥʽ ʰʘʨʠ ʤʦʨʷ ʪʘ 

ʨʘʜʽʘʮʽʡʥʠʡ ʨʦʟʧʘʜ. 

ʋʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʷʢ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʜʣʷ ʟʤʽʥ ʾʭʥʴʦʛʦ 

ʚʤʽʩʪʫ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʟʘʜʘʥʠʭ ʫ ʨʦʙʦʪʽ ʜʞʝʨʝʣ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʟʨʦʙʣʝʥʠʤʠ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ. ʋ ʤʦʜʝʣʽ 

ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʜʦʨʽʚʥʶʚʘʣʦ 2400 ʊɹʢ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʦʮʽʥʢʘʤʠ. ɼʣʷ 90Sr ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚ 1986 

ʨʦʮʽ ʧʦʚʠʥʥʦ ʩʪʘʥʦʚʠʪʠ ʙʣʠʟʴʢʦ 900 ʊɹʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʙʨʦʛʦ ʩʧʽʚʧʘʜʽʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ ʟ 

ʚʠʤʽʨʘʤʠ. ʎʷ ʚʝʣʠʯʠʥʘ ʚʪʨʠʯʽ ʙʽʣʴʰʘ, ʥʽʞ ʦʮʽʥʢʠ, ʟʜʽʡʩʥʝʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭʥʴʦʛʦ ʧʝʨʝʛʣʷʜʫ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʨʦʙʦʪʘʭ [143, 178, 260]. 
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ʈʆɿɼɯʃ 5 

ʄʆɼɽʃʖɺɸʅʅʗ ʇɽʈɽʅʆʉʋ 137Cs ɺ ɯʅʐʀʍ ɭɺʈʆʇɽʁʉʔʂʀʍ ʄʆʈʗʍ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʘʜʘʧʪʘʮʽʾ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R ʜʦ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ ʟ ʤʝʪʦʶ ʾʭʥʴʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ RODOS, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩʫʶʪʴʩʷ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʜʦ ʮʴʦʛʦ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ɿʦʢʨʝʤʘ, ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʨʝʘʣʽʟʦʚʘʥʘ 

ʩʢʣʘʜʥʘ ʜʚʦʰʘʨʦʚʘ ʩʭʝʤʘ ʚʦʜʦʦʙʤʽʥʫ ʟ ʏʦʨʥʠʤ ʤʦʨʝʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʟʜʽʡʩʥʝʥʝ 

ʫʪʦʯʥʝʥʥʷ ʙʘʣʘʥʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʦʙʦʭ ʤʦʨʷʭ. ʋ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝʟʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʨʽʟʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʾʭʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʇʽʚʥʽʯʥʦʤʫ ʪʘ ɯʨʣʘʥʜʩʴʢʦʤʫ 

ʤʦʨʷʭ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʨʝʟʫʩʧʝʥʟʽʾ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ 

ʦʧʠʩʘʪʠ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʚʦʜʦʶ ʽ ʜʥʦʤ ʫ ʤʝʞʘʭ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ. 

 

 

5.1 ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ 

 

 

ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʚʭʦʜʠʪʴ ʚ ʫʥʽʢʘʣʴʥʠʡ ʣʘʥʮʶʞʦʢ ʥʘʧʽʚʟʘʢʨʠʪʠʭ ʤʦʨʽʚ ʧʽʚʜʥʷ 

ɭʚʨʦʧʠ, ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚʫʟʴʢʠʤʠ ʽ ʤʽʣʢʠʤʠ ʧʨʦʪʦʢʘʤʠ. ɺʦʥʦ ʟôʻʜʥʘʥʝ ʟ 

ʏʦʨʥʠʤ ʤʦʨʝʤ ʩʠʩʪʝʤʦʶ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ (ʧʨʦʪʦʢʠ ɹʦʩʬʦʨ ʪʘ ɼʘʨʜʘʥʝʣʣʠ ʽ 

ʄʘʨʤʫʨʦʚʝ ʤʦʨʝ ʤʽʞ ʥʠʤʠ), ʘ ʟ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ ï ʧʨʦʪʦʢʦʶ ɻʽʙʨʘʣʪʘʨ. ʎʝ 

ʜʦʩʠʪʴ ʛʣʠʙʦʢʝ ʤʦʨʝ, ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻ 1500 ʤ, ʟ ʜʫʞʝ ʚʫʟʴʢʠʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ ʰʝʣʴʬʦʤ, ʧʣʦʱʘ ʷʢʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 10% ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʤʦʨʷ. 

ɯʥʦʜʽ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʟʤʝʥʰʝʥʫ ʢʦʧʽʶ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʦʩʢʽʣʴʢʠ 

ʡʦʤʫ ʭʘʨʘʢʪʝʨʥʽ ʙʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʢʝʘʥʽ, ʘʣʝ ʚ ʟʤʝʥʰʝʥʠʭ 

ʤʘʩʰʪʘʙʘʭ [190]. 
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ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʶ ʚʦʜʦʡʤʦʶ, ʚ ʷʢʽʡ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʠʱʝ, 

ʥʽʞ ʩʫʤʘ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʫʭʠʤ ʽ ʪʝʧʣʠʤ ʢʣʽʤʘʪʦʤ, ʪʘ ʥʝʚʝʣʠʢʦ ʁʢʽʣʴʢʽʩʪʶ 

ʨʽʯʦʢ. ɼʝʬʽʮʠʪ ʚʦʜʠ ʚ ʤʦʨʽ ʧʦʧʦʚʥʶʻʪʴʩʷ ʚʦʜʦʶ ʟ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʱʦ ʚʪʽʢʘʻ 

ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ. ʎʷ ʚʦʜʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ ʉʝʨʝʜʟʝʤʥʦʛʦ 

ʤʦʨʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʥʽʡ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʩʦʣʦʥʽʩʪʴ ʽ ʛʫʩʪʠʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɺ ʨʘʡʦʥʽ ʦʩʪʨʦʚʫ ʂʨʽʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʠ ʧʽʜ ʚʧʣʠʚʦʤ ʧʽʚʥʽʯʥʠʭ ʚʽʪʨʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʛʫʩʪʠʥʠ ʪʘ ʟʘʥʫʨʝʥʥʷ ʥʘ ʛʣʠʙʠʥʫ 200-400 ʤ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʦʥʘ ʧʦʯʠʥʘʻ 

ʨʫʭʘʪʠʩʷ ʥʘ ʟʘʭʽʜ ʽ ʚʠʪʽʢʘʻ ʟ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ ʚ 

ʛʣʠʙʠʥʥʦʤʫ ʰʘʨʽ. ʅʘʡʛʣʠʙʰʽ ʯʘʩʪʠʥʠ ʤʦʨʷ ʟʘʧʦʚʥʶʶʪʴʩʷ ʚʦʜʦʶ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʝʧʽʟʦʜʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʩʪʽʢʘʥʥʷ ʦʭʦʣʦʜʞʝʥʦʾ ʥʘ ʰʝʣʴʬʽ ʚʦʜʠ ʚ ʃʽʦʥʩʴʢʽʡ ʟʘʪʦʮʽ, 

ɸʜʨʽʘʪʠʯʥʦʤʫ ʤʦʨʽ ʪʘ, ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʚ ɽʛʝʡʩʴʢʦʤʫ ʤʦʨʽ. 

ʋ ʜʘʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ ʦʧʠʩʘʥʽ ʧʨʦʮʝʩʠ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʦʜʦʦʙʤʽʥʫ ʤʽʞ ʢʘʤʝʨʘʤʠ ʚ ʤʦʜʝʣʽ POSEIDON-R. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʝ ʜʦʩʠʪʴ 

ʩʧʨʦʱʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʤʦʨʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʷʢʦʤʦʛʘ 

ʢʨʘʱʝ ʟʘʜʘʪʠ ʚʩʽ ʧʦʪʦʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʮʠʨʢʫʣʷʮʽʻʶ ʚʦʜʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʝ ʧʝʨʰʘ ʩʧʨʦʙʘ ʦʧʠʩʘʪʠ ʩʠʩʪʝʤʫ ʩʢʣʘʜʥʠʭ ʪʝʯʽʡ 

ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʪʝʨʤʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʤʦʨʷ, ʘʣʝ ʪʘʢʘ ʤʦʜʝʣʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʨʝʩʫʨʩʦʻʤʥʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʤʝʨʥʦʶ ʤʦʜʝʣʣʶ. 

 

 

5.1.1 ʉʠʩʪʝʤʘ ʢʘʤʝʨ 

 

 

ʋ ʤʦʜʝʣʽ POSEIDON-R ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ʏʦʨʥʦʛʦ, 

ɸʟʦʚʩʴʢʦʛʦ, ʄʘʨʤʫʨʦʚʦʛʦ ʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʽʚ, ʦʧʠʩʘʥʘ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ 

(ʨʠʩ. 4.1). ʆʙôʻʤ ʽ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʛʣʠʙʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 
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ɭʚʨʦʧʝʡʩʴʢʦʾ ʤʦʜʝʣʽ ʦʢʝʘʥʫ NEMO, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ [191]. 

ʆʩʢʽʣʴʢʠ ʜʘʥʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʩʧʽʣʴʥʘ ʜʣʷ ʚʩʴʦʛʦ ʣʘʥʮʶʞʢʘ ʧʽʚʜʝʥʥʦ-ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʤʦʨʽʚ, ʢʦʞʥʘ ʢʘʤʝʨʘ ʜʽʣʠʪʴʩʷ ʧʦ ʚʝʨʪʠʢʘʣʽ ʥʘ ʰʘʨʠ ʛʣʠʙʠʥʦʶ 0-25 ʤ, 25-100 ʤ, 100-

600 ʤ ʽ ʧʦʥʘʜ 600 ʤ, ʷʢ ʮʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʤʦʜʝʣʽ POSEIDON-R ʜʦ 

ʏʦʨʥʦʛʦ ʤʦʨʷ. ʆʙʤʽʥ ʚʦʜʦʶ ʤʽʞ ʢʘʤʝʨʘʤʠ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ 

10 ʨʦʢʽʚ (1990-1999) ʪʨʠʚʠʤʽʨʥʠʭ ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʦʶ ʤʦʜʝʣʣʶ NEMO ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʨʝʘʥʘʣʽʟʫ [191]. ɺʨʘʭʦʚʫʚʘʣʠʩʷ ʪʘʢʦʞ ʧʦʪʦʢʠ ʚʦʜʠ ʟ ʦʩʥʦʚʥʠʭ 

ʨʽʯʦʢ ʈʦʥʠ (56 ʢʤ3/ʨʽʢ) ʽ ʇʦ (46 ʢʤ3/ʨʽʢ), ʘ ʪʘʢʦʞ ʦʙʤʽʥ ʚʦʜʦʶ ʟ ʄʘʨʤʫʨʦʚʠʤ ʤʦʨʝʤ 

ʪʘ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʦʜʦʦʙʤʽʥʫ ʤʽʞ ʏʦʨʥʠʤ, ʄʘʨʤʫʨʦʚʠʤ ʽ ʉʝʨʝʜʟʝʤʥʠʤ ʤʦʨʷʤʠ 

ʯʝʨʝʟ ʧʨʦʪʦʢʠ ɹʦʩʬʦʨ ʽ ɼʘʨʜʘʥʝʣʣʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ 

ʨʦʙʦʪʠ. ʆʙʤʽʥ ʚʦʜʦʶ ʤʽʞ ʉʝʨʝʜʟʝʤʥʠʤ ʤʦʨʝʤ ʽ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ ʪʘʢʦʞ ʤʘʻ 

ʜʚʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʢʦʣʠ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʚʦʜʘ ʚʪʽʢʘʻ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ, ʘ 

ʚʠʪʽʢʘʻ ʟ ʥʴʦʛʦ ï ʚ ʛʣʠʙʠʥʥʦʤʫ. ɺ ʪʘʙʣ. 5.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʪʦʢʠ ʚʦʜʠ ʥʘ ʦʩʥʦʚʽ 

ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʦʮʽʥʝʥʠʭ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʂʥʫʜʩʝʥʘ, ʪʘ ʫ ʚʠʧʘʜʢʫ 

ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʚʦʜʦʦʙʤʽʥʫ, ʟʛʽʜʥʦ ʟ 

ʚʠʤʽʨʘʤʠ [192] ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ [177] ʫ ʙʘʟʦʚʦʤʫ ʩʮʝʥʘʨʽʾ, ʘ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʦʮʽʥʢʘ ʚʤʽʩʪʫ 137Cs ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʧʦʪʦʢʽʚ ʚʦʜʠ ʯʝʨʝʟ ʧʨʦʪʦʢʠ ɹʦʩʬʦʨ ʽ ɼʘʨʜʘʥʝʣʣʠ ʪʘ ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨʩʴʢʫ ʧʨʦʪʦʢʫ 

ʜʣʷ ʦʮʽʥʢʠ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʟʤʽʥʠ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

ʊʘʙʣʠʮʷ 5.1 ï ʇʦʪʦʢʠ ʚʦʜʠ (ʢʤ3/ʨ) ʚ ʧʨʦʪʦʮʽ ɻʽʙʨʘʣʪʘʨ (ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʪʦʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʷʤ ʪʝʯʽʡ ʟ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ) 

 ɺʝʨʭʥʽʡ ʰʘʨ ʅʠʞʥʽʡ ʰʘʨ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʥʫʜʩʝʥʘ [201] 47664 -45412 

ʇʨʷʤʽ ʚʠʤʽʨʠ [192] 25544 -24598 
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5.1.2 ɼʞʝʨʝʣʘ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ 

 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʠʩʪʝʤʠ ʧʽʚʜʝʥʥʦ-

ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʧʝʨʽʦʜʫ 1945-2020 ʨʦʢʽʚ ʟ̔ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʥʫʢʣʽʜʘ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʥʝʩʦʢ ʫ ʟʘʙʨʫʜʥʝʥʥʷ ʉʝʨʝʜʟʝʤʥʦʛʦ 

ʤʦʨʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤ 137Cs ʩʢʣʘʣʦ ʛʣʦʙʘʣʴʥʝ ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ ʚ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ [193]. ɯʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʢʘʤʝʨʠ ʤʦʜʝʣʽ: 1) ʟʘ ʜʘʥʠʤʠ 

ʛʫʩʪʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʤʽʞ 30-40 ʪʘ 40-50 ʛʨʘʜʫʩʘʤʠ ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ, 

ʜʝ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ, ʜʣʷ ʧʝʨʽʦʜʫ 1945-2000 ʨʦʢʽʚ [11]; 2) ʟʘ 

ʫʩʝʨʝʜʥʝʥʠʤʠ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʚ ʽʪʘʣʽʡʩʴʢʠʭ ʤʦʨʷʭ ʜʣʷ ʧʝʨʽʦʜʫ 1960-1984 ʨʦʢʽʚ 

[194]. ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʛʫʩʪʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 5.1. ʊʫʪ ʦʮʽʥʢʘ ʛʫʩʪʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʜʣʷ ʧʝʨʽʦʜʫ 2001-2020 

ʨʦʢʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥɹ ʟʘ ʧʦʧʝʨʝʜʥʽ 5 

ʨʦʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ (ʨʠʩ. 5.1). 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ɻʫʩʪʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs 

ʜʣʷ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ 
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ɸʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ 

ʏɸɽʉ ʫ 1986 ʨʦʮʽ ʙʫʣʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ɽʛʝʡʩʴʢʦʤʫ ʽ ɸʜʨʽʘʪʠʯʥʦʤʫ 

ʤʦʨʷʭ. ʋ ʨʦʙʦʪʽ ʛʫʩʪʠʥʘ ʜʘʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʨʦʟʧʦʜʽʣʷʣʘʩʷ ʤʽʞ ʢʘʤʝʨʘʤʠ ʤʦʜʝʣʽ, ʟʛʽʜʥʦ 

ʟ ʧʫʙʣʽʢʘʮʽʷʤʠ [180, 193, 195, 196]. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 137Cs, ʱʦ ʚʠʧʘʣʘ ʥʘ 

ʧʦʚʝʨʭʥʶ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʚ 1986 ʨʦʮʽ, ʧʦʚʠʥʥʘ ʙʫʣʘ ʫʟʛʦʜʞʫʚʘʪʠʩʴ ʟ ʦʮʽʥʢʦʶ 

[197], ʷʢʘ ʩʢʣʘʜʘʻ 2500 ʊɹʢ. ɺʽʜʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʛʫʩʪʠʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʜʣʷ ʩʠʩʪʝʤʠ ʧʽʚʜʝʥʥʦ-ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5.2. ʎʽ ʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʫʤʘʨʥʝ ʚʠʧʘʜʽʥʥʷ ʥʘ ʨʽʟʥʽ ʯʘʩʪʠʥʠ 

ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.2. 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʛʫʩʪʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ 

ʥʘ ʏɸɽʉ ʜʣʷ ʩʠʩʪʝʤʠ ʧʽʚʜʝʥʥʦ-ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ 

 

ʉʪʽʢ 137Cs ʟ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʚ ʨʽʯʢʦʚʫ ʩʠʩʪʝʤʫ, ʘ ʧʦʪʽʤ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ ï ʚ ʤʦʨʝ 

ʦʮʽʥʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ [181] ʜʣʷ ʚʩʴʦʛʦ 

ʧʝʨʽʦʜʫ ʨʦʟʨʘʭʫʥʢʽʚ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʚʩʷ ʚʠʪʽʢ 137Cs ʟ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʫ ʄʘʨʢʫʣʴ ʫ 

ʨʽʯʢʫ ʈʦʥʫ, ʥʘ ʙʝʨʝʟʽ ʷʢʦʾ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ. ʅʘ ʨʠʩ. 5.3 ʘ ʟʦʙʨʘʞʝʥʠʡ ʧʦʪʽʢ 137Cs ʯʝʨʝʟ 

ʦʩʥʦʚʥʽ ʨʽʯʢʠ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʈʦʥʫ ʽ ʇʦ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʪʦʢʫ ʟ ʷʜʝʨʥʦʛʦ 

ʮʝʥʪʨʫ. ʆʙʤʽʥ 137Cs ʟ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ ʚʨʘʭʦʚʫʚʘʚʩʷ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʢʘʤʝʨʘ ˉ 2 (ʨʠʩ. 4.1), ʷʢʘ ʤʘʻ 3 ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ, ʱʦ 
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ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʽ ʧʦʪʦʢʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʨʽʟʥʠʭ ʰʘʨʘʭ. ʆʪʞʝ, 

ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ 137Cs ʤʽʞ ʦʢʝʘʥʩʴʢʦʶ ʢʘʤʝʨʦʶ ʽ ʢʘʤʝʨʦʶ ˉ 2 ʟʘʜʘʚʘʣʠʩʷ ʪʘʢʠʤʠ, 

ʱʦʙ ʜʦʩʷʛʥʫʪʠ ʫʟʛʦʜʞʝʥʥʷ (ʨʠʩ. 5.3 ʙ) ʦʪʨʠʤʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟ ʚʠʤʽʨʘʤʠ [183]. 

ʇʦʪʦʢʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʤʽʞ ʉʝʨʝʜʟʝʤʥʠʤ ʽ ʏʦʨʥʠʤ ʤʦʨʷʤʠ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, 

ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ ʨʦʟʛʣʷʜʘʣʘʩʷ ʚʩʷ ʩʠʩʪʝʤʘ ʧʽʚʜʝʥʥʦ-ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʨʽʚ. 

 

ʊʘʙʣʠʮʷ 5.2 ï ɻʫʩʪʠʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʫ ʪʨʘʚʥʽ 1986 ʨʦʢʫ, ʘ 

ʪʘʢʦʞ ʩʫʤʘʨʥʝ ʚʠʧʘʜʽʥʥʷ ʥʘ ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʨʝʢʦʥʩʪʨʫʢʮʽʷ) 

ʆʙʣʘʩʪʴ ɻʫʩʪʠʥʘ 

ʚʠʧʘʜʽʥʥʷ, ɹʢ/ʤ2 

ʉʫʤʘʨʥʝ 

ʚʠʧʘʜʽʥʥʷ, Tɹʢ 

ʂʘʤʝʨʠ 

ɽʛʝʡʩʴʢʝ ʤʦʨʝ 5000 620 49-52 

ɸʜʨʽʘʪʠʯʥʝ ʤʦʨʝ 3000 360 41-44 

ʇʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ 1800 550 8, 13-16, 19-21 

ʂʨʽʪʩʴʢʝ ʤʦʨʝ ʪʘ ʧʽʚʜʝʥʥʝ 

ʫʟʙʝʨʝʞʞʷ ʊʫʨʝʯʯʠʥʠ 

1000 220 48, 53, 56, 57, 

60, 61 

ɯʦʥʽʯʥʝ ʽ ʊʽʨʨʝʥʩʴʢʝ ʤʦʨʷ 850 385 22-24, 30-34, 

38-40, 45, 46 

ʇʽʚʥʽʯʥʝ ʫʟʙʝʨʝʞʞʷ 

ɸʬʨʠʢʠ 

400 340 11, 12, 17, 18, 

25-29, 35-37, 

47, 54, 55, 58, 

59, 62, 63 

ʇʽʚʜʝʥʥʝ ʫʟʙʝʨʝʞʞʷ 

ɯʩʧʘʥʽʾ 

100 25 2-7, 9, 10 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 5.3 ï ʈʽʯʢʦʚʠʡ ʩʪʽʢ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʪʦʢʫ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʫ ʄʘʨʢʫʣʴ ʫ ʨʽʯʢʫ ʈʦʥʫ (ʘ); ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʨʽʟʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʘʭ ʢʘʤʝʨʠ ˉ 2 ʟ ʚʠʤʽʨʘʤʠ [183] ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʣʠʙʠʥʘʭ (ʙ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʦʙʦʪʽ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʜʞʝʨʝʣʘ 137Cs ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ 

ʤʦʨʽ: 1) ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ; 2) ʘʪʤʦʩʬʝʨʥʝ 

ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ; 3) ʧʦʪʽʢ ʟ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʯʝʨʝʟ ʧʨʦʪʦʢʫ 

ɻʽʙʨʘʣʪʘʨ; 4) ʧʦʪʽʢ ʟ ʏʦʨʥʦʛʦ ʤʦʨʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ; 5) ʩʪʽʢ ʟ 

ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʪʽʢ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʫ ʄʘʨʢʫʣʴ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʚʥʝʩʢʫ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʜʞʝʨʝʣ ʫ 

ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤʦʨʽ. 

 

 

5.1.3 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʠʤʽʨʘʤʠ 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʧʦʢʘʟʫʶʪʴ ʨʽʟʥʫ ʧʦʚʝʜʽʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʧʨʦʪʷʛʦʤ 1945-2020 ʨʦʢʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 5.4 ʧʨʠʚʝʜʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ [183] 
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ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʰʝʩʪʠ ʪʠʧʦʚʠʭ ʦʙʣʘʩʪʷʭ. ʋ ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʨʠ ʤʘʢʩʠʤʫʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ. ɼʚʘ ʟ ʥʠʭ (ʫ 1959 ʽ 1963 

ʨʦʢʘʭ) ʙʫʣʠ ʩʧʨʠʯʠʥʝʥʽ ʘʪʤʦʩʬʝʨʥʠʤ ʚʠʧʘʜʽʥʥʷʤ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ 

ʟʙʨʦʾ (ʜʠʚ. ʨʠʩ. 5.1). ʄʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 1963 ʨʦʮʽ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 16 ɹʢ/ʤ3 ʥʘ 

ʢʨʘʡʥʴʦʤʫ ʟʘʭʦʜʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʦʜʦʦʙʤʽʥ ʟ ɸʪʣʘʥʪʠʯʥʠʤ 

ʦʢʝʘʥʦʤ, ʜʦ 48 ɹʢ/ʤ3 ʫ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʣʘʩʷ ʽ ʜʦʩʷʛʥʫʣʘ 3,4-5,3 ɹʢ/ʤ3 ʧʝʨʝʜ ʘʚʘʨʽʻʶ ʥʘ 

ʏɸɽʉ. ʆʩʥʦʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʧʨʠʚʝʣʠ ʜʦ ʮʴʦʛʦ, ʙʫʣʦ ʨʦʟʚʝʜʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʚʝʣʠʢʦʤʫ ʦʙôʻʤʽ ʚʦʜʠ ʚʽʜ ʚʧʣʠʚʦʤ ʪʝʯʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʬʫʟʽʾ, ʟʠʤʦʚʘ ʢʦʥʚʝʢʮʽʷ ʚ 

ʛʣʠʙʦʢʦʚʦʜʥʽ ʰʘʨʠ ʚ ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ, ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ. ɿʘ ʨʘʭʫʥʦʢ ʩʫʪʪʻʚʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚ 1986 ʨʦʮʽ, ʡʦʛʦ ʚʥʝʩʦʢ ʚ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʙʫʚ ʥʝʦʜʥʦʨʽʜʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʙʽʣʷ ʙʝʨʝʛʽʚ 

ɯʩʧʘʥʽʾ ʚʽʜʧʦʚʽʜʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʘʥʦʚʠʣʦ ʚʩʴʦʛʦ 0,1 ɹʢ/ʤ3, ʘ ʚ 

ɽʛʝʡʩʴʢʦʤʫ ʤʦʨʽ ï 84,7 ɹʢ/ʤ3. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʠʰʝ ʚ ʥʝʚʝʣʠʢʽʡ ʯʘʩʪʠʥʽ ʉʝʨʝʜʟʝʤʥʦʛʦ 

ʤʦʨʷ, ʘ ʩʘʤʝ ʚ ɸʜʨʽʘʪʠʯʥʦʤʫ ʽ ɽʛʝʡʩʴʢʦʤʫ ʤʦʨʷʭ, ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʚʽʜ ʡʦʛʦ 

ʚʠʧʘʜʽʥʥʷ ʚʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʧʝʨʝʚʠʱʠʣʘ ʢʦʥʮʝʥʪʨʘʮʽʶ, ʩʧʨʠʯʠʥʝʥʫ 

ʛʣʦʙʘʣʴʥʠʤ ʘʪʤʦʩʬʝʨʥʠʤ ʚʠʧʘʜʽʥʥʷʤ ʚʽʜ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. 

ʅʘ ʨʠʩ. 5.5 ʚʠʜʥʦ ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʛʣʠʙʠʥʫ ʧʦʥʘʜ 600 ʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʨʦʥʠʢʘʻ ʧʨʠʙʣʠʟʥʦ ʟʘ 30 ʨʦʢʽʚ, ʱʦ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ (ʜʠʚ. 

ʨʠʩ. 4.6), ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʩʣʘʙʢʠʤ ʚʝʨʪʠʢʘʣʴʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. ɺʘʞʣʠʚʦʶ ʻ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʟʘʭʽʜʥʦʶ ʽ ʩʭʽʜʥʦʶ ʯʘʩʪʠʥʘʤʠ 

ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʨʠʩ. 5.5), ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʰʚʠʜʰʝ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʝʜʝʥʥʷ ʤʝʥʰ 

ʟʘʙʨʫʜʥʝʥʦʶ ʚʦʜʦʶ, ʱʦ ʚʪʽʢʘʻ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ ʟ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ.  
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ʂʘʤʝʨʘ 12 (ɸʣʴʛʝʨʦ-ɹʘʣʝʘʨʩʴʢʠʡ 

ʙʘʩʝʡʥ) 

 

ʂʘʤʝʨʘ 19 (ʃʽʛʫʨʽʡʩʴʢʝ ʤʦʨʝ) 

 

ʂʘʤʝʨʘ 33 (ɯʦʥʽʯʥʝ ʤʦʨʝ) 

 

ʂʘʤʝʨʘ 42 (ɸʜʨʽʘʪʠʯʥʝ ʤʦʨʝ) 

 

ʂʘʤʝʨʘ 51 (ɽʛʝʡʩʴʢʝ ʤʦʨʝ) 

 

ʂʘʤʝʨʘ 60 (ʃʝʚʘʥʪʠʥʩʴʢʝ ʤʦʨʝ) 

ʈʠʩʫʥʦʢ 5.4 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʦʜʠ ʜʣʷ ʰʝʩʪʠ ʪʠʧʦʚʠʭ ʦʙʣʘʩʪʝʡ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 5.5 ï ʈʦʟʨʘʭʦʚʘʥʘ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʘʭ ʚʦʜʠ 

ʜʣʷ (ʘ) ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʘ 12) ʽ (ʙ) ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʘ 56) 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʟ ʚʠʤʽʨʘʤʠ [183, 193] ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʨʠʩ. 5.6) ʧʦʢʘʟʫʻ, ʱʦ 

ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʚʝʨʪʠʢʘʣʽ ʪʘ ʡʦʛʦ ʟʤʽʥʫ ʟ 

ʯʘʩʦʤ. ɿʦʢʨʝʤʘ, ʚʠʜʥʦ, ʱʦ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʚ 2000-ʭ ʨʦʢʘʭ ʬʦʨʤʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʡ 

ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʛʣʠʙʠʥʽ 100-300 ʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʷʢ ʚʠʤʽʨʘʤʠ, ʪʘʢ ʽ 

ʨʦʟʨʘʭʫʥʢʘʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʟʫʤʦʚʣʝʥʠʡ ʚʪʦʢʦʤ ʤʝʥʰ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʟ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ (ʨʠʩ. 5.5 ʘ). ʇʨʦʪʝ 

ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʥʝ ʤʦʞʝ ʚʽʜʪʚʦʨʠʪʠ 

ʧʨʠʜʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʦʧʫʩʢʘʥʥʽ ʥʘ ʜʥʦ 

ʭʦʣʦʜʥʦʾ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʟʠʤʦʚʦʾ ʢʦʥʚʝʢʮʽʾ ʧʽʜ ʯʘʩ ʝʧʽʟʦʜʽʚ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʃʽʦʥʩʴʢʽʡ ʟʘʪʦʮʽ ʪʘ ʚ ɸʜʨʽʘʪʠʯʥʦʤʫ ʤʦʨʽ  ̔ɽʛʝʡʩʴʢʦʤʫ ʤʦʨʷʭ. 

ɿʘʛʘʣʦʤ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʘʤʝʨʥʦʾ ʤʦʜʝʣʽ POSEIDON-R, ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʚʩʽʭ ʢʘʤʝʨ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚ̔ ʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʦ ʚʠʤʽʨʷʥʦʾ ʩʢʣʘʜʘʻ GM = 1,11, 

ʘ ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ GSD = 1,59 ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ N = 

335. 



176 
 

 

ʃʽʛʫʨʦ-ʇʨʦʚʘʥʩʴʢʠʡ 

ʙʘʩʝʡʥ (ʢʘʤʝʨʘ 16) 

 

ɯʦʥʽʯʥʝ ʤʦʨʝ (ʢʘʤʝʨʘ 39) 

 

ʃʝʚʘʥʪʠʥʩʴʢʝ ʤʦʨʝ 

(ʢʘʤʝʨʘ 59) 

ʈʠʩʫʥʦʢ 5.6 ï ʇʦʨʽʚʥʷʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ (ʣʽʥʽʾ ʥʘ ʛʨʘʬʽʢʘʭ) ʽ ʚʠʤʽʨʷʥʠʤʠ 

(ʩʠʤʚʦʣʠ) ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ʟʘʭʽʜʥʦʾ (ʃʽʛʫʨʦ-

ʇʨʦʚʘʥʩʴʢʠʡ ʙʘʩʝʡʥ), ʮʝʥʪʨʘʣʴʥʦʾ (ɯʦʥʽʯʥʝ ʤʦʨʝ) ʽ ʩʭʽʜʥʦʾ (ʃʝʚʘʥʪʠʥʩʴʢʝ ʤʦʨʝ) 

ʯʘʩʪʠʥ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʦʙʣʘʩʪʝʡ ʉʝʨʝʜʟʝʤʥʦʛʦ ʽ ʏʦʨʥʦʛʦ ʤʦʨʽʚ ʟʘ ʩʭʦʞʽʩʪʶ ʯʘʩʦʚʠʭ ʟʤʽʥ ʨʦʟʧʦʜʽʣʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs [143]. ʅʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʙʫʣʠ ʚʠʜʽʣʝʥʽ 5 ʦʙʣʘʩʪʝʡ ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ 

ʤʦʨʽ ʽ 4 ʦʙʣʘʩʪʽ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ (ʜʠʚ. ʨʠʩ. ɽ.1 ʫ ʜʦʜʘʪʢʫ), ʜʣʷ ʢʦʞʥʦʾ ʟ ʷʢʠʭ 

ʟʥʘʭʦʜʠʣʘʩʴ ñʝʪʘʣʦʥʥʘò ʢʘʤʝʨʘ, ʟʛʽʜʥʦ ʟ [198], ʜʝ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʫʣʠ ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʣʘʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʪʘʣʦʥʥʽ ʢʘʤʝʨʠ ʤʦʞʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʽ ʜʽʣʷʥʢʠ ʤʦʨʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ.  

ʇʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʣʠʙʠʥʫ ʚ ʪʦʯʮʽ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ [199]. 

ɼʫʞʝ ʯʘʩʪʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʥʝʜʘʣʝʢʦ ʚʽʜ ʙʝʨʝʛʘ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 100 ʤ. ɸʣʝ 

ʦʩʢʽʣʴʢʠ ʰʝʣʴʬʦʚʘ ʦʙʣʘʩʪʴ ʫ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʻ ʜʫʞʝ ʚʫʟʴʢʦʶ, 

ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʧʨʠʙʝʨʝʞʥʠʭ ʢʘʤʝʨ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʥʘʚʽʪʴ 1000 ʤ. ʋ ʪʘʢʦʤʫ 
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ʚʠʧʘʜʢʫ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʪʠ ʥʝʢʦʨʝʢʪʥʦ. ʊʦʤʫ ʨʦʟʨʘʭʦʚʘʥʽ ʽ ʚʠʤʽʨʷʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʣʠʰʝ ʜʣʷ ɸʜʨʽʘʪʠʯʥʦʛʦ 

ʤʦʨʷ (ʨʠʩ. 5.7), ʜʝ ʛʣʠʙʠʥʘ, ʥʘ ʷʢʽʡ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚʠʤʽʨʠ, ʻ ʙʣʠʟʴʢʦʶ ʜʦ ʩʝʨʝʜʥʴʦʾ 

ʛʣʠʙʠʥʠ ʢʘʤʝʨ ʤʦʜʝʣʽ. ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʠ ʚʟʷʪʽ ʟ ʧʫʙʣʽʢʘʮʽʡ [196, 199]. ʎʽʢʘʚʦ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ɸʜʨʽʘʪʠʯʥʦʛʦ ʤʦʨʷ ʜʝʱʦ ʚʠʱʘ, ʥʽʞ ʥʘ 

ʟʘʭʽʜʥʦʤʫ ʰʝʣʴʬʽ ʏʦʨʥʦʛʦ ʤʦʨʷ (ʜʠʚ. ʨʠʩ. 4.8), ʭʦʯʘ ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʙʫʣʦ ʙʽʣʴʰʠʤ ʩʘʤʝ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʎʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ 

ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʩʪʦʢʫ ʨʽʯʢʠ ʇʦ, ʘ ʪʘʢʦʞ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɸʜʨʽʘʪʠʯʥʦʛʦ ʤʦʨʷ, ʷʢʝ ʻ ʜʦʩʠʪʴ ʚʫʟʴʢʠʤ ʽ ʤʽʣʢʠʤ. 

ɼʘʥʽ ʬʘʢʪʦʨʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʦʚʰʦʛʦ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʦʨʽ ʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʬʦʨʤʫʻ ʥʝʦʜʥʦʨʽʜʥʫ hʚʠʜʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ (ʢʘʤʝʨʘʭ) ɸʜʨʽʘʪʠʯʥʦʛʦ ʤʦʨʷ (ʨʠʩ. 5.7). ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ GM = 1,18 ʽ GSD = 1,89 ʧʨʠ N = 

12. 

 

 

ʈʠʩʫʥʦʢ 5.7 ï ʇʦʨʽʚʥʷʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ (ʣʽʥʽʾ ʥʘ ʛʨʘʬʽʢʘʭ) ʽ ʚʠʤʽʨʷʥʠʤʠ 

(ʩʠʤʚʦʣʠ) ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ 

ɸʜʨʽʘʪʠʯʥʦʤʫ ʤʦʨʽ 



178 
 

 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤ 137Cs, ʪʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝʤʘʻ ʙʘʛʘʪʦ ʜʘʥʠʭ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ [193] ʯʝʨʝʟ ʾʾ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʽ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʫʪʪʻʚʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʽ. ʅʘ ʨʠʩ. 5.8 ʟʦʙʨʘʞʝʥʝ ʧʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʟ ʥʘʷʚʥʠʤʠ ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʽʚ. ɿʦʢʨʝʤʘ ʚʠʜʥʦ, ʱʦ ʚ ɯʦʥʽʯʥʦʤʫ ʤʦʨʽ (ʢʘʤʝʨʘ 32) ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʢʦʧʦʜʽʙʥʠʭ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʤʽʨʘʤʠ [199] ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ 

ʚʽʜʧʦʚʽʜʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚ ʙʝʟʭʨʝʙʝʪʥʠʭ ʦʨʛʘʥʽʟʤʘʭ (ʨʠʩ. 5.8 ʘ). ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ 

ñMediterranean Mussel Watchò ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʚʠʤʽʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʤʽʜʽʷʭ 

(Mytilus galloprovincialis) ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʙʝʨʝʟʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʽ 

ʏʦʨʥʦʛʦ ʤʦʨʽʚ, ʫ 2004-2006 ʨʦʢʘʭ [200]. ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ 

ʨ̔ ʟʥʠʤʠ ʢʘʤʝʨʘʤʠ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ, ʟʛʽʜʥʦ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 5.8 ʙ). ʈʦʟʨʘʭʦʚʘʥʽ ʽ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʚ ʤʦʣʶʩʢʘʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ 

(ʢʘʤʝʨʠ 3-30) ʟʘʙʨʫʜʥʝʥʥʷ ʥʠʞʯʝ ʽ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʝ, ʥʽʞ ʫ ʩʭʽʜʥʽʡ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ̔

ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʚʧʣʠʚʦʤ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʫ ʩʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʤʦʨʷ, ʪʦʜʽ ʷʢ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʙʫʣʦ 

ʦʜʥʦʨʽʜʥʝ ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ. ʅʘ ʨʠʩ. 5.8 ʚ ʽ 5.8 ʛ ʚʠʤʽʨʷʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʨʠʙʽ 

ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʊʽʨʨʝʥʩʴʢʦʤʫ (ʢʘʤʝʨʘ 21) ʽ ɽʛʝʡʩʴʢʦʤʫ 

(ʢʘʤʝʨʘ 50) ʤʦʨʷʭ, ʚʽʜʧʦʚʽʜʥʦ. ʇʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ 

ʧʝʣʘʛʽʯʥʦʾ ʨʠʙʠ ʙʝʟ ʫʪʦʯʥʝʥʥʷ ʚʠʜʫ [199], ʪʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʷʢ ʜʣʷ 

ʥʝʭʠʞʦʾ ʪʘʢ ʽ ʜʣʷ ʭʠʞʦʾ ʨʠʙʠ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5.8 ʚ-ʛ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʧʨʠʡʥʷʪʥʝ 

ʫʟʛʦʜʞʝʥʥʷ. 
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʛ) 

ʈʠʩʫʥʦʢ 5.8 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʚ 

ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʜʣʷ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ: (ʘ) ʨʘʢʦʧʦʜʽʙʥʽ, (ʙ) ʤʦʣʶʩʢʠ ʩʪʘʥʦʤ ʥʘ 

2004-2006 ʨʦʢʠ, (ʚ-ʛ) ʧʝʣʘʛʽʯʥʘ ʨʠʙʘ 

 

ɼʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʥʘʩʪʫʧʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʽ ʚʠʤʽʨʷʥʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs: ʜʣʷ ʨʘʢʦʧʦʜʽʙʥʠʭ GM = 1,53 ʽ GSD = 1,98 ʧʨʠ N = 34; ʜʣʷ 

ʤʦʣʶʩʢʽʚ GM = 1,96 ʽ GSD = 2,04 ʧʨʠ N = 37; ʜʣʷ ʥʝʭʠʞʦʾ ʧʝʣʘʛʽʯʥʦʾ ʨʠʙʠ GM = 1,28 

ʽ GSD = 2,26 ʧʨʠ N = 63. ʇʨʠ ʮʴʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʚʩʽʭ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʙʫʣʠ ʥʘʷʚʥʠʤʠ ʚ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. 
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5.1.4 ɹʘʣʘʥʩ 137Cs ʪʘ ʡʦʛʦ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʽ ʚʦʜʦʦʙʤʽʥʫ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ ʪʘ ʩʠʩʪʝʤʫ 

ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ 

 

 

ɿʤʽʥʘ ʟ ʯʘʩʦʤ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨ̔ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 5.9. ʁʦʛʦ ʤʘʢʩʠʤʫʤ (ʩʫʤʘ ʚʤ̔ʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʘ ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ) 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ 1968 ʨʦʮʽ (11461 ʊɹʢ) ʟʘ ʨʘʭʫʥʦʢ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʥ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʚʩʷ ʽ ʜʦʩʷʛʥʫʚ 

9149 ʊɹʢ ʫ 1985 ʨʦʮʽ. ɺʥʘʩʣʽʜʦʢ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʫ 

ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʟʥʦʚʫ ʟʨʽʩ ʜʦ 11460 ʊɹʢ (ʜʨʫʛʠʡ ʤʘʢʩʠʤʫʤ). ɿʛʽʜʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʥ ʟʤʝʥʰʠʪʴʩʷ ʜʦ 5148 ʊɹʢ ʫ 2020 ʨʦʮʽ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʪʦʢʫ ʚ ɸʪʣʘʥʪʠʯʥʠʡ ʦʢʝʘʥ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʨʦʟʧʘʜʫ. 

ʋ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʚʤʽʩʪ 137Cs ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʚʦʜʽ. ʁʦʛʦ ʤʘʢʩʠʤʫʤ 

ʩʪʘʥʦʚʠʚ 669 ʊɹʢ ʫ 2002 ʨʦʮʽ, ʱʦ ʩʢʣʘʜʘʣʦ 8,5% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʘ 

ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ 

ʟʨʦʩʪʘʻ ʽ ʜʦʩʷʛʥʝ 11,5% ʫ 2020 ʨʦʮʽ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚ ʥʠʭ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʫ ʚʦʜʽ, ʦʩʢʽʣʴʢʠ ʻʜʠʥʦʶ ʨʝʘʣʴʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʻ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ 

ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ 137Cs ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ ʏʦʨʥʦʤʫ 

ʤʦʨʽ (ʜʠʚ. ʨʦʟʜʽʣ 4.6). ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʟʥʘʯʥʦ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʝʨʪʠʢʘʣʴʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʰʚʠʜʰʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʛʣʠʙʦʢʦʚʦʜʥ̔  ʦʙʣʘʩʪʽ ʽ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʜʥʦʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ 

ʙʫʣʦ ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ, ʷʢʝ ʚ ʪʨʠ ʨʘʟʠ ʧʝʨʝʚʠʱʠʣʦ ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ (ʪʘʙʣ. 5.3). ʇʨʠʪʦʢʠ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ ʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʷʣʴʥʦʩʪʽ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʫ ʄʘʨʢʫʣʴ ʩʢʣʘʣʠ ʤʝʥʰʝ 1% ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ. ʎ̔  ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʦʤ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʦʮʽʥʢʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ [193]. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʪʽʢ 137Cs ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨ ʧʝʨʝʜ ʘʚʘʨʽʻʶ ʥʘ 
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ʏɸɽʉ ʙʫʚ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʦʚʘʥʠʡ ʡʦʛʦ ʚʠʪʦʢʦʤ ʧʽʩʣʷ ʘʚʘʨʽʾ. ʊʦʜʽ ʷʢ, ʟʛʽʜʥʦ ʟ 

[193], ʟʘʛʘʣʴʥʠʡ ʚʪʽʢ ʨʘʜʽʦʥʫʢʣʽʜʘ ʟ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ 

ʙʫʚ ʧʦʟʠʪʠʚʥʠʤ ʽ ʩʢʣʘʜʘʚ ʙʣʠʟʴʢʦ 20% ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚ 

ʪʘʙʣ. 5.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʢʦʞ ʦʮʽʥʢʠ ʚʥʝʩʢʽʚ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʪʘ ʰʣʷʭʽʚ ʚʠʪʦʢʫ 137Cs 

ʜʣʷ ʏʦʨʥʦʛʦ ʤʦʨʷ. ɸʥʘʣʽʟʫʶʯʠ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʞ ʏʦʨʥʠʤ ʽ ʉʝʨʝʜʟʝʤʥʠʤ 

ʤʦʨʷʤʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʠʪʦʢʫ 137Cs ʟ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɹʦʩʬʦʨ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʚʪʦʢʫ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ ʯʝʨʝʟ 

ʧʨʦʪʦʢʫ ɼʘʨʜʘʥʝʣʣʠ. ʇʨʦʪʝ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʚʠʪʽʢʘʻ 

ʙʽʣʴʰʝ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʥʽʞ ʚʪʽʢʘʻ ʚ ʏʦʨʥʝ ʤʦʨʝ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʮʠʤʠ 

ʧʦʪʦʢʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʛʣʠʙʠʥʥʠʭ ʰʘʨʘʭ ʄʘʨʤʫʨʦʚʦʛʦ ʤʦʨʷ. 

 

 

ʈʠʩʫʥʦʢ 5.9 ï ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʫ ʚʦʜʽ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ) ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ 

POSEIDON-R 
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ʊʘʙʣʠʮʷ 5.3 ï ʆʮʽʥʢʠ ʚʥʝʩʢʽʚ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʪʘ ʰʣʷʭʽʚ ʚʠʪʦʢʫ 137Cs ʫ 

ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʜʣʷ ʉʝʨʝʜʟʝʤʥʦʛʦ ʽ ʏʦʨʥʦʛʦ ʤʦʨʽʚ ʩʪʘʥʦʤ ʥʘ 2010 ʨʽʢ 

ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ) 

ɼʞʝʨʝʣʦ ʉʝʨʝʜʟʝʤʥʝ 

ʤʦʨʝ, Tɹʢ 

ɼʞʝʨʝʣʦ ʏʦʨʥʝ ʤʦʨʝ, 

Tɹʢ 

ɻʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ 4590 ɻʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ 821 

ʏʦʨʥʦʙʠʣʴʩʴʢʝ 

ʚʠʧʘʜʽʥʥʷ 

1440 ʏʦʨʥʦʙʠʣʴʩʴʢʝ 

ʚʠʧʘʜʽʥʥʷ 

1389 

ɺʪʽʢ ʯʝʨʝʟ ɼʘʨʜʘʥʝʣʣʠ 540 ɺʪʽʢ ʯʝʨʝʟ ɹʦʩʬʦʨ 61 

ɺʠʪʽʢ ʯʝʨʝʟ 

ɼʘʨʜʘʥʝʣʣʠ 

-150 ɺʠʪʽʢ ʯʝʨʝʟ ɹʦʩʬʦʨ -540 

ɺʪʽʢ ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨ 3940 ɺʪʽʢ ʟ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ 68 

ɺʠʪʽʢ ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨ -3950 ɺʠʪʽʢ ʚ ɸʟʦʚʩʴʢʝ ʤʦʨʝ -36 

ɺʠʪʽʢ ʟ ʷʜʝʨʥʦʛʦ 

ʮʝʥʪʨʫ ʄʘʨʢʫʣʴ 

20 -  

ʉʪʽʢ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ 20 ʉʪʽʢ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ 52 

ɺʤʽʩʪ ʫ ʚʦʜʽ 5900 ɺʤʽʩʪ ʫ ʚʦʜʽ 1840 

ɺʤʽʩʪ ʫ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ 

550 ɺʤʽʩʪ ʫ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ 

60 

ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 6450 ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 1900 

 

ʏʫʪʣʠʚʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ 

ʜʦ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʣʘʥʮʶʞʢʫ ʞʠʚʣʝʥʥʷ 

ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʚ ʨʦʟʜʽʣʽ 6.6. ʋ ʜʘʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʚʤʽʩʪʫ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʚʽʜ ʟʤʽʥ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ 

ʷʢ ʚʝʣʠʯʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʧʦʪʦʢʠ 

ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨʩʴʢʫ ʧʨʦʪʦʢʫ ʽ ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ 5 ʩʮʝʥʘʨʽʾʚ (ʪʘʙʣ. 5.4), ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʚʝʣʠʯʠʥʠ 
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ʚʥʝʩʢʽʚ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʽ ʰʣʷʭʽʚ ʚʠʪʦʢʫ 137Cs ʚ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ 

ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ (ʪʘʙʣ. 5.5). 

 

ʊʘʙʣʠʮʷ 5.4 ï ʆʧʠʩ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʩʮʝʥʘʨʽʾʚ ʜʣʷ ʦʮʽʥʢʠ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ 

ʉʮʝʥʘʨʽʡ ɻʣʦʙʘʣʴʥʝ 

ʘʪʤʦʩʬʝʨʥʝ 

ʚʠʧʘʜʽʥʥʷ 

ɺʦʜʦʦʙʤʽʥ ʯʝʨʝʟ 

ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ 

ɺʦʜʦʦʙʤʽʥ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ 

ʧʨʦʪʦʢ 

ˉ 1 

(ʙʘʟʦʚʠʡ) 

ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ 

ʜʣʷ ɯʪʘʣʽʡʩʴʢʠʭ 

ʤʦʨʽʚ [194] 

ʇʨʷʤʽ ʚʠʤʽʨʠ [192] ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ [177] 

ˉ 2 ʋʩʝʨʝʜʥʝʥʽ ʧʦ 

ʰʠʨʦʪʘʭ ʜʘʥʽ [11] 

ʇʨʷʤʽ ʚʠʤʽʨʠ [192] ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ [177] 

ˉ 3 ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ 

ʜʣʷ ɯʪʘʣʽʡʩʴʢʠʭ 

ʤʦʨʽʚ [194] 

ɿʛʽʜʥʦ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ʂʥʫʜʩʝʥʘ [201] 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ [177] 

ˉ 4 ʋʩʝʨʝʜʥʝʥʽ ʧʦ 

ʰʠʨʦʪʘʭ ʜʘʥʽ [11] 

ɿʛʽʜʥʦ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ʂʥʫʜʩʝʥʘ [201] 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ [177] 

ˉ 5 ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ 

ʜʣʷ ɯʪʘʣʽʡʩʴʢʠʭ 

ʤʦʨʽʚ [194] 

ʇʨʷʤʽ ʚʠʤʽʨʠ [192] ɿʛʽʜʥʦ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ʂʥʫʜʩʝʥʘ [202] 

 

ʈʽʟʥʠʮʷ ʫ ʚʝʣʠʯʠʥʽ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʤʽʞ ʩʮʝʥʘʨʽʷʤʠ ˉ 1 

ʪʘ ˉ 2 ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30%. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 137Cs 

ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʥʘ 18% ʫ ʩʮʝʥʘʨʽʾ ˉ 2 ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ. 

ʊʘʢʦʞ ʫ ʩʮʝʥʘʨʽʾ ˉ 2 ʟʤʽʥʶʻʪʴʩʷ ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ ʘʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ ʧʨʦʪʦʢʫ 

ɻʽʙʨʘʣʪʘʨ ʟ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʦʛʦ ʜʦ ʧʦʟʠʪʠʚʥʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʤʦʨʽ, ʪʦʙʪʦ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚ 

ɸʪʣʘʥʪʠʯʥʦʤʫ ʦʢʝʘʥʽ ʽ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ. ʎʝ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 137Cs ʚ ʤʦʨʽ 
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ʥʘ 8%. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʤʽʥʘ ʚʦʜʦʦʙʤʽʥʫ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ ʚ ʩʮʝʥʘʨʽʾ ˉ 3 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʮʝʥʘʨʽʻʤ ˉ 1, ʦʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʚʪʦʢʫ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʠʪʦʢʫ. ʇʨʦʪʝ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʘ ʦʪʞʝ, ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ. 

 

ʊʘʙʣʠʮʷ 5.5 ï ʆʮʽʥʢʠ ʚʥʝʩʢʽʚ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʪʘ ʰʣʷʭʽʚ ʚʠʪʦʢʫ 137Cs (ʊɹʢ) ʚ 

ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨ̔ ʩʪʘʥʦʤ ʥʘ 2010 ʨʽʢ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʜʣʷ 5 ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʉʮʝʥʘʨʽʡ ˉ 1 ˉ 2 ˉ 3 ˉ 4 ˉ 5 

ɻʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ 4590 3010 4590 3010 4590 

ʏʦʨʥʦʙʠʣʴʩʴʢʝ 

ʚʠʧʘʜʽʥʥʷ 

1440 1440 1440 1440 1440 

ɺʪʽʢ ʯʝʨʝʟ ɼʘʨʜʘʥʝʣʣʠ 540 490 560 510 570 

ɺʠʪʽʢ ʯʝʨʝʟ 

ɼʘʨʜʘʥʝʣʣʠ 

-150 -120 -170 -140 -150 

ɺʪʽʢ ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨ 3940 3890 7360 7310 3950 

ɺʠʪʽʢ ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨ -3950 -3450 -7320 -6620 -3940 

ɺʠʪʽʢ ʟ ʷʜʝʨʥʦʛʦ 

ʮʝʥʪʨʫ ʄʘʨʢʫʣʴ 

20 20 20 20 20 

ʉʪʽʢ ʟ ʨʽʯʢʦʚʦʶ ʚʦʜʦʶ 20 20 20 20 20 

ɺʤʽʩʪ ʫ ʚʦʜʽ 5900 4800 5800 4950 5930 

ɺʤʽʩʪ ʫ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʥʷʭ 

550 500 700 600 570 

ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 6450 5300 6500 5550 6500 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʚʤʽʩʪ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ, ʥʽʞ ʟʤʽʥʘ 

ʚʦʜʦʦʙʤʽʥʫ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚ ʩʮʝʥʘʨʽʾ ˉ 4, ʢʦʣʠ ʧʨʠ 
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ʦʜʥʦʯʘʩʥʽʡ ʟʤʽʥʽ ʦʙʦʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʫʻʤʦ ʚʘʨʽʘʥʪ ʙʣʠʟʴʢʠʡ ʜʦ ʩʮʝʥʘʨʽʶ ˉ 2, 

ʢʦʣʠ ʨʦʟʛʣʷʜʘʣʘʩʷ ʣʠʰʝ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ. ɿʤʽʥʘ ʚʦʜʦʦʙʤʽʥʫ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʊʫʨʝʮʴʢʠʭ ʧʨʦʪʦʢ ʚ ʩʮʝʥʘʨʽʾ ˉ 5 ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ 137Cs ʫ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨ̔. 

 

 

5.2 ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ 

 

 

ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ ʻ ʥʘʧʽʚʟʘʢʨʠʪʠʤ ʧʦʨʽʚʥʷʥʦ ʤʽʣʢʠʤ ʤʦʨʝʤ, ʟʘʧʦʚʥʝʥʠʤ 

ʤʦʨʩʴʢʦʶ ʚʦʜʦʶ ʟʽ ʟʥʘʯʥʠʤ ʧʝʨʝʧʘʜʦʤ ʩʦʣʦʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʯʦʢ, 

ʱʦ ʚʧʘʜʘʶʪʴ ʫ ʥʴʦʛʦ. ɺʦʥʦ ʟôʻʜʥʘʥʝ ʟ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ ʤʽʣʢʠʤʠ ʽ ʚʫʟʴʢʠʤʠ 

ʧʨʦʪʦʢʘʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʦʙʤʽʥ ʚʦʜʦʶ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʤʦʨʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʛʣʠʙʠʥʘʤʠ ʜʦ 50 ʤ, ʧʨʦʪʝ ʽʩʥʫʶʪʴ ʛʣʠʙʦʢʽ ʟʘʧʘʜʠʥʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʛʣʠʙʠʥʦʶ 

470 ʤ. ʋ ʨʘʤʢʘʭ ɻʝʣʴʩʽʥʩʴʢʦʾ ʢʦʤʽʩʽʾ ʧʦ ʟʘʭʠʩʪʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɹʘʣʪʽʡʩʴʢʦʛʦ 

ʤʦʨʷ (HELCOM) ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʷ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʥʘʢʦʧʠʯʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʽ [203, 204]. ʊʦʤʫ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ ʻ ʜʦʙʨʠʤ ʧʨʠʢʣʘʜʦʤ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

[205]. 

 

 

5.2.1 ʉʠʩʪʝʤʘ ʢʘʤʝʨ 

 

 

ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ ʚʢʣʶʯʘʻ 81 ʨʝʛʽʦʥʘʣʴʥʫ ʢʘʤʝʨʫ (ʨʠʩ. 5.10), ʘ ʪʘʢʦʞ 16 

ʜʦʜʘʪʢʦʚʠʭ ʢʘʤʝʨ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʩʥʦʚʥʽ ʨʽʯʢʠ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ. ʆʙôʻʤ ʽ 

ʛʣʠʙʠʥʘ 47 ʢʘʤʝʨ, ʱʦ ʥʘʣʝʞʘʪʴ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʶ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʪʦʧʦʛʨʘʬʽʾ ʜʥʘ. ʂʘʤʝʨʠ, ʛʣʠʙʠʥʦʶ ʧʦʥʘʜ 60 ʤ, ʜʽʣʷʪʴʩʷ ʥʘ 2 ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ 
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(ʧʦʚʝʨʭʥʝʚʠʡ ʽ ʧʨʠʜʦʥʥʠʡ) ʜʣʷ ʢʨʘʱʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ̔

ʩʪʨʘʪʠʬʽʢʘʮʽʻʶ ʤʦʨʷ. ɺʦʥʠ ʧʦʟʥʘʯʝʥʽ ʛʦʣʫʙʠʤ ʢʦʣʴʦʨʦʤ ʥʘ ʨʠʩ. 5.10. ɻʝʦʤʝʪʨʽʷ 

ʢʘʤʝʨ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʫ ʯʘʩʪʠʥʫ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʚʽʜʧʦʚʽʜʘʻ 

ʜʘʥʠʤ ʟ [26]. 

 

 

ʈʠʩʫʥʦʢ 5.10 ï ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ. ʏʦʨʥʽ ʪʦʯʢʠ ʧʦʟʥʘʯʘʶʪʴ ʜʽʶʯʽ ɸɽʉ 

 

ʆʙʤʽʥ ʚʦʜʦʶ ʤʽʞ ʢʘʤʝʨʘʤʠ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ 10 ʨʦʢʽʚ (1991-2000 ʨʨ.) ʪʝʯʽʡ, ʦʪʨʠʤʘʥʠʭ 3-ʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ SMHI 

ʐʚʝʜʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ʇʦʪʦʢʠ ʚʦʜʠ ʤʽʞ ʽʥʰʠʤʠ ʢʘʤʝʨʘʤʠ 

ʧʨʠʡʤʘʣʠʩʷ ʨʽʚʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤ ʚʝʣʠʯʠʥʘʤ ʟ [29]. ʇʨʠʪʽʢ ʨʽʯʢʦʚʦʾ ʚʦʜʠ 

ʚʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʠʭ ʢʘʤʝʨ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʨʘʚʠʣʴʥʠʡ 

ʙʘʣʘʥʩ ʚʦʜʠ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ ʪʘ ʧʦʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʨʽʯʦʢ. ɺʝʣʠʯʠʥʘ 

ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʛʠʨʣʘ ʢʦʞʥʦʾ ʨʽʯʢʠ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.6. ʇʨʠ ʮʴʦʤʫ 

ʟʘʛʘʣʴʥʠʡ ʧʦʪʽʢ ʩʢʣʘʜʘʻ 484 ʢʤ3/ʨ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ [206]. ʏʝʨʝʟ ʜʦʩʠʪʴ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʨʽʩʥʦʾ ʨʽʯʢʦʚʦʾ ʚʦʜʠ, ʱʦ ʚʪʽʢʘʻ ʚ ʧʽʚʥʽʯʥʽ ʦʙʣʘʩʪʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ, ʘ 

ʪʘʢʦʞ ʯʝʨʝʟ ʟʥʘʯʥʫ ʚʽʜʜʘʣʝʥʽʩʪʴ ʮʠʭ ʦʙʣʘʩʪʝʡ ʚʽʜ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ, ʚ ʤʦʨʽ 

ʬʦʨʤʫʻʪʴʩʷ ʩʪʽʡʢʠʡ ʛʨʘʜʽʻʥʪ ʩʦʣʦʥʦʩʪʽ. ɺ ʤʦʜʝʣʽ ʚʝʣʠʯʠʥʘ ʩʦʣʦʥʦʩʪʽ ʧʦʩʪʫʧʦʚʦ 



187 
 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ S = 25 ʫ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ (ʢʘʤʝʨʠ 35-40) ʜʦ S = 15 ʫ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʽ ʜʦ S = 5 ʫ ʌʽʥʩʴʢʽʡ ʟʘʪʦʮʽ (ʢʘʤʝʨʠ 65-67) ʪʘ ɹʦʪʥʽʯʥʽʡ ʟʘʪʦʮʽ 

(ʢʘʤʝʨʠ 80-81). 

 

ʊʘʙʣʠʮʷ 5.6 ï ʈʦʟʧʦʜʽʣ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ ʤʽʞ ʢʘʤʝʨʘʤʠ 

ʤʦʜʝʣʽ POSEIDON-R 

ʈʽʯʢʘ ˉ ʢʘʤʝʨʠ, ʢʫʜʠ ʚʦʥʘ 

ʚʧʘʜʘʻ 

ʈʽʯʢʦʚʠʡ ʩʪʽʢ, 

ʢʤ3/ʨ 

ɻʝʪʘ-ɽʣʴʚ + ʤʘʣʽ ʨʽʯʢʠ 36 23 

ɺʩʽ ʨʽʯʢʠ ɼʘʥʽʾ 39 5 

ʄʘʣʽ ʨʽʯʢʠ ʅʽʤʝʯʯʠʥʠ 43 9 

ʆʜʨʘ + ʤʘʣʽ ʨʽʯʢʠ 45 25 

ɺʽʩʣʘ + ʤʘʣʽ ʨʽʯʢʠ 47 50 

ʅʽʤʘʥ + ʤʘʣʽ ʨʽʯʢʠ 48 30 

ʄʫʪʘʣʘ + ʤʘʣʽ ʨʽʯʢʠ ʐʚʝʮʽʾ 59 9 

ɿʘʭʽʜʥʘ ɼʚʽʥʘ + ʤʘʣʽ ʨʽʯʢʠ 58 31 

ʅʘʨʚʘ + ʤʘʣʽ ʨʽʯʢʠ 65 20 

ʂʶʤʽʡʦʢʽ + ʤʘʣʽ ʨʽʯʢʠ 66 13 

ʅʝʚʘ 67 79 

ɼʘʣʝʣʴʚʝʥ + ʤʘʣʽ ʨʽʯʢʠ 71 18 

ʂʦʢʝʤʷʝʥʡʦʢʽ + ʽʥʰʽ ʤʘʣʽ ʨʽʯʢʠ 

ʌʽʥʣʷʥʜʽʾ 

77 25 

ʆʥʛʝʨʤʘʥʝʣʴʚʝʥ + ɯʥʜʘʣʴʩʝʣʴʚʝʥ + 

ʤʝʥʰʽ ʨʽʯʢʠ 

78 47 

ʋʤʝʝʣʴʚʝʥ + ʤʝʥʰʽ ʨʽʯʢʠ 80 22 

ʂʝʤʽʡʦʢʽ + ʊʫʨʥʝʝʣʴʚʝʥ + ̔ ʥʰʽ ʨʽʯʢʠ 

ʧʽʚʥʦʯʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ 

81 78 

ɺʩʴʦʛʦ  484 
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ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʯʘʩʪʠʥʦʢ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ 3-ʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ THREETOX [20, 66] ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʩʝʨʝʜʥʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʥʘ 

ʜʥʽ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ [207]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ʤʦʜʝʣʽ POSEIDON-R. ʐʚʠʜʢʽʩʪʴ 

ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʢʦʞʥʽʡ ʢʘʤʝʨʽ, ʱʦ ʪʘʢʦʞ ʻ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʽ, ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʨʦʟʤʽʨʠ ʮʠʭ ʯʘʩʪʠʥʦʢ. 

 

 

5.2.2 ɼʞʝʨʝʣʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ 

 

 

ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 137Cs ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ ʙʫʣʠ: ʘ) ʛʣʦʙʘʣʴʥʝ 

ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ; ʙ) ʧʦʪʦʢʠ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ ʚʥʘʩʣʽʜʦʢ ʚʠʪʦʢʽʚ ʽʟ ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ 

ʉʝʣʣʘʬʽʣʜ (ɸʥʛʣʽʷ) ʽ ʃʘ ʍʘʛ (ʌʨʘʥʮʽʷ); ʚ) ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʫ 1986 ʨʦʮʽ; 

ʛ) ʧʨʠʪʽʢ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʚʦʜʦʶ ʨʽʯʦʢ. ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ [204], ʫ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ 

ʧʦʪʨʘʧʠʣʦ 1800 ʊɹʢ 137Cs ʫ ʨʝʟʫʣʴʪʘʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ, 250 ʊɹʢ ʽʟ 

ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ, 4700 ʊɹʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, 300 ʊɹʢ ʟ 

ʚʦʜʦʶ ʨʽʯʦʢ. 

ɼʣʷ ʜʘʥʦʛʦ ʨʝʛʽʦʥʫ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʚʠʤʽʨʶʚʘʣʠʩʷ 

[203] ʥʘ ʃʝʥʽʥʛʨʘʜʩʴʢʽʡ ɸɽʉ ʪʘ ʥʘ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʨʝʘʢʪʦʨʽ ʈʽʟʦ (ɼʘʥʽʷ). ɺ ʤʦʜʝʣʽ 

ʚʠʧʘʜʽʥʥʷ 137Cs, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʃʝʥʽʥʛʨʘʜʩʴʢʦʾ ɸɽʉ, ʟʘʜʘʚʘʣʦʩʷ ʜʣʷ ʧʽʚʥʽʯʥʦʾ 

ʯʘʩʪʠʥʠ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʠ 62-81), ʪʦʜʽ ʷʢ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʢʘʤʝʨ ʟʘʜʘʚʘʣʠʩʷ 

ʟʥʘʯʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʟ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʨʝʘʢʪʦʨʘ ʈʽʟʦ (ʨʠʩ. 5.11). ɿʥʘʯʝʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ 1995 ʨʦʢʫ ʝʢʩʪʨʘʧʦʣʶʚʘʣʠʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʝʨʽʦʜʫ 

ʥʘʧʽʚʨʦʟʧʘʜʫ 137Cs. ʈʦʟʤʽʱʝʥʥʷ ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ ʉʝʣʣʘʬʽʣʜ ʽ ʃʘ ʍʘʛ ʪʘ ʚʠʪʦʢʠ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʟ ʥʠʭ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʠʞʯʝ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣ ̔(ʨʠʩ. 5.21 ʽ 5.22 ʙ). 
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ʈʠʩʫʥʦʢ 5.11 ï ɻʫʩʪʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʥʘ 

ʧʦʚʝʨʭʥʶ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ 

  

ɸʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ 137Cs ʥʘ ʧʦʚʝʨʭʥʶ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ 

ʥʘ ʏɸɽʉ ʙʫʣʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ. ʅʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʤʠ ʚʠʷʚʠʣʠʩʷ ɸʣʘʥʜʩʴʢʝ ʽ 

ɹʦʪʥʽʯʥʝ ʤʦʨʷ ʪʘ ʌʽʥʩʴʢʘ ʟʘʪʦʢʘ (ʨʠʩ. 5.12). ʋ ʤʦʜʝʣʽ POSEIDON-R ʚʠʧʘʜʽʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʤʦʨʷ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ 137Cs ʚʽʜ ʧʦʰʢʦʜʞʝʥʦʛʦ ʨʝʘʢʪʦʨʘ 

ʏɸɽʉ ʫ 1986 ʨʦʮʽ ʨʦʟʧʦʜʽʣʷʣʦʩʷ ʤʽʞ ʢʘʤʝʨʘʤʠ (ʪʘʙʣ. 5.7), ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ [203]. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʣʠʰʝ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 

ʧʦʚʝʨʥʫʣʘʩʷ ʜʦ ʨʽʚʥʷ 1985 ʨʦʢʫ (ʧʝʨʝʜ ʘʚʘʨʽʻʶ ʥʘ ʏɸɽʉ). ɸ ʩʪʘʥʦʤ ʥʘ 1990 ʨʽʢ 

ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ ʟ ʩʝʨʝʜʥʴʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʦʥʘʜ 120 ɹʢ/ʤ3 ʙʫʣʦ ʥʘʡʙʽʣʴʰ 

ʟʘʙʨʫʜʥʝʥʠʤ ʤʦʨʝʤ ʫ ʩʚʽʪʽ ʟʘ ʚʤʽʩʪʦʤ 137Cs [208]. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʧʨʠʪʽʢ 137Cs ʫ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ʦʮʽʥʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ [181]. 
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ʈʠʩʫʥʦʢ 5.12 ï ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs (ɹʢ/ʤ3) ʥʘ ʧʦʚʝʨʭʥʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ, 

ʽʥʪʝʨʧʦʣʴʦʚʘʥʘ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ [209, 210], ʧʨʦʚʝʜʝʥʠʤʠ ʚ ʞʦʚʪʥʽ 1986 

ʨʦʢʫ 

  

ʊʘʙʣʠʮʷ 5.7 ï ʈʦʟʧʦʜʽʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʥʘ ʧʦʚʝʨʭʥʶ 

ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʫ 1986 ʨʦʮʽ ʤʽʞ ʢʘʤʝʨʘʤʠ ʤʦʜʝʣʽ POSEIDON 

ʆʙʣʘʩʪʴ ɻʫʩʪʠʥʘ 

ʚʠʧʘʜʽʥʥʷ, ɹʢ/ʤ2 

ʉʫʤʘʨʥʝ 

ʚʠʧʘʜʽʥʥʷ, ʊɹʢ 

ʂʘʤʝʨʠ ʤʦʜʝʣʽ 

ʂʘʪʪʝʛʘʪ 1700 40 35-40 

ɹʝʣʴʪʠ 1800 50 41-43 

ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ 4500 820 44-57, 59-61 

ʈʠʟʴʢʘ ʟʘʪʦʢʘ 5000 80 58 

ʌʽʥʩʴʢʘ ʟʘʪʦʢʘ 15000 840 62-67 

ɸʣʘʥʜʩʴʢʝ ʤʦʨʝ 72500 560 68-69, 71-72 

ɸʨʭʽʧʝʣʘʛʦʚʝ ʤʦʨʝ 17300 40 70 

ɹʦʪʥʽʯʥʝ ʤʦʨʝ 35000 1940 73-79 

ɹʦʪʥʽʯʥʘ ʟʘʪʦʢʘ 6900 330 80-81 
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5.2.3 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs 

ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 

 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ 137Cs ʫ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʢʘʤʝʨʥʦʶ ʤʦʜʝʣʣʶ POSEIDON-R ʜʣʷ ʧʝʨʽʦʜʫ 1950-2020 ʨʨ. ʟ̔ 

ʚʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʥʫʢʣʽʜʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʚʠʤʽʨʘʤʠ, 

ʜʦʩʪʫʧʥʠʤʠ ʚ ʙʘʟʽ ʜʘʥʠʭ MORS [211] ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʠ ʙʫʣʠ ʟʛʨʫʧʦʚʘʥʽ ʧʦ ʦʙʣʘʩʪʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʘʤʝʨʘʤ ʤʦʜʝʣʽ, ʽ ʫʩʝʨʝʜʥʝʥʽ ʧʦ ʨʦʢʘʭ. ʅʘ ʨʠʩ. 5.13 ʧʨʝʜʩʪʘʚʣʝʥʝ ʧʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ ʤʦʜʝʣʽ. 

ɿʦʢʨʝʤʘ ʚʠʜʥʦ, ʱʦ ʚ ʦʙʣʘʩʪʽ, ʜʝ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ ʤʝʞʫʻ ʟ ʇʽʚʥʽʯʥʠʤ (ʢʘʤʝʨʘ 35), 

ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʚʦʜʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʚʠʧʘʜʽʥʥʷ (1986 ʨʽʢ) ʤʘʻ 

ʧʨʠʙʣʠʟʥʦ ʪʘʢʠʡ ʧʦʨʷʜʦʢ, ʷʢ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʟʫʤʦʚʣʝʥʘ ʧʦʪʦʢʦʤ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʟʽ 

ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ, ʤʘʢʩʠʤʫʤ ʷʢʦʾ ʧʨʠʧʘʜʘʻ ʥʘ 1979 ʨʽʢ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʜʘʥʽ ʚʝʣʠʯʠʥʠ ʚ ʧʽʚʪʦʨʘ-ʜʚʘ ʨʘʟʠ ʚʠʱʽ, ʥʽʞ ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ 60-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ ʚʥʘʩʣʽʜʦʢ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʠʧʘʜʽʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤʥʦʾ ʟʙʨʦʾ. ɺʞʝ ʚ ʨʘʡʦʥʽ ʦʩʪʨʦʚʽʚ ɼʘʥʩʴʢʦʛʦ 

ʘʨʭʽʧʝʣʘʛʫ (ʢʘʤʝʨʘ 40) ʚʧʣʠʚ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʟʽ ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʚʧʣʠʚ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʚʠʧʘʜʽʥʥʷ ï ʟʨʦʩʪʘʻ. ɺ ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ 

ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ (ʧʽʩʣʷ ʦʩʪʨʦʚʽʚ ɼʘʥʩʴʢʦʛʦ ʘʨʭʽʧʝʣʘʛʫ) ʥʘʚʽʪʴ ʩʣʽʜʽʚ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʪʽʢʘʻ ʟ ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʊʫʪ 

ʧʦʯʠʥʘʻ ʜʦʤʽʥʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʫʤʦʚʣʝʥʝ ʯʦʨʥʦʙʠʣʴʩʴʢʠʤ ʚʠʧʘʜʽʥʥʷʤ, ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʤʝʞʽ ʤʽʞ ɹʦʪʥʽʯʥʠʤ ʽ ɸʣʘʥʜʩʴʢʠʤ ʤʦʨʷʤʠ (ʢʘʤʝʨʘ 72). 
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ʂʘʤʝʨʘ 35 

 

ʂʘʤʝʨʘ 40 

 

ʂʘʤʝʨʘ 45 
 

ʂʘʤʝʨʘ 50 

 

ʂʘʤʝʨʘ 55 

 

ʂʘʤʝʨʘ 72 

ʈʠʩʫʥʦʢ 5.13 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ 

ʚʦʜʽ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 
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ʋ ʛʣʠʙʦʢʦʚʦʜʥʽʡ ʯʘʩʪʠʥʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʠ 50 ʽ 55) ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ 

ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʷʢ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʧʨʠʜʦʥʥʦʛʦ ʰʘʨʫ ʚʦʜʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʤʝʪʦʜʦʤ ʢʘʤʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʧʦʯʠʥʘʶʯʠ ʟ ʢʽʥʮʷ 90-ʭ ʨʦʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ 

ʛʣʠʙʠʥʥʠʭ ʰʘʨʘʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʩʪʘʻ ʚʠʱʦʶ, ʥʽʞ ʚ ʧʦʚʝʨʭʥʝʚʠʭ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʨʦʟʚʝʜʝʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʪʦʢʫ ʙʽʣʴʰ ʯʠʩʪʦʾ 

ʨʽʯʢʦʚʦʾ ʚʦʜʠ ʪʘ ʧʦʟʠʪʠʚʥʠʤ ʙʘʣʘʥʩʦʤ ʚʦʜʠ ʚ ʤʦʨʽ, ʱʦ ʩʧʨʠʷʻ ʚʠʥʦʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

ʤʦʨʷ. 

ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʘ ʜʦʙʨʘ ʢʦʨʝʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʦʜʠ ʫ ʚʩʽʭ ʢʘʤʝʨʘʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ (ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 0,9). ʉʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚ̔ ʜʥʦʰʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʦʜʽ ʜʦ ʚʠʤʽʨʷʥʠʭ ʩʢʣʘʜʘʻ GM = 0,89, ʘ ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ GSD = 1,42 ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʦʨʽʚʥʶʚʘʥʠʭ ʟʥʘʯʝʥʴ N = 378. 

ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ (0,08 ʨ-1) ʽ ʛʣʠʙʠʥʥʦʤʫ (0,07 ʨ-1) ʰʘʨʘʭ ʚʦʜʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʩʫʪʪʻʚʦ, 

ʱʦ, ʪʠʤ ʥʝ ʤʝʥʰʝ, ʟʫʤʦʚʣʶʻ ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ, ʷʢ ʚʠʜʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʢʘʤʝʨ 50 ʽ 55 (ʨʠʩ. 5.13). 

ʅʘ ʨʠʩ. 5.14 ʧʨʝʜʩʪʘʚʣʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs 

ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʟ ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʢʘʤʝʨ ʤʦʜʝʣʽ. ɼʘʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʥʘ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʻ ʜʦʩʠʪʴ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤ, ʥʘʚʽʪʴ ʫ ʤʝʞʘʭ ʦʜʥʦʾ ʢʘʤʝʨʠ. ɸʣʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʤʠ ʻ ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ 

(ʢʘʤʝʨʘ 75). ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ (ʢʘʤʝʨʘ 45) ʮʝ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʤʝʥʰʠʤ, ʘ ʚ ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ (ʢʘʤʝʨʘ 42) ï ʱʝ ʤʝʥʰʠʤ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ 

ʟʘʙʨʫʜʥʝʥʥʽ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʝ 

ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʤʽʨʷʥʠʭ ʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʜʣʷ ʟʘʭʽʜʥʦʾ (ʢʘʤʝʨʠ 37-

43), ʮʝʥʪʨʘʣʴʥʦʾ (ʢʘʤʝʨʠ 44-61) ʽ ʧʽʚʥʽʯʥʦʾ (ʢʘʤʝʨʠ 69-81) ʯʘʩʪʠʥ ʤʦʨʷ (ʨʠʩ. 5.14). 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʦʢʨʝʤʽ ʢʘʤʝʨʠ. 
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ʂʘʤʝʨʘ 42 

 

ʂʘʤʝʨʘ 45 

 

ʂʘʤʝʨʘ 75 
 

ʉʝʨʝʜʥʽ ʧʦ ʦʙʣʘʩʪʷʭ 

ʈʠʩʫʥʦʢ 5.14 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 

 

ɼʣʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʜʝʱʦ ʛʽʨʰʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʤʽʨʘʤʠ, ʥʽʞ ʜʣʷ ʚʦʜʠ. ɿʦʢʨʝʤʘ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ 

ʚʠʤʽʨʷʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʜʣʷ ʚʩʽʭ ʢʘʤʝʨ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʩʪʘʥʦʚʠʪʴ 0,8, GM = 

0,86, GSD = 2,17 ʧʨʠ N = 163. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʩʢʣʘʜ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʫ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤ [207] ʽ ʪʦʚʱʠʥʘ ʚʝʨʭʥʴʦʛʦ 

ʘʢʪʠʚʥʦʛʦ ʰʘʨʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ 

ʧʦʚʥʽʩʪʶ ʚʽʜʪʚʦʨʠʪʠ ʚ ʤʦʜʝʣʽ. ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 0,04-0,06 ʨ-1 ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʣʘʩʪʽ ʤʦʨʷ. ʆʩʢʽʣʴʢʠ ʚʦʥʠ ʤʝʥʰʽ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʦʜʠ, 
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ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʜʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʦʜʦʶ. 

ʅʘ ʨʠʩ. 5.15 ʧʦʢʘʟʘʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʟ 

ʚʠʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʫ ʢʘʤʝʨʽ 45. ʎʷ ʢʘʤʝʨʘ ʙʫʣʘ ʚʠʙʨʘʥʘ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʚ ʥʽʡ ʻ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʜʝʣʽ POSEIDON-R. 

ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʜʦʥʥʠʭ ʙʝʟʭʨʝʙʝʪʥʠʭ 

ʦʨʛʘʥʽʟʤʘʭ ʟ ʚʠʤʽʨʘʤʠ ʚ ʤʦʨʩʴʢʠʭ ʾʞʘʢʘʭ (Echinodermata) ʧʦʢʘʟʫʻ, ʱʦ ʤʦʜʝʣʴ 

ʧʨʘʚʠʣʴʥʦ ʚʽʜʪʚʦʨʶʻ ʯʘʩʦʚʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʮʠʭ ʦʨʛʘʥʽʟʤʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʚʠʤʽʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʜʦʥʥʠʭ ʙʝʟʭʨʝʙʝʪʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʻ 

ʜʫʞʝ ʤʘʣʦʶ. ɼʣʷ ʦʮʽʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ 137Cs ʫ ʥʝʭʠʞʽʡ 

ʧʝʣʘʛʽʯʥʽʡ ʨʠʙʽ, ʧʨʦʚʦʜʠʣʦʩʷ ʾʾ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʚ ʦʩʝʣʝʜʮʽ (Clupea harengus) ʽ 

ʰʧʨʦʪʘʭ (Sprattus sprattus). ɿʦʢʨʝʤʘ, ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚ̔ ʜʥʦʰʝʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʽʚ ʫ hʧʨʦʪʘʭ ʩʢʣʘʜʘʻ GM = 0,91, ʘ 

ʩʝʨʝʜʥʴʦ-ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ GSD = 1,32 ʧʨʠ N = 24 ʜʣʷ ʚʩʽʭ ʢʘʤʝʨ ʚ 

ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ, ʜʝ ʙʫʣʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ. ʈʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ 

ʧʨʠʜʦʥʥʽʡ ʨʠʙʽ ʧʦʨʽʚʥʶʚʘʣʘʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʤʽʨʘʤʠ ʚ ʢʘʤʙʘʣʽ (Platichthys flesus). 

ɺʽʜʧʦʚʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʽ ʚʠʤʽʨʷʥʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 137Cs ʜʣʷ ʚʩʴʦʛʦ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʩʢʣʘʜʘʶʪʴ GM = 0,92, GSD = 1,67 

ʧʨʠ N = 70, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʠʡʥʷʪʥʝ ʫʟʛʦʜʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʥʘʤʽʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʭʠʞʘʢʘʭ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʚʠʤʽʨʘʤʠ ʚ ʪʨʽʩʮʽ (Gadus morhua). ɿʛʽʜʥʦ ʟ [298], ʪʨʽʩʢʘ ʚ ɹʘʣʪʽʡʩʴʢʦʤʫ ʤʦʨʽ 

ʭʘʨʯʫʻʪʴʩʷ ʦʩʝʣʝʜʮʝʤ, ʰʧʨʦʪʦʤ, ʤʦʣʶʩʢʘʤʠ, ʨʘʢʦʧʦʜʽʙʥʠʤʠ ʪʘ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ 

ʜʦʥʥʠʭ ʯʝʨʚôʷʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʘʮʽʦʥʫ ʧʨʠʙʝʨʝʞʥʦʛʦ ʭʠʞʘʢʘ ʚ ʤʦʜʝʣʽ POSEIDON-

R. ɼʣʷ ʮʠʭ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʧʦʨʽʚʥʷʥʥʷ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʚʩʽʭ ʢʘʤʝʨʘʭ, ʜʝ 

ʙʫʣʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ: GM = 0,91, GSD = 1,37 ʧʨʠ N = 

95. 
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ɼʦʥʥʽ ʙʝʟʭʨʝʙʝʪʥʽ 

 

ʅʝʭʠʞʘ ʨʠʙʘ 

 

ʇʨʠʜʦʥʥʘ ʨʠʙʘ 

 

ʇʨʠʙʝʨʝʞʥʽ ʭʠʞʘʢʠ 

ʈʠʩʫʥʦʢ 5.15 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʟ ʚʠʤʽʨʘʤʠ [211] 

ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʜʣʷ ʢʘʤʝʨʠ 45 

 

ɸʥʘʣʽʟʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʢʘʤʝʨʽ ˉ 45, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʥʝʭʠʞʽʡ ʧʝʣʘʛʽʯʥʽʡ ʨʠʙʽ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʣʽʜʦʤ ʟʘ ʟʤʽʥʘʤʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʚʦʜʠ (ʨʠʩ. 5.13) ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ 

(0,08 ʨ-1). ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʨʠʜʦʥʥʽʡ ʨʠʙʽ ʢʦʨʝʣʶʶʪʴ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ (ʨʠʩ. 5.14) ʟʽ ʩʭʦʞʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʘʪʫʭʘʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,06 ʨ-1. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʮʝ 

ʟʫʤʦʚʣʝʥʦ ʧʨʠʨʦʜʥʠʤ ʘʨʝʘʣʦʤ, ʟ ʷʢʠʤ ʧʦʚôʷʟʘʥʠʡ ʨʘʮʽʦʥ ʭʘʨʯʫʚʘʥʥʷ ʜʘʥʠʭ ʪʠʧʽʚ ʨʠʙ. 

ɺʽʜʧʦʚʽʜʥʦ ʟʘʪʫʭʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʭʠʞʘʢʘʭ ʤʘʻ ʧʨʦʤʽʞʥʝ 


