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ɄɅɃȿɃũɃɆ 

 

ȼ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŮəˊɞɜɐɗɖəŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ɅŬŭɘŮɜɏɟɔŮɘŬɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ 

ȽɜůŰɘŰɞɨŰɞɡ Ʉɡɟɖɜɘəɐɠ ɇŮɢɜɞɚɞɔɑŬɠ - ȷəŰɘɜɞˊɟɞůŰŬůɑŬɠ Űɞɡ Ⱥɗɜɘəɞɨ ȾɏɜŰɟɞɡ ȰɟŮɡɜŬɠ Űɤɜ 

ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ ñȹɖɛɧəɟɘŰɞɠò ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɖɠ ȹɘŮɡɗɨɜŰɟɘŬɠ ȺɟŮɡɜɩɜ ȹɟ. Ⱥɚɏɜɖɠ 

ūɚɩɟɞɡ. ɀŮ Ůɡɗɨɜɖ əŬɘ ɡɚɘəɐ ɡˊɞůŰɐɟɘɝɖ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ɅŬŭɘŮɜɏɟɔŮɘŬɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ 4 ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ůŰɖɜ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ Űɞɡ ɆŬɟɤɜɘəɞɨ Ⱦɧɚˊɞɡ 

əŬɘ Ⱦɧɚˊɞɡ ȺɚŮɡůɑɜŬɠ. 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɖɜ ȹɟ. Ⱥɚɏɜɖ ūɚɩɟɞɡ ɔɘŬ Űɖɜ əŬɗɞŭɐɔɖůɖ, Űɘɠ 

ŮˊɘůŰɖɛɞɜɘəɏɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɖɜ ɖɗɘəɐ ůɡɛˊŬɟɎůŰŬůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɟɔŬůɑŬɠ. 

Ɂɘɩɗɤ ˊɟŬɔɛŬŰɘəɎ ˊɟɞɜɞɛɘɞɨɢɞɠ ˊɞɡ ŮɟɔɎůŰɖəŬ ůŮ ɏɜŬ ŮɟɔŬůŰɐɟɘɞ, ɧˊɞɡ əɡɟɘŬɟɢŮɑ 

ɡɣɖɚɧ ŮˊɑˊŮŭɞ ůŰɖɜ ɏɟŮɡɜŬ, ɝŮɢɤɟɘůŰɧ əɚɑɛŬ, ɞɘəɞɔŮɜŮɘŬəɐ ŬŰɛɧůűŬɘɟŬ əŬɘ ˊɜŮɨɛŬ 

ŬɚɚɖɚɞɓɞɐɗŮɘŬɠ əŬɘ ůɡɜŮɟɔŬůɑŬɠ. 

 

ȺɡɢŬɟɘůŰɩ, Ůˊɑůɖɠ, Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛɞɡ ə. ɀɘɢŬɐɚ Ɇəɞɨɚɚɞ ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ 

ɡˊɞŭŮɑɝŮɘɠ Űɞɡ ůŮ ɗɏɛŬŰŬ ɢɖɛŮɑŬɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ɤəŮŬɜɞɔɟŬűɑŬɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ 

ŮɝŬɘɟŮŰɘəɐ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬɛŮ əŬŰŬ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ. 

ȾɎɗŮ ůɡɕɐŰɖůɖ ɛŬɕɑ Űɞɡ ɐŰŬɜ ŬˊɞɚŬɡůŰɘəɐ əŬɘ Ɏəɟɤɠ ŮəˊŬɘŭŮɡŰɘəɐ. 

 

ȺɡɢŬɟɘůŰɩ Űɞɜ ȷɜ. ȾŬɗɖɔɖŰɐ ə. ȺɛɛŬɜɞɡɐɚ ȹŬůŮɜɎəɖ (ɛɏɚɞɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ ůɡɛɓɞɡɚŮɡŰɘəɐɠ 

ŮˊɘŰɟɞˊɐɠ), ɞ ɞˊɞɑɞɠ ɐŰŬɜ ˊɎɜŰɞŰŮ ˊŬɟɧɜ ɧŰŬɜ Űɞɡ ɕɖŰɐɗɖəŮ ɓɞɐɗŮɘŬ. 

 

Ⱥˊɘɗɡɛɩ Ůˊɑůɖɠ ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŰŬ ɡˊɧɚɞɘˊŬ ɛɏɚɖ Űɖɠ ŮˊŰŬɛŮɚɞɨɠ 

ŮˊɘŰɟɞˊɐɠ (Űɞɜ ȹɘŮɡɗɡɜŰɐ ȺɟŮɡɜɩɜ ȺȾȺūȺ ñȹò ə. ɄŬɜŬɔɘɩŰɖ ȾɟɘŰɑŭɖ, Űɞɜ ȾŬɗɖɔɖŰɐ Űɖɠ 

Ɇɢɞɚɐɠ ȺűŬɟɛɞůɛɏɜɤɜ ɀŬɗɖɛŬŰɘəɩɜ əŬɘ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ Űɞɡ ȺɀɄ ə. ȺɡɎɔɔŮɚɞ ũŬɕɐ, 

Űɞɜ Ⱥˊɘə. ȾŬɗɖɔɖŰɐ Űɖɠ Ɇɢɞɚɐɠ ɀɖɢŬɜɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ Űɞɡ ȺɀɄ ə. ɀɎɟɘɞ ȷɜŬɔɜɤůŰɎəɖ 

əŬɘ Űɞɜ ȾŬɗɖɔɖŰɐ Űɖɠ Ɇɢɞɚɐɠ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ əŬɘ ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ Űɞɡ 

ȷɄŪ ə. ȷɚɏəɞ ȾɚɞɨɓŬ) ɔɘŬ Űɘɠ ŮɨůŰɞɢŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ Űɘɠ ɢɟɐůɘɛŮɠ ɡˊɞŭŮɑɝŮɘɠ Űɞɡɠ. 

 

ȺɡɢŬɟɘůŰɩ Űɞɜ ȹɟ. ɆɤŰɐɟɖ ȾŬɟŬɓɧɚŰůɞ ŮˊɘůŰɖɛɞɜɘəɧ ůɡɜŮɟɔɎŰɖ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ 

ɄŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɉɖɛŮɑŬɠ Űɞɡ ȺȾɄȷ ɔɘŬ Űɘɠ ŬɜŬɚɨůŮɘɠ TOC əŬɘ Űɖ ɢɟɐůɘɛɖ ůɡɕɐŰɖůɖ ˊɞɡ 

ŮɑɢŬɛŮ ůŮ ŮˊɘůŰɖɛɞɜɘəɎ əŬɘ ɛɖ ɗɏɛŬŰŬ, əŬɗɩɠ əŬɘ Űɞ Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȰɟŮɡɜŬɠ ɇůɘɛɏɜŰɞɡ ɔɘŬ 

Űɘɠ ůŰɞɘɢŮɘŬəɏɠ ŬɜŬɚɨůŮɘɠ. 
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ȺɡɢŬɟɘůŰɩ Űɖɜ ə. ɉɟɡůɞɨɚŬ ɊɤɛɘɎŭɞɡ ɔɘŬ Űɖ ŮɝŬɘɟŮŰɘəɐ ůɡɜŮɟɔŬůɑŬ əŬɘ Űɖ ɛŮɔɎɚɖ ɓɞɐɗŮɘŬ 

ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ůŮ ɗɏɛŬŰŬ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬɠ, əŬɗɩɠ əŬɘ ůŰɖ ɛŮŰŬűɞɟɎ Űɞɡ ɓŬɟɏɤɠ 

ŭŮɘɔɛŬŰɞɚɖˊŰɘəɞɨ Ůɝɞˊɚɘůɛɞɨ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɘɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ. 

 

ŪŬ ɐŰŬɜ ˊŬɟɎɚɖɣɖ ɛɞɡ ɜŬ ɛɖɜ ŮɡɢŬɟɘůŰɐůɤ Űɘɠ ə. ȷŭŬɛŬɜŰɑŬ ȻŬűŮɘɟɞˊɞɨɚɞɡ əŬɘ ə. 

ɉɟɘůŰɑɜŬ ɉŬɚɞɨɚɞɡ əŬɘ Űɞɜ ə. ɆŰŬɨɟɞ ɀɘɢŬɚɏŬ ɔɘŬ Űɖɜ ˊɞɘəɘɚɧŰɟɞˊɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ 

ˊɟɞůɏűŮɟŬɜ ůŮ ɧɚɞɡɠ Űɞɡɠ ŰɞɛŮɑɠ əŬɘ Űɞ ŮɡɢɎɟɘůŰɞ əɚɑɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨůŬɜ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ. 

 

ȺɡɢŬɟɘůŰɩ Űɞɡɠ ůɡɜŬŭɏɚűɞɡɠ ȹɟ. ȷɔɔŮɚɘəɐ ȾŬɟŬɜɎůɘɞɡ, ɆŰɏɟɔɘɞ ȸɟɎŰɞɚɖ əŬɘ Űɞɜ ȺɟŮɡɜɖŰɐ 

ȷô ȾɤɜůŰŬɜŰɑɜɞ ȺɚŮɡɗŮɟɘɎŭɖ ɔɘŬ Űɘɠ ˊɟŬɔɛŬŰɘəɎ ɧɛɞɟűŮɠ ůŰɘɔɛɏɠ ˊɞɡ ˊŮɟɎůŬɛŮ ɧɚŬ ŬɡŰɎ 

ŰŬ ɢɟɧɜɘŬ əŬɘ ɔɘŬ Űɘɠ ˊɞɚɨɤɟŮɠ ůɡɕɖŰɐůŮɘɠ ůŮ ŮˊɘůŰɖɛɞɜɘəɎ əŬɘ ɛɖ ɗɏɛŬŰŬ. Ūɏɚɤ Ůˊɑůɖɠ ɜŬ 

ŮɡɢŬɟɘůŰɐůɤ ŰŬ ɜŮɧŰŮɟŬ ɛɏɚɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɛŬɠ, ȸŬůɘɚɘəɐ ȸŬůɘɚɎŰɞɡ, ȿɑɜŰŬ ɅɧɜŰɞ əŬɘ Űɘɠ 

ɡˊɞɣɐűɘŮɠ ȹɟ. ɀŬɟɑŬ ũəɑɜɖ əŬɘ ȾŬŰŮɟɑɜŬ ɀŬɟɞɨŭɖ ˊɟɞŰɟɏˊɞɜŰŬɠ Űɘɠ ɜŬ ůɡɜŮɢɑůɞɡɜ. ȼ 

Ůəˊɧɜɖůɖ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ŬˊɞŰŮɚŮɑ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ əɞɛɛɎŰɘ Űɞɡ ɜɏɞɡ 

ŮˊɘůŰɐɛɞɜŬ, ɛɘŬ ŮɛˊŮɘɟɑŬ ɔŮɛɎŰɖ ɏɜŰɞɜŬ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ŬɜŰɘűŬŰɘəɎ ůɡɜŬɘůɗɐɛŬŰŬ, ɛŮ 

ˊɞɚɚɏɠ ˊɟɞəɚɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŭɘŬŰɖɟɞɨɜ Űɞ ɛɡŬɚɧ çŮɜŮɟɔɞˊɞɘɖɛɏɜɞè, ɞɝɨɜɞɡɜ Űɖɜ əɟɘŰɘəɐ 

ɘəŬɜɧŰɖŰŬ əŬɘ əŬɚɚɘŮɟɔɞɨɜ Űɘɠ ŮɟŮɡɜɖŰɘəɏɠ ŬɜɖůɡɢɑŮɠ. 

 

ȺəűɟɎɕɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŰɞ ȽɜůŰɘŰɞɨŰɞ Ʉɡɟɖɜɘəɐɠ ɇŮɢɜɞɚɞɔɑŬɠ - ȷəŰɘɜɞˊɟɞůŰŬůɑŬɠ Űɞɡ 

Ⱥɗɜɘəɞɨ ȾɏɜŰɟɞɡ ȰɟŮɡɜŬɠ Űɤɜ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ ñȹɖɛɧəɟɘŰɞɠò ɔɘŬ Űɖ ɢɞɟɐɔɖůɖ 4ŮŰɞɨɠ 

ɡˊɞŰɟɞűɑŬɠ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ɛɞɡ ŭɘŬŰɟɘɓɐɠ, ɞɘəɞɜɞɛɘəɐɠ ɓɞɐɗŮɘŬ Űɖɜ 

ɞˊɞɑŬ ˊɟɞůɤˊɘəɎ ɗŮɤɟɩ ˊɞɚɨ ůɖɛŬɜŰɘəɐ. 

 

ɂŮɢɤɟɘůŰɏɠ ŮɡɢŬɟɘůŰɑŮɠ ɢɟɤůŰɎɤ ůŰɞɜ ȹɘŮɗɜɐ ɃɟɔŬɜɘůɛɧ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ (International 

Atomic Energy Agency / Marine Environmental Laboratories) əŬɘ ŮɘŭɘəɎ ůŰɖɜ Dr. Iolanda 

Osvath ɔɘŬ Űɞ ŭŬɜŮɘůɛɧ əɎˊɞɘɤɜ Ŭˊɧ Űɞɡɠ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ (loan of 

two in situ McLane pumping systems). 

 

Ɂɘɩɗɤ ɧŰɘ ɢɟɤůŰɎɤ ɘŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ůŰɞ ˊɚɐɟɤɛŬ Űɤɜ ůəŬűɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɘɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, ȷɔ. ɁŮəŰɎɟɘɞɠ əŬɘ ȷɔ. Ⱥɡɗɨɛɘɞɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ 

ñPsomakara Diversò Űɞɡ ȾɩůŰŬ ɊɤɛŬŰɎəɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ əŬˊŮŰɎɜɘɞ ɄŬɜŬɔɘɩŰɖ 

ȾŬŰůɎəɞ əŬɘ Űɞ ɓɞɖɗɧ ɄŬɨɚɞ ɀŬɟŬɜŰɑŭɖ. ȺɑɢŬɜ ˊɟŬɔɛŬŰɘəɎ əɎɗŮ ɚɨůɖ ůŮ əɎɗŮ ˊɟɧɓɚɖɛŬ, 

ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ. 
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ɆɡɜɖɗɑɕŮŰŬɘ ůŰɞ Űɏɚɞɠ ɜŬ ŮɡɢŬɟɘůŰɞɨɛŮ ŰŬ ɎŰɞɛŬ, ŰŬ ɞˊɞɑŬ ůɖɛŬɑɜɞɡɜ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɔɘŬ 

ŮɛɎɠ. ȰɜŬ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ɞ ˊŬŰɏɟŬɠ ɛɞɡ ȾɩůŰŬɠ, ɞ ɞˊɞɑɞɠ Ŭˊɧ Űɖ űɞɑŰɖůɖ ɛɞɡ ůŰɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ ůŰɏəŮŰŬɘ Ŭɟɤɔɧɠ ůŮ ɧɚŬ ɧůŬ əɎɜɤ ɚɏɔɞɜŰŬɠ ɛɞɡ 

ŬˊɚɎ: ç...Ŭɜ ŮɑɜŬɘ ɔɘŬ ůˊɞɡŭɏɠ, ˊɟɞɢɩɟŬ, Ůɔɩ ŮɑɛŬɘ Ůŭɩ...è əŬɘ ɢɤɟɑɠ ɜŬ ɕɖŰɎ ˊɞŰɏ 

ŬɜŰŬˊɧŭɞůɖ. ɀɏůŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɔɟŬɛɛɏɠ ɗɏɚɤ ɜŬ Űɞɡ ˊɤ Űɞ ˊɘɞ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ. ȰɜŬ 

Ɏɚɚɞ ˊɟɧůɤˊɞ ŮɑɜŬɘ ɖ ŬŭŮɟűɐ ɛɞɡ ɇŮɟɏɕŬ, ɖ ɞˊɞɑŬ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ ůŰɏəŮŰŬɘ ŭɑˊɚŬ ɛɞɡ 

ɖɗɘəɎ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ˊɞɚɨ ɗŮɟɛɧ əŬɘ ɢŬɟɞɨɛŮɜɞ əɚɑɛŬ ůŰɘɠ ůɢɏůŮɘɠ ɛŬɠ. ɇɏɚɞɠ, ɖ ȺɚɑɕŬ 

ɛɞɡ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɎɜŰŬ ˊŬɟɞɨůŬ, ɛŮ ŮɜɗŬɟɟɨɜŮɘ ůŮ ɞ,Űɘ əɘ Ŭɜ əɎɜɤ əŬɘ çůɓɐɜŮɘè ɛŮ Űɞ 

ɢŬɛɧɔŮɚɞ Űɖɠ əɎɗŮ ɛɞɡ Ɏɔɢɞɠ əŬɘ ŬɜɖůɡɢɑŬ. 

 

  ɁɘəɧɚŬɞɠ Ⱦ. ȺɡŬɔɔŮɚɑɞɡ 

ɃəŰɩɓɟɘɞɠ 2009 
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ɃɅɃȿɃũȽȷ ï ɆɈɁɇɀȼɆȺȽɆ 

 

1 AMU Atomic Mass Unit: ɇɞ 1/12 Űɖɠ ɛɎɕŬɠ Űɞɡ ŬŰɧɛɞɡ Űɞɡ 12C 

1 eV Electron-Volt: 1.602 x 10-19 J 

Annihilation 
ȺɝŬɦɚɤůɖ, ˊ.ɢ. ɖ ŬɜŰɑŭɟŬůɖ ɨɚɖɠ - ŬɜŰɘɨɚɖɠ ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ŮɝŬűɎɜɘůɖ 

ɛɎɕŬɠ əŬɘ ˊŬɟŬɔɤɔɐ ɘůɞŭɨɜŬɛɖɠ ŮɜɏɟɔŮɘŬɠ 

Background 

Radioactivity 
ȷəŰɘɜɞɓɞɚɑŬ ɡˊɞɓɎɗɟɞɡ 

cps Counts Per Second: ȾɟɞɨůŮɘɠ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ 

C-spanner 
ȺɝɎɟŰɖɛŬ ɔɘŬ ůűɟɎɔɘůɖ əŬɘ ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ ůɤɚɐɜŬ ˊɑŮůɖɠ Űɖɠ 

ŬɜŰɚɑŬɠ 

EBq Exa-Becquerel: 1018 Bq 

Fallout ɅŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ 

Hp Ge Detector High Purity Germanium Detector: ȷɜɘɢɜŮɡŰɐɠ ɡˊŮɟəŬɗŬɟɞɨ ũŮɟɛŬɜɑɞɡ 

Impregnation ȹɘŬŭɘəŬůɑŬ əŬŰŬ Űɖɜ ɞˊɞɑŬ ŬˊɞŰɑɗŮŰŬɘ Űɞ ɎɚŬɠ əŬɘ ˊŬɔɘŭŮɨŮŰŬɘ ůŰŬ űɑɚŰɟŬ 

LCD Liquid Crystal Display: Ƀɗɧɜɖ ɡɔɟɩɜ əɟɡůŰɎɚɚɤɜ 

LD50 
semi-Lethal Dose: ŪŬɜŬŰɖűɧɟɞɠ ŭɧůɖ ˊɞɡ ˊɟɞəŬɚŮɑ Űɞ ɗɎɜŬŰɞ Űɞɡ 50% 

Űɤɜ ŮəŰŮɗŮɘɛɏɜɤɜ ˊŮɘɟŬɛŬŰɞɕɩɤɜ 

o-ring ȾŬˊɎəɘ ŬŮɟɞůŰŮɔɞɨɠ Ŭˊɞɛɧɜɤůɖɠ Űɞɡ ůɤɚɐɜŬ ˊɑŮůɖɠ Űɖɠ ŬɜŰɚɑŬɠ 

Scavenger 
ȺɛˊɞŰɘůɛɏɜɞ űɑɚŰɟɞ ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊŬɔɑŭŬ ɔɘŬ Űɖɜ əŬŰŬəɟɎŰɖůɖ Űɞɡ 

137Cs 

1 esu Electro-Static Unit: 3.336 x 10-10 Cb 

1 inch ȷɔɔɚɘəɐ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ Űɞɡ ɛɐəɞɡɠ ɑůɖ ɛŮ 2.54 cm 

White Cup Ⱥɑŭɞɠ əɡŬɗɑɞɡ ɛɏŰɟɖůɖɠ ɔɘŬ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬ 

CDTA 1,2 ŭɘɎɛɘɜɞ əɡəɚɞɏɝŬɜɞ ŰŮŰɟŬɞɝɘəɧ ɞɝɨ 

DTPA ȹɘŬɘɗɨɚŮɜɞ ŰɟɘɎɛɘɜɞ ˊŮɜŰŬɞɝɘəɧ ɞɝɨ 

EDTA ȷɘɗɨɚŮɜɞ ŭɘɎɛɘɜɞ ŰŮŰɟŬɞɝɘəɧ ɞɝɨ 

EGTA ȷɘɗɨɚŮɜɞ ɔɚɨəɞɚɞ-ŭɘɠ-(ŬɛɘɜɞŬɘɗɡɚŬɑɗŮɟ) ŰŮŰɟŬɞɝɘəɧ ɞɝɨ 

HEDTA Ɂ-(2-ɡŭɟɞɝɡŬɑɗɡɚ) ŬɘɗɨɚŮɜɞ ŭɘɎɛɘɜɞ-Ɂ,Ɂ,Ɂ-Űɟɘɞɝɘəɧ ɞɝɨ 

NTA ɇɟɘəŬɟɓɞɝɡɛŮɗɡɚŬɛɑɜɖ 

DMS ȹɘɛŮɗɡɚɞůɞɡɚűɑŭɘɞ 

DBT ȹɘɓɞɡŰɡɚŰɑɜ 

PAHs ɄɞɚɡŬɟɤɛŬŰɘəɞɑ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ 

PCBs ɄɞɚɡɢɚɤɟɘɤɛɏɜŬ ŭɘűŬɘɜɨɚɘŬ 

DDT ȹɑɢɚɤɟɞ ŭɘűŬɑɜɡɚɞ ŰɟɘɢɚɤɟɞŬɘɗɎɜɘɞ 
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PTh-234 ɆɤɛŬŰɘŭɘŬəɧ ɗɧɟɘɞ-234 

DTh-234 ȹɘŬɚɡŰɧ ɗɧɟɘɞ-234 

TTh-234 Ɇɡɜɞɚɘəɧ (ŭɘŬɚɡŰɧ əŬɘ ůɤɛŬŰɘŭɘŬəɧ) ɗɧɟɘɞ-234 

PTh Ʌɞɐ ůɤɛŬŰɘŭɘŬəɞɨ ɗɞɟɑɞɡ-234 

JTh Ʌɡɗɛɧɠ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ ɗɞɟɑɞɡ-234 

Tp ɉɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ ůɤɛŬŰɘŭɘŬəɞɨ ɗɞɟɑɞɡ-234 

Td ɉɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ ɗɞɟɑɞɡ-234 

Ʌɞɐ POC  Ʌɞɐ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ 

Nm ɁŬɡŰɘəɧ ɛɑɚɘ = 1852 m 

 



 
10 

 

ȷɁɇȽȾȺȽɀȺɁɃ ï ɆȾɃɄɃɆ ȹȽȷɇɅȽȸȼɆ 

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ŭɘŬůˊɞɟɎɠ əŬɘ Űɖɠ əŬŰŬəɧɟɡűɖɠ 

əŬŰŬɜɞɛɐɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th əŬɘ 238U ůŮ ŭɘɎűɞɟŬ ɓɎɗɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɛɞɟűɏɠ (ůɤɛŬŰɘŭɘŬəɐ əŬɘ ŭɘŬɚɡŰɐ), ˊɞɡ əɎɗŮ ɟŬŭɘɞɜɞɡəɚɑŭɘɞ ɓɟɑůəŮŰŬɘ ůŰɞ 

ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ Űɞɡ əŬɘ Űɖɜ Ŭɟɢɘəɐ Űɞɡ ŭɘŬůˊɞɟɎ. 

Ⱥˊɑůɖɠ, ɛŮɚŮŰɎŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ ŭɘŬůˊɞɟɎ əŬɘ ɖ əŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 

(Particulate Organic Carbon, POC) əŬɘ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (Dissolved Organic 

Carbon, DOC), ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬəɟɑɓɤůɖ Űɖɠ ɟŬŭɘɞɚɞɔɘəɐɠ ŮˊɘɓɎɟɡɜůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ɟɨˊŬɜůɖ, əŬɗɩɠ əŬɘ ɞ ɟɧɚɞɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ - 

ɘɢɜɞůŰɞɘɢŮɑɤɜ ůŰɘɠ ɓɘɞɔŮɤɢɖɛɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ˊɞɟŮɑŮɠ. ȺˊɘɢŮɘɟŮɑŰŬɘ, Ůˊɑůɖɠ, ɖ əɘɜɖŰɘəɐ 

ɛŮɚɏŰɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰŬ ɞˊɞɑŬ ˊɟɞůɟɞűɎŰŬɘ Űɞ 234Th əŬɘ ɞ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬ ɛɏůɤ Űɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɟɞɩɜ əŬŰŬɓɨɗɘůɖɠ Űɞɡɠ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ůŰŬ ɘɕɐɛŬŰŬ əŬɘ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ ɢɟɧɜɤɜ ˊŬɟŬɛɞɜɐɠ ɛŮ Űɖ ɢɟɐůɖ ɛɞɜɞŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ 

ůŰɖɜ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Ůɜɧɠ ɛŬəɟɧɓɘɞɡ ɛɖŰɟɘəɞɨ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ (238U, 

tİ = 4.47 x 109 y) əŬɘ Űɞɡ ɓɟŬɢɨɓɘɞɡ ɗɡɔŬŰɟɘəɞɨ Űɞɡ (234Th, tİ = 24.1 d). ɇɞ ɑŭɘɞ ɛɞɜŰɏɚɞ ŭɑɜŮɘ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ űɡůɘəɞɢɖɛɘəɩɜ ɟɡɗɛɩɜ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th 

ˊɎɜɤ ůŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ əŬɘ Űɤɜ ɢɟɧɜɤɜ ˊŬɟŬɛɞɜɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ůŰɖɜ 

ɡŭɎŰɘɜɖ ůŰɐɚɖ ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ. ɄɟɧůɗŮŰɞɠ ůŰɧɢɞɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ ɖ ˊɟɞůŬɟɛɞɔɐ 

əŬɘ ŮˊɏəŰŬůɖ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ çŮˊɑ Űɧˊɞɡè ˊɟɞůɡɔəɏɜŰɟɤůɖɠ ɛŮ Űɖ ɢɟɐůɖ ŬɜŰɚɑŬɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ űɡůɘəɩɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ (ɟŬŭɘŮɜŮɟɔɐ 

ůŮɘɟɎ U) əŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ůɡɛɓŬŰɘəɩɜ ɟɨˊɤɜ (ůɤɛŬŰɘŭɘŬəɞɨ ï ɞɟɔŬɜɘəɞɨ 

ɎɜɗɟŬəŬ).ɇɏɚɞɠ, ɛŮɚŮŰɎŰŬɘ ɖ ɢɟɐůɖ Űɖɠ ɡˊɏɟɓŬůɖɠ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th ɏɜŬɜŰɘ Űɞɡ 238U, ɤɠ 

ɏɜŭŮɘɝɖ Űɖɠ ŮˊŬɜŬɘɩɟɖůɖɠ Űɤɜ ɘɕɖɛɎŰɤɜ. 

 

 

ɆɇɃɉɃȽ ȹȽȷɇɅȽȸȼɆ 

 

ü ɀŮɚɏŰɖ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs əŬɘ 234Th əŬɘ Űɞɡ 

ɞɟɔŬɜɘəɞɨ C ůŰɖ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ Űɞɡ ɆŬɟɤɜɘəɞɨ Ⱦɧɚˊɞɡ əŬɘ Ⱦɧɚˊɞɡ ȺɚŮɡůɑɜŬɠ, 

ˊŮɟɘɞɢɩɜ ˊɞɡ ŭɏɢɞɜŰŬɘ ɏɜŰɞɜŮɠ ŮˊɘŭɟɎůŮɘɠ Ŭˊɧ Űɞ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, Űɘɠ ɓɘɞɛɖɢŬɜɘəɏɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ əŬɘ Űɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ űɡůɘəɞɨ ɞɘəɞůɡůŰɐɛŬŰɞɠ.  

ü ɀŮɚɏŰɖ əŬŰŬəɧɟɡűɤɜ əŬŰŬɜɞɛɩɜ (profiles) 137Cs, 234Th əŬɘ Űɞɡ ɞɟɔŬɜɘəɞɨ C ůŰɖ 

ůɤɛŬŰɘŭɘŬəɐ (əɚɎůɛŬŰŬ ɛŮɔɏɗɞɡɠ > 0.6 ɛm) əŬɘ ůŰɖ ŭɘŬɚɡŰɐ űɎůɖ (əɚɎůɛŬ ɛŮɔɏɗɞɡɠ < 

0.6 ɛm). 
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ü ɆŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɖɠ ůɡůɢɏŰɘůɖɠ Űɤɜ 

əŬŰŬɜɞɛɩɜ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ (137Cs əŬɘ 234Th ) əŬɘ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɟɨˊɤɜ (POC əŬɘ 

DOC).  

ü ɀŮɚɏŰɖ Űɖɠ ŮˊɞɢɘŬəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ əŬɘ ɟɨˊɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 

ˊŬɟɎɔɞɜŰŮɠ ŮˊɑŭɟŬůɖɠ. 

ü ɆɨɜŭŮůɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ əŬŰŬɜɞɛɩɜ ɛŮ Űɘɠ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ (pH, 

ŬɚŬŰɧŰɖŰŬ, ɗŮɟɛɞəɟŬůɑŬ, ˊɡəɜɧŰɖŰŬ) ɤɠ ˊɟɞɠ ŰŬ ɤəŮŬɜɞɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ.  

ü ɀŮɚɏŰɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ˊɞɟŮɘɩɜ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ 

ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ əŬɘ ɟɨˊɤɜ ůŰɞ ŮˊɘɚŮɔɛɏɜɞ ɞɘəɞůɨůŰɖɛŬ (ɛŮɚɏŰɖ ˊɟɞůŬɟɛɞɔɐɠ ůŮ 

ɡˊɞɚɞɔɘůŰɘəɎ ɛɞɜŰɏɚŬ). 
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11  ũũȺȺɁɁȽȽȾȾȷȷ  ũũȽȽȷȷ  ɇɇɃɃ  ūūȷȷȽȽɁɁɃɃɀɀȺȺɁɁɃɃ  ɇɇȼȼɆɆ  ɅɅȷȷȹȹȽȽȺȺɁɁȺȺɅɅũũȺȺȽȽȷȷɆɆ  ȾȾȷȷȽȽ  ɇɇȽȽɆɆ  ȽȽɃɃɁɁɇɇȽȽȻȻɃɃɈɈɆɆȺȺɆɆ  

ȷȷȾȾɇɇȽȽɁɁɃɃȸȸɃɃȿȿȽȽȺȺɆɆ  

 

1.1 ɅȷȹȽɃɁɃɈȾȿȽȹȽȷ: ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ ȾȷȽ ȷȿȿȼȿȺɄȽȹɅȷɆȺȽɆ ɀȺ ɇȼɁ Ɉȿȼ 

 
ȼ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ əŬŰɎ Űɘɠ ˊɡɟɖɜɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɘɠ ɎɚɚŮɠ ˊɖɔɏɠ 

ŮɜɏɟɔŮɘŬɠ ůŰɞ ɧŰɘ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɏɛűɡŰɖ ŬůŰɎɗŮɘŬ Űɞɡ ˊɡɟɐɜŬ ůɡɔəŮəɟɘɛɏɜɤɜ ɓŬɟɏɤɜ 

ůŰɞɘɢŮɑɤɜ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ Űɖɜ ŰɎůɖ ɜŬ ŭɘŬůˊɎŰŬɘ. ȺɑɜŬɘ Űɞ ŬɜŰɑɗŮŰɞ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ˊɖɔɐɠ 

ŮɜɏɟɔŮɘŬɠ, Űɞɡ ɖɚɑɞɡ, ůŰɞɜ ɞˊɞɑɞ ɖ ŮɜɏɟɔŮɘŬ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ůɨɜŰɖɝɖ Űɞɡ ˊɡɟɐɜŬ Űɤɜ 

ŮɚŬűɟɩɜ ŬŰɧɛɤɜ. ȼ ŮɜɏɟɔŮɘŬ, ɖ ɞˊɞɑŬ ˊŬɟɎɔŮŰŬɘ ůŮ ɏɜŬ ˊɡɟɖɜɘəɧ ŬɜŰɘŭɟŬůŰɐɟŬ, ŬɜŰɚŮɑŰŬɘ 

Ŭˊɧ Űɖ ŭŮůɛŮɡɛɏɜɖ ŮɜɏɟɔŮɘŬ ůŰɞɜ ˊɡɟɐɜŬ Űɤɜ ɓŬɟɏɤɜ ůŰɞɘɢŮɑɤɜ. ɀɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

ŬɡŰɐɠ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ ˊɡɟɖɜɘəɩɜ ɗɟŬɡůɛɎŰɤɜ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɏəŭɖɚɞ 

ŰŮɚɘəɎ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ. ȼ ɗŮɟɛɧŰɖŰŬ ŬɜŬˊŰɨůůŮŰŬɘ ŮɝŬɘŰɑŬɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ůɡɔəɟɞɨůŮɤɜ Űɤɜ ɗɟŬɡůɛɎŰɤɜ ɛŮ ɎɚɚŬ ɎŰɞɛŬ. ȷůŰŬɗɐ ɎŰɞɛŬ ˊŬɟɎɔɞɡɜ 

ŮɜɏɟɔŮɘŬ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ, ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ ŬəŰɘɜɞɓɞɚɑŬ. Ƀɘ 

ŬəŰɘɜɞɓɞɚɑŮɠ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ Űɖɜ ɨɚɖ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ ˊŬɟɎɔɞɜŰŬɠ ˊɚɐɗɞɠ 

űŬɘɜɞɛɏɜɤɜ. ȷɡŰɎ ŰŬ űŬɘɜɧɛŮɜŬ ŮɑɜŬɘ ŮəŮɑɜŬ, ŰŬ ɞˊɞɑŬ əŬɗɘůŰɞɨɜ Ůˊɘəɑɜŭɡɜɖ Űɖɜ ˊŬɟŬɔɤɔɐ 

ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŬ ˊɡɟɖɜɘəɎ. ȷɚɚɎ ɔɘŬ ɜŬ ɔɑɜɞɡɜ əŬŰŬɜɞɖŰɞɑ ɞɘ ɚɧɔɞɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ 

əŬŰŬɜɞɖɗŮɑ ɖ űɨůɖ Űɤɜ ˊɡɟɐɜɤɜ Űɤɜ ŬŰɧɛɤɜ1. 

 

 

1.1.1 ȷŰɞɛɘəɎ Ůɑŭɖ əŬɘ ůɡɛˊŮɟɘűɞɟɎ 

 
ȾŬŰŬɟɢɐɜ ɖ ɨɚɖ ůŰɞɘɢŮɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ ɎŰɞɛŬ. ȾɎɗŮ ɎŰɞɛɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ˊɡɟɐɜŬ, ɞ 

ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ ɧɚɖ Űɖ ɛɎɕŬ Űɞɡ əɘ ɏɢŮɘ ŭɘɎɛŮŰɟɞ ˊŮɟɑˊɞɡ 10-12 cm əŬɘ ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ 

ɖɚŮəŰɟɧɜɘŬ. ɆɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ŰɟɞɢɘŬəɩɜ ɖɚŮəŰɟɞɜɑɤɜ, Űɞ ɎŰɞɛɞ ɏɢŮɘ ŭɘɎɛŮŰɟɞ 

ˊŮɟɑˊɞɡ 10-8 cm. ɈˊɎɟɢɞɡɜ ŭɡɞ əɨɟɘŬ ˊɡɟɖɜɘəɎ ůɤɛŬŰɑŭɘŬ (ɜɞɡəɚŮɧɜɘŬ), ŰŬ ɗŮŰɘəɎ 

űɞɟŰɘůɛɏɜŬ ˊɟɤŰɧɜɘŬ əŬɘ ŰŬ ɞɡŭɏŰŮɟŬ ɜŮŰɟɧɜɘŬ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ˊŬɟŬˊɚɐůɘŬ ɛɎɕŬ. Ƀ 

Ŭɟɘɗɛɧɠ Űɤɜ ˊɟɤŰɞɜɑɤɜ Űɞɡ ˊɡɟɐɜŬ (Z) ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧɠ ɔɘŬ Űɞ əɎɗŮ ůŰɞɘɢŮɑɞ, 

ɤůŰɧůɞ, əɎɗŮ ɎŰɞɛɞ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ ɜŮŰɟɞɜɑɤɜ (N) 

ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ. ȼ ˊŬɟɞɡůɑŬ Űɤɜ ɜŮŰɟɞɜɑɤɜ ŮɑɜŬɘ ŮəŮɑɜɖ, ɖ ɞˊɞɑŬ ˊŬɟɏɢŮɘ Űɖ ůɡɜŮəŰɘəɐ 

ŭɨɜŬɛɖ ˊɞɡ ůɡɔəɟŬŰŮɑ Űɞɜ ˊɡɟɐɜŬ. ɆŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɗŬ ɔɘɜɧŰŬɜ ŬɡɗɧɟɛɖŰɖ 

ůɢɎůɖ, ŮɝŬɘŰɑŬɠ Űɤɜ ŬˊɤůŰɘəɩɜ ɖɚŮəŰɟɘəɩɜ ŭɡɜɎɛŮɤɜ Űɤɜ ɞɛɩɜɡɛŬ űɞɟŰɘůɛɏɜɤɜ 

ůɤɛŬŰɘŭɑɤɜ. ȷɡŰɐ ɖ ůɡɜŮəŰɘəɐ ŭɨɜŬɛɖ, ɖ ˊɡɟɖɜɘəɐ ŭɨɜŬɛɖ, ŭɟŬ ůŮ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ ɛɘəɟɐ 

ŬˊɧůŰŬůɖ, Űɖɠ ŰɎɝɖɠ Űɤɜ 2 ï 3 x 10-13 cm. ȺɝŬɘŰɑŬɠ Űɖɠ ŭɟɎůɖɠ Űɖɠ ˊɡɟɖɜɘəɐɠ ŭɨɜŬɛɖɠ 
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ůŮ Űɧůɞ ɛɘəɟɐ ŬˊɧůŰŬůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɖɚŮəŰɟɘəɐ ŭɨɜŬɛɖ, ŮɑɜŬɘ ɚɞɔɘəɧ ɧŰɘ ŰŬ ɜŮŰɟɧɜɘŬ 

ɛˊɞɟɞɨɜ ɜŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛɧɜɞ ɛŮ ŮəŮɑɜŬ ŰŬ ɜɞɡəɚŮɧɜɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ 

ɔŮɘŰɞɜɘəɎ, Ůɜɩ ŰŬ ˊɟɤŰɧɜɘŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ Ŭəɧɛɖ əɘ Ŭɜ ɓɟɑůəɞɜŰŬɘ ůŮ 

ŬˊɧůŰŬůɖ ɛɏůŬ ůŰɞɜ ˊɡɟɐɜŬ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɜŮŰɟɞɜɑɤɜ ůŰɞɡɠ ˊɡɟɐɜŮɠ 

ŮɚŬŰŰɩɜŮŰŬɘ ˊɘɞ ŬˊɧŰɞɛŬ Ŭˊɧ ɧŰɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊɟɤŰɞɜɑɤɜ. Ƀ ˊɡɟɐɜŬɠ Űɞɡ ˊɘɞ ŮɚŬűɟɞɨ 

ŬŰɧɛɞɡ, Űɞɡ ɡŭɟɞɔɧɜɞɡ, ˊŮɟɘɏɢŮɘ ɏɜŬ ˊɟɤŰɧɜɘɞ əŬɘ ɞ ˊɡɟɐɜŬɠ Űɞɡ Ŭɛɏůɤɠ ŮˊɧɛŮɜɞɡ 

ŮɚŬűɟɞɨ ŬŰɧɛɞɡ, Űɞɡ ɖɚɑɞɡ, ˊŮɟɘɏɢŮɘ 2 ˊɟɤŰɧɜɘŬ əŬɘ 2 ɜŮŰɟɧɜɘŬ. ȳůɞ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ˊɟɤŰɞɜɑɤɜ ŬɡɝɎɜŮɘ, Űɞ ůŰɞɘɢŮɑɞ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɡɟɐɜŬ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɟɘɗɛɞɨɠ 

ɜŮŰɟɞɜɑɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɛŬɔɜɐůɘɞ ɏɢŮɘ 12 ˊɟɤŰɧɜɘŬ, ɧɛɤɠ ɞ ˊɡɟɐɜŬɠ Űɞɡ ɛˊɞɟŮɑ 

ɜŬ ɏɢŮɘ 12, 13 ɐ 14 ɜŮŰɟɧɜɘŬ. Ƀ ɛŬɕɘəɧɠ Ŭɟɘɗɛɧɠ (ȷ) Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ˊɡɟɐɜɤɜ Űɞɡ 

ɛŬɔɜɖůɑɞɡ (ŭɖɚŬŭɐ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɟɤŰɞɜɑɤɜ əŬɘ ɜŮŰɟɞɜɑɤɜ, ȷ = Ȼ + Ɂ) ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢŬ 

24, 25 ɐ 26 əŬɘ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ 24Mg, 25Mg əŬɘ 26Mg. ɇŬ ŰɟɑŬ ŬɡŰɎ Ůɑŭɖ Űɞɡ ɑŭɘɞɡ 

ůŰɞɘɢŮɑɞɡ əŬɚɞɨɜŰŬɘ ɘůɧŰɞˊŬ. Ƀ ɞɡůɘŬůŰɘəɎ ůɡɜɩɜɡɛɞɠ ɧɟɞɠ ɜɞɡəɚɑŭɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣŮɘ ɏɜŬ ɝŮɢɤɟɘůŰɧ ˊɡɟɖɜɘəɧ Ůɑŭɞɠ, ŭɖɚŬŭɐ ɏɜŬ ɎŰɞɛɞ, Űɞ ɞˊɞɑɞ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛŬɕɘəɧ əŬɘ ŬŰɞɛɘəɧ Űɞɡ Ŭɟɘɗɛɧ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ŮɜŮɟɔŮɘŬəɐ 

əŬŰɎůŰŬůɖ Űɞɡ ˊɡɟɐɜŬ Űɞɡ. ȽůɧŰɞˊŬ Űɞɡ ɑŭɘɞɡ ůŰɞɘɢŮɑɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬəɟɘɗɞɨɜ 

ɢɖɛɘəɎ, ŭɘɧŰɘ ɏɢɞɡɜ Ŭəɟɘɓɩɠ Űɖɜ ɑŭɘŬ ɖɚŮəŰɟɞɜɘəɐ ŭɞɛɐ, ɑŭɘɞ Ŭɟɘɗɛɧ ɖɚŮəŰɟɞɜɑɤɜ ï 

ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮɘ Űɖ ɢɖɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŬŰɧɛɞɡ ï ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɑŭɘɞɠ ɛŮ 

ŬɡŰɧɜ Űɤɜ ˊɟɤŰɞɜɑɤɜ Űɞɡ ˊɡɟɐɜŬ. ɇŬ ɘůɧŰɞˊŬ Űɞɡ ɑŭɘɞɡ ůŰɞɘɢŮɑɞɡ ŭŮɜ ŮɑɜŬɘ ɘůɞŭɨɜŬɛŬ 

ůŰɖ űɨůɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ űɡůɘəɞɨ ɛŬɔɜɖůɑɞɡ Űɞ 78.70% əɓ ŮɑɜŬɘ 

24Mg, Űɞ 11.17 % əɓ ŮɑɜŬɘ 26Mg əŬɘ Űɞ ɡˊɧɚɞɘˊɞ 10.13% əɓ ŮɑɜŬɘ 25Mg. 

 

ȳůɞ ɞ ŬŰɞɛɘəɧɠ Ŭɟɘɗɛɧɠ ŬɡɝɎɜŮɘ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɜŮŰɟɞɜɑɤɜ ɡˊŮɟɓŬɑɜŮɘ Űɤɜ Ŭɟɘɗɛɧ Űɤɜ 

ˊɟɤŰɞɜɑɤɜ. ɆŮ ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 83 ɞ ˊɡɟɐɜŬɠ ɔɑɜŮŰŬɘ ŬůŰŬɗɐɠ. Ƀ 

ŬůŰŬɗɐɠ ˊɡɟɐɜŬɠ ůɢɎɕŮŰŬɘ ɛŮ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞůɞůŰɧ ůɢɎůɖɠ, əɘ ŮˊŮɘŭɐ ɖ ůɢɎůɖ 

ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ Ůəˊɞɛˊɐ ŭɘŬűɧɟɤɜ Ůɘŭɩɜ ŬəŰɘɜɞɓɞɚɑŬɠ, ŬɡŰɎ ŰŬ ŬůŰŬɗɐ ɘůɧŰɞˊŬ 

əŬɚɞɨɜŰŬɘ ɟŬŭɘɞɥůɧŰɞˊŬ, ɐ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɎŰɞɛɞ, ɟŬŭɘɞɜɞɡəɚɑŭɘŬ. 

ȺɑɜŬɘ ŮəˊɚɖəŰɘəɧ ˊɤɠ ŬɡŰɧɠ ɞ ɡˊŮɟɓɞɚɘəɎ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɜŮŰɟɞɜɑɤɜ əŬɗɘůŰɎ Űɞɜ 

ˊɡɟɐɜŬ ŬůŰŬɗɐ. ȷɡŰɧ ŮɝɖɔŮɑŰŬɘ ɤɠ Ůɝɐɠ: ɧŰŬɜ ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ Űɤɜ ɜŮŰɟɞɜɑɤɜ Űɞɡ 

ˊɡɟɐɜŬ ŮɑɜŬɘ ůɡɛˊɚɖɟɤɛɏɜŮɠ, Ůɜɩ Űɤɜ ˊɟɤŰɞɜɑɤɜ ɧɢɘ, ůŰɞɜ ˊɡɟɐɜŬ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ 

ůɡɛɓŬɑɜŮɘ ɛɘŬ ŮůɤŰŮɟɘəɐ ŮˊŬɜŬŭɘŮɡɗɏŰɖůɖ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɏɜŬ ɜŮŰɟɧɜɘɞ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ 

ˊɟɤŰɧɜɘɞ ŮəˊɏɛˊɞɜŰŬɠ ɏɜŬ ɖɚŮəŰɟɧɜɘɞ. ɇɞ ˊɟɤŰɧɜɘɞ Ůɜ ůɡɜŮɢŮɑŬ ŰŬɝɘɜɞɛŮɑŰŬɘ əŬŰɎ ɕŮɨɔɖ 

ɛŮ əɎˊɞɘɞ Ɏɚɚɞ ˊɟɤŰɧɜɘɞ ůŮ ɛɘŬ ɛɖ ůɡɛˊɚɖɟɤɛɏɜɖ ŮɜŮɟɔɘŬəɐ ůŰɎɗɛɖ. Ƀ Ŭəɟɘɓɐɠ Űɨˊɞɠ 

Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ, ɖ ɞˊɞɑŬ ɗŬ ůɡɛɓŮɑ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɖɠ ˊɡɟɖɜɘəɐɠ 

ŬůŰɎɗŮɘŬɠ, ŭɖɚŬŭɐ Ŭˊɧ Űɞ Ŭɜ Űɞ ˊɞůɞůŰɧ Űɤɜ ɜŮŰɟɞɜɑɤɜ / ˊɟɤŰɧɜɘŬ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɧ ɐ 

ˊɞɚɨ ɢŬɛɖɚɧ. 
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ȼ ɟŬŭɘŮɜŮɟɔɧɠ ŭɘɎůˊŬůɖ ŮɑɜŬɘ ŰɡɢŬɑŬ ŭɘŬŭɘəŬůɑŬ. ȼ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŭɘŬůˊŬůŰŮɑ ɏɜŬ ɎŰɞɛɞ 

ůŮ ɢɟɧɜɞ ȹt ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ ɛɧɜɞ Űɞɡ ɢɟɧɜɞɡ ˊŬɟŬŰɖɟɐůŮɤɠ. ȷɜ ɏɢɞɡɛŮ ŭŮɑɔɛŬ 

ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ ŬŰɧɛɤɜ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ˊɟɞɓɚŮűŰŮɑ ˊɞɘɞ Ŭˊɧ ɧɚŬ ɗŬ ŭɘŬůˊŬůŰŮɑ, 

ɛˊɞɟɞɨɜ ɧɛɤɠ ɜŬ ˊŮɟɘɔɟŬűɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘɎůˊŬůɖɠ ɞɚɧəɚɖɟɞɡ Űɞɡ ŭŮɑɔɛŬŰɞɠ. 

Ƀ ɟɡɗɛɧɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘŬůˊɎůŮɤɠ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ əŬɚŮɑŰŬɘ ŮɜŮɟɔɧŰɖŰŬ ȷ. ɄŬɟɘůŰɎɜŮɘ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬŰɧɛɤɜ Űɞɡ ɛɖŰɟɘəɞɨ ɜɞɡəɚɘŭɑɞɡ ˊɞɡ ŭɘŬůˊɩɜŰŬɘ ůŰɖ ɛɞɜɎŭŬ Űɞɡ 

ɢɟɧɜɞɡ. ȺəűɟɎɕŮŰŬɘ ůŮ ŭɘŬůˊɎůŮɘɠ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ (desintegration per second, dps)2. 
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1.1.2 ȷɚɚɖɚŮˊɑŭɟŬůɖ ŬəŰɘɜɞɓɞɚɑŬɠ ï ɨɚɖɠ. ȽɞɜŰɑɕɞɡůŮɠ & ɛɖ ɘɞɜŰɑɕɞɡůŮɠ 

ŬəŰɘɜɞɓɞɚɑŮɠ 

 

ɇŬ ɡˊɞŬŰɞɛɘəɎ ůɤɛŬŰɑŭɘŬ, ŰŬ ɞˊɞɑŬ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, əɘɜɞɨɜŰŬɘ ůŮ 

ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ. ȼ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Ůɜɧɠ ůɤɛŬŰɘŭɑɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɛɎɕŬ 

m əŬɘ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ V, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ. 
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2
kE mV=  

ɆɡɜŮˊɩɠ, ŰŬ ɛɘəɟɧŰŮɟŬ ůɤɛŬŰɑŭɘŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬˊŰɨůůɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŰŬɢɨŰɖŰŬ ɔɘŬ ɜŬ 

ɏɢɞɡɜ Űɖɜ ɑŭɘŬ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ ɛŮ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ůɤɛŬŰɑŭɘŬ. ȼ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ əɘɜŮɑŰŬɘ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ. Ⱥɜɩ ˊɟɧəŮɘŰŬɘ ɔɘŬ əɨɛŬ, ɏɢŮɘ Ůˊɑůɖɠ əŬɘ 

ůɤɛŬŰɘŭɘŬəɐ űɨůɖ, ɔɘŬŰɑ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əɓɎɜŰŬ ɐ űɤŰɧɜɘŬ ŮɜɏɟɔŮɘŬɠ. ȼ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ 

ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ1. 

 

ɆɡɔəɟɞɨůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɞɡ ˊɡɟɐɜŬ Ɏɚɚɤɜ ŬŰɧɛɤɜ ŮɑɜŬɘ 

ůˊɎɜɘŮɠ əŬɘ ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɞɡɠ ůŮ ŬɡŰɎ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ ŰŬ ɖɚŮəŰɟɘəɎ 

ˊŮŭɑŬ Űɤɜ ŬŰɧɛɤɜ. ȳŰŬɜ ɏɜŬ űɞɟŰɘůɛɏɜɞ ůɤɛŬŰɑŭɘɞ ˊŮɟɎůŮɘ əɞɜŰɎ Ŭˊɧ ɏɜŬ ɎŰɞɛɞ, 

ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűŮɟɗŮɑ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɞ ůɤɛŬŰɑŭɘɞ ůŰɞ ŰɟɞɢɘŬəɧ ɖɚŮəŰɟɧɜɘɞ. ɀŮ Űɞɜ Űɟɧˊɞ 

ŬɡŰɧ Űɞ ŰɟɞɢɘŬəɧ ɖɚŮəŰɟɧɜɘɞ ɛŮŰŬűɏɟŮŰŬɘ ůŮ ɡɣɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ůŰɎɗɛɖ ɛɏůŬ ůŰɞ 
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ɎŰɞɛɞ, Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɛŮŰŬˊɑˊŰŮɘ ůŰɖɜ Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ, ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɠ Űɖɜ 

ŬˊɞəŰɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬ ɛŮ Ůəˊɞɛˊɐ űɤŰɞɜɑɤɜ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ 

ŭɘɏɔŮɟůɖ əŬɘ ɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ, ɖ ɞˊɞɑŬ ŮəˊɏɛˊŮŰŬɘ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ 

ůɢɏůŮɘɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɛɏůŬ ůŰɞ ɎŰɞɛɞ, Ŭˊɧ Űɞ ɞˊɞɑɞ Űɞ ɖɚŮəŰɟɧɜɘɞ ŭɘŮɔɏɟɗɖəŮ. ȺɑɜŬɘ 

ŭɡɜŬŰɧ Űɞ ɖɚŮəŰɟɧɜɘɞ ɜŬ ŬˊɞəŰɐůŮɘ ŬɟəŮŰɐ ŮɜɏɟɔŮɘŬ, ɩůŰŮ ɜŬ ŮɔəŬŰŬɚŮɑɣŮɘ ŮɜŰŮɚɩɠ Űɞ 

ɎŰɞɛɞ, Űɞ ɞˊɞɑɞ űɞɟŰɑɕŮŰŬɘ ɗŮŰɘəɎ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɚɏɔŮŰŬɘ ɘɞɜŰɘůɛɧɠ (ȺɘəɧɜŬ 1.1)4. 

 

 

 

ȺɘəɧɜŬ 1.1: ȽɞɜŰɘůɛɧɠ ɞɡŭɏŰŮɟɞɡ ŬŰɧɛɞɡ Ŭˊɧ ˊɟɞůɓɞɚɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ
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ɀŮŰŬɝɨ Űɤɜ ŬɘŰɘɩɜ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɘɞɜŰɘůɛɧ ŮɑɜŬɘ, ɧˊɤɠ 

ˊɟɞŬɜŬűɏɟɗɖəŮ, əŬɘ ɞɘ ˊɡɟɖɜɘəɏɠ ŬəŰɘɜɞɓɞɚɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɡɣɖɚɐ ŮɜɏɟɔŮɘŬ, ɞɘ 

ɞˊɞɑŮɠ ɔɘŬ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡɠ ŬɡŰɐɜ ŬˊɞəŬɚɞɨɜŰŬɘ ɘɞɜŰɑɕɞɡůŮɠ ŬəŰɘɜɞɓɞɚɑŮɠ. 

 

ɇɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ŮɡɟŮɑŬ ˊŮɟɘɞɢɐ ŮɜŮɟɔŮɘɩɜ (ȺɘəɧɜŬ 1.2). ɇɞ 

űɎůɛŬ ŭɘŬɘɟŮɑŰŬɘ ůŮ ŭɡɞ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ: ůŰɖ ɛɖ ɘɞɜŰɑɕɞɡůŬ əŬɘ ůŰɖɜ ɘɞɜŰɑɕɞɡůŬ 

ŬəŰɘɜɞɓɞɚɑŬ. ȼ ŬəŰɘɜɞɓɞɚɑŬ, ɖ ɞˊɞɑŬ ɏɢŮɘ ŬɟəŮŰɐ ŮɜɏɟɔŮɘŬ ɩůŰŮ ɜŬ ɛŮŰŬəɘɜŮɑ ŰŬ ɎŰɞɛŬ ɐ ɜŬ 

ˊɟɞəŬɚŮɑ ŭɞɜɐůŮɘɠ, ŬɚɚɎ ɧɢɘ ɜŬ ŰŬ ŬɚɚɎɕŮɘ ɢɖɛɘəɎ, ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ ɛɖ ɘɞɜŰɑɕɞɡůŬ 

ŬəŰɘɜɞɓɞɚɑŬ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŬɡŰɐɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŮɑɜŬɘ ŰŬ ɖɢɖŰɘəɎ əɨɛŬŰŬ, Űɞ ɞɟŬŰɧ 

űɤɠ, Űɞ ɡˊɏɟɡɗɟɞ, ŰŬ ɛɘəɟɞəɨɛŬŰŬ əɚˊ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɏɠ ůɡɢɜɧŰɖŰŮɠ 

əŬɘ ɎɟŬ ɛŮɔɎɚŬ ɛɐəɖ əɨɛŬŰɞɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ ɟŬŭɘɞůɡɢɜɧŰɖŰŮɠ ɏɢɞɡɜ ɛɐəɖ əɨɛŬŰɞɠ 

ɛŮŰŬɝɨ 1 ï 100 ɛɏŰɟŬ əŬɘ ůɡɢɜɧŰɖŰŮɠ 1 ï 100 ŮəŬŰɞɛɛɨɟɘŬ Hertz6. 
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ȺɘəɧɜŬ 1.2: ɇɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ
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ȼ ŬəŰɘɜɞɓɞɚɑŬ, ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ɘɞɜŰɑɕɞɡůŬ, ˊŮɟɘəɚŮɑŮɘ ŬɟəŮŰɐ ŮɜɏɟɔŮɘŬ, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ŭɘŬůˊɎ ɢɖɛɘəɞɨɠ ŭŮůɛɞɨɠ. Ƀ Ɏɜɗɟɤˊɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɘɞɜŰɑɕɞɡůŬɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɔɘŬ ɜŬ ˊŬɟɎɔŮɘ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ, ɔɘŬ ɜŬ əŬŰŬůŰɟɏɣŮɘ ŰŬ əŬɟəɘɜɘəɎ 

əɨŰŰŬɟŬ, əŬɗɩɠ əŬɘ ůŮ ˊɞɚɚɏɠ ɎɚɚŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ ŭɘŮɟɔŬůɑŮɠ7. ȾɎɗŮ ɘɞɜŰɘůɛɧɠ ˊŬɟɎɔŮɘ 

ˊŮɟɑˊɞɡ 33 eV ŮɜɏɟɔŮɘŬ əŬɘ ˊɞɚɚɎ ɡɚɘəɎ ůŰɖɜ ˊŮɟɘɞɢɐ ɔɨɟɤ Ŭˊɧ Űɞ ɎŰɞɛɞ Ŭ́ ɞɟɟɞűɞɨɜ 

Űɖɜ ŮɜɏɟɔŮɘŬ ŬɡŰɐ. Ⱥɜ ůɡɔəɟɑůŮɘ ɛŮ Ɏɚɚɞɡɠ Űɨˊɞɡɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ, ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŬˊɞɟɟɞűɞɨɜŰŬɘ, ɖ ɘɞɜŰɑɕɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ ŬˊɞɗɖəŮɨŮɘ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ 

ˊɞɚɨ ɛɘəɟɐ ˊŮɟɘɞɢɐ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ 33 eV ŮɑɜŬɘ ŬɟəŮŰɐ ŮɜɏɟɔŮɘŬ ɩůŰŮ ɜŬ 

ŭɘŬůˊŬůŰŮɑ ɞ Ŭˊɚɧɠ ŭŮůɛɧɠ ɎɜɗɟŬəŬ - ɎɜɗɟŬəŬ. ɈˊɎɟɢɞɡɜ ŰɟɑŬ Ůɑŭɖ ɘɞɜŰɑɕɞɡůŬɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ, ŬɡŰɐ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬəŰɑɜŮɠ Ŭ-, ɓ- əŬɘ ɔ-8. 

 

 

1.1.3 ɉɟɧɜɞɠ ɡˊɞŭɘˊɚŬůɘŬůɛɞɨ ï ɀɏůɞɠ ɢɟɧɜɞɠ ɕɤɐɠ 

 

ɉɟɧɜɞɠ ɡˊɞŭɘˊɚŬůɘŬůɛɞɨ əŬɚŮɑŰŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ŭɘŬůˊŬůŰɞɨɜ ŰŬ ɛɘůɎ 

Ŭˊɧ ɏɜŬ ůŰŬŰɘůŰɘəɎ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɟŬŭɘŮɜŮɟɔɩɜ ŬŰɧɛɤɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ɏɜŬ ŭŮɑɔɛŬ9. 

ȷɜ ůŰɖ ůɢɏůɖ (1) ɗɏůɞɡɛŮ ɧˊɞɡ t = t1/2 əŬɘ Ɂ = Ɂ0/2 ɗŬ ɏɢɞɡɛŮ: 
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Ƀ ɛɏůɞɠ ɢɟɧɜɞɠ ɕɤɐɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɏɜŬ ɎŰɞɛɞ ɩůŰŮ ɜŬ ŭɘŬůˊŬůŰŮɑ 

əŬɘ ŮɑɜŬɘ ɚɑɔɞ ɛŮɔŬɚɨŰŮɟɞɠ Űɞɡ ɢɟɧɜɞɡ ɡˊɞŭɘˊɚŬůɘŬůɛɞɨ t1/2: 
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1.2 ɇɅɃɄɃȽ ɅȷȹȽȺɁȺɅũɃɈ ȹȽȷɆɄȷɆȺɋɆ 

 

Ƀɘ ŰɟŮɘɠ ůɡɜɖɗɏůŰŮɟɞɘ Űɟɧˊɞɘ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘŬůˊɎůŮɤɠ ŮɑɜŬɘ ɖ ŭɘŬůˊŬůɖ Ŭ-, Ŭˊɧ Űɖɜ 

ɞˊɞɑŬ ˊŬɟɎɔɞɜŰŬɘ Ŭ- ůɤɛŬŰɑŭɘŬ (Ŭ- ŬəŰɘɜɞɓɞɚɑŬ), ɖ ŭɘɎůˊŬůɖ ɓ- (ɓ- ɐ ɓ+ ŭɘɎůˊŬůɖ), Ŭˊɧ Űɖɜ 

ɞˊɞɑŬ ˊŬɟɎɔɞɜŰŬɘ ɓ- ůɤɛŬŰɑŭɘŬ (ɓ- ŬəŰɘɜɞɓɞɚɑŬ) əŬɘ ɖ ŭɘɎůˊŬůɖ ɔ-, ɧˊɞɡ ˊŬɟɎɔɞɜŰŬɘ 

ŬəŰɑɜŮɠ ɔ- (ɔ- ŬəŰɘɜɞɓɞɚɑŬ). ȺəŰɧɠ Űɤɜ ɔɜɤůŰɩɜ Űɟɧˊɤɜ ŭɘɎůˊŬůɖɠ, ůˊŬɜɘɧŰŮɟŬ, ŮɑɜŬɘ 

ŭɡɜŬŰɧ ɜŬ ůɡɛɓɞɨɜ əɘ Ɏɚɚɞɘ, ɖ űɨůɖ Űɤɜ ɞˊɞɑɤɜ ŮɝɖɔŮɑŰŬɘ ˊŬɟŬəɎŰɤ. 

 

1.2.1 Ŭ- ȹɘɎůˊŬůɖ  

 

ȺɑɜŬɘ Űɨˊɞɠ ɘɞɜŰɑɕɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɖ ɞˊɞɑŬ ŮəŰɞɝŮɨŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ ɛŮɟɘəɩɜ 

ŬůŰŬɗɩɜ ŬŰɧɛɤɜ. ɄŬɟɎɔɞɜŰŬɘ ɛŮɔɎɚŬ ɡˊɞŬŰɞɛɘəɎ ɗɟŬɨůɛŬŰŬ, ˊɞɡ ˊŮɟɘɏɢɞɡɜ 2 

ˊɟɤŰɧɜɘŬ əŬɘ 2 ɜŮŰɟɧɜɘŬ əɘ ɞɜɞɛɎɕɞɜŰŬɘ Ŭ- ůɤɛŬŰɑŭɘŬ. ɇŬ ůɤɛŬŰɑŭɘŬ ŬɡŰɎ 

ŬɜŬəŬɚɨűɗɖəŬɜ Ŭˊɧ Űɞɜ Ernest Rutherford Űɞ 1899. ȰɜŬ Ŭ- ůɤɛŬŰɑŭɘɞ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊɞ ɛŮ Űɞɜ ˊɡɟɐɜŬ Űɞɡ He, ɞ ɞˊɞɑɞɠ ɏɢŮɘ 2 ˊɟɤŰɧɜɘŬ əŬɘ 2 ɜŮŰɟɧɜɘŬ. ȺɑɜŬɘ 

ůɢŮŰɘəɎ ɓŬɟɨ, ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ůɤɛŬŰɑŭɘɞ ɛŮ ɗŮŰɘəɧ űɞɟŰɑɞ +2, ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ ŰŬ 2 

ˊɟɤŰɧɜɘŬ. ɇŬ Ŭ- ůɤɛŬŰɑŭɘŬ əɘɜɞɨɜŰŬɘ ůŰɞɜ ŬɏɟŬ ɛŮ ŰŬɢɨŰɖŰŬ ˊŮɟɑˊɞɡ ɑůɖ ɛŮ Űɞ 1/12 Űɖɠ 

ŰŬɢɨŰɖŰŬɠ Űɞɡ űɤŰɧɠ, ŮɝŬɟŰɩɛŮɜɖ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊŮɟɘəɚŮɑŮɘ Űɞ ůɤɛŬŰɑŭɘɞ. 

ɇŬ ůɤɛŬŰɑŭɘŬ Ŭ- ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ ɓŬɟŮɑɠ ˊɡɟɐɜŮɠ, ɚɧɔɤ űŬɘɜɞɛɏɜɤɜ ůɐɟŬɔɔɞɠ. ɇŬ 

ɎŰɞɛŬ ˊɞɡ Ůəˊɏɛˊɞɡɜ Ŭ- ůɤɛŬŰɑŭɘŬ ŰŮɑɜɞɡɜ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚŬ (ɏɢɞɡɜ ɛŮɔɎɚɞɡɠ 

ŬŰɞɛɘəɞɨɠ Ŭɟɘɗɛɞɨɠ)8. ɀŮ ɛŮɟɘəɏɠ ŮɝŬɘɟɏůŮɘɠ, ŰɏŰɞɘŬ ɎŰɞɛŬ ɏɢɞɡɜ ŬŰɞɛɘəɞɨɠ Ŭɟɘɗɛɞɨɠ 

ŰɞɡɚɎɢɘůŰɞ 82 (ɛɧɚɡɓŭɞɠ) əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ űɡůɘəɎ, ŮɑŰŮ ŰŮɢɜɖŰɎ (ɄɑɜŬəŬɠ 1.1). 

ɄɑɜŬəŬɠ 1.1: ɄŬɟŬŭŮɑɔɛŬŰŬ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ˊɞɡ Ůəˊɏɛˊɞɡɜ Ŭ-  ůɤɛŬŰɑŭɘŬ 

  Ⱥəˊɞɛˊɐ Ŭ- ůɤɛŬŰɘŭɑɤɜ ȷŰɞɛɘəɧɠ ȷɟɘɗɛɧɠ 

   ȷɛŮɟɑəɘɞ-241 (241Am) 95  

   ɄɚɞɡŰɩɜɘɞ-236 (236Pu) 94  

   ɃɡɟɎɜɘɞ-238 (238U) 92  

   Ūɧɟɘɞ-232 (232Th) 90  

   ɅɎŭɘɞ-226 (226Ra) 88  
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  Ⱥəˊɞɛˊɐ Ŭ- ůɤɛŬŰɘŭɑɤɜ ȷŰɞɛɘəɧɠ ȷɟɘɗɛɧɠ 

   ɅŬŭɧɜɘɞ-222 (222Rn) 86  

   Ʉɞɚɩɜɘɞ-210 (210Po) 84  

 

 

Ƀ ˊɡɟɐɜŬɠ ɓɟɑůəŮŰŬɘ ůŮ ɛɘŬ ŬůŰŬɗɐ ŮɜŮɟɔŮɘŬəɐ əŬŰɎůŰŬůɖ. ɇɧŰŮ ůɡɛɓŬɑɜŮɘ ɛɘŬ ŮůɤŰŮɟɘəɐ 

ɛŮŰŬŰɟɞˊɐ əŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ ŮəŰɞɝŮɨŮŰŬɘ ɏɜŬ Ŭ- ůɤɛŬŰɑŭɘɞ əŬɘ ˊŬɟŬɛɏɜŮɘ ɏɜŬ ˊɟɞɥɧɜ 

ŭɘɎůˊŬůɖɠ. ɇɞ ɛɖŰɟɘəɧ ɎŰɞɛɞ ɏɢŮɘ ɢɎůŮɘ 2 ˊɟɤŰɧɜɘŬ əŬɘ 2 ɜŮŰɟɧɜɘŬ. ɇɞ ɗɡɔŬŰɟɘəɧ 

(ˊɟɞɥɧɜ ŭɘɎůˊŬůɖɠ) ɏɢŮɘ ɡˊɞůŰŮɑ ɛŮŰŬůŰɞɘɢŮɑɤůɖ10. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ 263Sg əŬŰɎ Űɖ 

ɟŬŭɘŮɜŮɟɔɧ ŭɘɎůˊŬůɖ Űɞɡ ŮəˊɏɛˊŮɘ Ŭ- ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŰɞ 259Rf (ȺɘəɧɜŬ 

1.3). 

 

 

ȺɘəɧɜŬ 1.3: ɄŬɟɎŭŮɘɔɛŬ Ŭ- ŭɘɎůˊŬůɖɠ
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1.2.2 ɓ- ȹɘɎůˊŬůɖ  

 

ȺɑɜŬɘ əɎɗŮ ŭɘŮɟɔŬůɑŬ ŭɘŬůˊɎůŮɤɠ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞ ɛŬɕɘəɧɠ Ŭɟɘɗɛɧɠ (ȷ) Űɞɡ ɜɞɡəɚɘŭɑɞɡ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ, Ůɜɩ ɞ ŬŰɞɛɘəɧɠ Ŭɟɘɗɛɧɠ (Ȼ) ɛŮŰŬɓɎɚɚŮŰŬɘ. ȷˊɧ Űɖ ɓ- ŭɘɎůˊŬůɖ 

ˊŬɟɎɔɞɜŰŬɘ ɡˊɞŬŰɞɛɘəɎ ůɤɛŬŰɑŭɘŬ ŮəŰɞɝŮɡɛɏɜŬ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ əɎˊɞɘɤɜ ɟŬŭɘŮɜŮɟɔɩɜ 

ŬŰɧɛɤɜ, ɚɧɔɤ ŬůɗŮɜɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ. ȺɑɜŬɘ ɘůɞŭɨɜŬɛŬ ˊɟɞɠ ŰŬ ɖɚŮəŰɟɧɜɘŬ əŬɘ ɖ 

ŭɘŬűɞɟɎ Űɞɡɠ ɏɔəŮɘŰŬɘ ůŰɞ ɧŰɘ ŰŬ ɓ- ůɤɛŬŰɑŭɘŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ, Ůɜɩ ŰŬ 

ɖɚŮəŰɟɧɜɘŬ Ŭˊɧ Űɞ ŮɝɤŰŮɟɘəɧ ɛɏɟɞɠ Űɞɡ ŬŰɧɛɞɡ. ȷɜŬəŬɚɨűɗɖəŬɜ Ŭˊɧ Űɞɜ Henry 

Becquerel Űɞ 1900, ɞ ɞˊɞɑɞɠ əŬɘ ŬˊɏŭŮɘɝŮ ɧŰɘ ŮɑɜŬɘ ŰŬɡŰɧůɖɛŬ ɛŮ ŰŬ ɖɚŮəŰɟɧɜɘŬ. Ȱɢɞɡɜ 

űɞɟŰɑɞ -1 əŬɘ ŬŰɞɛɘəɐ ɛɎɕŬ 549 ŮəŬŰɞɛɛɡɟɘɞůŰɎ Űɞɡ AMU, ɐ Ŭɚɚɘɩɠ 1/2000 Űɖɠ ɛɎɕŬɠ Űɞɡ 

ˊɟɤŰɞɜɑɞɡ ɐ Űɞɡ ɜŮŰɟɞɜɑɞɡ. ȼ ŰŬɢɨŰɖŰŬ Űɞɡɠ ˊɞɘəɑɚɚŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ŮɜɏɟɔŮɘŬ Űɞɡɠ. ȺɑɜŬɘ ůŮ ɗɏůɖ ɜŬ əŬŰŬůŰɟɏűɞɡɜ ŰŬ ɕɤɜŰŬɜɎ əɨŰŰŬɟŬ, ˊɟɞůˊɑˊŰɞɜŰŬɠ ɛŮ 

ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ ůŮ ŬɡŰɎ əŬɘ ŭɘŬůˊɩɜŰŬɠ Űɞɡɠ ɢɖɛɘəɞɨɠ ŭŮůɛɞɨɠ. Ⱥəˊɞɛˊɏɠ ɓ- 

ůɤɛŬŰɘŭɑɤɜ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɧŰŬɜ Űɞ ˊɞůɞůŰɧ ɜŮŰɟɞɜɑɤɜ ï ˊɟɤŰɞɜɑɤɜ  ůŰɞɜ ˊɡɟɐɜŬ ŮɑɜŬɘ 

ˊɞɚɨ ɡɣɖɚɧ. H ˊŮɟɑůůŮɘŬ ɜŮŰɟɞɜɑɤɜ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ɏɜŬ ˊɟɤŰɧɜɘɞ əŬɘ ɏɜŬ 
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ɖɚŮəŰɟɧɜɘɞ. ɇɞ ˊɟɤŰɧɜɘɞ ˊŬɟŬɛɏɜŮɘ ůŰɞɜ ˊɡɟɐɜŬ, Ůɜɩ Űɞ ɖɚŮəŰɟɧɜɘɞ ŮəˊɏɛˊŮŰŬɘ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɛŮɘɩɜŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɜŮŰɟɞɜɑɤɜ əŬɘ ŬɡɝɎɜŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɟɤŰɞɜɑɤɜ 

ůŮ ɏɜŬ əŬɘ ɎɟŬ ɛŮŰŬůɢɖɛŬŰɑɕŮɘ Űɞ ɟŬŭɘɞɜɞɡəɚɑŭɘɞ ůŮ ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ ůŰɞɘɢŮɑɞ. ɆɡɢɜɎ, ɖ 

Ůəˊɞɛˊɐ ɓ- ůɤɛŬŰɘŭɑɤɜ ůɡɜŭɡɎɕŮŰŬɘ ɛŮ Űɖɜ Ůəˊɞɛˊɐ ɔ- ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ɖ ˊŮɟɑůůŮɘŬ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ůŰɞɜ ˊɡɟɐɜŬ, Ŭˊɧ Űɖɜ Ůəˊɞɛˊɐ ɓ- ůɤɛŬŰɘŭɑɤɜ, ŬˊɞɓɎɚɚŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ ɔ- 

ŬəŰɘɜɞɓɞɚɑŬɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ˊɞɡ ŭɑɜɞɡɜ ɓ- ŭɘɎůˊŬůɖ ŬˊɞŰŮɚɞɨɜ ɖ 

ŭɘɎůˊŬůɖ Űɞɡ 99Tc, 31P, 3H, 14C, 90Sr, 210Pb, 60Co, 129I, 131I əɚˊ.  

 

ȹɘŬəɟɑɜɞɜŰŬɘ ŰɟŮɘɠ Űɟɧˊɞɘ ɓ- ŭɘɎůˊŬůɖɠ, ɖ ɓ-- ŭɘɎůˊŬůɖ, ɖ ɓ+- ŭɘɎůˊŬůɖ əŬɘ ɖ ŭɘɎůˊŬůɖ 

ɛŮ ůɨɚɚɖɣɖ ɖɚŮəŰɟɞɜɑɞɡ. ȾŬŰɎ Űɖ ɓ-- ŭɘɎůˊŬůɖ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ ɏɜŬ ŬɟɜɖŰɘəɎ 

űɞɟŰɘůɛɏɜɞ ɖɚŮəŰɟɧɜɘɞ (ɞɜɞɛɎɕŮŰŬɘ ɓ-- ůɤɛŬŰɑŭɘɞ) əŬɘ ɏɜŬ ŬɜŰɘɜŮŰɟɑɜɞ (ŬɜŰɘɚŮˊŰɧɜɘɞ) 

(ȺɘəɧɜŬ 1.4). ȾŬŰɎ Űɖ ɓ+- ŭɘɎůˊŬůɖ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜŬ 

ɖɚŮəŰɟɧɜɘŬ (ˊɞɕɘŰɟɧɜɘŬ), ŰŬ ɞˊɞɑŬ ɞɜɞɛɎɕɞɜŰŬɘ ɓ+- ůɤɛŬŰɑŭɘŬ əŬɘ ɜŮŰɟɑɜɞ (ȺɘəɧɜŬ 1.4). 

ɇɏɚɞɠ, ɖ ůɨɚɚɖɣɖ ɖɚŮəŰɟɞɜɑɞɡ ŮɑɜŬɘ ɏɜŬɠ Űɟɧˊɞɠ ɓ- ŭɘɎůˊŬůɖɠ, əŬŰɎ Űɞɜ ɞˊɞɑɞ ɏɜŬ 

ɖɚŮəŰɟɧɜɘɞ Űɤɜ ŬŰɞɛɘəɩɜ ŰɟɞɢɘŬəɩɜ ůɡɚɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ɏɜŬ ŭɘɖɔŮɟɛɏɜɞ ˊɡɟɐɜŬ. 

ȺəˊɏɛˊɞɜŰŬɘ ŬəŰɑɜŮɠ-ɉ ɐ ɖɚŮəŰɟɧɜɘŬ Auger əŬɘ ɜŮŰɟɑɜɞ (ȺɘəɧɜŬ 1.4). 

 

 

 

 

 

ȺɘəɧɜŬ 1.4: ɇɟɧˊɞɘ ɓ- ŭɘɎůˊŬůɖɠ
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1.2.3 ɔ- ȹɘɎůˊŬůɖ  

 

ȼ ŬəŰɘɜɞɓɞɚɑŬ ɔ- ŬɜŬəŬɚɨűɗɖəŮ Ŭˊɧ Űɞɜ Henry Becquerel Űɞ 1896, Ŭˊɧ əɎˊɞɘŬ ɞɟɡəŰɎ 

Űɞɡ ɞɡɟŬɜɑɞɡ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ɔ- ŭɘɎůˊŬůɖ ŭŮɜ ˊɟɞəŬɚŮɑ əŬɛɛɘɎ ɛŮŰŬɓɞɚɐ, ɞɨŰŮ 

ůŰɞɜ Ȼ, ɞɨŰŮ ůŰɞɜ ȷ Űɞɡ ˊɡɟɐɜŬ. ȾŬŰɎ Űɖ ɔ- ŭɘɎůˊŬůɖ ŮəˊɏɛˊŮŰŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ, əŬɗɩɠ ɏɜŬɠ ˊɡɟɐɜŬɠ ɛŮŰŬˊɑˊŰŮɘ Ŭˊɧ ŬɜɩŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ əŬŰɎůŰŬůɖ ůŮ 

əŬŰɩŰŮɟɖ ɐ ůŰɖ ɓŬůɘəɐ əŬŰɎůŰŬůɖ (ŬˊɞŭɘɏɔŮɟůɖ) (ȺɘəɧɜŬ 1.5). ɄɟɧəŮɘŰŬɘ ɔɘŬ űɤŰɧɜɘŬ 

ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ Űɘɠ ŬəŰɑɜŮɠ ɔ- Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ. ȼ 

ɔ- ŬəŰɘɜɞɓɞɚɑŬ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ɘɞɜŰɑɕɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ. ɇŬ ɔ- ůɤɛŬŰɑŭɘŬ 

ɏɢɞɡɜ ˊŮɟɑˊɞɡ 10000 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ ŮɜɏɟɔŮɘŬ Ŭˊɧ ŰŬ űɤŰɧɜɘŬ Űɞɡ ɞɟŬŰɞɨ űɤŰɧɠ. 

ȹŮɜ ɏɢɞɡɜ ɛɎɕŬ, ɞɨŰŮ ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ, ɧɛɤɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ 

əŬɘ ɞɟɛɐ. ȺɝŬɘŰɑŬɠ Űɖɠ ɛŮɔɎɚɖɠ Űɞɡɠ ŮɜɏɟɔŮɘŬɠ əɘɜɞɨɜŰŬɘ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ əŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɜɨůɞɡɜ ŮəŬŰɞɜŰɎŭŮɠ ɢɘɚɘɎŭŮɠ ɛɏŰɟŬ ˊɟɘɜ ɝɞŭɏɣɞɡɜ Űɖɜ ŮɜɏɟɔŮɘŬ ŬɡŰɐ. 

ȹɘŬˊŮɟɜɞɨɜ ˊɞɚɚɎ Ůɑŭɖ ɡɚɘəɩɜ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɘůŰɞɨ əŬɘ ɔɘŬ 

ɜŬ ɗɤɟŬəɘůŰɞɨɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɨ ˊɡəɜɎ ɡɚɘəɎ, ɧˊɤɠ ɞ ɛɧɚɡɓŭɞɠ8 (ȺɘəɧɜŬ 1.6).  

 

 

 
ȺɘəɧɜŬ 1.5: ɄŬɟɎŭŮɘɔɛŬ ɔ- ŭɘɎůˊŬůɖɠ
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Ƀɘ ŬəŰɑɜŮɠ ɔ- əŬɘ ɞɘ ŬəŰɑɜŮɠ-ɉ , ɧˊɤɠ əŬɘ Űɞ ɞɟŬŰɧ, Űɞ ɡˊɏɟɡɗɟɞ ɐ Űɞ ɡˊŮɟɘɩŭŮɠ ŮɑɜŬɘ ɛɏɟɖ 

Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ. ɄŬɟɧɚɞ ˊɞɡ ɞɘ ŬəŰɑɜŮɠ-ɉ əŬɘ ɔ- ˊɟɞəŬɚɞɨɜ ˊŮɟɑˊɞɡ 

Űɘɠ ɑŭɘŮɠ ɓɚɎɓŮɠ, ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɖɜ ˊɟɞɏɚŮɡůɖ. Ƀɘ ŬəŰɑɜŮɠ ɔ- ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ 

ˊɡɟɐɜŬ Űɞɡ ŬŰɧɛɞɡ, Ůɜɩ ɞɘ ŬəŰɑɜŮɠ-ɉ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ ɖɚŮəŰɟɘəɎ ˊŮŭɑŬ, ˊɞɡ 

ˊŮɟɘɓɎɚɚɞɡɜ Űɞɜ ˊɡɟɐɜŬ Űɞɡ ŬŰɧɛɞɡ4. ɄŬɟŬŭŮɑɔɛŬŰŬ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ˊɞɡ Ůəˊɏɛˊɞɡɜ 

ŬəŰɘɜɞɓɞɚɑŬ ɔ- ŮɑɜŬɘ Űɞ 137Cs, Űɞ 99Tc ə.Ŭ. (ɄɑɜŬəŬɠ 1.2). 
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ȺɘəɧɜŬ 1.6: ȹɘŬˊŮɟŬŰɧŰɖŰŬ Űɤɜ Ŭï , ɓï  əŬɘ ɔï  ůɤɛŬŰɘŭɑɤɜ
12

 

 

 

ɄɑɜŬəŬɠ 1.2: ɄŬɟŬŭŮɑɔɛŬŰŬ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ˊɞɡ Ůəˊɏɛˊɞɡɜ ŬəŰɘɜɞɓɞɚɑŬ ɔ- 

 ȷŰɞɛɘəɧɠ 
ȷɟɘɗɛɧɠ 

ɇɨˊɞɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

ȳɜɞɛŬ Ŭ- ɓ- ɔ- 

ȷɛŮɟɑəɘɞ-241 (241Am) 95    
ȾŬɑůɘɞ-137 (137Cs) 55    
ȾɞɓɎɚŰɘɞ-60 (60Co) 27    

Ƚɩŭɘɞ-129 &-131 (129I, 131I) 53    
ɄɚɞɡŰɩɜɘɞ (Pu) 94    
ɇŮɢɜɐŰɘɞ-99 (99Tc) 43    
Ūɧɟɘɞ (Th) 90    
ɃɡɟɎɜɘɞ (U) 92    

 

 

1.2.4 ȯɚɚŬ Ůɑŭɖ ɟŬŭɘŮɜŮɟɔɩɜ ŭɘŬůˊɎůŮɤɜ 

 

ȯɚɚɞɠ Űɟɧˊɞɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ ŮɑɜŬɘ ɖ ŭɘɎůˊŬůɖ ɛŮ Ůəˊɞɛˊɐ ɜŮŰɟɞɜɑɞɡ, əŬŰɎ Űɖɜ 

ɞˊɞɑŬ ɏɜŬ ɜŮŰɟɧɜɘɞ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ (ˊŬɟɎŭŮɘɔɛŬ ɘůɞŰɧˊɞɡ ˊɞɡ ŮəˊɏɛˊŮɘ 

ɜŮŰɟɧɜɘŬ əŬŰɎ Űɖ ŭɘɎůˊŬůɖ Űɞɡ ŮɑɜŬɘ Űɞ 13Be). Ⱥˊɑůɖɠ, Ɏɚɚɞɠ Űɟɧˊɞɠ ŭɘɎůˊŬůɖɠ ŮɑɜŬɘ ɖ 

ŭɘɎůˊŬůɖ ɛŮ Ůəˊɞɛˊɐ ˊɟɤŰɞɜɑɞɡ, ɧˊɞɡ ɏɜŬ ˊɟɤŰɧɜɘɞ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ 

(ˊŬɟɎŭŮɘɔɛŬ ɘůɞŰɧˊɞɡ ˊɞɡ ŮəˊɏɛˊŮɘ ɜŮŰɟɧɜɘŬ əŬŰɎ Űɖ ŭɘɎůˊŬůɖ Űɞɡ ŮɑɜŬɘ Űɞ 53mCo). 

ȯɚɚɞɘ Űɟɧˊɞɘ, ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬůˊŬůŰŮɑ ɏɜŬɠ ɟŬŭɘŮɜŮɟɔɧɠ ˊɡɟɐɜŬɠ ŮɑɜŬɘ ɖ 

ŭɘɎůˊŬůɖ ɛŮ Ůəˊɞɛˊɐ ŭɨɞ ˊɟɤŰɞɜɑɤɜ (ˊɢ 26P, 22Al), ɖ ŭɘɎůˊŬůɖ ɛŮ Ůəˊɞɛˊɐ 14C əŬɘ 
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Ɏɚɚɤɜ ůɡůůɤɛŬŰɤɛɎŰɤɜ ůɤɛŬŰɘŭɑɤɜ (clusters) (ˊɢ 222-224Ra, 11Li), ɖ ŭɘˊɚɐ ɓ- ŭɘɎůˊŬůɖ, 

ɧ́ ɞɡ ŮəˊɏɛˊɞɜŰŬɘ ŭɨɞ ɓ-- ůɤɛŬŰɑŭɘŬ (ˊɢ 130Te, 82Se) ɖ ŭɑŭɡɛɖ ɔɏɜŮůɖ, ɧˊɞɡ ˊŬɟɎɔŮŰŬɘ 

ɏɜŬ ɓ+- əɘ ɏɜŬ ɓ-- ůɤɛŬŰɑŭɘɞ (ˊɢ 16mO) əŬɘ Űɏɚɞɠ ɖ ŭɘɎůˊŬůɖ ɛŮ ŬɡɗɧɟɛɖŰɖ ůɢɎůɖ, ɖ 

ɞˊɞɑŬ ŮɑɜŬɘ ŬɡɗɧɟɛɖŰɖ ŭɘŮɟɔŬůɑŬ, ˊɞɡ ɞŭɖɔŮɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŭɨɞ ɗɡɔŬŰɟɘəɩɜ ˊɡɟɐɜɤɜ 

ɛŮ ůɨɔɢɟɞɜɖ Ůəˊɞɛˊɐ ɜŮŰɟɞɜɑɤɜ (ˊɢ 252Cf). 

 

 

1.3 ɀɃɁȷȹȺɆ ȷȾɇȽɁɃȸɃȿȽȷɆ 

 

ȼ ŮɜŮɟɔɧŰɖŰŬ ɛɘŬɠ ˊɖɔɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɞɟɑɕŮŰŬɘ ɤɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɘŬůˊɎůŮɤɜ, ˊɞɡ 

ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛɏůŬ ůŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ6. ȷɟɢɘəɎ ɤɠ ɛɞɜɎŭŬ ŮɜŮɟɔɧŰɖŰŬɠ 

ɛɘŬɠ ˊɖɔɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ Curie, Űɞ ɞˊɞɑɞ ɧɛɤɠ ɔɟɐɔɞɟŬ ŬˊɞɟɟɑűɗɖəŮ, 

ŮɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ůŰɖ űɨůɖ ŭŮɜ ůɡɜŬɜŰɩɜŰŬɘ Űɧůɞ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŬəŰɘɜɞɓɞɚɘɩɜ. ȼ ɛɞɜɎŭŬ, ɖ 

ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɐɛŮɟŬ ŮɑɜŬɘ Űɞ Becquerel (ɄɑɜŬəŬɠ 1.3). 

10 101 Curie (Ci) = 3.7 x 10  dps = 3.7 x 10  Bq  

1 Becquerel (Bq) = 1 dps 

 

 

ɄɑɜŬəŬɠ 1.3: ɇɎɝŮɘɠ ɛɞɜɎŭŬɠ Becquerel 

ɉŬɟŬəŰɖɟɘůɛɧɠ Ɇɨɛɓɞɚɞ Ƀɟɘůɛɧɠ 

Yotta - Becquerel YBq 1024 

Zetta - Becquerel ZBq 1021 

Exa - Becquerel Ebq 1018 

Peta - Becquerel PBq 1015 

Terra - Becquerel TBq 1012 

Giga - Becquerel GBq 109 

Mega - Becquerel MBq 106 

Kilo - Becquerel KBq 103 

Hecto - Becquerel HBq 102 

Deca - Becquerel daBq 101 

Deci - Becquerel DBq 10-1 

Centi - Becquerel CBq 10-2 

Milli - Becquerel MBq 10-3 

Micro - Becquerel ɀBq 10-6 

Nano - Becquerel NBq 10-9 
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ɉŬɟŬəŰɖɟɘůɛɧɠ Ɇɨɛɓɞɚɞ Ƀɟɘůɛɧɠ 

Pico - Becquerel PBq 10-12 

Femto - Becquerel FBq 10-15 

Atto - Becquerel ABq 10-18 

Zepto - Becquerel ZBq 10-21 

Yocto - Becquerel yBq 10-24 
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ȾȺūȷȿȷȽɃ ȹȺɈɇȺɅɃ 

 

 

ȸȸȷȷɆɆȽȽȾȾȺȺɆɆ  ȷȷɅɅɉɉȺȺɆɆ  ɇɇȼȼɆɆ  ɉɉȼȼɀɀȺȺȽȽȷȷɆɆ  ɇɇɃɃɈɈ  ŪŪɃɃɅɅȽȽɃɃɈɈ  
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22  ȸȸȷȷɆɆȽȽȾȾȺȺɆɆ  ȷȷɅɅɉɉȺȺɆɆ  ɇɇȼȼɆɆ  ɉɉȼȼɀɀȺȺȽȽȷȷɆɆ  ɇɇɃɃɈɈ  ŪŪɃɃɅɅȽȽɃɃɈɈ  

 

 

2.1 ȺȽɆȷũɋũȼ 

 

ɇɞ ɗɧɟɘɞ (Thorium, Th), ŬŰɞɛɘəɞɨ Ŭɟɘɗɛɞɨ 90 əŬɘ ŬŰɞɛɘəɞɨ ɓɎɟɞɡɠ 232 ŮɑɜŬɘ Űɞ ŭŮɨŰŮɟɞ 

ɛɏɚɞɠ Űɖɠ ůŮɘɟɎɠ Űɤɜ ŬəŰɘɜɘŭɩɜ. ȷɜŬəŬɚɨűɗɖəŮ Űɞ 1828 Ŭˊɧ Űɞ Ɇɞɡɖŭɧ Berzelius, ɞ ɞˊɞɑɞɠ 

ŬˊɞɛɧɜɤůŮ Űɞ ůŰɞɘɢŮɑɞ Ŭˊɧ ɏɜŬ ŭŮɑɔɛŬ ɛŬɨɟɞɡ ɞɟɡəŰɞɨ, ˊɞɡ ɓɟɏɗɖəŮ ůŰɞ ɜɖůɑ Lovon 

əɞɜŰɎ ůŰɞ Brevig Űɖɠ ɁɞɟɓɖɔɑŬɠ. Ƀ Berzelius, ˊɟɞɠ Űɘɛɐ Űɞɡ ůəŬɜŭɘɜŬɓɘəɞɨ ɗŮɞɨ Ūɤɟ, 

ɞɜɧɛŬůŮ Űɞ ůŰɞɘɢŮɑɞ çɗɧɟɘɞè əŬɘ Űɞ ɞɟɡəŰɧ ůŰɞ ɞˊɞɑɞ Űɞ ŮɜŰɧˊɘůŮ çɗɞɟɑŰɖè. ɇɞ ɗɧɟɘɞ ŭŮɜ 

ɏŰɡɢŮ ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ɛɏɢɟɘ Űɞ 1890, ɧˊɞɡ ɞ Carl Auer von Welsbach Űɞ ŮɘůɐɔŬɔŮ ůŰɞɜ 

ˊɡɟŬəŰɤɛɏɜɞ ɛŬɜŭɨŬ ŬŮɟɑɞɡ. ȺˊɟɧəŮɘŰɞ ɔɘŬ ɏɜŬ əɎɚɡɛɛŬ ˊɡɟɑɛŬɢɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ɗɞɟɑɞɡ, 

ˊɞɡ ˊɡɟŬəŰɤɜɧŰŬɜ Ŭˊɧ ɛɘŬ űɚɧɔŬ əŬɘ ŮɝɏˊŮɛˊŮ ɏɜŬ ŮəŰɡűɚɤŰɘəɧ ɚŮɡəɧ űɤɠ. ȿɧɔɤ Űɖɠ 

ŮˊɘŰɡɢɑŬɠ Űɞɡ ɛŬɜŭɨŬ, Űɞ ɗɧɟɘɞ ɎɟɢɘůŮ ɜŬ əŬŰɏɢŮɘ ůɖɛŬɜŰɘəɐ Ůɛˊɞɟɘəɐ ɗɏůɖ ɏɤɠ Űɞ 1920, 

Ůɜɩ ɛŮŰɎ Űɞ Űɏɚɞɠ Űɞɡ 1ɞɡ ɄŬɔəɞůɛɑɞɡ Ʉɞɚɏɛɞɡ ɖ ůɖɛŬůɑŬ Űɞɡ ˊŮɟɘɞɟɑůŰɖəŮ ůɖɛŬɜŰɘəɎ, 

ɚɧɔɤ Űɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɞɡ ŬŮɟɘɞűɤŰɘůɛɞɨ Ŭˊɧ Űɞɜ ɖɚŮəŰɟɞűɤŰɘůɛɧ. 

 

ɆŰɖ ŭŮəŬŮŰɑŬ Űɞɡ ȭ40 Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɞ ɗɧɟɘɞ ŬɜŬɕɤˊɡɟɩɗɖəŮ əŬɗɩɠ ŬɜŬəŬɚɨűɗɖəŮ ɧŰɘ 

ŬˊɞŰŮɚŮɑ ŭɡɜŬɛɘəɐ ˊɖɔɐ ˊɡɟɖɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɆŰɘɠ ŭŮəŬŮŰɑŮɠ Űɞɡ ȭ50 əŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ ȭ60 ɖ 

ŮŰŬɘɟɑŬ General Services Administration Űɤɜ ȼɄȷ ŬˊɞɗɐəŮɡůŮ ˊŮɟɑˊɞɡ 5000 Űɧɜɞɡɠ 

ɜɘŰɟɘəɞɨ ɗɞɟɑɞɡ. ɇɏɚɞɠ, Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ ȭ60 Űɞ ɗɧɟɘɞ ŬˊɞŰŮɚŮɑ Ŭˊɚɩɠ ɏɜŬ ˊŬɟŬˊɟɞɥɧɜ 

əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɜɎəŰɖůɖɠ ůˊŬɜɑɤɜ ɔŬɘɩɜ. 

 

 

2.2 ɄɅɃȺȿȺɈɆȼ ȾȷȽ ȽȹȽɃɇȼɇȺɆ ŪɃɅȽɃɈ 

 

ɇɞ űɡůɘəɧ ɗɧɟɘɞ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ Űɞ ɘůɧŰɞˊɞ 232
90Th, ŮɑɜŬɘ ɟŬŭɘŮɜŮɟɔɧ əŬɘ ɛŮŰɎ Ŭˊɧ ɛɘŬ ůŮɘɟɎ 

ɛŮŰŬůŰɞɘɢŮɘɩůŮɤɜ əŬŰŬɚɐɔŮɘ ůŰɞ ůŰŬɗŮɟɧ ɜɞɡəɚɑŭɘɞ 208
82Pb, Ŭűɞɨ ˊŮɟɎůŮɘ Ŭˊɧ ŰŬ ŭɏəŬ 

ůŰɎŭɘŬ, ŰŬ ɞˊɞɑŬ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.1. 
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ȺɘəɧɜŬ 2.1: ɅŬŭɘŮɜŮɟɔɧɠ ůŮɘɟɎ 
238

U, 
232

Th əŬɘ 
235

U 
13

 

 

 

ɇŬ ɗɡɔŬŰɟɘəɎ Űɞɡ ɗɞɟɑɞɡ ɏɢɞɡɜ ůɢŮŰɘəɎ ɛɘəɟɞɨɠ ɢɟɧɜɞɡɠ ɡˊɞŭɘˊɚŬůɘŬůɛɞɨ. ȳɚŬ, ɛŮ 

ŮɝŬɑɟŮůɖ Űɞ 228
90Th, ŬˊɞɛŬəɟɨɜɞɜŰŬɘ əŬŰɎ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ŬɜɎəŰɖůɖɠ Űɞɡ ɗɞɟɑɞɡ. ȰŰůɘ, Űɞ 

ɗɧɟɘɞ, ˊɞɡ ˊɟɧůűŬŰŬ ŬɜŬəŰɎŰŬɘ Ŭˊɧ ɛŮŰŬɚɚŮɨɛŬŰŬ ɢŬɛɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ɞɡɟɎɜɘɞ, 

ɏɢŮɘ Űɞ 1/3 Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ŭ- Űɞɡ ɞɡɟŬɜɑɞɡ əŬɘ ɢŬɛɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ɔ- ŬəŰɘɜɞɓɞɚɑŬ. ɀŮŰɎ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɞɡ 228
88Ra əŬɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɗɡɔŬŰɟɘəɩɜ Űɞɡ ɗɞɟɑɞɡ əŬŰɎ Űɘɠ ŭɘŮɟɔŬůɑŮɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ Űɞɡ, Űɞ ɗɡɔŬŰɟɘəɧ 228
90Th ŬˊɞəŬɗɘůŰɎ ɔɟɐɔɞɟŬ 

ɟŬŭɘŮɜŮɟɔɧ ɘůɞɟɟɞˊɑŬ ɛŮ ŰŬ ɗɡɔŬŰɟɘəɎ Űɞɡ. ȼ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ ŬɡɝɎɜŮɘ űɗɎɜɞɜŰŬɠ ůŮ ɏɜŬ 

ɛɏɔɘůŰɞ ɛɏůŬ ůŮ 36 ɖɛɏɟŮɠ ɛŮŰɎ Űɞ ŭɘŬɢɤɟɘůɛɧ, Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ŮɚŬŰŰɩɜŮŰŬɘ űɗɎɜɞɜŰŬɠ 

ůŰɞ ŮɚɎɢɘůŰɞ ůŮ 3 ˊŮɟɑˊɞɡ ɢɟɧɜɘŬ. 

 

ɀŮŰɎ Ŭˊɧ ŬɡŰɧ, ɚɧɔɤ Űɖɠ ŮˊŬɜŮɛűɎɜɘůɖɠ Űɞɡ 228
88Ra, ɖ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ 228

90Th ŬɡɝɎɜŮɘ ˊɎɚɘ 

əŬɘ ɖ ɟŬŭɘŮɜŮɟɔɧɠ ɘůɞɟɟɞˊɑŬ Űɞɡ ɛŮ Űɞ 228
88Ra ŬˊɞəŬɗɑůŰŬŰŬɘ ɝŬɜɎ ɛŮŰɎ Ŭˊɧ 67 ˊŮɟɑˊɞɡ 

ɢɟɧɜɘŬ. ȷɜ Űɞ ɗɧɟɘɞ ŮɝŬɢɗŮɑ Ŭˊɧ ɛŮŰŬɚɚŮɨɛŬŰŬ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ɞɡɟɎɜɘɞ (ˊɢ. 

ȾŬɜŬŭɘəɎ ɛŮŰŬɚɚŮɨɛŬŰŬ ɞɡɟŬɜɑɞɡ ï ɗɞɟɑɞɡ), ŰɧŰŮ Űɞ 230
90Th, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɗɡɔŬŰɟɘəɧ Űɖɠ 

ůŮɘɟɎɠ Űɞɡ ɞɡɟŬɜɑɞɡ, ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚɚŮɘ ŮɜŮɟɔɎ ůŰɖɜ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ ŭɘŬɢɤɟɘɕɧɛŮɜɞɡ 
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ɗɞɟɑɞɡ. ȷɜ əŬɘ Űɞ 232
90Th ŭŮɜ ŮɑɜŬɘ ůɢɎůɘɛɞ ɡɚɘəɧ, ŬˊɞɟɟɞűɩɜŰŬɠ ɜŮŰɟɧɜɘŬ əŬŰŬɚɐɔŮɘ ůŰɞ 

ůɢɎůɘɛɞ ɜɞɡəɚɑŭɘɞ 233
92U, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŬɜŰɑŭɟŬůɖ: 

233 233 233,232
90 91 9290

nTh Th Pa Ug b b½½­ ½½­ ½½­  

ȰŰůɘ, Ŭɜ ɏɜŬɠ ˊɡɟɖɜɘəɧɠ ŬɜŰɘŭɟŬůŰɐɟŬɠ ŭŮɢɗŮɑ ůŬɜ ˊɡɟɖɜɘəɧ əŬɨůɘɛɞ ɗɧɟɘɞ, Űɞ ɞˊɞɑɞ 

ˊŮɟɘɏɢŮɘ ɚɑɔɞ 233
92U ɐ 235

92U, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɘŬ ŬɡŰɞůɡɜŰɖɟɞɨɛŮɜɖ ŬɜŰɑŭɟŬůɖ əŬŰɎ Űɖɜ 

ɞˊɞɑŬ Űɞ ɗɧɟɘɞ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ 233
92U. Ƀɘ ŬɜŰɘŭɟŬůŰɐɟŮɠ ŬɡŰɐɠ Űɖɠ ɛɞɟűɐɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 

ůŰɞɡɠ ŬɜŬˊŬɟŬɔɤɔɘəɞɨɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ (breeder reactors). 

 

ȷɜ əŬɘ Űɞ ɗɧɟɘɞ ŮɑɜŬɘ ɏɜŬ ˊɞɚɨ ŭɘŬŭŮŭɞɛɏɜɞ ůŰɖ űɨůɖ ůŰɞɘɢŮɑɞ, ɛɧɜɞ ɛŮɟɘəɞɑ Űɧɜɞɘ Ŭˊɧ ŬɡŰɧ 

ˊŬɟɎɔɞɜŰŬɘ əɎɗŮ ɢɟɧɜɞ, ˊɟɞŮɟɢɧɛŮɜɞɘ əɡɟɑɤɠ Ŭˊɧ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊŬɟŬɔɤɔɐɠ Űɤɜ ůˊŬɜɑɤɜ 

ɔŬɘɩɜ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ Űɞ ɗɧɟɘɞ ˊŬɟɎɔŮŰŬɘ ɤɠ ˊŬɟŬˊɟɞɥɧɜ. ɇɞ ɗɧɟɘɞ ůɡɜɘůŰɎ ˊŮɟɑˊɞɡ Űɞ 

0.001 ï 0.002 % Űɞɡ ůŰŮɟŮɞɨ űɚɞɘɞɨ Űɖɠ ɔɖɠ14. ȺɑɜŬɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞ Ŭˊɧ ŰŬ ɛɏŰŬɚɚŬ 

ŬɟůŮɜɘəɧ, Űɞ ɞɡɟɎɜɘɞ, Űɞ ɛɞɚɡɓŭŬɑɜɘɞ əŬɘ ŰŬ ŮɡɔŮɜɐ ɛɏŰŬɚɚŬ, Ůɜɩ ŮɑɜŬɘ Űɞ ɑŭɘɞ ůɨɜɖɗŮɠ ůŰɖ 

űɨůɖ ɧůɞ Űɞ ɓɖɟɨɚɚɘɞ əŬɘ Űɞ əɞɓɎɚŰɘɞ15. ȷˊŬɜŰɎŰŬɘ ůŮ ˊɞɚɚɎ ɞɟɡəŰɎ, əɡɟɑɤɠ ɛŬɕɑ ɛŮ 

ůˊɎɜɘŮɠ ɔŬɑŮɠ, ɧˊɤɠ Űɞ ɞɡɟɎɜɘɞ, Űɞ ɜɘɧɓɘɞ, Űɞ ŰɘŰɎɜɘɞ əŬɘ Űɞ ŰŬɜŰɎɚɘɞ. ɇŬ ɔɜɤůŰɎ ŬˊɞɗɏɛŬŰŬ 

ɗɞɟɑɞɡ, ɡˊɞɚɞɔɘůɛɏɜŬ ůŮ ɞɝŮɑŭɘɞ Űɞɡ ɗɞɟɑɞɡ, ŬɜɏɟɢɞɜŰŬɘ ůŮ ˊŮɟɑˊɞɡ 1.5 ŮəŬŰɞɛɛɨɟɘŬ 

Űɧɜɞɡɠ. 

 

ȷɜŰɑɗŮŰŬ ɛŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊŮŰɟɩɛŬŰŬ əŬɘ ɞɟɡəŰɎ, ŮəŮɑɜŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɗɧɟɘɞ ŮɑɜŬɘ 

ŬŭɘɎɚɡŰŬ ůŰɞ ɜŮɟɧ. ɆɡɜŮˊɩɠ, ŭŮɜ əŬŰŬůŰɟɏűɞɜŰŬɘ Ŭˊɧ Űɖ ŭɘɎɓɟɤůɖ, ŬɚɚɎ ůɡůůɤɟŮɨɞɜŰŬɘ 

ůŮ ɧɢɗŮɠ ˊɞŰŬɛɩɜ əŬɘ ůŮ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ ɛŬɕɑ ɛŮ ɎɚɚŬ ůŰɖ ŭɘɎɓɟɤůɖ ɞɟɡəŰɎ, ɧˊɤɠ Űɞ 

ɢɟɡůɧ, Űɞ ɛŬɔɜɖŰɑŰɖ əɚˊ. Ūɧɟɘɞ ɏɢŮɘ ɓɟŮɗŮɑ ůŮ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 100 ɞɟɡəŰɎ, ůɡɜɐɗɤɠ ɛŬɕɑ 

ɛŮ Űɞ ɞɡɟɎɜɘɞ. Ƀɘ ˊɞůɧŰɖŰŮɠ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ ɗɞɟɑɞɡ ůŮ ɞɟɡəŰɎ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ ɑɢɜɖ ɏɤɠ 

əŬɘ 88 %. ɄŬɟɎŭŮɘɔɛŬ ˊɘɞ ˊɚɞɨůɘɤɜ ůŮ ɗɧɟɘɞ ɞɟɡəŰɩɜ ŬˊɞŰŮɚɞɨɜ ɞ ɗɞɟɘŬɜɑŰɖɠ ((Th,U)O2, 

45 ï 88 % ɗɧɟɘɞ, ɏɤɠ 46 % ɞɡɟɎɜɘɞ), ɞ ɗɞɟɑŰɖɠ (ThSiO4, 25 ï 62 % ɏɤɠ 10 % ɞɡɟɎɜɘɞ)16 əŬɘ 

ɞ ɛɞɜŬɕɑŰɖɠ ((Ce,La,Th)PO4, 5 ï 9 % ɗɧɟɘɞ) 

 

 

2.3 ūɈɆȽȾɃɉȼɀȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɇɃɈ ŪɃɅȽɃɈ 

 

ɇɞ ɗɧɟɘɞ (ɢɖɛɘəɧ ůɨɛɓɞɚɞ Th) ŮɑɜŬɘ ůŰɞɘɢŮɑɞ Űɖɠ ůŮɘɟɎɠ Űɤɜ ŬəŰɘɜɘŭɩɜ (ȺɘəɧɜŬ 2.2). 

ȺɛűŬɜɑɕŮŰŬɘ ůŰɖ űɨůɖ ɛɏůɤ Űɖɠ Ůɝɧɟɡɝɖɠ ɞɟɡəŰɩɜ ˊɟɞŮɟɢɧɛŮɜɤɜ Ŭˊɧ Űɞ ůŰŮɟŮɧ űɚɞɘɧ Űɖɠ 

ɔɖɠ, ůŰɞɜ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŮ ɛɘəɟɧ ˊɞůɞůŰɧ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ůŰŮɟŮɧ ɛŮ ɖɚŮəŰɟɞɜɘəɐ ŭɞɛɐ 

[Rn]6d27s2 (ȺɘəɧɜŬ 2.3), ˊɞɡ ůŰɖ űɨůɖ ɓɟɑůəŮŰŬɘ ɡˊɧ ɛɞɟűɐ ŬɚɎŰɤɜ ɐ ůɡɔəɟŬŰɖɛɏɜɞ ůŰɞ 

əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ ŭɘŬűɧɟɤɜ ɞɟɡəŰɩɜ. ȼ ŭɘɎɚɡůɖ ŬɚɎŰɤɜ Űɞɡ ɗɞɟɑɞɡ ůŰɞ ɜŮɟɧ ɐ 
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ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ɗɞɟɑɞɡ ůŮ ɞɝɏŬ ŭɑɜŮɘ Th4+, ɤɠ ˊɟɞɥɧɜ ɡŭɟɧɚɡůɖɠ (Th(OH)n
(4-n)+) 17. 

ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ (ɄɑɜŬəŬɠ 2.1), əŬɗɩɠ əŬɘ ɞɘ ɛɞɟűɏɠ ɛŮ Űɘɠ 

ɞˊɞɑŮɠ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɗɧɟɘɞ ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ůŮ ŭɘɎűɞɟŮɠ Űɘɛɏɠ pH (ɄɑɜŬəŬɠ 2.2)18. 
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ȺɘəɧɜŬ 2.2: Ƀ ɄŮɟɘɞŭɘəɧɠ ɄɑɜŬəŬɠ Űɤɜ ůŰɞɘɢŮɑɤɜ, ɧˊɞɡ űŬɘɜŮŰŬɘ Űɞ ůŰɞɘɢŮɑɞ Th 
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ȺɘəɧɜŬ 2.3 ȼɚŮəŰɟɞɜɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɗɞɟɑɞɡ ([Rn]6d
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ɄɑɜŬəŬɠ 2.1: ūɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɗɞɟɑɞɡ 
23

 

ũŮɜɘəɎ 

ȳɜɞɛŬ, ůɨɛɓɞɚɞ, Ŭɟɘɗɛɧɠ Ūɧɟɘɞ (thorium), Th, 90 

ɉɖɛɘəɧɠ ɢŬɟŬəŰɖɟɘůɛɧɠ ɀɏŰŬɚɚɞ ɛŮŰɎˊŰɤůɖɠ 

ȺɛűɎɜɘůɖ ȿŮɡəɧ, Ŭůɖɛɑ ɛɏŰŬɚɚɞ 

ȷŰɞɛɘəɧ ɓɎɟɞɠ 232.0381(1) g mol-1 

ȼɚŮəŰɟɞɜɘəɐ ŬˊŮɘəɧɜɘůɖ [Rn] 6d2 7s2 

ȼɚŮəŰɟɧɜɘŬ ŬɜɎ ůŰɞɘɓɎŭŬ 2, 8, 18, 32, 18, 10, 2 

ȷɟɘɗɛɧɠ ȼɚŮəŰɟɞɜɑɤɜ 90 

ȷɟɘɗɛɧɠ ɁŮŰɟɞɜɑɤɜ 142 

ȷɟɘɗɛɧɠ ɄɟɤŰɞɜɑɤɜ 90 

ūɡůɘəɏɠ ȽŭɘɧŰɖŰŮɠ 

ūɎůɖ ɆŰŮɟŮɧ 

ɄɡəɜɧŰɖŰŬ 11.7 g cm-3 

ɆɖɛŮɑɞ Űɐɝɖɠ 2115 K (1842 ÁC, 3348 ÁF) 
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ɆɖɛŮɑɞ ɕɏůɖɠ 5061 K (4788 ÁC, 8650 ÁF) 

ŪŮɟɛɧŰɖŰŬ ŮɝɎŰɛɘůɖɠ 514 kJ mol-1 

Heat capacity (25 ÁC) 26.230 J (molĿK)-1 

ȷŰɞɛɘəɏɠ ȽŭɘɧŰɖŰŮɠ 

ȾɟɡůŰŬɚɚɘəɐ ŭɞɛɐ 
Ⱦɡɓɘəɐ 

 

ɃɝŮɘŭɤŰɘəɏɠ ɓŬɗɛɑŭŮɠ 4+ 

ȼɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŬ 1.3 ( əŬŰɎ Pauling) 

ȺɜɏɟɔŮɘŮɠ ɘɞɜŰɘůɛɞɨ 

1ɖ: 587 kJ mol-1 

2ɖ: 1110 kJ mol-1 

3ɖ: 1930 kJ mol-1 

ȷŰɞɛɘəɐ ŬəŰɑɜŬ 180 pm 

ŪŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (300 K) 54.0 W (mĿK)-1 

 

 

ɄɑɜŬəŬɠ 2.2: ɀɞɟűɏɠ ɗɞɟɑɞɡ ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ůŮ ŭɘɎűɞɟŬ pȼ 
23

 

ɇɘɛɏɠ pH ɀɞɟűɏɠ ɗɞɟɑɞɡ 

< 3 Th4+ 

3 Th(OH)2
2+ 

3.5 Th(OH)3+, Th(OH)3
+ 

>3.5 ȾɞɚɚɞŮɘŭɏɠ Th(OH)4 

6 ȾŬŰŬɓɨɗɘůɖ Th(OH)4 

 

 

Ⱥɑəɞůɘ ˊɏɜŰŮ ůŰɞɜ Ŭɟɘɗɛɧ ɘůɧŰɞˊŬ Űɞɡ ɗɞɟɑɞɡ ŮɑɜŬɘ ɔɜɤůŰɎ ɛɏɢɟɘ ůɐɛŮɟŬ, ɛŮ ɛŬɕɘəɞɨɠ 

Ŭɟɘɗɛɞɨɠ ˊɞɡ ˊɞɘəɑɚɞɡɜ Ŭˊɧ 212 ɏɤɠ 236 əŬɘ ɧɚŬ ŮɑɜŬɘ ŬůŰŬɗɐ (ɄɑɜŬəŬɠ 2.3). ȳˊɤɠ ɏɢŮɘ 

ŮɘˊɤɗŮɑ, Űɞ 232
90Th ŮɑɜŬɘ űɡůɘəɧ ɟŬŭɘɞɥůɧŰɞˊɞ ɛŮ ɢɟɧɜɞ ɖɛɘɕɤɐɠ 1.4 x 1010 ɢɟɧɜɘŬ. ȾŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ůɢɎůɖɠ Űɞɡ ŮəˊɏɛˊŮɘ ŬəŰɘɜɞɓɞɚɑŬ Ŭ- əŬɘ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ çɗɞɟɩɜɘɞè, 220Rn, Ůɜɩ 

ɏɢŮɘ ɎɚɚŬ 4 ůŰɎŭɘŬ, ɧˊɞɡ ŮəˊɏɛˊŮɘ ɓ- ŬəŰɘɜɞɓɞɚɑŬ, ˊɟɘɜ ɛŮŰŬŰɟŬˊŮɑ ůŰɞ ůŰŬɗŮɟɧ 208Pb. 

ȺɝŬɘŰɑŬɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ 220Rn ɞɘ ɢɩɟɞɘ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ŬˊɞɗɖəŮɨŮŰŬɘ ɗɧɟɘɞ, ˊɟɏˊŮɘ ɜŬ 

ŮɝŬŮɟɑɕɞɜŰŬɘ ɏɜŰɞɜŬ. ȼ Űɘɛɐ ˊɩɚɖůɖɠ ɛŮŰŬɚɚɘəɞɨ ɗɞɟɑɞɡ (99.9 %) ɓɟɑůəŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 

$150 / ɞɡɔəɘɎ (1 ɞɡɔəɘɎ = 28.349 g). 

 

 

 

ɄɑɜŬəŬɠ 2.3: ȾɡɟɘɧŰŮɟŬ ɘůɧŰɞˊŬ Űɞɡ ɗɞɟɑɞɡ 
28

 

ȽůɧŰɞˊɞ ɉɟɧɜɞɠ ȼɛɘɕɤɐɠ 
ɇɨˊɞɠ 

ȹɘɎůˊŬůɖɠ 

ȾɨɟɘŬ ȺɜɏɟɔŮɘŬ 
ȹɘɎůˊŬůɖɠ 

(Mev) 

ɇɟɧˊɞɠ 
ɄŬɟŬɔɤɔɐɠ 

Th-223 ~ 0.7 ŭŮɡŰŮɟɧɚŮˊŰŬ Ŭ 7.29 (60 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
227

U 
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Th-224 ~ 1 ŭŮɡŰŮɟɧɚŮˊŰɞ Ŭ 7.17 (81 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
228

U 

ȽůɧŰɞˊɞ ɉɟɧɜɞɠ ȼɛɘɕɤɐɠ 
ɇɨˊɞɠ 

ȹɘɎůˊŬůɖɠ 

ȾɨɟɘŬ ȺɜɏɟɔŮɘŬ 
ȹɘɎůˊŬůɖɠ 

(Mev) 

ɇɟɧˊɞɠ 
ɄŬɟŬɔɤɔɐɠ 

Th-225 8 ɚŮˊŰɎ Ŭ 6.48 (43 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
229

U 

Th-226 30.9 ɚŮˊŰɎ Ŭ 6.337 (76 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
230

U 

Th-227 18.17 ɖɛɏɟŮɠ Ŭ 6.038 (24 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
227

Ac 

Th-228 1.91 ɢɟɧɜɘŬ Ŭ 5.423 (72 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
228

Ac 

Th-229 7340.0 ɢɟɧɜɘŬ Ŭ 4.845 (56 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
233

U 

Th-230 75400.0 ɢɟɧɜɘŬ Ŭ 4.687 (76 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
234

U 

Th-231 25.64 ɩɟŮɠ ɓ- 0.080 (37 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
235

U 

Th-232 1.4 x 1010 ɢɟɧɜɘŬ Ŭ 4.012 (78 %) ūɡůɘəɐ ɟŬŭɘŮɜɏɟɔŮɘŬ 

Th-233 22.1 ɚŮˊŰɎ ɓ- 1.245 (87 %) 
232

Th + ɜŮŰɟɧɜɘŬ 

Th-234 24.1 ɖɛɏɟŮɠ ɓ- 0.053 (70 %) ŪɡɔŬŰɟɘəɧ Űɞɡ 
238

U 

 

 

 

2.4 ɇɃɂȽȾɃɇȼɇȷ ɇɃɈ ŪɃɅȽɃɈ 

 

Ƀɘ ŮˊɘˊŰɩůŮɘɠ Űɞɡ ɗɞɟɑɞɡ ůŰɖɜ ɡɔŮɑŬ ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰŬ ɟŬŭɘŮɜŮɟɔɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ, 

əŬɗɩɠ əŬɘ ůŮ ŬɡŰɎ Űɤɜ ɗɡɔŬŰɟɘəɩɜ Űɞɡ ůŰɞɘɢŮɑɤɜ. ȼ ɎɛŮůɖ ɢɖɛɘəɐ ŰɞɝɘəɧŰɖŰŬ Űɞɡ ɗɞɟɑɞɡ 

ŮɑɜŬɘ ɢŬɛɖɚɐ, Ůɜɩ əŬŰɎ Űɖ ɢɟɐůɖ Űɞɡ ůŮ ɛɞɟűɐ ůəɧɜɖɠ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ůɡɛɓɞɨɜ ŬŰɡɢɐɛŬŰŬ, 

ɔɘŬŰɑ Űɞ ɛŮɜ ɛŮŰŬɚɚɘəɧ ɗɧɟɘɞ ŮɑɜŬɘ ůŰŬɗŮɟɧ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, ɧɛɤɠ ɖ ůəɧɜɖ ɗɞɟɑɞɡ 

ůŮ ɚŮˊŰɧ ŭɘŬɛŮɟɘůɛɧ ŮɑɜŬɘ ŬɡŰɞŬɜŬűɚɏɝɘɛɖ əŬɘ ůŰɞɜ ŬɏɟŬ əŬɑɔŮŰŬɘ ˊɟɞɠ ThO2 
21. 

 

ȼ ŰɞɝɘəɧŰɖŰŬ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ŮɜɩůŮɤɜ Űɞɡ ɗɞɟɑɞɡ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɖ ɢɖɛɘəɐ Űɞɡɠ 

ŭɟɎůɖ ɛŮŰɎ Ŭˊɧ ŮɘůŬɔɤɔɐ ůŰɞɜ ɞɟɔŬɜɘůɛɧ, ŮɑɜŬɘ ɢŬɛɖɚɐ. ɁɘŰɟɘəɧ ɗɧɟɘɞ Ůɘůɐɢɗɖ ůŮ ɕɩɜŰŮɠ 

ɞɟɔŬɜɘůɛɞɨɠ ŮɜŭɞŰɟŬɢŮɘŬəɎ, ŮɜŭɞɛɡɥəɎ əŬɘɠ ɛɏůɤ Űɞɡ ůŰɧɛŬŰɞɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ 

ɧŰɘ ɧŰŬɜ Űɞ ɗɧɟɘɞ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ ůɤɛŬŰɘəɎ ɡɔɟɎ əŬɗɘɕɎɜŮɘ ůŬɜ ɡŭɟɞɝŮɑŭɘɞ əŬɘ 

ˊŬɟŬɛɏɜŮɘ ůŰɖɜ ˊŮɟɘɞɢɐ Ŭˊɧ ɧˊɞɡ ɏɔɘɜŮ ɖ ŮɘůŬɔɤɔɐ Űɞɡ ůŰɞ ůɩɛŬ. ɋůŰɧůɞ, ɛˊɞɟŮɑ ɜŬ 

ůɢɖɛŬŰɑůŮɘ ŭɘŬɚɡŰɎ ůɨɛˊɚɞəŬ ɛŮ ɞɟɘůɛɏɜŬ ɘɧɜŰŬ Űɞɡ ɞɟɔŬɜɘůɛɞɨ (ˊɢ. əɘŰɟɘəɎ, ŰɟɡɔɘəɎ, 

ŬɜɗɟŬəɘəɎ). 

 

ȼ ŬŭɡɜŬɛɑŬ Űɤɜ ɜŮűɟɩɜ ɜŬ Ůəəɟɑɜɞɡɜ Űɞ ɗɧɟɘɞ, ŬəɧɛŬ əɘ Ŭɜ ɓɟɑůəŮŰŬɘ ůŮ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůŰɞ ŬɑɛŬ, ɛŮŰɎ Ŭˊɧ ŮɜŭɞűɚɏɓɘŬ ɏɜŮůɖ ŬˊɞŰŮɚŮɑ ɏɜŭŮɘɝɖ Űɖɠ ɨˊŬɟɝɖɠ Űɞɡ ůŮ 

ŬŭɘɎɚɡŰɖ ɛɞɟűɐ. ɇŬ ɧɟɔŬɜŬ ůŰŬ ɞˊɞɑŬ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ɛŮɔɎɚŬ ˊɞůɎ ɗɞɟɑɞɡ ɛŮŰɎ Ŭˊɧ 

ŮɜŭɞűɚɏɓɘŬ ɏɜŮůɖ ŮɑɜŬɘ Űɞ ɐˊŬɟ, ɖ ůˊɚɐɜŬ əŬɘ ɞ ɛɡŮɚɧɠ Űɤɜ ɞůŰɩɜ. ȷɜŰɑɗŮŰŬ, Űɞ ɗɧɟɘɞ, ˊɞɡ 

Ůɘůɐɢɗɖ ɛŮ Ůɜŭɞɛɡɥəɐ ɏɜŮůɖ ůŰɞ ůɩɛŬ ˊŮɘɟŬɛŬŰɧɕɤɤɜ ŮəəɟɑɗɖəŮ Ŭˊɧ ŰŬ ɞɨɟŬ ůŮ ˊɞůɞůŰɧ 
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99 % ɛɏůŬ ůŮ 9 ɖɛɏɟŮɠ, Ůɜɩ ůŮ ɧůŬ Ůɘůɐɢɗɖ ŮɜŭɞŰɟŬɢŮɘŬəɎ ɐ ɛŮ Űɖɜ ŬɜŬˊɜɞɐ 

ůɡɔəŮɜŰɟɩɗɖəŮ əɡɟɑɤɠ ůŰɞɡɠ ˊɜŮɨɛɞɜŮɠ. 

 

ȼ ɟŬŭɘɞɚɞɔɘəɐ ŰɞɝɘəɧŰɖŰŬ Űɞɡ ɗɞɟɑɞɡ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ ŰŬ ɟŬŭɘŮɜŮɟɔɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ɗɞɟɑɞɡ əŬɘ Űɤɜ ɗɡɔŬŰɟɘəɩɜ Űɞɡ. ȷˊɧ Űɞ ɛɖŰɟɘəɧ ɗɧɟɘɞ ɛɏɢɟɘ Űɞ ůŰŬɗŮɟɧ ɗɡɔŬŰɟɘəɧ ɛɧɚɡɓŭɞ, 

ůŰɞ ɞˊɞɑɞ əŬŰŬɚɐɔŮɘ ɖ ɟŬŭɘŮɜŮɟɔɧɠ ůŮɘɟɎ ŭɘɎůˊŬůɖɠ Űɞɡ ɗɞɟɑɞɡ (ȺɘəɧɜŬ 2.1) ůɢɖɛŬŰɑɕɞɜŰŬɘ 

10 ɘůɧŰɞˊŬ, ŰŬ ɞˊɞɑŬ əŬŰɎ Űɖ ŭɘɎůˊŬůɖ Űɞɡɠ Ůəˊɏɛˊɞɡɜ əɡɟɑɤɠ ŬəŰɘɜɞɓɞɚɑŬ Ŭ- əŬɘ ɓ-. ȼ 

ɟŬŭɘɞɚɞɔɘəɐ ŰɞɝɘəɧŰɖŰŬ Űɖɠ ŬɚɡůɑŭŬɠ Űɞɡ ɗɞɟɑɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɓŬɗɛɧ ŭɘɎůˊŬůɖɠ, Űɖ 

ůɡɔəɏɜŰɟɤůɖ Űɤɜ Ůˊɘəɑɜŭɡɜɤɜ ɛŮɚɩɜ Űɖɠ ůŮɘɟɎɠ əŬɘ ŰŬ ŮɜŭɘɎɛŮůŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ əŬŰɎ 

ŰŬ ůŰɎŭɘŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ɆɖɛŬɜŰɘəɧŰŬŰɖ ˊɖɔɐ ŬəŰɘɜɞɓɞɚɑŬɠ ŮɑɜŬɘ Űɞ ɟŬŭɧɜɘɞ (Rn), Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ Űɞ ɛɞɜŬŭɘəɧ Ŭɏɟɘɞ Űɖɠ ůŮɘɟɎɠ. ɋɠ Ŭɏɟɘɞ ŮɘůɏɟɢŮŰŬɘ ŮɨəɞɚŬ ůŰɞɜ ɞɟɔŬɜɘůɛɧ ɛɏůɤ Űɖɠ 

ŬɜŬˊɜɞɐɠ əŬɘ ŮəˊɏɛˊɞɜŰŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ŭ- əŬŰɎ Űɖ ŭɘɎůˊŬůɖ Űɞɡ əŬɗɑůŰŬŰŬɘ ˊɞɚɨ 

Ůˊɘəɑɜŭɡɜɞ. ɇɏɚɞɠ, ŮəŰɧɠ Ŭˊɧ Űɞ ɟŬŭɧɜɘɞ ɛŮɔɎɚŬ ˊɟɞɓɚɐɛŬŰŬ ŭɖɛɘɞɡɟɔŮɑ Űɞ ɟɎŭɘɞ əŬɘ ŰŬ 

ɘůɧŰɞˊŬ Űɞɡ, ŰŬ ɞˊɞɑŬ ŮˊɘəɎɗɞɜŰŬɘ əɡɟɑɤɠ ůŰŬ ɞůŰɎ. 

 

 

2.5 ɉɅȼɆȺȽɆ ɇɃɈ ŪɃɅȽɃɈ 

 

ɀɏůŬ ůŰɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ŬɘɩɜŬ ɞɘ ɢɟɐůŮɘɠ Űɞɡ ɗɞɟɑɞɡ ˊɏɟŬůŬɜ Ŭˊɧ Űɘɠ ɛɖ ˊɡɟɖɜɘəɏɠ ůŰɘɠ 

ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ˊɡɟɖɜɘəɏɠ, Ůɜɩ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊŬɟɞɡůɘɎɕŮɘ 

ɖ ɢɟɐůɖ Űɞɡ ɗɞɟɑɞɡ ɤɠ ˊɡɟɖɜɘəɞɨ əŬɡůɑɛɞɡ. 

 

2.5.1 ɇɞ ɗɧɟɘɞ ůŰɖɜ ˊɡɟɖɜɘəɐ ŰŮɢɜɞɚɞɔɑŬ 

 

ȼ ɢɟɐůɖ Űɞɡ ɗɞɟɑɞɡ ɤɠ ˊɖɔɐ ˊɡɟɖɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮŰɎˊŰɤůɖ Űɞɡ ůŰɞ 

233
92Th. ɇɞ ɗɧɟɘɞ ŮɑɜŬɘ ŮˊɤɎůɘɛɞ ɡɚɘəɧ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɞɡɟɎɜɘɞ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ůɢɎůɘɛɞ. ɇɞ űɡůɘəɧ ɞɡɟɎɜɘɞ ˊŮɟɘɏɢŮɘ ˊɖɔɐ ɜŮŰɟɞɜɑɤɜ Űɞ ɘůɧŰɞˊɞ 235U, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ 

ɗɧɟɘɞ, Űɞ ɞˊɞɑɞ ŭŮɜ ɏɢŮɘ ɘůɧŰɞˊɞ ˊɞɡ ɜŬ ŮəˊɏɛˊŮɘ ɜŮŰɟɧɜɘŬ. ũɘŬ ŬɡŰɧ, Űɞ ɗɧɟɘɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɡɟɖɜɘəɧ əŬɨůɘɛɞ ůŮ ˊɡɟɖɜɘəɞɨɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɏɢŮɘ 

233U ɐ 235U ůŬɜ ˊɖɔɐ ɜŮŰɟɞɜɑɤɜ. 

 

ȾŬŰɎ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ˊŬɟɞɡůɘɎůŰɖəŮ ɏɜŰɞɜɖ ɖ ŬɜɎɔəɖ ůŰɟɞűɐɠ ˊɟɞɠ ɎɚɚŮɠ 

ˊɖɔɏɠ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, Űɧůɞ ɚɧɔɤ Űɖɠ ˊŬɔəɧůɛɘŬɠ Ŭɨɝɖůɖɠ Űɞɡ ˊɚɖɗɡůɛɞɨ, ɧůɞ 

əɘ ŮɝŬɘŰɑŬɠ Űɞɡ ɞɟŬŰɞɨ Űɏɚɞɡɠ Űɤɜ ɛɏɢɟɘ ŰɩɟŬ əɨɟɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ˊɖɔɩɜ. 

ȷɜŬɛűɘůɓɐŰɖŰŬ ɛɘŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɜɏŮɠ ˊɖɔɏɠ ŮɑɜŬɘ ɖ ˊɡɟɖɜɘəɐ ŮɜɏɟɔŮɘŬ. 
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ɋůŰɧůɞ, ɞɘ ŬˊɧɣŮɘɠ ɔɘŬ Űɞ Ŭɜ ɖ ˊɡɟɖɜɘəɐ ŮɜɏɟɔŮɘŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ 

ŬůűɎɚŮɘŬ Ůɟɑɕɞɡɜ, ŮɝŬɘŰɑŬɠ Űɤɜ əɘɜŭɨɜɤɜ, ɞɘ ɞˊɞɑɞɘ ŮɚɚɞɢŮɨɞɡɜ Ŭˊɧ ŰŬ ˊɡɟɖɜɘəɎ 

ŬŰɡɢɐɛŬŰŬ ɐ Ŭˊɧ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ɔɘŬ ɛɖ Ůɘɟɖɜɘəɞɨɠ ůəɞˊɞɨɠ. ȼ ɕɐŰɖůɖ ˊɡɟɖɜɘəɞɨ 

əŬɡůɑɛɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɘəŬɜɞˊɞɘɖɗŮɑ Ŭˊɧ ŰŬ ɡˊɎɟɢɞɜŰŬ ŬˊɞɗɏɛŬŰŬ ɞɡɟŬɜɑɞɡ. 

ɇŬɡŰɧɢɟɞɜŬ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŬɜŬɔɏɜɜɖůɖɠ Űɞɡ 

ɢɟɖůɘɛɞˊɞɘɖɛɏɜɞɡ əŬɡůɑɛɞɡ. ȼ ˊɟɞůˊɎɗŮɘŬ ŮɨɟŮůɖɠ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ ɞŭɐɔɖůŮ ůŰɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ ŭɘŬűɧɟɤɜ Űɨˊɤɜ ˊɡɟɖɜɘəɩɜ ŬɜŰɘŭɟŬůŰɐɟɤɜ ɛŮ ˊɞɚɚɎ Ůɑŭɖ əŬɡůɑɛɞɡ22. 

 

ɇɞ ˊŬɔəɧůɛɘɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɞ ɗɧɟɘɞ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ 233U ŮɑɜŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɞ əŬɨůɘɛɞ Ŭˊɧ Űɞ 235U ɐ Űɞ 239Pu, ɔɘŬŰɑ ɖ ɛɏůɖ ˊŬɟŬɔɤɔɐ ɜŮŰɟɞɜɑɤɜ 

əŬŰɎ Űɖɜ ŮˊɩŬůɖ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ɗɞɟɑɞɡ ɤɠ ˊɡɟɖɜɘəɧ əŬɨůɘɛɞ 

ŮɑɜŬɘ ɧŰɘ ɏɢŮɘ ˊɞɚɨ ɡɣɖɚɧ ůɖɛŮɑɞ Űɐɝɖɠ əŬɘ ɎɟŬ ŭŮɜ ɡűɑůŰŬŰŬɘ ŬɚɚŬɔɏɠ űɎůɖɠ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ əɎŰɤ Űɤɜ 1400 ɞC, əŬɗɩɠ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ əɡɓɘəɧ Űɞɡ ˊɚɏɔɛŬ ɏɢŮɘ 

ɛŮɔɎɚɖ ŬɜŰɞɢɐ ůŰɖɜ ŬəŰɘɜɞɓɞɚɑŬ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ŮɜɩůŮɘɠ Űɞɡ ɛŮ Űɞ ɞɝɡɔɧɜɞ, Űɞɜ ɎɜɗɟŬəŬ 

əŬɘ ɎɚɚŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ˊɡɟɖɜɘəɞɨ əŬɡůɑɛɞɡ. ɇɏɚɞɠ, ɏɜŬ 

ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əŬɜɏɜŬ Ŭˊɧ ŰŬ ɘůɧŰɞˊŬ, ŰŬ ɞˊɞɑŬ 

ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ˊŬɟŬɔɤɔɐɠ Űɞɡ ˊɡɟɖɜɘəɞɨ əŬɡůɑɛɞɡ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ əŬŰŬůəŮɡɐ ˊɡɟɖɜɘəɩɜ ɧˊɚɤɜ. 

 

 

2.5.2 ɇɞ ɗɧɟɘɞ ůŰɖɜ əŬŰɎɚɡůɖ 

 

ȰɢŮɘ ɛŮɚŮŰɖɗŮɑ ɖ ŬˊŮɡɗŮɑŬɠ ɛŮŰŬŰɟɞˊɐ Űɞɡ ŬŮɟɑɞɡ ůɨɜɗŮůɖɠ (Ŭɏɟɘɞ Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ 

ɡŭɟɞɔɧɜɞ əŬɘ ɛɞɜɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ) ůŮ ɡɔɟɎ əŬɨůɘɛŬ ɛŮ Űɖ ɢɟɐůɖ əŬŰŬɚɨŰɖ ZSM ï 5 

ɡˊɞəŬŰŮůŰɖɛɏɜɞɡ ɛŮ əɞɓɎɚŰɘɞ əŬɘ ɗɧɟɘɞ. ȼ ˊɟɞůɗɐəɖ Űɞɡ ɗɞɟɑɞɡ ůŰɞɜ əŬŰŬɚɨŰɖ ɏɢŮɘ 

ɞŭɖɔɐůŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɞɚŮűɘɜɩɜ əŬɘ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ ɡɔɟɩɜ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ.  

 

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ɛŮɗŬɜɧɚɖɠ ůŮ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ŮɡɗŮɑŬɠ ŬɚɡůɑŭŬɠ ɐ 

əɡəɚɘəɞɨɠ, ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰŬɚɨŰɖɠ ɛɞɟŭŮɜɑŰɖɠ əŬɘ ZSM ï 5, ɡˊɞəŬŰŮůŰɖɛɏɜɞɠ ɛŮ 

Be, Mg, Tl, Ce, Nd, Pb, Nb, Rh əŬɘ Th. ȼ ɛŮɚɏŰɖ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɞ 

ůɢɖɛŬŰɘůɛɧɠ Ůɜɧɠ ɜɏɞɡ ɡŭɟɞɔɞɜɎɜɗɟŬəŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ, ɞɘ ɞˊɞɑɞɘ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ɢɖɛɘəɏɠ əŬɘ ŮɜŮɟɔŮɘŬəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ əŬŰɘɧɜŰɤɜ ˊɞɡ ɡˊɞəŬɗɘůŰɞɨɜ Űɞ 

Ŭɟɢɘəɧ ɘɧɜ ůŰɞ ɕŮɧɚɘɗɞ əŬɘ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ Ŭˊɧ ŮəŮɑɜɞɡɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞ ɛɏɔŮɗɞɠ 

Űɤɜ əŬŰɘɧɜŰɤɜ ŬɡŰɩɜ23. 
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Ⱥˊɑůɖɠ, ɡˊɞəŬŰŮůŰɖɛɏɜɞɘ ɛŮ ɗɧɟɘɞ ɕŮɞɚɑɗɞɘ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰɎ Űɖɜ ˊŬɟŬůəŮɡɐ 

ŬɟɤɛŬŰɘəɩɜ ŮɜɩůŮɤɜ (ɓŮɜɕɞɚɑɞɡ, űŬɘɜɞɚɩɜ, ɝɡɚŮɜɑɞɡ) Ŭˊɧ ŬɏɟɘŬ Ůɝɧŭɞɡ ŭɘɦɚɘůŰɖɟɑɤɜ24, 

Ůɜɩ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ɗɞɟɑɞɡ ůŰɘɠ ɛŬɔɜɖŰɘəɏɠ əŬɘ əŬŰŬɚɡŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ɕŮɞɚɑɗɤɜ. ȾŬŰŬɚɡŰɘəɏɠ ɛɞɟűɏɠ ɗɞɟɑɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰɎ Űɖ ɛŮɚɏŰɖ 

Űɖɠ əŬŰŬɚɡŰɘəɐɠ ɘůɞɛŮɟŮɑɤůɖɠ əŬɘ ŭɘɎɢɡůɖɠ Űɞɡ n- ŮˊŰŬɜɑɞɡ25. ɇɏɚɞɠ, ŮəŰɧɠ Ŭˊɧ Űɘɠ 

ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɛɞɟűɏɠ əŬŰŬɚɡŰɩɜ, ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ůɡůŰɐɛŬŰŬ ɛŮ ŭɘŮůˊŬɟɛɏɜɞ ɐ 

ŮɛˊɞŰɘůɛɏɜɞ ɗɧɟɘɞ, ŮɑŰŮ ɞɝŮɑŭɘɞ Űɞɡ ɗɞɟɑɞɡ ɔɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ ŬŮɟɑɤɜ ůŮ ŬɜɩŰŮɟɞɡɠ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ26. 

 

 

2.5.3 ɉɟɐůŮɘɠ ůŰɖɜ ɘŬŰɟɘəɐ 

 

ɇɞ ɗɡɔŬŰɟɘəɧ Űɞɡ ɗɞɟɑɞɡ 228
88Ra ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ɟŬŭɘŮɜŮɟɔɧ Ŭˊɧ Űɞ ɟɎŭɘɞ. ȰŰůɘ, ɏɢŮɘ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ əŬŰŬˊɞɚɏɛɖůɖ Űɞɡ əŬɟəɑɜɞɡ, ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ əŬəɞɖɗɩɜ ɧɔəɤɜ əŬɘ 

ŬɚɚɞɘɩůŮɤɜ Űɞɡ ŭɏɟɛŬŰɞɠ. ɋůŰɧůɞ, ɖ ɡɣɖɚɐ ɟŬŭɘɞɚɞɔɘəɐ ŰɞɝɘəɧŰɖŰŬ Űɞɡ ɏɢŮɘ ˊŮɟɘɞɟɑůŮɘ 

Űɖɜ ɘŬŰɟɘəɐ əŬɘ űŬɟɛŬəŮɡŰɘəɐ ɢɟɐůɖ Űɞɡ ɗɞɟɑɞɡ əŬɘ Űɤɜ ɗɡɔŬŰɟɘəɩɜ Űɞɡ. 

 

 

2.5.4 ɀŬɜŭɨŮɠ ŬŮɟɑɤɜ 

 

Ūɧɟɘɞ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɛŬɜŭɨŮɠ ŬŮɟɑɤɜ ɡˊɧ ɛɞɟűɐ ɜɘŰɟɘəɞɨ ɗɞɟɑɞɡ ɛŮ 0.5 ɏɤɠ 1 

% ɗŮɘɘəɧ ɗɧɟɘɞ ɔɘŬ Űɖɜ əŬɚɡŰɏɟŮɡůɖ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ˊɡɟɑɛŬɢɞɡ ɞɝŮɘŭɑɞɡ 

əŬŰɎ Űɖɜ əŬɨůɖ Űɞɡ ɛŬɜŭɨŬ, əŬɗɩɠ əŬɘ ˊŮɟɑˊɞɡ 1 % ŭɖɛɐŰɟɘɞ ɔɘŬ Űɖɜ əŬɚɡŰɏɟŮɡůɖ Űɖɠ 

ɘəŬɜɧŰɖŰŬɠ Ůəˊɞɛˊɐɠ. ȾŬŰɎ Űɖɜ ˊɟɩŰɖ əŬɨůɖ Űɞɡ ɛŬɜŭɨŬ ɏɛŮɜŮ ɏɜŬɠ ůəŮɚŮŰɧɠ Ŭˊɧ 

ɞɝŮɑŭɘɞ Űɞɡ ɗɞɟɑɞɡ, Űɞ ɞˊɞɑɞ ɛŮŰɎ Ŭˊɧ ɗɏɟɛŬɜůɖ ɏŭɘɜŮ ɏɜŬ ɚŬɛˊŮɟɧ űɤɠ. 

 

 

2.5.5 ȼɚŮəŰɟɞɜɘəɏɠ ɚɡɢɜɑŮɠ 

 

ȷɜ ŰɞˊɞɗŮŰɖɗɞɨɜ ɖɚŮəŰɟɧŭɘŬ ɛŮŰŬɚɚɘəɞɨ ɗɞɟɑɞɡ ůŮ ɚɡɢɜɑŬ Ůəəɏɜɤůɖɠ, ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ 

ŬəɎɗŬɟŰɞ ŬŭɟŬɜɏɠ Ŭɏɟɘɞ, Űɞ ɛɏŰŬɚɚɞ əŬŰŬɜŬɚɩɜŮɘ ˊɞɚɨ ɔɟɐɔɞɟŬ Űɞ ɞɝɡɔɧɜɞ əŬɘ Űɞ 

ɎɕɤŰɞ əŬɗŬɟɑɕɞɜŰŬɠ ɏŰůɘ Űɞ ŬŭɟŬɜɏɠ Ŭɏɟɘɞ. ȼ ůɡůəŮɡɐ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůŮ ůɡɜŭɡŬůɛɧ ɛŮ űɤŰɞɖɚŮəŰɟɘəɧ əŮɚɑ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ɏɜŰŬůɖɠ ɛɘŬɠ ŭɏůɛɖɠ ŬəŰɑɜɤɜ ï
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ɉ əŬŰɎ Űɖ ɢɟɐůɖ Űɖɠ ɔɘŬ ɗŮɟŬˊŮɡŰɘəɞɨɠ ůəɞˊɞɨɠ ɐ Űɖɠ ɡˊŮɟɘɩŭɞɡɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬŰɎ 

Űɖɜ ɡˊɞɓɞɚɐ Űɟɞűɑɛɤɜ ůŮ ŬəŰɘɜɞɓɞɚɑŬ. 

 

 

2.5.6 ȾɟɎɛŬŰŬ 

 

ȾɟɎɛŬ ɓɞɚűɟŬɛɑɞɡ ï ɗɞɟɑɞɡ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ 0.8 ɏɤɠ 1.2 % ůŮ ɗɧɟɘɞ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ŰŮɢɜɖŰɩɜ ɜɖɛɎŰɤɜ ɔɘŬ ɖɚŮəŰɟɘəɏɠ ɚɡɢɜɑŮɠ ˊɡɟŬəŰɩůŮɤɠ. ɀŮŰŬɚɚɘəɧ 

ɗɧɟɘɞ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ əɟɎɛŬŰŬ ɛŬɔɜɖůɑɞɡ, ŰŬ ɞˊɞɑŬ ˊŮɟɘɏɢɞɡɜ ˊŮɟɑˊɞɡ 3 % 

ɗɧɟɘɞ əŬɘ 0.5 ɏɤɠ 1 % ɕɘɟəɧɜɘɞ. ȷɡŰɎ ŰŬ əɟɎɛŬŰŬ ɏɢɞɡɜ ˊɞɚɨ ɡɣɖɚɐ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɤɜ 260 ɞC əŬɘ ɏɢɞɡɜ ˊɟŬəŰɘəɐ ŮűŬɟɛɞɔɐ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ Űɤɜ 

ŬŮɟɞůəŬűɩɜ əŬɘ Űɤɜ ˊɡɟŬɨɚɤɜ, ɧˊɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧɠ ɞ ůɡɜŭɡŬůɛɧɠ ɛɖɢŬɜɘəɐɠ 

ŬɜŰɞɢɐɠ ɛŮ ɛɘəɟɧ ɓɎɟɞɠ. ɀɘŬ Ŭəɧɛɖ ŮűŬɟɛɞɔɐ Űɞɡ ɗɞɟɑɞɡ ɞűŮɘɚɧɛŮɜɖ ůŰɘɠ ɡɣɖɚɏɠ 

ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ əŬɘ ůŰɖɜ ŬɜŰɑůŰŬůɖ əŬŰɎ Űɖɠ ŭɘɎɓɟɤůɖɠ ˊɞɡ ˊɟɞůŭɑŭŮɘ ůŮ ɛɏŰŬɚɚŬ 

ŬˊɞŰŮɚŮɑ Űɞ TD Nickel. ɄɟɧəŮɘŰŬɘ ɔɘŬ əɟɎɛŬ ɜɘəŮɚɑɞɡ ï ɗɞɟɑɞɡ, Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ 2 % 

ɞɝŮɑŭɘɞ Űɞɡ ɗɞɟɑɞɡ ŭɘŮůˊŬɟɛɏɜɞ ůŰɖ ɛɎɕŬ Űɞɡ ɜɘəŮɚɑɞɡ. ȰɢŮɘ ŮɝŬɘɟŮŰɘəɐ ŬɜŰɞɢɐ ůŰɖ 

ŭɘɎɓɟɤůɖ, Ŭəɧɛɖ əŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 1300 ɞC15. 

 

 

2.6 ɇɃ Th ɆȺ ɈȹȷɇȽȾȷ ɆɈɆɇȼɀȷɇȷ 

 

2.6.1 Ɇɡɛˊɚɞəɞˊɞɑɖůɖ ɛŮ ŬɜɧɟɔŬɜɞɡɠ əŬɘ ɞɟɔŬɜɘəɞɨɠ ɡˊɞəŬŰŬůŰɎŰŮɠ 

 

ɇŬ ɘɧɜŰŬ Űɤɜ ŬəŰɘɜɘŭɩɜ ŭɖɛɘɞɡɟɔɞɨɜ ɘůɢɡɟɞɨɠ ɘɞɜŰɘəɞɨɠ ŭŮůɛɞɨɠ əŬɘ ɎɟŬ ɗŮɤɟɞɨɜŰŬɘ 

ɘůɢɡɟɎ ɞɝɏŬ. ȷɡŰɎ ŰŬ ɘůɢɡɟɎ ɞɝɏŬ Űɤɜ ŬəŰɘɜɘŭɘəɩɜ əŬŰɘɧɜŰɤɜ ŬɜŰɘŭɟɞɨɜ ŮəɚŮəŰɘəɎ ɛŮ 

ɘůɢɡɟɏɠ ɓɎůŮɘɠ, ŭɖɚŬŭɐ ŮɜɩůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɞɝɡɔɧɜɞ əŬɘ űɗɧɟɘɞ ɤɠ ŭɧŰŮɠ 

ɖɚŮəŰɟɞɜɑɤɜ. ȹɏůɛŮɡůɖ ůŮ ɡŭŬŰɘəɎ ɛɏůŬ ɚɘɔɧŰŮɟɞ ŭɟŬůŰɘəɩɜ ŭɞŰɩɜ ɖɚŮəŰɟɞɜɑɤɜ, ɧˊɤɠ 

ŬɕɩŰɞɡ əŬɘ ɗŮɑɞɡ əɚˊ, ɔɑɜŮŰŬɘ ɛɏůɤ ůɢɖɛŬŰɘůɛɞɨ ɢɖɚɘəɩɜ ŮɜɩůŮɤɜ. ɆŰɞɡɠ ɘɞɜŰɘəɞɨɠ 

ŭŮůɛɞɨɠ ɖ ɘůɢɨɠ Űɞɡ ŭŮůɛɞɨ ŮɑɜŬɘ Ůɡɗɏɤɠ ŬɜɎɚɞɔɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ ˊɡəɜɧŰɖŰŬɠ 

űɞɟŰɑɞɡ Űɞɡ ɛŮŰɎɚɚɞɡ. ȼ ůŮɘɟɎ ŬɡɝŬɜɧɛŮɜɖɠ ɘůɢɨɞɠ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ ŮɑɜŬɘ: 

Na+ << Ca2+ < AnO2
+ < An3+ < AnO2

2+ < An4+ 27 

 

Ƀɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ, ŰŬ ůŰŮɟɘəɎ űŬɘɜɧɛŮɜŬ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ɡˊɞɚŮɘɛɛŬŰɘəɩɜ ɛɞɟɑɤɜ H2O ůŰɖ ůűŬɑɟŬ ɏɜŰŬɝɖɠ ŮˊɖɟŮɎɕɞɡɜ ˊɟɤŰɞɔŮɜɩɠ Űɖ ŭɞɛɐ Űɤɜ 
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ůɡɛˊɚɧəɤɜ. Ƀ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ɏɜŰŬɝɖɠ ůŰɖ ůŰŮɟŮɐ űɎůɖ ˊɞɘəɑɚɚŮɘ Ŭˊɧ 6 ï 12 ɔɘŬ 1:1 

ŬəŰɘɜɘŭɘəɎ ůɨɛˊɚɞəŬ (AnL) əŬɘ 2 ï 8 ɔɘŬ ŭɘɞɝɞ-ŬəŰɘɜɘŭɘəɎ ůɨɛˊɚɞəŬ. ȳůɞɜ ŬűɞɟɎ ůŮ 

ŭɘŬɚɨɛŬŰŬ, ŮɛűŬɜɑɕɞɜŰŬɘ Ŭɟɘɗɛɞɑ ɏɜŰŬɝɖɠ 8 ï 9 ɔɘŬ Űɘɠ ŰɟɘůɗŮɜŮɑɠ ŬəŰɘɜɑŭŮɠ An(III), 7 ï 8 

ɔɘŬ Űɘɠ ŰŮŰɟŬůɗŮɜŮɑɠ An(IV), 4 ɔɘŬ Űɘɠ ˊŮɜŰŬůɗŮɜŮɑɠ An(V)O2
+ əŬɘ 6 ɔɘŬ Űɘɠ ŮɝŬůɗŮɜŮɑɠ 

ŬəŰɘɜɑŭŮɠ An(VI)O2
2+ 28 . ɆɨɛˊɚɞəŬ ŮůɤŰŮɟɘəɐɠ ůűŬɑɟŬɠ Űɤɜ ŬəŰɘɜɘŭɩɜ ŮɑɜŬɘ ŮəŮɑɜŬ ŰŬ 

ɞˊɞɑŬ Űɞ əŬŰɘɧɜ ɓɟɑůəŮŰŬɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɞɜ ɡˊɞəŬŰŬůŰɎŰɖ (ˊɢ. ɛŮ ɢɞɡɛɘəɎ ɞɝɏŬ, 

HCO3
-, CO3

2-, SO4
2-, F-, əŬɗɩɠ əŬɘ ɛŮ ɎɚɚŬ əŬɟɓɞɝɡɚɘəɎ ŬɜɘɧɜŰŬ. ɆɨɛˊɚɞəŬ ŮɝɤŰŮɟɘəɐɠ 

ůűŬɑɟŬɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɧŰŬɜ Űɞ əŬŰɘɧɜ əŬɘ Űɞ Ŭɜɘɧɜ ůɡɜŭɏɞɜŰŬɘ ɛɏůɤ ɔɏűɡɟŬɠ (ˊɢ. ɛŮ ɏɜŬ 

ɛɧɟɘɞ ɜŮɟɞɨ) əŬɘ ɧŰŬɜ ɞ ɡˊɞəŬŰŬůŰɎŰɖɠ ŮɑɜŬɘ ŬůɗŮɜɩɠ ɓŬůɘəɧɠ (ˊɢ. Cl-, Br-, I-, ClO4
-). 

 

Ƀɘ ŮˊɘəɟŬŰɞɨůŮɠ ɛɞɟűɏɠ Űɞɡ ŬɜɧɟɔŬɜɞɡ ɗɞɟɑɞɡ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ůŮ pH 8 ŮɑɜŬɘ 

ɡŭɟɧɝɡ-29 əŬɘ ŬɜɗɟŬəɘəɎ ůɨɛˊɚɞəŬ30 31 ůŮ ˊŮɟɑˊɞɡ ɘůɞŭɨɜŬɛŮɠ ŬɜŬɚɞɔɑŮɠ. ɆŮ ɛɖ 

ɞɟɔŬɜɘəɎ ŭɘŬɚɨɛŬŰŬ Űɞ ɗɧɟɘɞ ɡŭɟɞɚɨŮŰŬɘ ɘůɢɡɟɎ ůɢɖɛŬŰɑɕɞɜŰŬɠ ˊɞɚɡɡŭɟɧɝɡ əɞɚɚɞŮɘŭɐ 

ůɨɛˊɚɞəŬ. Ⱥˊɑůɖɠ, ůɡɜŭɏŮŰŬɘ ɘůɢɡɟɎ ɛŮ ŬɜɗɟŬəɘəɎ əŬɘ űɤůűɞɟɘəɎ ŬɜɘɧɜŰŬ, ɛŮ ɢɞɡɛɘəɎ 

ɞɝɏŬ, ŬɘɗɨɚŮɜɞ-ŭɘɎɛɘɜɞ-ŰŮŰɟŬɞɝɘəɧ ɞɝɨ (EDTA) əŬɘ ŭɘŬɑɗɡɚɞ-ŭɘɎɛɘɜɞ-ˊŮɜŰŬɞɝɘəɧ ɞɝɨ 

(DTPA) (ɄɑɜŬəŬɠ 2.4). ȼ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɗɞɟɑɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɞɛɐ Űɞɡ ůŰŮɟŮɞɨ 

ThO2. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ ThO2 ŮɑɜŬɘ ˊŮɟɑˊɞɡ 10
-15 ɀ32, 

ˊɞɚɨ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɘɠ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ 10-12 

ɀ Űɞɡ 232Th33. ɆŮ ŬɜŰɑɗŮůɖ, ɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ŭɘŬɚɡŰɧŰɖŰŬ ɧɚɤɜ Űɤɜ ɛɞɟűɩɜ 

ɡŭɟɞɝŮɘŭɑɤɜ Űɞɡ ɗɞɟɑɞɡ ˊɞɘəɑɚɚŮɘ Ŭˊɧ 10-8 ï 10-10 ɀ, ŮɝŬɘŰɑŬɠ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɤɜ ɘůɢɡɟɎ 

əɟɡůŰŬɚɚɘəɩɜ ŬɡŰɩɜ ɛɞɟűɩɜ ůŮ ɛɘəɟɧŰŮɟŬ ɎɛɞɟűŬ əɞɚɚɞŮɘŭɐ ůɢɐɛŬŰŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ŭɘŮɟɔŬůɘɩɜ ŭɘŬɚɡŰɞˊɞɑɖůɖɠ32. 

 

ȼ ˊɟɞůɟɧűɖůɖ Űɤɜ ɘɧɜŰɤɜ Űɞɡ ɗɞɟɑɞɡ ůŮ ŮˊɘűɎɜŮɘŮɠ ůɤɛŬŰɘŭɑɤɜ ŮɑɜŬɘ ɘůɢɡɟɎ 

ŮɝŬɟŰɖɛɏɜɖ Ŭˊɧ Űɞ pH, ɛŮ ŰŬ əŬŰɘɧɜŰŬ ɔŮɜɘəɎ ɜŬ ŮɛűŬɜɑɕɞɡɜ Ŭɨɝɖůɖ Űɖɠ ˊɟɞůɟɧűɖůɖɠ, 

ŬɡɝŬɜɞɛɏɜɞɡ Űɞɡ pH. ȽůɞŭɨɜŬɛŬ, ŰŬ ŬɜɘɧɜŰŬ ŮɛűŬɜɑɕɞɡɜ Ŭɨɝɖůɖ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ůŮ 

ůɤɛŬŰɑŭɘŬ ɧůɞ Űɞ pH ɛŮɘɩɜŮŰŬɘ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ɛɏɔɘůŰɖ ˊɟɞůɟɧűɖůɖ Űɞɡ Th(IV) ůŮ 

ˊɡɟɘŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɝŮəɘɜɎ Ŭˊɧ pH 4 34 

 

ɆɢŮŰɘəɎ ɛŮ Űɖ ŭɏůɛŮɡůɖ Űɞɡ ɗɞɟɑɞɡ ɛŮ ɞɟɔŬɜɘəɎ ɛɧɟɘŬ ˊɟɞɠ ůɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ, ɔŮɜɘəɎ 

ɡˊɎɟɢŮɘ ɖ ˊŬɟŬŭɞɢɐ ɧŰɘ ɘůɢɡɟɧŰŮɟŬ ůɨɛˊɚɞəŬ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ɢɞɡɛɘəɎ ɞɝɏŬ35 36, 

əŬɗɩɠ əŬɘ ŰŬ ˊɞɚɡůŬəɢŬɟɘŰɘəɎ ɞɝɏŬ37 38. ȺɟɔŬůŰɖɟɘŬəɎ ˊŮɘɟɎɛŬŰŬ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɖ 

ˊŬɟɞɡůɑŬ ɢɞɡɛɘəɩɜ39 əŬɘ ˊɞɚɡůŬəɢŬɟɘŰɘəɩɜ ɞɝɏɤɜ ůŮ əɞɚɚɞŮɘŭɐ ɛɞɟűɐ40 ɞŭɖɔŮɑ ůŮ 

ŰŬɢŮɑŬ ˊɟɞůɟɧűɖůɖ Űɞɡ Th(IV) ůŮ ŬɘɛŬŰɑŰɖ. ũŮɜɘəɎ, Űɞ ɗɧɟɘɞ ŮɑɜŬɘ ɏɜŬ ůŰɞɘɢŮɑɞ, Űɞ ɞˊɞɑɞ 

ŮɛűŬɜɑɕŮɘ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ əɞɚɚɞŮɘŭŮɑɠ ɛɞɟűɏɠ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ. Ƀɘ 

ˊŬɟŬˊɎɜɤ ˊŬɟŬŰɖɟɐůŮɘɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ ɗɞɟɑɞɡ ŮɜŰŮɑɜŮŰŬɘ ůŮ 
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ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɟɔŬɜɘəɎ ɞɝɏŬ ŮɑɜŬɘ ɘůɢɡɟɎ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ŮˊɘűɎɜŮɘŮɠ ůɤɛŬŰɘŭɑɤɜ 

(ɧˊɤɠ ɞ ŬɘɛŬŰɑŰɖɠ əŬɘ ɎɚɚŬ ɞɟɡəŰɎ)41 42. Ƀ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ ŭŮɑɢɜŮɘ Űɘɛɏɠ ůŰŬɗŮɟɩɜ 

ůɢɖɛŬŰɘůɛɞɨ ůɡɛˊɚɧəɤɜ Űɞɡ Th(IV) ɛŮ ɞɟɔŬɜɘəɎ əŬɘ ŬɜɧɟɔŬɜŬ ɛɧɟɘŬ. 

 

ɄɑɜŬəŬɠ 2.4: ɇɘɛɏɠ pKa1 əŬɘ ůŰŬɗŮɟɏɠ Űɤɜ ůɡɛˊɚɧəɤɜ ŮɜɩůŮɤɜ Űɞɡ Th ɛŮ ŭɘɎűɞɟŬ ŬɜɘɧɜŰŬ ɓɎůɖ Űɖɠ ŬɜŰɑŭɟŬůɖɠ: 
Th

4+
 + L

n-
 = ThL

(4-n)+
 
27

 

ȷɜɘɧɜ log ɓ1 log ɓ2 

pKa1 (pKa2) 

Ƀɝɏɞɠ 

Ƀɝɘəɧ ɞɝɨ 3.1  4.72 

ȸɏɜɕɞ-1,3-ŭɘɧɝɞɚɞ-2,2- 

ŭɘűɤůűɞɜɘəɧ ɞɝɨ 
16.4  1.9 (6.35) 

ȾŬŰŮɢɧɚɖ, 1,2-ŭɘɗŭɟɧɝɡ- 

ȸŮɜɕɨɜɘɞ 
5.5  9.3 (13.3) 

CDTA4- 25.6  2.4 (3.5) 

ȾɘŰɟɘəɧ ɞɝɨ3- 13.0  3.06 

Cl- 0.36  -7 

CO3
2- 11.0  6.3 (10.25) 

DTPA 27.1  2.0 (2.6) 

EDTA4- 23.2  1.70 (2.6) 

EGTA4- 20.5  2.0 (2.66) 

F- 7.3 3.2 3.2 

HEDTA3- 17.0  2.51 (3.6) 

HPO4
2- 10.8 22.8 2.15 (7.2) 

ɉɞɡɛɘəɎ ɞɝɏŬ 10-11 15-17 4.5 

IDA 9.69  2.6 (9.2) 

ɀŬɚɞɜɘəɧ ɞɝɨ 7.58  2.85 (5.07) 

NO3
- 0.94 2.0 -1.4 

NTA2- 15.2  1.9 (2.5) 

OH- 10.2 20.0 14 

ɃɝŬɚɘəɧ ɞɝɨ 9.3 18.2 1.2 (4.2) 

SO4
2- 3.67  -9 (2.0) 

Ɇɞɡəɘɜɘəɧ ɞɝɨ 6.44  4.2 
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2.6.2 ɃɝŮɘŭɤŰɘəɏɠ ɓŬɗɛɑŭŮɠ 

 

ȼ ́ɞɘəɘɚɑŬ Űɤɜ ɞɝŮɘŭɤŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ (ɄɑɜŬəŬɠ 2.5) Űɤɜ əŬŰɘɧɜŰɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ 

ɞɛɎŭŬɠ Űɤɜ ŬəŰɘɜɘŭɩɜ əŬɘ ˊɘɗŬɜɩɠ ɖ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟɞɡůɑŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ɛŮ 

ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ ɞɝŮɑŭɤůɖɠ ůŰɞ ɑŭɘɞ ŭɘɎɚɡɛŬ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ˊɟɧɓɚŮɣɖɠ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɧ ůŮ ŬɚɚŬɔɏɠ Űɞɡ pH, Űɞɡ Eh əŬɘ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ 

ɡˊɞəŬŰŬůŰŬŰɩɜ. ũɘŬ əɎˊɞɘɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŰɞɘɢŮɑŬ, ɧˊɤɠ Űɞ Am(III), 

Űɞ Cm(III), Űɞ Th(IV) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ɛɧɜɞ ɞɝŮɘŭɤŰɘəɐ əŬŰɎůŰŬůɖ. ɇɞ ɞɡɟɎɜɘɞ ɛˊɞɟŮɑ 

ɜŬ ɓɟɑůəŮŰŬɘ ůŮ ŰŮŰɟŬůɗŮɜɐ ɛɞɟűɐ ůŮ ŬɜŬɔɤɔɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ əŬɘ ůŮ ŮɝŬůɗŮɜɐ ůŮ 

ɞɝŮɘŭɤŰɘəɎ. Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ŭɘŬűɧɟɤɜ ɞɝŮɘŭɤŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ Űɤɜ ŬəŰɘɜɘŭɩɜ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ pH, Űɞ Eh əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ ŬɘɤɟɞɨɛŮɜɤɜ ůŰŮɟŮɩɜ. ȾɎɗŮ ɞɝŮɘŭɤŰɘəɐ 

əŬŰɎůŰŬůɖ əŬɗɘůŰɎ ŭɘŬűɞɟŮŰɘəɐ ɢɖɛɘəɐ əŬɘ ɔŮɤɢɖɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ 

ůŰɞɘɢŮɑɞ. ũŮɜɘəɎ, ɛŮ Ŭɨɝɖůɖ Űɞɡ pH ɐ/əŬɘ Űɞɡ Eh ŮɡɜɞɞɨɜŰŬɘ ɞɘ ɡɣɖɚɧŰŮɟŮɠ ɞɝŮɘŭɤŰɘəɏɠ 

əŬŰŬůŰɎůŮɘɠ 

 

ɄɑɜŬəŬɠ 2.5: Ƀɘ ɞɝŮɘŭɤŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɞɟɘůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɞɛɎŭŬɠ Űɤɜ ŬəŰɘɜɘŭɩɜ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ůŮ 
pH = 8.2 əŬɘ Ƚ = 0.7 m 

29
 

ȷəŰɘɜɑŭŬ ɃɝŮɘŭɤŰɘəɐ ȸŬɗɛɑŭŬ 

Th IV 

U IV, VI 

Np IV, V, VI 

Pu III, IV, V, VI 

Am III 

Cm III 

*ɞɘ ˊɘɞ əɞɘɜɏɠ ɞɝŮɘŭɤŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɡˊɞŭŮɘəɜɨɞɜŰŬɘ ɛŮ ɏɜŰɞɜɞ ɢɟɩɛŬ 

 

 

2.6.3 ȹɘŬɚɡŰɧŰɖŰŬ əŬɘ ɡŭɟɧɚɡůɖ 

 

ȼ ŭɘŬɚɡŰɧŰɖŰŬ Űɤɜ ŬəŰɘɜɘŭɩɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ Űɞ pH, ɖ ŮɡəɞɚɑŬ ůŰɖ 

ůɡɛˊɚɞəɞˊɞɑɖůɖ ɛŮ ŭɘɎűɞɟɞɡɠ ɡˊɞəŬŰŬůŰɎŰŮɠ (ˊɢ. ŬɜɗɟŬəɘəɎ, űɤůűɞɟɘəɎ, ɢɞɡɛɘəɎ 

ůɡůŰŬŰɘəɎ əɚˊ), ˊɟɞůɟɧűɖůɖ ůŮ ŮˊɘűɎɜŮɘŮɠ ɞɟɡəŰɩɜ, əɞɚɚɞŮɘŭɩɜ əŬɘ Ɏɚɚɤɜ ůɤɛŬŰɘŭɑɤɜ 

ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ43. ɇŬ əŬŰɘɧɜŰŬ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɞɛɎŭŬɠ Űɤɜ ŬəŰɘɜɘŭɩɜ ŭɖɛɘɞɡɟɔɞɨɜ 

ɘůɢɡɟɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɘɧɜŰɞɠ ï ŭɘˊɧɚɞɡ ɛŮ ŰŬ ɛɧɟɘŬ Űɞɡ ɜŮɟɞɨ, ɛŮ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ŬɡŰɏɠ ɜŬ ŮəŰŮɑɜɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ  Űɖ ůűŬɑɟŬ ɡŭɟɧɚɡůɖɠ. ȼ ůɡɜɞɚɘəɐ ɡŭɟɧɚɡůɖ 
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ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ űɞɟŰɑɞ Űɞɡ ɘɧɜŰɞɠ əŬɘ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ɗɏůŮɤɜ 

ɏɜŰŬɝɖɠ, ɩůŰŮ ɜŬ əŬŰŬɚɖűɗɞɨɜ Ŭˊɧ ɡˊɞəŬŰŬůŰɎŰŮɠ.  

 

ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ɗɧɟɘɞ, Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŰŮŰɟŬůɗŮɜɐ ɞɝŮɘŭɤŰɘəɐ əŬŰɎůŰŬůɖ ŮɑɜŬɘ 

ɘəŬɜɧ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɛɞɜɞ- əŬɘ ˊɞɚɡɛŮɟɘəɎ ˊɟɞɥɧɜŰŬ ɡŭɟɧɚɡůɖɠ. ɆŮ ŬɟŬɘɎ ŭɘŬɚɨɛŬŰŬ (Ò 

10-4 ɀ) əŬɘ ɧůɞ Űɞ pH ŬɡɝɎɜŮɘ ˊɎɜɤ Ŭˊɧ 2 ŮɛűŬɜɑɕŮŰŬɘ ůŮ ŰɟŮɘɠ ɛɞɟűɏɠ, Th(OH)3+, 

Th(OH)3
+ əŬɘ Th(OH)4 (ɄɑɜŬəŬɠ 2.2)31. ɇŬ ŰŮŰɟŬůɗŮɜɐ əŬŰɘɧɜŰŬ ŭŮɜ ůɢɖɛŬŰɑɕɞɡɜ ŮɨəɞɚŬ 

ůɡɛˊɚɞəŬ ɛŮ ŬɜɗɟŬəɘəɎ, Ŭűɞɨ ŰɧŰŮ əɡɟɘŬɟɢŮɑ ɖ ŬɜŰɑŭɟŬůɖ ɡŭɟɧɚɡůɖɠ, ɛŮ ůɢɖɛŬŰɘůɛɧ 

Űɖɠ ˊɞɚɨ ŭɘŬɚɡŰɐɠ ɏɜɤůɖɠ Th(OH)4. 

 

 

2.6.4 Ʉɟɞůɟɧűɖůɖ 

 

Ⱥűɧůɞɜ ŰŬ ŬɜɗɟŬəɘəɎ ŬɜɘɧɜŰŬ ůɢɖɛŬŰɑɕɞɡɜ ɘůɢɡɟɎ ůɨɛˊɚɞəŬ ɛŮ Űɘɠ ŬəŰɘɜɑŭŮɠ ůŮ ŭɘɎɚɡɛŬ, 

ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ŰŬ ŬɜɗɟŬəɘəɎ ɞɟɡəŰɎ ɗŬ ŬˊɞŰŮɚɞɨɜ əŬŰɎɚɚɖɚŮɠ ŮˊɘűɎɜŮɘŮɠ ɤɠ ˊɟɞɠ Űɖɜ 

ˊɟɞůɟɧűɖůɖ Űɤɜ ŬəŰɘɜɘŭɩɜ ůŮ ŬɡŰɎ. Ƀ ˊɞɚɨ ůɖɛŬɜŰɘəɧɠ ɟɧɚɞɠ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ůŰɖɜ 

əɘɜɖŰɘəɧŰɖŰŬ əŬɘ Űɖ ɛŮŰŬűɞɟɎ Űɤɜ ŬəŰɘɜɘŭɩɜ ɏɢŮɘ ŮˊɘůɖɛŬɜɗŮɑ Ŭˊɧ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ44 45. 

ȷűɞɨ, ɚɞɘˊɧɜ, ɖ ˊɟɞůɟɧűɖůɖ Űɤɜ ŬəŰɘɜɘŭɩɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ űɞɟŰɑɞ Űɞɡ əŬŰɘɧɜŰɞɠ, 

əŬɗɩɠ əɘ Ŭˊɧ ůŰŮɟɘəɎ űŬɘɜɧɛŮɜŬ, ɎɟŬ ɖ ɘůɢɨɠ Űɖɠ ˊɟɞůɟɧűɖůɖɠ ŬəɞɚɞɡɗŮɑ Űɖɜ ɑŭɘŬ ŰɎůɖ 

ɛŮ Űɖ ůɡɛˊɚɞəɞˊɞɑɖůɖ. ɆŮ ɞɡŭɏŰŮɟŬ əŬɘ ɓŬůɘəɎ ɛɏůŬ, ɞɘ ŬəŰɘɜɑŭŮɠ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ ŰŬ 

ɡŭɟɧɝɡ- ŰɛɐɛŬŰŬ ˊɞɚɡˊɡɟɘŰɘəɩɜ ɞɝɏɤɜ, ɏɜɡŭɟŬ ɞɝŮɑŭɘŬ ůɘŭɐɟɞɡ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɛŮ 

ɡŭɟɧɝɡ- ŮˊɘűɎɜŮɘŮɠ əɞɚɚɞŮɘŭɩɜ ɡɚɘəɩɜ. ɇŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ ɛˊɞɟŮɑ, Ůˊɑůɖɠ, ɜŬ 

ɏɢɞɡɜ ɗŮŰɘəɎ ɐ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ pH. 
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33  ũũȺȺɁɁȽȽȾȾȷȷ  ɄɄȺȺɅɅȽȽ  ɇɇȼȼɆɆ  ɉɉȼȼɀɀȺȺȽȽȷȷɆɆ  ɇɇɃɃɈɈ  ȾȾȷȷȽȽɆɆȽȽɃɃɈɈ  
 

 

3.1 ɇɃ ȾȷȽɆȽɃ ɋɆ ɆɇɃȽɉȺȽɃ ɇɃɈ ɄȺɅȽɃȹȽȾɃɈ ɆɈɆɇȼɀȷɇɃɆ 

 

ɇɞ əŬɑůɘɞ (133Cs) ŬɜŬəŬɚɨűɗɖəŮ Ŭˊɧ Űɞɡɠ ɔŮɟɛŬɜɞɨɠ ɢɖɛɘəɞɨɠ Robert Wilhelm Bunsen əŬɘ 

Gustav Robert Kirchhoff Űɞ 1860, ɛɏůɤ űŬůɛŬŰɞůəɞˊɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮŰŬɚɚɘəɞɨ ɜŮɟɞɨ46. 

ɃɜɞɛɎůŰɖəŮ əŬɑůɘɞ (caesium ɐ cesium) Ŭˊɧ Űɖ ɚŬŰɘɜɘəɐ ɚɏɝɖ caesius, ˊɞɡ ůɖɛŬɑɜŮɘ ɛˊɚŮ 

ɞɡɟŬɜɧɠ, ŮɝŬɘŰɑŬɠ Űɤɜ ɛˊɚŮ ɔɟŬɛɛɩɜ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰɞ űɎůɛŬ Űɞɡ. ɇɞ ɟŬŭɘŮɜŮɟɔɧ 

əŬɑůɘɞ - 137 əŬɗɩɠ əŬɘ ɎɚɚŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊɡɟɖɜɘəɐ ɘŬŰɟɘəɐ, 

ŬɜŬəŬɚɨűɗɖəŬɜ ůŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1930 Ŭˊɧ Űɞɡɠ Glenn T. Seaborg əŬɘ Űɖ 

ůɡɜŮɟɔɎŰɖ Űɞɡ Margaret Melhase47. 

 

ɇɞ əŬɑůɘɞ (ɢɖɛɘəɧ ůɨɛɓɞɚɞ Cs) ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ Űɤɜ ŬɚəŬɚɑɤɜ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ 

ɓɟɑůəŮŰŬɘ ůŰɖ űɨůɖ ůŰŬɗŮɟɧ (ɛɖ ɟŬŭɘŮɜŮɟɔɧ) ɐ ŬůŰŬɗɏɠ (ɟŬŭɘŮɜŮɟɔɧ) (ȺɘəɧɜŬ 3.1). 
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ȺɘəɧɜŬ 3.1: Ƀ ɄŮɟɘɞŭɘəɧɠ ɄɑɜŬəŬɠ Űɤɜ ůŰɞɘɢŮɑɤɜ, ɧˊɞɡ űŬɑɜŮŰŬɘ Űɞ Cs
19

 

 

 

1s
2
 

2s2   2p6  

3s2   3p6   3d10 

4s
2
   4p

6    
4d

10
 

5s
2
   5p

6
 

6s1                                  
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ɇɞ 133Cs, ɧˊɤɠ ɎɚɚɤůŰŮ əŬɘ Űɞ 137Cs, ŮɑɜŬɘ ɏɜŬ ɛŬɚŬəɧ, ŮɨˊɚŬůŰɞ, ɚŮɡəɧ ɛɏŰŬɚɚɞ əɘ ɏɢŮɘ Űɘɠ 

ůɡɜɐɗŮɘɠ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŬɚəŬɚɑɤɜ (ɄɑɜŬəŬɠ 3.1). ȺɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ŰɟɑŬ 

ɛɏŰŬɚɚŬ, ɛŬɕɑ ɛŮ Űɞ ɔɎɚɚɘɞ (Ga) əŬɘ Űɞɜ ɡŭɟɎɟɔɡɟɞ (Hg), ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɡɔɟɎ əɞɜŰɎ ůŰɖ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ əɘ Ůˊɑůɖɠ Űɞ ˊɘɞ ɖɚŮəŰɟɞɗŮŰɘəɧ ŬɚəɎɚɘɞ. ȷɜŰɘŭɟɎ ɓɑŬɘŬ ɛŮ Űɞ ɜŮɟɧ əŬɘ 

Űɞɜ ˊɎɔɞ, Ŭəɧɛɖ əŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ɏɤɠ -116 ɞC, ůɢɖɛŬŰɑɕɞɜŰŬɠ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ əŬɘůɑɞɡ 

(CsOH). ȼ ŰŮɚŮɡŰŬɑŬ ɏɜɤůɖ ŮɑɜŬɘ ɖ ɔɜɤůŰɧŰŮɟɖ ˊɘɞ ɘůɢɡɟɐ ɓɎůɖ, ɖ ɞˊɞɑŬ ˊɟɞůɓɎɚɚŮɘ Űɞ 

ɔɡŬɚɑ. ȯɚɚŮɠ ɔɜɤůŰɏɠ ŮɜɩůŮɘɠ Űɞɡ əŬɘůɑɞɡ ŮɑɜŬɘ Űɞ ɢɚɤɟɘɞɨɢɞ (CsCl) əŬɘ Űɞ ɜɘŰɟɘəɧ əŬɑůɘɞ 

(CsNO3), ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊŬɟŬůəŮɡɐ Ɏɚɚɤɜ ɢɖɛɘəɩɜ. 

 

 

ɄɑɜŬəŬɠ 3.1: ūɡůɘəɏɠ əŬɘ ɉɖɛɘəɏɠ ȽŭɘɧŰɖŰŮɠ Űɞɡ əŬɘůɑɞɡ
23

 

ȷŰɞɛɘəɐ ȷəŰɑɜŬ 3.34 ¡ 

Ƀɛɞɘɞˊɞɚɘəɐ ȷəŰɑɜŬ 2.35 ¡ 

ȾɟɡůŰŬɚɚɘəɐ ȹɞɛɐ 

 

Ⱦɡɓɘəɐ 

 

ȼɚŮəŰɟɞɜɘəɐ ȷˊŮɘəɧɜɘůɖ 1s
2
  2s

2
2p

6 
 3s

2
3p

6
3d

10
  4s

2
4p

6
4d

10
  5s

2
5p

6
  6s

1
 

ȼɚŮəŰɟɧɜɘŬ ŬɜɎ ȺɜŮɟɔŮɘŬəɧ ȺˊɑˊŮŭɞ 2, 8, 18, 18, 8, 1 

ȽɞɜŰɘəɐ ȷəŰɑɜŬ 1.67 ¡ 

ɄɚɖɟɞɨɛŮɜɞ ɇɟɞɢɘŬəɧ 6s
1
 

ȷɟɘɗɛɧɠ ȼɚŮəŰɟɞɜɑɤɜ 55 

ȷɟɘɗɛɧɠ ɁŮŰɟɞɜɑɤɜ (ůŰɞ ˊɘɞ ůŰŬɗŮɟɧ 
ɜɞɡəɚɑŭɘɞ) 

78 

ȷɟɘɗɛɧɠ ɄɟɤŰɞɜɑɤɜ 55 

ɃɝŮɘŭɤŰɘəɐ ȾŬŰɎůŰŬůɖ +1 

ȼɚŮəŰɟɧɜɘŬ Ɇɗɏɜɞɡɠ 6s
1
 

ȼɚŮəŰɟɞɢɖɛɘəɧ ȽůɞŭɨɜŬɛɞ 4.9587 g (amp hr)
-1 

ȼɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŬ (əŬŰɎ Pauling) 0.79 

ŪŮɟɛɧŰɖŰŬ ɇɐɝɖɠ 2.092 kJ mol
-1 

ȽɞɜŰɘəɧ ȹɡɜŬɛɘəɧ 

ɄɟɩŰɞ 3.894 eV 

ȹŮɨŰŮɟɞ 25.1 eV 

ȹɡɜŬɛɘəɧ ȼɚŮəŰɟɞɜɑɤɜ Ɇɗɏɜɞɡɠ 8.62 eV 

ȷŰɞɛɘəɧ ȸɎɟɞɠ 132.9054 g mol
-1 

ɆɖɛŮɑɞ Ȼɏůɖɠ 944 K ɐ 671 ÁC ɐ 1240 ÁF 

ɆɖɛŮɑɞ ɇɐɝɖɠ 301.59 K ɐ 28.59 ÁC ɐ 83.19 ÁF 

ɆɡɜŰŮɚŮůŰɐɠ ũɟŬɛɛɘəɐɠ ȹɘŬůŰɞɚɐɠ 0.000097 cm ÁC
-1

 (0ÁC) 

ȷɔɤɔɘɛɧŰɖŰŬ 

ȼɚŮəŰɟɘəɐ 0.0489 10
6
 (cm ɋ)

-1 

ŪŮɟɛɘəɐ 0.359 W (cm K)
-1 

ɄɡəɜɧŰɖŰŬ 1.873 g cm
-3

 ůŰɞɡɠ 300 K 

ɄŮɟɘɔɟŬűɐ 

ɀŬɚŬəɧ - ȿŬɛˊŮɟɧ - ȷůɖɛɏɜɘɞ 
ȷɚəɎɚɘɞ 
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ȺɜɗŬɚˊɑŬ ȷŰɞɛɞˊɞɑɖůɖɠ 78.2 kJ mol
-1

 ůŰɞɡɠ 25ÁC 

ȺɜɗŬɚˊɑŬ ɇɐɝɖɠ 2.1 kJ mol
-1

 

ȺɜɗŬɚˊɑŬ ȺɝɎŰɛɘůɖɠ 65.9 kJ mol
-1 

ŪŮɟɛɧŰɖŰŬ ȺɝɎŰɛɘůɖɠ 67.74 kJ mol
-1 

ɀɞɟɘŬəɧɠ ȳɔəɞɠ 70.73 cm
3
 mol

-1 

ūɡůɘəɐ ȾŬŰɎůŰŬůɖ (ůŰɞɡɠ 20ÁC əŬɘ 
1atm) 

ɆŰŮɟŮɧ 

ɇɎůɖ ȷŰɛɩɜ 2.5 kPa 

 

 

ɆɐɛŮɟŬ, Űɞ əŬɑůɘɞ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ ɞɟɡəŰɞ ɎɚŬɠ CsAlSi2O6. ȼ Ůɝɧɟɡɝɖ əŬɗŬɟɞɨ əŬɘůɑɞɡ 

ŮɑɜŬɘ ŭɨůəɞɚɖ, ŮɝŬɘŰɑŬɠ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ Űɞ əŬɑůɘɞ ůɡɜɡˊɎɟɢŮɘ ůŰɞ ɞɟɡəŰɧ (ůŰɞ əɟɡůŰŬɚɚɘəɧ 

ˊɚɏɔɛŬ ůɤůŰɧŰŮɟŬ) ɛŬɕɑ ɛŮ Űɞ ɟɞɡɓɑŭɘɞ (Rb), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɢɖɛɘəɎ ɧɛɞɘɞ ɛŮ Űɞ əŬɑůɘɞ. ũɘŬ 

ɜŬ ŮɝɞɟɡɢɗŮɑ əŬɗŬɟɧ əŬɑůɘɞ, Űɞ əŬɑůɘɞ əŬɘ Űɞ ɟɞɡɓɑŭɘɞ, ˊɞɡ ůɡɜɡˊɎɟɢɞɡɜ ůŰɞ ɞɟɡəŰɧ, 

ůɡɜɗɚɑɓɞɜŰŬɘ əŬɘ ɗŮɟɛŬɑɜɞɜŰŬɘ ɛŮ ɗŮɘɞɨɢŬ ɛɏŰŬɚɚŬ ůŰɞɡɠ 650 ɞC, ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬ əɟɎɛŬ, 

ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŬɢɤɟɑɕŮŰŬɘ ɛŮ əɚŬůɛŬŰɘəɐ ŬˊɧůŰŬɝɖ. ɇɞ ɛŮŰŬɚɚɘəɧ əŬɑůɘɞ ŬɜŰɘŭɟɎ ˊɞɚɨ 

ɓɑŬɘŬ əŬɘ ɔɘô ŬɡŰɧ ˊɤɚŮɑŰŬɘ ůŰɞ Ůɛˊɧɟɘɞ ɛŮ Űɖ ɛɞɟűɐ Űɞɡ Ŭɕɘŭɑɞɡ Űɞɡ əŬɘůɑɞɡ (CsN3) 
48. Tɞ 

əŬɑůɘɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ůɡɚɚɏəŰɖɠ (getter, scavenger) ůŮ ɖɚŮəŰɟɞɜɘəɏɠ ɚɡɢɜɑŮɠ ɔɘŬ Űɖ 

ŭɏůɛŮɡůɖ Űɞɡ ɞɝɡɔɧɜɞɡ. Ⱥˊɑůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ űɤŰɞɖɚŮəŰɟɘəɎ ůŰɞɘɢŮɑŬ, ɧˊɤɠ əŬɘ ɤɠ 

əŬŰŬɚɨŰɖɠ ůŰɖɜ ɡŭɟɞɔɧɜɤůɖ ɞɟɔŬɜɘəɩɜ ɞɡůɘɩɜ. ȼ Űɘɛɐ Űɞɡ ůɐɛŮɟŬ ɓɟɑůəŮŰŬɘ ůŰŬ 30 $ g-1. 

 

 

3.2 ɉȼɀȽȾȼ ɇɃɂȽȾɃɇȼɇȷ ȹȽȷūɃɅɋɁ ȺɁɋɆȺɋɁ ɇɃɈ ȾȷȽɆȽɃɈ 

 

ɇɞ əŬɑůɘɞ, ɤɠ ŬɚəɎɚɘɞ, ˊŬɟɞɡůɘɎɕŮɘ ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ Űɞ əɎɚɘɞ. ȰɢŮɘ ɓɟŮɗŮɑ ɧŰɘ əŬɘ 

ŰŬ ŭɨɞ ˊɟɞəŬɚɞɨɜ ɡˊŮɟŮɟŮɗɘůɛɧ ŬəɞɚɞɡɗɞɨɛŮɜɞ Ŭˊɧ ůˊŬůɛɞɨɠ, Ŭɜ ɓɟŮɗɞɨɜ ůŮ 

ɘůɞŭɨɜŬɛŮɠ ˊɞůɧŰɖŰŮɠ ůŰɖ ŭɘŬŰɟɞűɐ. ȰɟŮɡɜŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɞ əɎɚɘɞ ɛŮ 

əŬɑůɘɞ ůŰɖ ŭɘŬŰɟɞűɐ ˊŮɘɟŬɛŬŰɞɕɩɤɜ (ˊɞɜŰɘəɩɜ) ˊɟɞəŬɚŮɑŰŬɘ ɗɎɜŬŰɞɠ ɛŮŰɎ Ŭˊɧ 10 - 17 

ɖɛɏɟŮɠ. Ⱥɘůˊɜɞɐ əŬɘůɑɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŮɟŮɗɘůɛɧ ůŰɞ Ɏɜɤ ŬɜŬˊɜŮɡůŰɘəɧ ůɨůŰɖɛŬ. 

ȺɝɎɚɚɞɡ, ɖ Ůɘůˊɜɞɐ ɡɣɖɚɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ əŬɘůɑɞɡ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ əŬŰŬůŰɟŮˊŰɘəɐ ɔɘŬ 

Űɞɡɠ ɘůŰɞɨɠ Űɤɜ ɓɚŮɜɜɞɔɧɜɤɜ ɛŮɛɓɟŬɜɩɜ, əŬɗɩɠ əŬɘ ɔɘŬ Űɞ ŬɜŬˊɜŮɡůŰɘəɧ ůɨůŰɖɛŬ. ɇɞ 

əŬɑůɘɞ ɗŮɤɟŮɑŰŬɘ ɢɖɛɘəɧ ůɡůŰŬŰɘəɧ ɐˊɘŬɠ ŰɞɝɘəɧŰɖŰŬɠ ɧŰŬɜ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ɞɟɔŬɜɘůɛɧ Ŭˊɧ Űɞ 

ůŰɧɛŬ (əŬŰɎˊɞůɖ) əŬɘ ˊɟɞəŬɚŮɑ ŮɟŮɗɘůɛɧ ɧŰŬɜ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ɛŮ ŰŬ ɛɎŰɘŬ əŬɘ Űɞ ŭɏɟɛŬ 

(ŮɛűɎɜɘůɖ Ŭɘɢɛɩɜ, űɞɡůəɎɚɤɜ, ɛŬɨɟɤɜ ůŰɘɔɛɎŰɤɜ). ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ɢɟɧɜɘŬ ɏəɗŮůɖ, ɛɏůɤ Ůɘůˊɜɞɐɠ, əŬŰɎˊɞůɖɠ, ŮˊŬűɐɠ ɛŮ Űɞ ŭɏɟɛŬ əŬɘ ŰŬ 

ɛɎŰɘŬ, ŮɛűŬɜɑɕɞɜŰŬɘ ŭɖɚɖŰɖɟɘɎůŮɘɠ ɐ ŭŮɟɛŬŰɑŰɘŭŮɠ, Ůɜɩ əŬɟəɘɜɞɔŮɜɏůŮɘɠ ŭŮɜ ɏɢɞɡɜ 

ˊŬɟŬŰɖɟɖɗŮɑ49. 
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Ƀɘ əɨɟɘŮɠ ŮɜɩůŮɘɠ Űɞɡ əŬɘůɑɞɡ, ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɞ Ůɛˊɧɟɘɞ, ŮɑɜŬɘ ɞɘ ŬɚɞɔɞɜɞɨɢŮɠ ŮɜɩůŮɘɠ 

Űɞɡ CsCl, CsBr, CsI, Űɞ CsOH əŬɘ Űɞ CsNO3. ȰɟŮɡɜŮɠ ůŮ ˊŮɘɟŬɛŬŰɧɕɤŬ ɏɢɞɡɜ ŭŮɑɝŮɘ ˊɤɠ 

ŰɞɝɘəɧŰŮɟɖ ɧɚɤɜ ŮɑɜŬɘ Űɞ CsOH, ˊɞɡ ɏɢŮɘ əŬɘ Űɖ ɛɘəɟɧŰŮɟɖ Űɘɛɐ LD50 ůŮ ˊŮɘɟŬɛŬŰɧɕɤŬ, ůŮ 

ˊɞɜŰɑəɘŬ, ɔɘŬ Űɟɧˊɞɡɠ Ůɘůɧŭɞɡ Ŭˊɧ Űɞ ůŰɧɛŬ (orl-LD50) ɐ ɛɏůɤ ŮɜŭɞˊŮɟɘŰɞɜɘŬəɐɠ ɏɜŮůɖɠ 

(ipr- LD50) əŬɘ ɔɘŬ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɐɟɖůɖɠ 14 - 20 ɖɛɏɟɩɜ (ɄɑɜŬəŬɠ 3.2)50. ȾŬŰɎˊɞůɖ ɧɚɤɜ 

Űɤɜ ˊŬɟŬˊɎɜɤ ŮɜɩůŮɤɜ Űɞɡ əŬɘůɑɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŮɟŮɗɘůɛɞɨɠ ůŰɞ ůŰɧɛŬ əŬɘ Űɞ 

ɚŬɘɛɧ, ɛŮ əɑɜŭɡɜɞ ŭɘɎŰɟɖůɖɠ Űɞɡ ɘůɞűɎɔɞɡ ɐ Űɞɡ ůŰɞɛɎɢɞɡ. 

 

ɄɑɜŬəŬɠ 3.2: ɇɘɛɏɠ LD50 ŮɜɩůŮɤɜ əŬɘůɑɞɡ 

 orl- LD50 (mg/kg) ipr- LD50 (mg/kg) 

CsCl 2004 2004 

CsI 2386 1400 

CsOH 1026 100 

CsNO3 2390 1200 

 

 

3.3 ũȺɁȽȾȷ ũȽȷ ɇɃ 137Cs ȾȷȽ ɇȼ ɅȷȹȽɃȿɃũȽȾȼ ɇɃɂȽȾɃɇȼɇȷ ɇɃɈ 

 

ɇɞ əŬɑůɘɞ ɏɢŮɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɘůɧŰɞˊŬ Ŭˊɧ əɎɗŮ Ɏɚɚɞ ůŰɞɘɢŮɑɞ, 32 ůŰɞɜ Ŭɟɘɗɛɧ, ɛŮ ɛŬɕɘəɞɨɠ 

Ŭɟɘɗɛɞɨɠ ˊɞɡ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ 114 ɏɤɠ 145 (ɄɑɜŬəŬɠ 3.3). ȼ ˊɘɞ əɞɘɜɐ ɛɞɟűɐ ɟŬŭɘŮɜŮɟɔɞɨ 

əŬɘůɑɞɡ ŮɑɜŬɘ Űɞ əŬɑůɘɞ - 137 (137Cs) əŬɘ ɛɘŬ Ɏɚɚɖ Ůɝɑůɞɡ əɞɘɜɐ ɛɞɟűɐ Űɞ əŬɑůɘɞ - 134 (134Cs). 

ȳɛɤɠ, Űɞ 137Cs ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ůɖɛŬɜŰɘəɧ ɘůɧŰɞˊɞ Ŭˊɧ ɧŰɘ Űɞ ŬɜŰɑůŰɞɘɢɞ 134 əɘ Ůˊɑůɖɠ ˊɞɚɨ 

ˊɘɞ ɢɟɐůɘɛɞ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, ɚɧɔɤ Űɞɡ ɧŰɘ ŮɑɜŬɘ ɘůɢɡɟɎ ɟŬŭɘŮɜŮɟɔɧ. 

ɄɑɜŬəŬɠ 3.3: ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ɘůɧŰɞˊŬ Űɞɡ əŬɘůɑɞɡ 

ȽůɧŰɞˊɞ ɉɟɧɜɞɠ ȼɛɘɕɤɐɠ 

Cs-126 1.6 ɚŮˊŰɎ 

Cs-129 1.3 ɛɏɟŮɠ 

Cs-131 9.7 ɛɏɟŮɠ 

Cs-132 6.4 ɛɏɟŮɠ 

Cs-133 ɆŰŬɗŮɟɧ 

Cs-134 2.1 ɢɟɧɜɘŬ 

Cs-134m 2.9 ɩɟŮɠ 

Cs-135 2300000.0 ɢɟɧɜɘŬ 

Cs-136 13.2 ɛɏɟŮɠ 

Cs-137 30.2 ɢɟɧɜɘŬ 

Cs-138 32.2 ɚŮˊŰɎ 

Cs-139 9.3 ɚŮˊŰɎ 

 



 
52 

 

ɇɞ 137Cs ŮɑɜŬɘ Űɞ əɡɟɘɧŰŮɟɞ Ŭˊɧ ŰŬ ˊɟɞɥɧɜŰŬ ůɢɎůŮɤɠ, ŮɝŬɘŰɑŬɠ Űɞɡ ɛŮɔɎɚɞɡ ɢɟɧɜɞɡ ɖɛɘɕɤɐɠ 

Űɞɡ (ŮɑɜŬɘ Űɞ ɛŬəɟɞɓɘɧŰŮɟɞ Ŭˊɧ ŰŬ ˊɟɞɥɧɜŰŬ ůɢɎůŮɤɠ), ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɛɞɜɐ Űɞɡ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ ˊɞɚɚɎ ɢɟɧɜɘŬ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɞůɧŰɖŰŬ ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ˊɖɔɐ. Ʉɞɚɚɞɑ ŮˊɘůŰɐɛɞɜŮɠ ˊɘůŰŮɨɞɡɜ ɧŰɘ Ŭəɧɛɖ əŬɘ ɛŮŰɎ 100 ɢɟɧɜɘŬ Ŭˊɧ Űɞ Chernobyl 

(əɡɟɘɧŰŮɟɖ ˊɖɔɐ 137Cs ůŰɞ ˊŮɟɘɓɎɚɚɞɜ), ŰɞɡɚɎɢɘůŰɞɜ Űɞ 10 % Űɞɡ 137Cs, ˊɞɡ 

ŬˊŮɚŮɡɗŮɟɩɗɖəŮ ɗŬ ɏɢŮɘ ˊŬɟŬɛŮɑɜŮɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ51. ȺɑɜŬɘ ˊɖɔɐ ŮɝɤŰŮɟɘəɐɠ əŬɘ 

ŮůɤŰŮɟɘəɐɠ ɏəɗŮůɖɠ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŰɖɜ ɘɞɜŰɑɕɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ. ȼ əɨɟɘŬ ŭɧůɖ ˊɟɞəŬɚŮɑŰŬɘ 

Ŭˊɧ Űɘɠ ŬəŰɑɜŮɠ ɔ-, ŮɜɏɟɔŮɘŬɠ ˊŮɟɑˊɞɡ 662 keV, ɞɘ ɞˊɞɑŮɠ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ Űɞ ɗɡɔŬŰɟɘəɧ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɢɎůɖɠ 137Cs > 137Ba. ɇɞ 137Cs ŭɘŬůˊŮɑɟŮŰŬɘ ůŮ ɧɚɞ Űɞ ůɩɛŬ əŬɘ 

ůɡůůɤɟŮɨŮŰŬɘ ůŰŬ ŬɟŰɖɟɘŬəɎ ŰɞɘɢɩɛŬŰŬ əŬɘ ůŰŬ ŮˊɘɜŮűɟɑŭɘŬ. ɆŮ ɡɣɖɚɏɠ ŭɧůŮɘɠ (>4.5 Gy) 

ˊɟɞəŬɚŮɑ ɎɛŮůɖ ŬˊɚŬůɑŬ Űɞɡ ɜɤŰɘŬɑɞɡ ɛɡŮɚɞɨ, Ůɜɩ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ŭɧůŮɘɠ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ŮɛűɎɜɘůɖ əŬɟəɘɜɘəɩɜ ɧɔəɤɜ.  

 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ůɡůəŮɡɩɜ ŬɜɑɢɜŮɡůɖɠ 

ɟŬŭɘŮɜɏɟɔŮɘŬɠ, ɧˊɤɠ Űɤɜ ɛŮŰɟɖŰɩɜ Geiger - Mueller. ɆŮ ɛŮɔŬɚɨŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊɡɟɖɜɘəɐ ɘŬŰɟɘəɐ, ůŮ ůɡůəŮɡɏɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ Űɞɡ 

əŬɟəɑɜɞɡ52. ɇɏɚɞɠ, Űɞ 137Cs ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛŮŰɟɖŰɏɠ ɟɞɐɠ ɡɔɟɩɜ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, əŬɗɩɠ 

əŬɘ ůŮ ɎɚɚŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ ůɡůəŮɡɏɠ, ˊɞɡ ɛŮŰɟɞɨɜ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ ɡɚɘəɩɜ, ɧˊɤɠ Űɞɡ 

ɢŬɟŰɘɞɨ, Űɤɜ űɤŰɞɔɟŬűɘəɩɜ űɘɚɛ ɐ Űɤɜ űɨɚɚɤɜ ɛŮŰɎɚɚɞɡ53. 

 

 

3.4 ɄȺɅȽɃɅȽɆɀɃȽ ɆɇȼɁ ȺȾŪȺɆȼ ɆȺ 137Cs 

 

ȼ ȺˊɘŰɟɞˊɐ ȹɘŮɡɗɏŰɖůɖɠ Ʉɡɟɖɜɘəɩɜ Űɤɜ ȼ.Ʉ.ȷ. (U.S. Nuclear Regulatory Commision, 

ɁRC) ɏɢŮɘ ɗŮůˊɑůŮɘ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɖɜ ŮˊŬɔɔŮɚɛŬŰɘəɐ ɏəɗŮůɖ ůŮ 137Cs, ˊɞɡ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ ȳɟɘɞ ɆɡɔəɏɜŰɟɤůɖɠ ůŰɞɜ ȷɏɟŬ (Derived Air Concentrations, DACs) 6 x 

10-8 ɛCi mL-1 əŬɘ ȺŰɐůɘɞ ȳɟɘɞ Ʉɟɧůɚɖɣɖɠ (Annual Limits on Intake, ALIs) ɚɧɔɤ 

ŮˊŬɔɔŮɚɛŬŰɘəɐɠ ɏəɗŮůɖɠ 200 ɛCi 54 55. 

 

ȼ ɈˊɖɟŮůɑŬ ɄŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɄɟɞůŰŬůɑŬɠ Űɤɜ ȼ.Ʉ.ȷ. (U.S. Environmental Protection 

Agency, EPA) ɏɢŮɘ ˊɟɞůŭɘɞɟɑůŮɘ Űɞɡɠ ɆɡɜŰŮɚŮůŰɏɠ ȹɘŬəɘɜŭɨɜŮɡůɖɠ ɔɘŬ ȾŬɟəɘɜɞɔɏɜŮůɖ 

(Carcinogenicity-slope factors lifetime risk) ŬɜɎ pCi Űɟɞűɘəɩɠ ˊɟɞůɚŬɛɓŬɜɧɛŮɜɞɡ 137Cs ůŮ 

3.04 x 10-11 ɔɘŬ Űɞ ɜŮɟɧ, 3.74 x 10-11 ɔɘŬ Űɖɜ Űɟɞűɐ əŬɘ 4.33 x 10-11 ɔɘŬ Űɞ ɏŭŬűɞɠ Ůɜɩ ɞ 

ŬɜŰɑůŰɞɘɢɞɠ ůɡɜŰŮɚŮůŰɐɠ ŬɜɎ pCi ŮɘůˊɜŮɧɛŮɜɞɡ 137Cs ɏɢŮɘ ˊɟɞůŭɘɞɟɘůŰŮɑ ůŮ 1.19 x 10-11 55. 
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ȳɟɘŬ ɛɏɔɘůŰɖɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ 137Cs ɏɢɞɡɜ ɗŮůˊɘůŰŮɑ əŬɘ ɔɘŬ Ůˊɘɛɏɟɞɡɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ůɡůŰɐɛŬŰŬ. ȷɜŬűɏɟŮŰŬɘ ŮɜŭŮɘəŰɘəɎ ɧŰɘ Űɞ ɛɏɔɘůŰɞ ŮˊɘŰɟŮˊɧɛŮɜɞ ŮˊɑˊŮŭɞ 

ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ ŰŬ ɜŮɟɎ Űɤɜ ˊɞŰŬɛɩɜ ŮɑɜŬɘ 5.50 x 105 Bq m-3 56. 

 

 

3.5 ɄȼũȺɆ 137Cs ɆɇɃ ɄȺɅȽȸȷȿȿɃɁ 

 

ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ əɨɟɘɞɘ Űɟɧˊɞɘ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ɞűŮɑɚŮŰŬɘ ɖ ŭɘŬůˊɞɟɎ Űɞɡ 137Cs əŬɘ 134Cs ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ, əɘ ŬɡŰɞɑ ŮɑɜŬɘ ɞɘ ŭɞəɘɛɏɠ ˊɡɟɖɜɘəɩɜ ɧˊɚɤɜ, ɖ Ŭˊɧɟɟɘɣɖ ɡɔɟɩɜ ŬˊɞɓɚɐŰɤɜ Ŭˊɧ 

ˊɡɟɖɜɘəɞɨɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ əŬɘ Űɏɚɞɠ ŰŬ ŭɘɎűɞɟŬ ŬŰɡɢɐɛŬŰŬ, ˊɞɡ ɏɢɞɡɜ ůɡɛɓŮɑ əŬŰɎ əŬɘɟɞɨɠ 

(Three Mile Island, Chernobyl)57. 

 

ȳůɞɜ ŬűɞɟɎ ůŰɖɜ əŬŰɎůŰŬůɖ Űɞɡ ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ ˊɚŬɜɐŰɖ, ɖ ůɡɜɞɚɘəɐ 

ŮɜŮɟɔɧŰɖŰŬ 137Cs Űɞ ɏŰɞɠ 2000 ŮəŰɘɛɐɗɖəŮ ůŮ 0.35 EBq, ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ˊŬɔəɧůɛɘŬɠ 

ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ ůŮ 69%, ŮəŮɑɜɖ Űɖɠ Űɞˊɘəɐɠ ɟŬŭɘŮɜŮɟɔɞɨ 

ŮˊɑˊŰɤůɖɠ ůŮ 21%, ɖ ůɡɜŮɘůűɞɟɎ Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ŮˊŬɜŮˊŮɝŮɟɔŬůɑŬɠ ˊɡɟɖɜɘəɩɜ 

əŬɡůɑɛɤɜ ůŮ 7%, əŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ˊɡɟɖɜɘəɞɨ ŬŰɡɢɐɛŬŰɞɠ ůŰɞ Chernobyl ůŮ 3% 58. 

 

ɆŰɞɜ ɄɑɜŬəŬɠ 3.4 əŬŰŬɔɟɎűŮŰŬɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ ŮɜŮɟɔɞŰɐŰɤɜ 137Cs ůŰɞ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ˊɚŬɜɐŰɖ əŬŰɎ Űɞ ɏŰɞɠ 2000 əŬɘ ɖ ůɡɜŮɘůűɞɟɎ əɎɗŮ ɛɘŬɠ Ŭˊɧ Űɘɠ ˊɖɔɏɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ ũŮɤɔɟŬűɘəɞɨ ɄɚɎŰɞɡɠ. 
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ɄɑɜŬəŬɠ 3.4: ȺəŰɘɛɩɛŮɜɖ əŬŰŬɜɞɛɐ ůɡɔəŮɜŰɟɩůŮɤɜ ŮɜŮɟɔɧŰɖŰŬɠ 
137

Cs ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ˊɚŬɜɐŰɖ əŬŰɎ Űɞ ɏŰɞɠ 2000
58

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɄɑɜŬəŬɠ 3.5: Ɇɡɜɞɚɘəɐ Ůɘůɟɞɐ 
137

Cs ůŰɞɜ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ˊɚŬɜɐŰɖ  ɚɧɔɤ ɄŬɔəɧůɛɘŬɠ ɅŬŭɘŮɜŮɟɔɞɨ ȺˊɑˊŰɤůɖɠ ɏɤɠ Űɞ 2000
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 ȷɟəŰɘəɧɠ əŬɘ ȷŰɚŬɜŰɘəɧɠ ɋəŮŬɜɧɠ Ƚɜŭɘəɧɠ əŬɘ Ⱥɘɟɖɜɘəɧɠ ɋəŮŬɜɧɠ 
ɄŬɔəɧůɛɘɞɠ 
ɋəŮŬɜɧɠ 

ũŮɤɔɟŬűɘəɧ 
ɄɚɎŰɞɠ 

( 
ɞ 

) 

ɄŬɔəɧůɛɘŬ 
ɅŬŭɘŮɜŮɟɔɧɠ 
ȺˊɑˊŰɤůɖ 

(PBq) 

ɇɞˊɘəɐ 
ɅŬŭɘŮɜŮɟɔɧɠ 
ȺˊɑˊŰɤůɖ 

(PBq) 

ȺˊŮɝŮɟɔŬůɑŬ 
Ʉɡɟɖɜɘəɩɜ 
ȷˊɞɓɚɐŰɤɜ 

(PBq) 

ȷŰɨɢɖɛŬ 
Chernobyl 

(PBq) 

Ɉˊɞůɨɜɞɚɞ 
A 

(PBq) 

ɄŬɔəɧůɛɘŬ 
ɅŬŭɘŮɜŮɟɔɧɠ 
ȺˊɑˊŰɤůɖ 

(PBq) 

ɇɞˊɘəɐ 
ɅŬŭɘŮɜŮɟɔɧɠ 
ȺˊɑˊŰɤůɖ 

(PBq) 

Ɉˊɞůɨɜɞɚɞ 
ȸ 

(PBq) 
Ɇɨɜɞɚɞ (PBq) 

N 90 - 30 46.1 0.0 23.5 11.5 81.1 46.7 0.0 46.7 127.8 

N 30 ï 0 19.7 0.0 0.0 0.0 19.7 50.6 36.0 86.6 106.3 

S  0 ï 30 6.6 0.0 0.0 0.0 6.6 26.4 36.0 62.4 69.0 

S 30 ï 90 10.9 0.0 0.0 0.0 10.9 34.2 0.0 34.2 45.1 

Ɇɨɜɞɚɞ 83.4 0.0 23.5 11.5 118.4 157.8 72.0 229.8 348.2 

ũŮɤɔɟŬűɘəɧ ɄɚɎŰɞɠ 
(
ɞ 

) 
ȷɟəŰɘəɧɠ ɋəŮŬɜɧɠ 

(PBq) 
ȷŰɚŬɜŰɘəɧɠ ɋəŮŬɜɧɠ 

(PBq) 
Ƚɜŭɘəɧɠ ɋəŮŬɜɧɠ 

(PBq) 
Ⱥɘɟɖɜɘəɧɠ ɋəŮŬɜɧɠ 

(PBq) 
ɄŬɔəɧůɛɘɞɠ ɋəŮŬɜɧɠ 

(PBq) 
ȺɛɓŬŭɧɜ ȺˊɘűɎɜŮɘŬɠ 

( x 10
12

 m
2
 ) 

N 90 ï 60 7.4 16.3 0.0 2.1 25.8 17.2 

N 60 ï 30 0 91.7 0.0 114.6 206.2 46.8 

N 30 ï 0 0 49.3 21.3 105.3 175.8 90.6 

S 0 ï 30 0 16.5 23.4 42.6 82.4 98.0 

S 30 ï 60 0 24.6 36.0 41.3 101.9 88.2 

S 60 ï 90 0 2.7 3.4 4.8 10.9 20.4 

Ɇɨɜɞɚɞ 7.4 201.1 84.0 310.6 603.0 361.1 
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3.5.1 ȹɞəɘɛɏɠ ˊɡɟɖɜɘəɩɜ ɧˊɚɤɜ 

 

Ƀɘ ŭɞəɘɛɏɠ Űɤɜ ˊɡɟɖɜɘəɩɜ ɧˊɚɤɜ ɝŮəɑɜɖůŬɜ ˊŮɟɑ Űɞ 1945 ůŰɞ Ɂɏɞ ɀŮɝɘəɧ Űɤɜ ȼɄȷ əŬɘ 

ŮɑɢŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɄŬɔəɧůɛɘŬ ɅŬŭɘŮɜŮɟɔɧ ȺˊɑˊŰɤůɖ (Global Fallout). ɀŮ ŮɝŬɑɟŮůɖ Űɖ 

ũŬɚɚɑŬ əŬɘ Űɖɜ ȾɑɜŬ ˊɞɡ Űɘɠ ůɡɜɏɢɘůŬɜ ɏɤɠ Űɞ 1981, ɞɘ ŮˊɑɔŮɘŮɠ ˊɡɟɖɜɘəɏɠ ŭɞəɘɛɏɠ, Űɤɜ 

ɞˊɞɑɤɜ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ɝŮˊŮɟɜɎ Űɘɠ 520, ůŰŬɛɎŰɖůŬɜ Űɞ 1963 ɞˊɧŰŮ 

ŬɜŰɘəŬŰŬůŰɎɗɖəŬɜ Ŭˊɧ Űɘɠ ɡˊɧɔŮɘŮɠ, ɞɘ ɞˊɞɑŮɠ ůɡɜŮɢɑɕɞɜŰŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ, ɛŮ ˊɞɚɨ 

ɛɘəɟɧŰŮɟɖ ɧɛɤɠ ŮˊɘɓɎɟɡɜůɖ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ ɛŮ 137Cs59. ɄɞůɞůŰɧ Ɏɜɤ Űɞɡ 90% Űɖɠ 

ůɡɜɞɚɘəɐɠ ɟŬŭɘŮɜŮɟɔɞɨ ɟɨˊŬɜůɖɠ Űɞɡ ˊɚŬɜɐŰɖ ɛŮ 137Cs, ˊŬɟɐɢɗɖ Űɖɜ ˊŮɟɑɞŭɞ ɏɜŰŬůɖɠ 

Űɤɜ ŭɞəɘɛɩɜ, ɛŮŰŬɝɨ 1945 əŬɘ 1962 125. 

 

ȼ ˊŬɔəɧůɛɘŬ ɟŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ ŬˊŮŰɏɚŮůŮ ɔɘŬ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ ůɖɛŬɜŰɘəɐ ˊɖɔɐ 137Cs, ŬɚɚɎ ŮˊɘɓɎɟɡɜŮ əɡɟɑɤɠ Űɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ Űɞɡ 

ˊɚŬɜɐŰɖ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ Űɞɡ ɞˊɞɑɞɡ ŮɘůɐɔŬɔŮ, ůɡɜɞɚɘəɎ, ˊɞůɧŰɖŰŬ 137Cs ŮɜŮɟɔɧŰɖŰŬɠ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 7.4 x 1017 Bq60. ɀŮŰɎ Űɞ 1962, ɞˊɧŰŮ ɏɚɖɝŮ ɖ ˊŮɟɑɞŭɞɠ ɏɜŰŬůɖɠ Űɤɜ 

ŭɞəɘɛɩɜ, ɖ ůɢŮŰɘəɐ ůɡɜŮɘůűɞɟɎ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ Űɤɜ ˊɡɟɖɜɘəɩɜ 

ŭɞəɘɛɩɜ ůŰɖ ůɡɜɞɚɘəɐ ˊɞůɧŰɖŰŬ 137Cs ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɛŮɘɩɜŮŰŬɘ, ɚɧɔɤ Űɖɠ űɡůɘəɐɠ Űɞɡ 

ŭɘɎůˊŬůɖɠ118. ȿɧɔɤ Űɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ əŬɘ ůŮɘɟɎɠ 

ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ŰŬ ˊɞůɎ 137Cs ˊɞɡ ŮɘůɐɚɗŬɜ ůŰɖɜ ŰɟɞˊɧůűŬɘɟŬ, 

ŮˊɘɓɎɟɡɜŬɜ ɘŭɘŬɑŰŮɟŬ, Űɖɜ ŮɨəɟŬŰɖ ɕɩɜɖ Űɞɡ ɓɞɟŮɑɞɡ ɖɛɘůűŬɘɟɑɞɡ Űɞɡ ˊɚŬɜɐŰɖ (40ɞɁ ï 

50ɞɁ)59, ůŰɖɜ ɞˊɞɑŬ ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ŮɘŭɘəɧŰŮɟɖ əɘ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ȼ 

ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ ůɡɜŮŰɏɚŮůŮ ůŰɖɜ ŮɡɟŮɑŬ ŭɘŬůˊɞɟɎ 

Űɞɡ 137Cs Űɖɠ ˊŬɔəɧůɛɘŬɠ ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ əŬɘ ůŰɖɜ Ŭˊɞűɡɔɐ ŭɖɛɘɞɡɟɔɑŬɠ 

ɡɣɖɚɩɜ ŰɞˊɘəɎ ůɡɔəŮɜŰɟɩůŮɤɜ ŮɜŮɟɔɧŰɖŰŬɠ121. 

 

ɆŰɞɜ ɄɑɜŬəŬɠ 3.5 əŬŰŬɔɟɎűŮŰŬɘ ɖ ůɡɜɞɚɘəɐ Ůɘůɟɞɐ 137Cs ůŰɞ ɗŬɚɎůůɘɞ ɢɩɟɞ Űɞɡ ˊɚŬɜɐŰɖ 

ɚɧɔɤ Űɖɠ ɄŬɔəɧůɛɘŬɠ ɅŬŭɘŮɜŮɟɔɞɨ ȺˊɑˊŰɤůɖɠ Űɤɜ ŭɞəɘɛɩɜ Űɤɜ ˊɡɟɖɜɘəɩɜ ɧˊɚɤɜ, ŬɜɎ 

ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ əŬɘ ŬɜɎ ɕɩɜɖ ũŮɤɔɟŬűɘəɞɨ ɄɚɎŰɞɡɠ. ɆŰɖɜ ȺɘəɧɜŬ 3.3 ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ŭɘŬɔɟŬɛɛŬŰɘəɎ ɖ ůɢŮŰɘəɐ ŮˊɘɓɎɟɡɜůɖ ůɡɜɘůŰɤůɩɜ Űɞɡ ˊɚŬɜɖŰɘəɞɨ ɗŬɚɎůůɘɞɡ ɢɩɟɞɡ ɛŮ 

137Cs ɚɧɔɤ Űɖɠ ɄŬɔəɧůɛɘŬɠ ɅŬŭɘŮɜŮɟɔɞɨ ȺˊɑˊŰɤůɖɠ Űɤɜ ŭɞəɘɛɩɜ Űɤɜ ˊɡɟɖɜɘəɩɜ 

ɧˊɚɤɜ. ɆŰɖɜ ȺɘəɧɜŬ 3.4 ŬˊŮɘəɞɜɑɕŮŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ ɞ ɔŮɤɔɟŬűɘəɧɠ əŬŰŬɛŮɟɘůɛɧɠ əŬŰɎ 

ɕɩɜɖ ũŮɤɔɟŬűɘəɞɨ ɄɚɎŰɞɡɠ Űɖɠ ŮˊɘɓɎɟɡɜůɖɠ ɛŮ 137Cs Űɞɡ ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ 

ˊɚŬɜɐŰɖ əŬɘ ˊɟɞəɨˊŰŮɘ ɖ ŭɡůŬɜɎɚɞɔŬ ɡɣɖɚɐ Ůɘůɟɞɐ 137Cs ůŰɖɜ ɔŮɤɔɟŬűɘəɐ ɕɩɜɖ ˊɞɡ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ŮɘŭɘəɧŰŮɟɖ əŬɘ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. 
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1 2 3 4

1 ȷɟəŰɘəɧɠ     1%

2 ȷŰɚŬɜŰɘəɧɠ  33% 

3 Ƚɜŭɘəɧɠ         14%

4 Ⱥɘɟɖɜɘəɧɠ     52%

 

ȺɘəɧɜŬ 3.3: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Ůɘůɟɞɩɜ 
137

Cs ůŮ ůɡɜɘůŰɩůŮɠ Űɞɡ ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡ ˊɚŬɜɐŰɖ 
ɚɧɔɤ Űɖɠ ɄŬɔəɧůɛɘŬɠ ɅŬŭɘŮɜŮɟɔɞɨ ȺˊɑˊŰɤůɖɠ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ ɏɤɠ Űɞ 2000
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ȺɘəɧɜŬ 3.4: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɔŮɤɔɟŬűɘəɞɨ əŬŰŬɛŮɟɘůɛɞɨ Ůɘůɟɞɩɜ 
137

Cs ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

ˊɚŬɜɐŰɖ ɚɧɔɤ Űɖɠ ɄŬɔəɧůɛɘŬɠ ɅŬŭɘŮɜŮɟɔɞɨ ȺˊɑˊŰɤůɖɠ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ, ɏɤɠ Űɞ ɏŰɞɠ 2000
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3.5.2 ȺɚŮɔɢɧɛŮɜɖ Ŭˊɧɟɟɘɣɖ ɡɔɟɩɜ ŬˊɞɓɚɐŰɤɜ Ŭˊɧ ˊɡɟɖɜɘəɞɨɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ 

əŬɘ ɛɞɜɎŭŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɡɟɖɜɘəɩɜ əŬɡůɑɛɤɜ 

 

ȼ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ůŰŮɟŮɩɜ, ɡɔɟɩɜ əɘ Ŭɏɟɘɤɜ ɟŬŭɘŮɜŮɟɔɩɜ ŬˊɞɓɚɐŰɤɜ Ŭˊɧ ˊɡɟɖɜɘəɞɨɠ 

ŬɜŰɘŭɟŬůŰɐɟŮɠ əŬɘ ɛɞɜɎŭŮɠ ŮˊŬɜŮˊŮɝŮɟɔŬůɑŬɠ ˊɡɟɖɜɘəɩɜ əŬɡůɑɛɤɜ, ɖ ɞˊɞɑŬ ˊŬɟŬɛɏɜŮɘ 

ɎɚɡŰɞɠ ŮˊɘůŰɖɛɞɜɘəɧɠ əŬɘ ŰŮɢɜɞɚɞɔɘəɧɠ ɔɟɑűɞɠ əŬɘ ŮɚəɡůŰɘəɐ ˊɟɧəɚɖůɖ ɔɘŬ Űɖ ŭɘŮɗɜɐ 

ŮɟŮɡɜɖŰɘəɐ əɞɘɜɧŰɖŰŬ, ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ Ůɘůɟɞɐ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ 137Cs ůŮ ɗŬɚɎůůɘŮɠ 

ˊŮɟɘɞɢɏɠ Űɞɡ ˊɚŬɜɐŰɖ61 62 63 64. 

 

ȷˊɞŰŮɚɞɨɜ ůɖɛŮɘŬəɏɠ ˊɖɔɏɠ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ñŰɞˊɘəɎò ɡɣɖɚɏɠ  Űɘɛɏɠ 

ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ 137Cs121. ɄɟɞůɗɏŰɞɡɜ ŮŰɐůɘŬ ŭɧůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 ɛSv ůŰɞɜ 

ɛɏůɞ əɎŰɞɘəɞ Űɞɡ ˊɚŬɜɐŰɖ59. ȼ ůɢŮŰɘəɐ ůˊɞɡŭŬɘɧŰɖŰŬ Űɞɡ 137Cs ůŰŬ ɟŬŭɘŮɜŮɟɔɎ ŬˊɧɓɚɖŰŬ 

ɛŮɘɩɜŮŰŬɘ ɛŮ Űɞ ɢɟɧɜɞ, ɚɧɔɤ Űɞɡ ůɢŮŰɘəɎ ɛɘəɟɞɨ ɢɟɧɜɞɡ űɡůɘəɞɨ ɡˊɞŭɘˊɚŬůɘŬůɛɞɨ Űɞɡ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ůɜɩ ŬɟɢɘəɎ ůŮ əŬŰŬɜŬɚɤɗɏɜ ˊɡɟɖɜɘəɧ əŬɨůɘɛɞ, Űɞ 137Cs ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 

33% Űɖɠ ɞɚɘəɐɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ, 300 ɢɟɧɜɘŬ ŬɟɔɧŰŮɟŬ ŬɜŰɘůŰɞɘɢŮɑ ɛɧɚɘɠ ůŰɞ 6% ŬɡŰɐɠ65 66 

118. 

 

ȼ ůɢŮŰɘəɐ ŮˊɘɓɎɟɡɜůɖ ůŮ 137Cs Ŭˊɧ Űɖ ŭɘŬɢŮɑɟɘůɖ ɟŬŭɘŮɜŮɟɔɩɜ ŬˊɞɓɚɐŰɤɜ ɔɘŬ Űɞ ȷɘɔŬɑɞ 

ɐ Űɞ Ƚɧɜɘɞ ɄɏɚŬɔɞɠ ŮəŰɘɛɎŰŬɘ ɤɠ ŬůɐɛŬɜŰɖ, ɚɧɔɤ ŬˊɞɡůɑŬɠ ůɢŮŰɘəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ ůŰɖɜ 

ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ67 68. ũɘŬ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ˊɚɏɞɜ ŮˊɘɓŬɟɡɛɏɜŮɠ ɛŮ 137Cs ɗŬɚɎůůɘŮɠ 

ˊŮɟɘɞɢɏɠ Űɞɡ ˊɚŬɜɐŰɖ, ɧˊɤɠ ɖ ŪɎɚŬůůŬ ȾɎɟŬ, ɖ ŪɎɚŬůůŬ ɀˊɎɟŮɜŰɠ, ɖ ŪɎɚŬůůŬ 

ɆəɎɔəŮɟɟŬə, Űɞ ȷɔɔɚɘəɧ ȾŬɜɎɚɘ əŬɘ ɎɚɚŬ ɗŬɚɎůůɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ ˊɞɡ ɔŮɘŰɜɘɎɕɞɡɜ ɛŮ 

ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ, ɞɘ ɞˊɞɑŮɠ ŭɘŬɗɏŰɞɡɜ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŬɜŮˊŮɝŮɟɔŬůɑŬɠ ˊɡɟɖɜɘəɩɜ 

əŬɡůɑɛɤɜ ɧˊɤɠ ɖ La Hague ůŰɖ ũŬɚɚɑŬ əŬɘ ɖ Sellafield ůŰɖɜ ȷɔɔɚɑŬ, ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŬɡŰɏɠ ŬɚɚɎ əŬɘ ɖ Ŭˊ` ŮɡɗŮɑŬɠ Ŭˊɧɟɟɘɣɖ ɟŬŭɘŮɜŮɟɔɩɜ ŬˊɞɓɚɐŰɤɜ, ɡˊɐɟɝŬɜ ɖ əɨɟɘŬ ˊɖɔɐ 

137Cs69 70 71 72 73 74 75 76. 

 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɢŬɛɖɚɞɨ ɟŬŭɘŮɜŮɟɔɞɨ űɞɟŰɑɞɡ ŬˊɧɓɚɖŰŬ ŬˊɞɟɟɑˊŰɞɜŰŬɜ Ŭˊɧ Űɖɜ 

ˊɡɟɖɜɘəɐ ɛɞɜɎŭŬ Sellafield ůŰɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ ůŰɖ ɗɎɚŬůůŬ Űɖɠ ȽɟɚŬɜŭɑŬɠ Ŭˊɧ Űɞ 

1950. ɇɞ ɑŭɘɞ ŬˊɧɓɚɖŰɞ ŮɑɢŮ ˊŬɟɎɚɚɖɚŬ 15 űɞɟɏɠ ɡɣɖɚɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ ůŮ 137Cs, ůŮ 

ůɢɏůɖ ɛŮ Űɞ ɓɟŬɢɨɓɘɞ ɘůɧŰɞˊɞ 134Cs. ɇɞ ˊɞůɧ Űɞɡ 137Cs, ˊɞɡ ŮɚŮɡɗŮɟɩɗɖəŮ ɤɠ Űɞ 1990, 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ˊɎɜɤ Ŭˊɧ 4 x 1016 Bq 77. ɆŰŬ ˊɟɧůűŬŰŬ ɢɟɧɜɘŬ, ɧɛɤɠ, ŰŬ ŮˊɑˊŮŭŬ 

Ůəˊɞɛˊɐɠ 137Cs ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɏɢɞɡɜ ɛŮɘɤɗŮɑ ůɖɛŬɜŰɘəɎ 78. ɄɟɏˊŮɘ ɜŬ ɡˊɞɔɟŬɛɘůŰŮɑ ɧŰɘ 

ŬˊɧɓɚɖŰŬ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ, ŭɘŬűɧɟɤɜ ɛɞɜɎŭɤɜ, ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ůŮ ɟŬŭɘŮɜŮɟɔɧ 

ˊŮɟɘŮɢɧɛŮɜɞ66. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊɡɟɖɜɘəɐ ɛɞɜɎŭŬ Loviisa ůŰɖ ūɘɚŬɜŭɑŬ ɖ 
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ŮɜŮɟɔɧŰɖŰŬ Űɞɡ 137Cs ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ ůŰɖ ɛɞɜɎŭŬ ŭɘŬɢŮɑɟɘůɖɠ ɡŭɎŰɤɜ əŬɘ ůŰɞɜ 

ŮɝŬŰɛɘůŰɐɟŬ ŬˊɞɓɚɐŰɤɜ (ŭɘŬűɞɟɎ 6 x 105 Bq l-1)79. 

 

ɆŰɖɜ ȺɘəɧɜŬ 3.5 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɤɜ Ŭˊɞɟɟɞɩɜ 137Cs ůŰɞ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ɔŮɘŰɜɘɎɕŮɘ ɛŮ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŬɜŮˊŮɝŮɟɔŬůɑŬɠ ˊɡɟɖɜɘəɩɜ əŬɡůɑɛɤɜ 

Sellafield ȷɔɔɚɑŬɠ əŬɘ La Hague ũŬɚɚɑŬɠ. ȼ ȺɘəɧɜŬ 3.6 ŬˊɞŰŮɚŮɑ ŭɘŬɔɟŬɛɛŬŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ Űɖɠ ɢɟɞɜɘəɐɠ Ůɝɏɚɘɝɖɠ Űɖɠ ůɡɜɞɚɘəɐɠ ŮŰɐůɘŬɠ Ůɘůɟɞɐɠ 137Cs ůŰɞ ȸɧɟŮɘɞ 

ȼɛɘůűŬɑɟɘɞ ɛŮŰŬɝɨ 1955 əŬɘ 1990. 

 

 

ȺɘəɧɜŬ 3.5: ɆɡɔəɟɘŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŮŰɐůɘɤɜ Ŭˊɞɟɟɞɩɜ 
137

Cs ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ˊɡɟɖɜɘəɩɜ əŬɡůɑɛɤɜ Sellafield ȷɔɔɚɑŬɠ əŬɘ La Hague ũŬɚɚɑŬɠ
62

 

 

 

 

ȺɘəɧɜŬ 3.6: ɉɟɞɜɘəɐ Ůɝɏɚɘɝɖ ŮŰɐůɘŬɠ Ůɘůɟɞɐɠ 
137

Cs ůŰɞ ȸɧɟŮɘɞ ȼɛɘůűŬɑɟɘɞ ɛŮŰŬɝɨ 1955 əŬɘ 1990
80
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3.5.3 Ⱥəˊɞɛˊɏɠ Ŭˊɧ ŬŰɡɢɐɛŬŰŬ 

 

ȼ ůɡɛɓɞɚɐ Űɤɜ ŬŰɡɢɖɛɎŰɤɜ ůŮ ˊɡɟɖɜɘəɏɠ ɛɞɜɎŭŮɠ, ůŰɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ 137Cs ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ ŮɑɜŬɘ əŬŰɎ ɛɏůɞɜ ɧɟo, ˊɞɚɚɏɠ ŰɎɝŮɘɠ ɛŮɔɏɗɞɡɠ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŮəŮɑɜɖ Űɤɜ 

ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ81. ɇŬ ˊɡɟɖɜɘəɎ ŬŰɡɢɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜ ůɖɛŮɘŬəɏɠ ˊɖɔɏɠ 137Cs əŬɘ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ ɜŬ ɞŭɖɔɐůɞɡɜ ɛɧɜɞ ŰɞˊɘəɎ ůŮ ɡɣɖɚɏɠ Űɘɛɏɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ82. ɆŮ 

ŮˊɑˊŮŭɞ ˊɚŬɜɐŰɖ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡɠ ůŰɖɜ Ůɘůɟɞɐ 137Cs ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ. ɆŰɞ 

ůɞɓŬɟɧŰŮɟɞ ˊɡɟɖɜɘəɧ ŬŰɨɢɖɛŬ, ůŰɞ Chernobyl Űɞ 1986, ŬˊŮɚŮɡɗŮɟɩɗɖəŬɜ (ɛɏůɖ Űɘɛɐ Ñ 

Űɡˊɘəɐ Ŭˊɧəɚɘůɖ), (8.5 Ñ 2.6) x 1016 Bq 137Cs83 100, ˊɞůɧŰɖŰŬ ˊɞɡ ŮɑɜŬɘ 40 űɞɟɏɠ 

ɛɘəɟɧŰŮɟɖ, ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜɖ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ84. Ⱥɘŭɘəɐ ɡˊɞˊŮɟɑˊŰɤůɖ 

ŭɡɜɖŰɘəɐɠ ŭɘŬɟɟɞɐɠ 137Cs ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɚɧɔɤ ˊɡɟɖɜɘəɞɨ ŬŰɡɢɐɛŬŰɞɠ ŬˊɞŰŮɚɞɨɜ ŰŬ 

ˊɡɟɖɜɞəɑɜɖŰŬ ɡˊɞɓɟɨɢɘŬ əŬɘ ŰŬ ɛŮŰŬűɏɟɞɜŰŬ ɟŬŭɘŮɜŮɟɔɎ ɡɚɘəɎ ůəɎűɖ85 86. 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɟŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ (fallout) Ŭˊɧ Űɞ ŬŰɨɢɖɛŬ Űɞɡ Chernobyl 

ŮɛűŬɜɑůŰɖəŮ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ, ŮɝŬɘŰɑŬɠ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ əŬŰɎ Űɖɜ ˊɟɩŰɖ 

ŮɓŭɞɛɎŭŬ ɛŮŰɎ Űɖɜ ˊɟɩŰɖ ɏəɟɖɝɖ87. ɀŮŰŬɔŮɜɏůŰŮɟŮɠ ɏɟŮɡɜŮɠ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ɏɜŰŬůɖ Űɤɜ 

ɓɟɞɢɞˊŰɩůŮɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊɑˊŰɤůɖɠ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ŬɝɘɞůɖɛŮɑɤŰɞ ŬˊɞŰɏɚŮůɛŬ 

ůŰɞ ɓɎɗɞɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 137Cs ůŰɞ ɏŭŬűɞɠ88. ȼ ŮˊɑˊŰɤůɖ Űɞɡ 137Cs ůŮ ŭŮɑɔɛŬŰŬ 

ŮŭɎűɞɡɠ ůŮ ɛɘŬ ŬəŰɑɜŬ 30 km Ŭˊɧ Űɞɜ ˊɡɟɖɜɘəɧ ŬɜŰɘŭɟŬůŰɐɟŬ ɐŰŬɜ ˊŮɟɑˊɞɡ 1010 Bq m-2. 

ȺˊɘˊɟɧůɗŮŰŬ, ɞɘ Űɞˊɘəɞɑ ɎɜŮɛɞɘ əŬɘ ɓɟɞɢɞˊŰɩůŮɘɠ, ˊɞɡ ŮˊɘəɟŬŰɞɨůŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ, 

ŮɑɢŬɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ ůŰŬ ˊɟɞɓɚŮˊɧɛŮɜŬ ŮˊɑˊŮŭŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ 

ɟŬŭɘŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖɜ ɟŬŭɘŮɜŮɟɔɧ ŮˊɑˊŰɤůɖ (fallout)89. 

 

Ⱥˊɘˊɚɏɞɜ, ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɧŰɘ Űɞ 137Cs, ˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ ŬɜɩŰŮɟɞɡɠ ɛɨəɖŰŮɠ ůŮ 

ˊŮɟɘɞɢɏɠ Űɖɠ ɁɞɟɓɖɔɑŬɠ90, ɧˊɤɠ əŬɘ ɛɘŬ Ŭɨɝɖůɖ Űɞɡ 137Cs ůŮ ˊɞɚɚɏɠ ȺɡɟɤˊŬɥəɏɠ ɢɩɟŮɠ, 

ɞűŮɑɚɞɜŰŬɘ ůŰɞ ŬŰɨɢɖɛŬ Űɞɡ Chernobyl91. ȯɚɚŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ ɖ ŬɜɑɢɜŮɡůɖ ŮɚŬűɟɩɠ 

Ŭɡɝɖɛɏɜɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ 137Cs ůŮ Ůɑŭɖ ɛŬɜɘŰŬɟɘɩɜ ůŰɖ ȸŬɡŬɟɑŬ əŬɘ ɖ Ŭɨɝɖůɖ əŬŰɎ 

50% Űɖɠ ɞɚɘəɐɠ ɘůɞŭɨɜŬɛɖɠ ŭɧůɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ɏɜŬ ˊɚɖɗɡůɛɧ Ůɜɖɚɑəɤɜ ůŰɖ 

ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐ ɄɞɚɤɜɑŬ92. ɇɞ ɔŮɜɘəɧ ůɡɛˊɏɟŬůɛŬ ŮɑɜŬɘ ˊɤɠ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ 137Cs, 

ˊɞɡ ŬˊɞŭɑŭɞɜŰŬɘ ůŰɞ ŬŰɨɢɖɛŬ Űɞɡ Chernobyl, ŬɡɝɐɗɖəŬɜ ɛɧɜɞ ŰɞˊɘəɎ əŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ŬəŰɑɜŬ Ŭˊɧ Űɞɜ əŬŰŮůŰɟŬɛɛɏɜɞ ˊɡɟɖɜɘəɧ ŬɜŰɘŭɟŬůŰɐɟŬ Űɖɠ ɛɞɜɎŭŬɠ. 

 

ȼ ˊɞůɧŰɖŰŬ Űɞɡ 137Cs ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, əŬɗɞɟɑɕŮɘ Űɞ ɓŬɗɛɧ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ Űɞɡ ˊɡɟɖɜɘəɞɨ ŬŰɡɢɐɛŬŰɞɠ, ŭɘɧŰɘ ɖ ŭɘŬɟɟɞɐ 137Cs ůɡɜŭɏŮŰŬɘ ɛŮ ɓɚɎɓɖ 

ůŰɖɜ əŬɟŭɘɎ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ. ȷˊɧ ŰŬ 14 ůɞɓŬɟɎ ˊɡɟɖɜɘəɎ ŬŰɡɢɐɛŬŰŬ ˊɞɡ 

ůɖɛŮɘɩɗɖəŬɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɘůŰɞɟɑŬɠ Űɖɠ ɢɟɐůɖɠ Űɖɠ ˊɡɟɖɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ůŰŬ 
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ɞˊɞɑŬ ůɡɜɏɓɖ ɓɚɎɓɖ ůŰɖɜ əŬɟŭɘɎ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, ɏəɚɡůɖ ůɖɛŬɜŰɘəɐɠ ˊɞůɧŰɖŰŬɠ 137Cs 

ˊŬɟŬŰɖɟɐɗɖəŮ  ůŰŬ ŬŰɡɢɐɛŬŰŬ ůŰɞ Windscale ůŰɖɜ ȷɔɔɚɑŬ Űɞ 1957 əŬɘ ůŰɞ Chernobyl 

ůŰɖɜ ɃɡəɟŬɜɑŬ Űɞ 1986. ȹŮɡŰŮɟŮɨɞɡůŬɠ ůɖɛŬůɑŬɠ ˊɡɟɖɜɘəɎ ŬŰɡɢɐɛŬŰŬ ɢŬɟŬəŰɖɟɑůŰɖəŬɜ 

ŰŬ ŬŰɡɢɐɛŬŰŬ ůŰɞ Three-ɀile Ƚsland Űɤɜ ȼɄȷ Űɞ 1979, ůŰɞ Saint Laurent Űɖɠ ũŬɚɚɑŬɠ Űɞ 

1980, ůŰɞ Vandellos Űɖɠ ȽůˊŬɜɑŬɠ Űɞ 1989, ůŰɞ Sosnowy Bor Űɖɠ ɅɤůɑŬɠ Űɞ 1992 əŬɗɩɠ 

əŬɘ ɖ ˊŰɩůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ Transit 5ȸɁ-3 əŬɘ Űɞɡ SNAP 9A ůŰɞɜ Ƚɜŭɘəɧ ɤəŮŬɜɧ Űɞ 

196493 94 95 96 97 98. Ⱥˊɘˊɚɏɞɜ, Űɞ 137Cs ˊɞɡ ŬˊɞŭŮůɛŮɨŮŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɨůŰŮɟŬ Ŭˊɧ 

ˊɡɟɖɜɘəɧ ŬŰɨɢɖɛŬ, ˊŬɟɞɡůɘɎɕŮɘ Ŭɡɝɖɛɏɜɖ əɘɜɖŰɘəɧŰɖŰŬ ůŮ ɡŭɎŰɘɜŬ ɞɘəɞůɡůŰɐɛŬŰŬ ůŮ 

ůɢɏůɖ ɛŮ ŮəŮɑɜɞ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ99. 

 

 

3.6 ȺɄȽȹɅȷɆȼ ɇɃɈ ȷɇɈɉȼɀȷɇɃɆ ɇɃɈ CHERNOBYL ɆɇɃ ŪȷȿȷɆɆȽɃ ɄȺɅȽȸȷȿȿɃɁ 

ɀȺ ȺɀūȷɆȼ Ɇɇȼ ɀȺɆɃũȺȽɃ ŪȷȿȷɆɆȷ 

 

ɆŰɞ ŭɘɎůŰɖɛŬ 26 ȷˊɟɘɚɑɞɡ ɛŮ 1 Ƚɞɡɜɑɞɡ 1986 ɖ ɏəɟɖɝɖ, ˊɞɡ ŮəŭɖɚɩɗɖəŮ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ 

4 Űɞɡ Chernobyl əŬɘ ɖ űɤŰɘɎ, ˊɞɡ ŬəɞɚɞɨɗɖůŮ Űɖɜ ɏəɟɖɝɖ, ɞŭɐɔɖůŮ ůŮ ŮəɚɨůŮɘɠ Ůɜɧɠ Ůɡɟɏɞɡ 

űɎůɛŬŰɞɠ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ Ŭˊɧ Űɞ ɟŬŭɘŮɜŮɟɔɧ ɜɏűɞɠ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŮˊɧɛŮɜɤɜ 

ɖɛŮɟɩɜ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ ɛŮɔɎɚɖɠ ɏəŰŬůɖɠ ůŰɖ ɀŮůɧɔŮɘɞ ɗɎɚŬůůŬ ŭɏɢŰɖəŬɜ Űɖɜ ŮˊɑŭɟŬůɖ 

Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ (fallout). ȷˊŮɚŮɡɗŮɟɩɗɖəŬɜ ˊŮɟɑˊɞɡ 11 ȺBq ɟŬŭɘŮɜŮɟɔɩɜ 

ůɡůŰŬŰɘəɩɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ100, Ůɜɩ ůɡɜɞɚɘəɎ ŬˊɞŰɏɗɖəŬɜ ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ 2400 TBq 

137Cs, ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ 20 ï 40 % Űɞɡ 137Cs ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɗɖəŮ Ŭˊɧ Űɞɜ 

əŬŰŮůŰɟŬɛɛɏɜɞ ŬɜŰɘŭɟŬůŰɐɟŬ. ȼ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ ɔɘŬ Űɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ ɐŰŬɜ 530 TBq, ɔɘŬ Űɞ 

Ƚɧɜɘɞ, ɔɘŬ ɛɘŬ ˊŮɟɘɞɢɐ 50 km ɛŬəɟɘɎ Ŭˊɧ Űɘɠ ŬəŰɏɠ, 40 TBq, Ůɜɩ ɔɘŬ Űɖɜ ȷŭɟɘŬŰɘəɐ 1000 

TBq112. ũɘŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 10 ɢɟɧɜɘŬ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ, ɖ ˊŮɟɘɞɢɐ Űɞɡ ˊɡɟɖɜɘəɞɨ 

ŬɜŰɘŭɟŬůŰɐɟŬ Űɞɡ Chernobyl ɐŰŬɜ ɖ əɡɟɘɧŰŮɟɖ ŮˊɑɔŮɘŬ ɢɟɧɜɘŬ ˊɖɔɐ ɟɨˊŬɜůɖɠ Űɖɠ ɀŬɨɟɖɠ 

ŪɎɚŬůůŬɠ, ɛɏůɤ Űɤɜ ˊɞŰŬɛɩɜ Pripyat əŬɘ Dnieper. ȺɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ɞɘ ˊɞŰŬɛɞɑ ŬɡŰɞɑ 

Ůəɟɏɞɡɜ ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ ɛŮŰŬűɏɟɞɡɜ, ɛɏůɤ Űɤɜ ŭɘŮɟɔŬůɘɩɜ Ŭˊɞɟɟɞɐɠ, ɘɕɐɛŬŰŬ 

ɟɡˊŬɑɜɞɜŰŬɠ Űɖ ɓɞɟŮɘɞŭɡŰɘəɐ ɀŬɨɟɖ ŪɎɚŬůůŬ. ȰŰůɘ, Űɞ 137Cs ŮˊŬɜŬɘɤɟŮɑŰŬɘ əŬɘ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ˊɤɠ ˊɞůɧŰɖŰŬ 250 TBq ˊŬɟŬɛɏɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ŭɘŬůˊŮɑɟŮŰŬɘ ůŮ ɓɎɗɖ 

Ŭˊɧ 0 ɏɤɠ 50 m, ˊŮɟɜɩɜŰŬɠ ůŰɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ, ɛɏůɤ Űɖɠ ɗɎɚŬůůŬɠ Űɞɡ ɀŬɟɛŬɟɎ əŬɘ Űɞɡ 

ůŰŮɜɞɨ Űɤɜ ȹŬɟŭŬɜŮɚɑɤɜ. 

 

ȼ ŰŬɢɨŰɖŰŬ Ŭˊɞɟɟɞɐɠ Űɞɡ 137Cs ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ, ůŮ ɓɎɗɞɠ 0 ɏɤɠ 50 m ɔɘŬ ŰŬ ɏŰɖ 1987 

- 1993 ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

0.10325.5 tv e-=  100 
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ɧˊɞɡ ɜ ɖ ŰŬɢɨŰɖŰŬ Ůəɟɞɐɠ Űɞɡ 137Cs ůŮ TBq / ɢɟɧɜɞ 

əŬɘ t ɞ ɢɟɧɜɞɠ ůŮ ɢɟɧɜɘŬ 

 

ɆɡɜŮˊɩɠ, ɖ ɀŬɨɟɖ ŪɎɚŬůůŬ ŬɜŮűɏɟŮŰŬɘ ɤɠ ůɖɛŮɑɞ əɚŮɘŭɑ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ɟɨˊŬɜůɖɠ Űɞɡ 

ȷɘɔŬɑɞɡ ɄŮɚɎɔɞɡɠ (ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞɠ). ɆɨɛűɤɜŬ ɛŮ əɎˊɞɘŮɠ ɛŮŰɟɐůŮɘɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɞɡ 1993 ŮəűɞɟŰɩɗɖəŬɜ ůŰɞ ȷɘɔŬɑɞ ˊŮɟɑˊɞɡ 48 TBq 137Cs101. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ Űɖɜ 

ȷŭɟɘŬŰɘəɐ, ɧˊɞɡ ɧɚɞɘ ɞɘ ˊɡɟɖɜɘəɞɑ ŬɜŰɘŭɟŬůŰɐɟŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ, əɡɟɑɤɠ Űɖɠ ȽŰŬɚɑŬɠ, ɏəɚŮɘůŬɜ 

Űɞ 1987, ˊɞɚɨ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ ůɡɜɏɢɘɕŬɜ ɜŬ ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ 

əŬɘ ɜŬ Ůəɟɏɞɡɜ, ɛɏůɤ Űɞɡ ˊɞŰŬɛɞɨ Po, ůŮ ŬɡŰɐ. ȺəŰɧɠ, ɧɛɤɠ, Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ əɨɟɘŮɠ 

ˊɖɔɏɠ ɟɨˊŬɜůɖɠ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, ˊɟɞůŰɑɗŮɜŰŬɘ əŬɘ ɛŮɚɚɞɜŰɘəɏɠ ˊɖɔɏɠ, ɧˊɤɠ ɖ 

əŬŰŬůəŮɡɐ ɜɏɞɡ ˊɡɟɖɜɘəɞɨ ŮɟɔɞůŰŬůɑɞɡ ůŰɞ Akkuyu ůŰŬ ŰɞɡɟəɘəɎ ˊŬɟɎɚɘŬ əŬɘ ůŮ ˊŮɟɘɞɢɐ 

Űɖɠ ȷɚɓŬɜɑŬɠ. 

 

3.6.1 ũŮɜɘəɎ ɤəŮŬɜɞɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɀŮůɞɔŮɑɞɡ ɗŬɚɎůůɖɠ 

 

ɆɨɛűɤɜŬ ɛŮ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬűɧɟɤɜ ɛŮɚŮŰɩɜ, ɖ Ůəɟɞɐ ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ Ŭˊɧ 

ˊɡɟɖɜɘəɏɠ ɛɞɜɎŭŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɃɡəɟŬɜɑŬɠ ůɡɛɓŬɑɜŮɘ ɛɏůɤ Űɤɜ ˊɞŰŬɛɩɜ Dnieper, 

Dniester əŬɘ Danube ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ. ȺˊŮɘŭɐ Űɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ ɔŮɘŰɜɘɎɕŮɘ Ŭˊɧ ŰŬ 

ȸɧɟŮɘŬ ɛŮ Űɖ ɀŬɨɟɖ ŪɎɚŬůůŬ, ɛɏůɤ Űɞɡ ůŰŮɜɞɨ Űɤɜ ȹŬɟŭŬɜŮɚɚɑɤɜ, ɡŭɎŰɘɜŮɠ ɛɎɕŮɠ 

ŬɜŰŬɚɚɎůůɞɜŰŬɘ ɛɏůɤ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ əɡəɚɞűɞɟɑŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɡɞ ɚŮəŬɜɩɜ (ȷɘɔŬɑɞɡ 

əŬɘ ɀ. ŪɎɚŬůůŬɠ). ɇɞ ɓɧɟŮɘɞ ȷɘɔŬɑɞ ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ ɄŮɚɎɔɞɡɠ, ɧˊɞɡ ŰŬ 

ɨŭŬŰŬ Űɖɠ ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ ŬɜŰɘŭɟɞɨɜ ɛŮ ŰŬ ɗŬɚɎůůɘŬ ɨŭŬŰŬ Űɞɡ ȷɘɔŬɑɞɡ, ɛɏůɤ Űɞɡ 

ůŰŮɜɞɨ Űɤɜ ȹŬɟŭŬɜŮɚɚɑɤɜ, əɘ ɏŰůɘ ŰŬ ɟŬŭɘŮɜŮɟɔɎ ůɡůŰŬŰɘəɎ ŭɘŬůˊŮɑɟɞɜŰŬɘ ůŰɖ ɀŮůɧɔŮɘɞ. 

Ƀ əŬŰɎ ˊɟɞůɏɔɔɘůɖ ŮŰɐůɘɞɠ ɛɏůɞɠ ɧɟɞɠ Űɖɠ ŬɜŰŬɚɚŬɔɐɠ ɡŭɎŰɤɜ, ɛɏůɤ ɟŮɡɛɎŰɤɜ, Ŭˊɧ Űɖ 

ɀŬɨɟɖ ŪɎɚŬůůŬ ůŰɞ ȷɘɔŬɑɞ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 400 km3. ȼ ˊɞůɧŰɖŰŬ ŬɡŰɐ ŮɑɜŬɘ 

ŬˊŮɘɟɞŮɚɎɢɘůŰɖ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɡɜɞɚɘəɧ ɧɔəɞ ɜŮɟɞɨ Űɞɡ ȷɘɔŬɑɞɡ (900000 km3) ɐ Űɞɡ 

ɓɞɟŮɑɞɡ ȷɘɔŬɑɞɡ, ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 26000 km3. ȼ əɨɟɘŬ ɛŮŰŬűɞɟɎ Űɤɜ Ůɜ 

ɚɧɔɤ ɡŭɎŰɘɜɤɜ ɛŬɕɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɟŮɡɛɎŰɤɜ, ɛɏůɤ Űɤɜ 

ȹŬɟŭŬɜŮɚɚɑɤɜ, ɏɜŬ ůŰŮɜɧ əŬɜɎɚɘ 90 ɛɧɚɘɠ ɛɏŰɟɤɜ ɛɏɔɘůŰɞɡ ɓɎɗɞɡɠ. ȼ ɛŮŰŬűɞɟɎ Űɤɜ 

ɡŭɎŰɤɜ ɔɑɜŮŰŬɘ ɛŮ ŰŬɢɨŰɖŰŮɠ, ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 10 ɏɤɠ 50 cm s-1. ȼ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ, 

ˊɞɡ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ 300 cm s-1. ɆɡɜŮˊɩɠ, Űɞ ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ Űɤɜ 

ɡŭɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɓɞɟŮɑɞɡ ȷɘɔŬɑɞɡ ŮˊɖɟŮɎɕŮŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖ ɟɞɐ Űɤɜ ɡŭɎŰɤɜ Űɖɠ 

ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ.  

 

ɇɞ ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ Űɤɜ ɡŭɎŰɤɜ Űɖɠ ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ 

Űɘɛɏɠ ŬɚŬŰɧŰɖŰŬɠ (29 ă ɖ ŮɚɎɢɘůŰɖ), ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɡɣɖɚɐ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ 
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ůɡɜɗɖəɩɜ ˊɚŮɡůŰɧŰɖŰŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ (0 - 50 m) ˊŮɟɜɎ, ɛɏůɤ 

Űɞɡ ůŰŮɜɞɨ Űɤɜ ȹŬɟŭŬɜŮɚɚɑɤɜ, ůŰɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ. Ƀɘ űɡůɘəɞɢɖɛɘəɏɠ ůɡɜɗɐəŮɠ ɏɝɤ Ŭˊɧ 

Űɞ ůŰŮɜɧ Űɤɜ ȹŬɟŭŬɜŮɚɚɑɤɜ ŮɑɜŬɘ ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɏɠ. ɇɞ ɜŮɟɧ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ɡɣɖɚɏɠ Űɘɛɏɠ ŬɚŬŰɧŰɖŰŬɠ, ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 31 - 39 ă, ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ əŬɘ 

ŭɡɜŬŰɧŰŮɟŬ ɟŮɨɛŬŰŬ, əɡɟɑɤɠ Űɞɡɠ ɣɡɢɟɞɨɠ ɛɐɜŮɠ102.  

 

 

3.6.2 ȹɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ - ɃɡəɟŬɜɑŬ 

 

ɄɞůɧŰɖŰŬ 11 EBq ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ ŬˊŮɚŮɡɗŮɟɩɗɖəŮ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ɛŮŰɎ Űɞ 

ŬŰɨɢɖɛŬ ůŰɞɜ ˊɡɟɖɜɘəɧ ŬɜŰɘŭɟŬůŰɐɟŬ Űɞɡ Chernobyl, ůŰɘɠ 26 ȷˊɟɘɚɑɞɡ 1986100. ɇɞ 137Cs, 

ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɗɖəŮ, ɡˊɞɚɞɔɑůŰɖəŮ ůŮ 85 Ñ 26 PBq, ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 20 - 

40% ˊŮɟɑˊɞɡ Űɖɠ Ŭɟɢɘəɐɠ ɛɏůŬ ůŰɞɜ ŬɜŰɘŭɟŬůŰɐɟŬ100. ȼ ŬˊŮɚŮɡɗɏɟɤůɖ ɟŬŭɘŮɜŮɟɔɩɜ 

ůɡůŰŬŰɘəɩɜ Ŭˊɧ Űɞ ŬŰɨɢɖɛŬ Űɞɡ Chernobyl ɏɔɘɜŮ ˊɟɩŰŬ ŬɘůɗɖŰɐ ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ, 

ˊŮɟɑˊɞɡ 6 ɖɛɏɟŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ, ɚɧɔɤ Űɞɡ fallout (ɓɟŬɢɡˊɟɧɗŮůɛɞ ŬˊɞŰɏɚŮůɛŬ) əŬɘ 

ɚɑɔɞ ŬɟɔɧŰŮɟŬ ɚɧɔɤ Űɖɠ Ůəɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ Dnieper (ɛŬəɟɞˊɟɧɗŮůɛɞ ŬˊɞŰɏɚŮůɛŬ). 

ȳˊɤɠ ɡˊɞɚɞɔɑůŰɖəŮ 103 104 Űɞ fallout, ˊɞɡ ŬˊɞŰɏɗɖəŮ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ Űɖɠ ɀŬɨɟɖɠ 

ŪɎɚŬůůŬɠ ɐŰŬɜ 1.7 - 2.4 PBq 137Cs. ɇɞ ŬŰɛɞůűŬɘɟɘəɧ fallout ŬˊɞŰɏɗɖəŮ ůŮ ɛɘŬ ůŰoɘɓɎŭŬ 

ɏɤɠ 50 m ŬɜɞɛɞɘɞɔŮɜɩɠ. ũɘŬ ŬɡŰɧ ɞɘ ɛŮŰɟɐůŮɘɠ ɏŭɤůŬɜ ŬɜɩɛŬɚŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖ 

ɟɨˊŬɜůɖ ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ, ɛŮ ŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰŬ 

ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ Űɤɜ ɓɧɟŮɘɤɜ əŬɘ ŬɜŬŰɞɚɘəɩɜ ˊŮɟɘɞɢɩɜ, ŰŬ ɞˊɞɑŬ ɏűŰŬůŬɜ ŰŬ 500 Bq 

m-3 Űɞɜ Ƚɞɨɜɘɞ əŬɘ Űɞɜ Ƚɞɨɚɘɞ Űɞɡ 1986105.  

 

ɆŰɘɠ ˊŮɟɘɞɢɏɠ ŬɡŰɏɠ, ůŮ ɓɎɗɖ 0 - 50 m, Űɞ 137Cs ŬɡɝɐɗɖəŮ 6 - 10 űɞɟɏɠ, Ůɜɩ ůŮ ɞɚɧəɚɖɟɖ 

Űɖ ůŰɐɚɖ Űɞɡ ɜŮɟɞɨ ɖ ŬɜŰɑůŰɞɘɢɖ Ŭɡɝɖůɖ ɐŰŬɜ ŭɘˊɚɎůɘŬ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞ - Chernobyl 

Ůˊɞɢɐ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ɎɛŮůŮɠ ůɡɜɏˊŮɘŮɠ Űɞɡ ŬŰɡɢɐɛŬŰɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ 

ˊɤɠ ɡˊɐɟɝŬɜ əŬɘ ɛŮɟɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ, ɧˊɞɡ ɖ Ŭɨɝɖůɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ Űɞɡ 137Cs ɐŰŬɜ ˊɞɚɨ ŬˊɧŰɞɛɖ, 10 ɏɤɠ 20 űɞɟɏɠ, əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ŮəŰɞɝŮɨŰɖəŬɜ Ŭˊɧ 15 ɏɤɠ əŬɘ 370 Bq m-3. 

 

ȼ ɛŮɑɤůɖ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ 137Cs ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ Űɖɠ ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ, ůŰŬ 

ɢɟɧɜɘŬ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ, ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ 3 ŭɘŮɟɔŬůɘɩɜ: ɇɖɠ 

əŬŰŬəɧɟɡűɖɠ ŭɘŬůˊɞɟɎɠ, Űɖɠ Ůəɟɞɐɠ Űɤɜ ɡŭɎŰɤɜ ůŰɞ ȷɘɔŬɑɞ, ɛɏůɤ Űɞɡ ȸɞůˊɧɟɞɡ, əŬɘ 

Űɏɚɞɠ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ. ɆɨɛűɤɜŬ ɛŮ ɛŮŰɟɐůŮɘɠ, ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ, 10 

əŬɘ ˊɚɏɞɜ ɢɟɧɜɘŬ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ ɖ ɛɏůɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ 137Cs ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ, 

ůŮ ɓɎɗɞɠ 0 - 50 m ɐŰŬɜ 30 Bq m-3 (ȺɘəɧɜŬ 3.8). ũŮɜɘəɧ ůɡɛˊɏɟŬůɛŬ ˊɎɜŰɤɠ ŮɑɜŬɘ ɧŰɘ ŰŬ 
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ŮˊɑˊŮŭŬ Űɖɠ ˊɟɞ - Chernobyl Ůˊɞɢɐɠ ɗŬ ŮˊɘŰŮɡɢɗɞɨɜ ɛŮŰɎ Ŭˊɧ ˊɞɚɚɎ ɢɟɧɜɘŬ ůŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɘɞɢɐ100. 

 

 

3.6.3 ȹɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ - ɅɞɡɛŬɜɑŬ 

 

ȼ ŭɘŬůˊɞɟɎ Űɞɡ 137Cs, ɛɧɜɞ ɛɏůɤ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ (fallout) ɐŰŬɜ 

ɖ ŬɘŰɑŬ ɔɘŬ ŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ůŰɖ ɟɞɡɛŬɜɘəɐ ˊɚŮɡɟɎ Űɖɠ ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ ɛɏɢɟɘ Űɞ 

1985. ɀɏɢɟɘ Űɖ ůŰɘɔɛɐ ŬɡŰɐ ŭŮɜ ŮɑɢŬɜ ɓɟŮɗŮɑ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ˊɞɡ ɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ˊɡɟɖɜɘəɏɠ ŮűŬɟɛɞɔɏɠ. Ƀ ɏɚŮɔɢɞɠ Űɖɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɘɠ ɟɞɡɛŬɜɘəɏɠ 

ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ Űɞ 1986, Ŭɛɏůɤɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ, ɏŭŮɘɝŮ ŮɜŭŮɘəŰɘəɐ Ŭɨɝɖůɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ Űɞɡ 137Cs ůŰɖ ɗɎɚŬůůŬ. ɇɖɜ ˊŮɟɑɞŭɞ, ɚɞɘˊɧɜ, Ŭˊɧ 1983 - 1998 ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 137Cs əɡɛɎɜɗɖəŬɜ ůŰɖ ɟɞɡɛŬɜɘəɐ ɀŬɨɟɖ ŪɎɚŬůůŬ Ŭˊɧ 30 - 400 Bq 

m-3 (ȺɘəɧɜŬ 3.8), ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ Űɞ 1986 əŬɘ ŮɚɎɢɘůŰɖ Űɞ 1998. 

 

 

3.6.4 ȹɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɞ ȾɡˊɟɘŬəɧ ɄɏɚŬɔɞɠ 

ɇɞ ́ɞůɧ Űɞɡ 137Cs ůŰɞ ɓɧɟŮɘɞ ȾɡˊɟɘŬəɧ ɄɏɚŬɔɞɠ Űɖɜ Ůˊɞɢɐ ˊɟɘɜ Ŭˊɧ Űɞ ŬŰɨɢɖɛŬ Űɞɡ 

Chernobyl ɐŰŬɜ ɛɖ ŬɜɘɢɜŮɨůɘɛɞ, Ůɜɩ ɖ ŬɜŰɑůŰɞɘɢɖ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɞ ɏŰɞɠ 1992 ɐŰŬɜ 9.3 Ñ 

2.9 Bq m-3, ŮɝŬɘŰɑŬɠ Űɖɠ Ůˊɘɟɟɞɐɠ Űɞɡ fallout ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ101. ȼ Űɘɛɐ ŬɡŰɐ ŮɑɜŬɘ 

ŬˊɞɚɨŰɤɠ ůɡɔəɟɑůɘɛɖ ɛŮ ŬɡŰɐ ˊɞɡ ɛŮŰɟɐɗɖəŮ ůŰɖ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ əɞɜŰɎ ůŰɖ ɆɡɟɑŬ Űɞ 

1991, ɖ ɞˊɞɑŬ ɐŰŬɜ 8.4 Ñ 1.6 Bq m-3 106. 

 

ȳůɞɜ ŬűɞɟɎ ůŰɖ ɟŬŭɘɞɚɞɔɘəɐ əŬŰɎůŰŬůɖ Ŭˊɧ Űɞ 1999 əŬɘ ɛŮŰɎ, ůŮ 15 ůŰŬɗɛɞɨɠ ůŰɞ 

ɓɞɟŮɘɞŬɜŬŰɞɚɘəɧ ȾɡˊɟɘŬəɧ ɄɏɚŬɔɞɠ ŰŬ ŮˊɑɓŮŭŬ ɓɟɑůəɞɜŰŬɜ ˊŮɟɑˊɞɡ ůŰŬ 2.5 - 3.5 Bq m-3 

(ȺɘəɧɜŬ 3.8). ɆɡɔəɟɑůɘɛŮɠ Űɘɛɏɠ (2.0 Ñ 0.6 Bq m-3) ŬɜŬűɏɟɗɖəŬɜ ɔɘŬ Űɖ ŪɎɚŬůůŬ Űɖɠ 

ȿŮɓŬɜŰɑɜɖɠ Űɖɜ ˊŮɟɑɞŭɞ 1994 - 1998. ɋůŰɧůɞ, əɎˊɞɘŮɠ ɛŮŰɟɐůŮɘɠ ɏŭŮɘɝŬɜ ˊɎɜɤ Ŭˊɧ 4.0 

Bq m-3 ůŮ ˊŮɟɘɞɢɏɠ Űɞɡ ɜɞŰɘɞŬɜŬŰɞɚɘəɞɨ ȾɡˊɟɘŬəɞɨ ɄŮɚɎɔɞɡɠ. ȷɡŰɏɠ ŮɑɜŬɘ Űɡˊɘəɏɠ Űɘɛɏɠ 

ɛŮŰɟɐůŮɤɜ ůŮ ɛɘəɟɎ ɓɎɗɖ, əɞɜŰɎ ůŰɖ ůŰŮɟɘɎ, ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ɘůɢɡɟɐ ŮɝɎŰɛɘůɖ, 

ɚɧɔɤ Űɤɜ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ. ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ əŬɜŮɑɠ ɧŰɘ ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 137Cs ůŰɞ ȾɡˊɟɘŬəɧ ɄɏɚŬɔɞɠ ŮɑɜŬɘ ɞɘ ɢŬɛɖɚɧŰŮɟŮɠ ůŰɖ ɀŮůɧɔŮɘɞ, 

Ŭűɞɨ ɖ ˊŮɟɘɞɢɐ ŬɡŰɐ ŮɑɜŬɘ ɛŬəɟɘɎ Ŭˊɧ əɎɗŮ ˊɖɔɐ ɟŬŭɘŮɜŮɟɔɞɨ ɟɨˊŬɜůɖɠ. 
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3.6.5 ȹɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɖ ŪɎɚŬůůŬ Űɖɠ ȿŮɓŬɜŰɑɜɖɠ 

 

Ƀɘ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ Űɘɛɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ əɡɛɎɜɗɖəŬɜ Ŭˊɧ 2 - 4 Bq m-3 ɛŮ ŰɎůɖ 

Ŭɨɝɖůɖɠ (ȺɘəɧɜŬ 3.8). Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ Űɞɡ 137Cs ŰŮɑɜɞɡɜ ůŮ ŬɡŰɏɠ Űɖɠ ˊɟɞ - Chernobyl 

Ůˊɞɢɐɠ107. 

 

 

3.6.6 ȹɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɞ ȷɘɔŬɑɞ ˊɏɚŬɔɞɠ 

 

ɇŬ ŮˊɑˊŮŭŬ Űɞɡ 137Cs Űɖɜ ˊŮɟɑɞŭɞ 1984 - 1985 ůŰɖɜ ˊŮɟɘɞɢɐ ɐŰŬɜ ˊŮɟɑˊɞɡ 2.6 Ñ 0.3 Bq 

m-3 108. ɇɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ ŮˊɖɟŮɎůŰɖəŮ Ŭˊɧ Űɞ fallout ɚɑɔɞɡɠ ɛɐɜŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ Űɞɡ 

Chernobyl Űɞ 1986. ȷˊɧ Űɞ 1986 ɞ ŬɜŰɑəŰɡˊɞɠ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ɟɨˊŬɜůɖɠ ɏɔɘɜŮ ŬɘůɗɖŰɧɠ 

ɛŮ ɛɘŬ Ŭɨɝɖůɖ ɛɘŬɠ ŰɎɝɖɠ ɛŮɔɏɗɞɡɠ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ 137Cs ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ109. 

ȷɜɘɢɜŮɨŰɖəŬɜ ɟŬŭɘɞɥůɧŰɞˊŬ, ˊɞɡ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ŮɛűŬɜɑůŰɖəŬɜ ůŮ ɏɛɓɘɞ əŬɘ Ɏɓɘɞ ɡɚɘəɧ 

Űɞɡ ȺɚɚŬŭɘəɞɨ ɗŬɚɎůůɘɞɡ ɢɩɟɞɡ, ɧˊɤɠ 103Ru, 106Ru, 95Zr/95Nb, 131I əŬɘ ɎɚɚŬ. 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ŮɑɜŬɘ ˊɤɠ 103Ru ŬɜɘɢɜŮɨŰɖəŮ ůŮ ɛɨŭɘŬ Űɞ ɀɎɘɞ Űɞɡ 1986, ɏɜŬ ɛɐɜŬ ɛŮŰɎ 

Űɖɜ ˊɘůŰɞˊɞɑɖůɖ Űɖɠ ɏɚŮɡůɖɠ Űɞɡ ɟŬŭɘŮɜŮɟɔɞɨ ɜɏűɞɡɠ ůŰɖɜ ȺɚɚɎŭŬ. Ⱥˊɑůɖɠ, 131I, ɏɜŬ Ŭˊɧ 

ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ Űɞɡ ɜɏűɞɡɠ, ŬɜɘɢɜŮɨŰɖəŮ ůŮ ɗŬɚɎůůɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ 

ůŰɞ ɑŭɘɞ ŭɘɎůŰɖɛŬ. ɆɡɜɞɚɘəɎ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ 9 Ñ 3 kBq m-2 ůɡɜɞɚɘəɞɨ əŬɘůɑɞɡ (137Cs əŬɘ 

134Cs) ɏˊŮůŬɜ əŬŰɎ ɛɏůɞ ɧɟɞ ůŰɞ ɖˊŮɘɟɤŰɘəɧ ŰɛɐɛŬ Űɖɠ ȺɚɚɎŭŬɠ, Ůɜɩ ůŮ ɞɟɘůɛɏɜŬ 

ŰɛɐɛŬŰŬ Űɖɠ ɢɩɟŬɠ ɛŮŰɟɐɗɖəŮ ŬˊɧɗŮůɖ 40 kBq m-2 110. ȼ ɛɏůɖ ŬˊɧɗŮůɖ Űɞɡ ůɡɜɞɚɘəɞɨ 

əŬɘůɑɞɡ ůŰɞ ȷɘɔŬɑɞ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ȾɟɖŰɘəɞɨ ˊŮɚɎɔɞɡɠ ɡˊɞɚɞɔɑůŰɖəŮ 

ˊŮɟɑˊɞɡ 4 kBq m-2 (ȺɘəɧɜŬ 3.7). ɈˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ˊŮɟɑˊɞɡ 1% Űɞɡ ɞɚɘəɞɨ əŬɘůɑɞɡ ˊɞɡ 

ŬˊŮɚŮɡɗŮɟɩɗɖəŮ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ Űɞɜ əŬŰŮůŰɟŬɛɛɏɜɞ ŬɜŰɘŭɟŬůŰɐɟŬ Űɞɡ Chernobyl 

ŬˊɞŰɏɗɖəŮ ůŰɞ ȷɘɔŬɑɞ əŬɘ ůŰɞ Ƚɧɜɘɞ ˊɏɚŬɔɞɠ, Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ 2/3 ŬɡŰɩɜ ŬɜŰɘůŰɞɘɢɞɨůŬɜ 

ůŮ 137Cs111. 

 

ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ˊɤɠ Űɞ ˊɞůɧ Űɞɡ 137Cs, ˊɞɡ ɛŮŰŬűɏɟɗɖəŮ Ŭˊɧ Űɖ ɀŬɨɟɖ ŪɎɚŬůůŬ 

ůŰɞ ȷɘɔŬɑɞ Űɞ ɀɎɘɞ Űɞɡ 1986, ɐŰŬɜ 250 TBq 112, Ůɜɩ ɖ ŮɜŬˊɧɗŮůɖ Ŭˊɧ Űɞ ɟŬŭɘŮɜŮɟɔɧ 

ůɨɜɜŮűɞ ɐŰŬɜ 530 TBq (820 TBq 137Cs əŬɘ 134Cs)111. ɆɨɛűɤɜŬ ɛŮ əɎˊɞɘŮɠ ˊɟɞəŬŰŬɟəŰɘəɏɠ 

ɛŮŰɟɐůŮɘɠ, ˊŮɟɑˊɞɡ 48 TBq 137Cs ɐŰŬɜ ɖ Ůəɟɞɐ Ŭˊɧ Űɖ ɀŬɨɟɖ ŪɎɚŬůůŬ ɔɘŬ Űɞ ɏŰɞɠ 

1993101. ȼ ɛɏůɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ 137Cs ůŰɞ ɓɧɟŮɘɞ ȷɘɔŬɑɞ, ůŰɖɜ ɏɝɞŭɞ Űɤɜ ȹŬɟŭŬɜŮɚɚɑɤɜ 

ɐŰŬɜ 120 Ñ 8 Bq m-3, Ůɜɩ ɖ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɞ ȷɘɔŬɑɞ ɐŰŬɜ 20.7 Ñ 14.7 Bq m-3 109. ȼ Űɘɛɐ 

ŬɡŰɐ ŮɑɜŬɘ ŭɏəŬ űɞɟɏɠ ɡɣɖɚɧŰŮɟɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ Űɘɛɏɠ Űɖɠ ˊɟɞ - Chernobyl Ůˊɞɢɐɠ, ɞɘ 

ɞˊɞɑŮɠ əɡɛŬɑɜɞɜŰŬɜ ůŰŬ 2.6 Ñ 0.3 Bq m-3 ˊŮɟɑˊɞɡ111. 
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ȺɘəɧɜŬ 3.7: ȺɜŬˊɧɗŮůɖ ůɡɜɞɚɘəɞɨ əŬɘůɑɞɡ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ [

113
] 

 

 

ȳůɞɜ ŬűɞɟɎ ůŰŬ ŮˊɑˊŮŭŬ 137Cs Ŭˊɧ Űɞ 1996 ɏɤɠ Űɞ 1999 ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ əŬɗŮůŰɩɠ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ ȷɘɔŬɑɞ107. ȳˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ, ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Ɏɜɤ Űɤɜ 20 

Bq m-3 ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰɞ ɓɧɟŮɘɞ ȷɘɔŬɑɞ, əɞɜŰɎ ůŰɖ ȿɐɛɜɞ, Ůɜɩ ɞɘ ɛɏůŮɠ Űɘɛɏɠ ɔɘŬ Űɞ 

əŮɜŰɟɘəɧ əŬɘ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ ȷɘɔŬɑɞ ɐŰŬɜ 4.5 Ñ 0.8 Bq m-3 əŬɘ 2.5 Ñ 0.8 Bq m-3 107. ɇɏɚɞɠ, 

Űɖɜ ˊŮɟɑɞŭɞ 1999 - 2000 ɖ ɛɏůɖ Űɘɛɐ ɐŰŬɜ 13 Bq m-3 (ȺɘəɧɜŬ 3.8), ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ˊŮɟɘɞɢɐ. ȷəɧɛɖ ˊɘɞ ˊɟɧůűŬŰŮɠ ɛŮŰɟɐůŮɘɠ114, ɛŮŰɎ Űɞ 2001, ɏŭŮɘɝŬɜ ɧŰɘ ɖ ůɡɔəɏɜŰɟɤůɖ 

Űɞɡ 137Cs ŬɡɝɎɜŮɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, űɗɎɜɞɜŰŬɠ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ 

Űɤɜ 5 Bq m-3 əɞɜŰɎ ůŰɖ ȿɐɛɜɞ Űɞ 2002 əŬɘ 4.5 Bq m-3 ůŰɞ ȾɟɖŰɘəɧ ɄɏɚŬɔɞɠ Űɞ 2003. 

 

 

3.6.7 ȹɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɖɜ ȷŭɟɘŬŰɘəɐ ŪɎɚŬůůŬ əŬɘ ůŰɞ Ƚɧɜɘɞ ɄɏɚŬɔɞɠ 

 

ȼ Ůəɓɞɚɐ Űɞɡ ˊɞŰŬɛɞɨ Po ŮɑɜŬɘ ɖ əɨɟɘŬ ˊɖɔɐ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ɟɨˊŬɜůɖɠ Űɖɠ ȷŭɟɘŬŰɘəɐɠ 

əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ əŬɘ Űɞɡ Ƚɞɜɑɞɡ ɄŮɚɎɔɞɡɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ɞɘ ˊɡɟɖɜɘəɏɠ 
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ŮɔəŬŰŬůŰɎůŮɘɠ Irino əŬɘ Caorso ɓɟɑůəɞɜŰŬɜ əɞɜŰɎ ůŰɞɜ ˊɞŰŬɛɧ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ˊŬɟŬůɨɟɞɡɜ ɟŬŭɘŮɜŮɟɔɎ ůɡůŰŬŰɘəɎ. ȷˊɧ Űɞ 1987 ɞɘ ůŰŬɗɛɞɑ ŬɡŰɞɑ ɏɢɞɡɜ əɚŮɑůŮɘ ɛŮ ŮɜŰɞɚɐ 

Űɖɠ ɘŰŬɚɘəɐɠ əɡɓɏɟɜɖůɖɠ. ɋůŰɧůɞ, ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ŬŮɟɑɤɜ əŬɘ ɡɔɟɩɜ ůɡɜɏɢɘůŬɜ ɜŬ 

Ůəɟɏɞɡɜ ůŰɞɜ ˊɞŰŬɛɧ Po, ˊɞɚɚɎ ɢɟɧɜɘŬ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ. ȼ ŭɘŬůˊɞɟɎ Űɞɡ 137Cs ůŰɖɜ 

ȷŭɟɘŬŰɘəɐ, ŮɝŬɘŰɑŬɠ Űɞɡ ŬŰɡɢɐɛŬŰɞɠ Űɞɡ Chernobyl ɡˊɞɚɞɔɑůŰɖəŮ ůŰŬ 1000 TBq 115. 

ȺˊɘˊɟɧůɗŮŰŬ, ˊɞůɧŰɖŰŬ 40 TBq 137Cs ɡˊɞɚɞɔɑůŰɖəŮ ɧŰɘ ŬˊɞŰɏɗɖəŮ ůŰɖ ůŰŮɜɐ ɕɩɜɖ Űɞɡ 

Ƚɞɜɑɞɡ (ˊŮɟɘɞɢɐ 24300 km2)107. 

 

ɋɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘŬůˊɞɟɎɠ, ŮɝŬɘŰɑŬɠ Űɞɡ ŬŰɡɢɐɛŬŰɞɠ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

Űɞɡ 137Cs ŬɡɝɐɗɖəŬɜ 6 űɞɟɏɠ ůŮ ůɢɏůɖ ɛŮ ˊɟɘɜ. 10 ɢɟɧɜɘŬ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 137Cs əɡɛŬɑɜɞɜŰŬɜ ůŰŬ 3 - 6 Bq m-3 (ȺɘəɧɜŬ 3.8), ɛŮ Ŭɨɝɖůɖ ɜŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ111. ɇɖɜ ˊŮɟɑɞŭɞ 1999 - 2000 ɖ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ 137Cs əɡɛŬɘɜɧŰŬɜ ůŰŬ ɑŭɘŬ ŮˊɑˊŮŭŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ. 

 

3.6.8 ɄɟɧůűŬŰŮɠ ɛŮŰɟɐůŮɘɠ 137Cs ůŰɞ ȸɞɟŮɘɞŬɜŬŰɞɚɘəɧ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ 

 

ȺˊɞɢɘŬəɏɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ ŬɜŬŰɞɚɘəɎ Űɖɠ 

ɜɐůɞɡ ȿɐɛɜɞɡ (ȸɞɟŮɘɞŬɜŬŰɞɚɘəɧ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ) Űɞ ɢŮɘɛɩɜŬ Űɞɡ 2005 əŬɘ Űɞ əŬɚɞəŬɑɟɘ 

Űɞɡ 2006 ˊɘůŰɞˊɞɘɞɨɜ ˊɤɠ ɖ Ůəɟɞɐ ɡŭɎŰɤɜ Ŭˊɧ Űɖ ɀŬɨɟɖ ŪɎɚŬůůŬ ˊŬɟŬɛɏɜŮɘ ɖ əɨɟɘŬ 

ˊɖɔɐ 137Cs ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ Evangeliou et al. 

(2009)116 ŬɜŬűɏɟɞɡɜ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰɞɠ 137Cs ůŰɖɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (0 ï 50 m) 

ɜŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 7.1 Ñ 0.2 ɏɤɠ 12.8 Ñ 0.3 Bq m-3 Űɞ ɢŮɘɛɩɜŬ əŬɘ Ŭˊɧ 8.7 Ñ 0.2 ɏɤɠ 

12.6 Ñ 0.2 Bq m-3 Űɞ əŬɚɞəŬɑɟɘ. Ƀɘ ɡˊɧɚɞɘˊŮɠ ɕɩɜŮɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ˊŬɟŬɛɏɜɞɡɜ 

ˊɟŬəŰɘəɎ ŬɜŮˊɖɟɏŬůŰŮɠ ŮɛűŬɜɑɕɞɜŰŬɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ɛŮŰŬɝɨ 2.6 ɏɤɠ 6.3 Bq 

m-3. 
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ȺɘəɧɜŬ 3.8: ɀɏůŮɠ Űɘɛɏɠ ůɡɔəŮɜŰɟɩůŮɤɜ 

137
Cs (Bq m

-3
) ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ Űɖɜ ˊŮɟɑɞŭɞ 1999 ï 2000 [

117
] 

 

 

3.6.9 ɄɟɧůűŬŰŮɠ ɛŮŰɟɐůŮɘɠ 137Cs ůŰɞɜ ȾɞɟɘɜɗɘŬəɧ əŬɘ ɄŬŰɟŬɥəɧ Ⱦɧɚˊɞ 

 

ɀŮŰɟɐůŮɘɠ 137Cs ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŰɛɐɛŬ Űɞɡ ȾɞɟɘɜɗɘŬəɞɨ Ⱦɧɚˊɞɡ (ȾɟɘůůŬɑɞɠ 

Ⱦɧɚˊɞɠ) Űɞ əŬɚɞəŬɑɟɘ Űɞɡ 2004 ŬɜŬűɏɟɞɡɜ ŮˊɘűŬɜŮɘŬəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ 

Ŭˊɧ 3.8 Ñ 0.4 ɏɤɠ 4.3 Ñ 0.5 Bq m-3. ɀɏɔɘůŰŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əɞɜŰɎ ůŰɖ ůŰŮɟɘɎ, ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ɛŮŰŬűɞɟɎ Űɤɜ űŮɟŰɩɜ ɡɚɘəɩɜ 

Ŭˊɧ ŰŬ ɓɟɧɢɘɜŬ ɨŭŬŰŬ ɤɠ Űɘɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ. Ⱥˊɘˊɚɏɞɜ, ŮˊɞɢɘŬəɏɠ ɛŮŰɟɐůŮɘɠ ůŰɞɜ 

ɄŬŰɟŬɥəɧ Ⱦɧɚˊɞ ŬɜŬűɏɟɞɡɜ ŮˊɘűŬɜŮɘŬəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ 137Cs Ŭˊɧ 2.2 Ñ 

0.3 ɏɤɠ 3.6 Ñ 0.1 Bq m-3 Űɞ əŬɚɞəŬɑɟɘ əŬɘ Ŭˊɧ 4.0 Ñ 0.4 ɏɤɠ 6.7 Ñ 1.1 Bq m-3 Űɞ ɢŮɘɛɩɜŬ. 

ɆɢŮŰɘəɎ ɛŮ Űɘɠ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ, ɔŮɜɘəɎ, Űɞ 137Cs ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ 
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ɛŮ Űɞ ɓɎɗɞɠ. ȷɜɤɛŬɚɑŮɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ Űɏɚɞɠ Űɞɡ ɢŮɘɛɩɜŬ, ɛŮ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ ˊɡɗɛɘŬɑŮɠ ɕɩɜŮɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əŬŰɎɟɟŮɡůɖɠ Űɞɡ 

ɗŮɟɛɞəɚɘɜɞɨɠ əŬɘ ɎɟŬ ɓɨɗɘůɖɠ Űɞɡ ˊɡəɜɧŰŮɟɞɡ ůŰɟɩɛŬŰɞɠ ɐ/əŬɘ Űɖɠ ŮˊŬɜŬŭɘɎɚɡůɖɠ Űɞɡ 

137Cs Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ116. 

 

 

3.7 ɆɈɀɄȺɅȽūɃɅȷ ɇɃɈ 137Cs ɆɇɃ ŪȷȿȷɆɆȽɁɃ ɁȺɅɃ 

 

ɄŬɟɎ Űɖ ɛŮɔɎɚɖ ŬɜŬɚɞɔɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ ůŮ ɜŮɟɧ, əŬɗɩɠ əŬɘ Űɖɠ ɛŮɔɎɚɖɠ 

əɘɜɖŰɘəɧŰɖŰŬɠ Űɞɡ əŬɘůɑɞɡ ɧŰŬɜ ɓɟɑůəŮŰŬɘ ůŮ ŭɘɎɚɡɛŬ, ɖ Űɨɢɖ Űɞɡ əŬɘůɑɞɡ ůŮ ɡŭŬŰɘəɎ 

ɞɘəɞůɡůŰɐɛŬŰŬ ɏɢŮɘ ˊɞɚɨ ɚɑɔɞ ŮəŰŮɜɩɠ ɛŮɚŮŰɖɗŮɑ Ŭˊɧ ɧŰɘ ůŰŬ ɢŮɟůŬɑŬ. ȷɡŰɧ ɑůɤɠ ɞűŮɑɚŮŰŬɘ 

ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ Űɞ ɢŮɟůŬɑɞ ɞɘəɞůɨůŰɖɛŬ əŬɑůɘɞ ůɡɛɓɎɚɚŮɘ 

ˊŮɟɘůůɧŰŮɟɞ ůŰɖ ɓɘɞůɡůůɩɟŮɡůɖ ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ əŬɘ ɎɟŬ ůŰɖ Ŭɜɗɟɩˊɘɜɖ ŭɘŬŰɟɞűɐ. 

ɋůŰɧůɞ, ŬɝɘɧɚɞɔŮɠ ŮɜŭŮɑɝŮɘɠ əɎɜɞɡɜ ɚɧɔɞ ɔɘŬ Űɞ ɧŰɘ ɞɘ ɞɟɔŬɜɘůɛɞɑ ůŮ ɡŭŬŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ 

ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɡŬɑůɗɖŰɞɘ ůŰɖ ůɡůůɩɟŮɡůɖ əŬɘůɑɞɡ118. 

 

ɇɞ ˊŮɟɘɓɎɚɚɞɜ Űɤɜ ŬɜɞɘəŰɩɜ ɤəŮŬɜɩɜ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ůŰŬɗŮɟɧŰɖŰŬ, Ůɜɩ ɞɘ 

ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ ɗŬɚŬůůɩɜ əŬɘ ˊɞŰŬɛɩɜ (coastal waters, estuaries) əŬɘ ɞɘ ɚɑɛɜŮɠ, əŬɗɩɠ 

əŬɘ ɞɘ əɚŮɘůŰɏɠ ɗɎɚŬůůŮɠ, ɧˊɤɠ ɖ ȸŬɚŰɘəɐ əŬɘ ɖ ɀŮůɧɔŮɘɞɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮŰŬɓɞɚɏɠ Űɤɜ 

ɞɘəɞɚɞɔɘəɩɜ Űɞɡɠ ˊŬɟŬɛɏŰɟɤɜ, ɧŰŬɜ ůɡɛɓŬɑɜɞɡɜ ŬɚɚŬɔɏɠ ůŰɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. 

ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢŮɘ əŬŰŬɔɟŬűŮɑ ɏɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ˊŮɟɘůŰŬŰɘəɩɜ, ˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ŭɘŬəɨɛŬɜůɖ ɏɤɠ əŬɘ Űɖɜ ŮɝŬűɎɜɘůɖ Űɖɠ ɓɘɞɛɎɕŬɠ ˊɚɖɗɡůɛɞɨ ˊŬɟŬəŰɑɤɜ 

ɞɘəɞůɡůŰɖɛɎŰɤɜ, ɚɧɔɤ Űɖɠ ŬɚɚŬɔɐɠ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ119. ȼ Ůɜ ɔɏɜŮɘ 

ůɡɛˊŮɟɘűɞɟɎ əŬɘ əŬŰŬɜɞɛɐ Űɞɡ 137Cs ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ Űɤɜ ˊŬɟɎəŰɘɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ 

ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɚɐ ŭɘɎɚɡůɖ əŬɘ ŭɘɎɢɡůɖ ůŰɖ ɛɎɕŬ Űɞɡ ɜŮɟɞɨ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɘɠ 

ˊɞɚɨˊɚɞəŮɠ ŰɞˊɞɔɟŬűɘəɏɠ əŬɘ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ Űɘɠ ŬɚɚŬɔɏɠ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ, 

ɢɚɤɟɘɧŰɖŰŬɠ əŬɘ pH Űɞɡ ɜŮɟɞɨ. 

 

ɇŬ 137Cs, ɧˊɤɠ əŬɘ ɎɚɚŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ůɡɛɛŮŰɏɢɞɜŰŬ ůŰɖɜ ŬɚŬŰɧŰɖŰŬ (conservative) 

ŭɘŬůˊŮɑɟɞɜŰŬɘ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ůŮ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛɞɟűɏɠ: ůŰɖɜ ɘɞɜŰɘəɐ ɛɞɟűɐ, 

ůŰɖɜ əɞɚɚɞŮɘŭɐ ɐ ůŰɖ ůɤɛŬŰɘŭɘŬəɐ əŬŰɎůŰŬůɖ. Ƀ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 

ůŰɖ ůŰɐɚɖ Űɞɡ ɜŮɟɞɨ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖ űɡůɘəɞɢɖɛɘəɐ əŬŰɎůŰŬůɖ, ůŰɖɜ 

ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ120. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ŬɜŬűɏɟɞɜŰŬɘ ɚɑɔŮɠ ɛŮɚɏŰŮɠ ŭɘŬůˊɞɟɎɠ əŬɘ 

əŬŰŬɜɞɛɐɠ Űɤɜ űɡůɘəɩɜ əŬɘ ŰŮɢɜɖŰɩɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ 

ɄŮɚɎɔɞɡɠ ɛŮ ůɡɛŬɜŰɘəɧŰŮɟŮɠ ŬɡŰɏɠ Űɤɜ ūɚɩɟɞɡ (1992)121, Florou et al. (2003)68, Florou 
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(1994)101, Florou et al. (1999)107, Florou and Kritidis (1994)109, Delfanti et al. (1994)114, 

ūɚɩɟɞɡ əŬɘ ůɡɜ. (2002)117, Evangeliou et al. (2009)116. 

 

ɇɞ 137Cs, ɛŬɕɑ ɛŮ Űɞ 90Sr əŬɘ ŰŬ ɡˊŮɟɞɡɟɎɜɘŬ ůŰɞɘɢŮɑŬ, ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ 

ŰŮɢɜɖŰɎ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ Ŭˊɧ ˊɚŮɡɟɎɠ ɟŬŭɘŮɜŮɟɔɞɨ ɟɨˊŬɜůɖɠ, ɚɧɔɤ Űɞɡ ɢɟɧɜɞɡ ɖɛɘɕɤɐɠ 

Űɞɡ, Űɞɡ Űɨˊɞɡ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ Űɖɠ ɓɘɞůɡůůɩɟŮɡůɖɠ Űɞɡ Ŭˊɧ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ122 123. 

ȳˊɤɠ əŬɘ ɎɚɚŬ ŬɚəŬɚɘəɎ ɛɏŰŬɚɚŬ ůŮ ɡŭŬŰɘəɎ ɛɏůŬ ɧˊɤɠ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ, ɏŰůɘ əŬɘ Űɞ 

əŬɑůɘɞ ɓɟɑůəŮŰŬɘ əɡɟɑɤɠ ůŮ ɘɞɜŰɘəɐ ɛɞɟűɐ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ 70% Űɞɡ ůɡɜɞɚɘəɞɨ əŬɘůɑɞɡ 

ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ɓɟɑůəŮŰŬɘ ůŮ ɘɞɜŰɘəɐ ɛɞɟűɐ, Űɞ 23% Ŭˊɞɟɟɞűɖɛɏɜɞ ůŮ ůɤɛŬŰɑŭɘŬ əŬɘ Űɞ 

7% ůŮ əɞɚɚɞŮɘŭɐ ɛɞɟűɐ51. 

 

ȼ ŰŬɢɨŰɖŰŬ ŭɘŬůˊɞɟɎɠ əŬɘ əŬŰŬɜɞɛɐɠ Űɞɡ əŬɘůɑɞɡ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ əŬɘ əŬŰŬɓɨɗɘůɖɠ Űɞɡ 

ůŰɞɜ ˊɡɗɛɏɜŬ ŮɑɜŬɘ əŬŰɎ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ˊɞɡ ˊɟɞůɟɞűɩɜŰŬɘ 

ůŰŬ ůɤɛŬŰɑŭɘŬ Űɞɡ ɜŮɟɞɨ, ɧˊɤɠ Űɤɜ 239-240Pu, 234Th əɚˊ124. ȼ ŰŬɢɨŰŮɟɖ ɛŮŰŬűɞɟɎ Űɞɡ 137Cs 

ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ ɓɘɞůɡůůɩɟŮɡůɖ Űɞɡ ůŰɞɡɠ 

ɗŬɚɎůůɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɛŮŰŬűɞɟɎ Űɞɡ ɛŮ Űɘɠ ɛŮŰŬɜŬůŰŮɨůŮɘɠ ŬɡŰɩɜ ůŮ 

ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ ɐ Űɖɜ ŬˊɧɗŮůɖ Űɞɡ. ȺɝɎɚɚɞɡ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 137Cs ůŰɞ ɗŬɚŬůůɘɜɧ 

ɜŮɟɧ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, Űɖɜ ˊŬɟɎɛŮŰɟɞ ŮəŰɑɛɖůɖɠ Űɖɠ 

əŬŰŮɨɗɡɜůɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɟŮɡɛɎŰɤɜ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ87. 
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44  ɀɀȺȺɇɇȷȷūūɃɃɅɅȷȷ  ȾȾȷȷȽȽ  ȹȹȽȽȷȷɆɆɄɄɃɃɅɅȷȷ  ɇɇɋɋɁɁ  ɅɅȷȷȹȹȽȽɃɃɁɁɃɃɈɈȾȾȿȿȽȽȹȹȽȽɋɋɁɁ  ɆɆɇɇɃɃ  ŪŪȷȷȿȿȷȷɆɆɆɆȽȽɃɃ  

ɄɄȺȺɅɅȽȽȸȸȷȷȿȿȿȿɃɃɁɁ  

 

 

4.1 ȺȽɆȷũɋũȼ 

 

ȼ ɟŬŭɘŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ ŰŬ ɡŭŬŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ůŰɞɜ Ɏɜɗɟɤˊɞ 

Ůɡɗɏɤɠ, ɛɏůɤ Űɖɠ əŬŰɎˊɞůɖɠ, Űɖɠ ŬɜŬˊɜɞɐɠ ɐ Ůɛɛɏůɤɠ, ɛɏůɤ Űɖɠ Űɟɞűɐɠ. Ⱥűɧůɞɜ, 

ɚɞɘˊɧɜ, ŰŮɚɘəɧɠ ŬˊɞŭɏəŰɖɠ Űɤɜ əɎɗŮ ɚɞɔɐɠ ŰŮɢɜɖŰɩɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ŰŬ ɞˊɞɑŬ 

ŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ŮɑɜŬɘ ɞ Ɏɜɗɟɤˊɞɠ ɔɑɜŮŰŬɘ ŮˊɘŰŬəŰɘəɐ ɖ ŬɜɎɔəɖ ɜŬ 

ŭɘŮɟŮɡɜɖɗɞɨɜ ɞɘ ɛɖɢŬɜɘůɛɞɑ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ŭɘŬůˊŮɑɟɞɜŰŬɘ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ. ȷɡŰɧ Űɞ əŮűɎɚŬɘɞ ŮɝŮŰɎɕŮɘ ˊɩɠ ɖ ɟŬŭɘŮɜɏɟɔŮɘŬ, ŭɖɚŬŭɐ ŰŬ ɟŬŭɘŮɜŮɟɔɎ 

ůɡůŰŬŰɘəɎ, ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ɛŮ ˊɞɘɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŭɟɞɡɜ əŬɘ ɛŮ 

ˊɞɘŮɠ ŭɘŮɟɔŬůɑŮɠ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ ŬɡŰɧ.  

 

ɄɟɞűŬɜɩɠ, ɖ ɟŬŭɘŮɜɏɟɔŮɘŬ ɢɎɜŮŰŬɘ ˊɎɜŰŬ, ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ. ȷɜ ɞ 

ɟŬŭɘŮɜŮɟɔɧɠ ɢɟɧɜɞɠ ɖɛɘɕɤɐɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ Űɞɜ ɞɘəɞɚɞɔɘəɧ ɢɟɧɜɞ ɖɛɘɕɤɐɠ 

(ɞɟɑɕŮŰŬɘ ɤɠ ɞ ˊŬɟŬŰɖɟɞɨɛŮɜɞɠ ɟɡɗɛɧɠ ŬˊɞɛɎəɟɡɜůɖɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ Ŭˊɧ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ŰɞɛɏŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ), ŰɧŰŮ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ 

ŬˊɞɛɎəɟɡɜůɖɠ Űɤɜ ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ ɗŬ ŮɑɜŬɘ ŬůɐɛŬɜŰŮɠ. ȷɜŰɑůŰɟɞűŬ, ɛŮ 

ɢŬɛɖɚɧ ɟɡɗɛɧ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘŬůˊɎůŮɤɠ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ Ŭˊɞɓɞɚɐɠ Űɤɜ 

ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ ɡˊŮɟŰŮɟɞɨɜ125. 

 

 

4.2 ȹȽȺɅũȷɆȽȺɆ ɀȺɇȷūɃɅȷɆ ï ɃɅȽȻɃɁɇȽȷɆ ȹȽȷɆɄɃɅȷɆ 137Cs ɆɇɃ ŪȷȿȷɆɆȽɃ 

ɄȺɅȽȸȷȿȿɃɁ 

 

4.2.1 ɅŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ (fallout) 

 

Ƀ əɨɟɘɞɠ Űɟɧˊɞɠ ɛŮŰŬűɞɟɎɠ əŬɘ ŭɘŬůˊɞɟɎɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɟŬŭɘŮɜŮɟɔɧ 

ŮˊɑˊŰɤůɖ (fallout). Ƀ Űɧˊɞɠ əŬɘ ɞ ɢɟɧɜɞɠ əŬŰɎ Űɞɜ ɞˊɞɑɞ ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ɛɘŬɠ 

ˊɡɟɖɜɘəɐɠ ɏəɟɖɝɖɠ ɗŬ űɗɎůɞɡɜ ůŰɖɜ ŮˊűɎɜŮɘŬ Űɖɠ ɔɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ, ɏɜŬɠ Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ Űɞ ɨɣɞɠ ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ ɏəɟɖɝɖ. ȳůɞ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ɨɣɞɠ ŬɡŰɧ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Ŭˊɧ ŰŬ ˊŬɟŬɔɧɛŮɜŬ ɟŬŭɘŮɜŮɟɔɎ 
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ɡɚɘəɎ ŬɜɡɣɩɜɞɜŰŬɘ ůŰŬ ŬɜɩŰŮɟŬ əŬɘ ŬɜɩŰŬŰŬ ůŰɟɩɛŬŰŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ. ɀŮ Űɖɜ 

ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ əŬɘ əŬɗɩɠ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ˊɡɟŬəŰɤɛɏɜɖɠ ůűŬɑɟŬɠ ŮɚŬŰŰɩɜŮŰŬɘ, 

ŬɟɢɑɕŮɘ ɖ ůɡɜɏɜɤůɖ Űɤɜ ɟŬŭɘŮɜŮɟɔɩɜ ˊɟɞɥɧɜŰɤɜ ůŮ ɛɘəɟɞůəɞˊɘəɎ ůɤɛŬŰɑŭɘŬ. ȿɧɔɤ Űɞɡ 

ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ, ɖ ˊŰɩůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŬɡŰɩɜ ɔɑɜŮŰŬɘ ˊɞɚɨ ŬɟɔɎ əɘ ɏɜŬ ůɖɛŬɜŰɘəɧ 

ɛɏɟɞɠ ŬɡŰɩɜ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɛɏɜŮɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɔɘŬ ɛɐɜŮɠ ɐ ɢɟɧɜɘŬ. ȾŬŰɎ Űɖɜ 

ˊŮɟɑɞŭɞ ŬɡŰɐ, ůɡɛɓŬɑɜŮɘ ɛŮŰŬəɑɜɖůɖ Ŭˊɧ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ ɟŮɨɛŬŰŬ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ 

ŮˊŮəŰŬɗŮɑ ɏɤɠ əŬɘ ůŮ ɏɜŬ ɞɚɧəɚɖɟɞ ɖɛɘůűŬɑɟɘɞ, ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ůɤɛŬŰɑŭɘŬ ˊɞɡ ɏɢɞɡɜ 

űɗɎůŮɘ ɛɏɢɟɘ Űɖɜ ůŰɟŬŰɧůűŬɘɟŬ. ȼ ɟŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ, ɖ ɞˊɞɑŬ ŬəɞɚɞɡɗŮɑ Űɖɜ 

ŮɡɟɨŰŬŰɖ ŬɡŰɐ ŭɘŬůˊɞɟɎ ɚɏɔŮŰŬɘ ˊŬɔəɧůɛɘŬ ɐ əŬɗɡůŰŮɟɖɛɏɜɖ (global or delayed fallout). 

 

ȳůɞ ɢŬɛɖɚɧŰŮɟŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɏəɟɖɝɖ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Ŭˊɧ ŰŬ ɡɚɘəɎ, ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ Űɞ ɟŬŭɘŮɜŮɟɔɧ ɜɏűɞɠ, ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɖɠ ŰŮɟɎůŰɘŬɠ ŬɜŬɟɟɧűɖůɖɠ, ˊɞɡ ůɡɜɞŭŮɨŮɘ Űɖɜ Ŭɜɨɣɤůɖ Űɖɠ ˊɨɟɘɜɖɠ ůűŬɑɟŬɠ ŭɑɜɞɜŰŬɠ 

Űɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŮɘəɧɜŬ Űɞɡ ɛŬɜɘŰŬɟɘɞɨ. ɇŬ ůɤɛŬŰɑŭɘŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŮɑɜŬɘ ŬɟəŮŰɎ 

ɛŮɔɎɚŬ əŬɘ ˊɏűŰɞɡɜ ˊɞɚɨ ɔɟɐɔɞɟŬ ůŰɞ ɏŭŬűɞɠ ŬɜŬɛŮɛɘɔɛɏɜŬ ɛŮ ɟŬŭɘŮɜŮɟɔɎ ɡɚɘəɎ, 

ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɖɜ ˊɡɟɖɜɘəɐ ɏəɟɖɝɖ. ȾŬŰɎ Űɖɜ ˊŬɟŬɛɞɜɐ Űɞɡɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ 

ɛŮŰŬűɏɟɞɜŰŬɘ əŬɘ ŬɡŰɎ, ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ ɟŮɡɛɎŰɤɜ, ůŮ ɛɘəɟɏɠ ɧɛɤɠ 

ŬˊɞůŰɎůŮɘɠ. ȼ ɟŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ óŰɞˊɘəɐô ɐ 

óɎɛŮůɖô. Ɇɡɜɐɗɤɠ, ŰɞˊɘəɎ ŬˊɞŰɑɗŮŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ 50% Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ.  

 

 

4.2.2 ȺˊɑŭɟŬůɖ əɚɘɛŬŰɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ 

 

ȼ əŬŰŮɨɗɡɜůɖ əŬɘ ɖ ɏəŰŬůɖ, ˊɞɡ əŬɚɨˊŰŮɘ ɖ ɎɛŮůɖ ɟŬŭɘŮɜŮɟɔɧɠ ŮˊɑˊŰɤůɖ ŮɝŬɟŰɩɜŰŬɘ 

Ŭˊɧ Űɘɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, əɡɟɑɤɠ Ŭˊɧ Űɖɜ əŬŰŮɨɗɡɜůɖ əŬɘ Űɖɜ ŰŬɢɨŰɖŰŬ Űɤɜ 

Ŭɜɏɛɤɜ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ əŬɘ Űɖɜ ɏɜŰŬůɖ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ. ȺɘŭɘəɧŰŮɟŬ, ɖ 

ɟŬŭɘŮɜŮɟɔɧɠ ɟɨˊŬɜůɖ ɡŭɎŰɤɜ ŮɡɟɘůəɧɛŮɜɤɜ ůŮ ŬɜɞɘəŰɞɨɠ ɢɩɟɞɡɠ ˊɟɞəŬɚŮɑŰŬɘ əɡɟɑɤɠ 

ɛŮŰɎ Ŭˊɧ ɟŬŭɘŮɜŮɟɔɧ ɓɟɞɢɧˊŰɤůɖ əŬɘ ɢɘɞɜɧˊŰɤůɖ. 

 

 

4.2.3 ȹɘŬəɑɜɖůɖ ɛɏůɤ ˊɞŰŬɛɩɜ (Ŭˊɞɟɟɞɏɠ) 

 

ɄɏɟŬ Ŭˊɧ Űɖ ɛŮŰŬűɞɟɎ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ɛɏůɤ ŬŰɛɞůűŬɘɟɘəɩɜ ɞŭɩɜ, ŮɝŬɘɟŮŰɘəɎ 

ůɖɛŬɜŰɘəɏɠ ŮɑɜŬɘ əɘ ŬɡŰɏɠ ˊɞɡ ɔɑɜɞɜŰŬɘ ɛɏůɤ Űɤɜ ˊɞŰŬɛɩɜ (Ŭˊɞɟɟɞɏɠ). ɇŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ 

ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ ŰɟŮɢɞɨɛŮɜɤɜ ɡŭɎŰɤɜ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ 

ɓɟɧɢɘɜɤɜ ɡŭɎŰɤɜ) ˊŬɟŬůɡɟɧɛŮɜŬ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ůŰɞ ɞˊɞɑɞ əŬŰɏɚɖɝŬɜ ɛŮŰɎ Űɖ 
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ɟŬŭɘŮɜŮɟɔɧ ŮˊɑˊŰɤůɖ. ȼ ɏɜŰɞɜɖ ɟɞɐ Űɤɜ ˊɞŰŬɛɩɜ ŰŬ ɛŮŰŬűɏɟŮɘ ůŰɞ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ, ŮɑŰŮ ɤɠ ŭɘŬɚɡŰɎ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ (conservative), ŮɑŰŮ ˊɟɞůɟɞűɖɛɏɜŬ ˊɎɜɤ ůŮ 

ůɤɛŬŰɑŭɘŬ (non conservative, particle reactive). 

 

 

4.3 ȾȷɇȷȾɃɅɈūȼ ȾȷɇȷɁɃɀȼ ɆɇɃ ŪȷȿȷɆɆȽɃ ɄȺɅȽȸȷȿȿɃɁ 

 

ȼ ŭɘŬůˊɞɟɎ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ŮɑɜŬɘ ɗɏɛŬ ˊɞɚɨˊɚɞəɤɜ 

ɔŮɤɓɘɞɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ, ɧˊɤɠ ɖ ŭɘɎɚɡůɖ, ɖ ɡŭɟɧɚɡůɖ, ɖ ůɡɛˊɚɞəɞˊɞɑɖůɖ ɛŮ ɞɟɔŬɜɘəɎ 

əŬɘ ŬɜɧɟɔŬɜŬ ɘɧɜŰŬ, ŬɜŰɘŭɟɎůŮɤɜ ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ, ůɢɖɛŬŰɘůɛɞɨ əɞɚɚɞŮɘŭɩɜ, ˊɟɞůɟɧűɖůɖɠ 

/ Ůəɟɧűɖůɖɠ ůŮ ŮˊɘűɎɜŮɘŮɠ ɞɟɡəŰɩɜ, ůɡɔəŬŰŬɓɨɗɘůɖɠ əŬɘ Ɏɚɚɤɜ. ȼ ůˊɞɡŭŬɘɧŰɖŰŬ əŬɗŮɛɘɎɠ 

Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŮ ɛŮɔɎɚɖ ɏəŰŬůɖ Ŭˊɧ Űɘɠ ɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɞɘ 

ɞˊɞɑŮɠ ůɡɛɓŬɑɜɞɡɜ əŬŰɎ Űɖ ŭɘɎɚɡůɖ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ. ȼ ɛɞɟűɐ, ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ Űɞ 

ɟŬŭɘɞɜɞɡəɚɑŭɘɞ ůŰɞ ŭɘɎɚɡɛŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɘɞɜŰɘəɐ ɘůɢɨ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, Űɖɜ 

ɞɝŮɘŭɞŬɜŬɔɤɔɘəɐ Űɞɡ əŬŰɎůŰŬůɖ (Eh), Űɖɜ ɞɝɨŰɖŰŬ Űɞɡ (pH) əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ ůɡɛˊɚɧəɤɜ 

ɞɟɔŬɜɘəɩɜ ɐ ŬɜɧɟɔŬɜɤɜ ŮɜɩůŮɤɜ (ˊɢ ɢɞɡɛɘəɎ ůɡůŰŬŰɘəɎ, CO3
2-, SO4

2-, Cl-). ȺˊɘˊɟɧůɗŮŰŬ, 

əɞɚɚɞŮɘŭɐ əŬɘ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ ɓɟɑůəɞɜŰŬɘ ůŮ ŬűɗɞɜɑŬ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ əŬɘ ɎɟŬ, 

ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ŮɨəɞɚŬ ˊɟɞůɟɞűɩɜŰŬɘ, ůɡɔəŬŰŬɓɡɗɑɕɞɜŰŬɘ ɐ ŮɛˊɚɏəɞɜŰŬɘ ůŮ 

ŬɜŰɘŭɟɎůŮɘɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ, ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖ ůŰŮɟŮɐ űɎůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŬɡŰɩɜ. 

 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŮ ŭɘŬɚɡŰɎ əŬɘ ůŰŮɟŮɎ (ŬɘɤɟɞɨɛŮɜŬ) ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɞɡɠ 

ůɖɛŬůɑŬɠ ůŰɖ ɛŬəɟɞˊɟɧɗŮůɛɖ əŬɘ ɓɟŬɢɡˊɟɧɗŮůɛɖ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɞ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ. ɇŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ɧŰŬɜ ŮɘůɎɔɞɜŰŬɘ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ 

ˊŬɟŬɛɏɜɞɡɜ ůŮ ŭɘŬɚɡŰɐ ɛɞɟűɐ (conservative), ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ Űɖɠ ɡŭɟŬɡɚɘəɐɠ ɟɞɐɠ Űɤɜ 

ɡŭɎŰɤɜ əŬɘ ŭɘŬůˊŮɑɟɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ Ůɘůɧŭɞɡ Űɞɡɠ əŬɘ 

əŬŰŬɜɏɛɞɜŰŬɘ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ȷɜŰɑɗŮŰŬ, ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ 

ˊɟɞůɟɞűɖɛɏɜŬ ůŰŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ (non conservative) ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ŮɜŰŮɚɩɠ Ŭˊɧ 

Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ əŬɘ əŬŰŬɚɐɔɞɡɜ ůŰŬ ɘɕɐɛŬŰŬ. ȼ ˊɟɞůɟɧűɖůɖ əŬɘ ɖ ůŰŬŭɘŬəɐ 

ɘɕɖɛŬŰɞɔɏɜŮůɖ Űɤɜ ŭɟŬůŰɘəɩɜ ŬɡŰɩɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ŮˊɘŰŬɢɨɜŮɘ Űɖɜ əɑɜɖůɖ Űɞɡɠ ůŮ ůɢɏůɖ 

ɛŮ ŰŬ Ůɜ ŭɘŬɚɨůŮɘ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ (ˊŬɟŬɛɏɜɞɡɜ ɔɘŬ ŬɟəŮŰɧ ɢɟɧɜɞ ůŰɘɠ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ), 

ɔŮɔɞɜɧɠ ˊɞɡ ɞŭɖɔŮɑ ůŰɖ ůɡůůɩɟŮɡůɖ Űɞɡɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɘɕɖɛɎŰɤɜ. 
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4.3.1 ɈŭɟɞŭɡɜŬɛɘəɐ ɛŮŰŬűɞɟɎ 

 

ȼ űɡůɘəɐ ɛŮŰŬűɞɟɎ Űɤɜ ŭɘŬɚŮɚɡɛɏɜɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ɏɔəŮɘŰŬɘ ůŮ ɏɜŬ ůɡɜŭɡŬůɛɧ ŭɡɞ 

űŬɘɜɞɛɏɜɤɜ: ŭɖɛɘɞɡɟɔɑŬɠ (əɎɗŮŰɤɜ ɐ ɞɟɘɕɧɜŰɘɤɜ) ɟŮɡɛɎŰɤɜ əŬɘ űŬɘɜɞɛɏɜɤɜ ŭɘɎɢɡůɖɠ. ɇŬ 

ɡŭɎŰɘɜŬ ɟŮɨɛŬŰŬ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ Űɖ ɛŮŰŬəɑɜɖůɖ ɧɔəɤɜ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, Űɞ ɞˊɞɑɞ 

ɛŮŰŬűɏɟŮɘ ŭɘŬɚŮɚɡɛɏɜŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ. ɇŬ űŬɘɜɧɛŮɜŬ ŭɘɎɢɡůɖɠ ůŰɖɟɑɕɞɜŰŬɘ ůŰɘɠ 

ŭɘŮɟɔŬůɑŮɠ ŬɜɎɛɘɝɖɠ əŬɘ ůŰɟɤɛɎŰɤůɖɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ɇɏŰɞɘŮɠ 

ŭɘŮɟɔŬůɑŮɠ ŮɑɜŬɘ: 

 

-- əɎɗŮŰɖ ɐ ɞɟɘɕɧɜŰɘŬ ɛɞɟɘŬəɐ ŭɘɎɢɡůɖ ɐ ɖ ŬɜɎɛɘɝɖ Űɤɜ ŭɘŬɚŮɚɡɛɏɜɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, 

ɚɧɔɤ Űɖɠ ŰɡɢŬɑŬɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ɛɞɟɑɤɜ ůŰɞ ɡɔɟɧ. ɋɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŰɡɢŬɑŬɠ əɑɜɖůɖɠ 

ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ŰŮɑɜɞɡɜ ɜŬ əɘɜɞɨɜŰŬɘ Ŭˊɧ ˊŮɟɘɞɢɏɠ ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ ůŮ ˊŮɟɘɞɢɏɠ 

ɢŬɛɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ, ůɡɛűɤɜŬ ɛŮ Űɞ ɜɧɛɞ Űɞɡ Fick ɔɘŬ Űɖ ŭɘɎɢɡůɖ126 127. 

 

-- əɎɗŮŰɖ ɐ ɞɟɘɕɧɜŰɘŬ Űɡɟɓɩŭɖɠ ɐ ůŰɟɤŰɐ ŭɘɎɢɡůɖ, ɛɘŬ əɚɘɛŬəɤŰɐ ŭɘŮɟɔŬůɑŬ ˊɞɡ 

ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ŬˊɧŰɞɛɖ ŮɜŬɚɚŬɔɐ ůŰɟɤŰɐɠ əŬɘ Űɡɟɓɩŭɞɡɠ ɟɞɐɠ. 

 

ɀŮ ŮɝŬɑɟŮůɖ Űɞ 3ȼ, əŬɜɏɜŬ ɟŬŭɘɞɜɞɡəɚɑŭɘɞ ŭŮɜ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ŬˊɞɚɨŰɤɠ ɤɠ ŭɘŬɚɡŰɧ 

(conservative) ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ əŬɘ ˊɎɜŰɞŰŮ ɡˊɎɟɢŮɘ ůɢɏůɖ ɛŮ Űɖ ůɤɛŬŰɘŭɘŬəɐ ɐ Űɖ 

ůŰŮɟŮɐ űɎůɖ. ɋůŰɧůɞ, ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ɧˊɤɠ ŰŬ 90Sr, 99Tc, 125Sb, 134Cs, 137Cs, 226Ra əŬɘ 

238U ɔŮɜɘəɎ ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ɓɟɑůəɞɜŰŬɘ, əŬŰɎ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɞɡɠ, ŭɘŬɚɡŰɎ əŬɘ ɎɟŬ 

ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ŬɚŬŰɧŰɖŰŬ Űɖɠ ɗɎɚŬůůŬɠ (conservative) əŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ űŬɘɜɧɛŮɜŬ ŭɘɎɢɡůɖɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬɠ ɟŮɡɛɎŰɤɜ. 

 

 

4.3.2 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ɛŮŰŬűɞɟɎ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 

 

ȼ ɛŮŰŬűɞɟɎ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ŭŮɜ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞɡɠ 

űɡůɘəɞɨɠ əŬɘ ɢɖɛɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɔɟɎűɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, ŬɚɚɎ 

Ůˊɑůɖɠ əɘ Ŭˊɧ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ˊŮɟɘɞɢɐ əŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ŰŬ 

ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ŮɘůɎɔɞɜŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ȳůɞɜ ŬűɞɟɎ ůŰŬ ŭɘŬɚɡŰɎ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ 

(conservative), ŰŬ ɞˊɞɑŬ ŮɘůɎɔɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əɘ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɞɛɞɘɧɛɞɟűŬ ůŮ 

ůɢŮŰɘəɎ ŮɡɟŮɑŮɠ ɔŮɤɔɟŬűɘəɏɠ ˊŮɟɘɞɢɏɠ (ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮŰɎ Ŭˊɧ ɛɘŬ ˊŬɔəɧůɛɘŬ 

ɟŬŭɘŮɜŮɟɔɧ ŮˊɑˊŰɤůɖ, fallout), ɖ ŬɟŬɑɤůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮŰɎ Ŭˊɧ əɎɗŮŰŮɠ ŭɘŮɟɔŬůɑŮɠ ŬɜɎɛɘɝɖɠ. ɋůŰɧůɞ, ɖ ɓɨɗɘůɖ Űɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ ůŮ ɛŮůŬɑŬ ɐ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɞɟɘɕɧɜŰɘŬ 



 
75 

 

ŭɘŬůˊɞɟɎ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ŮɝŬɘŰɑŬɠ Űɖɠ əɑɜɖůɖɠ Űɤɜ ɡŭɎŰɤɜ, ɚɧɔɤ ŭɖɛɘɞɡɟɔɑŬɠ 

ɟŮɡɛɎŰɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ çůɤɛŬŰɘŭɘɞ-ŭɟŬůŰɘəɩɜè ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůɡɛɓŬɑɜŮɘ əŬɘ ɛɘŬ 

ˊɟɧůɗŮŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬűɞɟɎ, ɚɧɔɤ ɓŬɟɨŰɖŰŬɠ. 

 

ȳůɞɜ ŬűɞɟɎ ůŮ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ŮɘůɎɔɞɜŰŬɘ Ŭˊɧ ůɖɛŮɑŬ ŬɜŬűɞɟɎɠ (ˊɢ ůɖɛŮɑŬ 

Ůəɟɞɐɠ ˊɡɟɖɜɘəɩɜ ůŰŬɗɛɩɜ), ɖ Ŭɟɢɘəɐ ŭɘŬɚɡŰɞˊɞɑɖůɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘŬűɞɟɎ ůŰɖɜ 

ˊɡəɜɧŰɖŰŬ Űɤɜ ɡŭɎŰɤɜ Ůəɟɞɐɠ əŬɘ Űɤɜ ɡŭɎŰɤɜ - ŬˊɞŭŮəŰɩɜ. Ⱥˊɑůɖɠ, ůɖɛŬɜŰɘəɧ ɟɧɚɞ 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ Űɞ ɓɎɗɞɠ, ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ Ŭˊɧɟɟɘɣɖ, ŰŬ ˊŬɚɘɟɟɞɘŬəɎ əŬɘ ůŰɟɞɓɘɚɩŭɖ 

ɟŮɨɛŬŰŬ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ɖ ɨˊŬɟɝɖ əɡɛɎŰɤɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ Ŭɜɏɛɤɜ. ɀɧɚɘɠ 

ŮɜůɤɛŬŰɤɗɞɨɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ŰŬ ŰɞˊɘəɎ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ ɞŭɖɔɞɨɜ ŰŬ 

ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ˊɖɔɐ Ůəɟɞɐɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɖ Űɡɟɓɩŭɖɠ əɑɜɖůɖ ŰŬ 

əŬŰŬɜɏɛŮɘ ůŰɞ ɢɩɟɞ əŬɘ ŰŬ ŭɘŬůˊŮɑɟŮɘ ůŰɞ ɓɎɗɞɠ. ɅŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ˊŬɟŬɛɏɜɞɡɜ 

Ůɜ ŬɘɤɟɐůŮɘ ˊɟɞůɟɞűɖɛɏɜŬ ůŮ ůɤɛŬŰɑŭɘŬ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɑŭɘŮɠ ŭɘŮɟɔŬůɑŮɠ ŬɜɎɛɘɝɖɠ 

əŬɘ əɑɜɖůɖɠ, ŬɚɚɎ ŮˊɘˊɟɧůɗŮŰŬ əɘ Ŭˊɧ Űɖɜ əŬŰŬəɧɟɡűɖ əɑɜɖůɖ, ŮɝŬɘŰɑŬɠ Űɖɠ əŬɗɑɕɖůɖɠ 

Űɞɡɠ. 

 

 

4.3.3 ȾŬŰŬɜɞɛɐ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ ůŰɞɡɠ 

ɤəŮŬɜɞɨɠ 

 

ȼ əɨɟɘŬ ˊɖɔɐ ŰŮɢɜɖŰɩɜ ɟŬŭɘŮɜŮɟɔɩɜ ůɡůŰŬŰɘəɩɜ ůŰɞɡɠ ɤəŮŬɜɞɨɠ ŮɑɜŬɘ ɖ ɟŬŭɘŮɜŮɟɔɧɠ 

ŮˊɑˊŰɤůɖ (fallout), Ŭˊɧ Űɖɜ Ůˊɞɢɐ Űɤɜ ˊɡɟɖɜɘəɩɜ ŭɞəɘɛɩɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. Ƀɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɓŬɗɨŰŮɟŬ ɨŭŬŰŬ ŮɚɏɔɢɞɜŰŬɘ 

ůŰɞɡɠ ɤəŮŬɜɞɨɠ ɔɘŬ ˊɞɚɚɏɠ ŭŮəŬŮŰɑŮɠ. ȼ ˊŬɔəɧůɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɏɢŮɘ ŭɩůŮɘ 

ŬɜŮəŰɑɛɖŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŮɟŮɡɜɖŰɏɠ ɜŬ ɏɢɞɡɜ əŬŰŬɜɞɐůŮɘ ˊɚɐɟɤɠ Űɞɡɠ 

ɛɖɢŬɜɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ Ůɚɏɔɢɞɡɜ Űɖ ŭɘŬůˊɞɟɎ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɖ Ŭˊɧɟɟɘɣɖ 

ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰɞ ɜŮɟɧ. 

 

-- ȹɘŬɚŮɚɡɛɏɜŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ (conservative). ɀŮŰɟɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ůŰɞɜ 

ȷŰɚŬɜŰɘəɧ əŬɘ Ⱥɘɟɖɜɘəɧ ɤəŮŬɜɧ ůŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞ ô60 əŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ 

ô70, ɚɑɔɞ ɛŮŰɎ Ŭˊɧ Űɖɜ ˊɟɩŰɖ ɟŬŭɘŮɜŮɟɔɧ ŮˊɑˊŰɤůɖ, ɏɢɞɡɜ ŭŮɑɝŮɘ əŬŰŬəɧɟɡűɖ ŭɘŬůˊɞɟɎ 

Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ŰŬ ɞˊɞɑŬ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ŬɚŬŰɧŰɖŰŬ (3ȼ, 137Cs əŬɘ 90Sr). Ƀɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ŬɡŰɩɜ ɛŮɘɩɜɞɜŰŬɘ ŬɡɝŬɜɞɛɏɜɞɡ Űɞɡ ɓɎɗɞɡɠ, Ůɜɩ 

ɛŮŰɎ ŰŬ 2000 m ɓɟɑůəɞɜŰŬɘ ůŮ ɘɢɜɞˊɞůɧŰɖŰŮɠ. ɀŬəɟɞɢɟɧɜɘŮɠ ɛŮɚɏŰŮɠ ɔɘŬ Űɘɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ 137Cs əŬɘ 90Sr ɏɢɞɡɜ ŭŮɑɝŮɘ ɓŬɗɛɘŬɑŬ ɛŮɑɤůɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ ůŰŬ 

ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ, ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ, ˊɞɡ ɡűɑůŰŬɜŰŬɘ əŬɘ Űɖɠ űɡůɘəɐɠ 
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ŬɜɎɛɘɝɖɠ, ɖ ɞˊɞɑŬ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ˊɟɞɞŭŮɡŰɘəɐ Ŭɨɝɖůɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ ůŰɘɠ 

əŬŰɩŰŮɟŮɠ ɕɩɜŮɠ. ɀŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ, ɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ɢɟɧɜɞɠ ɖɛɘɕɤɐɠ Űɞɡ 

137Cs ŮɑɜŬɘ 14 ɢɟɧɜɘŬ, Ůɜɩ ɞ ɛɏůɞɠ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ ŮɑɜŬɘ 26 ɢɟɧɜɘŬ ůŰɞɡɠ ɤəŮŬɜɞɨɠ. 

ɄŬɟɎ Űɖ ɛŮɑɤůɖ Űɞɡ 137Cs ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, Űɞ ˊŮɟɘůůɧŰŮɟɞ (90 - 95 %) ˊŬɟŬɛɏɜŮɘ 

ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ, ŬɜŰɘůŰŮəɧɛŮɜɞ ůŰɖɜ əŬɗɑɕɖůɖ əŬɘ ɘɕɖɛŬŰɞɔɏɜŮůɖ. 

 

-- ɀɖ ŭɘŬɚɡŰɎ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ (non - conservative). ȼ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 

ŬɡŰɩɜ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Ŭˊɧ ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ 

űɡůɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ, ɧˊɤɠ ŬɡŰɞɑ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ ɔɘŬ ŰŬ ŭɘŬɚɡŰɎ 

ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŬɚɚŬ əŬɘ ɛɏůɤ Űɖɠ ůɨɜŭŮůɖɠ Űɞɡɠ ɛŮ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ, ˊɞɡ ɞŭɖɔŮɑ 

ůŮ ůŰŬŭɘŬəɐ ɘɕɖɛŬŰɞɔɏɜŮůɖ. ɀŬəɟɞɢɟɧɜɘŮɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ 239,240Pu əŬɘ 241Am ůŮ 

ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ Űɞɡ ȷŰɚŬɜŰɘəɞɨ əŬɘ Ⱥɘɟɖɜɘəɞɨ ɤəŮŬɜɞɨ, əŬɗɩɠ əŬɘ Űɖɠ ɀŮůɞɔŮɑɞɡ 

ɏɢɞɡɜ ŭŮɑɝŮɘ ɢɟɧɜɞɡɠ ˊŬɟŬɛɞɜɐɠ ˊɞɚɨ ɛɘəɟɧŰŮɟɞɡɠ Ŭˊɧ ŬɡŰɞɨɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰŬ 

ŭɘŬɚŮɚɡɛɏɜŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ (conservative). Ƀɘ ɛɘəɟɞɑ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɤɜ 

ɡˊŮɟɞɡɟɎɜɘɤɜ ůŰɞɘɢŮɑɤɜ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞɘ ɛŮ Űɞ ůəŮˊŰɘəɧ ɧŰɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ 

ɓɟɑůəŮŰŬɘ Ůɜ ŬɘɤɟɐůŮɘ ůɡɜŭŮɧɛŮɜŬ ɛŮ ŰŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ. ɆŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, 

ˊŮɟɑˊɞɡ 10 - 20 % Űɞɡ Pu əŬɘ ˊɎɜɤ Ŭˊɧ Űɞ 50 % Űɞɡ Am ˊŬɟŬɛɏɜɞɡɜ ůŰɖ ůɤɛŬŰɘŭɘŬəɐ 

əŬŰɎůŰŬůɖ. ɆŮ ɨŭŬŰŬ ŬɜɞɘəŰɩɜ ˊŮɚɎɔɤɜ, ŰŬ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɐɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɐ űɎůɖ, ɖ ŬɜŬɚɞɔɑŬ Űɤɜ ɡˊŮɟɞɡɟɎɜɘɤɜ ůŰɞɘɢŮɑɤɜ, ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ˊɟɞůɟɞűɖɛɏɜŬ ůŮ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ, 5 % ɔɘŬ Űɞ Pu əŬɘ 10 % 

ɔɘŬ Űɞ Am. 

 

ȼ ůɡůůɩɟŮɡůɖ Űɤɜ ɡˊŮɟɞɡɟɎɜɘɤɜ ůŰɞɘɢŮɑɤɜ, ŮɝŬɘŰɑŬɠ Űɖɠ əŬɗɑɕɖůɖɠ Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ 

ůɤɛŬŰɘŭɑɤɜ ŮɑɜŬɘ ɞ əɨɟɘɞɠ ɛɖɢŬɜɘůɛɧɠ, ɞ ɞˊɞɑɞɠ ŮɚɏɔɢŮɘ Űɖ ɛɞɟűɞˊɞɑɖůɖ Űɖɠ 

əŬŰŬəɧɟɡűɖɠ əŬŰŬɜɞɛɐɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ȰɜŬ Ŭˊɧ ŰŬ ˊɘɞ 

ŮɜŭɘŬűɏɟɞɜŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əŬŰŬəɧɟɡűɖɠ əŬŰŬɜɞɛɐɠ Űɤɜ ɡˊŮɟɞɡɟɎɜɘɤɜ ůŰɞɘɢŮɑɤɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɔɘŬ Űɞ 239,240Pu ůŮ ŬɜɞɘəŰɎ ɨŭŬŰŬ ɛŮ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɞ 

ɡˊɞŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ. ɄŬɟɎ Űɖ ɛŮɑɤůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ 

ˊɚɞɡŰɤɜɑɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ 20 ɢɟɧɜɘŬ ŭŮɜ ɏɢŮɘ ůɡɛɓŮɑ əŬɛɛɘɎ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ 

ɡˊɞŮˊɘűŬɜŮɘŬəɞɨ ɛŮɔɑůŰɞɡ. ɋůŰɧůɞ, ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŮ ɓŬɗɨŰŮɟŬ ɨŭŬŰŬ 

əŬɘ ˊɘůŰŮɨŮŰŬɘ ˊɤɠ ɖ əɨɟɘŬ ɞŭɧɠ ɛŮŰŬűɞɟɎɠ ɛɖ ŭɘɎɚɡŰɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ (non - 

conservative) ɔɑɜŮŰŬɘ ɛɏůɤ ůŰŬŭɘŬəɐɠ əŬŰŬɓɨɗɘůɖɠ ůɤɛŬŰɘŭɑɤɜ ɕɤɞˊɚŬɔəŰɞɨ, ůŰɞ ɞˊɞɑɞ 

ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ŮɑɜŬɘ ˊɟɞůɟɞűɖɛɏɜŬ. 
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4.4 ɆɇɅɋɀȷɇɋɆȼ 

 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɢŮɘɛŮɟɘɜɩɜ ɛɖɜɩɜ ŰŬ ɟŮɨɛŬŰŬ ŬɏɟŬ, ŰŬ ɞˊɞɑŬ ŮˊɘəɟŬŰɞɨɜ ůŰŬ 

ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ ɗŬɚŬůůɩɜ ŮɨəɟŬŰɤɜ ˊŮɟɘɞɢɩɜ, ŭɖɛɘɞɡɟɔɞɨɜ ŰɡɟɓɩŭŮɘɠ ɟɞɏɠ əɘ ɎɟŬ 

ŬɜɎɛɘɝɖ. ȿɧɔɤ Űɖɠ ɘůɢɡɟɐɠ ŬɜɎɛɘɝɖɠ əŬɘ Űɞɡ ůɢŮŰɘəɎ ɛɘəɟɞɨ ɓɎɗɞɡɠ, ɖ ɗŮɟɛɞəɟŬůɑŬ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ ůŰɐɚɖɠ Űɞɡ ɜŮɟɞɨ. ɇɖɜ Ɏɜɞɘɝɖ, əŬɗɩɠ ɖ ɖɚɘɞűɎɜŮɘŬ 

ɔɑɜŮŰŬɘ ŮɜŰɞɜɧŰŮɟɖ, Ůɜɩ ɟŮɨɛŬŰŬ ŭŮɜ ɡˊɎɟɢɞɡɜ, ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ Ŭɟɢɑɕɞɡɜ ɜŬ 

ɗŮɟɛŬɑɜɞɜŰŬɘ. ȿɧɔɤ Űɖɠ ɡɣɖɚɐɠ Űɞɡ ɗŮɟɛɞəɟŬůɑŬɠ, Űɞ ɜŮɟɧ əŬŰŬɚŬɛɓɎɜŮɘ ɛŮɔŬɚɨŰŮɟɞ ɢɩɟɞ, 

ɔɑɜŮŰŬɘ ɚɘɔɧŰŮɟɞ ˊɡəɜɧ Ŭˊɧ Űɞ ɣɡɢɟɧ əŬɘ ŭɘŬɢɤɟɑɕŮŰŬɘ. ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɖ ɗŮɟɛɧŰɖŰŬ 

ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞ ŮˊɘűŬɜŮɘŬəɧ ɨŭɤɟ, ɞ ɛɧɜɞɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ɗŮɟɛŬɜɗŮɑ Űɞ ɓŬɟɨŰŮɟɞ ɜŮɟɧ 

ŮɑɜŬɘ ɛɏůɤ ɡŭɟŬɡɚɘəɐɠ ŬɜɎɛɘɝɖɠ. ɋůŰɧůɞ, ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ɏŰɞɡɠ ɖ ŭɨɜŬɛɖ Űɤɜ 

Ŭɜɏɛɤɜ ŮɑɜŬɘ ɛŮɘɤɛɏɜɖ, ɔɘô ŬɡŰɧ ůŮ ɧɚŬ ŮəŰɧɠ Űɤɜ ɟɖɢɩɜ ˊŮɟɘɞɢɩɜ ŭŮɜ ɡˊɎɟɢŮɘ ŬɟəŮŰɐ 

ŮɜɏɟɔŮɘŬ, ɤůŰŮ ɜŬ ɝŮˊŮɟŬůŰŮɑ ɖ ŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ ɛŮŰŬɝɨ ŮˊɘűŬɜŮɘŬəɩɜ əŬɘ ɓŬɗɨŰŮɟɤɜ 

ɡŭɎŰɤɜ. ɆŰɖɜ Ŭɟɢɐ Űɖɠ Ɏɜɞɘɝɖɠ, ɖ ɛɎɢɖ ɛŮŰŬɝɨ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ Ŭɜɏɛɤɜ ɔɘŬ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ ŬɜɎɛɘɝɖ əŬɘ Űɞɡ ɐɚɘɞɡ ɜŬ ˊɟɞəŬɚɏůŮɘ ɗɏɟɛŬɜůɖ űɗɎɜŮɘ ůŰɞ ŬˊɞəɞɟɨűɤɛŬ. ɆŮ 

ŬɡŰɐ Űɖ űɎůɖ Űɞ ɜŮɟɧ ůŰɟɤɛŬŰɩɜŮŰŬɘ. ȹɘŬɘɟŮɑŰŬɘ ůŮ ŭɡɞ ŮɡŭɘɎəɟɘŰŬ ůŰɟɩɛŬŰŬ, ɏɜŬ 

ɗŮɟɛɧŰŮɟɞ ŮˊɘűŬɜŮɘŬəɧ əŬɘ ɏɜŬ ɣɡɢɟɧŰŮɟɞ ɓŬɗɨŰŮɟɞ. ɇɞ ɧɟɘɞ ɛŮŰŬɝɨ Űɤɜ ŭɡɞ ůŰɟɤɛɎŰɤɜ 

əŬɚŮɑŰŬɘ ɗŮɟɛɞəɚɘɜɏɠ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɛŮ ɛɘŬ ŬˊɧŰɞɛɖ ŭɘŬəɨɛŬɜůɖ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ɗŮɟɛɞəɟŬůɘɩɜ, ˊŮɟɑˊɞɡ 1 oC/m. Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ŭɡɞ ůŰɟɤɛɎŰɤɜ ůɡɜŮɢɑɕŮŰŬɘ əŬɘ 

ŮŭɟŬɘɩɜŮŰŬɘ Űɞ űɗɘɜɧˊɤɟɞ, ɧŰŬɜ ɖ ŰŬɢɨŰɖŰŬ Űɤɜ Ŭɜɏɛɤɜ ŬɡɝɎɜŮɘ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ űɗɑɜŮɘ. 

ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ Űɞ ɗŮɟɛɞəɚɘɜɏɠ əŬŰŬɟɟɏŮɘ əŬɘ Űɞ ɜŮɟɧ ɝŬɜŬɔɑɜŮŰŬɘ ɞɛɞɘɞɔŮɜɏɠ. 

 

 

4.5 ɀȺɇȷūɃɅȷ ȷɄɃ ɇȼɁ ɈȹȷɇȽɁȼ Ɇɇȼȿȼ Ɇɇȷ ȽȻȼɀȷɇȷ 

 

ȳˊɤɠ ɏɢŮɘ ŮɘˊɤɗŮɑ, ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ɧˊɤɠ ŰŬ 210Pb, 210Po, 234Th, 239Pu, 241Am əŬɘ 244Cm ɏɢɞɡɜ 

ɘůɢɡɟɐ ŰɎůɖ ɜŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ůŰŮɟŮɎ (ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ). ȰŰůɘ, ɖ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɞ 

ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ůɡɜŭɏŮŰŬɘ ɛŮ ŬɡŰɐ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ ůŰɖɟɑɕŮŰŬɘ ůŰɞɡɠ 

ɛɖɢŬɜɘůɛɞɨɠ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ, ɞɘ ɞˊɞɑɞɘ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ. ɈˊɎɟɢɞɡɜ, Ůˊɑůɖɠ, ŬˊɞŭŮɑɝŮɘɠ ɧŰɘ 

əɞɚɚɞŮɘŭŮɑɠ ɛɞɟűɏɠ çůɤɛŬŰɘŭɘɞ-ŭɟŬůŰɘəɩɜè ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧŰŬŰɞ 

ɟɧɚɞ ůŰɖɜ əɘɜɖŰɘəɧŰɖŰŬ Űɤɜ Ůɜ ɚɧɔɤ ɛɞɟɑɤɜ. 

 

ɅŬŭɘɞɜɞɡəɚɑŭɘŬ ˊɟɞůɟɞűɖɛɏɜŬ ůŮ əɞɚɚɞŮɘŭɐ ůɡůŰŬŰɘəɎ ɐ ůŮ ˊɞɚɨ ɚŮˊŰɧəɞəəŬ ůŰŮɟŮɎ 

ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɖ ɟɞɐ Űɤɜ ɟŮɡɛɎŰɤɜ, ɛŮ Űɞɜ ɑŭɘɞ ɞɡůɘŬůŰɘəɎ Űɟɧˊɞ ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰŬ 

ŭɘŬɚŮɚɡɛɏɜŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ. ɋůŰɧůɞ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ 



 
78 

 

ˊɟɧůɗŮŰŮɠ ŭɘŮɟɔŬůɑŮɠ ɛŮŰŬűɞɟɎɠ, ɧˊɤɠ ɘɕɖɛŬŰɞɔɏɜŮůɖ, ŮˊŬɜŬɘɩɟɖůɖ, ůɡůůɤɛɎŰɤůɖ ɐ 

ŬˊɞůɡůůɤɛɎŰɤůɖ əŬɘ əɟɞəɑŭɤůɖ. 

 

ȷɜŰɑɗŮŰŬ, ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ɢɞɜŭɟɧəɞəəŬ ůɤɛŬŰɑŭɘŬ ŬˊɞɟɟɑˊŰɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ɡŭɎŰɘɜɖ ůŰɐɚɖ, ŮɝŬɘŰɑŬɠ Űɖɠ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ, əŬɘ ŭɘŬůˊŮɑɟɞɜŰŬɘ ɛŮ ŭɘŮɟɔŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖ ɛŮŰŬűɞɟɎ ɘɕɖɛɎŰɤɜ. ɋůŰɧůɞ, ɘɕɐɛŬŰŬ əŬɘ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ 

ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɑŭɘŮɠ ɡŭɟɞŭɡɜŬɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ Ŭəɟɘɓɩɠ ůŰɖ űɎůɖ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ. ȼ ɛɧɜɖ ŭɘŬűɞɟɎ ŮɑɜŬɘ ˊɤɠ ɔɘŬ ɜŬ ɔɑɜŮɘ ɛŮŰŬűɞɟɎ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ 

ɘɕɖɛŬŰɞɔɏɜŮůɖ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɝŮˊŮɟŬůŰŮɑ ɏɜŬ əŬŰɩűɚɘ ŰŬɢɨŰɖŰŬɠ ɟɞɐɠ. ɄɎɜɤ Ŭˊɧ ŬɡŰɧ, 

ůɤɛŬŰɑŭɘɞ əŬɘ ůɡɜŭŮŭŮɛɏɜɞ ɟŬŭɘɞɜɞɡəɚɑŭɘɞ ɛŮŰŬűɏɟɞɜŰŬɘ Ůɜ ŬɘɤɟɐůŮɘ ɛɏůɤ ɏɜŰɞɜɖɠ 

Űɡɟɓɩŭɞɡɠ ɟɞɐɠ. ȳŰŬɜ ɖ ɘəŬɜɧŰɖŰŬ Űɖɠ ɡŭɟŬɡɚɘəɐɠ ɟɞɐɠ ɜŬ ɛŮŰŬűɏɟŮɘ ŬɘɤɟɞɨɛŮɜŬ 

ůɡůŰŬŰɘəɎ űɗɑɜŮɘ, ŰɧŰŮ ɖ ˊŮɟɑůůŮɘŬ Űɤɜ ůŰŮɟŮɩɜ əŬɗɘɕɎɜŮɘ əɘ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɖ ɚŮəɎɜɖ, 

ɞŭɖɔɩɜŰŬɠ ůŮ ůɡůůɩɟŮɡůɖ Űɤɜ ůɡɜŭŮŭŮɛɏɜɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ. 

 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ɘɕɖɛŬŰɞɔɏɜŮůɖ əŬɘ Űɖ ŭɘɎɓɟɤůɖ, əɘ ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ŭɘŬɚɡŰɩɜ əŬɘ çůɤɛŬŰɘŭɘɞ-ŭɟŬůŰɘəɩɜè ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 

ůŰɞ ůɖɛŮɑɞ ŮˊŬűɐɠ ɘɕɐɛŬŰɞɠ / ɜŮɟɞɨ. ȼ ɛŮŰŬűɞɟɎ ɛŮ ɛɞɟɘŬəɐ ŭɘɎɢɡůɖ Űɤɜ ŭɘŬɚɡɛɏɜɤɜ 

ůɡůŰŬŰɘəɩɜ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɢɩɟŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŮˊŬűɐɠ, Ŭɜ ɖ ůɡɔəɏɜŰɟɤůɖ ˊŬɟŬɛɏɜŮɘ 

ůŰŬɗŮɟɐ ůŰɖɜ ŮɜŭɘɎɛŮůɖ ůŰɞɘɓɎŭŬ (ɜŮɟɞɨ / ɘɕɐɛŬŰɞɠ). ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɓŬɗɛɘŬɑŬ 

ůŰŬɗŮɟɞˊɞɑɖůɖ əŬɘ ɖ ˊŮɟŬɘŰɏɟɤ əŬɗɑɕɖůɖ Űɤɜ ɘɕɖɛɎŰɤɜ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Ŭɜɞŭɘəɩɜ ɟŮɡɛɎŰɤɜ ůŰɞ ɜŮɟɧ Űɖɠ ŮɜŭɘɎɛŮůɖɠ ůŰɞɘɓɎŭŬɠ əŬɘ ɎɟŬ Űɖɜ ŮˊɘůŰɟɞűɐ Űɤɜ ůŰŮɟŮɩɜ 

ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ȼ űɡůɘəɐ ŬɜɎɛɘɝɖ, ŮɝŬɘŰɑŬɠ ŮˊɘűŬɜŮɘŬəɩɜ ɟŮɡɛɎŰɤɜ, əɚɘɛŬŰɞɚɞɔɘəɩɜ 

ŬɘŰɘɩɜ əɘ ŬɚɘŮɡŰɘəɩɜ ŮɜŮɟɔŮɘɩɜ ɐ ɖ ɓɘɞɚɞɔɘəɐ ŬɜɎɛɘɝɖ, ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɓŮɜɗɘəɞɨɠ ɐ 

Ɏɚɚɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜŰŬɚɚŬɔɐ Űɤɜ ɡŭɎŰɤɜ Űɖɠ ŮɜŭɘŬɛɏůɞɡ ůŰɞɘɓɎŭŬɠ ɛŮ Űɖɜ 

ŮˊɘűŬɜŮɘŬəɐ. ɇɏɚɞɠ, ɖ ŮɜŬɚɚŬɔɐ Űɤɜ ɡŭɎŰɤɜ ŬɡŰɩɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊɘůŰɟɞűɐ ůŰŮɟŮɩɜ 

ůɤɛŬŰɘŭɑɤɜ, ˊɟɞŮɟɢɧɛŮɜɤɜ Ŭˊɧ Űɞ ɑɕɖɛŬ, ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ 

ˊɟɞůɟɧűɖůɖ ɐ Ůəɟɧűɖůɖ Űɤɜ çůɤɛŬŰɘŭɘɞ-ŭɟŬůŰɘəɩɜè ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ. 

 

 

4.6 ɆɈɀɄȺɅȽūɃɅȷ ɇɋɁ ɅȷȹȽɃɁɃɈȾȿȽȹȽɋɁ Ɇɇȷ ȽȻȼɀȷɇȷ 

 

ȼ ɛŮɚɏŰɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ ɟŬŭɘŮɜŮɟɔɩɜ ɟɨˊɤɜ ůŰŬ ɘɕɐɛŬŰŬ ůɡɜŮɘůűɏɟŮɘ ůŰɖɜ 

əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŭɘŬůˊɞɟɎɠ əŬɘ Ůɜ ɔɏɜŮɘ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ 

ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ůɡɛˊɚɖɟɩɜŮɘ Űɖ ɔŮɜɘəɐ ŮɘəɧɜŬ Űɖɠ 

ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ (fallout). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ ɡˊɎɟɢŮɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ɛŮɚɏŰŮɠ Űɖɠ űɡůɘəɐɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ, 
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ˊɞɡ ŮəŰɧɠ Ŭˊɧ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɤɜ Ůˊɘˊɏŭɤɜ űɡůɘəɐɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ, ɏɢŮɘ ɘŭɘŬɑŰŮɟɖ 

ůɖɛŬůɑŬ ůŰɖɜ ŮəŰɑɛɖůɖ Űɤɜ ŭɧůŮɤɜ, ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɗŬɚɎůůɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, 

ŬɚɚŬ əŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ůɡɔəɏɜŰɟɤůɖɠ, ˊɟɞůɟɧűɖůɖɠ əŬɘ ŮəɚŮəŰɘəɐɠ 

ɓɘɞůɡůůɩɟŮɡůɖɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ Ŭˊɧ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ. ȺɑɜŬɘ, Ůˊɑůɖɠ, ɔɜɤůŰɧ ɧŰɘ ŰŬ 

űɡůɘəɎ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ Ůɜ ɔɏɜŮɘ ůɡůŰŬŰɘəɎ Űɞɡ 

ɗŬɚŬůůɑɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȰɜŬɠ Ŭɟɘɗɛɧɠ ɟŬŭɘŮɜŮɟɔɩɜ ɕŮɡɔɩɜ Űɤɜ ůŮɘɟɩɜ ɞɡɟŬɜɑɞɡ əŬɘ 

ɗɞɟɑɞɡ ůŮ ůɡɜɎɟŰɖůɖ ɛŮŰŬɝɨ Űɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŬɜ ɘɢɜɖɗɏŰŮɠ ɔɘŬ Űɘɠ 

ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ Űɤɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ, ɧˊɤɠ Ůˊɑůɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ 

ɛɘŬɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɓɘɞɔŮɤɢɖɛɘəɩɜ əɨəɚɤɜ ůŰɞ ɗŬɚɎůůɘɞ 

ˊŮɟɘɓɎɚɚɞɜ (ˊɢ 238U əŬɘ 234Th). 

 

ɇŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ŮɘůɏɟɢɞɜŰŬɘ ůŰŬ ɘɕɐɛŬŰŬ Űɤɜ ˊŬɟɎəŰɘɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ 

əŬɘ ɛɞɟűɏɠ ɧˊɤɠ əŬɗɑɕɖůɖ, ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ ůɤɛŬŰɘŭɑɤɜ ɘɕɐɛŬŰɞɠ - ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ, 

ɘɞɜŰɞŬɜŰŬɚɚŬɔɐ, ůŮ əɞɚɚɞŮɘŭɐ ɛɞɟűɐ, ůŮ ůɡůůɤɛŬŰɩɛŬŰŬ əɟɡůŰɎɚɚɤɜ ə.Ŭ. ȼ ŭɘŬůˊɞɟɎ əŬɘ 

əŬŰŬɜɞɛɐ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰŬ ɘɕɐɛŬŰŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ŭɘɎűɞɟŮɠ ɞɘəɞɚɞɔɘəɏɠ 

ŭɘŮɟɔŬůɑŮɠ Űɤɜ ˊŬɟɎəŰɘɤɜ ˊŮɟɘɞɢɩɜ əŬɘ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ, Űɖ ɢɚɤɟɘɧŰɖŰŬ, Űɞ 

pH Űɞɡ ɜŮɟɞɨ, ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɞɘəɑɚɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŭɘɎűɞɟŮɠ ůɡɜɗɐəŮɠ Űɞɡ 

ɗŬɚɎůůɘɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 

 

ɆɢŮŰɘəɎ ɛŮ ŰŬ ŰŮɢɜɖŰɎ ɟŬŭɘɞɥůɧŰɞˊŬ ɖ ɛŮɚɏŰɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɞɡɠ ůŰŬ ɘɕɐɛŬŰŬ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ əŬɘ əŬŰŬɜɞɛɐɠ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ 

ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ˊɞɡ ŭɘɞɢŮŰŮɨɞɜŰŬɘ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ Űɘɠ ɓɘɞɛɖɢŬɜɘəɏɠ 

ŮűŬɟɛɞɔɏɠ əŬɘ ˊɡɟɖɜɘəɏɠ ŭɞəɘɛɏɠ. ȺɑɜŬɘ, Ůˊɑůɖɠ, ůɖɛŬɜŰɘəɐ ɔɘŬŰɑ ŬɡŰɎ ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŬɜ ɘɢɜɖɗɏŰŮɠ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ ɤəŮŬɜɞɔɟŬűɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬɘ ŭɘŬŭɘəŬůɘɩɜ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ ɛɘŬɠ 

ˊŮɟɘɞɢɐɠ. ɇŬ ŰŮɢɜɖŰɎ ɟŬŭɘɞɥůɧŰɞˊŬ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŮˊɑˊŰɤůɖɠ (fallout), ŰŮɑɜɞɡɜ ɛɏůɤ Űɤɜ 

ɓɘɞɚɞɔɘəɩɜ əŬɘ űɡůɘəɩɜ ˊɞɟŮɘɩɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ɜŬ ɛŮŰŬəɘɜɞɨɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ 

ɓɎɗɖ. ȷɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɞ ɗŬɚɎůůɘɞ ɡˊɧůŰɟɤɛŬ ɜŬ ŬˊɞŰŮɚŮɑ əŬɘ Űɖɜ ŰŮɚɘəɐ 

çŬˊɞɗɐəɖè Űɤɜ ɛŬəɟɧɓɘɤɜ ŰŮɢɜɖŰɩɜ ɟŬŭɘɞɥůɞŰɧˊɤɜ128. 

 

ȼ ɛŮŰŬűɞɟɎ Űɤɜ ŰŮɢɜɖŰɩɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ɛɏůɤ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ, ůŰŬ ɘɕɐɛŬŰŬ 

ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ ˊɞɟŮɑŬ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ (ɛŮŰŬűɞɟɎ əŬɘ ŮɜŬˊɧɗŮůɖ ůɤɛŬŰɘŭɑɤɜ ůŰɞɜ 

ˊɡɗɛɏɜŬ). ɄŬɟɎɚɚɖɚŬ, ŰŬ ɘɕɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ űɎůɖ ŭɡɜŬɛɘəɐɠ ŬɜŰŬɚɚŬɔɐɠ ɛŮ Űɖɜ 

ɡŭɎŰɘɜɖ űɎůɖ, ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ˊɞůɞůŰɧ ɐ əŬɘ Űɞ ůɡɜɞɚɘəɧ ɚŮˊŰɧəɞəəɞ əɚɎůɛŬ Űɞɡ 

ɘɕɐɛŬŰɞɠ. ɃˊɤůŭɐˊɞŰŮ, ɖ ˊɞɟŮɑŬ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ ůŰɖɜ ɡˊɞŬɘɔɘŬɚɑŰɘŭŬ ɕɩɜɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ˊɞɚɨˊɚɞəɖ əŬɘ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ 
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ŬɜŰɑůŰɞɘɢɖ ˊɞɟŮɑŬ ůŰɖɜ ˊŮɚŬɔɘəɐ ɕɩɜɖ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɤɜ ɡŭɎŰɤɜ Űɖɠ 

ɡˊɞŬɘɔɘŬɚɑŰɘŭŬɠ ɕɩɜɖɠ, ɚɧɔɤ Űɖɠ ŬɜɎɛɘɝɖɠ ˊɞɡ ɡűɑůŰŬɜŰŬɘ ɛŮ Űɖɜ ɏɜŰɞɜɖ ŭɟɎůɖ Űɤɜ 

əɡɛɎŰɤɜ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɝɖɟɎɠ, ɛɏůɤ Űɤɜ əŬɘɟɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ (ɓɟɞɢɞˊŰɩůŮɘɠ) əŬɘ 

Űɘɠ Ŭˊɞɟɟɞɏɠ ɔɚɡəɩɜ ɡŭɎŰɤɜ. ȷɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŭɘŬŰŬɟŬɢɐɠ ɏɢɞɡɜ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɚɎŰŰɤůɖ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ, əŬɗɩɠ əŬɘ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɞ űɞɟŰɑɞ Űɤɜ 

ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɖɜ ɝɖɟɎ129. 

 

ũŮɜɘəɎ, ɖ ŰŬɢɨŰɖŰŬ əŬŰŬɓɨɗɘůɖɠ əŬɘ ŮɜŬˊɧɗŮůɖɠ Ůɜɧɠ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ ůŰɞ ɡˊɧůŰɟɤɛŬ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ əŬɘ Űɖɜ ŮɡəɞɚɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ 

ŮɜůɤɛŬŰɩɜŮŰŬɘ ůŰŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ. ɇŬ ɘůɢɡɟŬ ŮɡŭɘɎɚɡŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ (ˊɢ Cs əŬɘ 

I) ŮɜŬˊɞŰɑɗŮɜŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ ůŮ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ (Ŭˊɧ Űɞ ɢɟɧɜɞ ˊɟɞůɗɐəɖɠ Űɞɡ 

ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ), Ŭˊɧ ɧŰɘ Űɞ Ru əŬɘ Űɞ Ce, ˊɞɡ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ŰɎɢɘůŰŬ. ɇɞ ɑɕɖɛŬ 

ŮɑɜŬɘ ɞ ŰŮɚɘəɧɠ ŬˊɞŭɏəŰɖɠ Űɤɜ ɟɡˊɞɔɧɜɤɜ ůŰɞɘɢŮɑɤɜ ůŰɖ ɗɎɚŬůůŬ əŬɘ ɔɘô ŬɡŰɧ əŬɗɑůŰŬŰŬɘ 

ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ɞɘəɞɚɞɔɘəɐɠ əŬŰɎůŰŬůɖɠ ɛɘŬɠ ˊŮɟɘɞɢɐɠ. 

 

 

4.7 ȺɄȷɁȷūɃɅȷ ɆɇȼɁ ɈȹȷɇȽɁȼ Ɇɇȼȿȼ ɅȷȹȽɃɁɃɈȾȿȽȹȽɋɁ ȹȺɆɀȺɈɀȺɁɋɁ ɆȺ 
ȽȻȼɀȷɇȷ 

 

ũŮɜɘəɎ, ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭŮůɛŮɡɛɏɜŬ ůŮ ɘɕɐɛŬŰŬ, ɢŬɜɞɜŰŬɘ ŮɜŰŮɚɩɠ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ, ɚɧɔɤ ŭɘŬŭɞɢɘəɩɜ ůɢɎůŮɤɜ (ůŰŬɗŮɟɞˊɞɑɖůɖ), ɛŮŰɎ Ŭˊɧ ˊŬɟŬɛɞɜɐ ɔɘŬ ˊɞɚɚɎ 

ɢɟɧɜɘŬ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ ŭɡɞ ŭɘŮɟɔŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬűɏɟɞɡɜ ŰŬ 

ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ˊɑůɤ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ȷɜ ůɡɛɓɞɨɜ ɢɖɛɘəɏɠ ŬɚɚŬɔɏɠ ůŰɞ ɑɕɖɛŬ, 

ůɡɜɖɗɏůŰŮɟŬ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɏɠ, ŰɧŰŮ ɛˊɞɟŮɑ ɛŮɟɘəɎ ɟŬŭɘŮɜŮɟɔɎ ɘɧɜŰŬ ɜŬ ŮˊŬɜɏɚɗɞɡɜ ůŰɖɜ 

ɡŭɎŰɘɜɖ ůŰɐɚɖ. ɇɞ ˊɘɞ əɞɘɜɧ ˊŬɟɎŭŮɘɔɛŬ ŰɏŰɞɘŬɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŮˊŬɜŬəɘɜɖŰɞˊɞɑɖůɖ Űɞɡ 

137Cs ůŮ ŬɜŬŮɟɧɓɘŬ ɘɕɐɛŬŰŬ, Ůɜɩ əɘ ɎɚɚŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬəɘɜɖŰɞˊɞɘɖɗɞɨɜ. ȼ 

ŭŮɨŰŮɟɖ ŭɘŮɟɔŬůɑŬ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜŮɘ ůŮ ɟɖɢɎ ɜŮɟɎ ŮɑɜŬɘ ɞ ɏɜŰɞɜɞɠ əɡɛŬŰɘůɛɧɠ, ɞ 

ɞˊɞɑɞɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊŬɜŬɘɩɟɖůɖ ůɤɛŬŰɘŭɑɤɜ. ɇŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ˊɟɞůɟɞűɖɛɏɜŬ ůŰŬ ůɤɛŬŰɑŭɘŬ ŬɡŰɎ ŮəɟɞűɞɨɜŰŬɘ əɘ ɎɟŬ ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ůŰɖɜ ɡŭɎŰɘɜɖ 

ůŰɐɚɖ, ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ Ůɜ ŭɘŬɚɨůŮɘ. 
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55  ɃɃ  ɃɃɅɅũũȷȷɁɁȽȽȾȾɃɃɆɆ  ȷȷɁɁŪŪɅɅȷȷȾȾȷȷɆɆ  ȾȾȷȷȽȽ  ɃɃ  ȾȾɈɈȾȾȿȿɃɃɆɆ  ɇɇɃɃɈɈ  ɆɆɇɇɃɃɁɁ  ɋɋȾȾȺȺȷȷɁɁɃɃ  

 

5.1 ūɈɆȽȾȼ ɃɅũȷɁȽȾȼ Ɉȿȼ 

 

ɇŬ ɢɞɡɛɘəɎ ůɡůŰŬŰɘəɎ, Űɞ əɡɟɑŬɟɢɞ ůŰɞɘɢŮɑɞ Űɖɠ űɡůɘəɐɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ, ŭɘŬɘɟŮɑŰŬɘ ůŮ 3 

ɚŮɘŰɞɡɟɔɘəɎ əɚɎůɛŬŰŬ: ɇŬ űɞɡɚɓɘəɎ ɞɝɏŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬɚɡŰɎ əŬɘ ůŮ ŬɚəŬɚɘəɎ əŬɘ ůŮ ɧɝɘɜŬ 

ŭɘŬɚɨɛŬŰŬ, ŰŬ ɢɞɡɛɘəɎ ɞɝɏŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬɚɡŰɎ ůŮ ŬɚəŬɚɘəɎ ŭɘŬɚɨɛŬŰŬ, Ůɜɩ 

əŬŰŬɓɡɗɑɕɞɜŰŬɘ ůŮ pH = 2 əŬɘ, Űɏɚɞɠ, Űɘɠ ɢɞɡɛɑɜŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŬŭɘɎɚɡŰŮɠ ůŰɞ ɜŮɟɧ, ůŮ 

ɞˊɞɘɞŭɐˊɞŰŮ pH. ɆŮ ɡŭŬŰɘəɎ ůɡůŰɐɛŬŰŬ, ɖ ŭɘŬɚɡŰɐ ɞɟɔŬɜɘəɐ ɨɚɖ ˊŮɟɘɏɢŮɘ əŬɘ űɞɡɚɓɘəɎ əŬɘ 

ɢɞɡɛɘəɎ ɞɝɏŬ. ɇŬ űɞɡɚɓɘəɎ ɞɝɏŬ ŮɑɜŬɘ ŮɜɩůŮɘɠ ɛŮ ůɢŮŰɘəɎ ɢŬɛɖɚɧ ɛɞɟɘŬəɧ ɓɎɟɞɠ, ɔŮɜɘəɎ < 

1000, ůŮ ůɨɔəɟɘůɖ ɛŮ ɛŮɟɘəɏɠ ɢɘɚɘɎŭŮɠ ɔɘŬ ŰŬ ɢɞɡɛɘəɎ ɞɝɏŬ. ɇŬ ɢɞɡɛɘəɎ ůɡůŰŬŰɘəɎ 

əŬŰŬɚɐɔɞɡɜ ůŰɞ ɜŮɟɧ Ŭˊɧ ŭɡɞ ˊɖɔɏɠ: ȷˊɞɟɟɞɏɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ɚɧɔɤ 

Ŭˊɞɘəɞŭɧɛɖůɖɠ ŬɜɩŰŮɟɤɜ űɡŰɩɜ əŬɘ ŮəəɟɑůŮɘɠ ɞɟɔŬɜɘəɩɜ ɞɡůɘɩɜ, ɚɧɔɤ ɓɘɞɚɞɔɘəɞɨ ɗŬɜɎŰɞɡ 

ŭɘŬűɧɟɤɜ ɡŭɎŰɘɜɤɜ ɞɟɔŬɜɘůɛɩɜ. ɇɏɚɞɠ, ŰŬ ɡŭŬŰɘəɎ ɢɞɡɛɘəɎ ůɡůŰŬŰɘəɎ ɏɢɞɡɜ ůɢŮŰɘəɎ 

ɛɘəɟɧŰŮɟɞ ɛɏůɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Ŭˊɧ ŰŬ ɢɞɡɛɘəɎ ůɡůŰŬŰɘəɎ Űɞɡ ŮŭɎűɞɡɠ130. 

 

ȾŬɗɏɜŬ Ŭˊɧ ŰŬ əɚɎůɛŬŰŬ Űɤɜ ɢɞɡɛɘəɩɜ əŬɘ űɞɡɚɓɘəɩɜ ɞɝɏɤɜ ŭɘŬůˊŮɑɟŮŰŬɘ ˊɞɘəɘɚɧɛɞɟűŬ, 

ŮɝŬɟŰɩɛŮɜɞ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ əŬɘ Űɘɠ ŭɘɎűɞɟŮɠ ŭɞɛɏɠ. ɀŮɔɎɚɖ ˊɟɞůˊɎɗŮɘŬ ɏɢŮɘ ɔɑɜŮɘ ɔɘŬ 

ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ əɨɟɘŮɠ ŭɞɛɏɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ. ȼ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ŬəɞɚɞɡɗɞɨůŮ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ůŮ ɛɘəɟɧŰŮɟŬ əɚɎůɛŬŰŬ əŬɘ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŬɚŮɘűŬŰɘəɞɨ əŬɘ ŬɟɤɛŬŰɘəɞɨ ɎɜɗɟŬəŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ŰŬ 

űɞɡɚɓɘəɎ ɞɝɏŬ Űɖɠ ɗɎɚŬůůŬɠ ɏɢɞɡɜ ˊɞůɞůŰɧ ŬɟɤɛŬŰɘəɞɨ ɎɜɗɟŬəŬ 15 %, Ůɜɩ ŰŬ ɢɞɡɛɘəɎ 

ɞɝɏŬ 33 %. Ⱥˊɑůɖɠ, ŰŬ űɞɡɚɓɘəɎ əŬɘ ɢɞɡɛɘəɎ ɞɝɏŬ Űɞɡ ŮŭɎűɞɡɠ ŮɑɢŬɜ ˊŮɟɘůůɧŰŮɟɞ 

ŬɟɤɛŬŰɘəɧ ɢŬɟŬəŰɐɟŬ, Ŭˊɧ ɧŰɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɞɝɏŬ, ŰŬ ɞˊɞɑŬ ŬɜɘɢɜŮɨɗɖəŬɜ ůŰɖ ɗɎɚŬůůŬ131. 

 

 

5.2 ɃɅũȷɁȽȾɃɆ ȷɁŪɅȷȾȷɆ ɆɇɃ ŪȷȿȷɆɆȽɃ ɄȺɅȽȸȷȿȿɃɁ 

 

Ƀ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ ůŰɞɡɠ ɤəŮŬɜɞɨɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖ ůɤɛŬŰɘŭɘŬəɐ űɎůɖ (POC), ɖ 

ɞˊɞɑŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ Űɞ 20 % Űɞɡ ɞɚɘəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (TOC), əŬɘ Ŭˊɧ Űɖ ŭɘŬɚɡŰɐ űɎůɖ 

(DOC), ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɞ ɡˊɧɚɞɘˊɞ 80 %132. ɆŰɖ ŭŮɝŬɛŮɜɐ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ 

ůɡɜŮɘůűɏɟɞɡɜ Űɧůɞ ŮůɤŰŮɟɘəɏɠ (ŬɡɗɧɢɗɞɜŮɠ), ɧůɞ əŬɘ ŮɝɤŰŮɟɘəɏɠ (ŬɚɚɧɢɗɞɜŮɠ) ˊɖɔɏɠ. Ƀ 

Ŭɚɚɧɢɗɞɜɞɠ (ŮɝɤɔŮɜɐɠ) ůɤɛŬŰɘŭɘŬəɧɠ ɎɜɗɟŬəŬɠ, ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞɡɠ ɤəŮŬɜɞɨɠ, 

ŮɜŰɞˊɑɕŮŰŬɘ əɡɟɑɤɠ ůŮ ˊŬɟɎəŰɘŬ ɞɘəɞůɡůŰɐɛŬŰŬ, Ůɜɩ ɛɧɜɞ ɞ ůɤɛŬŰɘŭɘŬəɧɠ ɎɜɗɟŬəŬɠ 

ŬɜɞɘəŰɩɜ ˊŮɟɘɞɢɩɜ ɗŮɤɟŮɑŰŬɘ Ŭɡɗɧɢɗɞɜɞɠ133. ɇɞ əɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ əŬŰŬəɧɟɡűɤɜ 
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əŬŰŬɜɞɛɩɜ POC əŬɘ DOC ŮɑɜŬɘ ɧŰɘ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡɠ ŮɑɜŬɘ ŬɡɝɖɛɏɜŮɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ 

ɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɞ ɓɎɗɞɠ. 

 

Ƀ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ, Ŭɜ əŬɘ ɓɟɑůəŮŰŬɘ ůŮ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ, 

ŮɜŰɞɨŰɞɘɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ůɡůŰŬŰɘəɧ əŬɗɩɠ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ˊɞɚɚɏɠ 

ŭɘŮɟɔŬůɑŮɠ: ɓɘɞɚɞɔɘəɏɠ (ˊŬɟŬɔɤɔɐ), ɔŮɤɚɞɔɘəɏɠ (ɘɕɖɛŬŰɞɔɏɜŮůɖ), ɢɖɛɘəɏɠ (ůɡɛˊɚɞəɞˊɞɑɖůɖ, 

əɟɞəɑŭɤůɖ, ůɡůůɤɛɎŰɤůɖ, ˊɟɞůɟɧűɖůɖ)134, Ůɜɩ ˊŬɟɞɡůɘɎɕŮɘ ŮɜŭɘŬűɏɟɞɜ ůŮ ˊɞŰɎɛɘŬ 

ɨŭŬŰŬ əŬɘ ŮəɓɞɚɘəɎ ůɡůŰɐɛŬŰŬ135 136. ȰɜŬ ůɢɖɛŬŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ɘůɞɕɡɔɑɞɡ Űɞɡ ɎɜɗɟŬəŬ 

ůŰɖ ɗɎɚŬůůŬ əŬɘ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ˊŬɟŬŰɑɗŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.1 əŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 5.2, ŬɜŰɑůŰɞɘɢŬ. 

 

ȺɘəɧɜŬ 5.1: ɇɞ ɘůɞɕɨɔɘɞ Űɞɡ ɞɟɔŬɜɘəɞɨ C ůŰɞɜ ɤəŮŬɜɧ
137

 

 

 

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ DOC ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɜŮɟɎ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖ űɤŰɞůɡɜɗŮŰɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɞɡ űɡŰɞˊɚŬɔəŰɞɨ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ əŬɘ ˊɖɔɐ Űɞɡ POC, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ˊɟɞůɟɧűɖůɖɠ ůŮ ůɤɛŬŰɑŭɘŬ. ȾɎŰɘ Ɏɚɚɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɖɛŮɘɤɗŮɑ ŮɑɜŬɘ ɧŰɘ ŰŬ ˊŬɟɎəŰɘŬ ɨŭŬŰŬ 

ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Ŭˊɧ ɧŰɘ ɞ ŬɜɞɘəŰɧɠ ɤəŮŬɜɧɠ, ŮɝŬɘŰɑŬɠ Űɞɡ 

Ŭɡɝɖɛɏɜɞɡ ɟɡɗɛɞɨ ˊɟɤŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɤɜ Ůɘůɟɞɩɜ Ŭˊɧ ˊɞŰɎɛɘŬ əŬɘ ɎɚɚŬ ɨŭŬŰŬ 

ɛɞɜɎŭŮɠ 



 
84 

 

ɐ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘɎɢɡůɖɠ ŬˊɞɓɚɐŰɤɜ (ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ɐ ɛɖ) ɓɘɞɛɖɢŬɜɘəɩɜ ɛɞɜɎŭɤɜ, ɞɘ 

ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ˊŬɟɎəŰɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ. 

 

ȺɘəɧɜŬ 5.2: ȸɘɞɔŮɤɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɞɟɔŬɜɘəɞɨ C 

 

 

5.3 Ƀ ɄȷũȾɃɆɀȽɃɆ ȾɈȾȿɃɆ ɇɃɈ ȷɁŪɅȷȾȷ ɆɇɃɁ ɋȾȺȷɁɃ 

 

ȼ əɡɟɘɧŰŮɟɖ ˊɖɔɐ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ůŰɞɜ ɤəŮŬɜɧ ŮɑɜŬɘ ŬɜŬɛűɑɓɞɚŬ ɖ ˊɟɤŰɞɔŮɜɐɠ 

ˊŬɟŬɔɤɔɐ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ. ȼ ůɡɜŭɡŬůɛɏɜɖ ŮŰŮɟɧŰɟɞűɖ ŭɟɎůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ 

ˊŬɟŬɔɤɔɩɜ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŬɜŬəɨəɚɤůɖ Űɤɜ ŮɡəɑɜɖŰɤɜ ɞɟɔŬɜɘəɩɜ ůɡůŰŬŰɘəɩɜ. 

ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ Ŭˊɧŭɞůɖ ŬɜŬəɨəɚɤůɖɠ Űɤɜ ɞɟɔŬɜɘəɩɜ ůŰɞ ŬɜɩŰŬŰɞ ůŰɟɩɛŬ 

Űɖɠ ŰɎɝɖɠ Űɞɡ 90 %. ɇɞ ɡˊɧɚɞɘˊɞ 10 % ŭɘŬůˊŮɑɟŮŰŬɘ ŬɜŮˊɖɟɏŬůŰɞ ůŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ 

ɤɠ ŭɘŬɚɡŰɧɠ əŬɘ ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (DOC, POC). Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ 

ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ŮəŮɑ Ůɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ ŬˊɩɚŮɘŮɠ POC ɚɧɔɤ əŬɗɑɕɖůɖɠ ůŰŬ 

ɘɐɛŬŰŬ, ɓɘɞɚɞɔɘəɐ ɞɝŮɑŭɤůɖ POC əŬɘ DOC əŬɘ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ůŰɖ ůŰɞɘɓɎŭŬ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɜŮɟɞɨ ɘɕɐɛŬŰɞɠ 
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Ƀ ɞɟɔŬɜɘəɧɠ C ůɡɜŬɜŰɎŰŬɘ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ŭɡɞ ɛɞɟűɏɠ, Űɞ ůɤɛŬŰɘŭɘŬəɧ 

ɞɟɔŬɜɘəɧ C (Particulate Organic Carbon, POC) əŬɘ Űɞ ŭɘŬɚɡŰɧ (Dissolved Organic Carbon, 

DOC). Ƀɘ ˊɟɩŰŮɠ ɏɟŮɡɜŮɠ ˊɎɜɤ ůŰɞɜ DOC ŮɑɢŬɜ ɝŮəɘɜɐůŮɘ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ ˊŮɟŬůɛɏɜɞɡ 

ŬɘɩɜŬ, ɧŰŬɜ ɛŮ Űɖ ɢɟɐůɖ űɑɚŰɟɤɜ ɛŮ ɛɏɔŮɗɞɠ 0.45 ɏɤɠ 1 ɛm ɏɔɘɜŮ ɞ ŭɘŬɢɤɟɘůɛɧɠ Ŭˊɧ Űɞ 

POC. ȷɡŰɧɠ ɞ ŭɘŬɢɤɟɘůɛɧɠ ŭɘŬŰɖɟɐɗɖəŮ ɛɏɢɟɘ ůɐɛŮɟŬ, ɔɘŬŰɑ ŰŬ ɛŮɜ ůɤɛŬŰɑŭɘŬ, ˊɞɡ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟŬ Ŭˊɧ 1 ɛm ŭŮɜ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ əŬŰŬɓɡɗɑɕɞɜŰŬɘ138, ɞɘ ŭŮ ɞɟɔŬɜɘůɛɞɑ 

(ɕɤɞˊɚŬɔəŰɧɜ, űɡŰɞˊɚŬɔəŰɧɜ, ɓŬəŰɐɟɘŬ), ŮəŰɧɠ Űɤɜ ɘɩɜ əŬɘ Űɤɜ ɛɘəɟɩɜ ɓŬəŰɖɟɑɤɜ, 

ɓɟɑůəɞɜŰŬɘ ůŮ ůɤɛŬŰɘŭɘŬəɐ űɎůɖ. 

 

ɇŬ ˊɞŰɎɛɘŬ əŬɘ ɖ ŬŰɛɧůűŬɘɟŬ ɤɠ ŬɚɚɧɢɗɞɜŮɠ əŬɘ ɖ űɤŰɞůɨɜɗŮůɖ ɤɠ ŬɡŰɧɢɗɞɜɖ ŬˊɞŰŮɚɞɨɜ 

Űɘɠ əɡɟɘɧŰŮɟŮɠ ˊɖɔɏɠ ɞɟɔŬɜɘəɩɜ ɞɡůɘɩɜ ɔɘŬ Űɖ ɗɎɚŬůůŬ. ȻɤɜŰŬɜɎ əŬɘ ɜŮəɟɎ əɨŰŰŬɟŬ 

ůɡɜɘůŰɞɨɜ Űɞ əɚɎůɛŬ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ C, Ůɜɩ ɛɧɟɘŬ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ Ŭˊɧ Űɘɠ 

ŬˊŮəəɟɑůŮɘɠ űɡŰɩɜ əŬɘ ɕɩɤɜ əŬɘ Ŭˊɧ Űɖɜ ŬˊɞůɨɜɗŮůɖ ɜŮəɟɩɜ ɞɟɔŬɜɘůɛɩɜ ŬˊɞŰŮɚɞɨɜ Űɞ 

ŭɘŬɚɡŰɧ ɞɟɔŬɜɘəɧ C. ȼ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ POC ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɟɤŰŮȶɜŮɠ, ɡŭŬŰɎɜɗɟŬəŮɠ, 

ɚɘˊɑŭɘŬ, ɢɟɤůŰɘəɏɠ, Ɏɚɚɞɡɠ ɛŮŰŬɓɞɚɑŰŮɠ əŬɘ űɡůɘəɎ ˊɞɚɡɛŮɟɐ. ȷɜŰɑůŰɞɘɢŬ ɞ DOC ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ŬɛɘɜɞɝɏŬ, ɡŭŬŰɎɜɗɟŬəŮɠ, ɚɘˊɑŭɘŬ, ŬɚɞɔɞɜɞɛɏɜŮɠ ɞɟɔŬɜɞɗŮɘɥəɏɠ ŮɜɩůŮɘɠ (DMS, DBT), 

ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ (PAHs, PCBs, DDT) əŬɘ ɎɛɞɟűŬ ˊɞɚɡɛŮɟɐ. 

 

Ƀ ŭɘŬɚɡŰɧɠ ɞɟɔŬɜɘəɧɠ C, ŬɜɎɚɞɔŬ ɛŮ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ Űɞ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůŰɖ 

ɗɎɚŬůůŬ, ŭɘŬəɟɑɜŮŰŬɘ ůŮ ŰɟŮɘɠ ɛɞɟűɏɠ: Ŭ) ŮɡəɑɜɖŰɞɠ, ɓ) ɖɛɘ-ŮɡəɑɜɖŰɞɠ əŬɘ ɔ) ŬɜɗŮəŰɘəɧɠ139 140. 

ɇɞ ŮɡəɑɜɖŰɞ ɛɏɟɞɠ əŬŰŬɜŬɚɩɜŮŰŬɘ ɛɏůŬ ůŮ ɚɑɔŮɠ ɩɟŮɠ ɏɤɠ ɖɛɏɟŮɠ, Űɞ ɖɛɘ-ŮɡəɑɜɖŰɞ ůŮ 

ŮˊɞɢɘŬəɐ ɓɎůɖ, ŭɖɚŬŭɐ ɛɐɜŮɠ ɏɤɠ ɢɟɧɜɘŬ, Ůɜɩ Űɏɚɞɠ Űɞ ŬɜɗŮəŰɘəɧ ɛɏɟɞɠ Űɖɠ ŭɘŬɚɡŰɐɠ 

ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ɏɢŮɘ ɢɟɧɜɞɡɠ ˊŬɟŬɛɞɜɐɠ ŬɘɩɜŮɠ. 

 

ȼ ɞɟɔŬɜɘəɐ ɨɚɖ ˊŬɟɞɡůɘɎɕŮɘ ɞɛɞɑɤɠ ŭɡɞ əɚɎůɛŬŰŬ (Dissolved Organic Matter, DOM əŬ 

Particulate Organic Matter,ɘ POM) əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ, C, N, P ɛŮ 

ŮˊɘəɟŬŰɏůŰŮɟɞ ŬɜŬɛűɘůɓɐŰɖŰŬ Űɞɜ ɎɜɗɟŬəŬ. ȰŰůɘ, ůŰɖ ůɤɛŬŰɘŭɘŬəɐ ɞɟɔŬɜɘəɐ ɨɚɖ ɖ ŬɜŬɚɞɔɑŬ 

C:N:P ŮɑɜŬɘ 106:16:1 141, Ůɜɩ ŬɡɝɎɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ɡˊŮɟ Űɞɡ ɎɜɗɟŬəŬ ůŰɖ ŭɘŬɚɡŰɐ 

ɞɟɔŬɜɘəɐ ɨɚɖ. ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖ DOM ɏɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ɖ ŬɜŬɚɞɔɑŬ C:N:P ůŰŬ ŮˊɘűŬɜŮɘŬəɎ 

ɨŭŬŰŬ ŮɑɜŬɘ 300:22:1 Ůɜɩ ůŰŬ ɓŬɗɨŰŮɟŬ ŮɑɜŬɘ 444:25:1 142. ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ űŬɑɜŮŰŬɘ ˊɤɠ ɞ 

ŭɘŬɚɡŰɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (DOC) ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ Ůəˊɟɧůɤˊɞ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ůŰɖ 

ɗɎɚŬůůŬ əŬɘ ɛŬɕɑ ɛŮ Űɞ ůɤɛŬŰɘŭɘŬəɧ ɞɟɔŬɜɘəɧ ɎɜɗɟŬəŬ (POC) ŭɑɜɞɡɜ Űɞɜ ůɡɜɞɚɘəɧ ɞɟɔŬɜɘəɧ 

ɎɜɗɟŬəŬ (TOC). ȺˊŮɘŭɐ ůɡɢɜɎ ɞ POC ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɞ 10 % Űɞɡ TOC 

ůɡɢɜɎ DOC əŬɘ TOC ŰŬɡŰɑɕɞɜŰŬɘ143. 

 

 



 
86 

 

 

ȺɘəɧɜŬ 5.3: ȾɨɟɘŮɠ ˊɖɔɏɠ əŬɘ ŬˊɩɚŮɘŮɠ ůŰɞɜ ɓɘɞɔŮɤɢɖɛɘəɧ əɨəɚɞ Űɞɡ C ůŰɞɜ ɤəŮŬɜɧ 

 

 

ɇɞ ɔŮɜɘəɧ ɛɞɜŰɏɚɞ ŬɜŬəɨəɚɤůɖɠ Űɞɡ ɎɜɗɟŬəŬ ůŰɞɜ ɤəŮŬɜɧ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5.3. ȳˊɤɠ 

űŬɑɜŮŰŬɘ, ɖ ɡŭɎŰɘɜɖ ůŰɐɚɖ ŭɘŬɘɟŮɑŰŬɘ ůŮ ŮɡűɤŰɘəɐ ɕɩɜɖ əŬɘ ɓŬɗɐ ůŰɟɩɛŬ. Ƀɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 
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ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ůŰɟɤɛɎŰɤɜ ɔɑɜɞɜŰŬɘ ɛŮ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ əŬɗɑɕɖůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ 

Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ˊɟɞɠ ŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ əŬɘ ɛŮ ɛŮŰŬűɞɟɎ ɛɏůɤ əɑɜɖůɖɠ ɗŬɚŬůůɑɤɜ 

ɛŬɕɩɜ ɐ Űɡɟɓɩŭɞɡɠ ŭɘɎɢɡůɖɠ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ əŬɘ Űɘɠ ɟɞɏɠ Ŭˊɧ ŰŬ 

ɓɟɧɢɘɜŬ əŬɘ ˊɞŰɎɛɘŬ ɨŭŬŰŬ (ŭɘɎɓɟɤůɖ ŮŭŬűɩɜ), ŬɜŰŬɚɚŬɔɏɠ ɛŮ Űɖɜ ŬŰɛɧůűŬɘɟŬ, Űɖɜ 

ɘɕɖɛŬŰɞɔɏɜŮůɖ ůŰŬ ɘɕɐɛŬŰŬ əŬɘ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ ɛŮ ŰŬ ɜŮɟɎ Űɤɜ 

ˊɧɟɤɜ Űɤɜ ɘɕɖɛɎŰɤɜ ɛɏůɤ ŭɘɎɢɡůɖɠ. 

 

ȺəŰɧɠ Ŭˊɧ Űɞ ɟɧɚɞ ˊɞɡ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ɞɘ ɕɤɜŰŬɜɞɑ ɞɟɔŬɜɘůɛɞɑ ůŰɖ ɛŮŰŬűɞɟɎ ɢɖɛɘəɩɜ 

ůɡůŰŬŰɘəɩɜ ůŰŬ ŭɘɎűɞɟŬ ůŰɟɩɛŬŰŬ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ, ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ɓɘɞɚɞɔɘəɐ 

ŭɟɎůɖ, ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮɘ əɎˊɞɘŮɠ ɢɖɛɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ Űɞ pH, Űɞ Eh əŬɘ Űɖɜ ɞɚɘəɐ 

ŬɜɧɟɔŬɜɖ ɨɚɖ. ȰŰůɘ, ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɧˊɞɡ ɖ űɤŰɞůɨɜɗŮůɖ əɡɟɘŬɟɢŮɑ Űɖɠ ŭɘŬˊɜɞɐɠ Űɞ ɜŮɟɧ 

ŮɛűŬɜɑɕŮɘ ɡɣɖɚɧŰŮɟɞ pH əŬɘ Eh, Ůɜɩ ůŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ 

űɤŰɞůɨɜɗŮůɖ Űɞ pH əŬɘ Eh ɛŮɘɩɜɞɜŰŬɘ. ȼ ŮˊɑŭɟŬůɖ ŬɡŰɐ űŬɑɜŮŰŬɘ ůɢɖɛŬŰɘəɎ ɛŮ ɓɎůɖ Űɖɜ 

ˊŬɟŬəɎŰɤ Ŭɛűɑŭɟɞɛɖ ŬɜŰɑŭɟŬůɖ: 

2 2 24 4+ -½½­+ + +«½½CO H e CH O H O 

 

ɇŮɚɘəɎ, ŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ əŬŰŬůŰɞɨɜ Ŭɜɞɝɘəɏɠ Ŭɜ ɖ ɟɞɐ Űɞɡ 

Ŭ́ ɞůŬɗɟɤɛɏɜɞɡ ɞɟɔŬɜɘəɞɨ C əŬɘ ɖ ŭɘŬŭɞɢɘəɐ ŬˊɞůɨɜɗŮůɖ Űɞɡ ɝŮˊŮɟɎůŮɘ Űɖ ŭɘŬɗɏůɘɛɖ 

ˊɞůɧŰɖŰŬ Űɞɡ ŭɘŬɚɡŰɞɨ ɞɝɡɔɧɜɞɡ. ɋůŰɧůɞ, ɞɘ Ŭɜɞɝɘəɏɠ ůɡɜɗɐəŮɠ əɡɟɑɤɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ 

ɘɕɐɛŬŰŬ, ɧˊɞɡ Űɞ ɞɝɡɔɧɜɞ əŬŰŬɜŬɚɩɚŮŰŬɘ ůŮ ɛŮɟɘəɎ ŮəŬŰɞůŰɎ. ȷɡŰɏɠ ɞɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ 

ɛˊɞɟŮɑ ɏɛɛŮůŬ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ əɎˊɞɘɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ŬɡŰɩɜ 

ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞ Eh, ɧˊɤɠ Űɞ N, Fe, Mn, Cu, I əɚˊ. 

 

 

5.4 ɆȼɀȷɆȽȷ ɀȺȿȺɇȼɆ ɇȼɆ ɃɅũȷɁȽȾȼɆ ɈȿȼɆ  

 

Ƀɘ ɏɟŮɡɜŮɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ɞɟɔŬɜɘəɐ ɨɚɖ ůŰɖ ɗɎɚŬůůŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɘŭɘŬɑŰŮɟɖ Ŭɨɝɖůɖ Űɘɠ 

ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ. ȼ ɞɟɔŬɜɘəɐ ɨɚɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ŭɡɜŬɛɘəɧ ůɨɜɞɚɞ Ŭˊɧ ɞɟɔŬɜɘəɎ ɛɧɟɘŬ, ŰŬ 

ɞˊɞɑŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ŮɑŰŮ ɛŮŰŬɝɨ Űɞɡɠ, ŮɑŰŮ ɛŮ ɘɢɜɖɛɏŰŬɚɚŬ, ŮɑŰŮ Ŭəɧɛɖ əŬɘ ɛŮ ɕɤɜŰŬɜɞɨɠ 

ɞɟɔŬɜɘůɛɞɨɠ. ɇɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ɞɟɔŬɜɘəɐ ɨɚɖ ŮůŰɘɎɕŮŰŬɘ ůŮ ŰɟɑŬ ůɖɛŮɑŬ: 

¶ Ƀɘəɞɚɞɔɘəɐ ůɖɛŬůɑŬ, ɧˊɞɡ ŮɑŰŮ ŬˊɞŰŮɚŮɑ ˊŬɟŬˊɟɞɥɧɜ Űɖɠ ŬɡŰɧŰɟɞűɖɠ ɓɘɞɚɞɔɘəɐɠ 

ˊŬɟŬɔɤɔɐɠ, ŮɑŰŮ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɡˊɧůŰɟɤɛŬ ɔɘŬ Űɖɜ ŮŰŮɟɧŰɟɞűɖ ɓɘɞɚɞɔɘəɐ ŬɜɎˊŰɡɝɖ. 

¶ ȸɘɞɔŮɤɢɖɛɘəɐ ůɖɛŬůɑŬ, ɚɧɔɤ Űɞɡ ɧŰɘ ˊŮɟɑˊɞɡ 17 % Űɞɡ C Űɖɠ ˊŬɔəɧůɛɘŬɠ ˊŬɟŬɔɤɔɐɠ 

ŭŮɜ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ ŰŬ ɓŬəŰɐɟɘŬ, ŬɚɚɎ ůɡůůɤɟŮɨŮŰŬɘ əŬɘ ɛŮŰŬűɏɟŮŰŬɘ ˊɟɞɠ ŰŬ 

ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ ɛŮ ɛŮɔɎɚɞɡɠ ɢɟɧɜɞɡɠ ˊŬɟŬɛɞɜɐɠ. 
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¶ ɄŬɔəɧůɛɘŮɠ əɚɘɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ, ɧˊɞɡ ɚɧɔɤ Űɖɠ ɘůɞŭɡɜŬɛɑŬɠ Űɞɡ C, ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɖ 

ɤəŮɎɜɘŬ DOM (~ 750 x 1015 g) ŮɟŮɡɜɎŰŬɘ ɛŮ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ůŰɞ űŬɘɜɧɛŮɜɞ Űɞɡ 

ɗŮɟɛɞəɖˊɑɞɡ. 

ɄŬɟɧɚɞ ˊɞɡ ɖ ˊŮɟɘůůɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ŮůŰɘɎɕɞɜŰŬɘ ůŰɞɜ ŬɜɞɘɢŰɧ ɤəŮŬɜɧ, ɞ ɟɧɚɞɠ Űɖɠ 

ˊŬɟɎəŰɘŬɠ ɕɩɜɖɠ ůŰɞɡɠ ɓɘɞɔŮɤɢɖɛɘəɞɨɠ əɨəɚɞɡɠ ŭŮɜ ɏɢŮɘ ŬɔɜɞɖɗŮɑ əŬɘ ŬˊɞəŰɎ ŬɡɝŬɜɧɛŮɜɞ 

ŮɜŭɘŬűɏɟɞɜ. Ƀɘ ŬɜɗɟɤˊɞɔŮɜŮɑɠ Ůɘůɟɞɏɠ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ůŰɞ ˊŬɟɎəŰɘɞ ˊŮɟɘɓɎɚɚɞɜ 

Ůɜɘůɢɨɞɡɜ Űɖɠ ˊɟɤŰɞɔŮɜɐ ˊŬɟŬɔɤɔɐ əŬɘ Űɖ űɤŰɞůɨɜɗŮůɖ ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ 

CO2 Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ. Ɇɡɔɢɟɧɜɤɠ ɧɛɤɠ, ɡˊɎɟɢɞɡɜ əŬɘ Ůɘůɟɞɏɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ, Űɧůɞ 

Ŭˊɧ ŬɜɗɟɤˊɞɔŮɜŮɑɠ, ɧůɞ əɘ Ŭˊɧ űɡůɘəɏɠ ˊɖɔɏɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɛŮɟɘəɩɠ ɐ/əŬɘ ɞɚɘəɩɠ ɜŬ 

əŬŰŬɜŬɚɤɗɞɨɜ Ŭˊɧ Űɞɡɠ ŮŰŮɟɧŰɟɞűɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ůəɟɞɐ CO2 ˊɟɞɠ 

Űɖɜ ŬŰɛɧůűŬɘɟŬ ɛɏůɤ Űɖɠ ŬɜŬˊɜɞɐɠ. ȿɧɔɤ, ɚɞɘˊɧɜ, Űɞɡ ŭɘˊɚɞɨ Űɞɡɠ ɟɧɚɞɡ (ˊŬɟŬɔɤɔɐ əŬɘ 

əŬŰŬɜɎɚɤůɖ CO2) ɞɘ ˊŬɟɎəŰɘŮɠ ɗɎɚŬůůŮɠ əŬɗɑůŰŬɜŰŬɘ ŮɝŬɘɟŮŰɘəɎ ŮɡɎɚɤŰŮɠ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ 

ɛŮŰŬɓɞɚɐ Űɞɡ ɘůɞɕɡɔɑɞɡ Űɤɜ ɓɘɞɔŮɜɩɜ ůŰɞɘɢŮɑɤɜ (C, N, P). 

 

 

5.5 ȹȽȷȿɈɇɃɆ ȾȷȽ ɆɋɀȷɇȽȹȽȷȾɃɆ ɃɅũȷɁȽȾɃɆ ȷɁŪɅȷȾȷɆ 

 

5.5.1 ȹɘŬɚɡŰɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (DOC) 

 

Ƀɘ ˊɟɩŰŮɠ ɏɟŮɡɜŮɠ ɔɨɟɤ Ŭˊɧ Űɖ ŭɘŬɚɡŰɐ ɞɟɔŬɜɘəɐ ɨɚɖ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 

ˊɟɞɖɔɞɨɛŮɜɞɡ ŬɘɩɜŬ (1934), Ůɜɩ ɏɝŬɟůɖ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1960 ɛŮ 

ɛŮŰɟɐůŮɘɠ ůŮ ŮˊɘűŬɜŮɘŬəɎ ɜŮɟɎ. ɀŮŰɎ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ɛŮɗɧŭɤɜ ˊɟɞůŭɘɞɟɘůɛɞɨ 

Űɞɡ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) ŭɖɛɞůɘŮɨŰɖəŬɜ ɞɘ ˊɟɩŰŮɠ ɞɚɞəɚɖɟɤɛɏɜŮɠ 

ɛŮɚɏŰŮɠ ɔɘŬ Űɘɠ əŬŰŬɜɞɛɏɠ DOC ůŰɞɜ Ƚɜŭɘəɧ ɋəŮŬɜɧ144 145 əŬɗɩɠ əŬɘ ɛɘŬ ˊɘɞ ɚŮˊŰɞɛŮɟɐɠ 

ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɋəŮŬɜɧ146, ɧˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŰŬɗŮɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ DOC ůŮ ɓɎɗɖ 

əɎŰɤ Űɤɜ 500 m. ɇɞ 1970 ŬɜŬűɏɟɗɖəŮ ɛɘŬ ŬůɗŮɜɐɠ ůɢɏůɖ ɛŮŰŬɝɨ DOC əŬɘ əŬŰŬɜɎɚɤůɖɠ 

ɞɝɡɔɧɜɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ůŰɞ ɓɞɟŮɘɞŭɡŰɘəɧ Ⱥɘɟɖɜɘəɧ ɋəŮŬɜɧ147, Ůɜɩ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ 

əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ ɐŰŬɜ ˊŬɟɧɛɞɘŮɠ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ ɔɘŬ Űɞɜ 

ȷŰɚŬɜŰɘəɧ. ɄŮɟŬɘŰɏɟɤ ɓŮɚŰɑɤůɖ Űɖɠ ɛŮɗɧŭɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ ɞŭɐɔɖůŮ ůŮ ɛŮɚɏŰɖ ůŮ 

ɛɞɟɘŬəɧ ŮˊɑˊŮŭɞ. ɂŮəɑɜɖůŬɜ ɛŮɚɏŰŮɠ Űɤɜ űɤŰɞɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ Űɖɠ ŭɘŬɚɡŰɐɠ 

ɞɟɔŬɜɘəɐɠ ɨɚɖɠ, əŬɗɩɠ əŬɘ Űɤɜ ˊɟɞɥɧɜŰɤɜ Űɖɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɖɠ. 

 

Ƀ DOC ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɞ ˊɚŬɔəŰɧ ɎɛŮůŬ ɛɏůɤ ɏəəɟɘůɖɠ148 əŬɘ ɏɛɛŮůŬ Ŭˊɧ Űɖɜ 

Ŭˊɞŭɧɛɖůɖ əŬɘ ůŰŬŭɘŬəɐ Ŭˊɞɚɘɗɞˊɞɑɖůɖ ɜŮəɟɩɜ əɡŰŰɎɟɤɜ. ȷɡŰɎ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡ DOC 

ŮɑɜŬɘ ŮɡəɑɜɖŰŬ əŬɘ ŮɝŬɚŮɑűɞɜŰŬɘ ɔɟɐɔɞɟŬ əɡɟɑɤɠ Ŭˊɧ ɛɘəɟɞɓɘŬəɏɠ ŭɘŮɟɔŬůɑŮɠ, ˊɞɡ 
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ůɡɛɓŬɑɜɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ149. ȰɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ, ɚɘɔɧŰŮɟɞ Ŭˊɧ 10 % ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ 

ɡɣɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ůɨɛˊɚɞəŬ, ŰŬ ɞˊɞɑŬ ˊŬɟŬɛɏɜɞɡɜ ŬŭɟŬɜɐ ůŰɖ ɗɎɚŬůůŬ150. 

 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɓɘɞŰɘəɏɠ əŬɘ ŬɓɘɞŰɘəɏɠ ɞɝŮɘŭɤŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůŮ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ ŭɘŬɛɞɟɘŬəɏɠ ŬɜŰɘŭɟɎůŮɘɠ ůɡɛˊɨəɜɤůɖɠ151 əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɛˊɚɧəɤɜ 

ɛŮŰŬɚɚɘəɩɜ ŮɜɩůŮɤɜ152 ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬɜɗŮəŰɘəɩɜ ůɡůŰŬŰɘəɩɜ 

DOC ŬɡɝɎɜɞɜŰŬɠ Űɞ ɛɞɟɘŬəɧ Űɞɡɠ ɓɎɟɞɠ. ȰɢŮɘ ɓɟŮɗŮɑ ɧŰɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɖɠ DOC 

ŬɡɝɎɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ. 

 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɛˊɞɟɞɨɛŮ ɜŬ ůɖɛŮɘɩůɞɡɛŮ ɧŰɘ ɞ əɨəɚɞɠ Űɖɠ ŭɘŬɚɡŰɐɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ 

ůŰɖ ɗɎɚŬůůŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Ŭ) ɔɟɐɔɞɟɖ əŬŰŬɜɎɚɤůɖ əŬɘ ɓ) ŬɜɗŮəŰɘəɧŰɖŰŬ ɤɠ ˊɟɞɠ 

Űɘɠ ɓɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ. ȼ ˊɟɩŰɖ ˊŬɟŬŰɐɟɖůɖ ůŰɖɟɑɕŮŰŬɘ ůŮ ɛŮŰɟɐůŮɘɠ Űɞɡ ɟɡɗɛɞɨ 

ŬɜɎˊŰɡɝɖɠ əŬɘ ŬɜŬˊɜɞɐɠ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ˊɞɡ ɕɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɤəŮŬɜɞɨ. Ƀɘ 

əɨɟɘɞɘ əŬŰŬɜŬɚɤŰɏɠ Űɞɡ DOC ŮɑɜŬɘ ɓŬəŰɐɟɘŬ, ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊŮɟɑˊɞɡ Űɞ 50 % 

Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ŬɜŬˊɜɞɐɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ ŬɜŬˊɜɞɐ Űɞɡɠ. ɀɘəɟɧ əɚɎůɛŬ Űɞɡ 

ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ, Űɞ ɞˊɞɑɞ ŭɘŬűŮɨɔŮɘ Ŭˊɧ ŰŬ ɓŬəŰɐɟɘŬ, ˊŬɟŬɛɏɜŮɘ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. 

ɄŮɟɘůůɧŰŮɟɞ Ŭˊɧ 70 % Űɖɠ ŭɘŬɚɡŰɐɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ˊŬɟŬɛɏɜŮɘ ůŮ ɛŮɔɎɚŬ ɓɎɗɖ əŬɘ 

ŬɜŰɘůŰɏəŮŰŬɘ ůŰɖ ɛɘəɟɞɓɘŬəɐ ɞɝŮɑŭɤůɖ. ũŮɜɘəɎ, ɏɢŮɘ ɓɟŮɗŮɑ ˊɤɠ ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

DOC ůŰɞɜ ɤəŮŬɜɧ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ ɛŮɟɘəɩɜ ɢɘɚɘɎŭɤɜ ŮŰɩɜ153 154, ˊɟɎɔɛŬ ˊɞɡ 

əŬŰŬŭŮɘəɜɨŮɘ Űɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ Űɖɠ ŭɘŬɚɡŰɐɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ůŰɘɠ ɓɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ. 

 

ȼ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ DOC ɗŮɤɟŮɑŰŬɘ ůɢŮŰɘəɎ ɛɖ ɔɜɤůŰɐ. ɀɧɜɞ Űɞ 10 ɛŮ 20 % ɏɢŮɘ 

ŰŬɡŰɞˊɞɘɖɗŮɑ əŬɘ ɏɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬɛɘɜɞɝɏŬ, ɚɘˊŬɟɎ ɞɝɏŬ, 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, űŬɘɜɧɚŮɠ, ůŰŮɟɧɚŮɠ əɚˊ. ȼ ŬɜɎɚɡůɖ ŬɡŰɩɜ Űɤɜ ɓɘɞɢɖɛɘəɎ ůɖɛŬɜŰɘəɩɜ 

ɞɛɎŭɤɜ, ˊɞɡ əŬɗɘůŰɞɨɜ Űɞɜ DOC ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ, Ŭűɞɨ ŬɡŰɏɠ ɞɘ 

ɞɛɎŭŮɠ ɓɟɑůəɞɜŰŬɘ ůŮ ɘɢɜɞˊɞůɧŰɖŰŮɠ əŬɘ ŭŮůɛŮɡɛɏɜŮɠ ɛŮ ŬɜɧɟɔŬɜŬ ɎɚŬŰŬ. ɋůŰɧůɞ, ɛŮ Űɖ 

ɢɟɐůɖ ɓŮɚŰɘɤɛɏɜɤɜ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ (ˊɢ ɖ ɢɟɐůɖ ŮɡŬɑůɗɖŰɤɜ űɗɞɟɘɕɧɜŰɤɜ 

ŬɜŰɘŭɟŬůŰɖɟɑɤɜ) ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŮɡɗŮɑŬ ŮɘůŬɔɤɔɐ ɗŬɚɎůůɘɤɜ ŭŮɘɔɛɎŰɤɜ ůŮ ɘɞɜŰɞ-

ŬɜŰŬɚɚŬəŰɘəɞɨɠ ɢɟɤɛŬŰɞɔɟŬűɘəɞɨɠ ŬɜŬɚɡŰɏɠ ɔɘŬ ŬɜɎɚɡůɖ Ŭɛɘɜɞɝɏɤɜ ɐ ůŬəɢɎɟɤɜ. ȰŰůɘ, 

ɛŮ Űɖɜ ŮɝɎɚŮɘɣɖ ɢɟɞɜɞɓɧɟɤɜ ɓɖɛɎŰɤɜ ŬɜɎɚɡůɖɠ ɗŬ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ 

ŬɡŰɩɜ Űɤɜ ŮɜɩůŮɤɜ ůŰɞ ˊŮŭɑɞ. 

 

 

5.5.2 ɆɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (POC) 
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Ƀ ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (POC) ɗŮɤɟŮɑŰŬɘ ɧŰɘ ˊŮɟɘəɚŮɑŮɘ Űɞ ŮɡəɑɜɖŰɞ əɚɎůɛŬ 

(ɕɤɜŰŬɜɧ əŬɘ ɜŮəɟɧ ˊɚŬɔəŰɧ əŬɘ ˊɟɞɥɧɜŰŬ Ŭˊɞŭɧɛɖůɖɠ Űɞɡɠ) əŬɘ ɏɜŬ ɔɖɟŬɘɧŰŮɟɞ 

ŬŭɟŬɜɏɠ əɚɎůɛŬ. ɇɞ ŬŭɟŬɜɏɠ əɚɎůɛŬ POC ˊŬɟɎɔŮŰŬɘ Ůɜ ɛɏɟɖ əŬɘ Ŭˊɧ Űɞɜ DOC əŬɘ 

ŬɜŰɘůŰɟɧűɤɠ. Ƀ ɟɧɚɞɠ Űɤɜ ɓŬəŰɖɟɑɤɜ, Űɖɠ ŬɜɎɓɟŬůɖɠ Űɖɠ ůŰɐɚɖɠ, Űɤɜ əɞɚɚɞŮɘŭɩɜ, Űɤɜ 

ŮɝɤəɡŰŰŬɟɘəɩɜ Ůɜɕɨɛɤɜ ůŰɖ ɛɞɟűɐ Űɞɡ POC ŭŮɜ ŮɑɜŬɘ ɝŮəɎɗŬɟɞɠ155. ɇɞ əɚɎůɛŬ POC 

ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ˊŬɟŬɢɗŮɑ ɛɏůɤ űɤŰɞɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ Ŭɏɟɞɠ ï 

ɗŬɚɎůůɖɠ156 157 Ŭˊɧ Űɞ DOC. ɋůŰɧůɞ, ɖ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ ŬɡŰɩɜ ůŰɞɜ 

əɨəɚɞ Űɞɡ C ɢɟŮɘɎɕŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ŬˊɞůŬűɐɜɘůɖ. 

 

ȼ ɛɏůɖ ɖɚɘəɑŬ Űɞɡ DOC ůŰɞɜ ɤəŮŬɜɧ ŮəŰɘɛɎŰŬɘ ůŮ 3400 ɢɟɧɜɘŬ158 əŬɘ ɎɟŬ ɞ POC ˊɞɡ ɏɢŮɘ 

ˊɟɞɏɚɗŮɘ Ŭˊɧ Űɞɜ DOC, ŭŮɜ ŮɑɜŬɘ ɛɧɜɞ ŬŭɟŬɜɐɠ, ŬɚɚɎ ɏɢŮɘ əŬɘ ɛŮɔɎɚɖ ɖɚɘəɑŬ. Ƀ ŬŭɟŬɜɐɠ 

POC ˊɘɗŬɜɩɠ əŬŰŬɚŬɛɓɎɜŮɘ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ˊɞɡ əŬŰŬɚɐɔŮɘ ůŰŬ ɘɕɐɛŬŰŬ. ȼ ɛɏůɖ 

ɖɚɘəɑŬ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ ɘɕɐɛŬŰŬ ɐ ůŮ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢŬɛɖɚɩɜ 

ɓŬɗɩɜ ŮɢŮɘ ɓɟŮɗŮɑ ɜŬ ŮɑɜŬɘ 2000 ï 3000 əŬɘ 200 ï 400 ɢɟɧɜɘŬ, ŬɜŰɑůŰɞɘɢŬ159. 

 

ȹɡůəɞɚɑŮɠ ůŰɖ ůɡɚɚɞɔɐ ŭŮɘɔɛɎŰɤɜ ɛŮɔɎɚɞɡ ɧɔəɞɡ ɔɘŬ ŬɜɎɚɡůɖ POC ɏɢɞɡɜ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛɖ ŮˊŬɟəɐ ŰŬɡŰɞˊɞɑɖůɖ Űɖɠ ɢɖɛɘəɐɠ Űɞɡɠ ůɨůŰŬůɖɠ160. ȹŮɑɔɛŬŰŬ ɔɘŬ 

ŬɜɎɚɡůɖ POC ůɡɚɚɏɔɞɜŰŬɘ ɛŮ űɑɚŰɟŬɜůɖ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ. 

ɀŮŰɟɐůŮɘɠ űɡŰɞˊɚŬɔəŰɞɨ əŬɘ ˊŬɟɧɛɞɘɤɜ ŮɜɩůŮɤɜ, ɧˊɤɠ ATP, ɢɚɤɟɞűɨɚɚɖɠ əŬɘ DNA 

ɏɢɞɡɜ ŬˊɞŭɩůŮɘ ɓŬɗɘɎ ɔɜɩůɖ ɔɘŬ Űɖ ůɢŮŰɘəɐ ůɨůŰŬůɖ Űɖɠ POC161. 20 ï 50 % Űɞɡ POC 

ŮɑɜŬɘ ˊɟɞɥɧɜŰŬ ɡŭɟɧɚɡůɖɠ ˊɟɤŰŮɥɜɩɜ əŬɘ Ɏɚɚɤɜ ŬɕɤŰɞɨɢɤɜ ůɡůŰŬŰɘəɩɜ162, ɧˊɤɠ əŬɘ 

ɚɘˊɘŭɑɤɜ163. 

 

 

5.6 ɄɅɋɇɃũȺɁȼɆ ɄȷɅȷũɋũȼ (PRIMARY PRODUCTION) 

 

ɄɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ˊɟɞŮɟɢɧɛŮɜɤɜ Ŭˊɧ 

ŬɜɧɟɔŬɜŬ ůɡůŰŬŰɘəɎ ɛɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ ɐ Űɖɠ ɢɖɛŮɘɞůɨɜɗŮůɖɠ 

(ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ ˊɟɞŮɟɢɧɛŮɜɖɠ Ŭˊɧ Űɖ ɛŮŰŬŰɟɞˊɐ ŬɜɧɟɔŬɜɤɜ ůɡůŰŬŰɘəɩɜ 

ůŮ CO2 əŬɘ ɡŭŬŰɎɜɗɟŬəŮɠ əŬɘ ɖ ɞˊɞɑŬ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖ űɤŰɞůɨɜɗŮůɖ). Ƀɘ ɞɟɔŬɜɘůɛɞɑ, ɞɘ 

ɞˊɞɑɞɘ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɖɜ ˊɟɤŰɞɔŮɜɐ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ɔɜɤůŰɞɑ ɤɠ ˊɟɤŰɞɔŮɜŮɑɠ 

ˊŬɟŬɔɤɔɞɑ ɐ ŬɡŰɧŰɟɞűɞɘ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ Űɖ ɓɎůɖ Űɖɠ Űɟɞűɘəɐɠ ŬɚɡůɑŭŬɠ. ɆŰŬ ɢŮɟůŬɑŬ 

ɞɘəɞůɡůŰɐɛŬŰŬ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ ˊɟɤŰɞɔŮɜɐ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ŰŬ űɡŰɎ, Ůɜɩ ůŰŬ ɤəŮɎɜɘŬ ŰŬ 

Ɏɚɔɖ. 
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ɆŰɞ ˊɘɞ ɗŮɛŮɚɘɩŭŮɠ ŮˊɑˊŮŭɞ, ˊɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ɖ ůɨɚɚɖɣɖ əŬɘ ŬˊɞɗɐəŮɡůɖ 

ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ. ȼ ˊɖɔɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ (űɤŰɧɜɘŬ) Ŭˊɧ Űɞɜ ɐɚɘɞ. Ʉɞɚɨ ɛɘəɟɧŰŮɟɞ ˊɞůɞůŰɧ Űɖɠ 

ˊɟɤŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Ŭɝɘɞˊɞɑɖůɖ ŮɜɏɟɔŮɘŬɠ ˊŬɟŬɔɧɛŮɜɖɠ Ŭˊɧ ɢɖɛɘəɏɠ 

ŬɜŰɘŭɟɎůŮɘɠ. ȼ ŮɜɏɟɔŮɘŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ůɨɜɗŮůɖ ůɨɛˊɚɞəɤɜ ɞɟɔŬɜɘəɩɜ ɛɞɟɑɤɜ 

Ŭˊɧ ŬˊɚɞɨůŰŮɟŮɠ ŬɜɧɟɔŬɜŮɠ ŮɜɩůŮɘɠ, ɧˊɤɠ CO2, CH4 əŬɘ H2O. Ƀɘ ŭɡɞ ŮˊɧɛŮɜŮɠ 

ŬɜŰɘŭɟɎůŮɘɠ ŮɑɜŬɘ ŬˊɚɞɡůŰŮɡɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ űɤŰɞůɨɜɗŮůɖɠ əŬɘ ɢɖɛŮɘɞůɨɜɗŮůɖɠ. 

 

ɜ CO2 + ɜ H2O + light                     (CH2O)ɜ + ɜ O2 

ɜ CO2 + O2 + (2ɜ+2) H2S                     (CH2O)ɜ + (2ɜ+2) S + (ɜ+2) H2O 

 

ȾŬɘ ůŰɘɠ ŭɡɞ ˊŮɟɘˊŰɩůŮɘɠ, Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ŮɑɜŬɘ ɡŭŬŰɎɜɗɟŬəŮɠ, ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ 

ŬˊɞŰŮɚɏůɞɡɜ ˊɟɩŰŮɠ ɨɚŮɠ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ˊŮɟɘůůɧŰŮɟɞ ˊɞɚɨˊɚɞəɤɜ ŮɜɩůŮɤɜ, ɧˊɤɠ 

ˊɟɤŰŮɥɜɩɜ ɐ DNA. Ⱥˊɑůɖɠ, ɖ əŬŰŬɜɎɚɤůɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ˊŬɟŬɔɤɔɩɜ Ŭˊɧ ŮŰŮɟɧŰɟɞűɞɡɠ 

ɞɟɔŬɜɘůɛɞɨɠ, ɧˊɤɠ ɕɩŬ, ɛŮŰŬűɏɟŮɘ Űɘɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ (ɎɟŬ əŬɘ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ 

ˊŮɟɘəɚŮɑŮŰŬɘ ůŮ ŬɡŰɏɠ) ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ, ŰɟɞűɞŭɞŰɩɜŰŬɠ ɞɚɧəɚɖɟɞ Űɞ ɔɐɘɜɞ 

ɞɘəɞůɨůŰɖɛŬ164 165. 

 

 

5.7 ɉȺɅɆȷȽȷ ɄȷɅȷũɋũȼ 

 

ɆŰɖɜ ɝɖɟɎ ůɢŮŭɧɜ ɧɚɖ ɖ ˊɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ŬɜɩŰŮɟŬ űɡŰɎ, Ůɜɩ ɏɜŬ 

ɛɘəɟɧ ˊɞůɞůŰɧ Ŭˊɧ Űɖ ŭɟɎůɖ Űɤɜ Ŭɚɔɩɜ. ȷɜɩŰŮɟŬ űɡŰɎ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ɞɘəɞɔɏɜŮɘŮɠ Űɤɜ 

ŭɏɜŰɟɤɜ, ɚɞɡɚɞɡŭɘɩɜ əŬɘ ɢɧɟŰɤɜ, ŭɖɚŬŭɐ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ űɡŰɎ, əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ űŰɏɟŮɠ əŬɘ ɓɟɨŬ, ŭɖɚŬŭɐ Ůɑŭɖ ˊɞɡ ɏˊŬɘɝŬɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ˊŬɚɘɧŰŮɟŮɠ Ůˊɞɢɏɠ 

Űɖɠ ɔɐɘɜɖɠ ɘůŰɞɟɑŬɠ. ȼ ˊɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ ůŰɖɜ ɝɖɟɎ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ, ɧˊɤɠ ɖ Űɞˊɘəɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɡŭɟɞɚɞɔɑŬ. ȳŰŬɜ ŰŬ űɡŰɎ ŮɑɜŬɘ ɏŰɞɘɛŬ ɜŬ 

Ŭˊɞɘəɐůɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ, ɖ űɡŰɘəɐ ɓɘɞɛɎɕŬ ˊŮɟɘəɧˊŰŮŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ 

Ůɟɐɛɞɡɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŮɑŰŮ ˊɞɚɨ ɗŮɟɛɏɠ, ŮɑŰŮ ˊɞɚɨ ɣɡɢɟɏɠ, ɐ ɧˊɞɡ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ 

ɜŮɟɞɨ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ (ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ůɡɜɐɗɤɠ ŮɑɜŬɘ ůɡɔɔŮɜɏɠ ɛŮ ŬəɟŬɑŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ). 

 

ɇɞ ɜŮɟɧ əŬŰŬɜŬɚɩɜŮŰŬɘ Ŭˊɧ ŰŬ űɡŰɎ ɛɏůɤ Űɤɜ ŭɘŮɟɔŬůɘɩɜ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ əŬɘ Űɖɠ 

ŭɘŬˊɜɞɐɠ. ȼ ŰŮɚŮɡŰŬɑŬ ŭɘŮɟɔŬůɑŬ (ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ ˊŮɟɑˊɞɡ 90 % Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ Űɞɡ ɜŮɟɞɨ) ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ ɖ ŮɝɎŰɛɘůɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ ŰŬ űɨɚɚŬ Űɤɜ űɡŰɩɜ. 

ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ ůŰŬ űɡŰɎ ɜŬ ɛŮŰŬűɏɟɞɡɜ ɜŮɟɧ əŬɘ ɞɟɡəŰɎ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ Ŭˊɧ Űɞ 
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ɏŭŬűɞɠ. ȼ ŭɘŮɟɔŬůɑŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ůɖɛŮɑŬ Űɞɡ űɨɚɚɞɡ (stomata), ŰŬ ɞˊɞɑŬ 

ɟɡɗɛɑɕɞɡɜ Űɖɜ ˊŬɟɞɢɐ CO2 Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ, ɏŰůɘ ɩůŰŮ ɛŮɑɤůɖ Űɖɠ ŬˊɩɚŮɘŬɠ ɜŮɟɞɨ ɜŬ 

ůɡɜŮˊɎɔŮŰŬɘ ɛŮɑɤůɖ Űɞɡ əɏɟŭɞɡɠ ůŮ CO2 
166. 

 

 

5.8 ɋȾȺȷɁȽȷ ɄȷɅȷũɋũȼ 

 

ȷɜŰɑůŰɟɞűŬ ůŮ ůɢɏůɖ ɛŮ Űɞ Űɘ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ɝɖɟɎ, ůŰɖ ɗɎɚŬůůŬ ůɢŮŭɧɜ ɧɚɖ ˊɟɤŰɞɔŮɜɐɠ 

ˊŬɟŬɔɤɔɐ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Ɏɚɔɖ, Ůɜɩ ůŮ ɛɘəɟɧ ˊɞůɞůŰɧ ůɡɛɓɎɚɚɞɡɜ ŰɟŬɢŮɘɧűɡŰŬ əŬɘ ɎɚɚŬ 

Ůɑŭɖ. ɇŬ Ɏɚɔɖ ˊŮɟɘəɚŮɑɞɡɜ ŭɘɎűɞɟŬ Ůɑŭɖ ɞɟɔŬɜɘůɛɩɜ, ŰŬ ɞˊɞɑŬ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ ɛŮɛɞɜɤɛɏɜŬ 

əɨŰŰŬɟŬ ɏɤɠ ŬɜŮˊŰɡɔɛɏɜŬ űɨəɘŬ. ɄŮɟɘəɚŮɑɞɡɜ ŬɡŰɧŰɟɞűɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ Ŭˊɧ ˊɚɖɗɩɟŬ 

Ůɘŭɩɜ: ˊɟɞəŬɟɡɤŰɘəɎ ɓŬəŰɐɟɘŬ (eubacteria ï archaebacteria) əŬɘ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ 

ŮɡəŬɟɡɤŰɘəɩɜ ɓŬəŰɖɟɑɤɜ (ˊɟɎůɘɜŬ, əŬűɏ əŬɘ əɧəəɘɜŬ Ɏɚɔɖ). ɇŬ ŰɟŬɢŮɘɧűɡŰŬ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɘ ůŰɖ ɗɎɚŬůůŬ Ŭˊɧ Ůɑŭɖ űɡəɘɩɜ ɧˊɤɠ Posidoniaceae, Zosteraceae, 

Hydrocharitaceae əŬɘ Cymodoceaceae. 

 

Ⱥɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɞ Űɖ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ɝɖɟɎ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐɠ 

ůŰɞɡɠ ɤəŮŬɜɞɨɠ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɛɘəɟɞůəɞˊɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ, Űɞ űɡŰɞˊɚŬɔəŰɧɜ. 

ɀŮɔŬɚɨŰŮɟɞɘ ŬɡŰɧŰɟɞűɞɘ ɞɟɔŬɜɘůɛɞɑ, ɧˊɤɠ űɨəɘŬ, ˊŬɟŬɛɏɜɞɡɜ ɏɔəɚŮɘůŰŬ ůŰɘɠ ˊŬɟɎəŰɘŮɠ 

ˊŮɟɘɞɢɏɠ ɐ ůŮ ɔŮɘŰɞɜɘəɏɠ ˊŮɟɘɞɢɏɠ ɢŬɛɖɚɩɜ ɓŬɗɩɜ, ɧˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘəɞɚɚɖɗɞɨɜ ůŰɞ 

ɗŮɛŮɚɘɩŭŮɠ ɡˊɧůŰɟɤɛŬ, ŬɚɚɎ ˊŬɟŬɛɏɜɞɡɜ ůŰɖɜ ŮɡűɤŰɘəɐ ɕɩɜɖ167. 

 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ɟɨɗɛɘůɖɠ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐɠ ŮɑɜŬɘ Ůˊɑůɖɠ ŭɘŬűɞɟŮŰɘəɞɑ ůŰɖ 

ɗɎɚŬůůŬ Ŭˊɧ ɧŰɘ ůŰɖɜ ɝɖɟɎ. ȼ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ŮɑɜŬɘ ŬŭɘŬɛűɘůɓɐŰɖŰɖ, Ůɜɩ əŬɘ ɖ 

ŬɚŬŰɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ. Ⱥˊɑůɖɠ, ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮɘ Űɖ 

ɛŮŰŬɓɞɚɘəɐ ˊɞɟŮɑŬ, ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ŮɡɟŮɑɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ ɗɎɚŬůůŬ, Ŭˊɧ ɧŰɘ ůŰɖɜ ɝɖɟɎ, 

ŮˊŮɘŭɐ ɖ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ˊŮɟɘɞɟɑɕŮɘ Űɘɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬɚɚŬɔɏɠ. 

Ⱥˊɑůɖɠ, ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ űɤŰɧɠ, ŭɖɚŬŭɐ ɖ ˊɖɔɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɔɘŬ Űɖ űɤŰɞůɨɜɗŮůɖ, 

əŬɗɩɠ əŬɘ ŰŬ ɗɟŮˊŰɘəɎ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ŬˊɞűŬůɘůŰɘəɧ ɟɧɚɞ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ 

ˊŬɟŬɔɤɔɐɠ ůŰɖ ɗɎɚŬůůŬ168. 

 

ȼ ɖɚɘɧűɤŰɖ ɕɩɜɖ Űɤɜ ɤəŮŬɜɩɜ ɚɏɔŮŰŬɘ ŮɡűɤŰɘəɐ ɕɩɜɖ (euphotic zone). ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ 

ůɢŮŰɘəɎ ɚŮˊŰɧ ůŰɟɩɛŬ, ˊŮɟɑˊɞɡ 10 ï 100 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, ɧˊɞɡ ɡˊɎɟɢŮɘ ŬɟəŮŰɧ űɤɠ 

ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ. ũɘŬ ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ ɖ ŮɡűɤŰɘəɐ ɕɩɜɖ ɞɟɑɕŮŰŬɘ ɏɤɠ 

ŮəŮɑɜɞ Űɞ ɓɎɗɞɠ, ůŰɞ ɞˊɞɑɞ Űɞ űɤɠ űɗɎɜŮɘ Űɞ 1 % Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Űɘɛɐɠ. ɇɞ 
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űɤɠ ŮɝŬůɗŮɜŮɑ ɧůɞ Űɞ ɓɎɗɞɠ ŬɡɝɎɜŮɘ, ɚɧɔɤ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ ɐ Űɖɠ ůəɏŭŬůɖɠ, ˊɞɡ 

ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɞ ɜŮɟɧ ɐ Ŭˊɧ Űɖ ŭɘŬɚɡŰɐ ɐ ůɤɛŬŰɘŭɘŬəɐ ɨɚɖ169. 

 

ȼ űɤŰɞůɨɜɗŮůɖ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɖɠ ŮɡűɤŰɘəɐɠ 

ɕɩɜɖɠ əŬɘ Űɖɠ ůŰɞɘɓɎŭŬɠ ŬɜɎˊŰɡɝɖɠ. ɇɡɟɓɩŭɖɠ ŬɜɎɛɘɝɖ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ɞɛɞɔŮɜɞˊɞɘŮɑ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ əŬŰŬəɧɟɡűŬ. ȳůɞ ɓŬɗɨŰŮɟɖ ŮɑɜŬɘ Űɞ ůŰɟɩɛŬ 

ŬɜɎɛɘɝɖɠ, Űɧůɞ ɚɘɔɧŰŮɟɖ ɖ ˊɞůɧŰɖŰŬ Űɞɡ űɤŰɧɠ, ˊɞɡ ŬɜŬɢŬɘŰɑɕŮŰŬɘ Ŭˊɧ Űɞ űɡŰɞˊɚŬɔəŰɧ. 

ȳŰŬɜ ŮɑɜŬɘ ɓŬɗɨŰŮɟɖ Ŭˊɧ Űɖɜ ŮɡűɤŰɘəɐ ɕɩɜɖ, ŰɧŰŮ Űɞ űɡŰɞˊɚŬɔəŰɧ ɢɟŮɘɎɕŮŰŬɘ ˊɞɚɨ ɢɟɧɜɞ 

ɔɘŬ ɜŬ ŬɜŬˊŰɡɢɗŮɑ. ɇɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɞɡ ůŰɟɩɛŬŰɞɠ ŬɜɎɛɘɝɖɠ, ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ 

ŬɜɎˊŰɡɝɖ űɡŰɞˊɚŬɔəŰɞɨ əŬɚŮɑŰŬɘ əɟɑůɘɛɞ ɓɎɗɞɠ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ůŰɞ ɜŮɟɧ 

ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŬ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ, ɖ ˊɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ Űɞ 

ůŰɟɩɛŬ ŬɜɎˊŰɡɝɖɠ ŮɑɜŬɘ ˊɘɞ ɟɖɢɐ Ŭˊɧ Űɞ əɟɑůɘɛɞ ɓɎɗɞɠ170. 

 

ȳˊɤɠ ɏɢŮɘ ŮɘˊɤɗŮɑ, Űɞ űɡŰɞˊɚŬɔəŰɧ ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ɗɟŮˊŰɘəɎ Űɞɡ ůŰɟɩɛŬŰɞɠ ŬɜɎɛɘɝɖɠ. 

ɋůŰɧůɞ, əŬɘ əɎŰɤ Ŭˊɧ Űɞ ůŰɟɩɛŬ ŬɜɎɛɘɝɖɠ Űɞ űɡŰɞˊɚŬɔəŰɧ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗŮɑ Ŭɜ 

ɡˊɎɟɢŮɘ ŬɟəŮŰɧ űɤɠ əŬɘ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ. Ʉɞɚɚɏɠ űɞɟɏɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ 

ˊɚɖɗɡůɛɞɑ űɡŰɞˊɚŬɔəŰɞɨ ɜŬ ɓɡɗɑɕɞɜŰŬɘ ŮɝŬɘŰɑŬɠ Űɖɠ ɓŬɟɨŰɖŰŬɠ, ˊŬɟŬůɨɟɞɜŰŬɠ ɗɟŮˊŰɘəɎ 

ůɡůŰŬŰɘəɎ ůŮ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ, Ŭəɧɛɖ əŬɘ ŮəŰɧɠ Űɖɠ ŮɡűɤŰɘəɐɠ ɕɩɜɖɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ 

ɏɢŮɘ ůɖɛŬɜŰɘəɧ ŬɜŰɑəŰɡˊɞ ůŰɞɜ ˊŬɔəɧůɛɘɞ əɨəɚɞ Űɞɡ ɎɜɗɟŬəŬ. ɇŬ ŬɜɧɟɔŬɜŬ ɗɟŮˊŰɘəɎ 

ůɡůŰŬŰɘəɎ, ɧˊɤɠ ŰŬ ɜɘŰɟɘəɎ, ŰŬ űɤůűɞɟɘəɎ əŬɘ ŰŬ ˊɡɟɘŰɘəɎ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɤɜ əɡŰŰɎɟɤɜ Űɞɡ űɡŰɞˊɚŬɔəŰɞɨ. ȷɜ ɏɜŬ Ŭˊɧ ŰŬ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ ŮəŭɘɤɢɗŮɑ, 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŰŬ ɜɘŰɟɘəɎ, ŰɧŰŮ ɖ ˊɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ ɛŮɘɩɜŮŰŬɘ ŭɟŬɛŬŰɘəɎ171. 
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66  ɃɃɅɅũũȷȷɁɁȷȷ  ȾȾȷȷȽȽ  ɀɀȺȺŪŪɃɃȹȹɃɃȽȽ  

 

6.1 ȺȽɆȷũɋũȼ 

 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ˊɟɞůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ Űɞɜ ŰŮɚɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ 

137Cs əŬɘ 234Th ɛŮ ůəɞˊɧ Űɖ ɛɏŰɟɖůɖ ůŮ ɔ- űŬůɛŬŰɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ. ȺˊɘɢŮɘɟŮɑŰŬɘ, Ůˊɑůɖɠ, ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ (POC) əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC). ȼ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ɛɏɗɞŭɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ˊɟɞůɡɔəɏɜŰɟɤůɖ Űɞɡɠ Ůˊɑ Űɧˊɞɡ (in situ), ɛŮ Űɖ ɢɟɐůɖ űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ. Ƀɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŬɜŰɚɑŮɠ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɞˊɞɑɤɜ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ 

ˊŬɟŬəɎŰɤ, ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ əɘɜɖŰɐɟŬ, ˊɟɞűɑɚŰɟɞ ɔɘŬ əŬŰŬəɟɎŰɖůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, 

ŰɏůůŮɟŬ əŬɚɨɛɛŬŰŬ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ, ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰŬ űɑɚŰɟŬ ɔɘŬ ŰŬ ŭɘŬɚɡŰɎ ůɡůŰŬŰɘəɎ əŬɘ 

ɏɜŬ ɟɞɧɛŮŰɟɞ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɞɡ ɧɔəɞɡ Űɞɡ ŭŮɑɔɛŬŰɞɠ. 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ Ůɜ ŭɘŬɚɨůŮɘ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ Űɞ ŰŮɚɘəɧ ŭŮɑɔɛŬ ŮɑɜŬɘ ůŰɎɢŰɖ, ˊɞɡ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ əŬɨůɖ Űɤɜ űɑɚŰɟɤɜ, ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭŮůɛŮɡɛɏɜŬ. ɇɞ ŰŮɚɘəɧ ŭŮɑɔɛŬ 

űɏɟŮŰŬɘ ůŮ Ůɘŭɘəɧ əɡɎɗɘɞ ɛɏŰɟɖůɖɠ ɔɘŬ ɛɏŰɟɖůɖ ůŮ ɔ - űŬůɛŬŰɞɛŮŰɟɘəɐ ŭɘɎŰŬɝɖ. ɆɢŮŰɘəɎ ɛŮ Űɞ 

ůɤɛŬŰɘŭɘŬəɧ əɚɎůɛŬ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, Űɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ űɑɚŰɟɞ (ŭɘŬɛɏŰɟɞɡ 142 mm 

əŬɘ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ 0.6 ɛm, Whatman GF/A) ɛŮŰɟɎŰŬɘ ŬˊŮɡɗŮɑŬɠ ůŮ ɔ- űŬůɛŬŰɞɛŮŰɟɘəɐ 

ŭɘɎŰŬɝɖ. ȳůɞɜ ŬűɞɟɎ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ, ŰŬ ɑŭɘŬ 

űɑɚŰɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ŰŬ ůɤɛŬŰɘŭɘŬəɎ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ŬɜŬɚɨɞɜŰŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɛŮ 

ůŰɞɘɢŮɘŬəɐ ŬɜɎɚɡůɖ ůŮ TruSpec CHN Leco analyzer. ɇɞ ɜŮɟɧ ˊɞɡ ŮɢŮɘ ŮɔəɚɤɓɘůŰŮɑ ɛɏůŬ 

ůŰɖɜ ŬɜŰɚɑŬ (əŬɘ ɎɟŬ ŮɢŮɘ ɐŭɖ űɘɚŰɟŬɟɘůŰŮɑ ůŰŬ 0.6 ɛm) ůɡɚɚɏɔŮŰŬɘ ůŮ ɛˊɞɡəŬɚɎəɘŬ Űɤɜ 50 

mL əŬɘ ŬɜŬɚɨŮŰŬɘ ůŮ Shimadzu TOC 5000 analyzer ɔɘŬ ŭɘŬɚɡŰɧ ɎɜɗɟŬəŬ. ɆɢɖɛŬŰɘəɎ, ɖ Ŭɟɢɐ 

Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 6.1. 
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ȺɘəɧɜŬ 6.1: ȼ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ůɡɜɞˊŰɘəɎ 

 

 

6.2 ȷɁɇȽȹɅȷɆɇȼɅȽȷ 

 

1. ɆŰŮɟŮɧ K4[Fe(CN)6] .3H2O p.a. 99.5% (Fluka 250 g) 

2. ɆŰŮɟŮɧ Cu(NO3)2 .3H2O p.a. 98% (Fluka 250 g) 

3. MnCl2.4H2O p.a. 99.0 % (Riedel ï de Haen 1 kg) 

4. HNO3 p.a. 65% (Carlo Erba 1 l) ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɞɡ pH  

5. ɆɖɛŮɘŬəɏɠ ˊɖɔɏɠ ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔ ï 

űŬůɛŬŰɞɛŮŰɟɑŬɠ (Isotope Products Europe Blaseg GMBH) 

6. ȺɛˊɞŰɘůɛɏɜŬ ɛŮ 226RaNO3 űɑɚŰɟŬ ŮɜŮɟɔɧŰɖŰŬɠ 240 Bq ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ 

Ŭ́ ɧŭɞůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬɠ (Isotope Products Europe Blaseg GMBH) 

ɛŮ ůɢŮŰɘəɐ Ŭˊɧŭɞůɖ 20 %, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ 137Cs 

7. ȹɘɎɚɡɛŬ ñmixed standardò Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs, 

203Hg, 113Sn, 85Sr, 88Y ůɡɜɞɚɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ 5202 Bq ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ 

Ŭˊɧŭɞůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŮ ůɢŮŰɘəɐ Ŭˊɧŭɞůɖ 90 % ɔɘŬ Űɘɠ 



 
98 

 

ɛŮŰɟɐůŮɘɠ Űɞɡ 234Th, ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ˊŮɟɘůůɧŰŮɟɤɜ űɤŰɞəɞɟɡűɩɜ ůŰɘɠ 

ɢŬɛɖɚɧŰŮɟŮɠ ŮɜɏɟɔŮɘŮɠ Űɞɡ űɎůɛŬŰɞɠ. 

 

 

6.3 ɆȾȺɈȼ 

 

1. ɄɞŰɐɟɘ ɕɏůɖɠ 5 əŬɘ 10 L 

2. ɃɔəɞɛŮŰɟɘəɐ űɘɎɚɖ 1 L 

3. ɃɔəɞɛŮŰɟɘəɧɠ əɨɚɘɜŭɟɞɠ 2000 mL 

4. ɆɘűɩɜɘŬ Űɤɜ 10 mL 

5. ɄɞŰɐɟɘŬ ɕɏůɖɠ Űɤɜ 10 əŬɘ 50 mL 

6. ɀˊɞɡəŬɚɎəɘŬ Űɤɜ 50 mL ɛŮ ˊɩɛŬ ɔɘŬ Űɖ ůɡɚɚɞɔɐ ŭŮɘɔɛɎŰɤɜ DOC 

7. CWC 10" inch ï Cotton Wound Cartridge 1 ɛm (ȺɘəɧɜŬ 6.2) 

8. ūɑɚŰɟŬ ɡŬɚɞɜɖɛɎŰɤɜ (glass fiber) ŭɘŬɛɏŰɟɞɡ 142 mm ɔɘŬ ůɤɛŬŰɑŭɘŬ əŬɘ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ 

0.6 ɛm (Whatman GF/A filters) 

 

ȺɘəɧɜŬ 6.2: ɇŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ űɑɚŰɟŬ 

 

 

9. ȾɡɎɗɘɞ ɛɏŰɟɖůɖɠ (white cup) ɔɘŬ ɔ - űŬůɛŬŰɞɛŮŰɟɑŬ. ɇɞ əɡɎɗɘɞ ɛɏŰɟɖůɖɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 

Ŭˊɧ ɨɣɞɠ 2 cm, 68 cm ŭɘɎɛŮŰɟɞ əŬɘ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ɏɜŬ ˊɚɏɝɘɔəɚŬɠ ɡɚɘəɧ 2 mm ˊɎɢɞɡɠ 

əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ˊɎɜɤ ůŰɞɜ əɟɨůŰŬɚɚɞ Ge (HpGe) (ȺɘəɧɜŬ 6.3). 
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ȺɘəɧɜŬ 6.3: ɇɞ əɡɎɗɘɞ ɛɏŰɟɖůɖɠ 

 

 

6.4 ɃɅũȷɁȷ ȺɅũȷɆɇȼɅȽɃɈ 

 

1. ɄŮɟɘůŰŬɚŰɘəɐ ŬɜŰɚɑŬ Watson ï Marlow Briendel 620R 

2. Mark Electronic Balance, Bell Engineering 

3. ȾɚɑɓŬɜɞɘ ɔɘŬ Űɖɜ ŬˊɞŰɏűɟɤůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ (ȺɘəɧɜŬ 6.4)  

 

 
ȺɘəɧɜŬ 6.4: Ƀɘ əɚɑɓŬɜɞɘ ŬˊɞŰɏűɟɤůɖɠ 

 

 

4. ɆŰɞɘɢŮɘŬəɧɠ ŬɜŬɚɡŰɐɠ TruSpec CHN Leco analyzer (ȺɘəɧɜŬ 6.5)  
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ȺɘəɧɜŬ 6.5: Ƀ ůŰɞɘɢŮɘŬəɧɠ ŬɜŬɚɡŰɐɠ 

 

 

5. Shimadzu TOC analyzer 5000 (ȺɘəɧɜŬ 6.6)  

 

 

ȺɘəɧɜŬ 6.6: ȷɜŬɚɡŰɐɠ TOC 

 

 

6. 2 ůɡůŰɐɛŬŰŬ ɔ ï űŬůɛŬŰɞɛŮŰɟɑŬɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ űŬůɛŬŰɞɛŮŰɟɘəɏɠ 

ŭɘŬŰɎɝŮɘɠ ŬəŰɑɜɤɜ ɔ- ɛŮ ŬɜɘɢɜŮɡŰɏɠ ɡˊŮɟəŬɗŬɟɞɨ ũŮɟɛŬɜɑɞɡ (HpGe detector), ůɢŮŰɘəɐɠ 

Ŭˊɧŭɞůɖɠ 90% (CANBERRA Coaxial Ge Detector Systems) ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ˊɟɧɔɟŬɛɛŬ ɔɘŬ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ (software CANBERRA Genie 2000) əŬɘ ůɢŮŰɘəɐɠ 

Ŭˊɧŭɞůɖɠ 20 % ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ˊɟɧɔɟŬɛɛŬ ɔɘŬ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ (software 

Ortec) 172 173 (ɓɚɏˊŮ ȺɘəɧɜŬ 6.11). 
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6.5 ɃɅũȷɁȷ ɄȺȹȽɃɈ 

 

1 ɄɞɚɨɛŮŰɟɞ YSI 53 ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, Űɞɡ pH, Űɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ 

ŬɚŬŰɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ ɛŮ ŮˊɏəŰŬůɖ əŬɚɤŭɑɞɡ 15 m. 

2 ȹŮɘɔɛŬŰɞɚɐˊŰɖɠ in situ ˊɟɞůɡɔəɏɜŰɟɤůɖɠ (ŮɛˊɚɞɡŰɘůɛɞɨ) ŭŮɑɔɛŬŰɞɠ ï űɡɔɞəŮɜŰɟɘəɐ 

ŬɜŰɚɑŬ Mark III. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ ŬɜɞɘəŰɞɨ ˊŮɚɎɔɞɡɠ Mark 3 Űɖɠ 

ŮŰŬɘɟɑŬɠ Challenger Oceanic Systems and Services (COSS, UK) (ȺɘəɧɜŬ 6.7). Ɇəɞˊɧɠ 

Űɖɠ ɢɟɐůɖɠ Űɖɠ ůɡůəŮɡɐɠ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ ɘəŬɜɞˊɞɘɖŰɘəɞɨ ɧɔəɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ 

ŬɜŬɚɨůŮɘɠ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ, ŬəɧɛŬ əŬɘ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ɧˊɤɠ ŬɡŰɏɠ 

ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ɛŮůŬɑŬ ɤəŮɎɜɘŬ ɓɎɗɖ. ȰŰůɘ, ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ ɞɘ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ɨŭŬŰɞɠ, ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŬɜŬɚɨůŮɘɠ. 

Ƀ ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɠ ɜŬ űɘɚŰɟɎɟŮɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 1 m3 ɜŮɟɞɨ ůŮ 1 

ɩɟŬ. Ƀ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ, ɞ ɞˊɞɑɞɠ űɘɚŰɟɎɟŮŰŬɘ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 

əŬŰŬəɟŬŰɞɨɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ, Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɎɜŰɚɖůɖɠ, Űɖ ŭɘɎɛŮŰɟɞ əŬɘ Űɞ ˊɚɏɔɛŬ Űɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ űɑɚŰɟɤɜ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛɞɜɎŭŬ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɖ ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ ɏɤɠ 5500 m ɓɎɗɞɠ 174. 

 

ȺɘəɧɜŬ 6.7: ȹŮɘɔɛŬŰɞɚɐˊŰɖɠ in situ ŮɛˊɚɞɡŰɘůɛɞɨ ŭŮɑɔɛŬŰɞɠ 

 

 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛŬɔɜɖŰɘəɐ űɡɔɧəŮɜŰɟɞ ŬɜŰɚɑŬ, ŰɞˊɞɗŮŰɖɛɏɜɖ ůŰɞ ˊɎɜɤ 

ɛɏɟɞɠ Ůɜɧɠ ůɤɚɐɜŬ ˊɑŮůɖɠ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ əɘɜɖŰɐɟŬ, ŮˊŬɜŬűɞɟŰɘɕɧɛŮɜŮɠ 

ɛˊŬŰŬɟɑŮɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ, Űɞɜ ŬɜŮɝɎɟŰɖŰɞ űɞɟŰɘůŰɐ (power supply) əŬɘ ɏɜŬ 

ɢɟɞɜɧɛŮŰɟɞ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. Ƀ ɧɔəɞɠ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɚɏɔɢŮŰŬɘ 

Ŭˊɧ ɏɜŬ ɛɖɢŬɜɘəɧ ɟɞɧɛŮŰɟɞ (ȺɘəɧɜŬ 6.8 - ɄɑɜŬəŬɠ 6.1). 
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ɄɅɃūȽȿɇɅɃ 

 

 

ŪȼȾȺɆ ūȽȿɇɅɋɁ 

 

ɄȷũȽȹȺɆ 

 

 

ɅɃɃɀȺɇɅɃ 

 

ȷɁɇȿȽȷ 

 

 

ɆɋȿȼɁȷɆ ɄȽȺɆȼɆ 

 

 

 

 

ɄȽɁȷȾȷɆ ȺȿȺũɉɃɈ 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 6.8: ȷɜŬɚɡŰɘəɎ ŰŬ ɛɏɟɖ Űɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ 
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ɄɑɜŬəŬɠ 6.1: ɄɟɞŭɘŬɔɟŬűɏɠ Ůɜɧɠ Mark III ŭŮɘɔɛŬŰɞɚɐˊŰɖ
174

 

ɆɤɚɐɜŬɠ 

ɄɑŮůɖɠ 

ȾɟɎɛŬ Ŭɟɔɘɚɑɞɡ ůŮ Ɏɜɞŭɞ, ɜɎɘɚɞɜ ůűɘəŰɐɟŮɠ əŬɘ ɓɎůŮɘɠ, ůɡɜŭɏůŮɘɠ 

əŬɘ əŬɚɩŭɘŬ Ŭˊɧ ŰɘŰɎɜɘɞ. 

ȷɜŰɚɑŬ 
ūɡɔɧəŮɜŰɟɞɠ ŬɜŰɚɑŬ ɛŮ əŮɟŬɛɘəɏɠ ŮˊɘűɎɜŮɘŮɠ əŬɘ ɛŮ əɘɜɖŰɐɟŬ ˊɞɡ 

ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɖɚŮəŰɟɞɛŬɔɜɐŰɖ 

ŪɐəŮɠ ūɑɚŰɟɤɜ ŪɐəŮɠ ŭɘŬɛɏŰɟɞɡ 293 mm Ŭˊɧ ˊɞɚɡˊɟɞˊɡɚɏɜɘɞ 

ɄɟɞűɑɚŰɟɞ 
ȹɘůəɞŮɘŭɐ űɑɚŰɟŬ Domnic Hunter Asypore ɔɘŬ ɟŬŭɘŮɜŮɟɔɞɨɠ ˊɡɟɐɜŮɠ 

Ŭˊɧ ůɡɜɗŮŰɘəɐ əɡŰŰŬɟɑɜɖ, ˊɞɟɩŭɞɡɠ 1-5 ɛm 

ūɡůɑɔɔɘŬ 

(Cartridges) 

2-4 űɑɚŰɟŬ ůŮ ůŮɘɟɎ (Scavengers) ɔɘŬ ɟŬŭɘŮɜŮɟɔɞɨɠ ˊɡɟɐɜŮɠ. Ʉɢ. 

Nuclepore ɛŮɔɏɗɞɡɠ 0.4-1 ɛm, ɛɑɔɛŬŰɞɠ ɞɝŮɘŭɑɤɜ Űɞɡ Mn ɔɘŬ Űɖ 

ŭɏůɛŮɡůɖ Űɤɜ ɘůɞŰɧˊɤɜ Űɞɡ ɞɡɟŬɜɑɞɡ, ɐ ůɘŭɖɟɞəɡŬɜɘɞɨɢɤɜ ɔɘŬ 

ŭɘŬɚɡŰɞˊɞɘɖɛɏɜŬ ůɡůŰŬŰɘəɎ 

ɀˊŬŰŬɟɑŮɠ 
ȺˊŬɜŬűɞɟŰɘɕɧɛŮɜŮɠ ɛˊŬŰŬɟɑŮɠ ɛɞɚɨɓŭɞɡ-ɞɝɏɞɠ 2x16 V, 5 A ɐ ɛɖ 

Ů́ ŬɜŬűɞɟŰɘɕɧɛŮɜŮɠ ŬɚəŬɚɘəɏɠ 

ɉɟɞɜɧɛŮŰɟɞ 
ɀŬɔɜɖŰɘəɎ ŮɜŮɟɔɞˊɞɘɐůɘɛɞ ɢɟɞɜɧɛŮŰɟɞ, ɛŮ 999.9 hr 

ɢɟɞɜɞəŬɗɡůŰɏɟɖůɖ əŬɘ 9.9 hr ɢɟɧɜɞ ɎɜŰɚɖůɖɠ ɐ Laptop 

ɅɞɧɛŮŰɟɞ 
ɀɖɢŬɜɘəɧ ɟɞɧɛŮŰɟɞ ɛŮŰŬəɘɜɞɨɛŮɜɞ ɛŮ ŬəɟɑɓŮɘŬ Ñ 2% ɔɘŬ ŰŬɢɨŰɖŰŮɠ 

ɟɞɐɠ 100-300 l/min 

ȷɜɎ́ Űɡɝɖ ȾŬɚɩŭɘŬ ˊɚɞɑɞɡ ɔɘŬ ɤəŮɎɜɘɞ ɓɎɗɞɠ-ɢɟɐůɖ Ŭɔɩɔɘɛɞɡ əŬɚɤŭɑɞɡ 

ȹɘŬůŰɎůŮɘɠ 1000 mm ɛɐəɞɠ x 400 mm ˊɚɎŰɞɠ x 500 mm ˊɎɢɞɠ 

ȸɎɟɞɠ ůŰɞɜ 

ȷɏɟŬ 
40 kg ŬɜŮɝɎɟŰɖŰɞ Ŭˊɧ Űɖ ŭɘŬɛɧɟűɤůɖ 

ȸɎɟɞɠ ůŰɞ ɁŮɟɧ 20 kg ŬɜŮɝɎɟŰɖŰɞ Ŭˊɧ Űɖ ŭɘŬɛɧɟűɤůɖ 

ȳɔəɞɠ 

ȹŮɑɔɛŬŰɞɠ 
ɄŮɟɑˊɞɡ 1000 L hr-1 ɔɘŬ ɛŮůŬɑŬ ɤəŮɎɜɘŬ ɓɎɗɖ 

ɀŮŰɟɞɨɛŮɜɞ 

ȸɎɗɞɠ 
5500 m 

 

 

3 ȹŮɘɔɛŬŰɞɚɐˊŰɖɠ in situ ˊɟɞůɡɔəɏɜŰɟɤůɖɠ (ŮɛˊɚɞɡŰɘůɛɞɨ) ŭŮɑɔɛŬŰɞɠ ï űɡɔɞəŮɜŰɟɘəɐ 

ŬɜŰɚɑŬ McLane. Ƀ ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ McLane LV-WTS (ȺɘəɧɜŬ 6.9) ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ 

ůɡɚɚɏɔŮɘ ŬɘɤɟɞɨɛŮɜŬ əŬɘ ŭɘŬɚɡŰɎ ůɡůŰŬŰɘəɎ ɛŮ Űɖ ɢɟɐůɖ ŭɘůəɞŮɘŭɩɜ űɑɚŰɟɤɜ (disc filters) 

əŬɘ űɑɚŰɟɤɜ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ (cartridge filters). Ƀ ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ ɚŮɘŰɞɡɟɔŮɑ ůŮ Ůɨɟɞɠ 

ɗŮɟɛɞəɟŬůɘɩɜ 0 ï 50 oC, ůŮ ɓɎɗɖ ɏɤɠ 5500 m. Ⱥˊɑůɖɠ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ůɡɚɚɞɔɐɠ 

ɓɘɞɚɞɔɘəɩɜ ŭŮɘɔɛɎŰɤɜ, ɛɘŬɠ əŬɘ ɖ ɟɞɐ, əŬɗɩɠ əŬɘ ɞ ɧɔəɞɠ ɎɜŰɚɖůɖɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ 
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ɢŮɘɟɘůŰɐ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ůɨůŰɖɛŬ ůɡɚɚɏɔŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ 

ɢɟɧɜɞ, Űɞɜ ɧɔəɞ, Űɖɜ ˊɑŮůɖ, Űɖ ɟɞɐ. 

 

 

 
ȺɘəɧɜŬ 6.9: ȹŮɘɔɛŬŰɞɚɐˊŰɖɠ McLane LV-WTS
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Ƀ LV-WTS ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ɧɟɔŬɜŬ: 
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¶ ɆɤɚɐɜŬɠ ˊɑŮůɖɠ, ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ Űɘɠ ɛˊŬŰŬɟɑŮɠ əŬɘ ŰŬ ɛɖɢŬɜɘəɎ ɛɏɟɖ Űɖɠ ŬɜŰɚɑŬɠ 

əŬɘ Űɞ əɎɚɡɛɛŬ Ůɚɏɔɢɞɡ  

 
 

¶ ɇɖɜ əŮűŬɚɐ Űɖɠ ŬɜŰɚɑŬ  

 

 

¶ ɆɡůəŮɡɐ ůɡɔəɟɎŰɖůɖɠ űɑɚŰɟɤɜ ˊɞɚɚŬˊɚɩɜ ůŰŬŭɑɤɜ 
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ɄɑɜŬəŬɠ 6.2: ɄɟɞŭɘŬɔɟŬűɏɠ ŭŮɘɔɛŬŰɞɚɐˊŰɖ McLane
176

 

ȹɘŬůŰɎůŮɘɠ 
ɛɎəɟɞɠ 
ˊɚɎŰɞɠ 
ɨɣɞɠ 

92 cm 
60 cm 
33 cm 

ȸɎɟɞɠ 
ůŰɞɜ ŬɏɟŬ 
ůŰɞ ɜŮɟɧ 

51 kg 
34 kg 

ūɑɚŰɟŬ 

ɡɚɘəɧ 
ůɡɔəɟɎŰɖůɖɠ 
ŭɘɎɛŮŰɟɞɠ 
űɑɚŰɟɤɜ 

ɛŬɨɟɖ ŬəŮŰɎɚɖ 
142 mm 

ɇɨ́ ɞɘ ȷɜŰɚɘɩɜ 

LV04 
ɟɞɐ/ůűɎɚɛŬ 
ɛɏɔɘůŰɞɠ ɧɔəɞɠ 
Űɨˊɞɠ űɑɚŰɟɞɡ 

1-4 L/min/Ñ 3 % 
1500 L (10 Amp ɛˊŬŰŬɟɑŮɠ) 

0.4 ɛm Nuclepore ɐ ɎɚɚŬ űɑɚŰɟŬ ɛŮɛɓɟɎɜɖɠ 

LV08 
ɟɞɐ/ůűɎɚɛŬ 
ɛɏɔɘůŰɞɠ ɧɔəɞɠ 
Űɨˊɞɠ űɑɚŰɟɞɡ 

4-8 L/min/Ñ 5 % 
5000 L (10 Amp ɛˊŬŰŬɟɑŮɠ) 

GFF, QMA ɐ ɎɚɚŬ űɑɚŰɟŬ ɛŮɛɓɟɎɜɖɠ 

LV20 
ɟɞɐ/ůűɎɚɛŬ 
ɛɏɔɘůŰɞɠ ɧɔəɞɠ 
Űɨˊɞɠ űɑɚŰɟɞɡ 

10-20 L/min/Ñ 5 % 
8000 L (10 Amp ɛˊŬŰŬɟɑŮɠ) 

ɛŮɔɎɚɞɡ ˊɞɟɩŭɞɡɠ ɐ Mesh űɑɚŰɟŬ 

LV30 
ɟɞɐ/ůűɎɚɛŬ 
ɛɏɔɘůŰɞɠ ɧɔəɞɠ 
Űɨˊɞɠ űɑɚŰɟɞɡ 

15-30 L/min/Ñ 5 % 
12000 L (10 Amp ɛˊŬŰŬɟɑŮɠ) 
ɛŮɔɎɚɞɡ ŬɜɞɑɔɛŬŰɞɠ Mesh űɑɚŰɟŬ 

LV50 
ɟɞɐ/ůűɎɚɛŬ 
ɛɏɔɘůŰɞɠ ɧɔəɞɠ 
Űɨˊɞɠ űɑɚŰɟɞɡ 

25-50 L/min/Ñ 5 % 
15000 L (10 Amp ɛˊŬŰŬɟɑŮɠ) 
ɛŮɔɎɚɞɡ ŬɜɞɑɔɛŬŰɞɠ Mesh űɑɚŰɟŬ 

ȾɎɚɡɛɛŬ 
Ⱥɚɏɔɢɞɡ 

ɛŮŰŬɚɚɘəɧ ɡɚɘəɧ 
ŰɟɞűɞŭɞŰɘəɧ 
ůɡɜŭɏůŮɘɠ 

6061-ɇ6 ůəɚɖɟɧ Ŭɚɞɡɛɑɜɘɞ 
 

24 ŬɚəŬɚɘəɏɠ ɛˊŬŰŬɟɑŮɠ 
ůɡɟɘŬəɏɠ (RS-232) 

ɄɚŬɑůɘɞ Űɨˊɞɠ/ɡɚɘəɧ 
Űɨɞ́ɠ 316 ɖɚŮəŰɟɞ-ŮɝŮɡɔŮɜɘůɛɏɜɖ ŬɜɞɝŮɑŭɤŰɖ ŬŰůɎɚɘɜɖ 
ůɡɔəɧɚɚɖůɖ/ɘůɢɡɟɐ ˊɚɎŰɖ ɛŮ ůűɘəŰɐɟŮɠ ɔɘŬ əŬɚɩŭɘŬ 

ȾɡɚɘɜŭɟɘəɎ 
ūɑɚŰɟŬ 

Űɨˊɞɠ/ɡɚɘəɧ 10 inch cotton wound Ůɛˊɞɟɑɞɡ 

ɆɡɜɗɐəŮɠ 
ɉŮɘɟɘůɛɞɨ 

ɛɏɔɘůŰɞ ɓɎɗɞɠ 
ɗŮɟɛɞəɟŬůɑŬ 

5500 m 
0-50 ɞC 

 

 

6.6 ɀȺŪɃȹɃȽ 

 

6.6.1 Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 234Th əŬɘ 137Cs ɛŮ ˊɟɞůɡɔəɏɜŰɟɤůɖ 

Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŰɞ ˊŮŭɑɞ (in situ) 

 

1. ɄɟɞŮŰɞɘɛŬůɑŬ Űɤɜ űɑɚŰɟɤɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 
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ɄɞɚɚɎ ůɘŭɖɟɞəɡŬɜɘɞɨɢŬ ɛɏŰŬɚɚŬ ɛŮŰɎˊŰɤůɖɠ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ˊŮɟɑˊɞɡ 30 

ɢɟɧɜɘŬ ɔɘŬ ɜŬ ůɡɚɚɏɝɞɡɜ ŭɘŬɚɡŰɧ əŬɑůɘɞ Ŭˊɧ Űɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ, ɛɏůɤ əŬŰŬɓɨɗɘůɖɠ ɐ 

çŮˊɑ Űɧˊɞɡè ˊɟɞůɟɧűɖůɖɠ177 178 179. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɢɟɐůɖɠ Űɤɜ 

ůɘŭɖɟɞəɡŬɜɘɞɨɢɤɜ ɛŮŰɎɚɚɤɜ ɛŮŰɎˊŰɤůɖɠ ŮɑɜŬɘ ˊɞɚɚɎ əɘ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ əɡɟɑɤɠ ɛŮ Űɖ 

ɕŮɚŬŰɘɜɩŭɖ ɛɞɟűɐ Űɞɡɠ, ŭɖɚŬŭɐ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůəɞɚɚɩɜŰŬɘ ˊɘɞ ŮɨəɞɚŬ ɤɠ 

ɡˊɞůŰɖɟɘəŰɘəɎ ɡɚɘəɎ. Ⱥˊɑůɖɠ, ɖ ɘɞɜŰɞŬɜŰŬɚɚŬəŰɘəɐ ɘəŬɜɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ ŰɏŰɞɘɤɜ 

ůɡɛˊɚɧəɤɜ ŮɑɜŬɘ ˊɎɟŬ ˊɞɚɨ ɛŮɔɎɚɖ, ɛˊɞɟɞɨɜ ˊɞɚɨ ŮɨəɞɚŬ ɜŬ ˊŬɟŬůəŮɡŬůŰɞɨɜ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ əŬɘ Űɏɚɞɠ Űɞ əɧůŰɞɠ, ˊɞɡ ůɡɜɞŭŮɨŮɘ Űɖ ɢɟɐůɖ Űɞɡɠ, ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɧ180. 

 

Ƀɘ Űɨˊɞɘ Űɤɜ ůɘŭɖɟɞəɡŬɜɘɞɨɢɤɜ ůɡɛˊɚɧəɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŬɜɧɟɔŬɜɞɘ 

ɘɞɜŰɞŬɜŰŬɚɚɎəŰŮɠ ɔɘŬ Űɞ ŭɘŬɚɡŰɧ əŬɑůɘɞ (137Cs) ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ ůɘŭɖɟɞəɡŬɜɘɞɨɢɞ 

ɢŬɚəɧ Cu2[Fe(CN)6], Űɞɜ ůɘŭɖɟɞəɡŬɜɘɞɨɢɞ ɣŮɡŭɎɟɔɡɟɞ Zn2[Fe(CN)6] əŬɘ Űɞ 

əɞɓŬɚŰɘɞəɡŬɜɘɞɨɢɞ əɎɚɘɞ K4[Co(CN)6] 
181. ɄɟɞŰɘɛɩɜŰŬɘ ůɡɜɐɗɤɠ ŰŬ ˊɟɩŰŬ ŭɨɞ 

ůɨɛˊɚɞəŬ, ŮɝŬɘŰɑŬɠ Űɖɠ ɡɣɖɚɐɠ ɛɖɢŬɜɘəɐɠ Űɞɡɠ ůŰŬɗŮɟɧŰɖŰŬɠ əŬɘ Űɖɠ ˊɞɚɨ ɛɘəɟɐɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɞɡɠ ůŮ əɎɚɘɞ. ȼ ɡɣɖɚɐ ɛɖɢŬɜɘəɐ ůŰŬɗŮɟɧŰɖŰŬ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɔɘŬ 

ɜŬ ɛɖ ɛŮɘɤɗŮɑ əŬɗɧɚɞɡ ɖ ˊɟɞůɟɧűɖůɖ, ɧŰŬɜ ŰŬ űɑɚŰɟŬ ŮəŰŮɗɞɨɜ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ. 

 

ȳůɞɜ ŬűɞɟɎ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŭɘŬɚɡŰɧ ɗɞɟɑɞɡ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

Űɞ MnO2 
182. ɄɟŬəŰɘəɎ, ŰŬ çŮˊɑ Űɧˊɞɡè ŭŮɘɔɛŬŰɞɚɖˊŰɘəɎ ůɡůŰɐɛŬŰŬ ɔɘŬ Űɞ ŭɘŬɚɡŰɧ əŬɑůɘɞ 

əŬɘ Űɞ ŭɘŬɚɡŰɧ ɗɧɟɘɞ ɛŮ ɢɟɐůɖ ůɡɛˊɚɧəɤɜ ůɡɜɑůŰŬɜŰŬɘ ůŰɖɜ ˊɟɞůɟɧűɖůɖ Űɤɜ ɡˊɧ 

ˊɟɞůŭɘɞɟɘůɛɧ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ əɑɜɖůɖɠ Űɞɡ ˊɚɞɑɞɡ, ɛŮ Űɖ ɢɟɐůɖ Ůɘŭɘəɩɜ 

űɑɚŰɟɤɜ ɔɘŬ ɜŬ ůɡɛɓŮɑ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɘŭɘəɎ 

űɑɚŰɟŬ (cartridges), ˊɞɡ ɏɢɞɡɜ ˊɟɞŮˊŮɝŮɟɔŬůŰŮɑ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬɘ ˊɎɜɤ Űɞɡɠ ɏɢŮɘ 

ŰɞˊɞɗŮŰɖɗŮɑ Cu2[Fe(CN)6] 
183 184 185 ɔɘŬ Űɖ ŭɏůɛŮɡůɖ Űɞɡ ŭɘŬɚɡŰɞɨ 137Cs əŬɘ MnO2 

186 ɔɘŬ 

Űɖ ŭɏůɛŮɡůɖ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th. 

 

ȳůɞɜ ŬűɞɟɎ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŮ ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ űɑɚŰɟŬ ɡŬɚɞɜɖɛɎŰɤɜ (Whatman GF/A), ŭɘŬɛɏŰɟɞɡ 142 mm əŬɘ 

ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ 0.6 ɛm. ɇŬ ɑŭɘŬ űɑɚŰɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ 

ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC).  

 

 

2. ȺɛˊɞŰɘůɛɧɠ (impregnation) əɡɚɘɜŭɟɘəɩɜ űɑɚŰɟɤɜ cartridge ɛŮ Cu2[Fe(CN)6] ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ 
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5 g Ⱦ4[Fe(CN)6] ŭɘŬɚɨɞɜŰŬɘ ůŮ 1000 mL H2O əŬɘ 5 g Cu(NO3)2 ůŮ 500 mL H2O. 

ɄŬɟɎɚɚɖɚŬ, ɏɜŬ blank űɑɚŰɟɞ, Űɨˊɞɡ cartridge, ŮűŬɟɛɧɕŮŰŬɘ ůŮ Ůɘŭɘəɧ ŭɞɢŮɑɞ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ 1 L. ɆŰɞ ɑŭɘɞ ŭɞɢŮɑɞ ŮɘůɎɔŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ Űɞɡ Ⱦ4[Fe(CN)6]. ɆŮ ˊɞŰɐɟɘ ɕɏůɖɠ 

5000 mL ŮɘůɎɔŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ Űɞɡ Cu(NO3)2. ɀŮ Űɖ ɓɞɐɗŮɘŬ ˊŮɟɘůŰŬɚŰɘəɐɠ ŬɜŰɚɑŬɠ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎɛɘɝɖ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ, ɛɏɢɟɘ ůɢɖɛŬŰɘůɛɞɨ əŬűŮ - əɧəəɘɜɞɡ 

ŭɘŬɚɨɛŬŰɞɠ183 (ȺɘəɧɜŬ 6.10). ȿŮˊŰɧ ůɖɛŮɑɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɧŰɘ ɖ ŬɜŰɑŭɟŬůɖ ˊɟɏˊŮɘ 

ɜŬ ůɡɛɓŮɑ ůŰɞ ŭɞɢŮɑɞ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ űɑɚŰɟɞ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ ɟɞɐ Űɖɠ ˊŮɟɘůŰŬɚŰɘəɐɠ 

ŬɜŰɚɑŬɠ ŬɜŬůŰɟɏűŮŰŬɘ ůɡɜŮɢɩɠ ůŰɖɜ Ŭɟɢɐ. ȷɛɏůɤɠ ɛŮŰɎ, Űɞ ŰŮɚɘəɧ ŭɘɎɚɡɛŬ Cu2[Fe(CN)6] 

ŬűɐɜŮŰŬɘ ůɡɜŮɢɧɛŮɜŬ ɜŬ əɎɜŮɘ əɨəɚɞ (ˊɞŰɐɟɘ ɕɏůɖɠ ï ŭɞɢŮɑɞ űɑɚŰɟɞɡ ï ˊɞŰɐɟɘ ɕɏůɖɠ), 

ɩůŰŮ ɜŬ ůɡɛɓŮɑ ɧůɞ Űɞ ŭɡɜŬŰɧ ɛŮɔŬɚɨŰŮɟɖ ŮɝŬůɗɏɜɖůɖ Űɞɡ əŬűŮ ï əɧəəɘɜɞɡ ɢɟɩɛŬŰɞɠ. 

ɇɧŰŮ Űɞ Cu2[Fe(CN)6] ɏɢŮɘ ŬˊɞŰŮɗŮɑ ůŰɞ űɑɚŰɟɞ. ɇɏɚɞɠ, Űɞ ŭɘŬɓɟŮɔɛɏɜɞ űɑɚŰɟɞ ɝɖɟŬɑɜŮŰŬɘ 

ůŮ űɞɨɟɜɞ ůŰɞɡɠ 60 - 80 ɞC ɔɘŬ ˊŮɟɑˊɞɡ 1 ɖɛɏɟŬ, ůɡůəŮɡɎɕŮŰŬɘ əŬɘ əŬɗɑůŰŬŰŬɘ ɏŰɞɘɛɞ ɔɘŬ 

ɢɟɐůɖ. ȼ ŬɜŰɑŭɟŬůɖ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ Cu2[Fe(CN)6] űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

Ⱦ4[Fe(CN)6] + 2 Cu(NO3)2 Ÿ Cu2Fe(CN)6 + 4 KNO3 

 

ȺɘəɧɜŬ 6.10: ȹɘɎŰŬɝɖ ɔɘŬ Űɖ ŭɘŬɓɟɞɢɐ Űɤɜ űɑɚŰɟɤɜ 

 

3. ȺɛˊɞŰɘůɛɧɠ (impregnation) əɡɚɘɜŭɟɘəɩɜ űɑɚŰɟɤɜ catridge ɛŮ MnO2 ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ 

 

3.8 g KMnO4 ŭɘŬɚɨɞɜŰŬɘ ůŮ 6 L H2O əŬɘ 8 g MnCl2 ůŮ 250 mL H2O. ɄŬɟɎɚɚɖɚŬ, ɏɜŬ blank 

űɑɚŰɟɞ, Űɨˊɞɡ cartridge, ŮűŬɟɛɧɕŮŰŬɘ ůŮ Ůɘŭɘəɧ ŭɞɢŮɑɞ ɢɤɟɖŰɘəɧŰɖŰŬɠ 1 L. ɆŰɞ ɑŭɘɞ ŭɞɢŮɑɞ 

ŮɘůɎɔŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ Űɞɡ MnCl2. ɆŮ ˊɞŰɐɟɘ ɕɏůɖɠ 10000 mL ŮɘůɎɔŮŰŬɘ Űɞ ŭɘɎɚɡɛŬ Űɞɡ 

KMnO4 əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ ˊŮɟɘůŰŬɚŰɘəɐɠ ŬɜŰɚɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎɛɘɝɖ Űɤɜ 

ŭɘŬɚɡɛɎŰɤɜ, ɛɏɢɟɘ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ əŬűŮ - ˊɟɎůɘɜɞɡ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ MnO2 (ȺɘəɧɜŬ 6.10). 
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Ʉɟɞůɞɢɐ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ůŰɞ ɧŰɘ ɖ ŬɜŰɑŭɟŬůɖ ˊɟɏˊŮɘ ɜŬ ůɡɛɓŮɑ ůŰɞ ŭɞɢŮɑɞ ˊɞɡ ˊŮɟɘɏɢŮɘ 

Űɞ űɑɚŰɟɞ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ ɟɞɐ Űɖɠ ˊŮɟɘůŰŬɚŰɘəɐɠ ŬɜŰɚɑŬɠ ŬɜŬůŰɟɏűŮŰŬɘ ůɡɜŮɢɩɠ ůŰɖɜ 

Ŭɟɢɐ. ȰɜŬ Ɏɚɚɞ ůɖɛŬɜŰɘəɧ ůɖɛŮɑɞ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əŬɗɩɠ ɖ ŬɜŰɑŭɟŬůɖ ˊɟɞɢɤɟɎ Űɞ 

pH ɛŮɘɩɜŮŰŬɘ, ɚɧɔɤ ůɢɖɛŬŰɘůɛɞɨ ɡŭɟɞɔɞɜɞəŬŰɘɧɜŰɤɜ. ɀŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɖ ɛŮɑɤůɖ 

ŬɡŰɐ Űɞɡ pH ŭɟŬ ˊŬɟŮɛˊɞŭɘůŰɘəɎ ůŰɞɜ ˊŮɟŬɘŰɏɟɤ ˊɟɞůŭɘɞɟɘůɛɧ Ɏɚɚɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ 

ɞɛɎŭŬɠ Űɤɜ ŬəŰɘɜɘŭɩɜ (ˊɢ. Pu). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ Űɞ pH ɟɡɗɛɑɕŮŰŬɘ əŬŰɎ ŭɘŬůŰɐɛŬŰŬ ůŰɖɜ 

Űɘɛɐ 10 ɛŮ ˊɟɞůɗɐəɖ 1 Ɂ ɁŬɃȼ186. ȷɛɏůɤɠ ɛŮŰɎ, Űɞ ŰŮɚɘəɧ ŭɘɎɚɡɛŬ MnO2 ŬűɐɜŮŰŬɘ 

ůɡɜŮɢɧɛŮɜŬ ɜŬ əɎɜŮɘ əɨəɚɞ (ˊɞŰɐɟɘ ɕɏůɖɠ ï ŭɞɢŮɑɞ űɑɚŰɟɞɡ ï ˊɞŰɐɟɘ ɕɏůɖɠ), ɩůŰŮ ɜŬ 

ůɡɛɓŮɑ ɧůɞ Űɞ ŭɡɜŬŰɧ ɛŮɔŬɚɨŰŮɟɖ ŮɝŬůɗɏɜɖůɖ Űɞɡ əŬűŮ ï ˊɟɎůɘɜɞɡ ɢɟɩɛŬŰɞɠ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ. ɇɧŰŮ Űɞ MnO2 ɏɢŮɘ ŬˊɞŰŮɗŮɑ ůŰɞ űɑɚŰɟɞ. ɇɏɚɞɠ, Űɞ ŭɘŬɓɟŮɔɛɏɜɞ űɑɚŰɟɞ 

ɝɖɟŬɑɜŮŰŬɘ ůŮ űɞɨɟɜɞ ůŰɞɡɠ 60 - 80 ɞC ɔɘŬ ˊŮɟɑˊɞɡ 1 ɖɛɏɟŬ, ůɡůəŮɡɎɕŮŰŬɘ əŬɘ əŬɗɑůŰŬŰŬɘ 

ɏŰɞɘɛɞ ɔɘŬ ɢɟɐůɖ. ȼ ŬɜŰɑŭɟŬůɖ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ MnO2 űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

2KMnO4 + 3MnCl2 + 2H2O ­ 5MnO2 + 4H+ + 6Cl- + 2K+ 

 

 

4. ɄɟɞŮŰɞɘɛŬůɑŬ ɞɟɔɎɜɤɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 

 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ŭɡɞ ɛɐɜŮɠ ˊɟɘɜ Űɖɜ ɖɛɏɟŬ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ũɑɜŮŰŬɘ ɏɚŮɔɢɞɠ Űɤɜ əŮűŬɚɩɜ Űɤɜ ŬɜŰɚɘɩɜ ɔɘŬ ɡˊɞɚŮɑɛɛŬŰŬ ɎɚŬŰɞɠ əɘ 

ɎɚɚŮɠ ůɡůůɤɟŮɡɛɏɜŮɠ ŬəŬɗŬɟůɑŮɠ əŬɗɩɠ əŬɘ ŮˊɎɚŮɘɣɖ Űɤɜ ɗɖəɩɜ Űɤɜ űɑɚŰɟɤɜ əŬɘ Űɤɜ 

o-ring ůŰɞ ŰŮɚɘəɧ əŬˊɎəɘ ɛŮ Vaseline ůŰŬ ůɖɛŮɑŬ ˊɞɡ ɓɘŭɩɜɞɡɜ. Ⱥɜ ůɡɜŮɢŮɑŬ ɔɑɜŮŰŬɘ 

ɏɚŮɔɢɞɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ ɛˊŬŰŬɟɘɩɜ əŬɘ űɧɟŰɘůɖ Űɞɡɠ ɧŰŬɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ. 

Ⱥˊɘˊɚɏɞɜ, ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ Űɤɜ ŮɟɔŬɚŮɑɤɜ əŬɘ Űɤɜ ŮűŮŭɟɘəɩɜ ˊɞɡ ɡˊɎɟɢɞɡɜ. ɇɏɚɞɠ, 

ŮɚŮɔɢɧɛŮɜɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬɜŰɚɘɩɜ174. 

 

 

5. Ⱥˊɑ Űɧˊɞɡ (in situ) ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮɔɎɚɞɡ ɧɔəɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ɛŮ 

ˊɟɞůɡɔəɏɜŰɟɤůɖ 

 

¶ Mark III: ɆŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ůɤɚɐɜŬ ˊɑŮůɖɠ Űɖɠ ŬɜŰɚɑŬɠ ɓɟɑůəŮŰŬɘ ɞ ˊɑɜŬəŬɠ Ůɚɏɔɢɞɡ. 

ȷɡŰɧɠ ŭɘŬɗɏŰŮɘ ŭɘŬəɧˊŰŮɠ óstartô ɔɘŬ Űɖɜ ɏɜŬɟɝɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŰɚɑŬɠ, óstopô ɔɘŬ Űɖ 

ŭɘŬəɞˊɐ Űɖɠ, ósetô əŬɘ ótestô, ˊɞɡ ɢɟɖůɘɛŮɨɞɡɜ ɔɘŬ Űɖ űɧɟŰɤůɖ Űɤɜ ɢɟɧɜɤɜ əŬɘ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ŭɞəɘɛɐɠ Űɖɠ ŬɜŰɚɑŬɠ, Űɖɜ ɞɗɧɜɖ LCD əŬɘ Űɞɡɠ ˊŮɟɘůŰɟɞűɘəɞɨɠ ŭɘŬəɧˊŰŮɠ 

ɟɨɗɛɘůɖɠ Űɤɜ ɢɟɧɜɤɜ. 
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ɄɟɏˊŮɘ ɜŬ ɏɢŮɘ ůɖɛŮɘɤɗŮɑ ɖ Ŭɟɢɘəɐ ɏɜŭŮɘɝɖ Űɞɡ ɟɞɞɛɏŰɟɞɡ, ɔɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ůŰɞ 

Űɏɚɞɠ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŭɘɖɗɐɗɖəŮ. ũɘŬ ɜŬ ŰŮɗŮɑ ɞ ˊɟŬɔɛŬŰɘəɧɠ ɢɟɧɜɞɠ 

ŬˊŬůűŬɚɑɕŮŰŬɘ ɖ ŬɜŰɚɑŬ, ˊŮɟɜɩɜŰŬɠ Űɞɜ ɛŬɔɜɐŰɖ ˊɎɜɤ Ŭˊɧ Űɞɜ ŭɘŬəɧˊŰɖ óstopô 

(ŬəɞɨɔŮŰŬɘ ɞ ɢŬɟŬəŰɖɟɘůŰɘəɧɠ ɐɢɞɠ). ɅɡɗɛɑɕɞɜŰŬɘ ɞɘ ŮˊɘɗɡɛɖŰɞɑ ɢɟɧɜɞɘ (ɢɟɧɜɞɠ 

əŬɗɡůŰɏɟɖůɖɠ əŬɘ ɢɟɧɜɞɠ ɎɜŰɚɖůɖɠ) ɛŮ ɏɜŬ əŬŰůŬɓɑŭɘ, ɛɏůɤ Űɤɜ ɣɖűɘŬəɩɜ 

ŭɘŬəɞˊŰɩɜ (əɎɗŮ ŭɏəŬŰɞ Űɖɠ ɛɞɜɎŭŬɠ ɘůɞŭɡɜŬɛŮɑ ɛŮ 6 ɚŮˊŰɎ əŬɘ əɎɗŮ ɛɞɜɎŭŬ ɛŮ ɩɟŬ). 

ɄɘɏɕŮŰŬɘ Űɞ əɞɡɛˊɑ ósetô əŬɘ ɞɘ ɢɟɧɜɞɘ űɞɟŰɩɜɞɜŰŬɘ ůŰɖ ɣɖűɘŬəɐ ɞɗɧɜɖ. ȼ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ɢɟɞɜɞɛɏŰɟɖůɖɠ ɝŮəɘɜɎ ɛɧɜɞ ɧŰŬɜ ɞ ɛŬɔɜɐŰɖɠ ɗŬ ˊŬɟŬɛŮɑɜŮɘ ˊɎɜɤ Ŭˊô Űɞ əɞɡɛˊɑ 

óstartô ɔɘŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 3 ŭŮɡŰŮɟɧɚŮˊŰŬ (ŬəɞɨɔŮŰŬɘ ɞ ɢŬɟŬəŰɖɟɘůŰɘəɧɠ ɐɢɞɠ)174. 

 

¶ McLane: Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (ˊɢ ɢɟɧɜɞɠ əŬɗɡůŰɏɟɖůɖɠ, ɢɟɧɜɞɠ 

ɎɜŰɚɖůɖɠ, ɟɞɐ ɎɜŰɚɖůɖɠ) ɟɡɗɛɑɕɞɜŰŬɘ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ crosscut ɛɏůɤ ɖɚŮəŰɟɞɜɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ. ɀŮ Űɖɜ ɑŭɘŬ Ŭəɟɘɓɩɠ ɚɞɔɘəɐ ɟɡɗɛɑɕŮŰŬɘ ɞ ɢɟɧɜɞɠ əŬɗɡůŰɏɟɖůɖɠ əŬɘ ɞ 

ɢɟɧɜɞɠ ɎɜŰɚɖůɖɠ, ɛɧɜɞ ˊɞɡ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ ŬɡŰɞɨ ɞɘ ŮɟɔŬůɑŮɠ 

ɔɘɜɞɜŰŬɑ ɛɏůɤ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ˊɟɞɓɚɖɛɎŰɤɜ Ůɘůɟɞɐɠ 

ɜŮɟɞɨ ůŰŬ ɖɚŮəŰɟɞɜɘəɎ ɛɏɟɖ Űɞɡ ŭŮɘɔɛŬŰɞɚɐˊŰɖ. 

 

 

6. ȷɜɎəŰɖůɖ űɑɚŰɟɤɜ ůŰɞɜ ˊŮŭɑɞ 

 

ɇŬ ɧɟɔŬɜŬ ůŰɐɜɞɜŰŬɘ ůŰɞ əŬŰɎůŰɟɤɛŬ, ŬůűŬɚɑɕɞɜŰŬɘ əŬɘ ůəɞɡˊɑɕŮŰŬɘ Űɞ ˊɚŮɞɜɎɕɤɜ ɜŮɟɧ. 

ȷɛɏůɤɠ ɛŮŰɎ ůɖɛŮɘɩɜŮŰŬɘ ɖ ŰŮɚɘəɐ ɏɜŭŮɘɝɖ Űɞɡ ɟɞɞɛɏŰɟɞɡ əŬɘ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ŰŬ űɑɚŰɟŬ 

(ŭɘůəɞŮɘŭɐ ɔɘŬ ůɤɛŬŰɑŭɘŬ əŬɘ əɡɚɘɜŭɟɘəɎ ɔɘŬ ŭɘŬɚɡŰɎ), ŰŬ ɞˊɞɑŬ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ ɔɘŬ ŬɜɎɚɡůɖ174. 

 

 

7. ɆɡɜŰɐɟɖůɖ ï ŬˊɞɗɐəŮɡůɖ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 
 

ɂŮˊɚɏɜɞɜŰŬɘ əŬɚɎ ɞɘ ɗɐəŮɠ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ ɛŮ ɜŮɟɧ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ Űɡɢɧɜ 

ɡˊɞɚŮɑɛɛŬŰŬ ɎɚŬŰɞɠ əɘ ɎɚɚŮɠ ůɡůůɤɟŮɡɛɏɜŮɠ ŬəŬɗŬɟůɑŮɠ. ũɑɜŮŰŬɘ ŮˊɎɚŮɘɣɖ Űɤɜ o-rings 

Űɤɜ ɗɖəɩɜ əŬɘ Űɞɡ ŰŮɚɘəɞɨ ɛŮ Vaseline. ȾŬɗŬɟɑɕɞɜŰŬɘ əŬɚɎ ɞɘ ŬɜŰɚɑŮɠ əŬɘ ŰŬ ɟɞɧɛŮŰɟŬ ɛŮ 

əŬɗŬɟɧ ɜŮɟɧ. Ⱥɜ ůɡɜŮɢŮɑŬ ɔɑɜŮŰŬɘ ŬˊɞůɨɜŭŮůɖ Űɤɜ ˊŬəɏŰɤɜ Űɤɜ ɛˊŬŰŬɟɘɩɜ, ɛɏůɤ Űɤɜ 

Ůɘŭɘəɤɜ ůɡɜŭɏůɛɤɜ. ɇɏɚɞɠ, ŰŬ ɧɟɔŬɜŬ ˊŬəŮŰɎɟɞɜŰŬɘ174. 

 

 

8. ȺˊŮɝŮɟɔŬůɑŬ ŭŮɘɔɛɎŰɤɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 
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ɇŬ űɑɚŰɟŬ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ, ŬɟɢɘəɎ, Űɖɜ ɝɐɟŬɜůɖ Űɞɡɠ. ȷűɐɜɞɜŰŬɘ ɔɘŬ ɛɘŬ ɖɛɏɟŬ ůŰɞɡɠ 180 ï 200 oC 

ȷɛɏůɤɠ ɛŮŰɎ, ŬɜɎ 2 ɩɟŮɠ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɡɝɎɜŮɘ əŬŰɎ 40 oC ɛɏɢɟɘ ŰŮɚɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ 

360 oC, ɞˊɧŰŮ əŬɘ ŬűɐɜɞɜŰŬɘ ɔɘŬ Ɏɚɚɖ ɛɘŬ ɖɛɏɟŬ. ȼ ůŰɎɢŰɖ ůɡɚɚɏɔŮŰŬɘ ˊɟɞůŮəŰɘəɎ, 

ɛŮŰŬűɏɟŮŰŬɘ ůŮ ŮɘŭɘəɎ ŭɞɢŮɑŬ (ˊɚŬůŰɘəɎ əɡɎɗɘŬ ɛɏŰɟɖůɖɠ) əŬɘ ŬɜŬɚɨŮŰŬɘ ɛŮ ɔ - 

űŬůɛŬŰɞɛŮŰɟɑŬ. Ɉˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ŰŬ ŭɡɞ ŭɘŬɓɟŮɔɛɏɜŬ űɑɚŰɟŬ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ 

ɘəŬɜɧŰɖŰŬ ůɡɚɚɞɔɐɠ əŬɘ ɎɟŬ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ɑŭɘɞɡ əɚɎůɛŬŰɞɠ, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ 

ˊɞůɧŰɖŰŬ Űɞɡ ŭɘŬɚɡŰɞɨ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ (ˊɞɡ ˊŮɟɜɎ Ŭˊɧ Űɖɜ ŬɜŰɚɑŬ). ȷɡŰɐ ɖ ˊɞůɧŰɖŰŬ 

ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ȷtotal əŬɘ ŮəűɟɎɕŮɘ Űɞɜ ɧɔəɞ Űɞɡ ɜŮɟɞɨ, ˊɞɡ űɘɚŰɟɎɟŮŰŬɘ, ɚŬɛɓɎɜɞɜŰŬɠ 

ɡ́ ɧɣɖ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰɞɠ Űɤɜ 2 űɑɚŰɟɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊŬɔɑŭŮɠ 

(scavengers) əŬɘ ɘůɞɨŰŬɘ ɛŮ: 

1 1
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1

1

= =

-
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A A
A
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ɧˊɞɡ ȷ1 əŬɘ ȷ2 ŮɑɜŬɘ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůŮ Bq m-3 ůŰɞ 1ɞ əŬɘ 2ɞ űɑɚŰɟɞ 

ŬɜŰɑůŰɞɘɢŬ183 186 184. 

ȹɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɔɘŬ ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɞ ɚɧɔɞɠ ȷ2/ȷ1 ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ɛŮŰŬɝɨ 0.2 əŬɘ 0.3 ɔɘŬ ˊŮɟɑˊɞɡ 1000 l ɧɔəɞɡ. ɀŮŰɎ Ŭˊɧ ɛŮɔɎɚɞɡ ɧɔəɞɡ űɘɚŰɟɎɟɘůɛŬ 

(ˊɎɜɤ Ŭˊɧ 2000 l) ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ ȷ2/ȷ1, 

ˊŮɟɑˊɞɡ 0.5 - 0.8. ȷɡŰɧ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬˊɩɚŮɘŬɠ Űɞɡ ɘɞɜŰɞŬɜŰŬɚɚɎəŰɖ 

Ŭˊɧ Űɞ ˊɟɩŰɞ űɑɚŰɟɞ əŬɘ ˊŬɔɑŭŮɡůɖɠ Űɞɡ ůŰɞ ŭŮɨŰŮɟɞ ɐ Ůɜɧɠ əŬəɩɠ əŬŰŬůəŮɡŬůɛɏɜɞɡ ɐ 

ŰɞˊɞɗŮŰɖɛɏɜɞɡ ˊɟɩŰɞɡ űɑɚŰɟɞɡ, Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ɜŬ ɟɏŮɘ əŬŰɎ 

ɛɐəɞɠ Űɞɡ űɑɚŰɟɞɡ ɢɤɟɑɠ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮˊŬűɐ ɛŮ Űɞɜ ˊɟɞůɟɞűɖŰɐ183. 

 

ɇŬ űɑɚŰɟŬ ɔɘŬ ŰŬ ůɤɛŬŰɑŭɘŬ (Whatman GF/A), Ŭɛɏůɤɠ ɛŮŰɎ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ əŬɘ Űɖɜ 

ŮˊɘůŰɟɞűɐ ůŰɞ ŮɟɔŬůŰɐɟɘɞ əŬŰŬɣɨɢɞɜŰŬɘ ůŰɞɡɠ ï 25 ɞC. Ⱥɜ ůɡɜŮɢŮɑŬ ɛŮŰɟɩɜŰŬɘ ɏɜŬ ˊɟɞɠ 

ɏɜŬ ɛŮ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬ, ůŰɐ ɔŮɤɛŮŰɟɑŬ petri (ŭɘŬɛɏŰɟɞɡ 145 mm əŬɘ ɨɣɞɡɠ 8 mm) əŬɘ 

əŬŰŬɣɨɢɞɜŰŬɘ ˊɎɚɘ, ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ŬɜɎɚɡůɖ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ 

ɎɜɗɟŬəŬ. 

 

 

6.6.2 ūŬůɛŬŰɞɛŮŰɟɑŬ ɔɎɛɛŬ 

 

1. ȷɟɢɐ ɛŮɗɧŭɞɡ 
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ȼ ɛɏɗɞŭɞɠ ŭɑɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮɜŮɟɔɧŰɖŰŬ ůɡɔəŮəɟɘɛɏɜɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 

ůŮ ɏɜŬ ŭŮɑɔɛŬ, ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖɜ ŬɡɗɧɟɛɖŰɖ ŭɘɎůˊŬůɖ Űɤɜ ˊɡɟɐɜɤɜ ůŮ 

ŭɘɖɔŮɟɛɏɜŮɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ ɗɡɔŬŰɟɘəɩɜ ɜɞɡəɚɘŭɑɤɜ. Ƀ ŬɜɘɢɜŮɡŰɐɠ əŬɗŬɟɞɨ ũŮɟɛŬɜɑɞɡ 

(Ge) ɓɟɑůəŮŰŬɘ ůŮ əŬŰɎůŰŬůɖ ɗɤɟɎəɘůɖɠ (ȺɘəɧɜŬ 6.11), ɛŮ ůəɞˊɧ ɜŬ ɛŮɘɩůŮɘ Űɖɜ 

ŬɜɑɢɜŮɡůɖ ɔ - əɓɎɜŰɤɜ Ŭˊɧ Űɞ ɔɨɟɤ ˊŮɟɘɓɎɚɚɞɜ (ŬəŰɘɜɞɓɞɚɑŬ ɡˊɞɓɎɗɟɞɡ ï background). 

Ƀ ˊɞɚɡəŬɜŬɚɘəɧɠ ŬɜŬɚɡŰɐɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ əŬɘ Űɏɚɞɠ, 

ɡˊɎɟɢŮɘ ɏɜŬ əŬŰŬɔɟŬűɘəɧ ůɨůŰɖɛŬ184 (ˊɢ. Ƀɗɧɜɖ ɖɚŮəŰɟɞɜɘəɞɨ ɡˊɞɚɞɔɘůŰɐ ɐ ŮəŰɡˊɤŰɐɠ). 

 

ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɞɟɔɎɜɞɡ ɓŬůɑɕŮŰŬɘ ůŰŬ ɔ - əɓɎɜŰŬ, ˊɞɡ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ Űɞ 

ŭŮɑɔɛŬ ŬɚɚɖɚŮˊɘŭɟɩɜŰŬɠ ɛŮ Űɞ ɡɚɘəɧ Űɞɡ ŬɜɘɢɜŮɡŰɐ ũŮɟɛŬɜɑɞɡ (Ge), əŬɘ ŰŬ ɞˊɞɑŬ 

ŭɖɛɘɞɡɟɔɞɨɜ ŮɚŮɨɗŮɟŬ ɖɚŮəŰɟɘəɎ űɞɟŰɑŬ. ɇŬ űɞɟŰɑŬ ŬɡŰɎ ɛŮŰŬəɘɜɞɨɜŰŬɘ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ 

ŰɎůɖɠ, ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞɜ ŬɜɘɢɜŮɡŰɐ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŬůɗŮɜɐ ˊŬɚɛɧ ɖɚŮəŰɟɘəɞɨ 

ɟŮɨɛŬŰɞɠ (ŬəɟɘɓɏůŰŮɟŬ ɖɚŮəŰɟɘəɞɨ űɞɟŰɑɞɡ). Ƀ ˊŬɚɛɧɠ ŬɡŰɧɠ ŭɘŬűɞɟɑɕŮŰŬɘ əŬɘ ŮɜɘůɢɨŮŰŬɘ 

ŬɟɢɘəɎ Ŭˊɧ Űɞɜ ˊɟɞŮɜɘůɢɡŰɐ ůŰɞ ɓŬɗɛɧ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ůŰɖɜ 

ŮɡŬɘůɗɖůɑŬ Űɞɡ ɓŬůɘəɞɨ ŮɜɘůɢɡŰɐ. Ƀ ŰŮɚŮɡŰŬɑɞɠ ŮɜɘůɢɨŮɘ ɔɟŬɛɛɘəɎ ˊŮɟŬɘŰɏɟɤ əŬɘ 

ŭɘŬɛɞɟűɩɜŮɘ Űɞɡɠ ˊŬɚɛɞɨɠ əŬŰɎ Űɟɧˊɞ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖ ɓɏɚŰɘůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ ˊɚɎŰɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ˊŬɚɛɞɑ ɛŮŰŬŰɟɏˊɞɜŰŬɘ Ŭˊɧ ŬɜŬɚɞɔɘəɞɑ ůŮ ɣɖűɘŬəɞɑ. 

Ƀ ɏɚŮɔɢɞɠ Űɞɡ ɨɣɞɡɠ Űɞɡ ˊŬɚɛɞɨ (ɣɖűɘŬəɎ) ɔɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊɞɚɡəŬɜŬɚɘəɧ ŬɜŬɚɡŰɐ 

(multichannel analyzer). 

 

ɇŬ ˊŮɟɘŮɢɧɛŮɜŬ Űɖɠ ɛɜɐɛɖɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɔɟŬűɘəɎ ůŰɖɜ ɞɗɧɜɖ Űɞɡ 

ˊɞɚɡəŬɜŬɚɘəɞɨ ŬɜɘɢɜŮɡŰɐ, ɜŬ ɛŮŰŬűɏɟɞɜŰŬɘ ɔɘŬ ŮˊŮɝŮɟɔŬůɑŬ ůŰɖ ɛɜɐɛɖ ɖɚŮəŰɟɞɜɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ əŬɘ ɜŬ əŬŰŬɔɟɎűɞɜŰŬɘ ůŮ ŮəŰɡˊɤŰɐ. ȼ ɔɟŬɛɛɘəɧŰɖŰŬ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ 

ɛŮŰŬŰɟɞˊɩɜ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ŬɜŬɚɞɔɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ ɢɎɜŮɘ Űɞ ɔ - 

əɓɎɜŰɞ ůŰɞɜ ɧɔəɞ Űɞɡ ŬɜɘɢɜŮɡŰɐ, əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɞɡ ůŰɞɘɢŮɑɞɡ Űɖɠ ɛɜɐɛɖɠ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɨɣɞɠ Űɞɡ ˊŬɚɛɞɨ, ůŰɖɜ ɞˊɞɑŬ əŬŰŬɔɟɎűŮŰŬɘ Űɞ ůɡɛɓɎɜ Űɖɠ ŬɜɑɢɜŮɡůɖɠ. Ƀ 

Ŭɟɘɗɛɧɠ Űɤɜ əŬŰŬɔɟŬűɩɜ ůŮ əɎɗŮ əŬɜɎɚɘ ŮɑɜŬɘ ŬɜɎɚɞɔɞɠ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ůɡɛɓɎɜŰɤɜ 

ŬɡŰɩɜ, Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ˊŮɟɘɞɢɐɠ ŮɜɏɟɔŮɘŬɠ. 

 

ȰɜŬ ɛɏɟɞɠ Űɤɜ ɔ - əɓɎɜŰɤɜ ɢɎɜɞɡɜ Űɞ ůɨɜɞɚɞ Űɖɠ ŮɜɏɟɔŮɘŬɠ (ŬˊɞɟɟɞűɩɜŰŬɘ) ůŰɞɜ 

ŬɜɘɢɜŮɡŰɐ əŬɘ Űɞ ɛɏɟɞɠ ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑ Űɘɠ ɚŮɔɧɛŮɜŮɠ űɤŰɞəɞɟɡűɏɠ Űɞɡ űɎůɛŬŰɞɠ. ȼ 

ˊɚɐɟɖɠ Ŭˊɞɟɟɧűɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ ɔ - 

əɓɎɜŰɞɡ ɛŮ Űɞ ɡɚɘəɧ Űɞɡ ŬɜɘɢɜŮɡŰɐ, ɛɏůɤ Űɞɡ űɤŰɞɖɚŮəŰɟɘəɞɨ űŬɘɜɞɛɏɜɞɡ ɐ ůŮɘɟɎɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɞɡ əŬŰŬɚɐɔɞɡɜ ůŰɞ űɤŰɞɖɚŮəŰɟɘəɧ űŬɘɜɧɛŮɜɞ. ɈˊɎɟɢŮɘ, Ůˊɑůɖɠ, ɖ 

ŭɡɜŬŰɧŰɖŰŬ ˊɚɐɟoɡɠ Ŭˊɞɟɟɧűɖůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ɔ əɓɎɜŰɞɡ ɛɏůɤ ɔɏɜŮůɖɠ 

ɖɚŮəŰɟɞɜɑɞɡ - ˊɞɕɘŰɟɞɜɑɞɡ (ŭɑŭɡɛɖ ɔɏɜŮůɖ), ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ŰŬ ŭɨɞ ŬɡŰɎ 
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ůɤɛŬŰɑŭɘŬ ɗŬ Ŭˊɞɟɟɞűɖɗɞɨɜ ůŰɞɜ ɧɔəɞ Űɞɡ ŬɜɘɢɜŮɡŰɐ. ȼ ŭɑŭɡɛɖ ɔɏɜŮůɖ ˊɟɞɦˊɞɗɏŰŮɘ 

ŮɜɏɟɔŮɘŬ ɔ > (me+ + me-) = 1.022 MeV əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ ŭɡɜŬɛɘəɞɨ. ȰɜŬ Ɏɚɚɞ ɛɏɟɞɠ Űɤɜ 

əɓɎɜŰɤɜ ɡűɑůŰŬɜŰŬɘ ŬˊɩɚŮɘŬ ɛɏɟɞɡɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡɠ əŬɘ ŬˊŬɟŰɑɕɞɡɜ ŰŬ ůɡɜŮɢɐ 

ŰɛɐɛŬŰŬ óComptonô əŬɘ ɞˊɘůɗɞůəɏŭŬůɖɠ Űɞɡ űɎůɛŬŰɞɠ, Ůɜɩ ɏɜŬ Ɏɚɚɞ ɛɏɟɞɠ Űɤɜ əɓɎɜŰɤɜ 

ŭŮɜ ŬɜɘɢɜŮɨŮŰŬɘ əŬɗɧɚɞɡ, ɔɘŬŰɑ ŭŮɜ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɞ ɡɚɘəɧ Űɞɡ ŬɜɘɢɜŮɡŰɐ. 

 

ɆŰɖɜ ŮˊɧɛŮɜɖ ŮɘəɧɜŬ (ȺɘəɧɜŬ 6.11) űŬɑɜɞɜŰŬɘ ŰŬ 2 ůɡůŰɐɛŬŰŬ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬɠ, ˊɞɡ 

ɡˊɎɟɢɞɡɜ ůŰɞ ȺɅɄ əŬɘ Ŭɛɏůɤɠ ɛŮŰɎ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ Űɡˊɘəɞɨ űɎůɛŬŰɞɠ 137Cs əŬɘ 134Cs 

(ȺɘəɧɜŬ 6.12). ȼ ˊŮɟɘɞɢɐ ŮɜŮɟɔŮɘɩɜ ˊŮɟɘəɚŮɑŮŰŬɘ ɛŮŰŬɝɨ 300 ï 850 keV, Ůɜɩ ɖ 

ɓŬɗɛɞɜɧɛɖůɖ ŮɑɜŬɘ 1 əŬɜɎɚɘ ŬɜɎ keV (ch / keV). ȼ əɞɟɡűɐ ŮɝŬɒɚɤůɖɠ (annihilation 

peak), ˊɞɡ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 6.12, ɞűŮɑɚŮŰŬɘ ůŰŬ ůɡɛɓɎɜŰŬ ŮɝŬɒɚɤůɖɠ ɖɚŮəŰɟɞɜɑɞɡ 

əŬɘ ˊɞɕɘŰɟɞɜɑɞɡ, ŰŬ ɞˊɞɑŬ ˊɟɞəŬɚɞɨɜŰŬɘ ůŰɞ ɡɚɘəɧ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ Űɞɜ ŬɜɘɢɜŮɡŰɐ (ˊɢ. 

ɡɚɘəɧ ɗɤɟɎəɘůɖɠ, Űɞ ŭŮɑɔɛŬ əɚˊ.). ȾŬŰɎ Űɖɜ ŮɝŬɒɚɤůɖ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 2 ɔ - əɓɎɜŰŬ 

ŮɜɏɟɔŮɘŬɠ 511 keV. ɇɞ ŮɛɓŬŭɧɜ Űɖɠ űɤŰɞəɞɟɡűɐɠ ɘůɞɨŰŬɘ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

ˊŮɟɘŮɢɞɛɏɜɤɜ, ˊɞɡ Űɖɜ ŬˊŬɟŰɑɕɞɡɜ, Ŭűɞɨ ŬűŬɘɟŮɗŮɑ Űɞ ŰɛɐɛŬ Űɞɡ ɡˊɞɓɎɗɟɞɡ. 

 

ɆɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ 234Th ůŰŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ŬɜɘɢɜŮɡŰɐɠ ɡˊŮɟəŬɗŬɟɞɨ ɔŮɟɛŬɜɑɞɡ (HPGe detector ï ɓɚɏˊŮ ȺɘəɧɜŬ 6.11) ɛŮ ŰŬ 

ˊŬɟŬəɎŰɤ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

Relative efficiency: 90 % 

PC software: Canberra Genie 2000 

Resolution: 2.1 KeV at 1.33 MeV  

Channels: 8000 

Energy Calibration: 0.25 KeV/ch 

Range of interest: 0 ï 2000 KeV  

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ 137Cs ůŰŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɜɘɢɜŮɡŰɐɠ 

ɡˊŮɟəŬɗŬɟɞɨ ɔŮɟɛŬɜɑɞɡ (HPGe detector ï ɓɚɏˊŮ ȺɘəɧɜŬ 6.11) ɛŮ ŰŬ ˊŬɟŬəɎŰɤ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

Relative efficiency: 20 % 

PC software: Ortec Maestro 2 

Resolution: 2.0 KeV at 1.33 MeV  

Channels: 4000 

Energy Calibration: 0.5 KeV/ch  

Range of interest: 0 ï 2000 KeV  
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ȺɘəɧɜŬ 6.11: ɆɡůŰɐɛŬŰŬ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬɠ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɛŮ ɞɛɞŬɝɞɜɘəɧ ŬɜɘɢɜŮɡŰɐ ɡˊŮɟəɎɗŬɟɞɡ ɔŮɟɛŬɜɑɞɡ 

Ŭˊɧŭɞůɖɠ 90% əŬɘ 20 %, ŬɜŰɑůŰɞɘɢŬ 
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ȺɘəɧɜŬ 6.12: ūɎůɛŬ 

137
Cs + 

134
Cs. ɄŮɟɘɞɢɐ ŮɜŮɟɔŮɘɩɜ 300 ï 850 KeV. ȸŬɗɛɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ 1 KeV/ch 
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2. ȸŬɗɛɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔ - űŬůɛŬŰɞɛŮŰɟɑŬɠ 

 

ũɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɧɚɞɘ ɞɘ Űɨˊɞɘ ɔ- 

ɟŬŭɘŮɜŮɟɔɩɜ ˊɖɔɩɜ ɛŮ ˊɞɚɨ əŬɚɎ ɔɜɤůŰɏɠ ŮɜɏɟɔŮɘŮɠ. ȾŬɜɞɜɘəɎ, ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ŬɜɎɚɞɔɞ 

ůɢɐɛŬ, Űɨˊɞɠ, ŭɞɢŮɑɞ ɐ ŮɜŮɟɔɧŰɖŰŬ Űɖɠ ˊɖɔɐɠ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ, Ůűɧůɞɜ ɞɘ ŮɜɏɟɔŮɘŮɠ Űɤɜ ɛɖ ůəŮŭŬɕɧɛŮɜɤɜ ɔ- ŬəŰɑɜɤɜ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

Űɞɡ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ əɘ ɧɢɘ Űɖɠ ˊɖɔɐɠ. ȳɛɤɠ, ɔɘŬ ˊɞɚɨ ŬəɟɘɓŮɑɠ ɛŮŰɟɐůŮɘɠ ˊɟɧůɗŮŰŬ 

əɟɘŰɐɟɘŬ, ɧɛɤɠ ɛɏɔŮɗɞɠ, ŰɞˊɞɗɏŰɖůɖ ɤɠ ˊɟɞɠ Űɞɜ ŬɜɘɢɜŮɡŰɐ, ɡɚɘəɧ - űɞɟɏŬɠ Űɖɠ ˊɖɔɐɠ 

ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ187. 

 

ȼ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ˊŮɟɘɞŭɘəɎ ɛŮ Űɖ ɢɟɐůɖ ˊɟɞŰɨˊɤɜ ɟŬŭɘŮɜŮɟɔɩɜ 

ˊɖɔɩɜ (22Na, 54Mn, 57Co, 60Co, 109Cd, 133Ba, 137Cs, 241Am) əŬɘ əɡɟɑɤɠ 226Ra, ŮɝŬɘŰɑŬɠ Űɖɠ 

ˊɚɖɗɩɟŬɠ Űɤɜ űɤŰɞəɞɟɡűɩɜ Űɤɜ ɗɡɔŬŰɟɘəɩɜ Űɞɡ ˊŬɟŬɔɩɔɤɜ 214Pb əŬɘ 214Bi, ˊɞɡ 

əŬɚɨˊŰɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ŮɜŮɟɔŮɘɩɜ 185 ï 2000 KeV, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ 226Ra. 

ɆŰɖɜ ˊŮɟɘɞɢɐ ɢŬɛɖɚɩɜ ŮɜŮɟɔŮɘɩɜ (< 200 KeV) ɖ ɓŬɗɛɞɜɧɛɖůɖ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ 

ɟŬŭɘŮɜŮɟɔɞɨ ˊɖɔɐɠ Ŭˊɧ ɛŮŰɎɚɚŮɡɛŬ ɞɡɟŬɜɑɞɡ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ űɤŰɞəɞɟɡűɏɠ 234Th, 

235U əŬɘ 210Pb. Ƀɘ ŮɜɏɟɔŮɘŮɠ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ űɤŰɞəɞɟɡűɩɜ ůŰɞ ůɨɜɞɚɞ Űɞɡ 

ŮɜŮɟɔŮɘŬəɞɨ űɎůɛŬŰɞɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 6.3187. ȼ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɤɠ ɧŰɞɡ ŬɚɚɎɝŮɘ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ ɛɏŰɟɖůɖɠ (ˊɢ. ˊŰɩůɖ 

ŰɎůɖɠ), ɞˊɧŰŮ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɜɏŬ ɓŬɗɛɞɜɧɛɖůɖ. 

 

ɄɑɜŬəŬɠ 6.3: ɄɑɜŬəŬɠ ŮɜŮɟɔŮɘɩɜ ɔ - əɓɎɜŰɤɜ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɞɡ 
238
U ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ 

Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ɔ - űŬůɛŬŰɞɛŮŰɟɑŬɠ 

Ɂɞɡəɚɑŭɘɞ Ⱥɔ, ȾeV Ɂɞɡəɚɑŭɘɞ Ⱥɔ, ȾeV 

210Pb 46.52 214Pb 351.99 

234Th 63.30 214Bi 609.37 

234Th 92.80 214Bi 768.40 

235U 185.72 214Bi 1120.40 

226Ra 186.00 214Bi 1238.20 

214Pb 241.92 214Bi 1764.60 

214Pb 295.22  

 

 

3. ȸŬɗɛɞɜɧɛɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔ - űŬůɛŬŰɞɛŮŰɟɑŬɠ 
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ũɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɘŭɘɩəŮŰŬɘ, ůŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ ɛɏŰɟɖůɖɠ, Űɞ ɨɣɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧ. ȺˊŮɘŭɐ ŬɡŰɧ ŭŮɜ 

ŮɑɜŬɘ ˊɎɜŰɞŰŮ ŭɡɜŬŰɧ ɏɢɞɡɜ ɔɑɜŮɘ ɓŬɗɛɞɜɞɛɐůŮɘɠ ɔɘŬ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ɨɣɞɡɠ 

ŭŮɑɔɛŬŰɞɠ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɔŮɤɛŮŰɟɑŬ ŭŮɑɔɛŬŰɞɠ. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɔŮɤɛŮŰɟɑŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 

Ŭˊɧŭɞůɖɠ ɔɘŬ ŭɘɎűɞɟŮɠ ŮɜɏɟɔŮɘŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ 50 - 200 KeV. ȼ Ŭˊɧŭɞůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ ɔ - əɓɎɜŰɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Ŭˊɧ 

150 KeV (E > 150 KeV), ɚɧɔɤ Űɖɠ ɛŮɑɤůɖɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ 

űɤŰɞɖɚŮəŰɟɘəɧ űŬɘɜɧɛŮɜɞ. ȼ Ŭˊɧŭɞůɖ ɛŮɘɩɜŮŰŬɘ, Ůˊɑůɖɠ, ɛŮ Űɖ ɛŮɑɤůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Ⱥ < 150 KeV, ɚɧɔɤ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ŬɡŰɞŬˊɞɟɟɧűɖůɖɠ ůŰɞ ŭŮɑɔɛŬ, əŬɗɩɠ əŬɘ 

Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰŬ ɡɚɘəɎ, ˊɞɡ ˊŮɟɘɓɎɚɚɞɡɜ Űɞɜ ŬɜɘɢɜŮɡŰɐ187. 

 

ȸŬɗɛɞɜɧɛɖůɖ Ŭˊɧŭɞůɖɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɔ - űŬůɛŬŰɞɛŮŰɟɑŬɠ ɞɜɞɛɎɕŮŰŬɘ ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ Ů ůŰɖ ůɢɏůɖ ů = Ů x Ƚ, ɧˊɞɡ: 

Ƚ = ɞ ɟɡɗɛɧɠ Ůəˊɞɛˊɐɠ ɔ - əɓɎɜŰɤɜ ŭŮŭɞɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞ ɛŮŰɟɞɨɛŮɜɞ ŭŮɑɔɛŬ. 

ů = ɞ ɟɡɗɛɧɠ ŬɜɑɢɜŮɡůɖɠ ɔ - əɓɎɜŰɤɜ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ űɤŰɞəɞɟɡűɐ. 

Ů = ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ (ŭŮŭɞɛɏɜɖ ɔɘŬ əɎɗŮ ůɡɔəŮəɟɘɛɏɜɞ 

ŬɜɘɢɜŮɡŰɐ) əŬɘ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ɛɏŰɟɖůɖɠ (ɔŮɤɛŮŰɟɑŬ ŭŮɑɔɛŬŰɞɠ əŬɘ ŬɜɘɢɜŮɡŰɐ əŬɘ ůɢŮŰɘəɐ 

ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ ůŰɞ ɢɩɟɞ). ȼ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ 

ɔŮɤɛŮŰɟɑŬ ůɡɜɑůŰŬŰŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůɡɜɎɟŰɖůɖɠ Ů ůŮ əɎɗŮ ˊŮɟɘɞɢɐ ŮɜŮɟɔŮɘɩɜ ɔ 

- əɓɎɜŰɤɜ. ȼ Ŭˊɧŭɞůɖ Űɞɡ ŬɜɘɢɜŮɡŰɐ (ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ 137Cs) ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ əɎɗŮ 

ŮɜɏɟɔŮɘŬ ɛŮ Űɖ ɢɟɐůɖ ˊɟɧŰɡˊɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ˊɖɔɐɠ 226Ra, ůŮ ɘůɞɟɟɞˊɑŬ ɛŮ ˊɖɔɐ 222Rn 

əŬɘ Űɤɜ ˊɟɞɥɧɜŰɤɜ ŭɘɎůˊŬůɖɠ Űɞɡ, ůŰɖɜ ɑŭɘŬ ɔŮɤɛŮŰɟɑŬ ɛŮ Űɞ əɡɎɗɘɞ ɛɏŰɟɖůɖɠ. ɆŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ ɢŬɛɖɚɩɜ ŮɜŮɟɔŮɘɩɜ 40 ï 150 keV ŮűŬɟɛɧɕŮŰŬɘ ŬɜɎɚɞɔɖ ɛɏɗɞŭɞɠ ɛŮ 

ˊɟɧŰɡˊɖ ˊɖɔɐ 238U. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ 234Th ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭɘɎɚɡɛŬ mixed standard, 

Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ŰŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ 241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs, 203Hg, 113Sn, 

85Sr, 88Y ůɡɜɞɚɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ 5202 Bq. ȷɡŰɧ ɔɑɜŮŰŬɘ ŭɘɧŰɘ Űɞ ŭɘɎɚɡɛŬ ŬɡŰɧ ˊŬɟɎɔŮɘ 

ˊŮɟɘůůɧŰŮɟŮɠ űɤŰɞəɞɟɡűɏɠ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ ŮɜɏɟɔŮɘŮɠ Űɞɡ űɎůɛŬŰɞɠ188. ȼ ŬɜɎɚɡůɖ Űɞɡ 

ŬɜɘɢɜŮɡŰɐ (Full Width at Half Maximum, FWHM) ŮɚɏɔɢŮŰŬɘ ˊŮɟɘɞŭɘəɎ ůŰŬ 1.33 MeV, 

ŮɜɏɟɔŮɘŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ űɤŰɞəɞɟɡűɐ Űɞɡ 60Co.  

 

 

4. ɄɞɘɞŰɘəɐ ŬɜɎɚɡůɖ ɟŬŭɘŮɜɏɟɔŮɘŬɠ ŭŮɑɔɛŬŰɞɠ 

 

ȼ ˊɞɘɞŰɘəɐ ŬɜɎɚɡůɖ, ŭɖɚŬŭɐ ɖ ŮɝŬəɟɑɓɤůɖ Űɖɠ ŰŬɡŰɧŰɖŰŬɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ůŰŬ 

ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ Űɞ ŭŮŭɞɛɏɜɞ űɎůɛŬ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŬɜɎɚɡůɖɠ Űɤɜ ŮɜŮɟɔŮɘɩɜ Űɤɜ 
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űɤŰɞəɞɟɡűɩɜ Űɞɡ űɎůɛŬŰɞɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɛɘŬɠ ŮˊŬɟəɩɠ Ŭəɟɘɓɞɨɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ Ůˊɘˊɚɏɞɜ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɢɟɧɜɞ. 

ɆŰɖɜ ˊɟɎɝɖ, ɖ ůŰŬɗŮɟɧŰɖŰŬ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ɘəŬɜɞˊɞɘɖŰɘəɐ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ůŮ 

ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭɡɝɖɛɏɜɤɜ ŬˊŬɘŰɐůŮɤɜ ŮűŬɟɛɧɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ 

ŬɡŰɞɓŬɗɛɞɜɧɛɖůɖɠ, ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŭŮɘɔɛɎŰɤɜ, ˊɞɡ Űɞ ɛɏɟɞɠ Űɤɜ űɤŰɞəɞɟɡűɩɜ əŬɘ Űɤɜ 

ŮɜŮɟɔŮɘɩɜ Űɞɡɠ ůŰɞ űɎůɛŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ɔɜɤůŰɧ ɛŮ ŮˊŬɟəɩɠ əŬɚɐ ůŰŬŰɘůŰɘəɐ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɞɘ űɤŰɞəɞɟɡűɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ çŬɡŰɞɓŬɗɛɞɜɧɛɖůɖè 

ŮɜɏɟɔŮɘŬɠ, Ůɜɩ ɞɘ ŮɜɏɟɔŮɘŮɠ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɓɎůŮɘ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ. ɇɞ 

ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ˊŬɟɎəŬɛɣɖ Űɖɠ ŮɜŭŮɢɧɛŮɜɖɠ ŭɘɞɚɑůɗɖůɖɠ Űɖɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɛŮ Űɞ ɢɟɧɜɞ187. 

 

ũɘŬ Űɖɜ ˊɞɘɞŰɘəɐ ŬɜɎɚɡůɖ Űɞɡ űɎůɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜɞɘ ˊɑɜŬəŮɠ 

ŮɜŮɟɔŮɘɩɜ ɔ - ŬəŰɘɜɞɓɞɚɑŬɠ Űɤɜ ŭɘŬűɧɟɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ189. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊɞɡ 

ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ ɟŬŭɘɞɜɞɡəɚɑŭɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟŮɛűŮɟŮɑɠ ŮɜɏɟɔŮɘŮɠ, ɖ 

ŮɝŬəɟɑɓɤůɖ ɔɑɜŮŰŬɘ ɓɎůŮɘ ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ɧˊɤɠ: 

1 ȼ ˊŬɟɞɡůɑŬ ɐ ɧɢɘ Ɏɚɚɤɜ űɤŰɞəɞɟɡűɩɜ, ˊɞɡ ŮəˊɏɛˊŮɘ Űɞ ɡˊɧ ŮɝɏŰŬůɖ 

ɟŬŭɘɞɜɞɡəɚɑŭɘɞ. 

2 Ƀ ɢɟɧɜɞɠ ɡˊɞŭɘˊɚŬůɘŬůɛɞɨ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ 

Űɞ ɢɟɧɜɞ ɛŮŰŬɝɨ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɛɏŰɟɖůɖɠ. 

3 Ƀ ɢɟɧɜɞɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ɔɜɤɟɑɕɞɡɛŮ ɔɘŬ Űɞ ŭŮɑɔɛŬ, ˊ.ɢ. ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŭŮɘɔɛɎŰɤɜ ɘɕɖɛɎŰɤɜ Ŭˊɧ ɛŮɔɎɚŬ 

ɓɎɗɖ Űɖɠ ɗɎɚŬůůŬɠ, ˊɟŬəŰɘəɎ ŬˊɞəɚŮɑɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ŰŮɢɜɖŰɐɠ ˊɟɞɏɚŮɡůɖɠ 

ɟŬŭɘɞɘůɞŰɧˊɤɜ, ŭŮŭɞɛɏɜɞɡ Űɞɡ Ŭɟɔɞɨ ɟɡɗɛɞɨ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ əŬɘ Űɖɠ ůɢŮŰɘəɎ 

ˊɟɞůűŬŰɖɠ ŮɛűɎɜɘůɖɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ŰŮɢɜɖŰɐɠ ˊɟɞɏɚŮɡůɖɠ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ. 

 

ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊɞɡ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŮɠ űɤŰɞəɞɟɡűɏɠ ɓɟɘůəɞɜŰŬɘ ůŮ 

ŬˊɧůŰŬůɖ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ɎɚɚŮɠ űɤŰɞəɞɟɡűɏɠ, ɔɘŬ ŮˊɘɓŮɓŬɑɤůɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɘŭɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ŬɜɎɚɡůɖɠ 

Űɖɠ ůɨɜɗŮŰɖɠ űɤŰɞəɞɟɡűɐɠ, ŰŬ ɞˊɞɑŬ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɐ ɛɘəɟɧŰŮɟɖ ŮˊɘŰɡɢɑŬ ˊɟɞůŭɘɞɟɑɕɞɡɜ 

Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ, ŭɖɚŬŭɐ Ŭˊɧ ˊɞɘɏɠ űɤŰɞəɞɟɡűɏɠ ŬˊɞŰŮɚŮɑŰŬɘ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ŬɡŰɏɠ ɖ ˊɘɗŬɜɧŰɖŰŬ ůűɎɚɛŬŰɞɠ ŮɑɜŬɘ Ŭɡɝɖɛɏɜɖ 187. 

 

 

5. ɄɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɟŬŭɘŮɜɏɟɔŮɘŬɠ ŭŮɑɔɛŬŰɞɠ 
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ȼ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ůɡɜɑůŰŬŰŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ əɎɗŮ 

ůɡɔəŮəɟɘɛɏɜɞɡ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ ůŰɞ ŭŮɑɔɛŬ. ȼ ŬɜɎɚɡůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ůɢŮŭɧɜ ˊɎɜŰŬ ɓɎůŮɘ 

Űɖɠ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ɔɘŬ Űɖ ŭŮŭɞɛɏɜɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɜ 

ŮűŬɟɛɞɔɐ ŭɘɞɟɗɩůŮɤɜ ŬɡŰɞŬˊɞɟɟɧűɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ũɘŬ 

əɎɗŮ ůɡɔəŮəɟɘɛɏɜɞ ɟŬŭɘɞɜɞɡəɚɑŭɘɞ ɡˊɎɟɢɞɡɜ ɞɟɘůɛɏɜŮɠ (əŬɘ ˊɘɗŬɜɧɜ ɛɘŬ) űɤŰɞəɞɟɡűɏɠ 

əŬŰɎɚɚɖɚŮɠ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ Űɞɡ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɢŮŰɘəɐ Űɞɡɠ 

ɏɜŰŬůɖ (ˊɞůɞůŰɧ Ůəˊɞɛˊɐɠ ɔ - əɓɎɜŰɤɜ ŬɜɎ ŭɘɎůˊŬůɖ) əŬɘ Űɖ ɗɏůɖ ɤɠ ˊɟɞɠ Űɘɠ ɎɚɚŮɠ 

űɤŰɞəɞɟɡűɏɠ əŬɘ Űɞ ŰɛɐɛŬ óComptonô Űɞɡ űɎůɛŬŰɞɠ, ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ űɤŰɞəɞɟɡűɏɠ 

ɛŮɔŬɚɨŰŮɟɖɠ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ űɤŰɞəɞɟɡűɐɠ. ɆŰɘɠ ɛŮŰɟɐůŮɘɠ 

ɢŬɛɖɚɞɨ Ůˊɘˊɏŭɞɡ ɟŬŭɘŮɜɏɟɔŮɘŬɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞ ɛɏɔɘůŰɞ ŬɜŮəŰɧ ůɢŮŰɘəɧ ůűɎɚɛŬ 

ɛɏŰɟɖůɖɠ ɗŮɤɟŮɑŰŬɘ Űɞ 30% 180 189. 

 

 

6. Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ŮɜŮɟɔɧŰɖŰŬɠ 
 

ȼ ŮɜŮɟɔɧŰɖŰŬ Ai (activity) Űɞɡ ŭŮŭɞɛɏɜɞɡ ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ i ŮɜɏɟɔŮɘŬɠ űɤŰɞəɞɟɡűɐɠ Ei ůŰɞ 

ɛŮŰɟɞɨɛŮɜɞ ŭŮɑɔɛŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

  
i

cps
A

x Ie
=  

ɧˊɞɡ: cps = ɞ ɟɡɗɛɧɠ əɟɞɨůŮɤɜ űɤŰɞəɞɟɡűɐɠ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ (counts per second), 

             Ů = ɖ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɏɟɔŮɘŬ ɔ - əɓɎɜŰɞɡ 

(efficiency), 

              I = ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ űɤŰɞɜɑɤɜ ŬɜɎ ŭɘɎůˊŬůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

ɟŬŭɘɞɜɞɡəɚɘŭɑɞɡ i.  

Ƀ ɟɡɗɛɧɠ əɟɞɨůŮɤɜ (cps) ůŰɖɜ űɤŰɞəɞɟɡűɐ ŮɜɏɟɔŮɘŬɠ Ei ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

0  bn n n= -  

ɧˊɞɡ: n0 = C0 / T0: ɟɡɗɛɧɠ əɟɞɨůŮɤɜ űɤŰɞəɞɟɡűɐɠ ŭŮɑɔɛŬŰɞɠ cps, 

           nb = Cb / Tb: ɟɡɗɛɧɠ əɟɞɨůŮɤɜ űɤŰɞəɞɟɡűɐɠ ɡˊɞɓɎɗɟɞɡ (background) cps, 

əŬɘ C0 , Cb: Ŭɟɘɗɛɧɠ əɟɞɨůŮɤɜ űɤŰɞəɞɟɡűɐɠ ŭŮɑɔɛŬŰɞɠ əŬɘ ɡˊɞɓɎɗɟɞɡ ŬɜŰɑůŰɞɘɢŬ, 

       ɇ0 , ɇb: ɢɟɧɜɞɠ ɛɏŰɟɖůɖɠ ŭŮɑɔɛŬŰɞɠ əŬɘ ɡˊɞɓɎɗɟɞɡ ŬɜŰɑůŰɞɘɢŬ. 

 

Ƀ Ŭɟɘɗɛɧɠ əɟɞɨůŮɤɜ C0 űɤŰɞəɞɟɡűɐɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɤɠ çŮɛɓŬŭɧɜè űɤŰɞəɞɟɡűɐɠ ɛŮ 

Űɖ ɓɞɐɗŮɘŬ ˊɟɞɔɟŬɛɛɎŰɤɜ ɔɘŬ ɖɚŮəŰɟɞɜɘəɞɨɠ ɡˊɞɚɞɔɘůŰŮɠ (CANBERRA əŬɘ ORTEC ůŰɞ 

ȺɅɄ). ɇɞ ˊɞůɞůŰɧ Ůəˊɞɛˊɐɠ I ŮɑɜŬɘ ɔɜɤůŰɧ Ŭˊɧ Ůɘŭɘəɞɨɠ ˊɑɜŬəŮɠ ɔ - űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŮ 

ŭŮŭɞɛɏɜɞ (ůɢŮŰɘəɎ ɛɘəɟɧ) ůűɎɚɛŬ. ɇɏɚɞɠ, űɎůɛŬ ɡˊɞɓɎɗɟɞɡ (background) ŮɑɜŬɘ Űɞ 

űɎůɛŬ ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖ ɛɏŰɟɖůɖ ŭŮɑɔɛŬŰɞɠ, ˊŬɜɞɛɞɘɧŰɡˊɞɡ ɛŮ Űɞ ɛŮŰɟɞɨɛŮɜɞ, 

ůŰɞ ɞˊɞɑɞ ɧɛɤɠ ŬˊɞɡůɘɎɕŮɘ Űɞ ɜɞɡəɚɑŭɘɞ, ˊɞɡ ˊɟɞəŬɚŮɑ Űɖ ŭŮŭɞɛɏɜɖ űɤŰɞəɞɟɡűɐ 172. 
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7. Ʉɟɞůŭɘɞɟɘůɛɧɠ ɞɟɑɞɡ ŬɜɑɢɜŮɡůɖɠ əŬɘ ůűŬɚɛɎŰɤɜ ɛɏŰɟɖůɖɠ əŬɘ ůɡɔəɏɜŰɟɤůɖɠ 
 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɞɟɑɞɡ ŬɜɑɢɜŮɡůɖɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɧɜɞ ɛɏŰɟɖůɖɠ (70000 sec) 

əŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ɔŮɤɛŮŰɟɑŬ əɡŬɗɑɞɡ ɛɏŰɟɖůɖɠ (white cup) ɔɑɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

2  (  )
cps

x ɨ background
LOD

ɧ ɏ

kro seiV

cr noV m trhshV
=  

 

ȰˊŮɘŰŬ, ˊɟɞůŭɘɞɟɑɕɞɡɛŮ Űɞ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ ůŮ Bq Ŭˊɧ Űɞɜ Űɨˊɞ cps / (I x Ů) əŬɘ Űɏɚɞɠ 

ŮəűɟɎɕɞɡɛŮ Űɞ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ ůŮ Bq Kg-1 ɐ Bq L-1 ŭɘŬɘɟɩɜŰŬɠ ɛŮ Űɖ ŭŮŭɞɛɏɜɖ ɛɎɕŬ ɐ Űɞɜ 

ɧɔəɞ Űɞɡ ŭŮɑɔɛŬŰɞɠ 190 191. 

 

ɇɞ ůűɎɚɛŬ ɛɏŰɟɖůɖɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

2

ln x( )
4

L R

net

k
t C C

n
T

d

+ +

=  

ɧˊɞɡ: Int = ůɨɜɞɚɞ əɟɞɨůŮɤɜ Űɖɠ űɤŰɞəɞɟɡűɐɠ, 

             k = Ŭɟɘɗɛɧɠ əŬɜŬɚɘɩɜ, 

           CL = əŬɜɎɚɘ ŬɟɘůŰŮɟɎ Ŭˊɧ Űɖɜ űɤŰɞəɞɟɡűɐ, 

           CR = əŬɜɎɚɘ ŭŮɝɘɎ Ŭˊɧ Űɖɜ űɤŰɞəɞɟɡűɐ, 

             ɇ = ɢɟɧɜɞɠ. 

 

ɇɞ ůűɎɚɛŬ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ (ŮɜŮɟɔɧŰɖŰŬɠ) ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

2 2
2

2

 x 
)

 x 

net
net

i

n
n

A
I

de
d

ed
e

+

=  

ɧ́ ɞɡ ŭŮ = ůűɎɚɛŬ Űɖɠ Ŭˊɧŭɞůɖɠ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɏɟɔŮɘŬ Ei Űɖɠ űɤŰɞəɞɟɡűɐɠ əŬɘ 

        nnet = Ŭɟɘɗɛɧɠ əŬɗŬɟɩɜ əɟɞɨůŮɤɜ ůŮ ůɡɔəŮəɟɘɛɏɜɖ űɤŰɞəɞɟɡűɐ. 

 

ɇɞ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ (LLD) Űɖɠ ɛŮŰɟɖŰɘəɐɠ ŭɘɎŰŬɝɖɠ ɔɘŬ Űɞ 137Cs, ɔɘŬ ŭŮɑɔɛŬ ɧɔəɞɡ 1000 L 

ŮɑɜŬɘ 0.05 Bq m-3 ɔɘŬ ŰŬ űɑɚŰɟŬ cartridges (ŭɘŬɚɡŰɧ əɚɎůɛŬ) əŬɘ 0.01 Bq m-3 ɔɘŬ ŰŬ űɑɚŰɟŬ 

ɡŬɚɞɜɖɛɎŰɤɜ (ůɤɛŬŰɘŭɘəɧ əɚɎůɛŬ). ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɞ 234Th ɔɘŬ ŰŬ űɑɚŰɟŬ cartridges 

(ŭɘŬɚɡŰɧ əɚɎůɛŬ) ŮɑɜŬɘ 0.39 Bq m-3, Ůɜɩ ɔɘŬ ŰŬ űɑɚŰɟŬ ɡŬɚɞɜɖɛɎŰɤɜ (ůɤɛŬŰɘŭɘəɧ əɚɎůɛŬ) 

ŮɑɜŬɘ 0.19 Bq m-3. 
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6.6.3 Ʉɟɞůŭɘɞɟɘůɛɧɠ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) 

 

1. ɄɟɞŮŰɞɘɛŬůɑŬ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 

 

ũɘŬ Űɖ ůɡɚɚɞɔɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əɚɎůɛŬŰɞɠ Űɞɡ ɎɜɗɟŬəŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ űɑɚŰɟŬ 

ɡŬɚɞɜɖɛɎŰɤɜ (glass fiber) Whatman GF/A, ŭɘŬɛɏŰɟɞɡ 142 mm əŬɘ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ 0.6 

ɛm. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɛɘŬ ɖɛɏɟŬ ˊɟɘɜ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ŰŬ űɑɚŰɟŬ ɗŮɟɛŬɑɜɞɜŰŬɘ ɔɘŬ 5 h 

ůŰɞɡɠ 450 ɞC ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ Űɡűɚɞɨ (blank) əŬɘ ɕɡɔɑɕɞɜŰŬɘ ůŮ ɕɡɔɧ ŬəɟɘɓŮɑŬɠ.  

 

 

2. ȹŮɘɔɛŬŰɞɚɖɣɑŬ 

 

ɇŬ űɑɚŰɟŬ ɡŬɚɞɜɖɛɎŰɤɜ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞɡɠ in situ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ, ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ 

ɞˊɞɑɤɜ ˊŮɟɘɔɟɎűɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞ ˊɟɞűɑɚŰɟɞ Űɤɜ 

ŬɜŰɚɘɩɜ, ˊɟɘɜ Ŭˊɧ Űɘɠ ɗɐəŮɠ Űɤɜ əɡɚɘɜŭɟɘəɩɜ űɑɚŰɟɤɜ (cartridges ï ɓɚɏˊŮ ȺɘəɧɜŬ 6.1).  

ũɘɎ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC), ŰŬ űɑɚŰɟŬ 

ɡŬɚɞɓɎɛɓŬəŬ (Whatman GF/A), ŰŬ ɞˊɞɑŬ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ əŬŰɎɣɡɝɖ ɛŮŰɎ Űɖ ɛɏŰɟɖůɖ 

ɛŮ ɔ- űŬůɛŬŰɞɛŮŰɟɑŬ, ŬűɐɜɞɜŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɔɘŬ 5 h ˊŮɟɑˊɞɡ. Ⱥɜ ůɡɜŮɢŮɑŬ 

ɔɑɜŮŰŬɘ ɏəˊɚɡůɖ ɛŮ milli-Q ɜŮɟɧ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŬɚɎŰɤɜ əŬɘ ŬűɐɜɞɜŰŬɘ ˊɟɞɠ 

ɝɐɟŬɜůɖ ůŮ ɟŮɨɛŬ ŬɏɟŬ, ůŰɞɜ ŬˊŬɔɤɔɧ, ɔɘŬ ˊŮɟɑˊɞɡ 5 h. ȷɛɏůɤɠ ɛŮŰɎ, ˊɟɞůŰɑɗŮŰŬɘ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ űɑɚŰɟɞɡ 10 % HCl ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŬɜɗɟŬəɘəɩɜ əŬɘ ŰŬ 

űɑɚŰɟŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 50 ɞC ɔɘŬ 2 h. ȼ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ůɡɜŭɡŬůɛɧɠ Űɤɜ ɛŮɗɧŭɤɜ 

ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɞɡɠ Verardo et al., 1990192 əŬɘ Nieuwenhuize et al., 1994193. ɇŬ 

űɑɚŰɟŬ Ůɜ ůɡɜŮɢŮɑŬ ɕɡɔɑɕɞɜŰŬɘ ůŮ ɕɡɔɧ ŬəɟɘɓŮɑŬɠ əŬɘ ŮɘůɎɔɞɜŰŬɘ ůŮ ůŰɞɘɢŮɘŬəɧ ŬɜŬɚɡŰɐ 

TruSpec CHN Leco analyzer 

 

 

3. ɆŰɞɘɢŮɘŬəɐ ŬɜɎɚɡůɖ C, H, N 

 

Ƀ ůŰɞɘɢŮɘŬəɧɠ ŬɜŬɚɡŰɐɠ TruSpec CHN Leco analyzer ŮɑɜŬɘ ɧɟɔŬɜɞ, Űɞ ɞˊɞɑɞ 

ˊɟɞůŭɘɞɟɑɕŮɘ ɎɜɗɟŬəŬ, ɡŭɟɞɔɧɜɞ əŬɘ ɎɕɤŰɞ ůŮ ˊɚɖɗɩɟŬ ɡɚɘəɩɜ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 

Űɟɞűɑɛɤɜ, ɚɘˊɘŭɑɤɜ, ɚɘˊŬůɛɎŰɤɜ, əɟŮɎŰɤɜ, ŮŭŬűɩɜ əɚˊ. ɇɞ ɛŮɔɎɚɞ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ ɞɟɔɎɜɞɡ ŮɑɜŬɘ ɧŰɘ Űɞ ɓɎɟɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟɞɠ ŬɜɎɚɡůɖ ɛˊɞɟŮɑ ɜŬ 

ˊɞɘəɑɚɚŮɘ Ŭˊɧ 50 ɏɤɠ 1500 mg. ɇɞ ɧɟɔŬɜɞ ůɡɜŭɏŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ɛŮ ɖɚŮəŰɟɞɜɘəɧ 

ɡˊɞɚɞɔɘůŰɐ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ ˊɟɧɔɟŬɛɛŬ ˊɟɞůŬɟɛɞůɛɏɜɞ ɔɘŬ Windows, Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮɘ 

Űɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɞɟɔɎɜɞɡ. ɈˊɎɟɢɞɡɜ 

ŰɟŮɘɠ űɎůŮɘɠ ůŰɞɜ əɨəɚɞ ŬɜɎɚɡůɖɠ: ȾŬɗŬɟɘůɛɧɠ Űɞɡ ɞɟɔɎɜɞɡ, əŬɨůɖ Űɞɡ ɡˊɧ ŬɜɎɚɡůɖ 



 
122 

 

ŭŮɑɔɛŬŰɞɠ əŬɘ ŬɜɎɚɡůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɆŰɖɜ ˊɟɩŰɖ űɎůɖ, Űɞ ŭŮɑɔɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ 

əŬůůɘŰŮɟɘəɐ əɎɣŬ ɧˊɞɡ əŬɘ əɚŮɑɜŮɘ ŬŮɟɞůŰŮɔɩɠ. ȼ əɎɣŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ Ůɘŭɘəɐ əŮűŬɚɐ 

űɧɟŰɤůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ůűɟŬɔɑɕŮŰŬɘ ŬŮɟɞůŰŮɔɩɠ əŬɘ əŬɗŬɟɑɕŮŰŬɘ Ŭˊɧ Űɡɢɧɜ 

ŬŰɛɞůűŬɘɟɘəɎ ŬɏɟɘŬ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ŮɘůɓɎɚŮɘ ůŰɞ ɧɟɔŬɔɞ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

űɧɟŰɤůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ȾŬɗŬɟɑɕɞɜŰŬɘ Ůˊɑůɖɠ ɞɘ ŬůűɎɚŮɘŮɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ 

əɡəɚɤɛɎŰɤɜ əŬɘ ɞɘ ɔɟŬɛɛɏɠ Űɤɜ ŬŮɟɑɤɜ. 

 

ȾŬŰɎ Űɖ űɎůɖ Űɖɠ əŬɨůɖɠ, Űɞ ŭŮɑɔɛŬ ɛŮŰŬűɏɟŮŰŬɘ ůŮ Ůɘŭɘəɧ űɞɨɟɜɞ ɗŮɟɛɞəɟŬůɑŬɠ 950 ɞC 

ɛŮ ŰŬɡŰɧɢɟɞɜɖ ůɡɟɟɞɐ ɞɝɡɔɧɜɞɡ ɔɘŬ ɔɟɐɔɞɟɖ əŬɘ ŰɏɚŮɘŬ əŬɨůɖ. ɇŬ ˊɟɞɥɧɜŰŬ Űɖɠ əŬɨůɖɠ 

ɛŮŰűɏɟɞɜŰŬɘ ůŮ ɏɜ ŭŮɨŰŮɟɞ űɞɨɟɜɞ ɗŮɟɛɞəɟŬůɑŬɠ 850 ɞC ɔɘŬ ˊŮɟŮŰŬɑɟɤ ɞɝŮɑŭɤůɖ əŬɘ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ůŰŮɟŮɩɜ ɡɚɘəɩɜ. ɇŬ ŬɏɟɘŬ Űɖɠ əŬɨůɖɠ ůɡɚɚɏɔɞɜŰŬɘ ůŮ ɏɜŬ Ůɘŭɘəɧ 

ŭɞɢŮɑɞ. 

 

ȾŬŰɎ Űɖ űɎůɖ Űɖɠ ŬɜɎɚɡůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɞɝɡɔɧɜɞ ɟɏŮɘ ůŰɞ űɞɨɟɜɞ ɔɘŬ ɜŬ ůɡɛɓŮɑ 

ˊɚɐɟɖɠ əŬɨůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɇŬ ŬɏɟɘŬ, ɛŮŰɎ Űɖ ůɡɚɚɞɔɐ Űɞɡɠ ůŰɖɜ Ůɘŭɘəɐ ŭŮɝŬɛŮɜɐ, 

ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬ ůɤɚɐɜŬ ůɢɐɛŬŰɞɠ U, ɞ ɞˊɞɑɞɠ əŬŰŬɚɐɔŮɘ ůŮ CO2 əŬɘ H2O ŬɜɘɢɜŮɡŰɏɠ 

ɡˊŮɟɨɗɟɞɡ (IR). ɀɧɚɘɠ ŰŬ ŬɏɟɘŬ ɞɛɞɔŮɜɞˊɞɘɖɗɞɨɜ əŬɘ ɘůɞɟɟɞˊɐůɞɡɜ, ɞ ɎɜɗɟŬəŬɠ 

ɛŮŰɟɎŰŬɘ ɤɠ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ ůŰɞɜ CO2 ŬɜɘɢɜŮɡŰɐ ɡˊŮɟɨɗɟɞɡ əŬɘ Űɞ ɡŭɟɞɔɧɜɞ ɤɠ 

ɡŭɟŬŰɛɞɑ ůŰɞɜ H2O ŬɜɘɢɜŮɡŰɐ ɡˊŮɟɨɗɟɞɡ. ɇŬ ŬɏɟɘŬ Űɞɡ ůɤɚɐɜŬ ůɢɐɛŬŰɞɠ U 

ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɞ űɏɟɞɜ Ŭɏɟɘɞ He ˊɎɜɤ ůŮ ɗŮɟɛɎ ɟɘɜɑůɛŬŰŬ ɢŬɚəɞɨ, ɧˊɞɡ 

əŬɗŬɟɑɕɞɡɜ ŰŬ ŬɏɟɘŬ Ŭˊɧ Űɡɢɧɜ ˊɚŮɧɜŬůɛŬ ɞɝɡɔɧɜɞɡ əŬɘ ŬɜɎɔɞɡɜ Űɘɠ ŮɜɩůŮɘɠ NOx ůŮ N2. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ŰŬ ŬɏɟɘŬ ɟɏɞɡɜ, ɛɏůɤ ůŰɐɚɖɠ Anhydrone (ˊɞɡ ˊŮɟɘɏɢŮɘ Mg(ClO4)2) ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɡŭɟŬŰɛɩɜ (ɛŮ ŮɝɩɗŮɟɛɖ ŬɜŰɑŭɟŬůɖ) əŬɘ ɛɏůɤ ůŰɐɚɖɠ Lecosorb (99.2 

% NaOH ŮˊɘəŬɚɡɛɛɏɜɞɡ ɛŮ ŮůŰɏɟŬ ˊɡɟɘŰɘəɞɨ ɞɝɏɞɠ 0.8 %) ɔɘŬ Űɖ ŭɏůɛŮɡůɖ Űɞɡ 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ, ůŮ əɡɣŮɚɑŭŬ ɗŮɟɛɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ 

ˊŮɟɘŮɢɞɛɏɜɞɡ ŬɕɩŰɞɡ. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ŮɛűŬɜɑɕŮŰŬɘ ɤɠ Ůˊɑ % ə.ɓ. ɐ ɤɠ ɛɏɟɖ ůŰɞ 

ŮəŬŰɞɛɛɨɟɘɞ. ɇɞ ɧɟɔŬɜɞ ɡˊɞɚɞɔɑɕŮɘ ɎɜɗɟŬəŬ ůŮ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ 0.002 ï 100 %, 

ɡŭɟɞɔɧɜɞ ɛŮŰŬɝɨ 0.02 ï 50 % əŬɘ ɎɕɤŰɞ ɛŮŰŬɝɨ 0.02 ï 50 %.  

 

 

6.6.4 ȷɜɎɚɡůɖ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) 

 

1. ɄɟɞŮŰɞɘɛŬůɑŬ ůŰɞ ŮɟɔŬůŰɐɟɘɞ 

 

ɇŬ ɔɡɎɚɘɜŬ űɘŬɚɑŭɘŬ (50 mL) ɔɘŬ Űɖ űɨɚŬɝɖ Űɤɜ űɘɚŰɟŬɟɘůɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ ɝŮˊɚɏɜɞɜŰŬɘ 

ɛŮ Ŭˊɘɞɜɘůɛɏɜɞ ɨŭɤɟ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɗŮɟɛŬɑɜɞɜŰŬɘ ɔɘŬ 3 h ůŰɞɡɠ 500 ɞC, Ůɜɩ ŰŬ əŬˊɎəɘŬ 
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ˊɚɏɜɞɜŰŬɘ 3 űɞɟɏɠ ɛŮ ŬˊɞɟɟɡˊŬɜŰɘəɧ, ŮəˊɚɏɜɞɜŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɛŮ milli-Q ɜŮɟɧ əŬɘ 

Űɏɚɞɠ ɗŮɟɛŬɑɜɞɜŰŬɘ ůŰɞɡɠ 80 ɞC ɔɘŬ 2 h194. 

 

2. ȹŮɘɔɛŬŰɞɚɖɣɑŬ 

 

ɇŬ ŭŮɑɔɛŬŰŬ ůɡɚɚɏɔɞɜŰŬɘ ɛŮ Űɞɡɠ in situ ŭŮɘɔɛŬŰɞɚɐˊŰŮɠ, ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɞˊɞɑɤɜ 

ˊŮɟɘɔɟɎűɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, Ŭˊɧ Űɞ ůŰɎŭɘɞ Ŭɛɏůɤɠ ɛŮŰɎ Űɖ űɑɚŰɟŬɜůɖ ɛŮ Űɞ űɑɚŰɟɞ 

ɡŬɚɞɜɖɛɎŰɤɜ Űɤɜ 0.6 ɛm. ɇŬ ŭŮɑɔɛŬŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ ɣɡɔŮɑɞ (űɞɟɖŰɧ ɣɡɔŮɑɞ ɛŮ 

ˊŬɔɞəɡɣɏɚŮɠ) əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ, ɧˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ůŰɖɜ əŬŰɎɣɡɝɖ ɛɏɢɟɘ 

Űɖ ɛɏɟŬ Űɖɠ ɛɏŰɟɖůɖɠ ɛŮ TOC analyzer. 

 

3. ɀɏŰɟɖůɖ ůŮ ŬɜŬɚɡŰɐ TOC 

 

Ƀɘ ɛŮŰɟɐůŮɘɠ Űɞɡ DOC ɏɔɘɜŬɜ ɛŮ əŬŰŬɚɡŰɘəɐ ɞɝŮɑŭɤůɖ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ (High 

Temperature Catalytic Oxidation) ůŮ ŬɜŬɚɡŰɐ Shimadzu TOC 5000. Ƀ ŬɜŬɚɡŰɐɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ůɤɚɐɜŬ əŬɨůɖɠ Ŭˊɧ ɢŬɚŬɕɑŬ ɛŮ ŭɘɎɛŮŰɟɞ 20 mm əŬɘ ɨɣɞɠ 230 mm, 

ˊɞɡ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɠ əɎɗŮŰŬ, əŬɘ ɛɏůŬ ůŰɞɜ ɞˊɞɑɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ɏɜŬɠ əŬŰŬɚɨŰɖɠ. Ƀ 

əŬŰŬɚɨŰɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɤɛŬŰɑŭɘŬ ŭɘŬɛɏŰɟɞɡ 1.5 ï 3.0 mm əŬɘ ůɨůŰŬůɖɠ 0.5 % Pt ůŮ 

Al2O3. ɇɞ ɨɣɞɠ Űɞɡ əŬŰŬɚɡŰɘəɞɨ ůŰɟɩɛŬŰɞɠ ŬɜɏɟɢŮŰŬɘ ůŮ 150 mm əŬɘ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ 

ˊɚɏɔɛŬ Ŭˊɧ Pt, Űɞ ɞˊɞɑɞ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɢŬɚŬɕɑŬ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ůɤɚɐɜŬ 

ɗŮɟɛŬɑɜŮŰŬɘ ůŰɞɡɠ 680 ɞC. ɇɞ űɏɟɞɜ Ŭɏɟɘɞ (ɡˊŮɟ-əŬɗŬɟɧ ɞɝɡɔɧɜɞ) ˊŮɟɜɎ Ŭˊɧ Űɞ ɧɟɔŬɜɞ 

ɛŮ ɟɞɐ 150 mL min-1. ɇɞ ɡˊŮɟ-əŬɗŬɟɧ ɞɝɡɔɧɜɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ ɔɘŬ Űɞɜ ŬŮɟɘůɛɧ 

Űɤɜ ŭŮɘɔɛɎŰɤɜ ɔɘŬ 15 min ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ŭɘŬɚɡŰɞɨ ŬɜɧɟɔŬɜɞɡ ɎɜɗɟŬəŬ, ˊɟɘɜ 

ŮɘůŬɢɗɞɨɜ ůŰɞ ůɤɚɐɜŬ əŬɨůɖɠ. ɇɞ CO2 ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ əŬɨůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

ɞŭɖɔŮɑŰŬɘ ůŮ ˊŬɔɑŭŬ ɜŮɟɞɨ ˊɞɡ ˊŮɟɘɏɢŮɘ 20 % H3PO4. ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŭŮɑɔɛŬŰŬ 

ɞŭɖɔɞɨɜŰŬɘ ůŮ ɔɡɎɚɘɜɞ ŬűɡɔɟŬɜŰɐ ůŮ ɗŮɟɛɞəɟŬůɑŬ -1.5 ɞC ˊŮɟɑˊɞɡ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ůŮ 

ɏɜŬ ůɤɚɐɜŬ ůɢɐɛŬŰɞɠ U, ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ əɧəəɞɡɠ Ůˊɘɢɟɘůɛɏɜɞɡɠ ɛŮ AgNO3 əŬɘ 

ɟɘɜɑůɛŬŰŬ ɢŬɚəɞɨ ɔɘŬ ɜŬ əŬŰŬɚɐɝɞɡɜ ůŮ ɏɜŬɜ ŬɜɘɢɜŮɡŰɐ ɡˊŮɟɨɗɟɞɡ Űɨˊɞɡ Binos IR 

(NDIR). 

 

ɇŬ ŭŮɑɔɛŬŰŬ DOC ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛŮ 3 ŮɜɏůŮɘɠ Űɤɜ 100 ɛL ůŰɞ ůɤɚɐɜŬ ɢŬɚŬɕɑŬ ˊɞɡ 

ˊŮɟɘɏɢŮɘ Űɞɜ əŬŰŬɚɨŰɖ195 196. Ʉɟɘɜ Űɖɜ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɜɏůŮɘɠ milli-Q ɜŮɟɞɨ 

ɛɏɢɟɘ ɜŬ ůŰŬɗŮɟɞˊɞɘɖɗŮɑ ɖ ɔɟŬɛɛɐ ɓɎůɖɠ Űɞɡ ɔɟŬűɐɛŬŰɞɠ. Ƀ ŬɜŬɚɡŰɐɠ ɓŬɗɛɞɜɞɛŮɑŰŬɘ ɛŮ 

ˊɟɧŰɡˊŬ ŭɘŬɚɨɛŬŰŬ ɧɝɘɜɞɡ űɗŬɚɘəɞɨ əŬɚɑɞɡ ůŮ milli-Q ɜŮɟɧ. Ƀ ɢɟɧɜɞɠ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 4 ï 6 mins əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ 3 ŭŮɘɔɛɎŰɤɜ əŬɘ ɖ Űɡˊɘəɐ 

Ŭˊɧəɚɘůɖ.
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ȾȺūȷȿȷȽɃ ȺȸȹɃɀɃ 

 

ɋȾȺȷɁɃũɅȷūȽȾȷ ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ ɇȼɆ 

ɄȺɅȽɃɉȼɆ ɀȺȿȺɇȼɆ (ɆȷɅɋɁȽȾɃɆ ȾɃȿɄɃɆ ï 

ȾɃȿɄɃɆ ȺȿȺɈɆȽɁȷɆ) 
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77  ɋɋȾȾȺȺȷȷɁɁɃɃũũɅɅȷȷūūȽȽȾȾȷȷ  ɉɉȷȷɅɅȷȷȾȾɇɇȼȼɅɅȽȽɆɆɇɇȽȽȾȾȷȷ  ɇɇȼȼɆɆ  ɄɄȺȺɅɅȽȽɃɃɉɉȼȼɆɆ  ɀɀȺȺȿȿȺȺɇɇȼȼɆɆ  ((ɆɆȷȷɅɅɋɋɁɁȽȽȾȾɃɃɆɆ  

ȾȾɃɃȿȿɄɄɃɃɆɆ  ïï  ȾȾɃɃȿȿɄɄɃɃɆɆ  ȺȺȿȿȺȺɈɈɆɆȽȽɁɁȷȷɆɆ  

 

7.1 ɆȷɅɋɁȽȾɃɆ ȾɃȿɄɃɆ 

 

Ƀ ɆŬɟɤɜɘəɧɠ əɧɚˊɞɠ ŮəŰŮɑɜŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ 38ɞ 03ô əŬɘ 37ɞ 27ô ɓɧɟŮɘɞ ˊɚɎŰɞɠ əŬɘ Űɤɜ 23ɞ 00ô 

əŬɘ 24ɞ 02ô ŬɜŬŰɞɚɘəɧ ɛɐəɞɠ əɘ ɏɢŮɘ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 2600 km2. ɃɟɑɕŮŰŬɘ ɓɧɟŮɘŬ əŬɘ ŬɜŬŰɞɚɘəɎ 

Ŭˊɧ Űɘɠ ŬəŰɏɠ Űɖɠ ȷŰŰɘəɐɠ, ŭɡŰɘəɎ Ŭˊɧ Űɘɠ ŬəŰɏɠ Űɖɠ ȾɞɟɘɜɗɑŬɠ əŬɘ ɜɞŰɘɞŭɡŰɘəɎ Ŭˊɧ Űɘɠ ŬəŰɏɠ 

Űɖɠ ȷɟɔɞɚɑŭŬɠ. ɆŰɞ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ Ɏəɟɞ Űɞɡ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ Űɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ ɛŮ ɏɜŬ ŬɟəŮŰɎ 

ɛŮɔɎɚɞ ɎɜɞɘɔɛŬ ɛɐəɞɡɠ 45 km ˊŮɟɑˊɞɡ, ɛŮŰŬɝɨ Űɤɜ ŬəɟɤŰɖɟɑɤɜ Űɞɡ Ɇɞɡɜɑɞɡ (Ɂȷ) əŬɘ Űɞɡ 

ɆəɡɚɚŬɑɞɡ Űɖɠ ȷɟɔɞɚɑŭŬɠ (Ɂȹ). ɆŰɞ ɓɞɟŮɘɞŭɡŰɘəɧ Űɞɡ Ɏəɟɞ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ Űɞɜ ȾɞɟɘɜɗɘŬəɧ 

Ⱦɧɚˊɞ ɛɏůɤ Űɞɡ Ƚůɗɛɞɨ Űɖɠ Ⱦɞɟɑɜɗɞɡ, ˊɞɡ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ Űɞɡ ŭɘŬŰɞɛɐɠ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ 

ɡŭɎŰɘɜɖ əɡəɚɞűɞɟɑŬ ůŰɞ ɆŬɟɤɜɘəɧ Ⱦɧɚˊɞ143. 

 

7.1.1 ɀɞɟűɞɚɞɔɑŬ əŬɘ ɓŬɗɡɛŮŰɟɑŬ 

 

ȼ ˊɞɚɨˊɚɞəɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ ŬəŰɩɜ əŬɘ ɖ ˊŬɟɞɡůɑŬ ůɖɛŬɜŰɘəɩɜ ɜɖůɘɩɜ ŭɘŬɘɟɞɨɜ Űɞ 

ɆŬɟɤɜɘəɧ ůŮ ŰɏůůŮɟɘɠ Ůˊɘɛɏɟɞɡɠ əɧɚˊɞɡɠ (ȺɘəɧɜŬ 7.1): 

1. ɆŰɞ ɁɧŰɘɞ (ŮɝɤŰŮɟɘəɧ), ɞ ɞˊɞɑɞɠ ůŰŬ ŭɡŰɘəɎ Űɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ȷɑɔɘɜŬ ï 

ɀɏɗŬɜŬ, ɛɐəɞɡɠ 7 km, əŬɘ ůŰŬ ɓɧɟŮɘŬ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ȷɑɔɘɜŬ ï ȸɞɡɚɘŬɔɛɏɜɖ, ɛɐəɞɡɠ 

19 km əŬɘ ɏɢŮɘ ɛɏɔɘůŰɞ ɓɎɗɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 200 m. 

2. ɆŰɞ ȹɡŰɘəɧ (əŮɜŰɟɘəɧ), ɞ ɞˊɞɑɞɠ ůŰŬ ɜɞŰɘɞŬɜŬŰɞɚɘəɎ Űɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɖ ɔɟŬɛɛɐ 

ȷɑɔɘɜŬ ï ɀɏɗŬɜŬ əŬɘ ůŰŬ ŬɜŬŰɞɚɘəɎ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ȷɑɔɘɜŬ ï ɆŬɚŬɛɑɜŬ, ɛɐəɞɡɠ 11 km, 

ɏəŰŬůɖɠ 1117 km2, ɧɔəɞɡ 143836 x 106 m3 əŬɘ ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 428 m. 

3. ɆŰɞɜ ȷɜŬŰɞɚɘəɧ (ȺůɤŰŮɟɘəɧ), ɞ ɞˊɞɑɞɠ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ əɞɜŰɘɜɧ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ˊɟɤŰŮɨɞɡůŬɠ ŰɛɐɛŬ Űɞɡ ɆŬɟɤɜɘəɞɨ əŬɘ ůŰŬ ɜɧŰɘŬ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ȷɑɔɘɜŬ 

ï ȸɞɡɚɘŬɔɛɏɜɖ, Ůɜɩ ůŰŬ ŭɡŰɘəɎ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ȷɑɔɘɜŬ ï ɆŬɚŬɛɑɜŬ, ɏɢŮɘ ɏəŰŬůɖ 468 

km2, ɧɔəɞ 27422 x 106 m3 əŬɘ ɛɏɔɘůŰɞ ɓɎɗɞɠ 104 m. ȼ ˊŮɟɘɞɢɐ ŬɡŰɐ ŮˊɖɟŮɎɕŮŰŬɘ 

ɏɜŰɞɜŬ Ŭˊɧ Űɘɠ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɘɠ ŬəŰɏɠ Űɖɠ 

ȷŰŰɘəɐɠ. 

4. ɆŰɞɜ əɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ, ůŰɞ ɓɧɟŮɘɞ Ɏəɟɞ Űɞɡ ɆŬɟɤɜɘəɞɨ, ɛŮ ɛɏɔɘůŰɞ ɓɎɗɞɠ 34 m, 

ˊɞɡ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ Űɞɡ ŮˊɘəɞɘɜɤɜɑŬɠ ɛŮ Űɞɜ ɡˊɧɚɞɘˊɞ ɆŬɟɤɜɘəɧ, ɛɏůɤ ŭɡɞ 

ŭɘŬɨɚɤɜ ɓɎɗɞɡɠ 8 əŬɘ 11 m ȸȹ əŬɘ ȸȷ Űɖɠ ɆŬɚŬɛɑɜŬɠ, ŬɜŰɑůŰɞɘɢŬ, ɗŬ ɛˊɞɟɞɨůŮ 
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ůɡɛɓŬŰɘəɎ ɜŬ ɗŮɤɟɖɗŮɑ ůŬɜ ɏɜŬɠ ɝŮɢɤɟɘůŰɧɠ, ɛŮɛɞɜɤɛɏɜɞɠ əɧɚˊɞɠ197. ȰɢŮɘ ɏəŰŬůɖ 

67 km2 əŬɘ ɞ ɧɔəɞɠ Űɤɜ ɡŭɎŰɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 1282 x 106 m3. 

 

ɇŬ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ (400 m) Űɞɡ ɆŬɟɤɜɘəɞɨ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŭɡŰɘəɧ əɧɚˊɞ ɏɝɤ Ŭˊɧ Űɖɜ 

ˊŬɚɘɎ ȺˊɑŭŬɡɟɞ, Ůɜɩ ŰŬ ɛɘəɟɧŰŮɟŬ ůŰɞɜ ŬɜŬŰɞɚɘəɧ əɧɚˊɞ, ɞ ɞˊɞɑɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ 

ůɢŮŰɘəɎ ŮɜɘŬɑŬ ŰɞˊɞɔɟŬűɑŬ ɓɡɗɞɨ, ɛŮ ɓɎɗɖ 100 m Ɂȷ Űɖɠ ɆŬɚŬɛɑɜŬɠ əŬɘ 90 m ɛŮŰŬɝɨ 

ȷɑɔɘɜŬɠ əŬɘ ȸɞɡɚɘŬɔɛɏɜɖɠ. ɇɞ əɡɟɑɤɠ ŰɛɐɛŬ Űɞɡ ɏɢŮɘ ɓɎɗɞɠ ɛŮŰŬɝɨ 70 əŬɘ 90 m, Ůɜɩ Űɞ 

ɓɎɗɞɠ ɛŮɘɩɜŮŰŬɘ ŬˊɧŰɞɛŬ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ. Ʉɟɞɠ Űɞ ɜɧŰɞ ŰŬ ɓɎɗɖ ŬɡɝɎɜɞɡɜ ɞɛŬɚɎ əŬɘ 

űɗɎɜɞɡɜ ůŰŬ 200 m ůŰɞ ɎɜɞɘɔɛŬ Űɞɡ əɧɚˊɞɡ. Ƀ ŭɡŰɘəɧɠ əɧɚˊɞɠ ŮɑɜŬɘ ɞ ɓŬɗɨŰŮɟɞɠ. ȷˊɧ 

ŰŬ ŭɡŰɘəɎ Űɖɠ ɆŬɚŬɛɑɜŬɠ ˊɟɞɠ Űɖɜ Ⱦɧɟɘɜɗɞ ɖ ɚŮəɎɜɖ ɏɢŮɘ ɓɎɗɞɠ 130 m əŬɘ ůɡɜŭɏŮŰŬɘ ɛŮ 

Űɞ ɜɧŰɘɞ ŰɛɐɛŬ ɛŮ ɏɜŬ ɓŬɗɨ (400 m) ŭɑŬɡɚɞ ȸȹ Űɖɠ ɢŮɟůɞɜɐůɞɡ Űɤɜ ɀŮɗɎɜɤɜ197. 

 

ȺɘəɧɜŬ 7.1: Ƀ ɆŬɟɤɜɘəɧɠ Ⱦɧɚˊɞɠ (ŰɞˊɞɔɟŬűɑŬ əŬɘ ɓŬɗɡɛŮŰɟɑŬ) 

 

 

7.1.2 ɈŭɟɞɚɞɔɑŬ əŬɘ ɡŭɎŰɘɜɖ əɡəɚɞűɞɟɑŬ 

 

Ƀ ɆŬɟɤɜɘəɧɠ Ⱦɧɚˊɞɠ ŭŮɜ ŭɏɢŮŰŬɘ ŰŬ ɜŮɟɎ əɨɟɘɤɜ ˊɞŰŬɛɩɜ. ȼ ŬɜŬɜɏɤůɖ Űɤɜ ɡŭɎŰɤɜ 

Űɞɡ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ Ůɑůɞŭɞ ɟŮɡɛɎŰɤɜ Ŭˊɧ Űɞ ȷɘɔŬɑɞ ɛɏůɤ Űɞɡ Ɇɞɡɜɑɞɡ əŬɘ ŰŬ ɞˊɞɑŬ 

Ŭəɞɚɞɡɗɞɨɜ Űɘɠ ŬəŰɏɠ Űɖɠ ȷŰŰɘəɐɠ, űɗɎɜɞɡɜ ůŰɞ ŭɡŰɘəɧ ɆŬɟɤɜɘəɧ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 
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ŮɝɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ŭɘŬɨɚɞɡɠ ɓɧɟŮɘŬ əŬɘ ɜɧŰɘŬ Űɖɠ ȷɑɔɘɜŬɠ198. Ƀɘ Hopkins and Coachman 

(1975)199 ɡˊɞɚɧɔɘůŬɜ ɧŰɘ ɞ ɢɟɧɜɞɠ ŬɜŬɜɏɤůɖɠ Űɤɜ ɡŭɎŰɤɜ ůŰɞɜ ȷɜŬŰɞɚɘəɧ ɆŬɟɤɜɘəɧ ůŮ 

ˊŮɟɑˊɞɡ 1 ɛɐɜŬ, Ůɜɩ ůŰɞ ŭɡŰɘəɧ ůŮ 2 əŬɘ ˊɎɜɤ ɔɘŬ ɓɎɗɖ 0 ï 100 m. ũɘŬ ɓɎɗɖ 150 ï 200 

m ɞɘ ɢɟɧɜɞɘ ŬɡɝɎɜɞɜŰŬɘ ůŮ 2.1 ɢɟɧɜɘŬ, Ůɜɩ ɔɘŬ ɓɎɗɖ Ɏɜɤ Űɤɜ 200 m ɞɘ ɢɟɧɜɞɘ 

ŬɜŬɜɏɤůɖɠ ŬɜɏɟɢɞɜŰŬɘ ůŮ 8.1 ɢɟɧɜɘŬ. ɆŰɖ ŭɡŰɘəɐ ɚŮəɎɜɖ, ůŮ ɓɎɗɖ ɛŮɔŬɚɨŰŮɟŬ Űɤɜ 150 m 

ɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ŬɚŬŰɧŰɖŰŬ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŮɚɎɢɘůŰŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɏŰɞɡɠ. ȼ 

ˊŬɟŬˊɎɜɤ ɡŭɟɞɚɞɔɘəɐ Ŭˊɞɛɧɜɤůɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɛɞɟűɞɚɞɔɘəɐ Ŭˊɞɛɧɜɤůɖ Űɖɠ 

ˊŮɟɘɞɢɐɠ Ŭˊɧ Űɖɜ ŬɜɞɘəŰɐ ɗɎɚŬůůŬ űŬɜŮɟɩɜɞɡɜ Űɖ ůŰŬůɘɛɧŰɖŰŬ Űɤɜ ɡŭɎŰɤɜ. 

 

ȼ əɡəɚɞűɞɟɑŬ Űɞɡ ɜŮɟɞɨ ůŰɞ ɆŬɟɤɜɘəɧ Ⱦɧɚˊɞ əŬɗɞɟɑɕŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ əŬŰŮɨɗɡɜůɖ 

əŬɘ Űɖɜ ɏɜŰŬůɖ Űɤɜ Ŭɜɏɛɤɜ200, ˊɞɡ ˊɜɏɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ, Ůɜɩ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ Ⱦɧɚˊɞɡ 

ŭŮɜ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ əɑɜɖůɖɠ Űɤɜ ɡŭɎŰɤɜ ɚɧɔɤ ˊŬɚɑɟɟɞɘŬɠ201. ȹɡɞ ɛɞɜŰɏɚŬ 

əɡəɚɞűɞɟɑŬɠ Űɞɡ ɜŮɟɞɨ ˊŬɟŬŰɖɟɞɨɜŰŬɘ, Űɞ əɡəɚɤɜɘəɧ, ɛŮ űɞɟɎ ŬɜŰɑɗŮŰɖ Űɤɜ ŭŮɘəŰɩɜ Űɞɡ 

ɟɞɚɞɔɘɞɨ əŬɘ Űɞ ŬɜŰɘəɡəɚɤɜɘəɧ, ɛŮ űɞɟɎ ŬɡŰɐɠ Űɤɜ ŭŮɘəŰɩɜ Űɞɡ ɟɞɚɞɔɘɞɨ202. ȳˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 7.2 ɞɘ ɓɧɟŮɘɞɘ əŬɘ ɜɞŰɘɞŬɜŬŰɞɚɘəɞɑ ɎɜŮɛɞɘ ˊɟɞəŬɚɞɨɜ əɡəɚɤɜɘəɐ 

əɡəɚɞűɞɟɑŬ, Ůɜɩ ɞɘ ɜɞŰɘɞŭɡŰɘəɞɑ ɏɤɠ ɜɞŰɘɞŬɜŬŰɞɚɘəɞɑ ˊɟɞəŬɚɞɨɜ ŬɜŰɘəɡəɚɤɜɘəɐ. ȼ 

ůɡɢɜɧŰɖŰŬ Űɤɜ Ŭɜɏɛɤɜ ɏɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ŮɑɜŬɘ 50 % ɓɧɟŮɘɞɘ (əɡəɚɤɜɘəɐ əɡəɚɞűɞɟɑŬ), 25 % 

ɜɧŰɘɞɘ ï ɜɞŰɘɞŬɜŬŰɞɚɘəɞɑ (əɡəɚɤɜɘəɐ), 25 % ɜɞŰɘɞŭɡŰɘəɞɑ ï ɜɞŰɘɞŬɜŬŰɞɚɘəɞɑ203 

(ŬɜŰɘəɡəɚɤɜɘəɐ ï ɓɚɏˊŮ ȺɘəɧɜŬ 7.2). 

 

 

7.1.3 ɆŰɟɤɛɎŰɤůɖ 

 

ȼ ůŰɟɤɛɎŰɤůɖ ůŰɞɜ ŮůɤŰŮɟɘəɧ əɧɚˊɞ ɝŮəɘɜɎ ůŰɖɜ Ŭɟɢɐ Űɖɠ Ɏɜɞɘɝɖɠ. ɆŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɊɡŰŰɎɚŮɘŬɠ Űɞ ɗŮɟɛɞəɚɘɜɏɠ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɓɎɗɞɠ 20 ï 30 m ůŰɖɜ Ŭɟɢɐ Űɞɡ əŬɚɞəŬɘɟɘɞɨ, 

űɗɎɜŮɘ ůŰɞɜ ˊɡɗɛɏɜŬ ɏɤɠ Űɞɜ ȷɨɔɞɡůŰɞ əŬɘ əŬŰŬɟɟɏŮɘ Űɞ űɗɘɜɧˊɤɟɞ201. ȼ ŮɛűɎɜɘůɖ 

ɗŮɟɛɞəɚɘɜɞɨɠ, Ŭəɟɘɓɩɠ ŮˊŮɘŭɐ ŮɛˊɞŭɑɕŮɘ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ ɛŮ 

ŰŬ ɓŬɗɨŰŮɟŬ, ɏɢŮɘ ůɖɛŬůɑŬ ɞůɞɜ ŬűɞɟɎ ůŰɖ ŭɘŬůˊɞɟɎ Űɤɜ ɟɨˊɤɜ, ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ ŬɡŰɞɑ 

ŬˊɞɟɟɑˊŰɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɐ ůŮ ɛŮɔɎɚɞ ɓɎɗɞɠ. ȼ ˊŬɟɞɡůɑŬ ɗŮɟɛɞəɚɘɜɞɨɠ 

ˊŬɟŮɛˊɞŭɑɕŮɘ əŬɘ Űɖɜ ɞɝɡɔɧɜɤůɖ Űɤɜ ɓŬɗɨŰŮɟɤɜ ůŰɟɤɛɎŰɤɜ ɛŮ əɑɜŭɡɜɞ ŮɛűɎɜɘůɖɠ 

Ŭɜɞɝɘəɩɜ ůɡɜɗɖəɩɜ, əɎŰɘ ˊɞɡ Ůˊɑůɖɠ ˊŬɟŬŰɖɟŮɑŰŬɘ, əɡɟɑɤɠ əŬŰɎ Űɞɡɠ ɗŮɟɘɜɞɨɠ ɛɐɜŮɠ, 

ůŰɞɜ Ⱦɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ204 205. 

 

ȷˊɧ Űɞɜ ȽŬɜɞɡɎɟɘɞ ɤɠ Űɞ ɀɎɟŰɘɞ ɖ ɡŭɎŰɘɜɖ ůŰɐɚɖ ŮɛűŬɜɑɕŮŰŬɘ əŬɚɎ ŬɜŬɛŮɛɘɔɛɏɜɖ Ŭˊɧ 

Űɖɜ ŮˊɘűɎɜŮɘŬ ɤɠ Űɞ ɓɎɗɞɠ. ȼ ɗŮɟɛɞəɟŬůɑŬ ˊɞɘəɑɚɚŮɘ ɛŮŰŬɝɨ 14 ï 16 ɞC. ȷˊɧ Űɞ ɀɎɟŰɘɞ, 

ŮɝŬɘŰɑŬɠ Űɖɠ ůɡɜŮɢɞɨɠ ɗɏɟɛŬɜůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, ɝŮəɘɜɎ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ 
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ɗŮɟɛɞəɚɘɜɞɨɠ. ȽůɢɡɟɧŰŬŰɞ ɗŮɟɛɞəɚɘɜɏɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɏɤɠ Űɞ ɃəŰɩɓɟɘɞ. 

ɊɨɢɟŬɜůɖ Űɤɜ ɡŭɎŰɤɜ ɝŮəɘɜɎ Űɞ űɗɘɜɧˊɤɟɞ ɛŮ ŮɚɎɢɘůŰŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɜŬ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ əŬŰɎ Űɞ ūŮɓɟɞɡɎɟɘɞ (14 ɞC), Ůɜɩ ɗɏɟɛŬɜůɖ ɝŮəɘɜɎ əŬŰɎ Űɖɜ Ɏɜɞɘɝɖ ɛŮ 

ɛɏɔɘůŰŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɜŬ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ Űɞɜ ȷɨɔɞɡůŰɞ (25 ɞC). ɆŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ 

ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɡɝɎɜŮŰŬɘ əŬŰɎ Űɞɡɠ ŬɜɞɘɝɘɎŰɘəɞɡɠ əŬɘ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ŬɚɚɎ ɛŮ ˊɞɚɨ 

ˊɘɞ Ŭɟɔɧ ɟɡɗɛɧ, Ůɜɩ ɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Űɞɜ ɃəŰɩɓɟɘɞ (16 ï 18 ɞC)200. 

 

ȼ ŬɚŬŰɧŰɖŰŬ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 36.9 ï 39.1 ă ɛŮ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ Űɞ 

ɢŮɘɛɩɜŬ, ɚɧɔɤ Űɤɜ ŮəŰŮŰŬɛɏɜɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ. ɆŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ ɖ ŬɚŬŰɧŰɖŰŬ 

ŬɚɚɎɕŮɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ Ůˊɞɢɐ ůŮ Ůˊɞɢɐ. ȼ ɞɛɞɘɞɛɞɟűɑŬ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ ůŮ ɧɚŬ ŰŬ ɓɎɗɖ 

Ŭˊɧ Űɞ ȹŮəɏɛɓɟɘɞ ɏɤɠ Űɞɜ ȷˊɟɑɚɘɞ əŬŰŬŭŮɘəɜɨŮɘ Űɖɜ ɏɚɚŮɘɣɖ ůŰɟɤɛɎŰɤůɖɠ əŬŰɎ Űɞɡɠ 

ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ206. ȺɝŬɑɟŮůɖ ɤɠ ˊɟɞɠ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚŮɑ ɖ ˊŮɟɘɞɢɐ ɜɧŰɘŬ Űɖɠ 

ɜɐůɞɡ ɊɡŰɎɚɚŮɘŬɠ, ɚɧɔɤ Űɖɠ Ůəɟɞɐɠ Űɤɜ ɚɡɛɎŰɤɜ Ŭˊɧ Űɖ ɀɞɜɎŭŬ ȺˊŮɝŮɟɔŬůɑŬɠ 

ȷůŰɘəɩɜ ȿɡɛɎŰɤɜ. 
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ȺɘəɧɜŬ 7.2: ȺˊɘűŬɜŮɘŬəɐ əɡəɚɞűɞɟɑŬ ůŰɞ ɆŬɟɤɜɘəɧ Ⱦɧɚˊɞ ɔɘŬ ŭɘɎűɞɟɞɡɠ Ŭɜɏɛɞɡɠ (L: əɡəɚɞɜɘəɐ, H: ŬɜŰɘəɡəɚɤɜɘəɐ 
əɡəɚɞűɞɟɑŬ)
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7.1.4 Ʉɖɔɏɠ ɟɨˊŬɜůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

 

ȼ ŬˊɞɡůɑŬ ɘůɢɡɟɩɜ ɟŮɡɛɎŰɤɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ Ŭˊɧɟɟɘɣɖ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ 

ůŰɘəɩɜ əŬɘ ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ ůŰŬ ůɢŮŰɘəɎ ŬɓŬɗɐ ɨŭŬŰŬ Űɞɡ ŮůɤŰŮɟɘəɞɨ əɧɚˊɞɡ, 

ˊɟɞəŬɚɞɨɜ ɏɜŰɞɜɖ ɟɨˊŬɜůɖ ůŰɖɜ ˊŮɟɘɞɢɐ. ȱŭɖ Ŭˊɧ ŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ ô70 ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ˊŮŭɑɞɡ ɛŬɨɟɖɠ Ŭɜɞɝɘəɐɠ ɘɚɨɞɠ, ˊɞɡ əɎɚɡˊŰŮ ˊŮɟɑˊɞɡ 9 km2 

əɞɜŰŬ ůŰɞɜ Ⱦɧɚˊɞ Űɞɡ ȾŮɟŬŰůɘɜɑɞɡ. Ƀɘ əɡɟɘɧŰŮɟŮɠ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɜɐůɞ ɊɡŰɎɚɚŮɘŬ, ɧˊɞɡ ɞŭɖɔɞɨɜŰŬɘ ŰŬ ɚɨɛŬŰŬ Űɖɠ ȷɗɐɜŬɠ əŬɘ 

ɡűɑůŰŬɜŰŬɘ ˊɟɤŰɞŰŬɔɐ əŬɘ ŭŮɡŰŮɟɞŰŬɔɐ ɓɘɞɚɞɔɘəɧ əŬɗŬɟɘůɛɧ, Ŭűɞɨ ˊɟɞɖɔɞɡɛɏɜɤɠ 

ɏɢɞɡɜ ɡˊɞůŰŮɑ Űɖɜ ŬɜŬɔəŬɑŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ ůŰɞɜ ȷəɟɞəɏɟŬɛɞ, ůŰɞ ȾŮɟŬŰůɑɜɘ. ȾŬŰɧˊɘɜ, 

ɛɏůɤ Ŭɔɤɔɩɜ ŭɘɎɗŮůɖɠ ɞŭɖɔɞɨɜŰŬɘ ůŮ ɘəŬɜɞˊɞɘɖŰɘəɧ ɓɎɗɞɠ (63 m) əŬɘ ŭɘŬɢɏɞɜŰŬɘ ůŰɞ 

ɆŬɟɤɜɘəɧ, ŬˊɞűɞɟŰɘůɛɏɜŬ əŬŰɎ 90 % Ŭˊɧ Űɞ ɟɡˊŬɜŰɘəɧ Űɞɡɠ űɞɟŰɑɞ. ɆŰɖ ȹɟŬˊŮŰůɩɜŬ, 

ŰŬ əŬŰɎɚɞɘˊŬ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ ɚɘˊŬůɛɎŰɤɜ ŬˊɞŰŮɚɞɨɜ ɛɘŬ Ŭəɧɛɖ Ůɜ ŭɡɜɎɛŮɘ ˊɖɔɐ 

ɟɨˊŬɜůɖɠ. Ⱥˊɘˊɚɏɞɜ, Űɞ ɚɘɛɎɜɘ Űɞɡ ɄŮɘɟŬɘɎ, ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ Űɖɠ ɀŮůɞɔŮɑɞɡ, 

ŬˊɞŰŮɚŮɑ ɛɘŬ ŬɝɘɞůɖɛŮɑɤŰɖ ˊɖɔɐ ɟɨˊŬɜůɖɠ ɛŮ Űɖ ɛŮɔɎɚɖ ůɡɢɜɧŰɖŰŬ ŭɘŮɚŮɨůŮɤɠ ˊɚɞɑɤɜ. 

Ƀɘ ŰɞɡɟɘůŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ˊɞɡ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜŬˊŰɡɔɛɏɜŮɠ, Űɧůɞ ůŰɘɠ ŬəŰɏɠ Űɖɠ 

ȷŰŰɘəɐɠ, ɧůɞ əŬɘ ůŰɘɠ ŬəŰɏɠ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ ůɡɜŮɘůűɏɟɞɡɜ əɘ ŬɡŰɏɠ ůŰɖ ɟɨˊŬɜůɖ Űɞɡ 

ɆŬɟɤɜɘəɞɨ. ɇɏɚɞɠ, ůŰɘɠ ˊŬɟŬˊɎɜɤ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŰŮɗŮɑ ɖ ɟɨˊŬɜůɖ 

ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖɜ əɡəɚɞűɞɟɑŬ Űɤɜ ŬɡŰɞəɘɜɐŰɤɜ ůŰɘɠ ˊŬɟŬɚɘŬəɏɠ ɚŮɤűɧɟɞɡɠ əŬɘ 

ůŰɖɜ Ůɗɜɘəɐ ɞŭɧ ȷɗɖɜɩɜ ï Ⱦɞɟɑɜɗɞɡ, əŬɗɩɠ əŬɘ ɖ ɟɨˊŬɜůɖ Ŭˊɧ ɜŬɡɎɔɘŬ143 207 208. 

 

 

7.2 ȾɃȿɄɃɆ ȺȿȺɈɆȽɁȷɆ 

 

Ƀ Ⱦɧɚˊɞɠ Űɖɠ ȺɚŮɡůɑɜŬɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬɓŬɗɐ ɚŮəɎɜɖ, ɖ ɞˊɞɘŬ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ Űɞɜ ɡˊɧɚɞɘˊɞ 

ɆŬɟɤɜɘəɧ Ⱦɧɚˊɞ ŭɘŬɛɏůɞɡ ŭɡɞ ůŰŮɜɩɜ ŭɘŬɨɚɤɜ ˊɞɡ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬəŰɐ Űɖɠ ȷŰŰɘəɐɠ əŬɘ 

Űɖɠ ɜɐůɞɡ ɆŬɚŬɛɑɜŬɠ. Ƀ ŭɑŬɡɚɞɠ Űɞɡ ȾŮɟŬŰůɘɜɑɞɡ ɏɢŮɘ ɓɎɗɞɠ 12 m əŬɘ ˊɚɎŰɞɠ ŮˊɘűɎɜŮɘŬɠ 

1200 m, Ůɜɩ ɞ ŭɑŬɡɚɞɠ Űɤɜ ɀŮɔɎɟɤɜ ɏɢŮɘ ɓɎɗɞɠ 8 m əŬɘ ˊɚɎŰɞɠ ŮˊɘűɎɜŮɘŬɠ 600 m. Ƀ 

Ⱦɧɚˊɞɠ Űɖɠ ȺɚŮɡůɑɜŬɠ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ 37ɞ 55' 08'' ɏɤɠ 37ɞ 57' 00'' ɓɧɟŮɘɞ ˊɚɎŰɞɠ əŬɘ Ŭˊɧ 23ɞ 

20' 40'' ɏɤɠ 23ɞ 35' 40'' ŬɜŬŰɞɚɘəɧ ɛɐəɞɠ əɘ ɏɢŮɘ ůɡɜɞɚɘəɐ ɏəŰŬůɖ 67 km2 209 əŬɘ ůɡɜɞɚɘəɧ 

ɧɔəɞ ɡŭɎŰɤɜ 1282 x 106 m3. 

 

 

7.2.1 ɀɞɟűɞɚɞɔɑŬ əŬɘ ɓŬɗɡɛŮŰɟɑŬ 
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Ƀ Ⱦɧɚˊɞɠ Űɖɠ ȺɚŮɡůɑɜŬɠ ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɞ ɓɎɗɞɠ 33 m əŬɘ ɛɏůɞ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 18 m. 

ɇɞ 77 % Űɤɜ ɡŭɎŰɤɜ əŬŰŬɜɏɛŮŰŬɘ ɛɏɢɟɘ ŰŬ 18 m əŬɘ Űɞ ɡˊɧɚɞɘˊɞ 23 % Ŭˊɧ 18 ɏɤɠ 33 m 

ɓɎɗɞɠ. 

 

 

7.2.2 ɈŭɟɞɚɞɔɑŬ, ɡŭɎŰɘɜɖ əɡəɚɞűɞɟɑŬ əŬɘ ůŰɟɤɛɎŰɤůɖ 

 

ɇɖ ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ ɞ əɧɚˊɞɠ ŮɑɜŬɘ ɣɡɢɟɧŰŮɟɞɠ Ŭˊɧ Űɞɜ ɡˊɧɚɞɘˊɞ ɆŬɟɤɜɘəɧ, əŬŰɎ 2 ɞC 

Űɞ ȹŮəɏɛɓɟɘɞ əŬɘ əŬŰɎ 3 ɞC Űɞɜ ȽŬɜɞɡɎɟɘɞ. ɇɖɜ ɑŭɘŬ ŰɎůɖ ŬəɞɚɞɡɗŮɑ əŬɘ ɖ ŬɚŬŰɧŰɖŰŬ. ɇŬ 

ɜŮɟɎ ůŰɞ ŭɡŰɘəɧ əɧɚˊɞ ŮɑɜŬɘ ɗŮɟɛɧŰŮɟŬ Ŭˊɧ ɧŰɘ ůŰɞɜ ŬɜŬŰɞɚɘəɧ, Ůɜɩ Űɞ ȹŮəɏɛɓɟɘɞ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŮɚŬűɟɩɠ ɡɣɖɚɧŰŮɟɖ ŬɚŬŰɧŰɖŰŬ210. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ űŬɜŮɟɩɜɞɡɜ ɛɘŬ 

əŬɗŬɟɐ ɡŭɎŰɘɜɖ ɟɞɐ Ŭˊɧ ŰŬ ŭɡŰɘəɎ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ, ˊɞɡ ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ůŮ 240 m3 s-

1 ɛŮ ɢɟɧɜɞ ŬɜŬɜɏɤůɖɠ Űɤɜ ɡŭɎŰɤɜ ɜŬ ŬɜɏɟɢŮŰŬɘ ůŮ 2 ɛɐɜŮɠ211. 

 

ȼ ɗŮɟɛɘəɐ ůŰɟɤɛɎŰɤůɖ Űɤɜ ɡŭɎŰɤɜ ɝŮəɘɜɎ Űɞ ɀɎɟŰɘɞ, ɧˊɞɡ ɖ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ əŬŰɎ 0.3 

ɞC ɡɣɖɚɧŰŮɟɖ Űɞɡ ɓɡɗɞɨ, əɘ ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɖ ŭɘŬűɞɟɎ Űɞɜ ȷɨɔɞɡůŰɞ, ɧˊɞɡ ɖ 

ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ 24 ï 25 ɞC, Ůɜɩ ůŰɞ ɓɡɗɧ ˊŮɟɑˊɞɡ 15 ɞC. ɇɞ 

ɗŮɟɛɞəɚɘɜɏɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬ 15 m ˊŮɟɑˊɞɡ. ɆŰɟɤɛɎŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ Ŭˊɧ Űɖɜ 

ŬɚŬŰɧŰɖŰŬ, ɖ ɞˊɞɑŬ ɝŮəɘɜɎ Ůˊɑůɖɠ Űɞ ɀɎɟŰɘɞ, ɛŮ Űɘɛɏɠ ŮˊɘűɎɜŮɘŬɠ ˊŮɟɑˊɞɡ 0.1 psu 

ɛɘəɟɧŰŮɟŮɠ Űɞɡ ɓɡɗɞɨ. ɀŮŰɎ Űɞ ɀɎɟŰɘɞ, ɖ ŮˊɘűŬɜŮɘŬəɐ ŮɝɎŰɛɘůɖ ŭɑɜŮɘ ɛŮɔŬɚɨŰŮɟŮɠ 

ŬɚŬŰɧŰɖŰŮɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ɇɏɚɞɠ, ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɞɘ ŬɚŬŰɧŰɖŰŮɠ Űɤɜ ɡŭɎŰɤɜ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɡɣɖɚɧŰŮɟŮɠ ůŰɞ əɏɜŰɟɞ Űɞɡ Ⱦɧɚˊɞɡ Űɖɠ ȺɚŮɡůɑɜŬɠ Ŭˊɧ ɧŰɘ ůŰɞɡɠ 

ŭɘŬɨɚɞɡɠ212. ɇɖɜ əŬɚɞəŬɘɟɘɜɐ ˊŮɟɑɞŭɞ ɖ ɟɞɐ Űɤɜ ɡŭɎŰɤɜ ŬɜŬůŰɟɏűŮŰŬɘ əŬɘ ɖ əŬŰŮɨɗɡɜůɖ 

ŮɑɜŬɘ Ŭˊɧ ŰŬ ŬɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ɛŮ ɟɡɗɛɧ 450 m-3 s-1. ȼ ɛŮŰŬűɞɟɎ Űɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ ůɡɛɓŬɑɜŮɘ Ŭˊɧ Űɞ ŭɡŰɘəɧ ŭɑŬɡɚɞ, ɛɏůɤ Űɞɡ Ⱦɧɚˊɞɡ Űɞɡ 

ȾŮɟŬŰůɘɜɑɞɡ əŬɘ Űɞɡ ȹɡŰɘəɞɨ ɆŬɟɤɜɘəɞɨ, Ůɜɩ ŰŬ ɓŬɗɨŰŮɟŬ ɨŭŬŰŬ ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɞɜ 

Ⱦɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ ˊɟɞɠ Űɞ ȹɡŰɘəɧ ɆŬɟɤɜɘəɧ. 

 

Ƀɘ Scoullos and Riley (1978)213 ŬɜŬűɏɟɞɡɜ Ůˊɑůɖɠ ɧŰɘ ůŰɖ ŭɘɎɟəŮɘŬ Űɞɡ ɢŮɘɛɩɜŬ ŰŬ ɜŮɟɎ 

ŬɜŬɛɘɔɜɨɞɜŰŬɘ ˊɚɐɟɤɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ Ŭɜɏɛɤɜ əŬɘ Űɖɠ ŬˊɞɡůɑŬɠ ɗŮɟɛɞəɚɘɜɞɨɠ. ȼ 

ůŰɟɤɛɎŰɤůɖ ɝŮəɘɜɎ Űɞ ɀɎɘɞ əŬɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ Űɞɜ ȷɨɔɞɡůŰɞ, Ůɜɩ ɖ űɗɘɜɞˊɤɟɘɜɐ 

ŬɜŬůŰɟɞűɐ ɝŮəɘɜɎ Űɞ Ɂɞɏɛɓɟɘɞ əŬɘ ŭɘŬŰɖɟŮɑŰŬɘ ɛɏɢɟɘ Űɞ ɀɎɟŰɘɞ. ȼ ŬɚŬŰɧŰɖŰŬ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ ůŰɘɠ ŬəŰɏɠ Űɖɠ ȺɚŮɡůɑɜŬɠ Ŭˊɧ Űɖɜ Ůəɟɞɐ ɔɚɡəɩɜ əŬɘ ɡűɎɚɛɡɟɤɜ ŬˊɞɓɚɐŰɤɜ, 

ɧˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ȸɚɨɢŬ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ ɡˊɞɗŬɚɎůůɘɤɜ ˊɖɔɩɜ ɔɚɡəɞɨ ɜŮɟɞɨ.  
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7.2.3 Ʉɖɔɏɠ ɟɨˊŬɜůɖɠ 

 

Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ Űɞɡ Ⱦɧɚˊɞɡ Űɖɠ ȺɚŮɡůɑɜŬɠ ŮɑɜŬɘ ɖ ɓɘɞɛɖɢŬɜɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ, ɖ ɨˊŬɟɝɖ Űɤɜ ˊɚɞɑɤɜ ɛŮ Űɘɠ ůɡɜŬűŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ˊɞɡ 

ůɡɜŮˊɎɔɞɜŰŬɘ, ɧˊɤɠ ŭɘŬəɑɜɖůɖ, ɜŬɡˊɖɔɞŮˊɘůəŮɡŬůŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ, ˊŬɟɞˊɚɘůɛɧɠ 

əŬ214 215 216. 

 

ȼ ɓɘɞɛɖɢŬɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ˊɞɡ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ůŰɖ ɓɧɟŮɘŬ əŬɘ ŬɜŬŰɞɚɘəɐ ˊɚŮɡɟɎ Űɞɡ 

Ⱦɧɚˊɞɡ ɟɡˊŬɑɜŮɘ Űɖɜ ˊŮɟɘɞɢɐ ɛŮ ɡɔɟɎ ŬˊɧɓɚɖŰŬ, ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɟɨˊɞɡɠ ůŮ ŭɘŬɚɡŰɐ əŬɘ 

ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ. Ⱥˊɑůɖɠ, ɖ ůəɧɜɖ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ ɓɘɞɛɖɢŬɜɑŮɠ ŬˊɞŰɑɗŮŰŬɘ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɤɠ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ. ɇŬ ŬɘɤɟɞɨɛŮɜŬ ŬɡŰɎ ůɡůŰŬŰɘəɎ 

əŬɗɘɕɎɜɞɡɜ ůŰŬŭɘŬəɎ ůŰŬ ɘɕɐɛŬŰŬ, Ŭűɞɨ ˊɟɩŰŬ ɡˊɞůŰɞɨɜ ŮˊŬɜŬŭɘɎɚɡůɖ Űɤɜ ŮɡŭɘɎɚɡŰɤɜ 

ůɡůŰŬŰɘəɩɜ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ. 

 

ȼ ŭɘŬəɑɜɖůɖ Űɤɜ ˊɚɞɑɤɜ ůɡɜŮˊɎɔŮŰŬɘ ˊɘɗŬɜɐ ɟɨˊŬɜůɖ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ ˊŮŰɟŮɚŬɘɞŮɘŭɐ. 

ȼ ɜŬɡˊɐɔɖůɖ əŬɘ ŮˊɘůəŮɡɐ ˊɚɞɑɤɜ ůŰŬ ɜŬɡˊɖɔŮɑŬ ɟɡˊŬɑɜŮɘ Űɖ ɗɎɚŬůůŬ ɛŮ ɛɏŰŬɚɚŬ ůŮ 

ŭɘŬɚɡŰɐ əŬɘ ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ Ŭˊɧ Űɘɠ Ŭɛɛɞɓɞɚɏɠ, Űɘɠ ɛɖɢŬɜɞɡɟɔɘəɏɠ ŮɟɔŬůɑŮɠ ůŮ 

ůɘŭɖɟɞəŬŰŬůəŮɡɏɠ əŬɘ ůŮ ɡűŬɚɞɢɟɩɛŬŰŬ. ɇŬ ˊŬɟɞˊɚɘůɛɏɜŬ ɟɡˊŬɑɜɞɡɜ Ůˊɑůɖɠ ɛŮ 

ɛɏŰŬɚɚŬ Ŭˊɧ ŰŬ ɡűŬɚɞɢɟɩɛŬŰŬ, ŬɚɚɎ əŬɘ ɛŮ ŬɘɤɟɞɨɛŮɜŬ ůɡůŰŬŰɘəɎ əŬɘ ɚɎŭɘŬ, Ůűɧůɞɜ 

ŭɘŬɚɡɗɞɨɜ. 

 

ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ɏəˊɚɡůɖ Ŭˊɧ Űɘɠ ɓɟɞɢɏɠ Űɤɜ ɔŮɤɟɔɘəɩɜ ɚɘˊŬůɛɎŰɤɜ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ ŬɔɟɞŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɟɡˊŬɑɜŮɘ 

ŬɜŬˊɧűŮɡəŰŬ Űɖ ɗɎɚŬůůŬ ůŮ əɎˊɞɘɞ ɓŬɗɛɧ, ɧˊɤɠ Ŭəɟɘɓɩɠ əŬɘ ɖ əɑɜɖůɖ Űɤɜ 

ŬɡŰɞəɘɜɐŰɤɜ ůŰɖɜ Ůɗɜɘəɐ ɞŭɧ əŬɘ ůŮ ˊŮɟɘűŮɟŮɘŬəɏɠ ɞŭɞɨɠ. 

 

 

7.3 ɆȼɀȺȽȷ ȹȺȽũɀȷɇɃȿȼɊȽȷɆ 

 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ 7 ůŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, 2 ůŰɞɜ 

Ⱦɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ (əɏɜŰɟɞ əŬɘ ŭɡŰɘəɧɠ ŭɑŬɡɚɞɠ) ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 30 m əŬɘ 5 ůŰɞɜ 

ŮɡɟɨŰŮɟɞ ɆŬɟɤɜɘəɧ Ⱦɧɚˊɞ ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 200 m. ɆɡɔəŮəɟɘɛɏɜŬ: 

ü O ůŰŬɗɛɧɠ 1 (S.1), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 30 m, ɓɟɑůəŮŰŬɘ ůŰɞ əɏɜŰɟɞ Űɞɡ Ⱦɧɚˊɞɡ Űɖɠ 

ȺɚŮɡůɑɜŬɠ. ɆŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɏɢɞɡɜ ɚɖűɗŮɑ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, Ŭˊɧ ɓɎɗɞɠ 

15 m əŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (25 m). 
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ü Ƀ ůŰŬɗɛɧɠ 2 (S.2), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 30 m, ɓɟɑůəŮŰŬɘ ůŰɞ ŭɡŰɘəɧ ŭɑŬɡɚɞ ŮɝɤŰŮɟɘəɎ Űɞɡ 

Ⱦɧɚˊɞɡ Űɖɠ ȺɚŮɡůɑɜŬɠ. ɆŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɏɢɞɡɜ ɚɖűɗŮɑ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, 

Ŭˊɧ ɓɎɗɞɠ 15 m əŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (25 m). 

ü Ƀ ůŰŬɗɛɧɠ 3 (S.3), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 70 m, ɓɟɑůəŮŰŬɘ ˊŮɟɑˊɞɡ 4 Nm ɜɧŰɘŬ Űɖɠ ɜɐůɞɡ 

ɊɡŰɎɚɚŮɘŬɠ əɞɜŰŬ ůŰɞɜ Ŭɔɤɔɧ Ŭˊɧ ɧˊɞɡ Ůəɟɏɞɡɜ ŰŬ ŮˊŮɝŮɟɔŬůɛɏɜŬ ŬˊɧɓɚɖŰŬ Ŭˊɧ Űɖ 

ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ Űɖɠ ȺɈȹȷɄ. ɆŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɏɢɞɡɜ ɚɖűɗŮɑ 

ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, Ŭˊɧ ɓɎɗɞɠ 15 m əŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (60 m). 

ü Ƀ ůŰŬɗɛɧɠ 4 (S.4), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 220 m ˊŮɟɑˊɞɡ, ɓɟɑůəŮŰŬɘ ɓɞɟŮɘɞŭɡŰɘəɎ Űɞɡ 

ɆŬɟɤɜɘəɞɨ Ⱦɧɚˊɞɡ əɞɜŰɎ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ MOTOROIL. ɆŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɏɢɞɡɜ 

ɚɖűɗŮɑ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, Ŭˊɧ ɓɎɗɞɠ 50 m, Ŭˊɧ ɓɎɗɞɠ 100 m əŬɘ ɚɑɔɞ ˊɟɘɜ 

Űɞɜ ˊɡɗɛɏɜŬ (200 m). 

ü Ƀ ůŰŬɗɛɧɠ 5 (S.5), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 95 m, ɓɟɑůəŮŰŬɘ 4 Nm ɜɧŰɘŬ Űɖɠ ɜɐůɞɡ ɆŬɚŬɛɑɜŬɠ, 

ůŰɞ Ŭɔəɡɟɞɓɧɚɘɞ ɄŮɘɟŬɘɩɠ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ Ŭɔəɡɟɞɓɞɚɞɨɜ ŮɛˊɞɟɘəɎ ˊɚɞɑŬ ɏɤɠ ɧŰɞɡ 

ɚɎɓɞɡɜ ɎŭŮɘŬ Ŭˊɧ Űɞ ɚɘɛŮɜŬɟɢŮɑɞ ɜŬ Ůɘůɏɚɗɞɡɜ ůŰɞ ɚɘɛɎɜɘ Űɞɡ ɄŮɘɟŬɘɎ. ɆŰɞɜ Ůɜ ɚɧɔɤ 

ůŰŬɗɛɧ ɏɢɞɡɜ ɚɖűɗŮɑ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, Ŭˊɧ ɓɎɗɞɠ 35 m əŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ 

ˊɡɗɛɏɜŬ (90 m). 

ü Ƀ ůŰŬɗɛɧɠ 6 (S.6), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 105 m, ɓɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŰŬ ɀɏɗŬɜŬ əŬɘ Űɖ ɜɐůɞ 

ȷɑɔɘɜŬ. ɆŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɏɢɞɡɜ ɚɖűɗŮɑ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, Ŭˊɧ ɓɎɗɞɠ 35 m 

əŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (100 m). 

ü ɇɏɚɞɠ, ɞ ůŰŬɗɛɧɠ 7 (S.7), ɛŮɔɑůŰɞɡ ɓɎɗɞɡɠ 220 m, ɓɟɑůəŮŰŬɘ ůŰɞ ɁɧŰɘɞ ɆŬɟɤɜɘəɧ, ɚɑɔɞ 

ˊɟɘɜ Űɖɜ ɏɝɞŭɞ Ŭˊɧ Űɞɜ ɆŬɟɤɜɘəɧ ˊɟɞɠ Űɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ. ɆŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɏɢɞɡɜ 

ɚɖűɗŮɑ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, Ŭˊɧ ɓɎɗɞɠ 50 m, Ŭˊɧ ɓɎɗɞɠ 100 m əŬɘ ɚɑɔɞ ˊɟɘɜ 

Űɞɜ ˊɡɗɛɏɜŬ (200 m). 

 

Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ůŰŬɗɛɩɜ əŬɘ ŰŬ Ŭəɟɘɓɐ ůɖɛŮɑŬ Űɞɡɠ ˊɎɜɤ ůŰɞ ɢɎɟŰɖ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ 

ůŰɖɜ ȺɘəɧɜŬ 7.3 əŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 7.1. 
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ȺɘəɧɜŬ 7.4: ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əŬɘ ɞɘ ůŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůŮ ɛɘŬ ˊɘɞ ɝŮəɎɗŬɟɖ ŮɘəɞɜŬ 



 
136 

 

 

ɄɑɜŬəŬɠ 7.1: ɆɡɜŰŮŰŬɔɛɏɜŮɠ əŬɘ ɓɎɗɖ ůŰŬɗɛɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ɆŰŬɗɛɧɠ ɆɡɜŰŮŰŬɔɛɏɜŮɠ 

ȸɎɗɖ 

ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ 

(m) 

1 
N 38ɞ 00.579 
E 23ɞ 32.285 

0, 15, 25 

2 
N 37ɞ 58.083 
E 23ɞ 26.100 

0, 15, 25 

3 
N 37ɞ 55.108 
E 23ɞ 35.294 

0, 15, 60 

4 
N 37ɞ 53.455 
E 23ɞ 09.335 

0, 50, 100, 200 

5 
N 37ɞ 51.287 
E 23ɞ 33.372 

0, 35, 90 

6 
N 37ɞ 39.124 
E 23ɞ 27.136 

0, 35, 100 

7 
N 37ɞ 42.232 
E 23ɞ 38.625 

0, 50, 100, 200 

 

 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 4 ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ (ɢŮɘɛɩɜŬɠ ï əŬɚɞəŬɑɟɘ ï űɗɘɜɧˊɤɟɞ ï ɢŮɘɛɩɜŬɠ). ȼ 

ˊɟɩŰɖ ůŰɘɠ Ŭɟɢɏɠ ūŮɓɟɞɡŬɟɑɞɡ 2007 (4, 5, 6/01/2007), ɖ ɞˊɞɑŬ ŭɘŬəɧˊɖəŮ ɚɧɔɤ ŰŮɢɜɘəɩɜ 

ˊɟɞɓɚɖɛɎŰɤɜ. ȺɚɐűɗɖůŬɜ ŭŮɑɔɛŬŰŬ ɛɧɜɞ Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ S.3, S.5 əŬɘ S.7. ȼ ŭŮɨŰŮɟɖ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞɜ Ƚɞɨɚɘɞ 2008 (28, 29/07/2008) əŬɘ Űɞɜ ȷɨɔɞɡůŰɞ 2008 (25, 

26/08/2008), ɛŮ Űɖ ŭɘŬəɞˊɐ ůŰɞ ɛŮůɞŭɘɎůŰɖɛŬ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ əɎəɘůŰŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. ȼ 

ŰɟɑŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞɜ ɃəŰɩɓɟɘɞ 2008 (23, 29/10/2008) əŬɘ Űɞ 

Ɂɞɏɛɓɟɘɞ 2008 (3, 5/11/2008) ůŮ ɖɛɏɟŮɠ ɧůɞ Űɞ ŭɡɜŬŰɧ əŬɘɟɘəɎ ˊɘɞ ɐɟŮɛŮɠ. ɇɏɚɞɠ, ɖ ŰɏŰŬɟŰɖ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞɜ ȽŬɜɞɡɎɟɘɞ 2009 (21, 29/01/2009) əŬɘ Űɞ ūŮɓɟɞɡɎɟɘɞ 

2009 (3, 4/02/2009). ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůəɎűɖ Űɖɠ ŮŰŬɘɟŮɑŬɠ "PSOMAKARA DIVERSò. ɇŬ 

ůəɎűɖ çȯɔɘɞɠ Ⱥɡɗɨɛɘɞɠè əŬɘ çȯɔɘɞɠ ɁŮəŰɎɟɘɞɠè ɐŰŬɜ ɛɐəɞɡɠ 9 əŬɘ 12 ɛɏŰɟɤɜ, əŬŰɎɚɚɖɚŬ 

ɔɘŬ ŮɟɔŬůɑŮɠ ůŰɞ Ůɜ ɚɧɔɤ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ɓɎůɖ Űɘɠ ŮˊɘəɟŬŰɞɨůŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ 

Űɖɠ Ůˊɞɢɐɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ əŬŰŬŭɡŰɘəɎ ůəɎűɖ, əŬŰɎɚɚɖɚŬ ɔɘŬ ŮɟɔŬůɑŮɠ ůŮ ŭɘɎűɞɟŬ ɓɎɗɖ 

(ŮɜŰɞˊɘůɛɧɠ əŬɘ ŬɜɏɔŮɟůɖ Ŭɔəɡɟɩɜ, ŬɜŬɔɧɛɤůɖ ɡűɎɚɤɜ əɚˊ). Ⱦɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡɠ 

ɐŰŬɜ ɖ ɨˊŬɟɝɖ ɛɖɢŬɜɘəɞɨ ŮɟɔɎŰɖ (ɓɑɜŰɕɘ) əŬɘ ůɡɟɛŬŰɧůɢɞɘɜɞɡ ɛɐəɞɡɠ 200 ɛɏŰɟɤɜ, ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖ ɓɨɗɘůɖ ɞɔəɩŭɞɡɠ Ůɝɞˊɚɘůɛɞɨ ůŮ ɛŮɔɎɚŬ ɓɎɗɖ. 
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ɇɃ 
234
Th ɋɆ ūɈɆȽȾɃɆ ȽɉɁȼŪȺɇȼɆ ɆɇɃɁ 

ɄɅɃɆȹȽɃɅȽɆɀɃ ɇȼɆ ȾȷɇȷȾɃɅɈūȼɆ ɅɃȼɆ ɇɋɁ 

ɆɋɀȷɇȽȹȽɋɁ ɆɇȼɁ ɈȹȷɇȽɁȼ Ɇɇȼȿȼ. ɇɃ ɀɃɁɇȺȿɃ 

ȷɄɃȾȿȽɆȼɆ ȷɄɃ ɇȼɁ ȽɆɃɅɅɃɄȽȷ 
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8.1 ȺȽɆȷũɋũȼ 

 

ȰɜŬ Ŭˊɧ ŰŬ ŭɡůŮˊɑɚɡŰŬ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ɤəŮŬɜɞɔɟŬűɑŬ ŮɑɜŬɘ Űɞ ˊɩɠ ŰŬ ůɤɛŬŰɑŭɘŬ, ŰŬ 

ɞˊɞɑŬ ŮɘůɎɔɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɗŬɚŬůůɩɜ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ. ɆɡɜŮɢɑɕŮŰŬɘ ɖ 

ůɡɕɐŰɖůɖ ɔɨɟɤ Ŭˊɧ űŬɘɜɧɛŮɜŬ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɚɎůɛŬŰŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ˊɡəɜɧŰɖŰŬ ɐ Űɞ ɛɏɔŮɗɞɠ Űɞɡɠ, Űɖ ɓɘɞůɡůůɩɟŮɡůɖ ůŮ ɞɟɔŬɜɘůɛɞɨɠ, Űɖɜ ŬɜŬŭɘɎɚɡůɖ Ŭˊɧ 

ɘɕɐɛŬŰŬ. Ƀ əɡɟɘɧŰŮɟɞɠ Űɟɧˊɞɠ ɛŮŰŬűɞɟɎɠ ɞɡůɘɩɜ, ɧˊɤɠ ɞ ɞɟɔŬɜɘəɧɠ C, ŭɘɎűɞɟŬ 

ɘɢɜɞůŰɞɘɢŮɑŬ ə.Ŭ., Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ůŰɞɜ ˊɡɗɛɏɜŬ ŮɑɜŬɘ ɛɏůɤ ŭɏůɛŮɡůɖɠ ɛŮ ŰŬ 

ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ. ɀɏɢɟɘ ůɐɛŮɟŬ ɖ ŮəŰɑɛɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ əŬɘ Űɖɠ ɢɤɟɘəɐɠ əŬɘ 

ɢɟɞɜɘəɐɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ɟɞɐɠ Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ˊŬɟŬɛɏɜŮɘ ɏɜŬ ŭɨůəɞɚɞ 

ɗɏɛŬ217. 

 

ȼ ɢɖɛŮɑŬ əŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůɤɛŬŰɘŭɘŬəɐɠ ɨɚɖɠ əŬŰɎ Űɖɜ əŬŰŬɓɨɗɘůɖ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ 

Űɖ ɢɖɛɘəɐ, ɔŮɤɚɞɔɘəɐ əŬɘ ɓɘɞɚɞɔɘəɐ ɤəŮŬɜɞɔɟŬűɑŬ. ȼ ůɤɛŬŰɘŭɘŬəɐ ɨɚɖ ɏɢŮɘ ɓɘɞɚɞɔɘəɐ ŭɟɎůɖ 

ŮɜŰɧɠ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ůŰɟɩɛŬŰɞɠ Űɖɠ ɗɎɚŬůůŬɠ. ȸɡɗɑɕŮŰŬɘ ˊŮɟɜɩɜŰŬɠ Ŭˊɧ Űɖ ɕɩɜɖ Űɞɡ 

ɗŮɟɛɞəɚɘɜɞɨɠ əŬɘ ˊɟɞəŬɚŮɑ űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ɞ ŬˊŮɛˊɚɞɡŰɘůɛɧɠ Űɤɜ ɗɟŮˊŰɘəɩɜ Ŭˊɧ ŰŬ 

ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ ɛŮ ŰŬɡŰɧɢɟɞɜɞ ŮɛˊɚɞɡŰɘůɛɧ Űɤɜ ɓŬɗɨŰŮɟɤɜ ůŰɟɤɛɎŰɤɜ. ɇŬ 

ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ ŬɜŬəɡəɚɩɜɞɜŰŬɘ ůŰɖɜ ŮɡɟŮɑŬ ɕɩɜɖ Űɤɜ 1000 m Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ. 

ɋůŰɧůɞ, ɖ ˊɞɚɨˊɚɞəɖ űɨůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ŬɡŰɩɜ ŬˊɞəɚŮɑŮɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɟɡɗɛɞɨ 

ŬɜŬəɨəɚɤůɖɠ Űɤɜ ɗɟŮˊŰɘəɩɜ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ȼ əŬŰŬɜɧɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ, ɞɘ ɞˊɞɑŮɠ 

ůɡɛɓŬɑɜɞɡɜ ůŰɞ ɓɡɗɧ, ɧůɞɜ ŬűɞɟɎ ůŰɖ ůɤɛŬŰɘŭɘŬəɐ ɨɚɖ, ůɡɛɓɎɚɚŮɘ ůŰɖɜ ˊŮɟŬɘŰɏɟɤ ɔɜɩůɖ 

ŭɘŬŭɘəŬůɘɩɜ, ɧˊɤɠ ɖ ŬɜŬəɨəɚɤůɖ Űɤɜ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ əŬɘ ɖ ɘɕɖɛŬŰɞɔɏɜŮůɖ218. 

 

ȼ əŬŰŬəɧɟɡűɖ ɟɞɐ ɞˊɞɘɞɡŭɐˊɞŰŮ ɢɖɛɘəɞɨ ůŰɞɘɢŮɑɞɡ ůŮ ůɤɛŬŰɘŭɘŬəɐ űɎůɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɛɏɔŮɗɞɠ, Űɖɜ ˊɡəɜɧŰɖŰŬ əŬɘ Űɖ ůɡɛˊŮɟɘűɞɟɎ əŬŰɎ Űɖɜ ŮɜŬˊɧɗŮůɖ Űɞɡ ůɤɛŬŰɘŭɑɞɡ, Űɞ ɞˊɞɑɞ 

ɛŮŰŬűɏɟŮɘ Űɞ ůŰɞɘɢŮɑɞ. Ʉɘɞ ɘŭŬɜɘəɎ, ɗŬ ɛˊɞɟɞɨůŮ əŬɜŮɑɠ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ Űɖɜ əŬŰŬəɧɟɡűɖ 

ɢɖɛɘəɐ ɟɞɐ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ɓɎɗɞɡɠ. ȷɚɚŬɔɏɠ ůŰɖ ɟɞɐ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ ɤɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ȼ ɟɞɐ Űɤɜ ɢɖɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŮ 

ɓɎɗɞɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɩůŮɘ Űɞɡɠ ɟɡɗɛɞɨɠ ŮɜŬˊɧɗŮůɖɠ219. 

 

ɇŬ ˊɞůɞůŰɎ ɛŮŰŬűɞɟɎɠ əŬɘ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ůɡɛɓŬɑɜɞɡɜ ůŰɞɜ ɤəŮŬɜɧ 

ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ əŬɘ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ɛŮ ɓɎůɖ Űɖ ɟŬŭɘŮɜŮɟɔɧ ŭɘɎůˊŬůɖ Űɤɜ 
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űɡůɘəɩɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ ɞɡɟŬɜɑɞɡ ï ɗɞɟɑɞɡ (U ïTh)220. ɇɞ 234Th (tİ = 24.1 d) ˊŬɟɎɔŮŰŬɘ 

ůɡɜŮɢɧɛŮɜŬ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ ŮɝŬɘŰɑŬɠ Űɖɠ Ŭ- ŭɘɎůˊŬůɖɠ Űɞɡ 238U (tİ = 4.5 x 109 yr). Ƀ 

ɛɘəɟɧɠ ɢɟɧɜɞɠ ɖɛɘɕɤɐɠ Űɞɡ ɗɞɟɑɞɡ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞɠ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ ŭɘŮɟɔŬůɘɩɜ, 

ˊɞɡ Ŭűɞɟɞɨɜ ůŰŬ ůɤɛŬŰɑŭɘŬ ůŮ Ůɨɟɞɠ ɢɟɧɜɞɡ ɛŮŰŬɝɨ ɖɛŮɟɩɜ ï ŮɓŭɞɛɎŭɤɜ221. ɇɞ 234Th ŮɑɜŬɘ 

ˊŬɟɧɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 10-18 ɀ. Ƀɘ ɢɖɛɘəɏɠ Űɞɡ 

ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ůɢŮŰɘəɎ Ŭˊɚɏɠ. ȰɢŮɘ ɛɘŬ ɛɧɜɞ ůŰŬɗŮɟɐ ɞɝŮɘŭɤŰɘəɐ əŬŰɎůŰŬůɖ (IV) ůŰŬ űɡůɘəɎ 

ˊŮɟɘɓɎɚɚɞɜŰŬ əŬɘ ŰŬ ɘɧɜŰŬ Űɞɡ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ çůɤɛŬŰɘŭɘɞ-ŭɟŬůŰɘəɎè (particle reactive)222. 

ɈˊɎɟɢŮɘ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ůŰɖ ɛɞɟűɐ Th(OH)n
(4-n)+ ɤɠ ˊɟɞɥɧɜ ɡŭɟɧɚɡůɖɠ223. ɆɡɜŮˊɩɠ, 

ɛˊɞɟŮɑ ɜŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɛŮŰɎ Ŭˊɧ ˊɟɞůɟɧűɖůɖ Űɞɡ ůŮ ůɤɛŬŰɑŭɘŬ, 

ŰŬ ɞˊɞɑŬ Ůɜ ůɡɜŮɢŮɑŬ əŬŰŬɚɐɔɞɡɜ ůŰŬ ɘɕɐɛŬŰŬ (Kd
Th-234 å 106 ï 107)224. 

 

ɇɞ 238U ɡˊɎɟɢŮɘ əɡɟɑɤɠ ůŮ ŭɘŬɚɡŰɐ űɎůɖ ɛŮ Űɖ ɛɞɟűɐ UO2(CO3)3
4-, Ůɜɩ ŮɑɜŬɘ ůɢŮŰɘəɎ 

ŬŭɟŬɜɏɠ ůŰɖɜ ˊɟɞůɟɧűɖůɖ ůŮ ůɤɛŬŰɑŭɘŬ (Ò 0.1 % Űɞɡ ɞɡɟŬɜɑɞɡ ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ 

ɓɟɑůəŮŰŬɘ ůŮ ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ225). ɋɠ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɩɜ, Űɞ ɞɡɟɎɜɘɞ ŮˊɘŭŮɘəɜɨŮɘ 

ŭɘŬůˊɞɟɎ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɚŬŰɧŰɖŰŬ (conservative) ůŰɞ ɗŬɚŬůůɘɜɧ ɜŮɟɧ əŬɘ ɛˊɞɟŮɑ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɖ ůɢɏůɖ [238U (dpm L-1) = 0.07081 x salinity (ă)]226 ɔɘŬ Űɞɜ ɤəŮŬɜɧ əŬɘ 

[238U (dpm L-1) = (0.07065 Ñ 0.00146) x salinity (ă)] ɐ [238U (Bq m-3) = (1.17750 Ñ 0.02433) x 

salinity (ă)] ɔɘŬ Ůɨɟɞɠ ŬɚŬŰɧŰɖŰŬɠ 36.1 ï 38.9 ă227 ɔɘŬ Űɖ ɀŮůɧɔŮɘɞ ŪɎɚŬůůŬ. ũɘŬ ŭŮŭɞɛɏɜɞ 

ɓɎɗɞɠ, ɗŬ ˊŮɟɑɛŮɜŮ əŬɜŮɑɠ ɞ ɚɧɔɞɠ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th (ůɤɛŬŰɘŭɘŬəɞɨ 

əŬɘ ŭɘŬɚɡŰɞɨ) ˊɟɞɠ Űɞɡ 238U (234Th/238U) ɜŬ ɘůɞɨŰŬɘ ɛŮ Űɖ ɛɞɜɎŭŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŭɘɎůˊŬůɖ 

Űɞɡ ŭɘŬɚɡŰɞɨ 238U ɗŬ ɏˊɟŮˊŮ ɜŬ ˊŬɟɎɔŮɘ 234Th, Űɞ ɞˊɞɑɞ ɐ ɗŬ ɏɛŮɜŮ ŭɘŬɚɡŰɧ ɐ ɗŬ ŭŮůɛŮɡɧŰŬɜ 

ůŮ ůɤɛŬŰɑŭɘŬ. ȷɜŰɑ ŬɡŰɞɨ ɞ ɚɧɔɞɠ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧɠ Űɞɡ 1 (ȺɘəɧɜŬ 8.1). ɇɞ ɡˊɧɚɞɘˊɞ 234Th 

ɗŮɤɟŮɑŰŬɘ ŭŮůɛŮɡɛɏɜɞ ůŮ ůɤɛŬŰɑŭɘŬ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ əɘɜɖɗŮɑ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ. ɆɡɜŮˊɩɠ, 

ɞ ɓŬɗɛɧɠ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ɛɖ ɘůɞɟɟɞˊɑŬɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɛŮŰŬɝɨ Űɞɡ 

ůɤɛŬŰɑŭɘɞ-ŭɟŬůŰɘəɞɨ ɗɡɔŬŰɟɘəɞɨ 234Th əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ ɛɖŰɟɘəɞɨ 238U ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɟɡɗɛɞɨ ɛŮ Űɞɜ ɞˊɞɑɞ Űɞ ɗɧɟɘɞ ŭɘŬűŮɨɔŮɘ Ŭˊɧ Űɖɜ 

ɡŭɎŰɘɜɖ ůŰɐɚɖ ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ228. ɆŮ ˊŬɟŬɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ, ŮəŰɧɠ Űɖɠ ŭɘɎůˊŬůɖɠ Űɞɡ 

238U, ˊɟɤŰɞɔŮɜŮɑɠ ˊɖɔɐ Űɞɡ 234Th ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ ŭɘɎɓɟɤůɖ Űɞɡ ŮŭɎűɞɡɠ əŬɘ ɖ ɛŮŰŬűɞɟɎ 

Űɞɡ ɛŮ Űɖɜ Ůɘůɟɞɐ ɔɚɡəɩɜ ɡŭɎŰɤɜ ɧˊɤɠ əŬɘ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ŮɝŬɘŰɑŬɠ űɡůɘəɞɢɖɛɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɘɕɖɛɎŰɤɜ229. 
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ȺɘəɧɜŬ 8.1: ȹɘŬɔɟŬɛɛŬŰɘəɐ ˊŬɟɎůŰŬůɖ ɛɘŬɠ Űɡˊɘəɐɠ əŬŰŬəɧɟɡűɖɠ əŬŰŬɜɞɛɐɠ 
234

Th əŬɘ 
238

U ŭŮɑɢɜɞɜŰŬɠ Űɘɠ ˊɘɗŬɜɏɠ 
ŬɘŰɑŮɠ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɞɡ ɚɧɔɞɡ 

234
Th/

238
U

230
 

 

 

8.2 ɆɈũȾȺɁɇɅɋɆȺȽɆ ȺɁȺɅũɃɇȼɇɃɆ 238U 

 

ȰɢŮɘ ŬɜŬűŮɟɗŮɑ Ŭˊɧ Űɞɡɠ Rutgers van der Loeff et al. (2006)231 ɛŮ ɎɛŮůŮɠ ɛŮŰɟɐůŮɘɠ ɧŰɘ ůŮ 

ɖɛɘəɚŮɘůŰɏɠ ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ Űɞ 238U ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮˊɘŭŮɘəɜɨŮɘ ůɡɛˊŮɟɘűɞɟɎ ůɨɛűɤɜɖ ɛŮ 

Űɖɜ ŬɚŬŰɧŰɖŰŬ. ȷˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɚɨůŮɤɜ ICP ï MS ɔɘŬ 238U ůŰŬ ɗŬɚɎůůɘŬ ɨŭŬŰŬ Űɤɜ 

ˊŮɟɘɞɢɩɜ Űɖɠ ŪɎɚŬůůŬɠ Űɖɠ ȿɘɔɞɡɟɑŬɠ, Űɖɠ ɇɡɟɟɖɜɘəɐɠ ŪɎɚŬůůŬɠ əŬɘ Űɞɡ ȷɘɔŬɑɞɡ 

ɄŮɚɎɔɞɡɠ (S ă = 37 ï 39) ɏɢɞɡɜ ŭŮɑɝŮɘ əŬɚɐ ůɡůɢɏŰɘůɖ232 ɛŮ Űɖ ůɢɏůɖ 238U ï ŬɚŬŰɧŰɖŰŬɠ, ɖ 

ɞˊɞɑŬ ŬɜŬűɏɟŮŰŬɘ Ŭˊɧ Űɞɡɠ Chen et al. (1986)226 ɔɘŬ ɤəŮɎɜɘŮɠ ˊŮɟɘɞɢɏɠ. ũɘŬ Űɞɡ ɚɧɔɞɡ Űɞ 

Ŭɚɖɗɏɠ, ɞɟɘůɛɏɜŮɠ Űɘɛɏɠ ŭɑɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

 

ɄɑɜŬəŬɠ 8.1: ȺˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ ŬɚŬŰɧŰɖŰŬɠ əŬɘ 
238

U [Ŭˊɧ ɛŮŰɟɐůŮɘɠ ICP ï MS əŬɘ Ŭˊɧ Űɖ ůɢɏůɖ ŬɚŬŰɧŰɖŰŬɠ Ku et al. 
(1977)] Ŭˊɧ ˊŮɟɘɞɢɏɠ Űɖɠ ŪɎɚŬůůŬɠ Űɖɠ ȿɘɔɞɡɟɑŬɠ, Űɖɠ ɇɡɟɟɖɜɘəɐɠ ŪɎɚŬůůŬɠ əŬɘ Űɞɡ ȷɘɔŬɑɞɡ ɄŮɚɎɔɞɡɠ

232
 

ȸɎɗɞɠ 
(m) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

238U (Bq m-3) 

Chen et al. 
(1986) 

Delandhe et al. 
(2002) 

ICP ï MS 

ŪɎɚŬůůŬ ȿɘɔɞɡɟɑŬɠ 

3 38.010 43.7 44.7 43.5 

25 38.037 43.7 44.7 43.5 

40 38.080 43.8 44.8 44.3 

60 38.122 43.8 44.8 44.5 

75 38.119 43.8 44.8 44.7 
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100 38.167 43.8 44.8 44.0 

ȸɎɗɞɠ 
(m) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

238U (Bq m-3) 

Chen et al. 
(1986) 

Delandhe et al. 
(2002) 

ICP ï MS 

150 38.296 44.0 45.0 44.3 

200 38.429 44.2 45.2 44.7 

ɇɡɟɟɖɜɘəɐ ŪɎɚŬůůŬ 

3 38.153 43.8 44.8 44.2 

25 38.227 44.0 45.0 44.0 

50 38.279 44.0 45.0 44.3 

65 38.373 44.2 45.0 44.2 

80 38.390 44.2 45.2 45.0 

100 38.421 44.2 45.2 44.3 

150 38.490 44.3 45.2 44.7 

200 38.626 44.5 45.3 44.7 

ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ 

25 39.090 45.0 46.0 44.5 

50 39.090 45.0 46.0 45.0 

60 39.092 45.0 46.0 44.5 

75 39.093 45.0 46.0 44.8 

85 39.093 45.0 46.0 44.5 

100 39.093 45.0 46.0 44.7 

125 39.094 45.0 46.0 44.5 

150 39.094 45.0 46.0 44.7 

225 39.094 45.0 46.0 44.5 

300 39.080 45.0 46.0 44.5 

400 39.037 44.8 45.8 45.0 

500 38.995 44.8 45.8 44.8 

 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ (ɄɑɜŬəŬɠ 8.1) ˊɟɞəɨˊŰŮɘ ɧŰɘ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ əŮɜŰɟɘəɐɠ 

əŬɘ ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, ɔɘŬ ŬɜɞɘəŰɎ ˊŮɚɎɔɖ, ˊɘɞ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɑɜŮɘ ɖ Ůɝɑůɤůɖ, 

Űɖɜ ɞˊɞɑŬ ɏɢɞɡɜ ˊɟɞŰŮɑɜŮɘ ɞɘ Chen et al. (1986)226. ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ Ůɝɑůɤůɖ 

ˊɞɡ ˊɟɧŰŮɘɜŬɜ ɞɘ Schmidt əŬɘ Reyss [238U (dpm L-1) = 0.099 x S ï 0.972] ɔɘŬ Űɘɛɏɠ 

ŬɚŬŰɧŰɖŰŬɠ 30.9 ï 39.2 ă ŭŮɜ ɘůɢɨŮɘ ɔɘŬ Űɖ ɀŮůɧɔŮɘɞ ŪɎɚŬůůŬ232. ɋůŰɧůɞ, ŮˊŮɘŭɐ Űɞ 238U 

ŭŮɜ ŬəɞɚɞɡɗŮɑ ˊɎɜŰŬ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ŬɚŬŰɧŰɖŰŬɠ ůŮ ˊŬɟɎəŰɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ ɗŬ 
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ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ůɢɏůɖ Űɤɜ Delandhe et al.(2002) [238U (dpm liter-1) = (0.07065 Ñ 0.00146) x 

salinity (ă)]227, ŮˊŮɘŭɐ ɏɢŮɘ ɓɟŮɗŮɑ ɧŰɘ ůŮ ŰɏŰɞɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐɠ əŬɘ ɏɢŮɘ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŪŮɟɛŬɥəɞɨ Ⱦɧɚˊɞɡ Ŭˊɧ Űɞɡɠ Muir et al. (2005)240. 

 

 

8.3 ɈɄɃȿɃũȽɆɀɃɆ ɉɅɃɁɋɁ ɄȷɅȷɀɃɁȼɆ ŪɃɅȽɃɈï ɅɈŪɀɋɁ ɀȺɇȷūɃɅȷɆ 234Th 

ɆȺ ɀȺũȷȿɈɇȺɅȷ ȸȷŪȼ ɀȺ ɇȼ ɉɅȼɆȼ ɇɃɈ ɀɃɁɇȺȿɃɈ çȺɁɃɆ ȾȽȸɋɇȽɃɈè 

(ONE ï BOX MODEL) 

 

ȷˊɧ Űɖɜ Ůˊɞɢɐ Űɤɜ ˊɟɩŰɤɜ ɛŮŰɟɐůŮɤɜ 234Th, ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞɜ 

ɤəŮŬɜɧ233, ˊŬɟŬŰɖɟɐɗɖəŮ ŮɚɎŰŰɤůɖ Űɤɜ Űɘɛɩɜ ɛŮŰŬɝɨ ŬɜɞɘəŰɞɨ ɤəŮŬɜɞɨ əŬɘ ˊŬɟɎəŰɘɤɜ 

ˊŮɟɘɞɢɩɜ, ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ ɖ ŭɘŬůˊɞɟɎ Űɞɡ 234Th ŮɑɜŬɘ ɏɜŰɞɜŬ ŮˊɖɟŮŬůɛɏɜɖ 

Ŭˊɧ Űɞɜ ůɤɛŬŰɘŭɘŬəɧ əɨəɚɞ Űɖɠ ɗɎɚŬůůŬɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɡˊɞəɑɜɖůŮ Űɖ ɢɟɐůɖ Űɞɡ 234Th 

ɤɠ ɏɜŬ əŬɘɜɞɨɟɔɘɞ Ůˊɑ Űɧˊɞɡ (in situ) ɘɢɜɖɗɏŰɖ Űɤɜ ɤəŮɎɜɘɤɜ ɟɡɗɛɩɜ ɛŮŰŬűɞɟɎɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, ɏɜŬɠ ɧɟɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ɜŬ ˊŮɟɘɔɟɎɣŮɘ ˊɞɚɨˊɚɞəŮɠ ŭɘŮɟɔŬůɑŮɠ, ůɢŮŰɘəɏɠ ɛŮ Űɖ ůɨɜŭŮůɖ Űɤɜ ůɤɛŬŰɑŭɘɞ-ŭɟŬůŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ɛŮ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɞɡɠ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ 

ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ŭˊɚɏɠ ŮɝɘůɩůŮɘɠ ɘůɞɟɟɞˊɑŬɠ, ɞ ɚɧɔɞɠ Űɞɡ ůɤɛŬŰɑŭɘɞ-

ŭɟŬůŰɘəɞɨ 234Th ˊɟɞɠ Űɞ ŭɘŬɚɡŰɧ ɛŬəɟɧɓɘɞ ɛɖŰɟɘəɧ 238U ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ 

ˊɞůɞŰɘəɞˊɞɘɐůŮɘ Űɞ ɟɡɗɛɧ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 234Th ůŰŬ ůɤɛŬŰɑŭɘŬ əŬɘ Űɖ ɟɞɐ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ. 

 

ȼ ɢɟɐůɖ Űɖɠ ɛɖ ɘůɞɟɟɞˊɑŬɠ 234Th/238U ůŰɖ ɛŮɚɏŰɖ Űɖɠ ɟɞɐɠ Űɞɡ ɗɞɟɑɞɡ Ŭˊɧ ŰŬ ŮˊɘűŬɜŮɘŬəɎ 

ɨŭŬŰŬ ɝŮəɑɜɖůŮ Ŭˊɧ Űɞɡɠ Bhat et al. (1969)233 əŬɘ ŮˊŮəŰɎɗɖəŮ Ŭˊɧ Űɞɡɠ Matsumoto et al. 

(1975)234, Knauss et al. (1978)235 əŬɘ Kaufman et al. (1981)236. ɆŰɘɠ ɛŮɚɏŰŮɠ ŬɡŰɏɠ 

ˊŬɟŬŰɖɟɐɗɖəŬɜ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ 234Th/238U (~ 0.2) ůŮ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ əŬɘ ɢɟɧɜɞɘ 

ˊŬɟŬɛɞɜɐɠ Űɞɡ ɗɞɟɑɞɡ ˊŮɟɑˊɞɡ 10 ɖɛɏɟŮɠ. ȷɜŰɑɗŮŰŬ, ůŮ ˊɘɞ ŬɜɞɘəŰɏɠ ɗɎɚŬůůŮɠ ɞ ɚɧɔɞɠ 

234Th/238U ɐŰŬɜ əɞɜŰɎ ůŰɖɜ ɘůɞɟɟɞˊɑŬ (~ 0.75 ï 1.0) əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ɔɘŬ 

Űɞ ɗɧɟɘɞ ɐŰŬɜ Űɖɠ ŰɎɝɖɠ Űɤɜ ŮəŬŰɞɜŰɎŭɤɜ ŮŰɩɜ. 

 

ȼ ɔŮɜɘəɐ Ůɝɑůɤůɖ Űɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ 234Th, ůŮ ŭŮŭɞɛɏɜɞ ɓɎɗɞɠ, ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ůɡɜŮɢɞɨɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ 234Th Ŭˊɧ Űɞ 238U, Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘŬůˊɎůŮɤɠ Űɞɡ, Űɖɠ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ ůŮ ŰŬɢɏɤɠ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ əŬɘ Űɖɠ ɛŮŰŬűɞɟɎɠ Űɞɡ ŮɜŰɧɠ ɐ ŮəŰɧɠ 

əɘɓɤŰɑɞɡ, ɚɧɔɤ ŭɘɎɢɡůɖɠ. Ƀ ɟɡɗɛɧɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ 234Th ůɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ɗŬ 

ŮɑɜŬɘ: 
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Th U Th
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A A P V

t
l l Sµ
= - - +

µ
 (1) 

ɧˊɞɡ ȷU əŬɘ ȷɆ
Th ŮɑɜŬɘ ɞɘ ŮɜŮɟɔɧŰɖŰŮɠ (ůŮ dpm L-1 ɐ Bq m-3) Űɞɡ 238U əŬɘ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th 

(ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ), ɚTh ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ ɟŬŭɘŮɜŮɟɔɞɨ ůɢɎůɖɠ Űɞɡ 
234Th (ɚTh=0.0288 

day-1), P ŮɑɜŬɘ ɖ ɟɞɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ˊɟɞůɟɞűɖɛɏɜɞ Űɞ 234Th ůŮ ɛŮɔŬɚɨŰŮɟŬ 

ɓɎɗɖ (ůŮ dpm m-2 d-1) əŬɘ V ŮɑɜŬɘ ɖ ɟɞɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘɎɢɡůɖɠ əŬɘ Űɖɠ 

ŮˊɑŭɟŬůɖɠ Űɤɜ ɟŮɡɛɎŰɤɜ. 

 

ȺɘəɧɜŬ 8.2: ɇɞ ɛɞɜŰɏɚɞ çŮɜɧɠ əɘɓɤŰɑɞɡè (one ï box model)
237

 

 

ɆŰɞ ɛɞɜŰɏɚɞ Űɞɡ çŮɜɧɠ əɘɓɤŰɑɞɡè (one ï box model) ɞɘ ˊŬɟɎɔɞɜŰŮɠ Űɖɠ ɟɞɐɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ, ɚɧɔɤ ŭɘɎɢɡůɖɠ əŬɘ ŮˊɑŭɟŬůɖɠ Űɤɜ ɗŬɚŬůůɑɤɜ ɟŮɡɛɎŰɤɜ ɗŮɤɟɞɨɜŰŬɘ ŬɛŮɚɖŰɏɞɘ 

əŬɘ ɎɟŬ ɞ ɟɡɗɛɧɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th ɔɘŬ ŭŮŭɞɛɏɜɞ ɓɎɗɞɠ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

t
t tTh

U Th Th Th Th c

A
A A A

t
l l l

µ
= - -

µ
 (2) 

Ƀ ɧɟɞɠ ȷUɚTh ɘůɞŭɡɜŬɛŮɑ ɛŮ Űɞ ˊɞůɞůŰɧ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ 
234Th Ŭˊɧ Űɞ 238U, ɞ ɧɟɞɠ 

ȷɆThɚTh ɘůɞŭɡɜŬɛŮɑ ɛŮ Űɞ ˊɞůɞůŰɧ Űɞɡ 
234Th ˊɞɡ ɢɎɜŮŰŬɘ, ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ 

Űɞɡ 234Th əŬɘ Űɏɚɞɠ ɞ ȷɆ
Thɚc ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ɗɞɟɑɞɡ ˊɞɡ ɢɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ 

ɛŮ ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ ŮəŰɧɠ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ (ɚc ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ ˊɞɡ ŬűɞɟɎ ůŰɖ 

ɚɐɣɖ Űɞɡ 234Th Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ əŬɘ ɖ ŰŬɢŮɑŬ ɓɨɗɘůɖ Űɞɡɠ, days-1). 

 

ŪŮɤɟɩɜŰŬɠ ɧŰɘ Űɞ ůɨůŰɖɛŬ ɓɟɑůəŮŰŬɘ ůŮ əŬŰɎůŰŬůɖ ŭɡɜŬɛɘəɐɠ ɘůɞɟɟɞˊɑŬɠ (Steady State 

Condition), ŭɖɚŬŭɐ ɡˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ůŮ ŭŮŭɞɛɏɜɞ ɓɎɗɞɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬɚɚŬɔɐ Űɖɠ ŮɜŮɟɔɧŰɖŰŬɠ 

Űɞɡ ůɡɜɞɚɘəɞɨ 234Th (ȺɘəɧɜŬ 8.2), əŬɘ ɎɟŬ: 

0
t d p

Th Th ThA A A

t t t

µ µ µ
= = =

µ µ µ
 

ŰɧŰŮ Űɞ ˊɞůɞůŰɧ Űɞɡ ɗɞɟɑɞɡ ˊɞɡ ɢɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɛŮ ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ ŮəŰɧɠ 

Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ (P = ȷt
Thɚc) ŮɑɜŬɘ: 

U 

ɚc 

ThɆ ɚɇh 

ɚU

U 
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( - )l= t

Th Th U ThP A A  (3) əŬɘ ɞɚɞəɚɖɟɩɜɞɜŰŬɠ ɤɠ ˊɟɞɠ Űɞ ɓɎɗɞɠ: 

0

( )
iz

t

Th Th U Th
P A A dzl= -ñ  

ȷˊɧ Űɖɜ (3) ɏɢɞɡɛŮ ( )t t

Th c Th U ThA A Al l= -  

əŬɘ ɎɟŬ 

t

U Th
c Th

Th

A A

A
l l

S

-
=  (4)238 

ɞˊɧŰŮ ɞ ɛɏůɞɠ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ŮɑɜŬɘ: 

1
t

c

t
l
=  (5) 

ȼ ůɡɜɞɚɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɟɞɐɠ P, u(P), ɗŮɤɟɩɜŰŬɠ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ Űɞɡ ɚTh ŬɛŮɚɖŰɏŬ Ůɜ 

ůɡɔəɟɑůŮɘ ɛŮ Űɘɠ ŬɓŮɓŬɘɧŰɖŰŮɠ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th əŬɘ Űɞɡ 238U (ůATh əŬɘ ůAU, ŬɜŰɑůŰɞɘɢŬ) 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ Űɨˊɞ: 

2 2( )
U ThA Au P l s s= +  (6) 

ȼ Ůɝɑůɤůɖ 3 ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɟɞɐɠ Űɞɡ 234Th ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ 

ŮɑɜŬɘ ɖ ˊɘɞ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɖ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ɛŮɚɏŰŮɠ, ɚɧɔɤ Űɖɠ ŬˊɚɧŰɖŰŬɠ Űɖɠ (ɛɧɜɞ Űɞ ůɡɜɞɚɘəɧ 234Th ˊɟɏˊŮɘ ɜŬ ɛŮŰɟɖɗŮɑ)237. 

 

ɋůŰɧůɞ, Ŭɜ ɡˊɞɚɞɔɑůŮɘ əŬɜŮɑɠ ɝŮɢɤɟɘůŰɎ Űɖ ŭɘŬɚɡŰɐ əŬɘ Űɖ ůɤɛŬŰɘŭɘŬəɐ űɎůɖ Űɞɡ 234Th, 

ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ɏɜŬ ˊɞɚɨ ˊɚɖɟɞűɞɟɘŬəɧ ɛɞɜŰɏɚɞ ɔɘŬ ŭŮŭɞɛɏɜɞ ɓɎɗɞɠ. ȷɔɜɞɩɜŰŬɠ Űɖ 

ŭɘɎɢɡůɖ əŬɘ Űɖɜ ɨˊŬɟɝɖ ɗŬɚŬůůɑɤɜ ɟŮɡɛɎŰɤɜ, ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŮəűɟɎůŮɘ Űɞ ɟɡɗɛɧ 

ɛŮŰŬɓɞɚɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ Űɞɡ 234Th ɤɠ Ůɝɐɠ: 

d
dTh

U Th Th Th

A
A A J

t
l l

µ
= - -

µ
 (7) 

ɧˊɞɡ ȷd
Th ŮɑɜŬɘ ɖ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ Űɞɡ 234Th. ȷűɞɨ Űɞ 238U ɡˊɎɟɢŮɘ ůŮ 

ŭɘŬɚɡŰɐ űɎůɖ, ɖ ŭɘɎůˊŬůɖ Űɞɡ ɗŬ ˊŬɟɎɔŮɘ ŭɘŬɚɡŰɧ 234Th, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɞ ɧɟɞɠ ȷUɚTh. ȷ
d
ThɚTh 

ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ, Ůɜɩ J 

ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ɗɞɟɑɞɡ ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ůŮ ůɤɛŬŰɑŭɘŬ. 

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɞ ůɤɛŬŰɘŭɘŬəɧ ɗɧɟɘɞ:  

p
pTh

Th Th

A
J A P

t
l

µ
= - -

µ
 (8) 

ɧˊɞɡ ȷp
Th ŮɑɜŬɘ ɖ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 

234Th. ȷp
ThɚTh ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ 

ůɤɛŬŰɘŭɘŬəɞɨ 234Th ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ, əŬɘ P ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ 

Űɞɡ 234Th, Űɞ ɞˊɞɑɞ ɛŮŰŬűɏɟŮŰŬɘ ŮəŰɧɠ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ůŰɟɩɛŬŰɞɠ ɛɏůɤ Űɖɠ ɟɞɐɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ. 
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ɆŮ ůŰŬɗŮɟɐ əŬŰɎůŰŬůɖ (Steady State Condition) ɞ ɛɏůɞɠ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ 

234Th ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɛŮ ɓɎůɖ Űɞ ˊɞůɞůŰɧ Űɞɡ ɗɞɟɑɞɡ ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ ˊɟɞůɟɧűɖůɖɠ 

ůŮ ůɤɛŬŰɑŭɘŬ ŮɑɜŬɘ: 

d

Th
d

A

J
t=  (9) 

Ůɜɩ ɞ ɛɏůɞɠ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɛŮ ɓɎůɖ Űɘɠ 

ŬˊɩɚŮɘŮɠ ɚɧɔɤ ɛŮŰŬűɞɟɎɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŮəŰɧɠ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ: 

p

Th
p

A

P
t=  (10) 

ȳŰŬɜ əŬɘ ɞɘ ŭɡɞ ɛɞɟűɏɠ ɗɞɟɑɞɡ ŮɑɜŬɘ ˊŬɟɞɨůŮɠ, ɖ ŬˊɩɚŮɘŬ ɚɧɔɤ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ 

Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɞŭɖɔŮɑ ůŰɞ Űd + Űp ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ ŰɆ. 

ɇɞ ˊɞůɞůŰɧ Űɞɡ ɗɞɟɑɞɡ ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ ˊɟɞůɟɧűɖůɖɠ ůŮ ůɤɛŬŰɑŭɘŬ J ɘůɞɨŰŬɘ ɛŮ: 

d

U Th Th ThJ A Al l= -  (11) ɐ 
0

( )
iz

d

Th U Th
J A A dzl= -ñ  ɛŮŰɎ Ŭˊɧ ɞɚɞəɚɐɟɤůɖ ůŮ əɎˊɞɘɞ ŭɘɎůŰɖɛŬ 

ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ, ɧˊɞɡ ȷU ŮɑɜŬɘ ɖ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ 238U, ɚTh ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ 

ɟŬŭɘŮɜŮɟɔɞɨ ůɢɎůɖɠ Űɞɡ 234Th əŬɘ ȷd
Th ŮɑɜŬɘ ɖ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ Űɞɡ 

234Th. 

Ƀ ɧɟɞɠ ȷUɚTh ɘůɞŭɡɜŬɛŮɑ ɛŮ Űɞ ˊɞůɞůŰɧ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ 
234Th, ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ 

ŭɘɎůˊŬůɖɠ Űɞɡ 238U, Ůɜɩ ɞ ȷd
ThɚTh ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ŭɘŬɚɡŰɞɨ 

234Th ˊɞɡ 

ɢɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ɟŬŭɘŮɜŮɟɔɞɨ ŭɘɎůˊŬůɖɠ. ɇɏɚɞɠ, Űɞ ˊɞůɞůŰɧ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th, Űɞ 

ɞˊɞɑɞ ɢɎɜŮŰŬɘ ɚɧɔɤ ɓɨɗɘůɖɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭŮůɛŮɡɛɏɜɞ (P) ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ 

ůɢɏůɖ: 

p

Th Th ThP J A l= -  (12)247 248 əŬɘ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ 11 

[ ( )]p d

Th U Th ThP A A Al= - +  ɖ ɞˊɞɑŬ ɘůɢɨŮɘ (Ůɝɑůɤůɖ 2) 

əŬɘ ɎɟŬ ɞ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɡɜɞɚɘəɞɨ, Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th, ůŮ 

əɎˊɞɘɞ ŭɘɎůŰɖɛŬ ɓɎɗɞɡɠ, ŮɑɜŬɘ: 

0
( )

iz t

Th

t t

U Th Th

A
dz

A A
t

l
=

-ñ  (13)239 

0
[( ) ]

iz p

Th

p d p

Th U Th Th

A
dz

A A A
t

l
=

- -ñ  (14)239 

0
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iz d

Th

d d

Th U Th

A
dz

A A
t

l
=

-ñ  (15)239 
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ȳˊɤɠ ɏɢŮɘ ŮɘˊɤɗŮɑ, ɞɘ ˊŬɟŬŭɞɢɏɠ ɔɘŬ ɜŬ ɘůɢɨɞɡɜ ɞɘ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɘɠ ŮɑɜŬɘ: (i) ɜŬ 

əɡɟɘŬɟɢɞɨɜ ůɡɜɗɐəŮɠ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (Steady State Conditions), ŭɖɚŬŭɐ ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 234Th əŬɘ ŰŬ ˊɞůɞůŰɎ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ 

ˊɟɞůɟɧűɖůɖɠ ůŮ ůɤɛŬŰɑŭɘŬ (J) əŬɘ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ˊɞɡ ɢɎɜŮŰŬɘ ɚɧɔɤ əŬɗɑɕɖůɖɠ (P) 

ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɏɠ, (ii) ɖ ɞɟɘɕɧɜŰɘŬ əŬɘ əŬŰŬəɧɟɡűɖ ŭɘɎɢɡůɖ əŬɘ ɛŮŰŬűɞɟɎ ɚɧɔɤ 

ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ əŬɘ (iii) ɖ ˊɟɞůɟɧűɖůɖ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ ŮɑɜŬɘ ɛɖ ŬɜŰɘůŰɟŮˊŰɐ 

ŭɘŬŭɘəŬůɑŬ240. Ʉɟɘɜ, ɔɑɜŮɘ ɞŰɘŭɐˊɞŰŮ, ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɛɘŬ ŬˊɞŰɑɛɖůɖ Űɤɜ Űɟɘɩɜ ˊŬɟŬŭɞɢɩɜ Űɞɡ 

ɛɞɜŰɏɚɞɡ çŮɜɧɠ əɘɓɤŰɑɞɡè (one ï box model). 

 

 

8.4 ȷɂȽɃȿɃũȼɆȼ ɇɋɁ ɄȷɅȷȹɃɉɋɁ ɇɃɈ ɀɃɁɇȺȿɃɈ çȺɁɃɆ ȾȽȸɋɇȽɃɈè (ONE ï 

BOX MODEL) 

 

ɈˊɞɗɏůŮɘɠ ɨˊŬɟɝɖɠ ůɡɜɗɖəɩɜ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (Steady State Conditions) ɔɑɜɞɜŰŬɘ 

ˊɞɚɨ ůɡɢɜɎ ůŮ ŮɟɔŬůɑŮɠ ˊɞɡ ŮůŰɘɎɕɞɜŰŬɘ ůŮ ɛŮɚɏŰŮɠ Űɞɡ ɚɧɔɞɡ 234Th/238U, ŮɑŰŮ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ ˊŮɟɘɞɢɏɠ ŬɜɞɘəŰɩɜ ɤəŮŬɜɩɜ, ŮɑŰŮ ɔɘŬ ˊŬɟɎəŰɘŬ ɞɘəɞůɡůŰɐɛŬŰŬ241 242 247 248. ȺɝŬɑɟŮůɖ Ŭˊɧ 

Űɖɜ ɡˊɧɗŮůɖ ŬɡŰɐ ŬˊɞŰŮɚɞɨɜ ɛŮɚɏŰŮɠ ˊɞɡ ɏɢɞɡɜ ɚɎɓŮɘ ɢɩɟŬ ůŮ ˊŮɟɘɧŭɞɡɠ, ɧˊɞɡ 

ůɡɛɓŬɑɜɞɡɜ ɏɜŰɞɜŮɠ ŬɚɚŬɔɏɠ ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 234Th ůŮ ůɤɛŬŰɑŭɘŬ, ɧˊɤɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ Ůˊɞɢɏɠ ɏɜŰɞɜɖɠ Ŭɨɝɖůɖɠ Űɞɡ űɡŰɞˊɚŬɔəŰɞɨ250 267. ɇɏɚɞɠ, ˊɞɚɚɏɠ ŮɟɔŬůɑŮɠ 

ɏɢɞɡɜ ŬűɘŮɟɤɗŮɑ ůŮ ůɨɔəɟɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ ůɡɜɗɐəŮɠ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (Steady 

State Conditions) əŬɘ ɛɖ (Non Steady State Conditions). Ƀɘ Űɘɛɏɠ, ˊɞɡ ɏɢɞɡɜ ˊɟɞəɨɣŮɘ Ŭˊɧ 

Űɖ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɘɠ ŭɡɞ əŬŰŬůŰɎůŮɘɠ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ ŮɜŭŮɘəŰɘəɏɠ ŭɘŬűɞɟɏɠ243 224 

238 244. ȾŬɘ ɔɘŬɡŰɧ Űɞ ɚɧɔɞ ůŰŮɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮɟɔŬůɑŮɠ, ɔɘŬ ŬˊɚɞɨůŰŮɡůɖ Űɤɜ ŮɝɘůɩůŮɤɜ əŬɘ 

Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ɛŮŰɟɐůŮɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬŭɞɢɐ Űɤɜ ůɡɜɗɖəɩɜ ůŰŬɗŮɟɐɠ 

əŬŰɎůŰŬůɖɠ.  

 

ȼ ŭŮɨŰŮɟɖ ˊŬɟŬŭɞɢɐ ŮɑɜŬɘ ɧŰɘ ɖ ɞɟɘɕɧɜŰɘŬ əŬɘ əŬŰŬəɧɟɡűɖ ŭɘɎɢɡůɖ əŬɘ ɛŮŰŬűɞɟɎ ɚɧɔɤ 

ɟŮɡɛɎŰɤɜ Űɞɡ 234Th ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. ȼ ŭɘɎɢɡůɖ Űɞɡ 234Th ŭŮɜ ŬˊɞŰŮɚŮɑ ŬɝɘɞůɖɛŮɑɤŰɖ 

ŭɘŮɟɔŬůɑŬ, ɤůŰɧůɞ, ˊɞɚɚɏɠ ŮɟɔŬůɑŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ůɡɛɓɞɚɐ Űɖɠ ɛŮŰŬűɞɟɎɠ Űɞɡ 234Th, ɚɧɔɤ 

Űɖɠ ŮˊɑŭɟŬůɖɠ ɟŮɡɛɎŰɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰŬ ɤəŮɎɜɘŬ ůɡůŰɐɛŬŰŬ ŬɜɎɓɚɡůɖɠ (upwelling), ɖ 

əɎɗŮŰɖ ɛŮŰŬűɞɟɎ Űɞɡ 234Th ɚɧɔɤ Űɤɜ ɟŮɡɛɎŰɤɜ ɏɢŮɘ ɏɜŰɞɜɞ ɟɧɚɞ251 257. ɆŮ ˊŬɟɎəŰɘŮɠ 

ˊŮɟɘɞɢɏɠ, ˊɘɞ ŮɜŭŮɘəŰɘəɧ ɟɧɚɞ ɏɢŮɘ ɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬűɞɟɎ ɚɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ 

ɟŮɡɛɎŰɤɜ245 246 238. 
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 ȼ ŰŮɚɘəɐ ɡˊɧɗŮůɖ, ŭɖɚŬŭɐ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊɟɞůɟɧűɖůɖ Űɞɡ 234Th ůŰŬ ůɤɛŬŰɑŭɘŬ ɗŮɤɟŮɑŰŬɘ 

ɛɖ ŬɜŰɘůŰɟŮˊŰɐ, ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɏɔəɡɟɖ ůŰŬ ˊŬɟɎəŰɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ, ŮɝŬɘŰɑŬɠ Űɞɡ 

ɡɣɖɚɞɨ ůɡɜŰŮɚŮůŰɐ əŬŰŬɜɞɛɐɠ Kd Űɞɡ 
234Th (Kd

Th-234 å 106 ï 107)224 243. 

 

 

8.5 ɈɄɃȿɃũȽɆɀɃɆ ɇȼɆ ɅɃȼɆ ɇɃɈ ɆɋɀȷɇȽȹȽȷȾɃɈ ȷɁŪɅȷȾȷ 

 

ȰɜŬ əŬɑɟɘɞ ŮɟɩŰɖɛŬ ŮɑɜŬɘ ˊɤɠ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞɡɠ ɟɡɗɛɞɨɠ ɛŮŰŬűɞɟɎɠ 

Űɞɡ ɗɞɟɑɞɡ ɔɘŬ ɜŬ ɡˊɞɚɞɔɑůŮɘ Űɖ ɟɞɐ Űɞɡ ɎɜɗɟŬəŬ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ 

ůɤɛŬŰɑŭɘŬ. ɄɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ əŬɚɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ Ŭˊɧəɚɘůɖɠ Ŭˊɧ 

Űɖɜ ɘůɞɟɟɞˊɑŬ 234Th ï 238U əŬɘ Űɖɠ ɓɘɞɚɞɔɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ɓɞɟŮɘɞŬɜŬŰɞɚɘəɞɨ Ⱥɘɟɖɜɘəɞɨ, ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ˊɟɞůɎɟŰɖůɖ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ 

ůŰɖɜ Ŭˊɞɓɞɚɐ Űɞɡ 234Th ˊɎɜɤ ůŰɖ ɓɡɗɘɕɧɛŮɜɖ ɓɘɞɚɞɔɘəɐ ůɤɛŬŰɘŭɘŬəɐ ɨɚɖ247 248. ɀŮ ɓɎůɖ 

ŬɡŰɏɠ Űɘɠ ůɡůɢŮŰɑůŮɘɠ, ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɧŰɘ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞ ůɡɜɞɚɘəɧ ɢɟɧɜɞ 

ˊŬɟŬɛɞɜɐɠ Űɞɡ 234Th ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɟɞɐɠ Űɞɡ POC ůŮ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ. ɋůŰɧůɞ, 

ɖ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ŭŮɜ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭűɞɨ ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ 

POC ŮɑɜŬɘ ŬˊɑɗŬɜɞ ɜŬ ŮɑɜŬɘ ɑŭɘɞɘ, ŮɝŬɘŰɑŬɠ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ Űɞɡɠ ɟɡɗɛɞɨ ŬɜŬəɨəɚɤůɖɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ249. ɀɘŬ ˊɘɞ ŮɡɗŮɑŬ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ ɢɟɐůɖ Űɞɡ 234Th ɤɠ ɘɢɜɖɗɏŰɖ Űɖɠ ɟɞɐɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ŮɑɜŬɘ ɜŬ ˊɞɚɚŬˊɚŬůɘɎůŮɘ əŬɜŮɑɠ Űɖ ɟɞɐ Űɞɡ 234Th (ɖ ɞˊɞɑŬ ŮɝɎɔŮŰŬɘ Ŭˊɧ Űɞ ɚɧɔɞ 

234Th/238U) ɛŮ Űɞ ɚɧɔɞ Ɏɚɚɤɜ ůŰɞɘɢŮɑɤɜ, ˊɟɞůɟɞűɖɛɏɜɤɜ ůŮ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ, ˊɢ ɔɘŬ 

Űɞɜ ɎɜɗɟŬəŬ: 
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ȼ ůɢɏůɖ 16 ˊɘɞ ŬˊɚɎ ɔɟɎűŮŰŬɘ Flux C = 234Th Flux x POC/PTh (ȺɘəɧɜŬ 8.3a). ȼ ɟɞɐ Űɞɡ C 

ɗŬ ŭɘˊɚŬůɘŬůŰŮɑ, Ŭɜ ɞ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ŮɑɜŬɘ ŭɘˊɚɎůɘɞɠ, Ůɜɩ 

ɟɞɐ Űɞɡ 234Th ɐ ɞ ɚɧɔɞɠ 234Th/238U ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ (ȺɘəɧɜŬ 8.3b). ȷˊɧ Űɖɜ Ɏɚɚɖ Ŭɜ ɖ 

ɟɞɐ Űɞɡ 234Th ɛŮɘɤɗŮɑ ůŰɞ ɛɘůɧ (ȺɘəɧɜŬ 8.3c), ɗŬ ɡˊɎɟɝŮɘ ɛɘŬ ŬɝɘɞůɖɛŮɑɤŰɖ ŮɚɎŰŰɤůɖ Űɞɡ 

ɗɞɟɑɞɡ ůŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ ɛŮ ůɡɜŰŮɚŮůŰɐ ŭɡɞ, ŬɚɚɎ ɖ ɟɞɐ Űɞɡ ɎɜɗɟŬəŬ ɗŬ 

ˊŬɟŬɛŮɑɜŮɘ ɑŭɘŬ, ɧˊɤɠ ůŰɞ Ŭɟɢɘəɧ ˊŬɟɎŭŮɘɔɛŬ (ȺɘəɧɜŬ 8.3a). 
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ȺɘəɧɜŬ 8.3: ɆɢɖɛŬŰɘəɐ ˊŬɟɎůŰŬůɖ Űɖɠ ɟɞɐɠ Űɞɡ 
234

Th. ɄŬɟŬŰɑɗŮɜŰŬɘ ŰɟɑŬ ůŮɜɎɟɘŬ ŭɘŬűɞɟŮŰɘəɩɜ ůɡɜɗɖəɩɜ Űɞɡ ɚɧɔɞɡ 
234

Th/
238

U, Űɖɠ ɟɞɐɠ Űɞɡ 
234

Th əŬɘ Űɞɡ ɚɧɔɞɡ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ ɞ ŬɜŰɑəŰɡˊɞɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ 
Űɖɠ ɟɞɐɠ Űɞɡ POC

269
 

 

 

ȼ ŮɛˊŮɘɟɘəɐ ɛɏɗɞŭɞɠ, ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ ɟɞɐ Űɞɡ 234Th, ŰɡˊɞˊɞɘɐɗɖəŮ ˊɟɩŰŬ ůŮ ɛɘŬ ɛŮɚɏŰɖ 

Űɖɠ ŬɜŬəɨəɚɤůɖɠ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɖɠ Ůəɟɞɐɠ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ůŮ ˊŮɟɘɞɢɏɠ ˊŮɟɑůůŮɘŬɠ 

űɡŰɞˊɚŬɔəŰɞɨ Űɞɡ ɓɞɟŮɑɞɡ ȷŰɚŬɜŰɘəɞɨ250. ɀŮŰɎ Űɖɜ Ŭɟɢɘəɐ ŮűŬɟɛɞɔɐ Űɤɜ ˊŬɟŬˊɎɜɤ Ŭɟɢɩɜ 

ůŮ ˊɟɞůŭɘɞɟɘůɛɞɨɠ Űɤɜ ɟɞɩɜ Űɞɡ POC əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ŬɕɩŰɞɡ (PON), ɏɔɘɜŮ 

ɟ́ɞůˊɎɗŮɘŬ ɜŬ ŮˊŮəŰŬɗŮɑ ŬɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ůŮ ˊɟɞůŭɘɞɟɘůɛɞɨɠ ɟɞɩɜ Ɏɚɚɤɜ ůŰɞɘɢŮɑɤɜ, 

ɧˊɤɠ ůɤɛŬŰɘŭɘŬəɞɨ ŬɜɧɟɔŬɜɞɡ ɎɜɗɟŬəŬ251, PAHôs252, PCBôs253, ɓɘɞɔŮɜɞɨɠ ˊɡɟɘŰɑɞɡ254 255 əŬɘ 

ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ256. 

 

 

8.6 Ƀ ȿɃũɃɆ POC/PTh 

 

ɇŬ əɨɟɘŬ ŮɛˊɧŭɘŬ ůŰɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɟɞɐɠ Űɞɡ 234Th ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ůɡůɢɏŰɘůɖɠ Űɖɠ 

ŭɏůɛŮɡůɖɠ Űɞɡ 234Th ůŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ əŬɘ ɖ ŬɝɘɧˊɘůŰɖ ŮɟɛɖɜŮɑŬ Űɞɡ ɚɧɔɞɡ POC 

ˊɟɞɠ 234Th (ɐ C/234Th). ɂŮəɘɜɩɜŰŬɠ ɛŮ Űɖɠ Ŭɟɢɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɓɟɏɗɖəŬɜ ŭɘŬűɞɟɏɠ ůŰɞ ɚɧɔɞ 

POC/PTh ɛŮŰŬɝɨ ŭŮɘɔɛɎŰɤɜ əŬɘ ɛŮɚŮŰɩɜ, ŮɝŬɟŰɩɛŮɜŮɠ Ŭˊɧ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬŰɎɝŮɘɠ 

ůɡɚɚɞɔɐɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ɧˊɤɠ ˊŬɔɑŭŮɠ ɘɕɖɛɎŰɤɜ, ůɡɚɚɞɔɐ ůŮ ŭɞɢŮɑŬ 

Niskin, űɘɚŰɟɎɟɘůɛŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ůˊɑ Űɧˊɞɡ ŬɜŰɚɑŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ŭɘŬɢɤɟɘůɛɧɠ 
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Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɚɎůɛŬŰŬ ɛŮŰɎ Ŭˊɧ űɘɚŰɟɎɟɘůɛŬ257 258. Ⱥˊɑůɖɠ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɘŬűɞɟɏɠ 

əŬɘ ŬɚɚŬɔɏɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ əŬɘ Űɖɜ Ůˊɞɢɐ. 

 

ȰɢŮɘ ɔɑɜŮɘ ˊɞɚɨ ůɡɕɐŰɖůɖ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ɔŮɤɢɖɛɘəɩɜ ɐ ɓɘɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, ɞɘ ɞˊɞɑŮɠ 

ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎɕɞɡɜ Űɞ ɚɧɔɞ POC/PTh əŬɘ ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ 

əŬɘ Űɖɜ ˊɟɧɓɚŮɣɖ Űɞɡ. ɄɟɤŰɑůŰɤɠ, ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ˊɤɠ ŮɑɜŬɘ ŭɡɜŬŰɧ ŰŬ ɓɡɗɘɕɧɛŮɜŬ 

ůɤɛŬŰɑŭɘŬ ɜŬ ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ɐ ɛɖ ůŮ ŭŮɑɔɛŬŰŬ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɚɧɔɞɡ 

POC/PTh. ɀɘŬ ŬˊɎɜŰɖůɖ ůŮ ŬɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɞɗŮɑ Ŭɜ əŬɜŮɑɠ ŭɘŮɟŮɡɜɐůŮɘ Űɖ 

ŭɘŬəɨɛŬɜůɖ Űɞɡ ɚɧɔɞɡ POC/PTh ůɡɜŬɟŰɐůŮɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, Űɞɡ ɓɎɗɞɡɠ, Űɖɠ 

Ůˊɞɢɐɠ, Űɖɠ ˊŮɟɘɞɢɐɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ɛŮɗɧŭɞɡ. ȰɜŬɠ Ɏɚɚɞɠ 

Űɟɧˊɞɠ ŮɑɜŬɘ ɜŬ ůɡɔəɟɑɜŮɘ əŬɜŮɑɠ Űɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɟɞɏɠ Űɞɡ 234Th ɛŮ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰɟɐůŮɘɠ 

Űɞɡ əɨəɚɞɡ Űɞɡ C, ɧˊɤɠ Űɖɠ ɜɏŬɠ əŬɘ ˊɟɤŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ ɘůɞɟɟɞˊɑŬɠ 

ɗɟŮˊŰɘəɩɜ əŬɘ C ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ. 

 

 

8.7 ɄȺɅȽȿȼɊȼ ɇɋɁ ȹȽȺɅũȷɆȽɋɁ ɄɃɈ ȺɄȼɅȺȷȻɃɈɁ ɇɃ ȿɃũɃ POC/PTh Ɇɇȷ 

ŪȷȿȷɆɆȽȷ ɆɋɀȷɇȽȹȽȷ 

 

ȷɜ əŬɘ ɔɘŬ ŭŮəŬŮŰɑŮɠ Űɞ 234Th əŬɘ ɞ ɚɧɔɞɠ POC/PTh ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɟɞɐɠ Űɞɡ POC, ɤůŰɧůɞ ŭŮɜ ɡˊɎɟɢŮɘ Ŭˊɚɐ ŭɘŮɟɔŬůɑŬ ɖ ɛɞɜŰɏɚɞ, ˊɞɡ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɐůŮɘ 

ˊɩɠ ɞ ɚɧɔɞɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ POC/PTh ˊɞɘəɑɚɚŮɘ ɛŮ Űɞ ɢɟɧɜɞ, ɛŮ Űɞ ɓɎɗɞɠ, ɛŮ Űɞ ɛɏɔŮɗɞɠ 

Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɖɜ ŰŬɢɨŰɖŰŬ əŬŰŬɓɨɗɘůɖɠ. ȹɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ əŬɘ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ 

ˊɤɠ ɚɧɔɞɠ ˊɞɘəɑɚɚŮɘ Ŭˊɧ 0.06 ɏɤɠ 6 mmol Bq-1 (ɞɘ ŬɜŬűɞɟɏɠ ůŰɞ ɚɧɔɞ POC/PTh ŭɑɜɞɜŰŬɘ əŬɘ 

ůŮ ɛɞɜɎŭŮɠ ɛmol dpm-1, ŰɡˊɘəɎ ɡˊɞɚɞɔɘůɛɏɜŮɠ Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ ɞɟɔŬɜɘəɧ ɎɜɗɟŬəŬ əŬɘ Űɞɡ 

234Th ŭɘɞɟɗɤɛɏɜɞɡ ůŰɖɜ ɖɛɏɟŬ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ), ɧɛɤɠ ɡˊɎɟɢŮɘ ŭɘŬɟəŮɑɠ ůɡɕɐŰɖůɖ 

ůɢŮŰɘəɎ ɛŮ Űɖ ůɖɛŬůɑŬ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ ŬɡŰɐɠ əŬɘ Űɞɜ ŬɜŰɑəŰɡˊɞ Űɖɠ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ɟɞɐɠ Űɞɡ 234Th259 260 261 262. 

 

ɆŮ ˊɟɩŰɖ űɎůɖ, Űɞ ɗɧɟɘɞ ˊɘɗŬɜɩɠ űɗɎɜŮɘ ůŮ ɢɖɛɘəɐ ɘůɞɟɟɞˊɑŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ˊɟɞůɟɧűɖůɖ ůŮ ŮˊɘűɎɜŮɘŮɠ ůɤɛŬŰɘŭɑɤɜ, Ůɜɩ Űɞ ɞɟɔŬɜɘəɧ ˊŮɟɘŮɢɧɛŮɜɞ ˊɞɘəɑɚɚŮɘ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ůɨɜɗŮůɖɠ əŬɘ Űɞɡ ɧɔəɞɡ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. ȷɡŰɐ ɖ ůɢɏůɖ Űɞɡ 234Th ɛŮ Űɘɠ 

ŮˊɘűɎɜŮɘŮɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, əŬɗɩɠ əŬɘ Űɞɡ C ɛŮ Űɞɜ ɧɔəɞ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɞŭɖɔŮɑ ůŮ ɛɘŬ 

Ŭɟɢɘəɐ ˊɟɧɓɚŮɣɖ ɧŰɘ ɞ ɚɧɔɞɠ POC/PTh ˊɟɏˊŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ɔɘŬ ɛŮɔɎɚŬ ůɤɛŬŰɑŭɘŬ, ŮɝŬɘŰɑŬɠ 

Űɖɠ Ŭɨɝɖůɖɠ Űɞɡ ɚɧɔɞɡ ɧɔəɞɠ/ŮˊɘűɎɜŮɘŬ (V/SA). ȾŬɘ ɞɘ ŭɡɞ ɚɧɔɞɘ ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ůɢɐɛŬ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɖ ɛɞɟűɞɚɞɔɑŬ Űɞɡɠ. ȯɚɚɞɘ ˊŬɟɎɔɞɜŰŮɠ, ɞɘ ɞˊɞɑɞɘ 

ŮˊɖɟŮɎɕɞɡɜ Űɞ ɚɧɔɞ POC/PTh ŮɑɜŬɘ ɖ ɓɘɞůɡůůɩɟŮɡůɖ, ɖ ɓɘɞɚɞɔɘəɐ ɡˊɞɓɎɗɛɘůɖ Űɞɡ 
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ˊɚŬɔəŰɞɨ ɐ Ɏɚɚɤɜ ɞɟɔŬɜɘůɛɩɜ, ɖ ůɡůůɩɟŮɡůɖ ɗɟŮˊŰɘəɩɜ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊŬɟɎəŰɘŮɠ 

ˊŮɟɘɞɢɏɠ. 

 

 

8.7.1 POC/PTh ůɡɜŬɟŰɐůŮɘ Űɞɡ ɛŮɔɏɗɞɡɠ ůɤɛŬŰɘŭɑɤɜ 

 

ɇŬ ɗŬɚɎůůɘŬ ůɤɛŬŰɑŭɘŬ ɡˊɎɟɢɞɡɜ ůŮ ˊɞɚɚɎ ůɢɐɛŬŰŬ əŬɘ ɛŮɔɏɗɖ, ɛŮ ůɡɜɖɗɏůŰŮɟŬ ŰŬ 

ɛɘəɟɎ ůɤɛŬŰɑŭɘŬ, ŰŬ ɞˊɞɑŬ əŬŰŬɓɡɗɑɕɞɜŰŬɘ ŭɡůəɞɚɧŰŮɟŬ, ɚɧɔɤ ɛɘəɟɧŰŮɟɞɡ ɛŮɔɏɗɞɡɠ (əŬɘ ɖ 

ˊɡəɜɧŰɖŰŬ ɏɢŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ŬɡŰɧ). ȹɘɎűɞɟŮɠ ɛŮŰɟɐůŮɘɠ əŬɘ ɛɞɜŰɏɚŬ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ 

ŮɑɜŬɘ ůˊɎɜɘo ɖ ůɡůůɩɟŮɡůɖ Űɤɜ ɛŮɔɎɚɤɜ ůɤɛŬŰɘŭɑɤɜ, əɞˊɟɤŭɩɜ ůɤɛŬŰɘŭɑɤɜ (faecal 

pellets) əŬɘ ɞɟɔŬɜɘəɩɜ ůɤɛŬŰɘŭɑɤɜ ˊɟɞŮɟɢɧɛŮɜɤɜ Ŭˊɧ Űɖɜ ŬˊɞůɨɜɗŮůɖ Űɤɜ ɞɟɔŬɜɘůɛɩɜ 

(marine snow) ɜŬ ŮˊɖɟŮɎůŮɘ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ ŭɘɎűɞɟŬ ɓɎɗɖ Űɖɠ 

ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɜŮɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ 234Th ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ɛŮɗɧŭɞɡɠ ɧˊɞɡ Űɞ ŭŮɑɔɛŬ űɘɚŰɟɎɟŮŰŬɘ ŭɘŬŭɞɢɘəɎ ɩůŰŮ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ ŰŬ ɛŮɔɎɚŬ Ŭˊɧ ŰŬ 

ɛɘəɟɎ ůɤɛŬŰɑŭɘŬ. ɆɡɛɓŬŰɘəɎ, ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ űɑɚŰɟŬ ˊɞɟɩŭɞɡɠ 53 ɛm ɐ 

ɛŮɔŬɚɨŰŮɟŬ, ůŮ ůŮɘɟɎ ɛŮ űɑɚŰɟŬ ˊɞɟɩŭɞɡɠ 0.5 ï 1 ɛm, ɞɟɑɕɞɜŰŬɠ ɤɠ ɛŮɔɎɚŬ ůɤɛŬŰɑŭɘŬ ŰŬ 

ɛŮɔɏɗɞɡɠ Ó 53 ɛm əŬɘ ɛɘəɟɎ ŮəŮɑɜŬ ɛŮŰŬɝɨ 1 ï 53 ɛm. ɇŬ űɑɚŰɟŬ ŬɡŰɎ, Ůɜ ůɡɜŮɢŮɑŬ, 

ŬɜŬɚɨɞɜŰŬɘ ɔɘŬ POC əŬɘ PTh. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ ɡˊɞŰɏɗɖəŮ ɧŰɘ ɞ ɚɧɔɞɠ 

POC/PTh ůŰŬ ɛŮɔŬɚɨŰŮɟŬ ůɤɛŬŰɑŭɘŬ ŬɜŰɘůŰɞɘɢŮɑŰŬɘ ůŰɞ ˊɞůɞůŰɧ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɞɡ 

əŬŰŬɓɡɗɑɕɞɜŰŬɘ əŬɘ ɎɟŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɛŮŰŬŰɟɞˊɐ Űɖɠ ɟɞɐɠ Űɞɡ 234Th ůŮ ɟɞɐ 

POC. 

 

Ƀɘ ˊɟɩŰŮɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ŮűŬɟɛɞɔɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ ˊɟɞůŮɔɔɑůŮɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ɘůɖɛŮɟɘɜɧ ɛɏɟɞɠ Űɞɡ Ⱥɘɟɖɜɘəɞɨ ɤəŮŬɜɞɨ Űɞ 1992. ɆŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɘɞɢɐ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ ɚɧɔɞɡ POC/PTh ɓɟɏɗɖəŬɜ 2 ɏɤɠ 4 űɞɟɏɠ ɢŬɛɖɚɧŰŮɟŮɠ ɔɘŬ 

ůɤɛŬŰɑŭɘŬ ɛŮɔɏɗɞɡɠ Ó 53 ɛm Ŭˊɧ ɧŰɘ ɔɘŬ ůɤɛŬŰɑŭɘŬ 1 ï 53 ɛm251 257 ůŮ ŭɡɞ ɛŮɚɏŰŮɠ, Ůɜɩ 

ɓɟɏɗɖəŬɜ ˊŬɟɧɛɞɘŮɠ ůŮ ɛɘŬ263. ɇɞ ɘůɖɛŮɟɘɜɧ ŰɛɐɛŬ Űɞɡ Ⱥɘɟɖɜɘəɞɨ ŮɑɜŬɘ ɛɘŬ ˊŮɟɘɞɢɐ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜŬəɨəɚɤůɖ Űɤɜ ɗɟŮˊŰɘəɩɜ əŬɘ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ɛɘŬ 

əɞɘɜɧŰɖŰŬ ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɛɘəɟɞůəɞˊɘəɧ ˊɚŬɔəŰɧ əŬɘ ɛŬůŰɑɔɘŬ űɨəɞɡɠ. ȷɡŰɐ ɖ ŬűɗɞɜɑŬ 

Űɤɜ ɓɘɞɚɞɔɘəɎ ˊŬɟŬɔɧɛŮɜɤɜ ɛɘəɟɩɜ ůɤɛŬŰɘŭɑɤɜ ˊɟɞəŬɚŮɑ Űɘɠ ˊɞɚɨ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ 

ɚɧɔɞɡ POC/PTh 260. 

 

Ⱥˊɑůɖɠ, ɎɚɚŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɞɘ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ POC/PTh ůŮ əɞɚɚɞŮɘŭɐ 

ůɤɛŬŰɑŭɘŬ ŭɘŬűɧɟɤɜ ɛŮɔŮɗɩɜ (ůŮ ŮˊɑˊŮŭɞ ɛm ɐ nm) ŮɛűŬɜɑɕɞɡɜ ɛŮɑɤůɖ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ264 265. ɄɎɜŰɤɠ, ɖ ŭɏůɛŮɡůɖ Űɞɡ ɗɞɟɑɞɡ Ŭˊɧ ɛɘəɟɎ əŬɘ ůŮ ŬűɗɞɜɑŬ 

əɞɚɚɞŮɘŭɐ ůɤɛŬŰɑŭɘŬ əŬɘ ɖ ˊŬɟŬɔɤɔɐ ɛŮɔŬɚɨŰŮɟɤɜ ůɤɛŬŰɘŭɑɤɜ ůɡɜŮˊɎɔŮŰŬɘ ɛŮɑɤůɖ Űɞɡ 
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ɚɧɔɞɡ POC/PTh ɛŮ Űɞ ɛɏɔŮɗɞɠ264. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ əŬɘ ɛŮɚɏŰŮɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘəɟɞɨɞɡɜ 

ŬɡŰɧ Űɞɜ ɘůɢɡɟɘůɛɧ (ɄɑɜŬəŬɠ 8.2). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞɘ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ POC/PTh 

ůɡɜŬɟŰɐůŮɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮɘɩɜɞɜŰŬɘ ůŰɞ ɘůɖɛŮɟɘɜɧ ŰɛɐɛŬ Űɞɡ Ⱥɘɟɖɜɘəɞɨ 

əŬɘ ůŰɞɜ əɧɚˊɞ Űɞɡ ɀŮɝɘəɞɨ, ŬɡɝɎɜɞɜŰŬɘ ůŰɖ ɗɎɚŬůůŬ Űɖɠ ȷɟŬɓɑŬɠ, ůŰɞɜ ȷŰɚŬɜŰɘəɧ, ůŰɖ 

ɉŬɓɎɖ, ůŰɖ ɗɎɚŬůůŬ Űɞɡ Labrador əŬɘ ůŰɖ ɗɎɚŬůůŬ Űɞɡ Ross, Ůɜɩ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɏɠ 

ůŰɖ ɗɎɚŬůůŬ Űɤɜ ȸŮɟɛɞɨŭɤɜ, ůŰɖ ɗɎɚŬůůŬ Űɖɠ ɇɡɟɟɖɜɑŬɠ əŬɘ ůŰɞ ɁɧŰɘɞ ȷɘɔŬɑɞ. Ƀɘ 

ŭɘŬəɡɛɎɜůŮɘɠ ŬɡŰɏɠ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŰɞɡɠ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ űɑɚŰɟɤɜ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ɐ ůŰɞɜ əɡɛŬɘɜɧɛŮɜɞ ɧɔəɞ Űɞɡ əɎɗŮ ŭŮɑɔɛŬŰɞɠ. 

 

ɄɑɜŬəŬɠ 8.2: ȹɘŬəɡɛɎɜůŮɘɠ Űɞɡ ɚɧɔɞɡ C/
234

Th ůɡɜŬɟŰɐůŮɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ (> 0.7 ɏɤɠ 1 ɛm)
269

 

ɄŮɟɘɞɢɐ 

ȿɧɔɞɠ POC/PTh 
ɆɡɜŬɟŰɐůŮɘ Űɞɡ 
ɀŮɔɏɗɞɡɠ Űɤɜ 
ɆɤɛŬŰɘŭɑɤɜ 

ɇɟɧˊɞɠ 
ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ȷɜŬűɞɟɎ 

Eq. Pacific ɀŮɑɤůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

257 

Eq. Pacific ɀŮɑɤůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

251 

Arabian Sea ȷɨɝɖůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

260 

Mid. Atlantic ȷɨɝɖůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

266 

Ross Sea ȷɨɝɖůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

267 

Hawaii ȷɨɝɖůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

268 

Gulf of Mexico ɀŮɑɤůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

265 

Labrador Sea ȷɨɝɖůɖ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

261 

Bermuda ɆŰŬɗŮɟɧɠ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

269 

South Aegean 
Sea 

ɆŰŬɗŮɟɧɠ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

269 

Tyrrhenian Sea ɆŰŬɗŮɟɧɠ Ⱥˊɑ Űɧˊɞɡ 
ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ 

269 

 

 

8.7.2 POC/PTh ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ 

 

ȼ ˊŬɟŬˊɎɜɤ ˊɟɞůɏɔɔɘůɖ, ŭɖɚŬŭɐ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ ɟɞɐɠ Űɞɡ 234Th ůŰɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɟɞɐɠ Űɞɡ ɎɜɗɟŬəŬ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ əɎˊɞɘɞɠ ɏɢŮɘ 

ɡˊɞɚɞɔɑůŮɘ Űɞ ɚɧɔɞ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ 

ɓɎɗɞɠ, ůŰɞ ɞˊɞɑɞ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɟɞɐ Űɞɡ POC. Ʉɞɚɚɏɠ ɛŮɚɏŰŮɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞ ɚɧɔɞɠ 
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POC/PTh ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ250, ɚɧɔɤ ɛŮɑɤůɖɠ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɞɡ 

234Th. Ⱥˊɑůɖɠ, ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ ɚɧɔɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Ŭˊɧ 

ɧŰɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, ɚɧɔɤ Űɤɜ ɘůɢɡɟɩɜ ɓɘɞɚɞɔɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ŮəŮɑ. 

ɆɡɜŮˊɩɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɚɧɔɞ POC/PTh ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɟɞɐɠ Űɞɡ C əɎŰɤ 

Ŭˊɧ Űɖ ɕɩɜɖ ŬɜɎɛɘɝɖɠ ŮɛűŬɜɑɕɞɜŰŬɘ Űɡˊɘəɏɠ ŬˊɞəɚɑůŮɘɠ ˊɞɚɨ ɛɘəɟɧŰŮɟŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ɔɘŬ ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ260 266. ȷɡŰɧ ŬˊɞŰŮɚŮɑ ˊɚŮɞɜɏəŰɖɛŬ, Ŭűɞɨ ůŮ 

ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, ɧˊɞɡ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟŮɠ, ɖ ŬəɟɑɓŮɘŬ ůŰɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɟɞɐɠ Űɞɡ POC ɗŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ. 

 

 

8.7.3 ɇɞˊɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ ɚɧɔɞɡ POC/PTh 

 

ȹɘɎűɞɟŬ ŭŮŭɞɛɏɜŬ ɏɢɞɡɜ ŭŮɑɝŮɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ POC/PTh ůŰɞ ɘůɖɛŮɟɘɜɧ ŰɛɐɛŬ 

Űɞɡ Ⱥɘɟɖɜɘəɞɨ ɋəŮŬɜɞɨ ɐ ůŮ ˊŮɟɘɞɢɏɠ ŮɡɟɘůəɧɛŮɜŮɠ ůŮ ɛŮɔɎɚɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ. ȷɡŰɏɠ 

ɞɘ Űɞˊɘəɏɠ ŭɘŬűɞɟɏɠ ŮɑɜŬɘ ŬɝɘɞůɖɛŮɑɤŰŮɠ, ɛɧɜɞ Ŭɜ ůɡɔəɟɑɜɞɜŰŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ, ŰŬ ɞˊɞɑŬ 

ŮɚɐűɗɖůŬɜ Ŭˊɧ əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ. ɄŬɟŬəɎŰɤ (ȺɘəɧɜŬ 8.4) ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ 

Űɤɜ Űɘɛɩɜ Űɞɡ ɚɧɔɞɡ POC/PTh ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, ɛŮ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ. 

 

 

ȺɘəɧɜŬ 8.4: ɇɞˊɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡ ɚɧɔɞɡ POC/PTh ɛŮ Űɖ ɢɟɐůɖ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ ůɡɚɚɞɔɐɠ ŭŮɑɔɛŬŰɞɠ, 
ɔɘŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ əɎŰɤ Ŭˊɧ Űɖ ɕɩɜɖ ŬɜɎɛɘɝɖɠ (100 ï 150 m)

269
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ȷˊɧ Űɞ ůɢɐɛŬ, ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ əŬɜŮɑɠ ɧŰɘ ŰŬ ˊŬɟŬɔɤɔɘəɎ ˊŬɟɎəŰɘŬ 

ɞɘəɞůɡůŰɐɛŬŰŬ, əŬɗɩɠ əŬɘ ɧůŬ ɓɟɑůəɞɜŰŬɘ ůŮ ɛŮɔɎɚŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ 

Ŭˊɧ ůɤɛŬŰɑŭɘŬ, ŰŬ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɏɠ əŬɘ ɛŮ ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ 

POC/PTh. ɆɡɜŮˊɩɠ, ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ əɡɟɘŬɟɢɞɨɜ ɛŮɔɎɚŬ ůɤɛŬŰɑŭɘŬ (ɡɣɖɚɎ 

ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ əŬɘ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ) ŮɛűŬɜɑɕɞɜŰŬɘ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ 

POC/PTh, Ůɜ ŬɜŰɘɗɏůŮɘ ɛŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ, ɧˊɞɡ əɡɟɘŬɟɢɞɨɜ ůɤɛŬŰɑŭɘŬ ɛɘəɟɧŰŮɟɞɡ 

ɛŮɔɏɗɞɡɠ (ɞɚɘɔɞŰɟɞűɘəɏɠ ˊŮɟɘɞɢɏɠ) əŬɘ ɞ ɚɧɔɞɠ POC/PTh ŮɑɜŬɘ ɛɘəɟɧɠ. ɇɏɚɞɠ, ůŮ ˊŮɟɘɞɢɏɠ 

ɧˊɞɡ Ůˊɘɓɘɩɜɞɡɜ ɛŮɔɎɚɞɘ ˊɚɖɗɡůɛɞɑ ɕɤɞˊɚŬɔəŰɞɨ ɞ ɚɧɔɞɠ ŮɛűŬɜɑɕŮŰŬɘ ɡɣɖɚɧŰŮɟɞɠ 

ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ůɡɛɓɞɚɐɠ ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ Ŭˊɧ Űɞɡɠ Ůɜ ɚɧɔɤ ɞɟɔŬɜɘůɛɞɨɠ269. 

 

 

8.7.4 ȺˊɞɢɘŬəɏɠ ŬɚɚŬɔɏɠ Űɞɡ ɚɧɔɞɡ POC/PTh 

 

ȺˊɞɢɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɗŬɚɎůůɘŬɠ ɓɘɞɚɞɔɑŬɠ, Űɤɜ ˊɖɔɩɜ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɖɠ 

ɔŮɤɢɖɛŮɑŬɠ Űɞɡɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɞ ɚɧɔɞ POC/PTh. Ⱦɘ ŬɡŰɧ ɔɘŬŰɑ ɞɘ 

ŭɘŮɟɔŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɟɡɗɛɑɕɞɡɜ Űɞ ɚɧɔɞ POC/PTh ɛˊɞɟɞɨɜ ɜŬ ˊɞɘəɑɚɚɞɡɜ ɔɘŬ ŭŮŭɞɛɏɜɞɡ 

ɛŮɔɏɗɞɡɠ ůɤɛŬŰɑŭɘŬ, ɤɠ ŬˊɞŰɏɚŮůɛŬ ŮˊɞɢɘŬəɩɜ ŬɚɚŬɔɩɜ ůŰɞ ɞɘəɞůɨůŰɖɛŬ. ȷɡŰɧ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŮɡűɤŰɘəɐ ɕɩɜɖ, ɧˊɞɡ ɓɘɞɚɞɔɘəɎ ˊŬɟŬɔɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ 

ŮˊɘəɎɗɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ, əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ɓɎɗɞɠ. Ƀ ɚɧɔɞɠ, ɚɞɘˊɧɜ, 

ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŬɚɚŬɔɏɠ Űɤɜ ˊɖɔɩɜ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, Űɞɡ ɟɡɗɛɞɨ 

əŬŰŬɓɨɗɘůɖɠ (ɞ ɞˊɞɑɞɠ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ŬɜɎɚɞɔɞɠ Űɞɡ ɛŮɔɏɗɞɡɠ ůɤɛŬŰɘŭɑɤɜ), Űɖɠ 

ɢɖɛŮɑŬɠ Űɖɠ ˊŮɟɘɞɢɐɠ, Űɖɠ ŬɜŬŭɘɎɚɡůɖɠ ˊɞůɞŰɐŰɤɜ C, əŬɗɩɠ əŬɘ Űɖɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 

234Th ůŮ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ. Ƀɘ Waite and Hill (2006)270 ˊɟɞɓɚɏˊɞɡɜ ɧŰɘ ɞ ɚɧɔɞɠ 

POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ɛŬɕɩɜ ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɢɟɧɜɞ, Ŭűɞɨ ɛɘəɟɧŰŮɟŬ 

ůɤɛŬŰɑŭɘŬ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰŬ ɐŭɖ ɡˊɎɟɢɞɜŰŬ ůɡůůɤɛŬŰɩɛŬŰŬ. 

 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŮˊɞɢɘŬəɐɠ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ ɚɧɔɞɡ ɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ȸŬɚŰɘəɐ ŪɎɚŬůůŬ, 

ɧˊɞɡ ŬɚɚŬɔɏɠ ůŰɘɠ Ůɘůɟɞɏɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 

ɏŰɞɡɠ, əŬɗɩɠ əŬɘ ŬɚɚŬɔɏɠ Űɖɠ ɓɘɞɔŮɤɢɖɛŮɑŬɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ŮˊɖɟŮɎɕɞɡɜ Űɞ ɚɧɔɞ 

POC/PTh əŬŰɎ ɏɜŬ ˊŬɟɎɔɞɜŰŬ 10 ɔɘŬ ůɤɛŬŰɑŭɘŬ, ŰŬ ɞˊɞɑŬ ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ 

(ȺɘəɧɜŬ 8.5)271. ȳůɞɜ ŬűɞɟɎ ůŮ ŬɜɞɘəŰɧ ɤəŮŬɜɧ, ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ŮəŮɑɜɞ ůŰɖ Hawaii, 

ɧˊɞɡ ɞ ɚɧɔɞɠ ŮˊɖɟŮɎɕŮŰŬɘ əŬŰɎ ɏɜŬ ˊŬɟɎɔɞɜŰŬ 2 ï 3 ůŮ ɓɎɗɞɠ 150 m268. 
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ȺɘəɧɜŬ 8.5: Ƀ ɚɧɔɞɠ POC/PTh ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ Űɖɠ ȸŬɚŰɘəɐɠ ŪɎɚŬůůŬɠ
271

 

 

 

8.7.5 ɄŬɟŬŭɞůɘŬəɏɠ ɛɏɗɞŭɞɘ ůɡɚɚɞɔɐɠ ŭŮɘɔɛɎŰɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ɚɧɔɞ POC/PTh 

 

ɄŬɟŬˊɎɜɤ, ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ Űɞˊɘəɏɠ ŬɚɚŬɔɏɠ, əŬɗɩɠ əŬɘ ŬɚɚŬɔɏɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ŮˊɖɟŮɎɕɞɡɜ Űɞ ɚɧɔɞ POC/PTh, ɧˊɤɠ əŬɘ ɧŰɘ ůɡɔəɟɑůŮɘɠ Űɞɡ ɚɧɔɞɡ POC/PTh 

ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɜŰŬɘ ɛɧɜɞ ɧŰŬɜ ŰŬ ŭŮɑɔɛŬŰŬ ɚŬɛɓɎɜɞɜŰŬɘ ɛŮ Űɖɜ ɑŭɘŬ ɛɏɗɞŭɞ, ɔɘŬŰɑ 

ŭɘŬűɞɟŮŰɘəɎ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ257 258. ɄɞɘŬ ɛɏɗɞŭɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

əŬɚɨŰŮɟŬ Űɖ ɓɡɗɘɕɧɛŮɜɖ ůɤɛŬŰɘŭɘŬəɐ ɞɟɔŬɜɘəɐ ɨɚɖ ŮɑɜŬɘ ɏɜŬ ŭɨůəɞɚɞ ŮɟɩŰɖɛŬ. ɄŬɟɧɚŬ 

ŬɡŰɎ ŮɑɜŬɘ ɢɟɐůɘɛɖ ɖ ůɨɔəɟɘůɖ ŭŮŭɞɛɏɜɤɜ, ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ, ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɞɡ Ŭɜ ŬɡŰɏɠ ɞɘ ŭɘŬűɞɟɏɠ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ Űɖ ɔŮɤɢɖɛŮɑŬ 

ɐ Űɖ ɓɘɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɐ ɛŮ ŬɡŰɐ əŬɗŬɡŰɐ Űɖ ɛɏɗɞŭɞ272. 

 

ȸŬůɘəɎ, ɗŬ ˊŮɟɑɛŮɜŮ əŬɜŮɑɠ ɧŰɘ ŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ ɗŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɜ əŬɚɨŰŮɟŬ 

Ŭˊɧ Űɘɠ ɞɡůɑŮɠ ˊɞɡ ŭŮůɛŮɨɞɜŰŬɘ ůŮ ˊŬɔɑŭŮɠ ɘɕɖɛɎŰɤɜ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ ɏɛűɡŰŮɠ 

ŭɡůəɞɚɑŮɠ ůŰɖ ɢɟɐůɖ Űɤɜ ˊŬɔɑŭɤɜ ɘɕɖɛɎŰɤɜ ůŰɞ ŬɜɩŰŬŰɞ ůŰɟɩɛŬ Űɖɠ ɗɎɚŬůůŬɠ, ŮˊŮɘŭɐ 

ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ ɛɧɜɞ Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ ɟɞɐɠ273, ŬɚɚɎ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ271 274. 

ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ əɨɟɘŮɠ ŭɘŮɟɔŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ Ůˊɘŭɟɞɨɜ ůŰɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɤɜ ˊŬɔɑŭɤɜ: 

ȼ ɘəŬɜɧŰɖŰŬ ůɡɚɚɞɔɐɠ Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ, ɖ əŬŰŬəɟɎŰɖůɖ Űɤɜ ɛɖ ɓɡɗɘɕɧɛŮɜɤɜ 

ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɞɡ ŮɡəɑɜɖŰɞɡ ɕɤɞˊɚŬɔəŰɞɨ əŬɘ Űɏɚɞɠ ɖ ŬˊɩɚŮɘŬ Űɤɜ ŭŮůɛŮɡɛɏɜɤɜ 

ůɤɛŬŰɘŭɑɤɜ ɛŮŰɎ Űɖ ůɡɚɚɞɔɐ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬɠ ɐ Űɖɠ ŬˊɞɗɐəŮɡůɖɠ275. 

ȹɘŬəɡɛɎɜůŮɘɠ ůŰɞ ɚɧɔɞ POC/PTh ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɑŭɞɜŰŬɘ ůŰɞɜ əɡɛŬɘɜɧɛŮɜɞ Ŭɟɘɗɛɧ Űɤɜ 
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ůɤɛŬŰɘŭɑɤɜ Űɞɡ ɕɤɞˊɚŬɔəŰɞɨ, ŰŬ ɞˊɞɑŬ ůɡɚɚɏɔɞɜŰŬɘ ůŰɖɜ ˊŬɔɑŭŬ, Ŭűɞɨ Űɞ ˊɞůɞůŰɧ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ɛˊɞɟŮɑ ɜŬ ŬɜɡɣɩɜŮŰŬɘ276 277. 

 

ȼ ůɡɚɚɞɔɐ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ əɎˊɞɘɞ ɓɎɗɞɠ əŬɘ ɖ Ůɜ ůɡɜŮɢŮɑŬ űɑɚŰɟŬɜůɖ Űɞɡ ŮɑɜŬɘ ɖ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ ůɡɚɚɞɔɐɠ ůɤɛŬŰɘŭɑɤɜ. ɋůŰɧůɞ, ůɐɛŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ɞɘ ŮˊɘŰɧˊɘŮɠ ŬɜŰɚɑŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ Űɞ 

ˊɚŮɞɜɏəŰɖɛŬ ɧŰɘ ɔɑɜŮŰŬɘ ůɡɚɚɞɔɐ Űɞɡ C əŬɘ Űɞɡ 234Th ůŰɞ ɑŭɘɞ űɑɚŰɟɞ. Ⱥˊɑůɖɠ, ɖ ůɡɚɚɞɔɐ 

ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ ŭŮɑɔɛŬŰɞɠ ŮˊɘŰɟɏˊŮɘ Űɞ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɚɎůɛŬŰŬ əŬɘ 

ůɡɜŮˊɩɠ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɚɧɔɞɡ POC/PTh ɔɘŬ ɛŮɔɎɚŬ, ɛŮůŬɑŬ əŬɘ ɛɘəɟɎ ɓɡɗɘɕɧɛŮɜŬ 

ůɤɛŬŰɑŭɘŬ. 

 

Ƀ ɚɧɔɞɠ POC/PTh Űɤɜ ŭŮɘɔɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ůɡɚɚɏɔɞɜŰŬɘ ɛŮ ŭɞɢŮɑŬ (ˊɢ Niskin bottles, 

ɧɔəɞɠ 2 ï 5 L) ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜɞɜ, ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɧŰŬɜ Űɞ ŭŮɑɔɛŬ 

ɚŬɛɓɎɜŮŰŬɘ ɛŮ ŮˊɘŰɧˊɘŮɠ ŬɜŰɚɑŮɠ ɐ ˊŬɔɑŭŮɠ. ɆŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɛɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ POC (Űɖɠ ŰɎɝɖɠ Űɤɜ ɚɑɔɤɜ ɛɀ POC) ɖ Ŭɡɝɖɛɏɜɖ Űɘɛɐ Űɞɡ ɚɧɔɞɡ POC/PTh 

ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɞɚɨ ɢŬɛɖɚɐ ˊɑŮůɖ əŬŰɎ Űɖɜ űɑɚŰɟŬɜůɖ, ůŰɖ ɢɟɐůɖ 

ŭɘŬűɞɟŮŰɘəɩɜ Űɨˊɤɜ űɑɚŰɟɤɜ ŭɏůɛŮɡůɖɠ əŬɗɩɠ əŬɘ ůŰɖɜ ŭɏůɛŮɡůɖ Űɞɡ DOC ˊɎɜɤ ůŰɞ 

űɑɚŰɟɞ. ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛɘəɟɐ ˊɞůɧŰɖŰŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ˊɞɡ ůɡɚɚɏɔŮŰŬɘ 

ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɛɘəɟɧ ˊɞɟɩŭŮɠ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ űɑɚŰɟɤɜ (0.7 ï 1 ɛm)278. 

ɇɏɚɞɠ, ɛɘŬ Ɏɚɚɖ Ůɝɐɔɖůɖ ŮɑɜŬɘ ɧŰɘ ůŮ ŮɡŰɟɞűɘəɏɠ ˊŮɟɘɞɢɏɠ ůɡɚɚɞɔɐ ŭŮɑɔɛŬŰɞɠ ůŮ ŭɞɢŮɑŬ 

ŭɑɜŮɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɞɡ ɚɧɔɞɡ POC/PTh, ŮɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ůŰŬ ŭɞɢŮɑŬ ůɡɚɚɏɔŮŰŬɘ 

ɕɤɞˊɚŬɔəŰɧ əŬɘ ůɡɜŮˊɩɠ ɞ ɚɧɔɞɠ ŭŮɜ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Ŭəɟɘɓɩɠ Űɖ ɓɡɗɘɕɧɛŮɜɖ ɨɚɖ, ŬɚɚɎ 

əŬɘ ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ279. ɀɘŬ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɖɠ ɛŮɗɧŭɞɡ ůɡɚɚɞɔɐɠ ůŮ ŭɞɢŮɑŬ 

Niskin əŬɘ Űɤɜ ŮˊɘŰɧˊɘɤɜ ŬɜŰɚɘɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮˊɘɢŮɘɟŮɑŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 8.3. 

 

ɄɑɜŬəŬɠ 8.3: ɄɘɗŬɜɞɑ ɛɖɢŬɜɘůɛɞɑ ůɢŮŰɘəɞɑ ɛŮ Űɘɠ ŭɘŬűɞɟɏɠ ŭɞɢŮɑɤɜ Niskin-ŮˊɘŰɧˊɘɤɜ ŬɜŰɚɘɩɜ
279

 

ȾŬŰɖɔɞɟɑŬ ȹɞɢŮɑɞ Niskin 
ȺˊɘŰɧˊɘŬ 
ȷɜŰɚɑŬ 

ȷɜŬűɞɟɎ 

ɇɨˊɞɠ űɑɚŰɟɞɡ GF/F 0.7 ɛm MQ (1 ɛm) 280 

ȷɜɞɛɞɘɞɛɞɟűɑŬ 
ɜŮɟɞɨ 

ɀŮɔɎɚɖ ɚɧɔɤ 
ɛɘəɟɞɨ ɞɔəɞɡ 

ȿɘɔɧŰŮɟɖ ɚɧɔɤ 
ɧɔəɞɡ 

281 

Ⱥˊɘɛɧɚɡɜůɖ 
ɀŮɔɎɚɖ 
ˊɘɗŬɜɧŰɖŰŬ 

ɀɘəɟɐ 
ˊɘɗŬɜɧŰɖŰŬ 

280 

ɄɑŮůɖ 
ɉŬɛɖɚɧŰŮɟɖ 
ˊŰɩůɖ ˊɑŮůɖɠ 

ɈɣɖɚɧŰŮɟɖ 
ˊŰɩůɖ ˊɑŮůɖɠ 

282 

Ʉɟɞůɟɧűɖůɖ 
DOC 

ɈɣɖɚɧŰŮɟɞ 
Űɡűɚɧ, ŬɜɎ 
ɧɔəɞ, ŬɜɎ 
ˊŮɟɘɞɢɐ 

ɉŬɛɖɚɧŰŮɟɞ 
Űɡűɚɧ, ŬɜɎ 
ɧɔəɞ, ŬɜɎ 
ˊŮɟɘɞɢɐ 

278 

ȷˊɩɚŮɘŮɠ 
ůɤɛŬŰɘŭɑɤɜ 

ɀŮɔɎɚŮɠ ɚɧɔɤ 
ůŰɟɞɓɘɚɘůɛɞɨ 

ȺɚŬɢɘůŰɞˊɞɑɖůɖ 279 
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ȾŬŰɖɔɞɟɑŬ ȹɞɢŮɑɞ Niskin 
ȺˊɘŰɧˊɘŬ 
ȷɜŰɚɑŬ 

ȷɜŬűɞɟɎ 

ȺˊɘűŬɜŮɘŬəɏɠ 
ˊŬɟŮɛˊɞŭɑůŮɘɠ 

ȾŬŰŬəɟɎŰɖůɖ 
ɕɤɞˊɚŬɔəŰɞɨ 

ɀɖ 
əŬŰŬəɟɎŰɖůɖ 
ɕɤɞˊɚŬɔəŰɞɨ 

279 

ȽəŬɜɧŰɖŰŬ 
ůɡɔəɟɎŰɖůɖɠ 
ůɤɛŬŰɘŭɑɤɜ 

ɉŬɛɖɚɧŰŮɟɖ ɈɣɖɚɧŰŮɟɖ 279 

ɀŮɔɎɚŬ 
ůɤɛŬŰɑŭɘŬ 

ɀɘəɟɐ 
ˊɘɗŬɜɧŰɖŰŬ 
ůɡɚɚɞɔɐɠ ɚɧɔɤ 
ɛɘəɟɞɨ ɧɔəɞɡ 

ɀŮɔɎɚɖ 
ˊɘɗŬɜɧŰɖŰŬ 
ůɡɚɚɞɔɐɠ ɚɧɔɤ 
ɛŮɔɎɚɞɡ ɧɔəɞɡ 

279 

 

 

 

8.8 ȺɈɇɅɃūȽȾȺɆ ï ɃȿȽũɃɇɅɃūȽȾȺɆ ɄȺɅȽɃɉȺɆ 

 

ȹɘɎűɞɟŮɠ ɔŮɤɔɟŬűɘəɏɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɤəŮŬɜɩɜ əŬɘ Űɤɜ ɗŬɚŬůůɩɜ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ 

ŮɡŰɟɞűɘəɏɠ ɐ ɞɚɘɔɞŰɟɞűɘəɏɠ, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɞůɧ Űɤɜ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ˊɞɡ 

ɡˊɎɟɢɞɡɜ ůŮ ŬɡŰɏɠ. Ƀɘ ŮɡŰɟɞűɘəɏɠ ˊŮɟɘɞɢɏɠ (ˊɢ. ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ ɏɜŰɞɜŬ Ŭˊɧ, 

ˊɚɞɨůɘŬ ůŮ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ, ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ) 

ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɎ ˊɞůɞůŰɎ ˊŬɟŬɔɤɔɐɠ. Ƀɘ ɞɚɘɔɞŰɟɞűɘəɏɠ ˊŮɟɘɞɢɏɠ, əɡɟɑɤɠ 

ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ɏɜŰɞɜŬ əɡəɚɤɜɘəɎ ɟŮɨɛŬŰŬ, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ 

ˊɟɤŰɞɔŮɜɐ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ ˊɟɞŮɟɢɧɛŮɜɖ ůɢŮŭɧɜ Ůɝɞɚɞəɚɐɟɞɡ Ŭˊɧ ŬɜŬɔɏɜɜɖůɖ ɗɟŮˊŰɘəɩɜ 

ůɡůŰŬŰɘəɩɜ. ɀɘŬ ɡˊŮɟŬˊɚɞɡůŰŮɡɛɏɜɖ ŭɘɎəɟɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŮˊɘɢŮɘɟŮɑŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 

8.4 249. 

 

ɄɑɜŬəŬɠ 8.4: ȹɘɎəɟɘůɖ Űɤɜ ɤəŮɎɜɘɤɜ ˊŮɟɘɞɢɩɜ 

ȺɡŰɟɞűɘəɏɠ ɃɚɘɔɞŰɟɞűɘəɏɠ 

ɈɣɖɚɎ ˊɞůɎ ɗɟŮˊŰɘəɩɜ ɉŬɛɖɚɎ ˊɞůɎ ɗɟŮˊŰɘəɩɜ 

ɀŮɔɎɚŬ əɨŰŰŬɟŬ űɡŰɞˊɚŬɔəŰɞɨ ɀɘəɟɎ əɨŰŰŬɟŬ űɡŰɞˊɚŬɔəŰɞɨ 

ɀŮɔɎɚŬ ˊɞůɎ ɕɤɞˊɚŬɔəŰɞɨ ɀɘəɟɎ ˊɞůɎ ɕɤɞˊɚŬɔəŰɞɨ 

ɀŮɔɎɚŬ əŬɘ ŰŬɢɏɤɠ əŬŰŬɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ ɀɘəɟɎ ůɤɛŬŰɑŭɘŬ ˊɞɡ ŭŮɜ əŬŰŬɓɡɗɑɕɞɜŰŬɘ 

ɀŮɔɎɚŮɠ ɟɞɏɠ POC/PON ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ ɀɘəɟɏɠ ɟɞɏɠ POC/PON ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ 

ɀɘəɟɞɑ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 234Th ɀŮɔɎɚɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 234Th 
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8.9 ȺɄȽɄȺȹȷ ɇȽɀɋɁ ɆɇȼɁ ȷɁȷɇɃȿȽȾȼ ɀȺɆɃũȺȽɃ ŪȷȿȷɆɆȷ 

 

ɆŰɞɜ ɄɑɜŬəŬɠ 8.5 űŬɑɜɞɜŰŬɘ əɎˊɞɘŮɠ ˊɞɚɨ ˊɟɧůűŬŰŮɠ Űɘɛɏɠ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Űɞ 2004 Ŭˊɧ Űɞɡɠ Speicher et al. (2006)232. ȷˊɧ Űɞɜ ˊɑɜŬəŬ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɞɘ Űɘɛɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ŮɑɜŬɘ əŬŰɎ ˊɞɚɨ ɛɘəɟɧŰŮɟŮɠ Űɞɡ ŭɘŬɚɡŰɞɨ ɔɘŬ 

ŰŬ ˊŮɟɘɓɎɚɚɞɜŰŬ ŬɡŰɎ. ɄŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬűɏɟɞɡɜ ɞɘ Muir et al. (2005)240 ɔɘŬ Űɞ 

ŪŮɟɛŬɥəɧ Ⱦɧɚˊɞ, ɞ ɞˊɞɑɞɠ ɞɛɞɘɎɕŮɘ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟɞ ɛŮ Űɞɜ ɡˊɧ ɛŮɚɏŰɖ ɆŬɟɤɜɘəɧ Ⱦɧɚˊɞ 

əŬɘ Űɞɜ Ⱦɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ. 
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ɄɑɜŬəŬɠ 8.5: ɆɡɔəŮɜŰɟɩůŮɘɠ 
234

Th əŬɘ ɚɧɔɞɘ 
234

Th/
238

U ůŰɖɜ ɇɡɟɟɖɜɘəɐ ŪɎɚŬůůŬ əŬɘ Űɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ
232

 

ȸɎɗɞɠ 
(m) 

ȳɔəɞɠ 
(L) 

ȷɚŬŰɧŰɖŰŬ 
(ă) 

ȹɘŬɚɡŰɧ 
234Th (Bq m-3) 

ɆɤɛŬŰɘŭɘŬəɧ 
234Th (Bq m-3) 

Ɇɡɜɞɚɘəɧ 
234Th (Bq m-3) 

234Th/238U 

ɇɡɟɟɖɜɘəɐ ŪɎɚŬůůŬ 

St.A1 

2.5 1196 38.01 26.3 8.5 34.8 0.80 

25 807 38.04 31.0 3.2 34.2 0.78 

60 552 38.12 29.0 7.7 36.7 0.84 

75 959 38.12 28.0 3.3 31.3 0.72 

St.18 

2.5 1416 38.15 35.8 0.2 35.8 0.82 

25 346 38.23 37.3 3.8 41.2 0.94 

60 697 38.37 36.0 5.0 41.0 0.93 

75 1012 38.39 35.8 4.3 40.2 0.91 

200 1236 38.63 39.8 1.3 41.2 0.87 

St.46 

2.5 922 37.51 29.8 0.0 29.8 0.69 

50 939 37.75 33.2 1.7 35.0 0.81 

80 620 38.07 36.2 3.3 39.5 0.90 

St.50       

3 1090 37.78 45.5 0.5 46.0 1.06 

50 975 37.84 51.0 3.5 54.3 1.25 
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ȸɎɗɞɠ 
(m) 

ȳɔəɞɠ 
(L) 

ȷɚŬŰɧŰɖŰŬ 
(ă) 

ȹɘŬɚɡŰɧ 
234Th (Bq m-3) 

ɆɤɛŬŰɘŭɘŬəɧ 
234Th (Bq m-3) 

Ɇɡɜɞɚɘəɧ 
234Th (Bq m-3) 

234Th/238U 

75 1128 37.88 40.0 n.d. 42.0 0.97 

100 1522 37.92 48.0 7.3 55.2 1.27 

St.GSD 

2.5 824 37.57 37.3 1.8 39.2 0.91 

20 1013 37.49 41.7 5.7 47.2 1.10 

40 938 37.91 40.0 4.0 44.0 1.01 

60 622 37.93 43.8 4.5 48.3 1.11 

80 942 37.97 43.0 4.2 47.2 1.08 

120 905 38.18 41.8 5.8 47.7 1.09 

200 1448 38.58 42.0 4.8 46.8 1.05 

ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ 

50  39.09 43.5 1.8 45.3 1.01 

75  39.09 39.2 1.5 40.7 0.91 

100  39.09 37.0 1.5 38.5 0.86 

150  39.09 36.5 4.5 41.0 0.91 

300  39.09 40.0 5.5 45.5 1.01 
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ȾȺūȷȿȷȽɃ 9 

 

ȷɄɃɇȺȿȺɆɀȷɇȷ ȾȷȽ ɆɈȻȼɇȼɆȼ 

Regression
95% confid.

PTh vs. TSM

 PTH = 3.6709 - .0038 * TSM

Correlation: r = -.7141

 TSM (̧g L
-1

)

 P
T

h
 (

B
q
 m

-3
)

1.0

1.6

2.2

2.8

3.4

4.0

50 150 250 350 450 550 650 750

 

 



 
161 

 

99  ȷȷɄɄɃɃɇɇȺȺȿȿȺȺɆɆɀɀȷȷɇɇȷȷ  ȾȾȷȷȽȽ  ɆɆɈɈȻȻȼȼɇɇȼȼɆɆȼȼ  

 

9.1 ɉȺȽɀɋɁȷɆ 2007 (4, 5, 6/01/2007) 

 

9.1.1 ūɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ, ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM), ŭɘŬɚɡŰɧɠ əŬɘ 
ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (DOC, POC) Űɞ ɢŮɘɛɩɜŬ 2007 

 

Ƀɘ ůŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ, ŰŬ ɓɎɗɖ ůŰŬ ɞˊɞɑŬ ŮɚɐűɗɖůŬɜ 

ŭŮɑɔɛŬŰŬ, ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡŭɎŰɤɜ Űɤɜ ůŰŬɗɛɩɜ (ŬɚŬŰɧŰɖŰŬ, ɗŮɟɛɞəɟŬůɑŬ, 

pH əŬɘ ˊɡəɜɧŰɖŰŬ), ɛŬɕɑ ɛŮ Űɖɜ TSM əŬɘ Űɞɜ DOC əŬɘ POC ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 

9.1. ũɘŬ Űɖɜ ŬɜɎɔəɖ ɛɘŬɠ ˊɘɞ ɚŮˊŰɞɛŮɟɞɨɠ ŬɜŰɑɚɖɣɖɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ Űɤɜ ůŰŬɗɛɩɜ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ (ȺɘəɧɜŬ 9.1), ɖ TSM əŬɘ ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ DOC əŬɘ POC (ȺɘəɧɜŬ 9.2 əŬɘ ȺɘəɧɜŬ 9.3) ɤɠ ˊɟɞɠ Űɞ ɓɎɗɞɠ. 

 

ȳˊɤɠ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɢŮɘɛɩɜŬ, ɖ ɡŭɎŰɘɜɖ ůŰɐɚɖ 

ŮɑɜŬɘ ɔŮɜɘəɎ ɞɛɞɘɞɔŮɜɐɠ. ɀɘəɟɐ ŬɜɤɛŬɚɑŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ůŰŬɗɛɧ S.3, ŮɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ 

ŬɡŰɧɠ ɓɟɑůəŮŰŬɘ əɞɜŰɎ ůŰɞɜ Ŭɔɤɔɧ Ůəɟɞɐɠ Ŭˊɧ Űɖ ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŬůŰɘəɩɜ 

ɚɡɛɎŰɤɜ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ. ȷˊɧ Űɞɜ Ŭɔɤɔɧ Ůəɟɏɞɡɜ ɨŭŬŰŬ ɢŬɛɖɚɐɠ ŬɚŬŰɧŰɖŰŬɠ ůŮ ɓɎɗɞɠ 

ˊŮɟɑˊɞɡ 65 m. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ ŬˊɧŰɞɛɖ ɛŮɑɤůɖ Űɖɠ 

ŬɚŬŰɧŰɖŰŬɠ əŬɘ Űɖɠ ˊɡəɜɧŰɖŰŬɠ əŬɘ ŮɛűɎɜɘůɖ ˊɡəɜɞəɚɘɜɞɨɠ ůŮ ɓɎɗɞɠ 15 m ˊŮɟɑˊɞɡ, 

ɏůŰɤ əɘ Ŭɜ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Űɞ ɢŮɘɛɩɜŬ (ȺɘəɧɜŬ 9.1). 

 

ȼ ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM) ˊɞɘəɑɚɚŮɘ Ŭˊɧ 121 ï 631 ɛg L-1 ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɎɗɞɠ 

(ɄɑɜŬəŬɠ 9.1, ȺɘəɧɜŬ 9.2). Ƀɘ Űɘɛɏɠ ŮɑɜŬɘ ɘůɞŭɨɜŬɛŮɠ ɛŮ ŬɡŰɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ 

ˊɟɧůűŬŰŬ Ŭˊɧ Űɞɡɠ Krasakopoulou and Karageorgis (2005)283 ůŰɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ. Ƀɘ 

ůŰŬɗɛɞɑ S.3 əŬɘ S.5 ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɔŮɘŰɜɘɎɕɞɜŰŮɠ ɛŮ Űɖɜ ɝɖɟɎ, Ůɜɩ ɞ S.7 ɤɠ 

ůŰŬɗɛɧɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əɎˊɤɠ Űɖɜ çŬɜɞɘəŰɐè ɗɎɚŬůůŬ. ɆɡɜŮˊɩɠ, ɗŬ 

ŬɜŬɛɏɜɞɜŰŬɜ ŬɡɝɖɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ TSM ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ůŰŬɗɛɩɜ S.3 əŬɘ S.5, 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ɝɖɟɎɠ. ɋůŰɧůɞ, ŬɡŰɧ ˊɞɡ ˊɟŬɔɛŬŰɘəɎ 

űŬɑɜŮŰŬɘ ŮɑɜŬɘ ɧŰɘ ɞ S.7 ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŮˊɘűŬɜŮɘŬəɐ ůɡɔəɏɜŰɟɤůɖ TSM (631 

ɛg L-1). ȷɡŰɧ ɛˊɞɟŮɑ ɑůɤɠ ɜŬ ŮɝɖɔɖɗŮɑ ɛŮ ɓɎůɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ Ůɜ ɚɧɔɤ ůŰŬɗɛɧɠ 

ɓɟɑůəŮŰŬɘ 0.5 Nm Ŭˊɧ Űɖ ɔɟŬɛɛɐ əɡəɚɞűɞɟɑŬɠ Űɤɜ Ůɛˊɞɟɘəɩɜ əŬɘ ŮˊɘɓŬŰɖɔɩɜ ˊɚɞɑɤɜ 

Ŭˊɞ əŬɘ ˊɟɞɠ Űɞ ȿɘɛɎɜɘ Űɞɡ ɄŮɘɟŬɘɎ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɛŮ ɓɎůɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

ŮˊɘəɟŬŰɞɨůŬɜ ŬəɟŬɑŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ əŬŰɎ Űɖɜ ɖɛɏɟŬ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (ɢɘɞɜɞˊŰɩůŮɘɠ ï ɓɟɞɢɞˊŰɩůŮɘɠ), ɔŮɔɞɜɧŰŬ ŰŬ ɞˊɞɑŬ ˊɟɞůɎˊŰɞɡɜ 

Ůˊɘˊɚɏɞɜ ŮɝɤɔŮɜŮɑɠ ˊɖɔɏɠ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ240. 
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ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ TSM ůŰŬ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ, 

ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ ɧŰɘ ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞɡɠ 

ůŰŬɗɛɞɨɠ S.3 əŬɘ S.5. ȷɡŰɧ ŮɟɛɖɜŮɨŮŰŬɘ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ůŰŬɗɛɧɠ S.3 ɓɟɑůəŮŰŬɘ 

ůŰɖɜ Ůəɟɞɐ Űɞɡ Ŭɔɤɔɞɨ Űɖɠ ɛɞɜɎŭŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ, 

ɞˊɧŰŮ ɡˊɎɟɢŮɘ Ůˊɘˊɚɏɞɜ ˊɖɔɐ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ ŰŬ ɨŭŬŰŬ ˊɞɡ Ůəɟɏɞɡɜ Ŭˊɧ Űɞɜ Ŭɔɤɔɧ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɞ S.5 ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ ŬɔəɡɟɞɓɞɚŮɑɞɡ ɄŮɘɟŬɘɩɠ, ɞˊɧŰŮ ŮɜŭŮɢɧɛŮɜŬ 

ɡˊɎɟɢŮɘ ŮˊŬɜŬɘɩɟɖůɖ ɨɚɖɠ Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ, ɧˊɤɠ Ůˊɑůɖɠ əɘ Ŭˊɧ Űɞ ɔŮɘŰɞɜɘəɧ ůŰŬɗɛɧ 

S.3. ɇŬ ŬˊɧŰŮɚɏůɛŬŰŬ ŬɡŰɎ ůɡɛˊɑˊŰɞɡɜ ɛŮ ŬɡŰɎ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ əɘ Ŭˊɧ Ɏɚɚɞɡɠ 

ŮɟŮɡɜɖŰɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɔɘŬ Űɞ 2005283. ɆɡɜŮˊɩɠ, ˊɟɤŰɞɔŮɜɐɠ ˊɖɔɐ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ ŮɑɜŬɘ ɞɘ ɡˊɞɓɟɨɢɘŮɠ Ůəɟɞɏɠ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ 

ɊɡŰɎɚɚŮɘŬɠ əŬɘ ɞɘ ɛŮŰŬűɞɟɏɠ Ŭˊɧ Űɘɠ ɔɨɟɤ ˊŮɟɘɞɢɏɠ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŰɞɜŮɠ 

ɓɘɞɛɖɢŬɜɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. ȺəŰɧɠ Ŭˊɧ Űɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ŬˊɞɗɏůŮɘɠ ůɤɛŬŰɘŭɑɤɜ, ɏɜŬɠ 

Ɏɚɚɞɠ Űɟɧˊɞɠ ɛŮŰŬűɞɟɎɠ Ŭˊɧ Űɖ ůŰŮɟɘɎ ůŰɖ ɗɎɚŬůůŬ ŮɑɜŬɘ ɖ Ŭˊɧˊɚɡůɖ Űɖɠ ɔɖɠ ɘŭɘŬɑŰŮɟŬ 

ɛɏůɤ ɛɘəɟɩɜ əɘ ŮűɐɛŮɟɤɜ ˊɞŰŬɛɩɜ (Ƚɚɘůůɧɠ əŬɘ Ⱦɖűɘůɧɠ ï ȺɘəɧɜŬ 7.3) 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŭɘŬɚɡŰɞɨ əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC əŬɘ POC) 

űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.1 əɘ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.3. Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ 

DOC əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 109 ï 370 ɛmol C L-1, Ůɜɩ Űɞɡ POC ɛŮŰŬɝɨ 1.2 ï 28.6 ɛmol C 

L-1, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɎɗɞɠ. Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɡŰɏɠ ŮɘɜŬɑ ɡɣɖɚɧŰŮɟŮɠ ŮəŮɑɜɤɜ ˊɞɡ ɏɢɞɡɜ 

ˊŬɟŬŰɖɟɖɗŮɑ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ ɀŮůɞɔŮɑɞɡ. Ʉɢ. ɞɘ Cauwet et al. (1990)284 285 

ŬɜŬűɏɟɞɡɜ ůɡɔəŮɜŰɟɩůŮɘɠ DOC ɛŮŰŬɝɨ 58 ï 183 ɛmol C L-1 əŬɘ POC ɛŮŰŬɝɨ 2.5 ï 5.0 

ɛmol C L-1 ůŰɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ Ⱦɧɚˊɞɡ Űɖɠ ȿɡɩɜ əŬɘ ůŰɘɠ Ůəɓɞɚɏɠ Űɞɡ ˊɞŰŬɛɞɨ 

Rhone. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɞɘ Űɘɛɏɠ ŮɑɜŬɘ ůɡɔəɟɑůɘɛŮɠ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 

Zeri and Krasakopoulou (2001)286 ɔɘŬ Űɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ. 

 



 
163 

 

 

ɄɑɜŬəŬɠ 9.1: ɆŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ůɡɜŰŮŰŬɔɛɏɜŮɠ, ɓɎɗɖ, űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM), ŭɘŬɚɡŰɧɠ əŬɘ ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ C (DOC, POC) Űɞ ɢŮɘɛɩɜŬ 

2007 

ɆŰŬɗɛɧɠ ɆɡɜŰŮŰŬɔɛɏɜŮɠ 
ȸɎɗɞɠ 

(m) 
ȷɚŬŰɧŰɖŰŬ 

(psu) 
ŪŮɟɛɞəɟŬůɑŬ 

(OC) 
pH 

ɄɡəɜɧŰɖŰŬ 
(Kg m-3) 

TSM 
(mg L-1) 

DOC 
(mmol C L-1) 

POC 
(mmol C L-1) 

S.3 
N37 55.108 
E23 35.294 

0 36.7 14.6 8.66 1027.37 121 126 7.0 

  15 36.4 14.5 8.85 1027.17 308 272 7.4 

  60 33.1 14.8 8.60 1024.64 182 230 28.6 

S.5 
N37 51.287 
E23 33.372 

0 38.1 14.3 8.06 1028.52 239 124 4.1 

  35 37.9 13.5 8.03 1028.69 294 118 5.3 

  90 38.4 12.5 8.66 1029.13 457 202 2.9 

S.7 
N37 42.232 
E23 38.625 

0 38.4 14.4 8.87 1028.73 631 109 3.2 

  50 38.1 13.7 8.68 1028.81 136 116 3.1 

  100 37.7 12.8 8.01 1028.75 223 146 2.2 

  200 36.5 11.9 8.15 1028.23 173 370 1.2 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ Űɤɜ Űɘɛɩɜ ɏɢɞɡɜ ˊŬɟŬɚɖűɗŮɑ, ŭɘɧŰɘ ɞɘ Ůˊɑ % ŬɓŮɓŬɘɧŰɖŰŮɠ Űɞɡ ˊɞɚɡɛɏŰɟɞɡ YSI 53 ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɨŭŬŰɞɠ, Űɞɡ ɕɡɔɞɨ ŬəɟɘɓŮɑŬɠ, Űɞɡ ŬɜŬɚɡŰɐ TOC əŬɘ Űɞɡ 

ůŰɞɘɢŮɘŬəɞɨ ŬɜŬɚɡŰɐ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɞ 1. 
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ȺɘəɧɜŬ 9.1: Ƀɘ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 3 ůŰŬɗɛɞɨɠ 
ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 

 

 

ȺɘəɧɜŬ 9.2: ȼ ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 
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ȺɘəɧɜŬ 9.3: ɆɡɔəŮɜŰɟɩůŮɘɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC, DOC) ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ 
Űɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 

 

ɆɢŮŰɘəɎ ɛŮ Űɘɠ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ DOC əŬɘ POC (ȺɘəɧɜŬ 9.3), 

ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ DOC ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ əŬɘ Űɤɜ 3 

ůŰŬɗɛɩɜ. ūŬɑɜŮŰŬɘ ɚɞɘˊɧɜ ˊɤɠ ɖ ɡŭɎŰɘɜɖ ůŰɐɚɖ Űɤɜ ůŰŬɗɛɩɜ ŮˊɖɟŮɎɕŮŰŬɘ ɏɜŰɞɜŬ Ŭˊɧ 

Űɖɜ Ůəɟɞɐ Űɤɜ ɡŭɎŰɤɜ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ, ŰŬ ɞˊɞɑŬ, Ŭɛɏůɤɠ ɛŮŰɎ, 

ŭɘŬɢɏɞɜŰŬɘ ůŰɞ ɆŬɟɤɜɘəɧ ɛɏůɤ ɡˊɞɗŬɚɎůůɘɤɜ əɡəɚɤɜɘəɩɜ ɟŮɡɛɎŰɤɜ ɛŮŰŬűɞɟɎɠ197 202. 

Ƀɘ Űɘɛɏɠ DOC ŮɑɜŬɘ ɔŮɜɘəɎ ŬɜŬɛŮɜɧɛŮɜŮɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ɆŬɟɤɜɘəɧɠ Ⱦɧɚˊɞɠ ŮɑɜŬɘ ɛɘŬ 

ˊŮɟɘɞɢɐ, ɖ ɞˊɞɑŬ ŭɏɢŮŰŬɘ ɛŮɔɎɚŬ űɞɟŰɑŬ ŬˊɞɓɚɐŰɤɜ ɔɘŬ ˊɞɚɚɎ ɢɟɧɜɘŬ əɘ Ůˊɑůɖɠ, ɞɘ 

ůɢŮŰɘəɎ ɡɣɖɚɏɠ Űɘɛɏɠ ɗɟŮˊŰɘəɩɜ Ůɡɜɞɞɨɜ Űɖɜ ɏɜŰɞɜɖ ˊɟɤŰɞɔŮɜɐ ˊŬɟŬɔɤɔɐ, ɛɘŬ 

ŭɘŬŭɘəŬůɑŬ ɖ ɞˊɞɑŬ ŮɚŮɡɗŮɟɩɜŮɘ Ůˊɘˊɚɏɞɜ ɞɟɔŬɜɘəɐ ɨɚɖ ůŰɖɜ ˊŮɟɘɞɢɐ286. ȳůɞɜ ŬűɞɟɎ 

ůŰɘɠ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ Űɞɡ POC, ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ ɧŰɘ ɖ Ůəɟɞɐ 

ɡŭɎŰɤɜ Ŭˊɧ Űɖɜ ɊɡŰɎɚɚŮɘŬ ŮˊɖɟŮɎɕŮɘ ɛɧɜɞ Űɞ ůŰŬɗɛɧ S.3. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ ɛŮ 

ɓɎůɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɖɠ ŮɘůŬɔɤɔɐɠ DOC, Űɞ ɞˊɞɑɞ ɚɧɔɤ ŬˊɧŰɞɛɖɠ ŬɚɚŬɔɐɠ Űɖɠ 

ŬɚŬŰɧŰɖŰŬɠ (ŮɝŬɚɎŰɤůɖ) ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ POC. 
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9.1.2 ɆɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ Űɤɜ 
ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th, Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U 
əŬɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ 234Th Űɞ ɢŮɘɛɩɜŬ 2007 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ 

Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.2. ȼ əŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ 

ŭɘŬɚɡŰɞɨ 137Cs ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.4, Ůɜɩ Űɞ 234Th əŬɘ Űɞ ɡˊɞɚɞɔɘůɛɏɜɞ Ŭˊɧ Űɖɜ 

ŬɚŬŰɧŰɖŰŬ 238U ůŰɖɜ ȺɘəɧɜŬ 9.5. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 234Th ŮɝŮŰɎɕɞɜŰŬɘ ɤɠ 

ŭŮɑəŰŮɠ ˊɘɗŬɜɐɠ ŮˊŬɜŬŭɘɎɚɡůɖɠ 234Th Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ ɐ ɛɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ ůŮ ŬɡŰɎ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞɜ Űɨˊɞ Kd = Ap / [Ad x TSM] 287. 

ȳůɞ ɡɣɖɚɧŰŮɟɞɠ ŮɑɜŬɘ, Űɧůɞ ˊɘɞ ɘůɢɡɟɐ ŮɑɜŬɘ ɖ ůɡɔəɟɎŰɖůɖ Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ. 

 

ȳůɞɜ ŬűɞɟɎ ůŰɞ ŭɘŬɚɡŰɧ 137Cs ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1.2 Ñ 0.1 

ɏɤɠ 3.2 Ñ 0.1 Bq m-3 ŬɜŬɚɧɔɤɠ Űɞɡ ɓɎɗɞɡɠ. 137Cs ůŮ ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ ŭŮɜ 

ˊɟɞůŭɘɞɟɑůŰɖəŮ (LOD = 0.011 Bq m-3), ɧˊɤɠ ŬɡŰɧ ˊɟɞůŭɘɞɟɑůŰɖəŮ Ŭˊɧ Űɞɡɠ Evangeliou 

et al. (2009)116. ȳůɞɜ ŬűɞɟɎ ůŰɖɜ əŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ 137Cs, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

ŮɜŮɟɔɧŰɖŰŬɠ ɛŮɘɩɜɞɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ ůŮ ɧɚɞɡɠ Űɞɡɠ ůŰŬɗɛɞɨɠ, ˊɚɖɜ Űɞɡ S.5 

(ȺɘəɧɜŬ 9.4). ȷɡŰɧ, ŮɜŭŮɢɧɛŮɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ˊɘɗŬɜɐ ŮˊŬɜŬŭɘɎɚɡůɖ ŰɛɐɛŬŰɞɠ Űɞɡ 137Cs, 

ŮɝŬɘŰɑŬɠ Űɖɠ ŬɜŬɛɧɢɚŮɡůɖɠ Űɞɡ ɓɡɗɞɨ Ŭˊɧ Űɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɤɜ Ůɛˊɞɟɘəɩɜ ˊɚɞɑɤɜ ůŰɖ 

ˊŮɟɘɞɢɐ (ɞ S.5 ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɞɡ Ŭɔəɡɟɞɓɞɚɑɞɡ ɄŮɘɟŬɘɩɠ). 

 

ɆɢŮŰɘəɎ ɛŮ Űɞ 234Th, ůŰɞ ůŰŬɗɛɧ S.3 Űɞ ůɤɛŬŰɘŭɘŬəɧ 234Th ŭŮɑɢɜŮɘ ŬɜŰɑɗŮŰɖ əŬŰŬəɧɟɡűɖ 

əŬŰŬɜɞɛɐ Ŭˊɧ ɧŰɘ Űɞ ŭɘŬɚɡŰɧ (ȺɘəɧɜŬ 9.5). ɇɞ ůɡɜɞɚɘəɧ 234Th (ůɤɛŬŰɘŭɘŬəɧ əŬɘ ŭɘŬɚɡŰɧ) 

ŭŮɑɢɜŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮ Űɞ 238U ůŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ, Ůɜɩ 

ŰŮɑɜŮɘ ˊɟɞɠ Űɖɜ ɘůɞɟɟɞˊɑŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (0 ï 15 m). ȼ ɛŮɔɎɚɖ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ 

ɘůɞɟɟɞˊɑŬ ůŰŬ ɛŮɔɎɚŬ ɓɎɗɖ ˊɘɗŬɜɧɜ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŭɘŬɚɡŰɧ 234Th ɏɢŮɘ 

Űɖɜ ŰɎůɖ ɜŬ ˊɟɞůɟɞűɎŰŬɘ ɏɜŰɞɜŬ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŬ ůɤɛŬŰɑŭɘŬ, 

ůŰɖɜ ˊɟɞəŮɘɛɛɏɜɖ ˊŮɟɑˊŰɤůɖ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (ɓɚɏˊŮ ȺɘəɧɜŬ 9.2)239. ɆŰɞ ůŰŬɗɛɧ S.5 ɞɘ 

əŬŰŬɜɞɛɏɠ Űɤɜ ɛɞɟűɩɜ Űɞɡ 234Th, ɧˊɤɠ əŬɘ Űɞɡ 238U ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɏɠ ůŮ ůɢɏůɖ ɛŮ 

Űɞ ɓɎɗɞɠ (ȺɘəɧɜŬ 9.5). ȼ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ Űɞɡ ɞɚɘəɞɨ 234Th Ŭˊɧ Űɞ 238U 

əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 0.3 ï 0.4. ȼ ɛɘəɟɐ Ŭɨɝɖůɖ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ 

ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ˊɘɗŬɜɐ ŮˊŬɜŬŭɘɎɚɡůɖ 234Th Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ (ɢŬɛɖɚɐ Űɘɛɐ Kd). 
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ɄɑɜŬəŬɠ 9.2: ɆɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 
137

Cs (PCs-137 əŬɘ DCs-137), 
234

Th (PTh-234 əŬɘ DTh-234), ɞɚɘəɞɨ 
234
Th (ɇTh-234) əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ 

ŬɚŬŰɧŰɖŰŬ 
238

U, əŬɗɩɠ əŬɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 
234
Th (Ⱦd) Űɞ ɢŮɘɛɩɜŬ 2007 

ɆŰŬɗɛɧɠ 
ȸɎɗɞɠ 

(m) 
PCs-137 
(Bq m-3) 

DCs-137 
(Bq m-3) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

U-238 
(Bq m-3) 

PTh-234 
(Bq m-3) 

DTh-234 
(Bq m-3) 

TTh-234 
(Bq m-3) 

Kd 
(x 106 mL g-1) 

S.3 0 n.d. 1.9 Ñ 0.1 36.7 43.2 Ñ 0.9 3.8 Ñ 1.8 27.5 Ñ 1.3 31.3 Ñ 2.3 1.13 Ñ 0.51 

 15 n.d. 1.3 Ñ 0.1 36.4 42.0 Ñ 0.9 1.2 Ñ 0.6 30.0 Ñ 1.2 31.2 Ñ 1.6 0.13 Ñ 0.05 

 60 n.d. 1.2 Ñ 0.1 33.1 39.0 Ñ 0.8 3.3 Ñ 1.3 15.7 Ñ 1.1 19.0 Ñ 1.7 1.14 Ñ 0.53 

S.5 0 n.d. 3.2 Ñ 0.1 38.1 44.9 Ñ 0.9 2.7 Ñ 1.4 13.2 Ñ 1.4 15.9 Ñ 1.4 0.84 Ñ 0.38 

 35 n.d. 1.8 Ñ 0.1 37.9 44.6 Ñ 0.9 2.8 Ñ 0.9 12.1 Ñ 1.4 14.9 Ñ 1.5 0.80 Ñ 0.27 

 90 n.d. 2.1 Ñ 0.1 38.4 45.2 Ñ 0.9 1.7 Ñ 0.9 17.0 Ñ 1.5 18.7 Ñ 1.3 0.22 Ñ 0.11 

S.7 0 n.d. 2.9 Ñ 0.1 38.4 45.2 Ñ 0.9 1.8 Ñ 0.4 28.2 Ñ 3.9 30.0 Ñ 3.8 0.10 Ñ 0.04 

 50 n.d. 2.1 Ñ 0.1 38.1 44.9 Ñ 0.9 2.9 Ñ 1.3 10.8 Ñ 1.9 13.7 Ñ 1.8 2.00 Ñ 0.95 

 100 n.d. 1.6 Ñ 0.1 37.7 44.4 Ñ 0.9 2.3 Ñ 1.1 11.9 Ñ 1.4 14.2 Ñ 1.5 0.88 Ñ 0.42 

 200 n.d. 1.2 Ñ 0.1 36.5 43.0 Ñ 0.9 3.6 Ñ 1.4 17.4 Ñ 1.5 21.0 Ñ 1.3 1.19 Ñ 0.55 

n.d. (not determined) ŭŮɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ ɛŮŰŬűɞɟɎɠ (uncertainty propagation) 
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ȺɘəɧɜŬ 9.4: ȾŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ ŭɘŬɚɡŰɞɨ 

137
Cs ůŰɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 

 

 
ȺɘəɧɜŬ 9.5: ȾŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ ůɤɛŬŰɘŭɘŬəɞɨ (PTh), ŭɘŬɚɡŰɞɨ (DTh), ɞɚɘəɞɨ (Th

T
) 

234
Th əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ 

Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 
238

U ůŰɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 
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ɇɏɚɞɠ, ůŰɞ ůŰŬɗɛɧ S.7 Űɞ ůɤɛŬŰɘŭɘŬəɧ 234Th ŮɑɜŬɘ ɞɛɞɘɞɔŮɜɏɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ɡŭɎŰɘɜɖɠ 

ůŰɐɚɖɠ ŭŮɑɢɜɞɜŰŬɠ əŬɚɐ ŬɜɎɛɘɝɖ Űɤɜ ɡŭɎŰɤɜ. ȷˊɧ Űɖɜ Ɏɚɚɖ, Űɞ ŭɘŬɚɡŰɧ əŬɘ ɎɟŬ Űɞ 

ůɡɜɞɚɘəɧ 234Th ɛŮɘɩɜɞɜŰŬɘ ŬˊɧŰɞɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ ɛŮ 

ɓɎůɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Ůűɧůɞɜ ůŰɞɜ Ůɜ ɚɧɔɤ ůŰŬɗɛɧ ɖ ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ ŮɑɜŬɘ 

Ŭɡɝɖɛɏɜɖ ůŰŬ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ (ȺɘəɧɜŬ 9.2), Űɞ ŭɘŬɚɡŰɧ 234Th 

ˊɟŬůɟɞűɎŰŬɘ ůŰŬ ůɤɛŬŰɑŭɘŬ, ŰŬ ɞˊɞɑŬ əŬɗɘɕɎɜɞɡɜ ɎɛŮůŬ, ɚɧɔɤ ɓŬɟɨŰɖŰŬɠ. 

 

 

9.1.3 ɈˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh), ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ 
ŭɘŬɚɡŰɞɨ 234Th (JTh), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 
234Th (Űp, Űd), ɚɧɔɞɘ POC/PTh əŬɘ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Űɞ ɢŮɘɛɩɜŬ 
2007 

 

Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh), ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 

234Th (JTh), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 
234Th (Űp), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əŬɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ 

ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) Űɞɡ, ɛŬɕɑ ɛŮ Űɞɡɠ ɚɧɔɞɡɠ POC/PTh əŬɘ Űɘɠ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ 

ɎɜɗɟŬəŬ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.3.  

 

ɆŰɞ ůŰŬɗɛɧ S.3 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 5.2 Ñ 2.6 əŬɘ 14.1 Ñ 

7.1 Bq m-2 d-1 ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ ɤɠ ˊɟɞɠ Űɞ ɓɎɗɞɠ, Ůɜɩ ɞ ɟɡɗɛɧɠ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ůŰŬ ůɤɛŬŰɑŭɘŬ ɛŮŰŬɝɨ 0.7 Ñ 0.1 əŬɘ 15.6 Ñ 1.9 Bq m-2 

d-1 (ȺɘəɧɜŬ 9.6). Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɢŬɛɖɚɧŰŮɟɞ űɎůɛŬ, ŭŮɑɢɜɞɜŰŬɠ ɧŰɘ ɖ 

Ůəɟɞɐ ɢŬɛɖɚɐɠ ŬɚŬŰɧŰɖŰŬɠ ɡŭɎŰɤɜ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ ŬɟŬɘɩɜŮɘ ůɖɛŬɜŰɘəɎ 

ŰŬ ɨŭŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɐ/əŬɘ ɧŰɘ ɞɘ ŭɘŮɟɔŬůɑŮɠ ɛŮŰŬűɞɟɎɠ ɗŬɚŬůůɑɤɜ ɛŬɕɩɜ ŮɝŬɘŰɑŬɠ Űɤɜ 

ɟŮɡɛɎŰɤɜ ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ. ȼ əŬŰɎůŰŬůɖ űŬɑɜŮŰŬɘ ɜŬ ŬɚɚɎɕŮɘ ůŰɞ ůŰŬɗɛɧ S.5, ɧˊɞɡ ɞɘ 

ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ 3.8 Ñ 1.9 əŬɘ 47.0 Ñ 13.5 Bq m-2 d-1, Ůɜɩ 

ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ɛŮŰŬɝɨ 4.1 Ñ 0.7 əŬɘ 51.5 Ñ 8.6 

Bq m-2 d-1 (ȺɘəɧɜŬ 9.6). ɇɏɚɞɠ, ůŰɞɜ ůŰŬɗɛɧ S.7 ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɟɞɏɠ əŬɘ ɟɡɗɛɞɑ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ 234Th ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ 4.4 Ñ 2.0 ɏɤɠ 86.7 Ñ 43.1 Bq m-2 d-1 əŬɘ Ŭˊɧ 5.2 

Ñ 1.0 ɏɤɠ 93.5 Ñ 31.1 Bq m-2 d-1 (ȺɘəɧɜŬ 9.6). ɈɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɚŬɛɓɎɜɞɜŰŬɘ ůŰŬ ɛŮůŬɑŬ 

ůŰɟɩɛŬŰŬ Űɤɜ ůŰŬɗɛɩɜ (50 ï 100 m əŬɘ 100 ï 200 m) (ȺɘəɧɜŬ 9.6). ȳˊɤɠ ɏɢɞɡɜ 

ˊɟɞŰŮɑɜŮɘ ɞɘ Santschi et al. (1986)288 əŬɘ Jannasch et al. (1988)289, ůŮ ˊŮɟɘɓɎɚɚɞɜŰŬ 

ŬɜɞɘəŰɩɜ ɗŬɚŬůůɩɜ əŬɘ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɘɤɟɞɨɛŮɜɤɜ ůɡůŰŬŰɘəɩɜ,  ɧˊɤɠ  ɞ  

Ůɜ ɚɧɔɤ ůŰŬɗɛɧɠ (S.7), Űɞ 234Th ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɖ ŭɘŬɚɡŰɐ ˊɟɞɠ  
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ɄɑɜŬəŬɠ 9.3: Ʌɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh), ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ 
ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əŬɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) Űɞɡ, ɛŬɕɑ ɛŮ Űɞɡɠ ɚɧɔɞɡɠ POC/PTh əŬɘ Űɘɠ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Űɞ ɢŮɘɛɩɜŬ 2007 

ɆŰŬɗɛɧɠ 
Ƀɚɞəɚɐɟɤůɖ 
ȸɎɗɞɡɠ 

(m) 

JTh 
(Bq m-2 d-1) 

PTh 
(Bq m-2 d-1) 

Űd 
(d) 

Űp 
(d) 

ɚd 
(x 10-3 d-1) 

ɚp 
(x 10-3 d-1) 

POC/PTh 
(mmol Bq-1) 

Ʌɞɐ POC 
(mmol m-2 L-1) 

S.3 0-15 6.8 Ñ 0.3 5.2 Ñ 2.6 60.5 Ñ 2.9 10.9 Ñ 5.4 17 Ñ 1 92 Ñ 46 1.9 Ñ 0.2 9.6 Ñ 0.8 

 15-60 15.6 Ñ 0.6 14.1 Ñ 7.1 86.2 Ñ 3.4 3.7 Ñ 1.8 12 Ñ 1 269 Ñ 135 6.3 Ñ 0.3 88.8 Ñ 6.1 

 60-65 0.7 Ñ 0.1 8.6 Ñ 4.2 23.5 Ñ 1.6 5.7 Ñ 2.8 43 Ñ 3 176 Ñ 88 8.7 Ñ 0.4 75.1 Ñ 9.1 

S.5 0-35 30.0 Ñ 3.2 27.5 Ñ 13.6 14.5 Ñ 1.5 3.2 Ñ 1.6 69 Ñ 7 315 Ñ 33 1.6 Ñ 0.1 42.8 Ñ 2.7 

 35-90 51.5 Ñ 6.0 47.0 Ñ 13.5 12.9 Ñ 1.5 3.3 Ñ 1.1 78 Ñ 9 301 Ñ 100 1.9 Ñ 0.2 47.0 Ñ 5.5 

 90-97 4.1 Ñ 0.4 3.8 Ñ 1.9 21.0 Ñ 1.8 2.3 Ñ 1.1 48 Ñ 4 443 Ñ 221 1.7 Ñ 0.2 6.4 Ñ 0.2 

S.7 0-50 24.4 Ñ 3.4 21.8 Ñ 4.6 57.8 Ñ 8.0 4.2 Ñ 0.8 17 Ñ 2 238 Ñ 48 1.8 Ñ 0.3 38.3 Ñ 1.4 

 50-100 49.1 Ñ 8.6 44.9 Ñ 20.5 10.9 Ñ 1.9 3.2 Ñ 1.5 91 Ñ 16 310 Ñ 155 1.1 Ñ 0.2 47.7 Ñ 1.6 

 100-200 93.5 Ñ 11.0 86.7 Ñ 43.1 12.8 Ñ 1.5 2.7 Ñ 1.3 78 Ñ 9 369 Ñ 184 0.9 Ñ 0.1 79.3 Ñ 7.3 

 200-220 5.2 Ñ 0.4 4.4 Ñ 2.0 23.7 Ñ 2.0 5.7 Ñ 2.7 42 Ñ 4 176 Ñ 87 0.3 Ñ 0.1 1.4 Ñ 0.1 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ ɛŮŰŬűɞɟɎɠ (uncertainty propagation) 
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ȺɘəɧɜŬ 9.6: Ʌɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ əŬɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ŬɜɎɚɞɔŬ ɛŮ 
Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 

 

 

 

ȺɘəɧɜŬ 9.7: ɉɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp) əŬɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ 
ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd,) ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 3 ůŰŬɗɛɞɨɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 

 

 

Űɖ ůɤɛŬŰɘŭɘŬəɐ űɎůɖ əɘ ŬɜŰɘůŰɟɧűɤɠ ɛɏɢɟɘ Űɖɜ ɘůɞɟɟɞˊɑŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɝɖɔŮɑ ɔɘŬŰɑ ɞɘ 

ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ əŬɘ əŬŰŬɓɨɗɘůɖɠ ŮɑɜŬɘ ŬɜɎɚɞɔɞɘ. 

 

Ƀɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ˊɟɘɜ əŬŰŬɓɡɗɘůŰŮɑ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 3.7 Ñ 

1.8 ɏɤɠ 10.9 Ñ 5.4 d ɛŮ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (0 ï 15 m) (ȺɘəɧɜŬ 9.7). ɆŰɞ 

ůŰŬɗɛɧ S.5 ɔɘŬ Űɞ ŭɘŬɚɡŰɧ 234Th ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ 12.9 Ñ 1.5 əŬɘ 

21.0 Ñ 1.8 d ɛŮ Űɖɜ ɛɏɔɘůŰɖ Űɘɛɐ ůŰɞ ůŰɟɩɛŬ 90 ï 95 m, ɏɜŭŮɘɝɖ ˊɘɗŬɜɐɠ ŮˊŬɜŬŭɘɎɚɡůɖɠ 

234Th Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ (ɢŬɛɖɚɐ Űɘɛɐ Kd) (ȺɘəɧɜŬ 9.7). ũɘŬ Űɞ ůɤɛŬŰɘŭɘŬəɧ 234Th ɞɘ ɢɟɧɜɞɘ 
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ŮɑɜŬɘ ɛŮŰŬɝɨ 2.3 Ñ 1.1 əŬɘ 3.3 Ñ 1.1 d. ɇɏɚɞɠ, ůŰɞ ůŰŬɗɛɧ S.7 ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ 

əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 10.9 Ñ 1.9 ɏɤɠ 57.8 Ñ 8.0 d ɔɘŬ Űɞ ůɤɛŬŰɘŭɘŬəɧ 234Th ɛŮ ɛɏɔɘůŰɞ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ (0 ï 50 m) əŬɘ Ŭˊɧ 2.7 Ñ 1.3 ɏɤɠ 5.7 Ñ 2.7 d ɔɘŬ Űɞ ŭɘŬɚɡŰɧ 234Th (ȺɘəɧɜŬ 9.7). 

 

ɆŰɖɜ ȺɘəɧɜŬ 9.8 űŬɑɜŮŰŬɘ ɞ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ɔɘŬ Űɞɡɠ 3 

ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. Ƀ ɚɧɔɞɠ ɔŮɜɘəɎ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ, Űɖɜ Ůˊɞɢɐ 

Űɞɡ ɢɟɧɜɞɡ, Űɘɠ ŬɚɚŬɔɏɠ ůŰɖɜ ˊɟɤŰɞɔŮɜɐ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ˊŬɟŬɔɤɔɐ, Űɖɜ ˊɚŬɔəŰɞɜɘəɐ 

ŭɞɛɐ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, Űɘɠ ŭɘŮɟɔŬůɑŮɠ ůɡůůɤɛɎŰɤůɖɠ əŬɘ 

ŬˊɞůɡůůɤɛɎŰɤůɖɠ Űɞɡɠ251 257 258 261 264 266 269 290. ȳˊɤɠ űŬɑɜŮŰŬɘ, ůŰɞɡɠ 2 Ŭˊɧ Űɞɡɠ 3 

ůŰŬɗɛɞɨɠ ɞ ɚɧɔɞɠ ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ. ȷɡŰɧ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ, ŭɘɧŰɘ ůŰŬ 

ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ ɡˊɎɟɢŮɘ əŬŰɎ əŬɜɧɜŬ ŬˊɩɚŮɘŬ ɎɜɗɟŬəŬ (ˊɢ. ɗɟɡɛɛŬŰɘůɛɧɠ əŬɘ 

ɛŮɟɘəɐ ŭɘɎɚɡůɖ ůɤɛŬŰɘŭɑɤɜ əŬɘ ŮˊŬɜŬŭɘɎɚɡůɖ ɎɜɗɟŬəŬ), ˊɟɎɔɛŬ ˊɞɡ ɛŮɘɩɜŮɘ Űɖ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ POC. Ƀ ůŰŬɗɛɧɠ S.3 ŬˊɞŰŮɚŮɑ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ, ŭɘɧŰɘ ɖ ɛɞɜɎŭŬ Űɖɠ 

ɊɡŰɎɚɚŮɘŬɠ ŬˊɞŰŮɚŮɑ ˊɖɔɐ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ůŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ, ŬɡɝɎɜɞɜŰŬɠ Űɞ 

ɚɧɔɞ. 

 

ȺɘəɧɜŬ 9.8: Ƀ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ Űɞɡ 2007 
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ȳůɞɜ ŬűɞɟɎ ůŰɖ ɟɞɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ Űɞɜ 

ˊɡɗɛɏɜŬ (ȺɘəɧɜŬ 9.9), ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ, ɞɘ ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ 

ůŰŬɗɛɧ S.3, əŬɘ ɛɎɚɘůŰŬ ɔɘŬ ɛɘəɟɐ ɞɚɞəɚɐɟɤůɖ ɓɎɗɞɡɠ. ũŮɜɘəɎ, ˊɎɜŰɤɠ ɞɘ ɟɞɏɠ Űɞɡ 

ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ Űɤɜ ůŰŬɗɛɩɜ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɡɣɖɚɧŰŮɟɞ űɎůɛŬ 

Űɘɛɩɜ ɛŮ ɓɎůɖ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ, Ŭɜ ɚɎɓŮɘ əŬɜŮɑɠ ɡˊɧɣɖ ɧŰɘ ɖ ɞɚɞəɚɐɟɤůɖ ɏɔɘɜŮ ɔɘŬ ɛɘəɟɎ 

ŭɘŬůŰɐɛŬŰŬ ɓɎɗɞɡɠ. Ʉɢ. ɞɘ Coppola et al. (2002)291 ŬɜŬűɏɟɞɡɜ Űɘɛɏɠ ůŰɖ ɗɎɚŬůůŬ Űɞɡ 

Barrents ɛŮŰŬɝɨ 55 ï 255 mmol m-2 d-1,ɔɘŬ ɞɚɞəɚɐɟɤůɖ ůŰɞ ŭɘɎůŰɖɛŬ ɓɎɗɞɡɠ Ŭˊɧ 0 ï 

200 m. Ƀɘ Moran et al. (1997)292 ŬɜŬűɏɟɞɡɜ Űɘɛɏɠ Ŭˊɧ 0.3 ɏɤɠ 7.0 mmol m-2 d-1 ůŰɞɜ 

ȷɟəŰɘəɧ ɋəŮŬɜɧ, ɞɘ Moran et al. (2000)293 ɔɘŬ Űɖ ŪɎɚŬůůŬ Beaufort Ŭˊɧ 0.7 ï 7.0 mmol 

m-2 d-1, ɞɘ Rutgers van der Loeff et al. (1997)294 Ŭˊɧ 7 ï 42 mmol m-2 d-1 ɔɘŬ ɛŮɔɎɚŬ 

ŭɘŬůŰɐɛŬŰŬ ɓɎɗɞɡɠ. ȹŮŭɞɛɏɜŬ Ŭˊɧ ˊɘɞ əɚŮɘůŰɏɠ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ɖ ˊŬɟɞɨůŬ, ŭŮɜ 

ɓɟɏɗɖəŬɜ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ. 

 

ȺɘəɧɜŬ 9.9: ɈˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ 
ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ 2007 

 

 

9.1.4 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əŬɘ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ 
(TSM) Űɞ ɢŮɘɛɩɜŬ 2007 

 

Ƀɘ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ (ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɚɧɔɞ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ ˊɟɞɠ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ) 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.10. Ƀɘ Trimble and Baskaran (2005)295 ŬɜŬűɏɟɞɡɜ ɧŰɘ 

ŬˊɧŰɞɛɖ ɛŮɑɤůɖ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɞűŮɑɚŮŰŬɘ ůŮ ŮˊŬɜŬŭɘɎɚɡůɖ 

Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th. ȳˊɤɠ ɚɞɘˊɧɜ űŬɑɜŮŰŬɘ, ɖ əŬŰŬɜɞɛɐ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɟɧůɗŮŰɖ 

ŬˊɧŭŮɘɝɖ ɧŰɘ ůŰɞɜ ůŰŬɗɛɧ S.5, ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ, ɡˊɎɟɢŮɘ ŮˊŬɜŬŭɘɎɚɡůɖ 234Th Ŭˊɧ 
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ŰŬ ůɤɛŬŰɑŭɘŬ, ˊɘɗŬɜɧɜ ɚɧɔɤ ŬɜŬɛɧɢɚŮɡůɖɠ Űɞɡ ɓɡɗɞɨ Ŭˊɧ Űɘɠ ɎɔəɡɟŮɠ Űɤɜ ˊɚɞɑɤɜ. ȼ 

ŬˊɧŰɞɛɖ ɛŮɑɤůɖ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ůŰɞɜ ůŰŬɗɛɧ S.3 ůŰŬ 15 m ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

Ůəɟɞɐ ɔɚɡəɩɜ ɡŭɎŰɤɜ (űŰɤɢɧŰŮɟɤɜ ůŮ 234Th) Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ. ȰŰůɘ, 

ˊɟɞəŬɚŮɑŰŬɘ ŬɟŬɑɤůɖ ůŮ 234Th (ůɤɛŬŰɘŭɘŬəɧ əŬɘ ŭɘŬɚɡŰɧ) ůŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ. 

 

ȺɘəɧɜŬ 9.10: Ⱥɘŭɘəɐ ŮɜŮɟɔɧŰɖŰŬ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 3 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ ɢŮɘɛɩɜŬ Űɞɡ 2007 
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ɆŰɖɜ ȺɘəɧɜŬ 9.11 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ 

234Th əŬɘ ůɡɔəŮɜŰɟɩůŮɤɜ ɞɚɘəɩɜ ŬɘɤɟɞɨɛŮɜɤɜ ɡɚɘəɩɜ (TSM), ůɡɔəŮɜŰɟɩůŮɤɜ 

ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) əŬɘ ůɡɔəŮɜŰɟɩůŮɤɜ ɞɚɘəɩɜ ŬɘɤɟɞɨɛŮɜɤɜ 

ɡɚɘəɩɜ (TSM). ȼ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ TSM əŬɘ PTh ŮɑɜŬɘ ɡɣɖɚɐ (R = - 0.7141, P < 0.001), 

ɤůŰɧůɞ, ɖ ŬɟɜɖŰɘəɐ Űɘɛɐ ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ ŭŮɜ ŬˊɞŰŮɚɞɨɜ Űɞ 

ˊɟɤŰŬɟɢɘəɧ ɛɏůɤ, ɛŮ Űɞ ɞˊɞɑɞ Űɞ 234Th ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɖ ůŰɐɚɖ ůŰŬ ɘɕɐɛŬŰŬ. ȷˊɧ Űɖɜ 

Ɏɚɚɖ, ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ TSM əŬɘ POC ŮɑɜŬɘ ɢŬɛɖɚɐ (R = - 0.23, P = 0.74), ŭŮɑɢɜɞɜŰŬɠ 

ɧŰɘ ůŰɞ Ůɜ ɚɧɔɤ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ, ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ. 

ȷɚɚɎ əɘ Ŭɜ ŬűŬɘɟŮɗɞɨɜ ɞɘ Űɘɛɏɠ Űɞɡ ůŰŬɗɛɞɨ S.3 ˊɎɚɘ ŭŮɜ ɡˊɎɟɢŮɘ ůɡůɢɏŰɘůɖ (R = - 0.31, 

P = 0.70), ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɧɚɞɘ ɞɘ ůŰŬɗɛɞɑ ŮɑɜŬɘ ŮˊɖɟŮŬůɛɏɜɞɘ ůŮ ˊɟɧůɗŮŰɞ űɞɟŰɑɞ 

ɎɜɗɟŬəŬ. 

 

ȺɘəɧɜŬ 9.11: ɆɡůɢɏŰɘůɖ ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) ɛŮ Űɖɜ 
ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) Űɞ ɢŮɘɛɩɜŬ Űɞɡ 2007 

 

9.1.5 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) əŬɘ ŭɘŬɚɡŰɞɨ 234Th 
(DTh) Űɞ ɢŮɘɛɩɜŬ 2007 

 

Ⱥűɧůɞɜ ˊɎɜɤ Ŭˊɧ 50 % Űɞɡ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ɓɟɑůəŮŰŬɘ ůŮ əɞɚɚɞŮɘŭɐ 

ɛɞɟűɐ296, Ůɜɩ ˊŬɟɎɚɚɖɚŬ, ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ 234Th ɏɢɞɡɜ ɓɟŮɗŮɑ ůŰɖɜ əɞɚɚɞŮɘŭɐ 

əŬŰɎůŰŬůɖ40 297 298 299, ɗŬ ˊŮɟɑɛŮɜŮ əŬɜŮɑɠ ɜŬ ɡˊɎɟɢŮɘ əɎˊɞɘŬ ůɢɏůɖ ɛŮŰŬɝɨ ŭɘŬɚɡŰɞɨ 

234Th əŬɘ DOC. ɆŰɖɜ ˊŬɟɞɨůŬ ˊŮɟɘɞɢɐ ŬɡŰɧ ŭŮ ŭɘŬˊɘůŰɩɗɖəŮ (ȺɘəɧɜŬ 9.12), Ŭűɞɨ 

ɡˊɎɟɢŮɘ ŬůɗŮɜɐɠ ůɡůɢɏŰɘůɖ (R = 0.16, P = 0.56). ɋůŰɧůɞ, Ŭɜ əŬɜŮɑɠ ŮɝŬɘɟɏůŮɘ Űɞ ůŰŬɗɛɧ 

S.3, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɞ ˊɘɞ ɎɛŮůŬ ŮˊɖɟŮŬɕɧɛŮɜɞɠ Ŭˊɧ Űɘɠ Ůəɟɞɏɠ ŮˊŮɝŮɟɔůɛɏɜɤɜ ɚɡɛɎŰɤɜ 

Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ, űŬɑɜŮŰŬɘ ɜŬ ˊɟɞůŮɔɔɑɕŮŰŬɘ ɖ ˊɟɞɓɚŮˊɧɛŮɜɖ əŬɚɐ 

ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ DOC əŬɘ DTh (R = 0.83, P = 0.62). ɆɡɜŮˊɩɠ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.5 əŬɘ 

S.7, ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ DOC, ˊŮɟɘůůɧŰŮɟŬ əɞɚɚɞŮɘŭɐ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɔɘŬ Űɖ 

ɛŮŰŬűɞɟɎ 234Th ůŮ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ, ɛɏůɤ ůɡůůɤɛɎŰɤůɖɠ ůŮ ɛŮɔŬɚɨŰŮɟŬ 

ůɤɛŬŰɑŭɘŬ300. 
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ȺɘəɧɜŬ 9.12: ɆɡůɢɏŰɘůɖ ůɡɔəŮɜŰɟɩůŮɤɜ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) əŬɘ ŭɘŬɚɡŰɞɨ 
234

Th (DTh) Űɞ ɢŮɘɛɩɜŬ 2007 

 

 

9.1.6 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) əŬɘ ɟɞɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234Th (PTh) ɐ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ C Űɞ ɢŮɘɛɩɜŬ 2007 

 

ɆŰɖɜ ȺɘəɧɜŬ 9.13 ůɡůɢŮŰɑɕɞɜŰŬɘ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) 

əŬɘ ɟɞɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) ɐ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ C ɛŮ ůəɞˊɧ ɜŬ ŮɝŬɢɗɞɨɜ 

ůɡɛ́ŮɟɎůɛŬŰŬ əŬŰɎ ˊɧůɞ ɞɘ əŬŰŬɜɞɛɏɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞ ɢŮɘɛɩɜŬ Űɞɡ 2007 ŬəɞɚɞɡɗŮɑ 

Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ TSM. ɆŰɖɜ ˊŬɟɞɨůŬ ˊŮɟɑˊŰɤůɖ ŬɡŰɧ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ 

ɞɘ ůɡůɢŮŰɑůŮɘɠ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɏɠ (R = - 0.14, P = 0.71 əŬɘ R = - 0.14, P = 0.70). 

 

ȺɘəɧɜŬ 9.13: ɆɡůɢɏŰɘůɖ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) əŬɘ ɟɞɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) ɐ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ 
C Űɞ ɢŮɘɛɩɜŬ 2007 
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9.1.7 ɆɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ ɢŮɘɛɩɜŬ 2007 

 

ü ɇɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Űɤɜ ůŰŬɗɛɩɜ S.3, S.5 əŬɘ S.7 űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ 

ɘůɢɡɟɎ Ŭˊɧ Űɖɜ Ůəɟɞɐ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ŬůŰɘəɩɜ ɚɡɛɛɎŰɤɜ Ŭˊɧ Űɖ ɛɞɜɎŭŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ. ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ Űɘɠ ŬɡɝɖɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

TSM (121 ï 631 ɛg L-1), DOC (109 ï 370 ɛmol C L-1), POC (1.2 ï 28.6 ɛmol C L-1), 

ŬɚɚɎ əŬɘ Ŭˊɧ Űɘɠ Űɘɛɏɠ ŬɚŬŰɧŰɖŰŬɠ, ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɡəɜɧŰɖŰŬɠ Űɤɜ ɡŭɎŰɤɜ. 

ü ɇɞ 137Cs ŮɑɜŬɘ Ŭɡɝɖɛɏɜɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɛŮɘɩɜŮŰŬɘ ɧůɞ Űɞ ɓɎɗɞɠ ŬɡɝɎɜŮŰŬɘ 

əɡɛŬɘɜɧɛŮɜɞ Ŭˊɧ 1.2 Ñ 0.1 ɏɤɠ 3.2 Ñ 0.1 Bq m-3. ɆŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ 

ɓɟɑůəŮŰŬɘ ůŰɞ ɢŬɛɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ ŰŮɑɜɞɜŰŬɠ ůŰɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ˊɟɞ Chernobyl 

Ůˊɞɢɐɠ. ȷɡŰɧ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ ɎɛŮůɖ ŮˊɑŭɟŬůɖ Ŭˊɧ Űɖ ůŰŮɟɘɎ 

(ůɖɛŬɜŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ŭɘɎɓɟɤůɖɠ, Ůəɟɞɐɠ ɡŭɎŰɤɜ) ɞɨŰŮ Ŭˊɧ ŰŬ ɨŭŬŰŬ Űɞɡ ȸɞɟŮɘɞ-

ŬɜŬŰɞɚɘəɞɨ ȷɘɔŬɑɞɡ. 137Cs ůŮ ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ ŭŮɜ ŬɜɘɢɜŮɨɗɖəŮ. 

ü ɈˊɎɟɢŮɘ ɘůɢɡɟɐ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ 234Th əŬɘ 238U ůŰɖɜ ɡŭɎŰɘɜɖ 

ůŰɐɚɖ Űɤɜ ůŰŬɗɛɩɜ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ɟɞɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɟɞɠ ŰŬ ɓŬɗɨŰŮɟŬ 

ůŰɟɩɛŬŰŬ. ȺˊŬɜŬŭɘɎɚɡůɖ 234Th űŬɑɜŮŰŬɘ ˊɘɗŬɜɐ ůŰɞ ůŰŬɗɛɧ S.5 (ɛɘəɟɐ Ŭɨɝɖůɖ 

ŭɘŬɚɡŰɞɨ 234Th, ɛŮɑɤůɖ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ, ɛɘəɟɧɠ Kd). ɆŰɞ ůŰŬɗɛɧ S.7 ɛɘŬ 

ŬɜŰɑůŰɞɘɢŮɘ ŮɟɛɡɜŮɑŬ ˊɟɞůəɟɞɨŮɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ Kd ŮɑɜŬɘ ɡɣɖɚɧɠ. 

ü Ƀɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ əŬɘ ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th ůŰŬ ůɤɛŬŰɑŭɘŬ ŮɑɜŬɘ ɢŬɛɖɚɏɠ ůŰɞ ůŰŬɗɛɧ S.3, Ůɜɩ ŬɡɝɎɜɞɜŰŬɘ ůŰɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ůŰŬɗɛɞɨɠ (S.5, S.7) (ɛŮŰŬɝɨ 3.8 Ñ 1.9 əŬɘ 86.7 Ñ 43.1 əŬɘ 0.7 Ñ 0.1 əŬɘ 

93.5 Ñ 11.0 Bq m-2 d-1, ŬɜŰɑůŰɞɘɢŬ). ɋɠ ŬˊɞŰɏɚŮůɛŬ, ŬɜŰɘəŬŰɞˊŰɟɘəɏɠ ŮɑɜŬɘ ɞɘ 

əŬŰŬɜɞɛɏɠ Űɤɜ ɢɟɧɜɤɜ ˊŬɟŬɛɞɜɐɠ Űɤɜ 2 ɛɞɟűɩɜ Űɞɡ 234Th ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɛŮ 

ɡɣɖɚɧŰŮɟɞɡɠ ɢɟɧɜɞɡɠ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŰɞ ůŰŬɗɛɧ S.3 əŬɘ ɚɘɔɧŰŮɟɞ ɡɣɖɚɞɨɠ ůŰɞɡɠ 

Ɏɚɚɞɡɠ 2 ůŰŬɗɛɞɨɠ (S.5, S.7) (ɛŮŰŬɝɨ 2.3 Ñ 1.1 əŬɘ 10.9 Ñ 5.4 ɔɘŬ Űɞ ůɤɛŬŰɘŭɘŬəɧ 

əɚɎůɛŬ əŬɘ ɛŮŰŬɝɨ 10.9 Ñ 1.9 əŬɘ 86.2 Ñ 3.4 d ɔɘŬ Űɞ ŭɘŬɚɡŰɧ). 

ü Ƀɘ ɟɞɏɠ Űɞɡ POC ˊɟɞɠ ŰŬ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŮɠ (1.4 Ñ 0.1 ɏɤɠ 88.8 Ñ 

6.1 mmol m-2 L-1) Ŭˊɧ ŬɡŰɏɠ ˊɞɡ ŬɜŬűɏɟɞɡɜ Ɏɚɚɞɘ ŮɟŮɡɜɖŰɏɠ ɔɘŬ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ 

ŮəŰɧɠ ɀŮůɞɔŮɑɞɡ. ȰŰůɘ, ɖ ůɨɔəɟɘůɖ ŭŮɜ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɐ Ŭűɞɨ ŭŮɜ ɡˊɎɟɢŮɘ ŬɜŬűɞɟɎ 

ɔɘŬ ˊŮɟɘɓɎɚɚɞɜ ɛŮ Űɘɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ ŬɡŰɞɨ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ü ȼ əŬɚɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ TSM əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ 234Th, ɤůŰɧůɞ ŬɟɜɖŰɘəɐ, (R = - 0.71) 

ˊɘůŰɞˊɞɘŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ůŰŬ ɓŬɗɨŰŮɟŬ 

ůŰɟɩɛŬŰŬ ŭŮɜ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɤɛŬŰɘŭɑɤɜ Űɖɠ ɡŭɎŰɘɜɖɠ 

ůŰɐɚɖɠ. ɇɞ ɑŭɘɞ ůɡɛɓŬɑɜŮɘ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ POC (R = 0.23). 

ü ȺˊŬɜŬŭɘɎɚɡůɖ 234Th ůɡɛˊŮɟŬɑɜŮŰŬɘ ůŰɞ ůŰŬɗɛɧ S.5 ŮɝŬɘŰɑŬɠ Űɖɠ ɏɜŰɞɜɖɠ ɛŮɑɤůɖɠ Űɖɠ 

Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 234Th ůŰɞɜ ˊɡɗɛɏɜŬ Űɞɡ ůŰŬɗɛɞɨ. 
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ü ɈˊɎɟɢŮɘ əŬɚɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ DOC əŬɘ ŭɘŬɚɡŰɞɨ 234Th (R = 0.83) Ŭɜ ŮɝŬɘɟŮɗŮɑ ɞ 

ůŰŬɗɛɧɠ S.3, ɞ ɞˊɞɑɞɠ ŭɏɢŮŰŬɘ ŬɡɝɖɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ 

ɊɡŰɎɚɚŮɘŬɠ. ȷɡŰɧ ŭŮɑɢɜŮɘ ɧŰɘ ɞ əɨəɚɞɠ Űɞɡ DOC əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ůŰɞɡɠ 

ůŰŬɗɛɞɨɠ S.5 əŬɘ S.7 ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬůˊɞɟɎ Űɤɜ əɞɚɚɞŮɘŭɩɜ ůɡůŰŬŰɘəɩɜ. 

ɆɡɜŮˊɩɠ, ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ DOC ˊŮɟɘůůɧŰŮɟŬ əɞɚɚɞŮɘŭɐ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ əŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ŬˊɞɛŬəɟɨɜɞɡɜ Űɞ ŭɘŬɚɡŰɧ 234Th ůŮ ɓŬɗɨŰŮɟŬ ůŰɟɩɛŬŰŬ, ɛɏůɤ 

ůɡůůɤɛɎŰɤůɖɠ əŬɘ əŬŰŬɓɨɗɘůɖɠ. 

ü Ƀɘ ɢŬɛɖɚɏɠ ůɡůɢŮŰɑůŮɘɠ (R = - 0.14 əŬɘ R = - 0.14) ɛŮŰŬɝɨ TSM əŬɘ ɟɞɐ PTh əŬɘ 

ɛŮŰŬɝɨ TSM əŬɘ ɟɞɐ POC, ŬɜŰɑůŰɞɘɢŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ ŭɡɜŬɛɘəɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɖɜ Ůɜ ɚɧɔɤ Ůˊɞɢɐ (ɢŮɘɛɩɜŬɠ 2007) ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ 

ŭɘŬɗɏůɘɛɤɜ ůɤɛŬŰɘŭɑɤɜ. 

 

 

9.2 ȾȷȿɃȾȷȽɅȽ 2008 (28, 29/07/2008 & 25, 26/08/2008) 

 

9.2.1 ūɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ, ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM), ŭɘŬɚɡŰɧɠ əŬɘ 
ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (DOC, POC) Űɞ əŬɚɞəŬɑɟɘ 2008 

 

Ƀɘ ůŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ, ŰŬ ɓɎɗɖ ůŰŬ ɞˊɞɑŬ ŮɚɐűɗɖůŬɜ 

ŭŮɑɔɛŬŰŬ, ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡŭɎŰɤɜ Űɤɜ ůŰŬɗɛɩɜ (ŬɚŬŰɧŰɖŰŬ, ɗŮɟɛɞəɟŬůɑŬ, 

pH əŬɘ ˊɡəɜɧŰɖŰŬ), ɛŬɕɑ ɛŮ Űɖɜ TSM əŬɘ Űɞɜ DOC əŬɘ POC ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 

9.4. ũɘŬ Űɖɜ ŬɜɎɔəɖ ɛɘŬɠ ˊɘɞ ɚŮˊŰɞɛŮɟɞɨɠ ŮɝɏŰŬůɖɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ Űɤɜ ůŰŬɗɛɩɜ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ (ȺɘəɧɜŬ 9.14), ɖ TSM əŬɘ 

ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ DOC əŬɘ POC (ȺɘəɧɜŬ 9.15 əŬɘ ȺɘəɧɜŬ 9.16) ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ. 
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ɄɑɜŬəŬɠ 9.4: ɆŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ůɡɜŰŮŰŬɔɛɏɜŮɠ, ɓɎɗɖ, űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM), ŭɘŬɚɡŰɧɠ əŬɘ ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ C (DOC, POC) Űɞ əŬɚɞəŬɑɟɘ 
2008 

ɆŰŬɗɛɧɠ ɆɡɜŰŮŰŬɔɛɏɜŮɠ 
ȸɎɗɞɠ 

(m) 
ȷɚŬŰɧŰɖŰŬ 

(psu) 
ŪŮɟɛɞəɟŬůɑŬ 

(oC) 
pH 

ɄɡəɜɧŰɖŰŬ 
(Ⱦg m-3) 

TSM 
(ɛg L-1) 

DOC 
(ɛmol C L-1) 

POC 
(ɛmol C L-1) 

S.1 
N38 00.579 
E23 32.285 

0 38.5 26.6 8.67 1025.49 1464 143 20.8 

  15 34.2 18.3 8.64 1024.65 696 163 21.1 

  20 34.0 17.9 8.56 1024.62 553 147 13.4 

S.2 
N37 58.083 
E23 26.100 

0 38.9 28.3 8.77 1025.23 637 149 16.7 

  15 34.2 18.3 8.64 1024.65 1883 175 15.2 

  20 34.0 17.9 8.56 1024.62 589 154 11.4 

S.3 
N37 55.108 
E23 35.294 

0 38.7 25.5 8.27 1026.00 709 85 9.5 

  15 34.1 18.1 8.11 1024.62 650 132 27.8 

  60 32.3 15.9 7.85 1023.96 1271 2433 11.6 

S.4 
N37 53.455 
E23 09.335 

0 38.2 25.0 8.87 1025.76 1313 142 4.9 

  50 33.9 16.0 8.68 1025.12 476 58 4.3 

  100 33.7 15.5 8.31 1025.31 537 87 3.9 

  200 33.3 15.1 8.15 1025.53 600 142 2.7 

S.5 
N37 51.287 
E23 33.372 

0 38.3 25.3 8.36 1025.75 697 299 5.1 

  35 34.5 17.0 8.03 1025.28 686 251 4.4 

  100 32.8 15.6 8.66 1024.59 599 172 3.5 

S.6 N37 39.124 0 38.1 25.3 8.86 1025.59 1011 153 4.8 
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E23 27.136 

ɆŰŬɗɛɧɠ ɆɡɜŰŮŰŬɔɛɏɜŮɠ 
ȸɎɗɞɠ 

(m) 
ȷɚŬŰɧŰɖŰŬ 

(psu) 
ŪŮɟɛɞəɟŬůɑŬ 

(oC) 
pH 

ɄɡəɜɧŰɖŰŬ 
(Ⱦg m-3) 

TSM 
(ɛg L-1) 

DOC 
(ɛmol C L-1) 

POC 
(ɛmol C L-1) 

  35 35.0 17.8 8.63 1025.48 538 113 4.1 

  100 34.2 16.0 8.66 1025.58 567 111 2.9 

S.7 
N37 42.232 
E23 38.625 

0 37.8 25.0 8.77 1025.46 565 158 4.5 

  50 34.1 23.0 8.68 1023.47 561 118 3.8 

  100 33.9 21.3 8.31 1024.01 569 167 3.0 

  200 33.7 19.5 8.15 1024.78 566 142 1.8 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ Űɤɜ Űɘɛɩɜ ɏɢɞɡɜ ˊŬɟŬɚɖűɗŮɑ, ŭɘɧŰɘ ɞɘ Ůˊɑ % ŬɓŮɓŬɘɧŰɖŰŮɠ Űɞɡ ˊɞɚɡɛɏŰɟɞɡ YSI 53 ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɨŭŬŰɞɠ, Űɞɡ ɕɡɔɞɨ ŬəɟɘɓŮɑŬɠ, Űɞɡ ŬɜŬɚɡŰɐ TOC əŬɘ Űɞɡ 

ůŰɞɘɢŮɘŬəɞɨ ŬɜŬɚɡŰɐ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɞ 1. 
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ȺɘəɧɜŬ 9.14: Ƀɘ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 
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ȺɘəɧɜŬ 9.15: ȼ ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 

 

 

ȷˊɧ Űɘɠ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡŭɎŰɤɜ (ȺɘəɧɜŬ 9.14) űŬɑɜŮŰŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɏɜŰɞɜɖ 

ůŰɟɤɛɎŰɤůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ ɛɘəɟɞɨ 

ɓɎɗɞɡɠ (S.1, S.2, S.3) ˊŬɟŬŰɖɟŮɑŰŬɘ ɗŮɟɛɞəɚɘɜɏɠ ůŮ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 15 m, Ůɜɩ ůŰɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ůŰŬɗɛɞɨɠ (S.4, S.5, S.6, S.7) ůŮ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 50 m. ȼ ɑŭɘŬ Ŭəɟɘɓɩɠ 

ŮɘəɧɜŬ ˊŬɟɏɢŮŰŬɘ əŬɘ Űɖɜ ŬɚŬŰɧŰɖŰŬ Űɤɜ ɡŭɎŰɤɜ. ȷɚɞəɚɘɜɏɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭəɟɘɓɩɠ ůŰɞ 

ɑŭɘɞ ɓɎɗɞɠ ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1, S.2, S.3 əŬɘ S.4, S.5, S.6, S.7 (15 əŬɘ 50 m, ŬɜŰɑůŰɞɘɢŬ). 
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ȺɘəɧɜŬ 9.16: ɆɡɔəŮɜŰɟɩůŮɘɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC, DOC) ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 
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Ƀɘ Űɘɛɏɠ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) ŮɑɜŬɘ ŬɡɝɖɛɏɜŮɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ůŰɐɚɖ 

ɚɧɔɤ ůŰɟɤɛɎŰɤůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖ ůɡůůɩɟŮɡůɖ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ ŬɜɩŰŬŰɖ 

ɕɩɜɖ (ȺɘəɧɜŬ 9.15). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ůŰŬɗɛɧ S.1 ɞɘ Űɘɛɏɠ ɛŮɘɩɜɞɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ 

Űɞ ɓɎɗɞɠ (1464 ï 553 ɛg L-1), ůŰɞɜ S.2 əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 519 ï 1883 ɛg L-1 ɛŮ Űɖ 

ɛɏɔɘůŰɖ Űɘɛɐ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ ɗŮɟɛɞəɚɘɜɏɠ. ɆŰɞɜ S.3 ɖ TSM ŮɑɜŬɘ ɛŮŰŬɝɨ 650 ï 1271 ɛg 

L-1 ɛŮ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ɓɎɗɞɠ 60 m, ŭɖɚŬŭɐ Ŭəɟɘɓɩɠ ůŰɖɜ Ůəɟɞɐ Űɞɡ 

Ŭɔɤɔɞɨ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ. ɆŰɞ ůŰŬɗɛɧ S.4 ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ 476 ɏɤɠ 

1313 ɛg L-1 ɛŮ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɧˊɤɠ Ŭəɟɘɓɩɠ əŬɘ ůŰɞɜ S.6 (1011 ï 538 

ɛg L-1). ɇɏɚɞɠ, ůŰɞɜ ůŰŬɗɛɧ S.5 ɖ TSM əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 599 ɏɤɠ 697 ɛg L-1 ɛŮ ˊɞɚɨ ɛɘəɟɐ 

ŭɘŬəɨɛŬɜůɖ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰɞɜ S.7 (561 ï 569 ɛg L-1) (ɄɑɜŬəŬɠ 9.4). Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ 

ɗŮɤɟɞɨɜŰŬɘ ˊɞɚɨ ɡɣɖɚɏɠ ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ɔɘŬ 

ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɀŮůɞɔŮɑɞɡ. ɋůŰɧůɞ, ŮɑɜŬɘ ůɡɔəɟɑůɘɛŮɠ ɛŮ ˊŬɟɧɛɞɘŮɠ ɗŬɚɎůůɘŮɠ 

ɚŮəɎɜŮɠ, ɧˊɤɠ ɞ ŪŮɟɛŬɥəɧɠ Ⱦɧɚˊɞɠ, ɧˊɞɡ ɞɘ Űɘɛɏɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 100 ï 1700 ɛg L-1 

Űɞ əŬɚɞəŬɑɟɘ240, ɐ ůŮ ůɢɏůɖ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ Ŭˊɧ Űɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ (ɆŬɟɤɜɘəɧɠ Ⱦɧɚˊɞɠ, 

ɧˊɞɡ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ŮɑɜŬɘ 50 ï 1410 ɛg L-1 Űɞ əŬɚɞəŬɑɟɘ283). 

 

ȳůɞɜ ŬűɞɟɎ ůŰɞɜ ɞɟɔŬɜɘəɧ ɎɜɗɟŬəŬ, ɞɘ Űɘɛɏɠ ɔɘŬ Űɞ ůɤɛŬŰɘŭɘŬəɧ əŬɘ Űɞ ŭɘŬɚɡŰɧ əɚɎůɛŬ 

ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.4 əɘ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.16. Ƀ ůɤɛŬŰɘŭɘŬəɧɠ 

ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (POC) ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.4, S.5, S.6 əŬɘ S.7 ˊŬɟɞɡůɘɎɕŮɘ ɘůɢɡɟɏɠ 

ŭɘŬəɡɛɎɜůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ əŬɘ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1.8 ï 4.9 ɛmol C L-1. ɆŰɞɡɠ 

ůŰŬɗɛɞɨɠ S.1 əŬɘ S.2, ɞɘ ɞˊɞɑɞɘ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ Ⱦɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ, ɞ POC ŬɡɝɎɜŮŰŬɘ 

3 ï 4 űɞɟɏɠ (11.4 ï 21.1 ɛmol C L-1). ȷɡŰɧ ˊɏˊŮɘ ɜŬ ŬˊɞŭɞɗŮɑ, ŬűŮɜɧɠ ůŰɖɜ ˊɟɞůɗɐəɖ 

Ŭˊɧ Űɘɠ ŭɘɎűɞɟŮɠ ɓɘɞɛɖɢŬɜɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ əɡɟɑɤɠ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ 

Ⱦɧɚˊɞɡ (ˊŮɟɑˊɞɡ 30 ůŰɞɜ Ŭɟɘɗɛɧ) əŬɘ ŬűŮŰɏɟɞɡ ůŰɖɜ ˊɞɚɨˊɚɞəɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ. ɇɏɚɞɠ, ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ POC (9.5 ï 27.8 ɛmol C L-1) ŮɛűŬɜɑɕɞɜŰŬɘ, ɧˊɤɠ ŮɑɜŬɘ 

űɡůɘəɧ ůŰɞ ůŰŬɗɛɧ S.3, ɞ ɞˊɞɑɞɠ ɓɟɑůəŮŰŬɘ əɞɜŰɎ ůŰɞɜ Ŭɔɤɔɧ Ůəɟɞɐɠ Űɤɜ ɡŭɎŰɤɜ Ŭˊɧ 

Űɖ ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ. ȳůɞɜ ŬűɞɟɎ ůŰɞ ŭɘŬɚɡŰɧ 

əɚɎůɛŬ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC), ɞɘ Űɘɛɏɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŮɠ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ůɤɛŬŰɘŭɘəɧ, ɧɛɤɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɐ ŭɘŬəɨɛŬɜůɖ ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1, S.2, S.4, S.6 

əŬɘ S.7 (58 ï 175 ɛmol C L-1). ɆŰɞ ůŰŬɗɛɧ S.3 ɞ DOC ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ 

ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (0 əŬɘ 15 m), ŬɚɚɎ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ŬəɟŬɑŬ Űɘɛɐ 

(2433 ɛmol C L-1) ůŰɞ ɓɎɗɞɠ ɧˊɞɡ ɓɟɑůəŮŰŬɘ ɞ Ŭɔɤɔɧɠ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ (60 m). ɇɏɚɞɠ, 

ůŰɞ ůŰŬɗɛɧ S.5 (Ŭɔəɡɟɞɓɧɚɘɞ ɄŮɘɟŬɘɩɠ) ɞ DOC ŮɑɜŬɘ Ŭɡɝɖɛɏɜɞɠ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ 

ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ əŬɘ ˊɞɘəɑɚɚŮɘ Ŭˊɧ 172 ï 299 ɛmol C L-1. 
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9.2.2 ɆɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ Űɤɜ 
ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th, Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U 
əŬɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ 234Th Űɞ əŬɚɞəŬɑɟɘ 2008 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ 

Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.5. ȼ əŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ 

ŭɘŬɚɡŰɞɨ 137Cs ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.17, Ůɜɩ Űɞ 234Th əŬɘ Űɞ ɡˊɞɚɞɔɘůɛɏɜɞ Ŭˊɧ 

Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U ůŰɖɜ ȺɘəɧɜŬ 9.18. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 234Th ŮɝŮŰɎɕɞɜŰŬɘ 

ɤɠ ŭŮɑəŰŮɠ ˊɘɗŬɜɐɠ ŮˊŬɜŬŭɘɎɚɡůɖɠ 234Th Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ ɐ ɛɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ ůŮ ŬɡŰɎ. ɆɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ 137Cs, əŬɑůɘɞ ůŮ 

ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ ŭŮɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ 

 

 Ƀɘ Űɘɛɏɠ Űɞɡ ŭɘŬɚɡŰɞɨ 137Cs əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1.0 ɏɤɠ 4.8 Bq m-3. ɆŰɞɡɠ ůŰŬɗɛɞɨɠ S.3, 

S.5 əŬɘ S.7 ɞɘ Űɘɛɏɠ ŮɑɜŬɘ ŬɡɝɖɛɏɜŮɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɛŮɘɩɜɞɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ, 

ůŰɞɡɠ S.1, S.2 əŬɘ S.6 ŬɡɝɎɜɞɜŰŬɘ ɛɏɢɟɘ Űɞ ɗŮɟɛɞəɚɘɜɏɠ əŬɘ ɛŮɘɩɜɞɜŰŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ 

ˊɡɗɛɏɜŬ. ȷɘŰɑŬ ŬɡŰɩɜ Űɤɜ ɛŮɔɑůŰɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞ ɗŮɟɛɞəɚɘɜɏɠ ŮɑɜŬɘ 

ŬŭɘŬɛűɘůɓɐŰɖŰŬ ɞɘ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɖ ɏɜŰɞɜɖ ŮɝɎŰɛɘůɖ, ˊɞɡ ɞŭɖɔŮɑ ůŮ 

ůŰɟɤɛɎŰɤůɖ Űɤɜ ɡŭɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ. ɇɏɚɞɠ, ůŰɞ 

ůŰŬɗɛɧ S.4 ɖ əŬŰŬɜɞɛɐ ŬəɞɚɞɡɗŮɑ ůɢŮŰɘəɎ ɞɛɞɘɞɔŮɜɐ ˊɞɟŮɑŬ ɧůɞ Űɞ ɓɎɗɞɠ ŬɡɝɎɜŮŰŬɘ ɛŮ 

ɛɘəɟɏɠ ŭɘŬəɡɛɎɜůŮɘɠ. Ƀɘ ɛɘəɟɏɠ ŬɡɝɐůŮɘɠ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 137Cs ɚɑɔɞ 

ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ Űɤɜ ůŰŬɗɛɩɜ S.4 əŬɘ S.7 əŬŰŬŭŮɘəɜɨɞɡɜ ˊɘɗŬɜɐ ŮˊŬɜŬŭɘɎɚɡůɖ 137Cs 

Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ. 

 

ɇɞ 234Th ŬˊɞəɚɑɜŮɘ Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮ Űɞ 238U ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.2 əŬɘ S.3, ɞˊɧŰŮ 

ŬɜŬɛɏɜɞɜŰŬɘ ŬɡɝɖɛɏɜŮɠ ɟɞɏɠ (ȺɘəɧɜŬ 9.18). ɆŰɞ ůŰŬɗɛɧ S.4 ɖ ůɡɔəɏɜŰɟɤůɖ ŮɜŮɟɔɧŰɖŰŬɠ 

Űɞɡ 234Th ɝŮˊŮɟɜɎ ŬɡŰɐɜ Űɞɡ 238U ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ (200 m) (ȺɘəɧɜŬ 

9.18). ȼ ɡˊɏɟɓŬůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 234Th ɏɜŬɜŰɘ Űɞɡ 238U ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ˊɘɗŬɜɧɜ ɞűŮɑɚŮŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ ŮˊɘűŬɜŮɘŬəɐɠ ɛŮŰŬűɞɟɎɠ ɚɧɔɤ ɟŮɡɛɎŰɤɜ, 

Ůɜɩ ɖ ɡˊɏɟɓŬůɖ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (ȺɘəɧɜŬ 9.18) ɞűŮɑɚŮŰŬɘ ůŬűɏůŰŬŰŬ ůŮ 

ŮˊŬɜŬɘɩɟɖůɖ ɘɕɖɛɎŰɤɜ. ɇɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŬɡŰɞɨɠ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ ˊɟɩŰɞɘ 

ˊɟɞɏɓɚŮɣŬɜ ɞɘ Coale and Bruland (1985; 1987)247 248. ɆŰɞ ůŰŬɗɛɧ S.5 ɖ Űɘɛɐ Űɞɡ 234Th 

ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ 238U ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɖ ɛŮůŬɑŬ ɕɩɜɖ, Ůɜɩ ŮɑɜŬɘ 

ɡɣɖɚɧŰŮɟɖ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (100 m). ɋůŰɧůɞ, űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ŭɘŬɚɡŰɧ 234Th 

ɡˊŮɟɓŬɑɜŮɘ ɐŭɖ Űɞ 238U əŬɘ ɎɟŬ ɖ ɡˊɏɟɓŬůɖ Űɞɡ ůɡɜɞɚɘəɞɨ 234Th ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɞűŮɑɚŮŰŬɘ 

ůŰŬ ůɤɛŬŰɑŭɘŬ. ɄɘɗŬɜɧŰŬŰŬ ůɡɛɓŬɑɜŮɘ ŮˊŬɜŬŭɘɎɚɡůɖ 234Th Ŭˊɧ ŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ, 

ɡˊɧɗŮůɖ  ˊɞɡ  ŮɜɘůɢɨŮŰŬɘ Ŭˊɧ Űɖ ɢŬɛɖɚɐ Űɘɛɐ Űɞɡ Kd (= 0.13 Ñ 0.04 x 106 mL g-1) əŬɘ Űɖɜ  
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ɄɑɜŬəŬɠ 9.5: ɆɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 
137

Cs (PCs-137 əŬɘ DCs-137), 
234

Th (PTh-234 əŬɘ DTh-234), ɞɚɘəɞɨ 
234
Th (ɇTh-234) əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ 

ŬɚŬŰɧŰɖŰŬ 
238
U, əŬɗɩɠ əŬɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 

234
Th (Ⱦd) Űɞ əŬɚɞəŬɑɟɘ 2008 

ɆŰŬɗɛɧɠ 
ȸɎɗɞɠ 

(m) 
PCs-137 
(Bq m-3) 

DCs-137 
(Bq m-3) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

U-238 
(Bq m-3) 

PTh-234 
(Bq m-3) 

DTh-234 
(Bq m-3) 

TTh-234 
(Bq m-3) 

Kd 
(x 106 mL g-1) 

S.1 0 n.d. 1.5 Ñ 0.1 38.5 45.3 Ñ 0.9 1.9 Ñ 0.8 14.9 Ñ 4.0 16.8 Ñ 4.4 0.09 Ñ 0.04 

 15 n.d. 1.8 Ñ 0.1 34.2 40.3 Ñ 0.8 1.5 Ñ 0.9 43.1 Ñ 3.7 44.6 Ñ 8.2 0.05 Ñ 0.03 

 25 n.d. 1.0 Ñ 0.1 34.0 40.0 Ñ 0.8 2.5 Ñ 1.1 12.7 Ñ 3.0 15.2 Ñ 3.6 0.36 Ñ 0.17 

S.2 0 n.d. 1.8 Ñ 0.1 38.9 45.8 Ñ 0.9 3.1 Ñ 1.0 17.6 Ñ 3.1 20.7 Ñ 5.3 0.28 Ñ 0.09 

 15 n.d. 1.9 Ñ 0.1 34.2 40.2 Ñ 0.8 1.6 Ñ 1.0 17.1 Ñ 2.7 18.7 Ñ 4.6 0.05 Ñ 0.03 

 25 n.d. 1.0 Ñ 0.1 34.0 39.9 Ñ 0.8 1.9 Ñ 0.8 6.0 Ñ 1.7 7.9 Ñ 1.9 0.54 Ñ 0.28 

S.3 0 n.d. 4.5 Ñ 0.1 38.7 45.6 Ñ 0.9 4.0 Ñ 1.1 14.4 Ñ 3.7 18.4Ñ 4.1 0.39 Ñ 0.10 

 15 n.d. 2.0 Ñ 0.3 34.1 40.2 Ñ 0.8 1.5 Ñ 0.8 15.1 Ñ 2.9 16.6 Ñ 4.4 0.15 Ñ 0.08 

 60 n.d. 1.7 Ñ 0.1 32.3 38.0 Ñ 0.8 1.5 Ñ 0.9 28.4 Ñ 2.6 29.9 Ñ 5.2 0.04 Ñ 0.02 

S.4 0 n.d. 1.4 Ñ 0.2 38.2 45.0 Ñ 0.9 3.1 Ñ 1.0 50.7 Ñ 7.1 53.8 Ñ 7.9 0.05 Ñ 0.02 

 50 n.d. 2.0 Ñ 0.1 33.9 39.9 Ñ 0.8 3.0 Ñ 0.8 22.2 Ñ 2.3 25.2 Ñ 4.8 0.28 Ñ 0.07 

 100 n.d. 1.3 Ñ 0.1 33.7 39.7 Ñ 0.8 1.8 Ñ 0.7 25.7 Ñ 3.0 27.5 Ñ 6.9 0.13 Ñ 0.06 

 200 n.d. 2.9 Ñ 0.1 33.3 39.2 Ñ 0.8 3.4 Ñ 0.9 51.0 Ñ 2.6 54.4 Ñ 9.8 0.11 Ñ 0.03 

S.5 0 n.d. 3.9 Ñ 0.1 38.3 45.1 Ñ 0.9 4.5 Ñ 1.1 21.4 Ñ 2.0 25.9 Ñ 2.4 0.30 Ñ 0.07 

 35 n.d. 2.6 Ñ 0.1 34.5 40.6 Ñ 0.8 8.8 Ñ 1.6 13.5 Ñ 2.9 22.3 Ñ 2.0 0.95 Ñ 0.19 

 100 n.d. 2.6 Ñ 0.1 32.8 38.6 Ñ 0.8 3.2 Ñ 1.0 42.7 Ñ 2.8 45.9 Ñ 7.5 0.13 Ñ 0.04 

S.6 0 n.d. 1.1 Ñ 0.3 38.1 44.9 Ñ 0.9 6.3 Ñ 1.3 54.5 Ñ 7.8 60.8 Ñ 8.6 0.11 Ñ 0.03 

 35 n.d. 4.5 Ñ 0.1 35.0 41.2 Ñ 0.9 2.8 Ñ 0.9 26.1 Ñ 3.0 28.9 Ñ 5.2 0.20 Ñ 0.06 

 100 n.d. 1.0 Ñ 0.1 34.2 40.3 Ñ 0.8 5.1 Ñ 1.1 58.7 Ñ 3.9 63.8 Ñ 6.0 0.15 Ñ 0.04 

S.7 0 n.d. 4.8 Ñ 0.1 37.8 44.5 Ñ 0.9 7.0 Ñ 1.2 48.0 Ñ 2.1 55.0 Ñ 6.2 0.26 Ñ 0.05 
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ɆŰŬɗɛɧɠ 
ȸɎɗɞɠ 

(m) 
PCs-137 
(Bq m-3) 

DCs-137 
(Bq m-3) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

U-238 
(Bq m-3) 

PTh-234 
(Bq m-3) 

DTh-234 
(Bq m-3) 

TTh-234 
(Bq m-3) 

Kd 
(x 106 mL g-1) 

 50 n.d. 3.4 Ñ 0.1 34.1 40.2 Ñ 0.8 1.7 Ñ 0.7 27.3 Ñ 2.1 29.0 Ñ 5.9 0.11 Ñ 0.04 

 100 n.d. 1.3 Ñ 0.1 33.9 39.9 Ñ 0.8 9.4 Ñ 2.2 71.6 Ñ 2.5 81.0 Ñ 8.2 0.23 Ñ 0.05 

 200 n.d. 1.8 Ñ 0.1 33.7 39.7 Ñ 0.8 4.4 Ñ 1.0 23.8 Ñ 2.5 28.2 Ñ 4.4 0.33 Ñ 0.08 

n.d. (not determined) ŭŮɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ ɛŮŰŬűɞɟɎɠ (uncertainty propagation) 
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ȺɘəɧɜŬ 9.17: ȾŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ ŭɘŬɚɡŰɞɨ 
137

Cs ůŰɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 

 

 

Ŭɨɝɖůɖ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ Űɖɠ TSM ůŮ ɓɎɗɞɠ 100 m. ɆŰɞ ůŰŬɗɛɧ S.6 ɡˊɎɟɢŮɘ 

ɡˊɏɟɓŬůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ, ɖ ɞˊɞɑŬ Ůˊɑůɖɠ űŬɑɜŮŰŬɘ ɜŬ 

ɞűŮɑɚŮŰŬɘ ůŰɞ ŭɘŬɚɡŰɧ 234Th (ȺɘəɧɜŬ 9.18). ɆŰɞɜ ˊɡɗɛɏɜŬ Űɞɡ ůŰŬɗɛɞɨ ůɡɛˊŮɟŬɑɜŮŰŬɘ 

ŮˊŬɜŬŭɘɎɚɡůɖ 234Th Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ əɘ ɧɢɘ Ŭˊɧ ŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ, ɚɧɔɤ ɛŮɑɤůɖɠ 

Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th. ɆŰɞ ůŰŬɗɛɧ S.7 űŬɑɜŮŰŬɘ ɡˊɏɟɓŬůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰŬ ůɤɛŬŰɑŭɘŬ. ȳˊɤɠ ŬɜŬűɏɟɞɡɜ ɞɘ Muir et al. (2005)240, ɖ 

ɡˊɏɟɓŬůɖ ŬɡŰɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŮɜŭŮɢɧɛŮɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ŭɘŮɟɔŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ 

ŮɘůɎɔɞɡɜ ůɤɛŬŰɑŭɘŬ. ȷɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬɚɘŮɡŰɘəɏɠ əŬɘ ɎɚɚŮɠ ŮɟɔŬůɑŮɠ, ŬŰɛɞůűŬɘɟɘəɏɠ 

ɛŮŰŬűɞɟɏɠ Ŭˊɧ Űɖ ůŰŮɟɘɎ ůŰɖ ɗɎɚŬůůŬ əŬɘ ɛŮŰŬűɞɟɏɠ Ŭˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ ɚɧɔɤ 

əŬɘɟɘəɩɜ   űŬɘɜɞɛɏɜɤɜ.   ȹŮŭɞɛɏɜɖɠ   Űɖɠ   Ůˊɞɢɐɠ   ůŰɖɜ   ɞˊɞɑŬ   ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ  ɖ  
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ȺɘəɧɜŬ 9.18: ȾŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ ůɤɛŬŰɘŭɘŬəɞɨ (PTh), ŭɘŬɚɡŰɞɨ (DTh), ɞɚɘəɞɨ (Th
T
) 

234
Th əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 

238
U ůŰɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ 

əŬɚɞəŬɑɟɘ 2008 
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ŭŮɘɔɛŬŰɞɚɖɣɑŬ ŮˊɘəɟŬŰɏůŰŮɟŬ ůŮɜɎɟɘŬ űŬɑɜɞɜŰŬɘ ɜŬ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɏɠ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ 

Űɖ ůŰŮɟɘɎ ɐ/əŬɘ ɖ ŮɘůŬɔɤɔɐ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ ŬɚɘŮɡŰɘəɏɠ ŮɟɔŬůɑŮɠ. Ⱥˊɑůɖɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɡˊɏɟɓŬůɖ  Ŭˊɧ  Űɖɜ  ɘůɞɟɟɞˊɑŬ  234Th ï 238U  ůŮ ɓɎɗɞɠ 100 m, ŭɖɚŬŭɐ ˊɞɚɨ ɛŬəɟɘɎ Ŭˊɧ 

Űɞɜ ˊɡɗɛɏɜŬ (ȺɘəɧɜŬ 9.18), ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɞ ŭɘŬɚɡŰɧ əɚɎůɛŬ Űɞɡ 234Th. 

ȳˊɤɠ ŬɜŬűɏɟɞɡɜ ɞɘ Coppola et al. (2005)221 ɖ ɡˊɏɟɓŬůɖ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ 

ŮˊŬɜŬŭɘɎɚɡůɖɠ ɐ/əŬɘ ŭɘŮɟɔŬůɑŮɠ əŬŰŬəɧɟɡűɖɠ ɛŮŰŬűɞɟɎɠ ɗŬɚŬůůɑɤɜ ɛŬɕɩɜ ɐ ŭɘɎɢɡůɖɠ, 

ŭɘŮɟɔŬůɑŮɠ ɞɘ ɞˊɞɑŮɠ Ŭɜ əŬɘ ɗŮɤɟɞɨɜŰŬɘ ŬɛŮɚɖŰɏŮɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ əɘɓɤŰɑɞɡ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, űŬɑɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ ůŮ ɞɟɘɛɏɜɞɡɠ 

ůŰŬɗɛɞɨɠ. ɇɏɚɞɠ, Űɞ ɑŭɘɞ Ŭəɟɘɓɩɠ űŬɘɜɧɛŮɜɞ űŬɑɜŮŰŬɘ ɜŬ ɘůɢɨŮɘ ůŰɞ ůŰŬɗɛɧ S.1 ɛŮ 

ɡˊɏɟɓŬůɖ Űɞɡ 234Th ɏɜŬɜŰɘ Űɞɡ 238U, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɘŬɚɡŰɐ ɛɞɟűɐ Űɞɡ 234Th. 

ȷɡŰɧ ˊɘɗŬɜɧŰŬŰŬ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɨˊŬɟɝɖ ɗŮɟɛɞəɚɘɜɞɨɠ, Űɞ ɞˊɞɑɞ ůɡɛɓɎɚɚŮɘ ůŰɖ 

ůɡůůɩɟŮɡůɖ Űɞɡ 234Th ůŰɞ ɓɎɗɞɠ Űɤɜ 15 m. 

 

 

9.2.3 ɈˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh), ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ 
ŭɘŬɚɡŰɞɨ 234Th (JTh), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 
234Th (Űp, Űd), ɚɧɔɞɘ POC/PTh əŬɘ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Űɞ əŬɚɞəŬɑɟɘ 
2008 

 

Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh), ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 

234Th (JTh), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 
234Th (Űp), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əŬɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ 

ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) Űɞɡ, ɛŬɕɑ ɛŮ Űɞɡɠ ɚɧɔɞɡɠ POC/PTh əŬɘ Űɘɠ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ 

ɎɜɗɟŬəŬ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.6.  

 

ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ůŰŬɗɛɧ S.1 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 

ŬɟɜɖŰɘəɏɠ ɏɤɠ 12.3 Ñ 4.2 Bq m-2 d-1, Ůɜɩ ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th 

(JTh) Ŭˊɧ ŬɟɜɖŰɘəɏɠ ɏɤɠ 13.1 Ñ 4.1 Bq m-2 d-1 (ȺɘəɧɜŬ 9.19) ɛŮ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ (0 ï 15 m). ȷɟɜɖŰɘəɏɠ Űɘɛɏɠ ɚŬɛɓɎɜɞɜŰŬɘ ŭɘɧŰɘ ɖ ůɡɔəɏɜŰɟɤůɖ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 

234Th ɏɢŮɘ ɡˊŮɟɓŮɑ ŬɡŰɐ Űɞɡ 238U əŬɘ ɎɟŬ ˊɞůɧŰɖŰŬ ŭɘŬɚɡŰɞɨ ɐ ůɤɛŬŰɘŭɘŬəɞɨ 234Th Ŭˊɧ 

ŮɝɤŰŮɟɘəɧ ˊŬɟɎɔɞɜŰŬ ɏɢŮɘ ɓɟŮɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɛɏŰɟɖůɖɠ. Ƀɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

ůɤɛŬŰɘŭɘŬəɞɨ 234Th (Űp) ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ŮɑɜŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 3.5 Ñ 1.0 d əɞɜŰɎ 

ůŰɞɜ ˊɡɗɛɏɜŬ (25 ï 30 m). Ƀɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ 

ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əɡɛŬɑɜɞɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 17.0 Ñ 3.4 d ůŰɖɜ 

ɕɩɜɖ 0 ï 15 m (ȺɘəɧɜŬ 9.20), Ůɜɩ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ ŮɑɜŬɘ Ůˊɑůɖɠ ůŰŬ ɑŭɘŬ ɡɣɖɚɎ 

ŮˊɑˊŮŭŬ (16.1 Ñ 1.8 d). Ƀɘ ɡɣɖɚɞɑ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 234Th əɞɜŰɎ ůŰɞɜ ˊɡɗɛɏɜŬ 

Ŭˊɞŭɑŭɞɡɜ  Űɖɜ  ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ ŭɘŮˊɘűɎɜŮɘŬɠ ɨŭŬŰɞɠ ï ɘɕɐɛŬŰɞɠ Ŭűɞɨ ůŮ ŬɡŰɐ, Űɧůɞ 
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ɄɑɜŬəŬɠ 9.6: Ʌɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh), ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ 
ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əŬɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) Űɞɡ, ɛŬɕɑ ɛŮ Űɞɡɠ ɚɧɔɞɡɠ POC/PTh əŬɘ Űɘɠ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Űɞ əŬɚɞəŬɑɟɘ 2008 

ɆŰŬɗɛɧɠ 
Ƀɚɞəɚɐɟɤůɖ 
ȸɎɗɞɡɠ 

(m) 

JTh 
(Bq m-2 d-1) 

PTh 
(Bq m-2 d-1) 

Űd 
(d) 

Űp 
(d) 

ɚd 
(x 10-3 d-1) 

ɚp 
(x 10-3 d-1) 

POC/PTh 
(mmol Bq-1) 

Ʌɞɐ POC 
(mmol m-2 L-1) 

S.1 0-15 13.1 Ñ 4.1 12.3 Ñ 4.2 17.0 Ñ 3.4 2.3 Ñ 0.5 59 Ñ 24 432 Ñ 235 10.9 Ñ 0.4 134.7 Ñ 12.1 

 15-25 < 0 < 0 < 0 < 0 < 0 < 0 12.1 Ñ 0.6 < 0 

 25-30 3.9 Ñ 3.1 3.6 Ñ 3.3 16.1 Ñ 2.8 3.5 Ñ 1.0 62 Ñ 51 286 Ñ 189 5.4 Ñ 0.4 19.3 Ñ 3.1 

S.2 0-15 12.2 Ñ 3.2 10.8 Ñ 3.4 21.7 Ñ 5.3 4.3 Ñ 0.5 46 Ñ 15 233 Ñ 105 5.4 Ñ 0.3 58.2 Ñ 5.1 

 15-25 10.0 Ñ 2.8 9.3 Ñ 3.0 25.8 Ñ 5.3 2.6 Ñ 0.7 39 Ñ 13 386 Ñ 270 9.5 Ñ 0.6 88.4 Ñ 9.1 

 25-30 2.0 Ñ 1.9 1.8 Ñ 1.1 6.1 Ñ 1.0 2.1 Ñ 1.2 163 Ñ 65 485 Ñ 186 6.0 Ñ 0.4 10.8 Ñ 1.1 

S.3 0-15 13.5 Ñ 3.8 11.7 Ñ 3.9 16.0 Ñ 4.4 5.1 Ñ 0.4 62 Ñ 24 196 Ñ 85 2.4 Ñ 0.3 27.8 Ñ 3.1 

 15-60 32.5 Ñ 3.0 30.5 Ñ 3.1 20.9 Ñ 5.2 2.2 Ñ 0.5 48 Ñ 10 452 Ñ 247 18.5 Ñ 0.5 565.3 Ñ 33.1 

 60-65 2.8 Ñ 2.7 2.3 Ñ 1.9 102.4 Ñ 10.0 6.4 Ñ 1.4 10 Ñ 10 156 Ñ 96 7.7 Ñ 0.6 17.8 Ñ 2.1 

S.4 0-50 < 0 < 0 < 0 < 0 < 0 < 0 1.6 Ñ 0.3 < 0 

 50-100 25.5 Ñ 2.4 21.2 Ñ 2.5 43.5 Ñ 6.1 7.1 Ñ 0.3 23 Ñ 3 141 Ñ 41 1.4 Ñ 0.3 30.4 Ñ 3.2 

 100-200 40.3 Ñ 3.1 35.1 Ñ 3.2 63.8 Ñ 6.1 5.1 Ñ 0.4 16 Ñ 2 195 Ñ 78 2.2 Ñ 0.4 76.1 Ñ 8.2 

 200-220 < 0 < 0 < 0 < 0 < 0 < 0 0.8 Ñ 0.3 < 0 

S.5 0-35 23.9 Ñ 2.2 19.4 Ñ 2.4 31.4 Ñ 4.1 8.1 Ñ 0.3 32 Ñ 4 123 Ñ 34 1.1 Ñ 0.2 22.0 Ñ 1.2  

 35-90 43.0 Ñ 3.0 29.0 Ñ 3.3 17.3 Ñ 3.2 16.7 Ñ 0.2 58 Ñ 13 60 Ñ 12 0.5 Ñ 0.2 14.5 Ñ 1.3 

 90-97 < 0 < 0 < 0 < 0 < 0 < 0 1.1 Ñ 0.3 < 0 

S.6 0-35 < 0 < 0 < 0 < 0 < 0 < 0 0.8 Ñ  < 0 

 35-100 28.3 Ñ 3.2 23.0 Ñ 3.3 60.0 Ñ 6.2 7.9 Ñ 0.4 17 Ñ 3 127 Ñ 45 1.5 Ñ 0.3 33.7 Ñ 3.2 
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ɆŰŬɗɛɧɠ 
Ƀɚɞəɚɐɟɤůɖ 
ȸɎɗɞɡɠ 

(m) 

JTh 
(Bq m-2 d-1) 

PTh 
(Bq m-2 d-1) 

Űd 
(d) 

Űp 
(d) 

ɚd 
(x 10-3 d-1) 

ɚp 
(x 10-3 d-1) 

POC/PTh 
(mmol Bq-1) 

Ʌɞɐ POC 
(mmol m-2 L-1) 

 100-105 < 0 < 0 < 0 < 0 < 0 < 0 0.6 Ñ 0.2 < 0 

S.7 0-50 < 0 < 0 < 0 < 0 < 0 < 0 0.6 Ñ 0.2 < 0 

 50-100 18.5 Ñ 2.3 16.1Ñ 2.4 73.8 Ñ 8.1 5.3 Ñ 0.4 14 Ñ 2 189 Ñ 83 2.2 Ñ 0.4 36.2 Ñ 4.2 

 100-200 < 0 < 0 < 0 < 0 < 0 < 0 0.3 Ñ 0.2 < 0 

 200-220 4.6 Ñ 2.7 3.3 Ñ 2.8 52.0 Ñ 6.6 13.3 Ñ 0.9 19 Ñ 11 75 Ñ 47 0.4 Ñ 0.2 1.4 Ñ 0.6 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ ɛŮŰŬűɞɟɎɠ (uncertainty propagation) 

Ƀɘ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh), ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ 

ůɤɛŬŰɑŭɘŬ (Űd), ɞɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) əŬɘ ɞɘ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ŮɑɜŬɘ < 0 ůŰŬ ɓɎɗɖ ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɡˊɏɟɓŬůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ 
234

Th əŬɘ 
238

U 
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ȺɘəɧɜŬ 9.19: Ʌɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ əŬɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 
ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 
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ȺɘəɧɜŬ 9.20: ɉɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp) əŬɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd,) ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ 
Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 
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ŰŬ ůɤɛŬŰɑŭɘŬ, ɧůɞ əŬɘ ŰŬ ŭɘŬɚɡŰɎ ůɡůŰŬŰɘəɎ ŮɔəɚɤɓɑɕɞɜŰŬɘ ɔɘŬ ŬɟəŮŰɧ ŭɘɎůŰɖɛŬ, ˊɟɘɜ 

əŬŰŬɚɐɝɞɡɜ ůŰŬ ɘɕɐɛŬŰŬ. 

 

ɆŰɞ ůŰŬɗɛɧ S.2 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1.8 Ñ 2.1 ɏɤɠ 10.8 

Ñ 3.4 Bq m-2 d-1 ɛŮ Űɘɠ Űɘɛɏɠ ɜŬ ɛŮɘɩɜɞɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ, Ůɜɩ ɞɘ ɟɡɗɛɞɑ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (JTh) Ŭˊɧ 2.0 Ñ 1.9 ɏɤɠ 12.2 Ñ 3.2 Bq m-2 d-1 (ȺɘəɧɜŬ 

9.19). Ƀɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (Űp) ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ˊɞɘəɑɚɚɞɡɜ 

ɛŮŰŬɝɨ 2.1 Ñ 1.2 əŬɘ 4.3 Ñ 0.5 d, Ůɜɩ ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ 

ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) ɛŮŰŬɝɨ 6.1 Ñ 1.0 əŬɘ 25.8 Ñ 5.3 d. ɇɞ ůɤɛŬŰɘŭɘŬəɧ 234Th 

ˊŬɟŬɛɏɜŮɘ ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (0 ï 15 m), Ůɜɩ Űɞ ŭɘŬɚɡŰɧ 234Th ůŰɞ 

ůŰɟɩɛŬ Ŭˊɧ 15 ï 25 m ˊɟɘɜ ˊɟɞůɟɞűɖɗŮɑ ůŰŬ ŭɘŬɗɏůɘɛŬ ůɤɛŬŰɑŭɘŬ (ȺɘəɧɜŬ 9.20). 

 

ɆŰɞ ůŰŬɗɛɧ S.3 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ 2.3 Ñ 2.9 əŬɘ 

30.5 Ñ 3.1 Bq m-2 d-1, Ůɜɩ ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (JTh) ůŰŬ 

ůɤɛŬŰɑŭɘŬ ɛŮŰŬɝɨ 2.8 Ñ 2.7 əŬɘ 32.5 Ñ 3.0 Bq m-2 d-1 ɛŮ ɛɏɔɘůŰŬ ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ 

ɛŮůŬɑɞ ůŰɟɩɛŬ (15 ï 25 m) (ȺɘəɧɜŬ 9.19). ũŮɜɘəɎ, ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɟɞɩɜ əŬɘ ɟɡɗɛɩɜ 

ˊɟɞůɟɧűɖůɖɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, Ŭűɞɨ ŮəŮɑ, ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ, ŮɑɜŬɘ 

ůɡɔəŮɜŰɟɤɛɏɜŬ ŰŬ ůɤɛŬŰɑŭɘŬ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ůŰŬɗɛɞɑ S.1, S.2 əŬɘ S.3 ŮɑɜŬɘ ɢŬɛɖɚɞɨ 

ɓɎɗɞɡɠ, ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗɞɨɜ ŬɜŬɛŮɜɧɛŮɜŮɠ ɞɘ ɛŮɔɎɚŮɠ ɟɞɏɠ ůŮ ɓɎɗɖ ɏɤɠ 25 m. Ƀɘ 

ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (Űp) ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ 

Űɤɜ Űɘɛɩɜ 2.2 Ñ 0.5 əŬɘ 6.4 Ñ 1.4 d əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ 

ůɤɛŬŰɑŭɘŬ (Űd) ɛŮŰŬɝɨ 16.0 Ñ 4.4 əŬɘ 102.4 Ñ 10.0 d ɛŮ ɛɏɔɘůŰŬ ůŰɞɜ ˊɡɗɛɏɜŬ (25 ï 30 m) 

(ȺɘəɧɜŬ 9.20). ȼ ŬůɡɜɐɗɘůŰŬ ɡɣɖɚɐ Űɘɛɐ Űɞɡ Űd (102.4 Ñ 1.0 d) ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ 

ˊɘɗŬɜɧŰŬŰŬ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Ůəɟɞɐ ɢŬɛɖɚɐɠ ŬɚŬŰɧŰɖŰŬɠ ɡŭɎŰɤɜ Ŭˊɧ Űɖɜ ɊɡŰɎɚɚŮɘŬ ɛŮ Űɘɠ 

űɡůɘəɞɢɖɛɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ŬɡŰɐ ˊɟɞəŬɚŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ. 

 

ɆŰɞ ůŰŬɗɛɧ S.4 ɞɘ Űɘɛɏɠ PTh ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ ŬɟɜɖŰɘəɏɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (0 ï 50 m) əŬɘ ůŰɞɜ 

ˊɡɗɛɏɜŬ (100 ï 200 m) (ɚɧɔɤ ɛŮŰŬűɞɟɎɠ Ŭˊɧ Űɖ ůŰŮɟɘɎ ɐ/əŬɘ ŬɚɘŮɡŰɘəɩɜ ŮɟɔŬůɘɩɜ ɐ/əŬɘ 

əŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ əŬɘ ŮˊŬɜŬɘɩɟɖůɖɠ ůɤɛŬŰɘŭɑɤɜ, ŬɜŰɑůŰɞɘɢŬ) ɏɤɠ 29.0 Ñ 3.3 Bq m-2 

d-1 ůŰɖ ɕɩɜɖ ɛŮŰŬɝɨ 100 ï 200 m. Ƀɘ Űɘɛɏɠ JTh əɡɛŬɑɜɞɜŰŬɘ ɔɘŬ Űɞɡɠ ɑŭɘɞɡɠ ɚɧɔɞɡɠ Ŭˊɧ 

ŬɟɜɖŰɘəɏɠ ɏɤɠ 40.3 Ñ 3.1 Bq m-2 d-1 ŮɛűŬɜɑɕɞɜŰŬɠ ɛɏɔɘůŰŬ əŬɘ ŮɚɎɢɘůŰŬ ůŰŬ ɑŭɘŬ ɓɎɗɖ 

(ȺɘəɧɜŬ 9.19). ũɘŬ Űɞɡɠ ɑŭɘɞɡɠ ɚɧɔɞɡɠ, ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (Űp) 

ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ŮɑɜŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 7.1 Ñ 0.3 d ůŰɞ ůŰɟɩɛŬ ŮɚɎɢɘůŰɖɠ ɗŮŰɘəɐɠ 

ɟɞɐɠ (50 ï 100 m), Ůɜɩ ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (Űd) Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 

63.8 Ñ 6.1 d ůŰɖ ɕɩɜɖ ɛŮŰŬɝɨ 100 ï 200 m (ȺɘəɧɜŬ 9.20). 
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ɆŰɞɜ S.5 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɏɠ ůŮ ɓɎɗɖ 90 ï 

97 m, ɚɧɔɤ ŮˊŬɜŬŭɘɎɚɡůɖɠ 234Th Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ, ɏɤɠ 29.0 Ñ 3.3 Bq m-2 d-1, Ůɜɩ ɞɘ 

ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (JTh) Ŭˊɧ ŬɟɜɖŰɘəɏɠ ɏɤɠ 43.0 Ñ 3.0 Bq m-2 d-1 

(ȺɘəɧɜŬ 9.19). ȷɜŰɘůŰɞɑɢɤɠ, ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ 

234Th (Űp, Űd) ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 16.7 Ñ 0.2 d əŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 

31.4 Ñ 4.1 d, ŬɜŰɑůŰɞɘɢŬ (ȺɘəɧɜŬ 9.20). 

 

Ƀɛɞɑɤɠ, ůŰɞ ůŰŬɗɛɧ S.6 ɞɘ Űɘɛɏɠ PTh əŬɘ JTh ŮɑɜŬɘ ŬɟɜɖŰɘəɏɠ ůŰɖɜ ŮˊɘűŬɜŮɘŬəɐ (0 ï 35 m) 

əŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ (100 ï 105 m), ɔɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ, əŬɘ 23.0 Ñ 3.3 

Bq m-2 d-1 əŬɘ 28.3 Ñ 3.2 Bq m-2 d-1, ŬɜŰɑůŰɞɘɢŬ, ůŰɞ ůŰɟɩɛŬ ɛŮŰŬɝɨ 35 ï 100 m (ȺɘəɧɜŬ 

9.19). ȷɜɎɚɞɔŬ, ɞɘ Űɘɛɏɠ Űp əŬɘ Űd ŮɑɜŬɘ ŬɟɜɖŰɘəɏɠ ůŰɘɠ ɑŭɘŮɠ ɕɩɜŮɠ ɏɤɠ 7.9 Ñ 0.4 d əŬɘ 60.0 

Ñ 6.2 d ůŰɖ ɛŮůŬɑŬ ɕɩɜɖ (35 ï 100 m) (ȺɘəɧɜŬ 9.20). 

 

ɇɏɚɞɠ, ůŰɞ ůŰŬɗɛɧ S.7 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) ŮɑɜŬɘ ŬɟɜɖŰɘəɏɠ ůŰɖɜ 

ŮˊɘűŬɜŮɘŬəɐ ɕɩɜɖ (0 ï 50 m) əŬɘ ůŮ ɓɎɗɖ 100 ï 200 m ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ (16.1Ñ 2.4 Bq m-2 

d-1) ůŰɖ ɕɩɜɖ 50 ï 100 m. ɇɞ ɑŭɘɞ Ŭəɟɘɓɩɠ ůɡɛɓŬɑɜŮɘ əŬɘ ɛŮ Űɞɡɠ ɟɡɗɛɞɨɠ ˊɟɞůɟɧűɖůɖɠ 

Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (JTh) ůŰŬ ůɤɛŬŰɑŭɘŬ, ɞɘ ɞˊɞɑɞɘ ŮɛűŬɜɑɕɞɡɜ ɛɏɔɘůŰɞ (18.5 Ñ 2.3 Bq m-2 

d-1) ůŰɞ ůŰɟɩɛŬ 50 ï 100 m (ȺɘəɧɜŬ 9.19). Ƀůɞɜ ŬűɞɟɎ ůŰɞɡɠ ɢɟɧɜɞɡɠ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űp əŬɘ Űd) 

ŮɑɜŬɘ ŬɟɜɖŰɘəɞɑ ůŰɘɠ ɑŭɘŮɠ ɕɩɜŮɠ ɛŮ ɛɏɔɘůŰŬ (13.3 Ñ 0.9 d əŬɘ 73.8 Ñ 8.1 d) ůŮ ɓɎɗɖ 200 ï 

220 m əŬɘ 50 ï 100 m, ŬɜŰɑůŰɞɘɢŬ (ȺɘəɧɜŬ 9.20). 

 

ɆŰɖɜ ȺɘəɧɜŬ 9.21 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɞ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ɔɘŬ Űɞɡɠ 

7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ Űɞɡ 2008. ȳˊɤɠ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ, ɞ ɚɧɔɞɠ 

ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ, ɚɧɔɤ ŬˊɤɚŮɘɩɜ ůŮ ɎɜɗɟŬəŬ (ˊɢ. ɗɟɡɛɛŬŰɘůɛɧɠ 

ůɤɛŬŰɘŭɑɤɜ əŬɘ ŮˊŬɜŬŭɘɎɚɡůɖ ɎɜɗɟŬəŬ). ɄɟɎɔɛŬŰɘ, ŬɡŰɧ űŬɑɜŮŰŬɘ Ůɜ ɛɏɟŮɘ ɜŬ ůɡɛɓŬɑɜŮɘ 

ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ Ůˊɞɢɐ ɔɘŬ Űɞɡɠ ɓŬɗɨŰŮɟɞɡɠ ůŰŬɗɛɞɨɠ S.4, S.5, S.6 əŬɘ S.7, ɧˊɞɡ ɞ 

ɚɧɔɞɠ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ŮɚɎɢɘůŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ ɐ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ. ɆŰɞɡɠ 

ůŰŬɗɛɞɨɠ ɧɛɤɠ S.1, S.2, ɞɘ ɞˊɞɑɞɘ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ Űɞɡ Ⱦɧɚˊɞɡ Űɖɠ ȺɚŮɡůɑɜŬɠ əŬɘ S.3 

əɞɜŰɎ ůŰɞ ůɖɛŮɑɞ Ůəɟɞɐɠ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ, ɞɘ ɚɧɔɞɘ ŬɡɝɎɜɞɜŰŬɘ ůŮ ůɢɏůɖ 

ɛŮ Űɞ ɓɎɗɞɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ Űɖɠ Ůɜɑůɢɡůɖɠ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ 

ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ C (POC) ůŰɞɡɠ ůŰŬɗɛɞɨɠ ˊɞɡ ŮɑŰŮ ɏɢɞɡɜ ɛɘəɟɎ ɓɎɗɖ (S.1, S.2) 

ɞˊɧŰŮ ŰŬ ůɤɛŬŰɑŭɘŬ əŬɗɘɕɎɜɞɡɜ ɔɟɐɔɞɟŬ, ŮɑŰŮ ŮˊɖɟŮɎɕŮŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖ ɛɞɜɎŭŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ŬůŰɘəɩɜ ŬˊɞɓɚɐŰɤɜ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ. 
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ȺɘəɧɜŬ 9.21: Ƀ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 

 

 

H ɟɞɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ Űɞɜ ˊɡɗɛɏɜŬ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.22. ɈɣɖɚɧŰŮɟŮɠ ɟɞɏɠ ɚŬɛɓɎɜɞɜŰŬɘ ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1, S.2 əŬɘ 

S.3 ɔɘŬ ɛɘəɟɎ ŭɘŬůŰɐɛŬŰŬ ɓɎɗɞɡɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ Ŭɡɝɖɛɏɜɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ POC 

ůŰŬ ůɖɛŮɑŬ ŬɡŰɎ (10.8 Ñ 1.1 ɏɤɠ 565.3 Ñ 33.1 mmol m-2 L-1). ȼ ŬəɟŬɑŬ Űɘɛɐ ůŰɞ ůŰŬɗɛɧ 

S.3 ŭŮɑɢɜŮɘ ˊɤɠ ɖ ɟɞɐ Űɞɡ POC ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜɡűŬůɛɏɜɖ ɛŮ Űɖɜ Ůəɟɞɐ 

POC Ŭˊɧ Űɖɜ ɊɡŰɎɚɚŮɘŬ. Ƀɘ Űɘɛɏɠ ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 4 ůŰŬɗɛɞɨɠ S.4, S.5, S.6 əŬɘ S.7 

əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1.4 Ñ 0.6 ɏɤɠ 76.1 Ñ 8.2 mmol m-2 L-1. ũŮɜɘəɎ, ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ɎɚɚŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬŰŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ 

ˊɞɚɨˊɚɞəɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŬɜɗɟɤˊɞɔŮɜŮɑɠ əŬɘ 

ɓɘɞɚɞɔɘəɏɠ ŭɟɎůŮɘɠ (ˊɢ. ˊɟɤŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ). 
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ȺɘəɧɜŬ 9.22: ɈˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ 2008 



 
199 

 

9.2.4 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əŬɘ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ 
(TSM) Űɞ əŬɚɞəŬɑɟɘ 2008 

 

Ƀɘ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 234Th (ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɚɧɔɞ 

Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ ˊɟɞɠ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ) 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.23. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɨɛŮɜŬ, ŬˊɧŰɞɛŮɠ 

ŮɚŬŰŰɩůŮɘɠ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 234Th ůɡɜɐɗɤɠ ɞűŮɑɚɞɜŰŬɘ ůŮ ŮˊŬɜŬŭɘɎɚɡůɖ ɐ 

Ůəɟɧűɖůɖ Űɞɡ 234Th Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ. ɋůŰɧůɞ, ŬɡŰɧ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ɘůɢɨŮɘ ůŮ ɧɚɞɡɠ 

Űɞɡɠ ůŰŬɗɛɞɨɠ, ɧˊɞɡ ůɡɛˊŮɟɎɜɗɖəŮ ŮˊŬɜŬŭɘɎɚɡůɖ 234Th ɛŮ ɓɎůɖ Űɖɜ ɡˊɏɟɓŬůɖ Űɖɠ 

ɘůɞɟɟɞˊɑŬɠ 234Th əŬɘ 238U ï S.1 (15 m), S.5 (97 m), S.6 (100 m) əŬɘ S.7 (100 m) ï ŬɚɚɎ 

ɛɧɜɞ ɔɘŬ Űɞɡɠ S.5 əŬɘ S.7. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɜŭŮɢɧɛŮɜŬ ŭŮɑɢɜŮɘ ˊɤɠ ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűɏɟɞɡɜ ŭɘŬɚɡŰɧ 234Th, ɧˊɤɠ ŭɘɎɢɡůɖ 

əŬɘ ɛŮŰŬűɞɟɎ ɛɏůɤ ɟŮɡɛɎŰɤɜ. 

 

ȺɘəɧɜŬ 9.23: Ⱥɘŭɘəɐ ŮɜŮɟɔɧŰɖŰŬ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ əŬɚɞəŬɑɟɘ Űɞɡ 2008 
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ɄŬɟŬəɎŰɤ (ȺɘəɧɜŬ 9.24), ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ůɡɔəŮɜŰɟɩůŮɤɜ 

ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ ůɡɔəŮɜŰɟɩůŮɤɜ ɞɚɘəɩɜ ŬɘɤɟɞɨɛŮɜɤɜ ɡɚɘəɩɜ (TSM), 

ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) əŬɘ ůɡɔəŮɜŰɟɩůŮɤɜ ɞɚɘəɩɜ 

ŬɘɤɟɞɨɛŮɜɤɜ ɡɚɘəɩɜ (TSM). ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ 2008 Űɞ ˊɟɞůɟɞűɖɛɏɜɞ 

ůŮ ůɤɛŬŰɑŭɘŬ 234Th ŭŮɜ ŬəɞɚɞɡɗŮɑ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɤɛŬŰɘŭɑɤɜ Űɤɜ ɞɚɘəɩɜ 

ŬɘɤɟɞɨɛŮɜɤɜ ɡɚɘəɩɜ (R = - 0.02, P = 0.92). ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ POC 

(R = 0.11, P = 0.61). 

 

ȺɘəɧɜŬ 9.24: ɆɡůɢɏŰɘůɖ ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) ɛŮ Űɖɜ 
ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) Űɞ əŬɚɞəŬɑɟɘ Űɞɡ 2008 

 

 

9.2.5 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) əŬɘ ŭɘŬɚɡŰɞɨ 234Th 
(DTh) Űɞ əŬɚɞəŬɑɟɘ 2008 

 

ȳˊɤɠ ɏɢŮɘ ŮɘˊɤɗŮɑ ɐŭɖ, ˊɎɜɤ Ŭˊɧ 50 % Űɞɡ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) 

ɓɟɑůəŮŰŬɘ ůŮ əɞɚɚɞŮɘŭɐ ɛɞɟűɐ, Ůɜɩ ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ŭɘŬɚɡŰɞɨ 234Th ɏɢɞɡɜ Ůˊɑůɖɠ 

ɓɟŮɗŮɑ ůŮ əɞɚɚɞŮɘŭɐ əŬŰɎůŰŬůɖ. ɆɡɜŮˊɩɠ, ɗŬ ˊŮɟɑɛŮɜŮ əŬɜŮɑɠ ɧŰɘ ŮɜŭŮɢɞɛɏɜɤɠ ɖ 

ɛŮŰŬűɞɟɎ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ŬəɞɚɞɡɗŮɑ Űɞɡɠ ɑŭɘɞɡɠ əŬɜɧɜŮɠ ɛŮ ŬɡŰɐ Űɞɡ DOC. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŮɑɜŬɘ ɢŬɛɖɚɧɠ (R = - 0.03, P = 0.89) ɔɘŬ Űɖɜ Ůɜ ɚɧɔɤ Ůˊɞɢɐ. 

ȷɡŰɧ űŬɑɜŮŰŬɘ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ɛɘŬ ŬəɟŬɑŬ Űɘɛɐ DOC. ȷɜ ŮɝŬɘɟŮɗŮɑ, űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ 

Ŭɟɛɞɜɘəɐ ůɡůɢɏŰɘůɖ (R = 0.69, P = 0.69). 
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ȺɘəɧɜŬ 9.25: ɆɡůɢɏŰɘůɖ ůɡɔəŮɜŰɟɩůŮɤɜ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC) əŬɘ ŭɘŬɚɡŰɞɨ 
234

Th (DTh) Űɞ əŬɚɞəŬɑɟɘ 
2008 

 

 

9.2.6 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) əŬɘ ɟɞɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234Th (PTh) ɐ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ C Űɞ əŬɚɞəŬɑɟɘ 2008 

 

ɄŬɟŬəɎŰɤ, ŮɝŮŰɎɕŮŰŬɘ ɖ ůɡůɢɏŰɘůɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ 

(TSM) əŬɘ Űɖɠ ɟɞɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) ɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ C ɛŮ ůəɞˊɧ 

ɜŬ ůɡɛˊŮɟŬɜɗŮɑ Ŭɜ ɖ ŭɡɜŬɛɘəɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞ əŬɚɞəŬɑɟɘ Űɞɡ 2008 ŬəɞɚɞɡɗŮɑ Űɖɜ 

əŬŰŬɜɞɛɐ Űɖɠ TSM. Ƀɘ ɢŬɛɖɚɏɠ ůɡůɢŮŰɑůŮɘɠ ˊɞɡ ɓɟɏɗɖəŬɜ (R = - 0.25, P = 0.25 əŬɘ R = - 

0.20, P = 0.37) ŭŮɑɢɜɞɡɜ ɧŰɘ ŬɡŰɧ ŭŮɜ ɘůɢɨŮɘ Űɖ ůɡɔəŮəɟɘɛɏɜɖ Ůˊɞɢɐ. 

 

ȺɘəɧɜŬ 9.26: ɆɡůɢɏŰɘůɖ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) əŬɘ ɟɞɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) ɐ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ 
C Űɞ əŬɚɞəŬɑɟɘ 2008 
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9.2.7 ɆɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ 2008 

 

ü ȼ ɡŭɎŰɘɜɖ ůŰɐɚɖ Űɤɜ ůŰŬɗɛɩɜ ŮɑɜŬɘ ůŰɟɤɛŬŰɞˊɞɘɖɛɏɜɖ ŮɝŬɘŰɑŬɠ Űɖɠ Ůˊɞɢɐɠ, ɧˊɤɠ 

ŬˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ ŬɚŬŰɧŰɖŰŬɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ. ɇŬ ɗŮɟɛɞəɚɘɜɐ əŬɘ 

Ŭɚɞəɚɘɜɐ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŮ ɓɎɗɞɠ ˊŮɟɑˊɞɡ 15 m ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1 əŬɘ S.2, ˊŮɟɑˊɞɡ 

35 m ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.3, S.5 əŬɘ S.6 əŬɘ ˊŮɟɑˊɞɡ 50 m ůŰɞɡɠ ɓŬɗɨŰŮɟɞɡɠ ůŰŬɗɛɞɨɠ 

S.4 əŬɘ S.7. 

ü ȺəŰɧɠ Űɞɡ ůŰŬɗɛɞɨ S.7, ůŮ ɧɚɞɡɠ Űɞɡɠ Ɏɚɚɞɡɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŬɡɝɖɛɏɜŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) əɡɟɑɤɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɛɏɢɟɘ əŬɘ Űɖ 

ɕɩɜɖ Űɞɡ ɗŮɟɛɞəɚɘɜɞɨɠ (476 ï 1883 ɛg L-1). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɧɚɞɘ ɞɘ ůŰŬɗɛɞɑ ˊɚɖɜ Űɞɡ 

S.7 ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰɖ ůŰŮɟɘɎ, ɞɘ ŬɡɝɖɛɏɜŮɠ ŬɡŰɏɠ Űɘɛɏɠ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

ŭŮɑɢɜɞɡɜ ˊɘɗŬɜɐ əŬŰŬəɟɐɛɜɘůɖ ůɤɛŬŰɘŭɑɤɜ ˊɟɞŮɟɢɧɛŮɜɤɜ Ŭˊɧ Űɖɜ ɝɖɟɎ ɛɏůɤ Űɖɠ 

ŬŰɛɧůűŬɘɟŬɠ.  

ü Ƀɘ ŬɡɝɖɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŭɘŬɚɡŰɞɨ əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (DOC 

əŬɘ POC) ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1, S.2 əŬɘ S.3 (85 ï 2433 əŬɘ 9.5 ï 27.8 ɛmol C L-1, 

ŬɜŰɑůŰɞɘɢŬ), ůŮ ůɢɏůɖ ɛŮ Űɘɛɏɠ ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ˊŬɟɧɛɞɘŮɠ ɐ 

əŬɘ ɔɘŬ Űɖɜ Ůɜ ɚɧɔɤ ˊŮɟɘɞɢɐ ŭŮɑɢɜɞɡɜ ɧŰɘ Űɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ Űɤɜ ůŰŬɗɛɩɜ 

ŮˊɖɟŮɎɕŮŰŬɘ ɘůɢɡɟɎ Ŭˊɧ Űɖɜ Ůəɟɞɐ ŬůŰɘəɩɜ ŬˊɞɓɚɐŰɤɜ Ŭˊɧ Űɖ ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ əŬɘ Ŭˊɧ Űɖ ɓɘɞɛɖɢŬɜɘəɐ ɟɨˊŬɜůɖ ůŰɞɜ Ⱦɧɚˊɞ Űɖɠ 

ȺɚŮɡůɑɜŬɠ. ɆŰɞɜ ɓŬɗɨŰŮɟɞ əŬɘ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞ Ŭˊɧ Űɘɠ ˊɖɔɏɠ ɎɜɗɟŬəŬ ůŰŬɗɛɧ 

S.4 ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ DOC əŬɘ POC ŮɑɜŬɘ ɢŬɛɖɚɏɠ (58 ï 142 əŬɘ 2.7 ï 4.9 ɛmol C L-1, 

ŬɜŰɑůŰɞɘɢŬ) ŭŮɑɢɜɞɜŰŬɠ ɧŰɘ ŮˊɖɟŮɎɕŮŰŬɘ ɚɘɔɧŰŮɟɞ. ɇɏɚɞɠ ɞɘ ůŰŬɗɛɞɑ S.5, S.6 əŬɘ S.7, ɞɘ 

ɞˊɞɑɞɘ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ əŮɜŰɟɘəɧ əŬɘ ɜɧŰɘɞ ɆŬɟɤɜɘəɧ ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ DOC (111 ï 299 ɛmol C L-1) ŭŮɑɢɜɞɜŰŬɠ ɧŰɘ ŮˊɖɟŮɎɕɞɜŰŬɘ ɎɛŮůŬ Ŭˊɧ 

ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɟŮɨɛŬŰŬ əɡəɚɤɜɘəɐɠ ɛŮŰŬűɞɟɎ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɔɜɤůŰŬ ůŰɖɜ 

ˊŮɟɘɞɢɐ. ũŮɜɘəɎ ɞɘ Űɘɛɏɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 58 ï 2433 ɛmol C L-1 ɔɘŬ Űɞɜ DOC əŬɘ 

ɛŮŰŬɝɨ 1.8 ï 27.8 ɛmol C L-1 ɔɘŬ Űɞɜ POC. 

ü ɇɞ 137Cs əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 1.0 Ñ 0.1 əŬɘ 4.8 Ñ 0.1 Bq m-3, ŮɑɜŬɘ Ŭɡɝɖɛɏɜɞ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ əŬɘ Űɞ ɗŮɟɛɞəɚɘɜɏɠ əŬɘ ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ (ŮɝɎŰɛɘůɖ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɞ əŬɚɞəŬɑɟɘ). ȼ ɏɜŰɞɜɖ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 137Cs, 

ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɚɘɔɞ ˊɎɜɤ Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ Űɞɡ ůŰŬɗɛɞɨ S.4 ɡˊɞŭŮɘəɜɨŮɘ 

ŮˊŬɜŬŭɘɎɚɡůɖ Ŭˊɧ ŰŬ ŮˊŬɜŬɘɤɟɖɛɏɜŬ ůɤɛŬŰɑŭɘŬ Űɞɡ ˊɡɗɛɏɜŬ, ɔŮɔɞɜɧɠ ˊɞɡ 

ˊɘůŰɞˊɞɘŮɑŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ 234Th. Ƀɘ Űɘɛɏɠ Űɞɡ 137Cs ɓɟɑůəɞɜŰŬɘ ůŮ ˊɞɚɨ 

ɢŬɛɖɚɧ ŮˊɑˊŮŭɞ ŰŮɑɜɞɜŰŬɠ ůŰɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ˊɟɞ Chernobyl Ůˊɞɢɐɠ. Ƀɘ Űɘɛɏɠ 
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ŬɡŰɏɠ ˊɟɞűŬɜɩɠ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ əŬɗɧɚɞɡ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɞɡ ȸɞɟŮɘɞ-

ŬɜŬŰɞɚɘəɞɨ ȷɘɔŬɑɞɡ, Ůɜɩ 137Cs ůŮ ůɤɛŬŰɘŭɘŬəɐ ɛɞɟűɐ ŭŮɜ ŬɜɘɢɜŮɨɗɖəŮ. 

ü ɈˊɎɟɢŮɘ ɘůɢɡɟɐ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ 234Th əŬɘ 238U ůŰɖɜ ɡŭɎŰɘɜɖ 

ůŰɐɚɖ Űɤɜ ůŰŬɗɛɩɜ S.2 əŬɘ S.3 əŬɘ ɎɟŬ ɟɞɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɟɞɠ Űɘɠ ɓŬɗɨŰŮɟŮɠ 

ɕɩɜŮɠ. ɇɞ ɞɚɘəɧ 234Th ɡˊŮɟɓŬɑɜŮɘ Űɞ 238U ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.5 (90 m) əŬɘ S.6 (100 m), 

ŬɚɚɎ ɖ ɡˊɏɟɓŬůɖ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ ůŰɞ ŭɘŬɚɡŰɧ 234Th əŬɘ ɎɟŬ ɛˊɞɟŮɑ ɜŬ ůɡɛˊŮɟŬɜɗŮɑ 

ŮˊŬɜŬŭɘɎɚɡůɖ 234Th Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ (Ŭűɞɨ ɞɘ Kd ŮɑɜŬɘ ɢŬɛɖɚɞɑ). Ⱥˊɑůɖɠ, ɡˊɏɟɓŬůɖ 

Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɞűŮɘɚɧɛŮɜɖ ůŰɞ ŭɘŬɚɡŰɧ 234Th ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ůŰɞɡɠ ůŰŬɗɛɞɨɠ 

S.1 (15 m) əŬɘ S.7 (100 m) ˊɟɎɔɛŬ ˊɞɡ ŭŮɑɢɜŮɘ űŬɘɜɧɛŮɜŬ ɛŮŰŬűɞɟɎɠ ɐ ŭɘɎɢɡůɖɠ 

ŭɘŬɚɡŰɞɨ 234Th Ŭˊɧ ɎɚɚŬ ɓɎɗɖ ɐ ˊŮɟɘɞɢɏɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ. ɈˊɏɟɓŬůɖ Űɖɠ 

ɘůɞɟɟɞˊɑŬɠ ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.4 (0 m) əŬɘ S.6 (0 m) ˊɟɞəŬɚŮɑŰŬɘ ˊɘɗŬɜɧŰŬŰŬ Ŭˊɧ 

űŬɘɜɧɛŮɜŬ ŮˊɘűŬɜŮɘŬəɐɠ ɛŮŰŬűɞɟɎɠ ɚɧɔɤ ɟŮɡɛɎŰɤɜ, Ŭűɞɨ ɖ ɡˊɏɟɓŬůɖ ɞűŮɑɚŮŰŬɘ ůŰɞ 

ŭɘŬɚɡŰɧ 234Th. ɇɏɚɞɠ, ůŰɞ ůŰŬɗɛɧ S.4 (200 m) ɖ ɡˊɏɟɓŬůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ 

234Th əŬɘ 238U ˊɟɏˊŮɘ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ŮˊŬɜŬɘɩɟɖůɖ ɘɕɖɛɎŰɤɜ. 

ü Ƀɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ əŬɘ ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th ůŰŬ ůɤɛŬŰɑŭɘŬ ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɏɠ Űɘɛɏɠ (Ŭˊɧ ŬɟɜɖŰɘəɏɠ ɏɤɠ 35.1 Ñ 3.2 

Bq m-2 d-1 əŬɘ Ŭˊɧ ŬɟɜɖŰɘəɏɠ ɏɤɠ 43.0 Ñ 3.0 Bq m-2 d-1, ŬɜŰɑůŰɞɘɢŬ). Ƀɘ ɢɟɧɜɞɘ 

ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ůŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ ŮɑɜŬɘ ɢŬɛɖɚɞɑ (Ŭˊɧ ŬɟɜɖŰɘəɞɑ 

ɏɤɠ 16.7 Ñ 0.2 d) Ŭűɞɨ ŰŬ ůɤɛŬŰɑŭɘŬ əŬɗɘɕɎɜɞɡɜ ɔɟɐɔɞɟŬ, Ůɜɩ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟɞɘ (Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 102.4 Ñ 1.0 d). 

ü Ƀɘ ɟɞɏɠ Űɞɡ POC ˊɟɞɠ Űɘɠ ɓŬɗɨŰŮɟŮɠ ɕɩɜŮɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŮɠ (Ŭˊɧ ŬɟɜɖŰɘəɏɠ ɏɤɠ 

134.7 Ñ 0.1 mmol m-2 L-1) Ŭˊɧ ŬɡŰɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ŭɘɎűɞɟŮɠ 

ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ˊɢ. ůŮ ˊɘɞ ůŰŬɗŮɟɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ŬɜɞɘəŰɩɜ ɗŬɚŬůůɩɜ ɐ ɤəŮŬɜɩɜ. 

ɋůŰɧůɞ, ŭŮɜ ɡˊɎɟɢŮɘ ŬɜŬűɞɟɎ ɔɘŬ ˊŬɟɧɛɞɘɞ ˊŮɟɘɓɎɚɚɞɜ, ɧˊɤɠ ŬɡŰɧ Űɞɡ ɆŬɟɤɜɘəɞɨ 

Ⱦɧɚˊɞɡ əŬɘ Ⱦɧɚˊɞɡ ȺɚŮɡůɑɜŬɠ, ɤůŰŮ ɜŬ ɔɑɜŮɘ əŰɎɚɚɖɚɖ ůɨɔəɟɘůɖ. 

ü ȼ ɢŬɛɖɚɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ TSM əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (R = - 0.02) əŬɘ TSM əŬɘ 

POC (R = 0.11) ŭŮɑɢɜŮɘ ɧŰɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ POC ˊɟɞɠ ŰŬ 

ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɞ əŬɚɞəŬɑɟɘ ŭŮɜ əŬɗɞɟɑɕŮŰɘ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

ůɤɛŬŰɘŭɑɤɜ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ. 

ü ȷˊɧ Űɘɠ ɏɜŰɞɜŮɠ ŮɚŬŰŰɩůŮɘɠ ůŰɖɜ Ůɘŭɘəɐ ŮɜŮɟɔɧŰɖŰŬ Űɞɡ 234Th ɛˊɞɟŮɑ ɜŬ ɡˊɞŰŮɗŮɑ 

ŮˊŬɜŬŭɘɎɚɡůɖ 234Th ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.5 əŬɘ S.7. 

ü ȷɜ əŬɘ ůŮ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɢŬɛɖɚɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ DOC əŬɘ 

ŭɘŬɚɡŰɞɨ 234Th (R = - 0.03), Ŭɜ ŮɝŬɘɟŮɗŮɑ ɖ ŬəɟŬɑŬ Űɘɛɐ, ɞɘ ɡˊɧɚɞɘˊŮɠ Űɘɛɏɠ ŭŮɑɢɜɞɡɜ 

ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ (R = 0.69). ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɞ əɨəɚɞɠ Űɞɡ 

DOC ŭŮɑɢɜŮɘ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖ ŭɘŬůˊɞɟɎ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ůŰɖ ɛɞɟűɐ Űɤɜ 

əɞɚɚɞŮɘŭɩɜ ůɡůŰŬŰɘəɩɜ.  
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ü Ƀɘ ɢŬɛɖɚɏɠ ůɡůɢŮŰɑůŮɘɠ (R = - 0.25 əŬɘ R = - 0.20) ɛŮŰŬɝɨ TSM əŬɘ ɟɞɐ PTh əŬɘ 

ɛŮŰŬɝɨ TSM əŬɘ ɟɞɐ POC, ŬɜŰɑůŰɞɘɢŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ ŭɡɜŬɛɘəɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ əŬŰɎ Űɖɜ Ůɜ ɚɧɔɤ Ůˊɞɢɐ (əŬɚɞəŬɑɟɘ 2008) ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ ŮɛűŬɜɩɠ Ŭˊɧ Űɖɜ 

ˊɞůɧŰɖŰŬ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɤɛŬŰɘŭɑɤɜ. 

 

 

9.3 ūŪȽɁɃɄɋɅɃ 2008 (23, 29/10/2008 ȾȷȽ 3, 5/11/2008) 

 

9.3.1 ūɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ, ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM), ŭɘŬɚɡŰɧɠ əŬɘ 
ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (DOC, POC) Űɞ űɗɘɜɧˊɤɟɞ 2008 

 

Ƀɘ ůŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ, ŰŬ ɓɎɗɖ ůŰŬ ɞˊɞɑŬ ŮɚɐűɗɖůŬɜ 

ŭŮɑɔɛŬŰŬ, ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡŭɎŰɤɜ Űɤɜ ůŰŬɗɛɩɜ (ŬɚŬŰɧŰɖŰŬ, ɗŮɟɛɞəɟŬůɑŬ, 

pH əŬɘ ˊɡəɜɧŰɖŰŬ), ɛŬɕɑ ɛŮ Űɖɜ TSM, Űɞɜ DOC əŬɘ Űɞɜ POC űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.7. 

Ⱥˊɑůɖɠ, ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ əɎɗŮŰŮɠ əŬŰŬɜɞɛɏɠ ŬɚŬŰɧŰɖŰŬɠ, ɗŮɟɛɞəɟŬůɑŬɠ, pH əŬɘ 

ˊɡəɜɧŰɖŰŬɠ (ȺɘəɧɜŬ 9.27), ůɡɔəŮɜŰɟɩůŮɤɜ TSM (ȺɘəɧɜŬ 9.28), DOC əŬɘ POC (ȺɘəɧɜŬ 

9.29), ɛŮ ůəɞˊɧ Űɖɜ ˊɘɞ ɚŮˊŰɞɛŮɟɐ ŬɜŰɑɚɖɣɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

əŬŰɎ Űɖɜ Ůɜ ɚɧɔɤ Ůˊɞɢɐ. 

 

ɆŰɞɡɠ ůŰŬɗɛɞɨɠ S.1 əŬɘ S.2 ɖ ɡŭɎŰɘɜɖ ůŰɐɚɖ űŬɑɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ŬɜŬɛŮɛɘɔɛɏɜɖ (ȺɘəɧɜŬ 

9.27) ŮɝŬɘŰɑŬɠ Űɤɜ ɢŬɛɖɚɩɜ ɓŬɗɩɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ (~ 30 m). ɆŰɞ 

ůŰŬɗɛɧ S.3 űŬɑɜŮŰŬɘ ɛɘŬ ɛɘəɟɐ ɛŮɑɤůɖ Űɖɠ ŬɚŬŰɧŰɖŰŬ ůŮ ɓɎɗɞɠ 15 m, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ 

ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ ɔɚɡəɎ ɨŭŬŰŬ, ˊɞɡ Ůəɟɏɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ, ŭɘŬŰɖɟɞɨɜ Űɖ ůŰɟɤɛɎŰɤůɖ 

ŮɛˊɞŭɑɕɞɜŰŬɠ Űɖɜ ɞɛɞɔŮɜɞˊɞɑɖůɖ Űɖɠ ůŰɐɚɖɠ. ɇɏɚɞɠ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.4, S.5, S.6 əŬɘ 

S.7 ɖ əŬŰɎůŰŬůɖ ŮɑɜŬɘ ˊɘɞ ɝŮəɎɗŬɟɖ. ɇɞ ɗŮɟɛɞəɚɘɜɏɠ, ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ Űɞɡɠ 

əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ɏɢŮɘ ŬɟɢɑůŮɘ ɜŬ ɡˊɞɢɤɟŮɑ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɓɨɗɘůɖ Űɤɜ 

ˊɡəɜɧŰŮɟɤɜ (əŬɘ ɎɟŬ ɓŬɟɨŰŮɟɤɜ) ɡŭɎŰɤɜ ˊɟɞɠ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ (ȺɘəɧɜŬ 9.27). 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 331 ï 974 ɛg L-1 

(ɄɑɜŬəŬɠ 9.7). Ƀɘ ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ůŰɘɠ ɛŮůŬɑŮɠ əŬɘ ɓŬɗɨŰŮɟŮɠ 

ɕɩɜŮɠ Űɤɜ ůŰŬɗɛɩɜ (ȺɘəɧɜŬ 9.28). ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1, S.5 əŬɘ S.6 ɞɘ 

ɛɏɔɘůŰŮɠ Űɘɛɏɠ TSM ŮɛűŬɜɑɕɞɜŰŬɘ ɚɑɔɞ ˊɟɘɜ Űɞɜ ˊɡɗɛɏɜŬ (25, 90 əŬɘ 100 m, ŬɜŰɑůŰɞɘɢŬ), 

ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.2, S.3 əŬɘ S.7 ůŰɘɠ ɛŮůŬɑŮɠ ɕɩɜŮɠ (15, 35 əŬɘ 100 m, ŬɜŰɑůŰɞɘɢŬ), Ůɜɩ 

ůŰɞɜ S.4 ɛɏɔɘůŰŬ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ŬɚɚŬ əŬɘ ůŮ ɓɎɗɞɠ 100 m. ɇŬ ůŰɞɘɢŮɑŬ 

ŬˊɞŰŮɚɞɨɜ ˊɟɧůɗŮŰɖ ŬˊɧŭŮɘɝɖ ɧŰɘ ɏɢŮɘ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜɎɛɘɝɖɠ Űɖɠ ɡŭɎŰɘɜɖɠ 

ůŰɐɚɖɠ, ɛŮ Űɖɜ əŬŰɎɟɟŮɡůɖ Űɞɡ ɗŮɟɛɞəɚɘɜɞɨɠ əŬɘ Űɖ ɓɨɗɘůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ. 
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ɄɑɜŬəŬɠ 9.7: ɆŰŬɗɛɞɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ůɡɜŰŮŰŬɔɛɏɜŮɠ, ɓɎɗɖ, űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM), ŭɘŬɚɡŰɧɠ əŬɘ ůɤɛŬŰɘŭɘŬəɧɠ ɞɟɔŬɜɘəɧɠ C (DOC, POC) Űɞ 
űɗɘɜɧˊɤɟɞ 2008 

ɆŰŬɗɛɧɠ ɆɡɜŰŮŰŬɔɛɏɜŮɠ 
ȸɎɗɞɠ 

(m) 
ȷɚŬŰɧŰɖŰŬ 

(psu) 
ŪŮɟɛɞəɟŬůɑŬ 

(oC) 
pH 

ɄɡəɜɧŰɖŰŬ 
(Ⱦg m-3) 

TSM 
(ɛg L-1) 

DOC 
(ɛmol C L-1) 

POC 
(ɛmol C L-1) 

S.1 
N38 00.579 
E23 32.285 

0 38.9 21.0 8.28 1027.47 490 258 19.5 

  15 38.6 21.4 7.98 1027.19 630 246 15.7 

  20 38.5 21.1 7.90 1027.22 740 243 18.1 

S.2 
N37 58.083 
E23 26.100 

0 37.2 24.1 6.58 1025.28 563 150 12.1 

  15 36.2 24.5 5.83 1024.47 633 163 9.5 

  20 37.0 20.5 5.95 1026.29 525 184 6.7 

S.3 
N37 55.108 
E23 35.294 

0 38.7 22.1 7.98 1027.01 537 223 5.9 

  15 37.8 22.8 7.70 1026.18 575 176 28.4 

  60 36.2 19.5 7.20 1026.07 461 141 7.9 

S.4 
N37 53.455 
E23 09.335 

0 38.4 23.2 7.57 1026.46 916 137 4.3 

  50 38.2 20.0 7.59 1027.43 555 209 4.0 

  100 38.3 18.2 7.80 1028.19 710 227 3.1 

  200 38.9 17.6 7.98 1029.24 535 113 1.8 

S.5 
N37 51.287 
E23 33.372 

0 38.0 23.4 7.55 1026.09 589 89 3.8 

  35 38.8 20.2 8.16 1027.76 499 2013 4.3 

  100 38.5 18.4 7.83 1027.99 581 71 3.1 
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ɆŰŬɗɛɧɠ ɆɡɜŰŮŰŬɔɛɏɜŮɠ 
ȸɎɗɞɠ 

(m) 
ȷɚŬŰɧŰɖŰŬ 

(psu) 
ŪŮɟɛɞəɟŬůɑŬ 

(oC) 
pH 

ɄɡəɜɧŰɖŰŬ 
(Ⱦg m-3) 

TSM 
(ɛg L-1) 

DOC 
(ɛmol C L-1) 

POC 
(ɛmol C L-1) 

S.6 
N37 39.124 
E23 27.136 

0 38.5 22.3 8.37 1026.80 490 159 4.2 

  35 39.0 20.0 8.01 1027.97 331 242 3.1 

  100 37.9 18.5 7.85 1027.81 602 106 2.4 

S.7 
N37 42.232 
E23 38.625 

0 38.9 22.4 8.22 1027.07 421 97 3.5 

  50 38.6 19.0 7.59 1027.92 568 65 2.3 

  100 38.6 17.9 7.86 1028.42 974 65 1.8 

  200 39.3 17.3 8.26 1029.48 460 71 1.4 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ Űɤɜ Űɘɛɩɜ ɏɢɞɡɜ ˊŬɟŬɚɖűɗŮɑ, ŭɘɧŰɘ ɞɘ Ůˊɑ % ŬɓŮɓŬɘɧŰɖŰŮɠ Űɞɡ ˊɞɚɡɛɏŰɟɞɡ YSI 53 ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɨŭŬŰɞɠ, Űɞɡ ɕɡɔɞɨ ŬəɟɘɓŮɑŬɠ, Űɞɡ ŬɜŬɚɡŰɐ TOC əŬɘ Űɞɡ 

ůŰɞɘɢŮɘŬəɞɨ ŬɜŬɚɡŰɐ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɞ 1. 
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ȺɘəɧɜŬ 9.27: Ƀɘ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 2008 
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ȺɘəɧɜŬ 9.28: ȼ ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 
2008 

 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ 1.4 ɏɤɠ 

28.4 ɛmol C L-1 (ɄɑɜŬəŬɠ 9.7). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ əŬŰɎůŰŬůɖ ŮɛűŬɜɑɕŮŰŬɘ ˊŬɟɧɛɞɘŬ ɛŮ 

ŮəŮɑɜɖ ˊɞɡ ŮɛűŬɜɑůŰɖəŮ Űɞ əŬɚɞəŬɑɟɘ Űɞɡ 2008. ɈɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞɡɠ 

ůŰŬɗɛɞɨɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ Ⱦɧɚˊɞ Űɖɠ ȺɚŮɡůɑɜŬɠ (S.1 əŬɘ S.2), əŬɗɩɠ əŬɘ ůŰɞ 

ɔŮɘŰɞɜɘəɧ ůŰɖɜ ɊɡŰɎɚɚŮɘŬ (S.3) (ȺɘəɧɜŬ 9.29). ɉŬɟŬəŰɖɟɘůŰɘəɐ ŮɑɜŬɘ ɖ ŬəɟŬɑŬ Űɘɛɐ POC 

(28.4 ɛmol C L-1) ˊɞɡ ˊɟɞůŭɘɞɟɑůŰɘəŮ ůŮ ɓɎɗɞɠ 15 m ůŰɞ ůŰŬɗɛɧ S.3 əŬɘ ɖ ɞˊɞɑŬ ŭŮɑɢɜŮɘ 

Űɖɜ ŮˊɑŭɟŬůɖ Ŭˊɧ Űɘɠ Ůəɟɞɏɠ Űɤɜ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ. 
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ȺɘəɧɜŬ 9.29: ɆɡɔəŮɜŰɟɩůŮɘɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC, DOC) ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 2008 
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ɆŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ůŰŬɗɛɞɨɠ (S.4, S.5, S.6 əŬɘ S.7) ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ POC ŮɑɜŬɘ 

ˊɞɚɨ ɢŬɛɖɚɏɠ, Ůɜɩ ɛŮɘɩɜɞɜŰŬɘ ˊŮɟŮŰŬɑɟɤ ɧůɞ Űɞ ɓɎɗɞɠ ŬɡɝɎɜŮŰŬɘ. ɋůŰɧůɞ, ɞɘ Űɘɛɏɠ 

ŬɡŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɡɣɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ, 

ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ɖ ˊŮɟɘɞɢɐ ŭɏɢŮŰŬɘ ɛŮɔɎɚɞ ɞɟɔŬɜɘəɧ űɞɟŰɑɞ ɔɘŬ ɛŮɔɎɚɞ ŭɘɎůŰɖɛŬ. 

ɆɢŮŰɘəɎ ɛŮ Űɞ ŭɘŬɚɡŰɧ ɞɟɔŬɜɘəɧ ɎɜɗɟŬəŬ (DOC), ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ŬɜɤŰɏɟɤ, ŮɛűŬɜɑɕŮɘ 

ˊɞɚɨ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ɞɘ ɞˊɞɑŮɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 65 ï 2013 ɛmol C L-1 

(ɄɑɜŬəŬɠ 9.7). ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1 əŬɘ S.3 ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ DOC 

ŬɡɝɎɜɞɜŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ (əɏɜŰɟɞ Ⱦɧɚˊɞɡ ȺɚŮɡůɑɜŬɠ əŬɘ ůŰŬɗɛɧɠ ɊɡŰɎɚɚŮɘŬɠ, 

ŬɜŰɑůŰɞɘɢŬ), ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.2, S.5, S.6 əŬɘ S.7 ɞɘ ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɛŮůŬɑŬ ůŰɟɩɛŬŰŬ əŬɘ ɛŮɘɩɜɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ, Ůɜɩ ůŰɞ ůŰŬɗɛɧ 

S.4, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɞ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞɠ Ŭˊɧ Űɘɠ əɨɟɘŮɠ ˊɖɔɏɠ C Űɖɠ ˊŮɟɘɞɢɐɠ, ɖ 

ůɡɔəɏɜŰɟɤůɖ ɛŮɘɩɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ. 

 

 

9.3.2 ɆɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ əɚɎůɛŬŰɞɠ Űɤɜ 
ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th, Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U 
əŬɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ 234Th Űɞ əŬɚɞəŬɑɟɘ 2008 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɤɜ ɟŬŭɘɞɜɞɡəɚɘŭɑɤɜ 137Cs, 234Th əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ 

Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.8. ȼ əŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ 

ŭɘŬɚɡŰɞɨ 137Cs ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.30, Ůɜɩ Űɞ 234Th əŬɘ Űɞ ɡˊɞɚɞɔɘůɛɏɜɞ Ŭˊɧ 

Űɖɜ ŬɚŬŰɧŰɖŰŬ 238U ůŰɖɜ ȺɘəɧɜŬ 9.31. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 234Th ŮɝŮŰɎɕɞɜŰŬɘ 

ɤɠ ŭŮɑəŰŮɠ ˊɘɗŬɜɐɠ ŮˊŬɜŬŭɘɎɚɡůɖɠ 234Th Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ ɐ ɛɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ ůŮ ŬɡŰɎ (ɄɑɜŬəŬɠ 9.8). 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ ŭɘŬɚɡŰɞɨ 137Cs əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 2.0 Ñ 0.1 ɏɤɠ 6.5 Ñ 

0.1 Bq m-3, ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɎɗɞɠ əŬɘ Űɞ ůŰŬɗɛɧ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.1, S.2, 

S.4, S.5 əŬɘ S.7 ɞɘ Űɘɛɏɠ ŮɛűŬɜɑɕɞɡɜ ɛɏɔɘůŰɞ ˊɞɚɨ əɞɜŰɎ ůŰɞɜ ˊɡɗɛɏɜŬ (ȺɘəɧɜŬ 9.30). 

ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ 137Cs ɏɢŮɘ ˊɟɞɏɚɗŮɘ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɤɜ ɘɕɖɛɎŰɤɜ ɛŮ 

ŮˊŬɜŬŭɘɎɚɡůɖ. ɋůŰɧůɞ, ŬɡŰɧ űŬɑɜŮŰŬɘ ˊɤɠ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ˊɘɗŬɜɧ ɜŬ ɏɢŮɘ ůɡɛɓŮɑ əŬŰɎ Űɖ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ űɗɘɜɞˊɩɟɞɡ, ŰɞɡɚɎɢɘůŰɞ, ůŰɞɡɠ ˊɘɞ əɞɜŰɘɜɞɨɠ ˊɟɞɠ Űɖ ůŰŮɟɘɎ 

ůŰŬɗɛɞɨɠ. ȺˊŬɜŬŭɘɎɚɡůɖ 137Cs Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜŮɘ ɛŮŰɎ Ŭˊɧ 

ŬɜŬɛɧɢɚŮɡůɖ Űɞɡ ɓɡɗɞɨ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ Ůˊɞɢɐ Űɞɡ űɗɘɜɞˊɩɟɞɡ (əɡɟɑɤɠ ɛŮŰɎ Űɞɜ 

ɃəŰɩɓɟɘɞ) ŮɑɜŬɘ Ůˊɞɢɐ ɘɢɗɡɞˊŬɟŬɔɤɔɐɠ, ŮɜŭŮɢɞɛɏɜɤɠ ɞɘ ɓŬɗɨŰŮɟɞɘ ůŰŬɗɛɞɑ S.4 əŬɘ S.7 

ɜŬ ɡűɑůŰŬɜŰŬɘ ŬɜŬɛɧɢɚŮɡůɖ Ŭˊɧ ŬɚɚɘŮɡŰɘəɏɠ ŭɟɎůŮɘɠ əɘ ɎɟŬ 137Cs ɜŬ ŮˊŬɜŬŭɘŬɚɨŮŰŬɘ Ŭˊɧ 

ŰŬ  ɘɕɐɛŬŰŬ. ɆŰɞɡɠ  ɡˊɧɚɞɘˊɞɡɠ  ůŰŬɗɛɞɨɠ, Űɞ  137Cs ɤɠ ŭɘŬɚɡŰɧ ůɡůŰŬŰɘəɧ ŬəɞɚɞɡɗŮɑ Űɘɠ 



 
211 

 

 

ɄɑɜŬəŬɠ 9.8: ɆɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 
137

Cs (PCs-137 əŬɘ DCs-137), 
234

Th (PTh-234 əŬɘ DTh-234), ɞɚɘəɞɨ 
234
Th (ɇTh-234) əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ 

ŬɚŬŰɧŰɖŰŬ 
238
U, əŬɗɩɠ əŬɘ ůɡɜŰŮɚŮůŰɏɠ ŭɘŬůˊɞɟɎɠ Űɞɡ 

234
Th (Ⱦd) Űɞ űɗɘɜɧˊɤɟɞ 2008 

ɆŰŬɗɛɧɠ 
ȸɎɗɞɠ 

(m) 
PCs-137 
(Bq m-3) 

DCs-137 
(Bq m-3) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

U-238 
(Bq m-3) 

PTh-234 
(Bq m-3) 

DTh-234 
(Bq m-3) 

TTh-234 
(Bq m-3) 

Kd 
(x 106 mL g-1) 

S.1 0 n.d. 3.2 Ñ 0.1 38.9 45.8 Ñ 0.9 2.1 Ñ 0.9 8.9 Ñ 1.8 11.0 Ñ 2.0 0.48 Ñ 0.23 

 15 n.d. 3.2 Ñ 0.1 38.6 45.5 Ñ 0.9 1.9 Ñ 0.8 8.3 Ñ 1.4 10.2 Ñ 1.6 0.37 Ñ 0.18 

 25 n.d. 4.4 Ñ 0.1 38.5 45.3 Ñ 0.9 1.7 Ñ 0.5 28.2 Ñ 3.0 29.9 Ñ 3.0 0.08 Ñ 0.03 

S.2 0 n.d. 3.1 Ñ 0.1 37.2 43.8 Ñ 0.9 1.6 Ñ 0.8 24.5 Ñ 2.9 26.1 Ñ 3.0 0.12 Ñ 0.06 

 15 n.d. 3.3 Ñ 0.1 36.2 42.6 Ñ 0.9 1.3 Ñ 0.6 22.4 Ñ 2.6 23.7 Ñ 2.6 0.09 Ñ 0.04 

 25 n.d. 3.9 Ñ 0.1 37.0 43.6 Ñ 0.9 0.9 Ñ 0.4 27.6 Ñ 1.8 28.5 Ñ 1.9 0.06 Ñ 0.02 

S.3 0 n.d. 4.0 Ñ 0.1 38.7 45.6 Ñ 0.9 0.7 Ñ 0.3 35.1 Ñ 2.1 35.8 Ñ 2.1 0.04 Ñ 0.02 

 15 n.d. 3.6 Ñ 0.1 37.8 44.5 Ñ 0.9 1.1 Ñ 0.5 43.7 Ñ 2.1 44.8 Ñ 2.1 0.04 Ñ 0.02 

 60 n.d. 2.8 Ñ 0.1 36.2 42.6 Ñ 0.9 0.9 Ñ 0.5 32.6 Ñ 2.3 33.5 Ñ 2.4 0.06 Ñ 0.03 

S.4 0 n.d. 4.0 Ñ 0.1 38.4 45.2 Ñ 0.9 1.5 Ñ 0.8 32.2 Ñ 4.5 33.7 Ñ 4.6 0.05 Ñ 0.03 

 50 n.d. 2.9 Ñ 0.1 38.2 45.0 Ñ 0.9 1.1 Ñ 0.6 27.0 Ñ 4.0 28.1 Ñ 4.1 0.07 Ñ 0.04 

 100 n.d. 4.9 Ñ 0.1 38.3 45.1 Ñ 0.9 3.9 Ñ 0.9 46.7 Ñ 3.3 50.6 Ñ 3.4 0.12 Ñ 0.03 

 200 n.d. 6.5 Ñ 0.1 38.9 45.8 Ñ 0.9 2.8 Ñ 0.8 18.2 Ñ 3.1 21.0 Ñ 3.2 0.29 Ñ 0.09 

S.5 0 n.d. 2.4 Ñ 0.1 38.0 44.7 Ñ 0.9 3.1 Ñ 1.1 56.8 Ñ 6.7 59.9 Ñ 6.8 0.09 Ñ 0.03 

 35 n.d. 2.8 Ñ 0.1 38.8 45.7 Ñ 0.9 5.1 Ñ 1.3 27.1 Ñ 4.0 32.2 Ñ 4.2 0.38 Ñ 0.09 

 100 n.d. 4.0 Ñ 0.1 38.5 45.3 Ñ 0.9 2.1 Ñ 0.9 18.8 Ñ 3.5 20.9 Ñ 3.6 0.19 Ñ 0.09 

S.6 0 n.d. 3.8 Ñ 0.1 38.5 45.3 Ñ 0.9 2.6 Ñ 0.9 66.7 Ñ 2.6 69.3 Ñ 2.8 0.08 Ñ 0.03 

 35 n.d. 2.8 Ñ 0.1 39.0 45.9 Ñ 0.9 1.4 Ñ 0.6 25.1 Ñ 2.2 26.5 Ñ 2.3 0.17 Ñ 0.09 

 100 n.d. 2.4 Ñ 0.1 37.9 44.6 Ñ 0.9 3.8 Ñ 1.6 26.8 Ñ 1.8 30.6 Ñ 2.4 0.24 Ñ 0.12 

S.7 0 n.d. 2.5 Ñ 0.1 38.9 45.8 Ñ 0.9 1.4 Ñ 0.7 29.6 Ñ 4.2 31.0 Ñ 4.2 0.11 Ñ 0.05 



 
212 

 

ɆŰŬɗɛɧɠ 
ȸɎɗɞɠ 

(m) 
PCs-137 
(Bq m-3) 

DCs-137 
(Bq m-3) 

ȷɚŬŰɧŰɖŰŬ 
(psu) 

U-238 
(Bq m-3) 

PTh-234 
(Bq m-3) 

DTh-234 
(Bq m-3) 

TTh-234 
(Bq m-3) 

Kd 
(x 106 mL g-1) 

 50 n.d. 2.7 Ñ 0.1 38.6 45.5 Ñ 0.9 2.0 Ñ 0.9 28.8 Ñ 3.8 30.8 Ñ 3.9 0.12 Ñ 0.05 

 100 n.d. 2.0 Ñ 0.1 38.6 45.5 Ñ 0.9 2.4 Ñ 1.1 30.4 Ñ 3.8 32.8 Ñ 3.9 0.08 Ñ 0.03 

 200 n.d. 3.0 Ñ 0.1 39.3 46.3 Ñ 1.0 2.0 Ñ 0.9 30.3 Ñ 3.2 32.3 Ñ 3.3 0.14 Ñ 0.06 

n.d. (not determined) ŭŮɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ ɛŮŰŬűɞɟɎɠ (uncertainty propagation) 
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ȺɘəɧɜŬ 9.30: ȾŬŰŬəɧɟɡűɖ əŬŰŬɜɞɛɐ Űɞɡ ŭɘŬɚɡŰɞɨ 
137

Cs ůŰɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 2008 

 

 

əɘɜɐůŮɘɠ Űɤɜ ɡŭɎŰɤɜ. ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŮɘˊɤɗŮɑ, ŰŬ ˊɡəɜɧŰŮɟŬ ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ 

Ŭɟɢɑɕɞɡɜ ɜŬ ɓɡɗɑɕɞɜŰŬɘ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əŬŰɎɟɟŮɡůɖɠ Űɞɡ ɗŮɟɛɞəɚɘɜɞɨɠ ɛŮŰɎ Űɞ 

ˊɏɟŬɠ Űɞɡ əŬɚɞəŬɘɟɘɞɨ. ɆɡɜŮˊɩɠ əŬɘ Űɞ 137Cs ɓɡɗɑɕŮŰŬɘ ɛŬɕɑ Űɞɡɠ ɛɏɢɟɘ ɜŬ ůɡɛɓŮɑ 

ˊɚɐɟɖɠ  ŬɜɎɛɘɝɖ  Űɤɜ  ɡŭɎŰɤɜ  Űɞ  ɢŮɘɛɩɜŬ.  ɆŰɞ  ůŰŬɗɛɧ  S.3  ɖ  ɛɏɔɘůŰɖ  ůɡɔəɏɜŰɟɤůɖ 



 
214 

 

 

ȺɘəɧɜŬ 9.31: ȾŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ ůɤɛŬŰɘŭɘŬəɞɨ (PTh), ŭɘŬɚɡŰɞɨ (DTh), ɞɚɘəɞɨ (Th
T
) 

234
Th əŬɘ Űɞɡ ɡˊɞɚɞɔɘůɛɏɜɞɡ Ŭˊɧ Űɖɜ ŬɚŬŰɧŰɖŰŬ 

238
U ůŰɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ 

űɗɘɜɧˊɤɟɞ 2008 
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ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ŮɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ɞ ˊɡɗɛɏɜŬɠ ŮɛˊɚɞɡŰɑɕŮŰŬɘ Ŭˊɧ ɢŬɛɖɚɐɠ 

ŬɚŬŰɧŰɖŰŬɠ ɨŭŬŰŬ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Űɖɠ ɊɡŰɎɚɚŮɘŬɠ əŬɘ ůɡɜŮɢɩɠ ŬɟŬɘɩɜŮŰŬɘ. ɇɏɚɞɠ, Űɞ ɑŭɘɞ 

űŬɘɜɧɛŮɜɞ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ůŰɞ ůŰŬɗɛɧ S.6, ɢɤɟɑɠ ŬɡŰɧ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ˊɟɞɠ Űɞ 

ˊŬɟɧɜ əɎˊɞɡ. 

 

Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ ɞɚɘəɞɨ 234Th ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟŮɠ Ŭˊɧ ŮəŮɑɜŮɠ Űɞɡ 238U 

ůŮ ɞɚɧəɚɖɟɖ Űɖ ůŰɐɚɖ Űɤɜ ůŰŬɗɛɩɜ S.1, S.2 əŬɘ S.7, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŭŮɑɢɜŮɘ ˊɤɠ 

ůŰɞɡɠ Ůɜ ɚɧɔɤ ůŰŬɗɛɞɨɠ ɡˊɎɟɢŮɘ ɟɞɐ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ ɧɚŬ ŰŬ ůɖɛŮɑŬ Űɖɠ ɡŭɎŰɘɜɖɠ 

ůŰɐɚɖɠ ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ. ɆŰɞɡɠ ůŰŬɗɛɞɨɠ S.3 əŬɘ S.4 Űɞ 234Th ɡˊŮɟɓŬɑɜŮɘ Űɞ 238U ůŰɘɠ 

ɛŮůŬɑŮɠ ɕɩɜŮɠ (15 əŬɘ 100 m, ŬɜŰɑůŰɞɘɢŬ). ȼ ɡˊɏɟɓŬůɖ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ ůŰɞ ŭɘŬɚɡŰɧ 

əɚɎůɛŬ Űɞɡ 234Th, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɏɢŮɘ ɐŭɖ ɝŮˊŮɟɎůŮɘ ŬɡŰɐ Űɞɡ 238U. 

ɆɡɜŮˊɩɠ əɎˊɞɘŬ ŭɘŮɟɔŬůɑŬ ŮɘůɐɔŬɔŮ Ůˊɘˊɚɏɞɜ ŭɘŬɚɡŰɧ 234Th ůŮ ŬɡŰɧ Űɞ ɓɎɗɞɠ. ɆŰɞɜ S.3 

ůŮ ɓɎɗɞɠ 15 m ɞ ůɡɜŰŮɚŮůŰɐɠ ŭɘŬůˊɞɟɎɠ Kd ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɧɠ (0.04 Ñ 0.02 x 106 mL 

g-1), Ůɜɩ ɖ ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM) ɡɣɖɚɐ (575 ɛg L-1) əŬɘ ɎɟŬ, Űɞ ŭɘŬɚɡŰɧ 234Th 

ɏɢŮɘ ˊɘɗŬɜɧŰŬŰŬ ŮəɟɞűɖɗŮɑ Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ. ɆŰɞɜ S.4 (100 m) ɞ Kd ŮɑɜŬɘ ɚɑɔɞ 

ɡɣɖɚɧŰŮɟɞɠ (0.12 Ñ 0.03 x 106 mL g-1), Ůɜɩ ɖ TSM ɛɏɔɘůŰɖ (710 ɛg L-1), ɞˊɧŰŮ əŬɘ ůŮ 

ŬɡŰɧ Űɞ ůŰŬɗɛɧ ɡˊɎɟɢŮɘ ˊɘɗŬɜɐ Ůəɟɧűɖůɖ 234Th Ŭˊɧ ŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ. ȯɚɚŮɠ 

ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜɞɡɜ ŮɑɜŬɘ ɖ ŮˊŬɜŬŭɘɎɚɡůɖ Ŭˊɧ ŰŬ ɘɕɐɛŬŰŬ ɐ/əŬɘ ɖ 

əŬŰŬəɧɟɡűɖ ɛŮŰŬűɞɟɎ ɗŬɚŬůůɑɤɜ ɛŬɕɩɜ ɐ/əŬɘ ɖ ŭɘɎɢɡůɖ. ɇɏɚɞɠ, ůŰɞɡɠ ůŰŬɗɛɞɨɠ S.5 

əŬɘ S.6 ɖ ɡˊɏɟɓŬůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ŭɘŬɚɡŰɧ əɚɎůɛŬ 

Űɞɡ 234Th. Ⱥ́ɘəɟŬŰɏůŰŮɟɖ ŮɟɛɖɜŮɑŬ ŬɡŰɐɠ Űɖɠ əŬŰŬɜɞɛɐɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ 

ŭɘŬɚɡŰɞɨ 234Th ɛɏůɤ ŮˊɘűŬɜŮɘŬəɩɜ ɟŮɡɛɎŰɤɜ Ŭˊɧ ɔŮɘŰɜɘɎɕɞɡůŮɠ ˊŮɟɘɞɢɏɠ. 

 

 

9.3.3 ɈˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh), ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ 
ŭɘŬɚɡŰɞɨ 234Th (JTh), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 
234Th (Űp, Űd), ɚɧɔɞɘ POC/PTh əŬɘ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Űɞ 
űɗɘɜɧˊɤɟɞ 2008 

 

Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh), ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 

234Th (JTh), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 
234Th (Űp), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ Űɞɡ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əŬɘ ɞɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ 

ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) Űɞɡ, ɛŬɕɑ ɛŮ Űɞɡɠ ɚɧɔɞɡɠ POC/PTh əŬɘ Űɘɠ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ 

ɎɜɗɟŬəŬ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 9.9. 

 



 
216 

 

 

ɄɑɜŬəŬɠ 9.9: Ʌɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh), ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp), ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ 
ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əŬɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) Űɞɡ, ɛŬɕɑ ɛŮ Űɞɡɠ ɚɧɔɞɡɠ POC/PTh əŬɘ Űɘɠ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ Űɞ űɗɘɜɧˊɤɟɞ 2008 

ɆŰŬɗɛɧɠ 
Ƀɚɞəɚɐɟɤůɖ 
ȸɎɗɞɡɠ 

(m) 

JTh 
(Bq m-2 d-1) 

PTh 
(Bq m-2 d-1) 

Űd 
(d) 

Űp 
(d) 

ɚd 
(x 10-3 d-1) 

ɚp 
(x 10-3 d-1) 

POC/PTh 
(mmol Bq-1) 

Ʌɞɐ POC 
(mmol m-2 L-1) 

S.1 0-15 15.9 Ñ 4.1 15.0 Ñ 2.0 8.4 Ñ 1.3 2.1 Ñ 0.4 119 Ñ 39 477 Ñ 214 9.3 Ñ 0.4 139.6 Ñ 12.1 

 15-25 5.4 Ñ 3.8 5.1 Ñ 1.7 7.7 Ñ 1.7 1.9 Ñ 0.5 129 Ñ 95 535 Ñ 288 8.3 Ñ 0.4 42.0 Ñ 4.1 

 25-30 2.5 Ñ 2.1 2.2 Ñ 1.1 57.4 Ñ 6.3 3.8 Ñ 1.4 17 Ñ 12 261 Ñ 375 10.6 Ñ 0.4 23.6 Ñ 2.1 

S.2 0-15 8.3 Ñ 3.2 7.6 Ñ 3.0 44.1 Ñ 4.4 3.1 Ñ 0.6 23 Ñ 9 319 Ñ 204 7.6 Ñ 0.5 57.8 Ñ 6.1 

 15-25 8.8 Ñ 2.8 8.2 Ñ 2.7 38.3 Ñ 4.3 2.4 Ñ 0.6 26 Ñ 9 420 Ñ 239 7.3 Ñ 0.5 59.9 Ñ 6.1 

 25-30 0.9 Ñ 0.2 0.9 Ñ 0.1 60.1 Ñ 6.1 2.1 Ñ 2.4 17 Ñ 9 482 Ñ 160 7.4 Ñ 0.4 6.5 Ñ 0.7 

S.3 0-15 4.5 Ñ 3.8 4.2 Ñ 2.3 116.8 Ñ 9.8 2.5 Ñ 0.7 9 Ñ 7 401 Ñ 280 8.4 Ñ 0.4 35.5 Ñ 3.1 

 15-60 < 0 < 0 < 0  < 0 < 0 < 0 25.8 Ñ 0.5 < 0 

 60-65 2.9 Ñ 2.7 2.6 Ñ 1.5 113.6 Ñ 10.0 3.4 Ñ 1.1 9 Ñ 8 290 Ñ 221 8.8 Ñ 0.6 22.9 Ñ 3.1 

S.4 0-50 18.8 Ñ 7.1 16.6 Ñ 4.6 85.8 Ñ 9.4 4.5 Ñ 0.6 12 Ñ 5 221 Ñ 133 2.9 Ñ 0.5 47.6 Ñ 5.2 

 50-100 25.9 Ñ 2.4 24.3 Ñ 4.1 52.1 Ñ 5.2 2.3 Ñ 0.6 19 Ñ 3 442 Ñ 253 3.6 Ñ 0.5 88.4 Ñ 9.2 

 100-200 < 0 < 0 < 0 < 0 < 0 < 0 0.8 Ñ 0.2 < 0 

 200-220 8.0 Ñ 2.8 7.1 Ñ 3.2 22.9 Ñ 2.4 3.9 Ñ 0.5 44 Ñ 17 26 Ñ 137 0.6 Ñ 0.3 4.6 Ñ 5.4 

S.5 0-35 < 0 < 0 < 0 < 0 < 0 < 0 1.2 Ñ 0.4 < 0 

 35-90 29.4 Ñ3.0  21.3 Ñ4.1  50.8 Ñ 5.2 13.2 Ñ 0.3 20 Ñ 4 76 Ñ 24 0.8 Ñ 0.3 18.0 Ñ 1.3 

 90-97 7.6 Ñ 3.0 7.0 Ñ 3.6 24.6 Ñ 2.4 3.0 Ñ 0.7 41 Ñ 18 335 Ñ 223 1.5 Ñ 0.4 10.4 Ñ 1.3 

S.6 0-35 < 0 < 0 < 0 < 0 < 0 < 0 1.6 Ñ 0.3 < 0 
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ɆŰŬɗɛɧɠ 
Ƀɚɞəɚɐɟɤůɖ 
ȸɎɗɞɡɠ 

(m) 

JTh 
(Bq m-2 d-1) 

PTh 
(Bq m-2 d-1) 

Űd 
(d) 

Űp 
(d) 

ɚd 
(x 10-3 d-1) 

ɚp 
(x 10-3 d-1) 

POC/PTh 
(mmol Bq-1) 

Ʌɞɐ POC 
(mmol m-2 L-1) 

 35-100 39.0 Ñ3.2  36.4 Ñ2.4  41.8 Ñ 4.1 2.5 Ñ 0.4 24 Ñ 3 400 Ñ 173 2.2 Ñ 0.4 80.6 Ñ 8.2 

 100-105 2.6 Ñ 4.0 2.0 Ñ 2.1 52.3 Ñ 5.6 9.4 Ñ 1.1 19 Ñ 13 106 Ñ 88 0.6 Ñ 0.4 1.3 Ñ 0.7 

S.7 0-50 23.3 Ñ 2.3 21.3 Ñ 4.3 63.4 Ñ 6.2 3.3 Ñ 0.5 16 Ñ 3 304 Ñ 164 2.5 Ñ 0.5 53.3 Ñ 5.2 

 50-100 24.0 Ñ 2.3 21.1 Ñ 3.9 60.1 Ñ 6.2 4.7 Ñ 0.5 17 Ñ 3 211 Ñ 103 1.2 Ñ 0.5 24.2 Ñ 2.4 

 100-200 43.3 Ñ 2.6 36.4 Ñ 3.9 70.2 Ñ 7.1 6.6 Ñ 0.5 14 Ñ 2 152 Ñ 71 0.8 Ñ 0.5 27.3 Ñ 3.6 

 200-220 4.6 Ñ 2.7 4.0 Ñ 3.3 65.7 Ñ 7.6 5.0 Ñ 0.9 15 Ñ 9 202 Ñ 189 0.7 Ñ 0.5 2.8 Ñ 0.8 

Ƀɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ɏɢɞɡɜ ɡˊɞɚɞɔɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɧɛɞɡɠ ɛŮŰŬűɞɟɎɠ (uncertainty propagation) 

Ƀɘ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh), ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp), ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ 

ůɤɛŬŰɑŭɘŬ (Űd), ɞɘ ůŰŬɗŮɟɏɠ ɟɞɐɠ əŬɘ ˊɟɞůɟɧűɖůɖɠ (ɚd, ɚp) əŬɘ ɞɘ ɟɞɏɠ Űɞɡ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ŮɑɜŬɘ < 0 ůŰŬ ɓɎɗɖ ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɡˊɏɟɓŬůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ 
234

Th əŬɘ 
238

U 
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ɆŰɖɜ ɡŭɎŰɘɜɖ ůŰɐɚɖ Űɞɡ ůŰŬɗɛɞɨ S.1 ɞɘ ɟɞɏɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əɡɛŬɑɜɞɜŰŬɘ 

ɛŮŰŬɝɨ 2.2 Ñ 1.1 əŬɘ 15.0 Ñ 2.0 Bq m-2 d-1, Ůɜɩ ɞɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 234Th 

(JTh) ɛŮŰŬɝɨ 2.5 Ñ 2.1 əŬɘ 15.9 Ñ 4.1 Bq m-2 d-1 (ȺɘəɧɜŬ 9.32), Űɘɛɏɠ ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɞɨɜŰŬɘ 

ɢŬɛɖɚɏɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ˊŮɟɘɞɢɩɜ ɢŬɛɖɚɩɜ ɓŬɗɩɜ. ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ɢɟɧɜɞɡɠ 

ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (Űp), ŬɡŰɏɠ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ 1.9 Ñ 0.5 ɏɤɠ 3.8 Ñ 1.4 d 

ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ əɞɜŰɎ ůŰɞɜ ˊɡɗɛɏɜŬ, Ůɜɩ ɞɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ 

Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 7.7 Ñ 1.7 ɏɤɠ 57.4 Ñ 6.3 d (ȺɘəɧɜŬ 

9.33). 

 

ɆŰɞ ůŰŬɗɛɧ S.2 ɖ əŬŰɎůŰŬůɖ ŮɑɜŬɘ ůɡɔəɟɑůɘɛɖ ɧůɞɜ ŬűɞɟɎ ůŰɖ ɟɞɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 

234Th (PTh) (0.9 Ñ 0.1 ɏɤɠ 8.2 Ñ 2.7 Bq m-2 d-1). Ƀɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 234Th 

(JTh) ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ 0.9 Ñ 0.2 ɏɤɠ 8.8 Ñ 2.8 Bq m-2 d-1 (ȺɘəɧɜŬ 9.32). Ƀɘ ɢɟɧɜɞɘ 

ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (Űp) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 2.1 Ñ 2.4 ɏɤɠ 3.1 Ñ 0.6 d, Ůɜɩ 

Űɞɡ ŭɘŬɚɡŰɞɨ 234Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd) Ŭˊɧ 38.3 Ñ 4.3 ɏɤɠ 60.1 Ñ 

6.1 d (ȺɘəɧɜŬ 9.33). ɇɞ ŭɘŬɚɡŰɧ 234Th ŮɛűŬɜɑɕŮɘ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ ůŰɖ ɕɩɜɖ 

Űɞɡ ˊɡɗɛɏɜŬ (25 ï 30 m), ɧˊɞɡ ɖ ɟɞɐ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɐ. 

 

ɆŰɞ ůŰŬɗɛɧ S.3 (ɊɡŰɎɚɚŮɘŬ) ɖ ɟɞɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɐ 

ɏɤɠ 4.2 Ñ 2.3 Bq m-2 d-1, Ůɜɩ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (JTh) Ŭˊɧ ŬɟɜɖŰɘəɐ ɏɤɠ 4.5 Ñ 3.8 Bq m-2 

d-1 (ȺɘəɧɜŬ 9.32). Ƀɘ ŬɟɜɖŰɘəɏɠ ɟɞɏɠ ˊɟɞəɨˊŰɞɡɜ ɚɧɔɤ Űɖɠ ɡˊɏɟɓŬůɖɠ Űɞɡ 234Th (əŬɘ 

ɛɎɚɘůŰŬ Űɞɡ ŭɘŬɚɡŰɞɨ) ɏɜŬɜŰɘ Űɞɡ 238U, ɖ ɞˊɞɑŬ ɛɎɚɚɞɜ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Ůəɟɧűɖůɖ 234Th 

Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ (ɓɚɏˊŮ Ůɝɐɔɖůɖ ůŰɖɜ ˊŬɟŬɔɟŬűɞ 9.3.2). Ƀɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ (Űp), ŰŬ ɞˊɞɑŬ ɛŮŰŬűɏɟɞɡɜ 
234Th, ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ űɎůɛŬ Űɘɛɩɜ ɛŮ ŬɡŰɞɨɠ 

Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ Űɘɛɩɜ əɡɛŬɘɜɧɛŮɜɞɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 3.4 Ñ 1.1 d, Ůɜɩ Űɞɡ ŭɘŬɚɡŰɞɨ 

234Th (Űd), ɛɏɢɟɘ ɜŬ ˊɟɞůɟɞűɖɗŮɑ ůŰŬ ůɤɛŬŰɑŭɘŬ, Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 116.8 Ñ 9.8 d 

(ȺɘəɧɜŬ 9.33). ɇɞ ŭɘŬɚɡŰɧ 234Th ˊŬɟŬɛɏɜŮɘ ɔɘŬ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ůŰɖɜ ɡŭɎŰɘɜɖ 

ůŰɐɚɖ, Ŭűɞɨ ɧˊɤɠ ɏɢŮɘ ɡˊɞŰŮɗŮɑ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ əɘɓɤŰɑɞɡ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, ɖ 

ɛɞɜŬŭɘəɐ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ ůɡɛɓŬɑɜŮɘ ŮɑɜŬɘ ɖ űɡůɘəɐ əŬɘ ɢɖɛɘəɐ ˊɟɞůɟɧűɖůɖ ůŰŬ 

ůɤɛŬŰɑŭɘŬ.  
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ȺɘəɧɜŬ 9.32: Ʌɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) ˊɟɞɠ ŰŬ ɘɕɐɛŬŰŬ əŬɘ ɟɡɗɛɞɑ ˊɟɞůɟɧűɖůɖɠ ŭɘŬɚɡŰɞɨ 
234

Th (JTh), ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 
ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 2008 
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ȺɘəɧɜŬ 9.33: ɉɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (Űp) əŬɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ŭɘŬɚɡŰɞɨ 
234

Th ˊɟɘɜ Űɖɜ ˊɟɞůɟɧűɖůɖ ůŰŬ ůɤɛŬŰɑŭɘŬ (Űd,) ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ 
Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 2008 
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ɆŰɞɜ S.4, ɖ ɟɞɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɐ ɏɤɠ 24.3 Ñ 4.1 Bq 

m-2 d-1, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɓɎɗɞɡɠ, Ůɜɩ ɞ ɟɡɗɛɧɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th (JTh) ůŰŬ ůɤɛŬŰɑŭɘŬ Ŭˊɧ ŬɟɜɖŰɘəɧɠ ɏɤɠ 25.9 Ñ 2.4 Bq m-2 d-1 (ȺɘəɧɜŬ 

9.32). Ƀɘ ˊɟɞəɨˊŰɞɜŰŮɠ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 4.5 Ñ 0.6 d 

ɔɘŬ Űɞ ůɤɛŬŰɘŭɘŬəɧ 234Th (Űp) əŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 85.8 Ñ 9.4 ɔɘŬ Űɞ ŭɘŬɚɡŰɧ (Űd) (ȺɘəɧɜŬ 

9.33). ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɞɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ ˊɟɞəɨˊŰɞɡɜ ŮɝŬɘŰɑŬɠ Űɖɠ ɡˊɏɟɓŬůɖɠ 

Űɞɡ 234Th Ŭˊɧ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮ Űɞ 238U. Ƀɘ Űɘɛɏɠ ˊɎɜŰɤɠ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ůɡɔəɟɑůɘɛŮɠ ɛŮ 

ŬɡŰɏɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ Űɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ůŰŬɗɛɞɨɠ əŬŰɎ Űɖɜ Ůɜ ɚɧɔɤ Ůˊɞɢɐ. 

 

ɆŰɞ ůŰŬɗɛɧ S.5 ɖ ɟɞɐ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɐ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ɏɤɠ 21.3 Ñ4.1 Bq m-2 d-1, Ůɜɩ ɞ ɟɡɗɛɧɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th 

(JTh) ůŰŬ ůɤɛŬŰɑŭɘŬ Ŭˊɧ ŬɟɜɖŰɘəɧɠ ɏɤɠ 29.4 Ñ3.0 Bq m-2 d-1 (ȺɘəɧɜŬ 9.32). Ƀɘ ŬɟɜɖŰɘəɏɠ 

Űɘɛɏɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɚɧɔɤ ɡˊɏɟɓŬůɖɠ Űɞɡ Űɞɡ 234Th ɏɜŬɜŰɘ Űɞɡ 238U, 

ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ŮɝɖɔŮɑŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ˊɘɗŬɜɐ ɛŮŰŬűɞɟɎ ŭɘŬɚɡŰɞɨ 234Th ɛɏůɤ 

ŮˊɘűŬɜŮɘŬəɩɜ ɟŮɡɛɎŰɤɜ Ŭˊɧ ɔŮɘŰɜɘɎɕɞɡůŮɠ ˊŮɟɘɞɢɏɠ (ɓɚɏˊŮ Ůɝɐɔɖůɖ ůŰɖɜ ˊŬɟŬɔɟŬűɞ 

9.3.2). Ƀɘ ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ (Űp), ŰŬ ɞˊɞɑŬ ɛŮŰŬűɏɟɞɡɜ 
234Th, 

əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 13.2 Ñ 0.3 d, Ůɜɩ Űɞɡ ŭɘŬɚɡŰɞɨ 234Th (Űd), ɛɏɢɟɘ ɜŬ 

ˊɟɞůɟɞűɖɗŮɑ ůŰŬ ůɤɛŬŰɑŭɘŬ, Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 50.8 Ñ 5.2 d (ȺɘəɧɜŬ 9.33). 

 

ɆŰɞɜ S.6 o PTh ŮɑɜŬɘ ˊɎɚɘ ŬɟɜɖŰɘəɧɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɞ ůŰɖ ɕɩɜɖ Ŭˊɧ 

35 ï 90 m (36.4 Ñ2.4 Bq m-2 d-1) Ůɜɩ Űɞ ɑŭɘɞ Ŭəɟɘɓɩɠ ůɡɛɓŬɑɜŮɘ əŬɘ ɔɘŬ Űɞ JTh, (ɛɏɔɘůŰɖ 

Űɘɛɐ 39.0 Ñ3.2 Bq m-2 d-1 ůŰɖɜ ɑŭɘŬ ɕɩɜɖ) (ȺɘəɧɜŬ 9.32). ȳůɞɜ ŬűɞɟɎ ůŰɞɡɠ ɢɟɧɜɞɡɠ 

ˊŬɟŬɛɞɜɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ əŬɘ ŭɘŬɚɡŰɞɨ 234Th (Űp əŬɘ Űd) əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ 

ɏɤɠ 9.4 Ñ 1.1 d əŬɘ Ŭˊɧ ŬɟɜɖŰɘəɞɑ ɏɤɠ 52.3 Ñ 5.6 d, ŬɜŰɑůŰɞɘɢŬ (ȺɘəɧɜŬ 9.33). 

 

ɇɏɚɞɠ, ůŰɞ ůŰŬɗɛɧ S.7 ɞɘ Űɘɛɏɠ Űɖɠ ɟɞɐɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɛŮŰŬɝɨ 4.0 Ñ 3.3 əŬɘ 36.4 Ñ 3.9 Bq m-2 d-1, Ůɜɩ Űɞɡ ɟɡɗɛɞɨ ˊɟɞůɟɧűɖůɖɠ Űɞɡ ŭɘŬɚɡŰɞɨ 

234Th (JTh) ůŰŬ ůɤɛŬŰɑŭɘŬ ɛŮŰŬɝɨ 4.6 Ñ 2.7 əŬɘ 43.3 Ñ 2.6 Bq m-2 d-1 (ȺɘəɧɜŬ 9.32). Ƀɘ 

ɢɟɧɜɞɘ ˊŬɟŬɛɞɜɐɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ (Űp) ŮɑɜŬɘ ɛŮŰŬɝɨ 3.3 Ñ 0.5 əŬɘ 6.6 Ñ 0.5 d, Ůɜɩ Űɞɡ 

ŭɘŬɚɡŰɞɨ 234Th (Űd) ɛŮŰŬɝɨ 60.1 Ñ 6.2 əŬɘ 70.2 Ñ 7.1 d (ȺɘəɧɜŬ 9.33). 

 

ɆŰɖɜ ȺɘəɧɜŬ 9.34 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɞ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ɔɘŬ Űɞɡɠ 

7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ Űɞɡ 2008. ȳˊɤɠ ŮɘˊɩɗɖəŮ, ɞ ɚɧɔɞɠ ɛŮɘɩɜŮŰŬɘ 

ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ, ɚɧɔɤ ŬˊɤɚŮɘɩɜ ůŮ ɎɜɗɟŬəŬ. ɄɟɎɔɛŬŰɘ, ŬɡŰɧ űŬɑɜŮŰŬɘ ɜŬ 

ůɡɛɓŬɑɜŮɘ ůŮ ɧɚɞɡɠ Űɞɡɠ ůŰŬɗɛɞɨɠ ŮəŰɧɠ Űɤɜ S.1, S.2 əŬɘ S.3 ɔɘŬ ɚɧɔɞɡɠ ˊɞɡ 



 
222 

 

ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɨɛŮɜŬ. ɆɡɜŮˊɩɠ, ɞ ɚɧɔɞɠ POC/PTh ŮɑɜŬɘ Ŭɡɝɖɛɏɜɞɠ ůŰɞɡɠ Ůɜ 

ɚɧɔɤ ůŰŬɗɛɞɨɠ, ŮɝŬɘŰɑŬɠ Űɤɜ Ŭɡɝɖɛɏɜɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ POC. 

 

ȺɘəɧɜŬ 9.34: Ƀ ɚɧɔɞɠ POC/PTh Űɤɜ ɓɡɗɘɕɧɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ Űɞɡ 
2008 
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ȺɘəɧɜŬ 9.35: ɈˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 
2008 
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Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ ɟɞɏɠ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

ɓɎɗɞɡɠ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ 2008 

űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 9.35. Ƀɘ ɟɞɏɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ ɞɟɔŬɜɘəɏɠ 

ŮɜɩůŮɘɠ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ Űɖɠ ɡŭɎŰɘɜɖɠ ůŰɐɚɖɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŬɟɜɖŰɘəɏɠ (ɧˊɞɡ Űɞ 

234Th ɡˊŮɟɓŬɑɜŮɘ Űɞ 238U) ɏɤɠ 139.6 Ñ 12.1 mmol m-2 L-1. ũŮɜɘəɎ, ɡɣɖɚɧŰŮɟŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɛŮůŬɑŬ ůŰɟɩɛŬŰŬ, ɧˊɞɡ ɞɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) ŮɑɜŬɘ ɡɣɖɚɏɠ. ȺɜŬɠ Ɏɚɚɞɠ 

ɚɧɔɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɚɧɔɤ Űɖɠ ɞɚɞəɚɐɟɤůɖɠ ɤɠ ˊɟɞɠ Űɞ ɓɎɗɞɠ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛŮɔɎɚɖ 

ůŮ ŬɡŰɎ ŰŬ ůŰɟɩɛŬŰŬ əŬɘ ɛɘəɟɧŰŮɟɖ ůŰɘɠ ɕɩɜŮɠ Űɞɡ ˊɡɗɛɏɜŬ. 

 

 

9.3.4 ɆɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ůɤɛŬŰɘŭɘŬəɞɨ 234Th (PTh) əŬɘ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ 
(TSM) Űɞ űɗɘɜɧˊɤɟɞ 2008 

 

Ƀɘ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ Űɖɠ Ůɘŭɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ 234Th ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

9.36. ɇɞ űɗɘɜɧˊɤɟɞ Űɞɡ 2008 ŭŮɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŬˊɧŰɞɛŮɠ ɛŮɘɩůŮɘɠ Űɖɠ Ůɘŭɘəɐɠ 

ŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th ůŰɞɡɠ ˊŮɟɘůůɧŰŮɟɞɡɠ əŬɘ ɎɟŬ ŮˊŬɜŬŭɘɎɚɡůɖ Űɞɡ 

234Th Ŭˊɧ ŰŬ ɓɡɗɘɕɧɛŮɜŬ ůɤɛŬŰɑŭɘŬ295. ɀɘəɟɐ ŮˊŬɜŬŭɘɎɚɡůɖ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜŮɘ ůŰɞɡɠ 

ůŰŬɗɛɞɨɠ S.1, S.2 əŬɘ S.5. 

 

ɆŰɖɜ ȺɘəɧɜŬ 9.37 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ 

234Th əŬɘ ůɡɔəŮɜŰɟɩůŮɤɜ ɞɚɘəɩɜ ŬɘɤɟɞɨɛŮɜɤɜ ɡɚɘəɩɜ (TSM), ůɡɔəŮɜŰɟɩůŮɤɜ 

ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) əŬɘ ůɡɔəŮɜŰɟɩůŮɤɜ ɞɚɘəɩɜ ŬɘɤɟɞɨɛŮɜɤɜ 

ɡɚɘəɩɜ (TSM). ȳˊɤɠ ˊɟɞəɨˊŰŮɘ, ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ 

ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) ɛŮ Űɖɜ ɞɚɘəɐ 

ŬɘɤɟɞɨɛŮɜɖ ɨɚɖ (TSM) (R = 0.11, P = 0.63 əŬɘ R = 0.02, P = 0.93, ŬɜŰɑůŰɞɘɢŬ). 

ɆɡɜŮˊɩɠ, ɞ əɨəɚɞɠ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ Űɞɡ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ 

(POC) ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɖɠ ɞɚɘəɐɠ ŬɘɤɟɞɨɛŮɜɖɠ 

ɨɚɖɠ (TSM) ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɜ Ůɜ ɚɧɔɤ Ůˊɞɢɐ. ȷɡŰɧ ˊɘɗŬɜɧŰŬŰŬ ůɡɛɓŬɑɜŮɘ ŮɝŬɘŰɑŬɠ Űɤɜ 

ɢŬɛɖɚɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ 234Th əŬɘ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ POC. 
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ȺɘəɧɜŬ 9.36: Ⱥɘŭɘəɐ ŮɜŮɟɔɧŰɖŰŬ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɓɎɗɞɡɠ ɔɘŬ Űɞɡɠ 7 ůŰŬɗɛɞɨɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞ űɗɘɜɧˊɤɟɞ Űɞɡ 2008 

 

 

 

ȺɘəɧɜŬ 9.37: ɆɡůɢɏŰɘůɖ ůɡɔəŮɜŰɟɩůŮɤɜ ůɤɛŬŰɘŭɘŬəɞɨ 
234

Th (PTh) əŬɘ ůɤɛŬŰɘŭɘŬəɞɨ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ (POC) ɛŮ Űɖɜ 
ɞɚɘəɐ ŬɘɤɟɞɨɛŮɜɖɠ ɨɚɖɠ (TSM) Űɞ űɗɘɜɧˊɤɟɞ Űɞɡ 2008 




































































































































