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ˆ¸¸²¥¤μ¢ ´¨¥ · ¤¨μ ±É¨¢´μ¸É¨ ¢ ¶μÎ¢ Ì ‡ ¶ ¤´μ° Œμ´£μ²¨¨

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¶μ μ¶·¥¤¥²¥´¨Õ Ëμ´μ¢ÒÌ  ±É¨¢´μ¸É¥°
¥¸É¥¸É¢¥´´ÒÌ ¨ É¥Ì´μ£¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢ ¢ ¶μÎ¢ Ì § ¶ ¤´μ° Î ¸É¨ Œμ´£μ²¨¨.
�μ± § ´μ, ÎÉμ Ëμ´μ¢aÖ · ¤¨μ ±É¨¢´μ¸ÉÓ ¶μÎ¢ ¢ μ¸´μ¢´μ³ μ¶·¥¤¥²Ö¥É¸Ö  ±É¨¢-
´μ¸ÉÓÕ ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢ U, Th ¨ Š-40. �μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥
U ¨ Š-40 ´ ¡²Õ¤ ²μ¸Ó ¢ ¶μÎ¢ Ì ´¥±μÉμ·ÒÌ É¥··¨Éμ·¨° § ¶ ¤´μ° Î ¸É¨ Œμ´-
£μ²¨¨, É ±¦¥ μ¡´ ·Ê¦¥´ É¥Ì´μ£¥´´Ò° · ¤¨μ´Ê±²¨¤ Cs-137 ¢ ¶μÎ¢ Ì ´¥±μÉμ·ÒÌ
¸μ³μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ –¥´É·¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° Œμ´£μ²Ó¸±μ£μ £μ¸Ê¤ ·-
¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É  ¨ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢ 
�ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2006

Dalhsuren B. et al. P18-2006-140
Radioactivity Study of Western Mongolian Soils

Results of a radioactivity study of natural and technogenic radionuclides in soils in
the western part of Mongolia are described. It is shown that background radioactivity
of soil in the western part of Mongolia is basically deˇned by the activity of natural
radionuclides of U, Th and Š-40. The raised content of U and Š-40 was observed in
soils of the western part of Mongolia and the technogenic radionuclide Cs-137 was
also found in soils of some centers of administrative units.

The investigation has been performed at the Nuclear Research Center of the
National University of Mongolia and at the Flerov Laboratory of Nuclear Reactions,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2006



‚ ¸¢Ö§¨ ¸ ¤¥ÖÉ¥²Ó´μ¸ÉÓÕ Î¥²μ¢¥±  §  ¶μ¸²¥¤´¨¥ 50 ²¥É §´ Î¨É¥²Ó´μ Ê¸Ê£Ê-
¡¨²¨¸Ó ¶·μ¡²¥³Ò · ¤¨μÔ±μ²μ£¨¨. ‚Ò¶ ¤¥´¨¥ · ¤¨μ ±É¨¢´ÒÌ μ¸ ¤±μ¢ μÉ Ö¤¥·-
´ÒÌ ¢§·Ò¢μ¢ ¨³¥¥É ¸¨²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ £¥μ£· Ë¨Î¥¸±μ° Ï¨·μÉÒ ¶·¨ ³ ±-
¸¨³Ê³¥ ¢Ò¶ ¤¥´¨° ´  É¥··¨Éμ·¨ÖÌ, · ¸¶μ²μ¦¥´´ÒÌ ¢ · °μ´ Ì 45◦ ¸¥¢¥·´μ°
Ï¨·μÉÒ [1].

‡´ Î¨É¥²Ó´ Ö Î ¸ÉÓ É¥··¨Éμ·¨¨ Œμ´£μ²¨¨ ± ± · § ´ Ìμ¤¨É¸Ö ¢¡²¨§¨ 45◦,
¨³¥´´μ É ³, £¤¥ ¶·μ¨¸Ìμ¤¨²μ ³ ±¸¨³ ²Ó´μ¥ ¢Ò¶ ¤¥´¨¥. ‚Ò¶ ¤¥´¨Ö ´  ÔÉμ°
É¥··¨Éμ·¨¨ § ¢¨¸ÖÉ ´¥ Éμ²Ó±μ μÉ ¨¸¶ÒÉ ´¨° Ö¤¥·´μ£μ μ·Ê¦¨Ö ´  ‘¥³¨¶ ² -
É¨´¸±μ³ ¶μ²¨£μ´¥ (Š § Ì¸É ´), ´μ ¨ ´  ¤·Ê£¨Ì Ö¤¥·´ÒÌ ¶μ²¨£μ´ Ì. ‡ ¶ ¤´ Ö
Î ¸ÉÓ Œμ´£μ²¨¨ ´ Ìμ¤¨É¸Ö ¡²¨§±μ ¨ μÉ Ö¤¥·´μ£μ ¶μ²¨£μ´  Š¨É Ö (‹μ¡´μ·),
´  · ¸¸ÉμÖ´¨¨ 500Ä700 ±³ μÉ £· ´¨ÍÒ.

‘ ¤·Ê£μ° ¸Éμ·μ´Ò, · ¤¨μÔ±μ²μ£¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö § ¶ ¤´μ° Î ¸É¨ Œμ´-
£μ²¨¨ ¢μμ¡Ð¥ ´¥ ¶·μ¢μ¤¨²¨¸Ó. ‚¡²¨§¨ ´ Ï¥° £· ´¨ÍÒ ´ Ìμ¤ÖÉ¸Ö ¥Ð¥ ¶·¨¡²¨-
§¨É¥²Ó´μ 20 ¤·Ê£¨Ì Ö¤¥·´ÒÌ Ê¸É ´μ¢μ±, ¨ ´¥É £ · ´É¨¨ μÉ  ¢ ·¨°, ¶μ¤μ¡´ÒÌ
—¥·´μ¡Ò²Ó¸±μ°.

��š…Š’› ˆ Œ…’�„›

ˆ¸¸²¥¤μ¢ ´Ò Ê¤¥²Ó´Ò¥  ±É¨¢´μ¸É¨ Ô²¥³¥´Éμ¢ ¥¸É¥¸É¢¥´´μ£μ ¶·μ¨¸Ìμ¦¤¥-
´¨Ö U-238, Th-232, K-40 ¨ É¥Ì´μ£¥´´μ£μ Cs-137 ¢ ¶μÎ¢ Ì μ±μ²μ 90 ¸μ³μ´μ¢,
¢Ìμ¤ÖÐ¨Ì ¢ 5  °³ ±μ¢ ( ¤³¨´¨¸É· É¨¢´μ-É¥··¨Éμ·¨ ²Ó´Ò¥ ¥¤¨´¨ÍÒ Œ��):
� Ö´-“²Ó£¨°, ƒμ¡¨-�²É °, ‡ ¡Ì ´, Šμ¡¤Ò ¨ “¡¸-´Ê·. �¶·¥¤¥²¥´Ò μÉ´μÏ¥´¨Ö
Th/U. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³μÉ·¨³ ‡ ¡Ì ´¸±¨°  °³ ±. –¥²Ó ´ Ï¥£μ ¨¸-
¸²¥¤μ¢ ´¨Ö § ±²ÕÎ ² ¸Ó ¢ Éμ³, ÎÉμ¡Ò μ¶·¥¤¥²¨ÉÓ ¸μ¤¥·¦ ´¨¥ · ¤¨μ´Ê±²¨¤μ¢,
Ê¤¥²Ó´ÊÕ  ±É¨¢´μ¸ÉÓ Ô²¥³¥´Éμ¢ ¥¸É¥¸É¢¥´´μ£μ ¨ É¥Ì´μ£¥´´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö
¢ ¶μÎ¢ Ì § ¶ ¤´μ° Î ¸É¨ Œμ´£μ²¨¨ ¨ ¸· ¢´¨ÉÓ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸ ³¨-
·μ¢Ò³¨ ¸·¥¤´¨³¨ §´ Î¥´¨Ö³¨. ‡ ¶ ¤´ Ö Î ¸ÉÓ § ´¨³ ¥É ¶μÎÉ¨ 1/5 É¥··¨Éμ·¨¨
Œμ´£μ²¨¨, ±μÉμ· Ö ³μ£²  ¶μ¤¢¥·£ ÉÓ¸Ö § £·Ö§´¥´¨Õ ¶·¨ ¨¸¶ÒÉ ´¨¨ Ö¤¥·´ÒÌ
§ ·Ö¤μ¢ ´  ‘¥³¨¶ ² É¨´¸±μ³ ¨ ‹μ¡´Ê·¸±μ³ Ö¤¥·´ÒÌ ¶μ²¨£μ´ Ì [2].

�Í¥´¥´Ò Ê·μ¢´¨ ¸μ¤¥·¦ ´¨Ö ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ¢
μ±·Ê¦ ÕÐ¥° ¸·¥¤¥ ¨ μ¶·¥¤¥²¥´μ ¨Ì · ¸¶·¥¤¥²¥´¨¥ ¶μ  °³ ± ³,   É ±¦¥
Ê·μ¢´¨ ¸μ¤¥·¦ ´¨Ö · ¤¨μ´Ê±²¨¤μ¢ É¥Ì´μ£¥´´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö 137Cs. � ¸-
¸³μÉ·¥´  § ¢¨¸¨³μ¸ÉÓ Ê¤¥²Ó´μ°  ±É¨¢´μ¸É¨ Ô²¥³¥´Éμ¢ ¨ μÉ´μÏ¥´¨¥ Th/U μÉ
É¨¶  ¶μÎ¢Ò, ¸μ¸É ¢²¥´  ± ·É  · ¸¶·¥¤¥²¥´¨Ö  ±É¨¢´μ¸É¨ · ¤¨μ´Ê±²¨¤μ¢ ¶μ
§ ¶ ¤´μ° Î ¸É¨ Œμ´£μ²¨¨ [3Ä4].

�¡· §ÍÒ ¤²Ö  ´ ²¨§  ´  ¸μ¤¥·¦ ´¨¥ U, Th, K-40 ¨ Cs-137 Ê¶ ±μ¢Ò¢ -
²¨¸Ó ¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò¥ ±μ´É¥°´¥·Ò ¢Ò¸μÉμ° 13 ³³, ¤¨ ³¥É·μ³ 73 ³³. Œ ¸¸ 
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�¨¸. 1. �·¨³¥· ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨° · ¸¶·¥¤¥²¥´¨Ö ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢
¤²Ö ¶μÎ¢ ‡ ¡Ì ´¸±μ£μ  °³ ± 
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�¨¸. 2. ‘μ¤¥·¦ ´¨¥ ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢ U-238, Th-232 ¨ μÉ´μÏ¥´¨¥ Th/U ¢
¶μÎ¢ Ì ¸μ³μ´μ¢ ‡ ¡Ì ´¸±μ£μ  °³ ± 
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μ¡· §Í  ¸μ¸É ¢²Ö²  50Ä60 £. �·μ¡Ò ¶μÎ¢Ò μ¡Ñ¥³μ³ 10×10×5 ¸³ ¸μ¡¨· ²¨¸Ó
´  ·μ¢´μ° ¶μ¢¥·Ì´μ¸É¨ ¶μÎ¢Ò ¢ Î¥ÉÒ·¥Ì ÉμÎ± Ì ´  · ¸¸ÉμÖ´¨¨ 1,5Ä2 ±³ μÉ
Í¥´É·  ± ¦¤μ£μ  °³ ±  ¨²¨ ¸μ³μ´ .
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�·¨ μ¶·¥¤¥²¥´¨¨ ¸μ¤¥·¦ ´¨Ö Ô²¥³¥´Éμ¢ U, Th, K-40 ¨ Cs-137 ¢ ¶μÎ-
¢ Ì ¢ÒÏ¥´ §¢ ´´ÒÌ  °³ ±μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö £ ³³ -¸¶¥±É·μ³¥É· ¸ ��Ge-¤¥É¥±-
Éμ·μ³ ¸ · §·¥Ï¥´¨¥³ 2 ±Ô‚ ´  ²¨´¨¨ 1333 ±Ô‚ ‘μ-60 –¥´É·  Ö¤¥·´ÒÌ ¨¸-
¸²¥¤μ¢ ´¨° Œμ´£μ²Ó¸±μ£μ Ê´¨¢¥·¸¨É¥É  ¢ “² ´-� Éμ·¥.

�¨¸. 5. ‘μμÉ´μÏ¥´¨¥  ±É¨¢´μ¸É¥° ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢ ¢ %

’ ¡²¨Í  1. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ ¶μÎ¢ Ì ¸μ³μ´μ¢ ‡ ¡Ì ´¸±μ£μ
 °³ ± 

Œ¥¸Éμ μÉ¡μ·  ¶·μ¡Ò
� ¤¨μ´Ê±²¨¤Ò, �±/±£

Th/U
U-238 Th-232 K-40 Cs-137

“²¨ ¸É ° 52,4 85,1 345 Å 1,6
’Ê¤Ô¢ÉÔ° 36,5 62,3 324 35,3 1,7

– £  ´ Ì °·Ì ´ 45,4 59,8 309 15,1 1,3
– £  ´ ÎÊ²ÊÊÉ 36,5 46,3 280 23,6 1,3

’Ô²³Ô´ 60,5 60,2 374 9,9 1,0
‘ ´É³ ·£ Í 32,8 54,5 309 13,6 1,7

‡ ¡Ì ´³ ´¤ ² 45,4 58,6 364 Å 1,3
˜¨²ÊÊ¸ÉÔ° 31,5 41,5 270 Å 1,3

ˆ¤Ô· 61,7 89,5 389 24,6 1,5
‘μ´£¨´μ 37,8 64,7 282 26,2 1,7

�²¤ ·Ì  ´ 39,1 53,7 266 10,0 1,4
“·£ ³ ² 36,5 47,7 339 Å 1,3

’μ¸μ´ÍÔ´£Ô² 36,5 57,8 304 Å 1,6
�¨³·Ê£ 45,4 47,2 322 Å 1,0

–ÔÍÔ´ ÊÊ² 36,5 47,6 281 28,0 1,3
	·¤Ô´ÔÌ °·Ì ´ 74,3 64,3 340 7 0,9

„¨·¢Ê²¦¨´ 66,8 47,6 310 8,5 0,7
�É£μ´ 55,4 78,95 250 Å 1,4
Ÿ·ÊÊ 62,1 74,0 362 17 1,19
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’ ¡²¨Í  2. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ ¶μÎ¢ Ì ¸μ³μ´μ¢ � Ö´-
“²Ó£¨°¸±μ£μ  °³ ± 

Œ¥¸Éμ μÉ¡μ·  ¶·μ¡Ò
� ¤¨μ´Ê±²¨¤Ò, �±/±£ Th/U

U-238 Th-232 K-40 Cs-137
“²Ó£¨° 46,4 84,5 477 11,9 1,8

“²  ´ÌÊ¸ 19,8 53,8 339 31,2 2,7
–Ô´£Ô² 41,3 67,3 450 40,1 1,6
‘ £¸ ° 71,19 72,3 496 3,2 1,0

�μ£μμ´´ÊÊ· 34,9 64,3 431 11,8 1,9
„Ô²ÊÊ´ 34,9 77 323 Å 2,2
�Ê£ É 55,1 67,8 364 34,2 1,2
�ÊÖ´É 35,9 71 303 24,5 2,0
’μ²¡μ 60 68 340 3 1,1
�²É ° 39,1 77,7 359 Å 2,0

� Ö´´ÊÊ· 38,9 67,2 379 3 1,7
‘·¥¤´¥¥ §´ Î¥´¨¥ 43,6 70,1 369 Å 1,6

’ ¡²¨Í  3. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ ¶μÎ¢ Ì ¸μ³μ´μ¢ ƒμ¡¨-�²É °¸±μ£μ
 °³ ± 

Œ¥¸Éμ μÉ¡μ·  ¶·μ¡Ò
� ¤¨μ´Ê±²¨¤Ò, �±/±£

Th/U
U-238 Th-232 K-40 Cs-137

�Ê£ É 23,8 59,4 454 46,4 2,5
† ·£ ² ´ 29,2 36,7 490 31,2 1,3

�¨£Ô· 25,2 59 428 18 2,3
• ²¨Ê´ 22,7 74,3 503 26,7 3,3
’Ê£·Ê£ 25,2 56,1 431 11,8 2,2
	·¤Ô´Ô 26,6 43,3 431 Å 1,6
„Ô²£Ô· 23,2 43 673 Å 1,9
–ÔÔ² 16,9 17,2 360 Å 1,0

…¸μ´¡Ê² £ 20 61 400 Å 3,0
�²É ° 40,4 64,9 414 Å 1,6

— ´¤³ ´Ó 59,2 65,5 316 20,5 1,1
–μ£É 56,7 64,7 356 10,0 1,1

� Ö´ÊÊ² 53,9 80,1 473 Å 1,5
˜ ·£  39,6 70,9 404 Å 1,8
’μ´Ì¨² 31,6 69,4 354 Å 2,2
„ ·¢¨ 32,8 65,4 274 Å 2,0

’ °Ï¨· 37,2 40,6 306 Å 1,1
•μÌ³μ·ÓÉ 42,6 50,1 348 Å 1,2

‘·¥¤´¥¥ §´ Î¥´¨¥ 34,2 56,2 411,4 Å 1,64
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’ ¡²¨Í  4. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ ¶μÎ¢ Ì ¸μ³μ´μ¢ Šμ¡¤Ò¸±μ£μ
 °³ ± 

Œ¥¸Éμ μÉ¡μ·  ¶·μ¡Ò
� ¤¨μ´Ê±²¨¤Ò, �±/±£

Th/U
U-238 Th-232 K-40 Cs-137

�Ê²£ ´ 67,5 78,9 452 14,8 1,17
�ÊÖ´É 67,1 68,0 580 32,1 1,0
„ ·¢¨ 38,9 41,9 337 Å 1,4
‡Ô·Ô£ 32,5 48,8 340 Å 1,5

Œ ´Ì ´ 49,9 62,8 444 Å 1,3
Œμ¸É 25,0 40,0 567 Å 1,6

ŒÖ´£ ¤ 37,0 68,0 388 Å 1,8
“¥´Î 52,0 65,8 458 Å 1,3

– ³¡ £ · ¢ 65,3 73,4 484 Å 1,1
	·¤Ô´Ô¡Ê·¥´ 50,4 70,0 519 24,7 1,4

•μ¢¤ 51,0 51,4 411 54,6 1,0
— ´¤³ ´Ó 47,4 67,5 517 Å 1,4

�²É ° 43,1 63,5 478 Å 1,5
Œμ´ÌÌ °·Ì ´ 49,1 61,2 567 Å 1,2

–ÔÍÔ£ 47,5 64,3 541 Å 1,4
† ·£ ² ´É 26,2 28,7 754 Å 1,1

‘·¥¤´¥¥ §´ Î¥´¨¥ 43,2 58,7 495,5 Å 1,36

‘É ´¤ ·É´Ò³¨ ³ É¥·¨ ² ³¨ Ö¢²Ö²¨¸Ó Soil-375 (Œ�ƒ�’	), DL-1 (‘˜�)
¨ NIM-L (
��). ‘μ¤¥·¦ ´¨¥ Ê¤¥²Ó´μ°  ±É¨¢´μ¸É¨ ¨§μÉμ¶  U μ¶·¥¤¥²Ö²μ¸Ó ¢
¶μÎ¢ Ì ¶μ £ ³³ -²¨´¨Ö³ 352, 609, 1764 ±Ô‚ μÉ Ra-226,   Th-238 Å 583, 911,
2614 ±Ô‚ μÉ Th-232; K-40 ¨ Cs-137 μ¶·¥¤¥²¥´Ò ¶μ £ ³³ -²¨´¨Ö³ 1462 ±Ô‚
μÉ K-40, 661 ±Ô‚ μÉ Cs-137 ¸μμÉ¢¥É¸É¢¥´´μ [5].

„²Ö · ¸Î¥É  Ê¤¥²Ó´ÒÌ  ±É¨¢´μ¸É¥° · ¤¨μ´Ê±²¨¤μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó Ëμ·-
³Ê² 

Cx = CÔ
IxmÔ

mxIÔ
,

£¤¥ Cx, CÔ Å Ê¤¥²Ó´Ò¥  ±É¨¢´μ¸É¨ μ¡· §Í  ¨ ¸É ´¤ ·É´μ£μ ³ É¥·¨ ² , mx,
mÔ Å ³ ¸¸  μ¡· §Í  ¨ ¸É ´¤ ·É´μ£μ ³ É¥·¨ ² , Ix, IÔ Å ¨´É¥´¸¨¢´μ¸É¨ £ ³³ -
²¨´¨¨ μ¡· §Í  ¨ ¸É ´¤ ·É´μ£μ ³ É¥·¨ ² .

ˆ´Ëμ·³ Í¨Ö, ¶μ²ÊÎ¥´´ Ö ´  £ ³³ -¸¶¥±É·μ³¥É·¥, ¸· ¢´¨¢ ² ¸Ó ¸ ¨§¢¥¸É-
´Ò³ ¸μ¤¥·¦ ´¨¥³ · ¤¨μ´Ê±²¨¤μ¢ ¸É ´¤ ·É´ÒÌ ³ É¥·¨ ²μ¢, ¨ ¤²Ö μ¡· ¡μÉ±¨
£ ³³ -¸¶¥±É·μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· ¸ ¶·μ£· ³³ ³¨
GANAAS (Œ�ƒ�’	) ¨ FITZPEAK.

ˆ¸Ìμ¤´Ò¥ μ¡· §ÍÒ ¨ ¸É ´¤ ·É´Ò¥ ³ É¥·¨ ²Ò ¨§³¥·Ö²¨¸Ó ¢ É¥Î¥´¨¥ 3600 ¸.
�¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¶μ± § ´Ò ´  ·¨¸. 1Ä5 ¨ ¢ É ¡². 1Ä6.
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’ ¡²¨Í  5. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ ¶μÎ¢ Ì ¸μ³μ´μ¢ “¡¸-´Ê·¸±μ£μ
 °³ ± 

Œ¥¸Éμ μÉ¡μ·  ¶·μ¡Ò
� ¤¨μ´Ê±²¨¤Ò, �±/±£

Th/U
U-238 Th-232 K-40 Cs-137

�ÊÌ³μ·μ´ 34,4 61,9 556 19,1 1,8
’ ·¨ ² ´ 42,5 74,5 509 13,8 1,75

� · ´¡Ê² £ 61,4 69,3 587 Å 1,13
’Ê·£¥´ 32,8 43 472 Å 1,03
‘ £¨² 54,6 52,9 538 11,8 0,93
„ ¢¸É 27,7 63,7 665 Å 2,3

�³´μ£μ¢Ó 33,9 66,3 673 Å 1,96
“² ´£μ³ 24,9 27,3 518 Å 1,09

� ·ÊÊ´ ÉÊ·Ê´ 29,7 45,9 618 Å 1,55
• ·Ì ·   47,4 46,1 405 4,1 0,97

’Ô¸ 36,7 27,7 471 Å 0,75
Œ ²Î¨´ 35,1 27,4 412 Å 0,78
‡ ¡Ì ´ 34,4 45,4 527 Å 1,32
Šμ¡¤ 65 76 343 Å 1,2
�²£¨° 61,6 77,4 401 62,9 1,12
•Ö·£ ¸ 56 63 383 Å 0,94
‡Ê´£μ¡¨ 50 47,1 342 Å 1,63

‡Ê´Ì ´£ ° 47,9 78,2 468 Å 1,03
�´¤Ê·Ì ´£ ° 68,1 81,5 474 Å 1,34

– £  ´Ì °·Ì ´ 48,9 65,6 415 Å 1,35
‘·¥¤´¥¥ §´ Î¥´¨¥ 44,8 58,3 499 Å 1,30

’ ¡²¨Í  6. ‘·¥¤´¥¥ ¸μ¤¥·¦ ´¨¥ Ê· ´ , Éμ·¨Ö ¨ ± ²¨Ö ¢ ¶μÎ¢ Ì �” [4, 5] ¨ § ¶ ¤´μ°
Î ¸É¨ Œμ´£μ²¨¨

�¥£¨μ´ U, ×10−4, % Th, ×10−4% K, % Th/U Th/K U/K
…¢·μ¶¥°¸± Ö Î ¸ÉÓ ¨ 1,5 6,5 1,2 4,4 5,7 1,3

‡ ¶ ¤´μ-‘¨¡¨·¸± Ö ´¨§³¥´´μ¸ÉÓ
‚μ¸ÉμÎ´ Ö ‘¨¡¨·Ó, 1,4 6,4 1,1 4,6 5,8 1,3
„ ²Ó´¨° ‚μ¸Éμ±
‘·¥¤´ÖÖ �§¨Ö, 2,3 6,7 1,6 2,9 4,3 1,5

–¥´É· ²Ó´Ò° Š § Ì¸É ´
Šμ¡¤Ò 3,43 14,4 1,6 4,2 9,1 2,2

� Ö´-“²Ó£¨° 3,5 17,2 1,2 4,9 14,5 3,0
ƒμ¡¨-�²É ° 2,7 13,8 1,3 5,1 10,6 2,1

‡ ¡Ì ´ 3,7 14,9 1,01 4,03 14,8 3,7
“¡¸-´Ê· 3,6 14,3 1,6 4,0 8,9 2,3
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�Ò²¨ ¨§³¥·¥´Ò Ê¤¥²Ó´Ò¥  ±É¨¢´μ¸É¨ · ¤¨μ´Ê±²¨¤μ¢ ¥¸É¥¸É¢¥´´μ£μ ¶·μ-
¨¸Ìμ¦¤¥´¨Ö U-238, Th-232, K-40 ¢ ¶μÎ¢ Ì 90 ¸μ³μ´μ¢ § ¶ ¤´μ° Î ¸É¨ Œμ´-
£μ²¨¨. ˆÌ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¢ ¶μÎ¢ Ì “¡¸-´Ê·¸±μ£μ  °³ ±  ¸μ¸É ¢²Ö¥É 45
(U-238), 58 (Th-232) ¨ 499 �±/±£ (K-40); Šμ¡¤Ò¸±μ£μ  °³ ±  Å 43 (U-238),
59 (Th-232) ¨ 496 �±/±£ (K-40); ‡ ¡Ì ´¸±μ£μ  °³ ±  Å 47 (U-238), 61 (Th-
232) ¨ 316 �±/±£ (K-40); � Ö´-“²Ó£¨°¸±μ£μ  °³ ±  Å 44 (U-238), 70 (Th-232)
¨ 369 �±/±£ (K-40); ƒμ¡¨-�²É °¸±μ£μ  °³ ±  Å 34 (U-238), 56 (Th-232) ¨
411 �±/±£ (K-40). ‘É É¨¸É¨Î¥¸± Ö μÏ¨¡±   ´ ²¨§μ¢ ´¥ ¶·¥¢ÒÏ ²  10Ä30%.

�´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¸μ¤¥·¦ ´¨¥ ¥¸É¥¸É¢¥´-
´ÒÌ · ¤¨μ ±É¨¢´ÒÌ ´Ê±²¨¤μ¢ ¡²¨§±μ ± ´μμ¸Ë¥·´μ³Ê ±² ·±Ê. ˆÌ · ¸¶·¥¤¥²¥-
´¨¥ ¢ ¶μÎ¢¥´´μ³ ¶μ±·μ¢¥ ¢ Í¥²μ³ ¡²¨§±μ ± ´μ·³ ²Ó´μ³Ê § ±μ´Ê ¨ μ¤´μ·μ¤´μ.

� ¡²Õ¤¥´ É¥Ì´μ£¥´´Ò° · ¤¨μ´Ê±²¨¤ Cs-137 ¢ ¶μÎ¢ Ì 37 ¸μ³μ´μ¢. �μ-
²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢ ¶μÎ¢ Ì ‡ ¡Ì ´¸±μ£μ  °³ ±  Î Ð¥
´ ¡²Õ¤ ¥É¸Ö · ¤¨μ´Ê±²¨¤ Cs-137  ´É·μ¶μ£¥´´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö, Î¥³ ¢ ¤·Ê-
£¨Ì § ¶ ¤´ÒÌ  °³ ± Ì. 	ÉμÉ · ¤¨μ´Ê±²¨¤ · ¸¶·μ¸É· ´¥´ ¢μ ³´μ£¨Ì ¸μ³μ-
´ Ì � Ö´-“²Ó£¨°¸±μ£μ ¨ ‡ ¡Ì ´¸±μ£μ  °³ ±μ¢, ¢ Éμ ¦¥ ¢·¥³Ö ·¥¤μ± ¢ ¤·Ê£¨Ì
 °³ ± Ì.

ˆ§¢¥¸É´μ, ÎÉμ μ¸´μ¢´Ò³¨ ¨¸ÉμÎ´¨± ³¨ ¶μ¸ÉÊ¶²¥´¨Ö Cs-137 ¢ ¶μÎ¢Ê Ö¢²Ö-
ÕÉ¸Ö £²μ¡ ²Ó´Ò¥  É³μ¸Ë¥·´Ò¥ ¢Ò¶ ¤¥´¨Ö, ±μÉμ·Ò¥ § ¢¨¸ÖÉ μÉ ±²¨³ É¨Î¥¸±¨Ì
¨ Ô±μ²μ£¨Î¥¸±¨Ì μ¸μ¡¥´´μ¸É¥°.

�μ-¢¨¤¨³μ³Ê, ´¥±μÉμ·Ò¥ É¥··¨Éμ·¨¨ ´¥ ¡Ò²¨ ¶μ¤¢¥·¦¥´Ò ¢²¨Ö´¨Õ  É³μ-
¸Ë¥·´μ£μ ¢Ò¶ ¤¥´¨Ö · ¤¨μ´Ê±²¨¤μ¢ ¨§-§  ¢Ò¸μ±μ£μ·´ÒÌ Í¥¶¥° ¨ ´ ¶· ¢²¥´¨Ö
¢¥É· .

ˆ§ É ¡². 6 ¢¨¤´μ, ÎÉμ ¶μ ¸· ¢´¥´¨Õ ¸ É¥··¨Éμ·¨¥° �” ·¥£¨μ´ ²Ó´Ò¥ ±μ´-
Í¥´É· Í¨¨ ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ´  É¥··¨Éμ·¨¨ § ¶ ¤´μ°
Î ¸É¨ Œμ´£μ²¨¨ ¢ÒÏ¥ ¤²Ö Ê· ´  ¢ 2, ¤²Ö Éμ·¨Ö ¢ 2,3 · § ,   μÉ´μÏ¥´¨¥ Th/K
¢ 2,2 ¨ U/K ¢ 2,1 · § ; ¸μ¤¥·¦ ´¨¥ Š ¨ μÉ´μÏ¥´¨¥ Th/U μ¤´μ£μ ¶μ·Ö¤± . 	É¨
¶·¥¢ÒÏ¥´¨Ö, ¶μ-¢¨¤¨³μ³Ê, μ¡ÑÖ¸´ÖÕÉ¸Ö ¸μ¸É ¢μ³ ¶μÎ¢μμ¡· §ÊÕÐ¨Ì ¶μ·μ¤ ¨
· §´μμ¡· §¨¥³ ¶·¨·μ¤´ÒÌ ¨ ±²¨³ É¨Î¥¸±¨Ì §μ´ ¸ · §²¨Î´Ò³¨ É¨¶ ³¨ ¢Ò¢¥-
É·¨¢ ´¨Ö [5]. ‘¢Ö§Ó ³¥¦¤Ê Th ¨ K ¡μ²¥¥ ¦¥¸É± Ö, Î¥³ ³¥¦¤Ê U ¨ K, ¶μÔÉμ³Ê
¢μ§· ¸É ´¨¥ ±μ´Í¥´É· Í¨° ¸μ¶·μ¢μ¦¤ ¥É¸Ö ¢μ§· ¸É ´¨¥³ μÉ´μÏ¥´¨Ö Th/U.

�μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ Th, U ¨ Š (Š-40) μÎ¥´Ó Î ¸Éμ ¶·¨¢μ¤¨É ± Ê¢¥²¨-
Î¥´¨Õ §μ²μÉμ´μ¸´ÒÌ ³¨´¥· ²μ¢ ¢ ¸μ¸É ¢¥ ¶μÎ¢μμ¡· §ÊÕÐ¨Ì ¶μ·μ¤. ‚ ¸¢Ö§¨
¸ ÔÉ¨³ ¢¶¥·¢Ò¥ μ¶·¥¤¥²¥´Ò μÉ´μÏ¥´¨Ö Th/U, Th/K ¨ U/K.

‚›‚�„›

1. �Ò²¨ ¨§³¥·¥´Ò Ê¤¥²Ó´Ò¥  ±É¨¢´μ¸É¨ · ¤¨μ´Ê±²¨¤μ¢ ¥¸É¥¸É¢¥´´μ£μ
¶·μ¨¸Ìμ¦¤¥´¨Ö 238U, 232Th, 40K ¢ ¶μÎ¢ Ì 90 ¸μ³μ´μ¢ § ¶ ¤´μ° Î ¸É¨ Œμ´-
£μ²¨¨.
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2. �´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¸μ¤¥·¦ ´¨¥ ¥¸É¥-
¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢ ¡²¨§±μ ± ´oo¸Ë¥·´μ³Ê ±² ·±Ê. ˆÌ · ¸¶·¥¤¥²¥´¨¥ ¢
¶μÎ¢¥´´μ³ ¶μ±·μ¢¥ ¢ Í¥²μ³ ¡²¨§±μ ± ´μ·³ ²Ó´μ³Ê § ±μ´Ê ¨ μ¤´μ·μ¤´μ.

3. � ¡²Õ¤¥´ É¥Ì´μ£¥´´Ò° · ¤¨μ´Ê±²¨¤ 137Cs ¢ ¶μÎ¢ Ì 37 ¸μ³μ´μ¢. �´
· ¸¶·μ¸É· ´¥´ ¢μ ³´μ£¨Ì ¸μ³μ´ Ì � Ö´-“²Ó£¨°¸±μ£μ ¨ ‡ ¡Ì ´¸±μ£μ  °³ ±μ¢,
¢ Éμ ¦¥ ¢·¥³Ö ·¥¤±μ ¢¸É·¥Î ¥É¸Ö ¢ ¤·Ê£¨Ì  °³ ± Ì. �μ-¢¨¤¨³μ³Ê, ´¥±μÉμ·Ò¥
É¥··¨Éμ·¨¨ ´¥ ¡Ò²¨ ¶μ¤¢¥·¦¥´Ò ¢²¨Ö´¨Õ ¢Ò¶ ¤¥´¨° ¨§-§  ¢Ò¸μ±μ£μ·´ÒÌ
Í¥¶¥° ¨ ´ ¶· ¢²¥´¨Ö ¢¥É· .

4. ‚ § ¢¨¸¨³μ¸É¨ μÉ É¨¶  ¶μÎ¢Ò ¸μ¤¥·¦ ´¨¥ Š-40 §´ Î¨É¥²Ó´μ ¢ÒÏ¥,
Î¥³ ¤·Ê£¨Ì · ¤¨μ´Ê±²¨¤μ¢. �μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ Š (Š-40) μÎ¥´Ó Î ¸Éμ
¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ §μ²μÉμ´μ¸´ÒÌ ³¨´¥· ²μ¢ ¢ ¸μ¸É ¢¥ ¶μÎ¢μμ¡· §ÊÕÐ¨Ì
¶μ·μ¤.

5. �É´μÏ¥´¨Ö Th / U μÉ²¨Î ÕÉ¸Ö ´¥¸¨²Ó´μ.
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