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�¶·¥¤¥²¥´¨¥ ¸μ¤¥·¦ ´¨Ö  ²Õ³¨´¨Ö ¨ ±·¥³´¨Ö
¢ μ¡· §Í Ì ¢μ¤Ò Ö¤¥·´μ-Ë¨§¨Î¥¸±¨³¨ ³¥Éμ¤ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ �”�
¨ ³¨±·μÉ·μ´  Œ’-25

‘ ¶μ³μÐÓÕ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì ³¥Éμ¤μ¢  ´ ²¨§  (�”�, ƒ�� ¨ ���) μ¶·¥-
¤¥²¥´μ ¸μ¤¥·¦ ´¨¥ μÉ¤¥²Ó´ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢μ¤´ÒÌ μ¡· §Í Ì. ˆ§Ê-
Î¥´  ¢μ§³μ¦´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö Mg, Al ¨ Si ¢ ¢μ¤´ÒÌ μ¡· §Í Ì. �μ²ÊÎ¥´Ò ¶·¥-
¤¥²Ò μ¡´ ·Ê¦¥´¨Ö 0,03 ¨ 0,1 ³£/² ¤²Ö Al ¨ Si. Šμ´É·μ²Ó ¸μ¤¥·¦ ´¨Ö  ²Õ³¨-
´¨Ö ¨ ±·¥³´¨Ö ¢ ¶¨ÉÓ¥¢μ° ¢μ¤¥ ¢ ¦¥´ ¤²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ·¨¸±  § ¡μ²¥¢ ´¨Ö
¡μ²¥§´ÓÕ �²ÓÍ£¥°³¥· .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2011

Maslov O.D. et al. P6-2011-64
Determination of Aluminum and Silicon Content in Water Samples
by Nuclear Physical Methods Using XRFA and the MT-25 Microtron

Some of element contents in the samples have been determined by nuclear
physical methods (XRFA, GAA and NAA).The possibility of determining Mg, Al,
and Si content in water samples has been studied. The detection limits of 0.03 for
Al and 0.1 mg/l for Si in water samples have been obtained. Monitoring of the
aluminum and silicon content in water is important because the high concentration
of aluminum or the low content of silicon in drinking water may be risk factors for
Alzheimer's disease.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2011



‚‚…„…�ˆ…

�²Õ³¨´¨° § ´¨³ ¥É μ¤´μ ¨§ £² ¢¥´¸É¢ÊÕÐ¨Ì ³¥¸É ¸·¥¤¨ Ô²¥³¥´Éμ¢, ¨¸-
¶μ²Ó§Ê¥³ÒÌ ¤²Ö ¨§£μÉμ¢²¥´¨Ö ¶·μ³ÒÏ²¥´´ÒÌ ³ É¥·¨ ²μ¢. ‘μμÉ¢¥É¸É¢¥´´μ,
¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¥£μ ±μ´É·μ²Ö ¨  ´ ²¨§  ¢ Í¢¥É´μ° ³¥É ²²Ê·£¨¨, ¢
¸μ¸É ¢¥ ¸¶² ¢μ¢ ±μ´¸É·Ê±Í¨μ´´ÒÌ Ô²¥³¥´Éμ¢, ¢ Î ¸É´μ¸É¨ ¤²Ö · ±¥Éμ¸É·μ¨-
É¥²Ó´μ° ¶·μ³ÒÏ²¥´´μ¸É¨. Š·μ³¥ Éμ£μ, ¶μ¤μ¡´Ò°  ´ ²¨§ ´¥μ¡Ìμ¤¨³ ¢ μ¶É¨-
Î¥¸±μ° ¨ ¸É¥±μ²Ó´μ° ¶·μ³ÒÏ²¥´´μ¸É¨, ¶μ¸±μ²Ó±Ê  ²Õ³¨´¨° ¢Ìμ¤¨É ¢ ¸μ-
¸É ¢ ¸É¥±μ² ¨ ¶μ±·ÒÉ¨°. Šμ´É·μ²Ó ¸μ¤¥·¦ ´¨Ö  ²Õ³¨´¨Ö ¢ ¦¥´ ¢ ¶¨Ð¥¢μ°
¶·μ³ÒÏ²¥´´μ¸É¨, ¸¥²Ó¸±μ³ Ìμ§Ö°¸É¢¥ ¨ ¶·¨ ¢μ¤μ¶μ¤£μÉμ¢±¥ ¶¨ÉÓ¥¢μ° ¢μ¤Ò.
ˆ¸ÉμÎ´¨± ³¨ ¶μ¸ÉÊ¶²¥´¨Ö  ²Õ³¨´¨Ö ¢ ¶·¨·μ¤´Ò¥ ¢μ¤Ò Ö¢²ÖÕÉ¸Ö Î ¸É¨Î´μ¥
· ¸É¢μ·¥´¨¥ £²¨´ ¨  ²Õ³μ¸¨²¨± Éμ¢,  É³μ¸Ë¥·´Ò¥ μ¸ ¤±¨, ¸ÉμÎ´Ò¥ ¢μ¤Ò · §-
²¨Î´ÒÌ ¶·μ¨§¢μ¤¸É¢.

�²Õ³¨´¨° ¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¨§¢¥¸É¥´ ± ± ³¥É ²², μÉ· ¢²¥´¨¥ · ¸É¢μ-
·¨³Ò³¨ Ëμ·³ ³¨ ±μÉμ·μ£μ ³μ¦¥É ¢¥¸É¨ ± Ô´Í¥Ë ²μ- ¨ ¶μ²¨´¥¢·μ¶ É¨¨, ¶·μ-
É¥± ÕÐ¨Ì ¸ Ö¢²¥´¨Ö³¨ ¸² ¡μÊ³¨Ö. ˆ¸¸²¥¤μ¢ ´¨Ö ¶μ¸²¥¤´¨Ì ²¥É ¶μ¤É¢¥·-
¦¤ ÕÉ [1, 2], ÎÉμ ¶μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥  ²Õ³¨´¨Ö ¢ ¶¨ÉÓ¥¢μ° ¢μ¤¥ Ê¢¥-
²¨Î¨¢ ¥É ·¨¸± ¢μ§´¨±´μ¢¥´¨Ö ¡μ²¥§´¨ �²ÓÍ£¥°³¥· . �μ ¤ ´´Ò³  ³¥·¨± ´-
¸±¨Ì ÊÎ¥´ÒÌ [2], ¥¦¥¤´¥¢´μ¥ ¶μÉ·¥¡²¥´¨¥ 0,1 ³£  ²Õ³¨´¨Ö ¸ ¶¨ÉÓ¥¢μ° ¢μ¤μ°
Ê¢¥²¨Î¨¢ ¥É ·¨¸± ¢μ§´¨±´μ¢¥´¨Ö ¸² ¡μÊ³¨Ö ¢ 2,26 · §  ¨ §´ Î¨É¥²Ó´μ ¸´¨-
¦ ¥É ¶μ§´ ¢ É¥²Ó´Ò¥ ¸¶μ¸μ¡´μ¸É¨. �¤´ ±μ ¥¦¥¤´¥¢´μ¥ ¶μÉ·¥¡²¥´¨¥ ±·¥³´¨Ö
¢ ¶¨ÉÓ¥¢μ° ¢μ¤¥ ¢ ±μ²¨Î¥¸É¢¥ 10 ³£ ¸´¨¦ ¥É ·¨¸± ¢μ§´¨±´μ¢¥´¨Ö ¶μ¤μ¡´μ£μ
§ ¡μ²¥¢ ´¨Ö ´  11 %.

‚ �μ¸¸¨¨ ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³ Ö ±μ´Í¥´É· Í¨Ö (�„Š)  ²Õ³¨´¨Ö ¢ ¢μ¤´ÒÌ
μ¡Ñ¥±É Ì Ìμ§Ö°¸É¢¥´´μ-¶¨ÉÓ¥¢μ£μ ¨ ±Ê²ÓÉÊ·´μ-¡ÒÉμ¢μ£μ ´ §´ Î¥´¨Ö Ê¸É ´μ-
¢²¥´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ³¥¸É´ÒÌ Ê¸²μ¢¨° ´  Ê·μ¢´¥ 0,2Ä0,5 ³£/²,   ¢ ¢μ¤¥
¢μ¤μ¥³μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö ·Ò¡μÌμ§Ö°¸É¢¥´´ÒÌ Í¥²¥°, Å 0,08 ³£/² [3].

Š·¥³´¨° Ö¢²Ö¥É¸Ö ¶μ¸ÉμÖ´´Ò³ ±μ³¶μ´¥´Éμ³ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  ¶·¨-
·μ¤´ÒÌ ¢μ¤. 
Éμ³Ê ¸¶μ¸μ¡¸É¢Ê¥É ¶μ¢¸¥³¥¸É´ Ö · ¸¶·μ¸É· ´¥´´μ¸ÉÓ ¸μ¥¤¨´¥-
´¨° ±·¥³´¨Ö ¢ ¶μÎ¢ Ì ¨ £μ·´ÒÌ ¶μ·μ¤ Ì. ‡´ Î¨É¥²Ó´Ò¥ ±μ²¨Î¥¸É¢  ±·¥³´¨Ö
¶μ¸ÉÊ¶ ÕÉ ¢ ¶·¨·μ¤´Ò¥ ¢μ¤Ò ¢ ¶·μÍ¥¸¸¥ μÉ³¨· ´¨Ö ´ §¥³´ÒÌ ¨ ¢μ¤´ÒÌ · ¸É¨-
É¥²Ó´ÒÌ μ·£ ´¨§³μ¢, ¸  É³μ¸Ë¥·´Ò³¨ μ¸ ¤± ³¨,   É ±¦¥ ¸μ ¸ÉμÎ´Ò³¨ ¢μ¤ ³¨
¶·¥¤¶·¨ÖÉ¨°, ¶·μ¨§¢μ¤ÖÐ¨Ì ±¥· ³¨Î¥¸±¨¥, Í¥³¥´É´Ò¥, ¸É¥±μ²Ó´Ò¥ ¨§¤¥²¨Ö,
¸¨²¨± É´Ò¥ ±· ¸±¨, ¢Ö¦ÊÐ¨¥ ³ É¥·¨ ²Ò, ±·¥³´¨°μ·£ ´¨Î¥¸±¨° ± ÊÎÊ± ¨ É. ¤.
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Šμ´Í¥´É· Í¨Ö ±·¥³´¨Ö ¢ ·¥Î´ÒÌ ¢μ¤ Ì ±μ²¥¡²¥É¸Ö μ¡ÒÎ´μ μÉ 1 ¤μ 20 ³£/²,
�„Š ±·¥³´¨Ö Ê¸É ´μ¢²¥´  · ¢´μ° 10 ³£/². [4] ‘μ£² ¸´μ ¨¸¸²¥¤μ¢ ´¨Ö³, ±·¥³-
´¨° Ö¢²Ö¥É¸Ö ³μÐ´Ò³  ±É¨¢ Éμ·μ³ ¢μ¤Ò ¨ μ¡² ¤ ¥É §´ Î¨É¥²Ó´Ò³¨ ¡ ±É¥-
·¨Í¨¤´Ò³¨ ¸¢μ°¸É¢ ³¨. �·¨¸ÊÉ¸É¢¨¥ ±·¥³´¨Ö ¢ ±μ´Í¥´É· Í¨¨ ¡μ²¥¥ 2 ³£/²
§ ¤¥·¦¨¢ ¥É ¨ ¨´£¨¡¨·Ê¥É · §¢¨É¨¥ ¸¨´¥-§¥²¥´ÒÌ ¢μ¤μ·μ¸²¥° [5].

�² ´¨·ÊÕÉ¸Ö ¤ ²Ó´¥°Ï¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¤²Ö Ê·¥£Ê²¨·μ¢ ´¨Ö ´μ·³ ¸μ¤¥·-
¦ ´¨Ö  ²Õ³¨´¨Ö ¨ ±·¥³´¨Ö ¢ ¶¨ÉÓ¥¢μ° ¢μ¤¥ ¸ Í¥²ÓÕ § Ð¨ÉÒ μÉ ¢μ§´¨±´μ¢¥´¨Ö
´¥¢·μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ ´¨°.

Š ± ¶· ¢¨²μ, ¤²Ö μ¶·¥¤¥²¥´¨Ö Al ¨ Si ¨¸¶μ²Ó§ÊÕÉ Ì¨³¨Î¥¸±¨¥ ³¥Éμ¤Ò
 ´ ²¨§  [6Ä8], ±μÉμ·Ò¥ ¤μ¸É ÉμÎ´μ É·Ê¤μ¥³±¨. �±ÉÊ ²Ó´μ¸ÉÓ ¤ ´´μ° § ¤ Î¨
É·¥¡Ê¥É · §¢¨É¨Ö ´μ¢ÒÌ ¨  ¶·μ¡ Í¨¨ ¨§¢¥¸É´ÒÌ ³¥Éμ¤μ¢ ¤²Ö  ´ ²¨§  ¤ ´´ÒÌ
Ô²¥³¥´Éμ¢ ¢ μ¡Ñ¥±É Ì μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¨ ¶¨Ð¥¢ÒÌ ¶·μ¤Ê±É Ì.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ


²¥³¥´É´Ò°  ´ ²¨§ μ¡· §Íμ¢ ¢μ¤Ò ¶·μ¢μ¤¨²¸Ö ³¥Éμ¤ ³¨ ·¥´É£¥´μË²Êμ-
·¥¸Í¥´É´μ£μ (�”�), £ ³³ - ±É¨¢ Í¨μ´´μ£μ (ƒ��) ¨ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´-
´μ£μ (���) ³¥Éμ¤μ¢  ´ ²¨§  ´  Ê¸É ´μ¢± Ì �”� ¨ ³¨±·μÉ·μ´¥ Œ’-25 ‹Ÿ�.

„²Ö  ´ ²¨§  ¡Ò²¨ ¢§ÖÉÒ ¶·μ¡Ò ¢μ¤Ò ¨§ ·¥±¨ ‚μ²£  ¨ μ¡· §ÍÒ ¶¨ÉÓ¥¢μ°
¢μ¤Ò ¶μ¸²¥ μÎ¨¸É±¨ ¸É ´¤ ·É´Ò³¨ Ë¨²ÓÉ· ³¨. ‚μ¤´Ò¥ μ¡· §ÍÒ μ¡Ñ¥³μ³ 1 ²
¶·¥¤¢ ·¨É¥²Ó´μ ¢Ò¶ ·¨¢ ²¨, ¸ÊÌμ° μ¸É Éμ± Ê¶ ±μ¢Ò¢ ²¨ ¢ ¶ ±¥ÉÒ ¨§ ² ¢¸ -
´μ¢μ° ¶²¥´±¨ Éμ²Ð¨´μ° 10 ³±³.

�¥´É£¥´μË²Êμ·¥¸Í¥´É´Ò°  ´ ²¨§. �¥´É£¥´μ¢¸±¨¥ ¸¶¥±É·Ò μ¡· §Íμ¢ ¨§-
³¥·Ö²¨¸Ó ¸ ¶μ³μÐÓÕ ¸¶¥±É·μ³¥É·  Ë¨·³Ò Canberra. „²Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥´É-
£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó · ¤¨μ¨§μÉμ¶´Ò¥ ±μ²ÓÍ¥¢Ò¥ ¨¸ÉμÎ´¨±¨
109Cd (E = 22,16 ±Ô‚, T1/2 = 453 ¤´Ö) ¨ 241Am (E = 59,6 ±Ô‚, T1/2 =
458 ²¥É) ¸  ±É¨¢´μ¸ÉÓÕ 20 ³Š¨. • · ±É¥·¨¸É¨Î¥¸±μ¥ ·¥´É£¥´μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥
·¥£¨¸É·¨·μ¢ ²μ¸Ó ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ Si(Li)-¤¥É¥±Éμ·μ³ ¸ ¶²μÐ ¤ÓÕ 30 ³³2,
Éμ²Ð¨´μ° 5 ³³ ¨ ¸ · §·¥Ï¥´¨¥³ 145 Ô‚ ´  ²¨´¨¨ Mn Kα (5,9 ±Ô‚). ‚·¥³Ö
¨§³¥·¥´¨Ö ¸μ¸É ¢²Ö²μ 10 ³¨´. „²Ö μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¶·μ-
£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö ·¥´É£¥´μË²Êμ·¥¸Í¥´É´μ£μ  ´ ²¨§  WinAxil
Canberra.

ƒ ³³ - ±É¨¢ Í¨μ´´Ò° ¨ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§. „²Ö ¶·μ-
¢¥¤¥´¨Ö £ ³³ - ±É¨¢ Í¨μ´´μ£μ ¨ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  μ¡· §ÍÒ
¢μ¤´ÒÌ ¢Ò¶ ·μ± μ¡²ÊÎ ²¨ ¢ É¥Î¥´¨¥ 5Ä15 ³¨´ £ ³³ -±¢ ´É ³¨ Éμ·³μ§´μ£μ
¨§²ÊÎ¥´¨Ö Ô²¥±É·μ´μ¢ ¸ Ee = 22 ŒÔ‚ ¨²¨ ¶μÉμ±μ³ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
¢ ¢μ¤Ö´μ³ § ³¥¤²¨É¥²¥ ´  ³¨±·μÉ·μ´¥ Œ’-25. ’μ± Ô²¥±É·μ´μ¢ ¡Ò² · -
¢¥´ 15 ³±�. ƒ ³³ -¸¶¥±É·μ³¥É·¨Î¥¸±¨¥ ¨§³¥·¥´¨Ö μ¡²ÊÎ¥´´ÒÌ μ¡· §Íμ¢
¶·μ¢μ¤¨²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥É¥±Éμ·  ¨§ ¸¢¥·ÌÎ¨¸Éμ£μ Ge ¸ · §·¥Ï¥´¨¥³
1,5 ±Ô‚ ´  ²¨´¨¨ 1,33 ŒÔ‚ (60‘μ). Š·¥³´¨°, ³ £´¨° ¨  ²Õ³¨´¨° μ¶·¥-
¤¥²Ö²¨¸Ó ¶μ ·¥ ±Í¨Ö³: 29Si (γ, p)28Al (T1/2 = 2,2 ³¨´, Eγ = 1779 ±Ô‚);
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30Si (γ, p)29Al (T1/2 = 6,6 ³¨´, Eγ = 1273 ±Ô‚), 25Mg (γ, p)24Na (T1/2 =
14,96 Î, Eγ = 1369 ±Ô‚); ¨ 27Al (n, γ)28Al (T1/2 = 2,2 ³¨´, Eγ = 1779 ±Ô‚).

2. �	‘“†„…�ˆ… �…‡“‹œ’�’�‚

�¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö ´¥±μÉμ·ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢μ¤´ÒÌ μ¡· §-
Í Ì ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥. �  ·¨¸. 1 ¶μ± § ´ ·¥´É£¥´μ¢¸±¨° ¸¶¥±É· μ¡· §Í 
¢μ¤´μ° ¢Ò¶ ·±¨ ¶·μ¡Ò ¨§ ·¥±¨ ‚μ²£ ,   ´  ·¨¸. 2 ¶·¥¤¸É ¢²¥´ £ ³³ -¸¶¥±É·
¤ ´´μ£μ μ¡· §Í  ¶μ¸²¥  ±É¨¢ Í¨¨.

‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ μ¡· §Í Ì ¢μ¤Ò, ³£/²

�¡· §¥Í


²¥³¥´É
�„Š,

³£/² [4, 9] �¥±  ‚μ²£ 
1-Ö ¸É ¤¨Ö
μÎ¨¸É±¨

¢μ¤Ò
(Ê£μ²Ó)

2-Ö ¸É ¤¨Ö
μÎ¨¸É±¨

¢μ¤Ò
(¶·μ³ÒÏ-
²¥´´Ò°
Ë¨²ÓÉ·)

Œ¥Éμ¤
 ´ ²¨§ 

Na 200 8,7± 0,6 8,7± 0,6 8,2± 0,6 ���
Mg 20-85 17,1± 0,4 12,5± 0,4 7,6± 0,4 ƒ��
Al 0,2-0,5 1,02± 0,07 0,69± 0,07 0,19± 0,07 ���
Si 10 5,3± 0,1 1,4± 0,1 0,8± 0,1 ƒ��
Cl 350 2,6± 0,3 10,7± 0,3 1,3± 0,3 ���
‘a 30-140 43,5± 2,5 35,5 ± 2,5 31,7± 2,5 �”�
Fe 0,3 0,21± 0,02 0,13± 0,02 0,18± 0,02 �”�
Cu 0,1 0,017± 0,001 0,015± 0,001 0,015± 0,001 �”�
Se* 10 5,1± 1,4 � 1, 4 � 1, 4 �”�
Br* 100 2,7± 0,2 1,4± 0,2 1,2± 0,2 �”�
Sr 7 0,217± 0,004 0,187± 0,004 0,200± 0,004 �”�

∗‘μ¤¥·¦ ´¨¥ ¤²Ö Se ¨ Br Å ³±£/².

�¨¸. 1. �¥´É£¥´μ¢¸±¨° ¸¶¥±É· μ¡· §Í  ¢μ¤´μ° ¢Ò¶ ·±¨

3



�¨¸. 2. ƒ ³³ -¸¶¥±É· μ¡· §Í  ¢μ¤´μ° ¢Ò¶ ·±¨ ¶μ¸²¥ £ ³³ - ±É¨¢ Í¨¨

�  μ¸´μ¢ ´¨¨ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¡Ò²¨ μÍ¥´¥´Ò ¶·¥¤¥²Ò μ¡´ -
·Ê¦¥´¨Ö ¤²Ö Si Å 0,3 ³£/², Mg Å 0,1 ³£/² ¶μ ƒ�� ¨ Al Å 0,03 ³£/² ¶μ ���.
„ ´´Ò¥ ¶·¥¤¥²Ò ¤μ¸É ÉμÎ´Ò ¤²Ö μÍ¥´±¨ ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¶·¨ μ¶·¥¤¥²¥´¨¨¨
± Î¥¸É¢  ¢μ¤Ò.

‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ¢μ²¦¸±μ° ¢μ¤¥ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì �„Š § 
¨¸±²ÕÎ¥´¨¥³  ²Õ³¨´¨Ö, ¶·¥¢ÒÏ¥´¨¥ ¤²Ö ±μÉμ·μ£μ ¸μ¸É ¢²Ö¥É ¢ 5 (2) · §.
�Î¨¸É±  ¢μ¤Ò Ê£μ²Ó´Ò³ ¨ ¶·μ³ÒÏ²¥´´Ò³ Ë¨²ÓÉ· ³¨ ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥-
´¨Õ ±μ²¨Î¥¸É¢  ±·¥³´¨Ö ¢ 10 · § ¶μ ¸· ¢´¥´¨Õ ¸ �„Š.

ˆ§ ¤ ´´ÒÌ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¸É ´¤ ·É´Ò¥ ¸¶μ¸μ¡Ò ¢μ¤μ¶μ¤£μÉμ¢±¨ ¶μ-
§¢μ²ÖÕÉ ¸´¨§¨ÉÓ ¸μ¤¥·¦ ´¨¥ Al ¤μ ¤μ¶Ê¸É¨³μ° ´μ·³Ò.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ É ±¦¥, ÎÉμ ¶·¨ μÎ¨¸É±¥ ¢μ¤Ò ¶·μ¨¸Ìμ¤¨É, ± ± ¶· ¢¨²μ,
Ê¤ ²¥´¨¥ ¸μ²¥° ¦¥¸É±μ¸É¨ (Ca, Œg), ÎÉμ ´¥ ¢¸¥£¤  ¡² £μ¶·¨ÖÉ´μ ¸± §Ò¢ ¥É¸Ö
´  §¤μ·μ¢Ó¥, ¶μ¸±μ²Ó±Ê ·Ö¤ Ô±μ²μ£¨Î¥¸±¨Ì ¨  ´ ²¨É¨Î¥¸±¨Ì Ô¶¨¤¥³¨μ²μ£¨-
Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¢ÒÖ¢¨² ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³ÊÕ μ¡· É´ÊÕ § ¢¨¸¨³μ¸ÉÓ
³¥¦¤Ê ¦¥¸É±μ¸ÉÓÕ ¢μ¤Ò ¨ ¸¥·¤¥Î´μ-¸μ¸Ê¤¨¸ÉÒ³¨ § ¡μ²¥¢ ´¨Ö³¨ [10].

‚›‚�„›

1. � §· ¡μÉ ´Ò ³¥Éμ¤¨±¨  ´ ²¨§  Si, Mg ¨ Al ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨±·μ-
É·μ´  Œ’-25 ¶μ ·¥ ±Í¨Ö³: 29Si (γ, p) 28Al (T1/2 = 2, 2 ³¨´, Eγ = 1779 ±Ô‚);
30Si (γ, p) 29Al (T1/2 = 6, 6 ³¨´, Eγ = 1273 ±Ô‚), 25Mg (γ, p) 24Na (T1/2 =
14, 96 Î, Eγ = 1369 ±Ô‚); ¨ 27Al (n, γ) 28Al (T1/2 = 2, 2 ³¨´, Eγ = 1779 ±Ô‚).

2. �μ²ÊÎ¥´Ò ¶·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö Si Å 0,3, Mg Å 0,1 ³£/² ¶μ ƒ��
¨ Al Å 0,03 ³£/² ¶μ ���. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸μ¶μ¸É ¢¨³Ò ¸ ¤ ´´Ò³¨
¸É ´¤ ·É´ÒÌ ¡μ²¥¥ É·Ê¤μ¥³±¨Ì ³¥Éμ¤¨± ¨ ¤μ¸É ÉμÎ´Ò ¤²Ö μÍ¥´±¨ ¸μ¤¥·¦ ´¨Ö
±·¥³´¨Ö ¨  ²Õ³¨´¨Ö ¶·¨ μ¶·¥¤¥²¥´¨¨ ± Î¥¸É¢  ¢μ¤Ò.

3. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ¢μ²¦¸±μ° ¢μ¤¥ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì �„Š § 
¨¸±²ÕÎ¥´¨¥³  ²Õ³¨´¨Ö, ¶·¥¢ÒÏ¥´¨¥ ¤²Ö ±μÉμ·μ£μ ¸μ¸É ¢²Ö¥É 2 · § . �Î¨¸É± 
¢μ¤Ò Ê£μ²Ó´Ò³ ¨ ¶·μ³ÒÏ²¥´´Ò³ Ë¨²ÓÉ· ³¨ ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ±μ²¨-
Î¥¸É¢  ±·¥³´¨Ö ¢ 10 · § ¶μ ¸· ¢´¥´¨Õ ¸ �„Š.
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