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�¶·¥¤¥²¥´¨¥ ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ (�‡�) ¢ £¥μ²μ£¨Î¥¸±¨Ì ¶·μ¡ Ì
¨³¥¥É ¡μ²ÓÏμ¥ §´ Î¥´¨¥. �Éμ ¸¢Ö§ ´μ ¸ ·μ¸Éμ³ ¶μÉ·¥¡´μ¸É¨ �‡� ¢ ¨´¤Ê-
¸É·¨¨, ´ Ê±¥ ¨ É¥Ì´¨±¥. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, �‡� ¸μ¤¥·¦ É Í¥´´ÊÕ ¨´Ëμ·³ -
Í¨Õ μ ¶μ·μ¤μμ¡· §ÊÕÐ¨Ì £¥μ²μ£¨Î¥¸±¨Ì ¶·μÍ¥¸¸ Ì, ±μÉμ·ÊÕ ¨¸¶μ²Ó§ÊÕÉ ¢
£¥μÌ¨³¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ.

Š ± ¨§¢¥¸É´μ, ¤²Ö μ¶·¥¤¥²¥´¨Ö �‡� ¢ £¥μ²μ£¨Î¥¸±¨Ì ¶·μ¡ Ì Ï¨·μ±μ
¨¸¶μ²Ó§ÊÕÉ¸Ö ´¥°É·μ´μ- ¨ £ ³³ - ±É¨¢ Í¨μ´´Ò°, ±² ¸¸¨Î¥¸±¨° Ì¨³¨Î¥¸±¨°,
μ¶É¨Î¥¸±¨° Ô³³¨¸¨μ´´Ò°, ¨´¤Ê±É¨¢´μ-¸¢Ö§ ´´Ò° ¶² §³¥´´Ò° ¸¶¥±É·μ³¥É·¨-
Î¥¸±¨° ¨ ·¥´É£¥´μË²Êμ·¥¸Í¥´É´Ò° (�”�) ³¥Éμ¤Ò  ´ ²¨§  [1, 2]. Š ¦¤Ò° ¨§
ÔÉ¨Ì ³¥Éμ¤μ¢ ¨³¥¥É ¶·¥¨³ÊÐ¥¸É¢  ¨ ´¥¤μ¸É É±¨ ¢ μ¡² ¸É¨ ¶μ¤£μÉμ¢±¨ ¶·μ¡,
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨ Ô±¸¶·¥¸¸´μ¸É¨ μ¶·¥¤¥²¥´¨Ö �‡� ¢ £¥μ²μ£¨Î¥¸±¨Ì ¶·μ¡ Ì.
Š² ¸¸¨Î¥¸±¨° Ì¨³¨Î¥¸±¨° ³¥Éμ¤ É·Ê¤μ¥³±¨° ¨ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ Éμ²Ó±μ
¸Ê³³Ê �‡�,   ¸¶¥±É·μ³¥É·¨Î¥¸±¨¥ ³¥Éμ¤Ò ¸ ¨´¤Ê±É¨¢´μ-¸¢Ö§ ´´μ° ¶² §³μ°
É·¥¡ÊÕÉ ¸¥¶ · Í¨¨ ³ É·¨Í ¨ ¶·¥¤¢ ·¨É¥²Ó´μ£μ μ¡μ£ Ð¥´¨Ö ¶·μ¡.

�·¨³¥´¥´¨¥ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì ³¥Éμ¤μ¢ ¶μ§¢μ²Ö¥É §´ Î¨É¥²Ó´μ Ê³¥´Ó-
Ï¨ÉÓ É·Ê¤μ¥³±μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö  ´ ²¨§μ¢, ¶μ¢Ò¸¨ÉÓ ¨Ì ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¨
ÉμÎ´μ¸ÉÓ. �¤´¨³ ¨§ ¶·¨³¥·μ¢ ¨¸¶μ²Ó§μ¢ ´¨Ö Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì ³¥Éμ¤μ¢
Ö¢²Ö¥É¸Ö · §· ¡μÉ±  ³¥Éμ¤¨±¨ ¶·¨³¥´¥´¨Ö �”� ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö
�‡� ¢ £¥μ²μ£¨Î¥¸±¨Ì ¨ É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶·μ¡ Ì ¨ ¶·μ¤Ê±É Ì, ¶μ²ÊÎ ¥³ÒÌ ¢
¶·μÍ¥¸¸¥ μ¡μ£ Ð¥´¨Ö ¶μ·μ¤Ò, ¸μ¤¥·¦ Ð¥° �‡�. �±ÉÊ ²Ó´μ¸ÉÓ ¶·¨³¥´¥´¨Ö
�”� ¤²Ö ÔÉ¨Ì Í¥²¥° μ¡Ê¸²μ¢²¥´  Ô±¸¶·¥¸¸´μ¸ÉÓÕ ¨ ¶·μ¸ÉμÉμ° ¢Ò¶μ²´¥´¨Ö
 ´ ²¨§ , ¶μ·É É¨¢´μ¸ÉÓÕ  ¶¶ · ÉÊ·Ò [3Ä6].

�¤´μ° ¨§ É·Ê¤´μ¸É¥° μ¶·¥¤¥²¥´¨Ö �‡� ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ · ¤¨μ¨§μÉμ¶-
´μ£μ ¨¸ÉμÎ´¨±  241Am Ö¢²Ö¥É¸Ö · ¸¶μ²μ¦¥´¨¥ Ì · ±É¥·¨¸É¨Î¥¸±¨Ì ²¨´¨°
�‡� ¶μ μÉ´μÏ¥´¨Õ ± ±μ³¶Éμ´μ¢¸±μ³Ê · ¸¸¥Ö´¨Õ, ÎÉμ É·¥¡Ê¥É ÉμÎ´μ£μ ÊÎ¥É 
Ëμ´  ¤²Ö μ¶·¥¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢.

‚ ¤ ´´μ° · ¡μÉ¥ ¨§²μ¦¥´  ³¥Éμ¤¨±  μ¤´μ¢·¥³¥´´μ£μ μ¶·¥¤¥²¥´¨Ö ·¥¤±μ-
§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ La, Ce, Pr, Nd ¨ ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ Y, Zr, Sr,
Ba ´  Ô´¥·£μ¤¨¸¶¥·¸¨μ´´μ³ ·¥´É£¥´μ¢¸±μ³ ¸¶¥±É·μ³¥É·¥.
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�¡μ·Ê¤μ¢ ´¨¥ ¨ ³ É¥·¨ ²Ò. �´ ²¨§ μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨ ´  Ê¸É ´μ¢± Ì
·¥´É£¥´μË²Êμ·¥¸Í¥´É´μ£μ  ´ ²¨§  ¢ –¥´É· ²Ó´μ° £¥μ²μ£¨Î¥¸±μ° ² ¡μ· Éμ-
·¨¨ (–ƒ‹) Œμ´£μ²¨¨ ¨ ¢ ‹Ÿ� �ˆŸˆ. ‚ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶·¨³¥´Ö²¨¸Ó
¸¶¥±É·μ³¥É·Ò ¸ Ô´¥·£¥É¨Î¥¸±μ° ¤¨¸¶¥·¸¨¥°, ¸μ¸ÉμÖÐ¨¥ ¨§ ³´μ£μ± ´ ²Ó´ÒÌ
 ´ ²¨§ Éμ·μ¢ ¨ ±·¥³´¨°-²¨É¨¥¢ÒÌ (Si(Li)) ¤¥É¥±Éμ·μ¢ (¸ Éμ²Ð¨´μ° 3 ³³, ¶²μ-
Ð ¤ÓÕ 30 ³³2, Éμ²Ð¨´μ° ¡¥·¨²²¨¥¢μ£μ μ±´  15 ³±³, ¸ · §·¥Ï¥´¨¥³ 180 Ô‚
(–ƒ‹) ¨ Éμ²Ð¨´μ° 5 ³³, ¶²μÐ ¤ÓÕ 30 ³³2, Éμ²Ð¨´μ° ¡¥·¨²²¨¥¢μ£μ μ±´ 
25 ³±³, 145 Ô‚ (‹Ÿ�) ´  ²¨´¨¨ Mn Kα (5,9 ±Ô‚)).

„²Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´Ò¥ · -
¤¨μ¨§μÉμ¶´Ò¥ ¨¸ÉμÎ´¨±¨ 109Cd (E = 22,16 ±Ô‚, T1/2 = 453 ¸ÊÉ) ¨ 241Am
(E = 59,6 ±Ô‚, T1/2 = 458 ²¥É) ¸  ±É¨¢´μ¸ÉÓÕ 20 ³Š¨.

„²Ö ¶·μ¢¥·±¨ ÉμÎ´μ¸É¨ ¨ ¶· ¢¨²Ó´μ¸É¨  ´ ²¨§  ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¸É ´-
¤ ·É´Ò¥ μ¡· §ÍÒ ¸μ¸É ¢ : £²¨´¨¸ÉÒ° ¸² ´¥Í ’‚-2,  ´μ·Éμ§¨É �nk, ³¥¤´μ-
³μ²¨¡¤¥´μ¢ Ö ·Ê¤  Cu-Mo, £· ´¨É GM, ¶μ²¥¢μ° Ï¶ É FK, ¡ § ²ÓÉ BM, ¨§-
¢¥¸É´Ö± KH, Ë²Õμ·¨É FM,  ¶ É¨Éμ¢ Ö ·Ê¤  2B ¨ GSO-Cu-2.

‚ · ¡μÉ¥  ´ ²¨§¨·μ¢ ²¨¸Ó μ¡· §ÍÒ ·Ê¤Ò �‡� ³¥¸Éμ·μ¦¤¥´¨° ŒÊÏ£¨ 
ÌÊ¤ £ ¨ ‹Ê£¨°´ £μ².

�·¨£μÉμ¢²¥´¨¥ ÔÉ ²μ´μ¢ ¨ ³¥Éμ¤¨±  ¨§³¥·¥´¨Ö. �·¥¤¢ ·¨É¥²Ó´Ò¥ ¤ ´-
´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö �‡� ¢ ·Ê¤¥ ±² ¸¸¨Î¥¸±¨³ Ì¨³¨Î¥¸±¨³ ³¥Éμ¤μ³ [7] ¡Ò²¨
¨¸¶μ²Ó§μ¢ ´Ò ´ ³¨ ¢ ¤ ²Ó´¥°Ï¥³ ¤²Ö ÊÉμÎ´¥´¨Ö ¤¨ ¶ §μ´  ±μ´Í¥´É· Í¨° μÉ-
¤¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¢ · ¡μÎ¨Ì ÔÉ ²μ´ Ì. �É ²μ´Ò £μÉμ¢¨²¨¸Ó É ±¨³ μ¡· §μ³,
ÎÉμ¡Ò ±μ´Í¥´É· Í¨¨ μ¶·¥¤¥²Ö¥³ÒÌ ¢ ´¨Ì Ô²¥³¥´Éμ¢ μÌ¢ ÉÒ¢ ²¨ ¢¥¸Ó ¨´É¥·¢ ²
±μ´Í¥´É· Í¨° ¢ ¨§ÊÎ ¥³ÒÌ μ¡Ñ¥±É Ì. „²Ö ¶·¨£μÉμ¢²¥´¨Ö ¸¥·¨° ¨¸±Ê¸¸É¢¥´-
´ÒÌ ÔÉ ²μ´μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó Î¨¸ÉÒ¥ μ±¨¸¨ μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢, É ±¨¥
± ± La2O3, CeO2, Nd2O3 ¨ Pr2O3. ‚ ± Î¥¸É¢¥ ´ ¶μ²´¨É¥²¥° ¡Ò²¨ ¢§ÖÉÒ
SiO2 ¨ Al2O3 (Î¨¸ÉÒ¥ ¤²Ö  ´ ²¨§ ). �±¨¸¨ μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢, ¢§ÖÉÒ¥ ¢
· §´ÒÌ ¸μÎ¥É ´¨ÖÌ, ¸³¥Ï¨¢ ²¨ ¢  £ Éμ¢μ° ¸ÉÊ¶±¥ ¢ É¥Î¥´¨¥ 15Ä20 ³¨´. ˆ¸±Ê¸-
¸É¢¥´´Ò¥ ÔÉ ²μ´Ò c ´¥μ¡Ìμ¤¨³Ò³¨ ±μ´Í¥´É· Í¨Ö³¨ μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢
£μÉμ¢¨²¨¸Ó ¶μ¸²¥¤μ¢ É¥²Ó´Ò³¨ · §¡ ¢²¥´¨Ö³¨. ‚ ´¨Ì É ±¦¥ ¤μ¡ ¢²Ö²¨¸Ó ³¥-
Ï ÕÐ¨¥  ´ ²¨§Ê Ô²¥³¥´ÉÒ, É ±¨¥ ± ± Ba, Nb ¨ Sr ¢ ±μ²¨Î¥¸É¢¥ μÉ ¸μÉÒÌ
¤μ²¥° ¤μ 10 %.

�μ¤£μÉμ¢²¥´´Ò¥ ¶·μ¡Ò ¡¥§ ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¢§¢¥Ï¨¢ ´¨Ö ¶μ³¥Ð ²¨¸Ó ¢
¸É ´¤ ·É´Ò¥ ±Õ¢¥ÉÒ ¤¨ ³¥É·μ³ 32 ³³ ¨ ¢Ò¸μÉμ° 20 ³³, ¤´μ ±μÉμ·ÒÌ § ±·ÒÉμ
³ °² ·μ³ Éμ²Ð¨´μ° 10 ³±³. ’ ±μ° ¸¶μ¸μ¡ Ê¤μ¡¥´ ¶·¨ ¶·μ¢¥¤¥´¨¨ ³ ¸¸μ¢μ£μ
 ´ ²¨§  ¨ Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ Ô±¸¶·¥¸¸´Ò³.

ˆ§³¥·¥´¨Ö Ì · ±É¥·¨¸É¨Î¥¸±¨Ì ²¨´¨° Ô²¥³¥´Éμ¢ ¶·μ¢μ¤¨²¨¸Ó ¢ ´ ¸Ò-
Ð¥´´ÒÌ ¸²μÖÌ ¶μ·μÏ±μ¢ÒÌ ¶·μ¡, ¨¸É¥·ÉÒÌ ¤μ 200 ³¥Ï. ˆ§³¥·¥´¨Ö £¥μ²μ-
£¨Î¥¸±¨Ì ¶·μ¡ ¨ ¸É ´¤ ·É´ÒÌ μ¡· §Íμ¢ ¸μ¸É ¢  ¶·μ¢μ¤¨²¨¸Ó ¢ μ¤¨´ ±μ¢ÒÌ
Ê¸²μ¢¨ÖÌ. ‚·¥³Ö ¨§³¥·¥´¨Ö ¢Ò¡· ´μ 600 ¸.
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‚Ò¡μ· ·¥£·¥¸¸¨μ´´μ£μ Ê· ¢´¥´¨Ö ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¨ ´ -
Ìμ¦¤¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ³¥Ï ÕÐ¥£μ ¨§²ÊÎ¥´¨Ö. ‚ ¨¸¸²¥¤μ¢ ´´ÒÌ μ¡· §-
Í Ì ±μ´Í¥´É· Í¨¨ Ba, Sr, Nb ¨§³¥´ÖÕÉ¸Ö ¢ Ï¨·μ±¨Ì ¶·¥¤¥² Ì. Š·μ³¥ Éμ£μ,
²¨´¨¨ Kβ1 ¨ Kβ2 ¡ ·¨Ö ¸μ¢¶ ¤ ÕÉ ¸ ²¨´¨Ö³¨ Kα1, Kα2 Pr ¨ Nd,   ²¨´¨Ö
Kβ1 La ¸ ²¨´¨Ö³¨ Kα ¨ Kβ2 Nd. ‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö ¶· ¢¨²Ó´μ£μ μ¶·¥¤¥-
²¥´¨Ö ±μ´Í¥´É· Í¨¨ ± ¦¤μ£μ Ô²¥³¥´É  ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ¢§ ¨³´μ¥ ¢²¨Ö´¨¥
Ô²¥³¥´Éμ¢ ¨ ´ ²μ¦¥´¨¥ ²¨´¨°.

„²Ö ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ Ì · ±É¥·¨¸É¨Î¥¸±μ° ²¨´¨¨ ¨¸-
¶μ²Ó§μ¢ ´μ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

IiA = IΣ − I´±K´± − ΣIiKji − ΣIjBji, (1)

£¤¥ I∑ Å ¸Ê³³ ·´μ¥ ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ÊÎ ¸É±¥
¸¶¥±É·  Ì · ±É¥·¨¸É¨Î¥¸±μ° ²¨´¨¨ Ô²¥³¥´É  i; I´± Å ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢,
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ± ´ ²¥ ´¥±μ£¥·¥´É´μ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö; K´± Å
±μÔËË¨Í¨¥´É ¢±² ¤  ´¥±μ£¥·¥´É´μ£μ ¨§²ÊÎ¥´¨Ö ´  ± ´ ²¥ i-£μ Ô²¥³¥´É ; Ii Å
±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤²Ö Ì · ±É¥·¨¸É¨Î¥¸±μ° ²¨´¨¨ j-
£μ Ô²¥³¥´É  ¢ ± ´ ²¥ Ì · ±É¥·¨¸É¨Î¥¸±μ° ²¨´¨¨ i-£μ Ô²¥³¥´É ; Kji Å ±μÔË-
Ë¨Í¨¥´É ¢±² ¤  Ì · ±É¥·¨¸É¨Î¥¸±μ° ²¨´¨¨ j-£μ Ô²¥³¥´É  ¢ ± ´ ²¥ Ì · ±É¥·¨-
¸É¨Î¥¸±μ° ²¨´¨¨ i-£μ Ô²¥³¥´É ; Ij Å ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢, § ·¥£¨¸É·¨·μ¢ ´-
´ÒÌ ¤²Ö Ì · ±É¥·¨¸É¨Î¥¸±μ° ²¨´¨¨ j-£μ Ô²¥³¥´É  ¢ ± ´ ²¥ Ì · ±É¥·¨¸É¨Î¥-
¸±μ° β-²¨´¨¨ i-£μ Ô²¥³¥´É ; Bji Å ±μÔËË¨Í¨¥´É ¢±² ¤  Ì · ±É¥·¨¸É¨Î¥¸±μ°
²¨´¨¨ j-£μ Ô²¥³¥´É  ¢ ± ´ ²¥ Ì · ±É¥·¨¸É¨Î¥¸±μ° β-²¨´¨¨ i-£μ Ô²¥³¥´É .

“· ¢´¥´¨¥ (1) ·¥Ï ¥É¸Ö ²¨¡μ ¸ ¶μ³μÐÓÕ ¸¨¸É¥³ Ê· ¢´¥´¨°, ²¨¡μ ¸ ¶μ³μ-
ÐÓÕ Ô±¸¶¥·¨³¥´É ²Ó´μ ´ °¤¥´´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ K´±, Kji, Bij ¤²Ö ± ¦¤μ£μ
μ¶·¥¤¥²Ö¥³μ£μ Ô²¥³¥´É . ‘¨¸É¥³  Ê· ¢´¥´¨° É·¥¡Ê¥É ¨¸¶μ²Ó§μ¢ ´¨Ö ¡μ²ÓÏμ£μ
±μ²¨Î¥¸É¢  ¸É ´¤ ·É´ÒÌ μ¡· §Íμ¢ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢ , ÎÉμ Ö¢²Ö¥É¸Ö ´¥¤μ-
¸É É±μ³ ÔÉμ£μ ¶μ¤Ìμ¤ .

‚ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ£· ´¨Î¥´´μ£μ ±μ²¨Î¥¸É¢  ¸É ´-
¤ ·É´ÒÌ μ¡· §Íμ¢ ¸μ¸É ¢  ¨ ¨¸±Ê¸¸É¢¥´´μ ¨§£μÉμ¢²¥´´ÒÌ ÔÉ ²μ´μ¢ ¡Ò²¨ ´ °-
¤¥´Ò ±μÔËË¨Í¨¥´ÉÒ ¢±² ¤  ³¥Ï ÕÐ¨Ì Ô²¥³¥´Éμ¢.

„²Ö ÊÎ¥É  ¢±² ¤  ´ ²μ¦¥´¨Ö ´¥±μ£¥·¥´É´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö μÉ¤¥²Ó´ÒÌ
μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ ¡Ò²¨ ¶·¨³¥´¥´Ò ¸²¥¤ÊÕÐ¨¥ ¨¸±Ê¸¸É¢¥´´Ò¥ ÔÉ -
²μ´Ò: ±¢ ·Í SiO2, 3-, 5-, 9-, 20- ¨ 30%-¥ Fe203, CaCO3, Al203, CaTi,
Ti ¨ ³Ê± .

„²Ö ÊÎ¥É  ¢±² ¤  · ¸¸¥Ö´¨Ö ²¨´¨° ¸ ¡μ²ÓÏ¥° Ô´¥·£¨¥° ¤²Ö ²¨´¨° μ¶·¥¤¥-
²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ ¨ ¨´É¥·Ë¥·¥´Í¨¨ β-²¨´¨° ´  ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨¥
α-²¨´¨¨ ¡Ò²¨ ¨§£μÉμ¢²¥´Ò 1 %-¥ ¨¸±Ê¸¸É¢¥´´Ò¥ ÔÉ ²μ´Ò �‡� ¨ ¸μ¶ÊÉ¸É¢ÊÕ-
Ð¨Ì Ô²¥³¥´Éμ¢. ‚ ¤ ²Ó´¥°Ï¥³ ÔÉ¨ ´ °¤¥´´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¡Ò²¨
Ê¸·¥¤´¥´Ò.

‚ÒÎ¨¸²¥´¨¥ ±μ´Í¥´É· Í¨°. �μ¸²¥ ¢ÒÎ¨¸²¥´¨Ö ¨´É¥´¸¨¢´μ¸É¥° Ì · ±É¥-
·¨¸É¨Î¥¸±¨Ì ²¨´¨° ¶μ ¢Ò· ¦¥´¨Õ (1) ¤²Ö ´ Ìμ¦¤¥´¨Ö ±μ´Í¥´É· Í¨° μ¶·¥¤¥-
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²Ö¥³μ£μ Ô²¥³¥´É  ¡Ò²μ ¶·¨³¥´¥´μ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

C =
IA

I´±
· 1
Ki

, (2)

£¤¥ IA Å ¨´É¥´¸¨¢´μ¸ÉÓ  ´ ²¨É¨Î¥¸±μ° ²¨´¨¨; I´± Å ¢¥²¨Î¨´  ¶¨±  ´¥-
±μ£¥·¥´É´μ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö, ÊÎ¨ÉÒ¢ ÕÐ Ö ³ É·¨Î´Ò° ÔËË¥±É ¶·μ¡Ò;
Ki Å ±μÔËË¨Í¨¥´É, μ¶·¥¤¥²Ö¥³Ò° ´  μ¸´μ¢ ´¨¨ ¨§³¥·¥´¨Ö ¸É ´¤ ·É´μ£μ

μ¡· §Í  Ki =
IA

I´±
· 1

C¸É
; CcÉ Å ±μ´Í¥´É· Í¨Ö μ¶·¥¤¥²Ö¥³μ£μ Ô²¥³¥´É  ¢

¸É ´¤ ·É´μ³ μ¡· §Í¥.
�¶·¥¤¥²¥´¨¥ ¸μ¤¥·¦ ´¨Ö Éμ·¨Ö. „²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Éμ·¨Ö ¢

μ¡· §Í Ì ¨¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´Ò° Ì¨³¨Î¥¸±¨°  ´ ²¨§ [8], ·¥´É£¥´μË²Êμ-
·¥¸Í¥´É´Ò°  ´ ²¨§ ¸ ¨¸ÉμÎ´¨±μ³ ¢μ§¡Ê¦¤¥´¨Ö 109Cd,   É ±¦¥ ³¥Éμ¤ μ¶·¥-
¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Éμ·¨Ö ¢ μ¡· §Í Ì ¶μÎ¢ ¢ ·¥ ±Í¨¨ (γ, n) ¸ ¶μ¸²¥¤ÊÕÐ¨³
¶·¨³¥´¥´¨¥³ ·¥´É£¥´μ¢¸±μ° ¸¶¥±É·μ³¥É·¨¨ [9].

‚ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ ¸μ¤¥·¦ ´¨¥ 232Th μ¶·¥¤¥²Ö²¨, ·¥£¨¸É·¨·ÊÖ ·¥´É£¥-
´μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ ¨§μÉμ¶  231Th ¶μ ²¨´¨¨ ¸ Eγ = 25,65 ±Ô‚, ¶μ²ÊÎ ¥³μ£μ ¶μ
·¥ ±Í¨¨ 232Th(γ, n)231Th (β, T1/2 = 25,5 Î) ¶·¨ μ¡²ÊÎ¥´¨¨ £ ³³ -±¢ ´É ³¨
¢ É¥Î¥´¨¥ 4 Î ´  ³¨±·μÉ·μ´¥ Œ’-25 ‹Ÿ� �ˆŸˆ. �¥£¨¸É· Í¨Õ ·¥´É£¥´μ¢-
¸±μ£μ ¨§²ÊÎ¥´¨Ö 231Th ¶·μ¢μ¤¨²¨ ´  ·¥´É£¥´μË²Êμ·¥¸Í¥´É´μ³ ¸¶¥±É·μ³¥É·¥
¸ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ Si(Li)-¤¥É¥±Éμ·μ³.

�	‘“†„…�ˆ… �…‡“‹œ’�’�‚

�±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ´ °¤¥´´ÒÌ ´ ³¨ ±μÔËË¨Í¨¥´Éμ¢ ¤²Ö ¢ÒÎ¨-
¸²¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¢ÒÌμ¤   ´ ²¨É¨Î¥¸±μ° ²¨´¨¨ μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢
¶·¨³¥´¨³Ò ¤²Ö ¸²ÊÎ Ö, ±μ£¤  ¸Ê³³  ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ´¥ ¶·¥¢ÒÏ ¥É
13 %. Œ¥¸Éμ·μ¦¤¥´¨Ö ¸ ¸μ¤¥·¦ ´¨¥³ �‡� ´  Ê·μ¢´¥ 13 % ¸Î¨É ÕÉ¸Ö Ê´¨-
± ²Ó´Ò³¨, ± ±, ´ ¶·¨³¥·, ’μ³Éμ·¸±μ¥ ³¥¸Éμ·μ¦¤¥´¨¥ ¢ �μ¸¸¨¨ (¸¥¢¥·μ-§ ¶ ¤
�¥¸¶Ê¡²¨±¨ ‘ Ì  (Ÿ±ÊÉ¨Ö)), ¸μ¤¥·¦ ´¨¥ �‡� ¢ ±μÉμ·μ³ ¢ ¸·¥¤´¥³ μÉ 12,8 %
(¢ ±μ· Ì ¢Ò¢¥É·¨¢ ´¨Ö) ¤μ 7,98 % (¢ ±μ·¥´´ÒÌ ·Ê¤ Ì). ‚ ¡μ²ÓÏ¨´¸É¢¥ ¨§¢¥¸É-
´ÒÌ ³¨·μ¢ÒÌ ³¥¸Éμ·μ¦¤¥´¨° ¸μ¤¥·¦ ´¨¥ ¸Ê³³Ò É·¨μ±¸¨¤μ¢ ·¥¤±μ§¥³¥²Ó´ÒÌ
Ô²¥³¥´Éμ¢ ·¥¤±μ ¶·¥¢ÒÏ ¥É 1Ä5% [10].

�·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö μ¶·¥¤¥²Ö¥³ÒÌ ¶μ ¤ ´´μ° ³¥Éμ¤¨±¥ �‡� ¡Ò²¨ ´ °-
¤¥´Ò 3σ-³¥Éμ¤μ³. „²Ö ± ¦¤μ£μ ¨§ μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ μ´¨ ¸μ¸É ¢¨²¨:
Sr Å 100 ppm, Ce, Nd, Y Å 50 ppm, La, Ba, Pr, Zr Å 60 ppm. �É´μ¸¨É¥²Ó-
´ Ö μÏ¨¡±  μ¶·¥¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ ¢ ¸É ´¤ ·É´ÒÌ μ¡· §Í Ì ¸μ¸É ¢  ¶μ ÔÉμ°
³¥Éμ¤¨±¥ ¢ ¨´É¥·¢ ²¥ ±μ´Í¥´É· Í¨° 0,005Ä0,1% ¡Ò²  ´¥ ¡μ²¥¥ 5%.

‚ É ¡². 1 ¨ 2 ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ �”� ¢ ¸É ´¤ ·É´ÒÌ μ¡· §Í Ì ¸μ¸É ¢ .
ˆ§ É ¡²¨Í ¢¨¤´μ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤²μ¦¥´´μ° ³¥Éμ¤¨±¨ �”� Ìμ·μÏμ ¸μ-
£² ¸ÊÕÉ¸Ö ¸  ÉÉ¥¸Éμ¢ ´´Ò³¨ ¤ ´´Ò³¨ ¤²Ö ¸É ´¤ ·É´ÒÌ μ¡· §Íμ¢.
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„ ´´ Ö ³¥Éμ¤¨±  ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ³ ¸¸μ¢μ£μ  ´ ²¨§  �‡� ³¥¸Éμ-
·μ¦¤¥´¨° ŒÊÏ£¨  ÌÊ¤ £ ¨ ‹Ê£¨°´ £μ² (Œμ´£μ²¨Ö) [11]. ‚ ÔÉ¨Ì ³¥¸Éμ·μ¦¤¥-
´¨ÖÌ ¶·¥μ¡² ¤ ÕÉ �‡� Í¥·¨¥¢μ° £·Ê¶¶Ò, �‡� ¨ÉÉ·¨¥¢μ° £·Ê¶¶Ò ´ Ìμ¤ÖÉ¸Ö
´  Ê·μ¢´¥ ¤¥¸ÖÉ±μ¢ ··m, ¶μÔÉμ³Ê ·¥´É£¥´μ¢¸±¨° ¸¶¥±É·μ³¥É· ¸ Ô´¥·£¥É¨Î¥-
¸±μ° ¤¨¸¶¥·¸¨¥° ¸ · ¤¨μ¨§μÉμ¶´Ò³ ¨¸ÉμÎ´¨±μ³ 241Am Ö¢²Ö¥É¸Ö Ìμ·μÏ¨³
¨´¸É·Ê³¥´Éμ³ ¤²Ö μ¶·¥¤¥²¥´¨Ö �‡� ¸ ¤μ¸É ÉμÎ´Ò³ ¶·¥¤¥²μ³ μ¡´ ·Ê¦¥´¨Ö
�‡� Í¥·¨¥¢μ° £·Ê¶¶Ò. ’ ± ± ± ±· Ö ¶μ£²μÐ¥´¨Ö Š-²¨´¨° �‡� Í¥·¨¥¢μ°
£·Ê¶¶Ò ²¥¦ É ¢ ¶·¥¤¥² Ì 38,931Ä43,531 ±Ô‚, ±· Ö ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥³¥´-
Éμ¢ ¢ ¶·¥¤¥² Ì 16,106Ä37,410 ±Ô‚, Kα- ¨ Kβ-²¨´¨¨ μ¶·¥¤¥²Ö¥³ÒÌ �‡� ¨
¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ ÔËË¥±É¨¢´μ ¢μ§¡Ê¦¤ ÕÉ¸Ö ¨§²ÊÎ¥´¨¥³ ¸ Ô´¥·£¨¥°
59,54 ±Ô‚ μÉ ¨¸ÉμÎ´¨±  241Am. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ¸¢μ¥° ÉμÎ´μ¸É¨
¶μ²´μ¸ÉÓÕ Ê¤μ¢²¥É¢μ·ÖÕÉ ¶μÉ·¥¡´μ¸É¨ ³ ¸¸μ¢μ£μ  ´ ²¨§  ·Ê¤ �‡�.

Š·μ³¥ Éμ£μ, ¤ ´´ Ö ³¥Éμ¤¨±  ¡Ò²  ¶·¨³¥´¥´  ¶·¨ μ¶·¥¤¥²¥´¨¨ �‡�
¢ ¤·Ê£¨Ì É¨¶ Ì ¶μ·μ¤, ¢ Î ¸É´μ¸É¨, ¢ ¶·μ¡ Ì ¶μÎ¢Ò.

‚ É ¡². 3 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ·¥´É£¥´μË²Êμ·¥¸Í¥´É´μ£μ  ´ ²¨§  (¨¸-
ÉμÎ´¨±¨ ¢μ§¡Ê¦¤¥´¨Ö 109Cd ¨ 241Am) μ¤´μ£μ ¨§ μ¡· §Íμ¢ ¶μÎ¢Ò (μ¡· §¥Í ‚1).
‚ ¤ ´´μ³ μ¡· §Í¥ ¡Ò²¨ μ¶·¥¤¥²¥´Ò ·¥¤±μ§¥³¥²Ó´Ò¥ ¨ ¤·Ê£¨¥ Ô²¥³¥´ÉÒ,
¢±²ÕÎ Ö U ¨ Th (¢¸¥£μ 21 Ô²¥³¥´É). �  ·¨¸. 1 ¨ 2 ¶μ± § ´Ò ·¥´É£¥´μ¢¸±¨¥
¸¶¥±É·Ò ¤ ´´μ£μ μ¡· §Í , ´  ·¨¸. 3 Å ¸¶¥±É· μ¡· §Í  ¶μ¸²¥ £ ³³ - ±É¨¢ Í¨¨.

ˆ§ ·¥§Ê²ÓÉ Éμ¢ É ¡². 3 ¢¨¤´μ, ÎÉμ ¶·¨ §´ Î¨É¥²Ó´μ³ ¸μ¤¥·¦ ´¨¨ Ce ¨
La ´ ¡²Õ¤ ¥É¸Ö É ±¦¥ ¨ ¶μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ Th (· ¸¶·μ¸É· ´¥´´μ¸ÉÓ ¢
§¥³²¥ ¤ ´´ÒÌ Ô²¥³¥´Éμ¢: Ce Å 68 ppm, La Å 32 ppm, Th Å 12 ppm) [12].

Šμ··¥²ÖÍ¨Ö �‡� ¸ Éμ·¨¥³. ˆ§ÊÎ¥´¨¥ ±μ··¥²ÖÍ¨μ´´μ° ¸¢Ö§¨ ³¥¦¤Ê · -
¤¨μ ±É¨¢´Ò³ Ô²¥³¥´Éμ³ Éμ·¨¥³ (Th) ¨ �‡� ¨³¥¥É ¶· ±É¨Î¥¸±μ¥ §´ Î¥´¨¥
¢ ¨¸¸²¥¤μ¢ ´¨¨ ³¥¸Éμ·μ¦¤¥´¨° ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¨ ³¥¸Éμ·μ¦¤¥-
´¨° · ¤¨μ ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢. Š ± ¨§¢¥¸É´μ, Éμ·¨° ¶μ ¸¢μ¨³ Ì¨³¨Î¥¸±¨³

’ ¡²¨Í  3. �¥§Ê²ÓÉ ÉÒ �”� μ¡· §Í  ¶μÎ¢Ò ‚1

�²¥³¥´É Šμ´Í¥´É· Í¨Ö,
ppm

�Ï¨¡± ,
%

�²¥³¥´É Šμ´Í¥´É· Í¨Ö,
ppm

�Ï¨¡± ,
%

Ag 2,3 15 Ni 23,2 10
Ba 270 10 Pb 30,0 30
Ca 2492 10 Rb 60,0 7
Ce 810 5 Sn 8,0 10
Cd 1,1 30 Sr 21,0 10
Cs 7,0 20 Ti 7081,1 10
Cu 9 15 Th 115,0 5
Fe 38000 15 U 15,0 12
K 10000 5 Zn 44 15
Mn 180 10 Zr 1268,7 10
La 260 10 Å Å Å
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�¨¸. 1. �”�-¸¶¥±É· μ¡· §Í  ¶μÎ¢Ò B1, ¢μ§¡Ê¦¤¥´¨¥ ¨¸ÉμÎ´¨±μ³ 109Cd

�¨¸. 2. �”�-¸¶¥±É· μ¡· §Í  ¶μÎ¢Ò B1, ¢μ§¡Ê¦¤¥´¨¥ ¨¸ÉμÎ´¨±μ³ 241Am

¸¢μ°¸É¢ ³ ¡²¨§μ± ± Ì¨³¨Î¥¸±¨³ ¸¢μ°¸É¢ ³ �‡�. ‘μ¡¸É¢¥´´Ò¥ ³¨´¥· ²Ò Éμ-
·¨Ö Å Éμ·¨É (Th,U)SiO4 ¨ Éμ·¨ ´¨É ThO2, (Th,U)SiO2, ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö
μ¸´μ¢´Ò³ ¸Ò·Ó¥³ ¤²Ö ¶·μ¨§¢μ¤¸É¢  Éμ·¨Ö. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, £¥μ²μ£¨Î¥¸±¨¥
¨¸¸²¥¤μ¢ ´¨Ö ¶μ± §Ò¢ ÕÉ, ÎÉμ ´¥±μÉμ·Ò¥ ³¨´¥· ²Ò ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´-
Éμ¢ ¸μ¤¥·¦ É Éμ·¨° ¨ Ê· ´. ’μ·¨°, ¢ μ¸´μ¢´μ³, ¸μ¤¥·¦¨É¸Ö ¢ ·¥¤±μ§¥³¥²Ó-
´ÒÌ ³¨´¥· ² Ì ¸¨´Ì¨§¨É (Ca,Th)(Ce, La, Nd, Pr, Sm, . . . )(CO3)2F, ¶ ·¨§¨É
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�¨¸. 3. �¥´É£¥´μ¢¸±¨° ¸¶¥±É· μ¡²ÊÎ¥´´μ£μ μ¡· §Í  ¶μÎ¢Ò

�¨¸. 4. Šμ··¥²ÖÍ¨μ´´ Ö § ¢¨¸¨³μ¸ÉÓ ³¥¦¤Ê Éμ·¨¥³ ¨ ¸Ê³³μ° �‡�

Ca(Ce, La, Nd, Pr,. . . )2(CO3)3F2, Í¥²¥¸É¨´ SrSO4, Í¥²¥¸Éμ¡ ·¨É SrBa(SO4),
¸É·μ´Í¨ ´¨É SrCO3, ³μ´ Í¨É CePO4(Th),  ¶ É¨É Ca(PO4)FCl [13]. ‘μ¤¥·¦ -
´¨¥ Éμ·¨Ö ¢ ÔÉ¨Ì ³¨´¥· ² Ì ±μ²¥¡²¥É¸Ö ¢ ¶·¥¤¥² Ì 0,005Ä10%. ‚ ³μ´£μ²Ó-
¸±¨Ì ³¥¸Éμ·μ¦¤¥´¨ÖÌ Î ¸Éμ ¢¸É·¥Î ÕÉ¸Ö  ¶ É¨É, ³μ´ Í¨É, Í¥²¥¸É¨´ ¨ ¤·Ê£¨¥
³¨´¥· ²Ò. „²Ö Ê¸É ´μ¢²¥´¨Ö ±μ··¥²ÖÍ¨μ´´μ° ¸¢Ö§¨ ³¥¦¤Ê Éμ·¨¥³ ¨ ¸Ê³³μ°
·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤ ´´Ò¥ Ì¨³¨Î¥¸±¨Ì, £ ³³ -
 ±É¨¢ Í¨μ´´ÒÌ, ·¥´É£¥´μË²Êμ·¥¸Í¥´É´ÒÌ  ´ ²¨§μ¢ ¨ ´¥±μÉμ·Ò¥ ¤ ´´Ò¥ ¤²Ö
¸É ´¤ ·É´ÒÌ μ¡· §Íμ¢ ¸μ¸É ¢  �‡� ³μ´£μ²Ó¸±¨Ì ³¥¸Éμ·μ¦¤¥´¨°. ‘É É¨¸É¨-
Î¥¸± Ö μ¡· ¡μÉ±  μ±μ²μ 50 ·¥§Ê²ÓÉ Éμ¢ ÔÉ¨Ì  ´ ²¨§μ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ¨´-
É¥·¢ ²¥ ±μ´Í¥´É· Í¨° 0,11Ä22,6% ¸Ê³³Ò �‡� ¨ ¢ ¨´É¥·¢ ²¥ ±μ´Í¥´É· Í¨°
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0,023Ä0,35% Éμ·¨Ö ¸ÊÐ¥¸É¢Ê¥É Ê¤μ¢²¥É¢μ·¨É¥²Ó´ Ö ²¨´¥°´ Ö ±μ··¥²ÖÍ¨μ´´ Ö
¸¢Ö§Ó. Šμ··¥²ÖÍ¨μ´´ Ö § ¢¨¸¨³μ¸ÉÓ ³¥¦¤Ê Éμ·¨¥³ ¨ ¸Ê³³μ° �‡� ¶·¨¢¥¤¥´ 
´  ·¨¸. 4.

ˆ§ÊÎ¥´¨¥ ±μ··¥²ÖÍ¨μ´´μ° ¸¢Ö§¨ ³¥¦¤Ê �‡� ¨ Éμ·¨¥³ ¨³¥¥É ¶· ±É¨Î¥¸±μ¥
§´ Î¥´¨¥ ¢ £¥μ²μ£¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ³¥¸Éμ·μ¦¤¥´¨Ö ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥-
³¥´Éμ¢. � ²¨Î¨¥ ÔÉμ° ±μ··¥²ÖÍ¨¨ ¶μ§¢μ²Ö¥É ¶·¨³¥´¨ÉÓ ¤ ´´ÊÕ § ¢¨¸¨³μ¸ÉÓ
¤²Ö ± Î¥¸É¢¥´´ÒÌ μÍ¥´μ± ¸ÊÐ¥¸É¢μ¢ ´¨Ö ³¥¸Éμ·μ¦¤¥´¨° �‡� ¸ ¶μ³μÐÓÕ
μ¶·¥¤¥²¥´¨Ö Éμ·¨Ö · ¤¨μ³¥É·¨Î¥¸±¨³ ³¥Éμ¤μ³ ¨²¨ ·¥´É£¥´μË²Êμ·¥¸Í¥´É´Ò³
³¥Éμ¤μ³  ´ ²¨§ , ¨¸¶μ²Ó§ÊÖ ¶μ·É É¨¢´Ò¥ ¸¶¥±É·μ³¥É·Ò ¢ ¶μ²¥¢ÒÌ Ê¸²μ¢¨ÖÌ.
�ÉÊ ¦¥ § ¢¨¸¨³μ¸ÉÓ ³μ¦´μ · ¸Ï¨·¨ÉÓ ´  ¸²ÊÎ ° Ê· ´μ¢μ°  ´μ³ ²¨¨.

‡�Š‹
—…�ˆ…

� §· ¡μÉ ´  Ô±¸¶·¥¸¸´ Ö ³¥Éμ¤¨±  ¤²Ö ³ ¸¸μ¢μ£μ  ´ ²¨§  ¸ ¤μ¸É ÉμÎ´Ò³
¶·¥¤¥²μ³ μ¡´ ·Ê¦¥´¨Ö ¤²Ö μ¤´μ¢·¥³¥´´μ£μ μ¶·¥¤¥²¥´¨Ö Î¥ÉÒ·¥Ì ·¥¤±μ§¥-
³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ (La, Ce, Pr, Nd) ¨ Î¥ÉÒ·¥Ì ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éμ¢
(Y, Zr, Sr, Ba) ¢ ·Ê¤ Ì ·¥¤±μ§¥³¥²Ó´ÒÌ ³¥¸Éμ·μ¦¤¥´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
Ô´¥·£μ¤¨¸¶¥·¸¨μ´´μ£μ ·¥´É£¥´μ¢¸±μ£μ ¸¶¥±É·μ³¥É· .

„ ´´ Ö ³¥Éμ¤¨±  ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ³ ¸¸μ¢μ£μ  ´ ²¨§  �‡� ³¥¸Éμ-
·μ¦¤¥´¨° ŒÊÏ£¨  ÌÊ¤ £ ¨ ‹Ê£¨°´ £μ² (Œμ´£μ²¨Ö)

“¸É ´μ¢²¥´  ²¨´¥°´ Ö ±μ··¥²ÖÍ¨Ö ³¥¦¤Ê Éμ·¨¥³ ¨ ¸Ê³³μ° �‡�. „ ´-
´ Ö ±μ··¥²ÖÍ¨Ö ³μ¦¥É ¶·¨³¥´ÖÉÓ¸Ö ¤²Ö ± Î¥¸É¢¥´´ÒÌ μÍ¥´μ± ¸ÊÐ¥¸É¢μ¢ ´¨Ö
³¥¸Éμ·μ¦¤¥´¨° �‡� ¸ ¶μ³μÐÓÕ μ¶·¥¤¥²¥´¨Ö Éμ·¨Ö ¢ ¶μ²¥¢ÒÌ Ê¸²μ¢¨ÖÌ.
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