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ˆ¸¸²¥¤μ¢ ´μ ¸μ¤¥·¦ ´¨¥ ³¨±·μÔ²¥³¥´Éμ¢ ¢ μ¡· §Í Ì ¶μÎ¢ ¨ · §²¨Î´ÒÌ Î ¸ÉÖÌ · ¸É¥´¨°, ¶·μ-
¨§· ¸É ÕÐ¨Ì ´  ÔÉμ° ¶μÎ¢¥ (Î °´μ¥ ¤¥·¥¢μ (Camellia sinensis), ±Ê±Ê·Ê§  (Zea mays L), μ¢μÐ´ Ö
±Ê²ÓÉÊ·  (Sauropus androgynus), É· ¢  ¢¥É¨¢¥· (Vetiveria zizanioides (L.) 	ÔÏ)), μÉμ¡· ´´ÒÌ ´  É¥·-
·¨Éμ·¨¨ ‚Ó¥É´ ³ . �¶·¥¤¥²¥´μ ¸μ¤¥·¦ ´¨¥ 22 Ô²¥³¥´Éμ¢ ¸ ¶μ³μÐÓÕ ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ
(�”�), £ ³³ - ±É¨¢ Í¨μ´´μ£μ (ƒ��) ¨ É·¥±μ¢μ£μ ³¥Éμ¤μ¢  ´ ²¨§  μ¡· §Íμ¢ ´  Ê¸É ´μ¢± Ì ‹Ÿ�
�ˆŸˆ. ˆ§ÊÎ¥´μ · ¸¶·¥¤¥²¥´¨¥ ³¨±·μÔ²¥³¥´Éμ¢ ¢ ¨¸¸²¥¤μ¢ ´´ÒÌ μ¡· §Í Ì.

Leaves, stem, and roots of two shrub types: tea (Camellia sinensis), sweet leaf (Sauropus androgy-
nus) and two herb types: vetiver grass (Vetiveria zizanioides L. Nash), maize (Zea mays L) and Thucuc
soil where the plants growing, were collected to study. Contents of 22 elements in the samples were
determined by three methods: XRFA (X-Ray Fluorescence Analysis), GAA (Gamma Activation Analy-
sis), and tracking method to study distribution of these elements in plants and soilÄplant relationship.
The study was carried out at the Flerov Laboratory of Nuclear Reactions, JINR, Dubna. Distribution of
the elements in the soilÄplant system was studied.

PACS: 87.53.-j
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‚μ§¤¥°¸É¢¨¥ ÉÖ¦¥²ÒÌ ³¥É ²²μ¢ ¨ · ¤¨μ´Ê±²¨¤μ¢ ¢ ³ ²ÒÌ ¤μ§ Ì ´  É¥··¨Éμ·¨ÖÌ ¸
´¥¢Ò¸μ±¨³ Ê·μ¢´¥³ É¥Ì´μ£¥´´μ£μ ¢μ§¤¥°¸É¢¨Ö ´¥ ¸· §Ê ¸± §Ò¢ ¥É¸Ö ´  ¸μ¸ÉμÖ´¨¨ ¶μÎ¢
¨ · ¸É¨É¥²Ó´ÒÌ ´ ¸ ¦¤¥´¨°, ¨ ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ ¢´¥Ï´¨Ì ¶·¨§´ ±μ¢ É¥Ì-
´μ£¥´´μ£μ ¢²¨Ö´¨Ö ³μ¦´μ ´¥ μ¡´ ·Ê¦¨ÉÓ. �μÔÉμ³Ê μ¸μ¡Ò° ¨´É¥·¥¸ ¢Ò§Ò¢ ¥É ¨§ÊÎ¥´¨¥
¶·μÍ¥¸¸μ¢ ³¨£· Í¨¨ Ô²¥³¥´Éμ¢-§ £·Ö§´¨É¥²¥° ¶μ ¢¸¥³ ±μ³¶μ´¥´É ³ · ¸É¨É¥²Ó´ÒÌ Ô±μ-
¸¨¸É¥³. 	  · ¸É¥´¨Ö ¢μ§²μ¦¥´ Ï¨·μ±¨° ¸¶¥±É· ¡¨μ¸Ë¥·´ÒÌ ËÊ´±Í¨° ¢ Ô±μ£μ·¨§μ´É¥
¸¨¸É¥³Ò ¶μÎ¢ Ä· ¸É¥´¨Ö ¨ ·μ²Ó ¶μ¸·¥¤´¨±μ¢ ³¥¦¤Ê ¦¨¢Ò³¨ ¨ ±μ¸´Ò³¨ ¢¥Ð¥¸É¢ ³¨
¡¨μ¸Ë¥·Ò. ˆ§ÊÎ¥´¨¥ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¶μÎ¢ ¨ · ¸É¥´¨° ¶μ§¢μ²Ö¥É ·¥Ï ÉÓ ´ ÊÎ´μ-
¨¸¸²¥¤μ¢ É¥²Ó¸±¨¥, ¶·μ¨§¢μ¤¸É¢¥´´Ò¥ ¶·μ¡²¥³Ò  £·μÌ¨³¨Î¥¸±μ£μ ¨ ¶·¨·μ¤μμÌ· ´´μ£μ
§´ Î¥´¨Ö. ‘¶μ¸μ¡´μ¸ÉÓ · ¸É¥´¨°  ±±Ê³Ê²¨·μ¢ ÉÓ ¨§ ¶¨É ÕÐ¥£μ ¸Ê¡¸É· É  ³¨±·μÔ²¥-
³¥´ÉÒ ¢ §´ Î¨É¥²Ó´ÒÌ ±μ²¨Î¥¸É¢ Ì, ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ¨§³¥´¥´¨Ö³ Ê¸²μ¢¨° ¸·¥¤Ò ¶μ-
§¢μ²ÖÕÉ · ¸¸³ É·¨¢ ÉÓ ¤ ´´Ò° ±μ³¶μ´¥´É Ô±μ¸¨¸É¥³ ± ± ¡¨μ¨´¤¨± Éμ· [1].
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‚ ¶·¥¤Ò¤ÊÐ¥° · ¡μÉ¥ [2] ¡Ò²μ ¨¸¸²¥¤μ¢ ´μ, ÎÉμ ¢ ±μ·´ÖÌ É· ¢Ò ¢¥É¨¢¥· (Vetiveria
zizanioides), ¶·μ¨§· ¸É ÕÐ¥° ´  É¥··¨Éμ·¨¨ ‚Ó¥É´ ³ , ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ ±μ´Í¥´-
É·¨·ÊÕÉ¸Ö ÉÖ¦¥²Ò¥ Ô²¥³¥´ÉÒ, ¢ Éμ³ Î¨¸²¥ Ê· ´.

‚ ¤ ´´μ° · ¡μÉ¥  ´ ²¨§¨·μ¢ ²¨¸Ó μ¡· §ÍÒ ¶μÎ¢ ¨ · §²¨Î´ÒÌ Î ¸É¥° · ¸É¥´¨°, μÉμ-
¡· ´´ÒÌ ´  É¥··¨Éμ·¨¨ ‚Ó¥É´ ³ , ¸ Í¥²ÓÕ ¨§ÊÎ¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢ ´¨Ì ³¨±·μÔ²¥-
³¥´Éμ¢.
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Œ É¥·¨ ²Ò. ‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ²¨¸Ó μ¡· §¥Í ¶μÎ¢Ò ¨ 14 μ¡· §Íμ¢ · ¸É¥´¨°, μÉμ¡· ´-
´ÒÌ μ¸¥´ÓÕ 2008 £. ´  É¥··¨Éμ·¨¨ ¶·μ¢¨´Í¨¨ ’ÌÊ ŠÊ±, ”Ê ’Ìμ ¢ Í¥´É· ²Ó´μ³ · °μ´¥
¸¥¢¥·  ‚Ó¥É´ ³ . ’¨¶ ¨¸¸²¥¤Ê¥³μ° ¶μÎ¢Ò ¸μμÉ¢¥É¸É¢Ê¥É ±· ¸´μ§¥³Ê. Š· ¸´μ§¥³Ò Ëμ·³¨-
·ÊÕÉ¸Ö ¢ Ê¸²μ¢¨ÖÌ ¶·μ³Ò¢ ´¨Ö ¶μÎ¢ ´  ¶μ·μ¤ Ì, ¡μ£ ÉÒÌ ¦¥²¥§μ³, ÎÉμ μ¡Ê¸²μ¢²¨¢ ¥É ¨Ì
Ö·±ÊÕ, ±· ¸´μ¢ Éμ-μ· ´¦¥¢ÊÕ μ±· ¸±Ê. ‘·¥¤´¨° Ì¨³¨Î¥¸±¨° ¸μ¸É ¢ ¤ ´´μ£μ É¨¶  ¶μÎ¢Ò,
¸μ£² ¸´μ ²¨É¥· ÉÊ·´Ò³ ¤ ´´Ò³, ¶·¥¤¸É ¢²¥´ ¢ É ¡². 1 [3].

’ ¡²¨Í  1. ‘·¥¤´¨° Ì¨³¨Î¥¸±¨° ¸μ¸É ¢ É¨¶¨Î´μ£μ ±· ¸´μ§¥³ 

�μÉ¥·¨ ‘μ¤¥·¦ ´¨¥ μ±¸¨¤μ¢ ¢ ¶μÎ¢¥, %
¶·¨ ¶·μ± ²¨¢ ´¨¨

(μ·£ ´¨Î¥¸±μ¥ SiO2 Al2O3 Fe2O3 Na2O K2O CaO MgO SO3

¢¥Ð¥¸É¢μ+‘O2), %
13,40 39,31 36,40 10,11 0,11 0,22 0,17 0,98 0,19

�¡· §ÍÒ ¶μÎ¢Ò μÉ¡¨· ²¨¸Ó ¢ ³¥¸É Ì ¶·μ¨§· ¸É ´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ · ¸É¥´¨° ´  £²Ê¡¨´¥
0Ä20 ¸³. ‡ É¥³ ¢¸¥ μ¡· §ÍÒ ¡Ò²¨ ¶¥·¥³¥Ï ´Ò ¨ μÉμ¡· ´ Ê¸·¥¤´¥´´Ò° μ¡· §¥Í ¶μÎ¢Ò.
�μ²ÊÎ¥´´Ò° μ¡· §¥Í ¡Ò² ¢Ò¸ÊÏ¥´ ¶·¨ É¥³¶¥· ÉÊ·¥ 105 ◦C, ¨§³¥²ÓÎ¥´ ¨ ¶·μ¶ÊÐ¥´ Î¥·¥§
¸¨Éμ ¸ ¤¨ ³¥É·μ³ 1 ³³.

Š ¦¤μ¥ μÉμ¡· ´´μ¥ · ¸É¥´¨¥ ¡Ò²μ ÉÐ É¥²Ó´μ μÎ¨Ð¥´μ μÉ ¶μÎ¢Ò, ¶·μ³ÒÉμ ¤¨¸É¨²²¨-
·μ¢ ´´μ° ¢μ¤μ°, · §¤¥²¥´μ ´  Î ¸É¨ (²¨¸ÉÓÖ, ¸É¥¡¥²Ó, ±μ·¥´Ó) ¨ ¢Ò¸ÊÏ¥´μ ¶·¨ 85 ◦C ¤μ
¸É ¡¨²Ó´μ£μ ¢¥¸ . �μ²ÊÎ¥´´Ò° · ¸É¨É¥²Ó´Ò° ³ É¥·¨ ² ¨§³¥²ÓÎ¥´ ¤μ · §³¥·  < 1 ³³.

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¡Ò²¨ μÉμ¡· ´Ò ¸²¥¤ÊÕÐ¨¥ μ¡· §ÍÒ · ¸É¨É¥²Ó´μ¸É¨:
Å Î ° (Camellia sinensis) Å ±μ·´¨, ¸É¥¡²¨, ²¨¸ÉÓÖ ¢μ§· ¸Éμ³ ¤μ 6 ³¥¸. ¨ ³¥´ÓÏ¥

1 ³¥¸., μ¡Ð¨° ¢μ§· ¸É · ¸É¥´¨Ö 3 £μ¤ ;
Å ±Ê±Ê·Ê§  (Zea mays L) Å ¢μ§· ¸É · ¸É¥´¨Ö 6 ³¥¸.;
Å μ¢μÐ´ Ö ±Ê²ÓÉÊ·  (Sauropus androgynus) Å μ¡Ð¨° ¢μ§· ¸É · ¸É¥´¨Ö 1 £μ¤, ¢μ§· ¸É

²¨¸ÉÓ¥¢ 6 ³¥¸.;
Å É· ¢  ¢¥É¨¢¥· (Vetiveria zizanioides (L.) 	ÔÏ) Å ¢μ§· ¸É · ¸É¥´¨Ö 1 £μ¤.
Œ¥Éμ¤Ò  ´ ²¨§ . Œ´μ£μÔ²¥³¥´É´Ò°  ´ ²¨§ μ¡· §Íμ¢ ¶·μ¢μ¤¨²¸Ö ¸ ¶μ³μÐÓÕ ·¥´É£¥-

´μË²Õμ·¥¸Í¥´É´μ£μ (�”�), £ ³³ - ±É¨¢ Í¨μ´´μ£μ (ƒ��) ¨ É·¥±μ¢μ£μ ³¥Éμ¤μ¢  ´ ²¨§ 
μ¡· §Íμ¢ ´  Ê¸É ´μ¢± Ì ‹Ÿ� �ˆŸˆ.

�¥´É£¥´μË²Õμ·¥¸Í¥´É´Ò°  ´ ²¨§. �¥´É£¥´μ¢¸±¨¥ ¸¶¥±É·Ò μ¡· §Íμ¢ ¨§³¥·Ö²¨¸Ó ¸
¶μ³μÐÓÕ ¸É ´¤ ·É´μ£μ ¸¶¥±É·μ³¥É·  Ë¨·³Ò Canberra. „²Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥´É£¥´μ¢-
¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó · ¤¨μ¨§μÉμ¶´Ò¥ ¨¸ÉμÎ´¨±¨ 109Cd (E = 22,16 ±Ô‚,
T1/2 = 453 ¸ÊÉ) ¨ 241Am (E = 59,6 ±Ô‚, T1/2 = 458 ²¥É). • · ±É¥·¨¸É¨Î¥¸±μ¥ ·¥´É£¥-
´μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ ·¥£¨¸É·¨·μ¢ ²μ¸Ó ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ Si(Li)-¤¥É¥±Éμ·μ³ ¸ ¶²μÐ ¤ÓÕ
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30 ³³2 ¨ Éμ²Ð¨´μ° 3 ³³, Éμ²Ð¨´μ° ¡¥·¨²²¨¥¢μ£μ μ±´  25 ³±³ ¨ ¸ · §·¥Ï¥´¨¥³ 145 Ô‚
´  ²¨´¨¨ 5,9 ±Ô‚.

„²Ö μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢ ¨ · ¸Î¥É  ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ¢ ¶·μ¡ Ì ¡Ò²μ ¨¸¶μ²Ó-
§μ¢ ´μ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ  ´ ²¨§  WinAxil Can-
berra. ‚ ± Î¥¸É¢¥ ÔÉ ²μ´´ÒÌ μ¡· §Íμ¢ ¶·¨³¥´Ö²¨¸Ó ¸É ´¤ ·É´Ò¥ μ¡· §ÍÒ ¸μ¸É ¢  (‘�‘)
Œ�ƒ�’� ¨ �” (soil-5, ENO, ‘ƒ-1�, ‘�-1, IAEA-140, Mid-MA-M2/TM, pine-SRM1575a,
‘‚Œ’-01). „²Ö μÍ¥´±¨ ¸μ¤¥·¦ ´¨Ö ¢ ¨¸¸²¥¤Ê¥³ÒÌ ¶·μ¡ Ì Ô²¥³¥´Éμ¢, μÉ¸ÊÉ¸É¢ÊÕÐ¨Ì ¢
ÔÉ ²μ´´ÒÌ μ¡· §Í Ì, ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ³¥Éμ¤¨±  μ¤´μ¢·¥³¥´´μ£μ μ¶·¥¤¥²¥´¨Ö ¢ ´ ¸Ò-
Ð¥´´μ³ ¸²μ¥ ¢¥Ð¥¸É¢  ¢¸¥Ì Ô²¥³¥´Éμ¢ ¶μ ¥¤¨´μ° ¸É ´¤ ·É´μ° ±·¨¢μ° [4].

ˆ´¸É·Ê³¥´É ²Ó´Ò° £ ³³ - ±É¨¢ Í¨μ´´Ò°  ´ ²¨§. ˆ§³¥²ÓÎ¥´´Ò¥ μ¡· §ÍÒ ¶μÎ¢Ò,
· ¸É¥´¨° ¨ ¸É ´¤ ·Éμ¢ ¶μ³¥Ð ²¨ ¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò¥ Í¨²¨´¤·¨Î¥¸±¨¥ ± ¸¸¥ÉÒ ¤¨ ³¥É·μ³
35 ³³ ¨ ¢Ò¸μÉμ° 5 ³³, § ±·ÒÉÒ¥ ¸ Éμ·Íμ¢ ² ¢¸ ´μ¢μ° ¶²¥´±μ° Éμ²Ð¨´μ° 6Ä10 ³±³.
‚ ± Î¥¸É¢¥ ÔÉ ²μ´μ¢ ¨¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´Ò¥ μ¡· §ÍÒ ‘�-1 ¨ ÔÉ ²μ´ Ê£²Ö �´£·¥´.
Šμ²¨Î¥¸É¢μ μ¡· §Íμ¢ ¶·¨ μ¤´μ³ μ¡²ÊÎ¥´¨¨ ¸μ¸É ¢²Ö²μ ´¥ ¡μ²¥¥ 12 ÏÉÊ±.

�¡· §ÍÒ ¨ ¸É ´¤ ·ÉÒ μ¡²ÊÎ ²¨ μ¤´μ¢·¥³¥´´μ £ ³³ -±¢ ´É ³¨ ¸ Ô´¥·£¨¥° Eγ =
24 ŒÔ‚ ¨ Éμ±μ³ Ô²¥±É·μ´μ¢, · ¢´Ò³ 15 ³±�, ¢ É¥Î¥´¨¥ 2Ä5 Î ´  ³¨±·μÉ·μ´¥ Œ’-25
‹Ÿ� �ˆŸˆ. � ¸¶·¥¤¥²¥´¨¥ £ ³³ -±¢ ´Éμ¢ ¶μ ¸¡μ·±¥ μ¶·¥¤¥²Ö²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ-
´¨Éμ·μ¢, ¨§£μÉμ¢²¥´´ÒÌ ¨§ ³¥¤´μ° Ëμ²Ó£¨ [5].

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).
�μ£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨´É¥´¸¨¢´μ¸É¨ £ ³³ -²¨´¨° μ¶·¥¤¥²Ö¥³ÒÌ · -
¤¨μ´Ê±²¨¤μ¢ ¸μ¸É ¢¨²  3Ä5 %.

’·¥±μ¢Ò°  ´ ²¨§. ’·¥±μ¢Ò°  ´ ²¨§ ¶·¨³¥´Ö²¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Ê· ´ .
ˆ§³¥²ÓÎ¥´´Ò¥ μ¡· §ÍÒ ¢ ¸³¥¸¨ ¸μ ¸¶¨·Éμ±²¥¥¢Ò³ · ¸É¢μ·μ³ ´ ´μ¸¨²¨ ´  ¶μ¢¥·Ì´μ¸ÉÓ
É¢¥·¤μÉ¥²Ó´μ£μ ¤¥É¥±Éμ·  (’’„), ¨§£μÉμ¢²¥´´μ£μ ¨§ ¶μ²¨ÔÉ¨²¥´É¥·¥ËÉ ² É  (² ¢¸ ´ )
Éμ²Ð¨´μ° 175 ³±³, ¨ ¢Ò¸ÊÏ¨¢ ²¨. ‡ É¥³ ´  · ¡μÎÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¶μ³¥Ð ²¨ ¤·Ê£μ°
¤¥É¥±Éμ· ¨ Ë¨±¸¨·μ¢ ²¨. ‘¡μ·±Ê ¨§ ´¥¸±μ²Ó±¨Ì μ¡· §Íμ¢ ¨ ÔÉ ²μ´  ¸ ¨§¢¥¸É´Ò³ ¸μ¤¥·-
¦ ´¨¥³ Ê· ´  μ¡²ÊÎ ²¨ £ ³³ -±¢ ´É ³¨ ¸ Ô´¥·£¨¥° Eγ = 24 ŒÔ‚ ¨ Éμ±μ³ Ô²¥±É·μ´μ¢,
· ¢´Ò³ 15 ³±�, ¢ É¥Î¥´¨¥ 30 ³¨´ ´  ³¨±·μÉ·μ´¥ Œ’-25 ‹Ÿ� �ˆŸˆ. �μ¸²¥ μ±μ´Î ´¨Ö
μ¡²ÊÎ¥´¨Ö ’’„ ¶μ¤¢¥·£ ²¨ É· ¢²¥´¨Õ ¢ 6 Œ NaOH ¶·¨ T = 60 ◦‘ ¢ É¥Î¥´¨¥ 1 Î, ÎÉμ
μ¡¥¸¶¥Î¨¢ ²μ ¶μ²ÊÎ¥´¨¥ É·¥±μ¢ ¤¨ ³¥É·μ³ 5Ä6 ³±³. �²μÉ´μ¸ÉÓ É·¥±μ¢ ¶μ¤¸Î¨ÉÒ¢ ² ¸Ó
´  μ¶É¨Î¥¸±μ³ ³¨±·μ¸±μ¶¥ ¶·¨ Ê¢¥²¨Î¥´¨¨ 160Ä320Ì [6]. ‘μ¤¥·¦ ´¨¥ Ê· ´  μ¶·¥¤¥²Ö²¨
³¥Éμ¤μ³ ¸· ¢´¥´¨Ö.
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�¥´É£¥´μ¢¸±¨¥ ¸¶¥±É·Ò μ¡· §Íμ¢ ¶μÎ¢Ò ¨ · ¸É¥´¨° ¶μ± § ´Ò ´  ·¨¸. 1, 2.
�¥§Ê²ÓÉ ÉÒ ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ, £ ³³ - ±É¨¢ Í¨μ´´μ£μ ¨ É·¥±μ¢μ£μ ³¥Éμ¤μ¢

 ´ ²¨§  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2, 3.
’ ±¨¥ Ô²¥³¥´ÉÒ, ± ± K, Na, Mg, Ca, Fe, Zn, Se, Mn, μÉ´μ¸ÖÉ¸Ö ± ¡¨μ£¥´´Ò³ Ô²¥³¥´-

É ³ [7], É. ¥. ¦¨§´¥´´μ ¢ ¦´Ò³ ¤²Ö · ¸É¥´¨Ö.
‚ ²¨¸ÉÓÖÌ Î Ö ‘  ¢ 7Ä12 · § ¡μ²ÓÏ¥ ¶μ ¸· ¢´¥´¨Õ ¸ ¶μÎ¢μ°, ¢ μ¢μÐ´μ° ±Ê²ÓÉÊ·¥ Å

¢ 33 · § , Š Å ¢ 2Ä2,5 · § , Mg Å ¢ 4 · § ,   ¸μ¤¥·¦ ´¨¥ ÉÖ¦¥²ÒÌ ³¥É ²²μ¢ ´  μ¤¨´-¤¢ 
¶μ·Ö¤±  ³¥´ÓÏ¥.
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�¨¸. 1. �¥´É£¥´μ¢¸±¨° ¸¶¥±É· μ¡· §Í  ¶μÎ¢Ò, ¨§³¥·¥´´Ò° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨¸ÉμÎ´¨±  ¢μ§¡Ê¦¤¥-
´¨Ö 241Am

�¨¸. 2. �¥´É£¥´μ¢¸±¨° ¸¶¥±É· μ¡· §Í  ²¨¸ÉÓ¥¢ Î Ö, ¨§³¥·¥´´Ò° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨¸ÉμÎ´¨± 

¢μ§¡Ê¦¤¥´¨Ö 109Cd

�±±Ê³Ê²ÖÍ¨Ö ³¥É ²²μ¢ ¢ · ¸É¥´¨ÖÌ ¨ ¨Ì μ·£ ´ Ì ¶·μ¨¸Ìμ¤¨É ´¥ μ¤¨´ ±μ¢μ. �¤´¨
³¥É ²²Ò ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì ¶·¨·μ¤Ò ¨ ¶μ¤¢¨¦´μ¸É¨ ¢ ¡μ²ÓÏ¥° ¸É¥¶¥´¨ ¸μ·¡¨·ÊÕÉ¸Ö ¢
²¨¸ÉÓÖÌ, ¤·Ê£¨¥ Å ¢ ±μ·´ÖÌ. “· ´ ¢ É· ¢¥ ¢¥É¨¢¥· ±μ´Í¥´É·¨·Ê¥É¸Ö ¢ μ¸´μ¢´μ³ ¢ ±μ·´ÖÌ,
É ±, ¸μ¤¥·¦ ´¨¥ ¥£μ ¢ ±μ·´ÖÌ · ¢´Ö¥É¸Ö 4,3 ppm,   ¢ ²¨¸ÉÓÖÌ Å 0,9 ppm. ‚ · ¸É¥´¨ÖÌ
±Ê¸É ·´¨±μ¢μ£μ É¨¶  U μ¡´ ·Ê¦¥´ Éμ²Ó±μ ¢ ±μ·´ÖÌ. 	  ·¨¸. 3 ¶μ± § ´μ · ¸¶·¥¤¥²¥-
´¨¥ ³¨±·μÔ²¥³¥´Éμ¢ ¢ Î °´μ³ ¤¥·¥¢¥ ¸É ·Ï¥ É·¥Ì ²¥É ¤²Ö ²¨¸ÉÓ¥¢, · ¸ÉÊÐ¨Ì 6 ³¥¸. ¨
³¥´¥¥ 1 ³¥¸.

ˆ§ ¶·¥¤¸É ¢²¥´´ÒÌ ¤ ´´ÒÌ ¢¨¤´μ, ÎÉμ

Å ¸μ¤¥·¦ ´¨¥ Fe ¢ ±μ·´ÖÌ · ¸É¥´¨° ¡μ²ÓÏ¥, Î¥³ ¢ ¤·Ê£¨Ì Î ¸ÉÖÌ. �±±Ê³Ê²ÖÍ¨Ö Fe ¢
±μ·´ÖÌ É· ¢Ö´¨¸ÉÒÌ · ¸É¥´¨° (É· ¢Ò ¢¥É¨¢¥·  ¨ ±Ê±Ê·Ê§Ò) ¡μ²ÓÏ¥, Î¥³ Ê ±Ê¸É ·´¨±μ¢ÒÌ
· ¸É¥´¨° (Î Ö ¨ μ¢μÐ´μ° ±Ê²ÓÉÊ·Ò S. androgynus);
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ³¨±·μÔ²¥³¥´Éμ¢ ¢ Î °´μ³ ¤¥·¥¢¥ ¸É ·Ï¥ 3 ²¥É ¤²Ö ²¨¸ÉÓ¥¢, · ¸ÉÊÐ¨Ì 6 ³¥¸.

¨ ³¥´¥¥ 1 ³¥¸.

Å ¸μ¤¥·¦ ´¨¥ Ba ¨ Ca ¢ · ¸É¥´¨ÖÌ ±Ê¸É ·´¨±μ¢μ£μ É¨¶  ¡μ²ÓÏ¥, Î¥³ ¢ É· ¢Ö´¨¸ÉÒÌ
· ¸É¥´¨ÖÌ;

Å Ê É· ¢Ö´¨¸ÉÒÌ μ¤´μ²¥É´¨Ì · ¸É¥´¨° Zr μ¡´ ·Ê¦¥´ Éμ²Ó±μ ¢ ±μ·´¥¢μ° ¸¨¸É¥³¥;
Å ÌμÉÖ ¶μÎ¢  ´  É¥··¨Éμ·¨¨ ¶·μ¢¨´Í¨¨ ’ÌÊ ŠÊ± ¸μ¤¥·¦¨É μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±¨¥

±μ´Í¥´É· Í¨¨ · §²¨Î´ÒÌ ³¥É ²²μ¢, É ±¨Ì ± ± Ce, Fe, La, Th, U, Zr [2], μ¤´ ±μ ¡μ²ÓÏ Ö
Î ¸ÉÓ ÔÉ¨Ì Ô²¥³¥´Éμ¢ μ¡´ ·Ê¦¥´  ²¨ÏÓ ¢ ±μ·´ÖÌ · ¸É¥´¨°,   ¢ ¤·Ê£¨Ì Î ¸ÉÖÌ · ¸É¥´¨°
(²¨¸ÉÓÖÌ Î Ö ¨ μ¢μÐ´μ° ±Ê²ÓÉÊ·Ò S. androgynus) μ´¨ ´ Ìμ¤ÖÉ¸Ö ´  Ê·μ¢´¥ �„Š ¨ ´¨¦¥;

Å ¢ μ¡· §Í Ì Î °´μ£μ ¤¥·¥¢  ´ ¡²Õ¤ ²μ¸Ó ¶μ¢ÒÏ¥´´μ¥ ¶μ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ ¨§Ê-
Î¥´´Ò³¨ · ¸É¨É¥²Ó´Ò³¨ μ¡· §Í ³¨ ¸μ¤¥·¦ ´¨¥ Ô²¥³¥´É  ¸¥·¥¡· , ±μÉμ·Ò° ´¥μ¡Ìμ¤¨³
¤²Ö ´μ·³ ²Ó´μ£μ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö ¢¸¥Ì μ·£ ´μ¢ ¨ ¶μ¢ÒÏ¥´¨Ö ¨³³Ê´μ§ Ð¨É´μ° ·¥ ±-
Í¨¨ Î¥²μ¢¥±  [8];

Å  ±±Ê³Ê²ÖÍ¨Ö Zn ¢ μ¢μÐ´μ° ±Ê²ÓÉÊ·¥ S. androgynus ¡μ²ÓÏ¥ ¢ 10 ¨ ¡μ²¥¥ · § ¶μ
¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ · ¸É¥´¨Ö³¨, ¨§ÊÎ¥´´Ò³¨ ´ ³¨ ¨ ¤·Ê£¨³¨  ¢Éμ· ³¨ [9, 10]. �¢μÐ-
´ Ö ±Ê²ÓÉÊ·  Sauropus androgynus, ¶μ¶Ê²Ö·´ Ö ¢ É· ¤¨Í¨μ´´μ° ±ÊÌ´¥ 
£μ-‚μ¸ÉμÎ´μ°
�§¨¨, ¸μ¤¥·¦¨É · §´Ò¥ ´¥μ¡Ìμ¤¨³Ò¥ Î¥²μ¢¥±Ê ¡¨μ²μ£¨Î¥¸±¨¥ ¢¥Ð¥¸É¢  [11, 12] ¨ ³¨-
±·μÔ²¥³¥´ÉÒ (Cu, Fe, Mg, Zn), ´μ ¶μ¢ÒÏ¥´´ Ö  ±±Ê³Ê²ÖÍ¨Ö ¢ ´¥° Zn (¶μ ´ Ï¨³ ¤ ´-
´Ò³) ¨  ²± ²μ¨¤  ¶ ¶ ¢¥·¨´  [11] É·¥¡Ê¥É μ£· ´¨Î¨¢ ÉÓ ¥¦¥¤´¥¢´Ò° μ¡Ñ¥³ ¶μÉ·¥¡²¥´¨Ö
¥¥ ¢ ¶¨ÐÊ.

‡�Š‹
—…�ˆ…

ˆ¸¸²¥¤μ¢ ´μ · ¸¶·¥¤¥²¥´¨¥ ³¨±·μÔ²¥³¥´Éμ¢ ¢ Î °´μ³ ¤¥·¥¢¥ (Camellia sinensis), ±Ê-
±Ê·Ê§¥ (Zea Mays L), μ¢μÐ´μ° ±Ê²ÓÉÊ·¥ (Sauropus androgynus) ¨ É· ¢¥ ¢¥É¨¢¥· (Vetiveria
zizanioides (L.) 	ÔÏ). ‘ ¶μ³μÐÓÕ ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ, £ ³³ - ±É¨¢ Í¨μ´´μ£μ ¨
É·¥±μ¢μ£μ ³¥Éμ¤μ¢  ´ ²¨§  ´  Ê¸É ´μ¢± Ì ‹Ÿ� �ˆŸˆ ¢ ¨¸¸²¥¤μ¢ ´´ÒÌ · ¸É¨É¥²Ó´ÒÌ
μ¡· §Í Ì μ¶·¥¤¥²¥´μ ¸μ¤¥·¦ ´¨¥ 22 Ô²¥³¥´Éμ¢.

�±±Ê³Ê²ÖÍ¨Ö Zn ¢ μ¢μÐ´μ° ±Ê²ÓÉÊ·¥ S. androgynus ¢ 16 · § ¡μ²ÓÏ¥, Î¥³ ¢ ¶μÎ¢¥, ´ 
±μÉμ·μ° ¶·μ¨§· ¸É ²μ · ¸É¥´¨¥, ¶·¨ ÔÉμ³  ±±Ê³Ê²ÖÍ¨Ö Zn ¢ ¤ ´´μ° ±Ê²ÓÉÊ·¥ §´ Î¨É¥²Ó´μ
¡μ²ÓÏ¥ ¶μ ¸· ¢´¥´¨Õ ¸ ³´μ£¨³¨ · ¸É¥´¨Ö³¨, ¨§ÊÎ¥´´Ò³¨ ´ ³¨ ¨ ¤·Ê£¨³¨  ¢Éμ· ³¨ [8, 9],
ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ÉÓ ¤ ´´μ¥ · ¸É¥´¨¥ ± ± ¡¨μ¨´¤¨± Éμ· ´  § £·Ö§´¥´¨¥
¶μÎ¢Ò Í¨´±μ³,   É ±¦¥ ¶·¨³¥´ÖÉÓ ¥£μ ¢ ± Î¥¸É¢¥ ¥¸É¥¸É¢¥´´μ£μ μÎ¨¸É¨É¥²Ö ¶μÎ¢Ò.
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