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�¥°É·μ´´Ò°  ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ¢μ²μ¸ ¤¥É¥°
�´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê¡²¨±¨ �²É °

‚ · ¡μÉ¥ ³¥Éμ¤μ³ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ¶·μ¢¥¤¥´μ μ¶·¥¤¥²¥-
´¨¥ ¸μ¤¥·¦ ´¨Ö ¢ ¢μ²μ¸ Ì ±μ·μÉ±μ¦¨¢ÊÐ¨Ì ¨§μÉμ¶μ¢ (Na, Mg, Al, S, Cl, K, Ca,
V, Mn, Cu ¨ I) Ê ¤¥É¥°- ²É °Í¥¢ ¨§ Î¥ÉÒ·¥Ì ¸¥² �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê¡²¨±¨
�²É °. 	·μ ´ ²¨§¨·μ¢ ´Ò ¤ ´´Ò¥ ¶μ 54 ³ ²ÓÎ¨± ³ ¨ 132 ¤¥¢μÎ± ³ ¢ ¢μ§· ¸É¥
μÉ 7 ¤μ 17 ²¥É. „μ¸Éμ¢¥·´μ ¡μ²¥¥ ¢Ò¸μ±μ¥ ¸μ¤¥·¦ ´¨¥ ´ É·¨Ö,  ²Õ³¨´¨Ö ¨
Ì²μ·  μÉ³¥Î ¥É¸Ö ¢ ¢μ²μ¸ Ì ³ ²ÓÎ¨±μ¢ ¶μ ¸· ¢´¥´¨Õ ¸ ¤¥¢μÎ± ³¨. Šμ´Í¥´É· -
Í¨¨ ³ £´¨Ö ¨ ± ²ÓÍ¨Ö ¤μ¸Éμ¢¥·´μ ¢ÒÏ¥ Ê ¤¥¢μÎ¥±. Šμ´Í¥´É· Í¨¨ °μ¤ , ³¥¤¨,
³ ·£ ´Í  ¨ ¸¥·Ò ¢ ¢μ²μ¸ Ì ³ ²ÓÎ¨±μ¢ ¨ ¤¥¢μÎ¥± ¡²¨§±¨ ³¥¦¤Ê ¸μ¡μ°, · §²¨Î¨Ö
³¥¦¤Ê ¶μ² ³¨ ´¥ ¤μ¸Éμ¢¥·´Ò. Œ¥¤¨ ´Ò ±μ´Í¥´É· Í¨° ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´Éμ¢ ¢
¢μ²μ¸ Ì ³ ²ÓÎ¨±μ¢ ¨ ¤¥¢μÎ¥± ¸μ¸É ¢¨²¨ ¸μμÉ¢¥É¸É¢¥´´μ: Na Å 75 ¨ 50; Mg Å
49 ¨ 62; Al Å 21 ¨ 13; S Å 41150 ¨ 39 850; Cl Å 1020 ¨ 390; Ca Å 608 ¨ 973;
Mn Å 1,1 ¨ 0,82; Cu Å 9; I Å 0,2 ³±£/£. 	μ± § ´μ, ÎÉμ ¶μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥
± ²ÓÍ¨Ö ¨ ³ £´¨Ö ¢ ¢μ²μ¸ Ì ´ ¡²Õ¤ ¥É¸Ö Ê ¤¥É¥°, ¶·μ¦¨¢ ÕÐ¨Ì ¢ ¸¥² Ì ¸ ¢Ò¸μ-
±μ° ¦¥¸É±μ¸ÉÓÕ ¨ ³¨´¥· ²¨§ Í¨¥° ¶¨ÉÓ¥¢ÒÌ ¢μ¤. Šμ´Í¥´É· Í¨¨ °μ¤  ¢ ¢μ²μ¸ Ì
¤¥É¥° μ¡¸²¥¤μ¢ ´´μ° £·Ê¶¶Ò ¶μ´¨¦¥´Ò, μ¸μ¡¥´´μ ¢ ¶Ê¡¥·É É´Ò° ¶¥·¨μ¤.
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	·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2012

Zorina D.Yu. et al. P18-2012-110
Neutron Activation Analysis of Children's Hair
from Ongudai District of Altai

In the present study neutron activation analysis was used to determine short-lived
isotopes (Na, Mg, Al, S, Cl, K, Ca, V, Mn, Cu and I) in the hair of Altai children
from four villages in Ongudai district of the Altai Republic. Data for 54 boys and
132 girls at the age of 7 to 17 were analyzed. Signiˇcantly higher content of sodium,
aluminum and chlorine was observed in the hair of boys over girls. Concentrations of
magnesium and calcium were signiˇcantly higher in the hair of girls. Iodine, copper,
manganese and sulfur concentrations in the hair of boys and girls are close to each
other, the differences between the sexes are not signiˇcant. Median concentrations
of the studied elements in the hair of boys and girls were, respectively: Na Å 75
and 50; Mg Å 49 and 62; Al Å 21 and 13; S Å 41150 and 39 850; Cl Å 1020
and 390; Ca Å 608 and 973; Mn Å 1.1 and 0.82; Cu Å 9; I Ä 0.2 μg/g. It was
shown that the high content of calcium and magnesium is observed in the hair of
children living in rural areas with high hardness and salinity of drinking water. Iodine
concentrations in the hair of studied cohort of children is low, especially in puberty.

The investigation has been performed at the Institute and Museum of Anthropol-
ogy of Lomonosov Moscow State University and at the Frank Laboratory of Neutron
Physics, JINR.
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‚ ¸μ¢·¥³¥´´ÒÌ Ê¸²μ¢¨ÖÌ ¢ ¸¢Ö§¨ ¸  ´É·μ¶μ£¥´´μ° É· ´¸Ëμ·³ Í¨¥° ¡¨μ-
¸Ë¥·Ò ¨  ±É¨¢´Ò³¨ ³¨£· Í¨Ö³¨ ´ ¸¥²¥´¨Ö  ±ÉÊ ²Ó´μ ¨§ÊÎ¥´¨¥ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¡¨μ£¥μÌ¨³¨Î¥¸±¨Ì Ë ±Éμ·μ¢ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¨ §¤μ·μ¢ÓÖ ²Õ¤¥°.
�É¸É ¢ ´¨¥ ±μ³¶¥´¸ Éμ·´μ- ¤ ¶É Í¨μ´´ÒÌ ¢μ§³μ¦´μ¸É¥° μ·£ ´¨§³  μÉ ¸É·¥-
³¨É¥²Ó´μ ³¥´ÖÕÐ¨Ì¸Ö ¡¨μ£¥μÌ¨³¨Î¥¸±¨Ì Ê¸²μ¢¨° ¸·¥¤Ò μ¡¨É ´¨Ö ¶·μÖ¢²Ö-
¥É¸Ö ¢ Ê¢¥²¨Î¥´¨¨ § ¡μ²¥¢ ¥³μ¸É¨, ¸³¥·É´μ¸É¨, Ê³¥´ÓÏ¥´¨¨ ¶·μ¤μ²¦¨É¥²Ó-
´μ¸É¨ ¦¨§´¨ Î¥²μ¢¥±  ¨ ¤·Ê£¨Ì ´¥£ É¨¢´ÒÌ ¶μ¸²¥¤¸É¢¨ÖÌ [1]. 	·μ¢¥¤¥´¨¥
±μ³¶²¥±¸´ÒÌ ² ´¤Ï ËÉ´μ-£¥μÌ¨³¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¶·¨ ¨§ÊÎ¥´¨¨  ´É·μ-
¶μÔ±μ²μ£¨Î¥¸±¨Ì ¸¢Ö§¥° ¢ ¥¸É¥¸É¢¥´´ÒÌ ² ´¤Ï ËÉ Ì ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ Ê¸É -
´μ¢¨ÉÓ ¢²¨Ö´¨¥ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ´  μ·£ ´¨§³ Î¥²μ¢¥± . ƒ¥μÌ¨³¨Î¥¸±¨¥
Ê¸²μ¢¨Ö ² ´¤Ï ËÉμ¢ ¢μ ³´μ£μ³ μ¶·¥¤¥²ÖÕÉ ¢μ§³μ¦´μ¸ÉÓ ¶μ¸ÉÊ¶²¥´¨Ö · §-
²¨Î´ÒÌ Ô²¥³¥´Éμ¢ ¢ μ·£ ´¨§³ Î¥²μ¢¥±  Î¥·¥§ ¶¨Ð¥¢ÊÕ Í¥¶Ó ¢ ¸¥²Ó¸±μ° ³¥¸É-
´μ¸É¨. 	·¨ ÔÉμ³ ¢ ¦´ÊÕ ·μ²Ó ¨£· ¥É ¨ ¸μÍ¨ ²Ó´Ò° Ë ±Éμ·, ¢ ¶¥·¢ÊÕ μÎ¥-
·¥¤Ó É¨¶ ¶¨É ´¨Ö ¨ Ê±² ¤ ¦¨§´¨. 	μ¸ÉÊ¶²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ³μ¦¥É
¨¤É¨ ± ± ¶·Ö³μ (Î¥·¥§ ¨¸ÉμÎ´¨±¨ ¢μ¤μ¸´ ¡¦¥´¨Ö), É ± ¨ ±μ¸¢¥´´μ (Î¥·¥§
¶μÎ¢¥´´μ-· ¸É¨É¥²Ó´Ò° ¶μ±·μ¢ ¨ ¶·μ¤Ê±ÉÒ ¶¨É ´¨Ö) [2]. ‘μ¸É ¢ É¥² , ±μ-
²¨Î¥¸É¢μ ¦¨·μ¢μ°, ³ÒÏ¥Î´μ°, ±μ¸É´μ° É± ´¨ ¨ ¨Ì ¸μμÉ´μÏ¥´¨¥ § ¢¨¸ÖÉ μÉ
μ¡¥¸¶¥Î¥´´μ¸É¨ μ·£ ´¨§³  Î¥²μ¢¥±  ³¨±·μÔ²¥³¥´É ³¨, ÎÉμ Ö¢²Ö¥É¸Ö Ìμ·μÏμ
Ê¸É ´μ¢²¥´´Ò³ Ë ±Éμ³ [3Ä5].

‚ ¸μ¢·¥³¥´´μ° ¶· ±É¨±¥ ¤²Ö μÍ¥´±¨ ¸μ¤¥·¦ ´¨Ö ³ ±·μ- ¨ ³¨±·μÔ²¥³¥´-
Éμ¢ ¢ μ·£ ´¨§³¥ Î¥²μ¢¥±  ¶·¨´ÖÉÒ ³¥Éμ¤Ò ¥£μ μ¶·¥¤¥²¥´¨Ö ¢ ¸Ò¢μ·μÉ±¥ ±·μ¢¨,
³μÎ¥, ¢μ²μ¸ Ì, §Ê¡´μ³ ¤¥´É¨´¥, ±μ¸É´μ° ¨ ¤·Ê£¨Ì É± ´ÖÌ [3, 6Ä8].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨¸¸²¥¤μ¢ ´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢μ²μ¸ ¤μ¢μ²Ó´μ
³´μ£μÎ¨¸²¥´´Ò ¨ ¨Ì ·¥§Ê²ÓÉ ÉÒ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ³¥¤¨Í¨´¥, ¡¨μ²μ£¨¨,
Éμ±¸¨±μ²μ£¨¨, ±·¨³¨´ ²¨¸É¨±¥, ³μ´¨Éμ·¨´£¥ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò. � ¶·¨³¥·,
¤²Ö ³¥¤¨Í¨´Ò ÔÉμ μ¶·¥¤¥²¥´¨¥ £¨¶μ- ¨ £¨¶¥·³¨±·μÔ²¥³¥´Éμ§´ÒÌ ¸μ¸ÉμÖ´¨°,
¤¨¸¡ ² ´¸  ³¨±·μÔ²¥³¥´Éμ¢ ¢ μ·£ ´¨§³¥ [9Ä11]. �±É¨¢´μ ¨¸¸²¥¤ÊÕÉ¸Ö ¸¢Ö§¨
³¥¦¤Ê Ì¨³¨Î¥¸±¨³ ¸μ¸É ¢μ³ ¢μ²μ¸ ¨ · §²¨Î´Ò³¨ § ¡μ²¥¢ ´¨Ö³¨, μ¡Ê¸²μ¢²¥´-
´Ò³¨ £¥´¥É¨Î¥¸±¨³¨ ´ ·ÊÏ¥´¨Ö³¨, ¨§³¥´¥´¨Ö³¨ ¢ μ¡³¥´¥ ¢¥Ð¥¸É¢ ¨ ¤·Ê£¨³¨
Ë ±Éμ· ³¨ [12Ä14].
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�¸μ¡¥´´μ Ï¨·μ±μ ³¨±·μÔ²¥³¥´É´Ò°  ´ ²¨§ ¢μ²μ¸ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨ ±μ´-
É·μ²¥ ¸μ¸ÉμÖ´¨Ö μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸É¥¶¥´¨  ´É·μ¶μ£¥´-
´μ° ´ £·Ê§±¨ ´  ´¥¥ [9, 15Ä17]. ‚μ²μ¸Ò, μ¸μ¡¥´´μ Ê ¤¥É¥°, ± ± ´ ¨¡μ²¥¥
ÎÊ¢¸É¢¨É¥²Ó´μ° ¨ ¶μ¤¢¥·¦¥´´μ° · §²¨Î´Ò³ ¢μ§¤¥°¸É¢¨Ö³ Î ¸É¨ ²Õ¡μ° Î¥-
²μ¢¥Î¥¸±μ° ¶μ¶Ê²ÖÍ¨¨, Ö¢²ÖÕÉ¸Ö μ¤´¨³ ¨§ ¶μ± § É¥²¥° § £·Ö§´¥´¨Ö ¸·¥¤Ò
Í¥²Ò³ ·Ö¤μ³ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ [14Ä18].

�¥°É·μ´´Ò°  ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ (���) Ê¸¶¥Ï´μ ¶·¨³¥´ÖÕÉ ¤²Ö  ´ -
²¨§  ¡¨μ²μ£μ-³¥¤¨Í¨´¸±¨Ì μ¡· §Íμ¢, ± ± Éμ §Ê¡μ¢ ¨ ±μ¸É¥° ¦¨¢μÉ´ÒÌ ¨ Î¥²μ-
¢¥±  [19, 20], · §²¨Î´ÒÌ μ·£ ´μ¢ ¨ É± ´¥°, ¢ Éμ³ Î¨¸²¥ ¢μ²μ¸ Î¥²μ¢¥±  [12, 21].
	μ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨  ´ ²¨É¨Î¥¸±¨³¨ ³¥Éμ¤ ³¨, ¶·¨³¥´Ö¥³Ò³¨ ¢ É ±μ£μ
·μ¤  ¨¸¸²¥¤μ¢ ´¨ÖÌ Å  Éμ³´μ- ¡¸μ·¡Í¨μ´´ Ö ¸¶¥±É·μ³¥É·¨Ö (��‘), ¢ ·¨-
 ´ÉÒ ³ ¸¸-¸¶¥±É·μ³¥É·¨¨ (ˆ‘	-�
‘, ˆ‘	-Œ‘), ��� ¨³¥¥É ·Ö¤ ¶·¥¨³Ê-
Ð¥¸É¢, ¶μ¸±μ²Ó±Ê μ´ Ö¢²Ö¥É¸Ö ´¥¤¥¸É·Ê±É¨¢´Ò³ ³¥Éμ¤μ³, ´¥ É·¥¡ÊÕÐ¨³ ¶·¥¤-
¢ ·¨É¥²Ó´μ£μ · ¸É¢μ·¥´¨Ö μ¡· §Íμ¢,   É ±¦¥ μ¡² ¤ ¥É ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓÕ (¶·¥¤¥² μ¡´ ·Ê¦¥´¨Ö Å μÉ ¸μÉ¥´ ´ ´μ£· ³³ ¤μ ¥¤¨´¨Í ¶¨±μ£· ³³) ¨
Ö¢²Ö¥É¸Ö ³´μ£μÔ²¥³¥´É´Ò³, ¸ ¢μ§³μ¦´μ¸ÉÓÕ μ¶·¥¤¥²¥´¨Ö ¤μ 45 Ô²¥³¥´Éμ¢ ¢
³¥¤¨±μ-¡¨μ²μ£¨Î¥¸±¨Ì μ¡· §Í Ì.

�Š‘�…�ˆŒ…�’

’¥··¨Éμ·¨Ö ¶·μ¡μμÉ¡μ· . Œ É¥·¨ ²μ³ ¤²Ö ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¶μ¸²Ê¦¨²¨
186 μ¡· §Íμ¢ ¢μ²μ¸ ¸¥²Ó¸±¨Ì Ï±μ²Ó´¨±μ¢- ²É °Í¥¢ 7Ä17 ²¥É, μ¡¸²¥¤μ¢ ´´ÒÌ
¢ Ìμ¤¥ ¸μ¢³¥¸É´μ°  ´É·μ¶μÔ±μ²μ£¨Î¥¸±μ° Ô±¸¶¥¤¨Í¨¨ ¸μÉ·Ê¤´¨±μ¢ �ˆˆ ¨
³Ê§¥Ö  ´É·μ¶μ²μ£¨¨ Œƒ“ ¨ ƒμ·´μ-�²É °¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É 
¢ �´£Ê¤ °¸±¨° · °μ´ �¥¸¶Ê¡²¨±¨ �²É ° ¢ 2010 £.

�¥£¨μ´ ¨¸¸²¥¤μ¢ ´¨° ¶·¥¤¸É ¢²Ö¥É μ¸μ¡Ò° ¨´É¥·¥¸, ¶μ¸±μ²Ó±Ê μ´ Ê¤ ²¥´
μÉ ±·Ê¶´ÒÌ ¶·μ³ÒÏ²¥´´ÒÌ Í¥´É·μ¢,   ¸² ¡μ¥  ´É·μ¶μ£¥´´μ¥ ¢μ§¤¥°¸É¢¨¥ ¶μ-
§¢μ²Ö¥É ¨§ÊÎ ÉÓ §¤¥¸Ó Ëμ´μ¢Ò° Ô²¥³¥´É´Ò° Ì¨³¨Î¥¸±¨° ¸μ¸É ¢ ±μ³¶μ´¥´Éμ¢
´ §¥³´ÒÌ Ô±μ¸¨¸É¥³. � ²¨Î¨¥ ¦¥ ¶μ²¨³¥É ²²¨Î¥¸±¨Ì ¨ ·ÉÊÉ´ÒÌ ³¥¸Éμ·μ-
¦¤¥´¨°, ·Ê¤μ¶·μÖ¢²¥´¨° ¨ ¨Ì μ·¥μ²μ¢ · ¸¸¥Ö´¨Ö μ¡Ê¸²μ¢²¨¢ ¥É ²μ± ²Ó´Ò¥
μ¸μ¡¥´´μ¸É¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ´ §¥³´ÒÌ Ô±μ¸¨¸É¥³ [22]. 
²¥³¥´É´Ò° Ì¨-
³¨Î¥¸±¨° ¸μ¸É ¢ ¶μÎ¢μμ¡· §ÊÕÐ¨Ì ¶μ·μ¤, ¶μÎ¢ ¨ · ¸É¥´¨° �²É °¸±μ° £μ·-
´μ° μ¡² ¸É¨ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± μÉ· ¦¥´¨¥ ¡¨μ£¥μÌ¨³¨Î¥¸±μ° ¸¨ÉÊ Í¨¨
Ô±μ²μ£¨Î¥¸±¨ Î¨¸Éμ£μ ·¥£¨μ´  ¸ ´¥´ ·ÊÏ¥´´Ò³¨ ¥¸É¥¸É¢¥´´Ò³¨ ¡¨μ£¥μÌ¨³¨-
Î¥¸±¨³¨ Í¨±² ³¨ Ô²¥³¥´Éμ¢ [22].

	μ ·¥§Ê²ÓÉ É ³  ´±¥É¨·μ¢ ´¨Ö ¡Ò²  ¸Ëμ·³¨·μ¢ ´  ¡ §  ¤ ´´ÒÌ, ¸μ¤¥·¦ -
Ð Ö ¸¢¥¤¥´¨Ö μ ¤¥ÉÖÌ- ²É °Í Ì. 	·μ¡μμÉ¡μ· ¢μ²μ¸ ¤¥É¥° ¶·μ¢μ¤¨²¨ ¢ Î¥ÉÒ·¥Ì
¸¥² Ì �´£Ê¤ °¸±μ£μ · °μ´  (·¨¸. 1). „²Ö  ´ ²¨§  ¡Ò²¨ ¢§ÖÉÒ: 32 μ¡· §Í  ¢μ-
²μ¸ ¤¥É¥° ¨§ ¸. …²μ (7 ³ ²ÓÎ¨±μ¢, 25 ¤¥¢μÎ¥±), 31 μ¡· §¥Í ¢μ²μ¸ ¤¥É¥° ¨§
¸. ’¥´Ó£  (8 ³ ²ÓÎ¨±μ¢, 23 ¤¥¢μÎ±¨), 22 μ¡· §Í  ¢μ²μ¸ ¤¥É¥° ¨§ ¸. ŠÊ² ¤ 
(7 ³ ²ÓÎ¨±μ¢, 15 ¤¥¢μÎ¥±), 101 μ¡· §¥Í ¢μ²μ¸ ¤¥É¥° ¨§ ¸. �´£Ê¤ ° (32 ³ ²Ó-
Î¨± , 69 ¤¥¢μÎ¥±).
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�¨¸. 1. Š ·É  �¥¸¶Ê¡²¨±¨ �²É ° ¸ ³¥¸Éμ¶μ²μ¦¥´¨¥³ ÉμÎ¥± ¶·μ¡μμÉ¡μ· 

�·μ¡μμÉ¡μ· ¢μ²μ¸. �É¡μ· μ¡· §Íμ¢ ¢μ²μ¸ ¶·μ¢μ¤¨² μ¡ÊÎ¥´´Ò° ¶¥·¸μ´ ².
	μ·Ö¤μ± μÉ¡μ·  ¶·μ¡ ¢μ²μ¸ ¸²¥¤ÊÕÐ¨°:

• ¶μ²´μ¸ÉÓÕ § ¶μ²´Ö² ¸Ó ÊÎ¥É´ Ö ± ·ÉμÎ±  ¶ Í¨¥´É , ¸μ¤¥·¦ Ð Ö ¨´Ëμ·-
³ Í¨Õ ¶μ ¶μ²Ó§μ¢ ´¨Õ Ï ³¶Ê´Ö³¨ ¨ ±μ´¤¨Í¨μ´¥· ³¨;

• ´ ¤¥¢ ² ¸Ó ´μ¢ Ö ¶ ·  ·¥§¨´μ¢ÒÌ ¶¥·Î Éμ±, ´¥ μ¡· ¡μÉ ´´ÒÌ É ²Ó±μ³;
• ¨§¢²¥± ²¨¸Ó · ¸Î¥¸± , ´μ¦´¨ÍÒ ¨ § ¦¨³Ò ¤²Ö ¢μ²μ¸ ¨§ · ¸É¢μ·  ¨§μ-

¶·μ¶¨²μ¢μ£μ ¸¶¨·É , · ¸±² ¤Ò¢ ²¨¸Ó ´  μ¤´μ· §μ¢μ° ¸ ²Ë¥É±¥ ¨ ¸ÊÏ¨²¨¸Ó;

�¨¸. 2. ‘Ì¥³  μÉ¡μ·  ¢μ²μ¸
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• ¢Ò¤¥²Ö²¸Ö ¸ ¶μ³μÐÓÕ § ¦¨³μ¢ ÊÎ ¸Éμ± ¢μ²μ¸, £· ´¨ÍÒ ±μÉμ·μ£μ ¶·μ-
Ìμ¤¨²¨ ³¥¦¤Ê ¢¥·Ì´¨³¨ ±μ´Î¨± ³¨ ÊÏ¥° ¨ § ¤´¥° Î ¸ÉÓÕ Ï¥¨;

• Ì¨·Ê·£¨Î¥¸±¨³¨ ´μ¦´¨Í ³¨ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¸μ¸É·¨£ ²¨¸Ó
10Ä20 ¶·¨±μ·´¥¢ÒÌ ¶·Ö¤¥° ¢μ²μ¸ ´  5Ä10 · §²¨Î´ÒÌ ÊÎ ¸É± Ì § ÉÒ²μÎ´μ°
μ¡² ¸É¨ ¤²¨´μ° 3Ä5 ¸³ (¢´¥Ï´¨° ¢¨¤ ·¥¡¥´±  ¤μ²¦¥´ ¸É· ¤ ÉÓ μÉ ´¥¡·¥¦´μ°
¸É·¨¦±¨) (·¨¸. 2).

‘μ¸É·¨¦¥´´Ò¥ ¢μ²μ¸Ò ¶μ³¥Ð ²¨ ¢ Î¨¸ÉÒ° £¥·³¥É¨Î¥¸±¨° ¶² ¸É¨±μ¢Ò°
¶ ±¥É¨± ¸ Ë¨±¸ Éμ·μ³-§ ¸É¥¦±μ°, ´ ±²¥¨¢ ²¨ ÔÉ¨±¥É±Ê ¸ ³ ·±¨·μ¢±μ° ¶·μ¡Ò.

•· ´¨²¨ ¨ É· ´¸¶μ·É¨·μ¢ ²¨ ¶·μ¡Ò ¢μ²μ¸ ¢ Î¨¸ÉÒÌ ¶² ¸É¨±μ¢ÒÌ £¥·³¥-
É¨Î´ÒÌ ¶ ±¥É Ì ¸ Ë¨±¸ Éμ·μ³-§ ¸É¥¦±μ°.

�·μ¡μ¶μ¤£μÉμ¢±  ¤²Ö ���. �Éμ¡· ´´Ò¥ ¢μ²μ¸Ò μÉ³Ò¢ ÕÉ ¤²Ö Ê¤ ²¥-
´¨Ö ¶μ¢¥·Ì´μ¸É´μ£μ § £·Ö§´¥´¨Ö. 	·μ¡Ê ¢μ²μ¸ ¶μ³¥Ð ÕÉ ¢ ¸É ± ´, § ²¨¢ ÕÉ
 Í¥Éμ´μ³ (±¢ ²¨Ë¨± Í¨Ö ®μ¸Î¯) ¨ ¢Ò¤¥·¦¨¢ ÕÉ ¢ É¥Î¥´¨¥ 10 ³¨´ ¶·¨ ¶¥·¨μ-
¤¨Î¥¸±μ³ ¶¥·¥³¥Ï¨¢ ´¨¨. ‡ É¥³ ¢μ²μ¸Ò É·¨¦¤Ò ¶·μ³Ò¢ ÕÉ ¤¨¸É¨²²¨·μ¢ ´-
´μ° ¢μ¤μ° ¨ ¶μ¢Éμ·ÖÕÉ ¢Ò¤¥·¦¨¢ ´¨¥ ¢  Í¥Éμ´¥ ¢ É¥Î¥´¨¥ 10 ³¨´. ‚Ò³ÒÉÒ¥
¢μ²μ¸Ò ¶μ³¥Ð ÕÉ ³¥¦¤Ê ²¨¸É ³¨ Ë¨²ÓÉ·μ¢ ²Ó´μ° ¡Ê³ £¨ ¨ ¸ÊÏ É ¶·¨ É¥³-
¶¥· ÉÊ·¥ 20Ä23 ◦‘.

�´ ²¨§. �¶·¥¤¥²¥´¨¥ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨ ¸ ¶μ³μ-
ÐÓÕ ¨´¸É·Ê³¥´É ²Ó´μ£μ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  (ˆ���) ´ 
·¥ ±Éμ·¥ ˆ��-2 ‹�” �ˆŸˆ. „²Ö μ¶·¥¤¥²¥´¨Ö ±μ·μÉ±μ¦¨¢ÊÐ¨Ì ¨§μÉμ¶μ¢
μ¡· §ÍÒ ¢μ²μ¸ ³ ¸¸μ° 0,07Ä0,2 £ Ê¶ ±μ¢Ò¢ ²¨ ¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò¥ ¶ ±¥ÉÒ ¸
¶μ¸²¥¤ÊÕÐ¨³ μ¡²ÊÎ¥´¨¥³ ¢ ¶μ²¨ÔÉ¨²¥´μ¢ÒÌ É· ´¸¶μ·É´ÒÌ ±μ´É¥°´¥· Ì ¢
É¥Î¥´¨¥ 15 ³¨´. 	μ¸²¥ μ¡²ÊÎ¥´¨Ö μ¡· §ÍÒ ¨§¢²¥± ²¨ ¨§ É· ´¸¶μ·É´ÒÌ ±μ´-
É¥°´¥·μ¢, ¤ ²¥¥ ¨Ì ¶μ³¥Ð ²¨ ¢ Î¨¸ÉÒ¥ ¨§³¥·¨É¥²Ó´Ò¥ ±μ´É¥°´¥·Ò. � ¢¥¤¥´-
´ÊÕ £ ³³ - ±É¨¢´μ¸ÉÓ μ¡· §Íμ¢ ¨§³¥·Ö²¨ ¢ É¥Î¥´¨¥ 20 ³¨´ Î¥·¥§ 3Ä5 ³¨´
¶μ¸²¥ ¢Ò£·Ê§±¨ ¨§ ± ´ ²  μ¡²ÊÎ¥´¨Ö.

’ ¡²¨Í  1. �¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤  ¨ £ ³³ -²¨´¨¨ μ¡· §ÊÕÐ¨Ì¸Ö ¨§μÉμ¶μ¢ ¶·¨  ´ -
²¨§¥ μ¡· §Íμ¢ ¢μ²μ¸


²¥³¥´É ˆ§μÉμ¶ ‚·¥³Ö ¶μ²Ê· ¸¶ ¤  ƒ ³³ -¶¨±, ±Ô‚

Na 24Na 14,7 Î 2753,6

Mg 27Mg 9,5 ³¨´ 1014,1

Al 28Al 2,2 ³¨´ 1778,9

S 37S 5,0 ³¨´ 3103,0

Cl 38Cl 37,2 ³¨´ 2168,8

Ca 49Ca 8,7 ³¨´ 3084,4

Mn 56Mn 2,6 Î 1810,7

Cu 66Cu 5,1 ³¨´ 1039,0

I 128I 25,0 ³¨´ 442,9
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„²Ö ¨§³¥·¥´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ ¨¸¶μ²Ó§μ¢ ²¨ ¸¶¥±É·μ³¥É·Ò ´ 
μ¸´μ¢¥ ¸¢¥·ÌÎ¨¸Éμ£μ £¥·³ ´¨Ö ¸ · §·¥Ï¥´¨¥³ 1,7Ä1,9 ±Ô‚ ¤²Ö £ ³³ -²¨´¨¨
1332,4 ±Ô‚ 60Co ¨ ÔËË¥±É¨¢´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨ £ ³³ -±¢ ´Éμ¢ ¶μ·Ö¤±  40 %.

�¡· ¡μÉ±Ê £ ³³ -¸¶¥±É·μ¢ ¨ · ¸Î¥É ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ¶·μ¢μ¤¨²¨
¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò GENIE-2000 ¨ ¶ ±¥É  ¶·μ£· ³³, · §· ¡μÉ ´´μ£μ ¢
¸¥±Éμ·¥ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ¨ ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ.”· ´±  [23].

Ÿ¤¥·´μ-Ë¨§¨Î¥¸±¨¥ ¤ ´´Ò¥ ¤²Ö μ¶·¥¤¥²¥´´ÒÌ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì · ¤¨μ´Ê-
±²¨¤μ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

Šμ´É·μ²Ó ± Î¥¸É¢   ´ ²¨§ . Šμ´É·μ²Ó ± Î¥¸É¢   ´ ²¨§  μ¸ÊÐ¥¸É¢²Ö²¸Ö
¸ ¶μ³μÐÓÕ ¸¥·É¨Ë¨Í¨·μ¢ ´´ÒÌ ÔÉ ²μ´´ÒÌ ³ É¥·¨ ²μ¢: 1547 (Peach leaves,
�ˆ‘’), 1571 (Orchard leaves, �ˆ‘’), 1572 (Citrus leaves, �ˆ‘’), 1573 
(Tomato leaves, �ˆ‘’), 1575  (Pine needles, �ˆ‘’) ¨ 1577 (Bovine leaver,
�ˆ‘’), ±μÉμ·Ò¥ μ¡²ÊÎ ²¨ ¢³¥¸É¥ ¸  ´ ²¨§¨·Ê¥³Ò³¨ μ¡· §Í ³¨ ¢μ²μ¸ (É ¡². 2).

	μ£·¥Ï´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨° ¤²Ö ¡μ²ÓÏ¨´¸É¢  Ô²¥³¥´Éμ¢ ¸μ-
¸É ¢¨²  3Ä15 %, ¨ ²¨ÏÓ ¤²Ö ³¥¤¨ Å ¤μ 35 %.

�…‡“‹œ’�’› ˆ �	‘“†„…�ˆ…

�¶·¥¤¥²¥´Ò ¸²¥¤ÊÕÐ¨¥ ±μ·μÉ±μ¦¨¢ÊÐ¨¥ ¨§μÉμ¶Ò: Na, Mg, Al, S, Cl, K,
Ca, V, Mn, Cu ¨ I. ‘μ¤¥·¦ ´¨¥ K ¨ V ¢ ¡μ²¥¥ Î¥³ 25% ¸²ÊÎ ¥¢ ´¨¦¥ ¶·¥¤¥-
²μ¢ μ¡´ ·Ê¦¥´¨Ö, ¶μÔÉμ³Ê ÔÉ¨ Ô²¥³¥´ÉÒ ¡Ò²¨ ¨¸±²ÕÎ¥´Ò ¨§ ¸É É¨¸É¨Î¥¸±μ°
μ¡· ¡μÉ±¨.

�¥§Ê²ÓÉ ÉÒ ¸É É¨¸É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¶μ ¸μ¤¥·¦ -
´¨Õ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê¡²¨±¨
�²É ° ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3.

’ ¡²¨Í  3. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê-
¡²¨±¨ �²É ° (¢ ³£/±£)


²¥³¥´É
Šμ²¨Î¥¸É¢μ
μ¡· §Íμ¢

Œ¥¤¨ ´  MinÄMax 25% 75% ‘·¥¤´¥¥ ‘É ´¤. μÉ±².

Na 186 55,5 13,8Ä628 34,9 87,7 78,2 84,8

Mg 186 57,6 4,87Ä302 41,3 86,8 72,2 48,8

Al 186 13,9 4,01Ä82,1 9,7 22,0 17,7 12,3

S 186 40550 15200Ä76700 37700 43700 40798 5902

Cl 186 595 17,5Ä4120 280 1010 757,6 642,8

Ca 186 833,5 260Ä3400 598 1400 1021,7 599,8

Mn 186 0,9 0,21Ä16,9 0,53 1,52 1,30 1,5

Cu 186 9,2 4,59Ä41,2 7,89 10,7 9,7 3,5

I 186 0,17 0,07Ä6,06 0,13 0,25 0,29 0,6

6



�¨¸. 3. ƒ¨¸Éμ£· ³³  · ¸¶·¥¤¥²¥´¨Ö ³ £´¨Ö ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  �¥¸-
¶Ê¡²¨±¨ �²É °

�¨¸. 4. ƒ¨¸Éμ£· ³³  · ¸¶·¥¤¥²¥´¨Ö ± ²ÓÍ¨Ö ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´ 
�¥¸¶Ê¡²¨±¨ �²É °

„²Ö μÍ¥´±¨ ´μ·³ ²Ó´μ¸É¨ · ¸¶·¥¤¥²¥´¨° ±μ´Í¥´É· Í¨° ¨§ÊÎ ¥³ÒÌ ³¨-
±·μÔ²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° ¡Ò²  ¶·μ¢¥¤¥´  ¶·μ¢¥·±  ¸ ¶·¨³¥´¥´¨¥³ ±·¨-
É¥·¨Ö ˜ ¶¨·μÄ“¨²± . 	μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ´¥ ¶μ¤É¢¥·¦¤ ÕÉ £¨¶μÉ¥§Ê μ
´μ·³ ²Ó´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö, p < 0,05 ¤²Ö ¢¸¥Ì Ô²¥³¥´Éμ¢. ’ ±¨³ μ¡· §μ³,
· ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨° ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´Éμ¢ μÉ²¨Î ¥É¸Ö μÉ ´μ·³ ²Ó-
´μ£μ (·¨¸. 3 ¨ 4), ¶μÔÉμ³Ê ¶·¨  ´ ²¨§¥ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢μ²μ¸ ¶·¥¤¶μÎÉ¨-
É¥²Ó´¥¥ ¨¸¶μ²Ó§μ¢ ÉÓ §´ Î¥´¨Ö ³¥¤¨ ´.
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	·¨¢¥¤¥´´Ò¥ ¢ É ¡². 3 ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¸μμÉ´¥¸¥´Ò ¸ ¤ ´-
´Ò³¨ ¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ²¨É¥· ÉÊ·Ò ¶μ ±μ´Í¥´É· Í¨Ö³ ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´-
Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° · §²¨Î´ÒÌ ÔÉ´¨Î¥¸±¨Ì ¨ É¥··¨Éμ·¨ ²Ó´ÒÌ £·Ê¶¶, ±μÉμ·Ò¥
¶·¥¤¸É ¢²¥´Ò ¢ μ¡μ¡Ð¥´´μ° É ¡²¨Í¥ (É ¡². 4).

‘μ¤¥·¦ ´¨¥ ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °-
μ´  ¢ Í¥²μ³ ¸μ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨, ¶·¥¤¸É ¢²¥´´Ò³¨ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
²¨É¥· ÉÊ·¥.

�¸μ¡μ¥ ¢´¨³ ´¨¥ ¶·¨¢²¥± ÕÉ Éμ²Ó±μ ¶μ´¨¦¥´´Ò¥ ±μ´Í¥´É· Í¨¨ °μ¤  ¢
¢μ²μ¸ Ì μ¡¸²¥¤μ¢ ´´ÒÌ ¤¥É¥°. ’¥··¨Éμ·¨Ö ƒμ·´μ£μ �²É Ö μÉ´μ¸¨É¸Ö ± §μ´ ³
°μ¤´μ£μ ¤¥Ë¨Í¨É , ¶μ³¨³μ ´¨§±μ£μ ¸μ¤¥·¦ ´¨Ö °μ¤  ¢ ¶μÎ¢ Ì ¨ ±μ·³μ¢ÒÌ
· ¸É¥´¨ÖÌ μ¡ ÔÉμ³ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É · ¸¶·μ¸É· ´¥´´μ¸ÉÓ °μ¤´μ° ´¥¤μ¸É ÉμÎ-
´μ¸É¨ ¨ §μ¡´μ° Ô´¤¥³¨¨ Ê ¦¨¢μÉ´ÒÌ [24]. „¥Ë¨Í¨É °μ¤  ´ ¡²Õ¤ ¥É¸Ö ¨
Ê ¸¥²Ó¸±μ£μ ´ ¸¥²¥´¨Ö �¥¸¶Ê¡²¨±¨ �²É °, · ¸¶·μ¸É· ´¥´´μ¸ÉÓ ¤¨ËËÊ§´μ£μ
§μ¡  Ê ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  μÉ· ¦ ¥É ÉÖ¦¥²ÊÕ ¸É¥¶¥´Ó §μ¡´μ° Ô´¤¥³¨¨,
¶·¨Î¥³ μ¸μ¡¥´´μ Î ¸Éμ μ´  ´ ¡²Õ¤ ¥É¸Ö Ê ¤¥É¥° ¶Ê¡¥·É É´μ£μ ¢μ§· ¸É  [25].
	μ²ÊÎ¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ É ±¦¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¶μ´¨-
¦¥´¨¨ ¸μ¤¥·¦ ´¨Ö °μ¤  ¢ ¢μ²μ¸ Ì ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¢ μ·£ ´¨§³¥ ¢ Í¥²μ³ Ê
¤¥É¥° 12Ä15 ²¥É, ÎÉμ, ¡¥§Ê¸²μ¢´μ, ¸¢Ö§ ´μ ¸  ±É¨¢´Ò³¨ ¶·μÍ¥¸¸ ³¨ ·μ¸É ,
· §¢¨É¨Ö ¨ ¸μ§·¥¢ ´¨Ö ¤¥É¸±μ£μ μ·£ ´¨§³  ¢ ÔÉμÉ ¶¥·¨μ¤ (·¨¸. 5).

	·¨ ¸· ¢´¥´¨¨ ¸μ¤¥·¦ ´¨Ö ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¶μ²  ¡Ò² ¢ÒÖ¢²¥´ ·Ö¤ ¤μ¸Éμ¢¥·´ÒÌ μÉ²¨Î¨° (É ¡². 5). ‘· ¢´¥´¨¥

�¨¸. 5. Œ¥¤¨ ´Ò ±μ´Í¥´É· Í¨° °μ¤  ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê¡²¨±¨
�²É °
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’ ¡²¨Í  5. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê-
¡²¨±¨ �²É ° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ² 


²¥-
³¥´É

	μ² Œ¥¤¨ ´  MinÄMax 25% 75% ‘·¥¤´¥¥ ‘É ´¤. μÉ±². p

Na
Œ ²ÓÎ¨±¨ 74,5 16,60Ä515,0 50,1 104,0 99,54 93,9

<0,001
„¥¢μÎ±¨ 49,55 13,8Ä628,0 28,7 79,8 69,49 79,5

Mg
Œ ²ÓÎ¨±¨ 49,1 4,87Ä168,0 34,70 63,1 52,62 26,9

<0,001
„¥¢μÎ±¨ 61,65 8,39Ä302,0 44,8 103,0 80,19 53,4

Al
Œ ²ÓÎ¨±¨ 20,6 5,94Ä82,1 12,7 32,4 25,24 17,6

<0,001
„¥¢μÎ±¨ 12,95 4,01Ä48,1 8,98 18,1 14,60 7,5

S
Œ ²ÓÎ¨±¨ 41150 29800Ä52200 38800 43800 41396 4999

>0,05
„¥¢μÎ±¨ 39850 15200Ä76700 37600 43250 40553 6235

Cl
Œ ²ÓÎ¨±¨ 1020 330,0Ä4120 817,00 1710 1255,20 694,8

<0,001
„¥¢μÎ±¨ 389,5 17,5Ä2380 197,00 732,0 553,97 494,4

Ca
Œ ²ÓÎ¨±¨ 608,5 260,0Ä1400 431,00 788,0 646,98 258,9

<0,001
„¥¢μÎ±¨ 973,5 290,0Ä3400 684,50 1515 1175 632,0

Mn
Œ ²ÓÎ¨±¨ 1,1 0,25Ä3,53 0,54 1,89 1,26 0,798

>0,05
„¥¢μÎ±¨ 0,82 0,21Ä16,9 0,53 1,42 1,32 1,7

Cu
Œ ²ÓÎ¨±¨ 9,15 4,75Ä15,1 7,76 11,0 9,46 2,2

>0,05
„¥¢μÎ±¨ 9,25 4,59Ä41,2 8,10 10,7 9,78 3,9

I
Œ ²ÓÎ¨±¨ 0,18 0,09Ä6,06 0,14 0,30 0,46 1,1

>0,05
„¥¢μÎ±¨ 0,17 0,07Ä1,92 0,12 0,25 0,22 0,213

¶·μ¢μ¤¨²μ¸Ó ¸ ¶·¨³¥´¥´¨¥³ U -±·¨É¥·¨Ö Œ ´´ Ä“¨É´¨. ‘μ¤¥·¦ ´¨¥ ´ É·¨Ö,
 ²Õ³¨´¨Ö ¨ Ì²μ·  ¢ÒÏ¥ ¢ ¢μ²μ¸ Ì ³ ²ÓÎ¨±μ¢ ¶μ ¸· ¢´¥´¨Õ ¸ ¤¥¢μÎ± ³¨, ´¥-
¸³μÉ·Ö ´  §´ Î¨É¥²Ó´ÊÕ · §´¨ÍÊ ¢ Î¨¸²¥´´μ¸ÉÖÌ (³ ²ÓÎ¨±μ¢ 54, ¤¥¢μÎ¥± 132).
Šμ´Í¥´É· Í¨¨ ³ £´¨Ö ¨ ± ²ÓÍ¨Ö ¤μ¸Éμ¢¥·´μ ¢ÒÏ¥ Ê ¤¥¢μÎ¥±; ¶μ²ÊÎ¥´´Ò¥ · §-
²¨Î¨Ö Ì · ±É¥·´Ò ´¥ Éμ²Ó±μ ¤²Ö ´ ¸ÉμÖÐ¥£μ ¨¸¸²¥¤μ¢ ´¨Ö, ´μ ¨ μÉ³¥Î ÕÉ¸Ö
¢ · ¡μÉ Ì ¤·Ê£¨Ì  ¢Éμ·μ¢ [27]. Šμ´Í¥´É· Í¨¨ °μ¤ , ³¥¤¨, ³ ·£ ´Í  ¨ ¸¥·Ò ¢
¢μ²μ¸ Ì ³ ²ÓÎ¨±μ¢ ¨ ¤¥¢μÎ¥± ¶·¨³¥·´μ μ¤¨´ ±μ¢Ò¥, · §²¨Î¨Ö ³¥¦¤Ê ¶μ² ³¨
´¥ ¤μ¸Éμ¢¥·´Ò.

	·μ¢¥¤¥´´μ¥ ¸· ¢´¥´¨¥ ¸μ¤¥·¦ ´¨Ö ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¤¥-
É¥° Î¥ÉÒ·¥Ì ¸¥² ´¥ ¢ÒÖ¢¨²μ §´ Î¨É¥²Ó´ÒÌ · §²¨Î¨° ¤²Ö ¡μ²ÓÏ¨´¸É¢  Ô²¥³¥´-
Éμ¢. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ³μ¦´μ ¶·¨¢¥¸É¨ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö ³¥¤¨
(·¨¸. 6). ‘μ¤¥·¦ ´¨¥ ³¨±·μÔ²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¢μ ¢¸¥Ì ¸¥² Ì μÉ´μ¸¨É¥²Ó´μ
´¨§±μ¥, ÎÉμ ¸μ£² ¸Ê¥É¸Ö ¸ ¨Ì ¸μ¤¥·¦ ´¨¥³ ¢ ¶¨ÉÓ¥¢ÒÌ ¢μ¤ Ì ¨ · ¸É¨É¥²Ó-
´μ¸É¨ [30].
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�¨¸. 6. ‘μ¤¥·¦ ´¨¥ ³¥¤¨ ¢ ¢μ²μ¸ Ì ¤¥É¥° Î¥ÉÒ·¥Ì ¸¥² �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê-
¡²¨±¨ �²É °

�¨¸. 7. ‘μ¤¥·¦ ´¨¥ ± ²ÓÍ¨Ö ¢ ¢μ²μ¸ Ì ¤¥É¥° Î¥ÉÒ·¥Ì ¸¥² �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê-
¡²¨±¨ �²É °
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�¨¸. 8. ‘μ¤¥·¦ ´¨¥ ³ £´¨Ö ¢ ¢μ²μ¸ Ì ¤¥É¥° Î¥ÉÒ·¥Ì ¸¥² �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê-
¡²¨±¨ �²É °

‘· ¢´¨É¥²Ó´Ò°  ´ ²¨§ · ¸¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ¢ ¢μ²μ¸ Ì
¶μ ¸¥² ³ ¶μ± §Ò¢ ¥É, ÎÉμ ¶μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ ± ²ÓÍ¨Ö ¨ ³ £´¨Ö ¸μμÉ¢¥É-
¸É¢Ê¥É ¸¥² ³ ¸ ¢Ò¸μ±μ° ¦¥¸É±μ¸ÉÓÕ ¨ ³¨´¥· ²¨§ Í¨¥° ¶¨ÉÓ¥¢ÒÌ ¢μ¤. ‘μ¤¥·-
¦ ´¨¥ ± ²ÓÍ¨Ö (·¨¸. 7) ¨ ³ £´¨Ö (·¨¸. 8) ¢ ¢μ²μ¸ Ì ¤¥É¥° ¨§ ÔÉ¨Ì ¸¥² (’¥´Ó£  ¨
�´£Ê¤ °) ¡Ò²μ ¤μ¸Éμ¢¥·´μ ¢ÒÏ¥ ¶μ ¸· ¢´¥´¨Õ ¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨
¤²Ö ¤¥É¥° ¨§ ¸¥² …²μ ¨ ŠÊ² ¤ .

’ ¡²¨Í  6. � ´£μ¢Ò¥ ±μ··¥²ÖÍ¨¨ ‘¶¨·³¥´  ³¥¦¤Ê ±μ´Í¥´É· Í¨Ö³¨ Ô²¥³¥´Éμ¢ ¢
¢μ²μ¸ Ì ¤¥É¥° �´£Ê¤ °¸±μ£μ · °μ´  �¥¸¶Ê¡²¨±¨ �²É °

N  Mg Al S Cl Ca Mn Cu I

N  1,00

Mg 0,11 1,00

Al 0,08 Ä0,05 1,00

S Ä0,01 0,05 0,28 1,00

Cl 0,24 Ä0,67∗ 0,37 0,21 1,00

Ca 0,01 0,83∗ Ä0,18 Ä0,08 Ä0,76∗ 1,00

Mn 0,17 0,26 0,50 0,04 0,02 0,22 1,00

Cu 0,29 0,08 0,01 Ä0,01 Ä0,01 0,03 0,11 1,00
I 0,06 Ä0,07 0,17 0,09 0,24 Ä0,09 0,18 Ä0,08 1,00

∗ p < 0,05.
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�Í¥´±  ´ ²¨Î¨Ö ¸¢Ö§¥° ³¥¦¤Ê ¢¥²¨Î¨´ ³¨ ±μ´Í¥´É· Í¨° · §²¨Î´ÒÌ Ô²¥-
³¥´Éμ¢ ¢ ¢μ²μ¸ Ì ¢ÒÖ¢¨²  ·Ö¤ ¤μ¸Éμ¢¥·´ÒÌ ±μ··¥²ÖÍ¨° (É ¡². 6). �¡´ ·Ê¦¥´ 
¤μ¸Éμ¢¥·´ Ö ¶μ²μ¦¨É¥²Ó´ Ö ±μ··¥²ÖÍ¨Ö ³ £´¨Ö ¨ ± ²ÓÍ¨Ö ¢ ¢μ²μ¸ Ì, ±μÉμ· Ö
´ ¨¡μ²¥¥ ¢¥·μÖÉ´μ ¸¢Ö§ ´  ¸ μ¡Ð¥° ¦¥¸É±μ¸ÉÓÕ ¶¨ÉÓ¥¢ÒÌ ¢μ¤. � °¤¥´´Ò¥ ¢
´ ¸ÉμÖÐ¥³ ¨¸¸²¥¤μ¢ ´¨¨ ±μ··¥²ÖÍ¨¨  ´ ²μ£¨Î´Ò ·¥§Ê²ÓÉ É ³, ¶μ²ÊÎ¥´´Ò³
¤²Ö ¢§·μ¸²ÒÌ ¢ · ¡μÉ¥ ¶μ²Ó¸±¨Ì ÊÎ¥´ÒÌ [8]. 	μ³¨³μ ÔÉμ£μ, ·¥£¨μ´ ²Ó´μ°
μ¸μ¡¥´´μ¸ÉÓÕ ¨μ´´μ£μ ¸μ¸É ¢  ¢μ¤ �´£Ê¤ °¸±μ£μ · °μ´  ¢ μ¸¥´´¨° ¶¥·¨μ¤
Ö¢²Ö¥É¸Ö £¨¤·μ± ·¡μ´ É´μ-³ £´¨¥¢Ò° ¸μ¸É ¢ ¨ ¢Ò¸μ± Ö ¶μ¤¢¨¦´μ¸ÉÓ Ì²μ· .

Éμ μÉ· ¦ ¥É¸Ö ¢ ¢¨¤¥ μ¡· É´μ° ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê ¸μ¤¥·¦ ´¨¥³ ¢ ¢μ²μ¸ Ì
Ì²μ· , ¸ μ¤´μ° ¸Éμ·μ´Ò, ¨ ³ £´¨Ö ¨ ± ²ÓÍ¨Ö ¸ ¤·Ê£μ° [30].

‡�Š‹
—…�ˆ…

„ ´´ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ μ¡Ï¨·´ÒÌ ±μ³¶²¥±¸´ÒÌ  ´É·μ¶μÔ±μ²μ£¨-
Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¢ �¥¸¶Ê¡²¨±¥ �²É °. Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¤μ¶μ²´¨-
É¥²Ó´μ ¸μ¡· ´Ò ³ É¥·¨ ²Ò ¶μ ³μ·Ëμ²μ£¨¨ ¨ Ë¨§¨μ²μ£¨¨ ¤¥É¸±μ£μ ´ ¸¥²¥´¨Ö
¥Ð¥ ¢ ¤¢ÊÌ · °μ´ Ì ·¥¸¶Ê¡²¨±¨ Å ŠμÏ-�£ Î¸±μ³ ¨ Œ °³¨´¸±μ³. ‚¸¥ É·¨
· °μ´  · §²¨Î ÕÉ¸Ö ¶μ ±²¨³ Éμ£¥μ£· Ë¨Î¥¸±¨³ ¨ ¸μÍ¨ ²Ó´μ-Ô±μ´μ³¨Î¥¸±¨³
Ë ±Éμ· ³,   É ±¦¥ ¶μ ¸É¥¶¥´¨ ®³μ¤¥·´¨§ Í¨¨¯ É· ¤¨Í¨μ´´μ£μ μ¡· §  ¦¨§´¨.
ˆ¸¸²¥¤μ¢ ´¨¥ ¢ ·¨ Í¨° ±μ´Í¥´É· Í¨° ³¨±·μÔ²¥³¥´Éμ¢ ¢ μ·£ ´ Ì ¨ É± ´ÖÌ
±μ·¥´´μ£μ ´ ¸¥²¥´¨Ö ÔÉμ£μ ·¥£¨μ´ , Ê¸É ´μ¢²¥´¨¥ ±μ··¥²ÖÍ¨μ´´μ° § ¢¨¸¨-
³μ¸É¨ ³¥¦¤Ê Ê·μ¢´¥³ Ô²¥³¥´Éμ¢ ¨ ¡¨μ²μ£¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ¢ ¨§Ê-
Î¥´´ÒÌ ¶μ¶Ê²ÖÍ¨ÖÌ ¶μ§¢μ²ÖÉ £²Ê¡¦¥ μÍ¥´¨ÉÓ ¢²¨Ö´¨¥ £¥μÌ¨³¨Î¥¸±μ° ¸·¥¤Ò
± ± μ¤´μ£μ ¨§ Ô±μ²μ£¨Î¥¸±¨Ì Ë ±Éμ·μ¢ ´  μ·£ ´¨§³ Î¥²μ¢¥± . ˆ¸¶μ²Ó§Ê¥³Ò°
¢ ¨¸¸²¥¤μ¢ ´¨¨ ³´μ£μÔ²¥³¥´É´Ò° ´¥¤¥¸É·Ê±É¨¢´Ò° ´¥°É·μ´´Ò°  ±É¨¢ Í¨μ´-
´Ò°  ´ ²¨§ Ö¢²Ö¥É¸Ö ¨³¥´´μ É¥³  ´ ²¨É¨Î¥¸±¨³ ³¥Éμ¤μ³, ±μÉμ·Ò° ´ ¨¡μ²¥¥
 ¤¥±¢ É´μ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ¸É ¢²¥´´Ò³ § ¤ Î ³.

� ¡μÉ  ¢Ò¶μ²¥´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´Éμ¢ �””ˆ, ¶·μ¥±ÉÒ º12-06-
00096-  ¨ º10-06-00318- .
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