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Seasonal Variations of Trace Element Content

of Vegetative Parts of Wood Vegetation

The results of statistical data processing of the concentrations of Na, K, Ca, Sc, Cr,

Fe, Co, Zn, As, Br, Rb, Sb, La, Ce, Au, and Th in leaves and lime-tree buds and pine

needles are given. Seasonal variations in the trace element content of wood vegetation

are revealed. For the first time two groups of chemical elements are identified with dif-

ferent characters of seasonal distribution, based on the results obtained on vegetative

organs of deciduous and coniferous vegetation.

The investigation has been performed at the Frank Laboratory of Neutron Physics,

JINR.
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Ñåçîííûå èçìåíåíèÿ ìèêðîýëåìåíòíîãî ñîñòàâà

âåãåòàòèâíûõ îðãàíîâ äðåâåñíîé ðàñòèòåëüíîñòè

Â ðàáîòå ïðåäñòàâëåíû ñòàòèñòè÷åñêèå äàííûå î êîíöåíòðàöèÿõ Na, K, Ca,

Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sb, La, Ce, Au è Th â ëèñòüÿõ è ïî÷êàõ ëèïû è õâîå

ñîñíû. Âûÿâëåíû ñåçîííûå èçìåíåíèÿ ìèêðîýëåìåíòíîãî ñîñòàâà äðåâåñíîé ðà-

ñòèòåëüíîñòè. Íà îñíîâå ïîëó÷åííûõ äàííûõ î âåãåòàòèâíûõ îðãàíàõ ëèñòâåí-

íîé è õâîéíîé ðàñòèòåëüíîñòè âïåðâûå óñòàíîâëåíû äâå ãðóïïû õèìè÷åñêèõ

ýëåìåíòîâ ñ ðàçíûì õàðàêòåðîì ñåçîííîãî ðàñïðåäåëåíèÿ.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè íåéòðîííîé ôèçèêè èì. È. Ì. Ôðàíêà

ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004

Ïåðåâîä àâòîðîâ



‚‚…„…�ˆ…

•¨³¨Î¥¸±¨° ¸µ¸É ¢ · ¸É¥´¨° ¢ Í¥²µ³ µÉ· ¦ ¥É Ô²¥³¥´É´Ò° ¸µ¸É ¢ ¸·¥¤Ò
¶·µ¨§· ¸É ´¨Ö. �· ±É¨Î¥¸±¨ ¢¸¥ Ô±µ²µ£¨Î¥¸±¨¥, £¥µÌ¨³¨Î¥¸±¨¥ ¨ ¡¨µ£¥µÌ¨-
³¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö µ¸´µ¢ ´Ò ´  ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ³¨±·µÔ²¥³¥´É´Ò°
¸µ¸É ¢ · ¸É¥´¨° ¶·¨ µÉ¸ÊÉ¸É¢¨¨ É¥Ì´µ£¥´´ÒÌ ¢µ§¤¥°¸É¢¨° Ö¢²Ö¥É¸Ö ¢¥²¨Î¨-
´µ° µÉ´µ¸¨É¥²Ó´µ ¶µ¸ÉµÖ´´µ°. ‘Î¨É ¥É¸Ö, ÎÉµ Ê·µ¢´¨ ¶·¨·µ¤´ÒÌ Ëµ´µ¢ÒÌ
±µ´Í¥´É· Í¨° ³¨±·µÔ²¥³¥´Éµ¢ ¤²Ö ¤ ´´µ£µ ¢¨¤  · ¸É¨É¥²Ó´µ¸É¨ ³µ£ÊÉ ¨§-
³¥´ÖÉÓ¸Ö ¢ ¶·¥¤¥² Ì 30Ä50 %. �¤´ ±µ ±µ´Í¥´É· Í¨¨ ³¨±·µÔ²¥³¥´Éµ¢ ¢ · -
¸É¥´¨ÖÌ, ¶·µ¨§· ¸É ÕÐ¨Ì ¤ ¦¥ ´  Ëµ´µ¢ÒÌ ¶²µÐ ¤ÖÌ, µ¡´ ·Ê¦¨¢ ÕÉ ¢¥¸Ó³ 
Ï¨·µ±¨¥ ¢ ·¨ Í¨¨ [1Ä3]. ‹¨É¥· ÉÊ·´Ò¥ ¤ ´´Ò¥ ¶µ ³¨±·µÔ²¥³¥´É´µ³Ê ¸µ-
¸É ¢Ê ²¨¸É¢¥´´µ° ¨ Ì¢µ°´µ° · ¸É¨É¥²Ó´µ¸É¨ µ¡´ ·Ê¦¨¢ ÕÉ · ¸Ìµ¦¤¥´¨Ö ¢
¤¢ -É·¨ ¨ ¡µ²¥¥ · § [4Ä6].

�¡µ¡Ð¥´¨¥ ¨ ¸¨¸É¥³ É¨§ Í¨Ö ÔÉ¨Ì ¤ ´´ÒÌ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¸ÊÐ¥¸É¢µ¢ -
´¨¨ ¶µ ±· °´¥° ³¥·¥ µ¤´µ£µ Ë ±Éµ· , ±µÉµ·Ò° ´¥ ¶·¨´¨³ ¥É¸Ö ¢µ ¢´¨³ ´¨¥
¨¸¸²¥¤µ¢ É¥²Ö³¨ ¶·¨ µÉ¡µ·¥ µ¡· §Íµ¢ · ¸É¨É¥²Ó´µ¸É¨. � ·Ö¤Ê ¸ ² ´¤Ï ËÉ´µ-
£¥µÌ¨³¨Î¥¸±¨³¨ Ê¸²µ¢¨Ö³¨, ¢¨¤µ¢µ° ¸¶¥Í¨ ²¨§ Í¨¥° · ¸É¨É¥²Ó´µ¸É¨, µÏ¨¡-
±µ°  ´ ²¨É¨Î¥¸±¨Ì ³¥Éµ¤µ¢, ´  ³¨±·µÔ²¥³¥´É´Ò° ¸µ¸É ¢ ¢¥£¥É É¨¢´ÒÌ µ·-
£ ´µ¢ · ¸É¥´¨° ¢²¨Ö¥É ¶¥·¨µ¤ µÉ¡µ·  µ¡· §Íµ¢ Å ¸¥§µ´´Ò° Ë ±Éµ·. � -
¡²Õ¤ ¥É¸Ö ´¥¸²ÊÎ °´Ò° Ì · ±É¥· ¨§³¥´¥´¨° ±µ´Í¥´É· Í¨° ³¨±·µÔ²¥³¥´Éµ¢
¢ · ¸É¨É¥²Ó´µ¸É¨ ¢ É¥Î¥´¨¥ ¸¥§µ´ , ¶·¨Î¥³ ¤¨ ¶ §µ´ ±µ²¥¡ ´¨° ±µ´Í¥´É· -
Í¨° ¸µ¸É ¢²Ö¥É ¤µ 200 % [5, 7, 8]. ‘²¥¤µ¢ É¥²Ó´µ, ¶·µ¢¥¤¥´¨¥ Ô±µ²µ£¨Î¥¸±¨Ì,
£¥µÌ¨³¨Î¥¸±¨Ì ¨ ¡¨µ£¥µÌ¨³¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° ´¥¢µ§³µ¦´µ ¡¥§ ÊÎ¥É  ¢·¥-
³¥´¨ µÉ¡µ·  µ¡· §Íµ¢ · ¸É¨É¥²Ó´µ¸É¨. ‡ ¤ Î  ¤ ´´µ° · ¡µÉÒ Å ¢ÒÖ¸´¥´¨¥
¸É¥¶¥´¨ ¢²¨Ö´¨Ö ¸¥§µ´´µ£µ Ë ±Éµ·  ´  ³¨±·µÔ²¥³¥´É´Ò° ¸µ¸É ¢ Ì¢µ¨ ¸µ¸´Ò,
²¨¸ÉÓ¥¢ ¨ ¶µÎ¥± ²¨¶Ò,   É ±¦¥ µ¶·¥¤¥²¥´¨¥ § ±µ´µ³¥·´µ¸É¥° ´ ±µ¶²¥´¨Ö ¨²¨
¢Ò´µ¸  ¨§ ´¨Ì ³¨±·µÔ²¥³¥´Éµ¢.

Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

�·µ¡µµÉ¡µ·. ‚ ± Î¥¸É¢¥ µ¡Ñ¥±Éµ¢ ¤²Ö ¨§ÊÎ¥´¨Ö ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ´ ¨-
¡µ²¥¥ É¨¶¨Î´Ò¥ ¤²Ö ¸·¥¤´¥° ¶µ²µ¸Ò �µ¸¸¨¨ ¶·¥¤¸É ¢¨É¥²¨ ¢Ò¸Ï¥° · ¸É¨-
É¥²Ó´µ¸É¨ Å ²¨¶  ³¥²±µ²¨¸É´ Ö ¨ ¸µ¸´ . �·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ Ô±¸¶¥·¨³¥´É 
¸µ¸É ¢²Ö²  ¤¢  £µ¤ . ‘ÊÉÓ ¥£µ ¢ Éµ³, ÎÉµ ´  ¶·µÉÖ¦¥´¨¨ ÔÉµ£µ ¢·¥³¥´¨ ¸ µ¤-
´µ£µ ¨ Éµ£µ ¦¥ ¤¥·¥¢  ¥¦¥³¥¸ÖÎ´µ µÉ¡¨· ²¨¸Ó µ¡· §ÍÒ ²¨¸É¢Ò (Ì¢µ¨). ‚¥¸´µ°
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¨ µ¸¥´ÓÕ ¶¥·¨µ¤¨Î´µ¸ÉÓ µÉ¡µ·  µ¡· §Íµ¢ ÊÎ Ð ² ¸Ó ¤µ µ¤´µ£µ · §  ¢ ´¥¤¥²Õ.
‡¨³µ° ¸ ²¨¶Ò µÉ¡¨· ²¨¸Ó ¶µÎ±¨, ²¥Éµ³ Å ²¨¸ÉÓÖ,   ¸ ¸µ¸´Ò ±·Ê£²µ£µ¤¨Î´µ Å
Ì¢µÖ. Œ¥¸Éµ µÉ¡µ·  µ¡· §Íµ¢ ²¨¶Ò · ¸¶µ² £ ²µ¸Ó ´  É¥··¨Éµ·¨¨ ƒ² ¢´µ£µ
¡µÉ ´¨Î¥¸±µ£µ ¸ ¤  ��� ´  ¸¥¢¥·¥ Œµ¸±¢Ò. �µ ¸ÊÐ¥¸É¢ÊÕÐ¨³ ±·¨É¥·¨Ö³
Ô±µ²µ£µ-£¥µÌ¨³¨Î¥¸±µ° µÍ¥´±¨ ¸µ¸ÉµÖ´¨Ö µ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¤ ´´Ò° · °µ´
Ö¢²Ö¥É¸Ö µÉ´µ¸¨É¥²Ó´µ Î¨¸ÉÒ³: ¢ · ¤¨Ê¸¥ 3 ±³ ¶·µ³ÒÏ²¥´´Ò¥ ¶·¥¤¶·¨ÖÉ¨Ö
µÉ¸ÊÉ¸É¢ÊÕÉ.

�É¡µ· µ¡· §Íµ¢ ¶·µ¢µ¤¨²¸Ö ¸ ¶¥·¨Ë¥·¨°´ÒÌ Î ¸É¥° ¢¥Éµ± ´  · ¸¸ÉµÖ´¨¨
µÉ §¥³²¨ 2Ä2,5 ³.

Œ¥¸Éµ µÉ¡µ·  µ¡· §Íµ¢ Ì¢µ¨ ¸µ¸´Ò · ¸¶µ² £ ²µ¸Ó ´  Õ£¥ Œµ¸±µ¢¸±µ°
µ¡². ¢ · °µ´¥ £. ‘¥·¥¡·Ö´Ò¥ �·Ê¤Ò. � °µ´ ¸Î¨É ¥É¸Ö ¢ µ¸´µ¢´µ³ ¸¥²Ó¸±µ-
Ìµ§Ö°¸É¢¥´´Ò³, ±·Ê¶´Ò¥ ¶·µ³ÒÏ²¥´´Ò¥ ¶·¥¤¶·¨ÖÉ¨Ö µÉ¸ÊÉ¸É¢ÊÕÉ. Š·µ³¥
Éµ£µ, ¥¸²¨ ÊÎ¥¸ÉÓ ÉµÉ Ë ±É, ÎÉµ ¢ ¶µ¸²¥¤´¨¥ 10 ²¥É ¢ ¸¥²Ó¸±µ³ Ìµ§Ö°¸É¢¥ · °-
µ´  ·¥§±µ ¸´¨§¨²µ¸Ó (¢ 5Ä10 · §) ¶·¨³¥´¥´¨¥  §µÉ´µ-Ëµ¸Ëµ·´ÒÌ Ê¤µ¡·¥´¨°
¨ ¶¥¸É¨Í¨¤µ¢, ¥£µ ³µ¦´µ ¸Î¨É ÉÓ Ô±µ²µ£¨Î¥¸±¨ Î¨¸ÉÒ³.

�É¡µ· µ¡· §Íµ¢ Ì¢µ¨ ¶·µ¨§¢µ¤¨²¸Ö ± ± ¸ ¶¥·¨Ë¥·¨°´µ°, É ± ¨ ¸ ¢´ÊÉ·¥´-
´¥° Î ¸É¨ ¢¥Éµ±, É. ¥. µÉ¡¨· ² ¸Ó ³µ²µ¤ Ö, £µ¤¨Î´ Ö ¨ ³´µ£µ²¥É´ÖÖ Ì¢µÖ.

�·µ¡µ¶µ¤£µÉµ¢± . �Éµ¡· ´´Ò¥ µ¡· §ÍÒ ¶·µ³Ò¢ ²¨¸Ó ¶µ¤ ¶µÉµ±µ³ ¢µ¤µ-
¶·µ¢µ¤´µ° ¢µ¤Ò, ¢Éµ·µ° · § ¶·µ³Ò¢ ²¨¸Ó ¤¨¸É¨²²¨·µ¢ ´´µ° ¢µ¤µ°, ¢Ò¸ÊÏ¨-
¢ ²¨¸Ó ¤µ ¶µ¸ÉµÖ´´µ£µ ¢¥¸  ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ (20 ◦‘) ¨ ¨§³¥²ÓÎ -
²¨¸Ó. ˆ§³¥²ÓÎ¥´´Ò° µ¡· §¥Í ³ ¸¸µ° 0,3Ä0,5 £ Ê¶ ±µ¢Ò¢ ²¸Ö ¢  ²Õ³¨´¨¥¢ÊÕ
Ëµ²Ó£Ê ¤²Ö  ´ ²¨§  ³¥Éµ¤µ³ ´¥°É·µ´´µ°  ±É¨¢ Í¨¨.

„²Ö ¶·µ¢¥¤¥´¨Ö  ´ ²¨§   Éµ³´µ- ¡¸µ·¡Í¨µ´´Ò³ ³¥Éµ¤µ³ 0,5 £ µ¡· §Í 
¶µ³¥Ð ²¨ ¢ ±µ´¨Î¥¸±¨¥ ±µ²¡Ò ¨ µ¡· ¡ ÉÒ¢ ²¨ ¸³¥¸ÓÕ ±µ´Í¥´É·¨·µ¢ ´´ÒÌ
 §µÉ´µ° (10 ³²) ¨ Ì²µ·´µ° (1 ³²) ±¨¸²µÉ ¶·¨ ´ £·¥¢ ´¨¨ ¤µ ¶µ²´µ° ³¨´¥· -
²¨§ Í¨¨. �¸É Éµ± · ¸É¢µ·Ö²¨ ¢ 10 ³² µ¤´µ³µ²Ö·´µ° ¸µ²Ö´µ° ±¨¸²µÉÒ. �µ¸²¥
Ë¨²ÓÉ· Í¨¨ · ¸É¢µ· µ¡· §Í  ¤µ¢µ¤¨²¨ ¤µ µ¡Ñ¥³  25 ³² ¤¨¸É¨²²¨·µ¢ ´´µ°
¢µ¤µ°.

�´ ²¨§. �´ ²¨§ µ¡· §Íµ¢ µ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶µ³µÐÓÕ ¨´¸É·Ê³¥´É ²Ó´µ£µ
´¥°É·µ´´µ£µ  ±É¨¢ Í¨µ´´µ£µ ¨  Éµ³´µ- ¡¸µ·¡Í¨µ´´µ£µ ³¥Éµ¤µ¢. ˆ´¸É·Ê³¥´-
É ²Ó´Ò° ´¥°É·µ´´Ò°  ±É¨¢ Í¨µ´´Ò°  ´ ²¨§ ¶·µ¢µ¤¨²¸Ö ´  ¨³¶Ê²Ó¸´µ³ ·¥-
 ±Éµ·¥ ˆ��-2 ¢ ‹�” �ˆŸˆ („Ê¡´ ). Šµ´É¥°´¥·Ò ¸ µ¡· §Í ³¨ µ¡²ÊÎ ²¨¸Ó
4Ä5 ¸ÊÉ ¢ ± ´ ²¥ ¸ ± ¤³¨¥¢Ò³ Ô±· ´µ³ ¶·¨ ¶²µÉ´µ¸É¨ ¶µÉµ±  ·¥§µ´ ´¸-
´ÒÌ ´¥°É·µ´µ¢ 3,31 · 1012 ¸³−1 · ¸−1 ¨ É¥³¶¥· ÉÊ·¥ 70 ◦‘. � ¢¥¤¥´´ Ö £ ³³ -
 ±É¨¢´µ¸ÉÓ µ¡· §Íµ¢ ¨§³¥·Ö² ¸Ó ¤¢ ¦¤Ò: ¸¶Ê¸ÉÖ 3Ä4 ¨ 20 ¸ÊÉ ¶µ¸²¥ ¢Ò£·Ê§±¨
¨Ì ¨§ ± ´ ²  Å ¸ ¶µ³µÐÓÕ ¤¥É¥±Éµ·  ¨§ ¸¢¥·ÌÎ¨¸Éµ£µ £¥·³ ´¨Ö ¸ · §·¥Ï¥-
´¨¥³ 2,2 ±Ô‚ ¤²Ö ²¨´¨¨ 60‘µ 1332 ±Ô‚.

’ ±¨³ µ¡· §µ³ ¡Ò²  µ¶·¥¤¥²¥´  ±µ´Í¥´É· Í¨Ö ¸²¥¤ÊÕÐ¨Ì Ô²¥³¥´Éµ¢:
Na, K, Ca, Sc, Cr, Co, As, Sb, Cs, La, Ce, Th. �¶·¥¤¥²¥´¨¥ Ô²¥³¥´Éµ¢ Fe
¨ Zn ¢ · ¸É¢µ· Ì ¶·µ¢µ¤¨²µ¸Ó  Éµ³´µ- ¡¸µ·¡Í¨µ´´Ò³ ³¥Éµ¤µ³ ´  ¸¶¥±É·µ-
³¥É·¥ Š‚��’-2� (Š��’�Š, Œµ¸±¢ ) ¢ ² ¡µ· Éµ·¨¨ Ì¨³¨±µ- ´ ²¨É¨Î¥¸±¨Ì
¨¸¸²¥¤µ¢ ´¨° ƒ¥µ²µ£¨Î¥¸±µ£µ ¨´¸É¨ÉÊÉ  ��� (Œµ¸±¢ ).
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Šµ´É·µ²Ó ± Î¥¸É¢ . �¶·¥¤¥²¥´¨¥ ±µ´Í¥´É· Í¨¨ Ô²¥³¥´Éµ¢ ¢  ´ ²¨§¨·Ê-
¥³ÒÌ µ¡· §Í Ì µ¸ÊÐ¥¸É¢²Ö²µ¸Ó ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³¥¦¤Ê´ ·µ¤´ÒÌ (Œ�ƒ�’�,
�¢¸É·¨Ö) ¨ µÉ¥Î¥¸É¢¥´´ÒÌ (�µ¢µ¸¨¡¨·¸±) ¸É ´¤ ·É´ÒÌ µ¡· §Íµ¢ ¸µ¸É ¢ .

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ¸É É¨¸É¨Î¥¸±¨¥ ¤ ´´Ò¥ ¶µ ³¨±·µÔ²¥³¥´É´µ³Ê ¸µ-
¸É ¢Ê ²¨¸ÉÓ¥¢ ¨ ¶µÎ¥± ²¨¶Ò, µÉµ¡· ´´ÒÌ ¸ µ¤´µ£µ ¨ Éµ£µ ¦¥ · ¸É¥´¨Ö § 
¶µ²Éµ·  £µ¤  (17 ³¥¸ÖÍ¥¢, ¢±²ÕÎ Ö ¤¢  ²¥É´¨Ì ¸¥§µ´ ). �Í¥´±  ³¨´¨³ ²Ó´ÒÌ
¨ ³ ±¸¨³ ²Ó´ÒÌ ¸µ¤¥·¦ ´¨° ¶µ± §Ò¢ ¥É ¢¥¸Ó³  ¡µ²ÓÏµ° · §¡·µ¸ ¤ ´´ÒÌ ¢
§ ¢¨¸¨³µ¸É¨ µÉ ³µ³¥´É  ¸¡µ·  ¢ É¥Î¥´¨¥ ¸¥§µ´ . ‚ ¸·¥¤´¥³ ÔÉµÉ · §¡·µ¸
¸µ¸É ¢²Ö¥É 5Ä7 · §,   ¶µ µÉ¤¥²Ó´Ò³ Ô²¥³¥´É ³, É ±¨³ ± ± Sc, Cr, Au ¶µ
²¨¸ÉÓÖ³ ¨ K, Co, Br ¶µ ¶µÎ± ³, Å 10 ¨ ¡µ²¥¥ · §. ‘· ¢´¥´¨¥ ¸·¥¤´¨Ì  ·¨Ë-
³¥É¨Î¥¸±¨Ì §´ Î¥´¨° ¨ ³¥¤¨ ´Ò ¶µ± §Ò¢ ¥É, ÎÉµ · ¸¶·¥¤¥²¥´¨¥ ¸µ¤¥·¦ ´¨°
³¨±·µÔ²¥³¥´Éµ¢ ´µ¸¨É ¢ µ¸´µ¢´µ³ · ¢´µ³¥·´Ò° ¨ ¸¨³³¥É·¨Î´Ò° Ì · ±É¥·.
�Éµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ µ¶·¥¤¥²¥´´ÒÌ § ±µ´µ³¥·´µ¸É¥° ¢ · ¸-
¶·¥¤¥²¥´¨¨ ³¨±·µÔ²¥³¥´Éµ¢ ¢ ¶·µ¤µ²¦¥´¨¥ ¸¥§µ´ .

„²Ö µÍ¥´±¨ § ±µ´µ³¥·´µ¸É¥° ¥¦¥³¥¸ÖÎ´µ ¸É·µ¨²¨ £· Ë¨±¨ ¨§³¥´¥´¨Ö
¤ ´´ÒÌ ¸µ¤¥·¦ ´¨Ö ³¨±·µÔ²¥³¥´Éµ¢ ¢ ²¨¸ÉÓÖx ¨ ¶µÎ± Ì ²¨¶Ò. �´¨ ¶·¥¤-
¸É ¢²¥´Ò ´  ·¨¸. 1. �´ ²¨§ £· Ë¨Î¥¸±¨Ì ³ É¥·¨ ²µ¢ ¶µ± §Ò¢ ¥É, ÎÉµ ¢¸¥
¶·¨¢¥¤¥´´Ò¥ ¢ É ¡². 1 ³¨±·µÔ²¥³¥´ÉÒ ³µ¦´µ · §¤¥²¨ÉÓ ´  ¤¢¥ £·Ê¶¶Ò ¶µ
Ì · ±É¥·Ê ¨Ì ´ ±µ¶²¥´¨Ö.

‚ ¶¥·¢µ° £·Ê¶¶¥ Ô²¥³¥´Éµ¢ (¸³. ´  ·¨¸. 1 Na, Fe, Co ¨ La) ´ ¡²Õ¤ -
¥É¸Ö ¤µ¸É ÉµÎ´µ · ¢´µ³¥·´µ¥ ´ ±µ¶²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢ ²¨¸ÉÓÖÌ ¢
É¥Î¥´¨¥ ¸¥§µ´ . Œ ±¸¨³ ²Ó´Ò¥ Ê·µ¢´¨ ¸µ¤¥·¦ ´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ´ -
¡²Õ¤ ÕÉ¸Ö ¶¥·¥¤ ²¨¸Éµ¶ ¤µ³. ’ ±µ£µ ·µ¤  · ¸¶·¥¤¥²¥´¨¥ Ì · ±É¥·´µ ¤²Ö ¶µ-
¤ ¢²ÖÕÐ¥£µ ¡µ²ÓÏ¨´¸É¢  ¶·¨¢µ¤¨³ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¨ ¸±µ·¥¥ ¢¸¥£µ
¸¢Ö§ ´µ ¸ ±µ´Í¥´É· Í¨¥° ¨Ì ¢ ¸É ·ÒÌ ±²¥É± Ì · ¸É¥´¨Ö.

‚µ ¢Éµ·µ° £·Ê¶¶¥, ± ±µÉµ·µ° µÉ´µ¸ÖÉ¸Ö K, Rb, Zn ¨ As, ´ ¡²Õ¤ ¥É¸Ö ¤µ-
¸É ÉµÎ´µ ·¥§±µ¥ ´ ±µ¶²¥´¨¥ ³¨±·µÔ²¥³¥´Éµ¢ ¤µ ¸¢µ¥£µ ³ ±¸¨³Ê³ , ÎÉµ Î Ð¥
¢¸¥£µ ¸µ¢¶ ¤ ¥É ¸ ¶¥·¨µ¤µ³ Í¢¥É¥´¨Ö, ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¶µ´¨¦¥´¨¥³ ±µ´Í¥´-
É· Í¨° ± ±µ´ÍÊ ¸¥§µ´ . Œ¨´¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¸µ¤¥·¦ ´¨° ¶·¨Ìµ¤ÖÉ¸Ö ´ 
³µ³¥´É ´ Î ²  ·µ¸É  ²¨¸É  ¨ ³µ³¥´É ¥£µ µ¶ ¤ ,   ³ ±¸¨³Ê³ Å ´  ¸¥·¥¤¨´Ê
²¥É´¥£µ ¸¥§µ´ .

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢ ±µ··¥²ÖÍ¨¨ Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éµ¢ ¢ ²¨¸ÉÓÖÌ ²¨¶Ò. ‹¥£±µ § ³¥É¨ÉÓ, ÎÉµ §¤¥¸Ó É ±¦¥ ´ Ìµ¤¨É ¸¢µ¥
¶µ¤É¢¥·¦¤¥´¨¥ ¶·¨´Í¨¶ ¤¥²¥´¨Ö ³¨±·µÔ²¥³¥´Éµ¢ ´  ¤¢¥ £·Ê¶¶Ò. �Î¥¢¨¤´Ò
±µ··¥²ÖÍ¨µ´´Ò¥ § ¢¨¸¨³µ¸É¨ ¢ £·Ê¶¶¥ Na, Ca, Sc, Cr, Fe, Co, Br, Sb, Ba, La,
Ce, Au, Th (±µÔËË¨Í¨¥´ÉÒ ±µ··¥²ÖÍ¨¨ 0,5Ä0,9) ¨ ¢ £·Ê¶¶¥ K, Rb, Zn, As
(±µÔËË¨Í¨¥´ÉÒ ±µ··¥²ÖÍ¨¨ 0,4Ä0,6).
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‚ ¶µÎ± Ì · ¸¶·¥¤¥²¥´¨¥ ³¨±·µÔ²¥³¥´Éµ¢ ¢ µ¸¥´´¨°, §¨³´¨° ¨ ¢¥¸¥´´¨°
¶¥·¨µ¤ ¨´µ¥. � ¡²Õ¤ ÕÉ¸Ö ¶· ±É¨Î¥¸±¨ ¶µ¸ÉµÖ´´Ò¥ ¸µ¤¥·¦ ´¨Ö ¢ µ¸¥´´¥-
§¨³´¨° ¸¥§µ´ ¨ ¶µ¢ÒÏ¥´¨¥ ±µ´Í¥´É· Í¨° ¢¥¸´µ°. Œ ±¸¨³Ê³ ¸µ¤¥·¦ ´¨Ö Ì¨-
³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢ ¶µÎ± Ì ²¨¶Ò ¤µ¸É¨£ ¥É¸Ö ± ³µ³¥´ÉÊ · ¸±·ÒÉ¨Ö.

‚ É ¡². 3 ¶·¨¢¥¤¥´Ò ¸É É¨¸É¨Î¥¸±¨¥ ¤ ´´Ò¥ µ ³¨±·µÔ²¥³¥´É´µ³ ¸µ¸É ¢¥
Ì¢µ¨ ¸µ¸´Ò, µÉµ¡· ´´µ° ¸ µ¤´µ£µ ¨ Éµ£µ ¦¥ · ¸É¥´¨Ö §  ¤¢  £µ¤ . � §´¨Í 
³¥¦¤Ê ³¨´¨³ ²Ó´Ò³¨ ¨ ³ ±¸¨³ ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ §¤¥¸Ó ´¥¸±µ²Ó±µ ´¨¦¥ ¨
¸µ¸É ¢²Ö¥É ¢ ¸·¥¤´¥³ 4Ä6 · §. ‡´ Î¥´¨Ö ¸·¥¤´¥£µ  ·¨Ë³¥É¨Î¥¸±µ£µ ¨ ³¥¤¨-
 ´Ò ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ É ±¦¥ ¤µ¸É ÉµÎ´µ ¡²¨§±¨, ÎÉµ £µ¢µ·¨É µ · ¢´µ³¥·´µ³
¨ ¸¨³³¥É·¨Î´µ³ · ¸¶·¥¤¥²¥´¨¨ ±µ´Í¥´É· Í¨° ¢µ ¢·¥³¥´¨. �´ ²¨§ ¤ ´´ÒÌ
¶µ ¸·¥¤´¨³  ·¨Ë³¥É¨Î¥¸±¨³ ¸µ¤¥·¦ ´¨Ö³ ³¨±·µÔ²¥³¥´Éµ¢ ¢ Ì¢µ¥ É¥±ÊÐ¥£µ
£µ¤ , µ¤´µ²¥É´¥° ¨ ³´µ£µ²¥É´¥° Ì¢µ¥ ¶µ± §Ò¢ ¥É, ÎÉµ É¥´¤¥´Í¨¨, ±µÉµ·Ò¥
¤µ¸É ÉµÎ´µ µ¶·¥¤¥²¥´´µ ¶·µÖ¢¨²¨¸Ó ¶µ µÉ´µÏ¥´¨Õ ± ²¨¸ÉÓÖ³ ²¨¶Ò, ¢¶µ²´¥
¸¶· ¢¥¤²¨¢Ò ¨ ¶µ µÉ´µÏ¥´¨Õ ± Ì¢µ¥ ¸µ¸´Ò.

�¥§Ê²ÓÉ ÉÒ ¶µ± §Ò¢ ÕÉ É¥´¤¥´Í¨Õ ± ´ ±µ¶²¥´¨Õ ¢ ¤µ²£µ¸·µÎ´µ° ¶¥·-
¸¶¥±É¨¢¥ É ±¨Ì Ô²¥³¥´Éµ¢, ± ± Na, Ca, Sc, Cr, Fe, Co, Br, Sb ¨ La, ¨ ±
¸´¨¦¥´¨Õ ±µ´Í¥´É· Í¨° K, Rb ¨ Zn ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨.

„²Ö Éµ£µ ÎÉµ¡Ò ¡µ²¥¥ ¶µ¤·µ¡´µ · ¸¸³µÉ·¥ÉÓ ÔÉ¨ § ¢¨¸¨³µ¸É¨, ¡Ò²¨ ¶µ-
¸É·µ¥´Ò £· Ë¨±¨ ¨§³¥´¥´¨Ö ³¨±·µÔ²¥³¥´É´µ£µ ¸µ¸É ¢  Ì¢µ¨ ¸µ¸´Ò §  ¢·¥³Ö
Ô±¸¶¥·¨³¥´É . ƒ· Ë¨±¨ ¤²Ö Na, Ca, Fe, K, Zn ¨ Rb ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.
ˆÌ  ´ ²¨§ ¶µ± §Ò¢ ¥É ¸²¥¤ÊÕÐ¥¥:

Å ¶µ¸±µ²Ó±Ê Ô±¸¶¥·¨³¥´É µÌ¢ ÉÒ¢ ² ¤¢  ²¥É´¨Ì ¸¥§µ´ , ¢¸¥ £· Ë¨±¨
¨³¥ÕÉ ¤¢  ¡µ²¥¥ ¨²¨ ³¥´¥¥ ¢Ò· ¦¥´´ÒÌ ³ ±¸¨³Ê³  ±µ´Í¥´É· Í¨° ³¨±·µÔ²¥-
³¥´Éµ¢;

Å ³ ±¸¨³ ²Ó´Ò¥ Ê·µ¢´¨ ±µ´Í¥´É· Í¨° Na, Ca, Fe ¨ µ¸É ²Ó´ÒÌ Ô²¥³¥´Éµ¢
ÔÉµ° £·Ê¶¶Ò ¨³¥ÕÉ ¤µ¸É ÉµÎ´µ ¸£² ¦¥´´Ò° ¢¨¤, ³ ±¸¨³Ê³Ò ¢Éµ·µ£µ £µ¤ 
§´ Î¨É¥²Ó´µ (¶µÎÉ¨ ¢ 2 · § ) ¶·¥¢ÒÏ ÕÉ ³ ±¸¨³Ê³Ò ¶¥·¢µ£µ £µ¤ ;

Å ³ ±¸¨³ ²Ó´Ò¥ Ê·µ¢´¨ ±µ´Í¥´É· Í¨° K, Zn ¨ Rb ¨³¥ÕÉ ¡µ²¥¥ ¢Ò· -
¦¥´´Ò° Ì · ±É¥p, ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ³ ±¸¨³Ê³  ¸µ¸É ¢²Ö¥É 1,5Ä2 ³¥¸ÖÍ ,
¢Éµ·µ° ³ ±¸¨³Ê³ · ¢¥´ ¶¥·¢µ³Ê ²¨¡µ ³¥´ÓÏ¥ ´¥£µ;

Å £· Ë¨±¨ ´ ±µ¶²¥´¨Ö Na, Ca, Fe ¨ ¤·Ê£¨Ì Ô²¥³¥´Éµ¢ ÔÉµ° £·Ê¶¶Ò µÉ-
· ¦ ÕÉ ¢·¥³¥´´µ° Ì · ±É¥· ´ ±µ¶²¥´¨Ö, É. ¥. Î¥³ ¸É ·¥¥ Ì¢µÖ, É¥³ ¢ÒÏ¥
±µ´Í¥´É· Í¨Ö ÔÉ¨Ì Ô²¥³¥´Éµ¢;

Å £· Ë¨±¨ · ¸¶·¥¤¥²¥´¨Ö (´ ±µ¶²¥´¨Ö) K, Zn ¨ Rb µÉ· ¦ ÕÉ µ¡· É´ÊÕ
§ ¢¨¸¨³µ¸ÉÓ ±µ´Í¥´É· Í¨° ¨ ¢µ§· ¸É  Ì¢µ¨;

Å · ¸Î¥É ±µÔËË¨Í¨¥´Éµ¢ ±µ··¥²ÖÍ¨¨ ¤²Ö ¢¸¥° ¸µ¢µ±Ê¶´µ¸É¨ ³¨±·µÔ²¥-
³¥´Éµ¢ ¶µ± § ² ´ ²¨Î¨¥ É¥Ì ¦¥ ±µ··¥²ÖÍ¨µ´´ÒÌ § ¢¨¸¨³µ¸É¥°, ÎÉµ ¨ ¢ ²¨-
¸ÉÓÖÌ ²¨¶Ò.

’ ±¨³ µ¡· §µ³, ¸ÊÐ¥¸É¢µ¢ ´¨¥ § ±µ´µ³¥·´µ¸É¥° · ¸¶·¥¤¥²¥´¨Ö ³¨±·µ-
Ô²¥³¥´Éµ¢ ¢ ²¨¸ÉÓÖÌ ²¨¶Ò ¨ Ì¢µ¥ ¸µ¸´Ò ¢ § ¢¨¸¨³µ¸É¨ µÉ Ë §Ò ¢¥£¥É Í¨¨
¶µ¤É¢¥·¦¤ ¥É¸Ö. �´¨ ¢Ò· ¦ ÕÉ¸Ö ¢ ´ ±µ¶²¥´¨¨ ¢¥£¥É É¨¢´Ò³¨ µ·£ ´ ³¨
²¨¸É¢¥´´µ° ¨ Ì¢µ°´µ° · ¸É¨É¥²Ó´µ¸É¨ ¢ · §´Ò¥ Ë §Ò ¢¥£¥É Í¨¨ µ¤´¨Ì Ì¨³¨-
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�¨¸. 2. ˆ§³¥´¥´¨¥ ³¨±·µÔ²¥³¥´É´µ£µ ¸µ¸É ¢  Ì¢µ¨ ¸µ¸´Ò ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ (1 Å
Ì¢µÖ É¥±ÊÐ¥£µ £µ¤ , 2 Å µ¤´µ²¥É´ÖÖ Ì¢µÖ, 3 Å ³´µ£µ²¥É´ÖÖ Ì¢µÖ)

Î¥¸±¨Ì Ô²¥³¥´Éµ¢ (Na, Ca, Cr, Fe, Co, Br ¨ ¶·.) ¨ ¢Ò´µ¸¥ ¤·Ê£¨Ì (K, Rb, Zn,
¢µ§³µ¦´µ As).

�É¨ § ±µ´µ³¥·´µ¸É¨ ´¥ Ö¢²ÖÕÉ¸Ö ²¨´¥°´Ò³¨ ¨ ¨³¥ÕÉ ¸¢µ¨ ³ ±¸¨³Ê³Ò
´ ±µ¶²¥´¨Ö Å ±µ´¥Í ²¥É´¥£µ ¸¥§µ´  ¢ ¶¥·¢µ³ ¸²ÊÎ ¥ ¨ ¸¥·¥¤¨´  ²¥É´¥£µ
¸¥§µ´  ¢µ ¢Éµ·µ³. „¨ ¶ §µ´ ¨§³¥´¥´¨Ö ±µ´Í¥´É· Í¨° ¢ É¥Î¥´¨¥ ¸¥§µ´  ¤µ¸É -
ÉµÎ´µ ¢¥²¨± ¨ ³µ¦¥É ¤µ¸É¨£ ÉÓ 10 · § ¨ ¡µ²¥¥.
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�¢Éµ· ³¨ ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¢Ò¡µ·µÎ´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¸¥§µ´´µ£µ · ¸¶·¥-
¤¥²¥´¨Ö ³¨±·µÔ²¥³¥´Éµ¢ ¢ ²¨¸ÉÓÖÌ ¡¥·¥§Ò ¨ Ì¢µ¥ ¥²¨, ·¥§Ê²ÓÉ ÉÒ ±µÉµ·ÒÌ
¶µ¤É¢¥·¤¨²¨ Ê´¨¢¥·¸ ²Ó´µ¸ÉÓ ¢ÒÏ¥¨§²µ¦¥´´ÒÌ ¶·¨´Í¨¶µ¢.

‚›‚�„›

1. ‚ ¢¥£¥É É¨¢´ÒÌ µ·£ ´ Ì ¤·¥¢¥¸´µ° · ¸É¨É¥²Ó´µ¸É¨ ¢ É¥Î¥´¨¥ ²¥É´¥£µ
¸¥§µ´  ³µ£ÊÉ ¶·µ¨¸Ìµ¤¨ÉÓ ¢¥¸Ó³  §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ³¨±·µÔ²¥³¥´É´µ£µ
¸µ¸É ¢  (¢ 10 ¨ ¡µ²¥¥ · §), ÎÉµ ¢ÒÖ¢²¥´µ ´  ¶·¨³¥·¥ ²¨¶Ò ³¥²±µ²¨¸É´µ° ¨
¸µ¸´Ò µ¡Ò±´µ¢¥´´µ°.

2. �É¨ ¨§³¥´¥´¨Ö ¶·µ¨¸Ìµ¤ÖÉ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢¶µ²´¥ µ¶·¥¤¥²¥´´Ò³¨
§ ±µ´µ³¥·´µ¸ÉÖ³¨ ¨ ³µ£ÊÉ ¡ÒÉÓ ¸¢Ö§ ´Ò ¸ ¡¨µ²µ£¨Î¥¸±µ° ·µ²ÓÕ ¤ ´´µ£µ Ô²¥-
³¥´É  ¢ · ¸É¥´¨¨ ¨ ¥£µ ³¨£· Í¨µ´´Ò³¨ ¸¢µ°¸É¢ ³¨.

3. ’ ±¨¥ Ô²¥³¥´ÉÒ, ± ± Na, Ca, Sc, Cr, Fe, Co, Br, Sb, La, · ¢´µ³¥·´µ
´ ± ¶²¨¢ ÕÉ¸Ö ¢ ²¨¸ÉÓÖÌ ²¨¶Ò ¨ Ì¢µ¥ ¸µ¸´Ò ¨ ¤µ¸É¨£ ÕÉ ³ ±¸¨³ ²Ó´ÒÌ ±µ´-
Í¥´É· Í¨° ¶¥·¥¤ µ¶ ¤µ³.

4. ‚Éµ· Ö £·Ê¶¶  Ô²¥³¥´Éµ¢ Å Š, Rb ¨ Zn Å ¨³¥¥É Î¥É±µ µ¡µ§´ Î¥´´Ò¥
³ ±¸¨³Ê³Ò ±µ´Í¥´É· Í¨° ¢ ¸¥·¥¤¨´¥ ¸¥§µ´  ¨ Ö¢´ÊÕ É¥´¤¥´Í¨Õ ± ¢Ò´µ¸Ê
ÔÉ¨Ì Ô²¥³¥´Éµ¢ ¢ ¤µ²£µ¸·µÎ´µ° ¶¥·¸¶¥±É¨¢¥. ˆÌ ³¨´¨³ ²Ó´Ò¥ ±µ´Í¥´É· Í¨¨
´ ¡²Õ¤ ÕÉ¸Ö ± ³µ³¥´ÉÊ µ¶ ¤  ²¨¸ÉÓ¥¢ ¨²¨ Ì¢µ¨.

5. �¢Éµ·Ò ¸Î¨É ÕÉ, ÎÉµ µÉ³¥Î¥´´Ò¥ § ±µ´µ³¥·´µ¸É¨ Ê´¨¢¥·¸ ²Ó´Ò ¨
Ì · ±É¥·´Ò ¤²Ö ¢¸¥Ì ¢¨¤µ¢ ¤·¥¢¥¸´µ° · ¸É¨É¥²Ó´µ¸É¨.

6. �·¨ ¶·µ¢¥¤¥´¨¨ Ô±µ²µ£¨Î¥¸±¨Ì, Ô±µ²µ£µ-£¥µÌ¨³¨Î¥¸±¨Ì ¨ Ô±µ²µ£µ-
¡¨µÌ¨³¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ´ ²¨Î¨¥ ¶µ± § ´´ÒÌ ¢
ÔÉµ° · ¡µÉ¥ § ¢¨¸¨³µ¸É¥°. ‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ´¥¸µ¶µ-
¸É ¢¨³Ò¥ ·¥§Ê²ÓÉ ÉÒ.

7. �É¡µ· µ¡· §Íµ¢ · ¸É¨É¥²Ó´µ¸É¨ Í¥²¥¸µµ¡· §´µ ¶·µ¢µ¤¨ÉÓ ¢ ¤µ¸É ÉµÎ´µ
Ê§±µ³ ¢·¥³¥´´µ³ ¤¨ ¶ §µ´¥ Å ¸ ¸¥·¥¤¨´Ò ¨Õ²Ö ¤µ ¸¥·¥¤¨´Ò  ¢£Ê¸É .
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