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�·¨¢μ¤¨É¸Ö μ¶¨¸ ´¨¥ ¶² §³¥´´ÒÌ £μ·¥²μ± ¤²Ö  ´ ²¨§ Éμ·   Éμ³´μ£μ ¸μ¸É ¢  ¦¨¤±¨Ì, É¢¥·¤ÒÌ ¨
£ §μμ¡· §´ÒÌ ¢¥Ð¥¸É¢. �Éμ³¨§ Éμ·μ³ Ö¢²Ö¥É¸Ö ´¨É¥¢¨¤´Ò° ‚—-· §·Ö¤, ±μÉμ·Ò° ¸μ§¤ ¥É¸Ö ¢ £μ·¥²-
± Ì ¸ ¶μ³μÐÓÕ ¤¢ÊÌ ´¥¶·¥·Ò¢´ÒÌ ‚—-£¥´¥· Éμ·μ¢ ¸ Î ¸ÉμÉμ° 13,56 ŒƒÍ ¨ ³μÐ´μ¸ÉÓÕ ¤μ 350 ‚É.
�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ±μ´Í¥´É· Í¨° ¢·¥¤´ÒÌ  Éμ³ ·´ÒÌ ¶·¨³¥¸¥° ¢ ¢μ¤¥ ´  Ê·μ¢´¥
¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³ÒÌ ±μ´Í¥´É· Í¨° ¶μ ¸ ´¨É ·´Ò³ ´μ·³ ³. �μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö Ê´¨-
¢¥·¸ ²Ó´μ£μ  ´ ²¨§ Éμ·  ¸μ¸É ¢  ¢¥Ð¥¸É¢, ¢ ±μÉμ·μ³ ´  μ¤´μ° ¶² ÉËμ·³¥ ¸μ¢³¥Ð¥´Ò £μ·¥²±¨ ¤²Ö
¦¨¤±μ¸É¥°, £ §μ¢ ¨ É¢¥·¤ÒÌ É¥².

The description of the plasma torches for the analyzer of the atomic composition of liquid, solid
and gaseous substances is given. The ˇlamentary RF discharge, which is created in the torches with the
aid of two continuous RF generators with a frequency of 13.56 MHz and a power of up to 350 W, is
atomizer. The results of the measurements of the concentrations of harmful atomic admixtures in the
water at the level of the maximum permissible concentrations (MPC) according to the sanitary standards
are given. The possibility is shown of designing the universal analyzer of the composition of substances,
in which on one platform are combined the torches for liquids, gases and solids.

PACS: 52.80.Pi; 552.50.Qt

‚‚…„…�ˆ…

�´ ²¨§ ¸μ¸É ¢  ¢¥Ð¥¸É¢ ´  ´ ²¨Î¨¥ ¢·¥¤´ÒÌ ¶·¨³¥¸¥° Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ¢ ¦´¥°-
Ï¨Ì § ¤ Î ¢ μ¡² ¸É¨ Ô±μ²μ£¨¨. ‘·¥¤¨ μ£·μ³´μ£μ · §´μμ¡· §¨Ö ³¥Éμ¤μ¢  ´ ²¨§  μ¸É ¥É¸Ö
 ±ÉÊ ²Ó´μ° ¶·μ¡²¥³  ¢Ò¸μ±μ° ¸Éμ¨³μ¸É¨ ¶·¨¡μ·μ¢, ¨Ì ¡μ²ÓÏμ¥ Ô´¥·£μ- ¨ ·¥¸Ê·¸μ¶μÉ·¥-
¡²¥´¨¥ [1]. ‚ · ¡μÉ¥ [2] ¡Ò² μ¶¨¸ ´ ¶·μÉμÉ¨¶  Éμ³´μ-Ô³¨¸¸¨μ´´μ£μ ¸¶¥±É·μ³¥É·  ´ 
μ¸´μ¢¥ μ¤´μÔ²¥±É·μ¤´μ£μ ¨³¶Ê²Ó¸´μ£μ ‚—-· §·Ö¤ , ·¥ ²¨§ Í¨Ö ±μÉμ·μ£μ ¶μ§¢μ²Ö¥É ¸ÊÐ¥-
¸É¢¥´´μ ¸μ±· É¨ÉÓ ³μÐ´μ¸ÉÓ ‚—-£¥´¥· Éμ·  ¨ · ¸Ìμ¤ · ¡μÎ¥£μ £ §   ·£μ´  ¶μ ¸· ¢´¥´¨Õ
¸ É· ¤¨Í¨μ´´Ò³  ´ ²¨§ Éμ·μ³ ´  μ¸´μ¢¥ ¨´¤Ê±Í¨μ´´μ-¸¢Ö§ ´´μ° ¶² §³Ò.

‚ ´ ¸ÉμÖÐ¥° ¸É ÉÓ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¤ ²Ó´¥°Ï¥£μ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Ö Ê± § ´-
´μ£μ Ê¸É·μ°¸É¢ . ‘μ§¤ ´ ‚—-£¥´¥· Éμ· ´  ¸μ¢·¥³¥´´μ° ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ° ¡ §¥, ¸μ¸ÉμÖ-
Ð¨° ¨§ ¤¢ÊÌ μ¤¨´ ±μ¢ÒÌ £¥´¥· Éμ·μ¢ ¢ μ¤´μ³ ±μ·¶Ê¸¥. �´ · ¡μÉ ¥É ¢ ´¥¶·¥·Ò¢´μ³ ·¥-
¦¨³¥ ¸ Î ¸ÉμÉμ° 13,56 ŒƒÍ ¨ ¸Ê³³ ·´μ° ³μÐ´μ¸ÉÓÕ ¤μ 350 ‚É. ‚ ¸¢Ö§¨ ¸ ¶¥·¥Ìμ¤μ³ μÉ
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�¨¸. 1. ‘Ì¥³   ´ ²¨§ Éμ· : 1 Å ¸¶¥±É·μ£· Ë; 2 Å £μ·¥²± ; 3 Å ‚—-£¥´¥· Éμ·; 4 Å ¡²μ±
¶·μ¡μ¶μ¤£μÉμ¢±¨; 5 Å ¡ ²²μ´ ¸  ·£μ´μ³

¨³¶Ê²Ó¸´μ£μ ·¥¦¨³  ± ´¥¶·¥·Ò¢´μ³Ê ¶·μ¨§μÏ²μ ¨§³¥´¥´¨¥ É¥·³¨´μ²μ£¨¨: · §·Ö¤ ´ §-
¢ ´ ´¨É¥¢¨¤´Ò³ ¶μ ¥£μ Ì · ±É¥·´μ° Ëμ·³¥. �¥±μÉμ·Ò¥ ¸¢μ°¸É¢  ÔÉμ£μ · §·Ö¤  μ¶¨¸ ´Ò
¢ · ¡μÉ¥ [3].

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  μ¡Ð Ö ¸Ì¥³   ´ ²¨§ Éμ·  ¸μ¸É ¢  ¢¥Ð¥¸É¢ .

ˆ¸¸²¥¤Ê¥³μ¥ ¢¥Ð¥¸É¢μ ¨§ ¡²μ±  ¶·μ¡μ¶μ¤£μÉμ¢±¨ 4 ¶μÉμ±μ³ · ¡μÎ¥£μ £ §   ·£μ´  ¨§
¡ ²²μ´  5 ¶μ¤ ¥É¸Ö ¢ £μ·¥²±Ê 2, ¢ ±μÉμ·μ° Ëμ·³¨·Ê¥É¸Ö · §·Ö¤ ¸ ¶μ³μÐÓÕ ‚—-£¥´¥· -
Éμ·  3. ˆ§²ÊÎ¥´¨¥ · §·Ö¤´μ° ¶² §³Ò ´ ¶· ¢²Ö¥É¸Ö ¢ ¸¶¥±É·μ£· Ë 1.

„²Ö  ´ ²¨§  ¢¥Ð¥¸É¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ · §²¨Î´ÒÌ  £·¥£ É´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ, ´¥μ¡Ìμ¤¨³ 
¸¢μÖ ¸¨¸É¥³  ¶·μ¡μ¶μ¤£μÉμ¢±¨, ¢¢μ¤  ¢ · §·Ö¤ ¨ Ëμ·³¨·μ¢ ´¨Ö · §·Ö¤  Å £μ·¥²± .
‚ · ¡μÉ¥ [2] ¡Ò²¨ μ¶¨¸ ´Ò ¢ ·¨ ´ÉÒ É ±¨Ì ¸¨¸É¥³. ‚ ´ ¸ÉμÖÐ¥° ¸É ÉÓ¥ ¶·¥¤² £ ÕÉ¸Ö
Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´´Ò¥ Ê¸É·μ°¸É¢  £μ·¥²μ±.

1. ���‹ˆ‡ †ˆ„Š�‘’…‰

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ¸Ì¥³  ¨ ¨§μ¡· ¦¥´¨¥ £μ·¥²±¨ ¤²Ö  ´ ²¨§  ¦¨¤±μ¸É¥°.

Š ± ¡Ò²μ Ê¸É ´μ¢²¥´μ ¢ · ¡μÉ Ì [3, 4], μ¤´¨³ ¨§ ¸¢μ°¸É¢ ´¨É¥¢¨¤´μ£μ · §·Ö¤  Ö¢²Ö¥É¸Ö
¥£μ ¢μ§³μ¦´μ¸ÉÓ Ëμ·³¨·μ¢ ÉÓ¸Ö ± ± ¢¤μ²Ó ¶μÉμ±  ¨´¥·É´μ£μ £ § , É ± ¨ ¢ ¶·μÉ¨¢μ¶μ²μ¦-
´μ³ ´ ¶· ¢²¥´¨¨. ‚ ·¥§Ê²ÓÉ É¥ ¶·¨³¥´¥´¨Ö μ¡ÒÎ´ÒÌ Ô²¥±É·μ¤μ¢ ¨ ¢¢¥¤¥´¨Ö ¨Ì ¢ ÏÉÊÍ¥·Ò
¶μ¤¢μ¤   ·£μ´  · §·Ö¤ § ¦¨£ ²¸Ö ´¥ Éμ²Ó±μ ¢ £μ·¥²±¥, ´μ ¨ ¢ ¶μ¤¢μ¤ÖÐ¨Ì ÏÉÊÍ¥· Ì ¨
³ £¨¸É· ²ÖÌ, ÎÉμ ¢Ò§Ò¢ ²μ ¨Ì ´ £·¥¢ ¨ ¶·μ£μ· ´¨¥. �¥Ï¥´¨¥ ¡Ò²μ ´ °¤¥´μ §  ¸Î¥É ¨¸-
¶μ²Ó§μ¢ ´¨Ö ÔËË¥±É  Ô±· ´¨·μ¢±¨ ³¥É ²²μ³ ¶μ²Ö Ô²¥±É·μ³ £´¨É´μ° ‚—-¢μ²´Ò: ¢´ÊÉ·¨
³¥É ²²¨Î¥¸±μ£μ Í¨²¨´¤·  ¶μ²¥ §´ Î¨É¥²Ó´μ μ¸² ¡¥¢ ¥É (¸±¨´-¸²μ° ¤²Ö ³¥¤¨ ¶·¨ Î ¸ÉμÉ¥
10 ŒƒÍ ∼ 10 ³±³).

�²¥±É·μ¤ É¥¶¥·Ó ´¥ ¢¢μ¤¨É¸Ö ¢´ÊÉ·Ó ÏÉÊÍ¥· ,   ´ μ¡μ·μÉ, ÏÉÊÍ¥· 1 (·¨¸. 2) ¨§ ±¢ ·-
Í¥¢μ° É·Ê¡±¨ ¤²Ö ¶μ¤ Î¨ ¸³¥¸¨ · ¡μÎ¨° £ § Ä ¶·μ¡  ¢¢μ¤¨É¸Ö ¢´ÊÉ·Ó Í¨²¨´¤·¨Î¥¸±μ£μ
² ÉÊ´´μ£μ Ô²¥±É·μ¤  2 [5]. �Éμ ¶μ§¢μ²¨²μ ¶μ²´μ¸ÉÓÕ ¨§¡¥¦ ÉÓ ¶·μ¡μ°´ÒÌ Ö¢²¥´¨°.

‚Éμ·μ° Ô²¥±É·μ¤ 4 Ö¢²Ö¥É¸Ö ÉμÎ´μ° ±μ¶¨¥° ¶¥·¢μ£μ Ô²¥±É·μ¤  ¨ ¢Ò¶μ²´Ö¥É ¸²¥¤ÊÕÐ¨¥
ËÊ´±Í¨¨:

1) Ö¢²Ö¥É¸Ö Ô²¥±É·μ¤μ³, ´  ±μÉμ·Ò° ¶μ¤ ¥É¸Ö ‚—-³μÐ´μ¸ÉÓ μÉ ¢Éμ·μ£μ £¥´¥· Éμ· ;
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�¨¸. 2. ‘Ì¥³  ( ) ¨ ¨§μ¡· ¦¥´¨¥ (¡) £μ·¥²±¨ ¤²Ö ¦¨¤±μ¸É¥°: 1 Å ¢¢μ¤´μ° ÏÉÊÍ¥· ¨§ ±¢ ·Í¥¢μ°

É·Ê¡±¨ ¤¨ ³¥É·μ³ 8 ³³; 2 Å ¶¥·¢Ò° Í¨²¨´¤·¨Î¥¸±¨° Ô²¥±É·μ¤ ¤¨ ³¥É·μ³ 12 ³³; 3 Å ±¢ ·Í¥¢ Ö
É·Ê¡±  ¤¨ ³¥É·μ³ 5 ³³ ¨ ¤²¨´μ° 80 ³³; 4 Å ¢Éμ·μ° Í¨²¨´¤·¨Î¥¸±¨° Ô²¥±É·μ¤ ¤¨ ³¥É·μ³ 12 ³³;

5 Å ¢Ò¢μ¤´μ° ÏÉÊÍ¥·; 6 Å ÏÉÊÍ¥· ¤²Ö ¢Ò¢μ¤  ¨§²ÊÎ¥´¨Ö; 7 Å § §¥³²¥´´Ò° ±μ²ÓÍ¥¢μ° Ô²¥±É·μ¤;

8 Å μ¶É¨Î¥¸±μ¥ μ±´μ ¨²¨ ¤¨ Ë· £³ 

2) μ£· ´¨Î¨¢ ¥É · §·Ö¤ ¶μ ¤²¨´¥ ¢¤μ²Ó ¶μÉμ±  · ¡μÎ¥£μ £ §  ¸ Ê¢¥²¨Î¥´¨¥³
‚—-³μÐ´μ¸É¨;

3) ´¥ ¤ ¥É Ëμ·³¨·μ¢ ÉÓ¸Ö ¶ · §¨É´μ³Ê · §·Ö¤Ê ¶·¨ ¢ÒÌμ¤¥ ¨§ É·Ê¡±¨.

’ ±¨³ μ¡· §μ³, ¸¨³³¥É·¨Î´ Ö ¸¨¸É¥³  ¨§ ¤¢ÊÌ Ô²¥±É·μ¤μ¢ ±μ´Í¥´É·¨·Ê¥É ‚—-³μÐ-
´μ¸ÉÓ ¢ ¶·μ³¥¦ÊÉ±¥ ³¥¦¤Ê ´¨³¨. ‚ ±¢ ·Í¥¢μ° É·Ê¡±¥ 3 ´ ·Ê¦´Ò³ ¤¨ ³¥É·μ³ 5 ³³,
¢´ÊÉ·¥´´¨³ 2 ³³ ¨ ¤²¨´μ° 80 ³³ Ëμ·³¨·Ê¥É¸Ö · §·Ö¤. ˜ÉÊÍ¥· 6 ¨§ ±¢ ·Í¥¢μ° É·Ê¡±¨
¤¨ ³¥É·μ³ 7 ³³ ¸²Ê¦¨É ¤²Ö μ·£ ´¨§ Í¨¨ μ¡² ¸É¨ ¸É ¡¨²Ó´μ£μ £μ·¥´¨Ö · §·Ö¤  ¨ ¢Ò¢μ¤ 
μ¶É¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö Î¥·¥§ μ±´μ 8. �  ´¥£μ ´ ¤¥É ±μ ±¸¨ ²Ó´μ § §¥³²¥´´Ò° ±μ²ÓÍ¥¢μ°
Ô²¥±É·μ¤ 7 ¤²Ö ¸É ¡¨²¨§ Í¨¨ · §·Ö¤ .
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‚ Ô±¸¶¥·¨³¥´É Ì ¨¸¸²¥¤μ¢ ² ¸Ó ¢μ¤  ¨§ · §²¨Î´ÒÌ ¨¸ÉμÎ´¨±μ¢, ±μÉμ· Ö ¶·¥¢· Ð -
² ¸Ó ¢  Ô·μ§μ²Ó ¢ Ê²ÓÉ· §¢Ê±μ¢μ³ · ¸¶Ò²¨É¥²¥ ˆ�-7 ®�²Ó¡¥¤μ¯ ¨ ¶μÉμ±μ³  ·£μ´  ¶μ¸²¥
μ¸ÊÏ±¨ ¢ ¡²μ±¥ ¶·μ¡μ¶μ¤£μÉμ¢±¨ 4 (·¨¸. 1) ¤μ¸É ¢²Ö² ¸Ó ¢ · §·Ö¤. ˆ§²ÊÎ¥´¨¥ ¶² §³Ò ¨¸-
¸²¥¤μ¢ ²μ¸Ó ¸¶¥±É·μ£· Ëμ³ 1 (·¨¸. 1). ˆ¸¶μ²Ó§μ¢ ²¸Ö ¸¶¥±É·μ£· Ë S3804 Ë¨·³Ò
®SOL instruments¯ [6] ¸ · ¡μÎ¨³ ¤¨ ¶ §μ´μ³ ¤²¨´ ¢μ²´ 200Ä770 ´³ ¨ · §·¥Ï¥-
´¨¥³ 0,05 ´³ (2,5 ¶¨±¸¥²¥°). ‚ ¸¶¥±É·μ£· Ë¥ ¶·¨³¥´Ö²¸Ö ²¨´¥°´Ò° ¶·¨¡μ· § ·Ö¤μ¢μ°
¸¢Ö§¨ Ë¨·³Ò ®Hamamatsu¯ ¸ Î¨¸²μ³ ¶¨±¸¥²¥° 2048 ¨ Ï¨·¨´μ° 14 ³±³.

�  ·¨¸. 3 ¶μ± § ´ ÊÎ ¸Éμ± ¸¶¥±É·  ¨§²ÊÎ¥´¨Ö · §·Ö¤  ¢ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´
385Ä425 ´³ ¶·¨ ¨´¦¥±Í¨¨ ¢ ´¥£μ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò. ˆ§³¥·¥´´Ò¥ ±μ´Í¥´É· Í¨¨
(¢ ³£/²) ³ ±·μÔ²¥³¥´Éμ¢ ± ²ÓÍ¨Ö (Ca), ³ £´¨Ö (Mg), ± ²¨Ö (K) ¨ ´ É·¨Ö (Na) ¶·¨¢¥¤¥´Ò

’ ¡²¨Í  1. ‘μ¤¥·¦ ´¨¥ ³ ±·μÔ²¥-
³¥´Éμ¢ ¢ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤¥ (¢ ³£/²)

‘  Œg K Na

80± 8 50± 6 5± 1 20± 3

¢ É ¡². 1. Š ²¨¡·μ¢±  ¶·μ¢μ¤¨² ¸Ó ¸ ¶·¨³¥´¥´¨¥³
· ¸É¢μ·μ¢ ¸ ¨§¢¥¸É´μ° ±μ´Í¥´É· Í¨¥°. ‚μ¤  ¸μμÉ-
¢¥É¸É¢Ê¥É ∼ 4 ³£-Ô±¢/² ¦¥¸É±μ¸É¨.

• · ±É¥·´Ò³ ¤²Ö ´ Ï¨Ì ¢μ¤μ¶·μ¢μ¤´ÒÌ ¢μ¤
Ö¢²Ö¥É¸Ö ¢Ò¸μ±μ¥ ¸μ¤¥·¦ ´¨¥ ¦¥²¥§  ¢ ¢¨¤¥ ³¨-
±·μÎ ¸É¨Í ·¦ ¢Î¨´Ò (Fe2O3). „²Ö ¨Ì μ¡´ ·Ê¦¥-
´¨Ö ¢ ´ Ï¥³  ´ ²¨§ Éμ·¥ ´¥μ¡Ìμ¤¨³μ ¤μ¡ ¢²ÖÉÓ ¢

¢μ¤Ê ¸¢¥·Ì¢Ò¸μ±μÎ¨¸ÉÊÕ  §μÉ´ÊÕ ±¨¸²μÉÊ (HNO3) ¤μ 1 %-° ±μ´Í¥´É· Í¨¨. ˆ§³¥·¥´¨Ö
¶μ Ì · ±É¥·´Ò³ ²¨´¨Ö³ ¦¥²¥§  ¶μ± § ²¨, ÎÉμ ¥£μ ¸Ê³³ ·´ Ö ±μ´Í¥´É· Í¨Ö ´  Ê·μ¢´¥
(0,5± 0,2) ³£/², ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³ Ö ±μ´Í¥´É· Í¨Ö (�„Š) 0,3Ä1 ³£/². �·¨ μÉ¸É ¨¢ ´¨¨
¢μ¤Ò ¢ É¥Î¥´¨¥ ¸ÊÉμ± ¸μ¤¥·¦ ´¨¥ ¦¥²¥§  Ê³¥´ÓÏ ¥É¸Ö ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ±.

ˆ§¢¥¸É´μ, ÎÉμ ³¥¦¶² ¸Éμ¢Ò¥ ¢μ¤Ò Œμ¸±μ¢¸±μ£μ  ·É¥§¨ ´¸±μ£μ ¡ ¸¸¥°´  ¸μ¤¥·¦ É
¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¸É ¡¨²Ó´μ£μ ¸É·μ´Í¨Ö (Sr) ¢ ±μ´Í¥´É· Í¨ÖÌ, §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ Õ-
Ð¨Ì �„Š ¶μ ¸ ´¨É ·´Ò³ ´μ·³ ³ Å 7 ³£/² [7]. �É¨ ¢μ¤Ò ¢¸¥ ¡μ²¥¥  ±É¨¢´μ ¢μ¢²¥± ÕÉ¸Ö ¢
¢μ¤μμ¡μ·μÉ. �  ·¨¸. 3 É ±¦¥ ¨³¥ÕÉ¸Ö ¤¢¥ Ì · ±É¥·´Ò¥ ²¨´¨¨ Sr II ¸ ¤²¨´ ³¨ ¢μ²´ 407,77
¨ 421,55 ´³. ˆ§³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ ±μ´Í¥´É· Í¨Ö Sr ¢ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤¥ ¸μ¸É ¢²Ö¥É
CSr = (1 ± 0,2) ³£/².

ˆ§³¥·¥´¨Ö ¸É¥¶¥´¨ μÎ¨¸É±¨ Ë¨²ÓÉ·μ¢ ®�±¢ Ëμ·¯ ±Ê¢Ï¨´´μ£μ É¨¶  ¶μ± § ²¨ ¨Ì ¢Ò-
¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ: ¦¥¸É±μ¸ÉÓ ¢μ¤Ò, ´ ¶·¨³¥·, ¸´¨¦ ¥É¸Ö ¡μ²¥¥ Î¥³ ¢ 30 · §.

�¨¸. 3. “Î ¸Éμ± ¸¶¥±É·  ¨§²ÊÎ¥´¨Ö · §·Ö¤  ¶·¨ ¨´¦¥±Í¨¨ ¢ ´¥£μ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò, £μ·¨§μ´-
É ²Ó´ Ö μ¸Ó Å ¤²¨´  ¢μ²´Ò ¢ ´³
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’ ¡²¨Í  2. �·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö Ô²¥³¥´Éμ¢ ¢ ¢μ¤¥

�²¥³¥´É Pb Hg Cd Sr Cu Zn Fe

�·¥¤¥² ¤¥É¥±É¨·μ¢ ´¨Ö, ³£/² 0,005±
0,002

0,004±
0,002

0,0004±
0,0002

0,0003±
0,0001

0,003±
0,001

0,004±
0,002

0,03±
0,01

�„Š, ³£/² 0,030 0,0005 0,001 7,0 1,0 5,0 0,3Ä1,0

	Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¶·¥¤¥²μ¢ μ¡´ ·Ê¦¥´¨Ö · §²¨Î´ÒÌ Ô²¥³¥´Éμ¢. �¥§Ê²ÓÉ ÉÒ
¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

�¥¢Ò¸μ± Ö ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨° μ¶·¥¤¥²Ö¥É¸Ö ´¥¸É ¡¨²Ó´μ¸ÉÓÕ ¸ ³μ£μ · §·Ö¤ ,   É ±¦¥
Ë ±Éμ· ³¨ · §¡ ¢²¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ · ¸É¢μ·μ¢. ’¥³ ´¥ ³¥´¥¥ ¶μ ¢¸¥³ Ê± § ´´Ò³ ¢
É ¡²¨Í¥ Ô²¥³¥´É ³ (±·μ³¥ ·ÉÊÉ¨) ¶·¥¤¥² ¤¥É¥±É¨·μ¢ ´¨Ö ´¨¦¥ �„Š.

2. ���‹ˆ‡ ƒ�‡�‚

„²Ö  ´ ²¨§  ¸μ¸É ¢  £ §  ¢ ¢¨¤¥ ¶·μ¡ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ £μ·¥²±Ê ¤²Ö ¦¨¤±μ¸É¥°.
�¥μ¡Ìμ¤¨³μ Éμ²Ó±μ ¶·¥¤Ê¸³μÉ·¥ÉÓ ¡ÊË¥·´Ò° μ¡Ñ¥³ ¢ ¡²μ±¥ ¶·μ¡μ¶μ¤£μÉμ¢±¨ ¤²Ö ¸³¥Ï¨-
¢ ´¨Ö · ¡μÎ¥£μ £ §   ·£μ´  ¨ ¶·μ¡Ò ¢ ´Ê¦´μ° ¶·μ¶μ·Í¨¨. �É³¥É¨³, ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ -
´¨¨ ÔÉμ° £μ·¥²±¨ ¢ ³ £¨¸É· ²¨ ¶μ¤ Î¨ ¶·μ¡Ò · §¢¨¢ ¥É¸Ö ¨§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥ ∼ 0,2  É³.
�μÔÉμ³Ê ¤²Ö ´¥¶·¥·Ò¢´μ£μ  ´ ²¨§  £ §μ¢, ´ ¶·¨³¥·, ¸μ¸É ¢   É³μ¸Ë¥·Ò ¡Ò²  · §· ¡μÉ ´ 
¸¶¥Í¨ ²Ó´ Ö £μ·¥²±  (·¨¸. 4) ¸ ³ ²Ò³  Ô·μ¤¨´ ³¨Î¥¸±¨³ ¸μ¶·μÉ¨¢²¥´¨¥³. �´ ²¨§¨·Ê¥-
³Ò° ¢μ§¤ÊÌ ¶μ¸ÉÊ¶ ² ¢ £μ·¥²±Ê Î¥·¥§ ÏÉÊÍ¥· 4 §  ¸Î¥É ¶μ¤¸μ¸  · ¡μÎ¨³ £ §μ³ Î¥·¥§
μÉ¢¥·¸É¨¥ ¢ ¸Ê¦ ÕÐ¥°¸Ö Î ¸É¨ Ô¦¥±Éμ·´μ£μ ´ ¸μ¸ . ‘μ£² ¸μ¢ ´¨¥  Ô·μ¤¨´ ³¨Î¥¸±¨Ì Ì -
· ±É¥·¨¸É¨± Ô¦¥±Éμ·´μ£μ ´ ¸μ¸  ¨ ¸μ¶·μÉ¨¢²¥´¨Ö £μ·¥²±¨ ¶·μ¨§¢μ¤¨²μ¸Ó ¸ ¶μ³μÐÓÕ
§ §μ·  d ³¥¦¤Ê ÏÉÊÍ¥·μ³ 4 ¨ · ¸Ï¨·ÖÕÐ¥°¸Ö Î ¸ÉÓÕ ±¢ ·Í¥¢μ° É·Ê¡±¨ 3. ‘Ê¦ ÕÐ Ö¸Ö
Î ¸ÉÓ ±¢ ·Í¥¢μ° É·Ê¡±¨ 6 ¸²Ê¦¨²  ¤²Ö ¶·μ¸É· ´¸É¢¥´´μ° ¸É ¡¨²¨§ Í¨¨ · §·Ö¤ . ‘¡μ·
¨§²ÊÎ¥´¨Ö ¶·μ¨§¢μ¤¨²¸Ö Î¥·¥§ ±¢ ·Í¥¢μ¥ μ±μÏ±μ 9 ¨ ¸¢¥Éμ¢μ¤ 10 ²¨¡μ ¶μ¶¥·¥± · §·Ö¤ 
²¨´§μ° 7.

�É  £μ·¥²±  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ¨§³¥·¥´¨ÖÌ:
1) ¶μ ±μ´É·μ²Õ ¸μ¸É ¢   É³μ¸Ë¥·Ò ¢ ¨§μ²¨·μ¢ ´´ÒÌ ¶μ³¥Ð¥´¨ÖÌ (É ± ´ §Ò¢ ¥³Ò¥

®Î¨¸ÉÒ¥ ±μ³´ ÉÒ¯ ¤²Ö · ¤¨μÔ²¥±É·μ´´μ° ¶·μ³ÒÏ²¥´´μ¸É¨);

�¨¸. 4. ‘Ì¥³  £μ·¥²±¨ ¤²Ö  ´ ²¨§  ¸μ¸É ¢  £ § :
1 Å Ô²¥±É·μ¤ ¶¥·¢μ£μ £¥´¥· Éμ· ; 2 Å ³´μ£μ-

¢¨É±μ¢ Ö ¸¶¨· ²Ó; 3 Å · ¸Ï¨·ÖÕÐ Ö¸Ö Î ¸ÉÓ

±¢ ·Í¥¢μ° É·Ê¡±¨; 4 Å ÏÉÊÍ¥·; 5 Å · §·Ö¤;
6 Å ¸Ê¦ ÕÐ Ö¸Ö Î ¸ÉÓ ±¢ ·Í¥¢μ° É·Ê¡±¨; 7 Å

²¨´§ ; 8 Å μ¶É¨Î¥¸±¨° ¸¶¥±É·μ³¥É·; 9 Å ±¢ ·-
Í¥¢μ¥ μ±´μ; 10 Å ¸¢¥Éμ¢μ¤
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2) ±μ´Í¥´É· Í¨¨ ±¨¸²μ·μ¤  ¨ Ê£²¥±¨¸²μ£μ £ §  ¢ ¤¨ËËÊ§¨μ´´μ³ ·¥¸¶¨· Éμ·¥ ´  μ¸´μ¢¥
É·¥±μ¢ÒÌ ³¥³¡· ´.

	Ò²μ ¶μ²ÊÎ¥´μ, ÎÉμ ¶·¥¤¥² ¤¥É¥±É¨·μ¢ ´¨Ö ¸μ¸É ¢²Ö¥É ∼ 50 ppm, ¢·¥³¥´´μ¥ · §·¥-
Ï¥´¨¥ ∼ 200 ³¸. 	μ²¥¥ ¤¥É ²Ó´μ ·¥§Ê²ÓÉ ÉÒ ¨§²μ¦¥´Ò ¢ · ¡μÉ Ì [2, 8].

3. ���‹ˆ‡ ’‚…�„›• ‚…™…‘’‚

„²Ö  ´ ²¨§  É¢¥·¤ÒÌ ¢¥Ð¥¸É¢ ¡Ò²  · §· ¡μÉ ´  ¸¶¥Í¨ ²Ó´ Ö £μ·¥²±  (·¨¸. 5). � ¡μÎ¨°
£ § ( ·£μ´) ¶μ¸ÉÊ¶ ¥É Î¥·¥§ ¢¢μ¤´μ° ÏÉÊÍ¥· 1 ¨§ ¶² ¢²¥´μ£μ ±¢ ·Í  ¨ ¶¥·¢Ò° Ô²¥±É·μ¤ 2
¨§ ² ÉÊ´¨ ¨ ¤ ²¥¥ Î¥·¥§ ±¢ ·Í¥¢ÊÕ É·Ê¡±Ê 3 ±μ ¢Éμ·μ³Ê Ô²¥±É·μ¤Ê 4 ¨§ ´¥·¦ ¢¥ÕÐ¥°
¸É ²¨ ¨ ¢Ò¢μ¤¨É¸Ö Î¥·¥§ ÏÉÊÍ¥· 5. ˆ¸¸²¥¤Ê¥³Ò° μ¡· §¥Í 6 ¶·¥¤¢ ·¨É¥²Ó´μ · §³¥Ð ¥É¸Ö
Î¥·¥§ ±·ÒÏ±Ê 7 ¢ ¶μ²μ¸É¨ Ô²¥±É·μ¤  4. �·¨ ¶μ¤ Î¥ ‚—-´ ¶·Ö¦¥´¨Ö ³¥¦¤Ê Ô²¥±É·μ¤ ³¨

�¨¸. 5. ‘Ì¥³  ( ) ¨ ¨§μ¡· ¦¥´¨¥ (¡) £μ·¥²±¨ ¤²Ö É¢¥·¤ÒÌ ¢¥Ð¥¸É¢: 1 Å ¢¢μ¤´μ° ÏÉÊÍ¥·; 2 Å

¶¥·¢Ò° Ô²¥±É·μ¤; 3 Å ±¢ ·Í¥¢ Ö É·Ê¡± ; 4 Å ¢Éμ·μ° Ô²¥±É·μ¤; 5 Å ¢Ò¢μ¤´μ° ÏÉÊÍ¥·; 6 Å μ¡· §¥Í
¤²Ö  ´ ²¨§ ; 7 Å ±·ÒÏ± ; 8 Å μ¶É¨Î¥¸±μ¥ μ±´μ ¨²¨ ¤¨ Ë· £³ 
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§ ¦¨£ ¥É¸Ö · §·Ö¤, ¢Éμ·μ° Ô²¥±É·μ¤ ¨´É¥´¸¨¢´μ · §μ£·¥¢ ¥É¸Ö, μ¡· §¥Í ¶² ¢¨É¸Ö ¨ ¨¸-
¶ ·Ö¥É¸Ö. �Éμ³Ò ¢¥Ð¥¸É¢  μ¡· §Í  ¶μ¶ ¤ ÕÉ ¢ £μ·ÖÎÊÕ · §·Ö¤´ÊÕ ¶² §³Ê, £¤¥ §  ¸Î¥É
¸Éμ²±´μ¢¥´¨° ¸ Ô²¥±É·μ´ ³¨ ¨  Éμ³ ³¨  ·£μ´  ¶¥·¨μ¤¨Î¥¸±¨ ¶¥·¥¢μ¤ÖÉ¸Ö ¢ ¢μ§¡Ê¦¤¥´´μ¥
(¨μ´¨§μ¢ ´´μ¥) ¸μ¸ÉμÖ´¨¥ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥² ±¸ Í¨¥° ¢ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥. ˆ¸¶Ê¸± ¥-
³μ¥ ¶·¨ ÔÉμ³ μ¶É¨Î¥¸±μ¥ (¨μ´´μ¥) ¨§²ÊÎ¥´¨¥ ¢ÒÌμ¤¨É Î¥·¥§ μ±´μ (μÉ¢¥·¸É¨¥) ¢Ò¢μ¤´μ£μ
ÏÉÊÍ¥·  8, ¸μ¡¨· ¥É¸Ö ²¨´§μ° ¨  ´ ²¨§¨·Ê¥É¸Ö ¸¶¥±É·μ³¥É·μ³.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¤μ¸É¨£´ÊÉ  É¥³¶¥· ÉÊ·  μ¡· §Í  650 ◦‘ ¨ ¶μ²ÊÎ¥´Ò ¸¶¥±É·Ò
¨§²ÊÎ¥´¨Ö ¸¢¨´Í  ¨  ²Õ³¨´¨Ö.
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