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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ¶·µÉµÉ¨¶   Éµ³´µ-Ô³¨¸¸¨µ´´µ£µ ¸¶¥±É·µ³¥É·  ´  µ¸´µ¢¥
µ¤´µÔ²¥±É·µ¤´µ£µ ¨³¶Ê²Ó¸´µ£µ ‚—-· §·Ö¤  ¤²Ö  ´ ²¨§  ¸µ¸É ¢  £ §µ¢, ¦¨¤±µ¸É¥° ¨ É¢¥·¤ÒÌ É¥².
� · ³¥É·Ò £¥´¥· Éµ·  ¸²¥¤ÊÕÐ¨¥: ¸·¥¤´ÖÖ ‚— (40 ŒƒÍ)-³µÐ´µ¸ÉÓ Å 150 ‚É, Î ¸ÉµÉ  ¶µ¢Éµ·¥´¨Ö
¨³¶Ê²Ó¸µ¢ Å 1Ä200 ±ƒÍ, ¤²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  Å 2Ä300 ³±¸. �µ± § ´µ, ÎÉµ ¶·¨ ¨¸¶µ²Ó§µ¢ -
´¨¨ · ¡µÎ¥£µ £ §  Ar ¨ ¸¶¥Í¨ ²Ó´µ ¸±µ´¸É·Ê¨·µ¢ ´´ÒÌ £µ·¥²µ± ¢ · §·Ö¤¥ ¤µ¸É¨£ ¥É¸Ö ¶²µÉ´µ¸ÉÓ
Ô²¥±É·µ´µ¢ ∼ 1016 ¸³3,   É¥³¶¥· ÉÊ·  ¢µ§¡Ê¦¤¥´¨Ö ∼ 6300 K. �·¨ ÔÉµ³ ¶·¥¤¥² µ¡´ ·Ê¦¥´¨Ö
¶· ±É¨Î¥¸±¨ ¢¸¥Ì Ô²¥³¥´Éµ¢ ¸µ¸É ¢²Ö¥É ∼ 1 ³±£/². � ¸Ìµ¤ ¶² §³µµ¡· §ÊÕÐ¥£µ £ §  Å 0,5 ²/³¨´.
ƒ· ¤Ê¨·µ¢µÎ´Ò¥ £· Ë¨±¨ ²¨´¥°´Ò ¢ µ¡² ¸É¨ ±µ´Í¥´É· Í¨° 10 ³±£/²Ä100 ³£/². ‘É ¡¨²Ó´µ¸ÉÓ ¸¨£-
´ ²µ¢ ¢ ¶¨±¥ ´  Ê·µ¢´¥ 2 %.

Results of the investigations of the atomic-emission spectrometer prototype on the basis of one-
electrode impulse RF discharge for analysis of composition of gases, liquids and solids are represented.
The parameters of the generator are as follows: the average RF (40 MHz) power is 150 W, the frequency
of pulses repetition Å 1Ä200 kHz, the duration of a pulse Å 2Ä300 µs. It is shown that by using
support gas argon (Ar) and specially designed torches, an electron density of ∼ 1016 cm−3 and an
excitation temperature of ∼ 6300 K are achieved. The detection limit of the main elements of the
periodic system is ∼ 1 µg/L. The �ow rate of Ar is ∼ 0.5 L/min. The calibration diagrams are linear
in the range of the element concentration 10 µg/LÄ100 mg/L. The stability of the peak signals is at the
2 % level.

‚‚…„…�ˆ…

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¡µ²ÓÏµ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ¶·µ¡²¥³ ³ ¨¸¸²¥¤µ¢ ´¨Ö · ¸¶·¥-
¤¥²¥´¨Ö ¢·¥¤´ÒÌ ¶·¨³¥¸¥° ¢  É³µ¸Ë¥·¥ ¨ ¢ ¢Ò¶ ¤ ÕÐ¨Ì ´  ¶µ¢¥·Ì´µ¸É¨ §¥³²¨ µ¸ ¤-
± Ì, Ö¢²ÖÕÐ¨Ì¸Ö ·¥§Ê²ÓÉ Éµ³ É¥Ì´µ²µ£¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢ (Ì¨³¨Î¥¸±µ¥, ³¥É ²²Ê·£¨Î¥-
¸±µ¥ ¶·µ¨§¢µ¤¸É¢ , É¥Ì´µ£¥´´Ò¥ ± É ¸É·µËÒ). Œµ´¨Éµ·¨´£  É³µ¸Ë¥·Ò, ¢µ¤Ò ¨ ¤·Ê£¨Ì
¸·¥¤ ¶·µ¨§¢µ¤¨É¸Ö ¸ ¶µ³µÐÓÕ ¸µ¢·¥³¥´´ÒÌ ¢¨¤µ¢  ´ ²¨§ . �Éµ ¶·¥¦¤¥ ¢¸¥£µ  ±É¨¢ Í¨-
µ´´Ò° ¨ ·¥´É£¥´µË²Õµ·¥¸Í¥´É´Ò°  ´ ²¨§Ò ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ´¥°É·µ´µ¢ ¨ ·¥´É£¥´µ¢-
¸±µ£µ ¨§²ÊÎ¥´¨Ö, ±µÉµ·Ò¥ ¶µ§¢µ²ÖÕÉ µ¶·¥¤¥²¨ÉÓ  ¡¸µ²ÕÉ´Ò¥ ±µ´Í¥´É· Í¨¨ ¶·¨³¥¸¥°
¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ. �¤´ ±µ, ´ ¶·¨³¥·,  ±É¨¢ Í¨µ´´Ò°  ´ ²¨§ É·¥¡Ê¥É Ê´¨± ²Ó´µ£µ
µ¡µ·Ê¤µ¢ ´¨Ö Å ¨¸ÉµÎ´¨±  ³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢ Å ¨ ¨¸¶µ²Ó§Ê¥É ¶·¥Í¨§¨µ´´Ò¥ ¸¶¥±-
É·µ³¥É·¨Î¥¸±¨¥ ¶·¨¡µ·Ò. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ µÎ¥´Ó ¢¥²¨±  ¸Éµ¨³µ¸ÉÓ  ´ ²¨§  ¨ µÉ¸ÊÉ¸É¢Ê¥É
¢µ§³µ¦´µ¸ÉÓ µ¶¥· É¨¢´ÒÌ,  ¢Éµ´µ³´ÒÌ ¨§³¥·¥´¨°. �µÔÉµ³Ê ¡µ²ÓÏµ° ¨´É¥·¥¸ ¶·¥¤¸É -
¢²Ö¥É · §· ¡µÉ±  µ¡µ·Ê¤µ¢ ´¨Ö ¤²Ö  ´ ²¨§  ¶·¨³¥¸¥°, ±µÉµ·µ¥ ¶µ§¢µ²Ö²µ ¡Ò ¶·µ¢µ¤¨ÉÓ
µ¶¥· É¨¢´Ò¥  ´ ²¨§Ò ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ.
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‚ Éµ ¦¥ ¢·¥³Ö ¤²Ö  ´ ²¨§  ¸µ¸É ¢  ¢¥Ð¥¸É¢ Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¨¸ÉµÎ´¨±¨ ¢µ§¡Ê-
¦¤¥´¨Ö ¸¶¥±É·µ¢ (ˆ‚‘) ¨§²ÊÎ¥´¨Ö ´  µ¸´µ¢¥ ¨´¤Ê±É¨¢´µ-¸¢Ö§ ´´µ° ¶² §³Ò (ˆ‘�) [1, 2].
ˆ‚‘ ´  µ¸´µ¢¥ ˆ‘� ¨³¥¥É ·Ö¤ ´¥¸µ³´¥´´ÒÌ ¶·¥¨³ÊÐ¥¸É¢ ¶µ ¸· ¢´¥´¨Õ ¸ ¤Ê£µ¢Ò³¨,
¨¸±·µ¢Ò³¨ ¨ ² §¥·´Ò³¨ ¨¸ÉµÎ´¨± ³¨. �¤´ ±µ µ´ ¨³¥¥É ¨ §´ Î¨É¥²Ó´Ò¥ ´¥¤µ¸É É±¨.

1. �¥µ¡Ìµ¤¨³µ ¨¸¶µ²Ó§µ¢ ÉÓ µÎ¥´Ó ¸²µ¦´Ò° ¢Ò¸µ±µÎ ¸ÉµÉ´Ò° (‚—) £¥´¥· Éµ· ¢Ò¸µ-
±µ° (´¥¸±µ²Ó±µ ±¨²µ¢ ÉÉ) ³µÐ´µ¸É¨.

2. 	µ²ÓÏµ° · ¸Ìµ¤ ¤µ·µ£µ¸ÉµÖÐ¥£µ ¶² §³µµ¡· §ÊÕÐ¥£µ £ §   ·£µ´  Ar (≈ 20 ²/³¨´).
3. ‚Ò¸µ± Ö ¸Éµ¨³µ¸ÉÓ ¶·¨¡µ·  ¨  ´ ²¨§ .
‚ ¤ ´´µ° · ¡µÉ¥ ¤²Ö Ô²¥³¥´É´µ£µ  ´ ²¨§  ¢¥Ð¥¸É¢ ¶·¥¤² £ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ´µ¢Ò°

É¨¶ ˆ‚‘ ´  µ¸´µ¢¥ ¨³¶Ê²Ó¸´µ£µ µ¤´µÔ²¥±É·µ¤´µ£µ ¸ ³µ¸É ¡¨²¨§¨·ÊÕÐ¥£µ¸Ö ‚—-· §·Ö¤ 
¸  ¢Éµ³µ¤Ê²ÖÍ¨¥° (�‚�) [3] ¸ Í¥²ÓÕ §´ Î¨É¥²Ó´µ£µ ¸µ±· Ð¥´¨Ö ¸·¥¤´¥° ‚—-³µÐ´µ¸É¨,
Ê³¥´ÓÏ¥´¨Ö · ¸Ìµ¤   ·£µ´  ¨ ¶µ´¨¦¥´¨Ö ¸Éµ¨³µ¸É¨ ¶·¨¡µ·  ¶µ ¸· ¢´¥´¨Õ ¸ ˆ‚‘ ´ 
µ¸´µ¢¥ ˆ‘�. �·¥¤¶µ² £ ¥É¸Ö, ÎÉµ  ´ ²¨É¨Î¥¸±¨¥ ¶ · ³¥É·Ò ˆ‚‘ ´  µ¸´µ¢¥ �‚� ´¥
¡Ê¤ÊÉ ¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î ÉÓ¸Ö µÉ ˆ‘�.

1. ‘•…Œ� �Š‘�…�ˆŒ…�’�‹œ��‰ “‘’���‚Šˆ

�¸´µ¢´Ò¥ ¶ · ³¥É·Ò £¥´¥· Éµ· : ¸·¥¤´ÖÖ ‚—-³µÐ´µ¸ÉÓ Å 150 ‚É, ¢Ò¸µ±µ¥ ´ ¶·Ö-
¦¥´¨¥ Å 3 ±‚, · §³¥·Ò Å 25 × 30 × 20 ¸³, ¤²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  £¥´¥· Éµ·  Å
2Ä300 ³±¸, Î ¸ÉµÉ  ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ µÉ 1 ƒÍ ¤µ 200 ±ƒÍ. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó-
´µ° Ê¸É ´µ¢±¨ ¤ ´  ´  ·¨¸. 1. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  É¨¶¨Î´ Ö µ¸Í¨²²µ£· ³³  ¨³¶Ê²Ó¸ 
‚—-¨§²ÊÎ¥´¨Ö · §·Ö¤  (¢¥·Ì´ÖÖ µ¸Í¨²²µ£· ³³ ) ¨ ¸¢¥Éµ¢µ£µ ¨³¶Ê²Ó¸  (´¨¦´ÖÖ µ¸Í¨²²µ-
£· ³³ ). �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  ±µ´¸É·Ê±Í¨Ö ¶·µÉµÉ¨¶  £¥´¥· Éµ· . ”µ·³¨·µ¢ ´¨¥ · §-
·Ö¤  µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ± ± ¢ ¸É Í¨µ´ ·´ÒÌ Ê¸²µ¢¨ÖÌ (´ ¶·¨³¥·, ¢ ¢µ§¤ÊÌ¥), É ± ¨ ¢ ¶µÉµ±¥
· §²¨Î´ÒÌ ¶² §³µµ¡· §ÊÕÐ¨Ì £ §µ¢. ƒ § (± ± ¶· ¢¨²µ, Ar) ¶µ¤ ¢ ²¸Ö ¢ · §·Ö¤ Î¥·¥§ ±¢ ·-
Í¥¢ÊÕ É·Ê¡±Ê 4 ¤¨ ³¥É·µ³ 4 ³³ ²¨¡µ Î¥·¥§ ¸¶¥Í¨ ²Ó´µ ¸±µ´¸É·Ê¨·µ¢ ´´Ò¥ £µ·¥²±¨ ¨§

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É 
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�¨¸. 2. �¸Í¨²²µ£· ³³  ¨³¶Ê²Ó¸µ¢ ¸ £¥´¥· Éµ· 

�¨¸. 3. ‚¥·Ì´ÖÖ Î ¸ÉÓ ¶·µÉµÉ¨¶  £¥´¥· Éµ· 

±¢ ·Í . �·¨ ÔÉµ³ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤¢  ‚—-£¥´¥· Éµ·  ¤²Ö ¶µ¢ÒÏ¥´¨Ö ¶ · ³¥É·µ¢ ¶² §³Ò
¨ Ö·±µ¸É¨ ¨¸ÉµÎ´¨±  ¨§²ÊÎ¥´¨Ö. ’·Ê¡±  ¶µ³¥Ð ² ¸Ó ´¥¶µ¸·¥¤¸É¢¥´´µ ´  ¢Ò¸µ±µ¢µ²ÓÉ-
´Ò° Ô²¥±É·µ¤ 3 £¥´¥· Éµ·  11, ¨§£µÉµ¢²¥´´µ£µ ¨§ ³¥É ²²¨Î¥¸±µ£µ Í¨²¨´¤·  ¤¨ ³¥É·µ³
3 ³³ ¸ § µ¸É·¥´´Ò³ ±µ´Íµ³. � §·Ö¤ Ëµ·³¨·µ¢ ²¸Ö ¢ ± ³¥·¥ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ 2 ¤²Ö
§ Ð¨ÉÒ ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò µÉ ‚—-¨§²ÊÎ¥´¨Ö. �¶É¨Î¥¸±µ¥ ¨§²ÊÎ¥´¨¥ ¨§ µ¡² -
¸É¨ · §·Ö¤  Ëµ±Ê¸¨·µ¢ ²µ¸Ó ±¢ ·Í¥¢µ° ²¨´§µ° 5 ´  ¢Ìµ¤´ÊÕ Ð¥²Ó 6 ¸¶¥±É·µ³¥É·  S3804
7 (Ë¨·³  ®‘µ² · ’ˆˆ¯, 	¥²µ·Ê¸¸¨ÖÄŸ¶µ´¨Ö, ¶·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥ PCI LINE Éµ°



�·µÉµÉ¨¶  Éµ³´µ-Ô³¨¸¸¨µ´´µ£µ ¸¶¥±É·µ³¥É·  61

¦¥ Ë¨·³Ò). ‘¶¥±É·µ³¥É· ¢±²ÕÎ ¥É Î¥ÉÒ·¥ ¸³¥´´Ò¥ ¤¨Ë· ±Í¨µ´´Ò¥ ·¥Ï¥É±¨ ¸ · ¡µÎ¥°
µ¡² ¸ÉÓÕ ¶µ ¤²¨´ ³ ¢µ²´ 200Ä1100 ´³ ¨ · §·¥Ï¥´¨¥³ ¤µ 0,1 ´³. „¥É¥±Éµ·µ³ 8 Ö¢²Ö² ¸Ó
2048-Ô²¥³¥´É´ Ö �‡‘-²¨´¥°±  ¸ · §³¥·µ³ ¶¨±¸¥²¥° 14 × 200 ³±³. ‘¨£´ ² ¸ ¤¥É¥±Éµ· 
Î¥·¥§ ¨´É¥·Ë¥°¸ 9 ¶µ¤ ¢ ²¸Ö ´  ¶¥·¸µ´ ²Ó´Ò° ±µ³¶ÓÕÉ¥· 10. � ¸Ìµ¤  ·£µ´  ¸µ¸É ¢²Ö²
0,4Ä0,6 ²/³¨´.

2. ˆ‡Œ…�…�ˆ… Ÿ�Š�‘’�›• •���Š’…�ˆ‘’ˆŠ �‹�‡Œ› ˆ‚‘

�´ ²¨É¨Î¥¸±¨¥ ¢µ§³µ¦´µ¸É¨ ˆ‚‘ µ¶·¥¤¥²ÖÕÉ¸Ö ¤¢Ê³Ö Ë¨§¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨:
É¥³¶¥· ÉÊ·µ° ¢µ§¡Ê¦¤¥´¨Ö T¢ ¨ ¶²µÉ´µ¸ÉÓÕ Ô²¥±É·µ´µ¢ ¶² §³Ò ne, ±µÉµ·Ò¥ ¨§³¥·Ö²¨¸Ó

�¨¸. 4. ‘¶¥±É·Ò ¨§²ÊÎ¥´¨Ö ¸ ²¨´¨Ö³¨ Hβ: 1 Å Hβ ¸ ³ ±¸¨³ ²Ó´µ° Ï¨·¨´µ°; 2 Å Hβ ¸ ³¨´¨-
³ ²Ó´µ° Ï¨·¨´µ°

±² ¸¸¨Î¥¸±¨³¨ ¶² §³¥´´Ò³¨ ³¥Éµ¤ ³¨: T¢ µ¶·¥¤¥²Ö² ¸Ó ¶µ ¸µµÉ´µÏ¥´¨Õ ¨´É¥´¸¨¢´µ-
¸É¥° ²¨´¨° £¥²¨Ö �¥ I, ¢µ¤µ·µ¤  �,  ·£µ´  Ar I ¨ ³¥¤¨ Cu I (Ê· ¢´¥´¨¥ 	µ²ÓÍ³ ´  [4]);

�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ ¶²µÉ´µ¸É¨ Ô²¥±É·µ´µ¢ ne

µÉ Î ¸ÉµÉÒ ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ f

ne Å ¶µ Ï¨·¨´¥ ²¨´¨¨ ¡ ²Ó³¥·µ¢¸±µ° ¸¥-
·¨¨ ²¨´¨° ¢µ¤µ·µ¤  Hβ (·¨¸. 4) (ÏÉ ·±µ¢-
¸±µ¥ ÊÏ¨·¥´¨¥) ¨ Ar I (¤µ¶²¥·µ¢¸±µ¥ ÊÏ¨·¥-
´¨¥) [4].

	Ò²µ ¶µ²ÊÎ¥´µ, ÎÉµ ³ ±¸¨³ ²Ó´Ò¥ §´ -
Î¥´¨Ö TB ¨ ne ¸µ¸É ¢²ÖÕÉ: TB = (6300 ±
1000) Š,   ne = (1,05±0,2) ·1016 ¸³−3. ‡´ -
Î¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·µ¢ ¡²¨§±¨ ± ¶ · ³¥É· ³
¶² §³Ò ˆ‚‘ ´  µ¸´µ¢¥ ˆ‘�. ‚ Ô±¸¶¥·¨³¥´-
É Ì É ±¦¥ µ¶·¥¤¥²Ö² ¸Ó § ¢¨¸¨³µ¸ÉÓ ne µÉ f
(·¨¸. 5). �É  § ¢¨¸¨³µ¸ÉÓ ¨³¥¥É Î¥É±¨° ³ ±-
¸¨³Ê³ ¶·¨ f = 5 ±ƒÍ. ‚ µÉ²¨Î¨¥ µÉ ne,
T¢ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ Î ¸ÉµÉÒ f ¨
¸µ¸É ¢²Ö¥É ∼ 6000 Š.

‘¶¥±É·Ò ¨§²ÊÎ¥´¨Ö �‚�-¶² §³Ò  ´ ²µ-
£¨Î´Ò ¸¶¥±É· ³ ˆ‘�-¨¸ÉµÎ´¨±µ¢. �·¨ ÔÉµ³ ²¨´¨° ¨§²ÊÎ¥´¨Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ³ É¥·¨-
 ²Ê Ô²¥±É·µ¤ , ´¥ ´ ¡²Õ¤ ¥É¸Ö (¶·¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ ¶µ¤¡µ·¥ Ëµ±Ê¸¨·µ¢±¨ ¨§²ÊÎ¥´¨Ö).
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3. ���…„…‹…�ˆ… ���‹ˆ’ˆ—…‘Šˆ• ����Œ…’��‚

‘ Í¥²ÓÕ µ¶·¥¤¥²¥´¨Ö  ´ ²¨É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ˆ‚‘ ´  µ¸´µ¢¥ �‚� ¨ ¨¸¸²¥¤µ-
¢ ´¨Ö ¶ · ³¥É·µ¢ · §·Ö¤´µ° ¶² §³Ò ¡Ò²¨ · §· ¡µÉ ´Ò ¸¨¸É¥³Ò £µ·¥²µ± ¨§ ±¢ ·Í  ¤²Ö
¢¢µ¤  ¢ · §·Ö¤ ¢¥Ð¥¸É¢ ¢ £ §µ¢µ° ¨ ¦¨¤±µ° Ë § Ì, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 6Ä8. � ¡µÎ¨°
£ § Ar ¸²Ê¦¨² ¤¢Ê³ Í¥²Ö³:

1) ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° ¸É ¡¨²¨§ Í¨¨ · §·Ö¤ ,
2) ¶µ¤ Î¨ ¢ µ¡² ¸ÉÓ · §·Ö¤  ¨¸¸²¥¤Ê¥³µ£µ £ §  (Ô¦¥±Éµ·´Ò° ´ ¸µ¸) ¨²¨ ¦¨¤±µ¸É¨

(Ê²ÓÉ· §¢Ê±µ¢µ° · ¸¶Ò²¨É¥²Ó 1 ´  ·¨¸. 1).
3.1. �´ ²¨§ £ §µ¢. �·¨ · ¡µÉ¥ ¸ £ § ³¨ ¨¸¶µ²Ó§µ¢ ² ¸Ó £µ·¥²± , ¨§µ¡· ¦¥´´ Ö ´ 

·¨¸. 6. ‘µ£² ¸µ¢ ´¨¥  Ô·µ¤¨´ ³¨Î¥c±¨Ì Ì · ±É¥·¨¸É¨± Ô¦¥±Éµ·´µ£µ ´ ¸µ¸  ¨ ¸µ¶·µÉ¨-
¢²¥´¨Ö ± ´ ²  ¶·µ¨§¢µ¤¨²µ¸Ó ¸ ¶µ³µÐÓÕ § §µ·  d. ‘¡µ· ¨§²ÊÎ¥´¨Ö ¶·µ¨§¢µ¤¨²¸Ö Î¥·¥§
±¢ ·Í¥¢µ¥ µ±´µ 9 ¨ ²¨´§Ê (¸¢¥Éµ¢µ¤) ²¨¡µ ¶µ¶¥·¥± · §·Ö¤  ²¨´§µ° 7. ‘ Í¥²ÓÕ ¨¸¶µ²Ó§µ¢ -

�¨¸. 6. ‘Ì¥³  £µ·¥²±¨ ¤²Ö  ´ ²¨§  £ §µ¢: 1 Å Ô²¥±É·µ¤ 1-£µ £¥´¥· Éµ· ; 2 Å ³´µ£µ¢¨É±µ¢ Ö
¸¶¨· ²Ó ¨§²ÊÎ¥´¨Ö; 3 Å · ¸Ï¨·ÖÕÐ Ö¸Ö Î ¸ÉÓ ±¢ ·Í¥¢µ° É·Ê¡±¨; 4 Å ÏÉÊÍ¥· ¤²Ö ¶µ¤ Î¨ ¸³¥¸¨

 ·£µ´  ¨ £ § ; 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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�¨¸. 7. “Î ¸Éµ± ¸¶¥±É·  ¨§²ÊÎ¥´¨Ö: 1 Å ¶µ-
²µ¸  ¨§²ÊÎ¥´¨Ö CO2; 2 Å ¶µ²µ¸  ¨§²ÊÎ¥´¨Ö N2

´¨Ö ¶·¨¡µ·  ¢ ± Î¥¸É¢¥ £ §µ ´ ²¨§ Éµ· 
¡Ò²¨ ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¶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¨). �µ § -
¤ ´¨Õ § ± §Î¨±  ±µ´É·µ²¨·µ¢ ²µ¸Ó ¸µ¤¥·-
¦ ´¨¥ Ê£²¥±¨¸²µ£µ £ §  ‘�2 ¨ ±¨¸²µ·µ¤ 
�2. �µ¨¸± Ê¤µ¡´ÒÌ ¸¶¥±É· ²Ó´ÒÌ ¨´É¥·¢ -
²µ¢ ·¥£¨¸É· Í¨¨ ¨ ± ²¨¡·µ¢±  ¶·¨¡µ·  ¶µ
 ¡¸µ²ÕÉ´Ò³ §´ Î¥´¨Ö³ ±µ´Í¥´É· Í¨° µ¸Ê-
Ð¥¸É¢²Ö²¨¸Ó ¢¢¥¤¥´¨¥³ ¢ · §·Ö¤ Î¨¸ÉÒÌ £ §µ¢
N2, O2, CO2. ‹¨´¥°´µ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
¶·µ¢¥·Ö² ¸Ó ¶ÊÉ¥³ · §¡ ¢²¥´¨Ö ¨¸¸²¥¤Ê¥³µ£µ
£ §  ¤µ ´Ê¦´µ° ±µ´Í¥´É· Í¨¨.

‚ ¨§³¥·¥´¨ÖÌ ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¨§-
²ÊÎ¥´¨Ö ³µ²¥±Ê²Ö·´ÒÌ £ §µ¢ N2, CO2 ¶· ±-
É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ. �·¨ ÔÉµ³ ¢  É³µ¸Ë¥·¥
¶·¨ ´µ·³ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ ¸µ¤¥·¦¨É¸Ö 78 %
N2 ¨ ¢¸¥£µ ²¨ÏÓ 0,03 % CO2. �¤´ ±µ
¡Ò² ´ °¤¥´ ¸¶¥±É· ²Ó´Ò° ¨´É¥·¢ ² ¢ · °-
µ´¥ 385 ´³ (·¨¸. 7), ¢ ±µÉµ·µ³ Ê¤ ²µ¸Ó ¤µ-
¸É¨ÎÓ ¶µ·µ£µ¢µ£µ Ê·µ¢´Ö ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
¶·¨¡µ·  (0,05 ± 0,015) % ‘�2. „²Ö ¨§³¥-
·¥´¨Ö ±µ´Í¥´É· Í¨¨ �2 ¡Ò²µ ¢Ò¡· ´µ ¨§-
²ÊÎ¥´¨¥  Éµ³ ·´µ£µ ±¨¸²µ·µ¤  � I ¸ ¤²¨´µ°
¢µ²´Ò 775,5 ´³.

	Ò²µ ¶µ²ÊÎ¥´µ, ÎÉµ ¸¨£´ ² ¢ÒÌµ¤¨É ´ 
¶µ¸ÉµÖ´´Ò° Ê·µ¢¥´Ó Î¥·¥§ 5 ³¨´ ¶µ¸²¥
¢±²ÕÎ¥´¨Ö ¢¸¥Ì ¸¨¸É¥³ ¶·¨¡µ· . �µ¸²¥ ÔÉµ£µ
¸É ¡¨²Ó´µ¸ÉÓ Ê·µ¢´Ö ¸¨£´ ²  ¸µÌ· ´Ö¥É¸Ö ´  Ê·µ¢´¥ 2 % ¢ É¥Î¥´¨¥ 3 Î · ¡µÉÒ. ˆ§³¥·¥´¨Ö
¶·µ¢µ¤¨²¨¸Ó ¢ ¶µ³¥Ð¥´¨¨ µ¡Ñ¥³µ³ 8 ³3 ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¤¢ÊÌ Î¥²µ¢¥±.

�¨¸. 8. ˆ§³¥´¥´¨¥ ±µ´Í¥´É· Í¨° CO2 ¨ O2 ¢µ ¢·¥³¥´¨
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�  ·¨¸. 8 ¶µ± § ´Ò £· Ë¨±¨ ¨§³¥´¥´¨Ö ±µ´Í¥´É· Í¨° ‘�2 ¨ �2. ‚ ´ Î ²Ó´Ò° ³µ³¥´É
¢·¥³¥´¨ ¸¨¸É¥³  ¢¥´É¨²ÖÍ¨¨ µÉ±²ÕÎ¥´ . ‡  30 ³¨´ ±µ´Í¥´É· Í¨Ö ‘�2 Ê¢¥²¨Î¨¢ ¥É¸Ö
¤µ (0,3 ± 0,03) % (¶·¥¤¥²Ó´µ ¤µ¶Ê¸É¨³ Ö Å 0,5 %), ±µ´Í¥´É· Í¨Ö �2 ¶ ¤ ¥É ¸ 21 % ¤µ
(20,5 ± 0,1) %. �·¨ ¢±²ÕÎ¥´¨¨ ¢¥´É¨²ÖÍ¨¨ ¢ ³µ³¥´É t = 30 ³¨´  É³µ¸Ë¥·  ¢ ±µ³´ É¥
¢µ¸¸É ´ ¢²¨¢ ¥É¸Ö Î¥·¥§ 10 ³¨´ ¨ ¸µÌ· ´Ö¥É¸Ö ¢ É¥Î¥´¨¥ ¢¸¥£µ ¢·¥³¥´¨ ±µ´É·µ²Ö (3 Î).

3.2. �´ ²¨§ ¦¨¤±µ¸É¥°. �·¨  ´ ²¨§¥ ¦¨¤±µ¸É¥° ± ²¨¡·µ¢µÎ´Ò¥ · ¸É¢µ·Ò ¶·¨£µÉµ-
¢²Ö²¨¸Ó ¶µ ¸É ´¤ ·É´µ° ³¥Éµ¤¨±¥, ¶·¨´ÖÉµ° ¢ ˆ‘�-¸¶¥±É·µ¸±µ¶¨¨ [5]. ˆ¸¶µ²Ó§µ¢ ²¨¸Ó
£µ·¥²±¨ ¶µ ¸Ì¥³ ³ ·¨¸. 9, 10.

‚ Ô±¸¶¥·¨³¥´É Ì µ¶·¥¤¥²Ö²¨¸Ó: ¶·¥¤¥² ¤¥É¥±É¨·µ¢ ´¨Ö DL (£/¸³3), µ¡² ¸ÉÓ ²¨´¥°´µ-
¸É¨ ¶µ ±µ´Í¥´É· Í¨Ö³ Ô²¥³¥´Éµ¢ ¨ ¸É ¡¨²Ó´µ¸ÉÓ ¨§³¥·¥´¨Ö ±µ´Í¥´É· Í¨°.

�µ ¨´É¥´¸¨¢´µ¸ÉÖ³ ¶¨±µ¢ (·¨¸. 11) µ¶·¥¤¥²¥´µ, ÎÉµ ±µ´Í¥´É· Í¨Ö Fe ¶·¨³¥·´µ ¢
3 · §  ¶·¥¢ÒÏ ¥É ¶·¥¤¥²Ó´µ ¤µ¶Ê¸É¨³ÊÕ ¶µ ¸ ´¨É ·´Ò³ ´µ·³ ³ ¤²Ö ¶¨ÉÓ¥¢µ° ¢µ¤Ò.
Šµ´Í¥´É· Í¨Ö Mg ¶·¨³¥·´µ ¢ 10 · § ³¥´ÓÏ¥, Î¥³ ¢ ³¨´¥· ²Ó´µ° ¢µ¤¥ ®Š Ï¨´¸± Ö¯.
”¨²ÓÉ·µ¢ ´¨¥ ¢µ¤Ò Î¥·¥§ ¸É ´¤ ·É´Ò¥ Ë¨²ÓÉ·Ò É¨¶  ®	 ·Ó¥·¯ ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ

�¨¸. 9. ‘Ì¥³  £µ·¥²±¨ ¤²Ö  ´ ²¨§  ¦¨¤±µ¸É¥°: 1 Å Ô²¥±É·µ¤ 1-£µ £¥´¥· Éµ· ; 2 Å ³´µ£µ¢¨É±µ¢ Ö
¸¶¨· ²Ó ¨§²ÊÎ¥´¨Ö; 3 Å · ¸Ï¨·ÖÕÐ Ö¸Ö Î ¸ÉÓ ±¢ ·Í¥¢µ° É·Ê¡±¨; 4 Å ÏÉÊÍ¥· ¤²Ö ¶µ¤ Î¨ ¸³¥¸¨

 ·£µ´  ¨  ´ ²¨§¨·Ê¥³ÒÌ Ô²¥³¥´Éµ¢; 5 Å · §·Ö¤ ¢ ¸Ê¦ ÕÐ¥°¸Ö Î ¸É¨ ±¢ ·Í¥¢µ° É·Ê¡±¨; 6 Å
¸Ê¦ ÕÐ Ö¸Ö Î ¸ÉÓ ±¢ ·Í¥¢µ° É·Ê¡±¨; 7 Å ²¨´§ ; 8 Å µ¶É¨Î¥¸±¨° ¸¶¥±É·µ³¥É·

�¨¸. 10. �¸´µ¢´µ° ¢ ·¨ ´É ¸Ì¥³Ò £µ·¥²±¨ ¤²Ö  ´ ²¨§  ¦¨¤±µ¸É¥°: 1 Å Ô²¥±É·µ¤ 1-£µ £¥´¥· Éµ· ;
2 Å ³´µ£µ¢¨É±µ¢ Ö ¸¶¨· ²Ó ¨§²ÊÎ¥´¨Ö; 3 Å · ¸Ï¨·ÖÕÐ Ö¸Ö Î ¸ÉÓ ±¢ ·Í¥¢µ° É·Ê¡±¨; 4 Å ÏÉÊÍ¥·

¤²Ö ¶µ¤ Î¨ ¸³¥¸¨  ·£µ´  ¨  ´ ²¨§¨·Ê¥³ÒÌ Ô²¥³¥´Éµ¢; 5 Å · §·Ö¤; 6 Å É¥Ë²µ´µ¢Ò¥ ¨§µ²ÖÉµ·Ò;
7 Å ²¨´§ ; 8 Å µ¶É¨Î¥¸±¨° ¸¶¥±É·µ³¥É·



�·µÉµÉ¨¶  Éµ³´µ-Ô³¨¸¸¨µ´´µ£µ ¸¶¥±É·µ³¥É·  65

�¨¸. 11. ‘¶¥±É· ¨§²ÊÎ¥´¨Ö ¢µ¤µ¶·µ¢µ¤´µ° ¢µ¤Ò ¤²Ö
£µ·¥²±¨ ¶µ ·¨¸. 9: 1, 2 Å Fe I; 3 Å Pb I; 4 Å Ar I;

5 Å Ca I; 6 Å N2

±µ´Í¥´É· Í¨¨ ± ± ¶µ²¥§´ÒÌ, É ± ¨
¢·¥¤´ÒÌ Ô²¥³¥´Éµ¢ ´  80 %. �± § -
²µ¸Ó, ÎÉµ £µ·¥²±  ¶µ ¸Ì¥³¥ ·¨¸. 9 ¤ ¥É
¸¨²Ó´Ò° Ëµ´  §µÉ  ¨ · ¡µÉ ¥É ´¥¸É -
¡¨²Ó´µ (·¨¸. 11). �  ·¨¸. 11 ¶µ± -
§ ´ ¸¶¥±É· ¨§²ÊÎ¥´¨Ö ¶·¨ ¨´¦¥±Í¨¨
¢ · §·Ö¤ ¢µ¤µ¶·µ¢µ¤´µ° ¢µ¤Ò ¸ ¤µ-
¡ ¢±µ° ¸¢¨´Í  10 ³£/², ¢·¥³Ö Ô±¸¶µ-
§¨Í¨¨ 100 ³¸. ‚¨¤´µ, ÎÉµ ´  ¶¨±¥
¸¢¨´Í  ¶·¨¸ÊÉ¸É¢Ê¥É ¸¨²Ó´Ò° Ëµ´ ³µ-
²¥±Ê²Ö·´µ£µ ¢µ§¡Ê¦¤¥´´µ£µ  §µÉ .

�µÔÉµ³Ê µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¶·¨¢¥¤¥´Ò ¤²Ö £µ·¥²±¨ ·¨¸. 10, ¤²Ö
±µÉµ·µ° Ê¤ ²µ¸Ó ¨§¡ ¢¨ÉÓ¸Ö µÉ Ëµ´ 
 §µÉ .

�²¥±É·µ¤ ¶¥·¢µ£µ £¥´¥· Éµ·  ¨§
³¥¤´µ° ¶·µ¢µ²µ±¨ 1 ³³ Î¥·¥§ É¥Ë²µ-
´µ¢Ò° ¨§µ²ÖÉµ· ¢¢µ¤¨²¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ ±¢ ·Í¥¢Ò° ± ¶¨²²Ö· 1 ³³. �²¥±É·µ¤ µÉ
¢Éµ·µ£µ £¥´¥· Éµ·  ´ ³ ÉÒ¢ ²¨ ´  ±¢ ·Í¥¢ÊÕ É·Ê¡±Ê 4 ³³ ¢ ¢¨¤¥ ¸¶¨· ²¨. ‘µ£² ¸µ¢ -
´¨¥ · ¡µÉÒ £¥´¥· Éµ·µ¢ µ¸ÊÐ¥¸É¢²Ö²µ¸Ó ¸ ¶µ³µÐÓÕ ¶µ¤¡µ·  · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ¶¥·¢Ò³
¨ ¢Éµ·Ò³ Ô²¥±É·µ¤µ³ ¨ ¸µ£² ¸µ¢ ´¨¥³ Î ¸ÉµÉÒ ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢. �·¨ ÔÉµ³ Ê¤ ²µ¸Ó
¶µ²ÊÎ¨ÉÓ Ê¢¥²¨Î¥´¨¥ ¶²µÉ´µ¸É¨ Ô²¥±É·µ´µ¢ ¨ É¥³¶¥· ÉÊ·Ò ¢µ§¡Ê¦¤¥´¨Ö ¶² §³Ò. „²¨´ 
± ¶¨²²Ö·  ¶µ¤¡¨· ² ¸Ó É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ´  ¢ÒÌµ¤¥ µÉ¸ÊÉ¸É¢µ¢ ² Ëµ´ ¢µ§¡Ê¦¤¥´-
´µ£µ  §µÉ . „²Ö Ê²ÊÎÏ¥´¨Ö ¸É ¡¨²Ó´µ¸É¨ · ¡µÉÒ · §·Ö¤  ¢µ¤Ö´ Ö Ô³Ê²Ó¸¨Ö ¸ · ¸É¢µ·¥´-
´Ò³¨ Ô²¥³¥´É ³¨ ¢ ¶µÉµ±¥ Ar ¸´ Î ²  ´ £·¥¢ ² ¸Ó ¤µ ¶µ²´µ£µ ¨¸¶ ·¥´¨Ö ± ¶¥²¥± ¢µ¤Ò,
§ É¥³ µÌ² ¦¤ ² ¸Ó ¸ Í¥²ÓÕ ¸¡µ·  ¨§²¨Ï±µ¢ ¢µ¤Ò. ’ ±¨³ µ¡· §µ³, ¢ · §·Ö¤ ¶µ¶ ¤ ²
Éµ²Ó±µ ¶µÉµ± ¨¸¸²¥¤Ê¥³ÒÌ Ô²¥³¥´Éµ¢ ¢ ¶µÉµ±¥ Ar. �·¨ ÔÉµ³ ¸É ¡¨²Ó´µ¸ÉÓ Ê²ÊÎÏ¨² ¸Ó
¸ 20 ¤µ 2 %.

�¨¸. 12. ‘¶¥±É· ¨§²ÊÎ¥´¨Ö Mg I ¸ ±µ´Í¥´É· Í¨¥° 1,5 ³±£/² ¤²Ö £µ·¥²±¨ ¶µ ·¨¸. 10
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�¨¸. 13. ‘¶¥±É· ¨§²ÊÎ¥´¨Ö ¢µ¤Ò ¸ ±µ´Í¥´É· Í¨¥° 50 ³±£/² ¤²Ö £µ·¥²±¨ ¶µ ·¨¸. 10: 1 Å Mg I; 2 Å

Fe I; 3 Å Pb I λ = 405,78 ´³; 4 Å Ar I

�¨¸. 14. ˆ²²Õ¸É· Í¨Ö ¸É ¡¨²Ó´µ¸É¨ ¸¨£´ ² 

¶·¨¡µ· 

‚ Ô±¸¶¥·¨³¥´É Ì ¡Ò²µ ¶µ± § ´µ, ÎÉµ
¶·¥¤¥²Ò µ¡´ ·Ê¦¥´¨Ö ¶· ±É¨Î¥¸±¨ ¢¸¥Ì Ô²¥-
³¥´Éµ¢ ´ Ìµ¤ÖÉ¸Ö ´  Ê·µ¢´¥ 1 ³±£/². ˆ¸-
¶µ²Ó§µ¢ ´¨¥ ¤¥É¥±Éµ·  ¸ ¡µ²ÓÏ¨³ · §³¥·µ³
ÖÎ¥¥± ¨ ¸ µÌ² ¦¤¥´¨¥³,   É ±¦¥ ¶·¨³¥´¥-
´¨¥ ¸µ£² ¸µ¢ ´´µ° µ¶É¨±¨ ¶µ§¢µ²¨É ¶µ´¨-
§¨ÉÓ ¶·¥¤¥² ¤¥É¥±É¨·µ¢ ´¨Ö ³¨´¨³Ê³ ´  ¶µ-
·Ö¤µ±.

�  ·¨¸. 12 ¤ ´ ¸¶¥±É· ¨§²ÊÎ¥´¨Ö Mg
¶·¨ ±µ´Í¥´É· Í¨¨ 1,5 · 10−9 ³±£/². � ¸É¢µ·
¶·¨£µÉµ¢²¥´ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸¢¥·ÌÎ¨¸Éµ°
¢µ¤Ò ¸µ¶·µÉ¨¢²¥´¨¥³ 20 Œ�³.

�  ·¨¸. 13 ¶µ± § ´ ¸¶¥±É· µ¡ÒÎ´µ° ¢µ-
¤µ¶·µ¢µ¤´µ° ¢µ¤Ò ¸ ¶·¨³¥¸ÓÕ ¸¢¨´Í  ´ 
Ê·µ¢´¥ 5 · 10−8.

�·¥¤¥²Ò ¤¥É¥±É¨·µ¢ ´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ Ô²¥³¥´Éµ¢ µ¶·¥¤¥²Ö²¨¸Ó ¶µ Ëµ·³Ê²¥, ¶·¨´ÖÉµ°
¤²Ö µÍ¥´µ± ¢ ˆ‘�-³¥Éµ¤¥ [6]:

DL = 3σC/In, (1)

£¤¥ σ Å ¸·¥¤´¥±¢ ¤· É¨Î´µ¥ µÉ±²µ´¥´¨¥ Ê·µ¢´Ö ÏÊ³µ¢; C Å ±µ´Í¥´É· Í¨Ö ¨§³¥·Ö¥³µ£µ
Ô²¥³¥´É ; In Å Î¨¸ÉÒ° ¸¨£´ ² (§  ¢ÒÎ¥Éµ³ Ëµ´ ).

„²Ö Pb, Mg ¶µ²ÊÎ¥´Ò ¶·¥¤¥²Ò ¤¥É¥±É¨·µ¢ ´¨Ö DL
∼= 10−10 £/². �·¥¤¥²Ò µ¡´ ·Ê-

¦¥´¨Ö µ¸É ²Ó´ÒÌ ¤µ¸ÉÊ¶´ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ É ¡²¨ÍÒ Œ¥´¤¥²¥¥¢  ´ Ìµ¤ÖÉ¸Ö ´ 
Éµ³ ¦¥ Ê·µ¢´¥.

	Ò²µ ¶µ²ÊÎ¥´µ É ±¦¥, ÎÉµ £· ¤Ê¨·µ¢µÎ´Ò¥ £· Ë¨±¨ ¶·¨ ¨§³¥·¥´¨¨ ¸µ¸É ¢µ¢ ¦¨¤±µ-
¸É¥° ²¨´¥°´Ò ¢ ¤¨ ¶ §µ´¥ ±µ´Í¥´É· Í¨° Ô²¥³¥´Éµ¢ 10 ³±£/²Ä100 ³£/².

‘É ¡¨²Ó´µ¸ÉÓ ¸¨£´ ²µ¢ ´  Ê·µ¢´¥ ±µ´Í¥´É· Í¨° 100 ³±£/² ¸µ¸É ¢²Ö²  2 % ¢ É¥Î¥´¨¥
3 Î · ¡µÉÒ (·¨¸. 14).
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�É³¥É¨³ É ±¦¥, ÎÉµ ‚—-³µÐ´µ¸ÉÓ ¢±² ¤Ò¢ ¥É¸Ö ¢ £µ· §¤µ ³¥´ÓÏ¨° µ¡Ñ¥³ ¶² §³Ò
(¤¨ ³¥É· ¶² §³¥´´µ£µ Ï´Ê·  0,2 ³³), Î¥³ ˆ‘� (¤¨ ³¥É· 2 ¸³). �·¨ ÔÉµ³ Ê¤¥²Ó´ Ö ¨³-
¶Ê²Ó¸´ Ö ‚—-³µÐ´µ¸ÉÓ ¤µ¸É¨£ ¥É 10 ±‚É/¸³−3.

‚›‚�„›

1. �µ± § ´µ, ÎÉµ  ´ ²¨É¨Î¥¸±¨¥ ¸¢µ°¸É¢  ´µ¢µ£µ ˆ‚‘ ´  µ¸´µ¢¥ �‚� ¶·¨¡²¨¦ ÕÉ¸Ö
± ˆ‚‘ ´  µ¸´µ¢¥ ˆ‘�.

2. ˆ‚‘ ´  µ¸´µ¢¥ �‚� ¨³¥¥É ·Ö¤ ¶µÉ·¥¡¨É¥²Ó¸±¨Ì ¶·¥¨³ÊÐ¥¸É¢ ¶µ ¸· ¢´¥´¨Õ ¸
ˆ‚‘ ´  µ¸´µ¢¥ ˆ‘�:

Å ¸·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ‚—-£¥´¥· Éµ·  Å 150 ‚É,
Å · ¸Ìµ¤ ¶² §³µµ¡· §ÊÕÐ¥£µ £ §  (Ar) Å 0,5 ²/³¨´,
Å ´¨§± Ö ¸Éµ¨³µ¸ÉÓ ¶·¨¡µ·  ¨  ´ ²¨§ .
�·µ¢¥¤¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÉµÉ¨¶  ¸¶¥±É·µ³¥É·  ¶µ§¢µ²ÖÕÉ ¸¤¥² ÉÓ ¢Ò¢µ¤, ÎÉµ

¢µ§³µ¦´µ ¸µ§¤ ´¨¥ ´µ¢µ£µ ±² ¸¸   Éµ³´µ-Ô³¨¸¸¨µ´´ÒÌ ¸¶¥±É·µ³¥É·µ¢ Ï¨·µ±µ£µ ¶·¨³¥-
´¥´¨Ö.

ŒÒ ¡² £µ¤ ·¨³ ‚. „. Šµ¶ Î¥¢¸±µ£µ §  Ë¨´ ´¸µ¢ÊÕ ¶µ¤¤¥·¦±Ê · ¡µÉÒ ¨ ¶µ²¥§´Ò¥
µ¡¸Ê¦¤¥´¨Ö.
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