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‚ · ¡μÉ¥ μ¶¨¸Ò¢ ¥É¸Ö μ¶É¨Î¥¸±¨° ³¥Éμ¤ μÍ¥´±¨ ¢¥²¨Î¨´Ò μÉ±²μ´¥´¨Ö μÉ ¶·Ö³μ²¨´¥°´μ¸É¨
¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³ ¨ ¤²¨´μ° 60 ¸³, Ê¸É ´ ¢²¨¢ ¥³ÒÌ ¢ ±μ²ÓÍ¥¢Ò¥ · ³Ò ¤¥É¥±Éμ· . �·¨ ÔÉμ³
¤μ¶Ê¸É¨³μ¥ ³ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥ μÉ ¶·Ö³μ²¨´¥°´μ¸É¨ ¸É·μÊ ´¥ ¶·¥¢ÒÏ ¥É 400 ³±³,   ¨§³¥-
´¥´¨Ö  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¢¤μ²Ó ¸É·μÊ μÉ ¨¸ÉμÎ´¨±  55Fe ´¥ ¡μ²¥¥ 9%.

�¥§Ê²ÓÉ ÉÒ μ¶É¨Î¥¸±μ£μ ±μ´É·μ²Ö ¶·Ö³μ²¨´¥°´μ¸É¨ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¤ ´-
´Ò³¨, ¶μ²ÊÎ ¥³Ò³¨ ¡μ²¥¥ ÉμÎ´Ò³ ³¥Éμ¤μ³ μ¶·¥¤¥²¥´¨Ö ¸³¥Ð¥´¨Ö  ´μ¤  μÉ μ¸¨ ¸É·μÊ ¨§³¥·¥´¨¥³
 ³¶²¨ÉÊ¤´ÒÌ Ì · ±É¥·¨¸É¨± ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨¸ÉμÎ´¨±  55Fe.

The paper describes the optical method for measurement of the straightness deviation in the straws
with a diameter of 4 mm and a length of 60 cm mounted in the ring frames of the detector and for
deˇning the parameters for the straw selection. With this method, the maximal acceptable deviation
from straightness in a straw does not exceed 400 microns and the changes of the amplitudes of signals
from a 55Fe source along the straw do not exceed 9%.

The results of the optical straightness control are in good agreement with the data obtained with a
more accurate method of determining the offset of the anode from the straw axis by measuring amplitude
characteristics with the use of the 55Fe source.

PACS: 07.05.Fb; 06.20.-f

‚‚…„…�ˆ…

‚ Ô±¸¶¥·¨³¥´É¥ MPD NICA ¢ ¦´μ¥ ³¥¸Éμ μÉ¢μ¤¨É¸Ö ³´μ¦¥¸É¢¥´´μ¸É¨ ¨ ¸¶¥±É· ²Ó-
´Ò³ Ì · ±É¥·¨¸É¨± ³ ¢Éμ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, μ¡· §μ¢ ´´ÒÌ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ
Ö¤¥· ¸ Ö¤· ³¨. ‚ ¸μ¸É ¢¥ ¤¥É¥±Éμ·  MPD ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ É·¥±¥·  ¶¥·¥¤-
´¥£μ ´ ¶· ¢²¥´¨Ö (End-Cap, …‘) ´  μ¸´μ¢¥ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± (¸É·μÊ) ¸μ-
¢³¥¸É´μ ¸ TPC ¨ TOF ¤²Ö ·¥£¨¸É· Í¨¨ ¶·μ¤Ê±Éμ¢ ¸Éμ²±´μ¢¥´¨Ö ¨μ´μ¢ AuÄAu ¢ ¤¨ ¶ §μ´¥
¶¸¥¢¤μ¡Ò¸É·μÉ 1 < |η| < 2,2 [1].

	Ò² · §· ¡μÉ ´ ¨ ¨§£μÉμ¢²¥´ ¶μ²´μ³ ¸ÏÉ ¡´Ò° ¨´¦¥´¥·´Ò° ¶·μÉμÉ¨¶ ±μ²ÓÍ¥¢μ£μ
¤¥É¥±Éμ·  …‘ [2],  ´ ²μ£μ³ ±μÉμ·μ£μ Ö¢²Ö²¸Ö ±μ²ÓÍ¥¢μ° ¤¥É¥±Éμ· TRT ATLAS [3]. �¤-
´ ±μ ¢ μÉ²¨Î¨¥ μÉ TRT · §· ¡μÉ ´´Ò° ¶·μÉμÉ¨¶ ¸μ¤¥·¦¨É ´¥ Î¥ÉÒ·¥,   Ï¥¸ÉÓ ¸²μ¥¢ ¸É·μÊ,
¨ μ´¨ Ê¸É ´μ¢²¥´Ò ± ± ¢ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨, É ± ¨ ¸ Ê£² ³¨ ´ ±²μ´  ± · ¤¨Ê¸Ê,
· ¢´Ò³¨ ±7◦, ¤²Ö μ¶·¥¤¥²¥´¨Ö ´¥ Éμ²Ó±μ φ (· ¤¨ ²Ó´Ò¥ ¸É·μÊ), ´μ ¨ U-, V-±μμ·¤¨´ É.
Š·μ³¥ Éμ£μ, ¢Ò¸μ±μ¢μ²ÓÉ´μ¥ ´ ¶·Ö¦¥´¨¥ ¶μ¤ ¥É¸Ö ´   ´μ¤Ò ¸É·μÊ.

1E-mail: kgd@sunse.jinr.ru
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…‘ ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ³μ¤Ê²¥° c ¶ÖÉÓÕ ±μ²ÓÍ¥¢Ò³¨ ¸Ê¡³μ¤Ê²Ö³¨ ¢ ± ¦¤μ³. ‘Ê¡-
³μ¤Ê²Ó ¸μ¤¥·¦¨É Ï¥¸ÉÓ ¸²μ¥¢ ¶μ 600 ¸É·μÊ ¢ ± ¦¤μ³. „²¨´  ¸É·μÊ ¢ · §· ¡μÉ ´´μ³
¶·μÉμÉ¨¶¥ · ¢´  600 ³³, ¤¨ ³¥É· 4 ³³. ‘Ê³³ ·´μ¥ ±μ²¨Î¥¸É¢μ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨ ¢μ
¢¸¥Ì ³μ¤Ê²ÖÌ 72000.

�¥μ¡Ìμ¤¨³μ¸ÉÓ ¢Ò¸μ±μ° μ¤´μ·μ¤´μ¸É¨ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨ ³´μ£μ± ´ ²Ó´μ£μ ¤¥É¥±-
Éμ·  É·¥¡Ê¥É ¸μÌ· ´¥´¨Ö  ´μ¤-± Éμ¤´μ£μ · ¸¸ÉμÖ´¨Ö ¢ ¶·¥¤¥² Ì ²ÊÎÏ¥ Î¥³ 400 ³±³ [4].
‚ ·¨ Í¨¨ ÔÉμ° ¢¥²¨Î¨´Ò ¢μ§³μ¦´Ò ¨§-§  ¶²μÌμ° ¸μμ¸´μ¸É¨  ´μ¤  ¨ ± Éμ¤ , ´¥Í¨²¨´-
¤·¨Î´μ¸É¨ É·Ê¡μ±, £· ¢¨É Í¨μ´´μ£μ ¨ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¶·μ¢¨¸   ´μ¤´μ° ¶·μ¢μ²μ±¨
¨ ¨¸±·¨¢²¥´¨Ö ¸É·μÊ, ÎÉμ É·¥¡Ê¥É ¸¶¥Í¨ ²Ó´ÒÌ ³¥Éμ¤μ¢ ±μ´É·μ²Ö ´  μ¶·¥¤¥²¥´´ÒÌ ÔÉ ¶ Ì
¨§£μÉμ¢²¥´¨Ö ¤¥É¥±Éμ· .

‘…Š’���›‰ ���’�’ˆ� „…’…Š’���

‘ ÊÎ¥Éμ³ μ¶ÒÉ  ¸μ§¤ ´¨Ö ¤¥É¥±Éμ·  TRT ATLAS ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥ Ê¶·μ¸É¨ÉÓ
É¥Ì´μ²μ£¨Õ ¸μ§¤ ´¨Ö ¤¥É¥±Éμ·  …‘ MPD ¨ ¸´¨§¨ÉÓ ¥£μ ¸Éμ¨³μ¸ÉÓ, É¥³ ¡μ²¥¥ ÎÉμ ¤²Ö Ê¢¥-
²¨Î¥´¨Ö  ±¸¥¶É ´¸  ÎÊ¢¸É¢¨É¥²Ó´ Ö ¶²μÐ ¤Ó ¢ ¸· ¢´¥´¨¨ ¸ TRT Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ 1,6 · § .
‡ ¤ Î  ¡Ò²  ·¥Ï¥´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �  ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ³ ¢Ò¸μ±μÉμÎ´μ³ μ¡μ·Ê-
¤μ¢ ´¨¨ ¨§£μÉ ¢²¨¢ ²¨¸Ó ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢Ò¥ ²¥´ÉÒ ¸ ¶·μ¸¥Î¥´´Ò³¨ ¢ ´¨Ì ¶·¥Í¨§¨μ´-

�¨¸. 1. ”· £³¥´É ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢μ° ²¥´ÉÒ μ¤´μ£μ É¨¶  ¸ ¶·μ¸¥Î¥´´Ò³¨ ¶·¥Í¨§¨μ´´Ò³¨ μÉ¢¥·-

¸É¨Ö³¨



154 ƒ·¨£ ² Ï¢¨²¨ �. ¨ ¤·.

´Ò³¨ μÉ¢¥·¸É¨Ö³¨ [5] ‡ É¥³ ´  ¸¡μ·μÎ´μ³ ¸Éμ²¥ ´  μ¸´μ¢¥ ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢ÒÌ ²¥´É
(·¨¸. 1) ¸μ¡¨· ²¨¸Ó μ¤´μ¸²μ°´μ¥ ¢´ÊÉ·¥´´¥¥ ¨ ¤¢ÊÌ¸²μ°´μ¥ ´ ·Ê¦´μ¥ ±μ²ÓÍ , £μÉμ¢Ò¥ ±
Ê¸É ´μ¢±¥ ¢ ´¨Ì ¸É·μÊ ¸ § ¤ ´´μ° ¤²¨´μ°. �μ¸²¥ ¨Ì Ê¸É ´μ¢±¨ ± ¦¤μ¥ ¸É·μÊ Ë¨±¸¨·μ¢ -
²μ¸Ó Ô¶μ±¸¨¤´Ò³ ±²¥¥³ ¢ μÉ¢¥·¸É¨ÖÌ ¢´ÊÉ·¥´´¥£μ ±μ²ÓÍ ,   ¶·μ³¥¦ÊÉμ± ³¥¦¤Ê ¸²μÖ³¨
´ ·Ê¦´μ£μ ±μ²ÓÍ  § ²¨¢ ²¸Ö ±²¥¥³, ÎÉμ Ë¨±¸¨·μ¢ ²μ Ê¸É ´μ¢²¥´´Ò¥ ¢ ´¨Ì ¸É·μÊ. �¡-
Ð¨° ¢¨¤ Ë· £³¥´É  ¸μ¡· ´´μ£μ ¶μ²´μ³ ¸ÏÉ ¡´μ£μ ¶·μÉμÉ¨¶  ¤ ´ ´  ·¨¸. 2. �·μ¢¥·± 
¶·μÉμÉ¨¶  ¶μ± § ²  Ìμ·μÏÊÕ ¥£μ ³¥Ì ´¨Î¥¸±ÊÕ ¦¥¸É±μ¸ÉÓ ¨ É·¥¡Ê¥³ÊÕ £¥μ³¥É·¨Î¥¸±ÊÕ
ÉμÎ´μ¸ÉÓ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ¢ ´¥³ ¸É·μÊ. �·¨ ÔÉμ³ ¡Ò²μ μ¡Ñ¥¤¨´¥´μ ¢ μ¤¨´ ¸¡μ·μÎ´Ò°
¶·μÍ¥¸¸ ¸μ§¤ ´¨¥ ¶μ¤¤¥·¦¨¢ ÕÐ¨Ì ¸É·μÊ ±μ²ÓÍ¥¢ÒÌ · ³,   É ±¦¥ Ê¸É ´μ¢±  ¨ Ë¨±¸ Í¨Ö
¢ ´¨Ì ¸É·μÊ. ‚Ò¸μ± Ö ¶²μÉ´μ¸ÉÓ Ê¸É ´μ¢²¥´´ÒÌ É·Ê¡μ± Ê¸²μ¦´Ö¥É ¨Ì § ³¥´Ê, ÎÉμ Ê± §Ò-

�¨¸. 2. ”· £³¥´É ¶μ²´μ³ ¸ÏÉ ¡´μ£μ ¶·μÉμÉ¨¶  ¸ Ê¸É ´μ¢²¥´´Ò³¨ ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³

�¨¸. 3. ‘¥±Éμ·´Ò° ¶·μÉμÉ¨¶ EC MPD NICA
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¢ ¥É ´  ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¶·μ¢¥·±¨ ¨Ì ´  ¶·Ö³μ²¨´¥°´μ¸ÉÓ ¢ ¶·μÍ¥¸¸¥ Ê¸É ´μ¢±¨ ¢ ±μ²ÓÍ ,
É. ¥. ¤μ ¢¢¥¤¥´¨Ö ¢ ¸É·μÊ ¶·μ¢μ²μÎ´ÒÌ  ´μ¤μ¢.

�  ·¨¸. 2 ¶μ± § ´ Ë· £³¥´É ¶·μÉμÉ¨¶  ¸ ±μ²ÓÍ¥¢Ò³¨ · ³ ³¨ ¤¨ ³¥É·μ³ 2200 ¨
1000 ³³, ¢ ±μÉμ·μ³ ¢¨¤´Ò Ê¸É ´μ¢²¥´´Ò¥ ¸ Ï £μ³ 6◦ ¢ ± ¦¤Ò° ¨§ Ï¥¸É¨ ¸²μ¥¢ ¤²Ö μ¡¥¸-
¶¥Î¥´¨Ö ¥£μ ¦¥¸É±μ¸É¨ ¨ Í¨²¨´¤·¨Î´μ¸É¨ ¸É·μÊ,   É ±¦¥ ¸μ¡· ´´Ò° ´¥¡μ²ÓÏμ° Ê£²μ¢μ°
¸¥£³¥´É ¸ ¶μ²´Ò³ Î¨¸²μ³ ¸É·μÊ. �¸´μ¢´μ° Í¥²ÓÕ ¸μ§¤ ´¨Ö ¶·μÉμÉ¨¶  Ö¢²Ö² ¸Ó ¶·μ-
¢¥·±  ¢μ§³μ¦´μ¸É¨ ¢ ¤ ²Ó´¥°Ï¥³ ¸μ§¤ ´¨Ö ¶μ ¶·¥¤²μ¦¥´´μ° É¥Ì´μ²μ£¨¨ ¸Ê¡³μ¤Ê²¥° …‘
É·¥¡Ê¥³μ£μ · §³¥·  ¢ ·¥¦¨³¥ ³ ¸¸μ¢μ£μ ¶·μ¨§¢μ¤¸É¢ .

„²Ö μÉ· ¡μÉ±¨ ³¥Éμ¤¨±¨ ±μ´É·μ²Ö ¶·Ö³μ²¨´¥°´μ¸É¨ ¸É·μÊ ¤μ Ê¸É ´μ¢±¨ ¢ ´¨Ì  ´μ¤μ¢
¡Ò² ¨§£μÉμ¢²¥´ ¸¥±Éμ·´Ò° ¶·μÉμÉ¨¶, ¸μ¤¥·¦ Ð¨° 200 ¸É·μÊ ¤²¨´μ° 60 ¸³, · ¸¶μ²μ¦¥´-
´ÒÌ ¢ Ï¥¸É¨ ¸²μÖÌ (·¨¸. 3). ‘É·μÊ ¶¥·¢μ£μ ¨ Î¥É¢¥·Éμ£μ ¸²μ¥¢ · ¸¶μ²μ¦¥´Ò · ¤¨ ²Ó´μ,
¢Éμ·μ£μ ¨ ¶ÖÉμ£μ Å ¶μ¤ Ê£²μ³ +7◦,   É·¥ÉÓ¥£μ ¨ Ï¥¸Éμ£μ ¶μ¤ Ê£²μ³ −7◦ ± · ¤¨Ê¸Ê. �·¨
Ê¸É ´μ¢±¥ ¸É·μÊ ¢ · ³Ò ¶·μÉμÉ¨¶  ¨¸¶μ²Ó§μ¢ ²¨¸Ó ´ ¡μ·Ò ±μ´Í¥¢ÒÌ ¶² ¸É¨±μ¢ÒÌ Ô²¥-
³¥´Éμ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¸μμ¸´μ¸ÉÓ  ´μ¤´ÒÌ ¶·μ¢μ²μ± ¸ ± Éμ¤ ³¨ ¸É·μÊ ´¥ ÌÊ¦¥ 50 ³±³
¨ Ë¨±¸ Í¨Õ ¨Ì ¸ ´ ÉÖ¦¥´¨¥³ (65 ± 10) £.

Œ…’�„ ‚ˆ‡“�‹œ��ƒ� Š��’��‹Ÿ ��ŸŒ�‹ˆ�…‰��‘’ˆ ‘’��“

„²Ö ¸¡μ·±¨ …‘ TRT ATLAS ¢ ‹”— �ˆŸˆ ¡Ò²  · §· ¡μÉ ´   ¢Éμ³ É¨§¨·μ¢ ´´ Ö
¸¨¸É¥³  ±μ´É·μ²Ö ¶·Ö³μ²¨´¥°´μ¸É¨ ¸É·μÊ ¤²¨´μ° 39 ¸³, Ê¸É ´ ¢²¨¢ ¥³ÒÌ ¢ ±μ²ÓÍ¥¢Ò¥
· ³Ò ¸ μÉ¸ÊÉ¸É¢ÊÕÐ¨³¨ ¢ ´¨Ì  ´μ¤´Ò³¨ ¶·μ¢μ²μ± ³¨ [6, 7]. ˆ¸¶μ²Ó§Ê¥³Ò° ³¥Éμ¤ § -
±²ÕÎ ²¸Ö ¢  ´ ²¨§¥ Ì · ±É¥·¨¸É¨± ¸¢¥Éμ¢μ£μ ¶ÖÉ´  μÉ ¶·μÌμ¤ÖÐ¥£μ Î¥·¥§ ¸É·μÊ ¶ÊÎ± 
¸¢¥É . �É· ¦¥´´Ò° μÉ Ô±· ´  ¸¢¥É ¶μ¶ ¤ ¥É ¢ ¸É·μÊ Î¥·¥§ μÉ¢¥·¸É¨¥ ¢ ¥¥ ±μ´Í¥¢μ° ¢ÉÊ²±¥.
“¸É ´μ¢²¥´´ Ö ¸ ¶·μÉ¨¢μ¶μ²μ¦´μ£μ ±μ´Í  ¸É·μÊ web-± ³¥·  (¸ ¤μ¶μ²´¨É¥²Ó´μ° μ¶É¨±μ°,
μ¡¥¸¶¥Î¨¢ ÕÐ¥° £²Ê¡¨´Ê ·¥§±μ¸É¨ ¢ Í¥´É·¥ ¸É·μÊ) Ë¨±¸¨·Ê¥É ¨ ¶¥·¥¤ ¥É ¢ �Š ¸¢¥Éμ¢μ¥
¨§μ¡· ¦¥´¨¥ ¢ ¢¨¤¥ ´ ¡μ·  ±μ´Í¥´É·¨Î´ÒÌ ±μ²¥Í, ¸É¥¶¥´Ó ¨¸± ¦¥´¨Ö ±μÉμ·ÒÌ Ì · ±É¥-
·¨§Ê¥É ±·¨¢¨§´Ê ¸É·μÊ.

‘ ÊÎ¥Éμ³ μ¸μ¡¥´´μ¸É¥° ¤¥É¥±Éμ·  EC MPD NICA, § ±²ÕÎ ÕÐ¨Ì¸Ö ¢ Ê¢¥²¨Î¥´¨¨
¤²¨´Ò ¸É·μÊ ¤μ 60 ¸³ ¨ ¶·¨ μ·¨¥´É Í¨¨ ¨Ì ´¥ Éμ²Ó±μ ¢ · ¤¨ ²Ó´μ³ · ¸¶μ²μ¦¥´¨¨,

�¨¸. 4. ‘¢¥Éμ¢Ò¥ ¨§μ¡· ¦¥´¨Ö ¢ ¢¨¤¥ ´ ¡μ·  ±μ´Í¥´É·¨Î´ÒÌ ±μ²¥Í, ¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ

web-± ³¥·Ò ¶·¨ ¶·¨´Ê¤¨É¥²Ó´μ³ ¨§£¨¡¥ ¸É·μÊ ¢ ¥¥ Í¥´É·¥ ¸ Ï £μ³ 50 ³±³, ¶·¨´ÖÉÒ¥ ¢ ± Î¥¸É¢¥
ÔÉ ²μ´´ÒÌ. �  ·¨¸Ê´±¥ ¶·¥¤¸É ¢²¥´Ò ¨§μ¡· ¦¥´¨Ö ¸ Ï £μ³ 100 ³±³
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´μ ¨ ¶μ¤ Ê£² ³¨ ±7◦, ¡Ò²  ¸μ§¤ ´  ¶μ¤μ¡´ Ö ¸¨¸É¥³ . „²Ö ¸· ¢´¨É¥²Ó´μ£μ  ´ ²¨§  ¢¥-
²¨Î¨´Ò ¨¸± ¦¥´¨Ö ¶·Ö³μ²¨´¥°´μ¸É¨ ¸É·μÊ ¤²Ö ÔÉ ²μ´´μ° ¸É·μÊ ¤²¨´μ° 60 ¸³ ¡Ò²¨
¶μ²ÊÎ¥´Ò ¸¢¥Éμ¢Ò¥ ¨§μ¡· ¦¥´¨Ö ±μ´Í¥´É·¨Î¥¸±¨Ì ±μ²¥Í ¶·μÌμ¤ÖÐ¥£μ Î¥·¥§ ¸É·μÊ ¸¢¥É .
�É ²μ´´ Ö ¸É·μÊ ¶·¨ ÔÉμ³ ¶·¨´Ê¤¨É¥²Ó´μ ¨§£¨¡ ² ¸Ó ¢ Í¥´É·¥. ‚¥²¨Î¨´  ¨§£¨¡  (¸ £¨ÉÉÒ)
Ê¢¥²¨Î¨¢ ² ¸Ó ¸ Ï £μ³ 50 ³±³ μÉ ³¨´¨³ ²Ó´μ° ¢¥²¨Î¨´Ò (³¥´¥¥ 50 ³±³) ¤μ 550 ³±³.

„²Ö μÍ¥´±¨ ±·¨¢¨§´Ò Ê¸É ´μ¢²¥´´ÒÌ ¢ ¶·μÉμÉ¨¶ ¸É·μÊ ¸ · §²¨Î´μ° ¨Ì ¶·Ö³μ²¨-
´¥°´μ¸ÉÓÕ ¶μ²ÊÎ¥´´Ò¥ ¨§μ¡· ¦¥´¨Ö ¸· ¢´¨¢ ²¨¸Ó ¸ ¨§μ¡· ¦¥´¨Ö³¨ μÉ ÔÉ ²μ´´μ° ¸É·μÊ
(·¨¸. 4). �Éμ ¶μ§¢μ²Ö¥É ¸ ¤μ¸É ÉμÎ´μ° ÉμÎ´μ¸ÉÓÕ ±² ¸¸¨Ë¨Í¨·μ¢ ÉÓ Ê¸É ´μ¢²¥´´Ò¥ ¢
· ³Ò ¤¥É¥±Éμ·  ¸É·μÊ ¶μ ¨Ì ±·¨¢¨§´¥ ¨ ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¶·μ¢μ¤¨ÉÓ § ³¥´Ê ¤μ Ê¸É -
´μ¢±¨ ¢ ´¨Ì  ´μ¤´ÒÌ ¶·μ¢μ²μ±.

ˆ§μ¡· ¦¥´¨Ö ¸¢¥Éμ¢ÒÌ ±μ²¥Í, ¶μ²ÊÎ¥´´ÒÌ ¸ Ê¸É ´μ¢²¥´´ÒÌ ¸É·μÊ, ¢ ¤ ²Ó´¥°Ï¥³ ¸μ-
¶μ¸É ¢²Ö²¨¸Ó ¸ ¨Ì  ³¶²¨ÉÊ¤´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¶·¨ μ¡²ÊÎ¥´¨¨ ¶·μ-
ÉμÉ¨¶  ¨¸ÉμÎ´¨±μ³ 55Fe ¶·¨ μ¤¨´ ±μ¢μ³ ¤²Ö ¢¸¥Ì ¸É·μÊ  ´μ¤´μ³ ´ ¶·Ö¦¥´¨¨.

‚‹ˆŸ�ˆ… Š�ˆ‚ˆ‡�› ‘’��“ �� �Œ�‹ˆ’“„�›… •���Š’…�ˆ‘’ˆŠˆ

‚ ¨§μ£´ÊÉμ° ¸É·μÊ  ³¶²¨ÉÊ¤  ¸¨£´ ² , § ¢¨¸ÖÐ Ö μÉ  ´μ¤-± Éμ¤´μ£μ · ¸¸ÉμÖ´¨Ö, ¨§-
³¥´Ö¥É¸Ö ¢ μ¡² ¸É¨ ¨¸±·¨¢²¥´¨Ö. �É ²μ´´ Ö ¸É·μÊ (¸ ¨¤¥ ²Ó´μ° ¶·Ö³μ²¨´¥°´μ¸ÉÓÕ) ¶·¨
¶·μ¤Ê¢¥ £ §μ¢μ° ¸³¥¸ÓÕ Ar/CO2 μ¡²ÊÎ ² ¸Ó ¨¸ÉμÎ´¨±μ³ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,9 ±Ô‚.
‘É·μÊ ¸ Ê¸É ´μ¢²¥´´Ò³  ´μ¤μ³ ¶·¨´Ê¤¨É¥²Ó´μ ¨§£¨¡ ² ¸Ó ¢ Í¥´É·¥ ³¨±·μ³¥É·¨Î¥¸±¨³
¢¨´Éμ³ ¸ Ï £μ³ 50 ³±³, ¶μ¸²¥ Î¥£μ ´ ¡¨· ²¸Ö ¸¶¥±É· ¸¨£´ ²μ¢, μ¶·¥¤¥²Ö²¸Ö Í¥´É·
ÉÖ¦¥¸É¨  ³¶²¨ÉÊ¤´μ£μ ¶¨±  ¨ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥. �  ·¨¸. 5,   ¶μ± § ´μ ¨§-
³¥´¥´¨¥ £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¢ ¸¥·¥¤¨´¥  ´μ¤  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¥£μ ¸³¥Ð¥´¨Ö μÉ μ¸¨
¸É·μÊ [8]. ‘¶¥±É·Ò, Ì · ±É¥·¨§ÊÕÐ¨¥ ¨§³¥´¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¸É·μÊ,
¶μ± § ´Ò ´  ·¨¸. 5, ¡.

‘ ¨§³¥´¥´¨¥³ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê  ´μ¤μ³ ¨ ± Éμ¤μ³ ´  450 ³±³ ¶¥·¨μ¤¨Î¥¸±¨ ¢μ§-
´¨± ²¨ Ô²¥±É·¨Î¥¸±¨¥ · §·Ö¤Ò, ±μÉμ·Ò¥ ³μ£ÊÉ ¶·¨¢¥¸É¨ ± ®¶·μ¦¨£Ê¯ ¸É¥´μ± ¸É·μÊ ¨
¢ ¤ ²Ó´¥°Ï¥³ ± ¶μÉ¥·¥ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨. �Éμ Ê± §Ò¢ ¥É ´  ´¥μ¡Ìμ¤¨³μ¸ÉÓ μ£· ´¨Î¥-
´¨Ö ±·¨¢¨§´Ò ¸É·μÊ ¢¥²¨Î¨´μ° 400 ³±³, ¶·¨ ±μÉμ·μ° ¥Ð¥ μÉ¸ÊÉ¸É¢ÊÕÉ Ô²¥±É·¨Î¥¸±¨¥
· §·Ö¤Ò ¨ £ §μ¢μ¥ Ê¸¨²¥´¨¥ ³¥´Ö¥É¸Ö ´¥ ¡μ²ÓÏ¥, Î¥³ ´  9 %.

�¨¸. 5.  ) ‡ ¢¨¸¨³μ¸ÉÓ £ §μ¢μ£μ Ê¸¨²¥´¨Ö μÉ ¸³¥Ð¥´¨Ö  ´μ¤´μ° ¶·μ¢μ²μ±¨ μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¸É·μÊ

¶·¨ ¶·¨´Ê¤¨É¥²Ó´μ³ ¨§£¨¡¥; ¡)  ³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸¨£´ ²μ¢ μÉ ¨¸ÉμÎ´¨±  55Fe ¤²Ö ¸É·μÊ ¸μ
¸³¥Ð¥´¨¥³ ¶·μ¢μ²μÎ±¨ μÉ Í¥´É·  ´  300 ¨ 550 ³±³. ƒ §μ¢ Ö ¸³¥¸Ó ArCO2 (80/20), G = 104
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„²Ö ¨§ÊÎ¥´¨Ö ± Î¥¸É¢  μÉ¡· ±μ¢±¨ ¸É·μÊ ¸ ¶²μÌμ° ¶·Ö³μ²¨´¥°´μ¸ÉÓÕ ¢ ¶·μÍ¥¸¸¥
¨Ì Ê¸É ´μ¢±¨ ¢ ±μ²ÓÍ¥¢Ò¥ · ³Ò ¸Ê¡³μ¤Ê²Ö ¡Ò² ¸μ§¤ ´ ¸É¥´¤, ¶μ§¢μ²ÖÕÐ¨° ¸· ¢´¨¢ ÉÓ
³¥Éμ¤ μÉ¡μ·  ¶μ ¨§μ¡· ¦¥´¨Õ ¸¢¥Éμ¢ÒÌ ±μ²¥Í ¸ ³¥Éμ¤μ³, μ¸´μ¢ ´´Ò³ ´  ¨§³¥·¥´¨¨
 ³¶²¨ÉÊ¤´ÒÌ Ì · ±É¥·¨¸É¨± ¸¨£´ ²μ¢ ¢¤μ²Ó ¸É·μÊ μÉ ±μ²²¨³¨·μ¢ ´´μ£μ ¨¸ÉμÎ´¨±  55Fe.
‘É¥´¤ ¸μ¤¥·¦ ² ¸¥±Éμ·´Ò° ¶·μÉμÉ¨¶ ¸ ¸¨¸É¥³μ° £ §μ¢μ£μ μ¡¥¸¶¥Î¥´¨Ö, Ô²¥±É·μ´¨±Ê ¸Î¨-
ÉÒ¢ ´¨Ö ¨ ¶¥·¥¤ Î¨ ¤ ´´ÒÌ ¢ ±μ³¶ÓÕÉ¥·, ¨¸ÉμÎ´¨±¨ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¨ ´¨§±μ¢μ²ÓÉ´μ£μ
´ ¶·Ö¦¥´¨Ö, ¨¸ÉμÎ´¨± 55Fe,   É ±¦¥ μ¶É¨Î¥¸±ÊÕ ¸¨¸É¥³Ê, ¶μ§¢μ²ÖÕÐÊÕ ¶μ²ÊÎ ÉÓ ¨§μ-
¡· ¦¥´¨¥ ¸¢¥Éμ¢ÒÌ ±μ²¥Í ¤²Ö ± ¦¤μ° Ê¸É ´μ¢²¥´´μ° ¸É·μÊ ¤μ Ê¸É ´μ¢±¨ ¢ ´¥¥  ´μ¤ .
‚ ¸μ¸É ¢ ¸É¥´¤  ¢Ìμ¤¨² É ±¦¥ ³μ´¨Éμ·´Ò° ¸Î¥ÉÎ¨± ¸ ¶·Ö³μ²¨´¥°´μ° ¸É·μÊ,  ´ ²μ£¨Î-
´Ò° ¸É·μÊ ¶·μÉμÉ¨¶ , ¢±²ÕÎ¥´´Ò° ¢ μ¡ÐÊÕ ¸¨¸É¥³Ê £ §μ¢μ£μ μ¡¥¸¶¥Î¥´¨Ö ¨ μ¡¥¸¶¥Î¨¢ -
ÕÐ¨° ±μ´É·μ²Ó §  ¨§³¥´¥´¨¥³ £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¨§-§  ¢ ·¨ Í¨° É¥³¶¥· ÉÊ·Ò ¨ ¤ ¢²¥´¨Ö
μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò.

�É±²μ´¥´¨Ö μÉ ¶·Ö³μ²¨´¥°´μ¸É¨ ³μ¦´μ Ì · ±É¥·¨§μ¢ ÉÓ ¢ ·¨ Í¨Ö³¨  ³¶²¨ÉÊ¤Ò ¸¨£-
´ ²  ¢¤μ²Ó  ´μ¤ , ¢Ò§Ò¢ ¥³Ò³¨ ¨§³¥´¥´¨¥³ ²μ± ²Ó´μ£μ £ §μ¢μ£μ Ê¸¨²¥´¨Ö, μ¶·¥¤¥²Ö¥-
³Ò³¨ ± ±

ΔA

A
=

2(Amax − Amin)
A¢Ì + A¢ÒÌ

,

£¤¥ Amax ¨ Amin Å ³ ±¸¨³ ²Ó´ Ö ¨ ³¨´¨³ ²Ó´ Ö ¢¥²¨Î¨´Ò ¸¨£´ ² ,   A¢Ì ¨ A¢ÒÌ Å
 ³¶²¨ÉÊ¤Ò ¸¨£´ ²μ¢ ¢ ´ Î ²¥ ¨ ¢ ±μ´Í¥ ¸É·μÊ ¶μ ´ ¶· ¢²¥´¨Õ ¶μÉμ±  £ §μ¢μ° ¸³¥¸¨
¸μμÉ¢¥É¸É¢¥´´μ. �μ²ÊÎ¥´´Ò¥ ¤²Ö ± ¦¤μ° ¸É·μÊ §´ Î¥´¨Ö ΔA/A ¸²Ê¦¨²¨ ¤²Ö μÍ¥´±¨
±·¨¢¨§´Ò ¸É·μÊ ¶μ ¶·¨¢¥¤¥´´μ° ´  ·¨¸. 5,   § ¢¨¸¨³μ¸É¨. ’¨¶¨Î´Ò¥ ¸¶¥±É·Ò ¸¨£´ ²μ¢
μÉ ¨¸ÉμÎ´¨±  55Fe, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ · §²¨Î´Ò³ ¢¥²¨Î¨´ ³ ¸³¥Ð¥´¨Ö  ´μ¤ , ¶·¨¢¥¤¥´Ò
´  ·¨¸. 5, ¡.

‘· ¢´¥´¨¥ §´ Î¥´¨° ¸³¥Ð¥´¨Ö  ´μ¤μ¢, ¶μ²ÊÎ¥´´ÒÌ μ¶É¨Î¥¸±¨³ ³¥Éμ¤μ³ ¨ μ¶·¥¤¥²Ö¥-
³ÒÌ ¶μ ± ²¨¡·μ¢μÎ´Ò³ ¨§μ¡· ¦¥´¨Ö³ (¶·¨¢¥¤¥´´Ò³ ´  ·¨¸. 4), ¸ ¶μ²ÊÎ¥´´Ò³¨ ³¥Éμ¤μ³

�¨¸. 6. ‘¶¥±É·Ò ¸¨£´ ²μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¸É·μÊ ¨¸ÉμÎ´¨±μ³ 55Fe ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¸¢¥Éμ¢μ¥
¶ÖÉ´μ, ¶μ²ÊÎ¥´´μ¥ ³¥Éμ¤μ³ μ¶É¨Î¥¸±μ£μ ±μ´É·μ²Ö. 1 Å ¶μ§¨Í¨Ö ¢ ¶μ²μ¦¥´¨¨ ¨¸ÉμÎ´¨±  ´ 

· ¸¸ÉμÖ´¨¨ 5 ¸³ μÉ ¢¥·Ì´¥£μ ±μ´Í  ¸É·μÊ, ¶·¨ μ¡²ÊÎ¥´¨¨ ¸É·μÊ 5 ¸³; 3 Å 5 ¸³ μÉ ´¨¦´¥£μ ±μ´Í ;
2 Å ¢ Í¥´É·¥; 4 Å ¸¶¥±É· ¸ ³μ´¨Éμ·´μ° ¸É·μÊ
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 ³¶²¨ÉÊ¤´ÒÌ ¨§³¥·¥´¨° ¶μ± § ²μ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ¨Ì ¸μμÉ¢¥É¸É¢¨¥. �  ·¨¸. 6 ¤²Ö
¶·¨³¥·  ¶·¥¤¸É ¢²¥´Ò ¸¶¥±É·Ò ¸¨£´ ²μ¢, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ ¤¢ÊÌ ¸É·μÊ ¶·μÉμ-
É¨¶  ¨¸ÉμÎ´¨±μ³ 55Fe ¢ ¨Ì ¸¥·¥¤¨´¥ ¨ ¶μ ±· Ö³,   É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¨§μ¡· ¦¥-
´¨Ö ¸¢¥Éμ¢ÒÌ ±μ²¥Í. � §¡·μ¸  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¶μ ¤²¨´¥  ´μ¤  ´  ·¨¸. 6,   ¸μ¸É ¢²Ö¥É
2,3%, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸³¥Ð¥´¨Õ  ´μ¤  μÉ Í¥´É·  ´  ∼ 180 ³±³. �´ ²¨§ ¸¢¥Éμ¢μ£μ ¨§μ-
¡· ¦¥´¨Ö ÔÉμ° ¸É·μÊ Ê± §Ò¢ ¥É ´  ¥¥ ±·¨¢¨§´Ê ¢ ¶·¥¤¥² Ì μÉ 150 ¤μ 200 ³±³. �  ·¨¸. 6, ¡
¶·¨¢¥¤¥´Ò ¸¶¥±É·Ò ¸¨£´ ²μ¢ ¢Éμ·μ° ¸É·μÊ, ±·¨¢¨§´  ±μÉμ·μ° μ¶É¨Î¥¸±¨³ ³¥Éμ¤μ³ μÍ¥-
´¥´  ¢ ¤¨ ¶ §μ´¥ μÉ 400 ¤μ 450 ³±³. �μ · §¡·μ¸Ê  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ Å 10,3% ¸É·μÊ
¨³¥¥É ¡²¨§±μ¥ §´ Î¥´¨¥ ±·¨¢¨§´Ò ∼ 440 ³±³. ‚Ò¶μ²´¥´´Ò¥ ¨§³¥·¥´¨Ö ´  ¢¸¥Ì Ê¸É ´μ-
¢²¥´´ÒÌ ¢ ¶·μÉμÉ¨¶ ¸É·μÊ ¶μ¤É¢¥·¤¨²¨ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥ μ¡μ¨Ì ³¥Éμ¤μ¢
μ¶·¥¤¥²¥´¨Ö ±·¨¢¨§´Ò ¸É·μÊ.

‡�Š‹�—…�ˆ…

�¶É¨Î¥¸±¨° ³¥Éμ¤ μÍ¥´±¨ μÉ±²μ´¥´¨Ö μÉ ¶·Ö³μ²¨´¥°´μ¸É¨ Ê¸É ´ ¢²¨¢ ¥³ÒÌ ¢ · ³Ò
± ³¥· ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³ ¨ ¤²¨´μ° 60 ¸³ μ¡¥¸¶¥Î¨¢ ¥É ¨Ì ÔËË¥±É¨¢´ÊÕ μÉ¡· ±μ¢±Ê
¶·¨ ±·¨¢¨§´¥ ¡μ²¥¥ 400 ³±³, ÎÉμ ´¥μ¡Ìμ¤¨³μ ¤²Ö ¨Ì ¤μ²£μ¢·¥³¥´´μ° · ¡μÉÒ ¢ Ê¸²μ¢¨ÖÌ
¢Ò¸μ±¨Ì · ¤¨ Í¨μ´´ÒÌ § £·Ê§μ±. �¥§Ê²ÓÉ ÉÒ ³¥Éμ¤  μ¶É¨Î¥¸±μ£μ ±μ´É·μ²Ö ¶·Ö³μ²¨´¥°-
´μ¸É¨ ¸É·μÊ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ ¥³Ò³¨ ¡μ²¥¥ ÉμÎ´Ò³
³¥Éμ¤μ³ μ¶·¥¤¥²¥´¨Ö ¸³¥Ð¥´¨Ö  ´μ¤  μÉ μ¸¨ ¸É·μÊ ¨§³¥·¥´¨¥³  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¶·¨
μ¡²ÊÎ¥´¨¨ ¸É·μÊ ¨¸ÉμÎ´¨±μ³ 55Fe.

� §· ¡μÉ ´´ Ö ¸¨¸É¥³  μ¶É¨Î¥¸±μ£μ ±μ´É·μ²Ö ¶·Ö³μ²¨´¥°´μ¸É¨ ¸É·μÊ ¸ ÊÎ¥Éμ³ μ¸μ-
¡¥´´μ¸É¥° £¥μ³¥É·¨¨ ¤¥É¥±Éμ·μ¢ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ μÉ¡· ±μ¢±Ê ¸É·μÊ ´  ¸É ¤¨¨ ¨Ì
³μ´É ¦  ¤μ Ê¸É ´μ¢μ±  ´μ¤´ÒÌ ¶·μ¢μ²μ±.
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