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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ´μ¢Ò¥ ¤ ´´Ò¥ ¶μ ¸¥Î¥´¨Ö³ ·¥ ±Í¨°, ¶·μÉ¥± ÕÐ¨Ì ¶·¨ ¢§ ¨³μ¤¥°-
¸É¢¨¨ Ö¤¥· 6�¥ ¸ 197Au ¢ μ¡² ¸É¨ Ô´¥·£¨° 6�¥ μÉ 40 ¤μ 120 ŒÔ‚. �±¸¶¥·¨³¥´ÉÒ ¶·μ¢μ¤¨²¨¸Ó
´  ¢Éμ·¨Î´μ³ ¶ÊÎ±¥ ¸¥¶ · Éμ·  �Š“‹ˆ�� ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ. „²Ö ¨¤¥´-
É¨Ë¨± Í¨¨ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ ¨¸¶μ²Ó§μ¢ ²¸Ö  ±É¨¢ Í¨μ´´Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö £ ³³ - ±É¨¢´μ¸É¨
¸¡μ·±¨ ³¨Ï¥´¥° ¨§ Éμ´±¨Ì Ëμ²Ó£. ˆ§³¥·¥´Ò ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨° ¸²¨Ö´¨Ö Ö¤¥· 6�¥ ¸
¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶Ê¸± ´¨¥³ ¨§ ¸μ¸É ¢´μ£μ Ö¤·  ¤μ 10 ´¥°É·μ´μ¢. �´ ²¨§ ¤ ´´ÒÌ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¢ÊÌ ³μ¤¥²¥° Å �LICE ¨ NRV. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° (6�¥, xn),
¶·μÉ¥± ÕÐ¨Ì Î¥·¥§ ¸μ¸É ¢´μ¥ Ö¤·μ, ¢ μ¸´μ¢´μ³, ¸μ£² ¸ÊÕÉ¸Ö ¸ · ¸Î¥É ³¨ ÔÉ¨Ì ³μ¤¥²¥°, ¨¸¶μ²Ó§Ê-
ÕÐ¨Ì ¸É É¨¸É¨Î¥¸±¨° ¶μ¤Ìμ¤. �μ± § ´μ, ÎÉμ ¢¶²μÉÓ ¤μ Ô´¥·£¨° 114 ŒÔ‚ ¶ ¤¥´¨¥ ¸¥Î¥´¨Ö ·¥ ±Í¨°
¶μ²´μ£μ ¸²¨Ö´¨Ö ´¥§´ Î¨É¥²Ó´μ. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨¥
± μ¡· §μ¢ ´¨Õ ¨§μÉμ¶μ¢ ·ÉÊÉ¨ ¨ §μ²μÉ  (·¥ ±Í¨¨ ¶¥·¥¤ Î¨), ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ μ¸´μ¢´μ°
¢±² ¤ ¢ ¨Ì μ¡· §μ¢ ´¨¥ ¢´μ¸ÖÉ ¶·Ö³Ò¥ ¶·μÍ¥¸¸Ò,   ¨¸¶ ·¨É¥²Ó´Ò¥ ·¥ ±Í¨¨ (6�¥, pxn) ¨ (6�¥,
αxn) ¨£· ÕÉ ¢Éμ·μ¸É¥¶¥´´ÊÕ ·μ²Ó, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¸· ¢´¥´¨¥³ ¢¥²¨Î¨´ ¨§³¥·¥´´ÒÌ ¸¥Î¥´¨°
¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢.

New data on the cross sections of reactions occurring during the interaction of 6�¥ nuclei with 197Au
at the energies of 6�¥ from 40 to 120 MeV are presented. The experiments were performed in the
secondary beam separator ACCULINNA of the Laboratory of Nuclear Reactions, JINR. To identify the
reaction products, the activation method for measuring the gamma activity of the target assembly of thin
foils was used. The excitation functions for fusion reactions involving the evaporation up to 10 neutrons
from the compound nucleus as well as reactions with emission of charged particles and nucleon transfer
in the investigated energy region are obtained. Data analysis was carried out using two codes Å the
ALICE-MP and NRV. The cross sections for the (6�¥, xn) reactions proceeding through the compound
nucleus are mostly in agreement with the results of model calculations based on the statistical approach.
It is shown that up to the energies of 114 MeV the cross section drop in the complete fusion reactions
is negligible. The experimental excitation functions of reactions leading to the formation of isotopes of
mercury and gold (transfer reaction) indicate that the main contribution to their formation is made by
direct processes, and evaporation reactions (6�¥, pxn) and (6�¥, αxn) play a minor role, as evidenced
by comparison of the measured cross sections with the calculation results.
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�μ´¨³ ´¨¥ ³¥Ì ´¨§³μ¢ ¶·μÍ¥¸¸  ¸²¨Ö´¨Ö ¨ ¶¥·¥¤ Î¨ ´Ê±²μ´μ¢ ¢ ·¥ ±Í¨ÖÌ ¸ · ¤¨μ-
 ±É¨¢´Ò³¨ ¶ÊÎ± ³¨ ¨ ¸² ¡μ¸¢Ö§ ´´Ò³¨ ¸É ¡¨²Ó´Ò³¨ Ö¤· ³¨ ±· °´¥ ¢ ¦´μ ¤²Ö ¸¨´É¥§ 
¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¨  ¸É·μË¨§¨±¨. Œ ² Ö Ô´¥·£¨Ö ¸¢Ö§¨ ¢ ²¥´É´ÒÌ ´Ê±²μ´μ¢ ¢
· ¤¨μ ±É¨¢´ÒÌ Ö¤· Ì ¨ ±² ¸É¥·μ¢ ¢ ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤· Ì,   É ±¦¥ ¡μ²ÓÏ¨¥ §´ Î¥´¨Ö
¸¥Î¥´¨° · §¢ ²  É ±¨Ì Ö¤¥· μ± §Ò¢ ÕÉ § ³¥É´μ¥ ¢²¨Ö´¨¥ ´  ¶·μÍ¥¸¸Ò ¸²¨Ö´¨Ö ¢§ ¨³μ-
¤¥°¸É¢ÊÕÐ¨Ì Ö¤¥· ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ·¥ ±Í¨°. �É¤¥²Ó-
´Ò¥ ± ´ ²Ò ·¥ ±Í¨° ¶¥·¥¤ Î¨ ¨ ´¥¶μ²´μ£μ ¸²¨Ö´¨Ö ³μ£ÊÉ μ± § ÉÓ¸Ö ¡μ²¥¥ ¢¥·μÖÉ´Ò³¨
¨§-§  ´ ²¨Î¨Ö £ ²μ ¨²¨ μ¡· §μ¢ ´¨Ö ¸² ¡μ¸¢Ö§ ´´ÒÌ ±² ¸É¥·´ÒÌ ¸É·Ê±ÉÊ· ¢ Ô±§μÉ¨Î¥-
¸±¨Ì ¨ ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤· Ì. Š·μ³¥ ÔÉμ£μ, ´  ¢¥·μÖÉ´μ¸ÉÓ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨¨ ¢²¨Ö¥É
Q ·¥ ±Í¨¨, ±μÉμ·μ¥ ¢ ÔÉ¨Ì ¸²ÊÎ ÖÌ Ö¢²Ö¥É¸Ö, ± ± ¶· ¢¨²μ, ¶μ²μ¦¨É¥²Ó´Ò³.

�¥ ±Í¨¨, ¢Ò§Ò¢ ¥³Ò¥ ¸² ¡μ¸¢Ö§ ´´Ò³¨ Ö¤· ³¨ É¨¶  6He, ¤²Ö · §¢ ²  ±μÉμ·μ£μ ´ 
α-Î ¸É¨ÍÊ ¨ ¤¢  ´¥°É·μ´  ´¥μ¡Ìμ¤¨³  Ô´¥·£¨Ö μ±μ²μ 1 ŒÔ‚, Ê¦¥ ¡μ²¥¥ ¶μ²ÊÉμ·  ¤¥¸ÖÉ± 
²¥É  ±É¨¢´μ ¨¸¸²¥¤ÊÕÉ¸Ö ³´μ£¨³¨ ´ ÊÎ´Ò³¨ Í¥´É· ³¨. ‚¸¥ ÔÉμ ¢·¥³Ö μ¸´μ¢´Ò¥ Ê¸¨²¨Ö
¡Ò²¨ ´ ¶· ¢²¥´Ò ´  ¢ÒÖ¢²¥´¨¥ μ¸μ¡¥´´μ¸É¥° É ±¨Ì ·¥ ±Í¨° ¶·¨ Ô´¥·£¨ÖÌ ¢¡²¨§¨ ±Ê-
²μ´μ¢¸±μ£μ ¡ ·Ó¥· . 	Ò²μ μ¡´ ·Ê¦¥´μ ¶μ¤¡ ·Ó¥·´μ¥ Ê¸¨²¥´¨¥ ¸²¨Ö´¨Ö, ¢²¨Ö´¨¥ ¶·Ö³ÒÌ
¶·μÍ¥¸¸μ¢ (· §¢ ²  ´ ²¥É ÕÐ¥° Î ¸É¨ÍÒ ¸ ¶μ¸²¥¤ÊÕÐ¨³ § Ì¢ Éμ³ Ë· £³¥´É , ·¥ ±Í¨°
¶¥·¥¤ Î¨) ´  ³¥Ì ´¨§³ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨¨ [1Ä4]. �É¨ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨ ¸¨²Ó´ÊÕ
§ ¢¨¸¨³μ¸ÉÓ ¶·μÍ¥¸¸μ¢, ¶·μÉ¥± ÕÐ¨Ì ¶·¨ ¸Éμ²±´μ¢¥´¨¨ É ±¨Ì ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥·, μÉ
¨Ì ¸É·Ê±ÉÊ·Ò. ‘ ·μ¸Éμ³ Ô´¥·£¨¨ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í ¢ÒÏ¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  Ì -
· ±É¥· ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥´Ö¥É¸Ö, μ¤´ ±μ ¨ ¢ ÔÉμ° μ¡² ¸É¨ ¸¢μ°¸É¢  ²¥£±¨Ì Ô±§μÉ¨Î¥¸±¨Ì
Ö¤¥· ³μ£ÊÉ ¶·μÖ¢¨ÉÓ¸Ö ¢ ¶·μÍ¥¸¸¥ μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨°. ‚ Î ¸É´μ¸É¨, ¸ ·μ¸Éμ³
Ô´¥·£¨¨ Ê¸¨²¨¢ ¥É¸Ö ¢²¨Ö´¨¥ ¶·Ö³ÒÌ ¶·μÍ¥¸¸μ¢ ´  ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ¸μ¸É ¢´μ£μ Ö¤· .

‚ Ô±¸¶¥·¨³¥´É Ì ¸ 6�¥ ¢ ¶μ¤¡ ·Ó¥·´μ° μ¡² ¸É¨ Ô´¥·£¨° ´ ¡²Õ¤ ²μ¸Ó Ê¢¥²¨Î¥´¨¥ ¢¥-
·μÖÉ´μ¸É¨ ¸²¨Ö´¨Ö ÔÉ¨Ì Ö¤¥· ¶μ ¸· ¢´¥´¨Õ ¸ ·¥ ±Í¨Ö³¨, ¢Ò§¢ ´´Ò³¨ ¢§ ¨³μ¤¥°¸É¢¨¥³
Ö¤¥· ³¨Ï¥´¥° ¸ 4�¥, ¶·¥¤¸É ¢²ÖÕÐ¨³ ±μ· Ö¤·  6�¥ [5Ä7]. ‚ ¶μ¤¡ ·Ó¥·´μ° μ¡² ¸É¨
Ô´¥·£¨° ¢ ·¥ ±Í¨ÖÌ ¸ 6�¥ ¡Ò²μ μ¡´ ·Ê¦¥´μ É ±¦¥ Ê¢¥²¨Î¥´¨¥ ¸¥Î¥´¨Ö ¶¥·¥¤ Î¨ ´¥°É·μ-
´μ¢ Ö¤·Ê ³¨Ï¥´¨. ‘²¥¤μ¢ É¥²Ó´μ, ¶·μÍ¥¸¸Ò · §¢ ²  ¸´ ·Ö¤  ¨ ¶¥·¥¤ Î¨ ´Ê±²μ´μ¢ ³μ£ÊÉ
¢´μ¸¨ÉÓ ¡μ²ÓÏμ° ¢±² ¤ ¢ ¶μ²´μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨° ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢¡²¨§¨ ±Ê²μ´μ¢-
¸±μ£μ ¡ ·Ó¥· . „²Ö ·¥ ±Í¨° ¸ 6�¥ ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢ÒÏ¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¡Ò²μ
¶μ²ÊÎ¥´μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ ¸μ£² ¸¨¥ ¸ ¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶μ
¸¥Î¥´¨Ö³ ·¥ ±Í¨° ¸²¨Ö´¨Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¤²Ö μ¶¨¸ -
´¨Ö Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö [5].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¡Ò²¨ ¨§³¥·¥´Ò ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ± ´ ²μ¢ ·¥ ±Í¨° ¶μ²´μ£μ ¨
´¥¶μ²´μ£μ ¸²¨Ö´¨Ö ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ 6�e ¸ 197Au,   É ±¦¥ ± ´ ²μ¢ ¶¥·¥¤ Î¨ ´Ê±²μ´μ¢
¢ Ô´¥·£¥É¨Î¥¸±μ³ ¤¨ ¶ §μ´¥ μÉ 40 ¤μ 120 ŒÔ‚. �μ²ÊÎ¥´Ò É ±¦¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ¶μ ¨§μ³¥·´Ò³ μÉ´μÏ¥´¨Ö³ ´¥±μÉμ·ÒÌ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨°. �±¸¶¥·¨³¥´É ²Ó´Ò¥
·¥§Ê²ÓÉ ÉÒ ¤²Ö ¸¥Î¥´¨° ·¥ ±Í¨° ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ 6�e ¸ Ö¤· ³¨ 197Au ¸· ¢´¨¢ ²¨¸Ó
¸ ¤ ´´Ò³¨ ¤²Ö ·¥ ±Í¨° ¸ μ¡· §μ¢ ´¨¥³ ÔÉ¨Ì ¦¥ ¶·μ¤Ê±Éμ¢ ´  ¶ÊÎ± Ì ¤·Ê£¨Ì ¸É ¡¨²Ó´ÒÌ
Î ¸É¨Í ¨ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ · ¸Î¥É ³¨.

1. Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

�±¸¶¥·¨³¥´ÉÒ ¶·μ¢μ¤¨²¨¸Ó ´  Í¨±²μÉ·μ´¥ “-400Œ ‹Ÿ� �ˆŸˆ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¸¥¶ · Éμ·  ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ �Š“‹ˆ�� [8]. �ÊÎμ± Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 7Li ¸ ¨´É¥´-
¸¨¢´μ¸ÉÓÕ ∼ 3 Î ¸É. · ³±� ¨ Ô´¥·£¨¥° 32 ŒÔ‚/� ¶μ¶ ¤ ² ´  ¶·μ¨§¢μ¤ÖÐÊÕ Be-³¨Ï¥´Ó
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¸¥¶ · Éμ·  �Š“‹ˆ��. ‚Éμ·¨Î´Ò° ¶ÊÎμ± 6�¥ ¡Ò² ¸Ëμ±Ê¸¨·μ¢ ´ ¢  Ì·μ³ É¨Î¥¸±μ³
Ëμ±Ê¸¥ F3 ¸¥¶ · Éμ·  (·¨¸. 1 ¢ [8]). ˆ´É¥´¸¨¢´μ¸ÉÓ ¢Éμ·¨Î´μ£μ ¶ÊÎ±  6�¥ ¸ Ô´¥·£¨¥°
20 ŒÔ‚/� ¤μ¸É¨£ ²  §´ Î¥´¨Ö 106 ¸−1. ‚ Ëμ±Ê¸¥ F3 · §³¥Ð ²¨¸Ó ¸¡μ·±¨ ¨§ §μ²μÉÒÌ ³¨-
Ï¥´¥° (Au-Ëμ²Ó£¨ μÉ 4 ¤μ 12 ³±³). „²Ö ¸¡·μ¸  Ô´¥·£¨¨ 6�¥ ³¥¦¤Ê §μ²μÉÒ³¨ ³¨Ï¥´Ö³¨
Ê¸É ´ ¢²¨¢ ²¨¸Ó ¶μ£²μÉ¨É¥²¨ ¨§ Al-Ëμ²Ó£. ‘·¥¤´ÖÖ Ô´¥·£¨Ö 6�¥, ¶ ¤ ÕÐ¥£μ ´  ± ¦¤ÊÕ
³¨Ï¥´Ó, ¶μÉ¥·¨ Ô´¥·£¨¨ ¨ Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¢ ± ¦¤μ° ¨§ ³¨Ï¥´¥° · ¸¸Î¨ÉÒ¢ ²¨¸Ó
¸ ¶μ³μÐÓÕ ±μ¤  SRIM [9] ¨ ¶·μ£· ³³Ò LISE++ [10].

	Ò²μ ¶·μ¢¥¤¥´μ ¤¢¥ ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³  ±É¨¢ Í¨μ´´μ° É¥Ì´¨±¨
¨§³¥·¥´¨Ö  ±É¨¢´μ¸É¨ ³¨Ï¥´¥°. ˆ§³¥·Ö² ¸Ó £ ³³ - ±É¨¢´μ¸ÉÓ É·¥Ì ³¨Ï¥´¥° ¢ ¶¥·¢μ³
μ¡²ÊÎ¥´¨¨ (¸·¥¤´ÖÖ Ô´¥·£¨Ö ¨μ´μ¢ 6�¥ ¶μ §μ²μÉÒ³ Ëμ²Ó£ ³ · ¸¶·¥¤¥²Ö² ¸Ó ¢ ¤¨ ¶ §μ´¥
113,7Ä84,4 ŒÔ‚) ¨ Î¥ÉÒ·¥Ì ³¨Ï¥´¥° ¢μ ¢Éμ·μ³ μ¡²ÊÎ¥´¨¨ (¸·¥¤´ÖÖ Ô´¥·£¨Ö ¢ §μ²μÉÒÌ
Ëμ²Ó£ Ì ¨§³¥´Ö² ¸Ó μÉ 113,7 ¤μ 40,8 ŒÔ‚). �Éμ ¤¥² ²μ¸Ó ¤²Ö Ê³¥´ÓÏ¥´¨Ö Ô´¥·£¥É¨-
Î¥¸±μ£μ · §¡·μ¸  ¢ Ëμ²Ó£ Ì. • · ±É¥·¨¸É¨±¨ ¶ÊÎ±  6�¥, ¶·μÏ¥¤Ï¥£μ Î¥·¥§ ¸¡μ·±Ê
³¨Ï¥´¥°, ¨§³¥·Ö²¨¸Ó ¸ ¶μ³μÐÓÕ ΔE × E É¥²¥¸±μ¶ , ¸μ¸ÉμÖÐ¥£μ ¨§ ΔE ¶μ²Ê¶·μ¢μ¤-
´¨±μ¢μ£μ Si-¤¥É¥±Éμ·  ¨ ±·¨¸É ²²  ‘sI ¢ ± Î¥¸É¢¥ E-¤¥É¥±Éμ· .

ˆ§³¥·¥´¨Ö ´ ¢¥¤¥´´μ° ¢ ³¨Ï¥´ÖÌ γ- ±É¨¢´μ¸É¨ ¶·μ¢μ¤¨²¨¸Ó ´  HPGe-¤¥É¥±Éμ·¥
¸ 20 %-° ÔËË¥±É¨¢´μ¸ÉÓÕ ¶μ μÉ´μÏ¥´¨Õ ± NaI ¨ HWHM 1,8 ±Ô‚ ¤²Ö Ô´¥·£¨¨ γ-±¢ ´Éμ¢
1,3 MÔ‚. ˆ¤¥´É¨Ë¨± Í¨Ö μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ Ö¤¥· ¡Ò²  ¶·μ¢¥¤¥´  ¸ ÊÎ¥Éμ³
Ô´¥·£¨° Ì · ±É¥·´ÒÌ γ-²¨´¨° ¨ ¶¥·¨μ¤μ¢ ¶μ²Ê· ¸¶ ¤  μ¡· §μ¢ ¢Ï¨Ì¸Ö · ¤¨μ ±É¨¢´ÒÌ
Ö¤¥· ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É ¡²¨Î´ÒÌ Ö¤¥·´ÒÌ ¤ ´´ÒÌ [11]. ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö
Ô´¥·£¨° ¨ ¨´É¥´¸¨¢´μ¸É¨ γ-¶¥·¥Ìμ¤μ¢,   É ±¦¥ ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤μ¢ ¨§μÉμ¶μ¢, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨Ì μ¶·¥¤¥²¥´´Ò³ ¶·μ¤Ê±É ³ Ö¤¥·´ÒÌ ·¥ ±Í¨°.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ Ì · ±É¥·´Ò° γ-¸¶¥±É·, ¶μ²ÊÎ¥´´Ò° ¶·¨ ¨§³¥·¥´¨¨ ´ ¢¥¤¥´´μ°
 ±É¨¢´μ¸É¨ ¢ μ¤´μ° ¨§ Au-³¨Ï¥´¥°. � ¸Î¥É ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨° ¶μ μÉ¤¥²Ó´μ³Ê ± ´ ²Ê ¶·μ¢μ¤¨²¸Ö ¶μ Ëμ·³Ê²¥

σ =
Sλ

INεIγ (1 − e−λt1) e−λt2 (1 − e−λt3)
,

£¤¥ S Å ¶²μÐ ¤Ó ¶μ¤ ËμÉμ¶¨±μ³; λ Å ¶μ¸ÉμÖ´´ Ö · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤ ; I Å ¨´É¥´-
¸¨¢´μ¸ÉÓ ¶ ¤ ÕÐ¥£μ ¶μÉμ±  Î ¸É¨Í (Î ¸É. · ¸−1); N Å Î¨¸²μ Ö¤¥· ³¨Ï¥´¨ ( Éμ³μ¢/¸³2);
ε Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢; Iγ Å ¨´É¥´¸¨¢´μ¸ÉÓ ¨§³¥·Ö¥³μ£μ γ-¶¥·¥Ìμ¤ 
(%); t1 Å ¢·¥³Ö μ¡²ÊÎ¥´¨Ö μ¡· §Í ; t2 Å ¢·¥³Ö, ¶·μÏ¥¤Ï¥¥ ¸ ±μ´Í  μ¡²ÊÎ¥´¨Ö μ¡· §Í 
¤μ ´ Î ²  ¨§³¥·¥´¨Ö; t3 Å ¢·¥³Ö ¨§³¥·¥´¨Ö μ¡· §Í .

‚ ¸²ÊÎ ¥ ´ ²¨Î¨Ö ¢±² ¤  μÉ · ¤¨μ ±É¨¢´μ£μ ¶·¥¤Ï¥¸É¢¥´´¨±  (¸μ¸¥¤´¥° ¨§μ¡ ·Ò ¨²¨
· ¸¶ ¤  ¸ ¨§μ³¥·´μ£μ Ê·μ¢´Ö) ´¥§ ¢¨¸¨³Ò¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨
· ¸¸Î¨ÉÒ¢ ²¨¸Ó ¶μ Ëμ·³Ê²¥

σd =

(
S

INεIγ
− kbr σp A

)
λd

(1 − e−λdt1) e−λdt2 (1 − e−λdt3)
,

A =
λp λd

λd − λp

[(
1 − e−λpt1

)
λ2

p

e−λpt2
(
1 − e−λpt3

)
−

(
1 − e−λdt1

)
λ2

d

e−λdt2
(
1 − e−λdt3

)]
,

£¤¥ σp, σd Å ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ·μ¤¨É¥²Ó¸±μ£μ (¨§μ³¥·´μ£μ) ¨ ¤μÎ¥·´¥£μ (μ¸´μ¢´μ£μ)
¸μ¸ÉμÖ´¨Ö ¸μμÉ¢¥É¸É¢¥´´μ; λp, λd Å ¨Ì ¶μ¸ÉμÖ´´Ò¥ · ¸¶ ¤ ; kbr Å ±μÔËË¨Í¨¥´É ¢¥-
É¢²¥´¨Ö ¢ ¤ ´´μ° ¸Ì¥³¥ · ¸¶ ¤ .
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’ ¡²¨Í  1. ‡´ Î¥´¨Ö Ô´¥·£¨°, ¶¥·¨μ¤μ¢ ¶μ²Ê· ¸¶ ¤ , ¸¶¨´μ¢ ¨ ¨´É¥´¸¨¢´μ¸É¥° γ-¶¥·¥Ìμ¤μ¢
´¥±μÉμ·ÒÌ ¨§μÉμ¶μ¢ Au, Hg ¨ Tl [11]

� ¡²Õ¤ ¥³Ò° T1/2, Jπ Eγ , Iγ ,
¨§μÉμ¶ Î ±Ô‚ %
199gTl 7,42 1/2+ 247,26 9,3
198gTl 5,3 2− 675,8 10,9

1200,6 9,7
198mTl 1,87 7+ 282,8 27

587,2 54,2
197gTl 2,84 1/2+ 152,22 7,3
196gTl 1,84 2− 344,9 2
195gTl 1,16 1/2+ 563,52 11
195mTl 1,41 9/2− 695,2 41
194gTl 0,55 2− 645,2 12
194mTl 0,547 7+ 748,9 76
193gTl 0,36 1/2+ 324,7 100

411,802 95,62
198gAu 64,68 2− 180,31 49
198mAu 54,53 12− 204,10 40,8

214,84 77
196gAu 148,0 2− 355,73 87

147,81 43,5
196m2Au 9,6 12− 168,37 7,6

188,27 37,4
194gAu 38,02 1− 328,464 60,4
193gAu 17,65 3/2+ 186,17 9,4
192gAu 4,94 1− 316,5 58
197mHg 23,8 13/2+ 133,98 33,5
195gHg 9,9 1/2− 779,8 7
195mHg 41,6 13/2+ 261,75 31
193gHg 3,8 3/2− 381,6 16
193mHg 11,8 13/2+ 257,99 49
192gHg 4,85 0+ 274,8 52

‘É É¨¸É¨Î¥¸±¨¥ μÏ¨¡±¨ · ¸¸Î¨É ´´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¸±² ¤Ò¢ ²¨¸Ó
¨§ ÉμÎ´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¶²μÐ ¤¨ ¶¨±μ¢ ¢ γ-¸¶¥±É· Ì ¸ ¢ÒÎ¨É ´¨¥³ Ëμ´  (¢ ¸·¥¤´¥³
∼ 10 %), ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¶·¨ · ¸Î¥É¥ Ô´¥·£¨¨ ¶ ¤ ÕÐ¥£μ ¶ÊÎ±  (∼ 2 %), ÔËË¥±É¨¢-
´μ¸É¨ ¤¥É¥±Éμ·  (∼ 5 %) ¨ ¢μ§³μ¦´μ° ´¥ÉμÎ´μ¸É¨ ´¥±μÉμ·ÒÌ É ¡²¨Î´ÒÌ ¤ ´´ÒÌ. ‘·¥¤¨
γ-¨§²ÊÎ É¥²¥° ¡Ò²¨ ¢Ò¤¥²¥´Ò ¶·μ¤Ê±ÉÒ ¶μ²´μ£μ ¸²¨Ö´¨Ö 6He ¸ Ö¤· ³¨ 197Au ¸ ¶μ¸²¥¤Ê-
ÕÐ¨³ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢ Å ¨§μÉμ¶Ò 193−199Tl. ‚ ¸¶¥±É· Ì É ±¦¥ ¡Ò²¨ ¨¤¥´É¨Ë¨-
Í¨·μ¢ ´Ò ¨§μÉμ¶Ò 192−197Hg ¨ 194,196Au, μ¡· §μ¢ ¢Ï¨¥¸Ö ¢ ·¥ ±Í¨ÖÌ ¸ ¨¸¶ ·¥´¨¥³ § -
·Ö¦¥´´ÒÌ Î ¸É¨Í,   É ±¦¥ ¢ ¶·μÍ¥¸¸ Ì ´¥¶μ²´μ£μ ¸²¨Ö´¨Ö Ö¤¥· ¨ ¶·¨ ¶¥·¥¤ Î¥ ´Ê±²μ´μ¢
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�¨¸. 1. ”· £³¥´É γ-¸¶¥±É· , ¶μ²ÊÎ¥´´μ£μ ¶·¨ ¨§³¥·¥´¨¨ ¢ É¥Î¥´¨¥ 2 Î ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨

¢ Au-³¨Ï¥´¨ Éμ²Ð¨´μ° 12 ³±³, μ¡²ÊÎ¥´´μ° ¶ÊÎ±μ³ 6He c Ô´¥·£¨¥° 95 ŒÔ‚, ¸¶Ê¸ÉÖ 8 Î ¶μ¸²¥
μ±μ´Î ´¨Ö μ¡²ÊÎ¥´¨Ö

¶·¨ ¶·Ö³ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ. ˆ§μÉμ¶Ò 193Tl ¨ 197Tl ³μ£²¨ μ¡· §μ¢ ÉÓ¸Ö Éμ²Ó±μ ¶·¨ ¨¸¶ -
·¥´¨¨ ´¥°É·μ´μ¢ ¨§ ¸μ¸É ¢´μ£μ Ö¤· ,   ¢ μ¡· §μ¢ ´¨¥ ¨§μÉμ¶μ¢ 197,195Hg ³μ¦¥É ¢´μ¸¨ÉÓ¸Ö
¤μ¶μ²´¨É¥²Ó´Ò° ¢±² ¤ μÉ · ¸¶ ¤  · ¤¨μ ±É¨¢´ÒÌ ¶·¥¤Ï¥¸É¢¥´´¨±μ¢ 197,195Tl. ‘²¥¤Ê¥É
μÉ³¥É¨ÉÓ, ÎÉμ ¨§μÉμ¶Ò 197,195Hg ´ ¡²Õ¤ ²¨¸Ó ¢ μ¸´μ¢´μ³ ¨ ¨§μ³¥·´μ³ ¸μ¸ÉμÖ´¨ÖÌ. ‘¥-
Î¥´¨¥ μ¡· §μ¢ ´¨Ö 197gHg ´¥ μ¶·¥¤¥²Ö²μ¸Ó ¢¢¨¤Ê ´¨§±μ° ¨´É¥´¸¨¢´μ¸É¨ £ ³³ -¶¥·¥Ìμ¤ 
(0,49 %) ¸ Ô´¥·£¨¥° 191,4 ±Ô‚. �·μ¤Ê±ÉÒ ·¥ ±Í¨° ¸ μ¡· §μ¢ ´¨¥³ 192Hg ¶·¥¤¸É ¢²ÖÕÉ ±Ê-
³Ê²ÖÉ¨¢´Ò° ¢ÒÌμ¤, É ± ± ± ³μ£ÊÉ ¸μ¤¥·¦ ÉÓ ¶·μ¤Ê±ÉÒ · ¤¨μ ±É¨¢´ÒÌ ¶·¥¤Ï¥¸É¢¥´´¨±μ¢
192(m+g)Tl, ±μÉμ·Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ´¥ μ¶·¥¤¥²Ö²¨¸Ó (T1/2 ∼ 10 ³¨´).

‚ ¸Ê³³ ·´Ò° ¢ÒÌμ¤ ¨§μÉμ¶  193mHg ³μ£ ¢´μ¸¨ÉÓ¸Ö ¢±² ¤ μÉ · ¸¶ ¤  193mTl, ±μ-
Éμ·Ò° É ±¦¥ ´¥ ¨§³¥·Ö²¸Ö ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢¢¨¤Ê μÉ´μ¸¨É¥²Ó´μ ±μ·μÉ±μ£μ ¶¥·¨μ¤ 
¶μ²Ê· ¸¶ ¤  (T1/2 ∼ 2 ³¨´), ¶μÔÉμ³Ê ¸¥Î¥´¨¥ ¤²Ö 193mHg ¶·¨¢¥¤¥´μ ¤²Ö ±Ê³Ê²ÖÉ¨¢-
´μ£μ ¢ÒÌμ¤  (cum). ˆ§μÉμ¶ 193gHg É ±¦¥ ´¥ μ¶·¥¤¥²Ö¥É¸Ö ´¥§ ¢¨¸¨³Ò³ μ¡· §μ³, É ±
± ± ¸μ¤¥·¦¨É ¢±² ¤Ò μÉ · ¸¶ ¤μ¢ 193gTl ¨ 193mHg. � ²¨Î¨¥ ¤¢ÊÌ · ¤¨μ ±É¨¢´ÒÌ ¶·¥¤-
Ï¥¸É¢¥´´¨±μ¢ ¢´μ¸¨É ¡μ²ÓÏÊÕ ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¢ · ¸Î¥ÉÒ ¨ ´¥ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ
´¥¶μ¸·¥¤¸É¢¥´´μ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö 193gHg.

2. ���‹ˆ‡ �…‡“‹œ’�’�‚

2.1. �¡· §μ¢ ´¨¥ ¨§μÉμ¶μ¢ 194−196Tl. „²Ö ±μ³¶ Ê´¤-Ö¤¥· ¸ ³ ¸¸μ¢Ò³ Î¨¸²μ³ ¢¡²¨§¨
A = 200 ± ´ ²Ò ¸ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢ Ö¢²ÖÕÉ¸Ö ¤μ³¨´¨·ÊÕÐ¨³¨. ŠÊ²μ´μ¢¸±¨° ¡ -
·Ó¥·, ¶·¥¶ÖÉ¸É¢ÊÕÐ¨° ¢Ò²¥ÉÊ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¨ ¡ ·Ó¥· ¤¥²¥´¨Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨¥,
ÎÉμ¡Ò ÔÉ¨ ¶·μÍ¥¸¸Ò ³μ£²¨ ±μ´±Ê·¨·μ¢ ÉÓ ¸ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢. �μÔÉμ³Ê ³μ¦´μ μ¦¨-
¤ ÉÓ, ÎÉμ ¨¸¸²¥¤μ¢ ´¨¥ xn-± ´ ²μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¨μ´μ¢ 6He ¤ ¸É ¢ ¦´ÊÕ
¨´Ëμ·³ Í¨Õ μ ³¥Ì ´¨§³¥ ¸²¨Ö´¨Ö Ö¤¥· 6He ¨ §μ²μÉ .
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�¨¸. 2. ”Ê´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨° 197Au(6He, xn)203−xnTl. ‘¢¥É²Ò¥ ¸¨³¢μ²Ò Å ¤ ´´Ò¥ [6];

É¥³´Ò¥ Å ¤ ´´Ò¥ ´ ¸ÉμÖÐ¥° · ¡μÉÒ; ¸¶²μÏ´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥ÉÒ ¶μ ¶·μ£· ³³¥ ALICE [12] ( )
¨ NRV [13] (¡). Bc Å ±Ê²μ´μ¢¸±¨° ¡ ·Ó¥·

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ´ ¸ÉμÖÐ¨Ì ¨§³¥·¥´¨° ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö ·¥-
 ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ μ¡· §μ¢ ´¨¥³ ¸μ¸É ¢´μ£μ Ö¤·  203Tl ¨ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³
´¥°É·μ´μ¢ ¨ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ [6]. ‘¶²μÏ´Ò¥ ¨ ¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥ ´  ·¨¸Ê´±¥
¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨ · ¸¶ ¤  ¢μ§¡Ê¦¤¥´-
´ÒÌ Ö¤¥·. � ¸Î¥ÉÒ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸ ¶·¨³¥´¥´¨¥³ ±μ¤  ALICE-MP [12] ¨ ¶·μ£· ³³Ò
NRV [13]. ‚ ALICE-MP ¨¸¶μ²Ó§Ê¥É¸Ö ¶μÉ¥´Í¨ ² ˆ£μ:

VN (R) = V0 exp

⎛
⎝r0

(
A

1/3
1 + A

1/3
2

)
− R

a

⎞
⎠

c ¶ · ³¥É· ³¨ V0 = −67,0, r0 = 1,29, a = 0,4. ‚ NRV ¢Ò¡· ´ ¢ ·¨ ´É ¸ ¶μÉ¥´Í¨ ²μ³
‚Ê¤¸ Ä‘ ±¸μ´  ¸ ¶ · ³¥É· ³¨ V0 = −105, r0 = 1,12 ¨ a = 0,75. ˆ¸¶μ²Ó§μ¢ ´´Ò¥
§´ Î¥´¨Ö ¶ · ³¥É·μ¢ Ö¢²ÖÕÉ¸Ö ¸É ´¤ ·É´Ò³¨ ¤²Ö μ¡μ¨Ì ±μ¤μ¢.

‘¨¸É¥³ É¨Î¥¸±μ¥ § ÉÖ£¨¢ ´¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ¢¥É¢¥° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ËÊ´±-
Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢ ¸¢Ö§ ´μ ¸ ¶·¥¤· ¢´μ¢¥¸´Ò³
¶·μÍ¥¸¸μ³ · ¸¶ ¤  ¢μ§¡Ê¦¤¥´´ÒÌ Ö¤¥·. ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ¸ ·μ¸Éμ³ Ô´¥·£¨¨ 6�¥
μÉ´μ¸¨É¥²Ó´Ò° ¢±² ¤ ¶·¥¤· ¢´μ¢¥¸´μ£μ · ¸¶ ¤  ¢ ¢ÒÌμ¤ ¨§μÉμ¶μ¢ Tl · ¸É¥É. •μ·μÏ¥¥
¸μ¢¶ ¤¥´¨¥ ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¸¢¨¤¥-
É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¶μ¤ ¢²¥´¨¥ ¸¥Î¥´¨Ö ¶μ²´μ£μ ¸²¨Ö´¨Ö ¶·¨ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨Ì
Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö ³ ²μ.

�  ·¨¸. 3 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ ¶μ²´μ£μ ¸¥Î¥´¨Ö ·¥ ±Í¨° ¸²¨Ö´¨Ö 6He+ 197Au→
203−xTl, ¶μ²ÊÎ¥´´ Ö ¶ÊÉ¥³ ¸Ê³³¨·μ¢ ´¨Ö ¸¥Î¥´¨° ¶μ ¢¸¥³ ± ´ ² ³ ¨¸¶ ·¥´¨Ö ´¥°É·μ´μ¢
¤²Ö ± ¦¤μ° Ô´¥·£¨¨. �  Éμ³ ¦¥ ·¨¸Ê´±¥ ¶·¥¤¸É ¢²¥´Ò · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ÔÉ¨Ì ¸¥Î¥´¨°,
¶μ²ÊÎ¥´¨¥ ¶μ ¶·μ£· ³³ ³ ALICE-MP [12] ¨ NRV [13]. �  ¶μ¢¥¤¥´¨¥ · ¸Î¥É´ÒÌ ±·¨¢ÒÌ
¶·¨ Elab > 50 ŒÔ‚ ¸± §Ò¢ ¥É¸Ö · ¸ÉÊÐ¥¥ ¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¸μ¸É ¢´μ£μ Ö¤· 
¢²¨Ö´¨¥ ¤¥²¨É¥²Ó´μ£μ ± ´ ² . “¸±μ·¥´¨¥ ¸¶ ¤  · ¸Î¥É´ÒÌ ±·¨¢ÒÌ ¶·¨ Elab > 100 ŒÔ‚
¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¢ ¸Ê³³Ê ¶μ ´¥°É·μ´´Ò³ ± ´ ² ³ ´¥ ¢±²ÕÎ ¥É¸Ö ± ´ ² 11n, ±μÉμ·Ò° ´¥
¨§³¥·Ö²¸Ö. ˆ§ ¸· ¢´¥´¨Ö · ¸Î¥Éμ¢ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¢¨¤´μ, ÎÉμ § ³¥É´μ£μ
¶μ¤ ¢²¥´¨Ö ¶μ²´μ£μ ¸²¨Ö´¨Ö ´¥ ´ ¡²Õ¤ ¥É¸Ö.
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�¨¸. 3. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ ¨¸¶ ·¥´¨Ö ´¥°É·μ´μ¢ ¨§ ¸μ-

¸É ¢´μ£μ Ö¤·  203Tl ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ 6He+ 197Au. ‘¶²μÏ´ Ö ¨ ÏÉ·¨Ìμ¢ Ö ±·¨¢Ò¥ Å ·¥§Ê²ÓÉ ÉÒ
· ¸Î¥Éμ¢ ¶μ ¶·μ£· ³³ ³ ALICE-MP ¨ NRV ¸μμÉ¢¥É¸É¢¥´´μ

2.2. �¡· §μ¢ ´¨¥ ¨§μÉμ¶μ¢ 194,196Au. �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥-
´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 194Au ¨ 196Au ¢ ·¥ ±Í¨¨ 6He+ 197Au. ‘² ¡μ ³¥´ÖÕÐ Ö¸Ö
Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 194Au ¨ 196Au Ê± §Ò¢ ¥É ´ 
¤μ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¶·Ö³ÒÌ ¶·μÍ¥¸¸μ¢ ¢ ÔÉ¨Ì ·¥ ±Í¨ÖÌ.

Œ¥Ì ´¨§³ μ¡· §μ¢ ´¨Ö 196Au ¤μ Ô´¥·£¨° 6�¥ ∼ 60 ŒÔ‚ ¸μμÉ¢¥É¸É¢Ê¥É ¸²¥¤ÊÕÐ¨³
± ´ ² ³ ·¥ ±Í¨¨:

Å ´¥Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥ 6�¥ ¸ ¢μ§¡Ê¦¤¥´¨¥³ 197Au ¨ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ´¥°-
É·μ´ ;

�¨¸. 4. ‘¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 196Au

(·μ³¡Ò) ¨ 194Au (É·¥Ê£μ²Ó´¨±¨) ¢ ·¥ ±Í¨¨
197Au+ 6�¥. ‘¢¥É²Ò¥ ¸¨³¢μ²Ò Å ¤ ´´Ò¥ [6];

É¥³´Ò¥ Å ¤ ´´Ò¥ ´ ¸ÉμÖÐ¥° · ¡μÉÒ. ‘¶²μÏ-
´ Ö ¨ ÏÉ·¨Ìμ¢ Ö ±·¨¢Ò¥ Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥

· ¸Î¥ÉÒ ¶μ ¶·μ£· ³³¥ ALICE-MP
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Å ¨¸¶ ·¥´¨¥ ¤¢ÊÌ ¶·μÉμ´μ¢ ¨ Ï¥¸É¨ ´¥°É·μ´μ¢ ¨§ Ö¤·  203Tl. �μ ¢¥·μÖÉ´μ¸ÉÓ É -
±μ£μ ¶·μÍ¥¸¸  ³ ² , É ± ± ± ¢Ò¸μ±¨° ±Ê²μ´μ¢¸±¨° ¡ ·Ó¥· Ê³¥´ÓÏ ¥É ¢¥·μÖÉ´μ¸ÉÓ ¢Ò²¥É 
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í;

Å ¨¸¶Ê¸± ´¨¥ § ·Ö¦¥´´ÒÌ ±² ¸É¥·μ¢, É ±¨Ì ± ± d- ¨ α-Î ¸É¨ÍÒ, ¸ ¶μ¸²¥¤ÊÕÐ¨³
¨¸¶ ·¥´¨¥³ ´Ê±²μ´μ¢. ‚¥·μÖÉ´μ¸ÉÓ É ±μ£μ ¶·μÍ¥¸¸  É ±¦¥ ³ ²  ¶μ Éμ° ¦¥ ¶·¨Î¨´¥;

Å ¨¸¶ ·¥´¨¥ 2Ä5 ´¥°É·μ´μ¢ ¨§ Ö¤¥· 198Au ¨ 199Au, μ¡· §μ¢ ´´ÒÌ ¸ ¤μ¸É ÉμÎ´μ° Ô´¥·-
£¨¥° ¢μ§¡Ê¦¤¥´¨Ö, ¶·¨ ¶¥·¥¤ Î¥ μ¤´μ£μ ¨²¨ ¤¢ÊÌ ´¥°É·μ´μ¢ μÉ 6�¥ Ö¤·Ê ³¨Ï¥´¨ 197Au.

”Ê´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¸ μ¡· §μ¢ ´¨¥³ ¨§μÉμ¶  194Au ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢ÒÏ¥ ±Ê²μ-
´μ¢¸±μ£μ ¡ ·Ó¥·  É ±¦¥ ³μ´μÉμ´´μ · ¸É¥É ¸ ¢ÒÌμ¤μ³ ´  ¶² Éμ. ‘² ¡μ¥ ¨§³¥´¥´¨¥ Ô´¥·-
£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤· -μ¸É É±  194Au Ê± §Ò¢ ¥É ´  ³¥Ì ´¨§³,
μÉ²¨Î´Ò° μÉ ¸²¨Ö´¨Ö ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì Ö¤¥·.

‚ Í¥²μ³, Ëμ·³  ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö 194Au ¶μ¢Éμ·Ö¥É Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³μ¸ÉÓ
·¥ ±Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ 196Au, ÌμÉÖ ¶μ  ¡¸μ²ÕÉ´μ° ¢¥²¨Î¨´¥ §´ Î¥´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨°
¸ÊÐ¥¸É¢¥´´μ · §²¨Î ÕÉ¸Ö. �Éμ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ μ¸´μ¢´ÊÕ ·μ²Ó ¢
ÔÉ¨Ì ·¥ ±Í¨ÖÌ ¨£· ¥É μ¤¨´ ¨ ÉμÉ ¦¥ ³¥Ì ´¨§³. � ¸Î¥ÉÒ ¶μ ¶·μ£· ³³¥ NRV ¤ ÕÉ ¤²Ö
³ ±¸¨³Ê³  ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ (6He, α3n), ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ Ô´¥·£¨¨ ¶ÊÎ± 
48 ŒÔ‚, §´ Î¥´¨¥ 10,1 ³¡,   ¤²Ö ·¥ ±Í¨¨ (6He, α5n) 37,4 ³¡ ¶·¨ Ô´¥·£¨¨ 68 ŒÔ‚. �±¸-
¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨° ¶·¨ ÔÉ¨Ì Ô´¥·£¨ÖÌ μÉ²¨Î ÕÉ¸Ö μÉ · ¸Î¥É´ÒÌ ¡μ²ÓÏ¥
Î¥³ ¢ 40 · § ¢ ¶¥·¢μ³ ¸²ÊÎ ¥ ¨ ¢¤¢μ¥ ¢μ ¢Éμ·μ³. � ¸Î¥ÉÒ ¶μ ALICE-MP (·¨¸. 4) ¤ ÕÉ
¥Ð¥ ³¥´ÓÏ¨¥ §´ Î¥´¨Ö: 1,05 ³¡ ¤²Ö ·¥ ±Í¨¨ (α3n) ¨ 6 ³¡ ¤²Ö ·¥ ±Í¨¨ (α5n). �Éμ
³μ¦´μ μ¡ÑÖ¸´¨ÉÓ μ¸´μ¢´Ò³ ¢±² ¤μ³ ¶·¨ μ¡· §μ¢ ´¨¨ 194Au ¨ 196Au ¶·Ö³ÒÌ ·¥ ±Í¨° ¸
¢Ò¡¨¢ ´¨¥³ ´¥°É·μ´μ¢.

�¥ ±Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ ¨§μÉμ¶μ¢ 194Au ¨ 196Au · ´¥¥ ¨¸¸²¥¤μ¢ ²¨¸Ó ´  ¶ÊÎ± Ì α-
Î ¸É¨Í [14, 15] ¨ ¤¥°É·μ´μ¢ [16, 17]. ˆ ¢ Éμ³ ¨ ¢ ¤·Ê£μ³ ¸²ÊÎ ¥ ¶μ¢¥¤¥´¨¥ ËÊ´±Í¨°
¢μ§¡Ê¦¤¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ Au ¨³¥¥É ³μ´μÉμ´´Ò° ¢¨¤, ± Î¥¸É¢¥´´μ ¶μÌμ¦¨° ´ 
¶μ¢¥¤¥´¨¥  ´ ²μ£¨Î´ÒÌ ¢¥²¨Î¨´ ¢ ·¥ ±Í¨ÖÌ ¸ 6He (·¨¸. 5), ÎÉμ ³μ¦¥É É ±¦¥ ¸²Ê¦¨ÉÓ
Ê± § ´¨¥³ ´  μ¸´μ¢´μ° ¢±² ¤ ¢ μ¡· §μ¢ ´¨¥ ÔÉ¨Ì ¨§μÉμ¶μ¢ ¶·Ö³ÒÌ ·¥ ±Í¨°.

�¨¸. 5. ‘¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö 196Au ¨ 194Au ¢ ·¥ ±Í¨ÖÌ 6He+ 197Au (´ ¸ÉμÖÐ Ö · ¡μÉ  ¨ [6]) ¨

d + 197Au [16]
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�·¨ ¸· ¢´¥´¨¨ ¸¥Î¥´¨° ·¥ ±Í¨° 6He+ 197Au ¸ μ¡· §μ¢ ´¨¥³ 194Au ¨ 196Au ¸ ¤ ´´Ò³¨
·¥ ±Í¨° d + 197Au ¢¨¤´μ, ÎÉμ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ÔÉ¨Ì ¨§μÉμ¶μ¢ ¢ ·¥ ±Í¨¨ 6He+ 197Au
¢ÒÏ¥, Î¥³ ¢ ·¥ ±Í¨¨ ¸ ¤¥°É·μ´ ³¨. ‘ ·μ¸Éμ³ Ô´¥·£¨¨ 6He · §²¨Î¨¥ ¢ ¢¥²¨Î¨´¥ ¸¥Î¥´¨°
μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ §μ²μÉ  ¸É ´μ¢¨É¸Ö ³¥´ÓÏ¥, ÎÉμ ³μ¦¥É É ±¦¥ ¸²Ê¦¨ÉÓ Ê± § ´¨¥³ ´ 
μ¸´μ¢´μ° ¢±² ¤ ¢ μ¡· §μ¢ ´¨¥ ÔÉ¨Ì ¨§μÉμ¶μ¢ ¶·Ö³ÒÌ ·¥ ±Í¨°.

3. ����‡�‚��ˆ… ˆ‡�’���‚ Hg

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ´ ¡²Õ¤ ²¨¸Ó ¨§μÉμ¶Ò 192Hg,193mHg, 195(m+g)Hg ¨ 197mHg. � 
·¨¸. 6 ¶·¨¢¥¤¥´Ò ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨° ¸ μ¡· §μ¢ ´¨¥³ ÔÉ¨Ì ¶·μ¤Ê±Éμ¢. ˆ§ ·¨-
¸Ê´±  ¢¨¤´μ, ÎÉμ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¸² ¡μ ³¥´ÖÕÉ¸Ö ¸ ·μ¸Éμ³ Ô´¥·£¨¨ 6He. �É¸ÊÉ-
¸É¢¨¥ Ö·±μ ¢Ò· ¦¥´´ÒÌ ³ ±¸¨³Ê³μ¢ ¢ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö
195(m+g)Hg ¨ 197mHg ³μ¦¥É ¸²Ê¦¨ÉÓ μÉ· ¦¥´¨¥³ ±μ´±Ê·¨·ÊÕÐ¥£μ ¢±² ¤  ¶·μÍ¥¸¸μ¢ ¸
¨¸¶ ·¥´¨¥³ ¡
μ²ÓÏ¥£μ Î¨¸²  ´Ê±²μ´μ¢. �μ  ¡¸μ²ÕÉ´μ° ¢¥²¨Î¨´¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö
¨§μÉμ¶μ¢ 195(m+g)Hg ¨ 197mHg §´ Î¨É¥²Ó´μ ¶·¥¢μ¸Ìμ¤ÖÉ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶μ ¶·μ-
£· ³³¥ ALICE-MP.

�·¨ Ô´¥·£¨ÖÌ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í ´¨¦¥ ¶μ·μ£μ¢ÒÌ §´ Î¥´¨° ±μ´±·¥É´ÒÌ ± ´ -
²μ¢ ·¥ ±Í¨° (¸³. É ¡². 2) ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¢±² ¤ ¢ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢
Hg ¶·μÍ¥¸¸μ¢, ¸μ¶·μ¢μ¦¤ ÕÐ¨Ì¸Ö ¢Ò²¥Éμ³ ²¥£±¨Ì Ö¤¥·-±² ¸É¥·μ¢, ÎÉμ ³μ¦¥É Ê³¥´ÓÏ¨ÉÓ
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¶μ·μ£¨ ÔÉ¨Ì ·¥ ±Í¨°. Š Î¨¸²Ê ± ´ ²μ¢, ±μÉμ·Ò¥ ³μ£ÊÉ ¤ ¢ ÉÓ ¢±² ¤
¢ μ¡· §μ¢ ´¨¥ Ê± § ´´ÒÌ ¢ÒÏ¥ ¨§μÉμ¶μ¢ Hg, μÉ´μ¸ÖÉ¸Ö:

Å ¶μ²´μ¥ ¸²¨Ö´¨¥ ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢;

Å ´¥¶μ²´μ¥ ¸²¨Ö´¨¥ ¸ ¢Ò²¥Éμ³ ¤¥°É·μ´μ¢ ¨ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ¨§ ´μ¢μ£μ
¸μ¸É ¢´μ£μ Ö¤·  ´¥°É·μ´μ¢;

Å ´¥Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥ ¡μ³¡ ·¤¨·ÊÕÐ¥£μ Ö¤·  ¨²¨ ¶·μ¤Ê±Éμ¢ ¥£μ · ¸¶ ¤  ¸ ¢μ§¡Ê-
¦¤¥´¨¥³ Ö¤· -μ¸É É± .

�¨¸. 6. ‘¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ Hg

¢ ·¥ ±Í¨¨ 6He+ 197Au (±¢ ¤· ÉÒ Å 197mHg,
±·Ê¦±¨ Å 195(m+g)Hg, ·μ³¡Ò Å 193mHg, É·¥-

Ê£μ²Ó´¨±¨ Å 192Hg (±Ê³Ê²ÖÉ¨¢´Ò° ¢ÒÌμ¤)).

� ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶μ ¶·μ£· ³³¥ ALICE-MP
¶·¥¤¸É ¢²¥´Ò ±·¨¢Ò³¨: ¸¶²μÏ´ Ö Å 197mHg,

ÏÉ·¨Ìμ¢ Ö Å 195(m+g)Hg, ÏÉ·¨Ì¶Ê´±É¨·-
´ Ö Å 193mHg, ¶Ê´±É¨·´ Ö Å 192Hg (±Ê³Ê-

²ÖÉ¨¢´Ò° ¢ÒÌμ¤)
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’ ¡²¨Í  2. Š ´ ²Ò ·¥ ±Í¨° 197Au(6�¥,•)196,194Au ¨ 197Au(6�¥,•)192−197Hg

�·μ¤Ê±É �¥ ±Í¨Ö �μ·μ£, ŒÔ‚

→ 194Au+2p + 7n 52,36
194Au → 194Au + 4He+ 5n 24,1

→ 194Au+ 6He + 3n 23,1
196Au → 196Au+2p + 5n 37,34

→ 196Au+ 4He + 3n 9,044

197Hg
→ 197Hg+ p + 5n 31,6

→ 197Hg+ d + 4n 29,3

→ 197Hg+ 3H+ 3n 22,85

195Hg
→ 195Hg+ p + 7n 47,75

→ 195Hg+ d + 6n 45,5

→ 195Hg+ 3H +5n 39

→ 193Hg+ p + 9n 64,3
193Hg → 193Hg+ d + 8n 62,04

→ 193Hg+ 3H +7n 55,6

→ 192Hg+ p + 10n Å
192Hg → 192Hg+ d + 9n 69,34

→ 192Hg+ 3H +8n 62,9

‚¨¤ ¨§³¥·¥´´ÒÌ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¸ μ¡· §μ¢ ´¨¥³ ¨§μÉμ¶μ¢ Hg Ê± §Ò¢ ¥É ´ 
Éμ, ÎÉμ ÔÉ¨ ¨§μÉμ¶Ò ± ± ¢ μ¸´μ¢´μ³, É ± ¨ ¨§μ³¥·´μ³ ¸μ¸ÉμÖ´¨ÖÌ ³μ£²¨ μ¡· §μ¢ ÉÓ¸Ö
´¥ Éμ²Ó±μ ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¨ ´¥¶μ²´μ£μ ¸²¨Ö´¨Ö, ´μ ¨ ¢ ¶·Ö³ÒÌ ·¥ ±Í¨ÖÌ ¸ ¢μ§-
³μ¦´μ° ¶¥·¥¤ Î¥° ±² ¸É¥·μ¢ (d ¨²¨ α) ¨ ¶μ¸²¥¤ÊÕÐ¨³ ¸´ÖÉ¨¥³ ¢μ§¡Ê¦¤¥´¨Ö §  ¸Î¥É
¨¸¶ ·¥´¨Ö Î ¸É¨Í.

„²Ö ¨§μÉμ¶  195Hg ¡Ò²¨ ¨§³¥·¥´Ò ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¢ μ¸´μ¢´μ³ ¨ ¨§μ³¥·´μ³
¸μ¸ÉμÖ´¨ÖÌ (·¨¸. 7).

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μ-

Éμ¶  195Hg ¢ ·¥ ±Í¨¨ 6He +197Au (¸¢¥É²Ò¥ ±¢ -
¤· ÉÒ Å 195mHg, É¥³´Ò¥ ±¢ ¤· ÉÒ Å 195gHg)

¨ ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö (É¥³´Ò¥ ±·Ê¦±¨ Å
195mHg/195gHg) μÉ Ô´¥·£¨¨ 6He
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4. ˆ‡�Œ…��›… �’��˜…�ˆŸ

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¡Ò²¨ ¨§³¥·¥´Ò § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö 196Au ¢ μ¸´μ¢-
´μ³ (2−) ¨ ¨§μ³¥·´μ³ (12−) ¸μ¸ÉμÖ´¨ÖÌ μÉ Ô´¥·£¨¨ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í 6�¥ (·¨¸. 8).
ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ (196mAu/196gAu) ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö¥É¸Ö
¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¢ μ¡² ¸É¨ 60Ä120 ŒÔ‚.

�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö 196Au ¢ ·¥ ±Í¨¨ 6He+ 197Au (±¢ ¤· ÉÒ Å 196gAu,

É·¥Ê£μ²Ó´¨±¨ Å 196mAu) ¨ ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö (±·Ê¦±¨ Å 196mAu/196gA) μÉ Ô´¥·£¨¨ 6He.

‘¢¥É²Ò¥ ¸¨³¢μ²Ò Å ¤ ´´Ò¥ · ¡μÉÒ [18], É¥³´Ò¥ Å ·¥§Ê²ÓÉ ÉÒ ´ ¸ÉμÖÐ¥° · ¡μÉÒ

‚ ·¥ ±Í¨¨ 6�¥+ 197Au ¡Ò²¨ μ¶·¥¤¥²¥´Ò ¢ÒÌμ¤Ò ¨§μÉμ¶  195Hg ¢ μ¸´μ¢´μ³ (1/2−)
¨ ¨§μ³¥·´μ³ (13/2+) ¸μ¸ÉμÖ´¨ÖÌ (¸³. ·¨¸. 7). ˆ§ ¶·¨¢¥¤¥´´ÒÌ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö
¢¨¤´μ, ÎÉμ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö 195mHg ¢ÒÏ¥, Î¥³ 195gHg. ˆ§³¥·¥´¨Ö ¨§μ³¥·´μ£μ μÉ-
´μÏ¥´¨Ö 195mHg/195gHg ¢ ·¥ ±Í¨¨ d+197Au [16] É ±¦¥ ¤ ²¨ ¥£μ §´ Î¥´¨Ö, ¶·¥¢μ¸Ìμ-
¤ÖÐ¨¥ ¥¤¨´¨ÍÊ. Š ¸μ¦ ²¥´¨Õ, ¤ ´´ÒÌ ¶μ ¨§μ³¥·´Ò³ μÉ´μÏ¥´¨Ö³ ¤²Ö ¨§μÉμ¶μ¢ Hg,
¶μ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ´  α-Î ¸É¨Í Ì, ´¥¤μ¸É ÉμÎ´μ, ÎÉμ¡Ò ¶·μ¢¥¸É¨ ¸ ´¨³¨
É ±μ¥ ¸· ¢´¥´¨¥.

‡�Š‹
—…�ˆ…

’ ±¨³ μ¡· §μ³, ´  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ μ ¢§ ¨³μ¤¥°¸É¢¨¨
£ ²μ¨¤ ²Ó´ÒÌ Ö¤¥· 6�¥ ¸ 197Au ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò.

• �·μÍ¥¸¸ ¸²¨Ö´¨Ö ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨-
¸Ò¢ ¥É¸Ö ¢ · ³± Ì ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨, ¨ ¶·¨§´ ±μ¢ ¶μ¤ ¢²¥´¨Ö ¸²¨Ö´¨Ö ¸μ ¸Éμ·μ´Ò
±μ´±Ê·¨·ÊÕÐ¨Ì ¶·Ö³ÒÌ ¶·μÍ¥¸¸μ¢ ¤μ Ô´¥·£¨¨ 20 ŒÔ‚/´Ê±²μ´ ´¥ μ¡´ ·Ê¦¥´μ.
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• �¡¸μ²ÕÉ´ Ö ¢¥²¨Î¨´  ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 194,196Au ¨ 192−197Hg ¨§
197Au,   É ±¦¥ ¸² ¡ Ö Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö μÉ Ô´¥·£¨¨
6He Ê± §Ò¢ ¥É ´  μ¶·¥¤¥²ÖÕÐ¨° ¢±² ¤ ¶·Ö³ÒÌ ¶·μÍ¥¸¸μ¢ ¢ ¨Ì μ¡· §μ¢ ´¨¥ ¢μ ¢¸¥³
¨¸¸²¥¤μ¢ ´´μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 6He (40Ä114 ŒÔ‚).

• „ ´´Ò¥ ¶μ ¸¥Î¥´¨Ö³ ·¥ ±Í¨° ¨ ¸· ¢´¥´¨¥ ¸ ¶·μ¢¥¤¥´´Ò³¨ · ´¥¥ ¨§³¥·¥´¨Ö³¨ ¢
μ¡² ¸É¨ ¡μ²¥¥ ´¨§±¨Ì Ô´¥·£¨° [6] ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ μ¸μ¡¥´´μ¸É¨ Ö¤¥·-
´μ° ¸É·Ê±ÉÊ·Ò 6�¥ ¸¨²Ó´¥¥ ¶·μÖ¢²ÖÕÉ¸Ö ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· 
·¥ ±Í¨°. ‚ ÔÉμ° μ¡² ¸É¨ Ô´¥·£¨° ¶·μ¸É Ö ± ·É¨´  ¢§ ¨³μ¤¥°¸É¢¨Ö ¤¢ÊÌ ¡¥¸¸É·Ê±ÉÊ·´ÒÌ
Ö¤¥· ´¥ μ¶¨¸Ò¢ ¥É ¢¸¥Ì Ì · ±É¥·¨¸É¨± ·¥ ±Í¨¨ ¨ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¸¢Ö§Ó ± ´ ²μ¢.
‘ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ 6�¥ Ì · ±É¥· ¢§ ¨³μ¤¥°¸É¢¨Ö ¢  ´ ²μ£¨Î´ÒÌ ± ´ ² Ì ·¥ ±Í¨°
± Î¥¸É¢¥´´μ ³ ²μ μÉ²¨Î ¥É¸Ö μÉ Ì · ±É¥·  ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¤·Ê£¨³¨ ²¥£±¨³¨ Î ¸É¨-
Í ³¨ (α ¨ d).

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ §  μ¡¥¸¶¥Î¥´¨¥ · ¡μÉ ´  ¶ÊÎ±¥ 6He ¨ ¶μ³μÐÓ ¢
· ¡μÉ¥ ¸μÉ·Ê¤´¨± ³ ¨ ¶μ¤· §¤¥²¥´¨Ö³, μ¡¸²Ê¦¨¢ ÕÐ¨³ Í¨±²μÉ·μ´ “-400Œ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (10-02-00271),   É ±¦¥ £· ´Éμ³
¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö �· ¢¨É¥²Ó¸É¢  —¥Ì¨¨.
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