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At present the DC-110 cyclotron is being designed at the FLNR for the needs
of the technology-innovative zone in Dubna. Within the framework of the project
different ®incident ion Ä target nucleus¯ combinations were analyzed over a wide
range of ion energies for the dosimetric control purposes. In this paper neutron
and γ-ray yields produced by the DC-110 ion accelerator as well as various nuclide
cross-sections are presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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’·¥±μ¢Ò¥ ³¥³¡· ´Ò Å ¶·μ¤Ê±É ¢Ò¸μ±¨Ì É¥Ì´μ²μ£¨°, ¨£· ÕÉ ¢ ¸μ¢·¥³¥´-
´μ³ ³¨·¥ ¢¸¥ ¡μ²ÓÏÊÕ ¨ ¡μ²ÓÏÊÕ ·μ²Ó. ‚ ‹Ÿ� �ˆŸˆ ¸μ§¤ ¥É¸Ö ¶·μ¥±É ´μ-
¢μ£μ Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  ¤²Ö ¶·μ¨§¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´, ¢±²ÕÎ -
ÕÐ¨° · §· ¡μÉ±Ê ¨ ¸μ§¤ ´¨¥ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ±μ³¶ ±É´μ£μ Í¨±²μÉ·μ´ 
ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¨ ¢¸¥Ì ¨´¦¥´¥·´ÒÌ ¸¨¸É¥³, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¶μ²´Ò° Í¨±²
μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨ Éμ²Ð¨´μ° ¤μ 30 ³±³.

‚ ¸μ¸É ¢ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ¢Ìμ¤ÖÉ: Í¨±²μÉ·μ´ „–-110 (·¨¸. 1);
ECR-¨¸ÉμÎ´¨± ¨μ´μ¢ ¸ Î ¸ÉμÉμ° 18 ƒƒÍ [1] ¨ ¸¨¸É¥³   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨
¶ÊÎ± ; ± ´ ² É· ´¸¶μ·É¨·μ¢±¨ Ê¸±μ·¥´´μ£μ ¶ÊÎ± , μ¸´ Ð¥´´Ò° Ê¸É ´μ¢±μ° ¨

�¨¸. 1. �¡Ð Ö ¸Ì¥³  ±μ³¶μ´μ¢±¨ Í¨±²μÉ·μ´ : 1 Å ¶·μ¡´¨± º1; 2 Å ³ £´¨É´Ò°
± ´ ²; 3 Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ·; 4 Å ¶·μ¡´¨± º2; 5 Å ¶·μË¨²μ³¥É· ¨
²Õ³¨´μËμ·; 6 Å Ê§¥² ¶μ¤¢μ¤  Ô²¥±É·¨Î¥¸±μ£μ ¶¨É ´¨Ö ¨ μÌ² ¦¤¥´¨Ö ±μ··¥±É¨·ÊÕ-
Ð¨Ì ± ÉÊÏ¥±; 7 Å ¨´Ë²¥±Éμ·; 8 Å ¶·μ¡´¨± º3
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É¥Ì´μ²μ£¨Î¥¸±¨³ μ¡μ·Ê¤μ¢ ´¨¥³ ¤²Ö μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨; ¢ ±ÊÊ³-
´ Ö ¸¨¸É¥³ ; ¸¨¸É¥³  Ô²¥±É·μ¶¨É ´¨Ö ¨ Ê¶· ¢²¥´¨Ö; ¸¨¸É¥³  μÌ² ¦¤¥´¨Ö.

–¨±²μÉ·μ´´Ò° ±μ³¶²¥±¸ „–-110 ±μ³¶²¥±ÉÊ¥É¸Ö μ¤´¨³ ± ´ ²μ³ ¤²Ö É· ´¸-
¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢. 
²¥³¥´ÉÒ ± ´ ²  ¤μ²¦´Ò μ¡¥¸¶¥-
Î¨¢ ÉÓ · ¢´μ³¥·´μ¥ μ¡²ÊÎ¥´¨¥ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¶μ¢¥·Ì´μ¸É¨ ¤¢¨¦ÊÐ¥°¸Ö
¶²¥´±¨ Ï¨·¨´μ° ¤μ 600 ³³. Š ´ ² Í¨±²μÉ·μ´  „–-110 ±μ³¶²¥±ÉÊ¥É¸Ö ¸¶¥-
Í¨ ²¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±μ°, ¶·¥¤´ §´ Î¥´´μ° ¤²Ö μ¤´μ·μ¤´μ£μ μ¡²ÊÎ¥´¨Ö
¨μ´ ³¨ ¶μ²¨³¥·´μ° ¶²¥´±¨, ¶¥·¥³¥Ð ÕÐ¥°¸Ö ¢ §μ´¥ μ¡²ÊÎ¥´¨Ö ¸μ ¸±μ·μ-
¸ÉÓÕ μÉ 0,05 ¤μ 1,0 ³/¸. ˜¨·¨´  ¨ Éμ²Ð¨´  ¶²¥´μ± ³μ£ÊÉ ¢ ·Ó¨·μ¢ ÉÓ¸Ö ¢
¶·¥¤¥² Ì μÉ 200 ¤μ 600 ³³ ¨ μÉ 10 ¤μ 30 ³±³ ¸μμÉ¢¥É¸É¢¥´´μ.

‚ · ³± Ì ¤ ´´μ£μ ¶·μ¥±É  ´¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ ¢μ¶·μ¸ μ ±μ²¨Î¥¸É¢¥´´μ°
μÍ¥´±¥ · ¤¨ Í¨μ´´μ° μ¡¸É ´μ¢±¨ ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¥°  ±É¨-
¢ Í¨¨ ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ± ´ ²  ¶ÊÎ±  ¨ ³¨Ï¥´¥° · §²¨Î´Ò³¨
Ê¸±μ·Ö¥³Ò³¨ ¨μ´ ³¨. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ´ ¨¡μ²ÓÏÊÕ μ¶ ¸´μ¸ÉÓ ¡Ê¤ÊÉ ¶·¥¤-
¸É ¢²ÖÉÓ ´¥°É·μ´Ò, ¨¸¶Ê¸± ¥³Ò¥ Ö¤· ³¨ Å ¶·μ¤Ê±É ³¨ ·¥ ±Í¨°. ‚μ ¢Éμ·μ³
¸²ÊÎ ¥, ¶·¨ ¶·μ¢¥¤¥´¨¨ · ¡μÉ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö, ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ μÍ¥´±Ê ¨´-
É¥´¸¨¢´μ¸É¨ £ ³³ -¨§²ÊÎ¥´¨Ö, ¨¸¶Ê¸± ¥³μ£μ ¤μ¸É ÉμÎ´μ ¤μ²£μ¦¨¢ÊÐ¨³¨ ¨§μ-
Éμ¶ ³¨, μ¡· §μ¢ ´´Ò³¨ ¢ · §²¨Î´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ.

�…�Š–ˆˆ ��‹��ƒ� ‘‹ˆŸ�ˆŸ.
��‘—…’ ‘…—…�ˆ‰ ����‡�‚��ˆŸ

�  ¶¥·¢μ³ ÔÉ ¶¥ ¡Ò²¨ ¶·μ¨§¢¥¤¥´Ò · ¸Î¥ÉÒ ±Ê²μ´μ¢¸±¨Ì ¡ ·Ó¥·μ¢ (Elab)
¨ ¡ ·Ó¥·μ¢ ¸²¨Ö´¨Ö (Ebass) ¤²Ö · §²¨Î´ÒÌ ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö, ±μÉμ·Ò¥
³μ£ÊÉ ¶·μÉ¥± ÉÓ ³¥¦¤Ê ¡μ³¡ ·¤¨·ÊÕÐ¨³¨ ¨μ´ ³¨, Ê¸±μ·Ö¥³Ò³¨ Í¨±²μÉ·μ-
´μ³ „–-110, ¨ Ö¤· ³¨ ³¨Ï¥´¥°, ±μÉμ·Ò³¨ Ö¢²ÖÕÉ¸Ö ±μ´¸É·Ê±Í¨μ´´Ò¥ ³ É¥-
·¨ ²Ò ¨μ´μ¶·μ¢μ¤μ¢, ¢ ±ÊÊ³´ÒÌ ± ³¥·, Ê¸±μ·¨É¥²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö (¤¨ -
Ë· £³Ò, Í¨²¨´¤·Ò ” · ¤¥Ö ¨ É. ¤.). ‚ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¢Ò¡¨· ²¨¸Ó Ï¨-
·μ±μ ¨¸¶μ²Ó§Ê¥³Ò¥ ±μ´¸É·Ê±Í¨μ´´Ò¥ ³ É¥·¨ ²Ò: 9Be4, 12C6, 27Al13, 56Fe26,
60Ni28, 63Cu29. ‚ · ¸Î¥É Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ Ê¸±μ·¥´´Ò¥ ¨μ´Ò: 1p1,
2d1, 12C6, 20,22Ne10, 40Ar18, 84Kr36, 132Xe54.

‡ É¥³ ¡Ò²¨ ¶·μ¨§¢¥¤¥´Ò · ¸Î¥ÉÒ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤¥·, ¶·μ¤Ê±Éμ¢
·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö (Ö¤¥·-μ¸É É±μ¢ ¨¸¶ ·¥´¨Ö), ¤²Ö · §²¨Î´ÒÌ ±μ³¡¨-
´ Í¨° ®´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨¯.

„¨ ¶ §μ´ Ô´¥·£¨° ¶ÊÎ± : Elab = 0,3Ä3,5 ŒÔ‚/´Ê±²μ´.
�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥ ¶·¨²μ¦¥´¨Ö 1 ¨ ¤²Ö ´ £²Ö¤-

´μ¸É¨ ¸£·Ê¶¶¨·μ¢ ´Ò ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:
1) ·¥ ±Í¨¨, ¤²Ö ±μÉμ·ÒÌ E± < 1 ŒÔ‚/´Ê±²μ´, Å ÔÉμ ´ ¨¡μ²¥¥ ²¥£±¨¥

±μ³¡¨´ Í¨¨ (³¨Ï¥´Ó Be). „²Ö ÔÉμ° μ¡² ¸É¨ ¢μ§³μ¦´μ ´ ²¨Î¨¥ ¡μ²ÓÏμ£μ
Î¨¸²  ± ´ ²μ¢ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨°;

2) ·¥ ±Í¨¨, ¤²Ö ±μÉμ·ÒÌ 1 < E± < 2 ŒÔ‚/´Ê±²μ´;
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3) ·¥ ±Í¨¨, ¤²Ö ±μÉμ·ÒÌ 2 < E± < 3,5 ŒÔ‚/´Ê±²μ´;
4) ·¥ ±Í¨¨, ¤²Ö ±μÉμ·ÒÌ E± > 3,5 ŒÔ‚/´Ê±²μ´. ‚ § ¤ ´´μ³ ¤¨ ¶ §μ´¥

Ô´¥·£¨° ·¥ ±Í¨¨ ´  Ö¤· Ì ³¨Ï¥´¥° ¡Ê¤ÊÉ ¶·μÉ¥± ÉÓ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ -
·Ó¥· , ¸μμÉ¢¥É¸É¢¥´´μ, ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö · ¤¨μ ±É¨¢´ÒÌ ¨§μÉμ¶μ¢ ¨ ¢Ò-
Ìμ¤Ò ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨° ¡Ê¤ÊÉ ¸ÊÐ¥¸É¢¥´´μ ´¨¦¥, Î¥³ ¢ ¸²ÊÎ ¥, ±μ£¤ 
Ô´¥·£¨Ö ´ ²¥É ÕÐ¥£μ ¨μ´  ¢ÒÏ¥ ¡ ·Ó¥· .

� ¸Î¥É ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  Elab ¶·μ¨§¢μ¤¨²¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ · -
³¥É·¨§ Í¨¨ · ¤¨Ê¸  ¢§ ¨³μ¤¥°¸É¢¨Ö Rint, ¶·¨¢¥¤¥´´μ£μ ¢ [1].

� ¸Î¥É ¡ ·Ó¥·  ¸²¨Ö´¨Ö Ebass ¶·μ¨§¢μ¤¨²¸Ö ¶μ ³¥Éμ¤¨±¥, μ¶¨¸ ´´μ° ¢
· ¡μÉ¥ [2]. ‚ · ¸Î¥É Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó É ¡²¨ÍÒ ³ ¸¸ ¨§ [3].

„²Ö ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ±μ³¡¨´ Í¨° ®´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨¯ ¤μ-
³¨´¨·ÊÕÐ¨³ ± ´ ²μ³ Ö¢²Ö¥É¸Ö ¶·μÍ¥¸¸ ¶μ²´μ£μ ¸²¨Ö´¨Ö. 	μÔÉμ³Ê ¶·μ¤Ê±ÉÒ
·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö ¡Ê¤ÊÉ ¨³¥ÉÓ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¨¥ ¢ÒÌμ¤Ò, Î¥³ ¶·μ-
¤Ê±ÉÒ ·¥ ±Í¨° ¶¥·¥¤ Î.

�Ò²¨ ¶·μ¨§¢¥¤¥´Ò · ¸Î¥ÉÒ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤¥·-μ¸É É±μ¢ ¨¸¶ ·¥-
´¨° ¤²Ö ¢¸¥Ì ¢μ§³μ¦´ÒÌ ±μ³¡¨´ Í¨° ®´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨¯ ¸
¶μ³μÐÓÕ ¶·μ£· ³³Ò NRV Project [4]. ‚ μ¸´μ¢Ê ³μ¤Ê²Ö, ¨¸¶μ²Ó§Ê¥³μ£μ ¢ · ¸-

�¨¸. 2. „ ´´Ò¥ μ ·¥ ±Í¨¨ 12C+12C, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¶μ³μÐ¨ ¶·μ£· ³³Ò NRV Project.
“¸²μ¢´Ò¥ μ¡μ§´ Î¥´¨Ö: • Å ¶μ²´μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨; + Å Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²Ê-
Î¥´´Ò¥ ¤ ´´Ò¥ μ ¸¥Î¥´¨¨ [5]; � Å ¸¥Î¥´¨¥ 1α-± ´ ² ; � Å ¸¥Î¥´¨¥ 1p-± ´ ² ; � Å
¸¥Î¥´¨¥ 1n-± ´ ² ; ♦ Å ¸¥Î¥´¨¥ 1p1n-± ´ ² 
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�¨¸. 3. „ ´´Ò¥ μ ·¥ ±Í¨¨ 20Ne + 27Al, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¶μ³μÐ¨ ¶·μ£· ³³Ò
NRV Project. “¸²μ¢´Ò¥ μ¡μ§´ Î¥´¨Ö: • Å ¶μ²´μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨; � Å Ô±¸¶¥-
·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ μ ¸¥Î¥´¨¨ [6]; � Å ¸¥Î¥´¨¥ 1p1n-± ´ ² ; � Å
¸¥Î¥´¨¥ 2p1n-± ´ ² 

Î¥É Ì, § ²μ¦¥´  ³ ±·μ-³¨±·μ¸±μ¶¨Î¥¸± Ö ¸É É¨¸É¨Î¥¸± Ö ³μ¤¥²Ó. ˆ´É¥·Ë¥°¸
¶·μ£· ³³Ò Ê¤μ¡¥´ ¤²Ö ¶μ²Ó§μ¢ É¥²Ö, · ¸Î¥É ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤¥· Å ¶·μ-
¤Ê±Éμ¢ ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö Å ¤μ¸É ÉμÎ´μ ¶·μ¸É, ´μ É·¥¡Ê¥É  ±±Ê· É´μ£μ
¶μ¤Ìμ¤ .

„ ´´Ò¥ μ ¸¥Î¥´¨ÖÌ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í Ì ¶·¨²μ¦¥´¨Ö 2. „²Ö ¨³¥Õ-
Ð¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´ ¡²Õ¤ ¥É¸Ö ¤μ¢μ²Ó´μ ´¥¶²μÌ Ö ±μ··¥²Ö-
Í¨Ö ¸ ³μ¤¥²Ó´Ò³¨ · ¸Î¥É ³¨ ¸¥Î¥´¨° (¸³., ´ ¶·¨³¥·, ·¨¸. 2, 3).

�´ ²¨§ ¤ ´´ÒÌ, ¶·μ¢¥¤¥´´Ò° ´  μ¸´μ¢ ´¨¨ · ¸Î¥Éμ¢ ¤²Ö ·¥ ±Í¨° ¸ Ê¸±μ-
·¥´´Ò³¨ ¶·μÉμ´ ³¨, ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ·¥ ±Í¨ÖÌ p + 9Be → 10B∗, p + 27Al →
28Si∗ ¨ p + 63Cu → 64Zn∗ ³μ£ÊÉ μ¡· §μ¢Ò¢ ÉÓ¸Ö Éμ²Ó±μ ¸É ¡¨²Ó´Ò¥ ¨§μÉμ¶Ò,
´¥°É·μ´´Ò° Ëμ´ ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö μÉ¸ÊÉ¸É¢Ê¥É, É ± ± ± μ¸´μ¢´μ° ± ´ ² ·¥-
 ±Í¨¨ 0 n. ’ ±¦¥ ¸²¥¤Ê¥É μ¡· É¨ÉÓ ¢´¨³ ´¨¥, ÎÉμ Éμ²Ó±μ ¤²Ö ·¥ ±Í¨¨ p+9Be
±Ê²μ´μ¢¸±¨° ¡ ·Ó¥· ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê 1,731 ŒÔ‚,   ¤²Ö ·¥ ±Í¨¨ p+12C Å
2,371 ŒÔ‚. „²Ö ¢¸¥Ì μ¸É ²Ó´ÒÌ ·¥ ±Í¨° ¡ ·Ó¥· ´ Ìμ¤¨É¸Ö §´ Î¨É¥²Ó´μ ¢ÒÏ¥
Ê± § ´´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¤¨ ¶ §μ´μ¢. ‚¸²¥¤¸É¢¨¥ Î¥£μ ÔÉ¨ ·¥ ±Í¨¨ · ¸¸³ -
É·¨¢ ÉÓ¸Ö ´¥ ¡Ê¤ÊÉ. „²Ö ·¥ ±Í¨° p+ 9Be ¨ p+ 12C ´¥°É·μ´´Ò° Ëμ´ ¢μ ¢·¥³Ö
μ¡²ÊÎ¥´¨Ö (¤ ¦¥ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ ¡ ·Ó¥· ) ¡Ê¤¥É μÉ¸ÊÉ¸É¢μ¢ ÉÓ, ´ ¢¥¤¥´-
´μ°  ±É¨¢´μ¸É¨ É ±¦¥ ´¥ ¡Ê¤¥É, ¶μÉμ³Ê ÎÉμ ¡Ê¤ÊÉ μ¡· §μ¢Ò¢ ÉÓ¸Ö ¸É ¡¨²Ó´Ò¥
¨²¨ ±μ·μÉ±μ¦¨¢ÊÐ¨¥ ¨§μÉμ¶Ò.

„²Ö ´ ¨¡μ²¥¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢ Kr ¨ Xe ¢ ¤¨ ¶ §μ´ Ì Ô´¥·£¨° 0,3Ä3,0 ŒÔ‚/
´Ê±²μ´ ·¥ ±Í¨¨ 84Kr+ 56Fe, 84Kr+ 60Ni ¨ 132Xe+ 27Al, 132Xe+ 56Fe,
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132Xe+ 60Ni, 132Xe+ 63Cu ¶·μÉ¥± ÕÉ ´¨¦¥ ¡ ·Ó¥·  ¸²¨Ö´¨Ö, ¶μÔÉμ³Ê ¢ ¤ ²Ó-
´¥°Ï¥³ · ¸¸³μÉ·¥´¨¨ μ´¨ ÊÎ ¸É¢μ¢ ÉÓ ´¥ ¡Ê¤ÊÉ.

� ¸Î¥É´Ò¥ ¤ ´´Ò¥ ¤²Ö ¸¥Î¥´¨° · §²¨Î´ÒÌ ¨¸¶ ·¨É¥²Ó´ÒÌ ± ´ ²μ¢ ¢ ¤ ²Ó-
´¥°Ï¥³ ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö · ¸Î¥É  ´¥°É·μ´´μ£μ Ëμ´  ¢μ ¢·¥³Ö μ¡²Ê-
Î¥´¨Ö ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¸ ±μ´¸É·Ê±Í¨μ´´Ò³¨ ³ É¥·¨ -
² ³¨ ¨ ¢ ¸²ÊÎ ¥ μ¡· §μ¢ ´¨Ö ¤μ²£μ¦¨¢ÊÐ¨Ì ¨§μÉμ¶μ¢, ¨¸¶ÒÉÒ¢ ÕÐ¨Ì £ ³³ -
· ¸¶ ¤, ¤²Ö · ¸Î¥É  ´ ¢¥¤¥´´μ° £ ³³ - ±É¨¢´μ¸É¨ Î¥·¥§ Î ¸ ¶μ¸²¥ ¶·¥±· Ð¥-
´¨Ö μ¡²ÊÎ¥´¨Ö.

� ¸Î¥É´Ò¥ ¤ ´´Ò¥ ¤²Ö Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ d ¢¥¸Ó³  ¶·¨¡²¨§¨É¥²Ó´Ò¥ ¨
¸¨²Ó´μ § ¢ÒÏ¥´´Ò¥, ¶μÉμ³Ê ÎÉμ ¶·μ£· ³³  NRV Project ¢ μ¸´μ¢´μ³ · ¸¸Î¨-
É ´  ´  ¶·¨³¥´¥´¨¥ ¤²Ö ·¥ ±Í¨° ¸ ¡μ²¥¥ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨. ’¥³ ´¥ ³¥´¥¥
 ´ ²¨§ ¤ ´´ÒÌ ¤²Ö ·¥ ±Í¨° ¸ ¨μ´ ³¨ ¤¥°É¥·¨Ö ¡Ò² ¶·μ¢¥¤¥´, ´ ¨¡μ²ÓÏ¨¥
¸¥Î¥´¨Ö ¶μ²ÊÎ¥´Ò ¤²Ö ·¥ ±Í¨° d + 9Be ¨ d + 12C. „²Ö μ¸É ²Ó´ÒÌ, ¡μ²¥¥ ÉÖ-
¦¥²ÒÌ ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ¸¥Î¥´¨Ö ¶·¨³¥·´μ ´  ¤¢  ¶μ·Ö¤±  ´¨¦¥.
ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¢ ·¥ ±Í¨ÖÌ ¸ ¨μ´ ³¨ ¤¥°É¥·¨Ö ²ÊÎÏ¥ ´¥
¨¸¶μ²Ó§μ¢ ÉÓ ¢ ± Î¥¸É¢¥ ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ Be ¨ C.

�–…�Š� ‚›•�„� �…‰’����‚

�Ò²¨ ¶·μ¨§¢¥¤¥´Ò · ¸Î¥ÉÒ ¢ÒÌμ¤μ¢ ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨-
Ö´¨Ö ¤²Ö · §²¨Î´ÒÌ ±μ³¡¨´ Í¨° ®´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨¯. ‚ ± Î¥-
¸É¢¥ ³¨Ï¥´¥° ¢Ò¡¨· ²¨¸Ó Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³Ò¥ ±μ´¸É·Ê±Í¨μ´´Ò¥ ³ É¥·¨-
 ²Ò: 9Be4, 12C6, 27Al13, 56Fe26, 60Ni28, 63Cu29.

‚ · ¸Î¥É Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ Ê¸±μ·¥´´Ò¥ ¨μ´Ò: 12C6, 20,22Ne10,
40Ar18, 84Kr36, 132Xe54. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¶·¨´¨³ -
² ¸Ó · ¢´μ° 1 ³±�/Î ¸É¨Í (6,24 · 1012 Î ¸É¨Í ¢ ¸¥±Ê´¤Ê). ’μ²Ð¨´  ³¨Ï¥´¨
(±μ²¨Î¥¸É¢μ Ö¤¥· ±μ´¸É·Ê±Í¨μ´´μ£μ ³ É¥·¨ ² , ±μÉμ·Ò¥ ³μ£ÊÉ ¢¸ÉÊ¶¨ÉÓ ¢ ·¥-
 ±Í¨Õ ¸ ´ ²¥É ÕÐ¨³ ¨μ´μ³) μ¶·¥¤¥²Ö² ¸Ó ¨§ Ê¸²μ¢¨Ö ¶μÉ¥·¨ ¡μ³¡ ·¤¨·ÊÕ-
Ð¨³ ¨μ´μ³ 5Ä10 ŒÔ‚ (Ï¨·¨´  ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö) ¢ § ¤ ´´μ³ ³ É¥·¨ ²¥.

„¨ ¶ §μ´ Ô´¥·£¨° ¶ÊÎ± : Elab = 0,3Ä3,5 ŒÔ‚/´Ê±²μ´.
„²Ö μ¶·¥¤¥²¥´¨Ö ¢ÒÌμ¤  ´¥°É·μ´μ¢ ¨ £ ³³ -±¢ ´Éμ¢ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ,

μ¸´μ¢Ò¢ Ö¸Ó ´  ¤ ´´ÒÌ μ ¸¥Î¥´¨ÖÌ ¶·μÉ¥± ´¨Ö · §²¨Î´ÒÌ ¨¸¶ ·¨É¥²Ó´ÒÌ
± ´ ²μ¢, ¢ÒÎ¨¸²¨ÉÓ μ¡· §ÊÕÐ¥¥¸Ö ¢ ´¨Ì ¦¥ Î¨¸²μ Ö¤¥· ¤²Ö ¢Ò¤¥²¥´´μ£μ ¨´-
É¥·¢ ²  ¶μ Ô´¥·£¨¨. „ ²¥¥, §´ Ö Î¨¸²μ μ¡· §μ¢ ¢Ï¨Ì¸Ö £ ³³ -· ¤¨μ ±É¨¢´ÒÌ
Ö¤¥· ¨ ¨Ì ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤ , ³Ò ²¥£±μ ³μ£²¨ · ¸¸Î¨É ÉÓ ¶μÉμ± £ ³³ -
±¢ ´Éμ¢ Î¥·¥§ ´¥±μÉμ·μ¥ ¢·¥³Ö ¶μ¸²¥ μ¸É ´μ¢±¨ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨. ‚ ¸¢μÕ
μÎ¥·¥¤Ó, ¤²Ö ± ´ ²μ¢ ¸ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢, §´ Ö μ¡Ð¥¥ Î¨¸²μ μ¡· §Ê-
ÕÐ¨Ì¸Ö Ö¤¥· ¨ Ê³´μ¦¨¢ ¥£μ ´  Î¨¸²μ ´¥°É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ Ö¤·  ¢
¶·μÍ¥¸¸¥ ¤¥¢μ§¡Ê¦¤¥´¨Ö, ³μ¦´μ ¡Ò²μ ¶μ²ÊÎ¨ÉÓ ¤ ´´Ò¥ μ ¶μÉμ± Ì ´¥°É·μ´μ¢.
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—¨¸²μ μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¨¸¶ ·¨É¥²Ó´μ³ ± ´ ²¥ Ö¤¥· (¢ ¸¥±Ê´¤Ê) ¢ÒÎ¨¸²Ö²¨
¶μ Ëμ·³Ê²¥

N =
σI NA l ρ

A
,

£¤¥ σ Å ¸·¥¤´¥¥ ¸¥Î¥´¨¥ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨¨ ¢ ¢Ò¤¥²¥´´μ³ Ô´¥·£¥É¨Î¥¸±μ³
¤¨ ¶ §μ´¥; I Å ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¨μ´μ¢; NA Å Î¨¸²μ �¢μ£ ¤·μ; l Å
Éμ²Ð¨´  ³¨Ï¥´¨; A Å ³ ¸¸μ¢μ¥ Î¨¸²μ ³¨Ï¥´¨; ρ Å ¶²μÉ´μ¸ÉÓ.

	μ¸±μ²Ó±Ê Éμ²Ð¨´  ³¨Ï¥´¨ ³μ£²  ¢ ·Ó¨·μ¢ ÉÓ¸Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥, ¢
± Î¥¸É¢¥ l ¢Ò¡¨· ²¨¸Ó ¶·μ¡¥£¨ ¨μ´μ¢ ¢ ¢Ò¤¥²¥´´μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¶ÊÎ± .
„²Ö ¢ÒÎ¨¸²¥´¨Ö ¶·μ¡¥£μ¢ ¨μ´μ¢ ¢ ³ É¥·¨ ² Ì ³¨Ï¥´¥° ¢ § ¤ ´´μ³ ¤¨ ¶ -
§μ´¥ Ô´¥·£¨° ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·μ£· ³³  SRIM-2011 [7]. ‚ ¤¨ ¶ §μ´¥ Ô´¥·£¨°
μÉ 0,3 ¤μ 3,5 ŒÔ‚/´Ê±²μ´ ¤²Ö · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ · §¡·μ¸ ¢ ¶·μ¡¥£ Ì ¨μ-
´μ¢ § ´¨³ ² ¶·μ³¥¦ÊÉμ± μÉ 0,3 ³±³ (¤²Ö ´ ¨¡μ²¥¥ ÉÖ¦¥²ÒÌ) ¤μ 9 ³±³ (¤²Ö
´ ¨¡μ²¥¥ ²¥£±¨Ì ¨μ´μ¢).

„²Ö ·¥ ±Í¨° 40Ar+ 9Be, 40Ar+ 12C, 40Ar+ 27Al · ¸Î¥É´Ò¥ ¢ÒÌμ¤Ò ´¥°-
É·μ´μ¢ ¸· ¢´¨¢ ÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [8]. ‚¨¤´μ Ìμ·μÏ¥¥
¸μ£² ¸¨¥ · ¸Î¥É  ¸ Ô±¸¶¥·¨³¥´Éμ³, ÎÉμ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤ μ ±μ··¥±É-
´μ¸É¨ ¢Ò¡μ·  ¶ · ³¥É·μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ³μ¤¥²Ó´ÒÌ · ¸Î¥É Ì. 
±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ μ¶¨¸Ò¢ ÕÉ ¢ÒÌμ¤ ´¥°É·μ´μ¢ ¶·¨ ¡μ³¡ ·¤¨·μ¢ ´¨¨
Éμ²¸Éμ° ³¨Ï¥´¨ ¨μ´ ³¨ Ar ¸ Ô´¥·£¨¥° 2,4 ŒÔ‚/´Ê±²μ´. ‚ÒÌμ¤Ò ´¥°É·μ´μ¢
¸μ¸É ¢²ÖÕÉ: 2,4 · 10−5, 5,7 · 10−6, 1,4 · 10−6 ´¥°É·μ´μ¢/¨μ´ ¸μμÉ¢¥É¸É¢¥´´μ
¤²Ö ³¨Ï¥´¥° Be, ‘, Al. 	μ¸²¥ ¶¥·¥¸Î¥É  ¸ ÊÎ¥Éμ³ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¢
1 ³±�/Î ¸É¨Í (6,24 ·1012 ¸−1) ¨³¥¥³ 15 ·107, 3,55 ·107, 0,87 ·107 ¸−1 ¸μμÉ¢¥É-
¸É¢¥´´μ ¤²Ö ³¨Ï¥´¥° Be, C, Al. ˆ§ ´ Ï¨Ì ³μ¤¥²Ó´ÒÌ · ¸Î¥Éμ¢ ¶μ²ÊÎ ¥É¸Ö:
19,1 ·107, 7,67 ·107, 3,96 ·107 ¸−1 ¸μμÉ¢¥É¸É¢¥´´μ ¤²Ö ³¨Ï¥´¥° Be, ‘, Al. �¥-
μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶·¨¢¥¤¥´Ò ¤²Ö ¤μ¸É ÉμÎ´μ ¡μ²Ó-
Ïμ£μ ¤¨ ¶ §μ´  Ô´¥·£¨° (¸Ê³³ ·´μ): 2Ä2,5 ŒÔ‚/´Ê±²μ´, Ô±¸¶¥·¨³¥´É ¶·μ¢μ-
¤¨²¸Ö ¶·¨ Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¨ 2,4 ŒÔ‚/´Ê±²μ´. …¸²¨ μÉ¡·μ¸¨ÉÓ ¢±² ¤
± ´ ²μ¢, ¶·μÉ¥± ÕÐ¨Ì ¶·¨ ¤·Ê£¨Ì Ô´¥·£¨ÖÌ, · ¸Ìμ¦¤¥´¨¥ ³¥¦¤Ê · ¸Î¥Éμ³ ¨
Ô±¸¶¥·¨³¥´Éμ³ ¡Ê¤¥É ¢ ¶·¥¤¥² Ì Ë ±Éμ·  2Ä3.

	·¨¡²¨§¨É¥²Ó´μ É ± Ö ¦¥ ± ·É¨´  ´ ¡²Õ¤ ¥É¸Ö ¨ ¤²Ö ·¥ ±Í¨° ¶μ¤ ¤¥°-
¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ Ê£²¥·μ¤ . 
±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨
¶μ²ÊÎ¥´Ò ¢ · ¡μÉ¥ [9]. „²Ö ·¥ ±Í¨° 12C+ 27Al ¨ 12C + 60Ni ¶·¨ Ô´¥·-
£¨¨ 3,5 ŒÔ‚/´Ê±²μ´  ±É¨¢´μ¸É¨ ¸μ¸É ¢¨²¨ ¸μμÉ¢¥É¸É¢¥´´μ 26,8 · 107 ¨ 6,24 ·
107 ¸−1. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¤²Ö ·¥ ±Í¨° 12C+ 27Al ¨ 12C+ 60Ni ¢ ¤¨ ¶ §μ´¥
Ô´¥·£¨° 3Ä3,5 ŒÔ‚/´Ê±²μ´ ¸μ¸É ¢¨²¨ ¸μμÉ¢¥É¸É¢¥´´μ 9 · 107 ¨ 9,04 · 107 ¸−1.
’ ±¨³ μ¡· §μ³, · ¸Î¥É ¸μ¢¶ ¤ ¥É ¸ Ô±¸¶¥·¨³¥´Éμ³ ²ÊÎÏ¥, Î¥³ Ë ±Éμ· 3.

�É³¥É¨³, ÎÉμ ¢ ·¥ ±Í¨ÖÌ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¶·μÉμ´μ¢ ´¥ ´ ¡²Õ-
¤ ²¨¸Ó ´¥°É·μ´´Ò¥ ± ´ ²Ò · ¸¶ ¤ , ¶μÔÉμ³Ê · ¸Î¥É ¢ÒÌμ¤μ¢ ´¥°É·μ´μ¢ ¤²Ö
´¨Ì ´¥ ¶·μ¨§¢μ¤¨²¸Ö.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ÒÌμ¤μ¢ ´¥°É·μ´μ¢ ¤²Ö · §²¨Î´ÒÌ ·¥ ±Í¨° ¨ ¤¨ -
¶ §μ´μ¢ Ô´¥·£¨° ¶ÊÎ±  ³μ¦´μ ´ °É¨ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì É ¡²¨Í Ì ¶·¨²μ¦¥-
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´¨Ö 3. ’ ± ± ± ¢ ´¥±μÉμ·ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¤¨ ¶ §μ´ Ì ´¥¸±μ²Ó±μ ± ´ ²μ¢
·¥ ±Í¨° ³μ£ÊÉ ¨³¥ÉÓ ¸· ¢´¨³Ò¥ ¢ÒÌμ¤Ò, ¢ É ¡²¨Í Ì Ê± § ´ ¸Ê³³ ·´Ò° ¶μÉμ±,
ÊÎ¨ÉÒ¢ ÕÐ¨° ¢±² ¤Ò ´¥¸±μ²Ó±¨Ì ± ´ ²μ¢.

� ¨¡μ²ÓÏ¨° ¢ÒÌμ¤ ´¥°É·μ´μ¢ ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ ¡μ³¡ ·¤¨-
·ÊÕÐ¨³¨ ¨μ´ ³¨ C ¶·¥¤¸± §Ò¢ ¥É¸Ö ¤²Ö ²¥£±μ° ³¨Ï¥´¨: ‚¥ (12‘+9Be→
21Ne∗). „²Ö μ¸É ²Ó´ÒÌ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ · ¸Î¥É ¶μ± §Ò¢ ¥É ´ ¨¡μ²ÓÏ¨°
¢ÒÌμ¤ ´¥°É·μ´μ¢ É ±¦¥ ¢ ·¥ ±Í¨ÖÌ ¸ ±μ´¸É·Ê±Í¨μ´´Ò³ ³ É¥·¨ ²μ³ ¡¥·¨²-
²¨°. „²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ ·¥ ±Í¨¨, ¸μ§¤ ÕÐ¨¥ ´¥°É·μ´´Ò° Ëμ´, ¨³¥ÕÉ ³¥¸Éμ
Éμ²Ó±μ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ 2,5 ŒÔ‚/´Ê±²μ´ ¤²Ö Kr ¨ ¢ÒÏ¥ 3 ŒÔ‚/´Ê±²μ´
¤²Ö Xe. „²Ö ´ ¨¡μ²¥¥ · ¸¶·μ¸É· ´¥´´μ£μ ±μ´¸É·Ê±Í¨μ´´μ£μ ³ É¥·¨ ²  Å
´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ (Fe) ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨
12‘, 20,22Ne, 40Ar (¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¶·¨´¨³ ² ¸Ó · ¢´μ° 1 ³±�/Î ¸É¨Í,
6,24 · 1012 ¸−1) ¶·μ£´μ§¨·ÊÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ¸Ê³³ ·´Ò¥ ¶μÉμ±¨ ´¥°É·μ´μ¢:

12‘ Å 8,61 · 107 ¸−1,
20Ne Å 3,02 · 107 ¸−1,
22Ne Å 6,95 · 107 ¸−1,
40Ar Å 3,54 · 107 ¸−1.

�μ²¥¥ ÉÖ¦¥²Ò¥ ±μ´¸É·Ê±Í¨μ´´Ò¥ ³ É¥·¨ ²Ò É¨¶  Ni ¨ Cu μ¡´ ·Ê¦¨¢ ÕÉ
¸Ìμ¦¨¥ ·¥§Ê²ÓÉ ÉÒ (¢ ¶·¥¤¥² Ì Ë ±Éμ·  ¸´¨¦¥´¨Ö ¶μÉμ±  ´¥°É·μ´μ¢ Å 2).
�μ²¥¥ ²¥£±¨¥ ³ É¥·¨ ²Ò C ¨ Al ¤ ÕÉ ¶μ¢ÒÏ¥´´Ò° ´¥°É·μ´´Ò° Ëμ´, ±μÉμ·Ò°
³μ¦´μ ´ °É¨ ¢ ¶·¨² £ ¥³ÒÌ É ¡²¨Í Ì. ˆ´É¥´¸¨¢´μ¸ÉÓ ´¥°É·μ´´μ£μ Ëμ´ 
¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²Ó´  ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¡μ³¡ ·¤¨·ÊÕÐ¨Ì ¨μ´μ¢.

�–…�Š� ƒ�ŒŒ�-”��� ��‘‹… ��‹“—…�ˆŸ

�  ÔÉμ³ ÔÉ ¶¥ ¡Ò²¨ ¶·μ¨§¢¥¤¥´Ò · ¸Î¥ÉÒ ¨´É¥´¸¨¢´μ¸É¨ £ ³³ -Ëμ´  μÉ
¤μ²£μ¦¨¢ÊÐ¨Ì ¨§μÉμ¶μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¶·¨ · §-
²¨Î´ÒÌ ±μ³¡¨´ Í¨ÖÌ ®´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨¯ ¨ ¨¸¶ÒÉÒ¢ ÕÐ¨Ì
£ ³³ -· ¸¶ ¤. ‚ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¢Ò¡¨· ²¨¸Ó Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³Ò¥ ±μ´-
¸É·Ê±Í¨μ´´Ò¥ ³ É¥·¨ ²Ò: 9Be4, 12C6, 27Al13, 56Fe26, 60Ni28, 63Cu29.

‚ · ¸Î¥É Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ Ê¸±μ·¥´´Ò¥ ¨μ´Ò: 12C6, 20,22Ne10,
40Ar18, 84Kr36, 132Xe54. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¶·¨´¨³ -
² ¸Ó · ¢´μ° 1 ³±�/Î ¸É¨Í (6,24 · 1012 ¸−1). ’μ²Ð¨´  ³¨Ï¥´¨ (±μ²¨Î¥¸É¢μ
Ö¤¥· ±μ´¸É·Ê±Í¨μ´´μ£μ ³ É¥·¨ ² , ±μÉμ·Ò¥ ³μ£ÊÉ ¢¸ÉÊ¶¨ÉÓ ¢ ·¥ ±Í¨Õ ¸ ´ -
²¥É ÕÐ¨³ ¨μ´μ³) μ¶·¥¤¥²Ö² ¸Ó ¨§ Ê¸²μ¢¨Ö ¶μÉ¥·¨ ¡μ³¡ ·¤¨·ÊÕÐ¨³ ¨μ´μ³
5Ä10 ŒÔ‚ (Ï¨·¨´  ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ É¨¶  ³¨Ï¥´¨ ¨
´ ²¥É ÕÐ¥£μ ¨μ´ ) ¢ § ¤ ´´μ³ ³ É¥·¨ ²¥.

‚·¥³Ö μ¡²ÊÎ¥´¨Ö ¢Ò¡¨· ²μ¸Ó ³´μ£μ ¡μ²ÓÏ¨³ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ , ¶μ-
ÔÉμ³Ê ¸Î¨É ²μ¸Ó, ÎÉμ ±μ²¨Î¥¸É¢μ ¨§μÉμ¶  ´ Ìμ¤¨É¸Ö ¢ · ¢´μ¢¥¸¨¨, É. ¥. §  ¥¤¨-
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´¨ÍÊ ¢·¥³¥´¨ ´ · ¡ ÉÒ¢ ¥É¸Ö É ±μ¥ ¦¥ ±μ²¨Î¥¸É¢μ ¨§μÉμ¶ , ÎÉμ · ¸¶ ¤ ¥É¸Ö.

Éμ ¶·¨¡²¨¦¥´¨¥ ¤ ¥É ´¥¸±μ²Ó±μ § ¢ÒÏ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¨§μÉμ¶μ¢ ¸
¡μ²ÓÏ¨³ ¶¥·¨μ¤μ³ ¶μ²Ê· ¸¶ ¤ . „²Ö μÍ¥´±¨ ¨´É¥´¸¨¢´μ¸É¨ £ ³³ -¨§²ÊÎ¥´¨Ö
¢Ò¡¨· ²μ¸Ó ¢·¥³Ö, · ¢´μ¥ 1 Î ¶μ¸²¥ § ¢¥·Ï¥´¨Ö μ¡²ÊÎ¥´¨Ö.

„²Ö μ¶·¥¤¥²¥´¨Ö ¢ÒÌμ¤  £ ³³ -±¢ ´Éμ¢ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ, μ¸´μ¢Ò¢ Ö¸Ó ´ 
¤ ´´ÒÌ μ ¸¥Î¥´¨ÖÌ ¶·μÉ¥± ´¨Ö · §²¨Î´ÒÌ ¨¸¶ ·¨É¥²Ó´ÒÌ ± ´ ²μ¢, ¢ÒÎ¨¸²¨ÉÓ
μ¡· §ÊÕÐ¥¥¸Ö ¢ ´¨Ì ¦¥ Î¨¸²μ Ö¤¥· ¤²Ö ¢Ò¤¥²¥´´μ£μ ¨´É¥·¢ ²  ¶μ Ô´¥·£¨¨.
„ ²¥¥ ¸ ÊÎ¥Éμ³ Î¨¸²  μ¡· §μ¢ ¢Ï¨Ì¸Ö £ ³³ -· ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¨ ¨Ì ¶¥·¨-
μ¤μ¢ ¶μ²Ê· ¸¶ ¤  · ¸¸Î¨ÉÒ¢ ² ¸Ó ¨Ì  ±É¨¢´μ¸ÉÓ Î¥·¥§ 1 Î ¶μ¸²¥ μ¸É ´μ¢±¨
μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ÒÌμ¤μ¢ £ ³³ -±¢ ´Éμ¢ ¤²Ö ¨§μÉμ¶μ¢, μ¡· §ÊÕÐ¨Ì¸Ö
¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ ¨ ¤²Ö · §²¨Î´ÒÌ ¤¨ ¶ §μ´μ¢ Ô´¥·£¨° ¶ÊÎ± , ³μ¦´μ
´ °É¨ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì É ¡²¨Í Ì ¶·¨²μ¦¥´¨Ö 4.

�´ ²¨§ ¤ ´´ÒÌ, ¶·μ¢¥¤¥´´Ò° ´  μ¸´μ¢ ´¨¨ · ¸Î¥Éμ¢, ¶μ± §Ò¢ ¥É, ÎÉμ
´ ¨¡μ²ÓÏ Ö  ±É¨¢ Í¨Ö ´ ¡²Õ¤ ¥É¸Ö ¤²Ö ·¥ ±Í¨° 12C +12C, 12C+56Fe ¨
12C +63Cu. ‚ ·¥ ±Í¨¨ 12C+60Ni μ¡· §ÊÕÉ¸Ö Éμ²Ó±μ ±μ·μÉ±μ¦¨¢ÊÐ¨¥ ¨§μ-
Éμ¶Ò. ’ ±¦¥ ´ ¡²Õ¤ ¥É¸Ö É¥´¤¥´Í¨Ö Ê³¥´ÓÏ¥´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ ¸
Ê¢¥²¨Î¥´¨¥³ ³ ¸¸Ò ´ ²¥É ÕÐ¥£μ ¨μ´ .

„²Ö ´ ¨¡μ²¥¥ · ¸¶·μ¸É· ´¥´´μ£μ ±μ´¸É·Ê±Í¨μ´´μ£μ ³ É¥·¨ ²  Å ´¥·¦ -
¢¥ÕÐ¥° ¸É ²¨ (Fe) ¤²Ö · §²¨Î´ÒÌ ¨μ´μ¢ ¶μ²ÊÎ¥´Ò ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö
 ±É¨¢´μ¸É¨:

12‘ Å 106 Œ�±,
20Ne Å 59 Œ�±,
22Ne Å 28,6 Œ�±,
40Ar Å 1,9 Œ�±.

	·¨¢¥¤¥´´Ò¥  ±É¨¢´μ¸É¨ Ê± §Ò¢ ÕÉ¸Ö ¤²Ö ¸²¥¤ÊÕÐ¨Ì Ê¸²μ¢¨°.
1. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¶·¨´¨³ ² ¸Ó ¶μ¸ÉμÖ´´μ° ¨

· ¢´μ° 1 ³±�/Î ¸É¨Í (6,24 · 1012 ¸−1).
2. “± § ´´Ò¥  ±É¨¢´μ¸É¨ · ¸¸Î¨É ´Ò ´  ¢·¥³¥´´μ° ¨´É¥·¢ ² 1 Î ¶μ¸²¥

¢Ò±²ÕÎ¥´¨Ö ¶ÊÎ± . 	·¨ ¶¥·¥¸Î¥É¥  ±É¨¢´μ¸É¨ ¤²Ö ¤·Ê£¨Ì ¢·¥³¥´´ÒÌ ¨´É¥·-
¢ ²μ¢ (¶μ¸²¥ ¢Ò±²ÕÎ¥´¨Ö ¶ÊÎ± ) ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤ 
±μ´±·¥É´ÒÌ ¨§μÉμ¶μ¢, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö.
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��ˆ‹�†…�ˆ… 1

ŠÊ²μ´μ¢¸±¨¥ ¡ ·Ó¥·Ò (Elab) ¨ ¡ ·Ó¥·Ò ¸²¨Ö´¨Ö (Ebass) ¤²Ö · §²¨Î´ÒÌ ±μ³¡¨´ Í¨°
®´ ²¥É ÕÐ¨° ¨μ´ Ä Ö¤·μ ³¨Ï¥´¨¯

�¥ ±Í¨Ö Ecm, ŒÔ‚ Elab, ŒÔ‚
Elab,

ŒÔ‚/´Ê±²μ´
Ebass, ŒÔ‚

Ebass,
ŒÔ‚/´Ê±²μ´

p + 9Be4 1,558 1,731 1,731

p+C 2,188 2,371 2,371

p +Al 3,9 4,044 4,044

p + 56Fe26 6,465 6,581 6,581

p + 60Ni28 6,836 6,95 6,95

p + 63Cu29 6,989 7,1 7,1

d + 9Be4 1,437 1,756 0,878 1,03 0,65

d +C 2,028 2,366 1,183 1,46 0,73

d+ Al 3,662 3,933 1,966 2,69 1,345

d+ Fe 6,134 6,353 3,177 4,72 2,36

d+ Ni 6,493 6,709 3,354 5,03 2,515

d +Cu 6,642 6,853 3,426 5,41 2,705

C+Be 6,591 15,379 1,281 9,62 0,8

C +C 9,434 18,869 1,572 12,22 1,02

C+Al 17,695 25,56 2,13 17,73 1,48

C+Fe 30,611 37,171 3,097 27,50 2,29

C+Ni 32,493 38,992 3,249 29,05 2,42

C +Cu 33,198 39,423 3,285 29,64 2,47
20Ne10+ Be 10,011 31,259 1,612 21,19 1,06
20Ne10+C 14,388 38,37 1,918 25,99 1,3

Ne +Al 27,299 47,521 2,376 34,15 1,7

Ne+56Fe26 47,704 64,741 3,237 49,27 2,46

Ne+60Ni28 50,684 67,578 3,378 51,75 2,59

Ne+63Cu29 51,99 68,495 3,424 52,60 2,63
22Ne10+ Be 9,831 33,865 1,539 22,26 1,01

Ne+C 14,141 40,067 1,821 27,14 1,23

Ne +Al 26,887 48,795 2,217 35,02 1,59

Ne +Fe 47,073 65,566 2,98 47,79 2,17
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

Ne +Ni 50,023 68,364 3,107 52,23 2,37

Ne+Cu 51,319 69,24 3,147 53,03 2,41

Ar+Be 14,5006 78,947 1,973 59,64 1,49

Ar+C 20,9534 90,797 2,269 70,36 1,76

Ar+Al 40,145 97,495 2,437 81,48 2,04

Ar+Fe 71,5448 122,648 3,066 104,71 2,62

Ar+Ni 76,1132 126,855 3,171 108,88 2,72

Ar+ Cu 78,1477 127,765 3,194 109,93 2,75
84Kr36+ Be 24,6931 255,162 3,037 206,4 2,46

Kr+C 35,877 287,015 3,416 237,15 2,82

Kr+Al 70,2485 288,799 3,438 247,9 2,95

Kr+Fe 126,3561 315,89 3,76 282,27 3,36

Kr+Ni 134,6156 323,077 3,846 290,04 3,45

Kr+ Cu 138,3526 322,822 3,843 290,37 3,46
132Xe54+Be 33,3618 522,667 3,959 439,4 3,32

Xe+C 48,6233 583,479 4,42 499,8 3,79

Xe +Al 96,0991 565,917 4,287 501,04 3,8

Xe +Fe 174,3985 585,48 4,435 537,34 4,07

Xe +Ni 185,9578 595,064 4,508 548,49 4,16

Xe+Cu 191,2362 591,921 4,484 546,51 4,14
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��‘—…’› ‘…—…�ˆ‰ ����‡�‚��ˆŸ ˆ‡�’���‚ ‚ Š���‹�•
‘ ˆ‘���…�ˆ…Œ ‹…ƒŠˆ• —�‘’ˆ– „‹Ÿ �…�Š–ˆ‰ ��‹��ƒ�
‘‹ˆŸ�ˆŸ ‚ ��‡‹ˆ—�›• Š�Œ�ˆ��–ˆŸ• ®��‹…’�	™ˆ‰

ˆ�� Ä Ÿ„�� Œˆ˜…�ˆ¯ (‚� ‚‘…• ’��‹ˆ–�• ��ˆ‹�†…�ˆŸ 2
“Š�‡��› ’�‹œŠ� Š���‹› ‘ ‘…—…�ˆ…Œ ‚›˜… 10 ³¡)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ Ê£²¥·μ¤ 

�¥ ±Í¨Ö 12C+ 9Be→ 21Ne∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

125 1p1n F-19 ‘É ¡¨²Ó´Ò°
75 1α1n O-16 ‘É ¡¨²Ó´Ò°
40 1n Ne-20 ‘É ¡¨²Ó´Ò°
25 1p F-20 β−, γ (11 c)

2,5Ä3

200 1p1n F-19 ‘É ¡¨²Ó´Ò°
175 1α1n O-16 ‘É ¡¨²Ó´Ò°
45 1n Ne-20 ‘É ¡¨²Ó´Ò°
30 1p F-20 β−, γ (11 c)
20 1α O-17 ‘É ¡¨²Ó´Ò°

3Ä3,5

225 1p1n F-19 ‘É ¡¨²Ó´Ò°
150 1α1n O-16 ‘É ¡¨²Ó´Ò°
35 1n Ne-20 ‘É ¡¨²Ó´Ò°
25 1p F-20 β−, γ (11 c)
25 1α O-17 ‘É ¡¨²Ó´Ò°

35 1p2n F-18 β+ (109,7 ³¨´)

15 2n Ne-19 β+, γ (17,22 c)

�¥ ±Í¨Ö 12C + 12C→ 24Mg∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 125 1p Na-23 ‘É ¡¨²Ó´Ò°
1Ä1,5 380 1p Na-23 ‘É ¡¨²Ó´Ò°

1,5Ä2

465 1p Na-23 ‘É ¡¨²Ó´Ò°

20 1n Mg-23 β+, γ (11,3 ¸)
35 1α Ne-20 ‘É ¡¨²Ó´Ò°

2Ä2,5

425 1p Na-23 ‘É ¡¨²Ó´Ò°

25 1n Mg-23 β+, γ (11,3 ¸)
165 1α Ne-20 ‘É ¡¨²Ó´Ò°

65 1p1n Na-22 β+, γ (2,603 ²¥É)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

2,5Ä3

355 1p Na-23 ‘É ¡¨²Ó´Ò°

35 1n Mg-23 β+, γ (11,3 ¸)
110 1α Ne-20 ‘É ¡¨²Ó´Ò°

205 1p1n Na-22 β+, γ (2,603 ²¥É)

3Ä3,5

185 1p Na-23 ‘É ¡¨²Ó´Ò°

20 1n Mg-23 β+, γ (11,3 ¸)
115 1α Ne-20 ‘É ¡¨²Ó´Ò°

280 1p1n Na-22 β+, γ (2,603 ²¥É)

�¥ ±Í¨Ö 12C + 27Al→ 39K∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 Å Å Å Å

1Ä1,5

50 1α1n Cl-34 β+ (1,53 ¸)
60 1p1n Ar-37 ε (35 ¸ÊÉ)
90 1α Cl-35 ‘É ¡¨²Ó´Ò°

1,5Ä2

225 1α1n Cl-34 β+ (1,53 c)
160 1p1n Ar-37 ε (35 ¸ÊÉ)
140 1α Cl-35 ‘É ¡¨²Ó´Ò°
45 1α1p S-34 ‘É ¡¨²Ó´Ò°
30 2p Cl-37 ‘É ¡¨²Ó´Ò°

2Ä2,5

325 1α1n Cl-34 β+ (1,53 c)
100 1p1n Ar-37 ε (35 ¸ÊÉ)
70 1α Cl-35 ‘É ¡¨²Ó´Ò°
70 1α1p S-34 ‘É ¡¨²Ó´Ò°

40 2p1n Cl-36 β+ (3 · 105 ²¥É)
35 2p Cl-37 ‘É ¡¨²Ó´Ò°
10 2α P-31 ‘É ¡¨²Ó´Ò°

2,5Ä3

400 1α1n Cl-34 β+ (1,53 c)
50 1α1p1n S-33 ‘É ¡¨²Ó´Ò°
60 1p1n Ar-37 ε (35 ¸ÊÉ)
30 1α Cl-35 ‘É ¡¨²Ó´Ò°
60 1α1p S-34 ‘É ¡¨²Ó´Ò°

60 2p1n Cl-36 β+ (3 · 105 ²¥É)
15 2p Cl-37 ‘É ¡¨²Ó´Ò°
25 2α P-31 ‘É ¡¨²Ó´Ò°

3 Ä 3,5

200 1α1n Cl-34 β+ (1,53 c)
200 1α1p1n S-33 ‘É ¡¨²Ó´Ò°
20 1p1n Ar-37 ε (35 ¸ÊÉ)
15 1α Cl-35 ‘É ¡¨²Ó´Ò°
50 1α1p S-34 ‘É ¡¨²Ó´Ò°

70 2p1n Cl-36 β+ (3 · 105 ²¥É)
30 2α P-31 ‘É ¡¨²Ó´Ò°
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�¥ ±Í¨Ö 12C+ 56Fe→ 68Ge∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

225 1p1n Ga-66 β+, γ (9,4 Î)
55 2p Zn-66 ‘É ¡¨²Ó´Ò°
15 1p Ga-67 ε (78,3 Î)

2,5Ä3

400 1p1n Ga-66 β+, γ (9,4 Î)
120 2p Zn-66 ‘É ¡¨²Ó´Ò°

10 2p1n Zn-65 ε, β+, γ (244,3 ¸ÊÉ)
10 1p Ga-67 ε (78,3 Î)

25 2n Ge-66 ε, β+, γ (2,3 Î)
35 1α1p Cu-63 ‘É ¡¨²Ó´Ò°

20 1α1n Zn-63 β+, γ (38,1 ³¨´)

3Ä3,5

325 1p1n Ga-66 β+, γ (9,4 Î)
135 2p Zn-66 ‘É ¡¨²Ó´Ò°
140 2p1n Å Å

90 1p2n Ga-65 β+, γ (15 ³¨´)

20 2n Ge-66 ε, β+, γ (2,3 Î)
80 1α1p Cu-63 ‘É ¡¨²Ó´Ò°

35 1α1n Zn-63 β+, γ (38,1 ³¨´)

�¥ ±Í¨Ö 12C+ 60Ni→ 72Se∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

150 1p1n As-70 β+, γ (53 ³¨´)

20 2n Se-70 β+, γ (41,1 ³¨´)
20 2p Ge-70 ‘É ¡¨²Ó´Ò°

2,5Ä3

400 1p1n As-70 β+, γ (53 ³¨´)

50 2n Se-70 β+, γ (41,1 ³¨´)
60 2p Ge-70 ‘É ¡¨²Ó´Ò°

20 1α1n Ge-67 β+, γ (18,7 ³¨´)
20 1α1p Ga-67 ε (78,3 Î)

3Ä3,5

350 1p1n As-70 β+, γ (53 ³¨´)
160 2p1n Ge-68 ε (270,82 ¸ÊÉ)

90 1p2n As-69 β+, γ (15,1 ³¨´)

45 2n Se-70 β+, γ (41,1 ³¨´)
70 2p Ge-70 ‘É ¡¨²Ó´Ò°

30 1α1n Ge-67 β+, γ (18,7 ³¨´)
40 1α1p Ga-67 ε (78,3 Î)
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�´ ²¨§ ·¥ ±Í¨¨ 12C+ 63Cu→ 75Br∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5
125 1p1n Se-73 β+, γ (7,1 Î)
30 2p As-73 ε (80,3 ¸ÊÉ)

2,5Ä3

450 1p1n Se-73 β+, γ (7,1 Î)
60 2p As-73 ε (80,3 ¸ÊÉ)

20 2n Br-73 β+, γ (3,3 ³¨´)
15 1α1p Ge-70 ‘É ¡¨²Ó´Ò°

3Ä3,5

510 1p1n Se-73 β+, γ (7,1 Î)
35 2p As-73 ε (80,3 ¸ÊÉ)

120 2p1n As-72 β+, γ (26 Î)
95 1p2n Se-72 ε (8,5 ¸ÊÉ)

25 2n Br-73 β+, γ (3,3 ³¨´)
25 1α1p Ge-70 ‘É ¡¨²Ó´Ò°

20 1α1n As-70 β+, γ (53 ³¨´)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ´¥μ´ 

�¥ ±Í¨Ö 20Ne+ 9Be→ 29Si∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 60 1p1n Al-27 ‘É ¡¨²Ó´Ò°

1Ä1,5

10 2n Si-27 β+ (4,16 c)
15 1p Al-28 β− ( 2,24 ³¨´)
20 1n Al-28 ‘É ¡¨²Ó´Ò°
25 1α1n Mg-26 ‘É ¡¨²Ó´Ò°
440 1p1n Al-27 ‘É ¡¨²Ó´Ò°

1,5 - 2

10 1n Al-28 ‘É ¡¨²Ó´Ò°

15 2n Si-27 β+ (4,16 c)
15 1p Al-28 β− ( 2,24 ³¨´)
15 1α1p Na-26 β−, γ (1,08 ¸)

50 1p2n Al-26 β+, γ (6,35 ¸)
65 1α1n Mg-26 ‘É ¡¨²Ó´Ò°
585 1p1n Al-27 ‘É ¡¨²Ó´Ò°

2Ä2,5

10 2n Si-27 β+ (4,16 c)
40 1α1p Na-26 β−, γ (1,08 ¸)
160 1α1n Mg-26 ‘É ¡¨²Ó´Ò°

190 1p2n Al-26 β+, γ (6,35 ¸)
450 1p1n Mg-26 ‘É ¡¨²Ó´Ò°
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

2,5Ä3

15 1α Mg-27 β−, γ (9,46 ³¨´)
15 1α1p1n Na-25 β−, γ (59,10 ¸)
20 2p1n Mg-26 ‘É ¡¨²Ó´Ò°
75 1α1p Na-26 β−, γ (1,08 ¸)
225 1α1n Mg-26 ‘É ¡¨²Ó´Ò°
260 1p1n Al-27 ‘É ¡¨²Ó´Ò°

305 1p2n Al-26 β+, γ (6,35 ¸)

3Ä3,5

15 1α Mg-27 β−, γ (9,46 ³¨´)
30 2p1n Mg-26 ‘É ¡¨²Ó´Ò°
60 1α1p1n Na-25 β−, γ (59,10 ¸)
75 1α1p Na-26 β−, γ (1,08 ¸)
150 1p1n Al-27 ‘É ¡¨²Ó´Ò°
190 1α1n Mg-26 ‘É ¡¨²Ó´Ò°

330 1p2n Al-26 β+, γ (6,35 ¸)

�¥ ±Í¨Ö 20Ne+ 12C→ 32S∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 Å Å Å Å

1Ä1,5

215 1p1n P-30 β+, γ (2,5 ³¨´)
115 1α Si-28 ‘É ¡¨²Ó´Ò°
40 1p P-31 ‘É ¡¨²Ó´Ò°
30 2p Si-30 ‘É ¡¨²Ó´Ò°

1,5Ä2

375 1p1n P-30 β+, γ (2,5 ³¨´)
140 1α Si-28 ‘É ¡¨²Ó´Ò°
50 1p P-31 ‘É ¡¨²Ó´Ò°
60 2p Si-30 ‘É ¡¨²Ó´Ò°
95 1α1p Al-27 ‘É ¡¨²Ó´Ò°

2Ä2,5

410 1p1n P-30 β+, γ (2,5 ³¨´)
160 1α Si-28 ‘É ¡¨²Ó´Ò°
30 1p P-31 ‘É ¡¨²Ó´Ò°
70 2p Si-30 ‘É ¡¨²Ó´Ò°
195 1α1p Al-27 ‘É ¡¨²Ó´Ò°
55 2p1n Si-29 ‘É ¡¨²Ó´Ò°

2,5Ä3

300 1p1n P-30 β+, γ (2,5 ³¨´)
175 1α Si-28 ‘É ¡¨²Ó´Ò°
20 1p P-31 ‘É ¡¨²Ó´Ò°
60 2p Si-30 ‘É ¡¨²Ó´Ò°
230 1α1p Al-27 ‘É ¡¨²Ó´Ò°
150 2p1n Si-29 ‘É ¡¨²Ó´Ò°
30 2α Mg-24 ‘É ¡¨²Ó´Ò°
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

3Ä3,5

165 1p1n P-30 β+, γ (2,5 ³¨´)
135 1α Si-28 ‘É ¡¨²Ó´Ò°
40 2p Si-30 ‘É ¡¨²Ó´Ò°
215 1α1p Al-27 ‘É ¡¨²Ó´Ò°
220 2p1n Si-29 ‘É ¡¨²Ó´Ò°
70 2α Mg-24 ‘É ¡¨²Ó´Ò°
30 1α1p1n Al-28 β−, γ (2,246 ³¨´)

�¥ ±Í¨Ö 20Ne+ 27Al→ 47V∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1,5 Å Å Å Å

1,5Ä2

50 2p Sr-45 ‘É ¡¨²Ó´Ò°

125 1p1n Ti-45 β+, γ (3,08 Î)

185 2p1n Sr-44 β+, γ (3,97 Î)

2Ä2,5

10 1α1p K-43 β−, γ (22,30 Î)
20 1α1p1n Ca-43 ‘É ¡¨²Ó´Ò°
25 2p Sr-45 ‘É ¡¨²Ó´Ò°
35 1p2n Ti-44 γ (60 ²¥É)

55 1p1n Ti-45 β+, γ (3,08 Î)

2,5Ä3

15 3p Ca-44 ‘É ¡¨²Ó´Ò°

15 1p1n Ti-45 β+, γ (3,08 Î)

25 2p2n Sc-43 β+, γ (3,89 Î)
30 1α1p1n Ca-43 ‘É ¡¨²Ó´Ò°
35 3p1n Ca-43 ‘É ¡¨²Ó´Ò°
40 1p2n Ti-44 γ (60 ²¥É)

255 2p1n Sr-44 β+, γ (3,97 Î)

3Ä3,5

20 1α2p1n K-42 β−, γ (12,36 Î)
20 1α1p1n Ca-43 ‘É ¡¨²Ó´Ò°
25 1p2n Ti-44 γ (60 ²¥É)

80 2p2n Sc-43 β+, γ (3,89 Î)
95 3p1n Ca-43 ‘É ¡¨²Ó´Ò°

115 2p1n Sr-44 β+, γ (3,97 Î)

�¥ ±Í¨Ö 20Ne+56Fe→ 76Kr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

35 2p Se-74 ‘É ¡¨²Ó´Ò°

40 2p1n Se-73 β+, γ (7,15 Î)

60 1p1n Br-74 β+, γ (25,4 ³¨´)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

2,5Ä3

10 1α2p Ge-72 ‘É ¡¨²Ó´Ò°

15 1α1p1n As-72 β+, γ (1,08 ¸ÊÉ)
20 3p As-73 γ (80,3 ¸ÊÉ)
20 2p Se-74 ‘É ¡¨²Ó´Ò°

25 1p2n Br-72 β+, γ (3,4 ³¨´)

120 1p1n Br-74 β+, γ (25,4 ³¨´)

310 2p1n Se-73 β+, γ (7,15 Î)

3Ä3,5

10 3p As-73 γ (80,3 ¸ÊÉ)

15 2n Kr-74 β+, γ (11,5 ³¨´)
20 1α2p1n Ge-71 γ (11,43 ¸ÊÉ)
20 1α2p Ge-72 ‘É ¡¨²Ó´Ò°

30 1α1p1n As-72 β+, γ (1,08 ¸ÊÉ)

35 1p2n Br-72 β+, γ (3,4 ³¨´)

40 3p1n As-72 β+, γ (11,43 ¸ÊÉ)
50 2p2n Se-72 γ (8,4 ¸ÊÉ)

100 1p1n Br-74 β+, γ (25,4 ³¨´)

�¥ ±Í¨Ö 20Ne+60Ni→ 83Sr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

15 1α1p Br-77 β+, γ (2,38 ¸ÊÉ)

20 3p Br-77 β+, γ (2,38 ¸ÊÉ)

60 2p Kr-78 β+ (1 · 1017 ²¥É)

85 1p1n Rb-78 β+, γ(17,66 ³¨´)

105 2p1n Kr-77 β+, γ (1,24 Î)

2,5Ä3

15 1α1p Br-77 β+, γ (2,38 ¸ÊÉ)
15 1α2p Se-76 ‘É ¡¨²Ó´Ò°

15 3p1n Br-76 β+, γ (16,20 Î)

20 2p Kr-78 β+ (1 · 1017 ²¥É)

30 1α1p1n Br-76 β+, γ (16,20 Î)

40 1α1n Kr-77 β+, γ (1,24 Î)

50 3p Br-77 β+, γ (2,38 ¸ÊÉ)

70 1p2n Rb-77 β+, γ (3,77 ³¨´)

160 1p1n Rb-78 β+, γ (17,66 ³¨´)

255 2p1n Kr-77 β+, γ (1,24 Î)

3Ä3,5

15 1α2p Se-76 ‘É ¡¨²Ó´Ò°
15 1α2p1n Se-75 γ (119,78 ¸ÊÉ)

20 3p Br-77 β+, γ (2,38 ¸ÊÉ)

30 1α1n Kr-77 β+, γ (1,24 Î)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

55 1p1n Rb-78 β+, γ (17,66 ³¨´)

95 3p1n Br-76 β+, γ (16,20 Î)
115 2p2n Kr-76 γ (14,8 Î)

130 1α1p1n Br-76 β+, γ (16,20 Î)

155 1p2n Rb-77 β+, γ (3,77 ³¨´)

155 2p1n Kr-77 β+, γ (1,24 Î)

180 1n Sr-79 β+, γ (2,25 ³¨´)

�¥ ±Í¨Ö 20Ne + 63Cu→ 83Y∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5
20 1p1n Sr-81 β+, γ (22,3 ³¨´)

30 2p1n Rb-80 β+, γ (33,4 ¸)

2,5Ä3

15 2n Y-81 β+, γ (1,17 ³¨´)

15 1α1n Rb-80 β+, γ (33,4 ¸)
20 1α1p Kr-80 ‘É ¡¨²Ó´Ò°
20 3p Kr-80 ‘É ¡¨²Ó´Ò°

30 1α1p1n Kr-79 β+, γ (1,46 ¸ÊÉ)

35 1p1n Sr-81 β+, γ (22,3 ³¨´)

40 3n Y-80 β+, γ (30,1 ¸)

50 1p2n Sr-80 β+, γ (1,77 Î)

210 2p1n Rb-80 β+, γ (33,4 ¸)

3Ä3,5

10 1α2n Rb-78 β+, γ (22,9 ³¨´)

10 1α1n Rb-80 β+, γ (33,4 ¸)

15 2n Y-81 β+, γ (1,17 ³¨´)

15 2p Rb-81 β+, γ (4,58 Î)
20 1α2p Kr-80 ‘É ¡¨²Ó´Ò°

20 1p1n Sr-81 β+, γ (22,3 ³¨´)

30 1α1n Rb-80 β+, γ (33,4 ¸)

40 3p1n Kr-79 β+, γ (1,46 ¸ÊÉ)

50 2p2n Rb-78 β+, γ (22,9 ³¨´)
60 3p Kr-80 ‘É ¡¨²Ó´Ò°

65 1α1p1n Kr-79 β+, γ (1,46 ¸ÊÉ)

75 1p2n Sr-80 β+, γ (1,77 Î)

85 3n Y-80 β+, γ (30,1 ¸)

220 2p1n Rb-80 β+, γ (33,4 ¸)
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�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ´¥μ´ -22

�¥ ±Í¨Ö 22Ne+ 9Be→ 31Si∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1
50 1p1n Al-29 β−, γ (6,56 ³¨´)
55 2n Si-29 ‘É ¡¨²Ó´Ò°

1Ä1,5

10 1α1n Mg-28 β−, γ (20,91 Î)
15 1p Al-30 β−, γ (3,6 ¸)
75 3n Si-28 ‘É ¡¨²Ó´Ò°
95 1p2n Al-28 β−, γ (2,76 ³¨´)
200 1p1n Al-29 β−, γ (6,56 ³¨´)
210 2n Si-29 ‘É ¡¨²Ó´Ò°

1,5Ä2

10 1p Al-30 β−, γ (3,6 ¸)
20 1α1n Mg-28 β−, γ (20,91 Î)
170 1p1n Al-29 β−, γ (6,56 ³¨´)
175 3n Si-28 ‘É ¡¨²Ó´Ò°
255 2n Si-29 ‘É ¡¨²Ó´Ò°
260 1p2n Al-28 β−, γ (2,76 ³¨´)

2Ä2,5

10 1α1p Mg-29 β−, γ (1,3 ¸)
35 1α1n Mg-28 β−, γ (20,91 Î)
120 1p1n Al-29 β−, γ (6,56 ³¨´)
190 1p1n Al-29 β−, γ (6,56 ³¨´)
270 2n Si-29 ‘É ¡¨²Ó´Ò°
385 3n Si-28 ‘É ¡¨²Ó´Ò°

2,5Ä3

20 1α1p Mg-29 β−, γ (1,3 ¸)
25 1α2n Mg-27 β−, γ (9,46 ³¨´)
40 1α1n Mg-28 β−, γ (20,91 Î)
80 1p1n Al-29 β−, γ (6,56 ³¨´)
155 2n Si-29 ‘É ¡¨²Ó´Ò°
190 3n Si-28 ‘É ¡¨²Ó´Ò°
426 1p2n Al-28 β−, γ (2,76 ³¨´)

3Ä3,5

20 1α1p1n Na-27 γ (301 ³±¸)
25 1α1p Mg-29 β−, γ (1,3 ¸)
35 1α1n Mg-28 β−, γ (20,91 Î)
40 1α2n Mg-27 β−, γ (9,46 ³¨´)
40 1p1n Al-29 β−, γ (6,56 ³¨´)
55 1p3n Al-27 ‘É ¡¨²Ó´Ò°
75 2n Si-29 ‘É ¡¨²Ó´Ò°
230 3n Si-28 ‘É ¡¨²Ó´Ò°
400 1p2n Al-28 β−, γ (2,76 ³¨´)
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�¥ ±Í¨Ö 22Ne + 12C→ 34S∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 Å Å Å Å

1Ä1,5

15 1p1n P-32 β− (14,26 ¸ÊÉ)
45 1p2n P-31 ‘É ¡¨²Ó´Ò°
50 1α1n Si-31 β−, γ (2,62 Î)
230 1α Si-32 β− (172 £)

1,5Ä2

15 1p1n P-32 β− (14,26 ¸ÊÉ)
60 1α2n Si-30 ‘É ¡¨²Ó´Ò°
80 1α1n Si-31 β−, γ (2,62 Î)
150 1p2n P-31 ‘É ¡¨²Ó´Ò°
455 1α Si-32 β− (172 £)

2Ä2,5

10 1p1n P-32 β− (14,26 ¸ÊÉ)
25 1p P-33 β− (25,34 ¸ÊÉ)
60 2n S-32 ‘É ¡¨²Ó´Ò°
205 1α2n Si-30 ‘É ¡¨²Ó´Ò°
280 1p2n P-31 ‘É ¡¨²Ó´Ò°
360 1α Si-32 β− (172 £)

2,5Ä3

15 1α1p1n Al-30 β−, γ (3,6 ¸)
25 1p P-33 β− (25,34 ¸ÊÉ)
30 1α1n Si-31 β−, γ (2,62 Î)
45 2p1n Si-31 β−, γ (2,62 Î)
165 1α Si-32 β− (172 £)
280 1p2n P-31 ‘É ¡¨²Ó´Ò°
325 1α2n Si-30 ‘É ¡¨²Ó´Ò°

3Ä3,5

10 1p P-33 β− (25,34 ¸ÊÉ)
15 1α1n Si-31 β−, γ (2,62 Î)
25 1α1p1n Al-30 β−, γ (3,6 ¸)
30 1p3n P-30 β−, γ (2,5 ³¨´)
70 1α Si-32 β− (172 £)
100 2p1n Si-31 β−, γ (2,62 Î)
180 1p2n P-31 ‘É ¡¨²Ó´Ò°
330 1α2n Si-30 ‘É ¡¨²Ó´Ò°

�¥ ±Í¨Ö 22Ne+ 27Al→ 49V∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 Å Å Å Å

1Ä1,5

10 2n V-47 β+, γ (32,6 ³¨´)
10 1n V-48 β+, γ (15,97 ¸ÊÉ)
20 2p Sc-47 β−, γ (3,35 ¸ÊÉ)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

1,5Ä2

30 2p1n Sc-46 β−, γ (83,79 ¸ÊÉ)
50 1p Ti-48 ‘É ¡¨²Ó´Ò°
55 1α1n Sc-46 β−, γ (83,79 ¸ÊÉ)
75 2n V-47 β+, γ (32,6 ³¨´)
315 2p Sc-47 β−, γ (3,35 ¸ÊÉ)

2Ä2,5

10 1p3n Ti-45 β+, γ (3,08 Î)
15 1n V-48 β+, γ (15,97 ¸ÊÉ)
20 1p Ti-48 ‘É ¡¨²Ó´Ò°

25 2p2n Sc-45 γ (6,34 · 109 ²¥É)
30 2n V-47 β+, γ (32,6 ³¨´)
30 2α2n K-43 β−, γ (22,3 Î)
45 2p1n Sc-46 β−, γ (83,79 ¸ÊÉ)
65 1α1n Sc-46 β−, γ (83,79 ¸ÊÉ)
335 2p Sc-47 β−, γ (3,35 ¸ÊÉ)

2,5Ä3

10 1n V-48 β+, γ (15,97 ¸ÊÉ)
30 2p1n Sc-46 β−, γ (83,79 ¸ÊÉ)
35 1α1n Sc-46 β−, γ (83,79 ¸ÊÉ)

90 2p2n Sc-45 γ (6,34 · 109 ²¥É)
110 2α2n K-43 β−, γ (22,3 Î)
165 2p Sc-47 β−, γ (3,35 ¸ÊÉ)

3Ä3,5

10 2p1n Sc-46 β−, γ (83,79 ¸ÊÉ)
15 1α1n Sc-46 β−, γ (83,79 ¸ÊÉ)

20 1α2n Sc-45 γ (6,34 · 109 ²¥É)
35 1α1p1n Ca-45 β−, γ (162,61 ¸ÊÉ)
60 2p Sc-47 β−, γ (3,35 ¸ÊÉ)

120 2p2n Sc-45 γ (6,34 · 109 ²¥É)
130 2α2n K-43 β−, γ (22,3 Î)

�¥ ±Í¨Ö 22Ne+ 56Fe→ 78Kr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

10 2p Se-76 ‘É ¡¨²Ó´Ò°

15 3n Kr-75 β+, γ (4,29 ³¨´)
15 1α1n Se-75 γ (119,78 ¸ÊÉ)
30 2n Kr-76 γ (14,8 Î)

50 1p1n Br-76 β+, γ (16,2 Î)
90 2p1n Se-75 γ (119,78 ¸ÊÉ)

135 1p2n Br-75 β+, γ (1,61 Î)

2,5Ä3

10 2α1n Ge-73 ‘É ¡¨²Ó´Ò°
20 1α2n Se-74 ‘É ¡¨²Ó´Ò°

20 1p3n Br-74 β+, γ (25,4 ³¨´)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ
25 1α1p2n As-73 γ (80,3 ¸ÊÉ)

35 1p1n Br-76 β+, γ (16,2 Î)
50 1α1n Se-75 γ (119,78 ¸ÊÉ)
60 2n Kr-76 γ (14,8 Î)
70 2p2n Se-74 ‘É ¡¨²Ó´Ò°

90 3n Kr-75 β+, γ (4,29 ³¨´)
155 2p1n Se-75 γ (119,78 ¸ÊÉ)

160 1p2n Br-75 β+, γ (1,61 Î)

3Ä3,5

10 1α1n Se-75 γ (119,78 ¸ÊÉ)

15 3p1n As-74 β+, β−, γ (17,77 ¸ÊÉ)
30 1α2n Se-74 ‘É ¡¨²Ó´Ò°
30 1α1p2n As-73 γ (80,3 ¸ÊÉ)

55 1p2n Br-75 β+, γ (1,61 Î)
70 2p1n Se-75 γ (119,78 ¸ÊÉ)

80 3n Kr-75 β+, γ (4,29 ³¨´)

125 1p3n Br-74 β+, γ (25,4 ³¨´)
150 2p2n Se-74 ‘É ¡¨²Ó´Ò°

�¥ ±Í¨Ö 22Ne+60Ni→ 82Sr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

15 1α1n Kr-79 β+, γ (1,46 ¸ÊÉ)

55 1p1n Rb-80 β+, γ (33,4 ¸)

70 1p2n Rb-79 β+, γ (22,9 ³¨´)

75 2p1n Kr-79 β+, γ (1,46 ¸ÊÉ)

2,5Ä3

15 1α1p Br-79 ‘É ¡¨²Ó´Ò°

20 2n Sr-80 β+, γ (1,77 Î)

20 3n Sr-79 β+, γ (2,25 ³¨´)
20 2p Kr-80 ‘É ¡¨²Ó´Ò°

25 1α2n Kr-78 2β+ (1 · 1017 ²¥É)

45 1α1p1n Br-78 β+, γ (16,2 Î)

65 1p1n Rb-80 β+, γ (33,4 ¸)

150 1p2n Rb-79 β+, γ (22,9 ³¨´)

200 2p1n Kr-79 β+, γ (1,46 ¸ÊÉ)

3Ä3,5

10 1α2p Se-78 ‘É ¡¨²Ó´Ò°

10 1p1n Rb-80 β+, γ (33,4 ¸)
15 1α2p1n Se-77 ‘É ¡¨²Ó´Ò°

15 3p1n Br-78 β+, β−, γ (6,46 ³¨´)
20 1α3p As-77 β−, γ (1,62 ¸ÊÉ)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

20 3p Br-79 γ (6,34 · 109 ²¥É)

35 3n Sr-79 β+, γ (2,25 ³¨´)

55 1α1p1n Br-78 β+, γ (16,2 Î)

55 1α2n Kr-78 β+ (1 · 1017 ²¥É)

60 1p3n Rb-78 β+, γ (17,66 ³¨´)

85 1p2n Rb-79 β+, γ (22,9 ³¨´)

145 2p1n Kr-79 β+, γ (1,46 ¸ÊÉ)

155 2p2n Kr-78 2β+ (1 · 1017 ²¥É)

�¥ ±Í¨Ö 22Ne + 63Cu→ 85Y∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5

10 3n Y-82 β+, γ (8,3 ¸)

15 1p1n Y-83 β+, γ (4,6 ¸)

45 2p1n Rb-82 β+, γ (1,27 ³¨´)

125 1p2n Sr-82 β+, γ (25,36 ¸ÊÉ)

2,5Ä3

10 1α1n Y-83 β+, γ (4,6 ¸)

25 1α2n Rb-81 β+, γ (4,58 Î)

25 3n Y-82 β+, γ (8,3 ¸)

25 1p1n Y-83 β+, γ (4,6 ¸)

30 1p3n Sr-81 β+, γ (22,3 ³¨´)

45 1α1p1n Kr-81 β+, γ (2,29 · 105 ²¥É)

60 2p2n Rb-81 β+, γ (4,58 Î)

120 2p1n Rb-82 β+, γ (1,27 ³¨´)

270 1p2n Sr-82 β+, γ (25,36 ¸ÊÉ)

3Ä3,5

10 1α1p Kr-82 ‘É ¡¨²Ó´Ò°

10 1p1n Y-83 β+, γ (4,6 ¸)

10 2p3n Rb-80 β+, γ (33,5 ¸)

15 3n Y-82 β+, γ (8,3 ¸)

20 3p1n Kr-81 γ (2,29 · 105 ²¥É)

25 1α2n Rb-81 β+, γ (4,58 Î)
50 1α1p2n Kr-80 ‘É ¡¨²Ó´Ò°

55 1α1p1n Kr-81 β+, γ (2,29 · 105 ²¥É)

85 1p3n Sr-81 β+, γ (22,3 ³¨´)

10 2p1n Rb-82 β+, γ (1,27 ³¨´)

185 2p2n Rb-81 β+, γ (4,58 Î)

195 1p2n Sr-82 β+, γ (25,36 ¸ÊÉ)
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�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢  ·£μ´ 

�¥ ±Í¨Ö 40Ar+9Be→ 49Ti∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1 Å Å Å Å

1Ä1,5

10 1p2n S¸-46 β−, γ (83,79 ¸ÊÉ)
25 3n Ti-46 ‘É ¡¨²Ó´Ò°
40 1p1n Sc-47 β−, γ (83,79 ¸ÊÉ)
75 2n Ti-47 ‘É ¡¨²Ó´Ò°

1,5Ä2

10 1α1n Ca-44 ‘É ¡¨²Ó´Ò°
105 1p1n Sc-47 β−, γ (83,79 ¸ÊÉ)
130 1p2n S¸-46 β−, γ (83,79 ¸ÊÉ)
150 3n Ti-46 ‘É ¡¨²Ó´Ò°
190 2n Ti-47 ‘É ¡¨²Ó´Ò°

2Ä2,5

20 1α1n Ca-44 ‘É ¡¨²Ó´Ò°
95 1p1n Sc-47 β−, γ (83,79 ¸ÊÉ)
175 2n Ti-47 ‘É ¡¨²Ó´Ò°
285 3n Ti-46 ‘É ¡¨²Ó´Ò°
305 1p2n S¸-46 β−, γ (83,79 ¸ÊÉ)

2,5Ä3

15 2p1n Ca-46 ‘É ¡¨²Ó´Ò°
20 1α2n Ca-45 β−, γ (163 ¸ÊÉ)
20 1α1n Ca-44 ‘É ¡¨²Ó´Ò°
65 1p1n Sc-47 β−, γ (83,79 ¸ÊÉ)
130 2n Ti-47 ‘É ¡¨²Ó´Ò°
380 3n Ti-46 ‘É ¡¨²Ó´Ò°
440 1p2n S¸-46 β−, γ (83,79 ¸ÊÉ)

3Ä3,5

10 4n Ti-45 β+, γ (3,08 Î)
15 1α1n Ca-44 ‘É ¡¨²Ó´Ò°
25 2p1n Ca-46 ‘É ¡¨²Ó´Ò°
35 1p1n Sc-47 β−, γ (83,79 ¸ÊÉ)
35 1α2n Ca-45 β−, γ (163 ¸ÊÉ)
60 1p3n Sc-45 ‘É ¡¨²Ó´Ò°
70 2n Ti-47 ‘É ¡¨²Ó´Ò°
380 3n Ti-46 ‘É ¡¨²Ó´Ò°
455 1p2n S¸-46 β−, γ (83,79 ¸ÊÉ)
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�¥ ±Í¨Ö 40Ar+ 12C→ 52Cr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1,5 Å Å Å Å

1,5Ä2

30 1p2n V-49 ε (330 ¸ÊÉ)
70 2n Cr-50 ‘É ¡¨²Ó´Ò°
260 1p1n V-50 ‘É ¡¨²Ó´Ò°

2Ä2,5

45 3n Cr-49 β+, γ (42 ³¨´)
85 2n Cr-50 ‘É ¡¨²Ó´Ò°
190 1p2n V-49 ε (330 ¸ÊÉ)
380 1p1n V-50 ‘É ¡¨²Ó´Ò°

2,5Ä3

15 1α1n Ti-47 ‘É ¡¨²Ó´Ò°
40 1p2n V-49 ε (330 ¸ÊÉ)
60 2n Cr-50 ‘É ¡¨²Ó´Ò°

95 3n Cr-49 β+, γ (42 ³¨´)
340 1p1n V-50 ‘É ¡¨²Ó´Ò°

3Ä3,5

10 1α3n Ti-45 β+, γ (3,08 Î)
230 2n Cr-50 ‘É ¡¨²Ó´Ò°
60 2p1n Ti-49 ‘É ¡¨²Ó´Ò°

70 1p3n V-48 ε, β+, γ (15,97 ¸ÊÉ)

110 3n Cr-49 β+, γ (42 ³¨´)
150 1p1n V-50 ‘É ¡¨²Ó´Ò°
450 1p2n V-49 ε (330 ¸ÊÉ)

�¥ ±Í¨Ö 40Ar+ 27Al→ 67Ga∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä1,5 Å Å Å Å
1,5 - 2 30 1p2n Zn-64 ‘É ¡¨²Ó´Ò°

2Ä2,5

130 1p2n Zn-64 ‘É ¡¨²Ó´Ò°
160 2p2n Cu-63 ‘É ¡¨²Ó´Ò°

50 2p1n Cu-64 ε, β+, β−, γ (12,7 Î)

75 1p3n Zn-63 β+, γ (38,1 ³¨´)

55 1α2n Cu-61 β+, γ (3,4 Î)

10 3n Ga-64 β+, γ (2,62 ³¨´)

2,5Ä3

100 1p2n Zn-64 ‘É ¡¨²Ó´Ò°
225 2p2n Cu-63 ‘É ¡¨²Ó´Ò°

40 2p1n Cu-64 ε, β+, β−, γ (12,7 Î)

110 1p3n Zn-63 β+, γ (38,1 ³¨´)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

75 1α2n Cu-61 β+, γ (3,4 Î)

10 3n Ga-64 β+, γ (2,62 ³¨´)
10 1α1p1n Ni-61 ‘É ¡¨²Ó´Ò°
15 1α1p2n Ni-60 ‘É ¡¨²Ó´Ò°

35 1α3n Cu-60 β+, γ (23 ³¨´)

80 2p3n Cu-62 β+, γ (9,74 ³¨´)

3Ä3,5

35 1p2n Zn-64 ‘É ¡¨²Ó´Ò°
190 2p2n Cu-63 ‘É ¡¨²Ó´Ò°

90 1p3n Zn-63 β+, γ (38,1 ³¨´)

30 1α2n Cu-61 β+, γ (3,4 Î)
10 1α1p1n Ni-61 ‘É ¡¨²Ó´Ò°

10 2α1n Cu-62 β+, γ (9,74 ³¨´)
15 1α1p2n Ni-60 ‘É ¡¨²Ó´Ò°
10 1α2p1n Co-60 β−, γ (5,272 £)

50 1α3n Cu-60 β+, γ (23 ³¨´)

215 2p3n Cu-62 β+, γ (9,74 ³¨´)

�¥ ±Í¨Ö 40Ar+ 56Fe→ 96Ru∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2,5 Å Å Å Å

2,5Ä3

180 2p2n Mo-93 ‘É ¡¨²Ó´Ò°
95 2p1n Mo-93 ε (3,5 · 103 ²¥É)

75 1p2n Tc-93 ε, β+, γ (2,7 Î)

35 1α1p1n Nb-90 β+, γ (14,6 Î)

25 3p1n Nb-92
ε, γ (3,6 · 107 ²¥É)
ε, β+, γ (10,15 ¸ÊÉ)

25 1p3n Tc-92 β+, γ (4,4 ³¨´)

3Ä3,5

220 2p2n Mo-93 ‘É ¡¨²Ó´Ò°

100 2p1n Mo-93 ε (3,5 · 103 ²¥É)

80 1p2n Tc-93 ε, β+, γ (2,7 Î)

40 1α1p1n Nb-90 β+, γ (14,6 Î)

40 3p1n Nb-92
ε, γ (3,6 · 107 ²¥É)
ε, β+, γ (10,15 ¸ÊÉ)

30 1p3n Tc-92 β+, γ (4,4 ³¨´)

90 3p2n Nb-91 ε, β+ (680 ²¥É)

35 1α2p1n Zr-89 ε, β+, γ (78,4 Î)

25 1α1p2n Nb-89 β+, γ (2 Î; 66 ³¨´)

45 2p3n Mo-91 β+, γ (15,6 ³¨´)
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�¥ ±Í¨Ö 40Ar+ 60Ni→ 100Pd∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2,5 Å Å Å Å

2,5Ä3

145 2p2n Ru-96 ‘É ¡¨²Ó´Ò°
120 2p1n Ru-97 ε, γ (2,9 ¸ÊÉ)

55 1p2n Rh-97 β+, γ (31 ³¨´)
40 3p1n Tc-96 ε, γ (4,3 ¸ÊÉ)

30 1α1p1n Tc-94
β+, γ (53 ³¨´)
ε, β+, γ (4,9 Î)

25 1p3n Rh-96 β+, γ (9,9 ³¨´)

15 3p Tc-97 ε (4 · 106 ²¥É)

15 1α1p2n Tc-93 ε, β+, γ (2,7 Î)

3Ä3,5

165 2p2n Ru-96 ‘É ¡¨²Ó´Ò°
130 2p1n Ru-97 ε, γ (2,9 ¸ÊÉ)

60 1p2n Rh-97 β+, γ (31 ³¨´)
65 3p1n Tc-96 ε, γ (4,3 ¸ÊÉ)

35 1α1p1n Tc-94
β+, γ (53 ³¨´)
ε, β+, γ (4,9 Î)

25 1p3n Rh-96 β+, γ (9,9 ³¨´)

15 3p Tc-97 ε (4 · 106 ²¥É)

25 1α1p2n Tc-93 ε, β+, γ (2,7 Î)

35 1α2p1n Mo-93 ε (3,5 · 103 ²¥É)

90 2p3n Ru-95 ε, β+, γ (1,65 Î)

65 3p2n Tc-95 ε, γ (20 Î)
20 1α2p2n Mo-92 ‘É ¡¨²Ó´Ò°

�¥ ±Í¨Ö 40Ar+ 63Cu→ 103Ag∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2,5 Å Å Å Å

2,5Ä3

130 2p2n Rh-99 ε, β+, γ (4,7 Î; 16 ¸ÊÉ)

70 2p1n Rh-100 ε, β+, γ (20,8 Î)
55 1p2n Pd-100 ε, γ (3,7 ¸ÊÉ)

40 1p3n Pd-99 β+, γ (21,4 ³¨´)
20 3p1n Ru-99 ‘É ¡¨²Ó´Ò°
15 1α1p1n Ru-97 ε, γ (2,9 ¸ÊÉ)
15 1α1p2n Ru-96 ‘É ¡¨²Ó´Ò°
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

3Ä3,5

180 2p2n Rh-99 ε, β+, γ (4,7 Î; 16 ¸ÊÉ)

100 2p1n Rh-100 ε, β+, γ (20,8 Î)
70 1p2n Pd-100 ε, γ (3,7 ¸ÊÉ)

45 1p3n Pd-99 β+, γ (21,4 ³¨´)
45 3p1n Ru-99 ‘É ¡¨²Ó´Ò°
25 1α1p1n Ru-97 ε, γ (2,9 ¸ÊÉ)
15 1α1p2n Ru-96 ‘É ¡¨²Ó´Ò°

85 2p3n Rh-98 β+, γ (3,5 ³¨´; 8,7 ³¨´)
60 3p2n Ru-98 ‘É ¡¨²Ó´Ò°
15 1α2p1n Tc-96 ε, γ (4,3 ¸ÊÉ)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ±·¨¶Éμ´ 
(¤²Ö § ¤ ´´μ£μ ¤¨ ¶ §μ´  Ô´¥·£¨° ·¥ ±Í¨¨ 84Kr + 56Fe, 84Kr + 60Ni

¨ 84Kr + 63Cu ¶·μÉ¥± ÕÉ ´¨¦¥ ¡ ·Ó¥·  ¸²¨Ö´¨Ö)

�¥ ±Í¨Ö 84Kr+ 9Be→ 93Zr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2 Å Å Å Å

2Ä2,5
200 3n Zr-90 ‘É ¡¨²Ó´Ò°
40 1p2n Y-90 β−, γ (64,1 Î)

2,5Ä3

420 3n Zr-90 ‘É ¡¨²Ó´Ò°
100 1p2n Y-90 β−, γ (64,1 Î)

30 4n Zr-89 ε, β+, γ (78,4 Î)

3Ä3,5

450 3n Zr-90 ‘É ¡¨²Ó´Ò°
125 1p2n Y-90 β−, γ (64,1 Î)

150 4n Zr-89 ε, β+, γ (78,4 Î)
100 1p3n Y-89 ‘É ¡¨²Ó´Ò°
25 1α2n Sr-84 ‘É ¡¨²Ó´Ò°

�¥ ±Í¨Ö 84Kr+ 12C→ 96Mo∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2,5 Å Å Å Å

2,5Ä3

200 3n Mo-93 ε (3,5 · 103 ²¥É)
50 1p2n Nb-93 ‘É ¡¨²Ó´Ò°
20 2n Mo-94 ‘É ¡¨²Ó´Ò°

15 1p1n Nb-94 β−, γ (2 · 104 ²¥É)
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3Ä3,5

325 3n Mo-93 ε (3,5 · 103 ²¥É)
150 1p2n Nb-93 ‘É ¡¨²Ó´Ò°
25 2n Mo-94 ‘É ¡¨²Ó´Ò°

20 1p1n Nb-94 β−, γ (2 · 104 ²¥É)
50 1α2n Zr-90 ‘É ¡¨²Ó´Ò°

�¥ ±Í¨Ö 84Kr+ 27Al→ 111In∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä2,5 Å Å Å Å

2,5Ä3

50 1p3n Cd-107 ε, β+, γ (6,5 Î)
30 1p2n Cd-108 ‘É ¡¨²Ó´Ò°

15 4n In-107 ε, β+ (32,4 ³¨´)

3Ä3,5

200 1p3n Cd-107 ε, β+, γ (6,5 Î)
45 1p2n Cd-108 ‘É ¡¨²Ó´Ò°

30 4n In-107 ε, β+ (32,4 ³¨´)

50 1α3n Ag-104 ε, β+, γ (69,2 ³¨´)
50 2p2n Ag-107 ‘É ¡¨²Ó´Ò°

25 4n In-107 ε, β+ (32,4 ³¨´)

20 1α2n Ag-105 ε, β+, γ (41,29 ¸ÊÉ)
25 1α1p2n Pd-104 ‘É ¡¨²Ó´Ò°

15 3n In-108 ε, β+ (58 ³¨´)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ±¸¥´μ´ 
(¤²Ö § ¤ ´´μ£μ ¤¨ ¶ §μ´  Ô´¥·£¨° ·¥ ±Í¨¨ 132Xe + 27Al, 132Xe + 56Fe,

132Xe + 60Ni, 132Xe + 63Cu ¶·μÉ¥± ÕÉ ´¨¦¥ ¡ ·Ó¥·  ¸²¨Ö´¨Ö)

�¥ ±Í¨Ö 132Xe + 9Be→ 141Ce∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä3 Å Å Å Å

3Ä3,5
250 3n Ce-138 ‘É ¡¨²Ó´Ò°

50 4n Ce-137 ε, β+, γ (9 Î)
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�¥ ±Í¨Ö 132Xe + 12C→ 144Nd

´¥·£¨Ö

¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Œ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥, ³¡

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

0,3Ä3 Å Å Å Å

3Ä3,5 20 3n Nd-141 ε, β+, γ (2,5 Î)

��ˆ‹�†…�ˆ… 3

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ Ê£²¥·μ¤ 

�¥ ±Í¨Ö 12‘+ 9Be→ 22Ne∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5
1p1n

6,73
6,46

10,32
1α1n 3,86

2,5Ä3
1p1n

9,14
14

26,23
1α1n 12,23

3Ä3,5
1p1n

7,80
13,5

22,48
1α1n 8,98

�¥ ±Í¨Ö 12‘ + 12C→ 24Mg∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1,5Ä2 1n 3,44 0,78 0,78
2Ä2,5 1p1n 4,07 2,8 2,8
2,5Ä3 1p1n 5,60 8,47 8,47
3Ä3,5 1p1n 5,99 11,79 11,79

�¥ ±Í¨Ö 12‘ + 27Al→ 39K∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1Ä1,5
1p1n

4,54
1,02

1,86
1α1n 0,84

1,5Ä2
1α1n

5,97
5,39

9,22
1p1n 3,83

2Ä2,5
1α1n

5,56
6,76

8,84
1p1n 2,08

2,5Ä3 1α1n 7,32 10,96 10,96

3Ä3,5
1α1n

6,06 4,5 9
1α1p1n
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�¥ ±Í¨Ö 12‘+ 56Fe→ 68Ge∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5 1p1n 2,49 2,85 2,85
2,5Ä3 1p1n 2,71 5,7 5,7

3Ä3,5

1p1n

2,73

4,67

8,612p 1,93
2p1n 2,01

�¥ ±Í¨Ö 12‘+ 60Ni→ 72Se∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5 1p1n 2,19 1,82 1,82
2,5Ä3 1p1n 2,38 5,28 5,28

3Ä3,5

1p1n

2,37

4,6

9,042p1n 2,09
1p2n 2,35

�¥ ±Í¨Ö 12‘+ 63Cu→ 75Br∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5 1p1n 2,33 1,54 1,54
2,5Ä3 1p1n 2,54 6,06 6,06
3Ä3,5 1p1n 2,53 6,84 6,84

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ´¥μ´ -20

�¥ ±Í¨Ö 20Ne+ 9Be→ 29Si∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

0,3Ä1 1p1n 2,17 0,99 0,99
1Ä1,5 1p1n 2,41 8,15 8,15
1,5Ä2 1p1n 2,69 12,05 12,05

2Ä2,5

1p1n

3,00

10,37

22,721α1n 3,66
1p2n 8,69

2,5Ä3

1p2n

3,34

15,66

27,951α1n 5,75,7
1p1n 6,59

3Ä3,5

1p2n

3,64

18,46

28,551p1n 4,8
1α1n 5,29
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�¥ ±Í¨Ö 20Ne+ 12C→ 32S∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1Ä1,5 1p1n 1,96 2,95 2,95
1,5Ä2 1p1n 2,18 5,73 5,73
2Ä2,5 1p1n 2,37 6,82 6,82

2,5Ä3
1p1n

2,59
5,45

7,79
2p1n 2,34

3Ä3,5
2p1n

2,79
4,3

7,49
1p1n 3,19

�¥ ±Í¨Ö 20Ne+ 27Al→ 47V∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1,5Ä2
2p1n

2,30
1,59

2,66
1p1n 1,07

2Ä2,5
1p1n

2,46
0,56

1,2
1p2n 0,64

2,5Ä3
2p1n

2,65
2,53

3,31
1p2n 0,78

3Ä3,5

2p1n

2,83

1,22

3,92p2n 1,68
3p1n 1

�¥ ±Í¨Ö 20Ne+ 56Fe→ 76Kr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5
1p1n

1,10
0,34

0,56
2p1n 0,22

2,5Ä3
2p1n

1,19
2,18

3,02
1p1n 0,84

3Ä3,5

1p1n

1,27

0,67

1,632p2n 0,67
3p1n 0,29
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�¥ ±Í¨Ö 20Ne + 60Ni→ 83Si∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5
2p1n

0,94
0,55

0,97
1p1n 0,42

2,5Ä3

2p1n

1,03

1,45

3,141p2n 0,79
1p1n 0,9

3Ä3,5

1n

1,11

1,11

6,63

3p1n 0,5
2p2n 1,4

1α1p1n 0,79
1p2n 1,89
2p1n 0,94

�¥ ±Í¨Ö 20Ne + 63Cu→ 83Y∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5
2p1n

1,03
0,16

0,26
1p1n 0,1

2,5Ä3 2p1n 1,10 1,22 1,22

3Ä3,5
2p1n

1,18
1,37

2,96
3n 1,59

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ´¥μ´ -22

�¥ ±Í¨Ö 22Ne + 9Be→ 31Si∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

0,3Ä1
2n

2,14
1,78

2,59
1p1n 0,81

1Ä1,5
2n

2,35
7,58

11,15
1p1n 3,57

1,5Ä2

1p2n

2,60

10,39

34,74
1p1n 3,39
3n 10,48
2n 10,48

2Ä2,5
3n

2,85
25,3

36,98
2n 11,68
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

2,5Ä3

1p2n

3,16

20,69

41,912n 7,47
3n 13,75

3Ä3,5

1p2n

3,46

21,27

48,02
1p3n 4,39
2n 3,99
3n 18,37

�¥ ±Í¨Ö 22Ne + 12C→ 34S∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1Ä1,5
1α1n

1,96
0,68

1,91
1p2n 1,23

1,5Ä2

1p2n

2,82

5,9

9,821α2n 2,35
1α1n 1,57

2Ä2,5
1p2n

2,38
9,35

16,12
1α2n 6,77

2,5Ä3
1α2n

3,10
14,14

26,19
1p2n 12,05

3Ä3,5
1α2n

3,89
18,02

27,79
1p2n 9,77

�¥ ±Í¨Ö 22Ne+ 27Al→ 49V∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1Ä1,5
2n

2,15
0,16

0,24
1n 0,08

1,5Ä2
2n

2,26
1,26

1,72
1α1n 0,46

2Ä2,5

1α1n

2,38

0,6

1,662n 0,53
1α1n 0,53

2,5Ä3
2α2n

2,55
2,1

3,79
2p2n 1,69

3Ä3,5
2α2n

2,72
2,64

5,06
2p2n 2,42
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�¥ ±Í¨Ö 22Ne+ 56Fe→ 78Kr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5
1p2n

1,06
1,5

1,99
2p1n 0,49

2,5Ä3

1p2n

1,14

1,91

5,97

2n 0,71
2p2n 0,83
3n 1,6

2p1n 0,92

3Ä3,5

2p2n

1,22

1,92

6,95

1p2n 0,69
2p1n 0,44
3n 1,52

1p3n 2,38

�¥ ±Í¨Ö 22Ne + 60Ni→ 82Sr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5

2p1n

0,94

0,39

1,391p1n 0,28
1p2n 0,72

2,5Ä3
2p1n

1,00
1,11

2,6
1p2n 1,49

3Ä3,5

2p2n

1,06

1,82

5,35

1α2n 0,64
1p3n 1,05
1p2n 0,99
2p1n 0,85

�¥ ±Í¨Ö 22Ne + 63Cu→ 85Y∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5 1p2n 1,01 1,34 1,34

2,5Ä3

1p2n

1,07

3,06

4,42p2n 0,67
2p1n 0,67

3Ä3,5

1p2n

1,13

2,34

6,63
1α1p2n 0,59
1p3n 1,51
2p2n 2,19
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�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢  ·£μ´ 

�¥ ±Í¨Ö 40Ar18 + 9Be4 → 49Ti∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1Ä1,5

1p2n

1,10

0,17

2,42
3n 0,64

1p1n 0,34
2n 1,27

1,5Ä2

1α1n

1,18

0,09

11,01

1p1n 0,96
1p2n 2,38
3n 4,11
2n 3,47

2Ä2,5

1α1n

1,28

0,20

19,10

1p1n 0,94
2n 3,46
3n 8,46

1p2n 6,04

2,5Ä3

2p1n

1,40

0,16

26,09

1α2n 0,43
1α1n 0,22
1p1n 0,70
2n 2,80
3n 12,29

1p2n 9,49

3Ä3,5

4n

1,50

0,46

29,39

1α1n 0,18
2p1n 0,29
1p1n 0,41
1α2n 0,56
1p3n 2,09
2n 1,63
3n 13,22

1p2n 10,55

�¥ ±Í¨Ö 40Ar18 + 12C6 → 52Cr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1,5 - 2

1p2n

0,96

0,41

3,122n 0,95
1p1n 1,76
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

2Ä2,5

3n

1,02

0,96

7,67
2n 1,23

1p2n 2,74
1p1n 2,74

2,5Ä3

1α1n

1,09

0,12

6,48

1p2n 0,62
2n 0,93
3n 2,19

1p1n 2,62

3Ä3,5

1α3n

1,16

0,25

17,38

2n 3,75
2p1n 0,49
1p3n 1,71
3n 2,69

1p1n 1,22
1p2n 7,34

�¥ ±Í¨Ö 40Ar18 + 27Al13 → 67Ga∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

1,5Ä2 1p2n 1,02 0,23 0,23

2Ä2,5

1p2n

1,07

1,10

3,96

2p2n 1,35
2p1n 0,21
1p3n 0,95
1α2n 0,22
3n 0,13

2,5Ä3

1p2n

1,12

0,84

6,67

2p2n 1,90
2p1n 0,17
1p3n 1,39
1α2n 0,63
3n 0,12

1α1p1n 0,04
1α1p2n 0,13
1α3n 0,44
2p3n 1,01

3Ä3,5

1p2n

1,18

0,31

7,25

2p2n 1,68
1p3n 1,19
1α2n 0,27

1α1p1n 0,05
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�±μ´Î ´¨¥ É ¡²¨ÍÒ
2α1n 0,05

1α1p2n 0,14
1α2p1n 0,05
1α3n 0,66
2p3n 2,85

�¥ ±Í¨Ö 40Ar18 + 56Fe26 → 96Ru∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2,5Ä3

2p2n

0,5

0,95

1,87

2p1n 0,25
1p2n 0,20

1α1p1n 0,09
3p1n 0,19
1p3n 0,19

3Ä3,5

2p2n

0,52

1,22

3,54

2p1n 0,28
1p2n 0,45

1α1p1n 0,11
3p1n 0,11
1p3n 0,25
3p2n 0,50

1α2p1n 0,10
1α1p2n 0,14
2p3n 0,38

�¥ ±Í¨Ö 40Ar18 + 60Ni28 → 100Pd∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2,5Ä3

2p2n

0,44

0,73

1,78

2p1n 0,30
1p2n 0,28
3p1n 0,12

1α1p1n 0,08
1p3n 0,19

1α1p2n 0,08

3Ä3,5

2p2n

0,47

0,86

3,36
2p1n 0,34
1p2n 0,32
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�±μ´Î ´¨¥ É ¡²¨ÍÒ
3p1n 0,17

1α1p1n 0,09
1p3n 0,20

1α1p2n 0,13
1α2p1n 0,09
2p3n 0,71
3p2n 0,34

1α2p2n 0,11

�¥ ±Í¨Ö 40Ar18 + 63Cu29 → 103Ag∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2,5Ä3

2p2n

0,47

0,65

1,31

2p1n 0,18
1p2n 0,28
1p3n 0,30
3p1n 0,05

1α1p1n 0,04
1α1p2n 0,08

3Ä3,5

2p2n

0,49

0,94

3,30

2p1n 0,26
1p2n 0,37
1p3n 0,35
3p1n 0,12

1α1p1n 0,07
1α1p2n 0,08
2p3n 0,75
3p2n 0,32

1α2p1n 0,04

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ±·¨¶Éμ´ 

�¥ ±Í¨Ö 84Kr+ 9Be→ 93Zr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2Ä2,5
3n

0,56
2,57

2,91
1p2n 0,34

2,5Ä3

3n

0,85

8,26

10,361p2n 1,31
4n 0,79
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3Ä3,5

3n

1,38

4,79

17,57

1p2n 2,66
4n 6,39

1p3n 3,20
1α2n 0,53

�¥ ±Í¨Ö 84Kr+ 12C→ 96Mo∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2,5Ä3

3n

0,66

2,79

3,65
1p2n 0,46
2n 0,19

1p1n 0,07

3Ä3,5

3n

1,06

7,28

10,79

1p2n 2,24
2n 0,37

1p1n 0,15
1α2n 0,75

�¥ ±Í¨Ö 84Kr+ 27Al→ 111In∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

2,5Ä3

1p3n

1,09

0,61

1,091p2n 0,24
4n 0,24

3Ä3,5

1p3n

1,08

2,44

5,29

1p2n 0,36
4n 0,49

1α3n 0,61
2p2n 0,41
4n 0,41

1α2n 0,18
1α1p2n 0,21

3n 0,18
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�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ±¸¥´μ´ 

�¥ ±Í¨Ö 132Xe + 9Be→ 141Ce∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

3Ä3,5
3n

0,35
3,08

3,90
4n 0,82

�¥ ±Í¨Ö 132Xe + 12C→ 144Nd∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

Š ´ ²
·¥ ±Í¨¨

	·μ¡¥£
¨μ´μ¢,
³±³

	μÉμ±
´¥°É·μ´μ¢,
107 c−1

‘Ê³³ ·´Ò°
¶μÉμ±,
107 c−1

3Ä3,5 3n 0,27 0,11 0,11

��ˆ‹�†…�ˆ… 4
��‘—…’› ƒ�ŒŒ�-”���

(‚ ��…„��‹�†…�ˆˆ, —’� ˆ�’…�‘ˆ‚��‘’œ �“—Š�‚
“‘Š��…��›• —�‘’ˆ– ��ˆ�ˆŒ�‹�‘œ ��‘’�Ÿ���‰

ˆ ��‚��‰ 1 ³±�/—�‘’ˆ– (6,24 · 1012 ¸−1),
‚�…Œ…���‰ ˆ�’…�‚�‹ ��‘‹… ‚›Š‹	—…�ˆŸ �“—Š�

‘�‘’�‚‹Ÿ‹ 1 Î)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ Ê£²¥·μ¤ 

�¥ ±Í¨Ö 12C + 12C→ 24Mg∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2,5Ä3 169,4 1p1n Na-22 γ (2,603 ²¥É)
3Ä3,5 235,8 1p1n Na-22 γ (2,603 ²¥É)

�¥ ±Í¨Ö 12C+ 56Fe→ 68Ge∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5 53 1p1n Ga-66 γ (9,4 Î)

2,5Ä3

106 1p1n Ga-66 γ (9,4 Î)
4,2 2p1n Zn-65 γ (244,3 ¸ÊÉ)
5,2 2n Ge-66 γ (2,3 Î)
4,7 1α1n Zn-63 γ (38,1 ³¨´)

3Ä3,5

86 1p1n Ga-66 γ (9,4 Î)
2,3 1p2n Ga-65 γ (15 ³¨´)
4,2 2n Ge-66 γ (2,3 Î)
8,4 1α1n Zn-63 γ (38,1 ³¨´)
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�¥ ±Í¨Ö 12C+ 60Ni→ 72Se∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5
11,6 1p1n As-70 γ (53 ³¨´)
18,5 2n Se-70 γ (41,1 ³¨´)

2,5Ä3

48 1p1n As-70 γ (53 ³¨´)
4,8 2n Se-70 γ (41,1 ³¨´)
1,4 1α1n Ge-67 γ (18,7 ³¨´)

3Ä3,5

42 1p1n As-70 γ (53 ³¨´)
2,3 1p2n As-69 γ (15,1 ³¨´)
4,2 2n Se-70 γ (41,1 ³¨´)
5 1α1n Ge-67 γ (18,7 ³¨´)

�¥ ±Í¨Ö 12C+ 63Cu→ 75Br∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5 27,7 1p1n Se-73 γ (7,1 Î)
2,5Ä3 109 1p1n Se-73 γ (7,1 Î)

3Ä3,5

124,2 1p1n Se-73 γ (7,1 Î)
48 2p1n As-72 γ (26 Î)
6,1 1α1n As-70 γ (53 ³¨´)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ´¥μ´ -20

�¥ ±Í¨Ö 20Ne+ 27Al→ 47V∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

1,5Ä2
17 1p1n Ti-45 γ (3,08 Î)

40,2 2p1n Sr-44 γ (3,97 Î)

2Ä2,5

5 1α1p K-43 γ (22,30 Î)
6,4 1p2n Ti-44 γ (60 ²¥É)
8,9 1p1n Ti-45 γ (3,08 Î)

2,5Ä3

2,3 1p1n Ti-45 γ (3,08 Î)
8,4 2p2n Sc-43 γ (3,89 Î)
11,7 1p2n Ti-44 γ (60 ²¥É)
66 2p1n Sr-44 γ (3,97 Î)

3Ä3,5

14,2 1α2p1n K-42 γ (12,36 Î)
7,9 1p2n Ti-44 γ (60 ²¥É)
28 2p2n Sc-43 γ (3,89 Î)
30 2p1n Sr-44 γ (3,97 Î)
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�¥ ±Í¨Ö 20Ne+ 56Fe→ 76Kr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5
3,9 2p1n Se-73 γ (7,15 Î)
0,9 1p1n Br-74 γ (25,4 ³¨´)

2,5Ä3

6,5 1α1p1n As-72 γ (1,08 ¸ÊÉ)
4,2 3p As-73 γ (80,3 ¸ÊÉ)
3 1p1n Br-74 γ (25,4 ³¨´)
59 2p1n Se-73 γ (7,15 Î)

3Ä3,5

2 3p As-73 γ (80,3 ¸ÊÉ)
0,06 2n Kr-74 γ (11,5 ³¨´)
9,3 1α2p1n Ge-71 γ (11,43 ¸ÊÉ)
12 1α1p1n As-72 γ (1,08 ¸ÊÉ)

10,7 3p1n As-72 γ (11,43 ¸ÊÉ)
13,4 2p2n Se-72 γ (8,4 ¸ÊÉ)
2,5 1p1n Br-74 γ (25,4 ³¨´)

�¥ ±Í¨Ö 20Ne + 60Ni→ 83Sr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5

4 1α1p Br-77 γ (2,38 ¸ÊÉ)
3 3p Br-77 γ (2,38 ¸ÊÉ)

0,8 1p1n Rb-78 γ (17,66 ³¨´)
9,5 2p1n Kr-77 γ (1,24 Î)

2,5Ä3

4,2 1α1p Br-77 γ (2,38 ¸ÊÉ)
3 3p1n Br-76 γ (16,20 Î)
10 1α1p1n Br-76 γ (16,20 Î)
6,5 1α1n Kr-77 γ (1,24 Î)
8,5 3p Br-77 γ (2,38 ¸ÊÉ)
1,8 1p1n Rb-78 γ (17,66 ³¨´)
43,5 2p1n Kr-77 γ (1,24 Î)

3Ä3,5

6 1α2p1n Se-75 γ (119,78 ¸ÊÉ)
3,6 3p Br-77 γ (2,38 ¸ÊÉ)
5,3 1α1n Kr-77 γ (1,24 Î)
0,9 1p1n Rb-78 γ (17,66 ³¨´)
20 3p1n Br-76 γ (16,20 Î)
28 2p2n Kr-76 γ (14,8 Î)

47,4 1α1p1n Br-76 γ (16,2 Î)
16,3 2p1n Kr-77 γ (1,24 Î)
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�¥ ±Í¨Ö 20Ne + 63Cu→ 83Y∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5 0,3 1p1n Sr-81 γ (22,3 ³¨´)

2,5Ä3

10,4 1α1p1n Kr-79 γ (1,46 Î)
0,6 1p1n Sr-81 γ (22,3 ³¨´)
5,8 1p2n Sr-80 γ (1,77 Î)

3Ä3,5

0,6 1α2n Rb-78 γ (22,9 ³¨´)
1,9 2p Rb-81 γ (4,58 Î)
0,4 1p1n Sr-81 γ (22,3 ³¨´)
9 3p1n Kr-79 γ (1,46 ¸ÊÉ)

2,1 2p2n Rb-78 γ (22,9 ³¨´)
24,3 1α1p1n Kr-79 γ (1,46 ¸ÊÉ)
9,5 1p2n Sr-80 γ (1,77 Î)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ´¥μ´ -22

�¥ ±Í¨Ö 22Ne+9Be→ 31Si∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

1Ä1,5 9 1α1n Mg-28 γ (20,91 Î)
1,5Ä2 19 1α1n Mg-28 γ (20,91 Î)
2Ä2,5 17,7 1α1n Mg-28 γ (20,91 Î)
2,5 - 3 1,2 1α1n Mg-28 γ (20,91 Î)
3Ä3,5 29 1α1n Mg-28 γ (20,91 Î)

�¥ ±Í¨Ö 22Ne+27Al→ 49V∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

1Ä1,5

0,2 2n V-47 γ (32,6 ³¨´)
0,8 1n V-48 γ (15,97 ¸ÊÉ)
2 2p Sc-47 γ (3,35 ¸ÊÉ)

1,5Ä2

9,5 2p1n Sc-46 γ (83,79 ¸ÊÉ)
23 1α1n Sc-46 γ (83,79 ¸ÊÉ)
4,7 2n V-47 γ (32,6 ³¨´)
22 2p Sc-47 γ (3,35 ¸ÊÉ)

2Ä2,5

1,2 1p3n Ti-45 γ (3,08 Î)
1,2 1n V-48 γ (15,97 ¸ÊÉ)

8,3 2p2n Sc-45 γ (6,34 · 109 ²¥É)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ
5,3 2n V-47 γ (32,6 ³¨´)
7,9 2α2n K-43 γ (22,3 Î)
5,3 2p1n Sc-46 γ (83,79 ¸ÊÉ)
10 1α1n Sc-46 γ (83,79 ¸ÊÉ)
8,5 2p Sc-47 γ (3,35 ¸ÊÉ)

2,5Ä3

0,9 1n V-48 γ (15,97 ¸ÊÉ)
8,5 2p1n Sc-46 γ (83,79 ¸ÊÉ)
16,9 1α1n Sc-46 γ (83,79 ¸ÊÉ)

33,8 2p2n Sc-45 γ (6,34 · 109 ²¥É)
63 2α2n K-43 γ (22,3 Î)
30 2p Sc-47 γ (3,35 ¸ÊÉ)

3Ä3,5

3 2p1n Sc-46 γ (83,79 ¸ÊÉ)
7,5 1α1n Sc-46 γ (83,79 ¸ÊÉ)

12,1 1α2n Sc-45 γ (6,34 · 109 ²¥É)
21,3 1α1p1n Ca-45 γ (162,61 ¸ÊÉ)
12,1 2p Sc-47 γ (3,35 ¸ÊÉ)

48,4 2p2n Sc-45 γ (6,34 · 109 ²¥É)
79,2 2α2n K-43 γ (22,3 Î)

�¥ ±Í¨Ö 22Ne+ 56Fe→ 78Kr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5

4 1α1n Se-75 γ (119,78 ¸ÊÉ)
3,2 2n Kr-76 γ (14,8 Î)
5,4 1p1n Br-76 γ (16,2 Î)
14,7 2p1n Se-75 γ (119,78 ¸ÊÉ)
22,5 1p2n Br-75 γ (1,61 Î)

2,5Ä3

0,9 1p3n Br-74 γ (25,4 ³¨´)
10,3 1α1p2n As-73 γ (80,3 ¸ÊÉ)
4,1 1p1n Br-76 γ (16,2 Î)
14,5 1α1n Se-75 γ (119,78 ¸ÊÉ)
7,1 2n Kr-76 γ (14,8 Î)
28,6 2p1n Se-75 γ (119,78 ¸ÊÉ)

3Ä3,5

3,1 1α1n Se-75 γ (119,78 ¸ÊÉ)
3,8 3p1n As-74 γ (17,77 ¸ÊÉ)
13 1α1p2n As-73 γ (80,3 ¸ÊÉ)
6,7 1p2n Br-75 γ (1,61 Î)
13,2 2p1n Se-75 γ (119,78 ¸ÊÉ)
6,1 1p3n Br-74 γ (25,4 ³¨´)
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�¥ ±Í¨Ö 22Ne + 60Ni→ 82Sr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5

3,9 1α1n Kr-79 γ (1,46 ¸ÊÉ)
1,8 1p2n Rb-79 γ (22,9 ³¨´)
11,7 2p1n Kr-79 γ (1,46 ¸ÊÉ)

2,5 - 3

1,5 2n Sr-80 γ (1,77 Î)
15 1α1p1n Br-78 γ (16,2 Î)
0,4 1p2n Rb-79 γ (22,9 ³¨´)
33,3 2p1n Kr-79 γ (1,46 ¸ÊÉ)

3Ä3,5

8,2 1α3p As-77 γ (1,62 ¸ÊÉ)

3,5 3p Br-79 γ (6,34 · 109 ²¥É)
19 1α1p1n Br-78 γ (16,2 Î)
2 1p3n Rb-78 γ (17,66 ³¨´)

2,4 1p2n Rb-79 γ (22,9 ³¨´)
25,5 2p1n Kr-79 γ (1,46 ¸ÊÉ)

�¥ ±Í¨Ö 22Ne + 63Cu→ 85Y∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5 20,1 1p2n Sr-82 γ (25,36 ¸ÊÉ)

2,5Ä3

6,9 1α2n Rb-81 γ (4,58 Î)
1,1 1p3n Sr-81 γ (22,3 ³¨´)

15 1α1p1n Kr-81 γ (2,29 · 105 ²¥É)
13,4 2p2n Rb-81 γ (4,58 Î)
45,9 1p2n Sr-82 γ (25,36 ¸ÊÉ)

3Ä3,5

6,9 3p1n Kr-81 γ (2,29 · 105 ²¥É)
11,2 1α2n Rb-81 γ (4,58 Î)

29 1α1p1n Kr-81 γ (2,29 · 105 ²¥É)
3,3 1p3n Sr-81 γ (22,3 ³¨´)
64,7 2p2n Rb-81 γ (4,58 Î)
35,1 1p2n Sr-82 γ (25,36 ¸ÊÉ)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢  ·£μ´ 

�¥ ±Í¨Ö 40Ar+ 9Be→ 49Ti∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

1Ä1,5
0,9 1p2n S¸-46 γ (83,79 ¸ÊÉ)
3,4 1p1n Sc-47 γ (83,79 ¸ÊÉ)

1,5Ä2
9,6 1p1n Sc-47 γ (83,79 ¸ÊÉ)
11,9 1p2n S¸-46 γ (83,79 ¸ÊÉ)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

2Ä2,5
9,6 1p1n Sc-47 γ (83,79 ¸ÊÉ)
30,2 1p2n S¸-46 γ (83,79 ¸ÊÉ)

2,5Ä3

2,1 1α2n Ca-45 γ (163 ¸ÊÉ)
7,0 1p1n Sc-47 γ (83,79 ¸ÊÉ)
47,5 1p2n S¸-46 γ (83,79 ¸ÊÉ)

3Ä3,5

1,8 4n Ti-45 γ (3,08 Î)
4,1 1p1n Sc-47 γ (83,79 ¸ÊÉ)
2,8 1α2n Ca-45 γ (163 ¸ÊÉ)
52,8 1p2n S¸-46 γ (83,79 ¸ÊÉ)

�¥ ±Í¨Ö 40Ar+ 12C→ 52Cr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5 1,2 3n Cr-49 γ (42 ³¨´)
2,5Ä3 2,7 3n Cr-49 γ (42 ³¨´)

3Ä3,5

0,7 1α3n Ti-45 γ (3,08 Î)
5,7 1p3n V-48 γ (15,97 ¸ÊÉ)
3,3 3n Cr-49 γ (42 ³¨´)

�¥ ±Í¨Ö 40Ar+ 27Al→ 67Ga∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5

2,0 2p1n Cu-64 γ (12,7 Î)
1,1 1p3n Zn-63 γ (38,1 ³¨´)
0,9 1α2n Cu-61 γ (3,4 Î)

2,5Ä3

1,6 2p1n Cu-64 γ (12,7 Î)
1,6 1p3n Zn-63 γ (38,1 ³¨´)
2,6 1α2n Cu-61 γ (3,4 Î)
0,2 1α3n Cu-60 γ (23 ³¨´)

3Ä3,5

1,3 1p3n Zn-63 γ (38,1 ³¨´)
1,1 1α2n Cu-61 γ (3,4 Î)
0,5 1α2p1n Co-60 γ (5,3 £)
0,4 1α3n Cu-60 γ (23 ³¨´)

�¥ ±Í¨Ö 40Ar+ 56Fe→ 96Ru∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2,5Ä3

0,8 1p2n Tc-93 γ (2,7 Î)
0,9 1α1p1n Nb-90 γ (14,6 Î)

1,9 3p1n Nb-92 γ (3,6 · 107 ²¥É)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

3Ä3,5

1,7 1p2n Tc-93 γ (2,7 Î)
1,0 1α1p1n Nb-90 γ (14,6 Î)

1,1 3p1n Nb-92 γ (3,6 · 107 ²¥É)
1,0 1α2p1n Zr-89 γ (78,4 Î)
0,5 1α1p2n Nb-89 γ (2 Î)
0,1 2p3n Mo-91 γ (15,6 ³¨´)

�¥ ±Í¨Ö 40Ar+ 60Ni→ 100Pd∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2,5Ä3

3,0 2p1n Ru-97 γ (2,7 ¸ÊÉ)
0,7 1p2n Rh-97 γ (31 ³¨´)
1,2 3p1n Tc-96 γ (4,3 ¸ÊÉ)
0,7 1α1p1n Tc-94 γ (4,9 Î)
0,6 1α1p2n Tc-93 γ (2,7 Î)

3Ä3,5

3,4 2p1n Ru-97 γ (2,9 ¸ÊÉ)
0,8 1p2n Rh-97 γ (31 ³¨´)
1,7 3p1n Tc-96 γ (4,3 ¸ÊÉ)
0,8 1α1p1n Tc-94 γ (4,9 Î)
1,0 1α1p2n Tc-93 γ (2,7 Î)
1,6 2p3n Ru-95 γ (1,65 Î)
0,16 3p2n Tc-95 γ (20 Î)

�¥ ±Í¨Ö 40Ar+ 63Cu→ 103Ag∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2,5Ä3

3,7 2p2n Rh-99 γ (16 ¸ÊÉ)
2,9 2p1n Rh-100 γ (20,8 Î)
14 1p2n Pd-100 γ (3,7 ¸ÊÉ)
0,3 1p3n Pd-99 γ (21,4 ³¨´)
0,8 1α1p1n Ru-97 γ (2,9 ¸ÊÉ)

3Ä3,5

4,3 2p2n Rh-99 γ (16 ¸ÊÉ)
3,3 2p1n Rh-100 γ (20,8 Î)
1,6 1p2n Pd-100 γ (3,7 ¸ÊÉ)
0,3 1p3n Pd-99 γ (21,4 ³¨´)
0,9 1α1p1n Ru-97 γ (2,9 ¸ÊÉ)
0,9 1α2p1n Tc-96 γ (4,3 ¸ÊÉ)
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�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ±·¨¶Éμ´ 

�¥ ±Í¨Ö 84Kr+ 9Be→ 93Zr∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2Ä2,5 1,7 1p2n Y-90 γ (64,1 Î)

2,5Ä3
6,5 1p2n Y-90 γ (64,1 Î)
2,0 4n Zr-89 γ (78,4 Î)

3Ä3,5
13,2 1p2n Y-90 γ (64,1 Î)
15,8 4n Zr-89 γ (78,4 Î)

�¥ ±Í¨Ö 84Kr+ 12C→ 96Mo∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2,5Ä3 0,7 1p1n Nb-94 γ (2 · 104 ²¥É)

3Ä3,5 1.5 1p1n Nb-94 γ (2 · 104 ²¥É)

�¥ ±Í¨Ö 84Kr+ 27Al→ 111In∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

2,5Ä3 1,8 1p3n Cd-107 γ (6,5 Î)

3Ä3,5

7,3 1p3n Cd-107 γ (6,5 Î)
1,1 1α3n Ag-104 γ (69,2 ³¨´)
0,9 1α2n Ag-105 γ (41,29 ¸ÊÉ)

�¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ´ ²¥É ÕÐ¨Ì ¨μ´μ¢ ±¸¥´μ´ 

�¥ ±Í¨Ö 132Xe + 9Be→ 141Ce∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

3Ä3,5 1,9 4n Ce-137 γ (9 Î)

�¥ ±Í¨Ö 132Xe + 12C→ 144Nd∗


´¥·£¨Ö
¶ÊÎ±  ¨μ´μ¢,
ŒÔ‚/´Ê±²μ´

�±É¨¢´μ¸ÉÓ,
Œ�±

Š ´ ²
·¥ ±Í¨¨

�¡· §ÊÕÐ¨¥¸Ö
¨§μÉμ¶Ò

• · ±É¥·¨¸É¨±¨
· ¸¶ ¤ 

3Ä3,5 0,3 3n Nd-141 γ (2,5 Î)
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