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�²μ¸±μ¶ · ²²¥²Ó´Ò° ² ¢¨´´Ò° ¤¥É¥±Éμ·
¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ´¨§±μÔ´¥·£¨Î´ÒÌ ¨μ´μ¢

�¶¨¸ ´  Ê¸É ´μ¢± , ¸μ¤¥·¦ Ð Ö ² ¢¨´´Ò¥ ¤¥É¥±Éμ·Ò, ±μμ·¤¨´ É´ÊÕ ³´μ£μ-
¶·μ¢μ²μÎ´ÊÕ ± ³¥·Ê ¨ ¸É·¨¶μ¢Ò° ��„. ‘μ¸É ¢´μ° Î ¸ÉÓÕ Ê¸É ´μ¢±¨ Ö¢²Ö¥É¸Ö
² ¢¨´´Ò° ¡¥¸¶·μ¢μ²μÎ´Ò° ¤¥É¥±Éμ· ´¨§±μ£μ ¤ ¢²¥´¨Ö ¤²Ö ¨§³¥·¥´¨° Ê¤¥²Ó´ÒÌ
¶μÉ¥·Ó Ô´¥·£¨¨ ¨ ¢·¥³¥´¨ ¶·μ²¥É  ¨μ´μ¢ ¢ μ¡² ¸É¨ Z � 1 ¨ E = 1Ä10 ŒÔ‚.
�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö α-Î ¸É¨Í μÉ 226Ra. „ ´Ò ·¥§Ê²ÓÉ ÉÒ ¨¤¥´-
É¨Ë¨± Í¨¨ ¨μ´μ¢ p, Be, C, O, ¶μ²ÊÎ¥´´ÒÌ ´  Í¨±²μÉ·μ´¥ ˆ–-100 ‹Ÿ� �ˆŸˆ.
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Astabatyan R.A. et al. P13-2011-59
Parallel Plate Avalanche Detector
for Identiˇcation of Low Energy Ions

The set-up containing avalanche detectors, a multiwire proportional chamber and
a strip silicon detector is presented. The main part of the set-up is a low pressure
avalanche wireless detector for energy losses and time-of-
ight measurements of
ions in the range of Z � 1 and E = 1Ä10 MeV. The results of α-particles from
226Ra measurement as well as for (p, Be, C, O) ions identiˇcation obtained on the
cyclotron ITS-100 FLNR JINR are presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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ˆ§³¥·¥´¨Ö ¶μ ¢·¥³¥´¨ ¶·μ²¥É  ¨ Ê¤¥²Ó´Ò³ ¶μÉ¥·Ö³ (T, dE) ¤ ÕÉ ¢μ§-
³μ¦´μ¸ÉÓ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¨μ´Ò ¨ ¨§³¥·ÖÉÓ ¨Ì Ì · ±É¥·¨¸É¨±¨ (¸±μ·μ-
¸É¨, Ê¤¥²Ó´ÊÕ ¨μ´¨§ Í¨Õ, Ê£²Ò · §²¥É  ¨ ¤·.) ¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ ¶μÉ¥·Ó
Ô´¥·£¨¨. ‚ ¦´Ò³¨ ¶·¥¨³ÊÐ¥¸É¢ ³¨ É ±¨Ì ¨§³¥·¥´¨° ¢ Ö¤¥·´μ° ¸¶¥±É·μ¸±μ-
¶¨¨ Ö¢²ÖÕÉ¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨¤¥´É¨Ë¨± Í¨¨ ¨μ´μ¢ ¢ μ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨°
E < 1−10 ŒÔ‚,   É ±¦¥ ¢μ§³μ¦´μ¸ÉÓ ³´μ£μ±· É´ÒÌ (T, dE)-¨§³¥·¥´¨° ¨ ¸μ-
§¤ ´¨¥ ³´μ£μ¸¥±Í¨μ´´ÒÌ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸¨¸É¥³. Œ¥´¥¥ §´ Î¨³Ò³, ´μ ¢¥¸Ó³ 
Ê¤μ¡´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ É ±¦¥ Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ μ¸É ÉμÎ´μ° Ô´¥·£¨¨ ±μ-
´¥Î´Ò³ E-¤¥É¥±Éμ·μ³ ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö ¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ ¶μÉ¥·Ó Ô´¥·-
£¨¨, ÎÉμ ¶μ§¢μ²Ö¥É ¨§¡¥¦ ÉÓ ¢¥¸Ó³  ´¥μ¤´μ§´ Î´μ° ¶·μÍ¥¤Ê·Ò ¸Ê³³¨·μ¢ ´¨Ö
¶μÉ¥·Ó Ô´¥·£¨¨ ¢ · §´ÒÌ ¤¥É¥±Éμ· Ì.

‚μ§³μ¦´μ¸É¨ Éμ´±¨Ì £ §μ´ ¶μ²´¥´´ÒÌ ¤¥É¥±Éμ·μ¢ ´¨§±μ£μ ¤ ¢²¥´¨Ö [1, 2]
¤²Ö (T, dE)-¨¤¥´É¨Ë¨± Í¨¨ ¨μ´μ¢ ¢ μ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨° E < 1Ä10 ŒÔ‚
¨³¥ÕÉ ¡μ²ÓÏμ¥ ¶·¥¨³ÊÐ¥¸É¢μ ¶μ ¸· ¢´¥´¨Õ ¸ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³¨ ¨ ¸Í¨´-
É¨²²ÖÍ¨μ´´Ò³¨ ¤¥É¥±Éμ· ³¨. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¡¥¸¶·μ¢μ²μÎ´μ£μ ¶²μ¸±μ¶ · ²-
²¥²Ó´μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸Î¥ÉÎ¨±  ¢ ·¥¦¨³¥ ² ¢¨´´μ£μ Ê³´μ¦¥´¨Ö Ô²¥±É·μ-
´μ¢ ¶μ ¢¸¥° ¤²¨´¥ ¨Ì ¤·¥°Ë  ¶μ§¢μ²Ö¥É ¸μ¢³¥Ð ÉÓ ¢·¥³¥´´Ò¥ ¨§³¥·¥´¨Ö ¨ ¨§-
³¥·¥´¨Ö Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ¢ ¥¤¨´μ³ ¤¥É¥±Éμ·¥, ¸μ¤¥·¦ Ð¥³ ³¨´¨³ ²Ó´μ¥ ±μ-
²¨Î¥¸É¢μ ¢¥Ð¥¸É¢  ¢ ³ ±¸¨³ ²Ó´μ ¶·μ§· Î´μ° (100 %) ¡¥¸¶·μ¢μ²μÎ´μ° ¸·¥¤¥.
�·¨ ÔÉμ³ ´ ·Ö¤Ê ¸ Ê¸É· ´¥´¨¥³ ¤¨¸±·¥É´μ° ¸É·Ê±ÉÊ·Ò ¶·μ¢μ²μÎ´ÒÌ Ô²¥±-
É·μ¤μ¢, Ö¢²ÖÕÐ¨Ì¸Ö ¨¸ÉμÎ´¨±μ³ ´¥¦¥² É¥²Ó´ÒÌ Ëμ´μ¢ÒÌ ¶·μÍ¥¸¸μ¢, Ê¸É· -
´ÖÕÉ¸Ö É ±¦¥ Ë²Ê±ÉÊ Í¨¨ ¸¨£´ ²μ¢ μÉ ´¥·¥£Ê²Ö·´μ¸É¨ Ï £  ÎÊ¢¸É¢¨É¥²Ó´ÒÌ
¶·μ¢μ²μ± ¨ ¨Ì ¤¨ ³¥É· .

„·Ê£¨³ ¶·¥¨³ÊÐ¥¸É¢μ³ ¨¸¶μ²Ó§μ¢ ´¨Ö É ±¨Ì ¤¥É¥±Éμ·μ¢ Ö¢²Ö¥É¸Ö ¶·μ-
¸ÉμÉ  ±μ´¸É·Ê±Í¨¨ ¨ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¨, ¶μ§¢μ²ÖÕÐ¨¥ ¨§¡¥£ ÉÓ
¸μ§¤ ´¨Ö ³´μ£μ± ´ ²Ó´ÒÌ ¸¨¸É¥³ É ³, £¤¥ ³μ¦´μ μ£· ´¨Î¨ÉÓ¸Ö μ¤´μ± ´ ²Ó-
´Ò³ ¤¥É¥±É¨·μ¢ ´¨¥³.

�μ ¡Ò¸É·μ¤¥°¸É¢¨Õ ¦¥ ¤¢ÊÌÔ²¥±É·μ¤´Ò¥ ¡¥¸¶·μ¢μ²μÎ´Ò¥ ² ¢¨´´Ò¥ ¸Î¥É-
Î¨±¨ ¨¤¥´É¨Î´Ò ¶·μ¢μ²μÎ´Ò³ ¸É·Ê±ÉÊ· ³. ‡ £·Ê§μÎ´ Ö ¸¶μ¸μ¡´μ¸ÉÓ ¸ ³μ£μ
¤¥É¥±Éμ·  ´  ¥¤¨´¨ÍÊ ¶²μÐ ¤¨ μ¶·¥¤¥²Ö¥É¸Ö ´¥ ¸É·Ê±ÉÊ·μ° Ô²¥±É·μ¤μ¢,  
³´μ£¨³¨ ¤·Ê£¨³¨ Ë ±Éμ· ³¨, ¢ Î ¸É´μ¸É¨, ´ ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³¨ Å ¸±μ-
·μ¸ÉÓÕ ¤·¥°Ë  ¨ ±μÔËË¨Í¨¥´Éμ³ £ §μ¢μ£μ Ê¸¨²¥´¨Ö.
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�…‡“‹œ’�’› (T, dE)-ˆ‡Œ…�…�ˆ‰ �� α-ˆ‘’�—�ˆŠ…

Šμ´¸É·Ê±Í¨Ö ¤¥É¥±Éμ·  ¤²Ö ÔÉ¨Ì Í¥²¥° ¶·¥¤¥²Ó´μ ¶·μ¸É : ¤¢  ¶²μ¸±¨Ì
Ô²¥±É·μ¤  ( ´μ¤Ä± Éμ¤). �¤´ ±μ ´¥μ¡Ìμ¤¨³μ ±μ´¸É·Ê±É¨¢´μ μ¡¥¸¶¥Î¨ÉÓ ¨
ÉÐ É¥²Ó´μ ¢Ò¢¥·¨ÉÓ ³¥¦Ô²¥±É·μ¤´Ò¥ · ¸¸ÉμÖ´¨Ö,   É ±¦¥ Ô²¥±É·μ¨§μ²¨·μ-
¢ ÉÓ Ô²¥±É·μ¤Ò μÉ ±μ·μ´´ÒÌ · §·Ö¤μ¢ ¢ £ §μ¢μ-¢ ±ÊÊ³´μ° ¸·¥¤¥. �É¨ ¤¢ 
Ë ±Éμ·  ¨ μ¶·¥¤¥²ÖÕÉ ¤¨ ¶ §μ´ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤¥É¥±Éμ·  ¶μ § ·Ö¤Ê Z,
³ ¸¸μ¢μ³Ê Î¨¸²Ê A, Ô´¥·£¨¨ E ¨μ´ . ‚ ± Î¥¸É¢¥ · ¡μÎ¥£μ £ §  ¨¸¶μ²Ó§μ-
¢ ²¸Ö ¨§μ¡ÊÉ ´ ¶·¨ ¤ ¢²¥´¨¨ 1Ä2 ’μ··. �²¥±É·μ¤ ³¨ ¸²Ê¦¨²  ²Õ³¨´¨§¨-
·μ¢ ´´Ò° ³ °² · Éμ²Ð¨´μ° 3 ³±³; ÔÉ  ¢¥²¨Î¨´  ¨ μ¶·¥¤¥²Ö¥É ±μ²¨Î¥¸É¢μ
¢¥Ð¥¸É¢  ¤¥É¥±Éμ· . �·¨ É ±μ³ ¤ ¢²¥´¨¨ ¸É ´μ¢¨É¸Ö ¢μ§³μ¦´Ò³ ¶μ¸É·μ¥´¨¥
¶·μÉÖ¦¥´´ÒÌ Ê¸É ´μ¢μ± ¶μ (T, dE)-¨¤¥´É¨Ë¨± Í¨¨ ¢ ¥¤¨´μ³ £ §μ¢μ³ μ¡Ñ¥³¥
¸ ¸μ¤¥·¦ ´¨¥³ · ¡μÎ¥£μ £ § , ¸· ¢´¨³Ò³ ¶μ ±μ²¨Î¥¸É¢Ê ¢¥Ð¥¸É¢  ¸ ¶²¥´μÎ-
´Ò³¨ Ô²¥±É·μ¤ ³¨ ² ¢¨´´ÒÌ ¸Î¥ÉÎ¨±μ¢. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¶·¨ É ±μ³ ¤ ¢²¥-
´¨¨ ¸·¥¤´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¨μ´μ¢ ¢ ¤¥É¥±Éμ·¥ ¶·¥¤¥²Ó´μ ³ ²Ò (´ ¶·¨³¥·,
¤²Ö α-Î ¸É¨Í μÉ 226Ra Å ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ±Ô‚), ¶μÔÉμ³Ê ¶·¨ μÍ¥´±¥
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ É ±μ£μ ¤¥É¥±Éμ·  ¸É ´μ¢ÖÉ¸Ö ¶·¨´Í¨¶¨ ²Ó´μ ¢ ¦´Ò³¨ ¥£μ
¸¶¥±É· ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ dE(E).

“¸É ´μ¢±  (·¨¸. 1) ¤²Ö ¨¸¶ÒÉ ´¨° (T, dE)-¤¥É¥±Éμ·μ¢ ¸μ¤¥·¦ ²  ¤¢  ¨¤¥´-
É¨Î´ÒÌ ² ¢¨´´ÒÌ ¸Î¥ÉÎ¨± , · ¸¶μ²μ¦¥´´ÒÌ ´  · ¸¸ÉμÖ´¨¨ 25 ¸³ ¤·Ê£ μÉ
¤·Ê£ . „μ¶μ²´¨É¥²Ó´μ ¤²Ö ¢Ò¤¥²¥´¨Ö ±μ²²¨³¨·μ¢ ´´μ° μ¡² ¸É¨ ¶μ Ê£²Ê θ
³¥¦¤Ê dE1 ¨ dE2 · ¸¶μ² £ ² ¸Ó ±μμ·¤¨´ É´ Ö ³´μ£μ¶·μ¢μ²μÎ´ Ö ¶·μ¶μ·Í¨-
μ´ ²Ó´ Ö ± ³¥·  (Œ�Š) [3, 4],   §  dE2 Å ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¸É·¨¶μ¢Ò°
E-¤¥É¥±Éμ· ¤²Ö ¨§³¥·¥´¨Ö ¶μ²´μ° Ô´¥·£¨¨. ‚¸¥ ¤¥É¥±Éμ·Ò ¸μ¡· ´Ò ¢ ¥¤¨´μ³
μ¡Ñ¥³¥ ¢ ¸·¥¤¥ · ¡μÎ¥£μ £ § .

�¨¸. 1. ‘Ì¥³ É¨Î¥¸±¨° ¢¨¤ Ê¸É ´μ¢±¨ ¤²Ö ¨¸¶ÒÉ ´¨° (T, dE)-¤¥É¥±Éμ·μ¢
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�¨¸. 2. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· 226Ra ´  E-¤¥É¥±Éμ·¥ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö dE1, dE2
¨ Œ�Š

�¨¸. 3. �¸Í¨²²μ£· ³³  ¸¨£´ ²  μÉ α-Î ¸É¨ÍÒ ¢ ² ¢¨´´μ³ ¤¥É¥±Éμ·¥

	  ·¨¸. 2 ¶μ± § ´ ¸¶¥±É· 226Ra ´  ¸É·¨¶μ¢μ³ ¤¥É¥±Éμ·¥ ¶μ¸²¥ ¶·μÌμ-
¦¤¥´¨Ö dE1, dE2 ¨ Œ�Š. ˆ§ ÔÉμ£μ ¸¶¥±É·  ¢Ò¤¥²Ö²¨¸Ó ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
α-²¨´¨¨, ¤²Ö ±μÉμ·ÒÌ μ¶·¥¤¥²Ö²¨¸Ó ¢·¥³¥´´Ò¥ ¨ dE-¸¶¥±É·Ò ´  ¸Î¥ÉÎ¨± Ì
dE1 ¨ dE2.

	  ·¨¸. 3 ¶μ± § ´  Ëμ·³  ¸¨£´ ²  μÉ α-Î ¸É¨ÍÒ ¢ ² ¢¨´´μ³ ¤¥É¥±Éμ·¥ ´ 
¢ÒÌμ¤¥ ¡Ò¸É·μ£μ Éμ±μ¢μ£μ ¶·¥¤Ê¸¨²¨É¥²Ö [5] (τrise = τtail = 8 ´¸,
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�¨¸. 4. „¢ÊÌ³¥·´Ò¥ ¸¶¥±É·Ò μÉ 226Ra

�¨¸. 5. ‘¶¥±É·Ò dE2 α-²¨´¨° μÉ 226Ra
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k = 70 ³‚/³±�). �É¨ ¸¨£´ ²Ò ¸²Ê¦¨²¨ μ¤´μ¢·¥³¥´´μ ¨ ¢ ± Î¥¸É¢¥ ¢·¥-
³¥´´μ° μÉ³¥É±¨ ¶·¨ ¢·¥³Ö¶·μ²¥É´ÒÌ ¨§³¥·¥´¨ÖÌ, ¨ ¤²Ö ¨§³¥·¥´¨° Ê¤¥²Ó´ÒÌ
¶μÉ¥·Ó ¶μ¸²¥ ¨Ì ¨´É¥£·¨·μ¢ ´¨Ö. ˜Ê³μ¢ Ö ¤μ·μ¦±  ¢ ¶·¨¢¥¤¥´´μ° μ¸Í¨²²μ-
£· ³³¥ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ∼ 10 ³‚,   μÉ´μÏ¥´¨¥ ¸¨£´ ²/ÏÊ³ ¶μ·Ö¤±  100.
�μ¸²¥¤´ÖÖ ¢¥²¨Î¨´  ¶μ§¢μ²Ö¥É ¶·μ£´μ§¨·μ¢ ÉÓ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ·¥-
£¨¸É· Í¨¨ ¨ ¤²Ö μ¤´μ§ ·Ö¤´ÒÌ (p, d, t) Î ¸É¨Í ¢ μ¡² ¸É¨ Ô´¥·£¨° 1Ä10 ŒÔ‚.
	¨¦¥ ¡Ê¤¥É ¶μ± § ´μ, ÎÉμ ¤μ¸É¨£´ÊÉ  ∼ 100%-Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨
¤²Ö ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 1Ä2 ŒÔ‚.

„¢ÊÌ³¥·´Ò¥ ¸¶¥±É·Ò (T, E), (dE, E) ·¨¸. 4 ´ £²Ö¤´μ ¤¥³μ´¸É·¨·ÊÕÉ ÎÊ¢-
¸É¢¨É¥²Ó´μ¸ÉÓ É ±μ° ¨¤¥´É¨Ë¨± Í¨¨ ¤ ¦¥ ¤²Ö ¨μ´μ¢ ¸ μ¤¨´ ±μ¢Ò³ § ·Ö¤μ³ Å
´ ¶·¨³¥·, ¤²Ö · §´ÒÌ ²¨´¨° α-Î ¸É¨Í μÉ 226Ra,   μ¤´μ³¥·´Ò¥ ¸¶¥±É·Ò ´ 
¸²¥¤ÊÕÐ¨Ì ·¨¸Ê´± Ì ¶μ§¢μ²ÖÕÉ ±μ²¨Î¥¸É¢¥´´μ μÍ¥´¨ÉÓ ¶μ²ÊÎ¥´´μ¥ · §·¥Ï¥-
´¨¥ ¶μ ¨§³¥·¥´¨Ö³ Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ¨ ¢·¥³¥´¨ ¶·μ²¥É  ¤²Ö ¸Éμ²Ó ¶·¥¤¥²Ó´μ
³ ²ÒÌ ¶μÉ¥·Ó Ô´¥·£¨° ¢ ² ¢¨´´ÒÌ ¤¥É¥±Éμ· Ì.

	  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ¸¶¥±É·Ò dE2 ¤²Ö · §´ÒÌ ²¨´¨° α-Î ¸É¨Í μÉ 226Ra,
¢Ò¤¥²¥´´ÒÌ ¸É·¨¶μ¢Ò³ ��„,   ´  ·¨¸. 6 Å ¢·¥³Ö¶·μ²¥É´Ò¥ ¸¶¥±É·Ò. ‚·¥-
³¥´´Ò¥ ¸¨£´ ²Ò ®¸É ·ÉÄ¸Éμ¶¯ ¸ dE1 ¨ dE2 ¢Ò· ¡ ÉÒ¢ ²¨¸Ó μ¡ÒÎ´Ò³¨ ¤¨¸-
±·¨³¨´ Éμ· ³¨. �μ²ÊÎ¥´´ Ö μÍ¥´±  ¢·¥³¥´´μ£μ · §·¥Ï¥´¨Ö σ ∼ 1 ´¸, Ö¢²Ö-

�¨¸. 6. ‚·¥³¥´´Ò¥ ¸¶¥±É·Ò α-²¨´¨° μÉ 226Ra
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Ö¸Ó μ¡ÒÎ´μ° ¤²Ö ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥·, ¶μ²ÊÎ¥´  ¤²Ö ¶·μ¸ÉÒÌ, ²¥£±μ ·¥-
 ²¨§Ê¥³ÒÌ ¡¥¸¶·μ¢μ²μÎ´ÒÌ ± ³¥·, ¸μ¤¥·¦ Ð¨Ì ¥¤¨´¨ÍÒ ³±£/¸³2  ±É¨¢´μ£μ
¢¥Ð¥¸É¢ . ‚ Éμ ¦¥ ¢·¥³Ö μÍ¥´±  Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ∼ 30% ¶·¨
Ê¤¥²Ó´ÒÌ ¶μÉ¥·ÖÌ ∼ 2Ä8 ±Ô‚ ¢ ¤¥É¥±Éμ·¥ Ö¢²Ö¥É¸Ö ´¥ ¢¶μ²´¥ μ¦¨¤ ¥³μ° ¨
μ·¤¨´ ·´μ°.

�…‡“‹œ’�’› (T, DE)-ˆ„…�’ˆ”ˆŠ�–ˆˆ

ˆ§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É  ¨ Ê¤¥²Ó´μ° ¨μ´¨§ Í¨¨ ¨μ´μ¢ ¶·μ¢μ¤¨²¨¸Ó ´ 
¶ÊÎ±¥ ¨μ´μ¢ Xe Ê¸±μ·¨É¥²Ö ˆ–-100 ‹Ÿ� �ˆŸˆ ¸ Ô´¥·£¨¥° 1,26 ŒÔ‚/´Ê±-
²μ´ [6] ¢ Éμ° ¦¥ £¥μ³¥É·¨¨ ¨ ±μ´Ë¨£Ê· Í¨¨ ¤¥É¥±Éμ·μ¢: ¤¢  ² ¢¨´´ÒÌ ¤¥-
É¥±Éμ·  ´  ¡ §¥ 25 ¸³ ¤·Ê£ μÉ ¤·Ê£  ¨ ¸É·¨¶μ¢Ò° E-¤¥É¥±Éμ·. “¸É ´μ¢± 
· ¸¶μ² £ ² ¸Ó ¶μ¤ Ê£²μ³ (45 ± 3)◦ ± Ê¸É ´μ¢²¥´´μ° ´  μ¸¨ ¶ÊÎ±  ³¨Ï¥´¨.
�¥£¨¸É·¨·μ¢ ²¨¸Ó Ê¶·Ê£μ· ¸¸¥Ö´´Ò¥ Ö¤·  p, Be, C, O ¨§ ³¨Ï¥´¥° Be, C
¨ ³ °² · . ‘·¥¤´ÖÖ Ô´¥·£¨Ö Ê¶·Ê£μ· ¸¸¥Ö´´ÒÌ Ö¤¥· ¨§ ³¨Ï¥´¨ ¸μ¸É ¢²Ö² 
1Ä2 ŒÔ‚/´Ê±²μ´.

�¨¸. 7. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¨μ´μ¢ μÉ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Xe ´  ³ °² ·¥

	  ·¨¸. 7 ¶·¥¤¸É ¢²¥´ ¨§³¥·¥´´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· Ê¶·Ê£μ· ¸¸¥Ö´-
´ÒÌ ¨μ´μ¢ ¨§ ³ °² ·μ¢μ° ³¨Ï¥´¨ Éμ²Ð¨´μ° 1,5 ³±³. �´¥·£¥É¨Î¥¸±¨° · §-
¡·μ¸ μ¡Ê¸²μ¢²¥´ ¢ · ¢´μ° ³¥·¥ ± ± Ê£²μ¢Ò³ § Ì¢ Éμ³ · ¸¸¥Ö´´ÒÌ Î ¸É¨Í,
É ± ¨ ¨μ´¨§ Í¨μ´´Ò³¨ ¶μÉ¥·Ö³¨ Ô´¥·£¨° ¶¥·¢¨Î´μ£μ ¨μ´  ´  ³¨Ï¥´¨. �É-
³¥É¨³, ÎÉμ ¸¶¥±É· ´  ¶·¥¤¸É ¢²¥´´μ³ ·¨¸Ê´±¥ ¶μ²ÊÎ¥´ ´¥¶μ¸·¥¤¸É¢¥´´μ ´ 
¸É·¨¶μ¢μ³ E-¤¥É¥±Éμ·¥ ¢ ¢ ±ÊÊ³¥, ¡¥§ ² ¢¨´´ÒÌ ¤¥É¥±Éμ·μ¢.

�·¨ ¶·μÌμ¦¤¥´¨¨ É ±μ£μ ¸¶¥±É·  Î¥·¥§ Ô²¥³¥´ÉÒ Ê¸É ´μ¢±¨ (·¨¸. 1)
Éμ²Ó±μ ¶·μÉμ´Ò ³μ£ÊÉ ¤μ¸É¨£´ÊÉÓ E-¤¥É¥±Éμ· , ¢ Éμ ¢·¥³Ö ± ± ¡μ²¥¥ ÉÖ¦¥²Ò¥
¨μ´Ò Be, C, O Éμ²Ó±μ Î ¸É¨Î´μ ¤μ¸É¨£ ²¨ ¨ ·¥£¨¸É·¨·μ¢ ²¨¸Ó ¶·¥¤Ò¤ÊÐ¨³¨
¤¥É¥±Éμ· ³¨. ‚ Î ¸É´μ¸É¨, ´¥ ¤μ¸É¨£ ²¨ E-¤¥É¥±Éμ·  ¨μ´Ò C, O,   ³ ±¸¨-
³ ²Ó´ Ö Ô´¥·£¨Ö ¨μ´μ¢ ±¨¸²μ·μ¤  ¢ dE2 ´¥ ¶·¥¢ÒÏ ¥É ¥¤¨´¨Í ŒÔ‚. �μ ÔÉμ°
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�¨¸. 8. �¤´μ³¥·´Ò° ¸¶¥±É· dE1 ¢ ² ¢¨´´μ³ ¤¥É¥±Éμ·¥

¶·¨Î¨´¥ ¢ ¶·¨¢¥¤¥´´ÒÌ ´¨¦¥ ¤ ´´ÒÌ ¶μ ¨¤¥´É¨Ë¨± Í¨¨ μÉ¸ÊÉ¸É¢ÊÕÉ ¤ ´´Ò¥
¶μ E-¤¥É¥±Éμ·Ê. �μ ÔÉμ° ¦¥ ¶·¨Î¨´¥ ´ ¨¡μ²¥¥ ¶μ²´Ò¥ ¤ ´´Ò¥ Å ¤ ´´Ò¥
¶μ dE1, ¸¨£´ ²Ò ¸ ±μÉμ·μ£μ ¸²Ê¦¨²¨ § ¶Ê¸± ÕÐ¨³ É·¨££¥·μ³ Ê¸É ´μ¢±¨.

	  ·¨¸. 8 ¶·¨¢¥¤¥´ μ¤´μ³¥·´Ò° ¸¶¥±É· Ö¤¥· μÉ ³ °² ·μ¢μ° ³¨Ï¥´¨ ¢ ² -
¢¨´´μ³ ¤¥É¥±Éμ·¥ dE1. ‚¨¤´μ ¤μ¸É ÉμÎ´μ ´ ¤¥¦´μ¥ · §¤¥²¥´¨¥ ¨μ´μ¢ p, C,
O ¶μ Ê¤¥²Ó´Ò³ ¶μÉ¥·Ö³ ² ¢¨´´Ò³ ¤¥É¥±Éμ·μ³ dE1. �¸μ¡μ μ¡· Ð ¥³ ¢´¨³ -
´¨¥ ´  § ³±´ÊÉÒ° ¸¶¥±É· ¶·μÉμ´μ¢ ´  ·¨¸. 8, μ§´ Î ÕÐ¨° ¶·¨´Í¨¶¨ ²Ó´ÊÕ
¢μ§³μ¦´μ¸ÉÓ ¶μ¸·¥¤¸É¢μ³ ¢Ò¡μ·  ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶μ·μ£  ·¥£¨¸É· Í¨¨ ¤μ-
¸É¨ÎÓ ¡²¨§±ÊÕ ± 100% ·¥£¨¸É· Í¨Õ μ¤´μ§ ·Ö¤´ÒÌ Î ¸É¨Í. ’ ±μ° ·¥§Ê²ÓÉ É,
± ± ¨ ¡Ò²μ μÉ³¥Î¥´μ · ´¥¥, ¤²Ö μ¤´μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¶·¥¤¸É ¢²Ö¥É¸Ö Ê´¨± ²Ó-
´Ò³ ¤²Ö ¶²μ¸±μ¶ · ²²¥²Ó´ÒÌ ¸Î¥ÉÎ¨±μ¢. ‹¥£±μ ¢¨¤¥ÉÓ, ÎÉμ · §¤¥²¥´¨¥ p, C,
O ´  ·¨¸. 8 (dE1) ´¥ ÌÊ¦¥, Î¥³ ´  ·¨¸. 7 (E-¤¥É¥±Éμ· ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö),
ÌμÉÖ ¤ ´´Ò¥ ·¨¸. 8 ¶μ²ÊÎ¥´Ò ¶·¨ ¶μ£²μÐ¥´¨¨ ³¥´¥¥ 1 % μÉ ¶μ²´μ° Ô´¥·£¨¨
¨μ´μ¢. �¤´ ±μ ¢¶μ²´¥ μÎ¥¢¨¤¥´ ¨ Î ¸É´Ò° Ì · ±É¥· É ±μ£μ ¸· ¢´¥´¨Ö. ’ ±,
´ ¶·¨³¥·, ¢¥²¨Î¨´Ò ¶μÉ¥·Ó ¨μ´μ¢ C ´  dE2 Ê¦¥ ¶·¥¢μ¸Ìμ¤ÖÉ ¶μÉ¥·¨ ¨μ´μ¢ O.
�Éμ ´ £²Ö¤´μ ¢¨¤´μ ¨§ ·¨¸. 9, £¤¥ ¶·¥¤¸É ¢²¥´ ¤¢ÊÌ³¥·´Ò° ¸¶¥±É· (dE1, dE2).
�·¨ ÔÉμ³ § ¢¨¸¨³μ¸ÉÓ Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ±¨¸²μ·μ¤  ´  dE2-¤¥É¥±Éμ·¥ Ê³¥´Ó-
Ï ¥É¸Ö ¸ Ê³¥´ÓÏ¥´¨¥³ Ô´¥·£¨¨.

	  ·¨¸. 10 ¶·¥¤¸É ¢²¥´Ò ÔÉ¨ ¦¥ ¤ ´´Ò¥, ÎÉμ ¨ ´  ·¨¸. 9, ¤μ¶μ²´¥´´Ò¥
¢·¥³Ö¶·μ²¥É´Ò³¨ ¨§³¥·¥´¨Ö³¨,   ´  ·¨¸. 11 Å μÉ Ê£²¥·μ¤´μ° ¨ ¡¥·¨²²¨¥-
¢μ° ³¨Ï¥´¥°. „¢ÊÌ³¥·´Ò¥ (T, dE)-¸¶¥±É·Ò ·¨¸. 10 ¨ 11 ´ ¡· ´Ò ¶·¨ · §´ÒÌ
´ ¸É·μ°± Ì ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¨, μ¤´ ±μ ¶·¨¸ÊÉ¸É¢ÊÕÐ¨° ´  μ¡μ¨Ì
·¨¸Ê´± Ì μ¶μ·´Ò° ²μ±Ê¸ μÉ C ¶μ§¢μ²Ö¥É ²¥£±μ μÍ¥´¨ÉÓ ¤μ¸É ÉμÎ´μ ´ ¤¥¦´ÊÕ
¨¤¥´É¨Ë¨± Í¨Õ Be, C, O.

„ ´´Ò¥ ¦¥ ¶μ ¢·¥³¥´¨ ¶·μ²¥É  ¤²Ö ¶·μÉμ´μ¢ (·¨¸. 10) ¨§-§  μÉ´μ¸¨É¥²Ó´μ
¡μ²ÓÏ¨Ì Ë²Ê±ÉÊ Í¨° ¢·¥³¥´´ÒÌ ¸¨£´ ²μ¢ ®¸É ·ÉÄ¸Éμ¶¯ ´¥μ¶É¨³ ²Ó´Ò¥ ¨ ´¥
¶·¥¤¸É ¢²¥´Ò  ´ ²μ£¨Î´Ò³ Ì · ±É¥·´Ò³ ²μ±Ê¸μ³. �μÔÉμ³Ê ¶μ¤¡¨· ²¨¸Ó ¸¶¥-
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�¨¸. 9. „¢ÊÌ³¥·´Ò° ¸¶¥±É· (dE1, dE2)

�¨¸. 10. „¢ÊÌ³¥·´Ò° ¸¶¥±É· (T, dE) μÉ ³ °² ·μ¢μ° ³¨Ï¥´¨
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�¨¸. 11. „¢ÊÌ³¥·´Ò¥ ¸¶¥±É·Ò (T, dE) μÉ ³¨Ï¥´¥° C ¨ Be

�¨¸. 12. „¢ÊÌ³¥·´Ò° ¸¶¥±É· (T, dE) μÉ p
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�¨¸. 13. „¢ÊÌ³¥·´Ò° ¸¶¥±É· (T, dE) α-²¨´¨° μÉ 226Ra

Í¨ ²Ó´Ò¥ ·¥¦¨³Ò ² ¢¨´´ÒÌ ¤¥É¥±Éμ·μ¢ ¨ ¶·μ¢μ¤¨²¨¸Ó μÉ¤¥²Ó´Ò¥ ¨§³¥·¥´¨Ö
¤²Ö ¶·μÉμ´μ¢. �É¨ ¤ ´´Ò¥ Ê¦¥ ¸ Ì · ±É¥·´μ° Ëμ·³μ° ²μ±Ê¸μ¢ ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 12.

•μ¤ ²μ±Ê¸μ¢, ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 10Ä12, É·¥¡Ê¥É ´¥±μÉμ·μ£μ ¶μÖ¸´¥´¨Ö.
‚ Éμ ¢·¥³Ö ± ± ¤¢ÊÌ³¥·´Ò° ²μ±Ê¸ (T, dE) ¤²Ö ¶·μÉμ´  μÎ¥¢¨¤¥´,   ´¨¦´¨¥
μ¡² ¸É¨ ²μ±Ê¸μ¢ ¤²Ö Be, C ¨ O ¨³¥ÕÉ  ´ ²μ£¨Î´ÊÕ ¶·¨·μ¤Ê, Ö¸´μ ¢Ò· ¦¥´-
´Ò¥ ®Ì¢μ¸ÉÒ¯ ¸ μ¡· É´Ò³ ´ ±²μ´μ³ μ§´ Î ÕÉ ¶¥·¥Ìμ¤ ¢ μ¡² ¸ÉÓ Ê³¥´ÓÏ¥´¨Ö
Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨, ±μ£¤  ´ Î¨´ ¥É¸Ö μ¡· ¸É ´¨¥ (μ¤¥¢ ´¨¥) ¨μ´  ¢ -
²¥´É´Ò³¨ Ô²¥±É·μ´ ³¨.

�μ´ÖÉ´μ ¨ ´ £²Ö¤´μ ÔÉμÉ ¶·μÍ¥¸¸ ¶¥·¥Ìμ¤  ¢¨¤¥´ ¤²Ö α-Î ¸É¨Í μÉ 226Ra
(·¨¸. 13), ¥¸²¨ ¶μ¸É·μ¨ÉÓ ¤¢ÊÌ³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ (T, dE)-¸¶¥±É·μ¢ ¨§ ¤ ´-
´ÒÌ ¤²Ö α-Î ¸É¨Í μÉ 226Ra (·¨¸. 4). 	  ÔÉμ³ ·¨¸Ê´±¥ Ö¸´μ μ¡μ§´ Î¥´ ®¶· -
¢¨²Ó´Ò°¯ ²μ±Ê¸ ¨ Ì · ±É¥·´Ò° ®Ì¢μ¸É¯ μÉ ´¨§±μÔ´¥·£¨Î´μ° ²¨´¨¨ 4,78 ŒÔ‚
(μ¸É Éμ± ∼ 2 ŒÔ‚ ¶μ¸²¥ ¶μ£²μÐ¥´¨Ö). �É¨³ ¦¥ ³¥Ì ´¨§³μ³ μ¡ÑÖ¸´Ö¥É¸Ö ¢§ -
¨³´μ¥ · ¸¶μ²μ¦¥´¨¥ ²μ±Ê¸μ¢ ´  ·¨¸. 9. �É³¥É¨³, ÎÉμ ´  ¶μ¸²¥¤´¥³ ·¨¸Ê´±¥
¸¨£´ ²Ò ®¸É ·ÉÄ¸Éμ¶¯ ¶·¨ ¨§³¥·¥´¨¨ ¢·¥³¥´¨ ¶·μ²¥É  ³¥´Ö²¨¸Ó ³¥¸É ³¨.

‘μ¢μ±Ê¶´μ¸ÉÓ ¶·¥¤¸É ¢²¥´´ÒÌ ¤ ´´ÒÌ ´  ·¨¸. 10Ä12 ¶μ§¢μ²Ö¥É ±μ´¸É -
É¨·μ¢ ÉÓ ´ ¤¥¦´ÊÕ ·¥£¨¸É· Í¨Õ ¨ ¨¤¥´É¨Ë¨± Í¨Õ ² ¢¨´´Ò³¨ ¤¥É¥±Éμ· ³¨
¨μ´μ¢ ¢ μ¡² ¸É¨ Z � 1 ¨ E � 2 ŒÔ‚/A.
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‡�Š‹�—…�ˆ…

‚Ò¤¥²¨³ ´¥¸±μ²Ó±μ μ¡² ¸É¥° ¶·¨³¥´¥´¨Ö ¶·¥¤¸É ¢²¥´´μ° ³¥Éμ¤¨±¨.
Å „²Ö (T, dE)-¨¤¥´É¨Ë¨± Í¨¨ ¨ ¢Ò¤¥²¥´¨Ö ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ ¨μ´μ¢,

¢ Î ¸É´μ¸É¨, · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢. �·¨ ÔÉμ³ ±μ²¨Î¥¸É¢μ ¢¥Ð¥¸É¢  É ±μ£μ
¸Î¥ÉÎ¨±  ²¥£±μ μ£· ´¨Î¨ÉÓ ¢¥²¨Î¨´μ° ¢ ¸μÉ´¨ ³±£/¸³2.

Å „²Ö ·¥£¨¸É· Í¨¨ ¨ ¨¤¥´É¨Ë¨± Í¨¨ ´¨§±μÔ´¥·£¨Î´ÒÌ ¶·μ¤Ê±Éμ¢ ·¥ ±-
Í¨° ¢ ¤¨ ¶ §μ´¥ Z � 1 ¨ Ê¤¥²Ó´ÒÌ Ô´¥·£¨° μÉ ¤μ²¥° ¤μ ¥¤¨´¨Í ŒÔ‚/´Ê±²μ´,
¢ Î ¸É´μ¸É¨, ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ Ë· £³¥´É Í¨¨ ¨ ¤¥²¥´¨Õ Ö¤¥·.

Å „²Ö ¸μ§¤ ´¨Ö ¡¥¸¶·μ¢μ²μÎ´ÒÌ ¸É·¨¶μ¢ÒÌ ¤¢ÊÌ±μμ·¤¨´ É´ÒÌ ² ¢¨´-
´ÒÌ ¤¥É¥±Éμ·μ¢, ¢ ±μÉμ·ÒÌ ¶·μ¸Éμ ¨ ÔËË¥±É¨¢´μ ³μ¦´μ § ¤ ¢ ÉÓ Ëμ·³Ê ¨
±μ´Ë¨£Ê· Í¨Õ ¶¨±¸¥²¥°.

Å ‚ Ï¨·μ±μ ¶¥·ÉÊ·´ÒÌ Ê¸É ´μ¢± Ì (ϕ = 360◦) [7] ¸ ¶·μÌμ¦¤¥´¨¥³ ¶ÊÎ± 
¶μ Í¥´É·Ê Ê¸É ´μ¢±¨. ƒ² ¢´Ò³ Ê¸²μ¢¨¥³ ·¥ ²¨§Ê¥³μ¸É¨ É ±μ° Ê¸É ´μ¢±¨ Ö¢²Ö-
¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±  ¡¥§ μÉ±²¨±  ¤¥É¥±É¨·ÊÕÐ¨Ì Ê¸É·μ°¸É¢,
¢ ¤ ´´μ³ ¸²ÊÎ ¥ É·¥±μ¢ÒÌ Œ�Š ¨ ² ¢¨´´ÒÌ dE-¸Î¥ÉÎ¨±μ¢. ‚ ¤¥É¥±Éμ· Ì,
¶·¥¤¸É ¢²¥´´ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ³μ¦´μ ¶·μ¸Éμ ¨ ¤μ¸ÉÊ¶´μ ¸μ§¤ ÉÓ ´¥ÎÊ¢-
¸É¢¨É¥²Ó´ÊÕ §μ´Ê ·¥£¨¸É· Í¨¨ ¶μ¸·¥¤¸É¢μ³ Ê¤ ²¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Î ¸É¨
¶·μ¢μ¤ÖÐ¨Ì ¶²¥´μ±, ¸μ§¤ ÕÐ¨Ì Ô²¥±É·μ¸É É¨Î¥¸±μ¥ ¶μ²¥. 	  ·¨¸. 14 ¶μ± -
§ ´μ ¶·μÌμ¦¤¥´¨¥ α-Î ¸É¨Í μÉ 226Ra Î¥·¥§ É ±μ° Í¥´É· ¤¨ ³¥É·μ³ 2 ¸³ ¸
¤μ¸É ÉμÎ´μ Î¥É±¨³¨ (∼ 1 ³³) £· ´¨Í ³¨ ¸ ∼ 100%-° ÔËË¥±É¨¢´μ° ¶¥·¨Ë¥-
·¨°´μ° ¶²μÐ ¤ÓÕ ¢´¥ ´¥ÎÊ¢¸É¢¨É¥²Ó´μ° §μ´Ò. —¥·¥§ É ±ÊÕ §μ´Ê ¶·μ²¥É ¥É

�¨¸. 14. „¢ÊÌ³¥·´Ò° ¸¶¥±É· μÉ α-Î ¸É¨Í ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¤¥É¥±Éμ·  ¸ ´¥ÎÊ¢¸É¢¨É¥²Ó-
´Ò³ Í¥´É·μ³
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¶μÉμ± ∼ 106 Î ¸É¨Í μÉ 226Ra ¡¥§ μÉ±²¨± . „¢ÊÌ³¥·´Ò° ¸¶¥±É· ¶μ²ÊÎ¥´ ´ 
Œ�Š, § ¶Ê¸± ÕÐ¨³ É·¨££¥·μ³ ±μÉμ·μ£μ Ö¢²Ö²¸Ö ² ¢¨´´Ò° ¤¥É¥±Éμ·. ‚ ¦´μ
μÉ³¥É¨ÉÓ, ÎÉμ É ± Ö §μ´  ´¥ ¸μ¤¥·¦¨É ´¨± ±μ£μ ¢¥Ð¥¸É¢  ±·μ³¥ · ¢´μ³¥·´μ
· ¸¶·¥¤¥²¥´´μ£μ · ¡μÎ¥£μ £ §  ¶μ ¶ÊÉ¨ ¶ÊÎ± .

Šμ²¨Î¥¸É¢μ ¢¥Ð¥¸É¢ , ¸μ¤¥·¦ Ð¥¥¸Ö ¢ ¶·¥¤¸É ¢²¥´´μ° Ê¸É ´μ¢±¥, ¢ ¶μ-
¤ ¢²ÖÕÐ¥° ¸É¥¶¥´¨ μ¶·¥¤¥²Ö²μ¸Ó Éμ²Ð¨´μ° ¶²¥´μÎ´ÒÌ ± Éμ¤μ¢. ’μ²Ð¨´ 
¥¤¨´¨Î´μ£μ ± Éμ¤  3 ³±³ Ê¦¥ ¢ ´¥¸±μ²Ó±μ · § ¶·¥¢μ¸Ìμ¤¨²  Ô±¢¨¢ ²¥´É´ÊÕ
Éμ²Ð¨´Ê · ¡μÎ¥£μ £ §  ¶μ ¢¸¥° ¤²¨´¥ Ê¸É ´μ¢±¨, ´¥ £μ¢μ·Ö Ê¦¥ μ¡ Ô±¢¨¢ -
²¥´É´ÒÌ Éμ²Ð¨´ Ì  ±É¨¢´μ° Î ¸É¨ ¤¥É¥±É¨·ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨ Å
² ¢¨´´ÒÌ ¨ ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ ¤¥É¥±Éμ·μ¢. �Î¥¢¨¤´μ, ÎÉμ ¸μ¢·¥³¥´´Ò¥ É¥Ì-
´μ²μ£¨¨ ²¥£±μ ¶μ§¢μ²ÖÕÉ ¨¸¶μ²Ó§μ¢ ÉÓ §´ Î¨É¥²Ó´μ ¡μ²¥¥ Éμ´±¨¥ μ·£ ´¨Î¥-
¸±¨¥ ¶²¥´±¨ ¢ ± Î¥¸É¢¥ Ô²¥±É·μ¤μ¢. �Éμ ´¥ Ö¢²Ö²μ¸Ó ¶·¨μ·¨É¥É´μ° Í¥²ÓÕ
¤ ´´μ° · ¡μÉÒ. �μÔÉμ³Ê ¢ É¥±¸É¥ ¢ Ö¢´μ³ ¨ ´¥Ö¢´μ³ ¢¨¤¥ ³Ò μ¶¥·¨·μ¢ ²¨
¢¥²¨Î¨´ ³¨ ¶μÉ¥·Ó Ô´¥·£¨° Éμ²Ó±μ ¢  ±É¨¢´μ° Î ¸É¨ ¤¥É¥±Éμ·μ¢.

’ ± Ö Ê¸É ´μ¢±  ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´  ¤²Ö ¨§³¥·¥´¨° ¶·μ¤Ê±Éμ¢ ·¥ ±-
Í¨° ¢ μ¡² ¸É¨ § ¤´¨Ì Ê£²μ¢ ¢Ò²¥É , ±μ£¤ , ¸ μ¤´μ° ¸Éμ·μ´Ò, ´¥μ¡Ìμ¤¨³μ
μ¡¥¸¶¥Î¨ÉÓ ¢Ò¸μ±ÊÕ ¸¢¥Éμ¸¨²Ê Ê¸É ´μ¢±¨ ¶·μÌμ¦¤¥´¨¥³ ¶ÊÎ±  ¢´ÊÉ·¨ ¤¥É¥±-
É¨·ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨,   ¸ ¤·Ê£μ° ¸Éμ·μ´Ò, ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¶·μ-
¤Ê±ÉÒ ·¥ ±Í¨° ¸ μÉ´μ¸¨É¥²Ó´μ ³ ²μ° Ô´¥·£¨¥° 1Ä10 ŒÔ‚. �¡  ÔÉ¨ Ê¸²μ¢¨Ö
·¥ ²¨§Ê¥³Ò ¶μ ·¥§Ê²ÓÉ É ³ ´ ¸ÉμÖÐ¥° · ¡μÉÒ.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ³μ¦´μ ¶·¨¢¥¸É¨ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¢Ò-
¸μ±μ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¨§μ¡ · ¸ A = 6 (6He, 6Li, 6Be) [8] ¸ ¶·Ö³μ°
·¥£¨¸É· Í¨¥° μ¡μ¨Ì ¶·μ¤Ê±Éμ¢ · §¢ ²  ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨°. ˆ¸¶μ²Ó§μ-
¢ ´¨¥ É ±μ° Ê¸É ´μ¢±¨ ¶μ§¢μ²¨É ´ ¶·Ö³ÊÕ ¢μ¸¸É ´ ¢²¨¢ ÉÓ Ô´¥·£¨Õ ¢μ§¡Ê-
¦¤¥´´μ£μ Ö¤· , ¢ Éμ ¢·¥³Ö ± ± ¨§³¥·¥´¨Ö³¨ projectile-like ¨ μ¤´μ° ¨§ Î ¸É¨Í
· §¢ ²  ¢ · ¡μÉ¥ [8] Éμ²Ó±μ · ¸Î¥É´Ò³ ¶ÊÉ¥³ ¢μ¸¸É ´ ¢²¨¢ ²¨¸Ó ¶ · ³¥É·Ò
¢Éμ·μ£μ ¶·μ¤Ê±É  · §¢ ² .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É º10-02-00271 )
¨ 	–	ˆ  (£· ´É º09-02-91056). �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¶¥·¸μ-
´ ²Ê Ê¸±μ·¨É¥²Ö ˆ–-100 ¨ ‚.�. ‘±Ê· Éμ¢Ê §  ¸μ¤¥°¸É¢¨¥ ¨ ¸μÉ·Ê¤´¨Î¥¸É¢μ.
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