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�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨° ¨μ´μ¢
¢ μ¡² ¸É¨ βγ ≈ 0,01−0,06 ¢ Éμ´±¨Ì ¶μ£²μÉ¨É¥²ÖÌ

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨° ¨μ´μ¢ ¢
³ ²μ¨§ÊÎ¥´´μ° μ¡² ¸É¨ βγ = 0,01−0,06 ¢ Éμ´±¨Ì (x ≈ 2 ³±£/¸³2) ¶μ£²μÉ¨-
É¥²ÖÌ. ‘ ÔÉμ° Í¥²ÓÕ ¡Ò²¨ ¶·μ¢¥¤¥´Ò μ¤´μ¢·¥³¥´´Ò¥ ¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´-
´ÒÌ ¶μÉ¥·Ó ¨ ¢·¥³¥´¨ ¶·μ²¥É  ¨μ´μ¢ ² ¢¨´´Ò³¨ £ §μ´ ¶μ²´¥´´Ò³¨ ¤¥É¥±Éμ· ³¨
´¨§±μ£μ ¤ ¢²¥´¨Ö P ≈ 1 Éμ··, ¤μ¶μ²´¥´´Ò¥ ¨§³¥·¥´¨Ö³¨ μ¸É ÉμÎ´μ° Ô´¥·£¨¨
¨μ´μ¢ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ ¤¥É¥±Éμ·μ³. �´¥·£¨Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¨μ´μ¢ ¸
βγ ≈ 0,01−0,03 ¢μ¸¸É ´ ¢²¨¢ ² ¸Ó ¨§³¥·¥´¨Ö³¨ ¢·¥³¥´¨ ¶·μ²¥É . �·¨¢μ¤¨É¸Ö
§ ¢¨¸¨³μ¸ÉÓ ΔE(E) ¤²Ö ¨μ´μ¢ 4He, Be, C, O.
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The Results of Measurements of Ion Energy Losses in the Range
of βγ ≈ 0.01−0.06 in Thin Absorbers

The results of measurements of ion energy losses in the insufˇciently known
range of βγ = 0.01−0.06 in thin (x ≈ 2 mg/cm2) absorbers are presented. The
energy losses and time of �ight of the ions were measured simultaneously using
low-pressure avalanche gas-ˇlled detectors at P ≈ 1 torr. Also, measurements of
the ions residual energy were made by a semiconductor detector. The energy of the
ions with βγ ≈ 0.01−0.03 was reconstructed using the time-of-�ight measurements.
The ΔE(E) dependence for 4He, Be, C, O ions is presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚ ¶·¥¤Ò¤ÊÐ¥° ´ Ï¥° · ¡μÉ¥ [1] ¶·¥¤¸É ¢²¥´  Ï¨·μ±μ ¶¥·ÉÊ·´ Ö Ê¸É -
´μ¢±  ´  μ¸´μ¢¥ £ §μ´ ¶μ²´¥´´ÒÌ ¤¥É¥±Éμ·μ¢: Œ�Š (³´μ£μ¶·μ¢μ²μÎ´μ° ¶·μ-
¶μ·Í¨μ´ ²Ó´μ° ± ³¥·Ò) ¨ ² ¢¨´´ÒÌ ΔE-± ³¥·, ¤μ¶μ²´¥´´ÒÌ ¸É·¨¶μ¢Ò³¨
��„ (¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³¨ ¤¥É¥±Éμ· ³¨). “¸É ´μ¢±  ¶·¥¤´ §´ Î¥´  ¤²Ö ¨§-
³¥·¥´¨° ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° ¢ μ¡² ¸É¨ § ¤´¨Ì Ê£²μ¢ ¢Ò-
²¥É , ¡²¨§±¨Ì ± θ ≈ 180 ◦, ¢ Î ¸É´μ¸É¨ ¨¸¸²¥¤μ¢ ´¨° ¢Ò¸μ±μ¢μ§¡Ê¦¤¥´´ÒÌ
¸μ¸ÉμÖ´¨° Ô±§μÉ¨Î¥¸±μ£μ Ö¤·  6He→ 2T . �¥£¨¸É· Í¨Ö ¨ ¨¤¥´É¨Ë¨± Í¨Ö ¨μ-
´μ¢ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¶μ¸·¥¤¸É¢μ³ μ¤´μ¢·¥³¥´´ÒÌ ¨§³¥·¥´¨° ¨μ´¨§ Í¨μ´´ÒÌ
¶μÉ¥·Ó Ô´¥·£¨° ¨ ¢·¥³¥´¨ ¶·μ²¥É  ² ¢¨´´Ò³¨ ΔE-± ³¥· ³¨, Ê£²μ¢Ò³¨ ¨§³¥-
·¥´¨Ö³¨ (Œ�Š), ¨§³¥·¥´¨Ö³¨ μ¸É ÉμÎ´μ° Ô´¥·£¨¨ (��„).

�·¨¢¥¤¥³ ¢Ò¡μ·μÎ´μ ¨³¥ÕÐ¨¥ ´¥¶μ¸·¥¤¸É¢¥´´μ¥ μÉ´μÏ¥´¨¥ ± ´ ¸ÉμÖ-
Ð¥° · ¡μÉ¥ Ì · ±É¥·¨¸É¨±¨ Ê¸É ´μ¢±¨:

Å Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ E-¤¥É¥±Éμ·  σE ≈ 40 ±Ô‚;

Å Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ² ¢¨´´ÒÌ ± ³¥· (FWHM) ´¥ ÌÊ¦¥ 30%;

Å ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¨§³¥·¥´¨° ¢·¥³¥´¨ ¶·μ²¥É  σT ≈ 1 ´¸;

Å Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ·¥£¨¸É· Í¨¨ ¨μ´μ¢ βγ = 0,01.
’ ±μ° μÉ´μ¸¨É¥²Ó´μ ´¨§±¨° Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ·¥£¨¸É· Í¨¨ μ¡Ê¸²μ-

¢²¥´ ¢Ò¸μ±μ° ¶·μ§· Î´μ¸ÉÓÕ £ §μ´ ¶μ²´¥´´ÒÌ ² ¢¨´´ÒÌ ± ³¥· ¨ Œ�Š ¨
¶·¥¤¥²Ó´μ ´¨§±¨³ ¤ ¢²¥´¨¥³ P = 1 Éμ·· · ¡μÎ¥£μ £ § . Šμ²¨Î¥¸É¢μ ¢¥Ð¥-
¸É¢  ¢ ¶μ¤ ¢²ÖÕÐ¥° ¸É¥¶¥´¨ μ¶·¥¤¥²Ö²μ¸Ó Éμ²Ð¨´μ° ± Éμ¤μ¢ Å  ²Õ³¨´¨-
§¨·μ¢ ´´μ£μ ³ °² ·  1,5Ä2 ³±³. 	É³¥É¨³ ¡²¨§±ÊÕ ± 100% ÔËË¥±É¨¢´μ¸ÉÓ
·¥£¨¸É· Í¨¨ ¨μ´μ¢ ¢¸¥³¨ £ §μ´ ¶μ²´¥´´Ò³¨ ± ³¥· ³¨, μ¸μ¡¥´´μ ¤²Ö μ¤´μ-
§ ·Ö¤´ÒÌ ¨μ´μ¢, ¤²Ö ±μÉμ·ÒÌ ¸·¥¤´¨¥ ¶μÉ¥·¨ Ô´¥·£¨° ¢ ± ³¥·¥ ¸μ¸É ¢²ÖÕÉ
³¥´¥¥ ±Ô‚. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ´ ·Ö¤Ê ¸ ¶·¨¢¥¤¥´´Ò³ §´ Î¥´¨¥³ · §·¥Ï¥-
´¨Ö ¶μ ¨§³¥·¥´¨Ö³ ¶μÉ¥·Ó Ô´¥·£¨° ¢ ² ¢¨´´ÒÌ ± ³¥· Ì, Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³
¶·¥¤¥²Ó´μ ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶μ·μ£  ·¥£¨¸É· Í¨¨, ¶μ§¢μ²ÖÕÐ¥° ·¥£¨-
¸É·¨·μ¢ ÉÓ ¸¨£´ ²Ò μÉ ¥¤¨´¨Î´μ° Ô²¥±É·μ´´μ° ¶ ·Ò [1]. ‚ÒÏ¥¶·¨¢¥¤¥´´Ò¥
Ì · ±É¥·¨¸É¨±¨ ¸μ§¤ ÕÉ Ê´¨± ²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ
¶μÉ¥·Ó Ô´¥·£¨° ¢ Éμ´±¨Ì ¶μ£²μÉ¨É¥²ÖÌ (x ≈ 2 ³±£/¸³2) ¢ ³ ²μ¨§ÊÎ¥´´μ° ± ±
Ô±¸¶¥·¨³¥´É ²Ó´μ, É ± ¨ É¥μ·¥É¨Î¥¸±¨ [2] μ¡² ¸É¨ Ô´¥·£¨° βγ ≈ 0,01−0,06.

•μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ ¤²Ö ¨μ´μ¢ ¢ ÔÉμ° μ¡² ¸É¨ Ô´¥·£¨° ¸±μ·μ¸ÉÓ Î ¸É¨ÍÒ
¸É ´μ¢¨É¸Ö ¸· ¢´¨³μ° ¸μ ¸±μ·μ¸ÉÓÕ  Éμ³´ÒÌ Ô²¥±É·μ´μ¢, ¶μÉ¥·¨ Ô´¥·£¨°
¶¥·¥¸É ÕÉ μ¶¨¸Ò¢ ÉÓ¸Ö Ëμ·³Ê²μ° 
¥É¥Ä
²μÌ  ¨ · §´Ò³¨ ¶μ¶· ¢± ³¨ ÔÉμ°
Ëμ·³Ê²Ò. „ ´´Ò¥ ¶μ Ê¤¥²Ó´Ò³ ¶μÉ¥·Ö³ Ô´¥·£¨¨ ¨μ´μ¢, Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¨ · ¸Î¥É´Ò¥, ¶·¨¢μ¤ÖÉ¸Ö ¢ ³´μ£μÎ¨¸²¥´´ÒÌ ÊÎ¥¡´¨± Ì ¨ ¸¶· ¢μÎ´¨± Ì. �·¨-
Î¥³ ¶μ¤ ¢²ÖÕÐ Ö Î ¸ÉÓ ÔÉ¨Ì ¤ ´´ÒÌ μÉ´μ¸¨É¸Ö ± μ¡² ¸É¨ ¢Ò¸μ±¨Ì ¨ ¸·¥¤´¨Ì
Ô´¥·£¨° ¢ ¤¨ ¶ §μ´¥ ·¥²ÖÉ¨¢¨¸É¸±μ£μ Ë ±Éμ·  βγ > 0,1. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥
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¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ (ΔE, TOF, E)-¨§³¥·¥´¨° ´  ¨§μÉμ¶¥ 226Ra ¢ ¤¨ ¶ -
§μ´¥ Ô´¥·£¨° 0,2Ä1,5 ŒÔ‚/´Ê±²μ´, ¨²¨ βγ = 0,01−0,06, ¤μ¶μ²´¥´´Ò¥ · ´¥¥
¶·μ¢¥¤¥´´Ò³¨ ¨§³¥·¥´¨Ö³¨ ´  ¶ÊÎ±¥ Ê¸±μ·¨É¥²Ö ˆ–-100 ‹Ÿ� 	ˆŸˆ [3].

�¨¸. 1. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· 226Ra ´  E-
¤¥É¥±Éμ·¥. –¨Ë·Ò ¢μ§²¥ ¶¨±μ¢ Å Ô´¥·£¨Ö α-
Î ¸É¨Í (¢ ŒÔ‚)

„²Ö ¶μ²ÊÎ¥´¨Ö  ¡¸μ²ÕÉ´μ°
Ô´¥·£¥É¨Î¥¸±μ° ± ²¨¡·μ¢±¨ ¨§μ-
Éμ¶ 226Ra Ê¸É ´ ¢²¨¢ ²¸Ö ´¥¶μ-
¸·¥¤¸É¢¥´´μ ´  E-¤¥É¥±Éμ·¥ ¢ ¢ -
±ÊÊ³¥; ¸¶¥±É· α-²¨´¨° ¨§μÉμ¶ 
¶μ± § ´ ´  ·¨¸. 1. „ ²¥¥ ¨§³¥·¥-
´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸μ£² ¸´μ £¥μ-
³¥É·¨¨ [1]: ¤¢¥ ² ¢¨´´Ò¥ ± -
³¥·Ò (TOF, ΔE), · ¸¶μ²μ¦¥´-
´Ò¥ ´  · ¸¸ÉμÖ´¨¨ 25 ¸³ ¤·Ê£ μÉ
¤·Ê£ ; ³¥¦¤Ê ´¨³¨ · ¸¶μ² £ ² ¸Ó
Œ�Š ¤²Ö ¢Ò¤¥²¥´¨Ö ±μ²²¨³¨·μ-
¢ ´´μ° μ¡² ¸É¨ ¶μ Ê£²Ê θ; ±μ´¥Î-
´Ò³ E-¤¥É¥±Éμ·μ³ ¸²Ê¦¨² ¸É·¨-
¶μ¢Ò° ��„.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ¨§³¥-
·¥´´Ò¥ ¤¢ÊÌ³¥·´Ò¥ (ΔE, E)- ¨ (T , E)-¸¶¥±É·Ò α-Î ¸É¨Í μÉ 226Ra,   ´ 
·¨¸. 3, 4 Å μ¤´μ³¥·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤¢ÊÌ³¥·´ÒÌ ¸¶¥±É·μ¢: μ¸É ÉμÎ´Ò°
Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´  ¸É·¨¶μ¢μ³ E-¤¥É¥±Éμ·¥ ¨ ¢·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É·
μÉ ² ¢¨´´ÒÌ ± ³¥·. �  ·¨¸. 3 Í¨Ë·Ò ¢μ§²¥ ¶¨±μ¢ Å μ¸É ÉμÎ´ Ö Ô´¥·£¨Ö α-
Î ¸É¨Í μÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨³ ²¨´¨°: 7,68; 6,0; 5,46; 5,3 ŒÔ‚ (·¨¸. 1),   ´ 
·¨¸. 4 Å ¢·¥³Ö ¶·μ²¥É  α-Î ¸É¨Í (¢ ´ ´μ¸¥±Ê´¤ Ì).

�¨¸. 2. „¢ÊÌ³¥·´Ò¥ ¸¶¥±É·Ò (ΔE, E) ¨ (T , E) α-Î ¸É¨Í μÉ 226Ra
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�¨¸. 3. 	¸É ÉμÎ´Ò° Ô´¥·£¥É¨Î¥¸±¨°
¸¶¥±É· 226Ra ´  E-¤¥É¥±Éμ·¥ ¶μ¸²¥ ¶·μ-
Ìμ¦¤¥´¨Ö ² ¢¨´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¨ Œ�Š

�¨¸. 4. ‚·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É· ¤²Ö · §-
´ÒÌ ²¨´¨° α-Î ¸É¨Í μÉ 226Ra

�¨¸. 5. „¢ÊÌ³¥·´Ò° ¸¶¥±É· (ΔE,
T ) ²¨´¨° α-Î ¸É¨Í μÉ 226Ra

�μ¸²¥¤´ÖÖ ²¨´¨Ö α-¸¶¥±É·  (4,78 ŒÔ‚)
(¸³. ·¨¸. 1) ´¥ ¤μ²¥É ¥É ¤μ E-¤¥É¥±Éμ· ,
´μ ·¥£¨¸É·¨·Ê¥É¸Ö ² ¢¨´´Ò³¨ ± ³¥· ³¨ ¨
¸μμÉ¢¥É¸É¢Ê¥É ±· °´¥³Ê ¶· ¢μ³Ê · ¸¶·¥-
¤¥²¥´¨Õ ¢·¥³Ö¶·μ²¥É´μ£μ ¸¶¥±É·  ·¨¸. 4.
�μ¸²¥¤´ÖÖ, μÉ¸ÊÉ¸É¢ÊÕÐ Ö ´  ¤¢ÊÌ³¥·´ÒÌ
¸¶¥±É· Ì ·¨¸. 2 ²¨´¨Ö, μÉÎ¥É²¨¢μ ¶·μÖ¢²Ö-
¥É¸Ö ´  ¢¥·Ì´¥³ ²μ±Ê¸¥ ¤¢ÊÌ³¥·´μ£μ ¸¶¥±-
É·  ·¨¸. 5, ¶μ²ÊÎ¥´´μ£μ ¨§ É¥Ì ¦¥ ¤ ´-
´ÒÌ. ‚μ¸¸É ´μ¢²¥´´Ò° ¶μ ¢·¥³¥´¨ ¶·μ²¥É 
Ô´¥·£¥É¨Î¥¸±¨° ¤¨ ¶ §μ´ α-Î ¸É¨Í ²¥¦¨É ¢
´¨§±μÔ´¥·£¥É¨Î¥¸±μ³ ¨´É¥·¢ ²¥ ¨ ¶·¥¤¸É -
¢²Ö¥É μ¸μ¡Ò° ¨´É¥·¥¸.

�´μ³ ²Ó´Ò° ®Ì¢μ¸É¯ ´  ¢¥·Ì´¥³ ²μ-
±Ê¸¥ ·¨¸. 5 Ì · ±É¥·¨§Ê¥É ¶¥·¥Ìμ¤ ¢ μ¡² ¸ÉÓ
Ê³¥´ÓÏ ÕÐ¨Ì¸Ö Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó Î ¸É¨Í
¶·¨ βγ � 0,03. 	É³¥É¨³, ÎÉμ ÔÉ  μ¡² ¸ÉÓ
Ô´¥·£¨° ¤μ¸É¨£ ² ¸Ó ¶μ¤¡μ·μ³ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥£μ ¶μ£²μÉ¨É¥²Ö.

ˆ§ ¤ ´´ÒÌ, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 2Ä5, ¢ÒÎ¨¸²Ö²¨¸Ó ¸·¥¤´¨¥ §´ Î¥-
´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ α-Î ¸É¨ÍÒ: ¢ Ô´¥·-
£¥É¨Î¥¸±μ³ ¨´É¥·¢ ²¥ 0,5Ä1,5 ŒÔ‚/´Ê±²μ´ (βγ ≈ 0,03−0,06) ¶μ (ΔE, E)-
¨§³¥·¥´¨Ö³ (·¨¸. 2); ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ 0,1Ä0,5 ŒÔ‚/´Ê±²μ´
(βγ ≈ 0,01−0,03) ¶μ (T , E)-¨§³¥·¥´¨Ö³ (¢¥·Ì´¨° ²μ±Ê¸ ·¨¸. 5).

�´ ²μ£¨Î´Ò¥ ¤ ´´Ò¥ ¤²Ö ¨μ´μ¢ Be, C, O ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¶·¨  ´ ²¨§¥
· ¡μÉÒ [1] ¶μ ¨¤¥´É¨Ë¨± Í¨¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¨μ´μ¢ ´  ¶ÊÎ±¥ Xe ¸
Ô´¥·£¨¥° 1,26 ŒÔ‚/´Ê±²μ´ Ê¸±μ·¨É¥²Ö ˆ–-100 ‹Ÿ� 	ˆŸˆ [3]. “¸É ´μ¢± 
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´ Ìμ¤¨² ¸Ó ¶μ¤ Ê£²μ³ (45± 3)◦ ± · ¸¶μ²μ¦¥´´Ò³ ´  μ¸¨ ¶ÊÎ±  ³¨Ï¥´Ö³ Be,
C ¨ ³ °² · . ‘·¥¤´ÖÖ Ô´¥·£¨Ö Ê¶·Ê£μ· ¸¸¥Ö´´ÒÌ Ö¤¥· ´¥¶μ¸·¥¤¸É¢¥´´μ ¨§ ³¨-
Ï¥´¥° ¸μ¸É ¢²Ö²  14, 18,5, 23,2 ŒÔ‚ ¤²Ö Ö¤¥· Be, C, O ¸μμÉ¢¥É¸É¢¥´´μ. Ÿ¤· 
¸ É ±¨³¨ ´¨§±¨³¨ Ô´¥·£¨Ö³¨ ´¥ ¤μ¸É¨£ ÕÉ E-¤¥É¥±Éμ·  ¶·¨ ¶·μÌμ¦¤¥´¨¨
¢Ìμ¤´μ£μ μ±´  ¨ ² ¢¨´´ÒÌ ± ³¥· Ê¸É ´μ¢±¨, ¶μÔÉμ³Ê ¨Ì ¨¤¥´É¨Ë¨± Í¨Ö μ¸Ê-
Ð¥¸É¢²Ö² ¸Ó ¨¸±²ÕÎ¨É¥²Ó´μ ¶μ ¢·¥³¥´¨ ¶·μ²¥É  ¨ ¨μ´¨§ Í¨μ´´Ò³ ¶μÉ¥·Ö³.

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´ ¶·¨³¥· ¨§ · ¡μÉÒ [1] ¤¢ÊÌ³¥·´μ£μ ¸¶¥±É·  (ΔE,
T ) ¸ Ö·±μ ¢Ò· ¦¥´´Ò³ ¶·μÉÖ¦¥´´Ò³ ®Ì¢μ¸Éμ³¯, ± ± ´  ¢¥·Ì´¥³ ²μ±Ê¸¥ ·¨¸. 5
¤²Ö α-Î ¸É¨Í. ˆ§ É ±¨Ì ¤ ´´ÒÌ ¡Ò²  ¶μ²ÊÎ¥´  § ¢¨¸¨³μ¸ÉÓ ¨μ´¨§ Í¨μ´´ÒÌ
¶μÉ¥·Ó μÉ Ô´¥·£¨¨ ¨μ´μ¢ Be, C, O.

�  ·¨¸. 7 ¶·¨¢¥¤¥´  ¢¸Ö ¸μ¢μ±Ê¶´μ¸ÉÓ ¤ ´´ÒÌ ¶μ ¨μ´¨§ Í¨μ´´Ò³ ¶μÉ¥-
·Ö³ ¨μ´μ¢ 4He, Be, C, O. �· ¢ Ö Î ¸ÉÓ ±·¨¢μ° ·¨¸. 7 ¶μ²ÊÎ¥´  ¨§ ¤ ´´ÒÌ

�¨¸. 6. „¢ÊÌ³¥·´Ò¥ ¸¶¥±É·Ò (ΔE, T ) Ö¤¥· μÉ¤ Î¨ ¨§ Ê£²¥·μ¤´μ° ¨ ¡¥·¨²²¨¥¢μ° ³¨-
Ï¥´¥°

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó ¢ ¨§μ¡ÊÉ ´¥ (x = 2 ³±£/¸³2) μÉ Ô´¥·£¨¨
¨μ´μ¢: � Å 4He, Be, C, O; � Å 4He
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(ΔE, E) ¤²Ö α-Î ¸É¨Í, ¸±μ··¥±É¨·μ¢ ´´ÒÌ ´  ¶μ£²μÐ¥´¨¥ ¢ ¢ÒÌμ¤´μ³ ³ °-
² ·μ¢μ³ Ô²¥±É·μ¤¥ ¢Éμ·μ° ² ¢¨´´μ° ± ³¥·Ò ´  ¢Ìμ¤¥ ¢ E-¤¥É¥±Éμ·. ‹¥¢ Ö ¦¥
Î ¸ÉÓ ±·¨¢μ° ¶μ²ÊÎ¥´  ¨§ ¤ ´´ÒÌ (ΔE, T ) ¤²Ö α-Î ¸É¨Í ¨ ¨μ´μ¢ Be, C, O,
´¥ ¤μ²¥É ÕÐ¨Ì ¤μ E-¤¥É¥±Éμ· , ¶·¨ ÔÉμ³ Ô´¥·£¨¨ Î ¸É¨Í ¢μ¸¸É ´ ¢²¨¢ ²¨¸Ó
¶μ ¢·¥³¥´¨ ¶·μ²¥É  ¸ ±μ··¥±Í¨¥° ´  ¶μ£²μÐ¥´¨¥ ´  ¢Ìμ¤´μ³ ³ °² ·μ¢μ³
Ô²¥±É·μ¤¥ ¢Éμ·μ° ² ¢¨´´μ° ± ³¥·Ò. �É  ±μ··¥±Í¨Ö Ô´¥·£¨°,   É ±¦¥ · ¸-
Î¥ÉÒ  ¡¸μ²ÕÉ´ÒÌ §´ Î¥´¨° ¸·¥¤´¨Ì ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó ¶·μ¨§¢μ¤¨²¨¸Ó
¶μ ¶·μ£· ³³¥ LISE [4] ¨ ³μ£ÊÉ ¸μ¤¥·¦ ÉÓ ¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨ ¢ ²¥¢μ°
Î ¸É¨ ·¨¸. 7 ¢ μ¡² ¸É¨ Ô´¥·£¨° 0,1Ä0,5 ŒÔ‚/´Ê±²μ´ (βγ ≈ 0,01−0,03). ‚¸¥
¨§³¥·¥´´Ò¥ ¢¥²¨Î¨´Ò ·¨¸. 7 ¸μ¤¥·¦ É ¸·¥¤´¨¥ §´ Î¥´¨Ö, ¶μÔÉμ³Ê ¸É É¨¸É¨Î¥-
¸± Ö μÏ¨¡±  ³¨´¨³ ²Ó´ ,   μÉ³¥Î¥´´ Ö μÏ¨¡±  ´  μ¤´μ° ¨§ ÉμÎ¥± ¶μ± §Ò¢ ¥É
μÍ¥´μÎ´ÊÕ ¢¥²¨Î¨´Ê · §¡·μ¸  ÉμÎ¥± ¤²Ö · §´ÒÌ ¨μ´μ¢ ¢ ²¥¢μ° Î ¸É¨ ·¨¸Ê´± .

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¶¥·¸μ´ ²Ê Ê¸±μ·¨É¥²Ö ˆ–-100 §  ¸μ¤¥°-
¸É¢¨¥ ¨ ¸μÉ·Ê¤´¨Î¥¸É¢μ.
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