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‚ Ô±¸¶¥·¨³¥´É¥ ´  Í¨±²μÉ·μ´¥ „–-60 ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ° Ë¨§¨±¨ (�¸É ´ , Š § Ì¸É ´) ´ ¡²Õ-
¤ ²μ¸Ó ¨¸¶Ê¸± ´¨¥ ´¥°É·μ´μ¢ ¨ ¨§³¥·¥´Ò ¨Ì ¢ÒÌμ¤Ò ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¥° ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢:
‚¥, C, Al, Al2O3 ¨ LiF ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ Ar, Kr ¨ Xe, ¨³¥ÕÐ¨³¨ Ô´¥·£¨Õ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ -
·Ó¥· . ˆ§³¥·¥´Ò Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¨§ ³¨Ï¥´¥°. “¸É ´μ¢²¥´μ, ÎÉμ ³¥Ì ´¨§³μ³, μÉ-
¢¥É¸É¢¥´´Ò³ §  μ¡· §μ¢ ´¨¥ ´ ¡²Õ¤ ¥³ÒÌ ´¥°É·μ´μ¢, Ö¢²ÖÕÉ¸Ö ¢Éμ·¨Î´Ò¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ³¥¦¤Ê
¶μ±μÖÐ¨³¨¸Ö Ö¤· ³¨ ³¨Ï¥´¨ ¨ Ö¤· ³¨ μÉ¤ Î¨, ¶μ²ÊÎ¨¢Ï¨³¨ Ô´¥·£¨Õ ¢ ·¥§Ê²ÓÉ É¥ Ê¶·Ê£μ£μ · ¸-
¸¥Ö´¨Ö. �·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É  ¨ · ¸Î¥Éμ¢, μ¸´μ¢ ´´ÒÌ ´  Ê¸É ´μ¢²¥´´μ³
³¥Ì ´¨§³¥ ¢Éμ·¨Î´ÒÌ ·¥ ±Í¨°. � ¸Î¥ÉÒ ¶μ§¢μ²ÖÕÉ μÍ¥´¨ÉÓ ¢ÒÌμ¤Ò ¢Éμ·¨Î´ÒÌ ·¥ ±Í¨° ¸ ÉμÎ´μ-
¸ÉÓÕ ¤μ ±μÔËË¨Í¨¥´É  2.

In an experiment on cyclotron DC-60 of the Institute of Nuclear Physics, Astana, Kazakhstan,
emission of neutrons was observed and their yield was measured during irradiation of light material
targets from: ‚¥, C, Al, Al2O3 and LiF by heavy ions of Ar, Kr and Xe with energy below the Coulomb
barrier. Angular distributions of neutrons from targets were measured. It was found that the mechanism
responsible for the formation of the observed neutrons are secondary nuclear reactions between resting
target nuclei and elastically scattered recoils. Comparison of experimental results and the calculations
based on the mechanism of secondary reactions was done. Calculations allow us to estimate the yield
of secondary reactions within a factor of 2.

PACS: 25-70.-z

�ÊÎ±¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢, Ê¸±μ·¥´´ÒÌ ¤μ Ô´¥·£¨° μÉ ¤¥¸ÖÉ±μ¢ ±Ô‚ ¤μ ¥¤¨´¨Í ŒÔ‚, ¨¸-
¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢μ ³´μ£¨Ì μ¡² ¸ÉÖÌ ¶·¨±² ¤´μ° Ë¨§¨±¨. ˆ§ ¸μμ¡· ¦¥´¨°
μ¡¥¸¶¥Î¥´¨Ö ¡¥§μ¶ ¸´μ¸É¨ ¨²¨ ¸´¨¦¥´¨Ö · ¤¨ Í¨μ´´μ£μ Ëμ´  Î ¸Éμ ¢Ò¡¨· ÕÉ Ô´¥·£¨Õ
¨μ´μ¢ É ±μ°, ÎÉμ¡Ò μ´  ¡Ò²  ´¨¦¥ ¡ ·Ó¥·  ¤²Ö Ö¤¥·´μ° ·¥ ±Í¨¨ ¸ μ¡²ÊÎ ¥³Ò³ ¢¥Ð¥-
¸É¢μ³. �¤´ ±μ É ±μ° ¢Ò¡μ· ¨´μ£¤  ´¥ £ · ´É¨·Ê¥É μÉ¸ÊÉ¸É¢¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨ ¸μ-
¶ÊÉ¸É¢ÊÕÐ¨Ì ¨³ ¨§²ÊÎ¥´¨° ¶·¨ ¡μ³¡ ·¤¨·μ¢±¥ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨. ‡¤¥¸Ó ·¥ÎÓ ´¥ ¨¤¥É μ
¶μ¤¡ ·Ó¥·´ÒÌ ·¥ ±Í¨ÖÌ, ¸¥Î¥´¨¥ ±μÉμ·ÒÌ ¶ ¤ ¥É Ô±¸¶μ´¥´Í¨ ²Ó´μ ¸ Ê³¥´ÓÏ¥´¨¥³ Ô´¥·-
£¨¨, ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¢Ò¡· ÉÓ ¥¥ É ±¨³ μ¡· §μ³, ÎÉμ ¶μ¡μÎ´Ò³¨ ÔËË¥±É ³¨ ³μ¦´μ
¶·¥´¥¡·¥ÎÓ.



‚Éμ·¨Î´Ò¥ ·¥ ±Í¨¨ ¸²¨Ö´¨Ö ¶·¨ ¡μ³¡ ·¤¨·μ¢±¥ ³¨Ï¥´¥° ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢ 717

Š ± μÉ³¥Î¥´μ ¢ · ¡μÉ¥ [1], ¶·¨ μ¡²ÊÎ¥´¨¨ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ´¨§±μ° Ô´¥·£¨¨ ³¨Ï¥´¥°
¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢ ´ ¡²Õ¤ ¥É¸Ö ¨¸¶Ê¸± ´¨¥ ´¥°É·μ´μ¢ ¸ ¢ÒÌμ¤μ³, ¢¥²¨Î¨´Ê ±μÉμ·μ£μ
¶μ¤¡ ·Ó¥·´Ò³¨ ·¥ ±Í¨Ö³¨ ´¥¢μ§³μ¦´μ μ¡ÑÖ¸´¨ÉÓ. ‚ · ¡μÉ¥ [1] ¢Ò¸± § ´μ ¶·¥¤¶μ²μ¦¥-
´¨¥, ÎÉμ ¢μ§³μ¦´Ò ¢Éμ·¨Î´Ò¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ³¥¦¤Ê ¶μ±μÖÐ¨³¨¸Ö Ö¤· ³¨ ³¨Ï¥´¨ ¨
Ö¤· ³¨ μÉ¤ Î¨, ¶μ²ÊÎ¨¢Ï¨³¨ ¡μ²ÓÏÊÕ Ô´¥·£¨Õ ¢ ·¥§Ê²ÓÉ É¥ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö. �´¥·£¨Ö
Ö¤·  μÉ¤ Î¨ E2 (ŒÔ‚/´Ê±²μ´) μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³

E2 = 4
(

m1 cos θ2

m1 + m2

)2

E1, (1)

£¤¥ E1 ¨ m1 Å Ô´¥·£¨Ö (ŒÔ‚/´Ê±²μ´) ¨ ³ ¸¸  ( . ¥. ³.) ´ ²¥É ÕÐ¥£μ ¨μ´ ; m2 ¨ θ2 Å
³ ¸¸  ¨ Ê£μ² ¢Ò²¥É  Ö¤·  μÉ¤ Î¨. ˆ§ ¸μμÉ´μÏ¥´¨Ö ¸²¥¤Ê¥É, ÎÉμ ¢ ¸²ÊÎ ¥ m2 � m1, É. ¥.
¶·¨ ¡μ³¡ ·¤¨·μ¢±¥ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ³¨Ï¥´¥° ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢ Ô´¥·£¨Ö Ö¤¥· μÉ¤ Î¨
¢ ¥¤¨´¨Í Ì ŒÔ‚/´Ê±²μ´ ³μ¦¥É ¡ÒÉÓ ¶μÎÉ¨ ¢ Î¥ÉÒ·¥ · §  ¢ÒÏ¥, Î¥³ Ô´¥·£¨Ö ´ ²¥É ÕÐ¥£μ
¨μ´ . �¤´¨³ ¨§ ¶μ¸²¥¤¸É¢¨° Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·μ¡¥£ · ¸¸¥Ö´´ÒÌ Ö¤¥·,   ¸²¥¤μ¢ É¥²Ó´μ, ¨
μ¡² ¸ÉÓ ¢μ§¤¥°¸É¢¨Ö ´  μ¡²ÊÎ ¥³μ¥ ¢¥Ð¥¸É¢μ ¡Ê¤¥É ¢ ´¥¸±μ²Ó±μ · § ¡μ²ÓÏ¥. ‚μ-¢Éμ·ÒÌ,
¶μ²ÊÎ¥´´μ° Ô´¥·£¨¨ μÉ¤ Î¨ ³μ¦¥É ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ¤²Ö μ¸ÊÐ¥¸É¢²¥´¨Ö Ö¤¥·´μ° ·¥ ±Í¨¨
¸ ¢¥Ð¥¸É¢μ³ ³¨Ï¥´¨. ‚ ·¥§Ê²ÓÉ É¥ ·¥ ±Í¨° ³μ£ÊÉ ¨¸¶Ê¸± ÉÓ¸Ö ¶·μÉμ´Ò, ´¥°É·μ´Ò ¨
α-Î ¸É¨ÍÒ. Œμ£ÊÉ μ¡· §μ¢Ò¢ ÉÓ¸Ö · ¤¨μ ±É¨¢´Ò¥ Ö¤· , ±μÉμ·Ò¥ ¸μ§¤ ÕÉ ´ ¢¥¤¥´´ÊÕ
 ±É¨¢´μ¸ÉÓ ¨ ¢ ·¥§Ê²ÓÉ É¥ · ¸¶ ¤  ³μ£ÊÉ ¨¸¶Ê¸± ÉÓ γ-±¢ ´ÉÒ ¨ β-Î ¸É¨ÍÒ.

‡ ¤ Î¥° ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¶μ¤·μ¡´μ¥ ¨§ÊÎ¥´¨¥ Ö¢²¥´¨Ö ¢Éμ·¨Î´ÒÌ
Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¨§³¥·¥´¨¥ ¨Ì ¨´É¥´¸¨¢´μ¸É¨ ¨ ¢ÒÖ¢²¥´¨¥ § ±μ´μ³¥·´μ¸É¥°.

‚ ± Î¥¸É¢¥ ¨´¤¨± Éμ·  ´ ²¨Î¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¨ ÉÖ¦¥²Ò³¨
¨μ´ ³¨ ¢Ò¡· ´ Ë ±É ¨¸¶Ê¸± ´¨Ö ´¥°É·μ´μ¢. •μÉÖ ¨´É¥´¸¨¢´μ¸ÉÓ ¢ÒÌμ¤  ´¥°É·μ´μ¢ ¨ ¨´-
É¥´¸¨¢´μ¸ÉÓ Ö¤¥·´μ° ·¥ ±Í¨¨ ¸¢Ö§ ´Ò ¸²μ¦´Ò³ μ¡· §μ³ ¸ ¨´¤¨¢¨¤Ê ²Ó´Ò³¨ ¸¢μ°¸É¢ ³¨
·μ¦¤ ÕÐ¨Ì¸Ö Ö¤¥· ¨ ¨Ì Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥´¨Ö, ¢ ¤ ´´μ° · ¡μÉ¥ ³Ò μ£· ´¨Î¨¢ ¥³¸Ö
Éμ²Ó±μ ¨§³¥·¥´¨¥³ ¢ÒÌμ¤  ´¥°É·μ´μ¢, ÎÉμ ¶·¥¤¸É ¢²Ö¥É ¨ ¸ ³μ¸ÉμÖÉ¥²Ó´Ò° ¨´É¥·¥¸ ¤²Ö
§ ¤ Î¨ μ¡¥¸¶¥Î¥´¨Ö · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨.
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ˆ§³¥·¥´¨Ö ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ ´  Í¨±²μÉ·μ´¥ „–-60 [2]
(�¸É ´ ). �ÉμÉ Ê¸±μ·¨É¥²Ó ´ ¨¡μ²¥¥ Ê¤μ¡¥´ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¶μ¤μ¡´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢.
Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¶ÊÎ±μ¢ ¸μ¸É ¢²Ö¥É 1,75 ŒÔ‚/´Ê±²μ´. ”μ´ μÉ Ê¸±μ·¨É¥²Ö ¶·¨ · -
¡μÉ¥ ´  ÉÖ¦¥²ÒÌ ¨μ´ Ì ¡²¨§μ± ± ¥¸É¥¸É¢¥´´μ³Ê, ¤¨ ¶ §μ´ Ô´¥·£¨° ´ Ìμ¤¨É¸Ö ¢ ¨´É¥·¥¸Ê-
ÕÐ¥° ´ ¸ μ¡² ¸É¨.

„²Ö ¨§³¥·¥´¨° ¢ÒÌμ¤μ¢ ´¥°É·μ´μ¢ ¢Ò¡· ´ ¤¥É¥±Éμ· ¸ ´ ¨¡μ²ÓÏ¥° ÎÊ¢¸É¢¨É¥²Ó´μ-
¸ÉÓÕ. ‚ ± Î¥¸É¢¥ É ±μ£μ ¨¸¶μ²Ó§μ¢ ²¸Ö ¤¥É¥±Éμ· ´¥°É·μ´μ¢ ‘�Œ-18 ¢ ¶μ²¨ÔÉ¨²¥´μ¢μ³
§ ³¥¤²¨É¥²¥ ¤¨ ³¥É·μ³ 8 ¤Õ°³μ¢. „¥É¥±Éμ· ¨³¥¥É ³ ±¸¨³ ²Ó´ÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ±
· § ¢ ¨´É¥·¥¸ÊÕÐ¥° ´ ¸ μ¡² ¸É¨ ¸¶¥±É·  Ô´¥·£¨° ´¥°É·μ´μ¢ ¨¸¶ ·¥´¨Ö [3]. „¥É¥±Éμ·
· ¸¶μ² £ ²¸Ö ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¶ÊÎ±  ´  ¢Ò¸μÉ¥ 1300 ³³ ´ ¤ Ê·μ¢´¥³ ¶μ²  ¨§
¡¥Éμ´ .

�¡²ÊÎ ¥³ Ö ³¨Ï¥´Ó ¶·¨ ¨§³¥·¥´¨¨ ¢ÒÌμ¤μ¢ ´¥°É·μ´μ¢ ¨ ¨Ì Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨°
· ¸¶μ² £ ² ¸Ó ´  Ô²¥±É·¨Î¥¸±¨ ¨§μ²¨·μ¢ ´´μ³ ¤¥·¦ É¥²¥ ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥³ ¢ ±μ´Í¥ ¸¨-
¸É¥³Ò É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¡μ±¸¥. �¥·¥¤ ¡μ±¸μ³ · ¸¶μ²μ¦¥´ ¡²μ± ¤¨ £´μ¸É¨±¨, ¢ ±μ-
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Éμ·μ³ ¶μ¸²¥¤μ¢ É¥²Ó´μ · §³¥Ð¥´Ò ¶μ¤¢¨¦´Ò¥ ³´μ£μ¶·μ¢μ²μÎ´Ò° ¶·μË¨²μ³¥É· ¶ÊÎ±  ¨
Í¨²¨´¤· ” · ¤¥Ö. 	μ±¸ · ¸¶μ²μ¦¥´ ´  · ¸¸ÉμÖ´¨¨ μ±μ²μ 8 ³ μÉ Ê¸±μ·¨É¥²Ö.

‘ ¶μ³μÐÓÕ ¶·μË¨²μ³¥É·  ¶·¥¤¢ ·¨É¥²Ó´μ ¨§³¥·Ö²¨¸Ó Ëμ·³  ¨ · §³¥· ¶ÊÎ± . ‘ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¸¨¸É¥³Ò É· ´¸¶μ·É¨·μ¢±¨ ¨ Ëμ±Ê¸¨·μ¢±¨ ´  ³¨Ï¥´Ó ´ ¶· ¢²Ö²¸Ö ¨ Ëμ·-
³¨·μ¢ ²¸Ö ¶ÊÎμ± · §³¥·μ³ 2 × 3 ¸³, ÎÉμ¡Ò ¨§¡¥¦ ÉÓ ¶μ¢ÒÏ¥´´μ° ²μ± ²Ó´μ° É¥¶²μ¢μ°
´ £·Ê§±¨. � §³¥· ³¨Ï¥´¨ 5×10×1 ¸³. ’μ± ¶ÊÎ±  ¨μ´μ¢ ¶·¥¤¢ ·¨É¥²Ó´μ ¨§³¥·Ö²¸Ö Í¨²¨´-
¤·μ³ ” · ¤¥Ö. ‘É ¡¨²Ó´μ¸ÉÓ Éμ±  ¶ÊÎ±  ±μ´É·μ²¨·μ¢ ² ¸Ó ¨§³¥·¥´¨¥³ Éμ±  ¸ ³¨Ï¥´¨.
“¸É ´μ¢²¥´μ, ÎÉμ ±μ²¥¡ ´¨Ö Éμ±  ¶ÊÎ±  ´¥ ¶·¥¢ÒÏ ²¨ 5 %.

Š ²¨¡·μ¢±  ¤¥É¥±Éμ·  ¸¤¥² ´  ¶·¨ ¢Ò±²ÕÎ¥´´μ³ Ê¸±μ·¨É¥²¥ ¶ÊÉ¥³ Ê¸É ´μ¢±¨ ´  ³¥-
¸Éμ ³¨Ï¥´¨ PuÄBe-¨¸ÉμÎ´¨±  ¸ ¢ÒÌμ¤μ³ ´¥°É·μ´μ¢ (1 ± 0,1) · 105 ¸−1. �·¨ É ±μ°
± ²¨¡·μ¢±¥  ¢Éμ³ É¨Î¥¸±¨ ¤μ¸É¨£ ²¸Ö ÊÎ¥É ¢²¨Ö´¨Ö ´  ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö μ¸² ¡²¥´¨Ö
¨ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¢¸¥³ μ±·Ê¦ ÕÐ¨³ ¨¸ÉμÎ´¨± ¢¥Ð¥¸É¢μ³.

ˆ§³¥·¥´¨¥ Ëμ´  μÉ ¢¸¥Ì ¢μ§³μ¦´ÒÌ ¸Éμ·μ´´¨Ì ¨¸ÉμÎ´¨±μ¢, ¢μ§´¨± ÕÐ¨Ì ¶·¨ ¢Ò¢μ¤¥
¨ ¶·μ¢μ¤±¥ ¶ÊÎ± , μ¸ÊÐ¥¸É¢²Ö²μ¸Ó, ±μ£¤  ¢ ± Î¥¸É¢¥ ³¨Ï¥´¨ Ê¸É ´ ¢²¨¢ ²¸Ö É ´É ². �ÉμÉ
Ëμ´ ¶· ±É¨Î¥¸±¨ ´¥ μÉ²¨Î ²¸Ö μÉ ¥¸É¥¸É¢¥´´μ£μ.

�  ¶ÊÎ± Ì ¨μ´μ¢ Ar, Kr ¨ Xe ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸ ³¨Ï¥´Ö³¨ ¨§ ‚¥, C, Al, Al2O3 ¨
LiF. ˆ§³¥·¥´¨Ö ¸ ¨μ´ ³¨ Xe ¶·μ¢μ¤¨²¨¸Ó ´  ¶ÊÎ± Ì ¸ Ô´¥·£¨¥° 1,5; 1,4 ¨ 1,0 ŒÔ‚/´Ê±²μ´,
¸ ¨μ´ ³¨ Kr Å ¸ Ô´¥·£¨¥° 1,75; 1,4 ¨ 0,72 ŒÔ‚/´Ê±²μ´,   ¸ ¨μ´ ³¨ Ar Å ¸ Ô´¥·£¨¥°
1 ŒÔ‚/´Ê±²μ´. ’μ± ¶ÊÎ±μ¢ ¢Ò¢¥¤¥´´ÒÌ ´  ³¨Ï¥´Ó ¸μ¸É ¢²Ö² ¶·¨³¥·´μ 0,25 ³±� ¤²Ö
132Xe+20, ¤μ 1 ³±� Å ¤²Ö 84Kr+15 ¨ 0,6 ³±� Å ¤²Ö 40Ar+8.

	 ·Ó¥· ¤²Ö Ö¤¥·´μ° ·¥ ±Í¨¨ ¢ ± ¦¤μ³ ¸μÎ¥É ´¨¨ ¨¸¶μ²Ó§Ê¥³ÒÌ ¶ÊÎ±μ¢ ¨ ³¨Ï¥´¥°
³μ¦´μ ´ °É¨, ´ ¶·¨³¥·, ¢ · ¡μÉ¥ [4]. �´ ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ ¸ÊÐ¥¸É¢¥´´μ ¢ÒÏ¥ ³ ±¸¨³ ²Ó-
´μ° Ô´¥·£¨¨ Éμ£μ ¤¨ ¶ §μ´ , ¢ ±μÉμ·μ³ ¶·μ¢μ¤¨²¨¸Ó Ô±¸¶¥·¨³¥´ÉÒ.
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‚ÒÌμ¤ ´¥°É·μ´μ¢ ¨§ ²¥£±μ° Éμ²¸Éμ° ³¨Ï¥´¨ ¶·¨ ¡μ³¡ ·¤¨·μ¢±¥ ¥¥ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨
μ¶·¥¤¥²Ö²¨ ¶ÊÉ¥³ ¨´É¥£·¨·μ¢ ´¨Ö ¨§³¥·¥´´ÒÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¶²μÉ´μ¸É¨ ¶μÉμ± 
´¥°É·μ´μ¢. ˆ§³¥·¥´¨Ö É ³, £¤¥ ¡Ò²  ¤μ¸É ÉμÎ´ Ö ¸±μ·μ¸ÉÓ ¸Î¥É  ¤¥É¥±Éμ· , ¶·μ¢μ¤¨²¨ ´ 
· ¸¸ÉμÖ´¨¨ 1Ä2 ³ μÉ ³¨Ï¥´¨ ¶μ¤ Ê£² ³¨ 0, 15, 30, 45, 60, 90, 135 ¨ 150◦ ± ´ ¶· ¢²¥´¨Õ
μ¸¨ ¶ÊÎ± . �·¨ ´¨§±¨Ì ¨´É¥´¸¨¢´μ¸ÉÖÌ ´¥°É·μ´μ¢ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨ Éμ²Ó±μ ¶μ¤ 0
¨ 90◦. �  μ¸´μ¢ ´¨¨ Éμ£μ, ÎÉμ ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ ´ ¡²Õ¤ ²μ¸Ó ¶· ±É¨Î¥¸±¨ μ¤¨´ ±μ¢μ¥
μÉ´μÏ¥´¨¥ ¸±μ·μ¸É¨ ¸Î¥É  ¶μ¤ 0◦ ± ¸±μ·μ¸É¨ ¸Î¥É  ¶μ¤ 90◦, ¶·¨ · ¸Î¥É¥ ¢ÒÌμ¤μ¢ ¶·¨-
´¨³ ²¨, ÎÉμ Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ ¨ ¶·¨ ´¨§±¨Ì ¨´É¥´¸¨¢´μ¸ÉÖÌ  ´ ²μ£¨Î´μ ¤¥É ²Ó´μ
¨§³¥·¥´´Ò³.

�  ·¨¸. 1 ´  μ¤´μ³ £· Ë¨±¥ ¶·¨¢¥¤¥´Ò Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢, ¨§³¥·¥´´Ò¥
¤²Ö Î¥ÉÒ·¥Ì · §´ÒÌ ¸μÎ¥É ´¨° ³¨Ï¥´¥° (Be ¨ C), ¶ÊÎ±μ¢ (Xe ¨ Kr) ¨ ¨Ì Ô´¥·£¨°. Œμ¦´μ
μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¶·¥¤¥² Ì ¸É É¨¸É¨Î¥¸±μ° μÏ¨¡±¨ ¨ ´¥¸É ¡¨²Ó´μ¸É¨ ¶ÊÎ±μ¢ · ¸¶·¥¤¥²¥´¨Ö
³μ¦´μ ¸Î¨É ÉÓ ¶μ¤μ¡´Ò³¨. ‚  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥ Ê£²μ¢ Ö § ¢¨¸¨³μ¸ÉÓ f(θ) ³μ¦¥É ¡ÒÉÓ
§ ¶¨¸ ´  ¢ ¢¨¤¥

f(θ) = 2 − 3θ/π ¤²Ö 0 < θ < π/3 ¨ 1 ¤²Ö π/3 < θ < π, (2)

£¤¥ θ ¢ · ¤.
‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´ °¤¥´´μ° Ê£²μ¢μ° § ¢¨¸¨³μ¸É¨ ¶μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨° ¶μ¸Î¨-

É ´Ò ¢ÒÌμ¤Ò ´¥°É·μ´μ¢, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.
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�¨¸. 1. “£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢. ’μÎ±¨ Å ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¤²Ö Î¥ÉÒ·¥Ì · §´ÒÌ

¸μÎ¥É ´¨° ³¨Ï¥´¥° (Be ¨ C), ¶ÊÎ±μ¢ (Xe ¨ Kr) ¨ ¨Ì Ô´¥·£¨°; ²¨´¨¨ Å Ô±¸É· ¶μ²ÖÍ¨Ö Ê£²μ¢μ£μ

· ¸¶·¥¤¥²¥´¨Ö

‚ÒÌμ¤ ´¥°É·μ´μ¢ ¶·¨ ¡μ³¡ ·¤¨·μ¢±¥ ²¥£±¨Ì ³¨Ï¥´¥° ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ (´¥°É·μ´/¨μ´)

	μ³¡ ·- �´¥·£¨Ö,
ŒÔ‚/´Ê-

±²μ´

Œ¨Ï¥´Ó
¤¨·ÊÕÐ¨° LiF Be C Al2O3 Al

¨μ´

132Xe+20

1,5 (2,0±0,7)·10−7 (1,5±0,5)·10−6 (1,3±0,4)·10−8 (1,6±0,5)·10−8 (3,5±1,2)·10−9

1,4 (1,9±0,7)·10−7 (1,4±0,5)·10−6 (9,6±3,2)·10−9 (1,1±0,4)·10−8 (3,0±1,0)·10−9

1,0 (1,3±0,4)·10−7 (9,3±3,1)·10−7 (7,2±2,4)·10−9 (3,1±1,1)·10−9 (4,0±2,0)·10−10

86Kr+15

1,75 (1,3±0,4)·10−7 (6,9±2,3)·10−7 (7,6±2,5)·10−9 (3,9±1,3)·10−9 (1,5±0,5)·10−9

1,4 (1,0±0,3)·10−7 (3,8±1,3)·10−7 (3,8±1,3)·10−9 (2,0±0,7)·10−9 (4,9±1,7)·10−10

0,72 (3,1±1,1)·10−8 (1,7±0,6)·10−7 Å < 4,0·10−10 Å
40Ar+8 1,0 (8,1±4,0)·10−9 (3,4±1,7)·10−8 (1,0±0,5)·10−10 < 4,0·10−11 Å

�Ï¨¡±  ¶·¨ ¨§³¥·¥´¨¨ ¢ÒÌμ¤μ¢ ´¥°É·μ´μ¢, É ± ¦¥ ± ± ¨ ¢ · ¡μÉ¥ [1], μ¡Ê¸²μ¢²¥´ 
£² ¢´Ò³ μ¡· §μ³ É¥³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³, ÎÉμ ËÊ´±Í¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨¸¶μ²Ó§Ê¥³μ£μ ¤¥-
É¥±Éμ·  § ¢¨¸¨É μÉ Ô´¥·£¨¨ ´¥°É·μ´μ¢. ‘¶¥±É·Ò ¦¥ ¨§³¥·Ö¥³ÒÌ ¶μÉμ±μ¢ § ¢¨¸ÖÉ μÉ Ê£² 
¢Ò²¥É  ´¥°É·μ´μ¢ ¨§ ³¨Ï¥´¨, ¢¥Ð¥¸É¢  ³¨Ï¥´¨ ¨ Î ¸É¨Í ¶ÊÎ± . ‚ Éμ ¦¥ ¢·¥³Ö ¸¶¥±É·Ò
´¥°É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ ³¨Ï¥´¥°, μÉ²¨Î ÕÉ¸Ö μÉ ¸¶¥±É·  PuÄBe-¨¸ÉμÎ´¨± , ¨¸¶μ²Ó-
§μ¢ ´´μ£μ ¤²Ö ± ²¨¡·μ¢±¨.

Š·μ³¥ Éμ£μ, ¢ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¢ÒÌμ¤  ¢´μ¸¨É¸Ö μÏ¨¡± , ¸¢Ö§ ´´ Ö ¸ ´¥μ¶·¥-
¤¥²¥´´μ¸ÉÓÕ ¢ÒÌμ¤  ´¥°É·μ´μ¢ PuÄBe-¨¸ÉμÎ´¨± , ´¥¸É ¡¨²Ó´μ¸ÉÓÕ Éμ±  ¶ÊÎ±  ¨ ¸É É¨-
¸É¨Î¥¸± Ö. �¡Ð Ö μÏ¨¡±  ¨§³¥·¥´¨Ö μÍ¥´¨¢ ¥É¸Ö μÉ ± 30 ¤μ 50 % ¢ § ¢¨¸¨³μ¸É¨ μÉ
¸É É¨¸É¨±¨.
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„²Ö ¶·μ¢¥·±¨ ¤μ¸Éμ¢¥·´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¦¥² É¥²Ó´μ ¸μ¶μ¸É ¢¨ÉÓ ¨Ì
¸ ¤ ´´Ò³¨ ¤·Ê£¨Ì ¨§³¥·¥´¨°, ´μ ¢ ²¨É¥· ÉÊ·¥ ´ ³¨ ´¥ ´ °¤¥´μ μ¶¨¸ ´¨Ö  ´ ²μ£¨Î´ÒÌ
Ô±¸¶¥·¨³¥´Éμ¢. „²Ö ¶μ¤É¢¥·¦¤¥´¨Ö ¢Ò¤¢¨´ÊÉμ° ¢ · ¡μÉ¥ [1] ¢¥·¸¨¨ ¶·μ¨¸Ìμ¦¤¥´¨Ö ´ -
¡²Õ¤ ¥³ÒÌ ´¥°É·μ´μ¢ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ μ¦¨¤ ¥³μ£μ ¨Ì ¢ÒÌμ¤ . � ¸¸³ É·¨¢ ²μ¸Ó, ÎÉμ
μ¡· §μ¢ ´¨¥ ´¥°É·μ´μ¢ ¢ ¨¸¸²¥¤Ê¥³μ° μ¡² ¸É¨ Ô´¥·£¨° ¨μ´μ¢ ¶·μ¨¸Ìμ¤¨É ¢ ·¥§Ê²ÓÉ É¥
¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶·μÍ¥¸¸ : ¢Ò¡¨¢ ´¨Ö §  ¸Î¥É Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤·  μÉ¤ Î¨ ¨§ ¢¥Ð¥-
¸É¢  ³¨Ï¥´¨, Ö¤¥·´μ° ·¥ ±Í¨¨ ¸²¨Ö´¨Ö ¥£μ ¸ Ö¤· ³¨ ³¨Ï¥´¨ ¨ ¶μ¸²¥¤ÊÕÐ¥£μ ¨¸¶ ·¥´¨Ö
¨§ ¢μ§¡Ê¦¤¥´´μ£μ Ö¤· .

�Í¥´±  ¢ÒÌμ¤  ¶·μ¤Ê±Éμ¢ ¢Éμ·¨Î´ÒÌ ·¥ ±Í¨° Yi ¶·μ¢μ¤¨² ¸Ó ¶μ Ëμ·³Ê²¥

Yi = N2
n

∫ ∫
σs

(
dE1

dx

)−1

dE1

∫
σi

(
dE2

dx

)−1

dE2 dΩ, (3)

£¤¥ Nn Å ¶²μÉ´μ¸ÉÓ Ö¤¥· ¢¥Ð¥¸É¢  ³¨Ï¥´¨; σs Å ¸¥Î¥´¨¥ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¡μ³¡ ·-
¤¨·ÊÕÐ¨Ì ¨μ´μ¢ ´  Ö¤· Ì ³¨Ï¥´¨; (dE1/dx) ¨ (dE2/dx) Å ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¶μÉ¥·¨
Ô´¥·£¨¨ ¨μ´μ¢ ¨ Ö¤¥· μÉ¤ Î¨ ¸μμÉ¢¥É¸É¢¥´´μ ¢ ¢¥Ð¥¸É¢¥ ³¨Ï¥´¨; σi Å ¸¥Î¥´¨¥ μ¡· §μ-
¢ ´¨Ö i-£μ ¶·μ¤Ê±É  (´¥°É·μ´ , ¶·μÉμ´ , α-Î ¸É¨ÍÒ ¨²¨ μ¸É ÉμÎ´μ£μ Ö¤· ) ·¥ ±Í¨¨ Ö¤· 
μÉ¤ Î¨ ¸ ¢¥Ð¥¸É¢μ³ ³¨Ï¥´¨.

ˆ´É¥£·¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö μÉ ´Ê²Ö ¤μ ¶¥·¢¨Î´μ° Ô´¥·£¨¨ ¡μ³¡ ·¤¨·ÊÕÐ¥£μ ¨μ´  E1

¶μ Ô´¥·£¨¨ Ö¤·  μÉ¤ Î¨ E2, μ¶·¥¤¥²Ö¥³μ° ¶μ Ëμ·³Ê²¥ (1), ¨ ¶μ É¥²¥¸´μ³Ê Ê£²Ê.
�·¨ · ¸¸³μÉ·¥´¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥· ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¢ · ¸Î¥É Ì ¶·¨-

´ÖÉμ, ÎÉμ ¢ ². ¸. ±μμ·¤¨´ É ¸¥Î¥´¨¥ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ° �¥§¥·-
Ëμ·¤ : (

dσs

dΩ

)
R

= 5,185 · 10−27 [z1z2(m1 + m2)/m1m2E1]2

cos3 θ2
. (4)

‡´ Î¥´¨Ö dE1/dx, dE2/dx ¨ σi ¢§ÖÉÒ ¨§ ¶·μ£· ³³Ò LISE++ [5].
�·¨ · ¸Î¥É Ì ¨´É¥£·¨·μ¢ ´¨¥ § ³¥´¥´μ ¸Ê³³¨·μ¢ ´¨¥³. ˜ £ ¶μ E1 ¨ E2 ¢§ÖÉ · ¢´Ò³

0,1 ŒÔ‚/´Ê±²μ´ ¨ ¶μ Ê£²Ê θ Å 5◦.
� ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¶μ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¸²μÖ³ ³¨Ï¥´¨, ¢ ±μÉμ·ÒÌ ¨¸¸²¥¤Ê¥³Ò°

¨μ´ É¥·Ö² μ¤¨´ ±μ¢ÊÕ ¶μ·Í¨Õ ¸¢μ¥° Ô´¥·£¨¨ ΔE. ’μ²Ð¨´  i-£μ ¸²μÖ ti = ΔE/(dE/dx)i,
£¤¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¶·¨´¨³ ²¨¸Ó ¤²Ö ÔÉμ£μ ¸²μÖ ¶μ¸ÉμÖ´´Ò³¨ ¨ · ¢-
´Ò³¨ ¶μÉ¥·Ö³ ¶·¨ Ô´¥·£¨¨ Ei ¶·¨ ¢Ìμ¤¥ ¢ ¸²μ°. �μ¸ÉμÖ´´Ò³¨ É ±¦¥ ¶·¨´¨³ ²¨¸Ó ¸¥-
Î¥´¨¥ · ¸¸¥Ö´¨Ö ¨ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ´¥°É·μ´μ¢ ¢ ¸²μ¥. ’μ²Ð¨´  ¸²μÖ ¢Ò¡¨· ² ¸Ó
¤μ¢μ²Ó´μ ³ ²μ°, ¶·¨³¥·´μ · ¢´μ° 1 ³£/¸³2, ÎÉμ¡Ò ¨§¡¥¦ ÉÓ § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö μÉ Éμ²-
Ð¨´Ò ³¨Ï¥´¨, É ± ± ± ¢ ¶·μ£· ³³¥ LISE++ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ·¥ ±Í¨Ö ¨³¥¥É ³¥¸Éμ ¢
¸¥·¥¤¨´¥ ³¨Ï¥´¨. �μ²´Ò° ¢ÒÌμ¤ ´¥°É·μ´μ¢ ¨§ Éμ²¸Éμ° ³¨Ï¥´¨ μ¶·¥¤¥²Ö²¸Ö ¸Ê³³¨·μ-
¢ ´¨¥³ ¶μ ¢¸¥³ ¸²μÖ³, ¢ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤¨²¨ ¶μ¸²¥¤μ¢ É¥²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨.

�  ·¨¸. 2Ä5 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ÒÌμ¤  ´¥°É·μ´μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥-
´¥° ¨§ ¡¥·¨²²¨Ö, Ê£²¥·μ¤ ,  ²Õ³¨´¨Ö ¨ LiF ¨μ´ ³¨ ±¸¥´μ´ , ±·¨¶Éμ´  ¨  ·£μ´  ¢ § ¢¨¸¨-
³μ¸É¨ μÉ Ô´¥·£¨¨ ¶ÊÎ± . �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ´  ·¨¸Ê´± Ì ¤ ´Ò ¢ ¢¨¤¥ ²¨´¨° ¨ ¶μ³¥Î¥´Ò
¸¨³¢μ²μ³, ´ ¶·¨³¥·, Ar, ¡μ³¡ ·¤¨·ÊÕÐ¥£μ ¨μ´ . ’ ³ ¦¥ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ §´ Î¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥ ¨ ¢§ÖÉÒ¥ ¨§ · ¡μÉÒ [1] ¤²Ö ¨μ´μ¢ Kr ¨ Xe
¸ Ô´¥·£¨¥° 2,5 ŒÔ‚/´Ê±²μ´.
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�¨¸. 2. ‚ÒÌμ¤Ò ´¥°É·μ´μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Ar, Kr ¨ Xe ³¨Ï¥´¨ ¨§ ‚¥. � Å ·¥§Ê²ÓÉ ÉÒ

Ô±¸¶¥·¨³¥´É  ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Xe; � Å ¨μ´ ³¨ Kr ¨ � Å ¨μ´ ³¨ Ar; ¸¶²μÏ´ Ö ²¨´¨Ö Å

·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¢ÒÌμ¤  ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Xe, ÏÉ·¨Ìμ¢ Ö Å ¨μ´ ³¨ Kr ¨ ¶Ê´±É¨·´ Ö Å
¨μ´ ³¨ Ar. (‚¸¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ · §¤¥²¥´Ò ´  ±μÔËË¨Í¨¥´É 1,6)

�¨¸. 3. ‚ÒÌμ¤Ò ´¥°É·μ´μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Ar, Kr ¨ Xe ³¨Ï¥´¨ ¨§ £· Ë¨É . �¡μ§´ Î¥´¨Ö

É¥ ¦¥, ÎÉμ ¨ ´  ·¨¸. 2

�¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨° · ¸Î¥É  ¨ Ô±¸¶¥·¨³¥´É  ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ¢ ± Î¥¸É¢¥ É¥¸É ,
¤¥³μ´¸É·¨·ÊÕÐ¥£μ, ´ ¸±μ²Ó±μ ¤μ¸Éμ¢¥·´μ ¶·¨´ÖÉμ¥ μ¡ÑÖ¸´¥´¨¥ ³¥Ì ´¨§³  μ¡· §μ¢ ´¨Ö
´¥°É·μ´μ¢. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ ¸μ¢¶ ¤¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ Ô±¸-
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�¨¸. 4. ‚ÒÌμ¤Ò ´¥°É·μ´μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Ar, Kr ¨ Xe ³¨Ï¥´¨ ¨§  ²Õ³¨´¨Ö. �¡μ§´ Î¥´¨Ö
É¥ ¦¥, ÎÉμ ¨ ´  ·¨¸. 2

�¨¸. 5. ‚ÒÌμ¤Ò ´¥°É·μ´μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Ar, Kr ¨ Xe ³¨Ï¥´¨ ¨§ LiF. �¡μ§´ Î¥´¨Ö É¥ ¦¥,

ÎÉμ ¨ ´  ·¨¸. 2

¶¥·¨³¥´É  ¨ · ¸Î¥Éμ¢ ¶μ¸²¥¤´¨¥ ¡Ò²¨ Ê³¥´ÓÏ¥´Ò ´  ±μÔËË¨Í¨¥´É 1,6. ˆ³¥ÕÐ¥¥¸Ö
· §²¨Î¨¥ ¢¶μ²´¥ ¤μ¶Ê¸É¨³μ, ¥¸²¨ ÊÎ¨ÉÒ¢ ÉÓ, ÎÉμ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò · ¸Î¥É´Ò¥ ¸¥Î¥´¨Ö
μ¡· §μ¢ ´¨Ö ´¥°É·μ´μ¢, ¤μ¸Éμ¢¥·´μ¸ÉÓ ±μÉμ·ÒÌ μÍ¥´¨¢ ¥É¸Ö ¸ ±μÔËË¨Í¨¥´Éμ³ 2. � 
μ¸´μ¢ ´¨¨ É¥¸É  ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ëμ·³Ê²Ò (3) ³μ¦´μ μÍ¥-
´¨¢ ÉÓ ¢ÒÌμ¤Ò ´¥°É·μ´μ¢ μÉ ¢Éμ·¨Î´ÒÌ ·¥ ±Í¨° ¤²Ö ¤·Ê£¨Ì ¸μÎ¥É ´¨° ¶ÊÎ±μ¢ ¨ ³¨Ï¥´¥°
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¸ ÉμÎ´μ¸ÉÓÕ ¤μ ±μÔËË¨Í¨¥´É  2. „·Ê£μ° ¢Ò¢μ¤ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¥¸²¨ ¸ ¶μ³μÐÓÕ
Ëμ·³Ê²Ò (3) ³μ¦´μ μÍ¥´¨¢ ÉÓ ¢ÒÌμ¤Ò ´¥°É·μ´μ¢, Éμ ¥¸ÉÓ ¢¸¥ μ¸´μ¢ ´¨Ö ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ
μ´  ¶·¨£μ¤´  ¤²Ö μÍ¥´±¨ ¢ÒÌμ¤μ¢ ¨ ¤·Ê£¨Ì ¶·μ¤Ê±Éμ¢ ¢Éμ·¨Î´ÒÌ ·¥ ±Í¨°.

Œ¨Ï¥´Ó ¨§ μ±¨¸¨  ²Õ³¨´¨Ö ¡Ò²  ¨¸¶μ²Ó§μ¢ ´ , ÎÉμ¡Ò ¶·μ¤¥³μ´¸É·¨·μ¢ ÉÓ ¶· ±É¨-
Î¥¸±ÊÕ ¶μ²Ó§Ê ¤ ´´μ° · ¡μÉÒ. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ μÍ¥´¨¢ ÉÓ Ëμ´
´¥°É·μ´μ¢ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Ô²¥³¥´Éμ¢
¢ ·Ê¤ Ì, ´ ¶·¨³¥· ·¥¤±μ§¥³¥²Ó´ÒÌ, ¶μ ±Ê²μ´μ¢¸±μ³Ê ¢μ§¡Ê¦¤¥´¨Õ.

ˆ¸¸²¥¤μ¢ ´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢Éμ·¨Î´Ò¥ ·¥ ±Í¨¨ ³μ£ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö Éμ²Ó±μ
¢ ¸²ÊÎ ÖÌ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¥° ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨. � ¡²Õ¤ ¥³μ¥
Ö¢²¥´¨¥ Ê¢¥²¨Î¥´¨Ö Ô´¥·£¨¨ ²¥£±¨Ì Ö¤¥· ¶·¨ · ¸¸¥Ö´¨¨ ¨Ì ´  ÉÖ¦¥²ÒÌ, ¢μ§³μ¦´μ, ´¥μ¡-
Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ · ¸Î¥É Ì ¸±μ·μ¸É¥° ¸¨´É¥§  ¢ μ¡² ¸É¨  ¸É·μË¨§¨±¨, £¤¥ ¶μ´ÖÉ¨Ö
¶ÊÎ±  ¨ ³¨Ï¥´¨ ¢§ ¨³μ§ ³¥´Ö¥³Ò. ‚μ§³μ¦´μ É ±¦¥, ÎÉμ ¸±μ·μ¸ÉÓ É¥·³μÖ¤¥·´ÒÌ ·¥-
 ±Í¨° ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´ , ¥¸²¨ ¢ ¸μ¸É ¢¥ ¶² §³Ò ¡Ê¤ÊÉ ¸μ¤¥·¦ ÉÓ¸Ö ¶·¨³¥¸¨ ¡μ²¥¥
ÉÖ¦¥²ÒÌ ¨μ´μ¢, ±μÉμ·Ò¥ ¡Ê¤ÊÉ ¸²Ê¦¨ÉÓ ¢ ± Î¥¸É¢¥ ± É ²¨§ Éμ· .

‡�Š‹
—…�ˆ…

� ¡²Õ¤ ²μ¸Ó ¨¸¶Ê¸± ´¨¥ ´¥°É·μ´μ¢, ¨ ¨§³¥·¥´Ò ¨Ì ¢ÒÌμ¤Ò ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¥°
¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢: ‚¥, C, Al, Al2O3 ¨ LiF ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ Ar, Kr ¨ Xe, ¨³¥Õ-
Ð¨³¨ Ô´¥·£¨Õ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· . ˆ§³¥·¥´Ò Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢
¨§ ³¨Ï¥´¥°. “¸É ´μ¢²¥´μ, ÎÉμ ³¥Ì ´¨§³μ³, μÉ¢¥É¸É¢¥´´Ò³ §  μ¡· §μ¢ ´¨¥ ´ ¡²Õ¤ ¥³ÒÌ
´¥°É·μ´μ¢, Ö¢²ÖÕÉ¸Ö ¢Éμ·¨Î´Ò¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ³¥¦¤Ê ¶μ±μÖÐ¨³¨¸Ö Ö¤· ³¨ ³¨Ï¥´¨ ¨
Ö¤· ³¨ μÉ¤ Î¨, ¶μ²ÊÎ¨¢Ï¨³¨ Ô´¥·£¨Õ ¢ ·¥§Ê²ÓÉ É¥ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö. �·μ¢¥¤¥´μ ¸· ¢-
´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É  ¨ · ¸Î¥Éμ¢, μ¸´μ¢ ´´ÒÌ ´  Ê¸É ´μ¢²¥´´μ³ ³¥Ì ´¨§³¥
¢Éμ·¨Î´ÒÌ ·¥ ±Í¨°. � ¸Î¥ÉÒ ¶μ§¢μ²ÖÕÉ μÍ¥´¨ÉÓ ¢ÒÌμ¤Ò ¢Éμ·¨Î´ÒÌ ·¥ ±Í¨° ¸ ÉμÎ´μ-
¸ÉÓÕ ¤μ ±μÔËË¨Í¨¥´É  2.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ¸μÉ·Ê¤´¨± ³ Í¨±²μÉ·μ´  „–-60 ˆŸ” (�¸É ´ ) §  ¶·¥¤μ¸É -
¢²¥´´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° ¨ μ¡¥¸¶¥Î¥´¨¥ ¡¥¸¶¥·¥¡μ°´μ° · ¡μÉÒ
Ê¸±μ·¨É¥²Ö.
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