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‚²¨Ö´¨¥ ¡²¨¦ °Ï¥£μ μ±·Ê¦¥´¨Ö  ±É¨¢´μ° §μ´Ò ´  ¤¨´ ³¨±Ê
¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ·¥ ±Éμ·  ˆ��-2

‚Ò¶μ²´¥´  ´ ²¨§ Ëμ·³Ò ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ·¥ ±Éμ·  ˆ��-2, ¨§³¥·¥´´μ£μ
¢ ¶μ²´μ³ ¤¨´ ³¨Î¥¸±μ³ ¤¨ ¶ §μ´¥ ¨§³¥´¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ±  (104), É. ¥.
μÉ ³ ±¸¨³Ê³  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ¤μ Ê·μ¢´Ö Ëμ´  ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨. � ¸¸³μ-
É·¥´Ò É·¨ ¢ ·¨ ´É  ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¨Ì ¤¨´ ³¨±Ê ·¥ ±Éμ· 
¢ É¥Î¥´¨¥ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨. � ¨²ÊÎÏ¥¥ ¶·¨¡²¨¦¥´¨¥ ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³
¤ ´´Ò³ ¶μ²ÊÎ¥´μ ¶·¨ ¤μ¡ ¢²¥´¨¨ ± Ï¥¸É¨ Ê· ¢´¥´¨Ö³, μ¶¨¸Ò¢ ÕÐ¨³ ¢²¨Ö´¨¥
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ´  ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨, ¤¢ÊÌ  ´ ²μ£¨Î´ÒÌ Ê· ¢´¥´¨°,
μ¶¨¸Ò¢ ÕÐ¨Ì ¢²¨Ö´¨¥ ´¥°É·μ´μ¢, μÉ· ¦¥´´ÒÌ μÉ Ô²¥³¥´Éμ¢ ±μ´¸É·Ê±Í¨¨ ·¥ ±-
Éμ· . �μ± § ´μ, ÎÉμ ´ ¨¡μ²¥¥ ¢¥·μÖÉ´Ò³¨ ¨¸ÉμÎ´¨± ³¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ £·Ê¶¶
´¥°É·μ´μ¢ ³μ£ÊÉ ¡ÒÉÓ § ³¥¤²¨É¥²¨ ´¥°É·μ´μ¢, μ±·Ê¦ ÕÐ¨¥  ±É¨¢´ÊÕ §μ´Ê,  
É ±¦¥ ¡²¨¦ °Ï¨¥ ±  ±É¨¢´μ° §μ´¥ Ô²¥³¥´ÉÒ ¡¨μ²μ£¨Î¥¸±μ° ¡¥Éμ´´μ° § Ð¨ÉÒ.
„μ¶μ²´¨É¥²Ó´Ò¥ £·Ê¶¶Ò ´¥°É·μ´μ¢ μ± §Ò¢ ÕÉ ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥ ´  Ëμ·³¨-
·μ¢ ´¨¥ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

Pepelyshev Yu.N., Popov A.K. P13-2005-185
The In
uence of the Nearest Environment of the Active Zone
on the Power Pulse Dynamics in the IBR-2 Reactor

An analysis of the IBR-2 reactor power pulse shape measured over the entire
dynamic range of neutron 
ux variation (104), i.e., from the maximum pulse power
to the background power between pulses, has been carried out. Three variants of the
model describing the reactor dynamics during the power pulse have been investigated.
The best approximation to the experimental data has been obtained by adding to the
six equations describing the effect of delay neutrons on the power pulse of two
analogous ones describing the effect of the neutrons re
ected from the structural
elements of the reactor. It is shown that the most probable source of additional
groups of neutrons may be the neutron moderators enveloping the active zone as
well as the elements of the biological concrete shielding that are closest to the active
zone. These additional groups of neutrons in
uence essentially the formation of the
power pulse.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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‚‚…„…�ˆ…

‚ ·¥ ±Éμ·¥ ˆ��-2 ¸ ¶μ³μÐÓÕ ³μ¤Ê²ÖÉμ·  ·¥ ±É¨¢´μ¸É¨ ¸μ§¤ ÕÉ¸Ö ¶¥-
·¨μ¤¨Î¥¸±¨¥ ¨³¶Ê²Ó¸Ò ³μÐ´μ¸É¨, ¢ ±μÉμ·ÒÌ ¸ ¶¥·¨μ¤μ³ 0,2 ¸ ·¥ ±Éμ· ´ 
±μ·μÉ±μ¥ ¢·¥³Ö (¶·¨³¥·´μ 400 ³±¸) ¢Ò¢μ¤¨É¸Ö ¢ ´ ¤±·¨É¨Î¥¸±μ¥ ¸μ¸ÉμÖ´¨¥
´  ³£´μ¢¥´´ÒÌ ´¥°É·μ´ Ì.

”μ·³  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ Ö¢²Ö¥É¸Ö ¢ ¦´μ° Ì · ±É¥·¨¸É¨±μ° ¨³¶Ê²Ó¸-
´μ£μ ·¥ ±Éμ· . �´ ²¨§ Ëμ·³Ò ¨³¶Ê²Ó¸  ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ ¶ · ³¥É·Ò ±¨-
´¥É¨±¨, Ìμ¤ ¨§³¥´¥´¨Ö ·¥ ±É¨¢´μ¸É¨ ¶·¨ ¤¢¨¦¥´¨¨ ¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö
(��),   É ±¦¥ ·Ö¤ ¤·Ê£¨Ì Ì · ±É¥·¨¸É¨±, ¢ ¦´ÒÌ ¤²Ö ¶μ´¨³ ´¨Ö ¤¨´ ³¨±¨
·¥ ±Éμ· .

� ´¥¥ Ëμ·³  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ˆ��-2 ¨¸¸²¥¤μ¢ ² ¸Ó ´  ¸É ¤¨ÖÌ Ë¨-
§¨Î¥¸±μ£μ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ ¶Ê¸±μ¢ ·¥ ±Éμ·  [1]. �´ ²¨§¨·Ê¥³Ò° ¤¨ ¶ §μ´
¨§³¥´¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ±  ¢ ¨³¶Ê²Ó¸¥ ´¥ ¶·¥¢ÒÏ ² 102. „²Ö ¡μ²¥¥ ¤¥-
É ²Ó´μ£μ  ´ ²¨§  ¨³¶Ê²Ó¸  ´¥μ¡Ìμ¤¨³Ò ¨¸¸²¥¤μ¢ ´¨Ö ¢ ¶μ²´μ³ ¤¨ ¶ §μ´¥ ¨§-
³¥´¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ±  ¢ ¨³¶Ê²Ó¸¥, É. ¥. ´¥ ³¥´¥¥ 104. �¸μ¡Ò° ¨´É¥·¥¸
¶·¥¤¸É ¢²Ö¥É μ¡² ¸ÉÓ ´  Ê·μ¢´¥ 10−3Ä10−4 μÉ ³ ±¸¨³Ê³  ¨³¶Ê²Ó¸ . �Ì¢ É¨ÉÓ
É ±μ° ¤¨ ¶ §μ´ ¨§³¥·¥´¨° · ´¥¥ ¡Ò²μ ¤μ¸É ÉμÎ´μ ¸²μ¦´μ, ¶μÔÉμ³Ê ´¥±μÉμ·Ò¥
Ì · ±É¥·¨¸É¨±¨ ·¥ ±Éμ· , ±μÉμ·Ò¥, ¢ ¶·¨´Í¨¶¥, ³μ¦´μ ®¨§¢²¥ÎÓ¯ ¨§  ´ ²¨§ 
Ëμ·³Ò ¨³¶Ê²Ó¸ , ´¥ ¡Ò²¨ μ¶·¥¤¥²¥´Ò. ‚ · ¡μÉ¥ ¤ ´Ò μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¤¥É ²Ó´μ£μ  ´ ²¨§  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨, ¨§³¥·¥´´μ£μ ¢ ¶μ²´μ³ ¤¨´ ³¨Î¥¸±μ³
¤¨ ¶ §μ´¥ ¨§³¥´¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ± . �¸´μ¢´ Ö Í¥²Ó · ¡μÉÒ Å ¤ ÉÓ ¡μ-
²¥¥ ÉμÎ´μ¥ μ¶¨¸ ´¨¥ ¤¨´ ³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ·¥ ±Éμ·  ¢ ¡Ò¸É·ÒÌ ¶·μÍ¥¸¸ Ì,
μ¸μ¡¥´´μ ¢μ ¢·¥³Ö ¤¥°¸É¢¨Ö ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨.

1. ˆ‘•�„�›… �Š‘�…�ˆŒ…�’�‹œ�›… „���›…

”μ·³  ¨³¶Ê²Ó¸  ¨§³¥·Ö² ¸Ó ¤²Ö ¢ ·¨ ´É  ¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö ��-3
¶μ ¢·¥³¥´¨ ¶·μ²¥É  ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¸ ¶μ³μÐÓÕ ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò
¤¥²¥´¨Ö ¸ 232Th-±μ´¢¥·É¥·μ³ [2]. Š ³¥·  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ¸Î¥É´μ³ ·¥¦¨³¥ ¨
·¥£¨¸É·¨·μ¢ ²  ´¥°É·μ´Ò ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 1,2 ŒÔ‚. „¥É¥±Éμ· ¡Ò² Ê¸É ´μ¢²¥´
´  1-³ ´¥°É·μ´´μ³ ¶ÊÎ±¥ ´  · ¸¸ÉμÖ´¨¨ 11,5 ³ μÉ ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö.
�Ò¸É·μ¤¥°¸É¢¨¥ Éμ·¨¥¢μ° ± ³¥·Ò ¸ ÊÎ¥Éμ³ ¢·¥³¥´¨ ¶·μ²¥É  ´¥°É·μ´μ¢ ¤μ ¤¥-
É¥±Éμ·  ¡Ò²μ ´¥ ÌÊ¦¥ 0,5 ³±¸. ˜¨·¨´  ¢·¥³¥´´μ£μ ± ´ ²  ¸μ¸É ¢²Ö²  4 ³±¸
(¢μ ¢¸¶ÒÏ±¥) ¨ 64 ³±¸ (¢ Ëμ´¥). „²Ö ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ ¨¸¶μ²Ó§μ¢ ² ¸Ó
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4096-± ´ ²Ó´ Ö ¸¨¸É¥³  ¢·¥³¥´´μ£μ  ´ ²¨§ . — ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢
³μÐ´μ¸É¨ ¢μ ¢¸¥Ì ¨§³¥·¥´¨ÖÌ ¡Ò²  · ¢´  4,97 ¸−1. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó
´  ¶μ¸ÉμÖ´´μ° ³μÐ´μ¸É¨ ¢ ¤¨ ¶ §μ´¥ μÉ 200 ¤μ 1350 ±‚É. „²Ö ��-3 Ëμ·³ 
¨³¶Ê²Ó¸  ¢ ¤¨ ¶ §μ´¥ ¤μ 10−2 μÉ ³ ±¸¨³Ê³  Ìμ·μÏμ  ¶¶·μ±¸¨³¨·Ê¥É¸Ö £ Ê¸-
¸μ¢μ° § ¢¨¸¨³μ¸ÉÓÕ. �  ·¨¸. 1 ¶·¨¢¥¤¥´a Ëμ·³  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨, ¨§³¥-
·¥´´ Ö ¢ ¶μ²´μ³ ¤¨´ ³¨Î¥¸±μ³ ¤¨ ¶ §μ´¥ ¨§³¥´¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ± .

„μ¶μ²´¨É¥²Ó´μ ¨¸¶μ²Ó§μ¢ ²¸Ö Éμ±μ¢Ò°  ´ ²¨§ ¸ ·¥£¨¸É· Í¨¥° ¨³¶Ê²Ó¸ 
Éμ±  μÉ ”�“ ¸ ¶² ¸É¨±μ¢Ò³ ¸Í¨´É¨²²ÖÉμ·μ³ ¶μ ¶·μÉμ´ ³ μÉ¤ Î¨. „¥É¥±Éμ·
¡Ò² Ê¸É ´μ¢²¥´ ´  1-³ ´ ±²μ´´μ³ ± ´ ²¥ ´  · ¸¸ÉμÖ´¨¨ 2 ³ μÉ  ±É¨¢´μ° §μ´Ò
¨ ¨³¥² § Ð¨ÉÊ μÉ £ ³³ -±¢ ´Éμ¢ ¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢. ‘É É¨¸É¨Î¥¸± Ö ÉμÎ-
´μ¸ÉÓ ¨§³¥·¥´¨° ¸ Éμ·¨¥¢μ° ± ³¥·μ° ¤¥²¥´¨Ö ¡Ò²  ¤μ¸É ÉμÎ´  ¤²Ö ¤¥É ²Ó´μ£μ
μ¶¨¸ ´¨Ö ¨§³¥´¥´¨Ö ³μÐ´μ¸É¨ ¢ μ¡² ¸É¨ Ëμ·³¨·μ¢ ´¨Ö μ¸´μ¢´μ° ¢¸¶ÒÏ±¨,
É. ¥. ´ Î¨´ Ö ¸ Ê·μ¢´Ö 10−3Ä10−4 ¤μ ³ ±¸¨³Ê³  ¨³¶Ê²Ó¸ . �Éμ ¶μ§¢μ²Ö²μ
´ ¡²Õ¤ ÉÓ μÎ¥´Ó ®Éμ´±¨¥¯ ¡Ò¸É·Ò¥ ÔËË¥±ÉÒ ·¥ ±É¨¢´μ¸É¨, ´¥¢¨¤¨³Ò¥ ¢ ¸É -
É¨Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ±·¨¢μ°
·¥ ±É¨¢´μ¸É¨ ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°, ¶μ²ÊÎ¥´´Ò¥ ¢ ¸É É¨Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ
¢ ¶μ¤±·¨É¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ·  [2].

�¨¸. 1. ”μ·³  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨. „ ´´Ò¥ ´μ·³¨·μ¢ ´Ò ´  ³ ±¸¨³Ê³ ¨³¶Ê²Ó¸ .
ˆ§³¥·¥´¨Ö ¸ ¶μ³μÐÓÕ 232Th-± ³¥·Ò. F Å ´μ·³¨·μ¢ ´´Ò° ¶μÉμ± ´¥°É·μ´μ¢, t Å
¢·¥³Ö

�  ·¨¸. 1 μ¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ÉμÉ Ë ±É, ÎÉμ ³ ±¸¨³Ê³ ¢Éμ·μ£μ
¤μ¶μ²´¨É¥²Ó´μ£μ ¨³¶Ê²Ó¸  Fmax 2 £μ· §¤μ ¢ÒÏ¥ ¶¥·¢μ£μ ¤μ¶μ²´¨É¥²Ó´μ£μ
Fmax 1. �  ÔÉμ³ Ê·μ¢´¥ ³μÐ´μ¸É¨ ·¥ ±Éμ· ´ Ìμ¤¨É¸Ö ¢ £²Ê¡μ±μ ¶μ¤±·¨É¨-
Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨. �μÔÉμ³Ê Ê± § ´´Ò° Ë ±É, ± § ²μ¸Ó ¡Ò, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ
¸ÊÐ¥¸É¢¥´´μ°  ¸¨³³¥É·¨¨ ¢ ±·¨¢μ° ·¥ ±É¨¢´μ¸É¨ ¶·¨ ¶¥·¥³¥Ð¥´¨¨ ¶μ¤¢¨¦-
´ÒÌ μÉ· ¦ É¥²¥°. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ± ± ¢¨¤´μ ¨§ ·¨¸. 2, ±·¨¢ Ö ·¥ ±É¨¢´μ¸É¨
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�¨¸. 2. •μ¤ ·¥ ±É¨¢´μ¸É¨ ¶·¨ ¸³¥Ð¥´¨¨ ·μÉμ·μ¢ ��-3 ¢ ¨´É¥·¢ ²¥ ±10◦ μ¸´μ¢´μ£μ
¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö (���), ¶μ²ÊÎ¥´´Ò° ¢ ¸É É¨Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ. �μ μ¸¨  ¡-
¸Í¨¸¸ Å ¸³¥Ð¥´¨¥ ���, ¶μ μ¸¨ μ·¤¨´ É Å μÉ±²μ´¥´¨¥ ±μÔËË¨Í¨¥´É  · §³´μ¦¥´¨Ö
μÉ ¥¤¨´¨ÍÒ

��, ¶μ²ÊÎ¥´´ Ö ¢ ¸É É¨Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ (¶·¨ ³¥¤²¥´´μ³ ¢· Ð¥´¨¨ �� ¢
¶μ¤±·¨É¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ· ), Ö¢´μ ¸¨³³¥É·¨Î´ . ’ ±¨³ μ¡· §μ³, ¨§
¤ ´´ÒÌ, ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 1 ¨ 2, ¸²¥¤Ê¥É, ÎÉμ ¸É É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨
·¥ ±Éμ·  ´¥ ¶μ§¢μ²ÖÕÉ ¶μ²´μ¸ÉÓÕ μ¶¨¸ ÉÓ ¥£μ ¤¨´ ³¨Î¥¸±¨¥ ¸¢μ°¸É¢ . �¨¦¥
¶·¨¢¥¤¥´  ´ ²¨§ ¶μ²ÊÎ¥´´μ£μ · ¸Ìμ¦¤¥´¨Ö.

2. Š��’Š�… ��ˆ‘��ˆ… ���–…„“�› ������’Šˆ
�Š‘�…�ˆŒ…�’�‹œ�›• „���›•

�¡ÒÎ´μ ¤²Ö  ´ ²¨§  ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ³μÐ´μ¸É¨ ¨ Ê¸Éμ°Î¨¢μ¸É¨
·¥ ±Éμ·  ¤μ¸É ÉμÎ´μ ¡Ò²μ ÊÎ¨ÉÒ¢ ÉÓ Ï¥¸ÉÓ £·Ê¶¶ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢
¨ μ¡· É´Ò¥ ¸¢Ö§¨ ¶μ ·¥ ±É¨¢´μ¸É¨, ¶μ¸ÉμÖ´´Ò¥ ¢·¥³¥´¨ ±μÉμ·ÒÌ ²¥¦ É ¢
¤¨ ¶ §μ´¥ μÉ ¤¥¸ÖÉÒÌ ¤μ²¥° ¸¥±Ê´¤Ò ¨ ¢ÒÏ¥ [3]. �´ ²¨§ Ëμ·³Ò ¨³¶Ê²Ó¸ 
³μÐ´μ¸É¨ ¶μ§¢μ²Ö¥É ¢ÒÖ¢¨ÉÓ ¡μ²¥¥ ¡Ò¸É·Ò¥ ¶·μÍ¥¸¸Ò ¢ ·¥ ±Éμ·¥, ¶·μÖ¢²ÖÕ-
Ð¨¥¸Ö ²¨ÏÓ ¢ É¥Î¥´¨¥ ¸ ³μ£μ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨.

‡ ·¥£¨¸É·¨·μ¢ ´´Ò¥ §´ Î¥´¨Ö ³μÐ´μ¸É¨ ¨³¶Ê²Ó¸  ¨³¥²¨ ¸É É¨¸É¨Î¥¸±¨°
· §¡·μ¸, ¶μÔÉμ³Ê ¤²Ö  ´ ²¨§  ±·¨¢ Ö ³μÐ´μ¸É¨ ¸£² ¦¨¢ ² ¸Ó ¶ÊÉ¥³ Ê¸·¥¤´¥-
´¨Ö ²μ£ ·¨Ë³  ³μÐ´μ¸É¨. „²Ö ÔÉμ£μ μ¶·¥¤¥²Ö²¸Ö ´μ³¥· Nmax, ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨° ´ ¨¡μ²ÓÏ¥³Ê §´ Î¥´¨Õ ³μÐ´μ¸É¨ ¢ ¨³¶Ê²Ó¸¥. —¥³ ³¥´ÓÏ¥ ¡Ò²  § ·¥-
£¨¸É·¨·μ¢ ´´ Ö ³μÐ´μ¸ÉÓ P , É¥³ ¶μ ¡μ²ÓÏ¥³Ê Î¨¸²Ê § ³¥·μ¢ ¢¥²μ¸Ó Ê¸·¥¤-
´¥´¨¥ ln P . …¸²¨ ´μ³¥·Ê § ³¥·  N ¸μμÉ¢¥É¸É¢μ¢ ²μ ´¥· ¢¥´¸É¢μ ΔN =
|N − Nmax| � 20, Éμ Ê¸·¥¤´¥´¨¥ ´¥ ¶·μ¢μ¤¨²μ¸Ó. �·¨ ΔN � 30 Ê¸·¥¤´¥´¨¥
ln P ¶·μ¢μ¤¨²μ¸Ó ¶μ É·¥³ §´ Î¥´¨Ö³, ¶·¨ ΔN � 40 Å ¶μ 7, ¶·¨ ΔN � 50 Å
¶μ 11, ¶·¨ ΔN � 60 Å ¶μ 15, ¶·¨ ΔN > 60 Å ¶μ 19 §´ Î¥´¨Ö³.
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�·¨  ´ ²¨§¥ ¢ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ Ê· ¢´¥´¨° ±¨´¥É¨±¨ ¨¸¶μ²Ó§μ¢ ´Ò
Ê· ¢´¥´¨Ö μ¤´μÉμÎ¥Î´μ° ³μ¤¥²¨ ·¥ ±Éμ· , ¶·¨¢¥¤¥´´Ò¥ ± ¸²¥¤ÊÕÐ¥³Ê ¢¨¤Ê:

τ
dP

dt
= Pε + S, (1)

S =
∑

i

Si, (2)

Ti
dSi

dt
+ Si = βμiP, (3)

£¤¥ i = 1, . . . , 6 Å ´μ³¥· £·Ê¶¶Ò § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢; P Å ³μÐ´μ¸ÉÓ
·¥ ±Éμ· ; t Å ¢·¥³Ö; τ Å ÔËË¥±É¨¢´μ¥ ¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢;
ε Å ·¥ ±É¨¢´μ¸ÉÓ ´  ³£´μ¢¥´´ÒÌ ´¥°É·μ´ Ì; βi, β =

∑
i

βi Å ¸μμÉ¢¥É¸É¢¥´´μ

¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ £·Ê¶¶Ò i ¨ ¸Ê³³ ·´ Ö; Si, S =
∑
i

Si Å ¸μ-

μÉ¢¥É¸É¢¥´´μ ´μ·³¨·μ¢ ´´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-
É·μ´μ¢ £·Ê¶¶Ò i ¨ ¸Ê³³ ·´ Ö; μi = βi/β, Ti = 1/λi, λi Å ¸μμÉ¢¥É¸É¢¥´´μ
μÉ´μ¸¨É¥²Ó´ Ö ¤μ²Ö, ¶μ¸ÉμÖ´´ Ö ¢·¥³¥´¨ ¨ ¶μ¸ÉμÖ´´ Ö · ¸¶ ¤  ¨¸ÉμÎ´¨±μ¢
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ £·Ê¶¶Ò i.

ŒμÐ´μ¸ÉÓ ¨ ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¢Ò· -
¦¥´Ò ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì.

ˆ¸¶μ²Ó§μ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢: μi = 0,038; 0,28; 0,216;
0,328; 0,103; 0,035; λi = 0,0129; 0,0311; 0,134; 0,331; 1,26; 3,21 ¸−1 [2];
τ = 6,5 · 10−8 ¸; β = 2,16 · 10−3.

� Î ²Ó´μ¥ §´ Î¥´¨¥ S, É. ¥. §´ Î¥´¨¥ ¶¥·¥¤ ´ Î ²μ³ · §¢¨É¨Ö ¨³¶Ê²Ó¸ 
³μÐ´μ¸É¨, ¢ÒÎ¨¸²¥´μ ¶μ Ëμ·³Ê²¥

S0 =
∑

i

S0
i =

∑
i

(
βE0 μiλi exp (−λiT¨)

1 − exp (−λiT¨)
+ βμiPË

)
, (4)

¢ÒÉ¥± ÕÐ¥° ¨§ Ê· ¢´¥´¨° (1)Ä(3) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° · ¡μÉ¥ ·¥ ±Éμ·  ¸μ ¸É -
¡¨²Ó´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ³μÐ´μ¸É¨ ¸ Ô´¥·£¨¥° E0 ¶·¨ Ëμ´μ¢μ° ³μÐ´μ¸É¨ PË.
ŒμÐ´μ¸ÉÓ Ëμ´  PË ¢ÒÎ¨¸²¥´  ± ± ¸·¥¤´ÖÖ ³μÐ´μ¸ÉÓ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨. ‚
Ëμ·³Ê²¥ (4) T¨ Å ¶¥·¨μ¤ ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨. „²Ö ¢ÒÖ¢²¥´¨Ö
μ¸μ¡¥´´μ¸É¥° ¤¨´ ³¨±¨ ·¥ ±Éμ·  ¢ É¥Î¥´¨¥ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨  ´ ²¨§¨·μ-
¢ ²¨ ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ¥³Ê § ¢¨¸¨³μ¸ÉÓ ·¥ ±É¨¢´μ¸É¨ μÉ ¢·¥³¥´¨, ¢ÒÎ¨¸²¥´-
´ÊÕ ¶μ Ëμ·³Ê²¥

ε =
(

τ
dP

dt
− S

)
/P, (5)

¢ÒÉ¥± ÕÐ¥° ¨§ Ê· ¢´¥´¨Ö (1). ‚ÒÎ¨¸²¥´´Ò° Ìμ¤ ·¥ ±É¨¢´μ¸É¨ ¶·¨ ¸·¥¤´¥°
³μÐ´μ¸É¨ ·¥ ±Éμ·  200 ±‚É ¶μ± § ´ ´  ·¨¸. 3.
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�¨¸. 3. •μ¤ ·¥ ±É¨¢´μ¸É¨ ε ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ t ¢¡²¨§¨ ³£´μ¢¥´´μ° ±·¨É¨Î´μ-
¸É¨. �¥Ï¥´¨¥ μ¡· É´μ£μ Ê· ¢´¥´¨Ö ±¨´¥É¨±¨. ˆ§³¥·¥´¨Ö ¸ ¶μ³μÐÓÕ Éμ·¨¥¢μ° ± ³¥·Ò
¤¥²¥´¨Ö

Œμ¤Ê²ÖÉμ· ·¥ ±É¨¢´μ¸É¨ ¸μ§¤ ¥É ¨³¶Ê²Ó¸ ·¥ ±É¨¢´μ¸É¨ ¶· ±É¨Î¥¸±¨ ¸¨³-
³¥É·¨Î´μ° Ëμ·³Ò μÉ´μ¸¨É¥²Ó´μ ¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö (¸³. ·¨¸. 2).
�¤´ ±μ Ëμ·³  ¨³¶Ê²Ó¸  ·¥ ±É¨¢´μ¸É¨, ¢ÒÎ¨¸²¥´´ Ö ¶μ Ëμ·³Ê²¥ (5) ¶·¨ ÊÎ¥É¥
Éμ²Ó±μ Ï¥¸É¨ £·Ê¶¶ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, Ö¢´μ ´¥¸¨³³¥É·¨Î´ . �¨¦¥
· ¸¸³μÉ·¥´Ò É·¨ ¢ ·¨ ´É  μ¡ÑÖ¸´¥´¨Ö É ±μ° ´¥¸¨³³¥É·¨Î´μ¸É¨.

‚ ¶¥·¢μ³ ¢ ·¨ ´É¥ ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ¢ Ëμ·³¨·μ¢ ´¨¨ ¨³¶Ê²Ó¸  ³μÐ-
´μ¸É¨, ¶μ³¨³μ μ¡Ð¥¶·¨´ÖÉÒÌ Ï¥¸É¨ £·Ê¶¶ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¤μ-
¶μ²´¨É¥²Ó´μ ÊÎ ¸É¢ÊÕÉ ´¥°É·μ´Ò, μÉ· ¦¥´´Ò¥ μÉ Ô²¥³¥´Éμ¢ ±μ´¸É·Ê±Í¨¨ ·¥-
 ±Éμ· , É ± ´ §Ò¢ ¥³Ò¥ ®±μ³´ É´Ò¥¯ ´¥°É·μ´Ò.

‚μ ¢Éμ·μ³ ¢ ·¨ ´É¥ ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ μÉ· ¦¥´´Ò¥ ´¥°É·μ´Ò ´¥ ¶μ¶ -
¤ ÕÉ ¢  ±É¨¢´ÊÕ §μ´Ê ·¥ ±Éμ·  ¨, ¸²¥¤μ¢ É¥²Ó´μ, ´¥ ÊÎ ¸É¢ÊÕÉ ¢ Ëμ·³¨·μ-
¢ ´¨¨ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨, ´μ μ´¨ ¶μ¶ ¤ ÕÉ ¢ ± ³¥·Ê, ¶·¥¤´ §´ Î¥´´ÊÕ ¤²Ö
¨§³¥·¥´¨Ö ³μÐ´μ¸É¨ ·¥ ±Éμ· .

‚ É·¥ÉÓ¥³ ¢ ·¨ ´É¥ μÉ· ¦¥´´Ò¥ ´¥°É·μ´Ò ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó, ´μ ¶·¥¤¶μ² -
£ ²μ¸Ó, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É ¸¢¥·Ì¡Ò¸É· Ö ³μÐ´μ¸É´ Ö μ¡· É´ Ö ¸¢Ö§Ó, ¶·μÖ¢²ÖÕ-
Ð Ö¸Ö ¢ É¥Î¥´¨¥ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨.

‚ ·¨ ´É 1. �·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ¢ Ëμ·³¨·μ¢ ´¨¨ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨
ÊÎ ¸É¢ÊÕÉ ´¥ Éμ²Ó±μ Ï¥¸ÉÓ £·Ê¶¶ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ´μ ¨ ´¥°É·μ´Ò,
μÉ· ¦¥´´Ò¥ μÉ Ô²¥³¥´Éμ¢ ±μ´¸É·Ê±Í¨¨ ·¥ ±Éμ· . �É¨ μÉ· ¦¥´´Ò¥ ´¥°É·μ´Ò
μ¶¨¸ ´Ò ¤¢Ê³Ö ¤μ¶μ²´¨É¥²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨ Éμ£μ ¦¥ ¢¨¤ , ÎÉμ ¨ Ê· ¢´¥´¨Ö
(3). ƒ·Ê¶¶Ò ¸ ´μ³¥· ³¨ i = 1, . . . , 6 μÉ´μ¸ÖÉ¸Ö ± § ¶ §¤Ò¢ ÕÐ¨³ ´¥°É·μ´ ³,
  £·Ê¶¶Ò ¸ ´μ³¥· ³¨ i = 7, 8 Å ± μÉ· ¦¥´´Ò³.

Š ¦¤μ³Ê ´ ¡μ·Ê ¶ · ³¥É·μ¢ μ7, μ8, λ7, λ8 ¸μμÉ¢¥É¸É¢Ê¥É μ¶·¥¤¥²¥´´ Ö
Ëμ·³  ·¥ ±É¨¢´μ¸É¨ ε, ¢ÒÎ¨¸²¥´´μ° ¶μ Ëμ·³Ê²¥ (5). ‘É ¢¨² ¸Ó § ¤ Î  ¶μ¤μ-
¡· ÉÓ §´ Î¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·μ¢ É ±, ÎÉμ¡Ò Ëμ·³  ·¥ ±É¨¢´μ¸É¨ ε ¡Ò²  ± ±
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³μ¦´μ ¡μ²¥¥ ¸¨³³¥É·¨Î´μ°, É. ¥. ± ± ³μ¦´μ ³¥´ÓÏ¥ μÉ²¨Î ² ¸Ó μÉ ·¥ ±É¨¢-
´μ¸É¨, μ¡Ê¸²μ¢²¥´´μ° ³μ¤Ê²ÖÉμ·μ³ ·¥ ±É¨¢´μ¸É¨ εMP. �·¨ ÔÉμ³ ¶μ² £ ²¨,
ÎÉμ ·μ¸É εMP ¤μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö εm ¸μ¢¶ ¤ ¥É ¸ ε,   ¸¶ ¤ εMP ¶μ¸²¥
¤μ¸É¨¦¥´¨Ö ³ ±¸¨³Ê³  ¸¨³³¥É·¨Î¥´ ¥¥ ·μ¸ÉÊ. ‘É¥¶¥´Ó ¡²¨§μ¸É¨ ε ± εMP

μÍ¥´¨¢ ²¨ ¶μ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ³Ê μÉ±²μ´¥´¨Õ

σ =

√√√√ 1
N2 − Nεm

N2∑
Nεm+1

(ε − εMP)2, (6)

£¤¥ Nεm Å ´μ³¥· § ³¥· , ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ³ ±¸¨³ ²Ó´μ³Ê §´ Î¥´¨Õ εMP;
N2 Å ´μ³¥·, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶· ¢μ° £· ´¨Í¥  ´ ²¨§¨·Ê¥³μ£μ ¨³¶Ê²Ó¸ 
·¥ ±É¨¢´μ¸É¨.

� ¨³¥´ÓÏ¥¥ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ¥ μÉ±²μ´¥´¨¥ ¸¶ ¤  ε μÉ ¸¶ ¤  εMP,
· ¢´μ¥ σ = 3,71 · 10−4, ¶μ²ÊÎ¥´μ ¶·¨ ¸²¥¤ÊÕÐ¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢:
μ7 = 0,0138; μ8 = 0,078; λ7 = 1710 ¸−1 (T7 = 1/λ7 = 0,585 · 10−3 c),
λ8 = 9700 ¸−1 (T8 = 1/λ8 = 0,103 · 10−3 ¸).

‹¥¢μ° £· ´¨Í¥ ¨³¶Ê²Ó¸  ·¥ ±É¨¢´μ¸É¨ ¸μμÉ¢¥É¸É¢μ¢ ²¨ ´μ³¥· § ³¥·  N1 =
12, ³μ³¥´É ¢·¥³¥´¨ t1 = 0,048 · 10−3 ¸ ¨ §´ Î¥´¨¥ ·¥ ±É¨¢´μ¸É¨ εMP1 =
ε1 = −9,279 · 10−3; ¶· ¢μ° £· ´¨Í¥ ¸μμÉ¢¥É¸É¢μ¢ ²¨ §´ Î¥´¨Ö N2 = 1569,
t2 = 6,276 · 10−3 ¸, εMP2 = −8,006 · 10−3, ε2 = −7,291 · 10−3. Œ ±¸¨³Ê³Ê
·¥ ±É¨¢´μ¸É¨ ¸μμÉ¢¥É¸É¢μ¢ ²¨ §´ Î¥´¨Ö Nεm = 798, tεm = 3,192 · 10−3 ¸,
εm = 0,819 · 10−3. ˆ³¶Ê²Ó¸Ò ·¥ ±É¨¢´μ¸É¥° ε ¨ εMP2 ¨ ³μÐ´μ¸É¨ P ¶μ± -
§ ´Ò ´  ·¨¸. 4.

�¨¸. 4. �´ ²¨§ ¸ ÊÎ¥Éμ³ ¤μ¶μ²´¨É¥²Ó´ÒÌ £·Ê¶¶ ´¥°É·μ´μ¢, μÉ· ¦¥´´ÒÌ μÉ Ô²¥³¥´Éμ¢
±μ´¸É·Ê±Í¨¨ ·¥ ±Éμ·  μ¡· É´μ ¢  ±É¨¢´ÊÕ §μ´Ê. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ t ·¥ ±É¨¢´μ-
¸É¨ ³μ¤Ê²ÖÉμ·  εMP (1), ·¥ ±É¨¢´μ¸É¨ ·¥ ±Éμ·  ε (2) ¨ ³μÐ´μ¸É¨ P ¢ μÉ´μ¸¨É¥²Ó´ÒÌ
¥¤¨´¨Í Ì (3)

‚ ·¨ ´É 2. �·¥¤¶μ² £ ²μ¸Ó, ÎÉμ μÉ· ¦¥´´Ò¥ ´¥°É·μ´Ò ´¥ ¶μ¶ ¤ ÕÉ ¢
 ±É¨¢´ÊÕ §μ´Ê ·¥ ±Éμ·  ¨, ¸²¥¤μ¢ É¥²Ó´μ, ´¥ ÊÎ ¸É¢ÊÕÉ ¢ Ëμ·³¨·μ¢ ´¨¨ ¨³-
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¶Ê²Ó¸  ³μÐ´μ¸É¨, ´μ μ´¨ ¶μ¶ ¤ ÕÉ ¢ ± ³¥·Ê, ¶·¥¤´ §´ Î¥´´ÊÕ ¤²Ö ¨§³¥·¥´¨Ö
³μÐ´μ¸É¨ ·¥ ±Éμ· . ’ ±¨³ μ¡· §μ³, ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ³μÐ´μ¸ÉÓ ·¥ ±Éμ· 
P ¨§³¥·Ö² ¸Ó ¸ ¸¨¸É¥³ É¨Î¥¸±μ° μÏ¨¡±μ° Pr, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ³μÐ´μ¸ÉÓ Pc,
±μÉμ·ÊÕ ·¥£¨¸É·¨·μ¢ ²  ± ³¥· , ¢ÒÏ¥ ³μÐ´μ¸É¨ ·¥ ±Éμ·  P ´  ´¥±μÉμ·ÊÕ
¢¥²¨Î¨´Ê Pr, μ¡Ê¸²μ¢²¥´´ÊÕ μÉ· ¦¥´´Ò³¨ ¢ ± ³¥·Ê ´¥°É·μ´ ³¨:

P = Pc − Pr. (7)

‘¨¸É¥³ É¨Î¥¸± Ö μÏ¨¡±  Pr μ¶¨¸ ´  ¤¢Ê³Ö ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ Ê· ¢´¥-
´¨Ö³¨ ¶¥·¢μ£μ ¶μ·Ö¤± :

Pr =
2∑

j=1

Prj ,

Trj
dPrj

dt
+ Prj = krjP,

(8)

£¤¥ krj ¨ Trj Å ¸μμÉ¢¥É¸É¢¥´´μ ±μÔËË¨Í¨¥´ÉÒ ¶¥·¥¤ Î¨ ¨ ¶μ¸ÉμÖ´´Ò¥ ¢·¥-
³¥´¨.

„²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢ krj ¨ Trj ¨§ Ê· ¢´¥´¨° (7), (8) ¨ (2),
(3) ¢ÒÎ¨¸²Ö²¨¸Ó ³μÐ´μ¸ÉÓ ·¥ ±Éμ·  P ¨ ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ § ¶ §-
¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ S ¨ ¶μ ´¨³ ¶μ Ëμ·³Ê²¥ (5) ¢ÒÎ¨¸²Ö² ¸Ó ·¥ ±É¨¢´μ¸ÉÓ
ε. „ ²¥¥, ± ± ¨ ¢ ¶¥·¢μ³ ¢ ·¨ ´É¥, ¢ÒÎ¨¸²Ö² ¸Ó ·¥ ±É¨¢´μ¸ÉÓ ³μ¤Ê²ÖÉμ· 
·¥ ±É¨¢´μ¸É¨ εMP ¨ ¶μ Ëμ·³Ê²¥ (6) μÍ¥´¨¢ ²μ¸Ó μÉ±²μ´¥´¨¥ ε μÉ εMP.

� ¨³¥´ÓÏ¥¥ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ¥ μÉ±²μ´¥´¨¥ σ = 5,04 · 10−4 ¶μ²ÊÎ¥´μ
¶·¨ ¸²¥¤ÊÕÐ¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢: kr1 = 0,013; kr2 = 0,153; Tr1 = 0,45×

�¨¸. 5. �´ ²¨§ ¸ ÊÎ¥Éμ³ ´¥°É·μ´μ¢, μÉ· ¦¥´´ÒÌ μÉ Ô²¥³¥´Éμ¢ ±μ´¸É·Ê±Í¨¨ ·¥ ±Éμ· 
´  ¤¥É¥±Éμ·. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ t ·¥ ±É¨¢´μ¸É¨ ³μ¤Ê²ÖÉμ·  εMP (1), ·¥ ±É¨¢´μ-
¸É¨ ·¥ ±Éμ·  ε (2), ³μÐ´μ¸É¨, ·¥£¨¸É·¨·Ê¥³μ° ± ³¥·μ°, Pc (3), ³μÐ´μ¸É¨ ·¥ ±Éμ· 
P (4) ¨ ¸¨¸É¥³ É¨Î¥¸±μ° μÏ¨¡±¨ ¨§³¥·¥´¨Ö ± ³¥·Ò, μ¡Ê¸²μ¢²¥´´μ° μÉ· ¦¥´´Ò³¨
´¥°É·μ´ ³¨, Pr (5). ‚¸¥ ³μÐ´μ¸É¨ ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì
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10−3 ¸; Tr2 = 0,094 · 10−3 ¸. �·¨ ÔÉμ³ ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ·¥ ±É¨¢´μ¸É¨
· ¢´μ εm = 0,895 · 10−3.

ˆ³¶Ê²Ó¸Ò ·¥ ±É¨¢´μ¸É¥° ε ¨ εMP ¨ ³μÐ´μ¸É¥° P, Pc ¨ Pr ¶μ± § ´Ò ´ 
·¨¸. 5.

‚ ·¨ ´É 3. ‚ ÔÉμ³ ¢ ·¨ ´É¥ μÉ· ¦¥´´Ò¥ ´¥°É·μ´Ò ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó.
�¤´ ±μ ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É ¸¢¥·Ì¡Ò¸É· Ö ³μÐ´μ¸É´ Ö μ¡· É´ Ö
¸¢Ö§Ó, ¶·μÖ¢²ÖÕÐ Ö¸Ö ¢ É¥Î¥´¨¥ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨.

� ¸¸³μÉ·¥´μ ¸²¥¤ÊÕÐ¥¥ μ¶¨¸ ´¨¥ ·¥ ±É¨¢´μ¸É¨ ³μÐ´μ¸É´μ° μ¡· É´μ°
¸¢Ö§¨ εθ:

ε = εMP + εθ,

εθ =
2∑

j=1

εθj, (9)

Tθj
dεθj

dt
+ εθj = kθjP,

£¤¥ kθj ¨ Tθj Å ±μÔËË¨Í¨¥´ÉÒ ¶¥·¥¤ Î¨ ¨ ¶μ¸ÉμÖ´´Ò¥ ¢·¥³¥´¨ ¤¢ÊÌ ¸μ¸É -
¢²ÖÕÐ¨Ì ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ εθj(j = 1, 2).

�μ Ëμ·³Ê²¥ (5) ¢ÒÎ¨¸²Ö²¨ ·¥ ±É¨¢´μ¸ÉÓ ε. „²Ö · §²¨Î´ÒÌ §´ Î¥´¨°
¶ · ³¥É·μ¢ kθj ¨ Tθj ¶μ Ê· ¢´¥´¨Ö³ (9) ¢ÒÎ¨¸²Ö²¨ εθ,   § É¥³ εMP.

‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ·¥ ±É¨¢´μ¸ÉÓ ³μ¤Ê²ÖÉμ·  ¶·¥¤¸É ¢²Ö²¨ ¢ ± Î¥¸É¢¥ ¸¨³-
³¥É·¨Î´μ° ËÊ´±Í¨¨ ε̃MP μÉ´μ¸¨É¥²Ó´μ ¥¥ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö: ·μ¸É ε̃MP

¤μ ³ ±¸¨³Ê³  εMPm
¶·¨´¨³ ²¨ · ¢´Ò³ ·μ¸ÉÊ εMP,   ¸¶ ¤ ε̃MP Å ¸¨³³¥É·¨Î-

´Ò³ ·μ¸ÉÊ εMP.

� ¨³¥´ÓÏ¥¥ §´ Î¥´¨¥ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ£μ μÉ±²μ´¥´¨Ö

σ =

√√√√ 1
N2 − Nεm

N2∑
Nεm+1

(ε̃MP − εMP)2 = 3,80 · 10−4

¸μμÉ¢¥É¸É¢μ¢ ²μ ¸²¥¤ÊÕÐ¨³ §´ Î¥´¨Ö³ ¶ · ³¥É·μ¢: kθ1 = 1,09 · 10−4 Œ‚É−1;
kθ2 = −0,23 · 10−4 Œ‚É−1; Tθ1 = 1,29 · 10−3 ¸; Tθ2 = 0,19 · 10−3 ¸, É. ¥. ¶·¨
¶·¥μ¡² ¤ ´¨¨ ¶μ²μ¦¨É¥²Ó´μ° ¸μ¸É ¢²ÖÕÐ¥° μ¡· É´μ° ¸¢Ö§¨ ´ ¤ μÉ·¨Í É¥²Ó-
´μ°.

�·¨ ÔÉμ³ ´ ¨¡μ²ÓÏ¥¥ §´ Î¥´¨¥ ¸Ê³³ ·´μ° ·¥ ±É¨¢´μ¸É¨ ¢ ¨³¶Ê²Ó¸¥ · ¢´μ
εm = 0,892 · 10−3,   ´ ¨¡μ²ÓÏ¥¥ §´ Î¥´¨¥ ¥¥ ¸μ¸É ¢²ÖÕÐ¥°, μ¡Ê¸²μ¢²¥´´μ°
³μ¤Ê²ÖÉμ·μ³ ·¥ ±É¨¢´μ¸É¨, · ¢´μ εMPm

= 0,888 · 10−3.

�  ·¨¸. 6 ¶μ± § ´ ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨ P ¨ ±·¨¢Ò¥ ·¥ ±É¨¢´μ¸É¥° ε, εMP,
ε̃MP, εθ,   É ±¦¥ ε̃ = ε̃MP + εθ.
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�¨¸. 6. �´ ²¨§ ¸ ¶·¥¤¶μ²μ¦¥´¨¥³ μ ´ ²¨Î¨¨ ¸¢¥·Ì¡Ò¸É·μ° ³μÐ´μ¸É´μ° μ¡· É´μ°
¸¢Ö§¨ ¢μ ¢·¥³Ö ¤¥°¸É¢¨Ö ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ t ·¥ ±É¨¢´μ-
¸É¨ ·¥ ±Éμ·  ε (1), ·¥ ±É¨¢´μ¸É¨ ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ εθ (2), ·¥ ±É¨¢´μ¸É¨
³μ¤Ê²ÖÉμ·  εMP (3), ·¥ ±É¨¢´μ¸É¨ ³μ¤Ê²ÖÉμ·  ± ± ¸¨³³¥É·¨Î´μ° ËÊ´±Í¨¨ ε̃MP (4),
·¥a±É¨¢´μ¸É¨ ·¥ ±Éμ·  ± ± ¸Ê³³Ò ε̃ = ε̃MP + εθ (5), ³μÐ´μ¸É¨ P ·¥ ±Éμ·  ¢ μÉ´μ¸¨-
É¥²Ó´ÒÌ ¥¤¨´¨Í Ì (6)

3. ���‹ˆ‡ ��‹“—…��›• �…‡“‹œ’�’�‚

„²Ö  ´ ²¨§  ·¥§Ê²ÓÉ Éμ¢ ¶¥·¢μ£μ ¢ ·¨ ´É  · ¸¸³μÉ·¨³  ±É¨¢´ÊÕ §μ´Ê
ˆ��-2 (�‡). ‘Ì¥³ É¨Î´μ �‡ ¨§μ¡· ¦¥´  ´  ·¨¸. 7. „²Ö § Ð¨ÉÒ �‡ μÉ
μ¡· É´μ£μ · ¸¸¥Ö´¨Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ § ³¥¤²¨É¥²¥°, ¶μ-
¸²¥¤´¨¥ μÉ¤¥²¥´Ò μÉ �‡ Éμ´±μ° ¶·μ¸²μ°±μ° ¨§ ± ·¡¨¤  ¡μ· . ‘²¥¤μ¢ É¥²Ó´μ,
μ¸´μ¢´ Ö ¤μ²Ö ´¥°É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ § ³¥¤²¨É¥²¥° ¢ ¸Éμ·μ´Ê �‡, ¶μ-
£²μÐ ¥É¸Ö ± ·¡¨¤´μ° ¶·μ¸²μ°±μ°. …¸É¥¸É¢¥´´μ, ÎÉμ ¶μ²´μ¸ÉÓÕ § Ð¨É¨ÉÓ �‡
μÉ · ¸¸¥Ö´´ÒÌ ¢ ´¥¥ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ´¥¢μ§³μ¦´μ. � ¶·¨³¥·, ¢ ·¥ ²Ó-
´μ° ±μ´¸É·Ê±Í¨¨ �‡ ¢ ¸É·Ê±ÉÊ·¥ ¸É Í¨μ´ ·´ÒÌ μÉ· ¦ É¥²¥°, ¸ÉμÖÐ¨Ì ¶¥·¥¤
§ ³¥¤²¨É¥²Ö³¨ ¸μ ¸Éμ·μ´Ò �‡, ¸ÊÐ¥¸É¢Ê¥É ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ
¸±¢μ§´ÒÌ Ð¥²¥°, ¶ §μ¢ ¨ ¶μ²μ¸É¥°, Î¥·¥§ ±μÉμ·Ò¥ É¥¶²μ¢Ò¥ ´¥°É·μ´Ò ³μ-
£ÊÉ ¶·μ´¨±´ÊÉÓ ¢ �‡. �μÔÉμ³Ê § ³¥¤²¨É¥²¨ ´¥°É·μ´μ¢ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ
± ± μ¤¨´ ¨§ ·¥ ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ É ± ´ §Ò¢ ¥³ÒÌ ®±μ³´ É´ÒÌ¯ ´¥°É·μ´μ¢.
Š·μ³¥ Éμ£μ, �‡ ¢³¥¸É¥ ¸ § ³¥¤²¨É¥²Ö³¨ μ±·Ê¦¥´Ò ¡¥Éμ´´μ° § Ð¨Éμ° ¶¥·¢μ£μ
±μ²ÓÍ  (´  ·¨¸. 7 ÔÉμ ´¥ μÉ· ¦¥´μ). ’¥Ì´μ²μ£¨Î¥¸±¨ �‡ ¶μ³¥Ð¥´  ¢ Í¥´É·
¡¥Éμ´´μ° § Ð¨ÉÒ ¢ ¶μ²μ¸ÉÓ · ¤¨Ê¸μ³ 50 ¸³. ’ ±¨³ μ¡· §μ³, μ±·Ê¦ ÕÐ Ö �‡
¡¥Éμ´´ Ö § Ð¨É  Å ¢Éμ·μ° ·¥ ²Ó´Ò° ¨¸ÉμÎ´¨± ®±μ³´ É´ÒÌ¯ ´¥°É·μ´μ¢. ˆ§
£¥μ³¥É·¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± �‡ ³μ¦´μ μÍ¥´¨ÉÓ Ì · ±É¥·´Ò¥ ¢·¥³¥´  ¶·μ-
²¥É  ¤μ¶μ²´¨É¥²Ó´ÒÌ £·Ê¶¶ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ μÉ ¨Ì ¨¸ÉμÎ´¨±  ¤μ ¶μ¢¥·Ì-
´μ¸É¨  ±É¨¢´μ° §μ´Ò, £¤¥ ÔÉ¨ ´¥°É·μ´Ò ¢ μ¸´μ¢´μ³ ¨ ¶μ£²μÐ ÕÉ¸Ö. Œμ¦´μ
μÍ¥´¨ÉÓ É ±¦¥ ¨ ¸μμÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ μÉ Ê± § ´-
´ÒÌ ¨¸ÉμÎ´¨±μ¢ ´  ¶μ¢¥·Ì´μ¸É¨ �‡. ‚·¥³Ö ¶·μ²¥É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢
¤ ´´μ³  ´ ²¨§¥ ¸±² ¤Ò¢ ¥É¸Ö ¨§ ¢·¥³¥´¨ Ëμ·³¨·μ¢ ´¨Ö ¨³¶Ê²Ó¸  É¥¶²μ¢ÒÌ
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´¥°É·μ´μ¢ (¢·¥³Ö É¥·³ ²¨§ Í¨¨ ¨ ¤¨ËËÊ§¨¨) ¨ ¸μ¡¸É¢¥´´μ ¢·¥³¥´¨ ¶·μ²¥É 
¤μ �‡. ‚·¥³Ö ¤¨ËËÊ§¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ ¢μ¤Ö´μ³ § ³¥¤²¨É¥²¥ ¨ ¡¥Éμ´-
´μ° § Ð¨É¥ ¡· ²μ¸Ó, ¸μμÉ¢¥É¸É¢¥´´μ, · ¢´Ò³ 60 ¨ 400 ³±¸.

�¨¸. 7. ‘Ì¥³ É¨Î´Ò° · §·¥§  ±É¨¢´μ° §μ´Ò ˆ��-2 ¸ ¶μ¤¢¨¦´Ò³ μÉ· ¦ É¥²¥³ ��-2Œ

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò Î¨¸²¥´´Ò¥ μÍ¥´±¨ ¶ · ³¥É·μ¢ ¤¢ÊÌ £·Ê¶¶ ®±μ³-
´ É´ÒÌ¯ ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´´ÒÌ ¨§  ´ ²¨§  Ëμ·³Ò ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ¨ ¨§
 ´ ²¨§  ¨´É¥´¸¨¢´μ¸É¨ μ¡· É´μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  § ³¥¤²¨É¥²¥ ¨ ¡¥-
Éμ´´μ° § Ð¨É¥. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶μ²ÊÎ¥´Ò ¨§  ´ ²¨§  Ëμ·³Ò ¨³¶Ê²Ó¸ 
¨ £¥μ³¥É·¨¨  ±É¨¢´μ° §μ´Ò. μi = βi/β, Ti = 1/λi, λi Å ¸μμÉ¢¥É¸É¢¥´´μ
μÉ´μ¸¨É¥²Ó´ Ö ¤μ²Ö, ¶μ¸ÉμÖ´´ Ö ¢·¥³¥´¨ ¨ ¶μ¸ÉμÖ´´ Ö · ¸¶ ¤  ¨¸ÉμÎ´¨±μ¢
®±μ³´ É´ÒÌ¯ ´¥°É·μ´μ¢.

� · ³¥É·Ò ¤¢ÊÌ £·Ê¶¶ ®±μ³´ É´ÒÌ¯ ´¥°É·μ´μ¢

� · ³¥É· �Í¥´±  ¨§ Ëμ·³Ò ¨³¶Ê²Ó¸  �Í¥´±  ¨§ £¥μ³¥É·¨¨ �‡

T7 = 1/λ7, ¸ 0,585 · 10−3 0,485 · 10−3

T8 = 1/λ8, ¸ 0,103 · 10−3 0,109 · 10−3

μ7 0,0138 Å
μ8 0,078 Å
μ8/μ7 4,3 4,9
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ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ § ³¥¤²¨É¥²¨, μ±·Ê¦ ÕÐ¨¥  ±É¨¢´ÊÕ §μ´Ê, ¨ ¶¥·-
¢Ò° ¸²μ° ±μ²ÓÍ¥¢μ° ¡¥Éμ´´μ° § Ð¨ÉÒ ³μ£ÊÉ ¡ÒÉÓ ·¥ ²Ó´Ò³¨ ¨¸ÉμÎ´¨± ³¨
¤¢ÊÌ £·Ê¶¶ ®±μ³´ É´ÒÌ¯ ´¥°É·μ´μ¢. �·¨ ÔÉμ³ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢²¨Ö´¨¥ · §μ-
£·¥¢  ·¥ ±Éμ·  ¢μ ¢·¥³Ö ¤¥°¸É¢¨Ö ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨.

‚Éμ·μ° ¢ ·¨ ´É ¢ ¤ ´´μ³  ´ ²¨§¥ ¨³¥¥É Î¨¸Éμ  ± ¤¥³¨Î¥¸±¨° Ì · ±-
É¥·, ¶μ¸±μ²Ó±Ê ¢ 232Th-± ³¥·¥ ¤¥²¥´¨Ö É¥¶²μ¢Ò¥ ¨ ·¥§μ´ ´¸´Ò¥ ´¥°É·μ´Ò
´¥ ³μ£ÊÉ ¡ÒÉÓ § ·¥£¨¸É·¨·μ¢ ´Ò. �ÉμÉ ¢ ·¨ ´É μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ³μ¦¥É
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¢ ¡Ê¤ÊÐ¥³ ¤²Ö  ´ ²¨§  ¶·μÍ¥¸¸μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ, ´ -
¶·¨³¥·, ¸ ¶μ³μÐÓÕ Éμ±μ¢μ£μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ· , £¤¥ ¶· ±É¨Î¥¸±¨
´¥¢μ§³μ¦´μ ¨¸±²ÕÎ¨ÉÓ £ ³³ -±μ³¶μ´¥´ÉÊ Éμ±  ¤¥É¥±Éμ·  ¢ ¸³¥Ï ´´μ³ ·¥ ±-
Éμ·´μ³ ¨§²ÊÎ¥´¨¨.

‚ É·¥ÉÓ¥³ ¢ ·¨ ´É¥  ´ ²¨§  ¸¤¥² ´μ ¶·¥¤¶μ²μ¦¥´¨¥, ÎÉμ § ³¥¤²¥´¨¥
¸¶ ¤  ·¥ ±É¨¢´μ¸É¨ μ¡Ê¸²μ¢²¥´μ ¸¢¥·Ì¡Ò¸É·μ° ¶μ²μ¦¨É¥²Ó´μ° μ¡· É´μ° ¸¢Ö-
§ÓÕ ·¥ ±É¨¢´μ¸É¨, μ¶¨¸Ò¢ ¥³μ° ¤¢Ê³Ö ¨´¥·Í¨μ´´Ò³¨ §¢¥´ÓÖ³¨. � ´¥¥ ¸¢¥·Ì-
¡Ò¸É· Ö ¸¢Ö§Ó ´¥ ÊÎ¨ÉÒ¢ ² ¸Ó,   ¥¸²¨ ¥¥ ÔËË¥±É ¨ ¶·¥¤¶μ² £ ²¸Ö ¸ÊÐ¥¸É¢¥´-
´Ò³, Éμ Éμ²Ó±μ μÉ·¨Í É¥²Ó´Ò³, μ¡Ê¸²μ¢²¥´´Ò³, ´ ¶·¨³¥·, · ¸Ï¨·¥´¨¥³ Éμ¶-
²¨¢  [4]. �·¨Î¨´  ¢μ§³μ¦´μ£μ ¶μÖ¢²¥´¨Ö ÔËË¥±É  ¶μ²μ¦¨É¥²Ó´μ° μ¡· É´μ°
¸¢Ö§¨ ´¥Ö¸´ . �´ ´¥ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´ ¶μ²μ¦¨É¥²Ó´Ò³ ÔËË¥±Éμ³ „μ-
¶²¥· , μÍ¥´±  ±μÉμ·μ£μ ¤²Ö ·¥ ±Éμ·  ˆ��-2 ¸μ¸É ¢²Ö¥É ¢¸¥£μ ²¨ÏÓ 2,5 · 10−7

 ¡¸μ²ÕÉ´ÒÌ ¥¤¨´¨Í ·¥ ±É¨¢´μ¸É¨ ´  1 ◦C. �μ ¸· ¢´¥´¨Õ ¸ ¶¥·¢Ò³ ¢ ·¨ ´Éμ³
É·¥É¨° ¢ ·¨ ´É ³¥´¥¥ ¢¥·μÖÉ¥´.

‡�Š‹
—…�ˆ…

�´ ²¨§ Ëμ·³Ò ¨³¶Ê²Ó¸  ·¥ ±Éμ·  ˆ��-2, ¨§³¥·¥´´μ° ¢ ¶μ²´μ³ ¤¨´ ³¨-
Î¥¸±μ³ ¤¨ ¶ §μ´¥ ¨§³¥´¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ± , ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¸²¥¤ÊÕ-
Ð¨¥ ¢Ò¢μ¤Ò.

• � ¨²ÊÎÏ¥¥ μ¶¨¸ ´¨¥ ¤¨´ ³¨±¨ ·¥ ±Éμ·  ¢ É¥Î¥´¨¥ ¨³¶Ê²Ó¸  ³μÐ´μ-
¸É¨ ¤μ¸É¨£ ¥É¸Ö ¢ ¸²ÊÎ ¥, ±μ£¤  ± Ê· ¢´¥´¨Ö³ ±¨´¥É¨±¨, ÊÎ¨ÉÒ¢ Õ-
Ð¨³ Ï¥¸ÉÓ £·Ê¶¶ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¤μ¡ ¢²¥´Ò ¤¢   ´ ²μ£¨Î-
´ÒÌ Ê· ¢´¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨Ì ¢²¨Ö´¨¥ ¥Ð¥ ¤¢ÊÌ £·Ê¶¶ ´¥°É·μ´μ¢, μÉ-
· ¦¥´´ÒÌ μÉ Ô²¥³¥´Éμ¢ ±μ´¸É·Ê±Í¨¨ ·¥ ±Éμ· . � ¨¡μ²¥¥ ¢¥·μÖÉ´Ò³¨
¨¸ÉμÎ´¨± ³¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ £·Ê¶¶ ´¥°É·μ´μ¢ ³μ£ÊÉ ¡ÒÉÓ § ³¥¤²¨É¥²¨
´¥°É·μ´μ¢, μ±·Ê¦ ÕÐ¨¥  ±É¨¢´ÊÕ §μ´Ê, ¨ ¡²¨¦ °Ï¥¥ ± §μ´¥ ±μ²ÓÍμ
¡¨μ²μ£¨Î¥¸±μ° ¡¥Éμ´´μ° § Ð¨ÉÒ.

• �¥¸±μ²Ó±μ ÌÊ¤Ï¨¥ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¢ ³μ¤¥²¨, ÊÎ¨ÉÒ¢ ÕÐ¥° ¢²¨Ö-
´¨¥ ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ ¢ ¨³¶Ê²Ó¸¥. ‚μ§³μ¦´μ¸ÉÓ ¶·μÖ¢²¥´¨Ö
ÔËË¥±É  ¡Ò¸É·μ° ¶μ²μ¦¨É¥²Ó´μ° μ¡· É´μ° ¸¢Ö§¨ ´¥μÎ¥¢¨¤´  ¨ ´¥Ö¸´ ,
¶μÔÉμ³Ê É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´μ£μ ¨§ÊÎ¥´¨Ö.
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