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�Í¥´±  ¶ · ³¥É·μ¢ ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ ·¥ ±Éμ·  ˆ��-2Œ
¸ ¶μ³μÐÓÕ ¶·Ö³μÊ£μ²Ó´ÒÌ ±μ²¥¡ ´¨° ·¥ ±É¨¢´μ¸É¨

�  μ¸´μ¢¥  ´ ²¨§  ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ³μÐ´μ¸É¨ ·¥ ±Éμ·  ˆ��-2Œ, μ¡Ê-
¸²μ¢²¥´´ÒÌ ¶·¥¤´ ³¥·¥´´Ò³¨ ¶·Ö³μÊ£μ²Ó´Ò³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´μ¸É¨ ¶·¨
· ¡μÉ¥ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ·  ¢ ·¥¦¨³¥ ¸ ³μ·¥£Ê²¨·μ¢ ´¨Ö, ¶μ²ÊÎ¥´Ò μÍ¥´±¨ ¶ -
· ³¥É·μ¢ ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ (Œ�‘). Œ�‘ ˆ��-2Œ μ¶¨¸ ´  É·¥³Ö ²¨-
´¥°´Ò³¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨ ¶¥·¢μ£μ ¶μ·Ö¤± : ¤¢¥ ¸μ¸É ¢²ÖÕÐ¨¥
Œ�‘ μ¸ÊÐ¥¸É¢²ÖÕÉ μÉ·¨Í É¥²Ó´ÊÕ μ¡· É´ÊÕ ¸¢Ö§Ó, μ¤´  Å ¶μ²μ¦¨É¥²Ó´ÊÕ.
‘Ê³³ ·´ Ö μ¡· É´ Ö ¸¢Ö§Ó μÉ·¨Í É¥²Ó´ Ö, É. e. μ± §Ò¢ ¥É ¸É ¡¨²¨§¨·ÊÕÐ¥¥ ¢μ§-
¤¥°¸É¢¨¥ ´  · ¡μÉÊ ·¥ ±Éμ· . � ¨¡μ²¥¥ ³¥¤²¥´´ Ö μÉ·¨Í É¥²Ó´ Ö ¸μ¸É ¢²ÖÕÐ Ö
Œ�‘, ¢¥·μÖÉ´¥¥ ¢¸¥£μ, μ¡Ê¸²μ¢²¥´  · §μ£·¥¢μ³ Éμ¶²¨¢ . �¥·¨μ¤¨Î¥¸±¨ ¶μ¢Éμ-
·Ö¥³ Ö ¢ ¶·μÍ¥¸¸¥ Ô±¸¶²Ê É Í¨¨ μÍ¥´±  ¶ · ³¥É·μ¢ Œ�‘ Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§
¸¶μ¸μ¡μ¢ μ¡¥¸¶¥Î¥´¨Ö ¡¥§μ¶ ¸´μ° ¨ ´ ¤¥¦´μ° · ¡μÉÒ ·¥ ±Éμ· .
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Estimation of Power Feedback Parameters of the IBR-2M Reactor
by Square Wave Reactivity

Parameters of the IBR-2M reactor power feedback (PFB) are estimated based on
the analysis of power transients caused by deliberate square wave reactivity when
the pulsed reactor operates in the self-regulation mode. The PFB of the IBR-2M
is described by three linear ˇrst-order differential equations. Two components of
the PFB are responsible for the negative feedback and one, for the positive. The
overall feedback is negative, i. e., it has a stabilizing effect for the operation of the
reactor. The slowest negative component of the PFB is probably caused by heating
of the fuel. Periodically repeated in the process of exploitation, estimation of the
PFB parameters is one of the methods to ensure safety operation of the reactor.

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

ˆ¸¸²¥¤μ¢ ´¨¥ ¡Ò¸É·μ° ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ (Œ�‘) ·¥ ±Éμ· 
ˆ��-2Œ ´¥μ¡Ìμ¤¨³μ ¤²Ö μ¡μ¸´μ¢ ´¨Ö ´ ¤¥¦´μ° ¨ ¡¥§μ¶ ¸´μ° · ¡μÉÒ ·¥ ±-
Éμ· . �É Ì · ±É¥·  ÔÉμ° ¸¢Ö§¨ § ¢¨¸¨É, ¡Ê¤¥É ²¨ ·¥ ±Éμ· Ê¸Éμ°Î¨¢ ¨²¨ ¶¥·¥°-
¤¥É ¢ ·¥¦¨³ ±μ²¥¡ É¥²Ó´μ° ´¥Ê¸Éμ°Î¨¢μ¸É¨. ’μÎ´Ò¥ μÍ¥´±¨ ¶ · ³¥É·μ¢ Œ�‘
ˆ��-2Œ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò Éμ²Ó±μ ¶μ¸²¥  ´ ²¨§  ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢
³μÐ´μ¸É¨, ¢Ò§¢ ´´ÒÌ ¶·¥¤´ ³¥·¥´´Ò³¨ ¶¥·¨μ¤¨Î¥¸±¨³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±-
É¨¢´μ¸É¨ (¨§³¥´¥´¨Ö ·¥ ±É¨¢´μ¸É¨ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¢ ¨´É¥·¢ ² Ì ³¥¦¤Ê ¸μ-
¸¥¤´¨³¨ ¨³¶Ê²Ó¸ ³¨ ³μÐ´μ¸É¨) [1]. ‚ ·¥§Ê²ÓÉ É¥ Ëμ·³¨·ÊÕÉ¸Ö ¶¥·¨μ¤¨Î¥¸-
±¨¥ ±μ²¥¡ ´¨Ö ³μÐ´μ¸É¨. 
´¥·£¨Ö ¨³¶Ê²Ó¸μ¢ ¶·¨ ÔÉμ³ ³¥´Ö¥É¸Ö ¢ ¸μμÉ¢¥É-
¸É¢¨¨ ¸  ³¶²¨ÉÊ¤μ° ¢¢¥¤¥´´μ° ·¥ ±É¨¢´μ¸É¨ ¨ Ì · ±É¥·μ³ μ¡· É´μ° ¸¢Ö§¨.
‘μμÉ¢¥É¸É¢ÊÕÐ Ö μ¡· ¡μÉ±  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ§¢μ²Ö¥É μ¶·¥¤¥-
²¨ÉÓ ¶ · ³¥É·Ò ÔÉμ° ¸¢Ö§¨.

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶¥·¢ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶ · ³¥É·μ¢ ¡Ò¸É-
·μ° μ¡· É´μ° ¸¢Ö§¨ ˆ��-2Œ, ¶μ²ÊÎ¥´´Ò¥ ¢ ·¥¦¨³¥ ³μ¤Ê²ÖÍ¨¨ ·¥ ±É¨¢´μ¸É¨
¢ 2015 £. 
´¥·£μ¢Ò· ¡μÉ±  ·¥ ±Éμ·  ´  ³μ³¥´É ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° ¸μ¸É ¢-
²Ö²  767 Œ‚É · ¸ÊÉ.

’…•�ˆŠ� ���‚…„…�ˆŸ ˆ‡Œ…�…�ˆ‰ ˆ Œ…’�„ˆŠ�
�–…�Šˆ ����Œ…’��‚ Œ�™��‘’��‰ ����’��‰ ‘‚Ÿ‡ˆ

‘ ��Œ�™œ� �‘–ˆ‹‹Ÿ–ˆˆ �…�Š’ˆ‚��‘’ˆ

�Ò¸É· Ö μ¡· É´ Ö ¸¢Ö§Ó μ¡Ê¸²μ¢²¥´  ¶·μÍ¥¸¸ ³¨, ¶·μ¨¸Ìμ¤ÖÐ¨³¨ ¢  ±-
É¨¢´μ° §μ´¥ ·¥ ±Éμ·  ¶·¨ ·¥§±μ³ ¨§³¥´¥´¨¨ ³μÐ´μ¸É¨. „¥°¸É¢¨¥ ÔÉμ° ¸¢Ö§¨
¤²¨É¸Ö ¸ ³μ³¥´É  ¨§³¥´¥´¨Ö ³μÐ´μ¸É¨ ¢ É¥Î¥´¨¥ ∼ 200 ¸. ˆ§-§  ¡μ²ÓÏ¨Ì
Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ (± 20%) μ¡ÒÎ´Ò¥ ³¥Éμ¤Ò ¨¸¸²¥¤μ¢ ´¨° ¤ ÕÉ
Éμ²Ó±μ ± Î¥¸É¢¥´´ÊÕ μÍ¥´±Ê ¶ · ³¥É·μ¢ μ¡· É´μ° ¸¢Ö§¨. ’μÎ´Ò¥ μÍ¥´±¨  ³-
¶²¨ÉÊ¤ ¨ ¢·¥³¥´´ÒÌ Ì · ±É¥·¨¸É¨± ¢¸¥Ì ±μ³¶μ´¥´Éμ¢ μ¡· É´μ° ¸¢Ö§¨, ¢¶²μÉÓ
¤μ ¸ ³ÒÌ ±μ·μÉ±¨Ì, ¤¥°¸É¢ÊÕÐ¨Ì ¢ ¶·¥¤¥² Ì ´¥¸±μ²Ó±¨Ì ¨³¶Ê²Ó¸μ¢, ³μ£ÊÉ
¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¶μ¸²¥  ´ ²¨§  ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢, ¢Ò§¢ ´´ÒÌ ¶¥·¨μ¤¨-
Î¥¸±¨³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´μ¸É¨. �·¨ ÔÉμ³ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¨³³¥É·¨Î´Ò¥
¶·Ö³μÊ£μ²Ó´Ò¥ ±μ²¥¡ ´¨Ö ·¥ ±É¨¢´μ¸É¨, ±μÉμ·Ò¥ Ëμ·³¨·ÊÕÉ¸Ö ¸²¥¤ÊÕÐ¨³
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μ¡· §μ³. ‘É·μ£μ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³μÐ´μ¸É¨ (³¥´¥¥ Î¥³ §  0,2 ¸, É. ¥. ¸ ÉμÎ-
±¨ §·¥´¨Ö Ëμ·³¨·μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ ³£´μ¢¥´´μ) μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö
¨§³¥´¥´¨Ö ·¥ ±É¨¢´μ¸É¨ ¸ μ¤´μ£μ Ê·μ¢´Ö ´  ¤·Ê£μ° (¤²¨É¥²Ó´μ¸ÉÓ ± ¦¤μ£μ
¶μ²Ê¶¥·¨μ¤  · ¢´  ´¥¸±μ²Ó±¨³ ³¨´ÊÉ ³).

‘³Ò¸² ¨§³¥·¥´¨° ¸ ¢¢μ¤μ³ ¶¥·¨μ¤¨Î¥¸±¨Ì ±μ²¥¡ ´¨° ·¥ ±É¨¢´μ¸É¨ ¸μ-
¸Éμ¨É ¢ Éμ³, ÎÉμ ·¥ ±Í¨Ö ·¥ ±Éμ·  ´  · §μ¢Ò° ¡μ²ÓÏμ° ¨ ¤μ¸É ÉμÎ´μ ³¥¤-
²¥´´Ò° ¸± Îμ± ·¥ ±É¨¢´μ¸É¨ § ³¥´Ö¥É¸Ö ´  ·¥ ±Í¨Õ, Ê¸·¥¤´¥´´ÊÕ ¶μ ¡μ²Ó-
Ïμ³Ê Î¨¸²Ê ¡Ò¸É·ÒÌ ¸± Î±μ¢ ³ ²μ°  ³¶²¨ÉÊ¤Ò. 
Éμ ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ¥É
¢²¨Ö´¨¥ ÏÊ³μ¢ ³μÐ´μ¸É¨ ´  ·¥£¨¸É·¨·Ê¥³Ò° ¶¥·¥Ìμ¤´μ° ¶·μÍ¥¸¸ ¨ ¶μ¢Ò-
Ï ¥É ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ Œ�‘. Š·μ³¥ Éμ£μ, ¶¥·¥Ìμ¤ ´  ³ ²Ò¥
¸± Î±¨ ·¥ ±É¨¢´μ¸É¨ ¶μ¢ÒÏ ¥É ¡¥§μ¶ ¸´μ¸ÉÓ ¨§³¥·¥´¨°.

�Í¥´±  ¶ · ³¥É·μ¢ Œ�‘ μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶·¨ ÏÉ É´μ³ · ¸Ìμ¤¥ ´ É·¨Ö
Î¥·¥§  ±É¨¢´ÊÕ §μ´Ê, · ¢´μ³ 100 ³3/Î, ´  ¸²¥¤ÊÕÐ¨Ì Ê·μ¢´ÖÌ ¸·¥¤´¥° ³μÐ-
´μ¸É¨: 0,5; 1,0; 1,5 ¨ 2,0 Œ‚É.

‚ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨° ·¥£¨¸É·¨·μ¢ ²¨¸Ó:
• ¶μ²μ¦¥´¨Ö  ¢Éμ³ É¨Î¥¸±μ£μ (��) ¨ ¶·μ³¥¦ÊÉμÎ´μ£μ (��) ·¥£Ê²ÖÉμ·μ¢;
•  ³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ¸ É·¥Ì ´¥§ ¢¨¸¨³ÒÌ ± ´ ²μ¢ ±μ´É·μ²Ö

³μÐ´μ¸É¨;
• É¥³¶¥· ÉÊ·  É¥¶²μ´μ¸¨É¥²Ö ´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥  ±É¨¢´μ° §μ´Ò.
�¥·¨μ¤ μ¶·μ¸  ¢¸¥Ì ¶ · ³¥É·μ¢, §  ¨¸±²ÕÎ¥´¨¥³ ³μÐ´μ¸É¨, ¸μ¸É ¢²Ö²

0,1 ¸. „²Ö ³μÐ´μ¸É¨ ¶¥·¨μ¤ μ¶·μ¸  ¡Ò² · ¢¥´ ¶¥·¨μ¤Ê ¶μ¢Éμ·¥´¨Ö ¨³-
¶Ê²Ó¸μ¢ Å 0,2 ¸. ˆ§³¥·Ö² ¸Ó Ô´¥·£¨Ö ± ¦¤μ£μ ¨³¶Ê²Ó¸ . ˆ§³¥´¥´¨¥ ·¥ ±-
É¨¢´μ¸É¨ ¸ μ¤´μ£μ Ê·μ¢´Ö ´  ¤·Ê£μ° μ¸ÊÐ¥¸É¢²Ö²o¸Ó ¶μ¸·¥¤¸É¢μ³ ¶¥·¥³¥-
Ð¥´¨Ö ¸É¥·¦´Ö ��, ±μÉμ·Ò° ¡Ò² ¢Ò¢¥¤¥´ ¨§ ±μ´ÉÊ·   ¢Éμ³ É¨Î¥¸±μ£μ ·¥-
£Ê²¨·μ¢ ´¨Ö ¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ± ± § ¤ ÉÎ¨± ¢μ§³ÊÐ ÕÐ¥° ·¥ ±É¨¢´μ¸É¨. ‚¥-
²¨Î¨´  ¢´μ¸¨³μ° ¸É¥·¦´¥³ �� ·¥ ±É¨¢´μ¸É¨ ¢ÒÎ¨¸²Ö² ¸Ó ¶μ Ì · ±É¥·¨¸-
É¨±¥ ®¶¥·¥³¥Ð¥´¨¥Ä·¥ ±É¨¢´μ¸ÉÓ¯, § ·¥£¨¸É·¨·μ¢ ´´μ° ¢μ ¢·¥³Ö Ë¨§¨Î¥-
¸±μ£μ ¶Ê¸±  ·¥ ±Éμ·  [2]. ‚·¥³Ö ¨§³¥·¥´¨Ö ´¥ ¶·¥¢ÒÏ ²μ 30 ³¨´. ‚ ·¥§Ê²Ó-
É É¥ ³ É¥³ É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¨§³¥·¥´´ÒÌ ¶¥·¨μ¤¨Î¥¸±¨Ì ±μ²¥¡ ´¨° ·¥ ±-
É¨¢´μ¸É¨ ¨ ³μÐ´μ¸É¨ ¶μ²ÊÎ¥´  ¨³¶Ê²Ó¸´ Ö ¶¥·¥Ìμ¤´ Ö Ì · ±É¥·¨¸É¨±  Œ�‘.

‚ ± Î¥¸É¢¥ ¥¤¨´¨ÍÒ ¨§³¥·¥´¨Ö ·¥ ±É¨¢´μ¸É¨ ¶·¨´ÖÉ  É ± ´ §Ò¢ ¥³ Ö
¨³¶Ê²Ó¸´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ β¨ [3]. „²Ö ˆ��-2Œ β¨ =
1, 54 · 10−4. ‚μ§³ÊÐ¥´¨Ö³ ·¥ ±É¨¢´μ¸É¨ r ¢ ¶·¥¤¥² Ì r = ± 0,1 β¨ ¸μμÉ¢¥É-
¸É¢ÊÕÉ μÉ´μ¸¨É¥²Ó´Ò¥ μÉ±²μ´¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ ΔE¨/E0

¨ ≈
± 0,1, £¤¥ ΔE¨ = E¨ − E0

¨ Å μÉ±²μ´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸  E¨ μÉ ¥£μ ¡ -
§μ¢μ£μ §´ Î¥´¨Ö E0

¨ , ¢ ± Î¥¸É¢¥ ±μÉμ·μ£μ ¶·¨´ÖÉμ ¸·¥¤´¥¥ §´ Î¥´¨¥ Ô´¥·£¨¨
¨³¶Ê²Ó¸  [4].

�  ·¨¸. 1 ¶·¨¢¥¤¥´ Ì · ±É¥·´Ò° ¢¨¤ ¢μ§³ÊÐ ÕÐ¥° ·¥ ±É¨¢´μ¸É¨ �� (a),
¸Ê³³ ·´μ° ·¥ ±É¨¢´μ¸É¨ �� ¨ ÏÊ³  ·¥ ±É¨¢´μ¸É¨ (¡) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥
μÉ´μ¸¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥  ³¶²¨ÉÊ¤Ò ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ (¢).

ˆ§³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ ¶¥·¥Ìμ¤´Ò¥ ¶·μÍ¥¸¸Ò ³μÐ´μ¸É¨ ˆ��-2Œ ¸¨³-
³¥É·¨Î´Ò¥. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¨ ¶μ¸É·μ¥´¨¨ ³¥Éμ¤¨±¨ μ¡· ¡μÉ±¨ Ô±¸¶¥·¨-
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�¨¸. 1. Šμ²¥¡ ´¨Ö ·¥ ±É¨¢´μ¸É¨ ¨  ³¶²¨ÉÊ¤Ò ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨:  ) ¶·Ö³μÊ£μ²Ó´Ò¥
±μ²¥¡ ´¨Ö ·¥ ±É¨¢´μ¸É¨ ΔεA  ³¶²¨ÉÊ¤μ° 1,54 · 10−3 %, μ¡Ê¸²μ¢²¥´´Ò¥ ¤¢¨¦¥´¨¥³ ��
¸ ¶¥·¨μ¤μ³ 32 ¸; ¡) ·¥ ±É¨¢´μ¸ÉÓ Δε∗� ± ± ¸Ê³³  ¶·Ö³μÊ£μ²Ó´ÒÌ ±μ²¥¡ ´¨° ΔεA ¨
ÏÊ³  ·¥ ±É¨¢´μ¸É¨ Δε∗ ¶·¨ ³μÐ´μ¸É¨ 2 Œ‚É; ¢) μÉ´μ¸¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥  ³¶²¨-
ÉÊ¤Ò ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ μÉ ¸·¥¤´¥£μ §´ Î¥´¨Ö Δpm = (Pm − P 0

m)/P 0
m, ¢Ò§¢ ´´μ¥

¶·Ö³μÊ£μ²Ó´Ò³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´μ¸É¨ ¸μ¢³¥¸É´μ ¸ ÏÊ³μ³ Δε∗

³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ±μÔËË¨Í¨¥´ÉÒ ¶¥·¥¤ Î¨ ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨
ˆ��-2Œ ¶·¨´ÖÉÒ ¶μ¸ÉμÖ´´Ò³¨ ¢¥²¨Î¨´ ³¨ ¨ Œ�‘ ˆ��-2Œ ¢ μ¡Ð¥³ ¸²ÊÎ ¥
Ì · ±É¥·¨§ÊÕÉ Éμ²Ó±μ Ï¥¸ÉÓ ¶ · ³¥É·μ¢ (3 ¶μ¸ÉμÖ´´ÒÌ ¢·¥³¥´¨ ¨ 3 ¶μ¸ÉμÖ´-
´ÒÌ ±μÔËË¨Í¨¥´É  ¶¥·¥¤ Î¨). ‘μμÉ¢¥É¸É¢¥´´μ, ± ¦¤ Ö ¨§ É·¥Ì ¸μ¸É ¢²ÖÕÐ¨Ì
·¥ ±É¨¢´μ¸É¨ Œ�‘ rTjn ˆ��-2Œ μ¶¨¸ ´  ²¨´¥°´Ò³ Ê· ¢´¥´¨¥³. Š·μ³¥ Éμ£μ,
¶·¨ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ μ± § ²μ¸Ó, ÎÉμ ¶·¨ ¸·¥¤´¥° ³μÐ´μ¸É¨ (³¥´¥¥ 1,5 Œ‚É)
Œ�‘ ˆ��-2Œ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö μ¤´¨³ ²¨´¥°´Ò³ ¤¨ËË¥·¥´-
Í¨ ²Ó´Ò³ Ê· ¢´¥´¨¥³. 
Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ÊÎÉ¥´μ ¶·¨  ´ ²¨§¥ ·¥§Ê²ÓÉ Éμ¢
μ¡· ¡μÉ±¨.

„²Ö μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ Œ�‘ ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¸¶¥Í¨ ²Ó´μ ¸μ-
§¤ ´´ Ö ¶·μ£· ³³  ¶μ¨¸±  ³¨´¨³Ê³ . �¡· ¡μÉ±  ¤ ´´ÒÌ § ±²ÕÎ ² ¸Ó ¢ ¸²¥-
¤ÊÕÐ¥³. ˆ¸Ìμ¤´Ò° § ·¥£¨¸É·¨·μ¢ ´´Ò° ¶¥·¥Ìμ¤´Ò° ¶·μÍ¥¸¸, μ¡Ê¸²μ¢²¥´´Ò°
¶·Ö³μÊ£μ²Ó´Ò³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´μ¸É¨, ¶·¨¢μ¤¨²¸Ö ± Ê¸·¥¤´¥´´μ³Ê ¶¥-
·¨μ¤Ê ±μ²¥¡ ´¨° ΔE¨n/E0

¨ , ¢ ±μÉμ·μ³ ¨¸Ìμ¤´ Ö ÏÊ³μ¢ Ö ¸μ¸É ¢²ÖÕÐ Ö ¸ÊÐ¥-
¸É¢¥´´μ Ê³¥´ÓÏ ² ¸Ó. 
ÉμÉ Ê¸·¥¤´¥´´Ò° ¶¥·¨μ¤ ±μ²¥¡ ´¨° ¸ Ê³¥´ÓÏ¥´´Ò³
ÏÊ³μ³ ¶·¨´¨³ ²¸Ö ¢ ± Î¥¸É¢¥ § ·¥£¨¸É·¨·μ¢ ´´μ£μ ¶¥·¥Ìμ¤´μ£μ ¶·μÍ¥¸¸ 
ΔE¨n/E0

¨ .
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„ ²¥¥ ¶¥·¥Ìμ¤´Ò° ¶·μÍ¥¸¸ ΔE¨An/E0
¨ ¢ÒÎ¨¸²Ö²¸Ö ¶μ Ê· ¢´¥´¨Ö³ ±¨´¥-

É¨±¨ ¨ Œ�‘, ¶·¥¤¸É ¢²¥´´Ò³ ¢ ¢¨¤¥ · §´μ¸É´ÒÌ Ê· ¢´¥´¨°, ¸¢Ö§Ò¢ ÕÐ¨Ì
§´ Î¥´¨Ö ¶¥·¥³¥´´ÒÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì É¥±ÊÐ¥³Ê (¸ ¨´¤¥±¸μ³ n) ¨ ¶·¥¤Ï¥-
¸É¢ÊÕÐ¥³Ê (¸ ¨´¤¥±¸μ³ n − 1) ¨³¶Ê²Ó¸Ê ³μÐ´μ¸É¨ [6Ä9]:

En

E0
=

E¨n

E0
+

EËn

E0
,

E¨n

E0
¨

=
Sn

S0
ern ,

ΔE¨n

E0
¨

=
E¨n

E0
¨

− 1,
EËn

E0
= kË

Sn

S0
,

kË =
E0

Ë

E0
=

βT¨

Δk�� − ε0
m

∑
i

μiλi
e−λiT¨

1 − e−λiT¨

(¢ ³μ¤¥²¨ ¤¨´ ³¨±¨ §´ Î¥´¨¥ kË ¶·¨´ÖÉμ ¶μ¸ÉμÖ´´Ò³ ¨ · ¢´Ò³ ¤μ²¥ Ô´¥·£¨¨
Ëμ´  μÉ ¶μ²´μ° Ô´¥·£¨¨ ¢ ¡ §μ¢μ³ ·¥¦¨³¥, ¶μ¸±μ²Ó±Ê ¢ ·¥¦¨³¥ ¸É ¡¨²¨§ Í¨¨
§ ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  kË μÉ ·¥ ±É¨¢´μ¸É¨ ¶·¥´¥¡·¥¦¨³μ ³ ² ),

E¨n

E0
=

E¨n

E0
¨

E0
¨

E0
,

E0
¨

E0
= 1 − kË,

En

E0
=

E¨n

E0
+

EËn

E0
,

ΔEn

E0
¨

=
En

E0
¨

− 1,

ΔSin

S0
=

(
ΔSi n−1

S0
+ μiλi

E0

S0

ΔEn−1

E0

)
e−λiT¨ ,

ΔSn

S0
=

∑
i

ΔSin

S0
,

Sn

S0
=

ΔSn

S0
+ 1,

E0

S0
= 1

/∑
i

μiλi
e−λiT¨

1 − e−λiT¨
,

rn = r0n + rTn, rTn =
3∑

j=1

rTjn,

rTjn =
(

rTj n−1 +
kTj

TTj
P 0T¨

ΔEn−1

E0

)
e−T¨/TT j ,

£¤¥ j = 1, 2, 3 Å ´μ³¥· ¸μ¸É ¢²ÖÕÐ¥° Œ�‘; E¨, EË, E Å Ô´¥·£¨Ö ¨³¶Ê²Ó¸ 
³μÐ´μ¸É¨, Ô´¥·£¨Ö Ëμ´  (¢Ò¤¥²Ö¥³ Ö ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨) ¨ ¶μ²´ Ö Ô´¥·£¨Ö
§  ¶¥·¨μ¤ ¸μμÉ¢¥É¸É¢¥´´μ; S Å ¸Ê³³ ·´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ § ¶ §-
¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¢Ò· ¦¥´´ Ö ¢ ¥¤¨´¨Í Ì ³μÐ´μ¸É¨; ΔS = S − S0,
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Si = Si − S0
i Å μÉ±²μ´¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¨¸ÉμÎ´¨±μ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-

É·μ´μ¢ (¸Ê³³ ·´μ° ¨ £·Ê¶¶Ò i ¸μμÉ¢¥É¸É¢¥´´μ) μÉ ¡ §μ¢μ£μ §´ Î¥´¨Ö; β Å
¸Ê³³ ·´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢; P 0 Å ¸·¥¤´ÖÖ ³μÐ´μ¸ÉÓ ·¥ ±-
Éμ· , Œ‚É; T¨ Å ¶¥·¨μ¤ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ (0,2 ¸); Δk�� Å ÔËË¥±É¨¢-
´μ¸ÉÓ ¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö,  ¡¸. ¥¤.; ε0

m Å ¡ §μ¢μ¥ §´ Î¥´¨¥ ³ ±¸¨³ ²Ó´μ°
´ ¤±·¨É¨Î´μ¸É¨ ´  ³£´μ¢¥´´ÒÌ ´¥°É·μ´ Ì ¢ ¨³¶Ê²Ó¸¥ ·¥ ±É¨¢´μ¸É¨,  ¡¸. ¥¤.;
r = (εm − ε0

m)/β¨ Å ·¥§Ê²ÓÉ¨·ÊÕÐ Ö ·¥ ±É¨¢´μ¸ÉÓ (¢ ¤μ²ÖÌ β¨), · ¢´ Ö μÉ-
±²μ´¥´¨Õ ´ ¤±·¨É¨Î´μ¸É¨ μÉ ¥¥ ¡ §μ¢μ£μ §´ Î¥´¨Ö; r0, rT Å ¸μ¸É ¢²ÖÕÐ¨¥
·¥§Ê²ÓÉ¨·ÊÕÐ¥° ·¥ ±É¨¢´μ¸É¨ r (¢ ¤μ²ÖÌ β¨): ¢μ§³ÊÐ ÕÐ Ö ¨ Œ�‘ ¸μμÉ-
¢¥É¸É¢¥´´μ; μi, λi Å μÉ´μ¸¨É¥²Ó´ Ö ¤μ²Ö ¨ ¶μ¸ÉμÖ´´ Ö · ¸¶ ¤  ¨¸ÉμÎ´¨±μ¢
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ £·Ê¶¶Ò i ¸μμÉ¢¥É¸É¢¥´´μ.

‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ Œ�‘ ¶μ¤¡¨· ²¨¸Ó ¨§ Ê¸²μ¢¨Ö ´ ¨²ÊÎÏ¥£μ ¶·¨¡²¨-
¦¥´¨Ö ¢ÒÎ¨¸²¥´´ÒÌ ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ³μÐ´μ¸É¨ ± § ·¥£¨¸É·¨·μ¢ ´´Ò³.
‚ ± Î¥¸É¢¥ ¶μ± § É¥²Ö ´ ¨²ÊÎÏ¥£μ ¶·¨¡²¨¦¥´¨Ö ¶·¨´ÖÉ ³¨´¨³Ê³ ¸·¥¤´¥±¢ -
¤· É¨Î¥¸±μ£μ μÉ±²μ´¥´¨Ö ¢ÒÎ¨¸²¥´´μ£μ ¶¥·¥Ìμ¤´μ£μ ¶·μÍ¥¸¸  μÉ § ·¥£¨¸É·¨-

·μ¢ ´´μ£μ σ =

[
1
N

N∑
n=1

(ΔE¨n/E0
¨ − ΔE¨An/E0

¨ )2
]1/2

. ‡¤¥¸Ó ¨ ¤ ²¥¥ ¨´-

¤¥±¸μ³ n ¶μ³¥Î¥´Ò ¶¥·¥³¥´´Ò¥, μÉ´μ¸ÖÐ¨¥¸Ö ± n-³Ê ¨³¶Ê²Ó¸Ê ³μÐ´μ¸É¨
(N Å ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ ¢ ¶¥·¥Ìμ¤´μ³ ¶·μÍ¥¸¸¥), ¨´¤¥±¸μ³
A Å μÉ±²μ´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¢Ò¡· ´´Ò³
¶ · ³¥É· ³ Œ�‘, ¢¥·Ì´¨³ ¨´¤¥±¸μ³ 0 Å ¡ §μ¢Ò¥ §´ Î¥´¨Ö ¶¥·¥³¥´´ÒÌ.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 2 ¶μ± § ´Ò ¶·μÍ¥¸¸Ò ¨§³¥´¥´¨Ö ³μÐ´μ¸É¨,
¶·¥¤¸É ¢²¥´´Ò¥ μ¤´¨³ ¶¥·¨μ¤μ³ ±μ²¥¡ ´¨° ¨ ¶·μÍ¥¸¸μ³, Ê¸·¥¤´¥´´Ò³ ¶μ
³´μ£¨³ ¶¥·¨μ¤ ³.
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�¨¸. 2. �É´μ¸¨É¥²Ó´Ò¥ μÉ±²μ´¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ μÉ ¸·¥¤´¥£μ Ê·μ¢´Ö
ΔE¨/E0

¨ (1), μ¡Ê¸²μ¢²¥´´Ò¥ ¶·Ö³μÊ£μ²Ó´Ò³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´μ¸É¨ (2), n Å ´μ-
³¥· ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨: a) ¶·μÍ¥¸¸ ¸μμÉ¢¥É¸É¢Ê¥É μ¤´μ³Ê ¶¥·¨μ¤Ê ±μ²¥¡ ´¨° ³μÐ´μ-
¸É¨; ¡) ¨§³¥´¥´¨¥ ³μÐ´μ¸É¨, Ê¸·¥¤´¥´´μ¥ ¶μ ³´μ£¨³ ¶¥·¨μ¤ ³ (3). ‘·¥¤´ÖÖ ³μÐ´μ¸ÉÓ
·¥ ±Éμ·  2 Œ‚É
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�‘��‚�›… �…‡“‹œ’�’› �–…�Šˆ ����Œ…’��‚
Œ�™��‘’��‰ ����’��‰ ‘‚Ÿ‡ˆ ˆ��-2Œ

ˆ¸¶μ²Ó§μ¢ ´¨¥ ³μ¤¥²¨ Œ�‘ ¢ ¢¨¤¥ μ¤´μ£μ ²¨´¥°´μ£μ  ¶¥·¨μ¤¨Î¥¸±μ£μ
§¢¥´  ¨³¥¥É Ìμ·μÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ·  μÉ 0,5 ¤μ
1,5 Œ‚É. �·¨ ³μÐ´μ¸É¨ 0,5 Œ‚É ³μÐ´μ¸É´ Ö ¸¢Ö§Ó μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ
¸ ³μ° ³¥¤²¥´´μ° ±μ³¶μ´¥´Éμ° Œ�‘.

�¤´ ±μ ¶·¨ ³μÐ´μ¸É¨ 2 Œ‚É É ±μ° ¶·μ¸Éμ° μ¤´μ±μ³¶μ´¥´É´μ° ³μ¤¥²¨
Œ�‘ Ê¦¥ ´¥¤μ¸É ÉμÎ´μ. •μ·μÏ¥¥ ¶·¨¡²¨¦¥´¨¥ ¢ÒÎ¨¸²¥´´ÒÌ ¶¥·¥Ìμ¤´ÒÌ
¶·μÍ¥¸¸μ¢ ± § ·¥£¨¸É·¨·μ¢ ´´Ò³ ¤²Ö ¢¸¥£μ ¤¨ ¶ §μ´  ¸·¥¤´¨Ì ³μÐ´μ¸É¥° μÉ
0,5 ¤μ 2 Œ‚É ¶μ²ÊÎ ¥É¸Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³μ¤¥²¨ Œ�‘, ¶·¥¤¸É ¢²¥´´μ°
¢ ¢¨¤¥ É·¥Ì ²¨´¥°´ÒÌ  ¶¥·¨μ¤¨Î¥¸±¨Ì §¢¥´Ó¥¢.

�Í¥´±  ¶ · ³¥É·μ¢ Œ�‘ ˆ��-2Œ ¢ ¢¨¤¥ μ¤´μ£μ ²¨´¥°´μ£μ  ¶¥·¨μ¤¨-
Î¥¸±μ£μ §¢¥´  ¶·¨¢¥¤¥´  ¢ É ¡². 1, ¤²Ö É·¥Ì ²¨´¥°´ÒÌ  ¶¥·¨μ¤¨Î¥¸±¨Ì §¢¥-

’ ¡²¨Í  1. � · ³¥É·Ò Œ�‘ ˆ��-2Œ ¢ Ê¶·μÐ¥´´μ° ³μ¤¥²¨ ¢ ¢¨¤¥ μ¤´μ£μ ²¨´¥°-
´μ£μ  ¶¥·¨μ¤¨Î¥¸±μ£μ §¢¥´  ¶·¨ · §´ÒÌ Ê·μ¢´ÖÌ ³μÐ´μ¸É¨

� · ³¥É·
P 0, Œ‚É; r0, β¨

0,5; ± 0,02655 1,0; ± 0,0375 1,5; ± 0,05 2,0; ± 0,0563

kT , β¨/Œ‚É −7,62 −5,81 −6,24 −10,08

TT , ¸ 6,15 7,5 10,5 22,3

’ ¡²¨Í  2. � · ³¥É·Ò Œ�‘ ˆ��-2Œ ¢ ¶·¥¤¸É ¢²¥´¨¨ É·¥Ì ²¨´¥°´ÒÌ  ¶¥·¨μ¤¨-
Î¥¸±¨Ì §¢¥´Ó¥¢ ¶·¨ · §´ÒÌ Ê·μ¢´ÖÌ ³μÐ´μ¸É¨

P 0, Œ‚É � · ³¥É·
j

1 2 3

0,5

∑

j

kTj , β¨/Œ‚É −6,85

kTj , β¨/Œ‚É −6,99 1,75 −1,61

TTj , ¸ 6,0 0,22 0,41

1,0

∑

j

kTj , β¨/Œ‚É −5,54

kTj , β¨/Œ‚É −5,61 1,16 −1,09

TTj , ¸ 6,9 0,40 0,37

1,5

∑

j

kTj , β¨/Œ‚É −5,52

kTj , β¨/Œ‚É −5,87 1,31 −0,96

TTj , ¸ 8,2 1,33 1,13

2,0

∑

j

kTj , β¨/Œ‚É −5,14

kTj , β¨/Œ‚É −5,91 1,59 −0,82
TTj , ¸ 7,6 1,02 0,46
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�¨¸. 3. �¥·¥Ìμ¤´Ò¥ ¶·μÍ¥¸¸Ò ¶·¨ ¶·Ö³μÊ£μ²Ó´ÒÌ ±μ²¥¡ ´¨ÖÌ § ¤ ÕÐ¥° ·¥ ±É¨¢´μ¸É¨
r0 (1) ¶·¨ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ· : 0,5 Œ‚É (a); 1,5 Œ‚É (¡); 2,0 Œ‚É (¢). ‘²¥¢  Å
¶¥·¨μ¤Ò ±μ²¥¡ ´¨° μÉ´μ¸¨É¥²Ó´μ£μ μÉ±²μ´¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢, § ·¥£¨¸É·¨·μ¢ ´-
´μ£μ ΔE¨/E0

¨ (2) ¨ ¢ÒÎ¨¸²¥´´μ£μ ΔE¨A/E0
¨ (3). ‘¶· ¢  Å § ¤ ÕÐ Ö ·¥ ±É¨¢´μ¸ÉÓ

r0; ¢ÒÎ¨¸²¥´´ Ö ¸Ê³³ ·´ Ö ·¥ ±É¨¢´μ¸ÉÓ Œ�‘ rT ¨ ¥¥ ¸μ¸É ¢²ÖÕÐ¨¥ rT1, rT2, rT3

´Ó¥¢ Å ¢ É ¡². 2. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò § ·¥£¨¸É·¨·μ¢ ´´Ò¥ ¨ ¢ÒÎ¨¸²¥´´Ò¥
¶¥·¥Ìμ¤´Ò¥ ¶·μÍ¥¸¸Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢Ò¡· ´´Ò³ ¶ · ³¥É· ³ Œ�‘ ¢ É·¥Ì-
±μ³¶μ´¥´É´μ° ³μ¤¥²¨.
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�  μ¸´μ¢¥  ´ ²¨§  ¶¥·¥Ìμ¤´ÒÌ ¶·μÍ¥¸¸μ¢ ³μÐ´μ¸É¨, μ¡Ê¸²μ¢²¥´´ÒÌ ¶·Ö-
³μÊ£μ²Ó´Ò³¨ ±μ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´μ¸É¨ ¶·¨ · ¡μÉ¥ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ·  ¢
·¥¦¨³¥ ¸ ³μ·¥£Ê²¨·μ¢ ´¨Ö, ¶μ²ÊÎ¥´Ò μÍ¥´±¨ ¶ · ³¥É·μ¢ Œ�‘.

‘¨³³¥É·¨Î´Ò¥ ±μ²¥¡ ´¨Ö ·¥ ±É¨¢´μ¸É¨ ¢ ·¥ ±Éμ·¥ ˆ��-2Œ ¢Ò§Ò¢ ÕÉ
¸¨³³¥É·¨Î´Ò¥ ±μ²¥¡ ´¨Ö ³μÐ´μ¸É¨. 
Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¶μ§¢μ²Ö¥É μ¶¨¸ ÉÓ
³μÐ´μ¸É´ÊÕ μ¡· É´ÊÕ ¸¢Ö§Ó ˆ��-2Œ É·¥³Ö ²¨´¥°´Ò³¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨
Ê· ¢´¥´¨Ö³¨: ¤¢¥ ¸μ¸É ¢²ÖÕÐ¨¥ Œ�‘ μ¸ÊÐ¥¸É¢²ÖÕÉ μÉ·¨Í É¥²Ó´ÊÕ μ¡· É-
´ÊÕ ¸¢Ö§Ó, μ¤´  Å ¶μ²μ¦¨É¥²Ó´ÊÕ. ‘Ê³³ ·´ Ö μ¡· É´ Ö ¸¢Ö§Ó μÉ·¨Í É¥²Ó´ Ö
¨ μ± §Ò¢ ¥É ¸É ¡¨²¨§¨·ÊÕÐ¥¥ ¢μ§¤¥°¸É¢¨¥ ´  · ¡μÉÊ ·¥ ±Éμ· . � ¨¡μ²¥¥ ³¥¤-
²¥´´ Ö ¸μ¸É ¢²ÖÕÐ Ö Œ�‘, ¢¥·μÖÉ´¥¥ ¢¸¥£μ, μ¡Ê¸²μ¢²¥´   ±¸¨ ²Ó´Ò³ · ¸Ï¨-
·¥´¨¥³ Éμ¶²¨¢  ¶·¨ ¥£μ · §μ£·¥¢¥.

„²Ö μ¡¥¸¶¥Î¥´¨Ö ¡¥§μ¶ ¸´μ¸É¨ · ¡μÉÒ ·¥ ±Éμ·  ´¥μ¡Ìμ¤¨³  ¶¥·¨μ¤¨Î¥-
¸± Ö μÍ¥´±  ¶ · ³¥É·μ¢ Œ�‘ ¢ ¶·μÍ¥¸¸¥ Ô±¸¶²Ê É Í¨¨ ˆ��-2Œ. ‚ ¶·μ-
Í¥¸¸¥ Ô±¸¶²Ê É Í¨¨ ˆ��-2 ´ ¡²Õ¤ ²¨¸Ó ¸ÊÐ¥¸É¢¥´´Ò¥ ¨§³¥´¥´¨Ö ¶ · ³¥É·μ¢
Œ�‘. 
Éμ ¶μ¤É¢¥·¦¤ ¥É ¢ ¦´μ¸ÉÓ ´ ¡²Õ¤¥´¨Ö §  ¨§³¥´¥´¨¥³ ¶ · ³¥É·μ¢
Œ�‘ ˆ��-2Œ.
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