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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ£μ Ô²¥±É·μ¤¨´ ³¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ³´μ£μ-
§ §μ·´ÒÌ ‘�-·¥§μ´ Éμ·μ¢ ¸ ¶¥·¥³¥´´Ò³ ¶¥·¨μ¤μ³ ¸É·Ê±ÉÊ·Ò ¶·¨ ¤μ¸É¨¦¥´¨¨ · ¢´μ³¥·´μ£μ · ¸-
¶·¥¤¥²¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ´  μ¸¨ ¶·μ²¥É  ¶ÊÎ± . „²Ö ¶μ²ÊÎ¥´´ÒÌ ³ ±¥Éμ¢ ¢Ò¶μ²´¥´Ò  ´ ²¨§
¤¨´ ³¨±¨ ¶ÊÎ±  ¶·μÉμ´μ¢ ¸ ´ Î ²Ó´μ° Ô´¥·£¨¥° 1,927 ŒÔ‚ ¨ ³μ¤¥²¨·μ¢ ´¨¥ É¥¶²μ¢ÒÌ ¶·μÍ¥¸¸μ¢
¢ Ê¸É ´μ¢¨¢Ï¥³¸Ö ·¥¦¨³¥ · ¡μÉÒ.

Crossbar H-mode (CH) cavities are frequently used in the modern projects of proton linear accel-
erators for low and medium beam energies. To achieve high acceleration rate the geometry of these
resonators should be optimized to reach as uniform accelerating ˇeld distribution as high values of shunt
impedances. This article presents the results of numerical electrodynamic modelling and optimization
of accelerating ˇeld distribution for multigap CH resonators with varying period. For given structures,
beam dynamic analysis (with beam initial energy 1.927 MeV) and thermal modeling in steady state
regime were performed.
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Œ´μ£μ§ §μ·´Ò¥ ‘�-·¥§μ´ Éμ·Ò μ¡² ¤ ÕÉ ¢Ò¸μ±¨³ É¥³¶μ³ Ê¸±μ·¥´¨Ö ¶·μÉμ´μ¢ ¢ ¤¨ -
¶ §μ´¥ μÉ´μ¸¨É¥²Ó´ÒÌ ¸±μ·μ¸É¥° Î ¸É¨Í β < 0,1. „²Ö ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ Ê¸±μ-
·¥´¨Ö ´¥μ¡Ìμ¤¨³μ μ¶É¨³¨§¨·μ¢ ÉÓ £¥μ³¥É·¨Õ ·¥§μ´ Éμ·  ¤²Ö ¶μ²ÊÎ¥´¨Ö · ¢´μ³¥·´μ£μ
· ¸¶·¥¤¥²¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ¶·¨ μ¤´μ¢·¥³¥´´μ³ ¸μÌ· ´¥´¨¨ ¢Ò¸μ±¨Ì §´ Î¥´¨°
Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±, μ¶·¥¤¥²Ö¥³ÒÌ §´ Î¥´¨Ö³¨ ¶μ£μ´´ÒÌ ÏÊ´Éμ¢ÒÌ ¸μ-
¶·μÉ¨¢²¥´¨° ¨ ¤μ¡·μÉ´μ¸É¨. ’ ±¦¥ ¢ · ¡μÉ¥ ¨¸¶μ²Ó§Ê¥É¸Ö ±μÔËË¨Í¨¥´É · ¢´μ³¥·´μ¸É¨
· ¸¶·¥¤¥²¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö, · ¸¸Î¨ÉÒ¢ ¥³Ò° ± ±

k· ¢´ =
Emin

Emax
· 100 %,

£¤¥ Emin ¨ Emax Å ³¨´¨³ ²Ó´ Ö ¨ ³ ±¸¨³ ²Ó´ Ö  ³¶²¨ÉÊ¤Ò Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö.
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1. ��‘’��‰Š� �‹…Š’��„ˆ��Œˆ—…‘Šˆ• •���Š’…�ˆ‘’ˆŠ (�„•)

� Î ²Ó´Ò° ÔÉ ¶ ¨¸¸²¥¤μ¢ ´¨Ö ¢Ò¶μ²´Ö²¸Ö ´  ³ ±¥É¥ ¸ ¤¥¢ÖÉÓÕ ¶¥·¨μ¤ ³¨, ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨³¨ μÉ´μ¸¨É¥²Ó´μ° Ë §μ¢μ° ¸±μ·μ¸É¨ Î ¸É¨Í β = 0,07. „²Ö μ¶É¨³¨§ Í¨¨
ÏÊ´Éμ¢μ£μ ¸μ¶·μÉ¨¢²¥´¨Ö ¨ ´ ¸É·μ°±¨ · ¸¶·¥¤¥²¥´¨Ö  ³¶²¨ÉÊ¤ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
¸·¥¤¨ Ê¸±μ·ÖÕÐ¨Ì § §μ·μ¢ ±μ´¸É·Ê±Í¨Ö CH-·¥§μ´ Éμ·  ¸μ¤¥·¦¨É ¶¨²μ´Ò, ¸μ¥¤¨´ÖÕÐ¨¥
μ¡¥Î °±Ê ·¥§μ´ Éμ·  ¨ ±·¥¶¥¦´Ò¥ ¸É¥·¦´¨ É·Ê¡μ± ¤·¥°Ë  (·¨¸. 1,  ). „²Ö ¤μ¶μ²´¨É¥²Ó-
´μ° ´ ¸É·μ°±¨ �„• ± ¦¤Ò° ¶¨²μ´ ¸μ¤¥·¦¨É ¢Ò·¥§, · ¸¶μ²μ¦¥´´Ò° ¸μ ¸Éμ·μ´Ò É·Ê¡±¨
¤·¥°Ë , ¡²¨¦ °Ï¥° ± Éμ·Í¥¢μ° ¸É¥´±¥.

‚ ¦´Ò³ ¶ · ³¥É·μ³, μ¶·¥¤¥²ÖÕÐ¨³ · ¢´μ³¥·´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ¶μ-
²Ö, Ö¢²Ö¥É¸Ö ¤²¨´  § §μ·  lgap ³¥¦¤Ê ¶²μ¸±¨³ Éμ·Íμ³ ¶¨²μ´  ¨ ¡μ±μ¢μ° ¸É¥´±μ° ·¥§μ´ -
Éμ·  (¸³. ·¨¸. 1,  ). �  ·¨¸. 1, ¡ ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  · ¢´μ³¥·´μ¸É¨
Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö μÉ § §μ·  lgap. ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ²ÊÎÏ¥¥ §´ Î¥´¨¥ · ¢´μ³¥·´μ¸É¨
¶μ²Ö ¡Ò²μ ¶μ²ÊÎ¥´μ ¶·¨ ´Ê²¥¢μ³ § §μ·¥ lgap. ‚ É ±μ³ ¸²ÊÎ ¥ ¨§³¥´Ö¥É¸Ö ±μ´Ë¨£Ê· Í¨Ö
¶μÉμ±  ³ £´¨É´μ£μ ¶μ²Ö ¢´ÊÉ·¨ ·¥§μ´ Éμ· : Î¥ÉÒ·¥ ¶μÉμ±  ¢μ±·Ê£ ± ¦¤μ£μ ¶¨²μ´  μ¡Ñ-
¥¤¨´ÖÕÉ¸Ö ¢ μ¤¨´ μ¡Ð¨° ¶μÉμ± É ±¨³ μ¡· §μ³, ÎÉμ ¶μ²¥ μ£¨¡ ¥É ¶¨²μ´ ¢ ÉμÎ±¥ A, § É¥³
· ¸¶·μ¸É· ´Ö¥É¸Ö Î¥·¥§ ¶²μ¸±μ¸ÉÓ B ± ÉμÎ±¥ C, μ£¨¡ ¥É ¢ ´¥° ¢Éμ·μ° ¶¨²μ´ ¨ É. ¤. Î¥·¥§
ÉμÎ±Ê D, § ³Ò± Ö ¶μ²¥ ¢ ¥¤¨´μ³ μ¡Ð¥³ ¶μÉμ±¥.

�·¥¤¸É ¢²¥´´ Ö £¥μ³¥É·¨Ö ·¥§μ´ Éμ·  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤²Ö ´ ¸É·μ°±¨ ·¥§μ´ Éμ·μ¢ ¸
· §²¨Î´Ò³¨ Ê¸±μ·ÖÕÐ¨³¨ ¶¥·¨μ¤ ³¨. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö 11-§ §μ·´ÒÌ ³ ±¥Éμ¢
¸ ¤¨ ³¥É·μ³  ¶¥·ÉÊ·Ò ± ´ ² , · ¢´Ò³ 40 ³³, μÉμ¡· ¦¥´Ò ¢ É ¡². 1. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ,

�¨¸. 1.  ) �¸±¨§ ¨¸¸²¥¤Ê¥³μ£μ ·¥§μ´ Éμ· ; ¡) ± ·É¨´  · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö

’ ¡²¨Í  1. �²¥±É·μ¤¨´ ³¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¤²Ö ³ ±¥Éμ¢ ¸ ¶μ¸ÉμÖ´´Ò³ ¶¥·¨μ¤μ³. „¨ -
³¥É·  ¶¥·ÉÊ·Ò a = 40 ³³

• · ±É¥·¨¸É¨± 
β

0,070 0,080 0,090 0,10

�¥·¨μ¤, ³³ 64,8 74 83,3 92,5

L, ³³ 712,8 814 916,3 1017,5
rÏÔË , Œ�³/³ 51 50 49 46

T (¤²Ö · ¡μÎ¥° β) 0,795 0,809 0,811 0,816
Q 14400 15400 16500 17100

K, % 95 95 95 97
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ · ¢´μ³¥·´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ( ) ¨ ÔËË¥±É¨¢´μ£μ ¶μ£μ´´μ£μ ÏÊ´Éμ¢μ£μ

¸μ¶·μÉ¨¢²¥´¨Ö (�³/³) (¡) μÉ ¤²¨´Ò lgap

ÎÉμ ÔÉμ μ¤´¨ ¨§ ´¥¸±μ²Ó±¨Ì ¢μ§³μ¦´ÒÌ ¢ ·¨ ´Éμ¢ ´ ¸É·μ°±¨, ¶μ¸±μ²Ó±Ê · §´Ò³ · §³¥-
· ³ ¶¨²μ´  ³μ£ÊÉ ¸μμÉ¢¥É¸É¢μ¢ ÉÓ ¸¢μ¨ · §³¥·Ò ¢Ò·¥§  ¶¨²μ´ . �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö
¶μ£μ´´ÒÌ ÏÊ´Éμ¢ÒÌ ¸μ¶·μÉ¨¢²¥´¨° ²¥¦ É ¢ ¤¨ ¶ §μ´¥ μÉ 50 ¤μ 46 Œ�³/³.

2. Œ�„…‹ˆ��‚��ˆ… „ˆ��ŒˆŠˆ �“—Š�

„¨´ ³¨±  ¶ÊÎ±  ¶·μÉμ´μ¢ · ¸¸³μÉ·¥´  ¢´ÊÉ·¨ ¶¥·¨μ¤¨Î¥¸±μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨
³´μ£μ§ §μ·´ÒÌ ·¥§μ´ Éμ·μ¢ ¨ ¤Ê¶²¥Éμ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§, · ¸¶μ²μ¦¥´´ÒÌ ³¥¦¤Ê ·¥-
§μ´ Éμ· ³¨. “¸±μ·ÖÕÐ Ö ¸¨¸É¥³  ¸μ¸Éμ¨É ¨§ É·¥Ì 11-§ §μ·´ÒÌ ·¥§μ´ Éμ·μ¢ ¸ ¶¥·¥³¥´´Ò³
¶¥·¨μ¤μ³, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¸·¥¤´¥³Ê §´ Î¥´¨Õ Ô´¥·£¨¨ Î ¸É¨Í ¢ ± ¦¤μ³ Ê¸±μ·ÖÕÐ¥³
§ §μ·¥. �·¨·μ¸É Ô´¥·£¨¨ ¢ Ê¸±μ·ÖÕÐ¥³ § §μ·¥ μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

ΔW = eUT cos (φs),

£¤¥ U Å ´ ¶·Ö¦¥´¨¥ ´  § §μ·¥; T Å ¢·¥³Ö¶·μ²¥É´Ò° Ë ±Éμ·; φs Å ¸¨´Ì·μ´´ Ö Ë § 
¢ § §μ·¥. �·¥¤¸É ¢²¥´´ Ö ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ É¥Ì´¨±  ´ ¸É·μ°±¨ ·¥§μ´ Éμ·μ¢ ¨¸-
¶μ²Ó§μ¢ ´  ¤²Ö ¶μ²ÊÎ¥´¨Ö · ¢´μ³¥·´μ£μ · ¸¶·¥¤¥²¥´¨Ö  ³¶²¨ÉÊ¤Ò Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö

�¨¸. 3. �·¨³¥· · ¸¶·¥¤¥²¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ¤²Ö ³ ±¥É  ¸ ¶¥·¥³¥´´Ò³ Ê¸±μ·ÖÕÐ¨³ § §μ·μ³
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’ ¡²¨Í  2. �²¥±É·μ¤¨´ ³¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¤²Ö ³ ±¥Éμ¢ ¸ ¶¥·¥³¥´´Ò³ ¶¥·¨μ¤μ³. „¨ -
³¥É·  ¶¥·ÉÊ·Ò a = 40 ³³

º ·¥§μ-
L, ³³ W0, ŒÔ‚ Wf , ŒÔ‚

rÏÔË , Œ�³/³
K, % Q

´ Éμ·  (¤²Ö ¸·¥¤´¥° β)

1 713,4 1,927 2,828 45 95 14 000
2 850,8 2,828 3,898 43 95 15 400
3 942,3 3,898 5,124 42 95 16 600

�¨¸. 4. Š ·É¨´  μ£¨¡ ÕÐ¥° ¶ÊÎ±  ¢´ÊÉ·¨ Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò ( ); Ë §μ¢Ò¥ ¶μ·É·¥ÉÒ ´  ¢Ìμ¤¥ (¡)
¨ ¢ÒÌμ¤¥ (¢) ¨§ Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò

E = 3 Œ‚/³ ¤²Ö ¸É·Ê±ÉÊ· ¸ ¶¥·¥³¥´´Ò³ ¶¥·¨μ¤μ³ (¶·¨³¥· · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨-
Î¥¸±μ£μ ¶μ²Ö ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 3). �μ ¶·¨Î¨´¥ Ê³¥´ÓÏ¥´¨Ö ³¥¦§ §μ·´μ° ¥³±μ¸É¨ ¸
·μ¸Éμ³ Ô´¥·£¨¨ Î ¸É¨Í ¨¸¶μ²Ó§ÊÕÉ¸Ö · §´Ò¥ · §³¥·Ò ¢Ò·¥§  ¶¨²μ´ . ‡´ Î¥´¨¥ ¢·¥³Ö-
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¶·μ²¥É´μ£μ Ë ±Éμ·  ¶μ²ÊÎ¥´μ ´  ³μ¤¥²ÖÌ ¸ ¶μ¸ÉμÖ´´Ò³ ¶¥·¨μ¤μ³. ‘¨´Ì·μ´´ Ö Ë §  ¤²Ö
¢¸¥Ì § §μ·μ¢ · ¢´  φs = −30◦. ‡´ Î¥´¨Ö μ¸´μ¢´ÒÌ Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±
¤²Ö ·¥§μ´ Éμ·μ¢ ¸ ¶¥·¥³¥´´Ò³ ¶¥·¨μ¤μ³ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2. �μ²ÊÎ¥´´Ò¥ §´ Î¥-
´¨Ö ¶μ£μ´´ÒÌ ÏÊ´Éμ¢ÒÌ ¸μ¶·μÉ¨¢²¥´¨° ¤²Ö ¸·¥¤´¥° μÉ´μ¸¨É¥²Ó´μ° ¸±μ·μ¸É¨ ²¥¦ É ¢
¤¨ ¶ §μ´¥ μÉ 40 ¤μ 45 Œ�³/³.

ƒ· ¤¨¥´É ³ £´¨É´μ£μ ¶μ²Ö ±¢ ¤·Ê¶μ²¥° · ¢¥´ 40 ’²/³. „²Ö μÍ¥´±¨ Ê¸Éμ°Î¨¢μ¸É¨ ¶¥-
·¨μ¤  Ëμ±Ê¸¨·μ¢±¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ³ É·¨Î´Ò° ³¥Éμ¤. �¥·¨μ¤ Ëμ±Ê¸¨·μ¢±¨ ¸μ¸Éμ¨É ¨§
¶·μ³¥¦ÊÉ±  �”�„� ¨ 11 Ê¸±μ·ÖÕÐ¨Ì § §μ·μ¢, Î¥·¥¤ÊÕÐ¨Ì¸Ö ¸ ÊÎ ¸É± ³¨ ¤·¥°Ë . � -
· ³¥É·Ò ¸¨¸É¥³Ò ¡Ò²¨ ¢Ò¡· ´Ò É ±¨³ μ¡· §μ³, ÎÉμ ´ ¡¥£ Ë §Ò ¶μ¶¥·¥Î´ÒÌ Ë §μ¢ÒÌ
±μ²¥¡ ´¨° ²¥¦ ² ¢ ¶·¥¤¥² Ì μÉ 55 ¤μ 65◦. Œμ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ ¢Ò¶μ²´Ö²μ¸Ó ¢ ¶·μ-
£· ³³¥ TRACK ¤²Ö ¶ÊÎ±  ¸ ¶μ¶¥·¥Î´Ò³ Ô³¨ÉÉ ´¸μ³ 2π ³³ ·³· ¤. Š ·É¨´  μ£¨¡ ÕÐ¥°
¶ÊÎ± ,   É ±¦¥ Ë §μ¢Ò¥ ¶μ·É·¥ÉÒ ´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ É·¨ ¶¥·¨μ¤ 
Ëμ±Ê¸¨·μ¢±¨ ¶μ± § ´Ò ´  ·¨¸. 4.

3. —ˆ‘‹…���… Œ�„…‹ˆ��‚��ˆ… ’…�‹�‚›• ���–…‘‘�‚

�Ì² ¦¤¥´¨¥ ·¥§μ´ Éμ·  ¢Ò¶μ²´Ö¥É¸Ö ¢μ¤Ö´Ò³¨ ± ´ ² ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ¢´ÊÉ·¨
¶¨²μ´μ¢ (·¨¸. 5, ¡) ¨ ´  ¶μ¢¥·Ì´μ¸É¨ μ¡¥Î °±¨. Š ·É¨´  · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ É¥-
¶²μ¢ÒÌ ¶μÉ¥·Ó ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 5,  . � ¨¡μ²ÓÏ¨¥ ¶μÉ¥·¨ ³μÐ´μ¸É¨ ¶·¨Ìμ¤ÖÉ¸Ö ´ 
μ¡² ¸ÉÓ ¢Ò·¥§  ¢ ¶¨²μ´¥. „²Ö Ê¶·μÐ¥´¨Ö ¶μ¸É·μ¥´¨Ö ± ´ ²  μÌ² ¦¤¥´¨Ö ¸±·Ê£²¥´¨¥ ¢Ò-
·¥§  ¡Ò²μ § ³¥´¥´μ ¸·¥§μ³ ¶²μ¸±μ° Ëμ·³Ò, ¨§μ¡· ¦¥´´Ò³ ´  ·¨¸. 5.

�¨¸. 5.  ) ’¥¶²μ¢μ° ¶μÉμ±, ¡) ± ·É¨´  · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò

’¥¶²μ¢μ° · ¸Î¥É ¢Ò¶μ²´¥´ ¢ ¶ ±¥É¥ ¶·μ£· ³³ CST STUDIO SUITE. „²Ö μÌ² ¦¤¥´¨Ö
¨¸¶μ²Ó§Ê¥É¸Ö ¢μ¤  ¸ É¥³¶¥· ÉÊ·μ° 25 ◦‘ ¨ ¸±μ·μ¸ÉÓÕ ¦¨¤±μ¸É¨ 6 ²/¸. „²Ö £· ¤¨¥´É 
Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö E = 3 Œ‚/³ ¨ ±μÔËË¨Í¨¥´É  § ¶μ²´¥´¨Ö D = 10% ³ ±¸¨³ ²Ó´Ò°
´ £·¥¢ ¶·¨Ìμ¤¨É¸Ö ´  μ¡² ¸ÉÓ ±· °´¨Ì É·Ê¡μ± ¤·¥°Ë  ¨ É¥³¶¥· ÉÊ·  ¥£μ · ¢´  30 ◦‘.

‡�Š‹	—…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´  ³¥Éμ¤¨±  μ¶É¨³¨§ Í¨¨ �„• ³´μ£μ§ §μ·´ÒÌ ‘�-·¥§μ´ Éμ·μ¢.
‘ ¥¥ ¶μ³μÐÓÕ ´ ¸É·μ¥´Ò ³ ±¥ÉÒ ¸ ¶¥·¥³¥´´Ò³ Ê¸±μ·ÖÕÐ¨³ ¶¥·¨μ¤μ³, ¤²Ö ±μÉμ·ÒÌ
¢Ò¶μ²´¥´  ´ ²¨§ ¤¨´ ³¨±¨ ¶ÊÎ±  ¶·μÉμ´μ¢ ¨ ³μ¤¥²¨·μ¢ ´¨¥ É¥¶²μ¢μ£μ ·¥¦¨³ .
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