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�±¸¶¥·¨³¥´ÉÒ ¶µ Ëµ±Ê¸¨·µ¢±¥ ¶·µÉÖ¦¥´´ÒÌ ¨§µ¡· ¦¥´¨°
´ ±²µ´´ÒÌ ²¨´¥°´ÒÌ µ¡Ñ¥±Éµ¢

�¶¨¸Ò¢ ÕÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ ¶µ Ëµ±Ê¸¨·µ¢±¥ ¶·µÉÖ¦¥´´ÒÌ ¨§µ¡· ¦¥´¨° ²¨-
´¥°´ÒÌ µ¡Ñ¥±Éµ¢, ´ ±²µ´¥´´ÒÌ ¶µ¤ Ê£²µ³ 45◦ ± µ¶É¨Î¥¸±µ° µ¸¨ ¸¨¸É¥³Ò. „²Ö
ÔÉµ° Í¥²¨ ¡Ò² ¨¸¶µ²Ó§µ¢ ´ ´µ¢Ò° µ¶É¨Î¥¸±¨° Ô²¥³¥´É Ä µ·Éµ£µ´ ²¨§ Éµ· ¨§µ-
¡· ¦¥´¨°. „ ¥É¸Ö  ´ ²¨§ ¸É·Ê±ÉÊ·Ò ¤¢Ê³¥·´µ£µ ¶µ²Ö ¸¨£´ ²µ¢, ±µÉµ·µ¥ Ëµ·³¨-
·Ê¥É¸Ö ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ ¨³. ‚. �. „¦¥²¥¶µ¢ 
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Soroko L. M. P13-2005-90
Experimental Focusing of Extended Images of Inclined Linear Objects

An experimental focusing of the extended images of the linear objects inclined
at the angle 45◦ with respect to the optical axis of the system is described. For
this purpose a new optical element, an image orthogonalizator, has been used. The
structure of the two-dimensional ˇeld of signals generated in the focal plane of the
cylindrical lens is analyzed.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2005



‚‚…„…�ˆ…

‚ · ¡µÉ¥ [1] ¡Ò² µ¶¨¸ ´ ±µ´Ëµ± ²Ó´Ò° ¸± ´¥·, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö
¸¥²¥±É¨¢´µ£µ ´ ¡²Õ¤¥´¨Ö ¢¥·É¨± ²Ó´ÒÌ ¸²¥¤µ¢ Î ¸É¨Í ¢ Ö¤¥·´µ° ËµÉµÔ³Ê²Ó-
¸¨¨. ˆ¸±µ³Ò° ¸²¥¤ Î ¸É¨ÍÒ ¡Ò² ´ ±²µ´¥´ ¶µ¤ Ê£²µ³ 45◦ ± µ¶É¨Î¥¸±µ° µ¸¨
¸¨¸É¥³Ò. ‚µ§´¨± ÕÐ¥¥ ¢ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ ¶·µÉÖ¦¥´´µ¥ ¨§µ¡· ¦¥´¨¥ ¸²¥¤  Î -
¸É¨ÍÒ ¶µ¢µ· Î¨¢ ¥É¸Ö ¶µÔ²¥³¥´É´µ ´  Ê£µ² 90◦ ¶·¨ ¶µ³µÐ¨ µ·Éµ£µ´ ²¨§ Éµ· 
¨§µ¡· ¦¥´¨°. ‚ ±µ´Ëµ± ²Ó´µ³ ¸± ´¥·¥ ´¥É Ô²¥³¥´Éµ¢ ¤²Ö ¶¥·¥Ëµ±Ê¸¨·µ¢±¨
¶·µÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö ¶µ £²Ê¡¨´¥. �¥¸³µÉ·Ö ´  ÔÉµ, ¸²¥¤ Î ¸É¨ÍÒ, ´ -
±²µ´¥´´Ò° ¶µ¤ Ê£²µ³ 45◦ ± µ¶É¨Î¥¸±µ° µ¸¨, ¤µ²¦¥´ ¡ÒÉÓ ¢¨¤¥´ ¢ Ëµ±Ê¸¥.
–¨²¨´¤·¨Î¥¸± Ö ²¨´§ , Ê¸É ´µ¢²¥´´ Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ µ·Éµ£µ´ ²¨§ -
Éµ·  ¨§µ¡· ¦¥´¨°, ¤µ²¦´  ¡Ò²  Ëµ·³¨·µ¢ ÉÓ ÉµÎ¥Î´µ¶µ¤µ¡´Ò° ¸¨£´ ², ¶µ-
²µ¦¥´¨¥ ±µÉµ·µ£µ µ¶·¥¤¥²Ö¥É¸Ö Ê£²µ³ µ·¨¥´É Í¨¨ ¨¸±µ³µ£µ ¸²¥¤  Î ¸É¨ÍÒ,
  É ±¦¥ ¢Ò¸µÉµ° ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸É¨, ¢ ±µÉµ·µ° ´ Ìµ¤¨É¸Ö ¨¸±µ³Ò° ¸²¥¤
Î ¸É¨ÍÒ.

�µ²ÊÎ¥´¨¥ ¸Ëµ±Ê¸¨·µ¢ ´´µ£µ ¨§µ¡· ¦¥´¨Ö ²¨´¥°´µ£µ µ¡Ñ¥±É , ´ ±²µ-
´¥´´µ£µ ¶µ¤ Ê£²µ³ 45◦ ± µ¶É¨Î¥¸±µ° µ¸¨ ¸¨¸É¥³Ò, ¤²¨É¥²Ó´µ¥ ¢·¥³Ö ¸Î¨É ²µ¸Ó
ÉÊ¶¨±µ¢µ° ¶·µ¡²¥³µ° ¢ µ¶É¨Î¥¸±µ° ³¨±·µ¸±µ¶¨¨. ƒ² ¢´ Ö É·Ê¤´µ¸ÉÓ ¸µ¸ÉµÖ² 
¢ Éµ³, ÎÉµ ¤²¨´  ¢µ§´¨± ÕÐ¥£µ ¢ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ ¶·µÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö
¡Ò²  ¢ M2 · § ¡µ²ÓÏ¥ £²Ê¡¨´Ò µ¡Ñ¥³ , ¢ ±µÉµ·µ³ ´ Ìµ¤¨É¸Ö ²¨´¥°´Ò° µ¡Ñ-
¥±É, £¤¥ M Å ±µÔËË¨Í¨¥´É ²¨´¥°´µ£µ Ê¢¥²¨Î¥´¨Ö ¨§µ¡· ¦ ÕÐ¥° ²¨´§Ò.
’ ±, ´ ¶·¨³¥·, ¶·¨ Éµ²Ð¨´¥ µ¡Ñ¥³  ¢ 0,1 ³³ ¨ ¶·¨ M = 20 ¤²¨´  ¶·µÉÖ-
¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö ¸µ¸É ¢²Ö²  40 ³³. “¢¨¤¥ÉÓ ¢ Ëµ±Ê¸¥ µ¤´µ¢·¥³¥´´µ ¢¸¥
Ô²¥³¥´ÉÒ É ±µ£µ ¶·µÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö ¡Ò²µ ´¥¢µ§³µ¦´µ.

“± § ´´ Ö ÉÊ¶¨±µ¢ Ö ¶·µ¡²¥³  ¡Ò²  ·¥Ï¥´  ¢ ±µ´Ëµ± ²Ó´µ³ ¸± ´¥·¥
¶·¨ ¶µ³µÐ¨ ´µ¢µ£µ µ¶É¨Î¥¸±µ£µ Ô²¥³¥´É  Å µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°
[1]. ‚ µ¶¨¸Ò¢ ¥³µ³ ±µ´Ëµ± ²Ó´µ³ ¸± ´¥·¥ ± ¦¤Ò° ´¥¡µ²ÓÏµ° ÊÎ ¸Éµ± ¶·µ-
ÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö ¶µ¢µ· Î¨¢ ¥É¸Ö ´  Ê£µ² 90◦ ¶µ ¢¸¥° ¤²¨´¥ 40 ³³ ¶·¨
¶µ³µÐ¨ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°. ‚µ§´¨± ² ´µ¢Ò° ¢µ²´µ¢µ° Ë·µ´É,
±µÉµ·Ò° · ¸¶·µ¸É· ´Ö²¸Ö ¶¥·¶¥´¤¨±Ê²Ö·´µ ¶²µ¸±µ¸É¨ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ-
¡· ¦¥´¨° ¨ ±µÉµ·Ò° ¡Ò² µ¡· §µ¢ ´ ¨§ Ô²¥³¥´Éµ¢ ¶·µÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö,
¶µ¢¥·´ÊÉÒÌ ´  Ê£µ² 90◦. �·¨ ¶µ³µÐ¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò ²ÊÎ¨ ¸¢¥É  ´µ-
¢µ£µ ¢µ²´µ¢µ£µ Ë·µ´É  Ëµ±Ê¸¨·ÊÕÉ¸Ö ¢ ÉµÎ¥Î´µ¶µ¤µ¡´Ò° ¸¨£´ ².

‚ ¤ ´´µ° · ¡µÉ¥ µ¶¨¸ ´ Ô±¸¶¥·¨³¥´É ¶µ ¶·µ¢¥·±¥ ¶·¨´Í¨¶  ¤¥°¸É¢¨Ö
±µ´Ëµ± ²Ó´µ£µ ¸± ´¥·  ¢¥·É¨± ²Ó´ÒÌ ¸²¥¤µ¢ Î ¸É¨Í ¢ Ö¤¥·´µ° ËµÉµÔ³Ê²Ó-
¸¨¨. �¥§ ¶¥·¥Ëµ±Ê¸¨·µ¢±¨ ¶µ £²Ê¡¨´¥ ¡Ò²µ ¶µ²ÊÎ¥´µ ¸Ëµ±Ê¸¨·µ¢ ´´µ¥ ¶·µ-
ÉÖ¦¥´´µ¥ ¨§µ¡· ¦¥´¨¥ ²¨´¥°´µ£µ µ¡Ñ¥±É , ´ ±²µ´¥´´µ£µ ¶µ¤ Ê£²µ³ 45◦ ±
µ¶É¨Î¥¸±µ° µ¸¨ ¸¨¸É¥³Ò. „²Ö ÔÉµ° Í¥²¨ ¡Ò² ¨¸¶µ²Ó§µ¢ ´ Ê¶µ³Ö´ÊÉÒ° ¢ÒÏ¥
´µ¢Ò° µ¶É¨Î¥¸±¨° Ô²¥³¥´É Å µ·Éµ£µ´ ²¨§ Éµ· ¨§µ¡· ¦¥´¨°.
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�¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ± § ²¨, ÎÉµ µ·Éµ£µ´ ²¨§ Éµ· ¨§µ¡· ¦¥´¨Ö
¤¥°¸É¢¨É¥²Ó´µ Ëµ·³¨·Ê¥É ¶·µ¸É· ´¸É¢¥´´µ-±µ£¥·¥´É´µ¥ ¢µ²´µ¢µ¥ ¶µ²¥.

‚ · ¡µÉ¥ · ¸¸³µÉ·¥´  É ±¦¥ ¸É·Ê±ÉÊ·  ¤¢Ê³¥·´µ£µ ¶µ²Ö ¸¨£´ ²µ¢, ±µ-
Éµ·µ¥ µ¡· §Ê¥É¸Ö ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò. ƒµ·¨§µ´-
É ²Ó´ Ö µ¸Ó ÔÉµ£µ ¶µ²Ö ¸µµÉ¢¥É¸É¢Ê¥É Ê£²Ê µ·¨¥´É Í¨¨ ²¨´¥°´µ£µ µ¡Ñ¥±É  ¢
³¥·¨¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸É¨,   ¢¥·É¨± ²Ó´ Ö µ¸Ó ÔÉµ£µ ¶µ²Ö ¸µµÉ¢¥É¸É¢Ê¥É ¢Ò-
¸µÉ¥ ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸É¨, ¢ ±µÉµ·µ° ´ Ìµ¤¨É¸Ö ²¨´¥°´Ò° µ¡Ñ¥±É.

Œ ¸ÏÉ ¡ Ê¢¥²¨Î¥´¨Ö ¢¤µ²Ó £µ·¨§µ´É ²Ó´µ° µ¸¨ ¤¢Ê³¥·´µ£µ ¶µ²Ö · ¢¥´
M2,   ³ ¸ÏÉ ¡ Ê¢¥²¨Î¥´¨Ö ¢¤µ²Ó ¢¥·É¨± ²Ó´µ° µ¸¨ ¤¢Ê³¥·´µ£µ ¶µ²Ö · ¢¥´
M , £¤¥ M Å ±µÔËË¨Í¨¥´É ²¨´¥°´µ£µ Ê¢¥²¨Î¥´¨Ö ¨§µ¡· ¦ ÕÐ¥° ²¨´§Ò.

1. ‘’…Š‹Ÿ��›‰ ��’�ƒ���‹ˆ‡�’�� ˆ‡����†…�ˆ‰

�  ·¨¸. 1 ¶µ± § ´µ ¸¥Î¥´¨¥ ¸É¥±²Ö´´µ£µ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°,
¸µ¸ÉµÖÐ¥£µ ¨§ ´ ¡µ·  ¶²µ¸±¨Ì ¸É¥±²Ö´´ÒÌ ² ³¥²¥° ¸ §¥·± ²Ó´µ° · ¡µÎ¥°
¶µ¢¥·Ì´µ¸ÉÓÕ. ’µ²Ð¨´  ¸É¥±²Ö´´µ° ² ³¥²Ó±¨ a = 1,15 ³³,   ¶·µ¤µ²Ó´Ò° Ï £
³¥¦¤Ê ¤¢Ê³Ö ¸µ¸¥¤´¨³¨ ² ³¥²Ó± ³¨ ∆ = 1,625 ³³. ‹ÊÎ¨ ¸¢¥É  ¶·¨ µÉ· ¦¥´¨¨
´¥ É¥·ÖÕÉ¸Ö,   ¶·¨µ¡·¥É ÕÉ · ¸É·µ¢ÊÕ ¸É·Ê±ÉÊ·Ê.

�¨¸. 1. ‘É¥±²Ö´´Ò° µ·Éµ£µ´ ²¨§ Éµ· ¨§µ¡· ¦¥´¨°. �µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ¨ Ìµ¤ ²Ê-
Î¥° ¸¢¥É 
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�  ·¨¸. 2 ¶·¨¢¥¤¥´  ¸Ì¥³  Ê¸É ´µ¢±¨ ¤²Ö ¨§£µÉµ¢²¥´¨Ö ¸É¥±²Ö´´µ£µ µ·-
Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°: 1 Å ¸É¥±²Ö´´Ò¥ ² ³¥²Ó±¨; 2 Å ³¨±·µ¢¨´É,
Ë¨±¸¨·ÊÕÐ¨° Ï £ ³¥¦¤Ê ¸µ¸¥¤´¨³¨ ² ³¥²Ó± ³¨ ∆ = 1,625 ³³; 3 Å ´¥¶µ-

�¨¸. 2. ‘Ì¥³  Ê¸É ´µ¢±¨ ¤²Ö ¨§£µÉµ¢²¥´¨Ö ¸É¥±²Ö´´µ£µ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°.
‘³. É¥±¸É

¤¢¨¦´Ò° £·Ê§, Ö¢²ÖÕÐ¨°¸Ö Ê¶µ·µ³ ¤²Ö µÎ¥·¥¤´µ° ² ³¥²Ó±¨; 4 Å ¸Ñ¥³´Ò°
£·Ê§ ¤²Ö ¶·¨¦¨³  µÎ¥·¥¤´µ° ² ³¥²Ó±¨ ± ¶·¥¤Ò¤ÊÐ¥³Ê ¡²µ±Ê ¸±²¥¥´´ÒÌ ² -
³¥²¥±, 5 Å ¶µ¸ÉµÖ´´Ò° £·Ê§; 6 Å ¶¥·¢Ò° ¸Éµ² ¸ ³¨±·µ¢¨´Éµ³ 2; 7 Å ¢Éµ·µ°
¸Éµ²; 8 Å ¶µ¤¸É ¢±  ¶µ¤ ¸É¥±²Ö´´Ò° µ·Éµ£µ´ ²¨§ Éµ· ¨§µ¡· ¦¥´¨°, ±µÉµ· Ö
¸±·¥¶²¥´  ¦¥¸É±µ ¸µ ¸Éµ²µ³ 7, ´µ ³µ¦¥É ¸±µ²Ó§¨ÉÓ ¶µ ¶¥·¢µ³Ê ¸Éµ²Ê 6; 9 Å
¡µ²ÓÏµ° ¨§³¥·¨É¥²Ó´Ò° ¸Éµ².

�¥·¥¤ ¸±²¥¨¢ ´¨¥³ ² ³¥²¥± ¶·¨ ¶µ³µÐ¨ ÔÉµ° Ê¸É ´µ¢±¨ Éµ·ÍÒ ¸É¥±²Ö´-
´ÒÌ ² ³¥²¥± ¡Ò²¨ µÉÏ²¨Ëµ¢ ´Ò ¤µ ¨¸Î¥§´µ¢¥´¨Ö ¸±µ²µ¢ ´  · ¡µÎ¨Ì £· ´ÖÌ
² ³¥²¥±. ˆ´É¥·¢ ² ¢·¥³¥´¨ ³¥¦¤Ê ¶·¨±²¥¨¢ ´¨¥³ ¤¢ÊÌ ¸µ¸¥¤´¨Ì ² ³¥²¥± ¡Ò²
¢Ò¡· ´ · ¢´Ò³ 5 Î.

�  ·¨¸. 3 ¶µ± § ´  · ¸É·µ¢ Ö ¸É·Ê±ÉÊ·  ¶µ¢¥·´ÊÉµ£µ ´  90◦ ¢µ²´µ¢µ£µ
Ë·µ´É  ¶·¨ µ¸¢¥Ð¥´¨¨ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨° ¶ÊÎ±µ³ ¸¢¥É  µÉ ² -
§¥· . �  ·¨¸. 4 ¤ ´  ³¨±·µ¸É·Ê±ÉÊ·  ¸¨£´ ² , ¸Ëµ±Ê¸¨·µ¢ ´´µ£µ Í¨²¨´¤·¨-
Î¥¸±µ° ²¨´§µ°. �¸´µ¢´µ° ¶·¨Î¨´µ° · §¡·µ¸  Ö¢²Ö¥É¸Ö ´¥¶ · ²²¥²Ó´µ¸ÉÓ ² -
³¥²¥°. �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´  ±µ´É ±É´ Ö ËµÉµ£· Ë¨Ö ¸ ´¥£ É¨¢  ÉµÎ¥Î´µ¶µ-
¤µ¡´µ£µ ¸¨£´ ² . ˜¨·¨´  ¶¨±  ¸µ¸É ¢²Ö¥É µ±µ²µ 0,8 ³³.

‚ ¸²¥¤ÊÕÐ¥³ Ô±¸¶¥·¨³¥´É¥ ´  ¸É¥±²Ö´´Ò° µ·Éµ£µ´ ²¨§ Éµ· ¨§µ¡· ¦¥´¨°
¡Ò²µ ´ ¶· ¢²¥´µ ¶·µÉÖ¦¥´´µ¥ ¨§µ¡· ¦¥´¨¥ ¶ ÊÉ¨´±¨, ´ ±²µ´¥´´µ° ± µ¶É¨-
Î¥¸±µ° µ¸¨ ¸¨¸É¥³Ò ¶µ¤ Ê£²µ³ 45◦. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¶µ± § ´  ´  ·¨¸. 6:
1 Å µ¤´µ³µ¤µ¢Ò° ² §¥· ³µÐ´µ¸ÉÓÕ 6 ³‚É; 2 Å ³¨±·µµ¡Ñ¥±É¨¢ 6,3×0,16;
3 Å ³¨±·µµ¡Ñ¥±É¨¢ 8×0,16; 4 Å Ê¤²¨´¥´´Ò° ÉÊ¡Ê¸; 5 Å ¸É¥±²Ö´´Ò° µ·Éµ£µ-
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�¨¸. 3. � ¸É·µ¢ Ö ¸É·Ê±ÉÊ·  ¢µ²´µ¢µ£µ Ë·µ´É  ´  ¢ÒÌµ¤¥ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥-
´¨° ¶·¨ µ¸¢¥Ð¥´¨¨ ¥£µ ¶ÊÎ±µ³ ¸¢¥É  µÉ ² §¥· 

�¨¸. 4. Œ¨±·µ¸É·Ê±ÉÊ·  ¸¨£´ ² , ¸Ëµ±Ê¸¨·µ¢ ´´µ£µ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§µ°, ¢ ¶·¥¤¥-
² Ì ¶¨± 

�¨¸. 5. Šµ´É ±É´ Ö ËµÉµ£· Ë¨Ö ¶¨±  ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò

´ ²¨§ Éµ· ¨§µ¡· ¦¥´¨°; 6 Å Í¨²¨´¤·¨Î¥¸± Ö ²¨´§  ¸ Ëµ±Ê¸´Ò³ · ¸¸ÉµÖ´¨¥³
110 ³³; 7 Å ËµÉµ¤¨µ¤ BPW21R ¸ § Ð¨É´µ° É·Ê¡±µ° ¨§ Î¥·´µ° ¡Ê³ £¨; 8 Å
¸¨¸É¥³  ¶¥·¥³¥Ð¥´¨Ö ËµÉµ¤¨µ¤  ¢¤µ²Ó £µ·¨§µ´É ²Ó´µ° µ¸¨ ¸ Ï £µ³ 0,25 ³³.
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�¨¸. 6. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¸ ¶ ÊÉ¨´µ°, · ¸¶µ²µ¦¥´´µ° ¶µ¤ Ê£²µ³ 45◦ ± µ¶É¨Î¥¸±µ°
µ¸¨ ¸¨¸É¥³Ò. ‘³. É¥±¸É

‘¶· ¢  µÉ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò 6 ¶µ± § ´µ · ¸¶µ²µ¦¥´¨¥ §¥·± ²Ó´ÒÌ
Éµ·Íµ¢ ¸É¥±²Ö´´µ£µ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨° 5,   É ±¦¥ ÉµÎ¥Î´µ¶µ¤µ¡-
´Ò° ¸¨£´ ², ¸µµÉ¢¥É¸É¢ÊÕÐ¨° µ¸¢¥Ð¥´´µ° Î ¸É¨ ¶ ÊÉ¨´±¨.

‘Ìµ¤ÖÐ¨°¸Ö ¶ÊÎµ± ¸¢¥É  ¶µ¸²¥ ³¨±·µµ¡Ñ¥±É¨¢  2 ´¥ ¶µ¶ ¤ ¥É ¢  ¶¥·ÉÊ·Ê
³¨±·µµ¡Ñ¥±É¨¢ , ¡² £µ¤ ·Ö Î¥³Ê ¢ ¸¨¸É¥³¥ Ëµ·³¨·Ê¥É¸Ö É¥³´µ¶µ²Ó´µ¥ ¨§µ-
¡· ¦¥´¨¥ ¶ ÊÉ¨´±¨. �·¨³¥· É¥³´µ¶µ²Ó´µ° ËµÉµ£· Ë¨¨ ¶ ÊÉ¨´±¨ ´  ¢Ìµ¤¥
µ·Éµ£µ´ ²¨§ Éµ·  7 ¤ ´ ´  ·¨¸. 7.

�¨¸. 7. ’¥³´µ¶µ²Ó´ Ö ËµÉµ£· Ë¨Ö ¶ ÊÉ¨´±¨ ¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° ²ÊÎ ³
¸¢¥É , ´  ¢Ìµ¤¥ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°
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„²Ö Éµ£µ ÎÉµ¡Ò ÉµÎ´µ µ¶·¥¤¥²¨ÉÓ ¶µ²µ¦¥´¨¥ ÉµÎ±¨ µ¸É·µ£µ Ëµ±Ê¸ , ¨¸-
¶µ²Ó§µ¢ ²µ¸Ó ¸¢µ°¸É¢µ ± Ê¸É¨±¨, ¶µ¤·µ¡´µ ¨¸¸²¥¤µ¢ ´´µ¥ ¢ [2]. Š·µ³¥ Ö·±µ£µ
¨§µ¡· ¦¥´¨Ö ¶ ÊÉ¨´±¨ ³Ò ¢¨¤¨³ É ±¦¥ ³¥´¥¥ Ö·±ÊÕ ²¨´¨Õ. ’µÎ±  ¶¥·¥¸¥-
Î¥´¨Ö ÔÉ¨Ì ¤¢ÊÌ ²¨´¨° ´ Ìµ¤¨É¸Ö ¢ ÉµÎ±¥ Ëµ±Ê¸ . �  ·¨¸. 7 ÉµÎ±  Ëµ±Ê¸ 
´ Ìµ¤¨É¸Ö ¢ ²¥¢µ° Î ¸É¨ ¢¸¥£µ ¨§µ¡· ¦¥´¨Ö,   ´  ·¨¸. 8 Å ¢ Í¥´É· ²Ó´µ°
Î ¸É¨ ¨§µ¡· ¦¥´¨Ö ¶ ÊÉ¨´±¨.

�¨¸. 8. ‘Ì¥³  µ¶·¥¤¥²¥´¨Ö ÉµÎ±¨ Ëµ±Ê¸  ´  É¥³´µ¶µ²Ó´µ° ËµÉµ£· Ë¨¨ ¶ ÊÉ¨´±¨ ¶·¨
¶µ³µÐ¨ Ö¢²¥´¨Ö ± Ê¸É¨±¨

2. ‘’�“Š’“�� ‚›•�„��ƒ� ‘ˆƒ��‹�

�·¨ ¶µ³µÐ¨ Ê¸É ´µ¢±¨, ¶µ± § ´´µ° ´  ·¨¸. 6, ¡Ò²  ¨¸¸²¥¤µ¢ ´  ¸É·Ê±-
ÉÊ·  ¢ÒÌµ¤´µ£µ ¸¨£´ ² , Ëµ·³¨·Ê¥³µ£µ ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥-
¸±µ° ²¨´§Ò 6 ¸ Ëµ±Ê¸´Ò³ · ¸¸ÉµÖ´¨¥³ 110 ³³. �  ·¨¸. 9 ¶·¨¢¥¤¥´µ · ¸¶·¥-
¤¥²¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥É  ´  ¢Ìµ¤¥ ËµÉµ¤¨µ¤  7, · ¡µÎ Ö Î ¸ÉÓ ±µÉµ·µ£µ
¨³¥²  · §³¥·Ò 2×2 ³³. ˜¨·¨´  ¶¨±  ´  ¶µ²Ê¢Ò¸µÉ¥ · ¢´  Γ1/2 = 2,1 ³³.
�µ¸²¥ Éµ£µ, ± ± ¶¥·¥¤ ËµÉµ¤¨µ¤µ³ ¶µ³¥¸É¨²¨ Ð¥²Ó Ï¨·¨´µ° 0,6 ³³, Ï¨·¨´ 
¶¨±  ´  ¢Ò¸µÉ¥ Ê³¥´ÓÏ¨² ¸Ó ¤µ Γ1/2 = 1,0 ³³ (·¨¸. 10). � ±µ´¥Í, ¡Ò²  ¨¸-
¶µ²Ó§µ¢ ´  ¸¨¸É¥³  ¸µ ¸¶¥±É· ²Ó´µ° Ð¥²ÓÕ 0,4 ³³ (·¨¸. 11). ˆ§ ÔÉ¨Ì ¤ ´´ÒÌ
³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤ µ Éµ³, ÎÉµ Ï¨·¨´  · ¸¶·¥¤¥²¥´¨Ö ¸¢¥É  ¢ Ëµ±Ê¸¥ Í¨-
²¨´¤·¨Î¥¸±µ° ²¨´§Ò 6 · ¢´  0,8 ³³,   Ê£²µ¢µ¥ · §·¥Ï¥´¨¥ · ¢´µ 0,8/110 ≈
0,7 · 10−2 · ¤. � ¶µ³´¨³, ÎÉµ £² ¢´µ° ¶·¨Î¨´µ° ´¨§±µ£µ Ê£²µ¢µ£µ · §·¥Ï¥-
´¨Ö, 20′, Ö¢²Ö¥É¸Ö ´¥¶ · ²²¥²Ó´µ¸ÉÓ §¥·± ²Ó´ÒÌ ² ³¥²¥°.

’¥¶¥·Ó · ¸¸³µÉ·¨³ ¤¢Ê³¥·´µ¥ ¶µ²¥ ¸¨£´ ²µ¢ (·¨¸. 12), ±µÉµ·µ¥ Ëµ·³¨·Ê-
¥É¸Ö Í¨²¨´¤·¨Î¥¸±µ° ²¨´§µ° 6. ƒµ·¨§µ´É ²Ó´ Ö µ¸Ó ÔÉµ£µ ¶µ²Ö ¸µµÉ¢¥É¸É¢Ê¥É
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�¨¸. 9. � ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥É  ¢ ¶¨±¥, § ·¥£¨¸É·¨·µ¢ ´´µ¥ ËµÉµ¤¨µ¤µ³ 7
· §³¥·µ³ 2×2 ³³. ‘Ì¥³Ê ¨§³¥·¥´¨° ¸³. ´  ·¨¸. 6. ˜¨·¨´  ¶¨±  ´  ¶µ²Ê¢Ò¸µÉ¥ · ¢´ 
Γ1/2 = 2,1 ³³

�¨¸. 10. � ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥É  ¢ ¶¨±¥, § ·¥£¨¸É·¨·µ¢ ´´µ¥ ¶·¨ ¶µ³µÐ¨
Ð¥²¨ Ï¨·¨´µ° 0,6 ³³. Γ1/2 = 1,0 ³³

¶µ¢µ·µÉÊ ¨¸Ìµ¤´µ° ¶ ÊÉ¨´±¨ ´  Ê£µ² β ¢ ³¥·¨¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸É¨,   ¢¥·-
É¨± ²Ó´ Ö µ¸Ó ¸µµÉ¢¥É¸É¢Ê¥É ¢ÒÌµ¤Ê ¶ ÊÉ¨´±¨ ¨§ ³¥·¨¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸É¨
¢ ¸ £¨ÉÉ ²Ó´ÊÕ ¶²µ¸±µ¸ÉÓ, ´ Ìµ¤ÖÐÊÕ¸Ö ´  ¢Ò¸µÉ¥ ε. �·¨ ÔÉµ³ ÉµÎ±  O′

¤µ²¦´  µ¸É ¢ ÉÓ¸Ö ´  ¨¸Ìµ¤´µ³ ³¥¸É¥.
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�¨¸. 11. � ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥É  ¢ ¶¨±¥, § ·¥£¨¸É·¨·µ¢ ´´µ¥ ¶·¨ ¶µ³µÐ¨
Ð¥²¨ Ï¨·¨´µ° 0,4 ³³. Γ1/2 = 1,05 ³³

�¨¸. 12. ‘²¥¢  ¢¢¥·ÌÊ: ¤¢Ê³¥·´µ¥ ¶µ²¥ ¸¨£´ ²µ¢ ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥-
¸±µ° ²¨´§Ò. ‚´¨§Ê: £¥µ³¥É·¨Ö ¶µ¢µ·µÉ  ²¨´¥°´µ£µ µ¡Ñ¥±É  ´  Ê£µ² β ¨ ¢¨¤ ´µ¢µ£µ
¶·µÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥´¨Ö ²¨´¥°´µ£µ µ¡Ñ¥±É 
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�·µÍ¥¸¸ ¶¥·¥Ìµ¤  ²¨´¥°´µ£µ µ¡Ñ¥±É  ¨§ ³¥·¨¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸É¨ ¢
¸ £¨ÉÉ ²Ó´ÊÕ ¶²µ¸±µ¸ÉÓ ¨³¥É ¸¢µ¨ µ¸µ¡¥´´µ¸É¨ (·¨¸. 13). ‚ ¢¥·Ì´¥° Î ¸É¨

�¨¸. 13. ‘Ì¥³  Ëµ·³¨·µ¢ ´¨Ö ¶·µÉÖ¦¥´´µ£µ ²¨´¥°´µ£µ µ¡Ñ¥±É  ® µ¢¯, · ¸¶µ²µ¦¥´-
´µ£µ ¢ ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸É¨. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸ÉÓÕ ¨ ³¥·¨-
¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸ÉÓÕ · ¢´µ ε. ‚¢¥·ÌÊ: ¸Ì¥³  Ëµ·³¨·µ¢ ´¨Ö ¶·µÉÖ¦¥´´µ£µ ¨§µ¡· -
¦¥´¨Ö µ¡Ñ¥±É  ��‚, ´ Ìµ¤ÖÐ¥£µ¸Ö ¢ ³¥·¨¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸É¨. ‚ Í¥´É·¥: Ìµ¤ ²ÊÎ¥°
¸¢¥É , µ¡· §ÊÕÐ¨Ì ¨§µ¡· ¦¥´¨¥ ÉµÎ±¨ O. ‚´¨§Ê: ¸Ì¥³  Ëµ·³¨·µ¢ ´¨Ö ¶·µÉÖ¦¥´´µ£µ
¨§µ¡· ¦¥´¨Ö ²¨´¥°´µ£µ µ¡Ñ¥±É  ® µ¢¯, ´ Ìµ¤ÖÐ¥£µ¸Ö ¢ ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸É¨

·¨¸. 13 ¶·¨¢¥¤¥´  ¨§¢¥¸É´ Ö ± ·É¨´  Ëµ·³¨·µ¢ ´¨Ö ¶·µÉÖ¦¥´´µ£µ ¨§µ¡· ¦¥-
´¨Ö ´ ±²µ´´µ£µ ²¨´¥°´µ£µ µ¡Ñ¥±É  ��‚. �  ¸·¥¤´¥³ ·¨¸Ê´±¥ ¶µ± § ´ Ìµ¤ ²Ê-
Î¥°, µ¡· §ÊÕÐ¨Ì ¨§µ¡· ¦¥´¨¥ O′ ÉµÎ±¨ O. � ±µ´¥Í, ¢´¨§Ê ¶µ± § ´µ, ± ±¨³
µ¡· §µ³ ²¨´¥°´Ò° µ¡Ñ¥±É ® µ¢¯, · ¸¶µ²µ¦¥´´Ò° ¢ ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸É¨
´  · ¸¸ÉµÖ´¨¨ ε µÉ ³¥·¨¤¨µ´ ²Ó´µ£µ ¸¥Î¥´¨Ö ¸ ε = 0, µ¡· §Ê¥É ¶·µÉÖ¦¥´´µ¥
¨§µ¡· ¦¥´¨¥ ²¨´¥°´µ£µ µ¡Ñ¥±É  ® ′µ′¢′¯. ’ ± ± ± Ê£µ² γ ³ ², Éµ · ¸¸ÉµÖ-
´¨¥ ³¥¦¤Ê ²¨´¥°´Ò³ µ¡Ñ¥±Éµ³ ¨ ²¨´§µ° L ¡Ê¤¥É ¶· ±É¨Î¥¸±¨ É ±¨³ ¦¥, ± ±
¨ ¤²Ö ²¨´¥°´µ£µ µ¡Ñ¥±É  ��‚. �µÔÉµ³Ê ¶·µÉÖ¦¥´´µ¥ ¨§µ¡· ¦¥´¨¥ ® ′µ′¢′¯
¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¶·µ¥±Í¨Õ ÉµÎ¥± �′, �′ ¨ ‚′ ´  ²ÊÎ ¸¢¥É , ±µÉµ·Ò° ¨¤¥É
µÉ ²¨´¥°´µ£µ µ¡Ñ¥±É  ® µ¢¯ Î¥·¥§ Í¥´É· ²¨´§Ò L.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ Í¨²¨´¤·¨Î¥¸± Ö ²¨´§  6, ¶·¨¸¶µ¸µ¡²¥´´ Ö ¤²Ö Ëµ·-
³¨·µ¢ ´¨Ö ¶·µÉÖ¦¥´´ÒÌ ¨§µ¡· ¦¥´¨° ¸ £¨ÉÉ ²Ó´ÒÌ ²¨´¥°´ÒÌ µ¡Ñ¥±Éµ¢, ¤µ²-
¦´  ¡ÒÉÓ ³´µ£µÔ²¥³¥´É´µ°, ± ± ÔÉµ ¶µ± § ´µ ´  ·¨¸. 14. ‚ ´¨¦´¥° Î ¸É¨
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�¨¸. 14. ‘Ì¥³  ³´µ£µÔ²¥³¥´É´µ° Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò ¨ · ¸¶µ²µ¦¥´¨¥ ¶²µ¸±µ¸É¥°
· §·¥§  ¨¸Ìµ¤´µ° Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò ´  ¥¥ ¸µ¸É ¢²ÖÕÐ¨¥ ±µ³¶µ´¥´ÉÒ

ÔÉµ£µ ·¨¸Ê´±  ¤ ´  ¸Ì¥³  · ¸¶µ²µ¦¥´¨Ö ¶²µ¸±µ¸É¥° · §·¥§  ¨¸Ìµ¤´µ° µ¤´µ-
·µ¤´µ° (´¥¸É¥±²Ö´´µ°) Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò ´  ´µ¢Ò¥ Ô²¥³¥´ÉÒ.

�¨¸. 15. „¢Ê³¥·´µ¥ ¶µ²¥ ¢ Ëµ± ²Ó´µ° ¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò, ´  ±µÉµ·µ³
¶µ± § ´Ò ¤¢  ¶·µÉÖ¦¥´´ÒÌ ¨§µ¡· ¦¥´¨Ö: 1) �′�′‚′ µÉ ²¨´¥°´µ£µ µ¡Ñ¥±É  ¢ ³¥·¨-
¤¨µ´ ²Ó´µ° ¶²µ¸±µ¸É¨ ¨ 2)  ′µ′¢′ µÉ ²¨´¥°´µ£µ µ¡Ñ¥±É  ¢ ¸ £¨ÉÉ ²Ó´µ° ¶²µ¸±µ¸É¨.
Œ ¸ÏÉ ¡ ¢¤µ²Ó £µ·¨§µ´É ²Ó´µ° µ¸¨ · ¢¥´ M2,   ³ ¸ÏÉ ¡ ¢¤µ²Ó ¢¥·É¨± ²Ó´µ° µ¸¨
· ¢¥´ M

10



� ±µ´¥Í, ¨§ ¸± § ´´µ£µ ¢ÒÏ¥ ¸²¥¤Ê¥É, ÎÉµ ²¨´¥°´Ò¥ ±µÔËË¨Í¨¥´ÉÒ Ê¢¥-
²¨Î¥´¨Ö ¢¤µ²Ó £µ·¨§µ´É ²Ó´µ° ¨ ¢¥·É¨± ²Ó´µ° µ¸¥° µ± §Ò¢ ÕÉ¸Ö · §²¨Î´Ò³¨.
‚¤µ²Ó £µ·¨§µ´É ²Ó´µ° µ¸¨ ÔÉµÉ ²¨´¥°´Ò° ±µÔËË¨Í¨¥´É Ê¢¥²¨Î¥´¨Ö · ¢¥´
M2,   ¢¤µ²Ó ¢¥·É¨± ²Ó´µ° µ¸¨ µ´ · ¢¥´ M (·¨¸. 15).

‡�Š‹�—…�ˆ…

1. �¶¨¸ ´Ò Ô±¸¶¥·¨³¥´ÉÒ ¸ ¶·µÉÖ¦¥´´Ò³ ¨§µ¡· ¦¥´¨¥³ ´ ±²µ´´µ£µ
²¨´¥°´µ£µ µ¡Ñ¥±É . Œ¨´ÊÖ µ¶¥· Í¨Õ ¶¥·¥Ëµ±Ê¸¨·µ¢±¨ ¶µ £²Ê¡¨´¥, ¶·µÉÖ-
¦¥´´µ¥ ¨§µ¡· ¦¥´¨¥ ´ ±²µ´´µ£µ ²¨´¥°´µ£µ µ¡Ñ¥±É  ¡Ò²µ ¸Ëµ±Ê¸¨·µ¢ ²¨ ¢
ÉµÎ¥Î´µ¶µ¤µ¡´Ò° ¸¨£´ ² ¶·¨ ¶µ³µÐ¨ ¸É¥±²Ö´´µ£µ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· -
¦¥´¨°.

2. ’¥³ ¸ ³Ò³ ¡Ò²µ Ô±¸¶¥·¨³¥´É ²Ó´µ ¤µ± § ´µ, ÎÉµ µ·Éµ£µ´ ²¨§ Éµ·
¨§µ¡· ¦¥´¨° Ëµ·³¨·Ê¥É ¶·µ¸É· ´¸É¢¥´´µ-±µ£¥·¥´É´µ¥ ¶µ²¥.

3. ˜¨·¨´  ¶¨±  ´  ¶µ²Ê¢Ò¸µÉ¥ ±·¨¢µ° · ¸¶·¥¤¥²¥´¨Ö ¸¢¥É  ¢ Ëµ± ²Ó´µ°
¶²µ¸±µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò · ¢´  0,8 ³³, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É Ê£²µ¢µ³Ê
· §·¥Ï¥´¨Õ 0,7 · 10−2 · ¤.

4. Œ ¸ÏÉ ¡ ¤¢Ê³¥·´µ£µ ¶µ²Ö ¸¨£´ ²µ¢, Ëµ·³¨·Ê¥³ÒÌ ¢ Ëµ± ²Ó´µ° ¶²µ¸-
±µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ° ²¨´§Ò, ¢¤µ²Ó £µ·¨§µ´É ²Ó´µ° µ¸¨ · ¢¥´ M2,   ¢¤µ²Ó
¢¥·É¨± ²Ó´µ° Å M , £¤¥ M Å ±µÔËË¨Í¨¥´É ²¨´¥°´µ£µ Ê¢¥²¨Î¥´¨Ö ¨§µ¡· -
¦ ÕÐ¥° ²¨´§Ò.

�‹�ƒ�„����‘’ˆ

�¢Éµ· ¢Ò· ¦ ¥É ¶·¨§´ É¥²Ó´µ¸ÉÓ ¶·µË. �. ƒ. �²ÓÏ¥¢¸±µ³Ê §  ¶µ¸ÉµÖ´-
´ÊÕ ¶µ¤¤¥·¦±Ê · ¡µÉ ¶µ ±µ´Ëµ± ²Ó´µ³Ê ¸± ´¥·Ê ¢¥·É¨± ²Ó´ÒÌ ¸²¥¤µ¢ Î -
¸É¨Í.

�¢Éµ· ¡² £µ¤ ·¨É ¶·µË. 	. �. � ÉÊ¸µ¢  §  µ¡¸Ê¦¤¥´¨¥ ¢µ§³µ¦´ÒÌ ¶·¨-
³¥´¥´¨° µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨° ¢ ³¥Éµ¤¥ Ö¤¥·´µ° ËµÉµÔ³Ê²Ó¸¨¨.

�¢Éµ· ¡² £µ¤ ·¨É ¸ÉÊ¤¥´Éµ¢ Šµ¸É·µ³¸±µ£µ £µ¸Ê¤ ·¸É¢¥´´µ£µ Ê´¨¢¥·¸¨-
É¥É  ‘. ‚. �µ§µ¢  ¨ ˆ. …. ‘³¨·´µ¢Ê §   ±É¨¢´µ¥ ÊÎ ¸É¨¥ ¢ Ô±¸¶¥·¨³¥´É Ì,  
É ±¦¥ �. ’. Œ ·±µ¢  ¨ ˆ. …. …£µ·ÊÏ±¨´  ¨§ µÉ¤¥²¥´¨Ö µ¶ÒÉ´µ-Ô±¸¶¥·¨³¥´É ²Ó-
´µ£µ ¶·µ¨§¢µ¤¸É¢  ‹Ÿ� §  ¶µ²¥§´Ò¥ ¸µ¢¥ÉÒ ¨ ¶µ³µÐÓ ¢ ¨§£µÉµ¢²¥´¨¨ ¸É¥±²Ö´-
´µ£µ µ·Éµ£µ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨°.
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