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�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥·´¨§ Í¨¨ ¨µ´¨§ Í¨µ´´µ£µ ¤¥É¥±Éµ·  ¶·µË¨²Ö ¶ÊÎ± , ¢
±µ´¸É·Ê±Í¨¨ ±µÉµ·µ£µ ±·µ³¥ É· ¤¨Í¨µ´´µ£µ ±µ´¤¥´¸ Éµ· , ¨§¢²¥± ÕÐ¥£µ ¶·µ¤Ê±ÉÒ ¨µ-
´¨§ Í¨¨ µ¸É ÉµÎ´µ£µ £ § , ¨¸¶µ²Ó§µ¢ ´Ò  ´ ²¨§¨·ÊÕÐ¨¥ ±µ´¤¥´¸ Éµ·Ò. �¸´µ¢´µ° Í¥²ÓÕ
³µ¤¥·´¨§ Í¨¨ Ö¢²Ö²µ¸Ó ¸µ§¤ ´¨¥ ¶·¨¡µ·  ¸ ¶µ¸ÉµÖ´´Ò³ ¶·µ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³.
„²Ö ÔÉµ£µ ³¥¦¤Ê ¢¸¥³¨ ±µ´¤¥´¸ Éµ· ³¨ ¤¥É¥±Éµ·  ¢¢¥¤¥´Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ ´ ¶·Ö¦¥´¨Ö
(· §´µ¸É¨ ¶µÉ¥´Í¨ ²µ¢), ¨§³¥´ÖÖ ±µÉµ·Ò¥ ³µ¦´µ ¸± ´¨·µ¢ ÉÓ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ µ¡² -
¸É¨ ¶ÊÎ± . �·¨ ÔÉµ³ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²¥° ¢ ±µ´¤¥´¸ Éµ· Ì ¸µÌ· ´ÖÕÉ¸Ö ¶µ¸ÉµÖ´´Ò³¨.

‘µ§¤ ´ ¤¥É¥±Éµ· ¤²Ö µ¶¥· É¨¢´µ£µ ´ ¡²Õ¤¥´¨Ö, ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ ³µ¦´µ ¥¦¥¸¥-
±Ê´¤´µ ¨§³¥·ÖÉÓ ¢¥·É¨± ²Ó´µ¥ ¨ £µ·¨§µ´É ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ Éµ±  ¶ÊÎ±  ¢ ± ´ ²¥ ¥£µ
É· ´¸¶µ·É¨·µ¢±¨ ´  ¶²µÐ ¤±¥ 8 × 8 ¸³ ¸ ¶µ¸ÉµÖ´´Ò³ · §·¥Ï¥´¨¥³ 1 ³³.

‘µ§¤ ´ ¤¥É¥±Éµ· ¤²Ö ¤¥É ²Ó´µ£µ ¨§³¥·¥´¨Ö ¶·µË¨²Ö ¶ÊÎ±  ¸ ¶µ¸ÉµÖ´´Ò³ · §·¥Ï¥´¨¥³
1 × 1 ³³ ¶µ ¢¸¥° µ¡² ¸É¨ ¸± ´¨·µ¢ ´¨Ö.

	±¸¶¥·¨³¥´É ²Ó´µ Ê¸É ´µ¢²¥´µ, ÎÉµ ¶·¥¤²µ¦¥´´Ò° ³¥Éµ¤ ¸± ´¨·µ¢ ´¨Ö ¤ ¥É Ìµ·µÏ¨¥
·¥§Ê²ÓÉ ÉÒ ¶·¨ ¨§³¥·¥´¨¨ ¶·µË¨²Ö ¶ÊÎ±  ¢ ¸²ÊÎ ¥ ¨§¢²¥Î¥´¨Ö ¨µ´´µ° ±µ³¶µ´¥´ÉÒ ¨µ´¨-
§¨·µ¢ ´´µ£µ µ¸É ÉµÎ´µ£µ £ § . �¥§Ê²ÓÉ ÉÒ ¸ÊÐ¥¸É¢¥´´µ ÌÊ¦¥ ¶·¨ ¨§¢²¥Î¥´¨¨ Ô²¥±É·µ´´µ°
±µ³¶µ´¥´ÉÒ.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·µ¢  �ˆŸˆ.
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Teterev Yu. G., Phi Thanh Huong P13-2004-129
Modernization of the Ionization Detector of Beam Proˇle
for the Fragment-Separator KOMBAS

Results of the development of an ionization detector for beam proˇle measurements are
presented. Analyzing capacitors were used in the design of the detector besides a traditional
extraction capacitor. The aim of the development was to create a detector with a constant
space resolution. For this purpose additional voltages were applied among all the capacitors.
Variation of the voltages was used for space scanning whereas the electric ˇeld strength inside
all the capacitors was held permanent.

A detector for operational monitoring of the beam proˇle was created. This detector
allows measuring the vertical and horizontal distribution of the beam in a beam transport
system every second over the area 8 × 8 cm with a constant resolution of 1 mm.

A detector for monitoring the beam proˇle in detail with a constant space resolution of
1 × 1 mm was constructed.

It was experimentally shown that the proposed method of scanning provides excellent
results of beam proˇle measurements if the ion component of the ionized residual gas is
extracted. The method does not work well for the electron component.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.
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�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥·´¨§ Í¨¨ ¤¥É¥±Éµ·  ¶·µË¨²Ö ¶ÊÎ± , µ¶¨¸ ´-
´µ£µ ¢ · ¡µÉ¥ [1], ¢ ±µ´¸É·Ê±Í¨¨ ±µÉµ·µ£µ ±·µ³¥ É· ¤¨Í¨µ´´µ£µ ±µ´¤¥´¸ -
Éµ· , ¨§¢²¥± ÕÐ¥£µ ¶·µ¤Ê±ÉÒ ¨µ´¨§ Í¨¨ µ¸É ÉµÎ´µ£µ £ § , ¡Ò² ¨¸¶µ²Ó§µ¢ ´
¥Ð¥ ¨  ´ ²¨§¨·ÊÕÐ¨° ±µ´¤¥´¸ Éµ·, ¶·¥¤²µ¦¥´´Ò° ¢ · ¡µÉ¥ [2]. �·¨´Í¨¶
¤¥°¸É¢¨Ö µ¡µ¨Ì ¨µ´¨§ Í¨µ´´ÒÌ ¤¥É¥±Éµ·µ¢ [1, 2] µ¸´µ¢ ´ ´  Éµ³, ÎÉµ ¶·µ-
¤Ê±ÉÒ ¨µ´¨§ Í¨¨ Ê¸±µ·ÖÕÉ¸Ö ¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ ¨§¢²¥± ÕÐ¥£µ ±µ´¤¥´-
¸ Éµ·  ¨ ¶·¨µ¡·¥É ÕÉ Ô´¥·£¨Õ, ¢¥²¨Î¨´  ±µÉµ·µ° § ¢¨¸¨É µÉ y-±µµ·¤¨´ ÉÒ
§ ·Ö¦¥´´µ° Î ¸É¨ÍÒ ¢ ´ ¶· ¢²¥´¨¨ ¶µ²Ö. ˆÌ µÉ²¨Î¨¥ § ±²ÕÎ ¥É¸Ö ¢ Éµ³,
ÎÉµ ¢ ±µ´¸É·Ê±Í¨¨ ¤¥É¥±Éµ·  · ¡µÉÒ [1]  ´ ²¨§¨·ÊÕÐ¨° ±µ´¤¥´¸ Éµ· · §¢¥·-
´ÊÉ ´  90◦ ¢µ±·Ê£ µ¸¨ y, É ± ÎÉµ¡Ò ¶²µ¸±µ¸É¨ Ô²¥±É·µ¤µ¢  ´ ²¨§¨·ÊÕÐ¥£µ
±µ´¤¥´¸ Éµ·  ¡Ò²¨ ¶ · ²²¥²Ó´Ò µ¸¨ ¶ÊÎ± . ‚ ·¥§Ê²ÓÉ É¥ ÔÉµ£µ Î¨¸²µ ¨µ´µ¢,
¨§¢²¥± ¥³ÒÌ ¨§ µ¡² ¸É¨ ¶ÊÎ± , ³µ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´µ ¶·¨³¥·´µ ´  ¤¢  ¶µ-
·Ö¤± . ‡  ¸Î¥É Ê¢¥²¨Î¥´¨Ö ¶µÖ¢¨² ¸Ó ¢µ§³µ¦´µ¸ÉÓ µÉ± § ÉÓ¸Ö µÉ É ±¨Ì ®¤¥²¨-
± É´ÒÌ¯ ¶·¨¡µ·µ¢, ± ± ³¨±·µ± ´ ²Ó´Ò¥ ¶² ¸É¨´Ò, ²Õ³¨´µËµ· ¨ É¥²¥± ³¥· .
‘ ¶µ³µÐÓÕ  ´ ²¨§¨·ÊÕÐ¨Ì ±µ´¤¥´¸ Éµ·µ¢ ¶·µ¤Ê±ÉÒ ¨µ´¨§ Í¨¨ ¸µ¡¨· ²¨¸Ó
¶·µ¸Éµ ´  ±µ²²¥±Éµ·, ´µ Éµ²Ó±µ ¨§ ³ ²µ° Î ¸É¨ ¢¸¥£µ ¶·µ¸É· ´¸É¢ , Î¥·¥§
±µÉµ·µ¥ ¶·µÌµ¤¨² ¶ÊÎµ±. ’µ± ¸ ±µ²²¥±Éµ·  ¨§³¥·Ö²¸Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ Ê¸¨-
²¨É¥²Ö ¶µ¸ÉµÖ´´µ£µ Éµ± . „²Ö ¶µ²ÊÎ¥´¨Ö ¶µ²´µ° ± ·É¨´Ò ¨§µ¡· ¦¥´¨Ö ¶ÊÎ± 
¶·µ¨§¢µ¤¨²µ¸Ó ¤¢Ê³¥·´µ¥ ¸± ´¨·µ¢ ´¨¥ ¶µ ¶·µ¸É· ´¸É¢Ê. ‘± ´¨·µ¢ ´¨¥ µ¸Ê-
Ð¥¸É¢²Ö²µ¸Ó ¶ÊÉ¥³ ¨§³¥´¥´¨Ö Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥° ¢ ±µ´¤¥´¸ Éµ· Ì.

	Éµ µÉ²¨Î¨¥ ¶µ§¢µ²¨²µ ¸µ§¤ ÉÓ ¶·¨¡µ·, ±µÉµ·Ò° ´¥ ÎÊ¢¸É¢¨É¥²¥´ ± ¡µ²Ó-
Ï¨³ Ê·µ¢´Ö³ · ¤¨ Í¨¨, ¨³¥¥É ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¨° ¸·µ± ¸²Ê¦¡Ò ¨ ´¥ ¶µ¤-
¢¥·¦¥´ · §·ÊÏ¥´¨Õ ¶·¨ É ±¨Ì  ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨ÖÌ, ± ± ¡µ²ÓÏµ¥ ¸µ¤¥·¦ -
´¨¥ ¢ ¢ ±ÊÊ³¥ ¶ ·µ¢ ³ ¸²  ¨²¨ ¸·Ò¢ ¢ ±ÊÊ³ . Š ¸µ¦ ²¥´¨Õ, ± ± ¶µ± §Ò-
¢ ¥É  ´ ²¨§ Ê· ¢´¥´¨°, µ¶¨¸Ò¢ ÕÐ¨Ì · ¡µÉÊ ¤¥É¥±Éµ· , ¶·¨³¥´¥´´Ò° ¸¶µ¸µ¡
¸± ´¨·µ¢ ´¨Ö ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ ¶·¨¡µ· 
¤²Ö · §²¨Î´ÒÌ µ¡² ¸É¥° ¸± ´¨·Ê¥³µ£µ ¶·µ¸É· ´¸É¢  ³µ¦¥É µÉ²¨Î ÉÓ¸Ö ¢ ´¥-
¸±µ²Ó±µ · §.

„·Ê£¨³ ¸É¨³Ê²µ³ ¤²Ö ³µ¤¥·´¨§ Í¨¨ ¡Ò²µ ¦¥² ´¨¥, ÎÉµ¡Ò ¨µ´¨§ Í¨µ´-
´Ò° ¶·¨¡µ·, ±µÉµ·Ò° ´¥ ¢µ§¤¥°¸É¢Ê¥É ´  ¶ÊÎµ± ¨ ³µ¦¥É · ¡µÉ ÉÓ ¢ ¡µ²ÓÏµ³
¤¨ ¶ §µ´¥ ¨´É¥´¸¨¢´µ¸É¥°, ³µ£ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ¨ µ¶¥· Éµ·µ³ Ê¸±µ·¨É¥²Ö
¢µ ¢·¥³Ö ´ ¸É·µ°±¨ ´  ¶·µ¨§¢µ¤ÖÐÊÕ ³¨Ï¥´Ó, ±µ£¤  ¶ÊÎµ± ¥Ð¥ ´¥ ¶µ¶ ¤ ¥É
¢ Í¥´É· ³¨Ï¥´¨ ¨ ¥£µ · §³¥·Ò ³µ£ÊÉ ¡ÒÉÓ ¸µ¨§³¥·¨³Ò ¸ · §³¥· ³¨ ¨µ´µ-
¶·µ¢µ¤ . �·¥¦´¨° ¶·¨¡µ· ¶µ§¢µ²Ö² ¤¥É ²Ó´µ ¨§³¥·ÖÉÓ ¶·µË¨²Ó ¶ÊÎ± , ´µ
¶·µÍ¥¤Ê·  ¨§³¥·¥´¨Ö § ´¨³ ²  ¸²¨Ï±µ³ ³´µ£µ ¢·¥³¥´¨, ¨ µ¡² ¸ÉÓ ¸± ´¨·µ-
¢ ´¨Ö ¡Ò²  ´¥¤µ¸É ÉµÎ´  ¤²Ö · ¡µÉÒ µ¶¥· Éµ· .
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„²Ö ¡Ò¸É·µ£µ µ¶¥· É¨¢´µ£µ ´ ¡²Õ¤¥´¨Ö §  ¶ÊÎ±µ³ · §· ¡µÉ ´  ±µ´¸É·Ê±-
Í¨Ö ¨µ´¨§ Í¨µ´´µ£µ ¤¥É¥±Éµ· , ¢ ±µÉµ·µ³ ¸± ´¨·µ¢ ´¨¥ ¶·µ¸É· ´¸É¢  µ¸Ê-

�¨¸. 1.

Ð¥¸É¢²Ö¥É¸Ö ¶µ¸²µ°´µ. „¥É¥±Éµ· ¸µ¸Éµ¨É ¨§
¨§¢²¥± ÕÐ¥£µ ¨  ´ ²¨§¨·ÊÕÐ¥£µ ±µ´¤¥´¸ Éµ-
·µ¢ (·¨¸. 1). Œµ¤¥·´¨§ Í¨Ö ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ
³¥¦¤Ê ±µ´¤¥´¸ Éµ· ³¨ ¶·¨²µ¦¥´µ ´ ¶·Ö¦¥-
´¨¥ U1. ‡ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¨§ ¨§¢²¥± Õ-
Ð¥£µ ±µ´¤¥´¸ Éµ·  Î¥·¥§ ¸¥ÉÎ ÉÒ° Ô²¥±É·µ¤
¶µ¶ ¤ ÕÉ ¢  ´ ²¨§¨·ÊÕÐ¨° ±µ´¤¥´¸ Éµ·, ¨
Î ¸ÉÓ ¨§ ´¨Ì ¸µ¡¨· ¥É¸Ö ´  ±µ²²¥±Éµ·, ¶·µ°¤Ö
Ê§±ÊÕ Ð¥²Ó.

“¸²µ¢¨¥ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¶·¨ ¤¢¨¦¥-
´¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í µÉ ³¥¸É  ¨Ì µ¡· §µ¢ -
´¨Ö ¤µ  ´ ²¨§¨·ÊÕÐ¥£µ ±µ´¤¥´¸ Éµ·  ¨ ¤ ²¥¥
¤µ ³¥¸É  ¸¡µ·  ´  ±µ²²¥±Éµ· ³µ¦¥É ¡ÒÉÓ § -
¶¨¸ ´µ ¢ ¢¨¤¥

(E1y + U1) cos2 α = E2x/4 sin α,

£¤¥ E1 ¨ E2 Å ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²¥° ¢ ¨§-
¢²¥± ÕÐ¥³ ¨  ´ ²¨§¨·ÊÕÐ¥³ ±µ´¤¥´¸ Éµ· Ì;
U1 Å · §´µ¸ÉÓ ¶µÉ¥´Í¨ ²µ¢ ³¥¦¤Ê ÔÉ¨³¨ ±µ´¤¥´¸ Éµ· ³¨; (π−α) Å Ê£µ²
³¥¦¤Ê ¢¥±Éµ· ³¨ ´ ¶·Ö¦¥´´µ¸É¨ E1 ¨ E2; x ¨ y Å ±µµ·¤¨´ ÉÒ ³¥¸É  µ¡· -
§µ¢ ´¨Ö Ô²¥±É·µ´-¨µ´´µ° ¶ ·Ò.

�  ·¨¸. 2 ÔÉµ ²¨´¥°´µ¥ Ê· ¢´¥´¨¥ ¶·¥¤¸É ¢²¥´µ ¢ £· Ë¨Î¥¸±µ³ ¢¨¤¥. ‘
¶µ³µÐÓÕ ·¨¸Ê´±  ´ £²Ö¤´µ ¤¥³µ´¸É·¨·Ê¥É¸Ö, ÎÉµ ´  ±µ²²¥±Éµ· ¸µ¡¨· ÕÉ¸Ö
¶·µ¤Ê±ÉÒ ¨µ´¨§ Í¨¨ Éµ²Ó±µ ¨§ µ¡² ¸É¨ ¸²µÖ, Ï¨·¨´  ±µÉµ·µ£µ µ¶·¥¤¥²Ö¥É¸Ö
Ï¨·¨´µ° Ð¥²¨. �·¨ ÔÉµ³ ¶µ¸ÉµÖ´¸É¢  ¶·µ¸É· ´¸É¢¥´´µ£µ · §·¥Ï¥´¨Ö ¤¥É¥±-
Éµ·  ¶·¨ ¸± ´¨·µ¢ ´¨¨ ¢¸¥° µ¡² ¸É¨ ¶ÊÎ±  ³µ¦´µ ¤µ¸É¨ÎÓ ¶·¨ ¶µ¸ÉµÖ´¸É¢¥
´ ¶·Ö¦¥´´µ¸É¨ ¶µ²¥° ¢ ±µ´¤¥´¸ Éµ· Ì. ‘± ´¨·µ¢ ´¨¥  ´ ²¨§¨·Ê¥³µ° µ¡² -
¸É¨ ³µ¦´µ ¶·µ¨§¢µ¤¨ÉÓ ¶ÊÉ¥³ ¨§³¥´¥´¨Ö ´ ¶·Ö¦¥´¨Ö U1, ¨ ÔÉµ ¸± ´¨·µ¢ ´¨¥
Ö¢²Ö¥É¸Ö ²¨´¥°´Ò³.

‚Éµ·µ° ¢Ò¢µ¤, ±µÉµ·Ò° ³µ¦¥É ¡ÒÉÓ ¸¤¥² ´, ¨¸Ìµ¤Ö ¨§ ¢¨¤  Ê· ¢´¥´¨Ö,
§ ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ, ¨¸¶µ²Ó§ÊÖ Éµ²Ó±µ µ¤¨´ ¨§¢²¥± ÕÐ¨° ±µ´¤¥´¸ Éµ·,
³µ¦´µ ¨§³¥·ÖÉÓ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¶µ ¤¢Ê³ ¢§ ¨³´µ ¶¥·¶¥´¤¨±Ê²Ö·´Ò³
´ ¶· ¢²¥´¨Ö³. ‘ ÉµÎ±¨ §·¥´¨Ö ³ É¥³ É¨±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ ¢ Ê· ¢´¥´¨¨ ´¥-
µ¡Ìµ¤¨³µ µ¶·¥¤¥²¨ÉÓ¸Ö ¸µ §´ ±µ³ µ¤´µ£µ ¨§ ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ ¶¥·¥³¥´-
´Ò³¨ x ¨²¨ y, ¨ ¢ ¶·µ¸É¥°Ï¥³ ¸²ÊÎ ¥ µ¡¥¸¶¥Î¨ÉÓ Ê¸²µ¢¨¥ E2 =
E12 sin2 α cos α. 	Éµ Ê¸²µ¢¨¥ ´¥µ¡Ìµ¤¨³µ ¢Ò¶µ²´¨ÉÓ, ÎÉµ¡Ò É ´£¥´¸ ´ -
±²µ´  ¶·Ö³µ° ¡Ò² · ¢¥´ ¥¤¨´¨Í¥. ‘ ±µ´¸É·Ê±É¨¢´µ° ÉµÎ±¨ §·¥´¨Ö ÔÉµ µ§´ -
Î ¥É, ÎÉµ µ±µ²µ ¨§¢²¥± ÕÐ¥£µ ±µ´¤¥´¸ Éµ·  ³µ¦´µ · §³¥¸É¨ÉÓ ¥Ð¥ µ¤¨´  ´ -
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²¨§¨·ÊÕÐ¨°. —Éµ¡Ò ¨§³¥´¨ÉÓ §´ ± ±µÔËË¨Í¨¥´É  ¶¥·¥¤ ¶¥·¥³¥´´µ° y, ¥Ð¥
µ¤¨´  ´ ²¨§¨·ÊÕÐ¨° ±µ´¤¥´¸ Éµ· ´¥µ¡Ìµ¤¨³µ · §³¥¸É¨ÉÓ ¢¡²¨§¨ ¢¥·Ì´¥°
¶² ¸É¨´Ò ¨§¢²¥± ÕÐ¥£µ, ¸¨³³¥É·¨Î´µ ¶¥·¢µ³Ê. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ¨§³¥·¥´¨Ö
· ¸¶·¥¤¥²¥´¨Ö ¢ ¶¥·¶¥´¤¨±Ê²Ö·´µ³ ´ ¶· ¢²¥´¨¨ ¡Ê¤ÊÉ ¨¸¶µ²Ó§µ¢ ´Ò ¶·µ-
¤Ê±ÉÒ ¨µ´¨§ Í¨¨ ¶·µÉ¨¢µ¶µ²µ¦´µ£µ §´ ± , ¸²¥¤µ¢ É¥²Ó´µ, µÉ±²µ´ÖÕÐ¥¥ ´ -
¶·Ö¦¥´¨¥, ¶·¨²µ¦¥´´µ¥ ± ¤µ¶µ²´¨É¥²Ó´µ³Ê  ´ ²¨§¨·ÊÕÐ¥³Ê ±µ´¤¥´¸ Éµ·Ê,
É ±¦¥ ¤µ²¦´µ ¨³¥ÉÓ ¤·Ê£µ° §´ ±.

�¨¸. 2.

„²Ö ¨§³¥´¥´¨Ö §´ ±  ±µÔËË¨-
Í¨¥´É  ¶¥·¥¤ ¶¥·¥³¥´´µ° x ¤µ¶µ²-
´¨É¥²Ó´Ò°  ´ ²¨§¨·ÊÕÐ¨° ±µ´¤¥´-
¸ Éµ· ´¥µ¡Ìµ¤¨³µ · §³¥¸É¨ÉÓ µ±µ²µ
Éµ° ¦¥ ´¨¦´¥° ¶² ¸É¨´Ò ¤ ²¥¥ ¶µ
Ìµ¤Ê ¶ÊÎ± , ´µ ÔÉµÉ ±µ´¤¥´¸ Éµ· ´¥-
µ¡Ìµ¤¨³µ · §¢¥·´ÊÉÓ ´  180◦ É ±,
ÎÉµ¡Ò Ð¥²Ó, Î¥·¥§ ±µÉµ·ÊÕ ¸µ¡¨-
· ¥³Ò¥ ¨µ´Ò ¶·µÌµ¤ÖÉ ´  ±µ²²¥±-
Éµ·, µ± § ² ¸Ó ¸ ¶·µÉ¨¢µ¶µ²µ¦´µ°
¸Éµ·µ´Ò. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ¨§³¥-
·¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢ ¶¥·¶¥´¤¨±Ê-
²Ö·´µ³ ´ ¶· ¢²¥´¨¨ ¡Ê¤ÊÉ ¨¸¶µ²Ó-
§µ¢ ´Ò ¶·µ¤Ê±ÉÒ ¨µ´¨§ Í¨¨ Éµ£µ
¦¥ §´ ± .

‘± ´¨·µ¢ ´¨¥ ¶ÊÎ±  Éµ²Ó±µ ¶µ
¸²µÖ³ ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ ¡Ò¸É· Ö
µ¶¥· Í¨Ö ¶µ ¸· ¢´¥´¨Õ ¸µ ¸± ´¨-

·µ¢ ´¨¥³ ¶µ Ê§±¨³ ¶·µ¸É· ´¸É¢¥´´Ò³ µ¡² ¸ÉÖ³, ± ± ÔÉµ ¤¥² ²µ¸Ó ¢ · ¡µÉ¥
[1]. 	Éµ ¤ eÉ ¢µ§³µ¦´µ¸ÉÓ ´ ¡²Õ¤ ÉÓ ¶ÊÎo± ´  ¡µ²ÓÏµ° ¶²µÐ ¤¨ §  ±µ·µÉ±µ¥
¢·¥³Ö. ’ ±µ° ³¥Éµ¤ ´ ¡²Õ¤¥´¨Ö ÌµÉÖ ¨ ´¥ ¤ ¥É ¤¥É ²Ó´µ£µ ¨§µ¡· ¦¥´¨Ö ¶·µ-
Ë¨²Ö, ´µ ¢¶µ²´¥ ¤µ¸É ÉµÎ¥´, ÎÉµ¡Ò ¶·¨ ¥£µ ¨¸¶µ²Ó§µ¢ ´¨¨ ¶ÊÎo± ³µ£ ¡ÒÉÓ
´ ¶· ¢²¥´ ¢ Í¥´É· ³¨Ï¥´¨ ¨ ¸Ëµ±Ê¸¨·µ¢ ´ ¤µ ³¨´¨³ ²Ó´ÒÌ · §³¥·µ¢.

‚ ¤ ²Ó´¥°Ï¥³, ±µ£¤  ¶ÊÎµ± Ê¦¥ ¸Ëµ·³¨·µ¢ ´, ³µ¦´µ ¨§ÊÎ ÉÓ ¥£µ ¤¥É ²Ó-
´µ¥ · ¸¶·¥¤¥²¥´¨¥. „¥É¥±Éµ· ¤²Ö ¨§ÊÎ¥´¨Ö ¤¥É ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö ±µ´-
¸É·Ê±É¨¢´µ ¡²¨§µ± ± µ¶¨¸ ´´µ³Ê ¢ · ¡µÉ¥ [1], ´µ ¨ µ´ ³µ¤¥·´¨§¨·µ¢ ´ ¢¢¥-
¤¥´¨¥³ ¸± ´¨·ÊÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö ³¥¦¤Ê ±µ´¤¥´¸ Éµ· ³¨.

„…’…Š’�� „‹Ÿ „…’�‹œ��ƒ� ˆ‡Œ…�…�ˆŸ ���”ˆ‹Ÿ �“—Š�

�  ·¨¸. 3 ¶·¨¢¥¤¥´  ¸Ì¥³  ¨µ´¨§ Í¨µ´´µ£µ ¤¥É¥±Éµ·  ¶ÊÎ± , ¶µ§¢µ²ÖÕÐ Ö
¶µ²ÊÎ¨ÉÓ ¤¥É ²Ó´µ¥ ¨§µ¡· ¦¥´¨¥. Šµ´¸É·Ê±Í¨Ö ¤¥É¥±Éµ·  ¸µ¸Éµ¨É ¨§ ¨§¢²¥-
± ÕÐ¥£µ ±µ´¤¥´¸ Éµ·  ¨ ¤¢ÊÌ ¶µ¸²¥¤µ¢ É¥²Ó´µ · ¸¶µ²µ¦¥´´ÒÌ  ´ ²¨§¨·ÊÕ-
Ð¨Ì. ‡ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¨§ ¨§¢²¥± ÕÐ¥£µ ±µ´¤¥´¸ Éµ·  Î¥·¥§ ¸¥ÉÎ ÉÒ°
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Ô²¥±É·µ¤ ¶µ¶ ¤ ÕÉ ¢ ¶¥·¢Ò°  ´ ²¨§¨·ÊÕÐ¨° ±µ´¤¥´¸ Éµ· ¨ ¤ ²¥¥ Î¥·¥§ Ð¥²Ó
¨ Ê¸±µ·ÖÕÐ¨° ¶·µ³¥¦ÊÉµ± Å ¢µ ¢Éµ·µ°. �µ¶ ¤ Ö ¢µ ¢Éµ·µ° ±µ´¤¥´¸ Éµ·, § -

�¨¸. 3.

·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¶·µ²¥É ÕÉ ¢ ´¥³ ¶µ ¶ · ¡µ-
²¨Î¥¸±µ° É· ¥±Éµ·¨¨, ¨ Î ¸ÉÓ ¨§ ´¨Ì ¸µ¡¨· -
¥É¸Ö ´  ±µ²²¥±Éµ·, ¶·µ°¤Ö Î¥·¥§ ¢Éµ·ÊÕ Ð¥²Ó.
“¸²µ¢¨Ö ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¶·¨ ¤¢¨¦¥´¨¨ § -
·Ö¦¥´´ÒÌ Î ¸É¨Í µÉ ³¥¸É  ¨Ì µ¡· §µ¢ ´¨Ö ¤µ
Ð¥²¨ ¶¥·¢µ£µ  ´ ²¨§¨·ÊÕÐ¥£µ ±µ´¤¥´¸ Éµ·  ¨
¤ ²¥¥ ¤µ ³¥¸É  ¸¡µ·  ´  ±µ²²¥±Éµ· ³µ£ÊÉ ¡ÒÉÓ
§ ¶¨¸ ´Ò ¢ ¢¨¤¥

(U1 − E1y − U2) cos2 α = E2x/4 sin α;
(U1 − E1y) cos2 α = E3b/4 sin α,

£¤¥ E1 ¨ E2, E3 Å ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²¥° ¢ ¨§-
¢²¥± ÕÐ¥³ ¨  ´ ²¨§¨·ÊÕÐ¨Ì ±µ´¤¥´¸ Éµ· Ì;
U1 ¨ U2 Å · §´µ¸É¨ ¶µÉ¥´Í¨ ²µ¢, ¶·¨²µ¦¥´-
´Ò¥ ³¥¦¤Ê ±µ´¤¥´¸ Éµ· ³¨; b Å · ¸¸ÉµÖ´¨¥
³¥¦¤Ê Ð¥²Ö³¨.

	É  ¸¨¸É¥³  Ê· ¢´¥´¨° ²¥£±µ · §·¥Ï ¥É¸Ö
µÉ´µ¸¨É¥²Ó´µ ¶¥·¥³¥´´ÒÌ x ¨ y. ‘± ´¨·µ¢ -
´¨¥ ¶·µ¸É· ´¸É¢  ¶µ ¢¥·É¨± ²¨ ³µ¦´µ µ¸ÊÐ¥-
¸É¢²ÖÉÓ, ¨§³¥´ÖÖ ´ ¶·Ö¦¥´¨¥ U1,   ¶µ £µ·¨-
§µ´É ²¨ Å U2. �·¨ ÔÉµ³ ¶·µ¸É· ´¸É¢¥´´µ¥
· §·¥Ï¥´¨¥ ¤¥É¥±Éµ·  ¡Ê¤¥É µ¸É ¢ ÉÓ¸Ö ¶µ¸Éµ-
Ö´´Ò³ ¢µ ¢¸¥° µ¡² ¸É¨ ¸± ´¨·µ¢ ´¨Ö. „¥É ²Ó´Ò° ¶·µË¨²Ó ¶ÊÎ±  ³µ¦¥É ¡ÒÉÓ
¶µ²ÊÎ¥´, ¥¸²¨ µÉ±² ¤Ò¢ ÉÓ ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö Éµ±  ±µ²²¥±Éµ·  ´  ±µµ·¤¨-
´ É´µ° ¶²µ¸±µ¸É¨ (U1, U2).

„…’…Š’�� ‘ �…�…Œ…��›Œ ���‘’���‘’‚…��›Œ
��‡�…˜…�ˆ…Œ

ˆµ´¨§ Í¨µ´´Ò° ¤¥É¥±Éµ· ¶·µË¨²Ö ¶ÊÎ±  ¶µ²¥§´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö ´ -
¸É·µ°±¨ ¨ ¢ µ¡² ¸É¨ ¶·µ³¥¦ÊÉµÎ´µ£µ Ëµ±Ê¸  Ë· £³¥´É-¸¥¶ · Éµ·  Š�Œ��‘.
‚ ÔÉµ° µ¡² ¸É¨ ¶·µ¨¸Ìµ¤¨É Ëµ±Ê¸¨·µ¢±  ¶·µÌµ¤ÖÐ¨Ì Î¥·¥§ ¸¥¶ · Éµ· § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í ¶µ ¨Ì ¨³¶Ê²Ó¸Ê. �¥·¢¨Î´Ò° ¶ÊÎµ±, ¶µ ±µÉµ·µ³Ê ¶·µ¨¸Ìµ¤¨É
´ ¸É·µ°± , ¢ µ¶É¨³ ²Ó´µ³ ·¥¦¨³¥ · ¡µÉÒ ¸¥¶ · Éµ·  ¶µ Ê¸²µ¢¨Ö³ µ¶É¨±¨
¸¦¨³ ¥É¸Ö ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨ ¶·¨³¥·´µ ¢ É·¨ · § . ‚ ÔÉµ³ ¸²ÊÎ ¥
Ê¦¥ ´¥ ¤µ¸É ÉµÎ´µ, ÎÉµ¡Ò · §·¥Ï¥´¨¥ ¤¥É¥±Éµ·  ¶·µË¨²Ö ¶ÊÎ±  µ¶·¥¤¥²Ö-
²µ¸Ó Éµ²Ó±µ · §³¥· ³¨ Ð¥²¨. †¥² É¥²Ó´µ, ÎÉµ¡Ò ¶µ ³¥·¥ Ê²ÊÎÏ¥´¨Ö ¸É¥¶¥´¨
´ ¸É·µ°±¨ ¸¥¶ · Éµ·  · §·¥Ï¥´¨¥ ¤¥É¥±Éµ·  ³µ¦´µ ¡Ò²µ ¶² ¢´µ ³¥´ÖÉÓ. ˆ¸-
¶µ²Ó§µ¢ ´¨¥  ´ ²¨§¨·ÊÕÐ¨Ì ±µ´¤¥´¸ Éµ·µ¢ ¶µ§¢µ²Ö¥É ÔÉµ ¤¥² ÉÓ.
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�¨¸. 4.

‘Ì¥³  ¶·¨¡µ·  ¢ ÔÉµ³ ¸²ÊÎ ¥ ¢Ò£²Ö¤¨É,
± ± ÔÉµ ¶·¥¤¸É ¢²¥´µ ´  ·¨¸. 4. ‡¤¥¸Ó ¨¸¶µ²Ó-
§Ê¥É¸Ö ¤¢   ´ ²¨§¨·ÊÕÐ¨Ì ±µ´¤¥´¸ Éµ· , · §-
¤¥²¥´´ÒÌ ¸¥É±µ°. �  ¸¥É±Ê ¶µ¤ ¥É¸Ö ´¥±µÉµ-
·µ¥ µÉ·¨Í É¥²Ó´µ¥ ´ ¶·Ö¦¥´¨¥ U0. ‚ ± Î¥-
¸É¢¥ ±µ²²¥±Éµ·  ¨¸¶µ²Ó§Ê¥É¸Ö µ¤´  ¨§ ¶² ¸É¨´
¢Éµ·µ£µ  ´ ²¨§¨·ÊÕÐ¥£µ ±µ´¤¥´¸ Éµ· , ´ Ìµ-
¤ÖÐ Ö¸Ö ¶µ¤ ¶µÉ¥´Í¨ ²µ³ §¥³²¨. ‚ Éµ ¦¥ ¢·¥³Ö
¸¨³³¥É·¨Î´ Ö ¥° ¶² ¸É¨´  ¶¥·¢µ£µ  ´ ²¨§¨·Ê-
ÕÐ¥£µ ±µ´¤¥´¸ Éµ·  ´ Ìµ¤¨É¸Ö ¶µ¤ ´¥±µÉµ·Ò³
¶µÉ¥´Í¨ ²µ³ ∆U µÉ´µ¸¨É¥²Ó´µ §¥³²¨. 	É  ¸¨-
¸É¥³  ±µ´¤¥´¸ Éµ·µ¢ · ¡µÉ ¥É ´  ¤¨ËË¥·¥´-
Í¨ ²Ó´µ³ ¶·¨´Í¨¶¥. �  ±µ²²¥±Éµ· ¸µ¡¥·ÊÉ¸Ö
Éµ²Ó±µ ¶·µ¤Ê±ÉÒ ¨µ´¨§ Í¨¨ ¢ ¤¨ ¶ §µ´¥ Ô´¥·-
£¨°, ¶·µ¶µ·Í¨µ´ ²Ó´µ³ ∆U . ˆ§³¥´ÖÖ ¢¥²¨-
Î¨´Ê ∆U ³µ¦´µ ³¥´ÖÉÓ ¶·µ¸É· ´¸É¢¥´´µ¥ · §-
·¥Ï¥´¨¥ ¤¥É¥±Éµ· . ‘± ´¨·µ¢ ´¨¥ ¦¥ µ¡² ¸É¨
¶ÊÎ± , ± ± ¨ ¢ µ¶¨¸ ´´ÒÌ ¢ÒÏ¥ ¶·¨¡µ· Ì,
¶·µ¨¸Ìµ¤¨É ¶ÊÉ¥³ ¨§³¥´¥´¨Ö ´ ¶·Ö¦¥´¨Ö U1.
‚ ¤ ´´µ³ ¸²ÊÎ ¥ ¸± ´¨·µ¢ ´¨¥ ¶·µ¨§¢µ¤¨É¸Ö
Éµ²Ó±µ ¶µ µ¤´µ° ¨´É¥·¥¸ÊÕÐ¥° ´ ¸ ±µµ·¤¨-
´ É¥ x.

�Š‘�…�ˆŒ…�’�‹œ��… ˆ‘‘‹…„�‚��ˆ… ���”ˆ‹�Œ…’��

„²Ö ¨§³¥·¥´¨Ö ¶·µË¨²Ö ¶¥·¢¨Î´µ£µ ¶ÊÎ± , ¶ ¤ ÕÐ¥£µ ´  ³¨Ï¥´Ó, ¡Ò²µ
¨§£µÉµ¢²¥´µ ¤¢  ¤¥É¥±Éµ· . �¤¨´ ¨§ ´¨Ì ¶·¥¤´ §´ Î ²¸Ö ¤²Ö µ¶¥· É¨¢´µ£µ
´ ¡²Õ¤¥´¨Ö §  ¶ÊÎ±µ³,   ¤·Ê£µ° ¤²Ö ¤¥É ²Ó´µ£µ. ‚ ± Î¥¸É¢¥ µ¸´µ¢´µ£µ ±µ´-
¸É·Ê±Í¨µ´´µ£µ ³ É¥·¨ ²  ¤²Ö ¨Ì ¨§£µÉµ¢²¥´¨Ö ¡Ò² ¨¸¶µ²Ó§µ¢ ´ ¸É¥±²µÉ¥±¸Éµ-
²¨É, ¶µ±·ÒÉÒ° Ëµ²Ó£µ°. ‘¥É±¨ ¡Ò²¨ ´ ³µÉ ´Ò ¶·µ¢µ²µ±µ° ¨§ ¡¥·¨²²¨¥¢µ°
¡·µ´§Ò Éµ²Ð¨´µ° 0,1 ³³.

�¶¥·ÉÊ·  ¤²Ö ¶·µÌµ¦¤¥´¨Ö ¶ÊÎ±  ¢ µ¡µ¨Ì ¤¥É¥±Éµ· Ì ¨³¥²  · §³¥·
9 × 9 ¸³. ‘¢¥·ÌÊ ¨ ¸´¨§Ê µ´  ¡Ò²  µ£· ´¨Î¥´  ¶²µ¸±µ¸ÉÖ³¨ ¨§¢²¥± ÕÐ¥£µ
±µ´¤¥´¸ Éµ· ,   ¶µ ¡µ± ³ ¡Ò²¨ ´ ÉÖ´ÊÉÒ ¶·µ¢µ²µ±¨, Ëµ·³¨·ÊÕÐ¨¥ µ¤´µ-
·µ¤´µ¥ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥. � ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö E1 ¡Ò²  ¢Ò¡· ´  · ¢´µ°
200 ‚/¸³. �·µÉÖ¦¥´´µ¸ÉÓ µ¡² ¸É¨, µÉ±Ê¤  ¨§¢²¥± ²¨¸Ó ¶·µ¤Ê±ÉÒ ¨µ´¨§ Í¨¨,
¶µ Ìµ¤Ê ¶ÊÎ±  ¸µ¸É ¢²Ö²  84 ³³.

„¥É¥±Éµ· ¤²Ö µ¶¥· É¨¢´µ£µ ´ ¡²Õ¤¥´¨Ö ¡Ò² ¨§£µÉµ¢²¥´ ¨ ¨¸¸²¥¤µ¢ ´ ¢
¤¢ÊÌ ¢ ·¨ ´É Ì. ‚ ¶¥·¢µ³  ´ ²¨§¨·ÊÕÐ¨¥ ±µ´¤¥´¸ Éµ·Ò · ¸¶µ² £ ²¨¸Ó ¸ ¶·µ-
É¨¢µ¶µ²µ¦´ÒÌ ¸Éµ·µ´ ¨§¢²¥± ÕÐ¥£µ. „²Ö ¨§³¥·¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ¶µ
¤¢Ê³ ¢§ ¨³´µ ¶¥·¶¥´¤¨±Ê²Ö·´Ò³ ´ ¶· ¢²¥´¨Ö³ ´  µ¤¨´ ±µ²²¥±Éµ· ¸µ¡¨· -
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²¨¸Ó ¨µ´Ò,   ´  ¤·Ê£µ° Å Ô²¥±É·µ´Ò. ‚µ ¢Éµ·µ³ ¢ ·¨ ´É¥  ´ ²¨§¨·ÊÕÐ¨¥
±µ´¤¥´¸ Éµ·Ò · ¸¶µ² £ ²¨¸Ó ¸ µ¤´µ° ¸Éµ·µ´Ò, ´µ ¡Ò²¨ · §¢¥·´ÊÉÒ ¤·Ê£ µÉ´µ-
¸¨É¥²Ó´µ ¤·Ê£  ´  180◦,   ´  ±µ²²¥±Éµ·Ò ¸µ¡¨· ²¨¸Ó Éµ²Ó±µ ¨µ´Ò. ˜¨·¨´Ò
Ð¥²¥° ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ ¡Ò²¨ ¢Ò¡· ´Ò · ¢´Ò³¨ 1 ³³. „¥É¥±Éµ· ¡Ò² Ê¸É ´µ-
¢²¥´ ¸· §Ê ¶µ¸²¥ ³¨Ï¥´¨. � §³ Ì  ³¶²¨ÉÊ¤Ò U1 ¡Ò² ¢Ò¡· ´ É ±¨³, ÎÉµ¡Ò
¸± ´¨·µ¢ ÉÓ µ¡² ¸ÉÓ, ¨³¥ÕÐÊÕ ¢ ¶²µ¸±µ¸É¨, ¶µ¶¥·¥Î´µ° ¶ÊÎ±Ê, · §³¥· ¶·¨-
³¥·´µ 8 × 8 ¸³. ‘± ´¨·ÊÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ ¨³¥²µ ¶¨²µµ¡· §´ÊÕ Ëµ·³Ê, ¸
¶¥·¨µ¤µ³ µ±µ²µ 2 ¸. ‘± ´¨·µ¢ ´¨¥ ¨¸¸²¥¤Ê¥³µ£µ ¶·µ¸É· ´¸É¢  ¶·µÌµ¤¨²µ § 
¢·¥³Ö, · ¢´µ¥ 1 ¸, ´  ¶¥·¥¤´¥³ ¨ § ¤´¥³ Ë·µ´É Ì ¶µ µÎ¥·¥¤¨.

‚¸²¥¤¸É¢¨¥ Éµ£µ, ÎÉµ ¸± ´¨·µ¢ ´¨¥ ¶·µ¨¸Ìµ¤¨É ¶µ ¸²µÖ³, ´ ¶· ¢²¥´´Ò³
¶µ¤ 45◦ ± ¶²µ¸±µ¸É¨ ¶² ¸É¨´ ¨§¢²¥± ÕÐ¥£µ ±µ´¤¥´¸ Éµ· , ¢¥¸Ó ¤¥É¥±Éµ· ¡Ò²
¶µ¢¥·´ÊÉ ´  45◦ ¢µ±·Ê£ µ¸¨ ¶ÊÎ± , ÎÉµ¡Ò ¸± ´¨·µ¢ ´¨¥ ¶·µ¨¸Ìµ¤¨²µ ¶µ £µ-
·¨§µ´É ²¨ ¨ ¢¥·É¨± ²¨.

„¥É¥±Éµ· ¤²Ö ¤¥É ²Ó´µ£µ ¨§³¥·¥´¨Ö ¶·µË¨²Ö ¶ÊÎ±  ¡Ò² Ê¸É ´µ¢²¥´ ¤µ
³¨Ï¥´¨. ‘ ¶µ³µÐÓÕ ÔÉµ£µ ¤¥É¥±Éµ·  ¸± ´¨·µ¢ ² ¸Ó Éµ²Ó±µ µ¡² ¸ÉÓ, ¨³¥Õ-
Ð Ö ¢ ¶²µ¸±µ¸É¨, ¶µ¶¥·¥Î´µ° ¶ÊÎ±Ê, · §³¥· 2 × 2 ¸³. ‚·¥³Ö ¸± ´¨·µ¢ ´¨Ö
¸µ¸É ¢²Ö²µ 30 ¸. �  ±µ²²¥±Éµ· ¸µ¡¨· ²¨¸Ó Éµ²Ó±µ ¨µ´Ò.

ˆ¸ÉµÎ´¨±¨ ¶¨²µµ¡· §´µ£µ ¸± ´¨·ÊÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö U1 ¨ U2 ¡Ò²¨ ¨§-
£µÉµ¢²¥´Ò ´  ¡ §¥ ³¨±·µ¸Ì¥³. ‘ ¶µ³µÐÓÕ µ¤´µ° ¨§ ³¨±·µ¸Ì¥³ É¨¶  ICL8038
£¥´¥·¨·µ¢ ² ¸Ó ´¥¸ÊÐ Ö Î ¸ÉµÉ  33 ±ƒÍ ¤²Ö ¶¨É ´¨Ö ¢Ò¸µ±µ¢µ²ÓÉ´µ£µ Ê³´µ-
¦¨É¥²Ö,   ¸ ¶µ³µÐÓÕ ¤·Ê£µ°,  ´ ²µ£¨Î´µ°, ³µ¤Ê²¨·ÊÕÐ Ö Î ¸ÉµÉ , µ¶·¥¤¥-
²ÖÕÐ Ö ¶¥·¨µ¤ ¸± ´¨·µ¢ ´¨Ö. „²Ö ³µ¤Ê²ÖÍ¨¨ ¡Ò² ¨¸¶µ²Ó§µ¢ ´ ¢ÒÌµ¤ ¸ ¶¨-
²µµ¡· §´Ò³ ´ ¶·Ö¦¥´¨¥³. ‚ ± Î¥¸É¢¥ ³µ¤Ê²ÖÉµ·  ¨¸¶µ²Ó§µ¢ ´  ³¨±·µ¸Ì¥³ 
AD633.

„²Ö ¨§³¥·¥´¨Ö Éµ±µ¢ ¸ ±µ²²¥±Éµ·µ¢ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¸¥·¨°´Ò¥ Ô²¥±-
É·µ³¥É·¨Î¥¸±¨¥ Ê¸¨²¨É¥²¨ ¶µ¸ÉµÖ´´µ£µ Éµ±  “5-11. ‘¨£´ ²Ò ¸ ±µ´É·µ²Ó´ÒÌ
¢ÒÌµ¤µ¢ ¨¸ÉµÎ´¨±µ¢ ¸± ´¨·ÊÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö,   É ±¦¥ ¸ ¢ÒÌµ¤  Ê¸¨²¨É¥²¥°
“5-11 ¶µ¤ ¢ ²¨¸Ó ´  ¢Ìµ¤Ò �–�. ˆ´Ëµ·³ Í¨Ö § ¶¨¸Ò¢ ² ¸Ó ¢ 	‚Œ.

� ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ ¤¥É¥±Éµ·µ¢ ¡Ò²  ¶·µ¢¥·¥´  ¢µ ¢·¥³Ö ¸¥ ´¸  · ¡µÉÒ
Ë· £³¥´É-¸¥¶ · Éµ·  Š�Œ��‘ ´  ¶ÊÎ±¥ ¨µ´µ¢ 11B, Ê¸±µ·¥´´ÒÌ ´  Í¨±²µ-
É·µ´¥ “-400Œ ‹Ÿ� �ˆŸˆ ¤µ Ô´¥·£¨¨ 35 ŒÔ‚/´Ê±²µ´. ‚µ ¢·¥³Ö ¶·µ¢¥¤¥´¨Ö
Ô±¸¶¥·¨³¥´É  Éµ± ¶ÊÎ±  ´  ³¨Ï¥´¨ ³¥´Ö²¸Ö µÉ 50 ¤µ 500 ´�.

‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¡Ò²  ¶µ¤É¢¥·¦¤¥´  · ¡µÉµ¸¶µ¸µ¡-
´µ¸ÉÓ µ¡µ¨Ì ¤¥É¥±Éµ·µ¢ ¶·µË¨²Ö ¶ÊÎ±  ¨ ¢ÒÖ¢²¥´Ò ´¥±µÉµ·Ò¥ ´¥¤µ¸É É±¨.
� ¶·¨³¥·, ¡Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ µ¤¨´ ¨§ ¢ ·¨ ´Éµ¢ ¤¥É¥±Éµ·  ¤²Ö µ¶¥· É¨¢-
´µ£µ ´ ¡²Õ¤¥´¨Ö, ¢ ±µÉµ·µ³  ´ ²¨§¨·ÊÕÐ¨¥ ±µ´¤¥´¸ Éµ·Ò · ¸¶µ² £ ²¨¸Ó ¸
¶·µÉ¨¢µ¶µ²µ¦´ÒÌ ¸Éµ·µ´ ¨§¢²¥± ÕÐ¥£µ, ´¥ ¶·¨£µ¤¥´ ¤²Ö ¨¸¶µ²Ó§µ¢ ´¨Ö. Š
¸µ¦ ²¥´¨Õ, µ± § ²µ¸Ó, ÎÉµ ¶·¨³¥´¥´´Ò° ´ ³¨ ¢¨¤ ¸± ´¨·µ¢ ´¨Ö ¤ ¥É ¶²µÌ¨¥
·¥§Ê²ÓÉ ÉÒ, ±µ£¤  ¢ ± Î¥¸É¢¥ ¶·µ¤Ê±Éµ¢ ¨µ´¨§ Í¨¨ ¸µ¡¨· ²¨¸Ó Ô²¥±É·µ´Ò. � 
·¨¸. 5 ¶·¨¢¥¤¥´ Ë· £³¥´É § ¶¨¸ ´´ÒÌ ¢ ¶·µÍ¥¸¸¥ Ô±¸¶¥·¨³¥´É  ·¥§Ê²ÓÉ Éµ¢
¨§³¥·¥´¨Ö: Éµ±  ¨µ´µ¢ I1 ¸ ±µ²²¥±Éµ·  µ¤´µ£µ ¨§  ´ ²¨§¨·ÊÕÐ¨Ì ±µ´¤¥´¸ -
Éµ·µ¢, Éµ±  Ô²¥±É·µ´µ¢ I2 ¸ ±µ²²¥±Éµ·  ¤·Ê£µ£µ ¨ ¸± ´¨·ÊÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö
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�¨¸. 5.

U1. ŠµÔËË¨Í¨¥´É ¶·¥µ¡· §µ¢ ´¨Ö Éµ±  ¸ ¶µ³µÐÓÕ Ê¸¨²¨É¥²Ö “5-11 ¡Ò²
Ê¸É ´µ¢²¥´ · ¢´Ò³ 1011 ‚/�.

‚¨¤´µ, ÎÉµ ÌµÉÖ ¢ ¶·µÍ¥¸¸¥ ¸¡µ·  Ô²¥±É·µ´µ¢ ¨ ¡Ò² § ·¥£¨¸É·¨·µ¢ ´ ¶¨±
· ¸¶·¥¤¥²¥´¨Ö, ¶·¨Ìµ¤ÖÐ¨°¸Ö ´  µ¡² ¸ÉÓ ¶·µÌµ¦¤¥´¨Ö ¶ÊÎ± , ¥£µ Ï¨·¨´ 
¡Ò²  ¡µ²ÓÏ¥° ¶µ ¸· ¢´¥´¨Õ ¸ Ï¨·¨´µ° · ¸¶·¥¤¥²¥´¨Ö, ¶µ²ÊÎ¥´´µ£µ ¶·¨
¸¡µ·¥ ¨µ´µ¢. Š·µ³¥ Éµ£µ, ¢ Ëµ·³¥ ÔÉµ£µ · ¸¶·¥¤¥²¥´¨Ö ´ ¡²Õ¤ ²¨¸Ó ¨¸± ¦¥-
´¨Ö, ´¥ ¸¢Ö§ ´´Ò¥ ¸ · ¸¶·¥¤¥²¥´¨¥³ ¶ÊÎ± . �Ò²µ § ³¥Î¥´µ, ÎÉµ ¨¸± ¦¥´¨Ö
Ê¢¥²¨Î¨¢ ²¨¸Ó ¸ Ê¢¥²¨Î¥´¨¥³ ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ± . ‚¥·µÖÉ´µ, Ô²¥±É·µ´´ Ö
¸µ¸É ¢²ÖÕÐ Ö ¶·µ¤Ê±Éµ¢ ¨µ´¨§ Í¨¨ µ¸É ÉµÎ´µ£µ £ §  ÎÊ¢¸É¢¨É¥²Ó´  ± ¢µ§¤¥°-
¸É¢¨Õ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö ¸ ³µ£µ ¶ÊÎ± .

‚¸¥£µ ÔÉµ£µ ´¥ ´ ¡²Õ¤ ²µ¸Ó ¢µ ¢Éµ·µ³ ¢ ·¨ ´É¥, ±µ£¤   ´ ²¨§¨·ÊÕÐ¨¥
±µ´¤¥´¸ Éµ·Ò · ¸¶µ² £ ²¨¸Ó ¸ µ¤´µ° ¸Éµ·µ´Ò, ´µ ¡Ò²¨ · §¢¥·´ÊÉÒ ¤·Ê£ µÉ-
´µ¸¨É¥²Ó´µ ¤·Ê£  ´  180◦,   ´  ±µ²²¥±Éµ·Ò ¸µ¡¨· ²¨¸Ó Éµ²Ó±µ ¨µ´Ò. �¥§Ê²Ó-
É ÉÒ ¨§³¥·¥´¨Ö ¢¨¤´Ò ´  ·¨¸. 6. ‡¤¥¸Ó ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö Éµ±µ¢ ´  ± ¦¤µ³
¨§ ±µ²²¥±Éµ·µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢¥²¨Î¨´Ò ¸± ´¨·ÊÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö U1.
Š ¦¤ Ö ¨§ ¶·¨¢¥¤¥´´ÒÌ § ¢¨¸¨³µ¸É¥° ¸µ¤¥·¦¨É ·¥§Ê²ÓÉ ÉÒ Î¥ÉÒ·¥Ì ¶µ¸²¥-
¤µ¢ É¥²Ó´ÒÌ ¨§³¥·¥´¨°. ‚¨¤´µ, ÎÉµ ¢ ± ¦¤µ³ ¨§³¥·¥´¨¨ ¶¨±µ¢µ¥ §´ Î¥´¨¥
µ¸É ¥É¸Ö ¢ Éµ° ¦¥ ÉµÎ±¥.

‚ ·¥§Ê²ÓÉ É¥ Éµ£µ, ÎÉµ ¨¸ÉµÎ´¨± ¸± ´¨·ÊÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö ¨³¥² ¤µ¸É -
ÉµÎ´µ Ìµ·µÏÊÕ ²¨´¥°´µ¸ÉÓ ¢µ ¢·¥³¥´¨, ³Ò ¨³¥²¨ ¢µ§³µ¦´µ¸ÉÓ ¶µ¤ ¢ ÉÓ ¸¨£-
´ ²Ò ¸ ¢ÒÌµ¤µ¢ Ê¸¨²¨É¥²¥° “5-11 ´  µ¸Í¨²²µ£· Ë. �  ¤¢ÊÌ± ´ ²Ó´µ³ µ¸Í¨²-
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�¨¸. 6.

²µ£· Ë¥ ³Ò ¥¦¥¸¥±Ê´¤´µ ´ ¡²Õ¤ ²¨ §  · ¸¶·¥¤¥²¥´¨¥³ ¶ÊÎ±  ¶µ ¢¥·É¨± ²¨ ¨
£µ·¨§µ´É ²¨. ’ ±µ° ¢ ·¨ ´É ´ ¡²Õ¤¥´¨Ö Éµ¦¥ Ö¢²Ö¥É¸Ö ¢¶µ²´¥ ¶·¨¥³²¥³Ò³
¤²Ö · ¡µÉÒ µ¶¥· Éµ·µ¢ Ê¸±µ·¨É¥²Ö.

‘ ¶µ³µÐÓÕ ¤¥É¥±Éµ·  ¤²Ö ¤¥É ²Ó´µ£µ ¨§³¥·¥´¨Ö ¶·µË¨²Ö ¶ÊÎ±  ¡Ò²µ
¶µ²ÊÎ¥´µ ¨§µ¡· ¦¥´¨¥,  ´ ²µ£¨Î´µ¥ Éµ³Ê, ±µÉµ·µ¥ ¶·¨¢¥¤¥´µ ¢ · ¡µÉ¥ [1].
•µÉÖ ¶·µÍ¥¸¸ ¨§³¥·¥´¨Ö ¤¥É ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¤²¨É¸Ö µ±µ²µ 30 ¸, ÔÉµ
¢·¥³Ö ´¥ ¸Éµ²Ó ¡µ²ÓÏµ¥ ¤²Ö Éµ£µ, ÎÉµ¡Ò Éµ²Ó±µ ¸²¥¤¨ÉÓ §  É· ´¸Ëµ·³ Í¨¥°
¶ÊÎ±  ¶·¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ³ ¶·µÌµ¦¤¥´¨¨ ¨³ ¢¸¥Ì Ê¶· ¢²Ö¥³ÒÌ Ô²¥³¥´Éµ¢
¸¥¶ · Éµ· . „¥É¥±Éµ· ¸ ¶¥·¥³¥´´Ò³ ¶·µ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³ ¢ ÔÉµ³
Ô±¸¶¥·¨³¥´É¥ ¨¸¶ÒÉ ´ ´¥ ¡Ò². 	Éµ ¶² ´¨·Ê¥É¸Ö ¸¤¥² ÉÓ ¶µ§¤´¥¥.

‡�Š‹�—…�ˆ…

�Ò²¨ ¸µ§¤ ´Ò ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ ¨¸¶ÒÉ ´Ò ³µ¤¥·´¨§¨·µ¢ ´´Ò¥ ¢ ·¨-
 ´ÉÒ ¨µ´¨§ Í¨µ´´ÒÌ ¤¥É¥±Éµ·µ¢ ¤²Ö ¨§³¥·¥´¨Ö ¶·µË¨²Ö ¶ÊÎ± , µ¸´µ¢ ´-
´Ò¥ ´  ¸± ´¨·µ¢ ´¨¨ ¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶·µ¤Ê±Éµ¢ ¨µ´¨§ -
Í¨¨. �¸´µ¢´µ° Í¥²ÓÕ ³µ¤¥·´¨§ Í¨¨ Ö¢²Ö²µ¸Ó ¸µ§¤ ´¨¥ ¶·¨¡µ·  ¸ ¶µ¸ÉµÖ´-
´Ò³ ¶·µ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³. „²Ö ÔÉµ£µ ³¥¦¤Ê ¢¸¥³¨ ±µ´¤¥´¸ Éµ· ³¨
¤¥É¥±Éµ·  ¢¢¥¤¥´Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ ´ ¶·Ö¦¥´¨Ö (· §´µ¸É¨ ¶µÉ¥´Í¨ ²µ¢), ¨§-
³¥´ÖÖ ±µÉµ·Ò¥ ³µ¦´µ ¸± ´¨·µ¢ ÉÓ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ µ¡² ¸É¨ ¶ÊÎ± . �·¨
ÔÉµ³ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²¥° ¢ ±µ´¤¥´¸ Éµ· Ì ¸µÌ· ´ÖÕÉ¸Ö ¶µ¸ÉµÖ´´Ò³¨.
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‘µ§¤ ´ ¤¥É¥±Éµ· ¤²Ö µ¶¥· É¨¢´µ£µ ´ ¡²Õ¤¥´¨Ö, ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ
³µ¦´µ ¥¦¥¸¥±Ê´¤´µ ¨§³¥·ÖÉÓ ¢¥·É¨± ²Ó´µ¥ ¨ £µ·¨§µ´É ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥
Éµ±  ¶ÊÎ±  ¢ ± ´ ²¥ ¥£µ É· ´¸¶µ·É¨·µ¢±¨ ´  ¶²µÐ ¤±¥ 8×8 ¸³ ¸ ¶µ¸ÉµÖ´´Ò³
· §·¥Ï¥´¨¥³ 1 ³³.

‘µ§¤ ´ ¤¥É¥±Éµ· ¤²Ö ¤¥É ²Ó´µ£µ ¨§³¥·¥´¨Ö ¶·µË¨²Ö ¶ÊÎ±  ¸ ¶µ¸ÉµÖ´´Ò³
· §·¥Ï¥´¨¥³ 1 × 1 ³³ ¶µ ¢¸¥° µ¡² ¸É¨ ¸± ´¨·µ¢ ´¨Ö.

	±¸¶¥·¨³¥´É ²Ó´µ Ê¸É ´µ¢²¥´µ, ÎÉµ ¶·¥¤²µ¦¥´´Ò° ³¥Éµ¤ ¸± ´¨·µ¢ ´¨Ö
¤ ¥É Ìµ·µÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨ ¨§³¥·¥´¨¨ ¶·µË¨²Ö ¶ÊÎ±  ¢ ¸²ÊÎ ¥ ¨§¢²¥Î¥-
´¨Ö ¨µ´´µ° ±µ³¶µ´¥´ÉÒ ¨µ´¨§¨·µ¢ ´´µ£µ µ¸É ÉµÎ´µ£µ £ § . �¥§Ê²ÓÉ ÉÒ ¸Ê-
Ð¥¸É¢¥´´µ ÌÊ¦¥ ¶·¨ ¨§¢²¥Î¥´¨¨ Ô²¥±É·µ´´µ°.

�¢Éµ·Ò ¡² £µ¤ ·ÖÉ �. Œ. ‘¥·¥¤Ê, ¤ ¢Ï¥£µ Í¥´´Ò¥ ¸µ¢¥ÉÒ ¢ µ·£ ´¨§ Í¨¨
¸¡µ·  ¨´Ëµ·³ Í¨¨, �£Ê¥´ Œ ´Ó ˜ É , ¤ ¢Ï¥£µ Í¥´´Ò¥ ¸µ¢¥ÉÒ ¢ · §· ¡µÉ±¥
¨ ¨§£µÉµ¢²¥´¨¨ ¢Ò¸µ±µ¢µ²ÓÉ´ÒÌ ¡²µ±µ¢,   É ±¦¥ �. ƒ. �·ÉÕÌ  §  ¶µ¤¤¥·¦±Ê
¨ ¨´É¥·¥¸ ± · ¡µÉ¥.
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