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� ¸ÉµÖÐ Ö · ¡µÉ  ¶µ¸¢ÖÐ¥´  ·¥Ï¥´¨Õ § ¤ Î¨ µ ¶·µ¢µ¤´¨±¥ ¢ µ±·Ê¦¥´¨¨ ¤¨Ô²¥±É·¨± . �·¥¤-
¸É ¢²¥´  ³ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó Å ¸¨¸É¥³  Ê· ¢´¥´¨°, µ¶¨¸Ò¢ ÕÐ¨Ì Ê¸²µ¢¨Ö ´  £· ´¨Í¥ ¤¨Ô²¥±-
É·¨±  ¨ ¶·µ¢µ¤´¨± , ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ë¨§¨Î¥¸±µ° ³µ¤¥²ÓÕ. Œ¥Éµ¤ ¶·µ¨²²Õ¸É·¨·µ¢ ´ ¶·¨³¥·µ³
·¥Ï¥´¨Ö § ¤ Î¨ ¸¶µ¸µ¡µ³ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ´  µ¸´µ¢¥ ´¥¸±µ²Ó±¨Ì Ë¨§¨Î¥¸±¨Ì ³µ¤¥²¥°.
‚ µÉ²¨Î¨¥ µÉ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì ¶Ê¡²¨± Í¨° · ¸¸³µÉ·¥´ ¸¶µ¸µ¡ ´ Ìµ¦¤¥´¨Ö · ¸¶·¥¤¥²¥´¨° ´¥
Éµ²Ó±µ Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥°, ´µ ¨ ¶µÉ¥´Í¨ ²µ¢. �  µ¸´µ¢¥ ³¥Éµ¤  · §· ¡µÉ ´  ¸¨¸É¥³  ¶·µ£· ³³,
¨¸¶µ²Ó§ÊÕÐ Ö¸Ö ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö Ô²¥±É·µ¸É É¨Î¥¸±¨Ì ¶µ²¥° ¤¥É¥±Éµ·  ZEPLIN III ¶µ ¶µ¨¸±Ê
±µ·¶Ê¸±Ê²Ö·´µ° ®É¥³´µ° ³ É¥·¨¨¯.

The present report is devoted to the solution of a problem of conductor in surroundings of a
dielectric. The mathematical model Å a set of equations describing conditions on the boundary of the
dielectric and conductor is presented according to a physical analog. The method is illustrated by an
example of the solution of a problem by the way of a digital simulation on the basis of several variants
of physical model. On contrast to the our previous publications the way of ˇnding allocations not only
electric ˇelds but also potentials is considered. The method is supposed to be used for simulation of
electric ˇelds of the detector ZEPLIN III on the search of corpuscular ®dark matter¯.

ˆ¸¸²¥¤µ¢ ´¨Ö ¶µ¸²¥¤´¨Ì ¤¥¸ÖÉ¨²¥É¨° Ö¢²ÖÕÉ¸Ö ±µ¸¢¥´´Ò³ ¸¢¨¤¥É¥²Ó¸É¢µ³ ¢ ¶µ²Ó§Ê
¸ÊÐ¥¸É¢µ¢ ´¨Ö ´¥´ ¡²Õ¤ ¥³µ°, ¨²¨ ®É¥³´µ°¯ ³ É¥·¨¨, ¸µ¸É ¢²ÖÕÐ¥° ¶µ¤ ¢²ÖÕÐ¥¥ ±µ-
²¨Î¥¸É¢µ ³ É¥·¨¨ ‚¸¥²¥´´µ°. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸µ§¤ ´Ò ¨ ¶·µ¥±É¨·ÊÕÉ¸Ö Í¥²Ò° ·Ö¤
¤¥É¥±Éµ·µ¢, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¶µ¨¸±  ±µ·¶Ê¸±Ê²Ö·´µ° ®É¥³´µ° ³ É¥·¨¨¯. �¤´¨³
¨§ £µÉµ¢ÖÐ¨Ì¸Ö ¤¥É¥±Éµ·µ¢ Ö¢²Ö¥É¸Ö ¤¥É¥±Éµ· ZEPLIN III, ¢ ±µÉµ·µ³ ·¥£¨¸É· Í¨Ö ¸¨£-
´ ²µ¢ ¡Ê¤¥É ¶·µ¨¸Ìµ¤¨ÉÓ ËµÉµÊ³´µ¦¨É¥²Ö³¨. ”�“ ¶·µ¸³ É·¨¢ ÕÉ ÎÊ¢¸É¢¨É¥²Ó´Ò° £ -
§µ¢Ò° µ¡Ñ¥³ ¤¥É¥±Éµ·  Î¥·¥§ µ¡Ñ¥³ ¦¨¤±µ£µ ±¸¥´µ´ , ¢ ±µÉµ·µ³ ´ Ìµ¤ÖÉ¸Ö ¤¢  ·Ö¤ 
¸¥ÉµÎ´ÒÌ Ô²¥±É·µ¤µ¢. �²¥±É·µ¤Ò Ëµ·³¨·ÊÕÉ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥, ¢ÒÉÖ£¨¢ ÕÐ¥¥ Ô²¥±-
É·µ´Ò ¢ £ §µ¢Ò° µ¡Ñ¥³, ¢ ±µÉµ·µ³ ¤µ²¦¥´ ¢µ§´¨±´ÊÉÓ ¸¨£´ ² µÉ Ô²¥±É·µ²Õ³¨´¥¸Í¥´Í¨¨
[1]. ‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¸¶µ¸µ¡ ·¥Ï¥´¨Ö § ¤ Î, ±µÉµ·Ò° ¶·¥¤¶µ² £ -
¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥° ¢ · ¡µÎ¥³ µ¡Ñ¥³¥ ¤¥É¥±Éµ· 
ZEPLIN III, ¨ ´¥±µÉµ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö1.

1� ¡µÉ  ¶µ¤¤¥·¦ ´  �””ˆ, £· ´É 01-02-17261.
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�¥Ï¥´¨¥ § ¤ Î Ô²¥±É·µ¸É É¨±¨ ´ Î¨´ ¥É¸Ö ¸ ¢Ò¡µ·  Ë¨§¨Î¥¸±µ° ³µ¤¥²¨, ±µÉµ· Ö ´ ¨-
¡µ²¥¥ ÉµÎ´µ ¸µµÉ¢¥É¸É¢Ê¥É ·¥ ²Ó´µ° ¸¨¸É¥³¥ ¶·µ¢µ¤´¨±µ¢ ¨ ¤¨Ô²¥±É·¨±µ¢ ¸ ¨Ì § ¤ ´´Ò³¨
Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨. ‘²¥¤ÊÕÐ¨³ Ï £µ³ Ö¢²Ö¥É¸Ö ¢Ò¡µ· ³ É¥³ É¨Î¥¸±µ° ³µ-
¤¥²¨ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¸¨¸É¥³µ° Ê· ¢´¥´¨°, ·¥Ï¥´¨¥ ±µÉµ·ÒÌ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ § ·Ö-
¤µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö, µ¡¥¸¶¥Î¨¢ ÕÐ¨e ¢Ò¶µ²´¥´¨¥ £· ´¨Î´ÒÌ Ê¸²µ¢¨° ¨, ¸²¥¤µ¢ É¥²Ó´µ,
·¥Ï¨ÉÓ ¶µ¸É ¢²¥´´ÊÕ ±· ¥¢ÊÕ § ¤ ÎÊ Ô²¥±É·µ¸É É¨±¨.

‚ ´ Ï¨Ì · ¡µÉ Ì [2, 3] ¤ ´µ µ¡µ¸´µ¢ ´¨¥ ¸¶µ¸µ¡  ·¥Ï¥´¨Ö ±· ¥¢ÒÌ § ¤ Î Ô²¥±É·µ¸É -
É¨±¨ Å ¤¨Ô²¥±É·¨± ¢ ¶µ²¥ § ·Ö¦¥´´ÒÌ ¶·µ¢µ¤´¨±µ¢ Å ¸ ¶µ³µÐÓÕ · §³¥Ð¥´¨Ö ¢¸¶µ³µ-
£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ± ± ¢´ÊÉ·¨ ¨ ¢´¥ ¤¨Ô²¥±É·¨±µ¢, É ± ¨ ¢´ÊÉ·¨ ¶·µ¢µ¤´¨±µ¢. ‚¸¥ § ·Ö¤Ò
ÉµÎ¥Î´Ò¥ ¨²¨ ²¨´¥°´Ò¥ · §³¥Ð ÕÉ¸Ö ¢¡²¨§¨ ¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ¤´¨±µ¢ ¨ ¤¨Ô²¥±É·¨±µ¢.
‚¥²¨Î¨´Ò ¢¸¥Ì ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ´ Ìµ¤ÖÉ¸Ö ·¥Ï¥´¨¥³ ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì
Ê· ¢´¥´¨°. � ¸¸³µÉ·¥´Ò ¶·¨³¥·Ò ¶·¨³¥´¥´¨Ö ³¥Éµ¤  ± § ¤ Î ³ ¢ ¸²ÊÎ ¥, ±µ£¤  ¨§µ²¨·µ-
¢ ´´Ò° ¤¨Ô²¥±É·¨± ´ Ìµ¤¨É¸Ö ¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥, ¸µ§¤ ¢ ¥³µ³ ¶·µ¢µ¤´¨± ³¨. Œ¥Éµ¤
¡Ò² · §· ¡µÉ ´ ¨ µ¶·µ¡µ¢ ´ ¤²Ö ·¥Ï¥´¨Ö § ¤ Î µ ¢²¨Ö´¨¨ ¤¨Ô²¥±É·¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢
· ¡µÎ¥³ µ¡Ñ¥³¥ ´  Ô²¥±É·µ¸É É¨±Ê ³´µ£µ¶·µ¢µ²µÎ´ÒÌ ¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ± ³¥· [4, 5]. ‚
µÉ²¨Î¨¥ µÉ ¶·¥¤Ò¤ÊÐ¨Ì ¶Ê¡²¨± Í¨° ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ · ¸¸³µÉ·¥´ ¸¶µ¸µ¡ ´ Ìµ¦¤¥´¨Ö
· ¸¶·¥¤¥²¥´¨° Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥°, ¸µ§¤ ¢ ¥³ÒÌ ¶·µ¢µ¤´¨±µ³ ¢´ÊÉ·¨ ¤¨Ô²¥±É·¨± , ¨
 ´ ²¨§¨·Ê¥É¸Ö ¸¶µ¸µ¡ ¢ÒÎ¨¸²¥´¨Ö ¶µÉ¥´Í¨ ²µ¢ ¢ µ¡Ñ¥³¥ ¨ ¢´¥ ¤¨Ô²¥±É·¨± .

1. �‹…Š’��‘’�’ˆŠ�

1.1. ƒ· ´¨Î´Ò¥ Ê¸²µ¢¨Ö ´  £· ´¨Í¥ ¤¢ÊÌ ¤¨Ô²¥±É·¨±µ¢. �  ¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ¤-
´¨±µ¢ £· ´¨Î´Ò³¨ Ê¸²µ¢¨Ö³¨ Ö¢²ÖÕÉ¸Ö § ¤ ¢ ¥³Ò¥ ¶µÉ¥´Í¨ ²Ò, ¶·¨Î¥³ ¶·¥¤¶µ² £ ¥É¸Ö,
ÎÉµ ¶µÉ¥´Í¨ ² Ö¢²Ö¥É¸Ö ´Ê²¥¢Ò³ ¢ ¡¥¸±µ´¥Î´µ Ê¤ ²¥´´ÒÌ ÉµÎ± Ì ¶·µ¸É· ´¸É¢ . �· ±-
É¨Î¥¸±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ ¤·Ê£¨¥ ¶·µ¢µ¤´¨±¨ ´ Ìµ¤ÖÉ¸Ö ´  É ±µ³ · ¸¸ÉµÖ´¨¨, ±µ£¤  ¨Ì
¢²¨Ö´¨¥³ ³µ¦´µ ¶·¥´¥¡·¥ÎÓ. ƒ· ´¨Î´Ò¥ Ê¸²µ¢¨Ö ´  ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨±  Ö¢²ÖÕÉ¸Ö
¸²¥¤¸É¢¨¥³ § ±µ´µ¢ Ô²¥±É·µ¸É É¨±¨ ¤²Ö ¤¨Ô²¥±É·¨±µ¢ [6].

„²Ö µ¤´µ·µ¤´ÒÌ ¤¨Ô²¥±É·¨±µ¢ D = ε0E+P = εε0E, £¤¥ ε Å ¤¨Ô²¥±É·¨Î¥¸± Ö ¶·µ´¨-
Í ¥³µ¸ÉÓ ¸·¥¤Ò. ‚ ÔÉµ³ ¸²ÊÎ ¥ £· ´¨Î´Ò¥ Ê¸²µ¢¨Ö ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢ ¢¨¤¥ ¸µµÉ´µÏ¥´¨°
¤²Ö É ´£¥´Í¨ ²Ó´ÒÌ ¨ ´µ·³ ²Ó´ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥° ¢ ²Õ¡µ° ÉµÎ±¥
¶µ¢¥·Ì´µ¸É¨ · §¤¥² : Et1 = Et2, ε1En1 = ε2En2. ‡¤¥¸Ó n1 ¨ n2 Å ¢´¥Ï´¨¥ ´µ·³ ²¨
± £· ´¨Í¥ · §¤¥²  ¸·¥¤ Ä¤¨Ô²¥±É·¨±. �µ·³ ²Ó n1 ´ ¶· ¢²¥´  µÉ ¤¨Ô²¥±É·¨±  ¢ ¸·¥¤Ê,  
´µ·³ ²Ó n2 Å ¢´ÊÉ·Ó ´¥£µ.

ƒ· ´¨Î´Ò¥ Ê¸²µ¢¨Ö Et1 = Et2 ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¨ ¢ ¢¨¤¥ £· ´¨Î´ÒÌ Ê¸²µ¢¨° ¤²Ö
¶µÉ¥´Í¨ ² , Éµ£¤  µ±µ´Î É¥²Ó´µ ¨³¥¥³:

ϕ1 = ϕ2, ε1En1 = ε2En2. (1.1)

…¸²¨ ´  £· ´¨Í¥ ¤¨Ô²¥±É·¨±  ´ Ìµ¤¨É¸Ö ¢ ±ÊÊ³ (ε = 1), Éµ ¢Éµ·µ¥ Ê· ¢´¥´¨¥ § ¶¨Ï¥É¸Ö
± ±

En1 = ε2En2. (1.2)

1.2. ƒ· ´¨Î´Ò¥ Ê¸²µ¢¨Ö ´  £· ´¨Í¥ ¶·µ¢µ¤´¨±Ä¤¨Ô²¥±É·¨±. ˆ§ É¥µ·¥³Ò ƒ Ê¸¸  µ
¶µÉµ±¥ ¢¥±Éµ·  E Î¥·¥§ § ³±´ÊÉÊÕ ¶µ¢¥·Ì´µ¸ÉÓ ¸²¥¤Ê¥É:

En = (σ + σ′)/ε0. (1.3)
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‚ ÔÉµ³ ¸µµÉ´µÏ¥´¨¨ σ Å ¶µ¢¥·Ì´µ¸É´ Ö ¶²µÉ´µ¸ÉÓ § ·Ö¤µ¢ ¶·µ¢µ¤´¨± ,   σ′ Å ¶µ¢¥·Ì-
´µ¸É´ Ö ¶²µÉ´µ¸ÉÓ ¸¢Ö§ ´´ÒÌ § ·Ö¤µ¢ ´  ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨± .

ˆ§ Ê¸²µ¢¨° ¤²Ö ¢¸¶µ³µ£ É¥²Ó´µ£µ ¢¥±Éµ·  D ´  £· ´¨Í¥ ¤¢ÊÌ ¸·¥¤ ¶µ É¥µ·¥³¥ ƒ Ê¸¸ 
Dn2 − Dn1 = σ ¨³¥¥³ Dn2 = σ (¤²Ö ¶·µ¢µ¤´¨±  Dn1 = 0). ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,
Dn2 = εε0En2. ˆ§ ¸µµÉ´µÏ¥´¨° ¤²Ö Dn2 ¶µ²ÊÎ ¥³ ¢Éµ·µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ´µ·³ ²Ó´µ£µ
±µ³¶µ´¥´É  Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö

En2 = σ/εε0. (1.4)

ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö (1.3) ¨ (1.4), ¶·¨Ìµ¤¨³ ± ¢Ò· ¦¥´¨Õ

σ′ = −σ(ε − 1)/ε. (1.5)

‚Ò· ¦¥´¨¥ (1.5), Ö¢²ÖÖ¸Ó £· ´¨Î´Ò³ Ê¸²µ¢¨¥³ ´  ¶µ¢¥·Ì´µ¸É¨ · §¤¥²  ³¥¦¤Ê ¶·µ¢µ¤-
´¨±µ³ ¨ ¤¨Ô²¥±É·¨±µ³, µ¶·¥¤¥²Ö¥É § ¢¨¸¨³µ¸ÉÓ ¸¢Ö§ ´´ÒÌ § ·Ö¤µ¢ ´  ¶µ¢¥·Ì´µ¸É¨ ¤¨-
Ô²¥±É·¨±  σ′ µÉ ¶µ¢¥·Ì´µ¸É´µ° ¶²µÉ´µ¸É¨ ¸Éµ·µ´´¨Ì § ·Ö¤µ¢ ¶·µ¢µ¤´¨±  σ. „¥°¸É¢ÊÕ-
Ð Ö ¶µ¢¥·Ì´µ¸É´ Ö ¶²µÉ´µ¸ÉÓ § ·Ö¤  σd = σ + σ′, ¸µ§¤ ÕÐ Ö Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ¢´Ê-
É·¨ ¤¨Ô²¥±É·¨± , Ö¢²Ö¥É¸Ö ¸Ê³³µ° ¶µ¢¥·Ì´µ¸É´ÒÌ ¶²µÉ´µ¸É¥° ¶·µ¢µ¤´¨±  ¨ ¤¨Ô²¥±É·¨± 
σ + σ′ = σ/ε,

σd = σ/ε. (1.6)

�¥·¥°¤¥³ ¢ Ê¸²µ¢¨¨ (1.6) µÉ ¶µ¢¥·Ì´µ¸É´ÒÌ ¶²µÉ´µ¸É¥° § ·Ö¤µ¢ ± ´µ·³ ²Ó´Ò³ ±µ³¶µ-
´¥´É ³ Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥°.

ˆ§ ¸µµÉ´µÏ¥´¨Ö, ¸¢Ö§Ò¢ ÕÐ¥£µ ´µ·³ ²Ó´Ò° ±µ³¶µ´¥´É Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¸ ¶µ-
¢¥·Ì´µ¸É´µ° ¶²µÉ´µ¸ÉÓÕ § ·Ö¤  En = σ/ε0, ¶µ²ÊÎ ¥³ σ = Enε0. ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨¥
(1.6), ¶µ²ÊÎ¨³ ¸µµÉ´µÏ¥´¨¥ (1.7), ±µÉµ·µ¥ Ö¢²Ö¥É¸Ö £· ´¨Î´Ò³ Ê¸²µ¢¨¥³ ¤²Ö ´µ·³ ²Ó´ÒÌ
±µ³¶µ´¥´Éµ¢ ¶µ²Ö ¶·µ¢µ¤´¨±  Enc ¨ ¤¨Ô²¥±É·¨±  End

Enc = εEnd. (1.7)

2. �‹…Š’�ˆ—…‘Šˆ… ��‹Ÿ ‚�Š�“ƒ
���’Ÿ†…���ƒ� ���‚�„�ˆŠ� ‚�“’�ˆ „ˆ�‹…Š’�ˆŠ�

2.1. ”¨§¨Î¥¸± Ö ³µ¤¥²Ó. ‚ ± Î¥¸É¢¥ Ë¨§¨Î¥¸±µ° ³µ¤¥²¨ · ¸¸³µÉ·¨³ Ê¥¤¨´¥´´Ò°
¶·µÉÖ¦¥´´Ò° ¶·µ¢µ¤´¨± ±·Ê£²µ£µ ¸¥Î¥´¨Ö ¤¨ ³¥É·µ³ 2 ³³ ¢ É·¥Ì ¢ ·¨ ´É Ì ¥£µ · §³¥-
Ð¥´¨Ö: ¢ ¢ ±ÊÊ³¥, ¢ ¤¨Ô²¥±É·¨±¥, § ¶µ²´ÖÕÐ¥³ ¢¸¥ ¶·µ¸É· ´¸É¢µ, ¨ ¢ ¤¨Ô²¥±É·¨Î¥¸±µ°
É·Ê¡±¥. �Ê¸ÉÓ ´  ¶·µ¢µ¤´¨± ¶µ¤ ¥É¸Ö µÉ·¨Í É¥²Ó´Ò° ¶µÉ¥´Í¨ ² U0 = −1000 ‚. ‚ § ¤ Î¥
· ¸¸³ É·¨¢ ¥É¸Ö Éµ²Ó±µ µ¤¨´ µ¤´µ·µ¤´Ò° ¤¨Ô²¥±É·¨±, ¶µÔÉµ³Ê ¨´¤¥±¸ 2 Ê ¤¨Ô²¥±É·¨Î¥-
¸±µ° ¶·µ´¨Í ¥³µ¸É¨ ¤¨Ô²¥±É·¨±  ³µ¦´µ µ¶Ê¸É¨ÉÓ. ‚ ± Î¥¸É¢¥ ¢¥²¨Î¨´Ò µÉ´µ¸¨É¥²Ó´µ°
¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨, ¶·¨¢µ¤¨³µ° ¢ É ¡²¨Í Ì, ¢§ÖÉµ §´ Î¥´¨¥ ε = 4.

‚Ò¡µ· ¶·µÉÖ¦¥´´µ£µ ¶·µ¢µ¤´¨±  ¸¤¥² ´ ¸ ÊÎ¥Éµ³ ¢µ§³µ¦´µ¸É¨ ¸· ¢´¥´¨Ö ·¥Ï¥´¨Ö
¶µ¸É ¢²¥´´ÒÌ § ¤ Î ¸ ·¥Ï¥´¨¥³ § ¤ Î ¢ ±² ¸¸¨Î¥¸±µ° Ô²¥±É·µ¸É É¨±¥. ˆ³¥´´µ ¢ ÔÉµ³
¨¤¥ ²Ó´µ³ ¨ µ¤´µ³ ¨§ ¶·µ¸É¥°Ï¨Ì ¸²ÊÎ ¥¢ § ¤ Î¨ ¢ ±² ¸¸¨Î¥¸±µ° Ô²¥±É·µ¸É É¨±¥ ·¥Ï -
ÕÉ¸Ö ¶µ²´µ¸ÉÓÕ.
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2.2. Œ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó. �¥Ï¥´¨¥ ±· ¥¢µ° § ¤ Î¨ ¨Ð¥É¸Ö ¸ ¶µ³µÐÓÕ ¢¸¶µ³µ£ -
É¥²Ó´ÒÌ § ·Ö¤µ¢, ¸Ì¥³  · §³¥Ð¥´¨Ö ±µÉµ·ÒÌ ¶µ± § ´  ´  ·¨¸. 1. ‡´ ±¨ ¢¸¶µ³µ£ É¥²Ó´ÒÌ
§ ·Ö¤µ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ²¨´¥°´Ò³¨ ¶²µÉ´µ¸ÉÖ³¨, ¸µµÉ¢¥É¸É¢ÊÕÉ §´ ± ³ ¸Éµ·µ´´¨Ì ¨
¸¢Ö§ ´´ÒÌ § ·Ö¤µ¢ Ë¨§¨Î¥¸±µ° ³µ¤¥²¨. —¨¸²µ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ²Õ¡µ° ¨§ £·Ê¶¶
Q, gin ¨ fin, gout ¨ fout ´  ± ¦¤µ° ¨§ £· ´¨Í · ¢´µ 100, ¨ µ´µ · ¢´µ Î¨¸²Ê ±µ´É·µ²Ó´ÒÌ
ÉµÎ¥±, ±µÉµ·Ò¥ ´ Ìµ¤ÖÉ¸Ö ´  £· ´¨Í Ì · §¤¥²  ³¥¦¤Ê ÉµÎ± ³¨ 1 ¨ 2 (·¨¸. 1).

Šµ´É·µ²Ó´Ò¥ ÉµÎ±¨ ¨ ¢¸¶µ³µ£ É¥²Ó´Ò¥ § ·Ö¤Ò Ô±¢¨¤¨¸É ´É´µ · ¸¶·¥¤¥²¥´Ò ¶µ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨³ ¶µ¢¥·Ì´µ¸ÉÖ³. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ´¨³¨ · ¢´µ ds = 2πr/100, r Å · ¤¨Ê¸
¸µµÉ¢¥É¸É¢ÊÕÐ¥° Í¨²¨´¤·¨Î¥¸±µ° ¶µ¢¥·Ì´µ¸É¨. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ±µ´É·µ²Ó´µ° ÉµÎ±µ°
¨ ¢¸¶µ³µ£ É¥²Ó´Ò³ § ·Ö¤µ³ Éµ£µ ¦¥ · ¤¨Ê¸  ¸µ¸É ¢²Ö²µ dr = 2ds. ’ ±µ¥ ¸µµÉ´µÏ¥´¨¥
³¥¦¤Ê · ¸¸ÉµÖ´¨¥³ ¢¸¶µ³µ£ É¥²Ó´Ò° § ·Ö¤ Å ±µ´É·µ²Ó´ Ö ÉµÎ±  µ¡¥¸¶¥Î¨¢ ¥É Ìµ·µÏÊÕ
ÉµÎ´µ¸ÉÓ ·¥Ï¥´¨Ö § ¤ Î¨ [3].

�µ Ê¸²µ¢¨Ö³ § ¤ Î¨ ³Ò ¨³¥¥³ ¤¥²µ ¸ ¶·µ¢µ¤´¨±µ³, ´¥¸ÊÐ¨³ § ·Ö¤ ¸ ¶µ¢¥·Ì´µ¸É´µ°
¶²µÉ´µ¸ÉÓÕ σ ¨ µ±·Ê¦¥´´Ò³ ¤¨Ô²¥±É·¨±µ³ ¸ ¤¨Ô²¥±É·¨Î¥¸±µ° ¶µ¸ÉµÖ´´µ° ε.

„²Ö ´ Ìµ¦¤¥´¨Ö ¢¥²¨Î¨´ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ³¥Éµ¤µ³ ·¥Ï¥-
´¨Ö, ¨§²µ¦¥´´Ò³ ¢ [2, 3], ¸µ¸É ¢²Ö¥É¸Ö ¸¨¸É¥³   ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨°, ÊÎ¨ÉÒ¢ ÕÐ Ö
Ê¸²µ¢¨Ö ´  £· ´¨Í¥ · §¤¥²  ¢µ ¢¸¥Ì ±µ´É·µ²Ó´ÒÌ ÉµÎ± Ì ´  ¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ¤´¨±  ¨²¨
¤¨Ô²¥±É·¨± . ‚¨¤ Ê· ¢´¥´¨Ö, ¢Ìµ¤ÖÐ¥£µ ¢ ÉÊ ¨²¨ ¨´ÊÕ ¸¨¸É¥³Ê, ¶·¥¤¸É ¢²¥´ ¢Ò· ¦¥´¨-
Ö³¨ (2.1)Ä(2.5).

1) ‘¨¸É¥³  Ê· ¢´¥´¨° (2.1) ¸²¥¤Ê¥É ¨§ É·¥¡µ¢ ´¨° · ¢¥´¸É¢  §´ Î¥´¨Ö ¨¸±µ³µ£µ ¶µ-
É¥´Í¨ ²  ¶·µ¢µ¤´¨±  ¢ ± ¦¤µ° ±µ´É·µ²Ó´µ° ÉµÎ±¥ § ¤ ¢ ¥³µ³Ê ¶µÉ¥´Í¨ ²Ê:

∑
k

u(Q) + 1/2
∑

k

u(gin) + 1/2
∑

k

u(gout) +

+ 1/2
∑

k

u(fin) + 1/2
∑

k

u(fout) = U0. (2.1)

—¨¸²µ Ê· ¢´¥´¨° · ¢´µ Î¨¸²Ê ±µ´É·µ²Ó´ÒÌ ÉµÎ¥± ¶·µ¢µ¤´¨± . ‘Ê³³¨·ÊÕÉ¸Ö ¶µÉ¥´Í¨ ²Ò
µÉ ¢¸¥Ì ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ± ± ¶·µ¢µ¤´¨± , É ± ¨ ¤¨Ô²¥±É·¨± . �µ²Ê¸Ê³³  § ·Ö¤µ¢
g ¨²¨ ¶µ²Ê¸Ê³³  § ·Ö¤µ¢ f Å Éo ¸·¥¤´¥¥  ·¨Ë³¥É¨Î¥¸±µ¥ §´ Î¥´¨¥ § ·Ö¤µ¢ in ¨ out,
±µÉµ·µ¥ ¶·¨³¥·´µ ¸µµÉ¢¥É¸É¢Ê¥É ¢¸¶µ³µ£ É¥²Ó´µ³Ê § ·Ö¤Ê, · §³¥Ð ¥³µ³Ê ¢ ±µ´É·µ²Ó´µ°
ÉµÎ±¥ ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨± .

�¨¸. 1. Œ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó ¸¨¸É¥³Ò. �±·Ê¦´µ¸ÉÓ

C Å £· ´¨Í  ¶·µ¢µ¤´¨±Ä¤¨Ô²¥±É·¨±; ¤Ê£  Å Î ¸ÉÓ £· -

´¨ÍÒ ¤¨Ô²¥±É·¨±Ä¢ ±ÊÊ³; g Å ¢¸¶µ³µ£ É¥²Ó´Ò¥ ²¨´¥°-
´Ò¥ § ·Ö¤Ò ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨± ; f Å

¢¸¶µ³µ£ É¥²Ó´Ò¥ ²¨´¥°´Ò¥ § ·Ö¤Ò ¢´¥Ï´¥° ¶µ¢¥·Ì´µ¸É¨

¤¨Ô²¥±É·¨± . –¨Ë· ³¨ 1 ¨ 2 µ¡µ§´ Î¥´Ò § ·Ö¤Ò gin ¨
fin, · §³¥Ð ¥³Ò¥ ¢´ÊÉ·¨ ¤¨Ô²¥±É·¨± , ¨ § ·Ö¤Ò gout ¨

fout, ´ Ìµ¤ÖÐ¨¥¸Ö ¢´¥ ¤¨Ô²¥±É·¨± . Q Å ¢¸¶µ³µ£ É¥²Ó-
´Ò¥ § ·Ö¤Ò ¶·µ¢µ¤´¨± . �´¨ · §³¥Ð ÕÉ¸Ö ¢ É¥Ì ¦¥ ³¥-

¸É Ì ¢´¥Ï´¨Ì § ·Ö¤µ¢ gout £·Ê¶¶Ò g ¤²Ö ¸²ÊÎ Ö ¶·µ¢µ¤-

´¨±  ¢ ¤¨Ô²¥±É·¨±¥ ¡¥§ § §µ· 
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2) ‘¨¸É¥³  Ê· ¢´¥´¨°

∑
k

E(Q) +
∑

k

E(gin) +
∑

k

E(fin) = ε

(∑
k

E(Q) +
∑

k

E(gout) +
∑

k

E(fout)

)

¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ (1.2) ¨ (1.7) µ¶·¥¤¥²Ö¥É Ê¸²µ¢¨Ö ³¥¦¤Ê ´µ·³ ²Ó´Ò³¨ ±µ³¶µ´¥´É ³¨
¶µ²Ö ¢ ±µ´É·µ²Ó´µ° ÉµÎ±¥ ´  ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨±  ¸ ¢´ÊÉ·¥´´¥° ¸Éµ·µ´Ò É·Ê¡±¨.
�µ¸²¥ ¶·¥µ¡· §µ¢ ´¨° ¸¨¸É¥³  § ¶¨Ï¥É¸Ö ± ±∑

k

(1 − ε)E(Q) −
∑

k

εE(gout) −
∑

k

εE(fout) +
∑

k

E(gin) +
∑

k

E(fin) = 0 (2.2)

¢´¥ § ¢¨¸¨³µ¸É¨ ¥¸ÉÓ § §µ· ¨²¨ ¥£µ ´¥É ³¥¦¤Ê ¶·µ¢µ¤´¨±µ³ ¨ ¤¨Ô²¥±É·¨±µ³.
3) ‘¨¸É¥³  Ê· ¢´¥´¨° (2.3) µ¶·¥¤¥²Ö¥É Ê¸²µ¢¨Ö ³¥¦¤Ê ´µ·³ ²Ó´Ò³¨ ±µ³¶µ´¥´É ³¨

¶µ²Ö ¢ ±µ´É·µ²Ó´µ° ÉµÎ±¥ ´  £· ´¨Í¥ ¢ ±ÊÊ³Ä¤¨Ô²¥±É·¨± ¸ ¢´¥Ï´¥° ¸Éµ·µ´Ò É·Ê¡±¨
¤¨Ô²¥±É·¨± :∑

k

(1 − ε)E′(Q) −
∑

k

εE′(gout) −
∑

k

εE′(fout) +
∑

k

E′(gin) +
∑

k

E′(fin) = 0. (2.3)

4) ‘¨¸É¥³Ò Ê· ¢´¥´¨° (2.4) ¨ (2.5) ¸²¥¤ÊÕÉ ¨§ ´¥¶·¥·Ò¢´µ¸É¨ ¶µÉ¥´Í¨ ²  ¢ ± ¦¤µ°
±µ´É·µ²Ó´µ° ÉµÎ±¥ ¶·¨ ¶¥·¥Ìµ¤¥ Î¥·¥§ £· ´¨ÍÒ · §¤¥²  ¸·¥¤:

Uin =
∑

k

uk(gout) =
∑

k

uk(gin), (2.4)

Uout =
∑

k

uk(fout) =
∑

k

uk(fin). (2.5)

‡¤¥¸Ó
∑

k uk(gout),
∑

k uk(gin) ¨
∑

k uk(fout),
∑

k uk(fin) Å ¶µÉ¥´Í¨ ²Ò ¢ ±µ´É·µ²Ó´ÒÌ
ÉµÎ± Ì ´  ¢´ÊÉ·¥´´¥° ¨ ¢´¥Ï´¥° ¶µ¢¥·Ì´µ¸ÉÖÌ ¤¨Ô²¥±É·¨± , ¸µ§¤ ¢ ¥³Ò¥ ¢¸¶µ³µ£ É¥²Ó-
´Ò³¨ § ·Ö¤ ³¨, ´ Ìµ¤ÖÐ¨³¨¸Ö Éµ²Ó±µ µ±µ²µ ¸¢µ¥° ¶µ¢¥·Ì´µ¸É¨. �µÉ¥´Í¨ ²Ò µÉ µ¸É ²Ó-
´ÒÌ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ¢Ìµ¤ÖÉ µ¤´¨³ ¨ É¥³ ¦¥ µ¡· §µ³ ¨ ¢ ²¥¢Ò¥, ¨ ¢ ¶· ¢Ò¥
Î ¸É¨ Ê· ¢´¥´¨° (2.4) ¨ (2.5), µ´¨ ¶·µ¸Éµ ¸µ±· Ð ÕÉ¸Ö.

2.3. �·µ¢µ¤´¨± ¢´ÊÉ·¨ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¨, ¢¶²µÉ´ÊÕ ¶·¨³Ò± ÕÐ¥° ± ¶·µ-
¢µ¤´¨±Ê. �¥Ï¥´¨¥ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ Ê· ¢´¥´¨° ¨ ´ Ìµ¦¤¥´¨¥ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢
¤ ¥É ¢µ§³µ¦´µ¸ÉÓ µ¶·¥¤¥²¨ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶µ²¥° ¢ ¶·µ¸É· ´¸É¢¥, ´ ¶·¨³¥·, ¶µ¸É·µ¨ÉÓ
· ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸ .

�·¨ µ¶·¥¤¥²¥´¨¨ ¢¥²¨Î¨´ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ¤²Ö ¸²ÊÎ Ö ®¶·µ¢µ¤´¨± ¢ ¢ ±ÊÊ-
³¥¯ ¨¸¶µ²Ó§µ¢ ²¨¸Ó Éµ²Ó±µ Ê· ¢´¥´¨Ö ¸¨¸É¥³Ò (2.1), ¢ ¶·¥´¥¡·¥¦¥´¨¨ ¢¸¥³¨ Î²¥´ ³¨,
¸µ¤¥·¦ Ð¨³¨ § ·Ö¤Ò £·Ê¶¶ g ¨ f :

∑
k u(Q) = −1000 ‚.

„²Ö ¶·µ¢µ¤´¨±a ¢ ¤¨Ô²¥±É·¨±¥, § ¶µ²´ÖÕÐ¥³ ¢¸¥ ¶·µ¸É· ´¸É¢µ, ¶·¨³¥´Ö²¨¸Ó Ê· ¢´¥-
´¨Ö (2.1) ¨ (2.2), ¢ ±µÉµ·ÒÌ µ¶Ê¸± ÕÉ¸Ö ¢¸¥ Î²¥´Ò, ¸µ¤¥·¦ Ð¨¥ § ·Ö¤Ò £·Ê¶¶Ò f ,   É ±¦¥
Ê· ¢´¥´¨Ö (2.4).

�·¨ ·¥Ï¥´¨¨ § ¤ Î¨ ®¶·µ¢µ¤´¨± ¢ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¥¯ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶µ²´µ¸ÉÓÕ
¸¨¸É¥³Ò (2.1)Ä(2.5).

� ¸¸³µÉ·¨³ ·¥§Ê²ÓÉ ÉÒ ·¥Ï¥´¨Ö § ¤ Î¨ ®¶·µ¢µ¤´¨± ¢ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¥, ¢¶²µÉ-
´ÊÕ ¶·¨³Ò± ÕÐ¥° ± ¶·µ¢µ¤´¨±Ê¯. ‚ ¶·µÍ¥¸¸¥ ·¥Ï¥´¨Ö Ê± § ´´µ° ¸¨¸É¥³Ò Ê· ¢´¥´¨°
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ´ ¶·Ö¦¥´´µ¸É¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸  Í¨²¨´¤·¨Î¥¸±µ£µ ¶·µ-

¢µ¤´¨± : 1 Å · ¸¶·¥¤¥²¥´¨¥ ¤²Ö ¶·µ¢µ¤´¨± , ´ Ìµ¤ÖÐ¥£µ¸Ö ¢ ¢ ±ÊÊ³¥ ¨²¨ ¢ ¤¨Ô²¥±É·¨±¥, § ¶µ²´Ö-

ÕÐ¥³ ¢¸¥ ¶·µ¸É· ´¸É¢µ; 2 ¨ 3 Å · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¸²ÊÎ Ö ¶·µ¢µ¤´¨±  ¢ µ±·Ê¦¥´¨¨ ¤¨Ô²¥±É·¨± 
¸ ¢´¥Ï´¨³ · ¤¨Ê¸µ³ 2 ³³ ¨ µÉ´µ¸¨É¥²Ó´µ° ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸ÉÓÕ ε = 4 ¨ ε = 8

¸µµÉ¢¥É¸É¢¥´´o

�¨¸. 3. � ¸¶·¥¤¥²¥´¨Ö ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸  ¸¨¸É¥³Ò ¤²Ö ¤¨Ô²¥±É·¨±  ¸ Éµ²Ð¨´µ° ¸²µÖ 1 ³³ (±·¨¢ Ö
2) ¨ 2 ³³ (±·¨¢ Ö 3). Š·¨¢ Ö 1 ¨§µ¡· ¦ ¥É ¶µ¢¥¤¥´¨¥ ¶µ²Ö ¶·µ¢µ¤´¨±  ¢ ¢ ±ÊÊ³¥

¶µ²ÊÎ¥´Ò ¢¸¥ ¢¸¶µ³µ£ É¥²Ó´Ò¥ § ·Ö¤Ò ¶·µ¢µ¤´¨±  ¨ ¤¨Ô²¥±É·¨± . „²Ö ¢ÒÎ¨¸²¥´¨Ö ¢¥²¨-
Î¨´Ò Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ ¶·µ¨§¢µ²Ó´µ° ÉµÎ±¥ ¢´ÊÉ·¨ ¤¨Ô²¥±É·¨±  ´¥µ¡Ìµ¤¨³µ ¶·µ¨§-
¢¥¸É¨ ¸Ê³³¨·µ¢ ´¨¥ ¢ÒÎ¨¸²Ö¥³ÒÌ §´ Î¥´¨° ¶µ²Ö µÉ ± ¦¤µ£µ ¢¸¶µ³µ£ É¥²Ó´µ£µ ²¨´¥°´µ£µ
§ ·Ö¤  ¶·µ¢µ¤´¨±  ¨ ± ¦¤µ£µ ¢´¥Ï´¥£µ ²¨´¥°´µ£µ § ·Ö¤  ¤¨Ô²¥±É·¨± . �·¨ ¢ÒÎ¨¸²¥´¨¨
¶µ²Ö ¢´¥ ¤¨Ô²¥±É·¨±  ¢´¥Ï´¨¥ ¢¸¶µ³µ£ É¥²Ó´Ò¥ § ·Ö¤Ò § ³¥´ÖÕÉ¸Ö ´  ¢´ÊÉ·¥´´¨¥. ‚Ò-
Î¨¸²¥´¨¥  ¡¸µ²ÕÉ´µ£µ §´ Î¥´¨Ö ¶µ²Ö, ¸µ§¤ ¢ ¥³µ£µ ²Õ¡Ò³ ²¨´¥°´Ò³ § ·Ö¤µ³, ¶·µ¨§¢µ-
¤¨É¸Ö ¶µ Ëµ·³Ê²¥ e(r) = λ/r, £¤¥ λ Å ²¨´¥°´ Ö ¶²µÉ´µ¸ÉÓ § ·Ö¤ . ‘Ê³³¨·µ¢ ´¨¥ ¢¥¤¥É¸Ö
¸ ÊÎ¥Éµ³ Éµ£µ, ÎÉµ ³Ò ¨³¥¥³ ¤¥²µ ¸ ¢¥±Éµ·µ³ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö.

�·¨ ¶µ£·Ê¦¥´¨¨ ¶·µ¢µ¤´¨±  ¢ ¤¨Ô²¥±É·¨±, § ¶µ²´ÖÕÐ¨° ¢¸¥ µ±·Ê¦ ÕÐ¥¥ ¶·µ¸É· ´-
¸É¢µ, ¨ ¶µ¸ÉµÖ´´µ³ ¶µÉ¥´Í¨ ²¥ ´  ¶·µ¢µ¤´¨±¥ ¶µ¢¥·Ì´µ¸É´ Ö ¶²µÉ´µ¸ÉÓ ¥£µ § ·Ö¤µ¢
¢µ§· ¸É¥É ¢ ε · §. �´  ¸É ´µ¢¨É¸Ö · ¢´µ° σ′′ = εσ. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢Ò· ¦¥´¨¥³ (1.2)
¶µ¢¥·Ì´µ¸É´ Ö ¶²µÉ´µ¸ÉÓ ¸¢Ö§ ´´ÒÌ § ·Ö¤µ¢ σ′ = −σ′′(ε−1)/ε, Éµ£¤  σ′ = −εσ(ε−1)/ε.
�±µ´Î É¥²Ó´µ ¶µ²ÊÎ¨³ σ′ = −σ(ε − 1).

�µ¢¥·Ì´µ¸É´ Ö ¶²µÉ´µ¸ÉÓ § ·Ö¤µ¢, ¸µ§¤ ÕÐ¨Ì Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥, Ö¢²Ö¥É¸Ö ¸Ê³³µ°
¶µ¢¥·Ì´µ¸É´ÒÌ ¶²µÉ´µ¸É¥° ¸Éµ·µ´´¨Ì ¨ ¸¢Ö§ ´´ÒÌ § ·Ö¤µ¢: εσ + σ′ = εσ− σ(ε− 1) = σ.
�·¨ ¶µ£·Ê¦¥´¨¨ ¶·µ¢µ¤´¨±  ¢ ¤¨Ô²¥±É·¨±, § ¶µ²´ÖÕÐ¨° ¢¸¥ ¶·µ¸É· ´¸É¢µ, § ¢¨¸¨³µ¸ÉÓ
´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö µÉ · ¤¨Ê¸  ¸µ¢¶ ¤ ¥É ¸ § ¢¨¸¨³µ¸ÉÓÕ ¶µ²Ö ¶·µ¢µ¤´¨±  ¢ ¢ ±ÊÊ³¥.
�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸ . �¡Ð Ö ±·¨¢ Ö 1
¨§µ¡· ¦ ¥É ¶µ¢¥¤¥´¨¥ ¶µ²Ö ¶·µ¢µ¤´¨±  ± ± ¢ ¢ ±ÊÊ³¥, É ± ¨ ¢ ¤¨Ô²¥±É·¨±¥, § ¶µ²´ÖÕÐ¥³
¢¸¥ ¶·µ¸É· ´¸É¢µ. �ÉµÉ Ë ±É Ö¢²Ö¥É¸Ö ¶µ¤É¢¥·¦¤¥´¨¥³ ¸¶· ¢¥¤²¨¢µ¸É¨ ³ É¥³ É¨Î¥¸±µ°
³µ¤¥²¨, É. ¥. ¶· ¢¨²Ó´µ¸É¨ ¢Ò¡· ´´µ° ¸¨¸É¥³Ò Ê· ¢´¥´¨°.

Š·¨¢Ò¥ 2 ¨ 3 ¶·¥¤¸É ¢²ÖÕÉ § ¢¨¸¨³µ¸ÉÓ ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸  ¤²Ö § ¤ Î¨ ®¶·µ¢µ¤´¨±
¢ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¥¯ ¸ Éµ²Ð¨´µ° ¸É¥´±¨ ¢ 1 ³³. Š·¨¢ Ö 2 ¸µµÉ¢¥É¸É¢Ê¥É § ¢¨¸¨-
³µ¸É¨ ¤²Ö ¸²ÊÎ Ö ε = 4,   ±·¨¢ Ö 3 ¸µµÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ, ±µ£¤  ε = 8. � ¸Î¥É ±·¨¢ÒÌ
¢Ò¶µ²´¥´ ¤²Ö ¶µ¸ÉµÖ´´µ£µ §´ Î¥´¨Ö ¶µÉ¥´Í¨ ²  ¶·µ¢µ¤´¨±  (−1000 ‚). �·¨´ÖÉµ¥ ¶·¨
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·¥Ï¥´¨¨ ¶µ¸ÉµÖ´¸É¢µ ¶µÉ¥´Í¨ ²  ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¶²µÉ´µ¸É¨ ¸Éµ·µ´´¨Ì § ·Ö¤µ¢
¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ¤´¨±  ¢ 1,0885 ¨ ¢ 1,0714 · §  ¤²Ö ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨
¸µµÉ¢¥É¸É¢¥´´µ ε = 8 ¨ ε = 4. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¤¨Ô²¥±É·¨±  ¸
Éµ²Ð¨´µ° ¸²µÖ ¢ 1 ³³ (±·¨¢ Ö 2) ¨ 2 ³³ (±·¨¢ Ö 3). Š·¨¢ Ö 1 ¨§µ¡· ¦ ¥É ¶µ¢¥¤¥´¨¥
¶µ²Ö ¶·µ¢µ¤´¨±  ¢ ¢ ±ÊÊ³¥.

‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ³ É¥³ É¨Î¥¸±µ° ³µ¤¥²ÓÕ ¢¸¶µ³µ£ É¥²Ó´Ò¥ § ·Ö¤Ò ¶·µ¢µ¤´¨±  Q ¨
¢´¥Ï´¨¥ ¢¸¶µ³µ£ É¥²Ó´Ò¥ § ·Ö¤Ò gout · §³¥Ð¥´Ò ¢ µ¤´¨Ì ¨ É¥Ì ¦¥ ³¥¸É Ì (·¨¸. 1). �·¨
É ±µ³ · §³¥Ð¥´¨¨ § ·Ö¤µ¢ ¨Ì ¢¥²¨Î¨´Ò ¤µ²¦´Ò ¶µ¤Î¨´ÖÉÓ¸Ö ¸µµÉ´µÏ¥´¨Õ (1,5)σ′ =
−σ(ε − 1)/ε. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ε = 4 ¶µ²ÊÎ ¥³ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê ¢¸¶µ³µ£ É¥²Ó´Ò³¨
§ ·Ö¤ ³¨ gout/Q = −3/4. �¥§Ê²ÓÉ É ´ °¤¥´´ÒÌ ·¥Ï¥´¨° ¢ µÉ´µ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì:

(−3/4)Q = 2,171452 ¨ gout = 2,171446.

�µ É¥µ·¨¨ ¸¢Ö§ ´´Ò¥ § ·Ö¤Ò ´  ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨±  Qin ¨ ¸¢Ö§ ´´Ò¥
§ ·Ö¤Ò Qout ´  ¢´¥Ï´¥° ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨Î¥¸±µ£µ ¸²µÖ · ¢´Ò ¶µ  ¡¸µ²ÕÉ´µ° ¢¥-
²¨Î¨´¥ ¨ ¶·µÉ¨¢µ¶µ²µ¦´Ò ¶µ §´ ±Ê:

Qin = −Qout. (2.6)

‘¢Ö§ ´´Ò¥ § ·Ö¤Ò Qin ¨ Qout ¶µ²ÊÎ ÕÉ¸Ö ¸Ê³³¨·µ¢ ´¨¥³ (¨´É¥£·¨·µ¢ ´¨¥³) ¢¸¥Ì
§ ·Ö¤µ¢ · ¸¸³ É·¨¢ ¥³µ° ¶µ¢¥·Ì´µ¸É¨. ‘µµÉ´µÏ¥´¨¥ Ö¢²Ö¥É¸Ö ¸É·µ£¨³. ‘ µ¶·¥¤¥²¥´´µ°
¸É¥¶¥´ÓÕ ¶·¨¡²¨¦¥´¨Ö µ´µ ¤µ²¦´µ ¢Ò¶µ²´ÖÉÓ¸Ö ¨ ¢ µÉ´µÏ¥´¨¨ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö-
¤µ¢, ´ Ìµ¤ÖÐ¨Ì¸Ö ´  µ¤´µ³ · ¤¨Ê¸¥. ‚ ·¥§Ê²ÓÉ É¥ ·¥Ï¥´¨Ö ¨³¥¥³ ¡²¨§±¨¥ ·¥§Ê²ÓÉ ÉÒ:

(gin + gout)/2 = 2,190 ¨ (fin + fout)/2 = −2, 230.

2.4. �·µ¢µ¤´¨± ¢´ÊÉ·¨ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¨ ¸ § §µ·µ³ ³¥¦¤Ê ´¨³¨. ‚ ´ Ï¨Ì
· ¡µÉ Ì [2, 3] µ¡µ¸´µ¢ ´ ¨ ¶·µ¢¥·¥´ ¸¶µ¸µ¡ ·¥Ï¥´¨Ö ±· ¥¢ÒÌ § ¤ Î Ô²¥±É·µ¸É É¨±¨ Å
¤¨Ô²¥±É·¨± ¢ ¶µ²¥ § ·Ö¦¥´´ÒÌ ¶·µ¢µ¤´¨±µ¢. �µÔÉµ³Ê ¤²Ö ¶·µ¢¥·±¨ ¶· ¢¨²Ó´µ¸É¨ ¢Ò¡µ· 
¸¨¸É¥³ Ê· ¢´¥´¨° ·¥Ï¥´  § ¤ Î  ®É·Ê¡Î ÉÒ° ¤¨Ô²¥±É·¨± ¢ ¶µ²¥ ¶·µ¢µ¤´¨± ¯, ¨²¨ ¨´Ò³¨
¸²µ¢ ³¨ Å ®¶·µ¢µ¤´¨± ¢´ÊÉ·¨ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¨ ¸ § §µ·µ³ ³¥¦¤Ê ´¨³¨¯. �·¨ ·¥-
Ï¥´¨¨ § ¤ Î¨ ®¶·µ¢µ¤´¨± ¢ ¤¨Ô²¥±É·¨Î¥¸±µ° É·Ê¡±¥ ¸ § §µ·µ³¯ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶µ²´µ¸ÉÓÕ
¸¨¸É¥³Ò (2.1)Ä(2.5).

�¨¸. 4 ¶·¥¤¸É ¢²Ö¥É · ¸¶·¥¤¥²¥´¨Ö ¶µ²¥° ¤²Ö ¸²ÊÎ Ö § §µ·  ³¥¦¤Ê ¶·µ¢µ¤´¨±µ³ ¨
¤¨Ô²¥±É·¨±µ³ ¢¥²¨Î¨´µ° 0,1 ³³ ¶·¨ Éµ²Ð¨´¥ ¸É¥´±¨ É·Ê¡±¨ ¤¨Ô²¥±É·¨±  1 ¨ 2 ³³.

�  ·¨¸. 5 ¶µ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ¶µ²¥° ¤²Ö ¸²ÊÎ Ö ¢¥²¨Î¨´Ò § §µ·  ³¥¦¤Ê ¶·µ¢µ¤-
´¨±µ³ ¨ ¤¨Ô²¥±É·¨±µ³, · ¢´µ£µ 0,5 ³³ ¶·¨ Éµ²Ð¨´¥ ¸É¥´±¨ É·Ê¡±¨ ¤¨Ô²¥±É·¨±  1 ³³.

�¥·¥°¤¥³ ± ¸²ÊÎ Õ, ±µ£¤  ¢¥²¨Î¨´  § §µ·a · ¢´  0,01 ³³. � ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¢¤µ²Ó
· ¤¨Ê¸  ¤²Ö É ±µ£µ § §µ·  ¤µ²¦´µ ¡ÒÉÓ ¡²¨§±¨³ ± · ¸¶·¥¤¥²¥´¨Õ ¶µ²Ö ¢ ¸²ÊÎ ¥ µÉ-
¸ÊÉ¸É¢¨Ö § §µ· . �  ·¨¸. 6, a ¶µ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ¶µ²¥° ¤²Ö É·Ê¡±¨ ¤¨Ô²¥±É·¨±  ¸
Éµ²Ð¨´µ° ¸É¥´±¨ 1 ³³. Š·¨¢ Ö 1, ± ± ¨ · ´¥¥, ¸µµÉ¢¥É¸É¢Ê¥É ¶µ²Õ ¶·µ¢µ¤´¨±  ¢ ¢ ±Ê-
Ê³¥. �µ²¥ ¢ ¤¨Ô²¥±É·¨±¥ ¡¥§ § §µ·  ¨ ¸ § §µ·µ³ µ¶¨¸Ò¢ ¥É¸Ö ±·¨¢µ° 2. ‚ Ê¢¥²¨Î¥´´µ³
³ ¸ÏÉ ¡¥ ´  ·¨¸. 6, ¡ ¶µ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ¶µ²Ö ¸ § §µ·µ³ ¨ ¡¥§ ´¥£µ ¢¡²¨§¨ ¶µ-
¢¥·Ì´µ¸É¨ ¶·µ¢µ²µÎ±¨. „²Ö ¸²ÊÎ Ö µÉ¸ÊÉ¸É¢¨Ö § §µ·  · ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ´ Î¨´ ¥É¸Ö ´ 
¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ¤´¨±  (R = 1 ³³). ‚ ¸²ÊÎ ¥ § §µ· , · ¢´µ£µ 0,01 ³³, ¢¥·É¨± ²Ó´ Ö ²¨-
´¨Ö ¶·¨ R = 1, 01 ³³ ¸µµÉ¢¥É¸É¢Ê¥É £· ´¨Í¥ ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨±  ¨ Ì · ±É¥·¨§Ê¥É
¸± Îo± ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö ´  £· ´¨Í¥ ¢ ±ÊÊ³Ä¤¨Ô²¥±É·¨±.
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�¨¸. 4. � ¸¶·¥¤¥²¥´¨Ö ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸  ¸¨¸É¥³Ò ¤²Ö ¸²ÊÎ Ö µ±·Ê¦¥´¨Ö ¶·µ¢µ¤´¨±  É·Ê¡±µ°
¤¨Ô²¥±É·¨±  ¸ § §µ·µ³ 0,1 ³³. Š·¨¢ Ö 1 ¸µµÉ¢¥É¸É¢Ê¥É ¸²µÕ ¤¨Ô²¥±É·¨±  Éµ²Ð¨´µ° 1 ³³, ±·¨¢ Ö

2 Å Éµ²Ð¨´µ° 2 ³³

�¨¸. 5. � ¸¶·¥¤¥²¥´¨Ö ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸  ¤²Ö ¸²ÊÎ Ö µ±·Ê¦¥´¨Ö ¶·µ¢µ¤´¨±  É·Ê¡±µ° ¤¨Ô²¥±É·¨± 

¸ § §µ·µ³ 0,5 ³³

�· ±É¨Î¥¸±¨ ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥ · ¸¶·¥¤¥²¥´¨Ö ¶µ²¥° ¶µ²´µ¸ÉÓÕ ¸µ¢¶ ¤ ÕÉ. �·¨
R = 1,5 ³³ ¶µ²Ö ¸µµÉ¢¥É¸É¢¥´´µ · ¢´Ò 0,255614 ¨ 0,255615 ±‚/¸³. � §´¨Í  ¶·¨ ¤·Ê£¨Ì
§´ Î¥´¨ÖÌ R ´¥ ¶·¥¢ÒÏ ¥É ¢¥²¨Î¨´Ò ´¥¸±µ²Ó±¨Ì ¥¤¨´¨Í ¢ Ï¥¸Éµ³ §´ ±¥ ¶µ¸²¥ § ¶ÖÉµ°.

�¨¸Ê´µ± ¨²²Õ¸É·¨·Ê¥É ¶· ¢¨²Ó´µ¸ÉÓ ·¥Ï¥´¨Ö ¶µ¸É ¢²¥´´ÒÌ § ¤ Î ´  µ¸´µ¢¥ ³ É¥³ -
É¨Î¥¸±µ° ³µ¤¥²¨ ´ Ìµ¦¤¥´¨Ö ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢, ¶·¥¤¸É ¢²¥´´µ° ¸¨¸É¥³µ° Ê· ¢-
´¥´¨° (2.1)Ä(2.5). �·¨ µ¶·¥¤¥²¥´¨¨ ¢¥²¨Î¨´ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ¤²Ö ¸²ÊÎ Ö ®¶·µ-
¢µ¤´¨± ¢ ¢ ±ÊÊ³¥¯ ¨¸¶µ²Ó§µ¢ ²¨¸Ó Éµ²Ó±µ Ê· ¢´¥´¨Ö ¸¨¸É¥³Ò (2.1), ¸ µ¶Ê¸± ´¨¥³ ¢¸¥Ì
Î²¥´µ¢, ¸µ¤¥·¦ Ð¨Ì § ·Ö¤Ò £·Ê¶¶ g ¨ f :

∑
k u(Q) = −1000 ‚.

�¥Ï¨¢ ¸¨¸É¥³Ê Ê· ¢´¥´¨° (2.1)Ä(2.5) ¶·¨ ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨ ε = 1,
¶µ²ÊÎ¨³ ·¥Ï¥´¨¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ · §³¥Ð¥´¨Õ ¶·µ¢µ¤´¨±  ¢ ¢ ±ÊÊ³¥. �µ²ÊÎ¥´´Ò¥ ¢

�¨¸. 6. ”· £³¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¸ § §µ·µ³ ³¥¦¤Ê ¶·µ¢µ¤´¨±µ³ ¨ ¤¨Ô²¥±-

É·¨±µ³. a) K·¨¢ Ö 1 ¸µµÉ¢¥É¸É¢Ê¥É ¶µ²Õ ¶·µ¢µ¤´¨±  ¢ ¢ ±ÊÊ³¥, ¶µ²¥ ¢ ¤¨Ô²¥±É·¨±¥ ¡¥§ § §µ· 

µ¶¨¸Ò¢ ¥É¸Ö ±·¨¢µ° 2. � ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ ¸²ÊÎ ¥ § §µ·  0,01 ³³ Ë ±É¨Î¥¸±¨
¸µ¢¶ ¤ ¥É ¸ · ¸¶·¥¤¥²¥´¨¥³, µ¶¨¸Ò¢ ¥³Ò³ ±·¨¢µ° 2, µ´µ ²¨ÏÓ ¸¤¢¨´ÊÉµ ´  ¢¥²¨Î¨´Ê § §µ·  ¢¶· ¢µ.

¡) � Î ²Ó´Ò° ÊÎ ¸Éµ± · ¸¶·¥¤¥²¥´¨Ö ¢ Ê¢¥²¨Î¥´´µ³ ³ ¸ÏÉ ¡¥. � ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¢ ¤¨Ô²¥±É·¨±¥
¨ ¢´¥ ¤¨Ô²¥±É·¨±  ¢ ¸²ÊÎ ¥ c § §µ·µ³ 0,01 ³³ ¡²¨§±µ ± · ¸¶·¥¤¥²¥´¨Õ ¶µ²Ö ¶·¨ µÉ¸ÊÉ¸É¢¨¨ § §µ· 
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ÔÉ¨Ì ¤¢ÊÌ ¸²ÊÎ ÖÌ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó · ¤¨Ê¸  ¸µ¢¶ ¤ ÕÉ ³¥¦¤Ê
¸µ¡µ° ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ. � §´¨Í  ´¥ ¶·¥¢ÒÏ ¥É µ¤´µ° ¥¤¨´¨ÍÒ ¢ ¤¢¥´ ¤Í Éµ³ §´ ±¥
¶µ¸²¥ § ¶ÖÉµ°.

�¨¸. 6 ¨ ¢ÒÎ¨¸²¥´¨Ö ¸ § ³¥´µ° ¤¨Ô²¥±É·¨Î¥¸±µ° ¶·µ´¨Í ¥³µ¸É¨ ¨²²Õ¸É·¨·ÊÕÉ ¶· -
¢¨²Ó´µ¸ÉÓ ·¥Ï¥´¨Ö ¶µ¸É ¢²¥´´ÒÌ § ¤ Î ´  µ¸´µ¢¥ ³ É¥³ É¨Î¥¸±µ° ³µ¤¥²¨ ´ Ìµ¦¤¥´¨Ö
¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢, ¶·¥¤¸É ¢²¥´´µ° ¸¨¸É¥³µ° Ê· ¢´¥´¨° (2.1)Ä(2.5).

3. ‘��‘�� ��•�†„…�ˆŸ ��’…�–ˆ�‹�‚
‚ ��ˆ‘“’‘’‚ˆˆ „ˆ�‹…Š’�ˆŠ�

� §· ¡µÉ ´´Ò° ³¥Éµ¤ ¢ÒÎ¨¸²¥´¨Ö ¢¥²¨Î¨´ Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥° ¶µ ´ °¤¥´´µ° ¸¨-
¸É¥³¥ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ´¥ ¶·¨³¥´¨³ ± ¢ÒÎ¨¸²¥´¨Õ ¶µÉ¥´Í¨ ²µ¢. ‚ÒÎ¨¸²¥´¨¥
¶µÉ¥´Í¨ ²  ¢ ÉµÎ±¥ ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨±  ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢´¥Ï´¨Ì ¢¸¶µ³µ£ É¥²Ó-
´ÒÌ § ·Ö¤µ¢ ¤¨Ô²¥±É·¨±  ¨ ¢ Éµ° ¦¥ ÉµÎ±¥ ¶µ¢¥·Ì´µ¸É¨ ¸ ¶·¨³¥´¥´¨¥³ ¢´ÊÉ·¥´´¨Ì ¢¸¶µ-
³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ¶·¨¢µ¤¨É ± · §·Ò¢Ê ¶µÉ¥´Í¨ ²  ´  £· ´¨Í¥ ¶·µ¢µ¤´¨±Ä¤¨Ô²¥±É·¨±.
�µ²ÊÎ¨ÉÓ ¢¶µ²´¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò° ·¥§Ê²ÓÉ É ¢µ§³µ¦´µ ¸²¥¤ÊÕÐ¨³ ¸¶µ¸µ¡µ³. ˆ¸¶µ²Ó-
§Ê¥É¸Ö ¸¨¸É¥³  Ê· ¢´¥´¨° (2.1) ¡¥§ ¶· ¢µ° Î ¸É¨, É. ¥. ¡¥·¥É¸Ö ¶µ²Ê¸Ê³³  ¢´¥Ï´¥£µ ¨ ¢´Ê-
É·¥´´¥£µ ¢¸¶µ³µ£ É¥²Ó´µ£µ § ·Ö¤  ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨± . ‚ ± Î¥¸É¢¥ ³¥¸É  · §³¥Ð¥-
´¨Ö ÔÉµ£µ ´µ¢µ£µ ¢¸¶µ³µ£ É¥²Ó´µ£µ § ·Ö¤  ¡¥·¥É¸Ö ±µ´É·µ²Ó´ Ö ÉµÎ± , ¸µµÉ¢¥É¸É¢ÊÕÐ Ö
¢§ÖÉÒ³ ¢¸¶µ³µ£ É¥²Ó´Ò³ § ·Ö¤ ³. �É  ¶·µÍ¥¤Ê·  ¶·¨³¥´Ö¥É¸Ö ±µ ¢¸¥³ ¢¸¶µ³µ£ É¥²Ó´Ò³
§ ·Ö¤ ³ ¤¨Ô²¥±É·¨± .

‚ ÔÉµ³ ¸²ÊÎ ¥ ¶µ²ÊÎ ¥³ ¤¢  ´ ¡µ·  ´µ¢ÒÌ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢, · §³¥Ð¥´´ÒÌ
¶µ ±µ´É·µ²Ó´Ò³ ÉµÎ± ³ ¢´ÊÉ·¥´´¥° ¨ ¢´¥Ï´¥° ¶µ¢¥·Ì´µ¸É¥° ¤¨Ô²¥±É·¨± . Š·µ³¥ ÔÉ¨Ì
§ ·Ö¤µ¢, ¢ ´ Ï¥³ · ¸¶µ·Ö¦¥´¨¨ ¨³¥¥É¸Ö É·¥É¨° ´ ¡µ·. �Éµ ¢¸¶µ³µ£ É¥²Ó´Ò¥ § ·Ö¤Ò
¶·µ¢µ¤´¨± . ˆ¸¶µ²Ó§ÊÖ É·¨ ¸¨¸É¥³Ò ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢, · ¸¸Î¨ÉÒ¢ ¥³ ¶µÉ¥´Í¨ ² ¢
²Õ¡µ° ¶·µ¨§¢µ²Ó´µ° ÉµÎ±¥ ¤¨Ô²¥±É·¨± , ±·µ³¥ ±µ´É·µ²Ó´ÒÌ ÉµÎ¥±, ¢ ±µÉµ·ÒÌ · §³¥Ð¥´Ò
§ ·Ö¤Ò.

‚ ±µ´É·µ²Ó´ÒÌ ÉµÎ± Ì ´  ¶µ¢¥·Ì´µ¸É¨ ¤¨Ô²¥±É·¨±  ¢ÒÎ¨¸²¥´¨¥ ¶µÉ¥´Í¨ ²  µ¸´µ¢ ´µ
´  ¸µµÉ´µÏ¥´¨ÖÌ (2.4) ¨ (2.5). ‚³¥¸Éµ ¶µ²Ê¸Ê³³ ¢¸¶µ³µ£ É¥²Ó´ÒÌ ¢´ÊÉ·¥´´¨Ì ¨ ¢´¥Ï´¨Ì
§ ·Ö¤µ¢ ¡¥·ÊÉ¸Ö Éµ²Ó±µ ¢¸¶µ³µ£ É¥²Ó´Ò¥ ¢´¥Ï´¨¥ ¨²¨ ¢´ÊÉ·¥´´¨¥ § ·Ö¤Ò ¤¨Ô²¥±É·¨± .

�  ·¨¸. 7 ±·¨¢µ° 1 ¶µ± § ´µ · ¸¶·¥¤¥²¥´¨¥ ¶µÉ¥´Í¨ ²  ¢¤µ²Ó · ¤¨Ê¸  ¤²Ö ¸¨¸É¥³Ò,
¸µ¸ÉµÖÐ¥° Éµ²Ó±µ ¨§ µ¤´µ£µ ¶·µ¢µ¤´¨± . Š·¨¢µ° 2 Éµ£µ ¦¥ ·¨¸Ê´±  ¶µ± § ´µ · ¸¶·¥-
¤¥²¥´¨¥ ¶µÉ¥´Í¨ ²  ¢¤µ²Ó · ¤¨Ê¸  ¤²Ö ¸¨¸É¥³Ò ¢ ±ÊÊ³Ä¤¨Ô²¥±É·¨±Ä¢ ±ÊÊ³. ‚¥²¨Î¨´ 

�¨¸. 7. �µÉ¥´Í¨ ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¤µ²Ó · ¤¨Ê¸ 

¸¨¸É¥³Ò ¤²Ö ¸²ÊÎ Ö µ±·Ê¦¥´¨Ö ¶·µ¢µ¤´¨±  É·Ê¡±µ°
¤¨Ô²¥±É·¨±  ¸ § §µ·µ³ 0,5 ³³ (ε = 4). Š·¨¢ Ö 1
¸µµÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ ¶µÉ¥´Í¨ ²  ¶·µ¢µ¤´¨±  ¢ ¢ -

±ÊÊ³¥. Š·¨¢ Ö 2 ¸µµÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ, ±µ£¤  ¸²µ°
¤¨Ô²¥±É·¨±  · ¢¥´ 1 ³³
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¢ ±ÊÊ³´µ£µ § §µ·  · ¢´  0,5 ³³, Éµ²Ð¨´  ¸²µÖ ¤¨Ô²¥±É·¨±  ¸µ¸É ¢²Ö¥É 1 ³³. �·¨ ·¥-
Ï¥´¨¨ § ¤ Î¨ ¢¤µ²Ó ± ¦¤µ° ¨§ ¶µ¢¥·Ì´µ¸É¥° ¤¨Ô²¥±É·¨±  ¨ ¶·µ¢µ¤´¨±  ¨¸¶µ²Ó§µ¢ ²µ¸Ó
¶µ 100 ¨ ¶µ 200 ²¨´¥°´ÒÌ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢. �  ·¨¸Ê´±¥ ¶·¥¤¸É ¢²¥´ ¶µ¸²¥¤´¨°
¸²ÊÎ °. �´ ¤ ¥É ¡µ²¥¥ ÉµÎ´µ¥ ·¥Ï¥´¨¥ ¤²Ö ¶µÉ¥´Í¨ ²µ¢. ’µÎ±¨ ¶·¨ R = 3 ¨ R = 4 ³³
¸µµÉ¢¥É¸É¢ÊÕÉ ·¥§Ê²ÓÉ É ³ · ¸Î¥É  ¶µ Ëµ·³Ê² ³ ±² ¸¸¨Î¥¸±µ° Ô²¥±É·µ¸É É¨±¨ [7].

4. �…Š�’��›… �…‡“‹œ’�’› Œ�„…‹ˆ��‚��ˆŸ
„…’…Š’��� ZEPLIN III

„²Ö ¶· ±É¨Î¥¸±µ£µ ¶·¨³¥´¥´¨Ö ³¥Éµ¤  ¡Ò²µ ¢Ò¶µ²´¥´µ Î¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¸µ-
§¤ ¢ ¥³µ£µ ¤¥É¥±Éµ·  ZEPLIN III. Œµ¤¥²¨·µ¢ ´¨¥ ¤¥É¥±Éµ·  ¶·µ¢¥¤¥´µ ¤²Ö Í¥´É· ²Ó´µ°
Î ¸É¨ ¤¥É¥±Éµ·  ¡¥§ ÊÎ¥É  ±· ¥¢ÒÌ ÔËË¥±Éµ¢, ¶·¨Î¨´µ° ±µÉµ·ÒÌ Ö¢²ÖÕÉ¸Ö ±µ²ÓÍ¥¢Ò¥ ³¥-

�¨¸. 8. ”¨§¨Î¥¸± Ö ³µ¤¥²Ó ¤¥É¥±Éµ· 

ZEPLIN III, ¶·¨´ÖÉ Ö ¤²Ö Î¨¸²¥´´µ£µ
³µ¤¥²¨·µ¢ ´¨Ö Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥°

¢ ¦¨¤±µ° ¨ £ §µ¢µ° Ë § Ì ±¸¥´µ´ .
� ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ´¨¦´¥° ¶µ¢¥·Ì´µ-

¸ÉÓÕ ¨ ¶¥·¢Ò³ (´¨¦´¨³) ·Ö¤µ³ ¶·µ-

¢µ²µÎ¥± Å 2 ³³. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê
·Ö¤ ³¨ ¶·µ¢µ²µÎ¥± Å 5 ³³, £²Ê¡¨´ 

¦¨¤±µ° ¨ £ §µµ¡· §´µ° Ë § Å 37 ¨

3 ³³ ¸µµÉ¢¥É¸É¢¥´´µ. „¨ ³¥É·Ò ¢¸¥Ì
¶·µ¢µ²µÎ¥± · ¢´Ò 0,1 ³³,   · ¸¸ÉµÖ-

´¨¥ ³¥¦¤Ê ´¨³¨ ¢ µ¤´µ³ ·Ö¤Ê Å 2 ³³.
„¨Ô²¥±É·¨Î¥¸±¨¥ ¶·µ´¨Í ¥³µ¸É¨ ¤²Ö

¦¨¤±µ¸É¨ ¨ £ §  ¶·¨ ³µ¤¥²¨·µ¢ ´¨¨

¸µ¸É ¢²Ö²¨ ε = 1,93 ¨ ε = 1, 0 ¸µ-
µÉ¢¥É¸É¢¥´´µ. ‚¥·É¨± ²Ó´µ° ¶µ²µ¸µ°

¢Ò¤¥²¥´  µ¤´  ¨§ ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥±

(· ¡µÎ¨° Ô²¥³¥´É ¤¥É¥±Éµ· ). �  ·¨-
¸Ê´±¥ µ¡µ§´ Î¥´  ¶·¨´ÖÉ Ö ¸¨¸É¥³ 

±µµ·¤¨´ É

É ²²¨Î¥¸±¨¥ Ô²¥±É·µ¤Ò [7]. �  ·¨¸. 8 ¶µ± § ´  Ë¨-
§¨Î¥¸± Ö ³µ¤¥²Ó ¤¥É¥±Éµ· , ¶·¨´ÖÉ Ö ¤²Ö Î¨¸²¥´´µ£µ
³µ¤¥²¨·µ¢ ´¨Ö. � ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ¶¥·¢Ò³ Ô²¥±É·µ-
¤µ³ (y = 0) ¨ ¶¥·¢Ò³ ·Ö¤µ³, ¢Éµ·Ò³ ·Ö¤µ³ ¶·µ¢µ-
²µÎ¥±, £· ´¨Í¥° £ §µ¢µ° Ë §Ò ¨ ¢¥·Ì´¨³ Ô²¥±É·µ¤µ³
¸µµÉ¢¥É¸É¢¥´´µ · ¢´Ò 2, 7, 37, 40 ³³. Œ É¥³ É¨-
Î¥¸± Ö ³µ¤¥²Ó § ±²ÕÎ ¥É¸Ö ¢ ¨¸¶µ²Ó§µ¢ ´¨¨ ²¨´¥°-
´ÒÌ ¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢, · §³¥Ð¥´´ÒÌ ¢´ÊÉ·¨
¨ ¢´¥ ¶·µ¢µ¤´¨±µ¢, ¦¨¤±µ£µ ¨ £ §µµ¡· §´µ£µ ±¸¥-
´µ´ . „²Ö ¸µ±· Ð¥´¨Ö Î¨¸²  ²¨´¥°´ÒÌ Ê· ¢´¥´¨°
¨¸¶µ²Ó§µ¢ ²¸Ö ³¥Éµ¤ ¨§µ¡· ¦¥´¨° ¨ §¥·± ²Ó´µ£µ µÉ-
· ¦¥´¨Ö.

�  ·¨¸. 9, a ¶µ± § ´µ 3D-· ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨-
Î¥¸±µ£µ ¶µ²Ö ¢ ´µ·³ ²Ó´µ³ ¸¥Î¥´¨¨ ¶µ µÉ´µÏ¥´¨Õ
± ¶·µ¢µ²µÎ´Ò³ Ô²¥±É·µ¤ ³. (‚¨¤ ¸µ ¸Éµ·µ´Ò £ §µ-
¢µ° Ë §Ò ±¸¥´µ´ .) �£· ´¨Î¥´´Ò¥ ¶µ · §³¥· ³ ¶¨±¨
¸µµÉ¢¥É¸É¢ÊÕÉ ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²Ö ´  ¶µ¢¥·Ì´µ¸É¨
¤¢ÊÌ ¸µ¸¥¤´¨Ì ¶·µ¢µ²µÎ¥±. � ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö ¢ ± -
¦¤µ³ ¶¨±¥ · ¢´  257,5 ±‚/¸³.

�¨¸. 9, ¡ ¶·¥¤¸É ¢²Ö¥É Ë· £³¥´É 3D-· ¸¶·¥¤¥²¥-
´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ · °µ´¥ £ §µ¢µ° Ë §Ò ±¸¥-
´µ´ . ‚¨¤¥´ ¸± Îo± Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¶·¨ ¶¥·¥-
Ìµ¤¥ ¨§ ¦¨¤±µ¸É¨ ¢ £ §µ¢ÊÕ Ë §Ê. � §³¥· · ¸¶·¥¤¥-
²¥´¨Ö ¢ ¶²µ¸±µ¸É¨ xÄy · ¢¥´ 2 × 10 ³³.

� ¸¶·¥¤¥²¥´¨¥ µ¡² ¸É¥° ¤·¥°Ë  Ô²¥±É·µ´µ¢ ¢
Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ Ô²¥³¥´É  ¤¥É¥±Éµ·  ¶µ± § ´µ ´ 
·¨¸. 10. ˆ§ µ¡² ¸É¥°, µ¡µ§´ Î¥´´ÒÌ a, Ô²¥±É·µ´Ò
¤·¥°ËÊÕÉ ¢ µ¡² ¸ÉÓ £ §µ¢µ° Ë §Ò, ¨§ µ¡² ¸É¥° b Å
± ´¨¦´¥° ¶µ¢¥·Ì´µ¸É¨ ¤¥É¥±Éµ· , ´ Ìµ¤ÖÐ¥°¸Ö ¶µ¤
¶µÉ¥´Í¨ ²µ³ −2 ±‚, ¨§ µ¡² ¸É¥° c Å ± ´¨¦´¨³ ¶·µ-

¢µ²µÎ± ³ ¸¨¸É¥³Ò. �·µ¢µ²µÎ±¨ ¢¥·Ì´¥£µ ¨ ´¨¦´¥£µ ·Ö¤  µ¡µ§´ Î¥´Ò Ô²²¨¶¸ ³¨, ¶µ²Ê-
Î ÕÐ¨³¨¸Ö ¢ ÔÉµ° Ëµ·³e ¨§-§  ¸¦ É¨Ö ¸¨¸É¥³Ò ±µµ·¤¨´ É ¢¤µ²Ó µ¸¨ µ·¤¨´ É.
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�¨¸. 9. a) 3D-· ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ ´µ·³ ²Ó´µ³ ¸¥Î¥´¨¨ ¶µ µÉ´µÏ¥´¨Õ ± ¶·µ¢µ-
²µÎ´Ò³ Ô²¥±É·µ¤ ³. ¡) ”· £³¥´É 3D-· ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¡²¨§¨ £ §µ¢µ° Ë §Ò

�¨¸. 10. � ¸¶·¥¤¥²¥´¨¥ µ¡² ¸É¥° ¤·¥°Ë 
Ô²¥±É·µ´µ¢ ¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ Ô²¥-

³¥´É  ¤¥É¥±Éµ· 

�¨¸. 11,a ¶·¥¤¸É ¢²Ö¥É · ¸¶·¥¤¥²¥´¨¥ Ô²¥±-
É·¨Î¥¸±µ£µ ¶µ²Ö Ô²¥³¥´É  ¤¥É¥±Éµ·  ¢¤µ²Ó ²¨-
´¨¨, ¸µ¥¤¨´ÖÕÐ¥° Í¥´É·Ò ¤¢ÊÌ ¶·µ¢µ²µÎ¥± ¶·¨
µ¤¨´ ±µ¢ÒÌ §´ Î¥´¨ÖÌ ±µµ·¤¨´ ÉÒ x. �·¨ ¶¥·¥-
Ìµ¤¥ ¨§ ¦¨¤±µ° Ë §Ò ¢ £ §µµ¡· §´ÊÕ (y > 37 ³³)
¢ Ìµ¤¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ´ ¡²Õ¤ ¥É¸Ö ¸± Îo±.
�ÉµÉ ¸± Îo± ¸¢Ö§ ´ ¸ ¨§³¥´¥´¨¥³ ¤¨Ô²¥±É·¨Î¥-
¸±µ° ¶·µ´¨Í ¥³µ¸É¨ ´  £· ´¨Í¥ ¤¢ÊÌ ¸·¥¤ ¢ ¸µ-
µÉ¢¥É¸É¢¨¨ ¸ § ±µ´ ³¨ Ô²¥±É·µ¸É É¨±¨ ¤¨Ô²¥±-
É·¨±µ¢. � ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö Ô²¥-
³¥´É  ¤¥É¥±Éµ·  ¢¤µ²Ó ²¨´¨¨ x = 0 (¸³. ·¨¸. 8)
¶µ± § ´µ ´  ·¨¸. 11, ¡. �²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ¶·¨-
´¨³ ¥É ´Ê²¥¢µ¥ §´ Î¥´¨¥ ¢ ÉµÎ±¥ ¸ ±µµ·¤¨´ É ³¨
(0; 7,55 ³³). ‚ ¸¨³³¥É·¨Î´µ° ¸¨¸É¥³¥ (´ ¶·¨-
³¥·, ± ± ¢ ¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ± ³¥· Ì) ±µµ·¤¨-
´ ÉÒ ¡Ò²¨ ¡Ò · ¢´Ò 0 ¨ 7,0 ³³.

‚ ´¨¦´¥³ ¨ ¢¥·Ì´¥³ ·Ö¤ Ì ¶·µ¢µ²µÎ¥± ¶µ²¥
¸ ¢´ÊÉ·¥´´¨Ì ¸Éµ·µ´ ¨³¥¥É ¡µ²ÓÏÊÕ ¢¥²¨Î¨´Ê,
Î¥³ ¸ ¢´¥Ï´¨Ì. �Éµ ¶µ± § ´µ ´  ·¨¸. 12. �¡ÑÖ¸-
´Ö¥É¸Ö ÔÉµ É¥³, ÎÉµ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ²¨´¨¥°
´¨¦´¨Ì ¶·µ¢µ²µÎ¥± ¸ ¶µÉ¥´Í¨ ²µ³ −2, 0 ±‚
¡²¨¦¥ ± ¶·µ¢µ²µÎ± ³ ¸ ¶µÉ¥´Í¨ ²µ³ −25 ±‚
¶µÎÉ¨ ¢ Ï¥¸ÉÓ · § ¶µ ¸· ¢´¥´¨Õ ¸ ²¨´¨¥° · ¢-
´µ£µ −2, 0 ±‚ ¶µÉ¥´Í¨ ² , ¶·µÌµ¤ÖÐ¥° ¢ £ §µ-
¢µ° ¸·¥¤¥. �ËË¥±É ¸¢Ö§ ´ ¸ ´¥¸¨³³¥É·¨Î´µ¸ÉÓÕ
¸¨¸É¥³Ò.

�  ·¨¸. 13 ³µ¦´µ ¢¨¤¥ÉÓ ¸· ¢´¨É¥²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö Ey-±µ³¶µ´¥´Éµ¢ Ô²¥±É·¨Î¥-
¸±µ£µ ¶µ²Ö Ô²¥³¥´É  ¤¥É¥±Éµ·  ¢¤µ²Ó ²¨´¨¨ x = 0 ¨ x = 1 ³³ (²¨´¨¨ ¶·µ¢µ²µÎ¥±). � 
·¨¸. 13, a ±µ³¶µ´¥´É ¶µ²Ö Ey ¢¤µ²Ó ²¨´¨¨ x = 0 ³³ ¤²Ö §´ Î¥´¨° y < 10 ³³ Ê¢¥²¨Î¨-
¢ ¥É¸Ö,   ¢¤µ²Ó ²¨´¨¨ x = 1 ³³ Ê³¥´ÓÏ ¥É¸Ö. �¡  ±µ³¶µ´¥´É  ¶·¨³¥·´µ · ¢´Ò ¤²Ö ¨´É¥·-
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�¨¸. 11. � ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö Ô²¥³¥´É  ¤¥É¥±Éµ·  ¢¤µ²Ó ²¨´¨¨, ¸µ¥¤¨´ÖÕÐ¥° Í¥´-
É·Ò ¤¢ÊÌ ¶·µ¢µ²µÎ¥± ¶·¨ µ¤¨´ ±µ¢ÒÌ §´ Î¥´¨ÖÌ ±µµ·¤¨´ ÉÒ x (a) ¨ · ¸¶·¥¤¥²¥´¨¥ ¢¤µ²Ó ²¨´¨¨

x = 0 (¡)

�¨¸. 12. “¢¥²¨Î¥´´Ò° Ë· £³¥´É · ¸-

¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¤¥-
É¥±Éµ·  ¢¤µ²Ó ²¨´¨¨, ¸µ¥¤¨´ÖÕÐ¥°

Í¥´É·Ò ¤¢ÊÌ ¶·µ¢µ²µÎ¥±

¢ ²  y > 10 ³³. �  ·¨¸. 13, ¡ ¶µ± § ´µ · ¸¶·¥¤¥²¥-
´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ £ §µ¢µ° Ë §¥. ‚¥·Ì´ÖÖ
±·¨¢ Ö ¸µµÉ¢¥É¸É¢Ê¥É · ¸¶·¥¤¥²¥´¨Õ ¶·¨ x = 0 ³³,
É. ¥. · ¸¶·¥¤¥²¥´¨¥ ¸µµÉ¢¥É¸É¢Ê¥É ¸¥·¥¤¨´¥ ÖÎ¥°±¨,  
´¨¦´ÖÖ ±·¨¢ Ö ¶·µÌµ¤¨É ¶µ ²¨´¨¨ x = 1 ³³.

“¢¥²¨Î¥´´Ò° ¢µ ³´µ£µ · § ¶µ ¸· ¢´¥´¨Õ ¸ ¤¥°-
¸É¢¨É¥²Ó´Ò³ · §³¥·µ³ ·¨¸. 14 ¶·¥¤¸É ¢²Ö¥É Ë· £-
³¥´ÉÒ ¶· ¢µ° ¶·µ¢µ²µÎ±¨ ¸·¥¤´¥° ¸¥É±¨. �µ Ê£²Ê
¢ 34,7◦ ³¥¦¤Ê ± ¸ É¥²Ó´µ° ± ²¨´¨¨ ¶µ²Ö ¢ ÉµÎ±¥
´  ¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ²µÎ±¨ ¨ ²¨´¨¥° ¶µ²Ö, ¨¤ÊÐ¥°
¢¥·É¨± ²Ó´µ, ³µ¦´µ ¸Ê¤¨ÉÓ µ ¢¥²¨Î¨´¥ ¶²µÐ ¤¨, ¸
±µÉµ·µ° ³µ£ÊÉ ¢Ò¡¨¢ ÉÓ¸Ö Ô²¥±É·µ´Ò ¸ ¶·µ¢µ²µÎ¥±
¸·¥¤´¥° ¸¥É±¨ ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸ Ê²ÓÉ· Ë¨µ²¥Éµ-
¢Ò³ ¨§²ÊÎ¥´¨¥³, ¢µ§´¨± ÕÐ¨³ ¢ £ §µ¢µ° ¸·¥¤¥ ¤¥-
É¥±Éµ·  §  ¸Î¥É Ô²¥±É·µ²Õ³¨´¥¸Í¥´Í¨¨.

�¨¸. 13. ”· £³¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ey-±µ³¶µ´¥´Éµ¢ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö Ô²¥³¥´É  ¤¥É¥±Éµ·  ¢¤µ²Ó

²¨´¨¨ x = 0 ¨ x = 1 ³³
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�¨¸. 14. “¢¥²¨Î¥´´Ò° Ë· £-
³¥´É £· ´¨ÍÒ ³¥¦¤Ê µ¡² -

¸ÉÖ³¨ a ¨ b ¢ · °µ´¥ ¶· ¢µ°

¶·µ¢µ²µÎ±¨ · ¡µÎ¥° ÖÎ¥°±¨
¸·¥¤´¥° ¸¥É±¨ (¸³. ·¨¸. 10)

�·¨ ·¥Ï¥´¨¨ § ¤ Î¨ ¡Ò²µ ¢§ÖÉµ µ£· ´¨Î¥´´µ¥ Î¨¸²µ
¶·µ¢µ²µÎ¥± ¤¥É¥±Éµ· : ¶µ 10 ¶·µ¢µ²µÎ¥± ¸²¥¢  ¨ ¸¶· ¢  µÉ
±µµ·¤¨´ ÉÒ x = 0. Š ± ÔÉµ ·¥ ²Ó´µ ¸± § ²µ¸Ó ´  ·¥§Ê²Ó-
É É Ì · ¸Î¥É , ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤ ¶µ ·¨¸. 13, ´  ±µÉµ-
·µ³ ¶µ± § ´µ · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ £ §µ-
¢µ° Ë §¥. �·¨ ´¥µ£· ´¨Î¥´´µ³ ¨²¨ ¢µ ¢¸Ö±µ³ ¸²ÊÎ ¥ ¤µ-
¸É ÉµÎ´µ ¡µ²ÓÏµ³ Î¨¸²¥ ¶·µ¢µ²µÎ¥± µ¡¥ ±·¨¢Ò¥ ¤µ²¦´Ò
¸µ¢¶ ¤ ÉÓ. ˆ§ ·¨¸Ê´±  ¸²¥¤Ê¥É, ÎÉµ · §´¨Í  ³¥¦¤Ê ±·¨-
¢Ò³¨ ´¥ ¶·¥¢ÒÏ ¥É ¢¥²¨Î¨´Ò δE/E = 5 · 10−4. „²Ö ·¥Ï¥-
´¨Ö § ¤ Î¨ ¨¸¶µ²Ó§µ¢ ²µ¸Ó 1130 ´¥¨§¢¥¸É´ÒÌ ¨ ¸Éµ²Ó±µ ¦¥
²¨´¥°´ÒÌ Ê· ¢´¥´¨°.

‚›‚�„›

„²Ö ·¥Ï¥´¨Ö ¶· ±É¨Î¥¸±¨Ì § ¤ Î Ô²¥±É·µ¸É É¨±¨ ´¥µ¡-
Ìµ¤¨³µ Ê³¥ÉÓ ¶µ²ÊÎ ÉÓ · ¸¶·¥¤¥²¥´¨Ö µ£· ´¨Î¥´´µ£µ Î¨¸² 
¢¸¶µ³µ£ É¥²Ó´ÒÌ § ·Ö¤µ¢ ¶·µ¢µ¤´¨±µ¢ ¨ ¸¢Ö§ ´´ÒÌ § ·Ö¤µ¢
¤¨Ô²¥±É·¨±µ¢, ±µÉµ·Ò¥ ¸ µ¶·¥¤¥²¥´´µ° ÉµÎ´µ¸ÉÓÕ ¤µ²¦´Ò
µ¡¥¸¶¥Î¨ÉÓ ¢Ò¶µ²´¥´¨¥ £· ´¨Î´ÒÌ Ê¸²µ¢¨°. �µ §´ Î¥´¨Ö³
¶µÉ¥´Í¨ ²µ¢, ¶µ¤ ¢ ¥³ÒÌ ´  ¶·µ¢µ¤´¨±¨, É·¥¡Ê¥É¸Ö ´ °É¨
· ¸¶·¥¤¥²¥´¨Ö § ·Ö¤µ¢ ¨´µ£¤  ¶·¨ µÎ¥´Ó ¸²µ¦´µ° Ëµ·³¥
¶·µ¢µ¤´¨±µ¢ ¨ ¤¨Ô²¥±É·¨±µ¢. „²Ö ÔÉ¨Ì Í¥²¥° · §· ¡µÉ ´Ò ¨ ¡µ²¥¥ É·¨¤Í É¨ ²¥É ¸µ¢¥·-
Ï¥´¸É¢ÊÕÉ¸Ö ±µ³¶ÓÕÉ¥·´Ò¥ ³¥Éµ¤Ò ·¥Ï¥´¨Ö § ¤ Î Ô²¥±É·µ¸É É¨±¨.

� ¨¡µ²¥¥ · §¢¨É ³¥Éµ¤ ±µ´¥Î´ÒÌ Ô²¥³¥´Éµ¢ (ŒŠ�). ‚ ¶·µÍ¥¸¸¥ ·¥Ï¥´¨Ö ÔÉ¨³ ³¥Éµ-
¤µ³ ¢¸¥ ¶µ¢¥·Ì´µ¸É¨ · §¡¨¢ ÕÉ¸Ö ´  Ô²¥³¥´É ·´Ò¥ ÖÎ¥°±¨ ¨§ É·¥Ê£µ²Ó´ÒÌ Ô²¥³¥´Éµ¢.
–¥´É·Ò Ô²¥³¥´Éµ¢ Ö¢²ÖÕÉ¸Ö ³¥¸Éµ³ ´ Ìµ¦¤¥´¨Ö § ·Ö¤µ¢, ±µÉµ·Ò¥ ´¥µ¡Ìµ¤¨³µ ´ °É¨.
�·µ¸É· ´¸É¢µ § ¶µ²´Ö¥É¸Ö µ¡Ñ¥³´Ò³¨ ÖÎ¥°± ³¨ Å É¥É· Ô¤· ³¨. ‚ ´¨Ì µ¶·¥¤¥²ÖÕÉ¸Ö
§´ Î¥´¨Ö ¶µÉ¥´Í¨ ²µ¢ ¨ Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥°, ¸²Ê¦ Ð¨Ì ¤²Ö ¢¸¥Ì ¶µ¸²¥¤ÊÕÐ¨Ì · ¸Î¥Éµ¢
¨ ¶µ¸É·µ¥´¨°. �²£µ·¨É³Ò ¶·µ£· ³³´µ£µ µ¡¥¸¶¥Î¥´¨Ö Ö¢²ÖÕÉ¸Ö ¸¥±·¥Éµ³ Ë¨·³Ò · §· -
¡µÉÎ¨± ,   ¸ ³¨ ¶·µ£· ³³Ò Å ²¨Í¥´§¨µ´´Ò³¨. �µ-¢¨¤¨³µ³Ê, ´ ¨¡µ²¥¥ ¨§¢¥¸É´µ° Ö¢²Ö-
¥É¸Ö ¸¨¸É¥³  ¶·µ£· ³³ Ë¨·³Ò ®Ansoft Corporation¯. ‚ –…�� ²¨Í¥´§¨µ´´ Ö ¶·µ£· ³³ 
®MAXWELL Electric ˇeld simulator¯ Ê± § ´´µ° Ë¨·³Ò Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥É¸Ö ¢ ¸µ¸É ¢¥
¸¨¸É¥³Ò ®Garˇeld¯, ¨¸¶µ²Ó§Ê¥³µ° ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ±µµ·¤¨´ É´ÒÌ ¤¥É¥±Éµ·µ¢ [9].

�·¥¤²µ¦¥´´Ò°  ¢Éµ· ³¨ ´ ¸ÉµÖÐ¥° · ¡µÉÒ ³¥Éµ¤ ¶·µ¸É ¨ ¢¸²¥¤¸É¢¨¥ ¶·µ¸ÉµÉÒ ¤µ-
¸ÉÊ¶¥´ Ï¨·µ±µ³Ê ±·Ê£Ê ¶µ²Ó§µ¢ É¥²¥°. �É¨ ¤¢  ± Î¥¸É¢  Ö¢²ÖÕÉ¸Ö ¥£µ ¤µ¸Éµ¨´¸É¢µ³.
�´ ¶µ§¢µ²Ö¥É ·¥Ï ÉÓ § ¤ Î¨ ´  ¶²µ¸±µ¸É¨ [2, 5] ¨ ¢ ¶·µ¸É· ´¸É¢¥ [3]. Œ¥Éµ¤ ¶µ³µ£ ¥É
¨§¡¥¦ ÉÓ ¸¥·Ó¥§´ÒÌ ¶·µ³ Ìµ¢, ¤µ¶ÊÐ¥´´ÒÌ  ¢Éµ· ³¨ µ¤´µ£µ ¨§ ¶·µ¥±Éµ¢ ¤¥É¥±Éµ·µ¢ ¸
¤¨Ô²¥±É·¨±µ³ ¢ · ¡µÎ¥³ µ¡Ñ¥³¥ ¨ ¢¸±·ÒÉÒÌ ¢ ´ Ï¥° · ¡µÉ¥ [4].
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