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ƒÊ¸¥¢ �. ‚. P4-2013-116
�¡ μ£· ´¨Î¥´´μ¸É¨ Ëμ·³Ê²¨·μ¢±¨ § ±μ´ 
Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ” · ¤¥Ö

‚ ÊÎ¥¡´μ° ²¨É¥· ÉÊ·¥ § ±μ´ Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨ μ¡ÒÎ´μ ¤ ¥É¸Ö
¢ ¢¨¤¥ Ëμ·³Ê²Ò �„‘ = −d”/dt, £¤¥ �„C Å Ô²¥±É·μ¤¢¨¦ÊÐ Ö ¸¨²  ¢ ¶·μ¨§¢μ²Ó-
´μ³ ±μ´ÉÊ·¥ L,   ” Å ¶μÉμ± ¨´¤Ê±Í¨¨ B Î¥·¥§ ¶·μ¨§¢μ²Ó´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ S,
μ£· ´¨Î¥´´ÊÕ ÔÉ¨³ ±μ´ÉÊ·μ³. �¥¦¥ § ±μ´μ³ Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ´ §Ò-
¢ ÕÉ Ëμ·³Ê²Ê rotE = −∂B/∂t. �¤´ ±μ ÔÉ¨ Ëμ·³Ê²Ò ¨³¥ÕÉ μ£· ´¨Î¥´´ÊÕ
μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö, ´¥ ¢¶μ²´¥ ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ËÊ´¤ ³¥´É ²Ó´μ¸É¨ Ö¢²¥´¨Ö
Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨. ‚ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ μ´¨ ³μ£ÊÉ ¶·¨¢¥¸É¨ ÊÎ Ð¨Ì¸Ö
± ´¥¶· ¢¨²Ó´Ò³ ¢Ò¢μ¤ ³. ‚ · ¡μÉ¥  ¢Éμ· ¶·¥¤² £ ¥É ¡μ²¥¥ Ê´¨¢¥·¸ ²Ó´Ò¥ Ëμ·-
³Ê²Ò ¤²Ö μ¶¨¸ ´¨Ö § ±μ´  Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨. 	·¥¤²μ¦¥´´Ò¥ Ëμ·³Ê²Ò
¶μ§¢μ²ÖÕÉ ¢ÒÎ¨¸²ÖÉÓ �„‘ ¨ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ E, ´ ¢μ¤¨³Ò¥ ¢ ²Õ¡ÒÌ ¶·μ¢μ¤-
´¨± Ì (´¥ μ¡Ö§ É¥²Ó´μ § ³±´ÊÉÒÌ) ¨ ¢ ±μ´ÉÊ· Ì ¶·μ¨§¢μ²Ó´μ° Ëμ·³Ò. ‚ · ¡μÉ¥
¶μ± § ´μ, ÎÉμ ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² A Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¶μ²´μ° Ì · ±É¥·¨¸É¨±μ°
³ £´¨É´μ£μ ¶μ²Ö, Î¥³ ¨´¤Ê±Í¨Ö B. �´ ¤ ¥É ¡μ²¥¥ ¶μ²´μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ ¶·¨-
Î¨´¥ ¶μÖ¢²¥´¨Ö E ¨ �„‘: ¶·¨Î¨´μ° ¨Ì ¶μÖ¢²¥´¨Ö ¸²¥¤Ê¥É ¸Î¨É ÉÓ ´¥ ∂B/∂t,
  ∂A/∂t.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2013

Gusev A.V. P4-2013-116
About the Restrictions on Formulation of the Faraday Electromagnetic
Induction Law

In the educational literature the electromagnetic induction law is given by the
formula FMC = −d”/dt, where FMC is the electromotive force in any cir-
cuit L, ” is the 
ow of induction B across any surface S, limited by this cir-
cuit. Sometimes the electromagnetic induction law is given by another formula:
rotE = −∂B/∂t. But these formulas have a limited area of use, not quite cor-
responding to the fundamental phenomenon of electromagnetic induction. In some
cases pupils can make fallacies from these formulas. In this article the author offers
more universal formulas for the electromagnetic induction law. These formulas al-
low calculating the FMC and electric ˇeld E in circuits of different forms, and not
obligatory closed-circuits. In the article it is demonstrated that the vector potential A
is a fuller characteristic of the magnetic ˇeld than the induction B. The vector po-
tential A gives a more complete presentation about the cause of appearance of E and
FMC. ∂A/∂t (not ∂B/∂t) is the cause of induction (appearance) of E and FMC.

Communication of the Joint Institute for Nuclear Research. Dubna, 2013
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‚¥²¨±¨°  ´£²¨°¸±¨° ÊÎ¥´Ò° Œ °±² ” · ¤¥° ¢ 1831 £. μÉ±·Ò², Ô±¸¶¥-
·¨³¥´É ²Ó´μ ¨¸¸²¥¤μ¢ ² ¨ μ¶¨¸ ² ËÊ´¤ ³¥´É ²Ó´μ¥ Ë¨§¨Î¥¸±μ¥ Ö¢²¥´¨¥ Å
Ô²¥±É·μ³ £´¨É´ÊÕ ¨´¤Ê±Í¨Õ. ‚ 1845 £. ”. �.�¥°³ ´ ¤ ² ³ É¥³ É¨Î¥¸±ÊÕ
Ëμ·³Ê²¨·μ¢±Ê ÔÉμ³Ê Ö¢²¥´¨Õ ¢ ¢¨¤¥ Ëμ·³Ê²Ò (1), ¶μ²ÊÎ¨¢Ï¥° ´ §¢ ´¨¥ § -
±μ´ ” · ¤¥Ö (¶· ¢¨²μ ¶μÉμ± ):

�„‘ = −d”/dt. (1)

‚ 1865 £. „.Œ ±¸¢¥²² ¶·¥¤²μ¦¨² ¸¨¸É¥³Ê Ê· ¢´¥´¨° ¤²Ö μ¶¨¸ ´¨Ö Ô²¥±É·μ-
³ £´¨É´ÒÌ Ö¢²¥´¨°, ´ §¢ ´´ÊÕ ¥£μ ¨³¥´¥³. ‘μ¢·¥³¥´´ÊÕ Ëμ·³Ê ÔÉ¨³ Ê· ¢-
´¥´¨Ö³ ¤ ²¨ ƒ. ƒ¥·Í ¨ �.•¥¢¨¸ °¤. ‡ ±μ´ ¨´¤Ê±Í¨¨ ¢ ¸¨¸É¥³¥ Ê· ¢´¥´¨°
Œ ±¸¢¥²²  ¤ ´ ¢ ¢¨¤¥ Ëμ·³Ê²Ò

rot E = −∂B/∂t. (2)

�¤´ ±μ Ê· ¢´¥´¨Ö (1), (2) ¨³¥ÕÉ μ£· ´¨Î¥´´ÊÕ μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö, ´¥ ¢¶μ²´¥
¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ËÊ´¤ ³¥´É ²Ó´μ¸É¨ Ö¢²¥´¨Ö Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨.

	·¥¤¢¨¤Ö ¢μ§³ÊÐ¥´¨¥ ´¥±μÉμ·ÒÌ Î¨É É¥²¥°: ®´¥ ³μ¦¥É É ±μ£μ ¡ÒÉÓ; ´ 
μ¸´μ¢¥ § ±μ´  ” · ¤¥Ö ´¥ μ¤¨´ ¤¥¸ÖÉμ± ²¥É · ¡μÉ ÕÉ Ô²¥±É·¨Î¥¸±¨¥ £¥´¥· -
Éμ·Ò, ³μÉμ·Ò ¨ É. ¤.¯, · ¸¸³μÉ·¨³ ·Ö¤ ¶·¨³¥·μ¢, ¨§ ±μÉμ·ÒÌ ¢¨¤´Ò ¶·μ¡²¥³Ò
¸ ÔÉ¨³ § ±μ´μ³. �μ ´ Î´¥³ ¸ ¥£μ Ëμ·³Ê²¨·μ¢±¨.

‚ ¡μ²ÓÏ¨´¸É¢¥ ÊÎ¥¡´¨±μ¢ § ±μ´ Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ” · ¤¥Ö
Ëμ·³Ê²¨·Ê¥É¸Ö ¶μ¤μ¡´μ [1, ¸. 207]: ± ±μ¢  ¡Ò ´¨ ¡Ò²  ¶·¨Î¨´  ¨§³¥´¥´¨Ö
³ £´¨É´μ£μ ¶μÉμ± , μÌ¢ ÉÒ¢ ¥³μ£μ § ³±´ÊÉÒ³ ¶·μ¢μ¤ÖÐ¨³ ±μ´ÉÊ·μ³, ¢μ§´¨-
± ÕÐ Ö ¢ ±μ´ÉÊ·¥ �„‘ ¨´¤Ê±Í¨¨ μ¶·¥¤¥²Ö¥É¸Ö Ëμ·³Ê²μ° (1): �„‘ = −d”/dt

[1, c. 210]. 	μÉμ± ” =
∫

BdS. ˆ´É¥£·¨·μ¢ ´¨¥ ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¶·μ¨§¢μ²Ó-

´μ° ¶μ¢¥·Ì´μ¸É¨, ´ ÉÖ´ÊÉμ° ´  ¨´É¥·¥¸ÊÕÐ¨° ´ ¸ ±μ´ÉÊ· [1, ¸. 209]. Œμ¦´μ
¢ μ¡Ð¥³ ¢¨¤¥ ¤μ± § ÉÓ, ÎÉμ § ±μ´ (1) ¸¶· ¢¥¤²¨¢ ¤²Ö ²Õ¡μ£μ ±μ´ÉÊ· , ¤¢¨¦Ê-
Ð¥£μ¸Ö ¶·μ¨§¢μ²Ó´Ò³ μ¡· §μ³ ¢ ¶μ¸ÉμÖ´´μ³ ´¥μ¤´μ·μ¤´μ³ ³ £´¨É´μ³ ¶μ²¥.
‚ [2, c. 316] ¨ [3, ¸. 52] Éμ¦¥ ´¥ ´ ±² ¤Ò¢ ¥É¸Ö ´¨± ±¨Ì μ£· ´¨Î¥´¨° ´ 
¢¨¤ ±μ´ÉÊ· . ‚ [4, ¸. 358] Éμ¦¥ £μ¢μ·¨É¸Ö μ ¶·μ¨§¢μ²Ó´μ³ § ³±´ÊÉμ³ ±μ´-
ÉÊ·¥,   ¢ [4, ¸. 298] μ ¶μÉμ±¥ Î¥·¥§ ¶·μ¨§¢μ²Ó´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ, μÌ¢ ÉÒ¢ ¥³ÊÕ
±μ´ÉÊ·μ³. ‚ [5, ¸. 197] ®¢ ± Î¥¸É¢¥ ±μ´ÉÊ·  ‘ ³Ò ³μ¦¥³ ¶·¥¤¸É ¢²ÖÉÓ ¸¥¡¥
²Õ¡ÊÕ § ³±´ÊÉÊÕ £¥μ³¥É·¨Î¥¸±ÊÕ ²¨´¨Õ ¢ ¶·μ¸É· ´¸É¢¥¯. ‚ [6, § 86, ¸. 272]:
¶Ê¸ÉÓ s Å ¶·μ¨§¢μ²Ó´Ò° ³ É¥³ É¨Î¥¸±¨° § ³±´ÊÉÒ° ±μ´ÉÊ·. Œ £´¨É´Ò°
¶μÉμ± ” μ¶·¥¤¥²Ö¥É¸Ö ¨´É¥£· ²μ³, ¢§ÖÉÒ³ ¶μ ¶·μ¨§¢μ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨ S,
´ ÉÖ´ÊÉμ° ´  ±μ´ÉÊ· s.
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� ¸¸³μÉ·¨³ ¶·¨³¥· 1.
�  ·¨¸. 1 ¶μ± § ´ § ³±´ÊÉÒ° ±μ´ÉÊ· ABCDEFGHA ¨§ ¨§μ²¨·μ¢ ´´μ£μ

¶·μ¢μ¤´¨± , ±μÉμ·Ò° ¶·μÌμ¤¨É ¶μ ·¥¡· ³ ±Ê¡  ¨ ¤¨ £μ´ ²Ö³ ¥£μ ¶¥·¥¤´¥°
£· ´¨. ŠÊ¡ ´ Ìμ¤¨É¸Ö ¢ ¢¥·É¨± ²Ó´μ³ ¨ · ¢´μ³¥·´μ³ ³ £´¨É´μ³ ¶μ²¥ B,

�¨¸. 1

±μÉμ·μ¥ ³¥´Ö¥É¸Ö ¢μ ¢·¥³¥´¨. ˆ§ ·¨¸Ê´± 
¢¨¤´μ, ÎÉμ ´  ÔÉμÉ ±μ´ÉÊ· ³μ¦´μ ´ ÉÖ´ÊÉÓ
¤¢¥ · §´Ò¥ ¶μ¢¥·Ì´μ¸É¨: ¶¥·¢ Ö ¢±²ÕÎ ¥É
¢ ¸¥¡Ö Î ¸É¨ ¶¥·¥¤´¥° £· ´¨ OAD ¨ OEH,
¢¥·Ì´ÕÕ ¨ ´¨¦´ÕÕ £· ´¨,   ¢Éμ· Ö ¶μ-
¢¥·Ì´μ¸ÉÓ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤·Ê£¨¥ Î ¸É¨
¶¥·¥¤´¥° £· ´¨ OAE ¨ ODH, ¡μ±μ¢Ò¥ ¨
§ ¤´ÕÕ £· ´¨.

	μÉμ± Î¥·¥§ ¶¥·¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¤ ¥É
¶· ¢¨²Ó´ÊÕ ¢¥²¨Î¨´Ê �„‘,   ¶μÉμ± Î¥·¥§
¢Éμ·ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ · ¢¥´ 0. 	·¨¢¥¤¥´´ Ö
¢ÒÏ¥ Ëμ·³Ê²¨·μ¢±  § ±μ´  ´¥ ¤ ¥É ¸¶μ-
¸μ¡  ¢Ò¡μ·  ¶μ¢¥·Ì´μ¸É¨. ‚μ¶·μ¸: · ¢´ 
²¨ �„‘ ´Ê²Õ, ¢ ¤ ´´μ³ ¸²ÊÎ ¥ μ¸É ¥É¸Ö
μÉ±·ÒÉÒ³.

�¥ ¢¨¤´μ, ± ± ³μ¦´μ ÊÉμÎ´¨ÉÓ Ëμ·³Ê²¨·μ¢±Ê § ±μ´ , ¶·¨¢¥¤¥´´ÊÕ ¢ÒÏ¥,
¡¥§ μÉ± §  · ¸¸³ É·¨¢ ÉÓ ±μ´ÉÊ·Ò ¢ ¶·μ¸É· ´¸É¢¥. �μ ¢ É¥Ì´¨±¥ ¨¸¶μ²Ó§Ê-
ÕÉ¸Ö ± ± ¶·μ¸ÉÒ¥ ¶²μ¸±¨¥ ±μ´ÉÊ·Ò, É ± ¨ ¡μ²¥¥ ¸²μ¦´Ò¥ ¶·μ¸É· ´¸É¢¥´´Ò¥
±μ´ÉÊ·Ò ¨ ± ÉÊÏ±¨. ˆ § ±μ´Ò É¥μ·¨¨ ¤μ²¦´Ò ÔÉÊ ¶μÉ·¥¡´μ¸ÉÓ É¥Ì´¨±¨ μ¡-
¸²Ê¦¨¢ ÉÓ.

ˆ´É¥·¥¸´μ, ÎÉμ ¤¢¥ ÔÉ¨ ¶μ¢¥·Ì´μ¸É¨ μ¡· §ÊÕÉ § ³±´ÊÉÊÕ ¶μ¢¥·Ì´μ¸ÉÓ,
¶μÉμ± Î¥·¥§ ±μÉμ·ÊÕ ´¥ · ¢¥´ 0, ± ± ÔÉμ ¤μ²¦´μ ¡ÒÉÓ ¶μ É¥μ·¥³¥ ƒ Ê¸¸ .
„¥²μ ¢ Éμ³, ÎÉμ ¶· ¢¨²μ μ¶·¥¤¥²¥´¨Ö ´ ¶· ¢²¥´¨Ö ´μ·³ ²¨ ± ¶μ¢¥·Ì´μ¸É¨
¤²Ö É¥μ·¥³Ò ƒ Ê¸¸  (¶μ²μ¦¨É¥²Ó´μ° ¸Î¨É ¥É¸Ö ´μ·³ ²Ó, ´ ¶· ¢²¥´´ Ö ¨§ § -
³±´ÊÉμ£μ μ¡Ñ¥³ ) μÉ²¨Î ¥É¸Ö μÉ ¶· ¢¨²  ¤²Ö § ±μ´  ” · ¤¥Ö. („²Ö § ±μ´ 
” · ¤¥Ö Ê ¢¥·Ì´¥° ABCD ¨ ´¨¦´¥° EFGH £· ´¥° ¶μ²μ¦¨É¥²Ó´Ò¥ ´ ¶· ¢²¥-
´¨Ö ´μ·³ ²¥° μ¤¨´ ±μ¢Ò).

� ¸¸³μÉ·¨³ ¶·¨³¥· 2 (¸³. ·¨¸. 2).
‚ ¶²μ¸±μ¸É¨ ²¥¦¨É ±μ´ÉÊ· ¢ ¢¨¤¥ ¢μ¸Ó³¥·±¨. 	μ²¥ B ¶¥·¶¥´¤¨±Ê²Ö·´μ

¶²μ¸±μ¸É¨, · ¢´μ³¥·´μ ¨ ³¥´Ö¥É¸Ö ¢μ ¢·¥³¥´¨ ¶μ ¢¥²¨Î¨´¥. 	μÉμ± Î¥·¥§
ÔÉμÉ ±μ´ÉÊ·, μÎ¥¢¨¤´μ, ´¥ § ¢¨¸¨É μÉ Éμ£μ, § ³±´ÊÉ ¶·μ¢μ¤´¨± ¢ Í¥´É· ²Ó´μ°

�¨¸. 2

ÉμÎ±¥ � ¨²¨ ´¥É. � �„‘ § ¢¨¸¨É ¨ ¢¥¸Ó³  ¸Ê-
Ð¥¸É¢¥´´μ. …¸²¨ ÔÉμ ¨§μ²¨·μ¢ ´´Ò° ¶·μ¢μ¤´¨± ¨ ¢
ÉμÎ±¥ � ´¥É ±μ´É ±É , Éμ �„‘ = 0. …¸²¨ ¢ ÉμÎ±¥ �
¥¸ÉÓ ±μ´É ±É, Éμ ¢ ±μ´ÉÊ·¥ ¥¸ÉÓ �„‘ ¨ ¶·μÉ¥± ¥É Éμ±.
	·¨³¥·Ò 1, 2 ¶μ± §Ò¢ ÕÉ, ÎÉμ Ëμ·³Ê²¨·μ¢±  ®¶·μ¨§-
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¢μ²Ó´Ò° ±μ´ÉÊ· ¨ ¶·μ¨§¢μ²Ó´ Ö ¶μ¢¥·Ì´μ¸ÉÓ¯ Å ¸²¨Ï±μ³ Ï¨·μ± Ö ¨ É·¥¡Ê¥É
μ£· ´¨Î¨¢ ÕÐ¥£μ ÊÉμÎ´¥´¨Ö.

� ¸¸³μÉ·¨³ ¶·¨³¥· ´  ·¨¸. 3
� ³±  ¢ ¶²μ¸±μ¸É¨ ·¨¸Ê´±  ±μ²¥¡²¥É¸Ö ¸μ ¸±μ·μ¸ÉÓÕ V = sin ωt. 	μ²¥

B ¶¥·¶¥´¤¨±Ê²Ö·´μ ¶²μ¸±μ¸É¨ ¨ ¶μ¸ÉμÖ´´μ. ‚ ±μ´ÉÊ· ¢±²ÕÎ¥´ ÎÊ¢¸É¢¨É¥²Ó-

�¨¸. 3

´Ò° ¢¨¡·μÊ¸Éμ°Î¨¢Ò°  ³¶¥·³¥É·. 	μ± ¦¥É ²¨ μ´
Éμ± ¢ ±μ´ÉÊ·¥? 	μÉμ± Î¥·¥§ ÔÉμÉ ±μ´ÉÊ· ¶·¨ É ±μ³
¤¢¨¦¥´¨¨ ´¥ ³¥´Ö¥É¸Ö, ¨ ´  μ¸´μ¢ ´¨¨ § ±μ´  ” · -
¤¥Ö (1) μÉ¢¥Î ÕÉ: ´¥É. �É¢¥É ´¥ ¢¥·¥´. �±¢¨¢ ²¥´É-
´ Ö ¸Ì¥³  ÔÉμ£μ ±μ´ÉÊ·  ¸μ¤¥·¦¨É ¤¢¥ ¢¸É·¥Î´Ò¥
�„‘ ¢ ¶²¥Î Ì ±μ´ÉÊ· , ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¸±μ·μ-

¸É¨
−→
V . Š ¦¤ Ö ¨Ì ´¨Ì · ¢´  �„‘ =

∫
[V×B]·dl =

V Bl , £¤¥ l Å ¤²¨´  ¶²¥Î  (¸³. ·¨¸. 3). —¥·¥§  ³¶¥·³¥É· É¥Î¥É Éμ±, ±μÉμ·Ò°
¶¥·¥§ ·Ö¦ ¥É £μ·¨§μ´É ²Ó´Ò¥ ¶·μ¢μ¤´¨±¨ ¸ ®+¯ ´  ®−¯ ¨ μ¡· É´μ.

� ¸¸³μÉ·¨³ ¶·¨³¥· 4.
Š¢ ¤· É´Ò° ±μ´ÉÊ· ABCD ²¥¦¨É ¢ ¶²μ¸±μ¸É¨ Î¥·É¥¦ . Œ £´¨É´μ¥ ¶μ²¥ B

· ¢´μ³¥·´μ, ¶¥·¶¥´¤¨±Ê²Ö·´μ ¶²μ¸±μ¸É¨ Î¥·É¥¦  ¨ ³¥´Ö¥É¸Ö ¢μ ¢·¥³¥´¨ ¶μ
¢¥²¨Î¨´¥. 	Ê¸ÉÓ μ´μ ¸μ§¤ ¥É ¢ ÔÉμ³ ±μ´ÉÊ·¥ �„‘ = 4 B. Š ± ÔÉ  �„‘

�¨¸. 4

· ¸¶·¥¤¥²¥´  ¶μ ¸Éμ·μ´ ³ ±μ´ÉÊ· ? 	μ¸±μ²Ó±Ê B
¢μ ¢¸¥Ì ÉμÎ± Ì ¶²μ¸±μ¸É¨ μ¤¨´ ±μ¢μ, Éμ, μÎ¥¢¨¤´μ,
�„‘ · ¸¶·¥¤¥²¥´  · ¢´μ³¥·´μ. ‚ ± ¦¤μ° ¸Éμ·μ´¥
(´ ¶·¨³¥·, AD) £¥´¥·¨·Ê¥É¸Ö 1 ‚. 	¥·¥³¥¸É¨³
ABCD ¢ ¶μ²μ¦¥´¨¥ EADF. �¶ÖÉÓ ¢ ± ¦¤μ° ¸Éμ-
·μ´¥, ´ ¶·¨³¥· EF, £¥´¥·¨·Ê¥É¸Ö 1 ‚. � É¥¶¥·Ó
· ¸¸³μÉ·¨³ ±μ´ÉÊ· EBCF, ¶²μÐ ¤Ó ±μÉμ·μ£μ ¢ ¤¢ 
· §  ¡μ²ÓÏ¥, Î¥³ ¶²μÐ ¤Ó ABCD. 	μ¸Î¨É ¥³ �„‘ ¨¸Ìμ¤Ö ¨§ ¤²¨´Ò ¸Éμ·μ´.
	μ²ÊÎ¨³ 6 ‚. �μ ¶²μÐ ¤Ó ´μ¢μ£μ ±μ´ÉÊ·  ¢ ¤¢  · §  ¡μ²ÓÏ¥, Î¥³ ¸É ·μ£μ.
	μ § ±μ´Ê ” · ¤¥Ö �„‘ = 4 · 2 = 8 ‚. �  ± ±μ³ ¨§ μÉ·¥§±μ¢ ´μ¢μ£μ ±μ´ÉÊ· 
¶·μ¶ ²¨ 8 − 6 = 2 ‚ ¨ ¶μÎ¥³Ê? ‚¥¤Ó ¢¸¥ μÉ·¥§±¨ ´ Ìμ¤ÖÉ¸Ö ¢ · ¢´μ³¥·-
´μ³ ¶μ²¥ ¢ μ¤¨´ ±μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ. �É¨ Ê¸²μ¢¨Ö ´¥ ¨§³¥´Ö²¨¸Ó, ¨
· §´¨ÍÒ ¡ÒÉÓ ´¥ ¤μ²¦´μ.

	μ¤μ¡´Ò¥ ¶·¨³¥·Ò É·Ê¤´μ¸É¥° ¶·¨³¥´¥´¨Ö (1) ³μ¦´μ ¶·μ¤μ²¦¨ÉÓ.
�.”¥°´³ ´ ¶μ¸¢ÖÉ¨² Í¥²Ò° ¶ · £· Ë É ±¨³ ¶·¨³¥· ³ [3, £². 17, § 2], ±μ-
Éμ·Ò° É ± ¨ ´ §Ò¢ ¥É¸Ö: ®ˆ¸±²ÕÎ¥´¨Ö ¨§ ¶· ¢¨²  ¶μÉμ± ¯. �μ ¶¥·¥°¤¥³ ±
 ´ ²¨§Ê ¶·¨Î¨´, ¨Ì ¢Ò§Ò¢ ÕÐ¨Ì.

��‹…… “�ˆ‚…�‘�‹œ��Ÿ ”��Œ“‹ˆ��‚Š� ‡�Š��� ˆ�„“Š–ˆˆ

	·¨³¥· 4 ´ £²Ö¤´μ ¤¥³μ´¸É·¨·Ê¥É ¨¤¥°´ÊÕ ´¥¸μ¸ÉμÖÉ¥²Ó´μ¸ÉÓ § ±μ´  ¢
Ëμ·³¥ (1). �„‘ ¢μ§´¨± ¥É ¢ μÉ·¥§± Ì ±μ´ÉÊ·  ¨ ¤μ²¦´  ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó
§ ¢¨¸¥ÉÓ μÉ Ë¨§¨Î¥¸±¨Ì Ê¸²μ¢¨°, ¢ ±μÉμ·ÒÌ ´ Ìμ¤ÖÉ¸Ö ÔÉ¨ μÉ·¥§±¨. 	μÔÉμ³Ê
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¢ ®¨¤¥°´μ ¶· ¢¨²Ó´Ò°¯ § ±μ´ ¤μ²¦´  ¢Ìμ¤¨ÉÓ ´¥ ¶²μÐ ¤Ó ±μ´ÉÊ· ,   ±μ´ÉÊ·-
´Ò° ¨´É¥£· ² ¶μ ¥£μ ¸Éμ·μ´ ³. ‡ ±μ´ ¤μ²¦¥´ ¶μ§¢μ²ÖÉÓ ¢ÒÎ¨¸²ÖÉÓ · ¸¶·¥-
¤¥²¥´¨¥ �„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ·  ¨ ¢ÒÎ¨¸²ÖÉÓ �„‘ ¢ ´¥§ ³±´ÊÉÒÌ ¶·μ¢μ¤´¨-
± Ì. „²Ö É ±¨Ì ¶·μ¢μ¤´¨±μ¢ ®¶²μÐ ¤Ó ±μ´ÉÊ· ¯ · ¢´  0 ¨ Ëμ·³Ê²  (1) ¤ ¥É
�„‘ = 0, ÌμÉÖ μÎ¥¢¨¤´μ, ÎÉμ �„‘ ´ ¢μ¤¨É¸Ö ¢ μÉ·¥§± Ì ±μ´ÉÊ·  ´¥§ ¢¨¸¨³μ
μÉ Éμ£μ, § ³±´ÊÉÒ ÔÉ¨ μÉ·¥§±¨ ¸ ¶μ³μÐÓÕ ¤·Ê£¨Ì ¨²¨ ´¥É. �„‘ ¢ Éμ´±μ³
²¨´¥°´μ³ ¶·μ¢μ¤´¨±¥ AB (´¥ μ¡Ö§ É¥²Ó´μ § ³±´ÊÉμ³) ¶μ ¸³Ò¸²Ê ¨ μ¶·¥¤¥-
²¥´¨Õ ÔÉμ° ¢¥²¨Î¨´Ò ´ §Ò¢ ÕÉ ±μ´ÉÊ·´Ò° ¨´É¥£· ² ¢¤μ²Ó ÔÉμ£μ ¶·μ¢μ¤´¨± 
μÉ ®¸Éμ·μ´´¥°¯ ¸¨²Ò F, ¤¥°¸É¢ÊÕÐ¥° ´  ¥¤¨´¨Î´Ò° § ·Ö¤,

�„‘ =

B∫

A

(F/q) · dl.

	·¨ ´ ²¨Î¨¨ ¶μ²¥° E ¨ B ´  § ·Ö¤ q ¤¥°¸É¢Ê¥É ¸¨²  ‹μ·¥´Í 

F = q(E + [V × B]), (3)

£¤¥ E Å Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¸μ¸ÉμÖÐ¥¥ ¨§ £· ¤¨¥´É´μ£μ ¨
¢¨Ì·¥¢μ£μ ¸² £ ¥³ÒÌ,

E = −gradϕ − ∂A/∂t, (4)

B Å ¨´¤Ê±Í¨Ö ³ £´¨É´μ£μ ¶μ²Ö, A Å ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ², V Å ¸±μ·μ¸ÉÓ
¶·μ¢μ¤´¨± . 	μ¸±μ²Ó±Ê ¨´É¥£· ² μÉ £· ¤¨¥´É´μ£μ ¸² £ ¥³μ£μ gradϕ ¶μ § -
³±´ÊÉμ³Ê ±μ´ÉÊ·Ê · ¢¥´ 0, Éμ ¢ �„‘ ¨ ®¸Éμ·μ´´ÕÕ ¸¨²Ê¯ μ´μ ´¥ ¢μ°¤¥É.
‚μ°¤¥É Éμ²Ó±μ ¸² £ ¥³μ¥ ∂A/∂t.

	μÔÉμ³Ê

�„‘ =

B∫

A

(−∂A/∂t + [V × B]) dl. (5a)

‚ ¸²ÊÎ ¥ ´¥¶μ¤¢¨¦´μ£μ ±μ´ÉÊ·  L (V = 0) ¨§ (5a) ¶μ²ÊÎ¨³

�„‘ = −
∫

L

(∂A/∂t) · dl. (5¡)

ŒÒ ¶μ²ÊÎ¨²¨ ®¨¤¥°´μ ¶· ¢¨²Ó´Ò°¯ ¨ Ê´¨¢¥·¸ ²Ó´Ò° § ±μ´ Ô²¥±É·μ³ £-
´¨É´μ° ¨´¤Ê±Í¨¨, ±μÉμ·Ò° ¢ μÉ²¨Î¨¥ μÉ (1) ¶μ§¢μ²Ö¥É · ¸¸Î¨É ÉÓ · ¸¶·¥¤¥-
²¥´¨¥ �„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ·  ¨ �„‘ ´¥§ ³±´ÊÉμ£μ ´¥¶μ¤¢¨¦´μ£μ ¶·μ¢μ¤´¨± .

	¥·¢¨Î´μ° ¶·¨Î¨´μ° ¢μ§´¨±´μ¢¥´¨Ö �„‘ ¢ ±μ´ÉÊ·¥ Ö¢²Ö¥É¸Ö ¨§³¥´¥´¨¥
¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  A ¢ Éμ³ ³¥¸É¥, £¤¥ · ¸¶μ²μ¦¥´ ±μ´ÉÊ·,   ´¥ ¶μÉμ±
¨´¤Ê±Í¨¨ B Î¥·¥§ ¥£μ ¶²μÐ ¤Ó (£¤¥ ±μ´ÉÊ·  ´¥É), ±μÉμ· Ö · ¢´  0, ¥¸²¨
¶·μ¢μ¤´¨± ´¥ § ³±´ÊÉ.
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‚…Š’���›‰ ��’…�–ˆ�‹ Å ‚�†��Ÿ •���Š’…�ˆ‘’ˆŠ�
Œ�ƒ�ˆ’��ƒ� ��‹Ÿ

�μ ¸ ³μ¥ £² ¢´μ¥, ÎÉμ ¢¨¤´μ ¨§ (5¡), ÔÉμ Éμ, ÎÉμ ¢ ¦´¥°Ï¥° Ì · ±É¥-
·¨¸É¨±μ° ³ £´¨É´μ£μ ¶μ²Ö Ö¢²Ö¥É¸Ö ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² A. ‚ ¤¨´ ³¨±¥
μ´ ¡μ²¥¥ ¢ ¦¥´, Î¥³ ¤·Ê£ Ö Ì · ±É¥·¨¸É¨±  ³ £´¨É´μ£μ ¶μ²Ö: ¨´¤Ê±Í¨Ö B.
„¥°¸É¢¨É¥²Ó´μ, ¢ · ¸¸³μÉ·¥´´ÒÌ · ´¥¥ ¶·¨³¥· Ì ¢ μ¤´μ·μ¤´μ³ (μ¤¨´ ±μ¢Ò³
¶μ B) ³ £´¨É´μ³ ¶μ²¥ ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² A · ¸¶·¥¤¥²¥´ ¸μ¢¸¥³ ´¥ · ¢-
´μ³¥·´μ. 	μÔÉμ³Ê ¨ · ¸¶·¥¤¥²¥´¨¥ �„‘ ¶μ ±μ´ÉÊ·Ê ¡Ê¤¥É ´¥ μ¤¨´ ±μ¢Ò³.
	μ²ÊÎ ¥É¸Ö, ÎÉμ Ì · ±É¥·¨¸É¨±  ³ £´¨É´μ£μ ¶μ²Ö B Éμ²Ó±μ § É¥³´Ö¥É ¸¨ÉÊ-
 Í¨Õ ¸ ¨´¤ÊÍ¨·μ¢ ´¨¥³ �„‘. ˆ´¤Ê±Í¨Ö B Ö¢²Ö¥É¸Ö ²¨ÏÓ ¢¸¶μ³μ£ É¥²Ó´μ°
¢¥²¨Î¨´μ° ¨ ²¥£±μ ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´  ¨§ μ¸´μ¢´μ° Ì · ±É¥·¨¸É¨±¨ Å ¢¥±-
Éμ·´μ£μ ¶μÉ¥´Í¨ ²  A μ¶¥· Í¨¥° ·μÉμ·:

B = rotA. (6)

�μ ¶μ²ÊÎ¨ÉÓ A ¨§ B ¢μ§³μ¦´μ ¤ ²¥±μ ´¥ ¢¸¥£¤ . Ÿ·±¨° ¶·¨³¥· Éμ³Ê μ¤´μ-
·μ¤´μ¥ ¶μ²¥ B.

‚ ²¨É¥· ÉÊ·¥ ³μ¦´μ ¢¸É·¥É¨ÉÓ ³´¥´¨¥, ÎÉμ A ´¥ Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±μ°
¢¥²¨Î¨´μ°, ¨³¥ÕÐ¥° μ¶·¥¤¥²¥´´μ¥ §´ Î¥´¨¥ ¢ ± ¦¤μ° ÉμÎ±¥, A Å ²¨ÏÓ
¢¸¶μ³μ£ É¥²Ó´ Ö ËÊ´±Í¨Ö ¤²Ö ¢ÒÎ¨¸²¥´¨Ö B, ±μÉμ· Ö ´¥ ¨³¥¥É Î¨¸²μ¢μ£μ
§´ Î¥´¨Ö,   μ¶·¥¤¥²¥´  ¸ ÉμÎ´μ¸ÉÓÕ ¤μ ¶·μ¨§¢μ²Ó´μ° ËÊ´±Í¨¨ gradϕ. �´μ
μ¸´μ¢ ´μ ´  μ¶·¥¤¥²¥´¨¨ A Î¥·¥§ Ëμ·³Ê²Ê (6), ¨§ ±μÉμ·μ° ¸²¥¤Ê¥É, ÎÉμ B ´¥
¨§³¥´¨É¸Ö, ¥¸²¨ ± A ¤μ¡ ¢¨ÉÓ ¶·μ¨§¢μ²Ó´Ò° gradϕ. �μ A ´Ê¦¥´ ´¥ Éμ²Ó±μ
¤²Ö ¢ÒÎ¨¸²¥´¨Ö B ¶μ Ëμ·³Ê²¥ (6). �´ ¨¸¶μ²Ó§Ê¥É¸Ö ¨ ¢ ¤·Ê£¨Ì Ëμ·³Ê² Ì,
´ ¶·¨³¥·, ¢ (5a) ¤²Ö ¢ÒÎ¨¸²¥´¨Ö �„‘.

…¸²¨ μ¶·¥¤¥²¨ÉÓ A, ¨¸Ìμ¤Ö ¨§ Ëμ·³Ê²Ò ¤²Ö ÉμÎ¥Î´μ£μ § ·Ö¤  A = ϕv
¨ ¶·¨´Í¨¶  ¸Ê¶¥·¶μ§¨Í¨¨ A, ¤²Ö ³´μ£¨Ì § ·Ö¤μ¢ jdv Å ¶μ²ÊÎ¨³ Ëμ·-
³Ê²Ê (7), ±μÉμ· Ö Ö¢²Ö¥É¸Ö  ´ ²μ£μ³ § ±μ´  �¨μÄ‘ ¢ · , Éμ A ¸É ´μ¢¨É¸Ö ¶μ²-
´μÍ¥´´μ° Ë¨§¨Î¥¸±μ° ¢¥²¨Î¨´μ°, ¨³¥ÕÐ¥° ¥¤¨´¸É¢¥´´μ¥ Î¨¸²μ¢μ¥ §´ Î¥´¨¥
¢ ± ¦¤μ° ÉμÎ±¥.

�¨¦¥ ³Ò Ê¢¨¤¨³, ÎÉμ A Å ¢ ¦´¥°Ï Ö Ì · ±É¥·¨¸É¨±  ³ £´¨É´μ£μ ¶μ²Ö.
	μÔÉμ³Ê ´¥ ¸²¥¤Ê¥É £μ¢μ·¨ÉÓ, ÎÉμ ´¥É ³ £´¨É´μ£μ ¶μ²Ö É ³, £¤¥ B = 0,
  A ´Ê²Õ ´¥ · ¢´μ. (� ¶·¨³¥·, ¢ ¶·μ¸É· ´¸É¢¥ ¢´¥ ¸μ²¥´μ¨¤  ¢ ¢¨¤¥ Éμ· 
¨²¨ ¡¥¸±μ´¥Î´μ£μ Í¨²¨´¤· .) �Ï¨¡μÎ´μ¥ ÊÉ¢¥·¦¤¥´¨¥ ¶·μ μÉ¸ÊÉ¸É¢¨¥ ³ £-
´¨É´μ£μ ¶μ²Ö ¢´¥ ¡¥¸±μ´¥Î´μ£μ ¸μ²¥´μ¨¤  ¨²¨ ¢´¥ Éμ·  ³μ¦´μ ¢¸É·¥É¨ÉÓ Ê
· §´ÒÌ  ¢Éμ·μ¢. ˆÌ ´¥ ¸³ÊÐ ¥É ÉμÉ Ë ±É, ÎÉμ ³ £´¨É´μ¥ ¶μ²¥, ±μÉμ·μ£μ ¢´¥
Éμ·  ´¥É, ´ ¢μ¤¨É �„‘ ¢ ±μ´ÉÊ·¥, · ¸¶μ²μ¦¥´´μ³ ¢´¥ Éμ· .
�„‘ ¢ ±μ´ÉÊ·¥ ´ ¢μ¤¨É ³ £´¨É´μ¥ ¶μ²¥, ±μÉμ·μ£μ É ³ ´¥É!

Œ £´¨É´μ¥ ¶μ²¥ Å ÔÉμ μ¸μ¡μ¥ ¸μ¸ÉμÖ´¨¥ ¶·μ¸É· ´¸É¢ , ±μÉμ·μ¥ Ì · ±-
É¥·¨§Ê¥É¸Ö ¤¢Ê³Ö ¶ · ³¥É· ³¨ A ¨ B. …¸²¨ Éμ²Ó±μ μ¤¨´ ¨§ ¤¢ÊÌ ¶ · ³¥É·μ¢
B = 0 (´ ¶·¨³¥·, μ±μ²μ ¸μ²¥´μ¨¤ ) , ÔÉμ ´¥ μ§´ Î ¥É, ÎÉμ ³ £´¨É´μ£μ ¶μ²Ö
É ³ ´¥É. ˆ¡μ ÊÉ¢¥·¦¤¥´¨¥, ÎÉμ μ±μ²μ ¸μ²¥´μ¨¤  ³ £´¨É´μ£μ ¶μ²Ö ´¥É, ¤μ²¦´μ
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μ§´ Î ÉÓ, ÎÉμ ¶·μ¸É· ´¸É¢μ μ±μ²μ ´¥£μ Ë¨§¨Î¥¸±¨ ´¨Î¥³ ´¥ μÉ²¨Î ¥É¸Ö μÉ
¶·μ¸É· ´¸É¢ , ¤ ²¥±μ£μ μÉ ¸μ²¥´μ¨¤ , £¤¥ ¨ A ¨ B · ¢´Ò 0. �Î¥¢¨¤´μ, ÎÉμ
μÉ²¨Î¨¥ ¥¸ÉÓ.

…¸²¨ ¸Ê¤¨ÉÓ μ ¢¥²¨Î¨´¥ ¶¥·¥³¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢´¥ ¸μ²¥´μ¨¤  ¶μ
�„‘, ´ ¢μ¤¨³μ° ¢ ±μ´ÉÊ·¥, ´ ¤¥Éμ³ ´  ¸μ²¥´μ¨¤, Éμ ¢´¥ ¸μ²¥´μ¨¤  μ´  ¡Ê¤¥É
³ ±¸¨³ ²Ó´μ° ¢ ¶²μ¸±μ¸É¨, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ ¥£μ Í¥´É·, É. ¥. É ³, £¤¥ B
³¨´¨³ ²Ó´μ.

“· ¢´¥´¨¥ (1) ¶μ§¢μ²Ö¥É ¢ μÉ¤¥²Ó´ÒÌ ¶·μ¸ÉÒÌ ¸²ÊÎ ÖÌ ¡μ²¥¥ ²¥£±μ,
Î¥³ (5¡), ¢ÒÎ¨¸²¨ÉÓ �„‘ ¢ ±μ´ÉÊ·¥. �μ ¢ ¡μ²¥¥ ¸²μ¦´ÒÌ ¸²ÊÎ ÖÌ ¸²¥¤Ê¥É
¨¸¶μ²Ó§μ¢ ÉÓ (5¡),   ¥¸²¨ Î ¸ÉÓ ±μ´ÉÊ·  ¨²¨ ¢¥¸Ó μ´ ¤¢¨¦¥É¸Ö, Éμ (5 ).

� ¸¸³μÉ·¨³ ¡μ²¥¥ ¶μ¤·μ¡´μ, ± ± ¢ ¶·¨³¥·¥ 4 ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ · ¸¶·¥-
¤¥²¥´¨¥ �„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ· . „²Ö ÔÉμ£μ ¢ÒÎ¨¸²¨³ ¢¥²¨Î¨´Ê ¢¥±Éμ·´μ£μ
¶μÉ¥´Í¨ ²  A ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸  ¤²Ö ¸μ²¥´μ¨¤  ¤¨ ³¥É·μ³ D = 2a
(· ¤¨Ê¸  a) ¨ ¤²¨´μ° L = 2l ¢ ¥£μ ¸·¥¤´¥° ¶²μ¸±μ¸É¨ �(z = 0), ¶·μÌμ-
¤ÖÐ¥° Î¥·¥§ Í¥´É· ¸μ²¥´μ¨¤  ¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ° ¥£μ μ¸¨. „²Ö ¸μ²¥´μ¨¤ 
¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² A ¨³¥¥É Éμ²Ó±μ É ´£¥´Í¨ ²Ó´ÊÕ ¸μ¸É ¢²ÖÕÐÊÕ Aϕ(r),
±μÉμ· Ö ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê² ³

A =
∫

v′

j dv′

/r− r′/
, (7)

dv' ¨ �r′ Å μ¡Ñ¥³, £¤¥ É¥Î¥É Éμ± �j(r′), ¨ · ¸¸ÉμÖ´¨¥ ¤μ ´¥£μ; a Å · ¤¨Ê¸
¸μ²¥´μ¨¤ ; r Å · ¸¸ÉμÖ´¨¥ ¤μ ÉμÎ±¨ ¨§³¥·¥´¨Ö ¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  A,

Aϕ(r, z) = 2k

π∫

0

cosϕ · ln
√

d2 + (l − z)2 + l − z√
d2 + (l + z)2 − l − z

· dϕ, (8)

£¤¥

d2 = a2 + r2 − 2ar cosϕ; (9)

k Å const, § ¢¨¸ÖÐ Ö μÉ ¢¥²¨Î¨´Ò Éμ±  ¨ ¸¨¸É¥³Ò ¥¤¨´¨Í.
�  ·¨¸. 5 ¸¶· ¢  (x > 0) ¶μ± § ´Ò £· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ¢¥²¨Î¨´Ò ¢¥±-

Éμ·´μ£μ ¶μÉ¥´Í¨ ²  μÉ · ¤¨Ê¸  ¢ ¶²μ¸±μ¸É¨ �. Š·¨¢Ò¥ ¶·¨¢¥¤¥´Ò ¤²Ö ¸μ-
²¥´μ¨¤μ¢ μ¤´μ£μ ¤¨ ³¥É·  D = 8 ¨ · §´μ° ¤²¨´Ò L. �´¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ
¢´ÊÉ·¨ ¸μ²¥´μ¨¤  ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² A · ¸É¥É ¶· ±É¨Î¥¸±¨ ²¨´¥°´μ, ¥¸²¨
¤²¨´  L = 2l ¶·¥¢ÒÏ ¥É ¤¨ ³¥É· D. ‚ ÔÉμ° ¶²μ¸±μ¸É¨ ¶·¨ ¤μ¸É ÉμÎ´μ° ¤²¨´¥
¸μ²¥´μ¨¤  L ³ £´¨É´μ¥ ¶μ²¥ B ¶μ²ÊÎ ¥É¸Ö · ¢´μ³¥·´Ò³. ’¥¶¥·Ó ¶ · ¤μ±¸,
μ¶¨¸ ´´Ò° ¢ÒÏ¥ ¢ ¶·¨³¥·¥ 4, ¸ ®²¨Ï´¨³¨¯ ¤¢Ê³Ö ¢μ²ÓÉ ³¨, ¸´¨³ ¥É¸Ö. „¥°-
¸É¢¨É¥²Ó´μ, ´  μ¸´μ¢ ´¨¨ Ëμ·³Ê²Ò (1) ³Ò ¸Î¨É ²¨, ÎÉμ �„‘ ¢ · ¢´μ³¥·´μ³
¶μ B ¶μ²¥ · ¸¶·¥¤¥²Ö¥É¸Ö ¶μ ¸Éμ·μ´ ³ ±μ´ÉÊ·  ABCD · ¢´μ³¥·´μ. ˆ, ¸Ê³-
³¨·ÊÖ �„‘ ¶μ ¶¥·¨³¥É·Ê EBCF, ¶μ²ÊÎ¨²¨ 6B. �μ Ëμ·³Ê²  (5 ) ¨ £· Ë¨±¨
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�¨¸. 5. ƒ· Ë¨± ¢¥²¨Î¨´Ò �„‘ (x < 0) ¨ ¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  Aϕ (x > 0)

¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  A ¨ �„‘ ´  ·¨¸. 5 ¶μ± §Ò¢ ÕÉ, ÎÉμ μ´¨ · ¸¶·¥¤¥²Ö-
ÕÉ¸Ö ´¥· ¢´μ³¥·´μ ¶μ · ¤¨Ê¸Ê ¸μ²¥´μ¨¤ . ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶ · ¤μ±¸  ´¥É.

�μ²¥¥ Éμ£μ, · ¸¶·¥¤¥²¥´¨¥ �„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ·  ABCD ¢ ÔÉμ³ ¶·¨³¥·¥
¡Ê¤¥É · §´Ò³ ¤²Ö · §´ÒÌ ¶μ²μ¦¥´¨° ±μ´ÉÊ·  ¢ ¶²μ¸±μ¸É¨, ÌμÉÖ B É ³ μ¤¨´ -
±μ¢μ. ”μ·³Ê²  (1) ¶μ¤É ²±¨¢ ¥É ± ´¥¶· ¢¨²Ó´μ³Ê ¢Ò¢μ¤Ê, ÎÉμ · ¸¶·¥¤¥²¥´¨¥
�„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ·  Éμ¦¥ ¤μ²¦´μ ¡ÒÉÓ μ¤¨´ ±μ¢Ò³.

—Éμ¡Ò Ê¡¥¤¨ÉÓ¸Ö ¢ ´¥· ¢´μ³¥·´μ³ · ¸¶·¥¤¥²¥´¨¨ �„‘ ¶μ¸³μÉ·¨³, ± ±
· ¸¶·¥¤¥²Ö¥É¸Ö �„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ·  ´  ·¨¸. 6.

	²μÐ ¤Ó ±μ´ÉÊ·μ¢ · §´μ£μ · ¤¨Ê¸  r = 1 → 10 ¸ Í¥´É·μ³ ¢ ÉμÎ±¥ 0 · ¢´ 
S = πr2 ¨ · ¸É¥É ± ± ±¢ ¤· É · ¤¨Ê¸ . ’ ± ¦¥ · ¸É¥É ¨ �„‘, ´ ¢μ¤¨³ Ö ¢ ÔÉ¨Ì
±μ´ÉÊ· Ì. ‚ ³ ²¥´Ó±μ³ ±μ´ÉÊ·¥ r = 1 ¢ Í¥´É·¥ ·¨¸Ê´±  μ´  · ¸¶·¥¤¥²¥´ 
· ¢´μ³¥·´μ ¶μ ¤²¨´¥ ±μ´ÉÊ· . �μ ¢ ³ ²¥´Ó±μ³ ±μ´ÉÊ·¥ ABCD ´  ·¨¸Ê´±¥
¸²¥¢  · ¸¶·¥¤¥²¥´¨¥ �„‘ ´¥ · ¢´μ³¥·´μ¥. —Éμ¡Ò ¨§¡¥¦ ÉÓ ³ É¥³ É¨Î¥¸±¨Ì
É·Ê¤´μ¸É¥° ¨´É¥£·¨·μ¢ ´¨Ö, ¢Ò¡¥·¥³ Ëμ·³Ê ±μ´ÉÊ·  ¢ ¢¨¤¥ É· ¶¥Í¨¨ ABCD.
—Éμ¡Ò ¥¥ ¶²μÐ ¤Ó ¡Ò²  · ¢´  4 (± ± Ê ±¢ ¤· É  ¢ Í¥´É·¥), ´Ê¦´μ ÎÉμ¡Ò ¥¥
¸·¥¤´ÖÖ ²¨´¨Ö EF = 2. ˆ§ ¶μ¤μ¡¨Ö É·¥Ê£μ²Ó´¨±μ¢ ¸ ¢¥·Ï¨´μ° � ¶μ²ÊÎ¨³:
DA = 2 · 10/9 = 2,22, CB = 2 · 8/9 = 1,78. � ¸¶·¥¤¥²¥´¨¥ �„‘ ¶μ ¤²¨´¥
ÔÉ¨Ì μÉ·¥§±μ¢ ¡Ê¤¥É ¸μ¢¶ ¤ ÉÓ ¸ · ¸¶·¥¤¥²¥´¨¥³ �„‘ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò ¢
¡μ²ÓÏ¨Ì ±μ´ÉÊ· Ì r = 10 ¨ r = 8: Ô(r) = r/2, Ô(10) = 5, Ô(8) = 4.
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�¨¸. 6

�„‘ ´  · ¤¨ ²Ó´ÒÌ ÊÎ ¸É± Ì AB ¨ DC ¡Ê¤¥É · ¢´  0 ¶μÉμ³Ê, ÎÉμ ¢¥±Éμ·-
´Ò° ¶μÉ¥´Í¨ ² ¶¥·¶¥´¤¨±Ê²Ö·¥´ · ¤¨Ê¸Ê. �„‘ ´  DA �1 = 5 ·2,22 = 11,1 B.
�„‘ ´  CB ´ ¶· ¢²¥´  ¢¸É·¥Î´μ ¨ · ¢´  �2 = 4 ·1,78 = 7,1 B. �„‘ ¤²Ö ¢¸¥£μ
±μ´ÉÊ·  ABCD �3 = 11,1 − 7,1 = 4 B. �´  ¸μ¢¶ ¤ ¥É ¸ �„‘ ±¢ ¤· É´μ£μ
±μ´ÉÊ·  ¢ Í¥´É·¥ ·¨¸Ê´± .

�„‘ ˆ ‡�Š�� �Œ�

� ¸¸³μÉ·¥´´Ò¥ ¶·¨³¥·Ò ¶μ± §Ò¢ ÕÉ, ÎÉμ �„‘ ¶μ ¤²¨´¥ ±μ´ÉÊ·  ³μ¦¥É
· ¸¶·¥¤¥²ÖÉÓ¸Ö ´¥ · ¢´μ³¥·´μ. �Éμ §´ Î¨É, ÎÉμ ¢ · §´ÒÌ Î ¸ÉÖÌ ±μ´ÉÊ·  ¢
¶¥·¢Ò° ³μ³¥´É ¡Ê¤ÊÉ É¥ÎÓ Éμ±¨ · §´μ° ¢¥²¨Î¨´Ò. �´¨ ¶·¨¢¥¤ÊÉ ± É ±μ³Ê
¶¥·¥· ¸¶·¥¤¥²¥´¨Õ § ·Ö¤μ¢ ¶μ ¤²¨´¥ ±μ´ÉÊ· , ±μÉμ·μ¥ ¸μ§¤ ¸É μ¤¨´ ±μ¢μ¥
Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ E = −gradϕ − ∂A/∂t ¢μ ¢¸¥³ ±μ´ÉÊ·¥, É ± ÎÉμ ¶μ¸²¥
¶¥·¥Ìμ¤´μ£μ ¶·μÍ¥¸¸  ¢μ ¢¸¥Ì Ô²¥³¥´É Ì ±μ´ÉÊ·  Ê¸É ´μ¢¨É¸Ö μ¤¨´ ±μ¢Ò°
Éμ± ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ § ±μ´μ³ �³  j = σE ¨ ¶· ¢¨² ³¨ Š¨·Ì£μË . 	μÔÉμ³Ê
´¥¶· ¢¨²Ó´Ò³ ¨²¨ ´¥ÉμÎ´Ò³ Ö¢²Ö¥É¸Ö ¶·¥¤¶μ²μ¦¥´¨¥ Œ ±¸¢¥²² , ¢μÏ¥¤Ï¥¥
¢μ ³´μ£¨¥ ÊÎ¥¡´¨±¨ [1, ¸. 210]: ®¨§³¥´ÖÕÐ¥¥¸Ö ¢μ ¢·¥³¥´¨ ³ £´¨É´μ¥ ¶μ²¥
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¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¢ ¶·μ¸É· ´¸É¢¥ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´¥§ ¢¨¸¨³μ μÉ
´ ²¨Î¨Ö ¶·μ¢μ¤ÖÐ¥£μ ±μ´ÉÊ· ¯. �  ¸ ³μ³ ¤¥²¥ ´ ¶· ¢²¥´¨¥ ¨ ¢¥²¨Î¨´  Ô²¥±-
É·¨Î¥¸±μ£μ ¶μ²Ö § ¢¨¸ÖÉ μÉ Ëμ·³Ò ¨ ¶μ²μ¦¥´¨Ö ¶·μ¢μ¤ÖÐ¥£μ ±μ´ÉÊ· .

‚…Š’���›‰ ��’…�–ˆ�‹ ˆ “��‚�…�ˆŸ Œ�Š‘‚…‹‹�

ˆ§ ¶· ±É¨±¨ ¨§¢¥¸É´μ ¨ ¶μ¤É¢¥·¦¤ ¥É¸Ö · ¸Î¥É ³¨, ÎÉμ ¢ Í¥´É· ²Ó´μ°
Î ¸É¨ § §μ·  Ô²¥±É·μ³ £´¨É  ³μ¦´μ ¶μ²ÊÎ¨ÉÓ μÎ¥´Ó · ¢´μ³¥·´μ¥ ³ £´¨É´μ¥
¶μ²¥. „ ²¥¥ ³Ò ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ μ¡Ñ¥³ ¸ É ±¨³ · ¢´μ³¥·´Ò³ (μ¤´μ·μ¤-
´Ò³) ¶μ²¥³. 	Ê¸ÉÓ μ´μ ¸μ§¤ ¥É¸Ö ¶¨²μμ¡· §´Ò³ Éμ±μ³. � ¸¸³μÉ·¨³ ÉμÉ ¨´-
É¥·¢ ² ¢·¥³¥´¨, ±μ£¤  Éμ± ¢ Ô²¥±É·μ³ £´¨É¥ ¨ ¶μ²¥ B ²¨´¥°´μ ¢μ§· ¸É ÕÉ.
	μ § ±μ´Ê Ô²¥±É·μ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ” · ¤¥Ö ¢ ÔÉμ³ ¸²ÊÎ ¥ ¢ μ¡Ñ¥³¥ ¢μ§-
´¨± ¥É Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ±μÉμ·μ³Ê ¸μμÉ¢¥É¸É¢Ê¥É Ê· ¢´¥´¨¥ Œ ±¸¢¥²² 

rotE = −∂B/∂t. (10)

�Éμ Ê· ¢´¥´¨¥ ¢ ´¥±μÉμ·ÒÌ ±Ê·¸ Ì [3] ¤ ¦¥ ´ §Ò¢ ÕÉ § ±μ´μ³ ¨´¤Ê±Í¨¨
¢³¥¸Éμ (1). ŒÒ ÌμÉ¨³ ¶·¥¤¸É ¢¨ÉÓ ± ·É¨´Ê ¶μ²Ö E. „²Ö ÔÉμ£μ ¢ÒÖ¸´¨³,
± ±μ¢Ò ¢¥²¨Î¨´  ¨ ´ ¶· ¢²¥´¨¥ ¢¥±Éμ·  E ¢ ¶²μ¸±μ¸É¨ § §μ· , ¶¥·¶¥´¤¨-
±Ê²Ö·´μ° B. ’ ± ± ± ¶μ²¥ B · ¢´μ³¥·´μ¥, Éμ ¢¸¥ ÉμÎ±¨ ÔÉμ° ¶²μ¸±μ¸É¨
· ¢´μ¶· ¢´Ò, É. ¥. ´ Ìμ¤ÖÉ¸Ö ¢ μ¤¨´ ±μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ, ¨ ¢ ÔÉ¨Ì
ÉμÎ± Ì ¢¥±Éμ·Ò E ¤μ²¦´Ò ¨³¥ÉÓ μ¤¨´ ±μ¢ÊÕ ¢¥²¨Î¨´Ê ¨ μ¤¨´ ±μ¢μ¥ ´ ¶· -
¢²¥´¨¥. ’ ±μ¥ ¶μ²¥ ¤μ²¦´μ ¡ÒÉÓ ¶μÉ¥´Í¨ ²Ó´Ò³, ¨ μ´μ ´¥ ³μ¦¥É ´ ¢μ¤¨ÉÓ
�„‘ ¢ § ³±´ÊÉμ³ ±μ´ÉÊ·¥ ¢ ÔÉμ° ¶²μ¸±μ¸É¨. ‚ · ¸¸³ É·¨¢ ¥³μ³ ¶μ²¥, ¢ ±μÉμ-
·μ³ ¢¸¥ ÉμÎ±¨ ´ Ìμ¤ÖÉ¸Ö ¢ μ¤¨´ ±μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ, ´¥É ¨ ± ±μ£μ-Éμ
¶·¥¤¶μÎÉ¨É¥²Ó´μ£μ ´ ¶· ¢²¥´¨Ö. �¥É ´¨± ±¨Ì μ¸´μ¢ ´¨° ´ ·¨¸μ¢ ÉÓ (´ ¶· -
¢¨ÉÓ) ¢¥±Éμ· E ¶μ ± ±μ³Ê-Éμ ´ ¶· ¢²¥´¨Õ. 	μ²ÊÎ ¥É¸Ö ¥¤¨´¸É¢¥´´μ¥ ·¥Ï¥-
´¨¥: E = 0 ¢μ ¢¸¥Ì ÉμÎ± Ì ¶²μ¸±μ¸É¨. �μÉμ· ´Ê²¥¢μ£μ ¢¥±Éμ·  · ¢¥´ 0. �μ
Ê· ¢´¥´¨¥ (10) £μ¢μ·¨É, ÎÉμ μ´ μÉ²¨Î¥´ μÉ 0, É. ±. ¢ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥
∂B/∂t = ck, £¤¥ ¸ = const > 0. ŒÒ ¶μ²ÊÎ¨²¨ ¶·μÉ¨¢μ·¥Î¨¥. 	μ¶·μ¡Ê¥³ ¥£μ
¶·¥μ¤μ²¥ÉÓ. 	μ¤¸É ¢¨³ B = rotA (6) ¢ (10) ¨ ¨§¡ ¢¨³¸Ö μÉ rot. 	μ²ÊÎ¨³

E = −∂A/∂t− gradϕ. (11)

�Éμ Ê· ¢´¥´¨¥ μ± §Ò¢ ¥É¸Ö ¶· ¢¨²Ó´Ò³ ¨ · ¸¸É ¢²Ö¥É ¢¸¥ ´  ¸¢μ¨ ³¥¸É .
„¥°¸É¢¨É¥²Ó´μ, ¢ ´ Ï¥³ ¶·¨³¥·¥ ´¥É ´¥¸±μ³¶¥´¸¨·μ¢ ´´ÒÌ § ·Ö¤μ¢. 	μÔÉμ³Ê
gradϕ = 0. 	μ²¥ ¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  A ¶μ± § ´μ ¢ ¶· ¢μ° Î ¸É¨ £· Ë¨± 
´  ·¨¸. 5. �´μ ¶μÌμ¦¥ ´  ¶μ²¥ ¸±μ·μ¸É¥° É¢¥·¤μ£μ É¥² , ±μÉμ·μ¥ ¢· Ð ¥É¸Ö
¢μ±·Ê£ ¸¢μ¥° μ¸¨. �¸Ó ¢ Í¥´É·¥ ´ Ï¥° μ¡² ¸É¨,   ³ ±¸¨³Ê³ A ´ Ìμ¤¨É¸Ö
´¥¤ ²¥±μ μÉ ¥¥ £· ´¨ÍÒ: É ³, £¤¥ · ¸¶μ²μ¦¥´  μ¡³μÉ±  Ô²¥±É·μ³ £´¨É . 	μ²¥
∂A/∂t ¶μÌμ¦¥ ´  ¶μ²¥ É ´£¥´Í¨ ²Ó´ÒÌ Ê¸±μ·¥´¨° ÔÉμ£μ É¥² . ŒÒ ¢¨¤¨³, ÎÉμ
¶μ²¥ A ¢ μ¡² ¸É¨ · ¢´μ³¥·´μ£μ B ¸ÊÐ¥¸É¢¥´´μ ´¥ · ¢´μ³¥·´μ.
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	μÔÉμ³Ê ÊÉ¢¥·¦¤¥´¨¥, ¸¤¥² ´´μ¥ ¢ÒÏ¥, ÎÉμ ÉμÎ±¨ ®´ Ìμ¤ÖÉ¸Ö ¢ μ¤¨´ ±μ-
¢ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ¯, μÏ¨¡μÎ´μ. “· ¢´¥´¨¥ (11) μ± § ²μ¸Ó ¶· ¢¨²Ó´Ò³.
	· ¢¨²Ó´μ ¨ ¥£μ ¸²¥¤¸É¢¨¥ Å Ê· ¢´¥´¨¥ (10), ´μ μ´μ ´¥ Ö¢²Ö¥É¸Ö ËÊ´¤ -
³¥´É ²Ó´Ò³ ¨ ´ É ²±¨¢ ¥É ´  ´¥¶· ¢¨²Ó´Ò¥ ¢Ò¢μ¤Ò μ¡ μ¤¨´ ±μ¢ÒÌ Ë¨§¨-
Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ. ‚ ¸¨¸É¥³Ê Ê· ¢´¥´¨° Œ ±¸¢¥²²  ¤μ²¦´μ ¢Ìμ¤¨ÉÓ ´¥ (10),
  (11). � ¥¸²¨ £μ¢μ·¨ÉÓ ¡μ²¥¥ ¸É·μ£μ, Éμ ¢ ¸¨¸É¥³Ê ËÊ´¤ ³¥´É ²Ó´ÒÌ Ê· ¢-
´¥´¨° ¤μ²¦´μ ¢Ìμ¤¨ÉÓ ¨ Ê· ¢´¥´¨¥ (3) ¤²Ö ¸¨²Ò ‹μ·¥´Í . ‚¥¤Ó ¤¥°¸É¢¨¥
 ¡¸É· ±É´ÒÌ ¶μ²¥° E ¨ B ´  § ·Ö¤Ò ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ Éμ²Ó±μ ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ (3).

Œμ¦´μ £μ¢μ·¨ÉÓ ¨ μ ËÊ´¤ ³¥´É ²Ó´μ¸É¨ Ê· ¢´¥´¨Ö (5) ¶μ¸±μ²Ó±Ê ¢ μÉ-
²¨Î¨e μÉ (1) μ´μ ¶μ§¢μ²Ö¥É ¢ÒÎ¨¸²ÖÉÓ �„‘ ´¥ Éμ²Ó±μ ¢ § ³±´ÊÉμ³, ´μ ¨ ¢
· §μ³±´ÊÉμ³ ±μ´ÉÊ·¥.

‡�Š‹	—…�ˆ…

	·¨Î¨´μ° ¢μ§´¨±´μ¢¥´¨Ö �„‘ ¢ ±μ´ÉÊ·¥ Ö¢²Ö¥É¸Ö ¨§³¥´¥´¨¥ ¢¥±Éμ·´μ£μ
¶μÉ¥´Í¨ ²  A ¢ Éμ³ ³¥¸É¥, £¤¥ · ¸¶μ²μ¦¥´ ±μ´ÉÊ·,   ´¥ ¨§³¥´¥´¨¥ ¶μÉμ± 
¨´¤Ê±Í¨¨ B Î¥·¥§ ¥£μ ¶²μÐ ¤Ó (£¤¥ ±μ´ÉÊ·  ´¥É ¨ ±μÉμ· Ö · ¢´  0, ¥¸²¨
¶·μ¢μ¤´¨± ´¥ § ³±´ÊÉ). 	μ± § ´  μ£· ´¨Î¥´´μ¸ÉÓ Ëμ·³Ò (1) § ±μ´  Ô²¥±É·μ-
³ £´¨É´μ° ¨´¤Ê±Í¨¨ ¨ ¶·¥¤²μ¦¥´  ¥£μ ¡μ²¥¥ Ê´¨¢¥·¸ ²Ó´ Ö Ëμ·³  (5a). �Éμ
´¥ ¨¸±²ÕÎ ¥É ¨¸¶μ²Ó§μ¢ ´¨Ö (1) ¤²Ö ´ Ìμ¦¤¥´¨Ö �„‘ ¢ ¶·μ¸ÉÒÌ ±μ´ÉÊ· Ì.

	μ± § ´μ, ÎÉμ μ¸´μ¢´μ° Ì · ±É¥·¨¸É¨±μ° ³ £´¨É´μ£μ ¶μ²Ö (μ¸μ¡¥´´μ ¢
¤¨´ ³¨±¥) ¸²¥¤Ê¥É ¸Î¨É ÉÓ A,   ´¥ B. ‡´ ´¨Ö A ¤μ¸É ÉμÎ´μ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö B
¨ ·¥Ï¥´¨Ö ¢¸¥Ì § ¤ Î ¨´¤Ê±Í¨¨,   §´ ´¨Ö Éμ²Ó±μ B ´¥ ¢¸¥£¤  ¤μ¸É ÉμÎ´μ ¤²Ö
·¥Ï¥´¨Ö § ¤ Î ¨ ¢ÒÎ¨¸²¥´¨Ö A. 	μ¸±μ²Ó±Ê A Å ¢ ¦´¥°Ï Ö Ì · ±É¥·¨¸É¨± 
³ £´¨É´μ£μ ¶μ²Ö, Éμ ´¥ ¸²¥¤Ê¥É £μ¢μ·¨ÉÓ, ÎÉμ ³ £´¨É´μ£μ ¶μ²Ö ´¥É É ³, £¤¥
B = 0, ´μ A ´Ê²Õ ´¥ · ¢´μ.

�² £μ¤ ·´μ¸É¨. �² £μ¤ ·Õ ³μ¨Ì ±μ²²¥£ ¢ �ˆŸˆ, ¨ μ¸μ¡¥´´μ „.ˆ.Š § -
±μ¢ , §  ¶μ²¥§´Ò¥ § ³¥Î ´¨Ö, ¢Ò¸± § ´´Ò¥ ¶·¨ μ¡¸Ê¦¤¥´¨¨ ÔÉμ° · ¡μÉÒ.
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