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ˆ§³¥·¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¢  ´ ²¨§¨·ÊÕÐ¥³ ³ £´¨É¥ ¸¶¥±É·μ³¥É·  NIS

�¸´μ¢´Ò³¨ Í¥²Ö³¨ Ô±¸¶¥·¨³¥´É  NIS (Nucleon Intrinsic Strangeness) Ö¢²Ö-
ÕÉ¸Ö: ¶μ¨¸± ÔËË¥±Éμ¢ ¸±·ÒÉμ° ¶μ²Ö·¨§μ¢ ´´μ° ¸É· ´´μ¸É¨ ¢ ´Ê±²μ´¥ ¨ ¶μ¨¸±
¨ ¨§ÊÎ¥´¨¥ Ô±§μÉ¨Î¥¸±¨Ì ¡ ·¨μ´μ¢ (¶¥´É ±¢ ·±μ¢) ¢ NN -·¥ ±Í¨ÖÌ. “¸É ´μ¢± 
· ¸¶μ²μ¦¥´  ¢ ±μ·¶Ê¸¥ 205 ‹ ¡μ· Éμ·¨¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° �ˆŸˆ ´  ± ´ ²¥
4‚ ¢Ò¢¥¤¥´´μ£μ ¨§ Ê¸±μ·¨É¥²Ö ®�Ê±²μÉ·μ´¯ ¶ÊÎ±  ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° μÉ
1 ¤μ 4 ƒÔ‚. 	²¥±É·μ³ £´¨É 1‘�-40-4‚ ¸¶¥±É·μ³¥É·  ¨³¥¥É ¢´¥Ï´¨¥ · §³¥·Ò
3,20×3,26×4,48 ³ ¨  ¶¥·ÉÊ·Ê 2,74×0,68 ³.

ˆ§³¥·¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö μ¸ÊÐ¥¸É¢²Ö²μ¸Ó É·¥Ì±μ³¶μ´¥´É´Ò³ Ìμ²²μ¢¸±¨³
³ £´¨Éμ³¥É·μ³ ¢  ¢Éμ³ É¨§¨·μ¢ ´´μ³ ·¥¦¨³¥ ¸ Ê¶· ¢²¥´¨¥³ μÉ ±μ³¶ÓÕÉ¥· .
� ¡μÎ Ö μ¡² ¸ÉÓ ¨§³¥·¥´¨° ¸μ¸É ¢¨²  1,03×0,60×3,92 ³.

‚ · ¡μÉ¥ ¤ ¥É¸Ö μ¶¨¸ ´¨¥ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò, ¶·μÍ¥¤Ê·Ò ¨§³¥·¥´¨°,
·¥§Ê²ÓÉ ÉÒ ±μÉμ·ÒÌ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶·μ¢¥¤¥´¨Ö ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ -
´¨Ö ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ Ô±¸¶¥·¨³¥´É  ¨ ¢ ¤ ²Ó´¥°Ï¥³, ¶μ¸²¥ ¶·μ¢¥¤¥´¨Ö
¸¥ ´¸μ¢ ´ ¡μ·  Ë¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ, ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ¢ ¨Ì  ´ ²¨§¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ Î ¸É¨Í �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

Avramenko S.A. et al. P13-2005-118
Measurement of a Magnetic Field in an Analyzing Magnet of Spectrometer NIS

The main goals of NIS (Nucleon Intrinsic Strangeness) experiment are the search
of effects of hidden intrinsic polarized strangeness in nucleon and the search and
study of exotic baryons (pentaquarks) in NN reactions. The experiment will be
performed at the JINR Nuclotron (Laboratory of High Energies) on the extracted
beam with kinetic energy from 1 up to 4 GeV.

The electromagnet 1SP-40-4V of the spectrometer has the external sizes
3.20×3.26×4.48 m with aperture of 2.74×0.68 m.

Measurement of the magnetic ˇeld was carried out with the use of a three-
component Hall probe in the online mode. The measured ˇeld volume is of
1.03×0.60×3.92 m.

The description of the measuring equipment and procedure of measurements are
presented. Results of the measurements are given. The results are being used for
the Monte-Carlo simulation of the experiment and will be used for analysis of the
physical data.

The investigation has been performed at the Laboratory of Particle Physics, JINR.

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



‚‚…„…�ˆ…

�¸´μ¢´Ò³¨ Í¥²Ö³¨ Ô±¸¶¥·¨³¥´É  NIS (Nucleon Intrinsic Strangeness) Ö¢²Ö-
ÕÉ¸Ö: 1) ¶μ¨¸± ÔËË¥±Éμ¢ ¸±·ÒÉμ° ¶μ²Ö·¨§μ¢ ´´μ° ¸É· ´´μ¸É¨ ¢ ´Ê±²μ´¥ ¨
2) ¶μ¨¸± ¨ ¨§ÊÎ¥´¨¥ Ô±§μÉ¨Î¥¸±¨Ì ¡ ·¨μ´μ¢ (¶¥´É ±¢ ·±μ¢) ¢ NN -·¥ ±Í¨ÖÌ.
„²Ö ¶μ¨¸±  ÔËË¥±Éμ¢ ¸±·ÒÉμ° ¶μ²Ö·¨§μ¢ ´´μ° ¸É· ´´μ¸É¨ ¶² ´¨·Ê¥É¸Ö [1, 2]
¢Ò¶μ²´¨ÉÓ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ·μ¦¤¥´¨Ö ϕ- ¨ ω-³¥§μ´μ¢ ¢¡²¨§¨ ¶μ·μ£μ¢.

“¸É ´μ¢±  �ˆ‘ (NIS) · ¸¶μ²μ¦¥´  ¢ ±μ·¶Ê¸¥ 205 ‹ ¡μ· Éμ·¨¨ ¢Ò¸μ-
±¨Ì Ô´¥·£¨° �ˆŸˆ ´  ± ´ ²¥ 4‚ ¢Ò¢¥¤¥´´μ£μ ¨§ Ê¸±μ·¨É¥²Ö ®�Ê±²μÉ·μ´¯
¶ÊÎ±  ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° ¢ ¨´É¥·¢ ²¥ 1Ä4 ƒÔ‚. ‚ ± Î¥¸É¢¥  ´ ²¨-
§¨·ÊÕÐ¥£μ ³ £´¨É  ¨¸¶μ²Ó§Ê¥É¸Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨° ³ £´¨É 1‘�-40-4‚ ¸
³¥¦¶μ²Õ¸´Ò³ § §μ·μ³ 0,68 ³ (¶μ ¢¥·É¨± ²¨, ±μμ·¤¨´ É  y). 	²¥±É·μ³ £-
´¨É 1‘�-40-48 ¸¶¥±É·μ³¥É·  ¨³¥¥É ¢´¥Ï´¨¥ · §³¥·Ò 3,20×3,26×4,48 ³ ¨
 ¶¥·ÉÊ·Ê 2,74×0,68 ³.

�  ·¨¸. 1,  , ¡ ¶·¨¢¥¤¥´  ¸Ì¥³  Ê¸É ´μ¢±¨. �¸Ó Z ¸¨¸É¥³Ò ±μμ·¤¨-
´ É ´ ¶· ¢²¥´  ¢ ¸Éμ·μ´Ê ¤¢¨¦¥´¨Ö Î ¸É¨Í ¶¥·¢¨Î´μ£μ ¶ÊÎ± , ¶ · ²²¥²Ó´μ
¶²μ¸±μ¸É¨ ´¨¦´¥£μ ¶μ²Õ¸´μ£μ ´ ±μ´¥Î´¨± . �¸Ó Y ´ ¶· ¢²¥´  ¢¥·É¨± ²Ó´μ
®¢¢¥·Ì¯ ¶μ ´μ·³ ²¨ ± ¶²μ¸±μ¸É¨ ÔÉμ£μ ¦¥ ¶μ²Õ¸´μ£μ ´ ±μ´¥Î´¨± . �¸Ó X
´ ¶· ¢²¥´  É ±, ÎÉμ¡Ò ¶μ²ÊÎ¨² ¸Ó ¶· ¢ Ö ¸¨¸É¥³  ±μμ·¤¨´ É. –¥´É· ¸¶¥±É·μ-
³¥É·¨Î¥¸±μ£μ ³ £´¨É  1‘�-40-4‚ ¶·¨´¨³ ¥É¸Ö §  ´ Î ²μ ¤¥± ·Éμ¢μ° ¸¨¸É¥³Ò
±μμ·¤¨´ É (®¶· ¢μ°¯ É·μ°±¨ XY Z) ¸¶¥±É·μ³¥É· . �·¨ ÔÉμ³ Í¥´É· ´¨¦´¥£μ
¶μ²Õ¸´μ£μ ´ ±μ´¥Î´¨±  ¨³¥¥É ±μμ·¤¨´ ÉÊ (x=0, y=Ä0,34 ³, z=0).

‚ ¶·μÍ¥¤Ê·¥ ¢μ¸¸É ´μ¢²¥´¨Ö ¨³¶Ê²Ó¸  ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¨´Ëμ·³ Í¨Ö
μÉ ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢, · ¸¶μ²μ¦¥´´ÒÌ ¸· §Ê §  ³¨Ï¥´ÓÕ (¢ ³ £´¨É´μ³
¶μ²¥) ¨ ´  ¢ÒÌμ¤¥ ¨§ ³ £´¨É  1‘�-40-4‚. „²Ö ·¥£¨¸É· Í¨¨ Î ¸É¨Í ¸ ¨³¶Ê²Ó-
¸ ³¨ ¢ ¤¨ ¶ §μ´¥ 0,7Ä2,5 ƒÔ‚/c ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò 2×1-³ ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥
± ³¥·Ò (�Š) ¨ ·¥§¨¸É¨¢´Ò¥ ¶²μ¸±¨¥ ¸Î¥ÉÎ¨±¨ (��‘). „²Ö ¨§ÊÎ¥´¨Ö ®³Ö£±¨Ì¯
Î ¸É¨Í ¸ ¨³¶Ê²Ó¸ ³¨ ∼ 0,3Ä0,9 ƒÔ‚/c ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ³¨´¨-¤·¥°Ëμ¢Ò¥
± ³¥·Ò (Œ„Š).

ˆ§³¥·¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö μ¸ÊÐ¥¸É¢²Ö²μ¸Ó É·¥Ì±μ³¶μ´¥´É´Ò³ Ìμ²²μ¢-
¸±¨³ ³ £´¨Éμ³¥É·μ³ ¢  ¢Éμ³ É¨§¨·μ¢ ´´μ³ ·¥¦¨³¥ ¸ Ê¶· ¢²¥´¨¥³ μÉ ±μ³-
¶ÓÕÉ¥· . � ¡μÎ Ö μ¡² ¸ÉÓ ¨§³¥·¥´¨° ¸μ¸É ¢¨²  1,03×0,60×3,92 ³. ‚ · ¡μÉ¥
¤ ¥É¸Ö μ¶¨¸ ´¨¥ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò ¨ ¶·μÍ¥¤Ê·Ò ¨§³¥·¥´¨°. �·¨-
¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°. �¶¨¸Ò¢ ¥³Ò¥ ´¨¦¥ ¨§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢¥´-
´μ£μ · ¸¶·¥¤¥²¥´¨Ö É·¥Ì ±μ³¶μ´¥´É ³ £´¨É´μ£μ ¶μ²Ö ³ £´¨É  1‘�-40-4‚ ¶·μ-
¢¥¤¥´Ò ¸ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ ¢¥²¨Î¨´¥ ¨ μ¤´μ·μ¤´μ¸É¨ ³ £´¨É-
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�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ �ˆ‘:  ) £μ·¨§μ´É ²Ó´ Ö ZOX-¶²μ¸±μ¸ÉÓ. T Å ¦¨¤±μ¢μ¤μ-
·μ¤´ Ö ³¨Ï¥´Ó; �Š Å ¶·μ¶μ·Í¨μ´ ²Ó´ Ö ± ³¥· ; Œ„Š Å ³¨´¨-¤·¥°Ëμ¢ Ö ± ³¥· ;
��‘ Å ·¥§¨¸É¨¢´Ò¥ ¶²μ¸±¨¥ ¸Î¥ÉÎ¨±¨; ‘‚„ Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¢μ²μ±μ´´Ò° ¤ É-
Î¨±; �� Å ¶·μË¨²μ³¥É· ¶ÊÎ± ; ‘�Ä40 Å  ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É; ¡) ¢¥·É¨± ²Ó´Ò°
· §·¥§, ZOY -¶²μ¸±μ¸ÉÓ

´μ£μ ¶μ²Ö ¨ ¶μ¸É·μ¥´¨Ö · ¡μÎ¥° ± ·ÉÒ ¶μ²Ö ¤²Ö · §²¨Î´ÒÌ ·¥¦¨³μ¢ · ¡μÉÒ
¸¶¥±É·μ³¥É· . �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶·μ¢¥¤¥´¨Ö ±μ³¶ÓÕ-
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É¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É , ¨ ¢ ¤ ²Ó´¥°Ï¥³, ¶μ¸²¥ ¶·μ¢¥¤¥´¨Ö ¸¥-
 ´¸μ¢ ´ ¡μ·  Ë¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ, ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ¶·¨ μ¡· ¡μÉ±¥ ÔÉ¨Ì
¤ ´´ÒÌ.

1. ���–…„“�� ˆ‡Œ…�…�ˆ‰ Š��’› ��‹Ÿ Œ�ƒ�ˆ’� 1‘�-40-4B

ˆ§³¥·¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö μ¸ÊÐ¥¸É¢²Ö²μ¸Ó É·¥Ì± ´ ²Ó´Ò³ Ìμ²²μ¢¸±¨³
³ £´¨Éμ³¥É·μ³ (Œ3•) [3] ¢  ¢Éμ³ É¨§¨·μ¢ ´´μ³ ·¥¦¨³¥ ¸ Ê¶· ¢²¥´¨¥³ μÉ
±μ³¶ÓÕÉ¥· . ˜ £ ¨§³¥·¥´¨° ¢Ò¡¨· ²¸Ö ¨¸Ìμ¤Ö ¨§ Ì · ±É¥·¨¸É¨± · ¸Î¥É´μ£μ
· ¸¶·¥¤¥²¥´¨Ö ¶μ²Ö [4]. 
²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ¨§³¥·¥´¨Ö
³ £´¨É´μ£μ ¶μ²Ö Ê¸É ´μ¢±¨ �ˆ‘ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2.

RS 232 ÊÎÌÏÜÞÒÅÐ Èíòåðôåéñ
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�¨¸. 2. 
²μ±-¸Ì¥³  ¨§³¥·¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö

Œ £´¨Éμ³¥É·¨Î¥¸± Ö  ¶¶ · ÉÊ·  ¶μ§¢μ²Ö²  μ¤´μ¢·¥³¥´´μ ¨§³¥·ÖÉÓ ¶μ-
²μ¦¨É¥²Ó´Ò¥ ¶·μ¥±Í¨¨ ¢ ¢Ò¡· ´´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É (XY Z) ¢¥±Éμ·  ³ £-
´¨É´μ£μ ¶μ²Ö ¢ § ¤ ´´μ° ÉμÎ±¥ ¸ ¶μ³μÐÓÕ É·¥Ì ´¥§ ¢¨¸¨³ÒÌ ¨§³¥·¨É¥²Ó´ÒÌ
± ´ ²μ¢. �¸´μ¢´ Ö ¨§³¥·¨É¥²Ó´ Ö  ¶¶ · ÉÊ·  · ¸¶μ² £ ² ¸Ó ´¥¶μ¸·¥¤¸É¢¥´´μ
¢μ§²¥ ³ £´¨É  ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° §μ´¥ ± ´ ²  4‚. �·μ¡´¨±¨ ¸ ¤ ÉÎ¨± ³¨
•μ²²  („•) · §³¥Ð ²¨¸Ó ¢ ¸¶¥Í¨ ²Ó´μ° £μ²μ¢±¥ ¨ Ï¥¸É¨³¥É·μ¢Ò³ ± ¡¥²¥³
¸μ¥¤¨´Ö²¨¸Ó ¸ ¢Ìμ¤μ³  ¶¶ · ÉÊ·Ò. ‚ÒÌμ¤ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò ¸μ¥¤¨-
´Ö²¸Ö ¤¢ÊÌ³¥É·μ¢Ò³ ± ¡¥²¥³ ¸ ¶¥·¸μ´ ²Ó´Ò³ ±μ³¶ÓÕÉ¥·μ³, · ¸¶μ²μ¦¥´´Ò³
·Ö¤μ³ ¸ Ô²¥±É·μ´´Ò³ ¡²μ±μ³ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò. „ ´´Ò¥ μ ´ ¶·Ö-
¦¥´¨ÖÌ ¸ ¤ ÉÎ¨±μ¢ •μ²²  ¶¥·¥¢μ¤¨²¨¸Ó ¢ ¢¥²¨Î¨´Ò ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ¨
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§ ¶¨¸Ò¢ ²¨¸Ó ´  ³ £´¨É´Ò° ¤¨¸± ±μ³¶ÓÕÉ¥· . Œ £´¨Éμ³¥É· ¡Ò² ¶·μ± ²¨¡·μ-
¢ ´ ³¥Éμ¤μ³ ŸŒ� ¢ ¸É Í¨μ´ ·´μ³ ·¥¦¨³¥ ¨ ¶μ§¢μ²Ö² ¨§³¥·ÖÉÓ ³ £´¨É´Ò¥
¶μ²Ö ¢ ¤¨ ¶ §μ´¥ μÉ 0 ¤μ 2 ’² (· §¤¥²¥´´Ò¥ ´  É·¨ ¶μ¤¤¨ ¶ §μ´ ) ¸ ³ ±¸¨-
³ ²Ó´μ ¢μ§³μ¦´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 1 ƒ¸ (¢ ¸É Í¨μ´ ·´μ³ ·¥¦¨³¥).
„ ´´Ò¥ μ ¢¥²¨Î¨´¥ ³ £´¨É´μ£μ ¶μ²Ö Ë¨±¸¨·μ¢ ²¨¸Ó ³μ´¨Éμ·´Ò³ ¤ ÉÎ¨±μ³
•μ²²  „•-10, · ¸¶μ²μ¦¥´´Ò³ ¢ ¶· ¢μ³ ¤ ²Ó´¥³ (μÉ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · -
ÉÊ·Ò) Ê£²Ê ´¨¦´¥£μ ¶μ²Õ¸  ³ £´¨É . 	É¨ ¤ ´´Ò¥ ¢·ÊÎ´ÊÕ § ¶¨¸Ò¢ ²¨¸Ó ¸
¶μ± § ´¨° ¢μ²ÓÉ³¥É·  ¤¢  · §  ´  μ¤¨´ ¶·μÌμ¤: ¶¥·¢Ò° · § Å ¢ ³μ³¥´É ´ -
Î ²  ¤¢¨¦¥´¨Ö ¤ ÉÎ¨±  ¶·μÉ¨¢ μ¸¨ Z ¨ ¢Éμ·μ° · § Å ¢ ±μ´Í¥ μ¡· É´μ£μ (¨²¨
®¢μ§¢· É´μ£μ¯) ¤¢¨¦¥´¨Ö (¶μ μ¸¨ Z). �μ¸²¥ § ¢¥·Ï¥´¨Ö ¨§³¥·¥´¨° ± ·ÉÒ
¶μ²Ö ¶·¨ μ¤´μ³ Éμ±¥ § ¶¨¸ ´´Ò¥ ¤ ´´Ò¥ ¸ ³μ´¨Éμ·´μ£μ ¤ ÉÎ¨±  ¸²Ê¦¨²¨
¶μ¶· ¢μÎ´Ò³¨ ±μÔËË¨Í¨¥´É ³¨ ¨§³¥·¥´´Ò³ ¤ ´´Ò³ ¤²Ö ± ¦¤μ£μ ¶·μÌμ¤ .

�¥·¥³¥Ð¥´¨¥ £μ²μ¢±¨ ¸ É·¥³Ö ¶·μ¡´¨± ³¨ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¶μ³μÐÓÕ
¸¶¥Í¨ ²Ó´μ£μ ±μμ·¤¨´ É´μ£μ ³¥Ì ´¨§³  (·¨¸. 3). �  Î¥ÉÒ·¥Ì ¸É Í¨μ´ ·´ÒÌ
μ¶μ· Ì ¢´¥ ³ £´¨É  § ±·¥¶²Ö² ¸Ó ¤Õ· ²Õ³¨´¨¥¢ Ö · ³  ¤²¨´μ° 5 ³ ¨ Ï¨-

Ïó÷îê

y
x

z

ÄÕ-10

0

z

ÄÕ2

ÄÕ3

x

ÄÕ1

8 ìì

ìì9

�¨¸. 3. ‘Ì¥³  ±μμ·¤¨´ É´μ-¨§³¥·¨É¥²Ó´μ£μ Ê¸É·μ°¸É¢ 

·¨´μ° 1,26 ³, ±μÉμ· Ö ³μ£²  ¶¥·¥³¥Ð ÉÓ¸Ö ¶μ ¢Ò¸μÉ¥ (y) ´  0,6 ³. �μ ÔÉμ°
· ³¥ ¶¥·¥¤¢¨£ ² ¸Ó ´  ·μ²¨± Ì ÏÉ ´£ , ´  ±μÉμ·μ° ´ Ìμ¤¨² ¸Ó £μ²μ¢±  (± -
·¥É± ) ¸ É·¥³Ö ¶·μ¡´¨± ³¨. Š ·¥É±  Ê¸É ´ ¢²¨¢ ² ¸Ó ´  ÏÉ ´£¥ ¢ ¤¨ ¶ -
§μ´¥ μÉ x=+0,03 ³ ¤μ x=Ä1,00 ³. �·¨¢Ö§±  · ³Ò ±μμ·¤¨´ É´μ-¨§³¥·¨É¥²Ó´μ£μ
Ê¸É·μ°¸É¢  (¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¤ ÉÎ¨± ) ± ¨§³¥·Ö¥³μ³Ê μ¡Ñ¥³Ê μ¸ÊÐ¥¸É¢²Ö-
² ¸Ó ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 1 ³³.

4



‚ ¶·μ¤μ²Ó´μ-£μ·¨§μ´É ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ¶μ§¨Í¨μ´¨·μ¢ ´¨¥ ¤ ÉÎ¨±  μ¸Ê-
Ð¥¸É¢²Ö²μ¸Ó ¶·μÉÖ¦±μ° ± ·¥É±¨ ±μμ·¤¨´ É´μ£μ Ê¸É·μ°¸É¢  ¶μ · ³¥ ¸ ¶μ-
¸ÉμÖ´´μ° ¸±μ·μ¸ÉÓÕ ¶·¨ ¶μ³μÐ¨ Ô²¥±É·μ¶·¨¢μ¤ . ˆ§³¥·¥´¨Ö ¢¥²¨Î¨´Ò ³ £-
´¨É´μ£μ ¶μ²Ö ¢ ± ¦¤μ° ÉμÎ±¥ ¶·μ¨§¢μ¤¨²¨¸Ó ¤¢Ê±· É´μ Å ¶·¨ ¶·Ö³μ³ ¨
μ¡· É´μ³ Ìμ¤¥ ± ·¥É±¨. ‚·¥³Ö ¨§³¥·¥´¨° ¤²Ö μ¤´μ£μ ¶·μÌμ¤  ± ·¥É±¨ ÉÊ¤  ¨
μ¡· É´μ ¡Ò²μ μÉ 5 ¤μ 7 ³¨´.

�μ ¤²¨´¥ · ³Ò ´ ¤ ± ·¥É±μ° ´ ÉÖ£¨¢ ² ¸Ó ³ ¸ÏÉ ¡´ Ö ² ÉÊ´´ Ö ²¥´É  ¸
μÉ¶¥·Ëμ·¨·μ¢ ´´Ò³¨ ¢ ´¥° ¸ Ï £μ³ 1 ¸³ Ð¥²Ö³¨ · §³¥·μ³ 0,5 ³³. �É³¥É¨³,
ÎÉμ ¤²Ö ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É  ¨¸¶μ²Ó§μ¢ ²¸Ö Ï £ 2 ¸³. ‹¥´É  ¶·μ¶Ê¸± ² ¸Ó
¢ § §μ· § ±·¥¶²¥´´μ° ´  ± ·¥É±¥ ËμÉμ¸Î¨ÉÒ¢ ÕÐ¥° £μ²μ¢±¨, ¸¨£´ ²Ò μÉ ±μ-
Éμ·μ° ¸²Ê¦¨²¨ ³¥É± ³¨ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ (Z) ¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö
μ·£ ´¨§ Í¨¨ É·¨££¥·  ¨§³¥·¥´¨°.

� ¸¶μ²μ¦¥´¨¥ μ¡² ¸É¨ ¨§³¥·¥´¨° ¨ ¨§³¥·¨É¥²Ó´μ° ¸¨¸É¥³Ò (· ³Ò) μÉ-
´μ¸¨É¥²Ó´μ ¶μ²Õ¸  ³ £´¨É  ¶μ± § ´μ ´  ·¨¸. 4.

X, ì
ÑÏ-40

0,5 ì

0

�1 ì

�1,51 ì 2,41 ì Z, ì

�¨¸. 4. ˆ§³¥·¨É¥²Ó´ Ö ¸¨¸É¥³  (· ³ ) ¨ ¸¨¸É¥³  ±μμ·¤¨´ É, ¢ ±μÉμ·μ° ¶·μ¢μ¤¨²¨¸Ó
¨§³¥·¥´¨Ö μÉ´μ¸¨É¥²Ó´μ ¶μ²Õ¸  ³ £´¨É 

ˆ§³¥·Ö²¨¸Ó É·¨ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨: ¶μ¶¥·¥Î´ Ö
Bx, ¢¥·É¨± ²Ó´ Ö By (μ¸´μ¢´ Ö ±μ³¶μ´¥´É ) ¨ ¶·μ¤μ²Ó´ Ö Bz.

‡´ Î¥´¨Ö Ô²¥±É·μ¤¢¨¦ÊÐ¥° ¸¨²Ò (´ ¶·Ö¦¥´¨Ö) U ¶·¥μ¡· §μ¢ É¥²¥° •μ²-
²  ¸¢Ö§ ´Ò ¸ ³ £´¨É´μ° ¨´¤Ê±Í¨¥° B[ƒ¸] ¸μμÉ´μÏ¥´¨¥³ B[ƒ¸]=1000*U [³‚]/γ
[³±‚/ƒ¸]. „²Ö ¤ ÉÎ¨±  μ¸´μ¢´μ°, y-±μ³¶μ´¥´ÉÒ ³ £´¨É´μ£μ ¶μ²Ö „•3, §´ -
Î¥´¨¥ γ=8,4 ³±‚/ƒ¸ (¤²Ö ¢¥²¨Î¨´ By=6000 ƒ¸). Œμ´¨Éμ·´Ò° ¤ ÉÎ¨± „•-10
¨³¥² ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ γ=9,6 ³±‚/ƒ¸ (¤²Ö ¢¥²¨Î¨´ By=11000 ƒ¸).
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ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¶·¨ É·¥Ì · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ³ £´¨É´μ£μ ¶μ²Ö
¢ ³ £´¨É¥ 1‘�-40-4‚, Éμ±¨ ¢ μ¡³μÉ±¥ ¡Ò²¨ I=1100, 745 ¨ 350 �. �·¨ ¢¸¥Ì
§´ Î¥´¨ÖÌ Éμ±  ¸´¨³ ² ¸Ó ± ·É  ¶μ²Ö ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (¶²μ¸±μ¸ÉÓ P4,
y = 0),   É ±¦¥ ¢ ¶²μ¸±μ¸ÉÖÌ P1 (y = Ä0,3 ³), P2 (y = Ä0,2 ³), P3 (y = Ä0,1
³), P5 (y = +0,1 ³), P6 (y = +0,2 ³) ¨ P7 (y = +0,3 ³). ‚ ¶²μ¸±μ¸É¨ ZOX
¨§³¥·Ö²μ¸Ó 197×18 ÉμÎ¥± ¸μμÉ¢¥É¸É¢¥´´μ. ˜ £ ¶¥·¥³¥Ð¥´¨Ö ± ·¥É±¨ ¶μ Z
¡Ò² 2 ¸³ (¢ ¨´É¥·¢ ²¥ μÉ +2,41 ¤μ Ä1,51 ³), ¶μ X Ï £ ¡Ò² ¨ 3, ¨ 5, ¨ 10 ¸³
(¢ ¨´É¥·¢ ²¥ μÉ +0,03 ¤μ Ä1,00 ³, ¸³. É ¡²¨ÍÊ).

’ ¡²¨Í 

�μ³¥· Šμμ·¤¨´ É  �μ³¥· Šμμ·¤¨´ É  �μ³¥· Šμμ·¤¨´ É 
²¨´¨¨ ²¨´¨¨ x, ³ ²¨´¨¨ ²¨´¨¨ x, ³ ²¨´¨¨ ²¨´¨¨ x, ³

1 +0,03 7 Ä0,45 13 Ä0,75
2 0,00 8 Ä0,50 14 Ä0,80
3 Ä0,10 9 Ä0,55 15 Ä0,85
4 Ä0,20 10 Ä0,60 16 Ä0,90
5 Ä0,30 11 -0,65 17 Ä0,95
6 Ä0,40 12 Ä0,70 18 Ä1,00

Šμμ·¤¨´ É´ Ö ¸¥É±  ¨§³¥·¥´¨° ¢ ¶²μ¸±μ¸É¨ ZOX ¶μ± § ´  ´  ·¨¸. 4.
‡´ Î¥´¨Ö ´ ¶·Ö¦¥´¨° •μ²²  ¨ ¤²Ö ¶·Ö³μ£μ ¨ ¤²Ö μ¡· É´μ£μ ¤¢¨¦¥´¨°

¤ ÉÎ¨±  ¸ ¶μ³μÐÓÕ ±μÔËË¨Í¨¥´Éμ¢ γ ¶¥·¥¢μ¤¨²¨¸Ó (¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥-
³¥´¨) ¢ §´ Î¥´¨Ö ±μ³¶μ´¥´É Bx, By ¨ Bz ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ¨ § ¶¨¸Ò¢ ²¨¸Ó
¢ ¢ÒÌμ¤´μ° Ë °².

2. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆŸ Š��’› Œ�ƒ�ˆ’��ƒ�
��‹Ÿ 1‘�-40-4‚

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ μ¡Ñ¥³¥ 1,03×0,60×3,92 ³ (¸³. ·¨¸. 3) ¢ 24822
ÉμÎ± Ì ³ £´¨É  ¶·¨ §´ Î¥´¨ÖÌ Éμ±  ¢ ¢¨É±¥ μ¡³μÉ±¨ 350, 745 ¨ 1100 �.

�  ·¨¸. 5 ¶·¨¢¥¤¥´  ¶μ²ÊÎ¥´´ Ö ±·¨¢ Ö ¢μ§¡Ê¦¤¥´¨Ö B=B(I) ¤²Ö ÉμÎ±¨
¸ x=y=z=0. ’μ± ¶μ¤´¨³ ²¸Ö μÉ 0 ¤μ ´μ³¨´ ²Ó´μ£μ §´ Î¥´¨Ö +1100 �, ¶μ¸²¥
Î¥£μ Ê³¥´ÓÏ ²¸Ö ¤μ 0 ¨ ¤ ²¥¥ ¸ ¶·μÉ¨¢μ¶μ²μ¦´Ò³ §´ ±μ³ ¤μ¸É¨£ ² §´ Î¥´¨Ö
Ä1100 � ¨ § É¥³ ¸´μ¢  Ê¸É·¥³²Ö²¸Ö ± 0. � ¡²Õ¤ ¥³Ò¥ ®¶¥É²¨¯ ´  £· Ë¨±¥
¸¢Ö§ ´Ò ¸ ¶μ£·¥Ï´μ¸ÉÖ³¨ ¢ Ê¸É ´μ¢±¥ Éμ±μ¢ ¶¨É ´¨Ö ³ £´¨É .

�  ·¨¸. 6 ¶·¨¢¥¤¥´ £· Ë¨± ¨§³¥·¥´´ÒÌ §´ Î¥´¨° By(x, y, z) μ¤´μ£μ ¢Ò-
¡· ´´μ£μ ¶·μÌμ¤  (¸ x=0, y=Ä0,3 ³) ¤²Ö ¶·Ö³μ£μ (´μ³¥·  ÉμÎ¥± ¸ Np=1 ¤μ
Np=197) ¨ μ¡· É´μ£μ (´μ³¥·  ÉμÎ¥± ¸ Np=198 ¤μ Np=394) ¤¢¨¦¥´¨Ö ¤ ÉÎ¨± 
•μ²² . �´ ²¨§ ¨§³¥·¥´´ÒÌ ¤ ´´ÒÌ ¶μ± §Ò¢ ¥É, ÎÉμ ÔÉ¨ ¤ ´´Ò¥ ¤²Ö ¶·Ö³μ£μ ¨
μ¡· É´μ£μ ¤¢¨¦¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±¨ · §²¨Î ÕÉ¸Ö, μ¸μ¡¥´´μ ´  ÊÎ ¸É± Ì ´¥-
μ¤´μ·μ¤´μ£μ ¶μ²Ö,   ¨³¥´´μ, ¢¡²¨§¨ £· ´¨Í (·¥¡¥·) ¶μ²Õ¸μ¢. 	Éμ ¢Ò§¢ ´μ Ì -
· ±É¥·μ³ ¶μ¢¥¤¥´¨Ö ¸¨²μ¢ÒÌ ²¨´¨° ¶μ²Ö ´  ·¥¡· Ì ¶μ²Õ¸ . �μ ÔÉμ° ¶·¨Î¨´¥
´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ Ê¸·¥¤´¥´¨¥ ¤²Ö §´ Î¥´¨° ±μ³¶μ´¥´É ¢ ÉμÎ±¥ (x, y, z),
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�¨¸. 5. Š·¨¢ Ö ¢μ§¡Ê¦¤¥´¨Ö B = B(I) ¤²Ö ³ £´¨É  1‘�-40-4‚
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�¨¸. 6. ‚¥²¨Î¨´  By ¢¤μ²Ó ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ z ¤²Ö ¶·Ö³μ£μ (z+Δz) ¨ μ¡· É´μ£μ
(z − Δz) ¤¢¨¦¥´¨Ö

¶μ²ÊÎ¥´´ÒÌ ¤²Ö ¶·Ö³μ£μ (z + Δz, £¤¥ Δz Å ¶·¨· Ð¥´¨¥ ±μμ·¤¨´ ÉÒ z, ±μ-
Éμ·μ¥ § ¢¨¸¨É μÉ ¸±μ·μ¸É¨ v ¤¢¨¦¥´¨Ö ¤ ÉÎ¨±  ¨ μÉ ¢·¥³¥´¨ Δt, §  ±μÉμ·μ¥
¶·μ¨§¢μ¤¨É¸Ö ¤ ´´μ¥, ¥¤¨´¨Î´μ¥ ¨§³¥·¥´¨¥) ¨ μ¡· É´μ£μ (z −Δz) ¤¢¨¦¥´¨°:
B̄y(x, y, z) = [By(x, y, z+Δz)+By(x, y, z−Δz)]/2. ’μ ¦¥ ¸ ³μ¥ μÉ´μ¸¨É¸Ö ±
¤·Ê£¨³ ±μ³¶μ´¥´É ³ ¶μ²Ö: Bx(x, y, z) ¨ Bz(x, y, z). ˆ³¥´´μ ÔÉ¨ Ê¸·¥¤´¥´´Ò¥
§´ Î¥´¨Ö ³Ò ¶·¨¢μ¤¨³ ± ± μ±μ´Î É¥²Ó´Ò° ·¥§Ê²ÓÉ É ¨§³¥·¥´¨° ¨ μ¶Ê¸± ¥³ ¢
¤ ²Ó´¥°Ï¥³ §´ Îμ± Ê¸·¥¤´¥´¨Ö. � §´μ¸É¨ f(z) = B̄y(x, y, z)−By(x, y, z+Δz)
³¥¦¤Ê Ê¸·¥¤´¥´´Ò³¨ ¨ ¨§³¥·¥´´Ò³¨ (´ ¶·¨³¥·, ¤²Ö ¶·Ö³μ£μ ¤¢¨¦¥´¨Ö ¤ É-
Î¨± ) §´ Î¥´¨Ö³¨ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 7 ¢ § ¢¨¸¨³μ¸É¨ μÉ z-±μμ·¤¨´ ÉÒ ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ x ¨ y. ‚Ò¶μ²´¥´´Ò°  ´ ²¨§ μ¡· ¡μÉ ´´ÒÌ ¤ ´-
´ÒÌ ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ μÏ¨¡±Ê ¨§³¥·¥´¨° ¢¥²¨Î¨´μ° ΔB/B = 0, 5 % (30 ƒ¸
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´  Ê·μ¢´¥ 6000 ƒ¸) ¤²Ö μ¡² ¸É¨ ¶μ²Ö ¢¡²¨§¨ £· ´¨Í ¶μ²Õ¸μ¢ ¨ ΔB/B = 0, 1 %
(6 ƒ¸ ´  Ê·μ¢´¥ 6000 ƒ¸) ¤²Ö μ¸É ²Ó´μ° μ¡² ¸É¨ ¨§³¥·¥´¨°.
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�50

�100

0 50 100 150 200

Np

�By, Ãñ

�¨¸. 7. ƒ· Ë¨± · §´μ¸É¨ ΔBy ¢¥²¨Î¨´ B(x, y, z) ¨ By(x, y, z+Δz) ¤²Ö μ¸¥¢μ° ²¨´¨¨
(x=y=0)

ˆ¸¶μ²Ó§μ¢ ´´Ò¥  ´ ²μ£μ-Í¨Ë·μ¢Ò¥ ¶·¥μ¡· §μ¢ É¥²¨ ¢μ¸¶·¨´¨³ ²¨ Éμ²Ó-
±μ ¸¨£´ ²Ò ¶μ²μ¦¨É¥²Ó´μ° ¶μ²Ö·´μ¸É¨. �μÔÉμ³Ê ¶·¨Ìμ¤¨²μ¸Ó ¶μ¢Éμ·ÖÉÓ ¶·μ-
Í¥¤Ê·Ê ¨§³¥·¥´¨° ¢ ¸²ÊÎ ¥ ¨§³¥´¥´¨Ö §´ ±  Éμ° ¨²¨ ¨´μ° ±μ³¶μ´¥´ÉÒ, ³¥´ÖÖ
μ·¨¥´É Í¨Õ ¤ ÉÎ¨±μ¢. �±μ´Î É¥²Ó´Ò° ·¥§Ê²ÓÉ É ¸μ¸É ¢²Ö²¸Ö ¨§ ÔÉ¨Ì ¤¢ÊÌ ¨§-
³¥·¥´¨°.

‡ ¢¨¸¨³μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ³ £´¨É´μ° ¨´¤Ê±Í¨¨ By(x, 0, 0) μÉ
¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ z ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x=0 ¨ y=0 ¶μ± § ´  ´  ·¨¸. 8
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I 1100 A�

I � 745 A
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By, Ãñ

z, ì
0

�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ³ £´¨É´μ° ¨´¤Ê±Í¨¨ By(0, 0, z) μÉ ¶·μ-
¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ z ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x ¨ y ¤²Ö É·¥Ì §´ Î¥´¨° Éμ±  ¢ μ¡³μÉ±¥
³ £´¨É 
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¤²Ö ¢¸¥Ì É·¥Ì §´ Î¥´¨° Éμ±  ¢ μ¡³μÉ±¥ ³ £´¨É . ‚ Í¥´É·¥ ±μμ·¤¨´ É, ¤²Ö
Éμ±  350 �, ³ £´¨É´ Ö ¨´¤Ê±Í¨Ö By(0, 0, 0) = 2006 ƒ¸; ¶·¨ Éμ±¥ I = 745 A
³ £´¨É´ Ö ¨´¤Ê±Í¨Ö By(0, 0, 0) = 4003 ƒ¸ ¨ ¤²Ö Éμ±  I = 1100 A ³ £´¨É´ Ö
¨´¤Ê±Í¨Ö By(0, 0, 0) = 5825 ƒ¸. �·¨ ¶·μÌμ¤¥ ¶μ Í¥´É· ²Ó´μ° ²¨´¨¨ (x=y=0)
§´ Î¥´¨Ö ¨§³¥·¥´´μ° ´  Éμ·Í Ì ³ £´¨É  ¶·¨ Éμ±¥ I = 1100 A ±μ³¶μ´¥´ÉÒ
¶μ²Ö By(0, 0, z = +2, 41 ³)= 28, 2 ƒ¸ ¨ By(0, 0, z = −1, 51 ³)= 627, 2 ƒ¸.

‚ ¶·μÍ¥¸¸¥ Ô±¸¶¥·¨³¥´É  ¨§³¥·¥´¨Ö ¡Ê¤ÊÉ ¢Ò¶μ²´ÖÉÓ¸Ö ¶·¨ ³ ±¸¨³ ²Ó-
´μ³ ¶μ²¥, ±μ£¤  Éμ± ¢μ§¡Ê¦¤¥´¨Ö ³ £´¨É  I = 1100 �. �¸É ´μ¢¨³¸Ö ¡μ²¥¥
¶μ¤·μ¡´μ ´  ·¥§Ê²ÓÉ É Ì, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ÔÉμ³ Éμ±¥. �  ·¨¸. 9 ¶·¨¢¥¤¥´μ
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�¨¸. 9. �μ¢¥·Ì´μ¸ÉÓ By = By(x, y = 0, z) ¤²Ö ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (¶²μ¸±μ¸ÉÓ
P4, y=0)
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�¨¸. 10. �μ¢¥·Ì´μ¸ÉÓ By = By(x, y = −0,3; z) ¤²Ö ¶²μ¸±μ¸É¨ P1, y=Ä0,3 ³
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· ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´ÉÒ By ¤²Ö ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (By(x, 0, z), ¶²μ¸-
±μ¸ÉÓ P4, y=0). ’·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö ±μ³¶μ´¥´ÉÒ By ¢¡²¨§¨ ´¨¦-
´¥£μ ¶μ²Õ¸  (By(x;−0, 3 ³; z), ¶²μ¸±μ¸ÉÓ P1, y=Ä0,3 ³) ¶μ± § ´μ ´  ·¨¸. 10.
„²Ö ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ μ¤´μ·μ¤´μ¥ ¶μ²¥ ¸μ¸·¥¤μÉμÎ¥´μ ¢ ³¥¦¶μ²Õ¸´μ³
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�¨¸. 11. �μ¢¥·Ì´μ¸ÉÓ Bx = Bx(x, y = −0,3³; z) ¤²Ö ¶²μ¸±μ¸É¨ P1, y=Ä0,3 ³
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�¨¸. 12. �μ¢¥·Ì´μ¸ÉÓ Bz = Bz(x, y = −0,3³; z) ¤²Ö ¶²μ¸±μ¸É¨ P1, y=Ä0,3 ³
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¶·μ¸É· ´¸É¢¥ (· §³¥·Ò ¶μ²Õ¸  1,0 ³ ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ¨ 1,5 ³ ¢¤μ²Ó
¶ÊÎ± ). �·¨ ¶·¨¡²¨¦¥´¨¨ ÉμÎ±¨ ¨§³¥·¥´¨Ö ± ¢¥·Ì´¥³Ê (¨²¨ ´¨¦´¥³Ê) ¶μ-
²Õ¸´μ³Ê ´ ±μ´¥Î´¨±Ê ¶μÖ¢²ÖÕÉ¸Ö ¢¸¶²¥¸±¨ ´¥μ¤´μ·μ¤´μ¸É¨ ¶μ²Ö ¢¡²¨§¨ ¥£μ
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�¨¸. 13. ƒ· Ë¨± By = By(x = −0,55 ³; y = −0,3³; z) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¤μ²Ó´μ°
±μμ·¤¨´ ÉÒ z
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�¨¸. 14. ƒ· Ë¨± Bx = Bx(x = −0,55 ³; y = −0,3 ³; z) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¤μ²Ó´μ°
±μμ·¤¨´ ÉÒ z

£· ´¨Í. �  ·¨¸. 10 ¢¨¤´μ, ÎÉμ By ¤μ¸É¨£ ¥É §¤¥¸Ó (y= Ä0,30 ³, ¢¡²¨§¨ £· ´¨Í
´ ±μ´¥Î´¨± ) 0,8 ’² ¶·¨ Éμ±¥ I = 1100 A. Œμ´¨Éμ·´Ò° ¤ ÉÎ¨±, Ê¸É ´μ¢²¥´-
´Ò° ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¦¥²¥§μ ´¨¦´¥£μ ´ ±μ´¥Î´¨±  (y= Ä0,34 ³) ¢¡²¨§¨
¥£μ Ê£² , ¶·¨ ÔÉμ³ Éμ±¥ ¶μ± §Ò¢ ² 1,112 ’², ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É §´ Î¥´¨Õ
0,5825 ’² ¢ Í¥´É·¥ ³ £´¨É  (¸³. ·¨¸. 7), É. ¥. ¢ ÉμÎ±¥ x=y=z=0.
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ƒ· Ë¨±¨ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¢¡²¨§¨ ´¨¦´¥£μ ¶μ²Õ¸  (¶²μ¸-
±μ¸ÉÓ P1, y = Ä0,3 ³) ¶·¨¢¥¤¥´Ò ¤²Ö ±μ³¶μ´¥´ÉÒ Bx = Bx(x; y = −0.3; z)
´  ·¨¸. 11 ¨ ¤²Ö ±μ³¶μ´¥´ÉÒ Bz = Bz(x; y = −0,3; z) ´  ·¨¸. 12.

„²Ö ²¨´¨¨ ¸ x= Ä0,55 ³ ¨ y= Ä0,3 ³ ´  ·¨¸. 13, ·¨¸. 14 ¨ ·¨¸. 15 ¶·¨¢¥¤¥´Ò
μ¤´μ³¥·´Ò¥ Ì · ±É¥·´Ò¥ § ¢¨¸¨³μ¸É¨ ±μ³¶μ´¥´É By, Bx, Bz μÉ ¶·μ¤μ²Ó´μ°
±μμ·¤¨´ ÉÒ z.

0,3

0,2

0,1

0

�0,1

�0,2

�0,3

�2 �1,5 �1 �0,5 0 0,5 1 1,5 2 2,5

Z, ì

Bz, Òë

�¨¸. 15. ƒ· Ë¨± Bz = Bz(x = −0,55 ³; y = −0,3³; z) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¤μ²Ó´μ°
±μμ·¤¨´ ÉÒ z

‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö  ´ ²¨§¨·ÊÕÐ¥£μ ³ £´¨É 
1‘�-40-4B Ê¸É ´μ¢±¨ �ˆ‘ ¢ ¶·μ¸É· ´¸É¢¥´´μ³ μ¡Ñ¥³¥ ¸ · §³¥· ³¨
1,03×0,60×3,92 ³. ‘μ¸É ¢²¥´  É·¥Ì³¥·´ Ö ± ·É  · ¸¶·¥¤¥²¥´¨Ö ¢¸¥Ì ±μ³-
¶μ´¥´É ¢¥±Éμ·  ³ £´¨É´μ£μ ¶μ²Ö ¢ ÔÉμ³ μ¡Ñ¥³¥. �μ¸É·μ¥´Ò £· Ë¨±¨ Ì · ±-
É¥·´ÒÌ · ¸¶·¥¤¥²¥´¨° ±μ³¶μ´¥´É ¶μ²Ö ´  Ê·μ¢´¥ 0,2; 0,4 ¨ 0,6 ’². �·¨¢¥¤¥´μ
μ¶¨¸ ´¨¥ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò ¨ ¶·μÍ¥¤Ê·Ò ¨§³¥·¥´¨°.

ˆ§³¥·¥´¨Ö ¢Ò¶μ²´¥´Ò ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ¢ ¢¥²¨Î¨´¥ ΔB/B � 0, 5 %
(� 30 ƒ¸ ´  Ê·μ¢´¥ 6000 ƒ¸ ¢ Í¥´É·¥ ³ £´¨É ) ¤²Ö μ¡² ¸É¨ ¶μ²Ö ¢¡²¨§¨
£· ´¨Í ¶μ²Õ¸μ¢ ¨ ΔB/B � 0, 1 % (6 ƒ¸ ´  Ê·μ¢´¥ 6000 ƒ¸ ¢ Í¥´É·¥ ³ £´¨É )
¤²Ö μ¸É ²Ó´μ° μ¡² ¸É¨ ¨§³¥·¥´¨°.

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶·μ¢¥¤¥´¨Ö ±μ³¶ÓÕÉ¥·´μ£μ ³¥-
Éμ¤μ³ Œμ´É¥-Š ·²μ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É , ¨ ¢ ¶μ¸²¥¤ÊÕÐ¥³, ¶μ¸²¥
¶·μ¢¥¤¥´¨Ö ¸¥ ´¸μ¢ ´ ¡μ·  Ë¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ, ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ¶·¨ μ¡-
· ¡μÉ±¥ ¶μ²ÊÎ¥´´ÒÌ ¢ ¥£μ Ìμ¤¥ ¤ ´´ÒÌ.
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