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ˆ§³¥·¥´¨¥ μ¡Ñ¥³´μ° ± ·ÉÒ ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö ³ £´¨Éμμ¶É¨Î¥¸±μ£μ
¸¶¥±É·μ³¥É·  Œ��“‘Ÿ

Œ £´¨Éμμ¶É¨Î¥¸±¨° ¸¶¥±É·μ³¥É· Œ��“‘Ÿ Ö¢²Ö¥É¸Ö ³´μ£μÍ¥²¥¢μ° Ê¸É ´μ¢±μ° ¤²Ö ¨¸-
¸²¥¤μ¢ ´¨° ´  ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ± Ì Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ‹‚
 	ˆŸˆ ®�Ê±²μÉ·μ´¯.
�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° μ¡Ñ¥³´ÒÌ ± ·É ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö ³ £´¨Éμμ¶É¨-
Î¥¸±μ£μ ¸¶¥±É·μ³¥É·  Œ��“‘Ÿ. 	¸μ¡¥´´μ¸ÉÓ ¸¢¥Éμ¸¨²Ó´μ£μ ¸¶¥±É·μ³¥É·  § ±²ÕÎ ¥É¸Ö
¢μ ¢· Ð¥´¨¨ Î ¸É¨ ³ £´¨É´μ° ¸¨¸É¥³Ò, ¸μ¸ÉμÖÐ¥° ¨§ ¤¢ÊÌ ²¨´§ ¨ ³ £´¨É  ‘�-57, ¢μ±·Ê£
¨¸¸²¥¤Ê¥³μ° ³¨Ï¥´¨ ¢ ¸μÎ¥É ´¨¨ ¸μ ¸É Í¨μ´ ·´Ò³ ³ £´¨Éμ³ ‘�-40.

„²Ö ³ £´¨É  ‘�-40 ¸ § §μ·μ³ ³¥¦¤Ê ¶μ²Õ¸ ³¨ ¢ 0,207 ³ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢
 ¶¥·ÉÊ·¥ ¶·¨ Î¥ÉÒ·¥Ì · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ Éμ±  ¢ μ¡Ñ¥³¥ 1,04×0,10×3,87 ³. „²Ö ³ £´¨É 
‘�-57 ¸ § §μ·μ³ 0,10 ³ ³¥¦¤Ê ¶μ²Õ¸ ³¨ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢  ¶¥·ÉÊ·¥ ¶·¨ É·¥Ì
· §²¨Î´ÒÌ §´ Î¥´¨ÖÌ Éμ±  ¢ μ¡Ñ¥³¥ 1,20×0,06×1,55 ³. „²Ö ÔÉ¨Ì ³ £´¨Éμ¢ ¸μ¸É ¢²¥´Ò
É·¥Ì³¥·´Ò¥ ± ·ÉÒ · ¸¶·¥¤¥²¥´¨Ö ¢¸¥Ì ±μ³¶μ´¥´É ¢¥±Éμ·  ³ £´¨É´μ£μ ¶μ²Ö ¢ Ê± § ´´ÒÌ
μ¡Ñ¥³ Ì.

�·¨¢¥¤¥´μ ¶μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò, ¶·μÍ¥¤Ê·Ò ¨§³¥·¥´¨° ¨
¤ ´  ´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢, ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥-
·¨³¥´Éμ¢ ¨ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚. ˆ.‚¥±¸²¥·  ¨ �.Œ.� ²¤¨´ 
¨ ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ Î ¸É¨Í 	ˆŸˆ.

�·¥¶·¨´É 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2006

Baldin A. A. et al. P13-2006-67
Measurement of Magnetic Field Map for Magnetooptical Spectrometer MARUSYA

The magnetooptical spectrometer MARUSYA is the multi-purpose setup for investigations
with extracted beams of the accelerator complex of the Laboratory of High Energies of the
Joint Institute for Nuclear Research. The speciˇc feature of the setup is rotation of part of the
magnetic system consisting of two lenses and the magnet SP-57 around the target under study
in combination with the stationary magnet SP-40.

For the magnet SP-40 with a gap of 0.207 m between the poles, measurements were
performed in the aperture at four different values of current in the volume 1.04×0.10×3.87 m.
For the magnet SP-57 with 0.10 m gap between the poles, measurements were performed in
the aperture at three various values of current in the volume 1.20×0.06×1.55 m. For these
magnets three-dimensional maps of distributions of all components of the vector of magnetic
ˇeld in these volumes are drawn in the indicated volumes.

A detailed description of the equipment and procedure of measurements is given. The
obtained results necessary for modeling physical experiments and data processing are analyzed.

The investigation has been performed at the Veksler and Baldin Laboratory of Hight

Energies and at the Laboratory of Particle Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2006
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Œ £´¨Éμμ¶É¨Î¥¸±¨° ¸¶¥±É·μ³¥É· Œ��“‘Ÿ (·¨¸. 1) Ö¢²Ö¥É¸Ö ³´μ£μÍ¥-
²¥¢μ° Ê¸É ´μ¢±μ° ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ´  ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ± Ì Ê¸±μ·¨É¥²Ó´μ£μ
±μ³¶²¥±¸  ‹‚
 	ˆŸˆ ®�Ê±²μÉ·μ´¯ [1, 2]. 	¸μ¡¥´´μ¸ÉÓ Ë¨§¨Î¥¸±μ° ¶·μ-
£· ³³Ò ´  Ê¸É ´μ¢±¥ § ±²ÕÎ ¥É¸Ö ¢ ¨§ÊÎ¥´¨¨ £²Ê¡μ±μ¶μ¤¶μ·μ£μ¢ÒÌ ¨ ±Ê³Ê-
²ÖÉ¨¢´ÒÌ ¶·μÍ¥¸¸μ¢ μ¤´μ¢·¥³¥´´μ ¸ ¨§³¥·¥´¨¥³ ³´μ¦¥¸É¢¥´´μ¸É¨ ¨ ¸É¥¶¥´¨
®Í¥´É· ²Ó´μ¸É¨¯, ¢Ò¤¥²¥´¨¥³ ¶²μ¸±μ¸É¨ ·¥ ±Í¨¨, μ¶·¥¤¥²¥´¨¥³ ´ ¶· ¢²¥´¨Ö
¶μ²Ö·¨§ Í¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. 
±¸¶¥·¨³¥´ÉÒ ¶μ Ê± § ´´μ° ¶·μ£· ³³¥
¶·μ¢μ¤ÖÉ¸Ö ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ ´Ê±²μÉ·μ´  	ˆŸˆ ¢ ±μ·¶Ê¸¥ 205 ‹‚
 ¢
μ¡² ¸É¨ Ëμ±Ê¸  F4 [1].

Œ £´¨Éμμ¶É¨Î¥¸± Ö ¸¨¸É¥³  ¸¶¥±É·μ³¥É·  (¸³. ·¨¸. 1) ¸μ¸Éμ¨É ¨§ ¤Ê¶²¥É 
±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Š100 ¨ Œ‹17 ¨ ¤¢ÊÌ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ‘�-40 ¨
‘�-57. ƒμ²μ¢´ Ö Î ¸ÉÓ ¸¶¥±É·μ³¥É·  (Š100, Œ‹17, ‘�-57) ´ Ìμ¤¨É¸Ö ´ 
¢· Ð ÕÐ¥°¸Ö ¶² ÉËμ·³¥, ÎÉμ ¶μ§¢μ²Ö¥É § Ì¢ ÉÒ¢ ÉÓ ¤¨ ¶ §μ´ Ê£²μ¢ ¢Ò²¥É 
¢Éμ·¨Î´ÒÌ Î ¸É¨Í μÉ 23 ¤μ 90◦. ‘¶¥±É·μ³¥É· ³μ¦¥É ËÊ´±Í¨μ´¨·μ¢ ÉÓ ¢ ¤¢ÊÌ
· §²¨Î´ÒÌ ·¥¦¨³ Ì.

„²Ö ¨§ÊÎ¥´¨Ö Î ¸É¨Í ¸ ¨³¶Ê²Ó¸ ³¨ 0,3Ä0,8 ƒÔ‚/c μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ëμ±Ê¸¨-
·μ¢±  §  ³ £´¨É ‘�-57, ¢ ± Î¥¸É¢¥  ´ ²¨§¨·ÊÕÐ¥£μ ¨ μÉ±²μ´ÖÕÐ¥£μ ³ £´¨É 
¨¸¶μ²Ó§Ê¥É¸Ö ‘�-57.

„²Ö ¨§ÊÎ¥´¨Ö ¤¨ ¶ §μ´  ¨³¶Ê²Ó¸μ¢ 0,6Ä2 ƒÔ‚/c ¶ÊÎμ± ¶·μ¢μ¤¨É¸Ö § 
‘�-40, ¢ ± Î¥¸É¢¥ μÉ±²μ´ÖÕÐ¥£μ ³ £´¨É  ¨¸¶μ²Ó§Ê¥É¸Ö ‘�-57,  ´ ²¨§¨·Ê-
ÕÐ¨³ ³ £´¨Éμ³ Ö¢²Ö¥É¸Ö ‘�-40.

„²Ö ¢ÒÎ¨¸²¥´¨Ö ¨³¶Ê²Ó¸  ¨¸¶μ²Ó§Ê¥É¸Ö ¨´Ëμ·³ Í¨Ö ¸ ±μμ·¤¨´ É´ÒÌ ¤¥-
É¥±Éμ·μ¢, · ¸¶μ²μ¦¥´´ÒÌ ¶¥·¥¤ ¢Ìμ¤μ³ ¢  ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É ‘�-57
(‘�-40) ¨ ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ §  ‘�-57 (‘�-40).

‘¨¸É¥³  ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò°
£μ¤μ¸±μ¶ ¸ ¶ ²μÎ± ³¨ Ï¨·¨´μ° 1 ¸³, ¶μ§¢μ²ÖÕÐ¨° ¶μ²ÊÎ¨ÉÓ · §·¥Ï¥´¨¥
Δp/p ∼ 2Ä5% ¢ ¨³¶Ê²Ó¸´μ³ ¤¨ ¶ §μ´¥ 0,6Ä2 ƒÔ‚/c. �² ´¨·Ê¥É¸Ö ¨¸-
¶μ²Ó§μ¢ ´¨¥ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥·, ÎÉμ ¶μ§¢μ²¨É Ê²ÊÎÏ¨ÉÓ · §·¥Ï¥´¨¥
´  ¶μ·Ö¤μ±. ‘ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ¤ ´´ÒÌ μ ¢¥²¨Î¨´¥ ¨ μ¤´μ·μ¤´μ¸É¨ ³ £-
´¨É´μ£μ ¶μ²Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì ³ £´¨Éμ¢ ¶·¨ · §²¨Î´ÒÌ ·¥¦¨³ Ì · ¡μÉÒ
Ê¸É ´μ¢±¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò μ¶¨¸Ò¢ ¥³Ò¥ ´¨¦¥ ¨§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ
· ¸¶·¥¤¥²¥´¨Ö É·¥Ì ±μ³¶μ´¥´É ³ £´¨É´μ£μ ¶μ²Ö ³ £´¨Éμ¢ ‘�-57 ¨ ‘�-40.
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�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ Œ��“‘Ÿ: ST Å ³¨Ï¥´´ Ö ¸É ´Í¨Ö; B Å ¸¨¸É¥³  ³μ´¨Éμ·¨-
·μ¢ ´¨Ö ¶ÊÎ± ; Œ Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ³μ´¨Éμ·Ò; DM Ä ¤¥É¥±Éμ· ³´μ¦¥¸É¢¥´´μ¸É¨;
H Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ £μ¤μ¸±μ¶Ò; ZDC Å  ¤·μ´´Ò° ± ²μ·¨³¥É·; PC Å ¶·μ¶μ·Í¨-
μ´ ²Ó´Ò¥ ± ³¥·Ò; ‘ Å Î¥·¥´±μ¢¸±¨° ¸Î¥ÉÎ¨±, Œ‹17, K100 Å ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò;
‘�-57, ‘�-40 Å ¤¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ

�‹�Š-‘•…Œ� ˆ‡Œ…�ˆ’…‹œ��ƒ� Š�Œ�‹…Š‘�

‘´ÖÉ¨¥ μ¡Ñ¥³´ÒÌ ± ·É ³ £´¨É´ÒÌ ¶μ²¥° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ É·¥Ì-
±μ³¶μ´¥´É´μ£μ ¤ ÉÎ¨±  •μ²²  ¢ ¶μ²Ê ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ ¸ § ¶¨¸ÓÕ ·¥-
§Ê²ÓÉ Éμ¢ ´  ¤¨¸± ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥· . �²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ó´μ£μ
±μ³¶²¥±¸  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2.

”Ê´±Í¨μ´ ²Ó´μ ¸¨¸É¥³  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ±μ´¸É·Ê±É¨¢´ÒÌ Ê§²μ¢:
1) ±μμ·¤¨´ É´μ-¨§³¥·¨É¥²Ó´μ£μ Ê¸É·μ°¸É¢  ¤²Ö ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ¤ É-

Î¨±  •μ²² ;
2) ¨§³¥·¨É¥²Ó´μ° ¨ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¨.
Šμμ·¤¨´ É´μ-¨§³¥·¨É¥²Ó´μ¥ Ê¸É·μ°¸É¢μ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° · ³Ê, ¶μ ±μ-

Éμ·μ° ´  ·μ²¨± Ì ¶¥·¥¤¢¨£ ¥É¸Ö ± ·¥É± . �·¨¢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¸Ê-
Ð¥¸É¢²Ö¥É¸Ö £¥μ¤¥§¨Î¥¸±¨³¨ ³¥Éμ¤ ³¨ ¸ ÉμÎ´μ¸ÉÓÕ ¤μ (1 ± 0,1) ³³.

�  ± ·¥É±¥ § ±·¥¶²¥´Ò ¢¥·É¨± ²Ó´Ò¥ ¸Éμ°±¨-²¨´¥°±¨ ¸ ± ²¨¡·μ¢ ´´Ò³¨
μÉ¢¥·¸É¨Ö³¨, ¢Ò¶μ²´¥´´Ò³¨ ´  ±μμ·¤¨´ É´μ-· ¸ÉμÎ´μ³ ¸É ´±¥, ¸ Ï £μ³
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�¨¸. 2. �²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ : 
� Å Ô²¥±É·μ¶·¨¢μ¤ ±μμ·¤¨´ É´μ£μ
Ê¸É·μ°¸É¢ ; ”„ Å ËμÉμ¤ ÉÎ¨±; �•-•Ä�•-Œ Å ¶·¥μ¡· §μ¢ É¥²¨ •μ²² ; –‚-•Ä–‚-
Œ Å Í¨Ë·μ¢Ò¥ ¢μ²ÓÉ³¥É·Ò; �“ Å ¡²μ± Ê¶· ¢²¥´¨Ö ±μμ·¤¨´ É´μ£μ Ê¸É·μ°¸É¢ ;
4 ˆ�•’ Å Î¥ÉÒ·¥Ì± ´ ²Ó´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö ¨ É¥·³μ¸É É¨·μ¢ ´¨Ö �•; ˆ‚-532 Å
¨´É¥·Ë¥°¸Ò –‚; ŠŠ-09 Å ±·¥°É-±μ´É·μ²²¥· Š�Œ�Š; �‘ Å ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕ-
É¥·

(10 ± 0,01) ³³. Š ÔÉ¨³ μÉ¢¥·¸É¨Ö³ ±·¥¶¨É¸Ö £μ·¨§μ´É ²Ó´ Ö ²¨´¥°± , ¢ μÉ-
¢¥·¸É¨Ö ±μÉμ·μ° ¢¸É ¢²Ö¥É¸Ö ±μ·¶Ê¸ ¨§³¥·¨É¥²Ó´μ£μ ¤ ÉÎ¨± . ’ ±¨³ μ¡· §μ³,
¶μ¶¥·¥Î´μ-£μ·¨§μ´É ²Ó´μ¥ ¨ ¢¥·É¨± ²Ó´μ¥ ¶μ§¨Í¨μ´¨·μ¢ ´¨¥ ¤ ÉÎ¨±  μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¢·ÊÎ´ÊÕ ¶¥·¥¸É ´μ¢±μ° ¥£μ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ± ²¨¡·μ¢ ´´Ò¥ μÉ-
¢¥·¸É¨Ö ¢ £μ·¨§μ´É ²Ó´μ° ²¨´¥°±¥ ¨ ¶¥·¥³¥Ð¥´¨¥³ £μ·¨§μ´É ²Ó´μ° ²¨´¥°±¨
¶μ μÉ¢¥·¸É¨Ö³ ¢ ¢¥·É¨± ²Ó´ÒÌ ¸Éμ°± Ì ¸ ¶μ³μÐÓÕ ± ²¨¡·μ¢ ´´ÒÌ ÏÉ¨ËÉμ¢.

�μ§¨Í¨μ´¨·μ¢ ´¨¥ ¤ ÉÎ¨±  ¢ ¶·μ¤μ²Ó´μ-£μ·¨§μ´É ²Ó´μ³ ´ ¶· ¢²¥´¨¨
μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·μÉÖ¦±μ° ± ·¥É±¨ ±μμ·¤¨´ É´μ£μ Ê¸É·μ°¸É¢  ¶μ · ³¥ ¸ ¶μ-
¸ÉμÖ´´μ° ¸±μ·μ¸ÉÓÕ ¶·¨ ¶μ³μÐ¨ Ô²¥±É·μ¶·¨¢μ¤ . ”μÉμ¤ ÉÎ¨± ± ·¥É±¨ ¶·μ-
Ìμ¤¨É ¢¤μ²Ó ²¥´ÉÒ ¸ ± ²¨¡·μ¢ ´´Ò³¨ Ð¥²Ö³¨, § ±·¥¶²¥´´μ° ´  · ³¥. ˜¨-
·¨´  Ð¥²¥° (0,5 ± 0,1) ³³, · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê Ð¥²Ö³¨ (10 ± 0,01) ³³. �·¨
¶·μÌμ¦¤¥´¨¨ ± ¦¤μ° Ð¥²¨ ËμÉμ¤ ÉÎ¨± ¶¥·¥¤ ¥É ¢ ¡²μ± Ê¶· ¢²¥´¨Ö ¨³¶Ê²Ó¸
(§ ¶Ê¸±  ¨§³¥·¨É¥²Ó´μ° Ô²¥±É·μ´¨±¨).
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�²μ± Ê¶· ¢²¥´¨Ö ¶μ§¢μ²Ö¥É ¢Ò¡¨· ÉÓ ²¨´¥°´Ò° Ï £ ¨§³¥·¥´¨° (±· É´Ò°
· ¸¸ÉμÖ´¨Õ ³¥¦¤Ê Ð¥²Ö³¨), ±μ²¨Î¥¸É¢μ ¨§³¥·Ö¥³ÒÌ ÉμÎ¥± ¢ ²¨´¨¨ ¢¤μ²Ó
¨§³¥·Ö¥³μ£μ μ¡Ñ¥³ , ¸±μ·μ¸ÉÓ ¶·μÉÖ¦±¨ ± ·¥É±¨, ·¥¢¥·¸¨·μ¢ ´¨¥ ¨ μ¸É ´μ¢
± ·¥É±¨ ¶·¨ ¤μ¸É¨¦¥´¨¨, ¸μμÉ¢¥É¸É¢¥´´μ, ±μ´¥Î´μ° ¨ ´ Î ²Ó´μ° ±μμ·¤¨´ É
¨ ¢Ò· ¡ ÉÒ¢ ¥É ¨³¶Ê²Ó¸Ò § ¶Ê¸±  ¨§³¥·¨É¥²Ó´μ° Ô²¥±É·μ´¨±¨. ˆ§³¥·¥´¨Ö
´ ¶·Ö¦¥´¨° ¶·¥μ¡· §μ¢ É¥²¥° •μ²²  (±μÉμ·Ò¥ § É¥³ ¶¥·¥¸Î¨ÉÒ¢ ÕÉ¸Ö ¢ ¢¥-
²¨Î¨´Ò ³ £´¨É´μ£μ ¶μ²Ö) ¢ ± ¦¤μ° ÉμÎ±¥ ¶·μ¨§¢μ¤ÖÉ¸Ö ¤¢Ê±· É´μ Å ¶·¨
¶·Ö³μ³ ¨ μ¡· É´μ³ Ìμ¤¥ ± ·¥É±¨.

�·¨ ¨§³¥·¥´¨¨ 
„‘ •μ²²  ¸ ¶μ³μÐÓÕ Í¨Ë·μ¢ÒÌ ¢μ²ÓÉ³¥É·μ¢ ¸±μ·μ¸ÉÓ
¤¢¨¦¥´¨Ö ± ·¥É±¨ § ¤ ¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Ï¨·¨´Ò Ð¥²¨ ´  ±μμ·¤¨´ É´μ°
²¨´¥°±¥ ¨ ¢·¥³¥´¨ ¶·¥μ¡· §μ¢ ´¨Ö ¢μ²ÓÉ³¥É· . ’ ±, ¶·¨ Ï¨·¨´¥ Ð¥²¨ 0,5 ³³
¨ ¢·¥³¥´¨ (¨§³¥·¥´¨Ö Å · ¡μÉÒ ¶·¥μ¡· §μ¢ É¥²¥° •μ²²  ¶μ¸²¥ ¸· ¡ ÉÒ¢ ´¨Ö
§ ¶Ê¸± ÕÐ¥£μ ¨³¶Ê²Ó¸ ) ¶·¥μ¡· §μ¢ ´¨Ö ¢μ²ÓÉ³¥É·  20 ³¸ ¸±μ·μ¸ÉÓ ¤¢¨¦¥-
´¨Ö Ê¸É ´ ¢²¨¢ ¥É¸Ö · ¢´μ° 25 ³³/¸. ‚ ¸²ÊÎ ¥ ¶·¨³¥´¥´¨Ö �–� ¸±μ·μ¸ÉÓ
¤¢¨¦¥´¨Ö ± ·¥É±¨ ³μ¦´μ Ê¢¥²¨Î¨ÉÓ.

� ¶·Ö¦¥´¨Ö ¶·¥μ¡· §μ¢ É¥²¥° •μ²²  ¨§³¥·ÖÕÉ¸Ö Í¨Ë·μ¢Ò³¨ ¢μ²ÓÉ³¥-
É· ³¨ É¨¶  TR-1652 ¨ (¨²¨) ™-1513, ¸¢Ö§ ´´Ò³¨ ¸ PC Î¥·¥§ ±·¥°É-±μ´É·μ²²¥·
ŠŠ-09 ¸ ¶μ³μÐÓÕ ¸É ´¤ ·É´μ£μ ´ ¡μ·  Ô²¥±É·μ´´ÒÌ ¡²μ±μ¢ (“��307 ¨
ˆ‚532). ‚ ±·¥°É¥ Š�Œ�Š É ±¦¥ · ¸¶μ²μ¦¥´Ò ¡²μ± Ê¶· ¢²¥´¨Ö ±μμ·¤¨-
´ É´Ò³ Ê¸É·μ°¸É¢μ³ ¨ Î¥ÉÒ·¥Ì± ´ ²Ó´Ò° ¡²μ± ¶¨É ´¨Ö ¨ É¥·³μ¸É É¨·μ¢ ´¨Ö
Ìμ²²μ¢¸±¨Ì §μ´¤μ¢.

‚ ± Î¥¸É¢¥ ¤ ÉÎ¨±μ¢ ¨´¤Ê±Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¥μ¡· -
§μ¢ É¥²¨ •μ²²  É¨¶  �•
 (�•
Œ) 602 (605) · §· ¡μÉ±¨ ‘Š� ”¨§¨±μ-
É¥Ì´¨Î¥¸±μ£μ ¨´¸É¨ÉÊÉ  ¨³. �.”.ˆμËË¥ ¸ μ¸´μ¢´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨,
¶·¨¢¥¤¥´´Ò³¨ ¢ É ¡². 1.

’ ¡²¨Í  1

ƒ ¡ ·¨É´Ò¥ · §³¥·Ò ¶μ¤²μ¦±¨, ³³ 3 × 5 (2 × 2)
�μ³¨´ ²Ó´Ò° Ê¶· ¢²ÖÕÐ¨° Éμ±, ³� 100 (160)
Œ £´¨É´ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ, ³±‚/³’² 75Ä100
‚Ìμ¤´μ¥ ¨ ¢ÒÌμ¤´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥, 	³ ≈ 5

’¥³¶¥· ÉÊ·´Ò° ±μÔËË¨Í¨¥´É 
„‘ •μ²² , %/Š 0,005Ä0,02

Š ²¨¡·μ¢±  ¨§£μÉμ¢²¥´´ÒÌ ³ £´¨Éμ³¥É·¨Î¥¸±¨Ì §μ´¤μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¸ ¶μ³μÐÓÕ ³ £´¨Éμ³¥É· , μ¸´μ¢ ´´μ£μ ´  Ö¤¥·´μ³ ³ £´¨É´μ³ ·¥§μ´ ´¸¥, ´ 
± ²¨¡·μ¢μÎ´μ³ ¸É¥´¤¥ ¢ ¤¨ ¶ §μ´¥ ¤μ 2 ’².

�¨É ´¨¥ ¶·¥μ¡· §μ¢ É¥²¥° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö μÉ ¸É ¡¨²¨§¨·μ¢ ´´ÒÌ ¨¸ÉμÎ-
´¨±μ¢ Éμ±  (100Ä160 ³�) ¸ ¤μ²£μ¢·¥³¥´´μ° ¸É ¡¨²Ó´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 1·10−5,
É ± ± ± ¸É ¡¨²Ó´μ¸ÉÓ ¶¨É ´¨Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¢²¨Ö¥É ´  ¶μ£·¥Ï´μ¸ÉÓ ¨§³¥-
·¥´¨° ¨§-§  Éμ£μ, ÎÉμ 
„‘ •μ²²  ¶·μ¶μ·Í¨μ´ ²Ó´  Éμ±Ê ¶¨É ´¨Ö. � ¸É·μ°± 
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¨ ±μ´É·μ²Ó ¢ ¶·μÍ¥¸¸¥ Ô±¸¶²Ê É Í¨¨ §´ Î¥´¨° Éμ±  ¢¥¤ÊÉ¸Ö ¸ ¶μ³μÐÓÕ μ¡· §-
Íμ¢μ° ± ÉÊÏ±¨ Ô²¥±É·¨Î¥¸±μ£μ ¸μ¶·μÉ¨¢²¥´¨Ö � 321 ±² ¸¸  ÉμÎ´μ¸É¨ 0,01.
ˆ§-§  ¶·μ¡²¥³ ¸ ´ ¢μ¤± ³¨ ¢¢¨¤Ê ¡μ²ÓÏμ° ¶·μÉÖ¦¥´´μ¸É¨ ± ¡¥²Ó´ÒÌ ²¨´¨°
¢Ò¡· ´  ¸Ì¥³  ¸ ¶μ²´μ° £ ²Ó¢ ´¨Î¥¸±μ° · §¢Ö§±μ° ³¥¦¤Ê ¤ ÉÎ¨± ³¨, ¢¶²μÉÓ
¤μ μÉ¤¥²Ó´μ° ¤²Ö ± ¦¤μ£μ ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö μ¡³μÉ±¨ ´  ¸¨²μ¢μ³ É· ´¸Ëμ·-
³ Éμ·¥ (μ¤¨´ ¤ ÉÎ¨± Å μ¤¨´ ¨¸ÉμÎ´¨± ¶¨É ´¨Ö).

ˆ¸¶μ²Ó§Ê¥É¸Ö μÉ´μ¸¨É¥²Ó´Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö, ±μ£¤  μ¤¨´ ¨§ ¤ ÉÎ¨±μ¢
•μ²²  (É·¥Ì±μ³¶μ´¥´É´Ò°) Ö¢²Ö¥É¸Ö ¨§³¥·¨É¥²Ó´Ò³,   ¢Éμ·μ°, Ê¸É ´μ¢²¥´-
´Ò° ´¥¶μ¤¢¨¦´μ ¢ ´¥±μÉμ·μ° ÉμÎ±¥ ³ £´¨É´μ£μ ¶μ²Ö, ³μ´¨Éμ·´Ò³, ¥£μ ¶μ± -
§ ´¨Ö ¸· ¢´¨¢ ÕÉ¸Ö ¸ ¶μ± § ´¨Ö³¨ ¨§³¥·¨É¥²Ó´μ£μ

α =
Um − U¨§³

Um
.

�¡¸μ²ÕÉ´ Ö ¢¥²¨Î¨´  ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨ μ¶·¥¤¥²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ
É·¥Ì±μ³¶μ´¥´É´μ£μ ¤ ÉÎ¨± , ¢ ±μÉμ·μ³ É·¨ ¶·¥μ¡· §μ¢ É¥²Ö •μ²²  · ¸¶μ²μ-
¦¥´Ò ´  ³¥É ²²¨Î¥¸±μ³ ±Ê¡¨±¥ ´  ¢§ ¨³´μ ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¶²μ¸±μ¸ÉÖÌ.
’ ± ± ± ´ ¶·Ö¦¥´¨¥ ´  Ìμ²²μ¢¸±¨Ì Ô²¥±É·μ¤ Ì ¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¶·μ-
¶μ·Í¨μ´ ²Ó´μ ´μ·³ ²Ó´μ° ¸μ¸É ¢²ÖÕÐ¥° ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ± ¶²μ¸±μ¸É¨
¶·¥μ¡· §μ¢ É¥²Ö,  ¡¸μ²ÕÉ´ Ö ¢¥²¨Î¨´  ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨

∣∣∣−→B
∣∣∣ =

√
B2

x + B2
y + B2

z .

’·¥Ì±μ³¶μ´¥´É´Ò° ¤ ÉÎ¨± ¸ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö £ ¡ ·¨Éμ¢ ¢Ò¶μ²´¥´ ´¥É¥·-
³μ¸É É¨·μ¢ ´´Ò³, ´μ ¸ ¶μ¤¡μ·μ³ ¶·¥μ¡· §μ¢ É¥²¥° ¶μ ³¨´¨³ ²Ó´μ³Ê É¥³-
¶¥· ÉÊ·´μ³Ê ±μÔËË¨Í¨¥´ÉÊ,   ³μ´¨Éμ·´Ò°, ±μÉμ·Ò° μ¸É ¥É¸Ö ¢ ³ £´¨É¥ ¤²Ö
¤ ²Ó´¥°Ï¥° ¶μ¸ÉμÖ´´μ° Ô±¸¶²Ê É Í¨¨ ¨³¥´´μ ¢ ÔÉμ³ ± Î¥¸É¢¥, É¥·³μ¸É É¨-
·μ¢ ´.

���–…„“�� ˆ‡Œ…�…�ˆ‰ Š��’
Œ�ƒ�ˆ’�›• ��‹…‰ ‘�-40 ˆ ‘�-57

� ¸¶μ²μ¦¥´¨¥ ¨§³¥·¨É¥²Ó´μ° · ³Ò ¨ ¸¨¸É¥³Ò ±μμ·¤¨´ É, ¢ ±μÉμ·μ° ¶·μ-
¢μ¤¨²¨¸Ó ¨§³¥·¥´¨Ö μÉ´μ¸¨É¥²Ó´μ ¶μ²Õ¸  ³ £´¨É  ¤²Ö ‘�-40, ¶μ± § ´μ ´ 
·¨¸. 3,   ¤²Ö ‘�-57 Å ´  ·¨¸. 4. 	¸¨ X , Z μ·¨¥´É¨·μ¢ ´Ò ¶ · ²²¥²Ó´μ
μ¸Ö³ ¶μ²Õ¸  ³ £´¨É . 	¸Ó Z ´ ¶· ¢²¥´  ¶μ ¶ÊÎ±Ê. 	¸Ó Y ¶¥·¶¥´¤¨±Ê²Ö·´ 
¶²μ¸±μ¸É¨ ¶μ²Õ¸  (¨ ´ ¶· ¢²¥´  ¢¢¥·Ì). � Î ²μ ¸¨¸É¥³Ò ±μμ·¤¨´ É Å ¢
³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨, ´ ¤ Í¥´É·μ³ ´¨¦´¥£μ ¶μ²Õ¸  ³ £´¨É . ˆ§³¥·Ö²¨¸Ó ´ -
¶·Ö¦¥´¨Ö ¶·¥μ¡· §μ¢ É¥²¥° •μ²²  �•-•, �•-Y ¨ �•-Z, ±μÉμ·Ò¥ § É¥³ ¶¥-
·¥¸Î¨ÉÒ¢ ²¨¸Ó ¢ ¢¥²¨Î¨´Ò É·¥Ì ±μ³¶μ´¥´É ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨ Bx,
By (μ¸´μ¢´ Ö ±μ³¶μ´¥´É ) ¨ Bz.
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�¨¸. 3. ˆ§³¥·¨É¥²Ó´ Ö · ³  ¨ ¸¨¸É¥³  ±μμ·¤¨´ É ¤²Ö ¨§³¥·¥´¨Ö ¶μ²Ö ³ £´¨É  ‘�-40

�¨¸. 4. ˆ§³¥·¨É¥²Ó´ Ö · ³  ¨ ¸¨¸É¥³  ±μμ·¤¨´ É ¤²Ö ¨§³¥·¥´¨Ö ¶μ²Ö ³ £´¨É  ‘�-57
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�¥·¥¤ ´ Î ²μ³ ¨§³¥·¥´¨° ¤ ÉÎ¨±¨ •μ²²  ¡Ò²¨ ¶·μ± ²¨¡·μ¢ ´Ò ¶μ Ö¤¥·-
´μ³Ê ³ £´¨Éμ³¥É·Ê.

‘μμÉ´μÏ¥´¨Ö ³¥¦¤Ê §´ Î¥´¨Ö³¨ 
„‘ ¶·¥μ¡· §μ¢ É¥²¥° •μ²²  ¨ ³ £´¨É-
´μ° ¨´¤Ê±Í¨¨  ¶¶·μ±¸¨³¨·μ¢ ²¨¸Ó ¶μ²¨´μ³ ³¨ É·¥ÉÓ¥° ¸É¥¶¥´¨. 
É¨ ¶μ²¨-
´μ³Ò ¢³¥¸É¥ ¸ ±μÔËË¨Í¨¥´É ³¨ ¤²Ö ²¨´¥°´μ°  ¶¶·μ±¸¨³ Í¨¨ ¶·¨¢¥¤¥´Ò ¢
É ¡². 2.

’ ¡²¨Í  2. ŠμÔËË¨Í¨¥´ÉÒ ¶¥·¥¸Î¥É  	„‘ •μ²²  U [³‚] ¢ ¢¥²¨Î¨´Ê ³ £´¨É´μ°
¨´¤Ê±Í¨¨ B [ƒ¸]

‚¨¤ ¤ ÉÎ¨±  B, ƒ¸ B, ƒ¸
„ ÉÎ¨± x-±μ³¶μ´¥´ÉÒ 0,001 + 137,3 UÄ0,00798·U · U 136,7 U
³ £´¨É´μ£μ ¶μ²Ö (+)

„ ÉÎ¨± x-±μ³¶μ´¥´ÉÒ 0,001 + 136,6·U+ 0,002993·U · UÄ 136,4 U
³ £´¨É´μ£μ ¶μ²Ö (Ä) Ä0,0000476·U · U · U

„ ÉÎ¨± y-±μ³¶μ´¥´ÉÒ 0,001 + 138,8·U+ 0,00456·U · U+ 139,4 U
³ £´¨É´μ£μ ¶μ²Ö (Ä) + 0,0000263·U · U · U

„ ÉÎ¨± y-±μ³¶μ´¥´ÉÒ 0,001 + 138,1·U + 0,01255 · U · U 139,0 U
³ £´¨É´μ£μ ¶μ²Ö (+)

„ ÉÎ¨± z-±μ³¶μ´¥´ÉÒ -0,0001 + 152,4·U − 0,0677 · U · U+ 145,6 U
³ £´¨É´μ£μ ¶μ²Ö (+) + 0,0000337·U · U · U

„ ÉÎ¨± z-±μ³¶μ´¥´ÉÒ -0,001 + 152,5·U − 0,127 · U · U+ 147,4 U
³ £´¨É´μ£μ ¶μ²Ö (Ä) + 0,0004427·U · U · U

Šμ´É·μ²Ó´Ò° ¤ ÉÎ¨± Ê¸É ´μ¢±¨ 0,09992 + 114·U + 0,005261 · U · U 114,7 U
Œ��“‘Ÿ ¢ ‘�-40(+)

Šμ´É·μ²Ó´Ò° ¤ ÉÎ¨± Ê¸É ´μ¢±¨ 0,09992 + 113,7·U + 0,005548 · U · U 114,4 U
Œ��“‘Ÿ ¢ ‘�-40(Ä)

Šμ´É·μ²Ó´Ò° ¤ ÉÎ¨± Ê¸É ´μ¢±¨ 0,09992 + 104,1·U + 0,01033 · U · U 105,5 U
Œ��“‘Ÿ ¢ ‘�-57(+)

Šμ´É·μ²Ó´Ò° ¤ ÉÎ¨± Ê¸É ´μ¢±¨ 0,09992 + 104,3·U + 0,01052 · U · U 105,6 U
Œ��“‘Ÿ ¢ ‘�-57(Ä)

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¶·¨ Î¥ÉÒ·¥Ì · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ³ £´¨É´μ£μ
¶μ²Ö ¢ ‘�-40, Éμ±¨ ¢ μ¡³μÉ±¥ ¡Ò²¨ I = 1100, 800, 600 ¨ 300 �. Œ¥¦¶μ-
²Õ¸´Ò° § §μ· ¸μ¸É ¢²Ö¥É 0,207 ³. ‚ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (y = 0) ± ·É  ¶μ²Ö
¸´¨³ ² ¸Ó ¶·¨ ¢¸¥Ì §´ Î¥´¨ÖÌ Éμ± . �·¨ Éμ±¥ I = 600 � ± ·É  ¶μ²Ö ¸´¨³ -
² ¸Ó ¨ ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¨ ´  · ¸¸ÉμÖ´¨¨ y = ± 0,05 ³ μÉ ´¥¥. �·¨ Éμ±¥
I = 800 � Å ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¨ ´  · ¸¸ÉμÖ´¨¨ y = + 0,05 ³ μÉ ´¥¥.
‚ ¶²μ¸±μ¸É¨ (Z, X) ¨§³¥·Ö²μ¸Ó 387× 52 = 20124 ÉμÎ±¨ ¸μμÉ¢¥É¸É¢¥´´μ. ˜ £
¶¥·¥³¥Ð¥´¨Ö ± ·¥É±¨ ¶μ Z ¡Ò² 0,01 ³, ¶μ X Ä 0,02 ³. �μ²μ¦¥´¨¥ ZOX-
±μμ·¤¨´ É´μ° ¸¥É±¨ ¶μ± § ´μ ´  ·¨¸. 3 (¶·¨³¥Î ´¨¥: ¨§³¥·¥´¨¥ ³ £´¨É´μ£μ
¶μ²Ö ¤·Ê£μ° ³μ¤¨Ë¨± Í¨¨ ³ £´¨É  ‘�-40 ¸ § §μ·μ³ 0,48 ³ ¸³. ¢ [3, 4]).

„²Ö ‘�-57 ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢  ¶¥·ÉÊ·¥ ³ £´¨É  ¸ § §μ·μ³ 0,10 ³
³¥¦¤Ê ¶μ²Õ¸ ³¨ ¶·¨ É·¥Ì · §²¨Î´ÒÌ Ê·μ¢´ÖÌ ¶μ²Ö ¢ Í¥´É·¥  ¶¥·ÉÊ·Ò ³ £´¨É 
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‘�-57. 
É¨ ¢¥²¨Î¨´Ò ¶μ²¥° ¡Ò²¨ ¸μμÉ¢¥É¸É¢¥´´μ 0,644; 1,123 ¨ 1,776 ’².
Š ·É  ¶μ²Ö ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (y = 0) ¸´¨³ ² ¸Ó ¶·¨ ¢¸¥Ì É·¥Ì Ê·μ¢´ÖÌ
¶μ²Ö. �·¨ Bc = By(0, 0, 0) = 1, 776 ’² Ä ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¨ ´ 
· ¸¸ÉμÖ´¨¨ y = ± 0,03 ³ μÉ ´¥¥. ‚ ¶²μ¸±μ¸É¨ (Z, X) ¨§³¥·Ö²μ¸Ó 155 × 60 =
9300 ÉμÎ¥± ¸μμÉ¢¥É¸É¢¥´´μ. ˜ £ ¶¥·¥³¥Ð¥´¨Ö ± ·¥É±¨ ¶μ Z ¡Ò² 0,01 ³, ¶μ
X Ä 0,02 ³. �μ²μ¦¥´¨¥ ZOX-±μμ·¤¨´ É´μ° ¸¥É±¨ ¶μ± § ´μ ´  ·¨¸. 4.

‡´ Î¥´¨Ö ´ ¶·Ö¦¥´¨° •μ²²  ¤²Ö ¶·Ö³μ£μ ¨ μ¡· É´μ£μ ¤¢¨¦¥´¨° ¤ ÉÎ¨± 
Ê¸·¥¤´Ö²¨¸Ó ¨ ¸ ¶μ³μÐÓÕ ¶μ²¨´μ³μ¢ É ¡². 2 ¶¥·¥¢μ¤¨²¨¸Ó ¢ §´ Î¥´¨Ö ³ £-
´¨É´μ° ¨´¤Ê±Í¨¨.


É¨ ¨§³¥·¥´¨Ö ¶μ§¢μ²¨²¨ μÍ¥´¨ÉÓ ¢²¨Ö´¨¥ ·¥¦¨³  ¶¨É ´¨Ö ³ £´¨É  ´ 
Ëμ·³Ê ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö,   É ±¦¥ ¶·μ¢¥-
·¨ÉÓ ¸¨³³¥É·¨Î´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ±μ³¶μ´¥´É ¨´¤Ê±Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö
μÉ´μ¸¨É¥²Ó´μ μ¸¥° ¸¨³³¥É·¨¨ ³ £´¨É . 
É¨ μÍ¥´±¨ ¢ ¦´Ò ¤²Ö ¶·μ¢¥·±¨ ¢μ§-
³μ¦´μ¸É¨ ¶·¨¡²¨¦¥´´ÒÌ · ¸Î¥Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨´É¥£· ²  ¶μ²Ö ¨ ¤²Ö
¸μ§¤ ´¨Ö ¶·μ¸É· ´¸É¢¥´´ÒÌ ± ·É ¶μ²Ö ¶·¨ ¢¸¥Ì §´ Î¥´¨ÖÌ Éμ±  μ¡³μÉ±¥.

�  ·¨¸. 3 ¨ 4 ¶μ± § ´ ¢¨¤ ¸¢¥·ÌÊ, É. ¥. ZOX Å ¸¥Î¥´¨¥ ±μμ·¤¨´ É´μ°
¸¥É±¨, ¢ Ê§² Ì ±μÉμ·μ° ¨§³¥·Ö²¨¸Ó ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨
Bx, By, Bz.

	¸Ó Y ¶¥·¶¥´¤¨±Ê²Ö·´  ¶²μ¸±μ¸É¨ ¶μ²Õ¸  ³ £´¨É  ¨ ´ ¶· ¢²¥´  ´  ´ -
¡²Õ¤ É¥²Ö.

�…‡“‹œ’�’› ˆ‡Œ…�…�ˆŸ Š��’› Œ�ƒ�ˆ’��ƒ� ��‹Ÿ ‘�-40

� ¨¡μ²¥¥ ¶μ¤·μ¡´μ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¶·¨ §´ Î¥´¨¨ Éμ±  ¢ ¢¨É±¥
μ¡³μÉ±¨ 600 � ¢ μ¡Ñ¥³¥ 1,04·0,10·3,87 ³ (¸³. ·¨¸. 3) ¢ 60372 ÉμÎ± Ì ³ £´¨É .

�  ·¨¸. 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, ÎÉμ ¶μ¸²¥ §´ Î¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¢ Í¥´É·¥, · ¢´μ³ 1,1 ’² £· Ë¨±
B = B(I) ¸É ´μ¢¨É¸Ö ´¥²¨´¥°´Ò³ ¨§-§  ´ ¸ÒÐ¥´¨Ö ¦¥²¥§  Ö·³ .

‡ ¢¨¸¨³μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ³ £´¨É´μ° ¨´¤Ê±Í¨¨ By μÉ ¶·μ¤μ²Ó-
´μ° ±μμ·¤¨´ ÉÒ z (¶μ ¶ÊÎ±Ê) ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0 ¨ y = 0 (Í¥´É·
 ¶¥·ÉÊ·Ò ³ £´¨É , ³¥¤¨ ´´ Ö ¶²μ¸±μ¸ÉÓ) ¶μ± § ´  ´  ·¨¸. 6 ¤²Ö ¢¸¥Ì Î¥ÉÒ·¥Ì
§´ Î¥´¨° Éμ±  ¢ μ¡³μÉ±¥ ³ £´¨É . 	É³¥É¨³, ÎÉμ ¶·¨ Éμ±¥ I = 1100 A §´ Î¥-
´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ´  ÔÉμ° Í¥´É· ²Ó´μ° ²¨´¨¨ ´ Î¨´ ÕÉ¸Ö (z = Ä1,92 ³) ¸
¢¥²¨Î¨´ By = 87,2 ƒ¸, Bx = 27,8 ƒ¸, Bz = 136,7 ƒ¸ ¨, ¶·μÌμ¤Ö Î¥·¥§ Í¥´É·
³ £´¨É  ¸μ §´ Î¥´¨¥³ ³μ¤Ê²Ö ¶μ²Ö 1,874 ’², § ± ´Î¨¢ ÕÉ¸Ö ¶·¨ z = 1,95 ³
¢¥²¨Î¨´ ³¨ By = 87,4 ƒ¸, Bx = 13,9 ƒ¸, Bz = 27,3 ƒ¸.

‚ μ¡ÒÎ´ÒÌ Ê¸²μ¢¨ÖÌ Ô±¸¶¥·¨³¥´É  Î¥·¥§ Í¥´É· ²Ó´ÊÕ Î ¸ÉÓ, £¤¥ ¶μ²¥
¶μ¸ÉμÖ´´μ, ¶·μÌμ¤¨É ¡μ²ÓÏ¨´¸É¢μ É· ¥±Éμ·¨° Î ¸É¨Í. �μÔÉμ³Ê ¥¸É¥¸É¢¥´´μ
¤²Ö ¶·¨¡²¨¦¥´´ÒÌ · ¸Î¥Éμ¢ ¨¸¶μ²Ó§μ¢ ÉÓ μ¤´μ·μ¤´μ¥ ¶μ²¥, ¨´¤Ê±Í¨Ö ±μ-
Éμ·μ£μ · ¢´  ¨´¤Ê±Í¨¨ ¢ Í¥´É·¥ ³ £´¨É  (Bc),   ÔËË¥±É¨¢´ Ö ¤²¨´  (Leff )
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�¨¸. 5. Š·¨¢ Ö ¢μ§¡Ê¦¤¥´¨Ö B = B(I) ¤²Ö ³ £´¨É  ‘�-40

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ By-±μ³¶μ´¥´ÉÒ ³ £´¨É´μ£μ ¶μ²Ö ¢¤μ²Ó μ¸¨ z ¤²Ö Éμ±μ¢ I =
1100, 800, 600, 300 A ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0, y = 0 ³

· ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶μ Ëμ·³Ê²¥ Leff =
Σ
Bc

, £¤¥ Σ =
+L2∫
−L1

By dz Å ¨´É¥£· ² ¶μ²Ö

¢¤μ²Ó Í¥´É· ²Ó´μ° É· ¥±Éμ·¨¨ μÉ · ¸¸ÉμÖ´¨Ö −L1 Å ´ Î ²  ¤¥°¸É¢¨Ö ³ £-
´¨É´μ£μ ¶μ²Ö ¤μ · ¸¸ÉμÖ´¨Ö +L2 Å ±μ´Í  ¤¥°¸É¢¨Ö ¶μ²Ö. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥
·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ (¶μ ¨§³¥·¥´¨Ö³) μ¸´μ¢´ÒÌ Ì · ±É¥·¨¸É¨± ³ £´¨É  ‘�-40
¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

9



’ ¡²¨Í  3. �¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ³ £´¨É  ‘�-40 ¤²Ö ¶·¨¡²¨¦¥´´ÒÌ
¢ÒÎ¨¸²¥´¨°

I , A Bc, ’²
∑

, ’²·³ Leff , ³
1100 1,874 3,3904 1,809
800 1,497 2,7402 1,829
600 1,196 2,2050 1,842
300 0,571 1,0611 1,859

Œ £´¨É´μ¥ ¶μ²¥ By μ¡² ¤ ¥É ¸¨³³¥É·¨¥° μÉ´μ¸¨É¥²Ó´μ μ¸¥¢ÒÌ ²¨´¨°
³ £´¨É . 	É±²μ´¥´¨¥ μÉ ¸¨³³¥É·¨¨ ¢ ÉμÎ± Ì, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·μÉ¨¢μ¶μ-
²μ¦´Ò³ £· ´¨Í ³ § §μ·  ¶μ μ¸¨ X (x = − 0,50 ¨ 0,50 ³, ¶·¨ z = 0 ³) ¨ ¶μ
μ¸¨ Z (z = − 0,75 ¨ 0,75 ³, ¶·¨ x = 0 ³) ∼ 0,2 %. 	É±²μ´¥´¨¥ ¤μ¸É¨£ ¥É
2 % ¶·¨ ¸· ¢´¥´¨¨ ±· °´¨Ì ÉμÎ¥± ´¥ ¢¤μ²Ó μ¸¨,   ¢¤μ²Ó ²¨´¨° ¶μ ²¥¢μ³Ê ¨
¶· ¢μ³Ê ·¥¡·Ê ¶μ²Õ¸ .

�  ·¨¸. 7,   ¤²Ö Éμ±  I = 600 � ¶μ± § ´μ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥-
´¨¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö By. ‚¨¤´  ¸² ¡ Ö  ¸¨³³¥É·¨Ö ´  ±· ÖÌ, μ¡Ê¸²μ¢²¥´-
´ Ö, ¶μ-¢¨¤¨³μ³Ê, μ¸μ¡¥´´μ¸ÉÓÕ ±μ´¸É·Ê±Í¨¨ ¶μ²Õ¸´ÒÌ ´ ±² ¤μ±. �·μ¥±Í¨Ö
ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö ´  ¶²μ¸±μ¸ÉÓ ZOX ¶μ± § ´  ´  ·¨¸. 7, ¡ ¤²Ö μ¸¥¢μ° ²¨-
´¨¨ (x = 0 ³) ¨ ¤²Ö ±· °´¨Ì (x = ± 0,50 ³) ²¨´¨° ¢¤μ²Ó ·¥¡¥· ¶μ²Õ¸ .
Šμ³¶μ´¥´ÉÒ Bx ¨ Bz ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ´¥ ¶·¥¢ÒÏ ÕÉ 90 ƒ¸. Œ ±-
¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μ²´μ£μ ¨´É¥£· ²  ±μ³¶μ´¥´ÉÒ ¶μ²Ö Bx (¨²¨ Bz) ¢¤μ²Ó
Í¥´É· ²Ó´μ° É· ¥±Éμ·¨¨ ∼ 0,030 T²·³.

�·¨ ¨§³¥·¥´¨ÖÌ ¢´¥ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (·¨¸. 7, ¢Ä¤) ¢¥²¨Î¨´Ò ±μ³-
¶μ´¥´É ³ £´¨É´μ° ¨´¤Ê±Í¨¨ Bx ¨ Bz ¤μ¸É¨£ ÕÉ 0,3 ’² (´  ±· ÖÌ ¶μ²Õ¸μ¢).
ˆ´É¥£· ²

∫
Bxdz ±μ³¶μ´¥´ÉÒ ¶μ²Ö Bx ¢¤μ²Ó Í¥´É· ²Ó´μ° μ¸¨ ¶μ z (x = 0)

¶·¨ y = + 0,05 ³ ´¥ ¶·¥¢ÒÏ ¥É 0,030 ’²·³ ´¨ ¶·¨ I = 600 �, ´¨ ¶·¨ I =
800 A. �·¨ x = Ä0,50 ³ (¨²¨ x = 0,50 ³), ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ±· Õ ¶μ²Õ¸  ¶μ
x, μ´ · ¢¥´ 0,418 T² ·³ ¨ 0,411 T²·³ ¤²Ö ¸²ÊÎ Ö ¸ I = 800 �. 
É¨ Í¨Ë·Ò
¨²²Õ¸É·¨·ÊÕÉ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ± ·ÉÒ ¶μ²Ö ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö
¨³¶Ê²Ó¸  Î ¸É¨Í ¨ ´ ±² ¤Ò¢ ÕÉ μ£· ´¨Î¥´¨Ö ´  £¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ¨¸-
¶μ²Ó§Ê¥³ÒÌ ¤¥É¥±Éμ·μ¢.

�μ¢¥¤¥´¨¥ ±μ³¶μ´¥´ÉÒ Bz ¶μ± § ´μ ´  ·¨¸. 7, ¤, ¥.

„ ´´Ò¥ ¶μ± §Ò¢ ÕÉ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¤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¢. �μ ÔÉμ° ¶·¨Î¨´¥ ´¥μ¡Ìμ¤¨³μ
¶·μ¢¥¸É¨ Ê¸·¥¤´¥´¨¥ ¤²Ö §´ Î¥´¨° ±μ³¶μ´¥´É ¢ ÉμÎ±¥ (x, y, z), ¶μ²ÊÎ¥´´ÒÌ
¤²Ö ¶·Ö³μ£μ (z + Δz, £¤¥ Δz Å ¶·¨· Ð¥´¨¥ ±μμ·¤¨´ ÉÒ z, ±μÉμ·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) ¤¢¨¦¥´¨°: By(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).
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�¨¸. 7. �·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´É By, Bx, Bz ³ £´¨É´μ£μ ¶μ²Ö
‘�-40 ( , ¢, ¤); ¡, £, ¥ Å ¶·μ¥±Í¨¨ ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ¢ ¢¨¤¥ § ¢¨¸¨³μ¸É¥° By =
By(z), Bx = Bx(z), Bz = Bz(z) ¸μμÉ¢¥É¸É¢¥´´μ. ’μ± I = 600 �

‚¢¥¤¥´´μ¥ Ê¸·¥¤´¥´¨¥ ¤²Ö §´ Î¥´¨° ±μ³¶μ´¥´É, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö ¶·Ö-
³μ£μ ¨ μ¡· É´μ£μ ¤¢¨¦¥´¨°, ¸ÊÐ¥¸É¢¥´´μ ¸´¨¦ ¥É ¸¨¸É¥³ É¨Î¥¸±ÊÕ μÏ¨¡±Ê
(·¨¸. 9) £¥μ¤¥§¨Î¥¸±μ° ¶·¨¢Ö§±¨ ± ·É ± ¶μ²Õ¸Ê (¸μμÉ¢¥É¸É¢¥´´μ ± · ¸¶μ²μ-
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�¨¸. 8. ƒ· Ë¨± § ¢¨¸¨³μ¸É¨ (By+)Ä(By−) μÉ ´μ³¥·  ¨§³¥·¥´¨Ö N ¤²Ö μ¸¥¢μ° ²¨´¨¨:
 ) μÉ N = 1 ¤μ N = 387 ¶·¨ ¤¢¨¦¥´¨¨ ± ·¥É±¨ ÉÊ¤  ¨ ¡) μÉ N = 388 ¤μ N = 774
¶·¨ ¤¢¨¦¥´¨¨ μ¡· É´μ. ’μ± I = 600 �

¦¥´¨Õ ¤¥É¥±Éμ·μ¢). �´ ²¨§ μ¡· ¡μÉ ´´ÒÌ ¤ ´´ÒÌ ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ ³ ±-
¸¨³ ²Ó´ÊÕ μÏ¨¡±Ê ¨§³¥·¥´¨° ¢¥²¨Î¨´μ° ΔB/B = 0,5% ¤²Ö μ¡² ¸É¨ ¶μ²Ö
¢¡²¨§¨ £· ´¨Í ¶μ²Õ¸μ¢ ¨ ΔB/B = 0,1 % ¤²Ö μ¸É ²Ó´μ° μ¡² ¸É¨ ¨§³¥·¥´¨°.

�¨¸. 9. ƒ· Ë¨± By − By ¤²Ö μ¸¥¢μ° ²¨´¨¨. ’μ± I = 600 �

�…‡“‹œ’�’› ˆ‡Œ…�…�ˆŸ Š��’› Œ�ƒ�ˆ’��ƒ� ��‹Ÿ ‘�-57

� ¨¡μ²¥¥ ¶μ¤·μ¡´μ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¶·¨ Bc = By(0, 0, 0) =
1,776 ’² ¢ μ¡Ñ¥³¥ 1,20×0,06×1,55 ³ (¸³. ·¨¸. 4) ¢ 27900 ÉμÎ± Ì ³ £´¨É .
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‡ ¢¨¸¨³μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ³ £´¨É´μ° ¨´¤Ê±Í¨¨ By μÉ ¶·μ¤μ²Ó-
´μ° ±μμ·¤¨´ ÉÒ Z (¶μ ¶ÊÎ±Ê) ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0 ¨ y = 0 ³ (Í¥´É·
 ¶¥·ÉÊ·Ò ³ £´¨É , ³¥¤¨ ´´ Ö ¶²μ¸±μ¸ÉÓ) ¶μ± § ´  ´  ·¨¸. 10 ¤²Ö ¢¸¥Ì É·¥Ì
§´ Î¥´¨° Éμ±  ¢ ¢¨É±¥ μ¡³μÉ±¥ ³ £´¨É . 	É³¥É¨³, ÎÉμ ¶·¨ Bc = 1,776 ’²
§´ Î¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ´  ÔÉμ° Í¥´É· ²Ó´μ° ²¨´¨¨ ´ Î¨´ ÕÉ¸Ö (z =
Ä 0,775 ³) ¸ ¢¥²¨Î¨´ By = 0,119 ’², Bx = 45,5 ƒ¸, Bz = 126,6 ƒ¸ ¨, ¶·μÌμ¤Ö
Î¥·¥§ Í¥´É· ³ £´¨É  ¸μ §´ Î¥´¨¥³ ³μ¤Ê²Ö ¶μ²Ö 1,776 ’², § ± ´Î¨¢ ÕÉ¸Ö ¶·¨
z = +0,775 ³ ¢¥²¨Î¨´ ³¨ By = 0,124 ’², Bx = 73,2 ƒ¸, Bz = 586,6 ƒ¸.

�¨¸. 10. � ¸¶·¥¤¥²¥´¨¥ By-±μ³¶μ´¥´ÉÒ ³ £´¨É´μ£μ ¶μ²Ö ¢¤μ²Ó μ¸¨ Z ¤²Ö 1 Å Bc =
1,776 ’²; 2 Å Bc = 1,233 ’²; 3 Å Bc = 0,644 ’² ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0, y = 0 ³

�  ·¨¸. 11,   ¶μ± § ´μ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö
By. �·μ¥±Í¨Ö ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö ´  ¶²μ¸±μ¸ÉÓ (z, x) ¶μ± § ´  ´  ·¨¸. 11, ¡
¤²Ö μ¸¥¢μ° ²¨´¨¨ (x = 0 ³) ¨ ¢´¥ Í¥´É·  (x = ± 0,44 ³).

‚¥²¨Î¨´  ¶μ²´μ£μ ¨´É¥£· ² 
∫

By(0, 0, z)dz ±μ³¶μ´¥´ÉÒ ¶μ²Ö By ¢¤μ²Ó
μ¸¨ Z · ¢´  1,835 T²·³ ¶·¨ §´ Î¥´¨¨ By ¢ Í¥´É·¥ ³ £´¨É  Bc = 1,776 ’².

�·¨ ¨§³¥·¥´¨ÖÌ ¢´¥ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ (·¨¸. 11, ¢, £) ¢¥²¨Î¨´Ò ±μ³-
¶μ´¥´É ³ £´¨É´μ° ¨´¤Ê±Í¨¨ Bx ¨ Bz ¤μ¸É¨£ ÕÉ 0,4 ’².

Š ± ¨ ¢ ‘�-40, ±μ³¶μ´¥´É  Bz (·¨¸. 11, ¤, ¥) ¸ÊÐ¥¸É¢¥´´  ´  ±· ÖÌ
¶μ²Õ¸ .

„ ´´Ò¥ ¶μ± §Ò¢ ÕÉ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¤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 · §²¨Î¨¥ (ËÊ´±Í¨Ö
f(x) = By(0, 0, z +Δz)−By(0, 0, z−Δz)) μÉ³¥Î¥´μ ´  ·¨¸. 12, ´  ±μÉμ·μ³ ¢
§ ¢¨¸¨³μ¸É¨ μÉ z-±μμ·¤¨´ ÉÒ ¶·¨¢¥¤¥´Ò · §´μ¸É¨ ¢¥²¨Î¨´ ±μ³¶μ´¥´ÉÒ By,
¨§³¥·¥´´μ° ´  μ¸¥¢μ° ²¨´¨¨ ¶·¨ ¤¢¨¦¥´¨¨ ± ·¥É±¨ ÉÊ¤  (z + Δ) ¨ μ¡· É´μ
(z − Δ). �μ¤μ¡´Ò¥ § ¢¨¸¨³μ¸É¨ Ì · ±É¥·´Ò ¨ ¤²Ö ¢¸Ö±μ° ¤·Ê£μ° ²¨´¨¨. �μ-
ÔÉμ³Ê ¸´μ¢ , ± ± ¨ ¤²Ö ‘�-40, ¢¢μ¤¨É¸Ö Ê¸·¥¤´¥´¨¥ ¤²Ö §´ Î¥´¨° ±μ³¶μ´¥´É
¢ ÉμÎ±¥ (X, Y, Z), ¶μ²ÊÎ¥´´ÒÌ ¤²Ö ¶·Ö³μ£μ (z + Δ) ¨ μ¡· É´μ£μ (z − Δ)
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�¨¸. 11. �·μ¸É· ´¸É¢¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ±μ³¶μ´¥´É By ( ), Bx (¢), Bz (¤) ³ £´¨É-
´μ£μ ¶μ²Ö ‘�-57. �·μ¥±Í¨¨ ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ¢ ¢¨¤¥ § ¢¨¸¨³μ¸É¥° By = By(z)
(¡), Bx = Bx(z) (£), Bz = Bz(z) (¥) ¸μμÉ¢¥É¸É¢¥´´μ. “·μ¢¥´Ó ¶μ²Ö Bc = 1,776 ’²
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�¨¸. 12. ƒ· Ë¨± (By+) Ä (By−) ¤²Ö μ¸¥¢μ° ²¨´¨¨. “·μ¢¥´Ó ¶μ²Ö Bc = 1,776 ’²

¤¢¨¦¥´¨°: By(x, y, z) = [Bz(x, y, z +Δ)+By(x, y, z−Δ)]/2. �´ ²μ£¨Î´μ ¤²Ö
Bx(x, y, z) ¨ Bz(x, y, z).

‚¢¥¤¥´´μ¥ ´ ³¨ Ê¸·¥¤´¥´¨¥ ¤²Ö §´ Î¥´¨° ±μ³¶μ´¥´É, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö
¶·Ö³μ£μ ¨ μ¡· É´μ£μ ¤¢¨¦¥´¨°, ¸ÊÐ¥¸É¢¥´´μ ¸´¨¦ ¥É μÏ¨¡±Ê ¨§³¥·¥´¨°
(·¨¸. 13). ‚Ò¶μ²´¥´´Ò°  ´ ²¨§ μ¡· ¡μÉ ´´ÒÌ ¤ ´´ÒÌ ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ
μÏ¨¡±Ê ¨§³¥·¥´¨° ¢¥²¨Î¨´μ° ΔB/B = 0,1 % ¤²Ö μ¡² ¸É¨ ¶μ²Ö ¢¡²¨§¨ £· -
´¨Í ¶μ²Õ¸μ¢ ¨ ΔB/B = 0,05 % ¤²Ö μ¸É ²Ó´μ° μ¡² ¸É¨ ¨§³¥·¥´¨°.

�¨¸. 13. ƒ· Ë¨± By − By ¤²Ö μ¸¥¢μ° ²¨´¨¨¨. “·μ¢¥´Ó ¶μ²Ö Bc = 1,776 ’²

‘ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ¤ ´´ÒÌ ¢ μ¡² ¸É¨ ¸¶ ¤  ¶μ²Ö ¤ ²¥¥, Î¥³ ±μμ·¤¨´ É 
Ä0,775 ³, ¤²Ö ³ £´¨É  ‘�-57 ¶·μ¢μ¤¨²μ¸Ó ¢Éμ·μ¥ ¨§³¥·¥´¨¥ (¶·μ¤μ²¦¥´¨¥
± ·ÉÒ ¶μ²Ö) É ±¦¥ ¶·¨ É·¥Ì Ê·μ¢´ÖÌ ¶μ²Ö Bc = 1,776 T², Bc = 1,123 T²,
Bc = 0,644 T². �·¨ ¢¸¥Ì É·¥Ì Ê·μ¢´ÖÌ ¶μ²Ö ¸´¨³ ² ¸Ó ± ·É  ¶μ²Ö ¢ ³¥-
¤¨ ´´μ° ¶²μ¸±μ¸É¨ (y = 0). ‚ ¶²μ¸±μ¸É¨ (Z, X) ¨§³¥·Ö²μ¸Ó (¸³. ·¨¸. 14)
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126×58 = 7328 ÉμÎ¥± ¸μμÉ¢¥É¸É¢¥´´μ. ˜ £ ¶¥·¥³¥Ð¥´¨Ö ± ·¥É±¨ ¶μ X ¡Ò²
0,02 ³, ¶μ Z Å 0,01 ³ μÉ Ä1,23 ³ ¤μ 0,03 ³. �μ²μ¦¥´¨¥ ZOX ±μμ·¤¨´ É-
´μ° ¸¥É±¨ ¶μ± § ´μ ´  ·¨¸. 14. �μ²ÊÎ¥´´ Ö ¤μ¡ ¢μÎ´ Ö ¢¥²¨Î¨´  ¨´É¥£· ² 

�¨¸. 14. ‘¨¸É¥³  ±μμ·¤¨´ É, ¢ ±μÉμ·μ° ¶·μ¢μ¤¨²μ¸Ó ¢Éμ·μ¥ ¨§³¥·¥´¨¥ μÉ´μ¸¨É¥²Ó´μ
¶μ²Õ¸  ³ £´¨É  ‘�-57

�¨¸. 15. �·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö By ¤¢ÊÌ ¨§³¥·¥´¨° ¶·¨
Ê·μ¢´¥ ¶μ²Ö Bc = 1,776 ’²
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∫
By (0, 0, z) dz ±μ³¶μ´¥´ÉÒ ¶μ²Ö By ¢¤μ²Ó μ¸¨ Z μÉ z1 = Ä1,23 ³ ¤μ z2 =

Ä0,775 ³ · ¢´  96 ƒ¸·³. �·¨ ÔÉμ³ ¢¥²¨Î¨´  ¶μ²´μ£μ ¨´É¥£· ² 
∫

By (0, 0, z) dz
±μ³¶μ´¥´ÉÒ ¶μ²Ö By ¢¤μ²Ó μ¸¨ Z μÉ z1 = Ä1,23 ³ ¤μ z = 1,23 ³ · ¢´ 
1.8350 ’²· ³ + 2·0,0096 ’²· ³ = 1,8542 ’²·³.

�  ·¨¸. 15 ¶·¨¢¥¤¥´μ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö
By ¶·¨ Ê·μ¢´¥ ¶μ²Ö Bc = 1,776 ’² ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¸ ´ ²μ¦¥´´Ò³¨
¤·Ê£ ´  ¤·Ê£  ¶μ²Ö³¨ ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¨§³¥·¥´¨°. ˆ§ ·¨¸. 15 ¢¨¤¥´ Ì · ±-
É¥·´Ò° ¸¶ ¤ ¶μ²Ö ¢ Éμ·Í¥¢μ° μ¡² ¸É¨ ³ £´¨É  ‘�-57.

‡�Š‹
—…�ˆ…

1. �·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö μ¡Ñ¥³´ÒÌ ± ·É ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö ³ £´¨Éμ-
μ¶É¨Î¥¸±μ£μ ¸¶¥±É·μ³¥É·  Œ��“‘Ÿ (‹‚
 	ˆŸˆ). „²Ö ‘�-40 ¨§³¥·¥´¨Ö
μ¸ÊÐ¥¸É¢²Ö²¨¸Ó ¢  ¶¥·ÉÊ·¥ ³ £´¨É  ¸ § §μ·μ³ ¢ 0,207 ³ ³¥¦¤Ê ¶μ²Õ¸ ³¨ ¶·¨
Î¥ÉÒ·¥Ì · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ Éμ± . „²Ö ‘�-57 ¨§³¥·¥´¨Ö ¢¥²¨¸Ó ¢  ¶¥·ÉÊ·¥
³ £´¨É  ¸ 0,10 ³ § §μ·μ³ ³¥¦¤Ê ¶μ²Õ¸ ³¨ ¶·¨ É·¥Ì · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ
Éμ± . ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ μ¡Ñ¥³¥ 1,04×0,10×3,87 ³ ¤²Ö ³ £´¨É  ‘�-40
¨ ¢ μ¡Ñ¥³¥ 1,20×0,06×1,55 ³ ¤²Ö ³ £´¨É  ‘�-57.

2. ‘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 ¤²Ö · ¡μÎ¨Ì ¢¥²¨Î¨´ ¶μ²Ö.

3. �·¨¢¥¤¥´μ ¶μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò ¨ ¶·μÍ¥-
¤Ê·Ò ¨§³¥·¥´¨°.

4. ˆ§³¥·¥´¨Ö ¢Ò¶μ²´¥´Ò ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ¢ ¢¥²¨Î¨´¥ ΔB/B � 0 5 %
(� 50 ƒ¸ ´  Ê·μ¢´¥ 1,78 ’² ¢ Í¥´É·¥ ³ £´¨É ) ¤²Ö μ¡² ¸É¨ ¶μ²Ö ¢¡²¨§¨
£· ´¨Í ¶μ²Õ¸μ¢ ¨ ΔB/B � 0,1 % (8 ƒ¸ ´  Ê·μ¢´¥ 1,78 ’² ¢ Í¥´É·¥ ³ £´¨É )
¤²Ö μ¸É ²Ó´μ° μ¡² ¸É¨ ¨§³¥·¥´¨°.

5. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶·μ¢¥¤¥´¨Ö ³μ¤¥²¨·μ¢ ´¨Ö
Ê¸É ´μ¢±¨. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ  ±É¨¢´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö
¢ μ¡· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

6. ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¶μ²ÊÎ¥´Ò ´ ¤¥¦´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥ μ ´¥²¨´¥°´μ¸É¨ § ¢¨¸¨³μ¸É¥° Ëμ·³Ò ³ £´¨É´ÒÌ ¶μ²¥° (¸³. ·¨¸. 5, 6,
10, É ¡². 3 ¨ É. ¤.) μÉ Éμ±μ¢ ¢ μ¡³μÉ±¥. 
É¨ ¤ ´´Ò¥ Ö¢²ÖÕÉ¸Ö μ¸´μ¢μ° ¤²Ö
¤ ²Ó´¥°Ï¥£μ ¨¸¸²¥¤μ¢ ´¨Ö ¨ ¶·μ¢¥·±¨ ³μ¤¥²¥° ¢μ¸¸É ´μ¢²¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¶μ
É·¥±μ¢Ò³ Ô±¸¶¥·¨³¥´É ³. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö
¢¥·¨Ë¨± Í¨¨ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ³ £´¨Éμμ¶É¨Î¥¸±¨Ì ¸¨¸É¥³ [5].
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