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In the framework of the differential formulation of the magnetostatical problem,
mathematical modeling of the three-dimensional distribution of magnetic ˇeld for the
SP-40 magnet of the experimental setup MARUSYA (Laboratory of High Energies,
JINR) is made.

Mathematical formulation of the direct magnetostatical problem is given. Numer-
ical procedures and algorithms for calculation of the ˇeld using vector and two scalar
potentials are described.

The results of modeling and comparison of the calculated distribution of the
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Œ £´¨É ‘�-40 (·¨¸. 1) ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥  ´ ²¨§¨·ÊÕÐ¥£μ ¨ μÉ±²μ-
´ÖÕÐ¥£μ ³ £´¨É  ¢μ ³´μ£¨Ì ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì Ê¸É ´μ¢± Ì, ¢ Î ¸É´μ¸É¨, ¢
	ˆŸˆ („Ê¡´ ), ˆ”‚
 (�·μÉ¢¨´μ) ¨ ¤·Ê£¨Ì Ö¤¥·´ÒÌ Í¥´É· Ì �μ¸¸¨¨. Œ £-

�¨¸. 1. 	¡Ð¨° ¢¨¤ ¸¶¥±É·μ³¥É·¨Î¥¸±μ£μ ³ £´¨É  ‘�-40

´¨Éμμ¶É¨Î¥¸±¨¥ ¸¶¥±É·μ³¥É·Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ £´¨É  ‘�-40 ¸μ§¤ ÕÉ¸Ö
§ Î ¸ÉÊÕ ± ± ³´μ£μÍ¥²¥¢Ò¥,   ¨´μ£¤  ± ± ¸Ê£Ê¡μ ¸¶¥Í¨ ²Ó´Ò¥ Ê¸É ´μ¢±¨ ¤²Ö
¨¸¸²¥¤μ¢ ´¨° ¸É·Ê±ÉÊ·Ò Ö¤¥·´μ° ³ É¥·¨¨ ´  ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ± Ì Ê¸±μ·¨É¥²Ö.
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‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö · ¸Î¥É´μ£μ · ¸¶·¥-
¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¸ ¶·μ¢¥¤¥´´Ò³¨ ¨§³¥·¥´¨Ö³¨ [1] ¶μ²Ö ³μ¤¨Ë¨Í¨-
·μ¢ ´´μ£μ ³ £´¨É  ‘�-40 ¸ ³¥¦¶μ²Õ¸´Ò³ § §μ·μ³ ¢ 0,207 ³. �μ²ÊÎ¥´´Ò¥
¤ ´´Ò¥ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢ ¸¨¸É¥³¥ ±μμ·¤¨´ É XY Z, ¢ ±μÉμ·μ° μ¸Ó Z ´ ¶· -
¢²¥´  ¶μ ¶ÊÎ±Ê ´ ²¥É ÕÐ¨Ì ´  ³¨Ï¥´Ó ¶¥·¢¨Î´ÒÌ Î ¸É¨Í, μ¸Ó Y Å ¶¥·¶¥´-
¤¨±Ê²Ö·´μ ¢¢¥·Ì ± ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨, ¨ μ¸Ó X μ¡· §Ê¥É ¶· ¢ÊÕ É·μ°±Ê
¢¥±Éμ·μ¢. � Î ²μ³ ¸¨¸É¥³Ò ±μμ·¤¨´ É Ö¢²Ö¥É¸Ö Í¥´É· ³ £´¨É  ‘�-40. � ¸-
Î¥É´ Ö ¸¥É±  ¡Ò²  ¸²¥¤ÊÕÐ Ö: ¶μ x μÉ 0 ¤μ 1,35 ³ ¸ Ï £μ³ hx = 0,01 ³, ¶μ
y μÉ 0 ¤μ 0,10 ³ ¸ Ï £μ³ hy = 0,01 ³, ¶μ z μÉ 0 ¤μ 2,5 ³ ¸ Ï £μ³ hz =
0,01 ³. ‘¥É±  ¨§³¥·¥´¨° ¡Ò²  ¸²¥¤ÊÕÐ Ö: ¶μ x μÉ Ä0,50 ¤μ 0,54 ³ ¸ Ï £μ³
hx = 0,02 ³, ¶μ y μÉ Ä0,05 ¤μ +0,05 ³ ¸ Ï £μ³ hy = 0,05 ³, ¶μ z μÉ Ä1,92 ¤μ
1,95 ³ ¸ Ï £μ³ hz = 0,01 ³.

1. Œ�’…Œ�’ˆ—…‘Š�Ÿ ��‘’���‚Š�
Œ�ƒ�ˆ’�‘’�’ˆ—…‘Š�‰ ‡�„�—ˆ

� ¸¸³μÉ·¨³ Ë¨§¨Î¥¸±ÊÕ ¸¨¸É¥³Ê, ¸μ¸ÉμÖÐÊÕ ¨§ Ë¥··μ³ £´¥É¨±  (μ¡² ¸ÉÓ
Ωf ) ¨ ¢ ±ÊÊ³  (μ¡² ¸ÉÓ Ωv) ¸ § ³±´ÊÉÒ³¨ Éμ±μ¢Ò³¨ μ¡³μÉ± ³¨ (μ¡² ¸ÉÓ Ωc).
�¥Ï ¥É¸Ö § ¤ Î  ´ Ìμ¦¤¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö, ¸μ§¤ ´´μ£μ ¸É -
Í¨μ´ ·´Ò³¨ Éμ± ³¨ ¨ ´ ³ £´¨Î¥´´μ¸ÉÓÕ ¨§μÉ·μ¶´ÒÌ Ë¥··μ³ £´¥É¨±μ¢. �Ê-
¤¥³ ¶·¥¤¶μ² £ ÉÓ μÉ¸ÊÉ¸É¢¨¥ ¶μ¢¥·Ì´μ¸É´ÒÌ Éμ±μ¢ ¨ Éμ±μ¢, ¶·μÉ¥± ÕÐ¨Ì ¶μ
Ë¥··μ³ £´¥É¨±Ê. ’μ£¤  Ê· ¢´¥´¨Ö Œ ±¸¢¥²²  ¤²Ö ¸É Í¨μ´ ·´μ£μ ³ £´¨É´μ£μ
¶μ²Ö ¶·¨³ÊÉ ¢¨¤

rot �H (p) = �J (p) , (1)

div �B (p) = 0, (2)

�B (p) = μμ0
�H (p) , (3)

  Ê¸²μ¢¨Ö ´  £· ´¨Í¥ · §¤¥²  ¸·¥¤ ¨ ´  ¡¥¸±μ´¥Î´μ¸É¨:

�n ·
(

�Bf − �Bv

)
= 0, �n ×

(
�Hf − �Hv

)
= 0, H (p)

p→∞−→ 0. (4)

‡¤¥¸Ó ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö: p Å ÉμÎ±  É·¥Ì³¥·´μ£μ ¶·μ-
¸É· ´¸É¢  �3, ¨´¤¥±¸Ò f ¨ v ¸μμÉ¢¥É¸É¢ÊÕÉ μ¡² ¸É¨ Ë¥··μ³ £´¥É¨±  ¨ ¢ ±Ê-
Ê³ ; �H Å ¢¥±Éμ· ´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö; �B Å ¢¥±Éμ· ³ £´¨É´μ°
¨´¤Ê±Í¨¨; �J Å ¨§¢¥¸É´Ò° ¢¥±Éμ· μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ Éμ± , μÉ²¨Î´Ò° μÉ ´Ê²Ö
¢ μ£· ´¨Î¥´´μ° μ¡² ¸É¨ Ωc ¨ Ê¤μ¢²¥É¢μ·ÖÕÐ¨° ¸μμÉ´μÏ¥´¨Õ

∫
Ωc

�JdΩ = 0;

μ
(∣∣∣ �H

∣∣∣) Å ¨§¢¥¸É´ Ö ¢ μ£· ´¨Î¥´´μ° μ¤´μ¸¢Ö§´μ° μ¡² ¸É¨ Ωf ´¥²¨´¥°´ Ö

ËÊ´±Í¨Ö ³ £´¨É´μ° ¶·μ´¨Í ¥³μ¸É¨ Ë¥··μ³ £´¥É¨±  (¤²Ö ´¥³ £´¨É´μ° ¸·¥¤Ò
μ = 1); μ0 Å ³ £´¨É´ Ö ¶·μ´¨Í ¥³μ¸ÉÓ ¢ ±ÊÊ³ ; �n Å ¥¤¨´¨Î´Ò° ¢¥±Éμ·
´μ·³ ²¨ ± ¶μ¢¥·Ì´μ¸É¨ · §¤¥²  ¸·¥¤ Ë¥··μ³ £´¥É¨±/¢ ±ÊÊ³.
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2. Œ…’�„ �. �…˜…�ˆ… Š��…‚�‰ ‡�„�—ˆ
�’��‘ˆ’…‹œ�� ‚…Š’����ƒ� ��’…�–ˆ�‹�

�Ê¤¥³ ·¥Ï ÉÓ ±· ¥¢ÊÕ ³ £´¨Éμ¸É É¨Î¥¸±ÊÕ § ¤ ÎÊ μÉ´μ¸¨É¥²Ó´μ ¢¥±Éμ·-
´μ£μ ¶μÉ¥´Í¨ ²  [2]. ‚¢¥¤¥³ ¢ R3 ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² �A, μ¶·¥¤¥²Ö¥³Ò°
¢Ò· ¦¥´¨¥³ �B = rot �A. ’μ£¤  ¨§ (1)Ä(3) ¶μ²ÊÎ¨³ Ê· ¢´¥´¨¥

rot
(

1
μ

rot �A (p)
)

= −μ0
�J (p) , p ∈ R3, (5)

  Ê¸²μ¢¨Ö (4) ¶·¨³ÊÉ ¢¨¤

�n ×
(

�Af − �Av

)
= 0, �n ×

(
1
μ

rot �Af − rot �Av

)
= 0, A (p)

p→∞−→ 0. (6)

„²Ö μ¤´μ§´ Î´μ£μ μ¶·¥¤¥²¥´¨Ö ¶μÉ¥´Í¨ ²  ¤μ¶μ²´¨³ Ê· ¢´¥´¨Ö (5), (6)
Ê¸²μ¢¨¥³ div �A (P ) = 0. �Ê¤¥³ ¶·¥¤¶μ² £ ÉÓ, ÎÉμ ¶·μ¤μ²Ó´Ò° · §³¥· ³ £´¨É 
¢¤μ²Ó μ¸¨ OZ ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏ¥ ¶μ¶¥·¥Î´μ£μ · §³¥· . ‚ É ±μ³ ¶·¨¡²¨-
¦¥´¨¨ ¢ ¶²μ¸±μ¸É¨ ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö Bz-±μ³¶μ´¥´Éμ° ¶μ²Ö ³μ¦´μ ¶·¥-
´¥¡·¥ÎÓ ¶μ ¸· ¢´¥´¨Õ ¸ Bx- ¨ By-±μ³¶μ´¥´É ³¨. ‘²¥¤μ¢ É¥²Ó´μ, ¢¥±Éμ·´Ò°
¶μÉ¥´Í¨ ² ¨³¥¥É Éμ²Ó±μ μ¤´Ê ±μ³¶μ´¥´ÉÊ Az. “Î¨ÉÒ¢ Ö ÔÉμ, ¶μ²ÊÎ¨³⎧⎪⎪⎪⎨

⎪⎪⎪⎩

∂

∂x

(
1
μ

∂Az

∂x

)
+

∂

∂y

(
1
μ

∂Az

∂y

)
= −μ0Jz (x, y) ,

Az |Γ+ = Az|Γ− ,
∂Az

∂n

∣∣∣∣
Γ+

=
1
μ

∂Az

∂n

∣∣∣∣
Γ−

, A|Γ0
= 0,

(7)

�¨¸. 2. ŸÎ¥°±  (¶ÖÉ¨ÉμÎ¥Î´ Ö ¸Ì¥³ )
¸¥É±¨, μ±·Ê¦ ÕÐ Ö ¢´ÊÉ·¥´´¨° Ê§¥²

£¤¥ Γ Å £· ´¨Í  · §¤¥²  ¸·¥¤ Ë¥··μ-
³ £´¥É¨±/¢ ±ÊÊ³. “¸²μ¢¨¥ ´  ¡¥¸±μ´¥Î-
´μ¸É¨ § ³¥´¥´μ Ê¸²μ¢¨¥³ ´  ¢¸¶μ³μ£ -
É¥²Ó´μ° £· ´¨Í¥ Γ0.

‚¢¥¤¥³ μ¡μ§´ Î¥´¨Ö Az = U(x, y)
¨ ¡Ê¤¥³ ·¥Ï ÉÓ ¤ ´´ÊÕ § ¤ ÎÊ μÉ´μ¸¨-
É¥²Ó´μ U(x, y).

„²Ö · §´μ¸É´μ°  ¶¶·μ±¸¨³ Í¨¨ ±· -
¥¢μ° § ¤ Î¨ ¶μ¸É·μ¨³ ¢ · ¸Î¥É´μ° μ¡² -
¸É¨ ´¥· ¢´μ³¥·´ÊÕ ¸¥É±Ê ¸ ¶·Ö³μÊ£μ²Ó-
´Ò³¨ ÖÎ¥°± ³¨

Ω = {(xi, yi); xi+1 = xi + hx
i+1, yj+1 = yj + hy

j+1, i = 1 . . . M, j = 1 . . .N}.

�·¥¤¶μ² £ ¥É¸Ö, ÎÉμ £· ´¨ÍÒ · ¸Î¥É´μ° μ¡² ¸É¨ ¨ ¢´ÊÉ·¥´´¨¥ £· ´¨ÍÒ
· §¤¥²  ¸·¥¤ ¸ · §²¨Î´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ Ö¢²ÖÕÉ¸Ö Ê§²μ¢Ò³¨ ²¨´¨Ö³¨.
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ˆ¸±μ³ Ö ¸¥ÉμÎ´ Ö ËÊ´±Í¨Ö Ui,j μ¶·¥¤¥²¥´  ¢ Ê§² Ì ¸¥É±¨ Ω. �  ·¨¸. 2 ¨§μ¡· -
¦¥´  ÖÎ¥°±  ¸¥É±¨, μ±·Ê¦ ÕÐ Ö ¢´ÊÉ·¥´´¨° Ê§¥² ¸μ §´ Î¥´¨Ö³¨ ¢¥±Éμ·´μ£μ
¶μÉ¥´Í¨ ²  Ui,j . ˆ´É¥£·¨·ÊÖ · ¢¥´¸É¢μ (7) ¢ ¶·¥¤¥² Ì Ô²¥³¥´É ·´μ° ÖÎ¥°±¨
¨ ¶·¨³¥´ÖÖ Ëμ·³Ê²Ê ƒ·¨´ , ¶μ²ÊÎ¨³ (¸Î¨É Ö ¢ ¶·¥¤¥² Ì μ¤´μ° ÖÎ¥°±¨ ¶μ¸Éμ-
Ö´´Ò³¨ ³ £´¨É´ÊÕ ¶·μ´¨Í ¥³μ¸ÉÓ μ ¨ ¶²μÉ´μ¸ÉÓ Éμ±  J)∮

l

1
μ

(
∂U

∂x
�ey − ∂U

∂y
�ex

)
d�l =

∫∫
S

f (x, y) dxdy, (8)

£¤¥ l Å £· ´¨Í ,   S Å ¶²μÐ ¤Ó ÖÎ¥°±¨.
ˆ¸¶μ²Ó§ÊÖ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¨´É¥£· ²μ¢ Ëμ·³Ê²Ò ¶·Ö³μÊ£μ²Ó´¨±μ¢ ¨ § ³¥-

´ÖÖ ¶·¨ ÔÉμ³ ¶·μ¨§¢μ¤´Ò¥, ¢Ìμ¤ÖÐ¨¥ ¢ (8), ¨Ì · §´μ¸É´Ò³¨  ´ ²μ£ ³¨, ¶μ²Ê-
Î¨³ ¸¨¸É¥³Ê ´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨° ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸¥ÉμÎ´μ° ËÊ´±Í¨¨ Ui,j :

(
hi

μ4
+

hi+1

μ1

)
Ui,j − Ui,j−1

hj
+

(
hi

μ3
+

hi+1

μ2

)
Ui,j − Ui,j+1

hj+1
+

(
hj

μ4
+

hj+1

μ3

)
Ui,j − Ui−1,j

hi
+

(
hj

μ1
+

hj+1

μ2

)
Ui,j − Ui+1,j

hi+1
− 1

2
Fi,j ≡ ΦUi,j = 0, (9)

Fi,j = j1hi+1hj + j2hi+1hj+1 + j3hihj+1 + j4hihj ; hx
i ≡ hi, hy

j ≡ hj .

‡´ Î¥´¨¥ μ ¢ ± ¦¤μ° Ô²¥³¥´É ·´μ° ÖÎ¥°±¥ ¢ÒÎ¨¸²Ö¥É¸Ö Î¥·¥§ §´ Î¥´¨Ö ¶μ-
É¥´Í¨ ²  ¢ ¢¥·Ï¨´ Ì ÖÎ¥°±¨ (¸³. ·¨¸. 2). � ¶·¨³¥·, §´ Î¥´¨¥ μ ³μ¦´μ ¢Ò-
Î¨¸²¨ÉÓ ¶μ Ëμ·³Ê²¥

μ1 = μ1

(√(
Ui+1,j+Ui+1,j−1−Ui,j−Ui,j−1

2hi+1

)2

+
(

Ui,j+Ui+1,j−Ui,j−1−Ui+1,j−1
2hj

)2
)

.

„²Ö ·¥Ï¥´¨Ö ¸¨¸É¥³Ò · §´μ¸É´ÒÌ Ê· ¢´¥´¨° (9) ¶·¨³¥´Ö¥³ ¤¢ÊÌ¸ÉÊ¶¥´-
Î ÉÒ° ¨É¥· Í¨μ´´Ò° ¶·μÍ¥¸¸, ±μ£¤  Í¨±²Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¢¥·Ì´¥° ·¥² ±-
¸ Í¨¨ ¶·¨ · ¸Î¥É¥ ¶μÉ¥´Í¨ ²  Î¥·¥¤ÊÕÉ¸Ö ¸ ´¨¦´¥° ·¥² ±¸ Í¨¥° ¤²Ö ³ £´¨É-
´μ° ¶·μ´¨Í ¥³μ¸É¨ μ:

U
(k+1/2)
i,j =

α1U
(k)
i+1,j + α2U

(k)
i,j+1 + α3U

(k+1)
i−1,j + α4U

(k+1)
i,j−1 + 1

2Fi,j

α1 + α2 + α3 + α4
,

U
(k+1)
i,j = (1 − ωk)U (k)

i,j + ωkU
(k+1/2)
i,j , ωk � 1,

ν
(k+1)
j = (1 − ηk)ν(k)

j + ηkν
(k+1/2)
j , νj =

1
μj

, j = 1, 2, 3, 4; ηk � 1, (10)

α1 =
1

hi+1

(
hj

μ1
+

hj+1

μ2

)
, α2 =

1
hj+1

(
hi

μ3
+

hi+1

μ2

)
,

α3 =
1
hi

(
hj

μ4
+

hj+1

μ3

)
, α4 =

1
hj

(
hi

μ4
+

hi+1

μ1

)
.
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	¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  ¢¥·Ì´¥° ·¥² ±¸ Í¨¨ ωk ¢Ò¡¨· ¥É¸Ö ¨§
¨´É¥·¢ ²  (0, 2). •μ·μÏ¥¥ §´ Î¥´¨¥ ω = 1,8. Š ± ¶· ¢¨²μ, ¢ ± ¦¤μ° ¸·¥¤¥
¢Ò¡¨· ¥É¸Ö ¸¢μ° ¶ · ³¥É· ·¥² ±¸ Í¨¨. �·μ¤¥² ¢ ´¥±μÉμ·μ¥ ±μ²¨Î¥¸É¢μ ¨É¥-
· Í¨°, ¶¥·¥¸Î¨ÉÒ¢ ¥³ §´ Î¥´¨Ö ³ £´¨É´μ° ¶·μ´¨Í ¥³μ¸É¨ ¸ ¶μ¸²¥¤ÊÕÐ¥°
´¨¦´¥° ·¥² ±¸ Í¨¥°. ‡´ Î¥´¨¥ ¶ · ³¥É·  ´¨¦´¥° ·¥² ±¸ Í¨¨ ¢Ò¡¨· ¥É¸Ö ¨§
¨´É¥·¢ ²  (0, 1) ¢ ¶·μÍ¥¸¸¥ Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢. ˆÉ¥· Í¨¨ ¶·¥±· Ð ÕÉ¸Ö ¶·¨

¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö
∑
i,j

∣∣∣U (k)
i,j − U

(k−1)
i,j

∣∣∣ / ∣∣∣U (k)
i,j

∣∣∣ < ε.

3. Œ…’�„ �. Š��…‚�Ÿ ‡�„�—� �’��‘ˆ’…‹œ�� „‚“•
‘Š�‹Ÿ��›• ��’…�–ˆ�‹�‚

�¥Ï¨³ ÔÉÊ ¦¥ ±· ¥¢ÊÕ ³ £´¨Éμ¸É É¨Î¥¸±ÊÕ § ¤ ÎÊ μÉ´μ¸¨É¥²Ó´μ ¸± ²Ö·-
´μ£μ ¶μÉ¥´Í¨ ²  [3Ä5]. ‚¢¥¤¥³ ¸± ²Ö·´Ò° ¶μÉ¥´Í¨ ² ϕ:

�H (p) = �Tc (p) −∇ϕ (p) , (11)

£¤¥ �Tc Å ¶μ²¥, ¸μ§¤ ´´μ¥ Éμ±μ¢Ò³¨ μ¡³μÉ± ³¨, μ¶·¥¤¥²Ö¥³μ¥ ¶μ § ±μ´Ê �¨μÄ
‘ ¢ ·· Ä‹ ¶² ¸ :

�Tc (p) =
1
4π

∫
Ωc

�J (q) ×∇q
1

rpq
dΩq. (12)

“Î¨ÉÒ¢ Ö (11), ¨§ (2) ¶μ²ÊÎ ¥³ Ê· ¢´¥´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸± ²Ö·´μ£μ ¶μÉ¥´-
Í¨ ² 

div (μ (|∇ϕ (p)|)∇ϕ (p)) = div
(
μ (|∇ϕ (p)|) �Tc (p)

)
. (13)

ˆ¸¶μ²Ó§ÊÖ (11), ¨§ (4) ¶μ²ÊÎ ¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ¤²Ö ϕ:

ϕf − ϕv = 0, μ
∂ϕ

∂n

∣∣∣∣
Γ−

− ∂ϕ

∂n

∣∣∣∣
Γ+

= (μ − 1)
(

�Tc, �n
)

, ϕ (p) p→∞−→ 0.

(14)
�·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ μ ¢ μ¡² ¸É¨ Ωf ¢¥±Éμ·Ò �Tc ¨ ∇ϕ ¸É ´μ¢ÖÉ¸Ö ¡μ²Ó-
Ï¨³¨, ¡²¨§±¨³¨ ¶μ §´ Î¥´¨Õ. 
Éμ ¶·¨¢μ¤¨É ± ¶μÉ¥·¥ ÉμÎ´μ¸É¨ ¢ÒÎ¨¸²¥´¨°.
„²Ö ¶·¥μ¤μ²¥´¨Ö ÔÉμ° É·Ê¤´μ¸É¨ ¢¢¥¤¥³ ¶μ²´Ò° ¸± ²Ö·´Ò° ¶μÉ¥´Í¨ ² Ψ ¶μ
Ëμ·³Ê²¥

�H (p) = −∇Ψ (p) , p ∈ Ωf . (15)

’ ±¨³ μ¡· §μ³, ¶·¨Ìμ¤¨³ ± ¶μ¸É ´μ¢±¥ § ¤ Î¨ ³ £´¨Éμ¸É É¨±¨ μÉ´μ¸¨É¥²Ó´μ
¤¢ÊÌ ´¥¨§¢¥¸É´ÒÌ ¸± ²Ö·´ÒÌ ¶μÉ¥´Í¨ ²μ¢ Ψ ¨ ϕ:

div (μ (|∇Ψ (p)|)∇Ψ (p)) = 0, p ∈ Ωf , (16)

Δϕ (p) = 0, p ∈ �3\ (Ωf ∪ Γ). (17)
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“· ¢´¥´¨¥ (16) ¶μ²ÊÎ ¥É¸Ö ¨§ (2) ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ μ = 1 ¢ μ¡² ¸É¨
R3\ (Ωf ∪ Γ) ¨ div�Tc = 0. �  £· ´¨Í¥ μ¡² ¸É¨ Ωf ¨³¥ÕÉ ³¥¸Éμ Ê¸²μ¢¨Ö,
¢ÒÉ¥± ÕÐ¨¥ ¨§ (4):

−μ
∂Ψ
∂n

∣∣∣∣
Γ−

=
(

�Tc, �n
)∣∣∣

Γ+
− ∂ϕ

∂n

∣∣∣∣
Γ+

, Ψ (p) − ϕ (p) = −
P∫
Q

�Tc · d�r, (18)

£¤¥ p Å ¶·μ¨§¢μ²Ó´ Ö ÉμÎ±  ´  ¶μ¢¥·Ì´μ¸É¨ Γ,   d�r Å ¢¥±Éμ· ± ¸ É¥²Ó´μ° ±
¶μ¢¥·Ì´μ¸É¨.

�¨¸. 3. 
²¥³¥´É ·´ Ö ÖÎ¥°±  · §´μ¸É-
´μ° ¸Ì¥³Ò

�´ ²μ£¨Î´μ, ¤²Ö · §´μ¸É´μ°  ¶-
¶·μ±¸¨³ Í¨¨ ±· ¥¢μ° § ¤ Î¨ (16),
(17) ¶μ¸É·μ¨³ ´¥· ¢´μ³¥·´ÊÕ ¸¥É±Ê
¸ Ô²¥³¥´É ·´Ò³¨ ÖÎ¥°± ³¨ (·¨¸. 3)
¢ ¢¨¤¥ ¶ · ²²¥²¥¶¨¶¥¤μ¢. ˆ´É¥£·¨-
·ÊÖ (16) ¶μ μ¡Ñ¥³Ê ¶ · ²²¥²¥¶¨-
¶¥¤  Π, ±μÉμ·Ò° ¸μ¤¥·¦¨É Ê§¥²
(i, j, k) ¨ ¢¥·Ï¨´ ³¨ ±μÉμ·μ£μ Ö¢²Ö-
ÕÉ¸Ö Í¥´É·Ò Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥±
(i ± 1/2, j ± 1/2, k ± 1/2), ¨ ¶·¨³¥´ÖÖ
Ëμ·³Ê²Ê ƒ·¨´ , ¶μ²ÊÎ¨³∫

Π

3∑
i=1

d

dxi

(
μ

d

dxi
u

)
dV =

∫
SΠ

μ∇ud�S = 0. (19)

„²Ö ¢ÒÎ¨¸²¥´¨Ö ¨´É¥£· ²μ¢ ¢ (19) § ³¥´Ö¥³ ¶·μ¨§¢μ¤´Ò¥ ¨Ì · §´μ¸É´Ò³¨
 ´ ²μ£ ³¨ ¨ ¸Î¨É ¥³ ³ £´¨É´ÊÕ ¶·μ´¨Í ¥³μ¸ÉÓ μ ¶μ¸ÉμÖ´´μ° ¢ ¶·¥¤¥² Ì
μ¤´μ° Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ¨ · ¢´μ° §´ Î¥´¨Õ ¢ Í¥´É·¥ ÖÎ¥°±¨. �μ²ÊÎ ¥³
¸¨¸É¥³Ê ´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨° ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸¥ÉμÎ´μ° ËÊ´±Í¨¨ ui,j,k =
u (i, j, k)

Aiui+1,j,r + Ai−1ui−1,j,k + Bjui,j+1,k + Bj−1ui,j−1,k + Ckui,j,k+1+ (20)

+ Ck−1ui,j,k−1 − Si,j,kui,j,k = 0,

Ai =
1
hx

i

j∑
m=j−1

k∑
n=k−1

μi,m,nhy
mhz

n, Bj =
1
hy

j

i∑
m=i−1

k∑
n=k−1

μm,j,nhx
mhz

n,

Ck =
1
hz

k

i∑
m=i−1

j∑
n=j−1

μm,n,khx
mhy

n,

Si,j,k = Ai + Ai−1 + Bj + Bj−1 + Ck + Ck−1, μ,j,k =

= μ
(∣∣∣ �B(i + 1/2, j + 1/2, k + 1/2)

∣∣∣) , (i, j, k) ∈ Ωh
f ,

μi,j,k = 1, (i, j, k) ∈ Ωh
v .
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”Ê´±Í¨¨ Φ ¨ φ μ¶·¥¤¥²¥´Ò ¢ (18). „²Ö ·¥Ï¥´¨Ö ´¥²¨´¥°´μ° ¸¨¸É¥³Ò · §-
´μ¸É´ÒÌ Ê· ¢´¥´¨° (20) ¶·¨³¥´Ö¥É¸Ö ¤¢ÊÌ¸ÉÊ¶¥´Î ÉÒ° ¨É¥· Í¨μ´´Ò° ¶·μÍ¥¸¸
[5], ¢ ±μÉμ·μ³ Í¨±²Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¢¥·Ì´¥° ·¥² ±¸ Í¨¨ ¶·¨ ¢ÒÎ¨¸²¥´¨¨
¶μÉ¥´Í¨ ²  Î¥·¥¤ÊÕÉ¸Ö ¸ ´¨¦´¥° ·¥² ±¸ Í¨¥° ¤²Ö ³ £´¨É´μ° ¶·μ´¨Í ¥³μ¸É¨:

μn+1
,j,k = (1 − η)μn

i,j,k + ημ
n+1/2
,j,k , 0 < η � 1, μ

n+1/2
,j,k = μ

(
μn

i,j,k |gradu|
)
,

|gradu| =
{[

1
4

j∑
m=j−1

k∑
l=k−1

(
un+1

i+1,m,l − un
i,m,l

hx
i

)]2

+

+
[
1
4

j∑
m=i−1

k∑
l=k−1

un+1
m,j+1,l − un+1

m,j,l

hy
j

]2

+

+
[
1
4

i∑
m=i−1

j∑
l=j−1

un+1
m,l,k+1 − un+1

m,l,k

hz
k

]2}1/2

.

‚¥±Éμ·Ò φ ¨ Φ ¢ÒÎ¨¸²ÖÕÉ¸Ö μ¤¨´ · § ¤μ ´ Î ²  ¨É¥· Í¨μ´´μ£μ ¶·μ-
Í¥¸¸  ¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ¤ ²Ó´¥°Ï¨Ì ¨É¥· Í¨ÖÌ. „²Ö Ëμ·³¨·μ¢ ´¨Ö φ ¨ Φ
´¥μ¡Ìμ¤¨³μ §´ ÉÓ ¶μ²¥ �Tc ´  ¶μ¢¥·Ì´μ¸É¨ Ë¥··μ³ £´¥É¨± , ¸μ§¤ ¢ ¥³μ¥ Éμ-
±μ¢Ò³¨ μ¡³μÉ± ³¨ Ωc. ˆÉ¥· Í¨¨ ¶·¥±· Ð ÕÉ¸Ö ¶·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö∑
i,j,k

∣∣∣U (n)
i,j,k − U

(n−1)
i,j,k

∣∣∣ / ∣∣∣U (n)
i,j,k

∣∣∣ < ε.

‚μ¶·μ¸Ò Ê¸Éμ°Î¨¢μ¸É¨ ¢ÒÎ¨¸²¨É¥²Ó´μ£μ  ²£μ·¨É³  · ¸¸³μÉ·¥´Ò ¢ [5, 6],
¨ ¢ ¤ ´´μ° · ¡μÉ¥ ³Ò ¨¸¶μ²Ó§Ê¥³ ¨Ì ·¥§Ê²ÓÉ ÉÒ.

4. �…‡“‹œ’�’› ��‘—…’�‚
ˆ ‘��‚�…�ˆ… ‘ ˆ‡Œ…�…�ˆŸŒˆ

�  ·¨¸. 4 ¶·¨¢¥¤¥´ £· Ë¨± ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É  (¸¶²μÏ-
´Ò¥ ²¨´¨¨) ¸ · ¸Î¥Éμ³ ¶μ ³¥Éμ¤Ê � (¶Ê´±É¨·´Ò¥ ²¨´¨¨) μ¸´μ¢´μ° ±μ³¶μ-
´¥´ÉÒ By ¶·¨ Î¥ÉÒ·¥Ì Éμ± Ì: 300, 600, 800, 1100 � Å ¢ § ¢¨¸¨³μ¸É¨ μÉ
¶μ¶¥·¥Î´μ° ±μμ·¤¨´ ÉÒ x ¶·¨ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ É¥ z, · ¢´μ° 0.

�  ·¨¸. 5 ¶·¨¢μ¤¨³ § ¢¨¸¨³μ¸É¨ By(x, 0, z), By (x, 0,05 ³, z), Bx (x,
0,05 ³, z), Bz (x, 0,05 ³, z) ¤²Ö Éμ±  600 � (³¥Éμ¤ �). �  ·¨¸. 5,   ¶·¨¢¥¤¥´μ
· ¸¶·¥¤¥²¥´¨¥ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ¶μ²Ö By(x, 0, z) ´  ³¥¤¨ ´´μ° ¶²μ¸±μ-
¸É¨ (y = 0). 	¡² ¸ÉÓ μ¤´μ·μ¤´μ£μ ¶μ²Ö ´  Ê·μ¢´¥ 1,21 ’² ´ Ìμ¤¨É¸Ö Í¥²¨±μ³
¶μ¤ ¶μ²Õ¸μ³ ³ £´¨É , ¸¶ ¤ Ö ´  ±· ÖÌ ¶μ²Õ¸  (¨ ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨,
¨ ¶μ ¶ÊÎ±Ê) ¤μ ¢¥²¨Î¨´ ¶μ·Ö¤±  8 ƒ¸ ¤²Ö z = 2,50 ³ (x = y = 0) ¨ ¤μ 0 ƒ¸ ¢
¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ¤²Ö x = 1,35 ³ (y = z = 0).

�  ·¨¸. 5, ¡ ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ¶μ²Ö By (x,
0,05 ³, z) ´  ¶²μ¸±μ¸É¨ y = 0,05 ³. 	¡² ¸ÉÓ μ¤´μ·μ¤´μ£μ ¶μ²Ö ´  Ê·μ¢´¥
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�¨¸. 4. � ¸Î¥É´ Ö By-±μ³¶μ´¥´É  ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö I = 1100, 800, 600, 300 A (¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ y = z = 0 ³). ‘¶²μÏ´Ò¥ ²¨´¨¨ Å ¤ ´´Ò¥ ¨§³¥·¥´¨°

�¨¸. 5. �·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´É By , Bx, Bz ³ £´¨É´μ£μ ¶μ²Ö
‘�-40 ¶·¨ Éμ±¥ I = 600 A
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�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´É By, Bx, Bz ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0, y = 0 ³
(³¥¤¨ ´´ Ö ¶²μ¸±μ¸ÉÓ, Í¥´É· ³ £´¨É ) ¨ · §´μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ΔBy

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´É By, Bx, Bz ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ y = 0, z = 0 ³
(³¥¤¨ ´´ Ö ¶²μ¸±μ¸ÉÓ, Í¥´É· ³ £´¨É ) ¨ · §´μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ΔBy
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�¨¸. 8. � ¸¶·¥¤¥²¥´¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ³¶μ´¥´É By , Bx, Bz ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ x = 0, y = 0,05 ³ ¨ · §´μ¸ÉÓ ΔBy

�¨¸. 9. � ¸¶·¥¤¥²¥´¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ³¶μ´¥´É By , Bx, Bz ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ y = 0,05 ³, z = 0 ³ ¨ · §´μ¸ÉÓ ΔBy
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�¨¸. 10. � ¸¶·¥¤¥²¥´¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ³¶μ´¥´É By, Bx, Bz ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ y = 0,05 ³, z = 0 ³ ¨ y = 0,05 ³, z = 0,75 ³ (Éμ·¥Í ³ £´¨É )

1,21 ’² ´ Ìμ¤¨É¸Ö É ±¦¥ ¶μ¤ ¶μ²Õ¸μ³ ³ £´¨É . „ ²¥¥ ¶μ²¥ ¸¶ ¤ ¥É É ±¦¥ ´ 
±· ÖÌ ¶μ²Õ¸  (¨ ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨, ¨ ¶μ ¶ÊÎ±Ê) ¤μ ¢¥²¨Î¨´ ¶μ·Ö¤± 
5 ƒ¸ ¤²Ö z = 2,50 ³ (x = y = 0) ¨ ¤μ 0 ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ¤²Ö x =
1,35 ³ (y = z = 0).

�  ·¨¸. 5, ¢ ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ ¶μ¶¥·¥Î´μ° ±μ³¶μ´¥´ÉÒ ¶μ²Ö Bx

(x, 0,05 ³, z) ´  ¶²μ¸±μ¸É¨ y = 0,05 ³, ´  ·¨¸. 5, £ Å · ¸¶·¥¤¥²¥´¨¥ ¶·μ-
¤μ²Ó´μ° ±μ³¶μ´¥´ÉÒ ¶μ²Ö Bz (x, 0,05 ³,z) ´  ¶²μ¸±μ¸É¨ y = 0,05 ³.
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�¨¸. 11. � ¸¶·¥¤¥²¥´¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ³¶μ´¥´É By, Bx, Bz ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ x = 0, y = 0,05 ³ ¨ x = 0,5 ³, y = 0,05 ³ (Éμ·¥Í ³ £´¨É )

�μ²¥¥ ¶μ¤·μ¡´Ò¥ (¤²Ö ¶²μ¸±μ¸É¥° y = 0, y = 0,05 ³) £· Ë¨±¨ ¸· ¢´¥´¨Ö
¢¥²¨Î¨´ By, Bx, Bz ¢ § ¢¨¸¨³μ¸É¨ μÉ z ¨ x ¶μ ³¥Éμ¤Ê � ¶·¨ Éμ±¥ I = 600 �
¶·¨¢¥¤¥´Ò ´  ·¨¸. 6Ä11. ‡¤¥¸Ó ¨ ¤ ²¥¥ ¸¶²μÏ´Ò³¨ ²¨´¨Ö³¨ μ¡μ§´ Î¥´Ò
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¢¥²¨Î¨´Ò,   · ¸Î¥É´Ò¥ Å ¶Ê´±É¨·´Ò³¨.

�  ·¨¸. 6 ¨ 7 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
±μ³¶μ´¥´É By, Bx, Bz ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0, y = 0 ³ (³¥¤¨ ´´ Ö ¶²μ¸-
±μ¸ÉÓ, Í¥´É· ³ £´¨É ) ¨ · §´μ¸ÉÓ μ¸´μ¢´μ° ±μ³¶μ´¥´ÉÒ ΔBy ¶μ μ¸¨ Z (¶μ
¶ÊÎ±Ê) ¨ X (¢ ¶μ¶¥·¥Î´μ° ± ´ ¶· ¢²¥´¨Õ ¶ÊÎ±  ¶²μ¸±μ¸É¨) ¸μμÉ¢¥É¸É¢¥´´μ.
� §´μ¸É¨ ΔBx ¨ ΔBz §¤¥¸Ó (y = 0) · ¢´Ò ¨§³¥·¥´´Ò³ ¢¥²¨Î¨´ ³ Bx, Bz,
É ± ± ± · ¸Î¥É´Ò¥ §´ Î¥´¨Ö · ¢´Ò ´Ê²Õ.

�  ·¨¸. 8 ¨ 9 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
±μ³¶μ´¥´É By, Bx, Bz ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ x = 0, y = 0,05 ³ ¨ · §´μ¸ÉÓ ΔBy
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¶μ μ¸¨ Z (¶μ ¶ÊÎ±Ê) ¨ X (¢ ¶μ¶¥·¥Î´μ° ± ´ ¶· ¢²¥´¨Õ ¶ÊÎ±  ¶²μ¸±μ¸É¨)
¸μμÉ¢¥É¸É¢¥´´μ. � §´μ¸É¨ ΔBx ¨ ΔBz §¤¥¸Ó (y = 0,05 ³) ¶·¨³¥·´μ · ¢´Ò
§´ Î¥´¨Ö³ ΔBx ¨ ΔBz ¶·¨ y = 0.

�  ·¨¸. 10 ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ³-
¶μ´¥´É By, Bx, Bz ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ y = 0,05 ³, z = 0 ³ ¨ y = 0,05 ³,
z = 0,75 ³ (Éμ·¥Í ³ £´¨É ). �  ·¨¸. 11 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ · ¸Î¥É´ÒÌ
¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ³¶μ´¥´É By, Bx, Bz ¶·¨ Ë¨±¸¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ
x = 0, y = 0,05 ³ ¨ x = 0,5 ³, y = 0,05 ³ (Éμ·¥Í ³ £´¨É ).

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ ¶·¨¢¥¤¥´Ò · ¸Î¥É´Ò¥ Ëμ·³Ê²Ò ¨  ²£μ·¨É³Ò · ¸Î¥É  ¶μ²Ö ³¥-
Éμ¤μ³ � Å μÉ´μ¸¨É¥²Ó´μ ¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  ¨ ³¥Éμ¤μ³ � Å ¸ ¶μ³μ-
ÐÓÕ ¤¢ÊÌ ¸± ²Ö·´ÒÌ ¶μÉ¥´Í¨ ²μ¢. � ¸Î¥É´Ò³ ¶ÊÉ¥³ ¶μ²ÊÎ¥´μ ¢ ¶μ²´μ°  ¶¥·-
ÉÊ·¥ É·¥Ì³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´É ³ £´¨É´μ£μ ¶μ²Ö ¸¶¥±É·μ³¥É· 
Œ��“‘Ÿ.

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö · ¸Î¥É´μ£μ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É-
´μ£μ ¶μ²Ö ¸ ¶·μ¢¥¤¥´´Ò³¨ ¨§³¥·¥´¨Ö³¨ [1] ¶μ²Ö ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ³ £´¨É 
‘�-40 ¸ ³¥¦¶μ²Õ¸´Ò³ § §μ·μ³ ¢ 0,207 ³.

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

Š ± ¶μ± § ´μ, ´ ¶·¨³¥·, ´  ·¨¸. 4, ¶·¥¤² £ ¥³ Ö ³¥Éμ¤¨±   ¤¥±¢ É´μ μ¶¨-
¸Ò¢ ¥É ´¥²¨´¥°´Ò¥ ¨§³¥·¥´¨Ö Ëμ·³Ò ³ £´¨É´μ£μ ¶μ²Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Éμ± 
¢ μ¡³μÉ±¥. ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢ ¨ ¨§³¥·¥´¨°, ¶·μ¢¥¤¥´´μ¥ ¢ ¤ ´-
´μ° · ¡μÉ¥, ¶μ± § ²μ, ÎÉμ ¶μ£·¥Ï´μ¸ÉÓ ¢ ¢¥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¨ § ¤ Î¨. 	É³¥É¨³, ÎÉμ ¨§³¥·¥´¨Ö [1] ¢Ò¶μ²´¥´Ò ¸ É ±μ° ¦¥ ¶μ£·¥Ï-
´μ¸ÉÓÕ.

’ ±¨³ μ¡· §μ³, μ¶¨¸ ´´ Ö ¢ · ¡μÉ¥ ³¥Éμ¤¨±  · ¸Î¥É  ±μ´Ë¨£Ê· Í¨¨ ³ £-
´¨É´μ£μ ¶μ²Ö ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ³ £´¨Éμμ¶É¨Î¥-
¸±¨Ì ¸¨¸É¥³ ¨ ¸¶¥±É·μ³¥É·μ¢.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ ¶·μË. …. �.†¨¤±μ¢Ê §  μ¡¸Ê-
¦¤¥´¨¥  ²£μ·¨É³μ¢ ·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´μ° ±· ¥¢μ° § ¤ Î¨.
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