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

	¥μ¡Ìμ¤¨³μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö ¶μ¤μ¡´ÒÌ · ¸Î¥Éμ¢ ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ‘� ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢
(„Œ) μ¡Ê¸²μ¢²¥´  ¸²¥¤ÊÕÐ¨³¨ μ¡¸ÉμÖÉ¥²Ó¸É¢ ³¨. ‚μ-¶¥·¢ÒÌ, ¤μ¸É ÉμÎ´μ ¸¨²Ó´μ ¸¶ ¤ ÕÐ Ö § ¢¨-
¸¨³μ¸ÉÓ ±·¨É¨Î¥¸±μ£μ Éμ±  μÉ ¢¥²¨Î¨´Ò ³ £´¨É´μ£μ ¶μ²Ö Ic(B) ³´μ£μ¦¨²Ó´μ£μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ
± ¡¥²Ö (‘�Š) É·¥¡Ê¥É ¤²Ö μÍ¥´±¨ · ¡μÎ¥£μ Éμ±  ³ £´¨É  §´ ´¨Ö ¢¥²¨Î¨´Ò ³ ±¸¨³ ²Ó´μ£μ ³ £´¨É-
´μ£μ ¶μ²Ö, ±μÉμ·μ¥ ®¢¨¤ÖÉ¯ ¥£μ ¢¨É±¨. ‚μ-¢Éμ·ÒÌ, ¶·¨ ¢Ò¡μ·¥ μ¶É¨³ ²Ó´μ£μ Î¨¸²  ¸²μ¥¢ μ¡³μÉ±¨
(1 ¨²¨ 2),   É ±¦¥ · ¡μÎ¥£μ Éμ±  ³ £´¨É  ´ ¤μ §´ ÉÓ ¸μμÉ´μÏ¥´¨¥ ¢¥²¨Î¨´ Bmax ¤²Ö ¢´ÊÉ·¥´´¥£μ
¨ ´ ·Ê¦´μ£μ ¸²μ¥¢ μ¡³μÉ±¨ „Œ. �μ¸±μ²Ó±Ê μ¡ÒÎ´μ ¤²¨´  „Œ ³´μ£μ±· É´μ ¶·¥¢ÒÏ ¥É ¥£μ ¶μ¶¥-
·¥Î´Ò¥ · §³¥·Ò, ¢ ¤ ´´μ° · ¡μÉ¥ ¢¸¥ · ¸Î¥ÉÒ B(x, y) ¤¥² ²¨¸Ó Éμ²Ó±μ ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨,
¶·μÌμ¤ÖÐ¥° Î¥·¥§ Í¥´É· ³ £´¨É . �·¨ ÔÉμ³ ¢¸¥£¤  ¢ ÔÉμ° ÉμÎ±¥ ¢Ò¡¨· ²μ¸Ó ¶μ²¥ B(0, 0) = 2 ’²
(ÔÉμ Ì · ±É¥·´μ¥ · ¡μÎ¥¥ §´ Î¥´¨¥, ¡²¨§±μ¥ ± ³ ±¸¨³ ²Ó´μ³Ê ¢ „Œ ¤ ´´μ£μ É¨¶ ).

‚ · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ B(x, y) ¤²Ö μ¤´μ- ¨ ¤¢ÊÌ¸²μ°´μ° μ¡³μÉ±¨ ¸ 8 ¨ 16
¢¨É± ³¨ ¨§ ±·Ê£²μ£μ É·Ê¡Î Éμ£μ ± ¡¥²Ö.

The necessity of such calculations in design of superconducting dipole magnets (DM) is explained
by the following circumstances. First, there is strong enough decreasing dependence of critical current
of superconducting cable on magnetic ˇeld value Ic(B). It requires knowledge of maximum magnetic
ˇeld that is ®seen¯ by winding turns to estimate its operation current. Second, we need to know the
relation of Bmax values in inner and outer layers of DM winding to select the optimal number of
winding layers (1 or 2) and optimal DM operation current. As long as DM length is usually many
times more than its transverse size, all calculations of B(x, y) have been performed only in transverse
plane, containing the DM center. The value of B(0, 0) = 2 T was selected for this point (this is typical
operation value close to the maximum one for this type of DM).

This work contains the results of B(x, y) calculations for single- and two-layer winding with 8 or
16 turns made of hollow composite cable.

PACS: 01.50.Pa
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„¨¶μ²Ó´Ò¥ ³ £´¨ÉÒ („Œ) ¸ ¦¥²¥§´Ò³ Ö·³μ³ É¨¶  ®μ±μ´´ Ö · ³ ¯ (·¨¸. 1) ¸ μ¡³μÉ-
±μ°, ¢ ±μÉμ·μ° ¦¨¤±¨° £¥²¨° ¶·μÉ¥± ¥É ¢´ÊÉ·¨ É·Ê¡Î Éμ£μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ± ¡¥²Ö
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(‘�Š), ¢¶¥·¢Ò¥ ¡Ò²¨ ¶·¨³¥´¥´Ò ¢ ´Ê±²μÉ·μ´¥ �ˆŸˆ ¢ „Ê¡´¥ [1]. �´¨ μ¡² ¤ ÕÉ ·Ö¤μ³
¶·¥¨³ÊÐ¥¸É¢ ¶·¨ ¸μ§¤ ´¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¤μ 2 ’². �¶ÒÉ Ô±¸¶²Ê É Í¨¨ ¨Ì ¢ É¥Î¥´¨¥
³´μ£¨Ì ²¥É ¡Ò² ¤μ¸É ÉμÎ´μ Ê¸¶¥Ï´Ò³, É ± ÎÉμ μ´¨, ´ ¶·¨³¥·, · ¸¸³ É·¨¢ ÕÉ¸Ö ¸¥°Î ¸

�¨¸. 1. ‘Ì¥³ É¨Î¥¸±¨° ¶μ¶¥·¥Î´Ò° · §·¥§ ¤¨¶μ²Ó´μ£μ ³ £´¨É  É¨¶  ®μ±μ´´ Ö · ³ ¯ ¢¥·É¨± ²Ó-
´μ° ¶²μ¸±μ¸ÉÓÕ, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ ¥£μ Í¥´É·: 1 Å ¦¥²¥§´μ¥ Ö·³μ; 2 Å μ¡³μÉ±  (¢ Î ¸É´μ¸É¨,

¸¢¥·Ì¶·μ¢μ¤ÖÐ Ö)

¢ ± Î¥¸É¢¥ ·¥ ²Ó´μ£μ ¶·μÉμÉ¨¶  ¤²Ö ¶·μ¥±É¨·Ê¥³μ£μ ¢ GSI („ ·³ÏÉ ¤É) Ê¸±μ·¨É¥²Ö
SIS-100 [2Ä4]. �·¨ ¢Ò¡μ·¥ É¨¶  μ¡³μÉ±¨ (¤¢ÊÌ¸²μ°´μ° ¸ 8 ¢¨É± ³¨ ¢ ± ¦¤μ³ ¸²μ¥
¨ ¸ · ¡μÎ¨³ Éμ±μ³ � 6 ±A, ± ± ¢ ´Ê±²μÉ·μ´¥, ¨²¨ μ¤´μ¸²μ°´μ° ¸ ¸ÊÐ¥¸É¢¥´´μ ¡μ²¥¥
¢Ò¸μ±¨³ Éμ±μ³) ´  μ¤´μ³ ¨§ ¶¥·¢ÒÌ ³¥¸É μ± §Ò¢ ¥É¸Ö ¢μ¶·μ¸ μ ÉμÎ´μ³ · ¸¶·¥¤¥²¥´¨¨
³ £´¨É´μ£μ ¶μ²Ö B(x, y) ¢ μ¡² ¸É¨ · ¸¶μ²μ¦¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥° μ¡³μÉ±¨, É ± ± ±
±·¨É¨Î¥¸±¨° Éμ± „Œ ¸¨²Ó´μ § ¢¨¸¨É μÉ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö Bmax, ±μÉμ·μ¥ ®¢¨¤¨É¯
‘�-± ¡¥²Ó. 	 ·Ö¤Ê ¸ ÔÉ¨³ μ¶·¥¤¥²¥´¨¥ Binn

max ¢μ ¢´ÊÉ·¥´´¥³ c²μ¥ ¨ Bout
max ¢ ´ ·Ê¦´μ³

¸²μ¥ ¤²Ö ¤¢ÊÌ¸²μ°´μ° μ¡³μÉ±¨ ¶μ§¢μ²Ö¥É ´ °É¨ ®´¥¤μ£·Ê§±Ê¯ · ¡μÎ¥£μ Éμ±  „Œ ¶μ μÉ´μ-
Ï¥´¨Õ ± ±·¨É¨Î¥¸±μ³Ê Éμ±Ê ¢ ´ ·Ê¦´μ³ ¸²μ¥ Ic(Bout

max) ¶·¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ¶¨É ´¨¨
μ¡μ¨Ì ¸²μ¥¢.

1. ‚��ˆ��’› ‘�Š, ��‘‘Œ�’�…��›… ‚ ����’…

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ · ¸¸³μÉ·¥´Ò „Œ ¸ É·¥³Ö É¨¶ ³¨ ‘�Š (¸³. ·¨¸. 2), ±μÉμ·Ò¥ · §-
²¨Î ÕÉ¸Ö £² ¢´Ò³ μ¡· §μ³ μ¸μ¡¥´´μ¸ÉÖ³¨ ³´μ£μ¦¨²Ó´ÒÌ ´¨μ¡¨°-É¨É ´μ¢ÒÌ ‘�-¶·μ¢μ-
¤μ¢ ¸ ³¥¤´μ° ³ É·¨Í¥°, ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨ ¨Ì ¨§£μÉμ¢²¥´¨¨,   É ±¦¥ ¨Ì Î¨¸²μ³ Ns. �É¨
´¥¨§μ²¨·μ¢ ´´Ò¥ ¶·μ¢μ¤  ´ ¢¨ÉÒ ´  ³¥²ÓÌ¨μ·μ¢ÊÕ É·Ê¡±Ê ∅5×0,5 ³³ ¸ Ï £μ³ ≈ 50 ³³,  
¶μ¢¥·Ì ¶²μÉ´μ ´ ³μÉ ´  ´¨Ì·μ³μ¢ Ö ¶·μ¢μ²μ±  ¨ § É¥³ ¨§μ²¨·ÊÕÐ Ö ²¥´É  [1] (´  ·¨¸. 2
´¥ ¶μ± § ´Ò).

• ‘�-± ¡¥²Ó É¨¶  A ¨§£μÉμ¢²¥´ ¨§ 31 ´¥¨§μ²¨·μ¢ ´´μ£μ ‘�-¶·μ¢μ¤  ¸ ∅
A
2 = 0,5 ³³

(1045 ‘�-¦¨², ± ¦¤ Ö ¤¨ ³¥É·μ³ 10 ³±³, ¸£·Ê¶¶¨·μ¢ ´´ÒÌ ¢ ³¥¤´μ° ³ É·¨Í¥ ¢´ÊÉ·¨
μ¡² ¸É¨ ∅

A
2‘� ≈ 0,46 ³³). �·¨ · ¸Î¥É¥ B(x, y) μ´¨  ¶¶·μ±¸¨³¨·μ¢ ´Ò ± ± ±·Ê£²Ò³¨

¶·μ¢μ¤´¨± ³¨ ∅
A
2‘� = 0,46 ³³ (s- ¶¶·μ±¸¨³ Í¨Ö, ¸³. 2 ´  ·¨¸. 2,  ), É ± ¨ É·Ê¡Î ÉÒ³¨

¶·μ¢μ¤´¨± ³¨ (5).
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• ‘�-± ¡¥²Ó É¨¶  ‚ ¨§£μÉμ¢²¥´ ¨§ 15 É· ¶¥Í¥¨¤ ²Ó´ÒÌ (key-stone) ‘�-¶·μ¢μ¤μ¢ [5],
¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ±μÉμ·ÒÌ ¶μ± § ´Ò ´  ·¨¸. 2, ¡. �´¨ ¸Ëμ·³¨·μ¢ ´Ò ¨§ ±·Ê£²ÒÌ ¶·μ-
¢μ¤μ¢ ∅1 ³³, ¢ ±μÉμ·ÒÌ 10644 ‘�-¦¨²Ò ∅6 ³±³ ¸£·Ê¶¶¨·μ¢ ´Ò ¢´ÊÉ·¨ μ¡² ¸É¨ ¤¨ ³¥-
É·μ³ ≈ 0,73 ³³. �·¨ · ¸Î¥É¥ B(x, y) ÔÉ¨ ¶·μ¢μ¤   ¶¶·μ±¸¨³¨·μ¢ ´Ò É·Ê¡Î ÉÒ³ ¶·μ¢μ¤-
´¨±μ³ (7 ´  ·¨¸. 2, ¡, t- ¶¶·μ±¸¨³ Í¨Ö).

�¨¸. 2. �μ¶¥·¥Î´Ò° · §·¥§ É·¥Ì É¨¶μ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ± ¡¥²¥° (‘�Š),   É ±¦¥ ¨Ì s- (1, 2) ¨

t- ¶¶·μ±¸¨³ Í¨¨ (4, 5, 7) ¤²Ö · ¸Î¥Éμ¢. ‘�Š ¸μ¸ÉμÖÉ ²¨¡μ ¨§ ±·Ê£²ÒÌ ¶·μ¢μ¤μ¢ (¸ Î¨¸²μ³ ‘�-
¶·μ¢μ¤μ¢ NC

s = 24 ÏÉ. ¤²Ö ‘�Š É¨¶  C ¨ NA
s = 31 ÏÉ. ¤²Ö ‘�Š É¨¶  �), ²¨¡μ ¨§ 15

É· ¶¥Í¥¨¤ ²Ó´ÒÌ ¶·μ¢μ¤μ¢ ¤²Ö ‘�Š É¨¶  ‚. 3 Å ³¥²ÓÌ¨μ·μ¢ Ö É·Ê¡±  ¤²Ö ¶·μÉ¥± ´¨Ö ¦¨¤±μ£μ

£¥²¨Ö, ´  ±μÉμ·ÊÕ ´ ¢¨ÉÒ ¸ Ï £μ³ ∼ 50 ³³ ‘�-¶·μ¢μ¤ 

• ‘�-± ¡¥²Ó É¨¶  ‘ ¨§£μÉμ¢²¥´ ¨§ 24 ‘�-¶·μ¢μ¤μ¢ ∅
C
1 = 0,73 ³³ (10644 ‘�-¦¨²,

¸£·Ê¶¶¨·μ¢ ´´ÒÌ ¢´ÊÉ·¨ μ¡² ¸É¨ ∅
C
1 ≈ 0,53 ³³). �¥ ²Ó´μ ÔÉ¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ ¶·μ¢μ¤ 

¶μ²ÊÎ¥´Ò ¶ÊÉ¥³ ¤μ¶·μÉÖ¦±¨ ¶·μ¢μ¤μ¢ ∅1 ³³, Ö¢²ÖÕÐ¨Ì¸Ö ¨¸Ìμ¤´Ò³¨ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö
‘�Š É¨¶  ‚. �·¨ · ¸Î¥É¥ B(x, y) μ´¨  ¶¶·μ±¸¨³¨·μ¢ ´Ò ± ± ±·Ê£²Ò³¨ ¶·μ¢μ¤´¨± ³¨
∅

C
1 = 0,53 ³³, É ± ¨ É·Ê¡Î ÉÒ³¨ ¶·μ¢μ¤´¨± ³¨ (¸³. 1 ¨ 4 ´  ·¨¸. 2,  ).

2. �…‡“‹œ’�’› ��‘—…’�‚

„²Ö Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¨´¤Ê±Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö B(x, y) ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¸¨-
¸É¥³  ¶·μ£· ³³, μ¸´μ¢ ´´ Ö ´  ³¥Éμ¤¥ ±μ´¥Î´ÒÌ Ô²¥³¥´Éμ¢ ¨ ¢¥±Éμ·´μ³ ³ £´¨É´μ³ ¶μ-
É¥´Í¨ ²¥.

	 ·Ê¦´Ò¥ · §³¥·Ò ¦¥²¥§´μ£μ Ö·³  „Œ ¶·¨´¨³ ²¨¸Ó · ¢´Ò³¨ 292 × 187 ³³,   ¢´Ê-
É·¥´´¨¥ · §³¥·Ò ¤²Ö ¤¢ÊÌ¸²μ°´μ° μ¡³μÉ±¨ Å 146 × 56,4 ³³ ¨ ¤²Ö μ¤´μ¸²μ°´μ° Å
146×59,4 ³³. �·¨ · ¸Î¥É Ì B(x, y) ¶μ¤¡¨· ² ¸Ó É ± Ö ¶²μÉ´μ¸ÉÓ Éμ± , ÎÉμ¡Ò ³ £´¨É´μ¥
¶μ²¥ ¢ Í¥´É·¥ „Œ B(0, 0) = B0 = 2 ’². �Éμ Ì · ±É¥·´μ¥ · ¡μÎ¥¥ §´ Î¥´¨¥, ¡²¨§±μ¥ ±
³ ±¸¨³ ²Ó´μ³Ê ¢ „Œ ¤ ´´μ£μ É¨¶ . �·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ¤²Ö §´ Î¨³ÒÌ ¢ ¤ ´´μ° · ¡μÉ¥
¢¥²¨Î¨´ ¨´¤Ê±Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö ³μ¦´μ ¡¥§ ¶μÉ¥·¨ ÉμÎ´μ¸É¨ ¶μ² £ ÉÓ · ¢´μ° ¥¤¨´¨Í¥
³ £´¨É´ÊÕ ¶·μ´¨Í ¥³μ¸ÉÓ Éμ±μ´¥¸ÊÐ¥° Î ¸É¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ³´μ£μ¦¨²Ó´μ£μ ¶·μ¢μ¤-
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´¨± . ‚¥²¨Î¨´  ¶·¥¢ÒÏ¥´¨Ö Bmax ´ ¤ B(0, 0), ¢Ò· ¦¥´´ Ö ¢ ¶·μÍ¥´É Ì, ¶· ±É¨Î¥¸±¨ ´¥
§ ¢¨¸¨É μÉ ¢¥²¨Î¨´Ò ¶μ²Ö ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨° ³ £´¨É´μ£μ ¶μ²Ö ¤μ 2,2 ’².


Ò²μ ¤μ¸Éμ¢¥·´μ Ê¸É ´μ¢²¥´μ, ÎÉμ ¶μ ³¥·¥ ¶·¨¡²¨¦¥´¨Ö ± ¢¨É±Ê B(x, y) ¤μ¸É¨£ ¥É
¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ÉμÎ´μ ´  £· ´¨Í¥ Éμ±μ´¥¸ÊÐ¥° Î ¸É¨ ¶·μ¢μ¤´¨± .

	  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¢ 1/4  ¶¥·ÉÊ·Ò ¢¡²¨§¨ ¤¢ÊÌ-
¸²μ°´μ° μ¡³μÉ±¨ ¤²Ö s- ¶¶·μ±¸¨³ Í¨¨ ·¥ ²Ó´μ£μ ± ¡¥²Ö ´Ê±²μÉ·μ´ . �´ ²μ£¨Î´ Ö ± ·-
É¨´  · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ´ ¡²Õ¤ ¥É¸Ö ¨ ¢ ¸²ÊÎ ¥ t- ¶¶·μ±¸¨³ Í¨¨, ´μ §´ Î¥-
´¨¥ ³ ±¸¨³ ²Ó´μ£μ ¶μ²Ö ´  £· ´¨Í¥ Éμ±μ´¥¸ÊÐ¥° Î ¸É¨ ¶·μ¢μ¤´¨±  ³¥´ÓÏ¥ (¸³. É ¡²¨ÍÊ).
�Éμ Ìμ·μÏμ ¢¨¤´μ ¨ ´  ·¨¸. 4, £¤¥ ¶·¨ μ¤´μ³ ¢Ò¡· ´´μ³ §´ Î¥´¨¨ ymax ¶·¥¤¸É ¢²¥´μ
· ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¶μ μ¸¨ x ¤²Ö μ¡² ¸É¨ ¢¡²¨§¨ μ¡³μÉ±¨ ¢ ¸²ÊÎ ¥ s- ¨
t- ¶¶·μ±¸¨³ Í¨¨ ¤²Ö μ¤´μ- ¨ ¤¢ÊÌ¸²μ°´μ° μ¡³μÉ±¨ ¶·¨ ´ ¨¡μ²ÓÏ¨Ì ¨§ · ¸¸³μÉ·¥´´ÒÌ
¤¨ ³¥É·μ¢ ‘�-¶·μ¢μ¤μ¢.

�¨¸. 3. � ¸Î¥É´μ¥ · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¤¨¶μ²¥ ¸ ¤¢ÊÌ¸²μ°´μ° μ¡³μÉ±μ° ¨§ 16 ¢¨É±μ¢
± ¡¥²Ö É¨¶  � ( ´ ²μ£¨Î´μ£μ „Œ ´Ê±²μÉ·μ´  ‹‚� �ˆŸˆ). �μ¤ ·¨¸Ê´±μ³ Ê± § ´Ò ¨´É¥·¢ ²Ò ¶μ²Ö

¢ É¥¸² Ì. Binn
max .s = 2,13 T², Bout

max .s = 1,06 ’² ¶·¨ B(0, 0) = 2,00 ’²

‚ · ¸¸³ É·¨¢ ¥³ÒÌ ¤¨¶μ²Ó´ÒÌ ³ £´¨É Ì ¤²Ö ± ¦¤μ° Î¥É¢¥·É¨ μ¡³μÉ±¨ (± ± μ¤´μ-
¸²μ°´μ°, É ± ¨ ¤¢ÊÌ¸²μ°´μ°) ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö, ¸μ£² ¸´μ ´ Ï¨³
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· ¸Î¥É ³, ¤μ¸É¨£ ÕÉ¸Ö ´  £· ´¨Í¥ ³¥¦¤Ê  ¶¥·ÉÊ·μ° ¨ ¢¨É±μ³, ±μÉμ·Ò° ¶·¨²¥£ ¥É ± £μ-
·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ Í¥´É· ³ £´¨É . „²Ö μ¸É ²Ó´ÒÌ ¢¨É±μ¢ μ´μ
μÉ²¨Î ¥É¸Ö ´¥§´ Î¨É¥²Ó´μ (� 0,02%). Bmax μ¤´μ¢·¥³¥´´μ ®¢¨¤ÖÉ¯, ¢μ-¶¥·¢ÒÌ, ¢¸¥ Ns

‘�-¶·μ¢μ¤μ¢ ± ¡¥²Ö §  ¸Î¥É Éμ£μ, ÎÉμ μ´¨ ´ ¢¨ÉÒ ´  É·Ê¡±Ê ¤²Ö ¶·μÉ¥± ´¨Ö ¦¨¤±μ£μ
£¥²¨Ö ¸ Ï £μ³ ∼ 50 ³³,   ¢μ-¢Éμ·ÒÌ, ± ¦¤Ò° ¨§ ´¨Ì Å ³´μ£μ±· É´μ Î¥·¥§ ± ¦¤Ò° Ï £
¶μ ¤²¨´¥ „Œ (¶μ Éμ° ¦¥ ¶·¨Î¨´¥).

�¨¸. 4. B(x, ymax) ¢ „Œ c ¤¢ÊÌ¸²μ°´μ° (2s, 2t) ¨ μ¤´μ¸²μ°´μ° (1s, 1t) μ¡³μÉ± ³¨ ¢ ¢¨¤¥ ¶·μ-

¢μ¤μ¢ (s) ¨ É·Ê¡Î ÉÒÌ ¶·μ¢μ¤´¨±μ¢ (t) ¤²Ö s- ¨ t- ¶¶·μ±¸¨³ Í¨° ¸μμÉ¢¥É¸É¢¥´´μ. ymax μÉ¢¥Î ¥É
±μμ·¤¨´ É¥, ´  ±μÉμ·μ° ´ °¤¥´μ Bmax

‚¥²¨Î¨´Ò
Bmax

B0
− 1 ¤²Ö · §²¨Î´ÒÌ · §³¥·μ¢ Éμ±μ´¥¸ÊÐ¨Ì Î ¸É¥° ¶·μ¢μ¤´¨± 

‚¨¤
 ¶¶·μ±¸¨³ Í¨¨

„¢ÊÌ¸²μ°´ Ö μ¡³μÉ±  �¤´μ¸²μ°´ Ö μ¡³μÉ± 

∅ Éμ±μ´¥¸ÊÐ¥° Î ¸É¨
Bmax

B0
− 1, ∅ Éμ±μ´¥¸ÊÐ¥° Î ¸É¨

Bmax

B0
− 1,

‘�, ³³ % ‘�, ³³ %

s- ¶¶·μ±¸¨³ Í¨Ö

0,3 9,18 0,33 22,45

0,4 7,83 0,53 13,91

0,46 6,75 0,7 9,77
0,5 5,87

’μ²Ð¨´  ¸É¥´±¨ É·Ê¡. ’μ²Ð¨´  ¸É¥´±¨ É·Ê¡.
¶·μ¢μ¤´¨± , ³³ ¶·μ¢μ¤´¨± , ³³

t- ¶¶·μ±¸¨³ Í¨Ö
0,46 4,02 0,53 10,61
0,5 3,63 0,7 7,45

Š ± ¢¨¤´μ ¨§ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢, ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡²¨Í¥, Î¥³ ³¥´ÓÏ¥ ¤¨ ³¥É·
¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¶·μ¢μ¤ , É¥³ ¡μ²ÓÏ¥ ¶·¥¢ÒÏ¥´¨¥ Bmax ´ ¤ B(0,0).

�Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¤²Ö ¸μ§¤ ´¨Ö μ¤´μ£μ ¨ Éμ£μ ¦¥ ¶μ²Ö B(0,0) Éμ± ¢ ± ¦¤μ³ ¨§
¶·μ¢μ¤μ¢ · §²¨Î´μ£μ ¤¨ ³¥É·  ¤μ²¦¥´ μ¸É ¢ ÉÓ¸Ö μ¤´¨³ ¨ É¥³ ¦¥,   ²μ± ²Ó´μ¥ ³ £´¨É´μ¥



� ¸Î¥É ³ £´¨É´μ£μ ¶μ²Ö ¢ μ¡² ¸É¨ · ¸¶μ²μ¦¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥° μ¡³μÉ±¨ 693

¶μ²¥ ´  ¶μ¢¥·Ì´μ¸É¨ · ¸É¥É ¸ Ê³¥´ÓÏ¥´¨¥³ ¥£μ ¤¨ ³¥É· . ˆ§ É ¡²¨ÍÒ É ±¦¥ ¢¨¤´μ, ÎÉμ
¢ ¸²ÊÎ ¥ t- ¶¶·μ±¸¨³ Í¨¨ Ê± § ´´μ¥ ¶·¥¢ÒÏ¥´¨¥ μ± §Ò¢ ¥É¸Ö ´¥¸±μ²Ó±μ ³¥´ÓÏ¥, Î¥³ ¢
¸²ÊÎ ¥ s- ¶¶·μ±¸¨³ Í¨¨. �É  · §´¨Í  (¶μ ±· °´¥° ³¥·¥, Î ¸É¨Î´μ) ³μ¦¥É μ¡ÑÖ¸´ÖÉÓ¸Ö
¸²¥¤ÊÕÐ¨³. �·μ¢μ¤´¨± ¢ ¢¨¤¥ É·Ê¡±¨ ³¥¦¤Ê ¤¢Ê³Ö μ£¨¡ ÕÐ¨³¨ μ±·Ê¦´μ¸ÉÖ³¨, ¢ ±μÉμ-
·Ò¥ ¢¶¨¸ ´Ò μÉ¤¥²Ó´Ò¥ ¶·μ¢μ¤  ± ¡¥²Ö, ¨³¥¥É ¡μ²ÓÏÊÕ ¶²μÐ ¤Ó ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö,
Î¥³ ¸Ê³³ ·´ Ö ¶²μÐ ¤Ó ¶·μ¢μ¤μ¢ (¸³. ·¨¸. 2). �μÔÉμ³Ê ¤²Ö ¸μ§¤ ´¨Ö μ¤´μ£μ ¨ Éμ£μ ¦¥
¶μ²Ö B(0,0) ¶²μÉ´μ¸ÉÓ Éμ±  ¢ É·Ê¡±¥ ¤μ²¦´  ¡ÒÉÓ ³¥´ÓÏ¥ ¶·¨ μ¤¨´ ±μ¢ÒÌ · ¡μÎ¨Ì
Éμ± Ì ¢ „Œ.

�·¨ · ¸Î¥É Ì ¢¸¥ Í¥´É·Ò ¶·μ¢μ¤μ¢ ‘�Š · ¸¶μ² £ ²¨¸Ó · ¢´μ³¥·´μ ¶μ μ±·Ê¦´μ¸ÉÖ³
¤¨ ³¥É·μ³ 5,5 ³³ (¤²Ö ¤¢ÊÌ¸²μ°´μ° μ¡³μÉ±¨) ¨ 6,4 ³³ (¤²Ö μ¤´μ¸²μ°´μ° μ¡³μÉ±¨).

‡�Š‹	—…�ˆ…

	  μ¸´μ¢ ´¨¨ ¶·μ¢¥¤¥´´ÒÌ · ¸Î¥Éμ¢ ¤²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ É¨¶  ®μ±μ´´ Ö · ³ ¯
³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò:

1. „²Ö ± ¦¤μ£μ ¨§ ¢¨É±μ¢ μ¡³μÉ±¨ ³ ±¸¨³ ²Ó´μ¥ ¶μ²¥ Bmax ´  £· ´¨Í¥ ¸ Éμ±μ´¥¸Ê-
Ð¥° Î ¸ÉÓÕ ‘�-¶·μ¢μ¤ , ¡²¨¦ °Ï¥° ± Í¥´É·Ê  ¶¥·ÉÊ·Ò, ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ¥É ¶μ²¥
B(0, 0) = B0 ¢ Í¥´É·¥  ¶¥·ÉÊ·Ò. �Éμ ¶·¥¢ÒÏ¥´¨¥, ¢Ò· ¦¥´´μ¥ ¢ ¶·μÍ¥´É Ì, ¢μ-¶¥·¢ÒÌ,
É¥³ ¡μ²ÓÏ¥, Î¥³ ³¥´ÓÏ¥ ¤¨ ³¥É· ‘�-¶·μ¢μ¤ , ¨§ ±μÉμ·μ£μ ¸¤¥² ´ ± ¡¥²Ó (¸³. É ¡²¨ÍÊ),  
¢μ-¢Éμ·ÒÌ, ¡μ²¥¥ § ³¥É´μ ¤²Ö μ¤´μ¸²μ°´μ° μ¡³μÉ±¨ (³μ¦´μ ¸· ¢´¨ÉÓ, ´ ¶·¨³¥·, ¤ ´´Ò¥
¸ ∅‘� = 0,46 ³³ ¤²Ö ´Ê±²μÉ·μ´  ¨ ¸ ∅‘� = 0,53 ³³ ¤²Ö Ê²ÊÎÏ¥´´μ£μ ‘�-¶·μ¢μ¤ ,
¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö SIS-100 ¢ GSI, „ ·³ÏÉ ¤É).

2. “± § ´´μ¥ ¶·¥¢ÒÏ¥´¨¥ μ± §Ò¢ ¥É¸Ö ´¥¸±μ²Ó±μ ³¥´ÓÏ¥ ¤²Ö ‘�-¶·μ¢μ¤μ¢, ±μÉμ·Ò¥
¡²¨¦¥ ¢¸¥£μ  ¶¶·μ±¸¨³¨·ÊÕÉ¸Ö É·Ê¡Î ÉÒ³ ¶·μ¢μ¤´¨±μ³ (´ ¶·¨³¥·, ‘�-± ¡¥²Ó É¨¶  ‚),
Î¥³ ¢ ¸²ÊÎ ¥ ±·Ê£²ÒÌ ¶·μ¢μ¤μ¢ ¸ ¸μ¶μ¸É ¢¨³Ò³¨ ¸Ê³³ ·´Ò³¨ ¶²μÐ ¤Ö³¨ ¶μ¶¥·¥Î´μ£μ
¸¥Î¥´¨Ö.

3. Œ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö Ê ¢¨É±μ¢ ´ ·Ê¦´μ£μ ¸²μÖ (Bout
max) μ± §Ò-

¢ ÕÉ¸Ö ³¥´ÓÏ¥, Î¥³ Binn
max ¢´ÊÉ·¥´´¥£μ ¸²μÖ ¶μÎÉ¨ ¢ ¤¢  · §  ± ± ¤²Ö ±·Ê£²μ£μ ¶·μ¢μ¤´¨± 

∅0,46 ³³ (2 ´  ·¨¸. 2,  ), É ± ¨ ¤²Ö É·Ê¡Î Éμ£μ ¶·μ¢μ¤´¨±  ¸ É ±μ° ¦¥ Éμ²Ð¨´μ° ¸É¥´±¨
(5 ´  ·¨¸. 2,  ). ˆ³¥´´μ ÔÉμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¤¥² ¥É μ¤´μ¸²μ°´ÊÕ μ¡³μÉ±Ê ¡μ²¥¥ ÔËË¥±-
É¨¢´μ°, Î¥³ ¤¢ÊÌ¸²μ°´ Ö Å μÉ¸ÊÉ¸É¢Ê¥É Ö¢²¥´¨¥ §´ Î¨É¥²Ó´μ° ®´¥¤μ£·Ê§±¨¯ ‘�-± ¡¥²Ö ¢
´ ·Ê¦´μ³ ¸²μ¥ ¶·¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ¶¨É ´¨¨ ¨ ¶·¨ Ê¸²μ¢¨¨ ¨§£μÉμ¢²¥´¨Ö μ¡μ¨Ì ¸²μ¥¢
¨§ μ¤´μ£μ ¨ Éμ£μ ¦¥ ‘�-± ¡¥²Ö.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¶·¨§´ É¥²Ó´μ¸ÉÓ §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö ‚. ‘.�²Ë¥¥¢Ê, ‚.‚. 
μ·¨-
¸μ¢Ê, �. „. Šμ¢ ²¥´±μ, ƒ. �.–¢¨´¥¢μ° ¨ ƒ. ƒ. •μ¤¦¨¡ £¨Ö´Ê.
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