
P11-2007-127

….�.†¨¤±μ¢ , ˆ. ‚.�³¨·Ì ´μ¢, ˆ.�.Š¨Ö´, �. ’ · Ï±¥¢¨Î1

Œ…’�„› Œ�„…‹ˆ��‚��ˆŸ �…†ˆŒ�‚
����’› Œ��ƒ�–…‹…‚�ƒ�
ˆ‡�•�����ƒ� –ˆŠ‹�’����

1ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ �μ²Ó¸±μ°  ± ¤¥³¨¨ ´ Ê± (ˆŸ” ���),
Š· ±μ¢, �μ²ÓÏ 
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Œ¥Éμ¤Ò ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ
¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ 

�¶¨¸Ò¢ ÕÉ¸Ö ³¥Éμ¤Ò ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ
Í¨±²μÉ·μ´ . ’· ¤¨Í¨μ´´Ò° ³¥Éμ¤ μ¸´μ¢ ´ ´  μ¤´μ¢·¥³¥´´μ³ ´ Ìμ¦¤¥´¨¨ Éμ±μ¢ ¢μ ¢¸¥Ì
±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì. �μ¢Ò° ³¥Éμ¤ Ö¢²Ö¥É¸Ö ¨É¥· Í¨μ´´Ò³ ¨ μ¸´μ¢ ´ ´  ¶μ¸²¥-
¤μ¢ É¥²Ó´μ³ ´ Ìμ¦¤¥´¨¨ Éμ±μ¢ ¢ ± ¦¤μ° ¨§ · ¸¸³ É·¨¢ ¥³ÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±.
‚¸¥ · ¸Î¥ÉÒ ¢Ò¶μ²´ÖÕÉ¸Ö ´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. �·¨ · ¸Î¥É¥
§´ Î¥´¨° Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ·¥Ï ¥É¸Ö ´¥±μ··¥±É´ Ö § ¤ Î  (´¥μ¤´μ-
·μ¤´ Ö ¸¨¸É¥³  ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° Ö¢²Ö¥É¸Ö ¶²μÌμ μ¡Ê¸²μ¢²¥´´μ°, ¶μ-
¸±μ²Ó±Ê ¥¥ μ¶·¥¤¥²¨É¥²Ó ¨³¥¥É §´ Î¥´¨¥, · ¢´μ¥ ³ Ï¨´´μ³Ê ´Ê²Õ). �¥Ï¥´¨¥ ´¥±μ··¥±É-
´μ° § ¤ Î¨ Ö¢²Ö¥É¸Ö ´¥Ê¸Éμ°Î¨¢Ò³ ¶μ μÉ´μÏ¥´¨Õ ± μÏ¨¡±¥ ¨§³¥·¥´¨Ö ± ·É ³ £´¨É´ÒÌ
¶μ²¥°, ¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ¶·¨ · ¸Î¥É¥. ˆÉ¥· Í¨μ´´Ò° ³¥Éμ¤, ¢ μÉ²¨Î¨¥ μÉ É· ¤¨Í¨μ´´μ£μ,
¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ±μ¸¢¥´´μ° μÍ¥´±¨ ± Î¥¸É¢  ¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ¶·¨ · ¸Î¥É¥ ¨¸Ìμ¤´ÒÌ
¤ ´´ÒÌ (¨§³¥·¥´´ÒÌ ± ·É ³ £´¨É´ÒÌ ¶μ²¥°) Î¥·¥§ μÍ¥´±Ê ¸Ìμ¤¨³μ¸É¨ ·¥Ï¥´¨Ö. ‚ ´ -
¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¤¥É¸Ö · ¡μÉ  ¶μ ·¥£Ê²Ö·¨§ Í¨¨ ·¥Ï¥´¨Ö ¶·¥¤¸É ¢²¥´´μ° ´¥±μ··¥±É´μ°
§ ¤ Î¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

Zhidkov E. P. et al. P11-2007-127
Methods of Modeling of Operation Modes of Multi-Purpose
Isochronous Cyclotron

The methods of modeling of operation modes of multi-purpose isochronous cyclotron are
described. The traditional method is based on a simultaneous ˇnding of currents in all trim
coils. The new method is iterative and is based on a consecutive ˇnding of currents in each of
the considered trim coils. All accounts are carried out at a certain level of current in the main
coil. At account of values of currents in trim coils an incorrect task is solved (non-uniform
system of the linear algebraic equations (SLAE) is ill-conditioned, as its determinant has a
value equal to machine zero). The solution of the incorrect task is unstable in relation to
a mistake of measurement of magnetic ˇeld maps used at account. The iterative method,
as against the traditional one, enables an indirect estimation of quality of the initial data
(measured magnetic ˇeld maps) used at account through an estimation of convergence of the
solution. The work on the regularization of the solution of the submitted incorrect task is
being conducted at present.

The investigation has been performed at the Laboratory of Information Technologies,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2007
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Œ´μ£μÍ¥²¥¢Ò¥ ¨§μÌ·μ´´Ò¥ Í¨±²μÉ·μ´Ò ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´ Ìμ¤ÖÉ ¶·¨-
³¥´¥´¨¥ ± ± ¢ μ¡² ¸É¨ ´ ÊÎ´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, É ± ¨ ¢ μ¡² ¸É¨ ³¥¤¨Í¨´Ò [1].
‚ ˆŸ” ��� ¢¢μ¤¨É¸Ö ¢ Ô±¸¶²Ê É Í¨Õ ³´μ£μÍ¥²¥¢μ° ¨§μÌ·μ´´Ò° Í¨±²μÉ·μ´
AIC144. ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ÔÉμ£μ Í¨±²μÉ·μ´ .

’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò AIC144

‘¨¸É¥³  � · ³¥É· ‚¥²¨Î¨´ 

ƒ² ¢´Ò° ³ £´¨É Œ ¸¸  140 É

„¨ ³¥É· ¶μ²Õ¸  144 ¸³

‘·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ 0,85Ä1,8 ’²

’μ± £² ¢´μ° ± ÉÊÏ±¨ 100Ä610 �

’μ±¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì Ä400 Ä +400 �
± ÉÊÏ± Ì ±μ··¥±Í¨¨
μ¸´μ¢´μ£μ ³ £´¨É´μ£μ
¶μ²Ö

„Ê ´É ¨ ‚—-£¥´¥· Éμ· —¨¸²μ ¤Ê ´Éμ¢ 1 (α = 180◦)

� ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì 65 ±‚

— ¸ÉμÉ  ‚—-£¥´¥· Éμ·  10Ä27 MƒÍ

ˆ¸ÉμÎ´¨± ¨μ´μ¢ ’¨¶ ‚´ÊÉ·¥´´¨°, PIG

‘¨¸É¥³  ¢Ò¢μ¤  � ¤¨Ê¸ ¢Ò¢μ¤  62 ¸³

‘¨¸É¥³  É· ´¸¶μ·É¨·μ¢±¨ —¨¸²μ ± ´ ²μ¢ 5
¶ÊÎ±μ¢ ¨μ´μ¢

‚ ±ÊÊ³´ Ö ¸¨¸É¥³  � ¡μÎ¨° ¢ ±ÊÊ³ 2 · 10−6 Éμ··

�§¨³ÊÉ ²Ó´ Ö ¢ ·¨ Í¨Ö ³ £´¨É´μ£μ ¶μ²Ö AIC144 (Ë² ÉÉ¥·) § ¤ ¥É¸Ö ¸
¶μ³μÐÓÕ Î¥ÉÒ·¥Ì ¸¶¨· ²Ó´ÒÌ Ï¨³³ ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸ Í¥²ÓÕ Ëμ·³¨·μ¢ ´¨Ö
Ëμ±Ê¸¨·ÊÕÐ¨Ì ¸¢μ°¸É¢ ³ £´¨É´μ° ¸¨¸É¥³Ò ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´´μ£μ Í¨-
±²μÉ·μ´  [2]. Œ¥¦¤Ê ¶μ²Õ¸ ³¨ £² ¢´μ£μ ³ £´¨É  · ¸¶μ² £ ÕÉ¸Ö ¤¢ ¤Í ÉÓ
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±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ±μÉμ·Ò¥
¨³¥ÕÉ ¢¨¤ ¢²μ¦¥´´ÒÌ ¤·Ê£ ¢ ¤·Ê£  ±μ´Í¥´É·¨Î¥¸±¨Ì μ±·Ê¦´μ¸É¥° · §²¨Î´ÒÌ
¤¨ ³¥É·μ¢ ¢ ¤¨ ¶ §μ´¥ μÉ 110 ¤μ 1300 ³³ ¸ Í¥´É·μ³, ²¥¦ Ð¨³ ´  ¢¥·É¨-
± ²Ó´μ° μ¸¨ ¸¨³³¥É·¨¨ AIC144. �·¨ ÔÉμ³ ¤¨ ³¥É· ¶μ²Õ¸  £² ¢´μ£μ ³ £´¨É 
¸μ¸É ¢²Ö¥É 1440 ³³,   ´Ê³¥· Í¨Ö ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¨¤¥É μÉ Í¥´É·  ±
±· Õ AIC144 [3].

AIC144 Ö¢²Ö¥É¸Ö ³´μ£μÍ¥²¥¢Ò³ ¨§μÌ·μ´´Ò³ Í¨±²μÉ·μ´μ³ ¨ ¶·¥¤´ §´ -
Î¥´ ¤²Ö Ê¸±μ·¥´¨Ö · §²¨Î´ÒÌ É¨¶μ¢ Î ¸É¨Í ¸ · §²¨Î´Ò³¨ §´ Î¥´¨Ö³¨ μÉ´μ-
Ï¥´¨Ö Î¨¸²  ¸É ´¤ ·É´ÒÌ ¥¤¨´¨Í ³ ¸¸Ò ± Î¨¸²Ê Ô²¥³¥´É ·´ÒÌ § ·Ö¤μ¢ (A/Z).
‚ É ¡². 2 ¶·¨¢¥¤¥´Ò É¨¶Ò Î ¸É¨Í, Ê¸±μ·Ö¥³ÒÌ ´  AIC144.

’ ¡²¨Í  2. ’¨¶Ò Î ¸É¨Í, Ê¸±μ·Ö¥³ÒÌ ´  AIC144

’¨¶ Î ¸É¨Í A/Z Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö, ŒÔ‚

�·μÉμ´Ò 1 20Ä60

„¥°É·μ´Ò 2 15Ä30

α-Î ¸É¨ÍÒ 2 30Ä60

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö AIC144 ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¶·μ¨§¢μ¤¸É¢  · ¤¨μ¨§μÉμ¶μ¢
¸ Í¥²ÓÕ ¶·μ¢¥¤¥´¨Ö ´ ÊÎ´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ Ö¤¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨.
Š·μ³¥ Éμ£μ, ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ´  ¥£μ ¡ §¥ ³¥¤¨Í¨´¸±μ£μ Í¥´É·  ¤²Ö
²¥Î¥´¨Ö ³¥² ´μ³Ò (· ±μ¢μ° μ¶ÊÌμ²¨) £² §  ¡¥§μ¶¥· Í¨μ´´Ò³ ¶ÊÉ¥³. �¡²ÊÎ¥-
´¨¥ ³ É¥·¨ ²μ¢ ¸ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö · ¤¨μ¨§μÉμ¶μ¢ μ¡ÒÎ´μ ¶·μ¨§¢μ¤¨É¸Ö ¢´Ê-

’ ¡²¨Í  3. � ¤¨μ¨§μÉμ¶Ò, ¶·μ¨§¢μ¤¨³Ò¥ ´  AIC144

ˆ§μÉμ¶ Ÿ¤¥·´Ò¥ ·¥ ±Í¨¨
11C 11B(p, n)11C
62Cu 62Cu(p, 2n)62Zn (62Zn · ¸¶ ¤ ¥É¸Ö ¢ 62Cu)
204Bi 206Pb(p, 3n)204Bi
211At 209Bi(α, 2n)211At
48V natTi(p, xn)48V
56Co 58Ni(p, n2p)56Co
99Rh nRu(p, xn)99−102Rh
111In 109Ag(α, 2n)111In
173Hf nYb(α, xn)173Hf
178W nTa(p, xn)178W
207Po 209Bi(p, 3n)207Po
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É·¥´´¨³ ¶ÊÎ±μ³ ¶·μÉμ´μ¢ ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° ¢Ò¢μ¤  ¶μ·Ö¤±  45 ŒÔ‚ ¨
Éμ±μ³ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ¶·μÉμ´μ¢ ¤μ 100 ³±�. „²Ö ²¥Î¥´¨Ö ³¥² ´μ³Ò £² § 
¨¸¶μ²Ó§Ê¥É¸Ö ¢´¥Ï´¨° ¶ÊÎμ± ¶·μÉμ´μ¢ ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° ¢Ò¢μ¤  ¶μ-
·Ö¤±  60 ŒÔ‚ ¨ Éμ±μ³ ¢´¥Ï´¥£μ ¶ÊÎ±  ¶·μÉμ´μ¢ 10 ´�. ‚ É ¡². 3 ¶·¨¢¥¤¥´Ò
· §²¨Î´Ò¥ ¢¨¤Ò · ¤¨μ¨§μÉμ¶μ¢, ¶·μ¨§¢μ¤¨³ÒÌ ´  AIC144.

�¸´μ¢´Ò³¨ § ¤ Î ³¨ ³μ¤¥²¨·μ¢ ´¨Ö ´μ¢μ£μ ·¥¦¨³  · ¡μÉÒ ³´μ£μÍ¥²¥-
¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  Ö¢²ÖÕÉ¸Ö · ¸Î¥É ¸ ³μ£μ ·¥¦¨³  · ¡μÉÒ, ¶μ-
¸É·μ¥´¨¥ ¥£μ ±μ³¶ÓÕÉ¥·´μ° ³μ¤¥²¨ ¨ ¥¥  ´ ²¨É¨Î¥¸± Ö μÍ¥´± . ‚ ± Î¥¸É¢¥
±μ³¶ÓÕÉ¥·´μ° ³μ¤¥²¨ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¨´É¥·¶μ²¨·μ¢ ´´ Ö ± ·É 
·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · ¸¸Î¨É ´´μ³Ê ·¥¦¨³Ê
· ¡μÉÒ. �´ ²¨§ ¶μ²ÊÎ¥´´μ£μ ·¥¦¨³  · ¡μÉÒ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö · ¸Î¥É ¨§μÌ·μ´-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¸ ÊÎ¥Éμ³ Ë² ÉÉ¥· , · ¸Î¥É Î ¸ÉμÉ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨°
¨ · ¸Î¥É Ë §μ¢μ£μ ¤¢¨¦¥´¨Ö Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í [4Ä6].

�¥¦¨³ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ¸μ¸Éμ¨É ¨§ §´ -
Î¥´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imc, §´ Î¥´¨° Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± -
ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Itc0, Itc1, .., Itcm, §´ Î¥´¨° Î -
¸ÉμÉÒ ‚—-£¥´¥· Éμ·  Frf ¨ ´ ¶·Ö¦¥´¨Ö ´  ¤Ê ´É Ì Ud. Š ¨¸Ìμ¤´Ò³ ¤ ´´Ò³,
¨¸¶μ²Ó§ÊÕÐ¨³¸Ö ¶·¨ · ¸Î¥É¥ ·¥¦¨³μ¢ · ¡μÉÒ, μÉ´μ¸ÖÉ¸Ö: É¨¶ Ê¸±μ·Ö¥³ÒÌ
Î ¸É¨Í, · ¤¨Ê¸ ¢Ò¢μ¤  Rout, · ¸Î¥É´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ´  · ¤¨Ê¸¥ ¢Ò-
¢μ¤  Eout, ±· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö H (μÉ´μÏ¥´¨¥ Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ·  Frf

± Î ¸ÉμÉ¥ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ F0), ¶¥·¨μ¤¨Î´μ¸ÉÓ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò N ,
¤¨ ¶ §μ´ Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ ¨¸ÉμÎ´¨±  ¨μ´μ¢ ¤μ
· ¤¨Ê¸  ±μ´Í  ¤¨ ¶ §μ´  ¨§μÌ·μ´¨§ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö Rend, · ¤¨Ê¸ · ¡μ-
Î¥° ÉμÎ±¨ Rw, ³ ·Ï·ÊÉ Ë °²  ³ ¸±¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, § ¤ ÕÐ¥°
¶·μË¨²Ó ¡ ³¶ ,   É ±¦¥ ³ ·Ï·ÊÉÒ ± Ë °² ³ ± ·É ¨§³¥·¥´´ÒÌ μ¸´μ¢´ÒÌ ¨
¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°. ˆ¸¶μ²Ó§ÊÕÐ¨¥¸Ö ± ·ÉÒ ³ £´¨É´ÒÌ ¶μ²¥°
¶μ§¢μ²ÖÕÉ · ¸¸Î¨É ÉÓ ¨§μÌ·μ´´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¸ ÊÎ¥Éμ³ Ë² ÉÉ¥· .

�¸´μ¢´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ö ¶·μ³¥·ÖÕÉ¸Ö ¤²Ö μ¶·¥¤¥²¥´´μ£μ ´ ¡μ·  Éμ±μ¢
¢ £² ¢´μ° ± ÉÊÏ±¥. „μ¶μ²´¨É¥²Ó´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ö ¶·μ³¥·ÖÕÉ¸Ö ¤²Ö ³ ±¸¨-
³ ²Ó´ÒÌ §´ Î¥´¨° Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì, ¢§ÖÉÒÌ ¶μ μÎ¥·¥¤¨, ´ 
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê·μ¢´ÖÌ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. Š ·ÉÒ ³ £´¨É´ÒÌ ¶μ²¥°
¨§³¥·ÖÕÉ¸Ö ¸ μ¶·¥¤¥²¥´´Ò³¨ Ï £ ³¨ ¶μ · ¤¨Ê¸Ê ¨ ¶μ  §¨³ÊÉÊ ¸ ÉμÎ´μ¸ÉÓÕ
¤μ εms = e− 4 ´  Ê·μ¢´¥ ¶μ·Ö¤±  1, 8 T². Œ ±¸¨³ ²Ó´Ò° ¢±² ¤ μÉ¤¥²Ó´μ ¢§Ö-
Éμ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ § ¢¨¸¨É μÉ Ê·μ¢´Ö
Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. ‘ Ê¢¥²¨Î¥´¨¥³ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¢¥²¨Î¨´ 
³ ±¸¨³ ²Ó´μ£μ ¢±² ¤  μÉ¤¥²Ó´μ ¢§ÖÉμ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥
³ £´¨É´μ¥ ¶μ²¥ Ê³¥´ÓÏ ¥É¸Ö.

Š £· ´¨Î´Ò³ Ê¸²μ¢¨Ö³, ´ ±² ¤Ò¢ ¥³Ò³ ´  · ¸¸Î¨ÉÒ¢ ¥³Ò¥ ¶ · ³¥É·Ò,
μÉ´μ¸ÖÉ¸Ö ´¨¦´¥¥ ¨ ¢¥·Ì´¥¥ ¶·¥¤¥²Ó´Ò¥ §´ Î¥´¨Ö Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ· ,
´¨¦´¥¥ ¨ ¢¥·Ì´¥¥ ¶·¥¤¥²Ó´Ò¥ §´ Î¥´¨Ö ¤²Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥, ´¨¦´¥¥
¨ ¢¥·Ì´¥¥ ¶·¥¤¥²Ó´Ò¥ §´ Î¥´¨Ö ¤²Ö Éμ±  ¢ μÉ¤¥²Ó´μ ¢§ÖÉμ° ±μ´Í¥´É·¨Î¥¸±μ°
± ÉÊÏ±¥. �³¶²¨ÉÊ¤  ¨ ¶·μÉÖ¦¥´´μ¸ÉÓ ¡ ³¶  ¢Ò¡¨· ÕÉ¸Ö ¨¸Ìμ¤Ö ¨§ Ê¸²μ¢¨°
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μ¶É¨³ ²Ó´μ£μ § Ì¢ É  ¨ Ê¸±μ·¥´¨Ö ¨μ´μ¢ ´  ´ Î ²Ó´ÒÌ μ¡μ·μÉ Ì. ‡´ Î¥´¨¥
· ¤¨Ê¸  ±μ´Í  ¤¨ ¶ §μ´  ¨§μÌ·μ´¨§ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö Rend ¢Ò¡¨· ¥É¸Ö
¸ É ±¨³ · ¸Î¥Éμ³, ÎÉμ¡Ò μÉ·¨Í É¥²Ó´Ò° Ë §μ¢Ò° ¸¤¢¨£ Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢
´  ¡ ³¶¥ ±μ³¶¥´¸¨·μ¢ ²¸Ö ¨Ì ¶μ²μ¦¨É¥²Ó´Ò³ Ë §μ¢Ò³ ¸¤¢¨£μ³ ¢ ±· ¥¢μ³
³ £´¨É´μ³ ¶μ²¥. �·¨ ÔÉμ³ §´ Î¥´¨¥ Ë §μ¢μ£μ ¸¤¢¨£  ´  · ¤¨Ê¸¥ ¢Ò¢μ¤  Rout

¤μ²¦´μ ¡ÒÉÓ · ¢´Ò³ Δϕout = (0 ± 0, 2) · ¤. � ¤¨Ê¸ ¢Ò¢μ¤  Rout Ö¢²Ö¥É¸Ö
· ¤¨Ê¸μ³ § ¡·μ¸  ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¢ ¤¥Ë²¥±Éμ·. ‡ ¡·μ¸ μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö §  ¸Î¥É · ¸± Î±¨ ¶ÊÎ± , ± ± ¶· ¢¨²μ, §  μ¤¨´ μ¡μ·μÉ. ‡´ Î¥´¨¥
· ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ Rw, Ö¢²ÖÕÐ¥°¸Ö ÉμÎ±μ° ¶¥·¥¸¥Î¥´¨Ö ¸·¥¤´¥£μ É·¥¡Ê-
¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö (¸Ê³³Ò ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¥£μ ³ ¸±¨) ¨
¸·¥¤´¥£μ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ¢Ò¡¨· ¥É¸Ö ¨ ÊÉμÎ´Ö¥É¸Ö ¢ ¶·μÍ¥¸¸¥ ³μ-
¤¥²¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ ¨¸Ìμ¤Ö ¨§ μÍ¥´±¨ §´ Î¥´¨Ö ´ ¨¡μ²¥¥
±·¨É¨Î´μ£μ Í¨±²μÉ·μ´´μ£μ ¶ · ³¥É· . �·¨ ÔÉμ³ Í¨±²μÉ·μ´´Ò¥ ¶ · ³¥É·Ò
μÍ¥´¨¢ ÕÉ¸Ö ¢ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö Î ¸É¨Í μÉ ¨¸ÉμÎ´¨± 
¨μ´μ¢ ¤μ · ¤¨Ê¸  ¢Ò¢μ¤  Rout,   §´ Î¥´¨¥ · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ ¢Ò¡¨· ¥É¸Ö
¢´ÊÉ·¨ ¤¨ ¶ §μ´  Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö. �·¨ ³μ¤¥-
²¨·μ¢ ´¨¨ ´μ¢ÒÌ ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢ÒÌ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢
¸μ ¸¶¨· ²Ó´μ-¸¥±Éμ·´μ° ³ £´¨É´μ° ¸·Ê±ÉÊ·μ° ¨ ³ ²μ° ¢¥²¨Î¨´μ° Ë² ÉÉ¥· 
μ¡ÒÎ´μ ¶·¨´¨³ ÕÉ¸Ö É·¨ ¤μ¶ÊÐ¥´¨Ö:

• ¢¥²¨Î¨´  ¢±² ¤  ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥
¡¥·¥É¸Ö ¢ ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²Ó´μ° § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò ¥¥ Éμ± 
´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥;

• ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢§ ¨³´μ¥ ¢²¨Ö´¨¥ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¤·Ê£ ´ 
¤·Ê£ ;

• ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢²¨Ö´¨¥ ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¢ μ¸´μ¢´μ¥
³ £´¨É´μ¥ ¶μ²¥ ´  Ë §Ê μ¸´μ¢´μ° £ ·³μ´¨±¨ ÔÉμ£μ ¶μ²Ö.

‚ Í¥²μ³ ¸³μ¤¥²¨·μ¢ ´´Ò° ·¥¦¨³ · ¡μÉÒ ¤μ²¦¥´ μ¡¥¸¶¥Î¨¢ ÉÓ ¨§μÌ·μ´´μ¥,
É. ¥. μ¤´μ¢·¥³¥´´μ¥, Ê¸±μ·¥´¨¥ Î ¸É¨Í ¢ ¤¨ ¶ §μ´¥ ¨§μÌ·μ´¨§ Í¨¨ ³ £´¨É´μ£μ
¶μ²Ö μÉ · ¤¨Ê¸  ±μ´Í  ¡ ³¶  Rbump ¤μ · ¤¨Ê¸  ±μ´Í  ¤¨ ¶ §μ´  ¨§μÌ·μ´¨-
§ Í¨¨ Rend ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î ¸É¨Í Î¥·¥§ Ê¸±μ·ÖÕÐ¨° § §μ·. �·¨ ÔÉμ³
Î ¸ÉμÉ  ‚—-£¥´¥· Éμ·  μ¸É ¥É¸Ö ´¥¨§³¥´´μ°,   · ¤¨Ê¸ ¤¨´ ³¨Î¥¸±μ° μ·¡¨ÉÒ
Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ · ¸É¥É ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö.

� ¸Î¥É §´ Î¥´¨° Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ¶·μ¨§¢μ¤¨É¸Ö ´ 
μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. ‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ ¤²Ö · ¸-
Î¥É  ¤ ´´ÒÌ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¨§³¥·¥´´Ò¥ ± ·ÉÒ ³ £´¨É´ÒÌ ¶μ²¥°. �·¨ ÔÉμ³
·¥Ï ¥É¸Ö ´¥±μ··¥±É´ Ö § ¤ Î , ±μ£¤  ´¥μ¤´μ·μ¤´ Ö ¸¨¸É¥³  ²¨´¥°´ÒÌ  ²£¥-
¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° Ö¢²Ö¥É¸Ö ¶²μÌμ μ¡Ê¸²μ¢²¥´´μ°, ¶μ¸±μ²Ó±Ê ¥¥ μ¶·¥¤¥-
²¨É¥²Ó ¨³¥¥É §´ Î¥´¨¥, · ¢´μ¥ ³ Ï¨´´μ³Ê ´Ê²Õ. �¥Ï¥´¨¥ ´¥±μ··¥±É´μ° § -
¤ Î¨ ´¥Ê¸Éμ°Î¨¢μ ¶μ μÉ´μÏ¥´¨Õ ± μÏ¨¡±¥ ¨§³¥·¥´¨Ö ± ·É ³ £´¨É´ÒÌ ¶μ²¥°,
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¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ¶·¨ · ¸Î¥É¥. ’· ¤¨Í¨μ´´Ò° ³¥Éμ¤ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢
· ¡μÉÒ μ¸´μ¢ ´ ´  μ¤´μ¢·¥³¥´´μ³ ´ Ìμ¦¤¥´¨¨ Éμ±μ¢ ¢μ ¢¸¥Ì ±μ´Í¥´É·¨Î¥-
¸±¨Ì ± ÉÊÏ± Ì. �μ¢Ò° ³¥Éμ¤ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ Ö¢²Ö¥É¸Ö ¨É¥-
· Í¨μ´´Ò³ ¨ μ¸´μ¢ ´ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ´ Ìμ¦¤¥´¨¨ Éμ±μ¢ ¢ ± ¦¤μ° ¨§
· ¸¸³ É·¨¢ ¥³ÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±. Œ¥Éμ¤ ¶μ²ÊÎ¨² ¸¢μ¥ ´ §¢ ´¨¥ μÉ
¢¢¥¤¥´¨Ö ¢  ²£μ·¨É³ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ¤¢ÊÌ ¨É¥· Í¨μ´´ÒÌ Í¨-
±²μ¢ Å ¢´¥Ï´¥£μ, ¤²Ö · ¸Î¥É  ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤ , ¨ ¢´ÊÉ·¥´´¥£μ,
¤²Ö · ¸Î¥É  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· -
¤¨Í¨μ´´μ£μ ³¥Éμ¤  ´¥§ ¢¨¸¨³μ μÉ ± Î¥¸É¢  ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ ¢¸¥£¤  ¨³¥¥É¸Ö
μ¶·¥¤¥²¥´´μ¥ ·¥Ï¥´¨¥. ‚ ¨É¥· Í¨μ´´μ³ ³¥Éμ¤¥, ¢ μÉ²¨Î¨¥ μÉ É· ¤¨Í¨μ´´μ£μ,
μÉ ± Î¥¸É¢  ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ § ¢¨¸¨É ¸Ìμ¤¨³μ¸ÉÓ ·¥Ï¥´¨Ö. ‘²¥¤μ¢ É¥²Ó´μ,
¨É¥· Í¨μ´´Ò° ³¥Éμ¤ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ±μ¸¢¥´´μ° μÍ¥´±¨ ± Î¥¸É¢  ¨¸Ìμ¤-
´ÒÌ ¤ ´´ÒÌ Î¥·¥§ μÍ¥´±Ê ¸Ìμ¤¨³μ¸É¨ ·¥Ï¥´¨Ö. ‚¸É·μ¥´´Ò° ¢ ¨É¥· Í¨μ´´Ò°
³¥Éμ¤ ³¥Ì ´¨§³ ¨´É¥·¶μ²ÖÍ¨¨ ± ·ÉÒ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¶μ-
§¢μ²Ö¥É ¢Ò¶μ²´¨ÉÓ ¤μ¶μ²´¨É¥²Ó´ÊÕ ± ²¨¡·μ¢±Ê ¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ¶·¨ · ¸Î¥É¥
¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ. Š·μ³¥ Éμ£μ, ¢´ÊÉ·¨ ¨É¥· Í¨μ´´μ£μ Í¨±²  · ¸Î¥É  Éμ±μ¢
¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ¶·μ¨§¢μ¤¨É¸Ö ÊÎ¥É ¢²¨Ö´¨Ö ¢±² ¤μ¢ ´  Ë² É-
É¥· μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ÎÉμ ¶·¨¢μ¤¨É ± ÊÉμÎ´¥´¨Õ · ¸Î¥É  ¨§μÌ·μ´-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶·¥¤¥² Ì ±3 ƒ¸ (¤²Ö ·¥¦¨³μ¢ · ¡μÉÒ AIC144). Š ±
¶· ¢¨²μ, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤  ´¥μ¡Ìμ¤¨³μ ¶·μ¨§¢¥¸É¨
μÉ ¤¢ÊÌ ¤μ ¶ÖÉ¨ · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨É¥· Í¨° ¤²Ö Ëμ·³¨·μ¢ ´¨Ö
É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ. ‘ ¶μ³μÐÓÕ ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  ¶ÊÎμ± Î -
¸É¨Í ¸ É·¥¡Ê¥³Ò³¨ ¶ · ³¥É· ³¨ Ê¸±μ·Ö¥É¸Ö ¢ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢
¡¥§ Ô³¶¨·¨Î¥¸±μ° ¶μ¤¸É·μ°±¨ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ¨ Î ¸ÉμÉÒ
‚—-£¥´¥· Éμ· . �Î¥¢¨¤´μ, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ μ¤´¨Ì ¨ É¥Ì ¦¥ ± Î¥¸É¢¥´´ÒÌ
¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ ¨ · ¸Î¥É¥ É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ ¡¥§ ÊÎ¥É  ¢²¨Ö´¨Ö
¢±² ¤μ¢ ´  Ë² ÉÉ¥· μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö μ¡  ³¥Éμ¤  ¤ ÕÉ μ¤¨´ ±μ-
¢Ò¥ ·¥§Ê²ÓÉ ÉÒ. ‚ Í¥²μ³, ¢ ¸¨²Ê ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ¶·¨Î¨´, ¨É¥· Í¨μ´´Ò°
³¥Éμ¤ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ´  ±μ³¶ÓÕÉ¥·¥ (¡¥§ ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ
¨§³¥·¥´¨° ± ·É ³ £´¨É´ÒÌ ¶μ²¥°) ¡μ²¥¥ ÉμÎ´μ¥ ·¥Ï¥´¨¥, Î¥³ É· ¤¨Í¨μ´´Ò°
(¢ · ³± Ì μ¤´μ° · ¸Î¥É´μ° ¨É¥· Í¨¨). ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¤¥É¸Ö · ¡μÉ  ¶μ
·¥£Ê²Ö·¨§ Í¨¨ ·¥Ï¥´¨Ö ¶·¥¤¸É ¢²¥´´μ° ´¥±μ··¥±É´μ° § ¤ Î¨.

�·¨ · ¸Î¥É¥ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì É· ¤¨Í¨μ´´Ò³ ³¥Éμ¤μ³
μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ¸É ´¤ ·É´ Ö ¶·μ£· ³³  DFUMIL, ¢Ìμ¤ÖÐ Ö ¢ ¶·μ£· ³³-
´Ò° ±μ³¶²¥±¸ FUMILI. DFUMIL · §· ¡μÉ ´  ´  Fortran ¨ Ì· ´¨É¸Ö ¢ ¡¨¡²¨μ-
É¥±¥ ¶·μ£· ³³ �ˆŸˆ JINRLIB (http://www.jinr.ru/programs/jinrlib/jinrovr.htm).
�·¨ · ¸Î¥É¥ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ¨É¥· Í¨μ´´Ò³ ³¥Éμ¤μ³ ¨¸-
¶μ²Ó§Ê¥É¸Ö ¶·μ£· ³³  CYCMODE, · §· ¡μÉ ´´ Ö ´  ‘++ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
Visual ‘++ 7.0. �´  ¶μ§¢μ²Ö¥É · ¸¸Î¨É ÉÓ É·¥¡Ê¥³Ò° ·¥¦¨³ · ¡μÉÒ ¨ ¶·μ-
¨§¢¥¸É¨ ¨´É¥·¶μ²ÖÍ¨Õ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¥³Ê ± ·ÉÒ ³ £´¨É´μ£μ ¶μ²Ö. �´ ²¨§
· ¸¸Î¨É ´´μ£μ ·¥¦¨³  · ¡μÉÒ ¶·μ¨§¢μ¤¨É¸Ö ´  ¨´É¥·¶μ²¨·μ¢ ´´μ° ± ·É¥ ·¥-
§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò CAMP, · §· ¡μÉ ´-
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´μ° ´  ‘++ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Visual ‘++ 7.0. �·μ£· ³³Ò CYCMODE ¨
CAMP ´ ¶¨¸ ´Ò ¢ ¸É ´¤ ·É¥ SDI ¨ · ¡μÉ ÕÉ ¶μ¤ Ê¶· ¢²¥´¨¥³ OS MS Win-
dows32.

1. �‹ƒ��ˆ’Œ›

Š ³¥Éμ¤ ³ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ
Í¨±²μÉ·μ´  ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ É·¥¡μ¢ ´¨Ö.

• Œ¨´¨³¨§ Í¨Ö Ë §μ¢ÒÌ ¶μÉ¥·Ó Éμ±  ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¢ ¤¨ ¶ -
§μ´¥ ¨§μÌ·μ´¨§ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö.

• 	²¥±É·μ¡¥§μ¶ ¸´μ¸ÉÓ ¸¨¸É¥³Ò ¶¨É ´¨Ö ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ·-
·¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ¸¢Ö§ ´´ Ö ± ± ¸ Ê³¥´ÓÏ¥´¨¥³ Î¨-
¸²  § ¤¥°¸É¢μ¢ ´´ÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±, É ± ¨ ¸ Ê³¥´ÓÏ¥´¨¥³
³μÐ´μ¸É¨, ¶μÉ·¥¡²Ö¥³μ° ¨³¨ ´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ°
± ÉÊÏ±¥.

• “¤μ¡¸É¢μ ¶¥·¥Ìμ¤  ´  ¢´μ¢Ó Ëμ·³¨·Ê¥³Ò¥ ·¥¦¨³Ò · ¡μÉÒ ¡¥§ μ¸É -
´μ¢±¨ Ô±¸¶²Ê É Í¨¨ Í¨±²μÉ·μ´ .

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¡²μ±-¸Ì¥³   ²£μ·¨É³  É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤  ³μ-
¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ .

�¨¸. 1. �²μ±-¸Ì¥³   ²£μ·¨É³  É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ
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1. ‚¢μ¤ ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ ¨ £· ´¨Î´ÒÌ Ê¸²μ¢¨°.

2. � ¸Î¥É §´ Î¥´¨Ö Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ· .

3. ‚Ò¡μ· §´ Î¥´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥.

4. �¤´μ¢·¥³¥´´Ò° · ¸Î¥É §´ Î¥´¨° Éμ±μ¢ ¢μ ¢¸¥Ì ±μ´Í¥´É·¨Î¥¸±¨Ì ± -
ÉÊÏ± Ì ´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¸ ¶μ³μÐÓÕ
³´μ£μ¶ · ³¥É·μ¢μ£μ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢.

5. “¸É ´μ¢±  Éμ±μ¢ ¢ ± ÉÊÏ± Ì ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ¨ ¨§³¥·¥´¨¥ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¥° ± ·ÉÒ ¸Ëμ·³¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö.

6. � ¸Î¥É ΔB Å μÉ±²μ´¥´¨Ö ¸·¥¤´¥£μ ¨§³¥·¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ
¸·¥¤´¥£μ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢ § ¤ ´´μ³ ¤¨ ¶ §μ´¥ ¥£μ Ëμ·³¨-
·μ¢ ´¨Ö.

7. Š·¨É¥·¨° μÍ¥´±¨ ÉμÎ´μ¸É¨ ¶·¨¡²¨¦¥´¨Ö ¸·¥¤´¥£μ ¨§³¥·¥´´μ£μ ³ £´¨É-
´μ£μ ¶μ²Ö ± ¸·¥¤´¥³Ê É·¥¡Ê¥³μ³Ê ³ £´¨É´μ³Ê ¶μ²Õ ¢ § ¤ ´´μ³ ¤¨ ¶ -
§μ´¥ Ëμ·³¨·μ¢ ´¨Ö

∣∣ΔB
∣∣
max

< εB .

8. � ¸Î¥É ¶μ¶· ¢μ± ± §´ Î¥´¨Ö³ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ´ 
μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¸ ¶μ³μÐÓÕ ³´μ£μ¶ · ³¥-
É·μ¢μ£μ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ ¨ ±μ··¥±Í¨Ö ¶·¥¤Ò¤ÊÐ¥£μ ·¥Ï¥-
´¨Ö.

9. ‚ÒÌμ¤.

�  ¶· ±É¨±¥ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ëμ·³¨·Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ ¨¸¶μ²Ó§Ê-
¥É¸Ö μÉ ¤¢ÊÌ ¤μ ¶ÖÉ¨ · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨É¥· Í¨°, ¶·¥¤¸É ¢²¥´´ÒÌ
¢ ¢¨¤¥  ²£μ·¨É³  ´  ·¨¸. 1 [7]. ’ ±¨³ μ¡· §μ³, É· ¤¨Í¨μ´´Ò° ³¥Éμ¤ ³μ¤¥²¨-
·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ Ö¢²Ö¥É¸Ö · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´Ò³.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  ¡²μ±-¸Ì¥³   ²£μ·¨É³  ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤ 
³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ .

1. ‚¢μ¤ ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ, £· ´¨Î´ÒÌ Ê¸²μ¢¨° ¨ ¶ · ³¥É·μ¢ Î¨¸²¥´´μ£μ
· ¸Î¥É  (ÉμÎ´μ¸É¨ ¨ Î¨¸²  ¨É¥· Í¨°).

2. � ¸Î¥É Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ ± ± ËÊ´±Í¨¨ · ¸Î¥É´μ° ±¨´¥É¨Î¥-
¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤ .

3. � ¸Î¥É Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö §´ Î¥´¨Ö · -
¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨.

4. Š·¨É¥·¨° μÍ¥´±¨ ÉμÎ´μ¸É¨ · ¸Î¥É  Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥

∣∣∣∣ΔImc

Imc

∣∣∣∣ <

εImc .
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�¨¸. 2. �²μ±-¸Ì¥³   ²£μ·¨É³  ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ

5. �μ¸²¥¤μ¢ É¥²Ó´Ò° · ¸Î¥É §´ Î¥´¨° Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì
´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¸ ¶μ³μÐÓÕ μ¤´μ¶ · -
³¥É·μ¢μ£μ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢.

6. Š·¨É¥·¨° μÍ¥´±¨ ÉμÎ´μ¸É¨ · ¸Î¥É  ´ ¡μ·  Éμ±μ¢ ¢ m ±μ´Í¥´É·¨Î¥¸±¨Ì

± ÉÊÏ± Ì

∣∣∣∣ΔItc, i

Ii

∣∣∣∣
max

< εItc , (i = 1 ∼ m).

7. � ¸Î¥É ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´  § ¤ ´´μ³ · ¤¨Ê¸¥ ¢Ò¢μ¤ .

8. Š·¨É¥·¨° μÍ¥´±¨ ÉμÎ´μ¸É¨ · ¸Î¥É  ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´  § ¤ ´´μ³

· ¤¨Ê¸¥ ¢Ò¢μ¤ 

∣∣∣∣ΔEout

Eout

∣∣∣∣ < εE.

9. Šμ··¥±Í¨Ö · ¸Î¥É´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´  § ¤ ´´μ³ · ¤¨Ê¸¥ ¢Ò-
¢μ¤ .

10. ˆ´É¥·¶μ²ÖÍ¨Ö ± ·ÉÒ ³ £´¨É´μ£μ ¶μ²Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · ¸¸Î¨É ´-
´μ³Ê ·¥¦¨³Ê · ¡μÉÒ, ¨ ¥¥  ´ ²¨§.

11. ‚ÒÌμ¤.

�  ¶· ±É¨±¥ ¢ ¸¨²Ê ± ²¨¡·μ¢±¨ §´ Î¥´¨° ¨§³¥·¥´´ÒÌ ± ·É ³ £´¨É´ÒÌ
¶μ²¥°, ¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ¶·¨ · ¸Î¥É¥ ·¥¦¨³μ¢ · ¡μÉÒ,   É ±¦¥ ¢ ¸¨²Ê ÊÎ¥É 
¢²¨Ö´¨Ö ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ´  Ë² ÉÉ¥· μ¸´μ¢´μ£μ ³ £´¨É´μ£μ
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¶μ²Ö ´¥ É·¥¡Ê¥É¸Ö ¶·μ¢¥¤¥´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ± ·É ³ £´¨É´ÒÌ
¶μ²¥° [8, 9]. ’ ±¨³ μ¡· §μ³, ¨É¥· Í¨μ´´Ò° ³¥Éμ¤ Ö¢²Ö¥É¸Ö Éμ²Ó±μ · ¸Î¥É´Ò³.

2. Œ�’…Œ�’ˆ—…‘Šˆ… Œ�„…‹ˆ

Š ± ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· ¤¨Í¨μ´´μ£μ, É ± ¨ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨É¥· -
Í¨μ´´μ£μ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ
Í¨±²μÉ·μ´  ¢¸¥ · ¸Î¥ÉÒ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢Ò¶μ²´ÖÕÉ¸Ö ´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  ¢ £² ¢´μ°
± ÉÊÏ±¥ Imc ¸ Í¥²ÓÕ Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö. �·¨ ÔÉμ³
ËÊ´±Í¨μ´ ² ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

S(Itc,1, Itc,2, ..., Itc,m) =
n∑

r=1

(
m∑

i=1

αi,rItc,i − (Btask,r − Bmc,r)

)2

,

£¤¥ αi,r =
Btc,i,r,max

Itc,i,max
Å μÉ´μÏ¥´¨¥ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ¸·¥¤´¥£μ ³ £-

´¨É´μ£μ ¶μ²Ö ¢±² ¤  i-° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥
¶μ²¥ ´  r-³ · ¤¨Ê¸¥ ± ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê ³ ±¸¨³ ²Ó´μ³Ê §´ Î¥´¨Õ ¥¥ Éμ± ;
Btask,r Å ¸·¥¤´¥¥ É·¥¡Ê¥³μ¥ ³ £´¨É´μ¥ ¶μ²¥ ´  r-³ · ¤¨Ê¸¥, Ö¢²ÖÕÐ¥¥¸Ö
¸Ê³³μ° ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¥£μ ³ ¸±¨, § ¤ ÕÐ¥° ¶·μË¨²Ó ¡ ³¶ ;
Bmc,r Å ¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ´  r-³ · ¤¨Ê¸¥.

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · -
¡μÉÒ ³¨´¨³¨§ Í¨Ö ËÊ´±Í¨μ´ ²  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ³´μ£μ¶ · ³¥-
É·μ¢μ£μ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢. �·¨ ÔÉμ³ ¶μ²ÊÎ ¥É¸Ö ´¥μ¤´μ·μ¤´ Ö
‘‹�“, ±μÉμ· Ö ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ³ É·¨Î´μ° Ëμ·³¥ ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

A · Y = B,

£¤¥

A =

∥∥∥∥∥∥∥∥
a11, a12, ...a1m

a21, a22, ...a2m

.................
am1, am2, ...amm

∥∥∥∥∥∥∥∥
, Y = (y1, y2, ..., ym)T

, B = (b1, b2, ..., bm)T
.

‡¤¥¸Ó

ai,j =
n∑

r=1

αi,rαr,j , yi = Itc,i, bi =
n∑

r=1

αi,r

(
Btask,r − Bmc,r

)
,

i = 1 ∼ m, j = 1 ∼ m, Btask,r = Bis,r + Bmask,r,
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£¤¥ Bis,r Å ¨§μÌ·μ´´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ´  r-³ · ¤¨Ê¸¥,   Bmask,r Å ¸·¥¤´¥¥
³ £´¨É´μ¥ ¶μ²¥ ¥£μ ³ ¸±¨ ´  r-³ · ¤¨Ê¸¥. �¥Ï¥´¨¥ ´¥μ¤´μ·μ¤´μ° ‘‹�“
μ¡ÒÎ´μ ´ Ìμ¤¨É¸Ö ¸ ¶μ³μÐÓÕ ¶·Ö³μ£μ ³¥Éμ¤  ƒ Ê¸¸ :

Itc,i, i = 1 ∼ m.

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · -
¡μÉÒ ³¨´¨³¨§ Í¨Ö ËÊ´±Í¨μ´ ²  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ μ¤´μ¶ · ³¥É·μ-
¢μ£μ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢. �·¨ ÔÉμ³ Éμ± ¢ μÎ¥·¥¤´μ° ±μ´Í¥´É·¨Î¥-
¸±μ° ± ÉÊÏ±¥ ´ Ìμ¤¨É¸Ö ¶μ ´¨¦¥¶·¨¢¥¤¥´´μ° Ëμ·³Ê²¥:

Ik
tc,i = −

m∑
j=1
j �=i

ai,jItc,j − bk
i

ai,i
, i = 1 ∼ m,

£¤¥

bk
i =

n∑
r=1

αi,r

(
B

k

task,r − Bmc,r

)
, B

k

task,r = B
k

is,r + Bmask,r,

  k Å ¨´¤¥±¸ μÎ¥·¥¤´μ° ¨É¥· Í¨¨, ÊÎ¨ÉÒ¢ ÕÐ¥° ¢²¨Ö´¨¥ ¢±² ¤μ¢ ´  Ë² ÉÉ¥·
μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. ’μ±¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì · ¸¸Î¨ÉÒ¢ -
ÕÉ¸Ö ¸ ÉμÎ´μ¸ÉÓÕ εItc . �·¨ ÔÉμ³ ±μ´Í¥´É·¨Î¥¸±¨¥ ± ÉÊÏ±¨ ¶¥·¥¡¨· ÕÉ¸Ö
¢ ´ ¶· ¢²¥´¨¨ μÉ ±· Ö ± Í¥´É·Ê ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ¢
¸μμÉ¢¥É¸É¢¨¨ ¸ §μ´ ³¨ ¨Ì ¢²¨Ö´¨Ö ´  ¥£μ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥.

ˆÉ¥· Í¨μ´´Ò° ³¥Éμ¤ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ, ¶μ ¸· ¢´¥´¨Õ ¸
É· ¤¨Í¨μ´´Ò³, ¨³¥¥É ·Ö¤ μ¸μ¡¥´´μ¸É¥°. �´ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¨É¥· Í¨μ´´Ò°
· ¸Î¥É §´ Î¥´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¨ ¨É¥· Í¨μ´´Ò° · ¸Î¥É ±¨´¥É¨Î¥¸±μ°
Ô´¥·£¨¨ ¢Ò¢μ¤ . �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  ¶μ·Ö¤μ± · ¸Î¥É 
·¥¦¨³  · ¡μÉÒ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‘´ Î ²  ¶·μ¨§¢μ¤¨É¸Ö · ¸Î¥É
Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ ¶μ ¶·¨¡²¨¦¥´´μ° Ëμ·³Ê²¥

F0 =
c

2π · Rmn,out
·
√

1 − E2
0

(E0 + Estart,out)
2 , E0 = m0 · c2,

£¤¥ m0 Å ³ ¸¸  ¶μ±μÖ Î ¸É¨ÍÒ; c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; E0 Å Ô´¥·£¨Ö ¶μ±μÖ
Î ¸É¨ÍÒ; Rmn,out Å ¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨° · ¤¨Ê¸Ê ¢Ò¢μ¤  Rout; Estart,out Å · ¸Î¥É´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö
¢Ò¢μ¤ . ‚ ´ Î ²¥ ¨É¥· Í¨μ´´μ£μ Í¨±²  §´ Î¥´¨¥ Estart,out Ê¸É ´ ¢²¨¢ ¥É¸Ö
· ¢´Ò³ §´ Î¥´¨Õ É·¥¡Ê¥³μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤  Eout. � ¸Î¥É É¥-
μ·¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ ¸·¥¤´¥£μ · ¤¨Ê¸ 
§ ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ ¡¥§ ÊÎ¥É  Ë² ÉÉ¥·  ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¶·¨¡²¨-
¦¥´´μ° Ëμ·³Ê²¥
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Bis (r) =
m0 · w0

|q|
1√

1 −
(

rw0
c

)2
, w0 = 2πF0,

£¤¥ r Å ¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ; q Å § ·Ö¤ Î ¸É¨ÍÒ;
w0 Å Í¨±²¨Î¥¸± Ö Î ¸ÉμÉ  μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ. „ ²¥¥ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¸·¥¤-
´¥¥ É·¥¡Ê¥³μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¨ ¢Ò¡¨· ¥É¸Ö §´ Î¥´¨¥ · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨
Rw. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶μ¸²¥¤´¨³ μ¶·¥¤¥²Ö¥É¸Ö ±μ´±·¥É´μ¥ §´ Î¥´¨¥ ¸·¥¤-
´¥£μ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö. ‘μ¸É ¢²Ö¥É¸Ö § ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥£μ μ¸´μ¢-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¤²Ö ¢Ò¡· ´´μ£μ §´ Î¥´¨Ö
· ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨. ˆ¸Ìμ¤Ö ¨§ ¶μ²ÊÎ¥´´μ° § ¢¨¸¨³μ¸É¨ ´ Ìμ¤¨É¸Ö §´ Î¥-
´¨¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¤²Ö ±μ´±·¥É´μ£μ §´ Î¥´¨Ö ¸·¥¤´¥£μ É·¥¡Ê¥³μ£μ
³ £´¨É´μ£μ ¶μ²Ö. Š ± ¶· ¢¨²μ, · ¸¸Î¨É ´´Ò° Éμ± ¢ £² ¢´μ° ± ÉÊÏ±¥ ´¥ ¸μ-
μÉ¢¥É¸É¢Ê¥É ¶μ ¸¢μ¥³Ê §´ Î¥´¨Õ ´ ¡μ·Ê Éμ±μ¢, ¶·¨ ±μÉμ·ÒÌ ¶·μ¨§¢μ¤¨²¨¸Ó
¨§³¥·¥´¨Ö ± ·É μ¸´μ¢´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°. �μÔÉμ³Ê ¤²Ö · ¸Î¥É  ¨§μÌ·μ´-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¸ ÊÎ¥Éμ³ Ë² ÉÉ¥·  ¶μ ¨É¥· Í¨μ´´μ° ¶·μÍ¥¤Ê·¥, μ¶¨-
¸ ´´μ° Œ.Œ. ƒμ·¤μ´μ³ ¢ [4], ¨ ¶μ¸²¥¤ÊÕÐ¥£μ ¶¥·¥¸Î¥É  §´ Î¥´¨Ö Éμ±  ¢ £² ¢-
´μ° ± ÉÊÏ±¥ ¶·μ¨§¢μ¤¨É¸Ö ¨´É¥·¶μ²ÖÍ¨Ö ± ·ÉÒ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¤²Ö · ¸¸Î¨É ´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. 	É  ¨´É¥·¶μ²ÖÍ¨Ö μ¸´μ-
¢Ò¢ ¥É¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¨´É¥·¶μ²ÖÍ¨μ´´μ£μ ¶μ²¨´μ³  ‹ £· ´¦  ¢Éμ·μ°
¸É¥¶¥´¨. ’μ± ¢ £² ¢´μ° ± ÉÊÏ±¥ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ εImc .
�μ¸²¥ · ¸Î¥É  Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¶·μ¨§¢μ¤¨É¸Ö ¨´É¥·¶μ²ÖÍ¨Ö ³ ±¸¨-
³ ²Ó´ÒÌ ¢±² ¤μ¢ ¢¸¥Ì ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥
¤²Ö · ¸¸Î¨É ´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. 	É  ¨´É¥·¶μ²ÖÍ¨Ö É ±¦¥
μ¸´μ¢Ò¢ ¥É¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¨´É¥·¶μ²ÖÍ¨μ´´μ£μ ¶μ²¨´μ³  ‹ £· ´¦  ¢Éμ-
·μ° ¸É¥¶¥´¨. „ ²¥¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´Ò° · ¸Î¥É §´ Î¥´¨° Éμ±μ¢
¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì Itc,i, i = 1 ∼ m, ¸ ÉμÎ´μ¸ÉÓÕ εItc . � ¸Î¥É ±μ´¥Î-
´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤  ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¸²¥¤ÊÕÐ¥° ¶·¨¡²¨¦¥´´μ°
Ëμ·³Ê²¥:

Eend,out =
√(

Bmn,outRev,out|q|c
)2

+ E2
0 − E0, E0 = m0c

2,

Rev,out = rev(Rmn,out),

£¤¥ Rev,out Å · ¤¨Ê¸ Ô±¢¨¢ ²¥´É´μ° μ·¡¨ÉÒ, ±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É § ³±´Ê-
Éμ° · ¢´μ¢¥¸´μ° μ·¡¨É¥ ¸μ ¸·¥¤´¨³ · ¤¨Ê¸μ³ Rmn,out, · ¢´Ò³ · ¤¨Ê¸Ê ¢Ò¢μ¤ 
Rout; Bmn,out Å ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´  ¸·¥¤´¥³ · ¤¨Ê¸¥ § ³±´ÊÉμ° · ¢-
´μ¢¥¸´μ° μ·¡¨ÉÒ Rmn,out; q Å § ·Ö¤ Î ¸É¨ÍÒ. � ¸Î¥É · ¤¨Ê¸  Ô±¢¨¢ ²¥´É´μ°
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μ·¡¨ÉÒ ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¶·¨¡²¨¦¥´´μ° Ëμ·³Ê²¥ [10]

rev(r)=r
{

1+
ε2

N

2(N2−k−1)(k+1)

(
2− N2

2(N2−k−1)
+ k +r

ε′N
εN

)
+

+
ε2

NN2

4(N2 − k − 1)2
}
,

εN =
BN

Bmn

, ε′N =
dεN

dr
, k = r

Bmn′

Bmn

, Bmn′ =
dBmn

dr
,

£¤¥ r Å ¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ; N Å ¶¥·¨μ¤¨Î´μ¸ÉÓ
³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò; BN Å  ³¶²¨ÉÊ¤  μ¸´μ¢´μ° £ ·³μ´¨±¨ ·¥§Ê²ÓÉ¨·ÊÕ-
Ð¥£μ ³ £´¨É´μ£μ ¶μ²Ö; Bmn Å ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥; εN Å ´μ·³¨·μ¢ ´´ Ö
¸·¥¤´¨³ ³ £´¨É´Ò³ ¶μ²¥³  ³¶²¨ÉÊ¤  μ¸´μ¢´μ° £ ·³μ´¨±¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ
³ £´¨É´μ£μ ¶μ²Ö; k Å ¨´¤¥±¸ ³ £´¨É´μ£μ ¶μ²Ö. �·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ · ¸Î¥É-
´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¢Ò¢μ¤  Estart,out, ¨¸¶μ²Ó§ÊÕÐ Ö¸Ö ¢  ´ ²¨É¨Î¥¸±μ°
Ëμ·³Ê²¥ · ¸Î¥É  Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ, ¶¥·¥¸Î¨ÉÒ¢ ¥É¸Ö:

ΔEout = Eend,out − Eout, E∗
start,out = Estart,out − ΔEout,

Estart,out = E∗
start,out.

�·¨¡²¨¦¥´¨¥ ±μ´¥Î´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤  Eend,out ± É·¥¡Ê¥³μ°
±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤  Eout μÍ¥´¨¢ ¥É¸Ö ¸ ÉμÎ´μ¸ÉÓÕ εE . ˆÉ¥· Í¨μ´-
´Ò° ³¥Éμ¤ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨-
±²μÉ·μ´  ¶μ§¢μ²Ö¥É ¶·μ¨§¢μ¤¨ÉÓ · ¸Î¥É ± ± ¤²Ö § ¤ ´´μ° Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö
Î ¸É¨ÍÒ, É ± ¨ ¤²Ö § ¤ ´´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò¢μ¤ .

3. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚

�¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  AIC144
¶·¥¤´ §´ Î¥´ ¤²Ö μ¡²ÊÎ¥´¨Ö ³¥² ´μ³Ò £² §  ¶ Í¨¥´É  ¶ÊÎ±μ³ ¶·μÉμ´μ¢ ¸ ±¨-
´¥É¨Î¥¸±μ° Ô´¥·£¨¥° ¢ ± ³¥·¥ μ¡²ÊÎ¥´¨Ö μ±μ²μ 60 ŒÔ‚ ¨ Éμ±μ³ 10 ´�. �μ-
É¥·¨ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ É· ±É¥ É· ´¸¶μ·É¨·μ¢±¨
¶ÊÎ±  μÉ ¸¨¸É¥³Ò ¢Ò¢μ¤  ¤μ £² §  ¶ Í¨¥´É  ¸μ¸É ¢²ÖÕÉ μ±μ²μ 1,5 ŒÔ‚. � · -
³¥É·Ò Ëμ·³¨·μ¢ ´¨Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ AIC144 ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ
¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 4.

19 Ë¥¢· ²Ö 2007 £. ´  AIC144 ¡Ò² ¶·μ¢¥¤¥´ Ë¨§¨Î¥¸±¨° Ô±¸¶¥·¨³¥´É ¶μ
¶·μ¢¥·±¥ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ ÔÉμ£μ Í¨±²μ-
É·μ´ . Œμ¤¥²¨·μ¢ ´¨¥ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¨É¥· Í¨μ´´Ò³ ³¥Éμ¤μ³ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³ CYCMODE ¨ CAMP.
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’ ¡²¨Í  4. � · ³¥É·Ò Ëμ·³¨·μ¢ ´¨Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ

� · ³¥É· �¡μ§´ Î¥´¨¥ ‡´ Î¥´¨¥

’¨¶ Î ¸É¨Í p �·μÉμ´Ò

’·¥¡Ê¥³ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Eout 59, 5 ± 0, 5
¢Ò¢μ¤ , ŒÔ‚

Š· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö H 1

�¥·¨μ¤¨Î´μ¸ÉÓ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò N 4

„¨ ¶ §μ´ Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ Rbeg 0

³ £´¨É´μ£μ ¶μ²Ö, ³ Rend 0,595

� ¤¨Ê¸ · ¡μÎ¥° ÉμÎ±¨, ³ Rw 0,57

„¨ ¶ §μ´ Ëμ·³¨·μ¢ ´¨Ö R0 0

¡ ³¶ , ³ Rbump 0,16

� ¤¨Ê¸ ¢Ò¢μ¤ , ³ Rout 0,62

� ¤¨Ê¸ · ¸¶μ²μ¦¥´¨Ö ¶¥·¢μ£μ Rdef 0,629
´μ¦  ¤¥Ë²¥±Éμ· , ³ Rdef 0,629

�·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³Ò¥ §´ Î¥´¨Ö Éμ±  Imc,min ∼ Imc,max 100 ∼ 610 (600)
¢ £² ¢´μ° ± ÉÊÏ±¥, �

�·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³Ò¥ §´ Î¥´¨Ö Éμ±μ¢ Itc01,min, ..., Itc20,min Ä400 (Ä385)

¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì, � Itc01,max, ..., Itc20,max +400 (+385)

Œ¨´¨³ ²Ó´μ ¤μ¶Ê¸É¨³μ¥ §´ Î¥´¨¥ Qz,min 0,05
Î ¸ÉμÉÒ ¢¥·É¨± ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ
±μ²¥¡ ´¨° ¢ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì
· ¤¨Ê¸μ¢

Œ¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ Ë §μ¢μ£μ Δϕmin Ä0,5
¸¤¢¨£  Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í ¢ ¤¨ ¶ §μ´¥
· ¡μÎ¨Ì · ¤¨Ê¸μ¢, · ¤

” §μ¢Ò° ¸¤¢¨£ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í Δϕout 0 ± 0, 2
´  · ¤¨Ê¸¥ ¢Ò¢μ¤ , · ¤

‡´ Î¥´¨¥ Éμ±  ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ Ibeam 30 ± 5
¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ ¥£μ § ± ²±¨, ´�

‚ É ¡². 5 ¶·¨¢¥¤¥´Ò ±μ´¥Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  μ¸´μ¢´μ£μ ·¥¦¨³ 
· ¡μÉÒ AIC144∗.

∗‚¶μ¸²¥¤¸É¢¨¨ ·¥¦¨³ · ¡μÉÒ ¡Ò² ¶¥·¥¸Î¨É ´ ¸ ¶μ³μÐÓÕ ¶μ¸²¥¤´¥° ¢¥·¸¨¨ CYCMODE ¸
´¥§´ Î¨É¥²Ó´Ò³ ÊÉμÎ´¥´¨¥³ ·¥Ï¥´¨Ö.
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’ ¡²¨Í  5. �¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ AIC144

� · ³¥É· Frf , Ud, Imc, Itc01, Itc02, Itc03, Itc04, Itc05, Itc06, Itc07, Itc08,
ŒƒÍ ±‚ � � � � � � � � �

‚¥²¨Î¨´  26,25 65 593,519 0 167 0 6 137 Ä7 104 0

� · ³¥É· Itc09, Itc10, Itc11, Itc12, Itc13, Itc14, Itc15, Itc16, Itc17, Itc18, Itc19, Itc20,
� � � � � � � � � � � �

‚¥²¨Î¨´  Ä80 Ä178 Ä243 Ä267 Ä75 Ä230 Ä330 Ä385 Ä122 Ä156 Ä123 Ä166

� ¸Î¥É ¡Ò² ¢Ò¶μ²´¥´ ¸ ÉμÎ´μ¸ÉÓÕ εItc = 2e − 3 ¤²Ö μ¶·¥¤¥²¥´´μ° Î -
¸ÉμÉÒ ‚—-£¥´¥· Éμ· . ƒ· ´¨Î´Ò¥ Ê¸²μ¢¨Ö, ´ ±² ¤Ò¢ ¥³Ò¥ ´  · ¸¸Î¨ÉÒ¢ ¥³Ò¥
§´ Î¥´¨Ö Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì, ¡Ò²¨ Ê¸É ´μ¢²¥´Ò ´  Ê·μ¢´¥
±385 � ¤²Ö ¢¸¥Ì ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± §  ¨¸±²ÕÎ¥´¨¥³ ¶ÖÉ´ ¤Í Éμ°. �μ
É¥Ì´¨Î¥¸±¨³ ¶·¨Î¨´ ³ ¤²Ö ¶ÖÉ´ ¤Í Éμ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ £· ´¨Î-
´Ò¥ Ê¸²μ¢¨Ö ¡Ò²¨ Ê¸É ´μ¢²¥´Ò ´  Ê·μ¢´¥ ±330 �. ’μ± ¢ £² ¢´μ° ± ÉÊÏ±¥
·¥ ²Ó´μ ¸μ¸É ¢¨² Imc = 590 �,   ´ ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì Ud = 46 ±‚. ‚ ¸μ-
μÉ¢¥É¸É¢¨¨ ¸ · ¸¸Î¨É ´´Ò³ ·¥¦¨³μ³ · ¡μÉÒ ¡Ò²  ¶·μ¢¥¤¥´  ¨´É¥·¶μ²ÖÍ¨Ö
± ·ÉÒ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö. �μ¸²¥¤´ÖÖ ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¤²Ö
 ´ ²¨É¨Î¥¸±μ° μÍ¥´±¨ ¸³μ¤¥²¨·μ¢ ´´μ£μ μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ AIC144.

�¨¸. 3. �¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ³ £´¨É´μ¥ ¶μ²¥
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�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  ¢¨§Ê ²¨§ Í¨Ö ¨´É¥·¶μ²¨·μ¢ ´´μ° ± ·ÉÒ ·¥§Ê²ÓÉ¨·ÊÕ-
Ð¥£μ ³ £´¨É´μ£μ ¶μ²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ AIC144. �  ·¨¸. 4 ¶μ± § ´Ò
¸·¥¤´¥¥ É·¥¡Ê¥³μ¥ ¨ ¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´Ò¥ ¶μ²Ö.

�¨¸. 4. ‘·¥¤´¥¥ É·¥¡Ê¥³μ¥ ¨ ¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´Ò¥ ¶μ²Ö

‡¤¥¸Ó B0task Å ¸·¥¤´¥¥ É·¥¡Ê¥³μ¥ ³ £´¨É´μ¥ ¶μ²¥,   B0base Å ¸·¥¤´¥¥
μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥. �  ·¨¸. 5 ¶·¨¢¥¤¥´  μÏ¨¡±  ¸·¥¤´¥£μ ³ £´¨É´μ£μ
¶μ²Ö (§  ¨¸±²ÕÎ¥´¨¥³ ¡ ³¶ ). �´  · ¸¸Î¨ÉÒ¢ ¥É¸Ö ± ± · §´μ¸ÉÓ ³¥¦¤Ê ¸·¥¤-
´¨³ ³ £´¨É´Ò³ ¶μ²¥³ ¨ ¨§μÌ·μ´´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ ¢ § ¤ ´´μ³ ¤¨ ¶ §μ´¥
Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ Rbeg ¤μ Rend.

ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ μÏ¨¡±  ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö · ¸¶·¥¤¥²¥´ 
¸¨³³¥É·¨Î´μ μÉ´μ¸¨É¥²Ó´μ 0 ƒ¸. �  ·¨¸. 6 ¶·¥¤¸É ¢²¥´Ò Î ¸ÉμÉÒ £μ·¨§μ´-
É ²Ó´ÒÌ ¨ ¢¥·É¨± ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨° Qr ¨ Qz ¸μμÉ¢¥É¸É¢¥´´μ. � ¸-
Î¥É´Ò¥ Ëμ·³Ê²Ò ¶·¨¢¥¤¥´Ò ¢ [5].

‚¨¤´μ, ÎÉμ §´ Î¥´¨¥ Î ¸ÉμÉÒ ¢¥·É¨± ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨° Qz ´¥
´¨¦¥ ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³μ£μ §´ Î¥´¨Ö 0,05 ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · -
¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö Î ¸É¨Í μÉ Rbeg ¤μ Rout. �  ·¨¸. 7 ¶·¥¤¸É ¢²¥´μ Ë §μ¢μ¥
¤¢¨¦¥´¨¥ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ Δϕ. � ¸Î¥É´ÊÕ Ëμ·³Ê²Ê ¸³. ¢ [6].

ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ Ë §μ¢Ò° ¸¤¢¨£ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í Δϕout ´  · ¤¨-
Ê¸¥ ¢Ò¢μ¤  Rout ¶·¨³¥·´μ ¸μμÉ¢¥É¸É¢Ê¥É 0 £· ¤. �  ·¨¸. 8 ¶·¥¤¸É ¢²¥´ ¨§³¥-
·¥´´Ò° Éμ± ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢. ” §μ¢Ò¥ ¶μÉ¥·¨ Éμ±  ¶ÊÎ±  Ê¸±μ·¥´-
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�¨¸. 5. �Ï¨¡±  ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö

�¨¸. 6. — ¸ÉμÉÒ £μ·¨§μ´É ²Ó´ÒÌ ¨ ¢¥·É¨± ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨°
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�¨¸. 7. ” §μ¢μ¥ ¤¢¨¦¥´¨¥ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢

�¨¸. 8. ˆ§³¥·¥´´Ò° Éμ± ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢
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´ÒÌ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ ¥£μ § ± ²±¨ μÉ Rq ¤μ Rout (Qz > 0, 15) ¸μ¸É ¢²ÖÕÉ
∼ 1, 5 ´� (∼ 5%), ÎÉμ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì ÉμÎ´μ¸É¨ ¨§³¥·¥´¨Ö Éμ±  ¶ÊÎ± 
ΔI = ±5 ´�.

�ÊÎμ± Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ AIC144, ¶μ²ÊÎ¥´-
´Ò° ¢ Ô±¸¶¥·¨³¥´É¥, ¶·μ¢¥¤¥´´μ³ 19 Ë¥¢· ²Ö 2007 £. ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö
¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  (¡¥§ Ô³¶¨·¨Î¥¸±μ° ¶μ¤¸É·μ°±¨ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥-
¸±¨Ì ± ÉÊÏ± Ì), ¶·μÌμ¤¨É ¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ Ë §μ¢ÒÌ ¶μÉ¥·Ó ´  ±μ´¥Î´ÒÌ
· ¤¨Ê¸ Ì Ê¸±μ·¥´¨Ö ´  2 ¸³ ¤ ²ÓÏ¥, Î¥³  ´ ²μ£¨Î´Ò° ¶ÊÎμ±, ¶μ²ÊÎ¥´´Ò° ¢
Ô±¸¶¥·¨³¥´É¥, ¶·μ¢¥¤¥´´μ³ 5 Ë¥¢· ²Ö 2007 £. ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö É· -
¤¨Í¨μ´´μ£μ ³¥Éμ¤  ¸ ¤¢Ê³Ö · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¨É¥· Í¨Ö³¨ ¨ ¸
¶μ¸²¥¤ÊÕÐ¥° Ô³¶¨·¨Î¥¸±μ° ¶μ¤¸É·μ°±μ° Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ-
± Ì.

‡�Š‹	—…�ˆ…

Š ± ¶μ± § ² ·Ö¤ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¶μ Ê¸±μ·¥´¨Õ ¢´ÊÉ·¥´´¨Ì
¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° ¢Ò¢μ¤  ¢ ¤¨ ¶ §μ´¥ μÉ 30 ¤μ 60 ŒÔ‚ [4, 5], ¢Ò¶μ²-
´¥´´ÒÌ ´  ³´μ£μÍ¥²¥¢μ³ ¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ AIC144, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
´μ¢μ£μ ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ, ¢ μÉ²¨Î¨¥ μÉ
É· ¤¨Í¨μ´´μ£μ, ¤²Ö ¶μ²ÊÎ¥´¨Ö ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¸ § ¤ ´-
´Ò³¨ ¶ · ³¥É· ³¨ ´¥ ´Ê¦´μ ¶·μ¨§¢μ¤¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ± ·É
³ £´¨É´ÒÌ ¶μ²¥°. Š·μ³¥ Éμ£μ, ¢·¥³Ö ¶·μ¢μ¤±¨ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  Ê¸±μ·¥´-
´ÒÌ ¨μ´μ¢ ¶μ¸²¥ Ê¸É ´μ¢±¨ ¸³μ¤¥²¨·μ¢ ´´μ£μ ·¥¦¨³  · ¡μÉÒ ´  Í¨±²μÉ·μ´¥
§´ Î¨É¥²Ó´μ ¸μ±· Ð ¥É¸Ö ¨ ¸μ¸É ¢²Ö¥É ¶μ·Ö¤±  10 ³¨´, É ± ± ± ¢´ÊÉ·¥´´¨°
¶ÊÎμ± Ê¸±μ·Ö¥É¸Ö ¡¥§ Ô³¶¨·¨Î¥¸±μ° ¶μ¤¸É·μ°±¨ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì
± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö,   É ±¦¥ ¡¥§ Ô³¶¨·¨Î¥¸±μ°
¶μ¤¸É·μ°±¨ Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ· . �·¨ ÔÉμ³ Ë §μ¢Ò¥ ¶μÉ¥·¨ Éμ±  ¶ÊÎ± 
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¢ ¤¨ ¶ §μ´¥ ¥£μ § ± ²±¨ §´ Î¨É¥²Ó´μ ¸μ±· Ð ÕÉ¸Ö §  ¸Î¥É
¡μ²¥¥ ± Î¥¸É¢¥´´μ£μ Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö. ˆÉ¥· Í¨-
μ´´Ò° ³¥Éμ¤ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ±μ¸¢¥´´μ° μÍ¥´±¨ ± Î¥¸É¢  ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ
Î¥·¥§ μÍ¥´±Ê ¸Ìμ¤¨³μ¸É¨ ·¥Ï¥´¨Ö. ‚ Í¥²μ³ ¨¸¶μ²Ó§μ¢ ´¨¥ ¨É¥· Í¨μ´´μ£μ
³¥Éμ¤  ¶μ§¢μ²Ö¥É ¸Ô±μ´μ³¨ÉÓ · ¡μÎ¥¥ ¢·¥³Ö ¨ μ¡²¥£Î¨ÉÓ · ¡μÉÊ ± ± μ¶¥-
· Éμ· , É ± ¨ ¢¸¥£μ μ¡¸²Ê¦¨¢ ÕÐ¥£μ ¶¥·¸μ´ ²  ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ
Í¨±²μÉ·μ´ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ, £· ´É º 07-01-
00738.
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