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“²ÊÎÏ¥´´ Ö ³¥Éμ¤¨±  ³ É¥³ É¨Î¥¸±μ£μ ¨ ±μ³¶ÓÕÉ¥·´μ£μ
³μ¤¥²¨·μ¢ ´¨Ö É·¥¡Ê¥³ÒÌ ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢ÒÌ
¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢

Œ É¥³ É¨Î¥¸±μ¥ ¨ ±μ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥-
¢ÒÌ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢ μ¸´μ¢Ò¢ ¥É¸Ö ´  · ¸Î¥É¥ §´ Î¥´¨° Éμ±μ¢ ¢ ±μ´Í¥´-
É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö (Ii, i = 1, 2 . . . z)
¤²Ö μ¶·¥¤¥²¥´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ (Imain). �Ö¤ Î¨¸²¥´´ÒÌ ¨
Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ³μ¤¥²¨·μ¢ ´¨Õ μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ ³´μ-
£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  AIC144 (ˆŸ” ���, Š· ±μ¢): Ê¸±μ·Ö¥³Ò¥
Î ¸É¨ÍÒ Å ¶·μÉμ´Ò (p), Ô´¥·£¨Ö ¢Ò¢¥¤¥´´ÒÌ ¶·μÉμ´μ¢ Å Eout ∼ 60,3/60,7 ŒÔ‚,
Î ¸ÉμÉ  ‚—-£¥´¥· Éμ·  Å Frf = 26,155/26,25 ŒƒÍ, ¶μ¤É¢¥·¤¨² ± ± ´¥μ¡Ìμ¤¨-
³μ¸ÉÓ ¢±²ÕÎ¥´¨Ö ¢ · ¸Î¥É μÍ¥´±¨ Ê¸Éμ°Î¨¢μ¸É¨ ·¥Ï¥´¨Ö, É ± ¨ ¢μ§³μ¦´μ¸ÉÓ
Ê¸¶¥Ï´μ£μ Ê¸±μ·¥´¨Ö ¶·μÉμ´μ¢ ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ ¶·¨ ¤μ¶Ê-
¸É¨³ÒÌ Ë §μ¢ÒÌ ¶μÉ¥·ÖÌ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ¨§μÌ·μ´¨§ Í¨¨ É·¥¡Ê-
¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö (¸ Ê³¥´ÓÏ¥´¨¥³ Éμ±  ¶ÊÎ±  ³¥´¥¥ 50%) ¡¥§ μ¸É ´μ¢±¨
Í¨±²μÉ·μ´  ¤²Ö ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¨§³¥·¥´¨°.
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Improved Technique of Mathematical and Computing Modeling
of Required Operation Modes for Multipurpose Isochronous Cyclotrons

The mathematical and computer modeling of required operation modes of mul-
tipurpose isochronous cyclotrons is presented. The considered procedure is based
on the calculation of currents in trim coils of correction of the main magnetic ˇeld
(Ii, i = 1, 2 . . . z) at a certain level of current in the main coil (Imain). A series of
numerical and physical experiments on modeling of the main operation mode of the
multipurpose isochronous cyclotron AIC144 (INP PAS, Krakow): accelarated parti-
cles are protons (p), extracted proton energy is Eout ∼ 60.3/60.7 MeV, RF-generator
frequency is Frf = 26.155/26.25 MHz, conˇrmed both the necessity of including the
evaluation of solution stability into the calculation, and the possibility of successful
accelerating of the protons in the whole range of working radii with the allowable
phase losses of accelerated protons in the isochronization range of required magnetic
ˇeld (with decreasing beam current less than 50%) without stopping the cyclotron
for performing the additional magnetic measurements.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems and at the Laboratory of Information Technologies, JINR.
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö μ¤´¨³ ¨§ ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´ÒÌ ´ ¶· ¢²¥´¨°
¢ μ¡² ¸É¨ · §¢¨É¨Ö Ê¸±μ·¨É¥²Ó´μ° É¥Ì´¨±¨ Ö¢²Ö¥É¸Ö · §· ¡μÉ± , ¶·μ¨§¢μ¤¸É¢μ
¨ Ô±¸¶²Ê É Í¨Ö ±μ³¶ ±É´ÒÌ ³´μ£μÍ¥²¥¢ÒÌ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢. �´¨ ´ -
Ìμ¤ÖÉ ¶·¨³¥´¥´¨¥ ± ± ¢ μ¡² ¸É¨ ´ ÊÎ´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (¶·μ¨§¢μ¤¸É¢μ · ¤¨μ-
¨§μÉμ¶μ¢ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢ Ö¤¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨, Ô²¥±É·μÖ¤¥·´ Ö Ô´¥·-
£¥É¨± ), É ± ¨ ¢ μ¡² ¸É¨ ³¥¤¨Í¨´Ò (¶·μ¨§¢μ¤¸É¢μ · ¤¨μ¨§μÉμ¶μ¢ ¤²Ö · §²¨Î-
´ÒÌ ¢¨¤μ¢ Éμ³μ£· Ë¨¨, ¶·μÉμ´´ Ö É¥· ¶¨Ö · ±μ¢ÒÌ μ¶ÊÌμ²¥°). �·¨³¥· ³¨
³´μ£μÍ¥²¥¢ÒÌ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¨¸¶μ²Ó§μ¢ -
´¨Ö ¢ ³¥¤¨Í¨´¸±¨Ì Í¥²ÖÌ, ³μ£ÊÉ ¸²Ê¦¨ÉÓ ± ± Ê¦¥ ¶μ¸É·μ¥´´Ò¥ Í¨±²μÉ·μ´Ò
(AIC144, · ¸¶μ²μ¦¥´´Ò° ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ �μ²Ó¸±μ°  ± ¤¥³¨¨
´ Ê± (ˆŸ” ���) ¢ Š· ±μ¢¥ (�μ²ÓÏ ) [1, 2]), É ± ¨ ¸É·μÖÐ¨¥¸Ö ¢ ´ ¸ÉμÖ-
Ð¥¥ ¢·¥³Ö (VINCY, · ¸¶μ²μ¦¥´´Ò° ¢ ¨´¸É¨ÉÊÉ¥ VINCA ¢ 	¥²£· ¤¥ (‘¥·-
¡¨Ö) [3, 4]). ‚ ± Î¥¸É¢¥ ±μ´±·¥É´μ£μ ¶·¨³¥·  ¢ ÔÉμ° ¸É ÉÓ¥ · ¸¸³ É·¨¢ ¥É¸Ö
³´μ£μÍ¥²¥¢μ° ¨§μÌ·μ´´Ò° Í¨±²μÉ·μ´ AIC144, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¶·μ¨§-
¢μ¤¸É¢  · ¤¨μ¨§μÉμ¶μ¢ ¨ ²¥Î¥´¨Ö ³¥² ´μ³Ò (· ±μ¢μ° μ¶ÊÌμ²¨) £² §  Ê ¶ Í¨-
¥´Éμ¢ ¡¥§μ¶¥· Í¨μ´´Ò³ ¶ÊÉ¥³ (μ¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ: ¶·μÉμ´Ò (p), Î ¸ÉμÉ 
‚—-£¥´¥· Éμ·  Frf = 26,155/26,25 ŒƒÍ, ´ ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì Ud = 56 ±‚).

–¨±²μÉ·μ´ ¨³¥¥É Î¥ÉÒ·¥Ì¸¥±Éμ·´ÊÕ ³ £´¨É´ÊÕ ¸É·Ê±ÉÊ·Ê ¸μ ¸¶¨· ²Ó-
´Ò³¨ Ï¨³³ ³¨ [2]. ’·¥¡Ê¥³μ¥ ³ £´¨É´μ¥ ¶μ²¥ Btask(r, θ) Ëμ·³¨·Ê¥É¸Ö ¢
¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö μÉ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¤μ ¸¨¸É¥³Ò
¢Ò¢μ¤  ¶ÊÎ±  ¨μ´μ¢ ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ ± ± ¸ ¶μ³μÐÓÕ £² ¢´μ° ± -
ÉÊÏ±¨, Ëμ·³¨·ÊÕÐ¥° μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ Bmain(r, θ), É ± ¨ ¸ ¶μ³μÐÓÕ
¢²μ¦¥´´ÒÌ ¤·Ê£ ¢ ¤·Ê£  ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £-
´¨É´μ£μ ¶μ²Ö, Ëμ·³¨·ÊÕÐ¨Ì ¢±² ¤Ò Bj(r, θ), j = 1, 2 . . . z, £¤¥ z Å ÔÉμ
Î¨¸²μ ¨³¥ÕÐ¨Ì¸Ö ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±. „²Ö AIC144 z = 20. ‚ ¨Éμ£¥
¸μ§¤ ¥É¸Ö ·¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ³ £´¨É´μ¥ ¶μ²¥ Bres(r, θ), ¢ ±μÉμ·μ³ ¨ ¶·μ¨§¢μ-
¤¨É¸Ö Ê¸±μ·¥´¨¥ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ¨μ´μ¢.

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò μ¶¥· Í¨μ´´μ£μ ·¥¦¨³  · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ
¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ´ ¡μ· §´ Î¥´¨° Éμ±μ¢ ¢ £² ¢´μ°
¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì, Î ¸ÉμÉÊ ‚—-£¥´¥· Éμ·  ¨ ´ ¶·Ö¦¥´¨¥ ´  ¤Ê-
 ´É Ì. Š ¤μ¶μ²´¨É¥²Ó´Ò³ ¶ · ³¥É· ³ μÉ´μ¸ÖÉ¸Ö Éμ±¨ ¢ £ ·³μ´¨Î¥¸±¨Ì ± -
ÉÊÏ± Ì ±μ··¥±Í¨¨ ¶¥·¢μ° ¨ μ¸´μ¢´μ° £ ·³μ´¨± ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ
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¶μ²Ö. ˆ¸±Ê¸¸É¢¥´´μ ¸μ§¤ ¢¥³ Ö ¶¥·¢ Ö £ ·³μ´¨±  ´¥ ¢²¨Ö¥É ´  §´ Î¥´¨¥ ¸·¥¤-
´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö · ¸± Î±¨ ¶ÊÎ±  ¨μ´μ¢ ´  ±μ´¥Î´ÒÌ
· ¤¨Ê¸ Ì Ê¸±μ·¥´¨Ö ¸ Í¥²ÓÕ Ê²ÊÎÏ¥´¨Ö · §¤¥²¥´¨Ö μ·¡¨É ¨ ¢Ò¢μ¤  ¶ÊÎ± 
Î¥·¥§ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· [5].

ˆ¸Ìμ¤´Ò¥ ¤ ´´Ò¥ ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö É¨¶ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í, ±¨´¥É¨Î¥-
¸±ÊÕ Ô´¥·£¨Õ Î ¸É¨Í ´  μ¶·¥¤¥²¥´´μ³ · ¤¨Ê¸¥ Ê¸±μ·¥´¨Ö ¨²¨ Î ¸ÉμÉÊ ‚—-
£¥´¥· Éμ· , · ¤¨Ê¸ · ¡μÎ¥° ÉμÎ±¨ (³¥¸É  ¶¥·¥¸¥Î¥´¨Ö ¸·¥¤´¥£μ μ¸´μ¢´μ£μ ¨
¸·¥¤´¥£μ É·¥¡Ê¥³μ£μ ³ £´¨É´ÒÌ ¶μ²¥° ¢ μ¡² ¸É¨ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢ Ê¸±μ·¥-
´¨Ö), ±· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö Î ¸É¨Í (μÉ´μÏ¥´¨¥ Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ·  ± Î -
¸ÉμÉ¥ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ), ¶¥·¨μ¤¨Î´μ¸ÉÓ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò (Î¨¸²μ ³ £-
´¨É´ÒÌ ¸¥±Éμ·μ¢), ¤¨ ¶ §μ´ Ëμ·³¨·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö,  
É ±¦¥ ³ ¸±Ê ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É Ëμ·³Ê Í¥´-
É· ²Ó´μ£μ ¡ ³¶  ¨ ±· ¥¢μ£μ ³ £´¨É´μ£μ ¶μ²Ö [5]. Š·μ³¥ Éμ£μ, ± ¨¸Ìμ¤´Ò³
¤ ´´Ò³ μÉ´μ¸¨É¸Ö ´ ¡μ· ¨§³¥·¥´´ÒÌ ¨²¨ · ¸cÎ¨É ´´ÒÌ ± ·É ³ £´¨É´ÒÌ ¶μ-
²¥°: μ¸´μ¢´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° Bmain(r, θ) μÉ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¨ ¤μ-
¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° Badd(r, θ) μÉ ³ ±¸¨³ ²Ó´μ£μ Éμ±  ¢ ± ¦¤μ°
¨§ μÉ¤¥²Ó´μ ¢§ÖÉÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¤²Ö ± ¦¤μ£μ μ¶·¥¤¥²¥´´μ£μ
Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. ˆ§³¥·¥´¨Ö ± ·É ³ £´¨É´ÒÌ ¶μ²¥° ¶·μ¨§¢μ-
¤ÖÉ¸Ö ¸ μ¶·¥¤¥²¥´´Ò³¨ Ï £ ³¨ ¶μ · ¤¨Ê¸Ê ΔRms ¨  §¨³ÊÉÊ Δθms. � §´μ¸ÉÓ
³¥¦¤Ê ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¤μ¶μ²´¨É¥²Ó´Ò³ ¨ μ¸´μ¢´Ò³ ³ £´¨É´Ò³¨ ¶μ²Ö³¨
¸μ¸É ¢²Ö¥É ³ ±¸¨³ ²Ó´Ò° ¢±² ¤ · ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨
Bj,max(r, θ), j = 1, 2 . . . z, ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ Bmain(r, θ). ‘·¥¤´¨¥
³ £´¨É´Ò¥ ¶μ²Ö (¸ Ê¸·¥¤´¥´¨¥³ ¶μ  §¨³ÊÉÊ) · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶μ ¸²¥¤ÊÕÐ¥°
μ¡Ð¥° Ëμ·³Ê²¥:

B̄index(r) =
1
2π

+π∫
−π

Bindex(r, θ)dθ. (1)

ˆ§μÌ·μ´´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¢ ´ Î ²Ó´μ³ ¶·¨¡²¨¦¥´¨¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶μ
¸²¥¤ÊÕÐ¥°  ´ ²¨É¨Î¥¸±μ° Ëμ·³Ê²¥ (¢Ò¢μ¤ Ëμ·³Ê²Ò ´  μ¸´μ¢¥ [5]):

B̄is(r) =
m0ω0

q

(
1 − r2

(c/ω0)
2

)− 1
2

, ω0 = 2πF0, (2)

£¤¥ ω0 Å ±·Ê£μ¢ Ö Î ¸ÉμÉ  μ¡· Ð¥´¨Ö Î ¸É¨Í; q Å § ·Ö¤ Î ¸É¨ÍÒ; r Å
¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ. ‚ ¤ ²Ó´¥°Ï¥³ ¨§μÌ·μ´´μ¥
³ £´¨É´μ¥ ¶μ²¥ ¶¥·¥¸Î¨ÉÒ¢ ¥É¸Ö ´  μ¸´μ¢¥  ²£μ·¨É³  ƒμ·¤μ´  [6] ¸ ÊÎ¥Éμ³
¢²¨Ö´¨Ö  §¨³ÊÉ ²Ó´μ° ¢ ·¨ Í¨¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö ´  É· ¥±-
Éμ·¨Õ ¤¢¨¦¥´¨Ö Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í. ‚ ¸²ÊÎ ¥ § ¤ ´¨Ö ¢ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ
¤ ´´ÒÌ §´ Î¥´¨Ö ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´  μ¶·¥¤¥²¥´´μ³ · ¤¨Ê¸¥ Ê¸±μ·¥´¨Ö
· ¸Î¥É Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨Í ¢ ´ Î ²Ó´μ³ ¶·¨¡²¨¦¥´¨¨ ¢Ò¶μ²´Ö¥É¸Ö ¶μ
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¸²¥¤ÊÕÐ¥°  ´ ²¨É¨Î¥¸±μ° Ëμ·³Ê²¥ (¢Ò¢μ¤ Ëμ·³Ê²Ò ´  μ¸´μ¢¥ [5]):

F0 =
c

2πRk

√
1 − E2

0

(E0 + Ek)2
, E0 = m0c

2, (3)

£¤¥ E0 Å Ô´¥·£¨Ö ¶μ±μÖ Î ¸É¨ÍÒ; m0, c Å ³ ¸¸  ¶μ±μÖ Î ¸É¨ÍÒ ¨ ¸±μ·μ¸ÉÓ
¸¢¥É ; Ek Å ¨¸Ìμ¤´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Î ¸É¨ÍÒ, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö μ¶·¥-
¤¥²¥´´μ³Ê ¸·¥¤´¥³Ê · ¤¨Ê¸Ê § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ Rk. ‚ ¤ ²Ó´¥°-
Ï¥³ Î ¸ÉμÉ  μ¡· Ð¥´¨Ö Î ¸É¨Í ¶¥·¥¸Î¨ÉÒ¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ (3) ¸ ¢´¥¸¥´¨¥³
´¥μ¡Ìμ¤¨³μ° ¶μ¶· ¢±¨ ¢ ¨¸Ìμ¤´ÊÕ ±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ Î ¸É¨ÍÒ. ‚ ¸²ÊÎ ¥
§ ¤ ´¨Ö §´ Î¥´¨Ö Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ·  · ¸Î¥É Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨Í
¢Ò¶μ²´Ö¥É¸Ö ¶μ ¸²¥¤ÊÕÐ¥° Ëμ·³Ê²¥ [5]:

F0 =
Frf

H
, (4)

£¤¥ Frf Å Î ¸ÉμÉ  ‚—-£¥´¥· Éμ· ; H Å ±· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö Î ¸É¨Í.
Œ ¸±  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö B̄mask(r) Å ÔÉμ ¸Ê³³  ¸·¥¤´¥£μ

³ £´¨É´μ£μ ¶μ²Ö Í¥´É· ²Ó´μ£μ ¡ ³¶  B̄bump(r) ¨ ¸·¥¤´¥£μ ±· ¥¢μ£μ ³ £-
´¨É´μ£μ ¶μ²Ö B̄edge(r). ”μ·³  Í¥´É· ²Ó´μ£μ ¡ ³¶  μ¶·¥¤¥²Ö¥É¸Ö · ¸Î¥É´μ-
Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¶ÊÉ¥³. –¥´É· ²Ó´Ò° ¡ ³¶ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¤¢ÊÌ Í¥²ÖÌ:
¢μ-¶¥·¢ÒÌ, ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¢¥·É¨± ²Ó´μ° Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±  ¨μ´μ¢ ´  ´ -
Î ²Ó´ÒÌ · ¤¨Ê¸ Ì Ê¸±μ·¥´¨Ö ¤μ · ¤¨Ê¸ , ´  ±μÉμ·μ³ ¸É ´μ¢¨É¸Ö § ³¥É´Ò³
¤¥°¸É¢¨¥  §¨³ÊÉ ²Ó´μ° ¢ ·¨ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö [5]; ¢μ-¢Éμ·ÒÌ, ¤²Ö μ¡¥¸-
¶¥Î¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ Ë §μ¢μ£μ ¸¤¢¨£  Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í, ¶μ§¢μ²ÖÕÐ¥£μ
μ¸ÊÐ¥¸É¢²ÖÉÓ ¢Ò¢μ¤ ¶ÊÎ±  ¢ ±· ¥¢μ³ ³ £´¨É´μ³ ¶μ²¥ Î¥·¥§ Ô²¥±É·μ¸É É¨-
Î¥¸±¨° ¤¥Ë²¥±Éμ· É ±¨³ μ¡· §μ³, ÎÉμ¡Ò §´ Î¥´¨¥ Ë §μ¢μ£μ ¸¤¢¨£  Δϕ ´ 
¢Ìμ¤¥ ¢ ¶μ¸²¥¤´¨° ¡Ò²μ ¶·¨³¥·´μ · ¢´μ 0◦ [7]. ”μ·³  ±· ¥¢μ£μ ³ £´¨É´μ£μ
¶μ²Ö μ¶·¥¤¥²Ö¥É¸Ö · ¸Î¥É´Ò³ ¶ÊÉ¥³. ‘ μ¤´μ° ¸Éμ·μ´Ò, ±· ¥¢μ¥ ³ £´¨É´μ¥
¶μ²¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ° ¢¥·É¨± ²Ó´μ° Ëμ±Ê¸¨-
·μ¢±¨ ¶ÊÎ±  ¨μ´μ¢ ´  ±μ´¥Î´ÒÌ · ¤¨Ê¸ Ì Ê¸±μ·¥´¨Ö. 
Éμ Ö¢²Ö¥É¸Ö μ¸μ¡¥´´μ
¶μ²¥§´Ò³, ±μ£¤  ¶μ¸²¥¤´ÖÖ ´¥ ¤μ¸É¨£ ¥É¸Ö ¢ ¤ ´´μ° μ¡² ¸É¨ §  ¸Î¥É μ¤´μ°
Éμ²Ó±μ  §¨³ÊÉ ²Ó´μ° ¢ ·¨ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö [5]. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ±· -
¥¢μ¥ ³ £´¨É´μ¥ ¶μ²¥ ±μ··¥±É¨·Ê¥É¸Ö ¸ ¶μ³μÐÓÕ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±
É ±¨³ μ¡· §μ³, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ± ± ³μ¦´μ ¡μ²ÓÏ¨° ¶μ  ¡¸μ²ÕÉ´μ° ¢¥²¨-
Î¨´¥ μÉ·¨Í É¥²Ó´Ò° Ë §μ¢Ò° ¸¤¢¨£ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í ´  · ¤¨Ê¸¥ § ¡·μ¸ 
¶ÊÎ±  ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· [7]. �  Ëμ·³¨·μ¢ ´¨¥ ± ± Í¥´É· ²Ó-
´μ£μ ¡ ³¶ , É ± ¨ ±· ¥¢μ£μ ³ £´¨É´μ£μ ¶μ²Ö ´ ±² ¤Ò¢ ÕÉ¸Ö μ£· ´¨Î¥´¨Ö, ¸¢Ö-
§ ´´Ò¥ ¸ Ë¨§¨Î¥¸±¨³¨ ¢μ§³μ¦´μ¸ÉÖ³¨ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ··¥±Í¨¨
μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, μ¶·¥¤¥²Ö¥³Ò³¨ ´  ÔÉ ¶¥ ¶·μ¥±É¨·μ¢ ´¨Ö Í¨±²μ-
É·μ´ . „²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ AIC144 ³ ¸±  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ
¶μ²Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1.
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�¨¸. 1. Œ ¸±  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö

‡¤¥¸Ó Rbump = 0,155 ³ Å · ¤¨Ê¸ ±μ´Í  Í¥´É· ²Ó´μ£μ ¡ ³¶ ; Rwork =
0,56 ³ Å · ¤¨Ê¸ · ¡μÎ¥° ÉμÎ±¨; Redge = 0,595 ³ Å · ¤¨Ê¸ ´ Î ²  ±· -
¥¢μ£μ ³ £´¨É´μ£μ ¶μ²Ö; Rext = 0,62 ³ Å · ¤¨Ê¸ § ¡·μ¸  ¶ÊÎ±  ¢ Ô²¥±-
É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· (· ¤¨Ê¸ Ô±¸É· ±Í¨¨ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¨μ´μ¢);
Rseptum = 0,635 ³ Å · ¤¨Ê¸ · ¸¶μ²μ¦¥´¨Ö ¸¥¶ÉÊ³  (¶¥·¢μ£μ ´μ¦ ) Ô²¥±-
É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ· .

Œ�ƒ�ˆ’�›… ��‹Ÿ

Œ É¥³ É¨Î¥¸±μ¥ ¨ ±μ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ É·¥¡Ê¥³μ£μ ·¥¦¨³  · -
¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ´ Î¨´ ¥É¸Ö ¸ § ¤ ´¨Ö ¨¸Ìμ¤´ÒÌ
¤ ´´ÒÌ: É¨¶  Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í, ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ Î ¸É¨Í ´  μ¶·¥-
¤¥²¥´´μ³ · ¤¨Ê¸¥ Ê¸±μ·¥´¨Ö ¨²¨ Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ· , §´ Î¥´¨Ö · ¤¨Ê¸ 
· ¡μÎ¥° ÉμÎ±¨ ¨ É. ¤. “¤ Î´Ò° ¢Ò¡μ· §´ Î¥´¨Ö · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ ¢ μ¡² -
¸É¨ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö ¶μ§¢μ²Ö¥É · ¸¸Î¨É ÉÓ É ±μ° Éμ± ¢ £² ¢-
´μ° ± ÉÊÏ±¥, ±μÉμ·Ò° μ¡¥¸¶¥Î¨¢ ¥É μ¶É¨³ ²Ó´ÊÕ Ê¸Éμ°Î¨¢μ¸ÉÓ É·¥¡Ê¥³μ£μ
·¥¦¨³  · ¡μÉÒ. „²Ö · ¸Î¥É  Éμ±μ¢ ¢ ± ÉÊÏ± Ì Í¨±²μÉ·μ´  ¡¥·ÊÉ¸Ö ± ·ÉÒ
μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ¨§³¥·¥´´Ò¥ ¤²Ö É·¥Ì Ê·μ¢´¥° Éμ±  ¢ £² ¢´μ°
± ÉÊÏ±¥,   É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ± ·ÉÒ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°.
�μ¸±μ²Ó±Ê ¶·μÍ¥¸¸ ¨§³¥·¥´¨Ö μ¤´μ° ± ·ÉÒ ³ £´¨É´μ£μ ¶μ²Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ
Î¨¸²  ÉμÎ¥± ¨§³¥·¥´¨Ö ³μ¦¥É § ´¨³ ÉÓ μÉ ´¥¸±μ²Ó±¨Ì Î ¸μ¢ ¤μ μ¤´¨Ì ¸ÊÉμ±,
¶·μ¢¥¤¥´¨¥ ¢¸¥Ì ´¥μ¡Ìμ¤¨³ÒÌ ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ¢ É¥Î¥´¨¥ μ¤´μ£μ ¸¥-
 ´¸  · ¡μÉÒ Í¨±²μÉ·μ´  ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³. �μÔÉμ³Ê ¤²Ö ± ¦¤μ£μ
§ ¤¥°¸É¢μ¢ ´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¶·μ¨§¢μ¤ÖÉ¸Ö ³ £´¨É´Ò¥ ¨§-
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³¥·¥´¨Ö μ¸´μ¢´μ£μ ¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¢ Í¥´É·¥ Í¨±²μÉ·μ´ 
¢ É¥Î¥´¨¥ μ¤´μ£μ ¸¥ ´¸  · ¡μÉÒ Ê¸±μ·¨É¥²Ö ¸ Í¥²ÓÕ ± ²¨¡·μ¢±¨ ¸·¥¤´¨Ì
³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥
¶μ²¥. Š ²¨¡·μ¢±  ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ¨ÉÓ μÏ¨¡±¨ ³ £´¨É´ÒÌ ¨§³¥·¥´¨°, ¢μ§-
´¨± ÕÐ¨¥ ¶·¨ μÎ¥·¥¤´ÒÌ ¢±²ÕÎ¥´¨ÖÌ Í¨±²μÉ·μ´  ¨§-§  ¢²¨Ö´¨Ö μ¸É ÉμÎ´μ°
´ ³ £´¨Î¥´´μ¸É¨ ¦¥²¥§  £² ¢´μ£μ ³ £´¨É .

�·μÍ¥¸¸ ¶¥·¢¨Î´μ° ± ²¨¡·μ¢±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¢±² ¤  ± ¦¤μ°
±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ § ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³. ˆ§³¥·ÖÕÉ¸Ö μ¸´μ¢´μ¥
¨ ¤μ¶μ²´¨É¥²Ó´μ¥ ³ £´¨É´Ò¥ ¶μ²Ö ¢ Í¥´É·¥ Í¨±²μÉ·μ´  ¤²Ö μÉ¤¥²Ó´μ ¢§ÖÉμ°
±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨. �μÉμ³ ¡¥·¥É¸Ö · §´¨Í  ³¥¦¤Ê ¢Éμ·Ò³ ¨ ¶¥·¢Ò³
§´ Î¥´¨Ö³¨, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ¢±² ¤  · ¸¸³ É·¨-
¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ ¤ ´´μ° ÉμÎ±¥. „ ²¥¥ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶μ-
¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É ± ± μÉ´μÏ¥´¨¥ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¢±² ¤  ¢
Í¥´É·¥ Í¨±²μÉ·μ´ , ¶μ²ÊÎ¥´´μ£μ ¨§ ¶μ²´μ³ ¸ÏÉ ¡´μ£μ ¨§³¥·¥´¨Ö ± ·É ³ £-
´¨É´ÒÌ ¶μ²¥°, ± ¸·¥¤´¥³Ê ³ £´¨É´μ³Ê ¶μ²Õ ¢±² ¤ , ¶μ²ÊÎ¥´´μ³Ê ¨§ ³ £´¨É-
´ÒÌ ¨§³¥·¥´¨°, ¶·μ¢¥¤¥´´ÒÌ Éμ²Ó±μ ¢ μ¤´μ° ÉμÎ±¥. ‡ É¥³ ¸·¥¤´¥¥ ³ £´¨É´μ¥
¶μ²¥ ¢±² ¤  · ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¶¥·¥¸Î¨ÉÒ¢ ¥É¸Ö ¸
ÊÎ¥Éμ³ ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ · ¤¨Ê¸μ¢ ¨§³¥·¥´¨Ö
± ·É ³ £´¨É´ÒÌ ¶μ²¥°. „ ´´Ò° ¶μ¤Ìμ¤ ¶·¨³¥´Ö¥É¸Ö ¤²Ö ± ¦¤μ° μÉ¤¥²Ó´μ
¢§ÖÉμ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¤²Ö ¢¸¥Ì § ¤¥°¸É¢μ¢ ´´ÒÌ Ê·μ¢´¥° Éμ±  ¢
£² ¢´μ° ± ÉÊÏ±¥.

�·μÍ¥¸¸ ¢Éμ·¨Î´μ° ± ²¨¡·μ¢±¨ ¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ § -
±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³. „²Ö ±μ´±·¥É´μ£μ ·¥¦¨³  · ¡μÉÒ ´  μ¸´μ¢¥ ¨³¥Õ-
Ð¨Ì¸Ö ± ·É ³ £´¨É´ÒÌ ¶μ²¥° Ëμ·³¨·Ê¥É¸Ö ± ·É  ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É-
´μ£μ ¶μ²Ö. �μÉμ³ ¡¥·¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¨§³¥·¥´´ Ö ± ·É  ·¥§Ê²ÓÉ¨·Ê-
ÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö. �μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É · ¸¸Î¨ÉÒ¢ ¥É¸Ö É ±,
ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ´ ¨²ÊÎÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê ¸·¥¤´¨³ · ¸Î¥É´Ò³ ¨ ¸·¥¤-
´¨³ ¨§³¥·¥´´Ò³ ·¥§Ê²ÓÉ¨·ÊÕÐ¨³¨ ³ £´¨É´Ò³¨ ¶μ²Ö³¨ ¢ μ¡² ¸É¨ ¨§μÌ·μ´¨-
§ Í¨¨ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö. �·¨ ÔÉμ³ ³¨´¨³¨§¨·Ê¥É¸Ö ¨´É¥£· ²Ó´μ¥
§´ Î¥´¨¥ μÏ¨¡±¨ Ë §μ¢μ£μ ¤¢¨¦¥´¨Ö Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í (· §´μ¸É¨ ³¥¦¤Ê
¤¢Ê³Ö Ë §μ¢Ò³¨ ¤¢¨¦¥´¨Ö³¨, · ¸¸Î¨É ´´Ò³¨ ´  · ¸Î¥É´μ° ¨ ¨§³¥·¥´´μ°
± ·É Ì ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö) [7]. �μ²ÊÎ¥´´Ò° ¶μ¶· ¢μÎ´Ò°
±μÔËË¨Í¨¥´É § ¤ ¥É¸Ö μ¤¨´ ¤²Ö ¢¸¥Ì ¶¥·¢¨Î´μ μÉ± ²¨¡·μ¢ ´´ÒÌ ¸·¥¤´¨Ì ³ £-
´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¤²Ö ¢¸¥Ì § ¤¥°¸É¢μ¢ ´´ÒÌ
Ê·μ¢´¥° Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. 	² £μ¤ ·Ö ¢¢¥¤¥´¨Õ ¢Éμ·¨Î´μ° ± ²¨¡·μ¢±¨
¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¶μÖ¢²Ö¥É¸Ö ¢μ§-
³μ¦´μ¸ÉÓ ¨§¡¥¦ ÉÓ ·Ö¤  · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨É¥· Í¨° ¶μ Ëμ·³¨·μ-
¢ ´¨Õ É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ, ¸¢Ö§ ´´ÒÌ ¸ μ¸É ´μ¢±μ° ¨ · §¡μ·±μ° Í¨-
±²μÉ·μ´  ¤²Ö ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £-
´¨É´μ£μ ¶μ²Ö, § ³¥´¨¢ · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨É¥· Í¨¨ Éμ²Ó±μ · ¸Î¥É-
´Ò³¨. ‚ Í¥²μ³ ± ²¨¡·μ¢±  ¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ¶·μ¨§¢μ¤¨É¸Ö
¸ ÉμÎ´μ¸ÉÓÕ ¤μ εB0 = 0,1 ƒ¸.
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�μ¸²¥ ¶·μ¢¥¤¥´¨Ö ± ²¨¡·μ¢±¨ ¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ±μ´Í¥´-
É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¥¸Î¥É ± ·É ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ
¶μ²¥° ¤²Ö ¢¸¥Ì § ¤¥°¸É¢μ¢ ´´ÒÌ Ê·μ¢´¥° Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥. �μ¸±μ²Ó±Ê
¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ É·¥¡Ê¥³ÒÌ ·¥¦¨³μ¢ · ¡μÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸·¥¤´¨¥ ³ £-
´¨É´Ò¥ ¶μ²Ö ¸ Ê¸·¥¤´¥´¨¥³ §´ Î¥´¨° ¶μ  §¨³ÊÉÊ, ¸¤¢¨£μ³ Ë §Ò n-° £ ·³μ-
´¨±¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ¶μÖ¢²ÖÕÐ¨³¸Ö ¨§-§  ¢²¨Ö´¨Ö ¢±² ¤μ¢ ±μ´-
Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ´  μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥, ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. �μ-
ÔÉμ³Ê ¶¥·¥¸Î¥É ± ·É ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¢Ò¶μ²´Ö¥É¸Ö ´  ¡ §¥
¨§³¥·¥´´ÒÌ ± ·É μ¸´μ¢´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¢ ¦¤Ò μÉ-
± ²¨¡·μ¢ ´´ÒÌ ¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±.
�·¨ ÔÉμ³ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¤²Ö ± ¦¤μ£μ §´ Î¥´¨Ö · ¤¨Ê¸   §¨³ÊÉ ²Ó´ Ö ¢ -
·¨ Í¨Ö ¢±² ¤  ¸μμÉ´μ¸¨É¸Ö ¸  §¨³ÊÉ ²Ó´μ° ¢ ·¨ Í¨¥° μ¸´μ¢´μ£μ ³ £´¨É´μ£μ
¶μ²Ö É ± ¦¥, ± ± ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸·¥¤´¨¥ ³ £´¨É´Ò¥ ¶μ²Ö. �μÔÉμ³Ê ¸
Í¥²ÓÕ ÊÎ¥É  ¢²¨Ö´¨Ö ¢±² ¤μ¢ ´   §¨³ÊÉ ²Ó´ÊÕ ¢ ·¨ Í¨Õ μ¸´μ¢´μ£μ ³ £´¨É-
´μ£μ ¶μ²Ö ¶¥·¥¸Î¥É ± ·É ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¶·μ¨§¢μ¤¨É¸Ö ¶μ
¸²¥¤ÊÕÐ¥° ¶·¨¡²¨¦¥´´μ° Ëμ·³Ê²¥:

Badd(r, θ) = Bmain(r, θ) + B̄j,max(r)+

+
B̄j,max(r)
B̄main(r)

iN∑
n=1

{Bmain,n(r) cos [n (θ − ϕmain,n (r))]}, (5)

i = 1, 2 . . . 5, j = 1, 2 . . . z,

£¤¥ Badd(r, θ) Å ÔÉμ ¤μ¶μ²´¨É¥²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥; Bmain(r, θ) Å μ¸´μ¢-
´μ¥ ³ £´¨É´μ¥ ¶μ²¥; B̄j,max(r) Å ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ³ ±¸¨³ ²Ó´μ£μ
¢±² ¤  j-° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥; B̄main(r) Å
¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥; Bmain,n(r) ¨ ϕmain,n(r) Å  ³¶²¨ÉÊ¤  ¨
Ë §  n-° £ ·³μ´¨±¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö; N Å ¶¥·¨μ¤¨Î´μ¸ÉÓ ³ £-
´¨É´μ° ¸É·Ê±ÉÊ·Ò. � ¸Î¥É ± ·ÉÒ ¤μ¶μ²´¨É¥²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¶·μ¨§-
¢μ¤¨É¸Ö ¤²Ö §´ Î¥´¨° · ¤¨Ê¸  ¨  §¨³ÊÉ , § ¤ ´´ÒÌ ¤¨ ¶ §μ´ ³¨ ¨ Ï £ ³¨
¨§³¥·¥´¨Ö ± ·ÉÒ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¶μ · ¤¨Ê¸Ê ¨ ¶μ  §¨³ÊÉÊ. �³-
¶²¨ÉÊ¤  ¨ Ë §  n-° £ ·³μ´¨±¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö
¶μ ¸²¥¤ÊÕÐ¨³ Ëμ·³Ê² ³:

Bmain,n(r) =
√

G2
main,n(r) + H2

main,n(r), (6)

ϕmain,n(r) =
1
n

arctg
(

Gmain,n(r)
Hmain,n(r)

)
, (7)

Hmain,n(r) =
1
π

+π∫
−π

(Bmain(r, θ) cos(θn))dθ, (8)
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Gmain,n(r) =
1
π

+π∫
−π

(Bmain(r, θ) sin(θn))dθ, (9)

n = 1, iN, i = 1, 2 . . . 5,

£¤¥ Hmain,n(r) ¨ Gmain,n(r) Å ÔÉμ ±μÔËË¨Í¨¥´ÉÒ, μ¶·¥¤¥²Ö¥³Ò¥ ¶μ Ëμ·³Ê-
² ³ 
°²¥· Ä”Ê·Ó¥ [13].

„²Ö ¢¸¥Ì ÉμÎ¥± ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ³¥¦¤Ê ¶μ²Õ¸ ³¨ £² ¢´μ£μ ³ £´¨É 
§ ¢¨¸¨³μ¸ÉÓ ¢±² ¤  ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ μÉ
É¥±ÊÐ¥£μ ¢ ´¥° Éμ±  ¶·¥¤¶μ² £ ¥É¸Ö ²¨´¥°´μ° ¤²Ö ± ¦¤μ° ±μ´Í¥´É·¨Î¥¸±μ°
± ÉÊÏ±¨, ¶μÔÉμ³Ê ¨§³¥·¥´¨Ö ± ·É ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¶·μ¨§-
¢μ¤ÖÉ¸Ö Éμ²Ó±μ ¤²Ö ³ ±¸¨³ ²Ó´μ£μ (¶μ²μ¦¨É¥²Ó´μ£μ) §´ Î¥´¨Ö Éμ±  ¢ ± ¦¤μ°
¨§ μÉ¤¥²Ó´μ ¢§ÖÉÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±. ‚ ¸²ÊÎ ¥, ±μ£¤  ¢²¨Ö´¨¥ ¢±² -
¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ´  ´ ³ £´¨Î¥´´μ¸ÉÓ ¦¥²¥§  £² ¢´μ£μ ³ £´¨É 
§´ Î¨É¥²Ó´μ, ¨§³¥·¥´¨Ö ± ·É ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¶·μ¨§¢μ¤ÖÉ¸Ö
É ±¦¥ ¤²Ö ³¨´¨³ ²Ó´μ£μ (μÉ·¨Í É¥²Ó´μ£μ) §´ Î¥´¨Ö Éμ±  ¢ ± ¦¤μ° ¨§ μÉ-
¤¥²Ó´μ ¢§ÖÉÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±. �É Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥
§ ¢¨¸¨É ´ ³ £´¨Î¥´´μ¸ÉÓ ¦¥²¥§  £² ¢´μ£μ ³ £´¨É  ¨, ¸²¥¤μ¢ É¥²Ó´μ,  ³¶²¨-
ÉÊ¤Ò ¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¢ μ¸´μ¢´μ¥
³ £´¨É´μ¥ ¶μ²¥, ÎÉμ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ É·¥¡Ê¥³ÒÌ
·¥¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢ÒÌ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢.

��‘—…’ ’�Š� ‚ ƒ‹�‚��‰ Š�’“˜Š…

„²Ö ·¥Ï¥´¨Ö § ¤ Î¨ ¶² ¢´μ£μ ¶¥·¥Ìμ¤  ¢ μ¶·¥¤¥²¥´´μ³ ¤¨ ¶ §μ´¥ μÉ
μ¤´μ£μ §´ Î¥´¨Ö · ¡μÎ¥£μ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ± ¤·Ê£μ³Ê ¨¸¶μ²Ó§Ê¥É¸Ö
¨´É¥·¶μ²ÖÍ¨Ö §´ Î¥´¨° ´¥ Éμ²Ó±μ ¢´ÊÉ·¨, ´μ ¨ ³¥¦¤Ê ± ·É ³¨ μ¸´μ¢´ÒÌ
¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° (± ± ¢ ·¨ ´É, ³¥¦¤Ê ± ·É ³¨ μ¸´μ¢´ÒÌ
³ £´¨É´ÒÌ ¶μ²¥° ¨ ³¥¦¤Ê ¢±² ¤ ³¨ ¢ μ¸´μ¢´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ö). ˆ´É¥·¶μ²Ö-
Í¨Ö §´ Î¥´¨° ¢´ÊÉ·¨ ¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ± ·É ³ £´¨É´ÒÌ ¶μ²¥° ¢Ò¶μ²´Ö¥É¸Ö ¶μ
· ¤¨Ê¸Ê ¤²Ö ± ¦¤μ£μ μ¶·¥¤¥²¥´´μ£μ  §¨³ÊÉ ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö ¸ ¶μ³μÐÓÕ
³¥Éμ¤  ±Ê¡¨Î¥¸±¨Ì ¸¶² °´μ¢ [8, 10]. ˆ´É¥·¶μ²ÖÍ¨Ö §´ Î¥´¨° ³¥¦¤Ê ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨³¨ ± ·É ³¨ ³ £´¨É´ÒÌ ¶μ²¥°, ¨§³¥·¥´´Ò³¨ ¨²¨ · ¸¸Î¨É ´´Ò³¨
¤²Ö μ¶·¥¤¥²¥´´ÒÌ Ê·μ¢´¥° Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥, ¢Ò¶μ²´Ö¥É¸Ö ¸ ¶μ³μÐÓÕ
¶μ²¨´μ³  ‹ £· ´¦  ¢Éμ·μ° ¸É¥¶¥´¨ [9]. 	² £μ¤ ·Ö ¨´É¥·¶μ²ÖÍ¨¨ §´ Î¥´¨°
³¥¦¤Ê ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ± ·É ³¨ ³ £´¨É´ÒÌ ¶μ²¥° ¶μÖ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ
¨§¡¥¦ ÉÓ ¶·μ¢¥¤¥´¨Ö ·Ö¤  ³ £´¨É´ÒÌ ¨§³¥·¥´¨° μ¸´μ¢´μ£μ ¨ ¤μ¶μ²´¨É¥²Ó-
´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°,   É ±¦¥ ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ¢ Í¥´É·¥ Í¨±²μÉ·μ´ 
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¤²Ö μ¶·¥¤¥²¥´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work. �·¨ ÔÉμ³ μÉ¶ -
¤ ¥É ¸¢Ö§ ´´ Ö ¸ ÔÉ¨³¨ ¨§³¥·¥´¨Ö³¨ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ μ¸É ´μ¢±¥ ¨ · §¡μ·±¥
Í¨±²μÉ·μ´ , ¶·μ¢μ¤¨³Ò³¨ ¸ Í¥²ÓÕ · §³¥Ð¥´¨Ö ¢´ÊÉ·¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò
¨§³¥·¨É¥²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö.

„²Ö · ¸Î¥É  Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work ¡¥·ÊÉ¸Ö É·¨ ± ·ÉÒ μ¸´μ¢-
´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° Bmain,1(r, θ), Bmain,2(r, θ), Bmain,3(r, θ), ¨§³¥·¥´´Ò¥
¤²Ö É·¥Ì ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê·μ¢´¥° Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,1, Imain,2,
Imain,3 (Imain,1 < Imain,2 < Imain,3). ‚´ÊÉ·¨ ± ¦¤μ° ¨§ ± ·É μ¸´μ¢´ÒÌ ³ £-
´¨É´ÒÌ ¶μ²¥° ¸ ¶μ³μÐÓÕ ³¥Éμ¤  ±Ê¡¨Î¥¸±¨Ì ¸¶² °´μ¢ ¶·μ¨§¢μ¤¨É¸Ö ¨´É¥·-
¶μ²ÖÍ¨Ö ¨§³¥·¥´´ÒÌ §´ Î¥´¨° ¶μ · ¤¨Ê¸Ê. �μ¸²¥ ÔÉμ£μ ± ¦¤ Ö ¨§ ÔÉ¨Ì ± ·É
¶¥·¥¸Î¨ÉÒ¢ ¥É¸Ö ¤²Ö μ¶·¥¤¥²¥´´μ£μ Ï £  ¶μ · ¤¨Ê¸Ê ΔRcalc, ±· É´μ£μ Ï £Ê
¨Ì ¨§³¥·¥´¨Ö ¶μ · ¤¨Ê¸Ê ΔRms. ‡´ Î¥´¨¥ Ï £  ΔRcalc < ΔRms μ¶·¥¤¥-
²Ö¥É¸Ö ¨¸Ìμ¤Ö ¨§ Ë¨§¨Î¥¸±¨Ì ¸μμ¡· ¦¥´¨° (μ¶·¥¤¥²¥´¨Ö · ¤¨Ê¸  ±μ´Í  Í¥´-
É· ²Ó´μ£μ ¡ ³¶ , · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨, · ¤¨Ê¸  ´ Î ²  ±· ¥¢μ£μ ³ £´¨É´μ£μ
¶μ²Ö, · ¤¨Ê¸  § ¡·μ¸  ¶ÊÎ±  ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ·, · ¤¨Ê¸  · ¸¶μ-
²μ¦¥´¨Ö ¸¥¶ÉÊ³  (¶¥·¢μ£μ ´μ¦ ) Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ· ). ‘·¥¤´¥¥
É·¥¡Ê¥³μ¥ ³ £´¨É´μ¥ ¶μ²¥ B̄task(r) · ¸¸Î¨ÉÒ¢ ¥É¸Ö ± ± ¸Ê³³  ¨§μÌ·μ´´μ£μ
³ £´¨É´μ£μ ¶μ²Ö B̄is(r) ¨ ³ ¸±¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö B̄mask(r). ˆ¸-
Ìμ¤Ö ¨§ É·¥Ì ± ·É μ¸´μ¢´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° Bmain,1(r, θ), Bmain,2(r, θ),
Bmain,3(r, θ) · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸·¥¤´¨¥ μ¸´μ¢´Ò¥ ³ £´¨É´Ò¥
¶μ²Ö B̄main,1(r), B̄main,2(r), B̄main,3(r). ‡ É¥³ ¢ μ¡² ¸É¨ ±μ´¥Î´ÒÌ · ¤¨Ê-
¸μ¢ Ê¸±μ·¥´¨Ö § ¤ ¥É¸Ö §´ Î¥´¨¥ · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ Rwork. � ¶·¨³¥·,
¤²Ö · ¸Î¥É  μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ AIC144 ¡¥·ÊÉ¸Ö ¸²¥¤ÊÕÐ¨¥ §´ Î¥-
´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ ¨ · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨: Imain,1 = 535 �,
Imain,2 = 570 �, Imain,3 = 600 �, Rwork = 0,56 ³. ’ ±¨³ μ¡· §μ³, ´¥μ¡Ìμ-
¤¨³μ · ¸¸Î¨É ÉÓ É ±μ° Éμ± ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work, ±μÉμ·Ò° ¶μ§¢μ²¨²
¡Ò ¸Ëμ·³¨·μ¢ ÉÓ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ Bmain,work(r, θ), ¶·¨ Ê¸·¥¤´¥´¨¨
±μÉμ·μ£μ ¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ B̄main,work(r) ¶¥·¥¸¥±²μ¸Ó ¡Ò ¸μ
¸·¥¤´¨³ É·¥¡Ê¥³Ò³ ³ £´¨É´Ò³ ¶μ²¥³ B̄task(r) ¢ § ¤ ´´μ° · ¡μÎ¥° ÉμÎ±¥ ¸ · -
¤¨Ê¸μ³ Rwork. ˆ¸Ìμ¤Ö ¨§ É·¥Ì § ¢¨¸¨³μ¸É¥° B̄main,1(r), B̄main,2(r), B̄main,3(r)
¤²Ö § ¤ ´´μ£μ §´ Î¥´¨Ö · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ Rwork ´ Ìμ¤ÖÉ¸Ö ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨¥ §´ Î¥´¨Ö ¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° B̄main,1 (Rwork), B̄main,2 (Rwork),
B̄main,3 (Rwork). �·¨ ÔÉμ³ ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÉ É·¥³ μ¶·¥¤¥-
²¥´´Ò³ §´ Î¥´¨Ö³ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,1, Imain,2, Imain,3. ‘ ¶μ³μ-
ÐÓÕ ¨´É¥·¶μ²ÖÍ¨μ´´μ£μ ³´μ£μÎ²¥´  ‹ £· ´¦  ¢Éμ·μ° ¸É¥¶¥´¨ ¶μ É·¥³ ÉμÎ-
± ³ M1(Imain,1, B̄main,1 (Rwork)), M2(Imain,2, B̄main,2 (Rwork)), M3(Imain,3,
B̄main,3 (Rwork)) ¸É·μ¨É¸Ö § ¢¨¸¨³μ¸ÉÓ B̄main(Imain), ¢§ÖÉ Ö ¤²Ö § ¤ ´´μ£μ §´ -
Î¥´¨Ö · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ Rwork. ˆ¸Ìμ¤Ö ¨§ § ¢¨¸¨³μ¸É¨ B̄task(r) ¤²Ö
§ ¤ ´´μ£μ §´ Î¥´¨Ö · ¤¨Ê¸  · ¡μÎ¥° ÉμÎ±¨ Rwork ´ Ìμ¤¨É¸Ö ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¥¥ §´ Î¥´¨¥ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö B̄task (Rwork). ’ ± ± ± ¢Ò¶μ²´ÖÕÉ¸Ö
Ê¸²μ¢¨¥ 0 < Imain,1 � Imain,work � Imain,3 ¨ Ê¸²μ¢¨¥ 0 < B̄main,1 (Rwork) �
B̄main,work (Rwork) � B̄main,3 (Rwork), Éμ ¤²Ö ´ Ìμ¦¤¥´¨Ö É·¥¡Ê¥³μ£μ §´ -
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Î¥´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work ´¥μ¡Ìμ¤¨³μ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¥¥
¢Ò· ¦¥´¨¥:

B̄main,work (Rwork) =
(Imain − Imain,2) (Imain − Imain,3)

(Imain,1 − Imain,2) (Imain,1 − Imain,3)
×

× B̄main,1 (Rwork) +
(Imain − Imain,1) (Imain − Imain,3)

(Imain,2 − Imain,1) (Imain,2 − Imain,3)
B̄main,2 (Rwork)+

+
(Imain − Imain,1) (Imain − Imain,2)

(Imain,3 − Imain,1) (Imain,3 − Imain,2)
B̄main,3 (Rwork) . (10)

„ ²¥¥ ¢ (10) ¢³¥¸Éμ §´ Î¥´¨Ö B̄main,work (Rwork), ±μÉμ·μ¥ ¸μμÉ¢¥É¸É¢Ê¥É ¨¸±μ-
³μ³Ê §´ Î¥´¨Õ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work, ¶μ¤¸É ¢²Ö¥É¸Ö ´ °¤¥´´μ¥
§´ Î¥´¨¥ B̄task (Rwork) ¨ ·¥Ï ¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ±¢ ¤· É´μ¥ Ê· ¢´¥´¨¥
μÉ´μ¸¨É¥²Ó´μ Imain. �¤¨´ ¨§ ±μ·´¥° ±¢ ¤· É´μ£μ Ê· ¢´¥´¨Ö Ii

main, i = 1, 2,
Ê¤μ¢²¥É¢μ·Ö¥É ´¥· ¢¥´¸É¢Ê Imain,1 � Ii

main � Imain,3 ¨ Ö¢²Ö¥É¸Ö ¨¸±μ³Ò³ §´ -
Î¥´¨¥³ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work = Ii

main.
ˆ¸Ìμ¤Ö ¨§ É·¥Ì ± ·É μ¸´μ¢´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° Bmain,1(r, θ),

Bmain,2(r, θ), Bmain,3(r, θ) ¤²Ö ±μ´±·¥É´ÒÌ §´ Î¥´¨° · ¤¨Ê¸  R ¨  §¨³ÊÉ  θ
´ Ìμ¤ÖÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö ± ·É μ¸´μ¢´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°
Bmain,1(R, θ), Bmain,2(R, θ), Bmain,3(R, θ). �·¨ ÔÉμ³ ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö
¸μμÉ¢¥É¸É¢ÊÕÉ É·¥³ μ¶·¥¤¥²¥´´Ò³ §´ Î¥´¨Ö³ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,1,
Imain,2, Imain,3. ‘ ¶μ³μÐÓÕ ¨´É¥·¶μ²ÖÍ¨μ´´μ£μ ³´μ£μÎ²¥´  ‹ £· ´¦  ¢Éμ·μ°
¸É¥¶¥´¨ ¶μ É·¥³ ÉμÎ± ³ M1(Imain,1, Bmain,1(R, θ)), M2(Imain,2,
Bmain,2(R, θ)), M3(Imain,3, Bmain,3(R, θ)) ¸É·μ¨É¸Ö § ¢¨¸¨³μ¸ÉÓ Bmain(Imain).
„²Ö ´ Ìμ¦¤¥´¨Ö ± ·ÉÒ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Bmain,work(r, θ) ´¥μ¡Ìμ-
¤¨³μ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

Bmain,work (R, θ) =
(Imain,work − Imain,2) (Imain,work − Imain,3)

(Imain,1 − Imain,2) (Imain,1 − Imain,3)
×

×Bmain,1 (R, θ)+
(Imain,work − Imain,1) (Imain,work − Imain,3)

(Imain,2 − Imain,1) (Imain,2 − Imain,3)
Bmain,2 (R, θ)+

+
(Imain,work − Imain,1) (Imain,work − Imain,2)

(Imain,3 − Imain,1) (Imain,3 − Imain,2)
Bmain,3 (R, θ) . (11)

„ ²¥¥ ¢ ¶· ¢ÊÕ Î ¸ÉÓ (11) ¶μ¤¸É ¢²ÖÕÉ¸Ö ¢¸¥ ¨§¢¥¸É´Ò¥ §´ Î¥´¨Ö ¨ ´ -
Ìμ¤¨É¸Ö §´ Î¥´¨¥ Bmain,work(R, θ). � ¸Î¥É ± ·ÉÒ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
Bmain,work(r, θ) ¶·μ¨§¢μ¤¨É¸Ö ¤²Ö ¢¸¥Ì §´ Î¥´¨° · ¤¨Ê¸  ¨  §¨³ÊÉ , μ¶·¥¤¥-
²¥´´ÒÌ Ï £ ³¨ ΔRcalc ¨ Δθms. ˆ¸Ìμ¤Ö ¨§ ¶μ²ÊÎ¥´´μ° ± ·ÉÒ μ¸´μ¢´μ£μ
³ £´¨É´μ£μ ¶μ²Ö Bmain,work(r, θ) ´  μ¸´μ¢¥  ²£μ·¨É³  Œ. Œ. ƒμ·¤μ´  [6] ¶·μ-
¨§¢μ¤¨É¸Ö ¶¥·¥· ¸Î¥É ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö B̄is(r) ¸ ÊÎ¥Éμ³ ¢²¨Ö´¨Ö
 §¨³ÊÉ ²Ó´μ° ¢ ·¨ Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ´  É· ¥±Éμ·¨Õ ¤¢¨¦¥´¨Ö
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�¨¸. 2. ‘·¥¤´¥¥ É·¥¡Ê¥³μ¥ ¨ ¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´Ò¥ ¶μ²Ö

Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í. „ ²¥¥ ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¥· ¸Î¥É ¸·¥¤´¥£μ É·¥¡Ê¥³μ£μ ³ £-
´¨É´μ£μ ¶μ²Ö B̄task(r). ‡ É¥³ ¢¥¸Ó ¶·μÍ¥¸¸ · ¸Î¥É  Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥
Imain,work ¶μ¢Éμ·Ö¥É¸Ö. �´ ¶·μ¤μ²¦ ¥É¸Ö ¤μ É¥Ì ¶μ·, ¶μ±  ´¥ ¤μ¸É¨£ ¥É¸Ö É·¥-
¡Ê¥³ Ö ÉμÎ´μ¸ÉÓ · ¸Î¥É  Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ εI = 0,001 �. „²Ö μ¸´μ¢´μ£μ
·¥¦¨³  · ¡μÉÒ AIC144 £· Ë¨± ¶¥·¥¸¥Î¥´¨Ö ¸·¥¤´¥£μ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ
¶μ²Ö B̄task(r) ¸μ ¸·¥¤´¨³ μ¸´μ¢´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ B̄main,work(r) ¢ § ¤ ´-
´μ° · ¡μÎ¥° ÉμÎ±¥ ¸ · ¤¨Ê¸μ³ Rwork ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2.

„²Ö ´ °¤¥´´μ£μ §´ Î¥´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work  ´ ²μ£¨Î´μ
¶·¨¢¥¤¥´´μ° ¢ÒÏ¥ ¶·μÍ¥¤Ê·¥ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ± ·ÉÒ ³ £-
´¨É´ÒÌ ¶μ²¥° ³ ±¸¨³ ²Ó´ÒÌ ¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± Bj,max(r, θ),
j = 1, 2 . . . z ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥ Bmain,work(r, θ). �·¨ ÔÉμ³ · ¸¸Î¨ÉÒ-
¢ ÕÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸·¥¤´¨¥ ³ £´¨É´Ò¥ ¶μ²Ö ´ °¤¥´´ÒÌ ³ ±¸¨³ ²Ó´ÒÌ
¢±² ¤μ¢ B̄j,max(r), j = 1, 2 . . . z.

��‘—…’ ’�Š�‚ ‚ Š��–…�’�ˆ—…‘Šˆ• Š�’“˜Š�•

„²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ
Í¨±²μÉ·μ´  ´¥μ¡Ìμ¤¨³μ μ¶·¥¤¥²¨ÉÓ §´ Î¥´¨Ö Éμ±μ¢ ¢μ ¢¸¥Ì ±μ´Í¥´É·¨Î¥-
¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Ij , j = 1, 2 . . . z, ¤²Ö
μ¶·¥¤¥²¥´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work. ’μ±¨ ¢ ±μ´Í¥´É·¨-
Î¥¸±¨Ì ± ÉÊÏ± Ì · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ´  μ¸´μ¢¥ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢
¸ ¶μ±μ³¶μ´¥´É´Ò³ ¢¢μ¤μ³ ·¥Ï¥´¨Ö ¢ £· ´¨ÍÒ μ¡² ¸É¨ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥-
´¨° [10]. �·¨ ÔÉμ³ Éμ±¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì · ¸¸³ É·¨¢ ÕÉ¸Ö
¶μ¸²¥¤μ¢ É¥²Ó´μ ¢ ´ ¶· ¢²¥´¨¨, μ¶·¥¤¥²Ö¥³μ³ §μ´ ³¨ ¢²¨Ö´¨Ö ±μ´Í¥´É·¨-
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Î¥¸±¨Ì ± ÉÊÏ¥± ´  μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥: μÉ ¶¥·¢μ° ±μ´Í¥´É·¨Î¥¸±μ°
± ÉÊÏ±¨, · ¸¶μ²μ¦¥´´μ° ¢ Í¥´É·¥ Í¨±²μÉ·μ´ , ± ¶μ¸²¥¤´¥°, ´ ¨¡μ²¥¥ Ê¤ -
²¥´´μ° μÉ ¥£μ Í¥´É· . �¨¦´¥¥ Ij,low ¨ ¢¥·Ì´¥¥ Ij,high £· ´¨Î´Ò¥ §´ Î¥´¨Ö
Éμ±  ¢ ± ¦¤μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ Ê±² ¤Ò¢ ÕÉ¸Ö ¢ · ³±¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ³¨´¨³ ²Ó´μ£μ ¨ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨°, É. ¥. §´ Î¥´¨Ö ¶¥·¥³¥´´μ°
Ij,lim μ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Ij,lim =
{

Ij,low, (−Ij,max � Ij,low < Ij � 0)
Ij,high, (0 � Ij < Ij,high � Ij,max)

}
, (12)

Ij,max > 0, j = 1, 2 . . . z,

£¤¥ Ij,max Å ÔÉμ ³ ±¸¨³ ²Ó´Ò° Éμ± ¢ j-° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥;
z = m + k Å ÔÉμ Î¨¸²μ Ë¨±¸¨·μ¢ ´´ÒÌ (m) ¨ ¸¢μ¡μ¤´ÒÌ (k) ±μ³¶μ´¥´É
¢¥±Éμ·  ·¥Ï¥´¨Ö. „²Ö Ê¤μ¡¸É¢  ¤ ²Ó´¥°Ï¨Ì · ¸Î¥Éμ¢ ¢¢μ¤ÖÉ¸Ö ¸²¥¤ÊÕÐ¨¥
¡¥§· §³¥·´Ò¥ μ¡μ§´ Î¥´¨Ö:

ki,lim =
Ii,max

Ii,lim
, I∗i =

Ii

Ii,max
, B̄∗

i,max (r∗) =
B̄i,max (r∗)

B0
, i = 1, 2 . . . k,

λ∗ =
(

λ

B0

)2

, ΔB̄∗ (r∗) =
ΔB̄ (r∗)

B0
, r∗ =

r

r0
, (13)

ΔB̄ (r∗) = B̄task (r∗) − B̄start (r∗) , (14)

B̄task (r∗) = B̄is (r∗) + B̄mask (r∗) , (15)

B̄mask (r∗) = B̄bump (r∗) + B̄edge (r∗) , (16)

B̄start (r∗) = B̄main (r∗) +
m∑

j=1

B̄j,const (r∗), (17)

B̄j,const (r∗) = B̄j,max (r∗)
Ij,const

Ij,max
, (18)

£¤¥ r0, B0 Å ÔÉμ μ¶·¥¤¥²¥´´Ò¥ ±μÔËË¨Í¨¥´ÉÒ, ¨³¥ÕÐ¨¥ ¸μμÉ¢¥É¸É¢¥´´μ · §-
³¥·´μ¸É¨ ¤²¨´Ò ¨ ³ £´¨É´μ£μ ¶μ²Ö, ¶μ§¢μ²ÖÕÐ¨¥ ¶¥·¥°É¨ ± ¡¥§· §³¥·´Ò³ ¢¥-
²¨Î¨´ ³; r Å ¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ; B̄i(j),max (r∗) Å
¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ³ ±¸¨³ ²Ó´μ£μ ¢±² ¤  i-° (j-°) ±μ´Í¥´É·¨Î¥¸±μ° ± -
ÉÊÏ±¨ ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥; λ Å ¶¥·¥³¥´´Ò° ¶ · ³¥É· ÏÉ· Ë´μ°
ËÊ´±Í¨¨; Ii, Ii,max, Ii,lim Å · ¸Î¥É´Ò°, ³ ±¸¨³ ²Ó´Ò° ¨ ¶·¥¤¥²Ó´Ò° Éμ±¨ ¢
i-° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥; Ij,const, Ij,max Å Ë¨±¸¨·μ¢ ´´Ò° ¨ ³ ±¸¨³ ²Ó-
´Ò° Éμ±¨ ¢ j-° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥; B̄task (r∗) Å ¸·¥¤´¥¥ É·¥¡Ê¥³μ¥
³ £´¨É´μ¥ ¶μ²¥; B̄is (r∗) Å ¨§μÌ·μ´´μ¥ ³ £´¨É´μ¥ ¶μ²¥; B̄mask (r∗) Å ³ ¸± 
¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö; B̄bump (r∗) Å ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ Í¥´-
É· ²Ó´μ£μ ¡ ³¶ ; B̄edge (r∗) Å ¸·¥¤´¥¥ ±· ¥¢μ¥ ³ £´¨É´μ¥ ¶μ²¥; B̄start (r∗) Å
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¸·¥¤´¥¥ ¨¸Ìμ¤´μ¥ ³ £´¨É´μ¥ ¶μ²¥; B̄main (r∗) Å ¸·¥¤´¥¥ μ¸´μ¢´μ¥ ³ £´¨É´μ¥
¶μ²¥; B̄j,const (r∗) Å ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ¢±² ¤  j-° ±μ´Í¥´É·¨Î¥¸±μ°
± ÉÊÏ±¨, Éμ± ¢ ±μÉμ·μ° Ë¨±¸¨·Ê¥É¸Ö ¶μ²Ó§μ¢ É¥²¥³ ´  ²Õ¡μ³ ¤μ¶Ê¸É¨³μ³
Ê·μ¢´¥ ¨²¨ ¶·μ£· ³³μ° ´  £· ´¨Í¥ μ¡² ¸É¨ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥´¨°.

�·¥¤¸É ¢²¥´´Ò° ´¨¦¥ ËÊ´±Í¨μ´ ² Ëμ·³ ²¨§Ê¥É ³¥Éμ¤¨±Ê · ¸Î¥É  Éμ±μ¢
¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
Í¨±²μÉ·μ´ :

F (I∗1 , I∗2 . . . I∗k ) =

R∗
septum∫
0

⎡
⎣ k∑

j=1

(
B̄∗

j,max (r∗) I∗j
)
− ΔB̄∗ (r∗)

⎤
⎦

2

×

× dr∗ + λ∗
k∑

j=1

(
kj,limI∗j

)2p
, (19)

£¤¥ R∗
septum Å ´μ·³¨·μ¢ ´´Ò° · ¤¨Ê¸ · ¸¶μ²μ¦¥´¨Ö ¸¥¶ÉÊ³  (¶¥·¢μ£μ ´μ¦ )

Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ· ; p Å ÔÉμ ¶μ¸ÉμÖ´´Ò° ¶ · ³¥É· ÏÉ· Ë´μ°
ËÊ´±Í¨¨. ˜É· Ë´ Ö ËÊ´±Í¨Ö, ¢Ìμ¤ÖÐ Ö ¢ ¸μ¸É ¢ ËÊ´±Í¨μ´ ²  ¢ ¢¨¤¥ ¢Éμ-
·μ£μ ¸² £ ¥³μ£μ, ¶μ§¢μ²Ö¥É ¢¢μ¤¨ÉÓ ·¥Ï¥´¨¥ ¢ £· ´¨ÍÒ μ¡² ¸É¨ ¤μ¶Ê¸É¨³ÒÌ
§´ Î¥´¨° ¶μ±μ³¶μ´¥´É´μ ¢ ´ ¶· ¢²¥´¨¨, μ¶·¥¤¥²¥´´μ³ ¢ÒÏ¥. �·¨ ³¨´¨³¨-
§ Í¨¨¨ ËÊ´±Í¨μ´ ²  ¡¥·ÊÉ¸Ö Î ¸É´Ò¥ ¶·μ¨§¢μ¤´Ò¥ ¶μ ± ¦¤μ° ¨§ ¸¢μ¡μ¤´ÒÌ
±μ³¶μ´¥´É ¨¸±μ³μ£μ ¢¥±Éμ·  ·¥Ï¥´¨Ö, ±μÉμ·Ò¥ § É¥³ ¶·¨· ¢´¨¢ ÕÉ¸Ö ´Ê²Õ:

∂F (I∗1 , I∗2 . . . I∗k )
∂I∗i

= 0, i = 1, 2 . . . k. (20)

�μ¸²¥ ¢§ÖÉ¨Ö Î ¸É´ÒÌ ¶·μ¨§¢μ¤´ÒÌ ¢Ò· ¦¥´¨¥ (20) ¶¥·¥¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤Ê-
ÕÐ¥³ ¢¨¤¥:

R∗
septum∫
0

⎡
⎣ k∑

j=1

(
B̄∗

i,max (r∗) B̄∗
j,max (r∗) I∗

j

)⎤⎦dr∗ + λ∗p (ki,lim)2p (I∗i )2p−1 =

=

R∗
septum∫
0

[
B̄∗

i,max (r∗)ΔB̄∗ (r∗)
]
dr∗, i = 1, 2 . . . k. (21)

�μ¸²¥ ¶·¥μ¡· §μ¢ ´¨Ö ¢Ò· ¦¥´¨¥ (21) ¶¥·¥¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ ¸²¥¤ÊÕÐ¥° ´¥-
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μ¤´μ·μ¤´μ° ¸¨¸É¥³Ò ´¥²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨°:

k∑
j=1

⎧⎪⎨
⎪⎩
⎛
⎜⎝

R∗
septum∫
0

[
B̄∗

i,max (r∗) B̄∗
j,max (r∗)

]
dr∗

⎞
⎟⎠ I∗j

⎫⎪⎬
⎪⎭+λ∗p (ki,lim)2p (I∗i )2p−1 =

=

R∗
septum∫
0

[
B̄∗

i,max (r∗)ΔB̄∗ (r∗)
]
dr∗, i = 1, 2 . . . k. (22)

�μ²ÊÎ¥´´ Ö ´¥μ¤´μ·μ¤´ Ö ¸¨¸É¥³  ´¥²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥-
´¨° (22) ·¥Ï ¥É¸Ö ¨É¥· Í¨μ´´Ò³ ¶ÊÉ¥³. �  ¶¥·¢μ³ Ï £¥ ¨É¥· Í¨μ´´μ£μ Í¨-
±²  ´ Ìμ¦¤¥´¨Ö ·¥Ï¥´¨Ö (22) ¢¥²¨Î¨´  ¶¥·¥³¥´´μ° λ∗ Ê¸É ´ ¢²¨¢ ¥É¸Ö · ¢-
´μ° ´Ê²Õ. �μ²ÊÎ¨¢Ï Ö¸Ö ´¥μ¤´μ·μ¤´ Ö ¸¨¸É¥³  ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì
Ê· ¢´¥´¨° ·¥Ï ¥É¸Ö ¸ ¶μ³μÐÓÕ ³¥Éμ¤  ƒ Ê¸¸  ¸ ¢Ò¡μ·μ³ £² ¢´μ£μ Ô²¥³¥´É 

¶μ ³ É·¨Í¥ (¸³. ¶·¨²μ¦¥´¨¥). …¸²¨ ¶μ²ÊÎ¥´´Ò° ¢¥±Éμ· ·¥Ï¥´¨Ö I
∗(0)
j ¶μ

´¥±μÉμ·Ò³ ¸¢μ¨³ ±μ³¶μ´¥´É ³ ¢ÒÌμ¤¨É §  £· ´¨ÍÒ μ¡² ¸É¨ ¤μ¶Ê¸É¨³ÒÌ §´ -
Î¥´¨°, Éμ ¢¥²¨Î¨´  ¶¥·¥³¥´´μ° λ∗ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¤²Ö ± ¦¤μ° É ±μ° ±μ³-
¶μ´¥´ÉÒ ¸ Í¥²ÓÕ ¢¢μ¤  ¥¥ ¢ · ³±¨ § ¤ ´´ÒÌ £· ´¨Î´ÒÌ §´ Î¥´¨°. �·¨ ÔÉμ³
¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¡¥·¥É¸Ö É  ¨§ · ¸¸³ É·¨¢ ¥³ÒÌ ±μ³¶μ´¥´É, ±μÉμ· Ö μ¶·¥-
¤¥²Ö¥É Éμ± ¢ ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥, · ¸¶μ²μ¦¥´´μ° ´ ¨¡μ²¥¥ ¡²¨§±μ ±

Í¥´É·Ê Í¨±²μÉ·μ´ . �¥Ï¥´¨¥ I
∗(0)
j ¶μ¤¸É ¢²Ö¥É¸Ö ¢ ²¥¢ÊÕ Î ¸ÉÓ (22) ¨ ¸μÌ· -

´Ö¥É¸Ö ´¥¨§³¥´´Ò³ ¢ É¥Î¥´¨¥ ¢¸¥£μ ¢·¥³¥´¨ · ¸Î¥É  λ∗. �·¨ ÔÉμ³ ¸²¥¤ÊÕÐ Ö
´¥μ¤´μ·μ¤´ Ö ¸¨¸É¥³  ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ·¥Ï ¥É¸Ö ¸ ¶μ³μ-
ÐÓÕ ¢ÒÏ¥Ê± § ´´μ£μ ³¥Éμ¤ :

k∑
j=1

{
ai,jI

∗
j

}
= bi, (23)

ai,j =

R∗
septum∫
0

[
B̄∗

i,max (r∗) B̄∗
j,max (r∗)

]
dr∗ + λ∗p (kj,lim)2p

(
I
∗(0)
j

)2p−2

δij ,

(24)

bi =

R∗
septum∫
0

[
B̄∗

i,max (r∗)ΔB̄∗ (r∗)
]
dr∗, (25)

i = 1, 2 . . . k,

£¤¥ δij Å ÔÉμ ¸¨³¢μ² Š·μ´¥±¥· . �μ¸²¥ ¢¢μ¤  ¸ μ¶·¥¤¥²¥´´μ° ÉμÎ´μ¸ÉÓÕ
· ¸¸³ É·¨¢ ¥³μ° ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ·¥Ï¥´¨Ö ¢ · ³±¨ § ¤ ´´ÒÌ £· ´¨Î´ÒÌ
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§´ Î¥´¨° ¤ ´´ Ö ±μ³¶μ´¥´É  ¶¥·¥¢μ¤¨É¸Ö ¨§ · §·Ö¤  ¸¢μ¡μ¤´ÒÌ ¢ · §·Ö¤ Ë¨±-
¸¨·μ¢ ´´ÒÌ. ‡ É¥³ ´  ¸²¥¤ÊÕÐ¥³ Ï £¥ ¨É¥· Í¨μ´´μ£μ Í¨±²  ´ Ìμ¦¤¥´¨Ö
·¥Ï¥´¨Ö (22) ¢¥²¨Î¨´  ¶¥·¥³¥´´μ° λ∗ μ¶ÖÉÓ Ê¸É ´ ¢²¨¢ ¥É¸Ö · ¢´μ° ´Ê²Õ
¨ ¢¥¸Ó Í¨±² · ¸Î¥Éμ¢ ¶μ¢Éμ·Ö¥É¸Ö. �·¨ ÔÉμ³ ¶·μ¨§¢μ¤¨É¸Ö Ê¶²μÉ´¥´¨¥ ³ -
É·¨ÍÒ ±μÔËË¨Í¨¥´Éμ¢ ¨ ¢¥±Éμ·  ¸¢μ¡μ¤´ÒÌ Î²¥´μ¢. �μ¸²¥ ¶μ±μ³¶μ´¥´É´μ£μ
¢¢μ¤  ¢¸¥£μ ·¥Ï¥´¨Ö ¢ £· ´¨ÍÒ μ¡² ¸É¨ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥´¨° ¢ ´ ¶· ¢²¥-
´¨¨, μ¶·¥¤¥²¥´´μ³ ¢ÒÏ¥, ¶·¨ λ∗ = 0 ´ Ìμ¤¨É¸Ö ¨¸±μ³μ¥ ·¥Ï¥´¨¥ (22) ¨
Ëμ·³¨·Ê¥É¸Ö ´ ¡μ· Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Ij , j = 1, 2 . . . z. ˆ¸Ìμ¤Ö ¨§ ¶μ²ÊÎ¥´´ÒÌ §´ Î¥´¨°
Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ± ·ÉÒ ³ £´¨É´ÒÌ ¶μ²¥°
¢±² ¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¢ μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥. ‚ ¨Éμ£¥ Ëμ·-
³¨·Ê¥É¸Ö ± ·É  ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö Bres(r, θ) ± ± ¸Ê³³  ± ·ÉÒ
μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Bmain,work(r, θ) ¨ ± ·É ³ £´¨É´ÒÌ ¶μ²¥° ¢±² -
¤μ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± Bj(r, θ), j = 1, 2 . . . z. ˆ¸Ìμ¤Ö ¨§ ¶μ²ÊÎ¥´´μ°
± ·ÉÒ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö Bres(r, θ), ¨§-§  ¢²¨Ö´¨Ö ¢±² ¤μ¢
±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ´   §¨³ÊÉ ²Ó´ÊÕ ¢ ·¨ Í¨Õ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ
¶μ²Ö ´  μ¸´μ¢¥  ²£μ·¨É³  Œ.Œ. ƒμ·¤μ´  [6] ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¥· ¸Î¥É ¨§μ-
Ì·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö B̄is(r∗). „ ²¥¥ ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¥· ¸Î¥É ¸·¥¤´¥£μ
É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö B̄task (r∗) (15). ‡ É¥³ ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¥· ¸Î¥É
ΔB̄ (r∗) (14) ¨ ¢¥¸Ó ¶·μÍ¥¸¸ Ëμ·³¨·μ¢ ´¨Ö ´ ¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥-
¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Ij , j = 1, 2 . . . z, ¤²Ö
μ¶·¥¤¥²¥´´μ£μ Ê·μ¢´Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,work ¶μ¢Éμ·Ö¥É¸Ö. �´
¶·μ¤μ²¦ ¥É¸Ö ¤μ É¥Ì ¶μ·, ¶μ±  ´¥ ¤μ¸É¨£ ¥É¸Ö É·¥¡Ê¥³ Ö ÉμÎ´μ¸ÉÓ · ¸Î¥É 
¸·¥¤´¥£μ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö εB0 = 0,1 ƒ¸. ˆ´É¥£·¨·μ¢ ´¨¥ ¢Ò· ¦¥-
´¨° (1), (8), (9), (24) ¨ (25) ¶·μ¨§¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ ±¢ ¤· ÉÊ·´ÒÌ Ëμ·³Ê²
‘¨³¶¸μ´  [9].

“‘’�‰—ˆ‚�‘’œ �…˜…�ˆŸ

�¡ÒÎ´μ ¸ Í¥²ÓÕ ³¨´¨³¨§ Í¨ ³μÐ´μ¸É¨, ¶μÉ·¥¡²Ö¥³μ° ±μ´Í¥´É·¨Î¥¸±¨³¨
± ÉÊÏ± ³¨ ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, Î ¸ÉÓ ¨§ ´¨Ì ¨¸±²ÕÎ ÕÉ ¨§
±μ´¥Î´μ£μ ·¥Ï¥´¨Ö (§ ´Ê²ÖÕÉ Éμ± ¢ ´¥±μÉμ·ÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì).
�·¨ ÔÉμ³ ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ¨¸±²ÕÎ¥´¨Ö μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ±·¨É¥·¨°
³¨´¨³Ê³  §´ Î¥´¨Ö ËÊ´±Í¨μ´ ²Ó´μ£μ ³¨´¨³Ê³  S. ƒμ· §¤μ ¡μ²¥¥ ¢ ¦´μ°
Ö¢²Ö¥É¸Ö § ¤ Î  Ê²ÊÎÏ¥´¨Ö Ê¸Éμ°Î¨¢μ¸É¨ ·¥Ï¥´¨Ö ¶²μÌμ μ¡Ê¸²μ¢²¥´´μ° ´¥-
μ¤´μ·μ¤´μ° ¸¨¸É¥³Ò ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨°. 
É  § ¤ Î  É ±¦¥
³μ¦¥É ¡ÒÉÓ ·¥Ï¥´  ¶ÊÉ¥³ ¨¸±²ÕÎ¥´¨Ö ¨§ · ¸Î¥É  Î ¸É¨ § ¤¥°¸É¢μ¢ ´´ÒÌ ±μ´-
Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥±. �·¨ ÔÉμ³ ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ¨¸±²ÕÎ¥´¨Ö ¶·¥¤² £ -
¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ±·¨É¥·¨° ³¨´¨³Ê³  ¶·μ¨§¢¥¤¥´¨Ö §´ Î¥´¨° ËÊ´±Í¨μ´ ²Ó-
´μ£μ ³¨´¨³Ê³  ¨ Î¨¸²  μ¡Ê¸²μ¢²¥´´μ¸É¨ ¸¨¸É¥³Ò S ·cond(A). —¨¸²μ ±μ´Í¥´-
É·¨Î¥¸±¨Ì ± ÉÊÏ¥± n, ¨¸±²ÕÎ ¥³ÒÌ ¨§ · ¸Î¥É  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·¥¤² £ ¥-
³μ£μ ±·¨É¥·¨Ö, μ¶·¥¤¥²Ö¥É¸Ö ¨¸Ìμ¤Ö ¨§ ³¨´¨³ ²Ó´μ£μ §´ Î¥´¨Ö ¶μ²ÊÎ¥´´μ°
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§ ¢¨¸¨³μ¸É¨ ³¨´¨³ ²Ó´ÒÌ ¶·μ¨§¢¥¤¥´¨° S · cond(A) μÉ Î¨¸²  ¨¸±²ÕÎ ¥³ÒÌ
±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± n = 0, 1 . . . z/2. ”μ·³Ê²Ò ¤²Ö · ¸Î¥É  Î¨¸²  μ¡Ê-
¸²μ¢²¥´´μ¸É¨, ´μ·³ ³ É·¨ÍÒ ±μÔËË¨Í¨¥´Éμ¢ ¨ ¢¥±Éμ·  ·¥Ï¥´¨Ö ´¥μ¤´μ·μ¤-
´μ° ¸¨¸É¥³Ò ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¶·¥¤¸É ¢²¥´Ò ´¨¦¥:

cond (A) = ‖A‖ ·
∥∥A−1

∥∥ , (26)

‖A‖ = max
1�j�k

(
k∑

i=1

|aij |
)

, (27)

‖I‖ =
k∑

j=1

|Ij |. (28)

�¡· Ð¥´¨¥ ³ É·¨ÍÒ ±μÔËË¨Í¨¥´Éμ¢ ¶·μ¨§¢μ¤¨É¸Ö ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö
³¥Éμ¤  ƒ Ê¸¸  ¸ ¢Ò¡μ·μ³ £² ¢´μ£μ Ô²¥³¥´É  ¶μ ³ É·¨Í¥ (¸³. ¶·¨²μ¦¥´¨¥).
� ¸Î¥É μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ ¶μ²ÊÎ ¥³μ£μ ·¥Ï¥´¨Ö ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¸²¥¤Ê-
ÕÐ¥° Ëμ·³Ê²¥:

σ =
‖δI‖
‖I‖ · 100 (%). (29)

�¤´  ¨§ § ¤ Î ¶μ μÍ¥´±¥ Ê¸Éμ°Î¨¢μ¸É¨ ¶μ²ÊÎ ¥³μ£μ ·¥Ï¥´¨Ö ¸¢Ö§ ´ 
¸ μÍ¥´±μ° ¢²¨Ö´¨Ö ¨¸± ¦¥´¨° ³ £´¨É´μ£μ ¶μ²Ö, ¶μÖ¢²ÖÕÐ¨Ì¸Ö ¢μ ¢·¥³Ö
¢±²ÕÎ¥´¨Ö ¨ · ¡μÉÒ Í¨±²μÉ·μ´  ¨§-§  ¶¥É²¨ £¨¸É¥·¥§¨¸ , ´ £·¥¢  ¦¥²¥§  £² ¢-
´μ£μ ³ £´¨É  ¨ É. ¤. „·Ê£ Ö § ¤ Î  ¸μμÉ¢¥É¸É¢Ê¥É ¶·¥¤¶μ²μ¦¥´¨Õ, ÎÉμ · ¸Î¥É
·¥¦¨³μ¢ · ¡μÉÒ ¶·μ¨§¢μ¤¨É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥ÉμÎ´ÒÌ ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ
(± ·ÉÒ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö Bmain,work(r, θ)). ’μÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö
± ·É ³ £´¨É´ÒÌ ¶μ²¥° ´  Ê·μ¢´¥ B̄(r) ∼ 1,8 ’² ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±  •μ²² 
¸μ¸É ¢²Ö¥É εB = ±2 ƒ¸. �¥·¢ Ö (¢Éμ· Ö) ¨§ Ê± § ´´ÒÌ § ¤ Î § ±²ÕÎ ¥É¸Ö ¢
´ Ìμ¦¤¥´¨¨ ·¥Ï¥´¨° ¶·¨ ¨¸±²ÕÎ¥´¨¨ ¨§ · ¸Î¥É  ´¥±μÉμ·μ£μ Î¨¸²  ±μ´Í¥´-
É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸²μ¢´μ ÉμÎ´μ° (¢μ§³ÊÐ¥´´μ°) ± ·ÉÒ
μ¸´μ¢´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. —Éμ¡Ò μÍ¥´¨ÉÓ Ê¸Éμ°Î¨¢μ¸ÉÓ ·¥Ï¥´¨°, ¶μ²ÊÎ -
¥³ÒÌ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ μ¡μ¨Ì ±·¨É¥·¨¥¢ ¨¸±²ÕÎ¥´¨Ö, ´¥μ¡Ìμ¤¨³μ · ¸¸Î¨-
É ÉÓ ¨ ¸· ¢´¨ÉÓ μÉ´μ¸¨É¥²Ó´Ò¥ ¶μ£·¥Ï´μ¸É¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ·¥Ï¥´¨°. Š ±
¶μ± § ² ·Ö¤ Î¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ·¥Ï¥´¨Ö, ¶μ²ÊÎ ¥³Ò¥ ¶·¨ ¨¸¶μ²Ó§μ¢ -
´¨¨ ¶·¥¤² £ ¥³μ£μ ±·¨É¥·¨Ö ¨¸±²ÕÎ¥´¨Ö, Ö¢²ÖÕÉ¸Ö ¡μ²¥¥ Ê¸Éμ°Î¨¢Ò³¨, Î¥³
·¥Ï¥´¨Ö, ¶μ²ÊÎ ¥³Ò¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ μ¡ÒÎ´μ£μ ±·¨É¥·¨Ö ¨¸±²ÕÎ¥´¨Ö.
�·¨ ÔÉμ³ §´ Î¨É¥²Ó´μ¥ Ê²ÊÎÏ¥´¨¥ Ê¸Éμ°Î¨¢μ¸É¨ ¶μ²ÊÎ ¥³μ£μ ·¥Ï¥´¨Ö ¸μ-
¶·μ¢μ¦¤ ¥É¸Ö ²¨ÏÓ ´¥§´ Î¨É¥²Ó´Ò³ ÊÌÊ¤Ï¥´¨¥³ §´ Î¥´¨Ö ËÊ´±Í¨μ´ ²Ó´μ£μ
³¨´¨³Ê³ , ÎÉμ ¶· ±É¨Î¥¸±¨ ´¥ μÉ· ¦ ¥É¸Ö ´  Ë §μ¢μ³ ¤¢¨¦¥´¨¨ Ê¸±μ·Ö¥³ÒÌ
Î ¸É¨Í [7]. ‚μ¶·μ¸ μÍ¥´±¨ Ê¸Éμ°Î¨¢μ¸É¨ ·¥Ï¥´¨°, ¶μ²ÊÎ ¥³ÒÌ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ μ¡ÒÎ´μ£μ ¨ ¶·¥¤² £ ¥³μ£μ ±·¨É¥·¨¥¢ ¨¸±²ÕÎ¥´¨Ö ¨§ · ¸Î¥É  Î ¸É¨
§ ¤¥°¸É¢μ¢ ´´ÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ··¥±Í¨¨ μ¸´μ¢´μ£μ ³ £´¨É´μ£μ
¶μ²Ö, ¶μ¤·μ¡´μ ¨¸¸²¥¤Ê¥É¸Ö ¢ · ¡μÉ¥ [11].
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”ˆ‡ˆ—…‘Šˆ‰ �Š‘�…�ˆŒ…�’

‘ ¶μ³μÐÓÕ · §· ¡μÉ ´´μ£μ ±μ³¶²¥±¸  ¶·μ£· ³³ Cyclotron Operator HELP
2009 ¢ ´ Î ²¥ ¨Õ´Ö 2009 £. ¡Ò²μ ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ μ¸´μ¢´μ£μ ·¥¦¨³ 
· ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  AIC144 (¶·μÉμ´Ò, Î ¸ÉμÉ 
‚—-£¥´¥· Éμ·  Frf = 26,155 ŒƒÍ, ´ ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì Ud = 56 ±‚). � 
· ¸¸Î¨É ´´μ° ± ·É¥ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¶μ-
²ÊÎ¥´´μ³Ê ·¥¦¨³Ê · ¡μÉÒ, ¡Ò² ¸¤¥² ´  ´ ²¨É¨Î¥¸±¨° · ¸Î¥É Ë §μ¢μ£μ ¤¢¨-
¦¥´¨Ö ¨ Î ¸ÉμÉ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨° Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í. �´ ²¨§ ·¥§Ê²Ó-
É Éμ¢ · ¸Î¥Éμ¢, ¸¤¥² ´´Ò° ¸ ÊÎ¥Éμ³ μ¶·¥¤¥²¥´´ÒÌ ¶μ£·¥Ï´μ¸É¥°, ¶μ± § ²
¢μ§³μ¦´μ¸ÉÓ Ê¸±μ·¥´¨Ö Î ¸É¨Í ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ μÉ ¸¨-
¸É¥³Ò ¨´¦¥±Í¨¨ ¤μ ¸¨¸É¥³Ò ¢Ò¢μ¤  ¶ÊÎ±  ¨μ´μ¢. ’ ±¨³ μ¡· §μ³, · ¸Î¥É´μ-
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨É¥· Í¨¨ ¶μ Ëμ·³¨·μ¢ ´¨Õ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¡Ò²¨ § ³¥´¥´Ò μ¤´¨³¨ Éμ²Ó±μ · ¸Î¥É´Ò³¨. 	² £μ¤ ·Ö ÔÉμ³Ê É·¥¡Ê¥³Ò° ·¥-
¦¨³ · ¡μÉÒ ¡Ò² ¶μ²ÊÎ¥´ ¡¥§ μ¸É ´μ¢±¨ ¨ · §¡μ·±¨ AIC144 ¤²Ö ¶·μ¢¥¤¥´¨Ö
¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¨§³¥·¥´¨°. 4 ¨Õ´Ö 2009 £. ¸³μ¤¥²¨·μ¢ ´´Ò° ·¥-
¦¨³ · ¡μÉÒ ¡Ò² ¶·μ¢¥·¥´ ¶ÊÉ¥³ ¶·μ¢¥¤¥´¨Ö Ë¨§¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É  ´ 
¤ ´´μ³ Í¨±²μÉ·μ´¥. ‚ ¨Éμ£¥ ¶ÊÎμ± ¶·μÉμ´μ¢ ¡Ò² Ê¸¶¥Ï´μ Ê¸±μ·¥´ ¨ ¢Ò-
¢¥¤¥´ ¨§ AIC144. ‚Ò¢μ¤ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¡Ò² μ¸ÊÐ¥¸É¢²¥´ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ É¥Ì Ê¸É ´μ¢μ± ¸¨¸É¥³Ò ¢Ò¢μ¤ , ±μÉμ·Ò¥ ¡Ò²¨ · ¸¸Î¨É ´Ò
¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ¤¸É·μ¥´Ò ¤²Ö ¶·¥¤Ò¤ÊÐ¥£μ  ´ ²μ£¨Î´μ£μ ·¥¦¨³  · -
¡μÉÒ, ¶μ²ÊÎ¥´´μ£μ ¢ ¨Õ²¥ 2008 £. ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·μ£· ³³Ò DFU-
MIL [12]. 
É¨ Ê¸É ´μ¢±¨ ´Ê¦¤ ÕÉ¸Ö ¢ ÊÉμÎ´¥´¨¨ ¤²Ö · ¸¸³ É·¨¢ ¥³μ£μ ·¥-
¦¨³  · ¡μÉÒ ¸ Í¥²ÓÕ Ê¢¥²¨Î¥´¨Ö ±μÔËË¨Í¨¥´É  ¢Ò¢μ¤  ¶ÊÎ±  (μÉ´μÏ¥´¨Ö
Éμ±  ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ± Éμ±Ê ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ´  · ¤¨Ê¸¥ § ¡·μ¸  ¶ÊÎ± 
¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· Rext = 0,62 ³).

ˆ§³¥·¥´¨Ö Éμ±  ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ¶·μ¢μ¤¨²¨¸Ó ¢ ¤¨ ¶ §μ´¥ · ¤¨Ê¸μ¢
Ê¸±μ·¥´¨Ö μÉ Rstart = 0,04 ¤μ Rfinish = 0,64 ³ ¸ ¶μ³μÐÓÕ §μ´¤  º3, · ¸¶μ-
²μ¦¥´´μ£μ §  Ô²¥±É·μ¸É É¨Î¥¸±¨³ ¤¥Ë²¥±Éμ·μ³ ¶¥·¥¤ ³ £´¨É´Ò³¨ ± ´ ² ³¨
(μÉ R = 0,635 ³ ¤μ R = 0,64 ³ ¶ÊÎμ± § ¸²μ´Ö¥É¸Ö Ô²¥±É·μ¸É É¨Î¥¸±¨³ ¤¥-
Ë²¥±Éμ·μ³). �  ·¨¸. 3 ¶μ± § ´Ò ¶ · ³¥É·Ò ¶μ²ÊÎ¥´´μ£μ ·¥¦¨³  · ¡μÉÒ ¨ Éμ±
¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢, ¨§³¥·¥´´Ò° ¸ ¶μ³μÐÓÕ §μ´¤  º3
¶μ¸²¥ ¢¢μ¤  ³ £´¨É´ÒÌ ± ´ ²μ¢ ¢ μ¡² ¸ÉÓ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö.

�Ï¨¡±  ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö Å ÔÉμ · §´¨Í  ³¥¦¤Ê ¸·¥¤´¨³ ·¥§Ê²Ó-
É¨·ÊÕÐ¨³ Bres(r) ¨ ¨§μÌ·μ´´Ò³ Bis(r) ³ £´¨É´Ò³¨ ¶μ²Ö³¨. ” §μ¢Ò¥ ¶μ-
É¥·¨ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¸¢Ö§ ´Ò ¸ ¨Ì Ë §μ¢Ò³ ¸¤¢¨£μ³, ¢μ§´¨± ÕÐ¨³ ¨§-§ 
μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö, ±μ£¤  ´¥±μÉμ·Ò¥ ¨§ Î ¸É¨Í ¡ ´Î  (¸£Ê¸É± )
¶·¨μ¡·¥É ÕÉ É ±ÊÕ Ë §Ê, ÎÉμ ¢ÒÌμ¤ÖÉ ¨§ ·¥¦¨³  Ê¸±μ·¥´¨Ö. ” §μ¢Ò¥ ¶μ-
É¥·¨ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¶μ¸²¥ ¢¢μ¤  ³ £´¨É´ÒÌ ± ´ ²μ¢ ¢
μ¡² ¸ÉÓ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö ¨ ±μ³¶¥´¸¨·ÊÕÐ¥£μ Ê¢¥²¨Î¥´¨Ö Éμ±  ¢
£² ¢´μ° ± ÉÊÏ±¥ (¢ · ¸¸³ É·¨¢ ¥³μ³ ·¥¦¨³¥ · ¡μÉÒ μÉ Imain,work = 575,44 A
¤μ Imain,optimum = 576,14 A). ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ¶ÊÎμ± ¶·μÉμ´μ¢ ¡Ò² Ê¸±μ-
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�¨¸. 3. ˆ§³¥·¥´´Ò° Éμ± ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢

·¥´ ¢ μ¡² ¸É¨ ¨§μÌ·μ´¨§ Í¨¨ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ · ¤¨Ê¸  ±μ´Í 
Í¥´É· ²Ó´μ£μ ¡ ³¶  Rbump = 0,155 ³ ¤μ · ¤¨Ê¸  ´ Î ²  ±· ¥¢μ£μ ³ £´¨É-
´μ£μ ¶μ²Ö Redge = 0,595 ³ ¨, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ, §´ Î¨É¥²Ó´μ ¤ ²¥¥ Å ¢¶²μÉÓ
¤μ · ¤¨Ê¸  § ¡·μ¸  ¶ÊÎ±  ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· Rext = 0,62 ³,
¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ Ë §μ¢ÒÌ ¶μÉ¥·Ó (Ê³¥´ÓÏ¥´¨¥ Éμ±  ¶ÊÎ±  σIbeam < 50 %).
�¥±μÉμ·Ò¥  ±¸¨ ²Ó´Ò¥ ¶μÉ¥·¨ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ´ Î ²Ó´ÒÌ
· ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö (r < 0,2 ³) ³μ£ÊÉ ¢Ò§Ò¢ ÉÓ¸Ö ³ ²μ° ¢¥²¨Î¨´μ° Î ¸ÉμÉÒ
¢¥·É¨± ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨° (Qz < 0,1). „μ¶μ²´¨É¥²Ó´Ò¥  ±¸¨ ²Ó-
´Ò¥ ¶μÉ¥·¨ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö
(R ≈ 0,625 ³) ³μ£ÊÉ ¢μ§´¨± ÉÓ ¨§-§  ¢²¨Ö´¨Ö ·¥§μ´ ´¸  “μ²±¨´ÏμÊ [5]. �¥-
±μÉμ·μ¥ Ê³¥´ÓÏ¥´¨¥ Éμ±  ¶ÊÎ±  Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ¸·¥¤´¨Ì ¨
±μ´¥Î´ÒÌ · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö μ¡ÑÖ¸´Ö¥É¸Ö μÏ¨¡±μ° ¥£μ ¨§³¥·¥´¨Ö.

Š ·É  ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö ³μ¦¥É ¡ÒÉÓ ¨§³¥·¥´ , ¶μ¸²¥
Î¥£μ ·¥¦¨³ · ¡μÉÒ ³μ¦¥É ¡ÒÉÓ ¶¥·¥¸Î¨É ´ ¸ ¢´¥¸¥´¨¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
¶μ¶· ¢±¨ ¢ ³ ¸±Ê ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. ’ ±¨³ μ¡· §μ³, μÏ¨¡± 
¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ë §μ¢Ò¥ ¶μÉ¥·¨ Ê¸±μ·Ö¥³ÒÌ
¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ¨§μÌ·μ´¨§ Í¨¨ É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö ³μ£ÊÉ ¡ÒÉÓ
Ê³¥´ÓÏ¥´Ò ¶μ¸²¥ ¶¥·¢μ° · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨É¥· Í¨¨.

‚¥²¨Î¨´  Éμ±  § ¡·μÏ¥´´μ£μ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢, ¨§³¥·¥´´μ£μ
¸ ¶μ³μÐÓÕ §μ´¤  º0, · ¸¶μ²μ¦¥´´μ£μ ¶·Ö³μ ´  ¢Ìμ¤¥ ¢ Ô²¥±É·μ¸É É¨Î¥-
¸±¨° ¤¥Ë²¥±Éμ· ¸ Rseptum = 0,635 ³, ¸μ¸É ¢¨²  Ibeam = 40 ´�. � ¸Î¥É´Ò°
±μÔËË¨Í¨¥´É ¶·μÌμ¦¤¥´¨Ö Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ Î¥·¥§ Ô²¥±É·μ¸É É¨Î¥¸±¨°
¤¥Ë²¥±Éμ· ¸μ¸É ¢²Ö¥É ´¥ ³¥´¥¥ Kdef = 75 %. ’ ±¨³ μ¡· §μ³, ¶·¨ ¶· ¢¨²Ó´ÒÌ
§´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò ¢Ò¢μ¤  ( ³¶²¨ÉÊ¤Ò ¨ Ë §Ò ¶¥·¢μ° £ ·³μ´¨±¨
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�¨¸. 4. Œ ±¸¨³ ²Ó´Ò° Éμ± ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ± 

·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö) §´ Î¥´¨¥ Éμ±  ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ³μ¦¥É
¸μ¸É ¢¨ÉÓ Ibeam,out ≈ 30 ´�, ÎÉμ ¢ É·¨ · §  ¡μ²ÓÏ¥ ³ ±¸¨³ ²Ó´μ£μ É·¥¡Ê¥-
³μ£μ §´ Î¥´¨Ö. �·¨ ÔÉμ³ ±μÔËË¨Í¨¥´É ¢Ò¢μ¤  ¶ÊÎ±  ³μ¦¥É ¸μ¸É ¢¨ÉÓ ± ±
³¨´¨³Ê³ Kext ≈ 25 %.

” §μ¢μ¥ ¤¢¨¦¥´¨¥ Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¡Ò²μ μ¶É¨³¨§¨·μ¢ ´μ §  ¸Î¥É ·¥-
£Ê²¨·μ¢±¨  ³¶²¨ÉÊ¤Ò Í¥´É· ²Ó´μ£μ ¡ ³¶  ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö
¶μ ¢¥²¨Î¨´¥ Éμ±  ¶ÊÎ± , ¢Ò¢¥¤¥´´μ£μ ¨§ Í¨±²μÉ·μ´ . �¶É¨³¨§ Í¨Ö ¶·μ¨§¢μ-
¤¨² ¸Ó ¶ÊÉ¥³ ¨§³¥´¥´¨Ö Éμ±  ¢μ ¢Éμ·μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ¸ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥° ¶μ¤¸É·μ°±μ° Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ É ±¨³ μ¡· §μ³, ÎÉμ Ë §μ¢Ò°
¸¤¢¨£ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ´  ¢Ìμ¤¥ ¢ Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· ¸μ¸É ¢¨²
Δϕp ≈ 0◦. ‘ ¶μ³μÐÓÕ Cyclotron Operator HELP 2009 ¡Ò²μ ¶·μ¢¥¤¥´μ ³μ-
¤¥²¨·μ¢ ´¨¥ · ¡μÉÒ μ¶¥· Éμ·  AIC144 ¸ Í¥²ÓÕ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶¥·¥¸Î¥É 
³ ¸±¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ. �  ·¨¸. 4
¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ³ ±¸¨³ ²Ó´μ£μ Éμ±  ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢, ¢Ò-
¢¥¤¥´´ÒÌ ¨§ Í¨±²μÉ·μ´ , μÉ Éμ±  ¢μ ¢Éμ·μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ¶·¨
¸μμÉ¢¥É¸É¢ÊÕÐ¥° ·¥£Ê²¨·μ¢±¥ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥, ±μ£¤  ¢Ò¢¥¤¥´´Ò° ¶Ê-
Îμ± ´ ¨²ÊÎÏ¨³ μ¡· §μ³ ¸μÌ· ´Ö¥É Ëμ·³Ê ±·Ê£  ¢ ¸¢μ¥³ ¶μ¶¥·¥Î´μ³ ¸¥Î¥´¨¨.

ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ Éμ±  ¢μ ¢Éμ·μ° ±μ´Í¥´-
É·¨Î¥¸±μ° ± ÉÊÏ±¥, μÉ¢¥Î ÕÐ¥° §  Ëμ·³¨·μ¢ ´¨¥ Í¥´É· ²Ó´μ£μ ¡ ³¶ , ¶·¨
¸Ëμ·³¨·μ¢ ´´μ³ ±· ¥¢μ³ ³ £´¨É´μ³ ¶μ²¥ ¸μ¸É ¢²Ö¥É I2 = 335 �. �·¨ ÔÉμ³
¤¨ ¶ §μ´ ¨§³¥´¥´¨Ö Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥, ¶·¨ ±μÉμ·μ³ Éμ± ¢Ò¢¥¤¥´´μ£μ
¶ÊÎ±  ¸μÌ· ´Ö¥É ´¥ ³¥´¥¥ 90 % μÉ ¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö, ¸μ¸É ¢¨²
μÉ Imain = 575,9 � ¤μ Imain = 577,3 �. „²Ö · ¸¸³ É·¨¢ ¥³μ£μ ·¥¦¨³  · ¡μÉÒ
¶·¨ §´ Î¥´¨¨ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,optimum = 576,14 � ¢Ò¢¥¤¥´´Ò°
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¶ÊÎμ± ¨³¥² Ëμ·³Ê ¶· ¢¨²Ó´μ£μ ±·Ê£  ¢ ¸¢μ¥³ ¶μ¶¥·¥Î´μ³ ¸¥Î¥´¨¨,   ¶·¨
§´ Î¥´¨¨ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,optimum = 576,3 � Å ³ ±¸¨³ ²Ó´μ¥
§´ Î¥´¨¥ ¸¢μ¥£μ Éμ± . ‡´ Î¥´¨¥ Éμ±  ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ¶·¨ Imain,optimum =
576,14 � ¸μ¸É ¢¨²μ Ibeam,out ≈ 3 ´�,   ¶·¨ Imain,optimum = 576,3 � Å
Ibeam,out ≈ 3,4 ´�. �μ¸²¥ ¶¥·¥¸Î¥É  ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶μ¤¸É·μ°±¨ Éμ±μ¢
¢ £ ·³μ´¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ¶¥·¢μ° £ ·³μ´¨±¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ
³ £´¨É´μ£μ ¶μ²Ö (Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶μ¤¸É·μ°±¨  ³¶²¨ÉÊ¤Ò ¨ Ë §Ò ¶¥·¢μ°
£ ·³μ´¨±¨) ³μ¦´μ ¡Ê¤¥É μ¶·¥¤¥²¨ÉÓ μ±μ´Î É¥²Ó´μ¥ μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥
Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥ Imain,optimum, ¶·¨ ±μÉμ·μ³ ¢Ò¢¥¤¥´´Ò° ¶ÊÎμ± ¡Ê-
¤¥É ¨³¥ÉÓ ± ± Ëμ·³Ê ¶· ¢¨²Ó´μ£μ ±·Ê£  ¢ ¸¢μ¥³ ¶μ¶¥·¥Î´μ³ ¸¥Î¥´¨¨, É ± ¨
³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¸¢μ¥£μ Éμ± .

‚ ¨Éμ£¥ ¡Ò²¨ ¤μ¸É¨£´ÊÉÒ ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ.

• ˆ§³¥·¥´´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ ± ³¥·¥ μ¡²Ê-
Î¥´¨Ö ¢¶¥·¢Ò¥ ¤μ¸É¨£²  É·¥¡Ê¥³μ£μ §´ Î¥´¨Ö Ek ∼ 60 ŒÔ‚, ´¥μ¡Ìμ¤¨-
³μ£μ ¤²Ö ²¥Î¥´¨Ö ³¥² ´μ³Ò £² §  Ê ¶ Í¨¥´Éμ¢ (¶μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥-
´¨°, ¶·μ¢¥¤¥´´ÒÌ ¶μ¤· §¤¥²¥´¨¥³ ¶·μÉμ´´μ° É¥· ¶¨¨ ˆŸ” ���).

• �μ¸²¥ ¶ÖÉ¨ ³¥¸ÖÍ¥¢ Ô±¸¶²Ê É Í¨¨ AIC144 ¢ ·¥¦¨³¥ · ¡μÉÒ, ¶μ²ÊÎ¥´-
´μ³ 4 ¨Õ´Ö 2009 £., ÊÌμ¤ §´ Î¥´¨Ö Éμ±  ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ± , ¨§³¥·¥´´μ£μ
´  ¢ÒÌμ¤¥ ¨§ Í¨±²μÉ·μ´ , ¶·¨ Éμ³ ¦¥ §´ Î¥´¨¨ Éμ±  ¨¦¥±Í¨¨ ¸μ¸É -
¢¨² σIbeam,out ≈ 2,5%, ÎÉμ £μ¢μ·¨É μ Ìμ·μÏ¥° Ê¸Éμ°Î¨¢μ¸É¨ ¸³μ¤¥-
²¨·μ¢ ´´μ£μ ·¥¦¨³  · ¡μÉÒ (¶μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨°, ¶·μ¢¥¤¥´´ÒÌ
–¨±²μÉ·μ´´Ò³ μÉ¤¥²μ³ ˆŸ” ���).

‡�Š‹�—…�ˆ…

‚ Í¥²μ³ ¡Ò²μ ¸¤¥² ´μ ¸²¥¤ÊÕÐ¥¥.

• “²ÊÎÏ¥´  ¸ÊÐ¥¸É¢ÊÕÐ Ö ³¥Éμ¤¨±  ¨ · §· ¡μÉ ´Ò ´μ¢Ò¥  ²£μ·¨É³Ò ³ -
É¥³ É¨Î¥¸±μ£μ ¨ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö É·¥¡Ê¥³ÒÌ ·¥¦¨³μ¢ · -
¡μÉÒ ³´μ£μÍ¥²¥¢ÒÌ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´μ¢.

• �  ‘++ · §· ¡μÉ ´ ±μ³¶²¥±¸ ¶·μ£· ³³ Cyclotron Operator HELP 2009
(2004Ä2009), ±μÉμ·Ò° ¡Ò² Ê¸É ´μ¢²¥´ ´  ¸¥·¢¥·¥ ³´μ£μÍ¥²¥¢μ£μ ¨§μ-
Ì·μ´´μ£μ Í¨±²μÉ·μ´  AIC144 ¢ ˆŸ” ��� (Š· ±μ¢, �μ²ÓÏ ).

• ‘ ¶μ³μÐÓÕ Cyclotron Operator HELP 2009 ¤²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · -
¡μÉÒ AIC144 (¶·μÉμ´Ò, Î ¸ÉμÉ  ‚—-£¥´¥· Éμ·  Frf = 26,155 ŒƒÍ, ´ -
¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì Ud = 56 ±‚) ·¥Ï¥´  μ¡· É´ Ö § ¤ Î  ¶μ · ¸Î¥ÉÊ
Éμ±μ¢ ¢ £² ¢´μ° ¨ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´-
´μ£μ Í¨±²μÉ·μ´ .

• ‘ ¶μ³μÐÓÕ Cyclotron Operator HELP 2009 ¸³μ¤¥²¨·μ¢ ´ μ¸´μ¢´μ° ·¥-
¦¨³ · ¡μÉÒ AIC144, ´  μ¸´μ¢¥ ±μÉμ·μ£μ 4 ¨Õ´Ö 2009 £. ¡¥§ μ¸É ´μ¢±¨
Í¨±²μÉ·μ´  ¤²Ö ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ¡Ò²
Ê¸¶¥Ï´μ Ê¸±μ·¥´ ¨ ¢Ò¢¥¤¥´ ¨§ Í¨±²μÉ·μ´  ¶ÊÎμ± ¶·μÉμ´μ¢, ¶·¥¤´ §´ -
Î¥´´Ò° ¤²Ö ²¥Î¥´¨Ö ³¥² ´μ³Ò £² §  Ê ¶ Í¨¥´Éμ¢.
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�¥μ¤´μ·μ¤´ Ö ¸¨¸É¥³  ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¢ ³ É·¨Î´μ³
¢¨¤¥ § ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:(

P left · A · P right
)
·
(
P right · I

)
= P left · B,

A = ‖ai,j‖ , I =
(
I∗j
)T

, B = (bi)
T

, (�.1)

i = 1, 2 . . . k, j = 1, 2 . . . k,

£¤¥ P left ¨ P right Å ÔÉμ ²¥¢ Ö ¨ ¶· ¢ Ö ¶¥·¥¸É ´μ¢μÎ´Ò¥ ³ É·¨ÍÒ. ‹¥-
¢ Ö ¶¥·¥¸É ´μ¢μÎ´ Ö ³ É·¨Í  μÉ¢¥Î ¥É §  ¶¥·¥¸É ´μ¢±Ê ¸É·μ±,   ¶· ¢ Ö Å § 
¶¥·¥¸É ´μ¢±Ê ¸Éμ²¡Íμ¢ ¢ ³ É·¨Í¥ ±μÔËË¨Í¨¥´Éμ¢ A. ‹¥¢ Ö ¨ ¶· ¢ Ö ¶¥·¥¸É -
´μ¢μÎ´Ò¥ ³ É·¨ÍÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö Ê¸É ´μ¢±¨ £² ¢´μ£μ Ô²¥³¥´É  ¢ ´Ê¦´ÊÕ
¶μ§¨Í¨Õ ´  ± ¦¤μ³ Ï £¥ ¶·Ö³μ£μ Ìμ¤  ³¥Éμ¤  ƒ Ê¸¸  ¸ ¢Ò¡μ·μ³ £² ¢´μ£μ
Ô²¥³¥´É  ¶μ ³ É·¨Í¥, ±μÉμ·Ò° μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ Ëμ·³Ê² ³¨:

a
(s)
s,j =

a
(s−1)
s,j

a
(s−1)
s,s

, b(s)
s =

b
(s−1)
s

a
(s−1)
s,s

, (�.2)

j = s, s + 1 . . . k, s = 1, 2 . . . k,

a
(s)
i,j = a

(s−1)
i,j − a

(s)
s,j · a

(s−1)
i,s , b

(s)
i = b

(s−1)
i − b(s)

s · a(s−1)
i,s , (�.3)

i = s + 1, s + 2 . . . k, j = s, s + 1 . . . k, s = 1, 2 . . . k − 1,

£¤¥ a
(s−1)
s,s Å ÔÉμ £² ¢´Ò° Ô²¥³¥´É ³ É·¨ÍÒ ±μÔËË¨Í¨¥´Éμ¢ A ´  s-³ Ï £¥

¶·Ö³μ£μ Ìμ¤  ³¥Éμ¤  ƒ Ê¸¸  ¸ ¢Ò¡μ·μ³ £² ¢´μ£μ Ô²¥³¥´É  ¶μ ³ É·¨Í¥. (�μ³¥·
Ï £  Ê± § ´ ¢ ¸±μ¡± Ì.) �¥Ï¥´¨¥ ´ Ìμ¤¨É¸Ö μ¡· É´Ò³ Ìμ¤μ³ · ¸¸³ É·¨¢ ¥-
³μ£μ ³¥Éμ¤ .

Œ¥Éμ¤ ƒ Ê¸¸  ¸ ¢Ò¡μ·μ³ £² ¢´μ£μ Ô²¥³¥´É  ¶μ ³ É·¨Í¥ ¢μÏ¥² ¢ ¸μ¸É ¢ ¤¨-
´ ³¨Î¥¸±¨ ¸¢Ö§ ´´μ° ¡¨¡²¨μÉ¥±¨ ³ É·¨Î´μ-¢¥±Éμ·´ÒÌ μ¶¥· Í¨° ¨ ·¥Ï¥´¨Ö
‘‹�“ ¸ ¢¥Ð¥¸É¢¥´´Ò³¨ ±μÔËË¨Í¨¥´É ³¨ GaussDLL.dll, ±μÉμ· Ö ¡Ò²  · §· -
¡μÉ ´  ´  ‘++ ¨ · §³¥Ð¥´  ´  ¸ °É¥ �ˆŸˆ ¢ ¡¨¡²¨μÉ¥±¥ £μÉμ¢ÒÌ ¶·μ£· ³³
�ˆŸˆ JINRLIB (http://wwwinfo.jinr.ru/programs/jinrlib/gaussdll/indexe.html).
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