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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¨ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μÍ¥´±¥
± Î¥¸É¢  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, · ¸¸Î¨É ´´μ£μ ¤²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ ³´μ£μÍ¥²¥-
¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  �ˆ–-144, · ¸¶μ²μ¦¥´´μ£μ ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ �μ²Ó¸±μ°
 ± ¤¥³¨¨ ´ Ê± ¨ ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¶·μÉμ´´μ° · ¤¨μÉ¥· ¶¨¨ ³¥² ´μ³Ò £² § . ‚ ±μ-
´¥Î´μ³ ¨Éμ£¥ ¶· ¢¨²Ó´μ¸ÉÓ · ¸Î¥Éμ¢ ¶μ¤É¢¥·¦¤ ¥É¸Ö Ê¸¶¥Ï´Ò³¨ ·¥§Ê²ÓÉ É ³¨ ²¥Î¥´¨Ö ¶ Í¨¥´Éμ¢.

The work presents the equations of motion and the numerical results of estimating the quality of
the isochronous magnetic ˇeld calculated for the main operating mode of the AIC-144 multipurpose
isochronous cyclotron located at the Institute of Nuclear Physics, Polish Academy of Sciences, and
intended for the carrying out of proton radiotherapy of eye melanoma. Finally, the calculation truth is
conˇrmed by the successful results of medical treatment of patients.
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‚‚…„…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¨ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¶·¨
μÍ¥´±¥ ± Î¥¸É¢  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, · ¸¸Î¨É ´´μ£μ ¤²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · -
¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  �ˆ–-144, · ¸¶μ²μ¦¥´´μ£μ ¢ ˆ´¸É¨ÉÊÉ¥
Ö¤¥·´μ° Ë¨§¨±¨ �μ²Ó¸±μ°  ± ¤¥³¨¨ ´ Ê± ¨ ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¶·μÉμ´´μ°
· ¤¨μÉ¥· ¶¨¨ ³¥² ´μ³Ò £² § . �¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ �ˆ–-144 ¡Ò² ¸³μ¤¥²¨·μ¢ ´ ´ 
μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ´μ¢μ° ³¥Éμ¤¨±¨ [1, 2]. �μ¸²¥ Ê¸¶¥Ï´μ° ·¥ ²¨§ Í¨¨ μÎ¥·¥¤´μ£μ
¢ ·¨ ´É  ¸³μ¤¥²¨·μ¢ ´´μ£μ ·¥¦¨³  · ¡μÉÒ ´  Í¨±²μÉ·μ´¥ ¢ ¨Õ²¥ 2012 £. ¨ Ô±¸¶¥·¨³¥´-
É ²Ó´μ° ¶μ¤¸É·μ°±¨  ³¶²¨ÉÊ¤Ò Í¥´É· ²Ó´μ£μ ¡ ³¶  ¸Ëμ·³¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¢ μ±ÉÖ¡·¥ 2012 £. ¶·μÉμ´´ Ö · ¤¨μÉ¥· ¶¨Ö ³¥² ´μ³Ò £² §  ¡Ò²  ¶·μ¤μ²¦¥´  ¢ 2013 £.
(¢ ¶² ´μ¢μ³ ·¥¦¨³¥).

1. “��‚�…�ˆŸ „‚ˆ†…�ˆŸ

‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´μ£μ Ê· ¢´¥´¨Ö ¤²Ö · ¸Î¥É  ¤¨´ ³¨±¨ ¶ÊÎ±  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ¡¥-
·¥É¸Ö Ê· ¢´¥´¨¥ ‹μ·¥´Í Ä	ÓÕÉμ´ , μ¶¨¸Ò¢ ÕÐ¥¥ ¤¢¨¦¥´¨¥ μ¤¨´μÎ´μ° § ·Ö¦¥´´μ° Î -
¸É¨ÍÒ ¢ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ :

ṗ = qE + q[ṙ × B], (1)
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£¤¥ p Å ÔÉμ ·¥²ÖÉ¨¢¨¸É¸±¨° ¨³¶Ê²Ó¸; q Å § ·Ö¤ Î ¸É¨ÍÒ; r Å · ¤¨Ê¸-¢¥±Éμ· Ê¸±μ·Ö¥³μ£μ
¨μ´ ; E Å ¢¥±Éμ· ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö; B Å ¢¥±Éμ· ³ £´¨É´μ° ¨´¤Ê±-
Í¨¨. �·¨ · §²μ¦¥´¨¨ Ê· ¢´¥´¨Ö ¶μ ±μ³¶μ´¥´É ³ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É
¨¸¶μ²Ó§Ê¥É¸Ö ¶· ¢ Ö É·μ°±  ¶μ¶ ·´μ ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¡ §¨¸´ÒÌ ¢¥±Éμ·μ¢ er, eϕ, ez,
  ¶·μ¥±Í¨Ö ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨ B ´  μ¸Ó OZ ¨³¥¥É μÉ·¨Í É¥²Ó´Ò¥ §´ Î¥´¨Ö.
‚ ·¥§Ê²ÓÉ É¥ · §²μ¦¥´¨Ö ¶μ²ÊÎ ÕÉ¸Ö Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö. ‘¨¸É¥³  ´¥²¨´¥°´ÒÌ ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢Éμ·μ£μ ¶μ·Ö¤±  (2) c ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨ (3) ·¥Ï ¥É¸Ö
³¥Éμ¤μ³ �Ê´£¥ÄŠÊÉÉÒ:
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ṙ∗

r∗
ϕ̇∗ =

K1

E

(
ż∗
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(5)

£¤¥ E Å ÔÉμ ¶μ²´ Ö Ô´¥·£¨Ö Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ; E0 Å Ô´¥·£¨Ö ¶μ±μÖ; Ek Å ±¨´¥-
É¨Î¥¸± Ö Ô´¥·£¨Ö, ¨¸¶μ²Ó§Ê¥³ Ö ¢ ± Î¥¸É¢¥ ¸¢μ¡μ¤´μ£μ ¶ · ³¥É· ; m0 Å ³ ¸¸  ¶μ±μÖ;
c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; r∗, ϕ, z∗ Å Í¨²¨´¤·¨Î¥¸±¨¥ ±μμ·¤¨´ ÉÒ Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ;
B∗

r , B∗
ϕ, B∗

z ¨ E∗
r , E∗
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z Å ¶·μ¥±Í¨¨ ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ¨ ¢¥±Éμ·  ´ ¶·Ö-

¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μμ·¤¨´ É´Ò¥ μ¸¨; σN Å ±μÔËË¨-
Í¨¥´É Ê¤²¨´¥´¨Ö § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ,   λN Å ¶ · ³¥É· ³ £´¨É´μ£μ ¶μ²Ö [5];
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εN Å £²Ê¡¨´  ¢ ·¨ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö; k Å ¨´¤¥±¸ ³ £´¨É´μ£μ ¶μ²Ö; N Å ¶¥·¨μ¤¨Î-
´μ¸ÉÓ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò; B∗

N ¨ ϕN Å  ³¶²¨ÉÊ¤  ¨ Ë §  μ¸´μ¢´μ° £ ·³μ´¨±¨ · ¡μÎ¥£μ
³ £´¨É´μ£μ ¶μ²Ö; B̄∗

z Å Ê¸·¥¤´¥´´μ¥ ¶μ  §¨³ÊÉÊ ³ £´¨É´μ¥ ¶μ²¥, ¢§ÖÉμ¥ ¢ ³¥¤¨ ´´μ°
¶²μ¸±μ¸É¨; r̄∗ Å ¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ. ‘¨³¢μ² ®∗¯ μ§´ Î ¥É
¡¥§· §³¥·´μ¸ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶ · ³¥É· . � · ³¥É·Ò, ¨³¥ÕÐ¨¥ · §³¥·´μ¸ÉÓ ¨´¤Ê±-
Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö, ¤¥²ÖÉ¸Ö ´  B̂0 = 1 ’²; ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö Å
´  Ê0 = 1 B/³; ¤²¨´Ò Å ´  L̂0 = 1 ³; ¢·¥³¥´¨ Å ´  T̂0 = 1/ω0 = h/(2πFrf) ¸.
h = Frf/F0 Å ÔÉμ £ ·³μ´¨Î¥¸±μ¥ Î¨¸²μ; ω0 Å ±·Ê£μ¢ Ö Î ¸ÉμÉ ; Frf Å Î ¸ÉμÉ  ‚—-£¥´¥-
· Éμ· ,   F0 Å ¨§μÌ·μ´´ Ö Î ¸ÉμÉ  μ¡· Ð¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ‚Ò¢μ¤ ´ Î ²Ó´ÒÌ
Ê¸²μ¢¨° ¶μ¤·μ¡´μ ¶·¥¤¸É ¢²¥´ ¢ [4]. �´ ²¨É¨Î¥¸± Ö Ëμ·³Ê²  ¤²Ö · ¸Î¥É  §´ Î¥´¨Ö
¸É ·Éμ¢μ£μ · ¤¨Ê¸  § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ r∗0 (3) Ö¢²Ö¥É¸Ö ´¥²¨´¥°´μ° ¨ ¶·¨¡²¨-
¦¥´´μ°. �μÔÉμ³Ê §´ Î¥´¨¥ σN ´ Ìμ¤¨É¸Ö ¨É¥· Í¨μ´´Ò³ ¶ÊÉ¥³ ¸ ³ Ï¨´´μ° ÉμÎ´μ¸ÉÓÕ,
  ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¸μμÉ¢¥É¸É¢¨Ö ³¥¦¤Ê § ¤ ´´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° Ek ¨ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨³ ¸É ·Éμ¢Ò³ · ¤¨Ê¸μ³ r∗0 ± ¶μ¸²¥¤´¥³Ê ¤μ¡ ¢²Ö¥É¸Ö ¶μ¶· ¢±  δr∗0 . “· ¢´¥´¨Ö
¤¢¨¦¥´¨Ö ·¥Ï ÕÉ¸Ö ¢ ¶·¨¡²¨¦¥´¨¨ § ³±´ÊÉÒÌ · ¢´μ¢¥¸´ÒÌ μ·¡¨É (¡¥§ ÊÎ¥É  ´ ¶·Ö-
¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö) ¤²Ö ±μ´±·¥É´ÒÌ §´ Î¥´¨° ¶μ¶· ¢±¨ δr∗0 , ´ Ìμ¤¨³ÒÌ ¶μ
μ¶·¥¤¥²¥´´μ³Ê  ²£μ·¨É³Ê. �¥Ï¥´¨¥ ¶μ¢Éμ·Ö¥É¸Ö ¤μ ³μ³¥´É  § ³Ò± ´¨Ö · ¢´μ¢¥¸´μ°
μ·¡¨ÉÒ ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ. Šμ´¥Î´Ò° ·¥§Ê²ÓÉ É Å ÔÉμ § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· Ð¥-
´¨Ö Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ μÉ · ¤¨Ê¸ .

2. Š��’��‹œ ’�—��‘’ˆ ��‘—…’� ˆ‡�•�����ƒ� Œ�ƒ�ˆ’��ƒ� ��‹Ÿ

“¸μ¢¥·Ï¥´¸É¢μ¢ ´´Ò° ³¥Éμ¤ ±μ´É·μ²Ö ÉμÎ´μ¸É¨ · ¸Î¥É  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ
¶μ²Ö, ¢ÒÎ¨¸²Ö¥³μ£μ ¶μ  ´ ²¨É¨Î¥¸±¨³ Ëμ·³Ê² ³ Œ.Œ. ƒμ·¤μ´  [6], μ¸´μ¢Ò¢ ¥É¸Ö ´ 
¸· ¢´¥´¨¨ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö (μÉ´μ-
¸¨É¥²Ó´μ° · §´μ¸É¨ ¸·¥¤´¥£μ ¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´ÒÌ ¶μ²¥°) ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥É 
μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í (μÉ´μ¸¨É¥²Ó´μ° · §´μ-
¸É¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö ¨ ¨§μÌ·μ´´μ° Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í). � ¸Î¥É
Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö ¶·μ¢μ¤¨É¸Ö ¤²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ �ˆ–-144 (¶·μÉμ´Ò, ±¨-
´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¢Ò¢μ¤  Ek ∼ 60,5 ŒÔ‚ (¢ÒÎ¨¸²¥´´ Ö ¶·¨ · ¤¨Ê¸¥ Rk = 0,623 ³),
Î ¸ÉμÉ  ‚—-£¥´¥· Éμ·  Frf = 26,26 ŒƒÍ) ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ± ·ÉÒ ·¥§Ê²ÓÉ¨·ÊÕ-
Ð¥£μ ³ £´¨É´μ£μ ¶μ²Ö (μÉ Éμ±μ¢ ¢ £² ¢´μ° ¨ ¢ ¤¢ ¤Í É¨ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì
�ˆ–-144). �¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ �ˆ–-144 ¡Ò² ¸³μ¤¥²¨·μ¢ ´ ¸ ¶μ³μÐÓÕ ¸μ§¤ ´´μ£μ
´  ‘++ ±μ³¶²¥±¸  ¶·μ£· ³³ Cyclotron Operator HELP Program Complex 2012. 	  ·¨¸. 1
¶·¥¤¸É ¢²¥´Ò μÉ´μ¸¨É¥²Ó´Ò¥ μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö
Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢. 	  ·¨¸. 2 ¶·¨¢¥¤¥´ ¨§³¥·¥´´Ò° Éμ± ¶ÊÎ±  ¶·μÉμ´μ¢, Ê¸±μ·¥´´ÒÌ
¢ ¸Ëμ·³¨·μ¢ ´´μ³ ³ £´¨É´μ³ ¶μ²¥. ˆ§ ·¨¸. 1 ¢¨¤´μ, ÎÉμ ³¥¦¤Ê μÉ´μ¸¨É¥²Ó´Ò³¨ μÏ¨¡-
± ³¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¸ÊÐ¥¸É¢Ê¥É
Ìμ·μÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥. �·¨ ÔÉμ³ §´ Î¥´¨¥ ³μ¤Ê²Ö μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ Î ¸ÉμÉÒ μ¡· -
Ð¥´¨Ö Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ¨§μÌ·μ´¨§³  ¸Ëμ·³¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
(μÉ · ¤¨Ê¸  ±μ´Í  Í¥´É· ²Ó´μ£μ ¡ ³¶  Rbump ¤μ · ¤¨Ê¸  ´ Î ²  ±· ¥¢μ£μ ³ £´¨É´μ£μ
¶μ²Ö Redge) ¸μ¸É ¢²Ö¥É |σF0| < 3,5E − 4, ÎÉμ ¸μ¶μ¸É ¢¨³μ ¸ ÉμÎ´μ¸ÉÓÕ ¨§³¥·¥´¨Ö ± ·É
¨¸Ìμ¤´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° |σms| ∼ (1−2)E − 4, ¨§³¥·¥´´ÒÌ ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±  •μ²² .
ˆ§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ ¶ÊÎμ± ¶·μÉμ´μ¢ Ê¸±μ·Ö¥É¸Ö ¢μ ¢¸¥° μ¡² ¸É¨ ¨§μÌ·μ´¨§³  ¸Ëμ·³¨·μ-
¢ ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ Ë §μ¢ÒÌ ¨  ±¸¨ ²Ó´ÒÌ ¶μÉ¥·Ó. ŠμÔËË¨Í¨¥´É
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�¨¸. 1. �É´μ¸¨É¥²Ó´Ò¥ μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Ê¸±μ·Ö¥³ÒÌ ¶·μ-

Éμ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸ 

�¨¸. 2. ˆ§³¥·¥´´Ò° Éμ± ¶ÊÎ±  ¶·μÉμ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸ 

¢Ò¢μ¤  ¶ÊÎ± , · ¸¸Î¨É ´´Ò° ¶μ ¨§³¥·¥´´Ò³ §´ Î¥´¨Ö³ ± ± μÉ´μÏ¥´¨¥ Éμ±  ¢´¥Ï´¥£μ
¶ÊÎ±  ¢ ¨μ´μ¢μ¤¥ ± Éμ±Ê ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ´  ±μ´Í¥ ¶² Éμ ¥£μ §´ Î¥´¨° ¶¥·¥¤ Ô²¥±-
É·μ¸É É¨Î¥¸±¨³ ¤¥Ë²¥±Éμ·μ³ (´  · ¤¨Ê¸¥ R = 61 ¸³), ¸μ¸É ¢¨² Kext ≈ 18%. „¨ ¶ §μ´
¨§³¥´¥´¨Ö ¢¥²¨Î¨´Ò Éμ±  ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  §  ¸Î¥É ·¥£Ê²¨·μ¢±¨ · ¸Ìμ¤  £ §  ´  ¨¸ÉμÎ-
´¨±¥ ¨μ´μ¢ ¸μ¸É ¢¨² Iext = 1−350 ´�. Œ ±¸¨³ ²Ó´μ ¤μ¶Ê¸É¨³Ò° Éμ± ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ± 
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¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¶·μÉμ´´μ° É¥· ¶¨¨ ³¥² ´μ³Ò £² §  ¸μ¸É ¢²Ö¥É Iext = 80 ´�. �μ-
¸²¥ Ê¸¶¥Ï´μ° ·¥ ²¨§ Í¨¨ · ¸¸³μÉ·¥´´μ£μ μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ ´  �ˆ–-144 (¨Õ²Ó
2012 £.) ¡Ò²  ¶·μ¢¥¤¥´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¶μ¤¸É·μ°±   ³¶²¨ÉÊ¤Ò Í¥´É· ²Ó´μ£μ ¡ ³¶ 
¸Ëμ·³¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö (μ±ÉÖ¡·Ó 2012 £.), ÎÉμ ¶μ§¢μ²¨²μ Ê¢¥²¨Î¨ÉÓ ±μÔËË¨-
Í¨¥´É ¢Ò¢μ¤  ¶ÊÎ±  μÉ Kext ≈ 18% ¤μ Kext ≈ 33% [3].

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´´Ò° μ¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ ¡Ò² Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ´ ´  ³´μ£μÍ¥²¥-
¢μ³ ¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ �ˆ–-144 ¤²Ö Ê¸±μ·¥´¨Ö ¶ÊÎ±  ¶·μÉμ´μ¢, § ¤¥°¸É¢μ¢ ´´μ£μ
¤²Ö ²¥Î¥´¨Ö ³¥² ´μ³Ò £² §  Ê ¶ Í¨¥´Éμ¢ ¢ 2013 £. (¢ ¶² ´μ¢μ³ ·¥¦¨³¥). Šμ³¶²¥±¸
¶·μ£· ³³ Cyclotron Operator HELP Program Complex 2012 ¡Ò² Ê¸É ´μ¢²¥´ ´  ¸¥·¢¥·¥
�ˆ–-144. ‚ÒÎ¨¸²¨É¥²Ó´μ¥ Ö¤·μ ±μ³¶²¥±¸  ¶·μ£· ³³ Å ¤¨´ ³¨Î¥¸±¨ ¸¢Ö§ ´´ Ö ¡¨¡²¨μ-
É¥±  GaussDLL Å ¡Ò²μ · §³¥Ð¥´μ ´  ¸ °É¥ �ˆŸˆ ¢ ¡¨¡²¨μÉ¥±¥ £μÉμ¢ÒÌ ¶·μ£· ³³
JINRLIB [7].

�² £μ¤ ·´μ¸É¨. � ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì É¥³Ò �ˆŸˆ ®‘μ¢¥·Ï¥´¸É¢μ¢ ´¨¥
Ë §μÉ·μ´  ‹Ÿ� (�ˆŸˆ) ¨ · §· ¡μÉ±  Í¨±²μÉ·μ´μ¢ ¤²Ö Ë¨§¨Î¥¸±¨Ì ¨ ¶·¨±² ¤´ÒÌ
¨¸¸²¥¤μ¢ ´¨°¯ º 03-2-1102-2010/2015 ¨ ¶·μÉμ±μ²μ¢ ³¥¦¤Ê´ ·μ¤´μ£μ ¸μÉ·Ê¤´¨Î¥¸É¢ 
(�ˆŸˆ/ˆŸ” ��	) º 3970-2-10/12 ¨ º 4268-2-13/15. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥
�””ˆ (£· ´ÉÒ º 10-01-00467-  ¨ º 13-01-00595-a).
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