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Š¨Ö´ ˆ. �., ’ · Ï±¥¢¨Î �. P9-2005-114
�´ ²¨§ µ¡² ¸É¨ ¶·¨³¥´¥´¨Ö  ´ ²¨É¨Î¥¸±¨Ì Ëµ·³Ê² ¤²Ö · ¸ÎeÉ  Î ¸ÉµÉ
¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¢ ¨§µÌ·µ´´ÒÌ Í¨±²µÉ·µ´ Ì

‚ · ¡µÉ¥ µ¶¨¸Ò¢ ¥É¸Ö ¢Ò¡µ· µ¶É¨³ ²Ó´ÒÌ  ´ ²¨É¨Î¥¸±¨Ì Ëµ·³Ê² ¤²Ö · ¸ÎeÉ  Î -
¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° Î ¸É¨Í ¢ ¨§µÌ·µ´´ÒÌ Í¨±²µÉ·µ´ Ì νr(r) ¨ νz(r),   É ±¦¥
µ¡² ¸ÉÓ ¨Ì ¶·¨³¥´¥´¨Ö. ‚Ò¡· ´´Ò¥ Ëµ·³Ê²Ò ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢µ ¢Éµ·µ° ¢¥·¸¨¨ ¶·µ£· ³³Ò
BORP Å Betatron Oscillation Research Program (Second Release), ´ ¶¨¸ ´´µ° ´  Ö§Ò±¥
‘++ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ MS Visual ‘++ .NET. � ¸¸Î¨ÉÒ¢ ¥³Ò¥ c ¶µ³µÐÓÕ ¶·µ£· ³³Ò §´ -
Î¥´¨Ö Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¶·¨³¥´ÖÕÉ¸Ö ¶·¨ µÍ¥´±¥ ¸³µ¤¥²¨·µ¢ ´´ÒÌ ·¥¦¨³µ¢
· ¡µÉÒ ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´  AIC144. �´ ²¨É¨Î¥¸±¨¥ Ëµ·³Ê²Ò ¡Ò²¨ ¢Ò¡· ´Ò ¶ÊÉe³
¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ · ¸ÎeÉµ¢, ¢Ò¶µ²´¥´´ÒÌ ¶µ Ëµ·³Ê² ³, ¶·¨¢¥¤e´´Ò³ T. Stammbach,
Y. Jongen Ä S. Zaremba, ‚. ‚. Šµ²Ó£µ°, ¸ ·¥§Ê²ÓÉ É ³¨ · ¸ÎeÉµ¢, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ
¨É¥· Í¨µ´´µ° ¶·µ£· ³³Ò CYCLOPS, · §· ¡µÉ ´´µ° M. M. Gordon. � ¨³¥´ÓÏ¥¥ µÉ±²µ-
´¥´¨¥ µÉ ·¥§Ê²ÓÉ Éµ¢ ¨É¥· Í¨µ´´µ£µ · ¸ÎeÉ  ¡Ò²µ ¶µ²ÊÎ¥´µ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨  ´ ²¨É¨-
Î¥¸±¨Ì Ëµ·³Ê², ¶·¨¢¥¤e´´ÒÌ ‚. ‚. Šµ²Ó£µ°, ¨ ¸µ¸É ¢¨²µ ¶µ·Ö¤±  Ä0,5. . .1,5 % ¤²Ö νr(r)
¨ Ä5. . .4 % ¤²Ö νz(r) ¢ ¤¨ ¶ §o´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢ ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´ . ’ ± ± ± ¶Ê-
Îµ± ¡Ò² ¶µ²ÊÎ¥´, ¢Ò¡· ´´Ò¥  ´ ²¨É¨Î¥¸±¨¥ Ëµ·³Ê²Ò ³µ£ÊÉ ¡ÒÉÓ Ê¸¶¥Ï´µ ¨¸¶µ²Ó§µ¢ ´Ò
¢ ¶·µ£· ³³¥ BORP SR ¤²Ö · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¶·¨ µÍ¥´±¥ ¸³µ¤¥²¨·µ-
¢ ´´ÒÌ ·¥¦¨³µ¢ · ¡µÉÒ · §²¨Î´ÒÌ ¨§µÌ·µ´´ÒÌ Í¨±²µÉ·µ´µ¢.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ ¨³. B. �. „¦¥²¥¶µ¢  �ˆŸˆ, „Ê¡´ ,
¨ ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´µ° Ë¨§¨±¨ �µ²Ó¸±µ°  ± ¤¥³¨¨ ´ Ê±, Š· ±µ¢.

‘µµ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2005

Kiyan I. N., Taraszkiewicz R. P9-2005-114
Analysis of the Analytic Formulae Application Area
for Free Oscillation Frequency Calculation in Isochronous Cyclotrons

Selection of optimal analytic formulae for calculation of free oscillation frequencies of the
particles in isochronous cyclotrons, νr (r) and νz (r), and their application area are described.
The selected formulae are used in the program BORP SR Å Betatron Oscillation Research
Program Second Release Å written in C++ with the help of MS Visual C++ .NET. The free
oscillation frequencies, calculated by using the program, are used for the evaluation of the
modeled regimes of the work of the AIC144 isochronous cyclotron. The analytic formu-
lae were selected by comparing the results of the calculations performed by using formulae
adduced by T. Stammbach, Y. Jongen Ä S. Zaremba, V. V. Kolga with the results of the cal-
culations performed by using the CYCLOPS iterative program, developed by M. M. Gordon.
The least difference in the calculation results was obtained for the analytic formulae adduced
by V. V. Kolga. The νr (r) calculation difference ranged from Ä0.5 to 1.5% and the νz (r)
calculation difference ranged from Ä5 to 4% for the working radii of the isochronous cy-
clotron. As the beam was obtained, the selected analytic formulae can be successfully used in
the program BORP SR for free oscillation frequency calculation during the evaluation of the
modeled regimes of the work of different isochronous cyclotrons.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Problems,
JINR, Dubna, and at the Institute of Nuclear Physics of the Polish Academy of Sciences,
Krakow.

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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‚ ·Ö¤¥ Ê¸±µ·¨É¥²¥°, ¢ Éµ³ Î¨¸²¥ ¨ ¢ ¨§µÌ·µ´´ÒÌ Í¨±²µÉ·µ´ Ì ¸ ¢ ·¨ -
Í¨¥° ³ £´¨É´µ£µ ¶µ²Ö Å Ë² ÉÉ¥·µ³, Ê¸±µ·Ö¥³ Ö Î ¸É¨Í  ¢ ¶·µÍ¥¸¸¥ Ê¸±µ·¥-
´¨Ö ¸µ¢¥·Ï ¥É ¸¢µ¡µ¤´Ò¥ ±µ²¥¡ ´¨Ö ¢ ¶·µ¸É· ´¸É¢¥. �É¨ ±µ²¥¡ ´¨Ö µ¡ÒÎ´µ
· §¤¥²ÖÕÉ¸Ö ´  · ¤¨ ²Ó´ÊÕ ¨ ¢¥·É¨± ²Ó´ÊÕ ¸µ¸É ¢²ÖÕÐ¨¥. — ¸ÉµÉÒ ¸¢µ¡µ¤-
´ÒÌ ±µ²¥¡ ´¨° νr (r) ¨ νz (r) ´¥µ¡Ìµ¤¨³µ §´ ÉÓ ¶·¨ µÍ¥´±¥ ± Î¥¸É¢  ¸Ëµ·³¨-
·µ¢ ´´µ£µ ³ £´¨É´µ£µ ¶µ²Ö ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´ . �´ ²¨É¨Î¥¸±¨° · ¸ÎeÉ
Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¶µ§¢µ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢µ¤ µ ¶µ¶¥·¥Î´µ° Ê¸Éµ°Î¨-
¢µ¸É¨ ¶ÊÎ±  Î ¸É¨Í ¸ ¤µ¸É ÉµÎ´µ° ÉµÎ´µ¸ÉÓÕ, ´¥µ¡Ìµ¤¨³µ° ¤²Ö Éµ£µ, ÎÉµ¡Ò
¸Ëµ·³¨·µ¢ ÉÓ ¶ÊÎµ± Î ¸É¨Í ¢µ ¢¸e³ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢ ¨§µÌ·µ´´µ£µ
Í¨±²µÉ·µ´ . „ ´´Ò° · ¸ÎeÉ É ±¦¥ ´¥µ¡Ìµ¤¨³ ¤²Ö ¡Ò¸É·µ° µÍ¥´±¨ ¶·¨¡²¨§¨-
É¥²Ó´µ£µ ³¥¸Éµ· ¸¶µ²µ¦¥´¨Ö ·¥§µ´ ´¸  “µ²±¨´ÏµÊ K(r) = νr(r) − 2νz(r),
±µ£¤  K(r) = 0. ‚³¥¸É¥ ¸ É¥³ ¶·¨ µÍ¥´±¥ ¢²¨Ö´¨Ö ·¥§µ´ ´¸  “µ²±¨´ÏµÊ ´ 
¤¨´ ³¨±Ê ¶ÊÎ±  É·¥¡Ê¥É¸Ö §´ ´¨¥ ¡µ²¥¥ ÉµÎ´ÒÌ §´ Î¥´¨° Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ
±µ²¥¡ ´¨°, ±µÉµ·Ò¥ ³µ¦´µ · ¸cÎ¨É ÉÓ ¡µ²¥¥ É·Ê¤µe³±¨³¨ ¨É¥· Í¨µ´´Ò³¨
³¥Éµ¤ ³¨.

�·¥¤¸É ¢²¥´´ Ö ¢ · ¡µÉ¥ µÍ¥´±  · §²¨Î´ÒÌ  ´ ²¨É¨Î¥¸±¨Ì Ëµ·³Ê² ¶µ-
§¢µ²Ö¥É ¢Ò¡·aÉÓ ¨§ · ¸¸³ É·¨¢ ¥³ÒÌ ¢ ·¨ ´Éo¢ ´ ¨¡µ²¥¥ ÉµÎ´Ò°. ‚Ò¡· ´-
´Ò¥  ´ ²¨É¨Î¥¸±¨¥ Ëµ·³Ê²Ò ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ¶·µ£· ³³¥ Betatron Oscillation
Research Program Second Release (BORP SR)∗ ¤²Ö ¡Ò¸É·µ£µ  ´ ²¨É¨Î¥¸±µ£µ
· ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°. �·µ£· ³³  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° µ¤¨´ ¨§
· ¸ÎeÉ´ÒÌ ³µ¤Ê²¥° ¶·µ£· ³³´µ£µ ±µ³¶²¥±¸ , Ê¸É ´µ¢²¥´´µ£µ ´  ¸¥·¢¥·¥ ¨§µ-
Ì·µ´´µ£µ Í¨±²µÉ·µ´  AIC144 ¢ –¨±²µÉ·µ´´µ³ oÉ¤¥²¥ (–�) ˆ´¸É¨ÉÊÉ  Ö¤¥·-
´µ° Ë¨§¨±¨ �µ²Ó¸±µ°  ± ¤¥³¨¨ ´ Ê± (ˆŸ” ���) ¢ Š· ±µ¢¥. �ÉµÉ ¶·µ£· ³³-
´Ò° ±µ³¶²¥±¸ ¨¸¶µ²Ó§Ê¥É¸Ö ¶·¨ ³µ¤¥²¨·µ¢ ´¨¨ ·¥¦¨³µ¢ · ¡µÉÒ ¨§µÌ·µ´´µ£µ
Í¨±²µÉ·µ´ . � ¸cÎ¨É ´´Ò¥ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò BORP SR §´ Î¥´¨Ö Î ¸ÉµÉ
¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶·¨ ±µ³¶ÓÕÉ¥·´µ° µÉ² ¤±¥ ¶µ²ÊÎ¥´´ÒÌ
·¥¦¨³µ¢ · ¡µÉÒ, ±µ£¤  ¨¤eÉ ¶µ¤¸É·µ°±  Éµ±µ¢ ¢ ±µ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì
±µ··¥±Í¨¨ ´  · ¸¸Î¨É ´´µ³ Ê·µ¢´¥ Éµ±  £² ¢´µ° ± ÉÊÏ±¨ ¨§µÌ·µ´´µ£µ Í¨-
±²µÉ·µ´ . �·µ£· ³³  BORP SR ´ ¶¨¸ ´  ´  Ö§Ò±¥ ‘++ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
Visual C++ .NET ¤²Ö Windows 32. –¥²Ö³¨ ¸µ§¤ ´¨Ö ¶·µ£· ³³Ò ¡Ò²¨: ¢µ-
¶¥·¢ÒÌ, ¨¸¶µ²Ó§µ¢ ´¨¥ ¥e ¤²Ö · ¸ÎeÉµ¢ ¢ ± Î¥¸É¢¥ µÉ¤¥²Ó´µ£µ ³µ¤Ê²Ö ¸ ¤·Ê-
¦¥¸É¢¥´´Ò³ £· Ë¨Î¥¸±¨³ ¨´É¥·Ë¥°¸µ³ ¶µ²Ó§µ¢ É¥²Ö ¢¢¨¤Ê µÉ¸ÊÉ¸É¢¨Ö ¤·Ê£¨Ì
¶·µ£· ³³ ¸  ´ ²µ£¨Î´Ò³ ´ ¡µ·µ³ ¢µ§³µ¦´µ¸É¥°, ¢µ-¢Éµ·ÒÌ, ¨¸¶µ²Ó§µ¢ ´¨¥

∗Š¨Ö´ ˆ. �., ‚µ·µ¦Íµ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·µ£· ³³Ò · ¸ÎeÉ  Î ¸ÉµÉ ¡¥É É·µ´-
´ÒÌ ±µ²¥¡ ´¨° (Betatron Oscillation Research Program Å BORP). Cµµ¡Ð¥´¨¥ �ˆŸˆ �9-2002-171.
„Ê¡´ , 2002.
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¥e ¤²Ö · ¸ÎeÉµ¢ ¢ ±µ³¶²¥±¸¥ ¸ ¤·Ê£¨³¨ ¶·µ£· ³³ ³¨, ¶·¨³¥´ÖÕÐ¨³¨¸Ö ¶·¨
³µ¤¥²¨·µ¢ ´¨¨ ·¥¦¨³µ¢ · ¡µÉÒ ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´  AIC144.

‚ ¶·µ£· ³³´Ò° ±µ³¶²¥±¸, Ê¸É ´µ¢²¥´´Ò° ´  ¸¥·¢¥·¥ ¨§µÌ·µ´´µ£µ Í¨±²µ-
É·µ´  AIC144, ¢Ìµ¤¨É Ï¥¸ÉÓ · ¸ÎeÉ´ÒÌ ³µ¤Ê²¥°, ´ ¶¨¸ ´´ÒÌ ´  Ö§Ò±¥ ‘++ ¸
¨¸¶µ²Ó§µ¢ ´¨¥³ Visual C++ .NET ¤²Ö Windows 32, ¨ µ¤´  ·¥²ÖÍ¨µ´´ Ö ¡ § 
¤ ´´ÒÌ ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´ , ´ ¶¨¸ ´´ Ö ´  Transact SQL ¤²Ö ‘“�„ MS
SQL Server 2000.

�¶¨¸ ´¨Ö ´¥±µÉµ·ÒÌ · ¸ÎeÉ´ÒÌ ³µ¤Ê²¥° ¨§ ¤ ´´µ£µ ¶·µ£· ³³´µ£µ ±µ³-
¶²¥±¸  ¡Ò²¨ µ¶Ê¡²¨±µ¢ ´Ò ¢ ¢¨¤¥ ¸µµ¡Ð¥´¨° �ˆŸˆ∗.

���‹ˆ’ˆ—…‘Šˆ… ”��Œ“‹› „‹Ÿ ��‘—E’A —�‘’�’
‘‚���„�›• Š�‹…���ˆ‰

�·¨ · ¸ÎeÉ¥ Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò · §-
²¨Î´Ò¥  ´ ²¨É¨Î¥¸±¨¥ Ëµ·³Ê²Ò. ”µ·³Ê²Ò, µ¶Ê¡²¨±µ¢ ´´Ò¥ T. Stammbach ¢
[1], ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

ν2
r (r) = 1 + k(r) − k(r)F ∗(r) + 3

(
1 + tg2ζ(r)

)
F ∗(r); (1)

ν2
z (r) = −k(r) + k(r)F ∗(r) +

(
1 + 2tg2ζ(r)

)
F (r), (2)

£¤¥

F (r) =

Np−1∑
k=0

B2
k (r, θk)

Np
− B2

0 (r)

B2
0 (r)

;

F ∗ (r) =
1
2

∑
n>0

B2
n (r)
n2

B2
0 (r)

, n = iN, i = 1 ÷ 5;

∗Š¨Ö´ ˆ. �., ‚µ·µ¦Íµ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·µ£· ³³Ò · ¸ÎeÉ  ¸·¥¤´¥£µ ³ £-
´¨É´µ£µ ¶µ²Ö ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´  ¸ ÊÎeÉµ³ Ë² ÉÉ¥·  (Cyclotron Analytic Model Program Å
CAMP). Cµµ¡Ð¥´¨¥ �ˆŸˆ �9-2002-170. „Ê¡´ , 2002.

Š¨Ö´ ˆ. �., ‚µ·µ¦Íµ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·µ£· ³³Ò · ¸ÎeÉ  Î ¸ÉµÉ ¡¥É É·µ´-
´ÒÌ ±µ²¥¡ ´¨° (Betatron Oscillation Research Program Å BORP). Cµµ¡Ð¥´¨¥ �ˆŸˆ �9-2002-171.
„Ê¡´ , 2002.

Š¨Ö´ ˆ. �., ‚µ·µ¦Íµ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·µ£· ³³Ò · ¸ÎeÉ  § ³±´ÊÉÒÌ · ¢-
´µ¢¥¸´ÒÌ µ·¡¨É ¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´  (Equilibrium Orbit Research Program Å EORP). Cµµ¡-
Ð¥´¨¥ �ˆŸˆ �9-2003-109. „Ê¡´ , 2003.

Š¨Ö´ ˆ. �., ‚µ·µ¦Íµ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¡ §Ò ¤ ´´ÒÌ ¨§µÌ·µ´´µ£µ Í¨±²µ-
É·µ´ . Cµµ¡Ð¥´¨¥ �ˆŸˆ �9-2004-123. „Ê¡´ , 2004.
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k (r) = r

Np−1∑
k=0

dBk (r, θk)
dr

Np−1∑
k=0

Bk (r, θk)

;

tgζ (r) =
r

NB2
N (r)

(
HN (r)

dGN (r)
dr

− GN (r)
dHN (r)

dr

)

Å ÔÉµ ËÊ´±Í¨Ö Ë² ÉÉ¥· , ËÊ´±Í¨Ö ·¥¤ÊÍ¨·µ¢ ´´µ£µ Ë² ÉÉ¥· , ¨´¤¥±¸ ¶µ²Ö
¨ É ´£¥´¸ Ê£²  ¸¶¨· ²Ó´µ¸É¨ ³ £´¨É´µ° ¸É·Ê±ÉÊ·Ò. B0 (r), Np, i, N , Hn(r),
Gn(r), Bn (r) Å ÔÉµ ¸·¥¤´¥¥ ³ £´¨É´µ¥ ¶µ²¥, Î¨¸²µ  §¨³ÊÉ ²Ó´ÒÌ ÉµÎ¥±, Î¨-
¸²µ ¢Ò¸Ï¨Ì £ ·³µ´¨±, ¶¥·¨µ¤¨Î´µ¸ÉÓ ³ £´¨É´µ° ¸É·Ê±ÉÊ·Ò ¨ ±µÔËË¨Í¨¥´ÉÒ
”Ê·Ó¥ ¸µµÉ¢¥É¸É¢¥´´µ.

”µ·³Ê²Ò, µ¶Ê¡²¨±µ¢ ´´Ò¥ Y. Jongen, S. Zaremba ¢ [2], ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨°
¢¨¤:

ν2
r (r) = 1 + k (r) +

3N2

(N2 − 1) (N2 − 4)
(
1 + tg2ζ (r)

)
F (r) ; (3)

ν2
z (r) = −k (r) +

N2

N2 − 1
(
1 + 2tg2ζ (r)

)
F (r) . (4)

”µ·³Ê²Ò, µ¶Ê¡²¨±µ¢ ´´Ò¥ ‚. ‚. Šµ²Ó£µ° ¢ [3] ¨ ¢¶µ¸²¥¤¸É¢¨¨ ¤µ· ¡µÉ ´´Ò¥
¨³, §´ Î¨É¥²Ó´µ µÉ²¨Î ÕÉ¸Ö µÉ ¶·¨¢¥¤e´´ÒÌ ¢ÒÏ¥ ¨ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

ν2
r (r) = (1 + k)

(
1 +

3ε2
Nr2ϕ′2

N

2N2

)
+

ε2
N

2(N2 − 4k − 4)
×

×
(

2 − N2

2(N2−k−1)
+

rε′N
εN

+k

)2

+
0,7ε2

N

N2−k−1
+

ε′2Nr2

2N2 +
εNε′′Nr2

2(N2−k−1)
; (5)

ν2
z (r) = −k +

ε2
NN2

2(N2 − k − 1)
+

2N2ε2
2N

4N2 − k − 1
+

ε′2Nr2

2N2
−

− εNε′Nr(1 + k + k2 − s)
(1 + k)(N2 − k − 1)

− εNε′′Nr2

2(N2 − k − 1)
+

ε2
Nr2ϕ′2

N

2

(
N2

N2−k−1
+1

)
+

+
ε2
2Nr2ϕ′2

2N

8N2

(
4N2

4N2 − k − 1
+ 1

)
; (6)

£¤¥

B0(r); B′
0(r) =

dB0(r)
dr

; B′′
0 (r) =

d2B0(r)
dr2 ; s =

r2B′′
0 (r)

2B0(r)
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Å ÔÉµ ¸·¥¤´¥¥ ¶µ²¥, ¥£µ ¶·µ¨§¢µ¤´Ò¥,   É ±¦¥ · ¸ÎeÉ´Ò° ±µÔËË¨Í¨¥´É ¸µ-
µÉ¢¥É¸É¢¥´´µ;

εN =
BN (r)
B0 (r)

; ε2N =
B2N (r)
B0 (r)

; ϕN ; ϕ2N ;

ε′N =
dεN (r)

dr
; ε′′N =

d2εN (r)
dr2 ; ϕ′

N =
dϕN (r)

dr
; ϕ′

2N =
dϕ2N (r)

dr

Å ÔÉµ ´µ·³¨·µ¢ ´´Ò¥ ¸·¥¤´¨³ ¶µ²¥³  ³¶²¨ÉÊ¤Ò µ¸´µ¢´µ° ¨ ¢Ò¸Ï¥° £ ·³µ-
´¨±, ¨Ì Ë §Ò ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¶·µ¨§¢µ¤´Ò¥.

‘��‚�ˆ’…‹œ�›‰ ���‹ˆ‡ ”��Œ“‹ „‹Ÿ ��‘—…’� —�‘’�’
‘‚���„�›• Š�‹…���ˆ‰

‘ ¶µ³µÐÓÕ ±µ³¶²¥±¸  ¶·µ£· ³³, Ê¸É ´µ¢²¥´´µ£µ ´  ¸¥·¢¥·¥ ¨§µÌ·µ´´µ£µ
Í¨±²µÉ·µ´  AIC144 ¢ ˆŸ” ��� ¢ Š· ±µ¢¥, ¡Ò² ¸³µ¤¥²¨·µ¢ ´ ·¥¦¨³ · ¡µÉÒ
¤²Ö Ê¸±µ·¥´¨Ö ¶ÊÎ±  ¶·µÉµ´µ¢ ¨¸Ìµ¤Ö ¨§ ¸²¥¤ÊÕÐ¨Ì ¤ ´´ÒÌ:

’¨¶ Î ¸É¨Í: ¶·µÉµ´Ò
� ¤¨Ê¸ ®bump¯: Rbmp = 8 c³
� ¤¨Ê¸ ¢Ò¢µ¤ : Rout = 61,5 c³
— ¸ÉµÉ  ‚—-£¥´¥· Éµ· : Frf = 23310000 ƒÍ
� ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì: Vdnt = 50 ±‚

�·¨ ³µ¤¥²¨·µ¢ ´¨¨ ·¥¦¨³  · ¡µÉÒ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò  ´ ²¨É¨Î¥¸±¨¥
Ëµ·³Ê²Ò ¤²Ö · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°, ¢Ò¡µ· ±µÉµ·ÒÌ µ¡µ¸´µ-
¢Ò¢ ¥É¸Ö ´¨¦¥. ‚ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É , ¶·µ¢¥¤e´´µ£µ 16 ¤¥± ¡·Ö 2004 £.
´  ¨§µÌ·µ´´µ³ Í¨±²µÉ·µ´¥ AIC144, ¡Ò² ¶µ²ÊÎ¥´ ¶ÊÎµ± ¶·µÉµ´µ¢ ¢µ ¢¸e³
¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢.

�  ·¨¸. 1 ¶µ± § ´ Éµ± ÔÉµ£µ ¶ÊÎ± . ‚¥²¨Î¨´  Éµ±  ¸µµÉ¢¥É¸É¢Ê¥É ´ ¨²ÊÎ-
Ï¨³ §´ Î¥´¨Ö³, ¶µ²ÊÎ¥´´Ò³ ¤²Ö  ´ ²µ£¨Î´ÒÌ ·¥¦¨³µ¢ · ¡µÉÒ ¨§µÌ·µ´´µ£µ
Í¨±²µÉ·µ´  AIC144.

„²Ö ¸³µ¤¥²¨·µ¢ ´´µ£µ ·¥¦¨³  · ¡µÉÒ ¡Ò²µ ¸Ëµ·³¨·µ¢ ´µ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¥¥ ³ £´¨É´µ¥ ¶µ²¥, ±µÉµ·µ¥ ¨ ¡Ò²µ ¢§ÖÉµ ¤²Ö É¥¸É¨·µ¢ ´¨Ö · §²¨Î´ÒÌ
 ´ ²¨É¨Î¥¸±¨Ì Ëµ·³Ê² · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°. �  ·¨¸. 2 ¨§µ-
¡· ¦¥´µ ¸·¥¤´¥¥ ³ £´¨É´µ¥ ¶µ²¥, · ¸¸Î¨É ´´µ¥ ¸ ÊÎeÉµ³ Ë² ÉÉ¥·  (±·¨¢ Ö 1)
¨ ·¥ ²Ó´µ ¶µ²ÊÎ¥´´µ¥ ´  ¸Ëµ·³¨·µ¢ ´´µ³ ³ £´¨É´µ³ ¶µ²¥ (±·¨¢ Ö 2). Š ±
¢¨¤´µ ¨§ £· Ë¨± , ¤²Ö É¥¸É¨·µ¢ ´¨Ö ¶·¨¢¥¤e´´ÒÌ ¢ÒÏ¥  ´ ²¨É¨Î¥¸±¨Ì Ëµ·-
³Ê² ¨ µ¶·¥¤¥²¥´¨Ö µ¡² ¸É¨ ¨Ì ¶·¨³¥´¥´¨Ö ¡Ò²µ ¢§ÖÉµ ¨§µÌ·µ´´µ¥ ³ £´¨É´µ¥
¶µ²¥.

’¥¸É¨·µ¢ ´¨¥ · §²¨Î´ÒÌ  ´ ²¨É¨Î¥¸±¨Ì Ëµ·³Ê² · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤-
´ÒÌ ±µ²¥¡ ´¨° ¶·µ¨§¢µ¤¨²µ¸Ó ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS [7], ¨¸¶µ²Ó-
§ÊÕÐ¥° É·Ê¤µe³±¨¥ ¨É¥· Í¨µ´´Ò¥ ³¥Éµ¤Ò · ¸ÎeÉ .
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�¨¸. 1. Tµ± ¶µ²ÊÎ¥´´µ£µ ¶ÊÎ±  ¶·µÉµ´µ¢ �¨¸. 2. C·¥¤´¥¥ ³ £´¨É´µ¥ ¶µ²¥

�¨¸. 3. — ¸ÉµÉÒ · ¤¨ ²Ó´ÒÌ ¨ ¢¥·É¨-
± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²Ó-
É ÉÒ · ¸ÎeÉµ¢ Î ¸ÉµÉ · ¤¨ ²Ó´ÒÌ ¨
¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°,
¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò
CYCLOPS.

Š ± ¢¨¤´µ ¨§ £· Ë¨± , ¢¥²¨Î¨´ 
Î ¸ÉµÉÒ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥-
¡ ´¨° νr (r) ¡²¨§±  ± ¥¤¨´¨Í¥,   Î -
¸ÉµÉ  ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ -
´¨° νz (r) ¡µ²ÓÏ¥ ´Ê²Ö ¢µ ¢¸e³ ¤¨ ¶ -
§µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢ ¨§µÌ·µ´´µ£µ Í¨-
±²µÉ·µ´ , ÎÉµ £µ¢µ·¨É µ ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¥° ¶µ¶¥·¥Î´µ° Ê¸Éµ°Î¨¢µ¸É¨ ¶µ²ÊÎ¥´-
´µ£µ ¶ÊÎ±  ¶·µÉµ´µ¢. „ ´´Ò¥ §´ Î¥´¨Ö
Î ¸ÉµÉ · ¤¨ ²Ó´ÒÌ ¨ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¢
± Î¥¸É¢¥ É¥¸Éµ¢ÒÌ ¶·¨ µÍ¥´±¥ ·¥§Ê²ÓÉ Éµ¢ · ¸ÎeÉµ¢, ¢Ò¶µ²´¥´´ÒÌ ¶µ · §²¨Î-
´Ò³  ´ ²¨É¨Î¥¸±¨³ Ëµ·³Ê² ³.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸ÎeÉµ¢ Î ¸ÉµÉ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤-
´ÒÌ ±µ²¥¡ ´¨°, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS ¨ ¶µ · §²¨Î-
´Ò³  ´ ²¨É¨Î¥¸±¨³ Ëµ·³Ê² ³ ´  ±µ´¥Î´ÒÌ · ¤¨Ê¸ Ì Ê¸±µ·¥´¨Ö, £¤¥ ¸± §Ò-
¢ ¥É¸Ö ¢²¨Ö´¨¥ ±· ¥¢µ£µ ¶µ²Ö.

Š ± ¢¨¤´µ ¨§ ·¨¸. 4, ´ ¡²Õ¤ ¥É¸Ö Ìµ·µÏ¥¥ ¸µµÉ¢¥É¸É¢¨¥ ³¥¦¤Ê ·¥§Ê²Ó-
É É ³¨ · ¸ÎeÉµ¢ ¶µ  ´ ²¨É¨Î¥¸±µ° Ëµ·³Ê²¥, ¶·¨¢¥¤e´´µ° ‚. ‚. Šµ²Ó£µ°, ¨
·¥§Ê²ÓÉ É ³¨ · ¸ÎeÉµ¢, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´ £· Ë¨± ¸ É·¥³Ö ±·¨¢Ò³¨ µÉ´µ¸¨É¥²Ó´ÒÌ µÉ±²µ´¥-
´¨° Î ¸ÉµÉ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°. � ¸ÎeÉ ¶·µ¨§¢µ¤¨²¸Ö ¶µ Ëµ·-
³Ê²e

δrX =
(νrX − νr)

νr
· 100%,
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�¨¸. 4. — ¸ÉµÉÒ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°

£¤¥ νrX ¤²Ö X = 1, 2, 3 Å ÔÉµ Î ¸ÉµÉÒ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ -
´¨°, · ¸cÎ¨É ´´Ò¥ ¶µ  ´ ²¨É¨Î¥¸±¨³ Ëµ·³Ê² ³, ¶·¨¢¥¤e´´Ò³ T. Stammbach,
Y. Jongen Ä S. Zaremba ¨ ‚. ‚. Šµ²Ó£µ° ¸µµÉ¢¥É¸É¢¥´´µ,   νr Å ÔÉµ Î ¸ÉµÉ  · -
¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°, · ¸cÎ¨É ´´ Ö ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò
CYCLOPS.

�¨¸. 5. �É´µ¸¨É¥²Ó´Ò¥ µÉ±²µ´¥´¨Ö Î ¸ÉµÉ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° δrX

ˆ§ ·¨¸. 5 ¢¨¤´µ, ÎÉµ §´ Î¥´¨¥ δrX ´  ±µ´¥Î´ÒÌ · ¤¨Ê¸ Ì Ê¸±µ·¥´¨Ö ¤²Ö
Î ¸ÉµÉÒ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°, · c¸Î¨É ´´µ° ¶µ Ëµ·³Ê²¥, ¶·¨-
¢¥¤e´´µ° ‚. ‚. Šµ²Ó£µ°, ¶µ ±· °´¥° ³¥·¥ ¢ ¤¢  · §  ²ÊÎÏ¥ ¶µ  ¡¸µ²ÕÉ´µ°
¢¥²¨Î¨´¥, Î¥³ ¢ ¤¢ÊÌ µ¸É ²Ó´ÒÌ ¸²ÊÎ ÖÌ. „ ´´µ¥ §´ Î¥´¨¥ ´ Ìµ¤¨É¸Ö ¢ ¶·¥-
¤¥² Ì µÉ Ä0,5 ¤µ +1,5 % ¢ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢ µÉ 13 ¤µ 63 ¸³. ’µÎ-
´µ¸ÉÓ · ¸ÎeÉ  Î ¸ÉµÉÒ · ¤¨ ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¶µ  ´ ²¨É¨Î¥¸±µ°
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�¨¸. 6. — ¸ÉµÉÒ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°

Ëµ·³Ê²¥, ¶·¨¢¥¤e´´µ° ‚. ‚. Šµ²Ó£µ°, µ¡Ê¸²µ¢²¨¢ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸² £ -
¥³µ£µ, ¸µ¤¥·¦ Ð¥£µ ε

′′

N .
�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸ÎeÉµ¢ Î ¸ÉµÉ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤-

´ÒÌ ±µ²¥¡ ´¨°, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS ¨ ¶µ · §²¨Î-
´Ò³  ´ ²¨É¨Î¥¸±¨³ Ëµ·³Ê² ³ ´  ±µ´¥Î´ÒÌ · ¤¨Ê¸ Ì Ê¸±µ·¥´¨Ö, £¤¥ ¸± §Ò-
¢ ¥É¸Ö ¢²¨Ö´¨¥ ±· ¥¢µ£µ ¶µ²Ö. Š ± ¢¨¤´µ ¨§ £· Ë¨± , ´ ¡²Õ¤ ¥É¸Ö Ìµ·µÏ¥¥
¸µµÉ¢¥É¸É¢¨¥ ³¥¦¤Ê ·¥§Ê²ÓÉ É ³¨ · ¸ÎeÉµ¢ ¶µ  ´ ²¨É¨Î¥¸±µ° Ëµ·³Ê²¥, ¶·¨-
¢¥¤e´´µ° ‚. ‚. Šµ²Ó£µ°, ¨ ·¥§Ê²ÓÉ É ³¨ · ¸ÎeÉµ¢, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ
¶·µ£· ³³Ò CYCLOPS.

�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´ £· Ë¨± ¸ É·¥³Ö ±·¨¢Ò³¨ µÉ´µ¸¨É¥²Ó´ÒÌ µÉ±²µ-
´¥´¨° Î ¸ÉµÉ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°. � ¸ÎeÉ ¶·µ¨§¢µ¤¨²¸Ö ¶µ
Ëµ·³Ê²¥

δzX =
(νzX − νz)

νz
· 100%,

£¤¥ νzX ¤²Ö X = 1, 2, 3 Å ÔÉµ Î ¸ÉµÉÒ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ -
´¨°, · ¸cÎ¨É ´´Ò¥ ¶µ  ´ ²¨É¨Î¥¸±¨³ Ëµ·³Ê² ³, ¶·¨¢¥¤e´´Ò³ T. Stammbach,
Y. Jongen Ä S. Zaremba ¨ ‚. ‚. Šµ²Ó£µ° ¸µµÉ¢¥É¸É¢¥´´µ,   νz Å ÔÉµ Î ¸ÉµÉ 
¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°, · ¸cÎ¨É ´´ Ö ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò
CYCLOPS.

ˆ§ ·¨¸. 7 ¢¨¤´µ, ÎÉµ §´ Î¥´¨¥ δzX ´  ±µ´¥Î´ÒÌ · ¤¨Ê¸ Ì Ê¸±µ·¥´¨Ö ¤²Ö
Î ¸ÉµÉÒ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°, · ¸cÎ¨É ´´µ° ¶µ Ëµ·³Ê²¥, ¶·¨-
¢¥¤e´´µ° ‚. ‚. Šµ²Ó£µ°, ¶µ ±· °´¥° ³¥·¥ ¢ ¤¥¸ÖÉÓ · § ²ÊÎÏ¥ ¶µ  ¡¸µ²ÕÉ-
´µ° ¢¥²¨Î¨´¥, Î¥³ ¢ ¤¢ÊÌ µ¸É ²Ó´ÒÌ ¸²ÊÎ ÖÌ. „ ´´µ¥ §´ Î¥´¨¥ ´ Ìµ¤¨É¸Ö
¢ ¶·¥¤¥² Ì µÉ Ä5 ¤µ +4 % ¢ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢ µÉ 13 ¤µ 63 ¸³.
’µÎ´µ¸ÉÓ · ¸ÎeÉ  Î ¸ÉµÉÒ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¶µ  ´ ²¨É¨Î¥-
¸±µ° Ëµ·³Ê²¥, ¶·¨¢¥¤e´´µ° ‚. ‚. Šµ²Ó£µ°, µ¡Ê¸²µ¢²¨¢ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ´¨¥³
¸² £ ¥³µ£µ, ¸µ¤¥·¦ Ð¥£µ ε′′N .
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�¨¸. 7. �É´µ¸¨É¥²Ó´Ò¥ µÉ±²µ´¥´¨Ö Î ¸ÉµÉ ¢¥·É¨± ²Ó´ÒÌ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° δzX

�¨¸. 8. P¥§µ´ ´¸ “µ²±¨´ÏµÊ

�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ µÍ¥´±¨ ³¥¸Éµ· ¸¶µ²µ¦¥´¨Ö ·¥§µ´ ´¸ 
“µ²±¨´ÏµÊ K(r) = νr(r) − 2νz(r), ±µ£¤  K(r) = 0. �Í¥´±  ¢Ò¶µ²´¥´  ´ 
µ¸´µ¢¥ · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS
¨ ¶µ · §²¨Î´Ò³  ´ ²¨É¨Î¥¸±¨³ Ëµ·³Ê² ³ ´  ±µ´¥Î´ÒÌ · ¤¨Ê¸ Ì Ê¸±µ·¥´¨Ö,
£¤¥ ¸± §Ò¢ ¥É¸Ö ¢²¨Ö´¨¥ ±· ¥¢µ£µ ¶µ²Ö. Š ± ¢¨¤´µ ¨§ £· Ë¨± , ´ ¨¡µ²¥¥
ÉµÎ´Ò° ·¥§Ê²ÓÉ É  ´ ²¨É¨Î¥¸±µ° µÍ¥´±¨ ³¥¸Éµ· ¸¶µ²µ¦¥´¨Ö ·¥§µ´ ´¸  “µ²-
±¨´ÏµÊ ¶µ²ÊÎ ¥É¸Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¤²Ö · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥-
¡ ´¨° Ëµ·³Ê², ¶·¨¢¥¤e´´ÒÌ ‚. ‚. Šµ²Ó£µ°. �·¨ ÔÉµ³ ÉµÎ´µ¸ÉÓ  ´ ²¨É¨Î¥-
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¸±µ° µÍ¥´±¨ ´ Ìµ¤¨É¸Ö ¢ ¶·¥¤¥² Ì ±0,05 ³³. ’ ± ± ± ·¥§µ´ ´¸ “µ²±¨´ÏµÊ
¢ ¨§µÌ·µ´´ÒÌ Í¨±²µÉ·µ´ Ì ³µ¦¥É · ¸¶µ² £ ÉÓ¸Ö ± ± ¤µ, É ± ¨ ¶µ¸²¥ · ¤¨-
Ê¸  ¢Ò¢µ¤ , Éµ ¡Ò¸É· Ö  ´ ²¨É¨Î¥¸± Ö µÍ¥´±  ¥£µ ³¥¸Éµ· ¸¶µ²µ¦¥´¨Ö ¨³¥¥É
¡µ²ÓÏµ¥ §´ Î¥´¨¥ ¶·¨ ±µ³¶ÓÕÉ¥·´µ° µÉ² ¤±¥ ³µ¤¥²¨·Ê¥³µ£µ ·¥¦¨³  · ¡µÉÒ.

‡�Š‹�—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ É¥¸É¨·µ¢ ´¨Ö  ´ ²¨É¨Î¥¸±¨Ì Ëµ·³Ê² · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤-
´ÒÌ ±µ²¥¡ ´¨°, ¶·¨¢¥¤e´´ÒÌ T. Stammbach, Y. Jongen Ä S. Zaremba ¨
‚. ‚. Šµ²Ó£µ°, ±µÉµ·µ¥ ¡Ò²µ ¶·µ¢¥¤¥´µ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS,
¨¸¶µ²Ó§ÊÕÐ¥° ¨É¥· Í¨µ´´Ò¥ ³¥Éµ¤Ò · ¸ÎeÉ , ¢ ± Î¥¸É¢¥ µ¶É¨³ ²Ó´ÒÌ ¡Ò²¨
¢Ò¡· ´Ò Ëµ·³Ê²Ò, ¶·¨¢¥¤e´´Ò¥ ‚. ‚. Šµ²Ó£µ°. � ¸Ìµ¦¤¥´¨¥ ·¥§Ê²ÓÉ Éµ¢  ´ -
²¨É¨Î¥¸±¨Ì ¨ ¨É¥· Í¨µ´´ÒÌ · ¸ÎeÉµ¢ ¡Ò²µ ¢ ¶·¥¤¥² Ì µÉ Ä0,5 ¤µ +1,5 % ¤²Ö
νr (r) ¨ µÉ Ä5 ¤µ +4 % ¤²Ö νz (r) ¢ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢ µÉ 13 ¤µ 63 ¸³.
‚Ò¡· ´´Ò¥  ´ ²¨É¨Î¥¸±¨¥ Ëµ·³Ê²Ò ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¢ ¶·µ£· ³³¥ · ¸ÎeÉ 
Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° BORP SR. „µ¸É¨£´ÊÉ Ö ÉµÎ´µ¸ÉÓ  ´ ²¨É¨Î¥¸±¨Ì
· ¸ÎeÉµ¢ ¤µ¸É ÉµÎ´  ¤²Ö µÍ¥´±¨ ¸µµÉ¢¥É¸É¢¨Ö Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°
µ¡² ¸ÉÖ³ ¨Ì ¤µ¶Ê¸É¨³ÒÌ §´ Î¥´¨°,   É ±¦¥ ¤²Ö µÍ¥´±¨ ³¥¸Éµ· ¸¶µ²µ¦¥´¨Ö
·¥§µ´ ´¸  “µ²±¨´ÏµÊ. „·Ê£¨³¨ ¸²µ¢ ³¨, ¶·µ£· ³³  BORP SR ³µ¦¥É ¡ÒÉÓ
Ê¸¶¥Ï´µ ¨¸¶µ²Ó§µ¢ ´  ¶·¨ ³µ¤¥²¨·µ¢ ´¨¨ ·¥¦¨³µ¢ · ¡µÉÒ, ±µ£¤  É·¥¡Ê¥É¸Ö
µÍ¥´¨ÉÓ ¶µ¶¥·¥Î´ÊÕ Ê¸Éµ°Î¨¢µ¸ÉÓ ¶ÊÎ±  ¢µ ¢¸e³ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê¸µ¢
¨§µÌ·µ´´µ£µ Í¨±²µÉ·µ´ .

�·µ£· ³³  BORP SR ´ ¶¨¸ ´  ´  Ö§Ò±¥ C++ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ Visual
C++ .NET ¤²Ö Windows 32 ¢ ¸É ´¤ ·É¥ Single Document Interface (SDI), ÎÉµ
µ¡¥¸¶¥Î¨¢ ¥É ¥e Ê¤µ¡´Ò° £· Ë¨Î¥¸±¨° ¨´É¥·Ë¥°¸ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¶µ²Ó§µ-
¢ É¥²¥³. �µ²Ó§µ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸ ¶·µ£· ³³Ò BORP SR, ¢±²ÕÎ ÕÐ¨° ¢
¸¥¡Ö ¸É ´¤ ·É´ÊÕ ¸¨¸É¥³Ê Help, ¸µµÉ¢¥É¸É¢Ê¥É ¶µ²Ó§µ¢ É¥²Ó¸±µ³Ê ¨´É¥·Ë¥°¸Ê
¥e ¶·¥¤Ò¤ÊÐ¥° ¢¥·¸¨¨∗.

�·µ£· ³³  BORP SR ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  ± ± ¤²Ö · ¸ÎeÉµ¢ Ëµ±Ê-
¸¨·ÊÕÐ¨Ì ¸¢µ°¸É¢ Í¨±²µÉ·µ´µ¢ ¸ ¶·Ö³Ò³¨ ¸¥±Éµ· ³¨, É ± ¨ ¤²Ö · ¸ÎeÉµ¢
Ëµ±Ê¸¨·ÊÕÐ¨Ì ¸¢µ°¸É¢ Í¨±²µÉ·µ´µ¢ ¸µ ¸¶¨· ²Ó´Ò³¨ ¸¥±Éµ· ³¨.

Šµ´¥Î´Ò³ ¨Éµ£µ³ ³µ¤¥²¨·µ¢ ´¨Ö ·¥¦¨³  · ¡µÉÒ, ¶·¨¢¥¤e´´µ£µ ¢ ± Î¥-
¸É¢¥ ¶·¨³¥· , Ö¢¨²¸Ö ¶ÊÎµ± ¶·µÉµ´µ¢, ¶µ²ÊÎ¥´´Ò° ¢ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì · ¤¨Ê-
¸µ¢ ¢ ·¥§Ê²ÓÉ É¥ Ê¸¶¥Ï´µ£µ Ô±¸¶¥·¨³¥´É , ¶·µ¢¥¤e´´µ£µ 16 ¤¥± ¡·Ö 2004 £µ¤ 
´  ¨§µÌ·µ´´µ³ Í¨±²µÉ·µ´¥ AIC144. �±¸¶¥·¨³¥´É ¤µ± § ² Í¥²¥¸µµ¡· §´µ¸ÉÓ
¨¸¶µ²Ó§µ¢ ´¨Ö ¨ µ¶·¥¤¥²¨² µ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö ¢Ò¡· ´´ÒÌ  ´ ²¨É¨Î¥¸±¨Ì
Ëµ·³Ê² ¤²Ö · ¸ÎeÉ  Î ¸ÉµÉ ¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨°.

∗‘³. ¶·¨³¥Î. ´  ¸. 1.
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�² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¢Ò· ¦ ÕÉ ¸¢µÕ £²Ê¡µ±ÊÕ ¶·¨§´ É¥²Ó´µ¸ÉÓ ´ -
Î ²Ó´¨±Ê –� ˆŸ” ��� ¢ Š· ±µ¢¥ ¤-·Ê Œ ·¥±Ê ’ ² ÌÊ §  ¶µ¸ÉµÖ´´µ¥ ¢´¨-
³ ´¨¥ ± · ¡µÉ¥ ¶µ ¸µ§¤ ´¨Õ ¶·µ£· ³³´µ£µ µ¡¥¸¶¥Î¥´¨Ö ¸¥·¢¥·  ¨§µÌ·µ´´µ£µ
Í¨±²µÉ·µ´  AIC144.

�¢Éµ·Ò É ±¦¥ ¢Ò· ¦ ÕÉ ¸¢µÕ £²Ê¡µ±ÊÕ ¡² £µ¤ ·´µ¸ÉÓ ¸É ·Ï¥³Ê ´ ÊÎ-
´µ³Ê ¸µÉ·Ê¤´¨±Ê ����“ ‹Ÿ� ¤-·Ê …. ‚. ‘ ³¸µ´µ¢Ê §  · ¸ÎeÉ Î ¸ÉµÉ ¸¢µ¡µ¤-
´ÒÌ ±µ²¥¡ ´¨°, ¢Ò¶µ²´¥´´Ò° ¨³ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò CYCLOPS.
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