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ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨ ¨³. �. ˆ.�²¨Ì ´μ¢ 
�ˆ– ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, Œμ¸±¢ 

ˆ¸¸²¥¤μ¢ ´¨¥ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò („�) ±μ²² °¤¥·  NICA ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MADX
¶μ± § ²μ, ÎÉμ ¢ ¢Ò¡· ´´μ° · ¡μÎ¥° ÉμÎ±¥ (Qx, Qy ≈ 9,43) „� §´ Î¨É¥²Ó´μ Ê³¥´ÓÏ ¥É¸Ö ¶·¨ ÊÎ¥É¥
±· ¥¢ÒÌ ¶μ²¥° ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¨ ¶μ¢μ·μÉ´ÒÌ ³ £´¨Éμ¢. � §¢¨É   ´ ²¨É¨Î¥¸± Ö É¥μ·¨Ö ¤²Ö
· ¸Î¥É  ¸¨²Ò ·¥§μ´ ´¸μ¢, ¸μ§¤ ¢ ¥³ÒÌ ±· ¥¢Ò³¨ ¶μ²Ö³¨ ³ £´¨É´ÒÌ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¢ ±μ²ÓÍ¥-
¢μ° ³ Ï¨´¥. �μ± § ´μ, ÎÉμ ¢Ò¢¥¤¥´´Ò¥ Ëμ·³Ê²Ò ¨³¥ÕÉ Ê´¨¢¥·¸ ²Ó´Ò° Ì · ±É¥· ¨ ´¥ § ¢¨¸ÖÉ μÉ
±μ´¸É·Ê±Í¨¨ ²¨´§. � ¶¨¸ ´  ¶·μ£· ³³  ¤²Ö · ¸Î¥É  ±μÔËË¨Í¨¥´Éμ¢  ´£ ·³μ´¨Î´μ¸É¨ ¨ ¸¨²Ò ·¥§μ-
´ ´¸μ¢ ¢ ±μ²² °¤¥·¥ NICA. � §· ¡μÉ ´ ³¥Éμ¤ μÍ¥´±¨ ¸¨²Ò ·¥§μ´ ´¸μ¢ ¶μ ·¥§Ê²ÓÉ É ³ Î¨¸²¥´´μ£μ
· ¸Î¥É  É· ¥±Éμ·¨° ¸ ¶μ³μÐÓÕ ±μ¤  MADX. „²Ö ¸É·Ê±ÉÊ·Ò ±μ²² °¤¥·  NICA ·¥§Ê²ÓÉ ÉÒ  ´ -
²¨É¨Î¥¸±μ£μ · ¸Î¥É  ¸¨²Ò ·¥§μ´ ´¸  ¸μ¢¶ ¤ ÕÉ ¸ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ° ÉμÎ´μ¸ÉÓÕ ¸ ·¥§Ê²ÓÉ É ³¨,
¶μ²ÊÎ¥´´Ò³¨ ¶·¨ μ¡· ¡μÉ±¥ É· ¥±Éμ·¨¨.

Study of NICA dynamical aperture (DA) by the use of MADX code has shown that in chosen
working point (Qx, Qy ≈ 9.43) DA is sharply decreased with account of fringed ˇelds of the quadrupole
lenses and dipole magnets. An analytical theory is developed for calculation of the resonance strengths
created by fringe ˇelds of the quadrupole lenses. The formulae for these parameters have general
character and do not depend on lens design. The codes for numerical calculation of these parameters
in NICA collider have been written. A method is developed for estimation of the resonance strength
using numerical simulation of the trajectories by MADX code. For lattice of NICA collider the results
of analytical calculation of the resonance strength for chosen resonance coincide with results of MADX
code with satisfactory accuracy.

PACS: 29.20.db; 29.27.Bd
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—¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò („�) ¢ ±μ²² °¤¥·¥ NICA [1] ¸ ¶μ-
³μÐÓÕ ¶·μ£· ³³Ò MADX [2] ¶μ± § ²μ, ÎÉμ ¢²¨Ö´¨¥ ±· ¥¢μ£μ ¶μ²Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§
¸¨²Ó´μ Ê³¥´ÓÏ ¥É „� [3]. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ £· Ë¨± „� ¤²Ö ¢Ò¡· ´´μ° · ¡μÎ¥°
ÉμÎ±¨, · ¸¸Î¨É ´´Ò° ¸ ÊÎ¥Éμ³ Éμ²Ó±μ ÔËË¥±Éμ¢ ±· ¥¢μ£μ ¶μ²Ö.

ˆ§ £· Ë¨±  ¢¨¤´μ, ÎÉμ ¤¢¥ §¥²¥´Ò¥ μ¡² ¸É¨ ®¢Ò¦¨¢ ´¨Ö¯ (μ¡² ¸É¨ 1) · §¤¥²¥´Ò Î¥·-
´μ° ¶μ²μ¸μ° £¨¡´ÊÐ¨Ì Î ¸É¨Í (μ¡² ¸ÉÓ 2), ±μÉμ· Ö ³μ¦¥É ¡ÒÉÓ ¨¤¥´É¨Ë¨Í¨·μ¢ ´  ± ±
¸Ê³³μ¢Ò° ·¥§μ´ ´¸ Î¥É¢¥·Éμ£μ ¶μ·Ö¤± . � ¡μÉ  ¸μ¸Éμ¨É ¨§ É·¥Ì Î ¸É¥°: 1)  ´ ²¨§ ¢²¨-
Ö´¨Ö ÔËË¥±Éμ¢ ±· ¥¢μ£μ ¶μ²Ö; 2) ¨¸¸²¥¤μ¢ ´¨¥ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢¡²¨§¨ ·¥§μ´ ´¸ , ¸μ-
§¤ ¢ ¥³μ£μ ´¥²¨´¥°´μ¸ÉÓÕ Î¥É¢¥·Éμ£μ ¶μ·Ö¤± ; 3) ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢  ´ ²¨É¨Î¥¸±¨Ì
· ¸Î¥Éμ¢ Ï¨·¨´Ò ·¥§μ´ ´¸μ¢ ¸ ·¥§Ê²ÓÉ É ³¨ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö.

1E-mail: zenkevich@itep.ru
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�¨¸. 1 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ƒ· Ë¨± „� ¤²Ö ¢Ò¡· ´´μ° · ¡μÎ¥° ÉμÎ±¨ (Qx, Qy ≈ 9,43),

· ¸¸Î¨É ´´Ò° ¸ ÊÎ¥Éμ³ Éμ²Ó±μ ÔËË¥±Éμ¢ ±· ¥¢μ£μ ¶μ²Ö. �¡² ¸ÉÓ ®¢Ò¦¨¢ ´¨Ö¯ ¢Ò¤¥²¥´  §¥²¥´Ò³

Í¢¥Éμ³ (1), ¶μ²μ¸  £¨¡´ÊÐ¨Ì Î ¸É¨Í Å Î¥·´Ò³ Í¢¥Éμ³ (2)

1. ���‹ˆ’ˆ—…‘Š�… ˆ‘‘‹…„�‚��ˆ… �””…Š’�‚ Š��…‚�ƒ� ��‹Ÿ

1.1. “· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö. Š· ¥¢μ¥ ³ £´¨É´μ¥ ¶μ²¥ ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò c ÉμÎ´μ¸ÉÓÕ
¤μ Î²¥´μ¢ É·¥ÉÓ¥£μ ¶μ·Ö¤±  ³ ²μ¸É¨ ¶μ ¶μ¶¥·¥Î´Ò³ ±μμ·¤¨´ É ³ ¨ ¨Ì ¶·μ¨§¢μ¤´Ò³
μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ Ê· ¢´¥´¨Ö³¨ [4]:

Bx = Gy − 1
12

G̈
(
x3 + 3xy2

)
,

By = −Gx − 1
12

G̈
(
y3 + 3x2y

)
,

Bs = Ġxy,

(1)

£¤¥ xy Å ¶μ¶¥·¥Î´Ò¥ ±μμ·¤¨´ ÉÒ; s Å ¶·μ¤μ²Ó´ Ö ±μμ·¤¨´ É ; G (s) =
∂By

∂x

∣∣∣∣
x=0,y=0

Å

£· ¤¨¥´É ³ £´¨É´μ£μ ¶μ²Ö ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò, ÉμÎ±  ¸¢¥·ÌÊ μ§´ Î ¥É ¶·μ¨§¢μ¤´ÊÕ
¶μ s. Š· ¥¢μ¥ ¶μ²¥ ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò Î ¸Éμ ´ §Ò¢ ÕÉ ®¶¸¥¢¤μμ±ÉÊ¶μ²¥³¯. �É³¥É¨³
¤¢  ¸ÊÐ¥¸É¢¥´´ÒÌ · §²¨Î¨Ö ³¥¦¤Ê ¶μ²¥³ ®¶¸¥¢¤μμ±ÉÊ¶μ²Ö¯ ¨ ¨¸É¨´´μ° μ±ÉÊ¶μ²Ó´μ°
²¨´§μ°: 1) §´ ± ¶¥·¥¤ Î²¥´ ³¨ ¸ 3xy2 ¨ 3x2y; 2) ´ ²¨Î¨¥ ¶·μ¤μ²Ó´μ° ±μ³¶μ´¥´ÉÒ ¶μ²Ö.
�μ¤¸É ¢²ÖÖ Ê· ¢´¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö (1) ¢ Ê· ¢´¥´¨¥ ‹μ·¥´Í , ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐ¨¥
Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¢ ±· ¥¢μ³ ¶μ²¥ ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò:

ẍ + k(s)x =
1
12

k̈(s)
(
x3 + 3xy2

)
+ k̇(s)

dy

ds
xy,

ÿ − k(s)y = − 1
12

k̈(s)
(
y3 + 3yx2

)
− k̇(s)

dx

ds
xy.

(2)

‚ (2) k(s) = eG (s)/pc. �¥Ï¥´¨¥ ÔÉ¨Ì Ê· ¢´¥´¨° ³μ¦´μ ´ °É¨ ¸ ¶μ³μÐÓÕ ³¥Éμ¤ 
¢ ·¨ Í¨¨ ¶μ¸ÉμÖ´´ÒÌ [5], ¶μ² £ Ö

x = axϕx + C. C. (3)
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‚ ÔÉμ³ Ê· ¢´¥´¨¨ ax Å ±μ³¶²¥±¸´ Ö  ³¶²¨ÉÊ¤ ; ϕx Å ËÊ´±Í¨Ö ”²μ±¥; C. C. Å ±μ³-
¶²¥±¸´μ-¸μ¶·Ö¦¥´´ Ö ¢¥²¨Î¨´ . ”Ê´±Í¨Ö ”²μ±¥ Ê¤μ¢²¥É¢μ·Ö¥É ´μ·³¨·μ¢μÎ´μ³Ê Ê· ¢´¥-
´¨Õ ¤²Ö ¢·μ´¸±¨ ´  W : W = ϕxϕ̇∗

x − ϕ∗
xϕ̇x = −2iΔ, i Å ³´¨³ Ö ¥¤¨´¨Í , Δ = 1 ³.

�·¨ § ³¥´¥ ¨´¤¥±¸μ¢ ¶μ²ÊÎ ¥É¸Ö Ê· ¢´¥´¨¥ ¤²Ö ¢Éμ·μ° ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò. �μ¤¸É ¢²ÖÖ (3)
¢ (2) ¨ ÊÎ¨ÉÒ¢ Ö ´μ·³¨·μ¢μÎ´μ¥ Ê· ¢´¥´¨¥, ´ °¤¥³, ÎÉμ

ȧx,y = − 1
W

(R. H. S.)x,y, (4)

£¤¥ (R. H. S.)x,y Å ¶· ¢ Ö Î ¸ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê· ¢´¥´¨° ¢ ¸¨¸É¥³¥ (2).
1.2. �¥²¨´¥°´Ò° ¸¤¢¨£ ¡¥É É·μ´´μ° Î ¸ÉμÉÒ. �μ¤¸É ¢²ÖÖ x, y ¢ ¶· ¢Ò¥ Î ¸É¨ (4) ¨

¢Ò¶μ²´ÖÖ Ê¸·¥¤´¥´¨¥ ¶μ Ë § ³, ¶μ²ÊÎ¨³, ÎÉμ ¸¤¢¨£¨ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ μ¶·¥¤¥²ÖÕÉ¸Ö
¸²¥¤ÊÕÐ¥° Ëμ·³Ê²μ° [6]:

ΔQx = CxxJx + CxyJy,

ΔQy = CyxJy + CyyJy,
(5)

£¤¥ ¨´¢ ·¨ ´ÉÒ Jx,y = 2g2
x,yΔ.

Cxx = − 1
32π

L∫
0

k̈ (s)βx(s)2 ds,

Cyy = − 1
32π

L∫
0

k̈ (s)βy(s)2 ds,

Cyy = − 1
32π

L∫
0

k̈ (s)βy(s)2 ds.

(6)

‡¤¥¸Ó ¡¥É -ËÊ´±Í¨Ö βx,y (s) = g2
x,y/Δ. ˆ´É¥£· ²Ò ¢ (6) ¸¢μ¤ÖÉ¸Ö ± ¨´É¥£·¨·μ¢ ´¨Õ ¶μ

±· ¥¢μ³Ê ¶μ²Õ, ¤²Ö ±μÉμ·μ£μ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ÉÊ ¦¥ ¸Ì¥³Ê, ÎÉμ ¨ ¢ [6]. �¤´ ±μ, ¢ μÉ²¨-
Î¨¥ μÉ ÔÉμ° · ¡μÉÒ, ³Ò ´¥ § ¤ ¢ ²¨¸Ó ±μ´±·¥É´μ° Ëμ·³μ° · ¸¶·¥¤¥²¥´¨Ö ±· ¥¢μ£μ ¶μ²Ö
(¢ [6] ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¶·μ¸É Ö ³μ¤¥²Ó ®¤¢ÊÌ ¶ · ¡μ²¯). � ¸¸³μÉ·¨³ ¸Ì¥³Ê ¢Ò±² ¤μ±
´  ¶·¨³¥·¥ ¶¥·¢μ£μ ±μÔËË¨Í¨¥´É . �Ê¸ÉÓ ËÊ´±Í¨Ö k (s) ¨§¢¥¸É´ . �É  ËÊ´±Í¨Ö μ¶·¥¤¥-
²¥´  ´  ¨´É¥·¢ ²¥ [sbsf ], £¤¥ sb ¨ sf Å ´ Î ²μ ¨ ±μ´¥Í ±· ¥¢μ£μ ¶μ²Ö. �É  ËÊ´±Í¨Ö
Ê¤μ¢²¥É¢μ·Ö¥É ¸²¥¤ÊÕÐ¨³ £· ´¨Î´Ò³ Ê¸²μ¢¨Ö³:

k (sb) = k0, k (sf ) = 0;
dk (s)

ds
(sb) =

dk (s)
ds

(sf ) = 0. (7)

“¸²μ¢¨¥ ¤²Ö ¶·μ¨§¢μ¤´μ° ¸²¥¤Ê¥É ¨§ £² ¤±μ¸É¨ £· ¤¨¥´É  ³ £´¨É´μ£μ ¶μ²Ö. � §²μ¦¨³
βx,y (s) ¢ ·Ö¤ ’¥°²μ·  ¶μ ¶¥·¥³¥´´μ° s ¨ μ£· ´¨Î¨³¸Ö ¶¥·¢Ò³¨ ¤¢Ê³Ö Î²¥´ ³¨: βx,y (s) =
βx,y (s0) + β̇x,y (s0) (s− s0). �·¨ ¨´É¥£·¨·μ¢ ´¨¨ ¶μ s ¢μ§´¨± ÕÉ ¸²¥¤ÊÕÐ¨¥ ¨´É¥£· ²Ò:

I0 =

sb∫
sf

k̈ (s) ds, I1 =

sb∫
sf

k̈ (s) (s − s0) ds, I2 =

sb∫
sf

k̇ (s) ds.
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ˆ´É¥£·¨·ÊÖ ¸ ÊÎ¥Éμ³ £· ´¨Î´ÒÌ Ê¸²μ¢¨°, ¶μ²ÊÎ¨³ I0 = 0, I1 = k0, I2 = −k0. ˆ¸¶μ²Ó§ÊÖ
ÔÉ¨ Ëμ·³Ê²Ò ¨ ÊÎ¨ÉÒ¢ Ö, ÎÉμ · §´Ò¥ ²¨´§Ò ³μ£ÊÉ ¨³¥ÉÓ · §´Ò¥ £· ¤¨¥´ÉÒ, ¶μ²ÊÎ¨³

Cxx = − 1
32π

∑
q

kq
0[F

q
xx(s2q) − F q

xx(s1q)],

Cxy = Cyx = − 1
16π

∑
q

kq
0 [F

q
xy(s2q) − F q

xy(s1q)],

Cyy =
1

32π

∑
q

kq
0[F

q
yy(s2q) − F q

yy(s1q)].

(8)

‡¤¥¸Ó ¸Ê³³¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö ¶μ ¢¸¥³ ±¢ ¤·Ê¶μ²Ó´Ò³ ²¨´§ ³ ±μ²ÓÍ , s1q Å ±μμ·¤¨-
´ É  ´ Î ²  ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§Ò, s2q Å ±μμ·¤¨´ É  ¥¥ ±μ´Í .

F q
xx(s) = βx(s)β́x(s),

F q
yy(s) = βy(s)β́y(s),

F q
xy(s) = βy(s)β́x(s) − βx(s)β́y(s).

(9)

ˆ§³¥´¥´¨¥ ³μ¤Ê²Ö ËÊ´±Í¨¨ ”²μ±¥ g(s) (g =
√

β(s)Δ, £¤¥ Δ = 1 ³) μ¶·¥¤¥²Ö¥É¸Ö

Ê· ¢´¥´¨¥³
d2gx,y

ds2
± k1gx,y − Δ2

g3
x,y

= 0. „²Ö Éμ´±¨Ì ²¨´§ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ Î²¥´μ³

Δ2/g3. ’μ£¤ , ¨´É¥£·¨·ÊÖ ¶μ ¤²¨´¥ ²¨´§Ò, ¶μ²ÊÎ¨³ ǵx,y(s2)−ǵx,y(s1) ≈ ∓k1gx,y(s0)Llens

¨ β́x,y(s2)−β́x,y(s1) ≈ ∓2βx,y(s0)Llens, £¤¥ Llens Å ¤²¨´  ²¨´§Ò, s0 Å Í¥´É· ²Ó´ Ö ÉμÎ± 
²¨´§Ò. �μ¤¸É ¢²ÖÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ (8) ¨ (9), ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐ¨¥ Ëμ·³Ê²Ò:

Cxx ≈ 1
16π

∑
q

k2
qβx(s0q)

2
Lq

lens,

Cxy = Cyx ≈ 1
8π

∑
q

k2
qβ

x
(s0q)βy(s0q)L

q
lens,

Cyy ≈ 1
16π

∑
q

k2
qβy(s0q)

2
Lq

lens.

(10)

ˆ§ ÔÉ¨Ì Ëμ·³Ê² ¸²¥¤Ê¥É, ÎÉμ (¢ μÉ²¨Î¨¥ μÉ μ±ÉÊ¶μ²Ó´ÒÌ ²¨´§) ±· ¥¢Ò¥ ¶μ²Ö ±¢ ¤·Ê¶μ²Ó-
´ÒÌ ²¨´§ ¶·¨¢μ¤ÖÉ ± Éμ³Ê, ÎÉμ ¢¸¥ É·¨ ±μÔËË¨Í¨¥´É   ´£ ·³μ´¨Î´μ¸É¨ ¨³¥ÕÉ ¶μ²μ¦¨-
É¥²Ó´Ò¥ §´ ±¨. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢  ´£ ·³μ´¨Î´μ¸É¨ ¤²Ö ±μ²² °¤¥·  NICA ¶·¨¢¥-
¤¥´Ò ´¨¦¥ (¤²Ö Ê¤μ¡¸É¢  ¸· ¢´¥´¨Ö ¸ MADXÄPTC ¶·¨¢¥¤¥´Ò ¶·μ¨§¢μ¤´Ò¥ ¶μ Ô³¨ÉÉ ´¸Ê
E = 2I).

ŠμÔËË¨Í¨¥´ÉÒ  ´£ ·³μ´¨Î´μ¸É¨ ¨³¥ÕÉ · §³¥·´μ¸ÉÓ ³−1. “³´μ¦¥´¨¥ ´  Ô³¨ÉÉ ´¸
(¢ ³) ¤ ¥É ¸¤¢¨£ Î ¸ÉμÉÒ ¢ ¥¤¨´¨Í Ì ¡¥É É·μ´´μ° Î ¸ÉμÉÒ. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö
μ¡μ§´ Î¥´Ò ± ± ΔQx; ¢ ± Î¥¸É¢¥ μ¶μ·´μ£μ Ô³¨ÉÉ ´¸  ¶μ¤¸É ¢²Ö²¸Ö  ±¸¥¶É ´¸ ± ³¥·Ò
E0 = 4 · 10−5 ³. ‚ É·¥ÉÓ¥° ±μ²μ´±¥ ¶·¨¢¥¤¥´Ò ¸¤¢¨£¨ ¡¥É É·μ´´μ° Î ¸ÉμÉÒ ¤²Ö ¤¨ £μ-
´ ²Ó´ÒÌ Î ¸É¨Í, ¤²Ö ±μÉμ·ÒÌ ΔQx = ΔQy,   E0 = 2 · 10−5 ³.

1.3. �¥§μ´ ´¸Ò ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°, ¸μ§¤ ´´Ò¥ ±· ¥¢Ò³¨ ¶μ²Ö³¨ ²¨´§. “· ¢´¥-
´¨Ö ¤¢¨¦¥´¨Ö ¢¡²¨§¨ ·¥§μ´ ´¸  ³μ£ÊÉ ¡ÒÉÓ ´ °¤¥´Ò ¸ ¶μ³μÐÓÕ ¸É ´¤ ·É´μ° ¶·μÍ¥¤Ê·Ò,
±μÉμ· Ö ¢±²ÕÎ ¥É ¸²¥¤ÊÕÐ¨¥ Ï £¨: 1) ¢Ò¤¥²¥´¨¥ ·¥§μ´ ´¸´ÒÌ Î²¥´μ¢ ¨ ¨Ì ¶¥·¨μ¤¨Î¥-
¸±μ° Î ¸É¨; 2) · §²μ¦¥´¨¥ ÔÉμ° ¶¥·¨μ¤¨Î¥¸±μ° Î ¸É¨ ¢ ·Ö¤ ”Ê·Ó¥; 3) ¶¥·¥Ìμ¤ ± ´¥§ ¢¨¸¨-
³μ° ¶¥·¥³¥´´μ° θ = s/R; 4) ¶¥·¥Ìμ¤ μÉ ±μ³¶²¥±¸´ÒÌ  ³¶²¨ÉÊ¤ ax,y ± ¶¥·¥³¥´´Ò³ Jx,y
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’ ¡²¨Í  1. ŠμÔËË¨Í¨¥´ÉÒ  ´£ ·³μ´¨Î´μ¸É¨
∂Qx

∂Ex
,

∂Qy

∂Ey
,

∂Qx

∂Ey
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸¤¢¨£¨ ¡¥É -

É·μ´´μ° Î ¸ÉμÉÒ ¤²Ö ±μ²² °¤¥·  NICA

� ¸Î¥É
∂Qx

∂Ex
(ΔQx)

∂Qy

∂Ey
(ΔQy)

∂Qx

∂Ey
(ΔQx,y)

�μ MADXÄPTC 1285,86 1140,99 1733,05
¤²Ö ¢¸¥£μ ±μ²ÓÍ  (0,05143) (0,04564) (0,06932)

�μ  ´ ²¨É¨Î¥¸±μ° É¥μ·¨¨ 514,95 438,39 744,52
¤²Ö ²¨´§ Ë¨´. Ëμ±Ê¸  (0,0206) (0,01754) (0,02978)

�μ  ´ ²¨É¨Î¥¸±μ° É¥μ·¨¨ 1198,34 916,06 1588,41
¤²Ö ¢¸¥£μ ±μ²ÓÍ  (0,04793) (0,03664) (0,03176)

¨ φx,y (φx,y = arg (ax,y)). �μ²ÊÎ¥´´Ò¥ Ê· ¢´¥´¨Ö Ö¢²ÖÕÉ¸Ö Ê· ¢´¥´¨Ö³¨ ƒ ³¨²ÓÉμ´ .
”Ê´±Í¨Ö ƒ ³¨²ÓÉμ´ :

H = Re

⎧⎨
⎩

∑
l,m,n

Φl,m(Jx, Jy) exp
[
i
(
lψx + mψy + σl,m,nθ

)]⎫⎬
⎭ . (11)

‡¤¥¸Ó ψx,y = arg (ax,y), θ = s/R Å  §¨³ÊÉ ²Ó´Ò° Ê£μ². �¥§μ´ ´¸´μ¥ Ê¸²μ¢¨¥ lQx +
mQy = n, £¤¥ n Å ´μ³¥·  §¨³ÊÉ ²Ó´μ° £ ·³μ´¨±¨, σl,m,n = lQx + mQy − n. �μ·Ö¤μ±
·¥§μ´ ´¸  p = |l| + |m|. ‚¸¥£μ ±· ¥¢Ò¥ ¶μ²Ö ¸μ§¤ ÕÉ Ï¥¸ÉÓ ·¥§μ´ ´¸μ¢, ¸¶¨¸μ± ±μÉμ·ÒÌ
¶·¨¢¥¤¥´ ¢ É ¡². 2. ‚μ ¢Éμ·μ° ¸É·μ±¥ ÔÉμ° É ¡²¨ÍÒ ¶·¨¢¥¤¥´Ò ËÊ´±Í¨¨ Φl,m, (JxJy).

’ ¡²¨Í  2. �¥§μ´ ´¸Ò, ¢μ§´¨± ÕÐ¨¥ ¨§-§  ±· ¥¢μ° ´¥²¨´¥°´μ¸É¨ ¢ ±μ²² °¤¥·¥ NICA, ¨ ¨Ì
Ì · ±É¥·¨¸É¨±¨

ƒμ·¨§μ´É ²Ó´Ò°
·¥§μ´ ´¸

Î¥É¢¥·Éμ£μ
¶μ·Ö¤± 

ƒμ·¨§μ´É ²Ó´Ò°
·¥§μ´ ´¸
¢Éμ·μ£μ
¶μ·Ö¤± 

‚¥·É¨± ²Ó´Ò°
·¥§μ´ ´¸

Î¥É¢¥·Éμ£μ
¶μ·Ö¤± 

‚¥·É¨± ²Ó´Ò°
·¥§μ´ ´¸
¢Éμ·μ£μ
¶μ·Ö¤± 

‘Ê³³ ·´Ò°
·¥§μ´ ´¸

¸¢Ö§¨
Î¥É¢¥·Éμ£μ
¶μ·Ö¤± 

� §´μ¸É´Ò°
·¥§μ´ ´¸

¸¢Ö§¨
Î¥É¢¥·Éμ£μ
¶μ·Ö¤± 

l = 4, l = 2, l = 0, l = 0, l = 2, l = 2,

m = 0 m = 0 m = 4 m = 2 m = 2 m = −2

c4,0J
2
x c2,0J

2
x+ c0,4J

2
y c2,0J

2
x+ b2,2JxJy b2,−2JxJy

+b2,0JxJy c0,4J
2
y +b0,2JxJy

Šμ³¶²¥±¸´Ò¥  ³¶²¨ÉÊ¤Ò cl,0,n ¨ bl,m,n μ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ Ëμ·³Ê² ³¨:

cl,0,n = −αl,0

32π

∑
q

kq
0[F

q
xx(s2q) exp (iγl,m,n(s2q)) − F q

xx(s1q) exp (iγl,m,n(s1q))],

bl,m,n = −αl,m

16π

∑
q

kq[F q
xy(s2q) exp (iγl,m,n(s2q)) − F q

xy(s1q) exp (iγl,m,n(s1q))], (12)

cl,0,n =
αl,0

32π

∑
q

kq
0 [F

q
xx(s2q) exp (iγl,m,n(s2q)) − F q

xx(s1q) exp (iγl,m,n(s1q))],
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£¤¥ γl,m,n(s) = n(s/R)+ lϑx(s) +mϑy(s), §´ Î¥´¨¥ F q
xx(s2q) μ¶·¥¤¥²Ö¥É¸Ö (9). ‡´ Î¥´¨Ö

Î¨¸²¥´´ÒÌ ±μÔËË¨Í¨¥´Éμ¢: α2,0 = α0,2 = 4/3; α4,0 = α0,4 = 1/3; α2,0 = α0,2 = 1;
α2,2 = α2,−2 = 1/2. ‘μ¸É ¢²¥´  ¶·μ£· ³³  ¤²Ö Î¨¸²¥´´μ£μ · ¸Î¥É  Ï¨·¨´Ò ·¥§μ´ ´-
¸μ¢. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  Ï¨·¨´Ò ·¥§μ´ ´¸μ¢ ¤²Ö ±μ²² °¤¥·  NICA ¶·¨¢¥¤¥´Ò ¢ É ¡². 3
(¡¥É É·μ´´Ò¥ Î ¸ÉμÉÒ ±μ²² °¤¥·  Qx = 9,435, Qy = 9,430).

’ ¡²¨Í  3. ˜¨·¨´  ·¥§μ´ ´¸μ¢ ¤²Ö ±μ²² °¤¥·  NICA

� · ³¥É· x £μ·¨§μ´É ²Ó´Ò° y ¢¥·É¨± ²Ó´Ò° x, y ¤¢Ê³¥·´Ò°

l, m 4, 0 2, 0 0, 4 0, 2 2, 2 2, Ä2

αl,m 1/3 4/3 1/3 4/3 1/2 1/2

n 38 18 38 18 38 0

gk
l,m 759,50 3044,40 566,64 2324,90 2964,30 3019,30

Δνk
l,m 0,01520 0,06090 0,01135 0,04650 0,04650 0,03020

�É³¥É¨³, ÎÉμ gk
l,m ¨³¥¥É · §³¥·´μ¸ÉÓ ³−1. “³´μ¦¥´¨¥ ´  ¨´¢ ·¨ ´É (¢ ³) ¤ ¥É

Ï¨·¨´Ê ·¥§μ´ ´¸μ¢ ¢ ¥¤¨´¨Í Ì ¡¥É É·μ´´μ° Î ¸ÉμÉÒ. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö μ¡μ-
§´ Î¥´Ò ± ± Δνk

l,m; ¤²Ö μ¤´μ³¥·´ÒÌ ·¥§μ´ ´¸μ¢ J0 = 2 · 10−5 ³, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É

 ±¸¥¶É ´¸Ê ± ³¥·Ò E0 = 4 · 10−5 ³. „²Ö ¤¢Ê³¥·´ÒÌ ·¥§μ´ ´¸μ¢ J0 = 1 · 10−5 ³, É ±
± ± ¤²Ö ±·Ê£²μ° ± ³¥·Ò  ±¸¥¶É ´¸ ¶ÊÎ±  μ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³ Jx + Jy = J0. „²Ö
¤¨ £μ´ ²¨ Jx = Jy (£¤¥ ¤¢Ê³¥·´Ò¥ ·¥§μ´ ´¸Ò ´ ¨¡μ²¥¥ μ¶ ¸´Ò) ³ ±¸¨³ ²Ó´μ¥ §´ Î¥-
´¨¥ Jx = J0/2. Š ± ¢¨¤´μ ¨§ É ¡². 3, ¢ ±μ²² °¤¥·¥ NICA ±· ¥¢μ¥ ¶μ²¥ ±¢ ¤·Ê¶μ²Ó´ÒÌ
³ £´¨Éμ¢ ¸μ§¤ ¥É ¢¥¸Ó³  ¸¨²Ó´Ò¥ ·¥§μ´ ´¸Ò.

2. „‚ˆ†…�ˆ… —�‘’ˆ– ‚	‹ˆ‡ˆ ˆ‡�‹ˆ��‚����ƒ� �…‡����‘�

� ¸¸³μÉ·¨³ ¨§μ²¨·μ¢ ´´Ò° μ¤´μ³¥·´Ò° ·¥§μ´ ´¸. ‘¤¥² ¢ ¸É ´¤ ·É´ÊÕ § ³¥´Ê ¶¥·¥-
³¥´´ÒÌ ¨ ¶¥·¥Ìμ¤ ± ¡¥§· §³¥·´Ò³ ¶¥·¥³¥´´Ò³, ´ °¤¥³, ÎÉμ ¤²Ö μ¤´μ³¥·´μ£μ ·¥§μ´ ´¸ 
£ ³¨²ÓÉμ´¨ ´ § ¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥° Ëμ·³¥:

HN =
1
2
I2 + λNI − 1

2
μI2cos (ψ). (13)

‡¤¥¸Ó I = J/J0, £¤¥ J0 Å μ¶μ·´Ò° ¨´¢ ·¨ ´É, ¸μμÉ¢¥É¸É¢ÊÕÐ¨°  ±¸¥¶É ´¸Ê ± ³¥·Ò
(¤²Ö ±μ²² °¤¥·  NICA J0 = 2 · 10−5 ³), μ = g/C, λN = λ/(CJ0), HN = H/(CJ2

0 ),
ψ = lϕ (¢ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³ ¸Î¨É ÉÓ C ¶μ²μ¦¨É¥²Ó´Ò³ ¶ · ³¥É·μ³). • · ±É¥· ¤¢¨¦¥-
´¨Ö § ¢¨¸¨É μÉ ´μ·³¨·μ¢ ´´μ° Ï¨·¨´Ò ·¥§μ´ ´¸  μ ¨ ´μ·³¨·μ¢ ´´μ° · ¸¸É·μ°±¨ λN .
“· ¢´¥´¨¥ (13) Ö¢²Ö¥É¸Ö ±¢ ¤· É´Ò³ μÉ´μ¸¨É¥²Ó´μ I . …£μ ·¥Ï¥´¨¥:

I(ψ) =
−λN +

√
λ2

N + 2HN(1 − μ cos (ψ))
1 − μ cos (ψ)

. (14)

ˆ§ ÔÉμ£μ ·¥Ï¥´¨Ö ¸²¥¤Ê¥É, ÎÉμ ·¥§μ´ ´¸ ¸ l = 2 ¸μ§¤ ¥É ¶μ²´Ò° ´ ¡μ· Î¥É´ÒÌ £ ·³μ´¨±
³μ¤Ê²ÖÍ¨¨ ¨´¢ ·¨ ´É  (2, 4, 6 ¨ É. ¤.),   ·¥§μ´ ´¸ ¸ l = 4 ¸μ§¤ ¥É ¶μ²´Ò° ´ ¡μ· £ ·³μ´¨±,
±· É´ÒÌ 4 (4, 8, 12 ¨ É. ¤.). …¸²¨ μ < 1, Éμ ¤¢¨¦¥´¨¥ Ê¸Éμ°Î¨¢μ ¶·¨ ²Õ¡ÒÌ · ¸¸É·μ°± Ì
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λN : ´¥²¨´¥°´μ¸ÉÓ ¸É ¡¨²¨§¨·Ê¥É ·¥§μ´ ´¸. ‚μ§¢· Ð Ö¸Ó ± Ë¨§¨Î¥¸±¨³ ¶¥·¥³¥´´Ò³,
´ Ìμ¤¨³, ÎÉμ ¶·¨ μ � 1 ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ Ï¨·¨´  ·¥§μ´ ´¸ 

g = 2
(

ΔJ

J0

)
max

CJ0 + λ

J0
, (15)

£¤¥ (ΔJ/J0)max Å  ³¶²¨ÉÊ¤  ¢μ§³ÊÐ¥´¨Ö ¨´¢ ·¨ ´É  ´  ·¥§μ´ ´¸¥. � ¸¸³μÉ·¨³ É¥-
¶¥·Ó ¸²ÊÎ ° μ > 1, ±μ£¤  ¤¢¨¦¥´¨¥ ¶·¨ ´Ê²¥¢μ° · ¸¸É·μ°±¥ ´¥Ê¸Éμ°Î¨¢μ. �·¨ ´ ²¨Î¨¨
· ¸¸É·μ°±¨ ¢μ§´¨± ¥É μ¡² ¸ÉÓ Ê¸Éμ°Î¨¢μ¸É¨. ƒ· ´¨Í  μ¡² ¸É¨ Ê¸Éμ°Î¨¢μ¸É¨ („�) μ¶·¥-
¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ Ê· ¢´¥´¨¥³:

Imax =
λN

μ − 1
=

λ

(C − g)J0
, Hmax

N =
λ2

N

2(μ − 1)
. (16)

�·¨ HN < Hmax
N ¤¢¨¦¥´¨¥ Ê¸Éμ°Î¨¢μ, ¶·¨ HN > Hmax

N Å ´¥Ê¸Éμ°Î¨¢μ. ‡ ³¥É¨³,
ÎÉμ · ¸¸Î¨É ´´μ¥ É ±¨³ μ¡· §μ³ §´ Î¥´¨¥ „� μ¡ÒÎ´μ μÎ¥´Ó ¢¥²¨±μ ¨ ´¥Ê¸Éμ°Î¨¢μ¸ÉÓ
´ Î¨´ ¥É¸Ö §´ Î¨É¥²Ó´μ · ´ÓÏ¥, Î¥³ ¶μ É¥μ·¨¨ ¨§μ²¨·μ¢ ´´μ£μ ·¥§μ´ ´¸ .

3. ‘��‚�…�ˆ… ˜ˆ�ˆ�› �…‡����‘�‚
�� ���‹ˆ’ˆ—…‘Š�‰ ’…��ˆˆ

‘ �…‡“‹œ’�’�Œˆ —ˆ‘‹…���ƒ� Œ�„…‹ˆ��‚��ˆŸ

„²Ö μ¶·¥¤¥²¥´¨Ö Ï¨·¨´Ò ·¥§μ´ ´¸μ¢ ¶μ  ´ ²¨É¨Î¥¸±μ° É¥μ·¨¨ ¡Ò²  ´ ¶¨¸ ´  ¸¶¥Í¨-
 ²Ó´ Ö ¶·μ£· ³³ . „²Ö ¶·μ¢¥·±¨ ÔÉμ° É¥μ·¨¨ ³Ò · §· ¡μÉ ²¨ ´μ¢ÊÕ ³¥Éμ¤¨±Ê, ±μÉμ· Ö
¢±²ÕÎ ¥É ¸²¥¤ÊÕÐÊÕ ¶·μÍ¥¤Ê·Ê:

Å ¢Ò¡μ· · ¡μÎ¥° ÉμÎ±¨ ¢ ±²¥É±¥ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ, É ±μ°, ÎÉμ¡Ò ÔÉ  · ¡μÎ Ö ÉμÎ± 
¸μμÉ¢¥É¸É¢μ¢ ²  μ¤´μ³Ê ¨§ μ¤´μ³¥·´ÒÌ ·¥§μ´ ´¸μ¢ (ÔÉμ ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò ³μ¦´μ ¡Ò²μ
¨¸¶μ²Ó§μ¢ ÉÓ É¥μ·¨Õ ¨§μ²¨·μ¢ ´´μ£μ ·¥§μ´ ´¸ );

Å Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ É· ¥±Éμ·¨¨ ¢ ¶²μ¸±μ¸É¨ ±μμ·¤¨´ É Ä¨³¶Ê²Ó¸ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò MADX;

Å · ¸Î¥É É· ¥±Éμ·¨¨ Î ¸É¨Í ¢ ¶²μ¸±μ¸É¨ ¨´¢ ·¨ ´ÉÄË § ;
Å · §²μ¦¥´¨¥ ÔÉμ° É· ¥±Éμ·¨¨ ¢ ·Ö¤ ”Ê·Ó¥ ¶μ Ë §¥ ±μ²¥¡ ´¨°;
Å · ¸Î¥É Ï¨·¨´Ò ·¥§μ´ ´¸  ¸ ¶μ³μÐÓÕ (15).
„²Ö ¢Ò¶μ²´¥´¨Ö ÔÉμ° ¶·μÍ¥¤Ê·Ò ³Ò ¢Ò¡· ²¨ · ¡μÎÊÕ ÉμÎ±Ê Qx = 9,50, Qy = 9,31,

±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É ·¥§μ´ ´¸Ê 4Qx = 38. �¨¦¥ (·¨¸. 2) ¶μ¸É·μ¥´  É¨¶¨Î´ Ö Ë §μ¢ Ö
É· ¥±Éμ·¨Ö, · ¸¸Î¨É ´´ Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MADX. �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö  ³¶²¨-

ÉÊ¤ £ ·³μ´¨± · §²μ¦¥´¨Ö ”Ê·Ó¥

(
An = (1/2π)

∣∣∣∣
2π∫
0

E(ϕ) exp (inϕ) dϕ

∣∣∣∣
)

¤²Ö ¢μ§³ÊÐ¥´¨°

¨´¢ ·¨ ´É  ¤ ´Ò ´  ·¨¸. 3.
ŒÒ ¢¨¤¨³, ÎÉμ ·¥§μ´ ´¸ ´¥ Ö¢²Ö¥É¸Ö ¨§μ²¨·μ¢ ´´Ò³, É ± ± ± ´ ¡²Õ¤ ¥É¸Ö §´ Î¨-

É¥²Ó´ Ö  ³¶²¨ÉÊ¤  ¢μ§³ÊÐ¥´¨° ´  ¢Éμ·μ° £ ·³μ´¨±¥ ¸  ³¶²¨ÉÊ¤μ° ∼ 0,09 (¤²Ö Ex =
4,5 · 10−5). �³¶²¨ÉÊ¤  Î¥É¢¥·Éμ° £ ·³μ´¨±¨ (ΔJ/J)max = 0,16, ÎÉμ ¢ ¸μμÉ¢¥É¸É¢¨¨
¸ (15) ¤ ¥É g39

4,0 = 0,64Cxx = 812. ˆ§ É ¡². 2 ¢¨¤´μ, ÎÉμ ¸μ£² ¸´μ  ´ ²¨É¨Î¥¸±μ³Ê · ¸Î¥ÉÊ
g39
4,0 = 759,5. � §´¨Í  ³¥´¥¥ 10%, ¨ ¸μ¢¶ ¤¥´¨¥ ³μ¦´μ ¸Î¨É ÉÓ Ê¤μ¢²¥É¢μ·¨É¥²Ó´Ò³.
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�¨¸. 2. ’· ¥±Éμ·¨Ö Î ¸É¨ÍÒ ¢ ±μμ·¤¨´ É Ì x′

�¨¸. 3. ”Ê·Ó¥-¸¶¥±É· £ ·³μ´¨± É· ¥±Éμ·¨¨ ¢ ±μμ·¤¨´ É Ì ¨´¢ ·¨ ´ÉÄË §  ¤²Ö ¤¢ÊÌ §´ Î¥´¨°
Ô³¨ÉÉ ´¸ : Ex = 4,5 · 10−5 ¨ 1,5 · 10−5 ³

‡�Š‹
—…�ˆ…

�¥·¥Î¨¸²¨³ μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ.
1. �¡´ ·Ê¦¥´μ ¸¨²Ó´μ¥ ¢²¨Ö´¨¥ ±· ¥¢ÒÌ ¶μ²¥° ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ´  ¤¨´ ³¨±Ê

Î ¸É¨Í ¢ ±μ²² °¤¥·¥ NICA.
2. „²Ö ±μ²ÓÍ¥¢μ° ³ Ï¨´Ò · §¢¨É   ´ ²¨É¨Î¥¸± Ö É¥μ·¨Ö ¤²Ö · ¸Î¥É  ¸¨²Ò ·¥§μ´ ´¸μ¢,

¸μ§¤ ¢ ¥³ÒÌ ±· ¥¢Ò³¨ ¶μ²Ö³¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§. � ¶¨¸ ´Ò ¶·μ£· ³³Ò ¤²Ö ¢ÒÎ¨¸²¥-
´¨Ö ®±μÔËË¨Í¨¥´Éμ¢  ´£ ·³μ´¨Î´μ¸É¨¯ ¨ ¸¨²Ò ·¥§μ´ ´¸μ¢, ¢ÒÎ¨¸²¥´Ò §´ Î¥´¨Ö ÔÉ¨Ì
¶ · ³¥É·μ¢ ¤²Ö ±μ²² °¤¥·  NICA.

3. �μ± § ´μ, ÎÉμ ¢Ò¢¥¤¥´´Ò¥ Ëμ·³Ê²Ò ´μ¸ÖÉ Ê´¨¢¥·¸ ²Ó´Ò° Ì · ±É¥· ¨ ´¥ § ¢¨¸ÖÉ μÉ
±μ´¸É·Ê±Í¨¨ ²¨´§.

4. �¶¨¸ ´  É¥μ·¨Ö ±μ²¥¡ ´¨° ´  ¨§μ²¨·μ¢ ´´μ³ ·¥§μ´ ´¸¥ Î¥É¢¥·Éμ£μ ¶μ·Ö¤± . ‘μ-
£² ¸´μ ÔÉμ° É¥μ·¨¨ ¸ÊÐ¥¸É¢Ê¥É ÔËË¥±É ®¸ ³μ¸É ¡¨²¨§ Í¨¨¯, ¥¸²¨ §´ Î¥´¨¥ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥£μ ±μÔËË¨Í¨¥´É   ´£ ·³μ´¨Î´μ¸É¨ ¡μ²ÓÏ¥ Ï¨·¨´Ò ·¥§μ´ ´¸ .

5. � §· ¡μÉ ´ ¨ ¶·¨³¥´¥´ ± ±μ²² °¤¥·Ê NICA ³¥Éμ¤ μÍ¥´±¨ Ï¨·¨´Ò ·¥§μ´ ´¸  ¶μ
·¥§Ê²ÓÉ É ³ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö É· ¥±Éμ·¨° ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MADX. �¥-
§Ê²ÓÉ ÉÒ μÍ¥´±¨ ¶μ± § ²¨ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ ¸μ¢¶ ¤¥´¨¥ ¸ ·¥§Ê²ÓÉ É ³¨  ´ ²¨É¨Î¥¸±μ£μ
· ¸Î¥É  Ï¨·¨´Ò ·¥§μ´ ´¸μ¢.
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¸É¨¥ ¢ ¶·μ¥±É¥ NICA.
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