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�¡¸Ê¦¤ ¥É¸Ö μ¡· §μ¢ ´¨¥ ²μ± ²Ó´μ£μ ´ ·ÊÏ¥´¨Ö ÎeÉ´μ¸É¨ (‹�—) ¢ Í¥´É· ²Ó´ÒÌ ¸Éμ²±´μ¢¥-
´¨ÖÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. ‹�— ¢ Ë °¥·¡μ²¥ ³μ¦¥É ¶·μ¨§μ°É¨ ¢ ·¥§Ê²ÓÉ É¥
¢μ§´¨±´μ¢¥´¨Ö · §´μ¸É¨ Î¨¸²  ¶²μÉ´μ¸É¥° ¶· ¢ÒÌ ¨ ²¥¢ÒÌ ±¨· ²Ó´ÒÌ Ë¥·³¨μ´μ¢ (±¨· ²Ó´μ£μ
¨³¡ ² ´¸ ), ±μÉμ·μ¥ ³μ¦´μ ¨´¤ÊÍ¨·μ¢ ÉÓ ±¨· ²Ó´Ò³ ( ±¸¨ ²Ó´Ò³) Ì¨³¨Î¥¸±¨³ ¶μÉ¥´Í¨ ²μ³. � 
μ¸´μ¢¥ ÔËË¥±É¨¢´μ£μ ³¥§μ´´μ£μ ² £· ´¦¨ ´ , ³μÉ¨¢¨·μ¢ ´´μ£μ Š•„, ¢ ±¨· ²Ó´μ° ¸·¥¤¥  ´ ²¨-
§¨·ÊÕÉ¸Ö ¸¢μ°¸É¢  ²¥£±¨Ì ¸± ²Ö·´ÒÌ ¨ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ (π, a0). �μ± § ´μ, ÎÉμ Ô±§μÉ¨-
Î¥¸±¨¥ · ¸¶ ¤Ò ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ ¸³¥Ï¨¢ ´¨Ö π ¨ a0 ¢ ±ÊÊ³´ÒÌ ¸μ-
¸ÉμÖ´¨° ¢ ¶·¨¸ÊÉ¸É¢¨¨ ±¨· ²Ó´μ£μ ¨³¡ ² ´¸ . �²¥±É·μ³ £´¨É´Ò° Ëμ·³Ë ±Éμ· ¶¨μ´  ¶·¨μ¡·¥É ¥É
¶·μ¸É· ´¸É¢¥´´μ-´¥Î¥É´ÊÕ ¤μ¡ ¢±Ê, ±μÉμ· Ö ¸μ§¤ ¥É ¶μ²Ö·¨§ Í¨μ´´ÊÕ  ¸¨³³¥É·¨Õ ¢ ¶¨μ´´μ° ¶μ-
²Ö·¨§Ê¥³μ¸É¨. ŒÒ ¸Î¨É ¥³, ÎÉμ ¢ÒÏ¥Ê± § ´´Ò¥ ¸¢μ°¸É¢  ‹�— ³μ£ÊÉ ¡ÒÉÓ Ê¸É ´μ¢²¥´Ò ¢ Ô±¸¶¥·¨-
³¥´É Ì ´  Ê¸±μ·¨É¥²ÖÌ LHC, RHIC, CBM FAIR ¨ NICA.

A formation of Local Parity Breaking (LPB) in central heavy-ion collisions (HIC) at high energies
is discussed. LPB in the ˇreball can be produced by a difference between the number of densities
of right- and left-handed chiral fermions (Chiral Imbalance) which is implemented by a chiral (axial)
chemical potential. Based on the effective meson Lagrangian motivated by QCD, in the chiral medium
the properties of light scalar and pseudoscalar mesons (π, a0) are analyzed. It is found that exotic
decays of scalar mesons arise as a result of mixing of π and a0 vacuum states in the presence of chiral
imbalance. The pion electromagnetic formfactor obtains a parity-odd supplement which generates a
photon polarization asymmetry in pion polarizability. We believe that the above-mentioned properties
of LPB can be revealed in experiments at the LHC, RHIC, CBM FAIR and NICA accelerators.

PACS: 12.38.-t; 12.38.Mh; 12.40.-y; 13.25 Jx
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‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¡μ²ÓÏμ° ¨´É¥·¥¸ ¶·¨μ¡·¥²μ ¨§ÊÎ¥´¨¥ ¡ ·¨μ´´μ° ³ É¥·¨¨ ¢ Ô±¸-
É·¥³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ [1]. ‘·¥¤ , ¸μ§¤ ¢ ¥³ Ö ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢, ³μ¦¥É
¸²Ê¦¨ÉÓ ¤²Ö ¤¥É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, ± ± Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ, É ± ¨ É¥μ·¥É¨Î¥¸±¨Ì,
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· §²¨Î´ÒÌ Ë §  ¤·μ´´μ£μ ¢¥Ð¥¸É¢ . ‚ ÔÉμ³ ±μ´É¥±¸É¥ ´μ¢Ò¥ ¸¢μ°¸É¢  ±¢ ´Éμ¢μ° Ì·μ-
³μ¤¨´ ³¨±¨ ¢ £μ·ÖÎ¥° ¨ ¶²μÉ´μ° ¸·¥¤¥ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¢ É¥±ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ´ 
Ê¸±μ·¨É¥²ÖÌ RHIC ¨ LHC [2].

�·¨ ¸Éμ²±´μ¢¥´¨¨ ÉÖ¦e²ÒÌ ¨μ´μ¢ ¢ ¶·¨´Í¨¶¥ ¨³¥¥É¸Ö ¤¢¥ · §²¨Î´Ò¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¸¨ÉÊ Í¨¨: ¶¥·¨Ë¥·¨°´Ò¥ ¨ Í¥´É· ²Ó´Ò¥ ¸Éμ²±´μ¢¥´¨Ö. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ³μ¦¥É
¢μ§´¨±´ÊÉÓ É ± ´ §Ò¢ ¥³Ò° ±¨· ²Ó´Ò° ³ £´¨É´Ò° ÔËË¥±É (ŠŒ�) (¶μ¤·μ¡´μ¸É¨ ¸³. ¢ [3],
  É ±¦¥ [4] ¤²Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¸¸Ò²μ±).

‚μ ¢Éμ·μ³ ¸²ÊÎ ¥ ¨³¥ÕÉ¸Ö ´¥±μÉμ·Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥  ´μ³ ²Ó´μ£μ ¨§-
¡ÒÉ±  ¤¨²¥¶Éμ´μ¢ ¢ μ¡² ¸É¨ ³ ²ÒÌ ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸, ¡Ò¸É·μÉ ¨ Ê³¥·¥´´ÒÌ §´ Î¥´¨°
¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ [5] (¸³. μ¡§μ·Ò ¢ [6]), ÎÉμ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ·¥§Ê²ÓÉ É
‹�— ¢ ¸·¥¤¥ (¶μ¤·μ¡´μ¸É¨ ³μ¦´μ ´ °É¨ ¢ [7]). ‚ Î ¸É´μ¸É¨, ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦e²ÒÌ
¨μ´μ¢ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, ±μ£¤  · ¸ÉÊÉ É¥³¶¥· ÉÊ·Ò ¨ ¡ ·¨μ´´Ò¥ ¶²μÉ´μ¸É¨, ³¥É -
¸É ¡¨²Ó´Ò¥ ¸μ¸ÉμÖ´¨Ö ³μ£ÊÉ ¶μÖ¢¨ÉÓ¸Ö ¢ Ë °¥·¡μ²¥ ±μ´¥Î´μ£μ μ¡Ñe³  ¸ ´¥É·¨¢¨ ²Ó´Ò³
 ±¸¨ ²Ó´Ò³ Éμ¶μ²μ£¨Î¥¸±¨³ § ·Ö¤μ³ (¡² £μ¤ ·Ö Ë²Ê±ÉÊ Í¨Ö³ £²Õμ´´μ£μ ¶μ²Ö) T5, ±μÉμ-
·Ò° ¸¢Ö§ ´ ¸ £²Õμ´´Ò³ ± ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³ Gi,

T5(t) =
1

8π2

∫
vol

d3x εjkl Tr
(

Gj∂kGl − i
2
3
GjGkGl

)
, j, k, l = 1, 2, 3, (1)

£¤¥ ¨´É¥£·¨·μ¢ ´¨¥ ¶·μ¨§¢μ¤¨É¸Ö ¶μ μ¡Ñe³Ê Ë °¥·¡μ² .
�  μ¸´μ¢¥ ¸μμÉ´μÏ¥´¨Ö Î ¸É¨Î´μ£μ ¸μÌ· ´¥´¨Ö  ±¸¨ ²Ó´μ£μ Éμ±  (—‘�’) ³μ¦´μ

´ °É¨ ¸¢Ö§Ó ³¥¦¤Ê ´¥´Ê²¥¢Ò³ Éμ¶μ²μ£¨Î¥¸±¨³ § ·Ö¤μ³ ¨ ´¥É·¨¢¨ ²Ó´Ò³  ±¸¨ ²Ó´Ò³
§ ·Ö¤μ³ ±¢ ·±μ¢ Qq

5 [7]. � ¨³¥´´μ, ¨´É¥£·¨·ÊÖ ¶μ ±μ´¥Î´μ³Ê μ¡e³Ê Ë °¥·¡μ²  ³Ò
¶·¨Ìμ¤¨³ ± ¸μμÉ´μÏ¥´¨Õ

d

dt
(Qq

5 − 2NfT5) � 2i

∫
vol

d3x m̂qqγ5q, Qq
5 =

∫
vol

d3x q†γ5q = 〈NL − NR〉, (2)

£¤¥ 〈NL − NR〉 μ¡μ§´ Î ¥É ¢ ±ÊÊ³´μ¥ ¸·¥¤´¥¥ ³¥¦¤Ê ²¥¢Ò³¨ ¨ ¶· ¢Ò³¨ ¶²μÉ´μ¸ÉÖ³¨
¡ ·¨μ´´μ° ³ É¥·¨¨ (±¨· ²Ó´Ò° ¨³¡ ² ´¸). �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ¢ ±¨· ²Ó´μ³ ¶·¥¤¥²¥
(±μ£¤  ³ ¸¸Ò ²e£±¨Ì ±¢ ·±μ¢ ´Ê²¥¢Ò¥)  ±¸¨ ²Ó´Ò° § ·Ö¤ ±¢ ·±μ¢ ¸μÌ· ´Ö¥É¸Ö ¶·¨ ´ -
²¨Î¨¨ ´¥´Ê²¥¢μ£μ (³¥É ¸É ¡¨²Ó´μ£μ) Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤ . …¸²¨ ¤²Ö ¢·¥³¥´¨ ¦¨§´¨
Ë °¥·¡μ²  ¨ ¥£μ · §³¥·  ¶μ·Ö¤±  L = 5−10 ”³ ¸·¥¤´¥¥ μÉ Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤ 
μÉ²¨Î´μ μÉ ´Ê²Ö 〈ΔT5〉 �= 0, Éμ μ´ ³μ¦¥É ¡ÒÉÓ ¸μ¶μ¸É ¢²¥´ Éμ¶μ²μ£¨Î¥¸±μ³Ê Ì¨³¨Î¥-
¸±μ³Ê ¶μÉ¥´Í¨ ²Ê μT ¨²¨  ±¸¨ ²Ó´μ³Ê Ì¨³¨Î¥¸±μ³Ê ¶μÉ¥´Í¨ ²Ê μ5 [8], ¥¸²¨ ¶·¥´¥¡·¥ÎÓ
³ ¸¸ ³¨ u-, d-±¢ ·±μ¢. ’ ±¨³ μ¡· §μ³, ³Ò ¨³¥¥³

〈ΔT5〉 �
1

2Nf
〈Qq

5〉 ⇐⇒ μ5 � 1
2Nf

μT . (3)

’ ±¨³ μ¡· §μ³, ¤μ¡ ¢²ÖÖ ± ² £· ´¦¨ ´Ê Î²¥´ ΔLtop = μT ΔT5 ¨²¨ ΔLq = μ5Q
q
5, ³Ò ¶μ-

²ÊÎ ¥³ ¢μ§³μ¦´μ¸ÉÓ μ¶¨¸ ÉÓ ´¥É·¨¢¨ ²Ó´Ò¥ Ë²Ê±ÉÊ Í¨¨ Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤  (Ë²Ê±-
Éμ´Ò) ¢ Ë °¥·¡μ²¥, ±μÉμ·Ò° ³μ¦¥É ¸μ¸ÉμÖÉÓ ¨§ ´Ê±²μ´μ¢ ¨²¨ ±¢ ·±μ¢.

‚ μ¡Ð¥³ ¸²ÊÎ ¥ ²μ·¥´Í-±μ¢ ·¨ ´É´ Ö Ëμ·³  ¶μ²Ö, ¤Ê ²Ó´μ£μ ± Ë²Ê±Éμ´ ³, ³μ¦¥É
¡ÒÉÓ μ¶¨¸ ´  ±² ¸¸¨Î¥¸±¨³ ¶¸¥¢¤μ¸± ²Ö·´Ò³ ¶μ²¥³ a(x) É ±, ÎÉμ

ΔLa =
Nf

2π2
Kν∂νa(x) � 1

π2
Kνbν ⇐⇒ bνqγνγ5q, bν � 〈∂νa(x)〉 � const. (4)
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’ ±¨³ μ¡· §μ³, ¢ ±¢ §¨· ¢´μ¢¥¸´μ° ¸¨ÉÊ Í¨¨ ¶μÖ¢²¥´¨¥ ¶μÎÉ¨ ¸μÌ· ´ÖÕÐ¥£μ¸Ö ±¨· ²Ó-
´μ£μ § ·Ö¤  ³μ¦¥É ¡ÒÉÓ ÊÎÉ¥´μ ¸ ¶μ³μÐÓÕ  ±¸¨ ²Ó´μ£μ (±¨· ²Ó´μ£μ) ¢¥±Éμ·´μ£μ Ì¨³¨-
Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  bν . �μÖ¢²¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ° ¢¥±Éμ·´μ° Î ¸É¨ ¢ bν ³μ¦¥É ¡ÒÉÓ
¸¢Ö§ ´μ ¸ ´¥· ¢´μ¢¥¸´Ò³  ±¸¨ ²Ó´Ò³ ¶μÉμ±μ³ § ·Ö¤  [9].

2. �””…Š’ˆ‚�›‰ Œ…‡���›‰ ‹�ƒ���†ˆ��,
�‘��‚���›‰ �� Š•„, „‹Ÿ ‘‹“—�Ÿ SUf(2)

„²Ö ¢ÒÖ¢²¥´¨Ö ¸¢μ°¸É¢ ²μ± ²Ó´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ ¢  ¤·μ´´μ³ Ë °¥·¡μ²¥ ³Ò ¨¸-
¶μ²Ó§Ê¥³ μ¡μ¡Ð¥´´ÊÕ ¸¨£³ -³μ¤¥²Ó ¸ Ëμ´μ¢Ò³ 4-¢¥±Éμ·μ³ ¤²Ö  ±¸¨ ²Ó´μ£μ Ì¨³¨Î¥¸±μ£μ
¶μÉ¥´Í¨ ²  [10], ¸¨³³¥É·¨Î´ÊÕ μÉ´μ¸¨É¥²Ó´μ SUL(Nf ) × SUR(Nf ), ¤²Ö u-, d-±¢ ·±μ¢
(Nf = 2),

L =
1
4

Tr (DμH (DμH)†) +
B

2
Tr [m(H + H†)] +

M2

2
Tr (HH†)−

− λ1

2
Tr

[
(HH†)2

]
− λ2

4
[Tr (HH†)]2 +

c

2
(detH + det H†), (5)

£¤¥ H = ξ Σ ξ Å μ¶¥· Éμ· ¤²Ö ³¥§μ´´ÒÌ ¶μ²¥°; m Å ¸·¥¤´ÖÖ ³ ¸¸  Éμ±μ¢ÒÌ ±¢ ·±μ¢;
M Å ®É Ì¨μ´´ Ö¯ ³ ¸¸ , £¥´¥·¨·ÊÕÐ Ö ¸¶μ´É ´´μ¥ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´μ° ¸¨³³¥É·¨¨;
B, c, λ1, λ2 Å ¢¥Ð¥¸É¢¥´´Ò¥ ¶μ¸ÉμÖ´´Ò¥.

Œ É·¨Í  Σ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸¨´£²¥É´Ò° ¸± ²Ö·´Ò° ³¥§μ´ σ, ¥£μ ¢ ±ÊÊ³´μ¥ ¸·¥¤´¥¥ v
¨ ¨§μÉ·¨¶²¥É ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ a0

0, a−
0 , a+

0 (¤¥É ²¨ ¸³. ¢ [10]).
�¶¥· Éμ· ξ μ¸ÊÐ¥¸É¢²Ö¥É ´¥²¨´¥°´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ±¨· ²Ó´μ° £·Ê¶¶Ò ¨ μ¶·¥¤¥²Ö-

¥É¸Ö ¨§μÉ·¨¶²¥Éμ³ π0, π−, π+ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ [10].
Šμ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö μÉ H ¸μ¤¥·¦¨É ¢´¥Ï´¨¥ ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö Rμ ¨ Lμ,

DμH = ∂μH − iLμH + iHRμ.
�É¨ ¶μ²Ö ¢±²ÕÎ ÕÉ ËμÉμ´´μ¥ ¶μ²¥ Aμ ¨ ¤μ¶μ²´ÖÕÉ¸Ö É ±¦¥ Ëμ´μ¢Ò³ 4-¢¥±Éμ·μ³

 ±¸¨ ²Ó´μ£μ Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  (bμ) = (b0,b), Rμ = e QemAμ − bμ · 12×2, Lμ =
e QemAμ+bμ ·12×2, £¤¥ Qem = (1/2)τ3+(1/6)12×2 Å ³ É·¨Í  Ô²¥±É·μ³ £´¨É´μ£μ § ·Ö¤ .

�μ²´Ò° ÔËË¥±É¨¢´Ò° ³¥§μ´´Ò° ² £· ´¦¨ ´ ¤μ²¦¥´ ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö É ±¦¥ P-´¥Î¥É-
´ÊÕ Î ¸ÉÓ: ÔËË¥±É¨¢´μ¥ ¤¥°¸É¢¨¥ ‚¥¸¸ Ä‡Ê³¨´μÄ‚¨ÉÉ¥´  (‚‡‚) [11], ±μÉμ·μ¥ ³μ¤¨Ë¨-
Í¨·Ê¥É¸Ö ¢ ¸·¥¤¥ ¸ ±¨· ²Ó´Ò³ ¨³¡ ² ´¸μ³. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Î ¸É¨ ² £· ´¦¨ ´  ‚‡‚
¨³¥ÕÉ ¢¨¤

ΔLWZW = − ie Ncbν

6π2 v2
ε νσλρ Aρ(∂σπ+) (∂λπ−) − e2Nc

24 π2v
ε νσλρ (∂σAλ)(∂νAρ)π0. (6)

3. Šˆ��‹œ�›‰ (‘Š�‹Ÿ��›‰) Š��„…�‘�’
‚ ‡�‚ˆ‘ˆŒ�‘’ˆ �’ Šˆ��‹œ��ƒ� •ˆŒˆ—…‘Š�ƒ� ‚…Š’���

“· ¢´¥´¨¥ ³ ¸¸μ¢μ° Ð¥²¨ ¤²Ö ¸± ²Ö·´μ£μ ±μ´¤¥´¸ É  ¶μ²ÊÎ ¥É¸Ö ¨§ (5):

−4 (λ1 + λ2) v3 +
(
2M2 + 4b2 + 2c

)
v + 2B m = 0.

�¡Ð¥¥ ·¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö v(bμ) ³μ¦¥É ¡ÒÉÓ ´ °¤¥´μ ÉμÎ´μ [12].
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�¨¸. 1. a) Šμ´¤¥´¸ É ¢ μ¡² ¸É¨ bμbμ > 0 ¨ bμbμ < 0; ¡) ¢ ±ÊÊ³´μ¥ ¸·¥¤´¥¥ v(μ5) ∼ 〈ψ̄ψ〉/B ¨§

¢ÒÎ¨¸²¥´¨° ´  ·¥Ï¥É±¥ [13]

‡ ³¥É¨³, ÎÉμ ¸ÊÐ¥¸É¢ÊÕÉ · §²¨Î´Ò¥ μ¡² ¸É¨ ±¨· ²Ó´μ£μ ¢¥±Éμ· , ¨´¢ ·¨ ´É´Ò¥ μÉ-
´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° ‹μ·¥´Í  ¸¨¸É¥³Ò μÉ¸Î¥É  Ë °¥·¡μ² .

1. �¡² ¸ÉÓ ¨³¡ ² ´¸  ±¨· ²Ó´μ£μ § ·Ö¤ , £¤¥ b2 > 0, Éμ£¤  ¢ ¸¨¸É¥³¥ ¶μ±μÖ ±¨· ²Ó´Ò°
Ëμ´ (bμ) = (μ5, 0, 0, 0).

2. �¡² ¸ÉÓ ¨³¡ ² ´¸  ±¨· ²Ó´μ£μ ¢¥±Éμ· , £¤¥ b2 < 0, Éμ£¤  ¢ ¸¨¸É¥³¥ ¶μ±μÖ ±¨· ²Ó-
´Ò° Ëμ´ ³μ¦¥É ¡ÒÉÓ · ¸¶μ²μ¦¥´ ¢ ´ ¶· ¢²¥´¨¨ μ¸¨ ¶ÊÎ±  ¨μ´μ¢ (bμ) = (0, 0, 0, b).

3. �¥·¥Ìμ¤´ Ö Ë §  ¸ b2 = 0, Éμ£¤  Ëμ´ ¸¢¥Éμ¢μ£μ Ë·μ´É  ³μ¦¥É ¡ÒÉÓ ¢Ò¡· ´ ¢¤μ²Ó
(bμ) = (b, 0, 0,±b).

�μ¤Î¥·±´¥³, ÎÉμ ¢ £μ·ÖÎ¥° ¸·¥¤¥ ²μ·¥´Í-¨´¢ ·¨ ´É´μ¸ÉÓ ´ ·ÊÏ¥´  É¥·³μ¸É Éμ³ ¨
Ë¨§¨Î¥¸±¨¥ ÔËË¥±ÉÒ § ¢¨¸ÖÉ μÉ ±μ´±·¥É´μ£μ ´ ¡μ·  ±μ³¶μ´¥´É (bμ).

ƒ· Ë¨±¨ ¤²Ö ±μ´¤¥´¸ É  ´  ·¨¸. 1 ¶μ± §Ò¢ ÕÉ Ê¸¨²¥´¨¥ ´ ·ÊÏ¥´¨Ö ±¨· ²Ó´μ° ¸¨³-
³¥É·¨¨ ¨²¨ ¢μ¸¸É ´μ¢²¥´¨¥ ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ §´ ±  bμbμ.

� ¨³¥´´μ, ¢ μ¡² ¸É¨ ±¨· ²Ó´μ£μ ¨³¡ ² ´¸  ¸ b2 > 0 Ê¢¥²¨Î¥´¨¥  ±¸¨ ²Ó´μ£μ Ì¨-
³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ¢Ò§Ò¢ ¥É ·μ¸É ±¨· ²Ó´μ£μ ±μ´¤¥´¸ É , É. ¥. Ê¸¨²¥´¨¥ ´ ·ÊÏ¥´¨Ö
±¨· ²Ó´μ° ¸¨³³¥É·¨¨ (�Š‘).

ˆ ´ μ¡μ·μÉ, ¤²Ö μ¡² ¸É¨ ¨³¡ ² ´¸  ±¨· ²Ó´μ£μ ¢¥±Éμ·  ¸ b2 < 0 ±¨· ²Ó´Ò° ±μ´-
¤¥´¸ É Ê³¥´ÓÏ ¥É¸Ö ¸ ·μ¸Éμ³ |b2| ¢¶²μÉÓ ¤μ |b2| = (1/2)(M2 + c). �  ÔÉμ³ ³ ¸ÏÉ ¡¥ ¢
±¨· ²Ó´μ³ ¶·¥¤¥²¥ m → 0 ¶ · ³¥É· ´ ·ÊÏ¥´¨Ö ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ v → 0 (¸³. ´¨¦¥)
¨ ¸¶μ´É ´´μ¥ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö. � ±μ´¥Í, ¶ · ³¥É·
�Š‘ v ´¥ÎÊ¢¸É¢¨É¥²¥´ ± bμ ¢ ±μμ·¤¨´ É Ì ¸¢¥Éμ¢μ£μ Ë·μ´É .

„²Ö b2 > 0 ¢ ¸¨¸É¥³¥ ¶μ±μÖ ¢¥±Éμ·  (bμ) = (μ5, 0, 0, 0) ³μ¦´μ ¸· ¢´¨ÉÓ ¶·¥¤¸± § -
´¨Ö ´ Ï¥£μ (¶·¥¤²μ¦¥´´μ£μ) ³¥§μ´´μ£μ ² £· ´¦¨ ´  (·¨¸. 1, a) ¸ μÍ¥´± ³¨ ·¥Ï¥ÉμÎ´ÒÌ
¢ÒÎ¨¸²¥´¨° [13] (¸³. ·¨¸. 1, ¡), ±μÉμ·Ò¥ Ö¢´μ ¶μ± §Ò¢ ÕÉ Ê¸¨²¥´¨¥ �Š‘.

�¤´ ±μ, ¶μ¸²¥ ¥¢±²¨¤¨§ Í¨¨ Š•„, ´¥´Ê²¥¢Ò¥ ¢¥Ð¥¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ (bμ) ¶μ·μ-
¦¤ ÕÉ ´¥Ô·³¨Éμ¢Ò, Î¨¸Éμ ³´¨³Ò¥ ¢¥·Ï¨´Ò, ÎÉμ § É·Ê¤´Ö¥É ¢ÒÎ¨¸²¥´¨¥ ´  ·¥Ï¥É±¥ ¨Ì
¢±² ¤  ¢ ±¢ ·±μ¢Ò° ¤¥É¥·³¨´ ´É.

4. ‘�…Š’� Œ�‘‘ Œ…‡���‚ ‚ ��‹�‘’ˆ Šˆ��‹œ��ƒ� ˆŒ��‹��‘�

‚¢¥¤¥³ μ¶·¥¤¥²¥´¨¥ ³ ¸¸ ³¥§μ´´ÒÌ ¸μ¸ÉμÖ´¨° ¢ ¸·¥¤¥ ¸ ±¨· ²Ó´Ò³ ¨³¡ ² ´¸μ³.
Œ É·¨Í  ³ ¸¸ ¤²Ö ¸± ²Ö·´ÒÌ ¨ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ ´  ¤¨ £μ´ ²¨ ¶·¨´¨³ ¥É ¸²¥-
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¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

m2
a = −2(M2 − 2(3λ1 + λ2) v2 − c + 2b2),

m2
σ = −2(M2 − 6(λ1 + λ2) v2 + c + 2b2), (7)

m2
π =

2B m

v
.

�μ¸²¥ ¤¨ £μ´ ²¨§ Í¨¨ ³Ò μ¶·¥¤¥²¨³ ÔËË¥±É¨¢´Ò¥ ³ ¸¸Ò ± ± meff+ ¤²Ö ¶μ²Ö ã ¨ meff−
¤²Ö ¶μ²Ö π̃,

m2
eff± =

1
2

(
m2

a + m2
π ±

√
(m2

a − m2
π)2 + (8 bμ kμ)2

)
. (8)

„²Ö μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ³μ¤¥²¨ ´μ·³¨·Ê¥³¸Ö ´  ¢ ±ÊÊ³´Ò¥ ¸¶¥±É· ²Ó´Ò¥ §´ -
Î¥´¨Ö, ¶·¨³¥³ mπ = 139 ŒÔ‚, ma = 980 ŒÔ‚, mσ = 500 ŒÔ‚, m =5,5 ŒÔ‚, μ5 = 0,
M =300 ŒÔ‚, v =92 ŒÔ‚. ‡ É¥³ ¨§ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ Ê· ¢´¥´¨° (7) ³μ¦´μ ´ °É¨
λ1 = 1,64850 · 10, λ2 = − 1,31313 · 10, c = −4,46874 · 104 ŒÔ‚2, b = 1,61594 · 105 ŒÔ‚2.

�μ¸²¥ ¤¨ £μ´ ²¨§ Í¨¨ ³ ¸¸μ¢μ° ³ É·¨ÍÒ ¸μ¸ÉμÖ´¨Ö a0- ¨ π-³¥§μ´μ¢ μ± §Ò¢ ÕÉ¸Ö
¸³¥Ï ´´Ò³¨. ‘μ¡¸É¢¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö ²¥£±μ ´ °É¨ [12]. ŒÒ ¨¸¶μ²Ó§Ê¥³ μ¡μ§´ Î¥´¨Ö ã0,
π̃, Ê± §Ò¢ Ö ´  Éμ, ÎÉμ ÔÉ¨ ¸μ¸ÉμÖ´¨Ö ¸É·¥³ÖÉ¸Ö ± a0, π, ±μ£¤  bμ = 0.

4.1. Œ ¸¸Ò ¢ μ¡² ¸É¨ �Š‘ ¶·¨ bμbμ > 0. �Éμ μ¡² ¸ÉÓ, £¤¥ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´μ°
¸¨³³¥É·¨¨ Ê¸¨²¨¢ ¥É¸Ö ¶·¨ ·μ¸É¥  ±¸¨ ²Ó´μ£μ Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  (·¨¸. 2) ¨ ã0- ¨
σ-³¥§μ´Ò ¸É ´μ¢ÖÉ¸Ö, ¸μμÉ¢¥É¸É¢¥´´μ, ¡μ²¥¥ ÉÖ¦¥²Ò³¨.

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ ã0-³¥§μ´  ¨ π̃-³¥§μ´  ¨ ³ ¸¸Ò σ-³¥§μ´  μÉ  ±¸¨ ²Ó´μ£μ

Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  b = μ5 ¤²Ö · §´ÒÌ §´ Î¥´¨° |�k| ¢ μ¡² ¸É¨ bμbμ > 0

‚ Éμ ¦¥ ¢·¥³Ö ÔËË¥±É¨¢´ Ö ³ ¸¸  π̃-³¥§μ´  ¢ ¸¨¸É¥³¥ ¶μ±μÖ ³¥¤²¥´´μ Ê³¥´ÓÏ ¥É¸Ö
¨ Ê³¥´ÓÏ ¥É¸Ö ¡Ò¸É·¥¥ ¢ ¤¢¨¦ÊÐ¥°¸Ö ¸¨¸É¥³¥ μÉ¸Î¥É  ¸ |�k| �= 0. Œμ¦´μ ¢¨¤¥ÉÓ, ± ± π̃-
³¥§μ´ ¤μ¸É¨£ ¥É ¡¥§³ ¸¸μ¢μ° ÉμÎ±¨,   ¤ ²ÓÏ¥ ¶μ ±¢ ¤· ÉÊ ³ ¸¸Ò ¸É ´μ¢¨É¸Ö ®É Ì¨μ´μ³¯,
ÎÉμ, μ¤´ ±μ, ´¥ ¢Ò§Ò¢ ¥É ´¨± ±¨Ì ¶·¨Î¨´´μ-¸²¥¤¸É¢¥´´ÒÌ ¶·μ¡²¥³. Œμ¦´μ ¶·μ¢¥·¨ÉÓ,
ÎÉμ £·Ê¶¶μ¢ Ö ¸±μ·μ¸ÉÓ ÔÉ¨Ì ¸μ¸ÉμÖ´¨° μ¸É ¥É¸Ö ³¥´ÓÏ¥ ¸±μ·μ¸É¨ ¸¢¥É .

4.2. Œ ¸¸Ò ¢ μ¡² ¸É¨ �Š‘ ¶·¨ bμbμ < 0. ‚ ÔÉμ° μ¡² ¸É¨ ¢ ¸¨¸É¥³¥ ¶μ±μÖ ³μ¦´μ
Ê¢¨¤¥ÉÓ ¢μ¸¸É ´μ¢²¥´¨¥ ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ ¸ μ¡Ñ¥¤¨´¥´¨¥³ ³ ¸¸ ¢¸¥Ì ¸± ²Ö·μ¢ ¨ ¶¸¥¢-
¤μ¸± ²Ö·μ¢ (·¨¸. 3). �μ ¢ ¤¢¨¦ÊÐ¥°¸Ö ¸¨¸É¥³¥ μÉ¸Î¥É  ¶μ¢¥¤¥´¨¥ ³ ¸¸Ò ¶¨μ´  ¡μ²¥¥ ¸¶¥-
Í¨Ë¨Î´μ. ‘´ Î ²  ¶¨μ´´Ò¥ ³ ¸¸Ò μ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó,   § É¥³ ¨Ì ±¢ ¤· ÉÒ ¸É ´μ¢ÖÉ¸Ö
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ° ³ ¸¸Ò

ã0-³¥§μ´  ¨ σ-³¥§μ´  μÉ  ±¸¨ ²Ó´μ£μ Ì¨-
³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  b, § ¢¨¸¨³μ¸ÉÓ ÔË-

Ë¥±É¨¢´μ° ³ ¸¸Ò π̃-³¥§μ´  μÉ b ¤²Ö · §-

´ÒÌ §´ Î¥´¨° |�k| ¢ μ¡² ¸É¨ bμbμ < 0,
Ê£μ² ³¥¦¤Ê �k ¨ �b · ¢¥´ θ = 0

μÉ·¨Í É¥²Ó´Ò³¨. ‡ É¥³ μ´¨ ¸´μ¢  ¶μÖ¢²ÖÕÉ¸Ö ¸ ¶μ²μ¦¨É¥²Ó´Ò³¨ ±¢ ¤· É ³¨ ³ ¸¸ ¨
³¥¤²¥´´μ ¶·¨¡²¨¦ ÕÉ¸Ö ± ³ ¸¸ ³ ¸± ²Ö·μ¢ ¢  ¸¨³¶ÉμÉ¨±¥. ’ ±¨³ μ¡· §μ³, ¢²¨Ö´¨¥ ¤¢¨-
¦¥´¨Ö ¸¨¸É¥³Ò μÉ¸Î¥É  ´  ¸¶¥±É· ¶¨μ´μ¢ ¸¨²Ó´μ μÉ²¨Î ¥É¸Ö μÉ ´ ¨¢´ÒÌ ¶·¥¤¶μ²μ¦¥´¨°.

5. ���Œ�‹œ�›… P-�…—…’�›… ��‘��„› ã±
0 → π̃±γ, π̃0 → γγ, ã0

0 → γγ

�μ¸²¥ ¸³¥Ï¨¢ ´¨Ö π, a0
0 → π̃, ã0

0 ¢μ§´¨± ¥É (¢μ§³μ¦¥´) · ¸¶ ¤ ã±
0 → π̃±γ, ±μÉμ·Ò°

´ ·ÊÏ ¥É ¶·μ¸É· ´¸É¢¥´´ÊÕ Î¥É´μ¸ÉÓ ¨, ¸²¥¤μ¢ É¥²Ó´μ, § ¶·¥Ð¥´ ¢ ¢ ±ÊÊ³¥.

�¨¸. 4. ˜¨·¨´  · ¸¶ ¤  a±
0 → π±γ, μ5 = 100 ŒÔ‚

�¨¸. 5. ˜¨·¨´Ò · ¸¶ ¤ : a) π̃0 → γγ; ¡) ã0
0 → γγ, μ5 = 100 ŒÔ‚
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�  £· Ë¨±¥ (·¨¸. 4) ¶μ± § ´ ¢±² ¤ ¢¥·Ï¨´Ò ‚‡‚ ¤²Ö ÔÉμ£μ · ¸¶ ¤  ¶μ¸²¥ ¸³¥Ï¨¢ ´¨Ö
¸μ¸ÉμÖ´¨°, §¤¥¸Ó q = |�q| Å ³μ¤Ê²Ó ¶·μ¸É· ´¸É¢¥´´μ£μ ¨³¶Ê²Ó¸  ¸± ²Ö·´μ£μ ³¥§μ´ .
’ ±¦¥ ¢ Ìμ·μÏμ ¨§¢¥¸É´μ³ ± ´ ²¥ · ¸¶ ¤  π0 → γγ ¶μ¸²¥ ¸³¥Ï¨¢ ´¨Ö ¢μ§´¨± ¥É ´μ¢Ò°
·¥§μ´ ´¸ ã0

0 → γγ. ˆ§ £· Ë¨±μ¢ ¤²Ö ±μÔËË¨Í¨¥´Éμ¢ ¸³¥Ï¨¢ ´¨Ö ³Ò § ±²ÕÎ ¥³, ÎÉμ ÔÉ¨
¶·μÍ¥¸¸Ò ¸· ¢´¨³Ò ¶μ ¢¥²¨Î¨´¥ Ï¨·¨´Ò · ¸¶ ¤ .

„²Ö ¶¸¥¢¤μ¸± ²Ö·μ¢ ¨ ¸± ²Ö·μ¢ ¢ ¶μ¤¢¨¦´μ° ¸¨¸É¥³¥ μÉ¸Î¥É  ¸±μ·μ¸É¨ · ¸¶ ¤μ¢ §´ -
Î¨É¥²Ó´μ Ê¢¥²¨Î¨¢ ÕÉ¸Ö (¸³. ·¨¸. 4 ¨ 5). �É¨ ÔËË¥±ÉÒ ¶·μÉ¨¢μ¶μ²μ¦´Ò ·¥²ÖÉ¨¢¨¸É¸±μ³Ê
§ ³¥¤²¥´¨Õ ¢·¥³¥´¨.

6. ‚›‚�„› ˆ �…�‘�…Š’ˆ‚›

‚ ÔÉμ° · ¡μÉ¥ ³Ò μ¶¨¸ ²¨ ¢μ§³μ¦´μ¸ÉÓ ²μ± ²Ó´μ£μ ´ ·ÊÏ¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ°
Î¥É´μ¸É¨, ¢μ§´¨± ÕÐ¥£μ ¢ ¶²μÉ´μ³ £μ·ÖÎ¥³ ¡ ·¨μ´´μ³ ¢¥Ð¥¸É¢¥ ( ¤·μ´´Ò° Ë °¥·¡μ²)
¶·¨ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. ”¥´μ³¥´μ²μ£¨Ö ‹�— ¢ Ë °-
¥·¡μ²¥ μ¸´μ¢ ´  ´  ¢¢¥¤¥´¨¨ Éμ¶μ²μ£¨Î¥¸±μ£μ ( ±¸¨ ²Ó´μ£μ) § ·Ö¤  ¨ Éμ¶μ²μ£¨Î¥¸±μ£μ
(±¨· ²Ó´μ£μ) Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ² . ”²Ê±ÉÊ Í¨¨ Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤  μ± §Ò¢ ÕÉ
¢²¨Ö´¨¥ ´  Ë¨§¨±Ê  ¤·μ´μ¢ Î¥·¥§  ±¸¨ ²Ó´Ò° Ì¨³¨Î¥¸±¨° ¶μÉ¥´Í¨ ². ŒÒ ¶·¥¤²μ¦¨²¨
¸¨£³ -³μ¤¥²Ó, μ¸´μ¢ ´´ÊÕ ´  Š•„, ¤²Ö μ¶¨¸ ´¨Ö ¶¸¥¢¤μ¸± ²Ö·´ÒÌ,   É ±¦¥ ¨§μ¸± ²Ö·-
´ÒÌ ¨ ¨§μÉ·¨¶²¥É´ÒÌ ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ ¢ ¸·¥¤¥ Ë °¥·¡μ² . ‚ ·¥§Ê²ÓÉ É¥ ¨¸¸²¥¤μ¢ ´¨°
Ê¸É ´μ¢²¥´μ:

• …¸ÉÓ ¤¢  ¸¶μ¸μ¡  Ê¢¥²¨Î¨ÉÓ ¢μ§³μ¦´μ¸ÉÓ μ¡´ ·Ê¦¥´¨Ö ´ ·ÊÏ¥´¨Ö ²μ± ²Ó´μ° ¶·μ-
¸É· ´¸É¢¥´´μ° Î¥É´μ¸É¨: ¢μ-¶¥·¢ÒÌ, · §· ¡μÉ ÉÓ ·¥Í¥¶ÉÒ ¤²Ö Ô±¸¶¥·¨³¥´É Éμ·μ¢ ·¥£¨-
¸É· Í¨¨ ¸¶¥Í¨Ë¨Î¥¸±¨Ì ÔËË¥±Éμ¢, £¥´¥·¨·Ê¥³ÒÌ ¢ CP-´¥Î¥É´μ° ¸·¥¤¥; ¢μ-¢Éμ·ÒÌ, ¨§-
³¥·¨ÉÓ ¢ÒÌμ¤ ³ ¸¸¨¢´ÒÌ Î ¸É¨Í ¡¥§ ‘�-Î¥É´μ¸É¨. ‚ μ¡μ¨Ì ¸²ÊÎ ÖÌ ³¥Éμ¤ ±¨· ²Ó´μ£μ
Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ¢¥¸Ó³  ¶μ³μ£ ¥É ¢ ¶·¥¤¸± § ´¨ÖÌ.

• Š·μ³¥ Éμ£μ, ³Ò Ê¦¥ ¶·¥¤²μ¦¨²¨ [8] ³μ¤¥²Ó ¢¥±Éμ·´μ° ¤μ³¨´ ´É´μ¸É¨ ¸ ±¨· ²Ó´Ò³
¨³¡ ² ´¸μ³: ¸¶¥±É· ³ ¸¸¨¢´ÒÌ ¢¥±Éμ·´ÒÌ ³¥§μ´μ¢ · ¸Ð¥¶²Ö¥É¸Ö ´  É·¨ ±μ³¶μ´¥´ÉÒ
¸ · §²¨Î´Ò³¨ ¶μ²Ö·¨§ Í¨Ö³¨ ¨ ¸ · §²¨Î´Ò³¨ ÔËË¥±É¨¢´Ò³¨ ³ ¸¸ ³¨, ±μÉμ·Ò¥ ³μ£ÊÉ
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö μ¡´ ·Ê¦¥´¨Ö ²μ± ²Ó´μ£μ ´ ·ÊÏ¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ° Î¥É´μ¸É¨.
�·¥¤² £ ¥³Ò¥ ¸Ì¥³Ò ¢ÒÖ¢²¥´¨Ö ²μ± ²Ó´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ ¶μ³μ£ ÕÉ (Î ¸É¨Î´μ)
μ¡ÑÖ¸´¨ÉÓ ± Î¥¸É¢¥´´μ ¨ ±μ²¨Î¥¸É¢¥´´μ  ´μ³ ²Ó´Ò° ¢ÒÌμ¤ ¤¨²¥¶Éμ´´ÒÌ ¶ · ¢ Ô±¸¶¥-
·¨³¥´É Ì CERES, PHENIX, STAR, NA60 ¨ ALICE. ‘μμÉ¢¥É¸É¢¥´´μ, Ê¸É ´μ¢²¥´¨¥ ¥£μ
Ë¨§¨Î¥¸±μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö ³μ¦¥É ¸²Ê¦¨ÉÓ μ¸´μ¢μ° ¤²Ö ¡μ²¥¥ £²Ê¡μ±μ£μ ¶μ´¨³ ´¨Ö
¸¢μ°¸É¢ Š•„ ¢ ¸·¥¤¥ ¶·¨ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ±μ²² ¡μ· Í¨¨
μ¶·¥¤¥²¥´´μ ¤μ²¦´Ò ¶·μ¢¥·¨ÉÓ ÔÉÊ ¢μ§³μ¦´μ¸ÉÓ.

• �¥¤ ¢´μ ¢ [14] ¡Ò² ¶·¥¤²μ¦¥´ ¨´É¥·¥¸´Ò° ¸¶μ¸μ¡ μ¡´ ·Ê¦¥´¨Ö ‹�— ¶ÊÉ¥³ ¨§-
³¥·¥´¨Ö  ¸¨³³¥É·¨¨ ¶μ²Ö·¨§ Í¨¨ ËμÉμ´μ¢ ¢ ¶·μÍ¥¸¸¥ π±γ → π±γ. ŒÒ · ¸Ï¨·Ö¥³
ÔÉμ ¶·¥¤²μ¦¥´¨¥, ¶μ¤Î¥·±¨¢ Ö ·¥§μ´ ´¸´μ¥ Ê¸¨²¥´¨¥ ¶·¨ Ô´¥·£¨ÖÌ, ¸· ¢´¨³ÒÌ ¸ ³ ¸¸μ°
¸± ²Ö·μ¢ ã±

0 .
�² £μ¤ ·´μ¸É¨. ŒÒ ¶·¨§´ É¥²Ó´Ò μ·£ ´¨§ Éμ· ³ 11-£μ APCTP Ä BLTP JINRÄPNPI

NRC KI Ä SPbU ¸μ¢³¥¸É´μ£μ ¸¥³¨´ ·  ®‘μ¢·¥³¥´´Ò¥ ¶·μ¡²¥³Ò Ö¤¥·´μ° Ë¨§¨±¨ ¨ Ë¨-
§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í¯ (�¥É¥·£μË, ‘ ´±É-�¥É¥·¡Ê·£, 24Ä28 ¨Õ²Ö 2017 £.) §  ¶²μ-
¤μÉ¢μ·´ÊÕ ¢¸É·¥ÎÊ ¨ § ³¥Î É¥²Ó´ÊÕ  É³μ¸Ë¥·Ê. �.�. ¨ ‚.�. ¡Ò²¨ ¶μ¤¤¥·¦ ´Ò ¶·μ-
¥±Éμ³ �””ˆ 16-02-00348, £· ´É ³¨ 11.41.417.2017, 11.42.697.2017, 11.42.698.2017 ¨
11.41.1038.2017. ’ ±¦¥ ÔÉ  · ¡μÉ  ¶μ¤¤¥·¦ ´  £· ´É ³¨ FPA2013-46570, 2014-SGR-104
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