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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ ¶μ¨¸±Ê ¨ ¨¸¸²¥¤μ¢ ´¨Õ ¸± ²Ö·´ÒÌ 0+[0++] σ0-³¥§μ´μ¢ ¢ ¸¨-
¸É¥³¥ π+π− ¢ ·¥ ±Í¨¨ np → npπ+π− ¶·¨ ¨³¶Ê²Ó¸¥ ±¢ §¨³μ´μÌ·μ³ É¨Î¥¸±¨Ì ´¥°É·μ´μ¢
Pn = (3,83 ± 0,12) ƒÔ‚/c ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ μ¡²ÊÎ¥´¨¨ μ¤´μ³¥É·μ¢μ°
¢μ¤μ·μ¤´μ° ¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò ‹‚� �ˆŸˆ. ‚ ¸¶¥±É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ μ¡´ ·Ê¦¥´ §´ Î¨³Ò°
ÔËË¥±É ¶·¨ ³ ¸¸¥ Mπ+π− = (404 ± 5) ŒÔ‚/c2 ¸ Ï¨·¨´μ° ΓÔ±¸¶

·¥§ = (14 ± 5,4) ŒÔ‚/c2. ‘É -
É¨¸É¨Î¥¸± Ö §´ Î¨³μ¸ÉÓ ÔËË¥±É  Å ¡μ²¥¥ Î¥ÉÒ·¥Ì ¸É ´¤ ·É´ÒÌ μÉ±²μ´¥´¨° ´ ¤ Ëμ´μ³. ‘¶¨´
´ ¡²Õ¤ ¥³μ£μ ·¥§μ´ ´¸´μ£μ ÔËË¥±É  ¡Ò² μÍ¥´¥´ ¨ ¸ ¡μ²ÓÏμ° ¢¥·μÖÉ´μ¸ÉÓÕ · ¢¥´ 0. Š¢ ´Éμ¢Ò¥
Î¨¸²  ¨§ÊÎ ¥³μ£μ ·¥§μ´ ´¸´μ£μ ÔËË¥±É  μ¶·¥¤¥²¥´Ò ± ± 0+[0++].

The results of search and study of scalar 0+[0++] σ0 mesons in the system of π+π− from the
reaction np → npπ+π− at the impulse of the quasi-monochromatic neutrons Pn = (3.83±0.12) GeV/c
from the data obtained in an exposure of the 1 m hydrogen bubble chamber of LHE (JINR) are presented.
The signiˇcant effect at Mπ+π− = (404 ± 5) MeV/c2 and Γexp

res = (14 ± 5.4) MeV/c2 has been found
out in effective mass distribution. Value of a statistical deviation of this peculiarity from a background
is more than four. Spin of the observed resonance effect has been estimated and, with high probability,
is equal to 0. The quantum numbers of the observed resonance effect are determined as 0+[0++].

PACS: 13.75.Cs

‚‚…„…�ˆ…

„ ´´ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¶μ¨¸±Ê ¨ ¨¸¸²¥¤μ¢ ´¨Õ ¸± ²Ö·´ÒÌ 0+[0++] σ0-³¥§μ´μ¢ ¢
¸¨¸É¥³¥ π+π− ¢ ·¥ ±Í¨¨ np → npπ+π− ¶·¨ ¨³¶Ê²Ó¸¥ ±¢ §¨³μ´μÌ·μ³ É¨Î¥¸±¨Ì ´¥°-
É·μ´μ¢ Pn = (3,83 ± 0,12) ƒÔ‚/c ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ μ¡²ÊÎ¥´¨¨
μ¤´μ³¥É·μ¢μ° ¢μ¤μ·μ¤´μ° ¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò ‹‚� �ˆŸˆ ¶ÊÎ± ³¨ ±¢ §¨³μ´μÌ·μ³ É¨-
Î¥¸±¨Ì ´¥°É·μ´μ¢.

—Éμ¡Ò ¶μ¤Î¥·±´ÊÉÓ ¢ ¦´μ¸ÉÓ ¤ ´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö, ³Ò ¶·μÍ¨É¨·Ê¥³ ¢Ò¸± §Ò¢ ´¨¥
¨§¢¥¸É´μ£μ Ë¨§¨±  ¤-·  Œ.�¥´´¨´£Éμ´ : ®So why are the light scalars interesting? This
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is because they are fundamental. They constitute the Higgs sector of the strong interaction.
It is these scalar ˇelds, which have a non-zero vacuum expectation value that breaks chiral
symmetry and ensures pions are very light, while giving mass to all other light 	avored
hadrons¯ [1].

‘± ²Ö·´Ò° σ0-³¥§μ´ ¸ ³ ¸¸μ°, ³¥´ÓÏ¥° 1 ƒÔ‚/c2, ³μ¦¥É ¶·¨´ ¤²¥¦ ÉÓ ± ¸¥³¥°¸É¢Ê
¡μ§μ´μ¢ •¨££¸  (É ± ´ §Ò¢ ¥³Ò¥ Ì¨££¸μ¢¸±¨¥ ¡μ§μ´Ò ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°), ¶μ¨¸± ¨
¢ÒÖ¸´¥´¨¥ ¸¢μ°¸É¢ ±μÉμ·ÒÌ Ö¢²ÖÕÉ¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Í¥´É· ²Ó´μ° § ¤ Î¥° Ë¨§¨±¨
Î ¸É¨Í.

’¥μ·¥É¨Î¥¸±¨¥ μ¶¨¸ ´¨Ö ¶·¨·μ¤Ò ¨ ¸¢μ°¸É¢ ¸± ²Ö·´ÒÌ ³¥§μ´μ¢ ¤¥² ÕÉ¸Ö ¢ ¶μ¸²¥¤´¨¥
£μ¤Ò ¢ · ³± Ì ¸μ¢¥·Ï¥´´μ · §²¨Î´ÒÌ ¶μ¤Ìμ¤μ¢. �·¨ ÔÉμ³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²Ó-
É Éμ¢, ¨³¥ÕÐ¨Ì¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö, Ö¢´μ ´¥¤μ¸É ÉμÎ´μ (¸³., ´ ¶·¨³¥·, · ¡μÉÒ [2] ¨
²¨É¥· ÉÊ·Ê ¢ ´¨Ì). Š ± ¸²¥¤Ê¥É ¨§ · ¸¸³μÉ·¥´´ÒÌ ¢ [2] É¥μ·¥É¨Î¥¸±¨Ì · ¡μÉ, ¶μ´¨³ -
´¨Ö ¸É·Ê±ÉÊ·Ò ¨ ¸¢μ°¸É¢ σ0-³¥§μ´μ¢ ¶μ±  ´¥É. �μÔÉμ³Ê ÉÐ É¥²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ÔÉ¨Ì
¢μ¶·μ¸μ¢ ±· °´¥ ¢ ¦´μ.

1. �Š‘�…�ˆŒ…�’

‹”‚� �ˆŸˆ Å ¥¤¨´¸É¢¥´´ Ö ² ¡μ· Éμ·¨Ö, ¢ ±μÉμ·μ° ¥¸ÉÓ ¤ ´´Ò¥ np-¢§ ¨³μ¤¥°¸É¢¨°
¶·¨ ´¥¸±μ²Ó±¨Ì Ô´¥·£¨ÖÌ ´¥°É·μ´´μ£μ ¶ÊÎ±  (1Ä5 ƒÔ‚). �É¨ ¤ ´´Ò¥ ¶μ²ÊÎ¥´Ò ¶·¨ μ¡²Ê-
Î¥´¨¨ μ¤´μ³¥É·μ¢μ° ¢μ¤μ·μ¤´μ° ¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò (HBC) [3] ¶ÊÎ± ³¨ ±¢ §¨³μ´μÌ·μ-
³ É¨Î¥¸±¨Ì ´¥°É·μ´μ¢. �¥°É·μ´´Ò° ¶ÊÎμ± ¡Ò² ¶μ²ÊÎ¥´ ¸É·¨¶¶¨´£μ³ Ê¸±μ·¥´´ÒÌ ¤¥°-
É·μ´μ¢ ´  μ¤´μ¸ ´É¨³¥É·μ¢μ°  ²Õ³¨´¨¥¢μ° ³¨Ï¥´¨, · §³¥Ð ¢Ï¥°¸Ö ¢´ÊÉ·¨ ¢ ±ÊÊ³´μ°
± ³¥·Ò ¸¨´Ì·μË §μÉ·μ´  �ˆŸˆ. �¥°É·μ´Ò ¢ÒÌμ¤¨²¨ ¨§ Ê¸±μ·¨É¥²Ö ¶μ¤ Ê£²μ³ 0◦ ± ´ -
¶· ¢²¥´¨Õ ¶ÊÎ±  ¤¥°É·μ´μ¢. �¥°É·μ´´Ò° ¶ÊÎμ± ¶·μÌμ¤¨² ¢ ¶μ²¥ Ê¸±μ·¨É¥²Ö μ±μ²μ 12 ³,
ÎÉμ ¶μ§¢μ²Ö²μ μÎ¨¸É¨ÉÓ ¥£μ μÉ § ·Ö¦¥´´ÒÌ Î ¸É¨Í.

HBC · ¸¶μ² £ ² ¸Ó ´  · ¸¸ÉμÖ´¨¨ ≈ 130 ³ μÉ  ²Õ³¨´¨¥¢μ° ³¨Ï¥´¨. �ÊÎμ± ´¥°É·μ´μ¢
¶·μÌμ¤¨² Î¥·¥§ ±μ²²¨³ Éμ·Ò ¨ ¶μ¸ÉÊ¶ ² ¢ ± ³¥·Ê ¸ ¶ · ³¥É· ³¨ ΔPn/Pn ≈ 2,5 %,
ΔΩn = 10−7 ¸· ¡¥§ ¶·¨³¥¸¥° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ γ-±¢ ´Éμ¢. HBC ¡Ò²  ¶μ³¥Ð¥´  ¢
³ £´¨É´μ¥ ¶μ²¥ ´ ¶·Ö¦¥´´μ¸ÉÓÕ ∼ 1,7 ’².

‚ ·¥§Ê²ÓÉ É¥ ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸μ¢ É·¥±μ¢ ¢ ± ³¥·¥ ¸μ¸É ¢¨²  2Ä3 %, Ê£²Ò
¨§³¥·Ö²¨¸Ó ¸ ÉμÎ´μ¸ÉÓÕ 0,5◦. �μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ´¥°É·μ´´μ£μ ± ´ ²  ¨ Ê¸²μ¢¨° μ¡²Ê-
Î¥´¨Ö μ¶Ê¡²¨±μ¢ ´μ ¢ [4].

‚¸¥£μ ´ ±μ¶²¥´μ μ±μ²μ 0,5 ³²´ ¸μ¡ÒÉ¨° ¶·¨ ¨³¶Ê²Ó¸ Ì ¶ ¤ ÕÐ¨Ì ´¥°É·μ´μ¢ 1,25;
1,43; 1,73; 2,25; 3,83; 4,42; 5,20 ƒÔ‚/c.

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÍ¥¤Ê·Ò, μ¸´μ¢ ´´μ° ´   ´ ²¨§¥ ¢¥²¨Î¨´Ò χ2 ¤²Ö ± ¦¤μ£μ ¸μ¡Ò-
É¨Ö (³¥Éμ¤ χ2), ¢Ò¤¥²Ö²¨¸Ó ·¥ ±Í¨¨ ¡¥§ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¨ ¸ μ¤´μ° ´¥°É· ²Ó´μ° Î -
¸É¨Í¥°. „μ¶μ²´¨É¥²Ó´μ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢¨§Ê ²Ó´ Ö μÍ¥´±  ¨μ´¨§ Í¨¨ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨
É·¥±μ¢ ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, μÉ¡μ· ¸μ¡ÒÉ¨° ¶μ ±·¨É¥·¨Õ ΔPs/Ps � 3 %,
£¤¥ Ps Å ¸Ê³³ ·´Ò° ¨³¶Ê²Ó¸ ¢¸¥Ì § ·Ö¦¥´´ÒÌ Î ¸É¨Í; ΔPs Å μÏ¨¡±  ¸Ê³³ ·´μ£μ
¨³¶Ê²Ó¸  [4, 5, 8].

2. �…�Š–ˆŸ np → npπ+π− ��ˆ Pn = (3,83 ± 0,12) ƒÔ‚/c

�¥ ±Í¨Ö np → npπ+π− ¶·¨ Pn = (3,83 ± 0,12) ƒÔ‚/c ¢Ò¤¥²Ö² ¸Ó ³¥Éμ¤μ³ χ2 ¸ μ¤-
´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò (1C-Ë¨É ¸ χ2 � 6,5, ÎÉμ ¶·¨¡²¨§¨É¥²Ó´μ ¸μμÉ¢¥É¸É¢Ê¥É 99%-³Ê
¤μ¢¥·¨É¥²Ó´μ³Ê Ê·μ¢´Õ). „μ¶μ²´¨É¥²Ó´μ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢¨§Ê ²Ó´ Ö μÍ¥´±  ¨μ´¨§ Í¨¨
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�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ χ2 ¤²Ö ·¥ ±Í¨¨ np →
npπ+π− ¶·¨ Pn = 3,83 ƒÔ‚/c. ƒ¨¸Éμ-
£· ³³  Å Ô±¸¶¥·¨³¥´É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥;
±·¨¢ Ö Å ¸É ´¤ ·É´μ¥ · ¸¶·¥¤¥²¥´¨¥ χ2 ¸ μ¤-
´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò

�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ´¥¤μ¸É ÕÐ¨Ì ³ ¸¸ ¤²Ö
·¥ ±Í¨¨ np → npπ+π− ¶·¨ Pn = 3,83 ƒÔ‚/c

¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ É·¥±μ¢ ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. �·¨³¥¸¨ ¤·Ê£¨Ì ± ´ ²μ¢
·¥ ±Í¨° ¶·¨ É ±μ³ μÉ¡μ·¥ ¸μ¡ÒÉ¨° ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢ÊÕÉ. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´μ
· ¸¶·¥¤¥²¥´¨¥ χ2 ¤²Ö ¸μ¡ÒÉ¨° Ê± § ´´μ° ·¥ ±Í¨¨. ’ ³ ¦¥ ¶·¨¢¥¤¥´μ ¸É ´¤ ·É´μ¥ · ¸-
¶·¥¤¥²¥´¨¥ χ2 ¸ μ¤´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò. ‚¨¤´μ ¸μ¢¶ ¤¥´¨¥ μ¡μ¨Ì · ¸¶·¥¤¥²¥´¨° ¢
¶·¥¤¥² Ì μÏ¨¡μ± ¨§³¥·¥´¨°. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ ´¥¤μ¸É ÕÐ¨Ì ³ ¸¸
¨§ μÉμ¡· ´´ÒÌ ¸μ¡ÒÉ¨° ¨¸¸²¥¤Ê¥³μ° ·¥ ±Í¨¨. …£μ Í¥´É· ²Ó´μ¥ §´ Î¥´¨¥ ¸μ¢¶ ¤ ¥É ¸
³ ¸¸μ° ´¥°É·μ´ . �μ± § É¥²¥³ ¶· ¢¨²Ó´μ¸É¨ ¢Ò¤¥²¥´¨Ö ·¥ ±Í¨¨ np → npπ+π− Ö¢²Ö¥É¸Ö
¸μ¡²Õ¤¥´¨¥ ¨§μÉμ¶¨Î¥¸±μ° ¨´¢ ·¨ ´É´μ¸É¨, É. ¥. ¨³¶Ê²Ó¸´Ò¥ ¸¶¥±É·Ò π-³¥§μ´μ¢ μ¤´μ£μ
§´ ±  ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ ¤μ²¦´Ò ¸μ¢¶ ¤ ÉÓ ¸ ¨³¶Ê²Ó¸´Ò³¨ ¸¶¥±É· ³¨ π-³¥§μ´μ¢
¤·Ê£μ£μ §´ ±  ¢  ´É¨² ¡μ· Éμ·´μ° ¸¨¸É¥³¥,   Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢ ¸. Í. ³. ·¥ ±Í¨¨
¤²Ö π+- ¨ π−-³¥§μ´μ¢,   É ±¦¥ ¤²Ö ´¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢ ¤μ²¦´Ò ¡ÒÉÓ §¥·± ²Ó´μ-
¸¨³³¥É·¨Î´Ò³¨ μÉ´μ¸¨É¥²Ó´μ 0◦. ‚ÒÎ¨¸²¥´´Ò¥ μÉ´μÏ¥´¨Ö ¢Ò²¥É  ´¥°É·μ´μ¢, ¶·μÉμ´μ¢,
π+ ¨ π− ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê£²μ¢Ò¥ ¨´É¥·¢ ²Ò ¢ ¸. Í. ³. ·¥ ±Í¨¨ ¢ ¶·¥¤¥² Ì μÏ¨¡μ± ¸μ-
¢¶ ¤ ÕÉ ¸ É¥³¨, ±μÉμ·Ò¥ ¶·¥¤¸± §Ò¢ ÕÉ¸Ö ¨§μÉμ¶¨Î¥¸±μ° ¨´¢ ·¨ ´É´μ¸ÉÓÕ ¤²Ö ¤ ´´μ°
·¥ ±Í¨¨. ˆ³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢Éμ·¨Î´ÒÌ ´¥°É·μ´μ¢, ¶·μÉμ´μ¢, π+ ¨ π− É ±¦¥
Ê¤μ¢²¥É¢μ·ÖÕÉ ¶·¥¤¸± § ´¨Ö³ ¨§μÉμ¶¨Î¥¸±μ° ¨´¢ ·¨ ´É´μ¸É¨ ¤²Ö ¤ ´´μ° ·¥ ±Í¨¨.

‚¸¥£μ ¢Ò¤¥²¥´μ 6000 ¸μ¡ÒÉ¨° ·¥ ±Í¨¨ np → npπ+π− ¶·¨ Pn = (3,83 ± 0,12) ƒÔ‚/c.
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3. ‘�…Š’� �””…Š’ˆ‚�›• Œ�‘‘ π+π−

�  ·¨¸. 3 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π−. � ¡²Õ¤ ¥É¸Ö ¸¨²Ó´Ò°
ÔËË¥±É ¶·¨ ³ ¸¸¥ Mπ+π− = (404 ± 5) ŒÔ‚/c2 ¸ Ï¨·¨´μ° ΓÔ±¸¶

·¥§ = (14 ± 5,4) ŒÔ‚/c2

(¡·¥°É-¢¨£´¥·μ¢¸±¨¥ §´ Î¥´¨Ö). �±¸¶¥·¨³¥´É ²Ó´Ò° Ëμ´ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ μ¶·¥¤¥²Ö¥É¸Ö
π+- ¨ π−-³¥§μ´ ³¨ μÉ · ¸¶ ¤  Δ++

33 - ¨ Δ−
33-¨§μ¡ ·, ±μÉμ·Ò¥ μ¡¨²Ó´μ ·μ¦¤ ÕÉ¸Ö ¢ ¤ ´´μ°

·¥ ±Í¨¨. �  ·¨¸. 3 ¶·¨¢¥¤¥´μ μ¶¨¸ ´¨¥ Ëμ´μ¢μ° Î ¸É¨ · ¸¶·¥¤¥²¥´¨Ö (¡¥§ ·¥§μ´ ´¸´μ°
μ¡² ¸É¨) ±·¨¢μ°, ¢§ÖÉμ° ¢ ¢¨¤¥ ´ ¡μ·  ¶μ²¨´μ³μ¢ ‹¥¦ ´¤·  ¤μ 9-° ¸É¥¶¥´¨ ¢±²ÕÎ¨É¥²Ó´μ
(¶Ê´±É¨·´ Ö ²¨´¨Ö).

�·¨ ¶μ²ÊÎ¥´¨¨ ¶μ²¨´μ³¨ ²Ó´μ° Ëμ´μ¢μ° ±·¨¢μ° ÊÎ¨ÉÒ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ É·¥-
¡μ¢ ´¨Ö:

Å ¢μ-¶¥·¢ÒÌ, μÏ¨¡±¨ ¢ μ¶·¥¤¥²¥´¨¨ ±μÔËË¨Í¨¥´Éμ¢ ¶·¨ ¶μ²¨´μ³¥ ‹¥¦ ´¤·  ¸μμÉ-
¢¥É¸É¢ÊÕÐ¥° ¸É¥¶¥´¨ ´¥ ¤μ²¦´Ò ¶·¥¢ÒÏ ÉÓ 50%;

Å ¢μ-¢Éμ·ÒÌ, ¶μ²¨´μ³¨ ²Ó´ Ö ±·¨¢ Ö ¤μ²¦´  μ¶¨¸Ò¢ ÉÓ · ¸¶·¥¤¥²¥´¨¥, μ¸É ÕÐ¥¥¸Ö
¶μ¸²¥ ®Ê¡¨· ´¨Ö¯ ·¥§μ´ ´¸´ÒÌ μ¡² ¸É¥°, ¸μ §´ Î¥´¨Ö³¨, ± ± ³μ¦´μ ¡μ²¥¥ ¡²¨§±¨³¨
(¸ ÊÎ¥Éμ³ μÏ¨¡μ±) ± ¸É ´¤ ·É´Ò³ §´ Î¥´¨Ö³ ¤²Ö χ2-· ¸¶·¥¤¥²¥´¨Ö ¸ μ¤´μ° ¸É¥¶¥´ÓÕ
¸¢μ¡μ¤Ò: χ2 = 1,0 ¨

√
D = 1,41;

Å ¢-É·¥ÉÓ¨Ì, Ëμ´μ¢ Ö ±·¨¢ Ö ¤μ²¦´  ¡ÒÉÓ ®£² ¤±μ°¯, É. ¥. ¡¥§ § ³¥É´ÒÌ ¶¥·¥£¨¡μ¢,
¶μ²ÊÎ ÕÐ¨Ì¸Ö ¶·¨ ¢Ò¸μ±¨Ì ¸É¥¶¥´ÖÌ ¶μ²¨´μ³  ¶·¨ ´¥¤μ¸É ÉμÎ´μ³ Î¨¸²¥ ÉμÎ¥± · ¸¶·¥-
¤¥²¥´¨Ö.

� · ³¥É·Ò μ¶¨¸ ´¨Ö Ëμ´ , ¶·¥¤¸É ¢²¥´´μ£μ ´  ·¨¸. 3: χ2 = 0,85±0,19;
√

D = 1,41±
0,13. �  Éμ³ ¦¥ ·¨¸Ê´±¥ ¶·¨¢¥¤¥´μ μ¶¨¸ ´¨¥ · ¸¶·¥¤¥²¥´¨Ö ¸Ê¶¥·¶μ§¨Í¨¥° Ëμ´μ¢μ°
±·¨¢μ° ¨ ·¥§μ´ ´¸´μ° ±·¨¢μ°, ¢§ÖÉμ° ¢ Ëμ·³¥ 
·¥°É Ä‚¨£´¥· . �  ·¨¸. 3 ¶μ± § ´μ É ±¦¥

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ π+π−. �Ê´±É¨·´ Ö ±·¨¢ Ö Å μ¶¨¸ ´¨¥ ¢´¥·¥§μ´ ´¸´μ°
(Ëμ´μ¢μ°) μ¡² ¸É¨, ¢§ÖÉ Ö ¢ ¢¨¤¥ ´ ¡μ·  ¶μ²¨´μ³μ¢ ‹¥¦ ´¤·  ¤μ 9-° ¸É¥¶¥´¨; ¸¶²μÏ´ Ö Å μ¶¨¸ -

´¨¥ · ¸¶·¥¤¥²¥´¨Ö Ëμ´μ¢μ° ±·¨¢μ° ¨ ·¥§μ´ ´¸´μ° ±·¨¢μ° ¢ Ëμ·³¥ 
·¥°É Ä‚¨£´¥· ; ±¢ ¤· ÉÒ Å

Ëμ´μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥, ¶μ²ÊÎ¥´´μ¥ ¸ ¶μ³μÐÓÕ OPER-³μ¤¥²¨
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Ëμ´μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥, ¶μ²ÊÎ¥´´μ¥ ¸ ¶μ³μÐÓÕ OPER-³μ¤¥²¨ [6] (±¢ ¤· ÉÒ), ±μÉμ·μ¥
¡²¨§±μ ± ¶μ²¨´μ³¨ ²Ó´μ³Ê.

Œμ¤¥²Ó ·¥¤¦¥§μ¢ ´´μ£μ μ¤´μ¶¨μ´´μ£μ μ¡³¥´  (OPER) [6] ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μ¶¨¸ ´¨Ö
·¥ ±Í¨° ³´μ¦¥¸É¢¥´´μ£μ ·μ¦¤¥´¨Ö π-³¥§μ´μ¢ ¢ πN - ¨ NN -¢§ ¨³μ¤¥°¸É¢¨ÖÌ. ‚ μÉ²¨Î¨¥
μÉ ¤·Ê£¨Ì ³μ¤¥²¥° ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢, É ±¨Ì ± ± μ¡³¥´ ·¥ ²Ó´Ò³ ¨²¨ ¢¨·ÉÊ ²Ó-
´Ò³ π-³¥§μ´μ³ (¢ Éμ³ Î¨¸²¥ ³μ¤¥²¨ ¸ ¶μ£²μÐ¥´¨¥³), ¢ OPER-³μ¤¥²¨ · ¸¸³ É·¨¢ ¥É¸Ö
μ¡³¥´ É· ¥±Éμ·¨¥° �¥¤¦¥. Œμ¤¥²Ó ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¶·μÍ¥¸¸Ò ·μ¦¤¥´¨Ö μ¸´μ¢´ÒÌ ¡ ·¨μ´-
´ÒÌ N∗- ¨ Δ∗-·¥§μ´ ´¸μ¢, μ¶·¥¤¥²¥´´ÒÌ ¢ PWA- ´ ²¨§¥ Ê¶·Ê£μ£μ πN -¢§ ¨³μ¤¥°¸É¢¨Ö,
  É ±¦¥ ¶·μÍ¥¸¸Ò Ê¶·Ê£μ£μ ππ → ππ · ¸¸¥Ö´¨Ö. „μ¶μ²´¨É¥²Ó´μ ¤²Ö μ¶¨¸ ´¨Ö ·¥ ±-
Í¨° É¨¶  np → npπ+π− ¢±²ÕÎ¥´Ò ¶·μÍ¥¸¸Ò ¤¨Ë· ±Í¨μ´´μ£μ ·μ¦¤¥´¨Ö N∗(1440)-,
N∗(1520)- ¨ N∗(1680)-·¥§μ´ ´¸μ¢. �¸μ¡¥´´μ¸ÉÖ³¨ OPER-³μ¤¥²¨ Ö¢²ÖÕÉ¸Ö:

Å Ï¨·μ±¨° ¤¨ ¶ §μ´ μ¶¨¸Ò¢ ¥³ÒÌ Ô´¥·£¨°: 2Ä200 ƒÔ‚;
Å ´¥¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É·μ¢;
Å  ¢Éμ³ É¨Î¥¸± Ö ´μ·³¨·μ¢±  ¢ÒÎ¨¸²¥´´ÒÌ ¢¥²¨Î¨´ ´  ¸¥Î¥´¨¥ ·¥ ±Í¨¨.
‘É É¨¸É¨Î¥¸± Ö §´ Î¨³μ¸ÉÓ ·¥§μ´ ´¸  ¢ÒÎ¨¸²Ö¥É¸Ö ± ±

S. D. = (N·¥§ − NËμ´)
/√

NËμ´,

£¤¥ N·¥§ Å Î¨¸²μ ¸μ¡ÒÉ¨° ¢ μ¡² ¸É¨ ·¥§μ´ ´¸ ; NËμ´ Å Î¨¸²μ ¸μ¡ÒÉ¨° ¢ μ¡² ¸É¨ ·¥-
§μ´ ´¸  ¶μ¤ Ëμ´μ¢μ° ±·¨¢μ°. ‘É É¨¸É¨Î¥¸± Ö §´ Î¨³μ¸ÉÓ ´ ¡²Õ¤ ¥³μ£μ ·¥§μ´ ´¸  · ¢´ 
S. D. = 4,2. ‚¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ · ¸¸³ É·¨¢ ¥³Ò° ¶¨± Ö¢²Ö¥É¸Ö Ë²Ê±ÉÊ Í¨¥° Ëμ´ , ´¥
¶·¥¢ÒÏ ¥É 0,001.

4. ���…„…‹…�ˆ… Š‚��’�‚›• —ˆ‘…‹ �…‡����‘�

Š¢ ´Éμ¢Ò¥ Î¨¸²  ·¥§μ´ ´¸  μ¶·¥¤¥²Ö²¨¸Ó ¸²¥¤ÊÕÐ¨³ μ¡· §μ³.
�Í¥´±  ¢¥²¨Î¨´Ò ¸¶¨´  μ¸´μ¢Ò¢ ¥É¸Ö ´  ¨¸¸²¥¤μ¢ ´¨¨ · ¸¶·¥¤¥²¥´¨Ö Ê£²μ¢ ³¥¦¤Ê

´ ¶· ¢²¥´¨¥³ ¢Ò²¥É  π+-³¥§μ´  ¨§ ·¥§μ´ ´¸  ¨ ´ ¶· ¢²¥´¨¥³ ¶μ²¥É  ·¥§μ´ ´¸  ¢ ¸¨¸É¥³¥
Í¥´É·  ³ ¸¸ ·¥ ±Í¨¨, ¶μ¸É·μ¥´´μ£μ ¢ ¸¶¨· ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É. �¶¶·μ±¸¨³ Í¨Ö
É ±μ£μ · ¸¶·¥¤¥²¥´¨Ö ´ ¡μ·μ³ ¶μ²¨´μ³μ¢ ‹¥¦ ´¤·  Î¥É´ÒÌ ¸É¥¶¥´¥° ¸μ §´ Î¥´¨¥³ ³ ±-
¸¨³ ²Ó´μ° ¸É¥¶¥´¨, · ¢´Ò³ 2J , ¤ ¥É ¢¥²¨Î¨´Ê J Å ³¨´¨³ ²Ó´μ ¢μ§³μ¦´μ¥ §´ Î¥´¨¥
¸¶¨´  ·¥§μ´ ´¸  [7, § 53].

�·μÍ¥¤Ê·  μÍ¥´±¨ ¸¶¨´  É ±μ¢ :
Å ¢μ-¶¥·¢ÒÌ, ¡Ò²μ ¶μ¸É·μ¥´μ Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ (¤²Ö π+-³¥§μ´μ¢ ¨§ μ¡² ¸É¨

·¥§μ´ ´¸ ) ¢ ¸¶¨· ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É;
Å ¢μ-¢Éμ·ÒÌ, É ±¨³ ¦¥ ¸¶μ¸μ¡μ³ ¡Ò²μ ¶μ¸É·μ¥´μ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö π+-³¥§μ´μ¢ ¨§

μ¡² ¸É¥° ¸¶· ¢  ¨ ¸²¥¢  μÉ ·¥§μ´ ´¸´μ°;
Å ¢-É·¥ÉÓ¨Ì, ¡Ò²μ ¶μ¸É·μ¥´μ ·¥§Ê²ÓÉ¨·ÊÕÐ¥¥ · ¸¶·¥¤¥²¥´¨¥, ¶μ²ÊÎ ÕÐ¥¥¸Ö ¶·¨

¢ÒÎ¨É ´¨¨ ¢Éμ·μ£μ (Ëμ´μ¢μ£μ) · ¸¶·¥¤¥²¥´¨Ö ¨§ ¶¥·¢μ£μ (μ¡Ð¥£μ) ¨ ¤ ÕÐ¥¥ Ê£²μ¢μ¥
· ¸¶·¥¤¥²¥´¨¥ ¤²Ö π+-³¥§μ´μ¢ ¨§ ·¥§μ´ ´¸ . 
Ò²μ ¶μ¸É·μ¥´μ ¨ ¨¸¸²¥¤μ¢ ´μ ´¥¸±μ²Ó±μ
¢ ·¨ ´Éμ¢ É ±¨Ì ·¥§μ´ ´¸´ÒÌ · ¸¶·¥¤¥²¥´¨°. �·¨ ÔÉμ³ ¢ ·Ó¨·μ¢ ²¨¸Ó ± ± ¶ · ³¥É·Ò
Ëμ´μ¢ÒÌ ¤¨ ¶ §μ´μ¢, É ± ¨ · §³¥·Ò ·¥§μ´ ´¸´μ° μ¡² ¸É¨.

„²Ö ± ¦¤μ£μ ¢ ·¨ ´É  ·¥§μ´ ´¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¡Ò²¨ ¶μ¸É·μ¥´Ò ¶μ 15 £¨¸Éμ£· ³³
¸ · §²¨Î´Ò³ Î¨¸²μ³ ¡¨´μ¢ (μÉ 6 ¤μ 20).

„²Ö ± ¦¤μ° £¨¸Éμ£· ³³Ò ¶·μ¢¥¤¥´  ¸²¥¤ÊÕÐ Ö ¨É¥· Í¨μ´´ Ö ¶·μÍ¥¤Ê· .
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�¨¸. 4. “£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ π+-³¥§μ´μ¢ ¨§ μ¡² ¸É¨ ·¥§μ´ ´¸  ¢ ¸¶¨· ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É

¸ ¢ÒÎÉ¥´´Ò³ Ê£²μ¢Ò³ · ¸¶·¥¤¥²¥´¨¥³ π+-³¥§μ´μ¢ ¨§ μ¡² ¸É¨ Ëμ´ . �·Ö³ Ö ²¨´¨Ö Å ´ ¨¡μ²¥¥

¢¥·μÖÉ´μ¥ (¨§μÉ·μ¶´μ¥) μ¶¨¸ ´¨¥ · ¸¶·¥¤¥²¥´¨Ö

ƒ¨¸Éμ£· ³³   ¶¶·μ±¸¨³¨·μ¢ ² ¸Ó ´ ¡μ·μ³ ¶μ²¨´μ³μ¢ ‹¥¦ ´¤·  Î¥É´ÒÌ ¸É¥¶¥´¥° ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ±·¨É¥·¨Ö ¸μ£² ¸¨Ö χ2. �μ¸²¥  ¶¶·μ±¸¨³ Í¨¨ · ¸¸³ É·¨¢ ²¨¸Ó ±μÔË-
Ë¨Í¨¥´ÉÒ ¶·¨ ¶μ²¨´μ³ Ì Ci (i Å ¸É¥¶¥´Ó ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶μ²¨´μ³ ). …¸²¨ μÉ´μ¸¨-
É¥²Ó´ Ö μÏ¨¡±  ΔCi/Ci ¶·¥¢ÒÏ ²  50 %, ±μÔËË¨Í¨¥´É ¶·¨ É ±μ³ ¶μ²¨´μ³¥ μ¡´Ê²Ö²¸Ö
(¡μ²ÓÏ Ö μÏ¨¡±  ¢ ¤ ´´μ³ ±μÔËË¨Í¨¥´É¥ ¶μ¤· §Ê³¥¢ ¥É, ÎÉμ ¢±² ¤ ÔÉμ£μ ¶μ²¨´μ³  ´¥-
§´ Î Ð¨° ¨ ³μ¦¥É ¡ÒÉÓ ¶·μ¨£´μ·¨·μ¢ ´) ¨ ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö² ¸Ó. 
μ²¥¥ ¶μ¤·μ¡´μ
¶·μÍ¥¤Ê·  μ¶¨¸ ´  ¢ ¸É ÉÓ¥ [8]. �·¨ μ¶¨¸ ´¨¨ · ¸¶·¥¤¥²¥´¨° ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ·¥§μ-
´ ´¸  ¢¸¥ ¶μ²¨´μ³Ò ¸μ ¸É¥¶¥´Ö³¨ i � 2 ¨³¥²¨ ´¥§´ Î Ð¨¥ ¢±² ¤Ò.

�  ·¨¸. 4 ¶·¨¢¥¤¥´μ Ì · ±É¥·´μ¥ ·¥§Ê²ÓÉ¨·ÊÕÐ¥¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ
·¥§μ´ ´¸ . �´μ ¨§μÉ·μ¶´μ, ÎÉμ £μ¢μ·¨É μ Éμ³, ÎÉμ §´ Î¥´¨¥ ¸¶¨´  ·¥§μ´ ´¸ , ¸ ¡μ²ÓÏμ°
¢¥·μÖÉ´μ¸ÉÓÕ, J·¥§ = 0.

‘²¥¤μ¢ É¥²Ó´μ, μ·¡¨É ²Ó´Ò° ³μ³¥´É ·¥§μ´ ´¸  l É ±¦¥ · ¢¥´ 0.

� ¸¸³μÉ·¨³ P, C, G ¨ I ·¥§μ´ ´¸ .

P Å Î¥É´μ¸ÉÓ ·¥§μ´ ´¸ . P = (−1)(−1)(−1)l = +1 (¶·¨ l = 0).

C Å Î¥É´μ¸ÉÓ. C = (−1)l+s, £¤¥ s Å ¸Ê³³  ¸¶¨´μ¢ ¸μ¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í. �·¨ s = 0
¨ l = 0 ¶μ²ÊÎ ¥³ C = +1.

G Å Î¥É´μ¸ÉÓ. ˆ§¢¥¸É´μ, ÎÉμ G Å Î¥É´μ¸ÉÓ ¸¨¸É¥³Ò, · ¸¶ ¤ ÕÐ¥°¸Ö ´  π-³¥§μ´Ò,
· ¢´  G = (−1)n, £¤¥ n Å Î¨¸²μ ¢· Ð¥´¨° ¢ § ·Ö¤μ¢μ³ ¶·μ¸É· ´¸É¢¥, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö
¢μ§¢· Ð¥´¨Ö ¸¨¸É¥³Ò ¢ ¨¸Ìμ¤´μ¥ ¸μ¸ÉμÖ´¨¥. ‚ ¸²ÊÎ ¥ π+π−-¸¨¸É¥³Ò n = 2,   ¶μÉμ³Ê
G = +1.

ˆ§μÉμ¶¨Î¥¸±¨° ¸¶¨´ I. ˆ§¢¥¸É´μ, ÎÉμ G = C(−1)I , £¤¥ I Å ¨§μÉμ¶¨Î¥¸±¨° ¸¶¨´
¸¨¸É¥³Ò. �·¨ G = +1 ¨ C = +1 ¢ ´ Ï¥³ ¸²ÊÎ ¥ I = 0 ¨²¨ I = 2.

—Éμ¡Ò ¢Ò¡· ÉÓ §´ Î¥´¨¥ I μ¤´μ§´ Î´μ, ´ ³¨ ¡Ò²  ¨§ÊÎ¥´  ¸¨¸É¥³  ·¥§μ´ ´¸μ¢ ¢
π−π−-±μ³¡¨´ Í¨ÖÌ ¨§ ·¥ ±Í¨¨ np → ppπ+π−π− ¶·¨ Pn = 5,20 ƒÔ‚/c [9]. ‚ · ¸-
¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ ¤¢ÊÌ π−-³¥§μ´μ¢ ¥¸ÉÓ ¸¨²Ó´Ò° ¶¨± ¶·¨ ³ ¸¸¥ Mπ−π− =
397 ŒÔ‚/c2, ¡²¨§±μ° ± ³ ¸¸¥ ´ ¡²Õ¤ ¥³μ£μ ´ ³¨ ¶¨±  ¢ ¸¨¸É¥³¥ π+π−. �¤´ ±μ μÍ¥´± 
¸¶¨´  ·¥§μ´ ´¸  ¢ ¸¨¸É¥³¥ π−π− ¤ ²  §´ Î¥´¨¥ ¥£μ ¸¶¨´  J � 6, É. ¥. ÔÉμÉ ·¥§μ´ ´¸ ±
´ ¡²Õ¤ ¥³μ° μ¸μ¡¥´´μ¸É¨ ¢ ¸¨¸É¥³¥ π+π− μÉ´μÏ¥´¨Ö ´¥ ¨³¥¥É. �É¸Õ¤  ¸²¥¤Ê¥É ¢Ò¢μ¤,
ÎÉμ ¤²Ö ·¥§μ´ ´¸  Mπ+π− = 404 ŒÔ‚/c2 §´ Î¥´¨¥ ¨§μÉμ¶¨Î¥¸±μ£μ ¸¶¨´  I = 0.

’ ±¨³ μ¡· §μ³, ¸ ¡μ²ÓÏμ° ¤μ²¥° ¢¥·μÖÉ´μ¸É¨ ³Ò ´ ¡²Õ¤ ¥³ ·¥§μ´ ´¸ ¸ ±¢ ´Éμ¢Ò³¨
Î¨¸² ³¨ σ0-³¥§μ´  0+[0++].
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�·¨¢¥¤¥³ μ±μ´Î É¥²Ó´ÊÕ É ¡²¨ÍÊ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö σ0-³¥§μ´  ¸ ³ ¸¸μ°
Mπ+π− = 404 ŒÔ‚/c2 ¢ ·¥ ±Í¨¨ np → npπ+π− ¶·¨ Pn = (3,83 ± 0,12) ƒÔ‚/c.

‚ É ¡²¨Í¥ ·¥§Ê²ÓÉ Éμ¢ ¶·¨¢¥¤¥´Ò M·¥§ ¨ ΓÔ±¸¶
·¥§ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ³ ¸¸Ò

¨ Ï¨·¨´Ò ·¥§μ´ ´¸ ; Γ¨¸É
·¥§ Å ¨¸É¨´´ Ö Ï¨·¨´  ·¥§μ´ ´¸ , ¶μ²ÊÎ¥´´ Ö ¸ ÊÎ¥Éμ³ · §-

·¥Ï¥´¨Ö ¶μ ³ ¸¸ ³ Γ· §·; S. D. Å ¸É É¨¸É¨Î¥¸± Ö §´ Î¨³μ¸ÉÓ ÔËË¥±É  ¨ σ (³±¡) Å
¸¥Î¥´¨¥ ·¥§μ´ ´¸ , ¢ÒÎ¨¸²¥´´μ¥ ¸ ÊÎ¥Éμ³ ¸¥Î¥´¨Ö ¨¸¸²¥¤Ê¥³μ° ·¥ ±Í¨¨ σnp→npπ+π− =
(6,46 ± 0,32) ³¡ [5]. �Ï¨¡±¨ ¢ ¶·¨¢¥¤¥´´ÒÌ §´ Î¥´¨ÖÌ ³ ¸¸Ò, Ï¨·¨´Ò ¨ ¸¥Î¥´¨Ö ·¥§μ-
´ ´¸  Ö¢²ÖÕÉ¸Ö ±μ³¡¨´ Í¨¥° ³¥Éμ¤¨Î¥¸±¨Ì ¨ ¸É É¨¸É¨Î¥¸±¨Ì μÏ¨¡μ± ¢ ±¢ ¤· ÉÊ· Ì.

� §·¥Ï¥´¨¥ ¶μ ³ ¸¸ ³ Ìμ·μÏμ  ¶¶·μ±¸¨³¨·Ê¥É¸Ö Ëμ·³Ê²μ°

Γ· §·(M·¥§) = 0,042

(
M·¥§ −

2∑
i=1

mi

)
+ 2,8 (ŒÔ‚/c2),

£¤¥ M·¥§ ¨ mi (³ ¸¸Ò ·¥§μ´ ´¸  ¨ ¸μ¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í) § ¤ ÕÉ¸Ö ¢ ŒÔ‚/c2. �É  ¢¥²¨-
Î¨´  · ¢´ , ¢ · °μ´¥ ¶¨± , Γ· §· ≈ 7,8 ŒÔ‚/c2. ˆ¸É¨´´ Ö Ï¨·¨´  ·¥§μ´ ´¸  ¢ÒÎ¨¸²Ö¥É¸Ö

± ± Γ¨¸É
·¥§ =

√
(ΓÔ±¸¶

·¥§ )2 − (Γ· §·)
2.

M·¥§ ± ΔM·¥§, ŒÔ‚/c2 ΓÔ±¸¶
·¥§ ± ΔΓÔ±¸¶

·¥§ , ŒÔ‚/c2 Γ¨¸É
·¥§ , ŒÔ‚/c2 S.D. σ, ³±¡

404 ± 5 14 ± 5,4 10,4 4,2 86 ± 32

σ0-³¥§μ´Ò ³μ£ÊÉ ¡ÒÉÓ ³μÐ´Ò³ ¸·¥¤¸É¢μ³ ¨§ÊÎ¥´¨Ö £μ·ÖÎ¥° ¨ ¶²μÉ´μ° ³ É¥·¨¨. Š ±
¶μ± § ´μ ¢ · ¡μÉ¥ Œ.Š. ‚μ²±μ¢  ¨ ¤·. [10], ¢ £μ·ÖÎ¥° ¨ ¶²μÉ´μ° ³ É¥·¨¨ ³ ¸¸  ¨ Ï¨-
·¨´  σ0-³¥§μ´  Ê³¥´ÓÏ ÕÉ¸Ö. �μÔÉμ³Ê ¶μ¨¸± É ±¨Ì ÔËË¥±Éμ¢ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ Ö¤¥·
¶μ³μ¦¥É ´ ¡²Õ¤ ÉÓ ¸μ¸ÉμÖ´¨¥ ±¢ ·±-£²Õμ´´μ° ¶² §³Ò. �Éμ ¢μ§³μ¦´μ ¸¤¥² ÉÓ ¢ · ³± Ì
¶·μ¥±Éμ¢ NICA/MPD [11] ¨ CBM [12].

Š ³¥·´Ò¥ np-¤ ´´Ò¥ ¨ pp-¤ ´´Ò¥ ¸ Ê¸É ´μ¢±¨ HADES [13] ¤ ¤ÊÉ ¢μ§³μ¦´μ¸ÉÓ · ¸-
¸Î¨É ÉÓ Ëμ´ μÉ ´Ê±²μ´-´Ê±²μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°, ±μÉμ·Ò° ¸μ¸É ¢²Ö¥É ¶μ¤ ¢²ÖÕÐÊÕ
Î ¸ÉÓ ÔËË¥±Éμ¢, ´ ¡²Õ¤ ¥³ÒÌ ¢ Ö¤·μ-Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ ¤-·μ¢ ‚. ‹. ‹Õ¡μÏ¨Í , �.ˆ.Œ ² Ìμ¢ , Œ.‚. ’μ± ·¥¢ , �.‚. ‡ -
´¥¢¸±μ£μ §  ¶μ³μÐÓ ¢ · ¡μÉ¥ ¨ ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹”‚� ¨³. ‚.ˆ.‚¥±¸²¥·  ¨ �.Œ. 
 ²¤¨´  �ˆŸˆ ¢ · ³± Ì
É¥³Ò 1087.
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