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Pn = (5,20 ± 0,12) ƒÔ‚/c
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‚ ·¥ ±Í¨¨ np → npK+K− ¶·¨ ¨³¶Ê²Ó¸¥ ´ ²¥É ÕÐ¨Ì ´¥°É·µ´µ¢ Pn = (5,20 ± 0,12) ƒÔ‚/c
¨¸¸²¥¤µ¢ ´µ µ¡· §µ¢ ´¨¥ ¨ ¸¢µ°¸É¢  ¡ ·¨µ´´ÒÌ ·¥§µ´ ´¸µ¢ ¸µ ¸É· ´´µ¸ÉÓÕ S = +1 ¢ ¸¨¸É¥³¥
nK+. �¡´ ·Ê¦¥´ ·Ö¤ µ¸µ¡¥´´µ¸É¥° ¢ ¸¶¥±É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Ê± § ´´µ° ¸¨¸É¥³Ò. ‚¸¥ ·¥-
§µ´ ´¸Ò ¨³¥ÕÉ ¢Ò¸µ±ÊÕ ¸É É¨¸É¨Î¥¸±ÊÕ §´ Î¨³µ¸ÉÓ. ˆÌ Ï¨·¨´Ò ¸· ¢´¨³Ò ¸ · §·¥Ï¥´¨¥³ ¶µ
³ ¸¸ ³. �·µ¨§¢¥¤¥´  µÍ¥´±  ¸¶¨´µ¢ ·¥§µ´ ´¸µ¢ ¨ ¶µ¸É·µ¥´  ·µÉ Í¨µ´´ Ö ¶µ²µ¸ , ¸¢Ö§Ò¢ ÕÐ Ö
³ ¸¸Ò ·¥§µ´ ´¸µ¢ ¸ ¨Ì ¸¶¨´ ³¨.

The production and properties of the resonances with the strangeness S = +1 in the nK+ system
were studied in the reaction np → npK+K− at the momentum of incident neutrons Pn = (5.20 ±
0.12) GeV/c. A number of peculiarities were found in the effective mass spectrum of the system
mentioned above. All these resonances have a large statistical signiˇcance. Their widths are comparable
with the mass resolution. The estimation of the spins of resonances was carried out, and the rotational
band connecting the resonance masses and their spins was constructed.

‚ · ¡µÉ Ì [1, 2] „. „ÓÖ±µ´µ¢, ‚. �¥É·µ¢ ¨ Œ. �µ²Ö±µ¢ ¶·¥¤²µ¦¨²¨ · §¢¨É¨¥ ¸Ì¥³Ò
SU(3)-¸¨³³¥É·¨¨ ´  ¸µ¸ÉµÖ´¨Ö ¸ ¶µ²µ¦¨É¥²Ó´µ° ¸É· ´´µ¸ÉÓÕ S = +1. �Ò²µ ¶·µ¢µ§£² -
Ï¥´µ ¸ÊÐ¥¸É¢µ¢ ´¨¥  ´É¨¤¥±Ê¶²¥É  10, ¢ ±µÉµ·Ò° ¢Ìµ¤ÖÉ ¸µ¸ÉµÖ´¨Ö, ¸µ¤¥·¦ Ð¨¥ ¶ÖÉÓ
±¢ ·±µ¢ (uudds̄). „¨´ ³¨±  ´µ¢ÒÌ ·¥§µ´ ´¸µ¢ µ¸´µ¢ ´  ´  ³µ¤¥²¨ ±¨· ²Ó´µ£µ ¸µ²¨Éµ´ .
�Éµ ¤ ²µ ¢µ§³µ¦´µ¸ÉÓ µÍ¥´¨ÉÓ ³ ¸¸Ò, Ï¨·¨´Ò ¨ ±¢ ´Éµ¢Ò¥ Î¨¸²  µ¦¨¤ ¥³ÒÌ ´µ¢ÒÌ
ÔËË¥±Éµ¢, ¶·¥¤²µ¦¨ÉÓ Ëµ·³Ê²Ê ·µÉ Í¨µ´´µ£µ ·Ö¤ , ¤ ÕÐÊÕ § ¢¨¸¨³µ¸ÉÓ ³ ¸¸ ·¥§µ´ ´-
¸µ¢ µÉ ¨Ì ¸¶¨´µ¢. ‚ ¢¥·Ï¨´¥  ´É¨¤¥±Ê¶²¥É  ¢ · ¡µÉ¥ [1] ¸Éµ¨É Θ-·¥§µ´ ´¸ ¸ ³ ¸¸µ°
M = 1, 530 ƒÔ‚/c2, Ï¨·¨´µ° Γ � 15 ŒÔ‚/c2, £¨¶¥·§ ·Ö¤µ³ Y = 2, ¨§µÉµ¶¨Î¥¸±¨³
¸¶¨´µ³ I = 0, ¸µ ¸¶¨´-Î¥É´µ¸ÉÓÕ JP = 1/2+.

ƒ¨¶µÉ¥§   ¢Éµ·µ¢ [1] ¤¥É ²Ó´µ µ¡¸Ê¦¤ ¥É¸Ö ¢ Í¥²µ³ ·Ö¤¥ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ -
´¨°, Î¨¸²µ ±µÉµ·ÒÌ ¶·¨¡²¨¦ ¥É¸Ö ± 50. �µ¤·µ¡´Ò¥ µ¡§µ·Ò É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ ¢³¥¸É¥
¸ ·Ö¤µ³ ±·¨É¨Î¥¸±¨Ì § ³¥Î ´¨° ³µ¦´µ ´ °É¨ ¢ ¶Ê¡²¨± Í¨ÖÌ [3Ä5]. ‚ · ¡µÉ Ì [6, 7] · §-
¢¨¢ ÕÉ¸Ö ¸µ¢¸¥³ ¤·Ê£¨¥ ¶µ¤Ìµ¤Ò ± ¶·µ¡²¥³¥ Ê± § ´´ÒÌ ·¥§µ´ ´¸µ¢: ¢ [6] Å µ¡Ñ¥¤¨´¥´¨¥
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±¢ ·±µ¢ ¢ ¤¨±¢ ·±¨ ¸ ¢µ§´¨±´µ¢¥´¨¥³ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨Ì ¸²µ¥¢, ¢ [7] ¶·¥¤¸É ¢²¥´  Î¨¸Éµ
±¢ ·±µ¢ Ö ± ·É¨´ , ¢ ±µÉµ·µ° ³µ£ÊÉ ¢µ§´¨± ÉÓ ¨§µ¸± ²Ö·´Ò¥, ¨§µ¢¥±Éµ·´Ò¥ ¨ ¨§µÉ¥´-
§µ·´Ò¥ ¸µ¸ÉµÖ´¨Ö ¨§ ¶ÖÉ¨ ±¢ ·±µ¢ (¨ µ¡ÒÎ´ÒÌ, ¨ ¸É· ´´ÒÌ), ÎÉµ ¸¨²Ó´µ · ¸Ï¨·Ö¥É ± ±
¢µ§³µ¦´Ò° ´ ¡µ· ±¢ ´Éµ¢ÒÌ Î¨¸¥² ¨ ³ ¸¸ ¨¸±µ³ÒÌ ·¥§µ´ ´¸µ¢, É ± ¨ ¢¥·µÖÉ´µ¸É¨ ¨Ì
· ¸¶ ¤µ¢ (´ ¶·¨³¥·, Θ-Î ¸É¨Í  ³µ¦¥É ¨³¥ÉÓ ´ ¡µ· ±¢ ´Éµ¢ÒÌ Î¨¸¥² 1/2−, 3/2−, 5/2−).

�·¥¤¸± § ´´Ò¥ ¢ [1, 2] ¸¢µ°¸É¢  Î ¸É¨Í ¨§  ´É¨¤¥±Ê¶²¥É  É ±µ¢Ò, ÎÉµ ¶µ§¢µ²ÖÕÉ µ¸Ê-
Ð¥¸É¢²ÖÉÓ ¶·Ö³µ° ¶µ¨¸± ÔËË¥±Éµ¢. �Éµ ¨ ¸· ¢´¨É¥²Ó´µ ´¥¡µ²ÓÏ¨¥ ³ ¸¸Ò, ¨ ¤µ¸ÉÊ¶´Ò¥
¤²Ö ¶·Ö³µ£µ ¨§³¥·¥´¨Ö Ï¨·¨´Ò. �µÔÉµ³Ê ¶µÖ¢¨²¸Ö Í¥²Ò° ·Ö¤ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · -
¡µÉ [8], ¢ ± ¦¤µ° ¨§ ±µÉµ·ÒÌ µ¡´ ·Ê¦¥´ ·¥§µ´ ´¸ ¢ ¸¨¸É¥³ Ì nK+ ¨²¨ pK0

s ¸ ³ ¸¸µ°
∼ 1, 540 ƒÔ‚/c2 ¨ Ï¨·¨´µ° 3Ä25 ŒÔ‚/c2. �µ±  ´¨ ¢ µ¤´µ° ¨§ ´¨Ì ´¥ Éµ²Ó±µ ´¥ ´ ¡²Õ-
¤ ²¸Ö ·µÉ Í¨µ´´Ò° ·Ö¤, ´µ ´¥ ´ ¡²Õ¤ ²µ¸Ó ¤ ¦¥ ¨ ¡µ²¥¥ µ¤´µ£µ ·¥§µ´ ´¸´µ£µ ¸µ¸ÉµÖ´¨Ö
¢ Ê± § ´´ÒÌ ¸¨¸É¥³ Ì. ’ ±¦¥ ´¥ µ¶·¥¤¥²Ö²¨¸Ó ´¨ ¸¶¨´ ·¥§µ´ ´¸ , ´¨ ¥£µ Î¥É´µ¸ÉÓ. �Éµ
¸¢Ö§ ´µ ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¸ ´¥¡µ²ÓÏ¨³¨ ¸É É¨¸É¨± ³¨ Ô±¸¶¥·¨³¥´Éµ¢, ´¥¤µ¸É ÉµÎ´Ò³¨
ÉµÎ´µ¸ÉÖ³¨ ¨ ´ ²¨Î¨¥³ · §´µ£µ ·µ¤  ¢Ò¡µ·µ±.

‚ ¶·¥¤² £ ¥³µ° · ¡µÉ¥ ³Ò ¶µ¶ÒÉ ²¨¸Ó, ¶µ ¢µ§³µ¦´µ¸É¨, ¨§ÊÎ¨ÉÓ ¡µ²¥¥ ¶µ¤·µ¡´µ
Ì · ±É¥·¨¸É¨±¨ ´ ¡²Õ¤ ¥³ÒÌ ÔËË¥±Éµ¢.

Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

ˆ¸¸²¥¤µ¢ ´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  ³ É¥·¨ ²¥ ¸ µ¤´µ³¥É·µ¢µ° ¢µ¤µ·µ¤´µ° ¶Ê§Ò·Ó±µ¢µ°
± ³¥·Ò (hydrogenous bubble chamber Å HBC) ‹‚� �ˆŸˆ, µ¡²ÊÎ¥´´µ° ¶ÊÎ± ³¨ ±¢ -
§¨³µ´µÌ·µ³ É¨Î¥¸±¨Ì ´¥°É·µ´µ¢ ¨§ ¸¨´Ì·µË §µÉ·µ´  ‹‚�. �µ¸²¥ Ê¸±µ·¥´¨Ö ¤¥°Épµ´µ¢
¢ ¸¨´Ì·µË §µÉ·µ´¥ ‹‚� ¢ 1972 £. ¡Ò² ¸µ§¤ ´ ´¥°É·µ´´Ò° ± ´ ² ´  1-³ HBC. –¥²ÓÕ
Ô±¸¶¥·¨³¥´Éµ¢ ¸ ´¥°É·µ´ ³¨ ¡Ò²µ ¨§ÊÎ¥´¨¥ ¶¥´É ±¢ ·±µ¢ ¢ ¸¨¸É¥³ Ì ∆++π+.

Š¢ §¨³µ´µÌ·µ³ É¨Î¥¸±¨¥ ´¥°É·µ´Ò (∆Pn/Pn ≈ 2, 5 %) ¶µ²ÊÎ ²¨¸Ó ¢ ·¥§Ê²ÓÉ É¥
¸É·¨¶¶¨´£  Ê¸±µ·¥´´ÒÌ ¤¥°Épµ´µ¢ ´  1-¸³ Al-³¨Ï¥´¨, · §³¥Ð¥´´µ° ¢´ÊÉ·¨ ¢ ±ÊÊ³´µ°
± ³¥·Ò ¸¨´Ì·µË §µÉ·µ´ . �¥°É·µ´Ò ¢Ò¢µ¤¨²¨¸Ó ¨§ Ê¸±µ·¨É¥²Ö ¶µ¤ Ê£²µ³ 0◦ ± É· ¥±Éµ-
·¨¨ Ê¸±µ·¥´´ÒÌ ¤¥°Épµ´µ¢. �Î¨¸É±  ¶ÊÎ±  ´¥°É·µ´µ¢ µÉ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶·µ¨§¢µ¤¨-
² ¸Ó ³ £´¨É´Ò³ ¶µ²¥³ Ê¸±µ·¨É¥²Ö, ¢ ±µÉµ·µ³ ´¥°É·µ´Ò ¶·µÌµ¤¨²¨ µ±µ²µ 12 ³, ¶·¥¦¤¥
Î¥³ ¢Ò°É¨ ¨§ ¸¨´Ì·µË §µÉ·µ´ . �Ê§Ò·Ó±µ¢ Ö ± ³¥·  ´ Ìµ¤¨² ¸Ó ´  · ¸¸ÉµÖ´¨¨ 120 ³
µÉ Al-³¨Ï¥´¨. �ÊÎµ± ´¥°É·µ´µ¢ ¡Ò² Ìµ·µÏµ ±µ²²¨³¨·µ¢ ´ ¨ ¨³¥² Ê£²µ¢µ° · §¡·µ¸
∆Ωn ≈ 10−7 ¸·. ‚ ¶ÊÎ±¥ ´¥ ¡Ò²µ ¶·¨³¥¸¥° ´¨ µÉ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ´¨ µÉ γ-±¢ ´Éµ¢.
�µ¤·µ¡´µ¥ µ¶¨¸ ´¨¥ ± ´ ²  Å ¢ · ¡µÉ¥ [9].

1-³ HBC ¡Ò²  · §³¥Ð¥´  ¢ ³ £´¨É´µ³ ¶µ²¥ ¢¥²¨Î¨´µ° ∼ 17 ±ƒ¸. ‚ ·¥§Ê²ÓÉ É¥ ³Ò
¨³¥¥³ Ìµ·µÏÊÕ ÉµÎ´µ¸ÉÓ ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¢Éµ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í (¨³¶Ê²Ó¸Ò
¶·µÉµ´µ¢ ¢ ·¥ ±Í¨¨ np → npK+K− ¨§³¥·Ö²¨¸Ó ¸µ ¸·¥¤´¥° ÉµÎ´µ¸ÉÓÕ ≈ 2 %, K+,
K− ≈ 3 %). “£²Ò ¢Ò²¥É  Î ¸É¨Í ¨§³¥·Ö²¨¸Ó ¸ ÉµÎ´µ¸ÉÓÕ � 0, 5◦.

� §¤¥²¥´¨¥ ± ´ ²µ¢ ·¥ ±Í¨° ¶·µ¨§¢µ¤¨²µ¸Ó ¸É ´¤ ·É´Ò³ χ2-³¥Éµ¤µ³ ¸ ÊÎ¥Éµ³ ¨³¥Õ-
Ð¨Ì¸Ö Ê· ¢´¥´¨° ¸¢Ö§¨ [10]. ‚ ¸²ÊÎ ¥ ¨§ÊÎ ¥³µ° ·¥ ±Í¨¨ np → npK+K− ¨³¥¥É¸Ö µ¤´µ
Ê· ¢´¥´¨¥ ¸¢Ö§¨ ´  ¶ · ³¥É·Ò (§ ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨) ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ χ2-· ¸-
¶·¥¤¥²¥´¨¥ ¤µ²¦´µ ¶µ¤Î¨´ÖÉÓ¸Ö É¥µ·¥É¨Î¥¸±µ³Ê · ¸¶·¥¤¥²¥´¨Õ χ2 ¸ µ¤´µ° ¸É¥¶¥´ÓÕ
¸¢µ¡µ¤Ò.

�  ·¨¸. 1,   ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´µ¥ (£¨¸Éµ£· ³³ ) ¨ É¥µ·¥É¨Î¥¸±µ¥ (¸¶²µÏ-
´ Ö ±·¨¢ Ö) · ¸¶·¥¤¥²¥´¨Ö χ2 ¤²Ö Ê± § ´´µ° ·¥ ±Í¨¨. ‚¨¤´µ Ìµ·µÏ¥¥ ¸µ¢¶ ¤¥´¨¥ ¢¶²µÉÓ
¤µ ¢¥²¨Î¨´Ò χ2 = 1. „²Ö ¸µ¡ÒÉ¨° ¸ χ2 > 1 ¨³¥¥É¸Ö · ¸Ìµ¦¤¥´¨¥ É¥µ·¥É¨Î¥¸±µ£µ ¨
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�¨¸. 1. a) �±¸¶¥·¨³¥´É ²Ó´µ¥ (£¨¸Éµ£· ³³ ) ¨ É¥µ·¥É¨Î¥¸±µ¥ (¸¶²µÏ´ Ö ±·¨¢ Ö) · ¸¶·¥¤¥²¥´¨Ö χ2

¤²Ö ·¥ ±Í¨¨ np → npK+K−. ¡) � ¸¶·¥¤¥²¥´¨¥ ´¥¤µ¸É ÕÐ¨Ì ³ ¸¸ ¤²Ö ·¥ ±Í¨¨ np → npK+K−

¢ ¸µ¡ÒÉ¨ÖÌ χ2 � 1

Ô±¸¶¥·¨³¥´É ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨°. �µÔÉµ³Ê ¢ ¤ ²Ó´¥°Ï¥³ ³Ò ¨¸¶µ²Ó§Ê¥³ ¸µ¡ÒÉ¨Ö, ¤²Ö
±µÉµ·ÒÌ χ2 � 1. ‚ 15 % ¸²ÊÎ ¥¢ ¸µ¡ÒÉ¨Ö ¸ É ±¨³ µ£· ´¨Î¥´¨¥³ Ê¤µ¢²¥É¢µ·ÖÕÉ ¤¢Ê³
£¨¶µÉ¥§ ³: ± ´ ² np → npK+K− ¨ ± ´ ² np → npπ+π−. �·¨ ÔÉµ³ χ2 ¤²Ö £¨¶µÉ¥§Ò
¸ K-³¥§µ´ ³¨ (®K¯) ¢¸¥£¤  ³¥´ÓÏ¥, Î¥³ χ2 ¤²Ö £¨¶µÉ¥§Ò ¸ π-³¥§µ´ ³¨ (®π¯). ‚¸¥
¤ ´´Ò¥ ¸µ¡ÒÉ¨Ö µÉ´¥¸¥´Ò ± £¨¶µÉ¥§¥ ®K¯. �É²¨Î¨Ö · §´ÒÌ É¥¸Éµ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¢
µ¤´µ§´ Î´ÒÌ (χ2

®K¯ < 1, χ2
®π¯ > 6, 5) ¨ ¤¢Ê§´ Î´ÒÌ (χ2

®K¯ < 1, χ2
®π¯ < 1) ¸µ¡ÒÉ¨ÖÌ ´¥

µ¡´ ·Ê¦¥´µ.
�  ·¨¸. 1, ¡ ¨§µ¡· ¦¥´µ · ¸¶·¥¤¥²¥´¨¥ ´¥¤µ¸É ÕÐ¨Ì ³ ¸¸ ¢ ¸µ¡ÒÉ¨ÖÌ ¸ χ2 � 1.

‚¨¤´µ, ÎÉµ · ¸¶·¥¤¥²¥´¨¥ ¨³¥¥É ³ ±¸¨³Ê³ ¶·¨ §´ Î¥´¨¨ ´¥¤µ¸É ÕÐ¥° ³ ¸¸Ò, · ¢´µ°
³ ¸¸¥ ´¥°É·µ´  ¸ ÉµÎ´µ¸ÉÓÕ 0, 1 ŒÔ‚/c2, ¨ ¸¨³³¥É·¨Î´µ µÉ´µ¸¨É¥²Ó´µ ³ ¸¸Ò ´¥°É·µ´ .
‚ ¤ ²Ó´¥°Ï¥³, ¤²Ö ¡µ²ÓÏ¥° Î¨¸ÉµÉÒ ³ É¥·¨ ² , µÉ¡·µÏ¥´µ ³ ²µ¥ Î¨¸²µ ¸µ¡ÒÉ¨° ¸µ
§´ Î¥´¨Ö³¨ ´¥¤µ¸É ÕÐ¥° ³ ¸¸Ò ¢´¥ ¨´É¥·¢ ² , µÉ³¥Î¥´´µ£µ ´  £· Ë¨±¥ ¸É·¥²± ³¨.

‚ ·¥§Ê²ÓÉ É¥ ÔÉ¨Ì µÉ¡µ·µ¢ ¨³¥¥³ 1558 ¸µ¡ÒÉ¨° ·¥ ±Í¨¨ np → npK+K− ¶·¨
Pn = (5, 20 ± 0, 12) ƒÔ‚/c ¢ Ê¸²µ¢¨ÖÌ 4π-£¥µ³¥É·¨¨ (µÉ¸ÊÉ¸É¢¨¥ Ê£²µ¢ÒÌ ¢Ò¡µ·µ±), ·¥-
§Ê²ÓÉ ÉÒ µ¡· ¡µÉ±¨ ±µÉµ·ÒÌ ¨ ¶·¨¢¥¤¥´Ò ´¨¦¥.

”ˆ‡ˆ—…‘Šˆ… �…‡“‹œ’�’›

�  ·¨¸. 2 ¶µ± § ´µ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨° ¨§ ¢¸¥Ì ¸µ-
¡ÒÉ¨° ·¥ ±Í¨¨ np → npK+K− ¶·¨ Pn = (5, 20 ± 0, 12) ƒÔ‚/c. � ¸¶·¥¤¥²¥´¨¥  ¶¶·µ±-
¸¨³¨·µ¢ ´µ ´¥±µ£¥·¥´É´µ° ¸Ê³³µ° Ëµ´µ¢µ° ±·¨¢µ°, ¢§ÖÉµ° ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´¤· 
8-° ¸É¥¶¥´¨, ¨ ¤¥¸ÖÉÓÕ ·¥§µ´ ´¸´Ò³¨ ±·¨¢Ò³¨ ¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· . ‘É·¥²± ³¨ µÉ-
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸

nK+-±µ³¡¨´ Í¨° ¨§ ¢¸¥Ì ¸µ¡ÒÉ¨° ·¥ ±Í¨¨
np → npK+K− ¶·¨ Pn = (5, 20±0, 12) ƒÔ‚/c.

�Ê´±É¨·´ Ö ²¨´¨Ö Å Ëµ´µ¢ Ö ±·¨¢ Ö, ¢§ÖÉ Ö ¢
¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´¤·  8-° ¸É¥¶¥´¨; ¸¶²µÏ-

´ Ö ²¨´¨Ö Å ¸Ê³³  Ëµ´µ¢µ° ±·¨¢µ° ¨ ¤¥¸ÖÉ¨

·¥§µ´ ´¸´ÒÌ ±·¨¢ÒÌ ¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· ;
´¨¦´ÖÖ £¨¸Éµ£· ³³  Å · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±-

É¨¢´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨°, µÉµ¡· ´´ÒÌ ¸

Ê¸²µ¢¨¥³ {cos Θ∗
n < −0, 85 ∪ cos Θ∗

n > 0, 85}

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸

nK+-±µ³¡¨´ Í¨° ¨§ ·¥ ±Í¨¨ np → npK+K−

¶·¨ Pn = (5, 20 ± 0, 12) ƒÔ‚/c ¤²Ö ¸µ¡ÒÉ¨°,
µÉµ¡· ´´ÒÌ ¸ Ê¸²µ¢¨¥³ {−0, 85 < cos Θ∗

n <

0, 85}. �Ê´±É¨·´ Ö ²¨´¨Ö Å Ëµ´µ¢ Ö ±·¨¢ Ö,
¢§ÖÉ Ö ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´¤·  8-° ¸É¥¶¥´¨;

¸¶²µÏ´ Ö ²¨´¨Ö Å ¸Ê³³  Ëµ´µ¢µ° ±·¨¢µ° ¨

¢µ¸Ó³¨ ·¥§µ´ ´¸´ÒÌ ±·¨¢ÒÌ ¢ Ëµ·³¥ �·¥°É Ä
‚¨£´¥· 

³¥Î¥´Ò ¶µ¤µ¡· ´´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ·¥§µ´ ´¸µ¢. „µ²Ö Ëµ´  ¢ ÔÉµ³ · ¸¶·¥¤¥²¥´¨¨ ¸µ-
¸É ¢²Ö¥É 75,8 %. ’·¥¡µ¢ ´¨Ö ± Ëµ´µ¢µ° ±·¨¢µ° § ±²ÕÎ ÕÉ¸Ö, ¢µ-¶¥·¢ÒÌ, ¢ Éµ³, ÎÉµ¡Ò
µÏ¨¡±¨ ¢ ±µÔËË¨Í¨¥´É Ì ± ¦¤µ£µ Î²¥´  ¶µ²¨´µ³  ¶·¨ ¥£µ ¶µ¤¡µ·¥ ¡Ò²¨ ´¥ ¡µ²¥¥
50 %, ¨, ¢µ-¢Éµ·ÒÌ, ÎÉµ¡Ò ¶µ²¨´µ³ µ¶¨¸Ò¢ ² Ô±¸¶¥·¨³¥´É ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶µ-
¸²¥ ®¢Ò¡· ¸Ò¢ ´¨Ö¯ ·¥§µ´ ´¸´ÒÌ µ¡² ¸É¥° ¸ χ2 = 1, 0 ¨

√
D = 1, 4 (Ì · ±É¥·¨¸É¨±¨

χ2-· ¸¶·¥¤¥²¥´¨Ö ¸ µ¤´µ° ¸É¥¶¥´ÓÕ ¸¢µ¡µ¤Ò). „²Ö · ¸¶·¥¤¥²¥´¨Ö ´  ·¨¸. 2 χ2 = 0, 92 ±
0, 29 ¨

√
D = 1, 33 ± 0, 20. �É¨ ¦¥ §´ Î¥´¨Ö ¤²Ö Ëµ´µ¢µ° ±·¨¢µ°, ´µ·³¨·µ¢ ´´µ°

´  100 % ¸µ¡ÒÉ¨° ¢ £· Ë¨±¥ (¸ ·¥§µ´ ´¸´Ò³¨ µ¡² ¸ÉÖ³¨), · ¢´Ò χ2 = 1, 40 ± 0, 19 ¨√
D = 2, 38 ± 0, 14. ‘É É¨¸É¨Î¥¸± Ö §´ Î¨³µ¸ÉÓ ·¥§µ´ ´¸  ¸ M = 1, 541 ƒÔ‚/c2 · ¢´ 

4, 5 S. D.
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�  Éµ³ ¦¥ £· Ë¨±¥ (·¨¸. 2) ¶·¥¤¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸
nK+-±µ³¡¨´ Í¨°, µÉµ¡· ´´ÒÌ ¸ Ê¸²µ¢¨¥³ {cos Θ∗

n < −0, 85 ∪ cos Θ∗
n > 0, 85}, £¤¥

Θ∗
n Å Ê£µ² ¢Ò²¥É  ´¥°É·µ´  ¢ µ¡Ð¥° ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸. ‚¨¤´µ, ÎÉµ ÔÉµ · ¸¶·¥¤¥-

²¥´¨¥ ´¥ ¨³¥¥É ¸ÊÐ¥¸É¢¥´´ÒÌ ¢Ò¡·µ¸µ¢ ¨ Ê¸É· ´¥´¨¥ ¤ ´´ÒÌ ¸µ¡ÒÉ¨° ³µ¦¥É ¸´¨§¨ÉÓ
Ê·µ¢¥´Ó Ëµ´  ¤²Ö ·¥§µ´ ´¸µ¢.

�  ·¨¸. 3 ¶·¨¢¥¤¥´µ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨° ¤²Ö ¸µ¡Ò-
É¨°, µÉµ¡· ´´ÒÌ ¸ Ê¸²µ¢¨¥³ {−0, 85 < cos Θ∗

n < 0, 85}. � ¸¶·¥¤¥²¥´¨¥  ¶¶·µ±¸¨³¨-
·µ¢ ´µ ´¥±µ£¥·¥´É´µ° ¸Ê³³µ° Ëµ´µ¢µ° ±·¨¢µ°, ¢§ÖÉµ° ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´¤·  8-°
¸É¥¶¥´¨, ¨ ¢µ¸¥³ÓÕ ·¥§µ´ ´¸´Ò³¨ ±·¨¢Ò³¨ ¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· . ‘É É¨¸É¨Î¥¸± Ö
§´ Î¨³µ¸ÉÓ ·¥§µ´ ´¸µ¢, · ¸¶µ²µ¦¥´´ÒÌ ¸¶· ¢  µÉ ³ ¸¸Ò M = 1, 541 ƒÔ‚/c2, ´¥¸±µ²Ó±µ
¢Ò·µ¸² ,   Ê§±¨Ì ·¥§µ´ ´¸µ¢ ¸²¥¢  µÉ M = 1, 541 ƒÔ‚/c2 ´¥¸±µ²Ó±µ Ê¶ ² .

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸

nK+-±µ³¡¨´ Í¨° ¨§ ·¥ ±Í¨¨ np →
npK+K− ¶·¨ Pn = (5, 20±0, 12) ƒÔ‚/c ¤²Ö

¸µ¡ÒÉ¨°, µÉµ¡· ´´ÒÌ ¸ Ê¸²µ¢¨¥³ {−0, 85 <

cos Θ∗
n < 0, 85}. �Ê´±É¨·´ Ö ²¨´¨Ö Å Ëµ-

´µ¢ Ö ±·¨¢ Ö ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´¤· 

4-° ¸É¥¶¥´¨; ¸¶²µÏ´ Ö ²¨´¨Ö Å ¸Ê³³  Ëµ-
´µ¢µ° ±·¨¢µ° ¨ Ï¥¸É¨ ·¥§µ´ ´¸´ÒÌ ±·¨¢ÒÌ

¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· 

„²Ö ²ÊÎÏ¥£µ ¨§ÊÎ¥´¨Ö ³ ²µ³ ¸¸µ¢ÒÌ ·¥-
§µ´ ´¸µ¢ ¶µ¸É·µ¥´µ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢-
´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨° ¸ Ï £µ³ 5 ŒÔ‚/c2

(¤µ ³ ¸¸Ò ∼ 1, 663 ƒÔ‚/c2). �Éµ · ¸¶·¥¤¥²¥´¨¥
(·¨¸. 4)  ¶¶·µ±¸¨³¨·µ¢ ´µ ´¥±µ£¥·¥´É´µ° ¸Ê³-
³µ° Ëµ´µ¢µ° ±·¨¢µ°, ¢§ÖÉµ° ¢ ¢¨¤¥ ¶µ²¨´µ³ 
‹¥¦ ´¤·  4-° ¸É¥¶¥´¨, ¨ Ï¥¸ÉÓÕ ·¥§µ´ ´¸-
´Ò³¨ ±·¨¢Ò³¨ ¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· . �¥-
§µ´ ´¸ ¸ ³ ¸¸µ° M = 1, 541 ƒÔ‚/c2 ¶·¥¢ÒÏ ¥É
Ëµ´ ´  5, 2 S. D., ¸ M = 1, 605 ƒÔ‚/c2 Å ´ 
5, 4 S. D., ¸ M = 1, 505 ƒÔ‚/c2 Å ´  3, 1 S. D.
ˆ§ ¤ ´´µ£µ £· Ë¨±  ¡µ²¥¥ ÉµÎ´µ µ¶·¥¤¥²ÖÕÉ¸Ö
Ï¨·¨´Ò ·¥§µ´ ´¸µ¢ (¸¢µ¤±Ê ¤ ´´ÒÌ µ ·¥§µ´ ´-
¸ Ì ¸³. ¢ É ¡². 1).

� ³¨ ¡Ò²  ¶·¥¤¶·¨´ÖÉ  ¶µ¶ÒÉ±  Ê¢¥²¨-
Î¨ÉÓ ¸É É¨¸É¨Î¥¸±ÊÕ §´ Î¨³µ¸ÉÓ ´¥±µÉµ·ÒÌ
·¥§µ´ ´¸µ¢. �´  µ¸´µ¢ ´  ´  ¶·¥¤¶µ²µ¦¥´¨¨,
ÎÉµ ·¥§µ´ ´¸Ò µ¡· §ÊÕÉ¸Ö ¶·¨ ¶µ³µÐ¨ ³¥Ì -
´¨§³µ¢ K-µ¡³¥´µ¢: ¢ µ¤´µ° ¨§ ¢¥·Ï¨´ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¥° ¤¨ £· ³³Ò µ¡· §Ê¥É¸Ö ¨§¢¥¸É´Ò°
·¥§µ´ ´¸ (Σ∗ ¨²¨ Λ∗), · ¸¶ ¤ ÕÐ¨°¸Ö ´  p ¨
K−-³¥§µ´, ¢ ¤·Ê£µ° Å µ¤¨´ ¨§ ¨¸±µ³ÒÌ ·¥§µ-
´ ´¸µ¢ ¢ ¸¨¸É¥³¥ nK+. �·¨ ÔÉµ³ K−-³¥§µ´
µÉ · ¸¶ ¤  ¨§¢¥¸É´µ£µ ·¥§µ´ ´¸  ³µ¦¥É ¡ÒÉÓ
¸±µ··¥²¨·µ¢ ´ ¸ ·¥§µ´ ´¸µ³ ¢ ¸¨¸É¥³¥ nK+

Î¨¸Éµ ±¨´¥³ É¨Î¥¸±¨. ‚ ·¥§Ê²ÓÉ É¥ ¢ ¸¨¸É¥³¥
nK+K− ¢ · ¸¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´ÒÌ ³ ¸¸
³µ£ÊÉ ¢µ§´¨± ÉÓ ¶¨±¨ ±¨´¥³ É¨Î¥¸±µ£µ ¶·µ¨¸-
Ìµ¦¤¥´¨Ö.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥ ÔË-
Ë¥±É¨¢´ÒÌ ³ ¸¸ nK+K−-±µ³¡¨´ Í¨°. ‚ · ¸-

¶·¥¤¥²¥´¨¨ µÉÎ¥É²¨¢µ ¢¨¤¥´ ·Ö¤ µ¸µ¡¥´´µ¸É¥°. ‘µµÉ¢¥É¸É¢ÊÕÐ¨Ì ´Ê±²µ´´ÒÌ ·¥§µ´ ´¸µ¢,
· ¸¶ ¤ ÕÐ¨Ì¸Ö ¶µ ¸Ì¥³¥ R → NKK, ¢ É ¡²¨Í Ì ³¨·µ¢ÒÌ ¤ ´´ÒÌ ´¥É. �Éµ ± ± · §
É¥ ±¨´¥³ É¨Î¥¸±¨¥ µÉ· ¦¥´¨Ö, µ ±µÉµ·ÒÌ Ï²  ·¥ÎÓ ¢ÒÏ¥. �  ·¨¸. 5 ¶·¨¢¥¤¥´µ É ±¦¥
· ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+K−, µÉµ¡· ´´ÒÌ É ±, ÎÉµ¡Ò ÔËË¥±É¨¢´ Ö ³ ¸¸ 
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸
nK+K−-±µ³¡¨´ Í¨° ¨§ ·¥ ±Í¨¨ np →
npK+K− ¶·¨ Pn = (5, 20 ± 0, 12) ƒÔ‚/c.
�¨¦´ÖÖ £¨¸Éµ£· ³³  Å · ¸¶·¥¤¥²¥´¨¥ ÔË-

Ë¥±É¨¢´ÒÌ ³ ¸¸ nK+K−, µÉµ¡· ´´ÒÌ É ±,

ÎÉµ¡Ò ÔËË¥±É¨¢´ Ö ³ ¸¸  nK+ ²¥¦ ²  ¢
¶µ²µ¸¥ ·¥§µ´ ´¸  ¸ M = 1, 541 ƒÔ‚/c2

nK+ ²¥¦ ²  ¢ ¶µ²µ¸¥ ·¥§µ´ ´¸  ¸ M =
1, 541 ƒÔ‚/c2. ‚ ÔÉµ³ · ¸¶·¥¤¥²¥´¨¨ Ö¸´µ
¢¨¤´Ò ¤¢  ¸£ÊÐ¥´¨Ö ¢ · °µ´ Ì ³ ¸¸ nK+K−

2, 020 ÷ 2, 150 ¨ 2, 240 ÷ 2, 280 ƒÔ‚/c2. ‘µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ ¸£ÊÐ¥´¨Ö ¸ÊÐ¥¸É¢ÊÕÉ ¨ ¤²Ö ·¥§µ-
´ ´¸µ¢ ¢ ¸¨¸É¥³¥ nK+ ¸ M = 1, 606 ƒÔ‚/c2 ¨
M = 1, 687 ƒÔ‚/c2.

‚Ò¡¨· Ö µ¡² ¸É¨ ³ ¸¸ nK+K−, ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ µÉ· ¦¥´¨Ö³ ·¥§µ´ ´¸µ¢ ¢ ¸¨¸É¥³¥
nK+ ¸ ÔÉ¨³¨ ³ ¸¸ ³¨, ¶µ²ÊÎ ¥³ · ¸¶·¥¤¥²¥-
´¨Ö ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+, ¶·¥¤¸É ¢²¥´´Ò¥
´  ·¨¸. 6.

�µ¤ ± ¦¤Ò³ £· Ë¨±µ³ ¶·¨¢¥¤¥´Ò §´ Î¥-
´¨Ö ¢Ò¡· ´´ÒÌ ¶µ ³ ¸¸ ³ nK+K−-µ¡² ¸É¥° ¨
Ê± § ´Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ¶µ Ê£² ³
¢Ò²¥É  ¢Éµ·¨Î´µ£µ ´¥°É·µ´  ¢ µ¡Ð¥° ¸. Í. ³.
�É¨ ¤µ¶µ²´¨É¥²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ¶µ Ê£² ³ ´¥-
¸±µ²Ó±µ Ê³¥´ÓÏ ÕÉ Ëµ´, ´µ µ¸´µ¢´µ° ÔËË¥±É
Ê¸¨²¥´¨Ö ¶·µ¨¸Ìµ¤¨É ¨§-§  ¢Ò¡µ·µ± ¶µ ³ ¸¸ ³
nK+K−.

Š ¦¤µ¥ ¨§ ¶µ²ÊÎ¥´´ÒÌ · ¸¶·¥¤¥²¥´¨°  ¶-
¶·µ±¸¨³¨·µ¢ ´µ ´¥±µ£¥·¥´É´µ° ¸Ê³³µ° Ëµ´µ-
¢µ° ±·¨¢µ°, ¢§ÖÉµ° ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´-
¤· , ¨ ·¥§µ´ ´¸´Ò³¨ ±·¨¢Ò³¨ ¢ Ëµ·³¥ �·¥°É Ä
‚¨£´¥· .

‚ ·¥§Ê²ÓÉ É¥ ³Ò ¨³¥¥³ §´ Î¨É¥²Ó´µ¥ Ê¸¨-
²¥´¨¥ ÔËË¥±Éµ¢ µÉ É·¥Ì µ¡· ¡µÉ ´´ÒÌ É ±¨³
µ¡· §µ³ ·¥§µ´ ´¸µ¢ (¢¥²¨Î¨´Ò ¸É ´¤ ·É´ÒÌ µÉ±²µ´¥´¨° ¶·¨¢¥¤¥´Ò ´  £· Ë¨± Ì ·¨¸. 6).
�·¨ ÔÉµ³ Î¨¸²µ ¸µ¡ÒÉ¨° ¢ ¶¨± Ì ´¥ Ê³¥´ÓÏ ¥É¸Ö ¶µ ¸· ¢´¥´¨Õ ¸ µ¡· ¡µÉ± ³¨, ¶·¥¤¸É -
¢²¥´´Ò³¨ ´  ·¨¸. 2Ä4.

�  ·¨¸. 7 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´ÒÌ ³ ¸¸ pK−-±µ³¡¨´ Í¨° ¸ É¥³¨ ¦¥
Ê¸²µ¢¨Ö³¨ ¢Ò¡µ·µ±, ÎÉµ ¨ ´  ·¨¸. 6. ‚¨¤´Ò µ¸µ¡¥´´µ¸É¨ ¢ · ¸¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´ÒÌ
³ ¸¸ pK−, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¨§¢¥¸É´Ò³ Σ∗-, Λ∗-·¥§µ´ ´¸ ³ (ÔÉ¨ µ¸µ¡¥´´µ¸É¨ Ìµ·µÏµ
¢¨¤´Ò ¨ ¢ · ¸¶·¥¤¥²¥´¨¨ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ pK−, ¶µ¸É·µ¥´´µ³ ¡¥§ Ê± § ´´ÒÌ µ£· ´¨-
Î¥´¨°).

� ³¨ ¸¤¥² ´Ò µÍ¥´±¨ ¸¶¨´µ¢ ´ ¡²Õ¤ ¥³ÒÌ ·¥§µ´ ´¸µ¢ ¢ ¸¨¸É¥³¥ nK+. „²Ö ÔÉµ£µ
¡Ò²¨ ¶µ¸É·µ¥´Ò · ¸¶·¥¤¥²¥´¨Ö Ê£²µ¢ ¢Ò²¥É  ´¥°É·µ´µ¢ µÉ · ¸¶ ¤  ·¥§µ´ ´¸µ¢ ¶µ µÉ´µ-
Ï¥´¨Õ ± ´ ¶· ¢²¥´¨Õ ¶µ²¥É  ·¥§µ´ ´¸  ¢ µ¡Ð¥° ¸. Í. ³. ·¥ ±Í¨¨. ‚¸¥ ¢¥²¨Î¨´Ò ¶¥·¥¢¥-
¤¥´Ò ¢ ¸¨¸É¥³Ê ¶µ±µÖ ·¥§µ´ ´¸  (¸¶¨· ²Ó´ Ö ¸¨¸É¥³  ±µµ·¤¨´ É). ‚ ¸¶¨· ²Ó´µ° ¸¨¸É¥³¥
±µµ·¤¨´ É Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö · ¸¶ ¤´µ° Î ¸É¨ÍÒ µ¶¨¸Ò¢ ÕÉ¸Ö ¸Ê³³µ° ¶µ²¨´µ³µ¢
‹¥¦ ´¤·  Î¥É´ÒÌ ¸É¥¶¥´¥°, ³ ±¸¨³ ²Ó´ Ö ¸É¥¶¥´Ó ±µÉµ·ÒÌ · ¢´  (2J − 1), £¤¥ J Å
¸¶¨´ ·¥§µ´ ´¸  (¤²Ö ¶µ²ÊÍ¥²ÒÌ ¸¶¨´µ¢). ’ ±¨³ ¸¶µ¸µ¡µ³ µÍ¥´¨¢ ¥É¸Ö §´ Î¥´¨¥ ´¨¦´¥°
£· ´¨ÍÒ ¸¶¨´  ·¥§µ´ ´¸ . �¢Éµ·Ò ¡² £µ¤ ·´Ò ‚. ‹. ‹Õ¡µÏ¨ÍÊ §  ´ ¶¨¸ ´¨¥ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì Ëµ·³Ê². �  ·¨¸. 8 ¶·¨¢¥¤¥´Ò Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö Ï¥¸É¨ ·¥§µ´ ´¸µ¢, ³ ¸¸Ò
±µÉµ·ÒÌ ²¥¦ É ¢ Ê± § ´´ÒÌ ´  £· Ë¨± Ì ¨´É¥·¢ ² Ì. ”µ´µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¸É·µÖÉ¸Ö
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�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨° ¨§ ·¥ ±Í¨¨ np → npK+K− ¶·¨

Pn = (5, 20±0, 12) ƒÔ‚/c ¤²Ö ·¥§µ´ ´¸  ¸ ³ ¸¸µ°: a) 1, 541 ƒÔ‚/c2; ¡) 1, 606 ƒÔ‚/c2; ¢) 1, 687 ƒÔ‚/c2.
�µ¤ £· Ë¨± ³¨ ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ¢Ò¡· ´´ÒÌ µ¡² ¸É¥° ¶µ ³ ¸¸ ³ nK+K− ¨ Ê± § ´Ò £· ´¨ÍÒ

¤µ¶µ²´¨É¥²Ó´µ£µ µ£· ´¨Î¥´¨Ö ¶µ Ê£² ³ ¢Ò²¥É  ¢Éµ·¨Î´µ£µ ´¥°É·µ´  ¢ µ¡Ð¥° ¸. Í. ³. �Ê´±É¨·´Ò³¨
²¨´¨Ö³¨ µ¡µ§´ Î¥´Ò Ëµ´µ¢Ò¥ ±·¨¢Ò¥, ¸¶²µÏ´Ò¥ ²¨´¨¨ Å  ¶¶·µ±¸¨³¨·ÊÕÐ¨¥ ±·¨¢Ò¥

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ pK−-±µ³¡¨´ Í¨° ¨§ ·¥ ±Í¨¨ np → npK+K− ¶·¨

Pn = (5, 20 ± 0, 12) ƒÔ‚/c. �µ¤ £· Ë¨± ³¨ ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ¢Ò¡· ´´ÒÌ µ¡² ¸É¥° ¶µ ³ ¸¸ ³
nK+K− ¨ Ê± § ´Ò £· ´¨ÍÒ ¤µ¶µ²´¨É¥²Ó´µ£µ µ£· ´¨Î¥´¨Ö ¶µ Ê£² ³ ¢Ò²¥É  ¢Éµ·¨Î´µ£µ ´¥°É·µ´ 

¢ µ¡Ð¥° ¸. Í. ³. ( Ä¢ ¸µµÉ¢¥É¸É¢ÊÕÉ ·¨¸. 6)
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¨§ ¨´É¥·¢ ²µ¢ ¸¶· ¢  ¨ ¸²¥¢  µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¶µ²µ¸Ò ·¥§µ´ ´¸  ¨ ¢ÒÎ¨É ÕÉ¸Ö ¸
±µÔËË¨Í¨¥´Éµ³, ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¤µ²¥ Ëµ´  ¢ ·¥§µ´ ´¸´µ° µ¡² ¸É¨. �·¨ ¶µ¸É·µ¥´¨¨
ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ´¨± ±¨Ì µ£· ´¨Î¥´¨° ¶µ Ê£² ³ ¢Ò²¥É  Î ¸É¨Í ´¥ ¶·¨³¥´Ö²µ¸Ó (¨¸-
¶µ²Ó§µ¢ ´¨¥ µ£· ´¨Î¥´¨° ¶µ Ê£²Ê ¢Ò²¥É  ¢Éµ·¨Î´µ£µ ´¥°É·µ´  ´¥ ¨§³¥´Ö¥É ·¥§Ê²ÓÉ Éµ¢).
�·¨  ¶¶·µ±¸¨³ Í¨¨ · ¸¶·¥¤¥²¥´¨° É·¥¡µ¢ ²µ¸Ó, ÎÉµ¡Ò ¶µ£·¥Ï´µ¸É¨ ¢ ±µÔËË¨Í¨¥´É Ì
¶µ¤µ¡· ´´ÒÌ ¶µ²¨´µ³µ¢ ‹¥¦ ´¤·  ´¥ ¶·¥¢ÒÏ ²¨ 50 %.

ˆ§ ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 8 £· Ë¨±µ¢ ¢¨¤´µ, ÎÉµ ¤²Ö ·¥§µ´ ´¸  ¸ 1, 467 � M �
1, 487 ƒÔ‚/c2 · ¸¶·¥¤¥²¥´¨¥ ¨§µÉ·µ¶´µ ¨ ¶µ²¨´µ³µ¢ ¢Ò¸Ï¨Ì ¸É¥¶¥´¥° ¤²Ö ¥£µ µ¶¨¸ -
´¨Ö ´¥ É·¥¡Ê¥É¸Ö ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¥£µ ¸¶¨´ J � 1/2. „²Ö ·¥§µ´ ´¸  ¸ 1, 500 � M �
1, 510 ƒÔ‚/c2 ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ¥ §´ Î¥´¨¥ ¸¶¨´  J � 3/2, ÌµÉÖ ¨ µÍ¥´±  J � 1/2

�¨¸. 8. � ¸¶·¥¤¥²¥´¨Ö Ê£²µ¢ ¢Ò²¥É  ¢Éµ·¨Î´ÒÌ ´¥°É·µ´µ¢ ¢ ¸¶¨· ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É
¤²Ö ·¥§µ´ ´¸µ¢ ¸ ³ ¸¸µ°: a) 1, 477 ƒÔ‚/c2; ¡) 1, 505 ƒÔ‚/c2; ¢) 1, 541 ƒÔ‚/c2; £) 1, 606 ƒÔ‚/c2;

¤) 1, 638 ƒÔ‚/c2; ¥) 1, 687 ƒÔ‚/c2
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Éµ¦¥ ¨³¥¥É ¤µ¢µ²Ó´µ ¡µ²ÓÏµ° ¤µ¢¥·¨É¥²Ó´Ò° Ê·µ¢¥´Ó. „²Ö ·¥§µ´ ´¸  ¸ 1, 530 � M �
1, 550 ƒÔ‚/c2 (·¥§µ´ ´¸, ´ ¨¡µ²¥¥ Ï¨·µ±µ µ¡¸Ê¦¤ ¥³Ò° ¢ ¶Ê¡²¨± Í¨ÖÌ) ³Ò ¨³¥¥³ ¤²Ö
¸¶¨´  J � 1/2 ¤µ¢¥·¨É¥²Ó´Ò° Ê·µ¢¥´Ó §´ Î¨É¥²Ó´µ ³¥´ÓÏ¨°, Î¥³ ¤²Ö ¡µ²¥¥ ¢Ò¸µ±¨Ì
§´ Î¥´¨° ¸¶¨´ . � ¨¡µ²ÓÏ¨° ¤µ¢¥·¨É¥²Ó´Ò° Ê·µ¢¥´Ó ¨³¥¥É µÍ¥´±  ¸¶¨´  J � 5/2. �¥-
§µ´ ´¸ ¸ 1, 595 � M � 1, 615 ƒÔ‚/c2 ¨³¥¥É ¤µ¢µ²Ó´µ Ê¢¥·¥´´ÊÕ µÍ¥´±Ê J � 7/2.

Š Î¥¸É¢¥´´ÊÕ µÍ¥´±Ê ³µ¦´µ ¸¤¥² ÉÓ ¨§ ¢¨¤  £· Ë¨±µ¢: µ´¨ ¤µ²¦´Ò ¨³¥ÉÓ
(2J − 3)/2 Ô±¸É·¥³Ê³µ¢ ¶²Õ¸ µ¤¨´ ®É·¨¢¨ ²Ó´Ò°¯ ¶·¨ cos Θ = 0. ’. ¥. ¤²Ö ¸¶¨´ 
J � 7/2 Ô±¸É·¥³Ê³µ¢ ¤µ²¦´µ ¡ÒÉÓ ¤¢  ¨ ®É·¨¢¨ ²Ó´Ò°¯ ¶·¨ cos Θ = 0, ÎÉµ ¤µ¢µ²Ó´µ
Ìµ·µÏµ (¢ ¶·¥¤¥² Ì ¶µ£·¥Ï´µ¸É¥°) ¶·µ¸³ É·¨¢ ¥É¸Ö ´  £· Ë¨±¥ ·¨¸. 8, £.

�  ·¨¸. 8, ¤, ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¸¶¨´µ¢ ¤²Ö ¡µ²¥¥ ÉÖ¦¥²ÒÌ ·¥-
§µ´ ´¸µ¢. „²Ö 1, 630 � M � 1, 655 ƒÔ‚/c2 ¸ Ìµ·µÏ¨³ Ê·µ¢´¥³ ¤µ¢¥·¨Ö ¨³¥¥³ J � 7/2,
¤²Ö 1, 670 � M � 1, 730 ƒÔ‚/c2 ¸ ¥Ð¥ ¡µ²ÓÏ¥° Ê¢¥·¥´´µ¸ÉÓÕ ¨³¥¥³ J � 9/2. ’Ö¦¥²Ò°
·¥§µ´ ´¸ ¸ 1, 760 � M � 1, 790 ƒÔ‚/c2 ¨³¥¥É ¸² ¡Ò¥ µÍ¥´±¨, ÎÉµ ¸¢Ö§ ´µ ¸ ¤µ¢µ²Ó´µ
¶²µÌ¨³ ¢ ÔÉµ° µ¡² ¸É¨ · §·¥Ï¥´¨¥³ ¶µ ³ ¸¸ ³ ¨ Ê¢¥²¨Î¨¢ ÕÐ¨³¸Ö §¤¥¸Ó ¢²¨Ö´¨¥³ Ëµ´ 
´  µÍ¥´±¨ ¸¶¨´ .

�¥§Ê²ÓÉ ÉÒ ´ ¸ÉµÖÐ¥° · ¡µÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1

Mexp ± ∆Mexp, ƒÔ‚/c2 Γexp ± ∆Γexp, ƒÔ‚/c2 Γres ± ∆Γres, ƒÔ‚/c2 Jexp S. D.

1 2 3 4 5
1, 447 ± 0, 007 0, 005 ± 0, 004 0, 004 ± 0, 004 Å 3,2
1, 467 ± 0, 003 0, 008 ± 0, 003 0, 008 ± 0, 004 Å 2,3
1, 477 ± 0, 002 0, 005 ± 0, 003 0, 002+0,006

−0,002 1/2 3,0
1, 505 ± 0, 004 0, 008 ± 0, 003 0, 005 ± 0, 005 3/2 3,5
1, 541 ± 0, 004 0, 011 ± 0, 003 0, 008 ± 0, 004 5/2 6,8
1, 606 ± 0, 005 0, 014 ± 0, 005 0, 011 ± 0, 006 7/2 5,2
1, 638 ± 0, 005 0, 016 ± 0, 011 0, 012+0,015

−0,012 7/2 3,6
1, 687 ± 0, 007 0, 027 ± 0, 007 0, 024 ± 0, 008 9/2 6,8
1, 781 ± 0, 008 0, 029 ± 0, 012 0, 023 ± 0, 015 Å 4,1
1, 870 ± 0, 019 0, 036 ± 0, 010 0, 032 ± 0, 011 Å 5,9

‚ ¶¥·¢µ° ±µ²µ´±¥ ¶µ³¥Ð¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ·¥§µ´ ´¸µ¢ ¸ ¨Ì ¶µ-
£·¥Ï´µ¸ÉÖ³¨, ¢µ ¢Éµ·µ° Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¶µ²´ÒÌ Ï¨·¨´ ·¥§µ´ ´¸µ¢, ¢
É·¥ÉÓ¥° Å §´ Î¥´¨Ö ¨¸É¨´´ÒÌ Ï¨·¨´ ·¥§µ´ ´¸µ¢ ¸ ¨Ì ¶µ£·¥Ï´µ¸ÉÖ³¨.

ˆ¸É¨´´Ò¥ Ï¨·¨´Ò ·¥§µ´ ´¸µ¢ ¶µ²ÊÎ ÕÉ¸Ö ¶µ¸²¥ ±¢ ¤· É¨Î´µ£µ ¢ÒÎ¨É ´¨Ö ¨§ Ô±¸¶¥-
·¨³¥´É ²Ó´µ° Ï¨·¨´Ò §´ Î¥´¨Ö ËÊ´±Í¨¨ · §·¥Ï¥´¨Ö ¶µ ³ ¸¸ ³, ±µÉµ· Ö Ê¢¥²¨Î¨¢ ¥É¸Ö
¸ ·µ¸Éµ³ ³ ¸¸Ò ¶µ § ±µ´Ê

Γres(M) = 4, 2

[(
M −

2∑
i=1

mi

)
/0, 1

]
+ 2, 8,

£¤¥ M Å ³ ¸¸  ·¥§µ´ ´¸ ; mi Å ³ ¸¸  ¶µ±µÖ ¢Ìµ¤ÖÐ¥° ¢ ·¥§µ´ ´¸ Î ¸É¨ÍÒ i; M ¨ mi

¢§ÖÉÒ ¢ ¥¤¨´¨Í Ì ƒÔ‚/c2, ¢¥²¨Î¨´Ò 4, 2 ¨ 2, 8 Å ¢ ¥¤¨´¨Í Ì ŒÔ‚/c2 [11]. � ¶·¨³¥·,
¢¥²¨Î¨´  ¶µ²´µ° Ï¨·¨´Ò ËÊ´±Í¨¨ · §·¥Ï¥´¨Ö ¤²Ö ·¥§µ´ ´¸  ¸ M = 1, 541 ƒÔ‚/c2

¶µ²ÊÎ ¥É¸Ö ≈ 7 ŒÔ‚/c2.
‚ Î¥É¢¥·Éµ° ±µ²µ´±¥ É ¡². 1 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ¸¶¨´µ¢ ·¥§µ´ ´¸µ¢. �Éµ ´¨¦´¨¥

£· ´¨ÍÒ ¸¶¨´µ¢, ± ± µ¡ÑÖ¸´Ö²µ¸Ó ¶·¨ µ¡¸Ê¦¤¥´¨¨ ¶·µÍ¥¤Ê·Ò µÍ¥´±¨ ¸¶¨´µ¢.
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‚ ¶ÖÉµ° ±µ²µ´±¥ É ¡². 1 ¶·¨¢¥¤¥´Ò ¸É É¨¸É¨Î¥¸±¨¥ §´ Î¨³µ¸É¨ ·¥§µ´ ´¸µ¢, µ¶·¥-
¤¥²¥´´Ò¥ ± ± µÉ´µÏ¥´¨¥ Î¨¸²  ¸µ¡ÒÉ¨° ¢ ·¥§µ´ ´¸¥ ± ±µ·´Õ ±¢ ¤· É´µ³Ê ¨§ Î¨¸² 
Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨° ¶µ¤ ·¥§µ´ ´¸µ³.

�Í¥´±  ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ·¥§µ´ ´¸  ¸ M = 1, 541 ƒÔ‚/c2 ¢ ¸¨¸É¥³¥ nK+ ¨§
·¥ ±Í¨¨ np → npK+K− ¶·¨ Pn = (5, 20 ± 0, 12) ƒÔ‚/c ¤ ¥É σ = (3, 5 ± 0, 7) ³±¡.

��‘“†„…�ˆ… �…‡“‹œ’�’�‚ ˆ ‚›‚�„›

ŒÒ ¶µ¶ÒÉ ²¨¸Ó ¸¨¸É¥³ É¨§¨·µ¢ ÉÓ ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¨¸¶µ²Ó§ÊÖ Ëµ·³Ê²Ê ¤²Ö
·µÉ Í¨µ´´ÒÌ Ê·µ¢´¥°, ¶·¥¤²µ¦¥´´ÊÕ ¢ · ¡µÉ Ì „ÓÖ±µ´µ¢  ¨ ¤·. [1, 2]:

MJ = M0 + kJ(J + 1). (1)

‡¤¥¸Ó MJ Å ³ ¸¸  ·¥§µ´ ´¸ ; J Å ¥£µ ¸¶¨´; M0 Å ³ ¸¸  ¶µ±µÖ ¸µ²¨Éµ´ ; k Å ¢¥-
²¨Î¨´ , µ¡· É´ Ö Ê¤¢µ¥´´µ³Ê ³µ³¥´ÉÊ ¨´¥·Í¨¨ ¸µ²¨Éµ´  (³Ò ¨¸¶µ²Ó§Ê¥³ É¥·³¨´µ²µ£¨Õ
· ¡µÉÒ [2]).

…¸²¨ ¢´¨³ É¥²Ó´µ ¶µ¸³µÉ·¥ÉÓ ´  £· Ë¨±¨ · ¸¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´ÒÌ ³ ¸¸
nK+-±µ³¡¨´ Í¨° (µ¸µ¡¥´´µ ´  ·¨¸. 4, £¤¥ ¶µ¸É·µ¥´¨¥ ¢Ò¶µ²´¥´µ ¸ Ï £µ³ 5 ŒÔ‚/c2),
Éµ ³µ¦´µ § ³¥É¨ÉÓ, ÎÉµ ´ ·Ö¤Ê ¸ ¸¨²Ó´Ò³¨ µ¸µ¡¥´´µ¸ÉÖ³¨ ¨³¥ÕÉ¸Ö ¨ ¡µ²¥¥ ¸² ¡Ò¥: ¸² -
¡ Ö µ¸µ¡¥´´µ¸ÉÓ ¶·¨ M = 1, 467 ƒÔ‚/c2, ¢Ò¡·µ¸ ¶·¨ ³ ¸¸¥ ¢ · °µ´¥ M = 1, 565 ƒÔ‚/c2

¨ ¤·Ê£¨¥. �µÔÉµ³Ê ³Ò ¶·µ¨§¢µ¤¨²¨  ¶¶·µ±¸¨³ Í¨Õ · ¸¶·¥¤¥²¥´¨° ³ ¸¸ ¢ § ¢¨¸¨³µ¸É¨
µÉ ¸¶¨´  ¢ ¤¢ÊÌ ¢ ·¨ ´É Ì. �¡  µ´¨ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2. ‚¨¤´µ Ìµ·µÏ¥¥ ¸µ£² ¸¨¥
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ Ëµ·³Ê²µ° (1). ‚ É ¡². 2, a ¸ ³ Ö ¡µ²ÓÏ Ö ¶·¥¤¸± § ´´ Ö
³ ¸¸  1, 901(J = 13/2) ³µ¦¥É µ¡·¥§ ÉÓ¸Ö ¸¶· ¢  Ë §µ¢Ò³ µ¡Ñ¥³µ³ ¨ ¢ Ô±¸¶¥·¨³¥´É¥ ¶·µ-
Ö¢²ÖÉÓ¸Ö ¶·¨ ³¥´ÓÏ¥° ³ ¸¸¥. ‚ É ¡². 2, ¡ ¢ É·¥ÉÓ¥° ¨ ¶ÖÉµ° ¸É·µ± Ì µÉ¸ÊÉ¸É¢ÊÕÉ ¸¢¥¤¥´¨Ö
µ¡ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨ÖÌ ³ ¸¸ ¨ ¸¶¨´µ¢. �·¨ ÔÉ¨Ì ³ ¸¸ Ì ¨³¥ÕÉ¸Ö ¢Ò¡·µ¸Ò,
±µÉµ·Ò¥ ´¥ µ¡¥¸¶¥Î¥´Ò ¸É É¨¸É¨Î¥¸±¨ ± ± ·¥§µ´ ´¸Ò.

’ ¡²¨Í  2

a) M0 = 1, 462 ƒÔ‚/c2, k = 0, 0090 ¡) M0 = 1, 471 ƒÔ‚/c2, k = 0, 0107

J MJ Mexp ± ∆Mexp Jexp J MJ Mexp ± ∆Mexp Jexp

1/2 1,469 1, 467 ± 0, 003 Å 1/2 1,471 1, 477 ± 0, 002 1/2
3/2 1,496 1, 505 ± 0, 004 3/2 3/2 1,511 1, 505 ± 0, 004 3/2
5/2 1,541 1, 541 ± 0, 004 5/2 5/2 1,565 Å Å
7/2 1,604 1, 606 ± 0, 005 7/2 7/2 1,640 1, 638 ± 0, 005 7/2
9/2 1,685 1, 687 ± 0, 007 9/2 9/2 1,736 Å Å
11/2 1,784 1, 781 ± 0, 008 Å 11/2 1,854 1, 870 ± 0, 019 Å
13/2 1,901 1, 870 ± 0, 019 Å

�¥·Ö ³µ³¥´ÉÒ ¨´¥·Í¨¨ ¢ ¢¨¤¥ I = M0r
2 ¨ ¨¸¶µ²Ó§ÊÖ §´ Î¥´¨Ö k = 1/2I ¨§ É ¡². 2,

³µ¦´µ µ¶·¥¤¥²¨ÉÓ · ¤¨Ê¸ ¸µ²¨Éµ´ . �´ µ± §Ò¢ ¥É¸Ö · ¢´Ò³ ≈ 1, 2 Ë³, É. ¥. ¡²¨§µ± ±
π-³¥§µ´´µ³Ê · ¤¨Ê¸Ê (≈ 1, 35 Ë³).

ŒÒ ¸¤¥² ²¨ ¤·Ê£ÊÕ  ¶¶·µ±¸¨³ Í¨Õ ´ ¡²Õ¤ ¢Ï¨Ì¸Ö ´ ³¨ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸, £¤¥
³ ¸¸  ¢µ§¡Ê¦¤¥´´µ£µ ¸µ¸ÉµÖ´¨Ö § ¢¨¸¨É ´¥ µÉ ¸¶¨´  ·¥§µ´ ´¸ ,   µÉ ¥£µ µ·¡¨É ²Ó´µ£µ
³µ³¥´É  l:

Ml = M0 + kl(l + 1). (2)
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�¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3: a Å ¤²Ö ®¸¨²Ó´ÒÌ¯ ·¥§µ´ ´¸µ¢, ¡ Å ¤²Ö ®¸² -
¡ÒÌ¯ (± ± ¨ É ¡². 2). ‡´ Î¥´¨Ö µ·¡¨É ²Ó´ÒÌ ³µ³¥´Éµ¢ ¢Ò¡· ´Ò ¶·µ¨§¢µ²Ó´µ, ´µ É ±,
ÎÉµ¡Ò µ´¨ ´¥ ¶·µÉ¨¢µ·¥Î¨²¨ µÍ¥´± ³ ¸¶¨´µ¢. �É¨ µ¶¨¸ ´¨Ö ²ÊÎÏ¥ Ê¤µ¢²¥É¢µ·ÖÕÉ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. Š·µ³¥ Éµ£µ, ÊÎÉ¥´ ¨ ·¥§µ´ ´¸ ¶·¨ M = 1, 447 ƒÔ‚/c2, ±µÉµ·Ò°
¶·µÖ¢²Ö¥É¸Ö ¢ ¡µ²ÓÏ¨´¸É¢¥ ´ Ï¨Ì · ¸¶·¥¤¥²¥´¨° ¨ µ ±µÉµ·µ³ ´¥µ¤´µ±· É´µ £µ¢µ·¨É¸Ö
¶·¨ É¥µ·¥É¨Î¥¸±µ³  ´ ²¨§¥.

’ ¡²¨Í  3

 ) M0 = 1, 481 ƒÔ‚/c2, k = 0, 010 ¡) M0 = 1, 447 ƒÔ‚/c2, k = 0, 010

� M� Mexp ± ∆Mexp � M� Mexp ± ∆Mexp

0 1,481 1, 477 ± 0, 002 0 1,447 1, 447 ± 0, 007
1 1,501 1, 505 ± 0, 004 1 1,467 1, 467 ± 0, 003
2 1,541 1, 541 ± 0, 004 2 1,507 1, 505 ± 0, 004
3 1,601 1, 606 ± 0, 005 3 1,567 Å
4 1,681 1, 687 ± 0, 007 4 1,647 1, 638 ± 0, 005
5 1,781 1, 781 ± 0, 008 5 1,747 Å
6 1,901 1, 870 ± 0, 019 6 1,867 1, 870 ± 0, 019

�·¨ ¸¤¥² ´´ÒÌ ¶·¥¤¶µ²µ¦¥´¨ÖÌ µ¡ µ·¡¨É ²Ó´ÒÌ ³µ³¥´É Ì Î¥É´µ¸ÉÓ ·¥§µ´ ´¸  ¸
M = 1, 541 ƒÔ‚/c2 µÉ·¨Í É¥²Ó´ . …¸²¨ ÊÎ¥¸ÉÓ ¥Ð¥ §´ Î¥´¨¥ ¥£µ ¸¶¨´  J = 5/2, Éµ ³µ¦´µ
¶·¨¤É¨ ± ¢Ò¢µ¤Ê, ÎÉµ ÔÉµÉ ·¥§µ´ ´¸ ´¥ ´ Ìµ¤¨É¸Ö ¢ ¢¥·Ï¨´¥  ´É¨¤¥±Ê¶²¥É , ¶·¥¤²µ¦¥´-
´µ£µ ¢ [1, 2]. �µ ¥¸ÉÓ ¢¥·µÖÉ´µ¸ÉÓ, ÎÉµ ¢ ¢¥·Ï¨´¥ ´ Ìµ¤¨É¸Ö ·¥§µ´ ´¸ ¸ M = 1, 501 ƒÔ‚/c2,
Ê ±µÉµ·µ£µ ¶µ²µ¦¨É¥²Ó´ Ö Î¥É´µ¸ÉÓ ¨ ¸¶¨´, · ¢´Ò° 1/2. � Ï¥ µ¶·¥¤¥²¥´¨¥ ¸¶¨´  ·¥§µ-
´ ´¸  ¶·¨ M ≈ 1, 505 ƒÔ‚/c2 ´¥ ¶·µÉ¨¢µ·¥Î¨É Éµ³Ê, ÎÉµ ¢ ÔÉµ³ ³¥¸É¥ ³µ£ÊÉ ´ Ìµ¤¨ÉÓ¸Ö
¤¢  ·¥§µ´ ´¸  ¸ ³ ¸¸ ³¨ M = 1, 501 ƒÔ‚/c2 ¨ ¸¶¨´-Î¥É´µ¸ÉÓÕ JP = 1/2+ ¨ ·¥§µ´ ´¸ ¸
M = 1, 507 ƒÔ‚/c2 ¸µ ¸¶¨´-Î¥É´µ¸ÉÓÕ JP = 3/2−. �·¨ ÔÉµ³ µ¡  µ´¨ µÎ¥´Ó Ê§±¨¥, ´µ
¸¤¢¨´ÊÉÒ ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê£ , ÎÉµ ¢ ·¥§Ê²ÓÉ É¥ ¤ ¥É ¸·¥¤´¥¥ §´ Î¥´¨¥ Ô±¸¶¥·¨³¥´-
É ²Ó´µ° ³ ¸¸Ò M = 1, 505 ƒÔ‚/c2. ‚ µ¡² ¸É¨ ³ ²ÒÌ ³ ¸¸, É ±¨³ µ¡· §µ³, É·¥¡ÊÕÉ¸Ö
µÎ¥´Ó ÉµÎ´Ò¥ ¨ ¶µ · §·¥Ï¥´¨Õ, ¨ ¶µ ¸É É¨¸É¨±¥ Ô±¸¶¥·¨³¥´ÉÒ.

ŒÒ ¸Î¨É ¥³ ´¥µ¡Ìµ¤¨³Ò³ ¸¤¥² ÉÓ ¥Ð¥ µ¤´µ § ³¥Î ´¨¥.
�·µ¡²¥³  ¶¥´É ±¢ ·±µ¢ ¢µ§´¨±²  ¥Ð¥ ¢ 1960-¥ ££. ¶·µÏ²µ£µ ¸Éµ²¥É¨Ö. Ÿ. �. ‡¥²Ó¤µ¢¨Î

¨ �. „. ‘ Ì ·µ¢ [12] ¢¶¥·¢Ò¥ É· ±Éµ¢ ²¨ ´ ¡²Õ¤ ¢Ï¨¥¸Ö Éµ£¤  ÔËË¥±ÉÒ ¢ ¸¨¸É¥³¥ pπ+π+

± ± ¶·µÖ¢²¥´¨¥ ¶¥´É ±¢ ·±µ¢ÒÌ ¸µ¸ÉµÖ´¨°. � Ï¨ ¶¥·¢Ò¥ · ¡µÉÒ [13] ´  ÔÉÊ É¥³Ê ¸É¨-
³Ê²¨·µ¢ ²¨ ¸µ§¤ ´¨¥ Ê´¨± ²Ó´µ£µ ´¥°É·µ´´µ£µ ¶ÊÎ±  [9] ´  1-³ HBC ‹‚� ¶µ¸²¥ Ê¸±µ-
·¥´¨Ö ¤¥°Épµ´µ¢ ´  ¸¨´Ì·µË §µÉ·µ´¥ ‹‚�. ‚ 1979 £. ¢ ¦Ê·´ ²¥ ®Ÿ¤¥·´ Ö Ë¨§¨± ¯ [14]
¡Ò²  µ¶Ê¡²¨±µ¢ ´  ´ Ï  · ¡µÉ  ¶µ ´ ¡²Õ¤¥´¨Õ ¤µ¢µ²Ó´µ Ê§±µ£µ (Γ = 43 ŒÔ‚/c2) ·¥-
§µ´ ´¸  ¢ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ Ì ∆++π+(∆−π−)-±µ³¡¨´ Í¨° ¶·¨ M = 1, 440 ƒÔ‚/c2

¸µ ¸É É¨¸É¨Î¥¸±µ° §´ Î¨³µ¸ÉÓÕ 5,5 S. D. �É¨ ·¥§µ´ ´¸Ò ³µ¦´µ ¡Ò²µ É· ±Éµ¢ ÉÓ ± ±
¶ÖÉ¨±¢ ·±µ¢Ò¥ ¸µ¸ÉµÖ´¨Ö Å uuuud̄(ddddū) ¤²Ö ∆++π+ (∆−π−). ‚ Éµ° ¦¥ · ¡µÉ¥
¶µ¸É·µ¥´  É· ¥±Éµ·¨Ö �¥¤¦¥ ¤²Ö ¸µ¸ÉµÖ´¨° ¸ J = T ¨ ¶µ± § ´µ, ÎÉµ ´  ´¥° ´ Ìµ-
¤ÖÉ¸Ö N , ∆, E55 (M = 1, 440 ƒÔ‚/c2, µ¡´ ·Ê¦¥´´Ò° ´ ³¨). � ±²µ´ É· ¥±Éµ·¨¨ ¡Ò²
µ±µ²µ 1,680 (ƒÔ‚/c2)−2.

‘ÊÐ¥¸É¢µ¢ ´¨¥ É ±¨Ì ´µ¢ÒÌ ·¥§µ´ ´¸µ¢ ¸ J = T ¶·¥¤¸± §Ò¢ ²µ¸Ó ¢ · ¡µÉ Ì �. �. ƒ·¨-
£µ·Ö´  ¨ �. �. Š °¤ ²µ¢  [15] ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ¨³¨ ¸¢¥·Ì¸Ìµ¤ÖÐ¨Ì¸Ö ¶· ¢¨² ¸Ê³³ ¤²Ö
· ¸¸¥Ö´¨Ö ·¥¤¦¥µ´µ¢ ´  Î ¸É¨Í Ì. ˆÌ ¶·¥¤¸± § ´¨Ö ¸µ¢¶ ²¨ ¸ ´ Ï¨³¨ ¤ ´´Ò³¨.
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‚ 1983 £. ´ ³¨ ¡Ò²  µ¶Ê¡²¨±µ¢ ´  ¸²¥¤ÊÕÐ Ö · ¡µÉ  ´  ÔÉÊ É¥³Ê [16] ¸ Ê¢¥²¨Î¥´´µ°
¸É É¨¸É¨±µ°. ‡ Ë¨±¸¨·µ¢ ´µ ¥Ð¥ ¤¢  ¸µ¸ÉµÖ´¨Ö ¸ ³ ¸¸ ³¨ M = 1, 522 ƒÔ‚/c2 ¨ M =
1, 894 ƒÔ‚/c2.

’ ±¨³ µ¡· §µ³, ¢µ¶·µ¸ µ ¸µ¸ÉµÖ´¨ÖÌ ¸ Î¨¸²µ³ ±¢ ·±µ¢ ¡µ²ÓÏ¥ É·¥Ì µ¡¸Ê¦¤ ¥É¸Ö
¤ ¢´µ ¨ ¥¸ÉÓ ¸Ì¥³Ò, ¨³¥ÕÐ¨¥ ¶·¥¤¸± § É¥²Ó´ÊÕ ¸¨²Ê.

�µ ´ Ï¥³Ê ³´¥´¨Õ, ¢µ¶·µ¸ µ Î¨¸²¥ ±¢ ·±µ¢ ´¥ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ ¢ ¶·¥¤²µ¦¥´¨ÖÌ
„. „ÓÖ±µ´µ¢ , ‚. �¥É·µ¢  ¨ Œ. �µ²Ö±µ¢ . ‘¨³³¥É·¨°´Ò° ¶µ¤Ìµ¤ ¢µµ¡Ð¥ ´¥ ¨¸¶µ²Ó§Ê¥É
¶µ´ÖÉ¨¥ ®±¢ ·±¯. �ÉµÉ ¶µ¤Ìµ¤ µÎ¥´Ó µ¡Ð¨°,   ¶µÉµ³Ê ¨ £µ· §¤µ ¡µ²¥¥ ¢ ¦´Ò°, Î¥³
³µ¤¥²Ó´Ò¥ ¸µµ¡· ¦¥´¨Ö.

—Éµ ± ¸ ¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´µ° ¸¨ÉÊ Í¨¨, Éµ µ´  ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ³ Î·¥§¢ÒÎ °´µ
¸²µ¦´µ°. ‚µ ¢¸¥Ì Ô±¸¶¥·¨³¥´É Ì, £¤¥ ´ ¡²Õ¤ ²¨¸Ó ÔËË¥±ÉÒ ¢ ¸¨¸É¥³ Ì nK+ ¨²¨ pK0

s ,
¢¨¤ÖÉ Éµ²Ó±µ µ¤¨´ ¶¨± ¶·¨ ³ ¸¸¥ ¢ · °µ´¥ 1, 530 ÷ 1, 550 ƒÔ‚/c2. �Éµ ¸¢Ö§ ´µ, ¶µ-
¢¨¤¨³µ³Ê, ¸ ´¨§±µ° ¶¥·¢¨Î´µ° Ô´¥·£¨¥°, ´¥¤µ¸É ÉµÎ´Ò³ · §·¥Ï¥´¨¥³ ¶µ ³ ¸¸ ³, ³ ²µ°
¸É É¨¸É¨±µ° ¨ ´ ²¨Î¨¥³ · §²¨Î´ÒÌ ¢Ò¡µ·µ± ¢ Ô±¸¶¥·¨³¥´É Ì.

� ³ ¶·¥¤¸É ¢²Ö¥É¸Ö, ÎÉµ ´ ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³ ¸¥°Î ¸ Ö¢²Ö¥É¸Ö ´ ¡²Õ¤¥´¨¥ ¥Ð¥
ÌµÉÖ ¡Ò µ¤´µ£µ ·¥§µ´ ´¸ , µ¶·¥¤¥²¥´¨¥ ¸¶¨´µ¢ ÌµÉÖ ¡Ò ¤¢ÊÌ ·¥§µ´ ´¸µ¢ ¨ ÉµÎ´µ¥ µ¶·¥-
¤¥²¥´¨¥ ¨Ì Ï¨·¨´. �·¥¤¸± §Ò¢ ¥³Ò° § ±µ´ ·µ¸É  Ï¨·¨´ ·¥§µ´ ´¸µ¢ ¸ ·µ¸Éµ³ ¨Ì ¸¶¨´ 
Γ ∼ J3/M2 [2] µÎ¥´Ó ¦¥¸É±¨°. �·¨ Ê¢¥²¨Î¥´¨¨ ¸¶¨´  ¢ 5 · § Ï¨·¨´  ¢µ§· ¸É ¥É ¢ 125 · §
¨ Ê¢¨¤¥ÉÓ ÎÉµ-²¨¡µ ´  Ô±¸¶¥·¨³¥´É¥ ³µ¦´µ, ¥¸²¨ ¨ ³ ¸¸Ò ·¥§µ´ ´¸µ¢ ¸¨²Ó´µ ¢µ§· ¸ÉÊÉ,
ÎÉµ É·Ê¤´µ ¤²Ö ´ ¡²Õ¤¥´¨Ö ¨ ¢Ò§Ò¢ ¥É ¢µ¶·µ¸Ò µ ¸¶· ¢¥¤²¨¢µ¸É¨ ´¥·¥²ÖÉ¨¢¨¸É¸±µ£µ
¶µ¤Ìµ¤ , ¨¸¶µ²Ó§Ê¥³µ£µ ¢ ³µ¤¥²¨ ±¨· ²Ó´µ£µ ¸µ²¨Éµ´ .

�² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¡² £µ¤ ·ÖÉ ‚. ‹. ‹Õ¡µÏ¨Í  §  ¶µ¸ÉµÖ´´ÊÕ ¶µ³µÐÓ ¢ · ¡µÉ¥,
±µÉµ·ÊÕ µ´ µ± §Ò¢ ¥É ´  ¶·µÉÖ¦¥´¨¨ ³´µ£¨Ì ²¥É. ŒÒ ¡² £µ¤ ·´Ò É ±¦¥ …. �. ‘É·µ±µ¢-
¸±µ³Ê ¨ Œ. ‚. ’µ± ·¥¢Ê, ±µÉµ·Ò¥ ´¥ Éµ²Ó±µ ¶·¨¢²¥±²¨ ´ Ï¥ ¢´¨³ ´¨¥ ± ¤ ´´µ° Ë¨§¨Î¥-
¸±µ° ¶·µ¡²¥³¥, ´µ ¨ ¶µ¸ÉµÖ´´µ ¶·¥¤µ¸É ¢²ÖÕÉ ¢ ¦´ÊÕ Ë¨§¨Î¥¸±ÊÕ ¨´Ëµ·³ Í¨Õ.

�² £µ¤ ·¨³ …. �. Š² ¤´¨Í±ÊÕ §  ·Ö¤ ¶µ²¥§´ÒÌ § ³¥Î ´¨°.
ŒÒ ¶·¨§´ É¥²Ó´Ò ¢¸¥³ ¸µÉ·Ê¤´¨± ³ �ˆŸˆ, ¶µ³µ£ ÕÐ¨³ ´ ³ ¢ µ¡· ¡µÉ±¥ ³ É¥·¨ ² :

² ¡µ· ´É ³ ‹‚�, ¨´¦¥´¥· ³ ‹ˆ’, µ¡¸²Ê¦¨¢ ÕÐ¨³ ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ  ¶¶ · ÉÊ·Ê.
� ¡µÉ  ¢Ò¶µ²´¥´  ¢ · ³± Ì É¥³Ò 03-1-0983092/2004 ¢ ‹‚� �ˆŸˆ.
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