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ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° Ë¨§¨±¨ ¨³. �.�. 	μ£μ²Õ¡μ¢  ��� “±· ¨´Ò, Š¨¥¢

�μ²ÊÎ¥´μ ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê · §´μ¸ÉÓÕ Ô´¥·£¨° ¸¢Ö§¨ §¥·± ²Ó´ÒÌ Ö¤¥· 3H ¨ 3He ¨ ´¨§±μ-
Ô´¥·£¥É¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨ ´¥°É·μ´-´¥°É·μ´´μ£μ ¨ ¶·μÉμ´-¶·μÉμ´´μ£μ · ¸¸¥Ö´¨Ö. ‘ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ Ö¤¥· 3H ¨ 3He ¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì
¶ · ³¥É·μ¢ ¶·μÉμ´-¶·μÉμ´´μ£μ · ¸¸¥Ö´¨Ö ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ´¥°É·μ´-´¥°É·μ´´ÒÌ ¤²¨´Ò · ¸¸¥Ö-
´¨Ö ann = −18,38(55) ”³ ¨ ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  rnn = 2,84(4) ”³. � ¸¸Î¨É ´´μ¥ §´ Î¥´¨¥
´¥°É·μ´-´¥°É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö ´ Ìμ¤¨É¸Ö ¢ ¸μ£² ¸¨¨ ¸ μ¤´¨³ ¨§ ¤¢ÊÌ ´ ¨¡μ²¥¥ ¨§¢¥¸É´ÒÌ
¨ μÉ²¨Î ÕÐ¨Ì¸Ö ¤·Ê£ μÉ ¤·Ê£  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ÔÉμ° ¢¥²¨Î¨´Ò.

We establish relationship between the mirror nuclei 3H and 3He binding energies difference and
the low-energy parameters of neutronÄneutron and protonÄproton scattering. By making use of the
experimental values of 3H and 3He binding energies and the low-energy protonÄproton scattering
parameters we obtain the values for the neutronÄneutron scattering length ann = −18.38(55) Fm and
the effective range rnn = 2.84(4) Fm. Calculated value of the neutronÄneutron scattering length is in
good agreement with one of the well-known experimental values of this quantity.

PACS: 25.40.Cm; 25.40.Dn; 27.10.+h
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�¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ´Ê±²μ´-´Ê±²μ´´μ£μ (NN ) ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¢²Ö-
ÕÉ¸Ö ËÊ´¤ ³¥´É ²Ó´Ò³¨ ¢¥²¨Î¨´ ³¨, ¨£· ÕÐ¨³¨ ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó ¢ ¨¸¸²¥¤μ¢ ´¨ÖÌ
¸¨²Ó´μ£μ NN -¢§ ¨³μ¤¥°¸É¢¨Ö. �É¨ ¢¥²¨Î¨´Ò ¨³¥ÕÉ ¢ ¦´μ¥ §´ Î¥´¨¥ ¤²Ö μ¡ÑÖ¸´¥´¨Ö
¸¢μ°¸É¢ Ö¤¥· ¨ ³¥Ì ´¨§³μ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ´  μ¸´μ¢¥ ¶ ·´μ£μ ´Ê±²μ´-´Ê±²μ´´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö.

�¸μ¡ÊÕ ·μ²Ó ¨£· ÕÉ ¨¸¸²¥¤μ¢ ´¨Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± NN -¢§ ¨³μ-
¤¥°¸É¢¨Ö ¢ ¸¨´£²¥É´μ³ ¸¶¨´μ¢μ³ ¸μ¸ÉμÖ´¨¨ 1S0. �É¨ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö ¢ ¦´Ò³¨ ¢
¸¢Ö§¨ ¸ ¶·μ¢¥·±μ° £¨¶μÉ¥§Ò μ § ·Ö¤μ¢μ° ´¥§ ¢¨¸¨³μ¸É¨ ¨ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ
¸¨² [1Ä4]. „ ´´ Ö £¨¶μÉ¥§  ¢ μ¶·¥¤¥²¥´´μ° ¸É¥¶¥´¨ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¶·¨¡²¨§¨É¥²Ó´Ò³
· ¢¥´¸É¢μ³ §´ Î¥´¨° Ô´¥·£¨° ¸¢Ö§¨ §¥·± ²Ó´ÒÌ Ö¤¥·. �¤´ ±μ ¤²Ö μ±μ´Î É¥²Ó´μ£μ ·¥-
Ï¥´¨Ö ÔÉμ° ¶·μ¡²¥³Ò ±· °´¥ ¢ ¦´Ò³¨ Ö¢²ÖÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ É¥μ·¥É¨Î¥¸±¨¥
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� §´μ¸ÉÓ Ô´¥·£¨° ¸¢Ö§¨ 3H ¨ 3He ¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ ¶ · ³¥É·Ò nn-· ¸¸¥Ö´¨Ö 905

¨¸¸²¥¤μ¢ ´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ¤μ¸É ÉμÎ´μ ÉμÎ´Ò³ μ¶·¥¤¥²¥´¨¥³ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì Ì -
· ±É¥·¨¸É¨± ´¥°É·μ´-¶·μÉμ´´μ£μ (np), ¶·μÉμ´-¶·μÉμ´´μ£μ (pp) ¨ ´¥°É·μ´-´¥°É·μ´´μ£μ
(nn) ¢§ ¨³μ¤¥°¸É¢¨°. ‘· ¢´¥´¨¥ ÔÉ¨Ì Ì · ±É¥·¨¸É¨± ¤²Ö · §²¨Î´ÒÌ ´Ê±²μ´-´Ê±²μ´´ÒÌ
¶ · ¤ ¥É ¨´Ëμ·³ Í¨Õ μ § ·Ö¤μ¢μ° § ¢¨¸¨³μ¸É¨ Ö¤¥·´ÒÌ ¸¨².

• · ±É¥·¨¸É¨±¨ np- ¨ pp-¸¨¸É¥³ ¸ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨ μ¶·¥¤¥²ÖÕÉ¸Ö ´¥-
¶μ¸·¥¤¸É¢¥´´μ ¨§ Ô±¸¶¥·¨³¥´É . 	² £μ¤ ·Ö ÔÉμ³Ê ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´ ¤¥¦´μ Ê¸É ´μ-
¢²¥´  § ·Ö¤μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Ö¤¥·´ÒÌ ¸¨² ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ [1Ä3]. � §´μ¸ÉÓ ¢ Î¨¸Éμ
Ö¤¥·´ÒÌ ¸¨´£²¥É´ÒÌ ¤²¨´ Ì pp- ¨ np-· ¸¸¥Ö´¨Ö ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ∼ 6,5 ”³. � ·Ê-
Ï¥´¨¥ § ·Ö¤μ¢μ° ´¥§ ¢¨¸¨³μ¸É¨ (CIB) Ö¤¥·´ÒÌ ¸¨² ´¥ ¨¸±²ÕÎ ¥É ¢μ§³μ¦´μ¸É¨ ¸μÌ· -
´¥´¨Ö § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨², ±μÉμ· Ö ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ · ¢¥´¸É¢μ Î¨-
¸Éμ Ö¤¥·´ÒÌ ´¥°É·μ´-´¥°É·μ´´ÒÌ ¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢
· ¸¸¥Ö´¨Ö.

‘μ¢·¥³¥´´ Ö É¥μ·¨Ö ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° Å ±¢ ´Éμ¢ Ö Ì·μ³μ¤¨´ ³¨±  Å ¶·¥¤-
¸± §Ò¢ ¥É ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ (CSB) Ö¤¥·´ÒÌ ¸¨², ¶·μ¨¸Ìμ¦¤¥´¨¥ ±μÉμ·μ£μ
μ¡Ê¸²μ¢²¥´μ · §²¨Î¨¥³ ¢ ³ ¸¸ Ì ¨ Ô²¥±É·μ³ £´¨É´ÒÌ ¸¢μ°¸É¢ Ì ´ ¨¡μ²¥¥ ²¥£±¨Ì u- ¨
d-±¢ ·±μ¢ [5, 6], ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ ´Ê±²μ´ . �ËË¥±ÉÒ ´ ·ÊÏ¥´¨Ö § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨
Ö¤¥·´ÒÌ ¸¨² ³μ£ÊÉ ¶·μÖ¢²ÖÉÓ¸Ö ¨ ¡ÒÉÓ ´ ¡²Õ¤ ¥³Ò³¨ ± ± ¢ ´Ê±²μ´-´Ê±²μ´´μ³ ¢§ ¨³μ-
¤¥°¸É¢¨¨, É ± ¨ ¢ ¸¢μ°¸É¢ Ì  Éμ³´ÒÌ Ö¤¥·. � ¨¡μ²¥¥ ¢ ¦´Ò³ ¶·μÖ¢²¥´¨¥³ ´ ·ÊÏ¥´¨Ö
§ ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¢²Ö¥É¸Ö ¢μ§³μ¦´μ¥ · §²¨Î¨¥ ³¥¦¤Ê ¤²¨´ ³¨ ´¥°É·μ´-´¥°É·μ´´μ£μ
¨ ¶·μÉμ´-¶·μÉμ´´μ£μ · ¸¸¥Ö´¨Ö ann ¨ app, ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö ËÊ´¤ ³¥´É ²Ó´Ò³¨ Ì · ±É¥-
·¨¸É¨± ³¨ ´Ê±²μ´-´Ê±²μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. ”¥´μ³¥´μ²μ£¨Î¥¸±¨¥ · ¸Î¥ÉÒ, ¶·μ¢¥¤¥´-
´Ò¥ ´  μ¸´μ¢¥ μ¤´μ¡μ§μ´´ÒÌ μ¡³¥´´ÒÌ ¶μÉ¥´Í¨ ²μ¢ [5, 7Ä9], ¶μ± §Ò¢ ÕÉ, ÎÉμ · §²¨Î¨¥
¤²¨´ nn- ¨ pp-· ¸¸¥Ö´¨Ö μ¡Ê¸²μ¢²¥´μ ¢ ÔÉ¨Ì ³μ¤¥²ÖÌ μ¡³¥´μ³ ρ0- ¨ ω-³¥§μ´ ³¨,   É ±¦¥
· §´μ¸ÉÓÕ ³ ¸¸ ³¥¦¤Ê ´¥°É·μ´μ³ ¨ ¶·μÉμ´μ³. ‚ ¸¢Ö§¨ ¸ ¢ÒÏ¥¨§²μ¦¥´´Ò³ ¶·¥¤¸É -
¢²Ö¥É¸Ö ¢¥¸Ó³  ¢ ¦´Ò³ ÉμÎ´μ¥ μ¶·¥¤¥²¥´¨¥ ´¥°É·μ´-´¥°É·μ´´ÒÌ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì
¶ · ³¥É·μ¢ · ¸¸¥Ö´¨Ö.

‚ ¸²ÊÎ ¥ ¸¨¸É¥³Ò ¤¢ÊÌ ´¥°É·μ´μ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ μ¶·¥¤¥²¥´¨¥ ¥¥ ¶ · ³¥É·μ¢ ¸Ê-
Ð¥¸É¢¥´´μ § É·Ê¤´¥´μ, É ± ± ± ¶μ±  ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ´¥°É·μ´´ÒÌ ³¨Ï¥´¥° ´¥¢μ§³μ¦´μ
¶·μ¢¥¸É¨ ¶·Ö³Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ´¥°É·μ´-´¥°É·μ´´μ³Ê · ¸¸¥Ö´¨Õ. �¤´ ±μ, ´¥¸³μ-
É·Ö ´  μÉ¸ÊÉ¸É¢¨¥ ¢ ¶·¨·μ¤¥ ¶²μÉ´ÒÌ ´¥°É·μ´´ÒÌ ³¨Ï¥´¥°, ¤μ¢μ²Ó´μ ¤ ¢´μ ¸ÊÐ¥¸É¢Ê¥É
¶·μ¡²¥³  ¶·Ö³μ£μ Ô±¸¶¥·¨³¥´É  ¶μ · ¸¸¥Ö´¨Õ ´¥°É·μ´  ´  ´¥°É·μ´¥. �±¸¶¥·¨³¥´ÉÒ ¶μ
¶·Ö³μ³Ê ¨§³¥·¥´¨Õ ´¥°É·μ´-´¥°É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö ¶·¥¤² £ ²¨¸Ó ¢ · ¡μÉ Ì [10Ä
12]. �¤´μ ¨§ ´ ¨¡μ²¥¥ · ´´¨Ì ¶·¥¤²μ¦¥´¨° ¶μ ·¥Ï¥´¨Õ ÔÉμ° ¶·μ¡²¥³Ò § ±²ÕÎ ²μ¸Ó ¢
¨¸¶μ²Ó§μ¢ ´¨¨ ¤²Ö Ô±¸¶¥·¨³¥´É  ¶μ nn-· ¸¸¥Ö´¨Õ ¤¢ÊÌ μ¤´μ¢·¥³¥´´ÒÌ ¶μ¤§¥³´ÒÌ Ö¤¥·-
´ÒÌ ¢§·Ò¢μ¢ [10]. �μ²ÊÎ¥´´Ò¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¤¢  ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ± 
´¥°É·μ´μ¢ ¶μ§¢μ²¨²¨ ¡Ò ¨§³¥·¨ÉÓ ¤²¨´Ê nn-· ¸¸¥Ö´¨Ö ¸ ÉμÎ´μ¸ÉÓÕ ∼ 3 %, ÎÉμ ¸μ¸É ¢²Ö¥É
¢¥²¨Î¨´Ê ∼ 0,5 ”³. ‚ · ¡μÉ¥ [11] ¤²Ö ¶·Ö³μ£μ ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö nn-· ¸¸¥Ö´¨Ö ¶·¥¤² -
£ ²μ¸Ó ¨¸¶μ²Ó§μ¢ ÉÓ ¨³¶Ê²Ó¸´Ò° Ö¤¥·´Ò° ·¥ ±Éμ·, ¢Ò¢¥¤¥´´Ò° ¢ ±μ¸³¨Î¥¸±μ¥ ¶·μ¸É· ´-
¸É¢μ ¸ Í¥²ÓÕ ¨¸±²ÕÎ¨ÉÓ · ¸¸¥Ö´¨¥ ´¥°É·μ´μ¢ ´  Ö¤· Ì μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò. ‚ [12] · ¸-
¸³ É·¨¢ ² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¶μ¸É ´μ¢±¨ Ô±¸¶¥·¨³¥´É  ¶μ ¶·Ö³μ³Ê ´¥°É·μ´-´¥°É·μ´´μ³Ê
· ¸¸¥Ö´¨Õ ´  μ¡ÒÎ´ÒÌ ·¥ ±Éμ· Ì, · ¸¶μ²μ¦¥´´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨.

‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¨¤¥Ö ¶μ¸É ´μ¢±¨ Ô±¸¶¥·¨³¥´É  ¶μ ¶·Ö³μ³Ê ¨§³¥·¥´¨Õ ´¥°É·μ´-
´¥°É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö · §¢¨¢ ¥É¸Ö ±μ²² ¡μ· Í¨¥° DIANNA, ±μÉμ· Ö ¤²Ö ¶μ²Ê-
Î¥´¨Ö ¶²μÉ´ÒÌ ¶μÉμ±μ¢ ´¥°É·μ´μ¢, ´ ¶· ¢²¥´´ÒÌ ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê, ¶·¥¤² £ ¥É ¨¸-
¶μ²Ó§μ¢ ÉÓ ¨³¶Ê²Ó¸´Ò° Ö¤¥·´Ò° ·¥ ±Éμ· Ÿƒ“�� (‘´¥¦¨´¸±, �μ¸¸¨Ö) [13Ä15]. �μ²ÊÎ¥´-
´Ò¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ ´¥°É·μ´μ¢ ¤ ¤ÊÉ ¢μ§³μ¦´μ¸ÉÓ ¨§³¥·¨ÉÓ ´¥°É·μ´-
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´¥°É·μ´´μ¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ¶·¨ ´Ê²¥¢μ° Ô´¥·£¨¨ σnn (0) = πa2
nn,   ¸²¥¤μ¢ É¥²Ó´μ,

¨ ¤²¨´Ê · ¸¸¥Ö´¨Ö ann. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨¤¥É ¶μ¤£μÉμ¢±  ¶μ μ¸ÊÐ¥¸É¢²¥´¨Õ ÔÉμ£μ
Ô±¸¶¥·¨³¥´É .

‘ ´ Î ²  50-Ì ££. ¶·μÏ²μ£μ ¸Éμ²¥É¨Ö ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢
nn-¢§ ¨³μ¤¥°¸É¢¨Ö μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö Ö¤¥·´Ò¥ ·¥ ±Í¨¨, ¶·¨¢μ¤ÖÐ¨¥ ± μ¡· §μ¢ ´¨Õ
¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¤¢ÊÌ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ´¥°É·μ´μ¢. �μ¤·μ¡´Ò° μ¡§μ· Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¨ É¥μ·¥É¨Î¥¸±¨Ì ³¥Éμ¤μ¢ μ¶·¥¤¥²¥´¨Ö ´¥°É·μ´-´¥°É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö
ann ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔÉ¨Ì ·¥ ±Í¨° ¤ ´ ¢ · ¡μÉ Ì [2Ä4,16]. �¥¢μ§³μ¦´μ¸ÉÓ ¸É·μ£μ£μ
É¥μ·¥É¨Î¥¸±μ£μ  ´ ²¨§  Ô±¸¶¥·¨³¥´Éμ¢ ¶μ μ¶·¥¤¥²¥´¨Õ ´¥°É·μ´-´¥°É·μ´´μ° ¤²¨´Ò · ¸-
¸¥Ö´¨Ö ann ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê · §¡·μ¸Ê ¥¥ §´ Î¥´¨°: μÉ ann = −14 ”³ ¤μ
ann = −25 ”³ [2, 3, 16]. �·¨ É ±μ° ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¢ ¤²¨´ Ì nn-· ¸¸¥Ö´¨Ö, ´ °¤¥´-
´ÒÌ ¨§ Ö¤¥·´ÒÌ ·¥ ±Í¨°, ´¥¢μ§³μ¦´μ μÉ¢¥É¨ÉÓ ´  ¢μ¶·μ¸ μ ¸É¥¶¥´¨ ´ ·ÊÏ¥´¨Ö § ·Ö¤μ¢μ°
¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨².

�μ³¨³μ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ μ¡· §μ¢ ´¨¥³ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¤¢ÊÌ ´¥°É·μ´μ¢,
¸ÊÐ¥¸É¢Ê¥É  ²ÓÉ¥·´ É¨¢´Ò° ¶ÊÉÓ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ ´ ·ÊÏ¥´¨¨ § ·Ö¤μ¢μ° ¸¨³-
³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨² ´  μ¸´μ¢¥  ´ ²¨§  · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ §¥·± ²Ó´ÒÌ Ö¤¥· 3H ¨
3He [1, 17Ä22]. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μ²ÊÎ¥´Ò ´ ¤¥¦´Ò¥ ·¥§Ê²ÓÉ ÉÒ
μ ¢±² ¤ Ì ¢ · §´μ¸ÉÓ Ô´¥·£¨° ¸¢Ö§¨ 3H ¨ 3He ±Ê²μ´μ¢¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ¤·Ê£¨Ì
Ô²¥±É·μ³ £´¨É´ÒÌ ÔËË¥±Éμ¢, ÔÉ  § ¤ Î  Ö¢²Ö¥É¸Ö Î·¥§¢ÒÎ °´μ  ±ÉÊ ²Ó´μ°. ‚ ´ ¸ÉμÖÐ¥°
· ¡μÉ¥ ´  μ¸´μ¢¥ ¶·μ¸ÉÒÌ Ë¨§¨Î¥¸±¨Ì ¶·¥¤¶μ²μ¦¥´¨° Ê¸É ´μ¢²¥´  ¸¢Ö§Ó ³¥¦¤Ê ¢¥²¨Î¨-
´ ³¨, Ì · ±É¥·¨§ÊÕÐ¨³¨ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ ¢ ¸¨¸É¥³ Ì ¤¢ÊÌ ¨ É·¥Ì ´Ê-
±²μ´μ¢, ±μÉμ· Ö ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ §´ Î¥´¨¥ Ô´¥·£¨¨ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö nn-¸¨¸É¥³Ò
εnn. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨Ö Ô´¥·£¨¨ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö εnn ¸ ÊÎ¥Éμ³ · ¢¥´¸É¢  · -
¤¨Ê¸μ¢ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² ¤²Ö pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨° (Rnn = Rpp) μ¶·¥¤¥²¥´Ò §´ -
Î¥´¨Ö ¤²¨´Ò ´¥°É·μ´-´¥°É·μ´´μ£μ · ¸¸¥Ö´¨Ö ann ¨ ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  · ¸¸¥Ö´¨Ö rnn.

1. �“Š‹��-�“Š‹����… ‚‡�ˆŒ�„…‰‘’‚ˆ…

ˆ¸¸²¥¤μ¢ ´¨¥ NN -¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¸¨´£²¥É´μ³ ¸¶¨´μ¢μ³ ¸μ¸ÉμÖ´¨¨ 1S0 Ö¢²Ö¥É¸Ö
¢ ¦´Ò³ ¢ ¸¢Ö§¨ ¸ ¶·μ¢¥·±μ° £¨¶μÉ¥§Ò μ § ·Ö¤μ¢μ° ´¥§ ¢¨¸¨³μ¸É¨ ¨ § ·Ö¤μ¢μ° ¸¨³³¥-
É·¨¨ Ö¤¥·´ÒÌ ¸¨². „²Ö μ¶¨¸ ´¨Ö NN -¢§ ¨³μ¤¥°¸É¢¨Ö ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ´¥²μ± ²Ó´Ò°
¸¥¶ · ¡¥²Ó´Ò° ¶μÉ¥´Í¨ ² 	¥´¤¥·  [23], ±μÉμ·Ò° ¢ ¨³¶Ê²Ó¸´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¨³¥¥É ¢¨¤

V (k, k′) = − λ

4π2μ
g(kR)g(k′R), (1)

£¤¥

g(kR) =
1√

1 + k2R2
. (2)

�μÉ¥´Í¨ ² (1) μ¶¨¸Ò¢ ¥É ¸¢Ö§ ´´μ¥ ²¨¡μ ¢¨·ÉÊ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥ ¸¨¸É¥³Ò ¤¢ÊÌ ´Ê±²μ´μ¢ ¨
· ¸¸¥Ö´¨¥ ´Ê±²μ´  ´  ´Ê±²μ´¥ ¢ μ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨° (μ Å ¶·¨¢¥¤¥´´ Ö ³ ¸¸  ¸¨¸É¥³Ò
¤¢ÊÌ ´Ê±²μ´μ¢; k Å ¢μ²´μ¢μ¥ Î¨¸²μ, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ μÉ´μ¸¨É¥²Ó´μ³Ê ¤¢¨¦¥´¨Õ ¤¢ÊÌ
´Ê±²μ´μ¢). „ ´´Ò° ¶μÉ¥´Í¨ ² ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ÉμÎ´μ¥ ·¥Ï¥´¨¥ § ¤ Î¨ ¤¢ÊÌ ´Ê±²μ´μ¢ ¢
¶·μ¸Éμ³  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥. ‚§ ¨³μ¤¥°¸É¢¨¥ (1) Ì · ±É¥·¨§Ê¥É¸Ö ¤¢Ê³Ö ¶ · ³¥É· ³¨ Å
±μ´¸É ´Éμ° ¸¢Ö§¨ λ ¨ · ¤¨Ê¸μ³ R. ”μ·³Ë ±Éμ· g (kR) ¶·¨ ÔÉμ³ μ¶·¥¤¥²Ö¥É Ëμ·³Ê
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´Ê±²μ´-´Ê±²μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ¤²Ö Ê¤μ¡¸É¢  ´μ·³¨·μ¢ ´ É ±¨³ μ¡· §μ³, ÎÉμ ¶·¨
k = 0 ¶·¨´¨³ ¥É §´ Î¥´¨¥, · ¢´μ¥ ¥¤¨´¨Í¥ (g(0) = 1).

�μÉ¥´Í¨ ²Ê (1), (2) ¢ ÉμÎ´μ¸É¨ ¸μμÉ¢¥É¸É¢Ê¥É Ìμ·μÏμ ¨§¢¥¸É´μ¥ ¶·¨¡²¨¦¥´¨¥ ÔËË¥±-
É¨¢´μ£μ · ¤¨Ê¸  [24Ä28]

k ctg δ = −1
a

+
1
2
r0k

2, (3)

±μÉμ·μ¥ Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ Ê¤μ¡´Ò³ ¨ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³Ò³ ³¥Éμ¤μ³  ´ ²¨§  Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ NN -· ¸¸¥Ö´¨Õ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ. „²¨´  · ¸¸¥Ö´¨Ö a ¨
ÔËË¥±É¨¢´Ò° · ¤¨Ê¸ r0 ¶·¨ ÔÉμ³ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¶ · ³¥É·Ò λ
¨ R ¶μÉ¥´Í¨ ² :

1
a

=
1
R

− 1
λ

, (4)

r0 =
2R2

λ
. (5)

�·¨ λ > 0 ¶μÉ¥´Í¨ ² (1) ¢ ¸μ¸ÉμÖ´¨¨ 1S0 ¤μ¶Ê¸± ¥É ´ ²¨Î¨¥ μ¤´μ£μ ¢¨·ÉÊ ²Ó´μ£μ ¸μ¸Éμ-
Ö´¨Ö ¸ Ô´¥·£¨¥°

ε =
�

2α2

2μ
, (6)

£¤¥ ¢μ²´μ¢μ¥ Î¨¸²μ ¸¨¸É¥³Ò ¤¢ÊÌ ´Ê±²μ´μ¢ α < 0. ‚ ¸²ÊÎ ¥, ¥¸²¨ Ëμ·³  ¶μÉ¥´Í¨ ² 
μ¶·¥¤¥²Ö¥É¸Ö ËÊ´±Í¨¥° (2), ¢μ²´μ¢μ¥ Î¨¸²μ α ¸¢Ö§ ´μ ¸ ¢¥²¨Î¨´ ³¨ λ ¨ R ¸μμÉ´μÏ¥´¨¥³

λ = R(1 + αR). (7)

‚ ¸²ÊÎ ¥ ¶·¨¡²¨¦¥´¨Ö (3) ¨§ Ëμ·³Ê² (4), (5) ¨ (7) ¸²¥¤ÊÕÉ ¸μμÉ´μÏ¥´¨Ö, ¸¢Ö§Ò¢ ÕÐ¨¥
´¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ NN -¸¨¸É¥³Ò ¸ · ¤¨Ê¸μ³ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² R:

a =
1
α

+ R, (8)

r0 =
2R

1 + αR
, (9)

R2 − aR +
1
2
ar0 = 0. (10)

‘μμÉ´μÏ¥´¨Ö (8)Ä(10) ¶μ§¢μ²ÖÕÉ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨° · ¤¨Ê¸  ¢§ ¨³μ¤¥°¸É¢¨Ö R
¨ Ô´¥·£¨¨ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö (6) μ¶·¥¤¥²¨ÉÓ §´ Î¥´¨Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢
NN -· ¸¸¥Ö´¨Ö Å ¤²¨´Ò · ¸¸¥Ö´¨Ö a ¨ ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  r0.

‘μ£² ¸´μ ³¥§μ´´μ° É¥μ·¨¨ 
± ¢Ò ¸¨²Ó´μ¥ Ö¤¥·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê ¤¢Ê³Ö ´Ê-
±²μ´ ³¨ μ¡Ê¸²μ¢²¥´μ ¢ μ¸´μ¢´μ³ μ¡³¥´μ³ ¢¨·ÉÊ ²Ó´Ò³¨ π-³¥§μ´ ³¨, ±μÉμ·Ò° μ¶·¥-
¤¥²Ö¥É ¤ ²Ó´μ¤¥°¸É¢ÊÕÐÊÕ Î ¸ÉÓ NN -¢§ ¨³μ¤¥°¸É¢¨Ö ¨, ¸μμÉ¢¥É¸É¢¥´´μ, · ¸¸¥Ö´¨¥ ¶·¨
¸ ³ÒÌ ´¨§±¨Ì Ô´¥·£¨ÖÌ. �·¨ ÔÉμ³ · ¤¨Ê¸ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²¥´
³ ¸¸¥ π-³¥§μ´  ¨ Ö¢²Ö¥É¸Ö ³ ²μ° ¢¥²¨Î¨´μ°:

R � �

mπc
≈ 1,46 ”³. (11)

�μ¸±μ²Ó±Ê μ¤¨´ ±μ¢Ò¥ ´Ê±²μ´Ò (nn ¨ pp) μ¡³¥´¨¢ ÕÉ¸Ö μ¤´¨³ ¨ É¥³ ¦¥ ´¥°É· ²Ó´Ò³
π0-³¥§μ´μ³, ¥¸É¥¸É¢¥´´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ · ¤¨Ê¸Ò nn- ¨ pp-¢§ ¨³μ¤¥°¸É¢¨° · ¢´Ò
³¥¦¤Ê ¸μ¡μ° [29]:

Rnn = Rpp. (12)
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2. �ˆ‡Š���…�ƒ…’ˆ—…‘Šˆ… ����Œ…’�› �“Š‹��-�“Š‹����ƒ�
‚‡�ˆŒ�„…‰‘’‚ˆŸ ‚ ‘ˆ�ƒ‹…’��Œ ‘�ˆ��‚�Œ ‘�‘’�Ÿ�ˆˆ 1S0

�¤´¨³ ¨§ ³¥Éμ¤μ¢ ¶·μ¢¥·±¨ £¨¶μÉ¥§Ò § ·Ö¤μ¢μ° ´¥§ ¢¨¸¨³μ¸É¨ ¨ § ·Ö¤μ¢μ° ¸¨³³¥-
É·¨¨ Ö¤¥·´ÒÌ ¸¨² Ö¢²Ö¥É¸Ö ¸· ¢´¥´¨¥ ¤²¨´ · ¸¸¥Ö´¨Ö a ¨ ÔËË¥±É¨¢´ÒÌ · ¤¨Ê¸μ¢ r0 np-,
pp- ¨ nn-· ¸¸¥Ö´¨Ö ¢ ¸¨´£²¥É´μ³ ¸μ¸ÉμÖ´¨¨ 1S0. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¤²Ö · §²¨Î´ÒÌ ¶ · ´Ê±²μ-
´μ¢ ³μ¦´μ ¸· ¢´¨¢ ÉÓ É ±¦¥ §´ Î¥´¨Ö Ô´¥·£¨° ε ¢¨·ÉÊ ²Ó´ÒÌ Ê·μ¢´¥° ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¸¨¸É¥³ [29].

• · ±É¥·¨¸É¨±¨ np- ¨ pp-¸¨¸É¥³ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ μ¶·¥¤¥²ÖÕÉ¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ
¨§ Ô±¸¶¥·¨³¥´É  [30, 31]:

anp = −23,748(9) ”³, rnp = 2,75(5) ”³, (13)

aexp
pp = −7,8063(26) ”³, rexp

pp = 2,794(14) ”³. (14)

„²Ö ¶· ¢¨²Ó´μ£μ ¸· ¢´¥´¨Ö ¶ · ³¥É·μ¢ np- ¨ pp-· ¸¸¥Ö´¨Ö ´¥μ¡Ìμ¤¨³μ ¨§ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ §´ Î¥´¨° Ö¤¥·´μ-±Ê²μ´μ¢¸±¨Ì ¶ · ³¥É·μ¢ pp-· ¸¸¥Ö´¨Ö (14) ¨¸±²ÕÎ¨ÉÓ ¶μ-
¶· ¢±¨, μ¡Ê¸²μ¢²¥´´Ò¥ Ô²¥±É·μ³ £´¨É´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³. �μ¸²¥ ¨¸±²ÕÎ¥´¨Ö ¶μ¶· ¢μ±
´  ±Ê²μ´μ¢¸±μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥, ¢§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê ³ £´¨É´Ò³¨ ³μ³¥´É ³¨ ¨ ¶μ²Ö-
·¨§ Í¨Õ ¢ ±ÊÊ³  ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö Î¨¸Éμ Ö¤¥·´ÒÌ ¤²¨´Ò · ¸¸¥Ö´¨Ö app ¨ ÔËË¥±É¨¢´μ£μ
· ¤¨Ê¸  rpp ¤²Ö pp-· ¸¸¥Ö´¨Ö [5]:

app = −17,3(4)”³, rpp = 2,85(4) ”³. (15)

�μ£·¥Ï´μ¸É¨ ¢¥²¨Î¨´ app ¨ rpp ¸¢Ö§ ´Ò ¢ μ¸´μ¢´μ³ ¸ ¶·μÍ¥¤Ê·μ° ¨¸±²ÕÎ¥´¨Ö ¨§ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢ pp-· ¸¸¥Ö´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ¶· ¢μ±, ±μÉμ·Ò¥
Ö¢²ÖÕÉ¸Ö ³μ¤¥²Ó´μ-§ ¢¨¸¨³Ò³¨. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨° (13) ¨ (15) ¢ ¸μμÉ¢¥É¸É¢¨¨
¸ Ëμ·³Ê² ³¨ (6), (8) ¨ (9) ¶μ²ÊÎ¨³ §´ Î¥´¨Ö ¢¨·ÉÊ ²Ó´ÒÌ Ê·μ¢´¥° np- ¨ pp-¸¨¸É¥³:

εnp = 66,08(17) ±Ô‚, (16)

εpp = 119,6(56) ±Ô‚. (17)

’ ±¨³ μ¡· §μ³, ¸ÊÐ¥¸É¢Ê¥É · §´¨Í  ¢ ¤²¨´ Ì pp- ¨ np-· ¸¸¥Ö´¨Ö

ΔaCIB ≡ app − anp = 6,45(41) ”³. (18)

ˆ³¥¥É¸Ö É ±¦¥ · §´μ¸ÉÓ ¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¨ ´¥°É·μ´-¶·μÉμ´´ÒÌ ÔËË¥±É¨¢´ÒÌ · ¤¨-
Ê¸ Ì ¨ ¢¨·ÉÊ ²Ó´ÒÌ Ê·μ¢´ÖÌ:

ΔrCIB ≡ rpp − rnp = 0,1(1) ”³, (19)

ΔεCIB ≡ εpp − εnp = 53,6(57) ±Ô‚. (20)

‘²¥¤μ¢ É¥²Ó´μ, · §´¨Í  ¤²Ö ¤²¨´ pp- ¨ np-· ¸¸¥Ö´¨Ö ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì ¸μ¸É -
¢²Ö¥É ¢¥²¨Î¨´Ê ∼ 30%,   · §´¨Í  ¤²Ö ÔËË¥±É¨¢´ÒÌ · ¤¨Ê¸μ¢ ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨-
´¨Í Ì Å ¢¥²¨Î¨´Ê ∼ 4%. ‡´ Î¥´¨¥ ¦¥ Ô´¥·£¨¨ Î¨¸Éμ Ö¤¥·´μ£μ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö
pp-¸¨¸É¥³Ò ¶·¥¢ÒÏ ¥É §´ Î¥´¨¥ Ô´¥·£¨¨ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö np-¸¨¸É¥³Ò ´  80 %. ‚¸¥
ÔÉμ Ê± §Ò¢ ¥É ´  ¸ÊÐ¥¸É¢¥´´μ¥ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ´¥§ ¢¨¸¨³μ¸É¨ Ö¤¥·´ÒÌ ¸¨² ¶·¨
³ ²ÒÌ Ô´¥·£¨ÖÌ. �¤´ ±μ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ´¥§ ¢¨¸¨³μ¸É¨ Ö¤¥·´ÒÌ ¸¨² ´¥ ¨¸±²ÕÎ ¥É
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¢μ§³μ¦´μ¸É¨ ¸μÌ· ´¥´¨Ö § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨². �·¨ ÔÉμ³ ¤²Ö ¶·μ¢¥·±¨ £¨-
¶μÉ¥§Ò § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨² ±· °´¥ ¢ ¦´Ò³¨ Ö¢²ÖÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¨ É¥μ·¥É¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ¤μ¸É ÉμÎ´μ ÉμÎ´Ò³ μ¶·¥¤¥²¥´¨¥³ ´¨§±μÔ´¥·-
£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¶·μÉμ´-¶·μÉμ´´μ£μ ¨ ´¥°É·μ´-´¥°É·μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨°.

‚ Éμ ¢·¥³Ö ± ± ´¥°É·μ´-¶·μÉμ´´Ò¥ ¨ ¶·μÉμ´-¶·μÉμ´´Ò¥ ¶ · ³¥É·Ò ³μ£ÊÉ ¡ÒÉÓ ¶μ²Ê-
Î¥´Ò ´¥¶μ¸·¥¤¸É¢¥´´μ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ, ¶·Ö³μ¥ μ¶·¥-
¤¥²¥´¨¥ ´¥°É·μ´-´¥°É·μ´´ÒÌ ¶ · ³¥É·μ¢ ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ´¥°É·μ´´ÒÌ ³¨Ï¥´¥° ¶μ± 
Ö¢²Ö¥É¸Ö ´¥¢μ§³μ¦´Ò³. „²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ nn-· ¸¸¥Ö´¨Ö
μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¤¢ÊÌ ´¥°-
É·μ´μ¢. �·¨³¥· ³¨ É ±¨Ì ·¥ ±Í¨° Ö¢²ÖÕÉ¸Ö: π− +d −→ γ +n+n ¨ n+d −→ p+n+n.
�·¨  ´ ²¨§¥ ÔÉ¨Ì ·¥ ±Í¨°, ± ± ¶· ¢¨²μ, μ¶·¥¤¥²Ö¥É¸Ö ´¥°É·μ´-´¥°É·μ´´ Ö ¤²¨´  · ¸¸¥-
Ö´¨Ö ann. �ËË¥±É¨¢´Ò¥ · ¤¨Ê¸Ò pp- ¨ nn-· ¸¸¥Ö´¨Ö ¶· ±É¨Î¥¸±¨ μ± §Ò¢ ÕÉ¸Ö · ¢´Ò³¨
³¥¦¤Ê ¸μ¡μ°, ¶μ¸±μ²Ó±Ê pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨Ö μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö §  ¸Î¥É μ¡³¥´  μ¤´¨³
¨ É¥³ ¦¥ ´¥°É· ²Ó´Ò³ π0-³¥§μ´μ³, ³ ¸¸  ±μÉμ·μ£μ μ¶·¥¤¥²Ö¥É · ¤¨Ê¸ ¢§ ¨³μ¤¥°¸É¢¨Ö R.
Š ± ¸²¥¤Ê¥É ¨§ ´ Ï¥° · ¡μÉÒ [29], ÔËË¥±É¨¢´Ò¥ · ¤¨Ê¸Ò NN -¢§ ¨³μ¤¥°¸É¢¨Ö ´  90%
μ¶·¥¤¥²ÖÕÉ¸Ö · ¤¨Ê¸μ³ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² R, ±μÉμ·Ò° ¤²Ö pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨°
μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²¥´ ³ ¸¸¥ π0-³¥§μ´  ¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê² ³¨ (8)Ä(10), (12) ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¶ · ³¥É·μ¢ (15) · ¢¥´

R = Rpp = Rnn = 1,3237(194)”³. (21)

� Î¨´ Ö ¸ 1960-Ì ££. μ¶Ê¡²¨±μ¢ ´μ ¡μ²ÓÏμ¥ Î¨¸²μ · ¡μÉ, ¶μ¸¢ÖÐ¥´´ÒÌ μ¶·¥¤¥²¥´¨Õ
¤²¨´Ò · ¸¸¥Ö´¨Ö ´¥°É·μ´  ´  ´¥°É·μ´¥ ann ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨Ì ±
μ¡· §μ¢ ´¨Õ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ¤¢ÊÌ ´¥°É·μ´μ¢. �´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²Ó-
É Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö, ¶·¨¢μ¤¨É ± ¤¢Ê³ §´ Î¥´¨Ö³ ´¥°É·μ´-´¥°É·μ´´μ°
¤²¨´Ò · ¸¸¥Ö´¨Ö: ann = −16,5(9) ”³ [32] ¨ ann = −18,7(7) ”³ [33]. ‘ÊÐ¥¸É¢¥´´μ¥
· ¸Ìμ¦¤¥´¨¥ ¢ §´ Î¥´¨ÖÌ ¤²¨´Ò · ¸¸¥Ö´¨Ö ann ¸¢Ö§ ´μ ± ± ¸ É·Ê¤´μ¸ÉÓÕ ¶μ¸É ´μ¢±¨ Ô±¸-
¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ ¢ÒÌμ¤  ·¥ ±Í¨° É¨¶  π−+d −→ γ+n+n ¨ n+d −→ p+n+n,
É ± ¨ ¸ É·Ê¤´μ¸ÉÓÕ É¥μ·¥É¨Î¥¸±μ£μ  ´ ²¨§  ¶μ¤μ¡´μ£μ É¨¶  Ô±¶¥·¨³¥´Éμ¢.

3. ���“˜…�ˆ… ‡��Ÿ„�‚�‰ ‘ˆŒŒ…’�ˆˆ Ÿ„…��›• ‘ˆ‹
‚ ‘ˆ‘’…Œ… ’�…• �“Š‹���‚

�·¨ ¸ÊÐ¥¸É¢ÊÕÐ¥° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¢ §´ Î¥´¨ÖÌ ´¥°É·μ´-´¥°-
É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö ann ´¥¢μ§³μ¦´μ μÉ¢¥É¨ÉÓ ´  ¢μ¶·μ¸ μ ¸É¥¶¥´¨ ´ ·ÊÏ¥´¨Ö
§ ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨². ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ ¤ ´´μ° · ¡μÉ¥ ¤²Ö μÍ¥´±¨ ´ ·ÊÏ¥´¨Ö
§ ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨² ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ  ´ ²¨§ · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨
§¥·± ²Ó´ÒÌ Ö¤¥· 3H ¨ 3He. � §²¨Î¨¥ ¢ Ô´¥·£¨ÖÌ ¸¢Ö§¨ ÔÉ¨Ì Ö¤¥· ¸¢Ö§ ´μ ¢ μ¸´μ¢´μ³
¸ · §²¨Î¨¥³ pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨°. �´¥·£¨Ö ¸¢Ö§¨ Ö¤·  3H ¸μ¸É ¢²Ö¥É 8,482 ŒÔ‚,  
Ö¤·  3He Å 7,718 ŒÔ‚. ’ ±¨³ μ¡· §μ³, Ö¤·μ 3H Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¸¨²Ó´μ ¸¢Ö§ ´´Ò³, Î¥³
Ö¤·μ 3He. � §´μ¸ÉÓ Ô´¥·£¨° ¸¢Ö§¨ ÔÉ¨Ì Ö¤¥·

Δ ≡ B(3H) − B(3He) = 764 ±Ô‚ (22)

· ´ÓÏ¥ μ¡ÑÖ¸´Ö² ¸Ó Éμ²Ó±μ ´ ²¨Î¨¥³ ±Ê²μ´μ¢¸±μ£μ μÉÉ ²±¨¢ ´¨Ö ³¥¦¤Ê ¤¢Ê³Ö ¶·μÉμ-
´ ³¨ ¢ Ö¤·¥ 3He. �¤´ ±μ ´  μ¸´μ¢¥ ³´μ£μÎ¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ´ ¤¥¦´μ Ê¸É ´μ¢²¥´μ,
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ÎÉμ Éμ²Ó±μ ²¨ÏÓ 85% μÉ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ §´ Î¥´¨Ö ¢¥²¨Î¨´Ò Δ ¸μμÉ¢¥É¸É¢Ê¥É ¸É ´-
¤ ·É´μ³Ê ±Ê²μ´μ¢¸±μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ. �·μ¨¸Ìμ¦¤¥´¨¥ μ¸É ²Ó´ÒÌ 15 % μ¡Ê¸²μ¢²¥´μ
´ ²¨Î¨¥³ · §²¨Î´ÒÌ ¶μ¶· ¢μ±, É ±¨Ì ± ± ¢§ ¨³μ¤¥°¸É¢¨¥ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢, · §´μ¸ÉÓ
³ ¸¸ ³¥¦¤Ê ´¥°É·μ´μ³ ¨ ¶·μÉμ´μ³, ÔËË¥±É ¢ ±ÊÊ³´μ° ¶μ²Ö·¨§ Í¨¨, · §²¨Î¨¥ ´¥°É·μ´-
´¥°É·μ´´ÒÌ ¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ Ö¤¥·´ÒÌ ¸¨² (´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨).

� ¨¡μ²ÓÏ¨° ¢±² ¤ ¢ ¢¥²¨Î¨´Ê Δ ¢´μ¸¨É ±Ê²μ´μ¢¸±μ¥ μÉÉ ²±¨¢ ´¨¥ ³¥¦¤Ê ¶·μÉμ-
´ ³¨ ¢ Ö¤·¥ 3He. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸ ÊÎ¥Éμ³ ±μ´¥Î´μ¸É¨ · §³¥·μ¢ ¶·μÉμ´  ´ ¤¥¦´μ
Ê¸É ´μ¢²¥´μ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³μ¥ §´ Î¥´¨¥ ±Ê²μ´μ¢¸±μ° Ô´¥·£¨¨ Ö¤·  3He [19, 20, 22]

ΔC = 648(4) ±Ô‚, (23)

±μÉμ·μ¥ μÎ¥´Ó Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ´ °¤¥´´Ò³ ¢ · ¡μÉ¥ [34] §´ Î¥´¨¥³ 652 ±Ô‚. ‘Ê³³ 
¢±² ¤μ¢ ¤·Ê£¨Ì Ô²¥±É·μ³ £´¨É´ÒÌ ÔËË¥±Éμ¢ ¢ ¢¥²¨Î¨´Ê Δ Ö¢²Ö¥É¸Ö ³ ²μ° ¨ ¸μ¸É -
¢²Ö¥É [20, 21]

Δother = 34(2) ±Ô‚. (24)

’ ±¨³ μ¡· §μ³, ¸Ê³³  ¢¸¥Ì · ¸¸Î¨É ´´ÒÌ ¢ [20, 21] Ô²¥±É·μ³ £´¨É´ÒÌ ¢±² ¤μ¢ ¢ ¢¥²¨-
Î¨´Ê Δ · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ Ö¤¥· 3H ¨ 3He

ΔEM = 682(6) ±Ô‚. (25)

‡´ Î¥´¨¥ ΔEM ¢¥²¨Î¨´Ò Ô²¥±É·μ³ £´¨É´ÒÌ ¢±² ¤μ¢ (25) Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥-
´¨¥³ ÔÉμ° ¢¥²¨Î¨´Ò ΔEM = 693(24) ±Ô‚, ±μÉμ·μ¥ ¶·¨¢μ¤¨É¸Ö ¢ · ¡μÉ Ì [5, 9]. ‘²¥-
¤μ¢ É¥²Ó´μ, ¢±² ¤ Ô²¥±É·μ³ £´¨É´ÒÌ ÔËË¥±Éμ¢ ¢ · §´μ¸ÉÓ Ô´¥·£¨° ¸¢Ö§¨ Ö¤¥· 3H ¨ 3He
μ± §Ò¢ ¥É¸Ö ³¥´ÓÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ §´ Î¥´¨Ö (22). � §´μ¸ÉÓ ³¥¦¤Ê Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³ §´ Î¥´¨¥³ Δ (22) ¨ ¢¥²¨Î¨´μ° Ô²¥±É·μ³ £´¨É´ÒÌ ¢±² ¤μ¢ ΔEM (25) Ö¢²Ö¥É¸Ö
¢±² ¤μ³, ±μÉμ·Ò° ¸μμÉ¢¥É¸É¢Ê¥É ´ ·ÊÏ¥´¨Õ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ ¢ Ö¤· Ì 3H ¨ 3He,

ΔCSB = Δ − ΔEM = 82(6) ±Ô‚, (26)

ÎÉμ ´ Ìμ¤¨É¸Ö ¢ μÎ¥´Ó Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ¢±² ¤μ³ ΔCSB = 81(29) ±Ô‚, ¶μ²ÊÎ¥´´Ò³
· ´¥¥ P. 	· ´¤¥´¡Ê·£μ³ ¨ ¤·. [18].

’ ±¨³ μ¡· §μ³, ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ §¥·± ²Ó´ÒÌ Ö¤¥· 3H ¨
3He ¶μ± §Ò¢ ÕÉ, ÎÉμ Î¨¸Éμ Ö¤¥·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶·¨¢μ¤¨É ± Ô´¥·£¨¨ ¸¢Ö§¨ ´Ê±²μ-
´μ¢ ¢ Ö¤·¥ 3He ´  82 ±Ô‚ ³¥´ÓÏ¥, Î¥³ ¢ Ö¤·¥ 3H. �μ¸²¥¤´¨° Ë ±É ¸¢¨¤¥É¥²Ó¸É¢Ê¥É
μ Éμ³, ÎÉμ ¸¨²Ò Î¨¸Éμ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ¤¢Ê³Ö ¶·μÉμ´ ³¨ ³¥´ÓÏ¥ ¸¨²
Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ¤¢Ê³Ö ´¥°É·μ´ ³¨. Šμ²¨Î¥¸É¢¥´´μ° ³¥·μ° Ö¤¥·´ÒÌ ¸¨²
pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨° Ö¢²Ö¥É¸Ö Ô´¥·£¨Ö ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö pp- ¨ nn-¸¨¸É¥³. �·¨
ÔÉμ³ ³¥´ÓÏ¨³ §´ Î¥´¨Ö³ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö ¸μμÉ¢¥É¸É¢ÊÕÉ ¡�o²ÓÏ¨¥ ¸¨²Ò ¢§ ¨³μ¤¥°-
¸É¢¨Ö ³¥¦¤Ê ¤¢Ê³Ö ´Ê±²μ´ ³¨. ‘²¥¤μ¢ É¥²Ó´μ, ¢ ¸²ÊÎ ¥ pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨° ¤μ²¦´μ
¢Ò¶μ²´ÖÉÓ¸Ö ´¥· ¢¥´¸É¢μ

εnn < εpp = 119,6(56) ±Ô‚, (27)

²¨¡μ ¢ É¥·³¨´ Ì ¤²¨´ · ¸¸¥Ö´¨Ö app ¨ ann

|ann| > |app| = 17,3(4) ”³. (28)

ˆ´ Î¥ £μ¢μ·Ö, ¸ ÊÎ¥Éμ³ §´ ±  ´¥°É·μ´-´¥°É·μ´´ Ö ¤²¨´  · ¸¸¥Ö´¨Ö Ö¢²Ö¥É¸Ö ¡μ²¥¥ μÉ-
·¨Í É¥²Ó´μ°, Î¥³ ¶·μÉμ´-¶·μÉμ´´ Ö ¤²¨´  · ¸¸¥Ö´¨Ö, ¨ ¶·¨ÉÖ¦¥´¨¥ ³¥¦¤Ê ¤¢Ê³Ö ´¥°-
É·μ´ ³¨ Ö¢²Ö¥É¸Ö, ¸²¥¤μ¢ É¥²Ó´μ, ´¥¸±μ²Ó±μ ¡�o²ÓÏ¨³, Î¥³ ³¥¦¤Ê ¤¢Ê³Ö ¶·μÉμ´ ³¨, ÎÉμ



� §´μ¸ÉÓ Ô´¥·£¨° ¸¢Ö§¨ 3H ¨ 3He ¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ ¶ · ³¥É·Ò nn-· ¸¸¥Ö´¨Ö 911

¨ ¶·¨¢μ¤¨É ± ¡μ²ÓÏ¥° ¸¢Ö§ ´´μ¸É¨ Ö¤·  3H ¶μ ¸· ¢´¥´¨Õ ¸ 3He. ‚¸²¥¤¸É¢¨¥ ¢ÒÏ¥¸± -
§ ´´μ£μ §´ Î¥´¨¥ ¤²¨´Ò nn-· ¸¸¥Ö´¨Ö ann = −16,5(9) ”³ [32], ´ °¤¥´´μ¥ ¢ ¶μ¸²¥¤´¥¥
¢·¥³Ö ¢ ·¥ ±Í¨¨ nd-· §¢ ² , ¢ μÉ²¨Î¨¥ μÉ §´ Î¥´¨Ö ann = −18,7(7) ”³ [33], ¶·μÉ¨¢μ·¥-
Î¨É ·¥§Ê²ÓÉ É ³  ´ ²¨§  · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ Ö¤¥· 3H ¨ 3He.

4. ���…„…‹…�ˆ… �ˆ‡Š���…�ƒ…’ˆ—…‘Šˆ• ����Œ…’��‚
�…‰’���-�…‰’�����ƒ� ��‘‘…Ÿ�ˆŸ

� ¨¡μ²¥¥ ¥¸É¥¸É¢¥´´μ¥ μ¡ÑÖ¸´¥´¨¥ · §´μ¸É¨ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨¥³ Δ
¨ ¢¥²¨Î¨´μ° Ô²¥±É·μ³ £´¨É´ÒÌ ¢±² ¤μ¢ ΔEM ¸μ¸Éμ¨É ¢ · §²¨Î¨¨ ´¥°É·μ´-´¥°É·μ´´μ£μ
¨ ¶·μÉμ´-¶·μÉμ´´μ£μ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨°. �μ²μ¦¨É¥²Ó´Ò° §´ ± ¢±² ¤  ΔCSB Ê± -
§Ò¢ ¥É ´  Éμ, ÎÉμ ¶·μÉμ´-¶·μÉμ´´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¸² ¡¥¥ ´¥°É·μ´-´¥°É·μ´´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö. ‘μ£² ¸´μ ¸μ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ · §²¨Î¨¥ Ö¤¥·´ÒÌ pp- ¨ nn-¸¨²
¸¢Ö§ ´μ ¸ ±¢ ·±μ¢Ò³¨ ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò [5, 6].

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ Î·¥§¢ÒÎ °´μ  ±ÉÊ ²Ó´Ò³ Ö¢²Ö¥É¸Ö Ê¸É ´μ¢²¥´¨¥ ¨ ¨¸¸²¥¤μ¢ ´¨¥ ¸¢Ö§¨
¢¥²¨Î¨´, Ì · ±É¥·¨§ÊÕÐ¨Ì ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ ¢ Ö¤· Ì 3H ¨ 3He, ¸ Î¨¸Éμ
Ö¤¥·´Ò³¨ ¶ · ³¥É· ³¨ pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨°. „²Ö ±μ²¨Î¥¸É¢¥´´μ° μÍ¥´±¨ ´ ·ÊÏ¥´¨Ö
§ ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨² ¢ ´Ê±²μ´-´Ê±²μ´´μ° ¸¨¸É¥³¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡Ê¤¥³
¨¸¶μ²Ó§μ¢ ÉÓ · §´μ¸ÉÓ Ô´¥·£¨° ¢¨·ÉÊ ²Ó´ÒÌ Ê·μ¢´¥° pp- ¨ nn-¸¨¸É¥³ εpp ¨ εnn:

ΔεCSB = εpp − εnn. (29)

‚ ¶·¥¤¶μ²μ¦¥´¨¨ μ ¤¢ÊÌÎ ¸É¨Î´μ³ Ì · ±É¥·¥ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢¥²¨Î¨´Ò,
Ì · ±É¥·¨§ÊÕÐ¨¥ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ ¢ ¸¨¸É¥³ Ì ¤¢ÊÌ ¨ É·¥Ì ´Ê±²μ´μ¢,
¤μ²¦´Ò ¡ÒÉÓ · ¢´Ò ³¥¦¤Ê ¸μ¡μ° ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì:

εpp − εnn

εpp
=

Δ − ΔEM

Δ
. (30)

ˆ§ Ëμ·³Ê²Ò (30) ´¥¶μ¸·¥¤¸É¢¥´´μ ¸²¥¤Ê¥É ¸μμÉ´μÏ¥´¨¥ ¤²Ö Ô´¥·£¨¨ ´¥°É·μ´-´¥°É·μ´-
´μ£μ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö εnn:

εnn =
ΔEM

Δ
εpp. (31)

ˆ¸¶μ²Ó§ÊÖ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ (22) · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ Ö¤¥· 3H ¨ 3He
¨ §´ Î¥´¨Ö (17) ¨ (25) ¢¥²¨Î¨´ εpp ¨ ΔEM, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê²μ° (31) ¶μ²ÊÎ ¥³
§´ Î¥´¨¥ Ô´¥·£¨¨ ´¥°É·μ´-´¥°É·μ´´μ£μ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö

εnn = 106,8(60) ±Ô‚, (32)

±μÉμ·μ³Ê ¸μμÉ¢¥É¸É¢Ê¥É §´ Î¥´¨¥ ¢μ²´μ¢μ£μ Î¨¸² 

αnn = −0,05077(144) ”³−1. (33)

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê² ³¨ (8), (9), (12) ¨ (21) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨Ö ¢μ²´μ¢μ£μ
Î¨¸²  nn-¸¨¸É¥³Ò (33) ¶μ²ÊÎ¨³ §´ Î¥´¨Ö ´¥°É·μ´-´¥°É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö ann ¨
ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  rnn:

ann = −18,38(55) ”³, (34)

rnn = 2,84(4) ”³. (35)
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‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê² ³¨ (15) ¨ (34), (35) · §´μ¸É¨ ³¥¦¤Ê ´¨§±μÔ´¥·£¥É¨Î¥¸±¨³¨
¶ · ³¥É· ³¨ ¶·μÉμ´-¶·μÉμ´´μ£μ ¨ ´¥°É·μ´-´¥°É·μ´´μ£μ · ¸¸¥Ö´¨Ö ¸μ¸É ¢²ÖÕÉ

ΔaCSB = 1,08(15) ”³, (36)

ΔrCSB = 0,01 ”³, (37)

ÎÉμ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ΔaCSB ≈ 1 ”³ ¨ ΔrCSB ∼ 0,02 ”³, ¶μ²ÊÎ¥´´Ò³¨
¢ · ¡μÉ Ì [7Ä9] ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨²
μ¶·¥¤¥²Ö¥É¸Ö μ¡³¥´μ³ ¸³¥Ï ´´Ò³¨ ³¥§μ´ ³¨ ρ − ω. �μ²ÊÎ¥´´Ò¥ ´ ³¨ §´ Î¥´¨Ö (34)
¨ (35) ¢¥²¨Î¨´ ann ¨ rnn ´ Ìμ¤ÖÉ¸Ö ¢ μÎ¥´Ó Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
§´ Î¥´¨Ö³¨ ÔÉ¨Ì ¢¥²¨Î¨´

ann = −18,6(5) ”³, (38)

rnn = 2,83(11) ”³, (39)

´ °¤¥´´Ò³¨ ¢ · ¡μÉ¥ [35] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ±Í¨¨ π− + d −→ γ + n + n.

‡�Š‹�—…�ˆ…

‚ ¶·¥¤¶μ²μ¦¥´¨¨ μ ¶ ·´μ³ Ì · ±É¥·¥ Ö¤¥·´ÒÌ ¸¨² ´  μ¸´μ¢¥  ´ ²¨§  · §´μ¸É¨ Ô´¥·-
£¨° ¸¢Ö§¨ Δ = 764 ±Ô‚ §¥·± ²Ó´ÒÌ Ö¤¥· 3H ¨ 3He Ê¸É ´μ¢²¥´  ¸¢Ö§Ó ³¥¦¤Ê ¢¥²¨Î¨-
´ ³¨, Ì · ±É¥·¨§ÊÕÐ¨³¨ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ° ¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨² ¢ ¸¨¸É¥³ Ì ¤¢ÊÌ
¨ É·¥Ì ´Ê±²μ´μ¢. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥±μ³¥´¤μ¢ ´´ÒÌ §´ Î¥´¨° Î¨¸Éμ Ö¤¥·´ÒÌ ¤²¨´Ò pp-
· ¸¸¥Ö´¨Ö app = −17,3(4) ”³ ¨ ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  rpp = 2,85(4) ”³ [5],   É ±¦¥ §´ -
Î¥´¨° ±Ê²μ´μ¢¸±μ° Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤¢ÊÌ ¶·μÉμ´μ¢ ¢ Ö¤·¥ 3He ΔC = 648(4) ±Ô‚
¨ Ô´¥·£¨¨ ¤·Ê£¨Ì Ô²¥±É·μ³ £´¨É´ÒÌ ÔËË¥±Éμ¢ Δother = 34(2) ±Ô‚ [20, 21] ¶μ²ÊÎ¥´μ
§´ Î¥´¨¥ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö ¸¨¸É¥³Ò ´¥°É·μ´Ä´¥°É·μ´ εnn = 106,8(60) ±Ô‚.

‘ ÊÎ¥Éμ³ · ¢¥´¸É¢  · ¤¨Ê¸μ¢ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² pp- ¨ nn-¢§ ¨³μ¤¥°¸É¢¨° (Rnn =
Rpp = 1,3237(194) ”³) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ §´ Î¥´¨Ö Ô´¥·£¨¨ ¢¨·ÉÊ ²Ó´μ£μ Ê·μ¢´Ö εnn =
106,8(60) ±Ô‚ · ¸¸Î¨É ´Ò §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ´¥°É·μ´-´¥°É·μ´´μ£μ · ¸¸¥Ö´¨Ö: ann =
−18,38(55) ”³ ¨ rnn = 2,84(4) ”³, ±μÉμ·Ò¥ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ -
Î¥´¨Ö³¨ ÔÉ¨Ì ¢¥²¨Î¨´ ann = −18,6(5) ”³ ¨ rnn = 2,83(11) ”³, μ¶·¥¤¥²¥´´Ò³¨ ¢
·¥ ±Í¨¨ π− + d −→ γ + n + n [35]. �μ²ÊÎ¥´´μ¥ ´ ³¨ §´ Î¥´¨¥ ´¥°É·μ´-´¥°É·μ´´μ°
¤²¨´Ò · ¸¸¥Ö´¨Ö ann = −18,38(55) ”³ É ±¦¥ ´ Ìμ¤¨É¸Ö ¢ ¸μ£² ¸¨¨ ¸μ §´ Î¥´¨Ö³¨
ann = −18,7(7) ”³ [33] ¨ ann = −18,50(53) ”³ [36]. ‚ Éμ ¦¥ ¢·¥³Ö ´ °¤¥´-
´μ¥ ´ ³¨ §´ Î¥´¨¥ ´ Ìμ¤¨É¸Ö ¢ ¶·μÉ¨¢μ·¥Î¨¨ ¸μ §´ Î¥´¨Ö³¨ ann = −16,2(3) ”³ [37]
¨ ann = −16,5(9) ”³ [32]. ‡´ Î¥´¨¥ ´¥°É·μ´-´¥°É·μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö ann =
−16,59(117) ”³, ±μÉμ·μ¥ ¡Ò²μ ¶μ²ÊÎ¥´μ ´ ³¨ ¢ · ¡μÉ¥ [29] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ · ¡μÉÒ [38], ´¥¸³μÉ·Ö ´  ¡μ²ÓÏ¨¥ ¶μ£·¥Ï´μ¸É¨, É ±¦¥ ¶·μ-
É¨¢μ·¥Î¨É §´ Î¥´¨Õ ann = −18,38(55) ”³, · ¸¸Î¨É ´´μ³Ê ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥. ’ ±¨³
μ¡· §μ³, §´ Î¥´¨Ö ann = −16,59(117) ”³ [29] ¨ ann = −16,5(9) ”³ [32] ¶·μÉ¨¢μ-
·¥Î É ·¥§Ê²ÓÉ É ³, ¶μ²ÊÎ¥´´Ò³ ´  μ¸´μ¢¥  ´ ²¨§  · §´μ¸É¨ Ô´¥·£¨° ¸¢Ö§¨ §¥·± ²Ó´ÒÌ
Ö¤¥· 3H ¨ 3He. �μ²ÊÎ¥´´ Ö ¢ · ¡μÉ¥ · §´μ¸ÉÓ ³¥¦¤Ê ¤²¨´ ³¨ pp- ¨ nn-· ¸¸¥Ö´¨Ö
ΔaCSB ≡ app − ann = 1,08(15) ”³ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨Ö³¨ ÔÉμ° ¢¥²¨Î¨´Ò
ΔaCSB = 0,87 ”³ ¨ ΔaCSB = 1,03 ”³, ±μÉμ·Ò¥ ¡Ò²¨ ´ °¤¥´Ò ¢ · ¡μÉ¥ [8] ¸μμÉ¢¥É-
¸É¢¥´´μ ¤²Ö ¶μÉ¥´Í¨ ²μ¢ RSC [39] ¨ TRS [40] ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ´ ·ÊÏ¥´¨¥ § ·Ö¤μ¢μ°
¸¨³³¥É·¨¨ Ö¤¥·´ÒÌ ¸¨² μ¶·¥¤¥²Ö¥É¸Ö μ¡³¥´μ³ ¸³¥Ï ´´Ò³¨ ³¥§μ´ ³¨ ρ−ω.



� §´μ¸ÉÓ Ô´¥·£¨° ¸¢Ö§¨ 3H ¨ 3He ¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ ¶ · ³¥É·Ò nn-· ¸¸¥Ö´¨Ö 913

� °¤¥´´μ¥ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  ´¥°É·μ´-´¥°É·μ´´μ£μ · ¸¸¥Ö´¨Ö rnn =
2,84(4) ”³ ¶· ±É¨Î¥¸±¨ μ± § ²μ¸Ó ¶μÎÉ¨ · ¢´Ò³ §´ Î¥´¨Õ Î¨¸Éμ Ö¤¥·´μ£μ ÔËË¥±É¨¢-
´μ£μ · ¤¨Ê¸  ¶·μÉμ´-¶·μÉμ´´μ£μ · ¸¸¥Ö´¨Ö rpp = 2,85(4) ”³ [5]. �·¨ ÔÉμ³ ¶μ²ÊÎ¥´-
´ Ö ¢¥²¨Î¨´  · §´μ¸É¨ ³¥¦¤Ê ÔËË¥±É¨¢´Ò³¨ · ¤¨Ê¸ ³¨ pp- ¨ nn-· ¸¸¥Ö´¨Ö ΔrCSB ≡
rpp − rnn = 0,01 ”³ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨¥³ ΔrCSB = 0,02 ”³, ¶μ²ÊÎ¥´´Ò³
¢ [8] ± ± ¸²¥¤¸É¢¨¥ μ¡³¥´  ¸³¥Ï ´´Ò³¨ ³¥§μ´ ³¨ ρ−ω. �μ²ÊÎ¥´´μ¥ ´ ³¨ §´ Î¥´¨¥
´¥°É·μ´-´¥°É·μ´´μ£μ ÔËË¥±É¨¢´μ£μ · ¤¨Ê¸  rnn = 2,84(4) ”³ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸μ
§´ Î¥´¨¥³ rnn = 2,83(11) ”³, ´¥¶μ¸·¥¤¸É¢¥´´μ μ¶·¥¤¥²¥´´Ò³ ¨§ Ô±¸¶¥·¨³¥´É  [35],  
É ±¦¥ ¶·¥±· ¸´μ ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨¥³ ÔÉμ° ¢¥²¨Î¨´Ò rnn = 2,83(16) ”³, ¶·¨¢¥¤¥´-
´Ò³ ¢ · ¡μÉ¥ [41]. ‘ ¤·Ê£¨³¨ §´ Î¥´¨Ö³¨ rnn = 2,69(27) ”³ [42], rnn = 2,9(4) ”³ [43]
¨ rnn = 2,65(18) ”³ [44] ´ °¤¥´´μ¥ ´ ³¨ §´ Î¥´¨¥ ¸μ£² ¸Ê¥É¸Ö ´¥¸±μ²Ó±μ ÌÊ¦¥, ÌμÉÖ ¨
´¥ ¶·μÉ¨¢μ·¥Î¨É ¨³.
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