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 ¸¸³µÉ·¥´Ò ³¥Ì ´¨§³Ò Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¶·¨ Ô´¥·£¨ÖÌ 0,5÷2 ƒÔ‚ ´  µ¸´µ¢¥
¨¸¶µ²Ó§µ¢ ´¨Ö É·¥Ì³¥·´µ° ¨ Î¥ÉÒ·¥Ì³¥·´µ° ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ¤¨ £· ³³´µ° É¥Ì´¨±¨. „²Ö µ¶¨-
¸ ´¨Ö ¸É·Ê±ÉÊ·Ò Ö¤·  3He ´  ¶¥·¢µ³ ÔÉ ¶¥ ¨¸¶µ²Ó§Ê¥É¸Ö ¶·¨¡²¨¦¥´¨¥ ¤¢ÊÌÉ¥²Ó´µ° d + p-
±µ´Ë¨£Ê· Í¨¨,   § É¥³ Å É·¥ÌÉ¥²Ó´ Ö ¶ÖÉ¨± ´ ²Ó´ Ö ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¨§ ·¥Ï¥´¨Ö Ê· ¢´¥-
´¨° ” ¤¤¥¥¢ . �·¨ ÔÉµ³ ¶µ± § ´µ, ÎÉµ ÊÎ¥É É·¥ÌÎ ¸É¨Î´ÒÌ ¸¢µ°¸É¢ ¸É·Ê±ÉÊ·Ò Ö¤·  3He ¨³¥¥É
·¥Ï ÕÐ¥¥ §´ Î¥´¨¥. 
¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ ÊÎÉ¥´Ò ´  µ¸´µ¢¥ ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° ³¥-
Ì ´¨±¨ ¸¨¸É¥³ ¸ Ë¨±¸¨·µ¢ ´´Ò³ Î¨¸²µ³ Î ¸É¨Í. „¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´Ò ³¥Ì ´¨§³ µ¡³¥´  ¤¥°-
É·µ´µ³, ±µ··¥²¨·µ¢ ´´µ° ¨ ´¥±µ··¥²¨·µ¢ ´´µ° np-¶ · ³¨, É·¥Ê£µ²Ó´ Ö ¤¨ £· ³³  ¸ ¶µ¤¶·µÍ¥¸-
¸µ³ pd →3Heπ0. �¸µ¡µ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´µ ³¥Ì ´¨§³Ê ¶µ¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ np-¶ ·Ò,
±µÉµ·Ò° ´¥¢µ§³µ¦´µ ÊÎ¥¸ÉÓ ¢ · ³± Ì ¤¢ÊÌÉ¥²Ó´ÒÌ ³µ¤¥²¥° Ö¤·  3He. �µ± § ´µ, ÎÉµ ÔÉµÉ ³¥Ì -
´¨§³ ¸ ÊÎ¥Éµ³ ¶¥·¥· ¸¸¥Ö´¨° ¶µ§¢µ²Ö¥É Ê¸¶¥Ï´µ µ¶¨¸ ÉÓ ¨³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
µ¡ Ô´¥·£¥É¨Î¥¸±µ° ¨ Ê£²µ¢µ° § ¢¨¸¨³µ¸É¨ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö ¶·¨ Ô´¥·£¨¨ 1Å2 ƒÔ‚
¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢. �·µ¤¥³µ´¸É·¨·µ¢ ´Ò Ö·±¨¥ ÔËË¥±ÉÒ, µ¡Ê¸²µ¢²¥´´Ò¥
¶·µÖ¢²¥´¨¥³ Â{(NN)(1S0) + N}-±µ³¶µ´¥´ÉÒ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ¨ £² Ê¡¥·µ¢¸±¨³¨
¶¥·¥· ¸¸¥Ö´¨Ö³¨ ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ. �·¨¢¥¤¥´Ò É ±¦¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¶·¨
´¨§±¨Ì Ô´¥·£¨ÖÌ, ¢Ò¶µ²´¥´´µ£µ ´  µ¸´µ¢¥ Ê´¨É ·¨§µ¢ ´´µ£µ K-³ É·¨Î´µ£µ ¶µ¤Ìµ¤ .

Mechanisms of backward elastic p3He scattering in the energy range of 0.5÷2 GeV are analysed
on the basis of 3- and 4-dimensional technique of nonrelativistic graphs. At the ˇrst step the structure
of 3He nucleus is described in the framework of two-body approximation corresponding to its d+ p
conˇguration after that the three-body 5-channel wave function is used from solution of Faddeev
equations. It is shown the three-body structure of 3He is of principal value in the process under
discussion. Relativistic effects are estimated on the basis of relativistic quantum mechanics with
ˇxed number of particles. The mechanisms of deuteron exchange, interacting and noninteracting
np-pair transfer, triangular diagram with subprocess pd →3Heπ0 are discussed in detail. A special
attention is paid to the mechanism of sequential transfer of pn pair which is not permitted of in
the framework of two-body models of 3He. It is shown taking into account rescatterings that this
mechanism allows one to describe successfully the available experimental data on energy and angular
dependence of the differential cross section at the initial energy ∼1Å2 GeV without introducing any
free parameters. Remarkable effects caused by the Â{(NN)(1S0) + N}-component of 3He wave
function and Glauber-Sitenko rescatterings in the initial and ˇnal states are displayed. The results of
analysis performed at low energies on the basis of the unitarized K-matrix approach are shown.

1. ‚‚…„…�ˆ…

�¤´µ° ¨§ £² ¢´ÒÌ § ¤ Î Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨ É¥µ·¥É¨Î¥¸±µ£µ ¨¸¸²¥¤µ¢ -
´¨Ö ¶·µÍ¥¸¸µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·µÉµ´µ¢ ¸ ²¥£Î °Ï¨³¨ Ö¤· ³¨ ¶·¨ ¡µ²ÓÏµ°
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¶¥·¥¤ Î¥ ¨³¶Ê²Ó¸  ∆ > 1 ƒÔ‚/c Ö¢²Ö¥É¸Ö ¶µ²ÊÎ¥´¨¥ ¨´Ëµ·³ Í¨¨ µ ¸É·Ê±ÉÊ·¥
ÔÉ¨Ì Ö¤¥· ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ ³¥¦¤Ê ´Ê±²µ´ ³¨ rNN ∼ 1/∆ ∼ 0, 5 Ë³
¨ µ NN -¢§ ¨³µ¤¥°¸É¢¨¨ ¢ µ¡² ¸É¨ ¶¥·¥±·Ò¢ ´¨Ö ´Ê±²µ´µ¢. –¥´´µ¸ÉÓ É ±µ°
¨´Ëµ·³ Í¨¨ µ¡Ê¸²µ¢²¥´  É¥³, ÎÉµ µ´  ³µ¦¥É ¡ÒÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ¸¢Ö§ ´  ¸
ËÊ´¤ ³¥´É ²Ó´Ò³¨ ¶·µ¡²¥³ ³¨ É¥µ·¨¨ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° Ä ±µ´Ë °´-
³¥´Éµ³ Í¢¥É  ¨ ±¢ ·±- ¤·µ´´µ° ¤Ê ²Ó´µ¸ÉÓÕ,   ¶µ²ÊÎ¥´¨¥ ¥¥ ¨§ ¶·µÍ¥¸¸µ¢
¸ ³ ²µ° ¶¥·¥¤ Î¥° ¨³¶Ê²Ó¸  ´¥¢µ§³µ¦´µ ¢ ¶·¨´Í¨¶¥. ‚ pd-¸Éµ²±´µ¢¥´¨ÖÌ
¶·µ¸É¥°Ï¨³ ¶·µÍ¥¸¸µ³ ¸ ¡µ²ÓÏµ° ¶¥·¥¤ Î¥° ¨³¶Ê²Ó¸  Ö¢²Ö¥É¸Ö Ê¶·Ê£µ¥ pd-
· ¸¸¥Ö´¨¥ ´ § ¤. ‚ ÔÉµ³ ¶·µÍ¥¸¸¥ ¤¥°É·µ´ ¶·µÖ¢²Ö¥É Ê¤¨¢¨É¥²Ó´µ¥ ¸¢µ°¸É¢µ
Ê¶·Ê£µ ¢µ¸¶·¨´¨³ ÉÓ ± ± Í¥²µ¥ ¡µ²ÓÏÊÕ ¶¥·¥¤ ÎÊ ¨³¶Ê²Ó¸  ¨ Ô´¥·£¨¨, ±µ-
Éµ· Ö ¢ ¸µÉ´¨ · § ¶·¥¢ÒÏ ¥É ¥£µ Ô´¥·£¨Õ ¸¢Ö§¨. ‚ É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ Ì
´ ¸Éµ°Î¨¢µ ¨¸¸²¥¤Ê¥É¸Ö ¢µ¶·µ¸ µ Éµ³, ¢ ± ±µ° ³¥·¥ ÔÉµ ¸¢µ°¸É¢µ ¤¥°É·µ´ 
³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ Ï¥¸É¨±¢ ·±µ¢µ° ¨ ·¥²ÖÉ¨¢¨¸É¸±µ° ¸É·Ê±ÉÊ·µ° ¥£µ ¢µ²-
´µ¢µ° ËÊ´±Í¨¨. ‚ ¤·Ê£µ³ Ê¶·Ê£µ³ ¶·µÍ¥¸¸¥ Å p3He-· ¸¸¥Ö´¨¨ ´ § ¤ ¶·¨
´ Î ²Ó´ÒÌ Ô´¥·£¨ÖÌ 1Å2 ƒÔ‚ Å ¤µ¸É¨£´ÊÉÒ ¡µ²ÓÏ¨¥ ¶¥·¥¤ Î¨ ¨³¶Ê²Ó¸ 
∆ ∼ 3 ƒÔ‚/c [1], ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¢ÒÏ¥, Î¥³ ¢ ¤ ´´ÒÌ ¶µ Ô²¥±É·µ´´µ³Ê
· ¸¸¥Ö´¨Õ [2]. �Éµ ¤ ¥É µ¸´µ¢ ´¨¥ ´ ¤¥ÖÉÓ¸Ö ´  ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö ¨§
ÔÉµ£µ ¶·µÍ¥¸¸  ´µ¢µ° ¨´Ëµ·³ Í¨¨ µ ¸É·Ê±ÉÊ·¥ Ö¤·  3He ¢ µ¡² ¸É¨ ³ ²ÒÌ
NN -· ¸¸ÉµÖ´¨° ¶µ ¸· ¢´¥´¨Õ ¸ e3He-· ¸¸¥Ö´¨¥³.

�±É¨¢´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ Ê¶·Ê£µ£µ pd-· ¸¸¥Ö´¨Ö ´ § ¤ ¢ É¥Î¥´¨¥ É·¥Ì ¶µ-
¸²¥¤´¨Ì ¤¥¸ÖÉ¨²¥É¨° ¶·¨´¥¸²µ ·Ö¤ ¨´É¥·¥¸´ÒÌ ¨¤¥° ¢ Ë¨§¨±Ê ¶·µ³¥¦ÊÉµÎ´ÒÌ
Ô´¥·£¨° (¸ÊÐ¥¸É¢µ¢ ´¨¥ ´Ê±²µ´´ÒÌ ¨§µ¡ · N∗ ¢ Ö¤· Ì [3], É·¥Ì¡ ·¨µ´´Ò¥
·¥§µ´ ´¸Ò [4]), ¢ÒÖ¢¨²µ ¢ ¦´ÊÕ ·µ²Ó ¢¨·ÉÊ ²Ó´ÒÌ ¶¨µ´µ¢ [5, 6], ¶µ¸É ¢¨²µ
¢µ¶·µ¸ µ ¤¨´ ³¨±¥ Í¢¥É  ¢ ÔÉµ³ ¶·µÍ¥¸¸¥ [7]. �Î¥¢¨¤´Ò° ¶·µ£·¥¸¸ ¤µ¸É¨£-
´ÊÉ ¢ µ¶¨¸ ´¨¨ Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¶·¨ Ô´¥·£¨ÖÌ 0,5÷1 ƒÔ‚ [8] ¨
1÷1,7 ƒÔ‚ [9,10]. �¤´ ±µ ¸²¥¤Ê¥É ¶·¨§´ ÉÓ, ÎÉµ ¶·¨ ¸µ¢·¥³¥´´µ³ ¸µ¸ÉµÖ´¨¨
É¥µ·¨¨ ÔÉ¨Ì ¶·µÍ¥¸¸µ¢ µ´¨ ´¥ Ö¢²ÖÕÉ¸Ö ¤µ¸É ÉµÎ´µ Éµ´±¨³ ¨´¸É·Ê³¥´Éµ³
¨¸¸²¥¤µ¢ ´¨Ö ¢Ò¸µ±µ¨³¶Ê²Ó¸´ÒÌ ±µ³¶µ´¥´É ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¤¥°É·µ´  ¨
Ö¤·  3He. ‘¥°Î ¸ ¸É ´µ¢¨É¸Ö ¢¸¥ ¡µ²¥¥ µÎ¥¢¨¤´Ò³, ÎÉµ ¸¢Ö§Ó ´ ¡²Õ¤ ¥³ÒÌ
Ì · ±É¥·¨¸É¨± ¸ ¢µ²´µ¢µ° ËÊ´±Í¨¥° Ö¤·  ´¥ Ö¢²Ö¥É¸Ö ¶·µ§· Î´µ° ¤ ¦¥ ¢
· ³± Ì ¶·µ¸É¥°Ï¨Ì ³¥Ì ´¨§³µ¢ Å µ¡³¥´ ´¥°É·µ´µ³ ¢ pd → dp ¨²¨ µ¡³¥´
np-¶ ·µ° ¢ p3He →3Hep ¢¸²¥¤¸É¢¨¥ ÔËË¥±Éµ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³
¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ, ·µ²Ó ±µÉµ·ÒÌ ¤µ¢µ²Ó´µ §´ Î¨É¥²Ó´ , ´¥¸³µÉ·Ö ´ 
¢Ò¸µ±ÊÕ Ô´¥·£¨Õ ¸Éµ²±´µ¢¥´¨Ö [9,11,12]. Š·µ³¥ Éµ£µ, Ê¸É ´µ¢²¥´µ, ÎÉµ ¶·¨
µ¶·¥¤¥²¥´´ÒÌ Ô´¥·£¨ÖÌ ¡µ²ÓÏ Ö ¶¥·¥¤ Î  ¨³¶Ê²Ó¸  ³µ¦¥É µ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö
¶µ¸·¥¤¸É¢µ³ ³¥Ì ´¨§³µ¢, ´¥ É·¥¡ÊÕÐ¨Ì ¸ÊÐ¥¸É¢¥´´µ£µ ÊÎ ¸É¨Ö ¢Ò¸µ±µ¨³-
¶Ê²Ó¸´ÒÌ ±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤· . ‚ pd-· ¸¸¥Ö´¨¨ ´ § ¤ µ¤´¨³
¨§ É ±¨Ì ³¥Ì ´¨§³µ¢ Ö¢²Ö¥É¸Ö ¤¢Ê±· É´µ¥ pN -· ¸¸¥Ö´¨¥ ¸ ¢µ§¡Ê¦¤¥´¨¥³ ∆-
¨§µ¡ ·Ò, ¤µ³¨´¨·ÊÕÐ¥¥ ¢ µ¡² ¸É¨ ´ Î ²Ó´ÒÌ Ô´¥·£¨° 0,5÷1,0 ƒÔ‚. rµ²¥¥
ÊÉµ´Î¥´´Ò° ¶·¨³¥· ³ ¸±¨·µ¢±¨ Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ ¢
·¥ ±Í¨¨ ¸ ¡µ²ÓÏµ° ¶¥·¥¤ Î¥° ¨³¶Ê²Ó¸  ¤ ¥É Ê¶·Ê£µ¥ p3He-· ¸¸¥Ö´¨¥ ´ § ¤.
‚ ÔÉµ³ ¶·µÍ¥¸¸¥ ¶·¨ Tp =1÷2 ƒÔ‚ ¨ θÍ.³. = 180◦ ´¥ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ±
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¢Ò¸µ±µ¨³¶Ê²Ó¸´Ò³ ±µ³¶µ´¥´É ³ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  ¶µ µ¤´µ³Ê ¨§ Ö±µ-
¡¨¥¢¸±¨Ì ¨³¶Ê²Ó¸µ¢ ¸¢Ö§ ´  ´¥ ¸ ¢µ§¡Ê¦¤¥´¨¥³ ´Ê±²µ´´ÒÌ ·¥§µ´ ´¸µ¢,   ¸µ
¸¶¥Í¨Ë¨Î¥¸±µ° É·¥ÌÉ¥²Ó´µ° ¸É·Ê±ÉÊ·µ° Ö¤·  3He.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¤ ´ µ¡§µ· ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò,
¶·¨ É¥µ·¥É¨Î¥¸±µ³  ´ ²¨§¥ ¶·µÍ¥¸¸  p3He → 3Hep. ‘¤¥² ´ ±·¨É¨Î¥¸±¨°
 ´ ²¨§ · ¡µÉ, ¢ ±µÉµ·ÒÌ ¶·¥¤¶·¨´¨³ ÕÉ¸Ö ¶µ¶ÒÉ±¨ µ¶¨¸ ÉÓ Ê¶·Ê£µ¥ p3He-
· ¸¸¥Ö´¨¥ ´ § ¤ ´  µ¸´µ¢¥ Ê¶·µÐ¥´´µ° ± ·É¨´Ò ¢§ ¨³µ¤¥°¸É¢¨Ö, ¸¢Ö§ ´´µ°
Éµ²Ó±µ ¸ ¢¥·Ï¨´µ° 3He ⇀↽ d + p ¡¥§ ÊÎ¥É  ¶¥·¥· ¸¸¥Ö´¨°. �·¨¢¥¤¥´Ò ·¥-
§Ê²ÓÉ ÉÒ ¡µ²¥¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ µ¶¨¸ ´¨Ö ÔÉµ£µ ¶·µÍ¥¸¸ , ¢Ò¶µ²´¥´´µ£µ
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ É·¥ÌÉ¥²Ó´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ´  µ¸´µ¢¥ ¤¨ -
£· ³³´µ£µ ¨ µ¶¥· Éµ·´µ£µ Ëµ·³ ²¨§³µ¢ ¤²Ö  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ¸ ÊÎ¥Éµ³
¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ. Š ± ¶µ± §Ò¢ ÕÉ ·¥§Ê²Ó-
É ÉÒ  ´ ²¨§ , ¢ Ê¶·Ê£µ³ p3He-· ¸¸¥Ö´¨¨ ´ § ¤ ÔËË¥±ÉÒ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ -
Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µcÉµÖ´¨ÖÌ,   É ±¦¥ ÔËË¥±ÉÒ ¸É·Ê±ÉÊ·Ò Ö¤·  Ö¢²ÖÕÉ¸Ö
¡µ²¥¥ Ö·±¨³¨, Î¥³ ¢ ¶·µÍ¥¸¸¥ pd → dp. �µÔÉµ³Ê Ê¶·Ê£µ¥ p3He-· ¸¸¥Ö´¨¥
´ § ¤ ¢ ¨´É¥·¢ ²¥ 1÷2 ƒÔ‚, ¶µ ³´¥´¨Õ  ¢Éµ·  ¤ ´´µ£µ µ¡§µ· , ¢ ´ ¸ÉµÖÐ¥¥
¢·¥³Ö Ê¤ ²µ¸Ó ¶µ´ÖÉÓ ²ÊÎÏ¥, Î¥³ Ê¶·Ê£µ¥ pd-· ¸¸¥Ö´¨¥ ´ § ¤, ´¥¸³µÉ·Ö ´  Éµ,
ÎÉµ Ö¤·µ 3He Ö¢²Ö¥É¸Ö ¡µ²¥¥ ¸²µ¦´Ò³ µ¡Ñ¥±Éµ³, Î¥³ ¤¥°É·µ´.

2. 	
ˆ�‹ˆ†…�ˆ… d+ p „‹Ÿ ‚�‹��‚�‰ ”“�Š–ˆˆ Ÿ„
� 3He

‚ ²¨É¥· ÉÊ·¥ ¨§¢¥¸É´µ ´¥¸±µ²Ó±µ ³µ¤¥²¥° ¶·µÍ¥¸¸  p3He→3Hep, ¶·¥¤²µ-
¦¥´´ÒÌ ¶µ  ´ ²µ£¨¨ ¸ Ê¶·Ê£¨³ pd-· ¸¸¥Ö´¨¥³ ´ § ¤ (¸³. ·¨¸.1): É·¥Ê£µ²Ó´ Ö
¤¨ £· ³³  µ¤´µ¶¨µ´´µ£µ µ¡³¥´  (���) ¸ ¶µ¤¶·µÍ¥¸¸µ³ pd→ 3Heπ0 [1,13],
¸·Ò¢ ÉÖ¦¥²µ° Î ¸É¨ÍÒ [14,15], ³¨±·µ¸±µ¶¨Î¥¸± Ö µ¶É¨Î¥¸± Ö ³µ¤¥²Ó ¸ ÊÎ¥Éµ³
 ´É¨¸¨³³¥É·¨§ Í¨¨ pN - ³¶²¨ÉÊ¤ [8]. ‚ · ¡µÉ¥ [10] · ¸¸³µÉ·¥´ ³¥Ì ´¨§³ ¶¥-
·¥¤ Î¨ ¤¥°É·µ´  ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° ¤¨´ ³¨±¥ ¸¢¥Éµ¢µ£µ Ë·µ´É . �¡Ð¨³¨ Î¥·-
É ³¨ ¶¥·¥Î¨¸²¥´´ÒÌ ³µ¤¥²¥° Ö¢²ÖÕÉ¸Ö: ¢Ò¸µ± Ö ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ · ¸Î¥É´ÒÌ
Ì · ±É¥·¨¸É¨± ± ¸É·Ê±ÉÊ·¥ Ö¤·  3He ´  ³ ²ÒÌ NN -· ¸¸ÉµÖ´¨ÖÌ ¨ ¢¶µ²´¥
Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ ± ¦¤µ° ¨§ ´¨Ì ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨
µ ¸¥Î¥´¨¨ · ¸¸¥Ö´¨Ö ´  Ê£²Ò, ¡²¨§±¨¥ ± θÍ.³. = 180◦. �¤´ ±µ ÔÉµ ¸µ£² ¸¨¥
¶µ²ÊÎ¥´µ ¶·¨ ¸²¨Ï±µ³ Ê¶·µÐ¥´´ÒÌ ¶·¥¤¶µ²µ¦¥´¨ÖÌ µ ¸É·Ê±ÉÊ·¥ Ö¤·  3He ¨
¡¥§ ÊÎ¥É  ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ. ‚ ´ ¸ÉµÖÐ¥³
µ¡§µ·¥ · ¸¸³µÉ·¥´¨¥ Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ´ Î Éµ ¸  ´ ²¨§  É ±¨Ì
³µ¤¥²¥°, µ£· ´¨Î¥´´ÒÌ d + p-±µ´Ë¨£Ê· Í¨¥° Ö¤·  3He, ¸ Í¥²ÓÕ ¸· ¢´¨ÉÓ ¨Ì
¤ ²¥¥ ¸ ·¥§Ê²ÓÉ É ³¨, ¶µ²ÊÎ¥´´Ò³¨ ´  µ¸´µ¢¥ ¶·¨³¥´¥´¨Ö É·¥ÌÉ¥²Ó´µ° ¢µ²-
´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He.

‚ ÔÉµ³ · §¤¥²¥ ¶µ± § ´  ·µ²Ó d + p-±µ´Ë¨£Ê· Í¨¨ Ö¤·  3He ¢ Ê¶·Ê£µ³
p3H-· ¸¸¥Ö´¨¨ ´ § ¤ ¶·¨ Ô´¥·£¨¨ 400÷1700 ŒÔ‚ ´  µ¸´µ¢¥ ³¥Ì ´¨§³µ¢ µ¡-
³¥´  ¤¥°É·µ´µ³, µ¤´µ±· É´µ£µ pp- ¨ pd-· ¸¸¥Ö´¨Ö, ³¥Ì ´¨§³  ¸ ¶µ¤¶·µÍ¥¸¸µ³
pd →3Heπ0. �·¥¤¸É ¢²¥´Ò É ±¦¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  § ·Ö¤µ¢µ£µ Ëµ·³Ë ±-
Éµ·  Ö¤·  3He ¢ · ³± Ì ¶·¨¡²¨¦¥´¨Ö 3He = d+ p.
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¨¸. 1. Œ¥Ì ´¨§³Ò Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¢ · ³± Ì d + p-±µ´Ë¨£Ê· Í¨¨ ¤²Ö
Ö¤·  3He:  ) µ¤´µ¶¨µ´´Ò° µ¡³¥´ (���); ¡) µ¤´µ±· É´µ¥ · ¸¸¥Ö´¨¥ ´  ¢¨·ÉÊ ²Ó´µ³
¶·µÉµ´¥ (�
); ¢) µ¤´µ±· É´µ¥ · ¸¸¥Ö´¨¥ ´  ¢¨·ÉÊ ²Ó´µ³ ¤¥°É·µ´¥ (�
‚„); £) µ¡³¥´
¤¥°É·µ´µ³

2.1. ‡ ·Ö¤µ¢Ò° Ëµ·³Ë ±Éµ· Ö¤·  3He ¢ ¶·¨¡²¨¦¥´¨¨ d+ p . �·¨ µ£· -
´¨Î¥´¨¨ p + d-±µ´Ë¨£Ê· Í¨¥° Ö¤·  3He ¢¸¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¶·µÍ¥¸¸µ¢
´  Ö¤·¥ 3He ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¨´É¥£· ² ¶¥·¥±·Ò¢ ´¨Ö É·¥ÌÉ¥²Ó´µ° ¢µ²´µ¢µ°
ËÊ´±Í¨¨ Ö¤·  3He, ψστ

τ ¸ ¶·µ¨§¢¥¤¥´¨¥³ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¤¥°É·µ´  ψσd
d ¨

¶·µÉµ´  χ
σp
1/2:

G(ρ) =< χ
σp
1/2 ψ

σd
d (r)|ψστ

τ (r,ρ) >=

=
∑

L=0,2,M,S,σ

(LM S σ|1
2
στ )(1σd

1

2
σp|Sσ)UL(ρ)YLM (ρ̂), (1)

£¤¥ S = 3/2 ¤²Ö L = 2 ¨ S = 1/2 ¤²Ö L = 0. ‡¤¥¸Ó ¨¸¶µ²Ó§µ¢ ´Ò ¸É ´¤ ·É´Ò¥
µ¡µ§´ Î¥´¨Ö ¤²Ö ¸Ë¥·¨Î¥¸±¨Ì ËÊ´±Í¨° YLM ¨ ±µÔËË¨Í¨¥´Éµ¢ Š²¥¡Ï  Å
ƒµ·¤ ´ . S- ¨ D-±µ³¶µ´¥´ÉÒ ¢µ²´µ¢µ° ËÊ´±Í¨¨ UL(ρ), µ¶·¥¤¥²¥´´Ò¥ Ëµ·-
³Ê²µ° (1), ´ °¤¥´Ò ¢ [16] ¨§ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ” ¤¤¥¥¢  ¤²Ö ¶µÉ¥´Í¨ ² 

¥°¤  ¸ ³Ö£±¨³ ±µ·µ³ ¤²Ö NN -¢§ ¨³µ¤¥°¸É¢¨Ö. ‡¤¥¸Ó ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¨¸-
¶µ²Ó§ÊÕÉ¸Ö ¶·¨ ¸²¥¤ÊÕÐ¥³ Ê¸²µ¢¨¨ ´µ·³¨·µ¢±¨ ¤²Ö ¢µ²´µ¢ÒÌ ËÊ´±Í¨° U0
¨ U2: ∫ ∞

0

[
U20 (ρ) + U22 (ρ)

]
ρ2dρ = 1. (2)

‚ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ É·¥ÌÉ¥²Ó´Ò¥ · ¸Î¥ÉÒ ¤ ÕÉ ¤²Ö ´µ·³¨·µ¢µÎ´µ£µ ¨´É¥£· ² 
(2) ¢¥²¨Î¨´Ê ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ: 0,43 [17]. Œµ¦´µ, µ¤´ ±µ, ´ ¤¥ÖÉÓ¸Ö, ÎÉµ
´µ·³¨·µ¢±  (2) ÔËË¥±É¨¢´µ ÊÎ¨ÉÒ¢ ¥É ¢±² ¤ ±µ´Ë¨£Ê· Í¨¨ p+d∗ c pn-¶ ·µ°
¢ ¸¨´£²¥É´µ³ ¸µ¸ÉµÖ´¨¨. ‚µ²´µ¢Ò¥ ËÊ´±Í¨¨ U0(r) ¨ U2(r) ¶ · ³¥É·¨§Ê¥³ ¢
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¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

U0(r) =

5∑
i=1

αi exp (−βir2), U2(r) =

5∑
i=1

δir
2 exp (−γir2). (3)

ŠµÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨° (3) ¶·¨¢¥¤¥´Ò ¢ É ¡².1.

’ ¡²¨Í  1. ŠµÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö (3)

αi, Ë³
−3/2 βi, Ë³

−2 δi, Ë³
−7/2 γi, Ë³

−2

1.80112E-02 2.15766 E-02 -1.93862E-03 9.83826 E-02
2.13255E-01 8.35379 E-02 -1.58838 E-02 3.18527 E-01
9.00237E-02 1.27578 E-01 -3.11061 E-02 6.43963 E-01
3.23190E-01 3.26778 E-01 -3.83184 E-02 1.19183 E+00
-2.17017E-01 1.06206 E+00 -9.57312 E-02 4.47721 E+00

—Éµ¡Ò µ¶·¥¤¥²¨ÉÓ µ¡² ¸ÉÓ §´ Î¥´¨° ¶¥·¥¤ ´´µ£µ ¨³¶Ê²Ó¸ , ¶·¨ ±µÉµ·ÒÌ
· ¸¸³ É·¨¢ ¥³µ¥ ¤¢ÊÌÉ¥²Ó´µ¥ ¶·¨¡²¨¦¥´¨¥ Ö¢²Ö¥É¸Ö · §Ê³´Ò³, ¢ÒÎ¨¸²¨³ § -
·Ö¤µ¢Ò° Ëµ·³Ë ±Éµ· F τ

ch Ö¤·  3He c ¢µ²´µ¢Ò³¨ ËÊ´±Í¨Ö³¨ [16]. �£· -
´¨Î¨¢ Ö¸Ó p + d-±µ´Ë¨£Ê· Í¨¥° ¢ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He, ¶µ²ÊÎ ¥³
¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö § ·Ö¤µ¢µ£µ Ëµ·³Ë ±Éµ· :

F
3He
ch (∆) =

1

2
F p
ch(∆)

{
F000

(
2

3
∆

)
+ F022

(
2

3
∆

)}
+

+
1

2
[F p

ch(∆) + Fn
ch(∆)]

{
Sd
s

(
1

2
∆

)[
F000

(
1

3
∆

)
+

+F022

(
1

3
∆

)]
+

1√
8π

Sd
Q

(
1

2
∆

)[√
8F220

(
1

3
∆

)
− F222

(
1

3
∆

)]}
. (4)

‡¤¥¸Ó ∆ Å ¶¥·¥¤ ´´Ò° ¨³¶Ê²Ó¸, Sd
s (∆) ¨ Sd

Q(∆) Å ¸± ²Ö·´Ò° ¨ ±¢ ¤·Ê¶µ²Ó-
´Ò° Ëµ·³Ë ±Éµ·Ò ¤¥°É·µ´  ¨§ · ¡µÉÒ [18], Ëµ·³Ë ±Éµ·Ò FlLL′ µ¶·¥¤¥²¥´Ò
´¨¦¥ Ëµ·³Ê²µ° (15). „²Ö Ëµ·³Ë ±Éµ·µ¢ ´Ê±²µ´µ¢ FN

ch(∆) ¨¸¶µ²Ó§Ê¥³ ¶ -
· ³¥É·¨§ Í¨Õ [19]. 
¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¸· ¢´¨¢ ÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ [20] ´  ·¨¸.2. �·¨ ∆ ≤ 1, 5 ƒÔ‚/c · ¸Î¥É ¶µ Ëµ·³Ê²¥ (4) ´¥¸Ê-
Ð¥¸É¢¥´´µ µÉ²¨Î ¥É¸Ö µÉ · ¸Î¥É  ¢ ¨³¶Ê²Ó¸´µ³ ¶·¨¡²¨¦¥´¨¨ ¸ É·¥ÌÉ¥²Ó´µ°
¢µ²´µ¢µ° ËÊ´±Í¨¥° Ö¤·  3He ¸ ¶µÉ¥´Í¨ ²µ³ 
¥°¤  ¸ ³Ö£±¨³ ±µ·µ³ [21].
�¤´ ±µ ¶·¨ ∆ ≥ 1, 5 ƒÔ‚/c Ê¦¥ § ³¥É´µ ¶·µÖ¢²Ö¥É¸Ö ´¥¤µ¸É ÉµÎ´Ò° ¢¥¸
¢Ò¸µ±µ¨³¶Ê²Ó¸´µ° ±µ³¶µ´¥´ÉÒ ¢ ±µ´Ë¨£Ê· Í¨¨ p + d, ¢ ·¥§Ê²ÓÉ É¥ · ¸Î¥É
¢ ¤¢ÊÌÉ¥²Ó´µ³ ¶·¨¡²¨¦¥´¨¨ µ± §Ò¢ ¥É¸Ö §´ Î¨É¥²Ó´µ ´¨¦¥ ¸µµµÉ¢¥É¸É¢ÊÕ-
Ð¥° ±·¨¢µ°, ¶µ²ÊÎ¥´´µ° ¸ É·¥ÌÉ¥²Ó´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¥°. ’ ±¨³ µ¡· §µ³,



“�
“ƒ�… p3He-
�‘‘…Ÿ�ˆ… ��‡�„ ˆ ‘’
“Š’“
� Ÿ„
� 3He 1015


¨¸. 2. 
¥§Ê²ÓÉ ÉÒ · ¸Î¥É  § ·Ö¤µ¢µ£µ Ëµ·³Ë ±Éµ·  Ö¤·  3He ¢ ¨³¶Ê²Ó¸´µ³ ¶·¨¡²¨-
¦¥´¨¨: 1 Å ¸ ÊÎ¥Éµ³ Éµ²Ó±µ d+ p-±µ´Ë¨£Ê· Í¨¨; 2 Å ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ É·¥ÌÉ¥²Ó´µ°
¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He [16] ¤²Ö ¶µÉ¥´Í¨ ²  
¥°¤  ¸ ³Ö£±¨³ ±µ·µ³; 3 Å Ô±¸-
É· ¶µ²ÖÍ¨Ö Ëµ·³Ë ±Éµ·  ¢ µ¡² ¸ÉÓ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸µ¢ ∆ =2÷3 ƒÔ‚/¸. ’µÎ±¨ Å
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [20]

³µ¦´µ § ±²ÕÎ¨ÉÓ, ÎÉµ ±µ´Ë¨£Ê· Í¨Ö p+d, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¢Ò· ¦¥´¨Ö³ (1),
(2), ¢´µ¸¨É ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢ § ·Ö¤µ¢Ò° Ëµ·³Ë ±Éµ· Ö¤·  3He ¢¶²µÉÓ
¤µ §´ Î¥´¨° ¶¥·¥¤ ´´µ£µ ¨³¶Ê²Ó¸  ∆ ≤ 1, 5 ƒÔ‚/c. ‚ µ¡² ¸É¨ ∆ ∼ 1, 5 ƒÔ‚/c
ÉµÎ´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´¥¤µ¸É ÉµÎ´ , ÎÉµ¡Ò ¶µ¤É¢¥·¤¨ÉÓ ¸ÊÐ¥-
¸É¢µ¢ ´¨¥ ¨²¨ ÊÉµÎ´¨ÉÓ ¶µ²µ¦¥´¨¥ ¢Éµ·µ£µ É¥µ·¥É¨Î¥¸±µ£µ ³¨´¨³Ê³  § ·Ö-
¤µ¢µ£µ Ëµ·³Ë ±Éµ· .

2.2. Œ¥Ì ´¨§³Ò Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¶·¨ µ£· ´¨Î¥´¨¨ p+d-
±µ´Ë¨£Ê· Í¨¥° Ö¤·  3He. �µÉ¥´Í¨ ²Ó´Ò° ¶µ¤Ìµ¤. ‚ ¶µÉ¥´Í¨ ²Ó´µ° É¥µ·¨¨
 ³¶²¨ÉÊ¤  Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ¸ ÊÎ¥Éµ³ ¶·¨´Í¨¶  � Ê²¨ ³µ¦¥É ¡ÒÉÓ
¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¤¢ÊÌ ¸² £ ¥³ÒÌ:

< f |τ |i >=< f |τMS |i > − < f |τex|i > . (5)

‡¤¥¸Ó τMS Å ³µ¤¨Ë¨Í¨·µ¢ ´´Ò° ·Ö¤ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö; µ¶¥· Éµ· τex
µ¶¨¸Ò¢ ¥É µ¡³¥´ ¤¢ÊÌ´Ê±²µ´´Ò³ ±² ¸É¥·µ³, ¸µ¶·µ¢µ¦¤ ÕÐ¨°¸Ö pN -¶¥·¥-
· ¸¸¥Ö´¨Ö³¨. 
 ´¥¥ ¢ · ¡µÉ¥ [22] Ê¤ ²µ¸Ó µ¶¨¸ ÉÓ ¶·µÍ¥¸¸ Ê¶·Ê£µ£µ p4He-
· ¸¸¥Ö´¨Ö ´ § ¤ ¢ · ³± Ì p + t-±µ´Ë¨£Ê· Í¨¨ ¤²Ö Ö¤·  4He. �µ¤µ¡´ Ö ¶·µ-
£· ³³  ¢ µÉ´µÏ¥´¨¨ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¶·¨ µ£· ´¨Î¥´¨¨ p + d-±µ´Ë¨£Ê-
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· Í¨¥° ¡Ò²  ·¥ ²¨§µ¢ ´  ¢ · ¡µÉ¥ [23]. ‡¤¥¸Ó ±· É±µ ¨§² £ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ
· ¡µÉÒ [23].

‚ ¡µ·´µ¢¸±µ³ ¶·¨¡²¨¦¥´¨¨ ¶¥·¢µ¥ ¸² £ ¥³µ¥ ¢ Ëµ·³Ê²¥ (5) ¸¢µ¤¨É¸Ö
± ¸Ê³³¥ ¤¨ £· ³³ µ¤´µ±· É´µ£µ · ¸¸¥Ö´¨Ö ´  ¶·µÉµ´¥ (�
) ¨ µ¤´µ±· É´µ£µ
· ¸¸¥Ö´¨Ö ´  ¢¨·ÉÊ ²Ó´µ³ ¤¥°É·µ´¥ (�
‚„),   ¢Éµ·µ¥ ¸² £ ¥³µ¥ ¸µ¢¶ ¤ ¥É ¸
¶µ²Õ¸´µ° ¤¨ £· ³³µ° µ¡³¥´  ¤¥°É·µ´µ³ (�„) (¸³. ·¨¸. 1). „²Ö ¤¨ËË¥·¥´-
Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö, µ¶·¥¤¥²Ö¥³µ£µ ¸Ê³³µ° ÔÉ¨Ì ¤¨ £· ³³, ¢ ¸²ÊÎ ¥ ´¥¶µ²Ö·¨-
§µ¢ ´´ÒÌ Î ¸É¨Í ¨³¥¥³

dσ

dΩÍ.³.
=

1

4π2

(
EpEτ

Ep + Eτ

)2 [
|M�„|2 + |M∆|2 +M�„M∗

∆ +M∗
�„M∆

]
.

(6)
‡¤¥¸Ó M�„ Å  ³¶²¨ÉÊ¤  µ¡³¥´  ¤¥°É·µ´µ³, M∆ Å ¸Ê³³   ³¶²¨ÉÊ¤ �
 ¨
�
‚„; Ep ¨ Eτ Å ¶µ²´ Ö Ô´¥·£¨Ö ¶·µÉµ´  ¨ Ö¤· -³¨Ï¥´¨ ¸µµÉ¢¥É¸É¢¥´´µ.

�µ¸²¥ Ê¸·¥¤´¥´¨Ö ¨ ¸Ê³³¨·µ¢ ´¨Ö ¶µ ¸¶¨´ ³ ¤²Ö ±¢ ¤· É  ³µ¤Ê²Ö  ³-
¶²¨ÉÊ¤Ò M�„ ¨³¥¥³

|M�„|2 =
16π2

3
N2pd

(
p2d −m2d
2md

)2{
[U20 (q) + U22 (q)]

2+

+4[U0(q)U2(q) +
1√
8
U22 (q)]

2 P2(qq
′)

}
, (7)

£¤¥ Npd Å ±µ³¡¨´ Éµ·´Ò° ³´µ¦¨É¥²Ó, · ¢´Ò° 2, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¤¢Ê³
¶·µÉµ´ ³ Ö¤· -³¨Ï¥´¨; p2d = (pτ − pp)

2Ä ±¢ ¤· É 4-¨³¶Ê²Ó¸  ¢¨·ÉÊ ²Ó´µ£µ
¤¥°É·µ´ ; q ¨ q′ Å µÉ´µ¸¨É¥²Ó´Ò¥ 3-¨³¶Ê²Ó¸Ò ¢ ¢¥·Ï¨´ Ì τ → d + p ¨
d+ p→ τ . ‘µ£² ¸´µ ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥ [24] ¤²Ö ¨³¶Ê²Ó¸µ¢
q ¨ q′ ¨³¥¥³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö:

q =
εp + Ep

Ep + Ed +Mpd
p′τ − pp,

q′ = − εp + Ep

Ep + Ed +Mpd
pτ − p′p, (8)

εp =
√
q2 +m2p, Ej =

√
m2j + p

2
j , (9)

£¤¥ pj Å ¨³¶Ê²Ó¸ j-° Î ¸É¨ÍÒ ¢ ¸.Í.³. p + τ ; MpdÄ ¨´¢ ·¨ ´É´ Ö ³ ¸¸ 
¸¨¸É¥³Ò p+ d:

M2
pd =

{√
m2p +Q20 +

√
m2d + 2Q20(1 + cosΘÍ.³.)

}2
−Q20; (10)

Q0Ä µÉ´µ¸¨É¥²Ó´Ò° ¨³¶Ê²Ó¸ ¢ ¸¨¸É¥³¥ p+3He.
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�µ¸²¥ Ê¸·¥¤´¥´¨Ö ¨ ¸Ê³³¨·µ¢ ´¨Ö ¶µ ¸¶¨´ ³ ´ Ìµ¤¨³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· -
¦¥´¨Ö ¤²Ö |M∆|2 ¨ M∗

∆M�„:

|M∆|2 = N2pd|App +Apd|2; (11)

M∗
∆M�„ +M∆M∗

�„ =
4π

3
N2pd

p2d −m2d
2md

2Re (App +Apd); (12)

App = tpp(∆)

{
F000

(
2

3
∆

)
+ F022

(
2

3
∆

)}
; (13)

Apd = (tpp + tpn)

{
Sd
s

(
1

2
∆

)[
F000

(
1

3
∆

)
+ F022

(
1

3
∆

)]
+

+
1√
8π

Sd
Q

(
1

2
∆

) [
F220

(
1

3
∆

)
− F222

(
1

3
∆

)]}
; (14)

FlLL′(∆) =

∫ ∞
0

jl(∆ρ)UL(ρ)UL′(ρ) ρ
2 dρ. (15)

‡¤¥¸Ó ∆ = p′τ − pτ Å ¨³¶Ê²Ó¸, ¶¥·¥¤ ´´Ò° ¢ ¶·µÍ¥¸¸¥ p3He →3Hep. ‚
Ëµ·³Ê²Ò (11)Å(14) ¢Ìµ¤¨É t-³ É·¨Í  Ê¶·Ê£µ£µ pN -· ¸¸¥Ö´¨Ö tpN , ¶·¨ ¢Ò-
Î¨¸²¥´¨¨ ±µÉµ·µ° §¤¥¸Ó ÊÎ¨ÉÒ¢ ¥É¸Ö Éµ²Ó±µ ¸± ²Ö·´ Ö Î ¸ÉÓ ¨ ¨¸¶µ²Ó§Ê¥É¸Ö
µ¡ÒÎ´ Ö £ Ê¸¸µ¢¸± Ö ¶ · ³¥É·¨§ Í¨Ö.

�·¨ ¡µ²ÓÏµ° ¶¥·¥¤ Î¥ ¨³¶Ê²Ó¸  ¶·µÉµ´ ³¨Ï¥´¨ ´ Ìµ¤¨É¸Ö ¤ ²¥±µ µÉ
³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨, ¶µÔÉµ³Ê ¨³¶Ê²Ó¸´µ¥ ¶·¨¡²¨¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò tpN
´¥¶·¨³¥´¨³µ. ‡¤¥¸Ó ¢ Î¨¸²¥´´ÒÌ · ¸Î¥É Ì ¨¸¶µ²Ó§µ¢ ´µ É ± ´ §Ò¢ ¥³µ¥ µ¶É¨-
³ ²Ó´µ¥ ¶·¨¡²¨¦¥´¨¥ [25], ¢ ±µÉµ·µ³ ÊÎ¨ÉÒ¢ ¥É¸Ö ÔËË¥±É ¸¢Ö§¨ ¨ Ë¥·³¨¥¢-
¸±µ¥ ¤¢¨¦¥´¨¥ ¶·µÉµ´  ¢ Ö¤·¥-³¨Ï¥´¨. ‚ ·¥§Ê²ÓÉ É¥  ³¶²¨ÉÊ¤  tpp(Teff ,∆)
¡¥·¥É¸Ö ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨ ´¥ ¶·¨ ² ¡µ· Éµ·´µ° Ô´¥·£¨¨ ¶·µÉµ´ , ´µ
¶·¨ ´¥±µÉµ·µ° ÔËË¥±É¨¢´µ° Ô´¥·£¨¨, ¢¥²¨Î¨´  ±µÉµ·µ° § ¢¨¸¨É µÉ ¶¥·¥-
¤ ´´µ£µ ¨³¶Ê²Ó¸ . ‡ ³¥É¨³, ÎÉµ ¢¸²¥¤¸É¢¨¥ ¶·¨´Í¨¶  � Ê²¨  ³¶²¨ÉÊ¤  tpp
¸µ¤¥·¦¨É ¤¢  ¸² £ ¥³ÒÌ Ä ¶·Ö³µ¥ ¨ µ¡³¥´´µ¥, ¶·¨Î¥³ µ¡³¥´´µ¥ ¸² £ ¥³µ¥
¤µ³¨´¨·Ê¥É ¶·¨ · ¸¸¥Ö´¨¨ ´ § ¤.

Œ¥Ì ´¨§³ ���. „¨ £· ³³  µ¤´µ¶¨µ´´µ£µ µ¡³¥´  (���) (¸³. ·¨¸.1,a)
¸ ¶µ¤¶·µÍ¥¸¸µ³ p + d →3He + π0 ´¥ ¶µÖ¢²Ö¥É¸Ö ¢ · ³± Ì Î¨¸Éµ ¶µÉ¥´-
Í¨ ²Ó´µ£µ ¶µ¤Ìµ¤ , É.±. ¸¢Ö§ ´  ¸ ·µ¦¤¥´¨¥³ ´µ¢ÒÌ Î ¸É¨Í. „²Ö µ¶¨¸ ´¨Ö
p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ´  µ¸´µ¢¥ ³¥Ì ´¨§³  ��� §¤¥¸Ó ¨¸¶µ²Ó§Ê¥É¸Ö Ëµ·³ -
²¨§³,  ´ ²µ£¨Î´Ò° [6] ¤²Ö pd- ¨ [26], ¤²Ö p4He-· ¸¸¥Ö´¨Ö. �·¨ ÔÉµ³ ¸¥Î¥´¨¥
¶·µÍ¥¸¸  p3He →3Hep ¢ ¸¨¸É¥³¥ Í¥´É·  ¨´¥·Í¨¨ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸¥Î¥´¨¥
¶·µÍ¥¸¸  p+ d→3He + π0 ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:(

dσ

dΩ

)pτ→τp

θ

=
3

4

G2

4π
F 2(k2π)

Tp + 2mp

(mp + Tp)2
spd

spτ
×
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× |qpd||qπτ |
mτ

md

{
I20 (κ, p̃) + I22 (κ, p̃)

}( dσ

dΩ

)pd→τ+π0

Φ

. (16)

ˆ¸¶µ²Ó§Ê¥³Ò¥ §¤¥¸Ó ¶ · ³¥É·Ò Tp, kπ , p̃, κ, sij , |qij |, Ëµ·³Ë ±Éµ· ¢ πNN -
¢¥·Ï¨´¥ F (k2),   É ±¦¥ ¸¢Ö§Ó ³¥¦¤Ê Ê£² ³¨ θ ¨ Φ µ¶·¥¤¥²¥´Ò É ± ¦¥, ± ±
¨ ¢ · ¡µÉ Ì [6, 26]; G2/4π = 14, 7. ‡ ¢¨¸¨³µ¸ÉÓ  ³¶²¨ÉÊ¤Ò ��� µÉ ¶·µ-
¸É· ´¸É¢¥´´µ° Î ¸É¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ¢ S- ¨ D-¢µ²´µ¢ÒÌ ± ´ ² Ì
3He→ d+ p ¸µ¤¥·¦¨É¸Ö ¢ ¨´É¥£· ² Ì I0, I2:

IL(κ, p̃) =

∫ ∞
0

j1(p̃ρ)(κρ+ 1) exp (−κρ)U)L(ρ)dρ, (17)

£¤¥ j1 Å ¸Ë¥·¨Î¥¸± Ö ËÊ´±Í¨Ö r¥¸¥²Ö 1-£µ ¶µ·Ö¤± . ‡  ¸Î¥É ³´µ¦¨É¥²Ö
exp(−κρ) (£¤¥ κ =0,7Å1,0 Ë³−1) ¢ · ¸¸³ É·¨¢ ¥³µ° µ¡² ¸É¨ Ô´¥·£¨° 0,4÷
÷1,7 ƒÔ‚ ¨´É¥£· ² (17) µ¶·¥¤¥²Ö¥É¸Ö ¸·¥¤´¨³ §´ Î¥´¨¥³ ËÊ´±Í¨¨ UL(ρ) ¢
¨´É¥·¢ ²¥ 0 ≤ ρ ≤ κ−1. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¨´É¥£· ² (17) ¢ µÉ²¨Î¨¥ µÉ
Ëµ·³Ë ±Éµ·µ¢ (15) ¨ ËÊ·Ó¥-±µ³¶µ´¥´É UL(q) ¸² ¡µ ÎÊ¢¸É¢¨É¥²¥´ ± ¢Ò¸µ±µ-
¨³¶Ê²Ó¸´Ò³ ±µ³¶µ´¥´É ³ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤· -³¨Ï¥´¨. �±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥ µ ¸¥Î¥´¨¨ ¶·µÍ¥¸¸  pd → τπ0 ¶·¨ ΦÍ.³. = 180◦ ¢§ÖÉÒ ¨§ · -
¡µÉÒ [1],   ¶ · ³¥É·Ò  ³¶²¨ÉÊ¤Ò pN -· ¸¸¥Ö´¨Ö Å ¨§ [27].

‘· ¢´¥´¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³. �  ·¨¸.3 ¸· ¢´¨¢ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢
¸¥Î¥´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‚ Ô±¸¶¥·¨³¥´É¥ ´ ¡²Õ¤ ÕÉ¸Ö ¤¢¥
Ö·±¨¥ µ¸µ¡¥´´µ¸É¨ ¸¥Î¥´¨Ö p3He-· ¸¸¥Ö´¨Ö ´  Ê£µ² θÍ.³. = 180◦: ¨§²µ³ ¶·¨
Ô´¥·£¨¨ ∼ 0, 5 ƒÔ‚ ¨ ¶²¥Îµ ¢ ¨´É¥·¢ ²¥ 1,0÷1,5 ƒÔ‚. ‚ · ¡µÉ¥ [1] ´  µ¸´µ¢¥
³µ¤¥²¨ ��� [13] µ¡¥ ÔÉ¨ µ¸µ¡¥´´µ¸É¨ ¸¢Ö§Ò¢ ²¨¸Ó ¸ ¶·µÖ¢²¥´¨¥³ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨Ì ∆-·¥§µ´ ´¸´ÒÌ µ¸µ¡¥´´µ¸É¥° ¶·µÍ¥¸¸  pd →3Hπ+. �¤´ ±µ, ± ±
¢¨¤´µ ¨§ ·¨¸.3, ¸¥Î¥´¨¥ ¢ ³µ¤¥²¨ ��� ²¨ÏÓ ¶µ Ëµ·³¥ ¸µµÉ¢¥É¸É¢Ê¥É Ô±¸¶¥·¨-
³¥´É ²Ó´µ³Ê ¸¥Î¥´¨Õ ¶·¨ Ô´¥·£¨ÖÌ 0,5÷1,3 ƒÔ‚, ´µ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥
· ¸Î¥É µ± §Ò¢ ¥É¸Ö ¶µÎÉ¨ ´  ¶µ·Ö¤µ± ´¨¦¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ’ -
±µ° ¦¥ ¢Ò¢µ¤ ¸²¥¤Ê¥É ¨§ · ¡µÉÒ [13]. � ³¨ ¡Ò² ¢Ò¶µ²´¥´ · ¸Î¥É ¸¥Î¥´¨Ö
¶µ Ëµ·³Ê²¥ (4.13) ¨§ · ¡µÉÒ [13] c ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤ ´´ÒÌ [1] µ ·¥ ±Í¨¨
pd →3Hπ+ ¨ §´ Î¥´¨Ö U0(0) =0,42 Ë³−1/2 [16], ¶·¨´ÖÉµ£µ ¢ [1]. �µ²ÊÎ¥´-
´ Ö ±·¨¢ Ö ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ´¥¸±µ²Ó±¨Ì ¶·µÍ¥´Éµ¢ ¸µ¢¶ ²  ¸ ±·¨¢µ° ��� (1)
´  ·¨¸.3, · ¸¸Î¨É ´´µ° ¶µ (16), (17) ¸ ÊÎ¥Éµ³ ¨¸± ¦ ÕÐ¨Ì Ë ±Éµ·µ¢ (¸³.
· §¤. 4). ’ ±¨³ µ¡· §µ³, ¤¨ £· ³³  ��� ´¥ µ¡ÑÖ¸´Ö¥É Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ, É.¥. ¢±² ¤ ¤·Ê£¨Ì ³¥Ì ´¨§³µ¢ Ö¢²Ö¥É¸Ö ¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³.

‘µ£² ¸´µ ·¥§Ê²ÓÉ É ³ µ¶¨¸ ´¨Ö § ·Ö¤µ¢µ£µ Ëµ·³Ë ±Éµ·  Ö¤·  3He, ¢±² ¤
³¥Ì ´¨§³µ¢ µ¤´µ±· É´µ£µ · ¸¸¥Ö´¨Ö �
 ¨ �
‚„, µÍ¥´¨¢ ¥³ÒÌ ¢ · ³± Ì d+p-
±µ³¶µ´¥´ÉÒ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤· , ³µ¦´µ ¸· ¢´¨¢ ÉÓ ¸ Ô±¸¶¥·¨³¥´Éµ³
Éµ²Ó±µ ¢ µ¡² ¸É¨ ¶¥·¥¤ Î ∆ ≤ 1, 5 ƒÔ‚/c, Éµ ¥¸ÉÓ ¶·¨ Ô´¥·£¨ÖÌ ¶·µÉµ´ 
´¨¦¥ 0,55 ƒÔ‚. 
 ¸Î¥É ¶µ± §Ò¢ ¥É, ÎÉµ ¢±² ¤ ³¥Ì ´¨§³  �
‚„ ¶·¥´¥¡·¥-
¦¨³µ ³ ² ¶µ ¸· ¢´¥´¨Õ ¸ ³¥Ì ´¨§³µ³ �
. ‚ µ¡² ¸É¨ ³¨´¨³Ê³   ³¶²¨ÉÊ¤Ò
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¨¸. 3. 
 ¸Î¥É ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö
Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´  Ê£µ² θÍ.³. =
180◦ ¢ § ¢¨¸¨³µ¸É¨ µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨
¶·µÉµ´ : 1 Å ���; 2 Å �„; 3 Å µ¤-
´µ±· É´µ¥ · ¸¸¥Ö´¨¥ �
 ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
Ô±¸É· ¶µ²ÖÍ¨¨ Ëµ·³Ë ±Éµ·  Ö¤·  3He ¸µ-
£² ¸´µ ±·¨¢µ° 3 ´  ·¨¸. 2. ’µÎ±¨ Å Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [1]

�
 ¢±² ¤ ¶µ²Õ¸´µ° ¤¨ £· ³³Ò
�„ µ± §Ò¢ ¥É¸Ö ¤µ¢µ²Ó´µ §´ Î¨-
É¥²Ó´Ò³, ÎÉµ µ¡Ê¸²µ¢²¥´µ ¢±² -
¤µ³ D-¢µ²´Ò. �²¥Îµ, ¶·¥¤¸± -
§Ò¢ ¥³µ¥ ³¥Ì ´¨§³µ³ �„, ± Î¥-
¸É¢¥´´µ ¸µµÉ¢¥É¸É¢Ê¥É ¨§²µ³Ê, ´ -
¡²Õ¤ ¥³µ³Ê ¢ Ô±¸¶¥·¨³¥´É¥. �·¨
Ô´¥·£¨ÖÌ 0,5÷1,0 ƒÔ‚ ¢±² ¤ ³¥-
Ì ´¨§³  �„ ¡Ò¸É·µ Ê³¥´ÓÏ ¥É¸Ö,
¢ Éµ ¢·¥³Ö ± ± ¢±² ¤ ³¥Ì ´¨§³ 
µ¤´µ±· É´µ£µ pN -· ¸¸¥Ö´¨Ö ¢µ§· -
¸É ¥É. ˆ¸¶µ²Ó§ÊÖ µÍ¥´±Ê ¤²Ö  ³-
¶²¨ÉÊ¤Ò �
 MpN = fpp × F (∆),

£¤¥ F (∆) = F
É¥µ·
ch /(F p + 1

2F
n)Ä

Ê¶·Ê£¨° Ëµ·³Ë ±Éµ·, ¨§¢²¥Î¥´´Ò°
¨§ É¥µ·¥É¨Î¥¸±µ£µ § ·Ö¤µ¢µ£µ Ëµ·³-
Ë ±Éµ·  F É¥µ· [21], ´ Ìµ¤¨³, ÎÉµ
¸¥Î¥´¨¥ µ¤´µ±· É´µ£µ pN -· ¸¸¥Ö´¨Ö
¶·¨ Ô´¥·£¨¨ 0,9 ƒÔ‚ ¶µ  ¡¸µ²ÕÉ´µ°
¢¥²¨Î¨´¥ ¸µµÉ¢¥É¸É¢Ê¥É Ô±¸¶¥·¨³¥´-
É ²Ó´µ³Ê §´ Î¥´¨Õ. �ÉµÉ ·¥§Ê²ÓÉ É
¸µ£² ¸Ê¥É¸Ö ¸ µ¸´µ¢´Ò³ ¢Ò¢µ¤µ³ ¨§
· ¡µÉÒ [8], ¢ ±µÉµ·µ° ¶·µÍ¥¸¸ p3He-
· ¸¸¥Ö´¨Ö ´ § ¤ · ¸¸³ É·¨¢ ²¸Ö ¶·¨
Ô´¥·£¨ÖÌ Tp ≤ 1, 0 ƒÔ‚. �·¥¤¶µ² £ Ö, ÎÉµ ³¥Ì ´¨§³ �
 ¤µ³¨´¨·Ê¥É ¶·¨
Tp = 1÷ 1, 7 ƒÔ‚/c, ³µ¦´µ ª¨§¢²¥ÎÓª ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ Ê¶·Ê£¨°
Ëµ·³Ë ±Éµ· Ö¤·  3He ¶·¨ ∆ = 2÷ 3 ƒÔ‚/c. ‘µµÉ¢¥É¸É¢ÊÕÐ¨° ¥³Ê § ·Ö¤µ-
¢Ò° Ëµ·³Ë ±Éµ· ¨§µ¡· ¦¥´ ´  ·¨¸.2 ÉµÎ¥Î´µ° ±·¨¢µ°. �µ¢¥¤¥´¨¥ Ê£²µ¢µ°
§ ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨Ö ´¥ ¶·µÉ¨¢µ·¥Î¨É ÔÉµ³Ê ¶·¥¤¶µ²µ¦¥´¨Õ [23].

’ ±¨³ µ¡· §µ³, ± § ²µ¸Ó ¡Ò, ¤µ¸É¨£´ÊÉ  µ¸´µ¢´ Ö Í¥²Ó  ´ ²¨§  Å ¶µ-
²ÊÎ¥´  ª´µ¢ Ö ¨´Ëµ·³ Í¨Öª µ ¸É·Ê±ÉÊ·¥ Ö¤·  3He,   ¨³¥´´µ ¤ ´  µÍ¥´± 
Ê¶·Ê£µ£µ Ëµ·³Ë ±Éµ·  ¢ µ¡² ¸É¨ ¶¥·¥¤ Î ∆ =2÷3 ƒÔ‚/¸, ´¥¤µ¸ÉÊ¶´ÒÌ Ô²¥±-
É·µ´´Ò³ ¤ ´´Ò³. �´ ²µ£¨Î´Ò³ µ¡· §µ³  ¢Éµ· · ¡µÉÒ [10] ´  µ¸´µ¢ ´¨¨  ´ -
²¨§  ÔÉ¨Ì ¦¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨Ìµ¤¨É ± ¢Ò¢µ¤Ê µ ¢µ§³µ¦´µ¸É¨
¶µ²ÊÎ¨ÉÓ ¨§ Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¨³¶Ê²Ó¸´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢ ± -
´ ² Ì 3He → d + p ¨ 3He → d∗ + p ¶·¨ ¡µ²ÓÏ¨Ì µÉ´µ¸¨É¥²Ó´ÒÌ ¨³¶Ê²Ó¸ Ì
d − p, d∗ − p. �¤´ ±µ, ± ± ¶µ± §Ò¢ ¥É ¡µ²¥¥ ÉÐ É¥²Ó´Ò°  ´ ²¨§, µ¸´µ¢ ´-
´Ò° ´  ¨¸¶µ²Ó§µ¢ ´¨¨ ¶µ²´µ° É·¥ÌÉ¥²Ó´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ¸
ÊÎ¥Éµ³ ¢§¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ, É ±¨¥ § ±²ÕÎ¥-
´¨Ö Ö¢²ÖÕÉ¸Ö ¶·¥¦¤¥¢·¥³¥´´Ò³¨,   ³¥Ì ´¨§³ ¶·µÍ¥¸¸  p3He-· ¸¸¥Ö´¨Ö ´ § ¤
¶·¨ Ô´¥·£¨ÖÌ Tp = 1÷ 1, 7 ƒÔ‚ Å Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ ¸²µ¦´Ò³.
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�¸´µ¢´Ò³ ´¥¤µ¸É É±µ³ · ¡µÉ [13Ä15] ¶µ ¨§ÊÎ¥´¨Õ ³¥Ì ´¨§³  ¸·Ò¢  ÉÖ-
¦¥²µ° Î ¸É¨ÍÒ Ö¢²Ö¥É¸Ö ¨¸¶µ²Ó§µ¢ ´¨¥ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ¤¢ÊÌÉ¥²Ó´ÒÌ ¢µ²-
´µ¢ÒÌ ËÊ´±Í¨° Ö¤·  3He, µ£· ´¨Î¥´´ÒÌ d + p-±µ´Ë¨£Ê· Í¨¥° ¢ ¶·¥¤¶µ²µ-
¦¥´¨¨, ÎÉµ ¢¥¸ Spd ÔÉµ° ±µ´Ë¨£Ê· Í¨¨ · ¢¥´ ¥¤¨´¨Í¥. „ ¦¥ ¥¸²¨ ¨¸¶µ²Ó§Ê-
¥É¸Ö ¨´É¥£· ² ¶¥·¥±·Ò¢ ´¨Ö ³¥¦¤Ê ·¥ ²¨¸É¨Î¥¸±¨³¨ ¢µ²´µ¢Ò³¨ ËÊ´±Í¨Ö³¨
¤¥°É·µ´  ¨ Ö¤·  3He, ¸ ±µÉµ·Ò³ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ¥É¸Ö § ·Ö¤µ¢Ò°
Ëµ·³Ë ±Éµ· Ö¤·  3He ¶·¨ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸ Ì ∆ ≤ 1, 5 ƒÔ‚/c, ·¥§Ê²ÓÉ ÉÒ
 ´ ²¨§  ¶·µÍ¥¸¸  p3He→3Hep, ¢Ò¶µ²´¥´´µ£µ ´  ÔÉµ° µ¸´µ¢¥, ´¥²Ó§Ö ¸Î¨É ÉÓ
¸ ³µ¸µ£² ¸µ¢ ´´Ò³¨. ‚µ-¶¥·¢ÒÌ, ¶·¥¤¶µ²µ¦¥´¨¥ Spd = 1 ¶·µÉ¨¢µ·¥Î¨É ·¥-
§Ê²ÓÉ É ³ É·¥ÌÉ¥²Ó´ÒÌ · ¸Î¥Éµ¢ [17] Spd = 0, 43 ¨ É¥³ ¸ ³Ò³ § ¢ÒÏ ¥É ¢±² ¤
³¥Ì ´¨§³  µ¡³¥´  ¤¥°É·µ´µ³ ¢ 0, 43−2 · § . ‚µ-¢Éµ·ÒÌ, ¸·Ò¢ ÉÖ¦¥²µ£µ Ë· £-
³¥´É  ¸¢µ¤¨É¸Ö ¨¸±²ÕÎ¨É¥²Ó´µ ± ³¥Ì ´¨§³Ê µ¡³¥´  ¤¥°É·µ´µ³. ‚ · ¡µÉ¥ [10]
ÊÎÉ¥´ ¢±² ¤ ¸¨´£²¥É´µ£µ ¤¥°É·µ´  d∗ ¢ ±µ´Ë¨£Ê· Í¨¨ d∗+p Ö¤·  3He. �¤´ ±µ
 ¢Éµ· · ¡µÉÒ [10] Ë ±É¨Î¥¸±¨ ¨¸¶µ²Ó§Ê¥É Éµ²Ó±µ ¤¢ÊÌÉ¥²Ó´µ¥ ¶·¨¡²¨¦¥´¨¥
¨, ±·µ³¥ Éµ£µ, ´¥ ÊÎ¨ÉÒ¢ ¥É ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸Éµ-
Ö´¨ÖÌ. ‚ Éµ ¦¥ ¢·¥³Ö · ¸Î¥ÉÒ ¸ É·¥ÌÉ¥²Ó´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¥° Ö¤·  3He
¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ [28] ¶µ± §Ò¢ ÕÉ, ÎÉµ ¢±² ¤ ³¥Ì ´¨§³  ¶¥·¥¤ Î¨ ´¥¢§ ¨-
³µ¤¥°¸É¢ÊÕÐ¥° np-¶ ·Ò ¢ Ê¶·Ê£µ¥ p 3He-· ¸¸¥Ö´¨¥ ´ § ¤ ¸· ¢´¨³ ¸ ¢±² ¤µ³
µ¡³¥´  ¤¥°É·µ´µ³ ¨ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ Ô´¥·£¨¨. ‚±² ¤ ¤¢ÊÌ¸ÉÊ¶¥´Î -
Éµ° n − p-¶¥·¥¤ Î¨ ´ °¤¥´ ¤µ³¨´¨·ÊÕÐ¨³ É ±¦¥ ¢ ·¥ ±Í¨ÖÌ É¨¶  (p, t) ´ 
¸·¥¤´¨Ì Ö¤· Ì ¶·¨ Ô´¥·£¨ÖÌ Tp ≤ 50 ŒÔ‚ [29].

‚ · ¡µÉ Ì [9, 28], [30Ä32] ¢Ò¶µ²´¥´ ¤¥É ²Ó´Ò°  ´ ²¨§ ³¥Ì ´¨§³  ¶¥·¥-
¤ Î¨ np-¶ ·Ò ´  µ¸´µ¢¥ ¶¥É²¥¢ÒÌ ¤¨ £· ³³ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° Î¥ÉÒ·¥Ì³¥·´µ°
¤¨ £· ³³´µ° É¥Ì´¨±¨ [33]. ˆ¸¸²¥¤µ¢ ´  ¸¢Ö§Ó ÔÉµ£µ Ëµ·³ ²¨§³  ¸ É·¥Ì³¥·-
´µ° ¤¨ £· ³³´µ° É¥Ì´¨±µ° ¨ Ï·¥¤¨´£¥·µ¢¸±¨³ Ëµ·³ ²¨§³µ³. „²Ö µ¶¨¸ ´¨Ö
¸É·Ê±ÉÊ·Ò Ö¤·  3He ¨¸¶µ²Ó§µ¢ ´  Ë ¤¤¥¥¢¸± Ö ¶ÖÉ¨± ´ ²Ó´ Ö ¢µ²´µ¢ Ö ËÊ´±-
Í¨Ö ¸ ÊÎ¥Éµ³ S- ¨ D- ±µ³¶µ´¥´É. ‚Ò¶µ²´¥´Ò µÍ¥´±¨ ¢±² ¤  ·¥²ÖÉ¨¢¨¸É¸±¨Ì
ÔËË¥±Éµ¢. “Î¥É ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ ¢Ò¶µ²-
´¥´ ¢ · ³± Ì É¥µ·¨¨ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ƒ² Ê¡¥·  Å ‘¨É¥´±µ. Š ±
¶µ± §Ò¢ ÕÉ ·¥§Ê²ÓÉ ÉÒ É ±µ£µ  ´ ²¨§ , ³¥Ì ´¨§³ ¶¥·¥¤ Î¨ ´¥¢§ ¨³µ¤¥°¸É¢Ê-
ÕÐ¥° ¶ ·Ò ¢´µ¸¨É ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ê np-¶¥·¥¤ Î¨ ¶·¨ Ê£² Ì
· ¸¸¥Ö´¨Ö θÍ.³. ∼ 180◦. ‚±² ¤ ³¥Ì ´¨§³  ¶¥·¥¤ Î¨ ¤¥°É·µ´ ,  ³¶²¨ÉÊ¤ 
±µÉµ·µ£µ µÎ¥´Ó ÎÊ¢¸É¢¨É¥²Ó´  ± ¢Ò¸µ±µ¨³¶Ê²Ó¸´Ò³ ±µ³¶µ´¥´É ³ ¢µ²´µ¢µ°
ËÊ´±Í¨¨ Ö¤·  3He, µ± §Ò¢ ¥É¸Ö ¶·¥´¥¡·¥¦¨³µ ³ ². � ¶·µÉ¨¢, µ¤´µ° ¨§ ¨´-
É¥·¥¸´ÒÌ ¨ ´¥µ¦¨¤ ´´ÒÌ µ¸µ¡¥´´µ¸É¥° ¤µ³¨´¨·ÊÕÐ¥£µ ³¥Ì ´¨§³  Ö¢²Ö¥É¸Ö
¥£µ ¸² ¡ Ö ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ± ¸É·Ê±ÉÊ·¥ Ö¤·  3He ´  ³ ²ÒÌ NN -· ¸¸ÉµÖ´¨ÖÌ.

3.1. �³¶²¨ÉÊ¤  ¢¨·ÉÊ ²Ó´µ£µ · ¸¶ ¤  É·¥ÌÎ ¸É¨Î´µ£µ ¸¢Ö§ ´´µ£µ ¸µ-
¸ÉµÖ´¨Ö {123} → 1 + 2 + 3 . ŒÒ ¨¸Ìµ¤¨³ ¨§ É¥Ì´¨±¨ ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì
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¨¸. 4. “· ¢´¥´¨Ö ¤²Ö  ³¶²¨ÉÊ¤ Rij

Ë¥°´³ ´µ¢¸±¨Ì ¤¨ £· ³³ [33]. ‡ ¡¥£ Ö ¢¶¥·¥¤, µÉ³¥É¨³, ÎÉµ ¤µ³¨´¨·ÊÕÐ¨°
³¥Ì ´¨§³ ¤¥³µ´¸É·¨·Ê¥É ´¨§±ÊÕ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ± ·¥²ÖÉ¨¢¨¸É¸±¨³ ÔËË¥±-
É ³. ’¥³ ¸ ³Ò³ ¨¸¶µ²Ó§µ¢ ´¨¥ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° É¥Ì´¨±¨ Ö¢²Ö¥É¸Ö µ¶· ¢-
¤ ´´Ò³. ‚ ¶·µÍ¥¸¸ Ì ¸ ÊÎ ¸É¨¥³ Ö¤¥· 3He(3H) µ¸´µ¢´Ò³ ¶µ´ÖÉ¨¥³ ¤¨ -
£· ³³´µ£µ ¶µ¤Ìµ¤  Ö¢²Ö¥É¸Ö  ³¶²¨ÉÊ¤  ¢¨·ÉÊ ²Ó´µ£µ · ¸¶ ¤  É·¥ÌÎ ¸É¨Î´µ£µ
¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö {123} ´  É·¨ ´Ê±²µ´  {123} → 1 + 2 + 3. � ¨¡µ-
²¥¥ ¶·µ¸ÉÒ³¨  ´ ²¨É¨Î¥¸±¨³¨ ¸¢µ°¸É¢ ³¨ µ¡² ¤ ¥É ©Ê·¥§ ´´ Öª Î ¸ÉÓ ÔÉµ°
 ³¶²¨ÉÊ¤Ò Rij(qij ,Qk, Eij), ±µÉµ· Ö ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸Ê³³Ê Éµ²Ó±µ É¥Ì
¤¨ £· ³³, ±µÉµ·Ò¥ § ± ´Î¨¢ ÕÉ¸Ö ¢§ ¨³µ¤¥°¸É¢¨¥³ ³¥¦¤Ê Î ¸É¨Í ³¨ ¸ ¨´-
¤¥±¸ ³¨ i ¨ j. ‡¤¥¸Ó qij ¨ Eij ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ¨³¶Ê²Ó¸ ¨ Ô´¥·£¨Õ µÉ-
´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¢ ¶ ·¥ ij ¸µµÉ¢¥É¸É¢¥´´µ,   Qk Å ¨³¶Ê²Ó¸ ´Ê±²µ´ -
¸¶¥±É Éµ·  k ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ Ö¤·  {ijk}. ‚ ¸²ÊÎ ¥ ¶·µ¨§¢µ²Ó´ÒÌ ³ ¸¸
Î ¸É¨Í i, j, k ¨³¥¥³

qij = (mjpi −mipj)/(mi +mj),

Eij = Ei + Ej − (pi + pj)
2/2(mi +mj),

Qk;ij = [(mi +mj)pk −mk(pi + pj)]/(mi +mj +mk), (18)

£¤¥ Ei,pi Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¨ ¨³¶Ê²Ó¸ i-£µ ´Ê±²µ´  ¢ ¶·µ¨§¢µ²Ó´µ°
¸¨¸É¥³¥ µÉ¸Î¥É . �³¶²¨ÉÊ¤  Rij Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° Î¥ÉÒ·¥Ì ´¥§ ¢¨¸¨³ÒÌ
£ ²¨²¥¥¢¸±¨Ì ¨´¢ ·¨ ´Éµ¢ ¨ Ê¤µ¢²¥É¢µ·Ö¥É ¸¨¸É¥³¥ ¨´É¥£· ²Ó´ÒÌ Ê· ¢´¥´¨°,
£· Ë¨Î¥¸±¨ ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸.4.


¥Ï¥´¨¥ ÔÉµ° ¸¨¸É¥³Ò ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´µ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥ (¤²Ö Ê¶·µ-
Ð¥´¨Ö µ¡µ§´ Î¥´¨° ¢ ÔÉµ³ ¨ ¸²¥¤ÊÕÐ¥³ · §¤¥² Ì ´¥ ¢Ò¶¨¸Ò¢ ÕÉ¸Ö ¸¶¨´µ¢Ò¥
¨´¤¥±¸Ò ¨ ¸¶¨´µ¢Ò¥ ËÊ´±Í¨¨ ´Ê±²µ´µ¢) [33]:

R12(q12,Q3, E12) =

∫
d3q

(2π)3
t12(q,q12, E12)

q2/2µ12 − E12 − iε
L12(q,Q3)×

×{ψ23(q′23,Q′1) + ψ31(q′31,Q
′
2)}, (19)

£¤¥
Lij(qij ,Qk) = q

2
ij/2µij +Q

2
k/2µk + ε; (20)

ε Å Ô´¥·£¨Ö ¸¢Ö§¨ É·¥ÌÎ ¸É¨Î´µ° ¸¨¸É¥³Ò, µij = mimj/(mi + mj), µk =
mk(mi+mj)/(mi+mj +mk); ψ

ij(qij ,Qk) Å Ë ¤¤¥¥¢¸± Ö ±µ³¶µ´¥´É  ¢µ²-
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´µ¢µ° ËÊ´±Í¨¨ Ö¤·  {ijk}, Ê¤µ¢²¥É¢µ·ÖÕÐ Ö Ê· ¢´¥´¨Ö³ ” ¤¤¥¥¢  [34]:

Lij(qij ,Qk) ψ
ij(qij ,Qk) = −(2π)3

∫
d3q′ij tij(qij ,q

′
ij , Eij = −ε−Q2k/3µk)×

×{ψki(q′ki,Q
′
j) + ψjk(q′jk ,Q

′
i)}. (21)

Ÿ±µ¡¨¥¢¸±¨¥ ¨³¶Ê²Ó¸Ò q′ki, Q
′
k ¨ q′jk,Q

′
i µÉ²¨Î ÕÉ¸Ö µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ´¥-

ÏÉ·¨Ìµ¢ ´´ÒÌ ¶¥·¥³¥´´ÒÌ, ¢Ò· ¦¥´´ÒÌ Î¥·¥§ qij ¨ Qk, § ³¥´µ° qij → q′ij .
‚Ò· ¦¥´¨¥ (19) ¸¶· ¢¥¤²¨¢µ ¢ µ¡Ð¥³ ¸²ÊÎ ¥, ±µ£¤  ¨¸Ìµ¤´µ¥ Ö¤·µ ´ Ìµ-

¤¨É¸Ö ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨,   ¢¸¥ É·¨ ±µ´¥Î´ÒÌ ´Ê±²µ´  Å ¢´¥ ³ ¸¸µ¢µ°
¶µ¢¥·Ì´µ¸É¨, É.¥. σi �= 0, σj �= 0, σk �= 0, £¤¥

σi = Ei − pi2/2mi. (22)

‚ Î ¸É´µ¸É¨, ¥¸²¨ k-° ´Ê±²µ´ ´ Ìµ¤¨É¸Ö ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨ (σk = 0),
Éµ ¢Ò· ¦¥´¨¥ (19) ¤²Ö Rij ¸ÊÐ¥¸É¢¥´´µ Ê¶·µÐ ¥É¸Ö, ¨ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ´¥£µ
¢¢µ¤¨É¸Ö ¸¶¥Í¨ ²Ó´µ¥ µ¡µ§´ Î¥´¨¥ Γij :

Γij(qij ,Qk) ≡ Rij(qij , Qk, Eij = −ε−Q2k/2µk) =

= −Lij(qij ,Qk)ψ
ij(qij ,Qk). (23)

�·¨ ¢Ò¢µ¤¥ ¢Ò· ¦¥´¨Ö (23) ¨§ (19) ¨¸¶µ²Ó§µ¢ ´µ ±¨´¥³ É¨Î¥¸±µ¥ Éµ¦¤¥¸É¢µ

Eij + σk = −ε−Q2k/2µk, (24)

¢¸²¥¤¸É¢¨¥ ±µÉµ·µ£µ §´ ³¥´ É¥²Ó ¶µ¤ ¨´É¥£· ²µ³ (19) ¶·¨´¨³ ¥É ¢¨¤

q2/2µ12 − E12 = q
2/2µ12 +Q

2
3/2µ3 + ε = L12(q,Q3); (25)

§ É¥³ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ Ê· ¢´¥´¨¥ (21).
� ±µ´¥Í, ¶·¨¢¥¤¥³ ¢Ò· ¦¥´¨¥ ¤²Ö ¶µ²´ÒÌ  ³¶²¨ÉÊ¤ · §¢ ²  R, Γ,  

É ±¦¥ ¤²Ö ¶µ²´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö ψA:

R = R12 +R23 +R31;

Γ = Γ12 + Γ23 + Γ31;

ψA = ψ12 + ψ23 + ψ31. (26)

�É¤¥²Ó´Ò¥ ±µ³¶µ´¥´ÉÒ Rij ¨ ψij ¶µ²ÊÎ ÕÉ¸Ö ¨§ (19) ¨ (21) Í¨±²¨Î¥¸±µ°
¶¥·¥¸É ´µ¢±µ° ¨´¤¥±¸µ¢ i, j, k.

�¥É²¥¢ Ö ¤¨ £· ³³  ¶¥·¥¤ Î¨ np-¶ ·Ò ¢ Î¥ÉÒ·¥Ì³¥·´µ³ ¤¨ £· ³³´µ³
Ëµ·³ ²¨§³¥. 
 ¸¸³µÉ·¨³ ³¥Ì ´¨§³ ¶¥·¥¤ Î¨ ¶ ·Ò ´Ê±²µ´µ¢ ¸ ´µ³¥· ³¨ 2 ¨
3 ¢ ·¥ ±Í¨¨ 4 + {123} → 1 + {423}, ¶·¨ ÔÉµ³ ¶µ² £ ¥³ mi = mj = mk = m,
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¨¸. 5. �³¶²¨ÉÊ¤  ¶¥·¥¤ Î¨ ¤¢ÊÌ Î ¸É¨Í ¢ ¶·µÍ¥¸¸¥ 4 + {123} → 1 + {423} ¢ É¥·-
³¨´ Ì Î¥ÉÒ·¥Ì³¥·´µ° ¤¨ £· ³³´µ° É¥Ì´¨±¨:  ) ¶¥·¥¤ Î  ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò
(��‚�); ¡) ¶¥·¥¤ Î  ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò (�‚�); ¢) ¶µ²´ Ö  ³¶²¨ÉÊ¤  ¶¥·¥¤ Î¨
¤¢ÊÌ Î ¸É¨Í; R′i = R

12
i +R

31
i , R′f = R

42
f +R

34
f

£¤¥ m ¥¸ÉÓ ³ ¸¸  ´Ê±²µ´ . ‡¤¥¸Ó ¶·¥¤¶µ² £ ¥É¸Ö ¢´ Î ²¥, ÎÉµ ¢¸¥ ´Ê±²µ´Ò ´¥-
Éµ¦¤¥¸É¢¥´´Ò,   ¨Ì Éµ¦¤¥¸É¢¥´´µ¸ÉÓ ÊÎ¨ÉÒ¢ ¥É¸Ö ¤ ²¥¥ µÉ¤¥²Ó´µ. r¥§ ÊÎ¥É 
¶¥·¥· ¸¸¥Ö´¨° ¢ ´ Î ²Ó´µ³, ±µ´¥Î´µ³ ¨ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨ÖÌ ¸ ³µ¥
µ¡Ð¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò ¶¥·¥¤ Î¨ ¤¢ÊÌ ´Ê±²µ´µ¢ ¤ ¥É ¸Ê³³  ¤¨ -
£· ³³ ´  ·¨¸.5. „¨ £· ³³Ò ·¨¸.5,  ¨ 5,¡ µÉ¢¥Î ÕÉ ¶¥·¥¤ Î¥ ¶ ·Ò ´¥¢§ ¨³µ-
¤¥°¸É¢ÊÕÐ¨Ì ¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ´Ê±²µ´µ¢, ¸µµÉ¢¥É¸É¢¥´´µ, ¸ ´µ³¥· ³¨ 2
¨ 3. �µ¤Î¥·±´¥³, ÎÉµ ¢ ´¨¦´¥° (R′i = R12i +R31i ) ¨ ¢¥·Ì´¥° (R′f = R42f +R34f )

¢¥·Ï¨´ Ì ÔÉ¨Ì ¤¨ £· ³³ µÉ¸ÊÉ¸É¢ÊÕÉ  ³¶²¨ÉÊ¤Ò R23. „¨ £· ³³Ê ´  ·¨¸.5,¡
³µ¦´µ Ê¶·µ¸É¨ÉÓ, ¥¸²¨ ¸ ¶µ³µÐÓÕ Ê· ¢´¥´¨° ¤²Ö Rij (¸³.·¨¸.4) µÉ´¥¸É¨  ³-
¶²¨ÉÊ¤Ê t23 ± ¢¥·Ì´¥° ¨²¨ ´¨¦´¥° ¢¥·Ï¨´ ³. ˆ¸¶µ²Ó§ÊÖ µ¤´Ê (´ ¶·¨³¥·,
¢Éµ·ÊÕ) ¨§ ÔÉ¨Ì ¢µ§³µ¦´µ¸É¥°, ¶µ²ÊÎ ¥³ £· Ë¨Î¥¸±µ¥ · ¢¥´¸É¢µ, ¨§µ¡· ¦¥´-
´µ¥ ´  ·¨¸.5.

�´ ²¨É¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¸Ê³³ ·´µ°  ³¶²¨ÉÊ¤Ò (·¨¸.5,¢) ¨³¥¥É ¸²¥-
¤ÊÕÐ¨° ¢¨¤:

M =
i

(2π)4

∫
d3p2 dE2 (R

24
f +R34f )(R12i +R23i +R31i )×

×(E2 − p22/2m+ iη)−1 (E3 − p23/2m+ iη)−1. (27)

�É³¥É¨³, ÎÉµ ¢Ò· ¦¥´¨¥ (27) ³µ¦´µ Éµ¦¤¥¸É¢¥´´µ ¶¥·¥¶¨¸ ÉÓ, § ³¥´¨¢
(R24f + R34f )(R12i + R23i + R31i ) ´  (R23f + R24f + R34f )(R12i + R31i ). ‚ µ¡µ¨Ì

¢ ·¨ ´É Ì ±µ³¶µ´¥´É  R23 ¶µÖ¢²Ö¥É¸Ö ²¨ÏÓ ¢ µ¤´µ° ¨§ ¢¥·Ï¨´ ¤¨ £· ³³Ò
·¨¸.5,¢, É¥³ ¸ ³Ò³ ¨¸±²ÕÎ ¥É¸Ö ¤¢µ°´µ° ÊÎ¥É Î²¥´µ¢ ·Ö¤  ³´µ£µ±· É´µ£µ
· ¸¸¥Ö´¨Ö, µÉ¢¥Î ÕÐ¥£µ · ¸¸³ É·¨¢ ¥³µ³Ê ¶·µÍ¥¸¸Ê.

„²Ö  ´ ²¨§  µ¸µ¡¥´´µ¸É¥° ¶µ¤Ò´É¥£· ²Ó´µ£µ ¢Ò· ¦¥´¨Ö (27) ¢ ±µ³¶²¥±¸-
´µ° ¶²µ¸±µ¸É¨ ¶¥·¥³¥´´µ° E2 ¨¸¶µ²Ó§Ê¥³ § ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¢ ´¨¦-
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´¨Ì ¢¥·Ï¨´ Ì ¤¨ £· ³³ ·¨¸.5:

E2 + E3 =
p2

2mτ
− p

′2

2m
− ε, (28)

£¤¥ p (p′) Å ¨³¶Ê²Ó¸ ´ Î ²Ó´µ£µ (±µ´¥Î´µ£µ) ¶·µÉµ´  ¢ ¸.Í.³. p+3 He, mτ

Å ³ ¸¸  Ö¤·  3He. “ÎÉ¥³, ÎÉµ  ³¶²¨ÉÊ¤  Rij(qij ,Qk, Eij) ¨³¥¥É ¶· ¢Ò°
· §·¥§ ¢ ¶²µ¸±µ¸É¨ Eij µÉ 0 ¤µ ∞ ¸ Ë¨§¨Î¥¸±¨³¨ §´ Î¥´¨Ö³¨ ´  ¥£µ ¢¥·Ì-
´¥³ ¡¥·¥£Ê ¨ ¶µ²Õ¸Ò ¶·¨ Eij < 0, ¸³¥Ð¥´´Ò¥ ¢ ´¨¦´ÕÕ ¶µ²Ê¶²µ¸±µ¸ÉÓ
¨ µÉ¢¥Î ÕÐ¨¥ ¸¢Ö§ ´´Ò³ ¸µ¸ÉµÖ´¨Ö³ ¢ ¸¨¸É¥³¥ {ij} [33]. �É¸Õ¤ , ¸ ÊÎ¥Éµ³
(18) ¨ (19), ¢ÒÉ¥± ÕÉ ¸²¥¤ÊÕÐ¨¥ ÊÉ¢¥·¦¤¥´¨Ö µÉ´µ¸¨É¥²Ó´µ ¶µ¤Ò´É¥£· ²Ó´µ°
ËÊ´±Í¨¨ (27):

1. R24f R23i ¨ R24f R12i ¨³¥ÕÉ ¶· ¢Ò° · §·¥§ ¨ ¶µ²Õ¸Ò ¢ ´¨¦´¥° ¶µ²Ê¶²µ¸-
±µ¸É¨ E2;

2. R34f R23i ¨ R34f R31i ¨³¥ÕÉ ²¥¢Ò° · §·¥§ ¨ ¶µ²Õ¸Ò ¢ ¢¥·Ì´¥° ¶µ²Ê¶²µ¸-
±µ¸É¨ E2;

3. R34f R12i ¨ R24f R31i ¨³¥ÕÉ ¨ ¶· ¢Ò°, ¨ ²¥¢Ò° · §·¥§Ò, ¶·¨Î¥³ Ë¨-
§¨Î¥¸±¨³¨ Ö¢²ÖÕÉ¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ¢¥·Ì´¨° ¨ ´¨¦´¨° ¡¥·¥£  ÔÉ¨Ì
· §·¥§µ¢.

Œ¥Ì ´¨§³Ò �‚� ¨ ���. ‚ ¸²ÊÎ ÖÌ 1 ¨ 2 ³µ¦´µ ¢Ò¶µ²´¨ÉÓ ¨´É¥£·¨·µ-
¢ ´¨¥ ¶µ E2 ¢ ¢Ò· ¦¥´¨¨ (27), ¢§Ö¢ ¢ÒÎ¥ÉÒ ¢ ¶µ²Õ¸ Ì E2 = p

2
2/2m2 − iη ¨

E3 = p
2
3/2m3 − iη ¸µµÉ¢¥É¸É¢¥´´µ. ‚ ·¥§Ê²ÓÉ É¥ ¨³¥¥³

M�‚� =

∫
d3p2
(2π)3

(
Γ34f Γ23i
σ̃3

+
Γ24f Γ23i
σ̃2

)
(29)

¤²Ö R34f R23i +R24f R23i ¨

M��� =

∫
d3p2

(2π)3

(
Γ24f Γ12i
σ̃2

+
Γ34f Γ31i
σ̃3

)
(30)

¤²Ö R34f R31i +R24f R12i , £¤¥

σ̃3 = σ3|σ2=0, σ̃2 = σ2|σ3=0.

“Î¨ÉÒ¢ Ö ¸µÌ· ´¥´¨¥ Ô´¥·£¨¨ ¨ 3-¨³¶Ê²Ó¸  ¢ ± ¦¤µ° ¨§ ¢¥·Ï¨´ ¤¨ £· ³³
·¨¸.5, ¶µ¸²¥ ´¥¸²µ¦´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì ¶·¥µ¡· §µ¢ ´¨° ´ Ìµ¤¨³

σ2 = σ̃3 = −(ε+ q223/2µ23 +Q21;23/2µ1;23) = −L23(q23, Q1;23). (31)
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¨¸. 6. —¥ÉÒ·¥Ì³¥·´ Ö ¤¨ £· ³³  ¤²Ö ´¥¶µ¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ ¶ ·Ò (���):
R̃i = R

23
i +R

12
i , R̃f = R

23
i +R

42
f

’ ±¨³ µ¡· §µ³, ¸ ÊÎ¥Éµ³ (23) ¨³¥¥³

M�‚� = −(2π)3
∫

d3p2 (ψ
24
f + ψ34f )+ψ23i L23(q23,Q1;23), (32)

M��� = −(2π)3
∫

d3p2(ψ
24+

f ψ12i + ψ34
+

f ψ31i ) L23(q23,Q1;23). (33)

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ  ³¶²¨ÉÊ¤  M�‚� Ö¢²Ö¥É¸Ö ÉµÎ´Ò³  ´ ²¨É¨Î¥¸±¨³ ¢Ò-
· ¦¥´¨¥³ ¤²Ö ³¥Ì ´¨§³  ¶¥·¥¤ Î¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò (�‚�) (·¨¸.5,¡).
�³¶²¨ÉÊ¤  M��� Ö¢²Ö¥É¸Ö ¸Ê³³µ° µ¤´µ¶¥É²¥¢ÒÌ ¤¨ £· ³³ ¸ ¸µÎ¥É ´¨¥³
¢¥·Ï¨´ R24f R12i ¨ R34f R31i . ˆ¸¶µ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ (19) ¨ ·¨¸.4, ´¥É·Ê¤´µ ¶µ-
± § ÉÓ, ÎÉµ ¤¨ £· ³³Ò É ±µ£µ É¨¶  ³µ£ÊÉ ¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¢ Ô±¢¨¢ ²¥´É´µ°
ªÉ·¥Ì¶¥É²¥¢µ°ª Ëµ·³¥ Å ± ± ¶µ± § ´µ ´  ·¨¸.6 (ÔÉµ ¸µ¢¥·Ï¥´´µ µÎ¥¢¨¤´Ò°
·¥§Ê²ÓÉ É ¸ ÉµÎ±¨ §·¥´¨Ö £· Ë¨Î¥¸±µ£µ · ¢¥´¸É¢ , ¶·¥¤¸É ¢²¥´´µ£µ ´  ·¨¸.4).
�µ ÔÉµ° ¶·¨Î¨´¥  ³¶²¨ÉÊ¤  M��� ¤ ²¥¥ ´ §Ò¢ ¥É¸Ö ³¥Ì ´¨§³µ³ ´¥¶µ¸²¥-
¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ ¶ ·Ò (���).

Œ¥Ì ´¨§³ ��. �¸É ¢Ï¨¥¸Ö ¢ (28) ¸² £ ¥³Ò¥, µÉ¢¥Î ÕÐ¨¥ ¸²ÊÎ Õ 3 ¶µ
¢ÒÏ¥¶·¨¢¥¤¥´´µ° ±² ¸¸¨Ë¨± Í¨¨ µ¸µ¡¥´´µ¸É¥°, £·Ê¶¶¨·ÊÕÉ¸Ö ¢ ¸²¥¤ÊÕÐ¥¥
¢Ò· ¦¥´¨¥:

M3 =
i

(2π)4

∫
d3p2 dE2

R34f R12i +R24f R31i

(σ2 + iη) (σ3 + iη)
. (34)

‚ ¢Ò· ¦¥´¨¨ (34) ´¥¢µ§³µ¦´µ Ö¢´Ò³ µ¡· §µ³ ¢Ò¶µ²´¨ÉÓ ¨´É¥£·¨·µ¢ ´¨¥ ¶µ
E2 ³¥Éµ¤ ³¨ É¥µ·¨¨ ¢ÒÎ¥Éµ¢. ’¥³ ´¥ ³¥´¥¥  ³¶²¨ÉÊ¤Ê (34) É ±¦¥ ³µ¦´µ
¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ ±· É´ÒÌ ¨´É¥£· ²µ¢ ¶µ É·¥Ì¨³¶Ê²Ó¸ ³ [32], ±µÉµ·Ò¥, ¢
¸¢µÕ µÎ¥·¥¤Ó, ¢Ò· ¦ ÕÉ¸Ö ¢ ¢¨¤¥ ¡¥¸±µ´¥Î´µ° ¸Ê³³Ò É·¥Ì³¥·´ÒÌ ¤¨ £· ³³.

�µ²ÊÎ ÕÐ¥¥¸Ö ¶·¨ ÔÉµ³ ¢Ò· ¦¥´¨¥ ´¥ ¸µ¤¥·¦¨É Ô´¥·£¨° Eij ± ± ´¥§ ¢¨-
¸¨³ÒÌ ¶¥·¥³¥´´ÒÌ,   µ¶·¥¤¥²Ö¥É¸Ö Éµ²Ó±µ É·¥Ì¨³¶Ê²Ó¸ ³¨. �µÔÉµ³Ê ¸µµÉ¢¥É-
¸É¢ÊÕÐ Ö  ³¶²¨ÉÊ¤ , ± ± ¨ (32), (33), ¤ ²¥¥ ¨´É¥·¶·¥É¨·Ê¥É¸Ö ¢ É·¥Ì³¥·´µ°
¤¨ £· ³³´µ° É¥Ì´¨±¥.
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3.2. �³¶²¨ÉÊ¤  np-¶¥·¥¤ Î¨ ¢ É·¥Ì³¥·´µ³ ¶·¥¤¸É ¢²¥´¨¨. ‚ É·¥Ì³¥·-
´µ° ¤¨ £· ³³´µ° É¥Ì´¨±¥ ¢¸¥ ¶·µ³¥¦ÊÉµÎ´Ò¥ Î ¸É¨ÍÒ ¨ ¨Ì ¸¢Ö§ ´´Ò¥ ¸µ¸Éµ-
Ö´¨Ö ´ Ìµ¤ÖÉ¸Ö ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨,   µ¸´µ¢´Ò³¨ É¥·³¨´ ³¨ Ö¢²ÖÕÉ¸Ö
É·¥Ì³¥·´Ò¥ ¢¥·Ï¨´´Ò¥ ËÊ´±Í¨¨ Γij (23), µ¶¥· Éµ·Ò tij ¨ Î¥ÉÒ·¥ÌÎ ¸É¨Î´ Ö
ËÊ´±Í¨Ö ƒ·¨´  G0:

G0 = (Ẽi − Ẽ + iη)−1, (35)

£¤¥ Ẽi(Ẽ) Å ¸Ê³³ ·´ Ö Ô´¥·£¨Ö ´ Î ²Ó´µ£µ (¶·µ³¥¦ÊÉµÎ´µ£µ) ¸µ¸ÉµÖ´¨Ö ¸¨-
¸É¥³Ò Î¥ÉÒ·¥Ì ´Ê±²µ´µ¢ ¸ ÊÎ¥Éµ³ ¨Ì ³ ¸¸ ¶µ±µÖ. � ¶·¨³¥·, ¤²Ö ¶¥·¥Ìµ¤ 
4 + {123} → 1 + 2 + 3 + 4 ¡¥§ ¨§³¥´¥´¨Ö ¨³¶Ê²Ó¸  4-£µ ´Ê±²µ´  ¨³¥¥³
(|p4| = |pτ | = |p|)

G0 =
[
m4 +

p24
2m4

+mτ +
p2τ
2mτ

−
4∑

i=1

(mi +
p2i
2mi

)
]−1

=

= −L−123 (q23,Q1;23) = −L−131 (q31,Q2;31) = −L−112 (q12,Q3;12). (36)

’¥¶¥·Ó ¢Ò· ¦¥´¨Ö (32),(33) ¢ ±· É±µ° § ¶¨¸¨ ¶·¨´¨³ ÕÉ ¢¨¤

M�‚� = (Γ24f + Γ34f )G0Γ
23
i , (37)

M��� = Γ24f G0Γ
12
i + Γ34f G0Γ

31
i , (38)

   ³¶²¨ÉÊ¤  M�� ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

M�� = Mr
�� + M̃��, (39)

Mr
�� = Γ34f G0Γ

12
i + {2↔ 3}, (40)

M̃�� = ΓfG0t12G0t34G0Γi+ΓfG0t12G0t34G0t12G0t34G0Γi+ . . .+ {2↔ 3},
(41)

£¤¥ Γi ¨ Γf µ¶·¥¤¥²¥´Ò ¢Ò· ¦¥´¨¥³ (26).
‚¢¥¤¥³ µ¡µ§´ Î¥´¨¥

Mr = M�‚�+M���+Mr
�� = (Γ24f +Γ34f )G0Γi = ΓfG0(Γ

12
i +Γ31i ). (42)

ƒ· Ë¨Î¥¸±µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¢Ò· ¦¥´¨° (37)Å(41) ´  Ö§Ò±¥ É·¥Ì³¥·´ÒÌ

¤¨ £· ³³ ¤ ´µ ´  ·¨¸.7. �³¶²¨ÉÊ¤  Mr
�� (40) ¤ ²¥¥ ´ §Ò¢ ¥É¸Ö ¡µ·´µ¢¸±µ°

 ³¶²¨ÉÊ¤µ° ¶µ¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ (´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥°) ¶ ·Ò r��.

Š ± ¶µ± § ´µ ´¨¦¥, ¸Ê³³   ³¶²¨ÉÊ¤ M�‚�+M���+Mr
�� ¸µµÉ¢¥É¸É¢Ê¥É
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¨¸. 7. ’·¥Ì³¥·´Ò¥  ³¶²¨ÉÊ¤Ò M�‚�, M���, M�� = M
r
�� + M̃��, µ¶·¥¤¥²¥´-

´Ò¥ ¢Ò· ¦¥´¨Ö³¨ (37), (38), (40), (41). ‚¥·É¨± ²Ó´Ò¥ ²¨´¨¨ µ¡µ§´ Î ÕÉ ¸¢µ¡µ¤´ÊÕ
Î¥ÉÒ·¥ÌÎ ¸É¨Î´ÊÕ ËÊ´±Í¨Õ ƒ·¨´  (35). ‚¥·Ï¨´´Ò¥ ËÊ´±Í¨¨ Γij ¨ Γ µ¶·¥¤¥²¥´Ò
¢Ò· ¦¥´¨Ö³¨ (23) ¨ (26) ¸µµÉ¢¥É¸É¢¥´´µ

¡µ·´µ¢¸±µ³Ê ¶·¨¡²¨¦¥´¨Õ ¸É ´¤ ·É´µ° ±¢ ´Éµ¢µ° É¥µ·¨¨ · ¸¸¥Ö´¨Ö. � -
·Ö¤Ê ¸ ¢Ò· ¦¥´¨Ö³¨ (33), (34) ¤²Ö  ³¶²¨ÉÊ¤ �‚� ¨ ��� ¶·¨¢¥¤¥³ Ö¢´µ¥
¢Ò· ¦¥´¨¥ ¤²Ö r��- ³¶²¨ÉÊ¤Ò ¢ É¥·³¨´ Ì ¢µ²´µ¢ÒÌ ËÊ´±Í¨°:

Mr
�� = −(2π)−3

∫
d3p2 L23(q23,Q1){ψ34

+

f ψ12i + ψ24
+

f ψ13i }. (43)

�³¶²¨ÉÊ¤  M̃�� ¢ µÉ²¨Î¨¥ µÉ Mr ¸µ¤¥·¦¨É Î¥ÉÒ·¥ÌÎ ¸É¨Î´Ò¥ (NNNN ),
É·¥ÌÎ ¸É¨Î´Ò¥ (NNd),   ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ p3H →3Hp ¨ ¤¢ÊÌÎ ¸É¨Î´Ò¥ (dd)
¶·µ³¥¦ÊÉµÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö ¢ s-± ´ ²¥. �É³¥É¨³, µ¤´ ±µ, ÎÉµ §  ¸Î¥É Î¥·¥-
¤µ¢ ´¨Ö ³´µ¦¨É¥²¥° tij , G0 ¨ tkl ¢ (41), (42), µÉ¤¥²Ó´µ ¢§ÖÉÒ¥ ¸² £ ¥³Ò¥

 ³¶²¨ÉÊ¤Ò M̃�� ¸µ¤¥·¦ É ²¨ÏÓ Î¥ÉÒ·¥Ì- ¨ É·¥ÌÎ ¸É¨Î´Ò¥ (¤¥°É·µ´´Ò° ¶µ-
²Õ¸ ¢  ³¶²¨ÉÊ¤ Ì · ¸¸¥Ö´¨Ö tij) ¶·µ³¥¦ÊÉµÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö, ´µ ´¥ ¸µ¤¥·-
¦ É ¤¢ÊÌÎ ¸É¨Î´Ò¥ dd-¸µ¸ÉµÖ´¨Ö. �·µ³¥¦ÊÉµÎ´µ¥ dd-¸µ¸ÉµÖ´¨¥ ¢µ¸¶·µ¨§-
¢µ¤¨É¸Ö Éµ²Ó±µ ¢¸¥° ¡¥¸±µ´¥Î´µ° ¸Ê³³µ° (41), ¸µ¸É ¢²ÖÖ Î ¸ÉÓ  ³¶²¨ÉÊ¤Ò
M̃��. ‚±² ¤ dd-¸µ¸ÉµÖ´¨Ö µÉ¢¥Î ¥É É·¥Ì³¥·´µ° ¤¨ £· ³³¥ ´  ·¨¸.8, . ‚ Éµ
¦¥ ¢·¥³Ö É·¥Ì³¥·´ Ö ¤¨ £· ³³  ´  ·¨¸.8,¡, ±µÉµ· Ö ´¥ ¨³¥¥É ¶·µ³¥¦ÊÉµÎ´µ£µ
dd-¸µ¸ÉµÖ´¨Ö, ¸µ¤¥·¦¨É¸Ö ¢  ³¶²¨ÉÊ¤¥Mr,   ¨³¥´´µ ¢ Mr

��.
3.3. “Î¥É Éµ¦¤¥¸É¢¥´´µ¸É¨ ´Ê±²µ´µ¢ ¨ ¸¢Ö§Ó ¸ ¡µ·´µ¢¸±¨³ ¶·¨¡²¨¦¥-

´¨¥³. 
 ¸¸³µÉ·¨³ ¢µ¶·µ¸ µ¡ ÊÎ¥É¥ ¶·¨´Í¨¶  � Ê²¨ ¢ Ëµ·³ ²¨§³¥ ¨§µ¸¶¨´ ,
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¨¸. 8. �·µ³¥¦ÊÉµÎ´Ò¥ ¤¥°É·µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¢ ¶·µÍ¥¸¸¥ ¤¢ÊÌ´Ê±²µ´´µ° ¶¥·¥¤ Î¨
p3H→3Hp ( , ¡), ¢ Å µ¡³¥´ ¤¥°É·µ´µ³

¸Î¨É Ö ¢¸¥ ´Ê±²µ´Ò Éµ¦¤¥¸É¢¥´´Ò³¨. ‚Ò· ¦¥´¨¥ (27) ¤²Ö  ³¶²¨ÉÊ¤Ò ¶¥·¥-
¤ Î¨ NN -¶ ·Ò ´¥¸¨³³¥É·¨Î´µ: ¢ µÉ¢¥É ¢Ìµ¤¨É ¶µ²´ Ö  ³¶²¨ÉÊ¤  · ¸¶ ¤ 
´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö Ri = R12i + R31i + R23i ¨ ¸Ê³³  ¤¢ÊÌ Ê·¥§ ´´ÒÌ  ³-
¶²¨ÉÊ¤ ¸¨´É¥§  R42f +R34f . �·¨ ¶µ¶ÒÉ±¥  ´É¨¸¨³³¥É·¨§µ¢ ÉÓ  ³¶²¨ÉÊ¤Ê (27)
¶µ ´Ê±²µ´ ³ 1,2,3,4 ª·Ê± ³¨ª (É.¥. ¤µ¡ ¢²ÖÖ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ §´ ± ³¨
¤¨ £· ³³Ò, ¶µ²ÊÎ ¥³Ò¥ ¨§ (27) ¢ ·¥§Ê²ÓÉ É¥ ¶¥·¥¸É ´µ¢±¨ ´µ³¥·µ¢ Î ¸É¨Í),
³Ò ´¥¨§¡¥¦´µ ¶µ²ÊÎ¨³ ¶·µ¨§¢¥¤¥´¨¥ ¶µ²´ÒÌ  ³¶²¨ÉÊ¤ Ri ¨ Rf . ‘²¥¤µ¢ -
É¥²Ó´µ, ¢ µÉ¢¥É ¢µ°¤ÊÉ § ¶·¥Ð¥´´Ò¥ ¤¨´ ³¨±µ° ¸µÎ¥É ´¨Ö R23f R23i . ’ ±¨³
µ¡· §µ³, ¢µ§³µ¦´µ¸ÉÓ ÊÎ¥É  ¶·¨´Í¨¶  � Ê²¨ ¢ ±² ¸¸¥ Éµ²Ó±µ ¶¥É²¥¢ÒÌ µ¡-
³¥´´ÒÌ ¤¨ £· ³³ ¶·µ¡²¥³ É¨Î´ . �µ²´µ¸ÉÓÕ ¸¨³³¥É·¨Î´ÊÕ ¶µ ´ Î ²Ó´Ò³ ¨
±µ´¥Î´Ò³ ´Ê±²µ´ ³  ³¶²¨ÉÊ¤Ê ³µ¦´µ ¸±µ´¸É·Ê¨·µ¢ ÉÓ, ¥¸²¨ ± µ¡³¥´´µ°  ³-
¶²¨ÉÊ¤¥ (27) ¤µ¡ ¢¨ÉÓ  ³¶²¨ÉÊ¤Ê ¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢, ´ ¶·¨³¥·, É·¥Ê£µ²Ó´ÊÕ
¤¨ £· ³³Ê µ¤´µ±· É´µ£µ pN -· ¸¸¥Ö´¨Ö. �·¨ ÔÉµ³ ¢ Ëµ·³ ²¨§³¥ ¨§µ¸¶¨´ 
µ¡³¥´´ Ö ¤¨ £· ³³  (27) ¢Ìµ¤¨É ¢ É ±ÊÕ ¶µ²´ÊÕ  ´É¨¸¨³³¥É·¨§µ¢ ´´ÊÕ  ³-
¶²¨ÉÊ¤Ê ¸ ±µ³¡¨´ Éµ·´Ò³ ³´µ¦¨É¥²¥³ 3 [35].

�ÉµÉ ¦¥ ·¥§Ê²ÓÉ É ¤²Ö ±µ³¡¨´ Éµ·´µ£µ ³´µ¦¨É¥²Ö ³µ¦´µ ¶µ²ÊÎ¨ÉÓ, µ¡· -
É¨¢Ï¨¸Ó ± Ëµ·³ ²Ó´µ° É¥µ·¨¨ · ¸¸¥Ö´¨Ö ¢ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥. ‚ ¡µ·´µ¢-
¸±µ³ ¶·¨¡²¨¦¥´¨¨  ³¶²¨ÉÊ¤  ¶·µÍ¥¸¸  ¸ ¶¥·¥¤ Î¥° ´Ê±²µ´µ¢ 4 + {123} →
1 + {423} µ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³ [35]:

Tr = −3 < p′pχ(1),p
′
τψτ (4, 2, 3) | V13 + V12 | ppχ(4),pτψτ (1, 2, 3) >, (44)

£¤¥ pp(p′p),pτ (p
′
τ ) Å ¨³¶Ê²Ó¸Ò ´ Î ²Ó´µ£µ (±µ´¥Î´µ£µ) ¶·µÉµ´  ¨ Ö¤·  3He

¸µµÉ¢¥É¸É¢¥´´µ, χ(χ′) Å ¸¶¨´-¨§µ¸¶¨´µ¢Ò¥ ¸µ¸ÉµÖ´¨Ö ´ Î ²Ó´µ£µ (±µ´¥Î-
´µ£µ) ¶·µÉµ´ . ‹¥£±µ ¶µ± § ÉÓ [9], ¨¸¶µ²Ó§ÊÖ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ¤²Ö
¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° {123} ¨ {423}, ÎÉµ ¢Ò· ¦¥´¨¥ (44) ¸ ÉµÎ´µ¸ÉÓÕ ¤µ
±µ³¡¨´ Éµ·´µ£µ ³´µ¦¨É¥²Ö 3 ¸µ¢¶ ¤ ¥É ¸  ³¶²¨ÉÊ¤µ° (42)

Tr = 3Mr, (45)

£¤¥ Mr µ¶·¥¤¥²¥´ Ëµ·³Ê²µ° (42). „¥°¸É¢¨É¥²Ó´µ, ¨§ Ê· ¢´¥´¨Ö ¤²Ö ¸¢Ö§ ´-
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´µ£µ ¸µ¸ÉµÖ´¨Ö {123} ¨³¥¥³

(V̂12 + V̂13)|ψA(1, 2, 3) >= −(L23(q23,Q1) + V̂23|ψA(1, 2, 3) > . (46)

“Î¨ÉÒ¢ Ö ¢Ò· ¦¥´¨¥ (46),   É ±¦¥ ¸²¥¤ÊÕÐ¥¥ ¸µµÉ´µÏ¥´¨¥:

Lij |ψij(k; ij) >= −V̂ij |ψA(1, 2, 3) >, (47)

¤²Ö ³ É·¨Î´µ£µ Ô²¥³¥´É  (44) ¶µ¸²¥ ¶¥·¥Ìµ¤  ± ¨³¶Ê²Ó¸´µ³Ê ¶·¥¤¸É ¢²¥´¨Õ
¶µ²ÊÎ ¥³ ¸µµÉ´µÏ¥´¨¥ (42).

�·¨¢¥¤¥³ ¡µ²¥¥ ¤¥É ²Ó´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö Tr, ±µÉµ·µ¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ
¨§ (42), (45):

Tr = 6(2π)−3
∫

d3q23 L23(q23,Q1)χ
+
p′(1) {ϕ23

+

(4; 23)ϕ31(2; 31)+

+ϕ42
+

(3; 42)ϕ31(2; 31) + ϕ34
+

(2; 34)ϕ31(2; 31)}χp(4). (48)

‡¤¥¸Ó ¸² £ ¥³Ò¥ ϕ23
+

ϕ31, ϕ42
+

ϕ31, ϕ34
+

ϕ31 µÉ¢¥Î ÕÉ  ³¶²¨ÉÊ¤ ³ �‚�, r��
¨ ��� ¸µµÉ¢¥É¸É¢¥´´µ (¸³. ·¨¸.7).

3.4. �¡³¥´ ¤¥°É·µ´µ³. 
 ¸¸³µÉ·¨³ ¤¨ £· ³³Ê µ¡³¥´  ¤¥°É·µ´µ³, ¶·¥¤-
¸É ¢²¥´´ÊÕ ´  ·¨¸.8,¢. �É³¥É¨³, ÎÉµ  ³¶²¨ÉÊ¤  · ¸¸¥Ö´¨Ö t23 ¸µ¤¥·¦¨É ¢±² ¤
¤¥°É·µ´´µ£µ ¶µ²Õ¸  ¢ Ëµ·³¥

tpol23 (q,q
′, E) =

ϕd(q)ϕd(q
′)(εd + q

2/2µ23)(εd + q
′2/2µ23)

E + εd
, (49)

£¤¥ ϕd, εd Å ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¨ Ô´¥·£¨Ö ¸¢Ö§¨ ¤¥°É·µ´  ¸µµÉ¢¥É¸É¢¥´´µ. „²Ö
Éµ£µ, ÎÉµ¡Ò ¢Ò¤¥²¨ÉÓ ¢±² ¤ µ¡³¥´  ¤¥°É·µ´µ³ ¨§  ³¶²¨ÉÊ¤Ò ¶¥·¥¤ Î¨ ¢§ ¨³µ-
¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò, ¶µ¤¸É ¢¨³ ¶µ²Õ¸´Ò° Î²¥´ (49) ¢³¥¸Éµ ÉµÎ´µ°  ³¶²¨ÉÊ¤Ò
t23 ¢ Ëµ·³Ê²Ò (21), (23) ¤²Ö Γ23,   § É¥³ ¢ ¢Ò· ¦¥´¨¥ (37) ¤²Ö M�‚�. ‚
·¥§Ê²ÓÉ É¥ ¤²Ö ¨¸±µ³µ£µ ¢±² ¤  ¶µ²ÊÎ ¥³

M�„ = −3(ε− εd +Q
2
1;23/2µ1;23)I

+(Q4;23)I(Q1;23), (50)

£¤¥

I(Qk;23) = (2π)−3
∫

d3qϕ+d (q)ψ
23(q,Qk;23) (51)

Å ¨´É¥£· ² ¶¥·¥±·Ò¢ ´¨Ö ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¤¥°É·µ´  ϕd(q) ¸ µ¤´µ° Ë ¤-
¤¥¥¢¸±µ° ±µ³¶µ´¥´Éµ° ψ23 ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö {123}.
Šµ³¡¨´ Éµ·´Ò° ³´µ¦¨É¥²Ó 3 ¢ (49) ÊÎ¨ÉÒ¢ ¥É Éµ¦¤¥¸É¢¥´´µ¸ÉÓ ´Ê±²µ´µ¢ ¢
Ëµ·³ ²¨§³¥ ¨§µ¸¶¨´ . �µ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É ¸µµÉ¢¥É¸É¢Ê¥É · ¡µÉ¥ [33], ¸µ-
£² ¸´µ ±µÉµ·µ° Î¥ÉÒ·¥Ì³¥·´ Ö ¢¥·Ï¨´´ Ö ËÊ´±Í¨Ö · ¸¶ ¤  {123} → {23}+1
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´  ¢¨·ÉÊ ²Ó´µ¥ (¢´¥³ ¸¸µ¢µ¥) ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ {23} ¨ ·¥ ²Ó´Ò° (´  ³ ¸-
¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨) ´Ê±²µ´ µ¶·¥¤¥²Ö¥É¸Ö ¨³¥´´µ ¨´É¥£· ²µ³ ¶¥·¥±·Ò¢ ´¨Ö
(51). �µ²Õ¸´ Ö  ³¶²¨ÉÊ¤  µ¡³¥´  ¤¥°É·µ´µ³ (50), (51) ¸µ¤¥·¦¨É¸Ö Éµ²Ó±µ

¢ �‚�- ³¶²¨ÉÊ¤¥ M�‚� ¨ ´¥ ¸µ¤¥·¦¨É¸Ö ¢  ³¶²¨ÉÊ¤ Ì Mr
�� ¨ M���.

�¤´ ±µ, ¥¸²¨ ¢³¥¸Éµ I(q) ¶µ¤¸É ¢¨ÉÓ ¢ (50) ¸²¥¤ÊÕÐ¨° ¨´É¥£· ² ¶¥·¥±·Ò¢ -
´¨Ö ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö {23} ϕd(q) ¸ ¶µ²´µ° ¢µ²´µ¢µ°
ËÊ´±Í¨¥° Ö¤·  {123} ψA

I(Qk;23) = (2π)−3
∫

d(3)q ϕ+D(q)ψA(q,Qk;23), (52)

Éµ ¶µ²ÊÎ¨³ µ¡ÒÎ´µ¥ ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò ¶¥-
·¥¤ Î¨ ¤¥°É·µ´  [14]. �Î¥¢¨¤´µ, ÎÉµ ÔÉ  ¶µ¸²¥¤´ÖÖ  ³¶²¨ÉÊ¤  ´¥ ³µ¦¥É
¡ÒÉÓ ¶µ²ÊÎ¥´  ¨§  ³¶²¨ÉÊ¤Ò ¶¥·¥¤ Î¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò M�‚� ¨,
¸²¥¤µ¢ É¥²Ó´µ, ¢µ¸¶·µ¨§¢µ¤¨É¸Ö ²¨ÏÓ ¸Ê³³µ° ¢¸¥Ì ¸² £ ¥³ÒÌ ¢ (27) M =

M�‚� + M��� + Mr
�� + M̃��, ¸µ¸É ¢²ÖÖ ¥¥ Î ¸ÉÓ. �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ

 ³¶²¨ÉÊ¤  ¸ ¢¥·Ï¨´µ° (52), ¢§ÖÉ Ö ¢ µÉ¤¥²Ó´µ¸É¨, ³µ¦¥É ²ÊÎÏ¥ µ¶¨¸Ò¢ ÉÓ
³¥Ì ´¨§³ ¶·¥¤ Î¨ ¤¥°É·µ´ , Î¥³  ³¶²¨ÉÊ¤  ¸ ¢¥·Ï¨´µ° (51) [36].

4. “—…’ 	…
…
�‘‘…Ÿ�ˆ‰ ‚ ��—�‹œ��Œ ˆ Š��…—��Œ
‘�‘’�Ÿ�ˆŸ• ‚ 	
ˆ�‹ˆ†…�ˆˆ ƒ‹�“�…
� Å ‘ˆ’…�Š�

„¨´ ³¨±  ¶·µÍ¥¸¸  ¶¥·¥¤ Î¨ np-¶ ·Ò, ¤ ¢ ¥³ Ö ¢Ò· ¦¥´¨Ö³¨ (27), (39),
(42), ´¥ ÊÎ¨ÉÒ¢ ¥É ¶¥·¥· ¸¸¥Ö´¨° ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ · ¸-
¸³ É·¨¢ ¥³µ£µ ¶·µÍ¥¸¸ . „²Ö ÊÎ¥É  ÔÉ¨Ì ÔËË¥±Éµ¢ µ¡· É¨³¸Ö ± Ï·¥¤¨´£¥-
·µ¢¸±µ³Ê ¶µ¤Ìµ¤Ê. ‘µ£² ¸´µ Ëµ·³ ²Ó´µ° É¥µ·¨¨ ¶µÉ¥´Í¨ ²Ó´µ£µ · ¸¸¥Ö´¨Ö
 ³¶²¨ÉÊ¤  ¶·µÍ¥¸¸  p3He→3Hep ¸ ÊÎ¥Éµ³ Éµ¦¤¥¸É¢¥´´µ¸É¨ ´Ê±²µ´µ¢ ³µ¦¥É
¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ [35]:

Tfi = T dir − 3T ex, (53)

£¤¥  ³¶²¨ÉÊ¤Ò T dir ¨ T ex µÉ´µ¸ÖÉ¸Ö ± ¶·µÍ¥¸¸ ³ ¸ ´¥Éµ¦¤¥¸É¢¥´´Ò³¨ Î ¸É¨-
Í ³¨, ¶·¨Î¥³ T dir µ¶¨¸Ò¢ ¥É ¶·Ö³µ° ¶·µÍ¥¸¸ 4 + {123} → 4 + {123},   T ex

¥¸ÉÓ  ³¶²¨ÉÊ¤  ¶·µÍ¥¸¸  ¸ ª¶¥·¥¸É·µ°±µ°ª 4 + {123} → 1 + {423}. „²Ö T ex

¢ post-Ëµ·³¥ ¨³¥¥³ ¢Ò· ¦¥´¨¥

T ex =< f | V12 + V13 + V14 | ϕ(+)i >, (54)

£¤¥ ϕ
(+)
i Å ÉµÎ´Ò° ¢¥±Éµ· ¸µ¸ÉµÖ´¨Ö · ¸¸¥Ö´¨Ö ¢ ¸¨¸É¥³¥ ´¥Éµ¦¤¥¸É¢¥´´ÒÌ

Î ¸É¨Í 4 + {123},   ¢¥±Éµ· |f > µ¶¨¸Ò¢ ¥É ¸¢µ¡µ¤´µ¥ ¸µ¸ÉµÖ´¨¥ ¸¨¸É¥³Ò
1 + {423}. �·¨³¥´ÖÖ ± ³ É·¨Î´µ³Ê Ô²¥³¥´ÉÊ (54) É¥µ·¥³Ê ƒµ²Ó¤¡¥·£¥·  Å
‚ É¸µ´  [37], ¶µ²ÊÎ ¥³

T ex =< χ
(−)
f | V12 + V13 | ϕ(+)i > + < χ

(−)
f | V14 | i >, (55)
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£¤¥ | χ(−)f > Å ¢¥±Éµ· ¸µ¸ÉµÖ´¨Ö · ¸¸¥Ö´¨Ö ´Ê±²µ´  ¸ ¨´¤¥±¸µ³ 1 ´  ´Ê±²µ´¥
¸ ¨´¤¥±¸µ³ 4, ¸¢Ö§ ´´µ³ ¢ Ö¤·¥ {423}; ¢¥±Éµ· | i > µ¶¨¸Ò¢ ¥É ¸¢µ¡µ¤´µ¥
¤¢¨¦¥´¨¥ ¢ ¸¨¸É¥³¥ 4 + {123}. ‚Éµ·µ¥ ¸² £ ¥³µ¥ ¢ ¸Ê³³¥ (55) µ¶¨¸Ò¢ ¥É µ¡-

³¥´´Ò¥ ¶·µÍ¥¸¸Ò É¨¶  § ³¥Ð¥´¨Ö. Šµ³¡¨´ Í¨Ö T dir − 3 < χ
(−)
f | V14 | i >,

¸µ¤¥·¦ Ð Ö¸Ö ¢ ¢Ò· ¦¥´¨¨ (53), ¸µµÉ¢¥É¸É¢Ê¥É ·Ö¤Ê ³´µ£µ±· É´µ£µ · ¸¸¥-
Ö´¨Ö ¸  ´É¨¸¨³³¥É·¨§µ¢ ´´Ò³¨  ³¶²¨ÉÊ¤ ³¨ NN -· ¸¸¥Ö´¨Ö. ‚±² ¤ ÔÉ¨Ì
¶·µÍ¥¸¸µ¢ ¡Ò² ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´ ¢ · ¡µÉ¥ [8]. ‚ ÔÉµ° · ¡µÉ¥ ¡Ò²µ ¤µ-
¸É¨£´ÊÉµ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶·¨
Tp < 1 ƒÔ‚, µ¤´ ±µ ¶·¨ ÔÉµ³ ´¥ ÊÎ¨ÉÒ¢ ²¸Ö ¢±² ¤ ³¥Ì ´¨§³  ¶¥·¥¤ Î¨ NN -
¶ ·Ò. ‡¤¥¸Ó ³Ò µ£· ´¨Î¨¢ ¥³¸Ö Éµ²Ó±µ · ¸¸³µÉ·¥´¨¥³ ¶¥·¢µ£µ Î²¥´  ¢ (55).
‚ ´¥³ ¸µ¤¥·¦¨É¸Ö ³ É·¨Î´Ò° Ô²¥³¥´É, ±µÉµ·Ò° µ¶¨¸Ò¢ ¥É ¶¥·¥¤ ÎÊ NN -
¶ ·Ò ¢ ¶·µÍ¥¸¸¥ pτ → τp ¸ ÊÎ¥Éµ³ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³
¸µ¸ÉµÖ´¨ÖÌ. ‚ · §¢¥·´ÊÉµ° Ëµ·³¥ ÔÉµÉ ³ É·¨Î´Ò° Ô²¥³¥´É ¨³¥¥É ¢¨¤

T dist
fi = −3 < χ̃

(−)
f χ′(1)ψA(4, 2, 3) | V12 + V13 | χ(4)ψτ (1, 2, 3)ϕ̃

(+)
i > . (56)

‚ ¡µ·´µ¢¸±µ³ ¶·¨¡²¨¦¥´¨¨ ¢Ò· ¦¥´¨¥ (56) ¸¢µ¤¨É¸Ö ± Ëµ·³Ê²¥ (44).
“Î¥É ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ ¢Ò¶µ²´Ö¥É¸Ö

§¤¥¸Ó ¢ ¤ÊÌ¥ · ¡µÉ [38]. „²Ö ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ϕ(+) ¨ χ(−) ¨³¥¥³ ¸²¥¤ÊÕÐ¨¥
¢Ò· ¦¥´¨Ö ¢ ¨³¶Ê²Ó¸´µ³ ¶·¥¤¸É ¢²¥´¨¨:

ϕ̃+p (k) = (2π)3δ(3)(k− p) + (p2 − k2 + iε)−1
3

2
mT

(+)
kp , (57)

ϕ̃−p′(k) = (2π)3δ(3)(k− p′) + (p′2 − k2 − iε)−1mt
(−)
kp′ . (58)

‡¤¥¸Ó Tkp Å ÉµÎ´ Ö t-³ É·¨Í  Ê¶·Ê£µ£µ N{3N}-· ¸¸¥Ö´¨Ö, tkp = t14 Å
³ É·¨Í  ¢´¥Ô´¥·£¥É¨Î¥¸±µ£µ NN -· ¸¸¥Ö´¨Ö ´  ¸¢Ö§ ´´µ³ ¢ Ö¤·¥ {3N} ´Ê-
±²µ´¥. �¸´µ¢´Ò¥ ¶·¨¡²¨¦¥´¨Ö, ¨¸¶µ²Ó§Ê¥³Ò¥ ´ ³¨ ¢ ¤ ´´µ° · ¡µÉ¥, ¸µ¸ÉµÖÉ
¢ ¸²¥¤ÊÕÐ¥³.

• �µ¸±µ²Ó±Ê ¶·¨ Ô´¥·£¨ÖÌ ∼ 1 ƒÔ‚ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ Ê¶·Ê£µ£µ
p3He-· ¸¸¥Ö´¨Ö ¢ÒÉÖ´ÊÉµ ¢¶¥·¥¤ ¨ ¡Ò¸É·µ Ê¡Ò¢ ¥É ¸ ·µ¸Éµ³ Ê£²  · ¸-
¸¥Ö´¨Ö ¢ ¸.Í.³., Éµ ¢ ¨´É¥£· ²¥ (56) ´ ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³¨ Ö¢²ÖÕÉ¸Ö

¶¥·¥· ¸¸¥Ö´¨Ö ´  ³ ²Ò¥ Ê£²Ò. �µÔÉµ³Ê ¢³¥¸Éµ ÉµÎ´µ°  ³¶²¨ÉÊ¤Ò T
(+)
kp

¢ (56) ¨¸¶µ²Ó§Ê¥³ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¶·¨¡²¨¦¥´´µ¥ ¢Ò· ¦¥´¨¥, ¶µ²Ê-
Î¥´´µ¥ ¢ ¤¨Ë· ±Í¨µ´´µ° É¥µ·¨¨ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ƒ² Ê¡¥·  Å
‘¨É¥´±µ.

• �³¶²¨ÉÊ¤  t
(−)
kp § ³¥´Ö¥É¸Ö ´  ©on-shellª  ³¶²¨ÉÊ¤Ê pn-· ¸¸¥Ö´¨Ö. �³-

¶²¨ÉÊ¤  pN -· ¸¸¥Ö´¨Ö ¢ ¡¥¸¸¶¨´µ¢µ³ ¶·¨¡²¨¦¥´¨¨ ¶ · ³¥É·¨§Ê¥É¸Ö ¢
¸É ´¤ ·É´µ° ¤²Ö ¤¨Ë· ±Í¨µ´´µ° É¥µ·¨¨ Ëµ·³¥ [39]:

fpN (q) =
kσN

4π
(i+ αN ) exp(−1

2
βNq2), (59)
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¨¸. 9. �¥·¥¤ Î  np-¶ ·Ò ¢ ¶·µÍ¥¸¸¥ p3He→3Hep ¸ ÊÎ¥Éµ³ ¶¥·¥· ¸¸¥Ö´¨° ¸µ£² ¸´µ

¢Ò· ¦¥´¨Õ (60):  ) ¡µ·´µ¢¸±µ¥ ¶·¨¡²¨¦¥´¨¥ M�‚� + M��� + M
r
��; ¡) pN-

¶¥·¥· ¸¸¥Ö´¨¥ ¢µ ¢Ìµ¤´µ³ ± ´ ²¥; ¢) p3He-¶¥·¥· ¸¸¥Ö´¨¥ ¢ ¢ÒÌµ¤´µ³ ± ´ ²¥; £) ¶¥-
·¥· ¸¸¥Ö´¨Ö ¢µ ¢Ìµ¤´µ³ ¨ ¢ÒÌµ¤´µ³ ± ´ ² Ì

£¤¥ q Å ¶¥·¥¤ ´´Ò° ¢ pN -· ¸¸¥Ö´¨¨ ¨³¶Ê²Ó¸, k Å ¢µ²´µ¢µ° ¢¥±Éµ·
´Ê±²µ´  ¢ ¸.Í.³. p + N , σN Å ¶µ²´µ¥ ¸¥Î¥´¨¥ pN -· ¸¸¥Ö´¨Ö, αN , βN
Å Ô³¶¨·¨Î¥¸±¨¥ ¶ · ³¥É·Ò, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´-
´Ò³ pN -· ¸¸¥Ö´¨Ö.

• Š ± ¨ ¢ · ¡µÉ Ì [38], ¶µ¸²¥ ¶µ¤¸É ´µ¢±¨ ¢Ò· ¦¥´¨° (57), (58) ¢ (56)
¶·¥´¥¡·¥£ ¥³ ¨´É¥£· ² ³¨ ¢ ¸³Ò¸²¥ £² ¢´µ£µ §´ Î¥´¨Ö ¶µ k.

‘ ÊÎ¥Éµ³ ÔÉ¨Ì ¶·¥¤¶µ²µ¦¥´¨°  ³¶²¨ÉÊ¤  (56) ¶·¨´¨³ ¥É ¢¨¤

T dist
fi = Tr(p

′
τ ,p

′
p;pτ ,pp) +

i

4πkp

∫
d2q Fpτ (q)Tr(p

′
τ ,p

′
p;pτ + q,pp − q)+

+
i

4πkp′

∫
d2q′ fpp(q

′)Tr(p
′
τ − q′,p′p + q′;pτ ,pp)−

− 1

(4π)2kp′kp

∫ ∫
d2qd2q′ Fpτ (q)fpp(q

′)Tr(pτ − q
′,p′p + q;pτ + q,pp − q).

(60)
‚ ¢Ò· ¦¥´¨¨ (60) É·¨ ¶µ¸²¥¤´¨Ì ¸² £ ¥³ÒÌ ÊÎ¨ÉÒ¢ ÕÉ ¶¥·¥· ¸¸¥Ö´¨Ö, ¸µ-
µÉ¢¥É¸É¢¥´´µ, ¢ ´ Î ²Ó´µ³, ±µ´¥Î´µ³,   É ±¦¥ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ-
¸ÉµÖ´¨ÖÌ µ¤´µ¢·¥³¥´´µ (¸³. ·¨¸.9). ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ £ Ê¸¸µ¢¸±µ° ¶ · ³¥É-
·¨§ Í¨¨ ¤²Ö ¶²µÉ´µ¸É¨ Ö¤·  3He ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò Fpτ ¶·¨´¨³ ¥É
¶·µ¸ÉÊÕ  ´ ²¨É¨Î¥¸±ÊÕ Ëµ·³Ê [40]:

Fpτ (q) =
3∑

i=1

Aie
−αiq2 . (61)
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‡¤¥¸Ó ¶ · ³¥É·Ò Ai, αi  ´ ²¨É¨Î¥¸±¨ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¶ · ³¥É·Ò  ³¶²¨-
ÉÊ¤Ò NN -· ¸¸¥Ö´¨Ö (59) ¨ µ¸Í¨²²ÖÉµ·´Ò° · ¤¨Ê¸ £ Ê¸¸µ¢¸±µ° Ëµ·³Ò ¶²µÉ-
´µ¸É¨ Ö¤·  3He. ’·¨ ¸² £ ¥³ÒÌ ¢ (61) ¸µµÉ¢¥É¸É¢ÊÕÉ µ¤´µ-, ¤¢ÊÌ- ¨ É·¥Ì±· É-
´Ò³ ¸Éµ²±´µ¢¥´¨Ö³ ´ ²¥É ÕÐ¥£µ ¶·µÉµ´  ¸ ´Ê±²µ´ ³¨ Ö¤·  3He.

5. ˆ‘	�‹œ‡�‚��ˆ… 
…�‹ˆ‘’ˆ—…‘Š�‰ ‚�‹��‚�‰ ”“�Š–ˆˆ
Ÿ„
� 3He

�µ²´µ¸ÉÓÕ  ´É¨¸¨³³¥É·¨Î´ Ö ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö
¸¨¸É¥³Ò É·¥Ì ´Ê±²µ´µ¢ {123} ≡ 3He ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸²¥¤Ê-
ÕÐ¥£µ · §¡¨¥´¨Ö ´  Ë ¤¤¥¥¢¸±¨¥ ±µ³¶µ´¥´ÉÒ:

ψ(1, 2, 3) = ϕ23(1; 2, 3) + ϕ31(2; 3, 1) + ϕ12(3; 1, 2) =

= (1 + P12P23 + P13P32)ϕ
23(1; 2, 3), (62)

£¤¥

ϕij(k; i, j) = −ϕij(k; j, i) = ϕij(qij ,Qk), (63)

Pij Å µ¶¥· Éµ· ¶¥·¥¸É ´µ¢±¨ ´Ê±²µ´µ¢ ¸ ´µ³¥· ³¨ i ¨ j. ŒÒ ¨¸¶µ²Ó§Ê¥³
¸²¥¤ÊÕÐÊÕ ´µ·³¨·µ¢±Ê ¸µ¸ÉµÖ´¨°:

< p | p′ >= (2π)3δ(3)(p− p′), < r | p >= exp (ipr),

∫
ψ+A(q,Q)ψA(q,Q)dqdQ = (2π)6, (64)

∫
ϕ+d (q)ϕd(q)dq = (2π)3.

�·¨ É ±µ° ´µ·³¨·µ¢±¥ ¸¢Ö§Ó  ³¶²¨ÉÊ¤ (48), (54)Å(56) ¸ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³
¸¥Î¥´¨¥³ ¢ ¸.Í.³. p+ 3He ¨³¥¥É ¢¨¤

dσ

dΩ
=

1

4π2

( εpετ

εp + ετ

)2
| Tfi |2 , (65)

£¤¥ εi =
√
p2i +m2i Å ¶µ²´ Ö Ô´¥·£¨Ö i-° Î ¸É¨ÍÒ ¢ ¸.Í.³. p + τ, | Tfi |2

Å Ê¸·¥¤´¥´´Ò° ¶µ ´ Î ²Ó´Ò³ ¨ ¶·µ¸Ê³³¨·µ¢ ´´Ò° ¶µ ±µ´¥Î´Ò³ ¸¶¨´ ³
±¢ ¤· É ³µ¤Ê²Ö ³ É·¨Î´µ£µ Ô²¥³¥´É .
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5.1. Œ´µ£µ± ´ ²Ó´ Ö ¸¶¨´-¨§µ¸¶¨´µ¢ Ö ¸É·Ê±ÉÊ·   ³¶²¨ÉÊ¤Ò np-¶¥·¥-
¤ Î¨. ‡¤¥¸Ó ¶µ²ÊÎ¥´µ ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò (48) ¢ ¸²ÊÎ ¥, ±µ£¤  ¢µ²´µ¢ Ö
ËÊ´±Í¨Ö ψA(1, 2, 3) ¸µ¤¥·¦¨É ´¥¸±µ²Ó±µ µ·Éµ£µ´ ²Ó´ÒÌ Î²¥´µ¢ ν, ¢µ§´¨± Õ-
Ð¨Ì ¶·¨ · ¸¸³µÉ·¥´¨¨ NN -¢§ ¨³µ¤¥°¸É¢¨Ö ¢ 1S0- ¨ 3S1 −3 D1-¸µ¸ÉµÖ´¨ÖÌ.

‘²¥¤ÊÖ · ¡µÉ¥ [21], ¢¢¥¤¥³ µ¡µ§´ Î¥´¨Ö ¡ §¨¸´ÒÌ ¸µ¸ÉµÖ´¨°:

1 < q23,Q1 | q23, Q1, ν >≡| [q23(LS)I,Q1(ls)j]JJz; (T t)T T z >1=

=
∑

mimjmLmS mlms

(ImIjmj | JJz)(LmLSmS | ImI)(lml
1

2
ms | jmj)×

× YLmL(q̂23)Ylml(Q̂1) | SmS ,
1

2
ms >| (T

1

2
)T T z >1 . (66)

‡¤¥¸Ó L,mL, S,mS Å µÉ´µ¸¨É¥²Ó´Ò° µ·¡¨É ²Ó´Ò° ³µ³¥´É, ¸¶¨´ ¨ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ z-¶·µ¥±Í¨¨ ¤²Ö ¶ ·Ò ´Ê±²µ´µ¢ 2 ¨ 3, T Å ¨§µ¸¶¨´ ÔÉµ° ¶ ·Ò; l,ml

Å µ·¡¨É ²Ó´Ò° ³µ³¥´É ´Ê±²µ´  ¸¶¥±É Éµ·  ¸ ´µ³¥·µ³ 1 ¨ ¥£µ z-¶·µ¥±Í¨Ö;
J, Jz, T , T z Å ¶µ²´Ò° ¸¶¨´, ¨§µ¸¶¨´ ¨ ¨Ì ¶·µ¥±Í¨¨ ¤²Ö Ö¤·  {123}. �¨¦-
´¨° ¨´¤¥±¸ ¢ µ¡µ§´ Î¥´¨¨ ¢¥±Éµ·  ¸µ¸ÉµÖ´¨Ö | >i Ê± §Ò¢ ¥É ´µ³¥· ´Ê±²µ´ -
¸¶¥±É Éµ· , ¨´¤¥±¸ ν µ¡µ§´ Î ¥É ´µ³¥· ± ´ ²  ¢ ¸Ì¥³¥ jj-¸¢Ö§¨:

ν ≡ (LS)I (ls)j JJz (T t)T T z (67)

¨ ¶·µ¡¥£ ¥É ¶ÖÉÓ §´ Î¥´¨° ν = 1, 2, ..., 5, µ¶·¥¤¥²¥´´ÒÌ ¢ [21], ±µÉµ·Ò¥ ¶·¨¢¥-
¤¥´Ò ¢ É ¡².2. „²Ö ¢ÒÎ¨¸²¥´¨Ö ¨´É¥£· ²µ¢ ¢ (48) ´¥µ¡Ìµ¤¨³µ ¶¥·¥°É¨ ± LS-
¸¢Ö§¨. ‚ ·¥§Ê²ÓÉ É¥ ¶·µ¥±Í¨Ö ¶¥·¢µ° Ë ¤¤¥¥¢¸±µ° ±µ³¶µ´¥´ÉÒ | ϕ23(1; 2, 3) >
¸µ¸ÉµÖ´¨Ö (62) ´  ¸µ¸ÉµÖ´¨¥ | q23,Q1 >1 ¶·¨´¨³ ¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

ϕ23(1; 2, 3) ≡1< q23,Q1 | ϕ23(1; 2, 3) >=

=
∑
ν1

1 < q23,Q1 | q23, Q1, ν1 >< q23, Q1, ν1 | ϕ23(1; 2, 3) >=

=
∑

νLϕmϕ
mLml

(LmLϕmϕ | JJz)(LmLlml | LmL)

L S I
l 1/2 j
L ϕ J

×
× YLmL(q̂23)Ylml(Q̂1)φν(q23, Q1) | (s2s3)Ss1, ϕmϕ >1| (t2t3)T t, T T z >1 .

(68)
‚ ÔÉµ³ ¢Ò· ¦¥´¨¨ ¸ ¶µ³µÐÓÕ 9j-¸¨³¢µ²  ¨ ±µÔËË¨Í¨¥´Éµ¢ Š²¥¡Ï  Å ƒµ·-
¤ ´  µ¸ÊÐ¥¸É¢²¥´ ¶¥·¥Ìµ¤ ± ¸Ì¥³¥ ¸¢Ö§¨

L+ l = L, S+ s1 = ϕ, L+ϕ = J . (69)
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’ ¡²¨Í  2. Šµ³¶µ´¥´ÉÒ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ¨ ¨Ì ±¢ ´Éµ¢Ò¥ Î¨¸² 

ν (L S) I (l s) j (T t) T

1 (0 0) 0 (0 1
2
) 1

2
(1 1

2
) 1

2

2 (0 1) 1 (0 1
2
) 1

2
(0 1

2
) 1

2

3 (2 1) 1 (0 1
2
) 1

2
(0 1

2
) 1

2

4 (0 1) 1 (2 1
2
) 1

2
(0 1

2
) 1

2

5 (2 1) 1 (2 1
2
) 1

2
(0 1

2
) 1

2

‘¶¨´µ¢Ò° ¢¥±Éµ· ¸µ¸ÉµÖ´¨Ö | (s2s3)Ss1, ϕmϕ >1 Ö¢²Ö¥É¸Ö ¸µ¡¸É¢¥´´Ò³ ¢¥±-
Éµ·µ³ µ¶¥· Éµ·µ¢

Ŝ2 = (s2 + s3)
2, ŝ21, ϕ̂

2, ϕ̂z . (70)

�´ ²µ£¨Î´µ ¨§µ¸¶¨´µ¢µ¥ ¸µ¸ÉµÖ´¨¥ | (t2t3)T t, T T z >1 Ö¢²Ö¥É¸Ö ¸µ¡¸É¢¥´-
´Ò³ ¶µ µÉ´µÏ¥´¨Õ ± µ¶¥· Éµ· ³

T̂2 = (t2 + t3)
2, t̂21, T̂ 2 = (T̂+ t̂1)

2, T̂z ; (71)

§¤¥¸Ó si, ti Å µ¶¥· Éµ·Ò ¸¶¨´  ¨ ¨§µ¸¶¨´  i-£µ ´Ê±²µ´ . ”Ê´±Í¨Ö φν(q23, Q1)
Ö¢²Ö¥É¸Ö ¶·µ¥±Í¨¥° ¶¥·¢µ° Ë ¤¤¥¥¢¸±µ° ±µ³¶µ´¥´ÉÒ | ϕ23(1; 2, 3) > ´  ¡ -
§¨¸´µ¥ ¸µ¸ÉµÖ´¨¥ | q23, Q1; ν >1 ¢ jj-¸¢Ö§¨. ‚¸¥ µ¸É ²Ó´Ò¥ ±µ³¶µ´¥´ÉÒ ¢¥±-
Éµ·µ¢ ¸µ¸ÉµÖ´¨° | ψA(1, 2, 3) > ¨ | ψA(4, 2, 3), ¢Ìµ¤ÖÐ¨¥ ¢ ¢Ò· ¦¥´¨¥ (48),
µ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ ¸± ²Ö·´Ò³¨ ¶·µ¨§¢¥¤¥´¨Ö³¨:

ϕ31(2; 31) =1< q23,Q1 | P12P23ϕ23(1; 23) >, (72)

ϕ34(2; 34) =4< q23,Q4 | P42P23ϕ23(4; 23) >, (73)

ϕ42(3; 42) =4< q23,Q4 | P43P32ϕ23(4; 23) >, (74)

ϕ23(4; 23) =4< q23,Q4 | ϕ23(4; 23) > . (75)


¥§Ê²ÓÉ É ¤¥°¸É¢¨Ö µ¶¥· Éµ·µ¢ ¶¥·¥¸É ´µ¢µ± (72)Å(75) ´  ¶·µ¸É· ´¸É¢¥´´Ò¥
¶¥·¥³¥´´Ò¥ ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¸µµÉ´µÏ¥´¨°

P12P23 | q23,Q1 >1=| q31,Q2 >1=| −
1

2
q23 +

3

4
Q1,−q23 −

1

2
Q1 >1, (76)
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P42P23 | q23,Q4 >4=| q34,Q2 >4=| −
1

2
q23 +

3

4
Q4,−q23 −

1

2
Q4 >4, (77)

P43P32 | q23,Q4 >4=| q42,Q3 >4=| −
1

2
q23 −

3

4
Q4,q23 −

1

2
Q4 >4 . (78)

„¥°¸É¢¨¥ µ¶¥· Éµ·µ¢ ¶¥·¥¸É ´µ¢µ± ´  ¸¶¨´µ¢Ò¥ ËÊ´±Í¨¨ ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ¶µ-
³µÐÓÕ  ²£¥¡·Ò 
 ± 

P12P23 | (s2s3)Ss1, ϕmϕ >1=
∑
s′s′′

(−1)s′+s′′U(
1

2

1

2
ϕ
1

2
; s′S)×

× U(
1

2

1

2
ϕ
1

2
; s′s′′) | (s2s3)s′′s1, ϕmϕ >1, (79)

P13P32 | (s2s3)Ss1, ϕmϕ >1=
∑
s′s′′

(−1)s′+sU(
1

2

1

2
ϕ
1

2
; s′S)×

× U(
1

2

1

2
ϕ
1

2
; s′s′′) | (s2s3)s′′s1, ϕmϕ >1, (80)

£¤¥ U(j1j2jj3; j12j23) Å ±µÔËË¨Í¨¥´ÉÒ 
 ± . „²Ö ¨§µ¸¶¨´µ¢ÒÌ ËÊ´±Í¨° ¸µ-
µÉ´µÏ¥´¨Ö  ´ ²µ£¨Î´Ò.

‘ ÊÎ¥Éµ³ ¶·¨¢¥¤¥´´ÒÌ ¸µµÉ´µÏ¥´¨° (66)Å(80) ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨-
ÉÊ¤Ò (48) ¶·¨´¨³ ¥É ¢¨¤

Tr = −6
∑
νLϕ

mLmϕmLml

∑
ν′L′ϕ′

m′Lm
′
ϕm

′
L
m′
l

L S I
l s j
L ϕ J

L′ S′ I ′

l′ s j′

L′ ϕ′ J ′

×
× (LmLϕmϕ | JJz)(L′m′Lϕ′m′ϕ | JJ ′z)(LmLlml | LmL)(L′m′Ll′m′l | L′m′L)×

× {BSBT I
4;23
2;31 (Q4, Q1) +ASAT I

3;42
2;31 (Q4, Q1) + ÃSÃT I

2;34
2;31 (Q4, Q1)}. (81)

‡¤¥¸Ó ¨¸¶µ²Ó§µ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ µ¡µ§´ Î¥´¨Ö

BS ≡ BS(s
′ϕ′m′ϕσ

′; sϕmϕσ) =

=
∑
s̄′m′s

U(
1

2

1

2
ϕ
1

2
; s̄′s)U(

1

2

1

2
ϕ
1

2
; s̄′s′)(s′m′s

1

2
σ | ϕ′m′ϕ)(s′m′s

1

2
σ′ | ϕmϕ); (82)

AS ≡ AS(s
′ϕ′m′ϕσ

′; sϕmϕσ) =

=
∑

s̄′s̄′′ s̃′m̄′′s

U(
1

2

1

2
ϕ
1

2
; s̄′s)U(

1

2

1

2
ϕ
1

2
; s̄′s̄′′)U(

1

2

1

2
ϕ′

1

2
; s̃′s′)U(

1

2

1

2
ϕ′

1

2
; s̃′s̄′′)×

×(s̄′′m̄′′s
1

2
σ | ϕ′m′ϕ)(s̄′′m̄′′s

1

2
σ′ | ϕmϕ)(−1)s

′
(−1)s̄′+s̃′+s̄′′ . (83)
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’ ¡²¨Í  3. ŠµÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö ËÊ´±Í¨° (86)

ν φν χν

Ai, Ë³
L+ 3

2 αi, Ë³
2 Ai, Ë³

L+ 3
2 αi, Ë³

2

2.413615 5.535106 4.20690 7.62335
-1.299993 E-01 1.060713 E-01 2.59354 2.37678

1 4.118231 E-02 4.555083 E-03 4.8189 E-01 9.18116 E-01
1.762614 E-00 1.611916 E+00 -2.45993E-02 1.60613 E-01
7.491376 E-01 5.466668 E-01 5.21600 E-03 1.40849 E-02
-4.00000 E-02 4.526665 E-03 -5.67292 E-03 1.03918 E-02
-3.451822 E-02 5.023824 E-02 2.17920 E-03 7.19787 E-03

-2.54039 6.55162 6.51121 9.38385
-1.93783 1.74914 2.59354 3.04139

2 -7.74249 E-01 5.72939 E-01 5.45100 E-01 1.22803
1.12706 E-01 1.15040 E-01 -2.40357 E-02 1.85314 E-01
3.09857 E-02 5.11790 E-02 1.56646 E-03 1.84247 E-02
-6.4000 E-03 3.94752 E-02 -2.61864 E-03 1.03918 E-02
1.18765 E-03 6.58383 E-03 2.17920 E-03 9.12018 E-03

2.28664 5.24865 4.72099 E+00 8.07017E+00
1.58851 1.54274 2.26885 E+00 2.16948 E+00

3 4.01584 E-01 5.17267 E-01 5.47433 E-01 8.19032E-01
3.9092 E-02 1.83278 E-01 -6.83070E-02 1.22875E-02
2.05881 E-02 2.06735 E-01 -4.40191 E-02 1.52207 E-01
8.00270 E-05 3.0200 E-02 6.95022 E-02 1.26212 E-02

2.18650 E-03 7.21084 E-03
-2.72200E-05 1.01611 E-02

-8.70495 E-01 3.71583 15.9474 E+00 10.3187 E+00
-1.25478 E+00 1.26227 7.84362 E+00 2.97959 E+00

4 -1.06957 E+00 4.80049 E-01 1.14908 E+00 1.00653
2.61178 E-01 1.17920 E-01 1.08556 E-01 3.67967-01
8.00414 E-02 5.79416 E-02 8.77166 E-03 1.47078 E-01
-3.15296 E-03 5.18526 E-03 5.44178 E-04 6.09059 E-02
4.00142 E-04 6.4000 E-04 1.83200 E-05 2.19665 E-02

2.60888 E-01 5.88278 6.11461 E+00 9.63587 E+00
6.37050 E-01 1.30323 4.11932 E+00 3.01398 E+00

5 2.34628 E-01 4.35207 E-01 1.45378 E+00 1.16701 E+00
4.83235 E-02 1.58004 E-01 3.20978 E-01 5.33558 E-01
6.72.416 E-02 3.64735 E-01 4.16811 E-02 2.60074 E-01

-8.11338 E-04 5.45882 E-02
-6.70900 E-05 1.99625 E-02
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‚Ò· ¦¥´¨¥ ¤²Ö ÃS µÉ²¨Î ¥É¸Ö µÉ (83) § ³¥´µ° (−1)s′ → (−1)s̄′′ ¶µ¤ §´ ±µ³
¸Ê³³Ò. ˆ§µ¸¶¨´µ¢Ò¥ ³´µ¦¨É¥²¨ BT , AT , ÃT , ± ± ËÊ´±Í¨¨ T ′, T ′, T ′z , τ ′, T
µ¶·¥¤¥²¥´Ò  ´ ²µ£¨Î´µ. �·µ¸É· ´¸É¢¥´´Ò¥ ¨´É¥£· ²Ò ¢ (81) ¨³¥ÕÉ ¸²¥¤ÊÕ-
Ð¨° ¢¨¤:

Ik
′;i′j′

k;ij = (2π)−3
∫

dq23Y
∗
L′M ′(q̂i′j′)Y

∗
l′m′(Q̂k′)Φν′(|qi′j′ |, |Qk′ |)×

×YLM (q̂ij)Ylm(Q̂k)Φν(|qij |, |Qk)L23(q23,Q1). (84)

‡¤¥¸Ó ´ ¡µ·Ò ¶¥·¥³¥´´ÒÌ (q42,Q3), (q34,Q2), (q31,Q2) Ö¢²ÖÕÉ¸Ö ²¨´¥°´Ò³¨
±µ³¡¨´ Í¨Ö³¨ ¨³¶Ê²Ó¸µ¢ q23,Q4,Q1 ¸µ£² ¸´µ Ëµ·³Ê² ³ (76)Å(78). ˆ´É¥-
£· ² (84) ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸²¥¤ÊÕÐ¥° ¸¥¶ · ¡¥²Ó´µ° ¶ · ³¥É-
·¨§ Í¨¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Φν(q,Q) :

Φν(q,Q) = nνφν(q)χν(Q), (85)

¶µ¸É·µ¥´´µ° ¢ · ¡µÉ¥ [41], £¤¥ ËÊ´±Í¨¨ φ ¨ χ  ¶¶·µ±¸¨³¨·µ¢ ²¨¸Ó ¸Ê³³µ°
¶µ²Õ¸´ÒÌ Î²¥´µ¢. �  µ¸´µ¢¥ ·¥§Ê²ÓÉ Éµ¢ [41] ´ ³¨ ¶µ¸É·µ¥´  £ Ê¸¸µ¢¸± Ö
¶ · ³¥É·¨§ Í¨Ö ËÊ´±Í¨° {φν(p), χν(p)} = fν(p):

fν(p) =
∑
i

Aiexp(−αip
2), S-¢µ²´ 

fν(p) = p2
∑
i

Aiexp(−αip
2), D-¢µ²´ . (86)

ŠµÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨° (86) ¶·¨¢¥¤¥´Ò ¢ É ¡².3. �É¨ ±µÔËË¨Í¨¥´ÉÒ
´ °¤¥´Ò ¨§ Ê¸²µ¢¨Ö ³¨´¨³¨§ Í¨¨ · §´¨ÍÒ ¸¢¥·Éµ±

I(Q) =

∫
fν(q)fν(q+Q)dq, (87)

¢ÒÎ¨¸²Ö¥³ÒÌ ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨° Q = 0÷13 Ë³−1 c ¨¸¶µ²Ó§µ¢ ´¨¥³ ËÊ´±-
Í¨° fν(p) = {φν(p), χν(p)} ¨§ [41], ¸ µ¤´µ° ¸Éµ·µ´Ò, ¨ ¸ ¶ · ³¥É·¨§ Í¨¥°
(86) Å c ¤·Ê£µ°.

�É³¥É¨³, ÎÉµ ¶·¨ ÊÎ¥É¥ Éµ²Ó±µ �‚�-¢±² ¤  (ÔÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶¥·¢µ³Ê
¸² £ ¥³µ³Ê ¢ (81)) ¢ S-¢µ²´µ¢µ³ ¶·¨¡²¨¦¥´¨¨ ¤²Ö ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢Ò· -
¦¥´¨¥ (81) ÉµÎ´µ ¸¢µ¤¨É¸Ö ± ¢Ò· ¦¥´¨Õ (7) ¨§ · ¡µÉÒ [42].

5.2. “Î¥É ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÔËË¥±Éµ¢. ‚Ò· ¦¥´¨Ö (48), (56) § ¢¨¸ÖÉ µÉ
¨³¶Ê²Ó¸µ¢ Q1 ¨ Q4, ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö ¨³¶Ê²Ó¸ ³¨ 1-£µ ¨ 4-£µ ´Ê±²µ´µ¢ ¢
¸.Í.³. {1+2+3} ¨ {4+2+3} ¸µµÉ¢¥É¸É¢¥´´µ. ‚ ´¥·¥²ÖÉ¨¢¨¸É¸±µ³ ¶µ¤Ìµ¤¥ ÔÉ¨
¨³¶Ê²Ó¸Ò µ¶·¥¤¥²ÖÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨

Q1 =
1

3
pτ − p′p,Q4 =

1

3
pτ ′ − pp, (88)
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£¤¥ pp(p′p) ¨ pτ (pτ ′) Å ´ Î ²Ó´Ò° (±µ´¥Î´Ò°) ¨³¶Ê²Ó¸ ¶·µÉµ´  ¨ Ö¤·  3He
¢ ¸.Í.³. p+ 3He.

�·¨ ¡µ²ÓÏ¨Ì ¶¥·¥¤ Î Ì ¨³¶Ê²Ó¸  (∆ ≥ m) ¢ ¤¨´ ³¨±¥ ¶·µÍ¥¸¸  ¸ÊÐ¥-
¸É¢¥´´ÊÕ ·µ²Ó ³µ£ÊÉ ¨£· ÉÓ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ. � ¨¡µ²¥¥ ¶µ¸²¥¤µ¢ -
É¥²Ó´Ò° ÊÎ¥É ÔÉ¨Ì ÔËË¥±Éµ¢ ¢µ§³µ¦¥´ ¢ · ³± Ì ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ°
³¥Ì ´¨±¨ ¸¨¸É¥³ ¸ Ë¨±¸¨·µ¢ ´´Ò³ Î¨¸²µ³ Î ¸É¨Í [24, 43]. �¤´¨³ ¨§ ¶·¨-
³¥·µ¢ ¶·¨³¥´¥´¨Ö ÔÉµ£µ ¶µ¤Ìµ¤  Ö¢²Ö¥É¸Ö µ¶¨¸ ´¨¥ Ê¶·Ê£µ£µ pd-· ¸¸¥Ö´¨Ö
´ § ¤ ¢ · ³± Ì µ¡³¥´  ´¥°É·µ´µ³ [4,44]. 
¥§Ê²ÓÉ ÉÒ · ¡µÉÒ [43] ¶µ§¢µ²ÖÕÉ,
¢ ¶·¨´Í¨¶¥, ¢ÒÎ¨¸²¨ÉÓ ¢µ²´µ¢ÊÕ ËÊ´±Í¨Õ Ö¤·  3He(3H) ¨§ ·¥Ï¥´¨Ö ·¥²Ö-
É¨¢¨¸É¸±¨Ì Ê· ¢´¥´¨° Ë ¤¤¥¥¢¸±µ£µ É¨¶ . ˆ³¥Ö É ±ÊÕ ËÊ´±Í¨Õ, ³µ¦´µ ¶µ-
¸É·µ¨ÉÓ ¶µ¸²¥¤µ¢ É¥²Ó´µ¥ ·¥²ÖÉ¨¢¨¸É¸±µ¥ µ¡µ¡Ð¥´¨¥ ³¥Ì ´¨§³  np-µ¡³¥´  ¢
p 3He-· ¸¸¥Ö´¨¨ ´ § ¤ ¢ · ³± Ì ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨ Î¥ÉÒ·¥Ì
É¥². �¤´ ±µ É¥Ì´¨Î¥¸±¨ ÔÉ  § ¤ Î  µÎ¥´Ó ¸²µ¦´ . ‚ ¤ ´´µ° · ¡µÉ¥ ³Ò µ£· ´¨-
Î¨¢ ¥³¸Ö ²¨ÏÓ µÍ¥´±µ° ¢±² ¤  ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÔËË¥±Éµ¢. ‘ ÔÉµ° Í¥²ÓÕ ¶µ¸²¥
¢Ò¶µ²´¥´¨Ö ¨´É¥£·¨·µ¢ ´¨Ö ¶µ q23 ¢ Ëµ·³Ê² Ì (48), (56) ¢ µ±µ´Î É¥²Ó´Ò°
µÉ¢¥É ¢³¥¸Éµ ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì ¢¥²¨Î¨´ (88) ¤²Ö ¨³¶Ê²Ó¸µ¢Q1,Q4 ¶µ¤¸É ¢²Ö-
ÕÉ¸Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥²ÖÉ¨¢¨¸Éc±¨¥ ¢Ò· ¦¥´¨Ö (8): Q1 = q, Q4 = q′. ‡ -
³¥É¨³, ÎÉµ ³µ¤Ê²¨ ¨³¶Ê²Ó¸µ¢ (8) Î¨¸²¥´´µ ¢¸¥£¤  ³¥´ÓÏ¥ (¶·¨ θÍ.³. = 180◦)
¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì §´ Î¥´¨°.

6. 
…‡“‹œ’�’› —ˆ‘‹…��›• 
�‘—…’�‚ ˆ ��‘“†„…�ˆ…

6.1. �¨§±¨¥ Ô´¥·£¨¨. ’¥µ·¥É¨Î¥¸±µ¥ ¨¸¸²¥¤µ¢ ´¨¥ Ê¶·Ê£µ£µ p3He- ¨ p3H-
· ¸¸¥Ö´¨Ö ´ § ¤ ¶·¨ Ô´¥·£¨ÖÌ ∼ 10 ŒÔ‚ ¶·µ¢µ¤¨²µ¸Ó · ´¥¥ ¢ · ¡µÉ Ì [42,45]
¸ ÉµÎ±¨ §·¥´¨Ö É· ¤¨Í¨µ´´ÒÌ § ¤ Î, ¢µ§´¨± ÕÐ¨Ì ¢ ¸¨¸É¥³ Ì ³ ²µ£µ Î¨¸² 
É¥² ¸ ¸¨²Ó´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³. ˆ¸¸²¥¤µ¢ ²¸Ö ¢µ¶·µ¸, ³µ¦´µ ²¨ µ¶¨¸ ÉÓ ÔÉ¨
¶·µÍ¥¸¸Ò, ´¥ ¶·¨¡¥£ Ö ± ÉµÎ´µ³Ê ·¥Ï¥´¨Õ Ê· ¢´¥´¨° ” ¤¤¥¥¢  Å Ÿ±Ê¡µ¢-
¸±µ£µ,   µ£· ´¨Î¨¢ Ö¸Ó ²¨ÏÓ ÊÎ¥Éµ³ ´¥¸±µ²Ó±¨Ì ¤µ¸É ÉµÎ´µ ¶·µ¸ÉÒÌ Ë¥°´³ -
´µ¢¸±¨Ì ¤¨ £· ³³. �µ²µ¦¨É¥²Ó´Ò° µÉ¢¥É ´  ÔÉµÉ ¢µ¶·µ¸ ¡Ò² ¶µ²ÊÎ¥´ ¢ · ³-
± Ì ³´µ£µ± ´ ²Ó´µ£µ K-³ É·¨Î´µ£µ ¶µ¤Ìµ¤  [46]. ‘ÊÉÓ ¥£µ ¸¢µ¤¨É¸Ö ± ÊÎ¥ÉÊ
µ£· ´¨Î¥´´µ£µ Î¨¸²  ± ´ ²µ¢,  ³¶²¨ÉÊ¤Ò ¶¥·¥Ìµ¤  ³¥¦¤Ê ±µÉµ·Ò³¨ Ê¤µ¢²¥-
É¢µ·ÖÕÉ ¸¨¸É¥³¥ § Í¥¶²ÖÕÐ¨Ì¸Ö Ê· ¢´¥´¨° ƒ °É²¥· . �·¨ ²Õ¡µ³ Î¨¸²¥ ÊÎ¨-
ÉÒ¢ ¥³ÒÌ ± ´ ²µ¢ ÔÉ  ¸¨¸É¥³  µ¡¥¸¶¥Î¨¢ ¥É Ê´¨É ·´µ¸ÉÓ S-³ É·¨ÍÒ. �¤´µ
¨§ µ¸´µ¢´ÒÌ ¤¨´ ³¨Î¥¸±¨Ì ¶·¥¤¶µ²µ¦¥´¨° ¢ ¤ ´´µ³ ¶µ¤Ìµ¤¥ Å ¤µ¶ÊÐ¥´¨¥,
ÎÉµ Ô²¥³¥´É K-³ É·¨ÍÒ ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ ± ´ ²¥ ³µ¦¥É ¡ÒÉÓ µÉµ¦¤¥¸É¢²¥´
¸ ¶·µ¸É¥°Ï¥° Ë¥°´³ ´µ¢¸±µ° ¤¨ £· ³³µ° (¡µ·´µ¢¸±µ¥ ¶·¨¡²¨¦¥´¨¥) ¤²Ö T -
³ É·¨ÍÒ ¢ ¤ ´´µ³ ± ´ ²¥. Šµ´±·¥É´Ò³¨ · ¸Î¥É ³¨ ¡Ò²  ¶·µ¤¥³µ´¸É·¨·µ¢ ´ 
· ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ ¤ ´´µ£µ ¶µ¤Ìµ¤  ¶·¨ µ¶¨¸ ´¨¨ Í¥²µ£µ ·Ö¤  ´¨§±µÔ´¥·£¥-
É¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢ d(d, p)3H, 3He(p, p)3He, 3H(p, n)3He, 4He(p, p)4He. ‘²¥-
¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö
Ê¶·Ê£µ£µ p3He- ¨ n3H-· ¸¸¥Ö´¨Ö ¢ ¨´É¥·¢ ²¥ Ê£²µ¢ θÍ.³. = 0 ÷ 180◦ ¡Ò²µ
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¨¸. 10. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ¡ Ê¶·Ê£µ³ n3He (×) ¨ p3He-· ¸¸¥Ö´¨¨ (•) ¶·¨
Tp = 2 ¨ 6 ŒÔ‚ ¨§ · ¡µÉÒ [49] ¸· ¢´¨¢ ÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éµ¢ ¸ Ê´¨É ·¨§µ-
¢ ´´Ò³¨  ³¶²¨ÉÊ¤ ³¨: 1 Å ¢±² ¤ �‚�, 2 Å r�� + ���, 3 Å �‚� + r�� + ���.
Š·¨¢Ò¥ 4 ¨ 5 ¶µ²ÊÎ¥´Ò ¢ ¡µ·´µ¢¸±µ³ ¶·¨¡²¨¦¥´¨¨: 4 Å �‚� + r�� + ���, 5 Å
µ¤´µ±· É´µ¥ · ¸¸¥Ö´¨¥ + �‚� + r�� + ���

¶µ²ÊÎ¥´µ É ±¦¥ ¢ · ³± Ì ³¥Éµ¤  ·¥§µ´¨·ÊÕÐ¨Ì £·Ê¶¶ (Œ
ƒ) ¢ [47]. �¤´ ±µ
¶·¨ ÔÉµ³ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ´¥ ·¥ ²¨¸É¨Î¥¸±¨¥,   É ± ´ §Ò¢ ¥³Ò¥ ÔËË¥±É¨¢-
´Ò¥ ¸¨²Ò ¡¥§ É¥´§µ·´ÒÌ ¸¨². Š ± ¶µ± § ´µ ¢ [48] ¶·¨ µ¶¨¸ ´¨¨ ·¥§µ´ ´¸µ¢
¢ nα-· ¸¸¥Ö´¨¨, ÊÎ¥É É¥´§µ·´ÒÌ ¸¨² ¸ÊÐ¥¸É¢¥´´µ ³¥´Ö¥É ¶·¥¤¸± § ´¨Ö ¶µ
¸· ¢´¥´¨Õ ¸ ÔËË¥±É¨¢´Ò³¨ ¸¨² ³¨.

‚ [42,45] Ê¶·Ê£µ¥ p3He-· ¸¸¥Ö´¨¥ ´ § ¤ · ¸¸³ É·¨¢ ²µ¸Ó ¢ K-³ É·¨Î-
´µ³ ¶µ¤Ìµ¤¥ ¢ µ¤´µ± ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨. �·¨ ÔÉµ³ ¢ ± Î¥¸É¢¥ Ô²¥³¥´É 
K-³ É·¨ÍÒ ¡Ò² ¢§ÖÉ Ô²¥³¥´É T -³ É·¨ÍÒ, µ¶¨¸Ò¢ ÕÐ¨° ¶¥·¥¤ ÎÊ ¢§ ¨³µ-
¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò, T�‚� = 3M�‚�. �¡³¥´ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·µ°
¡Ò² ÊÎÉ¥´ ¢ · ¡µÉ¥ [28]. �µ¸±µ²Ó±Ê ¢Ò· ¦¥´¨¥ (48) ¤²Ö Tr ¢¥Ð¥¸É¢¥´´µ,
Éµ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¶· ¢¨² ³¨ K-³ É·¨Î´µ£µ ¶µ¤Ìµ¤  ¥£µ ³µ¦´µ ¨¸¶µ²Ó§µ-
¢ ÉÓ ¢ ± Î¥¸É¢¥ Ô²¥³¥´É  K-³ É·¨ÍÒ ¢ Ê¶·Ê£µ³ ± ´ ²¥. �¥·¥Ìµ¤ ¢ ´¥Ê¶·Ê£¨°
¤¢ÊÌÎ ¸É¨Î´Ò° ± ´ ² d + d § ¶·¥Ð¥´ ¶µ ¨§µ¸¶¨´Ê,   ¸¢Ö§Ó ¸ É·¥ÌÎ ¸É¨Î´Ò³
(2N+d) ¨ Î¥ÉÒ·¥ÌÎ ¸É¨Î´Ò³ (4N ) ± ´ ² ³¨, µÉ±·Ò¢ ÕÐ¨³¨¸Ö ¶·¨ Ô´¥·£¨ÖÌ
Tp = 8, 5 ¨ 11,5 ŒÔ‚, ´¥ · ¸¸³ É·¨¢ ¥³, ¸²¥¤ÊÖ · ¡µÉ ³ [42,45]. ‚ ¨Éµ£¥
¢ µ¤´µ± ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨ ¶µ¸²¥ · §²µ¦¥´¨Ö ¶µ ¶ ·Í¨ ²Ó´Ò³ ¢µ²´ ³
¤²Ö Ô²¥³¥´Éµ¢ Ê´¨É ·¨§µ¢ ´´µ° T -³ É·¨ÍÒ ¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥
(¸¶¨´-¨§µ¸¶¨´µ¢Ò¥ ³´µ¦¨É¥²¨ µ¶ÊÐ¥´Ò):

T l
fi =

Kl

1 + 3imQpτ Kl/8π
, (89)
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¨¸. 11. ’µ ¦¥, ÎÉµ ´  ·¨¸. 10, ´µ ¶·¨ Ô´¥·£¨ÖÌ Tp =9,75 ¨ 19,48 ŒÔ‚. ’µÎ±¨ Å
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨§ · ¡µÉÒ [42]

£¤¥ m Å ³ ¸¸  ´Ê±²µ´ , Qpτ Å µÉ´µ¸¨É¥²Ó´Ò° ¨³¶Ê²Ó¸ ¢ ± ´ ²¥ p+3 He,

Kl =
1

2

∫ 1
−1

Tr(z)Pl(z)dz. (90)

Œ ±¸¨³ ²Ó´µ¥ Î¨¸²µ ¶ ·Í¨ ²Ó´ÒÌ ¢µ²´ ¢ · ¸Î¥É Ì [28] lmax = 8.

¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸.10 ¨ 11. Œµ¦´µ ¸¤¥² ÉÓ ¸²¥-

¤ÊÕÐ¨¥ ¢Ò¢µ¤Ò. „ ¦¥ ¶·¨ ¸ ³ÒÌ ´¨§±¨Ì Ô´¥·£¨ÖÌ (∼ 2 ŒÔ‚) ¢±² ¤ µ¡-
³¥´  ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·µ° ¸· ¢´¨³ ¸ ¢±² ¤µ³ �‚�. ‘ ·µ¸Éµ³ Ô´¥·-
£¨¨ µÉ´µ¸¨É¥²Ó´Ò° ¢±² ¤ ¶¥·¥¤ Î¨ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·Ò Ê¢¥²¨Î¨¢ -
¥É¸Ö ¨ ¸É ´µ¢¨É¸Ö ¤µ³¨´¨·ÊÕÐ¨³ ¶·¨ Tp ∼ 30 ŒÔ‚. � °¤¥´´Ò° ¢±² ¤
�‚� ¢ ¸¥Î¥´¨¥ ¶·¨¡²¨§¨É¥²Ó´µ ¢ 1,5Å2 · §  ³¥´ÓÏ¥, Î¥³ ¢ · ¡µÉ¥ [42] ¶·¨
Tp = 10÷ 30 ŒÔ‚, ¨ ´¥ ¤µÉÖ£¨¢ ¥É ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ¤µ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ÉµÎ¥± ¶·¨ ¢¸¥Ì · ¸¸³µÉ·¥´´ÒÌ Ô´¥·£¨ÖÌ. �µ¸±µ²Ó±Ê Ëµ·³Ê²Ò ¤²Ö
�‚� ¨¤¥´É¨Î´Ò Ëµ·³Ê² ³ · ¡µÉÒ [42], Éµ ÔÉµÉ ·¥§Ê²ÓÉ É ¶µ²´µ¸ÉÓÕ µ¡Ê-
¸²µ¢²¥´ µÉ²¨Î¨¥³ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¤²Ö 3He, ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ · ¡µÉ¥ [42]
¨ [28]. ‚ ÔÉµ° ¸¢Ö§¨ ´  ¶¥·¢Ò° ¶² ´ ¢Ò¸ÉÊ¶ ÕÉ ¤¢  ³µ³¥´É . ‚µ-¶¥·¢ÒÌ,
¨¸¶µ²Ó§µ¢ ´´Ò¥ ¢ [42] ª³ Ï¨´´Ò¥ª ¢µ²´µ¢Ò¥ ËÊ´±Í¨¨ ¨³¥ÕÉ ¶· ¢¨²Ó´ÊÕ
É·¥ÌÎ ¸É¨Î´ÊÕ  ¸¨³¶ÉµÉ¨±Ê ¢ µÉ²¨Î¨¥ µÉ ¶ · ³¥É·¨§ Í¨¨ [41]. �µ ÔÉµ µ¡-
¸ÉµÖÉ¥²Ó¸É¢µ, ¶µ-¢¨¤¨³µ³Ê, ¸ÊÐ¥¸É¢¥´´µ Éµ²Ó±µ ¢ µ¡² ¸É¨ ³´¨³ÒÌ §´ Î¥´¨°
¨³¶Ê²Ó¸µ¢ qij ¨ Qk, ´ ¶·¨³¥·, ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¢¥·Ï¨´´µ° ËÊ´±Í¨¨ ´  ³ ¸-
¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨ ¤²Ö · ¸¶ ¤  É·¨É¨Ö ´  É·¨ ´Ê±²µ´ : 3H→ n+ p+ n [50].
‚ µ¡² ¸É¨ ¦¥ ´¥¡µ²ÓÏ¨Ì ¢¥Ð¥¸É¢¥´´ÒÌ §´ Î¥´¨° qij ¨ Qk ¶ · ³¥É·¨§ -
Í¨Ö [41] ¨ ¨¸Ìµ¤´ Ö ¢µ²´µ¢ Ö ËÊ´±Í¨Ö [21] ¤ ÕÉ µ¤¨´ ±µ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ,
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¨¸. 12. „¨ËË¥p¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ Ê¶pÊ£µ£µ p3He-p ¸¸¥Ö´¨Ö ¢ ¸.Í.³. ´  Ê£µ² θÍ.³. =
180◦ ± ± ËÊ´±Í¨Ö ´ Î ²Ó´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ ¶·µÉµ´  Tp ¨ ¶¥p¥¤ ´´µ£µ ¨³-
¶Ê²Ó¸  ∆. Šp¨¢Ò¥ ¶µ± §Ò¢ ÕÉ p¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¡¥§ ÊÎ¥É  ¶¥p¥p ¸¸¥Ö´¨°: 1 Å
�‚� (S+D) c S- ¨ D-±µ³¶µ´¥´É ³¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤p  3He, 2 Å �„ (S+D)
c ¨´É¥£p ²µ³ ¶¥p¥±pÒ¢ ´¨Ö (52), 3 Å �„ (S +D) c ¨´É¥£p ²µ³ ¶¥p¥±pÒ¢ ´¨Ö (51).
’µÎ±¨ Å Ô±¸¶¥p¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨§ [1]

ÎÉµ ¢¨¤´µ, ´ ¶·¨³¥·, ¨§ · ¸Î¥Éµ¢ Ê¶·Ê£µ£µ Ëµ·³Ë ±Éµ·  Ö¤·  3He [41]. ‚
Éµ ¦¥ ¢·¥³Ö ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´Ò¥ ¤²Ö ¢±² ¤  �‚� ¶µ²Õ¸´Ò¥ µ¸µ¡¥´´µ¸É¨
¶ ·´µ° T -³ É·¨ÍÒ ¢ ¸¨´£²¥É´µ³ ¨ É·¨¶²¥É´µ³ ± ´ ² Ì ¶ · ³¥É·¨§ Í¨Ö [41]
¢µ¸¶·µ¨§¢µ¤¨É ¶· ¢¨²Ó´µ, ÎÉµ ´¥¶µ¸·¥¤¸É¢¥´´µ ¸²¥¤Ê¥É ¨§ É ¡²¨ÍÒ ±µÔËË¨-
Í¨¥´Éµ¢ ¤²Ö ÔÉµ° ËÊ´±Í¨¨ (¸³. [41]). ‚Éµ·µ° ¨¸ÉµÎ´¨± · §²¨Î¨° ³µ¦¥É ¡ÒÉÓ
¸¢Ö§ ´ ¸ É¥³, ÎÉµ ¢ [42] ¢ É·¨¶²¥É´µ³ 3S1-± ´ ²¥ NN -¢§ ¨³µ¤¥°¸É¢¨Ö ¨¸-
¶µ²Ó§µ¢ ²¨¸Ó ¶µÉ¥´Í¨ ²Ò ¡¥§ É¥´§µ·´ÒÌ ¸¨². �Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ Ö¢²Ö¥É¸Ö
¢¥¸Ó³  ¢ ¦´Ò³, É ± ± ± µ¡¸Ê¦¤ ¥³µ¥ · ¸Ìµ¦¤¥´¨¥ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³
´ Î ²Ó´µ° Ô´¥·£¨¨.

Šµ£¥·¥´É´ Ö ¸Ê³³  ¢±² ¤µ¢ �‚� ¨ µ¡³¥´  ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·µ°
¶µ¸²¥ Ê´¨É ·¨§ Í¨¨ ¢µ¸¶·µ¨§¢µ¤¨É Ëµ·³Ê ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö ¢ § ¤-
´¥° ¶µ²Ê¸Ë¥·¥ θÍ.³. ≥ 120◦,   ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ (T ∼ 6 ÷ 10 ŒÔ‚)
Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ¥É É ±¦¥ ¥£µ  ¡¸µ²ÕÉ´ÊÕ ¢¥²¨Î¨´Ê. Š ± ¢¨¤´µ
¨§ ·¨¸.11, ¶·¨ Ô´¥·£¨¨ 19,5 ŒÔ‚ Ê´¨É ·¨§µ¢ ´´Ò° µ¡³¥´ pn-¶ ·µ° ¤ ¥É ¤²Ö
¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö ¢¥²¨Î¨´Ê ¶·¨¡²¨§¨É¥²Ó´µ ¢ ¤¢  · §  ¢ÒÏ¥ Ô±¸-
¶¥·¨³¥´É ²Ó´µ°. �·¨ Tp = 30, 6 ŒÔ‚ · ¸Ìµ¦¤¥´¨¥ ¸É ´µ¢¨É¸Ö ¥Ð¥ ¡µ²¥¥



“�
“ƒ�… p3He-
�‘‘…Ÿ�ˆ… ��‡�„ ˆ ‘’
“Š’“
� Ÿ„
� 3He 1043


¨¸. 13. ’µ ¦¥, ÎÉµ ´  ·¨¸. 12, ´µ ±·¨¢Ò¥ ¶µ± §Ò¢ ÕÉ: 1Å �‚� (S) ¸ S-±µ³¶µ´¥´Éµ°
¢µ²´µ¢µ° ËÊ´±Í¨¨ 3He, 2 Å ��� (S), 3 Å r�� (S), 4 Å �‚� (S +D), 5 Å r��
(S +D)

§´ Î¨É¥²Ó´Ò³. �Éµ ¶·¥¢ÒÏ¥´¨¥ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ Ê¸¨²¥´¨¥³ ·µ²¨ É·¥Ì-
¨ Î¥ÉÒ·¥ÌÎ ¸É¨Î´ÒÌ ± ´ ²µ¢ ¢ ¤ ´´µ° µ¡² ¸É¨ Ô´¥·£¨°, ¢±² ¤ ±µÉµ·ÒÌ ¢
¶·¥¤¸É ¢²¥´´ÒÌ K-³ É·¨Î´ÒÌ · ¸Î¥É Ì ´¥ ÊÎ¨ÉÒ¢ ²¸Ö. � ±µ´¥Í, ¢±² ¤ µ¤-
´µ±· É´µ£µ pN -· ¸¸¥Ö´¨Ö, ¢ÒÎ¨¸²¥´´Ò° ¢ [28] ¶·¨ Ô´¥·£¨ÖÌ 2 ¨ 6 ŒÔ‚ ¸
ÊÎ¥Éµ³ Ë § 1S0 ¨ 3S1 ¢ NN -· ¸¸¥Ö´¨¨, É ±¦¥ ¸· ¢´¨³ ¶µ ¢¥²¨Î¨´¥ ¸ ¢±² -
¤µ³ ¶¥·¥¤ Î¨ pn-¶ ·Ò. Š ± ¶µ± § ´µ ¢ [28], ÊÎ¥É ÔÉµ£µ ¢±² ¤  ¢ ¡µ·´µ¢¸±µ³
¶·¨¡²¨¦¥´¨¨ ¸µ±· Ð ¥É · ¸Ìµ¦¤¥´¨¥ ³¥¦¤Ê É¥µ·¨¥° ¨ Ô±¸¶¥·¨³¥´Éµ³.

6.2. 	·µ³¥¦ÊÉµÎ´Ò¥ Ô´¥·£¨¨. —¨¸²¥´´Ò¥ · ¸Î¥ÉÒ ¢Ò¶µ²´¥´Ò ¸ ¨¸¶µ²Ó-
§µ¢ ´¨¥³ ¶ÖÉ¨± ´ ²Ó´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He, ¶µ²ÊÎ¥´´µ° ¢ [21] ¨§
·¥Ï¥´¨Ö Ê· ¢´¥´¨° ” ¤¤¥¥¢  ¢ ¨³¶Ê²Ó¸´µ³ ¶·µ¸É· ´¸É¢¥. 
¥§Ê²ÓÉ ÉÒ · ¸-
Î¥Éµ¢ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö p3He-· ¸¸¥Ö´¨Ö ´  Ê£µ² θÍ.³. = 180◦ ± ±
ËÊ´±Í¨¨ ´ Î ²Ó´µ° Ô´¥·£¨¨ ´ ²¥É ÕÐ¥£µ ¶·µÉµ´  ¢ ² ¡. ¸¨¸É¥³¥ Tp, ¶µ²ÊÎ¥´-
´Ò¥ ¡¥§ ÊÎ¥É  ¶¥·¥· ¸¸¥Ö´¨° ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ, ¶·¨¢¥¤¥´Ò
´  ·¨¸.12Å14.

‚±² ¤ ³¥Ì ´¨§³  �„ ¸ ¨´É¥£· ² ³¨ ¶¥·¥±·Ò¢ ´¨Ö (51) ¨ (52) ¶µ± § ´ ´ 
·¨¸.12. 
¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³¥Ì ´¨§³µ¢ �‚�, ���, r��
¢ S-¢µ²´µ¢µ³ ¶·¨¡²¨¦¥´¨¨ ¶µ± § ´Ò ´  ·¨¸.13 ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³¨ ¤ ´´Ò³¨. 
µ²Ó D-±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ¶µ± § ´ 
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¨¸. 14. ’µ ¦¥, ÎÉµ ´  ·¨¸. 12, ´µ ±·¨¢Ò¥ ¶µ± §Ò¢ ÕÉ: 1,2 Å �‚� (S +D), 3,4 Å
r��+��� ¸ (S+D)-±µ³¶µ´¥´É ³¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He. ˜É·¨Ìµ¢Ò¥ ±·¨¢Ò¥
1 ¨ 3 ¶µ²ÊÎ¥´Ò ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨³¶Ê²Ó¸µ¢ (88),   ¸¶²µÏ´Ò¥
±·¨¢Ò¥ 2 ¨ 4 Å ¸ ·¥²ÖÉ¨¢¨¸É¸±¨³¨ ¨³¶Ê²Ó¸ ³¨ (8)

´  ÔÉµ³ ¦¥ ·¨¸Ê´±¥ ¤²Ö ¸²ÊÎ Ö ³¥Ì ´¨§³µ¢ �‚� ¨ r��. ‚¸¥ É¥µ·¥É¨Î¥¸±¨¥
±·¨¢Ò¥ ´  ·¨¸.12Å13 ¨ 15, 16 ¶µ²ÊÎ¥´Ò ¸ ·¥²ÖÉ¨¢¨¸É¸±¨³¨ ¨³¶Ê²Ó¸ ³¨
(8). 
¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¸ ´¥·¥²ÖÉ¨¢¨¸Éc±¨³¨ ¨³¶Ê²Ó¸ ³¨ (88) ¤²Ö ¸²ÊÎ Ö
³¥Ì ´¨§³µ¢ �‚� ¨ r�� ¸· ¢´¨¢ ÕÉ¸Ö ¸  ´ ²µ£¨Î´Ò³¨ · ¸Î¥É ³¨ ¸ ·¥²ÖÉ¨-
¢¨¸É¸±¨³¨ ¨³¶Ê²Ó¸ ³¨ (8) ´  ·¨¸.14.

ˆ§ ·¨¸. 12Å14 ³µ¦´µ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢µ¤Ò.

‚µ-¶¥·¢ÒÌ, ± ± ¢¨¤´µ ¨§ ·¨¸.12, ¤²Ö ¨´É¥£· ²  ¶¥·¥±·Ò¢ ´¨Ö (52) ¸¥Î¥-
´¨¥, ¢ÒÎ¨¸²¥´´µ¥ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³¥Ì ´¨§³  �„, ¶·¨¡²¨§¨É¥²Ó´µ ´  ¤¢ 
¶µ·Ö¤±  ¢¥²¨Î¨´Ò ¢ÒÏ¥, Î¥³ ¸ ¨´É¥£· ²µ³ (51), ¨ ¸· ¢´¨³µ ¸ ¢±² ¤µ³ ³¥Ì -
´¨§³  �‚�. �¤´ ±µ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ¢±² ¤ �„ §´ Î¨É¥²Ó´µ ´¨¦¥,
Î¥³ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢µ ¢¸¥° · ¸¸³ É·¨¢ ¥³µ° µ¡² ¸É¨ Ô´¥·£¨° ¨
´¥ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´Éµ³ ¶µ Ëµ·³¥ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨.

‚µ-¢Éµ·ÒÌ, ¡¥§ ÊÎ¥É  ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ-
´¨ÖÌ ³¥Ì ´¨§³ r�� Ö¢²Ö¥É¸Ö ¤µ³¨´¨·ÊÕÐ¨³. …£µ ¢±² ¤ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨°
0,7÷1,7 ƒÔ‚ ¤µ¢µ²Ó´µ ³¥¤²¥´´µ Ê¡Ò¢ ¥É ¸ ·µ¸Éµ³ ´ Î ²Ó´µ° Ô´¥·£¨¨ ¨ ¢
¡µ·´µ¢¸±µ³ ¶·¨¡²¨¦¥´¨¨ ´ Ìµ¤¨É¸Ö ¶µÎÉ¨ ´  ¤¢  ¶µ·Ö¤±  ¢ÒÏ¥ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ÉµÎ¥± [1]. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¢±² ¤Ò ³¥Ì ´¨§³µ¢ �‚�, ���,  
É ±¦¥ µ¡³¥´  ¤¥°É·µ´µ³ (�„) ¡Ò¸É·µ Ê¡Ò¢ ÕÉ ¸ ·µ¸Éµ³ Ô´¥·£¨¨, ´ Ìµ¤ÖÉ¸Ö
´¨¦¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ÉµÎ¥± ¨ ¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î ÕÉ¸Ö µÉ Ô±¸¶¥·¨³¥´É 
¶µ Ëµ·³¥ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨.
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¨¸. 15. ’µ ¦¥, ÎÉµ ´  ·¨¸. 12Å14, ´µ ±·¨¢Ò¥ ¶µ± §Ò¢ ÕÉ: 1 Å �‚� + ��� + r��
¸ (S)-±µ³¶µ´¥´É ³¨, 2 Å �‚�+���+r�� ¸ (S + D)-±µ³¶µ´¥´É ³¨, 3 Å �‚� +
��� + r�� (S) ¸ ÊÎ¥Éµ³ £² Ê¡¥·µ¢¸±¨Ì ¶¥·¥· ¸¸¥Ö´¨°

‚-É·¥ÉÓ¨Ì, ¢±² ¤ r�� ¸² ¡µ ÎÊ¢¸É¢¨É¥²¥´ ± ÊÎ¥ÉÊ D-±µ³¶µ´¥´É ¢µ²´µ-
¢µ° ËÊ´±Í¨¨ 3He. Š·¨¢ Ö 3 ´  ·¨¸.13, ¶·¥¤¸É ¢²ÖÕÐ Ö ¢±² ¤ r�� ¸ ÊÎ¥Éµ³
Éµ²Ó±µ S-±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨ 3He, ± Î¥¸É¢¥´´µ ´¥ µÉ²¨Î ¥É¸Ö µÉ
±·¨¢µ° 5, ¶µ²ÊÎ¥´´µ° ¤²Ö ³¥Ì ´¨§³  r�� ¸ ÊÎ¥Éµ³ S+D-±µ³¶µ´¥´É ¢µ²´µ-
¢µ° ËÊ´±Í¨¨. ‚ Éµ ¦¥ ¢·¥³Ö ±·¨¢ Ö 5 ¶· ±É¨Î¥¸±¨ ´¥ µÉ²¨Î ¥É¸Ö µÉ ·¥§Ê²Ó-
É É , ¶·¥¤¸± §Ò¢ ¥³µ£µ ¸Ê³³µ° ¢¸¥Ì É·¥Ì ³¥Ì ´¨§³µ¢ �‚�+���+r�� ¶·¨
ÊÎ¥É¥ S + D-±µ³¶µ´¥´É (±·¨¢ Ö 2 ´  ·¨¸.15). Š ± ¢¨¤´µ ¨§ ¸· ¢´¥´¨Ö ±·¨-
¢ÒÌ 1 ¨ 4 ´  ·¨¸.13, ¢±² ¤ ³¥Ì ´¨§³  �‚� ¢ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ Ê¢¥²¨Î¨¢ ¥É¸Ö
¶·¨¡²¨§¨É¥²Ó´µ ´  ¤¢  ¶µ·Ö¤±  ¢¥²¨Î¨´Ò ¶·¨ ¶µ¤±²ÕÎ¥´¨¨ D-±µ³¶µ´¥´É
¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He. �´ ²µ£¨Î´ Ö ·µ²Ó D-±µ³¶µ´¥´É Ê¸É ´µ¢²¥´ 
¤²Ö ���- ¨ �„- ³¥Ì ´¨§³µ¢.

‚-Î¥É¢¥·ÉÒÌ, ¶·¨ ÊÎ¥É¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÔËË¥±Éµ¢ r��-¢±² ¤ Ê¢¥²¨Î¨-
¢ ¥É¸Ö ´¥ ¡µ²¥¥ Î¥³ ´  20Å30 %, ¢ Éµ ¢·¥³Ö ± ± ¢±² ¤ ¤·Ê£¨Ì ³¥Ì ´¨§³µ¢
Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨¡²¨§¨É¥²Ó´µ ¢ 3Å5 · §, µ¸É ¢ Ö¸Ó ´¨¦¥ Ô±¸¶¥·¨³¥É ²Ó´ÒÌ
¤ ´´ÒÌ.

”µ·³ ²Ó´ Ö ¶·¨Î¨´  É ±µ° ¢Ò¤¥²¥´´µ¸É¨ ³¥Ì ´¨§³  r�� ¶µ ¸· ¢´¥´¨Õ
¸ µ¸É ²Ó´Ò³¨ ³¥Ì ´¨§³ ³¨ ¸µ¸Éµ¨É ¢ ¸²¥¤ÊÕÐ¥³. ‘² £ ¥³µ¥ ϕ42

+

f ϕ31i ¶µ¤
¨´É¥£· ²µ³ ¢ (48), µÉ¢¥Î ÕÐ¥¥ r��-¢±² ¤Ê, ¨³¥¥É ¸²¥¤ÊÕÐÊÕ ¸É·Ê±ÉÊ·Ê  ·-
£Ê³¥´Éµ¢:

ϕ42
+

f ϕ31i = ϕ42
+

f (−1

2
q23 −

3

4
Q4,q23 −

1

2
Q4)×
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× ϕ31i (−1

2
q23 +

3

4
Q1,−q23 −

1

2
Q1). (91)

„¢  µ¸É ¢Ï¨Ì¸Ö ¸² £ ¥³ÒÌ, µÉ¢¥Î ÕÐ¨Ì ³¥Ì ´¨§³ ³ ��� ¨ �‚�, ¨³¥ÕÉ ¢¨¤

ϕ34
+

f ϕ31i = ϕ34
+

f (−1

2
q23 +

3

4
Q4,−q23 −

1

2
Q4)×

×ϕ31i (−1

2
q23 +

3

4
Q1,−q23 −

1

2
Q1), (92)

ϕ23
+

f ϕ31i = ϕ23
+

f (q23,Q4)ϕ
31
i (−1

2
q23 +

3

4
Q1,−q23 −

1

2
Q1). (93)

�·¨ · ¸¸¥Ö´¨¨ ´  Ê£µ² θÍ.³. = 180◦ ¨§ (88) ´ Ìµ¤¨³ Q4 = −Q1. �·¨
ÔÉµ³ Ê¸²µ¢¨¨ ¢Ò· ¦¥´¨¥ (91) µÉ²¨Î ¥É¸Ö µÉ (92) ¨ (93) É¥³, ÎÉµ ¶·¨ ¨´-
É¥£·¨·µ¢ ´¨¨ ¶µ q23 ¢ ´¥³ ¤¢  ± ±¨Ì-²¨¡µ ¨³¶Ê²Ó¸  ¨§ Î¥ÉÒ·¥Ì ³µ£ÊÉ µ¤-
´µ¢·¥³¥´´µ µ¡· É¨ÉÓ¸Ö ¢ ´Ê²Ó (´ ¶·¨³¥·, ¢ ÉµÎ±¥ q23 = 3/2 Q1 ¨³¥¥³
−1/2 q23− 3/4 Q4 = 0 ¨ −1/2 q23+3/4 Q1 = 0). ‚ ¢Ò· ¦¥´¨ÖÌ (92) ¨ (93)
Éµ²Ó±µ µ¤¨´ ¨§ ¨³¶Ê²Ó¸µ¢ ³µ¦¥É µ¡· É¨ÉÓ¸Ö ¢ ´Ê²Ó, ¢ Éµ ¢·¥³Ö ± ± µ¸É ²Ó´Ò¥
É·¨ ¶·¨´¨³ ÕÉ §´ Î¥´¨Ö ∼ |Q1| = |Q4|. ‚ ¨¸¸²¥¤Ê¥³µ° ±¨´¥³ É¨Î¥¸±µ°
µ¡² ¸É¨ Tp = 0, 7÷ 1, 7 ƒÔ‚ ¨³¶Ê²Ó¸Ò |Q1| ¨ |Q4| ¨³¥ÕÉ ¤µ¢µ²Ó´µ ¡µ²ÓÏ¨¥
§´ Î¥´¨Ö ∼0,5 ƒÔ‚/¸. ‘ ·µ¸Éµ³ |q| ¨²¨ |Q| ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ϕij(q,Q) ¡Ò¸-
É·µ Ê¡Ò¢ ¥É; µÉ¸Õ¤  § ±²ÕÎ ¥³, ÎÉµ ¢±² ¤ ¸² £ ¥³µ£µ (91) ¢ ¨´É¥£· ² (48)
¤¥°¸É¢¨É¥²Ó´µ ¤µ³¨´¨·Ê¥É.

�Î¥¢¨¤´µ, ÎÉµ ¢ µ¡² ¸É¨ θÍ.³. < 180◦, ¢ ±µÉµ·µ° · ¢¥´¸É¢µ Q1 = −Q4
´ ·ÊÏ ¥É¸Ö, ³¥Ì ´¨§³ r�� ²¨Ï¥´ ÔÉµ£µ ¶·¥¨³ÊÐ¥¸É¢ . “£²µ¢ Ö § ¢¨¸¨³µ¸ÉÓ
Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ± ± ËÊ´±Í¨Ö ¶¥·¥³¥´´µ° u = p2(1 + cos θ2)
¶·¥¤¸É ¢²¥´  ´  ·¨¸.16. Š ± ¢¨¤´µ ¨§ ÔÉµ£µ ·¨¸Ê´± , ¢±² ¤ ³¥Ì ´¨§³  r�� ¢
¡µ·´µ¢¸±µ³ ¶·¨¡²¨¦¥´¨¨ (ÏÉ·¨Ìµ¢Ò¥ ±·¨¢Ò¥) ¤¥°¸É¢¨É¥²Ó´µ ¡Ò¸É·µ Ê¡Ò¢ ¥É
¸ ·µ¸Éµ³ Ê£²  · ¸¸¥Ö´¨Ö.

�¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥ µ¸µ¡¥´´µ¸É¨ ³¥Ì ´¨§³  r��, ´  ¶¥·¢Ò° ¢§£²Ö¤,
¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¶·¨ · ¸¸¥Ö´¨¨ ´  Ê£µ² θÍ.³. = 180◦ ÔÉµÉ ³¥-
Ì ´¨§³ ´¥ É·¥¡Ê¥É ¢Ò¸µ±µ¨³¶Ê²Ó¸´ÒÌ ±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤· 
3He ¤ ¦¥ ¶·¨ É ±µ° ¡µ²ÓÏµ° ¶¥·¥¤ Î¥ ¨³¶Ê²Ó¸  ∆ =2÷3 ƒÔ‚/¸, ±µÉµ· Ö
¨³¥¥É ³¥¸Éµ ¢ · ¸¸³ É·¨¢ ¥³µ³ ¶·µÍ¥¸¸¥ ¶·¨ Ô´¥·£¨ÖÌ Tp = 1, 0 ÷ 1, 7 ƒÔ‚.
�¤´ ±µ, ± ± ¶µ± § ´µ ´¥¤ ¢´µ ¢ · ¡µÉ¥  ¢Éµ·  ¤ ´´µ£µ µ¡§µ·  [51], É ±µ¥
ÊÉ¢¥·¦¤¥´¨¥ ¸¶· ¢¥¤²¨¢µ ²¨ÏÓ µÉÎ ¸É¨: ¶·¨ Tp > 1 ƒÔ‚  ³¶²¨ÉÊ¤  ³¥Ì -
´¨§³  r�� µ¶·¥¤¥²Ö¥É¸Ö £² ¢´Ò³ µ¡· §µ³ §´ Î¥´¨Ö³¨ Ë ¤¤¥¥¢¸±µ° ±µ³¶µ-
´¥´ÉÒ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ϕ23(q23,Q1) ¶·¨ ¡µ²ÓÏ¨Ì µÉ´µ¸¨É¥²Ó´ÒÌ ¨³¶Ê²Ó-
¸ Ì q23 > 0, 6 ƒÔ‚/¸ NN -¶ ·Ò ¢ 1S0-¸µ¸ÉµÖ´¨¨ ¨ ³ ²ÒÌ ¨³¶Ê²Ó¸ Ì ª¸¶¥±É -
Éµ· ª Q1 ∼0Å0,2 ƒÔ‚/¸.

—¨¸²¥´´Ò¥ · ¸Î¥ÉÒ ¸ ÊÎ¥Éµ³ ¶¥·¥· ¸¸¥Ö´¨° ƒ² Ê¡¥·  Å ‘¨É¥´±µ ¢ ´ -
Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ ¸· ¢´¨¢ ÕÉ¸Ö ¸ ¡µ·´µ¢¸±¨³ ¶·¨¡²¨¦¥´¨¥³
¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ´  ·¨¸.15 ¨ 16. �·¨ ÔÉµ³ ¢  ³¶²¨ÉÊ¤¥ Ê¶·Ê-
£µ£µ p3He-· ¸¸¥Ö´¨Ö ´  ³ ²Ò¥ Ê£²Ò ÊÎ¨ÉÒ¢ ÕÉ¸Ö Éµ²Ó±µ S-±µ³¶µ´¥´ÉÒ ¢
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¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He. —¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ²ÊÎ¥´Ò ¸ ¶ · ³¥É· ³¨
NN - ³¶²¨ÉÊ¤ (59) ¨§ [52] ¢ µ¡² ¸É¨ Ô´¥·£¨° Tp = 0, 3÷ 1 ƒÔ‚ ¨ ¨§ [53] ¤²Ö
Tp ≥ 0, 4 ƒÔ‚ ¸ £ Ê¸¸µ¢¸±µ° ¶²µÉ´µ¸ÉÓÕ ¤²Ö Ö¤·  3He ¨§ [54]. �¥¶µ¸·¥¤¸É¢¥´-
´Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ¸ ÔÉ¨³¨ ¶ · ³¥É· ³¨ Ìµ·µÏµ µ¶¨¸Ò¢ ÕÉ¸Ö
¤ ´´Ò¥ ¶µ Ê¶·Ê£µ³Ê p3He-· ¸¸¥Ö´¨Õ ¢¶¥·¥¤ ¶·¨ Ô´¥·£¨ÖÌ 0,4÷1,0 ƒÔ‚ ¢ µ¡² -
¸É¨ ¶¥·¢ÒÌ ¤¢ÊÌ ¤¨Ë· ±Í¨µ´´ÒÌ ¶¨±µ¢ (θÍ.³. = 0÷ 60◦) [8, 54].


¨¸. 16. „¨ËË¥p¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ Ê¶pÊ-
£µ£µ p3He-p ¸¸¥Ö´¨Ö ¢ § ¤´ÕÕ ¶µ²Ê¸Ë¥pÊ
¶p¨ p §´ÒÌ ´ Î ²Ó´ÒÌ Ô´¥p£¨ÖÌ, §´ Î¥´¨Ö
±µÉµ·ÒÌ (¢ ŒÔ‚) Ê± § ´Ò µ±µ²µ ±p¨¢ÒÌ.
Šp¨¢Ò¥ Å p¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¸ ¨¸-
¶µ²Ó§µ¢ ´¨¥³ ¸Ê³³Ò ³¥Ì ´¨§³µ¢ �‚� +
��� + r�� ¢ S-¢µ²´µ¢µ³ ¶p¨¡²¨¦¥´¨¨
¤²Ö ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤p  3He: ÏÉ·¨Ìµ-
¢Ò¥ ±p¨¢Ò¥ Å ¡µp´µ¢¸±µ¥ ¶p¨¡²¨¦¥´¨¥,
¸¶²µÏ´Ò¥ ±·¨¢Ò¥ Å ¸ ÊÎ¥Éµ³ £² Ê¡¥·µ¢-
¸±¨Ì ¶¥p¥p ¸¸¥Ö´¨°; p Å ¨³¶Ê²Ó¸ ¶pµÉµ´ 
¢ ¸.Í.³., θÍ.³. Å Ê£µ² p ¸¸¥Ö´¨Ö. �±¸¶¥p¨-
³¥´É ²Ó´Ò¥ ÉµÎ±¨ ¢§ÖÉÒ ¨§ [1]

Š ± ¢¨¤´µ ¨§ ·¨¸.15, ¶·¨ ÊÎ¥É¥
£² Ê¡¥·µ¢¸±¨Ì ¶¥·¥· ¸¸¥Ö´¨° ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ¤²Ö Ê£² 
θÍ.³. = 180◦, ¤ ¢ ¥³µ¥ ¸Ê³³µ°
�‚�+���+r��, ´¥ ³¥´Ö¥É¸Ö ¶µ
Ëµ·³¥, ´µ Ê³¥´ÓÏ ¥É¸Ö ¶µ  ¡¸µ²ÕÉ-
´µ° ¢¥²¨Î¨´¥ ¢ 30÷50 · §. �·¨-
¡²¨§¨É¥²Ó´µ É ±µ° ¦¥ ÔËË¥±É ¶µ-
¤ ¢²¥´¨Ö  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´Ò ¸¥-
Î¥´¨Ö ¢¸²¥¤¸É¢¨¥ ÊÎ¥É  ¢§ ¨³µ¤¥°-
¸É¢¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ-
¸ÉµÖ´¨ÖÌ ¢ Ô°±µ´ ²Ó´µ³ ¶·¨¡²¨¦¥-
´¨¨ ¡Ò² µ¡´ ·Ê¦¥´ ¢ Ê¶·Ê£µ³ pα-
· ¸¸¥Ö´¨¨ ¤²Ö ³¥Ì ´¨§³  µ¡³¥´ 
É·¨É¨¥³ [22]. ‚ ·¥§Ê²ÓÉ É¥ ¢ µ¡² -
¸É¨ Tp =0,9÷1,7 ƒÔ‚ É¥µ·¥É¨Î¥-
¸± Ö ±·¨¢ Ö ± Î¥¸É¢¥´´µ ¸µ£² ¸Ê¥É¸Ö
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶µ
 ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥. “£²µ¢ Ö § ¢¨-
¸¨³µ¸ÉÓ, ± ± ¢¨¤´µ ¨§ ·¨¸.16, ¶·¨
ÊÎ¥É¥ ¶¥·¥· ¸¸¥Ö´¨° ¸É ´µ¢¨É¸Ö ¡µ-
²¥¥ ¶² ¢´µ° ¨ É ±¦¥ ± Î¥¸É¢¥´´µ
¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ ¢ µ¡² ¸É¨ Ê£²µ¢ θÍ.³. ≈
160÷180◦. �·¨Î¨´  ¢Ò¶µ² ¦¨¢ ´¨Ö
¸¥Î¥´¨Ö ¶·¨ µÉ±²µ´¥´¨¨ Ê£²  · ¸-
¸¥Ö´¨Ö θÍ.³. µÉ §´ Î¥´¨Ö 180◦ ¤¥-
É ²Ó´µ µ¡¸Ê¦¤ ¥É¸Ö ¢ · ¡µÉ¥ [12] ´ 
¶·¨³¥·¥ Ê¶·Ê£µ£µ pd-· ¸¸¥Ö´¨Ö ´ -
§ ¤. �·¨ Ô´¥·£¨ÖÌ Tp ≤ 0, 9 ƒÔ‚
¢±² ¤ ³¥Ì ´¨§³  ¶¥·¥¤ Î¨ np-¶ ·Ò
¢ ¸¥Î¥´¨¥ ¶·¨ θÍ.³. = 180◦ ¸ÊÐ¥-
¸É¢¥´´µ ¶µ¤ ¢²¥´ §  ¸Î¥É £²Ê¡µ±µ£µ ³¨´¨³Ê³  ¶·¨ ∼ 0, 3 ƒÔ‚. ‚ ÔÉµ° µ¡² ¸É¨
Ô´¥·£¨° (Tp ≤ 0, 9 ƒÔ‚) ³¥Ì ´¨§³ ³´µ£µ±· É´ÒÌ pN -· ¸¸¥Ö´¨° ¸ ÊÎ¥Éµ³  ´É¨-
¸¨³³¥É·¨§ Í¨¨ pN - ³¶²¨ÉÊ¤, µ¡¸Ê¦¤ ¢Ï¨°¸Ö ¢ · ¡µÉ Ì [8,54], ¶µ-¢¨¤¨³µ³Ê,
¢´µ¸¨É £² ¢´Ò° ¢±² ¤ ¢ Ê¶·Ê£µ¥ p3He-· ¸¸¥Ö´¨¥ ´ § ¤.
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6.3. 	·µÖ¢²¥´¨¥ Â{d∗+p} ¸É·Ê±ÉÊ·Ò Ö¤·  3He ¢ ¶·µÍ¥¸¸¥ p3He-· ¸¸¥Ö-
´¨Ö ´ § ¤. ‚ · ¡µÉ¥ [31] ¨¸¸²¥¤µ¢ ´  ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ³¥Ì ´¨§³  pn-¶¥·¥¤ -
Î¨ ± ¢¨¤Ê ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He. ‘ ÔÉµ° Í¥²ÓÕ ´ ·Ö¤Ê ¸ Ë ¤¤¥¥¢-
¸±µ° ¢µ²´µ¢µ° ËÊ´±Í¨¥° [21] ¨¸¶µ²Ó§µ¢ ²¨¸Ó ±² ¸É¥·´Ò¥ ³µ¤¥²¨ ¢¨¤  Ψ1 =
= Â{d + p} ¨ Ψ2 = Â{d∗ + p},   É ±¦¥ ¨Ì ¸Ê¶¥·¶µ§¨Í¨Ö, §¤¥¸Ó Â Å  ´É¨-
¸¨³³¥É·¨§ Éµ· ¢ (62).

…¸²¨ ¢µ ¢Éµ·µ° Î ¸É¨ · ¢¥´¸É¢  (62) ¢³¥¸Éµ Ë ¤¤¥¥¢¸±µ° ±µ³¶µ´¥´ÉÒ
ϕ23(q23,Q1) ¢§ÖÉÓ ¢¥±Éµ·´µ-¸¢Ö§ ´´µ¥ (¢ jj-¸Ì¥³¥) ¶·µ¨§¢¥¤¥´¨¥ ¢µ²´µ¢µ°
ËÊ´±Í¨¨ ·¥ ²Ó´µ£µ ¤¥°É·µ´  ϕd(2, 3), ËÊ´±Í¨¨ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö
Í.³. ¤¥°É·µ´  ¨ ¶¥·¢µ£µ ´Ê±²µ´  f(Q1),   É ±¦¥ ¸¶¨´-¨§µ¸¶¨´µ¢µ° ËÊ´±-
Í¨¨ ¶¥·¢µ£µ ´Ê±²µ´  χp(1), Éµ ¤²Ö Ö¤·  3He ¶µ²ÊÎ¨³ ¢µ²´µ¢ÊÕ ËÊ´±Í¨Õ
ª±² ¸É¥·´µ°ª ³µ¤¥²¨

Ψ1 = Â{ϕd(q23) f(Q1)χp(1)}. (94)

‡¤¥¸Ó ¤²Ö ±· É±µ¸É¨ µ¶ÊÐ¥´Ò Ê£²µ¢Ò¥ ³µ³¥´ÉÒ ¨ ±µÔËË¨Í¨¥´ÉÒ Š²¥¡-
Ï  Å ƒµ·¤ ´ . �µ¤µ¡´Ò¥ ËÊ´±Í¨¨ Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ · ¸Î¥É Ì ¸É·Ê±-
ÉÊ·Ò ²¥£±¨Ì Ö¤¥· ¶µ ³¥Éµ¤Ê ·¥§µ´¨·ÊÕÐ¨Ì £·Ê¶¶ (Œ
ƒ) [55]. ”Ê´±Í¨Ö (94)
¶µ²´µ¸ÉÓÕ  ´É¨¸¨³³¥É·¨§µ¢ ´  ¨ ¨³¥¥É ¸É·Ê±ÉÊ·Ê (62). �¤´ ±µ ¢ ±² ¸É¥·´µ°
¢µ²´µ¢µ° ËÊ´±Í¨¨ (94) ¢ µÉ²¨Î¨¥ µÉ Ë ¤¤¥¥¢¸±µ° [21] ÊÎÉ¥´Ò Éµ²Ó±µ 4 ± ´ ² 
Å ¶¥·¢Ò° ¦¥ ± ´ ² ¶µ ±² ¸¸¨Ë¨± Í¨¨ · ¡µÉÒ [21], µÉ¢¥Î ÕÐ¨° ¸µ¸ÉµÖ´¨Õ
¶ ·Ò ´Ê±²µ´µ¢ ¸ ´µ³¥· ³¨ 2 ¨ 3 ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ L = S = 0, T = 1,
µÉ¸ÊÉ¸É¢Ê¥É∗. “Î¥É ÔÉµ£µ ¸µ¸ÉµÖ´¨Ö ¸µµÉ¢¥É¸É¢Ê¥É · ¸Î¥ÉÊ Œ
ƒ ¸µ ¸¢Ö§ÓÕ
± ´ ²µ¢ [55]:

Ψ2 = Â{ϕd(q23) f(Q1)χp(1)}+ δÂ{ϕd∗(q23) f̃(Q1)χp(1)}. (95)

‡¤¥¸Ó ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ϕd∗ µ¶¨¸Ò¢ ¥É ¢´ÊÉ·¥´´¥¥ ¤¢¨¦¥´¨¥ ¶ ·Ò ´Ê±²µ´µ¢
{23} ¢ 1S0-¸µ¸ÉµÖ´¨¨; µÉ´µ¸¨É¥²Ó´µ¥ ¤¢¨¦¥´¨¥ Í¥´É·  ³ ¸¸ ÔÉµ° ¶ ·Ò ¨

¶¥·¢µ£µ ´Ê±²µ´  µ¶¨¸Ò¢ ¥É¸Ö ËÊ´±Í¨¥° f̃ .

‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ  ³¶²¨ÉÊ¤  Mr
��+M̃�� ÉµÎ´µ ¸¢µ¤¨É¸Ö ± ´Ê²Õ,

¥¸²¨ ± ´ ² ν = 1, ±µÉµ·Ò° ¸µµÉ¢¥É¸É¢Ê¥É ±µ´Ë¨£Ê· Í¨¨ {NN(1S0) + N},
¨¸±²ÕÎ¥´ ¨§ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He. �Éµ ¸²¥¤Ê¥É ¨§ ¨§µÉµ¶¨Î¥¸±µ°
¸É·Ê±ÉÊ·Ò ¤¨ £· ³³ �� ´  ·¨¸.7,   ¨³¥´´µ ¨§ Éµ£µ Ë ±É , ÎÉµ ´¨¦´¨¥ ¨²¨
¢¥·Ì´¨¥ NN -¶¥É²¨ ÔÉ¨Ì ¤¨ £· ³³ ¢ ¶·µÍ¥¸¸¥ p3He →3Hep Ö¢²ÖÕÉ¸Ö ¤¢ÊÌ-
¶·µÉµ´´Ò³¨, Éµ ¥¸ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸µ¸ÉµÖ´¨Õ ¸ ¨§µ¸¶¨´µ³ T = 1. ‘ ¤·Ê£µ°
¸Éµ·µ´Ò, ¤¨ £· ³³  ��� (± ± ¨ �‚�), ´¥ ±·¨É¨Î´  ± ¢¥¸Ê ±µ´Ë¨£Ê· Í¨¨
{NN(1S0) + N}, É ± ± ± ¤²Ö ÔÉ¨Ì ³¥Ì ´¨§³µ¢ µ¡¥ NN -¶¥É²¨ ³µ£ÊÉ ¡ÒÉÓ
µ¤´µ¢·¥³¥´´µ ¢ pn-¸µ¸ÉµÖ´¨ÖÌ ¸ ¨§µ¸¶¨´µ³ T = 0.

∗�É³¥É¨³, ÎÉµ, É¥³ ´¥ ³¥´¥¥, ¢ £¥´¥ ²µ£¨Î¥¸±µ³ · §²µ¦¥´¨¨ ËÊ´±Í¨¨ (94) ¶·¨¸ÊÉ¸É¢Ê¥É
ª¢µ§¡Ê¦¤¥´´µ¥ª ¸µ¸ÉµÖ´¨¥ ¶ ·Ò ´Ê±²µ´µ¢ {23} ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ S = 0, T = 1 ¸ ´¥´Ê²¥-
¢Ò³ ¢¥¸µ³ [56].
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„²Ö ±² ¸É¥·´ÒÌ ËÊ´±Í¨° (94),(95) ¢ [31] ¨¸¶µ²Ó§µ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ ¶·¨-
¡²¨¦¥´¨Ö. ‚µ²´µ¢ Ö ËÊ´±Í¨Ö ¤¥°É·µ´  ϕd ¢ ¶µÉ¥´Í¨ ²¥ RSC ¸ S- ¨ D-
±µ³¶µ´¥´É ³¨ ¢§ÖÉ  ¨§ · ¡µÉÒ [57]. ”Ê´±Í¨Ö µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö
f(Q) µ¶·¥¤¥²Ö¥É¸Ö ¨´É¥£· ²µ³ ¶¥·¥±·Ò¢ ´¨Ö ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¤¥°É·µ´ 
¨ 3He (1).


¨¸. 17. „¨ËË¥p¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ Ê¶pÊ-
£µ£µ p3He-p ¸¸¥Ö´¨Ö ´ § ¤ ´  Ê£µ² θÍ.³. =
180◦ ¢ § ¢¨¸¨³µ¸É¨ µÉ ´ Î ²Ó´µ° Ô´¥·-
£¨¨ ¶·µÉµ´  Tp. P¥§Ê²ÓÉ ÉÒ p ¸Î¥Éµ¢ ¸
Ë ¤¤¥¥¢¸±µ° (±p¨¢ Ö 1) ¨ ±² ¸É¥p´µ° (2Å
5) ¢µ²´µ¢Ò³¨ ËÊ´±Í¨Ö³¨ ¤²Ö ¸Ê³³ p´µ£µ
¢±² ¤  ³¥Ì ´¨§³µ¢ �‚� + H�� + r��:
2 Å δ = 0, 3 Å δ = 0, 17, 4 Å δ = 0, 5,
5 Å δ=1. ’µÎ±¨ Å Ô±¸¶¥p¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ [1]

‚µ²´µ¢Ò¥ ËÊ´±Í¨¨ ϕd∗ , f̃ ¢
(95) ¨ Î¨¸²¥´´µ¥ §´ Î¥´¨¥ δ ¤µ²¦´Ò
µ¶·¥¤¥²ÖÉÓ¸Ö ¨§ É·¥ÌÎ ¸É¨Î´µ° ¤¨-
´ ³¨±¨. �¤´ ±µ ¤²Ö ± Î¥¸É¢¥´´µ°
µÍ¥´±¨,   É ±¦¥ ¸ Í¥²ÓÕ ¶·µ¢¥·±¨
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨  ³¶²¨ÉÊ¤Ò (48) ±
¢¨¤Ê ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢ · ³± Ì
±² ¸É¥·´µ° ³µ¤¥²¨ ¶µ² £ ¥³: ϕd∗ =

ϕs; f̃ = f0, £¤¥ ϕs, f0 Å S-
±µ³¶µ´¥´ÉÒ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¤¥°-
É·µ´  ¨ ¨´É¥£· ²  ¶¥·¥±·Ò¢ ´¨Ö (1)
¸µµÉ¢¥É¸É¢¥´´µ. ‚¥²¨Î¨´  δ · ¸¸³ -
É·¨¢ ¥É¸Ö ± ± ¸¢µ¡µ¤´Ò° ¶ · ³¥É·
¶·¨ ¥¤¨´¨Î´µ° ´µ·³¥ ËÊ´±Í¨¨ (1).


¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢, ¶·¥¤¸É -
¢²¥´´Ò¥ ´  ·¨¸.17, ¤¥³µ´¸É·¨-
·ÊÕÉ µÎ¥´Ó ¢Ò¸µ±ÊÕ ÎÊ¢¸É¢¨É¥²Ó-
´µ¸ÉÓ ¢±² ¤  ³¥Ì ´¨§³  r�� ± ¢¥-
²¨Î¨´¥ δ. �·¨ δ = 0 ¤¨ËË¥·¥´-
Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ¸µ¤¥·¦¨É Éµ²Ó±µ
¢±² ¤Ò ³¥Ì ´¨§³µ¢ �‚� ¨ ��� ¨
¶·µÌµ¤¨É §´ Î¨É¥²Ó´µ ´¨¦¥ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ‘ Ê¢¥²¨Î¥´¨¥³
δ ¢±² ¤ ³¥Ì ´¨§³  pn-¶¥·¥¤ Î¨ ¡Ò-
¸É·µ · ¸É¥É ¨¸±²ÕÎ¨É¥²Ó´µ §  ¸Î¥É
 ³¶²¨ÉÊ¤Ò r��. ‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¶·¨ δ = 0, 5 ·¥§Ê²ÓÉ ÉÒ · ¸-
Î¥Éµ¢ ¸ É·¥ÌÉ¥²Ó´µ° Ë ¤¤¥¥¢¸±µ° ËÊ´±Í¨¥° [41] ¨ ³µ¤¥²Ó´µ° ËÊ´±Í¨¥° (95)
¶· ±É¨Î¥¸±¨ ´¥ µÉ²¨Î ÕÉ¸Ö ¤·Ê£ µÉ ¤·Ê£ . �·¨³¥Î É¥²Ó´µ, ÎÉµ ¨³¥´´µ ¶·¨
ÔÉµ³ §´ Î¥´¨¨ δ µÉ´µ¸¨É¥²Ó´Ò° ¢¥¸ ¶¥·¢µ£µ (L = S = 0, T = 1) ¨ ¢Éµ-
·µ£µ (L = 0, S = 1, T = 0) ± ´ ²µ¢ ¢ ´µ·³¨·µ¢±¥ ¢µ²´µ¢µ° ËÊ´±Í¨¨ (95)
µ± §Ò¢ ¥É¸Ö É ±¨³ ¦¥, ± ± ¨ ¢ Ë ¤¤¥¥¢¸±µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨. ’ ±¨³ µ¡· -
§µ³, ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤, ÎÉµ ¸¥Î¥´¨¥ ¶·µÍ¥¸¸  p3He-· ¸¸¥Ö´¨Ö ´  Ê£µ²
θÍ.³. = 180◦ ¶·¨ Tp =1÷1,7 ƒÔ‚ ¶· ±É¨Î¥¸±¨ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²Ö¥É¸Ö ¢¥¸µ³

± ´ ²  Â{d∗ + p} ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He.
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7. ‡�Š‹E—…�ˆ…

�·µ¢¥¤¥´´Ò°  ´ ²¨§ Ê¶·Ê£µ£µ p3He-· ¸¸¥Ö´¨Ö ´ § ¤ ¶·¨ Ô´¥·£¨ÖÌ 1÷2 ƒÔ‚
¢ÒÖ¢¨² É·¨ ¸²¥¤ÊÕÐ¨Ì Ö·±¨Ì ÔËË¥±É .

• ˆ§ ³´µ¦¥¸É¢  · ¸¸³µÉ·¥´´ÒÌ ³¥Ì ´¨§³µ¢ ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢´µ¸¨É
Éµ²Ó±µ ¤¨ £· ³³  ¶µ¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ pn-¶ ·Ò. ’·¥Ê£µ²Ó´ Ö
¤¨ £· ³³  µ¤´µ¶¨µ´´µ£µ µ¡³¥´ , ¶µ²Õ¸´ Ö ¤¨ £· ³³  µ¡³¥´  ¤¥°É·µ-
´µ³, ¶¥É²¥¢Ò¥ ¤¨ £· ³³Ò µ¡³¥´  ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ¶ ·µ° ¨ ´¥¶µ-
¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ pn-¶ ·Ò ¢´µ¸ÖÉ ¢±² ¤ ´  ´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢
´¨¦¥ ¢±² ¤  ¤µ³¨´¨·ÊÕÐ¥£µ ³¥Ì ´¨§³ .

• �¥·¥· ¸¸¥Ö´¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ ¤· ³ É¨Î¥¸±¨³ µ¡· -
§µ³ ¢²¨ÖÕÉ ´   ¡¸µ²ÕÉ´ÊÕ ¢¥²¨Î¨´Ê ¨ Ì · ±É¥· Ê£²µ¢µ° § ¢¨¸¨³µ¸É¨
¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö. r¥§ ÊÎ¥É  ÔËË¥±Éµ¢ ¶¥·¥· ¸¸¥Ö´¨° ·¥-
§Ê²ÓÉ ÉÒ É¥µ·¥É¨Î¥¸±¨Ì · ¸Î¥Éµ¢ ´ Ìµ¤ÖÉ¸Ö ¢ ·¥§±µ³ ¶·µÉ¨¢µ·¥Î¨¨ ¸
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨,   ¶·¨ ÊÎ¥É¥ ÔÉ¨Ì ÔËË¥±Éµ¢ ¤µ¸É¨£ ¥É¸Ö
¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³ ¡¥§ ¢¢¥¤¥´¨Ö ± ±¨Ì-²¨¡µ ¶µ¤£µ´µÎ´ÒÌ ¶ · -
³¥É·µ¢.

• ˆ³¥¥É ³¥¸Éµ ¸¨²Ó´¥°Ï Ö § ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö µÉ ¤¥É ²¥° ¸É·Ê±ÉÊ·Ò
Ö¤·  3He,   ¨³¥´´µ: ¶·¨ ¨¸±²ÕÎ¥´¨¨ ¶¥·¢µ£µ ± ´ ²  (ν = 1) ¢ Ë ¤-
¤¥¥¢¸±µ° ±µ³¶µ´¥´É¥ ¢µ²´µ¢µ° ËÊ´±Í¨¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ±µ´Ë¨£Ê· -
Í¨¨ Â{d∗ + p} Ö¤·  3He, ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ Ê¶·Ê£µ£µ p3He-
· ¸¸¥Ö´¨Ö Ê³¥´ÓÏ¨É¸Ö ´  5Å6 ¶µ·Ö¤±µ¢ ¢¥²¨Î¨´Ò.

�·¨ Ô´¥·£¨ÖÌ Tp ≤ 0, 9 ƒÔ‚ ¢±² ¤ ³¥Ì ´¨§³  �� µ± §Ò¢ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ
´¨¦¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ p3He-· ¸¸¥Ö´¨¨ ´ § ¤ §  ¸Î¥É £²Ê¡µ-
±µ£µ ³¨´¨³Ê³  ¢ ¸¥Î¥´¨¨ ¶·¨ Tp ∼ 0, 3 ƒÔ‚. �µ-¢¨¤¨³µ³Ê, ¶·¨ Ô´¥·-
£¨ÖÌ Tp ≤ 0, 9 ƒÔ‚ ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢´µ¸ÖÉ · ¸¸³µÉ·¥´´Ò¥ ¢ · ¡µ-
É Ì [8, 54] ³¥Ì ´¨§³Ò ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ¸  ´É¨¸¨³³¥É·¨§µ¢ ´´Ò³¨
pN - ³¶²¨ÉÊ¤ ³¨.

�É¨ ·¥§Ê²ÓÉ ÉÒ ¶µ± §Ò¢ ÕÉ, ÎÉµ ¶µ¶ÒÉ±¨ µ¶¨¸ ÉÓ Ê¶·Ê£µ¥ p3He-· ¸¸¥Ö´¨¥
´ § ¤ ¢ ³µ¤¥²¨ µ¡³¥´  ¤¥°É·µ´µ³ [10,15] ¸ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³¨ ¢µ²´µ-
¢Ò³¨ ËÊ´±Í¨Ö³¨ ¸µ¢¥·Ï¥´´µ ´¥ µ¶· ¢¤ ´´Ò. ‚ÒÌµ¤ §  · ³±¨ ¶µ²Õ¸´µ°
¤¨ £· ³³Ò µ¡³¥´  ¤¥°É·µ´µ³,   É ±¦¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ·¥ ²¨¸É¨Î¥¸±µ° É·¥Ì-
É¥²Ó´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  3He ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´µ ¢ ¦´µ¥ §´ Î¥´¨¥ ¢
¤ ´´µ° § ¤ Î¥. Œµ¦´µ µ¦¨¤ ÉÓ, ÎÉµ ¢ Ê¶·Ê£µ³ α6Li- ¨ α6He-· ¸¸¥Ö´¨¨ ´ § ¤
¶·¨ ´ Î ²Ó´ÒÌ Ô´¥·£¨ÖÌ ∼150 ŒÔ‚  ´ ²µ£¨Î´ÊÕ ·µ²Ó ¨£· ¥É ³¥Ì ´¨§³ ¶µ-
¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ pn- ¨ nn-¶ · ¸µµÉ¢¥É¸É¢¥´´µ, ´µ µÉ´Õ¤Ó ´¥ ¶¥·¥¤ Î 
¤¥°É·µ´  ¨ ¡¨´¥°É·µ´ . „µ¶µ²´¨É¥²Ó´Ò° ±·¨É¥·¨° ¤²Ö ¶·µ¢¥·±¨ ³¥Ì ´¨§³ 
¶µ¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ pn-¶ ·Ò ¢ Ê¶·Ê£µ³ p3He-· ¸¸¥Ö´¨¨ ´ § ¤ ³µ£²¨
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¡Ò ¤ ÉÓ ¨§³¥·¥´¨Ö ¶µ²Ö·¨§ Í¨µ´´ÒÌ Ì · ±É¥·¨¸É¨± ÔÉµ£µ ¶·µÍ¥¸¸ . �·¥¤¸É -
¢²Ö¥É ¨´É¥·¥¸ ¨¸¸²¥¤µ¢ ´¨¥  ´ ²µ£¨Î´µ£µ ³¥Ì ´¨§³  ¢ Ê¶·Ê£µ³ pα-· ¸¸¥Ö´¨¨
´ § ¤.

�¢Éµ· ¶·¨§´ É¥²¥´ ‹.„.r²µÌ¨´Í¥¢Ê, ‚.ƒ.�¥Ê¤ Î¨´Ê, ‚.ˆ.Šµ³ ·µ¢Ê,
‚.ˆ.ŠÊ±Ê²¨´Ê, �.‚.‹ ¤µ §  ³´µ£µÎ¨¸²¥´´Ò¥ µ¡¸Ê¦¤¥´¨Ö ¢µ¶·µ¸µ¢, · ¸¸³ -
É·¨¢ ¥³ÒÌ ¢ µ¡§µ·¥. 
 ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ Î ¸É¨Î´µ° ¶µ¤¤¥·¦±¥ 
µ¸¸¨°¸±µ£µ
Ëµ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° (£· ´É No 96-02-17-458).
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