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

‹ ¡µ· Éµ·¨Ö É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ¨³. �. �. �µ£µ²Õ¡µ¢ 

�µ¸É·µ¥´Ò Ö¢´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö  ´ ²¨É¨Î¥¸±µ£µ ¶·µ¤µ²¦¥´¨Ö ±µ³¶µ´¥´É ” ¤¤¥¥¢ 
É·¥ÌÎ ¸É¨Î´µ° T -³ É·¨ÍÒ ´  ´¥Ë¨§¨Î¥¸±¨¥ ²¨¸ÉÒ ·¨³ ´µ¢µ° ¶µ¢¥·Ì´µ¸É¨ Ô´¥·£¨¨. ‘µ£² ¸´µ
ÔÉ¨³ ¶·¥¤¸É ¢²¥´¨Ö³ T -³ É·¨Í  ´  ´¥Ë¨§¨Î¥¸±¨Ì ²¨¸É Ì ¢Ò· ¦ ¥É¸Ö ¢ É¥·³¨´ Ì ¥¥ ±µ³¶µ´¥´É,
µÉ´µ¸ÖÐ¨Ì¸Ö ²¨ÏÓ ± Ë¨§¨Î¥¸±µ³Ê ²¨¸ÉÊ. �  µ¸´µ¢¥ ¶·¥¤¸É ¢²¥´¨° ¤²Ö T -³ É·¨ÍÒ ¸Ëµ·³Ê²¨-
·µ¢ ´Ò  ´ ²µ£¨Î´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö  ´ ²¨É¨Î¥¸±µ£µ ¶·µ¤µ²¦¥´¨Ö ´  ´¥Ë¨§¨Î¥¸±¨¥ ²¨¸ÉÒ
É ±¦¥ ¨ ¤²Ö ³ É·¨Í · ¸¸¥Ö´¨Ö. ‘Ëµ·³Ê²¨·µ¢ ´ ¨  ¶·µ¡¨·µ¢ ´  ²£µ·¨É³ ´ Ìµ¦¤¥´¨Ö ·¥§µ´ ´¸µ¢
¢ ¸¨¸É¥³¥ É·¥Ì ±¢ ´Éµ¢ÒÌ Î ¸É¨Í ´  µ¸´µ¢e ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ” ¤¤¥¥¢ .

Explicit representations for the Faddeev components of the three-body T -matrix continued ana-
lytically into unphysical sheets of the energy Riemann surface are found. According to the representa-
tions, the T -matrix on unphysical sheets is explicitly expressed in terms of its components only taken
in the physical energy sheet. The representations for the T -matrix are then used to construct similar
representations for the analytic continuation of the three-body scattering matrices. An algorithm for
calculating three-body resonances based on the Faddeev differential equations is suggested and tested.

1. �¥§µ´ ´¸Ò ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° µ¤´µ ¨§ ¸ ³ÒÌ ¨´É¥·¥¸´ÒÌ Ö¢²¥´¨°,
´ ¡²Õ¤ ¥³ÒÌ ¢ · ¸¸¥Ö´¨¨ ±¢ ´Éµ¢ÒÌ Î ¸É¨Í. �¸´µ¢´Ò¥ ¶·µ¡²¥³Ò, ¸¢Ö§ ´´Ò¥
¸µ ¸É·µ£¨³ µ¶·¥¤¥²¥´¨¥³ ¶µ´ÖÉ¨Ö ·¥§µ´ ´¸ , ´ ¨¡µ²¥¥ µÉÎ¥É²¨¢µ µ¶¨¸ ´Ò ¢
µ¡§µ·¥ �. ‘ °³µ´  [1]. ‚ µÉ²¨Î¨¥ µÉ µ¡ÒÎ´µ£µ (¢¥Ð¥¸É¢¥´´µ£µ) ¸¶¥±É· , ·¥-
§µ´ ´¸Ò ´¥ Ö¢²ÖÕÉ¸Ö Ê´¨É ·´Ò³ ¨´¢ ·¨ ´Éµ³ ¸ ³µ¸µ¶·Ö¦¥´´µ£µ µ¶¥· Éµ· .
�µÔÉµ³Ê · ¸¸³µÉ·¥´¨¥ ·¥§µ´ ´¸µ¢ ¢¸¥£¤  Ö¢´µ ¨²¨ ´¥Ö¢´µ ¸¢Ö§ ´µ ¸ Éµ° ¨²¨
¨´µ° ³µ¤¥²ÓÕ, ¡µ²¥¥ ¨²¨ ³¥´¥¥ ±µ´±·¥É´µ° Ë¨§¨Î¥¸±µ° ¸¨¸É¥³µ° ¨ É. ¶.,
¶·¥¤¶µ² £ ÕÐ¨³¨ ¶·¨¸ÊÉ¸É¢¨¥ ´¥±µÉµ·ÒÌ ¢´¥Ï´¨Ì ¸É·Ê±ÉÊ· É¨¶  ®¸¢µ¡µ¤-
´µ£µ¯ ¨²¨ ®´¥¢µ§³ÊÐ¥´´µ£µ¯ £ ³¨²ÓÉµ´¨ ´ , ¶µ µÉ´µÏ¥´¨Õ ± ±µÉµ·Ò³ ¨
¶·µÖ¢²ÖÕÉ¸Ö ·¥§µ´ ´¸Ò (¸³. [1]).

�¡Ð¥¶·¨´ÖÉ Ö ¨´É¥·¶·¥É Í¨Ö ·¥§µ´ ´¸µ¢ ¢ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥ ± ± ±µ³-
¶²¥±¸´ÒÌ ¶µ²Õ¸µ¢ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö,  ´ ²¨É¨Î¥¸±¨ ¶·µ¤µ²¦¥´´µ° ¶µ Ô´¥·-
£¨¨ ´  ´¥Ë¨§¨Î¥¸±¨¥ ²¨¸ÉÒ ¥e ·¨³ ´µ¢µ° ¶µ¢¥·Ì´µ¸É¨, ¢µ¸Ìµ¤¨É ± ¨§¢¥¸É´µ°
· ¡µÉ¥ ƒ. ƒ ³µ¢  [2], ¶µ¸¢ÖÐ¥´´µ° µ¶¨¸ ´¨Õ α-· ¸¶ ¤ . ‚ · §²¨Î´ÒÌ ¢ ·¨-
 ´É Ì É¥µ·¨¨ · ¸¸¥Ö´¨Ö ¢¸¥£¤  ¶·µ¨¸Ìµ¤¨É ¸· ¢´¥´¨¥ ´ ¡²Õ¤ ¥³µ° ¤¨´ ³¨±¨



‘’��…�ˆ… T -Œ�’�ˆ–› ˆ Œ�’�ˆ–› ��‘‘…Ÿ�ˆŸ 145

±¢ ´Éµ¢µ° ¸¨¸É¥³Ò ¸ ´¥±µÉµ·µ° ¥e ®¸¢µ¡µ¤´µ°¯ ¤¨´ ³¨±µ°. ‘¶¥±É· ·¥§µ´ ´-
¸µ¢ ¶·µÖ¢²Ö¥É¸Ö ´  Ëµ´¥ ÔÉµ° ¤¨´ ³¨±¨ ¨, ¢µµ¡Ð¥ £µ¢µ·Ö, § ¢¨¸¨É µÉ ¥¥
¢Ò¡µ· . �¡§µ· · §²¨Î´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶µ¤Ìµ¤µ¢ ± ¨¸¸²¥¤µ¢ ´¨Õ É·¥ÌÎ ¸É¨Î-
´ÒÌ ·¥§µ´ ´¸µ¢ ³µ¦´µ ´ °É¨, ´ ¶·¨³¥·, ¢ [3] ¨ [4].

�·¨ ¶·µ¢¥¤¥´¨¨ ±µ´±·¥É´ÒÌ · ¸Î¥Éµ¢ ·¥§µ´ ´¸µ¢ Î ¸Éµ ¨¸¶µ²Ó§Ê¥É¸Ö ³¥-
Éµ¤ ±µ³¶²¥±¸´µ£µ ¸±¥°²¨´£  [5] (¸³. É ±¦¥ [1, 6]). �ÉµÉ ³¥Éµ¤ ¶·¨³¥´¨³ ±
§ ¤ Î¥ ´¥¸±µ²Ó±¨Ì Î ¸É¨Í ¢ É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  ¶µÉ¥´Í¨ ²Ò ¢§ ¨³µ¤¥°¸É¢¨Ö
³¥¦¤Ê Î ¸É¨Í ³¨ Ö¢²ÖÕÉ¸Ö  ´ ²¨É¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨ ±µµ·¤¨´ É. �·¨ ±µ³-
¶²¥±¸´µ³ ¸±¥°²¨´£¥ £ ³¨²ÓÉµ´¨ ´  ¸¨¸É¥³Ò ¥£µ ¤¨¸±·¥É´Ò° ¸¶¥±É· µ¸É ¥É¸Ö
´¥¶µ¤¢¨¦´Ò³, ¢ Éµ ¢·¥³Ö ± ± ´¥¶·¥·Ò¢´Ò° ¸¶¥±É· ¶µ¢µ· Î¨¢ ¥É¸Ö ¨ ¶·¨-
µÉ±·Ò¢ ÕÉ¸Ö µ¶·¥¤¥²¥´´Ò¥ ¸¥±Éµ·Ò ´  ´¥Ë¨§¨Î¥¸±¨Ì ²¨¸É Ì, ¸µ¸¥¤´¨Ì ¶µ
µÉ´µÏ¥´¨Õ ± Ë¨§¨Î¥¸±µ³Ê ²¨¸ÉÊ. �¥§µ´ ´¸Ò, ´ Ìµ¤ÖÐ¨¥¸Ö ¢ ÔÉ¨Ì ¸¥±Éµ-
· Ì, µ± §Ò¢ ÕÉ¸Ö Î ¸ÉÓÕ ¤¨¸±·¥É´µ£µ ¸¶¥±É·  ¶·¥µ¡· §µ¢ ´´µ£µ £ ³¨²ÓÉµ´¨-
 ´  [6], ¨ É¥³ ¸ ³Ò³ ¶·¨ µ¶·¥¤¥²¥´¨¨ ¨Ì ¶µ²µ¦¥´¨Ö µ± §Ò¢ ¥É¸Ö ¢µ§³µ¦´Ò³
¶·¨³¥´ÖÉÓ ¸É ´¤ ·É´Ò¥ ³¥Éµ¤Ò ¶µ¨¸±  ¤¨¸±·¥É´µ£µ ¸¶¥±É· . �· ±É¨Î¥¸±¨¥
¶·¨²µ¦¥´¨Ö ³¥Éµ¤  ±µ³¶²¥±¸´µ£µ ¸±¥°²¨´£  ± ±µ´±·¥É´Ò³ § ¤ Î ³ ³µ¦´µ
´ °É¨, ¢ Î ¸É´µ¸É¨, ¢ [7Ä9].

‚ [10,11] ´ ³¨ ¡Ò² · §· ¡µÉ ´ ¨´µ° ¶µ¤Ìµ¤ ± ¨¸¸²¥¤µ¢ ´¨Õ É·¥ÌÎ ¸É¨Î-
´ÒÌ ·¥§µ´ ´¸µ¢. �¸´µ¢µ° ÔÉµ£µ ¶µ¤Ìµ¤  Ö¢²ÖÕÉ¸Ö ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö  ´ ²¨-
É¨Î¥¸±µ£µ ¶·µ¤µ²¦¥´¨Ö É·¥ÌÎ ¸É¨Î´µ° T -³ É·¨ÍÒ ¨ ³ É·¨Í · ¸¸¥Ö´¨Ö ´ 
´¥Ë¨§¨Î¥¸±¨¥ ²¨¸ÉÒ ¢ É¥·³¨´ Ì, µÉ´µ¸ÖÐ¨Ì¸Ö ²¨ÏÓ ± Ë¨§¨Î¥¸±µ³Ê ²¨¸ÉÊ. ‘
µ¤´µ° ¸Éµ·µ´Ò, ÔÉ¨ ¶·¥¤¸É ¢²¥´¨Ö · ¸±·Ò¢ ÕÉ ¸É·µ¥´¨¥ ¶·µ¤µ²¦¥´´ÒÌ T - ¨
S-³ É·¨Í. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, µ´¨ ¶µ§¢µ²ÖÕÉ Ê± § ÉÓ ÔËË¥±É¨¢´Ò° ¶· ±É¨-
Î¥¸±¨°  ²£µ·¨É³ ¢ÒÎ¨¸²¥´¨Ö ·¥§µ´ ´¸µ¢ ¢ ¸¨¸É¥³ Ì É·¥Ì Î ¸É¨Í, ¶µ ±· °´¥°
³¥·¥, ¤²Ö ¸²ÊÎ Ö, ±µ£¤  ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê Î ¸É¨Í ³¨ Ö¢²ÖÕÉ¸Ö ±µ·µÉ±µ-
¤¥°¸É¢ÊÕÐ¨³¨.

‘µ£² ¸´µ ¶·¥¤¸É ¢²¥´¨Ö³ [10, 11] (¸³. Ëµ·³Ê²Ê (1)), ³ É·¨Í  M(z) =
{Mαβ(z)}, α, β = 1, 2, 3, ±µ³¶µ´¥´É ” ¤¤¥¥¢  [12] µ¶¥· Éµ·  T (z), ¡Ê¤ÊÎ¨
¶·µ¤µ²¦¥´  ´  ÉµÉ ¨²¨ ¨´µ° ´¥Ë¨§¨Î¥¸±¨° ²¨¸É Πl Ô´¥·£¨¨ z, Ö¢´µ ¢Ò· -
¦ ¥É¸Ö Î¥·¥§ ¸ ³Ê ÔÉÊ ³ É·¨ÍÊ, ¢§ÖÉÊÕ ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥,   É ±¦¥ Î¥·¥§
´¥±µÉµ·µ¥ Ê¸¥Î¥´¨¥ Sl(z) ¶µ²´µ° É·¥ÌÎ ¸É¨Î´µ° ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö S(z).
• · ±É¥· Ê¸¥Î¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö ¨´¤¥±¸µ³ (´µ³¥·µ³) l ±µ´±·¥É´µ£µ ´¥Ë¨§¨-
Î¥¸±µ£µ ²¨¸É .

�·¥¤¸É ¢²¥´¨Ö ¤²Ö  ´ ²¨É¨Î¥¸±µ£µ ¶·µ¤µ²¦¥´¨Ö ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö S(z)
¸²¥¤ÊÕÉ ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ ¶·¥¤¸É ¢²¥´¨° ¤²Ö  ´ ²¨É¨Î¥¸±¨ ¶·µ¤µ²¦¥´´µ°
³ É·¨ÍÒ M(z).

�¤´¨³ ¨§ ¸²¥¤¸É¢¨° ¶µ²ÊÎ¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨°, ¤µ¶Ê¸± ÕÐ¨³ ´¥¶µ¸·¥¤-
¸É¢¥´´Ò¥ ¶· ±É¨Î¥¸±¨¥ ¶·¨²µ¦¥´¨Ö, Ö¢²Ö¥É¸Ö ÉµÉ Ë ±É, ÎÉµ ± ± T -³ É·¨Í ,
É ± ¨ ³ É·¨Í  · ¸¸¥Ö´¨Ö ¨³¥ÕÉ ´¥É·¨¢¨ ²Ó´Ò¥ ¸¨´£Ê²Ö·´µ¸É¨ ´  ´¥Ë¨§¨-
Î¥¸±µ³ ²¨¸É¥ Πl ·µ¢´µ ¶·¨ É¥Ì §´ Î¥´¨ÖÌ Ô´¥·£¨¨ z, ¤²Ö ±µÉµ·ÒÌ ¸µµÉ¢¥É-
¸É¢ÊÕÐ Ö Ê¸¥Î¥´´ Ö ³ É·¨Í  · ¸¸¥Ö´¨Ö Sl(z) ¨³¥¥É ¸µ¡¸É¢¥´´µ¥ Î¨¸²µ ´Ê²Ó.
‚ ¦´µ, ÎÉµ ¶µ¸²¥¤´ÖÖ · ¸¸³ É·¨¢ ¥É¸Ö ¶·¨ ÔÉµ³ ²¨ÏÓ ´  Ë¨§¨Î¥¸±µ³ ²¨-
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¸É¥. ’ ±¨³ µ¡· §µ³, ¶µ¨¸± ·¥§µ´ ´¸µ¢ (¶µ²Õ¸µ¢ M(z) ¨ S(z)) ´  Éµ³ ¨²¨
¨´µ³ ´¥Ë¨§¨Î¥¸±µ³ ²¨¸É¥ Πl ³µ¦´µ ¢¥¸É¨, ¢¸¥ ¢·¥³Ö µ¸É ¢ Ö¸Ó ´  Ë¨§¨Î¥-
¸±µ³ ²¨¸É¥ ¨ ¢ÒÎ¨¸²ÖÖ ¶µ²µ¦¥´¨¥ ´Ê²¥° µ¶¥· Éµ·  Sl(z). „µ¸É ÉµÎ´µ ²¨ÏÓ
¨³¥ÉÓ ¶·µ£· ³³Ê, ¶µ§¢µ²ÖÕÐÊÕ ¢ÒÎ¨¸²ÖÉÓ ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥  ³¶²¨ÉÊ¤Ò
¶·µÍ¥¸¸µ¢, É·¥¡ÊÕÐ¨¥¸Ö ¤²Ö ¶µ¸É·µ¥´¨Ö Ê¸¥Î¥´´µ° ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö Sl(z).

“¸²µ¢¨³¸Ö µ ´¥±µÉµ·ÒÌ µ¡µ§´ Î¥´¨ÖÌ. ‚¸Õ¤Ê ¤ ²¥¥ ¶µ¤
√

z − λ, z ∈ C,
λ ∈ R, ¶µ¤· §Ê³¥¢ ¥³ £² ¢´ÊÕ ¢¥É¢Ó ËÊ´±Í¨¨ (z − λ)1/2. —¥·¥§ p̂ µ¡µ§´ -
Î¨³ ¥¤¨´¨Î´Ò° ¢¥±Éµ· ¢ ´ ¶· ¢²¥´¨¨ p ∈ Rn, p̂ = p/|p|, ¨ Î¥·¥§ Sn−1 Å
¥¤¨´¨Î´ÊÕ ¸Ë¥·Ê ¢ Rn, p̂ ∈ Sn−1.

�µÉ¥´Í¨a²Ò ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê Î ¸É¨Í ³¨ ¸Î¨É ÕÉ¸Ö Ê¡Ò¢ ÕÐ¨³¨ ¢
±µµ·¤¨´ É´µ³ ¶·µ¸É· ´¸É¢¥ ´¥ ³¥¤²¥´´¥¥, Î¥³ Ô±¸¶µ´¥´Í¨ ²Ó´µ.

2. Œ É·¨Í  · ¸¸¥Ö´¨Ö, T -³ É·¨Í  ¨ ·¥§µ²Ó¢¥´É  £ ³¨²ÓÉµ´¨ ´  (ËÊ´±Í¨Ö
ƒ·¨´ ) ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ° ¸¨¸É¥³Ò ¦¥¸É±µ ¸¢Ö§ ´Ò ³¥¦¤Ê ¸µ¡µ°. �µ-
ÔÉµ³Ê ¢¸¥ ÔÉ¨ É·¨ µ¡Ñ¥±É , · ¸¸³ É·¨¢ ¥³Ò¥ ± ± ËÊ´±Í¨¨ Ô´¥·£¨¨, µ¡ÒÎ´µ
µ¡² ¤ ÕÉ µ¤´µ° ¨ Éµ° ¦¥ ·¨³ ´µ¢µ° ¶µ¢¥·Ì´µ¸ÉÓÕ. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥, ¢
³ É·¨Î´µ° ³´µ£µ± ´ ²Ó´µ° § ¤ Î¥ ¸ ¡¨´ ·´Ò³¨ ± ´ ² ³¨ ¨ ¢ § ¤ Î¥ É·¥Ì
Î ¸É¨Í ¸ ¡Ò¸É·µÊ¡Ò¢ ÕÐ¨³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö³¨ ¤¥²µ µ¡¸Éµ¨É ¨³¥´´µ É ±.
� ²¨Î¨¥ Ê ÔÉ¨Ì ¶µ¢¥·Ì´µ¸É¥° ÉµÎ¥± ¢¥É¢²¥´¨Ö (´  ¢¥Ð¥¸É¢¥´´µ° µ¸¨) ´ 
Ëµ·³ ²Ó´µ³ Ê·µ¢´¥ µ¡Ê¸²µ¢²¥´µ µ¤´µ° ¨ Éµ° ¦¥ ¶·¨Î¨´µ°,   ¨³¥´´µ ¶·¨¸ÊÉ-
¸É¢¨¥³ ¨´É¥£· ²µ¢ É¨¶  ŠµÏ¨ ¢ Ê· ¢´¥´¨¨ ‹¨¶¶³ ´ Ä˜¢¨´£¥·  ¨²¨ Ê· ¢´¥-
´¨ÖÌ ” ¤¤¥¥¢  [12]. ‚ ÔÉ¨Ì Ê· ¢´¥´¨ÖÌ, · ¸¸³ É·¨¢ ¥³ÒÌ ¢ ¨³¶Ê²Ó¸´µ³
¶·¥¤¸É ¢²¥´¨¨, ¨´É¥£· ²Ò É¨¶  ŠµÏ¨ ¶µ·µ¦¤ ÕÉ¸Ö ¸¨´£Ê²Ö·´Ò³¨ Ö¤· ³¨
δ(p − p′)(λ + p2 − z)−1, £¤¥ λ Å ¶µ·µ£¨ ± ´ ²µ¢,   p, p ∈ R

n Å ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨¥ ± ´ ²Ó´Ò¥ ¨³¶Ê²Ó¸´Ò¥ ¶¥·¥³¥´´Ò¥. ‚ ¸²ÊÎ ¥ ± ´ ²µ¢ (2 −→ 2, 3) ¢
§ ¤ Î¥ É·¥Ì Î ¸É¨Í ¨ ± ´ ²µ¢ ¸ ´¥Î¥É´µ° · §³¥·´µ¸ÉÓÕ n ¢ ³ É·¨Î´µ° ³´µ£µ-
± ´ ²Ó´µ° § ¤ Î¥ ¶µ·µ£¨ λ µ± §Ò¢ ÕÉ¸Ö ÉµÎ± ³¨ ¢¥É¢²¥´¨Ö ¢Éµ·µ£µ ¶µ·Ö¤± .
—¥É´µ³¥·´Ò¥ ± ´ ²Ò ¢ ³´µ£µ± ´ ²Ó´µ° § ¤ Î¥, É ± ¦¥, ± ± ¨ ± ´ ² (3 → 2, 3)
¢ § ¤ Î¥ É·¥Ì Î ¸É¨Í, ¶µ·µ¦¤ ÕÉ ²µ£ ·¨Ë³¨Î¥¸±¨¥ ÉµÎ±¨ ¢¥É¢²¥´¨Ö.

„²Ö Éµ£µ ÎÉµ¡Ò µ¶¨¸ ÉÓ · ¸¸³ É·¨¢ ¥³ÊÕ ´ ³¨ Î ¸ÉÓ É·¥ÌÎ ¸É¨Î´µ° ·¨-
³ ´µ¢µ° ¶µ¢¥pÌ´µ¸É¨, ¢¢¥¤¥³ ¢¸¶µ³µ£ É¥²Ó´ÊÕ ¢¥±Éµ·-ËÊ´±Í¨Õ

f(z) =
(
f0(z), f1,1(z), . . . , f1,n1(z), f2,1(z), . . . , f2,n2(z), f3,1(z), . . . , f3,n3(z)

)

¸ ±µ³¶µ´¥´É ³¨ f0(z) = ln z ¨ fα,j(z) = (z − λα,j)1/2, £¤¥ Î¥·¥§ λα,j µ¡µ-
§´ Î ÕÉ¸Ö Ô´¥·£¨¨ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶ ·´ÒÌ ¶µ¤¸¨¸É¥³ Ì α, α = 1, 2, 3,
j = 1, 2, . . . , nα, ´Ê³¥·Ê¥³Ò¥ ¸ ÊÎ¥Éµ³ ¨Ì ±· É´µ¸É¨. �·¥¤¶µ² £ ¥É¸Ö, ÎÉµ
nα < ∞. ‹¨¸ÉÒ Πl ·¨³ ´µ¢µ° ¶µ¢¥·Ì´µ¸É¨ R ¢¥±Éµ·-ËÊ´±Í¨¨ f(z) ´Ê³¥·Ê-
ÕÉ¸Ö ¶µ¸·¥¤¸É¢µ³ ³Ê²ÓÉ¨¨´¤¥±¸ 

l = (l0, l1,1, . . . , l1,n1 , l2,1, . . . , l2,n2 , l3,1, . . . , l3,n3),

£¤¥ lα,j = 0, ¥¸²¨ ²¨¸É Πl µÉ¢¥Î ¥É £² ¢´µ° ( ·¨Ë³¥É¨Î¥¸±µ°) ¢¥É¢¨ ±µ·´Ö
(z − λα)1/2. ‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ ¶·¨´¨³ ¥É¸Ö lα,j = 1. ‡´ Î¥´¨¥ ¨´¤¥±¸ 



‘’��…�ˆ… T -Œ�’�ˆ–› ˆ Œ�’�ˆ–› ��‘‘…Ÿ�ˆŸ 147

l0 ¸µ¢¶ ¤ ¥É ¸ ´µ³¥·µ³ ¢¥É¢¨ ËÊ´±Í¨¨ ln z = ln |z| + i 2πl0 + iφ, £¤¥ φ =
arg z. „²Ö Ë¨§¨Î¥¸±µ£µ ²¨¸É , ±µÉµ·Ò° µÉ¢¥Î ¥É ¨´¤¥±¸ ³ l0 = lα,j = 0, α =
1, 2, 3, j = 1, 2, . . . , nα, ¨¸¶µ²Ó§Ê¥É¸Ö µ¡µ§´ Î¥´¨¥ Π0. ®‘±²¥°± ¯ ²¨¸Éµ¢ Πl

¶µ¢¥·Ì´µ¸É¨ R µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´  ¨´É¥·¢ ² Ì ³¥¦¤Ê ¸µ¸¥¤´¨³¨ ¶µ·µ£ ³¨ ¶µ
¡¥·¥£ ³ · §·¥§ , ¸¤¥² ´´µ£µ ¶µ ´¥¶·¥·Ò¢´µ³Ê ¸¶¥±É·Ê. �µ¤·µ¡´µ¥ µ¶¨¸ ´¨¥
¶µ¢¥·Ì´µ¸É¨ R ¸³. ¢ [11].

�µ¢¥·Ì´µ¸É¨ É¨¶  R ¡¥§ ¤µ¡ ¢µÎ´ÒÌ ÉµÎ¥± ¢¥É¢²¥´¨Ö ¢µ§´¨± ÕÉ Éµ²Ó±µ
¢ ³´µ£µ± ´ ²Ó´ÒÌ § ¤ Î Ì ¸ ¡¨´ ·´Ò³¨ ± ´ ² ³¨. ‘É·µ¥´¨¥ ¶µ²´µ° ·¨³ ´µ-
¢µ° ¶µ¢¥·Ì´µ¸É¨ Ô´¥·£¨¨ ¢ § ¤ Î¥ É·¥Ì Î ¸É¨Í Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥
¸²µ¦´Ò³. ’ ±, ´ ¶·¨³¥·, ´  ²¨¸É Ì Πl ¸ l0 = ±1 ¨³¥ÕÉ¸Ö ¤µ¶µ²´¨É¥²Ó´Ò¥
ÉµÎ±¨ ¢¥É¢²¥´¨Ö, µÉ¢¥Î ÕÐ¨¥ ·¥§µ´ ´¸ ³ ¢ ¤¢ÊÌÎ ¸É¨Î´ÒÌ ¶µ¤¸¨¸É¥³ Ì. � 
²¨¸É Ì Πl ¸ l0 = 0 ¶·¨¸ÊÉ¸É¢ÊÕÉ ¤µ¶µ²´¨É¥²Ó´Ò¥ ²µ£ ·¨Ë³¨Î¥¸±¨¥ ÉµÎ±¨
¢¥É¢²¥´¨Ö ±¨´¥³ É¨Î¥¸±µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö.

— ¸ÉÓ R(3) ¶µ²´µ° É·¥ÌÎ ¸É¨Î´µ° ·¨³ ´µ¢µ° ¶µ¢¥·Ì´µ¸É¨, ¤²Ö ±µÉµ·µ°
¢ [10, 11] ¶µ²ÊÎ¥´Ò Ö¢´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö, ¸µ¸Éµ¨É ¨§ ²¨¸Éµ¢ Πl ¶µ¢¥·Ì´µ¸É¨
R, ¨³¥ÕÐ¨Ì ¨´¤¥±¸ l0 = 0 (É ±¨¥ ´¥Ë¨§¨Î¥¸±¨¥ ²¨¸ÉÒ ´ §Ò¢ ÕÉ¸Ö ¤¢ÊÌ-
Î ¸É¨Î´Ò³¨), ¨ É·¥ÌÎ ¸É¨Î´ÒÌ ²¨¸Éµ¢, µÉ¢¥Î ÕÐ¨Ì l0 = ±1 ¨ lα,j = 1,
α = 1, 2, 3, j = 1, 2, . . . , nα. �É³¥É¨³, ÎÉµ R(3) ¢±²ÕÎ ¥É ¢¸¥ ´¥Ë¨§¨Î¥¸±¨¥
²¨¸ÉÒ, Ö¢²ÖÕÐ¨¥¸Ö ¸µ¸¥¤´¨³¨ ¶µ µÉ´µÏ¥´¨Õ ± Ë¨§¨Î¥¸±µ³Ê ²¨¸ÉÊ Π0.

�·µÍ¥¤Ê·  ¶µ¸É·µ¥´¨Ö Ö¢´ÒÌ ¶·¥¤¸É ¢²¥´¨° ¤²Ö T -³ É·¨ÍÒ ¸µ¸Éµ¨É ¨§
¸²¥¤ÊÕÐ¨Ì ÔÉ ¶µ¢. �  ¶¥·¢µ³ ÔÉ ¶¥ ¶·µ¢µ¤¨É¸Ö (¶µ´¨³ ¥³µ¥ ¢ ¸³Ò¸²¥ µ¡µ¡-
Ð¥´´ÒÌ ËÊ´±Í¨°)  ´ ²¨É¨Î¥¸±µ¥ ¶·µ¤µ²¦¥´¨¥ ´  ´¥Ë¨§¨Î¥¸±¨¥ ²¨¸ÉÒ ¸¢µ-
¡µ¤´ÒÌ Î²¥´µ¢ ¨ Ö¤¥· ¨´É¥£· ²Ó´ÒÌ Ê· ¢´¥´¨° ” ¤¤¥¥¢  ¤²Ö ¥¥ ±µ³¶µ´¥´É
Mαβ(z). Š ± ¸¢µ¡µ¤´Ò¥ Î²¥´Ò, É ± ¨ ÔÉ¨ Ö¤·  ¶µ¸²¥ ¨Ì ¶·µ¤µ²¦¥´¨Ö ¢Ò· ¦ -
ÕÉ¸Ö ¢ É¥·³¨´ Ì ¶ ·´ÒÌ T -³ É·¨Í ¨ ³ É·¨Í · ¸¸¥Ö´¨Ö, µÉ´µ¸ÖÐ¨Ì¸Ö ± Ë¨§¨-
Î¥¸±µ³Ê ²¨¸ÉÊ. ‚ ·¥§Ê²ÓÉ É¥ ¶·¥µ¡· §µ¢ ´¨Ö Ê· ¢´¥´¨° ” ¤¤¥¥¢  µ¡´ ·Ê¦¨-
¢ ¥É¸Ö, ÎÉµ ¶·µ¤µ²¦¥´´Ò¥ Ö¤·  Mαβ(P, P ′, z)|z∈Πl

Ö¢´µ ¢Ò· ¦ ÕÉ¸Ö ¢ É¥·³¨-
´ Ì ¸ ³¨Ì ÔÉ¨Ì Ö¤¥·, ¢§ÖÉÒÌ ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥ Π0 ¢ ¨Ì ¢´¥Ô´¥·£¥É¨Î¥¸±µ³
¨/¨²¨ ¶µ²ÊÔ´¥·£¥É¨Î¥¸±µ³ ¢ ·¨ ´É Ì. ‚ ¶µ¸²¥¤´¥³ ¸²ÊÎ ¥ ¶µ¤· §Ê³¥¢ ¥É¸Ö,
ÎÉµ ¶¥·¢Ò°  ·£Ê³¥´É P Ö¤¥· Mαβ(P, P ′, z)|z∈Πl

´ Ìµ¤¨É¸Ö ´  Ô´¥·£¥É¨Î¥¸±¨Ì

¶µ¢¥·Ì´µ¸ÉÖÌ |P |2 = z ¨²¨ |pα|2 = z − λα,j , j = 1, 2, . . . , nα. ŒÒ ¢µ¸¶µ²Ó-
§µ¢ ²¨¸Ó §¤¥¸Ó µ¡µ§´ Î¥´¨Ö³¨ P = {kα, pα}, £¤¥ kα, pα (α = 1, 2, 3) Å
¸É ´¤ ·É´Ò¥ ¶·¨¢¥¤¥´´Ò¥ µÉ´µ¸¨É¥²Ó´Ò¥ ¨³¶Ê²Ó¸Ò Ÿ±µ¡¨ [12].

�  ¢Éµ·µ³ ÔÉ ¶¥ ¶·µ¨§¢µ¤¨É¸Ö ¶¥·¥´µ¸ ¢¸¥Ì ¢´¥Ô´¥·£¥É¨Î¥¸±¨Ì Î²¥´µ¢ ¢
²¥¢ÊÕ Î ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ ¢Ò· ¦¥´¨° ¨ µ¡· Ð ¥É¸Ö ¢µ§´¨± ÕÐ¨° É ³ µ¶¥· -
Éµ·. ‚ ·¥§Ê²ÓÉ É¥ ¢µ§´¨± ¥É ¸¨¸É¥³  Ê· ¢´¥´¨° ¤²Ö ¶µ²ÊÔ´¥·£¥É¨Î¥¸±¨Ì ±µ³-
¶µ´¥´É Mαβ(P, P ′, z)|z∈Πl

. �É  ¸¨¸É¥³  ¤µ¶Ê¸± ¥É Ö¢´µ¥ ·¥Ï¥´¨¥, ¶·¨Î¥³ ¢
É¥·³¨´ Ì Éµ²Ó±µ Ë¨§¨Î¥¸±µ£µ ²¨¸É . �¥§Ê²ÓÉ Éµ³ ·¥Ï¥´¨Ö Ö¢²ÖÕÉ¸Ö ¶·¥¤¸É ¢-
²¥´¨Ö ¤²Ö ³ É·¨ÍÒ ±µ³¶µ´¥´É ” ¤¤¥¥¢  M(z) = {Mαβ(z)} , α, β = 1, 2, 3,
¶·µ¤µ²¦¥´´µ° ´  ²¨¸É Πl.
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„²Ö ¸²ÊÎ Ö ¡¥¸¸¶¨´µ¢ÒÌ Î ¸É¨Í ÔÉ¨ ¶·¥¤¸É ¢²¥´¨Ö ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

M(z)|Πl
= M(z) − B†(z)A(z)LS−1

l (z)L̃B(z). (1)

Œ´µ¦¨É¥²Ó A(z) ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¤¨ £µ´ ²Ó´ÊÕ ³ É·¨ÍÊ:

A(z) = diag {A0(z), A1,1(z), . . . , A1,n3(z)},

µ¡· §µ¢ ´´ÊÕ ¨§ ËÊ´±Í¨° A0(z) = −πiz2 ¨ Aα,j = −πi
√

z − λα,j . �¡µ§´ Î¥-

´¨Ö L ¨ L̃ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ¤¨ £µ´ ²Ó´ÒÌ Î¨¸²µ¢ÒÌ ³ É·¨Í, ´¥É·¨¢¨ ²Ó´Ò¥
Ô²¥³¥´ÉÒ ±µÉµ·ÒÌ Ö¢²ÖÕÉ¸Ö ¨´¤¥±¸ ³¨ ²¨¸É  Πl:

L = diag {l0, l1,1, . . . , l3,n3}, L̃ = diag {|l0|, l1,1, . . . , l3,n3}.

�µ¤ Sl(z) ¶µ´¨³ ¥É¸Ö Ê¸¥Î¥´¨¥ ¶µ²´µ° É·¥ÌÎ ¸É¨Î´µ° ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö

S(z), S(z) : Ĝ → Ĝ, Ĝ = L2(S5)
3
⊕

α=1

nα⊕
j=1

L2(S2), µ¶·¥¤¥²Ö¥³µ¥ · ¢¥´¸É¢µ³

Sl(z) = Î + L̃
[
S(z) − Î

]
L,

£¤¥ Î Å Éµ¦¤¥¸É¢¥´´Ò° µ¶¥· Éµ· ¢ Ĝ. ŒÒ ¨¸¶µ²Ó§Ê¥³ É ±¦¥ µ¡µ§´ Î¥´¨Ö

B(z) =
(

J0ΩM
J1Ψ∗[ΥM + v]

)
, B†(z) =

(
M(z)Ω†J†

0 , [v + MΥ]ΨJ†
1

)
,

£¤¥ ³ É·¨Í  v = diag {v1, v2, v3} ¸µ¸É ¢²¥´  ¨§ ¶ ·´ÒÌ ¶µÉ¥´Í¨ ²µ¢ vα, α =
1, 2, 3. ‚ Éµ ¦¥ ¢·¥³Ö

Ω = (1, 1, 1), Υ =


 0 1 1

1 0 1
1 1 0


 , Ψ = diag {Ψ1, Ψ2, Ψ3},

£¤¥ Ψα (α = 1, 2, 3) Å µ¶¥· Éµ·Ò, ¤¥°¸É¢ÊÕÐ¨¥ ´  f = (f1, f2, . . . , fnα) ∈
nα⊕
j=1

L2(R3) ¶µ ¶· ¢¨²Ê

(Ψαf)(P ) =
nα∑
j=1

ψα,j(kα)fj(pα),

£¤¥, ¢ ¸¢µÕ µÎ¥·¥¤Ó, ψα,j Å ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö ¶ ·´µ°
¶µ¤¸¨¸É¥³Ò α, µÉ¢¥Î ÕÐ Ö Ê·µ¢´Õ λα,j . —¥·¥§ Ψ∗ µ¡µ§´ Î ¥É¸Ö µ¶¥· Éµ·, ¸µ-
¶·Ö¦¥´´Ò° Ψ. �¡µ§´ Î¥´¨¥ J0(z) ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö µ¶¥· Éµ· , ·¥ ²¨§ÊÕÐ¥£µ
¸Ê¦¥´¨¥ ´  Ô´¥·£¥É¨Î¥¸±ÊÕ ¶µ¢¥·Ì´µ¸ÉÓ |P |2 = z. „¨ £µ´ ²Ó´ Ö µ¶¥· Éµ·´µ-
§´ Î´ Ö ËÊ´±Í¨Ö

J1(z) = diag {J1,1(z), . . . , J3,n3(z)}
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¸µ¸É ¢²¥´  ¨§ µ¶¥· Éµ·µ¢ Jα,j(z), µ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì ¸Ê¦¥´¨¥ ´  Ô´¥·£¥É¨Î¥-

¸±¨¥ ¶µ¢¥·Ì´µ¸É¨ |pα|2 = z−λα,j . �¶¥· Éµ·Ò Ω†, J†
0 (z) ¨ J†

1 (z) ¶·¥¤¸É ¢²ÖÕÉ
¸µ¡µ° ®É· ´¸¶µ´¨·µ¢ ´´Ò¥¯ ³ É·¨ÍÒ Ω, J0(z) ¨ J1(z) ¸µµÉ¢¥É¸É¢¥´´µ.

�·¥¤¸É ¢²¥´¨Ö ¤²Ö ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ¨ ·¥§µ²Ó¢¥´ÉÒ ´  ´¥Ë¨§¨Î¥¸±¨Ì
²¨¸É Ì Ö¢²ÖÕÉ¸Ö ´¥¶µ¸·¥¤¸É¢¥´´Ò³ ¸²¥¤¸É¢¨¥³ ¶·¥¤¸É ¢²¥´¨° (1) ¤²Ö ³ -
É·¨ÍÒ M(z)|Πl

. ‘ ´¥±µÉµ·Ò³¨ µ£µ¢µ·± ³¨ (¸³. [11]) ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö
³ É·¨ÍÒ · ¸¸¥Ö´¨Ö S(z) ¨³¥ÕÉ ¢¨¤

S(z)|Πl
= E(l)

{
Î + S−1

l (z)[S(z) − Î]e(l)
}
E(l). (2)

‡¤¥¸Ó E = diag {E0, E1,1, . . . , E3,n3}, £¤¥ E0 Å Éµ¦¤¥¸É¢¥´´Ò° µ¶¥· Éµ· ¢

L2(S5), ¥¸²¨ l0 = 0, ¨ E0 Å ¨´¢¥·¸¨Ö, (E0f)(P̂ ) = f(−P̂ ), ¥¸²¨ l0 = ±1.
�´ ²µ£¨Î´µ Eα,j Ö¢²Ö¥É¸Ö Éµ¦¤¥¸É¢¥´´Ò³ µ¶¥· Éµ·µ³ ¢ L2(S2) ¶·¨ lα,j = 0
¨ ¨´¢¥·¸¨¥° ¶·¨ lα,j = 1. �¡µ§´ Î¥´¨¥ e(l) ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö ¤¨ £µ´ ²Ó´µ°
Î¨¸²µ¢µ° ³ É·¨ÍÒ e(l) = diag {e0, e1,1, . . . , e3,n3} ¸ ´¥É·¨¢¨ ²Ó´Ò³¨ Ô²¥³¥´-
É ³¨ eα,j = 1, ¥¸²¨ lα,j = 0, ¨ eα,j = −1, ¥¸²¨ lα,j = 1; ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ
e0 = 1.

‚ Î¨¸²¥ ¶·µÎ¥£µ ¢ [11] ´ °¤¥´Ò µ¡² ¸É¨ £µ²µ³µ·Ë´µ¸É¨ Ê¸¥Î¥´´ÒÌ ³ -
É·¨Í · ¸¸¥Ö´¨Ö Sl(z) ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥. �·¥¤¸É ¢²¥´¨Ö (1) ¨ (2) ¸¶· ¢¥¤-
²¨¢Ò ¢ É¥Ì ¦¥ µ¡² ¸ÉÖÌ.

3. ˆ§ ¶·¥¤¸É ¢²¥´¨° (1) ¨ (2) ¸²¥¤Ê¥É, ¢ Î ¸É´µ¸É¨, ÎÉµ ·¥§µ´ ´¸Ò (¶µ-
²Õ¸Ò M(z)|Πl

¨ S(z)|Πl
), ´ Ìµ¤ÖÐ¨¥¸Ö ´  ´¥Ë¨§¨Î¥¸±µ³ ²¨¸É¥ Πl, ¸ÊÉÓ É¥

ÉµÎ±¨ z = zres ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥, ¤²Ö ±µÉµ·ÒÌ ³ É·¨Í  Sl(z) ¨³¥¥É ¸µ¡-
¸É¢¥´´µ¥ Î¨¸²µ ´Ê²Ó. ’ ±¨³ µ¡· §µ³, ¢ÒÎ¨¸²¥´¨¥ ·¥§µ´ ´¸µ¢ ´  ´¥Ë¨§¨Î¥¸±µ³
²¨¸É¥ Πl ¸¢µ¤¨É¸Ö ± ¶µ¨¸±Ê ´Ê²¥° Ê¸¥Î¥´¨Ö Sl(z) ¶µ²´µ° É·¥ÌÎ ¸É¨Î´µ° ³ -
É·¨ÍÒ · ¸¸¥Ö´¨Ö S(z) ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥. „²Ö ¶· ±É¨Î¥¸±µ£µ ¶µ¨¸±  ÔÉ¨Ì
·¥§µ´ ´¸µ¢ ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ²Õ¡µ° ³¥Éµ¤, ¶µ§¢µ²ÖÕÐ¨° ¢ÒÎ¨¸²¨ÉÓ  ´ -
²¨É¨Î¥¸±µ¥ ¶·µ¤µ²¦¥´¨¥ ´  Ë¨§¨Î¥¸±¨° ²¨¸É  ³¶²¨ÉÊ¤ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö,
¶¥·¥¸É·µ°±¨ ¨²¨ · §¢ ² , ´¥µ¡Ìµ¤¨³ÒÌ ¤²Ö ¶µ¸É·µ¥´¨Ö ³ É·¨ÍÒ Sl(z).

‚ · ¡µÉ Ì [13Ä16] ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ³ É·¨Í Sl(z) ¡Ò² ¨¸¶µ²Ó§µ¢ ´  ²£µ-
·¨É³, µ¸´µ¢ ´´Ò° ´  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨ÖÌ ” ¤¤¥¥¢  ¤²Ö ±µ³¶µ´¥´É
¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢ ±µ´Ë¨£Ê· Í¨µ´´µ³ ¶·µ¸É· ´¸É¢¥ (¸³. [12]), ¢ Éµ³ Î¨¸²¥
¨ ´  ¢¥·¸¨¨ ÔÉ¨Ì Ê· ¢´¥´¨° ¤²Ö ³µ¤¥²¨ £· ´¨Î´ÒÌ Ê¸²µ¢¨° [17, 18]. �·¨
¢ÒÎ¨¸²¥´¨¨  ³¶²¨ÉÊ¤ ¶·µÍ¥¸¸µ¢ ´  Ë¨§¨Î¥¸±µ³ ²¨¸É¥ ¶·¨Ìµ¤¨É¸Ö, µ¤´ ±µ,
· ¸¶·µ¸É· ´¨ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´ÊÕ Ëµ·³Ê²¨·µ¢±Ê § ¤ Î¨ · ¸¸¥Ö´¨Ö É ±¦¥ ¨
´  ±µ³¶²¥±¸´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ z. ‚ µ¡² ¸É¨ £µ²µ³µ·Ë´µ¸É¨  ³¶²¨ÉÊ¤ ÔÉ 
Ëµ·³Ê²¨·µ¢±  µ¸É ¥É¸Ö ¶µ-¶·¥¦´¥³Ê ±µ··¥±É´µ° [16].

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨  ²£µ·¨É³ Î¨¸²¥´´µ£µ ·¥Ï¥´¨Ö ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ Ê· ¢´¥´¨° ” ¤¤¥¥¢  ¤¥É ²Ó´µ · §· ¡µÉ ´ Éµ²Ó±µ ¤²Ö · ¸Î¥Éµ¢ ¶·µÍ¥¸¸µ¢
(2 −→ 2, 3). „²Ö ¶· ±É¨Î¥¸±µ£µ ¢ÒÎ¨¸²¥´¨Ö µ± §Ò¢ ÕÉ¸Ö ¤µ¸ÉÊ¶´Ò³¨ ²¨ÏÓ
 ³¶²¨ÉÊ¤Ò Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö ¨ ¶¥·¥¸É·µ°±¨ ¢ ¶·µÍ¥¸¸ Ì (2 −→ 2),   É ±¦¥
 ³¶²¨ÉÊ¤  · §¢ ²  ¸¨¸É¥³Ò ´  É·¨ Î ¸É¨ÍÒ. ‡´ ´¨Ö ÔÉ¨Ì  ³¶²¨ÉÊ¤ ¤µ¸É ÉµÎ´µ
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¤²Ö ¢ÒÎ¨¸²¥´¨Ö É¥Ì Ê¸¥Î¥´¨° Sl(z) É·¥ÌÎ ¸É¨Î´µ° ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö S(z),
´Ê²¨ ±µÉµ·ÒÌ ®µÉ¢¥Î ÕÉ¯ §  ·¥§µ´ ´¸Ò, ´ Ìµ¤ÖÐ¨¥¸Ö ´  ¤¢ÊÌÎ ¸É¨Î´ÒÌ ´¥-
Ë¨§¨Î¥¸±¨Ì ²¨¸É Ì, Éµ ¥¸ÉÓ É¥Ì ²¨¸É Ì ·¨³ ´µ¢µ° ¶µ¢¥·Ì´µ¸É¨ Ô´¥·£¨¨, ±Ê¤ 
³µ¦´µ ¶·µ¢¥¸É¨ ¸¶¥±É· ²Ó´Ò° ¶ · ³¥É· z, ¸µ¢¥·Ï Ö µ¡Ìµ¤Ò ²¨ÏÓ ¶ ·´ÒÌ
¶µ·µ£µ¢.

‚ [13] ¶·¥¤²µ¦¥´´Ò° ³¥Éµ¤ ¡Ò² Ê¸¶¥Ï´µ ¶·µÉ¥¸É¨·µ¢ ´ ´  ¶·¨³¥·¥ · ¸-
Î¥Éµ¢ ¢¨·ÉÊ ²Ó´µ£µ Ê·µ¢´Ö É·¨Éµ´  3H ¨ É· ¥±Éµ·¨° ·¥§µ´ ´¸µ¢ ¢ ³µ¤¥²Ó´µ°
¸¨¸É¥³¥ É·¥Ì ¡µ§µ´µ¢ ¸ ³ ¸¸ ³¨ ´Ê±²µ´ . ‚ [9] ¶·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ · ¸¸³ -
É·¨¢ ¥³µ£µ ³¥Éµ¤  ¸ ³¥Éµ¤µ³ ±µ³¶²¥±¸´µ£µ ¸±¥°²¨´£ . �·µ¤¥³µ´¸É·¨·µ¢ ´µ,
¢ Î ¸É´µ¸É¨, ÎÉµ ¶¥·¢Ò° ¨§ ÔÉ¨Ì ³¥Éµ¤µ¢ ¢ ¸²ÊÎ ¥ Ö¤¥·´ÒÌ ¶µÉ¥´Í¨ ²µ¢ Ö¢²Ö-
¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ ÔËË¥±É¨¢´Ò³. ‚ [14Ä16] c ¶µ³µÐÓÕ ´ Ï¥£µ ³¥Éµ¤ 
¡Ò² ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´ ·¥§µ´ ´¸´Ò° ³¥Ì ´¨§³ ¢µ§´¨±´µ¢¥´¨Ö ¥Ë¨³µ¢¸±¨Ì
¸µ¸ÉµÖ´¨° ¢ ³µ²¥±Ê²Ö·´µ³ É·¨³¥·¥ £¥²¨Ö 4He3.

�¢Éµ· ¶·¨§´ É¥²¥´ ‰.-Š. •µ, …. �. Šµ²£ ´µ¢µ° ¨ ‘. �. ‘µË¨ ´µ¸Ê §  ¸µ-
É·Ê¤´¨Î¥¸É¢µ.
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