
�¨¸Ó³  ¢ �—�Ÿ. 2012. ’. 9, º3(173). ‘. 359Ä366

”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��. ’…��ˆŸ

�‹…Š’��Œ�ƒ�ˆ’�›…
•���Š’…�ˆ‘’ˆŠˆ �ˆ���‚ ‚ Š‚��Š�‚�‰

Œ�„…‹ˆ ‘ Š��”�‰�Œ…�’�Œ
‘.Œ. ŠÊÎ¨´  , �. ‚. Œ ±¸¨³¥´±μ ¡

  ”¨²¨ ² 	·Ö´¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É  ¨³. ˆ. ƒ. �¥É·μ¢¸±μ£μ, �μ¢μ§Ò¡±μ¢, �μ¸¸¨Ö
¡ ƒμ³¥²Ó¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É ¨³. ”. ‘±μ·¨´Ò, ƒμ³¥²Ó, 	¥²μ·Ê¸¸¨Ö

‚ · ¡μÉ¥ ¶·μ¢¥¤¥´μ ¢ÒÎ¨¸²¥´¨¥ Ô²¥±É·μ³ £´¨É´ÒÌ Ì · ±É¥·¨¸É¨± ¶¨μ´μ¢, É ±¨Ì ± ± Ô²¥±É·¨-
Î¥¸± Ö ¶μ²Ö·¨§Ê¥³μ¸ÉÓ ¨ ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · ¤¨Ê¸. �¨μ´Ò · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ´¥·¥²ÖÉ¨¢¨¸É-
¸± Ö ¸¨¸É¥³  ¤¢ÊÌ ÉμÎ¥Î´ÒÌ ¸¶¨´μ·´ÒÌ ±¢ ·±μ¢ ¸ ¶μÉ¥´Í¨ ²μ³, ¨³¥ÕÐ¨³ ²¨´¥°´μ¥ ¶μ¢¥¤¥´¨¥ ´ 
¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¨ ±Ê²μ´μ¢¸±μ¥ ¶μ¢¥¤¥´¨¥ ´  ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ.

In the paper the calculation of the pion electromagnetic characteristics, such as the electric polar-
izability and the mean square radius, has been made. Pions are considered as a nonrelativistic system
of two points of the spinor quarks with the potential having a linear behavior at large distances and
Coulomb behavior at short distances.

PACS: 12.39 Pn
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�μ²Ö·¨§Ê¥³μ¸É¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¢¢μ¤ÖÉ¸Ö ¤²Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ ÊÎ¥É  ¢²¨-
Ö´¨Ö ¸É·Ê±ÉÊ·Ò Î ¸É¨Í ´  ¨Ì ¤¢ÊÌËμÉμ´´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¨
Ö¢²ÖÕÉ¸Ö ¨¸ÉμÎ´¨±μ³ ¤μ¶μ²´¨É¥²Ó´μ° ¨´Ëμ·³ Í¨¨, ¶μ²ÊÎ ¥³μ° ¨§ ¤ ´´ÒÌ ¶μ Ê¶·Ê£μ³Ê
· ¸¸¥Ö´¨Õ ÔÉ¨Ì Î ¸É¨Í. —¨¸²¥´´ Ö μÍ¥´±  Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ²Ö·¨§Ê¥³μ¸É¥° Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í ±μ¸¢¥´´μ ¶μ§¢μ²Ö¥É ¸Ê¤¨ÉÓ μ Ì · ±É¥·¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê Î ¸É¨Í ³¨,
μ¡· §ÊÕÐ¨³¨ ¸μ¸É ¢´ÊÕ ¸¨¸É¥³Ê.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨³¥¥É¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ¥ Î¨¸²μ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢ Ô²¥±-
É·¨Î¥¸±¨Ì ¶μ²Ö·¨§Ê¥³μ¸É¥° § ·Ö¦¥´´ÒÌ  ¤·μ´μ¢, ¢ Éμ³ Î¨¸²¥ ¨ ³¥§μ´μ¢. ‘·¥¤¨ ´¨Ì
³μ¦´μ μÉ³¥É¨ÉÓ · ¸Î¥ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔËË¥±É¨¢´ÒÌ ² £· ´¦¨ ´μ¢ [1Ä6],  ²£¥¡·Ò
Éμ±μ¢ [7]. �μ²Ö·¨§Ê¥³μ¸É¨ ´Ê±²μ´μ¢ ¨ π-³¥§μ´μ¢ ¢ÒÎ¨¸²Ö²¨¸Ó É ±¦¥ ¨ ¢ ´¥·¥²ÖÉ¨¢¨¸É-
¸±μ° ±¢ ·±μ¢μ° ³μ¤¥²¨ [8Ä15], ´μ ÔÉ¨ · ¸Î¥ÉÒ ¡Ò²¨ ´¥ ¢¶μ²´¥ ¶μ¸²¥¤μ¢ É¥²Ó´Ò ¨²¨
¶·μ¢μ¤¨²¨¸Ó ´¥ ¤²Ö Š•„-³μÉ¨¢¨·μ¢ ´´ÒÌ ¶μÉ¥´Í¨ ²μ¢.

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¢ÒÎ¨¸²¥´¨¥ Ô²¥±É·¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸É¨ ¨ ¸·¥¤-
´¥±¢ ¤· É¨Î´μ£μ · ¤¨Ê¸  § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢, ±μÉμ·Ò¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ´¥·¥²ÖÉ¨-
¢¨¸É¸± Ö ¸¨¸É¥³  ¤¢ÊÌ ÉμÎ¥Î´ÒÌ ¸¶¨´μ·´ÒÌ ±¢ ·±μ¢ ¸ ¶μÉ¥´Í¨ ²μ³, ¨³¥ÕÐ¨³ ²¨´¥°´μ¥
¶μ¢¥¤¥´¨¥ ´  ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¨ ±Ê²μ´μ¢¸±μ¥ ¶μ¢¥¤¥´¨¥ ´  ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ.
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1. Œ…’�„ˆŠ� �–…�Šˆ �‹…Š’�ˆ—…‘Š�‰ ��‹Ÿ�ˆ‡“…Œ�‘’ˆ

‚ ÔÉμ³ · §¤¥²¥ ³Ò ¨§²μ¦¨³ μ¡ÐÊÕ ³¥Éμ¤¨±Ê μÍ¥´±¨ ¸É É¨Î¥¸±μ° Ô²¥±É·¨Î¥¸±μ°
¶μ²Ö·¨§Ê¥³μ¸É¨ ¸¢Ö§ ´´μ° ¸¨¸É¥³Ò [16], ±μÉμ· Ö ¢±²ÕÎ ¥É ¶μ²ÊÎ¥´¨¥ ´¨¦´¥° ¨ ¢¥·Ì´¥°
£· ´¨ÍÒ ¤²Ö ¤ ´´μ° ¢¥²¨Î¨´Ò.

� ¸¸³μÉ·¨³ Ê· ¢´¥´¨¥
Ĥ |”〉 = …|”〉 (1.1)

¸ μ¶¥· Éμ·μ³ ƒ ³¨²ÓÉμ´ , ¸μ¸ÉμÖÐ¨³ ¨§ ¸Ê³³Ò ¤¢ÊÌ μ¶¥· Éμ·μ¢:

Ĥ = Ĥ0 + ΔĤ, (1.2)

£¤¥ Ĥ0 Å μ¶¥· Éμ· ƒ ³¨²ÓÉμ´  ®´¥¢μ§³ÊÐ¥´´μ°¯ ¸¨¸É¥³Ò,   ΔĤ Å ´¥±μÉμ· Ö ³ ² Ö
¤μ¡ ¢±  (μ¶¥· Éμ· ¢μ§³ÊÐ¥´¨Ö). 	Ê¤¥³ ¶·¥¤¶μ² £ ÉÓ É ±¦¥, ÎÉμ ¢ μÉ¸ÊÉ¸É¢¨¥ ¢μ§³ÊÐ¥-
´¨° (1.1) ¨³¥¥É ¢¨¤

Ĥ0

∣∣∣ Ψn〉 = εn| Ψn〉 , n = 0, 1, 2, . . . (1.3)

‘μ£² ¸´μ ¸É Í¨μ´ ·´μ° É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°, §´ Î¥´¨¥ ¤μ¡ ¢μÎ´μ° Ô´¥·£¨¨ ± Ô´¥·£¨¨
μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ε0 ¨Ð¥³ ¢ ¢¨¤¥ ·Ö¤ :

E = ε0 + Δε(1) + Δε(2) + . . . (1.4)

‘μμÉ¢¥É¸É¢¥´´μ ¢μ²´μ¢ Ö ËÊ´±Í¨Ö É ±¦¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ·Ö¤  ¶μ ¶ · ³¥É·Ê
³ ²μ¸É¨, ¢Ìμ¤ÖÐ¥³Ê ¢ ΔĤ :

|Φ 〉 = |Ψ0 〉 + |ΔΨ 〉 + . . . (1.5)

‚ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ε0 � ε1 . . . � εn, ¶μ²ÊÎ ¥³, ÎÉμ §´ Î¥´¨¥ ¤μ¡ ¢μÎ´μ° Ô´¥·£¨¨ Δε(2)

´ Ìμ¤¨É¸Ö ¢ ¨´É¥·¢ ²¥ [16]

B

ε0 − ε1
� Δε(2) � (C2 − B)2

Bε0 − A
, (1.6)

£¤¥ ¢¢¥¤¥´Ò μ¡μ§´ Î¥´¨Ö

A =
〈
Ψ0

∣∣∣ ΔĤĤ0ΔĤ
∣∣∣ Ψ0

〉
, B =

〈
Ψ0

∣∣∣ ΔĤ
2

∣∣∣ Ψ0

〉
, C =

〈
Ψ0

∣∣∣ ΔĤ
∣∣∣ Ψ0

〉
. (1.7)

‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö ´ Ìμ¦¤¥´¨Ö £· ´¨Í ¨´É¥·¢ ²  (1.6) ´¥μ¡Ìμ¤¨³μ μ¶·¥¤¥²¨ÉÓ ¢μ²´μ-
¢ÊÕ ËÊ´±Í¨Õ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö Ψ0,   É ±¦¥ Ô´¥·£¨¨ μ¸´μ¢´μ£μ ¨ ¶¥·¢μ£μ · ¤¨ ²Ó´μ-
¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨°. ‚ μÉ²¨Î¨¥ μÉ ¸²ÊÎ Ö, ±μ£¤  ´¥μ¡Ìμ¤¨³μ ´ Ìμ¦¤¥´¨¥ ÉμÎ´μ£μ
§´ Î¥´¨Ö Δε(2), ¢ ´ Ï¥³ ¸²ÊÎ ¥ ´¥ É·¥¡Ê¥É¸Ö ¶μ²´μ£μ ·¥Ï¥´¨Ö ´¥¢μ§³ÊÐ¥´´μ° § ¤ Î¨.

�μ¶· ¢±  Δε(2) ± Ô´¥·£¨¨ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¸¢Ö§ ´´μ° ¸¨¸É¥³Ò, ±μ£¤  ·μ²Ó ¢μ§³Ê-
Ð¥´¨Ö ¨£· ¥É ¢´¥Ï´¥¥ ¸É Í¨μ´ ·´μ¥ ¶μ²¥ ´ ¶·Ö¦¥´´μ¸ÉÓÕ …, ¸¢Ö§ ´  ¸ Ô²¥±É·¨Î¥¸±μ°
¸É É¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸ÉÓÕ ¸¨¸É¥³Ò α0 ¸μμÉ´μÏ¥´¨¥³

Δε(2) = −α0

2
E2. (1.8)

�É³¥É¨³, ÎÉμ ¢ ¸²ÊÎ ¥, ¥¸²¨ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ |Ψ0 〉 Ö¢²Ö¥É¸Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î-
´Ò³, §´ Î¥´¨¥ Δε(1) · ¢´μ ´Ê²Õ, É. ¥.

Δε(1) = C = 0. (1.9)
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ˆ¸¶μ²Ó§ÊÖ (1.6) ¨ (1.9), ´ Ìμ¤¨³, ÎÉμ §´ Î¥´¨¥ ¸É É¨Î¥¸±μ° Ô²¥±É·¨Î¥¸±μ° ¶μ²Ö·¨§Ê-
¥³μ¸É¨ α0 ´ Ìμ¤¨É¸Ö ¢ ¨´É¥·¢ ²¥

2B2/E2

A − Bε0
� α0 � 2B/E2

ε1 − ε0
. (1.10)

2. ‘’�’ˆ—…‘Š�Ÿ ��‹Ÿ�ˆ‡“…Œ�‘’œ �ˆ���‚

‚ ± Î¥¸É¢¥ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ° ¢μ²´μ¢μ° ËÊ´±Í¨¨ ³Ò ¨¸¶μ²Ó§Ê¥³ ¢μ²´μ¢ÊÕ ËÊ´±-
Í¨Õ ³μ¤¥²¨ ¸ ²¨´¥°´Ò³ § ¶¨· ´¨¥³ ¨ ±Ê²μ´μ¢¸±¨³ ¶μ¢¥¤¥´¨¥³ ´  ³ ²ÒÌ · ¸¸ÉμÖ-
´¨ÖÌ [17]:

ψ(r) = N exp [−αr3/2 − βr], α =
2
3

√
2μa, β = μb, (2.1)

£¤¥ a, b Å ¶ · ³¥É·Ò ²¨´¥°´μ° ¨ ±Ê²μ´μ¢¸±μ° Î ¸É¥° ¶μÉ¥´Í¨ ²  ¸μμÉ¢¥É¸É¢¥´´μ; μ Å
¶·¨¢¥¤¥´´ Ö ³ ¸¸  ¤¢ÊÌÎ ¸É¨Î´μ° ¸¨¸É¥³Ò.

“· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ¤²Ö · ¤¨ ²Ó´μ° Î ¸É¨ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

1
r2

d

dr

(
r2 dR

dr

)
− l(l + 1)

r2
R +

2μ

�2
[E − V (r)] R = 0,

£¤¥ ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ±¢ ·± ³¨ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¢Ò¡¨· ¥É¸Ö ¢ ¢¨¤¥ [17]

V (r) = ar − b

r
+

1
l + 1

√
2μ

�2
abr1/2 −

(
l +

5
4

) √
2�2

μ
ar−1/2 + c, (2.2)

ÊÎ¨ÉÒ¢ ÕÐ¥³  ¸¨³¶ÉμÉ¨Î¥¸±ÊÕ ¸¢μ¡μ¤Ê ¢ Š•„ ´  ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ ¨ ²¨´¥°´Ò° ·μ¸É
¶μÉ¥´Í¨ ²  ¸ Ê¢¥²¨Î¥´¨¥³ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ±¢ ·±μ³ ¨  ´É¨±¢ ·±μ³.

‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ ¶μÉ¥´Í¨ ²  ¢μ§Ó³¥³ É ±¨¥ ¦¥, ±μÉμ·Ò¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö · ¸-
Î¥Éμ¢ Ô²¥±É·μ¸² ¡ÒÌ ¸¢μ°¸É¢ ¶¨μ´μ¢ ± ± ¸μ¸É ¢´μ° ±¢ ·±- ´É¨±¢ ·±μ¢μ° ¸¨¸É¥³Ò ¸ ¤ ´-
´μ° ³μ¤¥²Ó´μ° ¢μ²´μ¢μ° ËÊ´±Í¨¥° ¢´ÊÉ·¥´´¥£μ ¤¢¨¦¥´¨Ö ±¢ ·±μ¢ ¢ ¶¨μ´¥ [18]:

a = 0,0567 ƒÔ‚2, b = 0,7867.

‡´ Î¥´¨Ö ³ ¸¸ ±¢ ·±μ¢ ¨ ¶ · ³¥É·  c Ë¨±¸¨·μ¢ ²¨¸Ó ´ ³¨ ¨¸Ìμ¤Ö ¨§ É·¥¡μ¢ ´¨Ö μ¶¨-
¸ ´¨Ö ¸·¥¤´¥±¢ ¤· É¨Î´μ£μ · ¤¨Ê¸  ¶¨μ´  ¨ ¥£μ ³ ¸¸Ò. „²Ö ÔÉμ£μ ³Ò ¨¸¶μ²Ó§μ¢ ²¨
¸²¥¤ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö [19, 20]:

Mπ±

exp = (139,56995± 0,00035) ŒÔ‚,〈
r2
π±

〉
exp

= (0,432 ± 0,016) Ë³2.

�É¨ ¤ ´´Ò¥ ¶·¨¢μ¤ÖÉ ´ ¸ ± É ±¨³ §´ Î¥´¨Ö³ ¶ · ³¥É·μ¢:

mu = md = 0,112 ƒÔ‚, c = 0,067 ƒÔ‚.

—¨¸²¥´´Ò¥ · ¸Î¥ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´ °¤¥´´ÒÌ ¶ · ³¥É·μ¢ ¤ ÕÉ ¸²¥¤ÊÕÐ¨° ¨´-
É¥·¢ ² ¤²Ö ¸É É¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸É¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢, ¢ ±μÉμ·μ³ Ê¦¥ ÊÎÉ¥´Ò ¨
É¥μ·¥É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨:

0,262 · 10−4 � α
π±

0 � 7,578 · 10−4 Ë³3,
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¨²¨
απ±

0 = (3,920 ± 3,658) · 10−4 Ë³3.

„²Ö μÍ¥´±¨ ¶μ²Ö·¨§Ê¥³μ¸É¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨° μ¶¥· Éμ· Ô²¥±É·¨Î¥-
¸±μ£μ ¤¨¶μ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö:

DE =
1
2

(e1 − e2) (rE) ,

£¤¥ ei Å μ¶¥· Éμ·Ò § ·Ö¤  ±¢ ·±μ¢, ¤¥°¸É¢ÊÕÐ¨¥ ´  § ¢¨¸ÖÐÊÕ μÉ Ê´¨É ·´μ£μ ¸¶¨´ 
Î ¸ÉÓ ¢μ²´μ¢μ° ËÊ´±Í¨¨, ±μÉμ·Ò¥ ¤²Ö π±-³¥§μ´μ¢ ¨³¥ÕÉ ¢¨¤ [8]:

ψπ+
(ξ) =

(
1√
2

) [∣∣ d̄ ↑ u ↓
〉
−

∣∣ d̄ ↓ u ↑
〉 ]

, (2.3)

ψπ−
(ξ) =

(
1√
2

)
[| ū ↑ d ↓〉 − | ū ↓ d ↑〉 ] , (2.4)

£¤¥ ū, d̄ Å  ´É¨±¢ ·±¨.
�·¨ · ¸Î¥É Ì É ±¦¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¸²¥¤ÊÕÐ¥¥ ¸μμÉ´μÏ¥´¨¥:

〈
π± ∣∣(e1 − e2)2

∣∣ π±〉
=

e2

9
. (2.5)

3. Š�Œ�’���‚‘Š�Ÿ �‹…Š’�ˆ—…‘Š�Ÿ ��‹Ÿ�ˆ‡“…Œ�‘’œ π-Œ…‡���

Š ± ¡Ò²μ ¶μ± § ´μ, ´ ¶·¨³¥·, ¢ · ¡μÉ¥ [8], μ¡μ¡Ð¥´´ Ö Ô²¥±É·¨Î¥¸± Ö ¶μ²Ö·¨§Ê¥-
³μ¸ÉÓ α ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸Ê³³Ò ¤¢ÊÌ Î ¸É¥°:

ᾱ = α0 + Δα. (3.1)

‚¥²¨Î¨´  α0 ´ §Ò¢ ¥É¸Ö ¸É É¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸ÉÓÕ ¨ ¸¢Ö§ ´  ¸ ´ ¢¥¤¥´´Ò³ Ô²¥±-
É·¨Î¥¸±¨³ ¤¨¶μ²Ó´Ò³ ³μ³¥´Éμ³ ¢ ¶·¨¡²¨¦¥´¨¨ ¥£μ ÉμÎ¥Î´μ¸É¨, É. ¥. ¤¥Ëμ·³¨·μ¢ ´´ Ö
¸μ¸É ¢´ Ö ¸¨¸É¥³  μ¶¨¸Ò¢ ¥É¸Ö ± ± ÉμÎ¥Î´Ò° ¤¨¶μ²Ó.

‘² £ ¥³μ¥ Δα ÊÎ¨ÉÒ¢ ¥É ¸É·Ê±ÉÊ·Ê ¸μ¸É ¢´μ° ¸¨¸É¥³Ò ¨ ¢ £² ¢´μ³ ¶·¨¡²¨¦¥´¨¨
¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · ¤¨Ê¸ ¸μ¸É ¢´μ° ¸¨¸É¥³Ò. ‚¥²¨Î¨´  Δα ¨³¥¥É
·¥²ÖÉ¨¢¨¸É¸±ÊÕ ¶·¨·μ¤Ê ¨ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´  ¶¥·¥Ìμ¤μ³ μÉ Éμ³¸μ´μ¢¸±μ£μ · ¸¸¥Ö-
´¨Ö ´  ÉμÎ¥Î´ÒÌ Î ¸É¨Í Ì ± · ¸¸¥Ö´¨Õ ´  ¸É·Ê±ÉÊ·´ÒÌ Î ¸É¨Í Ì ¸ Ô²¥±É·μ³ £´¨É´Ò³
· ¤¨Ê¸μ³ [21]. „²Ö ¡¥¸¸¶¨´μ¢μ° ¸¨¸É¥³Ò ÔÉμ ¸² £ ¥³μ¥ § ¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

�α =
α

〈
r2

〉
3M

, (3.2)

£¤¥ M ¨ r Å ³ ¸¸  ¨ Ô²¥±É·μ³ £´¨É´Ò° · ¤¨Ê¸ ³¥§μ´  ¸μμÉ¢¥É¸É¢¥´´μ,   α Å ¶μ¸ÉμÖ´´ Ö
Éμ´±μ° ¸É·Ê±ÉÊ·Ò.

�·μ¢μ¤Ö ¢ÒÎ¨¸²¥´¨¥ Δα ¢ · ³± Ì ¤ ´´μ° ³μ¤¥²¨ ¸ ÉμÎ¥Î´Ò³¨ ±¢ ·± ³¨, ´ Ìμ¤¨³,
ÎÉμ ¸² £ ¥³μ¥, ¸¢Ö§ ´´μ¥ ¸ Ô²¥±É·μ³ £´¨É´Ò³ · ¤¨Ê¸μ³ ¶¨μ´ , ¢ ¶·¥¤² £ ¥³μ³ ¶μ¤Ìμ¤¥
¨³¥¥É ¸²¥¤ÊÕÐ¥¥ §´ Î¥´¨¥:

Δαπ±
= 14,992 · 10−4 Ë³3.
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ˆÉ ±, Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·Ö¥³ Ö ±μ³¶Éμ´μ¢¸± Ö ¶μ²Ö·¨§Ê¥³μ¸ÉÓ π-³¥§μ´  ¢ · ³-
± Ì ¤ ´´μ° ³μ¤¥²¨ ¨³¥¥É ¢¨¤

ᾱπ± = (18,912 ± 3,658) · 10−4 Ë³3.

�ÉμÉ ·¥§Ê²ÓÉ É ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨,
¶μ²ÊÎ¥´´Ò³¨ ¢ · ¡μÉ Ì [22Ä25], ¨ §´ Î¨É¥²Ó´μ μÉ²¨Î ¥É¸Ö μÉ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢
· ¡μÉ Ì [26Ä28]. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1, £¤¥ É ±¦¥ μÉ· ¦¥´
 ´ ²¨§ ¤ ´´ÒÌ ±μ²² ¡μ· Í¨¨ Mark II  ¢Éμ· ³¨ · ¡μÉÒ [27].

’ ¡²¨Í  1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö Ô²¥±É·¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸É¨ ᾱ π±-³¥§μ´μ¢

�±¸¶¥·¨³¥´ÉÒ ᾱπ± , 10−4 Ë³3

π−Z → γπ−Z, ˆ”‚�, �·μÉ¢¨´μ (1983) [28] 6,8 ± 1,4 ± 1,2

γp → γπ+n, ”¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. �.�. ‹¥¡¥¤¥¢  ��� (1984) [22] 20 ± 12

γγ → π+π−, PLUTO (1984) [23] 19,1 ± 4,8 ± 5,7

γγ → π+π−, DM 1 (1986) [24] 17,2 ± 4,6

γγ → π+π−, DM 2 (1986) [25] 26,3 ± 7,4

γγ → π+π−, Mark II (1990) [26] 2,2 ± 1,6

γγ → π+π−, Mark II, Donoghue J. F., Holstein B.R. (1993) [27] 2,7

‘ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö ¶μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ μÉ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ · ³± Ì
¤¨¸¶¥·¸¨μ´´μ£μ ¶μ¤Ìμ¤  [29], ¨ μÉ ·¥§Ê²ÓÉ Éμ¢ ¢ÒÎ¨¸²¥´¨° ¢ · ³± Ì ±¨· ²Ó´μ° É¥μ·¨¨
¢μ§³ÊÐ¥´¨° [30], ±μÉμ· Ö ¶·¥É¥´¤Ê¥É ´  ·μ²Ó É¥μ·¨¨ ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¶·¨ ³ ²ÒÌ
Ô´¥·£¨ÖÌ. �É³¥É¨³ É ±¦¥, ÎÉμ ·¥§Ê²ÓÉ É, ¶μ²ÊÎ¥´´Ò° ¤²Ö Ô²¥±É·¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸É¨
§ ·Ö¦¥´´ÒÌ ¶¨μ´μ¢, ¡²¨§μ± ± ¸·¥¤´¥³Ê Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê §´ Î¥´¨Õ ᾱπ± = (15,27 ±
9,00) · 10−4 Ë³3 ¨ ¤μ¸É ÉμÎ´μ ¤ ²¥±μ μÉ¸Éμ¨É μÉ ¸·¥¤´¥¢§¢¥Ï¥´´μ£μ §´ Î¥´¨Ö απ± =
(5,98 ± 3,91) · 10−4 Ë³3, ¢ÒÎ¨¸²¥´´μ£μ ¢ [31] ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ [22Ä28]. ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ Ô²¥±É·¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸É¨
¢ · §²¨Î´ÒÌ ³μ¤¥²ÖÌ.

’ ¡²¨Í  2. �²¥±É·¨Î¥¸±¨¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ π±-³¥§μ´μ¢ ¤²Ö · §²¨Î´ÒÌ ³μ¤¥²¥°

Œμ¤¥²¨ ᾱπ± , 10−4 Ë³3

„ ´´ Ö · ¡μÉ  18,912 ± 3,658

Š¨· ²Ó´Ò¥ É¥μ·¨¨
[34] 2,4 ± 0,5
[33] 2,6
[30] 2,93 ± 1,0

„·Ê£¨¥ ³μ¤¥²¨
[35] 2,4 ± 0,7
[36] 5,6 ± 0,5
[37] 1,7 ± 2,1 ± 0,8
[38] 11,5 ± 1,0
[39] 1,5Ä3,9
[6] 3,64
[40] 6,5 ± 1,1
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‚ ¤ ´´μ° · ¡μÉ¥ ¢ · ³± Ì ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ·±μ¢μ° ³μ¤¥²¨ ¸ ¶μÉ¥´Í¨ ²μ³, ¨³¥-
ÕÐ¨³ ²¨´¥°´μ¥ ¶μ¢¥¤¥´¨¥ ´  ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¨ ±Ê²μ´μ¢¸±μ¥ ¶μ¢¥¤¥´¨¥ ´  ³ ²ÒÌ
· ¸¸ÉμÖ´¨ÖÌ, · ¸¸Î¨É ´Ò ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · ¤¨Ê¸, ¸É É¨Î¥¸± Ö ¨ μ¡μ¡Ð¥´´ Ö Ô²¥±-
É·¨Î¥¸±¨¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢ ± ± ¸¢Ö§ ´´μ° ¸¨¸É¥³Ò ¤¢ÊÌ ÉμÎ¥Î´ÒÌ
¸¶¨´μ·´ÒÌ ±¢ ·±μ¢. �μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ ¸É É¨Î¥¸±μ° ¶μ²Ö·¨§Ê¥³μ¸É¨ ±μ··¥²¨·Ê¥É ¸ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨³ §´ Î¥´¨¥³, ¶μ²ÊÎ¥´´Ò³ ¢ · ¡μÉ¥ [8] ¢ · ³± Ì ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ·±μ-
¢μ° ³μ¤¥²¨ ¸ μ¸Í¨²²ÖÉμ·´Ò³¨ ¸¨² ³¨. ’ ±¦¥ ¶μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ ¸É É¨Î¥¸±μ° ¶μ²Ö·¨-
§Ê¥³μ¸É¨ ±μ··¥²¨·Ê¥É ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ §´ Î¥´¨¥³ απ±

0 = 0,51 ·10−4 Ë³3, ¶μ²ÊÎ¥´´Ò³
¢ [32] ¢ · ³± Ì ±¢ §¨¶μÉ¥´Í¨ ²Ó´μ£μ ¶μ¤Ìμ¤  ¸ ³μ¤¥²Ó´Ò³¨ ±Ê²μ´μ¢¸±¨³ ¨ μ¸Í¨²²ÖÉμ·-
´Ò³ ¶μÉ¥´Í¨ ² ³¨. ‚ Éμ ¦¥ ¢·¥³Ö ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ´ Ìμ¤ÖÉ¸Ö ¢ ¶μ²´μ³ ¶·μÉ¨¢μ·¥Î¨¨ ¸
·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ •�’-³μ¤¥²ÖÌ ¨ ¢ · ¸Ï¨·¥´´μ° NJL-³μ¤¥²¨ [33], £¤¥ ¸É -
É¨Î¥¸± Ö ¶μ²Ö·¨§Ê¥³μ¸ÉÓ μÉ·¨Í É¥²Ó´ Ö ¨ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì απ±

0 = (−5,9−−12,6)×
10−4 Ë³3. ’ ±¦¥ §´ Î¥´¨¥ ¶μ²Ö·¨§Ê¥³μ¸É¨, ¶μ²ÊÎ¥´´μ¥ ¢ ¤ ´´μ° · ¡μÉ¥, ¶·¥¢ÒÏ ¥É
·¥§Ê²ÓÉ É, ¶μ²ÊÎ¥´´Ò° ´  μ¸´μ¢¥  ²£¥¡·Ò Éμ±μ¢ [7], §´ Î¥´¨¥, ¶μ²ÊÎ¥´´μ¥ ´  μ¸´μ¢¥
±¨· ²Ó´μ£μ ² £· ´¦¨ ´  [5], ¨ ·¥§Ê²ÓÉ É, ¶μ²ÊÎ¥´´Ò° ¢ ·¥²ÖÉ¨¢¨¸É¸±μ° £ ³¨²ÓÉμ´μ¢μ°
¤¨´ ³¨±¥ [31]. �¥§Ê²ÓÉ É, ¶μ²ÊÎ¥´´Ò° ¢ ¤ ´´μ° · ¡μÉ¥, ¡²¨§μ± ± ¸·¥¤´¥³Ê Ô±¸¶¥·¨³¥´-
É ²Ó´μ³Ê §´ Î¥´¨Õ ¨ ¤μ¸É ÉμÎ´μ ¤ ²¥±μ μÉ¸Éμ¨É μÉ ¸·¥¤´¥¢§¢¥Ï¥´´μ£μ §´ Î¥´¨Ö, ¢ÒÎ¨-
¸²¥´´μ£μ ¢ [31]. 	μ²ÓÏμ¥ §´ Î¥´¨¥ ¶μ²Ö·¨§Ê¥³μ¸É¨, ¶μ²ÊÎ¥´´μ¥ ¢ ¤ ´´μ° · ¡μÉ¥, £μ¢μ·¨É
μ ´¥μ¡Ìμ¤¨³μ¸É¨ ÊÎ¥É  ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· ¢μ± ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¤ ´´μ° ¢¥²¨Î¨´Ò.

‚ § ±²ÕÎ¥´¨¥ ³Ò ÌμÉ¨³ ¢Ò· §¨ÉÓ ¨¸±·¥´´ÕÕ ¡² £μ¤ ·´μ¸ÉÓ ‚.‚.�´¤·¥¥¢Ê ¨ �. …. „μ-
·μÌμ¢Ê §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.
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