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‚. Š. •¥´´¥· 1, 2, 3, ∗, ’. ‘. �¥²μ§¥·μ¢  1

1 �¥·³¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, �¥·³Ó, �μ¸¸¨Ö
2 �¥·³¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° ¶μ²¨É¥Ì´¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É, �¥·³Ó, �μ¸¸¨Ö

3 ‹Ê¨¸¢¨²²¸±¨° Ê´¨¢¥·¸¨É¥É, ‹Ê¨¸¢¨²², ‘˜�

K-³ É·¨Î´Ò° ³¥Éμ¤ ´ ¨¡μ²¥¥ Î ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨  ´ ²¨§¥ ¶¥·¥±·Ò¢ ÕÐ¨Ì¸Ö
·¥§μ´ ´¸μ¢. �´ μ¡¥¸¶¥Î¨¢ ¥É Ê´¨É ·´μ¸ÉÓ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö, ´μ ¥£μ ¶ · ³¥É·Ò ´¥
Ö¢²ÖÕÉ¸Ö Ë¨§¨Î¥¸±¨³¨ ¢¥²¨Î¨´ ³¨, ·¥§μ´ ´¸´Ò¥ ¨ Ëμ´μ¢Ò¥ ¢±² ¤Ò ´¥¢μ§³μ¦´μ · §-
¤¥²¨ÉÓ,    ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ¨³¥ÕÉ ´Ê²¨ ³¥¦¤Ê ¶μ²μ¦¥´¨Ö³¨ ·¥§μ´ ´¸μ¢. � · -
³¥É· ³¨ ËÊ´±Í¨° 	·¥°É Ä‚¨£´¥·  (	‚) Ö¢²ÖÕÉ¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ³ ¸¸Ò ¨ Ï¨·¨´Ò
·¥§μ´ ´¸μ¢, ´μ ¸Ê³³  É ±¨Ì ËÊ´±Í¨° ´ ·ÊÏ ¥É Ê´¨É ·´μ¸ÉÓ. ŒÒ ¸É·μ¨³ Ê´¨É ·´ÊÕ
S-³ É·¨ÍÊ ¸ ÊÎ¥Éμ³ ¨´É¥·Ë¥·¥´Í¨¨ ËÊ´±Í¨° 	‚. �  · ¸¸³ É·¨¢ ¥³ÒÌ ¶·¨³¥· Ì
¶·¨¢μ¤¨É¸Ö ¸· ¢´¥´¨¥ ¤¢ÊÌ ¶μ¤Ìμ¤μ¢.

The K-matrix approach is the most often used when analyzing overlapping reso-
nances. It provides unitarity of the scattering matrix, but its parameters are not physical
quantities, the resonant and background contributions cannot be separated, and the scat-
tering amplitudes have zeros between the positions of the resonances. The parameters of
the BreitÄWigner (BW) function are masses and widths of the resonances, but the sum of
such functions violates the unitarity. We construct a unitary S matrix taking into account
the interference of BW functions. In the examples presented in the paper, these two
approaches are compared.

PACS: 25.70.Ef

‚‚…„…�ˆ…

�´ ²¨§ ¶ · ³¥É·μ¢ ¨§μ²¨·μ¢ ´´μ£μ ·¥§μ´ ´¸  ¢ ±μ´¥Î´μ³ ¸Î¥É¥ μ¸´μ¢ ´
´  ËÊ´±Í¨¨ 	‚:

Sij = δij + 2i
mr

√
ΓriΓrj

m2
r − s − imrΓr

, Γr =
M∑
i

Γri. (1)
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�¡ÒÎ´ Ö ¸Ê³³  É ±¨Ì ËÊ´±Í¨° ´ ·ÊÏ ¥É Ê´¨É ·´μ¸ÉÓ. ˆ¤¥Ö ´ ¶¨¸ ´¨Ö ¢
μ¡Ð¥³ ¢¨¤¥ S-³ É·¨ÍÒ ± ± ¸Ê³³Ò ·¥§μ´ ´¸´ÒÌ Î²¥´μ¢, ±μÉμ· Ö ¤μ²¦´  Ê¤μ-
¢²¥É¢μ·ÖÉÓ μ£· ´¨Î¥´¨Ö³ Ê´¨É ·´μ¸É¨, ¸Ëμ·³Ê²¨·μ¢ ´  ¢ · ¡μÉ¥ [1]. ŒÒ
¶μ± §Ò¢ ¥³, ÎÉμ ÔÉμ ³μ¦´μ ¸¤¥² ÉÓ ¢ ¢¨¤¥

Sij = δij + 2i
N∑

r=1

eiϕr
ij

mr

√
ΓriΓrj

m2
r − s − imrΓr

, (2)

£¤¥ ¨´É¥·Ë¥·¥´Í¨Ö ³¥¦¤Ê ·¥§μ´ ´¸´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ ÊÎ¨ÉÒ¢ ¥É¸Ö Î¥·¥§ Ë §Ò
ϕr

ij . ‚ · ¡μÉ¥ [1] ÔÉμ ¢Ò· ¦¥´¨¥ § ¶¨¸ ´μ ¸ ±μ³¶²¥±¸´Ò³¨ Î¨¸²¨É¥²Ö³¨ ¢³¥-
¸Éμ É ±¨Ì Ë §, μ¡¥ Ëμ·³Ò Ô±¢¨¢ ²¥´É´Ò. ‘Ì¥³  (2) ·¥ ²¨§μ¢ ´  ¢ · ¡μÉ¥ [2]
¤²Ö ¤¢ÊÌ ·¥§μ´ ´¸μ¢ ¸ ¶μ¸ÉμÖ´´μ° Ï¨·¨´μ°.

�·¨ · ¸¸³μÉ·¥´¨¨ Ô´¥·£μ§ ¢¨¸¨³ÒÌ Ï¨·¨´ ¨ ¶μ·μ£μ¢ÒÌ ÔËË¥±Éμ¢ ¢  ³-
¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö Fij ¤μ²¦´Ò ¡ÒÉÓ ¢±²ÕÎ¥´Ò Ë §μ¢Ò¥ Ë ±Éμ·Ò ρi:

Sij = δij + 2iFij = δij + 2i
√

ρiTij
√

ρj . (3)

‚ K-³ É·¨Î´μ³ ³¥Éμ¤¥

S =
I + iρK

I − iρK
. (4)

ˆ§ SS† = I ¨ T -¨´¢ ·¨ ´É´μ¸É¨ ¸²¥¤Ê¥É, ÎÉμ K Å ¤¥°¸É¢¨É¥²Ó´Ò° ¨ ¸¨³³¥É-
·¨Î´Ò° μ¶¥· Éμ·. „²Ö μ¶¥· Éμ·  Tij ¨§ (4) ¸²¥¤Ê¥É

T = K(I − iρK)−1. (5)

„²Ö ´¥¸±μ²Ó±¨Ì ¸μ¸ÉμÖ´¨° μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ ¶ · ³¥É·¨§ Í¨Õ [3]:

Kij =
∑
α

mαΓ0
αγαiγαj

m2
α − s

. (6)

„²Ö N -¸μ¸ÉμÖ´¨° ¨ M -μÉ±·ÒÉÒÌ ± ´ ²μ¢ Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·μ¢
· ¢´μ N(M + 1). � · ³¥É· mα Î ¸Éμ ´ §Ò¢ ÕÉ ®´μ³¨´ ²Ó´μ°¯ ³ ¸¸μ°,
γαi Å ±μ´¸É ´É ³¨ ¸¢Ö§¨ ¸μ¸ÉμÖ´¨Ö α ¸ ± ´ ²μ³ i. �μ  ´ ²μ£¨¨ ¸ ËÊ´±Í¨¥°
	·¥°É Ä‚¨£´¥·  (	‚) ¨Ì μ¡ÒÎ´μ ´μ·³¨·ÊÕÉ,

∑
i

γ2
αi = 1 ¨ γαi · ¸¸³ É·¨¢ ÕÉ

± ± ¡·¥´Î¨´£¨ · ¸¶ ¤μ¢.

1. Š��’Š�… ��ˆ‘��ˆ… “�ˆ’����ƒ� �‚-Œ…’�„�

Š· É±μ μ¶¨Ï¥³ ±μ´¸É·Ê¨·μ¢ ´¨¥ Ê´¨É ·´μ° S-³ É·¨ÍÒ. �·μÍ¥¤Ê· 
Ê´¨É ·¨§ Í¨¨ ¸É ´μ¢¨É¸Ö É¥Ì´¨Î¥¸±¨ ¶·μÐ¥, ¥¸²¨, ¸²¥¤ÊÖ · ¡μÉ ³ [1, 2],
¢¢¥¸É¨ ¢¥±Éμ·Ò ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ gr ¸ ±μ³¶μ´¥´É ³¨ gri = eiϕri |gri|,
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i = 1, . . . , M , r = 1, . . . , N , Éμ£¤ 

Sij = δij + 2i
√

ρi(s)

(
N∑

r=1

eiϕ
(r)
ij

mrΓ0
r |gri| |grj|

m2
r − s − imrΓr(s)

)√
ρj(s) (7)

¨²¨

Tij(s) =
N∑

r=1

mrΓ0
rgrigrj

m2
r − s − imrΓr(s)

(8)

(§¤¥¸Ó ϕr
ij = ϕri + ϕrj ¨ Γ0

r ¢¢¥¤¥´Ò ¤²Ö μ¡¥§· §³¥·¨¢ ´¨Ö ¢¥±Éμ·μ¢ gri,
³μ¦´μ ¶·¨´ÖÉÓ Γ0

r = Γr(m2
r)). ‚Ò· ¦¥´¨¥ (7) T -¨´¢ ·¨ ´É´μ, Sij = Sji.

	·¥´Î¨´£ · ¸¶ ¤  ·¥§μ´ ´¸  r ¢ ± ´ ² i · ¢¥´

Bri =
|gri|2

|gr|2
=

|gri|2
M∑

k=1

|grk|2
, (9)

¶ ·Í¨ ²Ó´Ò¥ Ï¨·¨´Ò · ¢´Ò Γri = ΓrBri. �μ²´Ò¥ ¨ ¶ ·Í¨ ²Ó´Ò¥ Ï¨·¨´Ò

³μ£ÊÉ § ¢¨¸¥ÉÓ μÉ Ô´¥·£¨¨: Γr(s) =
M∑
i

Γri(s).

„ ²¥¥ Ëμ·³Ê²Ò ¸É ´μ¢ÖÉ¸Ö ¶·μÐ¥, ¥¸²¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¶¥·¥³¥´´ÊÕ E. „²Ö
¢Ò· ¦¥´¨Ö

Tij =
N∑

r=1

Γ0
rgrigrj/2

mr − E − iΓr(E)/2
(10)

¸Ëμ·³Ê²¨·Ê¥³ Ê¸²μ¢¨Ö, ±μÉμ·Ò¥ ¤μ²¦´Ò ¡ÒÉÓ ´ ²μ¦¥´Ò ´  ¢¥±Éμ·Ò gr ¤²Ö
¸μÌ· ´¥´¨Ö Ê´¨É ·´μ¸É¨ Sij(E). ˆ§ T † − T = iT †ρT ¸²¥¤Ê¥É

i

N∑
r=1

[
g∗rig

∗
rj

mr − E + iΓr(E)/2
− grigrj

mr − E + iΓr(E)/2

]
+

+
N∑

l=1

N∑
r=1

Vlr

grig
∗
lj

(mr − E + iΓr(E)/2) (mr − E + iΓr(E)/2)
≡ 0, (11)

£¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö μ¡μ§´ Î¥´¨¥

Vlr =
√

Γ0
l Γ0

r

M∑
k=1

ρk(E)g∗lkgrk. (12)
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�£· ´¨Î¥´¨Ö (11) Ö¢²ÖÕÉ¸Ö ¸²μ¦´Ò³¨ ´¥²¨´¥°´Ò³¨ Ê· ¢´¥´¨Ö³¨. �·¥¤²μ-
¦¥´´Ò° ´ ³¨ ¸¶μ¸μ¡ ¶μ§¢μ²Ö¥É ¶·¥μ¤μ²¥ÉÓ É·Ê¤´μ¸É¨, ±μÉμ·Ò¥ μ£· ´¨Î¨¢ ²¨
μ¶¨¸ ´¨¥ ¤¢Ê³Ö [3] ¨²¨ É·¥³Ö [4] ·¥§μ´ ´¸ ³ ¤ ¦¥ ¶·¨ ρk ≡ 1. ‚¥±Éμ·Ò
gr = gx

r + igy
r ±μ´¸É·Ê¨·ÊÕÉ¸Ö É ±¨³ μ¡· §μ³, ÎÉμ ¨Ì ³´¨³Ò¥ Î ¸É¨ gy

r ¸É -
´μ¢ÖÉ¸Ö ±μ³¡¨´ Í¨Ö³¨ ¨Ì ·¥ ²Ó´ÒÌ Î ¸É¥° gx

r : gy
r = Ugx

r ¨²¨

gy
r = ur1gx

1 + ur2gx
2 + . . . + urNgx

N , (13)

£¤¥ U Å ¤¥°¸É¢¨É¥²Ó´ Ö  ´É¨¸¨³³¥É·¨Î´ Ö ³ É·¨Í , ¨³¥ÕÐ Ö ¶·μ¸Éμ° ¢¨¤
¤²Ö ±μ´±·¥É´ÒÌ N ¨ M . ‚³¥¸Éμ ´ Ìμ¦¤¥´¨Ö ¢¸¥Ì ±μ³¶μ´¥´É ¢¥±Éμ·μ¢ gr

³μ¦´μ μ¶·¥¤¥²¨ÉÓ Éμ²Ó±μ ¨Ì ¤¥°¸É¢¨É¥²Ó´Ò¥ Î ¸É¨ ¨ § É¥³ ¶μ²ÊÎ ÉÓ ¨Ì ³´¨-
³Ò¥ Î ¸É¨ ¸ ¶μ³μÐÓÕ ³ É·¨ÍÒ U . ‘· §Ê μÉ³¥É¨³, ÎÉμ Î¨¸²μ ¸¢μ¡μ¤´ÒÌ
¶ · ³¥É·μ¢ ¢ ÔÉμ³ μ¶¨¸ ´¨¨ É ±μ¥ ¦¥, ± ± ¨ ¢ ³¥Éμ¤¥ K-³ É·¨ÍÒ: N(M +1).

�·¨ |mr − mr′ | � Γr + Γr′ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ urk → 0 ¨ ¢¥±Éμ·Ò gr

¸É ´μ¢ÖÉ¸Ö ¤¥°¸É¢¨É¥²Ó´Ò³¨ ¨ μ·Éμ£μ´ ²Ó´Ò³¨: (gr,gq) = 0.
�·¨¢¥¤¥³ Ê¸²μ¢¨Ö, ±μÉμ·Ò³ ¤μ²¦´Ò Ê¤μ¢²¥É¢μ·ÖÉÓ ¢¥±Éμ·Ò gr:

M∑
k=1

Γ0
rρk(E)|grk|2 = − 1

S
[S + 2Qr] Γr, (14)

M∑
k=1

Γ0
rρk(E) Re

(
g∗qkgrk

)
= − 1

S
[2Fqr (mq − mr) − iGqr (Γq + Γr)] , (15)

M∑
k=1

Γ0
rρk(E) Im

(
g∗qkgrk

)
= − 1

S
[2Gqr (mq − mr) + iFqr (Γq + Γr)] , (16)

r = 1, . . . , N ; q = r + 1, . . . , N.

˜¨·¨´Ò ´ Ìμ¤ÖÉ¸Ö ¨§ Ê· ¢´¥´¨° (14):

Γr(E) = − S

S + 2Qr
Γ0

r

M∑
k=1

ρk(E) |grk|2 . (17)

”μ·³Ê² ³¨ (14)Ä(17) § ¤ ¥É¸Ö  ²£μ·¨É³ ³¥Éμ¤ . �μ¸ÉμÖ´´Ò¥ ±μÔËË¨Í¨¥´ÉÒ
S, Qr, Fqr, Gqr μ¶·¥¤¥²ÖÕÉ¸Ö ³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ ³ É·¨ÍÒ U . „¥É ²¨
³¥Éμ¤  ³μ£ÊÉ ¡ÒÉÓ ´ °¤¥´Ò ¢ · ¡μÉ Ì [5, 6].

‚ ¸²ÊÎ ¥ ¤¢ÊÌ ·¥§μ´ ´¸μ¢ ¨ μ¤´μ£μ ± ´ ²  ÔÉμÉ ¶μ¤Ìμ¤ ¶·¨¢μ¤¨É ± É¥³
¦¥ ¢Ò· ¦¥´¨Ö³ ¤²Ö  ³¶²¨ÉÊ¤ T , ÎÉμ ¨ K-³ É·¨Î´Ò° ³¥Éμ¤.
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� ¸¸³μÉ·¨³ ¤ ´´Ò° ³¥Éμ¤ ´  ¶·¨³¥·¥ ¤¢ÊÌ ·¥§μ´ ´¸μ¢ ¨ ¤¢ÊÌ ± ´ ²μ¢:
N = 2, M = 2. ‚¸¥, ÎÉμ ´¥μ¡Ìμ¤¨³μ, ÔÉμ ´ °É¨ ¢¥±Éμ·Ò gr. „²Ö M = 2
³ É·¨Í  U É ± Ö:

U =
(

0 −α
α 0

)
(18)

(α Å ¤¥°¸É¢¨É¥²Ó´Ò° ¶ · ³¥É·, 0 � α < 1), É. ¥.

gy
1 = −αgx

2 , gy
2 = αgx

1 . (19)

ŠμÔËË¨Í¨¥´ÉÒ ¢ Ê¸²μ¢¨ÖÌ (14)Ä(16) ¸²¥¤ÊÕÐ¨¥:

S = 1 − α2, Q1 = Q2 = α2, F12 = −α, G12 = 0. (20)

‚¸¥£μ ¥¸ÉÓ 13 ¢¥²¨Î¨´: m1, m2, Γ1, Γ2, g1, g2, α, ¸¢Ö§ ´´ÒÌ Î¥ÉÒ·Ó³Ö
Ê· ¢´¥´¨Ö³¨ (19) ¨ É·¥³Ö Ê· ¢´¥´¨Ö³¨ (14)Ä(16), É. ¥. Ï¥¸ÉÓ ¤¥°¸É¢¨É¥²Ó´ÒÌ
¢¥²¨Î¨´ ³μ¦´μ ¢§ÖÉÓ ¢ ± Î¥¸É¢¥ ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·μ¢ ¶·¨ Ë¨É¨·μ¢ ´¨¨
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ˆ³¨ ³μ£ÊÉ ¡ÒÉÓ ³ ¸¸Ò m1, m2, ¶ · ³¥É· α ¨ É·¨
±μ³¶μ´¥´ÉÒ ¢¥±Éμ·μ¢ gx

r , ´ ¶·¨³¥· gx
11, gx

12 ¨ gx
22. �¸É ¢Ï Ö¸Ö ±μ³¶μ´¥´É 

gx
21 μ¶·¥¤¥²Ö¥É¸Ö ¨§ ¸μμÉ´μÏ¥´¨° (15), (16):

gx
21 =

1
ρ1(m2)gx

11

[
2α

Γ0
1 (1 − α2)2

(m1 − m2) − ρ2(m2)gx
12g

x
22

]
. (21)

‡ É¥³ ¨§ (19) ³μ¦´μ ´ °É¨ ±μ³¶μ´¥´ÉÒ gy
r . �Éμ § ¢¥·Ï ¥É ±μ´¸É·Ê¨·μ¢ ´¨¥

 ³¶²¨ÉÊ¤ (10), ¢ ±μÉμ·ÒÌ Ï¨·¨´Ò ¤ ÕÉ¸Ö ¸μμÉ´μÏ¥´¨Ö³¨ (17):

Γr(E) =
1 − α2

1 + α2
Γ0

r

2∑
k=1

ρk(E) |grk|2 . (22)

�¡ÒÎ´μ ρ2(E) ¶·¨ E < E2 ¶μ² £ ¥É¸Ö · ¢´Ò³ ´Ê²Õ. …¸²¨ ¢³¥¸Éμ ÔÉμ£μ
¨¸¶μ²Ó§μ¢ ÉÓ  ´ ²¨É¨Î¥¸±μ¥ ¶·μ¤μ²¦¥´¨¥ ρ2 → iσk |ρ2| (¶·¨ · ¸¸³μÉ·¥´¨¨
· §´ÒÌ ·¨³ ´μ¢ÒÌ ²¨¸Éμ¢ σk = ±1), Éμ ¤²Ö ·¥§μ´ ´¸ , · ¸¶μ²μ¦¥´´μ£μ ´¨¦¥
¶μ·μ£  E < E2,

Γr(E) =
1 − α2

1 + α2
Γ0

1ρ1(E) |gr1|2 , (23)

  mr ¢ (10) § ³¥´Ö¥É¸Ö ´  m̃r(E) = mr + Δ(E), £¤¥ ¸¤¢¨£ ³ ¸¸Ò

Δ =
1 − α2

2 (1 + α2)2
Γ0

2σ2 |ρ2(E)| |gr2|2 . (24)
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2. ��ˆŒ…�› K-Œ�’�ˆ–› ˆ “�ˆ’����ƒ� �‚-Œ…’�„�

� ¸¸³μÉ·¨³ ¸²ÊÎ ° ¤¢ÊÌ ·¥§μ´ ´¸μ¢ ¨ ¤¢ÊÌ ± ´ ²μ¢. ‚ ³¥Éμ¤¥ 	‚

Sij = δij + 2i
√

ρiρj

2∑
r=1

mrΓr(mr)grigrj

m2
r − s − imrΓr(s)

(25)

Ï¥¸ÉÓ ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·μ¢ (μ¤¨´ ¨§ ¸¶μ¸μ¡μ¢ ¨Ì ¢Ò¡μ·  ¶μ± § ´ ¢ ¶·¥-
¤Ò¤ÊÐ¥³ · §¤¥²¥). ‚ ³¥Éμ¤¥ K-³ É·¨ÍÒ ¢Ò· ¦¥´¨¥ (6)

Kij = γ1iγ1j
m1Γ0

1

m2
1 − s

+ γ2iγ2j
m2Γ0

2

m2
2 − s

(26)

¸μ¤¥·¦¨É É ±μ¥ ¦¥ Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·μ¢: mr, Γ0
r ¨ ¤¢  γri (¸ ÊÎ¥Éμ³

´μ·³¨·μ¢±¨
∑
i

γ2
ri = 1). �³¶²¨ÉÊ¤Ò

F =
√

ρK
√

ρ

1 − iρK
=

(
ρ1 (K11 − iρ2D)

√
ρ1ρ2K12√

ρ1ρ2K21 ρ2 (K22 − iρ1D)

)
1 − ρ1ρ2D − i (ρ1K11 + ρ2K22)

, (27)

£¤¥ D = K11K22 − K2
12.

� Î´¥³ ¸ ÊÉ¢¥·¦¤¥´¨Ö, ÎÉμ K-³ É·¨Î´Ò¥  ³¶²¨ÉÊ¤Ò μ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó
¨²¨ ¨³¥ÕÉ μÎ¥´Ó ¡²¨§±¨¥ ± ´Ê²Õ §´ Î¥´¨Ö ³¥¦¤Ê ÉμÎ± ³¨ ·¥§μ´ ´¸μ¢. �Éμ
¸ÊÐ¥¸É¢¥´´ Ö μ¸μ¡¥´´μ¸ÉÓ ³¥Éμ¤ , ÉμÉ ¦¥ ¢Ò¢μ¤ ¢¥·¥´ ¨ ¤²Ö N � 3, M � 3.
‚ ¸²ÊÎ ¥ ¤¢ÊÌ ·¥§μ´ ´¸μ¢ ´Ê²Ó Ê· ¢´¥´¨Ö T12(E) = 0 (É. ¥. K12(E) = 0) μ¶·¥-
¤¥²Ö¥É¸Ö ²¨´¥°´Ò³ Ê· ¢´¥´¨¥³, ¢ ¸²ÊÎ ¥ N = 3 Å ±¢ ¤· É´Ò³ Ê· ¢´¥´¨¥³,
¨ ÔÉμÉ ·¥§Ê²ÓÉ É ´¥¶μ¸·¥¤¸É¢¥´´μ ¸²¥¤Ê¥É ¨§ ¢Ò· ¦¥´¨° (6) ¨ (27). �Ê²¨ T11

¨ T22 ´¥¸±μ²Ó±μ ¸³¥Ð¥´Ò μÉ ÔÉ¨Ì §´ Î¥´¨°. …¸²¨ μÉ´μ¸¨É¥²Ó´μ Ê§±¨¥ ·¥§μ-
´ ´¸Ò ´ Ìμ¤ÖÉ¸Ö ¤ ²¥±μ ¤·Ê£ μÉ ¤·Ê£  ¨ Ëμ´ μÉ¸ÊÉ¸É¢Ê¥É, Éμ  ³¶²¨ÉÊ¤Ò, ¶·¨-
¡²¨§¨É¥²Ó´μ ¶·¥¤¸É ¢²¥´´Ò¥ ¸Ê³³μ° ¨§μ²¨·μ¢ ´´ÒÌ ËÊ´±Í¨° 	‚, ¤¥°¸É¢¨-
É¥²Ó´μ μ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó ³¥¦¤Ê ·¥§μ´ ´¸´Ò³¨ ¶¨± ³¨. �μ ¢ ¸¨ÉÊ Í¨¨, ±μ£¤ 
·¥§μ´ ´¸Ò ¶¥·¥±·Ò¢ ÕÉ¸Ö, É ±μ¥ ¶μ¢¥¤¥´¨¥ K-³ É·¨Î´ÒÌ  ³¶²¨ÉÊ¤ Ö¢²Ö¥É¸Ö
¶·μ¡²¥³μ°, ±μÉμ· Ö ³μ¦¥É § É·Ê¤´¨ÉÓ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¶μ ¸¥Î¥´¨Ö³ · ¸¸¥Ö´¨Ö. �¨±¨  ³¶²¨ÉÊ¤ ¢¸¥£¤  ¨§μ²¨·μ¢ ´Ò Å ·¥§μ´ ´¸Ò ¢
K-³¥Éμ¤¥ Ë ±É¨Î¥¸±¨ ´¥ ¶¥·¥±·Ò¢ ÕÉ¸Ö.

‚ ± Î¥¸É¢¥ ¨²²Õ¸É· Í¨¨ ³¥Éμ¤μ¢ ¶·¨¢¥¤¥³ ¶·μ¸ÉÒ¥ ¶·¨³¥·Ò.
� ¸¸³μÉ·¨³ Ï¨·μ±¨¥ ¶¥·¥±·Ò¢ ÕÐ¨¥¸Ö ¸μ¸ÉμÖ´¨Ö ¢¡²¨§¨ 1,3 ¨ 1,6 ƒÔ‚

¢  ³¶²¨ÉÊ¤ Ì |Fij(E)|2. „²Ö ±· É±μ¸É¨ ¢μ§Ó³¥³ Éμ²Ó±μ μ¤´μ ¶μ²μ¦¥´¨¥ ¶μ-
·μ£  Å E2 = 1,22 (1-° ¶μ·μ£ § Ë¨±¸¨·μ¢ ´ ¶·¨ E1 = 0,5, ¢¸¥ ¢¥²¨Î¨´Ò
¢ ƒÔ‚). ‡ É¥³ £¥´¥·¨·Ê¥³ ¤ ´´Ò¥, ±μÉμ·Ò¥ ± Î¥¸É¢¥´´μ ¸μμÉ¢¥É¸É¢ÊÕÉ ÔÉ¨³
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¸¨ÉÊ Í¨Ö³. ’¥Ì´¨Î¥¸±¨ ¡¥·¥³ £² ¤±¨¥ ±·¨¢Ò¥ (³μ¦´μ · ¸¸³ É·¨¢ ÉÓ · §²¨Î-
´Ò¥ ¢Ò¸μÉÒ ¨ Ï¨·¨´Ò ¶¨±μ¢), ¤¨¸±·¥É¨§¨·Ê¥³ ¨ · ´¤μ³¨§¨·Ê¥³ ¨Ì (±μ·¨-
¤μ·Ò μÏ¨¡μ± £¥´¥·¨·ÊÕÉ¸Ö ¸²ÊÎ °´Ò³ μ¡· §μ³ ¸ ¢¥·Ì´¨³ ¶·¥¤¥²μ³ 0,05).
�¨±¨ ¶¥·¥±·Ò¢ ÕÉ¸Ö, ¶μ ±· °´¥° ³¥·¥, ¢ μ¤´μ³ ± ´ ²¥ ¨ ´¥ μÎ¥´Ó Ìμ·μÏμ
· §·¥Ï¥´Ò, ± ± ÔÉμ Î ¸Éμ ¡Ò¢ ¥É ¢ ·¥ ²Ó´ÒÌ ¸¨ÉÊ Í¨ÖÌ. ‡ É¥³ ¸μ¶μ¸É ¢²Ö¥³
ÔÉ¨ ¤ ´´Ò¥ ¸ Ëμ·³Ê² ³¨ 	‚ (25) ¨ K-³ É·¨ÍÒ (27).

‚ · ¸Î¥É Ì ¨¸¶μ²Ó§Ê¥³ ρi(s) =
√

1 − (Ei/E)2 (¢ ´¨Ì ³μ¦´μ ¢±²ÕÎ¨ÉÓ
¡ ·Ó¥·´Ò¥ Ë ±Éμ·Ò, ÎÉμ¡Ò ¨§¡¥¦ ÉÓ ¤¥É ²¥° ¨ ¸¤¥² ÉÓ ¶·¥¤³¥É ¡μ²¥¥ Ö¸-
´Ò³). ‡ ³¥É¨³, ÎÉμ ¢ ³¥Éμ¤¥ K-³ É·¨ÍÒ  ´ ²¨É¨Î¥¸±μ¥ ¶·μ¤μ²¦¥´¨¥ ρi ´¨¦¥
¶μ·μ£μ¢ (ρi → i |ρi|) ´¥¸μ¢³¥¸É¨³μ ¸ Ê´¨É ·´μ¸ÉÓÕ S-³ É·¨ÍÒ, ÎÉμ ´¥¶μ¸·¥¤-
¸É¢¥´´μ ¸²¥¤Ê¥É ¨§ ¢Ò· ¦¥´¨Ö (4).

‚ Ëμ·³Ê² Ì (25) §´ Î¥´¨Ö ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·μ¢ ¸²¥¤ÊÕÐ¨¥: m1 =
1,35, m2 = 1,65, α = 0,07, gx

11 = −0,43, gx
12 = 0,41, gx

22 = 0,49; §´ -
Î¥´¨¥ χ2/d = 0,49 (d Å Î¨¸²μ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò). �¸É ²Ó´Ò¥ ¶ · ³¥É·Ò
´ Ìμ¤ÖÉ¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔÉ¨Ì Ï¥¸É¨ ´¥§ ¢¨¸¨³ÒÌ. (�μ¸²¥ Éμ£μ, ± ± §´ -
Î¥´¨Ö gri ´ °¤¥´Ò, ¶ · ³¥É· α, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö É¥Ì´¨Î¥¸±¨³, ¡μ²ÓÏ¥ ´¥
´Ê¦¥´.)

‚ K-³ É·¨Î´ÒÌ Ëμ·³Ê² Ì (27) ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ´¥§ ¢¨¸¨³ÒÌ ¶ -
· ³¥É·μ¢: m1 = 1,36, m2 = 1,63, Γ1 = 0,27, Γ2 = 0,37, γ11 = 0,77,
γ21 = 0,68; §´ Î¥´¨¥ χ2/d = 8,72 μÉ· ¦ ¥É ÉμÉ Ë ±É, ÎÉμ ³¥Éμ¤ K-³ É·¨ÍÒ

�¨¸. 1. †¨·´Ò¥ ±·¨¢Ò¥ Å 	‚-Ëμ·³Ê²Ò (25), Éμ´±¨¥ ±·¨¢Ò¥ Å K-³ É·¨Í  (27)
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�¨¸. 2. †¨·´Ò¥ ±·¨¢Ò¥ Å 	‚-Ëμ·³Ê²Ò (25), Éμ´±¨¥ ±·¨¢Ò¥ Å K-³ É·¨Í  (27)

´¥ ¤¥±¢ É´μ μ¶¨¸Ò¢ ¥É μ¡² ¸ÉÓ ³¥¦¤Ê ·¥§μ´ ´¸ ³¨, ¥¸²¨ ¢¸¥  ³¶²¨ÉÊ¤Ò
(¸¥Î¥´¨Ö) ´¥ ¡²¨§±¨ ± ´Ê²Õ ¢ ÔÉ¨Ì μ¡² ¸ÉÖÌ. �³¶²¨ÉÊ¤Ò ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 1.

…¸²¨  ³¶²¨ÉÊ¤Ò ¨³¥ÕÉ ´¥ Éμ²Ó±μ ¶μ²Õ¸Ò, ´μ ¨ ´Ê²¨, ¤·Ê£¨³¨ ¸²μ¢ ³¨,
±μ£¤  ·¥§μ´ ´¸Ò Ìμ·μÏμ · §·¥Ï¥´Ò ¨ ´¥ ¶¥·¥±·Ò¢ ÕÉ¸Ö, Éμ ± ± K-³ É·¨Í ,
É ± ¨ 	‚-μ¶¨¸ ´¨Ö ¶·¨¢μ¤ÖÉ ± ¡²¨§±¨³ ·¥§Ê²ÓÉ É ³. ‘¨ÉÊ Í¨Ö, ¢ ±μÉμ·μ°
¤ ´´Ò¥ ¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´Ò¥ ¶·μ¢ ²Ò ³¥¦¤Ê ·¥§μ´ ´¸ ³¨ ¢μ ¢¸¥Ì É·¥Ì ± -
´ ² Ì, ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2. Š Î¥¸É¢μ Ë¨Éμ¢ ¶· ±É¨Î¥¸±¨ μ¤¨´ ±μ¢μ¥: ¢
± ¦¤μ³ ³¥Éμ¤¥ χ2/d ≈ 0,5. � · ³¥É·Ò ·¥§μ´ ´¸μ¢ ¢ μ¡μ¨Ì ³¥Éμ¤ Ì ¤²Ö ÔÉμ£μ
¸²ÊÎ Ö ¸μ¡· ´Ò ¢ É ¡²¨Í¥.

�‚- ¨ K-³ É·¨Î´Ò¥ ¶ · ³¥É·Ò (6 ´¥§ ¢¨¸¨³ÒÌ) ¸μ£² ¸´μ ¤ ´´Ò³ ·¨¸. 2

Œ¥Éμ¤
� · ³¥É·

mr Γr Br1 Br2 gr1 gr2

	‚
1,30 0,19 49 51 −0,39−i0,02 −0,37−i0,03
1,60 0,09 18 82 −0,11−i0,05 −0,25 + i0,06

K
1,30 0,28 45 55 Å Å
1,60 0,12 27 73 Å Å
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�Î¥¢¨¤´μ, ÎÉμ ¨´É¥·Ë¥·¥´Í¨Ö ³¥¦¤Ê ·¥§μ´ ´¸ ³¨ Ö¢²Ö¥É¸Ö Í¥´É· ²Ó´μ°
Î ¸ÉÓÕ  ´ ²¨§  ¨ ¨´É¥·¶·¥É Í¨¨. �μ¤Ìμ¤, μ¸´μ¢ ´´Ò° ´  ËÊ´±Í¨ÖÌ 	‚, μ¡¥¸-
¶¥Î¨¢ ¥É ¶ · ³¥É·¨§ Í¨Õ ¢ É¥·³¨´ Ì, ¨³¥ÕÐ¨Ì ¶·Ö³μ° Ë¨§¨Î¥¸±¨° ¸³Ò¸².
”μ´ ³μ¦¥É ¡ÒÉÓ ¢±²ÕÎ¥´ ¢ ¸Ì¥³Ê ¢ ¸É ´¤ ·É´μ³ ¢¨¤¥ Î¥·¥§ Ë §μ¢Ò¥
¸¤¢¨£¨ [5, 6]. 	‚- ³¶²¨ÉÊ¤Ò ¸μ¤¥·¦ É ¨´É¥·Ë¥·¥´Í¨Õ ·¥§μ´ ´¸´ÒÌ ¸μ¸ÉμÖ-
´¨°, ¨ É ±¨¥ ¨´É¥·Ë¥·¥´Í¨μ´´Ò¥ Ë §Ò ¥¸ÉÓ ¢ ¸±·ÒÉμ° Ëμ·³¥ ¨ ¢ K-³ É·¨Î-
´μ³ ³¥Éμ¤¥, ÎÉμ ¶·μÖ¢²Ö¥É¸Ö ¢  ³¶²¨ÉÊ¤ Ì · ¸¸¥Ö´¨Ö [5]. Š ´ ²Ò ·μ¦¤¥´¨Ö
¢ ¸Ì¥³¥ 	‚ ´¥ ´Ê¦¤ ÕÉ¸Ö ¢ ¸¶¥Í¨ ²Ó´μ³ μ¶¨¸ ´¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ grp

(p μ¡μ§´ Î ¥É ÔÉ¨ ± ´ ²Ò) ¶·μ¸Éμ ³μ£ÊÉ ¨³¥ÉÓ ¤·Ê£μ° ¶μ·Ö¤μ± ¢¥²¨Î¨´Ò ¶μ
¸· ¢´¥´¨Õ ¸ gri.

‚ K-³ É·¨Î´μ³ ³¥Éμ¤¥  ³¶²¨ÉÊ¤Ò ´¥ ³μ£ÊÉ ¡ÒÉÓ · §¤¥²¥´Ò ´  ·¥§μ-
´ ´¸´Ò¥ ¨ Ëμ´μ¢Ò¥ ¢±² ¤Ò. ’ ±¦¥ ¢ ¦´μ ¸μ§´ ¢ ÉÓ, ÎÉμ ´Ê²¨ ¢  ³¶²¨ÉÊ¤ Ì
K-³ É·¨ÍÒ ³¥¦¤Ê ·¥§μ´ ´¸ ³¨ ³μ£ÊÉ ¡ÒÉÓ ¶·¥¶ÖÉ¸É¢¨¥³ ¶·¨ μ¶¨¸ ´¨¨ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. „μ¡ ¢²¥´¨¥ ´¥¶μ²Õ¸´ÒÌ ¸² £ ¥³ÒÌ ± Kij ¢ (6)
¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö¥É ¸¨ÉÊ Í¨Õ ¸ ¶μÖ¢²¥´¨¥³ É ±¨Ì ´Ê²¥° (¨²¨ μÎ¥´Ó £²Ê-
¡μ±¨Ì ¶·μ¢ ²μ¢) ¢  ³¶²¨ÉÊ¤ Ì. …¤¨´¸É¢¥´´Ò° ¸¶μ¸μ¡ ¨§¡ ¢¨ÉÓ¸Ö μÉ ÔÉμ£μ
(Ë ±É¨Î¥¸±¨ ¤¥Ë¥±É  ³¥Éμ¤ ) Å ÔÉμ ¤μ¡ ¢²¥´¨¥ £² ¤±¨Ì ¸² £ ¥³ÒÌ ±  ³¶²¨-
ÉÊ¤ ³ (5), μ¤´ ±μ ¶·¨ ÔÉμ³ ¡Ê¤¥É ´ ·ÊÏ¥´  Ê´¨É ·´μ¸ÉÓ S-³ É·¨ÍÒ (4), ´ 
±μÉμ·μ° ¡ §¨·Ê¥É¸Ö ¸ ³  ¨¤¥Ö K-³ É·¨Î´μ£μ ¶μ¤Ìμ¤ .

�¥¸³μÉ·Ö ´  Éμ, ÎÉμ K-³ É·¨Î´Ò° ³¥Éμ¤ μ¡¥¸¶¥Î¨¢ ¥É Ê´¨É ·´ÊÕ ¶ · -
³¥É·¨§ Í¨Õ S-³ É·¨ÍÒ, ´ §¢ ´¨Ö ¥£μ ¶ · ³¥É·μ¢ Å ³ ¸¸Ò, Ï¨·¨´Ò, ¢¥·μÖÉ-
´μ¸É¨ · ¸¶ ¤μ¢ Å § ¨³¸É¢μ¢ ´Ò ¨§ ¸μ¶μ¸É ¢²¥´¨Ö ¸ Ëμ·³Ê²μ° 	‚ ¤²Ö ¸²ÊÎ Ö
¨§μ²¨·μ¢ ´´μ£μ ·¥§μ´ ´¸ . ˆ¸¶μ²Ó§μ¢ ´¨¥ ¤²Ö μ¶¨¸ ´¨Ö ¶¥·¥±·Ò¢ ÕÐ¨Ì¸Ö
·¥§μ´ ´¸μ¢ ¸μÌ· ´ÖÕÐ¥£μ Ê´¨É ·´μ¸ÉÓ ³¥Éμ¤ , μ¸´μ¢ ´´μ£μ ´  Ëμ·³Ê² Ì 	‚,
³μ¦¥É ¡ÒÉÓ Ìμ·μÏ¨³ ¤μ¶μ²´¥´¨¥³ ¨²¨  ²ÓÉ¥·´ É¨¢μ° ³¥Éμ¤Ê K-³ É·¨ÍÒ.
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