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ˆ´¸É¨ÉÊÉ ±μ¸³¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ���, Œμ¸±¢ 

�·¨´Í¨¶ ¸¨³³¥É·¨¨ μÉ´μ¸¨É¥²Ó´μ ²μ± ²Ó´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°
ψ(x) → eıw(x)ψ(x) · ¸¶·μ¸É· ´¥´ ´  ¶μ²Ö ψ(g) ≡ 〈χ|Ω∗(g)|ψ〉, μ¶·¥¤¥²¥´´Ò¥ ´ 
²μ± ²Ó´μ ±μ³¶ ±É´μ° £·Ê¶¶¥ ‹¨, g ∈ G, £¤¥ Ω(g) Å ±¢ ¤· É¨Î´μ-¨´É¥£·¨·Ê¥³μ¥
¶·¥¤¸É ¢²¥´¨¥ G. �μ± § ´μ, ÎÉμ, ¢Ò¡· ¢ ¢ ± Î¥¸É¢¥ G  ËË¨´´ÊÕ £·Ê¶¶Ê G : x′ =
ax+b, x, b ∈ Rd, ³μ¦´μ ¶μ¸É·μ¨ÉÓ ±¢ ´Éμ¢μ-¶μ²¥¢ÊÕ ³μ¤¥²Ó ¸ ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶μ°
SU(N), ¸¢μ¡μ¤´ÊÕ ± ± μÉ “”-, É ± ¨ μÉ ˆŠ-· ¸Ìμ¤¨³μ¸É¥°.

The symmetry with respect to local gauge transformations ψ(x) → eıw(x)ψ(x) is
generalized to the ˇelds ψ(g) ≡ 〈χ|Ω∗(g)|ψ〉 deˇned on a locally compact Lie group,
g ∈ G, where Ω(g) is a square-integrable representation of G. It is shown that choosing
G to be the afˇne group G : x′ = ax + b, x, b ∈ Rd we can build a quantum ˇeld theory
model with the SU(N) gauge group, which is free of both the UV and the IR divergences.

PACS: 11.15.-q

‚‚…„…�ˆ…

Š ²¨¡·μ¢μÎ´Ò¥ É¥μ·¨¨ Ö¢²ÖÕÉ¸Ö μ¸´μ¢μ° ¸μ¢·¥³¥´´μ° Ë¨§¨±¨. Š¢ ´Éμ-
¢ Ö Ô²¥±É·μ¤¨´ ³¨±  (Š�„) Å ± ²¨¡·μ¢μÎ´ Ö É¥μ·¨Ö ¸ ± ²¨¡·μ¢μÎ´μ° £·Ê¶-
¶μ° U(1) Å Ö¢¨² ¸Ó ¶¥·¢μ° Ë¨§¨Î¥¸±μ° É¥μ·¨¥°, ¸ μ£·μ³´μ° ÉμÎ´μ¸ÉÓÕ μ¶¨-
¸ ¢Ï¥° Ï¨·μ±¨° ¸¶¥±É·  Éμ³´ÒÌ Ö¢²¥´¨° [1]. �¥¶·¨ÖÉ´μ° μ¸μ¡¥´´μ¸ÉÓÕ
Ëμ·³ ²¨§³  Š�„ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¥¤¸É ¢²¥´¨¥ Ë¨§¨Î¥¸±¨Ì ¶μ²¥° ¢ ¶·μ-
¸É· ´¸É¢¥ ±¢ ¤· É¨Î´μ-¨´É¥£·¨·Ê¥³ÒÌ ËÊ´±Í¨° ¢²¥Î¥É §  ¸μ¡μ° ¶μÖ¢²¥´¨¥
Ëμ·³ ²Ó´μ ¡¥¸±μ´¥Î´ÒÌ ËÊ´±Í¨° ƒ·¨´ , ¥¸²¨ Éμ²Ó±μ ´¥ ¶·¨³¥´¥´  ¶·μÍ¥-
¤Ê·  ¶¥·¥´μ·³¨·μ¢±¨ [2,3]. Š ²¨¡·μ¢μÎ´ Ö É¥μ·¨Ö ¸ ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶μ°
A = SU(2) × U(1) × SUc(3) μ¡· §Ê¥É ‘É ´¤ ·É´ÊÕ ³μ¤¥²Ó (‘Œ) Ë¨§¨±¨
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �¥·¥´μ·³¨·μ¢±  É ±¨Ì É¥μ·¨°, ¨, ± ± ¸²¥¤¸É¢¨¥, ¶μ-
²ÊÎ¥´¨¥ Ë¨§¨Î¥¸±¨ ¨´É¥·¶·¥É¨·Ê¥³ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¢ ¸²ÊÎ ¥ ´¥ ¡¥²¥¢ÒÌ ± ²¨-
¡·μ¢μÎ´ÒÌ É¥μ·¨° ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¢¥¸Ó³  ´¥É·¨¢¨ ²Ó´ÊÕ § ¤ ÎÊ [4].
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�·¨Î¨´μ° · ¸Ìμ¤¨³μ¸É¥° ¢ ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö, ¶μ ³´¥´¨Õ  ¢Éμ·  [5],
Ö¢²Ö¥É¸Ö ´¥ ¤¥±¢ É´Ò° ¤²Ö μ¶¨¸ ´¨Ö Ë¨§¨Î¥¸±¨Ì ¶μ²¥° ¢Ò¡μ· ¶·μ¸É· ´-
¸É¢  ËÊ´±Í¨° L2(Rd). �¨ μ¤´  Ë¨§¨Î¥¸± Ö ¢¥²¨Î¨´  ´¥ ³μ¦¥É ¡ÒÉÓ ¨§³¥-
·¥´  ¸É·μ£μ ¢ ÉμÎ±¥ x Å ¸μ£² ¸´μ ¶·¨´Í¨¶Ê ´¥μ¶·¥¤¥²¥´´μ¸É¨ ƒ¥°§¥´¡¥·£ ,
Δx → 0 ¶μÉ·¥¡μ¢ ²μ ¡Ò ¡¥¸±μ´¥Î´μ ¡μ²ÓÏμ° ¶¥·¥¤ Î¨ ¨³¶Ê²Ó¸ . ‘²¥¤μ¢ -
É¥²Ó´μ, ¤²Ö ¶μ²ÊÎ¥´¨Ö Ë¨§¨Î¥¸±¨ ¨´É¥·¶·¥É¨·Ê¥³ÒÌ ·¥§Ê²ÓÉ Éμ¢ ²Õ¡Ò¥ Ë¨-
§¨Î¥¸±¨ ¨§³¥·¨³Ò¥ ¢¥²¨Î¨´Ò ¤μ²¦´Ò ¡ÒÉÓ μ¶·¥¤¥²¥´Ò ´  μ¡² ¸É¨ ±μ´¥Î´μ£μ
· §³¥·  Δx,   Ë¨§¨Î¥¸±¨¥ ¶μ²Ö ¤μ²¦´Ò § ¢¨¸¥ÉÓ ± ± μÉ ±μμ·¤¨´ ÉÒ, É ± ¨ μÉ
³ ¸ÏÉ ¡  ¨§³¥·¥´¨Ö ψ = ψΔx(x). Š¢ ´Éμ¢μ-¶μ²¥¢Ò¥ ³μ¤¥²¨ É ±¨Ì ¶μ²¥°, · -
´¥¥ · §¢¨ÉÒ¥  ¢Éμ·μ³ ´  μ¸´μ¢¥ ´¥¶·¥·Ò¢´μ£μ ¢¥°¢²¥É-¶·¥μ¡· §μ¢ ´¨Ö [5Ä7],
±μ´¥Î´Ò ¶μ ¶μ¸É·μ¥´¨Õ ¨ ´¥ É·¥¡ÊÕÉ ¶¥·¥´μ·³¨·μ¢±¨.

�¥¸±μ²Ó±μ ¸²μ¦´¥¥ ¤¥²μ μ¡¸Éμ¨É ¸ ± ²¨¡·μ¢μÎ´Ò³¨ É¥μ·¨Ö³¨. �¥¶μ¸·¥¤-
¸É¢¥´´ Ö § ³¥´  μ¡ÒÎ´ÒÌ ¶μ²¥° ψ(x) ´  ¶μ²Ö ψa(x), Ö¢²ÖÕÐ¨¥¸Ö ËÊ´±Í¨Ö³¨
¤¢ÊÌ  ·£Ê³¥´Éμ¢, ÌμÉÖ ¨ ¶·¨¢μ¤¨É ± ±μ´¥Î´μ° É¥μ·¨¨, ´μ μ¸É ¢²Ö¥É ¢ÒÎ¨¸²¥-
´¨¥ ¶¥É²¥¢ÒÌ ¨´É¥£· ²μ¢ É¥Ì´¨Î¥¸±¨ ¸²μ¦´Ò³ [8]. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤-
²μ¦¥´μ  ²ÓÉ¥·´ É¨¢´μ¥ ·¥Ï¥´¨¥ ¶·μ¡²¥³Ò: ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö
μ¶·¥¤¥²¥´Ò ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¶·μ¸É· ´¸É¢¥ ³ ¸ÏÉ ¡´μ-§ ¢¨¸¨³ÒÌ ËÊ´±-
Í¨°. �Éμ ¶μ§¢μ²¨²μ ¶μ¸É·μ¨ÉÓ ³μ¤¥²Ó ¸ ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶μ° SU(N), ¶μ
¶μ¸É·μ¥´¨Õ ´¥ ¸μ¤¥·¦ ÐÊÕ ´¨ “”-, ´¨ ˆŠ-· ¸Ìμ¤¨³μ¸É¥°. ‘¢Ö§Ó ËÊ´±Í¨°
ƒ·¨´  〈ψa(x1) · · ·ψa(xn)〉, ¶μ²ÊÎ¥´´ÒÌ ¢ É¥μ·¨¨ ¸ ³ ¸ÏÉ ¡´μ-§ ¢¨¸¨³μ° ± -
²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸ÉÓÕ, ψa(x) → Ua(x)ψa(x) ¸ ¶·μ¥±Í¨¥° μ¡ÒÎ´ÒÌ
ËÊ´±Í¨° ƒ·¨´  ´  ¡ §¨¸ Ë¨±¸¨·μ¢ ´´μ£μ ³ ¸ÏÉ ¡  a ¥Ð¥ ¶·¥¤¸Éμ¨É ¢Ò-
Ö¸´¨ÉÓ.

1. ‹�Š�‹œ�›… Š�‹ˆ���‚�—�›… ’…��ˆˆ

’¥μ·¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥° μ¸´μ¢Ò¢ ¥É¸Ö ´  ¨´¢ ·¨ ´É´μ¸É¨ ËÊ´±-
Í¨μ´ ²  ¤¥°¸É¢¨Ö μÉ´μ¸¨É¥²Ó´μ Ê´¨É ·´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¶μ²¥° ³ É¥·¨¨

ψ(x) → U(x)ψ(x), U(x)U †(x) = I. (1)

„¥°¸É¢¨¥ ¸¢μ¡μ¤´ÒÌ Ë¥·³¨μ´μ¢ ¢ É ±μ° É¥μ·¨¨

SE =
∫

d4x
[
ψ̄γμ∂μψ + ımψ̄ψ

]
(2)

(£¤¥ {γμ, γν} = −2δμν Å ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê γ-³ É·¨Í ³¨ ¢ ¥¢±²¨¤μ¢μ°
É¥μ·¨¨) ¸É ´μ¢¨É¸Ö ¨´¢ ·¨ ´É´Ò³ μÉ´μ¸¨É¥²Ó´μ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ-
¢ ´¨° (1), ¥¸²¨ § ³¥´¨ÉÓ Î ¸É´ÊÕ ¶·μ¨§¢μ¤´ÊÕ ∂μ ´  ±μ¢ ·¨ ´É´ÊÕ

Dμ = ∂μ + ıAμ(x), (3)

£¤¥ ¶μ²¥ Aμ(x), ´ §Ò¢ ¥³μ¥ ± ²¨¡·μ¢μÎ´Ò³ ¶μ²¥³, ¶·¨ ¶·¥μ¡· §μ¢ ´¨ÖÌ (1)
¨§³¥´Ö¥É¸Ö ¶μ § ±μ´Ê

AU
μ = U(x)Aμ(x)U †(x) + ı (∂μU(x)) U †(x). (4)
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‚ ¶·μ¸É¥°Ï¥³ ¸²ÊÎ ¥  ¡¥²¥¢μ° É¥μ·¨¨ (Š�„) ¶·¥μ¡· §μ¢ ´¨Ö (1) ¸¢μ¤ÖÉ¸Ö
± ¨§³¥´¥´¨Õ Ë §Ò ¶μ²¥° ³ É¥·¨¨: U(x) = eıw(x). ‚ ¸²ÊÎ ¥ ¶·μ¨§¢μ²Ó´μ°
£·Ê¶¶Ò ‹¨ ¶·¥μ¡· §μ¢ ´¨¥ (1) ¥¸ÉÓ Ê´¨É ·´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ³Ê²ÓÉ¨¶²¥É 
¶μ²¥° ³ É¥·¨¨, § ¤ ¢ ¥³μ¥ £¥´¥· Éμ· ³¨ £·Ê¶¶Ò:

w(x) =
∑
A

wA(x)T A, [T A, T B] = ıfABCT C . (5)

ƒ¥´¥· Éμ·Ò T A ¤¥°¸É¢ÊÕÉ ´  ¶μ²Ö ³ É¥·¨¨ ¢ ËÊ´¤ ³¥´É ²Ó´μ³ ¶·¥¤¸É -
¢²¥´¨¨,   ´  ± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö Å ¢ ¶·¨¸μ¥¤¨´¥´´μ³. �´¨ ´μ·³¨·μ¢ ´Ò
Tr [T A, T B] = TF δAB; μ¡ÒÎ´μ TF = 1/2. „²Ö ´ ¸ ´ ¨¡μ²¥¥ ¨´É¥·¥¸´Ò ¶·¥¤-
¸É ¢²¥´¨Ö £·Ê¶¶Ò SU(N), Î ¸É´Ò³¨ ¸²ÊÎ Ö³¨ ±μÉμ·μ° Ö¢²ÖÕÉ¸Ö ± ± Š�„,
É ± ¨ Š•„.

„μ¶μ²´¨É¥²Ó´μ ± ¤¥°¸É¢¨Õ ¶μ²¥° ³ É¥·¨¨ ¤¥°¸É¢¨¥ ± ²¨¡·μ¢μÎ´μ° É¥μ-
·¨¨ ¸μ¤¥·¦¨É É ±¦¥ Î²¥´ ¸ ³μ¤¥°¸É¢¨Ö ¶μ²Ö Aμ ¨ Î²¥´, Ë¨±¸¨·ÊÕÐ¨° ± ²¨-
¡·μ¢±Ê:

S′
E =

∫
d4x

[
ψ̄γμDμψ + ımψ̄ψ

]
+

1
2g2

∫
d4xTr [FμνFμν ]+

+ Î²¥´Ò, Ë¨±¸¨·ÊÕÐ¨¥ ± ²¨¡·μ¢±Ê, (6)

£¤¥ Fμν = −ı[Dμ, Dν ] = ∂μAν − ∂νAμ + ı[Aμ, Aν ] Å É¥´§μ· ´ ¶·Ö¦¥´´μ¸-
É¨ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö,   g Å Ëμ·³ ²Ó´ Ö ±μ´¸É ´É  ¸¢Ö§¨, ¶μ²ÊÎ ¥³ Ö
§ ³¥´μ° Aμ → gAμ.

Š ²¨¡·μ¢μÎ´Ò³ É¥μ·¨Ö³ ¶μ¸¢ÖÐ¥´  μ¡Ï¨·´ Ö ²¨É¥· ÉÊ·  (¸³., ´ ¶·¨-
³¥·, [9]). ŒÒ ¦¥ ´¥¶μ¸·¥¤¸É¢¥´´μ ¶¥·¥°¤¥³ ± ¶μ¸É·μ¥´¨Õ ± ²¨¡·μ¢μÎ´μ°
É¥μ·¨¨ ¤²Ö ¶μ²¥° ψa(x), § ¢¨¸ÖÐ¨Ì μÉ ³ ¸ÏÉ ¡  ¨§³¥·¥´¨Ö.

2. Š�‹ˆ���‚�—��Ÿ ˆ�‚��ˆ��’��‘’œ ‚ Š’�
‘ Ÿ‚��‰ ‡�‚ˆ‘ˆŒ�‘’œ� �’ Œ�‘˜’���

‚ ¸²ÊÎ ¥ Š�„, ±μ£¤  £·Ê¶¶  ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° Ö¢²Ö¥É¸Ö
 ¡¥²¥¢μ°, · §¤¥²¥´¨¥ ±μ³¶μ´¥´É ¶μ²¥° · §²¨Î´ÒÌ ³ ¸ÏÉ ¡μ¢ ³μ¦¥É ¡ÒÉÓ
¶·μ¢¥¤¥´μ ¶ÊÉ¥³ ¢Ò· ¦¥´¨Ö ²μ± ²Ó´ÒÌ ¶μ²¥° (ψ(x), Aμ(x)), ¢Ìμ¤ÖÐ¨Ì ¢ ¤¥°-
¸É¢¨¥ (6) ¶μ¸·¥¤¸É¢μ³ ´¥¶·¥·Ò¢´μ£μ ¢¥°¢²¥É-¶·¥μ¡· §μ¢ ´¨Ö:

ψ(x) =
1

Cχ

∫
1
ad

χ

(
x − b

a

)
ψa(b)

da ddb

a
,

Aμ(x) =
1

Cχ

∫
1
ad

χ

(
x − b

a

)
Aμ,a(b)

da ddb

a
,

(7)
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£¤¥

ψa(b) :=
∫

ddx
1
ad

χ

(
x − b

a

)
ψ(x) (8)

Å ¢¥°¢²¥É-±μÔËË¨Í¨¥´ÉÒ ËÊ´±Í¨¨ ψ ¶μ μÉ´μÏ¥´¨Õ ± ¡ §¨¸´μ³Ê ¢¥°¢²¥ÉÊ χ
(μ¡ÐÊÕ É¥μ·¨Õ ¢¥°¢²¥É-¶·¥μ¡· §μ¢ ´¨Ö ¸³., ´ ¶·¨³¥·, ¢ [10]). (‡¤¥¸Ó, ¸²¥-
¤ÊÖ [11], ¨¸¶μ²Ó§μ¢ ´  L1-´μ·³¨·μ¢± , μÉ²¨Î ÕÐ Ö¸Ö μÉ ¶·¨´ÖÉμ° ¢ ³ -
É¥³ É¨Î¥¸±μ° ²¨É¥· ÉÊ·¥ L2-´μ·³¨·μ¢±¨ [10]. �Éμ μ¡¥¸¶¥Î¨¢ ¥É ¢¥°¢²¥É-
±μÔËË¨Í¨¥´É ³ É¥ ¦¥ · §³¥·´μ¸É¨, ÎÉμ ¨ Ê  ´ ²¨§¨·Ê¥³ÒÌ ¶μ²¥° [5].) �μ¤-
¸É ´μ¢±  (7) ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ “”-±μ´¥Î´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ËÊ´±Í¨° ƒ·¨´ 
³ ¸ÏÉ ¡´μ-§ ¢¨¸¨³ÒÌ ¶μ²¥° ¶·¨ ¢¢¥¤¥´¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê¸²μ¢¨° ¶·¨-
Î¨´´μ¸É¨ ¶μ ³ ¸ÏÉ ¡´μ° ¶¥·¥³¥´´μ° a, μ¤´ ±μ  ´ ²¨É¨Î¥¸±μ¥ ¢ÒÎ¨¸²¥´¨¥
¶¥É²¥¢ÒÌ ¨´É¥£· ²μ¢ §¤¥¸Ó Î ¸Éμ μ± §Ò¢ ¥É¸Ö § É·Ê¤´¨É¥²Ó´Ò³ [8]. ‚ ¸¨²Ê
²¨´¥°´μ¸É¨ ¢¥°¢²¥É-¶·¥μ¡· §μ¢ ´¨Ö (8) ± ²¨¡·μ¢μÎ´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ³ ¸-
ÏÉ ¡´μ-§ ¢¨¸¨³ÒÌ ¶μ²¥° Amu,a(b) É ±¦¥ ¨³¥ÕÉ £· ¤¨¥´É´Ò° ¢¨¤ ¨ Ê¤μ¢²¥-
É¢μ·ÖÕÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ Éμ¦¤¥¸É¢ ³ “μ·¤ Ä’ ± Ì Ï¨ [8,12].

’ ±μ° ¶μ¤Ìμ¤, μ¤´ ±μ, ¢¸É·¥Î ¥É ¸¥·Ó¥§´Ò¥ É·Ê¤´μ¸É¨ ¢ ¸²ÊÎ ¥ ´¥ ¡¥-
²¥¢μ° ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶Ò: ¶·¥μ¡· §μ¢ ´¨¥ ³ ¸ÏÉ ¡´μ-§ ¢¨¸¨³ÒÌ ¶μ²¥°
Aμa(b) ¶·¨ ± ²¨¡·μ¢μÎ´μ³ ¶·¥μ¡· §μ¢ ´¨¨ ¶μ²¥° ³ É¥·¨¨ (1) Ê¦¥ ´¥ ¨³¥¥É
¶·μ¸Éμ° £· ¤¨¥´É´μ° Ëμ·³Ò Å ¢³¥¸Éμ ÔÉμ£μ ¢μ§´¨± ¥É ´¥²¨´¥°´μ¥ ¢§ ¨-
³μ¤¥°¸É¢¨¥ ±μ³¶μ´¥´É ¢¸¥Ì ³ ¸ÏÉ ¡μ¢. ‘Î¨É Ö, ÎÉμ Ë¨§¨Î¥¸±¨³¨ ¶μ²Ö³¨
Ö¢²ÖÕÉ¸Ö ¨³¥´´μ ¶μ²Ö (ψa(b), Aμa(b)), § ¢¨¸ÖÐ¨¥ μÉ ³ ¸ÏÉ ¡  ¨§³¥·¥´¨Ö a,
³μ¦´μ ¶·¥¤²μ¦¨ÉÓ ¤·Ê£μ° ¶μ¤Ìμ¤ ± ¶μ¸É·μ¥´¨Õ ± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨°.

„²Ö ¶μ¸É·μ¥´¨Ö ± ²¨¡·μ¢μÎ´μ° É¥μ·¨¨ ³ ¸ÏÉ ¡´μ-§ ¢¨¸¨³ÒÌ ¶μ²¥°
¢¸¶μ³´¨³, ÎÉμ ËÊ´±Í¨μ´ ² ¤¥°¸É¢¨Ö ¸¢μ¡μ¤´ÒÌ Ë¥·³¨μ´μ¢ ³μ¦¥É ¡ÒÉÓ § -
¶¨¸ ´ ¢ ¢¨¤¥ ³ É·¨Î´μ£μ Ô²¥³¥´É  μ¶¥· Éμ·  „¨· ± 

SE = 〈ψ|γμ∂μ + ım|ψ〉 (9)

¢ ¶·μ¸É· ´¸É¢¥ ¸μ ¸± ²Ö·´Ò³ ¶·μ¨§¢¥¤¥´¨¥³ 〈ψ|φ〉 =
∫

ddxψ̄(x)φ(x). ‚ ¢Ò-
· ¦¥´¨¥ (9) ³μ¦´μ ¢¸É ¢¨ÉÓ ²Õ¡Ò¥ · §¡¨¥´¨Ö ¥¤¨´¨ÍÒ I =

∑
c
|c〉〈c|, ¢ Éμ³

Î¨¸²¥ · §¡¨¥´¨¥ ¥¤¨´¨ÍÒ ´  £·Ê¶¶¥ ‹¨ (G) [13,14]:

I =
∫
G

Ω(ν)|χ〉dμL(ν)
Cχ

〈χ|Ω†(ν), (10)

£¤¥ Ω(ν) Å ¶·¥¤¸É ¢²¥´¨¥ £·Ê¶¶Ò G; dμL(ν) Å ²¥¢μ¨´¢ ·¨ ´É´ Ö ³¥·  ´ 
£·Ê¶¶¥ G,   |χ〉 Å ¤μ¶Ê¸É¨³Ò° ¢¥±Éμ· £¨²Ó¡¥·Éμ¢  ¶·μ¸É· ´¸É¢  ¸μ¸ÉμÖ´¨°,
Ê¤μ¢²¥É¢μ·ÖÕÐ¨° Ê¸²μ¢¨Õ ´μ·³¨·μ¢±¨

Cχ =
1

‖χ‖2

∫
G

|〈χ|Ω(ν)|χ〉|2 dμ(ν) < ∞.
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‚Ò· ¦¥´¨Ö 〈χ|Ω†(ν)|ψ〉 ´ §Ò¢ ÕÉ μ¡μ¡Ð¥´´Ò³¨ ¢¥°¢²¥É-±μÔËË¨Í¨¥´É ³¨
¢¥±Éμ·  ψ ¶μ μÉ´μÏ¥´¨Õ ± ¡ §¨¸´μ³Ê ¢¥°¢²¥ÉÊ χ. ’ ±¨³ μ¡· §μ³, ¤¥°¸É¢¨¥
¸¢μ¡μ¤´ÒÌ Ë¥·³¨μ´μ¢ (9) ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ ¢ ¢¨¤¥

SE =
∑
c,c′

〈ψ|c〉〈c|γμ∂μ + ım|c′〉〈c′|ψ〉.

‘ ÉμÎ±¨ §·¥´¨Ö  ´ ²¨§  ¨´É¥·¥¸ÊÕÐ¥° ´ ¸ § ¢¨¸¨³μ¸É¨ μÉ ³ ¸ÏÉ ¡  ²μ-
£¨Î´μ ¢Ò¡· ÉÓ ¢ ± Î¥¸É¢¥ £·Ê¶¶Ò G  ËË¨´´ÊÕ £·Ê¶¶Ê, ¢±²ÕÎ ÕÐÊÕ ¸¤¢¨£¨ ¨
³ ¸ÏÉ ¡´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö G : x′ = ax + b, ¶μ²ÊÎ¨¢ É¥³ ¸ ³Ò³ · §²μ¦¥´¨¥
¶·μ¨§¢μ²Ó´μ£μ ¢¥±Éμ·  ¶μ ¥¥ ¶·¥¤¸É ¢²¥´¨Ö³

[Ω(a, b)χ](x) :=
1
ad

χ

(
x − b

a

)
.

„¥°¸É¢¨¥ SE É ±¨³ μ¡· §μ³ ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ ¢ ¢¨¤¥

SE =
1

Cχ

∫
R+⊗Rd

[
ψ̄a(b)γμ∂μψa(b) + ımψ̄a(b)ψa(b)

]da ddb

a
, (11)

£¤¥ Î ¸É´Ò¥ ¶·μ¨§¢μ¤´Ò¥ ∂μ ¡¥·ÊÉ¸Ö ¶μ μÉ´μÏ¥´¨Õ ± ±μμ·¤¨´ É ³ bμ. �μ²Ê-
Î¥´´μ¥ ¤¥°¸É¢¨¥ (11), μÎ¥¢¨¤´μ, ¨³¥¥É ÉμÉ ¦¥ ¢¨¤, ÎÉμ ¨ ¨¸Ìμ¤´μ¥ ¤¥°¸É¢¨¥
(9), Ëμ·³ ²Ó´μ μÉ²¨Î Ö¸Ó ²¨ÏÓ § ³¥´μ° ±μμ·¤¨´ ÉÒ x ´   ¡¥²¥¢μ° £·Ê¶¶¥
R

d ´  ±μμ·¤¨´ ÉÒ (a, b) ´  ´  ´¥ ¡¥²¥¢μ° £·Ê¶¶¥ G c ¨´¢ ·¨ ´É´μ° ³¥·μ°
dμ(a, b) = (da ddb)/a. Š ± ´¥É·Ê¤´μ ¢¨¤¥ÉÓ, ËÊ´±Í¨μ´ ² (11) ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ¸Ê³³Ê ´¥ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¤·Ê£ ¸ ¤·Ê£μ³ ³ ¸ÏÉ ¡´ÒÌ ±μ³¶μ´¥´É:
SE =

∫
(da/a)S(a).

�  ± ¦¤μ³ Ë¨±¸¨·μ¢ ´´μ³ ³ ¸ÏÉ ¡¥ a ³μ¦´μ ¶μÉ·¥¡μ¢ ÉÓ ¨´¢ ·¨ ´É-
´μ¸ÉÓ ¤¥°¸É¢¨Ö μÉ´μ¸¨É¥²Ó´μ ²μ± ²Ó´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¶μ-
²¥° ³ É¥·¨¨:

ψa(b) → Ua(b)ψa(b), Ua(b) := exp
(

ı
∑
A

wA
a (b)T A

)
. (12)

‡ ³¥´¨¢ É¥¶¥·Ó μ¡ÒÎ´ÊÕ ¶·μ¨§¢μ¤´ÊÕ ´  ±μ¢ ·¨ ´É´ÊÕ

Dμ,a = ∂μ + ıgAμ,a(b), (13)

¶μ²ÊÎ¨³ § ±μ´ ¶·¥μ¡· §μ¢ ´¨Ö ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö Aμ,a(b), ¤¥°¸É¢ÊÕÐ¥£μ
´  Ë¨±¸¨·μ¢ ´´μ³ ³ ¸ÏÉ ¡¥ a:

A′
μ,a(b) = Ua(b)Aμ,a(b)U †

a(b) +
ı

g
(∂μUa(b)) U †

a(b).
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…¢±²¨¤μ¢μ ¤¥°¸É¢¨¥ ¶μ¸É·μ¥´´μ° É ±¨³ μ¡· §μ³ ± ²¨¡·μ¢μÎ´μ° É¥μ·¨¨ ¨³¥¥É
¢¨¤

SE =
1

Cχ

∫
da ddb

a

[
ψ̄a(b)(γμDμ,a + ım)ψa(b) +

1
4
FA

μν,aFA
μν,a

]
+

+ Î²¥´Ò, Ë¨±¸¨·ÊÕÐ¨¥ ± ²¨¡·μ¢±Ê, (14)

£¤¥
FA

μν,a = ∂μAA
ν,a − ∂νAA

μ,a − gfABCAB
μ,aAC

ν,a.

”¥°´³ ´μ¢¸± Ö ¤¨ £· ³³´ Ö É¥Ì´¨±  ³ ¸ÏÉ ¡´μ-§ ¢¨¸¨³μ° É¥μ·¨¨ ¡Ê¤¥É
μÉ²¨Î ÉÓ¸Ö μÉ ¤¨ £· ³³´μ° É¥Ì´¨±¨ μ¡ÒÎ´μ° ¥¢±²¨¤μ¢μ° ± ²¨¡·μ¢μÎ´μ° É¥μ-
·¨¨ (¸³., ´ ¶·¨³¥·, [15]) ²¨ÏÓ ´ ²¨Î¨¥³ ¢¥°¢²¥É´μ£μ ³´μ¦¨É¥²Ö |χ̃(ap)|2 ´ 
± ¦¤μ° ¶·μ¶ £ Éμ·´μ° ²¨´¨¨ ¨ Ëμ·³ ²Ó´μ° § ¢¨¸¨³μ¸ÉÓÕ ±μ´¸É ´ÉÒ ¸¢Ö§¨
μÉ ³ ¸ÏÉ ¡  g = g(a). ‚Ò¡¨· Ö ¤²Ö Ê¶·μÐ¥´¨Ö ¢ÒÎ¨¸²¥´¨°, ± ± ¨ ¢ ¶·¥-
¤Ò¤ÊÐ¨Ì · ¡μÉ Ì [5, 8], ¢ ± Î¥¸É¢¥ ¡ §¨¸´μ£μ ¢¥°¢²¥É  ¶¥·¢ÊÕ ¶·μ¨§¢μ¤´ÊÕ
£ Ê¸¸¨ ´  χ̃(p) = −ıp e−p2/2, Cχ = 1/2, ¶μ²ÊÎ¨³ ¤²Ö ± ¦¤μ£μ ¶·μ¶ £ Éμ·  ·¥-

£Ê²Ö·¨§ÊÕÐ¨° ³´μ¦¨É¥²Ó Fa(p) = (ap)2 e−a2p2
, μ¡¥¸¶¥Î¨¢ ÕÐ¨° ±μ´¥Î´μ¸ÉÓ

¢¸¥Ì ¤¨ £· ³³.
‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥³ μ¤´μ¶¥É²¥¢μ° · ¸Î¥É ¶μ¶· ¢μ± ± É·¥Ì£²Õ-

μ´´μ° ¢¥·Ï¨´¥ ¢ Î¨¸Éμ Ö´£-³¨²²¸μ¢¸±μ° É¥μ·¨¨. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢±² ¤Ò ¢
É·¥Ì£²Õμ´´ÊÕ ¢¥·Ï¨´Ê § ¤ ÕÉ¸Ö ¤¨ £· ³³´Ò³ · §²μ¦¥´¨¥³

‚ ¸É ´¤ ·É´μ° ± ²¨¡·μ¢μÎ´μ° É¥μ·¨¨ (Š•„) ¢ÒÎ¨¸²¥´¨¥ μ¤´μ¶¥É²¥¢ÒÌ
¶μ¶· ¢μ± ± É·¥Ì£²Õμ´´μ° ¢¥·Ï¨´¥ ³μ¦¥É ¡ÒÉÓ ¶·μ¨§¢¥¤¥´μ ¢ ¶·μ¨§¢μ²Ó´μ°
±μ¢ ·¨ ´É´μ° ± ²¨¡·μ¢±¥ [16]. �·¨ ÔÉμ³, μ¤´ ±μ, ¨¸¶μ²Ó§Ê¥É¸Ö · §³¥·´ Ö
·¥£Ê²Ö·¨§ Í¨Ö ¨ ·¥§Ê²ÓÉ É μ¶·¥¤¥²Ö¥É¸Ö · ¸Ìμ¤ÖÐ¨³¨¸Ö Î ¸ÉÖ³¨ ¨´É¥£· ²μ¢.
� §²¨Î´Ò¥ ¶·¨¥³Ò, ¸¢Ö§ ´´Ò¥ ¸ ¶μ¤¸Î¥Éμ³ ¢Ò¸Ï¨Ì ¶¥É¥²Ó, É¥μ·¨¥° ¶¥·¥-
´μ·³¨·μ¢μ± ¨ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¢μ°¸É¢  ´ ²¨É¨Î´μ¸É¨, ´¥ ³¥´ÖÕÉ ¸¨ÉÊ Í¨Õ
± Î¥¸É¢¥´´μ [17Ä19].

‚ ¶·¥¤¸É ¢²¥´´μ³ ¢ ¤ ´´μ° · ¡μÉ¥ ¶μ¤Ìμ¤¥ ¢¸¥ ¨´É¥£· ²Ò ±μ´¥Î´Ò. „²Ö
Ê¶·μÐ¥´¨Ö ¢ÒÎ¨¸²¥´¨° §¤¥¸Ó ¨¸¶μ²Ó§μ¢ ´  ± ²¨¡·μ¢±  ”¥°´³ ´  ¨ ¸ ³ Ö
¶·μ¸É Ö Ëμ·³  ¡ §¨¸´μ£μ ¢¥°¢²¥É . �¨¦¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¤²Ö É·¥Ì-
£²Õμ´´μ° ¢¥·Ï¨´Ò ¶·μ¸É¥°Ï¥£μ ¢¨¤  p1 = p, p2 = −p, p3 = 0, É. ¥. ¢ μÉ¸ÊÉ-
¸É¢¨¥ ¶¥·¥¤ Î¨ ¨³¶Ê²Ó¸ . ‚ÒÎ¨¸²¥´¨Ö ¶·¨¢μ¤ÖÉ¸Ö ¤²Ö Î¨¸Éμ Ö´£-³¨²²¸μ¢¸±μ°
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É¥μ·¨¨, ¢ μÉ¸ÊÉ¸É¢¨¥ Ë¥·³¨μ´μ¢. �μ¤·μ¡´Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¤²Ö ¢¥·Ï¨´Ò ¸ ¶·μ-
¨§¢μ²Ó´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ¡Ê¤ÊÉ μ¶Ê¡²¨±μ¢ ´Ò ¢ ¸É ÉÓ¥ ¡μ²ÓÏ¥£μ μ¡Ñ¥³ .

�¥¶¥·¥´μ·³¨·μ¢ ´´ Ö ¢¥·Ï¨´  ¨³¥¥É ¢¨¤

ΓABC
μ1μ2μ3

(p) = −ıg(a)fABCV (p,−p, 0), (16)

£¤¥ V (p,−p, 0) ≡ pμ1δμ2μ3 + pμ2δμ1μ3 − 2pμ3δμ1μ2 Å É¥´§μ·´ Ö ¸É·Ê±ÉÊ· 
´¥¶¥·¥´μ·³¨·μ¢ ´´μ° ¢¥·Ï¨´Ò.

‚±² ¤ ¶¥·¢μ£μ Î²¥´  · §²μ¦¥´¨Ö (15) Å É·¥Ê£μ²Ó´μ° ¤¨ £· ³³Ò Å · ¢¥´

ΓABC,3
μ1μ2μ3

(p) = −ıg3 CA

2
fABC

exp
(
−2

3
a2p2

)

144π2

[
a2V0 +

13
6

V (p,−p, 0)
]
,

V0 =
4
3
pμ1pμ2pμ3 −

p2

27
(
5δμ2μ3pμ1 + 5δμ1μ3pμ2 + 32δμ1μ2pμ3

)
.

‚±² ¤ ¢Éμ·μ£μ Î²¥´  · §²μ¦¥´¨Ö (15) Å É·¥Ì ¤¨ £· ³³, ¸μ¤¥·¦ Ð¨Ì 4-£²Õ-
μ´´ÊÕ ¢¥·Ï¨´Ê, Å · ¢¥´

ΓABC,4
μ1μ2μ3

(p) = −ı
g3

256π2
9CAfABC exp

(
−a2p2

2

)
V (p,−p, 0). (17)

‘Ê³³  ¤¢ÊÌ É·¥Ê£μ²Ó´ÒÌ ¤¨ £· ³³, ¸μ¤¥·¦ Ð¨Ì ¤ÊÌμ¢ÊÕ ¶¥É²Õ, ¤ ¥É

Γghost
μ1μ2μ3

(p,−p, 0) = −ıg3 CA

2
fABC

144π2
×

× exp
(
−2

3
a2p2

)
1
9

[
a2 4

3
pμ1pμ2pμ3 +

1
2
V (p,−p, 0)

]
. (18)

Š ± ³Ò ¢¨¤¨³, ¢¥·Ï¨´´Ò¥ ËÊ´±Í¨¨ ¢ “”-¶·¥¤¥²¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ Ê¡Ò¢ ÕÉ
± ± e−∝a2p2

, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É Ö¢²¥´¨Õ  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¸¢μ¡μ¤Ò. �·¨ ÔÉμ³
¢¸¥ ¶¥É²¥¢Ò¥ ¨´É¥£· ²Ò ±μ´¥Î´Ò. ’¥³ ´¥ ³¥´¥¥ ¶μ¸É·μ¥´´ Ö É¥μ·¨Ö ´¥ ¢¶μ²´¥
¨¤¥´É¨Î´  μ¡ÒÎ´μ° ²μ± ²Ó´μ° É¥μ·¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥°.

‚ ²μ± ²Ó´μ° É¥μ·¨¨ ´ ¡²Õ¤ ¥³μ° ¢¥²¨Î¨´μ° Ö¢²Ö¥É¸Ö ¸Ê³³  ±μ³¶μ´¥´É
¶μ²Ö · §²¨Î´ÒÌ ³ ¸ÏÉ ¡μ¢. ‚¸¥ ÔÉ¨ ±μ³¶μ´¥´ÉÒ, ¸μ£² ¸´μ ¤¥°¸É¢¨Õ (6), ¢§ -
¨³μ¤¥°¸É¢ÊÕÉ ³¥¦¤Ê ¸μ¡μ°. …¸²¨ É ±μ¥ ¶μ²¥ ¶μ¤¢¥·£ ¥É¸Ö ²μ± ²Ó´μ³Ê ± ²¨-
¡·μ¢μÎ´μ³Ê ¶·¥μ¡· §μ¢ ´¨Õ, Éμ ¶·μ¨¸Ìμ¤¨É ¨§³¥´¥´¨¥ Ë §Ò ¢¸¥° ¸Ê³³Ò (7),
´μ ´¥ ¥¥ μÉ¤¥²Ó´ÒÌ ±μ³¶μ´¥´É. ‚ ´ Ï¥³ ¦¥ ¸²ÊÎ ¥ ± ²¨¡·μ¢μÎ´μ¥ ¶·¥μ¡· -
§μ¢ ´¨¥ Ë § μÉ¤¥²Ó´ÒÌ ±μ³¶μ´¥´É ´¥ μ¡Ö§ É¥²Ó´μ ¶·¨¢μ¤¨É ± Ê³´μ¦¥´¨Õ
¨Ì ¸Ê³³Ò ´  Ë §μ¢Ò° ³´μ¦¨É¥²Ó. Š·μ³¥ Éμ£μ, ¢ ¶μ¸É·μ¥´´μ³ ËÊ´±Í¨μ´ ²¥
¤¥°¸É¢¨Ö (14) ±μ³¶μ´¥´ÉÒ · §²¨Î´ÒÌ ³ ¸ÏÉ ¡μ¢ ´¥ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¤·Ê£ ¸
¤·Ê£μ³. ‘²¥¤μ¢ É¥²Ó´μ, ¥¸²¨ ¨³¥´´μ ÔÉμ ¤¥°¸É¢¨¥ ¡Ê¤¥É μ¶¨¸Ò¢ ÉÓ ¶·μÍ¥-
¤Ê·Ê ¨§³¥·¥´¨Ö, Éμ ¡Ê¤¥É ´ ¡²Õ¤ ÉÓ¸Ö ´¥ ¸Ê³³  ³ ¸ÏÉ ¡´ÒÌ ±μ³¶μ´¥´É,  
μÉ¤¥²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ,   ÉμÎ´¥¥ Å ¨Ì ±μ··¥²ÖÉμ·Ò.
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�Éμ μ§´ Î ¥É, ÎÉμ ¥¸²¨ ¶·¨ ¢¥°¢²¥É-·¥£Ê²Ö·¨§ Í¨¨ μ¡ÒÎ´ÒÌ ¸± ²Ö·´ÒÌ
¶μ²¥° ¸ ²μ± ²Ó´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ³ ¸ÏÉ ¡ ¨§³¥·¥´¨Ö A ³μ¦´μ · ¸¸³ É·¨-
¢ ÉÓ ± ±  ´ ²μ£ ¶·μ¨§¢μ²Ó´μ£μ ³ ¸ÏÉ ¡  ´μ·³¨·μ¢±¨ 1/μ ¢ É¥μ·¨¨ ¸ · §³¥·-
´μ° ·¥£Ê²Ö·¨§ Í¨¥°, Éμ ¢ ¸²ÊÎ ¥ ± ²¨¡·μ¢μÎ´μ° É¥μ·¨¨ (14), ¸ ´¥ ¢§ ¨³μ¤¥°-
¸É¢ÊÕÐ¨³¨ ¤·Ê£ ¸ ¤·Ê£μ³ ³ ¸ÏÉ ¡´Ò³¨ ±μ³¶μ´¥´É ³¨, ¶ · ³¥É· ³ ¸ÏÉ ¡  a
¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± ´¥§ ¢¨¸¨³ÊÕ ±μμ·¤¨´ ÉÊ ´  (d + 1)-³¥·´μ³ £·Ê¶-
¶μ¢μ³ ³´μ£μμ¡· §¨¨ G.

‡�Š‹�—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤²μ¦¥´μ ¶μ¸É·μ¥´¨¥ ± ²¨¡·μ¢μÎ´μ° É¥μ·¨¨ ¶ÊÉ¥³
¶¥·¥Ìμ¤  μÉ ±μμ·¤¨´ É ´  μ¡ÒÎ´μ³ ¶·μ¸É· ´¸É¢¥ (Rd) ± ±μμ·¤¨´ É ³ ´ 
£·Ê¶¶¥ G, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¶·μÍ¥¸¸Ê ¨§³¥·¥´¨Ö. ‚Ò¡· ¢ ¢ ± Î¥¸É¢¥ G  Ë-
Ë¨´´ÊÕ £·Ê¶¶Ê, G : x′ = ax + b, ³μ¦´μ ¶μ¸É·μ¨ÉÓ ± ²¨¡·μ¢μÎ´ÊÕ É¥μ·¨Õ ¸
´Ê¦´μ° ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶μ° A, ´ ¶·¨³¥· A = SU(N), ¢¸¥ Ë¥°´³ ´μ¢-
¸±¨¥ ¤¨ £· ³³Ò ±μÉμ·μ° ´¥ ¸μ¤¥·¦ É ¶¥É²¥¢ÒÌ · ¸Ìμ¤¨³μ¸É¥°.

	μ²¥¥ ¤¥É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¤ ´´μ£μ ¢μ¶·μ¸  ¶·¨³¥´¨É¥²Ó´μ ± ±¢ ´Éμ-
¢μ° Ì·μ³μ¤¨´ ³¨±¥ ¶·¥¤¸É ¢²¥´μ ¢ · ¡μÉ¥ [20].

�É²¨Î¨¥ ±μμ·¤¨´ É ´   ËË¨´´μ° £·Ê¶¶¥ G μÉ ±μμ·¤¨´ É ´   ¡¥²¥¢μ°
£·Ê¶¶¥ R

d ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ μ¶¥· Éμ· (¨§³¥´¥´¨Ö) ³ ¸ÏÉ ¡  D̂ = a(∂/∂a)
´¥ Ö¢²Ö¥É¸Ö Ô·³¨Éμ¢Ò³,   ¸ ³ ³ ¸ÏÉ ¡, ¸²¥¤μ¢ É¥²Ó´μ, ´¥ Ö¢²Ö¥É¸Ö ´ ¡²Õ¤ -
¥³μ° ¢¥²¨Î¨´μ° Å ¢ μÉ²¨Î¨¥ μÉ ±μμ·¤¨´ ÉÒ x ¨ ¨³¶Ê²Ó¸  p. Œ ¸ÏÉ ¡ a,
É ±¨³ μ¡· §μ³, Ö¢²Ö¥É¸Ö ¶ · ³¥É·μ³ ¨§³¥·¥´¨Ö, ±μÉμ·Ò° ³Ò ¨¸¶μ²Ó§Ê¥³ ¢
´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì. �μ¸ÉÊ¶ Ö É ±¨³ μ¡· §μ³, ³Ò ¤ ¥³ μ¶¨¸ ´¨¥ ± ²¨-
¡·μ¢μÎ´ÒÌ ¶μ²¥° ¶μ μÉ´μÏ¥´¨Õ ± § ¤ ´´μ³Ê ¡ §¨¸Ê ËÊ´±Í¨° χ(a, ·), ¤²Ö
±μÉμ·ÒÌ ³ ¸ÏÉ ¡ a Ö¢²Ö¥É¸Ö Ì · ±É¥·´μ° Ï¨·¨´μ° μ±´ .

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤²μ¦¥´  ²¨ÏÓ É¥μ·¥É¨Î¥¸± Ö ³μ¤¥²Ó, μ¡μ¡Ð ÕÐ Ö
¶μ´ÖÉ¨¥ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ ¨ ¶·¨¢μ¤ÖÐ Ö ± É¥μ·¨¨ ±¢ ´Éμ¢ÒÌ
¶μ²¥°, ±μ´¥Î´μ° ¶μ ¶μ¸É·μ¥´¨Õ. Š ±μ° ¨³¥´´μ É¨¶ ± ²¨¡·μ¢μÎ´μ° ¨´¢ -
·¨ ´É´μ¸É¨ ·¥ ²¨§Ê¥É¸Ö ¢ ¶·¨·μ¤¥ Å ²μ± ²Ó´Ò° ¨²¨ ¡μ²¥¥ μ¡Ð¨°, Å ¥Ð¥
¶·¥¤¸Éμ¨É ¢ÒÖ¸´¨ÉÓ.

�² £μ¤ ·´μ¸É¨. �¢Éμ· ¶·¨§´ É¥²¥´ �.‚. 	¥¤´Ö±μ¢Ê, ‘. ‚.Œ¨Ì °²μ¢Ê ¨
�.‚. ’ · ¸μ¢Ê §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.
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