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�µ¸É·µ¥´  ¡µ§µ´¨§µ¢ ´´ Ö ±µ¢ ·¨ ´É´ Ö Ëµ·³Ê²¨·µ¢±  É¥µ·¨¨ Ÿ´£ ÄŒ¨²²¸ . �ËË¥±É¨¢-
´µ¥ ¤¥°¸É¢¨¥ ²µ± ²Ó´µ, § ¢¨¸¨É Éµ²Ó±µ µÉ ±µ³³ÊÉ¨·ÊÕÐ¨Ì ¶µ²¥° ¨ µ¡² ¤ ¥É ¸¨³³¥É·¨¥°, ¨£· -
ÕÐ¥° ·µ²Ó,  ´ ²µ£¨Î´ÊÕ >
‘’-¸¨³³¥É·¨¨ ¢ µ¡ÒÎ´µ³ Ëµ·³ ²¨§³¥.

1. ‚‚…„…�ˆ…

‚ ³µ¥³ ¤µ±² ¤¥ ¡Ê¤¥É µ¶¨¸ ´  Ö¢´µ ²µ·¥´Í-¨´¢ ·¨ ´É´ Ö Ëµ·³Ê²¨·µ¢± 
É¥µ·¨¨ Ÿ´£ ÄŒ¨²²¸ , µ¸´µ¢ ´´ Ö ´  ²µ± ²Ó´µ³ ÔËË¥±É¨¢´µ³ ¤¥°¸É¢¨¨, ¢±²Õ-
Î ÕÐ¥³ Éµ²Ó±µ ±µ³³ÊÉ¨·ÊÕÐ¨¥ ¶µ²Ö. •µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ µ¡ÒÎ´ Ö Ëµ·-
³Ê²¨·µ¢±  ¢±²ÕÎ ¥É  ´É¨±µ³³ÊÉ¨·ÊÕÐ¨¥ ¸± ²Ö·´Ò¥ ¶µ²Ö (¤ÊÌ¨ ” ¤¤¥¥¢ Ä
�µ¶µ¢ ) [1]. �·¨¸ÊÉ¸É¢¨¥ ¶µ²¥° ¸ ´¥¶· ¢¨²Ó´µ° ¸¢Ö§ÓÕ ³¥¦¤Ê ¸¶¨´µ³ ¨
¸É É¨¸É¨±µ° ¶·¨¢µ¤¨É ± µ¶·¥¤¥²¥´´Ò³ Ê¸²µ¦´¥´¨Ö³ ¶·¨ ¶µ¸É·µ¥´¨¨ Ö¢´µ
±µ¢ ·¨ ´É´µ° ¸Ì¥³Ò ±¢ ´Éµ¢ ´¨Ö (>
‘’-±¢ ´Éµ¢ ´¨¥) [2]. �µÔÉµ³Ê ¡Ò²µ ¡Ò
¶µ²¥§´µ ¨³¥ÉÓ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´Ò° Ëµ·³ ²¨§³, ´¥ É·¥¡ÊÕÐ¨° ¢¢¥-
¤¥´¨Ö  ´É¨±µ³³ÊÉ¨·ÊÕÐ¨Ì ¸± ²Ö·´ÒÌ ¶µ²¥°.

‚ ÔÉµ³ ¤µ±² ¤¥ Ö ¶µ± ¦Ê, ÎÉµ, ¶µ²Ó§ÊÖ¸Ó ¶·µÍ¥¤Ê·µ° ¡µ§µ´¨§ Í¨¨, · §-
¢¨Éµ° ´ ³¨ · ´¥¥ ¤²Ö µ¶¨¸ ´¨Ö Ë¥·³¨µ´µ¢ ¢ ·¥Ï¥ÉµÎ´ÒÌ ³µ¤¥²ÖÌ [3,4],
³µ¦´µ ¶µ¸É·µ¨ÉÓ  ²ÓÉ¥·´ É¨¢´µ¥ ²µ± ²Ó´µ¥ ÔËË¥±É¨¢´µ¥ ¤¥°¸É¢¨¥, ¢±²ÕÎ -
ÕÐ¥¥ Éµ²Ó±µ ±µ³³ÊÉ¨·ÊÕÐ¨¥ ¶µ²Ö. �Éµ ¤¥°¸É¢¨¥ µ¶¨¸Ò¢ ¥É ¶ÖÉ¨³¥·´ÊÕ
¸¨¸É¥³Ê ¸µ ¸¢Ö§Ö³¨, ±µÉµ· Ö ¢ Ë¨§¨Î¥¸±µ³ ¸¥±Éµ·¥ Ô±¢¨¢ ²¥´É´  µ¡ÒÎ´µ°
É¥µ·¨¨ Ÿ´£ ÄŒ¨²²¸ . � Ï¥ ÔËË¥±É¨¢´µ¥ ¡µ§µ´´µ¥ ¤¥°¸É¢¨¥ µ¡² ¤ ¥É ¸¨³-
³¥É·¨¥°, ±µÉµ· Ö ¨£· ¥É ·µ²Ó,  ´ ²µ£¨Î´ÊÕ >
‘’-¸¨³³¥É·¨¨ [5] ¢ µ¡ÒÎ´µ³
Ëµ·³ ²¨§³¥. ‚ Î ¸É´µ¸É¨, ÔÉ  ¸¨³³¥É·¨Ö £¥´¥·¨·Ê¥É µ¡µ¡Ð¥´´Ò¥ Éµ¦¤¥¸É¢ 
“µ·¤  ¤²Ö ËÊ´±Í¨° ƒ·¨´  ± ²¨¡·µ¢µÎ´ÒÌ ¶µ²¥° [6,7].
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� Ï ²µ·¥´Í-±µ¢ ·¨ ´É´Ò° Ëµ·³ ²¨§³ µ¸´µ¢ ´ ´  ¸²¥¤ÊÕÐ¥³ ÔËË¥±É¨¢-
´µ³ ¤¥°¸É¢¨¨:
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S =
∫ L

−L

dt

∫
d4x

{
1

2L
[−1

4
F a

µνF
a
µν − 1

2α
(∂µAµ)2] −

−(
i

2
∂c̄

∂t
+ M+Mc̄)aca + h.c. + χa(c̄a + ca)

}
. (1)

‡¤¥¸Ó F a
µν Å µ¡ÒÎ´Ò° É¥´§µ· ±·¨¢¨§´Ò ¶µ²Ö Ÿ´£ ÄŒ¨²²¸  ¨

M = ∂µDµ, (2)

£¤¥ Dµ Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö:

Dab
µ = (δab∂µ − gtabcAc

µ). (3)

Š ²¨¡·µ¢µÎ´Ò¥ ¶µ²Ö Aµ(x) ¨ ³´µ¦¨É¥²Ó ‹ £· ´¦  χ § ¢¨¸ÖÉ Éµ²Ó±µ µÉ
Î¥ÉÒ·¥Ì ±µµ·¤¨´ É xµ, ¢ Éµ ¢·¥³Ö ± ± ¸± ²Ö·´Ò¥ ¶µ²Ö c̄(x, t), c(x, t) § ¢¨¸ÖÉ
É ±¦¥ µÉ ¤µ¶µ²´¨É¥²Ó´µ° ¶¥·¥³¥´´µ° t, ¶·¨´¨³ ÕÐ¥° §´ Î¥´¨Ö ¢ ¨´É¥·¢ ²¥
−L ≤ t ≤ L. �µ²Ö Aµ ¨ χ ¸Î¨É ÕÉ¸Ö Ô·³¨Éµ¢Ò³¨,   ¶µ²Ö c̄ ¨ c ¸µ¶·Ö¦¥´Ò
¤·Ê£ ¤·Ê£Ê. ‚¸¥ ¶µ²Ö µ¶¨¸Ò¢ ÕÉ¸Ö ±µ³³ÊÉ¨·ÊÕÐ¨³¨ ¶¥·¥³¥´´Ò³¨.

ŒÒ ¶µ± ¦¥³, ÎÉµ ¢ ¶·¥¤¥²¥ L → ∞ ËÊ´±Í¨¨ ƒ·¨´  ¶µ²¥° Ÿ´£ ÄŒ¨²²¸ ,
¶µ·µ¦¤ ¥³Ò¥ ÔËË¥±É¨¢´Ò³ ¤¥°¸É¢¨¥³ (1), ¸µ¢¶ ¤ ÕÉ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
ËÊ´±Í¨Ö³¨ ƒ·¨´  ¢ ¸É ´¤ ·É´µ³ Ëµ·³ ²¨§³¥ ” ¤¤¥¥¢ Ä�µ¶µ¢ . ’µÎ´¥¥ £µ-
¢µ·Ö,

Z(Jµ) = lim
L→∞

∫
exp {i[S +

∫
d4xJa

µ(x)Aa
µ(x)]}dc̄ dc dχ dAµ =

= exp {i
∫

d4x[−1
4
F a

µνF
a
µν − 1

2α
(∂µAµ)2 + Ja

µA
a
µ]} detMdAµ, (4)

£¤¥ detM Å µ¡ÒÎ´Ò° ¤¥É¥·³¨´ ´É ” ¤¤¥¥¢ Ä�µ¶µ¢ . ˆ´É¥£·¨·µ¢ ´¨¥ ¢ Ëµ·-
³Ê²¥ (4) ¨¤¥É ¶µ ¶µ²Ö³ c̄(x, t), c(x, t), Ê¤µ¢²¥É¢µ·ÖÕÐ¨³ ¸²¥¤ÊÕÐ¨³ £· ´¨Î-
´Ò³ Ê¸²µ¢¨Ö³:

c(x, L) = B(x), c̄(x, L) = B+(x), (5)

£¤¥ B(x) Å ¶·µ¨§¢µ²Ó´ Ö, ´µ Ë¨±¸¨·µ¢ ´´ Ö ËÊ´±Í¨Ö, µ£· ´¨Î¥´´ Ö ¢ ¶·¥-
¤¥²¥ L → ∞. �·µ¸É¥°Ï¨° ¢Ò¡µ· µÉ¢¥Î ¥É B = 0. ƒ· ´¨Î´Ò¥ Ê¸²µ¢¨Ö ¶µ
Î¥ÉÒ·¥Ì³¥·´Ò³ ±µµ·¤¨´ É ³ xµ ¨³¥ÕÉ µ¡ÒÎ´Ò° ¢¨¤ (¸³. [8]).

—Éµ¡Ò ¤µ± § ÉÓ · ¢¥´¸É¢µ (4), ³Ò ¢ÒÎ¨¸²¨³ ¨´É¥£· ² ¶µ ¶µ²Ö³ c̄, c Ö¢´µ.
‡ ³¥É¨³, ÎÉµ µ¶¥· Éµ· M+M Ô·³¨Éµ¢, ¨ ³Ò ³µ¦¥³ ¢¢¥¸É¨ ¶µ²´ÊÕ ¸¨¸É¥³Ê
¥£µ ¸µ¡¸É¢¥´´ÒÌ ËÊ´±Í¨°

M+Mφα = mαφα. (6)
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‚ ÔÉµ³ ¡ §¨¸¥ ¨´É¥£· ² ¶µ c̄, c ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

Zc= lim
L→∞

∫
exp {i

∫ L

−L

dt
∑
α

−(
i

2
∂c̄α

∂t
+mαc̄

α)cα+h.c.+χα(c̄α + cα)}dc̄α dcα.

(7)

„¥² Ö § ³¥´Ê ¶¥·¥³¥´´ÒÌ

c̄α(t) → exp {2imαt}c̄α(t),
cα(t) → exp {−2imαt}cα(t), (8)

³Ò ³µ¦¥³ ¶¥·¥¶¨¸ ÉÓ ¥£µ ¢ ¢¨¤¥

Zc = lim
L→∞

∫
exp {i

∫ L

−L

dt
∑
α

[− i

2
(
∂c̄α

∂t
cα − c̄α ∂cα

∂t
) +

+χα(exp {−2imαt}cα + c̄α exp {2imαt})]}dc̄ dc dχ. (9)

ˆ´É¥£· ² ¶µ c̄, c ´ ¸ÒÐ ¥É¸Ö ·¥Ï¥´¨Ö³¨ ±² ¸¸¨Î¥¸±¨Ì Ê· ¢´¥´¨°

i
∂cα

∂t
+ exp {2imαt}χα = 0,

−i
∂c̄α

∂t
+ exp {−2imαt}χα = 0,

cα(L) = Bα exp {2imαL}; c̄α(L) = B+
α exp {−2imαL}. (10)


¥Ï¥´¨Ö ÔÉ¨Ì Ê· ¢´¥´¨° ¨³¥ÕÉ ¢¨¤

cα =
χα

2mα
exp {2imαt} + Aα,

Aα = Bα exp {2imαL} −
χα

2mα
exp {2imαL},

c̄α = (cα)+. (11)

�µ¤¸É ¢²ÖÖ ÔÉ¨ ·¥Ï¥´¨Ö ¢ ¨´É¥£· ² (9) ¨ ¨´É¥£·¨·ÊÖ ¶µ t, ¶µ²ÊÎ ¥³

Zc = lim
L→∞

∫
exp {i

∑
α

[
(χα)2L
mα

+
χα

mα
sin (2mαL)(Aα + A+

α )]}dχ. (12)

�¥·¥´µ·³¨·ÊÖ ¶µ²Ö χα, χα → L−1/2χα ¨ ¨´É¥£·¨·ÊÖ ¶µ χα, ¨³¥¥³

Zc =
∏
α

√
mα = detM. (13)

‡¤¥¸Ó ³Ò ¢µ¸¶µ²Ó§µ¢ ²¨¸Ó É¥³, ÎÉµ detM = detM+. ’ ±¨³ µ¡· §µ³, · ¢¥´-
¸É¢µ (4) ¤µ± § ´µ.
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‚ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ³Ò ¤µ± § ²¨, ÎÉµ ¢ ¶·¥¤¥²¥ L → ∞ ËÊ´±Í¨¨
ƒ·¨´ , ¶µ·µ¦¤ ¥³Ò¥ ÔËË¥±É¨¢´Ò³ ¤¥°¸É¢¨¥³ (1), ¸µ¢¶ ¤ ÕÉ ¸ µ¡ÒÎ´Ò³¨
ËÊ´±Í¨Ö³¨ ¶µ²Ö Ÿ´£ ÄŒ¨²²¸  ¢ ±µ¢ ·¨ ´É´µ° α-± ²¨¡·µ¢±¥. ‘²¥¤µ¢ É¥²Ó´µ,
µ´¨ ¤µ²¦´Ò Ê¤µ¢²¥É¢µ·ÖÉÓ µ¡µ¡Ð¥´´Ò³ Éµ¦¤¥¸É¢ ³ “µ·¤  [6,7]. �µÔÉµ³Ê
³µ¦´µ µ¦¨¤ ÉÓ, ÎÉµ ´ Ï¥ ÔËË¥±É¨¢´µ¥ ¤¥°¸É¢¨¥ µ¡² ¤ ¥É ¸¨³³¥É·¨¥°, ¨£· -
ÕÐ¥° ·µ²Ó >
‘’-¸¨³³¥É·¨¨ ¢ µ¡ÒÎ´µ³ Ëµ·³ ²¨§³¥. ŒÒ ¶µ± ¦¥³, ÎÉµ É ± Ö
¸¨³³¥É·¨Ö ¤¥°¸É¢¨É¥²Ó´µ ¸ÊÐ¥¸É¢Ê¥É, ¶·¨Î¥³ ´¥ Éµ²Ó±µ ¢ ¶·¥¤¥²¥ L → ∞, ´µ
¨ ¶·¨ ±µ´¥Î´ÒÌ L. �·¨ ±µ´¥Î´ÒÌ L ¶·¥µ¡· §µ¢ ´¨Ö ¸¨³³¥É·¨¨ ¢Ò£²Ö¤ÖÉ ¤µ-
¸É ÉµÎ´µ ¸²µ¦´µ ¨ Ö¢²ÖÕÉ¸Ö ´¥²µ± ²Ó´Ò³¨ ¶µ ¢¸¶µ³µ£ É¥²Ó´µ° ¶¥·¥³¥´´µ°
t. ‚ ¶·¥¤¥²¥ L → ∞ ¶·¥µ¡· §µ¢ ´¨Ö ¸¨³³¥É·¨¨ ¸ÊÐ¥¸É¢¥´´µ Ê¶·µÐ ÕÉ¸Ö.

‘¨³³¥É·¨Õ ¤¥°¸É¢¨Ö (1) ³µ¦´µ ´ °É¨ ³¥Éµ¤µ³ ¶·µ¡ ¨ µÏ¨¡µ±. �·¥¦¤¥
¢¸¥£µ § ³¥É¨³, ÎÉµ ¶·¥µ¡· §µ¢ ´¨¥ ± ²¨¡·µ¢µÎ´ÒÌ ¶µ²¥° Aµ ¤µ²¦´µ µ¸É -
¢²ÖÉÓ ¨´¢ ·¨ ´É´Ò³ ² £· ´¦¨ ´ Ÿ´£ ÄŒ¨²²¸ . �µÔÉµ³Ê ¥¸É¥¸É¢¥´´µ ´ Î ÉÓ
¸µ ¸¶¥Í¨ ²Ó´µ£µ ± ²¨¡·µ¢µÎ´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö ¶µ²¥° Aµ, c̄, c:

δAa
µ = (Dµχ)aε,

δ1c̄
a = tabdc̄bχdε, (14)

δ1c
a = tabdcbχdε.

‡¤¥¸Ó ε Å ¡¥¸±µ´¥Î´µ ³ ²Ò° ¶µ¸ÉµÖ´´Ò° ¶ · ³¥É·. •µÉÖ ¶·¥µ¡· §µ¢ ´¨Ö
(14) Ö¢²ÖÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò³¨ ± ²¨¡·µ¢µÎ´Ò³¨ ¶·¥µ¡· §µ¢ ´¨Ö³¨, µ´¨, · §Ê-
³¥¥É¸Ö, ¶·¥¤¸É ¢²ÖÕÉ £²µ¡ ²Ó´ÊÕ ¸¨³³¥É·¨Õ.

�·¥µ¡· §µ¢ ´¨Ö (14) ³¥´ÖÕÉ Ë¨±¸¨·ÊÕÐ¨° ± ²¨¡·µ¢±Ê Î²¥´ ¨ ±¢ ¤· -
É¨Î´ÊÕ Ëµ·³Ê ¶µ²¥° c̄, c

δ1S =
∫

d4x∂µχ
a(x)

∫ L

−L

dt fa
µ(x, t)ε =

=
∫

d4x∂µ(χaF a
µ (x)) −

∫
d4xχa

∫ L

−L

dt∂µf
a
µ(x, t)ε. (15)

‡¤¥¸Ó ¶¥·¢Ò° Î²¥´ ¢ ¶· ¢µ° Î ¸É¨ Ö¢²Ö¥É¸Ö ¶µ²´µ° ¶·µ¨§¢µ¤´µ°,   ¢Éµ·µ°
Î²¥´ ³µ¦´µ ¸±µ³¶¥´¸¨·µ¢ ÉÓ ¶µ¤Ìµ¤ÖÐ¥° ¢ ·¨ Í¨¥° ¶µ²¥° c̄, c:

δ2c̄
a = δ2c

a =
1

2L

∫ L

−L

dt∂µf
a
µ(x, t)ε. (16)

”Ê´±Í¨Ö fµ ¨³¥¥É ¸²¥¤ÊÕÐ¨° Ö¢´Ò° ¢¨¤:

fa
µ = (2Lα)−1(Dµ(∂νAν)a −

−2tabd[(Dµc̄)b(∂νDνc)a + h.c.]. (17)



Š�‚�
ˆ��’��Ÿ ”�
Œ“‹ˆ
�‚Š� �…�>…‹…‚›• Š�‹ˆ>
�‚�—�›• 101

�·¥µ¡· §µ¢ ´¨¥ (16) ±µ³¶¥´¸¨·Ê¥É ¢ ·¨ Í¨Õ δ1S, ´µ ³¥´Ö¥É ±¢ ¤· É¨Î´ÊÕ
Ëµ·³Ê ¶µ²¥° c̄, c:

δ2S = − i

2

∫
d4xδ2c

a

∫ L

−L

dt
∂c̄a

∂t
+ h.c.− 2

∫
d4xδ2c̄

aM+M

∫ L

−L

dt ca + h.c.,

(18)

£¤¥ µ¶ÊÐ¥´  ¶µ²´ Ö ¶·µ¨§¢µ¤´ Ö ¶µ x. ‚ ÔÉµ³ Ê· ¢´¥´¨¨ ¶¥·¢Ò° Î²¥´ Ö¢²Ö-
¥É¸Ö ¶µ²´µ° ¶·µ¨§¢µ¤´µ° ¶µ t,   ¢Éµ·µ° Î²¥´ ¶·µ¶µ·Í¨µ´ ²¥´

∫ L

−L

dt(c̄a(x, t) + ca(x, t)) (19)

¨ ¨¸Î¥§ ¥É ´  ¶µ¢¥·Ì´µ¸É¨ ¸¢Ö§¨. —Éµ¡Ò µ¡¥¸¶¥Î¨ÉÓ Ö¢´ÊÕ ¨´¢ ·¨ ´É´µ¸ÉÓ
¤¥°¸É¢¨Ö, ´Ê¦´µ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¥¥ ¶·¥µ¡· §µ¢ ´¨¥ ³´µ¦¨É¥²Ö ‹ £· ´¦  χ:

δχa = 2MM+δ2c̄
a + h.c. (20)

�¡Ñ¥¤¨´ÖÖ Ê· ¢´¥´¨Ö (15), (16), (20), ³Ò ¶µ²ÊÎ ¥³ ¶µ²´µ¥ ¶·¥µ¡· §µ¢ ´¨¥
¸¨³³¥É·¨¨ ¡µ§µ´´µ£µ ÔËË¥±É¨¢´µ£µ ¤¥°¸É¢¨Ö (1). �É¨ ¶·¥µ¡· §µ¢ ´¨Ö ³¥-
´ÖÕÉ ÔËË¥±É¨¢´Ò° ² £· ´¦¨ ´ ´  ¶µ²´ÊÕ ¶·µ¨§¢µ¤´ÊÕ ¨ ¶µ É¥µ·¥³¥ �¥É¥·
¶·¨¢µ¤ÖÉ ± ¸ÊÐ¥¸É¢µ¢ ´¨Õ ¶ÖÉ¨³¥·´µ£µ ¸µÌ· ´ÖÕÐ¥£µ¸Ö Éµ± 

∂tjt + ∂µjµ = 0. (21)

Ÿ¢´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ÔÉµ£µ Éµ±  ³µ¦´µ ´ ¶¨¸ ÉÓ, ¶µ²Ó§ÊÖ¸Ó ¸É ´¤ ·É´µ° É¥Ì-
´¨±µ°. „²Ö ±µ´¥Î´ÒÌ L ¶·¥µ¡· §µ¢ ´¨Ö ¸¨³³¥É·¨¨ ¤µ¢µ²Ó´µ ¸²µ¦´Ò. Š·µ³¥
Éµ£µ, µ´¨ ´¥²µ± ²Ó´Ò ¶µ ¤µ¶µ²´¨É¥²Ó´µ° ¶¥·¥³¥´´µ° t. �¤´ ±µ ¤²Ö Ë¨§¨Î¥-
¸±¨Ì ¶·¨²µ¦¥´¨° ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¶·¥¤¥²Ó´Ò° ¸²ÊÎ ° L → ∞. Œµ¦´µ
¶µ± § ÉÓ, ÎÉµ ¢ ÔÉµ³ ¶·¥¤¥²¥ ¢¸¥ ´¥²µ± ²Ó´Ò¥ Î²¥´Ò ´¥ ¤ ÕÉ ¢±² ¤  ¢ ´ ¡²Õ-
¤ ¥³Ò¥ ¢¥²¨Î¨´Ò, ¨ ³µ¦´µ ¶µ²Ó§µ¢ ÉÓ¸Ö  ¸¨³¶ÉµÉ¨Î¥¸±¨³¨ ¶·¥µ¡· §µ¢ ´¨-
Ö³¨ ¸¨³³¥É·¨¨

δAa
µ = (Dµχ)aε,

δc̄a = [tabdc̄bχd +
1

2αL
(∂νDν(∂µAµ))]ε,

δca = [tabdcbχd +
1

2αL
(∂νDν(∂µAµ))]ε,

δχa =
1
αL

[MM+M(∂µAµ)]aε.

(22)

�¸¨³¶ÉµÉ¨Î¥¸±¨¥ ¶·¥µ¡· §µ¢ ´¨Ö (22) ´¥ µ¸É ¢²ÖÕÉ ¤¥°¸É¢¨¥ ´¥¨§³¥´´Ò³,  
¶·¥µ¡· §ÊÕÉ ¥£µ ¢ ¤·Ê£µ¥ ¤¥°¸É¢¨¥, ¶·¨´ ¤²¥¦ Ð¥¥ Éµ³Ê ¦¥ ±² ¸¸Ê Ô±¢¨¢ -
²¥´É´µ¸É¨: SL → S̃L. �µ¸²¥¤´¥¥ µ§´ Î ¥É, ÎÉµ ¢ ¶·¥¤¥²¥ L → ∞ §´ Î¥´¨Ö
´ ¡²Õ¤ ¥³ÒÌ, ¢ÒÎ¨¸²¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¤¥°¸É¢¨° L ¨ L̃, ¸µ¢¶ ¤ ÕÉ.
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‚ § ±²ÕÎ¥´¨¥ ³Ò ¶µ± ¦¥³, ÎÉµ, ¶µ²Ó§ÊÖ¸Ó  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¨³³¥É·¨¥°
(22), ³µ¦´µ ¶µ²ÊÎ¨ÉÓ µ¡µ¡Ð¥´´Ò¥ Éµ¦¤¥¸É¢  “µ·¤ . ‘ ÔÉµ° Í¥²ÓÕ · ¸¸³µ-
É·¨³ ¸²¥¤ÊÕÐ¨° ¶·µ¨§¢µ¤ÖÐ¨° ËÊ´±Í¨µ´ ²:

Z(Jµ, η) = lim
L→∞

∫
exp {iS +

∫
d4x[Ja

µ(x)Aa
µ(x) + ηa(x)χa(x)]} dAµ dc̄ dc dχ.

(23)

‘¤¥² ¥³ § ³¥´Ê ¶¥·¥³¥´´ÒÌ ¨´É¥£·¨·µ¢ ´¨Ö, ¶·¥¤¸É ¢²ÖÕÐÊÕ ¸µ¡µ° ¶·¥-
µ¡· §µ¢ ´¨¥  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¨³³¥É·¨¨ (22). �µ¸±µ²Ó±Ê § ³¥´  ¶¥·¥³¥´-
´ÒÌ ´¥ ³¥´Ö¥É §´ Î¥´¨¥ ¨´É¥£· ² , ³µ¦´µ ¶µ²µ¦¨ÉÓ

dZ

dε
= 0. (24)

�µ± ¦¥³, ÎÉµ ÔÉµ ¸µµÉ´µÏ¥´¨¥ £¥´¥·¨·Ê¥É µ¡µ¡Ð¥´´Ò¥ Éµ¦¤¥¸É¢  “µ·¤ .
�·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥, ÎÉµ Ö±µ¡¨ ´ ÔÉµ° § ³¥´Ò É·¨¢¨ ²¥´, ¶µ²ÊÎ ¥³, É ±¨³
µ¡· §µ³,

lim
L→∞

∫
exp {iS +

∫
d4x[Ja

µ(x)Aa
µ(x) + ηa(x)χa(x)]}{

∫
d4x[Ja

µ(x)(Dµχ(x))a+

+(αL)−1ηa(x)(MM+M∂µAµ)a(x)] + O} dc̄ dc dχ dAµ = 0. (25)

—²¥´Ò O = O(1/L) ¢µ§´¨± ÕÉ ¨§-§  ´¥¨´¢ ·¨ ´É´µ¸É¨ ±¢ ¤· É¨Î´µ° Ëµ·³Ò
¶µ²¥° c̄, c µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨°  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¨³³¥É·¨¨ (22).
ˆ§ Ê· ¢´¥´¨Ö (16) ¢¨¤´µ, ÎÉµ ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö ¶·¨ É ±µ³ ¶·¥µ¡· §µ¢ ´¨¨
±¢ ¤· É¨Î´  ¶µ c̄, c ¨ ¶·µ¶µ·Í¨µ´ ²Ó´  L−1. ‚µ§´¨± ÕÐ¨¥ É ±¨³ µ¡· §µ³
Î²¥´Ò ¸²¥¤Ê¥É ¸· ¢´¨ÉÓ ¸ ±¢ ¤· É¨Î´µ° Ëµ·³µ°, ¶·¨¸ÊÉ¸É¢ÊÕÐ¥° ¢ ¤¥°¸É¢¨¨
(1), ±µÉµ· Ö ¨³¥¥É ¶µ·Ö¤µ± O(1). B¨¤¨³, ÎÉµ ÔÉ¨ ¤µ¶µ²´¨É¥²Ó´Ò¥ Î²¥´Ò ¤ ÕÉ
¢±² ¤, ¨¸Î¥§ ÕÐ¨° ¢ ¶·¥¤¥²¥ L → ∞.

‚Ò¶µ²´ÖÖ ¨´É¥£·¨·µ¢ ´¨¥ ¶µ c̄, c ¢ Ê· ¢´¥´¨¨ (25), ¶µ²ÊÎ ¥³

lim
L→∞

∫
exp {i

∫
d4x[−1/4F a

µνF
a
µν − 1/(2α)(∂µAµ)2 + Ja

µA
a
µ + ηaχa +

+χaL(MM+)−1
ab χ

b]}
∫

d4y{Ja
µ(y)(Dµχ(y))a +

+(αL)−1ηa(y)[(MM+M)∂µAµ]a(y)}dAµ dχ = 0. (26)

„¨ËË¥·¥´Í¨·ÊÖ ÔÉµ ¸µµÉ´µÏ¥´¨¥ ¶µ η ¨ ¶µ² £ Ö η = 0, ³Ò ¶µ²ÊÎ ¥³ Éµ¦¤¥-
¸É¢µ

lim
L→∞

∫
exp {i[SY M +

∫
d4x(Ja

µA
a
µ + χaL(MM+)−1

ab χ
b)]}×
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×
[∫

d4yJa
µ(y)(Dµχ(y))aχb(z)+(αL)−1

[
(MM+M)(∂µAµ)

]b (z)
]
dAµ dχ=0.

(27)

ˆ´É¥£·¨·ÊÖ ÔÉµ Éµ¦¤¥¸É¢µ ¶µ χ ¨ ¶·¨³¥´ÖÖ ± ´¥³Ê µ¶¥· Éµ· (MM+M)−1,
³Ò ¶·¨Ìµ¤¨³ ± ¸É ´¤ ·É´µ³Ê µ¡µ¡Ð¥´´µ³Ê Éµ¦¤¥¸É¢Ê “µ·¤  ¢ ¢¨¤¥ [6,8]:

∫
exp {i(SY M +

∫
d4xJa

µA
a
µ) detM} ×

×
[∫

d4yJb
µ(y)(Dz

µM
−1)ba(z, y) + 1/α(∂µAµ)a(y)

]
= 0. (28)

4. ‡�Š‹!—…�ˆ…

ŒÒ ¶·µ¤¥³µ´¸É·¨·µ¢ ²¨, ÎÉµ ´¥ ¡¥²¥¢Ò ± ²¨¡·µ¢µÎ´Ò¥ É¥µ·¨¨ ¤µ¶Ê¸-
± ÕÉ µ¶¨¸ ´¨¥ ¢ É¥·³¨´ Ì ±µ´É¨´Ê ²Ó´µ£µ ¨´É¥£· ²  µÉ Ö¢´µ ²µ·¥´Í-¨´¢ -
·¨ ´É´µ£µ ¶ÖÉ¨³¥·´µ£µ ÔËË¥±É¨¢´µ£µ ¤¥°¸É¢¨Ö, § ¢¨¸ÖÐ¥£µ Éµ²Ó±µ µÉ ±µ³³Ê-
É¨·ÊÕÐ¨Ì ¶µ²¥°. 
 §Ê³¥¥É¸Ö, ¶µ²´ Ö Ëµ·³Ê²¨·µ¢±  ¤µ²¦´  ¢±²ÕÎ ÉÓ É ±¦¥
¶·µÍ¥¤Ê·Ê ·¥£Ê²Ö·¨§ Í¨¨ ¨ ¶¥·¥´µ·³¨·µ¢±¨. ‚ ¤ ´´µ° · ¡µÉ¥ ³Ò ´¥ ¡Ê¤¥³
µ¡¸Ê¦¤ ÉÓ ÔÉÊ ¶·µ¡²¥³Ê. ˆ´É¥·¥¸´µ° µ¸µ¡¥´´µ¸ÉÓÕ ¤ ´´µ° Ëµ·³Ê²¨·µ¢±¨
Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¸¨³³¥É·¨¨ ÔËË¥±É¨¢´µ£µ ¤¥°¸É¢¨Ö, ±µÉµ· Ö § ³¥´Ö¥É
¢ ´ Ï¥³ ¶µ¤Ìµ¤¥ >
‘’-¸¨³³¥É·¨Õ. ˆ´É¥·¥¸´µ ¨¸¸²¥¤µ¢ ÉÓ ¢µ§³µ¦´µ¸ÉÓ ¶µ-
¸É·µ¥´¨Ö ´  µ¸´µ¢¥ ÔÉµ° ¸¨³³¥É·¨¨ Ö¢´µ ¨´¢ ·¨ ´É´µ£µ µ¶¥· Éµ·´µ£µ ±¢ ´-
Éµ¢ ´¨Ö,  ²ÓÉ¥·´ É¨¢´µ£µ >
‘’-±¢ ´Éµ¢ ´¨Õ. �·¥¤¸É ¢²Ö¥É É ±¦¥ ¨´É¥·¥¸
µ¡µ¡Ð¥´¨¥ ÔÉµ£µ ¶µ¤Ìµ¤  ´  ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ É¥µ·¨¨.
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