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Œμ¸±μ¢¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É  ¨³. Œ. ‚. ‹μ³μ´μ¸μ¢ , Œμ¸±¢ 

�μ± § ´μ, ÎÉμ ¢ ¶μ²¥¢μ° É¥μ·¨¨ £· ¢¨É Í¨¨ ¢´¥Ï´¥¥ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ ´¥¸É É¨Î¥¸±μ£μ
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ ¨¸ÉμÎ´¨± , μ¶¨¸Ò¢ ¥³μ£μ ¤¨ £μ´ ²Ó´Ò³ ³¥É·¨Î¥¸±¨³ É¥´§μ·μ³, ³μ-
¦¥É ¡ÒÉÓ Éμ²Ó±μ ¸É É¨Î¥¸±¨³.

It is shown that in the ˇeld theory of gravitation the external gravitational ˇeld of a nonstatic
spherically symmetric source described by a diagonal metric tensor should be static only.

PACS: 04.20.Cv

� ´¥¥ ¢ · ¡μÉ¥ [1] ³Ò Ê¦¥ · ¸¸³ É·¨¢ ²¨ ¤ ´´Ò° ¢μ¶·μ¸, μ¤´ ±μ ¶μ-
²ÊÎ¥´´Ò° É ³ ¢Ò¢μ¤ μ ¸É É¨Î´μ¸É¨ ¢´¥Ï´¥£μ ·¥Ï¥´¨Ö ¤²Ö ´¥¸É É¨Î¥¸±μ£μ
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ É¥² , μ¶¨¸Ò¢ ¥³μ£μ ¤¨ £μ´ ²Ó´μ° ³¥É·¨±μ° ·¨-
³ ´μ¢  ¶·μ¸É· ´¸É¢ , μ¸´μ¢Ò¢ ²¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ Ê¸²μ¢¨Ö ¶·¨Î¨´´μ¸É¨.
‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ÉμÎ´μ ¸²¥¤ÊÖ ¸É ÉÓ¥ [1], ³Ò Ê¸É ´μ¢¨³ ÔÉμÉ ¢Ò¢μ¤ ¡¥§
Ê¸²μ¢¨Ö ¶·¨Î¨´´μ¸É¨.

‚ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ (�’�), ±μÉμ· Ö ¸¢Ö§Ò¢ ¥É £· ¢¨É Í¨μ´-
´μ¥ ¶μ²¥ ¸ ³¥É·¨Î¥¸±¨³ É¥´§μ·μ³ ·¨³ ´μ¢  ¶·μ¸É· ´¸É¢ , ¤μ± § ´  ¢ ±² ¸¸¥
¤μ¶Ê¸É¨³ÒÌ ËÊ´±Í¨° É¥μ·¥³  	¨·±£μË , ¸μ£² ¸´μ ±μÉμ·μ° ¢´¥Ï´¥¥ ¶μ²¥ ´¥-
¸É É¨Î¥¸±μ£μ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ É¥²  ³μ¦¥É ¡ÒÉÓ Éμ²Ó±μ ¸É É¨Î¥-
¸±¨³. ‚ ·¥²ÖÉ¨¢¨¸É¸±μ° É¥μ·¨¨ £· ¢¨É Í¨¨ (�’ƒ) [2, 3] £· ¢¨É Í¨μ´´μ¥ ¶μ²¥
φμν Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±¨³ ¶μ²¥³, · §¢¨¢ ÕÐ¨³¸Ö ¢ ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢-
¸±μ£μ,   ¥£μ ¨¸ÉμÎ´¨± Å ¸μÌ· ´ÖÕÐ¨°¸Ö ¢ ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ É¥´§μ·
Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¸¥Ì ¶μ²¥° ³ É¥·¨¨, ¢±²ÕÎ Ö ¨ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥.

’ ±μ° ¶μ¤Ìμ¤ ¶·¨¢μ¤¨É ± ÔËË¥±É¨¢´μ° ³¥É·¨±¥ ·¨³ ´μ¢  ¶·μ¸É· ´¸É¢  ¨
± ¤·Ê£μ° ¸¨¸É¥³¥ Ê· ¢´¥´¨°, ±μÉμ· Ö μÉ²¨Î ¥É¸Ö μÉ ¸¨¸É¥³Ò Ê· ¢´¥´¨° �’�,
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  ¶μÔÉμ³Ê ¶·¨ ¨§ÊÎ¥´¨¨ ¤ ´´μ£μ ¢μ¶·μ¸  ´¥μ¡Ìμ¤¨³μ ¸¶¥Í¨ ²Ó´μ¥ · ¸¸³μ-
É·¥´¨¥. �μ²´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° �’ƒ ¨³¥¥É ¢¨¤

Rμν − 1
2

gμνR +
m2

2

[
gμν +

(
gμαgνβ − 1

2
gμνgαβ

)
γαβ

]
= 8πT μν, (1)

Dν g̃νμ = ∂ν g̃νμ + γμ
αβ g̃αβ = 0, (2)

£¤¥ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢  ¸μ£² ¸´μ ƒ¨²Ó¡¥·ÉÊ μ¶·¥¤¥²¥´ · ¢¥´-
¸É¢μ³

√
−g T μν = −2

δLM

δgμν
,

m Å ³ ¸¸  £· ¢¨Éμ´ ; LM Å ¶²μÉ´μ¸ÉÓ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢ . �ËË¥±É¨¢´ Ö
³¥É·¨±  ·¨³ ´μ¢  ¶·μ¸É· ´¸É¢  μ¶·¥¤¥²¥´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

g̃μν = γ̃μν + φ̃μν ,

g̃μν =
√
−g gμν , γ̃μν =

√
−γ γμν , φ̃μν =

√
−γ φμν .

‘¨¸É¥³  Ê· ¢´¥´¨° (1), (2) μ¡Ð¥±μ¢ ·¨ ´É´  μÉ´μ¸¨É¥²Ó´μ ¶·μ¨§¢μ²Ó´ÒÌ
¶·¥μ¡· §μ¢ ´¨° ±μμ·¤¨´ É ¨ Ëμ·³¨´¢ ·¨ ´É´  μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨°
‹μ·¥´Í . �Éμ μ§´ Î ¥É, ÎÉμ ¶·¨´Í¨¶ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¨³¥¥É ¢¸¥μ¡Ð¥¥ §´ -
Î¥´¨¥. ‚ �’ƒ, ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ¸ÉÓ �’�, μ´ ÉμÎ´μ ¢Ò¶μ²´Ö¥É¸Ö ¤²Ö ¢¸¥Ì Ë¨-
§¨Î¥¸±¨Ì Ö¢²¥´¨°, ¢ Éμ³ Î¨¸²¥ ¨ £· ¢¨É Í¨μ´´ÒÌ. ˆ³¥´´μ ¶μÔÉμ³Ê ¢ É¥μ·¨¨
¨³¥ÕÉ ³¥¸Éμ ËÊ´¤ ³¥´É ²Ó´Ò¥ § ±μ´Ò ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³μ-
³¥´É  ±μ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö ¸¨¸É¥³Ò. ‘¨¸É¥³  ±μμ·¤¨´ É ¢ Ê· ¢´¥´¨ÖÌ (1), (2)
§ ¤ ¥É¸Ö ³¥É·¨Î¥¸±¨³ É¥´§μ·μ³ γμν ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ. ŒÒ ¢Ò¡· ²¨
¸¨¸É¥³Ê ¥¤¨´¨Í, ¢ ±μÉμ·μ° � = c = G = 1.

„²Ö Éμ£μ ÎÉμ¡Ò ¢·¥³¥´¨¶μ¤μ¡´Ò¥ ¨ ¨§μÉ·μ¶´Ò¥ ¨´É¥·¢ ²Ò ¢ ÔËË¥±É¨¢-
´μ³ ·¨³ ´μ¢μ³ ¶·μ¸É· ´¸É¢¥ ´¥ ¢ÒÌμ¤¨²¨ §  ±μ´Ê¸ ¶·¨Î¨´´μ¸É¨ ¶·μ¸É· ´-
¸É¢  Œ¨´±μ¢¸±μ£μ, ¤μ²¦´Ò ¢Ò¶μ²´ÖÉÓ¸Ö Ê¸²μ¢¨Ö

gμνUμUν � 0, γμνUμUν = 0. (3)

�ËË¥±É¨¢´μ¥ ·¨³ ´μ¢μ ¶·μ¸É· ´¸É¢μ ¢ É¥μ·¨¨ ¨³¥¥É ¶·μ¸ÉÊÕ Éμ¶μ²μ£¨Õ.
‚ �’� ¢ μ¡Ð¥³ ¸²ÊÎ ¥ Éμ¶μ²μ£¨Ö ´¥ ¶·μ¸É Ö. ˆ³¥´´μ ¶μÔÉμ³Ê ¶μ²¥¢Ò¥
¶·¥¤¸É ¢²¥´¨Ö μ £· ¢¨É Í¨¨ ¢ ¶·¨´Í¨¶¥ ´¥ ³μ£ÊÉ ¶·¨¢¥¸É¨ ± Ê· ¢´¥´¨Ö³ �’�.

�¨¦¥ ³Ò Ê¸É ´μ¢¨³, ÎÉμ ¢´¥Ï´¥¥ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ ¢¨¤ 

ds2 = U(t, r)dt2 − V (t, r)dr2 − W 2(t, r)[dθ2 + sin2 θ dφ2], (4)

¸μ§¤ ¢ ¥³μ¥ ´¥¸É É¨Î¥¸±¨³ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´Ò³ ¨¸ÉμÎ´¨±μ³ ¢ ¨´¥·-
Í¨ ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É, ³μ¦¥É ¡ÒÉÓ Éμ²Ó±μ ¸É É¨Î¥¸±¨³, É. ¥. ³¥É·¨-
Î¥¸±¨¥ ±μÔËË¨Í¨¥´ÉÒ U, V, W ´¥ § ¢¨¸ÖÉ μÉ ¢·¥³¥´¨ t.
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ˆ´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³  ±μμ·¤¨´ É ¢ ¶·μ¸É· ´¸É¢¥ Œ¨´±μ¢¸±μ£μ § ¤ ¥É¸Ö
¨´É¥·¢ ²μ³

dσ2 = dt2 − dr2 − r2[dθ2 + sin2 θ dφ2]. (5)

�  μ¸´μ¢ ´¨¨ Ê· ¢´¥´¨° (1) ¤²Ö § ¤ Î¨, μ¶·¥¤¥²Ö¥³μ° (4) ¨ (5), ´ Ìμ¤¨³
Ê· ¢´¥´¨Ö ¤²Ö ËÊ´±Í¨° U, V ¨ W :

1
W 2

− 1
2V

∂

∂r

( 1
W 2

∂W 2

∂r

)
− 3

4V W 4

(∂W 2

∂r

)2

− ∂

∂r

( 1
2V W 2

∂W 2

∂r

)
+

+
1

2UW 2

∂W 2

∂t

∂ ln(V W )
∂t

+
m2

2

[
1 − r2

W 2
+

1
2

( 1
U

− 1
V

)]
= 0,

1
W 2

+
1

2U

∂

∂t

( 1
W 2

∂W 2

∂t

)
+

3
4UW 4

(∂W 2

∂t

)2

+
∂

∂t

( 1
2UW 2

∂W 2

∂t

)
− (6)

− 1
2V W 2

∂W 2

∂r

∂ ln(UW )
∂r

+
m2

2

[
1 − r2

W 2
− 1

2

( 1
U

− 1
V

)]
= 0,

1
W 2

∂2W 2

∂t∂r
− 1

2W 4

∂W 2

∂r

∂W 2

∂t
− 1

2V W 2

∂V

∂t

∂W 2

∂r
− 1

2UW 2

∂U

∂r

∂W 2

∂t
= 0.

“· ¢´¥´¨Ö (2) ¤²Ö ¢Ò· ¦¥´¨° (4) ¨ (5) ¶·¨´¨³ ÕÉ ¢¨¤

W 2 =

√
U

V
q (r),

∂

∂r

(
W 2

√
U

V

)
= 2r

√
UV , (7)

£¤¥ q (r) Å ¶·μ¨§¢μ²Ó´ Ö ËÊ´±Í¨Ö.
„²Ö ¤ ²Ó´¥°Ï¥£μ Ê¤μ¡´μ ¶μ²Ó§μ¢ ÉÓ¸Ö ¶·¥¤¸É ¢²¥´¨¥³

U(t, r) = eμ(t,r), V (t, r) = eν(t,r), W 2(t, r) = eλ(t,r), q (r) = eσ(r).

‚ ¶¥·¥³¥´´ÒÌ μ, ν, λ, σ Ê· ¢´¥´¨Ö (6) ¨³¥ÕÉ ¢¨¤

e−λ − e−ν
(
λ′′ +

3
4

(λ′)2 − 1
2

λ′ν′
)

+
1
2

e−μλ̇
(
ν̇ +

1
2

λ̇
)
+

+
m2

2

[
1 − r2 e−λ +

1
2

(e−μ − e−ν)
]

= 0, (8)

e−λ + e−μ
(
λ̈ +

3
4

(λ̇)2 − 1
2

λ̇μ̇
)
− 1

2
e−νλ′

(
μ′ +

1
2

λ′
)
+

+
m2

2

[
1 − r2 e−λ − 1

2
(e−μ − e−ν)

]
= 0, (9)

λ̇′ +
1
2

λ̇λ′ − 1
2

ν̇λ′ − 1
2

λ̇μ′ = 0, (10)

£¤¥, ´ ¶·¨³¥·, λ̇ = ∂λ/∂t, λ′ = ∂λ/∂r.
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“· ¢´¥´¨Ö (7) ¶·¨´¨³ ÕÉ ¢¨¤

λ − (1/2)(μ− ν) = σ(r), (11)

μ′ − ν′ + σ′ = 2r eν−λ. (12)

‚¢¥¤¥³ μ¡μ§´ Î¥´¨Ö

2ω = μ + ν, (13)

f = λ − σ (r). (14)

‘μ£² ¸´μ (11) ¨³¥¥³
μ − ν = 2f. (15)

ˆ§ (13) ¨ (15) ´ Ìμ¤¨³

μ = ω + f, ν = ω − f. (16)

“· ¢´¥´¨Ö (12) ¢Ò· §¨³ Î¥·¥§ ËÊ´±Í¨¨ ω, f ¨ σ:

2f ′ + σ′ = 2r eω−2f−σ. (17)

„¨ËË¥·¥´Í¨·ÊÖ (17) ¶μ t, ´ Ìμ¤¨³

2ḟ ′ = (2f ′ + σ′)(ω̇ − 2ḟ).

�μ¤¸É ¢²ÖÖ ÔÉμ ¢Ò· ¦¥´¨¥ ¢ Ê· ¢´¥´¨¥ (10) ¨ ÊÎ¨ÉÒ¢ Ö (14), (16), ¶μ²ÊÎ¨³
´¥μ¤´μ·μ¤´μ¥ ²¨´¥°´μ¥ Ê· ¢´¥´¨¥ ¢ Î ¸É´ÒÌ ¶·μ¨§¢μ¤´ÒÌ

∂ω

∂t
f ′ − ∂ω

∂r
ḟ = 3ḟf ′. (18)

‘¨¸É¥³  μ¡Ò±´μ¢¥´´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö
Ê· ¢´¥´¨Õ (18), ¨³¥¥É ¢¨¤

dt

f ′ =
dr

−ḟ
=

dω

3ḟf ′
.

�É¸Õ¤  ´ Ìμ¤¨³
dω = 3ḟdt, dω = −3f ′dr.

‘±² ¤Ò¢ Ö ÔÉ¨ · ¢¥´¸É¢ , ¶μ²ÊÎ ¥³

dω =
3
2

∂f

∂t
dt − 3

2
∂f

∂r
dr.

ˆ§ Ê¸²μ¢¨Ö ¶μ²´μ£μ ¤¨ËË¥·¥´Í¨ ²  ´ Ìμ¤¨³

∂2f

∂t∂r
= 0,
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´μ ¶μ¸²¥¤´¥¥ μ§´ Î ¥É, ÎÉμ ËÊ´±Í¨Ö f ¶·¥¤¸É ¢¨³  ¢ Ëμ·³¥

f(t, r) = ψ(t) + ϕ(r). (19)

�¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (18) ¨³¥¥É ¢¨¤

ω(t, r) =
3
2

(
ψ(t) − ϕ(r)

)
+ F (f), (20)

£¤¥ F Å ¶·μ¨§¢μ²Ó´ Ö ËÊ´±Í¨Ö.
‘ ÊÎ¥Éμ³ ¢Ò· ¦¥´¨° (19) ¨ (20) Ê· ¢´¥´¨¥ (17) ¶·¨´¨³ ¥É Ëμ·³Ê

2ϕ′ + σ′ = 2r exp
[
− 1

2
ψ(t) − 7

2
ϕ(r) + F (f)

]
. (21)

‹¥¢ Ö Î ¸ÉÓ ÔÉμ£μ Ê· ¢´¥´¨Ö ´¥ § ¢¨¸¨É μÉ t,   ¶μÔÉμ³Ê ¶· ¢ Ö Î ¸ÉÓ É ±¦¥
¤μ²¦´  ´¥ § ¢¨¸¥ÉÓ μÉ t. �Éμ ¢μ§³μ¦´μ, ¥¸²¨ ψ(t) ¶μ¸ÉμÖ´´ , ´μ μÉ¸Õ¤ 
¸²¥¤Ê¥É, ÎÉμ ËÊ´±Í¨¨ μ, ν, λ ´¥ § ¢¨¸ÖÉ μÉ ¢·¥³¥´¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ £· ¢¨-
É Í¨μ´´μ¥ ¶μ²¥ ¢¨¤  (4) ¸É É¨Î¥¸±μ¥. �μ ¢μ§³μ¦¥´ ¨ ¢Éμ·μ° ¸²ÊÎ °, ±μ£¤ 
F = f/2. ’μ£¤ 

ω(t, r) = 2ψ(t) − ϕ(r),

  ËÊ´±Í¨¨ μ, ν, λ ¸μ£² ¸´μ (16) ¨ (14) ¡Ê¤ÊÉ · ¢´Ò

μ = 3ψ(t), (22)

ν(t, r) = ψ(t) − 2ϕ(r), (23)

λ(t, r) = ψ(t) + ϕ(r) + σ(r) = f + σ. (24)

�Î¥¢¨¤´μ, ¢ ÔÉμ³ ¸²ÊÎ ¥ (21) ¶·¨´¨³ ¥É ¢¨¤

2ϕ′ + σ′ = 2r e−3ϕ(r).

‘μ£² ¸´μ (12), ¸ ÊÎ¥Éμ³ (19), (22) ¨ (23), ¶μ²ÊÎ ¥³

2ϕ′ + σ′ = 2r e−3ϕ(r)−σ(r).

‘· ¢´¨¢ Ö ÔÉμ Ê· ¢´¥´¨¥ ¸ ¶·¥¤Ò¤ÊÐ¨³, ´ Ìμ¤¨³

σ(r) ≡ 0.

„²Ö  ´ ²¨§  ¤ ´´μ£μ ¸²ÊÎ Ö ´ ³ ´¥μ¡Ìμ¤¨³μ μ¡· É¨ÉÓ¸Ö ± Ê· ¢´¥´¨Ö³ (8)
¨ (9). � §´μ¸ÉÓ ÔÉ¨Ì Ê· ¢´¥´¨° · ¢´ 

e−ν
[
−λ′′ − 1

2
(λ′)2 +

1
2

λ′(μ′ + ν′)
]
+

+ e−μ
[
−λ̈ − 1

2
(λ̇)2 +

1
2

λ̇(μ̇ + ν̇)
]
+

m2

2

(
e−μ − e−ν)

)
= 0, (25)
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  ¨Ì ¸Ê³³ 

2 e−λ − e−ν
[
+λ′′ + (λ′)2 − 1

2
λ′(μ′ − ν′)

]
+

+ e−μ
[
+λ̈ + (λ̇)2 − 1

2
λ̇(μ̇ − ν̇)

]
+ m2(1 − r2 e−λ) = 0. (26)

‘μ£² ¸´μ (11) ¨³¥¥³

(λ̇)2 − 1
2

λ̇(μ̇ − ν̇) = 0,

¶μÔÉμ³Ê Ê· ¢´¥´¨¥ (26) ´¥¸±μ²Ó±μ Ê¶·μÐ ¥É¸Ö:

2 e−λ − e−ν
[
λ′′ + (λ′)2 − 1

2
λ′(μ′ − ν′)

]
+ e−μλ̈ + m2(1 − r2 e−λ) = 0. (27)

‚Ò· §¨³ Ê· ¢´¥´¨Ö (25) ¨ (27) Î¥·¥§ ËÊ´±Í¨¨ ω, f :

−f ′′ − 1
2

(f ′)2 + f ′ω′ − m2

2
+ e−2f

(
−f̈ − 1

2
(ḟ)2 + ḟ ω̇ +

m2

2

)
= 0, (28)

2
(
1 − m2r2

2

)
e−(λ−ν) − f ′′ + e−2f (f̈ + m2 eμ) = 0. (29)

‘μ£² ¸´μ (12) ¨ (15) ¸ ÊÎ¥Éμ³ σ(r) ≡ 0 ¨³¥¥³

2r eν−λ = 2f ′, (30)

¶μÔÉμ³Ê ¶μ¸²¥ § ³¥´Ò Ô±¸¶μ´¥´Í¨ ²Ó´μ£μ ³´μ¦¨É¥²Ö Ê· ¢´¥´¨¥ (29) ¶·¨´¨-
³ ¥É ¢¨¤

1
r

(
1 − m2r2

2

)
2f ′ − f ′′ + e−2f (f̈ + m2 eμ) = 0. (31)

’ ± ± ± μ § ¢¨¸¨É Éμ²Ó±μ μÉ t,   f = ψ(t) + ϕ(r), Éμ ¢ Ê· ¢´¥´¨ÖÌ (28) ¨ (31)
¶¥·¥³¥´´Ò¥ t ¨ r · §¤¥²ÖÕÉ¸Ö:

−f ′′ − 1
2

(f ′)2 + f ′ω′ − m2

2
= k e−2ϕ(r), (32)

f̈ +
1
2

(ḟ)2 − ḟ ω̇ − m2

2
= k e2ψ(t), (33)

f ′′ − 1
r

(
1 − m2r2

2

)
2f ′ = p e−2ϕ(r), (34)

f̈ + m2 eμ = p e2ψ(t), (35)

§¤¥¸Ó k ¨ p Å ¶μ¸ÉμÖ´´Ò¥ · §¤¥²¥´¨Ö.
�¡· É¨³¸Ö ± Ê· ¢´¥´¨Ö³ (33) ¨ (35). ‚¢¥¤¥³ ´μ¢ÊÕ ¶¥·¥³¥´´ÊÕ

ψ(t) = ln a2(t). (36)
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“· ¢´¥´¨Ö (33) ¨ (35) ¶·¨´¨³ ÕÉ ¢¨¤

2aä − 8ȧ2 − m2

2
a2 = ka6, (37)

2aä − 2ȧ2 + m2a8 = pa6. (38)

�É¸Õ¤  ´ Ìμ¤¨³

ȧ2 = − 1
12

[
m2a2 + 2m2a8 + 2(k − p)a6

]
. (39)

„¨ËË¥·¥´Í¨·ÊÖ, ¶μ²ÊÎ ¥³

ä = − 1
24

[
2m2a + 16m2a7 + 12(k − p)a5

]
. (40)

�μ¤¸É ¢²ÖÖ (39) ¨ (40) ¢ Ê· ¢´¥´¨¥ (37), ´ Ìμ¤¨³ ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê ¶μ¸Éμ-
Ö´´Ò³¨ · §¤¥²¥´¨Ö p = −2k. �·¨ ÔÉμ³ · ¢¥´¸É¢¥ ¨³¥¥³

ȧ2 = − 1
12

(m2a2 + 2m2a8 + 6ka6). (41)

�¥·¥°¤¥³ É¥¶¥·Ó ±  ´ ²¨§Ê Ê· ¢´¥´¨° (32) ¨ (34). ‘ ÊÎ¥Éμ³ (23) ¨ (24)
Ê· ¢´¥´¨¥ (30) ¶·¨´¨³ ¥É ¢¨¤

ϕ′ = r e−3 ϕ. (42)

„¨ËË¥·¥´Í¨·ÊÖ ÔÉμ ¢Ò· ¦¥´¨¥, ´ Ìμ¤¨³

ϕ′′ = e−3 ϕ − 3r2 e−6 ϕ. (43)

�μ¤¸É ¢²ÖÖ (42) ¨ (43) ¢ Ê· ¢´¥´¨Ö (32) ¨ (34), ¶μ²ÊÎ ¥³

−3r2x2 + 2kx2/3 = −2x − m2,

−3r2x2 + 2kx2/3 = x
[
2
(
1 − m2r2

2

)
− 1

]
.

(44)

‡¤¥¸Ó ³Ò ¢¢¥²¨ μ¡μ§´ Î¥´¨¥ x = e−3ϕ.
ˆ§ Ê· ¢´¥´¨° (44) ´ Ìμ¤¨³

e−3ϕ(r) =
m2

m2r2 − 3
, (45)

´μ ÔÉμ ·¥Ï¥´¨¥ ¶·μÉ¨¢μ·¥Î¨É Ê· ¢´¥´¨Õ (42). �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ¨¸Ìμ¤´ Ö
¸¨¸É¥³  Ê· ¢´¥´¨° (6), (7) ´¥ ³μ¦¥É ¨³¥ÉÓ ·¥Ï¥´¨¥ ¢ ¢¨¤¥ (22)Ä(24).

’ ±¨³ μ¡· §μ³, ³Ò ¶·¨Ìμ¤¨³ ± μ¡Ð¥³Ê ¢Ò¢μ¤Ê: ¤²Ö ´¥¸É É¨Î¥¸±μ£μ
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ ¨¸ÉμÎ´¨±  ¢ ¨´¥·Í¨ ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É ³¥-
É·¨Î¥¸±¨¥ ±μÔËË¨Í¨¥´ÉÒ ¨´É¥·¢ ²  ¢´¥Ï´¥£μ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ¢¨¤  (4)
³μ£ÊÉ ¡ÒÉÓ Éμ²Ó±μ ¸É É¨Î¥¸±¨³¨.
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