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ˆ.‚. ”μ³¨´ ∗

Œμ¸±μ¢¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° É¥Ì´¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É ¨³. �. �. � Ê³ ´ , Œμ¸±¢ 

� ¸¸³ É·¨¢ ÕÉ¸Ö ³μ¤¥²¨ ±μ¸³μ²μ£¨Î¥¸±μ° ¨´Ë²ÖÍ¨¨, μ¸´μ¢ ´´Ò¥ ´  £· ¢¨É Í¨¨
�°´ÏÉ¥°´ Äƒ Ê¸¸ Ä	μ´´¥ (�ƒ	), ¸ ´¥³¨´¨³ ²Ó´μ° ¸¢Ö§ÓÕ ¸± ²Ö·´μ£μ ¶μ²Ö ¨ ¸± -
²Ö·  ƒ Ê¸¸ Ä	μ´´¥ (ƒ	) ¢ Î¥ÉÒ·¥Ì³¥·´μ° ‚¸¥²¥´´μ° ”·¨¤³ ´ Ä�μ¡¥·É¸μ´ Ä“μ±¥· .
�·¥¤¸É ¢²¥´ ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö ÉμÎ´ÒÌ ·¥Ï¥´¨°, μ¸´μ¢ ´´Ò° ´  ¸¢Ö§¨ ³¥¦¤Ê ÔÉ¨³¨
³μ¤¥²Ö³¨ ¨ ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¥° ¸ £· ¢¨É Í¨¥° �°´ÏÉ¥°´ .

The models of cosmological in
ation based on EinsteinÄGaussÄBonnet gravity (EGB)
with a non-minimal coupling of a scalar ˇeld with GaussÄBonnet scalar (GB) in four-
dimensional FriedmanÄRobertsonÄWalker Universe are considered in this paper. The
method for constructing the exact solutions based on the relationship between these models
and standard in
ation with Einstein gravity is presented.

PACS: 04.20.-q; 04.20.Jb; 04.50.Kd

‚‚…„…�ˆ…

‘É ´¤ ·É´Ò¥ ¨´Ë²ÖÍ¨μ´´Ò¥ ¸Í¥´ ·¨¨, · ¸¸³ É·¨¢ ÕÐ¨¥ ¤¨´ ³¨±Ê ¸± -
²Ö·´μ£μ ¶μ²Ö ´  · ´´¥° ¸É ¤¨¨ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°, μ¸´μ¢ ´´Ò¥ ´  É¥μ·¨¨
£· ¢¨É Í¨¨ �°´ÏÉ¥°´ , Ê¸¶¥Ï´μ μ¡ÑÖ¸´ÖÕÉ ¶·μ¨¸Ìμ¦¤¥´¨¥ ±·Ê¶´μ³ ¸ÏÉ ¡-
´μ° ¸É·Ê±ÉÊ·Ò,  ´¨§μÉ·μ¶¨Õ ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ¨ ³¥Ì ´¨§³Ò μ¡· §μ¢ -
´¨Ö Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í [1Ä3].

•μÉÖ É ±¨¥ ¸Í¥´ ·¨¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ´ ¡²Õ¤ É¥²Ó´Ò³ ¤ ´´Ò³, ¸ÊÐ¥¸É¢ÊÕÉ
¶·μ¡²¥³Ò, ¢ÒÌμ¤ÖÐ¨¥ §  · ³±¨ ¸É ´¤ ·É´μ£μ ¨´Ë²ÖÍ¨μ´´μ£μ ¶μ¤Ìμ¤ , ´ ¶·¨-
³¥·, ±¢ ´Éμ¢ Ö £· ¢¨É Í¨Ö.

�μ ÔÉμ° ¶·¨Î¨´¥ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö · ¸¸³ É·¨¢ ¥É¸Ö ¡μ²ÓÏμ¥ Î¨¸²μ ±μ¸-
³μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥° ¢ · ³± Ì ³¥É·¨Î¥¸±¨Ì É¥μ·¨° £· ¢¨É Í¨¨, μÉ²¨Î´ÒÌ
μÉ £· ¢¨É Í¨¨ �°´ÏÉ¥°´ , ¨²¨ É ± ´ §Ò¢ ¥³ÒÌ ³μ¤¨Ë¨Í¨·μ¢ ´´ÒÌ É¥μ·¨°
£· ¢¨É Í¨¨ [4].

„²Ö · ´´¥° ‚¸¥²¥´´μ° ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ £· ¢¨É Í¨Õ �°´ÏÉ¥°´  ¸
´¥±μÉμ·Ò³¨ ¶μ¶· ¢± ³¨ ± ± ÔËË¥±É¨¢´ÊÕ É¥μ·¨Õ ±¢ ´Éμ¢μ° £· ¢¨É Í¨¨.

∗E-mail: ingvor@inbox.ru
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�ËË¥±É¨¢´μ¥ ¸Ê¶¥·£· ¢¨É Í¨μ´´μ¥ ¤¥°¸É¢¨¥ ¤²Ö ¸Ê¶¥·¸É·Ê´ ¨´¤ÊÍ¨·Ê¥É ¶μ-
¶· ¢μÎ´Ò¥ Î²¥´Ò ¡μ²¥¥ ¢Ò¸μ±μ£μ ¶μ·Ö¤±  ¶μ ±·¨¢¨§´¥, ±μÉμ·Ò¥ ³μ£ÊÉ ¨£· ÉÓ
§´ Î¨É¥²Ó´ÊÕ ·μ²Ó ¢ · ´´¥° ‚¸¥²¥´´μ°. �¤´  ¨§ É ±¨Ì ¶μ¶· ¢μ± Å ¸± ²Ö·
ƒ Ê¸¸ Ä	μ´´¥ [5].

•μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ ¢ ·¨ Í¨Ö ƒ	-¸± ²Ö·  ¤ ¥É ¢±² ¤ ¢ Ê· ¢´¥´¨Ö ¤¨´ -
³¨±¨ Éμ²Ó±μ ¢ ¶·μ¸É· ´¸É¢¥ ¸ · §³¥·´μ¸ÉÓÕ ´¥ ³¥´¥¥ ¶ÖÉ¨. �Î¥¢¨¤´μ, Î¥ÉÒ-
·¥Ì³¥·´μ¥ ¶·μ¸É· ´¸É¢μ ´¥ Ê¤μ¢²¥É¢μ·Ö¥É ÔÉμ³Ê Ê¸²μ¢¨Õ, μ¤´ ±μ, ¶·¨ ÊÎ¥É¥
´¥³¨´¨³ ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸± ²Ö·´μ£μ ¶μ²Ö ¸ ƒ	-¸± ²Ö·μ³, Ê· ¢´¥´¨Ö
¤¨´ ³¨±¨ ¸± ²Ö·´μ£μ ¶μ²Ö ¢ ¶·μ¸É· ´¸É¢¥ Î¥ÉÒ·¥Ì ¨§³¥·¥´¨° μÉ²¨Î ÕÉ¸Ö μÉ
Ê· ¢´¥´¨° ¸É ´¤ ·É´μ° ±μ¸³μ²μ£¨¨ [6,7].

� ¡²Õ¤ É¥²Ó´Ò¥ μ£· ´¨Î¥´¨Ö ¢ ³μ¤¥²ÖÌ ¸μ ¸± ²Ö·´Ò³¨ ¶μ²Ö³¨, ¸¢Ö§ ´-
´Ò³¨ ¸μ ¸± ²Ö·μ³ ƒ Ê¸¸ Ä	μ´´¥,   É ±¦¥ ¶ · ³¥É·Ò ±μ¸³μ²μ£¨Î¥¸±¨Ì ¢μ§³Ê-
Ð¥´¨° ¤²Ö �ƒ	-¨´Ë²ÖÍ¨¨ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ · ¡μÉ Ì [6, 7]. Œμ¤¥²¨ É¥³´μ°
Ô´¥·£¨¨ ¸μ ¸± ²Ö·μ³ ƒ Ê¸¸ Ä	μ´´¥, ¢ ±μ´É¥±¸É¥ ¶μ¢Éμ·´μ£μ Ê¸±μ·¥´´μ£μ · ¸-
Ï¨·¥´¨Ö ‚¸¥²¥´´μ°, · ¸¸³ É·¨¢ ²¨¸Ó ¢ · ¡μÉ¥ [8], É ±¦¥ £· ¢¨É Í¨Ö �ƒ	
¢μ§´¨± ¥É ± ± ¸²¥¤¸É¢¨¥ ·¥±μ´¸É·Ê±Í¨¨ £· ¢¨É Í¨μ´´ÒÌ É¥μ·¨° ¨§ ¨¸Éμ·¨¨
· ¸Ï¨·¥´¨Ö ‚¸¥²¥´´μ° [9].

’ ±¨³ μ¡· §μ³, ³¥Éμ¤Ò ÉμÎ´ÒÌ ·¥Ï¥´¨° ¢ ±μ¸³μ²μ£¨Î¥¸±¨Ì ³μ¤¥²ÖÌ ¸μ
¸± ²Ö·´Ò³¨ ¶μ²Ö³¨ ¨ £· ¢¨É Í¨¥° �°´ÏÉ¥°´ Äƒ Ê¸¸ Ä	μ´´¥ ¶·¥¤¸É ¢²ÖÕÉ
¨´É¥·¥¸ ¤²Ö É¥μ·¥É¨Î¥¸±μ° ¨ ´ ¡²Õ¤ É¥²Ó´μ° ±μ¸³μ²μ£¨¨.

1. “��‚�…�ˆŸ „ˆ��ŒˆŠˆ
ˆ Œ…’�„ ��‘’��…�ˆŸ ’�—�›• �…˜…�ˆ‰

� ¸¸³μÉ·¨³ ¤¥°¸É¢¨¥, μ¶·¥¤¥²ÖÕÐ¥¥ Ê· ¢´¥´¨Ö ¤¨´ ³¨±¨ ¤²Ö · ¸¸³ É·¨-
¢ ¥³μ° ³μ¤¥²¨, ±μÉμ·μ¥ ¸μ¸Éμ¨É ¨§ ¤¥°¸É¢¨Ö �°´ÏÉ¥°´ Äƒ¨²Ó¡¥·É  ¨ ± ´μ-
´¨Î¥¸±μ£μ ¸± ²Ö·´μ£μ ¶μ²Ö, ´¥³¨´¨³ ²Ó´μ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥£μ ¸μ ¸± ²Ö·μ³
ƒ	 ¶μ¸·¥¤¸É¢μ³ ´¥±μÉμ·μ° ËÊ´±Í¨¨ ´¥³¨´¨³ ²Ó´μ° ¸¢Ö§¨ ξ(φ) ¢ ¸¨¸É¥³¥
¥¤¨´¨Í M−2

P = c = 1:

S =
∫

d4x
√
−g

[
1
2
R − 1

2
gμν∂μφ∂νφ − V (φ) − 1

2
ξ(φ)R2

GB

]
, (1)

£¤¥ R Å ¸± ²Ö· �¨ÎÎ¨; gμν Å ³¥É·¨Î¥¸±¨° É¥´§μ·; φ Å ¸± ²Ö·´μ¥ ¶μ²¥;
V (φ) Å ¶μÉ¥´Í¨ ² ¨ R2

GB = RμνρσRμνρσ −4RμνRμν +R2 Å ¸± ²Ö· ƒ Ê¸¸ Ä
	μ´´¥; MP Å ³ ¸¸  �² ´± .

„²Ö μ¶¨¸ ´¨Ö μ¤´μ·μ¤´μ° ¨ ¨§μÉ·μ¶´μ° ‚¸¥²¥´´μ° · ¸¸³μÉ·¨³ ³¥É·¨±Ê
”·¨¤³ ´ Ä�μ¡¥·É¸μ´ Ä“μ±¥·  (”�“)

ds2 = −dt2 + a2(t)
(

dr2

1 − kr2
+ r2dΩ2

)
, (2)

£¤¥ a(t) Å ³ ¸ÏÉ ¡´Ò° Ë ±Éμ·,   ¶μ¸ÉμÖ´´ Ö k = −1, 0, 1 ¸μμÉ¢¥É¸É¢Ê¥É
§ ³±´ÊÉμ°, ¶²μ¸±μ° ¨ μÉ±·ÒÉμ° ‚¸¥²¥´´μ° ”�“. ’ ±¦¥ μÉ³¥É¨³, ÎÉμ ¸²Ê-
Î ° k > 1 (3k = ρm0) ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¸²ÊÎ ° ¶²μ¸±μ° ‚¸¥²¥´´μ°
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”·¨¤³ ´  ¸μ ¸± ²Ö·´Ò³ ¶μ²¥³ ¨ ¨¤¥ ²Ó´μ° ¦¨¤±μ¸ÉÓÕ ¸ ´ Î ²Ó´Ò³ §´ Î¥-
´¨¥³ ¶²μÉ´μ¸É¨ ρm0 [10].

“· ¢´¥´¨Ö ±μ¸³μ²μ£¨Î¥¸±μ° ¤¨´ ³¨±¨ ¢ É ±μ° ³μ¤¥²¨ § ¶¨¸Ò¢ ÕÉ¸Ö ¸²¥-
¤ÊÕÐ¨³ μ¡· §μ³ [7]:

3H2 =
1
2
φ̇2 + V (φ) − 3k

a2
+ 12ξ̇H

(
H2 +

k

a2

)
, (3)

Ḣ = −1
2
φ̇2 +

k

a2
+ 2ξ̈

(
H2 +

k

a2

)
+ 2ξ̇H

(
2Ḣ − H2 − 3k

a2

)
, (4)

φ̈ + 3Hφ̇ + V,φ + 12ξ,φ

(
H2 +

k

a2

) (
Ḣ + H2

)
= 0, (5)

£¤¥ ÉμÎ±  μ¡μ§´ Î ¥É ¶·μ¨§¢μ¤´ÊÕ ¶μ ¢·¥³¥´¨, H ≡ ȧ/a Å ¶ · ³¥É· • ¡¡² 
¨ V,φ = ∂V/∂φ.

�μ¸±μ²Ó±Ê ¨§ É·¥Ì Ê· ¢´¥´¨° ¤¢  Ö¢²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³Ò³¨, ¶μ²¥¢μ¥ Ê· ¢-
´¥´¨¥ (5) ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´μ ¨§ Ê· ¢´¥´¨° �°´ÏÉ¥°´ Ä”·¨¤³ ´  (3), (4),
´  μ¸´μ¢¥ ±μÉμ·ÒÌ ³Ò ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ±μ¸³μ²μ£¨Î¥¸±ÊÕ ¤¨´ ³¨±Ê.

‚ ¸²ÊÎ ¥ ξ = const Ê· ¢´¥´¨Ö (3), (4) ¸¢μ¤ÖÉ¸Ö ± Ê· ¢´¥´¨Ö³ ¸É ´¤ ·É´μ°
±μ¸³μ²μ£¨¨

3H2
E =

1
2
φ̇2

E + VE(φ) − 3k

a2
E

, (6)

ḢE = −1
2
φ̇2

E +
k

a2
E

, (7)

£¤¥ ¨´¤¥±¸ E ¸μμÉ¢¥É¸É¢Ê¥É ¸É ´¤ ·É´Ò³ ¶ · ³¥É· ³ ±μ¸³μ²μ£¨Î¥¸±μ° ¨´-
Ë²ÖÍ¨¨ ¨ £· ¢¨É Í¨¨ �°´ÏÉ¥°´ .

�¸´μ¢μ° ´μ¢μ£μ ³¥Éμ¤  ¶μ¸É·μ¥´¨Ö ÉμÎ´ÒÌ ·¥Ï¥´¨° Ê· ¢´¥´¨° (3), (4)
¨ μ¶·¥¤¥²¥´¨Ö ¢²¨Ö´¨Ö ´¥³¨´¨³ ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  ¤¨´ ³¨±Ê Ö¢²Ö-
¥É¸Ö ËÊ´±Í¨μ´ ²Ó´ Ö ¸¢Ö§Ó HE = f(H, ξ̇, a, k) ³¥¦¤Ê ¸É ´¤ ·É´μ° ±μ¸³μ²μ-
£¨¥° ¨ ±μ¸³μ²μ£¨Î¥¸±¨³¨ ³μ¤¥²Ö³¨ ¸ £· ¢¨É Í¨¥° �ƒ	, μ¶·¥¤¥²¥´´ Ö É ±¨³
μ¡· §μ³, ÎÉμ¡Ò ¢ ¸²ÊÎ ¥ ξ = const Ê· ¢´¥´¨Ö (3), (4) ¶¥·¥Ìμ¤¨²¨ ¢ Ê· ¢´¥-
´¨Ö (6), (7) ¨ H = HE , a = aE , φ = φE , V = VE .

’ ±μ¥ ¸μμÉ´μÏ¥´¨¥ ¡Ò²μ · ¸¸³μÉ·¥´μ ¢ ¸μ¢³¥¸É´μ° · ¡μÉ¥  ¢Éμ·  ¸
‘. ‚. —¥·¢μ´μ³ [11] ¨ § ¶¨¸Ò¢ ²μ¸Ó ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

HE = H − 2ξ̇

(
H2 +

k

a2

)
. (8)

“· ¢´¥´¨Ö (3), (4) ¨ ËÊ´±Í¨Õ ´¥³¨´¨³ ²Ó´μ° ¸¢Ö§¨ ξ ¢ É ±μ³ ¸²ÊÎ ¥ ³μ¦´μ
§ ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

V (φ) = −2H2 + 5HHE + ḢE +
2k

a2
, (9)
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1
2
φ̇2 = −ḢE + HHE − H2 +

k

a2
, (10)

ξ̇ =
H − HE

2
(

H2 +
k

a2

) , (11)

μÉ±Ê¤  ¢¨¤´μ, ÎÉμ ¤²Ö ξ = const ¶μ²ÊÎ¨³ Ê· ¢´¥´¨Ö (6), (7) ¨ H = HE ,
a = aE , φ = φE , V = VE .

�μ¸±μ²Ó±Ê Ê· ¢´¥´¨Ö (9)Ä(11) ¸μ¤¥·¦ É ¶ÖÉÓ ´¥¨§¢¥¸É´ÒÌ ËÊ´±Í¨°, ¤²Ö
¶μ¸É·μ¥´¨Ö ÉμÎ´ÒÌ ·¥Ï¥´¨° ´¥μ¡Ìμ¤¨³μ § ¤ ÉÓ ¤¢¥ ¨§ ´¨Ì ¨²¨ μ¶·¥¤¥²¨ÉÓ
¤μ¶μ²´¨É¥²Ó´Ò¥ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ´¨³¨, ·Ê±μ¢μ¤¸É¢ÊÖ¸Ó É·¥¡μ¢ ´¨¥³ Ê¸±μ-
·¥´´μ£μ · ¸Ï¨·¥´¨Ö ‚¸¥²¥´´μ° ¨ · ¸¸³ É·¨¢ Ö Ë¨§¨Î¥¸±¨¥ ¶μÉ¥´Í¨ ²Ò, ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨¥ ·μ¦¤¥´¨Õ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¶μ § ¢¥·Ï¥´¨¨ ¸É ¤¨¨ ±μ¸-
³μ²μ£¨Î¥¸±μ° ¨´Ë²ÖÍ¨¨ [3].

‚ ¦´Ò³ ¸²ÊÎ ¥³ Ö¢²Ö¥É¸Ö ¶·¥¤¸É ¢²¥´¨¥ ËÊ´±Í¨¨ ´¥³¨´¨³ ²Ó´μ° ¸¢Ö§¨
¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

ξ̇ =
Ca3

ȧ2 + k
, (12)

£¤¥ C Å ¶·μ¨§¢μ²Ó´ Ö ¶μ¸ÉμÖ´´ Ö, ¨ Ê· ¢´¥´¨Ö (9)Ä(11) § ¶¨¸Ò¢ ÕÉ¸Ö ¸²¥-
¤ÊÕÐ¨³ μ¡· §μ³:

V (φ) = 3H2 + Ḣ +
2k

a2
− 12Cȧ, (13)

1
2
φ̇2 = −Ḣ +

k

a2
. (14)

�É²¨Î¨¥ Ê· ¢´¥´¨° (13), (14) μÉ Ê· ¢´¥´¨° ¸É ´¤ ·É´μ° ±μ¸³μ²μ£¨¨ ¢ ¤ ´´μ³
¸²ÊÎ ¥ § ±²ÕÎ ¥É¸Ö ¢ ¶μ¶· ¢±¥ ± ¶μÉ¥´Í¨ ²Ê V = VE + VGB, VGB = −12Cȧ
§  ¸Î¥É ´¥³¨´¨³ ²Ó´μ° ¸¢Ö§¨ ¸± ²Ö·´μ£μ ¶μ²Ö ¨ ¸± ²Ö·  ƒ Ê¸¸ Ä	μ´´¥.

’μÎ´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ¤¨´ ³¨±¨ ¸± ²Ö·´μ£μ ¶μ²Ö (9)Ä(11) ¨
(12)Ä(14) ´  ¸É ¤¨¨ ±μ¸³μ²μ£¨Î¥¸±μ° ¨´Ë²ÖÍ¨¨ ¶·¨¢¥¤¥´Ò ¢ · ¡μÉ¥ [11].

2. ’�—�›… �…˜…�ˆŸ ‚ �‹�‘Š�‰ ‚‘…‹…���‰
”�ˆ„Œ���Ä���…�’‘���Ä“�Š…��

� ¸¸³μÉ·¨³ Ê· ¢´¥´¨Ö ¤¨´ ³¨±¨ ¤²Ö ¶²μ¸±μ° ‚¸¥²¥´´μ° ”�“ (k = 0)

V (φ) = −2H2 + 5HHE + ḢE , (15)

1
2
φ̇2 = −ḢE + HHE − H2, (16)

ξ̇ =
H − HE

2H2
. (17)
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�·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨° (15)Ä(17) · ¸¸³μÉ·¨³ É·¨ ¸²ÊÎ Ö: ³μ¤¥²¨, ¸¢Ö§ ´´Ò¥
¸μ ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¥°, ¸ HE = H + β, £¤¥ β Å ´¥±μÉμ· Ö ¶·μ¨§¢μ²Ó´ Ö
¶μ¸ÉμÖ´´ Ö; ³μ¤¥²¨ ¡¥§ ¸¢Ö§¨ ¸μ ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¥° c HE = 0 ¨ ³μ-
¤¥²¨, ¸μ¢¶ ¤ ÕÐ¨¥ ¸μ ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¥° Éμ²Ó±μ ´  ¸É ¤¨¨ ¤¥ ‘¨ÉÉ¥· ,
c HE = H + ḢH−1.

2.1. Œμ¤¥²¨ ¸ HE = H + β. “· ¢´¥´¨Ö (15)Ä(17) § ¶¨¸Ò¢ ÕÉ¸Ö ¸²¥¤ÊÕ-
Ð¨³ μ¡· §μ³:

V (φ) = 3H2 + 5βH + Ḣ, (18)

1
2
φ̇2 = βH − Ḣ, β = −2ξ̇H2. (19)

� ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É· • ¡¡²  ¨ ¶μ¸ÉμÖ´´ÊÕ β:

H(t) = C exp (−At), β =
A2B2

8C
− A. (20)

‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¨³ ÉμÎ´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (18), (19) ¸ ¶μÉ¥´Í¨ ²μ³
•¨££¸ 

φ(t) = B exp
(
−A

2
t

)
, (21)

V (φ) =
φ2

4B2

(
24C2

B2
φ2 + 5A2B2 − 48AC

)
, (22)

ξ̇ =
A(8C − AB2)

16C2
exp (2At), ξ(φ) =

(8C − AB2)B4

32C2
φ−4. (23)

„²Ö ¸²ÊÎ Ö 8C = AB2 ¶μ²ÊÎ¨³ ·¥Ï¥´¨Ö ¤²Ö ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¨ ¸ £· ¢¨-
É Í¨¥° �°´ÏÉ¥°´ .

�·¨ ¤·Ê£μ³ ¢Ò¡μ·¥ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ¶ · ³¥É· ³¨ C = (5/48)AB2

¶μ²ÊÎ¨³ ¶μÉ¥´Í¨ ²

V (φ) =
25
384

A2φ4, (24)

¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ì μÉ¨Î¥¸±μ° ¨´Ë²ÖÍ¨¨ [3], ¸ ËÊ´±Í¨¥° ´¥³¨´¨³ ²Ó´μ°
¸¢Ö§¨

ξ(φ) = −4,608
A2

φ−4, (25)

¶ · ³¥É·μ³ • ¡¡²  ¨ ¸± ²Ö·´Ò³ ¶μ²¥³, ¸²¥¤ÊÕÐ¨³¨ ¨§ (20) ¨ (21).
2.2. Œμ¤¥²¨ ¸ HE = 0. ˆ¸Ìμ¤Ö ¨§ · ¸¸³ É·¨¢ ¥³μ£μ Ê¸²μ¢¨Ö, ³Ò ³μ¦¥³

§ ¶¨¸ ÉÓ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (15)Ä(17) ¤²Ö Ë ´Éμ³´ÒÌ ¶μ²¥° ¢ ¸²¥¤ÊÕÐ¥³
¢¨¤¥:

V (φ) = −2H2, (26)

φ̇2 = 2H2, 2ξ̇H = 1. (27)
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’ ±¨³ μ¡· §μ³, ¶μ¸·¥¤¸É¢μ³ ¢Ò¡μ·  ¶ · ³¥É·  • ¡¡²  H = H(φ) ¨§ Ê· ¢´¥-
´¨Ö (26) ³μ¦´μ ¸· §Ê μ¶·¥¤¥²¨ÉÓ ¶μÉ¥´Í¨ ² ¸± ²Ö·´μ£μ ¶μ²Ö.

’ ±¦¥, ÊÎ¨ÉÒ¢ Ö, ÎÉμ ξ̇ = ξ,φφ̇, ¨§ Ê· ¢´¥´¨° (26), (27) ¶μ²ÊÎ¨³

ξ,φ = ± 1
2
√

2H2
. (28)

� ¸¸³μÉ·¨³ ¶ · ³¥É· • ¡¡²  ¢¨¤ 

H(φ) =
A√
12

cos

(√
3
2

φ

)
, A > 0. (29)

ˆ§ Ê· ¢´¥´¨° (26)Ä(28) ¶μ²ÊÎ¨³ ÉμÎ´Ò¥ ·¥Ï¥´¨Ö

φ(t) =

√
2
3

arctan
(

eAt − 1
eAt + 1

)
, V (φ) = −A2

6
cos2

(√
3
2

φ

)
, (30)

ξ̇ =

√
6(1 + e2At)

A(1 + eAt)
, ξ(φ) = ±2

√
3

A2
tan

(√
3
2

φ

)
+ const, (31)

a(t) = a0 exp
{

1
2
√

6

[
arcsin (eAt) − arctan

(
1√

e2At + 1

)]}
. (32)

’ ±¦¥ ³μ¦´μ § ¶¨¸ ÉÓ Ê· ¢´¥´¨Ö (26), (27) ¢ ¤·Ê£μ° Ëμ·³¥:

φ(t) = ±
√

2 ln (a(t)) + c, (33)

V (t) = −2
(

ȧ

a

)2

, ξ(t) =
1
2

∫
a

ȧ
dt, (34)

£¤¥ c Å ±μ´¸É ´É  ¨´É¥£·¨·μ¢ ´¨Ö.
’ ±¨³ μ¡· §μ³, ¶μ § ¤ ´´μ³Ê ³ ¸ÏÉ ¡´μ³Ê Ë ±Éμ·Ê a = a(t) ³Ò ¶μ²Ê-

Î ¥³ ÉμÎ´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ¤¨´ ³¨±¨.
‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³μÉ·¨³ ³ ¸ÏÉ ¡´Ò° Ë ±Éμ·

a(t) = A exp (Btm), m > 0, B > 0. (35)

ˆ§ Ê· ¢´¥´¨° (33), (34) § ¶¨Ï¥³ ÉμÎ´Ò¥ ·¥Ï¥´¨Ö

φ(t) = ±
√

2Btm + c1, c1 = c ±
√

2 ln A, (36)

V (φ) = −2B2m2

(
±φ − c1√

2B

) 2(m−1)
m

, (37)

ξ̇ =
t1−m

2Bm
, ξ(φ) =

1
2(2 − m)mB

(
±φ − c1√

2B

) 2−m
m

+ const. (38)

„²Ö ¸¶¥Í¨ ²Ó´μ£μ ¢Ò¡μ·  ¶ · ³¥É·  m = 1/2 ¨ m = 1/3 ¶μ²ÊÎ¨³ ¶μÉ¥´Í¨ ²Ò
V (φ) ∝ −(φ − c1)−2 ¨ V (φ) ∝ −(φ − c1)−4.
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2.3. Œμ¤¥²¨ ¸ HE = H + ḢH−1. ‚ É ±μ³ ¸²ÊÎ ¥ Ê· ¢´¥´¨Ö (15)Ä(17)
§ ¶¨¸Ò¢ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

V (φ) = 3H2 + 6Ḣ +
d

dt

(
Ḣ

H

)
, (39)

1
2
φ̇2 = − d

dt

(
Ḣ

H

)
, ξ̇ = − Ḣ

2H3
. (40)

ˆ§ ¸μμÉ´μÏ¥´¨Ö HE = H + ḢH−1 ¢¨¤´μ, ÎÉμ HE = H Éμ²Ó±μ ¤²Ö ¸²ÊÎ Ö
H = const, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸É ¤¨¨ ¤¥ ‘¨ÉÉ¥· . �¶·¥¤¥²ÖÖ const =

√
Λ/3,

£¤¥ Λ Å ±μ¸³μ²μ£¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö, ¶μ²ÊÎ¨³ V = Λ, φ = const, ξ = const,
¸ ³ ¸ÏÉ ¡´Ò³ Ë ±Éμ·μ³ a(t) ∝ exp (

√
Λ/3 t).

’¥¶¥·Ó · ¸¸³μÉ·¨³ ³μ¤¥²Ó ±μ¸³μ²μ£¨Î¥¸±μ° ¨´Ë²ÖÍ¨¨ ¸ ¶ · ³¥É·μ³
• ¡¡² 

H(t) = Atn, n �= −1 (41)

¨²¨ ¸ ³ ¸ÏÉ ¡´Ò³ Ë ±Éμ·μ³

a(t) = a0 exp
(

A

n + 1
tn+1

)
. (42)

‘μμÉ¢¥É¸É¢ÊÕÐ¨° ¶ · ³¥É· • ¡¡²  ¤²Ö ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¨

HE(t) = Atn +
n

t
. (43)

’μÎ´Ò¥ ·¥Ï¥´¨Ö ¤²Ö ¸É¥¶¥´´μ° �ƒ	-¨´Ë²ÖÍ¨¨ ¸ n = −1 · ¸¸³ É·¨¢ ²¨¸Ó ¢
· ¡μÉ¥ [12].

ˆ§ Ê· ¢´¥´¨° (39), (40) ¶μ²ÊÎ¨³

φ(t) = ±
√

2n ln t + c2, (44)

V = 3A2 exp
(
∓
√

2nϕ
)

+ 6An exp
(
∓n − 1√

2n
ϕ

)
− n exp

(
±

√
2
n

ϕ

)
, (45)

ξ̇ = − n

2A2
t−2n−1, ξ =

1
4A2

exp
(
±
√

2nϕ
)

+ const, (46)

£¤¥ ϕ = φ − c2 ¨ c2 Å ±μ´¸É ´É  ¨´É¥£·¨·μ¢ ´¨Ö.
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3. ‚‹ˆŸ�ˆ… �…Œˆ�ˆŒ�‹œ��‰ ‘‚Ÿ‡ˆ
�� Š�‘Œ�‹�ƒˆ—…‘Š“� „ˆ��ŒˆŠ“

‚²¨Ö´¨¥ ´¥³¨´¨³ ²Ó´μ° ¸¢Ö§¨ ´  ¤¨´ ³¨±Ê ³μ¦´μ μÍ¥´¨ÉÓ ¶μ §´ ±Ê ξ̇,
¢ ¸²ÊÎ ¥ Ê¡Ò¢ ´¨Ö ËÊ´±Í¨¨ ξ(t) (ξ̇ < 0) ¶μ²ÊÎ¨³ H − HE < 0, ÎÉμ μ§´ Î ¥É
Ê³¥´ÓÏ¥´¨¥ É¥³¶  · ¸Ï¨·¥´¨Ö ‚¸¥²¥´´μ° μÉ´μ¸¨É¥²Ó´μ ¸É ´¤ ·É´μ° ±μ¸³μ-
²μ£¨Î¥¸±μ° ³μ¤¥²¨ ¨ μ¡· É´μ¥ ¢²¨Ö´¨¥ (Ê¸±μ·¥´¨¥) ¢ ¸²ÊÎ ¥ ·μ¸É  ËÊ´±Í¨¨
´¥³¨´¨³ ²Ó´μ° ¸¢Ö§¨ ξ(t).

„²Ö ¶²μ¸±μ° ‚¸¥²¥´´μ° ”�“ ³μ¦´μ μÍ¥´¨ÉÓ ¢²¨Ö´¨¥ ´¥³¨´¨³ ²Ó´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ´  ¤¨´ ³¨±Ê ¶μ¸·¥¤¸É¢μ³ · §´μ¸É¨ Î¨¸²  e-Ëμ²¤μ¢ ³¥¦¤Ê
¸É ´¤ ·É´μ° ¨ �ƒ	-¨´Ë²ÖÍ¨¥°:

ΔN = N − NE =

te∫
ti

(H − HE) dt = 2

te∫
ti

ξ̇H2 dt, (47)

£¤¥ ti ¨ te Å ¢·¥³¥´ , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ´ Î ²Ê ¨ § ¢¥·Ï¥´¨Õ ¨´Ë²ÖÍ¨μ´´μ°
¸É ¤¨¨.

„²Ö ³μ¤¥²¥° ¸ HE = H + β ¶μ²ÊÎ¨³ ΔN = −β(te − ti), É. ¥. · §²¨Î¨¥ ¶μ
Î¨¸²Ê e-Ëμ²¤μ¢ § ¢¨¸¨É μÉ §´ Î¥´¨Ö ¨ §´ ±  ¶ · ³¥É·  β.

„²Ö ³μ¤¥²¥° ¸ HE = H + ḢH−1 ¶μ²ÊÎ¨³

ΔN = −
te∫

ti

Ḣ

H
dt = −

He∫
Hi

dH

H
= ln

(
Hi

He

)
. (48)

„²Ö ³μ¤¥²¥° ¸ HE = 0 · §²¨Î¨¥ ΔN = N =
te∫
ti

Hdt, É. ¥. · ¢´μ Î¨¸²Ê

e-Ëμ²¤μ¢ ¢ �ƒ	-¨´Ë²ÖÍ¨¨.

‡�Š‹�—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ ´ °¤¥´´μ° ¢ Ö¢´μ³ ¢¨¤¥ ËÊ´±Í¨μ´ ²Ó´μ° ¸¢Ö§¨ ¶ · ³¥É·μ¢
• ¡¡²  ¤²Ö ¸É ´¤ ·É´μ° ¨´Ë²ÖÍ¨¨ ¨ ¨´Ë²ÖÍ¨¨ ¸ �ƒ	-£· ¢¨É Í¨¥° HE =
f(H, ξ̇, a, k) ¶μÖ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¶·μ¸Éμ° ¶·μÍ¥¤Ê·Ò £¥´¥·¨·μ¢ ´¨Ö ÉμÎ-
´ÒÌ ·¥Ï¥´¨° ¸ Ë¨§¨Î¥¸±¨³¨ ¶μÉ¥´Í¨ ² ³¨,   É ±¦¥ ¢μ§³μ¦´μ¸ÉÓ ± Î¥¸É¢¥´-
´μ° (¶μ §´ ±Ê ξ̇) ¨ ±μ²¨Î¥¸É¢¥´´μ° (¶μ §´ Î¥´¨Õ ΔN ) μÍ¥´±¨ ¢²¨Ö´¨Ö ´¥-
³¨´¨³ ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸± ²Ö·´μ£μ ¶μ²Ö ¨ ¸± ²Ö·  ƒ Ê¸¸ Ä	μ´´¥ ´ 
±μ¸³μ²μ£¨Î¥¸±ÊÕ ¤¨´ ³¨±Ê.

�¥·¸¶¥±É¨¢´Ò³ ´ ¶· ¢²¥´¨¥³ ¤ ²Ó´¥°Ï¥£μ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢²Ö¥É¸Ö μÍ¥´± 
¢²¨Ö´¨Ö ´¥³¨´¨³ ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  ¶ · ³¥É·Ò ±μ¸³μ²μ£¨Î¥¸±¨Ì ¢μ§-
³ÊÐ¥´¨°.
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�² £μ¤ ·´μ¸É¨. �¢Éμ· ¡² £μ¤ ·¨É ‘. ‚. —¥·¢μ´  §  μ¡¸Ê¦¤¥´¨¥ ¨ ±μ³³¥´-
É ·¨¨ ¶μ ¶μ¢μ¤Ê ¤ ´´μ° · ¡μÉÒ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´Éμ¢ �””ˆ 16-02-00488A ¨
16-08-00618A.
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