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Ñêàëÿðíûå ïîëÿ â êîñìîëîãèè Óðàâíåíèå ñîñòîÿíèÿ ïîëåé ò¼ìíîãî ñåêòîðà

w = p/ρ Îïèñûâàåìîå âåùåñòâî

w = 1 ïðåäåëüíî æ¼ñòêîå ñîñòîÿíèå âåùåñòâà

0 < w < 1 èäåàëüíàÿ æèäêîñòü

w = 1/3 èçëó÷åíèå (ÝÌÂ, ðåëèêòîâîå)

w = 0 îáû÷íîå âåùåñòâî, ò¼ìíàÿ ìàòåðèÿ (ÒÌ)

w = −1/3 íåò ãðàâèòàöèè è àíòèãðàâèòàöèè (êîñìè÷åñêèå ñòðóíû)

w < −1/3 ò¼ìíàÿ ýíåðãèÿ (ÒÝ)

w = −2/3 (äîìåííûå ñòåíêè, òîïîëîãè÷åñêèå äåôåêòû)

−1 < w < −1/3 êâèíòýññåíöèÿ (Q)

w = −1 êâàçèâàêóóì, êîñìîëîãè÷åñêàÿ ïîñòîÿííàÿ (Λ)

w < −1 ôàíòîìíàÿ ò¼ìíàÿ ýíåðãèÿ (Ph, T)

w 6= const äèíàìè÷åñêàÿ ò¼ìíàÿ ýíåðãèÿ

[V. Sahni, A. Starobinsky, 2000, 2006, 2010] Λ 6= 0, ìîäåëè ÒÝ

[E. J. Copeland, M. Sami, S. Tsujikawa, 2006] Λ, ìîäåëè ÒÝ

[S. Ray et. al., 2007] äèíàìè÷åñêàÿ Λ(t)

[S. Tsujikawa, 2010] ìîäåëè ÒÝ, âçàèìîäåéñòâèå ïîëåé ÒÑ

[M. Sami, 2005, 2009] Λ, ìîäåëè ÒÝ, ìèð íà áðàíå
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Ñêàëÿðíûå ïîëÿ â êîñìîëîãèè Íåëèíåéíûå ñèãìà ìîäåëè

[J. Schwinger, 1957] òðèïëåò π-ìåçîíîâ äîïîëíÿåòñÿ íåèçâåñòíûì
σ ñèíãëåòîì (íåñòàáèëüíûì)

[T. H. R. Skyrme, 1958] äîïîëíèòåëüíîå ìåçîííîå ïîëå φ4 � σ-ïîëå

4∑
ρ=1

φ2ρ(x) = Q2, Q = const

[M. Gell-Mann & M. Levy, 1960] ðåàëèçàöèÿ êèðàëüíîé ãðóïïû íà
ìíîãîîáðàçèè

σ2(x) + ~π2(x) = f 2π , fπ = const

[À. À. Áåëàâèí, À.Ì.Ïîëÿêîâ, 1975], [K. Pohlmeyer, 1976],
[D. J. Gross, 1978] ðåøåíèÿ â SO(3)-èíâàðèàíòíîé ÍÑÌ

[Ã. Ã. Èâàíîâ, 1983], [Ã. Ã. Èâàíîâ, Ñ. Â. ×åðâîí, 1987] ðåøåíèÿ
èíâàðèàíòíî�ãðóïïîâûì ìåòîäîì â SO(3)- è SO(4)-èíâàðèàíòíûõ
ÍÑÌ, ìåòîä èçîìåòðè÷åñêîãî ïîãðóæåíèÿ

[Ñ. Â. ×åðâîí, 1986] òî÷íûå ðåøåíèÿ â ñàìîãðàâèòèðóþùåé
SO(N)-èíâàðèàíòíîé ÍÑÌ
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Ñêàëÿðíûå ïîëÿ â êîñìîëîãèè Îáùèå óðàâíåíèå ÊÊÌ

Ñàìîãðàâèòèðóþùàÿ ÍÑÌ ñ ïîòåíöèàëîì W (ϕC )

Ëàãðàíæèàí ñèñòåìû êèðàëüíûõ (ñêàëÿðíûõ) ïîëåé:

LNSM =
1

2
hAB(ϕC )ϕA,µϕ

B
,νg

µν −W (ϕC ), (1)

äåéñòâèå:

SNSM =

∫
M

dmx
√
−g
(
R + 2Λ

2κ
+ LNSM

)
. (2)

Ïðè âàðüèðîâàíèè äåéñòâèÿ SNSM ïî ïîëÿì ϕC ïîëó÷àåì óðàâíåíèÿ
äâèæåíèÿ

1√
−g

∂µ(
√
−gϕ,µA )− 1

2

∂hBC (ϕA)

∂ϕA
φC,µφ

B
,νg

µν +
∂W (ϕC )

∂φA
= 0, (3)

÷èñëî êîòîðûõ ñîâïàäàåò ñ êîëè÷åñòâîì ïîëåé � êîìïîíåíòîâ ÍÑÌ.
Óðàâíåíèÿ Ýéíøòåéíà â ýòîì ñëó÷àå ïðèâîäÿòñÿ ê âèäó

Rµν = κ(hAB(φC )ϕA,µϕ
B
,ν − gµνW (ϕC )) + Λgµν . (4)
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Ñêàëÿðíûå ïîëÿ â êîñìîëîãèè Îáùèå óðàâíåíèå ÊÊÌ

Èíôëÿöèîííûé ñöåíàðèé ñ îäíèì ñêàëÿðíûì ïîëåì

Èíòåãðàë äåéñòâèÿ ñêàëÿðíîãî ïîëÿ, ìèíèìàëüíî âçàèìîäåéñòâóþùåãî
ñ ãðàâèòàöèåé:

S =

∫
d4x
√
−g
(

R

2κ
+

1

2
gµνϕ,µϕ,ν − V (ϕ)

)
. (5)

Âàðüèðóÿ äåéñòâèå S ïî ïîëþ ϕ, ïîëó÷àåì äèíàìè÷åñêîå óðàâíåíèå
ñêàëÿðíîãî ïîëÿ

ϕ̈+ 3
ȧ

a
ϕ̇+

∂V (ϕ)

∂ϕ
= 0, (6)

ãäå a ≡ a(t) � ìàñøòàáíûé ôàêòîð, òî÷êà � ïðîèçâîäíàÿ ïî âðåìåíè.
Óðàâíåíèÿ Ýéíøòåéíà â êëàññå ìåòðèê ÔÐÓ ñ ëèíåéíûì ýëåìåíòîì
ds2 = dt2 − a2(t)dx2 ïðèìóò âèä (ε = 0,±1):

ä

a
+ 2

ȧ2

a2
+ 2

ε

a2
= κV (ϕ)− Λ, (7)

−3 ä
a

= κ(ϕ̇2 − V (ϕ)) + Λ. (8)
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Ñêàëÿðíûå ïîëÿ â êîñìîëîãèè Îáùèå óðàâíåíèå ÊÊÌ

Äâóõêîìïîíåíòíàÿ ÍÑÌ ñ ïîòåíöèàëîì W (φ, ψ)

Ìåòðèêà êèðàëüíîãî ïðîñòðàíñòâà:

dσ2 = h11(φ, ψ)dφ2 + 2h12(φ, ψ)dφdψ + h22(φ, ψ)dψ2. (9)

Ïîëîæèì h11 = 1, h12 = 0. Óðàâíåíèÿ íà êèðàëüíûå ïîëÿ â îäíîðîäíîé
è èçîòðîïíîé Âñåëåííîé ñ ïðîñòðàíñòâåííî�ïëîñêîé ìåòðèêîé ÔÐÓ:

φ̈+ 3Hφ̇− 1

2

∂h22
∂φ

ψ̇2 +
∂W (φ, ψ)

∂φ
= 0, (10)

d

dt

(
h22ψ̇

)
+ 3H

(
h22ψ̇

)
− 1

2

∂h22
∂ψ

ψ̇2 +
∂W (φ, ψ)

∂ψ
= 0, (11)

ãäå H =
ȧ

a
� ïàðàìåòð Õàááëà. Óðàâíåíèÿ Ýéíøòåéíà:

H2 =
κ

3

[
1

2
φ̇2 +

1

2
h22ψ̇

2 + W (φ, ψ)

]
, (12)

Ḣ = −κ
[
1

2
φ̇2 +

1

2
h22ψ̇

2

]
. (13)
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Êîñìîëîãè÷åñêèå âîçìóùåíèÿ è ïîëÿ ò¼ìíîãî ñåêòîðà Ïîñòðîåíèå ìîäåëè ñ èíôëàòîíîì è äâóìÿ ïîëÿìè ÒÑ

Ñëàáûå ïîëÿ ÒÑ â ýïîõó èíôëÿöèè: δφ ∼ ϕC

Äåéñòâèå, φ � èíôëàòîí, ïîëÿ ÒÑ ϕC ýôôåêòèâíî îïèñûâàþòñÿ ÍÑÌ:

S =

∫ √
−gd4x

[
R

2κ
+

1

2
φ,µφ,νg

µν − V (φ) + LNSM
]
. (14)

Óðàâíåíèÿ Ýéíøòåéíà íà âîçìóùåíèÿ:

δG ν
µ = κ(δT ν

µ + Θν
µ); Tµν = φ,µφ,ν − gµν

(
1

2
φ,αφ

,α − V (φ)

)
, (15)

Θµν = ψ,µψ,ν + h22χ,µχ,ν − gµν

(
1

2
ψ,αψ

,α +
1

2
h22χ,αχ

,α −W12

)
. (16)

Ïîòåíöèàë âçàèìîäåéñòâèÿ. W (φ, ψ, χ) = V (φ) + W12(ψ, χ).
Ïðåäïîëàãàÿ W12(ψ, χ)� V (φ), ïîëó÷àåì W ≈ V (φ).

Êèíåòè÷åñêàÿ ýíåðãèÿ. K (φ, ψ, χ) = K0(φ) + K12(ψ, χ),
ãäå K0(φ) = 1

2
φ,αφ

,α, K12(ψ, χ) = 1
2
ψ,αψ

,α + 1
2
h22χ,αχ

,α.
Ïðåäïîëàãàÿ K12 � K0, ïîëó÷àåì K ≈ K0.
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Êîñìîëîãè÷åñêèå âîçìóùåíèÿ è ïîëÿ ò¼ìíîãî ñåêòîðà Ïîñòðîåíèå ìîäåëè ñ èíôëàòîíîì è äâóìÿ ïîëÿìè ÒÑ

Óðàâíåíèÿ â êîíôîðìíîì âðåìåíè η, dt = a(η)dη

Ôîíîâûå óðàâíåíèÿ Ýéíøòåéíà â ïðîñòðàíñòâåííî�ïëîñêîé ìåòðèêå
ÔÐÓ:

H′ −H2 = −κK0, 3H2 = κ(K0 + a2V (φ)), (17)

øòðèõ � ïðîèçâîäíàÿ ïî êîíôîðìíîìó âðåìåíè.
Íåâîçìóù¼ííîå óðàâíåíèå íà ñêàëÿðíîå ïîëå:

φ′′ + 2Hφ′ + a2
∂V (φ)

∂φ
= 0. (18)

Äèíàìè÷åñêèå óðàâíåíèÿ êèðàëüíûõ ïîëåé ÒÑ íà ôîíå
ãðàâèòàöèîííîãî ïîëÿ, ïîðîæä¼ííîãî èíôëàòîíîì:

ψ′′ + 2Hψ′ − 1

2

∂h22
∂ψ

χ′2 + a2
∂W12

∂ψ
= 0, (19)

h22(χ′′ + 2Hχ′) + h′22χ
′ − 1

2

∂h22
∂χ

χ′2 + a2
∂W12

∂χ
= 0. (20)
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Êîñìîëîãè÷åñêèå âîçìóùåíèÿ è ïîëÿ ò¼ìíîãî ñåêòîðà Âîçìóùåíèÿ ñ ïðåîáëàäàþùèì ïîëåì èíôëÿöèè

Âîçìóùåíèÿ ãðàâèòàöèîííîãî ïîëÿ Φ
è èíôëàòîíà φ = φ0 + δφ

Âîçìóù¼ííàÿ ìåòðèêà ïðîñòðàíñòâà�âðåìåíè:

ds2 = a2(η)
{

(1 + 2Φ)dη2 − (1− 2Φ)γijdx
idx j

}
. (21)

Óðàâíåíèÿ íà âîçìóùåíèÿ ãðàâèòàöèîííîãî ïîëÿ è èíôëàòîíà δφ:

Φ′′ −∇2Φ + 2Φ′
(
H− φ′′0

φ′0

)
+ 2Φ

(
H′ −Hφ

′′
0

φ′0

)
+ κW12 = 0, (22)

δφ =
2

κφ′0
(Φ′ +HΦ). (23)

Äèíàìè÷åñêîå óðàâíåíèå äëÿ âîçìóùåíèé èíôëàòîíà:

δφ′′ + 2Hδφ′ −∇2δφ+ a2V,φφδφ = 0. (24)
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Êîñìîëîãè÷åñêèå âîçìóùåíèÿ è ïîëÿ ò¼ìíîãî ñåêòîðà Ñëàáûå ïîëÿ ÒÑ êàê èñòî÷íèê âîçìóùåíèé

Ïàðàìåòðû ¾ñëàáîãî¿ èñòî÷íèêà âîçìóùåíèé,

ýôôåêòèâíî îïèñûâàþùåãîñÿ ÍÑÌ

Ôîíîâîå óðàâíåíèå èíôëàòîíà

φ′′0 + 2Hφ′0 + a2V,φ = 0. (25)

Ýêñïîíåíöèàëüíàÿ èíôëÿöèÿ a(η) = −1/(h∗η), H(η) = −1/η,
φ0 = const, V (φ) = const.
Óðàâíåíèå äëÿ ãðàâèòàöèîííîãî ïîòåíöèàëà Φ:

Φ′′ −∇2Φ + κW12(η) = 0. (26)

Ïóñòü h22 = ±ψ2 (çíàê ¾�¿ â ñëó÷àå ôàíòîìíîãî ïîëÿ χ), òîãäà
ñèñòåìà óðàâíåíèé ïîëåé ÒÑ:

ψ′′ + 2Hψ′ ∓ ψχ′2 + a2W,ψ = 0, (27)

ψ2(χ′′ + 2Hχ′) + 2ψψ′χ′ + a2W,χ = 0. (28)
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Êîñìîëîãè÷åñêèå âîçìóùåíèÿ è ïîëÿ ò¼ìíîãî ñåêòîðà Ñëàáûå ïîëÿ ÒÑ êàê èñòî÷íèê âîçìóùåíèé

Ðåøåíèÿ â äëèííîâîëíîâîì ïðèáëèæåíèè

Ðåøåíèÿ (h∗, β, γ,W∗,Ci � ïîñòîÿííûå) ïðè W,χ = 0:

W (ψ) = ±h
2
∗γ

2

4β2
ψ4 + h2∗ψ

2 + W∗, (29)

ψ = βη, χ = γη + const; (30)

Φ = C2η ∓
κ(h∗βγ)2

120
η6 − κ(h∗β)2

12
η4 − κW∗

2
η2, (31)

δφ = C1η
3 + C3. (32)

W (ψ) =
h2∗(9± 4γ2)

8
ψ2 + W∗, (33)

ψ = βη3/2, χ = γ ln η + const; (34)

Φ = C2η −
κ(h∗β)2

160
(9± 4γ2)η5 − κW∗

2
η2, (35)

δφ = C1η
3 + C3. (36)
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Êîñìîëîãè÷åñêèå âîçìóùåíèÿ è ïîëÿ ò¼ìíîãî ñåêòîðà Ñëàáûå ïîëÿ ÒÑ êàê èñòî÷íèê âîçìóùåíèé

Ðåøåíèÿ â äëèííîâîëíîâîì ïðèáëèæåíèè

Ðåøåíèÿ (h∗, β, γ,W∗,Ci � ïîñòîÿííûå) ïðè W,χ = 0:

W (ψ) = h2∗ψ
2 ± h2∗βγ

2ψ + W∗, K (η) =
1

2
h2∗β

2η2(4η2 ± γ2), (37)

ψ = βη2, χ =
γ

η
+ const, W (η) = h2∗β

2η2(η2 ± γ2) + W∗. (38)

Φ = C2η −
κ(h∗β)2

30
η6 ∓ κ(h∗βγ)2

12
η4 − κW∗

2
η2, δφ = C1η

3 + C3. (39)
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