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N-ûé ïîðÿäîê òåîðèè âîçìóùåíèé

Q(...; g) =
∑
k≥0

Q[k](...)gk , Q[N](...) =
1

2πi

∮
dg

gN+1
Q(...; g) (1.1)

Ðàñòÿæåíèå ïåðåìåííûõ: ϕ→
√
Nϕ, g → g/N

S(ϕ) → S(ϕ) = N(

∫
dx

[
1

2

∑
i

∂ϕ(x)

∂xi

∂ϕ(x)

∂xi
+
τ

2
ϕ2(x)+

g

4!
(ϕ2(x))2

]
+ln g)

(1.2)
Ñèñòåìà óðàâíåíèé ñòàöèîíàðíîñòè δS/δϕ = 0, ∂S/∂g = 0:

[−∂2 + τ ]ϕ(x) +
g

3!
ϕ3(x) = 0,

g

4!

∫
dx ϕ4(x) = −1. (1.3)

Àñèìïòîòè÷åñêèé ðÿä ñ ôàêòîðèàëüíûì ðîñòîì êîýôôèöèåíòîâ
(Lipatov, 1977):

Q[N](...) = CQ N!(−a)NNbQ
(

1 + O(1/N)
)

(1.4)
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Martin-Siggia-Rose (MSR) äåéñòâèå S(ϕ,ϕ′)

Ìîäåëè A-H (Honkonen-Komorova-Nalimov, 2005):

lim
t→∞

ϕd = ϕst (1.5)
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Óðàâíåíèå Íàâüå-Ñòîêñà äëÿ íåñæèìàåìîé æèäêîñòè:

∂tvi (t, x)+(v∂)vi (t, x)−ν∂2vi (t, x)+∂ipi (t, x) = ξi (t, x), ∂kϕk = 0 (1.6)

Êîððåëÿòîð ñëó÷àéíîé ñèëû (2D):

< ξi (t, x)ξj(t
′, x ′) >= δ(t − t ′)(2π)−2

∫
d2kPij(k)N(k) exp ik(x − x ′),

(1.7)
ãäå

Pij(k) = δik − kikj/k
2, N(k) = D0k

2 (1.8)

Ìîäåëü ñî ñòàòèêîé (2D):

Sst = −νv2, δSst/δvi = 0⇒ vst = 0 (1.9)
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Ïðîñòàÿ äèíàìè÷åñêàÿ ìîäåëü ñ ϕst = 0

Ìîäåëüíàÿ çàäà÷à (ϕ ∈ R2):

∂tϕi (t) + νϕi (t) + gϕ2(t)εimϕm(t) = ξi (t),

< ξi (t)ξj(t
′) >= δijδ(t − t ′), (2.1)

Sst = −νϕ2.

MSR äåéñòâèå:

S(ϕ,ϕ′) = (ϕ′)2/2 + ϕ′(∂tϕ+ νϕ+ gϕ2εϕ), (2.2)

ÀÂÏ äëÿ ôóíêöèè < ϕ1(0)ϕ1(T ) >[N]=?
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Óðàâíåíèÿ ñòàöèîíàðíîñòè

Èíñòàíòîííàÿ ñèñòåìà:

−∂tϕ′i + νϕ′i + 2gϕiϕ
′
kεklϕl + gϕ2ϕ′kεki = 0,

∂tϕj + ϕ′j + νϕj + gϕ2εjkϕk = 0, (2.3)

g

∫
dtϕ′kεklϕlϕ

2 = 1.

Èíòåãðàë äâèæåíèÿ: ϕ′kεklϕl = Const ≡ C
Ïîëÿðíûå êîîðäèíàòû:

(ϕ1(t), ϕ2(t))→ (|ϕ(t)|, θ(t)), (ϕ′1(t), ϕ′2(t))→ (|ϕ′(t)|, θ′(t))

x(t) ≡ ϕl(t)ϕl(t), y(t) ≡ ϕ′l(t)ϕ′l(t), z(t) ≡ ϕl(t)ϕ′l(t) (2.4)

Ðåøåíèå ñèñòåìû (λ ≡ 2
√
ν2 − 2gC):

x = a0 + a1e
−λt + a2e

λt ,

y = 2gCa0 + 2gC ν − λ/2

ν + λ/2
a1e
−λt + 2gC ν + λ/2

ν − λ/2
a2e

λt , (2.5)

z = −νa0 − (ν − λ/2)a1e
−λt − (ν + λ/2)a2e

λt ,
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Ôóíêöèîíàëüíîå ïðîñòðàíñòâî

Ãðàíè÷íîå óñëîâèå: |ϕ| = 0, t → −∞⇒ C = 0

Òðèâèàëüíûé îòâåò: < ϕ1(0)ϕ1(T ) >[N]= 0

Ðàçáèåíèå íà äâà ïîäïðîñòðàíñòâà:

ϕ̄(t) ≡ ϕ(t), t < 0 (|ϕ̄| = 0, t → −∞⇒ C̄ = 0),

ϕ̄′(t) ≡ ϕ′(t), t ≤ 0,

ϕ̂(t) ≡ ϕ(t), 0 < t < T (Ĉ 6= 0), (2.6)

ϕ̄′(t) ≡ ϕ′(t), 0 < t ≤ T ,

Íåïðåðûâíîå ñòàöèîíàðíîå ðåøåíèå íà âñåì ïðîñòðàíñòâå:

x̄(0) = x̂(0) = x(0) ≡ x0

x̂(T ) = x(T ) ≡ xT (2.7)

θ(0) = 0, θ(T ) = πk , k ∈ Z
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Àñèìïòîòè÷åñêàÿ îöåíêà:

< ϕ1(0)ϕ1(T ) >[N]≈ Const(−1)NNN+1/2
∫∞

0

∫∞
0

dx0dxT x0xT ·
· exp (Nf (x0, xT , Ĉ(x0, xT , k)), (2.8)

Èíòåãðàë íàêàïëèâàåòñÿ íà ãðàíèöå îáëàñòè (ðåçóëüòàò ÷èñëåííîãî
àíàëèçà ïðè ν = 1, T = 1).
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Ðàçëîæåíèå â ðÿä ïðè T ∼ 0: ϕi (T ) = ϕi (0) + dϕi (T )
dT

∣∣∣
0
T + ...

Èñêîìàÿ àñèìïòîòèêà îïðåäåëÿåòñÿ ìíîæèòåëåì ïðè gN :

< ϕi (0)ϕi (T ) >[N]≈< ϕi (0)
dNϕi (T )

dTN

∣∣∣
0
>st T

N/N!. (2.9)

Îöåíêà äëÿ N-îé ïðîèçâîäíîé:

dNϕi (T )

dTN

∣∣∣
0
≈ −(εim1 (−εm1m2 (...(−εmN−1mN

ϕmN
)...)))(ϕ2)NgNTN/N!

(2.10)

ÀÂÏ êîððåëÿöèîííîé ôóíêöèè:

< ϕi (0)ϕi (T ) >[2N]≈ (−1)Nν−1(2N + 1)(T/ν)2N (2.11)
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ÀÂÏ ôóíêöèè < vi (0, x)vj(T , y) >[N]=?

Ïðè T ∼ 0 ïîðÿäîê gN îïðåäåëÿåòñÿ èç
dNvj (T ,x)

dTN

∣∣∣
0

Íîâàÿ òåîðèÿ âîçìóùåíèé: v̄j(0, x) = vj(0, x) + gPjm(v̄k(0, x)∂k)v̄m(0, x),

< vi (0, x)vj(T , y) >[N]=< vi (0, x)v̄j(0, y) >[N] TN/N! (3.1)

Âñòàâêà δ ôóíêöèè è èíòåãðèðîâàíèå ïî v :

S = −(v̄i + gPil(v̄∂)v̄l)Pij(v̄j + gPjm(v̄∂)v̄m) (3.2)

δS/δv̄ = 0⇒ v̄st = 0 (â îáúåìå)
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Ìîäåëü ñ äåéñòâèåì: S = −ϕ2/2− gϕ4/4!

ϕst(x − x0) ∼ δ(x − x0), (|k | < Λ) (3.3)

Ñòàöèîíàðíîå ðåøåíèå

v̄i (p) = −(g/4π2)2

∫
|η|,|ξ|<Λ

dηdξ
(
v̄k(ξ)(p − ξ)iPkj(p − ξ) +

v̄k(ξ)(p − ξ)kPij(p − ξ)
)
v̄s(η)(p − ξ − η)svj(p − ξ − η) (3.4)
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Ñïàñèáî.
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