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Ôîðìóëû, D = 2

1. Êîîðäèíàòû:
z = x1 + ix2

z̄ = x1 − ix2

∂ ≡ ∂z = (∂1 − i∂2)/2
∂̄ ≡ ∂z̄ = (∂1 + i∂2)/2∫
dzdz̄ ≡ 2

∫
dx1dx2

Åâêëèä: z∗ = z̄
Ìèíêîâñêèé: z∗ = z, z̄∗ = z̄

2. Ãëîáàëüíàÿ ãðóïïà SL(2,C):

z′ =
az + b

cz + d
, ad− bc = 1

Aw =

(
a b
c d

)
, detAw = 1

3. Ñêàëÿðíîå ïîëå:
z′ = z + ε(z)
δεϕ = ϕ′(z)− ϕ(z) = −ε∂ϕ− ε̄∂̄ϕ

4. Àëãåáðà Âèòòà:
ε(z) =

∑+∞
n=−∞ εnz

n+1

δεϕ =
∑+∞

n=−∞(εnln + ε̄nl̄n)ϕ

ln = −zn+1∂
l̄n = −z̄n+1∂̄
[ln, lm] = (n−m)ln+m

[l̄n, l̄m] = (n−m)l̄n+m

5. Ïðèìàðíûå ïîëÿ:

ϕ′(z′, z̄′) =
(
dz′

dz

)−h (dz̄′
dz

)−h̄
ϕ(z, z̄)

h = (∆ + s)/2
h̄ = (∆− s)/2
δεϕ = −(h∂ε+ ε∂)ϕ− (h̄∂̄ε̄+ ε̄∂̄)ϕ

6. Êîððåëÿòîðû: zij ≡ zi − zj
〈ϕ1(w1, w̄1) . . . ϕn(wn, w̄n)〉 =

∏
i

(
dwi

dzi

)−hi
×
(
dw̄i

dz̄i

)−h̄i 〈ϕ1(z1, z̄1) . . . ϕn(wn, w̄n)〉

〈ϕ1ϕ2〉 =
C12

z2h1
12 z̄

2h̄1
12

· δh1h2δh̄1h̄2
,

〈ϕ1ϕ2ϕ3〉 = C123

z
h12
12 z

h23
23 z

h13
13 z̄

h̄12
12 z̄

h̄23
23 z̄

h̄13
13

,

h12 = h1 + h2 − h3 .

Àíãàðìîíè÷åñêîå ÷àñòíîå: η =
z12z34

z13z24

7. Òåîðåìà Ãàóññà:∫
Σ

d2x ∂µF
µ =

i

2

∫
∂Σ

(dz̄F z − dzF z̄)

∂(1/z̄) = ∂̄(1/z) = πδ(2)(x)
∆ ln |z| = 4∂∂̄ ln |z| = 2πδ2(x)

8. Òîæäåñòâà Óîðäà:X = ϕ1(x1) . . . ϕn(xn)

2〈Tz̄zX〉 = −
∑
i

δ(2)(x− xi)hi〈X〉

2〈Tzz̄X〉 = −
∑
i

δ(2)(x− xi)h̄i〈X〉

T (z) = −2πTzz, T̄ (z̄) = −2πTz̄z̄

〈T (z)X〉 =
∑
i

(
1

z−zi ∂ + hi
(z−zi)2

)
〈X〉+ reg.

〈T̄ (z̄)X〉 =
∑
i

(
1

z̄−z̄i ∂̄ + h̄i
(z̄−z̄i)2

)
〈X〉+ reg.

δε〈X〉 =
1

2πi

∫
∂Σ

(
ε̄dz̄ 〈T̄X〉 − εdz 〈TX〉

)
9. OPE:
ϕi(x)ϕj(y) =

∑
k

cijk(x, y)ϕk(y)

〈T (z)ϕ(w)〉 ∼
(

h

(z − w)2
+

1

z − w
∂

)
ϕ(w)

10. Ñâîáîäíîå ñêàëÿðíîå ïîëå:
S = g

∫
d2x (∂µϕ)2/2

〈ϕ(x)ϕ(y)〉 = − 1

2πg
ln |x− y|

〈∂ϕ(z)∂ϕ(w)〉 = − 1

4πg
· 1

(z − w)2

∂ϕ(z) : (h, h̄) = (1, 0)
∂̄ϕ(z̄) : (h, h̄) = (0, 1)
T = −2πg : (∂ϕ)2 :
T̄ = −2πg : (∂̄ϕ)2 :
: A := A− 〈A〉
T (z)T (w) ∼ 2T (w)

(z−w)2 + ∂T (w)
z−w + 1/2

(z−w)4

1



Çàäà÷è

1. Âûïèñàòü ìàòðèöû ãëîáàëüíûõ ïðåîáðàçîâàíèé, ñîîòâåòñòâóþùèå äèëàòàöèÿì,
òðàíñëÿöèÿì, ïîâîðîòàì è ñïåöèàëüíûì êîíôîðìíûì ïðåîáðàçîâàíèÿì.

2. Âûâåñòè êîììóòàöèîííûå ñîîòíîøåíèÿ àëãåáðû Âèòòà 4.

3. Ïîêàçàòü, ÷òî ∂ϕ � âòîðè÷íîå ïîëå, åñëè ϕ � ïðèìàðíîå.

4. Ïîëó÷èòü êîððåëÿòîðû 6, âîñïîëüçîâàâøèñü èíâàðèàíòíîñòüþ òåîðèè îòíîñèòåëü-
íî ãëîáàëüíûõ êîíôîðìíûõ ïðåîáðàçîâàíèé.

5. Ïîêàçàòü, ÷òî

η′ =
z14z23

z13z24

= 1− η .

6. Âûâåñòè òîæäåñòâî Óîðäà äëÿ óãëîâîãî ìîìåíòà, âîñïîëüçîâàâøèñü âûðàæåíèåì
äëÿ íåòåðîâñêîãî òîêà Mµνλ = xνTµλ − xλTµν .

7. Ïîëó÷èòü ôîðìóëó äëÿ ∆ ln |z|, èñïîëüçóÿ òåîðåìó Ãàóññà 7.

8. Íàéòè ε(z), ε̄(z̄), ñîîòâåòñòâóþùèå ãëîáàëüíûì êîíôîðìíûì ïðåîáðàçîâàíèÿì.

9. Ïîëó÷èòü çàêîí ïðåîáðàçîâàíèÿ äâóõòî÷å÷íîé è òðåõòî÷å÷íîé êîððåëÿöèîííûõ
ôóíêöèé èç òîæäåñòâ 8. Ïîëó÷èòü óñëîâèÿ èíâàðèàíòíîñòè êîððåëÿòîðîâ îòíîñè-
òåëüíî ãëîáàëüíûõ êîíôîðìíûõ ïðåîáðàçîâàíèé. Ïîêàçàòü, ÷òî ôóíêöèè 6 óäî-
âëåòâîðÿþò ýòèì óñëîâèÿì.

10. Â ìîäåëè 10 âûïèñàòü OPE T (z)T (w).
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