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1. Çàïèñàòü çàêîí ñîõðàíåíèÿ òåíçîðà ýíåðãèè-èìïóëüñà∇αtαβ = 0 â êîíôîðìíîé
ìåòðèêå ds2 = ρ(z, z̄)dzdz̄.

2. Âû÷èñëèòü êîððåëÿòîð äâóõ ãîëîìîðôíûõ òîêîâ

⟨J(z)J(w)⟩ = ⟨0|J(z)J(w)|0⟩

ïîíèìàåìûé êàê ñðåäíåå ïî ôîêîâñêîìó âàêóóìó αn|0⟩ = 0, n ≥ 0 (è ⟨0|αn = 0,
n ≤ 0) îò ðàäèàëüíî-óïîðÿäî÷åííîãî (|z| > |w|) ïðîèçâåäåíèÿ îïåðàòîðîâ

J(z) =
∑
k∈Z

αk

zk+1

êîýôôèöèåíòû ðàçëîæåíèÿ êîòîðûõ óäîâëåòâîðÿþò êîììóòàöèîííûì ñîîòíî-
øåíèÿì [αn, αm] = nδn+m,0.

3. Âû÷èñëèòü êîððåëÿòîð äâóõ ãîëîìîðôíûõ òîêîâ

⟨J(z)J(w)⟩ = −⟨∂X(z)∂X(w)⟩ =
∫
DXe−S∂X(z)∂X(w)∫

DXe−S

ïîíèìàåìûé êàê ñðåäíåå äëÿ ôóíêöèîíàëüíîãî èíòåãðàëà â ñâîáîäíîé ñêàëÿð-
íîé òåîðèè ñ äåéñòâèåì S = 1

4πα′

∫
d2σ∂αX∂αX.

4. Â òåîðèè ñâîáîäíîãî ñêàëÿðíîãî ïîëÿ âû÷èñëèòü ñèíãóëÿðíûå ïðè z → w ÷ëå-
íû îïåðàòîðíîãî ðàçëîæåíèÿ

à) T (z)T (w), ãäå òåíçîð ýíåðãèè-èìïóëüñà T (z) = −1
2
: ∂X(z)2 :,

á) T (z) : eiαX(w,w̄) :, íàéòè àíîìàëüíóþ ðàçìåðíîñòü óïîðÿäî÷åííîé ýêñïî-
íåíòû.
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