
Òåîðèÿ ñòðóí è êîíôîðìíàÿ òåîðèÿ ïîëÿ.

Êîíòðîëüíàÿ ðàáîòà 1.

1. Íàéäèòå äåéñòâèå S(x0, x1; t) äëÿ íåðåëÿòèâèñòñêîé ñâîáîäíîé ÷àñòèöû ñ ëàãðàí-
æèàíîì L = m
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mẋ2 ïðè äâèæåíèè ïî êëàññè÷åñêîé òðàåêòîðèè îò x0 äî x1 çà

âðåìÿ t. Êàê ýòî äåéñòâèå ñâÿçàíî ñ ìàòðè÷íûì ýëåìåíòîì îïåðàòîðà ýâîëþ-
öèè ⟨x1| exp
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2. Âûâåäèòå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íîé ðåëÿòèâèñòñêîé ÷àñòèöû â ïðîèçâîëü-
íîé ïðîñòðàíñòâåííî-âðåìåííîé ìåòðèêå Gµν(X):

S[X; e] = 1
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3. Äëÿ êîíôîðìíîé ìåòðèêè â äâóìåðíîì åâêëèäîâîì ïðîñòðàíñòâå gαβ = ρ(σ1, σ2)δαβ

âû÷èñëèòü òåíçîð Ðè÷÷è Rαβ è ñêàëÿðíóþ êðèâèçíó R. Äëÿ êàêèõ ôóíê-
öèé ρ(σ1, σ2) ýòà ìåòðèêà ÿâëÿåòñÿ ðåøåíèåì óðàâíåíèé Ýéíøòåéíà-Ãèëüáåðòà
Rαβ − 1

2
gαβR = 0 â äâóìåðíîì ïðîñòðàíñòâå áåç ìàòåðèè?

4. ÏóñòüA - ïîëîæèòåëüíî îïðåäåëåííàÿ ìàòðèöà ðàçìåðà n×n, x = (x1, . . . , xn) ∈
Rn. Îáîçíà÷èì

⟨f(x)⟩ :=
∫
Rn f(x)e
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à) Âû÷èñëèòü ãàóññîâ èíòåãðàë
∫
Rn e

− 1
2
(x,Ax)dx è âåëè÷èíû ⟨xi⟩, ⟨xixj⟩.

á) Ïóñòü n = 3: âû÷èñëèòü ⟨x2
1x2x3⟩.

5. Êàêîìó äèôôåðåíöèàëüíîìó óðàâíåíèþ óäîâëåòâîðÿåò ïðîïàãàòîð ñâîáîäíîé
ðåëÿòèâèñòñêîé ÷àñòèöû
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Íàéòè ðåøåíèå ýòîãî óðàâíåíèÿ â âèäå èíòåãðàëà Ôóðüå.

6. (*) Âû÷èñëèòü âûðàæåíèå Jµ(X0, X1; x) = ⟨
∫ 1

0
dτẊµ(τ)δ(x−X(τ))⟩X,e â òåîðèè

ðåëÿòèâèñòñêîé ÷àñòèöû (èìååòñÿ â âèäó ïîëíûé èíòåãðàë ïî âñåì ïîëÿì - X
è e). Êàêîé ôèçè÷åñêèé ñìûñë ó ïîëó÷åííîãî îòâåòà?

1


