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Ìîäóëü 1. Êîíòðîëüíàÿ ðàáîòà

Ðåøàòü âñå çàäà÷è íå îáÿçàòåëüíî: âûáåðèòå òå, êîòîðûå ðåøèòü ïîëó÷àåòñÿ, îñòàëü-
íûå ìîæíî áóäåò ñäàòü ïîòîì. Â ïðîñòûõ ñ÷¼òíûõ çàäà÷àõ îòâåò ìîæíî ïèñàòü áåç
âû÷èñëåíèé, äàáû íå òðàòèòü âðåìÿ: ïðàâèëüíûé áóäåò çàñ÷èòàí, íåïðàâèëüíûé íå
áóäåò.

1. Íàïèøèòå óðàâíåíèÿ äâèæåíèÿ äëÿ ñèñòåì ñ ëàãðàíæèàíàìè
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(çäåñü T,m � êîíñòàíòû, à e � äèíàìè÷åñêàÿ ïåðåìåííàÿ) è ñðàâíèòå èõ ðåøå-
íèÿ.

2. Íàéäèòå àñèìïòîòèêó ïðîïàãàòîðà ñâîáîäíîé ÷àñòèöû
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ïðîñòðàíñòâå â ñëó÷àå à) ìàññèâíîé ÷àñòèöû m2 > 0, á) áåçìàññîâîé ÷àñòèöû
m2 = 0.

3. Âû÷èñëèòå èíòåãðàë
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4. Âû÷èñëèòå èíòåãðàë (ReA > 0)
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Â çàäà÷àõ 5�7 J(z) = i∂X(z) =
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• îçíà÷àåò íîðìàëüíîå óïîðÿäî÷åíèå � îïåðàòîðû óíè÷òîæåíèÿ íà-

ïðàâî, ðîæäåíèÿ íàëåâî.

5. Ïîêàæèòå, ÷òî
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ãäå Cz � ìàëåíüêèé êîíòóð, îõâàòûâàþùèé òî÷êó z. Îïåðàòîð R îçíà÷àåò ðà-
äèàëüíîå óïîðÿäî÷åíèå: ò.å., RJ(z1)J(z2) = J(z>)J(z<), ãäå z> è z< � áîëüøåå
è ìåíüøåå èç z1 è z2, ñîîòâåòñòâåííî.
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Ïðè ýòîì A(z) è B(z) � ïðîèçâîëüíûå îïåðàòîðû, îá îïåðàòîðíîì îïåðàòîð-
íîì ðàçëîæåíèè êîòîðûõ íè÷åãî íåèçâåñòíî. Ïðåäëîæåííàÿ äëÿ âû÷èñëåíèÿ
âåëè÷èíà íàçûâàåòñÿ îáîáù¼ííûì íîðìàëüíûì óïîðÿäî÷åíèåì è ÷àñòî îáîçíà-
÷àåòñÿ êàê (A(z)B(z)); âîïðîñ î òîì, êàê îíî ÿâíî âûðàæàåòñÿ â òåðìèíàõ ìîä.
Òàêæå ïîäóìàéòå, êîììóòàòèâíî ëè è àññîöèàòèâíî ëè îíî.

6. Íàéäèòå âàêóóìíûå ñðåäíèå à) ⟨J(z1)J(z2)J(z3)J(z4)⟩, á) ⟨W (z1)W (z2)⟩, ãäå
W (z) = i
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7. Â òåîðèè ñâîáîäíîãî ñêàëÿðíîãî ïîëÿ ñ òåíçîðîì ýíåðãèè-èìïóëüñà Ôåéãèíà-
Ôóêñà
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à) ïîëó÷èòå âûðàæåíèÿ äëÿ ãåíåðàòîðîâ àëãåáðû Âèðàñîðî Ln ÷åðåç ãåíåðà-
òîðû àëãåáðû Ãåéçåíáåðãà ak;

á) íàéäèòå öåíòðàëüíûé çàðÿä àëãåáðû Âèðàñîðî.

8. Â äâóìåðíûõ òåîðèÿõ ïîëÿ óäîáíî ïîëüçîâàòüñÿ êîìïëåêñíûìè êîîðäèíàòà-
ìè z = x + iy, z̄ = x − iy. Âûðàçèòå êîìïîíåíòû òåíçîðà ýíåðãèè-èìïóëüñà
Tzz, Tz̄z̄, Tzz̄, Tz̄z â êîîðäèíàòàõ z, z̄ ÷åðåç åãî êîìïîíåíòû Txx, Tyy, Txy, Tyx â èñ-
õîäíûõ êîîðäèíàòàõ.

9. Âû÷èñëèòå 4-òî÷å÷íûé êîððåëÿòîð ⟨Vα1(z1)Vα2(z2)Vα3(z3)Vα4(z4)⟩ âåðòåêñíûõ
îïåðàòîðîâ Vα(z) = •
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• ïðè
∑

i αi = 0, ÈËÈ, åñëè ñëîæíî, âû÷èñëèòå
< Vα(z1)V−α(z2) >.

10. Ñ÷èòàÿ èçâåñòíûì îïåðàòîðíîå ðàçëîæåíèå
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âû÷èñëèòå îïåðàòîðíîå ðàçëîæåíèå Φ∆(z)T (w) = . . . (â íàøåì îïðåäåëåíèè
îïåðàòîðíîãî ðàçëîæåíèÿ A(z)B(w) ïîëÿ â ïðàâîé ÷àñòè ñòîÿò â òî÷êå w).

Åñëè ïðåäïîëîæèòü, ÷òî ∆ = 1 è
∮

z=0
Φ∆(z)dz = (Φ∆)0 îïðåäåë¼í, ÷òî ìîæíî

ñêàçàòü î êîììóòàòîðå [(Φ∆)0, Lk] =?. Êàêèå ïðèìåðû Φ∆(z) ñ∆ = 1 âû çíàåòå?

11. Íàéäèòå ñòðóêòóðó (ñ òî÷íîñòüþ äî ÷èñëåííûõ êîýôôèöèåíòîâ) ðàçëîæåíèÿ
â ðÿä ïðîïàãàòîðà ãàðìîíè÷åñêîãî îñöèëëÿòîðà K(0, 0|T ) ∼ 1√

sinhT
ïî e−T â

ïðåäåëå T → ∞. ×òî ìîæíî ñêàçàòü î ñïåêòðå ãàìèëüòîíèàíà îñöèëëÿòîðà ïî
ýòîìó ðàçëîæåíèþ, è ïî÷åìó?
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