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Ëèñòîê 3

1. Êàê èçâåñòíî, äëÿ ÷àñòèöû â êóëîíîâñêîì ïîëå U(x⃗) = − α

|x⃗|
ñóùåñòâóåò èíòåãðàë

äâèæåíèÿ

A⃗ = v⃗ × M⃗ − αx⃗

|x⃗|
.

Âû÷èñëèòå ñêîáêè Ïóàññîíà {Ai, Aj}.

2. Êàêîâ ñìûñë êàíîíè÷åñêîãî ïðåîáðàçîâàíèÿ, çàäàâàåìîãî ïðîèçâîäÿùåé ôóíêöè-
åé Φ(q, P ) = αqP?

3. Ïîêàçàòü, ÷òî êàíîíè÷åñêîå ïðåîáðàçîâàíèå, çàäàâàåìîå ïðîèçâîäÿùåé ôóíêöèåé

Φ(x, y, Px, Py) = xPx + yPy + ε(xy + PxPy),

ãäå ε → 0, ïðåäñòàâëÿåò ñîáîé ïîâîðîò â ôàçîâîì ïðîñòðàíñòâå.

4. Íàéòè ïðîèçâîäÿùóþ ôóíêöèþ F (q,Q) êàíîíè÷åñêîãî ïðåîáðàçîâàíèÿ, ñîñòîÿùå-
ãî â ïåðåõîäå îò q(t), p(t) êQ(t) = q(t+T ), P (t) = p(t+T ) (T = const) äëÿ äâèæåíèÿ
â êâàäðàòè÷íîì ïîòåíöèàëå V (q) = 1

2
mω2q2.

5. Ââåäåì ïåðåìåííóþ

a =
mωq + ip√

2mω
eiωt.

Ïîêàçàòü, ÷òî Q = a è P = ia∗ � êàíîíè÷åñêèå ïåðåìåííûå. Âûðàçèòü ÷åðåç a è
a∗ ôóíêöèþ Ãàìèëüòîíà ãàðìîíè÷åñêîãî îñöèëëÿòîðà

H =
p2

2m
+

mω2q2

2
.

Íàéòè ïðîèçâîäÿùóþ ôóíêöèþ F (q,Q) êàíîíè÷åñêîãî ïðåîáðàçîâàíèÿ (q, p) −→
(Q,P ).

6. Íàéòè çàêîí äâèæåíèÿ ÷àñòèöû â ïîëå V (q) = 1
2
mω2q2 ñ ïîìîùüþ óðàâíåíèÿ

Ãàìèëüòîíà-ßêîáè.

7. Òðè îäèíàêîâûõ ÷àñòèöû ìàññû m äâèæóòñÿ ïî ïðÿìîé è ïîïàðíî âçàèìîäåéñòâó-
þò äðóã ñ äðóãîì ïî çàêîíó g2(xi − xk)

−2. Ïîêàçàòü, ÷òî êðîìå ïîëíîãî èìïóëüñà
è ýíåðãèè ñóùåñòâóåò äîïîëíèòåëüíûé èíòåãðàë äâèæåíèÿ

A = mẋ1ẋ2ẋ3 −
g2ẋ1

(x2 − x3)2
− g2ẋ2

(x1 − x3)2
− g2ẋ3

(x1 − x2)2
.


