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Ìîäåëü

Ðàñïðîñòðàíåíèå âîëí, ïîðîæäåííûõ ëîêàëèçîâàííûì âîçìóùåíèåì,
áóäåì ìîäåëèðîâàòü ïðè ïîìîùè ëèíåéíîé ñèñòåìû ìåëêîé âîäû íà
íåâðàùàþùåéñÿ ñôåðå:
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ãäå u, v � ñêîðîñòü , η � ïðåâûøåíèå ñâîáîäíîé ïîâåðõíîñòè, D �
ôóíêöèÿ ãëóáèíû, g � óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, R � ðàäèóñ
Çåìëè, φ � äîëãîòà, θ � øèðîòà, îòñ÷èòûâàåìàÿ îò ýêâàòîðà.
Íà÷àëüíûå óñëîâèÿ ëîêàëèçîâàíû â îêðåñòíîñòè (φ0, θ0) (l - øèðèíà
íà÷àëüíîãî âîçìóùåíèÿ, η0 - áûñòðîóáûâàþùàÿ ôóíêöèÿ)

u|t=0 = v|t=0 = 0, η|t=0 = η0
(
(φ− φ0)

R cos θ0
l

, (θ − θ0)
R

l

)
.



Öåëü � íàéòè àñèìïòîòè÷åñêóþ âðåìåííóþ èñòîðèþ â
ôèêñèðîâàííîé òî÷êå X∗, íàõîäÿùåéñÿ äàëåêî îò öåíòðà íà÷àëüíîãî
âîçìóùåíèÿ X0 = (φ0, θ0). Äëèíà âîëíû áóäåò âåëèêà ïî ñðàâíåíèþ
ñ ãëóáèíîé áàññåéíà, íî ìàëà ïî ñðàâíåíèþ ñ ðàññòîÿíèåì îò X0 äî
X∗. Ïîýòîìó çàäà÷ó Êîøè ìîæíî ðåøàòü àñèìïòîòè÷åñêè â
êîðîòêîâîëíîâîì ïðèáëèæåíèè ìåòîäîì êàíîíè÷åñêîãî îïåðàòîðà
Ìàñëîâà.
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Ñèñòåìà Ãàìèëüòîíà, ëó÷è, ôðîíòû

Àñèìïòîòè÷åñêèå ôîðìóëû áóäåò ïèñàòü óäîáíåå â êîîðäèíàòàõ
Ìåðêàòîðà:
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Îïðåäåëèì ãàìèëüòîíèàí H(x1, x2, p1, p2) = c(x1, x2)

√
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Ðåøèì ñèñòåìó Ãàìèëüòîíà

Ẋ = c(X)
P

|P |
, Ṗ = −|P |5c(X), X|t=0 = X0, P |t=0 = n0(ψ) =

(
cosψ
sinψ

)
Îïðåäåëèì ëó÷ {X(ψ, t)|t ∈ [0, T ]}, ôðîíò
γt = {X(ψ, t)|ψ ∈ [0, 2π)}. Òî÷êà X(ψ∗, t) ôîêàëüíàÿ, åñëè
Xψ(ψ

∗, t) = 0 è ðåãóëÿðíàÿ â ïðîòèâíîì ñëó÷àå.



Ïðèìåð: ôðîíòû è ëó÷è íàä ïîäâîäíîé ãîðîé

Ïëàâíûå èçìåíåíèÿ ãëóáèíû ïðèâîäÿò ê ïîÿâëåíèþ ôîêàëüíûõ
òî÷åê.
Ñèíèå ëèíèè � ôðîíòû, êðàñíûå � ëó÷è.

(2)



Âêëàä ðåãóëÿðíîé òî÷êè ôðîíòà âî âðåìåííóþ

èñòîðèþ
Åñëè â ñòàíöèþ íàáëþäåíèÿ X∗ ïðèõîäèò ëó÷ X(ψ∗, t∗) = X∗ è
òî÷êà X∗ ðåãóëÿðíàÿ íà ôðîíòå γt∗ , òî ýòîò ëó÷ äàåò ñëåäóþùèé
âêëàä âî âðåìåííóþ èñòîðèþ:
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Â ñëó÷àå ò.í. �ïðîñòîãî� èñòî÷íèêà (Ñðåòåíñêèé, Äîöåíêî, Âàíã,
Ñåðãèåâñêèé, ×åðêåñîâ, Ñåêåðæ�Çåíüêîâè÷)

η0(y) = (1 + |y|2)− 3
2
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Âêëàä ôîêàëüíîé òî÷êè � ñêëàäêè

Ñêëàäêà � ôîêàëüíàÿ òî÷êà, â êîòîðîé Xψψ 6= 0.
Åñëè âáëèçè îò òî÷êè íàáëþäåíèÿ X∗ ïðîõîäèò òî÷êà�ñêëàäêà
X(ψ(t), t), òî îíà äà¼ò âêëàä âî âðåìåííóþ èñòîðèþ (äëÿ ïðîñòîãî
èñòî÷íèêà):
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b0 = 〈P (ψ(t), t), X∗ −X(ψ(t), t)〉,

b1 = 〈Pψ(ψ(t), t), X∗ −X(ψ(t), t)〉,

b3 = −1
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J̃(ψ, t) = det(P, Pψ)



Ïðèìåð âû÷èñëåíèÿ ìàðåîãðàììû äëÿ
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Âàðèàöèîííûé ìåòîä ïîèñêà ëó÷åé
Ôóíêöèîíàë âðåìåíè ïóòè T [γ] =

∫ B
A

dl
c . Ïðèíöèï Ôåðìà: δT = 0.

Ìåòîä òðàïåöèé äëÿ èíòåãðàëà

T [γ] =
1

2

N∑
i=1

(
1

ci+1
+

1

ci

)
|ri+1 − ri|

Ìèíèìèçàöèÿ T [γ] îñíîâàíà íà àíòèãðàäèåíòå öåëåâîé ôóíêöèè:
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Ñðàâíåíèå ÷èñëåííîé ìàðåîãðàììû è

àñèìïòîòè÷åñêîé
Ñèíèé ãðàôèê - àñèìïòîòè÷åñêàÿ ìàðåîãðàììà (ïîëó÷åííàÿ êàê ñóììà
âêëàäîâ îò äâóõ ôîêàëüíûé òî÷åê è îäíîé ðåãóëÿðíîé), êðàñíûé ãðàôèê -
÷èñëåííàÿ ìàðåîãðàììà.
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Ñèíèé ãðàôèê - àñèìïòîòè÷åñêàÿ ìàðåîãðàììà, êðàñíûé ãðàôèê �
÷èñëåííàÿ ìàðåîãðàììà.
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