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Â ýòîì äîêëàäå

1 Problem statement

2 Ìåòîä ýòàëîííûõ ðåøåíèé (Reference Solution Approach)

3 Ðåçóëüòàò: Êðåñò Êåëüâèíà

4 Âûâîäû è ïåðñïåêòèâû

You are welcome to copy this presentation
badulin.si@ocean.ru
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Êàê ñìîäåëèðîâàòü âîëíû îò ýëëèïòè÷åñêîãî
èñòî÷íèêà êîíå÷íîãî ðàçìåðà?

Èñòî÷íèê èìååò ðàçìåð è ôîðìó !!!

Ïîñòàíîâêè Cauchy (1815) êàê ñïîñîá óéòè îò ïðîáëåì:

Íà÷àëüíîå ëîêàëèçîâàííîå (δ−èìïóëüñ) ñîñòîÿíèå
(âîçâûøåíèå ïîâåðõíîñòè äëÿ âîëí íà âîäå);

Íà÷àëüíûé èìïóëüñ (δ−èìïóëüñ) íà ïåðâîíà÷àëüíî
ïîêîÿùåéñÿ ïîâåðõíîñòè

Íàøè ïîñòàíîâêè äëÿ èììèòàöèè îñöèëëèðóþùåãî
èñòî÷íèêà

Âîëíîâîå âîçìóùåíèå êîíå÷íîãî ðàçìåðà
ýëëèïòè÷åñêîé ôîðìû;

Âîëíû îò íåïîäâèæíîãî ñóäíà (Thomson, 1887)
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Ìåòîä ðåøåíèÿ

Ìû õîòèì ïðîñòî ñóììèðîâàòü ãàðìîíèêè

fn(x , t) = Re

{
(2π)−n/2

∫
Fn(k) · exp[i(kx − ω(k)t)]

}
dk (∗)

Çàäà÷à ëèíåéíàÿ, ìîæíî ñìîòðåòü êàê ëîêàëèçîâàííûå
ïàêåòû òàê è èõ ñóïåðïîçèöèè;

Àïïðîêñèìèðóåì äèñïåðñèîííîå ñîîòíîøåíèå
ïàðàáîëîé è èñïîëüçîâàòü ãàóññîâû ðàñïðåäåëåíèÿ äëÿ
Fn. Èíòåãðàë (*) áåðåòñÿ â ÿâíîì âèäå è ýòî ñíîâà
ãàóññîâà ôóíêöèÿ.

Ìû íàçûâàåì ýòî Ìåòîä Ýòàëîííûõ Ðåøåíèé
(Reference Solution Method)
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×åì çàìå÷àòåëüíî ãàóññîâî ðàñïðåäåëåíèå?

Àïïðîêñèìèðóåì äèñïåðñèîííîå ñîîòíîøåíèå â îêðåñòíîñòè
ìàêñèìóìà ðàñïðåäåëåíèÿ (ââåäåì ñèìïëåêòè÷åñêîå

ìíîãîîáðàçèå)

ω(k) = ω(k0)+ω′
kδk+ω′

lδl+
1

2
ω′′
kk

(
δk2 + ω′′

llδl
2 + 2ω′′

klδkδl
)
+ . . .

Ôóðüå-îáðàç ãàóññèàíû åñòü ãàóññèàíà (Fedoryuk, 1994)

∫
Rn exp

[
−1

2
⟨Bx , x⟩ − i⟨x , ξ⟩

]
dx

= (2π)n/2(detB)−1/2 exp
[
−1

2
⟨B−1ξ, ξ⟩

]
B è B−1 � ìàòðèöû êâàäðàòè÷íûõ ôîðì îïðåäåëÿþò
ðàñïðåäåëåíèÿ â ïðîñòðàíñòâàõ êîîðäèíàò è âîëíîâûõ
âåêòîðîâ
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ßâíûå âûðàæåíèÿ äëÿ âîëíîâîé ôóíêöèè

Ìîæåì çàïèñàòü ðåçóëüòàò â ÿâíîé ôîðìå

f2(x , y , t) = Ψ2(x , y , t) cos [ϕ(x , y , t)]

Ââåäåì µx = (∆k)2ω′′
kk , µy = (∆k)2ω′′

ll , µxy = ∆k∆lω′′
kl .

Îãèáàþùàÿ âîëíîâîãî ïàêåòà

Ψ2(x , y , t) = D−1/2 × exp
[
−C (ξx , ξy )/2D

2
]

ñ êâàäðàòè÷íîé ôîðìîé

C (ξx , ξy ) = t2
[
(ξxµxy − ξyµx)

2 + (ξyµxy − ξxµy )
2
]
+ (ξ2x + ξ2y ),

ëîê. êîîðäèíàò ξx = ∆k(x − cgr .x t); ξy = ∆l(y − cgr .y t),
Ïàêåòû � ýëëèïñû, êîòîðûå ìîãóò âðàùàòüñÿ â
ïðîñòðàíñòâå, ñòðåìÿñü ê ïðåäåëüíîé îðèåíòàöèè
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Íà÷àëüíîå óñëîâèå â ôèçè÷åñêîì (ñëåâà)
è Ôóðüå (ñïðàâà) ïðîñòðàíñòâàõ
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Äâå ïîñòàíîâêè: (1) èìïóëüñ;
(2) óñòàíîâèâøèåñÿ êîëåáàíèÿ (motionless ship)

�a la Cauchy Motionless ship of Lord Kelvin
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Ôèçè÷åñêîå âðåìÿ Âèðòóàëüíîå âðåìÿ
(ðàññòîÿíèå îò èñòî÷íèêà)
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ßâíûå âûðàæåíèÿ äëÿ îáúåìà ïàêåòû
è ôàçîâîé ôóíêöèè

Îáúåì ïàêåòà D

D2 = | detB|2 =
[
1+ t2(µ2xy − µxµy

]2
+ t2(µx + µy )

2,

êàê â Ñòàö.Ôàçå ÷òî-òî íîâîå
Ôàçîâàÿ ôóíêöèÿ

ϕ(x , y , t) = k0x + l0y − ω(k0, l0)t − θ2(t)− ω2(x , y , t).

êàê â Ñòàö.Ôàçå ïî÷òè êàê íèêàê
íåçàâèñÿùèé îò êîîðäèíàò ñäâèã

θ2 =
1

2
arctan

[
(µx + µy )t

1+ t2(µxy − µxµy )

]

äàåò â ïðåäåëå òî÷å÷íîãî èñòî÷íèêà (SPA) ±π/4 èëè 0
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Êàê ýòî ðàáîòàåò äëÿ âîëí íà ãëóáîêîé âîäå?

ω =
√

g |κ|

Óäîáíî çàïèñàòü âûðàæåíèÿ â òåðìèíàõ ôàçû
φ0 =

1
2
ω0t

Îáúåì ïàêåòà D2 =
(
1+ A2/2

)2
+ B2

ñîñòîèò èç ¾ñòàðîé¿ èçîòðîïíîé A = φ0
∆k∆l
κ2

è ¾íîâîé¿ àíèçîòðîïíîé ÷àñòè

B = φ0

[
(1− 3

2
cos2 θ)

(
∆k

κ

)2

+ (1− 3

2
sin2 θ)

(
∆l

κ

)2
]
.

θK1 = arccos
√
2/3 ≈ 35.26◦ (θK2 = arcsin

√
2/3 ≈ 54.74◦)

åñòü êëàññè÷åñêèé óãîë Êåëüâèíà.

Ýëëèïñ ãåíåðèðóåò êðåñò !!!
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Ýëëèïòè÷åñêèé íà÷àëüíûé èìïóëüñ. Îãèáàþùàÿ
Ðàçìåð îáëàñòè 500/π äëèí âîëí.

a) ∆y/∆x = 1 b) ∆y/∆x = 2.25

c) ∆y/∆x = 4 d) ∆y/∆x = 6.25
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Ýëëèïòè÷åñêèé íà÷àëüíûé èìïóëüñ. Ôàçà θ2
Ðàçìåð îáëàñòè 500/π äëèí âîëí.

a) ∆y/∆x = 1 b) ∆y/∆x = 2.25

c) ∆y/∆x = 4 d) ∆y/∆x = 6.25
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Ñëåâà � êîíòóðû ïîëóøèðèíû.
Ñïðàâà � Ñðàâíåíèå ñ òî÷íûì èíòåãðèðîâàíèåì
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∆y/∆x = 6.25
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Âûâîäû è ïåðñïåêòèâû

1 Ìû ðàññìîòðåëè çàäà÷ó â äâóõ ïîñòàíîâêàõ
èììèòèðóþùèõ îñöèëëèðóþùèé èñòî÷íèê;

2 Ýëëèïòè÷åñêèé îñöèëëèðóþùèé èñòî÷íèê ãåíåðèðóåò
ñèëüíî àíèçîòðîïíîå âîëíîâîå ïîëå â ¾áëèæíåé¿ çîíå.
Àíèçîòðîïèÿ òåì áîëüøå, ÷åì áîëüøå ýêñöåíòðèñèòåò
ýëëèïñà;

3 Íàø ìåòîä ïîçâîëÿåò ïðîñòî ðàáîòàòü â áëèæíåé çîíå,
íåäîñòóïíîé äëÿ ìåòîäà ñòàö.ôàçû (èëè àíàëîãîâ) ÷òî
ïîäòâåðæäàåòñÿ ñðàâíåíèåì ñ òî÷íûì ðåøåíèåì.
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Ñïàñèáî çà âíèìàíèå
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