
Îò÷¼ò î ïðîäåëàííîé ðàáîòå ñ
èñïîëüçîâàíèåì îáîðóäîâàíèÿ ÈÂÖ ÍÃÓ

1 Àííîòàöèÿ

Ðàçâèòèå âåòðîâîãî âîëíåíèÿ â áîëüøîé ñòåïåíè îáóñëîâëåíî ïåðåíî-
ñîì ýíåðãèè ìåæäó ðàçëè÷íûìè ìàñøòàáàìè, îáñóëîâëåííîìó íåëèíåé-
íûì ÷åòûð¼õâîëíîâûì âçàèìîäåéñòâèåì. Ïðîåêò íàïðâëåí íà ÷èñëåííîå
èññëåäîâàíèå ýòîãî ïåðåíîñà ïóòåì ðàçðàáîòêè íîâîãî àëãîðèòìà ÷èñëåí-
íîãî ðåøåíèÿ ñîîòâåòñòâóþùåãî óðàâíåíèÿ (óðàâíåíèÿ Õàññåëüìàííà).
Â ðàìêàõ ïðîåêòà âûïîëíåíî èññëåäîâàíèå ðàçâèòèå âîëíåíèÿ â îòñó-
ñòâèå âåòðîâîé íàêà÷êè.

2 Òåìà ðàáîòû

Èññëåäîâàíèå íåëèíåéíîãî ïåðåíîñà ýíåðãèè â ïðîöåññå ðàçâèòèÿ ïî-
âåðõíîñòíîãî âîëíåíèÿ íà âîäå.

3 Ñîñòàâ êîëëåêòèâà
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Ï. Ï. Øèðøîâà ÐÀÍ, í.ñ. Íîâîñèáèðñêîãî Ãîñóäàðñòâåííîãî óíèâåðñè-
òåòà

Áàäóëèí Ñåðãåé Èëüè÷, ã.í.ñ. Èíñòèòóòà Îêåàíîëîãèè èì. Ï. Ï. Øèð-
øîâà ÐÀÍ

4 Èíôîðìàöèÿ î ãðàíòå

Ðàáîòà âåä¼òñÿ ïðè ïîääåðæêå ãðàíòà ÐÍÔ No. 19-72-30028.

5 Ñîäåðæàíèå ðàáîòû

Ñïåêòð âîëí íà âîäå N(k) (N � ¾÷èñëî âîëí¿, k � âîëíîâîé âåêòîð)
ïîä÷èíÿåòñÿ óðàâíåíèþ Õàññåëüìàííà:
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∂Nk

∂t
= πg2

∫
k2,k3,k4

(T (k,k2,k3,k4))
2 ×

× (NN3N4 +N2N3N4 −NN2N3 −NN2N4)×

×δ(ω + ω2 − ω3 − ω4) δ(k+ k2 − k3 − k4) dk2 dk3 dk4

Èç ýòîãî óðàâíåíèÿ âèäíî, ÷òî âçàèìîäåéñòâèÿ ïðîèñõîäÿò ìåæäó ÷åò-
â¼ðêàìè âîëí, óäîâëåòâîðÿþùèõ ðåçîíàíàñíûì ñîîòíîøåíèÿì:

k1 + k2 = k3 + k4

ω1 + ω2 = ω3 + ω4

Çäåñü ω =
√
gk � ÷àñòîòà âîëíû.

Òàêèì îáðàçîì, ïîñëå óñòðàíåíèÿ δ-ôóíêöèé èíòåãðàë â óðàâíåíèè
Õàññåëüìàííà ÿâëÿåòñÿ 3-ìåðíûì. Ñïåêòð N , â ñâîþ î÷åðåäü, èìååò äâà
èçìåðåíèÿ. Â èòîãå ðàñ÷¼ò ðàçâèòèÿ âîëíåíèÿ òðåáóåò ïÿòèìåðíîãî èí-
òåãðèðîâàíèÿ, ÷òî ïðèâîäèò ê íåîáõîäèìîñòè áîëüøîãî êîëè÷åñòâà âû-
÷èñëåíèé.

5.1 Îïèñàíèå ðàáîòû

Êëàñòåð èñïîëüçîâàëñÿ äëÿ ðàáîò ïî âû÷èëåíèþ ýâîëþöèè ïîâåðõ-
íîñòíûõ âîëí íà âîäå ñ ïîìîùüþ àëãîðèòìà Â. Ãåîãäæàåâà.

Â òå÷åíèå 2019 ãîäà èññëåäîâàíî ðàçâèòèå âîëíåíèÿ â àíèçîòðîïíîì
ñëó÷àå â îòñóñòâèå âíåøíåé íàêà÷êè (çûáü). Ïîêàçàíî, ÷òî (â îòëè÷èå
îò èìåâøèõñÿ ðàíåå ïðåäïîëîæåíèé), èçîòðîïèçàöèè âîëíåíèÿ íå ïðîèñ-
õîäèò, íàîáîðîò, àíèçîòðîïèÿ âîçðàñòàåò ñî âðåìåíåì, õîòÿ è ìåäëåííî
(òî åñòü, èçîòðîïíîå ðåøåíèå íåóñòîé÷èâî ïî îòíîøåíèþ ê óãëîâûì âîç-
ìóùåíèÿì. Óãëîâîå ðàñïðåäåëåíèå âîçíèêàþùåå ïðè íà÷àëüíîì óñëîâèè
ñ ìàëûì óãëîâûì âîçìóùåíèåì âèäà 1 + 0.02 cos θ ïîêàçàíî íà ðèñ. 1.
Âèäíî, ÷òî íà÷àëüíàÿ íåîäíîðîäíîñòü óñèëèëàñü.
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Ðèñ. 1: Spectrum for t = 3000000s, angular cuts

2



 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 4.5

−150 −100 −50  0  50  100  150

Step=17058, t=60389s, cputime=8029.33s

A
n
g
u
la

r 
p
ro

fi
le

Angle(Deg)

0.099Hz
0.109Hz
0.184Hz
0.312Hz
0.537Hz
0.908Hz

Ðèñ. 2: Spectrum for t = 60000s, normed angular distributions

Ïîñêîëüêó óãëîâàÿ íåîäíîðîäíîñòü óñèëèâàåòñÿ ìåäëåííî, áûë ñäå-
ëàí åù¼ îäèí ðàñ÷¼ò ãäå â êà÷åñòâå íà÷àëüíîãî óñëîâèÿ áûëî âçÿòî ðå-
øåíèå, óæå èìåþùåå âûðàæåííûé ïèê ïî óãëó. Â ïðîöåññå ðàçâèòèÿ âîë-
íåíèÿ ýòîò ïèê çàîñòðèëñÿ, âèäíî, ÷òî ñïåêòð êîíöåíòðèðóåòñÿ â îáëàñòè
ïîðÿäêà ±40o ê îñíîâíîìó íàïðàâëåíèþ âîëíåíèÿ (ðèñ. 2).

Ðàñ÷èòàí àâòîìîäåëüíûé ñïåêòð âîëíåíèÿ (ðèñ. 3). Âèäíî, ÷òî íà
ñðåäíèõ ÷àñòîòàõ âîçíèêàþò äâà ïèêà â ðàñïðåäåëåíèè âîëí ïî óãëó,
ïðèìåðíî â 30o îò îñíîâíîãî íàïðàâëåíèÿ âîëíåíèÿ.

Step=23811, t=500979s, cputime=55139.06s

E omega4 / g2, s
0.000949
0.000569
0.000342
0.000205
0.000123
7.38e-05
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Ðèñ. 3: Àâòîìîäåëüíàÿ ôîðìà ñïåêòðà âîëíåíèÿ
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7 Ýôôåêò îò èñïîëüçîâàíèÿ êëàñòåðà â äî-

ñòèæåíèè öåëåé ðàáîòû

Èñïîëüçîâàíèå êëàñòåðà äàëî âîçìîæíîñòü áûñòðî ïðîèçâîäèòü ðàñ-
÷¼òû äëÿ ðàçëè÷íûõ íà÷àëüíûõ óñëîâèé è èñïîëüçîâàòü èõ ðåçóëüòà-
òû äëÿ îöåíêè òåíäåíöèé ðàçâèòèÿ âîëíåíèÿ. Òàêæå áûëî âûïîëíåíî
íåñêîëüêî ðàñ÷¼òîâ äîëãîâðåìåííîãî ðàçâèòèÿ âîëíåíèÿ íà îñíîâàíèè
êîòîðûõ áûëè ïîñòðîåíû ãðàôèêè åãî ïàðàìåòðîâ.
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