
ÂÅÑÒÍÈÊ ÓÄÌÓÐÒÑÊÎÃÎ ÓÍÈÂÅÐÑÈÒÅÒÀ

ÌÀÒÅÌÀÒÈÊÀ 2008. Âûï. 2

ÓÄÊ 539.372

c© Þ.À. Ñàãäååâà

ÎÁ ÝÔÔÅÊÒÈÂÍÎÑÒÈ ÏÐÈÌÅÍÅÍÈß ×ÈÑËÅÍÍÎÃÎ
ÂÅÉÂËÅÒ-ÎÑÐÅÄÍÅÍÈß 1

Èññëåäóþòñÿ âû÷èñëèòåëüíûå îñîáåííîñòè ïðîöåäóðû âåéâëåò-îñðåäíåíèÿ. Ïðåä-
ëîæåíû ñïîñîáû ïîâûøåíèÿ âû÷èñëèòåëüíîé ýôôåêòèâíîñòè.

Êëþ÷åâûå ñëîâà: îñðåäíåíèå, âåéâëåò-ïðåîáðàçîâàíèå, âû÷èñëåíèå îñðåäíåííûõ
õàðàêòåðèñòèê ìàòåðèàëîâ.

1. Âåéâëåò-îñðåäíåíèå

Ðàññìîòðèì ïðèìåíåíèå âåéâëåò-ïðåîáðàçîâàíèÿ äëÿ îñðåäíåíèÿ ðåøåíèÿ
ýëëèïòè÷åñêèõ äèôôåðåíöèàëüíûõ óðàâíåíèé â êîìáèíàöèè ñ ìåòîäîì êî-
íå÷íûõ ýëåìåíòîâ (ÌÊÝ). Ìåòîäîì êîíå÷íûõ ýëåìåíòîâ èñõîäíîå äèôôå-
ðåíöèàëüíîå óðàâíåíèå Lu = f çàìåíÿëîñü àïïðîêñèìèðóþùèì åãî íà
íåêîòîðîé ñåòêå äèñêðåòíûì óðàâíåíèåì Lhuh = fh , ðåøåíèå êîòîðîãî
ñâîäèòñÿ ê ðåøåíèþ ñèñòåìû ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé Au = b,
ãäå ìàòðèöà A èìååò ðàçìåð 2j × 2j , ñèììåòðè÷íà è ïîëîæèòåëüíî îïðå-
äåëåíà. Çàòåì ê ñèñòåìå ïðèìåíÿëîñü âåéâëåò-ïðåîáðàçîâàíèå Õààðà Wn :

(
K11 K12

K21 K22

)(
u1

u2

)
=

(
b1

b2

)
, (1)

ãäå ââåäåíû ñëåäóþùèå îáîçíà÷åíèÿ:

K11 = QjAQT
j , K12 = QjAP T

j , K21 = PjAQT
j , K22 = PjAP T

j ,

u1 = ud
j−1, u2 = uc

j−1, b1 = bd
j−1, b2 = bc

j−1.

Âåêòîð íåèçâåñòíûõ ðàçáèâàåòñÿ íà äâå ñîñòàâëÿþùèõ êîìïîíåíòû � âåê-
òîð îñðåäíåííûõ íåèçâåñòíûõ è âåêòîð ¾äåòàëåé¿ (óòî÷íÿþùèõ êîìïî-
íåíò).

Èñêëþ÷àÿ u1 èç ïåðâîãî óðàâíåíèÿ (1), ïîëó÷èì Su2 = b, ãäå S �
äîïîëíåíèå Øóðà: S = K22 −K21K

−1
11 K12 , b = b2 −K21K

−1
11 b1. Ðàçðåøèâ

Su2 = b , ïîëó÷àåì èñêîìîå îñðåäíåííîå ðåøåíèå u2 . Ïðèìåíÿÿ âåéâëåò-
ïðåîáðàçîâàíèå íåñêîëüêî ðàç, íà êàæäîì øàãå èìååì ðåøåíèå ñ ðàçíîé
ñòåïåíüþ îñðåäíåíèÿ.

1Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò 07-01-96069-ð Óðàë).
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2. Âû÷èñëèòåëüíûå îñîáåííîñòè

Îñíîâíûìè îïåðàöèÿìè ïðè îñðåäíåíèè ÿâëÿþòñÿ ïðåîáðàçîâàíèå ìàòðè-
öû A è âåêòîðà ïðàâûõ ÷àñòåé, îáðàùåíèå ìàòðèöû K11 , ìàòðè÷íûå è
ìàòðè÷íî-âåêòîðíûå îïåðàöèè óìíîæåíèÿ è ñëîæåíèÿ. Ïîñëå ïðèìåíåíèÿ
âåéâëåò-ïðåîáðàçîâàíèÿ ñòðóêòóðà ìàòðèöû ìåíÿåòñÿ � îíà ñòàíîâèòñÿ
áëî÷íîé, ïðè÷åì êàæäûé ìàëûé áëîê èìååò ïîðòðåò, áëèçêèé ê ïîðòðåòó
èñõîäíîé ìàòðèöû, è íåñåò èíôîðìàöèþ èëè îá óòî÷íåíèÿõ (ëîêàëüíûå
ñâîéñòâà), èëè îá îñðåäíåíèè èñõîäíîé ìàòðèöû.
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About e�ciency of wavelet homogenization
A numerical algorithm for the 2D wavelet-transformation with the use of the Haar
basis and its properties are considered. An approach for improving the e�ciency of
the numerical scheme is proposed.
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