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Ò.Ð. Øàðèïîâ (Ñàíêò-Ïåòåðáóðã, ÑÏáÃÓ), È.È. Ãîëè÷åâ (Óôà, ÈÌ-
ÂÖ ÓÍÖ ÐÀÍ). Ìåòîä ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé äëÿ ðàäèàëü-
íîé îäíîôàçíîé ôèëüòðàöèè.

Äëÿ ìîäåëèðîâàíèÿ ïðèòîêà îäíîôàçíîãî âÿçêîãî ñæèìàåìîãî ôëþèäà ê
âñêðûâàþùåé öèëèíäðè÷åñêèé ïëàñò ñêâàæèíå ðàññìàòðèâàåòñÿ óðàâíåíèå èçîòåð-
ìè÷åñêîé îñåñèììåòðè÷íîé ôèëüòðàöèè
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= 0, r ∈ [rw, Rc], z ∈ [0, h], (1)

ïîëó÷àåìîå èç îáùåãî óðàâíåíèÿ íåðàçðûâíîñòè â äåêàðòîâîé ñèñòåìû êîîðäèíàò [1]
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ïîäñòàíîâêîé diva = (1 / r) ∂ (r ar) /∂r+∂az / ∂z äëÿ âåêòîðà a = (ar, az) ≡ ρu èç ðà-
äèàëüíîé ñèñòåìû êîîðäèíàò. Çäåñü r, z, t � ðàäèàëüíàÿ, âåðòèêàëüíàÿ è âðåìåííàÿ
êîîðäèíàòà, rw � âíåøíèé ðàäèóñ ñêâàæèíû, Rc � ðàäèóñ êîíòóðà ïèòàíèÿ, h � âûñîòà
ïëàñòà, g � óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ϕ = ϕ(r, z) � ïîðèñòîñòü, k = k(r, z) � àá-
ñîëþòíàÿ ïðîíèöàåìîñòü, p = p(r, z, t) � äàâëåíèå, ρ = ρ(p) � ïëîòíîñòü, µ = µ(p) �
äèíàìè÷åñêàÿ âÿçêîñòü, u = u(r, z, t) � âåêòîð ñêîðîñòè ôèëüòðàöèè.

Çàäà÷à (1) çàìûêàåòñÿ êðàåâûìè óñëîâèÿìè ρ(r, z, 0) = pR, p(rw, z, t) = pw,
p(Rc, z, t) = pR, ãäå pw, pR � çàáîéíîå è ïëàñòîâîå äàâëåíèå ñîîòâåòñòâåííî. Êðîâëÿ
(z = h) è ïîäîøâà (z = 0) ïëàñòà íåïðîòåêàåìû: u(r, 0, t) = u(r, h, t) = 0.

Ðàíåå [2] ïðè ÷èñëåííîì ðåøåíèè ÷àñòíîãî ñëó÷àÿ çàäà÷è (1) (ïëîñêîðàäèàëü-
íàÿ ôèëüòðàöèÿ) èñïîëüçîâàëñÿ ìåòîä Íüþòîíà, îáëàäàþùèé ëîêàëüíîé ñõîäèìî-
ñòüþ. Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ ìåòîä ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé, ðàç-
âèòûé â ðàáîòå [3] äëÿ ïàðàáîëè÷åñêèõ óðàâíåíèé ñ èñïîëüçîâàíèåì àïðèîðíûõ îöå-
íîê ðåøåíèÿ, êîòîðûå îáåñïå÷èâàþò ñõîäèìîñòü èòåðàöèîííîãî ïðîöåññà ñ ëþáîãî
íà÷àëüíîãî ïðèáëèæåíèÿ.

Ïðîöåññ ôèëüòðàöèè áóäåì ïðåäïîëàãàòü áàðîòðîïíûì p = p(ρ), îòêóäà
∂p / ∂x = (∂p / ∂ρ) (∂ρ / ∂x) (x = r, z) è ïîñëå ââåäåíèÿ çàìåíû ïåðåìåííûõ
s = ln (r / rw) âîçìîæíà äåêàðòîâàÿ çàïèñü (1) â âèäå íåëèíåéíîé ïàðàáîëè÷åñêîé
íà÷àëüíî-êðàåâîé çàäà÷è îòíîñèòåëüíî ρ = ρ(s, z, t)
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ρ(s, z, 0) = pR, p(0, z, t) = pw, p (ln (Rc / rw) , z, t) = pR, u(s, 0, t) = u(s, h, t) = 0,
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Åñëè äëÿ ëþáîãî s è z èç ðàññìàòðèâàåìîé îáëàñòè èçâåñòíû àïðèîðíûå îöåíêè
íà íåêîòîðîì âðåìåííîì îòðåçêå t ∈ [0, T ]

m ≤ ρ ≤ M, 0 < α1 ≤ Ai ≤ α2, i = 1, 2, (3)
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òî ïðè α = (α1 + α2) / 2 ïîñëåäîâàòåëüíîñòü {ρn}, îïðåäåëÿåìàÿ êàê ïîñëåäîâàòåëü-
íîñòü ðåøåíèé ïàðàáîëè÷åñêèõ óðàâíåíèé
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ñ êðàåâûìè óñëîâèÿìè äëÿ çàäà÷è (2), ñõîäèòñÿ ñ ëþáîãî íà÷àëüíîãî ïðèáëèæå-
íèÿ ê ðåøåíèþ çàäà÷è (2) íà ëþáîì âðåìåííîì èíòåðâàëå t ∈ (0, T ] [3]. Çäåñü
P (ρ) = {m ∀ ρ < m, ρ ∀ ρ ∈ [m,M ], M ∀ ρ > M} åñòü îïåðàòîð ïðîåêòèðîâàíèÿ
íà [m,M ], à β � ïðîèçâîëüíûé íåîòðèöàòåëüíûé ïàðàìåòð, ïîçâîëÿþùèé äîïîëíè-
òåëüíî óñêîðèòü ñõîäèìîñòü.

Â êà÷åñòâå àïïðîêñèìàöèè (4) èñïîëüçîâàëàñü ñòàíäàðòíàÿ íåÿâíàÿ ïÿòèòî÷å÷-
íàÿ ðàçíîñòíàÿ ñõåìà [4] ñ ðàâíîìåðíûìè øàãàìè ïî s è z. Ïåðåõîä îò ïåðåìåííîé r
ê s îáåñïå÷èâàåò æåëàòåëüíîå ýêñïîíåíöèàëüíîå èçìåëü÷åíèå ñåòêè âáëèçè ñêâàæè-
íû. Ïðè ýòîì ñêîðîñòü ñõîäèìîñòè èòåðàöèîííîãî ïðîöåññà (4) íå çàâèñèò îò øàãà
ïî ïðîñòðàíñòâåííûì ïåðåìåííûì è óâåëè÷èâàåòñÿ ïðè óìåíüøåíèè âðåìåííîãî èí-
òåðâàëà [3], ïîýòîìó îöåíêè (3) öåëåñîîáðàçíî ïîëó÷àòü íà êàæäîì âðåìåííîì ñëîå.
Ïðîâåäåííûå ìîäåëüíûå ðàñ÷åòû ïîêàçàëè óìåíüøåíèå ðàñ÷åòíîãî âðåìåíè ïî ñðàâ-
íåíèþ ñ ìåòîäîì Íüþòîíà çà ñ÷åò èñïîëüçîâàíèÿ ýêîíîìè÷íûõ ìåòîäîâ [4] ðåøåíèÿ
ïàðàáîëè÷åñêèõ óðàâíåíèé (4). Ïðåäëàãàåìûé ìåòîä ïîçâîëÿåò èñïîëüçîâàòü ñõåìó
Ãèðà 4-ãî ïîðÿäêà àïïðîêñèìàöèè, ÷òî äàåò âîçìîæíîñòü ýôôåêòèâíî ðàññ÷èòûâàòü
ìåäëåííî ïðîòåêàþùèå ïðîöåññû ñ áîëüøèì øàãîì ïî âðåìåíè.
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