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Ìè ðîçãëÿäà¹ìî íàáëèæåíå ðîçâ'ÿçóâàííÿ íåñòàöiîíàðíî¨ çàäà÷i Ñòî-
êñà ó äâîâèìiðíèõ äâîçâ'ÿçíèõ îáëàñòÿõ. Âèêîðèñòîâóþ÷è ìåòîä Ðîòå çà
÷àñîâîþ çìiííîþ, âèõiäíà çàäà÷à çâîäèòüñÿ äî ïîñëiäîâíîñòi ñòàöiîíàðíèõ
íåîäíîðiäíèõ çàäà÷, ÿêi ïîâíiñòþ äèñêðåòèçîâàíi ìåòîäîì ôóíäàìåíòàëü-
íèõ ðîçâ'ÿçêiâ (ÌÔÐ).

Íåõàé D ⊂ IR2 � äâîçâ'ÿçíà îáëàñòü, îáìåæåíà äâîìà çàìêíåíèìè
êðèâèìè Γℓ ∈ C, ℓ = 1, 2 i íåõàé T > 0 � çàäàíà ñòàëà. Íåñòàöiîíàðíà
çàäà÷à Ñòîêñà ïîëÿãà¹ ó çíàõîäæåííi âåêòîð-ôóíêöi¨ u⃗ : D × (0, T ] → IR2

i ñêàëÿðíî¨ ôóíêöi¨ p : D × (0, T ] → IR òàêèõ, ùî

1

cr
∆u⃗− ∂u⃗

∂t
−∇p = 0 â D × (0, T ],

div u⃗ = 0 â D × (0, T ],

u⃗ = f⃗ℓ íà Γℓ × (0, T ], ℓ = 1, 2,

u⃗(·, 0) = 0⃗ â D,

(1)

äå cr � âiäîìå ÷èñëî Ðåéíîëüäñà, f⃗ℓ : Γℓ × (0, T ] → IR2, ℓ = 1, 2 � âiäîìi

ãëàäêi âåêòîð-ôóíêöi¨, äëÿ ÿêèõ f⃗ℓ(·, 0) = 0⃗, ℓ = 1, 2.
Ðîçãëÿä çàäà÷i ñàìå ó äâîçâ'ÿçíié îáëàñòi îáóìîâëåíèé ïîäàëüøèìè ïëà-
íàìè íàáëèæåíîãî ðîçâ'ÿçóâàííÿ çàäà÷ ðåêîíñòðóêöi¨ íåäîñòóïíî¨ ìåæi
òà êðàéîâèõ óìîâ íà íié. Äëÿ ÷àñòêîâî¨ äèñêðåòèçàöi¨ çàäà÷i (1) ïî ÷àñî-
âié çìiííié çàñòîñîâó¹ìî ìåòîä Ðîòå (äèâ. [2]). Íà ðiâíîâiääàëåíîìó ïîäiëi

tk = (k+1)h, k = −1, . . . , N −1, h =
T

N
, N ∈ N íàáëèçèìî øóêàíi ôóíêöi¨

(u⃗(·, tk), p(·, tk)) åëåìåíòàìè ïîñëiäîâíîñòi (u⃗k, pk), k = 0, . . . , N − 1, ÿêi ¹
ðîçâ'ÿçêàìè ïîñëiäîâíîñòi ñòàöiîíàðíèõ çàäà÷

1

cr
∆u⃗k − κ2u⃗k −∇pk = −κ2u⃗k−1 â D,

div u⃗k = 0 â D,

u⃗k = f⃗ℓ,k íà Γℓ, ℓ = 1, 2,

(2)
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äå κ2 =
1

h
, f⃗ℓ,k = f⃗ℓ(·, tk), k = 0, . . . , N − 1, ℓ = 1, 2 i u⃗−1 = 0⃗.

Äëÿ ïîâíî¨ äèñêðåòèçàöi¨ çàäà÷i (2) âèêîðèñòîâó¹ìî ÌÔÐ (äèâ. [1]).
Aïðîêñèìó¹ìî ôóíêöi¨ u⃗k i pk ëiíiéíèìè êîìáiíàöiÿìè çâóæåíü åëåìåíòiâ
ôóíäàìåíòàëüíî¨ ïîñëiäîâíîñòi äëÿ ñèñòåì äèôåðåíöiàëüíèõ ðiâíÿíü ç (2)

u⃗k(x) ≈
k∑

m=0

n∑
j=1

Ek−m(x, yj)α⃗m,j , x ∈ D, (3)

pk(x) ≈
k∑

m=0

n∑
j=1

e⃗(x, yj)
⊤α⃗m,j , x ∈ D, (4)

äå 2 × 2 ìàòðèöi Ek(x, y) � âiäîìi åëåìåíòè ôóíäàìåíòàëüíî¨ ïîñëiäîâ-

íîñòi (äèâ. [2]), e⃗(x, y) = − 1

2π

x− y

|x− y|2
, x ̸= y; yj /∈ D, j = 1, 2, . . . , n �

âèáðàíi òî÷êè äæåðåëà, n ∈ N � êiëüêiñòü òî÷îê äæåðåëà; α⃗m,j ∈ R2,
m = 0, 1, . . . , N − 1 , j = 1, 2, . . . , n � íåâiäîìi êîåôiöi¹íòè, ÿêi çíàõîäèìî
çà ìåòîäîì êîëîêàöi¨ iç êðàéîâèõ óìîâ Äiðiõëå ó (2). Â ðåçóëüòàòi, îòðè-
ìó¹ìî ïîñëiäîâíiñòü ñèñòåì ëiíiéíèõ ðiâíÿíü, äëÿ k = 0, 1, . . . , N − 1, iç
ðåêóðåíòíîþ ïðàâîþ ÷àñòèíîþ

n∑
j=1

E0(xℓ,i, yj)α⃗k,j = f⃗ℓ,k(xℓ,i)−
k−1∑
m=0

n∑
j=1

Ek−m(xℓ,i, yj)α⃗m,j , (5)

äëÿ i = 1, . . . , ñ/2, ℓ = 1, 2, ñ ∈ N, ñ ≥ n � ïàðíà êiëüêiñòü òî÷îê êîëî-
êàöi¨ xℓ,i ∈ Γℓ. Ñèñòåìè (5) ðîçâ'ÿçó¹ìî ìåòîäîì íàéìåíøèõ êâàäðàòiâ.
Íàáëèæåíèé ðîçâ'ÿçîê ó êîæíèé ìîìåíò ÷àñó tk, k = 0, . . . N − 1 ó áóäü-
ÿêié òî÷öi x ∈ D çíàõîäèìî çà ôîðìóëàìè (3) òà (4).

Çäiéñíåíi ÷èñåëüíi åêñïåðèìåíòè ïiäòâåðäæóþòü åôåêòèâíiñòü çà-
ïðîïîíîâàíîãî ïiäõîäó.
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ON THE METHOD OF FUNDAMENTAL SOLUTIONS TO THE

NONSTATIONARY STOKES PROBLEM

We consider numerical solution of the nonstationary Stokes problem in two di-

mensional double connected domains. Using the Rothe's method, the problem is

reduced to a sequence of the stationary problems, which is fully discretized by the

method of fundamental solutions.
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