
ISSN 2078-3744. Âiñíèê Ëüâiâ. óí-òó. Ñåðiÿ ìåõ.-ìàò. 2011. Âèïóñê 75. Ñ. 5�16Visnyk of the Lviv Univ. Series Meh. Math. 2011. Issue 75. P. 5�16ÓÄÊ 517.956.3�ËÎÁÀËÜÍÀ �ÎÇÂ'ßÇÍIÑÒÜ ÌIØÀÍÎ� ÇÀÄÀ×IÄËß ÂÈ�ÎÄÆÅÍÎ� �IÏÅ�ÁÎËI×ÍÎ� ÑÈÑÒÅÌÈ�óñëàí ÀÍÄ�ÓÑßÊ, Âîëîäèìèð ÊÈ�ÈËÈ×,Îëüãà ÏÅËÞØÊÅÂÈ×Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà,âóë. Óíiâåðñèòåòñüêà, 1, Ëüâiâ, 79000e-mail: ru.andrusyak�gmail.om, vkyrylyh�ukr.net, olpelushkevyh�ukr.netÂèêîðèñòîâóþ÷è ìåòîä õàðàêòåðèñòèê i ïðèíöèï Áàíàõà ïðî íåðóõîìóòî÷êó, çíàéäåíî óìîâè iñíóâàííÿ òà ¹äèíîñòi ãëîáàëüíîãî óçàãàëüíåíîãî(íåïåðåðâíîãî) ðîçâ'ÿçêó ìiøàíî¨ çàäà÷i ç íåëîêàëüíèìè êðàéîâèìè óìî-âàìè äëÿ ãiïåðáîëi÷íî¨ iíòåãðî-äè�åðåíöiàëüíî¨ ñèñòåìè, ïðè÷îìó ÷àñòèíàðiâíÿíü ñèñòåìè íå ìiñòèòü ïîõiäíî¨ çà ÷àñîì âiä øóêàíèõ �óíêöié.Êëþ÷îâi ñëîâà: ãiïåðáîëi÷íà ñèñòåìà, ìåòîä õàðàêòåðèñòèê, ïðèíöèïÁàíàõà, íåðóõîìà òî÷êà.1. Âñòóï. �iïåðáîëi÷íi ðiâíÿííÿ òà ñèñòåìè îïèñóþòü ïðîöåñè, ÿêi ìàþòüõâèëüîâó ïðèðîäó. Çîêðåìà, ïî÷àòêîâî-êðàéîâi çàäà÷i äëÿ ãiïåðáîëi÷íèõ ñèñòåì âè-íèêàþòü ó ãàçî- òà ãiäðîäèíàìiöi, òåîði¨ �ìiëêî¨ âîäè�, òåîði¨ áiîëîãi÷íèõ ïîïóëÿöié,â îïòèìàëüíîìó êåðóâàííi òîùî [1℄-[3℄. Êîðåêòíå �îðìóëþâàííÿ çàäà÷ äëÿ îäíîâè-ìiðíèõ ãiïåðáîëi÷íèõ ñèñòåì âèçíà÷à¹òüñÿ ïîâåäiíêîþ õàðàêòåðèñòè÷íèõ êðèâèõ,ùî îïèñóþòü ïîøèðåííÿ çáóðåíü. Õî÷à çáóðåííÿ ïîøèðþþòüñÿ çi ñêií÷åííèìèøâèäêîñòÿìè, ïðîòå ó ïðèêëàäíèõ ïðîáëåìàõ âèíèêàþòü çàäà÷i äëÿ ñèñòåì, ùîîäíî÷àñíî ìîäåëþþòü �øâèäêi� (íàïðèêëàä, åëåêòðîìàãíiòíi) òà äîñèòü �ïîâiëüíi�õâèëi. Òàêi çàäà÷i ïîãàíî ïiääàþòüñÿ ðîçâ'ÿçàííþ ÷èñåëüíèìè ìåòîäàìè, òîìó äëÿíèõ ¹ àêòóàëüíèì çíàõîäæåííÿ àñèìïòîòè÷íèõ ðîçâèíåíü ðîçâ'ÿçêiâ çà ìàëèì ïà-ðàìåòðîì [4℄, ùî ïðèâîäèòü äî íåîáõiäíîñòi äîñëiäæóâàòè çàäà÷i äëÿ âèðîäæåíèõñèñòåì [5℄-[9℄. Òàêèì ñèñòåìàì âiäïîâiäàþòü õàðàêòåðèñòèêè, ÿêi ¹ �óíêöiÿìè ÷àñóòà äåêiëüêà õàðàêòåðèñòèê îðòîãîíàëüíèõ ÷àñîâié îñi. Ç �içè÷íîãî ïîãëÿäó öi õà-ðàêòåðèñòèêè îçíà÷àþòü áåçìåæíó øâèäêiñòü ïîøèðåííÿ çáóðåíü, ùî ðîçóìiþòüÿê ãðàíè÷íèé âèïàäîê õàðàêòåðèñòèê ðiâíÿíü ç ìàëèì ïàðàìåòðîì.Ïðè ïåðåõîäi äî áåçìåæíèõ øâèäêîñòåé âiäáóâà¹òüñÿ âòðàòà ÷àñòèíè ïî÷àòêî-âèõ óìîâ. Òîìó ó ðàçi �îðìóëþâàííÿ çàäà÷i äëÿ âèðîäæåíî¨ ãiïåðáîëi÷íî¨ ñèñòåìèïî÷àòêîâi óìîâè çàäàþòü ñòîñîâíî �óíêöié, ÿêi âiäïîâiäàþòü �ïîâiëüíèì� çáóðåí-íÿì, à ïðè çíàõîäæåííi àñèìïòîòè÷íèõ ðîçâèíåíü ðîçâ'ÿçêiâ âiäïîâiäíèõ çàäà÷ çìàëèì ïàðàìåòðîì âèíèêà¹ ïðîáëåìà ïðèìåæåâîãî øàðó (ñèíãóëÿðíiñòü) [4℄.© Àíäðóñÿê �., Êèðèëè÷ Â., Ïåëþøêåâè÷ Î., 2011
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∫
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∑
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+ fi(x, t), i ∈ {1, . . . ,m}; (1)
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+ gj(x, t), j ∈ {1, . . . , n}. (2)Ôóíêöi¨ ui ïiäïîðÿäêó¹ìî ïî÷àòêîâèì óìîâàì
ui(x, 0) = qi(x), 0 6 x 6 l. (3)Ïðèïóñòèìî, ùî �óíêöi¨ λi(0, t) òà λi(l, t) íå çìiíþþòü çíàê íà âiäðiçêó [0, T ]. Âè-çíà÷èìî ïiäìíîæèíè iíäåêñiâ I0, Il ìíîæèíè {1, . . . ,m} òàê: I0 = {i : λi(0, t) > 0},

Il = {i : λi(l, t) < 0}. Íåõàé öi ìíîæèíè ìiñòÿòü r0 òà rl åëåìåíòiâ, âiäïîâiäíî.Äîïîâíèìî çàäà÷ó êðàéîâèìè óìîâàìè âèãëÿäó
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∫
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+

n
∑
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∫
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ik(t, τ)vk(0, τ) + Ψl

ik(t, τ)vk(l, τ)
)

dτ

)

= δi(t),

i ∈ {1, . . . , r0 + rl + n}. (4)3. Óçàãàëüíåíèé ðîçâ'ÿçîê çàäà÷i. Íåõàé λi ∈ C(Π) ∩ Lipx(Π). Ïîçíà÷èìî÷åðåç ϕi(t;x0, t0) ðîçâ'ÿçîê çàäà÷i Êîøi
dx

dt
= λi(x, t), (x, t) ∈ Π, x(t0) = x0, (x0, t0) ∈ Π.Çàóâàæèìî, ùî êðèâi x = ϕi(t;x0, t0) ¹ õàðàêòåðèñòèêàìè ðiâíÿíü (1), à ðiâíÿííÿ (2)ìàþòü õàðàêòåðèñòèêè âèãëÿäó t = t0. Íåõàé êðèâà x = ϕi(t;x0, t0), t 6 t0 äîñÿãà¹ìåæi îáëàñòi Π â òî÷öi t = χi(x0, t0).Ïðîiíòåãðóâàâøè ðiâíÿííÿ (1)-(2) âçäîâæ âiäïîâiäíèõ õàðàêòåðèñòèê, îòðèìà¹-ìî ñèñòåìó iíòåãðàëüíèõ ðiâíÿíü
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dτ, i ∈ {1, . . . ,m}; (5)
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 dy, j ∈ {1, . . . , n}. (6)Íåõàé êðàéîâi óìîâè (4) ìîæíà ïåðåïèñàòè ó âèãëÿäi
ui(0, t) =

∑

s6∈I0

µ1
is(t)us(0, t) +

∑

s6∈Il

ν1is(t)us(l, t)+
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m
∑
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∫
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is(t, τ)us(l, τ)
)

dτ+

+

n
∑
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t
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0

(

F 1
is(t, τ)vs(0, τ) +K1

is(t, τ)vs(l, τ)
)

dτ + ω1
i (t), i ∈ I0; (7)

ui(l, t) =
∑

s6∈I0

µ2
is(t)us(0, t) +

∑

s6∈Il

ν2is(t)us(l, t)+

+
m
∑

s=1

t
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0

(

G2
is(t, τ)us(0, τ) +H2

is(t, τ)us(l, τ)
)

dτ+

+
n
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t
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(
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)
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vj(0, t) =
∑

s6∈I0

µ3
js(t)us(0, t) +

∑

s6∈Il

ν3js(t)us(l, t)+

+
m
∑

s=1

t
∫

0

(

G3
js(t, τ)us(0, τ) +H3

js(t, τ)us(l, τ)
)

dτ+

+
n
∑

s=1

t
∫

0

(

F 3
js(t, τ)vs(0, τ) +K3

js(t, τ)vs(l, τ)
)

dτ + ω3
j (t), j ∈ {1, . . . , n}. (9)Öå ìîæíà çðîáèòè, ÿêùî äëÿ âñiõ t ∈ [0, T ] ¹ íåâèðîäæåíîþ ìàòðèöÿ, ùî ñêëàäà¹òüñÿç âiäïîâiäíèõ êîå�iöi¹íòiâ γ0ik(t), γlik(t), ψik(t).Îçíà÷åííÿ 1. Óçàãàëüíåíèì ðîçâ'ÿçêîì çàäà÷i (1)-(3), (7)-(9) íàçèâàòèìåìî íàáið�óíêöié (u, v) ç íåïåðåðâíèìè â Π êîìïîíåíòàìè, ùî çàäîâîëüíÿþòü iíòåãðàëüíóñèñòåìó (5), (6) òà óìîâè (3), (7)-(9).Çàóâàæèìî òàêå: ÿêùî óìîâè (4) ìîæíà ïåðåïèñàòè ó âèãëÿäi (7)-(9), òî óçà-ãàëüíåíèé ðîçâ'ÿçîê çàäà÷i (1)-(3), (7)-(9) ¹ óçàãàëüíåíèì ðîçâ'ÿçêîì çàäà÷i (1)-(4).4. Òåîðåìà ïðî ãëîáàëüíó ðîçâ'ÿçíiñòü. Âèçíà÷èìî îáëàñòi

∆1 = {(x, t, σ) : 0 < x < l, 0 < t < T, 0 < σ < t},

∆2 = {(x, t, z) : 0 < x < l, 0 < t < T, 0 < z < x},

∆3 = {(t, τ) : 0 < t < T, 0 < τ < t}.Òåîðåìà 1. Íåõàé �óíêöi¨ λi, aik, bik, fi, cik, dik, gi ¹ íåïåðåðâíèìè â Π, A1
ik, B1

ik,
C1

ik, D1
ik � â ∆1, A2

ik, B
2
ik, C

2
ik, D

2
ik � â ∆2, γ0ik, γlik, ψik, δi � íà âiäðiçêó [0, T ], à

Γ0
ik, Γ

l
ik, Ψ

0
ik, Ψ

l
ik � â ∆3; �óíêöi¨ λi çàäîâîëüíÿþòü óìîâó Ëiïøèöÿ çà çìiííîþ
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x â Π, ïðè÷îìó λi(0, t) òà λi(l, t) íå çìiíþþòü çíàê íà âiäðiçêó [0, T ]; à òàêîæâèêîíóþòüñÿ óìîâè óçãîäæåííÿ

qi(0) =
∑

s/∈I0

µ1
is(0)qs(0) +

∑

s/∈Il

ν1is(0)qs(l) + ω1
i (0), i ∈ I0

qi(l) =
∑

s/∈I0

µ2
is(0)qs(0) +

∑

s/∈Il

ν2is(0)qs(l) + ω2
i (0), i ∈ Il.Òîäi iñíó¹ ¹äèíèé óçàãàëüíåíèé ðîçâ'ÿçîê çàäà÷i (1)-(3), (7)-(9).Äîâåäåííÿ. Ââåäåìî ìåòðè÷íèé ïðîñòið Q, ùî ñêëàäà¹òüñÿ ç íàáîðiâ �óíêöié

w = (u, v) ç íåïåðåðâíèìè â Π êîìïîíåíòàìè, ïðè÷îìó �óíêöi¨ ui ïiäïîðÿäêîâàíióìîâi (3). Ìåòðèêó â ïðîñòîði Q âèçíà÷èìî òàê:
ρ(w1, w2) = max

{

max
i,x,t

∣

∣u1i (x, t) − u2i (x, t)
∣

∣αi(x)e
−at,

max
j,x,t

∣

∣v1j (x, t) − v2j (x, t)
∣

∣ βj(x)e
−at

}

, (10)ç äåÿêîþ äîäàòíîþ ñòàëîþ a òà äîäàòíèìè íåïåðåðâíèìè íà [0, l] �óíêöiÿìè αi, βj ,ÿêi âèáåðåìî äàëi.Â ïðîñòîði Q âèçíà÷èìî îïåðàòîð B = (B1, . . . ,Bm). ßêùî χi(x, t) = 0, òî
Bi[w](x, t) = qi(ϕi(0;x, t)). ßêùî âèêîíó¹òüñÿ óìîâà ϕi(χi(x, t);x, t) = 0, òî
Bi[w](x, t) =

∑

s6∈I0

µ1
is(χi(x, t))us(0, χi(x, t)) +

∑

s6∈Il

ν1is(χi(x, t))us(l, χi(x, t))+

+

m
∑

s=1

χi(x,t)
∫

0

(

G1
is(χi(x, t), τ)us(0, τ) +H1

is(χi(x, t), τ)us(l, τ)
)

dτ+

+
n
∑

s=1

χi(x,t)
∫

0

(

F 1
is(χi(x, t), τ)vs(0, τ) +K1

is(χi(x, t), τ)vs(l, τ)
)

dτ + ω1
i (χi(x, t)),à ÿêùî æ ϕi(χi(x, t);x, t) = l, òî

Bi[w](x, t) =
∑

s6∈I0

µ2
is(χi(x, t))us(0, χi(x, t)) +

∑

s6∈Il

ν2is(χi(x, t))us(l, χi(x, t))+

+
m
∑

s=1

χi(x,t)
∫

0

(

G2
is(χi(x, t), τ)us(0, τ) +H2

is(χi(x, t), τ)us(l, τ)
)

dτ+

+
n
∑

s=1

χi(x,t)
∫

0

(

F 2
is(χi(x, t), τ)vs(0, τ) +K2

is(χi(x, t), τ)vs(l, τ)
)

dτ + ω2
i (χi(x, t)).Çà ïîáóäîâîþ îïåðàòîðà B ðiâíiñòü

ui

(

ϕi(χi(x, t);x, t), χi(x, t)
)

= Bi[w](x, t), i ∈ {1, . . . ,m}, (x, t) ∈ Π



10 �óñëàí ÀÍÄ�ÓÑßÊ òà ií.ISSN 2078-3744. Âiñíèê Ëüâiâ. óí-òó. Ñåðiÿ ìåõ.-ìàò. 2011. Âèïóñê 75åêâiâàëåíòíà êðàéîâèì óìîâàì (7)-(8). Âðàõîâóþ÷è îñòàííþ ðiâíiñòü, â ïðîñòîði Qâèçíà÷èìî îïåðàòîð A = (A1
1, . . . ,A

1
m,A

2
1, . . . ,A

2
n), äå

A1
i [w](x, t) = Bi[w](x, t) +

t
∫

χi(x,t)





m
∑

k=1

(

aik(ϕi(τ ;x, t), τ)uk(ϕi(τ ;x, t), τ)+

+

τ
∫

0

A1
ik(ϕi(τ ;x, t), τ, σ)uk(ϕi(τ ;x, t), σ)dσ +

ϕi(τ ;x,t)
∫

0

A2
ik(ϕi(τ ;x, t), τ, z)uk(z, τ)dz

)

+

+

n
∑

k=1

(

bik(ϕi(τ ;x, t), τ)vk(ϕi(τ ;x, t), τ) +

τ
∫

0

B1
ik(ϕi(τ ;x, t), τ, σ)vk(ϕi(τ ;x, t), σ)dσ+

+

ϕi(τ ;x,t)
∫

0

B2
ik(ϕi(τ ;x, t), τ, z)vk(z, τ)dz

)

+ fi(ϕi(τ ;x, t), τ)






dτ, i ∈ {1, . . . ,m};

A2
j [w](x, t) =

∑

s6∈I0

µ3
js(t)us(0, t) +

∑

s6∈Il

ν3js(t)us(l, t) +

m
∑

s=1

t
∫

0

(

G3
js(t, τ)us(0, τ)+

+H3
js(t, τ)us(l, τ)

)

dτ +

n
∑

s=1

t
∫

0

(

F 3
js(t, τ)vs(0, τ) +K3

js(t, τ)vs(l, τ)
)

dτ+

+ ω3
j (t) +

x
∫

0





m
∑

k=1

(

cjk(y, t)uk(y, t) +

t
∫

0

C1
jk(y, t, σ)uk(y, σ)dσ+

+

y
∫

0

C2
jk(y, t, z)uk(z, t)dz

)

+

n
∑

k=1

(

djk(y, t)vk(y, t) +

t
∫

0

D1
jk(y, t, σ)vk(y, σ)dσ+

+

y
∫

0

D2
jk(y, t, z)vk(z, t)dz

)

+ gj(y, t)



 dy, j ∈ {1, . . . , n}.Âiäøóêàííÿ óçàãàëüíåíîãî ðîçâ'ÿçêó çàäà÷i (1)-(3), (7)-(9) çâîäèòüñÿ äî çíàõîäæåí-íÿ íåðóõîìî¨ òî÷êè îïåðàòîðà A â ïðîñòîði Q. Çàóâàæèìî, ùî A[w] ∈ Q, ÿêùî
w ∈ Q. Öå âèïëèâà¹ ç âiäîìèõ òåîðåì ìàòåìàòè÷íîãî àíàëiçó, âðàõîâóþ÷è íåïå-ðåðâíiñòü �óíêöié ϕi, χi çà âñiìà êîìïîíåíòàìè, à òàêîæ ïðèïóùåííÿ 3, 5 òåîðåìè.Ïîêàæåìî, ùî ïðè ïåâíèõ âàãîâèõ �óíêöiÿõ ìåòðèêè îïåðàòîð A áóäå îïåðàòîðîìñòèñêó.Íåõàé ñòàëà L îáìåæó¹ çâåðõó äëÿ âñiõ äîïóñòèìèõ çíà÷åíü iíäåêñiâ òà àð-ãóìåíòiâ òàêi âèðàçè ∑

s/∈I0

|µk
is| +

∑

s/∈Il

|νkis|, m
∑

s=1
|Gk

is| +
m
∑

s=1
|Hk

is| +
n
∑

s=1
|F k

is| +
n
∑

s=1
|Kk

is|,
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m
∑

s=1
|ais| +

n
∑

s=1
|bis|, m

∑

s=1
|Ak

is| +
n
∑

s=1
|Bk

is|, m
∑

s=1
|cis| +

n
∑

s=1
|dis|, m

∑

s=1
|Ck

is| +
n
∑

s=1
|Dk

is|. Ç îçíà-÷åííÿ ìåòðèêè âèïëèâàþòü ñïiââiäíîøåííÿ
|u1i (x, t)− u2i (x, t)| 6

ρ(w1, w2)

αi(x)
eat, |v1j (x, t) − v2j (x, t)| 6

ρ(w1, w2)

βj(x)
eat,äëÿ w1, w2 ∈ Q, çâiäêè îòðèìó¹ìî îöiíêó

|Bi[w
1](x, t) − Bi[w

2](x, t)| 6 L

(

eaχi(x,t) max

{

max
i/∈I0

α−1
i (0), max

i/∈Il
α−1
i (l)

}

+

+

χi(x,t)
∫

0

eaτdτ max

{

max
i
α−1
i (0), max

i
α−1
i (l), max

j
β−1
j (0), max

j
β−1
j (l)

}






ρ(w1, w2).Ââåäåìî ïîçíà÷åííÿ µ = (max

i,x,t
|λi(x, t)|)

−1. ßêùî ϕi(χi(x, t);x, t) = 0, òî ïðàâèëüíàîöiíêà χi(x, t) 6 t − µx. Çà óìîâè ϕi(χi(x, t);x, t) = l âèâîäèìî îöiíêó χi(x, t) 6

6 t− µ(l − x) (äèâ. [8℄). Âèêîðèñòàâøè îòðèìàíi ñïiââiäíîøåííÿ, äîâîäèìî îöiíêè
∣

∣A1
i [w

1](x, t) −A1
i [w

2](x, t)
∣

∣αi(x)e
−at 6

6 L



max







max
i∈I0,
j /∈I0

αi(x)e
−aµx

αj(0)
, max

i∈I0,
j /∈Il

αi(x)e
−aµx

αj(l)
,

max
i∈Il,
j /∈I0

αi(x)e
−aµ(l−x)

αj(0)
, max

i∈Il,
j /∈Il

αi(x)e
−aµ(l−x)

αj(l)







+

+

t
∫

0

ea(τ−t)dτ max

{

max
i,j

αi(x)

αj(0)
, max

i,j

αi(x)

αj(l)
, max

i,j

αi(x)

βj(0)
, max

i,j

αi(x)

βj(l)

}

+

+







t
∫

0

ea(τ−t)dτ +

t
∫

0

dτ

τ
∫

0

ea(σ−t)dσ +

t
∫

0

ea(τ−t)dτ

ϕi(τ ;x,t)
∫

0

dz






×

× max

{

max
i,j,z

αi(x)

αj(z)
, max

i,j,z

αi(x)

βj(z)

}






ρ(w1, w2) 6
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6 L



max







max
i∈I0,
j /∈I0

αi(x)e
−aµx

αj(0)
, max

i∈I0,
j /∈Il

αi(x)e
−aµx

αj(l)
,

max
i∈Il,
j /∈I0

αi(x)e
−aµ(l−x)

αj(0)
, max

i∈Il,
j /∈Il

αi(x)e
−aµ(l−x)

αj(l)







+

+

(

2

a
+

1

a2
+
l

a

)

max

{

max
i,j,z

αi(x)

αj(z)
, max

i,j,z

αi(x)

βj(z)

}






ρ(w1, w2),

∣

∣A2
i [w

1](x, t) −A2
i [w

2](x, t)
∣

∣ βi(x)e
−at

6

6 L



max







max
i

j /∈I0

βi(x)

αj(0)
, max

i
j /∈Il

βi(x)

αj(l)







+

+

t
∫

0

ea(τ−t)dτ max

{

max
i,j

βi(x)

αj(0)
, max

i,j

βi(x)

αj(l)
, max

i,j

βi(x)

βj(0)
, max

i,j

βi(x)

βj(l)

}

+

+

x
∫

0

max

{

max
i,j

βi(x)

αj(y)
, max

i,j

βi(x)

βj(y)

}

dy+

+

x
∫

0

t
∫

0

ea(σ−t) max

{

max
i,j

βi(x)

αj(y)
, max

i,j

βi(x)

βj(y)

}

dσdy+

+

x
∫

0

y
∫

0

max

{

max
i,j

βi(x)

αj(z)
, max

i,j

βi(x)

βj(z)

}

dzdy



 ρ(w1, w2) 6

6 L



max







max
i

j /∈I0

βi(x)

αj(0)
, max

i
j /∈Il

βi(x)

αj(l)







+

+
1

a
max

{

max
i,j

βi(x)

αj(0)
, max

i,j

βi(x)

αj(l)
, max

i,j

βi(x)

βj(0)
, max

i,j

βi(x)

βj(l)

}

+

+

(

1 +
1

a

)

x
∫

0

max

{

max
i,j

βi(x)

αj(y)
, max

i,j

βi(x)

βj(y)

}

dy+

+

x
∫

0

y
∫

0

max

{

max
i,j

βi(x)

αj(z)
, max

i,j

βi(x)

βj(z)

}

dzdy



 ρ(w1, w2).Ç îñòàííiõ îöiíîê îäåðæèìî íåðiâíiñòü
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ρ
(

A[w1],A[w2]
)

6 Lmax
x



max







max
i∈I0,
j /∈I0

αi(x)e
−aµx

αj(0)
, max

i∈I0,
j /∈Il

αi(x)e
−aµx

αj(l)
,

max
i∈Il,
j /∈I0

αi(x)e
−aµ(l−x)

αj(0)
, max

i∈Il,
j /∈Il

αi(x)e
−aµ(l−x)

αj(l)







+

+

(

2

a
+

1

a2
+
l

a

)

max

{

max
i,j,z

αi(x)

αj(z)
, max

i,j,z

αi(x)

βj(z)

}

+

+max







max
i

j /∈I0

βi(x)

αj(0)
, max

i
j /∈Il

βi(x)

αj(l)







+

+
1

a
max

{

max
i,j

βi(x)

αj(0)
, max

i,j

βi(x)

αj(l)
, max

i,j

βi(x)

βj(0)
, max

i,j

βi(x)

βj(l)

}

+

+

(

1 +
1

a

)

x
∫

0

max

{

max
i,j

βi(x)

αj(y)
, max

i,j

βi(x)

βj(y)

}

dy+

+

x
∫

0

y
∫

0

max

{

max
i,j

βi(x)

αj(z)
, max

i,j

βi(x)

βj(z)

}

dzdy



 ρ(w1, w2).Âèáåðåìî âàãîâi �óíêöi¨ ìåòðèêè òàê, ùîá A áóâ îïåðàòîðîì ñòèñêó â ïðîñòîði Q
αi(x) =



















epx(l−x), i ∈ I0 ∪ Il,

epx, i ∈ I0 \ Il,

ep(l−x), i ∈ Il \ I0,

epl, i /∈ I0 ∪ Il,

βj(x) = εe−px, j ∈ {1, . . . , n}, äå ε, p � äåÿêi äîäàòíi ïàðàìåòðè. ßêùî âèêîíóþòüñÿóìîâè
p 6 aµ, pl 6 aµ, (11)òî ïðàâèëüíi îöiíêè

max
x

max
i∈I0,
j /∈I0

αi(x)e
−aµx

αj(0)
= max

x
max
i∈I0,
j /∈Il

αi(x)e
−aµx

αj(l)
=

= max
x

max
i∈I0

αi(x)e
−aµx

epl
= max

x
max

{

epx(l−x)−aµx−pl, epx−aµx−pl
}

= e−pl,

max
x

max
i∈Il,
j /∈I0

αi(x)e
−aµ(l−x)

αj(0)
= max

x
max
i∈Il,
j /∈Il

αi(x)e
−aµ(l−x)

αj(l)
=

= max
x

max
i∈Il

αi(x)e
−aµ(l−x)

epl
= max

x
max

{

epx(l−x)−aµ(l−x)−pl, ep(l−x)−aµ(l−x)−pl
}

=e−pl.
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max
x

max
i

j /∈I0

βi(x)

αj(0)
= max

x
max

i
j /∈Il

βi(x)

αj(l)
= max

x
εe−px−pl = εe−pl,

max
x

x
∫

0

max

{

max
i,j

βi(x)

αj(y)
, max

i,j

βi(x)

βj(y)

}

dy 6 max
x

x
∫

0

(

εe−px +
εe−px

εe−py

)

dy 6 εl +
1

p
,

max
x

x
∫

0

y
∫

0

max

{

max
i,j

βi(x)

αj(z)
,max

i,j

βi(x)

βj(z)

}

dzdy 6 max
x

x
∫

0

y
∫

0

(

εe−px +
εe−px

εe−pz

)

dzdy 6

6 max
x

x
∫

0

(

εe−pxy +
1

p
ep(y−x)

)

dy 6
εl2

2
+

1

p2
.Îñòàòî÷íî îäåðæèìî íåðiâíiñòü

ρ(A[w1], A[w2]) 6

6 Lmax
x

(

e−pl +

(

2

a
+

1

a2
+
l

a

)

max

{

max
i,j,z

αi(x)

αj(z)
, max

i,j,z

αi(x)

βj(z)

}

+

+ εe−pl +
1

a
max

{

max
i,j,z

βi(x)

αj(z)
, max

i,j,z

βi(x)

βj(z)

}

+

+

(

1 +
1

a

)(

εl+
1

p

)

+

(

εl2

2
+

1

p2

))

ρ(w1, w2).Ôiêñó¹ìî çíà÷åííÿ ïàðàìåòðà ε äîñòàòíüî ìàëèì, à ïàðàìåòð p äîñòàòíüî âåëèêèì,ùîá çàäîâîëüíèòè óìîâó
e−pl + εe−pl + 2εl+

2

p
+
εl2

2
+

1

p2
<

1

2L
.Òîäi �óíêöi¨ αi, βi ñòàþòü âiäîìèìè, à òàêîæ iñíó¹ ñòàëà M òàêà, ùî

M = max
x

max

{

max
i,j,z

αi(x)

αj(z)
, max

i,j,z

αi(x)

βj(z)
, max

i,j,z

βi(x)

αj(z)
, max

i,j,z

βi(x)

βj(z)

}

.Íàñàìêiíåöü �iêñó¹ìî çíà÷åííÿ ïàðàìåòðà a äîñòàòíüî âåëèêèì, ùîá çàäîâîëüíèòèóìîâè (11) òà íåðiâíîñòi
a > 1,

3

a
+

1

a2
+
l

a
<

1

2LM
.Òîäi A ¹ îïåðàòîðîì ñòèñêó â ïðîñòîði Q ç âèáðàíîþ ìåòðèêîþ.Îòîæ, íà ïiäñòàâi òåîðåìè Áàíàõà iñíó¹ ¹äèíà íåðóõîìà òî÷êà îïåðàòîðà A âïðîñòîði Q, ÿêà ¹ óçàãàëüíåíèì ðîçâ'ÿçêîì çàäà÷i (1)-(3), (7)-(9). �Çàóâàæåííÿ 1. ßêùî óìîâè òåîðåìè 1 âèêîíóþòüñÿ íà ÷àñîâîìó ïðîìiæêó [0,+∞),ïðè÷îìó �óíêöi¨ λi ëîêàëüíî ñïðàâäæóþòü óìîâó Ëiïøèöÿ, òî iñíó¹ ¹äèíèé óçà-ãàëüíåíèé ðîçâ'ÿçîê çàäà÷i (1)-(3), (7)-(9) â ïiâñìóçi Π∞ = {(x, t) : 0 6 x 6 l,

0 6 t < +∞}.
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