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ÃËÎÁÀËÜÍÀ ÐÎÇÂ'ßÇÍIÑÒÜ ÌIØÀÍÎ� ÇÀÄÀ×I ÄËß
ÍÀÏIÂËIÍIÉÍÎ� ÃIÏÅÐÁÎËI×ÍÎ� ÑÈÑÒÅÌÈ

Ç ÃÎÐÈÇÎÍÒÀËÜÍÈÌÈ ÕÀÐÀÊÒÅÐÈÑÒÈÊÀÌÈ
Çà äîïîìîãîþ ìåòîäiâ õàðàêòåðèñòèê i ñòèñêóþ÷èõ âiäîáðàæåíü âñòàíîâëåíî iñíóâàííÿ i ¹äèíiñòü ãëîáàëüíîãî

óçàãàëüíåíîãî íåïåðåðâíîãî ðîçâ'ÿçêó ìiøàíî¨ çàäà÷i äëÿ ãiïåðáîëi÷íî¨ ñèñòåìè íàïiâëiíiéíèõ ðiâíÿíü ïåðøîãî

ïîðÿäêó ç ãîðèçîíòàëüíèìè õàðàêòåðèñòèêàìè .

Applying the methods of characteristics and contractive mappings, the existence and uniqueness of global generalized

continuous solution of mixed problem for hyperbolic system of the �rst order semilinear equations with horizontal

characteristics are established.

Âñòóï. ßêùî ìàòðèöþ A â ñèñòåìi

∂u

∂t
+ A(x, t, u)

∂u

∂x
= b(x, t, u), (1)

(u, b �m - âèìiðíi âåêòîðè) ìîæíà çâåñòè äî
äiàãîíàëüíîãî âèãëÿäó, à ¨¨ âëàñíi çíà÷åííÿ
λi(x, t, u) - äiéñíi â îáëàñòi çìiííèõ x, t, u, òî
ñèñòåìó (1) íàçèâàþòü ãiïåðáîëi÷íîþ [1].

Øëÿõîì ââåäåííÿ íîâèõ íåâiäîìèõ ôóí-
êöié öþ ñèñòåìó ìîæíà, â îêðåìèõ âèïàä-
êàõ, ïðèâåñòè äî âèãëÿäó [2]-[3]

∂z

∂t
+ Λ(x, t, z)

∂z

∂x
= F (x, t, z),

Λ = diag(λ1, ..., λm), (2)

àáî çàâæäè � äî ñèñòåìè

G(x, t, u)

(
∂u

∂t
+Λ(x, t, u)

∂u

∂x

)
=R(x, t, u), (3)

äå G � ìàòðèöÿ ëiâèõ âëàñíèõ âåêòîðiâ ìà-
òðèöi A. Ñèñòåìè (2) i (43) íàçèâàþòü, âiäïî-
âiäíî, êàíîíi÷íèìè ôîðìàìè Ðiìàíà òà Øà-
óäåðà [1].

Ïðîòå, çà äîäàòêîâèõ ïðèïóùåíü, ÿêi
ñôîðìóëüîâàíi â [1, 4], ñèñòåìó (43) âñå æ
òàêè ìîæíà ïðåäñòàâèòè ó âèãëÿäi (2). Öåé
ìåòîä íàçèâàþòü ìåòîäîì çâåäåííÿ (1) äî
ïðîäîâæåíî¨ ñèñòåìè , ÿêèé äîçâîëÿ¹ (43)
çàïèñàòè ó âèãëÿäi

∂P

∂t
+ Λ

∂P

∂x
= Ω(x, t, u, P,Q),

∂Q

∂t
+ Λ

∂Q

∂x
= Ψ(x, t, u, P,Q),

∂u

∂t
= G−1Q,

∂u

∂x
= G−1P,

(4)

äå p =
∂u

∂x
, q =

∂u

∂t
, P = Gp, Q = Gq.

Çàçíà÷èìî, ùî äëÿ îñòàííiõ äâîõ
ðiâíÿíü ñèñòåìè (4) îäåðæó¹ìî ñiì'þ
îðòîãîíàëüíèõ õàðàêòåðèñòèê, "íå-
çðó÷íiñòü" ÿêèõ ïðîÿâëÿ¹òüñÿ â ðàçi
ôîðìóëþâàííÿ ïî÷àòêîâî-êðàéîâèõ óìîâ
[1, 5]. Îäíàê, ãiïåðáîëi÷íi ñèñòåìè, â ÿêèõ
÷àñòèíà ðiâíÿíü ìà¹ ãîðèçîíòàëüíi àáî âåð-
òèêàëüíi õàðàêòåðèñòèêè âèíèêàþòü òàêîæ
i â äåÿêèõ ôiçè÷íèõ çàäà÷àõ [5]-[10].

Òîìó â öié ïðàöi ðîçãëÿíóòî ãëîáàëüíó
ðîçâ'ÿçíiñòü îäíîãî âàðiàíòó ìiøàíî¨ çàäà÷i
äëÿ ãiïåðáîëi÷íî¨ ñèñòåìè íàïiâëiíiéíèõ ðiâ-
íÿíü ç ãîðèçîíòàëüíèìè õàðàêòåðèñòèêàìè.
Iñíóâàííÿ i ¹äèíiñòü óçàãàëüíåíîãî ãëîáàëü-
íîãî ðîçâ'ÿçêó ïîáóäîâàíî íà âèêîðèñòàííi
ñïåöiàëüíèõ âàãîâèõ íîðì [11]-[12].
1. Ïîñòàíîâêà çàäà÷i. Â îáëàñòi G =

{(x, t) : 0 < t < T, −kt < x < kt + l},
T, k, l - äîäàòíi ñòàëi, ðîçãëÿäà¹ìî ñèñòåìó
ðiâíÿíü

∂u

∂t
+ Λ(x, t)

∂u

∂x
= f(x, t, u, v),

∂v

∂x
= g(x, t, u, v),

(5)

äå u = (u1, ..., um), v = (v1, ..., vn), f =
(f1, ..., fm), g = (g1, ..., gn), Λ(x, t) =
diag(λ1(x, t), ..., λm(x, t)).

Äëÿ ñèñòåìè (5) çàäàìî ïî÷àòêîâi

u(x, 0) = q(x), 0 ≤ x ≤ l (6)

òà êðàéîâi óìîâè ïðè 0 ≤ t ≤ T :

ui(−kt, t) = γ0i
(
t, u(−kt, t)

)
, i ∈ I0,

ui(l + kt, t) = γli
(
t, (u(l + kt, t)

)
, i ∈ Il, (7)
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v(−kt, t)=ψ
(
t, u(−kt, t)

)
,
(
ψ=(ψ1, ..., ψn)

)
, (8)

äå I0, Il � ìíîæèíè iíäåêñiâ:

I0 = {i ∈ {1, . . . ,m} : λi(−kt, t) > −k},
Il = {i ∈ {1, . . . ,m} : λi(l + kt, t) < k}.

Íåõàé ìíîæèíè I0, Il ìiñòÿòü âiäïîâiäíî
r0, rl åëåìåíòiâ. Áóäåìî ââàæàòè, ùî ôóí-
êöi¨ γ0i , ψj � íå çàëåæàòü âiä ui ïðè i ∈ I0 i
γli � íå çàëåæàòü âiä ui ïðè i ∈ Il i ìà¹ ìiñöå
óìîâà

(λi(−kt, t) + k)(λi(l + kt, t)− k) ̸= 0,

t ∈ [0, T ], i ∈ {1, . . . ,m}.

Êðiì òîãî âñi çàäàíi ôóíêöi¨ f : G×Rm+n →
Rm, g : G × Rm+n → Rn, λi : G → Rm, q :
[0, l] → Rn, γ0 : [0, T ] × Rrl → Rr0 , γl :
[0, T ]×Rr0 → Rrl , ψ : [0, T ]×Rrl → Rn � íåïå-
ðåðâíi, à ôóíêöi¨ λi � çàäîâîëüíÿþòü óìîâó
Ëiïøèöÿ çà çìiííîþ x.
2. Ïîíÿòòÿ óçàãàëüíåíîãî ðîçâ'ÿçêó

çàäà÷i. Ïîçíà÷èìî ÷åðåç φi(t;x0, t0), i ∈
{1, . . . ,m} ðîçâ'ÿçîê çàäà÷i Êîøi

dx

dt
= λi(x, t), x(t0) = x0

i íàçâåìî ¨õ õàðàêòåðèñòèêàìè ñèñòåìè (5).
Äëÿ çðó÷íîñòi ââåäåìî ïîçíà÷åííÿ φi(t) :=
φi(t;x0, t0). Çàóâàæèìî, ùî äàíà ñèñòåìà ìà¹
òàêîæ ãîðèçîíòàëüíi õàðàêòåðèñòèêè âèãëÿ-
äó t = t0. ×åðåç χi(x0, t0) ïîçíà÷èìî íàéìåí-
øå t, äëÿ ÿêîãî â G âèçíà÷åíèé ðîçâ'ÿçîê
x = φi(t;x0, t0).

Óâåäåìî îáëàñòi:

Gi
q = {(x, t) ∈ G : χi(x, t) = 0} ,

i ∈ {1, . . . ,m},
Gi

0 = {(x, t) ∈ G : χi(x, t) > 0,

φi(χi(x, t);x, t) = −kχi(x, t)} , i ∈ I0,

Gi
l = {(x, t) ∈ G : χi(x, t) > 0,

φi(χi(x, t); x, t) = l + kχi(x, t)} , i ∈ Il.

Çà äîïîìîãîþ iíòåãðóâàííÿ âçäîâæ õàðà-
êòåðèñòèê çâåäåìî çàäà÷ó (5)-(8) äî ñèñòåìè

iíòåãðî-îïåðàòîðíèõ ðiâíÿíü [12]:

ui(x, t) = Fi[w](x, t)+

+

t∫
χi(x,t)

fi

(
φi(τ), τ, u(φi(τ), τ), v(φi(τ), τ)

)
dτ, (9)

i ∈ {1, . . . ,m},

vj(x, t) = ψj

(
t, u(−kt, t)

)
+

+

x∫
−kt

gj

(
y, t, u(y, t), v(y, t)

)
dy, (10)

j ∈ {1, . . . , n},
äå

Fi[w](x, t) =

=



qi
(
φi(0;x, t)

)
, (x, t) ∈ Gi

q,

γ0i
(
χi(x, t), u(−kχi(x, t), χi(x, t))

)
,

(x, t) ∈ Gi
0,

γli
(
χi(x, t), u(l + kχi(x, t), χi(x, t))

)
,

(x, t) ∈ Gi
l.

(11)

Îçíà÷åííÿ. Óçàãàëüíåíèì íåïåðåðâíèì
ðîçâ'ÿçêîì çàäà÷i (5)-(8), áóäåìî íàçèâàòè
ïàðó ôóíêöié (u, v) , êîìïîíåíòè ÿêèõ íàëå-
æàòü ïðîñòîðó C(G) i çàäîâîëüíÿþòü ñè-
ñòåìè iíòåãðî-îïåðàòîðíèõ ðiâíÿíü (9)-
(10).
3. Îñíîâíèé ðåçóëüòàò.
Òåîðåìà. Íåõàé âèêîíóþòüñÿ òàêi óìî-

âè:

1) λ, f, g, q, ψ, γ1, γ2 ¹ íåïåðåðâíèìè
ôóíêöiÿìè íà âiäïîâiäíèõ ìíîæèíàõ;

2) êîìïîíåíòè ôóíêöi¨ λ ¹ ëiïøèöåâèìè
íà ìíîæèíi G çà çìiííîþ x;

3) êîìïîíåíòè ôóíêöié f, g, òà ψ, γ1, γ2 ¹
ëiïøèöåâèìè çà çìiííèìè u, v òà çìií-
íîþ u, âiäïîâiäíî, íà ñâî¨õ ìíîæèíàõ
âèçíà÷åííÿ;

4) ïðàâèëüíå ñïiââiäíîøåííÿ

(λi(−kt, t) + k)(λi(l + kt, t)− k) ̸= 0,

t ∈ [0, T ], i ∈ {1, . . . ,m};
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5) (óìîâè ïîãîäæåííÿ)

qi(0) = γ0i (0, q(0)) , i ∈ I0,

qi(l) = γli (0, q(l)) , i ∈ Il.

Òîäi iñíó¹ ¹äèíèé óçàãàëüíåíèé íåïåðåðâíèé
ðîçâ'ÿçîê çàäà÷i (5)-(8) ó G.
Äîâåäåííÿ.
Ðîçãëÿíåìî ìåòðè÷íèé ïðîñòið Q, åëå-

ìåíòàìè ÿêîãî ¹ ïàðè íåïåðåðâíèõ ôóíêöié
w = (u, v) ç êîìïîíåíòàìè iç C(G), ïðè÷îìó
ui(0, 0) = qi(0), i ∈ I0 òà ui(l, 0)= qi(l), i ∈ Il.
Âèçíà÷èìî ìåòðèêó íàñòóïíèì ÷èíîì

ρ(w1, w2) =

= max

{
max
i,x,t

|u1i (x, t)− u2i (x, t)|αi(x, t)e
−at,

max
i,x,t

|v1i (x, t)− v2i (x, t)|βi(x, t)e−at

}
, (12)

äå ñòàëó a > 0 i íåïåðåðâíi äîäàòíi ôóíêöi¨
αi, βi ïiäáåðåìî ïiçíiøå.

Íà åëåìåíòàõ ïðîñòîðó Q ââåäåìî îïå-
ðàòîð A = (A1,A2), ÿêèé äi¹ çà ôîðìóëîþ
A[w] = (A1[u, v],A2[u, v]), äå îïåðàòîðè A1 i
A2 âèçíà÷åíi, âiäïîâiäíî, ïðàâèìè ÷àñòèíà-
ìè ðiâíîñòåé (9),(10), òîáòî

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

+

t∫
χi(x,t)

fi

(
φi(τ), τ, u(φi(τ), τ), v(φi(τ), τ)

)
dτ,

i ∈ {1, . . . ,m},

A2
i [w](x, t) =ψi

(
t, u(−kt, t)

)
+

+

x∫
−kt

gj

(
y, t, u(y, t), v(y, t)

)
dy, j ∈{1, . . . , n}.

Îòæå, âiäøóêàííÿ óçàãàëüíåíîãî íåïå-
ðåðâíîãî ðîçâ'ÿçêó çàäà÷i (5)-(8) çâîäèòüñÿ
äî çíàõîäæåííÿ íåðóõîìî¨ òî÷êè îïåðàòî-
ðà A â ïðîñòîði Q. Çàñòîñîâóþ÷è òåîðåìó
Áàíàõà ïðî ñòèñêóþ÷å âiäîáðàæåííÿ, âñòà-
íîâèìî iñíóâàííÿ i ¹äèíiñòü íåðóõîìî¨ òî-
÷êè îïåðàòîðà. Çàóâàæèìî, ùî îïåðàòîð A
ïåðâîäèòü íåïåðåðâíi ôóíêöi¨ â íåïåðåðâíi.

Öå âèïëèâà¹ ç âiäîìèõ òåîðåì ìàòåìàòè÷íî-
ãî àíàëiçó, à òàêîæ iç íåïåðåðâíîñòi âñiõ
ôóíêöié φi(τ ;x, t).

×åðåç L ïîçíà÷èìî ñïiëüíó ñòà-
ëó â óìîâi Ëiïøèöÿ äëÿ ôóíêöié
f, g, ψ, γ0, γl , ÿêó çàïèøåìî, íàïðè-
êëàä, òàê:

|fi(x, t, u1, v1)− fi(x, t, u
2, v2)| ≤

≤ Lmax{max
j,x,t

|u1j − u2j |, max
j,x,t

|v1j − v2j |}

i àíàëîãi÷íî äëÿ iíøèõ ôóíêöié.

Íåõàé w1, w2 ∈ Q. Òîäi iç ôîðìóëè (12)
ïðè âñiõ äîïóñòèìèõ i, x, t îäåðæèìî

|u1i (x, t)− u2i (x, t)| ≤
ρ(w1, w2)

αi(x, t)
eat,

|v1i (x, t)− v2i (x, t)| ≤
ρ(w1, w2)

βj(x, t)
eat.

Ùîá çíàéòè êîåôiöi¹íò ñòèñêó îïåðàòîðà A,
ïðîâåäåìî íàñòóïíi îöiíêè. Iç (11) îòðèìà¹-
ìî òàêó íåðiâíiñòü

|Fi[w
1](x, t)− Fi[w

2](x, t)| ≤

≤



Lmax
j /∈I0

eaχi(x,t)ρ(w1, w2)

αj(−kχi(x, t), χi(x, t))
,

(x, t) ∈ Gi
0,

Lmax
j /∈Il

eaχi(x,t)ρ(w1, w2)

αj(l + kχi(x, t), χi(x, t))
,

(x, t) ∈ Gi
l.

(13)

ßêùî âèêîíó¹òüñÿ ïåðøà îöiíêà (13),
òî ç îçíà÷åííÿ õàðàêòåðèñòèêè ñèñòåìè (5)
äëÿ i ∈ I0 ìà¹ìî íåðiâíiñòü χi(x, t) ≤
−x+ Λt

Λ + k
, äå Λ = max

i,x,t
| λi(x, t) | . Àíàëîãi-

÷íî, ÿêùî âèêîíó¹òüñÿ äðóãà îöiíêà, òî äëÿ

i ∈ Il ìà¹ìî χi(x, t) ≤
x+ Λt− l

Λ + k
.

Òîäi íà îñíîâi îòðèìàíèõ îöiíîê äëÿ îïå-
ðàòîðà A1 îäåðæèìî

∣∣∣∣A1
i [w

1](x, t) − A1
i [w

2](x, t)

∣∣∣∣αi(x, t)e
−at ≤
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≤ Lmax

{
max
i∈I0,
j /∈I0, τ

αi(x, t)e
a(−x+Λt

Λ+k
−t)

αj(−kτ, τ)
,

max
i∈Il,
j /∈Il, τ

αi(x, t)e
a(x+Λt−l

Λ+k
−t)

αj(l + kτ, τ)

}
ρ(w1, w2)+

+

t∫
0

ea(σ−t)dσLmax

{
max
i,j,y,τ

αi(x, t)

αj(y, τ)
,

max
i,j,y,τ

αi(x, t)

βj(y, τ)

}
ρ(w1, w2) ≤

≤ Lmax

{
max
i∈I0,
j /∈I0, τ

αi(x, t)e
a−x−kt

Λ+k

αj(−kτ, τ)
,

max
i∈Il,
j /∈Il, τ

αi(x, t)e
ax−kt−l

Λ+k

αj(l + kτ, τ)

}
ρ(w1, w2)+

+
L

a
max

{
max
i,j,y,τ

αi(x, t)

αj(y, τ)
,max
i,j,y,τ

αi(x, t)

βj(y, τ)

}
ρ(w1, w2).

Äëÿ îïåðàòîðà A2 îäåðæèìî∣∣A2
i [w

1](x, t)−A2
i [w

2](x, t)
∣∣ βi(x, t)e−at ≤

≤ Lρ(w1, w2)

(
max

i,
j /∈I0

βi(x, t)

αj(−kt, t)
+

+

x∫
−kt

max

{
max
i,j

βi(x, t)

αj(y, t)
,max

i,j

βi(x, t)

βj(y, t)

}
dy

)
.

Iç (12) òà îöiíîê äëÿ A1,A2 îäåðæó¹ìî

ρ(A[w1], A[w2]) ≤

≤ max
(x, t)∈G

(
Lmax

{
max
i∈I0,
j /∈I0, τ

αi(x, t)e
a−x−kt

Λ+k

αj(−kτ, τ)
,

max
i∈Il,
j /∈Il, τ

αi(x, t)e
ax−kt−l

Λ+k

αj(l + kτ, τ)

}
+

+
L

a
max

{
max
i,j,y,τ

αi(x, t)

αj(y, τ)
,max
i,j,y,τ

αi(x, t)

βj(y, τ)

}
+

+L max
i, j /∈I0

βi(x, t)

αj(−kt, t)
+

x∫
−kt

Lmax

{
max
i,j

βi(x, t)

αj(y, t)
,

max
i,j

βi(x, t)

βj(y, t)

}
dy

)
ρ(w1, w2).

Âèáåðåìî ôóíêöi¨ αi, βi òàê, ùîá êîåôiöi¹íò
ñòèñêó îïåðàòîðàA áóâ ìåíøèì âiä îäèíèöi,
à ñàìå

αi(x, t) =


ep(kt+x)(kt−x+l), i ∈ I0, i ∈ Il,
ep(kt+x), i ∈ I0, i /∈ Il,
ep(kt−x+l), i /∈ I0, i ∈ Il,
ep(2kt+l), i /∈ I0, i /∈ Il,

βi(x, t) = εe−p(kt+x).

Íåõàé µ =
1

Λ + k
i âèêîíóþòüñÿ ïðèïóùå-

ííÿ p ≤ aµ, pl− aµ ≤ −2pkT . Äîñëiäèâøè
âèáðàíi ôóíêöi¨ íà åêñòðåìóì â G, îäåðæè-
ìî ñïiââiäíîøåííÿ:

max
(x, t)∈G

max
i∈I0,
j /∈I0, τ

αi(x, t)e
aµ(−x−kt)

αj(−kτ, τ)
=

= max
(x, t)∈G

max
i∈I0

αi(x, t)e
aµ(−x−kt)

epl
=

= max
(x, t)∈G

max
{
ep(kt+x)(kt−x+l),

ep(kt+x)
}
eaµ(−x−kt)−pl = e−pl;

max
(x, t)∈G

max
i∈Il,
j /∈Il, τ

αi(x, t)e
aµ(x−kt−l)

αj(l + kτ, τ)
=

= max
(x, t)∈G

max
i∈Il

αi(x, t)e
aµ(x−kt−l)

epl
=

= max
(x, t)∈G

max{ep(kt+x)(kt−x+l),

ep(kt−x+l)}eaµ(x−kt−l)−pl = e−pl;

max
(x, t)∈G

max
i, j /∈I0

βi(x, t)

αj(−kt, t)
=

= max
(x, t)∈V

εe−p(kt+x)

ep(2kt+l)
= max

(x, t)∈V
εe−3pkt−px−pl =

= max
t
εe−2pkt+pl = εe−pl.

Ïðîâåäåìî îêðåìî îöiíêó äëÿ

max
(x, t)∈G

x∫
−kt

max

{
max
i,j

βi(x, t)

αj(y, t)
,max

i,j

βi(x, t)

βj(y, t)

}
dy≤

≤ max
(x, t)∈G

x∫
−kt

max
i,j

βi(x, t)

αj(y, t)
dy+
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+ max
(x, t)∈G

x∫
−kt

max
i,j

βi(x, t)

βj(y, t)
dy.

Òîäi

max
(x, t)∈G

x∫
−kt

max
i,j

βi(x, t)

αj(y, t)
dy =

= max
(x, t)∈G

x∫
−kt

εe−p(kt+x)dy ≤

≤ max
x,t

{εe−p(kt+x)(x+ kt)} = ε(l + 2kT ),

max
(x, t)∈G

x∫
−kt

max
i,j

βi(x, t)

βj(y, t)
dy =

= max
(x, t)∈G

x∫
−kt

εe−p(kt+x)

εe−p(kt+y)
dy = max

(x, t)∈G

x∫
−kt

ep(y−x)dy =

= max
(x, t)∈G

1

p
(1− e−p(kt+x)) ≤ 1

p
.

Îòæå,

max
(x, t)∈G

x∫
−kt

max

{
max
i,j

βi(x, t)

αj(y, t)
, max

i,j

βi(x, t)

βj(y, t)

}
dy≤

≤ ε(l + 2kT ) +
1

p
.

Ó ðåçóëüòàòi îäåðæèìî íåðiâíiñòü

ρ(A[w1], A[w2]) ≤

(
Le−pl + Lε+

+ L
(
ε(l + 2kT ) +

1

p

)
+
L

a
×

×max
(x, t)∈G

{
max
i,j,y,τ

αi(x, t)

αj(y, τ)
,max
i,j,y,τ

αi(x, t)

βj(y, τ)

})
ρ(w1, w2).

Ñïî÷àòêó çàôiêñó¹ìî ïàðàìåòðè p∗, ε∗ òàê,
ùîá âèêîíóâàëàñü íåðiâíiñòü

Le−p∗l + Lε∗ + L(ε∗(l + 2kT ) +
1

p∗
) <

1

2
,

ïðè÷îìó ôóíêöi¨ α∗
i , β

∗
i äîðiâíþþòü âiäïî-

âiäíî ôóíêöiÿì αi, βi ïðè p = p∗, ε = ε∗.

Íåõàé

M = max
(x, t)∈G

{
max
i,j,y,τ

α∗
i (x, t)

α∗
j (y, τ)

max
i,j,y,τ

α∗
i (x, t)

β∗
j (y, τ)

}
.

Òåïåð ôiêñó¹ìî çíà÷åííÿ ïàðàìåòðà a∗, òàê
ùîá çàäîâîëüíèòè íåðiâíîñòi

p∗ ≤ a∗µ, p∗l − a∗µ ≤ −2p∗kT,
LM

a∗
<

1

2
.

Îòæå, îïåðàòîð A ¹ ñòèñêóþ÷èì íà åëå-
ìåíòàõ ïðîñòîðó Q∗ = Q ç âèáðàíèìè ôóí-
êöiÿìè αi = α∗

i , βi = β∗
i òà ïàðàìåòðîì

a = a∗.
Òîìó çà òåîðåìîþ Áàíàõà iñíó¹ ¹äèíà íå-

ðóõîìà òî÷êà îïåðàòîðàA â ïðîñòîðiQ∗. Öÿ
íåðóõîìà òî÷êà ¹ óçàãàëüíåíèì íåïåðåðâ-
íèì ðîçâ'ÿçêîì çàäà÷i (5)-(8). Òåîðåìà äî-
âåäåíà. �
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