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ÏÐÎ ØÂÈÄÊIÑÒÜ ÐÎÑÒÓ ÂÈÏÀÄÊÎÂÈÕ ÏÎËIÂ Ç
ÏÐÎÑÒÎÐÓ ÎÐËI×À ÍÀ ÍÅÎÁÌÅÆÅÍÈÕ ÎÁËÀÑÒßÕ

In the paper the estimates for distribution of supremum for the normalized random fields from
Orlicz spaces defined on the unbounded domain are found. In particular, we have obtained the
estimates for distribution of supremum for the normalized solution of the hyperbolic equation of
mathematical physics.

Â ðîáîòi îòðèìàíî îöiíêè äëÿ ðîçïîäiëó ñóïðåìóìó íîðìîâàíèõ âèïàäêîâèõ ïîëiâ ç ïðîñòî-
ðó Îðëi÷à â íåñêií÷åííié îáëàñòi, Ðîçãëÿíóòî ïðèêëàä çàñòîñóâàííÿ îòðèìàíèõ îöiíîê äî
ðîçâ'ÿçêó ðiâíÿííÿ ãiïåðáîëi÷íîãî òèïó ìàòåìàòè÷íî¨ ôiçèêè.

1. Âñòóï. Âèâ÷åííÿ òèõ ÷è iíøèõ êëàñiâ âèïàäêîâèõ ïðîöåñiâ, äîñëiäæåííÿ ¨õ
çàãàëüíèõ âëàñòèâîñòåé, óìîâ îáìåæåíîñòi ç iìîâiðíiñòþ îäèíèöÿ òà îòðèìàííÿ
îöiíîê ðîçïîäiëó ¨õ ñóïðåìóìiâ, ïîáóäîâà ìàòåìàòè÷íèõ ìîäåëåé öèõ ïðîöåñiâ ¹
îäíi¹þ ç àêòóàëüíèõ çàäà÷ òåîði¨ âèïàäêîâèõ ïðîöåñiâ, ÿêîþ öiêàâèëèñÿ áàãàòî
âèäàòíèõ ñïåöiàëiñòiâ ç òåîði¨ éìîâiðíîñòåé.

Íà ïî÷àòêó 60-õ ðîêiâ ç'ÿâèëèñÿ ðîáîòè â ÿêèõ âèâ÷àëèñü âëàñòèâîñòi áiëüø
øèðîêèõ êëàñiâ âèïàäêîâèõ ïðîöåñiâ íiæ ãàóññîâi, à ñàìå ïðîñòîðè Îðëi÷à âè-
ïàäêîâèõ âåëè÷èí.

Â ìîíîãðàôi¨ Êðàñíîñåëüñüêîãî Ì. À. òà Ðóòèöüêîãî ß. Â. [1] â çàãàëüíî-
ìó âèãëÿäi âïåðøå ðîçãëÿäàþòüñÿ ôóíêöi¨ òà ïðîñòîðè Îðëi÷à. Â äàíié ðîáîòi
îòðèìàíi íîðìè â ïðîñòîði Îðëi÷à, ùî ¹ åêâiâàëåíòíi íîðìi Ëþêñåíáóðãà, à
òàêîæ ðîçãëÿäà¹òüñÿ íåîáõiäíà óìîâà ñåïàðàáåëüíîñòi ïðîñòîðiâ Îðëi÷à. Ïðî-
ñòîðè Îðëi÷à âèïàäêîâèõ âåëè÷èí òà âèïàäêîâi ïðîöåñè ç ïðîñòîðiâ Îðëi÷à âè-
â÷àþòüñÿ â ìîíîãðàôi¨ Áóëäèãiíà Â. Â. òà Êîçà÷åíêà Þ. Â. [2]. Ñèñòåìàòè÷íå
âèâ÷åííÿ âëàñòèâîñòåé îðëi÷åâñüêèõ ïðîöåñiâ, à òàêîæ ïðîöåñiâ ç îðëi÷åâñüêè-
ìè ïðèðîñòàìè ïî÷èíà¹òüñÿ â ðîáîòàõ [3�10]. Âëàñòèâîñòi âèïàäêîâèõ ïðîöåñiâ
ç ïðîñòîðiâ Îðëi÷à âèâ÷àëèñÿ ó ðîáîòàõ Êîíî (1980) [11], Êîçà÷åíêà Þ. Â. [4,5].
Îöiíêè äëÿ ðîçïîäiëiâ ñóïðåìóìiâ ðiçíèõ îðëi÷åâñüêèõ ïðîöåñiâ ðîçãëÿäàëèñÿ
â ðîáîòàõ [6, 8, 9, 11].

Îöiíêè äëÿ ðîçïîäiëó ñóïðåìóìó âèïàäêîâèõ ïîëiâ ç ïðîñòîðó Subφ(Ω) â
íåñêií÷åííié îáëàñòi áóëè îäåðæàíi â ðîáîòi [12].

Ðîáîòà ñêëàäà¹òüñÿ ç âñòóïó, äâîõ ÷àñòèí. Ó ïåðøié ÷àñòèíi íàâåäåíî îñíîâ-
íi âiäîìîñòi ç òåîði¨ ïðîñòîðiâ Îðëi÷à âèïàäêîâèõ âåëè÷èí òà îäåðæàíî îñíîâ-
íèé ðåçóëüòàò. Äðóãó ÷àñòèíó ïðèñâÿ÷åíî ïðèêëàäó çàñòîñóâàííÿ îòðèìàíèõ
îöiíîê äî ðîçâ'ÿçêó ðiâíÿííÿ ãiïåðáîëi÷íîãî òèïó ìàòåìàòè÷íî¨ ôiçèêè, êîëè
t ∈ [0,+∞).

Ðåçóëüòàòè âèêëàäåíi â ðîáîòi ìîæóòü áóòè âèêîðèñòàíi ïðè ìîäåëþâàííi
ðîçâ'ÿçêiâ çàäà÷ ìàòåìàòè÷íî¨ ôiçèêè òà â iíøèõ îáëàñòÿõ, äå âèêîðèñòîâóþòü
ìåòîäè òåîði¨ âèïàäêîâèõ ïðîöåñiâ.

2. Îñíîâíèé ðåçóëüòàò.

Îçíà÷åííÿ 1 ( [2]). Ïàðíà íåïåðåðâíà îïóêëà ôóíêöiÿ U (x) íàçèâà¹òüñÿ
C-ôóíêöi¹þ Îðëi÷à, ÿêùî U (0) = 0 i U (x) çðîñòà¹ ïðè x > 0.
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Îçíà÷åííÿ 2 ( [2]). Ñêàæåìî, ùî C-ôóíêöiÿ U çàäîâîëüíÿ¹ g-óìîâi, ÿêùî
iñíóþòü òàêi ñòàëi z0 ≥ 0, k > 0, A > 0, ùî äëÿ âñiõ x ≥ z0, y ≥ z0 âèêîíó¹-
òüñÿ íåðiâíiñòü

U(x)U(y) ≤ AU(kxy).

Îçíà÷åííÿ 3 ( [2]). Ïðîñòîðîì Îðëi÷à LU (Ω) âèïàäêîâèõ âåëè÷èí, ïîðî-
äæåíèì Ñ-ôóíêöi¹þ U (x), íàçèâà¹òüñÿ òàêèé ïðîñòið âèïàäêîâèõ âåëè÷èí
ξ (ω) = ξ, ω ∈ Ω, ÿêùî äëÿ êîæíî¨ ξ ∈ LU (Ω) iñíó¹ òàêà êîíñòàíòà rξ, ùî

Eu
(

ξ
rξ

)
<∞.

Ïðîñòið Îðëi÷à LU (Ω) ¹ áàíàõîâèì ïðîñòîðîì âiäíîñíî íîðìè

∥ξ∥LU
= inf

{
rξ > 0 : Eu

(
ξ

rξ

)
≤ 1

}
.

Îçíà÷åííÿ 4 ( [2]). Ïðîöåñ X = {X (t) , t ∈ T} íàëåæèòü ïðîñòîðó Îðëi÷à
LU (Ω), ÿêùî äëÿ âñiõ t ∈ T âèïàäêîâà âåëè÷èíà X (t) íàëåæèòü LU (Ω).

Îçíà÷åííÿ 5 ( [2]). Ïðîñòîðîì Îðëi÷à LU (Ω) âèïàäêîâèõ âåëè÷èí, ïîðî-
äæåíèì Ñ-ôóíêöi¹þ U (x), íàçèâà¹òüñÿ òàêèé ïðîñòið âèïàäêîâèõ âåëè÷èí
ξ (ω) = ξ, ω ∈ Ω, ÿêùî äëÿ êîæíî¨ ξ ∈ LU (Ω) iñíó¹ òàêà êîíñòàíòà rξ, ùî

Eu
(

ξ
rξ

)
<∞.

Ïðîñòið Îðëi÷à LU (Ω) ¹ áàíàõîâèì ïðîñòîðîì âiäíîñíî íîðìè

∥ξ∥LU
= inf

{
rξ > 0 : Eu

(
ξ

rξ

)
≤ 1

}
.

Îçíà÷åííÿ 6 ( [2]). Ïðîöåñ X = {X (t) , t ∈ T} íàëåæèòü ïðîñòîðó Îðëi÷à
LU (Ω), ÿêùî äëÿ âñiõ t ∈ T âèïàäêîâà âåëè÷èíà X (t) íàëåæèòü LU (Ω).

Îçíà÷åííÿ 7 ( [2]). Ñiì'ÿ âèïàäêîâèõ âåëè÷èí ξ ç ïðîñòîðó Îðëi÷à (Eξ = 0),
íàçèâà¹òüñÿ ñòðîãî îðëi÷åâîþ, ÿêùî iñíó¹ ñòàëà C∆ òàêà, ùî äëÿ ñêií÷åííî¨
êiëüêîñòi ξi ∈ ∆, i ∈ I i äëÿ áóäü-ÿêîãî λi ∈ R1 âèêîíó¹òüñÿ íåðiâíiñòü∥∥∥∥∥∑

i∈I

λiξi

∥∥∥∥∥
LU

≤ C∆

E(∑
i∈I

λiξi

)2
1/2

.

Îçíà÷åííÿ 8 ( [2]). Âèïàäêîâèé ïðîöåñ X = {X (t) , t ∈ T}, (X ∈ LU (Ω))
íàçèâà¹òüñÿ ñòðîãî îðëi÷åâèì, ÿêùî ñiì'ÿ âèïàäêîâèõ âåëè÷èí X = {X (t) ,
t ∈ T} � ¹ ñòðîãî îðëi÷åâîþ. Âèïàäêîâi ïðîöåñè X = {X (t) , t ∈ T} òà Y =
= {Y (t) , t ∈ T} íàçèâàþòüñÿ ñóìiñíî ñòðîãî îðëi÷åâèìè, ÿêùî ñiì'ÿ âèïàäêî-
âèõ âåëè÷èí {X (t) , Y (t) , t ∈ T} ¹ ñòðîãî îðëi÷åâîþ.

Òåîðåìà 1 ( [13]). Íåõàé (T, ρ) ìåòðè÷íèé êîìïàêòíèé ïðîñòið, N(u) �
ìåòðè÷íà ìàñèâíiñòü ïðîñòîðó (T, ρ), X = {X(t), t ∈ T} � ñåïàðàáåëüíèé
âèïàäêîâèé ïðîöåñ iç ïðîñòîðó LU(Ω), äå äëÿ U âèêîíó¹òüñÿ óìîâà g. Íåõàé
iñíó¹ òàêà ôóíêöiÿ σ = σ(h), 0 ≤ h ≤ sup

t,s∈T
ρ(t, s), ùî σ(h) ìîíîòîííî çðîñòà¹,

íåïåðåðâíà i òàêà ùî

sup
ρ(t,s)≤h

∥X(t)−X(s)∥LU
≤ σ(h).

Íàóê. âiñíèê Óæãîðîä óí-òó, 2015, âèï. �2 (27)



ÏÐÎ ØÂÈÄÊIÑÒÜ ÐÎÑÒÓ ÂÈÏÀÄÊÎÂÈÕ ÏÎËIÂ . . . 157

ßêùî äëÿ äåÿêîãî ε âèêîíó¹òüñÿ óìîâà

ε∫
0

χU

(
N
(
σ(−1)(u)

))
du <∞,

äå

χU(n) =

{
n, n < U(z0);

CUU
(−1)(n), n ≥ U(z0),

CU = k(1 + U(z0))max(1, A), z0, k, A � êîíñòàíòè ç îçíà÷åííÿ 2, σ(−1)(h)
� ôóíêöiÿ îáåðíåíà äî σ(h). Òîäi ç iìîâiðíiñòþ îäèíèöÿ âèïàäêîâà âåëè÷èíà
sup
t∈T

|X(t)| íàëåæèòü ïðîñòîðó LU(Ω) òà

∥∥∥∥sup
t∈T

|X(t)|
∥∥∥∥
U

≤ ∥X(t0)∥U +
1

θ(1− θ)

ω0θ∫
0

χU

(
N
(
σ(−1)(u)

))
du = B(t0, θ),

äå t0 � äîâiëüíà òî÷êà ç T , ω0 = σ(sup
t∈T

ρ(t0, t)), 0 < θ < 1. Êðiì òîãî, äëÿ

áóäü-ÿêîãî ε > 0 ìà¹ ìiñöå íåðiâíiñòü

P

{
sup
t∈T

|X(t)| > ε

}
≤
(
U

(
ε

B(t0, θ)

))−1

.

Òåîðåìà 2. Íåõàé {ξ(x, t), (x, t) ∈ V } , V = [0; a]× [0,+∞) � ñåïàðàáåëüíå
âèïàäêîâå ïîëå ç ïðîñòîðó Îðëi÷à LU(x), äå U(x) çàäîâîëüíÿ¹ g-óìîâó. Íåõàé
âèêîíóþòüñÿ íàñòóïíi óìîâè:

1) [bk, bk+1] , k = 0, 1, . . . � ñiì'ÿ òàêèõ âiäðiçêiâ, ùî 0 ≤ bk < bk+1 < +∞,
k = 0, 1, . . . Vk = [0; a]× [bk, bk+1] ,

∪
k

Vk = V ;

2) Iñíóþòü òàêi íåïåðåðâíi ìîíîòîííî çðîñòàþ÷i ôóíêöi¨ σk = {σk(h),
0 ≤ h ≤ bk+1 − bk}, σk(0) = 0, ùî íà êîæíîìó Vk

sup
|x−x1|6h
|t−t1|6h

(x,t),(x1,t)∈Vk

∥ξ(x, t)− ξ(x1, t1)∥LU
≤ σk(h);

3) Äëÿ äåÿêîãî ε > 0

ε∫
0

U (−1)

((
a

2σ
(−1)
k (u)

+ 1

)(
bk+1 − bk

2σ
(−1)
k (u)

+ 1

))
du;

4) c = {c(t), t ∈ R} � äåÿêà íåïåðåðâíà ôóíêöiÿ òàêà, ùî

c(t) > 0, t ∈ R, ck = sup
t∈[bk,bk+1]

1
c(t)

= 1
inf

t∈[bk,bk+1]
c(t)

;
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5) (x0, t0k) � äåÿêà òî÷êà ç Vk, z0, K, A � êîíñòàíòè ç îçíà÷åííÿ C-
ôóíêöi¨;

B(x0, t0k, θ) = |ξ(x0, t0k)∥LU
+

+
CU

θ(1− θ)

ω0kθ∫
0

U (−1)

((
a

2σ
(−1)
k (u)

+ 1

)(
bk+1 − bk

2σ
(−1)
k (u)

+ 1

))
du,

äå ω0k = σk (max (|x− xo|, |t0k − tk|)), CU = k(1 + U(z0)) ×max(1, A),
0 < θ < 1; äëÿ äåÿêîãî δ > z0max

k∈Z
ckB(x0, t0k, θ) çáiãà¹òüñÿ ðÿä

∑
k∈Z

(
U

(
δ

ckB(x0, t0k, θ)

))−1

.

Òîäi äëÿ âñiõ ε ≥ Kδz0 ìà¹ ìiñöå íåðiâíiñòü

P

{
sup

(x,t)∈V

|ξ(x, t)|
c(t)

> ε

}
6

6
(
U
( ε

δK

))−1

· A ·
∑
k∈Z

(
U

(
δ

ckB(x0, t0k, θ)

))−1

.

Äîâåäåííÿ. Ëåãêî áà÷èòè, ùî ïðè áóäü-ÿêîìó ε > 0

P

{
sup

(x,t)∈V

|ξ(x, t)|
c(t)

> ε

}
6
∑
k∈Z

P

{
sup

(x,t)∈Vk

|ξ(x, t)|
c(t)

> ε

}
≤

≤
∑
k∈Z

P

{
sup

(x,t)∈Vk

|ξ(x, t)| > ε

ck

}
. (1)

Ç òåîðåìè 1 âèïëèâà¹, ùî

∑
k∈Z

P

{
sup

(x,t)∈Vk

|ξ(x, t)| > ε

ck

}
≤
(
U

(
ε

ckB(x0, t0k, θ)

))−1

(2)

ïðè 0 < θ < 1.
Ç îçíà÷åííÿ, ùî ôóíêöiÿ U(x) çàäîâîëüíÿ¹ g-óìîâó, âèïëèâà¹, ùî ïðè ε ≥

≥ Kδz0

U

(
ε

ckB(x0, t0k, θ)

)
= U

(
K · ε

K · δ
· δ

ckB(x0, t0k, θ)

)
≥

≥ 1

A

(
U
( ε

δK

))
·
(
U

(
δ

ckB(x0, t0k, θ)

))
. (3)

Îòæå, ç (1), (2) òà (3) âèïëèâà¹ íåðiâíiñòü

P

{
sup

(x,t)∈V

|ξ(x, t)|
c(t)

> ε

}
6
(
U
( ε

δK

))−1

· A ·
∑
k∈Z

(
U

(
δ

ckB(x0, t0k, θ)

))−1

.
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Òåîðåìà 3. Íåõàé {ξ(x, t), (x, t) ∈ V } , V = [0; a] × [0,+∞) � ñåïàðàáåëü-
íå âèïàäêîâå ïîëå ç ïðîñòîðó Lp(x), äå p ≥ 1. Íåõàé âèêîíóþòüñÿ íàñòóïíi
óìîâè:

1) [bk, bk+1] , k = 0, 1, . . . � ñiì'ÿ òàêèõ âiäðiçêiâ, ùî 0 ≤ bk < bk+1 < +∞,
k = 0, 1, . . . Vk = [0; a]× [bk, bk+1] ,

∪
k

Vk = V ;

2) Iñíóþòü òàêi íåïåðåðâíi ìîíîòîííî çðîñòàþ÷i ôóíêöi¨ σk = {σk(h),
0 ≤ h ≤ bk+1 − bk}, σk(0) = 0, ùî íà êîæíîìó Vk

sup
|x−x1|6h
|t−t1|6h

(x,t),(x1,t)∈Vk

(E |ξ(x, t)− ξ(x1, t1)|p)
1
p ≤ σk(h);

3) Äëÿ äåÿêîãî ε > 0, k ∈ Z âèêîíó¹òüñÿ óìîâà

ε∫
0

(
σ
(−1)
k (u)

)− 2
p
du <∞;

4) c = {c(t), t ∈ R} � äåÿêà íåïåðåðâíà ôóíêöiÿ òàêà, ùî

c(t) > 0, t ∈ R, ck = sup
t∈[bk,bk+1]

1
c(t)

= 1
inf

t∈[bk,bk+1]
c(t)

;

5) (x0, t0k) äåÿêà òî÷êà ç Vk,

Bp(x0, t0k, θ) =
(
|ξ(x0, t0k)|P

) 1
p
+

+
Dk

θ(1− θ)

ω0kθ∫
0

(
σ
(−1)(u)
k

)(− 2
p
)

du,

äå ω0k = σk (max (|x− xo|, |t0k − tk|)) , Dk =
(a·(bk+1−bk))

1
p

2
2
p

, 0 < θ < 1, ïðè÷î-

ìó çáiãà¹òüñÿ ðÿä ∑
k∈Z

(ckBp(x0, t0k, θ))
p .

Òîäi äëÿ áóäü-ÿêîãî ε ≥ 0 ìà¹ ìiñöå íåðiâíiñòü

P

{
sup

(x,t)∈V

|ξ(x, t)|
c(t)

> ε

}
6

∑
k∈Z

(ckBp(x0, t0k, θ))
p

εp
.

Äîâåäåííÿ. Äàíà òåîðåìà âèïëèâà¹ ç òåîðåìè 2. Òóò U(x) = |x|p, z0 = 0,
CU = 1, K = 1, A = 1. Óìîâà 3) òåîðåìè 2 áóäå ìàòè âèãëÿä

ε∫
0

U (−1)

((
a

2σ
(−1)
k (u)

+ 1

)(
bk+1 − bk

2σ
(−1)
k (u)

+ 1

))
du =

Íàóê. âiñíèê Óæãîðîä óí-òó, 2015, âèï. �2 (27)



160 Ã. I. ÑËÈÂÊÀ-ÒÈËÈÙÀÊ

=

ε∫
0

((
a

2σ
(−1)
k (u)

+ 1

)(
bk+1 − bk

2σ
(−1)
k (u)

+ 1

)) 1
p

du.

Ïðè äîñòàòíüî ìàëèõ ε > 0 äàíà óìîâà

ε∫
0

((
a

2σ
(−1)
k (u)

)(
bk+1 − bk

2σ
(−1)
k (u)

)) 2
p

du ≤ Dk

ε∫
0

(
σ
(−1)
k (u)

)− 1
p
du <∞,

äå Dk =
(a·(bk+1−bk))

1
p

2
2
p

.

Ðÿä ç óìîâè 5) òåîðåìè 2 íàáóäå âèãëÿäó:

∑
k∈Z

(
U

(
δ

ckB(x0, t0k, θ)

))−1

=
1

δp

∑
k∈Z

(ckBp(x0, t0k, θ))
p .

Òîäi

P

{
sup

(x,t)∈V

|ξ(x, t)|
c(t)

> ε

}
6

6
(
U
( ε

δK

))−1

· A ·
∑
k∈Z

(
U

(
δ

ckB(x0, t0k, θ)

))−1

=

=
δp

εp
· 1

δp

∑
k∈Z

(ckBp(x0, t0k, θ))
p =

∑
k∈Z

(ckBp(x0, t0k, θ))
p

εp
.

3. Îöiíêà äëÿ ðîçïîäiëó ñóïðåìóìó â íåñêií÷åííié îáëàñòi ðîçâ'ÿç-
êó çàäà÷i ïðî êîëèâàííÿ ñòðóíè âèïàäêîâèìè ïî÷àòêîâèìè óìîâàìè
ç ïðîñòîðó Lp(Ω). Ðîçãëÿíåìî êðàéîâó çàäà÷ó ãiïåðáîëi÷íîãî òèïó ìàòåìàòè-
÷íî¨ ôiçèêè ïðî êîëèâàííÿ íåîäíîðiäíî¨ ñòðóíè:

∂

∂x

(
p(x)

∂u

∂x

)
− q(x)u− ρ(x)

∂2u

∂t2
= 0;

x ∈ [0, l] , t ∈ [0, T ] , T > 0;

u(0, t) = u(l, t) = 0, t ∈ [0, T ] ;

u(x, 0) = ξ(x),
∂u(x, 0)

∂t
= η(x), x ∈ [0, l] .

Ïðèïóñòèìî, ùî ïî÷àòêîâå ïîëîæåííÿ ñòðóíè (ξ(x), x ∈ [0, π]) i ïî÷àòêîâà øâèä-
êiñòü (η(x), x ∈ [0, π]) ¹ âèïàäêîâi ïðîöåñè ç ïðîñòîðó Lp(x), äå p ≥ 2.

Ðîçâ'ÿçîê çàäà÷i çãiäíî [14] çîáðàæó¹òüñÿ ó âèãëÿäi ðÿäó

u (x, t) =
∞∑
k=1

Xk(x)

[
Ak cos

√
λkt+

Bk√
λk

sin
√
λkt

]
, (4)

x ∈ [0, l] , t ∈ [0, T ] , T > 0;
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äå

Ak =

∫ l

0

ξ(x)Xk(x)ρ(x)dx,

Bk =

∫ l

0

η(x)Xk(x)ρ(x)dx, k ≥ 1,

λk, k ≥ 1 � âëàñíi çíà÷åííÿ, Xk = (Xk)(x), x ∈ [0, l]), k ≥ 1 � âiäïîâiäíi ¨ì
âëàñíi ôóíêöi¨ çàäà÷i Øòóðìà-Ëióâiëëÿ

d

dx

(
p(x)

dXk(x)

dx

)
− q(x)x(x) + λρ(x)X(x) = 0, x ∈ [0, l],

X(0) = X(l) = 0.

Ôóíêöi¨ òàêi p(x) x ∈ [0, l], q(x)x ∈ [0, l], ρ(x)x ∈ [0, l], ùî ìàþòü ìiñöå óìîâè:

1) p(x) > 0, ρ(x) > 0 q(x) ≥ 0, x ∈ [0, l];

2) p(x) > 0, i ρ(x) > 0) � äâi÷i íåïåðåðâíî äèôåðåíöiéîâíi ôóíêöi¨ íà ∈ [0, l];

3) q(x) � íåïåðåðâíî äèôåðåíöiéîâíà íà ∈ [0, l].

Ëåãêî äîâåñòè, ùî ðÿä (4) ¹ òàêîæ âèïàäêîâèì ïîëåì ç ïðîñòîðó Lp(Ω)

Òåîðåìà 4. Íåõàé {u(x, t), (x, t) ∈ D} , D = [0; l]× [0,+∞) � ñåïàðàáåëüíå

âèïàäêîâå ïîëå ç ïðîñòîðó Lp(x), äå p ≥ 2, σk(h) = C̃k|h|δ, 0 < δ < 1. Íåõàé
âèêîíóþòüñÿ íàñòóïíi óìîâè:

1) [bk, bk+1] , k = 0, 1, . . . � ñiì'ÿ òàêèõ âiäðiçêiâ, ùî 0 ≤ bk < bk+1 < +∞,
k = 0, 1, . . . Dk = [0, l]× [bk, bk+1] ,

∪
k

Dk = D;

2) Çáiãà¹òüñÿ ðÿä
∞∑
k=1

(
(EAp

k)
1
p +

(EBp
k)

1
p

k

)
kδ;

3) c = {c(t), t ∈ R} � äåÿêà íåïåðåðâíà ôóíêöiÿ, ùî c(t) > 0, t ∈ R, ck =
= sup

t∈[bk,bk+1]

1
c(t)

= 1
inf

t∈[bk,bk+1]
c(t)

;

4) (x0, t0k) äåÿêà òî÷êà ç Dk,

Bp(x0, t0k, θ) = (|u(x0, t0k)|p)
1
p +

+
D̃k

θ(1− θ)
· pδ

pδ − 2
· (ωokθ)

pδ
pδ−2 ,

äå ω0k = σk (max (|x− xo|, |t0k − tk|)) , D̃k =

(
l·(bk+1−bk)C̃k

2
δ

) 1
p

2
2
p

, 0 < θ < 1;

çáiãà¹òüñÿ ðÿä ∑
k∈Z

(ckBp(x0, t0k, θ))
p
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Òîäi äëÿ áóäü-ÿêîãî ε ≥ 0 ìà¹ ìiñöå íåðiâíiñòü

P

{
sup

(x,t)∈V

|u(x, t)|
c(t)

> ε

}
6

∑
k∈Z

(ckBp(x0, t0k, θ))
p

εp
.

Äîâåäåííÿ. Îñêiëüêè {u(x, t)} íàëåæèòü ïðîñòîðó Lp(Ω), ïðè p > 2, òî
îòðèìà¹ìî îöiíêó

(E |u(x, t)− u(x1, t1)|p)
1
p =

=

(
E

∣∣∣∣∣
n∑

k=1

(
Ak sin(kγ(x)) cos kt+

Bk

k
sin(kγ(x)) cos kt

)
−

−
n∑

k=1

(
Ak sin(kγ(x1)) cos kt+1

Bk

k
sin(kγ(x1)) cos kt1

)∣∣∣∣∣
p) 1

p

6

6
n∑

k=1

[
(EAp

k)
1
p |sin(kγ(x)) cos kt− sin(kγ(x1)) cos kt1| +

+
(EBp

k)
1
p

k
|sin(kγ(x)) sin kt− sin(kγ(x1)) sin kt1|

]
≤

≤ 1

2δ−1
(c0 + 1)

∞∑
k=1

(
(EAp

k)
1
p +

(EBp
k)

1
p

k

)
(k)δ |h|δ ,

äå c0 = max
u∈[0,π]

(
ρ(u)
p(u)

) 1
2
> 0.

Òîäi
(E |u(x, t)− u(x1, t1))

p|
1
p ≤ C̃ |h|δ ,

äå

C̃ =
1

2δ−1
(c0 + 1)

∞∑
k=1

(
(EAp

k)
1
p +

(EBp
k)

1
p

k

)
(k)δ .

Îòæå, óìîâà
sup

|x−x1|6h
|t−t1|6h

(x,t),(x1,t)∈Vk

(E |ξ(x, t)− ξ(x1, t1)|p)
1
p ≤ σk(h),

åêâiâàëåíòíà óìîâi çáiæíîñòi ðÿäó

∞∑
k=1

(
(EAp

k)
1
p +

(EBp
k)

1
p

k

)
kδ.

Íåõàé σk(h) = C̃k|h|δ, 0 < δ < 1. Ðîçãëÿíåìî

ε∫
0

(
σ
(−1)
k (u)

)− 2
p
du =

ε∫
0

(
C̃k

u

) 2
pδ

du.
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Îñòàííié iíòåãðàë ¹ çáiæíèì ïðè δ > 2
p
. Îòæå, p > 2. Ìà¹ìî

ε∫
0

(
σ
(−1)
k (u)

)− 2
p
du =

pδC̃k

2
pδ

pδ − 2
ε

pδ−2
pδ .

Îòæå, ìè îòðèìàëè, ùî äàíà òåîðåìà âèïëèâà¹ ç òåîðåìè 3.
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