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ÒÅÎÐÅÌÈ ÒÈÏÓ ËIÓÂIËËß ÄËß ÐÎÇÂ'ßÇÊIÂ ÎÄÍÎÐIÄÍÎ�

ÌÎÄÅËÜÍÎ� ~2b-ÏÀÐÀÁÎËI×ÍÎ� ÊÐÀÉÎÂÎ� ÇÀÄÀ×I

Â îáëàñòi {(t, x1, . . . , xn) ∈ Rn+1| −∞ < t ≤ T,−∞ < xj <∞, j ∈ {1, . . . , n− 1}, xn > 0}
ðîçãëÿäà¹òüñÿ ìîäåëüíà êðàéîâà çàäà÷à áåç ïî÷àòêîâèõ óìîâ ç íóëüîâèìè êðàéîâèìè óìî-
âàìè äîâiëüíèõ ïîðÿäêiâ äëÿ îäíîðiäíî¨

−→
2b-ïàðàáîëi÷íî¨ çà Åéäåëüìàíîì ñèñòåìè ðiâíÿíü.

Äëÿ ðîçâ'ÿçêiâ òàêî¨ çàäà÷i âñòàíîâëþþòüñÿ òâåðäæåííÿ òèïó òåîðåì Ëióâiëëÿ äëÿ ãàð-
ìîíi÷íèõ ôóíêöié.

Êëþ÷îâi ñëîâà i ôðàçè: ïàðàáîëi÷íà çà Åéäåëüìàíîì ñèñòåìà ðiâíÿíü, ìîäåëüíà êðàéî-
âà çàäà÷à áåç ïî÷àòêîâèõ óìîâ, ìàòðèöÿ �ðiíà, àíiçîòðîïíèé ïðîñòið Ãåëüäåðà çðîñòàþ÷èõ
ôóíêöié, òåîðåìà òèïó Ëióâiëëÿ.

1 Íàöiîíàëüíèé òåõíi÷íèé óíiâåðñèòåò Óêðà¨íè "Êè¨âñüêèé ïîëiòåõíi÷íèé iíñòèòóò iìåíi
Iãîðÿ Ñiêîðñüêîãî", ì. Êè¨â, Óêðà¨íà

2 ×åðíiâåöüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Þðiÿ Ôåäüêîâè÷à, ì. ×åðíiâöi, Óêðà¨íà.
e-mail: ivasyshen.sd@gmail.com, h.ivasjuk@chnu.edu.ua, nataturchina@gmail.com,

t.fratavchan@chnu.edu.ua

Âñòóï

Ó ïðàöÿõ [1, 2, 3, 4, 5] îçíà÷åíî çàãàëüíó ìîäåëüíó
−→
2b-ïàðàáîëi÷íó êðàéîâó çàäà-

÷ó i äëÿ òàêî¨ çàäà÷i ïîáóäîâàíî é äîñëiäæåíî ìàòðèöþ �ðiíà, âñòàíîâëåíî êîðåêòíó
ðîçâ'ÿçíiñòü òà iíòåãðàëüíå çîáðàæåííÿ ðîçâ'ÿçêiâ â àíiçîòðîïíèõ çà âñiìà íåçàëåæíè-
ìè çìiííèìè ïðîñòîðàõ Ãåëüäåðà ÿê îáìåæåíèõ, òàê i çðîñòàþ÷èõ ïðè |x| → ∞ ôóíêöié.
Äîñëiäæåííÿì îõîïëåíî òàêîæ âèïàäîê çàäà÷ áåç ïî÷àòêîâèõ óìîâ.

Ó äàíié ñòàòòi âèùåçàçíà÷åíi ðåçóëüòàòè çàñòîñîâóþòüñÿ äî äîâåäåííÿ òåîðåì òèïó
Ëióâiëëÿ äëÿ ðîçâ'ÿçêiâ îäíîðiäíî¨ ìîäåëüíî¨

−→
2b-ïàðàáîëi÷íî¨ çàäà÷i. Ó ñòàòòi âèêîðè-

ñòîâóþòüñÿ ïîçíà÷åííÿ, òåðìiíîëîãiÿ i ðåçóëüòàòè ç ïðàöü [1, 2, 3, 4, 5].
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1 Ïîñòàíîâêà çàäà÷i i äîïîìiæíi âiäîìîñòi

Âèêîðèñòîâóâàòèìåìî òàêi ïîçíà÷åííÿ: n,N, b1, . . . , bn � çàäàíi íàòóðàëüíi ÷èñëà,
ïðè÷îìó n ≥ 2, s � íàéìåíøå ñïiëüíå êðàòíå ÷èñåë b1, . . . , bn; mj := s/bj, j ∈ {1, . . . , n};
Zn+ � ñóêóïíiñòü óñiõ n-âèìiðíèõ ìóëüòèiíäåêñiâ k := (k1, . . . , kn); ‖k‖ :=

n∑
j=1

mjkj, ÿêùî

k ∈ Zn+; ‖k̄‖ := 2sk0 + ‖k‖, ÿêùî k̄ := (k0, k), äå k0 ∈ Z1
+, k ∈ Zn+; x := (x1, . . . , xn) ∈

Rn, x′ := (x1, . . . , xn−1) ∈ Rn−1; Rn
+ := {x ∈ Rn|xn > 0}; Π+

H := {(t, x) ∈ Rn+1|t ∈ H, x ∈
Rn

+},Π′H := {(t, x′) ∈ Rn|t ∈ H}, x′ ∈ Rn−1, ÿêùî H ⊂ R1; ∂kx := ∂k1x1 . . . ∂
kn
xn , ∂

k̄
t,x :=

∂k0t ∂
k
x , ∂

k̄′

t,x′ := ∂k0t ∂
k′

x′ , ÿêùî k̄ = (k0, k), k̄′ = (k0, k
′), k0 ∈ Z1

+, k ∈ Zn+, k′ ∈ Zn−1
+ , t ∈ R1, x ∈

Rn, x′ ∈ Rn−1 (òóò, ÿê çâè÷àéíî, Rn � n-âèìiðíèé äiéñíèé åâêëiäîâèé ïðîñòið, à ∂ly := ∂l

∂yl
,

ÿêùî l � íàòóðàëüíå ÷èñëî òà y ∈ R1); A0 := IN∂t −
∑
‖k‖=2s

ak∂
k
x , B

0
j :=

∑
‖k̄‖=rj

bjk̄∂
k̄
t,x, j ∈

{1, . . . ,m}, äå ak i bjk̄, � ñòàëi ìàòðèöi âiäïîâiäíî ðîçìiðó N ×N i 1×N , IN � îäèíè÷íà
ìàòðèöÿ ïîðÿäêó N, r1, . . . , rm � íåâiä'¹ìíi öiëi ÷èñëà; r0 := max(0, r1 − 2s, . . . , rm − 2s);
p0 i n0 � íàéáiëüøi ïîðÿäêè ïîõiäíèõ âiäïîâiäíî çà t i xn ó âèðàçàõ B0

j , j ∈ {1, . . . ,m};
2bn � íàéáiëüøèé ïîðÿäîê ïîõiäíèõ çà xn ó âèðàçi A0.

Ðîçãëÿäàòèìåìî â îáëàñòi Π+
(−∞,T ] çàäà÷ó áåç ïî÷àòêîâî¨ óìîâè

(A0u)(t, x) = 0, (t, x) ∈ Π+
(−∞,T ], (1)

(B0
ju)(t, x)|xn=0 = 0, (t, x′) ∈ Π′(−∞,T ], j ∈ {1, . . . ,m}, (2)

i âiäïîâiäíó ¨é çàäà÷ó â îáëàñòi Π+
(t0,T ], t0 < T , ç ïî÷àòêîâîþ óìîâîþ

(A0u)(t, x) = 0, (t, x) ∈ Π+
(t0,T ], (3)

(B0
ju)(t, x)|xn=0 = 0, (t, x′) ∈ Π′(t0,T ], j ∈ {1, . . . ,m}, (4)

u(t, x)|t=t0 = ϕ(x), x ∈ Rn
+, (5)

äå u i ϕ � ìàòðèöi-ñòîâï÷èêè âèñîòè N i T � çàäàíå äîäàòíå ÷èñëî.
Ïðèïóñêà¹òüñÿ, ùî m = bnN , ñèñòåìà (1) ¹

−→
2b-ïàðàáîëi÷íîþ çà Åéäåëüìàíîì i äè-

ôåðåíöiàëüíi âèðàçè B0
j , j ∈ {1, . . . ,m}, çàäîâîëüíÿþòü óìîâó äîïîâíÿëüíîñòi ç [2].

Íåõàé H l+λ
~k(·,~a)

(Π̄+
(t0,T ],CN1) � âàãîâèé ïðîñòið Ãåëüäåðà, îçíà÷åíèé â [4]. Ó íüîìó l �

íåâiä'¹ìíå öiëå ÷èñëî, ÷èñëî λ ∈ (0, 1), ~k(t,~a) := (k1(t, a1), . . . , kn(t, an)),~a := (a1, . . . , an),
kj(t, aj) := c0aj(c

2bj−1
0 − a2bj−1

j t)−1/(2bj−1), j ∈ {1, . . . , n}, à âàãîâîþ ôóíêöi¹þ ¹ ôóíêöiÿ

Ψ(t, x) := exp{
n∑
j=1

kj(t, aj)|xj|2bj/(2bj−1)}, t < T, x ∈ Rn
+. (6)

Ó ñòàòòi [4] äîâåäåíî, ùî äëÿ ðîçâ'ÿçêiâ çàäà÷i (3)�(5) ç ïðîñòîðó H2s+l+λ
~k(·,~a)

(Π̄+
(t0,T ],

CN1), l ≥ r0, λ ∈ (0, 1), ñïðàâäæó¹òüñÿ çîáðàæåííÿ

u(t, x) =

∫
Rn
+

G0(t− t0, x, ξ)ϕ(ξ)dξ +

∫
Rn−1

∑
‖k‖≤r0

Rk(t− t0, (x′ − ξ′, xn))∂kξϕ(ξ)|ξn=0dξ
′+

+

∫
Rn−1

∑
‖k‖≤r0−2s

Vk(t− t0, (x′ − ξ′, xn))∂kξϕ(ξ)|ξn=0dξ
′, (t, x) ∈ Π+

(t0,T ]. (7)
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Ó ôîðìóëi (7) G0 � îäíîðiäíà ìàòðèöÿ �ðiíà, Rk i Vk � ìàòðèöi, ÿêi âèðàæàþòüñÿ
÷åðåç ÿäðà Ïóàññîíà Gj, j ∈ {1, . . . ,m}, çà äîïîìîãîþ ôîðìóë (23), (24), (28) i (30) ç
[5], ïðè÷îìó Rk = 0 ïðè n0 < 2bn i Vk = 0 ïðè p0 = 0. Äëÿ ìàòðèöü G0, Rk i Vk â [1, 4]
âñòàíîâëåíî òàêi îöiíêè:

|∂ l̄t,xG0(t, x, ξ)| ≤ Cl̄ t
−M−‖l̄‖/(2s)Ec(t, x− ξ), t > 0, {x, ξ} ⊂ Rn

+; (8)

|∂ l̄t,xRk(t, x)| ≤ Cl̄
∑

‖k‖≤p≤r0

t−M
′−(‖l̄‖−p)/(2s)Ec(t, x), ‖k‖ ≤ r0, (9)

|∂ l̄t,xVk(t, x)| ≤ Cl̄
∑

‖k‖≤p≤r0−2s

t−M
′+1−(‖l̄‖−p)/(2s)Ec(t, x), ‖k‖ ≤ r0 − 2s, t > 0, x ∈ Rn

+, (10)

â ÿêèõ l̄ = (l0, l) � äîâiëüíèé ìóëüòèiíäåêñ ç Zn+1
+ ,M :=

n∑
j=1

mj/(2s),M
′ :=

n−1∑
j=1

mj/(2s),

Ec(t, x) := exp{−c
n∑
j=1

t1−qj |xj|qj}, qj := 2bj/(2bj − 1), j ∈ {1, . . . , n}, Cl̄ i c � äåÿêi äîäàòíi

ñòàëi.

ßêùî ó âèðàçàõ äëÿ ôóíêöié kj, j ∈ {1, . . . , n}, çà c0 âçÿòè äîäàòíó ñòàëó, ìåíøó
çà ñòàëó c ç îöiíîê (8)�(10), à çà aj, j ∈ {1, . . . , n}, � íåâiä'¹ìíi ñòàëi òàêi, ùî T <

min
j

(c0/aj)
2bj−1, òî äëÿ ôóíêöi¨ Ψ ç ôîðìóëè (6) ñïðàâäæó¹òüñÿ íåðiâíiñòü

Ec0(t− t0, x− ξ)Ψ(t0, ξ) ≤ Ψ(t, x),−∞ < t0 < t ≤ T, {x, ξ} ⊂ Rn
+. (11)

2 Òåîðåìè òèïó Ëióâiëëÿ

Ïiä òåîðåìàìè òèïó Ëióâiëëÿ ðîçóìiþòüñÿ òâåðäæåííÿ ïðî âèçíà÷åííÿ âèäó äåÿêèõ
êëàñiâ ôóíêöié çà ¨õ àñèìïòîòè÷íîþ ïîâåäiíêîþ. Íàâåäåìî òàêîãî òèïó òâåðäæåííÿ äëÿ
ïåâíèõ êëàñiâ ðîçâ'ÿçêiâ çàäà÷i (1), (2). Îñêiëüêè ðîçâ'ÿçêàìè öi¹¨ çàäà÷i ¹ ñòîâï÷èêè
âèñîòè N , òî â íàñòóïíèõ òâåðäæåííÿõ òåðìií �ðîçâ'ÿçîê u ¹ ìíîãî÷ëåíîì� îçíà÷à¹, ùî
ìíîãî÷ëåíàìè ¹ âñi åëåìåíòè ñòîâï÷èêà u.

Òåîðåìà. Íåõàé u � ðîçâ'ÿçîê çàäà÷i (1), (2), ÿêèé äëÿ äîâiëüíîãî t0 ∈ (−∞, T ) íàëå-

æèòü äî ïðîñòîðó H2s+r0+λ
~k(·,~a)

(Π̄+
(t0,T ],CN1). Òîäi ïðàâèëüíi òàêi òâåðäæåííÿ:

1) ÿêùî ñïðàâäæóþòüñÿ íåðiâíîñòi

|u(t, x)| ≤ CeδtΨ(t, x), (t, x) ∈ Π+
(−∞,T ], (12)

|∂lxu(t, x)|xn=0| ≤ CeδtΨ(t, (x′, 0)), (t, x′) ∈ Π′(−∞,T ], 0 < ‖l‖ ≤ r0, (13)

â ÿêèõ δ > 0 (ó âèïàäêó, êîëè p0 = 0 i n0 < 2bn, óìîâà (13) âiäñóòíÿ), òî u ≡ 0;

2) ÿêùî âèêîíóþòüñÿ íåðiâíîñòi (12) i (13) ç δ = 0, òî u(t, x) ÿê ôóíêöiÿ t ¹ ìíîãî-

÷ëåíîì ñòåïåíÿ íå âèùå [r0/(2s)] i ÿê ôóíêöiÿ xj, j ∈ {1, . . . , n}, � ìíîãî÷ëåíîì ñòåïåíÿ

íå âèùå [r0/mj], äå ñèìâîëîì [·] ïîçíà÷à¹òüñÿ öiëà ÷àñòèíà ÷èñëà;
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3) ÿêùî ñïðàâäæóþòüñÿ íåðiâíîñòi

|u(t, x)| ≤ C(T + 1− t)β0
n∏
i=1

(1 + |xi|)βi , (t, x) ∈ Π+
(−∞,T ], (14)

|∂lxu(t, x)|xn=0| ≤ C(T + 1− t)β0
n−1∏
i=1

(1 + |xi|)βi , (t, x′) ∈ Π′(−∞,T ], 0 < ‖l‖ ≤ r0, (15)

â ÿêèõ β0 ≥ 0 i βi ≥ 0, òî u(t, x) ÿê ôóíêöiÿ t ¹ ìíîãî÷ëåíîì ñòåïåíÿ íå âèùå

[β0] i ÿê ôóíêöiÿ xj, j ∈ {1, . . . , n}, � ìíîãî÷ëåíîì ñòåïåíÿ min([βj], [(β0 + r0/(2s) +
n∑
i=1

miβi/(2s))/mj)].

Äîâåäåííÿ. Äëÿ äîâiëüíîãî t0 ∈ (−∞, T ) çàäàíèé ðîçâ'ÿçîê u çàäà÷i (1), (2) ¹
ðîçâ'ÿçêîì çàäà÷i (3)�(5) ç ϕ(·) = u(t0, ·), ÿêèé íàëåæèòü äî ïðîñòîðó H2s+r0+λ

~k(·,~a)
(Π̄+

(t0,T ],

CN1). Òîìó äëÿ íüîãî ïðàâèëüíå çîáðàæåííÿ (7), òîáòî çîáðàæåííÿ

u(t, x) =

∫
Rn
+

G0(t− t0, x, ξ)u(t0, ξ)dξ+

+

∫
Rn−1

∑
‖k‖≤r0

Rk(t− t0, (x′ − ξ′, xn))∂kξ u(t0, ξ)|ξn=0dξ
′+

+

∫
Rn−1

∑
‖k‖≤r0−2s

Vk(t− t0, (x′ − ξ′, xn))∂kξ u(t0, ξ)|ξn=0dξ
′, (t, x) ∈ Π+

(t0,T ]. (16)

Äëÿ äîâåäåííÿ òâåðäæåíü òåîðåìè áóäåìî îöiíþâàòè äîäàíêè ç ôîðìóëè (16) òà ¨õ
ïîõiäíi. Ïðè öüîìó âèêîðèñòîâóâàòèìåìî îöiíêè (8)�(10), íåðiâíiñòü (11) i òàêi íåðiâ-
íîñòi: ∫

Rn
+

(t− t0)−MEc1(t− t0, x− ξ)dξ ≤
∫
Rn

exp{−c1

n∑
j=1

|yj|qj}dy =: D,

−∞ < t0 < t ≤ T, x ∈ Rn
+; (17)∫

Rn−1

(t− t0)−M
′
Ec1(t− t0, (x′ − ξ′, xn))dξ′ = exp{−c1(t− t0)1−qnxqnn }×

×
∫

Rn−1

(t− t0)−M
′
exp{−c1

n−1∑
j=1

(t− t0)1−qj |xj − ξ′|qj}dξ′ ≤

≤
∫

Rn−1

exp{−c1

n−1∑
j=1

|yj|qj}dy′ =: D′,−∞ < t0 < t ≤ T, x ∈ Rn
+, (18)

äå c1 > 0. Îñòàííi íåðiâíîñòi îòðèìóþòüñÿ çà äîïîìîãîþ çàìiíè ξj = xj + (t− t0)1/(2bj)yj
çìiííèõ iíòåãðóâàííÿ ξj, j ∈ {1, . . . , n}.

Äàëi ðiçíi ñòàëi, âåëè÷èíè ÿêèõ íàñ íå öiêàâëÿòü, áóäóòü ïîçíà÷àòèñü îäíàêîâèìè
ëiòåðàìè.
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Íåõàé (t, x) � äîâiëüíî ôiêñîâàíà òî÷êà îáëàñòi Π+
(−∞,T ] i t0 � äîâiëüíî âçÿòå ÷èñëî

ç ïðîìiæêó (−∞, t), ïðè÷îìó ââàæàòèìåìî, ùî t − t0 ≥ 1. Äëÿ u(t, x) ñïðàâäæó¹òüñÿ
çîáðàæåííÿ (16).

ßêùî âèêîíóþòüñÿ óìîâè (12) i (13), òî çà äîïîìîãîþ (8)�(11), (16) i (17), (18) ç
c1 = c− c0 ìà¹ìî

|u(t, x)| ≤ C0e
δt0

(∫
Rn
+

(t− t0)−MEc−c0(t− t0, x− ξ)(Ec0(t− t0, x− ξ)Ψ(t0, ξ))dξ+

+

∫
Rn−1

∑
‖k‖≤r0

∑
‖k‖≤p≤r0

(t− t0)−M
′+p/(2s)Ec−c0(t− t0, (x′ − ξ′, xn))×

×(Ec0(t− t0, (x′ − ξ′, xn))Ψ(t0, (ξ
′, 0)))dξ′+

+

∫
Rn−1

∑
‖k‖≤r−2s

∑
‖k‖≤p≤r0−2s

(t− t0)−M
′+1+p/(2s)Ec−c0(t− t0, (x′ − ξ′, xn))×

×(Ec0(t− t0, (x′ − ξ′, xn))Ψ(t0, (ξ
′, 0)))dξ′

)
≤

≤ C0e
δt0Ψ(t, x)(1 + (t− t0)r0/(2s)) −−−−→

t0→−∞
0. (19)

Âiäçíà÷èìî, ùî ïðè îöiíþâàííi âèêîðèñòîâóâàëîñü òå, ùî t− t0 ≥ 1.

Ç (19) âèïëèâà¹, ùî u(t, x) = 0, à îñêiëüêè òî÷êà (t, x) äîâiëüíà ç Π+
(−∞,T ], òî u ≡ 0.

Îòæå, äîâåäåíî òâåðäæåííÿ 1) òåîðåìè.

Ùîá äîâåñòè òâåðäæåííÿ 2), çàñòîñó¹ìî äî âñiõ äîäàíêiâ ôîðìóëè (16) îïåðàöi¨ ∂l0t
i ∂ljxj ç l0 > r0/(2s) i lj > r0/mj, j ∈ {1, . . . , n}, i òàê ñàìî, ÿê ïðè âèâåäåííi îöiíîê (19),
ïðèéäåìî äî îöiíîê

|∂l0t u(t, x)| ≤ C1Ψ(t, x)((t− t0)−l0 + (t− t0)−l0+r0/(2s)),

|∂ljxju(t, x)| ≤ C1Ψ(t, x)((t− t0)−ljmj/(2s) + (t− t0)r0−mj lj/(2s)), j ∈ {1, . . . , n}.

Ç öèõ îöiíîê ïðè t0 → −∞ âèïëèâàþòü ðiâíîñòi ∂l0t u(t, x) = 0 i ∂ljxju(t, x) = 0, j ∈
{1, . . . , n}, à ç íèõ � òâåðäæåííÿ 2) òåîðåìè.

Òâåðäæåííÿ 3) äîâîäèòüñÿ ïîäiáíî. Çàñòîñîâóþ÷è äî (16) îïåðàöi¨ ∂l0t i ∂ljxj ç l0 >

β0 + (r0 +
n∑
i=1

miβi)/(2s) i lj > (β0 + (r0 +
n∑
i=1

miβi)/(2s))/mj, j ∈ {1, . . . , n}, òà îöiíþþ÷è



Òåîðåìè òèïó Ëióâiëëÿ 107

ðåçóëüòàòè çà äîïîìîãîþ (8)�(10), (14), (15) i òîãî, ùî t− t0 ≥ 1, îòðèìó¹ìî

|∂l0t u(t, x)| ≤ C2

(∫
Rn
+

(t− t0)−M−l0Ec(t− t0, x− ξ)(T + 1− t0)β0
n∏
i=1

(1 + |ξi|)βidξ+

+

∫
Rn−1

∑
‖k‖≤r0

∑
‖k‖≤p≤r0

(t− t0)−M
′+p/(2s)−l0Ec(t− t0, (x′ − ξ′, xn))×

×(T + 1− t0)β0
n−1∏
i=1

(1 + |ξi|)βidξ′+

+

∫
Rn−1

∑
‖k‖≤r0−2s

∑
‖k‖≤p≤r0−2s

(t− t0)−M
′+1+p/(2s)−l0Ec(t− t0, (x′ − ξ′, xn))×

×(T + 1− t0)β0
n−1∏
i=1

(1 + |ξi|)βidξ′
)
≤

≤ C2(T + 1− t0)β0
(
(t− t0)−l0I1(t− t0, x) + (t− t0)−l0+r0/(2s)I2(t− t0, x)

)
, (20)

|∂ljxju(t, x)| ≤ C2(T + 1− t0)β0
(
(t− t0)−mj lj/(2s)I1(t− t0, x)+

+(t− t0)(−mj lj+r0)/(2s)I2(t− t0, x)
)
, j ∈ {1, . . . , n}, (21)

äå

I1(t, x) :=

∫
Rn
+

t−MEc(t, x− ξ)
n∏
i=1

(1 + |ξi|)βidξ,

I2(t, x) :=

∫
Rn−1

t−M
′
Ec(t, (x

′ − ξ′, xn))
n−1∏
i=1

(1 + |ξi|)βidξ′.

ßêùî â iíòåãðàëàõ I1(t− t0, x) i I2(t− t0, x) çàïðîâàäèòè çàìiíó çìiííèõ iíòåãðóâàííÿ ξj
çà ôîðìóëàìè ξj = xj + (t− t0)1/(2bj)yj, j ∈ {1, . . . , n}, i ñêîðèñòàòèñü òèì, ùî t− t0 ≥ 1,
òî îòðèìà¹ìî

I1(t− t0, x) ≤
∫
Rn

(t− t0)−MEc(t− t0, x− ξ)
n∏
i=1

(1 + |ξi|βi)dξ =

=

∫
Rn

exp{−c
n∑
j=1

|yj|qj}
n∏
i=1

(1 + |xi + (t− t0)1/(2bi)yi|)βidy ≤

≤ H1(x)(t− t0)

n∑
i=1

(βi/(2bi))
, (22)

I2(t− t0, x) = exp{−c(t− t0)1−qn|xn|qn}
∫

Rn−1

exp{−c
n−1∑
j=1

|yj|qj}×

×
n−1∏
i=1

(1 + |xi + (t− t0)1/(2bi)yi|)βidy′ ≤ H2(x′)(t− t0)

n−1∑
i=1

(βi/(2bi))
, (23)
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äå

H1(x) :=

∫
Rn

exp{−c
n∑
j=1

|yj|qj}
n∏
i=1

(1 + |xi|+ |yi|)βidy,

H2(x′) :=

∫
Rn−1

exp{−c
n−1∑
j=1

|yj|qj}
n−1∏
i=1

(1 + |xi|+ |yi|)βidy′.

Âèêîðèñòàâøè íåðiâíîñòi (20)�(23) i òå, ùî ïðè t− t0 ≥ 1

(T + 1− t0)β0 = (T + 1− t+ t− t0)β0 ≤ (T + 2− t)β0(t− t0)β0 ,

ïðèéäåìî äî òàêèõ íåðiâíîñòåé:

|∂l0t u(t, x)| ≤ L(t, x)(t− t0)
β0−l0+(r0+

n∑
i=1

miβi)/(2s)
, (24)

|∂ljxju(t, x)| ≤ L(t, x)(t− t0)
β0−(mj lj−r0−

n∑
i=1

miβi)/(2s)
, j ∈ {1, . . . , n}, (25)

äå
L(t, x) := C2(T + 2− t)β0(H1(x) +H2(x′)).

Îñêiëüêè β0 − l0 + (r0 +
n∑
i=1

miβi)/(2s) < 0 i β0 − (mjlj − r0 −
n∑
i=1

miβi)/(2s) < 0, òî ç

íåðiâíîñòåé (24) i (25) ïiñëÿ ïåðåõîäó äî ãðàíèöi ïðè t0 → −∞ îòðèìó¹ìî òâåðäæåííÿ
3) òåîðåìè.

3 Âèñíîâêè

Ó ñòàòòi ðîçãëÿíóòî îäíîðiäíó ìîäåëüíó
−→
2b-ïàðàáîëi÷íó êðàéîâó çàäà÷ó áåç ïî÷àò-

êîâèõ óìîâ. Çàïðîïîíîâàíî óìîâè íà ðîçâ'ÿçêè òàêî¨ çàäà÷i, çà ÿêèõ öi ðîçâ'ÿçêè ¹
íóëüîâèìè àáî ìíîãî÷ëåíàìè. Ìåòîäèêà îòðèìàííÿ òàêîãî òèïó ðåçóëüòàòiâ ìîæå âè-
êîðèñòîâóâàòèñÿ äëÿ çàãàëüíiøèõ

−→
2b-ïàðàáîëi÷íèõ êðàéîâèõ çàäà÷.
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Ivasyshen S.D, Ivasiuk H.P., Koreniuk N. I., Fratavchan T.M. Liouville-type theorems for soluti-

ons to the homogeneous model ~2b-parabolic boundary-value problem, Bukovinian Math. Journal.
8, 1 (2020), 102�109.

A model boundary-value problem without initial conditions and with zero boundary conditi-
ons for a homogeneous Eidelman ~2b-parabolic system of equations is considered in the domain
{(t, x1, . . . , xn) ∈ Rn+1| − ∞ < t ≤ T,−∞ < xj < ∞, j ∈ {1, . . . , n − 1}, xn > 0}. The
boundary conditions are given by di�erential expressions of arbitrary orders. The boundary
conditions satisfy the complementarity condition of the Lopatinskii type for elliptic boundary-
value problems. A proposition of the type of Liouville's theorems for analytic and harmonic
functions is established for solutions of such a problem. In general, Liouville's theorems mean a
statement about the determining of the form of some classes of functions with their asymptotic
behavior. The proof of such theorems for solutions of the problem under consideration is based
on the integral representation of the solutions and the arbitrariness of the initial hyperplane,
through the values on which the representation of the solutions goes.


