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Íåîäíîðiäíi äèôåðåíöiàëüíi ðiâíÿííÿ âåêòîðíîãî ïîðÿäêó

ç äèñèïàòèâíîþ ïàðàáîëi÷íiñòþ é äîäàòíèì ðîäîì

Ïàðàáîëi÷íiñòü ó ñåíñi ÿê Ïåòðîñüêîãî, òàê i Øèëîâà ìà¹ ñêàëÿðíèé õàðàêòåð, âîíà íå

ñïðîìîæíà âðàõîâóâàòè ñïåöèôiêó íåîäíîðiäíîñòi ñåðåäîâèùà. Ó çâ'ÿçêó ç öèì íà ïî÷àòêó

70-õ ðîêiâ Ñ.Ä. Åéäåëüìàí çàïðîïîíóâàâ òàê çâàíó ~2b-ïàðàáîëi÷íiñòü, ÿêà ¹ ïðèðîäíèì

óçàãàëüíåííÿì ïàðàáîëi÷íîñòi çà Ïåòðîâñüêèì íà âèïàäîê àíiçîòðîïíîãî ñåðåäîâèùà. Äå-

òàëüíå äîñëiäæåííÿ çàäà÷i Êîøi äëÿ ðiâíÿíü ç òàêîþ ïàðàáîëi÷íiñòþ ïðîâåäåíî â ïðàöÿõ

Ñ.Ä. Åéäåëüìàíà, Ñ.Ä. Iâàñèøåíà, Ì.I. Ìàòié÷óêà òà ¨õ ïîñëiäîâíèêiâ.

Ðîçøèðåííÿì ïàðàáîëi÷íîñòi çà Øèëîâèì íà âèïàäîê àíiçîòðîïíèõ ñåðåäîâèù ¹ {~p,~h}-
ïàðàáîëi÷íiñòü. Êëàñ ðiâíÿíü ç òàêîþ ïàðàáîëi÷íiñòþ äîñèòü øèðîêèé, âií îõîïëþ¹ êëàñè

Åéäåëüìàíà, Ïåòðîâñüêîãî, Øèëîâà òà äîçâîëÿ¹ óíiôiêóâàòè êëàñè÷íó òåîðiþ çàäà÷i Êîøi

äëÿ ïàðàáîëi÷íèõ ðiâíÿíü.

Ó äàíié ðîáîòi äëÿ íåîäíîðiäíèõ {~p,~h}-ïàðàáîëi÷íèõ ðiâíÿíü ç âåêòîðíèì äîäàòíèì ðî-

äîì äîñëiäæóþòüñÿ óìîâè, çà ÿêèõ çàäà÷à Êîøi â êëàñi óçàãàëüíåíèõ ïî÷àòêîâèõ ôóíêöié

òèïó ðîçïîäiëiâ Ãåëüôàíäà i Øèëîâà áóäå êîðåêòíî ðîçâ'ÿçíîþ. Ïðè öüîìó, íåîäíîðiäíîñòi

ðiâíÿíü ¹ íåïåðåðâíèìè çà ñóêóïíiñòþ çìiííèõ ôóíêöiÿìè ñêií÷åííî¨ ãëàäêîñòi, ÿêi ñòî-

ñîâíî ïðîñòîðîâî¨ çìiííî¨ ñïàäàþòü, à çà ÷àñîâîþ çìiííîþ ¹ íåîáìåæåíèìè ç iíòåãðîâíîþ

îñîáëèâiñòþ.

Êëþ÷îâi ñëîâà i ôðàçè: íåîäíîðiäíà çàäà÷à Êîøi, îá'¹ìíèé ïîòåíöiàë, ïàðàáîëi÷íi

ðiâíÿííÿ âåêòîðíîãî ïîðÿäêó, ôóíäàìåíòàëüíèé ðîçâ'ÿçîê.
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Âñòóï

Íà âiäìiíó âiä ~2b-ïàðàáîëi÷íèõ çà Åéäåëüìàíîì ðiâíÿíü iç ÷àñòèííèìè ïîõiäíèìè [1],
ó {−→p ,

−→
h }-ïàðàáîëi÷íèõ ðiâíÿííÿõ [2] âåêòîðíèé ïîðÿäîê ~p âæå ìîæå íå çáiãàòèñÿ ç âå-

êòîðíèì ïîêàçíèêîì ïàðàáîëi÷íîñòi ~h, ùî ñïðè÷èíÿ¹ åôåêò ”äèñèïàöi¨ ïàðàáîëi÷íîñòi”,
ìiðîþ ÿêî¨ ñëóãó¹ ñïåöiàëüíà õàðàêòåðèñòèêà ðiâíÿííÿ � éîãî âåêòîðíèé ðiä ~µ: ~1− (~p−
~h) ≤ ~µ ≤ ~1. Òóò i íàäàëi, çàïèñ ~α0~β, äå 0 � äåÿêå âiäíîøåííÿ, îçíà÷àòèìå, ùî öå
âiäíîøåííÿ âèêîíó¹òüñÿ äëÿ âñiõ âiäïîâiäíèõ êîîðäèíàò âåêòîðiâ ~α i ~β. Ïàðàáîëi÷íi
ðiâíÿííÿ, â ÿêèõ ~p = ~h, öå, çîêðåìà, âñi ~2b-ïàðàáîëi÷íi ðiâíÿííÿ, ìàþòü ðiä ~µ = ~1.
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À äëÿ ðiâíÿíü ç ~p 6= ~h, âçàãàëi êàæó÷è, ðiä ~µ < ~1. I ÷èì áiëüøå ïîêàçíèê ïàðàáîëi-
÷íîñòi ~h âiäõèëÿ¹òüñÿ âiä ïîðÿäêó ðiâíÿííÿ ~p, òèì áiëüøå éîãî ðiä ~µ, çìåíøóþ÷èñü,
âiääàëÿ¹òüñÿ âiä ~1. Ðiâíÿííÿ ç òàêîþ äèñèïàöi¹þ ïàðàáîëi÷íî íåñòiéêi äî çìiíè ñâî¨õ
êîåôiöi¹íòiâ, íàâiòü òèõ, ÿêi çíàõîäÿòüñÿ ïðè ìîëîäøèõ ïîõiäíèõ [3], ùî ïðèçâîäèòü äî
ïåâíèõ òðóäíîùiâ ïðè ïîáóäîâi äëÿ íèõ êëàñè÷íî¨ òåîði¨ çàäà÷i Êîøi.

Òåîðiÿ çàäà÷i Êîøi äëÿ ~2b-ïàðàáîëi÷íèõ ðiâíÿíü ðîçâèâàëàñü ó ïðàöÿõ [4�10].
Äîñëiäæåííÿ çàäà÷i Êîøi äëÿ îäíîðiäíèõ {−→p ,

−→
h }-ïàðàáîëi÷íèõ ðiâíÿíü ïðîâîäè-

ëîñü ó ïðàöÿõ [2, 11, 12]. Òóò äëÿ òàêèõ ðiâíÿíü ðîçðîáëåíî ìåòîäèêó äîñëiäæåííÿ
ôóíäàìåíòàëüíîãî ðîçâ'ÿçêó çàäà÷i Êîøi (ÔÐÇÊ), óñòàíîâëåíî êîðåêòíó ðîçâ'ÿçíiñòü
öi¹¨ çàäà÷i â ïðîñòîðàõ òèïó S ′ ðîçïîäiëiâ I.Ì. Ãåëüôàíäà i Ã.�. Øèëîâà, îïèñàíî ìà-
êñèìàëüíi êëàñè ¨õ ðîçâ'ÿçêiâ ó ðàìêàõ ïðîñòîðiâ òèïó S. Îäíàê íåîäíîðiäíi {−→p ,

−→
h }-

ïàðàáîëi÷íi ðiâíÿííÿ òà ñóìiæíi ç íèìè ïèòàííÿ íiêèì íå äîñëiäæóâàëèñü.
Äàíà ðîáîòà ïðèñâÿ÷åíà äîñëiäæåííþ çàäà÷i Êîøi äëÿ íåîäíîðiäíèõ {−→p ,

−→
h }-ïàðà-

áîëi÷íèõ ðiâíÿíü ç óçàãàëüíåíèìè ïî÷àòêîâèìè äàíèìè òèïó ðîçïîäiëiâ Ãåëüôàíäà i
Øèëîâà çà óìîâè, ùî íåîäíîðiäíîñòi ðiâíÿíü ¹ íåïåðåðâíèìè çà ñóêóïíiñòþ çìiííèõ,
ñïàäíèìè çà ïðîñòîðîâîþ çìiííîþ òà íåîáìåæåíèìè çà ÷àñîì ç iíòåãðîâíîþ îñîáëèâi-
ñòþ ôóíêöiÿìè, ÿêi çà ïðîñòîðîâîþ çìiííîþ ìàþòü îáìåæåíèé ñòóïiíü ãëàäêîñòi.

Ñòðóêòóðà ðîáîòè òàêà. Ó ïåðøîìó ïóíêòi ñôîðìóëüîâàíà ïîñòàíîâêà çàäà÷i òà íà-
âåäåíî íåîáõiäíi âiäîìîñòi. Äðóãèé ïóíêò ïðèñâÿ÷åíèé äîñëiäæåííþ îá'¹ìíîãî ïîòåíöi-
àëà âiäïîâiäíî¨ çàäà÷i Êîøi. Äîñòàòíi óìîâè êîðåêòíî¨ ðîçâ'ÿçíîñòi íåîäíîðiäíî¨ çàäà÷i
Êîøi ç'ÿñîâóþòüñÿ â òðåòüîìó ïóíêòi. Îñòàííié ÷åòâåðòèé ïóíêò � âèñíîâêè.

1 Äîïîìiæíi âiäîìîñòi. Ïîñòàíîâêà çàäà÷i

Íåõàé Rn � äiéñíèé ïðîñòið ðîçìiðíîñòi n ≥ 1, R := R1; Zn+ � ìíîæèíà âñiõ n-
âèìiðíèõ ìóëüòèiíäåêñiâ, Z+ := Z1

+; i � óÿâíà îäèíèöÿ; (·, ·) � ñêàëÿðíèé äîáóòîê ó
ïðîñòîði Rn; ‖x‖ := (x, x)1/2 äëÿ x ∈ Rn; |x + iy| := (x2 + y2)1/2, ÿêùî {x, y} ⊂ R; zl :=

zl11 . . . z
ln
n , |z|l+ := |z1|l1 + . . .+ |zn|ln , ÿêùî z := (z1; . . . ; zn) ∈ Rn, l := (l1; . . . ; ln) ∈ Zn+; S �

ïðîñòið Ë.Øâàðöà íåñêií÷åííî äèôåðåíöiéîâíèõ øâèäêîñïàäíèõ ôóíêöié, âèçíà÷åíèõ
íà Rn, a S ′ � âiäïîâiäíèé òîïîëîãi÷íî ñïðÿæåíèé ç S ïðîñòið [13].

Êëàñ óñiõ íåïåðåðâíî äèôåðåíöiéîâíèõ íà Rn äî ïîðÿäêó r ∈ Zn+ âêëþ÷íî ôóíêöié,
ïîçíà÷èìî çàïèñîì Cr(Rn). I íåõàé Cr

l (Rn), l ∈ Zn+, � ñóêóïíiñòü óñiõ åëåìåíòiâ Cr(Rn)

òàêèõ, ùî

∀k ∈ Zn+, k ≤ r,∃ck > 0∀x ∈ Rn : |∂kxϕ(x)| ≤ ck(1 + ‖x‖)−|l+k|+ .

Äëÿ ~α > ~0 i ~β > ~0 ïîêëàäåìî:

S~α = {ϕ ∈ C∞(Rn)| ∃A > 0∀k ∈ Zn+∃ck > 0∀q ∈ Zn+∀x ∈ Rn : |xq∂kxϕ(x)| ≤ ckA
|q|+q~αq};

S
~β = {ϕ ∈ C∞(Rn)| ∃B > 0∀q ∈ Zn+∃cq > 0∀k ∈ Zn+∀x ∈ Rn : |xq∂kxϕ(x)| ≤ cqB

|k|+k
~βk}.

Ç âiäïîâiäíèìè òîïîëîãiÿìè ñóêóïíîñòi S~α i S~β � çëi÷åííî-íîðìîâàíi ïîâíi äîñêîíàëi
ïðîñòîðè, ÿêi ðàçîì iç S

~β
~α := S~α∩S

~β íàçèâàþòü ïðîñòîðàìè òèïó S Ãåëüôàíäà i Øèëîâà
[11,13].
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Ïðîñòið S
~β
~α íåòðèâiàëüíèé ïðè ~α + ~β ≥ ~1 i ñêëàäà¹òüñÿ ëèøå ç òèõ ôóíêöié ϕ ∈

C∞(Rn), ùî çàäîâîëüíÿþòü íåðiâíiñòü

|∂kxϕ(x)| ≤ cB|k|+k
~βke−δ|x|

~1/~α
+ , k ∈ Zn+, x ∈ Rn,

ç äîäàòíèìè ñòàëèìè c, B i δ, çàëåæíèìè òiëüêè âiä ôóíêöi¨ ϕ [11,13]. Ó ïðîñòîðàõ òèïó
S âèçíà÷åíi òà íåïåðåðâíi îïåðàöi¨ äîäàâàííÿ, ìíîæåííÿ òà çãîðòêè, à òàêîæ, îïåðàòîð
F ïåðåòâîðåííÿ Ôóð'¹, ïðè÷îìó âèêîíóþòüñÿ íàñòóïíi òîïîëîãi÷íi ðiâíîñòi: F [S~α] = S~α,

F [S
~β] = S~β, F [S

~β
~α] = S~α~β .

Ðîçãëÿíåìî äèôåðåíöiàëüíå ðiâíÿííÿ ç ÷àñòèííèìè ïîõiäíèìè

∂tu(t;x) = A(t; i∂x)u(t;x) + f(t;x), (t;x) ∈ Π(0;T ] := (0;T ]× Rn, (1)

â ÿêîìó
A(t; i∂x) =

∑
|k/~p|+≤1

ak(t)i
|k|+∂kx

� äèôåðåíöiàëüíèé âèðàç ïîðÿäêó ~p = (p1; . . . ; pn) > ~1 ç êîìïëåêñíî çíà÷íèìè íåïåðåðâ-
íèìè êîåôiöi¹íòàìè ak(·), ÿêèé íà ìíîæèíi Π[0;T ] ¹ ðiâíîìiðíî ïàðàáîëi÷íèì ç âåêòîð-
íèì ïîêàçíèêîì ïàðàáîëi÷íîñòi ~h, ~0 < ~h ≤ ~p, òîáòî òàêèì, ùî

∃δ1 > 0∃δ2 ≥ 0 ∀(t; ξ) ⊂ Π[0;T ] : ReA(t; ξ) ≤ −δ1|ξ|
~h
+ + δ2.

Òàêîæ ââàæàòèìåìî, ùî âåêòîðíèé ðiä ~µ ðiâíÿííÿ (1) ¹ äîäàòíèì [11,14]: ~0 < ~µ ≤ ~1.
Ïîçíà÷åìî ÷åðåç Φ′ òîïîëîãi÷íî ñïðÿæåíèé ïðîñòið ç ïðîñòîðîì Φ ∈ {S~α0 ;S~α0

~β0
}, äå

~α0 = ~1/~h, a ~β0 ≥ ~β∗ = ~1− ~µ/~p, i çàäàìî äëÿ ðiâíÿííÿ (1) ïî÷àòêîâó óìîâó

u(t; ·) −→
t→+0

g, g ∈ Φ′. (2)

Îçíà÷åííÿ. Ðîçâ'ÿçêîì çàäà÷i Êîøi (1), (2) íà ìíîæèíi Π[0;T ] íàçèâà¹òüñÿ ôóíêöiÿ u,

ÿêà íà Π(0;T ] çàäîâîëüíÿ¹ ðiâíÿííÿ (1) ó çâè÷àéíîìó ðîçóìiííi, à ïî÷àòêîâó óìîâó (2)
� ó ñåíñi çáiæíîñòi â ïðîñòîði Φ′.

ÔÐÇÊ äëÿ ðiâíÿííÿ (1) ¹ ôóíêöiÿ

G(t, τ ; ·) = F−1[θtτ (ξ)](t, τ ; ·), 0 ≤ τ < t ≤ T,

äå θtτ (ξ) = exp{
t∫
τ

A(ς; ξ)dς}.

Ç ðåçóëüòàòiâ, îäåðæàíèõ ó [11] âèïëèâà¹, ùî ïðè êîæíèõ ôiêñîâàíèõ t ∈ (τ ;T ] i
τ ∈ [0;T ) ôóíêöiÿ G(t, τ ; ·) íàëåæèòü äî ïðîñòîðó S~α0

~β∗
ó âèïàäêó, êîëè ~0 < ~µ ≤ ~1, ïðè

öüîìó ïðàâèëüíi òàêi îöiíêè:

|∂kxG(t, τ ;x)| ≤ c

n∏
j=1

(t− τ)
−

1+kj
hj Bkjk

kj
hj

j


e
−δ
(

|xj |

(t−τ)µj/pj

) pj
pj−µj

, ~0 < ~µ ≤ ~1,

e
−δ
(

|xj |

(t−τ)µj/hj

) hj
hj−µj

, ~µ ≤ 0,

(3)

ç äîäàòíèìè ñòàëèìè c, B i δ.
Êîðåêòíó ðîçâ`ÿçíiñòü çàäà÷i Êîøi (1), (2) ïðè f = 0 õàðàêòåðèçó¹ íàñòóïíå òâåð-

äæåííÿ [11].
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Òåîðåìà 1. Çàäà÷à Êîøi (1), (2) ïðè f = 0 íà ìíîæèíi Π[0;T ] ìà¹ ¹äèíèé ðîçâ'ÿçîê

u(t;x). Öåé ðîçâ'ÿçîê ¹ äèôåðåíöiéîâíîþ çà çìiííîþ t òà íåñêií÷åííî äèôåðåíöiéîâíîþ

çà çìiííîþ x ôóíêöi¹þ, ÿêèé íåïåðåðâíî çàëåæèòü âiä ïî÷àòêîâèõ äàíèõ, ïðè öüîìó

ñïðàâäæó¹òüñÿ ðiâíiñòü

u(t;x) =< g(ξ), G(t, 0;x− ξ) >, (t;x) ∈ Π(0;T ],

â ÿêié êóòîâi äóæêè <,> ïîçíà÷àþòü äiþ óçàãàëüíåíî¨ ôóíêöi¨ íà îñíîâíó.

Íàäàëi ðîçâ'ÿçîê çàäà÷i Êîøi (1), (2) ïðè f = 0 áóäåìî ïîçíà÷àòè u0.
Çâàæàþ÷è íà ëiíiéíiñòü ðiâíÿííÿ (1), ðîçâ'ÿçîê çàäà÷i (1), (2) äîöiëüíî øóêàòè ó

âèãëÿäi ñóìè u = u0 + u1, äå u1 � ðîçâ'ÿçîê ðiâíÿííÿ (1), ÿêèé çàäîâîëüíÿ¹ ïî÷àòêîâó
óìîâó (2) ïðè g = 0, òîáòî:

u1(t; ·) −→
t→+0

0. (4)

Íàøå çàâäàííÿ ïîëÿãà¹ ó ç'ÿñóâàííi óìîâ íà ôóíêöiþ f , çà ÿêèõ îá'¹ìíèé ïîòåíöiàë

u1(t;x) =

t∫
0

dτ

∫
Rn

G(t, τ ;x− ξ)f(τ ; ξ)dξ

áóäå ðîçâ'ÿçêîì çàäà÷i Êîøi (1), (4).

2 Îá'¹ìíèé ïîòåíöiàë çàäà÷i Êîøi

Ãîâîðèòèìåìî, ùî äëÿ ôóíêöi¨ f âèêîíó¹òüñÿ óìîâà (À), ÿêùî öÿ ôóíêöiÿ íåïå-
ðåðâíà íà Π(0;T ] çà ñóêóïíiñòþ çìiííèõ i f(t; ·) ∈ Cr

l (Rn), t ∈ (0;T ], ïðè öüîìó, äëÿ ¨¨
ïîõiäíèõ âèêîíó¹òüñÿ îöiíêà

|∂kxf(t;x)| ≤ ck
tα(1 + ‖x‖)|l+k|+

, k ≤ r, (t;x) ∈ Π(0;T ], (5)

ç äåÿêèì α ∈ [0; 1) òà äîäàòíîþ âåëè÷èíîþ ck, íåçàëåæíîþ âiä çìiííèõ t òà x.

Òåîðåìà 2. Íåõàé äëÿ ôóíêöi¨ f âèêîíó¹òüñÿ óìîâà (A) ïðè l = 0, à ïîðÿäîê ~p, ïîêà-

çíèê ïàðàáîëi÷íîñòi ~h i ðiä ~µ äèôåðåíöiàëüíîãî ðiâíÿííÿ (1) òàêi, ùî∣∣∣~1
~h
− ~µ

~p

∣∣∣
+
< 1, (6)

òîäi ïðè êîæíîìó ôiêñîâàíîìó t ∈ (0;T ] íà ìíîæèíi Rn âiäïîâiäíèé ïîòåíöiàë u1(t; ·)
¹ äèôåðåíöiéîâíîþ ôóíêöi¹þ äî ïîðÿäêó r âêëþ÷íî, äëÿ ïîõiäíèõ ÿêîãî ïðàâèëüíà

ôîðìóëà

∂kxu1(t;x) =

t∫
0

dτ

∫
Rn

G(t, τ ; ξ)∂kxf(τ ;x− ξ)dξ, (t;x) ∈ Π(0;T ]. (7)

Äëÿ ïîòåíöiàëó u1(t; ·) iñíóâàòèìå ïîõiäíà âèùîãî ïîðÿäêó k > r ó âèïàäêó, êîëè∣∣∣~1 + k − r
~h

− ~µ

~p

∣∣∣
+
< 1, (8)
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ïðè öüîìó, ñïðàâäæó¹òüñÿ ðiâíiñòü

∂kxu1(t;x) =

t∫
0

dτ

∫
Rn

∂k−rx G(t, τ ;x− ξ)∂rξf(τ ; ξ)dξ, (t;x) ∈ Π(0;T ]. (9)

Äîâåäåííÿ. Ðîçãëÿíåìî ñïî÷àòêó âèïàäîê, êîëè k < r. Ôîðìàëüíèì äèôåðåíöiþâàííÿ
ïiä çíàêîì iíòåãðàëà ó çîáðàæåííi

u1(t;x) =

t∫
0

dτ

∫
Rn

G(t, τ ; ξ)f(τ ;x− ξ)dξ, (t;x) ∈ Π(0;T ],

îäåðæó¹ìî ôîðìóëó (7).
Äëÿ îáãðóíòóâàííÿ ïðàâèëüíîñòi öi¹¨ ôîðìóëè, äîñèòü äîâåñòè ðiâíîìiðíó çáiæíiñòü

ñòîñîâíî çìiííî¨ x íà ìíîæèíi Rn iíòåãðàëà

Ik(t;x) =

t∫
0

dτ

∫
Rn

|G(t, τ ; ξ)||∂kxf(τ ;x− ξ)|dξ.

Ïðîòå öÿ çáiæíiñòü ñòà¹ î÷åâèäíîþ, ÿêùî çâàæèòè íà îöiíêó (3), óìîâè (À) òà (6),
çãiäíî ç ÿêèìè äëÿ âñiõ (t;x) ∈ Π(0;T ] âèêîíó¹òüñÿ íåðiâíiñòü

Ik(t;x) ≤ ĉk

t∫
0

(
τ−α(t− τ)

−
∣∣~1
~h

∣∣
+

n∏
j=1

∫
R

e
−δ
(

|ξj |

(t−τ)µj/pj

) pj
pj−µj

dξj

)
dτ =

= ĉk

t∫
0

τ−α(t− τ)
−
∣∣~1
~h
− ~µ
~p

∣∣
+dτ

n∏
j=1

∫
R

e−δ|ζj |
pj

pj−µj
dζj ≡ ĉkEB

(
1−α, 1−

∣∣~1
~h
− ~µ
~p

∣∣
+

)
t
1−α−

∣∣~1
~h
− ~µ
~p

∣∣
+ ,

äå B(·, ·) � áåòà-ôóíêöiÿ,

E :=
n∏
j=1

∫
R

e−δ|ζj |
pj

pj−µj
dζj,

à äîäàòíà âåëè÷èíà ĉk çàëåæèòü ëèøå âiä k.
Íåõàé òåïåð k > r. Ó öüîìó âèïàäêó ñêîðèñòà¹ìîñü ðiâíiñòþ

∂kxG(t, τ ;x− ξ) = (−1)|r|+∂rξ∂
k−r
x G(t, τ ;x− ξ),

çãiäíî ç ÿêîþ, iíòåãðóâàííÿì ÷àñòèíàìè ïðèõîäèìî äî ôîðìàëüíîãî çàïèñó ôîðìóëè
(9). Äàëi, ÿê ó ïîïåðåäíüîìó âèïàäêó, îáãðóíòîâó¹ìî ïðàâîìiðíiñòü çäiéñíåíèõ ïåðå-
òâîðåíü.

Òåîðåìà äîâåäåíà.

Íàñëiäîê 1. Íåõàé ôóíêöiÿ f çàäîâîëüíÿ¹ óìîâó (A) ïðè l = 0 i r ≥ ~p, à òàêîæ

âèêîíó¹òüñÿ ñïiââiäíîøåííÿ (6), òîäi

A(t; i∂x)u1(t;x) =
∑

|k/~p|+≤1

ak(t)i
|k|+

t∫
0

dτ

∫
Rn

G(t, τ ; ξ)∂kxf(τ ;x− ξ)dξ, (t;x) ∈ Π(0;T ].
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ßêùî æ ~p > r, òî çà óìîâè âèêîíàííÿ ñïiââiäíîøåííÿ

∣∣∣~1 + ~p− r
~h

− ~µ

~p

∣∣∣
+
< 1, (10)

ïðàâèëüíîþ áóäå ðiâíiñòü

A(t; i∂x)u1(t;x) =
∑

|k/~p|+≤1 and k≤r

ak(t)i
|k|+

t∫
0

dτ

∫
Rn

G(t, τ ; ξ)∂kxf(τ ;x− ξ)dξ+

+
∑

|k/~p|+≤1 and r<k

ak(t)i
|k|+

t∫
0

dτ

∫
Rn

∂k−rx G(t, τ ;x− ξ)∂rξf(τ ; ξ)dξ, (t;x) ∈ Π(0;T ].

Íàäàëi íàì çíàäîáèòüñÿ òàêå äîïîìiæíå òâåðäæåííÿ.

Ëåìà 1. Íåõàé ϕ(·) ∈ Cr
l (Rn), òîäi ïðè |l|+ > n i |r|+ > n âèêîíó¹òüñÿ êîæíå ç íàñòóïíèõ

ãðàíè÷íèõ ñïiââiäíîøåíü:

(
G ∗ ϕ

)
(t, τ ;x)

x∈K
⇒

t→τ+0
ϕ(x);

(
G ∗ ϕ

)
(t, τ ;x)

x∈K
⇒

τ→t−0
ϕ(x) (11)

(òóò éäåòüñÿ ïðî ðiâíîìiðíó çáiæíiñòü íà êîæíié êîìïàêòíié ìíîæèíi K ⊂ Rn).

Îöiíêè (3) ÔÐÇÊ G äîçâîëÿþòü äîâåäåííÿ Ëåìè 1 ïðîâåñòè çà ñõåìîþ äîâåäåííÿ
àíàëîãi÷íî¨ Ëåìè 2 ç [15].

Äèôåðåíöiéîâíiñòü ôóíêöi¨ u1 çà çìiííîþ t õàðàêòåðèçó¹ íàñòóïíå òâåðäæåííÿ.

Òåîðåìà 3. Íåõàé äëÿ ôóíêöi¨ f âèêîíó¹òüñÿ óìîâà (A) ïðè |l|+ > n òà |r|+ > n, òîäi

âiäïîâiäíèé ïîòåíöiàë u1 íà ìíîæèíi Π(0;T ] ¹ äèôåðåíöiéîâíîþ ôóíêöi¹þ çà çìiííîþ t

çà óìîâè, ùî:

1) r ≥ ~p i âèêîíó¹òüñÿ ñïiââiäíîøåííÿ (6), ïðè öüîìó ïðàâèëüíîþ áóäå ðiâíiñòü

∂tu1(t;x) = f(t;x) +
∑

|k/~p|+≤1

ak(t)i
|k|+

t∫
0

dτ

∫
Rn

G(t, τ ; ξ)∂kxf(τ ;x− ξ)dξ; (12)

2) ~p > r i âèêîíó¹òüñÿ ñïiââiäíîøåííÿ (10), ïðè öüîìó ïðàâèëüíîþ áóäå ðiâíiñòü

∂tu1(t;x) = f(t;x) +
∑

|k/~p|+≤1 and k≤r

ak(t)i
|k|+

t∫
0

dτ

∫
Rn

G(t, τ ; ξ)∂kxf(τ ;x− ξ)dξ+

+
∑

|k/~p|+≤1 and r<k

ak(t)i
|k|+

t∫
0

dτ

∫
Rn

∂k−rx G(t, τ ;x− ξ)∂rξf(τ ; ξ)dξ. (13)
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Äîâåäåííÿ. Çàôiêñó¹ìî äîâiëüíî t ∈ (0;T ] i ðîçãëÿíåìî äîïîìiæíó ôóíêöiþ

uε1(t;x) =

t−ε∫
0

dτ

∫
Rn

G(t, τ ;x− ξ)f(τ ; ξ)dξ, x ∈ Rn, 0 < ε < t/2.

Î÷åâèäíî, ùî

∂tu
ε
1(t;x) =

∫
Rn

G(t, t− ε;x− ξ)f(t− ε; ξ)dξ +

t−ε∫
0

dτ

∫
Rn

∂tG(t, τ ;x− ξ)f(τ ; ξ)dξ.

Çíàéäåìî òåïåð ãðàíèöþ lim
ε→+0

∂tu
ε
1(t;x). Óðàõóâàâøè âëàñòèâîñòi ôóíêöi¨ f , áåçïî-

ñåðåäíüî ç òâåðäæåííÿ Ëåìè 1 îäåðæó¹ìî, ùî∫
Rn

G(t, t− ε;x− ξ)f(t− ε; ξ)dξ →
ε→+0

f(t;x).

Îñêiëüêè G ðîçâ'ÿçîê ðiâíÿííÿ (1) ïðè f = 0, òî

t−ε∫
0

dτ

∫
Rn

∂tG(t, τ ;x− ξ)f(τ ; ξ)dξ =
∑

|k/~p|+≤1

ak(t)i
|k|+

t−ε∫
0

dτ

∫
Rn

∂kx−ξG(t, τ ;x− ξ)f(τ ; ξ)dξ.

Íåõàé r > ~p i âèêîíó¹òüñÿ ñïiââiäíîøåííÿ (6). Çäiéñíèâøè â îñòàííüîìó iíòåãðàëi
ïðàâî¨ ÷àñòèíè ïîïåðåäíüî¨ ðiâíîñòi çàìiíó çìiííî¨ iíòåãðóâàííÿ çà ïðàâèëîì y = x− ξ
òà çiíòåãðóâàâøè ÷àñòèíàìè k ðàçiâ, ïðèéäåìî äî òàêî¨ ðiâíîñòi:

t−ε∫
0

dτ

∫
Rn

∂kx−ξG(t, τ ;x− ξ)f(τ ; ξ)dξ =

t−ε∫
0

dτ

∫
Rn

G(t, τ ; y)∂kx−yf(τ ;x− y)dy.

Äàëi, ñêîðèñòàâøèñü îöiíêîþ (3) äëÿ ôóíêöi¨ G òà âðàõóâàâøè âèêîíàííÿ óìîâè
(À) äëÿ f , çíàéäåìî:

∣∣∣ t∫
t−ε

dτ

∫
Rn

G(t, τ ; y)∂kx−yf(τ ;x− y)dy
∣∣∣ ≤

≤ ĉk

t∫
t−ε

(
τ−α(t− τ)

−
∣∣~1
~h

∣∣
+

n∏
j=1

∫
R

e
−δ
(

|ξj |

(t−τ)µj/pj

) pj
pj−µj

dξj

)
dτ =

= ĉkE

t∫
t−ε

τ−α(t− τ)
−
∣∣~1
~h
− ~µ
~p

∣∣
+dτ ≤ ĉkE

(2

t

)α t∫
t−ε

(t− τ)
−
∣∣~1
~h
− ~µ
~p

∣∣
+dτ = bk,tε

1−
∣∣~1
~h
− ~µ
~p

∣∣
+

(òóò âåëè÷èíà bk,t íå çàëåæèòü âiä ε).



Íåîäíîðiäíi äèôåðåíöiàëüíi ðiâíÿííÿ ç äèñèïàòèâíîþ ïàðàáîëi÷íiñòþ é äîäàòíèì ðîäîì151

Îäåðæàíà îöiíêà â öüîìó âèïàäêó çàáåçïå÷ó¹ ïðàâèëüíiñòü ãðàíè÷íîãî ñïiââiäíî-
øåííÿ

lim
ε→+0

t−ε∫
0

dτ

∫
Rn

∂kx−ξG(t, τ ;x− ξ)f(τ ; ξ)dξ =

t∫
0

dτ

∫
Rn

G(t, τ ; y)∂kx−yf(τ ;x− y)dy,

à âiäòàê, âèêîíàííÿ ðiâíîñòi (15).

Âèïàäîê ~p > r ðàçîì ç âèêîíàííÿì ñïiââiäíîøåííÿ (10) ðåàëiçó¹òüñÿ àíàëîãi÷íî.

Òåîðåìà äîâåäåíà.

Äàëi, ç'ÿñó¹ìî ïèòàííÿ ïðî iñíóâàííÿ ãðàíè÷íîãî çíà÷åííÿ ïîòåíöiàëó u1 íà ïî÷à-
òêîâié ãiïåðïëîùèíi t = 0.

ßêùî ïðèïóñòèòè âèêîíàííÿ óìîâè

α +
∣∣∣~1
~h
− ~µ

~p

∣∣∣
+
< 1, (14)

à òàêîæ òå, ùî ôóíêöiÿ f çàäîâîëüíÿ¹ óìîâó (A) ïðè l = 0, òî çãiäíî ç îöiíêîþ (3), äëÿ
âñiõ (t;x) ∈ Π(0;T ] ìà¹ìî:

|u1(t;x)| ≤
t∫

0

dτ

∫
Rn

∣∣G(t, τ ;x− ξ)
∣∣|f(τ ; ξ)|dξ ≤

≤ c

t∫
0

(
τ−α(t− τ)

−
∣∣~1
~h

∣∣
+

n∏
j=1

∫
R

e
−δ
(

|ξj |

(t−τ)µj/pj

) pj
pj−µj

dξj

)
dτ =

= cE

t∫
0

τ−α(t− τ)
−
∣∣~1
~h
− ~µ
~p

∣∣
+dτ = bt

1−α−
∣∣~1
~h
− ~µ
~p

∣∣
+ .

Çâiäñè îäåðæó¹ìî âèêîíàííÿ ãðàíè÷íîãî ñïiââiäíîøåííÿ (4), ïðè öüîìó ïðÿìóâàííÿ u1
äî íóëÿ âiäáóâà¹òüñÿ ðiâíîìiðíî ñòîñîâíî çìiííî¨ x íà Rn.

Îòæå, ïðàâèëüíå íàñòóïíå òâåðäæåííÿ.

Òåîðåìà 4. Íåõàé äëÿ ôóíêöi¨ f âèêîíóþòüñÿ óìîâà (A) ïðè l = 0 i íåðiâíiñòü (14),
òîäi äëÿ âiäïîâiäíîãî ïîòåíöiàëó u1(t; ·) � ïðàâèëüíå ñïiââiäíîøåííÿ

u1(t;x)
x∈Rn
⇒
t→+0

0.

Ó íàñòóïíîìó ïóíêòi äîñëiäæó¹òüñÿ çàäà÷à Êîøi äëÿ íåîäíîðiäíîãî ðiâíÿííÿ (1).
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3 Çàäà÷à Êîøi

Îäåðæàíi ðàíiøå âiäîìîñòi ïðî îá'¹ìíèé ïîòåíöiàë u1 äîçâîëÿþòü íàì çðîáèòè ïåâíi
âèñíîâêè ïðî êîðåêòíó ðîçâ'ÿçíiñòü íåîäíîðiäíî¨ çàäà÷i Êîøi äëÿ {~p,~h}-ïàðàáîëi÷íèõ
ðiâíÿíü.

Òåîðåìà 5. Íåõàé g ∈ Φ′, à ôóíêöiÿ f çàäîâîëüíÿ¹ óìîâó (A) ïðè |l|+ > n òà |r|+ > n,

òîäi âiäïîâiäíà çàäà÷à Êîøi (1), (2) íà ìíîæèíi Π(0;T ] áóäå êîðåêòíî ðîçâ'ÿçíîþ òà ¨¨

ðîçâ'ÿçîê çîáðàæóâàòèìåòüñÿ ôîðìóëîþ

u(t;x) =< g(ξ), G(t, 0;x− ξ) > +

t∫
0

dτ

∫
Rn

G(t, τ ;x− ξ)f(τ ; ξ)dξ, (t;x) ∈ Π(0;T ], (15)

çà óìîâè, ùî âèêîíó¹òüñÿ íåðiâíiñòü (14) ïðè r ≥ ~p àáî, íåðiâíiñòü

α +
∣∣∣~1 + ~p− r

~h
− ~µ

~p

∣∣∣
+
< 1

ïðè ~p > r. Ïðè öüîìó, ðîçâ'ÿçîê u áóäå îäèí ðàç äèôåðåíöiéîâíèé çà çìiííîþ t, à çà

çìiííîþ x - äî ïîðÿäêó max{r, ~p} âêëþ÷íî.

Äîâåäåííÿ. Çàïèøåìî ðiâíiñòü (15) ó êîìïàêòíié ôîðìi: u = u0 + u1. Ç òâåðäæåíü
Òåîðåì 1�3, âèïëèâà¹ çàçíà÷åíà ó Òåîðåìi 5 ãëàäêiñòü ôóíêöi¨ u.

Áåçïîñåðåäíüî ç Íàñëiäêó 1 i òâåðäæåíü Òåîðåì 3, 4, îäåðæó¹ìî, ùî u1 � ðîçâ'ÿçîê
çàäà÷i Êîøi (1), (3).

Îòæå, u � êëàñè÷íèé ðîçâ'ÿçîê çàäà÷i Êîøi (1), (2) íà ìíîæèíi Π(0;T ].
Îáãðóíòó¹ìî ¹äèíiñòü ðîçâ'ÿçêó öi¹¨ çàäà÷i. Ïðèïóñòèìî, ùî iñíóþòü äâà ðîçâ'ÿçêè

û i ǔ çàäà÷i Êîøi (1), (2). �õ ðiçíèöÿ u = û− ǔ áóäå ðîçâ'ÿçêîì îäíîðiäíî¨ çàäà÷i:

∂tu(t;x) = A(t; i∂x)u(t;x); u(t; ·)|t=0 = 0.

Îäíàê, çãiäíî ç Òåîðåìîþ 1, öÿ çàäà÷à ìà¹ ëèøå íóëüîâèé ðîçâ'ÿçîê: u = 0. Òîäi û =

ǔ i çàäà÷à Êîøi (1), (2) íà ìíîæèíi Π(0;T ] ìà¹ ¹äèíèé ðîçâ'ÿçîê (15). Öåé ðîçâ'ÿçîê
íåïåðåðâíî çàëåæèòü âiä ïî÷àòêîâèõ äàíèõ, îñêiëüêè òàêèì ¹ ðîçâ'ÿçîê u0 çàäà÷i Êîøi
(1), (2) ïðè f = 0.

Òåîðåìà äîâåäåíà.

ßê óæå çàçíà÷àëîñÿ, ïî÷àòêîâà óìîâà (2) ðîçóìi¹òüñÿ â ñåíñi ñëàáêî¨ çáiæíîñòi â ïðî-
ñòîði Φ′ òîìó, ùî ïî÷àòêîâà ôóíêöiÿ g � ôóíêöiîíàë ç Φ′. Ïðîòå, ÿêùî öåé ôóíêöiîíàë
ìà¹ "õîðîøi" âëàñòèâîñòi, òî ìîæå ñïîñòåðiãàòèñÿ åôåêò ïîñèëåííÿ çáiæíîñòi â óìîâi
(2). Çîêðåìà, ÿêùî g ¹ ðåãóëÿðíîþ óçàãàëüíåíîþ ôóíêöi¹þ, ïîðîäæåíîþ çâè÷àéíîþ
ôóíêöi¹þ g(·) iç êëàñó Cr

l (Rn), òî

u0(t;x) =

∫
Rn

G(t, 0;x− ξ)g(ξ)dξ, (t;x) ∈ Π(0;T ],
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i çà óìîâè, ùî |l|+ > n i |r|+ > n, ïî÷àòêîâó óìîâó (2) ìîæíà ðîçãëÿäàòè âæå ÿê
ðiâíîìiðíó çáiæíiñòü ñòîñîâíî ïðîñòîðîâî¨ çìiííî¨ x íà êîæíié êîìïàêòíié ìíîæèíi
K ⊂ Rn:

u(t;x)
x∈K
⇒
t→+0

g(x).

Öåé ôàêò ñòà¹ î÷åâèäíèì, ÿêùî çâàæèòè íà òâåðäæåííÿ Ëåìè 1, Òåîðåìè 4 i íà òå,
ùî u = u0 + u1.

Çàóâàæåííÿ. Îäåðæàíi òóò ðåçóëüòàòè ãàðìîíi÷íî äîïîâíþþòü i ðîçøèðþþòü ðåçóëü-

òàòè äîñëiäæåíü, ïðîâåäåíèõ ó [10,15].

4 Âèñíîâêè

Çíàéäåíî äîñòàòíi óìîâè íà íåîäíîðiäíîñòi {~p,~h}-ïàðàáîëi÷íèõ ðiâíÿíü çi çìiííèìè
êîåôiöi¹íòàìè, çà ÿêèõ çàäà÷à Êîøi äëÿ òàêèõ ðiâíÿíü ó êëàñi óçàãàëüíåíèõ ïî÷àòêî-
âèõ äàíèõ òèïó ðîçïîäiëiâ Ãåëüôàíäà i Øèëîâà ìà¹ ¹äèíèé êëàñè÷íèé ðîçâ'ÿçîê, ÿêèé
íåïåðåðâíî çàëåæèòü âiä ïî÷àòêîâèõ äàíèõ.

Ñïèñîê ëiòåðàòóðè

[1] Ýéäåëüìàí Ñ.Ä. Îá îäíîì êëàññå ïàðàáîëè÷åñêèõ ñèñòåì Äîêë. ÀÍ ÑÑÑÐ. 1960, 133 (1), 40�43.

[2] Ëèòîâ÷åíêî Â.À. Çàäà÷à Êîøè äëÿ {~p,~h}-ïàðàáîëè÷åñêèõ óðàâíåíèé ñ êîýôèöèåíòàìè, çàâèñÿ-

ùèìè îò âðåìåíè Ìàòåì. çàìåòêè. 2005, 77 (3), 395�411. doi: 10.1007/s11006-005-0036-9

[3] Ó Õîó�ñèíü Îá îïðåäåëåíèè ïàðàáîëè÷íîñòè ñèñòåì óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ Óñïåõè

ìàòåì. íàóê. 1960, 15 (6), 157�161.

[4] Ìàòèé÷óê Ì.È., Ýéäåëüìàí Ñ.Ä. Î ôóíäàìåíòàëüíûõ ðåøåíèÿõ è çàäà÷å Êîøè äëÿ ïàðàáîëè-

÷åñêèõ ñèñòåì, êîýôôèöèåíòû êîòîðûõ óäîâëåòâîðÿþò óñëîâèþ Äèíèí Òðóäû ñåìèíàðà ïî

ôóíêö. àíàëèçó. Âîðîíåæ. 1967, 9, 54�83.

[5] Èâàñèøåí Ñ.Ä., Ýéäåëüìàí Ñ.Ä. ~2b-ïàðàáîëè÷åñêèå ñèñòåìû Òðóäû ñåìèíàðà ïî ôóíêö. àíàëèçó.

Êèåâ: Èí-ò ìàòåì. ÀÍ ÓÑÑÐ. 1968, 1, 3�175.

[6] Èâàñèøåí Ñ.Ä. Îá èíòåãðàëüíûõ ïðåäñòàâëåíèÿ è ñâîéñòâå Ôàòó äëÿ ðåøåíèé ïàðàáîëè÷åñêèõ

ñèñòåì Óñïåõè ìàòåì. íàóê. 1986, 41 (4), 173�174.

[7] Èâàñèøåí Ñ.Ä. Èíòåãðàëüíîå ïðåäñòàâëåíèå è íà÷àëüíûå çíà÷åíèÿ ðåøåíèé ~2b-ïàðàáîëè÷åñêèõ

ñèñòåì Óêð. ìàòåì. æóðí. 1990, 42 (4), 500�506.

[8] Iâàñèøåí Ñ.Ä., Ïàñi÷íèê Ã.Ñ. Ïðî çàäà÷ó Êîøi äëÿ ~2b-ïàðàáîëi÷íèõ ñèñòåì çi çðîñòàþ÷èìè êî-

åôiöi¹íòàìè Óêð. ìàòåì. æóðí. 2000, 52 (11), 1484�1496.

[9] Ãîðîäåöêèé Â.Â. Î ëîêàëèçàöèè ðåøåíèé çàäà÷è Êîøè äëÿ ~2b-ïàðàáîëè÷åñêèõ ñèñòåì â êëàññàõ

îáîáùåííûõ ôóíêöèé Äèôô. óðàâí. 1988, 24 (2), 348�350.

[10] Eidelman S.D., Ivasyshen S.D., Kochubei A.N. Analytic methods in the theory of di�erential and

pseudodi�erential equations of parabolic type. Basel-Boston-Berlin: Birkhaser, 2004.

[11] Ëiòîâ÷åíêî Â.À. Êîðåêòíà ðîçâ'ÿçíiñòü çàäà÷i Êîøi äëÿ ïàðàáîëi÷íèõ ïñåâäîäèôåðåíöiàëüíèõ

ñèñòåì ó ïðîñòîðàõ íåñêií÷åííî äèôåðåíöiéîâíèõ ôóíêöié. Àâòîðåô. äèñ. . . . äîêò. ôiç.-ìàò. íàóê:

01.01.02. Êè¨â, 2009.



154 Ëiòîâ÷åíêî Â.A. Ãîðáàòåíêî Ì.Þ.

[12] Ëiòîâ÷åíêî Â.À. Ôóíäàìåíòàëüíèé ðîçâ'ÿçîê çàäà÷i Êîøi äëÿ {~p,~h}-ïàðàáîëi÷íèõ ñèñòåì çi

çìiííèìè êîåôiöi¹íòàìè Íåëií. êîëèâ. 2018, 21 (2), 189�196. https://doi.org/10.1007/s10958-019-

04537-x

[13] Ãåëüôàíä È.Ì., Øèëîâ Ã.Å. Ïðîñòðàíñòâà îñíîâíûõ è îáîáùåííûõ ôóíêöèé. Ì.: Ôèçìàòãèç,

1958.

[14] Ãåëüôàíä È.Ì. Íåêîòîðûå âîïðîñû òåîðèè äèôôåðåíöèàëüíûõ óðàâíåíèé. Ì.: Ôèçìàòãèç, 1958.

[15] Dovzhytska I.M. The Cauchy problem for inhomogeneous parabolic Shilov equations Carpathian Math.

Publ. 2021, 13 (2), 475�484. https://doi.org/10.15330/cmp.13.2.475-484

Ñïèñîê ëiòåðàòóðè

[1] Eidelman S.D. About one class of parabolic systems Dokl. AN SSSR. 1960, 133 (1), 40�43. (in Russian)

[2] V. Litovchenko Cauchy problem for {~p;~h}-parabolic equations with time-dependent coe�cients Math.

Notes. 2005, 77 (3-4), 364�379. doi: 10.1007/s11006-005-0036-9

[3] U. Hou-Sin On the de�nition of parabolicity of systems of equations with partial derivatives Uspekhi

Mat. Nauk. 1960, 15 (6), 157�161. (in Russian)

[4] Matyichuk Ì.I., Eidelman S.D. On fundamental solutions and the Cauchy problem for parabolic systems

whose coe�cients satisfy the Dinin condition Proceedings of the seminar on functional analysis.

Voronezh. 1967, 9, 54�83. (in Russian)

[5] Ivasishen S.D., Eidelman S.D. ~2b-parabolic systems Proceedings of the seminar on functional analysis.

Kyiv: Institute of Mathematics ÀN USSR. 1968, 1, 3�175. (in Russian)

[6] Ivasishen S.D. On integral representations and the Fatu property for solutions of parabolic systems

Uspekhi Mat. Nauk. 1986, 41 (4), 173�174. (in Russian)

[7] Ivasishen S.D. Integral representation and initial values of solutions of ~2b-parabolic systems Ukr. Math.

J. 1990, 42 (4), 500�506. (in Russian)

[8] Ivasishen S.D., Pasichnik G.S. On the Cauchy problem for ~2b-parabolic systems with increasing coe�-

cients Ukr. Math. J. 2000, 52 (11), 1484�1496. (in Ukrainian)

[9] Gorodetskii V.V. On the localization of solutions of the Cauchy problem for ~2b-parabolic systems in

classes of generalized functions Di�. Equat. 1988, 24 (2), 348�350. (in Russian)

[10] Eidelman S.D., Ivasyshen S.D., Kochubei A.N. Analytic methods in the theory of di�erential and

pseudodi�erential equations of parabolic type. Basel-Boston-Berlin: Birkhaser, 2004.

[11] Litovchenko V.A. Correct solvability of the Cauchy problem for parabolic pseudodi�erential systems

in spaces of in�nitely di�erentiable functions. Autoref. thesis ... Dr. physics and mathematics Sciences:

01.01.02. Kyiv, 2009. (in Ukrainian)

[12] Litovchenko V.A. Fundamental Solution of the Cauchy Problem for {~p;~h}-parabolic systems with vari-

able coe�cients J. Math. Sci. 2019, 243, 230�239. https://doi.org/10.1007/s10958-019-04537-x

[13] I. Gel'fand and G. Shilov Generalized Functions. Vol. 3. Theory of Di�erential Equations. Boston, MA:

Academic Press, 1967.

[14] I. M. Gel'fand and G. E. Shilov Spaces of Basic and Generalized Functions. Moscow: Gos. Izd. Fiz.

Mat. Lit., 1958. (in Russian)

[15] Dovzhytska I.M. The Cauchy problem for inhomogeneous parabolic Shilov equations Carpathian Math.

Publ. 2021, 13 (2), 475�484. https://doi.org/10.15330/cmp.13.2.475-484



Íåîäíîðiäíi äèôåðåíöiàëüíi ðiâíÿííÿ ç äèñèïàòèâíîþ ïàðàáîëi÷íiñòþ é äîäàòíèì ðîäîì155

Íàäiéøëî 04.11.2022

Litovchenko V.À. Gorbatenko M.Y. Inhomogeneous di�erential equations of vector order with

dissipative parabolicity and positive genus, Bukovinian Math. Journal. 10, 2 (2022), 144�155.

Parabolicity in the sense of both Petrosky and Shilov has a scalar character. It is not able

to take into account the speci�city of the heterogeneity of the environment. In this regard,

in the early 70-s, S.D. Eidelman proposed the so-called ~2b-parabolicity, which is a natural

generalization of the Petrovsky parabolicity for the case of an anisotropic medium. A detailed

study of the Cauchy problem for equations with such parabolicity was carried out in the works

of S.D. Eidelman, S.D. Ivasishena, M.I. Matiichuk and their students.

An extension of parabolicity according to Shilov for the case of anisotropic media is {~p,~h}-
parabolicity. The class of equations with such parabolicity is quite broad, it includes the classes

of Eidelman, Petrovskii, and Shilov and allows unifying the classical theory of the Cauchy

problem for parabolic equations.

In this work, for inhomogeneous {~p,~h}-parabolic equations with vector positive genus, the

conditions under which the Cauchy problem in the class of generalized initial functions of the

type of Gelfand and Shilov distributions will be correctly solvable are investigated. At the same

time, the inhomogeneities of the equations are continuous functions of �nite smoothness with

respect to the set of variables, which decrease with respect to the spatial variable, and are

unbounded with the integrable feature with respect to the time variable.


