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Ïîâòîðíi ÿäðà ôóíêöi¨ Ãðiíà ïàðàáîëi÷íèõ ðiâíÿíü òèïó Øèëîâà çi

çìiííèìè êîåôiöi¹íòàìè òà âiä'¹ìíèì ðîäîì

Ïîíÿòòÿ ïàðàáîëi÷íîñòi çà Øèëîâèì óçàãàëüíþ¹ ïîíÿòòÿ ïàðàáîëi÷íîñòi çà Ïåòðîâ-

ñüêèì ðiâíÿíü ç ÷àñòèííèìè ïîõiäíèìè òà ïðèçâîäèòü äî iñòîòíîãî ðîçøèðåííÿ âiäîìîãî

êëàñó Ïåòðîâñüêîãî òèìè ïàðàáîëi÷íèìè ðiâíÿííÿìè, ïîðÿäîê ÿêèõ âæå ìîæå íå çáiãàòèñÿ

ç ïîêàçíèêîì ïàðàáîëi÷íîñòi. Òàêå ðîçøèðåííÿ, âçàãàëi êàæó÷è, ïîçáàâëÿ¹ ïàðàáîëi÷íî¨

ñòiéêîñòi ñòîñîâíî çìiíè êîåôiöi¹íòiâ ïàðàáîëi÷íèõ çà Øèëîâèì ðiâíÿíü, ÿêà ¹ ïðèòàìàí-

íîþ äëÿ ðiâíÿíü ç êëàñó Ïåòðîâñüêîãî. Ó çâ'ÿçêó ç öèì âèíèêàþòü iñòîòíi òðóäíîùi ïðè

äîñëiäæåííi çàäà÷i Êîøi äëÿ ïàðàáîëi÷íèõ çà Øèëîâèì ðiâíÿíü çi çìiííèìè êîåôiöi¹íòà-

ìè.

Ó 60-õ ðîêàõ ìèíóëîãî ñòîëiòòÿ ß.I.Æèòîìèðñüêèé îçíà÷èâ ñïåöiàëüíèé êëàñ ïàðàáî-

ëi÷íèõ òèïó Øèëîâà ðiâíÿíü, ÿêèé ðîçøèðþ¹ êëàñ Øèëîâà i ïðè öüîìó, ¹ ïàðàáîëi÷íî

ñòiéêèì äî çìiíè ìîëîäøèõ êîåôiöi¹íòiâ. Äëÿ öüîãî êëàñó âií ìåòîäîì ïîñëiäîâíèõ íàáëè-

æåíü âñòàíîâèâ êîðåêòíó ðîçâ'ÿçíiñòü çàäà÷i Êîøi â êëàñi îáìåæåíèõ ïî÷àòêîâèõ ôóíêöié

ñêií÷åííî¨ ãëàäêîñòi. Îäíàê äëÿ îäåðæàííÿ çàãàëüíiøèõ ðåçóëüòàòiâ âàæëèâèì ¹ çíàííÿ

ôóíêöi¨ Ãðiíà çàäà÷i Êîøi.

Ó äàíié ïóáëiêàöi¨ äëÿ ïàðàáîëi÷íèõ òèïó Øèëîâà ðiâíÿíü iç îáìåæåíèìè ãëàäêèìè

çìiííèìè êîåôiöi¹íòàìè òà âiä'¹ìíèì ðîäîì âñòàíîâëåíî îöiíêè ïîâòîðíèõ ÿäåð ôóíêöi¨

Ãðiíà çàäà÷i Êîøi, ÿêi äîçâîëÿþòü äîñëiäèòè âëàñòèâîñòi ãóñòèíè îá'¹ìíîãî ïîòåíöiàëó

öi¹¨ ôóíêöi¨. Öi ðåçóëüòàòè âàæëèâi äëÿ ðîçáóäîâè òåîði¨ çàäà÷i Êîøi äëÿ ïàðàáîëi÷íèõ

òèïó Øèëîâà ðiâíÿíü êëàñè÷íèìè çàñîáàìè ôóíêöi¨ Ãðiíà.

Êëþ÷îâi ñëîâà i ôðàçè: ôóíêöiÿ Ãðiíà, çàäà÷à Êîøi, ïàðàáîëi÷íi çà Øèëîâèì ðiâíÿ-

ííÿ, ïîâòîðíi ÿäðà.
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Âñòóï

Íà âiäìiíó âiä 2b-ïàðàáîëi÷íèõ çà Ïåòðîâñüêèì ðiâíÿíü iç ÷àñòèííèìè ïîõiäíèìè,

ó ïàðàáîëi÷íèõ çà Øèëîâèì ðiâíÿííÿõ ïîðÿäîê p âæå ìîæå íå çáiãàòèñÿ ç ïîêàçíèêîì

ïàðàáîëi÷íîñòi h, ùî ñïðè÷èíÿ¹ åôåêò ”äèñèïàöi¨ ïàðàáîëi÷íîñòi” ìiðîþ ÿêî¨ ñëóãó¹

ñïåöiàëüíà õàðàêòåðèñòèêà ðiâíÿííÿ � éîãî ðiä µ [1, 2]: 1 − (p − h) ≤ µ ≤ 1. Ïàðà-

áîëi÷íi ðiâíÿííÿ, â ÿêèõ p = h, öå, çîêðåìà, êëàñè÷íå ðiâíÿííÿ òåïëîïðîâiäíîñòi òà
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âñi 2b-ïàðàáîëi÷íi ðiâíÿííÿ, ìàþòü ðiä µ = 1. À äëÿ ðiâíÿíü ç p 6= h, âçàãàëi êàæó÷è,

ðiä µ < 1. I ÷èì áiëüøå ïîêàçíèê ïàðàáîëi÷íîñòi h âiäõèëÿ¹òüñÿ âiä ïîðÿäêó ðiâíÿí-

íÿ p, òèì áiëüøå éîãî ðiä µ çìåíøóþ÷èñü, âiääàëÿ¹òüñÿ âiä 1. Ó ðiâíÿííÿõ ç òàêîþ

äèñèïàöi¹þ íàâiòü çi ñòàëèìè êîåôiöi¹íòàìè ñïîñòåðiãàþòüñÿ âiäõèëåííÿ âiä ñòàíäàð-

òiâ, ÿêi çàäà¹ êëàñè÷íå ðiâíÿííÿ òåïëîïðîâiäíîñòi. Ïåðåäóñiì, äëÿ ¨õ ôóíäìåíòàëüíîãî

ðîçâ'ÿçêó G(t, τ ; ·) ïîãiðøóþòüñÿ âëàñòèâîñòi àíàëiòè÷íîñòi â êîìïëåêñíîìó ïðîñòîði

Cn, à òàêîæ, çìiíþ¹òüñÿ ïîðÿäîê åêñïîíåíöiàëüíî¨ ïîâåäiíêè íà äiéñíié ãiïåðïëîùèíi

Rn [2, 3]:

|∂kxG(t, τ ;x)| ≤ Ak(t− τ)−
|k|+n
h

 e
−δ0
(

‖x‖
(t−τ)µ/p

) p
p−µ

, 0 ≤ µ ≤ 1,

e
−δ0
(

‖x‖
(t−τ)µ/h

) h
h−µ

, µ < 0.

(1)

Ùå îäíèì àíîìàëüíèì ÿâèùåì ðiâíÿíü ç äèñèïàòèâíîþ ïàðàáîëi÷íiñòþ ¹ ¨õ ïàðàáî-

ëi÷íà íåñòiéêiñòü ñòîñîâíî çìiíè êîåôiöi¹íòiâ, íàâiòü òèõ, ùî çíàõîäÿòüñÿ ïðè íóëüîâié

ïîõiäíié. Íà öåé ôàêò óïåðøå çâåðíóâ óâàãó Ó Õîó-Ñiíü ùå â 1960 ð. íàâiâøè ïðèêëàä

ïàðàáîëi÷íî íåñòiéêî¨ ñèñòåìè [4].

Äîñëiäæåííÿ çàäà÷i Êîøi äëÿ ïàðàáîëi÷íèõ çà Øèëîâèì ðiâíÿíü ïðîâîäèëîñü ó

áàãàòüîõ ïðàöÿõ. Çîêðåìà, â [2] îïèñàíî êëàñè ¹äèíîñòi òà êîðåêòíîñòi öi¹¨ çàäà÷i. Âëà-

ñòèâîñòi ñòàáiëiçàöi¨ ðîçâ'ÿçêiâ ïðè ñïåöiàëüíèõ Λ-óìîâàõ âèâ÷àëèñÿ â [5, 6]. Ó [7, 8]

âñòàíîâëåíî ïðèíöèï ëîêàëiçàöi¨ ðîçâ'ÿçêó íà ïî÷àòêîâié ãiïåðïëîùèíi, à â ïðàöÿõ [8, 9]

çàïðîïîíîâàíî àëüòåðíàòèâíi ìåòîäè äîñëiäæåííÿ ôóíäàìåíòàëüíîãî ðîçâ'ÿçêó, ÿêi äî-

çâîëÿþòü óíèêíóòè ïîíÿòòÿ ðîäó ðiâíÿííÿ òà òðóäíîùiâ, ïîâ'ÿçàâíèõ ç éîãî çíàõîäæå-

ííÿì. Ó [10, 11] ðîçâèâà¹òüñÿ àáñòðàêòíà òåîðiÿ çàäà÷i Êîøi ó Áàíàõîâèõ ïðîñòîðàõ.

Ïèòàííÿ êîðåêòíî¨ ðîçâ'ÿçíîñòi çàäà÷i Êîøi äëÿ ðiâíÿíü ç íåîäíîðiäíiñòþ âèâ÷à¹òüñÿ

â [12]. Íåëîêàëüíà çàäà÷à Êîøi ç iìïóëüñíîþ äi¹þ äîñëiäæåíà â [13, 14].

Íàÿâíiñòü äèñèïàöi¨ ïàðàáîëi÷íîñòi â ðiâíÿííi iñòîòíî óñêëàäíþ¹ ïðîöåñ éîãî äî-

ñëiäæåííÿ, çîêðåìà, ïîøèðåííÿ ðÿäó âiäîìèõ ðåçóëüòàòiâ êëàñè÷íî¨ òåîði¨ çàäà÷i Êîøi

äëÿ ïàðàáîëi÷íèõ çà Ïåòðîâñüêèì ðiâíÿíü [15, 16, 17]. Äîñi çàëèøà¹òüñÿ âiäêðèòîþ

ïðîáëåìà ðîçáóäîâè êëàñè÷íî¨ òåîði¨ êðàéîâèõ çàäà÷, çîêðåìà, çàäà÷i Êîøi äëÿ ðiâ-

íÿíü çi çìiííèìè êîåôiöi¹íòàìè. Ïåðøi ðåçóëüòàòè â öüîìó íàïðÿìêó áóëè îäåðæàíi

ß.I.Æèòîìèðñüêèì ùå â 60-õ ðîêàõ ìèíóëîãî ñòîëiòòÿ [3], ÿêèé âèîêðåìèâ êëàñ ïàðà-

áîëi÷íî ñòiéêèõ äî çìiíè ñâî¨õ êîåôiöi¹íòiâ ðiâíÿíü i âñòàíîâèâ êîðåêòíó ðîçâ'ÿçíiñòü

çàäà÷i Êîøi â êëàñi îáìåæåíèõ çi ñêií÷åííîþ ãëàäêiñòþ ôóíêöié. Êëàñ Æèòîìèðñüêîãî

óçàãàëüíþ¹ òà ðîçøèðþ¹ êëàñ Øèëîâà ðiâíÿíü çi ñòàëèìè êîåôiöi¹íòàìè, îäíàê, äîñëi-

äæåííÿ ß.I.Æèòîìèðñüêèì ïðîâîäèëèñü ëèøå ó âèïàäêó êîåôiöi¹íòiâ, íåçàëåæíèõ âiä

÷àñó, ïðè öüîìó ðîçâ'ÿçîê çàäà÷i Êîøi áóäóâàâñÿ ìåòîäîì ïîñëiäîâíèõ íàáëèæåíü áåç

âèêîðèñòàííÿ ôóíêöi¨ Ãðiíà çàäà÷i. Çàçíà÷èìî, ùî íàÿâíiñòü ôóíêöi¨ Ãðiíà äîçâîëÿ¹

îäåðæóâàòè çàãàëüíiøi ðåçóëüòàòè, òîìó âàæëèâîþ ¹ ïîáóäîâà öi¹¨ ôóíêöi¨.

Ïî÷èíàþ÷è ç 2012 ðîêó, äîñëiäæåííÿ Æèòîìèðñüêîãî áóëè ïðîäîâæåíi â [18, 19, 20,

21, 22, 23]. Äëÿ çàãàëüíîãî êëàñó ðiâíÿíü ç äèñèïàòèâíîþ ïàðàáîëi÷íiñòþ òà íåâiä'¹ìíèì

ðîäîì µ, êîåôiöi¹íòè ÿêèõ âæå ìîæóòü çàëåæàòè i âiä ÷àñó, à ñòîñîâíî ïðîñòîðîâî¨

çìiííî¨ x � ìàòè ðiçíèé ñòóïiíü ãëàäêîñòi, áóëî ïîáóäîâàíî ôóíêöiþ Ãðiíà çàäà÷i Êî-

øi (ÔÃÇÊ), çà äîïîìîãîþ ÿêî¨ âñòàíîâëåíî êîðåêòíó ðîçâ'ÿçíiñòü öi¹¨ çàäà÷i â äîñèòü
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øèðîêèõ êëàñàõ ïî÷àòêîâèõ ôóíêöié, ñåðåä åëåìåíòiâ ÿêèõ ¹ óçàãàëüíåíi ôóíêöi¨ òèïó

ðîçïîäiëiâ Ãåëüôàíäà i Øèëîâà. Òàêîæ, îäåðæàíî ðÿä âëàñòèâîñòåé ðîçâ'ÿçêiâ òàêèõ

ñèñòåì. Ïîøèðåííÿ öèõ ðåçóëüòàòiâ íà ñèñòåìè ç ðîäîì µ < 0 íå âèäàëîñü ìîæëèâèì.

Îñêiëüêè, çãiäíî ç îöiíêàìèÆèòîìèðñüêîãî (1), ó öüîìó âèïàäêó ïàðàìåòðèêñ G(t, τ ; ·)
ìà¹ îñîáëèâiñòü óæå íà âñié ãiïåðïëîùèíi t = τ , ùî óíåìîæëèâëþ¹ êëàñè÷íèìè çàñîáà-

ìè îáãðóíòóâàòè ïðîöåñ çáiæíîñòi ïîñëiäîâíîãî íàáëèæåííÿ ïðè ïîáóäîâi âiäïîâiäíî¨

ôóíêöi¨ Ãðiíà. Ó çâ'ÿçêó ç öèì âèíèêà¹ ïðèðîäíå ïèòàííÿ: íà ñêiëüêè òî÷íèìè ¹ îöiíêè

(1) äëÿ ðiâíÿíü ç ðîäîì µ < 0?

Âiäïîâiäü íà öå ïèòàííÿ ç'ÿñîâàíî â [24]. Òóò çàïðîïîíîâàíî ìåòîä äîñëiäæåííÿ

ôóíêöi¨ G(t, τ ; ·) äëÿ ïàðàáîëi÷íèõ çà Øèëîâèì ðiâíÿíü ç µ < 0, ÿêèé äîçâîëÿ¹ iñòî-

òíî ïîêðàùèòè îöiíêè (1) i áiëüø òî÷íî îïèñàòè îñîáëèâiñòü ïîâåäiíêè öi¹¨ ôóíêöi¨ íà

ãiïåðïëîùèíi t = τ . Öi ðåçóëüòàòè äîçâîëÿþòü âæå ïðîâîäèòè äîñëiäæåííÿ ïàðàáîëi-

÷íèõ ðiâíÿíü çi çìiííèìè êîåôiöi¹íòàìè é âiä'¹ìíèì ðîäîì êëàñè÷íèìè çàñîáàìè òåîði¨

ðiâíÿíü ç ÷àñòèííèìè ïîõiäíèìè.

Ó äàíié ðîáîòi ðîçãëÿäà¹òüñÿ çàãàëüíèé êëàñ ëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü ç

äèñèïàòèâíîþ ïàðàáîëi÷íiñòþ, âiä'¹ìíèì ðîäîì i ãëàäêèìè îáìåæåíèìè çìiííèìè êîå-

ôiöi¹íòàìè, ÿêèé ïðèðîäíî ðîçøèðþ¹ âiäîìèé êëàñÆèòîìèðñüêîãî òà óçàãàëüíþ¹ êëàñ

Øèëîâà. Äëÿ öüîãî êëàñó âñòàíîâëþþòüñÿ îöiíêè ïîõiäíèõ ïîâòîðíèõ ÿäåð ÔÃÇÊ, çà

äîïîìîãîþ ÿêèõ äîñëiäæóþòüñÿ âëàñòèâîñòi ãóñòèíè ¨¨ îá'¹ìíîãî ïîòåíöiàëó. Îäåðæàíi

ðåçóëüòàòè âàæëèâi äëÿ ðîçáóäîâè êëàñè÷íî¨ òåîði¨ çàäà÷i Êîøi äëÿ ðiâíÿíü ç äèñèïà-

òèâíîþ ïàðàáîëi÷íiñòþ òà çìiííèìè êîåôiöi¹íòàìè ìåòîäîì ÔÃÇÊ.

1 Ïîïåðåäíi âiäîìîñòi

Íåõàé T � ôiêñîâàíå ÷èñëî ç (0; +∞), N � ìíîæèíà âñiõ íàòóðàëüíèõ ÷èñåë; Nm :=

{1; . . . ;m}; Rn i Cn � âiäïîâiäíî äiéñíèé i êîìïëåêñíèé ïðîñòîðè ðîçìiðíîñòi n ≥ 1;

R := R1, C := C1; 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; |l| := l1 + . . . + ln, z
l := zl11 . . . z

ln
n , ÿêùî

z := (z1; . . . ; zn) ∈ Cn, l := (l1; . . . ; ln) ∈ Zn+; ΠM := {(t;x)| t ∈ M,x ∈ Rn}, M ⊂ R,
Π2
T := {(t, x; τ, ξ)| 0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn}; S′ � ïðîñòið ðîçïîäiëiâ Øâàðöà [25].

Ðîçãëÿíåìî äèôåðåíöiàëüíå ðiâíÿííÿ ç ÷àñòèííèìè ïîõiäíèìè ïîðÿäêó p

∂tu(t;x) = {A0(t; i∂x) + A1(t, x; i∂x)}u(t;x), (t;x) ∈ Π(0;T ], (2)

â ÿêîìó u � íåâiäîìà ôóíêöiÿ, à

A0(t; i∂x) =
∑
|k|≤p

a0,k(t)i
|k|∂kx , A1(t, x; i∂x) =

∑
|k|≤p1

a1,k(t;x)i|k|∂kx

� äèôåðåíöiàëüíi âèðàçè ïîðÿäêiâ âiäïîâiäíî p i p1 ç íåïåðåðâíèìè ùîäî çìiííî¨ t i

íåñêií÷åííî äèôåðåíöiéîâíèìè ñòîñîâíî x îáìåæåíèìè êîåôiöi¹íòàìè a0,k(t) i a1,k(t;x).

Ïðè öüîìó ââàæàòèìåìî, ùî ðiâíÿííÿ

∂tu(t;x) = A0(t; i∂x)u(t;x), (t;x) ∈ Π(0;T ], (3)
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� ïàðàáîëi÷íå çà Øèëîâèì íà ìíîæèíi Π[0;T ] ç ïîêàçíèêîì ïàðàáîëi÷íîñòi h, 0 < h ≤ p, i

ðîäîì µ < 0, à ïîðÿäîê p1 ãðóïè ìîëîäøèõ ÷ëåíiâ ðiâíÿííÿ (2) ìåíøèé çà h: 0 ≤ p1 < h.

Íàãàäà¹ìî, ùî ðiâíÿííÿ (3) íà ìíîæèíi Π[0;T ] íàçèâà¹òüñÿ ïàðàáîëi÷íèì çà Øèëî-

âèì, àáî {p, h}-ïàðàáîëi÷íèì, ÿêùî

∃δ0 > 0 ∃δ ≥ 0 ∀(t; ξ) ∈ Π[0;T ] : ReA0(t; ξ) ≤ −δ0‖ξ‖h + δ.

Äëÿ {p, h}-ïàðàáîëi÷íîãî ðiâíÿííÿ (3) çãiäíî ç òåîðåìàìè òèïó Ôðàãìåíà-Ëiíäåëüîôà

[25] iñíó¹ îáëàñòü

Kν = {ζ = ξ + iη ∈ Cn : ‖η‖ ≤ K(1 + ‖ξ‖)ν}

iç ν ç [1− (p− h); 1] i äîäàòíîþ ñòàëîþ K, â ÿêié

ReA0(t; ζ) ≤ −δ0‖ξ‖h + δ, t ∈ (0;T ]. (4)

Ðîäîì µ {p, h}-ïàðàáîëi÷íîãî ðiâíÿííÿ (3) íàçèâà¹òüñÿ òî÷íà âåðõíÿ ìåæà iíäåêñiâ ν, ç
ÿêèìè â îáëàñòi Kν âèêîíó¹òüñÿ îöiíêà (4).

ÔÃÇÊ äëÿ {p, h}-ïàðàáîëi÷íîãî ðiâíÿííÿ (3) ïîçíà÷èìî ÷åðåç G:

G(t, τ ;x) = F−1[θtτ (ξ)](t, τ ;x),

äå

θtτ (ξ) = e
∫ t
τ A0(β;ξ)dβ.

Ïðàâèëüíå íàñòóïíå òâåðäæåííÿ [24].

Òåîðåìà 1. Íåõàé ðiâíÿííÿ (3) {p, h}-ïàðàáîëi÷íå ç âiä'¹ìíèì ðîäîì µ, à l ≥ 0 i α ≥ 0

� äîâiëüíî ôiêñîâàíi ÷èñëà òàêi, ùî l ≤ 1 + αh i (αh− l)µ ≥ αh, òîäi

∃{c, δ, A,B} ⊂ (0; +∞) ∀k ∈ Zn+ ∀q ∈ Z+ ∀x ∈ Rn \ {0} ∀τ ∈ [0;T ) ∀t ∈ (τ ;T ] :

|∂kxG(t, τ ;x)| ≤ cAqB|k|

‖x‖q
q(1−

µ
h
)qk

k
h (t− τ)

(l+µ)q−n−|k|
h e

−δ
(
|x1|+...+|xn|
(t−τ)(l+µ)/h

) 1
1−µ/h

. (5)

Çàçíà÷èìî, ùî îöiíêè Æèòîìèðñüêîãî (1) äëÿ âèïàäêó µ < 0 âèïëèâàþòü áåçïîñå-

ðåäíüî ç (5) ïðè q = 0, l = 0 i α = 0.

Ïîêëàâøè l = 1 + αh, (αh− l)µ = αh, q = 0 i âðàõóâàâøè ñïiââiäíîøåííÿ

(|x1|+ . . .+ |xn|)λ ≥ (|x1|λ + . . .+ |xn|λ)/n (∀x ∈ Rn ∀λ > 0),

ç òåîðåìè 1 ïðèõîäèìî äî òàêîãî òâåðäæåííÿ.

Íàñëiäîê 1. Äëÿ {p, h}-ïàðàáîëi÷íîãî ðiâíÿííÿ (3) ç ðîäîì µ < 0 iñíóþòü äîäàòíi
ñòàëi c, B i δ òàêi, ùî äëÿ âñiõ k ∈ Zn+, x ∈ Rn, τ ∈ [0;T ) i t ∈ (τ ;T ] âèêîíó¹òüñÿ îöiíêà

|∂kxG(t, τ ;x)| ≤ cB|k|k
k
h (t− τ)−

n+|k|
h e−δ

|̃x|λ

(t−τ)γ (6)

(òóò |̃x|
λ

:= |x1|λ + . . .+ |xn|λ, λ := 1
1−µ/h i γ := 1

h−µ).
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Îçíà÷åííÿ. ÔÃÇÊ äëÿ ðiâíÿííÿ (2) íàçâåìî ôóíêöiþ Z(t, x; τ, ξ), âèçíà÷åíó íà Π2
T

òàêó, ùî:
1) Z ÿê ôóíêöiÿ (t;x) çàäîâîëüíÿ¹ ðiâíÿííÿ (2) íà ìíîæèíi Π(τ ;T ], τ ∈ [0;T );
2) âèêîíó¹òüñÿ ãðàíè÷íå ñïiââiäíîøåííÿ

Z(t, x; τ, ·) −→
t→τ+0

δ(· − x)

ó ðîçóìiííi ñëàáêî¨ çáiæíîñòi â ïðîñòîði S′ (òóò δ(·) � äåëüòà-ôóíêöiÿ Äiðàêà).

Íàäàëi íàì çíàäîáëÿòüñÿ íàñòóïíi îöiíêè [18]:

e−δ
{
|x−y|λ
(t−β)γ +

|y−ξ|λ
(β−τ)γ

}
≤ e−δ

|x−ξ|λ
(t−τ)γ ; (7)∫

R

(
(t− β)(β − τ)

)−γ/λ
e−δ
{
|x−y|λ
(t−β)γ +

|y−ξ|λ
(β−τ)γ

}
dy ≤ cε(t− τ)−γ/λe−δ(1−ε)

|x−ξ|λ
(t−τ)γ , (8)

ÿêi âèêîíóþòüñÿ äëÿ âñiõ {x, y, ξ} ⊂ R, β ∈ (τ ; t), 0 ≤ τ < t ≤ T i ε ∈ (0; 1), ïðè÷îìó

âåëè÷èíà cε çàëåæèòü ëèøå âiä ε.

2 Ïîâòîðíi ÿäðà ÔÃÇÊ

ÔÃÇÊ äëÿ ðiâíÿííÿ (2) äîöiëüíî áóäóâàòè ó âèãëÿäi

Z(t, x; τ, ξ) = G(t, τ ;x− ξ) +

t∫
τ

dβ

∫
Rn

G(t, β;x− y)Φ(β, y; τ, ξ)dy ≡

≡ G(t, τ ;x− ξ) +W (t, x; τ, ξ), (9)

äå G � ÔÃÇÊ äëÿ ðiâíÿííÿ (3), à Φ � äåÿêà ôóíêöiÿ, ÿêó ñëiä âèáèðàòè òàê, ùîá Z

ñòîñîâíî çìiííèõ (t;x) áóëà ðîçâ'ÿçêîì ðiâíÿííÿ (2). Çãiäíî ç îçíà÷åííÿì ðîçâ'ÿçêó

äèôåðåíöiàëüíîãî ðiâíÿííÿ, ëåãêî ïåðåêîíó¹ìîñü ó òîìó, ùî öÿ ôóíêöiÿ çàäîâîëüíÿ¹

iíòåãðàëüíå ðiâíÿííÿ

Φ(t, x; τ, ξ) = K(t, x; τ, ξ) +

t∫
τ

dβ

∫
Rn

K(t, x; β, y)Φ(β, y; τ, ξ)dy, (10)

â ÿêîìó

K(t, x; τ, ξ) = A1(t, x; i∂x)G(t, τ ;x− ξ).

Ðîçâ'ÿçóþ÷è çàçíà÷åíå ðiâíÿííÿ ìåòîäîì ïîñëiäîâíèõ íàáëèæåíü, îäåðæèìî òàêèé

éîãî ôîðìàëüíèé ðîçâ'ÿçîê:

Φ(t, x; τ, ξ) =
∞∑
l=1

Kl(t, x; τ, ξ), (11)
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äå K1 = K, à

Kl(t, x; τ, ξ) =

t∫
τ

dβ

∫
Rn

K1(t, x; β, y)Kl−1(β, y; τ, ξ)dy, l > 1.

Äëÿ âñòàíîâëåííÿ çáiæíîñòi ðÿäó (11) òà îá ðóíòóâàííÿ êîðåêòíîñòi çäiéñíåíèõ ðà-

íiøå ïåðåòâîðåíü, äîñëiäèìî ñïî÷àòêó âëàñòèâîñòi ïîâòîðíèõ ÿäåð Kl.

Îñêiëüêè

|∂qx∂rξK1(t, x; τ, ξ)| =
∣∣∣∣ ∑
|k|≤p1

( q∑
q̂=0

C q̂
q

(
∂ q̂xa1,k(t;x)

)(
∂k+r+q−q̂x−ξ G(t, τ ;x− ξ)

))∣∣∣∣, {q, r} ∈ Zn+,

äå C q̂
q :=

n∏
j=1

C
q̂j
qj � áiíîìiàëüíèé êîåôiöi¹íò, òî ñêîðèñòàâøèñü îáìåæåíiñòþ ∂ q̂xa1,k òà

îöiíêîþ (6), îäåðæèìî

|∂qx∂rξK1(t, x; τ, ξ)| ≤ cq,r(t− τ)−
n+p1+|q+r|

h e−δ
|̃x−ξ|

λ

(t−τ)γ , {q, r} ∈ Zn+, (t, x; τ, ξ) ∈ Π2
T , (12)

(òóò îöiíî÷íi âåëè÷èíè cq,r, δ íå çàëåæàòü âiä t, τ, x i ξ, a δ � ùå é âiä q òà r).

Ïðè l > 1 êîðèñòóâàòèìåìîñÿ î÷åâèäíèì çîáðàæåííÿì

Kl(t, x; τ, ξ) =

t1∫
τ

dβ

∫
Rn

K1(t, x; β, η + ξ)Kl−1(β, η + ξ; τ, ξ)dη+

+

t∫
t1

dβ

∫
Rn

K1(t, x; β, x− z)Kl−1(β, x− z; τ, ξ)dz, t1 := τ + (t− τ)/2,

çãiäíî ç ÿêèì

∂qx∂
r
ξKl(t, x; τ, ξ) =

r∑
r̂=0

C r̂
r

t1∫
τ

dβ

∫
Rn

(
∂ r̂ξ∂

q
xK1(t, x; β, η + ξ)

)(
∂r−r̂ξ Kl−1(β, η + ξ; τ, ξ)

)
dη+

+

q∑
q̂=0

C q̂
q

t∫
t1

dβ

∫
Rn

(
∂ q̂xK1(t, x; β, x− z)

)(
∂rξ∂

q−q̂
x Kl−1(β, x− z; τ, ξ)

)
dz. (13)

Òàêèì ÷èíîì, îöiíþâàííÿ |∂qx∂rξKl(t, x; τ, ξ)| çâîäèòüñÿ äî îöiíþâàííÿ âèðàçiâ

|∂rξ∂qxK1(t, x; τ, η + ξ)|, |∂qxK1(t, x; τ, x− z)|, |∂rξ∂qxKl−1(t, x− z; τ, ξ)|, |∂rξKl−1(t, η + ξ; τ, ξ)|.

Óðàõóâàâøè îáìåæåíiñòü ïîõiäíèõ êîåôiöi¹íòiâ a1,k(t; ·) ðiâíÿííÿ (2) òà îöiíêó (6),

äëÿ âñiõ {q, r} ∈ Zn+, {x, η, ξ} ∈ Rn, t ∈ (τ ;T ] i τ ∈ [0;T ) ìà¹ìî:

∣∣∂rξ∂qxK1(t, x; τ, η + ξ)
∣∣ ≤ ∑

|k|≤p1

q∑
q̂=0

C q̂
q

∣∣∂ q̂xa1,k(t;x)
∣∣∣∣∂k+r+q−q̂x−η−ξ G(t, τ ;x− η − ξ)

∣∣ ≤
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≤ cr,q(t− τ)−
n+p1+|r+q|

h e−δ
˜|x−η−ξ|

λ

(t−τ)γ ; (14)∣∣∂qxK1(t, x; τ, x− ξ)
∣∣ =

∣∣∂qxa1,0(t;x)G(t, τ ; ξ)
∣∣ ≤ ĉq(t− τ)−

n
h e−δ

|̃ξ|λ

(t−τ)γ . (15)

Ïåðåéäåìî äî îöiíþâàííÿ âèðàçó
∣∣∂rξKl(t, η + ξ; τ, ξ)

∣∣.
Çâàæèâøè íà ðiâíiñòü ∂kη+ξG(t, τ ; η) = ∂kηG(t, τ ; η), ïðè l = 1 îäåðæó¹ìî, ùî

∣∣∂rξK1(t, η + ξ; τ, ξ)
∣∣ ≤ ∑

|k|≤p1

∣∣∂rξa1,k(t; η + ξ)∂kηG(t, τ ; η)
∣∣ ≤ c1,r(t− τ)−

n+p1
h e−δ

|̃η|λ

(t−τ)γ . (16)

Äàëi, îñêiëüêè

∂rξK2(t, η + ξ; τ, ξ) = ∂rξ

( t∫
τ

dβ

∫
Rn

K1(t, η + ξ; β, y)K1(β, y; τ, ξ)dy

)
,

òî çäiéñíèâøè â îñòàííüîìó iíòåãðàëi çàìiíó çìiííî¨ iíòåãðóâàííÿ çà ïðàâèëîì y = z+ξ,

âiäòàê óðàõóâàâøè îöiíêè (16), (8) òà ðiâíiñòü

∂rξK1(t, η + ξ; τ, z + ξ) = ∂rζK1(t, η − z + ζ; τ, ζ)
∣∣
ζ=z+ξ

,

äiñòàíåìî

∣∣∂rξK2(t, η + ξ; τ, ξ)
∣∣ ≤ r∑

r̂=0

C r̂
r

t∫
τ

dβ

∫
Rn

∣∣∣∂ r̂ξK1(t, η + ξ; β, z + ξ)∂r−r̂ξ K1(β, z + ξ; τ, ξ)
∣∣∣dz ≤

≤ cr

t∫
τ

(
(t− β)(β − τ)

)−n+p1
h

∫
Rn

e
−δ
(
|̃η−z|

λ

(t−β)γ +
|̃z|λ

(β−τ)γ

)
dzdβ ≤

≤ c2,r(ε)(t− τ)−
n
h e
−δ(1−ε) |̃z|

λ

(t−τ)γ

t∫
τ

(
(t− β)(β − τ)

)− p1
h dβ.

Çàçíà÷èìî, ùî ïiäiíòåãðàëüíà ôóíêöiÿ â îñòàííüîìó iíòåãðàëi ìà¹ îñîáëèâiñòü ó

êîæíié iç ìåæ iíòåãðóâàííÿ; îäíàê, ç îãëÿäó íà òå, ùî p1 < h, öÿ îñîáëèâiñòü ¹ iíòå-

ãðîâíîþ. Îñêiëüêè

t∫
τ

(
(t− β)(β − τ)

)− p1
h dβ = (t− τ)2γ0−1B(γ0, γ0),

äå γ0 := 1− p1
h
> 0, à B(·, ·) � áåòà-ôóíêöiÿ Åéëåðà, òî

∣∣∂rξK2(t, η + ξ; τ, ξ)
∣∣ ≤ c2,r(ε)B(γ0, γ0)(t− τ)γ0−

n+p1
h e

−δ(1−ε) |̃z|
λ

(t−τ)γ , (t, x; τ, ξ) ∈ Π2
T .

Ïðîäîâæóþ÷è êðîê çà êðîêîì àíàëîãi÷íi ðîçäóìè, ïðèéäåìî äî íåðiâíîñòåé

∣∣∂rξKl(t, η + ξ; τ, ξ)
∣∣ ≤ cl,r(ε)(t− τ)(l−1)γ0−

n+p1
h e

−δ(1−(l−1)ε) |̃z|
λ

(t−τ)γ

l−1∏
j=1

B(γ0, jγ0), (17)



78 Ëiòîâ÷åíêî Â.A., Õàðèíà Ä.Ä.

ÿêi âèêîíóþòüñÿ äëÿ âñiõ {η, ξ} ⊂ Rn, r ∈ Zn+, t ∈ (τ ;T ], τ ∈ [0;T ), ε ∈ (0; 1) i l ∈ N\{1},
à, âiäòàê i äî iñíóâàííÿ òàêîãî íîìåðà l∗, ïðè ÿêîìó

∣∣∂rξKl∗(t, η + ξ; τ, ξ)
∣∣ ≤ cl∗,r(ε)e

−δ(1−(l∗−1)ε) |̃z|
λ

(t−τ)γ

l∗−1∏
j=1

B(γ0, jγ0) (18)

(òóò âåëè÷èíà cl,r(ε) > 0 íå çàëåæèòü âiä çìiííèõ t, τ, η i ξ).

Îñêiëüêè

∂rξ∂
q
xKl(t, x; τ, η+ξ) = ∂rζ∂

q
xKl(t, x; τ, ζ)

∣∣
ζ=η+ξ

, ∂rξ∂
q
xKl(t, x−z; τ, ξ) = ∂rξ∂

q
yKl(t, y; τ, ξ)

∣∣
y=x−z,

òî âèðàçè ∂rξ∂
q
xKl(t, x; τ, η+ξ), ∂rξ∂

q
xKl(t, x−z; τ, ξ) i ∂rξ∂

q
xKl(t, x; τ, ξ) ¹ îäíîòèïíèìè. Òîìó

ç îãëÿäó íà çîáðàæåííÿ (13) òà íà îäåðæàíi îöiíêè (14), (15), (17) i (8), ìà¹ìî

∣∣∂rξ∂qxK2(t, x; τ, ξ)
∣∣ ≤ cr,q2

( r∑
r̂=0

t1∫
τ

(t− β)−
n+p1+|r̂+q|

h (β − τ)−
n+p1
h

∫
Rn

e
−δ
( ˜|x−η−ξ|

λ

(t−β)γ +
|̃η|λ

(β−τ)γ

)
dηdβ+

+

q∑
q̂=0

t∫
t1

(t− β)−
n+p1
h (β − τ)−

n+p1+|r+q−q̂|
h

∫
Rn

e
−δ
(
|̃z|λ

(t−β)γ +
˜|x−z−ξ|

λ

(β−τ)γ

)
dzdβ

)
≤

≤ cr,q2,ξB(γ0, γ0)(t− τ)2γ0−
(
1+

n+|r+q|
h

)
e
−δ(1−ε) |̃x−ξ|

λ

(t−τ)γ , (t, x; τ, ξ) ∈ Π2
T , {r, q} ⊂ Zn+, ε ∈ (0; 1).

Ïðîäîâæóþ÷è çà àíàëîãi¹þ ïðîöåñ îöiíþâàííÿ, îäåðæèìî

∣∣∂rξ∂qxKl(t, x; τ, ξ)
∣∣ ≤ cr,ql,ε (t− τ)lγ0−

(
1+

n+|r+q|
h

)
e
−δ(1−(l−1)ε) |̃x−ξ|

λ

(t−τ)γ

l−1∏
j=1

B(γ0, jγ0), (19)

äëÿ âñiõ {r, q} ⊂ Zn+, {x, ξ} ⊂ Rn, 0 ≤ τ < t ≤ T, ε ∈ (0; 1) i l ∈ N\{1}.
Ïåðåéäåìî òåïåð äî çíàõîäæåííÿ îöiíîê âèðàçó

∣∣∂rξ∂qxKl(t, x; τ, ξ)
∣∣, ïðèäàòíèõ äëÿ

âñòàíîâëåííÿ äèôåðåíöiéîâíîñòi ôóíêöi¨ Φ çà ïðîñòîðîâèìè çìiííèìè. Áåçïîñåðåäíüî

ç (19) ïðèõîäèìî äî iñíóâàííÿ òàêîãî íîìåðà l∗, ïðè ÿêîìó

∣∣∂rξ∂qxKl∗(t, x; τ, ξ)
∣∣ ≤ cr,ql∗,εe

−δ(1−(l∗−1)ε) |̃x−ξ|
λ

(t−τ)γ

l∗−1∏
j=1

B(γ0, jγ0), {r, q} ⊂ Zn+, (t, x; τ, ξ) ∈ Π2
T .

Ïîêëàâøè òóò l◦ := max{l∗, l∗}, l◦ := min{l∗, l∗}, äå l∗ - âiäïîâiäíèé íîìåð iç (18), ε :=

(r∗l
◦)−1, δ∗ := δ

(
1− 1/r∗

)
, r∗ > 2, T0 := max{1, T}, à òàêîæ

c0∗ := max
l∈Nl◦\{1}

{
c1,r; cl,r(ε)

l−1∏
j=1

B(γ0, jγ0); cr,q; c
r,q
l,ε

l−1∏
j=1

B(γ0, jγ0)
}
, c∗ := c0∗(T0)

l◦−l◦ ,

iç (17) i (19) îäåðæó¹ìî, ùî äëÿ âñiõ {r, q} ⊂ Zn+, {x, ξ, η} ⊂ Rn i 0 ≤ τ < t ≤ T

∣∣∂rξKl◦(t, η + ξ; τ, ξ)
∣∣ ≤ c∗e

−δ∗ |̃η|
λ

(t−τ)γ ,
∣∣∂rξ∂qxKl◦(t, x; τ, ξ)

∣∣ ≤ c∗e
−δ∗ |̃x−ξ|

λ

(t−τ)γ . (20)
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Çâiäñè, çâàæèâøè íà îöiíêó (7) òà ðiâíiñòü∫
Rn

e
− δ
r∗
|̃η−z|

λ

(t−β)γ
dz

(t− β)n/h
=

∫
Rn

e
− δ
r∗
|̃ζ|
λ

dζ =: E,

à òàêîæ óðàõóâàâøè çîáðàæåííÿ (13) òà íåðiâíîñòi (14) i (15), îäåðæó¹ìî:

∣∣∂rξKl◦+1(t, η + ξ; τ, ξ)
∣∣ ≤ r∑

r̂=0

C r̂
r

t∫
τ

dβ

∫
Rn

∣∣∂ r̂ξK1(t, η + ξ; β, z + ξ)∂r−r̂ξ Kl◦(β, z + ξ; τ, ξ)
∣∣dz ≤

≤ c2∗2
|r|

t∫
τ

(t− β)γ0−1
∫
Rn

e
−δ∗
(
|̃η−z|

λ

(t−β)γ +
|̃z|λ

(β−τ)γ

)
e
− δ
r∗
|̃η−z|

λ

(t−β)γ
dz

(t− β)n/h
dβ ≤

≤ Ec2∗2
|r|(t− τ)γ0e−δ∗

|̃η|λ

(t−τ)γB(γ0, 1);

∣∣∂rξ∂qxKl◦+1(t, x; τ, ξ)
∣∣ ≤ r∑

r̂=0

C r̂
r

t1∫
τ

dβ

∫
Rn

∣∣∂ r̂ξ∂qxK1(t, x; β, η + ξ)∂r−r̂ξ Kl◦(β, η + ξ; τ, ξ)
∣∣dη+

+

q∑
q̂=0

C q̂
q

t∫
t1

dβ

∫
Rn

∣∣∂ q̂xK1(t, x; β, x− z)∂rξ∂
q−q̂
x Kl◦(β, x− z; τ, ξ)

∣∣dz ≤
≤ c2∗

( r∑
r̂=0

C r̂
r

t1∫
τ

(t− β)−
p1+|r̂+q|

h

∫
Rn

e
−δ∗
( ˜|x−η−ξ|

λ

(t−β)γ +
|̃η|λ

(β−τ)γ

)
e
− δ
r∗

˜|x−η−ξ|
λ

(t−β)γ
dη

(t− β)n/h
dβ+

+

q∑
q̂=0

C q̂
q

t∫
t1

∫
Rn

e
−δ∗
(
|̃z|λ

(t−β)γ +
˜|x−z−ξ|

λ

(β−τ)γ

)
e
− δ
r∗

|̃z|λ

(t−β)γ
dz

(t− β)n/h
dβ
)
≤

≤ Ec2∗e
−δ∗ |̃x−ξ|

λ

(t−τ)γ

t∫
τ

(t− β)γ0−1dβ
( r∑
r̂=0

C r̂
r (t− t1)−

|r̂+q|
h + 2|q|(t− t1)1−γ0

)
≤

≤ Ec2∗2
|q|+1(2hT0)

p1+|r+q|
h (t− τ)γ0−

|r+q|
h e−δ∗

|̃x−ξ|
λ

(t−τ)γB(γ0, 1).

Çàñòîñîâóþ÷è äàëi ìåòîä ìàòåìàòè÷íî¨ iíäóêöi¨, ïåðåêîíó¹ìîñÿ ñïî÷àòêó ó ïðàâèëü-

íîñòi îöiíîê

∣∣∂rξKl◦+l(t, η + ξ; τ, ξ)
∣∣ ≤ c∗(Ec

2
∗2
|r|(t− τ)γ0)le−δ∗

|̃η|λ

(t−τ)γ

l−1∏
j=0

B(γ0, 1 + jγ0), (21)

à, âiäòàê i îöiíîê

∣∣∂rξ∂qxKl◦+l(t, x; τ, ξ)
∣∣ ≤ c∗

(
Ec2∗2

|q|+1(2hT0)
p1+|r+q|

h

)l
(t− τ)lγ0−

|r+q|
h e

−δ∗ |̃x−ξ|
λ

(t−τ)γ

l−1∏
j=0

B(γ0, 1 + jγ0),

(22)
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ïðè {r, q} ⊂ Zn+, (t, x; τ, ξ) ∈ Π2
T i l ∈ N.

Âñòàíîâëåíi îöiíêè ïîõiäíèõ ïîâòîðíèõ ÿäåð äîçâîëÿþòü ñôîðìóëþâàòè òàêå òâåð-

äæåííÿ ïðî ãóñòèíó Φ îá'¹ìíîãî ïîòåíöiàëó W .

Òåîðåìà 2. Ôóíêöiéíèé ðÿä (11) àáñîëþòíî çáiãà¹òüñÿ íà ìíîæèíi Π2
T . Éîãî ñóìà

Φ(t, x; τ, ξ) íà öié ìíîæèíi ¹ íåñêií÷åííî äèôåðåíöiéîâíîþ ôóíêöi¹þ çà êîæíîþ ïðî-
ñòîðîâîþ çìiííîþ x i ξ, äëÿ ïîõiäíèõ ÿêî¨ ïðàâèëüíi íàñòóïíi îöiíêè:

∣∣∂rξ∂qxΦ(t, x; τ, ξ)
∣∣ ≤ c1(t− τ)−

n+p1+|r+q|
h e

−δ∗ |̃x−ξ|
λ

(t−τ)γ , (t, x; τ, ξ) ∈ Π2
T , (23)

∣∣∂rξΦ(t, η + ξ; τ, ξ)
∣∣ ≤ c2(t− τ)−

n+p1
h e

−δ∗ |̃η|
λ

(t−τ)γ , 0 ≤ τ < t ≤ T, {η, ξ} ⊂ Rn (24)

(òóò {r, q} ⊂ Zn+, a îöiíî÷íi âåëè÷èíè c1, c2 i δ∗ íå çàëåæàòü âiä t, τ, x, ξ òà η ïðè öüîìó,
δ∗ � ùå é âiä r i q).

Äîâåäåííÿ. Ñêîðèñòàâøèñü îöiíêàìè (19), (20) i (22), à òàêîæ, ðiâíiñòþ

l−1∏
j=0

B(γ0, 1 + jγ0) =
Γl(γ0)

Γ(1 + lγ0)
,

â ÿêié Γ(·) � ãàììà-ôóíêöiÿ Åéëåðà, çíàõîäèìî:

|Φ(t, x; τ, ξ)| ≤ c(t− τ)γ0−
(
1+n

h

)
e
−δ∗ |̃x−ξ|

λ

(t−τ)γ

∞∑
l=0

Al

Γ(1 + lγ0)
, (t, x; τ, ξ) ∈ Π2

T .

Çâiäñè, âðàõóâàâøè çáiæíiñòü ÷èñëîâîãî ðÿäó, äiñòà¹ìî àáñîëþòíó çáiæíiñòü ðÿäó (11)

íà ìíîæèíi Π2
T .

Çàôiêñó¹ìî äîâiëüíî ò. (x0; ξ0) iç R2n i ðîçãëÿíåìî êóëþ Kδ(x0; ξ0) ðàäióñà δ > 0 ç

öåíòðîì ó öié òî÷öi. Äëÿ íåñêií÷åííî¨ äèôåðåíöiéîâíîñòi ôóíêöi¨ Φ ó ò. (x0; ξ0) äîñèòü

ïðè ôiêñîâàíèõ τ ∈ [0;T ) i t ∈ (τ ;T ] óñòàíîâèòè ðiâíîìiðíó çáiæíiñòü ó Kδ(x0; ξ0)

ôîðìàëüíî ïðîäèôåðåíöiéîâàíîãî ðÿäó (11):

∞∑
l=1

∂rξ∂
q
xKl(t, x; τ, ξ) (∀{r, q} ⊂ Zn+).

Ïðîòå öÿ çáiæíiñòü ñòà¹ î÷åâèäíîþ, ÿêùî çâàæèòè íà îöiíêè (19), (20) i (22).

Äàëi, ùå ðàç ñêîðèñòàâøèñü îöiíêàìè (19), (20) i (22), äëÿ {r, q} ⊂ Zn+ i (t, x; τ, ξ) ∈ Π2
T

äiñòà¹ìî:

∣∣∣ ∞∑
l=1

∂rξ∂
q
xKl(t, x; τ, ξ)

∣∣∣ ≤ l◦∑
l=1

∣∣∣∂rξ∂qxKl(t, x; τ, ξ)
∣∣∣+

∞∑
l=l◦+1

∣∣∣∂rξ∂qxKl(t, x; τ, ξ)
∣∣∣ ≤

≤ c∗e
−δ∗ |̃x−ξ|

λ

(t−τ)γ

( l◦∑
l=1

(t− τ)lγ0−
(
1+

n+|r+q|
h

)
+
∞∑
l=1

(
Ec2∗2

|q|+1(2hT0)
p1+|r+q|

h

)l
(t− τ)lγ0−

|r+q|
h ×
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×
l−1∏
j=0

B(γ0, 1 + jγ0)

)
≤ c1(t− τ)γ0−

(
1+

n+|r+q|
h

)
e
−δ∗ |̃x−ξ|

λ

(t−τ)γ .

Îòæå, âèêîíàííÿ îöiíêè (23) âñòàíîâëåíî.

Àíàëîãi÷íèì ñïîñîáîì, çàâäÿêè âiäïîâiäíèì îöiíêàì (17), (20) i (21), ïåðåêîíó¹ìîñü

ó ïðàâèëüíîñòi îöiíêè (24).

Íàñëiäîê 2. Ôóíêöiÿ Φ, ùî âèçíà÷à¹òüñÿ ðiâíiñòþ (11), � çâè÷àéíèé ðîçâ'ÿçîê iíòå-
ãðàëüíîãî ðiâíÿííÿ (10).

Çàçíà÷èìî òàêîæ, ùî òâåðäæåííÿ òåîðåìè 2 ðàçîì iç îöiíêîþ (6) çàáåçïå÷óþòü äëÿ

âñiõ (t, x; τ, ξ) ∈ Π2
T àáñîëþòíó çáiæíiñòü iíòåãðàëà, ÿêèì âèçíà÷à¹òüñÿ ïîòåíöiàë W ç

ðiâíîñòi (9). Òàêèì ÷èíîì, ôóíêöiÿ Z(t, x; τ, ξ) êîðåêòíî âèçíà÷åíà ôîðìóëîþ (9) íà

âñié ìíîæèíi Π2
T .
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The concept of parabolicity by Shilov generalizes the concept of parabolicity by Petrovsky of

equations with partial derivatives and leads to a signi�cant expansion of the known Petrovsky

class with those parabolic equations, the order of which may not coincide with the parabolicity

index. Generally speaking, such an extension deprives of the parabolic stability ñoncerning the

change of the coe�cients of parabolic Shilov equations, which is inherent to the Petrovsky

class equations. As a result, signi�cant di�culties arise in the study of the Cauchy problem for

parabolic Shilov equations with variable coe�cients.

In the 60s of the last century, Y.I. Zhytomyrsky de�ned a special class of parabolic Shilov

equations, which extends the Shilov class and at the same time is parabolically resistant to

changes in the junior coe�cients. For this class, by the method of successive approximations,

he established the correct solvability of the Cauchy problem in the class of bounded initial

functions of �nite smoothness. However, to obtain more general results, it is important to

know the Green's function of the Cauchy problem.

In this publication, for parabolic Shilov equations with bounded smooth variable coe�cients

and negative genus, estimates of repeated kernels of the Green's function of the Cauchy problem

are established, which allow us to investigate the properties of the density of volume potential

of this function. These results are important for the development of the Cauchy problem theory

for parabolic Shilov equations by classical means of the Green's function.


