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Äëÿ âèðîäæåíîãî óëüòðàïàðàáîëi÷íîãî ðiâíÿííÿ òèïó Êîëìîãîðîâà ç
äâîìà ãðóïàìè ïðîñòîðîâèõ çìiííèõ âèðîäæåííÿ i âèðîäæåííÿì íà ïî-
÷àòêîâié ãiïåðïëîùèíi çà äîïîìîãîþ ìåòîäó Ëåâi ïîáóäîâàíî ôóíäàìåí-
òàëüíèé ðîçâ'ÿçîê çàäà÷i Êîøi. Îäåðæàíî òî÷íi îöiíêè ïîáóäîâàíîãî
ðîçâ'ÿçêó òà éîãî ïîõiäíèõ.

Êëþ÷îâi ñëîâà: ïàðàáîëi÷íi ðiâíÿííÿ ç âèðîäæåííÿì, ôóíäàìåíòàëü-
íèé ðîçâ'ÿçîê çàäà÷i Êîøi, âèðîäæåííÿ íà ïî÷àòêîâié ãiïåðïëîùèíi, ìåòîä
Ëåâi, óëüòðàïàðàáîëi÷íi ðiâíÿííÿ òèïó Êîëìîãîðîâà.

1. Âñòóï

Äëÿ óëüòðàïàðàáîëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà, êîåôiöi¹íòè ÿêèõ íå çàëå-
æàòü âiä çìiííèõ âèðîäæåííÿ i ìàþòü ùå âèðîäæåííÿ íà ïî÷àòêîâié ãiïåðïëîùèíi
â ïðàöi [1] ïîáóäîâàíî ôóíäàìåíòàëüíèé ðîçâ'ÿçîê çàäà÷i Êîøi (ÔÐÇÊ), à â ïðàöÿõ
[2, 3] äëÿ òàêèõ ðiâíÿíü ç îäíi¹þ ãðóïîþ ïðîñòîðîâèõ çìiííèõ âèðîäæåííÿ, ïîáóäîâà-
íî ÔÐÇÊ Z, çíàéäåíî îöiíêè Z i ïîõiäíèõ âiä Z, à òàêîæ îöiíêè ïðèðîñòiâ ñòàðøèõ
ïîõiäíèõ âiä Z çà ïðîñòîðîâèìè çìiííèìè. Çàçíà÷èìî, ùî àíàëîãi÷íi ðåçóëüòàòè
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äëÿ óëüòðàïàðàáîëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà. ÿêi íå ìàþòü âèðîäæåííÿ íà
ïî÷àòêîâié ãiïåðïëîùèíi îäåðæàíî â [4, 5, 6]. Öi ðåçóëüòàòè îòðèìàëè ç âèêîðèñ-
òàííÿì ïîåòàïíîãî ìåòîäó Ëåâi, ÿêèé çàïðîïîíîâàíî â ïðàöÿõ [7, 8] i ðîçâèíóòîãî â
[5, 6] äëÿ âèïàäêó ðiâíÿíü áåç âèðîäæåííÿ íà ïî÷àòêîâié ãiïåðïëîùèíi, òà â ïðàöÿõ
[2, 3] äëÿ âèïàäêó óëüòðàïàðàáîëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà ç âèðîäæåííÿì
íà ïî÷àòêîâié ãiïåðïëîùèíi. Ìè ïðîäîâæó¹ìî ðîçïî÷àòi ðàíiøå äîñëiäæåííÿ ç ðå-
àëiçàöi¨ ïîåòàïíîãî ìåòîäó Ëåâi ïîáóäîâè ÔÐÇÊ äëÿ óëüòðàïàðàáîëi÷íèõ ðiâíÿíü ç
äâîìà ãðóïàìè çìiííèõ âèðîäæåííÿ, ÿêi ìàþòü ùå âèðîäæåííÿ íà ïî÷àòêîâié ãiïåð-
ïëîùèíi.

Íåõàé n, n1, n2 i n3 � çàäàíi íàòóðàëüíi ÷èñëà òàêi, ùî n1 > n2 > n3 > 1 i n =
n1+n2+n3; Nj := {1, . . . , j}, Zj := Nj∪{0}, j ∈ N,mj = j−1/2, j ∈ N3. Áóäåìî ââàæà-
òè, ùî ïðîñòîðîâà çìiííà x ∈ Rn ñêëàäà¹òüñÿ ç òðüîõ ãðóï çìiííèõ x := (x1, x2, x3),
äå êîìïîíåíòè xj := (xj1, ..., xjnj ) ∈ Rnj , j ∈ N3. Âiäïîâiäíî äî öüîãî ìóëüòèiíäåêñ

k ∈ Zn+ çàïèñóâàòèìåìî ó âèãëÿäi k := (k1, k2, k3), äå kj := (kj1, . . . , kjnj
) ∈ Znj

+ ,

j ∈ N3. Âèêîðèñòîâóâàòèìåìî òàêi ïîçíà÷åííÿ: k
′ := (0, k2, k3) ∈ Zn+, ÿêùî kj ∈ Znj

+ ,
j ∈ {2, 3};M := m1n1 +m2n2 +m3n3;Mk := m1|k1|+m2|k2|+m3|k3|, ÿêùî k ∈ Zn+, äå
|kj | := kj1 + . . .+ kjnj

; ΠH := {(t, x)| t ∈ H,x ∈ Rn}, ÿêùî H ⊂ R; α i β � íåïåðåðâíi
íà âiäðiçêó [0, T ] ôóíêöi¨, äëÿ ÿêèõ α(t) > 0, β(t) > 0 ïðè t ∈ (0, T ], α(0)β(0) = 0 i β

� ìîíîòîííî íåñïàäíà; B(t, τ) :=

t∫
τ

β(θ)

α(θ)
dθ, 0 < τ < t 6 T .

×åðåç Zj−1, j ∈ N4, ïîçíà÷àòèìåìî ÔÐÇÊ. Iíäåêñ j âiäïîâiäà¹ åòàïó ïîáóäîâè
ÔÐÇÊ. Êiëüêiñòü åòàïiâ çàëåæèòü âiä êiëüêîñòi ãðóï ïðîñòîðîâèõ çìiííèõ. Ïàðà-
ìåòðèêñ íà j-ìó åòàïi ïîçíà÷àòèìåìî ñèìâîëîì Gj , ïîðîäæóâàíèé íèì îá'¹ìíèé
ïîòåíöiàë � ñèìâîëîì Wj , à éîãî ãóñòèíó � ñèìâîëîì Qj . Îòæå, íà ïî÷àòêîâîìó
(íóëüîâîìó) åòàïi áóäó¹ìî ÔÐÇÊ Z0 äëÿ ðiâíÿííÿ, êîåôiöi¹íòè ÿêîãî çàëåæàòü âiä
çìiííî¨ t i ïàðàìåòðà y ∈ Rn, òîáòî ðîçãëÿäà¹ìî ðiâíÿííÿ

(1) L0u(t, x) := (S −A(t, y, ∂x1
))u(t, x) = 0, (t, x) ∈ Π(0,T ],

äå

S := α(t)∂t − β(t)

n2∑
j=1

x1j∂x2j
− β(t)

n3∑
j=1

x2j∂x3j
,

A(t, y, ∂x1
) := β(t)

n1∑
j, l=1

ajl(t, y)∂x1j
∂x1l

+ β(t)

n1∑
j=1

aj(t, y)∂x1j
+ a0(t, y).

Íà ïåðøîìó åòàïi ÔÐÇÊ äëÿ ðiâíÿííÿ

(2) L1u(t, x) := (S −A(t, (x1, y
′), ∂x1))u(t, x) = 0, (t, x) ∈ Π(0,T ],

øóêà¹ìî ó âèãëÿäi

(3) Z1(t, x; τ, ξ; y′) = G1(t, x; τ, ξ; y′) +W1(t, x; τ, ξ; y′),

äå

(4) W1(t, x; τ, ξ; y′) :=

t∫
τ

dθ

α(θ)

∫
Rn

G1(t, x; θ, λ; y′)Q1(θ, λ; τ, ξ; y′)dλ,
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G1 � ïàðàìåòðèêñ, à Q1 � íåâiäîìà ôóíêöiÿ, y′ := (y2, y3) ∈ Rn2+n3 . Çà ïàðàìåòðèêñ
âèáèðà¹ìî ôóíêöiþ

(5) G1(t, x; τ, ξ; y′) := Z0(t, x; τ, ξ; (ξ1, y
′)), 0 < τ < t 6 T, {x, ξ} ⊂ Rn, y′ ∈ Rn2+n3 .

Íà äðóãîìó åòàïi ðiâíÿííÿ íàáóâà¹ âèãëÿäó

(6) L2u(t, x) := (S −A(t, (x1, x2, y3), ∂x1
))u(t, x) = 0, (t, x) ∈ Π(0,T ].

Çãiäíî ç ìåòîäîì Ëåâi ÔÐÇÊ øóêà¹ìî ó âèãëÿäi

(7) Z2(t, x; τ, ξ; y3) = G2(t, x; τ, ξ; y3) +W2(t, x; τ, ξ; y3).

Òóò

(8) W2(t, x; τ, ξ; y3) :=

t∫
τ

dθ

α(θ)

∫
Rn

G2(t, x; θ, λ; y3)Q2(θ, λ; τ, ξ; y3)dλ,

G2 � ïàðàìåòðèêñ, à Q2 � íåâiäîìà ôóíêöiÿ. Çà ïàðàìåòðèêñ âèáèðà¹ìî ôóíêöiþ

(9) G2(t, x; τ, ξ; y3) := Z1(t, x; τ, ξ; (ξ2, y3)), 0 < τ < t 6 T, {x, ξ} ⊂ Rn, y3 ∈ Rn3 .

Äëÿ âèïàäêó äâîõ ãðóï ïðîñòîðîâèõ çìiííèõ âèðîäæåííÿ òðåòié åòàï çàâåð-
øó¹ ïîáóäîâó ÔÐÇÊ äëÿ ðiâíÿííÿ, êîåôiöi¹íòè ÿêîãî çàëåæàòü âiä óñiõ çìiííèõ.
Îòæå, íà öüîìó åòàïi ðîçãëÿäà¹ìî ðiâíÿííÿ âèãëÿäó

(10) L3u(t, x) := (S −A(t, x, ∂x1
))u(t, x) = 0, (t, x) ∈ Π(0,T ].

Àíàëîãi÷íî äî ïîïåðåäíüîãî, ÔÐÇÊ äëÿ ðiâíÿííÿ (10) øóêà¹ìî ó âèãëÿäi

(11) Z3(t, x; τ, ξ) = G3(t, x; τ, ξ) +W3(t, x; τ, ξ).

Òóò

(12) W3(t, x; τ, ξ) :=

t∫
τ

dθ

α(θ)

∫
Rn

G3(t, x; θ, λ)Q3(θ, λ; τ, ξ)dλ,

G3 � ïàðàìåòðèêñ, à Q3 � íåâiäîìà ôóíêöiÿ. Çà ïàðàìåòðèêñ âèáèðà¹ìî ôóíêöiþ

(13) G3(t, x; τ, ξ) := Z2(t, x; τ, ξ; ξ3), 0 < τ < t 6 T, {x, ξ} ⊂ Rn.

Ðåçóëüòàòîì êîæíîãî j -ãî åòàïó ¹ òâåðäæåííÿ ïðî iñíóâàííÿ âiäïîâiäíîãî
ÔÐÇÊ Zj , j ∈ N3, âñòàíîâëåííÿ òî÷íèõ îöiíîê ïîõiäíèõ âiä ÔÐÇÊ, iíòåãðàëiâ âiä
ïîõiäíèõ ÔÐÇÊ i ¨õíiõ ïðèðîñòiâ (îöiíêè äâîõ îñòàííiõ, êðiì Z3). Ïðîâåäåííÿ öèõ
äîñëiäæåíü iñòîòíî çàëåæèòü âiä âñåái÷íîãî âèâ÷åííÿ âëàñòèâîñòåé îá'¹ìíèõ ïîòåí-
öiàëiâ (4), (8) i (12). ßäðîì ïîòåíöiàëó ¹ âiäïîâiäíèé ïàðàìåòðèêñ (5), (9) ÷è (13), à
ãóñòèíîþ � âiäïîâiäíà ôóíêöiÿ Qj , ÿêà ¹ ðîçâ'ÿçêîì iíòåãðàëüíîãî ðiâíÿííÿ

Qj(t, x; τ, ξ; pj(y
′)) := Kj(t, x; τ, ξ; pj(y

′))+

(14) +

t∫
τ

dθ

α(θ)

∫
Rn

Kj(t, x; θ, λ; pj(y
′))Qj(θ, λ; τ, ξ; pj(y

′))dλ,

äå j ∈ N3, p1(y′) = y′, p2(y′) = y3 i p3(y′) = 0, òîáòî p3(y′) íå çàëåæèòü âiä y′.
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Äëÿ ãóñòèí Qj âñòàíîâëþþòüñÿ ïåâíi âëàñòèâîñòi é îöiíêè, ÿêi ãàðàíòóþòü
iñíóâàííÿ ïîõiäíèõ âiä îá'¹ìíèõ ïîòåíöiàëiâ, ¨õíiõ òî÷íèõ îöiíîê òà îöiíîê ïðèðîñòiâ
òàêèõ ïîõiäíèõ çà ïðîñòîðîâèìè çìiííèìè.

Ó ïîïåðåäíiõ ïðàöÿõ [9, 10] äåòàëüíî ðîçãëÿíóòî åòàïè ïîáóäîâè òà äîñëiäæåííÿ
ÔÐÇÊ äëÿ óëüòðàïàðàáîëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà ç äâîìà ãðóïàìè ïðîñòî-
ðîâèõ çìiííèõ âèðîäæåííÿ. Òîìó ïðèðîäíèì ¹ áàæàííÿ îäåðæàòè àíàëîãi÷íi ðåçóëü-
òàòè äëÿ òàêèõ ðiâíÿíü, ÿêi ìàþòü ùå âèðîäæåííÿ íà ïî÷àòêîâié ãiïåðïëîùèíi.

Ñòàòòÿ ñêëàäà¹òüñÿ ç ñåìè ïóíêòiâ. Ó âñòóïi (ï. 1) íàâåäåíî çàãàëüíó ñõåìó
ïîåòàïíîãî ìåòîäó Ëåâi. Ó ï. 2 íàâåäåíî ïðèïóùåííÿ íà êîåôiöi¹íòè ðiâíÿííÿ i
äîïîìiæíi òâåðäæåííÿ. Â òðåòüîìó ïóíêòi ñôîðìóëüîâàíî îñíîâíi ðåçóëüòàòè. Âè-
â÷åííÿ âëàñòèâîñòåé ôóíêöi¨ G1 i ÿäðà K1 iíòåãðàëüíîãî ðiâíÿííÿ (14) ïðè j = 1 �
ïï. 4, 5. Â øîñòîìó ïóíêòi íàâåäåíî âëàñòèâîñòi ãóñòèíè G1 îá'¹ìíîãî ïîòåíöiàëó
W1, à òàêîæ âëàñòèâîñòi ïîòåíöiàëó W1. Ó ï. 7 çàâåðøó¹ìî äîâåäåííÿ îñíîâíèõ
ðåçóëüòàòiâ.

2. Ïðèïóùåííÿ òà äîïîìiæíi òâåðäæåííÿ

Áóäåìî êîðèñòóâàòèñÿ òàêèìè ïîçíà÷åííÿìè:

∆z
xf(·, x, ·) := f(·, x, ·)− f(·, z, ·), ∆zs

xs
f(·, x, ·) := ∆z(s)

x f(·, x, ·), s ∈ N3,

z(0) := x, z(1) := (z1, x2, x3), z(2) := (x1, z2, x3), z(3) := (x1, x2, z3),

x(1) := (x1, z2, z3), x(2) := (x1, x2, z3), X(t, τ) := (X1(t, τ), X2(t, τ), X3(t, τ)),

X(1)(t, τ) := (λ1, X2(t, τ), X3(t, τ)), X(2)(t, τ) := (λ1, λ2, X3(t, τ)),

X1(t, τ) := x1, X2(t, τ) := x2 +B(t, τ)x̂1, X3(t, τ) := x3 +B(t, τ)x′2 + 2−1(B(t, τ))2x′1,

x̂1 := (x11, . . . , x1n2), x′1 := (x11, . . . , x1n3), x′2 := (x21, . . . , x2n3),

Z(0)(t, τ) := X(t, τ), Z(s)(t, τ) := X(t, τ)|xs=zs , s ∈ N3.

Àíàëîãi÷íî áóäóþòüñÿ ïàðàìåòðè÷íi òî÷êè Y (t, τ) i Λ(t, τ) çà âiäïîâiäíèìè òî÷-
êàìè y i λ.

Ó ïðàöi ÷àñòî îäíàêîâèìè ëiòåðàìè (çäåáiëüøîãî ëiòåðàìè C, c i d), ÿêùî ¨õíi
âåëè÷èíè íàñ íå öiêàâëÿòü, ïîçíà÷àòèìåìî ðiçíi ñòàëi.

Áóäåìî ïðèïóñêàòè, ùî êîåôiöi¹íòè ajl, aj i a0 êîìïëåêñíîçíà÷íi ôóíêöi¨ íà
Π[0,T ], ÿêi çàäîâîëüíÿþòü òàêi óìîâè:

(i) ajl, aj , a0 ¹ îáìåæåíèìè é íåïåðåðâíèìè çà t òà iñíó¹ òàêà ñòàëà δ > 0, ùî
äëÿ äîâiëüíèõ (t, x) ∈ Π[0,T ] i σ1 := (σ11, . . . , σ1n1

) ∈ Rn1 ñïðàâäæó¹òüñÿ íåðiâíiñòü

Re

n1∑
j, l=1

ajl(t, x)σ1jσ1l > δ|σ1|2;

(ii) ajl, aj , a0 ¹ ãåëüäåðîâèìè çà ïðîñòîðîâèìè çìiííèìè â òàêîìó ñåíñi:

∃H1 > 0 ∃ γ1 ∈ (0, 1) ∀{(t, x), (t, z(1))} ⊂ Π[0,T ] :

(15) |∆z1
x1
a(t, x)| 6 H1|x1 − z1|γ1 ,

∃H2 > 0 ∃ γ2 ∈ (1/3, 2/3] ∀{(t, x), (t, z(2))} ⊂ Π[0,T ], ∀h ∈ [τ, T ] :
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(16) |∆z2
x2
a(t, x)| 6 H2((B(h, τ))m2γ2 + |X2(h, τ)− z2|γ2),

∃H3 > 0 ∃ γ3 ∈ (3/5, 2/3] ∀{(t, x), (t, z(3))} ⊂ Π[0,T ], ∀h ∈ [τ, T ] :

(17) |∆z3
x3
a(t, x)| 6 H3((B(h, τ))m3γ3 + |X3(h, τ)− z3|γ3),

(iii) ∃H4 > 0 ∀{(t, x), (t, ξ(1)), (t, z(2))} ⊂ Π[0,T ], ∀h ∈ [τ, T ] :

|∆z`
x`

∆zs
xs
ajl(t, x)| 6 H4|x` − z`|γ`((B(h, τ))msγs + |Xs(h, τ)− zs|γs),

(18) ` ∈ N2, ` < s, s ∈ {2, 3},
äå a � áóäü-ÿêèé ç êîåôiöi¹íòiâ ajl, aj i a0. Â óìîâi (iii) ñòàëi γ1, γ2 i γ3 òàêi, ÿê â
óìîâi (ii).

Ç óìîâ (6), (17) ïðè h = τ âèïëèâàþòü çâè÷àéíi óìîâè Ãåëüäåðà çà çìiííèìè x2

i x3. Äîñòàòíÿ óìîâà âèêîíàííÿ (16) ïîäàíà â [2]. Íàâåäåìî àíàëîãi÷íó óìîâó äëÿ
âèêîíàííÿ òâåðäæåííÿ (17), ÿêà äîâîäèòüñÿ òàê ñàìî, ÿê i óìîâà, îïèñàíà â ëåìi 1
ç [10].

Ëåìà 1. Íåõàé a � íåïåðåðâíà é îáìåæåíà ôóíêöiÿ íà Π[0,T ], ÿêà çàäîâîëüíÿ¹
óìîâó

∃H5 > 0 ∃ γ ∈ (9/10, 1] ∀{(t, x), (t, z(3))} ⊂ Π[0,T ] :

(19) |∆z3
x3
a(t, x)| 6 H5((B(T, τ))m1 + 2−1B(T, τ)|x′1|+ |x′2|)−γ |x1 − z1|γ .

Òîäi ñïðàâäæó¹òüñÿ íåðiâíiñòü (17) ç γ3 = γ/m2.

Âèêîðèñòîâóâàòèìåìî òàêi îöiíþþ÷i ôóíêöi¨:

(20) E(j)
c (t, τ, zj) := exp{−c(B(t, τ))1−2j |zj |2}, t > τ, zj ∈ Rnj , j ∈ N3,

Ec(t, τ, x, ξ) := E(1)
c (t, τ,X1(t, τ)− ξ1)E(2)

c (t, τ,X2(t, τ)− ξ2)E(3)
c (t, τ,X3(t, τ)− ξ3),

(21) t > τ, {x, ξ} ⊂ Rn,

Fc(t, τ, x, ξ) := exp{−c[(4B(t, τ))−1|x1−ξ1|2+3(B(t, τ))−3|x2+2−1B(t, τ)(x̂1+ξ̂1)−ξ2|2+

+180(B(t, τ))−5|x3 + 2−1B(t, τ)(x′2 + ξ′2) + (12)−1(B(t, τ))2(x′1 − ξ′1)− ξ3|2]},

(22) t > τ, {x, ξ} ⊂ Rn,

Edc (t, τ, x, ξ) := Ec(t, τ, x, ξ)E
d(t, τ), Ed(t, τ) := exp{dA(t, τ)}, A(t, τ) :=

t∫
τ

dθ

α(θ)
,

t > τ, {x, ξ} ⊂ Rn, d ∈ R,

(23) Isl0 (x, ξ) := (B(t, θ)B(θ, τ))−M
∫
Rn

Ec(t, θ, x, λ)Ec(θ, τ,Λ
sl(t, θ), ξ)dλ,

(24) Isr1 (x1; ξ) := (B(t, θ))−m1n1

∫
Rn1

E(1)
c0 (t, θ, x1 − λ1)Ec(θ, τ,Λ

sr(t, θ), ξ)dλ1,

Isr2 (x1, x2; ξ) := (B(t, θ))−m1n1−m2n2

∫
Rn1+n2

E(1)
c0 (t, θ, x1 − λ1)×
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(25) ×E(2)
c0 (t, θ,X2(t, θ)− λ2)Ec(θ, τ,Λ

sr(t, θ), ξ)dλ1dλ2,

äå

Λs0(t, τ) := Z(s)(t, τ), Λs1(t, τ) := (λ1, Z
(s)
2 (t, τ), Z

(s)
3 (t, τ)),

Λs2(t, τ) := (λ1, λ2, Z
(s)
3 (t, τ)), Λs3(t, τ) := λ,

l ∈ Z2, s ∈ Z3, r ∈ {2, 3}, 0 < τ < θ < t 6 T, {x, z, ξ} ⊂ Rn.
Ïîòðiáíi âëàñòèâîñòi öèõ ôóíêöié îïèñóþòüñÿ â íàñòóïíié ëåìi, ÿêà äîâîäèòüñÿ

àíàëîãi÷íî äî ëåìè 2 ç [9].

Ëåìà 2. Ïðàâèëüíi òàêi òâåðäæåííÿ:

(26) Ec(t, τ, x, ξ) 6 Fc1(t, τ, x, ξ) 6 Ec2(t, τ, x, ξ), t > τ, {x, ξ} ⊂ Rn, 0 < c2 < c1 < c,

E(1)
c (t, θ, x1 − λ1)E(1)

c (θ, τ, λ1 − ξ1) 6 E(1)
c (t, τ, x1 − ξ1),

(27) 0 < τ < θ < t 6 T, {x1, λ1, ξ1} ⊂ Rn1 ,

E(2)
c (t, θ,X2(t, θ)−λ2)E(2)

c (θ, τ,Λ2(θ, τ)−ξ2) 6 E
(1)
−c/2(t, θ, x1−ξ1)E

(2)
c/4(t, τ,X2(t, τ)−ξ2),

(28) 0 < τ < θ < t 6 T, {xs, λs, ξs} ⊂ Rns , s ∈ N2,

|Xs(t, τ)− ξs|γsE(s)
c (t, τ,Xs(t, τ)− ξs) 6 C(B(t, τ))msγsE(s)

c0 (t, τ,Xs(t, τ)− ξs),

(29) t > τ, {xs, ξs} ⊂ Rns , s ∈ N3,

|Xs(t, τ)− ξs|γsEc(t, τ,Xs(t, τ)− ξs) 6 C(B(t, τ))msγsEc0(t, τ,Xs(t, τ)− ξs),

(30) t > τ, {xs, ξs} ⊂ Rns , s ∈ N3,

(31) (B(t, τ))−M
∫
Rn

Ec(t, τ, x, ξ)dξ = C, t > τ, x ∈ Rn,

(B(t, τ))−M
∫

Rn2+n3

Ec(t, τ, x, ξ)dξ2dξ3 6 C(B(t, τ))−m1n1E(1)
c (t, x1 − ξ1),

(32) t > τ, x ∈ Rn, {x1, ξ1} ⊂ Rn1 ,

(B(t, τ))−M
∫

Rn3

Ec(t, τ, x, ξ)dξ3 6 C(B(t, τ))−m1n1−m2n2E(1)
c (t, τ, x1 − ξ1)×

(33) ×E(2)
c (t, τ,X2(t, τ)− ξ2), t > τ, x ∈ Rn, {xs, ξs} ⊂ Rns , s ∈ N2,

(34) (B(t, τ))−msns

∫
Rns

E(s)
c (t, τ,Xs(t, τ)− ξs)dξs = C, t > τ, xs ∈ Rns , s ∈ N3,

(35) Ec(t, τ, y
(s), ξ) 6 CEc0(t, τ, x, ξ), 0 < τ < θ < t 6 T, {x, ξ} ⊂ Rn,

Ec(θ, τ, Z
(l)(t, θ), ξ) 6 CEc/8(θ, τ,X(t, θ), ξ),

(36) 0 < τ < t1 6 θ < t 6 T, {x, z, ξ} ⊂ Rn, l ∈ N3,

(37) Ec(θ, τ,X(t, θ), ξ) 6 Ec(t, τ, x, ξ), 0 < τ < θ < t, {x, ξ} ⊂ Rn,
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Ec(θ, τ, (λ1, Z
(l)
2 (t, θ), Z

(l)
3 (t, θ)), ξ) 6 Ec/4(θ, τ, (λ1, X2(t, θ), X3(t, θ)), ξ),

(38) 0 < τ < t1 6 θ < t, {x, z, ξ} ⊂ Rn, λ1 ∈ Rn1 , l ∈ N3,

Ec(θ, τ, (λ1, X2(t, θ), X3(t, θ)), ξ) 6 E
(1)
−9c/4(t, θ, x1 − λ1)Ec/2(t− τ, x, ξ),

(39) 0 < τ < t1 6 θ < t, {x, ξ} ⊂ Rn, λ1 ∈ Rn1 ,

Ec(θ, τ, (λ1, λ2, Z
(l)
3 (t, θ)), ξ) 6 CEc/2(θ, τ, (λ1, λ2, X3(t, θ)), ξ),

(40) 0 < τ < t1 6 θ < t, {x, z, ξ} ⊂ Rn, λj ∈ Rnj , j ∈ N2, l ∈ Z3,

Ec(θ, τ, (λ1, λ2, X3(t, θ)), ξ) 6 CE(1)
c (θ, τ, λ1 − ξ1)E(2)

c (θ, τ,Λ2(θ, τ)− ξ2)×
×E(1)
−c/4(t, θ, x1 − λ1)E

(2)
−c/2(t, θ,X2(t, θ)− λ2)E

(3)
c/4(t, τ,X3(t, τ)− ξ3),

(41) 0 < τ < t1 6 θ < t, {x, ξ} ⊂ Rn, λj ∈ Rnj , j ∈ N2,

Isl0 (z(r); ξ) 6 C(B(t, τ))−MEc0(t, τ, x, ξ), 0 < τ < t1 6 θ < t 6 T,

(42) {x, ξ, z(s)} ⊂ Rn, {s, l, r} ⊂ Z3, ïðè÷îìó θ ∈ (τ, t) äëÿ l = 3,

Isl1 (z1; ξ) 6 CIsl1 (x1; ξ) 6 CEc0(t, τ, x, ξ), 0 < τ < t1 6 θ < t,

(43) {x1, z1} ⊂ Rn1 , ξ ∈ Rn, l ∈ Z1, {s, r} ⊂ Z3,

Is22 (z1, z2; ξ) 6 CIs22 (x1, z2; ξ) 6 CIs22 (x1, x2; ξ) 6 CEc0(t, τ, x, ξ),

(44) 0 < τ < t1 6 θ < t, {xr, zr} ⊂ Rnr , r ∈ N2, {x, ξ} ⊂ Rn, s ∈ Z3,

äå C, c i c0 � äîäàòíi ñòàëi, ïðè÷îìó c0 < c, ó ôîðìóëi (35) y(s) � òî÷êà íà âiäðiçêó

ïðÿìî¨, ùî ñïîëó÷à¹ òî÷êè x i z(s), s ∈ N3, ó ôîðìóëàõ (35)�(42) |xs − zs|1/ms 6
B(t, τ)/4, s ∈ N3, i t1 òàêå, ùî B(t, t1) = B(t1, τ).

Ó ëåìi 3 ïîäà¹ìî âëàñòèâîñòi ÔÐÇÊ Z0 äëÿ ðiâíÿííÿ (1), ÿêi âñòàíîâëþþòüñÿ
ïîäiáíî äî ðåçóëüòàòiâ ç [1, òåîðåìà 3.1, âëàñòèâiñòü 3.2].

Ëåìà 3. Íåõàé êîåôiöi¹íòè ðiâíÿííÿ (1), ÿê ôóíêöi¨ âiä t i y, çàäîâîëüíÿþòü óìîâè
(i), (ii), â ÿêèõ x çàìiíåíî íà y. Òîäi iñíó¹ ÔÐÇÊ Z0, äëÿ ÿêîãî ñïðàâäæóþòüñÿ
îöiíêè

(45) |∂kxZ0(t, x; τ, ξ; y)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ),

|∆zs
ys∂

k
xZ0(t, x; τ, ξ; y)| 6 Csk(B(t, τ))−M−MkEdc (t, τ, x, ξ)×

(46) ×

{
|y1 − z1|γ1 , ÿêùî s = 1,

(B(h, τ))msγs + |Ys(h, τ)− zs|γs , ÿêùî s ∈ {2, 3},
à òàêîæ ðiâíîñòi

(47) ∂kx

∫
Rn

Z0(t, x; τ, ξ; y)dξ = 0, ∂kx

∫
Rn

Z0(t, x; τ, ξ; y)dx = 0, k 6= 0,

(48) ∂k
′

x

∫
Rn2+n3

Z0(t, x; τ, ξ; y)dξ2dξ3 = 0, k′ 6= 0,
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(49) ∂k3x3

∫
Rn3

Z0(t, x; τ, ξ; y)dξ3 = 0, k3 6= 0,

(50) ∂kxZ0(t, x; τ, ξ; y) = (−∂ξ)kZ0(t, x; τ, ξ; y),

äå 0 < τ < t 6 T , {x, ξ, y} ⊂ Rn, z ∈ Rns , s ∈ N3, {k, k′} ⊂ Zn+, Ck, Cks � äîäàòíi
ñòàëi, h i γs � ÷èñëà ç óìîâ (15)�(17).

3. Ôîðìóëþâàííÿ îñíîâíèõ ðåçóëüòàòiâ

Ðåçóëüòàòè ïåðøîãî, äðóãîãî òà çàâåðøàëüíîãî òðåòüîãî åòàïiâ ïîáóäîâè é äî-
ñëiäæåííÿ ÔÐÇÊ äëÿ ðiâíÿííÿ (10) ìiñòÿòüñÿ â òàêèõ òåîðåìàõ.

Òåîðåìà 1. Íåõàé äëÿ êîåôiöi¹íòiâ ðiâíÿííÿ (2) âèêîíóþòüñÿ óìîâè (i)�(iii), â
ÿêèõ x çàìiíåíî íà (x1, y

′). Òîäi äëÿ ðiâíÿííÿ (2) iñíó¹ ÔÐÇÊ Z1 i ïðàâèëüíi òàêi
òâåðäæåííÿ:

(51) |∂kxZ1(t, x; τ, ξ; y′)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ),

|∆zs
xs
∂kxZ1(t, x; τ, ξ; y′)| 6 C|xs − zs|γs(B(t, τ))−M−Mk−msγ

0
s×

(52) ×(Edc (t, τ, x, ξ) + Edc (t, τ, z(s), ξ)), s ∈ N3,
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|∆zs
ys∂

k
xZ1(t, x; τ, ξ; y′)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ)×

(53) ×((B(h, τ))msγs + |Ys(h, τ)− zs|γs), s ∈ {2, 3},

(54)
∣∣∣ ∫
Rn

∂kxZ1(t, x; τ, ξ; y′)dξ
∣∣∣6 C(B(t, τ))−Mk+m1γ1Ed(t, τ), k 6= 0,

(55)∣∣∣ ∆zs
xs

∫
Rn

∂kxZ1(t, x; τ, ξ; y′)dξ
∣∣∣6 C|xs − zs|γ

0
s (B(t, τ))−Mk+m1γ1−msγ

0
sEd(t, τ), k 6= 0,

∣∣∣ ∫
Rn2+n3

∂k
′

x Z1(t, x; τ, ξ; (ξ2, y3))dξ2dξ3

∣∣∣6 C(B(t, τ))−m1n1−Mk′+m2γ2×

(56) ×E(1)
c0 (t, τ, x1 − ξ1)Ed(t, τ), k′ 6= 0,∣∣∣ ∫

Rn3

∂k3x3
Z1(t, x; τ, ξ; (ξ2, ξ3))dξ3

∣∣∣6 C(B(t, τ))−m1n1−m2n2−m3|k3|+m3γ3×

(57) ×E(1)
c0 (t, τ, x1 − ξ1)E(2)

c0 (t, τ,X(t, τ)− ξ2)Ed(t, τ), k3 6= 0,

(58) ∂k
′

x

∫
Rn2+n3

Z1(t, x; τ, ξ; y′)dξ2dξ3 = 0, k′ 6= 0,

(59) ∂k3x3

∫
Rn3

Z1(t, x; τ, ξ; y′)dξ3 = 0, k3 6= 0,

(60) ∂k
′

x Z1(t, x; τ, ξ; y′) = (−∂ξ)k
′
Z1(t, x; τ, ξ; y′),

äå 0 < τ < t 6 T , {x, ξ} ⊂ Rn, y′ ∈ Rn2+n3 , zs ∈ Rns , s ∈ N3, γ
0
1 ∈ (0, γ1], {γ0

2 , γ
0
3} ⊂

(0, 1], {k, k′} ⊂ Zn+, m1|k1| 6 1, ÷èñëà h i γs òàêi, ÿê âèùå.

Òåîðåìà 2. Íåõàé äëÿ êîåôiöi¹íòiâ ðiâíÿííÿ (6) âèêîíóþòüñÿ óìîâè (i)�(iii), â
ÿêèõ x çàìiíåíî íà (x1, x2, y3). Òîäi äëÿ ðiâíÿííÿ (6) iñíó¹ ÔÐÇÊ Z2 i ñïðàâäæó-
þòüñÿ îöiíêè:

(61) |∂kxZ2(t, x; τ, ξ; y3)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ),

|∆zs
xs
∂kxZ2(t, x; τ, ξ; y3)| 6 C|xs − zs|γs(B(t, τ))−M−Mk−msγ

0
s×

(62) ×(Edc (t, τ, x, ξ) + Edc (t, τ, z(s), ξ)), s ∈ N3,

|∆z3
y3∂

k
xZ2(t, x; τ, ξ; y3)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ)×

(63) ×((B(h, τ))m3γ3 + |Y3(h, τ)− z3|γ3),

(64)
∣∣∣ ∫
Rn

∂kxZ2(t, x; τ, ξ; y3)dξ
∣∣∣6 C(B(t, τ))−Mk+lkEd(t, τ), k 6= 0,



116
Î. ÂÎÇÍßÊ, Ñ. IÂÀÑÈØÅÍ, I. ÌÅÄÈÍÑÜÊÈÉ

ISSN 2078-3744. Âiñíèê Ëüâiâ. óí-òó. Ñåðiÿ ìåõ.-ìàò. 2019. Âèïóñê 88∣∣∣ ∆zs
xs

∫
Rn

∂kxZ2(t, x; τ, ξ; y3)dξ
∣∣∣6 C|xs − zs|γ

0
s×

(65) ×(B(t, τ))−Mk+lk−msγ
0
sEd(t, τ), s ∈ N3, k 6= 0,∣∣∣ ∫

Rn2+n3

∂k
′

x Z2(t, x; τ, ξ; y3)dξ2dξ3

∣∣∣6 C(B(t, τ))−m1n1−Mk′+m2γ2×

(66) ×E(1)
c0 (t, τ, x1 − ξ1)Ed(t, τ), k′ 6= 0,

∣∣∣ ∆zs
xs

∫
Rn2+n3

∂k
′

x Z2(t, x; τ, ξ; y3)dξ2dξ3

∣∣∣6 C|xs − zs|γ
0
s×

(67) ×(B(t, τ))−m1n1−Mk′+m2γ2−msγ
0
sE(1)

c0 (t, τ, x1 − ξ1)Ed(t, τ), k′ 6= 0,

à òàêîæ ðiâíîñòi

(68) ∂k3x3

∫
Rn3

Z2(t, x; τ, ξ; y3)dξ3 = 0, k3 6= 0,

(69) ∂k3x3
Z2(t, x; τ, ξ; y3) = (−∂ξ3)k3Z2(t, x; τ, ξ; y3), k3 6= 0,

â ÿêèõ 0 < τ < t 6 T , {x, ξ} ⊂ Rn, y3 ∈ Rn3 , zs ∈ Rns , s ∈ N3, γ
0
1 ∈ (0, γ1], γ0

2 ∈ (0, γ2],
γ0

3 ∈ (0, 1], {k, k′} ⊂ Zn+, m1|k1|+ |k2| 6 1, ÷èñëà h i γs òàêi, ÿê âèùå, l1 := m1γ1 ïðè
k1 6= 0, k′ = 0, l2 := m2γ2 ïðè k1 = 0, k′ 6= 0.

Òåîðåìà 3. Íåõàé äëÿ êîåôiöi¹íòiâ ðiâíÿííÿ (10) âèêîíóþòüñÿ óìîâè (i)�(iii).
Òîäi äëÿ ðiâíÿííÿ (10) iñíó¹ ÔÐÇÊ Z3, äëÿ ÿêîãî ñïðàâäæóþòüñÿ îöiíêè

(70) |∂kxZ3(t, x; τ, ξ)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ),

(71) |SZ3(t, x; τ, ξ)| 6 C(B(t, τ))−M−1Edc (t, τ, x, ξ),

äå 0 < τ < t 6 T , {x, ξ} ⊂ Rn, k = (k1, k2, k3) ∈ Zn+, m1|k1|+ |k2|+ |k3| 6 1.

ÔÐÇÊ Zj , j ∈ N3, âèçíà÷àþòüñÿ íàâåäåíèìè ó âñòóïi ôîðìóëàìè (3), (7) i
(11), â ÿêèõ Gj � ïàðàìåòðèêñ, à Wj � âiäïîâiäíèé îá'¹ìíèé ïîòåíöiàë ç íåâiäîìîþ
ãóñòèíîþ Qj . Òîìó äîâåäåííÿ òåîðåì 1�3 çâîäèòüñÿ äî âèçíà÷åííÿ òà äîñëiäæåííÿ
âëàñòèâîñòåé ôóíêöié Gj , Qj i Wj . Âèâ÷åííÿ ôóíêöi¨ G1 òà ÿäðà K1 ðiâíÿííÿ (14)
ç j = 1 òà ôóíêöié G2, G3, Qj i Wj , j ∈ N3, ïðîâåäåìî â íàñòóïíèõ ïóíêòàõ.

Çàóâàæåííÿ 1. Íà ïiäñòàâi îöiíîê (26) ó íåðiâíîñòÿõ (51)�(53), (56), (57), (61)�(63),
(66), (67), à òàêîæ (70) i (71), ÿê i â (45), (46), çàìiñòü îöiíþþ÷î¨ ôóíêöi¨ Edc ìîæíà
áðàòè ôóíêöiþ F dc .
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4. Ïàðàìåòðèêñ G1

Âëàñòèâîñòi ôóíêöi¨ G1 îïèøåìî â òàêié ëåìi.

Ëåìà 4. Çà óìîâ ëåìè 3 äëÿ ôóíêöi¨ G1 ñïðàâäæóþòüñÿ òàêi îöiíêè

(72) |∂kxG1(t, x; τ, ξ; y′)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ),

|∆zs
xs
∂kxG1(t, x; τ, ξ; y′)| 6 C|xs − zs|γs(B(t, τ))−M−Mk−msγ

0
s×

(73) ×(Edc (t, τ, x, ξ) + Edc (t, τ, z(s), ξ)), s ∈ N3,

|∆zs
ys∂

k
xG1(t, x; τ, ξ; y′)| 6 C(B(t, τ))−M−MkEdc (t, τ, x, ξ)×

(74) ×((B(h, τ))msγs + |Ys(h, τ)− zs|γs), s ∈ {2, 3},

(75)
∣∣∣ ∫
Rn

∂kxG1(t, x; τ, ξ; y′)dξ
∣∣∣6 C(B(t, τ))−Mk+m1γ1Ed(t, τ), k 6= 0,

(76)
∣∣∣∆zs

xs

∫
Rn

∂kxG1(t, x; τ, ξ; y′)dξ
∣∣∣6 C|xs−zs|γ

0
s (B(t, τ))−Mk+m1γ1−msγ

0
sEd(t, τ), k 6= 0,

∣∣∣ ∫
Rn2+n3

∂k
′

x G1(t, x; τ, ξ; (ξ2, y3))dξ2dξ3

∣∣∣6 C(B(t, τ))−m1n1−Mk′+m2γ2×

(77) ×E(1)
c0 (t, τ, x1 − ξ1)Ed(t, τ), k′ 6= 0,∣∣∣∆zs

xs

∫
Rn2+n3

∂k
′

x G1(t, x; τ, ξ; (ξ2, y3))dξ2dξ3

∣∣∣6 C|xs−zs|γ
0
s (B(t, τ))−m1n1−Mk′−msγs+m2γ2×

(78) ×(E(1)
c0 (t, τ, x1 − ξ1) + E(1)

c0 (t, τ, z1 − ξ1))Ed(t, τ), k′ 6= 0,∣∣∣ ∫
Rn3

∂k3x3
G1(t, x; τ, ξ; (y2, ξ3))dξ3

∣∣∣6 C(B(t, τ))−m1n1−m2n2−m3(|k3|−γ3)×

(79) ×E(1)
c0 (t, τ, x1 − ξ1)E(2)

c0 (t, τ,X2(t, τ)− ξ2)Ed(t, τ), k3 6= 0,∣∣∣∆zs
xs

∫
Rn3

∂k3x3
G1(t, x; τ, ξ; (y2, ξ3))dξ3

∣∣∣6 C|xs−zs|γ
0
s (B(t, τ))−m1n1−m2n2−m3(|k3|−γ3)−msγs×

(80) ×E(1)
c0 (t, τ, x1 − ξ1)E(2)

c0 (t, τ,X2(t, τ)− ξ2)Ed(t, τ), k3 6= 0,

à òàêîæ ðiâíîñòi

(81) ∂k
′

x G1(t, x; τ, ξ; y′) = (−∂ξ)k
′
G1(t, x; τ, ξ; y′), k′ 6= 0,

(82) ∂k
′

x

∫
Rn2+n3

G1(t, x; τ, ξ; y′)dξ2dξ3 = 0, k′ 6= 0,

(83) ∂k3x3

∫
Rn3

G1(t, x; τ, ξ; y′)dξ3 = 0, k3 6= 0,
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ó ÿêèõ 0 < τ < t 6 T , {x, ξ} ⊂ Rn, y′ = (y2, y3) ∈ Rn2+n3 , zs ∈ Rns , s ∈ N3,
{k, k′} ⊂ Zn+, γ0

s ∈ (0, 1], s ∈ N3, h i γs � ÷èñëà ç óìîâ (15)�(17).

Äîâåäåííÿ ëåìè 4 ïðîâîäèòüñÿ âiäïîâiäíîþ ìîäèôiêàöi¹þ äîâåäåíü ç ïðàöü
[1, 2], à äëÿ ðiâíÿíü, ó ÿêèõ âiäñóòíi ôóíêöi¨ α i β � ç [4, 5, 8].

5. ßäðî K1

ßäðî K1 iíòåãðàëüíîãî ðiâíÿííÿ (14) ç j = 1 âèçíà÷à¹òüñÿ ôîðìóëîþ

K1(t, x; τ, ξ; y′) :=
(
β(t)

n1∑
j, l=1

∆ξ1
x1
ajl(t, (x1, y

′))∂x1j
∂x1l

+ β(t)

n1∑
j=1

∆ξ1
x1
aj(t, (x1, y

′))∂x1j
+

+∆ξ1
x1
a0(t, (x1, y

′))
)
G1(t, x; τ, ξ; y′), 0 < τ < t 6 T, {x, ξ} ⊂ Rn, y′ ∈ Rn2+n3 .

Ç öi¹¨ ôîðìóëè äëÿ k′ ∈ Zn+\{0} âèïëèâàþòü òàêi ðiâíîñòi:

∂k
′

xK1(t, x; τ, ξ; y′) :=
(
β(t)

n1∑
j, l=1

∆ξ1
x1
ajl(t, (x1, y

′))∂x1j∂x1l
+β(t)

n1∑
j=1

∆ξ1
x1
aj(t, (x1, y

′))∂x1j+

(84) +∆ξ1
x1
a0(t, (x1, y

′))
)
∂k

′

x G1(t, x; τ, ξ; y′),

∆zs
xs
∂k

′

xK1(t, x; τ, ξ; y′):=
(
β(t)

n1∑
j, l=1

∆ξ1
x1
ajl(t, (x1,y

′))∂x1j
∂x1l

+β(t)

n1∑
j=1

∆ξ1
x1
aj(t, (x1,y

′))∂x1j
+

(85) +∆ξ1
x1
a0(t, (x1, y

′))
)

∆zs
xs
∂k

′

x G1(t, x; τ, ξ; y′), s ∈ {2, 3},

∆zs
ys∂

k′

x K1(t, x; τ, ξ; y′) :=
(
β(t)

n1∑
j, l=1

∆ξ1
x1

∆zs
ysajl(t, (x1, y

′))∂x1j
∂x1l

+

+β(t)

n1∑
j=1

∆zs
ysaj(t, (x1, y

′))∂x1j + ∆zs
ysa0(t, (x1, y

′))−

−β(t)

n1∑
j=1

∆zs
ysaj(t, (ξ1, y

′))∂x1j
−∆zs

ysa0(t, (ξ1, y
′))
)
∂k

′

x G1(t, x; τ, ξ; y′)+

+
(
β(t)

n1∑
j, l=1

∆ξ1
x1
ajl(t, (x1, y

′))∂x1j
∂x1l

+ β(t)

n1∑
j=1

∆ξ1
x1
aj(t, (x1, y

′))∂x1j
+

(86) +∆ξ1
x1
a0(t, (x1, y

′))
)∣∣∣
ys=zs

∆zs
ys∂

k′

x G1(t, x; τ, ξ; y′), s ∈ {2, 3}.

Çà äîïîìîãîþ iíòåãðóâàííÿ (86) i ôîðìóë (82), (83) îòðèìà¹ìî ùå òàêi ðiâíîñòi:∫
Rn2+n3

∆zs
ys∂

k′

x K1(t, x; τ, ξ; y′)dξ2dξ3 =
(
β(t)

n1∑
j, l=1

∆ξ1
x1
ajl(t, (x1, y

′))∂x1j∂x1l
+

+β(t)

n1∑
j=1

∆ξ1
x1
aj(t, (x1, y

′))∂x1j
+ ∆ξ1

x1
a0(t, (x1, y

′))
)∣∣∣
ys=zs

×
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×
∫

Rn2+n3

∆zs
ys∂

k′

x G1(t, x; τ, ξ; y′)dξ2dξ3, s ∈ {2, 3},

∫
Rn3

∆zs
ys∂

k3
x3
K1(t, x; τ, ξ; y′)dξ3 =

(
β(t)

n1∑
j, l=1

∆ξ1
x1
ajl(t, (x1, y

′))∂x1j
∂x1l

+

+β(t)

n1∑
j=1

∆ξ1
x1
aj(t, (x1, y

′))∂x1j
+ ∆ξ1

x1
a0(t, (x1, y

′))
)∣∣∣
ys=zs

×

(87) ×
∫

Rn3

∆zs
ys∂

k3
x3
G1(t, x; τ, ξ; y′)dξ3, k3 6= 0, s ∈ {2, 3}.

Âèêîðèñòîâóþ÷è ðiâíîñòi (84)�(87), îöiíêè (72)�(74), óìîâè (15)�(18), íåðiâíîñòi
(29), (30) i (32), à òàêîæ ðiâíiñòü (31), îòðèìó¹ìî îöiíêè

(88) |∂k
′

x K1(t, x; τ, ξ; y′)| 6 Cβ(t)(B(t, τ))−M−Mk′−1+m1γ1Edc (t, τ, x, ξ),

|∆zs
xs
∂k

′

x K1(t, x; τ, ξ; y′)| 6 Cβ(t)|xs − zs|γ
0
s (B(t, τ))−M−Mk′−1+m1γ1−msγ

0
s×

(89) ×(Edc (t, τ, x, ξ) + Edc (t, τ, z(s), ξ)),

|∆zs
ys∂

k′

x K1(t, x; τ, ξ; y′)| 6 Cβ(t)((B(h, τ))msγs + |Ys(h, τ)− zs|γs)×

(90) ×(B(t, τ))−M−Mk′−1+m1γ1Edc (t, τ, x, ξ),∣∣∣ ∫
Rn2+n3

∆zs
ys∂

k′

x K1(t, x; τ, ξ; y′)dξ2dξ3

∣∣∣6 Cβ(t)((B(h, τ))msγs + |Ys(h, τ)− zs|γs)×

(91) ×(B(t, τ))−m1n1−Mk′−1+m1γ1E(1)
c0 (t, τ, x1 − ξ1)Ed(t, τ),∣∣∣ ∫

Rn3

∆zs
ys∂

k′

x K1(t, x; τ, ξ; y′)dξ3

∣∣∣6 Cβ(t)((B(h, τ))msγs + |Ys(h, τ)− zs|γs)×

(92) ×(B(t, τ))−m1n1−m2n2−Mk′−1+m1γ1E(1)
c0 (t, τ, x1−ξ1)E(2)

c0 (t, τ,X2(t, τ)−ξ2)Ed(t, τ),∣∣∣ ∫
Rn

∆zs
ys∂

k′

x K1(t, x; τ, ξ; y′)dξ
∣∣∣6 Cβ(t)((B(h, τ))msγs + |Ys(h, τ)− zs|γs)×

(93) ×(B(t, τ))−Mk′−1+m1γ1Ed(t, τ).

Â îöiíêàõ (88)�(93) 0 < τ < t 6 T , h ∈ (0, T ], {x, ξ} ⊂ Rn, zs ∈ Rns , s ∈ N3,
y′ ∈ Rn2+n3 , k′ ∈ Zn+ (â îöiíêàõ (91)�(93) k′ 6= 0), à ÷èñëà γ0

s i γs òàêi, ÿê âèùå.

Òåïåð îöiíèìî ïðèðiñò ∆z1
x1
∂k

′

x K1. Äîñòàòíüî ðîçãëÿíóòè âèïàäîê, êîëè |x1 −
z1|2 6 B(t, τ)/4. Ç ðiâíîñòi (84) âèïëèâà¹, ùî

∆z1
x1
∂k

′

x K1(t, x; τ, ξ; y′) :=
(
β(t)

n1∑
j, l=1

∆z1
x1
ajl(t, (x1, y

′))∂x1j∂x1l
+
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+β(t)

n1∑
j=1

∆z1
x1
aj(t, (x1, y

′))∂x1j + ∆z1
x1
a0(t, (x1, y

′))
)
∂k

′

x G1(t, x; τ, ξ)+

+β(t)

n1∑
j, l=1

∆ξ1
z1ajl(t, (x1, y

′))∆z1
x1
∂x1j

∂x1l
∂k

′

x G1(t, x; τ, ξ)+

+β(t)

n1∑
j=1

∆ξ1
z1aj(t, (x1, y

′))∆z1
x1
∂x1j

∂k
′

x G1(t, x; τ, ξ)+

+∆ξ1
x1
a0(t, (x1, y

′))∆z1
x1
∂x1j

∂k
′

x G1(t, x; τ, ξ).

Çà äîïîìîãîþ óìîâè (15), îöiíîê (72), (73) òà íåðiâíîñòi (29) îòðèìó¹ìî

|∆z1
x1
∂k

′

x K1(t, x; τ, ξ; y′)| 6 Cβ(t)(B(t, τ))−M−Mk′−1×

(94) ×
(
|x1 − z1|γ1(B(t, τ))m1γ1 + |x1 − z1|γ

0
1 (B(t, τ))−m1(γ0

1−γ1)
)
Edc (t, τ, x, ξ),

äå γ0
1 � äîâiëüíå ÷èñëî ç ïðîìiæêó (0, 1], à γ1 � ÷èñëî ç óìîâè (15). ßêùî äîäàòêîâî

ñêîðèñòàòèñÿ íåðiâíiñòþ (75) i ðiâíiñòþ (31), òî îòðèìà¹ìî îöiíêó∣∣∣ ∆z1
x1

∫
Rn

∂k
′

x K1(t, x; τ, ξ; y′)dξ
∣∣∣6 Cβ(t)(B(t, τ))−Mk′−1Ed(t, τ)×

(95) ×
(
|x1 − z1|γ1(B(t, τ))m1γ1 + |x1 − z1|γ

0
1 (B(t, τ))−m1(γ0

1−γ1)
)
, γ0

1 ∈ (0, 1].

Ç íåðiâíîñòi (94) âèïëèâàþòü îöiíêè

|∆z1
x1
∂k

′

x K1(t, x; τ, ξ; y′)| 6 Cβ(t)Edc (t− τ, x, ξ)×

(96) ×

{
|x1 − z1|γ

0
1 (B(t, τ))−M−Mk′−1−m1(γ0

1−γ1), γ0
1 < γ1,

|x1 − z1|γ1(B(t, τ))−M−Mk′−1, γ0
1 = γ1.

6. Âëàñòèâîñòi ôóíêöi¨ Q1 òà îá'¹ìíîãî ïîòåíöiàëó W1

Îñêiëüêè, çãiäíî ç ðåçóëüòàòàìè ï. 4 i òâåðäæåííÿì (26) ëåìè 2, ÿäðî K1

iíòåãðàëüíîãî ðiâíÿííÿ (14) ç j = 1 çàäîâîëüíÿ¹ óìîâè ç [1, ëåìè 1.10, ñ. 44], òî
ôóíêöiÿ Q1 âèçíà÷à¹òüñÿ ðÿäîì

(97) Q1(t, x; τ, ξ; y′) =

∞∑
j=1

K1j(t, x; τ, ξ; y′),

â ÿêîìó

K1j(t, x; τ, ξ; y′) =

t∫
τ

dθ

α(θ)

∫
Rn

K1(t, x; θ, λ; y′)K1(j−1)(θ, λ; τ, ξ; y′)dλ, j > 1,

K11 := K1, 0 < τ < t 6 T, {x, ξ} ⊂ Rn, y′ ∈ Rn2+n3 .
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Ëåìà 5. Çà óìîâ (i)�(iii) äëÿ ôóíêöi¨ Q1 ñïðàâäæóþòüñÿ îöiíêè

(98) |∂k
′

x Q1(t, x; τ, ξ; y′)| 6 Cβ(t)(B(t, τ))−M−Mk′−1+m1γ1Edc (t, τ, x, ξ),

|∆zs
xs
∂k

′

x Q1(t, x; τ, ξ; y′)| 6 Cβ(t)|xs − zs|γ
0
s (B(t, τ))−M−Mk′−1+m1γ1−msγ

0
s×

(99) ×(Edc (t, τ, x, ξ) + Edc (t, τ, z(s), ξ)), s ∈ N3,

(100)

|∆zs
ys∂

k′

x Q1(t, x; τ, ξ; y′)| 6 Cβ(t)Hs(h, τ)(B(t, τ))−M−Mk′−1+m1γ1Edc (t, τ, x, ξ), s ∈ {2, 3},

(101)
∣∣∣ ∂k′x ∫

Rn

Q1(t, x; τ, ξ; y′)dξ
∣∣∣6 Cβ(t)(B(t, τ))−Mk′−1+m1γ1Edc (t, τ, x, ξ),

(102)
∣∣∣ ∆z1

x1
∂k

′

x

∫
Rn

Q1(t, x; τ, ξ; y′)dξ
∣∣∣6 Cβ(t)|x1 − z1|γ

0
1 (B(t, τ))−Mk′−1+m1(γ1−γ0

1),

∣∣∣ ∂k′x ∫
Rn2+n3

Q1(t, x; τ, ξ; (ξ2, y3))dξ2dξ3

∣∣∣6 Cβ(t)(B(t, τ))−m1n1−Mk′+m2γ2×

(103) ×E(1)
c (t, τ, x1 − ξ1)Ed(t, τ), k′ 6= 0,∣∣∣ ∂k3x3

∫
Rn3

Q1(t, x; τ, ξ; (ξ2, ξ3))dξ3

∣∣∣6 Cβ(t)(B(t, τ))−m1(n1−γ1)−m2n2−m3(|k3|−γ3)−1×

(104) ×E(1)
c (t, τ, x1 − ξ1)E(2)

c (t, τ,X2(t, τ)− ξ2)Ed(t, τ), k3 6= 0,

äå 0 < τ < t 6 T , {x, ξ} ⊂ Rn, y′ ∈ Rn2+n3 , zs ∈ Rns , s ∈ N3, k
′ := (0, k2, k3) ∈ Zn+,

γ0
1 ∈ (0, 1], {γ0

2 , γ
0
3} ⊂ (0, 1], Hs(h, τ) := (B(h, τ))msγs + |Ys(h, τ) − zs|γs , s ∈ {2, 3},

h ∈ [τ, T ], γ1, γ2, γ3 � ÷èñëà ç óìîâ (15)�(17).

Ëåìà 6 ñòîñó¹òüñÿ âëàñòèâîñòåé îá'¹ìíîãî ïîòåíöiàëó (4) ç ïåðøîãî åòàïó ïî-
áóäîâè ÔÐÇÊ.

Ëåìà 6. Íåõàé êîåôiöi¹íòè ðiâíÿííÿ (2) çàäîâîëüíÿþòü óìîâè (i)�(iii). Òîäi
ïðàâèëüíi òàêi òâåðäæåííÿ:

1) ôóíêöiÿ (4) ìà¹ íåïåðåðâíi ïîõiäíi âèãëÿäó ∂kxW1, äå ìóëüòèiíäåêñ k :=
(k1, k2, k3) ∈ Zn+ òàêèé, ùî

||k|| := |k1|+ 2(|k2|+ |k3|) 6 2.

Ïîõiäíi âèçíà÷àþòüñÿ ôîðìóëàìè

(105) ∂k1x1
W1(t, x; τ, ξ; y′) =

t∫
τ

dθ

α(θ)

∫
Rn

∂k1x1
G1(t, x; θ, λ; y′)Q1(θ, λ; τ, ξ; y′)dλ, |k1| = 1,

∂k1x1
W1(t, x; τ, ξ; y′) =

t1∫
τ

dθ

α(θ)

∫
Rn

∂k1x1
G1(t, x; θ, λ; y′)Q1(θ, λ; τ, ξ; y′)dλ+
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+

t∫
t1

dθ

α(θ)

∫
Rn

∂k1x1
G1(t, x; θ, λ; y′)∆

X(t,θ)
λ Q1(θ, λ; τ, ξ; y′)dλ+

(106) +

t∫
t1

( ∫
Rn

∂k1x1
G1(t, x; θ, λ; y′)dλ

)
Q1(θ,X(t, θ); τ, ξ; y′)

dθ

α(θ)
, |k1| = 2,

∂k
′

x W1(t, x; τ, ξ; y′) =

t1∫
τ

dθ

α(θ)

∫
Rn

∂k
′

x G1(t, x; θ, λ; y′)Q1(θ, λ; τ, ξ; y′)dλ+

(107) +

t∫
t1

dθ

α(θ)

∫
Rn

G1(t, x; θ, λ; y′)∂k
′

x Q1(θ, λ; τ, ξ; y′)dλ, |k′| 6= 0;

2) ñïðàâäæóþòüñÿ îöiíêè

(108) |∂k1x1
W1(t, x; τ, ξ; y′)| 6 C(B(t, τ))−M−Mk′+m1γ1Edc (t, τ, x, ξ), ||k|| 6 2,

|∆zs
xs
∂k1x1

W1(t, x; τ, ξ; y′)| 6 C|xs − zs|γ
0
s (B(t, τ))−M−Mk′+m1γ1−msγ

0
s×

(109) ×(Edc (t, τ, x, ξ) + Edc (t, τ, z(s), ξ)), ||k|| = 2, s ∈ N3,

|∆zs
ys∂xl

W1(t, x; τ, ξ; y′)| 6 CHs(h, τ)(B(t, τ))−M−ml+m1γ1×

(110) ×Edc (t, τ, x, ξ), {s, l} ⊂ {2, 3},

(111)
∣∣∣ ∫
Rn

∂k1x1
W1(t, x; τ, ξ; y′)dξ

∣∣∣6 C(B(t, τ))−Mk′+m1γ1Ed(t, τ), 0 < ||k|| 6 2,

∣∣∣ ∆zs
xs

∫
Rn

∂kxW1(t, x; τ, ξ; y′)dξ
∣∣∣6 C|xs − zs|γ

0
s×

(112) ×(B(t, τ))−Mk−msγ
0
s+m1γ1Ed(t, τ), 0 < ||k|| 6 2, s ∈ N3,∣∣∣ ∫

Rn2+n3

∂kxW1(t, x; τ, ξ; y′)dξ2dξ3

∣∣∣6 C(B(t, τ))−m1n1−Mk+m1γ1×

(113) ×E(1)
c0 (t, τ, x1 − ξ1)Ed(t, τ), ||k|| 6 2,∣∣∣ ∆zs

xs

∫
Rn2+n3

∂kxW1(t, x; τ, ξ; y′)dξ2dξ3

∣∣∣6 C|xs − zs|γ
0
s (B(t, τ))−m1n1−Mk−msγ

0
s+m1γ1×

(114) ×(E(1)
c0 (t, τ, x1 − ξ1) + E(1)

c0 (t, τ, z1 − ξ1))Ed(t, τ), ||k|| = 2, s ∈ N3,∣∣∣ ∫
Rn3

∂kxW1(t, x; τ, ξ; y′)dξ3

∣∣∣6 C(B(t, τ))−m1n1−m2n2−Mk+m1γ1×

(115) ×E(1)
c0 (t, τ, x1 − ξ1)E(2)

c0 (t, τ,X2(t, τ)− ξ2)Ed(t, τ), ||k|| 6 2,
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xs

∫
Rn3

∂kxW1(t, x; τ, ξ; y′)dξ3

∣∣∣6 C|xs − zs|γ
0
s (B(t, τ))−m1n1−m2n2−Mk−msγ

0
s+m1γ1×

(116) ×E(1)
c0 (t, τ, x1 − ξ1)E(2)

c0 (t, τ,X2(t, τ)− ξ2)Ed(t, τ), ||k|| 6 2, s ∈ N3,

(117) ∂k
′

x W1(t, x; τ, ξ; y′) = (−∂ξ)k
′
W1(t, x; τ, ξ; y′), k′ 6= 0,

Ó ôîðìóëàõ (105)�(117) 0 < τ < t 6 T , {x, ξ} ⊂ Rn, y′ ∈ Rn2+n3 , zs ∈ Rns , s ∈ N3,
k′ := (0, k2, k3) ∈ Zn+, γ0

1 ∈ (0, 1], {γ0
2 , γ

0
3} ⊂ (0, 1], s ∈ {2, 3}, h ∈ [τ, T ], Hs(h, τ) i

÷èñëà γ1, γ2, γ3 òàêi, ÿê ó ëåìi 5.

Äîâåäåííÿ ëåì 5 i 6 ïðîâîäèòüñÿ âiäïîâiäíîþ ìîäèôiêàöi¹þ äîâåäåíü ç [4, 6, 9]
i [1, 2] äëÿ âèïàäêó ðiâíÿíü áåç âèðîäæåííÿ i ç âèðîäæåííÿì íà ïî÷àòêîâié ãiïåð-
ïëîùèíi, âiäïîâiäíî.

Ëåìà 4, à òàêîæ ëåìè 5 i 6 íà ïiäñòàâi ôîðìóëè (3) îá ðóíòîâóþòü òâåðäæåííÿ
òåîðåìè 1 ïðî ÔÐÇÊ Z1 i çàâåðøóþòü ïåðøèé åòàï éîãî ïîáóäîâè.

7. Äðóãèé i òðåòié åòàïè ïîáóäîâè ÔÐÇÊ

Äîñëiäæåííÿ âëàñòèâîñòåé ôóíêöié Gj , Kj , Qj i Wj , j ∈ {2, 3}, ó äðóãîìó òà
òðåòüîìó åòàïàõ ïðîâîäèòüñÿ çà ìåòîäèêîþ, âèêîðèñòàíîþ â ïåðøîìó åòàïi. Öi äî-
ñëiäæåííÿ â ïðèíöèïi ïîâòîðþþòü ç ïðèðîäíèìè îñîáëèâîñòÿìè âiäïîâiäíi äîñëi-
äæåííÿ â ïåðøîìó åòàïi. Êîðîòêî çóïèíèìîñÿ íà öèõ îñîáëèâîñòÿõ.

Âëàñòèâîñòi ïàðàìåòðèêñó G2 ¹ òàêèìè, ÿê i ñôîðìóëüîâàíi â òåîðåìi 1 äëÿ
Z1 ç òi¹þ âiäìiííiñòþ, ùî γ0

2 ∈ (0, γ2] äëÿ Z2 i γ0
2 ∈ (0, 1] äëÿ G2, òîáòî Z2 ìà¹,

âçàãàëi êàæó÷è, íèæ÷èé ïîêàçíèê ãëàäêîñòi çà çìiííîþ x2, íiæ G2. Öå çóìîâëåíî
òèì, ùî ñàìå òàêó ãëàäêiñòü ìà¹ îá'¹ìíèé ïîòåíöiàë W2. Ïðè÷èíà öüîãî êðè¹òüñÿ
ó âëàñòèâîñòÿõ ãóñòèíè Q2, ÿêà, çàãàëîì, íå ìà¹ ïîõiäíî¨ çà çìiííîþ x2, à ¹ ëèøå
íåïåðåðâíîþ çà öi¹þ çìiííîþ çà Ãåëüäåðîì ç ïîêàçíèêîì γ2. Òîìó äëÿ ïîõiäíî¨
∂k2x2

W2, |k2| = 1 òðåáà âèêîðèñòàòè ôîðìóëó

∂k2x2
W2(t, x; τ, ξ; y3) =

t1∫
τ

dθ

α(θ)

∫
Rn

∂k2x2
G2(t, x; θ, λ; y3)Q2(θ, λ; τ, ξ; y3)dλ+

+

t∫
t1

dθ

α(θ)

∫
Rn1

( ∫
Rn2+n3

∂k2x2
G2(t, x; θ, λ; y′)dλ2dλ3

)
×

×∆
X(t,θ)
Λ01(t,θ)Q2(θ,Λ01(t, θ); τ, ξ; y3)dλ1 +

t∫
t1

dθ

α(θ)

∫
Rn

∂k2x2
G2(t, x; θ, λ; y3)×

×
(

∆
Λ01(t,θ)
Λ02(t,θ)Q2(θ,Λ02(t, θ); τ, ξ; y3) + ∆

Λ02(t,θ)
λ Q2(θ, λ; τ, ξ; y3)

)
dλ+

(118) +

t∫
t1

( ∫
Rn

∂k2x2
G2(t, x; θ, λ; y3)dλ

)
Q2(θ,X(t, θ); τ, ξ; y3)

dθ

α(θ)
.
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Îöiíèâøè çâè÷àéíèì ñïîñîáîì, ïîäiáíî äî ïîïåðåäíüîãî, iíòåãðàëè ç (118), îòðèìà-
¹ìî îöiíêó

|∂k2x2
W2(t, x; τ, ξ; y3)| 6 C(B(t, τ))−M−m2(1−γ2)Edc0(t, τ, x, ξ),

0 < τ < t 6 T, {x, ξ} ⊂ Rn, y3 ∈ Rn3 , |k2| = 1.

Òóò âèêîðèñòàíî òå, ùî

−m2(1− γ2) = −1 + (3γ2 − 1)/2 i 3γ2 − 1 > 0,

áî çãiäíî ç óìîâîþ (16) ìà¹ìî γ2 ∈ (1/3, 2/3].

Àíàëîãi÷íà ñèòóàöiÿ âèíèêà¹ íà òðåòüîìó åòàïi. Íà öüîìó åòàïi G3, Q3 i W3

âiä ïàðàìåòðà y âæå íå çàëåæàòü. Ôîðìóëè äëÿ ïîõiäíèõ ∂k3x3
W3, |k3| = 1 íàáóâàþòü

âèãëÿäó

∂k3x3
W3(t, x; τ, ξ) =

t1∫
τ

dθ

α(θ)

∫
Rn

∂k3x3
G3(t, x; θ, λ)Q3(θ, λ; τ, ξ)dλ+

+

t∫
t1

dθ

α(θ)

∫
Rn1

( ∫
Rn2+n3

∂k3x3
G3(t, x; θ, λ)dλ2dλ3

)
∆
X(t,θ)
Λ01(t,θ)Q3(θ,Λ01(t, θ); τ, ξ)dλ1+

+

t∫
t1

dθ

α(θ)

∫
Rn1+n2

( ∫
Rn3

∂k3x3
G3(t, x; θ, λ)dλ3

)
∆

Λ02(t,θ)
Λ01(t,θ)Q3(θ,Λ01(t, θ); τ, ξ)dλ1+

+

t∫
t1

dθ

α(θ)

∫
Rn

∂k3x3
G3(t, x; θ, λ)∆

Λ02(t,θ)
λ Q3(θ, λ; τ, ξ)dλ+

+

t∫
t1

( ∫
Rn

∂k3x3
G3(t, x; θ, λ)dλ

)
Q3(θ,X(t, θ); τ, ξ)

dθ

α(θ)
.

Îöiíþâàííÿ iíòåãðàëiâ iç öi¹¨ ôîðìóëè ïðèâîäèòü äî òàêîãî ðåçóëüòàòó:

|∂k3x3
W3(t, x; τ, ξ)| 6 C(B(t, τ))−M−m3(1−γ3)Edc0(t, τ, x, ξ),

0 < τ < t 6 T, {x, ξ} ⊂ Rn, |k3| = 1,

äå −m3(1− γ3) = −1 + (5γ3 − 3)/2 i 5γ3 − 3 > 0, îñêiëüêè çà óìîâîþ (17) ìà¹ìî, ùî
γ3 ∈ (3/5, 2/3].

Ç âëàñòèâîñòåé ôóíêöié Gj i Wj , j ∈ {2, 3} âèïëèâàþòü òâåðäæåííÿ òåîðåìè 2,
à òàêîæ òâåðäæåííÿ òåîðåìè 3 ïðî iñíóâàííÿ ÔÐÇÊ Z := Z3 òà éîãî îöiíêè (70).
Îöiíêà (71) âèïëèâà¹ ç îöiíîê (70) i òîãî, ùî Z ¹ ðîçâ'ÿçêîì ðiâíÿííÿ (10).

Îòæå, îñíîâíèì ðåçóëüòàòîì äîñëiäæåííÿ â öié ñòàòòi ¹ òàêà òåîðåìà.

Òåîðåìà 4. Íåõàé äëÿ êîåôiöi¹íòiâ ðiâíÿííÿ (10) âèêîíóþòüñÿ óìîâè (i)�(iii).
Òîäi äëÿ ðiâíÿííÿ (10) iñíó¹ ÔÐÇÊ Z, äëÿ ÿêîãî ñïðàâäæóþòüñÿ îöiíêè

(119) |∂kxZ(t, x; τ, ξ)| 6 C(B(t, τ))−M−MkEdc (t, τ)(t, τ, x, ξ),

(120) |SZ(t, x; τ, ξ)| 6 C(B(t, τ))−M−1Edc (t, τ, x, ξ)
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ó ÿêèõ 0 < τ < t 6 T , {x, ξ} ⊂ Rn, k = (k1, k2, k3) ∈ Zn+, m1|k1|+ |k2|+ |k3| 6 1, C i c
� äîäàòíi ñòàëi, d ∈ R.
Çàóâàæåííÿ 2. Ó âèïàäêó ñëàáêîãî âèðîäæåííÿ ðiâíÿííÿ (10) â îöiíêàõ (119) i (120)
ìîæíà áðàòè τ = 0 i d = 0.
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The aim of this paper is to construct the classical fundamental soluti-
on of the Cauchy problem (FSCP) for degenerate ultraparabolic equation of
Kolmogorov type with three groups of spatial variables and with degenerati-
on on the initial hyperplane. In this paper we consider equations with two
groups of degeneration. So that in this case the spatial x ∈ Rn consist of three
groups of variables x := (x1, x2, x3), xj := (xj1, . . . , xjnj ) ∈ Rnj , j ∈ {1, 2, 3},
n1 > n2 > n3 > 1, n = n1 + n2 + n3. We shall say that t and x1 are basic
variables and x2, x3 are variables of degeneration. Similarly to the case of
non-degenerate parabolic equations it is possible to obtain a complete analytic
description of the FSCP, which leads to a very precise results for solutions of the
Kolmogorov type equations with constant coe�cients or coe�cients depending
only on time variable. If coe�cients of a Kolmogorov type equation depend on
all variables, then it is much more complicated to study its FSCP. In additi-
onal usual di�culties of the Levi Method, new serious di�culties are caused
by degeneracy of the equations. The number of the parameters is equal to the
number of the groups of degeneration in the equation. At the next stage of
constructing FSCP we choose the above FSCP as the parametrix. The number
of stages of the constructing FSCP depend on the quantity of the groups of
spatial variables in the equation.
The analysis shows that a solution of the problem of constructing the classical
FSCP consists not only in choice of suitable conditions on the coe�cients but
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also in successful choice of a parametrix for the Levi method. Our approach
is based on step-by-step use of the Levi method. On the �rst stage an FSCP
for the equation with coe�cients depending on the basic variables and the
parameters is constructed. Such an approach is realized in this paper. Its basic
results are the following. The classical FSCP for degenerate ultraparabolic
equation of Kolmogorov type with three groups of spatial variables and with
degeneration on the initial hyperplane is constructed. Exact estimations of this
solution and its derivatives are obtained.

Key words: parabolic equations with degenerations, fundamental solution
of the Cauchy problem, degeneration on the initial hyperplane, Levi method,
ultraparabolic equations of the Kolmogorov type.


