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ÐIÂÍßÍÜ ÒÈÏÓ ÊÎËÌÎÃÎÐÎÂÀ
Çàñòîñîâàíî íîâó ìîäèôiêàöiþ ìåòîäó Ëåâi äëÿ ïîãëèáëåíîãî âèâ÷åííÿ ñòðóêòóðè ôóí-

äàìåíòàëüíîãî ðîçâ'ÿçêó çàäà÷i Êîøi äëÿ îäíîãî êëàñó âèðîäæåíèõ ïàðàáîëi÷íèõ ðiâíÿíü
òèïó Êîëìîãîðîâà äðóãîãî ïîðÿäêó. Îäåðæàíî îöiíêè iíòåãðàëiâ âiä öüîãî ôóíäàìåíòàëüíî-
ãî ðîçâ'ÿçêó.

A new modi�cation of the Levi method was used for deepen study of the structure of
fundamental solution of the Cauchy problem for a class of degenerate parabolic second-order
equations of Kolmogorov type. Estimates of integrals of this fundamental solution were obtained.

Ó 1934 ð. À.Ì.Êîëìîãîðîâ [1] ïðè âè-
â÷åííi âèïàäêîâèõ ðóõiâ óçàãàëüíèâ êëàñè÷-
íó òåîðiþ áðîóíiâñüêîãî ðóõó À.Åéíøòåéíà
i ïðèéøîâ äî ðiâíÿííÿ äèôóçi�� ç iíåðöicþ,
ÿêå c âèðîäæåíèì ïàðàáîëi÷íèì ðiâíÿííÿì.
Óçàãàëüíåííÿìè êëàñè÷íîãî ðiâíÿííÿ Êîë-
ìîãîðîâà, â òîìó ÷èñëi é íà âèïàäîê ðiâíÿíü
äoâiëüíîãî ïîðÿäêó, òà��õ äîñëiäæåííÿì çàé-
ìàëèñü Ì. Âåáåð, Ò.Ã. Ãåí÷åâ, À.Ì. Iëü��í,
Ð.Ç. Õàñüìiíñüêèé, I.Ì. Ñîíií, ß.I. Øàòè-
ðî, Ë.Ï.Êóïöîâ, Ñ.Ä.Åéäåëüìàí, Ã.Ï.Ìà-
ëèöüêà, Ë.Ì. Òè÷èíñüêà, Â. Ñêîðíàöàíi,
Ñ.Ä. Iâàñèøåí, Ë.Ì.Àíäðîñîâà, Ñ.Ã.Ïÿòêîâ,
Î.Ã.Âîçíÿê òà ií.

ßê i â òåîði�� çàäà÷i Êîøi äëÿ íåâèðîäæå-
íèõ ïàðàáîëi÷íèõ ðiâíÿíü, äëÿ óëüòðàïàðà-
áîëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà îäíèì ç
îñíîâíèõ ïîíÿòü c ôóíäàìåíòàëüíèé ðîçâ'-
ÿçîê çàäà÷i Êîøi (ÔÐÇÊ). Òîìó íàéâàæëè-
âiøèìè ïèòàííÿìè, ÿêi ñòîÿëè ïåðåä äîñëi-
äíèêàìè çàäà÷i Êîøi äëÿ òàêèõ ðiâíÿíü, áó-
ëè ïèòàííÿ, ùî ñòîñóâàëèñÿ iñíóâàííÿ, îöi-
íîê i âëàñòèâîñòåé ÔÐÇÊ [2�7].

Ñòàòòÿ ïðèñâÿ÷åíà ïîãëèáëåíîìó âèâ÷åí-
íþ ñòðóêòóðè ÔÐÇÊ äëÿ âèðîäæåíèõ ïàðà-
áîëi÷íèõ ðiâíÿíü òèïó Êîëìîãîðîâà äðóãî-
ãî ïîðÿäêó ç òðüîìà ãðóïàìè ïðîñòîðîâèõ
çìiííèõ i çìiííèìè êîåôiöicíòàìè. Ó [3�5]
çíàéäåíî óìîâè iñíóâàííÿ òà îöiíêè ÔÐÇÊ,
â [6] ïîäàíî àíàëiòè÷íèé âèðàç i âëàñòèâî-
ñòi ÔÐÇÊ äëÿ ðiâíÿííÿ ó âèïàäêó, êîëè éî-
ãî êîåôiöicíòè ìîæóòü çàëåæàòè òiëüêè âiä

÷àñîâî�� çìiííî�� i ïàðàìåòðiâ. Öi ðåçóëüòàòè
øèðîêî âèêîðèñòîâóþòüñÿ ó äàíié ðîáîòi.

Àëå ïðè äîñëiäæåííi ïîòåíöiàëiâ, ïîðî-
äæåíèõ ÔÐÇÊ, çîêðåìà îá'cìíèõ ïîòåíöià-
ëiâ, ïîòðiáíî ìàòè òàêi, ÿê ó [8], âëàñòèâîñòi
ÔÐÇÊ. Òîìó ïîñòàëà íåîáõiäíiñòü äåòàëüíi-
øîãî âèâ÷åííÿ ñòðóêòóðè ÔÐÇÊ òà âëàñòè-
âîñòåé iíòåãðàëiâ âiä íüîãî.

1. Ïîçíà÷åííÿ, ïîñòàíîâêà çàäà÷i òà
ïðèïóùåííÿ. Íåõàé T � çàäàíå äîäàòíå
÷èñëî; n1, n2, n3 � íàòóðàëüíi ÷èñëà òàêi, ùî
1 ≤ n3 ≤ n2 ≤ n1; n ≡ n1 + n2 + n3;
N ≡ (n1 + 3n2 + 5n3)/2; M ≡ {1, 2, 3}; Rl �
l-âèìiðíèé åâêëiäiâ ïðîñòið; x � òî÷êà ïðî-
ñòîðó Rn, x ≡ (x1, x2, x3), äå xl � òî÷êà ïðî-
ñòîðó Rnl , l ∈ M ; xlj � êîîðäèíàòà òî÷êè xl,
j ∈ {1, ..., nl}, l ∈ M ; ΠH ≡ H × Rn, ÿêùî
H ⊂ R; θ(r) ≡ 0 ïðè r < 0 i θ(r) ≡ 1 ïðè
r ≥ 0; ∆x′

x f(·, x, ·) ≡ f(·, x, ·)− f(·, x′, ·).
Ðîçãëÿäàòèìåìî ðiâíÿííÿ

(Lu)(t, x) ≡ (∂t −
n2∑

j=1

x1j∂x2j
−

n3∑
j=1

x2j∂x3j
−

−
n1∑

k,j=1

akj(t, x)∂x1k
∂x1j

−
n1∑

j=1

aj(t, x)∂x1j
−

−a0(t, x))u(t, x) = 0, (t, x) ∈ Π(0,T ], (1)

ç òàêèìè óìîâàìè íà êîåôiöicíòè akj, aj,
{k, j} ⊂ {1, ..., n1}, i a0:

A. Iñíóc ñòàëà δ0 > 0 òàêà, ùî äëÿ âñiõ
(t, x) ∈ Π[0,T ] i σ ≡ (σ1, ..., σn1) ∈ Rn1
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ñïðàâäæócòüñÿ íåðiâíiñòü
Re

n1∑
k,j=1

akj(t, x)σkσj ≥ δ0|σ|2.
Á. Êîåôiöicíòè akj, aj, {k, j} ⊂ {1, ..., n1},

i a0 â Π[0,T ] c íåïåðåðâíèìè é îáìåæåíèìè
ôóíêöiÿìè ðàçîì çi ñâî��ìè ïîõiäíèìè çà x2 i
x3 òà çà x1 çàäîâîëüíÿþòü ðiâíîìiðíó óìîâó
Ãåëüäåðà ç ïîêàçíèêîì α1 ∈ (0, 1].

2. Âiäîìà iíôîðìàöiÿ ïðî ÔÐÇÊ.
Çà óìîâ A i Á â [4,5] äîâåäåíî iñíóâàííÿ
cäèíîãî ÔÐÇÊ Z(t, x; τ, ξ), 0 ≤ τ < t ≤ T ,
{x, ξ} ⊂ Rn, äëÿ ðiâíÿííÿ (1), ÿêèé ìàc òàêi
âëàñòèâîñòi:

1) Z(t, x; τ, ξ) = G0(t, x; τ, ξ; ξ̃(t− τ))+

+W (t, x; τ, ξ), 0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn,
(2)

äå G0(t, x; τ, ξ; y), 0 ≤ τ < t ≤ T , {x, ξ} ⊂ Rn,
� ÔÐÇÊ äëÿ ðiâíÿííÿ ç ïàðàìåòðoì y ∈ Rn

(∂t −
n2∑

j=1

x1j∂x2j
−

n3∑
j=1

x2j∂x3j
−

−
n1∑

k,j=1

akj(t, y)∂x1k
∂x1j

)u(t, x) = 0,

(t, x) ∈ Π(0,T ]; (3)

ξ̃(t) ≡ (ξ̃1(t), ξ̃2(t), ξ̃3(t)),

ξ̃l(t) ≡ (ξ̃l1(t), ..., ξ̃lnl
(t)), l ∈ M ;

ξ̃1j(t) ≡ ξ1j, j ∈ {1, ..., n1};
ξ̃2j(t) ≡ ξ2j − tξ1j, j ∈ {1, ..., n2};
ξ̃3j(t) ≡ ξ3j − tξ2j + 1

2
t2ξ1j, j ∈ {1, ..., n3};

2) ïðàâèëüíi ç äåÿêèìè C > 0, 0 < c < c̄
îöiíêè

|∂m1
x1

∂m2
x2

∂m3
x3

G0(t, x; τ, ξ; ξ̃(t− τ))| ≤
≤ C(t− τ)−N−(|m1|+3|m2|+5|m3|)/2×

× exp{−c̄ρ(t− τ, x, ξ)}, 0 ≤ τ < t ≤ T,

{x, ξ} ⊂ Rn, ml ∈ Znl
+ , l ∈ M ;

|∂ml
xl

W (t, x; τ, ξ)| ≤
≤ C(t− τ)−N+(α1−(2l−1)|ml|)/2×

× exp{−cρ(t− τ, x, ξ)}, 0 ≤ τ < t ≤ T,

{x, ξ} ⊂ Rn, |ml| ≤ rl, l ∈ M ;

|∂ml
xl

Z(t, x; τ, ξ)| ≤

≤ C(t− τ)−N−(2l−1)|ml|/2 exp{−cρ(t− τ, x, ξ)},
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, |ml| ≤ rl, l ∈ M,

(4)

äå ∂ml
xl

≡ ∂ml1
xl1

...∂
mlnl
xlnl

; ml ≡ (ml1, ..., mlnl
)

� nl-âèìiðíèé ìóëüòèiíäåêñ, |ml| ≡ ml1 +
... + mlnl

; r1 ≡ 2, r2 = r3 ≡ 1; ρ(t, x, ξ) ≡
3∑

l=1

t1−2l
nl∑

j=1

|xlj(t) − ξlj|2; x1j(t) ≡ x1j, j ∈
{1, ..., n1}; x2j(t) ≡ x2j + tx1j, j ∈ {1, ..., n2};
x3j(t) ≡ x3j + tx2j + (t2/2)x1j, j ∈ {1, ..., n3};

Çàóâàæåííÿ 1. Îöiíêè (4) çàëèøàþ-
òüñÿ ïðàâèëüíèìè, ÿêùî â íèõ çàìiíèòè
ôóíêöiþ ρ íà ôóíêöiþ ρ̃, çàäàíó âèðàçîì

ρ̃(t, x, ξ) ≡
3∑

l=1

t1−2l

nl∑
j=1

|xlj − ξ̃lj(t)|2.

Öå âèïëèâàc ç îöiíîê

δ1ρ̃(t, x, ξ) ≤ ρ(t, x, ξ) ≤ δ2ρ̃(t, x, ξ),

t ∈ [0, T ], {x, ξ} ⊂ Rn,

äå δ1 i δ2 � äåÿêi äîäàòíi ñòàëi.
Äëÿ âèâ÷åííÿ âëàñòèâîñòåé ÔÐÇÊ Z äëÿ

ðiâíÿííÿ (1) ïîòðiáíi òàêi âëàñòèâîñòi ôóí-
êöi�� G0:

1) |∆y′
y ∂ml

xl
G0(t, x; τ, ξ; y)| ≤ C(|y1 − y′1|α1+

+|y2−y′2|α2 + |y3−y′3|α3)(t−τ)−N−(2l−1)|ml|/2×
× exp{−cρ(t− τ, x, ξ)}, 0 ≤ τ < t ≤ T,

{x, ξ, y, y′} ⊂ Rn, ml ∈ Znl
+ , l ∈ M ; (5)

2) |∂yij
∂ml

xl
G0(t, x; τ, ξ; y)| ≤

≤ C(t− τ)−N−(2l−1)|ml|/2 exp{−cρ(t− τ, x, ξ)},
0 ≤ τ < t ≤ T, {x, ξ, y} ⊂ Rn, ml ∈ Znl

+ ,

l ∈ M, j ∈ {1, ..., ni}, i ∈ {2, 3}; (6)

3) ∂x1j
G0(t, x; τ, ξ; y) = −(∂ξ1j

+ (t− τ)×

×θ(n2 − j)∂ξ2j
+

1

2
(t− τ)2θ(n3 − j)∂ξ3j

)×

×G0(t, x; τ, ξ; y), j ∈ {1, ..., n1};
∂x2j

G0(t, x; τ, ξ; y) = −(∂ξ2j
+ (t− τ)×

×θ(n3−j)∂ξ3j
)G0(t, x; τ, ξ; y), j ∈ {1, ..., n2};
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∂x3j
G0(t, x; τ, ξ; y) = −∂ξ3j

G0(t, x; τ, ξ; y),

j ∈ {1, ..., n3}; (7)

4) |∂mi
xi

∫
Rnl+...+n3

G0(t, x; τ, ξ; y)dξl...dξ3| ≤

≤ C(t− τ)−N−(2i−1)|mi|/2×
× exp{−cρl−1(t− τ, x, ξ)}, i ∈ {1, ..., l − 1},

|∂mi
xi

∫

Rnl+...+n3

G0(t, x; τ, ξ; y)dξl...dξ3| ≤ 0,

i ∈ {l, ..., 3}, 0 ≤ τ < t ≤ T, {x, ξ, y} ⊂ Rn,

mi ∈ Zni
+ , l ∈ M ; (8)

5) |∂mi
xi

∫
Rnl+...+n3

G0(t, x; τ, ξ; ξ̃(t− τ))dξl...dξ3| ≤

≤ C(t− τ)−N−(2i−1)|mi|/2×
× exp{−cρl−1(t− τ, x, ξ)}, i < l,

|∂mi
xi

∫

Rnl+...+n3

G0(t, x; τ, ξ; ξ̃(t− τ))dξl...dξ3| ≤

≤ C(t− τ)−N−(2i−1)|mi|/2

3∑

k=i

(t− τ)(2k−1)αk/2×

× exp{−cρl−1(t− τ, x, ξ)}, i ≥ l,

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn,mi ∈ Zni
+ ,

{l, i} ⊂ M ; (9)

6) |∂tG0(t, x; τ, ξ; ξ̃(t− τ))| ≤
≤ C(t− τ)−N−1 exp{−cρ(t− τ, x, ξ)}×
×(1 + (t− τ)−1/2|x1|+ (t− τ)−3/2|x2|),

|∂t

∫

Rn3

G0(t, x; τ, ξ; ξ̃(t− τ))dξ3| ≤

≤ C(t− τ)−N2−1 exp{−cρ2(t− τ, x, ξ)}×
×(1 + (t− τ)−1/2|x1|+ |x2|),

|∂t

∫

Rn2+n3

G0(t, x; τ, ξ; ξ̃(t− τ))dξ2dξ3| ≤

≤ C(t− τ)−N1−1 exp{−cρ1(t− τ, x, ξ)}×
×(1 + |x1|+ |x2|),

|∂t

∫

Rn

G0(t, x; τ, ξ; ξ̃(t− τ))dξ| ≤

≤ C(t− τ)−1+α1/2(1 + |x1|+ |x2|),
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn; (10)

7) ÿêùî íåïåðåðâíà é îáìåæåíà ôóíêöiÿ
f : Π(0,T ] → C íà êîæíîìó êîìïàêòi K ⊂
Π[0,T ] çàäîâîëüíÿc çà 1-þ, 2-þ i 3-þ ãðóïà-
ìè ïðîñòîðîâèõ çìiííèõ ðiâíîìiðíó ùîäî t
óìîâó Ãåëüäåðà ç ïîêàçíèêàìè âiäïîâiäíî
β1 ∈ (0, 1], β2 ∈ (1/3, 1] i β3 ∈ (3/5, 1], òî
iíòåãðàë

v0(t, x) ≡
t∫

0

dτ

∫

Rn

G0(t, x; τ, ξ; ξ̃(t− τ))×

×f(τ, ξ)dξ, (t, x) ∈ Π(0,T ],

ìàc íåïåðåðâíi ïîõiäíi, ùî âõîäÿòü ó ðiâíÿí-
íÿ (3), ïðè÷îìó

∂x1j
v0(t, x) =

t∫

0

dτ

∫

Rn

∂x1j
G0(t, x; τ, ξ; ξ̃(t−

−τ))f(τ, ξ)dξ, j ∈ {1, ..., n1};

∂x1j
∂x1k

v0(t, x) =

t∫

0

dτ

∫

Rn

∂x1j
∂x1k

×

×G0(t, x; τ, ξ; ξ̃(t− τ))∆
X1(t−τ)
ξ f(τ, ξ)dξ+

+

t∫

0

∂x1j
∂x1k

∫

Rn

G0(t, x; τ, ξ; ξ̃(t− τ))dξ×

×f(τ, X1(t− τ))dτ, {j, k} ⊂ {1, ..., n1};

∂x2j
v0(t, x) =

t∫

0

dτ

∫

Rn

∂x2j
G0(t, x; τ, ξ; ξ̃(t−

−τ))∆
X2(t−τ)
ξ f(τ, ξ)dξ +

t∫

0

dτ×

×
∫

Rn1

∂x2j

∫

Rn2+n3

G0(t, x; τ, ξ; ξ̃(t− τ))dξ2dξ3×

×f(τ, X2(t− τ))dξ1, j ∈ {1, ..., n2};
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∂x3j
v0(t, x) =

t∫

0

dτ

∫

Rn

∂x3j
G0(t, x; τ, ξ; ξ̃(t−

−τ))∆
X3(t−τ)
ξ f(τ, ξ)dξ+

+

t∫

0

dτ

∫

Rn1+n2

∂x3j

∫

Rn3

G0(t, x; τ, ξ; ξ̃(t−τ))dξ3×

×f(τ, X3(t− τ))dξ1dξ2, j ∈ {1, ..., n3};

∂tv0(t, x) = f(t, x) +

t∫

0

dτ×

×
∫

Rn

∂tG0(t, x; τ, ξ; ξ̃(t− τ))∆
X3(t−τ)
ξ f(τ, ξ)dξ+

+

t∫

0

dτ

∫

Rn1+n2

∂t

∫

Rn3

G0(t, x; τ, ξ; ξ̃(t− τ))dξ3×

×∆
X2(t−τ)
X3(t−τ)f(τ, X3(t− τ))dξ1dξ2+

+

t∫

0

dτ

∫

Rn1

∂t

∫

Rn2+n3

G0(t, x; τ, ξ; ξ̃(t− τ))dξ2×

×dξ3∆
X1(t−τ)
X2(t−τ)f(τ,X2(t− τ))dξ1+

+

t∫

0

∂t

∫

Rn

G0(t, x; τ, ξ; ξ̃(t− τ))dξ×

×f(τ,X1(t− τ))dτ,

(t, x) ∈ Π(0,T ]. (11)

Äîâåäåííÿ âñiõ öèõ âëàñòèâîñòåé àíàëî-
ãi÷íå äîâåäåííþ âiäïîâiäíèõ âëàñòèâîñòåé
äëÿ íåâèðîäæåíèõ ïàðàáîëi÷íèõ ðiâíÿíü [9].
Äåÿêi ç íèõ íàâåäåíi òà âèêîðèñòàíi â [3�
6,8].

Çàóâàæåííÿ 2. Íåðiâíîñòi (5), (8) i (9)
ñïðàâäæóþòüñÿ â ïðèïóùåííi, ùî êîåôiöi-
cíòè ðiâíÿííÿ (3) c îáìåæåíèìè é íåïå-
ðåðâíèìè ôóíêöiÿìè âiä t i y, ÿêi çàäîâîëü-
íÿþòü ðiâíîìiðíó ùîäî t óìîâó Ãåëüäåðà
çà ãðóïàìè çìiííèõ y1, y2 i y3 ç ïîêàçíè-
êàìè âiäïîâiäíî α1 ∈ (0, 1], α2 ∈ (1/3, 1]

i α3 ∈ (3/5, 1]. Äëÿ ïðàâèëüíîñòi íåðiâíî-
ñòåé (6) i (10) òðåáà äîäàòêîâî âèìàãà-
òè iñíóâàííÿ íåïåðåðâíèõ i îáìåæåíèõ ïî-
õiäíèõ çà y2 i y3 âiä êîåôiöicíòiâ ðiâíÿí-
íÿ (3). Îñêiëüêè ïðèïóñêàcòüñÿ âèêîíàííÿ
óìîâè Á äëÿ êîåôiöicíòiâ ðiâíÿííÿ (1), òî
âñi âèùåíàâåäåíi ïðèïóùåííÿ âèêîíóþòüñÿ
äëÿ êîåôiöicíòiâ ðiâíÿííÿ (3) ç áóäü-ÿêèìè
α2 ∈ (1/3, 1] i α3 ∈ (3/5, 1].

Çàóâàæåííÿ 3. ßêùî çàìiñòü ïàðàìå-
òðè÷íî�� òî÷êè y â G0 ïiäñòàâëÿòè òiëüêè
÷àñòèíó ãðóï êîîðäèíàò òî÷êè ξ̃(t− τ), òî
âèðàçè äëÿ ïîõiäíèõ âiä v0 ìîæóòü ñïðîùó-
âàòèñÿ. ßêùî çàëèøèòè ãðóïó y3, òî âèðàç
ñïðàâà â (11) äëÿ ∂x3j

v0 ìiñòèòèìå òiëüêè
ïåðøèé äîäàíîê. Íà ïiäñòàâi (6) äîðiâíþc
íóëåâi é äðóãèé äîäàíîê ó âèðàçi äëÿ ∂x2j

v0,
ÿêùî çàëèøàþòüñÿ íåäîòîðêàíèìè ãðóïè
y2 i y3.

3. Îöiíêè iíòåãðàëiâ âiä ÔÐÇÊ.
Òåîðåìà. Íåõàé âèêîíóþòüñÿ óìîâè A

i Á. Òîäi ñïðàâäæóþòüñÿ òàêi îöiíêè:

|∂x3j

∫

Rn3

Z(t, x; τ, ξ)dξ3| ≤ C(t− τ)−N2×

×(t− τ)(5α3−5)/2 exp{−cρ2(t− τ, x, ξ)},
j ∈ {1, ..., n3};

|∂x2j

∫

Rn2+n3

Z(t, x; τ, ξ)dξ2dξ3| ≤ C×

×(t− τ)−N1+(3α2−3)/2 exp{−cρ1(t− τ, x, ξ)},
j ∈ {1, ..., n2};

|∂m1
x1

∫

Rn

Z(t, x; τ, ξ)dξ| ≤

≤ C(t− τ)(α1−|m1|)/2, 1 ≤ |m1| ≤ 2,

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, (12)

äå α1 � ÷èñëî ç óìîâè Á, à α2 i α3 � äî-
âiëüíi ÷èñëà âiäïîâiäíî ç iíòåðâàëiâ (1/3, 1]
i (3/5, 1];

|∂tZ(t, x; τ, ξ)| ≤
≤ C(t− τ)−N−1 exp{−cρ(t− τ, x, ξ)}×
×(1 + (t− τ)−1/2|x1|+ (t− τ)−3/2|x2|),
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|∂t

∫

Rn3

Z(t, x; τ, ξ)dξ3| ≤

≤ C(t− τ)−N2−1 exp{−cρ2(t− τ, x, ξ)}×
×(1 + (t− τ)−1/2|x1|+ |x2|),

|∂t

∫

Rn2+n3

Z(t, x; τ, ξ)dξ2dξ3| ≤ C(t− τ)−N1−1×

× exp{−cρ1(t− τ, x, ξ)}(1 + |x1|+ |x2|),

|∂t

∫

Rn

Z(t, x; τ, ξ)dξ| ≤

≤ C(t− τ)α1/2−1(1 + |x1|+ |x2|),
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn. (13)

Äîâåäåííÿ. Ðiâíiñòü (2) òà îöiíêè (8) �
(10) çâîäÿòü äîâåäåííÿ äàíî�� âëàñòèâîñòi äî
äîâåäåííÿ íåðiâíîñòåé òèïó (12) i (13) äëÿ
ôóíêöi�� W .

Îöiíêè (4) äëÿ W c äîñòàòíiìè, ùîá îäåð-
æàòè äëÿ W òðåòþ ç íåðiâíîñòåé (12), òîáòî
îöiíêó

|∂m1
x1

∫

Rn

W (t, x; τ, ξ)dξ| ≤ C(t− τ)(α1−|m1|)/2,

1 ≤ |m1| ≤ 2, 0 ≤ τ < t ≤ T, x ∈ Rn.

Àëå ��õ íåäîñòàòíüî, ùîá äîâåñòè äëÿ W ïåð-
øi äâi íåðiâíîñòi ç (12). Òîìó âèíèêàc íåîá-
õiäíiñòü äîäàòêîâîãî äîñëiäæåííÿ ñòðóêòó-
ðè W . Äëÿ öüîãî çäiéñíèìî äi��, ÿêi c òðè-
êðàòíèì ïîâòîðåííÿì ïðîöåäóðè, ïîäiáíî��
äî ïîáóäîâè ÔÐÇÊ Z â [4,5].

Åòàï I. Áóäócìî ÔÐÇÊ äëÿ ðiâíÿííÿ

(L1u)(t, x) ≡ (∂t −
n2∑

j=1

x1j∂x2j
−

n3∑
j=1

x2j∂x3j
−

−
n1∑

k,j=1

akj(t, (x1, y2, y3))∂x1k
∂x1j

−

−
n1∑

j=1

aj(t, (x1, y2, y3))∂x1j
−a0(t, (x1, y2, y3)))×

×u(t, x) = 0, (t, x) ∈ Π(0,T ], (14)

ó âèãëÿäi

G1(t, x; τ, ξ; y2, y3) =

= G0(t, x; τ, ξ; (ξ1, y2, y3))+W1(t, x; τ, ξ; y2, y3),

W1(t, x; τ, ξ; y2, y3) ≡
t∫

τ

dβ×

×
∫

Rn

G0(t, x; β, λ; (λ1, y2, y3))Φ1(β, λ; τ, ξ)dλ.

(15)
Ïðèïóñêàcòüñÿ, ùî äëÿ íåâiäîìî�� ôóíêöi�� Φ1

ñïðàâäæóþòüñÿ òàêi àïðiîðíi îöiíêè:

|Φ1(t, x; τ, ξ)| ≤ C(t− τ)−N−(2−α1)/2×
× exp{−cρ(t− τ, x, ξ)},
|∆x′1

x1
Φ1(t, x; τ, ξ)| ≤

≤ C|x1 − x′1|α
′
1(t− τ)−N−(2−α′′1 )/2(exp{−cρ(t−

−τ, x, ξ)}+ exp{−cρ(t− τ, x, ξ)|x1=x′1}),
|∂x2j

Φ1(t, x; τ, ξ)| ≤ C(t− τ)−N−(5−α1)/2×
× exp{−cρ(t− τ, x, ξ)}, j ∈ {1, ..., n2},
|∂x3j

Φ1(t, x; τ, ξ)| ≤ C(t− τ)−N−(7−α1)/2×
× exp{−cρ(t− τ, x, ξ)}, j ∈ {1, ..., n3},

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, (16)

äå 0 < α′1 < α1, α′′1 ≡ α1 − α′1.
Çà äîïîìîãîþ ãåëüäåðîâîñòi êîåôiöicíòiâ

i î÷åâèäíî�� íåðiâíîñòi
3∑

i=l

|xi − ξ̃i(t− τ)|αi exp{−c̄ρ(t− τ, x, ξ)} ≤

≤ C

3∑

i=l

(t− τ)(2i−1)αi/2 exp{−c̄1ρ(t− τ, x, ξ)},

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, l ∈ M, (17)

c̄1 ∈ (0, c̄), îöiíèìî

K1(t, x; τ, ξ) ≡ L1G0(t, x; τ, ξ; (ξ1, y2, y3)) =

= (

n1∑

k,j=1

∆x1
ξ1

akj(t, (ξ1, y2, y3))∂x1k
∂x1j

−
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−
n1∑

j=1

aj(t, (x1, y2, y3))∂x1j
−a0(t, (x1, y2, y3)))×

×G0(t, x; τ, ξ; (ξ1, y2, y3)).

Ó ðåçóëüòàòi îäåðæèìî

|K1(t, x; τ, ξ)| ≤
≤ C(t− τ)−N−(2−α1)/2 exp{−c̄1ρ(t− τ, x, ξ)}.

Ôîðìóëè äëÿ ïîõiäíèõ âiä îá'cìíîãî ïî-
òåíöiàëó ç (15), ÿêi àíàëîãi÷íi ôîðìóëàì
(11), äîçâîëÿþòü îäåðæàòè ðiâíiñòü

L1G1(t, x; τ, ξ; y2, y3) =

= L1G0(t, x; τ, ξ; (ξ1, y2, y3)) + Φ1(t, x; τ, ξ)+

+

t∫

τ

dβ

∫

Rn

L1G0(t, x; β, λ; (λ1, y2, y3))×

×Φ1(β, λ; τ, ξ)dλ.

Òîìó ôóíêöiÿ G1 áóäå ðîçâ'ÿçêîì ðiâíÿííÿ
(14) ïðè t > τ , ÿêùî Φ1 c ðîçâ'ÿçêîì iíòå-
ãðàëüíîãî ðiâíÿííÿ

Φ1(t, x; τ, ξ) = −K1(t, x; τ, ξ)+

+

t∫

τ

dβ

∫

Rn

(−K1(t, x; β, λ))Φ1(β, λ; τ, ξ)dλ.

Çà äîïîìîãîþ ìåòîäó ïîñëiäîâíèõ íàáëè-
æåíü ìàcìî

Φ1(t, x; τ, ξ) =
∞∑

j=1

(−1)jK1j(t, x; τ, ξ), (18)

äå
K11(t, x; τ, ξ) ≡ K1(t, x; τ, ξ),

K1j(t, x; τ, ξ) =

=

t∫

τ

dβ

∫

Rn

K1(t, x; β, λ)K1(j−1)(β, λ; τ, ξ)dλ.

Äëÿ ïîâòîðíèõ ÿäåð K1j îäåðæóþòüñÿ îöií-
êè

|K1j(t, x; τ, ξ)| ≤ Cj
(π

c

)j−1 Γj(α1/2)

Γ(jα1/2)
×

×(t− τ)−N−(2−jα1)/2 exp{−cρ(t− τ, x, ξ)},
j ≥ 1,

äå Γ � ãàììà-ôóíêöiÿ Åéëåðà, c ∈ (0, c̄1). Öi
îöiíêè äîçâîëÿþòü äîâåñòè ðiâíîìiðíó é àá-
ñîëþòíó çáiæíiñòü ðÿäó (18) ïðè t− τ ≥ ε >
0 i ïåðøó ç àïðiîðíèõ îöiíîê (16).

Çà äîïîìîãîþ (7) i (8) äîâîäèòüñÿ ïðà-
âèëüíiñòü ðåøòè àïðiîðíèõ îöiíîê ç (16), à
òàêîæ ðiâíîñòåé

∂xij

∫

Rnl+...+n3

Φ1(t, x; τ, ξ)dξl...dξ3 = 0,

j ∈ {1, ..., ni}, i > max{1, l − 1}, l ∈ M.
(19)

Ïðîöåäóðà ïîáóäîâè ÔÐÇÊ G1 äàc ìîæ-
ëèâiñòü îäåðæàòè íàñòóïíi âëàñòèâîñòi I1-I7
ôóíêöié W1 i G1.

I1. |∂ml
xl

W1(t, x; τ, ξ; y2, y3)| ≤ C(t− τ)−N×
×(t− τ)−(2l−1)|ml|/2+α1/2 exp{−cρ(t− τ, x, ξ)},
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, (y2, y3) ∈ Rn2+n3 ,

|ml| ≤ rl, l ∈ M. (20)

Ñïðàâäi, íà ïiäñòàâi ôîðìóë, ÿêi àíàëî-
ãi÷íi (11), îöiíîê (16) i ôîðìóë (7) ìàcìî
âèðàçè

∂x1j
W1(t, x; τ, ξ; y2, y3) =

t∫

τ

dβ

∫

Rn

∂x1j
×

×G0(t, x; β, λ; (λ1, y2, y3))Φ1(β, λ; τ, ξ)dλ,

∂x1k
∂x1j

W1(t, x; τ, ξ; y2, y3) =

=

t1∫

τ

dβ

∫

Rn

∂x1k
∂x1j

G0(t, x; β, λ; (λ1, y2, y3))×

×Φ1(β, λ; τ, ξ)dλ+

+

t∫

t1

dβ

∫

Rn

∂x1k
∂x1j

G0(t, x; β, λ; (λ1, y2, y3))×

×∆
X1(t−β)
λ Φ1(β, λ; τ, ξ)dλ+

+

t∫

t1

∂x1k
∂x1j

∫

Rn

G0(t, x; β, λ; (λ1, y2, y3))dλ×
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×Φ1(β, X1(t− β); τ, ξ)dβ, {k, j} ⊂ {1, ..., n1};

∂x2j
W1(t, x; τ, ξ; y2, y3) =

t1∫

τ

dβ

∫

Rn

∂x2j
×

×G0(t, x; β, λ; (λ1, y2, y3))Φ1(β, λ; τ, ξ)dλ+

+

t∫

t1

dβ

∫

Rn

G0(t, x; β, λ; (λ1, y2, y3))(∂λ2j
+

+(t− β)θ(n3 − j)∂λ3j
)Φ1(β, λ; τ, ξ)dλ,

j ∈ {1, ..., n2};

∂x3j
W1(t, x; τ, ξ; y2, y3) =

t1∫

τ

dβ

∫

Rn

∂x3j
×

×G0(t, x; β, λ; (λ1, y2, y3))Φ1(β, λ; τ, ξ)dλ+

+

t∫

t1

dβ

∫

Rn

G0(t, x; β, λ; (λ1, y2, y3))×

×∂λ3j
Φ1(β, λ; τ, ξ)dλ, j ∈ {1, ..., n3},

äå t1 ≡ (t + τ)/2, îöiíþþ÷è ÿêi, îäåðæèìî
íåîáõiäíi îöiíêè (20).

I2. |∆y′l
yl∂

mi
xi

W1(t, x; τ, ξ; y2, y3)| ≤

≤ C|yl − y′l|αl(t− τ)−N−(2i−1)|mi|/2+α1/2×
× exp{−cρ(t− τ, x, ξ)}, 0 ≤ τ < t ≤ T,

{x, ξ} ⊂ Rn, {yl, y
′
l} ⊂ Rnl , l ∈ {2, 3},

|mi| ≤ ri, i ∈ M. (21)

Öi îöiíêè âèïëèâàþòü ç (5).
I3. |∂ylj

∂mi
xi

W1(t, x; τ, ξ; y2, y3)| ≤

≤ C(t− τ)−N−(2i−1)|mi|/2+α1/2×
× exp{−cρ(t− τ, x, ξ)}, 0 ≤ τ < t ≤ T,

{x, ξ} ⊂ Rn, (y2, y3) ∈ Rn2+n3 , j ∈ {1, ..., nl},
l ∈ {2, 3}, |mi| ≤ ri, i ∈ M.

Âëàñòèâiñòü äîâîäèòüñÿ çà äîïîìîãîþ
(6).

I4. ∂x2j

∫
Rn2+n3

W1(t, x; τ, ξ; y2, y3)dξ2dξ3 = 0,

j ∈ {1, ..., n2};

∂x3j

∫

Rn3

W1(t, x; τ, ξ; y2, y3)dξ3 = 0,

j ∈ {1, ..., n3}.
Äîâåäåííÿ ïðîäåìîíñòðócìî íà ïðèêëà-

äi ïåðøèõ íåðiâíîñòåé. Âèêîðèñòîâóþ÷è (7),
(8), (19) òà iíòåãðóâàííÿ ÷àñòèíàìè, îäåð-
æèìî

∂x2j

∫

Rn2+n3

W1(t, x; τ, ξ; y2, y3)dξ2dξ3 =

=

t1∫

τ

dβ

∫

Rn1

(
∂x2j

∫

Rn2+n3

G0(t, x; β, λ; (λ1, y2, y3))×

×dλ2dλ3

∫

Rn2+n3

Φ1(β, λ; τ, ξ)dξ2dξ3

)
dλ1+

+

t∫

t1

dβ

∫

Rn

(
G0(t, x; β, λ; (λ1, y2, y3))×

×(∂λ2j
+ (t− β)θ(n3 − j)∂λ3j

)×

×
∫

Rn2+n3

Φ1(β, λ; τ, ξ)dξ2dξ3

)
dλ = 0.

I5. |∂m1
x1

∫
Rn

W1(t, x; τ, ξ; ξ̃2(t− τ), ξ̃3(t−

−τ))dξ| ≤ C(t− τ)(α1−|m1|)/2, 1 ≤ |m1| ≤ r1;

|∂x2j

∫

Rn2+n3

W1(t, x; τ, ξ; ξ̃2(t− τ), ξ̃3(t−

−τ))dξ2dξ3| ≤ C(t− τ)−N1−(3−3α2)/2×
× exp{−cρ1(t− τ, x, ξ)}, j ∈ {1, ..., n2};

|∂x3j

∫

Rn3

W1(t, x; τ, ξ; ξ̃2(t− τ), ξ̃3(t−

−τ))dξ3| ≤ C(t− τ)−N2−(5−5α3)/2×
× exp{−cρ2(t− τ, x, ξ)}, j ∈ {1, ..., n3},

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn. (22)

Ïåðøà îöiíêà ç (22) âèïëèâàc ç (4) (äèâ.
äîâåäåííÿ íåðiâíîñòi (20)). Äâi íàñòóïíi
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îöiíêè îäåðæóþòüñÿ çà äîïîìîãîþ íåðiâíî-
ñòåé (17) i (21).

I6. Îöiíêè (10) ïðàâèëüíi é òîäi, êî-
ëè â íèõ G0(t, x; τ, ξ; ξ̃(t − τ)) çàìiíèòè íà
G1(t, x; τ, ξ; ξ̃2(t− τ), ξ̃3(t− τ)).

Äëÿ äîâåäåííÿ òðåáà ñêîðèñòàòèñÿ ôîð-
ìóëîþ

∂tG1(t, x; τ, ξ; ξ̃2(t− τ), ξ̃3(t− τ)) =
(
∂t−

−
n2∑

j=1

ξ1j∂y2j
−

n3∑
j=1

(ξ2j − (t− τ)ξ1j)∂y3j

)
×

×G1(t, x; τ, ξ; y2, y3)|yl=ξ̃l(t−τ),l∈{2,3} (23)

i òèì, ùî ôóíêöiÿ G1(t, x; τ, ξ; y2, y3), 0 ≤ τ <
t ≤ T , {x, ξ} ⊂ Rn, c ðîçâ'ÿçêîì ðiâíÿííÿ
(14).

Ïåðøà îöiíêà äëÿ G1 òèïó (10) îäåð-
æócòüñÿ îöiíþâàííÿì äîäàíêiâ ç (23). Äëÿ
îäåðæàííÿ íàñòóïíèõ îöiíîê äëÿ G1 òèïó
(10) ïîòðiáíî ïåðåä îöiíþâàííÿì äîäàíêiâ ç
(23) çiíòåãðóâàòè ��õ âiäïîâiäíî ïî ξ3 ∈ Rn3 ,
ïî (ξ2, ξ3) ∈ Rn2+n3 òà ïî ξ ∈ Rn, à òàêîæ
óðàõóâàòè îáìåæåíiñòü, à â îñòàííüîìó âè-
ïàäêó � ãåëüäåðîâiñòü êîåôiöicíòiâ.

I7. ßêùî f : Π(0,T ] → C � íåïåðåðâíà é
îáìåæåíà ôóíêöiÿ, ÿêà íà êîæíîìó êîìïà-
êòi K ⊂ Π(0,T ] çàäîâîëüíÿc çà ãðóïàìè x1, x2

i x3 ïðîñòîðîâèõ çìiííèõ ðiâíîìiðíó âiäíî-
ñíî t óìîâó Ãåëüäåðà âiäïîâiäíî ç ïîêàçíè-
êàìè β1 ∈ (0, 1], β2 ∈ (1/3, 1] i β3 ∈ (3/5, 1],
òî iíòåãðàë

v1(t, x) ≡
t∫

0

dτ

∫

Rn

G1(t, x; τ, ξ; ξ̃2(t−

−τ), ξ̃3(t− τ))f(τ, ξ)dξ, (t, x) ∈ Π(0,T ],

ìàc íåïåðåðâíi ïîõiäíi, ùî âõîäÿòü ó ðiâíÿí-
íÿ (14), ïðè÷îìó âèðàçè äëÿ öèõ ïîõiäíèõ
ìàþòü òàêó ñàìó ôîðìó, ÿê i ôîðìóëè (11)
äëÿ ïîõiäíèõ âiä v0.

Äîâåäåííÿ âëàñòèâîñòi ïðîâîäèòüñÿ àíà-
ëîãi÷íî äîâåäåííþ ðiâíîñòåé (11).

Íàâåäåíi âëàñòèâîñòi ôóíêöié W1 i G1 äî-
çâîëÿþòü âèêîíàòè íàñòóïíèé åòàï äîñëi-
äæåííÿ ñòðóêòóðè ÔÐÇÊ Z.

Åòàï II. Áóäócìî ÔÐÇÊ äëÿ ðiâíÿííÿ

(L2u)(t, x) ≡ (∂t −
n2∑

j=1

x1j∂x2j
−

n3∑
j=1

x2j∂x3j
−

−
n1∑

k,j=1

akj(t, (x1, x2, y3))∂x1k
∂x1j

−

−
n1∑

j=1

aj(t, (x1, x2, y3))∂x1j
−a0(t, (x1, x2, y3)))×

×u(t, x) = 0, (t, x) ∈ Π(0,T ], (24)

ó âèãëÿäi
G2(t, x; τ, ξ; y3) =

= G1(t, x; τ, ξ; ξ̃2(t− τ), y3) + W2(t, x; τ, ξ; y3),

W2(t, x; τ, ξ; y3) ≡
t∫

τ

dβ

∫

Rn

G1(t, x; β, λ; λ̃2(t−

−β), y3)Φ2(β, λ; τ, ξ)dλ.

Ïîáóäîâà G2 çäiéñíþcòüñÿ òàê ñàìî, ÿê ïî-
áóäîâà ÔÐÇÊ G1 äëÿ ðiâíÿííÿ (14). Òiëüêè
òóò äëÿ íåâiäîìî�� ôóíêöi�� Φ2 âèêîíóþòüñÿ
äåùî êðàùi îöiíêè

|Φ2(t, x; τ, ξ)| ≤ C(t− τ)−N−(2−3α2)/2×
× exp{−cρ(t− τ, x, ξ)},

|∂x1j
Φ2(t, x; τ, ξ)| ≤ C(t− τ)−N−(3−3α2)/2×

× exp{−cρ(t− τ, x, ξ)}, j ∈ {1, ..., n1},
|∂x2j

Φ2(t, x; τ, ξ)| ≤ C(t− τ)−N−(5−3α2)/2×
× exp{−cρ(t− τ, x, ξ)}, j ∈ {1, ..., n2},
|∂x3j

Φ2(t, x; τ, ξ)| ≤ C(t− τ)−N−(7−3α2)/2×
× exp{−cρ(t− τ, x, ξ)}, j ∈ {1, ..., n3},

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn.

Öå ìàc ìiñöå çàâäÿêè êðàùié îöiíöi äëÿ ïåð-
øîãî íàáëèæåííÿ ðîçâ'ÿçêó iíòåãðàëüíîãî
ðiâíÿííÿ äëÿ Φ2. Äiéñíî,

K2(t, x; τ, ξ) ≡
≡ L2G1(t, x; τ, ξ; ξ̃2(t− τ), y3) =

= −
( n1∑

k,j=1

∆ξ̃2(t−τ)
x2

akj(t, (x1, x2, y3))∂x1k
∂x1j

+
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+

n1∑
j=1

∆ξ̃2(t−τ)
x2

aj(t, (x1, x2, y3))∂x1j
+

+∆ξ̃2(t−τ)
x2

a0(t, (x1, x2, y3))

)
×

×G1(t, x; τ, ξ; ξ̃2(t− τ), y3)

i
|K2(t, x; τ, ξ)| ≤

≤ C(t− τ)−N−(2−3α2)/2 exp{−cρ(t− τ, x, ξ)}.
Ïîâòîðþþ÷è äi�� åòàïó I, ìîæíà ïîáóäóâà-

òè ÔÐÇÊ G2 äëÿ ðiâíÿííÿ (24) i âñòàíîâèòè
òàêi âëàñòèâîñòi äëÿ íüîãî òà ñêëàäîâî�� W2:

II1. |∂ml
xl

W2(t, x; τ, ξ; y3)| ≤ C(t− τ)−N×

×(t− τ)−(2l−1)|ml|/2+3α2/2 exp{−cρ(t− τ, x, ξ)},
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, y3 ∈ Rn3 ,

|ml| ≤ rl, l ∈ M ;

II2. |∆y′3
y3∂

ml
xl

W2(t, x; τ, ξ; y3)| ≤

≤ C|y3 − y′3|α3(t− τ)−N−(2l−1)|ml|/2+3α2/2×
× exp{−cρ(t− τ, x, ξ)},

|∂y3j
∂ml

xl
W2(t, x; τ, ξ; y3)| ≤ C(t− τ)−N×

×(t− τ)−(2l−1)|ml|/2+3α2/2 exp{−cρ(t− τ, x, ξ)},
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, {y3, y

′
3} ⊂ Rn3 ,

j ∈ {1, ..., n3}, |ml| ≤ rl, l ∈ M.

II3. ∂x3j

∫
Rn3

W2(t, x; τ, ξ; y3)dξ3 = 0,

j ∈ {1, ..., n3}.
II4. |∂m1

x1

∫
Rn

W2(t, x; τ, ξ; ξ̃3(t− τ))dξ| ≤

≤ C(t− τ)(3α2−|m1|)/2, 1 ≤ |m1| ≤ r1;

|∂x2j

∫

Rn2+n3

W2(t, x; τ, ξ; ξ̃3(t− τ))dξ2dξ3| ≤

≤ C(t− τ)−N1−(3−3α2)/2×
× exp{−cρ1(t− τ, x, ξ)}, j ∈ {1, ..., n2};

|∂x3j

∫

Rn3

W2(t, x; τ, ξ; ξ̃3(t− τ))dξ3| ≤

≤ C(t− τ)−N2−(5−5α3)/2×
× exp{−cρ2(t− τ, x, ξ)}, j ∈ {1, ..., n3},

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn. (25)

II5. îöiíêè (10) ïðàâèëüíi, êîëè â íèõ
G0(t, x; τ, ξ; ξ̃(t−τ)) çàìiíèòè íà G2(t, x; τ, ξ;

ξ̃3(t− τ));
II6. ÿêùî ôóíêöiÿ f òàêà æ, ÿê ó âëàñòè-

âîñòi I7, òî iíòåãðàë

v2(t, x) ≡
t∫

0

dτ

∫

Rn

G2(t, x; τ, ξ; ξ̃3(t− τ))×

×f(τ, ξ)dξ, (t, x) ∈ Π(0,T ],

ìàc íåïåðåðâíi ïîõiäíi, ùî âõîäÿòü ó ðiâíÿí-
íÿ (24), ïðè÷îìó âèðàçè äëÿ öèõ ïîõiäíèõ
ìàþòü òàêó ñàìó ôîðìó, ÿê i âèðàçè (11) äëÿ
ïîõiäíèõ âiä v0.

Åòàï III. Áóäócìî ÔÐÇÊ Z äëÿ ðiâíÿííÿ
(1) ó âèãëÿäi

Z(t, x; τ, ξ) =

= G2(t, x; τ, ξ; ξ̃3(t− τ)) + W3(t, x; τ, ξ),

W3(t, x; τ, ξ) ≡
t∫

τ

dβ

∫

Rn

G2(t, x; β, λ; λ̃3(t−

−β))Φ2(β, λ; τ, ξ)dλ

i àíàëîãi÷íî ïîïåðåäíüîìó âñòàíîâëþcìî òà-
êi âëàñòèâîñòi äëÿ ôóíêöié W3 i Z:

III1. |∂ml
xl

W3(t, x; τ, ξ)| ≤ C(t− τ)−N×

×(t− τ)−(2l−1)|ml|/2+5α3/2 exp{−cρ(t− τ, x, ξ)},
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, |ml| ≤ rl,

l ∈ M ;

III2. |∂m1
x1

∫
Rn

W3(t, x; τ, ξ)dξ| ≤

≤ C(t− τ)(5α3−|m1|)/2, 1 ≤ |m1| ≤ r1;

|∂x2j

∫

Rn2+n3

W3(t, x; τ, ξ)dξ2dξ3| ≤

≤ C(t− τ)−N1−(3−5α3)/2×
× exp{−cρ1(t− τ, x, ξ)}, j ∈ {1, ..., n2};
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|∂x3j

∫

Rn3

W3(t, x; τ, ξ)dξ3| ≤

≤ C(t− τ)−N2−(5−5α3)/2×
× exp{−cρ2(t− τ, x, ξ)}, j ∈ {1, ..., n3},

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn; (26)

III3. îöiíêè (10) ïðàâèëüíi, êîëè â íèõ
G0(t, x; τ, ξ; ξ̃(t− τ)) çàìiíèòè íà Z(t, x; τ, ξ).

Ïiäñóìîâóþ÷è ðåçóëüòàòè çäiéñíåííÿ
âñiõ òðüîõ åòàïiâ íîâî�� ïðîöåäóðè ïîáóäîâè
ÔÐÇÊ Z äëÿ ðiâíÿííÿ (1), îäåðæócìî, ùî
ôóíêöiþ W iç çîáðàæåííÿ (2) ìîæíà ïîäàòè
ó âèãëÿäi

W (t, x; τ, ξ) =

= W1(t, x; τ, ξ; ξ̃2(t− τ), ξ̃3(t− τ))+

+W2(t, x; τ, ξ; ξ̃3(t− τ)) + W3(t, x; τ, ξ),

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn. (27)

Ç (27) òà îöiíîê (22), (25) i (26) âèïëèâà-
þòü äëÿ W íåîáõiäíi îöiíêè òèïó (12). Âëà-
ñòèâiñòü III3 îçíà÷àc, ùî ñïðàâäæóþòüñÿ òà-
êîæ îöiíêè (13).
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