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×åðíiâåöüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Þðiÿ Ôåäüêîâè÷à

ÔÓÍÄÀÌÅÍÒÀËÜÍÈÉ ÐÎÇÂ'ßÇÎÊ ÇÀÄÀ×I ÊÎØI
ÄËß ÐIÂÍßÍÍß ÊÎËÌÎÃÎÐÎÂÀ ÄÐÓÃÎÃÎ ÏÎÐßÄÊÓ

ÇI ÇÐÎÑÒÀÞ×ÈÌÈ ÊÎÅÔIÖI�ÍÒÀÌÈ
Äëÿ âèðîäæåíîãî ðiâíÿííÿ òèïó Êîëìîãîðîâà äðóãîãî ïîðÿäêó ç êîåôiöi¹íòàìè, ÿêi

ìîæóòü çðîñòàòè ïðè |x| → ∞ áóäó¹òüñÿ ôóíäàìåíòàëüíèé ðîçâ'ÿçîê çàäà÷i Êîøi òà âñòàíîâ-
ëþþòüñÿ îöiíêè éîãî ïîõiäíî¨ çà îñíîâíîþ çìiííîþ.

We construct a fundamental solution of the Cauchy problem for a degenerate equation of
Kolmogorov's type of the second order with coe�cients admitting growth as |x| → ∞, and estimate
its derivative with respect to the main variable.

Âèðîäæåíi ðiâíÿííÿ òèïó Êîëìîãîðîâà ¹
óçàãàëüíåííÿì ðiâíÿííÿ äèôóçi¨ ç iíåðöi¹þ,
ÿêå âïåðøå îäåðæàâ À.Í. Êîëìîãîðîâ ïðè
ìàòåìàòè÷íîìó ìîäåëþâàííi áðîóíiâñüêîãî
ðóõó ôiçè÷íî¨ ñèñòåìè ç n ñòåïåíÿìè ñâîáî-
äè. Ïðè öüîìó âðàõîâóâàëàñü iíåðöiÿ ñèñòå-
ìè. Öå äîñÿãà¹òüñÿ òèì, ùî ñòàí ñèñòåìè çà-
äà¹òüñÿ çíà÷åííÿìè ¨¨ n êîîðäèíàò y1, ..., yn

òà ¨õ ïîõiäíèõ çà ÷àñîì ẏ1, ..., ẏn . Íàéïðîñòi-
øå ðiâíÿííÿ Êîëìîãîðîâà ó âèïàäêó n = 1
ìà¹ âèãëÿä

(∂t + ẏ1∂y1 − ∂2
ẏ1

)u = f.

Öå ðiâíÿííÿ ¹ âèðîäæåíèì çà y1 ïàðàáîëi-
÷íèì çà Ïåòðîâñüêèì âiäíîñíî çìiííèõ t i
ẏ1. Âîíî íàëåæèòü äî êëàñó óëüòðàïàðàáî-
ëi÷íèõ ðiâíÿíü.

Ó ðîáîòi ðîçãëÿäà¹òüñÿ ðiâíÿííÿ, âèðî-
äæåíå çà äâîìà çìiííèìè. Âèâ÷åííþ ðiâ-
íÿíü ç öüîãî êëàñó ïðèñâÿ÷åíi ðîáîòè Ñ.Ä.
�éäåëüìàíà, Ã.Ï. Ìàëèöüêî¨, Ë.Ì. Òè÷èí-
ñüêî¨, Ñ.Ä. Iâàñèøåíà, Ë.Í. Àíäðîñîâî¨ òà
Î.Ã. Âîçíÿê [1 � 3].

Îñíîâíèì ó âèâ÷åííi çàäà÷i Êîøi ¹ ïîíÿ-
òòÿ ôóíäàìåíòàëüíîãî ðîçâ'ÿçêó çàäà÷i Êî-
øi. Íàéáiëüø ïîâíi ðåçóëüòàòè îäåðæàíî ó
âèïàäêó, êîëè êîåôiöi¹íòè ¹ îáìåæåíèìè.
Çàçíà÷èìî, ùî ïîáóäîâà i âèâ÷åííÿ ôóíäà-
ìåíòàëüíîãî ðîçâ'ÿçêó çàäà÷i Êîøi (ÔÐÇÊ)
ïðîâîäèòüñÿ ç äîïîìîãîþ ìåòîäó ïàðàìå-
òðèêñà Ëåâi.

1. Íåõàé n-ìiðíà ïðîñòîðîâà çìiííà x
ñêëàäà¹òüñÿ ç n1-âèìiðíî¨ çìiííî¨ x1 :=
(x11, ..., x1n1), n2-âèìiðíî¨ çìiííî¨ x2 :=
(x21, ..., x2n2) i n3-âèìiðíî¨ çìiííî¨ x3 :=
(x31, ..., x3n3), òîáòî x := (x1, x2, x3). Òóò
n1, n2 è n3 � òàêi ÷èñëà ç N, ùî n3 ≤ n2 ≤ n1

è n1 + n2 + n3 = n. Âiäïîâiäíî ìóëüòè-
iíäåêñ k ∈ Zn

+ çàïèñóâàòèìåìî ó âèãëÿäi
k := (k1, k2, k3), äå kl := (kl1, ..., klnl

) ∈ Znl
+ ,

l ∈ {1, 2, 3}. T� çàäàíå äîäàòíå ÷èñëî, ΠH =
Rn ×H, H ⊂ Rn.

Ðîçãëÿäà¹òüñÿ çàäà÷à Êîøi äëÿ âèðîäæå-
íîãî ðiâíÿííÿ äðóãîãî ïîðÿäêó òèïó Êîëìî-
ãîðîâà

(S−A(t, x, ∂x1))u(t, x) = 0, (t, x) ∈ Π0,T ]. (1)

Òóò

S := ∂t −
n2∑

j=1

x1j∂x2j
−

n3∑
j=1

x2j∂x3j
,

à A(t, x, ∂x1) :=

:=

n1∑
i,j=1

aij(t, x)∂x1ix1j
+

n1∑
j=1

aj(t, x)∂x1j
+a0(t, x)

äèôåðåíöiàëüíèé âèðàç çà x1 ç êîåôiöi¹íòà-
ìè, çàëåæíèìè âiä t i x. Çìiííi t òà x1 íàçè-
âàòèìåìî îñíîâíèìè [1].

Ñôîðìóëþ¹ìî óìîâè íà êîíôiöi¹íòè ðiâ-
íÿííÿ.
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A1. Iñíó¹ íåïåðåðâíà ôóíêöiÿ D : Rn →
[1,∞), ÿêà çàäîâîëüíÿ¹ òàêi óìîâè:

1) D(x) →∞ ïðè |x| → ∞;
2) ôóíêöi¨ aij(t, x), {i, j} ⊂ {1, ..., n1},

bj(t, x) ≡ aj(t, x)(D(x))−1, j ∈ {1, ..., n1}, òà
b0(t, x) ≡ a0(t, x)(D(x))−2, (t, x) ∈ Π[0,T ],
îáìåæåíi;

3) ðiâíÿííÿ
(S −

n1∑
i,j=1

aij(t, x)∂x1ix1j
−

−
n1∑

j=1

bj(t, x)∂x1j
(−i∂x1n1+1)−

−b0(t, x)(−i∂x1n1+1)
2)v(t, x, x1n1+1) = 0

ç îáìåæåíèìè êîåôiöi¹íòàìè òà äîäàòêîâîþ
ïðîñòîðîâîþ çìiííîþ x1n1+1 ¹ ðiâíîìiðíî
ïàðàáîëi÷íèì.

A2. Êîåôiöi¹íòè ðiâíÿííÿ ìàþòü íå-
ïåðåðâíi ïîõiäíi ∂l

x1
aij, ∂l

x1
aj, {i, j} ⊂

{1, ..., n1}, ∂l
x1

a0, ||l|| ≤ 2, äëÿ ÿêèõ ñïðàâ-
äæóþòüñÿ îöiíêè
|∂l

x1
aij(t, x)| ≤ C(D(x))||l||(1−ε), |l| ≤ 2,

|∂l
x1

aj(t, x)| ≤ C(D(x))1+||l||(1−ε), |l| ≤ 2,

|∂l
x1

a0(t, x)| ≤ C(D(x))2+||l||(1−ε), |l| ≤ 2,

äå C > 0, ε ∈ (0, 1); ôóíêöi¨ aij,bj, b0,
{i, j} ⊂ {1, ..., n1}, ¹ íåïåðåðâíèìè çà t ðiâ-
íîìiðíî ùîäî x ∈ Rn.

A3. Ïîõiäíi ∂l
x1

aij, {i, j} ⊂ {1, ..., n1},
∂l

x1
aj, j ∈ {1, ..., n1}, ∂l

x1
a0, |l| ≤ 2, çàäîâîëü-

íÿþòü ëîêàëüíó óìîâó Ãåëüäåðà çà x âiäíî-
ñíî ñïåöiàëüíî¨ âiäñòàíi ç [1] ðiâíîìiðíî ùî-
äî t ∈ [0, T ].

Ðiâíÿííÿ, äëÿ ÿêîãî âèêîíó¹òüñÿ óìîâà
A1 íàçèâà¹ìî äèñèïàòèâíèì, à ôóíêöiþ D
� õàðàêòåðèñòèêîþ äèñèïàöi¨ ðiâíÿííÿ.

2. Ùîá ïîáóäóâàòè ÔÐÇÊ äëÿ ðiâíÿ-
ííÿ (1), ñêîðèñòà¹ìîñü ïðîöåäóðîþ Ëåâi.
Äëÿ öüîãî ñïî÷àòêó îïèøåìî ãîëîâíèé ÷ëåí
ôîðìóëè äëÿ ÔÐÇÊ.

Ðîçãëÿíåìî äîïîìiæíå ðiâíÿííÿ
(S −

n1∑
i,j=1

aij(t, x)∂x1ix1j
−

−
n1∑

j=1

bj(t, y)∂x1j
(−i∂x1n1+1)−

−b0(t, y)(−i∂x1n1+1)
2)v(t, x, x1n1+1) = 0,

(t, x, x1n1+1) ∈ Π(0,T ] × R, (2)
äå y � ôiêñîâàíà òî÷êà ïðîñòîðó Rn.

Çà óìîâ A1 òà íåïåðåðâíîñòi çà t êîåôi-
öi¹íòiâ ðiâíÿííÿ (2) äëÿ íüîãî iñíó¹ ÔÐÇÊ
Z0(t, x; τ, ξ; x1n1+1 − ξ1n1+1; y), 0 ≤ τ < t ≤ T ,
(x, ξ, y) ⊂ Rn, {x1n1+1, ξ1n1+1} ⊂ R, äëÿ ÿêîãî
ïðàâèëüíà îöiíêà
|∂k1

x1
∂

k1n1+1
x1n1+1Z0(t, x; τ.ξ; x1n1+1 − ξ1n1+1; y)| ≤

≤ Ck1k1n1+1(t− τ)−
n1+1+3n2+5n3+|k1|+k1n1+1

2 ×
× exp{−c

|x1n1+1−ξ1n1+1|2
(t−τ)

}Ec(t, x; τ, ξ), |k1| ≤ 2,

c > 0, k1n1+1 ∈ Zn1
+ , Ck1k1n1+1 > 0,

äå [1]

Ec(t, x; τ, ξ); = exp

{
−c

(
|x1−ξ1|2
4(t−τ)

+

+3 |x2+2−1(t−τ)(x̂1+ξ̂1)−ξ2|2
(t−τ)3

+

+180
|x3+2−1(t−τ)(x′2+ξ′2)+12−1(t−τ)2(x′1+ξ′1)−ξ3|2

(t−τ)5

)}
.

Ïðè öüîìó, çîêðåìà, ôóíêöiÿ
∂k1

x1
Z0(t, x; τ, ξ; z; y), z = z1 + iz2 ∈ C, ÿê

ôóíêöiÿ àðãóìåíòó (t − τ)−1/2z ïðè ôiêñî-
âàíèõ t, τ , x, ξ ¹ öiëîþ ôóíêöi¹þ, äëÿ ÿêî¨
ïðàâèëüíi îöiíêè

|∂k1
x1

Z0(t, x; τ, ξ; z; y)| ≤

≤ Ck1(t− τ)−
(n1+3n2+5n3+|k1|+1)

2 Ec(t, τ, x− ξ)×

× exp{−c
|z1|2
t− τ

+ c′
|z2|2
t− τ

},

0 ≤ τ < t ≤ T, {x, ξ, y} ⊂ Rn, z ∈ C, (3)

äå Ck > 0, c > 0, c′ > 0, d ∈ R, k ∈ Zn
+.

Íåõàé Ẑ0(t, x; τ, ξ; η; y) � ïåðåòâîðå-
ííÿ Ôóð'¹ Z0(t, x; τ, ξ; z; y) çà z. Òîäi
Ẑ0(t, x; τ, ξ; η; y), 0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn,
¹ ÔÐÇÊ äëÿ ðiâíÿííÿ
(S −

n1∑
i,j=1

aij(t, y)η∂x1ix1j
−

n1∑
j=1

bj(t, y)∂x1j
−

−b0(t, y)η2)v(t, x) = 0, (t, x) ∈ Π(0,T ],
äëÿ äîâiëüíî ôiêñîâàíèõ òî÷îê η ∈ R i
y ∈ Rn.

Ç îöiíîê (3) íà ïiäñòàâi âëàñòèâîñòåé ïå-
ðåòâîðåííÿ Ôóð'¹ âèïëèâàþòü îöiíêè
|∂k1

x1
Ẑ0(t, x; τ, ξ; z; y)| ≤

≤ Ck1(t− τ)−(n1+3n2+5n3+|k1|)/2Ec(t, τ, x− ξ)×
× exp{−c(t− τ)η2}, 0 ≤ τ < t ≤ T,

{x, ξ, y} ⊂ Rn, η ∈ R, k ∈ Zn
+ (4)
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Âiçüìåìî

Ẑ(t, x; τ, ξ; y) ≡ Ẑ0(t, x; τ, ξ; D(y); y).

Çà äîïîìîãîþ îöiíîê (4) îäåðæóþòüñÿ îöií-
êè

|∂k1
x1

Ẑ(t, x; τ, ξ; y)| ≤ Ck1(t−τ)−
n1+3n2+5n3+|k1|

2 ×

×Ec(t, τ, x− ξ) exp{−c(t− τ)(D(y))2},
0 ≤ τ < t ≤ T, {x, ξ, y} ⊂ Rn, k ∈ Zn

+. (5)

Çàóâàæèìî, ùî ôóíêöiÿ Ẑ(t, x; τ, ξ; y),
0 ≤ τ < t ≤ T , {x, ξ, y} ⊂ Rn, ¹ ÔÐÇÊ äëÿ
ðiâíÿííÿ
(

S−
n1∑

i,j=1

aij(t, y)∂x1ix1j
−

n1∑
j=1

aj(t, y)∂x1j
∂x1j

−

−a0(t, y)

)
v(t, x, ) = 0, (6)

äëÿ êîæíî¨ ôiêñîâàíî¨ òî÷êè y ∈ Rn.
Äëÿ ÔÐÇÊ Ẑ ïðàâèëüíi âëàñòèâîñòi, àíà-

ëîãi÷íi âiäïîâiäíèì âëàñòèâîñòÿì äëÿ ïàðà-
áîëi÷íèõ ðiâíÿíü çi çðîñòàþ÷èìè êîåôiöi¹í-
òàìè.

Âëàñòèâiñòü 1. Íåõàé êîåôiöi¹íòè ðiâ-
íÿííÿ (6) çàäîâîëüíÿþòü óìîâè A1 òà A2.
Òîäi ïðàâèëüíà îöiíêà∣∣∣∂k1

x1
∂r1

y1
Ẑ(t, x; τ, ξ; y)

∣∣∣ ≤
≤ C(t− τ)−

n1+3n2+5n3+|k1|+|r1|(1−ε)
2 ×

×Ec(t, x; τ, ξ) exp{−c(t− τ)(D(y))2},
0 < τ < t ≤ T, {x, ξ, y, y′} ⊂ Rn,

k1 ∈ Zn
+, |r1| ≤ 2.

Âëàñòèâiñòü 2. Íåõàé êîåôiöi¹íòè ðiâ-
íÿííÿ (6) çàäîâîëüíÿþòü óìîâè A1 � A3.
Òîäi ñïðàâäæóþòüñÿ îöiíêè

∀R > 0 ∃C > 0 ∀{y, y′} ⊂ QR :∣∣∣∆y′1
y1∂

k1
x1

∂r1
y1

Ẑ(t, x; τ, ξ; y)
∣∣∣ ≤

≤ C(d(y, y′))λ(t− τ)−
n1+3n2+5n3+|k1|+|r1|(1−ε)

2 ×
×Ec(t, x; τ, ξ), 0 ≤ τ < t ≤ T,
{x, ξ, y, y′} ⊂ Rn, k1 ∈ Zn

+, |r1| ≤ 2.
Âëàñòèâiñòü 3. Íåõàé âèêîíóþòüñÿ

óìîâè A1 òà A2 i ôóíêöiÿ Q(t, x; τ, ξ), 0 ≤
τ < t ≤ T , {x, ξ} ⊂ Rn, íåïåðåðâíà i äëÿ íå¨
ïðàâèëüíi îöiíêè

|Q(t, x, τ, ξ)| ≤ C(t− τ)−
n1+3n2+5n3−γ

2
−1×

×Ec(t, τ, x− ξ),
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, γ ∈ (0; 1], (7)

òà

∀R > 0 ∃λ1 ∈ (0; 1, λ1 < γ, ∀{x, x′}) ⊂ QR :

|∆x′1
x1

Q(t, x, τ, ξ)| ≤ C(d(x, x′))λ1×
×(t− τ)−

n1+3n2+5n3−λ2
2

−1×

×
(

EC(t, x; τ, ξ) + EC(t, x′; τ, ξ)

)
,

0 ≤ τ < t ≤ T, ξ ∈ Rn, λ2 := γ − λ1. (8)

Òîäi ôóíêöiÿ W (t, x; τ, ξ) =

=

t∫

τ

dθ

∫

Rn

Ẑ(t, x; θ, y; y)Q(θ, y; τ, ξ)dy,

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn,

ìà¹ íåïåðåðâíi ïîõiäíi ∂k1
x1

u, |k1| ≤ 2, i Su,
äëÿ ÿêèõ ïðàèëüíi ôîðìóëè
∂k1

x1
W (t, x; τ, ξ) =

=
t∫

τ

dθ
∫
Rn

∂k1
x1

Ẑ(t, x; θ, y; x)Q(θ, y; τ, ξ)dy,

|k1| < 2,
∂k1

x1
W (t, x; τ, ξ) =

=
t1∫
τ

dθ
∫
Rn

∂k1
x1

Ẑ(t, x; θ, y; x)Q(θ, y; τ, ξ)dy+

+
t∫

t1

dθ
∫
Rn

∂k1
x1

Ẑ(t, x; θ, y; x)dy×

×∆
X(t−θ)
y Q(θ, x; τ, ξ)dy+

+
t1∫
τ

(∫
Rn

∂k1
x1

Ẑ(t, x; θ, y; x)dy

)
×

×Q(θ, X(t− θ); τ, ξ)dθ, |k| = 2,
SW (t, x; τ, ξ) = Q(t, x; τ, ξ)+

+
t1∫
τ

dθ
∫
Rn

SẐ(t, x; θ, y; x)Q(θ, y; τ, ξ)dy+

+
t1∫
τ

dθ
∫
Rn

SẐ(t, x; θ, y; x)×

×∆
X(t−β)
y Q(θ, y; τ, ξ)dy+

+
t∫

τ

(∫
Rn

SẐ(t, x; θ, y; x)dy

)
×

×Q(θ, X(t− θ); τ, ξ)dθ,
0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, t1 := t+τ

2
.
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Äîâåäåííÿ íàâåäåíèõ âëàñòèâîñòåé çäié-
ñíþ¹òüñÿ àíàëîãi÷íî ÿê â [1] äëÿ ïàðàáîëi-
÷íèõ ðiâíÿíü çi çðîñòàþ÷èìè êîåôiöi¹íòàìè.

3. Íàâåäåìî îñíîâíó òåîðåìó, ùî ñòîñó¹-
òüñÿ ÔÐÇÊ ðiâíÿííÿ (1).

Òåîðåìà. Íåõàé âèêîíóþòüñÿ óìîâè A1

� A3. Òîäi äëÿ ðiâíÿííÿ (1) iñíó¹ ÔÐÇÊ
Z(t, x; τ, ξ), 0 ≤ τ < t ≤ T , {x, ξ} ⊂ Rn,
äëÿ ÿêîãî ïðàâèëüíi îöiíêè

|∂k1
x1

Z(t, x; τ, ξ)| ≤ C(t− τ)−
n1+3n2+5n3+|k1|

2 ×
×Ec(t, τ, x− ξ),

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, |k1| ≤ 2. (9)

4. ÔÐÇÊ äëÿ ðiâíÿííÿ (1) øóêàòèìåìî ó
âèãëÿäi

Z(t, x; τ, ξ) = Ẑ(t, x; τ, ξ; x) + W (t, x; τ, ξ),

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn,

äå Q(·, ·; τ, ξ) � ôóíêöiÿ, ÿêó ïiäáèðà¹ìî òàê,
ùîá ôóíêiÿ Z(·, ·; τ, ξ) áóëà ðîçâ'ÿçêîì ðiâ-
íÿííÿ (1) äëÿ äîâiëüíî¨ ôiêñîâàíî¨ òî÷êè
(τ, ξ) ∈ π[0;T ]. Òóò
W (t, x; τ, ξ) =

=

t∫

τ

dθ

∫

Rn

Ẑ(t, x; θ, y; x)Q(θ, y; τ, ξ)dy,

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn.
Ïðèïóñêàòèìåìî, ùî øóêàíà ôóíêöiÿ Q ¹

íåïåðåðâíîþ i äëÿ íå¨ ïðàâèëüíi îöiíêè (7),
(8).

Çàñòîñóâàâøè äèôåðåíöiàëüíèé âèðàç L
ç (1) äî ôóíêöi¨ (9) i âèêîðèñòàâøè ïðèïó-
ùåííÿ âiäíîñíî q, îäåðæèìî íà ïiäñòàâi âëà-
ñòèâîñòi 3 äëÿ Q iíòåãðàëüíå ðiâíÿííÿ

Q(t, x; τ, ξ) = K(t, x; τ, ξ)+

t∫

τ

dθ

α(θ)

∫

Rn

K(t, x; θ, y)ϕ(θ, y; τ, ξ)dy,

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, (10)

äå
K(t, x; τ, ξ) =

n1∑
i,j=1

aij(t, x)×

×(∂x1iγij
+ ∂x1jγii

+ ∂γ1iγij
)Ẑ(t, x; τ, ξ; γ)

∣∣∣∣∣
γ=x

+

+

n1∑
j=1

aj(t, x)∂γij
Ẑ(t, x; τ, ξ; γ)

∣∣∣∣∣
γ=x

.

Îöiíèìî ÿäðî K. Âèêîðèñòîâóþ÷è óìîâè
íà êîåôiöi¹íòè ðiâíÿííÿ, îöiíêè (5), âëàñòè-
âiñòü 1, ìà¹ìî

|K(t, x, τ, ξ)| ≤ C0(t− τ))−
n1+3n2+5n3−γ

2 ×
×Ec(t, τ, x− ξ), (11)

äå γ := (2ε− 1)/2.
Îöiíêà (11) äîçâîëÿ¹ ðîçâÿçóâàòè ðiâíÿ-

ííÿ (10 ) ìåòîäîì ïîñëiäîâíèõ íàáëèæåíü.
Ïðè öüîìó Q âèçíà÷à¹òüñÿ ôîðìóëîþ

Q(t, x, τ, ξ) =
∞∑

m=1

Km(t, x, τ, ξ),

0 ≤ τ < t ≤ T, {x, ξ} ⊂ Rn, (12)
äå K1 ≡ K, à äëÿ m ≥ 2

Km(t, x; τ, ξ) =

=

t∫

τ

dθ

∫

Rn

K(t, x; θ, y)Km−1(θ, y; τ, ξ)dy.

Ïîâòîðþþ÷è ïðîöåäóðó îöiíêè ïîâòîð-
íèõ ÿäåð, ÿê â [1] äëÿ ïàðàáîëi÷íèõ ðiâ-
íÿíü, îäåðæó¹ìî, ùî ðÿä (12) çáiãà¹òüñÿ àá-
ñîëþòíî é ðiâíîìiðíî i äëÿ éîãî ñóìè Q
ñïðàâäæó¹òüñÿ îöiíêà (7). Àíàëîãi÷íî [1] äî-
âîäèòüñÿ ïðàâèëüíiñòü îöiíêè (8), à ç äî-
ïîìîãîþ âëàñòèâîñòi 3 îäåðæó¹ìî (9) äëÿ
∂k1

x1
Z(t, x; τ, ξ), 0 ≤ τ < t ≤ T , {x, ξ} ⊂ Rn.
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