
ÓÄÊ 517.4
c©2006 ð. Î.Â.Ìàðòèíþê

×åðíiâåöüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Þðiÿ Ôåäüêîâè÷à, ×åðíiâöi

ÅÂÎËÞÖIÉÍI ÐIÂÍßÍÍß ÂÈÙÎÃÎ ÏÎÐßÄÊÓ ÏÎ t Ç ÎÏÅÐÀÒÎÐÎÌ
ÄÈÔÅÐÅÍÖIÞÂÀÍÍß-ÁÅÑÑÅËß

Âñòàíîâëåíà êîðåêòíà ðîçâ'ÿçíiñòü çàäà÷i Êîøi äëÿ îäíîãî êëàñó åâîëþöiéíèõ ðiâíÿíü
âèùîãî ïîðÿäêó ïî t ç îïåðàòîðîì äèôåðåíöiþâàííÿ-Áåññåëÿ íåñêií÷åííîãî ïîðÿäêó é ïî÷à-
òêîâèìè óìîâàìè, ÿêi ¹ óçàãàëüíåíèìè ôóíêöiÿìè òèïó óëüòðàðîçïîäiëiâ.

The correct solvability of Cauchy problem is established for one class of evolutionary equations
of higher order on t with di�erentiation-Bessel operator of in�nite order and initial conditions, which
are generalized function of ultradistribution.

Ïðåäìåòîì áàãàòüîõ äîñëiäæåíü ¹ ïñåâ-
äîäèôåðåíöiàëüíi îïåðàòîðè (ÏÄÎ), ïîáó-
äîâàíi ÿê çà ãëàäêèìè, òàê i çà íåãëàäêèìè
ñèìâîëàìè, à òàêîæ ïñåâäîäèôåðåíöiàëüíi
ðiâíÿííÿ (ÏÄÐ). �õ òåîðiÿ ó ñó÷àñíié ôîðìi
ñòâîðåíà â 60-õ ðîêàõ XX-ñòîëiòòÿ. ÏÄÎ òà
ÏÄÐ òiñíî ïîâ'ÿçàíi ç âàæëèâèìè çàäà÷àìè
àíàëiçó i ñó÷àñíî¨ ìàòåìàòè÷íî¨ ôiçèêè.

Ó öié ðîáîòi âèâ÷à¹òüñÿ êîðåêòíà ðîçâ'ÿ-
çíiñòü çàäà÷i Êîøi äëÿ åâîëþöiéíèõ ðiâ-
íÿíü âèùîãî ïîðÿäêó ïî t ç îïåðàòî-
ðîì äèôåðåíöiþâàííÿ-Áåññåëÿ íåñêií÷åííî-
ãî ïîðÿäêó ó ïåâíèõ ïðîñòîðàõ óçàãàëü-
íåíèõ ôóíêöié òèïó (W )′, ÿêi çáiãàþòüñÿ
ç ìíîæèíàìè ïî÷àòêîâèõ çíà÷åíü ãëàäêèõ
ðîçâ'ÿçêiâ âêàçàíèõ ðiâíÿíü. Ïðè öüîìó
îïåðàòîð äèôåðåíöiþâàííÿ-Áåññåëÿ òðàêòó-
¹òüñÿ ÿê ÏÄÎ, ïîáóäîâàíèé çà ïåâíèì àíà-
ëiòè÷íèì ñèìâîëîì.

1. Ïðîñòið D′
+. Íàãàäà¹ìî, ùî ñèìâî-

ëîì D ≡ D(R) ïîçíà÷à¹òüñÿ ìíîæèíà âñiõ
ôiíiòíèõ íåñêií÷åííî äèôåðåíöiéîâíèõ íà R
ôóíêöié. Ñóêóïíiñòü óñiõ ëiíiéíèõ íåïåðåðâ-
íèõ ôóíêöiîíàëiâ íà D çi ñëàáêîþ çáiæíiñòþ
ïîçíà÷à¹òüñÿ ñèìâîëîì D′ ≡ D′(R). Åëåìåí-
òè D′ íàçèâàþòüñÿ óçàãàëüíåíèìè ôóíêöiÿ-
ìè. Ñóêóïíiñòü óçàãàëüíåíèõ ôóíêöié ç D′,
ÿêi îáåðòàþòüñÿ â íóëü íà ïiâîñi (−∞, 0),
ïîçíà÷à¹òüñÿ ÷åðåç D′

+. Âiäîìî [1], ùî äëÿ
äîâiëüíèõ {f, g} ⊂ D′

+ ó ïðîñòîði D′
+ iñíó¹

çãîðòêà f ∗ g, ÿêà âèçíà÷à¹òüñÿ ñïiââiäíîøå-

ííÿì
< f ∗ g, ϕ >=

< f(x)× g(y), η1(x)η2(y)ϕ(x + y) >, ϕ ∈ D,

äå η1 i η2 � äîâiëüíi ôóíêöi¨ ç ïðîñòîðó
C∞(R), ðiâíi îäèíèöi â îêîëi ïiââiñi [0, +∞) i
íóëþ äëÿ äîñèòü âåëèêèõ âiä'¹ìíèõ çíà÷åíü
àðãóìåíòó. D′

+ óòâîðþ¹ àñîöiàòèâíó i êîìó-
òàòèâíó àëãåáðó âiäíîñíî îïåðàöi¨ çãîðòêè.
Îñêiëüêè δ ∗ f = f ∗ δ = f , ∀f ∈ D′

+, òî
îäèíèöåþ â íié ¹ δ-ôóíêöiÿ Äiðàêà.

ßêùî óçàãàëüíåíà ôóíêöiÿ f ≡ ft çàëå-
æèòü âiä ïàðàìåòðà t, ft ∈ D′

+ ïðè êîæíîìó
t, iñíó¹ ∂ft

∂t
, g ∈ D′

+, òî òîäi [1]

∂m

∂tm
(ft ∗ g) =

∂mft

∂tm
∗ g,m ∈ N.

Íåõàé óçàãàëüíåíà ôóíêöiÿ fα ∈ D′
+ çà-

ëåæèòü âiä ïàðàìåòðà α ∈ (−∞, +∞) i âè-
çíà÷à¹òüñÿ ôîðìóëîþ

fα(t) =

{
θ(t)tα−1(Γ(α))−1, α > 0,

f
(m)
α+m(t), α ≤ 0,

äå m � íàéìåíøå ñåðåä íàòóðàëüíèõ ÷èñåë
òàêå, ùî m + α > 0, θ � ôóíêöiÿ Õåâiñàéäà.
Ïðàâèëüíèìè ¹ íàñòóïíi òâåðäæåííÿ [1]:

1) ∀{α, β} ⊂ R: fα ∗ fβ = fα+β.
2) Íåõàé I(α)f = f ∗ fα, ∀f ∈ D′

+. Òîäi
à) ∀f ∈ D′

+: I(0)f = f ;
á) ∀f ∈ D′

+ ∀n ∈ N: I(−n)f = f (n);
â) ∀f ∈ D′

+ ∀n ∈ N: (I(n)f)(n) = f ;
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ã) ∀f ∈ D′
+ ∀{α, β} ⊂ R:

I(α)I(β)f = I(α + β)f.

Çàâäÿêè âëàñòèâîñòÿì á) i â) îïåðàòîðè
I(α) ïðè α < 0 íàçèâàþòü îïåðàòîðàìè äðî-
áîâîãî äèôåðåíöiþâàííÿ, à ïðè α > 0 � îïå-
ðàòîðàìè äðîáîâîãî iíòåãðóâàííÿ â D′

+.

2. Ïðîñòîðè îñíîâíèõ ôóíêöié. Íå-
õàé x′ = (x1, . . . , xk) ∈ Rk, x′′ =
(xk+1, . . . , xn), 1 ≤ k ≤ n − 1, n ∈ N, n ≥ 2;
x = (x′, x′′) ∈ Rn, Rn

k,+ := {x = (x1, . . . , xn) ∈
Rn : xk+1 ≥ 0, . . . , xn ≥ 0}.

Ðîçãëÿíåìî ôóíêöi¨ ωi: [0, +∞) →
[0, +∞), i ∈ {1, . . . , n}, ÿêi ¹ íåïåðåðâ-
íèìè i çðîñòàþ÷èìè, ïðè÷îìó ωi(0) = 0,
lim

x→+∞
ωi(x) = +∞, i ∈ {1, . . . , n}. Äëÿ x ≥ 0

ïîêëàäåìî Ωi(x) =

x∫

0

ωi(ξ)dξ, i ∈ {1, . . . , n}.

Ôóíêöi¨ Ωi, i ∈ {1, . . . , n}, ìàþòü òàêi âëà-
ñòèâîñòi:

1) Ωi � äèôåðåíöiéîâíi, çðîñòàþ÷i íà
[0, +∞) ôóíêöi¨, ïðè÷îìó Ωi(0) = 0,
lim

x→+∞
Ωi(x) = +∞, i ∈ {1, . . . , n};

2) Ωi, i ∈ {1, . . . , n}, � îïóêëi ôóíêöi¨, òîá-
òî:

à) ∀{x1, x2} ⊂ [0, +∞):

Ωi(x1) + Ωi(x2) ≤ Ωi(x1 + x2);

á) ∀x ∈ [0, +∞) ∀n ∈ N: nΩi(x) ≤ Ωi(nx).
Äîâèçíà÷èìî êîæíó ôóíêöiþ Ωi íà

(−∞, 0] ïàðíèì ÷èíîì. Îòæå, Ωi, i ∈
{1, . . . , n}, çðîñòà¹ íà [0, +∞) øâèäøå çà äî-
âiëüíó ëiíiéíó ôóíêöiþ. Ïîðÿä ç öèì ðîç-
ãëÿíåìî ôóíêöi¨ µi: [0, +∞) → [0, +∞), i ∈
{1, . . . , n}, ÿêi ìàþòü òàêi æ âëàñòèâîñòi, ùî
i ôóíêöi¨ ωi. Äëÿ x ≥ 0 ïîêëàäåìî Mi(x) =

x∫

0

µi(ξ)dξ, Mi(−x) = Mi(x), i ∈ {1, . . . , n}.

Ôóíêöi¨ Mi àíàëîãi÷íi çà ñâî¨ìè âëàñòèâî-
ñòÿìè äî ôóíêöié Ωi. Çà äîïîìîãîþ ôóíêöié
Mi i Ωi Ã.Ì.Ãóðåâè÷ óâiâ ñåðiþ ïðîñòîðiâ,
íàçâàíèõ íèì ïðîñòîðàìè òèïó W . Îçíà÷è-
ìî äåÿêi ç íèõ.

Ñèìâîëîì WΩ
M(Cn) ≡ WΩ1,...,Ωn

M1,...,Mn
(Cn) ïî-

çíà÷èìî ñóêóïíiñòü óñiõ öiëèõ ôóíêöié ψ :
Cn → C, äëÿ ÿêèõ:

∃c > 0∃aj > 0∃bj > 0, j ∈ {1, . . . , n},

∀z = (x + iy) ≡ (x1 + iy1, . . . , xn + iyn) ∈ Cn :

|ψ(z)| ≡ |ψ(z1, . . . , zn)| ≤ c · exp{−M1(a1x1)−
− · · ·−Mn(anxn)+Ω1(b1y1)+ · · ·+Ωn(bnyn)}.

Ïðîñòið WΩ
M(Cn) ìîæíà ïîäàòè ÿê

îá'¹äíàííÿ ïîâíèõ äîñêîíàëèõ çëi÷åí-
íî íîðìîâàíèõ ïðîñòîðiâ WΩ,b

M,a(Cn) ≡
WΩ1,...,Ωn;b1,...,bn

M1,...,Mn;a1,...,an
(Cn), äå WΩ,b

M,a(Cn) ñêëàäà¹-
òüñÿ ç òèõ ôóíêöié ψ ∈ WΩ

M(Cn), äëÿ ÿêèõ
ïðàâèëüíi íåðiâíîñòi

|ψ(z1, . . . , zn)| ≤ c

n∏
i=1

exp{−Mi(aixi)+Ωi(biyi)}

(òóò ai > 0 � äîâiëüíà ñòàëà, ìåíøà çà ai;
bi � äîâiëüíà ñòàëà, áiëüøà çà bi); íîðìè â
WΩ,b

M,a(Cn) âèçíà÷àþòüñÿ ôîðìóëàìè

‖ψ‖ρδ = sup
z∈Cn

[
|ψ(z)| ·

n∏
i=1

exp{−Ωi(bi + ρ)yi+

+Mi(ai(1− 1

δ
)xi)}

]
,

ρ ∈ N, δ ∈ {2, 3, . . . }, ψ ∈ WΩ,b
M,a(C

n).

Îòæå, çáiæíiñòü â WΩ
M(Cn) � öå çáiæíiñòü

â îá'¹äíàííi çëi÷åííî íîðìîâàíèõ ïðîñòîðiâ.
Ñèìâîëîì WΩ

M(Cn
k,+), 1 ≤ k ≤ n − 1,

ïîçíà÷àòèìåìî ñóêóïíiñòü óñiõ öiëèõ ôóí-
êöié ç ïðîñòîðó WΩ

M(Cn), ïàðíèõ çà çìií-
íèìè zk+1, . . . , zn. Öåé ïðîñòið ç âiäïî-
âiäíîþ òîïîëîãi¹þ íàçèâàòèìåìî îñíîâíèì
ïðîñòîðîì, àáî ïðîñòîðîì òèïó W , à éî-
ãî åëåìåíòè � îñíîâíèìè ôóíêöiÿìè. Ñóêó-
ïíiñòü ôóíêöié, çàäàíèõ íà Rn, ÿêi äîïó-
ñêàþòü àíàëiòè÷íå ïðîäîâæåííÿ â Cn i, ÿê
ôóíêöi¨ êîìïëåêñíèõ çìiííèõ, ¹ åëåìåíòàìè
ïðîñòîðó WΩ

M(Cn
k,+), ïîçíà÷àòèìåìî ñèìâî-

ëîì WΩ
M(Rn

k,+), 1 ≤ k ≤ n− 1.
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Ó ïðîñòîði WΩ
M(Cn

k,+) âèçíà÷åíi, ¹ ëiíié-
íèìè i íåïåðåðâíèìè îïåðàòîðè Áåññåëÿ

Bj =
∂2

∂z2
j

+
2νj + 1

zj

∂

∂zj

, νj > −1

2
, (1)

j ∈ {k + 1, . . . , n}, ïîðÿäêó νj, à òàêîæ îïå-
ðàòîð B :=

n∏
j=k+1

Bj.

Ó ïðîñòîði WΩ
M(Rn

k,+) ìîæíà êîðèñòóâà-
òèñÿ ïðÿìèì i îáåðíåíèì ïåðåòâîðåííÿìè
Ôóð'¹ � Ôóð'¹-Áåññåëÿ, ÿêi ïîçíà÷àòèìåìî
ñèìâîëàìè FD,B, F−1

D,B:

ϕ(σ) = FD,B[ψ](σ) :=

∫

Rn
k,+

ψ(x′, x′′)e−(x′,σ′)×

×jνk+1
(σk+1xk+1) . . . jνn(σnxn)x

2νk+1+1
k+1 . . .

. . . x2νn+1
n dx′dx′′, ψ ∈ WΩ

M(Rn
k,+),

ψ(x) = F−1
D,B[ϕ](x) := (2π)−kcνk+1

. . . cνn×

×
∫

Rn
k,+

ϕ(σ′, σ′′)e(x′,σ′)jνk+1
(σk+1xk+1) . . .

. . . jνn(σnxn)σ
2νk+1+1
k+1 . . . σ2νn+1

n dσ′dσ′′,

äå jνs , s ∈ {k + 1, . . . , n}, � íîðìîâàíà ôóí-
êöiÿ Áåññåëÿ νs-ãî ïîðÿäêó, cνs = (22νsΓ2(νs+

1))−1, νs > −1

2
, � ôiêñîâàíi ïàðàìåòðè; ïðè

öüîìó

FD,B[WΩ
M(Rn

k,+)] = WΩ1

M1(Rn
k,+) ≡

≡ W
Ω1

1,...,Ω1
n

M1
1 ,...,M1

n
(Rn

k,+),

îïåðàòîð FD,B ¹ íåïåðåðâíèì (òóò Ω1
i òà

M1
i � ôóíêöi¨, äâî¨ñòi çà Þíãîì âiäïîâiäíî

äî ôóíêöié Mi òà Ωi, i ∈ {1, . . . , n} (äèâ.
[2]), FD,B[X] ïîçíà÷à¹ ïðîñòið Ôóð'¹-îáðàçiâ
ôóíêöié ç ïðîñòîðó X).

Îòæå, ïðîñòîðè WΩ
M(Rn

k,+) ïåðåòâîðåí-
íÿì FD,B âiäîáðàæàþòüñÿ ó ïðîñòîðè òàêîãî
æ òèïó.

Íåõàé ϕ(z) =
∞∑

j=0

∑

|l|=j

cl zl1
1 . . . zlk

k z
2lk+1

k+1

. . . z2ln
n , z = (z1, . . . , zn) ∈ Cn, 1 ≤

k ≤ n − 1, � äåÿêà öiëà ôóíêöiÿ, ïàð-
íà çà çìiííèìè zk+1, . . . , zn. Ãîâîðèòèìå-
ìî, ùî ó ïðîñòîði WΩ

M(Cn
k,+) çàäàíî îïåðà-

òîð äèôåðåíöiþâàííÿ-Áåññåëÿ íåñêií÷åííî-
ãî ïîðÿäêó

ϕ(DB) :=
∞∑

j=0

∑

|l|=j

cl(−i)l1+···+lk
∂l1+···+lk

∂zl1
1 . . . ∂zlk

k

×

×(−B
lk+1

k+1 ) . . . (−Bln
n ) ≡

≡
∞∑

j=0

∑

|l|=j

cl(−i)|l
′|(−1)|l

′′|Dl′Bl′′

(l′ = (l1, . . . , lk), l′′ = (lk+1, . . . , ln) � ìóëüòèií-
äåêñè, |l′| = l1 + · · ·+ lk, |l′′| = lk+1 + · · ·+ ln,
Bs, s ∈ {k + 1, . . . , n}, � îïåðàòîðè Áåññå-
ëÿ, ùî âèçíà÷àþòüñÿ ñïiââiäíîøåííÿìè (1)),
ÿêùî äëÿ äîâiëüíî¨ îñíîâíî¨ ôóíêöi¨ ψ ∈
WΩ

M(Cn
k,+) ðÿä

(ϕ(DB)ψ)(z) =
∞∑

j=0

∑

|l|=j

cl(−i)|l
′|(−1)|l

′′|×

×(Dl′Bl′′ψ)(z)

çîáðàæà¹ äåÿêó îñíîâíó ôóíêöiþ ç ïðîñòîðó
WΩ

M(Cn
k,+).

ßêùî Aϕ � çâóæåííÿ îïåðàòîðà ϕ(DB)

íà ïðîñòið WΩ1

M1(Rn
k,+), 1 ≤ k ≤ n− 1, òî äëÿ

äîâiëüíî¨ ôóíêöi¨ ψ ∈ WΩ1

M1(Rn
k,+) ïðàâèëü-

íîþ ¹ ðiâíiñòü [3]

(Aϕψ)(x) = F−1
D,B[ϕ(ξ)FD,B[ψ](ξ)](x),

{x, ξ} ⊂ Rn.

3. Çàäà÷à Êîøi. Ñèìâîëîì
0

P
Ω
M

≡
0

P
Ω1,...,Ωn

M1,...,Mn
ïîçíà÷èìî êëàñ öiëèõ îäíîçíà-

÷íèõ ôóíêöié ψ: Cn → C, ÿêi ¹ ìóëüòè-
ïëiêàòîðàìè â ïðîñòîði WΩ

M i òàêèìè, ùî
eψ ∈ WΩ

M . Íåõàé ϕ ∈ 0

P
Ω
M
, Aϕ � îïåðà-

òîð äèôåðåíöiþâàííÿ-Áåññåëÿ íåñêií÷åííî-
ãî ïîðÿäêó, ïîáóäîâàíèé çà ôóíêöi¹þ ϕ.

Ðîçãëÿíåìî ðiâíÿííÿ

Dβ
t u(t, x) = D

{β}
t A−[β]

ϕ u(t, x), (2)
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(t, x) ∈ (0, T ]× Rn
+ ≡ Ω+, ç ïî÷àòêîâîþ óìî-

âîþ

D
{β}
t u(t, ·)|t=0 = f, f ∈ (WΩ1

M1(Rn
k,+))′. (3)

Òóò β ∈ (−∞, 0), [β] � öiëà, à {β} � äðîáîâà
÷àñòèíè ÷èñëà β, Dβ

t � îïåðàòîð äðîáîâîãî
äèôåðåíöiþâàííÿ, ÿêèé äi¹ çà çìiííîþ t ó
ïðîñòîði D′

+.
Ïiä ðîçâ'ÿçêîì çàäà÷i Êîøi (2), (3) ðîçó-

ìiòèìåìî ôóíêöiþ u, ÿêà çàäîâîëüíÿ¹ óìî-
âè:

1) u(·, x) ∈ D′
+ ∩C−[β]((0,∞)) ïðè êîæíî-

ìó x;
2) u(t, ·) ∈ D(A

−[β]
ϕ ), çàäîâîëüíÿ¹ ðiâíÿí-

íÿ (2) òà ïî÷àòêîâó óìîâó (3) ó òîìó ñåíñi,
ùî D

{β}
t u(t, ·) → f ïðè t → +0 ó ïðîñòîði

(W Ω1

M1 (Rn
k,+)′.

ßêùî β ∈ [−3,−1), òî ïðèïóñêà¹ìî, ùî u
çàäîâîëüíÿ¹ òàêîæ íàñòóïíó óìîâó:

3) äëÿ äîâiëüíîãî ôiêñîâàíîãî ïðîìiæêó
[δ, +∞) ⊂ (0, +∞) iñíó¹ ñòàëà c = c(δ) > 0
òàêà, ùî

sup
t∈[δ,+∞

‖D{β}
t u(t, ·)‖L2(R) ≤ c.

Ïðàâèëüíèì ¹ íàñòóïíå òâåðäæåííÿ.
Òåîðåìà. Çàäà÷à Êîøi (2), (3) êîðåêòíî

ðîçâ'ÿçíà ó ïðîñòîði (W Ω1

M1 (Rn
k,+))′. Ðîçâ'ÿ-

çîê u(t, ·) ïðè êîæíîìó ôiêñîâàíîìó t íàëå-
æèòü äî ïðîñòîðó WΩ1

M1
(Rn

k,+) i ïîäà¹òüñÿ
ó âèãëÿäi

u(t, x) = θ(t)z(t, x) ∗ f−{β}(t),

äå z(t, x) = (f ∗ G)(t, x), (t, x) ∈ Ω+ ( G
� ôóíäàìåíòàëüíèé ðîçâ'ÿçîê çàäà÷i Êîøi
(2), (3)).

Íàâåäåìî ñõåìó äîâåäåííÿ.
Ââåäåìî ïîçíà÷åííÿ D

{β}
t u(t, x) = z(t, x),

òîäi ðiâíÿííÿ (2) íàáóâà¹ âèãëÿäó

∂pz(t, x)

∂tp
+ (−1)p+1Ap

ϕz(t, x) = 0

(òóò p := −[β], D
[β]
t = D−p

t =
dp

dtp
), äëÿ ÿêîãî

ðîçãëÿäà¹òüñÿ ïî÷àòêîâà óìîâà

z(t, ·)|t=0 = f, f ∈ (WΩ1

M1(Rn
k,+))′,

ïðè÷îìó ôóíêöiÿ z çàäîâîëüíÿ¹ ïî÷àòêîâó
óìîâó ïðè t → +0 ó ñëàáêîìó ðîçóìiííi (ó
ïðîñòîði (WΩ1

M1(Rn
k,+))′).

Çàäà÷à Êîøi (2), (3) âèâ÷à¹òüñÿ àíàëîãi-
÷íî òîìó, ÿê öå áóëî çðîáëåíî ó ïðàöi [3], ïðè
öüîìó âèêîðèñòîâó¹òüñÿ ñïiââiäíîøåííÿ

Ap
ϕz = F−1

D,B[ϕp(ξ)FD,B[z](ξ)], ϕ ∈ WΩ1

M1(Rn
k,+),

à òàêîæ ïiâãðóïîâà âëàñòèâiñòü îïåðàòîðiâ
Dβ

t :
Dβ

t = D
[β]+{β}
t = D

[β]
t D

{β}
t .

Çàóâàæåííÿ. ßêùî β íàáóâà¹ âiäïîâiä-
íî çíà÷åíü −1, −2, −3, òî ìà¹ìî ðiâíÿííÿ

∂u

∂t
+ Aϕu = 0,

∂2u

∂t2
− A2

ϕu = 0, (4)

∂3u

∂t3
+ A3

ϕu = 0,

ïðè öüîìó f−{β} = f0 = θ′ = δ, òîáòî

θ(t)z(t, x) ∗ f−{β}(t) = θ(t)z(t, x) ∗ δ(t) =

= θ(t)z(t, x).

Îòæå, ïðè t > 0 ðîçâ'ÿçêè ðiâíÿíü (4) çî-
áðàæàþòüñÿ ôîðìóëîþ u(t, x) = z(t, x) =
(f ∗G)(t, x).
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