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Âñòàíîâëåíî êîðåêòíó ðîçâ'ÿçíiñòü íåëîêàëüíî¨ áàãàòîòî÷êîâî¨ çà ÷àñîì çàäà÷i äëÿ îäíî-
ãî êëàñó åâîëþöiéíèõ ðiâíÿíü ç ãàðìîíiéíèì îñöèëÿòîðîì òà ãðàíè÷íîþ óìîâîþ ó ïðîñòîðàõ
òèïó S′.

We prove the well solvability of a nonlocal multi-point on time problem for a class of the
evolution equations win a harmonic oscillator and boundary condition in the spaces of type S′.

Ãðàíè÷íi âëàñòèâîñòi ãëàäêèõ ó øàði
ðîçâ'ÿçêiâ ðiâíÿíü ïàðàáîëi÷íîãî òèïó ç íå-
îáìåæåíî çðîñòàþ÷èìè ïðè |x| → +∞ êî-
åôiöi¹íòàìè ó ðiçíèõ ïðîñòîðàõ óçàãàëüíå-
íèõ ôóíêöié (ðîçïîäiëiâ, óëüòðàðîçïîäiëiâ,
ãiïåðôóíêöié, òîùî) äîñëiäæåíi Ì.Ë. Ãîð-
áà÷óêîì, Â.I, Ãîðáà÷óê, Ï.I. Äóäíèêîâèì,
Î.I. Êàøïiðîâñüêèì, Â.Â. Ãîðîäåöüêèì, I.I.
Äðiíü òà ií. (äèâ., íàïðèêëàä, [1�3]). Ïðè
öüîìó îïèñàíi ìíîæèíè ïî÷àòêîâèõ äàíèõ
çàäà÷i Êîøi, ïðè ÿêèõ ðîçâ'ÿçêè ¹ íåñêií-
÷åííî äèôåðåíöiéîâíèìè çà ïðîñòîðîâèìè
çìiííèìè ôóíêöiÿìè.

Óçàãàëüíåííÿì çàäà÷i Êîøi ¹ íåëîêàëü-
íà áàãàòîòî÷êîâà çà ÷àñîì çàäà÷à, êîëè ïî-
÷àòêîâà óìîâà u(t, ·)|t=0 = f çàìiíþ¹òüñÿ

óìîâîþ
m∑
k=0

αku(t, ·)|t=tk = f , äå t0 = 0.

{t1, . . . , tm} ⊂ (0, T ], {α0, α1, . . . , αm} ⊂ R,
m ∈ N � ôiêñîâàíi ÷èñëà (ÿêùî α0 = 1,
α1 = · · · = αm = 0, òî, ìà¹ìî, î÷åâèäíî,
çàäà÷ó Êîøi). Íà äîöiëüíiñòü âèêîðèñòàííÿ
íåëîêàëüíèõ óìîâ ç òî÷êè çîðó çàãàëüíî¨ òå-
îði¨ êðàéîâèõ çàäà÷ âêàçàâ Î.Î. Äåçií [4],
ÿêèé äîñëiäæóâàâ ðîçâ'ÿçíi ðîçøèðåííÿ äè-
ôåðåíöiàëüíèõ îïåðàòîðiâ, ïîðîäæåíèõ çà-
ãàëüíîþ äèôåðåíöiàëüíîþ îïåðàöi¹þ çi ñòà-
ëèìè êîåôiöi¹íòàìè. Âií ïîêàçàâ, ùî äëÿ
ïîñòàíîâêè êîðåêòíî¨ êðàéîâî¨ çàäà÷i íåîá-
õiäíî âèêîðèñòîâóâàòè ïîðó÷ ç ëîêàëüíèìè
i íåëîêàëüíi óìîâè. À.Õ. Ìàìÿí [5] âñòàíî-
âèâ, ùî iñíóþòü ðiâíÿííÿ ç ÷àñòèííèìè ïî-
õiäíèìè â øàði, äëÿ ÿêèõ íåìîæëèâî ñôîð-
ìóëþâàòè æîäíî¨ êîðåêòíî¨ ëîêàëüíî¨ çàäà-

÷i, âîäíî÷àñ êîðåêòíi çàäà÷i iñíóþòü, ÿêùî
çàëó÷èòè íåëîêàëüíi óìîâè.

Ó äàíié ðîáîòi âñòàíîâëþ¹òüñÿ êîðåêòíà
ðîçâ'ÿçíiñòü íåëîêàëüíî¨ áàãàòîòî÷êîâî¨ çà
÷àñîì çàäà÷i äëÿ îäíîãî êëàñó åâîëþöiéíèõ
ðiâíÿíü ç ãàðìîíiéíèì îñöèëÿòîðîì ó âè-
ïàäêó, êîëè ãðàíè÷íà ôóíêöiÿ ¹ óçàãàëüíå-
íîþ ôóíêöi¹þ òèïó óëüòðàðîçïîäiëiâ i îòî-
òîæíþ¹òüñÿ ç ïåâíèì ôîðìàëüíèì ðÿäîì
Ôóð'¹-Åðìiòà. Çíàéäåíî àíàëiòè÷íå çîáðà-
æåííÿ ðîçâ'ÿçêó âêàçàíî¨ çàäà÷i.
1. Ôîðìàëüíi ðÿäè Ôóð'¹-Åðìiòà.

Ïðîñòîðè òèïó S òà S ′

Ïîçíà÷èìî

Φm =
{
φ ∈ L2(R)

∣∣∣φ =
m∑
k=0

ck,φhk, ck,φ ∈ C
}
,

Φ =
∪
m

Φm,

äå

hn(x) = (−1)nπ−1/4(2nn!)−1/2ex
2/2(e−x

2/2)(n),

n ∈ Z+, x ∈ R, −
ôóíêöi¨ Åðìiòà (ÿêi óòâîðþþòü îðòîíîðìî-
âàíèé áàçèñ â L2(R)), à ÷åðåç Φ′ � ïðîñòið
óñiõ àíòèëiíiéíèõ íåïåðåðâíèõ ôóíêöiîíà-
ëiâ íà Φ çi ñëàáþêîþ çáiæíiñòþ. Çiñòàâëåííÿ

Φ ∋ φ→ fφ ∈ Φ′ : ⟨fφ, ψ⟩ = (φ, ψ)L2(R), φ ∈ Φ,

âèçíà÷à¹ âêëàäåííÿ Φ ⊂ Φ′ (⟨f, ψ⟩ ïîçíà-
÷à¹ äiþ ôóíêöiîíàëó f íà åëåìåíò ψ ∈ Φ).
Åëåìåíòè ç Φ′ íàçèâàòèìåìî óçàãàëüíåíèìè
ôóíêöiÿìè.
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Ðÿä
∞∑
k=0

ckhk, äå ck = ⟨f, hk⟩, íàçèâà¹òüñÿ

ðÿäîì Ôóð"¹-Åðìiòà ôóíêöiîíàëó f ∈ Φ′,
à ÷èñëà ck, k ∈ Z+, � éîãî êîåôiöi¹íòàìè
Ôóð"¹. Äëÿ äîâiëüíîãî åëåìåíòà f ∈ Φ′ éîãî
ðÿä Ôóð'¹-Åðìiòà çáiãà¹òüñÿ â Φ′ äî f . Íàâ-

ïàêè, äîâiëüíèé ðÿä
∞∑
k=1

ckhk çáiãà¹òüñÿ â Φ′

äî äåÿêîãî åëåìåíòà f ∈ Φ′ i öåé ðÿä ¹ ðÿ-
äîì Ôóð'¹-Åðìiòà äëÿ f [1]. Îòæå, Φ′ ìîæíà
ðîçóìiòè ÿê ïðîñòið ôîðìàëüíèõ ðÿäiâ âè-

ãëÿäó
∞∑
k=1

ckhk. Çâiäñè âèïëèâà¹ òàêîæ, ùî

Φ ëåæèòü ùiëüíî â Φ′.
I.Ì. Ãåëüôàíä òà Ã.�. Øèëîâ ââåëè â [6]

ñåðiþ ïðîñòîðiâ, íàçâàíèõ íèìè ïðîñòîðàìè
òèïó S. Îçíà÷èìî äåÿêi ç íèõ.

Äëÿ äîâiëüíî ôiêñîâàíèõ α, β > 0 ïîêëà-
äåìî

Sβα(R) ≡ Sβα :=
{
φ ∈ C∞(R)

∣∣∣ ∃c > 0 ∃A > 0

∃B > 0∀{k, n} ⊂ Z+ ∀x ∈ R :

|xkφ(n)(x)| ≤ cAkBnkkαnnβ
}
.

Ââåäåíi ïðîñòîðè ìîæíà îõàðàêòåðèçóâàòè
ùå é òàê [6]. Sβα ñêëàäà¹òüñÿ ç òèõ é ëèøå òèõ
íåñêií÷åííî äèôåðåíöiéîâíèõ íà Rôóíêöié,
ÿêi çàäîâîëüíÿþòü íåðiâíîñòi

|φ(n)(x)| ≤ cBnnnβ exp(−a|x|1/α),

n ∈ Z+, x ∈ R,

ç äåÿêèìè äîäàòíèìè ñòàëèìè c, B i a, çàëå-
æíèìè ëèøå âiä ôóíêöi¨ φ.

ßêùî 0 < β < 1 i α ≥ 1 − β, òî Sβα ñêëà-
äà¹òüñÿ ç òèõ é òiëüêè òèõ ôóíêöié φ, ÿêi
àíàëiòè÷íî ïðîäîâæóþòüñÿ â C i çàäîâîëü-
íÿþòü íåðiâíiñòü

|φ(x+ iy)| ≤ c exp(−a|x|1/α + b|y|1/(1−β)),

c, a, b > 0.
Ïðîñòîðè Sβα íå ¹ òðèâiàëüíèìè çà óìîâè

α + β ≥ 1 i óòâîðþþòü ùiëüíi â L2(R) ìíî-
æèíè. Ïðè β > 1 ïðîñòið Sβα ìiñòèòü ôiíiòíi
ôóíêöi¨.

Òîïîëîãi÷íà ñòðóêòóðà â ïðîñòîði Sβα âè-
çíà÷à¹òüñÿ òàê. Ñèìâîëîì Sβ,Bα,A , A,B > 0,

ïîçíà÷èìî ñóêóïíiñòü ôóíêöié φ ∈ Sβα, ÿêi
çàäîâîëüíÿþòü óìîâó:

∀δ > 0 ∀ρ > 0 ∃cδρ > 0 :

|xkφ(n)(x)| ≤ cδρ(A+ δ)k(B + ρ)nkkαnnβ,

{k, n} ⊂ Z+, x ∈ R.
Öÿ ìíîæèíà ïåðåòâîðþ¹òüñÿ â ïîâíèé çëi-
÷åííî íîðìîâàíèé ïðîñòið, ÿêùî â íié ââå-
ñòè ñèñòåìó íîðì

∥φ∥δρ = sup
x,k,n

|xkφ(n)(x)|
(A+ δ)k(B + ρ)nkkαnnβ

,

{δ, ρ} ⊂
{
1,

1

2
,
1

3
, . . .

}
.

ßêùî A1 < A2, B1 < B2, òî S
β,B1

α,A1
íåïåðåðâíî

âêëàäà¹òüñÿ â Sβ,B2

α,A2
i Sβα =

∪
A,B>0

Sβ,Bα,A .

ßêùî P � äåÿêèé ôiêñîâàíèé ìíîãî÷ëåí,
òî ó ïðîñòîði Sβα âèçíà÷åíà i íåïåðåðâíà
îïåðàöiÿ ìíîæåííÿ íà P . Çâiäñè, çîêðå-
ìà, âèïëèâà¹, ùî ôóíêöi¨ Åðìiòà hk, k ∈
Z+, íàëåæàòü äî ïðîñòîðó S

1/2
1/2 . Ñïðàâäi,

| exp(−z2/2)| = exp(−x2/2 + y2/2), ÿêùî z =
x + iy ∈ C i 1/α = 1/(1 − β) = 2, òîáòî α =

β = 1/2, exp(−x2/2) ∈ S
1/2
1/2 , à êîæíà ôóí-

êöiÿ Åðìiòà ìà¹ âèãëÿä P (x) exp(−x2/2), äå
P � ìíîãî÷ëåí Åðìiòà.

Â Sβα âèçíà÷åíi i íåïåðåðâíi îïåðàöi¨ çñó-
âó àðãóìåíòó i äèôåðåíöiþâàííÿ, ÿêi ïåðå-
âîäÿòü Sβα â ñåáå. Âiäçíà÷èìî òàêîæ, ùî ïðî-
ñòîðè Sβα ¹ äîñêîíàëèìè [6], òîáòî ïðîñòîðà-
ìè, óñi îáìåæåíi ìíîæèíè ÿêèõ êîìïàêòíi.

Ïðîñòið óñiõ ëiíiéíèõ íåïåðåðâíèõ ôóí-
êöiîíàëiâ íà Sβα çi ñëàáêîþ çáiæíiñòþ ïîçíà-
÷àòèìåìî ñèìâîëîì (Sβα)

′. Åëåìåíòè ç (Sβα)
′

íàçèâàþòüñÿ óçàãàëüíåíèìè ôóíêöiÿìè òè-
ïó óëüòðàðîçïîäiëiâ.

Ó ïðàöi [1] äîâåäåíî, ùî Sα/2β/2 = G{β}(A)

ïðè β ≥ 1, äå A � ãàðìîíiéíèé îñöèëÿ-
òîð � íåâiä'¹ìíèé ñàìîñïðÿæåíèé îïåðàòîð
â H = L2(R), ÿêèé ¹ çàìèêàííÿì â H îïå-
ðàòîðà −d2/dx2 + x2, çàäàíîãî íà ìíîæèíi
ôiíiòíèõ íåñêií÷åííî äèôåðåíöiéîâíèõ íà R
ôóíêöié,

G{β}(A) :=
{
φ ∈ S

∣∣∣ ∃c, B > 0∀n ∈ N :
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∥Anφ∥H ≤ cBnnnβ
}
.

Ñïåêòð îïåðàòîðà A ñóòî äèñêðåòíèé, éî-
ãî âëàñíi çíà÷åííÿ λk = 2k+1, k ∈ Z+, âiäïî-
âiäíèìè âëàñíèìè ôóíêöiÿìè ¹ ôóíêöi¨ Åð-
ìiòà hk, k ∈ Z+ [1].

Iç çàãàëüíî¨ òåîði¨ íåâiä'¹ìíèõ ñàìîñïðÿ-
æåíèõ îïåðàòîðiâ ç äèñêðåòíèì ñïåêòðîì
âèïëèâà¹, ùî ïðîñòîðè Sβ/2β/2 , (S

β/2
β/2)

′ ïðè β ≥
1 ìîæíà îõàðàêòåðèçóâàòè òàê [1].

ßêùî f =
∞∑
k=0

ckhk ∈ Φ′, ck = ⟨f, hk⟩, òî

ïðàâèëüíèìè ¹ òàêi ñïiââiäíîøåííÿ åêâiâà-
ëåíòíîñòi:

à) (f ∈ S
β/2
β/2) ⇔

(
∃µ > 0∃c > 0∀k ∈ Z+ :

|ck| ≤ c exp(−µλ1/βk ), λk = 2k + 1
)
;

á) (f ∈ (S
β/2
β/2)

′) ⇔
(
∀µ > 0 ∃c = c(µ) >

0∀k ∈ Z+ :

|ck| ≤ c exp(µλ
1/β
k ), λk = 2k + 1

)
.

2. Íåëîêàëüíà áàãàòîòî÷êîâà çàäà-
÷à. Ðîçãëÿíåìî åâîëþöiéíå ðiâíÿííÿ

∂u

∂t
+ α(t)Au = 0, (t, x) ∈ (), T ]×R ≡ Ω, (1)

äå A � ãàðìîíiéíèé îñöèëÿòîð, α: (0, T ] → R
� íåïåðåðâíà äîäàòíà ôóíêöiÿ, ÿêà çàäî-
âîëüíÿ¹ óìîâó

∃L1, L2, p > 0∀t ∈ (0, T ] :

L1t
p ≤

t∫
0

α(τ)dτ ≤ L2t
p,

òîáòî, ðîçãëÿäà¹òüñÿ âèïàäîê �ñëàáêîãî âè-
ðîäæåííÿ� [7].

Ïiä ðîçâ'ÿçêîì ðiâíÿííÿ (1) ðîçóìiòèìå-
ìî ôóíêöiþ u(t, ·) ∈ C1((0, T ], S

1/2
1/2), ÿêà çà-

äîâîëüíÿ¹ ðiâíÿííÿ (1).
Äëÿ (1) ïîñòàâèìî íåëîêàëüíó áàãàòîòî-

÷êîâó çà ÷àñîì çàäà÷ó: çíàéòè ðîçâ'ÿçîê ðiâ-
íÿííÿ (1), ÿêèé çàäîâîëüíÿ¹ óìîâó

µ lim
t→+0

u(t, ·)−
m∑
n=1

µn lim
t→tk

u(t, ·) = g, (2)

g ∈ (S
1/2
1/2)

′,

äå m ∈ N, {µ, µ1, . . . , µm} ⊂ (0,∞),
{t1, . . . , tm} ⊂ (0,∞) � ôiêñîâàíi ÷èñëà, µ >
m∑
n=1

µn, t1 < t2 < · · · < tm, ãðàíè÷íi ñïiâ-

âiäíîøåííÿ (2) ðîçãëÿäàþòüñÿ â ïðîñòîði
(S

1/2
1/2)

′.
Iç ðåçóëüòàòiâ, íàâåäåíèõ â [8] âèïëè-

âà¹, ùî çàäà÷à (1), (2) êîðåêòíî ðîçâ'ÿçíà,
ðîçâ'ÿçîê äà¹òüñÿ ôîðìóëîþ

u(t, x) =
∞∑
k=0

Q1(t, λk)Q2(λk)ck(g)hk(x) =

= ⟨g,Gt,x(·)⟩, λk = 2k + 1, k ∈ Z+,

äå

Q1(t, λk) = exp(−γ(t)λk), γ(t) =

t∫
0

α(τ)dτ,

Q2(λk) =
(
µ−

m∑
n=1

µn exp(−γ(tn)λk))−1 ≡

≡
(
µ−

m∑
n=1

µnQ1(tn, λk)
)−1

,

Gt,x(y) =
∞∑
k=0

Q1(t, λk)Q2(λk)hk(x)hk(y),

ïðè öüîìó u(t, ·) ∈ S
1/2
1/2 , Gt,x(·) ∈ S

1/2
1/2 ïðè

êîæíîìó t > 0 i x ∈ R.
Îñêiëüêè

µ−
m∑
n=1

µn exp(−γ(tn)λk) =

= µ
(
1− 1

µ

m∑
n=1

µn exp(−γ(tn)λk)
)
,

ïðè÷îìó

1

µ

n∑
n=1

µn exp(−γ(tn)λk) ≤
1

µ

m∑
n=1

µn < 1,

òî, ñêîðèñòàâøèñü ïîëiíîìiàëüíîþ ôîðìó-
ëîþ, çíàéäåìî, ùî

Q2(λk) =
1

µ

∞∑
r=0

µ−r
( m∑
n=1

µne
−γ(tn)λk

)r
=

ISSN 2309-4001.Áóêîâèíñüêèé ìàòåìàòè÷íèé æóðíàë. 2016. � Ò. 4, � 1�2. 33



=
∞∑
r=0

µ−(r+1)
∑

r1+···+rm=r

r!

r1! . . . rm!

(
µ1e

−γ(t1)λk
)r1

×

× . . .
(
µme

−γ(tm)λk
)rm

=

=
∞∑
r=0

µ−(r+1)
∑

r1+···+rm=r

r!µr11 . . . µ
rm
m

r1! . . . rm!
×

×e−(γ(t1)r1+···+γ(tm)rm)λk .

Òîäi

Gt,x(y) =
∞∑
k=0

∞∑
r=0

µ−(r+1)×

×
∑

r1+···+rm=r

r!µr11 . . . µ
rm
m

r1! . . . rm!
e−λ(t,r)λkhk(x)hk(y),

äå

λ(t, r) = γ(t1)r1 + · · ·+ γ(tm)rm + γ(t),

λk = 2k + 1, k ∈ Z+.

Çàóâàæèìî, ùî ó âèïàäêó äâîòî÷êîâî¨ çà-
äà÷i (m = 1, µ > µ1, µ2 = · · · = 0)

Q2(λk) = (µ− µ1e
−γ(t1)λk)−1 =

= µ−1
(
1− µ

µ1

e−γ(t1)λk
)−1

=

= µ−1

∞∑
r=0

(µ1

µ

)r
e−γ(t1)rλk ,

Gt,x(y) = µ−1

∞∑
r=0

(µ1

µ

)r ∞∑
k=0

e−(γ(t1)r+γ(t))λk×

×hk(x)hk(y).
Óðàõóâàâøè ðåçóëüòàòè, íàâåäåíi â [3, ñ.

53�54] çíàéäåìî, ùî

∞∑
k=0

e−(γ(t1)r+γ(t))λkhk(x)hk(y) = (2π sh(2(γ(t1)r+

+γ(t))))−1/2 exp(sh−1(2(γ(t1)r + γ(t))xy−

−1

2
cth(2(γ(t1)r+γ(t))))(x

2+y2)) ≡ Kr(t, x, y).

Îòæå,

Gt,x(y) = µ−1

∞∑
r=0

(µ1

µ

)r
Kr(t, x, y).

Çîêðåìà, ÿêùî g = δ ∈ (S
1/2
1/2)

′, äå δ �
äåëüòà-ôóíêöiÿ Äiðàêà, òî

u(t, x) = ⟨δ,Gt,x(·)⟩ = Gt,x(0) =

= µ
∞∑
r=0

(µ1

µ

)r
Kr(t, x, 0), (t, x) ∈ Ω.

ßêùî æ µ = 1, µ1 = 0 (âèïàäîê çàäà÷i Êî-
øi), g = δ ∈ (S

1/2
1/2)

′, òî

u(t, x) = (2π sh(2γ(t)))−1/2×

× exp
(
− 1

2
cth(2γ(t))x2

)
, (t, x) ∈ Ω.

Ðiâíÿííÿ (1) ¹ áàçîâèì ïðè äîñëiäæåííi
ðiâíÿííÿ âèãëÿäó

∂u

∂t
= α(t)

[∂2u
∂x2

+ 2φ(x)
∂u

∂x
+

+(φ2(x) + φ′(x)− x2)u
]
, (t, x) ∈ Ω, (3)

äå φ: R → R � íåñêií÷åííî äèôåðåíöiéîâíà
ôóíêöiÿ òàêà, ùî ôóíêöiÿ eF , äå F � ïåð-
âiñíà äëÿ φ, ¹ ìóëüòèïëiêàòîðîì ó ïðîñòîði
S
1/2
1/2 , òîáòî [6]

∀ε > 0∃c = c(ε) > 0∀q ∈ Z+ ∀x ∈ R :

|Dq
x(exp(F (x)))| ≤ cεε

qqq/2 exp(εx2).

Çàóâàæèìî, ùî ðiâíÿííÿ âèãëÿäó (3) âèíè-
êàþòü ó ñó÷àñíié òåîði¨ ñèãíàëiâ (äèâ. [9]).

Äëÿ ðiâíÿííÿ (3) çàäàìî óìîâó (2).
Äëÿ äîâåäåííÿ êîðåêòíî¨ ðîçâ'ÿçíîñòi m-
òî÷êîâî¨ çàäà÷i (3), (2) çäiéñíèìî çàìiíó
u(t, x) = e−F (x)v(t, x), (t, x) ∈ Ω. Ó ðåçóëüòà-
òi ïðèéäåìî äî m-òî÷êîâî¨ çà ÷àñîì çàäà÷i

∂v

∂t
+ α(t)Av = 0, (t, x) ∈ Ω, (4)

µ lim
t→+0

v(t, ·)−
m∑
n=0

µn lim
t→tn

v(t, ·) = geF , (5)

ïðè öüîìó geF ∈ (S
1/2
1/2)

′, îñêiëüêè eF � ìóëü-

òèïëiêàòîð ó ïðîñòîði (S1/2
1/2)

′. Îòæå, çàäà÷à
(4), (5) êîðåêòíî ðîçâ'ÿçíà, ¨¨ ðîçâ'ÿçîê äà-
¹òüñÿ ôîðìóëîþ

v(t, x) =
∞∑
k=0

Q1(t, λk)Q2(λk)ck(ge
F )hk(x) =
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= ⟨geF , Gt,x(·)⟩ = ⟨g, eF (y)Gt,x(y)⟩,
λk = 2k + 1, k ∈ Z+.

Çàóâàæèìî, ùî eFGt,x ∈ S
1/2
1/2 ïðè êîæíî-

ìó t > 0 i x ∈ R, îñêiëüêè, çà óìîâîþ, eF �
ìóëüòèïëiêàòîð ó ïðîñòîði S1/2

1/2 . Âðàõóâàâ-
øè òåïåð, ùî u = e−Fv, äiñòà¹ìî òàêå òâåð-
äæåííÿ.

Òåîðåìà 1. Ïðè âêàçàíèõ îáìåæåííÿõ íà
ôóíêöi¨ α i φ áàãàòîòî÷êîâà çàäà÷à (3), (2)
êîðåêòíî ðîçâ'ÿçíà, ðîçâ'ÿçîê äà¹òüñÿ ôîð-
ìóëîþ

u(t, x) = ⟨g, e−F (x)+F (·)Gt,x(·)⟩,

g ∈ (S
1/2
1/2)

′, (t, x) ∈ Ω,

u(t, ·) ∈ S
1/2
1/2 ïðè êîæíîìó t > 0.

Ðîçãëÿíåìî òåïåð ðiâíÿííÿ

f0(x)
∂u(t, x)

∂t
=

= α(t)
( ∂2
∂x2

)
(f0(x)u(t, x)), (t, x) ∈ Ω, (6)

äëÿ ÿêîãî çàäàìî óìîâó

µ lim
t→+0

u(t, ·)−
m∑
n=1

µm lim
t→tn

u(t, ·) = g, (7)

g ∈ (S
1/2
1/2)

′

îáìåæåííÿ íà ïàðàìåòðè µ, µ1, . . . , µm, t1,
. . . , tm òà ôóíêöiþ α òàêi æ, ÿê i ó âèïàäêó
çàäà÷i (1), (2) (àáî (3), (2)), f0 � ôiêñîâàíà
ôóíêöiÿ ç ïðîñòîðó C∞(R), ÿêà çàäîâîëüíÿ¹
óìîâè:

1) f0 � ìóëüòèïëiêàòîð ó ïðîñòîði S
1/2
1/2 , 2)

1
f0

∈ C∞(R).
Çäiéñíèâøè çàìiíó f0(x)u(t, x) = v(t, x),

(t, x) ∈ Ω, ïðèéäåìî äî m-òî÷êîâî¨ çàäà-
÷i âèãëÿäó (4), (5) ç ãðàíè÷íîþ ôóíêöi¹þ
f0g ∈ (S

1/2
1/2)

′. Çâiäñè âæå âèïëèâà¹, ùî áà-
ãàòîòî÷êîâà çàäà÷à (6), (7) êîðåêòíî ðîçâ'ÿ-
çíà, ïðè öüîìó

u(t, x)f0(x) ≡ v(t, x) =

=
∞∑
k=0

Q1(t, λk)Q2(λk)ck(f0g)hk(x) =

= ⟨f0g,Gt,x(·)⟩ = ⟨g, f0(·)Gt,x(·)⟩, (t, x) ∈ Ω.

Îòæå,

u(t, x) =
⟨
g,
f0(·)
f0(x)

Gt,x(·)
⟩
, (t, x) ∈ Ω.

Çàçíà÷èìî, ùî ðiâíÿííÿ (6) ìîæíà ïîäà-
òè ó âèãëÿäi

∂u(t, x)

∂t
= α(t)

[ ∂2
∂x2

+
2f ′

0(x)

f0(x)

∂

∂x
+

+
(f ′′

0 (x)

f0(x)
− x2

)]
u(t, x). (8)

ßêùî çà ôóíêöiþ f0 âçÿòè ôóíêöiþ âè-
ãëÿäó eF , òî (8) ïåðåòâîðþ¹òüñÿ ó ðiâíÿííÿ
(3).

Çàóâàæèìî òàêîæ, ùî ïðîñòið (S
1/2
1/2)

′ ¹
ìàêñèìàëüíèì ïðîñòîðîì ãðàíè÷íèõ äàíèõ,
ÿêi çàáåçïå÷óþòü êîðåêòíó ðîçâ'ÿçíiñòü íå-
ëîêàëüíî¨ áàãàòîòî÷êîâî¨ çà ÷àñîì çàäà÷i
äëÿ ðiâíÿííÿ (8) ó âêàçàíîìó ðîçóìiííi.
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