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Äîâåäåíî, ùî ðîçâ'ÿçîê íåëîêàëüíî¨ áàãàòîòî÷êîâî¨ çà ÷àñîì çàäà÷i äëÿ åâîëþöiéíîãî
ðiâíÿííÿ ç îïåðàòîðîì äèôåðåíöiþâàííÿ íåñêií÷åííîãî ïîðÿäêó ìà¹ âëàñòèâiñòü ëîêàëüíîãî
ïîñèëåííÿ çáiæíîñòi.

We prove that a solution of a nonlocal multipoint with respect to time problem for the evoluti-
on equation with di�erentiation operator of in�nite order has the property of local strengthening
of the convergence.

Â [1] âñòàíîâëåíî êîðåêòíó ðîçâ'ÿçíiñòü
áàãàòîòî÷êîâî¨ íåëîêàëüíî¨ çà ÷àñîì çàäà-
÷i äëÿ åâîëþöiéíîãî ðiâíÿííÿ ç îïåðàòîðîì
äèôåðåíöiþâàííÿ íåñêií÷åííîãî ïîðÿäêó ó
êëàñi êðàéîâèõ óìîâ òèïó óëüòðàðîçïîäi-
ëiâ, òîáòî â êëàñi óçàãàëüíåíèõ ôóíêöié, ÿêi
¹ åëåìåíòàìè ïðîñòîðó (Smnlk

)
′
, òîïîëîãi÷íî

ñïðÿæåíîãî äî ïðîñòîðó îñíîâíèõ ôóíêöié
Smnlk

. Ïðîñòîðè Smnlk
¹ óçàãàëüíåííÿìè ïðî-

ñòîðiâ òèïó S (äèâ. [2]) i áóäóþòüñÿ çà ÷è-
ñëîâèìè ïîñëiäîâíîñòÿìè {mn} òà {lk}, ùî
çàäîâîëüíÿþòü ïåâíi óìîâè (ïðîñòîðè òèïó
S âiäïîâiäàþòü ïîñëiäîâíîñòÿì mn = nnβ,
lk = kkα, äå α, β > 0 � ôiêñîâàíi ïàðà-
ìåòðè). Ðîçâ'ÿçîê u(t, ·) áàãàòîòî÷êîâî¨ çà-
äà÷i äà¹òüñÿ ó âèãëÿäi çãîðòêè ôóíäàìåí-
òàëüíîãî ðîçâ'ÿçêó ç ãðàíè÷íîþ ôóíêöi¹þ
f ∈ (Smnlk

)
′
; ïðè öüîìó u(t, ·) ∈ Smnlk

ïðè êî-
æíîìó t ∈ (0, T ], ó òîé æå ÷àñ u(t, ·) çà-
äîâîëüíÿ¹ âiäïîâiäíó êðàéîâó óìîâó â ñåí-
ñi óçàãàëüíåíèõ ôóíêöié, à ñàìå, â ïðîñòîði
(Smnlk

)
′
ïðè íàáëèæåííi t äî íóëÿ òà ôiêñîâà-

íèõ òî÷îê {t1, . . . , tm} ⊂ (0, T ]. Ïðèðîäíî
âèíèêà¹ çàïèòàííÿ: ÿêùî óçàãàëüíåíà ôóí-
êöiÿ f çáiãà¹òüñÿ íà äåÿêié âiäêðèòié ìíîæè-
íi ç ãëàäêîþ ôóíêöi¹þ, òî ÷è áóäå òîäi âiäáó-
âàòèñÿ ëîêàëüíå ïîñèëåííÿ çáiæíîñòi âêàçà-
íîãî ðîçâ'ÿêó (ëîêàëüíà ðiâíîìiðíà àáî ïî-
òî÷êîâà çáiæíiñòü ðîçâ'ÿçêó). Òóò âèäiëåíî
êëàñ X

′ ⊂ (Smnlk
)
′
óçàãàëüíåíèõ ôóíêöié òè-

ïó óëüòðàðîçïîäiëiâ òàêèé, ùî ðîçâ'ÿçîê áà-
ãàòîòî÷êîâî¨ çàäà÷i ç ãðàíè÷íîþ ôóíêöi¹þ

f ∈ X
′
âîëîäi¹ âëàñòèâiñòþ ëîêàëüíîãî ïî-

êðàùåííÿ çáiæíîñòi.

1. Ïîïåðåäíi âiäîìîñòi òà ïîçíà÷åí-
íÿ

Ðîçãëÿíåìî ïîñëiäîâíiñòü {mn, n ∈ Z+}
äîäàòíèõ ÷èñåë, ÿêà âîëîäi¹ íàñòóïíèìè
âëàñòèâîñòÿìè [2]:

1) ∃n0 ∈ N ∀n ≥ n0: mn ≤ mn+1;
2) ∀α > 0 ∃cα > 0 ∀n ∈ Z+: mn ≥ cα · αn;
3) ∃M > 0 ∃h > 0 ∀n ∈ Z+: mn+1 ≤

Mhnmn;
4) ∃γ > 0 ∀n ∈ Z+: m2

n ≤ γmn−1 ·mn+1;
5) ∃A > 0 ∃L > 0 ∀{n, l} ⊂ Z+: mn ·ml ≤

ALn+lmn+l.
Ïîðó÷ ðîçãëÿíåìî ïîñëiäîâíiñòü {lk, k ∈
Z+} äîäàòíèõ ÷èñåë, ÿêà òàêîæ âîëîäi¹ âëà-
ñòèâîñòÿìè 1)�5). Ñèìâîëîì Smnlk

ïîçíà÷èìî
ñóêóïíiñòü óñiõ ôóíêöié φ ∈ C∞(R), êîòði
çàäîâîëüíÿþòü óìîâó

∃c, A, B > 0 ∀{k, n} ⊂ Z+ ∀x ∈ R :

|xkφ(n)(x)| ≤ cAkBnlkmn.

Smnlk
çáiãà¹òüñÿ ç îá'¹äíàííÿì çëi÷åííî-

íîðìîâàíèõ ïðîñòîðiâ Smn, Blk, A
çà âñiìà iíäå-

êñàìè {A, B} ⊂ N, äå ñèìâîëîì Smn, Blk, A
ïî-

çíà÷åíî ñóêóïíiñòü òèõ ôóíêöié φ ∈ Smnlk
,

êîòði ïðè äîâiëüíèõ δ, ρ > 0 çàäîâîëüíÿþòü
íåðiâíîñòi

|xkφ(n)(x)| ≤ cδρ(A+ δ)k(B + ρ)nlkmn,

{k, n} ⊂ Z+, x ∈ R;
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ñèñòåìà íîðì â Smn, Blk, A
âèçíà÷à¹òüñÿ çà äîïî-

ìîãîþ ôîðìóë

∥φ∥δ, ρ = sup
x, k, n

|xkφ(n)(x)|
(A+ δ)k(B + ρ)nlkmn

,

{δ, ρ} ⊂
{
1,

1

2
,
1

3
, . . .

}
.

ßêùîmn = n!ρn, n
√
ρn → 0, n→ ∞, òî ÿê äî-

âåäåíî â [2], ôóíêöiÿ φ ∈ C∞(R) íàëåæèòü
äî ïðîñòîðó Smnlk

òîäi é ëèøå òîäi, êîëè âî-
íà àíàëiòè÷íî ïðîäîâæó¹òüñÿ â êîìïëåêñíó
ïëîùèíó äî öiëî¨ ôóíêöi¨ φ(z), z ∈ C, ÿêà
çàäîâîëüíÿ¹ óìîâó

∃a, b, c > 0 ∀z = x+ iy ∈ C :

|φ(z)| ≤ cγ(ax)ρ(by), (1)

äå

γ(x) =

{
1, |x| < 1,
inf
k
(lk/|x|k), |x| ≥ 1,

ρ(y) =

{
1, |y| < 1,
sup
n
(|y|n/mn), |y| ≥ 1,

Çàçíà÷èìî, ùî ρ � íåïåðåðâíî äèôåðåíöi-
éîâíà, ïàðíà íà R ôóíêöiÿ, ÿêà ìîíîòîí-
íî çðîñòà¹ íà ïðîìiæêó [1, +∞), ρ(x) ≥ 1,
x ∈ R; ïðè öüîìó ln ρ � îïóêëà íà (0, +∞)
ôóíêöiÿ [2], òîáòî

∀{y1, y2} ⊂ (0, +∞) :

ln ρ(y1) + ln ρ(y2) ≤ ln ρ(y1 + y2). (2)

Íàïðèêëàä, ÿêùî mn = nnδ, 0 < δ < 1, n ∈
Z+, òî ρ(y) ∼ exp(|y|1/δ).

Îñêiëüêè γ(x) = 1/γ̃(x), äå γ̃(x) = 1, |x| <
1 i γ̃(x) = sup

k
(|x|k/lk), ÿêùî |x| > 1, òî γ

� íåïåðåðâíî äèôåðåíöiéîâíà, ïàðíà íà R
ôóíêöiÿ, ÿêà ìîíîòîííî ñïàäà¹ íà ïðîìiæêó
[1, +∞), 0 < γ(x) ≤ 1, x ∈ R. Íàïðèêëàä,
ÿêùî lk = kkα, òî ïðàâèëüíèìè ¹ íåðiâíîñòi
[3]:

exp

(
−α
e
|x|1/α

)
≤ γ(x) ≤ c exp

(
−α
e
|x|1/α

)
,

c = eαl/2.

Ôóíêöiÿ ln γ çàäîâîëüíÿ¹ íà (0, +∞) íåðiâ-
íiñòü [2]

ln γ(x1) + ln γ(x2) ≥ ln γ(x1 + x2),

{x1, x2} ⊂ (0, +∞). (3)

Ó ââåäåíèõ ïðîñòîðàõ Smnlk
âèçíà÷åíi é

îáìåæåíi (à, îòæå, i íåïåðåðâíi) ëiíiéíi îïå-
ðàòîðè, âàæëèâi äëÿ àíàëiçó; â ïåðøó ÷åðãó
öå îïåðàòîðè ìíîæåííÿ íà x, íà âñi ìíîãî-
÷ëåíè, íà íåñêií÷åííî äèôåðåíöiéîâíi ôóí-
êöi¨, ÿêi çàäîâîëüíÿþòü ïåâíi óìîâè (çîêðå-
ìà, íà ôóíêöi¨ iç âêàçàíèõ ïðîñòîðiâ), îïå-
ðàòîðè äèôåðåíöiþâàííÿ, çñóâó òà ðîçòÿãó.

Ñóêóïíiñòü ôóíêöié, ÿêi ¹ ïðîäîâæåííÿ-
ìè ôóíêöié ç ïðîñòîðó Smnlk

â C, ïîçíà÷è-
ìî ñèìâîëîì Smnlk

(C). Ó ïðîñòîði Smnlk
(C) ìî-

æíà ââåñòè òîïîëîãiþ iíäóêòèâíî¨ ãðàíèöi
çëi÷åííî-íîðìîâàíèõ ïðîñòîðiâ, ïðè öüîìó,
ÿê âèïëèâà¹ ç (1) (äèâ. òàêîæ [2]) ïîñëiäîâ-
íiñòü ôóíêöié {φν , ν ≥ 1} ⊂ Smnlk

çáiãà¹-
òüñÿ äî íóëÿ òîäi é ëèøå òîäi, êîëè ïîñëi-
äîâíiñòü ôóíêöié {φν(z), ν ≥ 1}, z ∈ C, ðiâ-
íîìiðíî çáiãà¹òüñÿ äî íóëÿ â êîæíié îáìå-
æåíié îáëàñòi êîìïëåêñíî¨ ïëîùèíè C, ïðè
öüîìó ñïðàâäæóþòüñÿ íåðiâíîñòi |φν(z)| ≤
cγ(ax)ρ(by), z = x + iy ∈ C, çi ñòàëèìè
c, a, b > 0, íå çàëåæíèìè âiä ν. Ìóëüòè-
ïëiêàòîðîì ó ïðîñòîði Smnlk

(C) ¹ êîæíà öiëà
ôóíêöiÿ f(z), z ∈ C, ÿêà çàäîâîëüíÿ¹ óìîâó:

∀ε > 0∃cε > 0 : |f(z)| ≤ cε(γ(εx))
−1ρ(εy),

z = x+ iy ∈ C.
Âiäïîâiäíî, ôóíêöiÿ f(x), x ∈ R, ¹ ìóëüòè-
ïëiêàòîðîì ó ïðîñòîði Smnlk

.
Ñèìâîëîì (Smnlk

)
′
ïîçíà÷àòèìåìî ïðîñòið

óñiõ ëiíiéíèõ íåïåðåðâíèõ ôóíêöiîíàëiâ íàä
âiäïîâiäíèì ïðîñòîðîì îñíîâíèõ ôóíêöié çi
ñëàáêîþ çáiæíiñòþ, à éîãî åëåìåíòè íàçè-
âàòèìåìî óçàãàëüíåíèìè ôóíêöiÿìè. ßêùî
f ∈ (Smnlk

)
′
, òî äî öüîãî æ ïðîñòîðó íàëå-

æèòü òàêîæ êîæíà ïîõiäíà f (p), p ∈ N (òîá-
òî åëåìåíòè ïðîñòîðó (Smnlk

)
′
¹ íåñêií÷åííî

äèôåðåíöiéîâíèìè), çñóâ f(ay + b), a ̸= 0,
äîáóòîê αf , äå α � ìóëüòèïëiêàòîð ó ïðî-
ñòîði îñíîâíèõ ôóíêöié.

Îñêiëüêè â îñíîâíîìó ïðîñòîði Smnlk
âè-

çíà÷åíà îïåðàöiÿ çñóâó àðãóìåíòó Tx :
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φ(ξ) → φ(ξ + x), òî çãîðòêó óçàãàëüíåíî¨
ôóíêöi¨ f ∈ (Smnlk

)
′
ç îñíîâíîþ çàäàìî ôîð-

ìóëîþ

(f∗φ)(x) :=< fξ, T−xφ̆(ξ) >≡< fξ, φ(x−ξ) >

(iíäåêñ ξ ó fξ îçíà÷à¹, ùî ôóíêöiîíàë f
äi¹ íà φ ÿê ôóíêöiþ àðãóìåíòó ξ, φ̆(ξ) =
φ(−ξ)); ïðè öüîìó f ∗φ ¹ çâè÷àéíîþ íåñêií-
÷åííî äèôåðåíöiéîâíîþ ôóíêöi¹þ. ßêùî f∗
φ ∈ Smnlk

äëÿ äîâiëüíî¨ ôóíêöi¨ φ ∈ Smnlk
i iç

ñïiââiäíîøåííÿ φν → 0 ïðè ν → ∞ çà òîïî-
ëîãi¹þ ïðîñòîðó Smnlk

âèïëèâà¹, ùî f ∗φν → 0
ïðè ν → ∞ çà òîïîëîãi¹þ ïðîñòîðó Smnlk

,
òî ôóíêöiîíàë f íàçèâà¹òüñÿ çãîðòóâà÷åì ó
ïðîñòîði Smnlk

.
Ïðîñòîðè òèïó S òiñíî ïîâ'ÿçàíi ìiæ ñî-

áîþ çà äîïîìîãîþ ïåðåòâîðåííÿ Ôóð'¹, à ñà-
ìå, ïðàâèëüíîþ ¹ ôîðìóëà [3]: F [Smnlk

] =

Slnmk . Îñêiëüêè êîæíèé ïðîñòið òèïó S ðà-
çîì ç êîæíîþ ôóíêöi¹þ φ(x) ìiñòèòü òàêîæ
ôóíêöiþ φ(−x) i F−1[φ] = (2π)−1F [φ(−ξ)],
òî ó çâ'ÿçêó ç öèì ïåðåòâîðåííÿ Ôóð'¹ óçà-
ãàëüíåíî¨ ôóíêöi¨ f ∈ (Smnlk

)
′
âèçíà÷èìî çà

äîïîìîãîþ ñïiââiäíîøåííÿ

< F [f ], φ >=< f, F [φ] >, ∀φ ∈ Slnmk ,

ïðè öüîìó F [f ] ∈ (Slnmk)
′
.

ßêùî f ∈ (Smnlk
)
′
� çãîðòóâà÷ ó ïðîñòî-

ði Smnlk
, òî äëÿ äîâiëüíî¨ ôóíêöi¨ φ ∈ Smnlk

ïðàâèëüíîþ ¹ ôîðìóëà [2]

F [f ∗ φ] = F [f ] · F [φ].

Íåõàé g(z) =
∑∞

n=0 cnz
n, z ∈ C, �

äåÿêà öiëà ôóíêöiÿ. Ãîâîðèòèìåìî, ùî â
ïðîñòîði Slnlk (C) çàäàíî îïåðàòîð äèôåðåí-
öiþâàííÿ íåñêií÷åííîãî ïîðÿäêó g(D) :=∑∞

n=0 cn(iD)n, D = d/dz, ÿêùî äëÿ äîâiëü-
íî¨ ôóíêöi¨ φ ∈ Slnlk (C) ðÿä

ψ(z) ≡ (g(D)φ)(z) :=
∞∑
n=0

cn(iD)nφ(z), z ∈ C,

çîáðàæà¹ îñíîâíó ôóíêöiþ ç ïðîñòîðó
Slnlk (C) (òóò {ln = n! n

√
ρn} � ïîñëiäîâ-

íiñòü, ïîáóäîâàíà âèùå). Çâóæåííÿ îïåðà-
òîðà g(D) íà ïðîñòið Slnlk , ÿêå ïîçíà÷àòèìå-
ìî ñèìâîëîì Ag, íàçèâàòèìåìî äèôåðåíöi-
àëüíèì îïåðàòîðîì íåñêií÷åííîãî ïîðÿäêó

â ïðîñòîði Slnlk . Ïðàâèëüíèì ¹ íàñòóïíå òâåð-
äæåííÿ.
Òåîðåìà 1. ßêùî öiëà ôóíêöiÿ g � ìóëü-

òèïëiêàòîð ó ïðîñòîði Slnlk (C), òî â öüîìó
ïðîñòîði âèçíà÷åíèé i íåïåðåðâíèé îïåðà-
òîð g(D), ïðè öüîìó

(Agφ)(x) = F−1[g(σ)F [φ](σ)](x),

{x, σ} ⊂ R, φ ∈ Slnlk . (4)

Äîâåäåííÿ öi¹¨ òåîðåìè äèâ. â [1].
Çàóâàæåííÿ 1. Ïñåâäîäèôåðåíöiàëüíèé

îïåðàòîð Ag âèçíà÷åíèé òàêîæ ó êîæíîìó
ïðîñòîði Slnak , äå ak ≥ k!ρk, k

√
ρk → 0, k → ∞,

âiäîáðàæà¹ öåé ïðîñòið â ñåáå i ¹ íåïåðåðâ-
íèì [1] (ïîñëiäîâíîñòi {ln} òà {ak} çàäîâîëü-
íÿþòü óìîâè 1) � 5)).
2. Îñíîâíi ðåçóëüòàòè
Äëÿ åâîëþöiéíîãî ðiâíÿííÿ

∂u

∂t
= Agu, (t, x) ∈ (0, T ]× R ≡ Ω,

0 < T <∞, (5)

çàäàìî áàãàòîòî÷êîâó íåëîêàëüíó çà ÷àñîì
çàäà÷ó

µ lim
t→+0

u(t, ·)−
m∑
k=1

µk lim
t→tk

u(t, ·) = f,

f ∈ (Slnak, ∗)
′
, ak = k2k, k ∈ Z+, (6)

äå m ∈ N, {µ, µ1, . . . , µm} ⊂ (0, ∞),
(t1, . . . , tm) ⊂ (0, T ] � ôiêñîâàíi ÷èñëà, ïðè-
÷îìó µ >

∑m
k=1 µk, f ∈ Slnak , Ag � ïñåâäî-

äèôåðåíöiàëüíèé îïåðàòîð, ÿêèé äi¹ â ïðî-
ñòîði Slnak , ãðàíè÷íå ñïiââiäíîøåííÿ (6) ðîç-
ãëÿäà¹òüñÿ â ïðîñòîði (Slnak)

′
. Ïiä ðîçâ'ÿç-

êîì çàäà÷i (5), (6) ðîçóìi¹ìî ðîçâ'ÿçîê u ∈
C1((0, T ], Slnak ðiâíÿííÿ (5), ÿêèé çàäîâîëüíÿ¹
ãðàíè÷íó óìîâó (6) ó âêàçàíîìó ñåíñi (â ïðî-
ñòîði (Slnak)

′
).

Ó ïðàöi [1] âñòàíîâëåíî, ùî áàãàòîòî-
÷êîâà çàäà÷à (5), (6) ¹ êîðåêòíî ðîâ'ÿ-
çíîþ. Ðîçâ'ÿçîê äà¹òüñÿ ôîðìóëîþ u(t, x) =
f ∗ G(t, x), (t, x) ∈ Ω, äå G(t, x) =
F−1[Q(t, σ)](x),

Q(t, σ) =
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= exp{tg(σ)}
(
µ−

m∑
k=1

µk exp{tkg(σ)}
)−1

.

G � ôóíäàìåíòàëüíèé ðîçâ'ÿçîê íåëîêàëü-
íî¨ áàãàòîòî÷êîâî¨ çà ÷àñîì çàäà÷i äëÿ ðiâ-
íÿííÿ (5), (6).

Ôóíêöiÿ G(t, ·) � ÔÐÁÇ äëÿ ðiâíÿííÿ (5)
¹ íåïåðåðâíîþ àáñòðàêòíîþ ôóíêöi¹þ ïàðà-
ìåòðà t ∈ (0, T ] iç çíà÷åííÿìè â ïðîñòîði
Slnak (äèâ. ëåìó 2.4 [1]). Îñêiëüêè ãðàíè÷íà
óçàãàëüíåíà ôóíêöiÿ f â (6) � çãîðòóâà÷ ó
ïðîñòîði Slnak , à ðîçâ'ÿçîê u(t, ·) çàäà÷i (5),
(6) ïîäà¹òüñÿ ó âèãëÿäi çãîðòêè f ∗ G(t, ·),
òî çâiäñè äiñòà¹ìî, ùî ãðàíè÷íi ñïiââiäíî-
øåííÿ

u(t, ·) = f ∗G(t, ·)−→
t→ti

f ∗G(ti, ·) = u(ti, ·),

ti ∈ (0, T ], i ∈ {1, . . . , m},
ñïðàâäæóþòüñÿ â ïðîñòîði Slnak . Iç îçíà÷å-
ííÿ çáiæíîñòi â öüîìó ïðîñòîði âèïëèâà¹,
çîêðåìà, ùî u(t, ·) → u(ti, ·) ïðè t → ti,
i ∈ {1, . . . , m}, ðiâíîìiðíî íà äîâiëüíîìó
âiäðiçêó [a, b] ⊂ R. Âêàçàíó çáiæíiñòü â
(6) ïîãiðøó¹ ïåðøèé äîäàíîê, îñêiëüêè äëÿ
ôóíêöi¨ G(t, ·) òî÷êà t = 0 ¹ îñîáëèâîþ.
Îäíàê âèÿâëÿ¹òüñÿ, ùî ÿêùî ãðàíè÷íó ôóí-
êöiþ f áðàòè ç âóæ÷îãî, íiæ (Slnak)

′
êëàñó, òî

ìîæíà îòðèìàòè ëîêàëüíå ïîêðàùåííÿ çái-
æíîñòi çãîðòêè f ∗G(t, ·) ïðè t→ +0.

Äëÿ öüîãî áóäåìî ðîçãëÿäàòè óçàãàëü-
íåíi ôóíêöi¨, çàäàíi íà ïðîñòîði îñíîâíèõ
ôóíêöié, ÿêèé ¹ íåêâàçiàíàëiòè÷íèì. Òà-
êèé ïðîñòið ìiñòèòü â ñîái íåñêií÷åííî äè-
ôåðåíöiéîâíi ôiíiòíi ôóíêöi¨. Çîêðåìà, äëÿ
äîâiëüíèõ íåïåðåòèííèõ ïðîìiæêiâ [a1, b1]
òà [a2, b2] çíàéäåòüñÿ îñíîâíà ôóíêöiÿ, ðiâ-
íà îäèíèöi íà [a1, b1] òà íóëåâi íà [a2, b2]
(äèâ. [4]). Çãiäíî ç òåîðåìîþ Êàðëåìàíà-
Îñòðîâñüêîãî [4] êëàñ Slnak , ak = k2k, k ∈ Z+

¹ íåêâàçiàíàëiòè÷íèì òîäi é ëèøå òîäi, êîëè
âèêîíó¹òüñÿ óìîâà

+∞∫
1

lnT (λ)

λ2
dλ <∞, T (λ) = sup

n∈Z+

λn

ln
. (7)

Îòæå, íàäàëi ââàæàòèìåìî, ùî ïîñëiäîâ-
íiñòü ln, n ∈ Z+ òàêà, ùî âiäïîâiäíà ôóí-
êöiÿ T (λ) çàäîâîëüíÿ¹ óìîâó (7). Òîäi äëÿ

óçàãàëüíåíî¨ ôóíêöi¨ f ∈ (S l̃nak)
′
, l̃n = ln · n2n,

n ∈ Z+, ¹ êîðåêòíèì ïîíÿòòÿì ñïiâïàäàí-
íÿ f ç ãëàäêîþ ôóíêöi¹þ g (ÿêó ðîçóìi¹-
ìî ÿê ðåãóëÿðíèé ôóíêöiîíàë ç ïðîñòîðó
(S l̃nak)

′
) íà âiäêðèòié ìíîæèíi Q ⊂ R (ïðè

âèêîíàííi óìîâè (7) êëàñ S l̃nak ¹ íåêâàçiàíàëi-
òè÷íèì). Ïðè îá ðóíòóâàííi âëàñòèâîñòi ëî-
êàëiçàöi¨ âèêîðèñòîâóâàòèìåìî íàñòóïíå äî-
ïîìiæíå òâåðäæåííÿ.
Ëåìà 1. ßêùî x ̸= 0, òî äëÿ ôóíêöi¨

G(t, x) òà ¨¨ ïîõiäíèõ ñïðàâäæóþòüñÿ îöií-
êè

|Dm
x G(t, x)| ≤ cBq

0q
2qBmlmt

q−m−1|x|−q,

t ∈ (0, 1], m ∈ Z+, (8)

äå ñòàëi c, B0, B > 0 íå çàëåæàòü âiä t,
q ∈ N � äîâiëüíî ôiêñîâàíå.
Äîâåäåííÿ. Îñêiëüêè

G(t, x) = (2π)−1

∫
R

Q(t, σ)e−iσxdσ,

òî ïîêëàäåìî σ = t−1y. Òîäi

G(t, x) = (2π)−1t−1

∫
R

Q(t, t−1y)e−it
−1xydy.

(9)
Çà óìîâè x ̸= 0 çiíòåãðó¹ìî q ðàçiâ ÷àñòèíà-
ìè iíòåãðàë (9); ó ðåçóëüòàòi çíàéäåìî, ùî

G(t, x) = iq(2π)−1tq−1x−q×

×
∫
R

Dq
yQ(t, t

−1y)e−it
−1xydy,

Dm
x G(t, x) = (−1)m(2π)−1iq+mtq−m+1×

×
∫
R

ymDq
yQ(t, t

−1y)e−it
−1xydy, m ∈ N.

Òîäi

|Dm
x G(t, x)| ≤ (2π)−1tq−m−1|x|−q×

×
∫
R

|y|m|Dq
yQ(t, t

−1y)|dy.

Îñêiëüêè Q(t, t−1y) = Q1(t, t
−1y)Q2(t

−1y),
òî îöiíêà |Dq

yQ(t, t
−1y)| çâîäèòüñÿ äî îöiíîê
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ôóíêöié |Dq
yQ1(t, t

−1y)|, |Dq
yQ2(t

−1y)|. Ïî-
âòîðþþ÷è ìiðêóâàííÿ, ïðîâåäåíi ïðè äîâå-
äåííi ëåì 2.1, 2.2 [1] çíàéäåìî, ùî ïðàâèëü-
íèìè ¹ íåðiâíîñòi

|Dq
yQ1(t, t

−1y)| ≤ c1b
q
1q!e

− ln γ̃(ay),

|Dq
yQ2(t

−1y)| ≤ c2b
q
2q

2qe− ln γ̃(at−1y) ≤ c2b
q
2q

2q,

|Dq
yQ(t, t

−1y)| ≤ cBq
0q

2qe− ln γ̃(ay), q ∈ N,
(10)

äå ñòàëi c, B0, a > 0 íå çàëåæàòü âiä t. Óðà-
õóâàâøè (10), ïðèéäåìî äî íåðiâíîñòi

|Dm
x G(t, x)| ≤ c̃Bqq2qtq−m−1|x|−q×

×
∫
R

|y|me− ln γ̃(ay)dy.

Îñêiëüêè

exp{− ln γ̃(ay)} ≤

≤ exp

{
− ln γ̃

(
a

2
y

)}
exp

{
− ln γ̃

(
a

2
y

)}
òà

|y|m exp

{
− ln γ̃

(
a

2
y

)}
= |y|mγ̃

(
a

2
y

)
=

= |y|minf
m

lm
|a
2
y|m

≤
(
a

2

)m
lm, |y| ≥ 1,

òî

|Dm
x G(t, x)| ≤ c̃Bq

0q
2qtq−m−1|x|−qBm

1 lm×

×
∫
R

e− ln γ̃(a
2
y)dy = ˜̃cBq

0q
2qtq−m−1Bm

1 lm|x|−q,

m ∈ Z+, t ∈ (0, 1], x ̸= 0,

B1 = 2/a, ñòàëi ˜̃c, B0, B1 > 0 íå çàëåæàòü
âiä t.

Ëåìà äîâåäåíà.
Òåîðåìà 2. Íåõàé f ∈ (S l̃nak,∗)

′
, ak = k2k,

l̃n = lnn
2n, i f = 0 íà iíòåðâàëi (a, b) ⊂ R.

Òîäi ðîçâ'ÿçîê çàäà÷i (5), (6) ç ãðàíè÷íîþ
ôóíêöi¹þ f ïðÿìó¹ äî íóëÿ ïðè t → +0
ðiâíîìiðíî íà äîâiëüíîìó âiäðiçêó [c, d] ⊂
(a, b).
Äîâåäåííÿ. Íåõàé [c, d] ⊂ [a1, b1] ⊂

(a, b). Ïîáóäó¹ìî ôóíêöiþ φ ∈ S l̃nak ç íîñi-
¹ì â (a, b) òàêó, ùî φ = 1 íà [a1, b1]. Îñêiëü-
êè ôóíêöi¨ φ(·)T−xǦ(t, ·), (1−φ(·))T−xǦ(t, ·)

ïðè êîæíîìó t > 0 i x ∈ R íàëåæàòü äî ïðî-
ñòîðó S l̃nak , òî ïðàâèëüíèì ¹ ñïiââiäíîøåííÿ

u(t, x) = ⟨f, φ(·)T−xǦ(t, ·)⟩+

+⟨f, (1− φ(·))T−xǦ(t, ·)⟩, (t, x) ∈ Ω.

Óçàãàëüíåíà ôóíêöiÿ f äîðiâíþ¹ íóëåâi íà
(a, b),

supp(φ(·)T−xǦ(t, ·)) ⊂ (a, b)

òîìó ç îñòàííüîãî ñïiââiäíîøåííÿ âèïëèâà¹,
ùî

u(t, x) = t⟨f, t−1γ(·)T−xǦ(t, ·)⟩, (t, x) ∈ Ω,

äå γ = 1− φ.
Äëÿ äîâåäåííÿ òåîðåìè äîñèòü âñòà-

íîâèòè, ùî ñiì'ÿ ôóíêöié Φt, x(ξ) =

t−1γ(ξ)T−xǦ(t, ξ) îáìåæåíà â ïðîñòîði S l̃nak
ðiâíîìiðíî ïî t (äëÿ ìàëèõ çíà÷åíü t) òà
x ∈ [c, d], òîáòî, ùî

|ξkDn
ξΦt,x(ξ)| ≤ cAkBnk2k l̃n,

{k, n} ⊂ Z+, ξ ∈ R, (11)

äå ñòàëi c, A, B > 0 íå çàëåæàòü âiä t, x, ξ,
ÿêi çìiíþþòüñÿ âêàçàíèì ñïîñîáîì. Îñêiëü-
êè Φt,x(ξ) = 0 äëÿ ξ ∈ [a1, b1], òî îöiíêó (11)
äîñèòü äîâåñòè äëÿ ξ ∈ R\[a1, b1].

Ôóíêöiÿ φ ¹ åëåìåíòîì ïðîñòîðó S l̃nak . Îò-
æå,

|ξkDn
ξΦ(ξ)| ≤ c1A

k
1B

n
1 k

2k l̃n,

{k, n} ⊂ Z+, ξ ∈ R.
Ñêîðèñòàâøèñü ôîðìóëîþ äèôåðåíöiþâàí-
íÿ äîáóòêó äâîõ ôóíêöié çíàéäåìî, ùî

|ξkDn
ξΦt,x(ξ)| = t−1

∣∣∣∣ξk n∑
p=0

Cp
nD

p
ξ×

×γ(ξ)Dn−p
ξ G(t, x− ξ)

∣∣∣∣ ≤ Ψ1
t,x(ξ) + Ψ2

t,x(ξ),

äå

Ψ1
t,x(ξ) := t−1

n∑
p=0

Cp
n|ξkD

p
ξφ(ξ)|×

×|Dn−p
ξ G(t, x− ξ)|,

Ψ2
t,x(ξ) := t−1|ξkDn

ξG(t, x− ξ)|.
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Îöiíèìî Ψ1
t,x(ξ). Äëÿ öüîãî ñêîðèñòà¹ìî-

ñÿ íåðiâíîñòÿìè (8); ïðè îöiíöi |Dn−p
ξ G(t, x−

ξ)| â (8) ïîêëàäåìî q = n − p + 2; âðà-
õó¹ìî òàêîæ òå, ùî |x − ξ| ≥ a0 > 0, äå
a0 = min{|a1 − c|, |b− b1|}. Îòæå,

Ψ1
t,x(ξ) ≤ cc1t

−1Ak1k
2k×

×
n∑
p=0

Cp
nB

p
1 l̃pB

q
0q

2qBn−pln−pt
q−(n−p)−1|x−ξ|−q.

Îñêiëüêè tq−(n−p)−1 = t, q = n − p + 2,
0 ≤ p ≤ n, q2q = (n − p + 2)2(n−p+2) ≤
bMn−p(n− p)2(n−p), Bq

0 = B2
0B

n−p
0 , |x− ξ|−q ≤

aq0 = ( 1
a0
)n−p+2, l̃p · l̃n−p ≤ NLnl̃n (äèâ. ï.1,

âëàñòèâiñòü 5), äå b, M , N , L � äîäàòíi ñòà-
ëi, òî

Ψ1
t,x(ξ) ≤ c̃Ak1k

2kB̃n

n∑
p=0

Cp
nl̃pln−p(n−p)2(n−p) =

= c̃Ak1k
2kB̃n

n∑
p=0

Cp
nl̃pl̃n−p ≤ ˜̃cAk1k

2k ˜̃Bnl̃n,

(12)

äå ˜̃B = 2B̃L = 2Lmax{B1, B0/a0}, ïðè÷îìó
âñi ñòàëi íå çàëåæàòü âiä t, x, ξ, ÿêi çìiíþþ-
òüñÿ âêàçàíèì ñïîñîáîì.

Äëÿ îöiíîê Ψ2
t,x(ξ) ñêîðèñòà¹ìîñÿ òèì, ùî

∃L0 > 0 ∀x ∈ [c, d] ∀ξ ∈ R\[a1, b1] :

|ξ|/|x− ξ| ≤ L0.

Ïîêëàâøè â (8) q = n+ 2 + k çíàéäåìî, ùî

Ψ2
t,x(ξ) ≤ ctq−n−2|ξ|k|x− ξ|−qBq

0q
2qBnln.

Äàëi çíàõîäèìî, ùî

q2q = (n+ 2 + k)2(n+2+k) ≤ c̄ĀkB̄nk2kn2n,

äå c̄, Ā, B̄ � äîäàòíi ñòàëi,

|ξ|k|x− ξ|−q ≤ α0L
k
0a

n
1 , α0 = a−2

0 , a1 = a−1
0 ,

Bq
0 = B2

0B
n
0B

k
0 , t

q−n−2 = tk ≤ 1,

t ∈ (0, 1], {k, n} ⊂ Z+.

Îòæå,

Ψ2
t,x(ξ) ≤ ˜̃cAk2B

n
2 k

2kn2nln = ¯̄cAk2B
n
2 k

2k l̃n,
(13)

äå ñòàëi ¯̄c, A2, B2 > 0 íå çàëåæàòü âiä t, x, ξ.
Ç íåðiâíîñòåé (12), (13) âèïëèâà¹ íåðiâíiñòü
(11).

Òåîðåìà äîâåäåíà.
Íàñëiäîê 1. Íåõàé f ∈ (S l̃nak,∗)

′ ⊂ (Slnak,∗)
′
,

u(t, x) � ðîçâ'ÿçîê çàäà÷i (5), (6) ç ãðàíè-
÷íîþ ôóíêöi¹þ f . ßêùî f = 0 íà iíòåðâàëi
(a, b) ⊂ R, òî ãðàíè÷íå ñïiââiäíîøåííÿ

µ lim
t→+0

u(t, x)− µ1 lim
t→t1

u(t, x)− . . .−

−µm lim
t→tm

u(t, x) = 0

ñïðàâäæó¹òüñÿ ðiâíîìiðíî âiäíîñíî x íà äî-
âiëüíîìó âiäðiçêó [c, d] ⊂ (a, b).
Ëåìà 2. ßêùî ôóíêöiÿ-ñèìâîë g çàäî-

âîëüíÿ¹ óìîâó g(0) = 0, òî G(t, ·) → (µ −
µ̃0)δ ïðè t → +0 â ïðîñòîði (Slnak)

′
(òóò

µ̃0 =
m∑
k=1

µk).

Äîâåäåííÿ. ßêùî g(0) = 0, òî

Q1(t, 0) = 1, Q2(0) =

(
µ−

m∑
k=1

µk

)−1

, òîìó ç

ôîðìóëè∫
R

G(t, x)eixσdx = Q1(t, σ)Q2(σ)

ïðè σ = 0 äiñòà¹ìî, ùî∫
R

G(t, x)dx = (µ− µ̃0)
−1, t ∈ (0, T ].

Òîäi äëÿ äîâiëüíî¨ îñíîâíî¨ ôóíêöi¨ φ ∈ Slnak∣∣∣∣⟨G(t, ·), g⟩ − ⟨δ, φ⟩
µ− µ̃0

∣∣∣∣ =
=

∣∣∣∣ ∫
R

G(t, x)φ(x)dx− φ(0)

µ− µ̃0

∣∣∣∣ =
=

∣∣∣∣ ∫
R

G(t, x)φ(x)dx−
∫
R

G(t, x)φ(0)dx

∣∣∣∣ ≤
≤
∣∣∣∣ ∫
R

|G(t, x)| · |φ(x)− φ(0)|dx ≡ J(t).

Äëÿ äîâåäåííÿ òâåðäæåííÿ äîñèòü ïîêà-
çàòè, ùî

∀ε > 0 ∃t0 = t0(ε) > 0 ∀t : 0 < t < t0 ⇒
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J(t) < ε.

Çàñòîñóâàâøè ôîðìóëó ïðî ñêií÷åííi ïðè-
ðîñòè çíàéäåìî, ùî |φ(x) − φ(0)| ≤ M |x|,
äå M = sup

x∈R
|φ′

(x)|. Âiçüìåìî ε ç ïðîìiæ-

êó (0, T ) i ïîêëàäåìî t0 = ε, δ0 = t
1/2
0 . Òîäi

|φ(x)− φ(0)| < Mε1/2, ÿêùî ëèøå |x| < t
1/2
0 .

Îòæå,

J(t) < ε1/2
∫

|x|<δ0

|G(t, x)|dx+
∫

|x|≥δ0

|G(t, x)|×

×|φ(x)− φ(0)|dx ≡ ε1/2J1(t) + J2(t).

Îöiíèìî J1(t). Ëåãêî áà÷èòè, ùî

J1(t) ≤
∫
R

|G(t, x)|dx = t

∫
R

|G(t, ty)|dy =

= t

∫
|y|<1

|G(t, ty)|dy +
∫

|y|≥1

|G(t, ty)|dy ≡

≡ J1
1 (t) + J2

1 (t).

Äëÿ ôóíêöi¨ G(t, ty) ìà¹ìî íàñòóïíå çîáðà-
æåííÿ:

G(t, ty) = (2π)−1

∫
R

etg(σ)Q2(σ)e
−ityσdσ

tσ=η
=

= (2π)−1t−1

∫
R

etg(t
−1η)Q2(t

−1η)e−iyηdη.

Îñêiëüêè

Q2(t
−1y) =

(
µ−

m∑
k=1

µke
tkg(t

−1η)

)−1

≤

≤
(
µ−

m∑
k=1

µk

)−1

(äèâ. äîâåäåííÿ ëåìè 2.2 [1]), òî

|G(t, ty)| ≤ c0t
−1

∫
R

etg(t
−1η)dη ≤

≤ c0t
−1

∫
R

e−t ln γ̃(at
−1η)dη ≤

≤ c0t
−1

∫
R

e− ln γ̃(aη)dη = c1t
−1, t ∈ (0, 1],

äå c0 = (2π)−1

(
µ−

m∑
k=1

µk

)−1

. Îòæå, J1(t) ≤

c1, ñòàëà c1 > 0 íå çàëåæèòü âiä t.
Äëÿ òîãî, ùîá çäiéñíèòè îöiíêó iíòåãðà-

ëà J2
1 (t), ñêîðèñòà¹ìîñÿ íåðiâíîñòÿìè (8), äå

ïîêëàäåìî m = 0, q = 2. Òîäi (8) ñòîñîâíî
ôóíêöi¨ G(t, ty) íàáóâà¹ âèãëÿäó:

|G(t, ty)| ≤ c̃B2
0t|ty|−2 = ˜̃ct−1|y|−2,

y ̸= 0, 0 < t ≤ 1.

Çâiäñè äiñòà¹ìî, ùî

J2
1 (t) ≤ β̃

∫
|y|≥1

y−2dy = β
′
, t ∈ (0, 1].

Òàêèì ÷èíîì, J1(t) ≤ d0, äå ñòàëà d0 > 0 íå
çàëåæèòü âiä t.

Îöiíèìî J2(t). Ïåðåäóñiì çàçíà÷èìî, ùî
|φ(x)−φ(0)| ≤M1, äåM1 = 2 sup

x∈R
|φ(x)|. Òîäi

J2(t) ≤M1

∫
|x|≥t1/20

|G(t, x)|dx.

Çíîâó ñêîðèñòàâøèñü íåðiâíiñòþ (8), äåm =
0, q = 2 çíàéäåìî, ùî

J2(t) ≤ 2β̃M1t

+∞∫
t
1/2
0

x−2dx =

= β
′
t · t−1/2

0 < β
′
t1/2 = β

′
ε1/2

äëÿ âñiõ t < t0. Ç îòðèìàíèõ äëÿ J1(t), J2(t)
îöiíîê âèïëèâà¹, ùî

∀ε ∈ (0, T ) ∃t0 = ε∀t : 0 < t < t0 ⇒

J(t) < const · ε1/2,
ùî é ïîòðiáíî áóëî äîâåñòè.

ßêùî ε ≥ T , òî çà t0 = t0(ε) ìîæíà âçÿòè
äîâiëüíî ôiêñîâàíå ÷èñëî ç ïðîìiæêó (0, T ).

Ëåìà äîâåäåíà.
Íàäàëi ââàæàòèìåìî, ùî îïåðàòîð Ag â

ðiâíÿííi (5) ïîáóäîâàíèé çà ôóíêöi¹þ g, ÿêà
çàäîâîëüíÿ¹ óìîâó g(0) = 0.

Ñèìâîëîì Ms ïîçíà÷àòèìåìî êëàñ ôóí-
êöié, ÿêi ¹ ìóëüòèïëiêàòîðàìè â ïðîñòîði
S l̃nak .
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Òåîðåìà 3. Âëàñòèâiñòü ëîêàëiçàöi¨.
Íåõàé f ∈ (S l̃nak,∗)

′
, u(t, x) � ðîçâ'ÿçîê çàäà÷i

(5), (6) ç ãðàíè÷íîþ ôóíêöi¹þ f . ßêùî óçà-
ãàëüíåíà ôóíêöiÿ f çáiãà¹òüñÿ íà iíòåðâàëi
(a, b) ⊂ R ç ôóíêöi¹þ g̃ ∈ Ms, òî íà äî-
âiëüíîìó ïðîìiæêó [c, d] ⊂ (a, b) ãðàíè÷íå
ñïiââiäíîøåííÿ

µ lim
t→+0

u(t, x)− µ1 lim
t→t1

u(t, x)− . . .−

−µm lim
t→tm

u(t, x) = g̃(x)

âèêîíó¹òüñÿ ðiâíîìiðíî âiäíîñíî x.
Äîâåäåííÿ. Íåõàé [c, d] ⊂ [a1, b1] ⊂

(a, b), φ � îñíîâíà ôóíêöiÿ, ïîáóäîâàíà ïðè
äîâåäåííi òåîðåìè 2. Îñêiëüêè φ(f − g̃) = 0
íà (a, b), òî φ(f−g̃) = 0 íà [c, d], (1−φ)f = 0
íà [a1, b1] i çà äîâåäåíèì ó òåîðåìi 2 ãðàíè-
÷íi ñïiââiäíîøåííÿ

lim
t→+0

⟨φ(f − g̃), T−xǦ(t, ξ)⟩ = 0,

lim
t→+0

⟨(1− φ)f, T−xǦ(t, ξ)⟩ = 0 (14)

ñïðàâäæóþòüñÿ ðiâíîìiðíî âiäíîñíî x ∈
[c, d].

Âíàñëiäîê âëàñòèâîñòi íåïåðåðâíîñòi
G(t, ·) ÿê àáñòðàêòíî¨ ôóíêöi¨ ïàðàìåòðà
t iç çíà÷åííÿìè â ïðîñòîði Slnak ãðàíè÷íi
ñïiââiäíîøåííÿ

m∑
k=1

µk lim
t→tk

⟨φ(f − g̃), T−xǦ(t, ξ)⟩ = 0, (15)

m∑
k=1

µk lim
t→tk

⟨(1− φ)f, T−xǦ(t, ξ)⟩ = 0, (16)

òàêîæ âèêîíóþòüñÿ ðiâíîìiðíî âiäíîñíî x ∈
[c, d]. Êðiì òîãî,

u(t, x) = ⟨f, T−xǦ(t, ·)⟩ =

= ⟨φ(f − g̃), T−xǦ(t, ·)⟩+
+⟨(1− φ)f, T−xǦ(t, ·)⟩+ ⟨φg̃, T−xǦ(t, ·)⟩,

ïðè÷îìó

⟨φg̃, T−xǦ(t, ·)⟩ =
∫
R

G(t, x− ξ)φ(ξ)g̃(ξ)dξ =

=

∫
R

G(t, ξ)φ(x− ξ)g̃(x− ξ)dξ ≡ J(t, x).

Óðàõóâàâøè ñïiââiäíîøåííÿ (14) � (16), ëå-
ìó 2 òà òåîðåìó 2.4 ç [1] ðîáèìî âèñíîâîê,
ùî äëÿ äîâåäåííÿ òâåðäæåííÿ äîñèòü âñòà-
íîâèòè, ùî J(t, x) → (µ − µ̃0)

−1φ(x)g̃(x)
ïðè t → +0 ðiâíîìiðíî âiäíîñíî x ∈ [c, d],
îñêiëüêè ãðàíè÷íå ñïiââiäíîøåííÿ

m∑
k=1

µk lim
t→tk

J(t, x) =
µ̃0

µ− µ̃0

(φg̃)(x)

âèêîíó¹òüñÿ ðiâíîìiðíî âiäíîñíî x ∈ [c, d].
Öå âèïëèâà¹ ç òîãî, ùî J(t, x) ïîäà¹òüñÿ ó
âèãëÿäi çãîðòêè G(t, x)∗(φg̃)(x) , ïðè öüîìó
ãðàíè÷íå ñïiââiäíîøåííÿ

m∑
k=1

µk lim
t→tk

G(t, x) =
m∑
k=1

µkG(tk, x)

âèêîíó¹òüñÿ â ïðîñòîði Slnak (çîêðåìà, ðiâíî-
ìiðíî íà âiäðiçêó [c, d]), à φg̃ � ôiíiòíà ôóí-
êöiÿ ç ïðîñòîðó Slnak , ÿêó ìîæíà ðîçóìiòè ÿê
ôiíiòíèé ôóíêöiîíàë (çãîðòóâà÷ ó ïðîñòîði
Slnak).

Äîâåäåííÿ ãðàíè÷íîãî ñïiââiäíîøåííÿ

J(t, ·)
[c, d]

⇒ (µ− µ̃0)
−1(φg̃)(·), t→ +0,

ÿêå çäiéñíþ¹ìî çà ñõåìîþ, âèêîðèñòàíîþ
ïðè äîâåäåííi ëåìè 2, çâîäèòüñÿ äî îöiíêè
iíòåãðàëiâ âèãëÿäó∫

|ε|<δ

Ψ(t, ξ)dξ,

∫
|ε|≥δ

Ψ(t, ξ)dξ,

äå

Ψ(t, ξ) = |G(t, ξ)| · |(φg̃)(x− ξ)− (φg̃)(x)|.

δ > 0 øóêà¹ìî çà äîâiëüíî çàäàíèì ε > 0
òàê, ùî |(φg̃)(x − ξ) − (φg̃)(x)| < ε, ÿêùî
ëèøå |x| = |(x− ξ)− x| < δ. Ïðè îöiíöi âêà-
çàíèõ iíòåãðàëiâ âèêîðèñòîâó¹ìî íåðiâíiñòü∫
R
|G(t, ξ)|dξ ≤ d0, äå ñòàëà d0 > 0 íå çàëå-

æèòü âiä t (äèâ. äîâåäåííÿ ëåìè 2), à òàêîæ
òå, ùî

sup
ξ∈R, x∈[c,d]

|(φg̃)(x− ξ)− (φg̃)(x)| =M < +∞.

Òåîðåìà äîâåäåíà.
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