
Òåîðåìà. Ïóñòü f (x) ∈ C4(T ), òîãäà äëÿ ëþáîé òî÷êè x ∈ T∣∣∣∣∣ ∂r(Q− f)(x)

∂einm∂ejnl∂er−i−kns

∣∣∣∣∣ ≤ 16cnM4d
4−r, 1 ≤ r ≤ 3, 0 ≤ i, j ≤ r, i+ j ≤ r.

(1)

Ïðåäëîæåíèå. 1. Â ëþáîì òåòðàýäðå ìîæíî íàéòè âåðøèíó, èç

êîòîðîé âûõîäÿò ïî êðàéíåé ìåðå äâà ðåáðà, áîëüøèõ
d

2
, è â ëþáîì

4-ñèìïëåêñå åñòü âåðøèíà, èç êîòîðîé èñõîäÿò ïî êðàéíåé ìåðå òðè

ðåáðà, áîëüøèõ
d

2
.

2. Äëÿ ëþáîãî íàòóðàëüíîãî n ≥ 5 è äëÿ âñÿêîãî c > 0 ñóùåñòâóåò
òàêîé n-ñèìïëåêñ, èç âñåõ âåðøèí êîòîðîãî âûõîäÿò ïî êðàéíåé ìåðå

äâà ðåáðà, äëèíà êîòîðûõ íå áîëüøå, ÷åì
d

c
.

Ñëåäñòâèå. Â ñëó÷àÿõ ðàçìåðíîñòåé n = 3 è n = 4 â íåðàâåíñòâàõ
(1) ìîæíî èçáàâèòüñÿ îò ïàðàìåòðà cn è ïîëó÷èòü ñëåäóþùèå îöåíêè:

∣∣∣∣∣ ∂r(Q− f)(x)

∂einm∂ejnl∂er−i−kns

∣∣∣∣∣ ≤ 32M4d
4−r, 1 ≤ r ≤ 3, 0 ≤ i, j ≤ r, i+ j ≤ r.
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Ðàññìàòðèâàåòñÿ óðàâíåíèå

Au ≡
x�

0

[
(x− t)β−1

Γ(β)
− (x− t)β

Γ(1 + β)

]
u(t)dt = f(x), (1)

ãäå Γ(∗) � ãàììà-ôóíêöèÿ, 0 < β < 1, u(x) ∈ C[0, 1], à ôóíêöèÿ f(x)
çàäàíà åå δ-ïðèáëèæåíèåì fδ(x) : ‖fδ − f‖L2

≤ δ.
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Ðåøàåòñÿ çàäà÷à íàõîæäåíèÿ ðàâíîìåðíûõ ïðèáëèæåíèé ê u(x) ïî
çàäàííûì fδ(x) è δ.

Èñïîëüçóåòñÿ ìåòîä ðåãóëÿðèçàöèè [1], â êîòîðîì ðåãóëÿðèçèðóþùèå
îïåðàòîðû Rα èìåþò âèä: Rα = TαA

−1, ãäå ïðèìåíèòåëüíî ê íàøåé çà-
äà÷å Tα � ëþáîå ñåìåéñòâî îïåðàòîðîâ, äàþùåå ðàâíîìåðíûå ïðèáëèæå-
íèÿ ê íåïðåðûâíûì ôóíêöèÿì, A−1 � îïåðàòîð, îáðàòíûé ê A. Â [2] ýòîò
ìåòîä áûë ðåàëèçîâàí äëÿ êëàññè÷åñêîãî óðàâíåíèÿ Àáåëÿ, ïðè ýòîì â
êà÷åñòâå îïåðàòîðîâ Tα èñïîëüçîâàëèñü ðàçðûâíûå îïåðàòîðû Ñòåêëîâà

Sαu =

{
Sα2u, x ∈ [0, 1/2],

Sα1u, x ∈ [1/2, 1],
(2)

ãäå Sα1u = 1
α

x�
x−α

u(t)dt, Sα2u = 1
α

x+α�
x

u(t)dt.

Â äàííîì ñîîáùåíèè ñíà÷àëà íàõîäèòñÿ âèä îïåðàòîðà A−1, à çàòåì
ñòðîèòñÿ ìåòîä ðåãóëÿðèçàöèè ïî àíàëîãèè ñ [2]

Òåîðåìà 1. Îáðàòíûé îïåðàòîð A−1 èìååò âèä:

A−1f =
d

dx

x�

0

(x− t)−β

Γ(1− β)
f(t) dt+

x�

0

(x− t)−β

Γ(1− β)
f(t) dt+

+
∞∑
n=1

Cn(β)

x�

0

(x− t)n−β

Γ(1− β)
f(t) dt,

ãäå Cn(β) = [(1− β)(2− β) . . . (n− β)]−1.

Ïîñòðîèì ðåãóëÿðèçèðóþùåå ñåìåéñòâî îïåðàòîðîâ äëÿ íàõîæäåíèÿ
ïðèáëèæåííîãî ðåøåíèÿ óðàâíåíèÿ (1) ïî ôîðìóëå Rα = SαA

−1.

Ñîãëàñíî (2) îïåðàòîðû Rα èìåþò âèä

Rαf =

{
Rα2f = Sα2A

−1f, x ∈ [0, 1/2],

Rα1f = Sα1A
−1f, x ∈ [1/2, 1].

(3)

Òåîðåìà 2. Êàæäûé èç îïåðàòîðîâ Rα â (3) ÿâëÿåòñÿ èíòåãðàëü-
íûì îïåðàòîðîì ñ ÿäðîì, èìåþùèì âèä:

Rα(x, t) = (αΓ(1− β))−1

{
Rα2(x, t), x ∈ [0, 1/2],

Rα1(x, t), x ∈ [1/2, 1],
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ãäå

Rα2(x, t) =



(x− t+ α)−β − (x− t)−β +
∞∑
n=0

Cn+1(β)
[
(x− t+ α)n+1−β−

−(x− t)n+1−β], 0 ≤ t ≤ x,

(x− t+ α)−β +
∞∑
n=0

Cn+1(β)(x− t+ α)n+1−β, x ≤ t ≤ x+ α

0, x+ α < t ≤ 1

(4)

Rα1(x, t) ïîëó÷àåòñÿ èç (4) çàìåíîé x íà x− α.
Òåîðåìà 3. Ïðè 0 < β < 1

2 îïåðàòîðû Rα ÿâëÿþòñÿ ðåãóëÿðèçè-
ðóþùèìè äëÿ óðàâíåíèÿ (1) è äëÿ èõ íîðì âûïîëíÿåòñÿ äâóñòîðîííÿÿ
îöåíêà

C0
1α
−( 1

2+β) − ψ(α) ≤ ‖Rα‖L2→L∞ ≤
√

2C0
1α
−( 1

2+β) + ψ(α),

ãäå C0
1 = (1 − 2β)

1
2 [Γ(1 − β)]−1, ψ(α) = C0

1C1α
− 1

2+β + O(α
1
2−β), C1 =

= (1− β)−2[I0(2)− 1 + 2(e− 1)2], I0 � öèëèíäðè÷åñêàÿ ôóíêöèÿ.

Ïåðåéäåì ê âîïðîñó î ñõîäèìîñòè ‖Rαfδ − u‖L∞ → 0 ïðè α → 0,
δ → 0.

Ðàññìîòðèì âåëè÷èíó

∆(δ, Rα, u) = sup
{
‖Rαfδ − u‖L∞ : ‖fδ − f‖L2

≤ δ
}
.

Íà îñíîâàíèè àíàëîãà òåîðåìû 1 èç [3], òåîðåìû 3 è òîãî, ÷òî

‖Rαf − u‖L∞ = ‖Sαu− u‖L∞ ,

ñïðàâåäëèâà
Òåîðåìà 4. Äëÿ ñõîäèìîñòè ∆(δ, Rα, u) → 0 ïðè 0 < β < 1/2 è

α → 0, δ → 0 íåîáõîäèìî è äîñòàòî÷íî âûïîëíåíèå ñîãëàñîâàíèÿ α =
= α(δ), óäîâëåòâîðÿþùåãî óñëîâèÿì: α(δ) → 0 è δ(α(δ))−(1/2+β) → 0
ïðè δ → 0.
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