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Õîðîøî èçâåñòíû êëàññû ôóíêöèé Íèêîëüñêîãî Hα1α2
p è SHα1α2

p è òåîðåìû âëîæå-
íèÿ äëÿ íèõ(ñì. [1], [2]). Â ýòîé ðàáîòå ââîäèòñÿ êëàññ ôóíêöèé SH(p, α1, α2, β1, β2) ñ
äîìèíèðóþùèì ñìåøàííûì ìîäóëåì ãëàäêîñòè, ÿâëÿþùèéñÿ îáîáùåíèåì ýòèõ êëàññîâ
è äëÿ íåãî ïðèâîäèòñÿ òåîðåìà âëîæåíèÿ.

Áóäåì ïèñàòü, ÷òî f ∈ Lp, åñëè f(x1, x2) - èçìåðèìàÿ íà [0, 2π]2 ôóíêöèÿ äâóõ ïåðå-
ìåííûõ, 2π - ïåðèîäè÷åñêàÿ ïî êàæäîìó èç íèõ è òàêàÿ, ÷òî:
||f ||p ≤ C <∞, ãäå p = {p1, p2}, 1 ≤ pi ≤ ∞, i = 1, 2, ||f ||p = ||{||f ||p1}||p2 ,

||F||pi
=

(
2π∫
0

|F |pidxi

)1/pi

, åñëè 1 ≤ pi ≤ ∞, ||F ||pi
= sup vrai

xi∈[0,2π]
|F |, åñëè pi =∞.

Îáîçíà÷èì:

• ìîäóëü ãëàäêîñòè ôóíêöèè f(x1, x2) ïî ïåðåìåííîé x1:

ωk1(f, δ1)p = sup
|h1|≤δ1

||
k1∑
v1=0

(−1)v1Cv1
k1
f(x1 + v1h1, x2)||p,

• ìîäóëü ãëàäêîñòè ôóíêöèè f(x1, x2) ïî ïåðåìåííîé x2:

ωk2(f, δ2)p = sup
|h2|≤δ2

||
k2∑
v2=0

(−1)v2Cv2
k2
f(x1, x2 + v2h2)||p,

• ñìåøàííûé ìîäóëü ãëàäêîñòè ôóíêöèè f(x1, x2):

ωk1k2(f, δ1, δ2)p =

= sup
|h1|≤δ1,|h2|≤δ2

||
k1∑
v1=0

(−1)v1Cν1
k1

k2∑
v2=0

(−1)v2Cν2
k2
f(x1 + v1h1, x2 + v2h2)||p.

Îïðåäåëèì êëàññ ôóíêöèé SH(p, α1, α2, β1, β2).
Áóäåì ïèñàòü f ∈ SH(p, α1, α2, β1, β2), åñëè p = {p1, p2}, 1 ≤ pi ≤ ∞, αi > 0, βi > 0,
i = 1, 2 è:

1. f ∈ Lp

2. ωk1(f, δ1)p ≤ m1δ
α1
1 ,∀δ1 ∈ (0, 1], k1 = [α1] + 1,

3. ωk2(f, δ2)p ≤ m2δ
α2
2 ,∀δ2 ∈ (0, 1], k2 = [α2] + 1,

4. ωk3k4(f, δ1, δ2)p ≤ m3δ
β1

1 δ
β2

2 ,∀δ1 ∈ (0, 1],∀δ2 ∈ (0, 1], k3 = [β1] + 1, k4 = [β2] + 1,
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ãäå m1,m2,m3 - êîíñòàíòû, íå çàâèñÿùèå îò f, δ1 è δ2.
Êëàññ SH(p, α1, α2, β1, β2) ñîâïàäàåò ñ êëàññîì Hα1α2

p , åñëè β1

α1
+ β2

α2
= 1.

Êëàññ SH(p, α1, α2, β1, β2) ñîâïàäàåò ñ êëàññîì SHα1α2
p , åñëè β1 = α1 è β2 = α2.

Òåîðåìà.Åñëè f ∈ SH (p, α1, α2, β1, β2) , p = {p1, p2}, q = {q1, q2},
1 ≤ p1 < q1 ≤ ∞, 1 ≤ p2 < q2 ≤ ∞,

1
p1
− 1

q1
< β1 ≤ α1,

1
p2
− 1

q2
< β2 ≤ α2,

β1

α1
+ β2

α2
≥ 1,

ϑ1 = 1−
(

1
α1

(
1
p1
− 1

q1

)
+ α1−β1

α1β2

(
1
p2
− 1

q2

))
> 0,

ϑ2 = 1−
(

1
α2

(
1
p2
− 1

q2

)
+ α2−β2

α2β1

(
1
p1
− 1

q1

))
> 0,

α∗1 = α1ϑ1, α
∗
2 = α2ϑ2, β

∗
1 = β1 −

(
1
p1
− 1

q1

)
, β∗2 = β2 −

(
1
p2
− 1

q2

)
,

òî f ∈ SH (q, α∗1, α
∗
2, β

∗
1 , β

∗
2) .

Îòìåòèì, ÷òî òåîðåìà ñîäåðæèò â ñåáå òåîðåìû âëîæåíèÿ äëÿ êëàññîâ Íèêîëüñêîãî.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ãîñóäàðñòâåííîé ïðîãðàììû ïîääåðæêè âåäóùèõ
íàó÷íûõ øêîë (ïðîåêò ÍØ-979-2012-1).
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