
Pure Mathematics nØêÆ, 2023, 13(9), 2621-2632

Published Online September 2023 in Hans. https://www.hanspub.org/journal/pm

https://doi.org/10.12677/pm.2023.139268

n�/Ø^6NåÆ�§|3�.
Fourier-Besov�m¥��N·½5

ëëëûûûûûû§§§���AAA´́́

Ü����Æ§êÆ�ÚOÆ�§[� =²

ÂvFÏµ2023c8�4F¶¹^FÏµ2023c9�6F¶uÙFÏµ2023c9�14F

Á �

n�/Ø^6NåÆ�§|´£ã/Ø¥�>7á6N$Ä�/¥^|Cz5Æ�Ä��§|"

ÏL$^ Littlewood-Paley ©)§¿ÏLïá�A�f�+���k.5�O§y²
n�^

=^6NåÆ�§|�Ü¯K'u Fourier-Besov�m¥�Ð���N·½5"

'�c

n�^=^6NåÆ�§|§Fourier-Besov�m§·½5

Global Well-Posedness of the
Three-Dimensional
Magnetohydrodynamic Equations Arising
from the Earth’s Core in Critical
Fourier-Besov Spaces

Dandan Zhao, Jinyi Sun

College of Mathematics and Statistics, Northwest Normal University, Lanzhou Gansu

Received: Aug. 4th, 2023; accepted: Sep. 6th, 2023; published: Sep. 14th, 2023

©ÙÚ^: ëûû, �A´. n�/Ø^6NåÆ�§|3�.Fourier-Besov�m¥��N·½5[J]. nØêÆ,
2023, 13(9): 2621-2632. DOI: 10.12677/pm.2023.139268

https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2023.139268
https://www.hanspub.org
https://doi.org/10.12677/pm.2023.139268


ëûû§�A´

Abstract

The three-dimensional magnetohydrodynamics equations arising from the Earth’s core

are the basic equations describing the motion of the conducting metal fluids in the

Earth’s core and the changes of the Earth’s magnetic field. With the help of the

Littlewood-Paley decomposition and by establishing the uniformly bounded estima-

tions of the corresponding operator semigroups on Fourier-Besov spaces, we prove the

global well-posedness of Cauchy problem of this three-dimensional magnetohydrody-

namics equations for small initial data in critical Fourier-Besov spaces.
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∂tu−∆u+ Ωe3 × u+ (u · ∇)u− (B · ∇)B +∇p = 0, (x, t) ∈ R3 × (0,∞),

∂tB −∆B + (u · ∇)B − (B · ∇)u = 0, (x, t) ∈ R3 × (0,∞),

divu = 0, divB = 0, (x, t) ∈ R3 × (0,∞),

u|t=0 = u0, B|t=0 = B0, x ∈ R3,

(1.1)

Ù¥,��¼ê u = (u1, u2, u3)L«6N��Ý|, B = (B1, B2, B3)L«/¥^|, P L«6NØ

å. Ω ∈ R\{0}¡� Coriolisëê,Ù��£ã/¥^=�¯ú, Ωe3 × u� Corioliså./Ø^6N

åÆ�§|´/Ï^é6y�Ú Lorentzåò���>6N0�$Ä� Navier-Stokes�§|��

�>^Æy��Maxwell�§|ÍÜ¤�. é/Ø^6NåÆ�§|�ïÄò?�Úr?/^�

Ê!/^u>!/^&¶!/^ýÿ��ÆEâ�uÐ.'u (1.1)�í�9ÙÔn�µ��õ�

'ïÄ,�ë�©z [2, 3].

� Ω = 0� B ≡ 0�,�§| (1.1)òz�²;�n�Ø�Ø  Navier-Stokes�§|:
∂tu−∆u+ (u · ∇)u+∇p = 0, (x, t) ∈ R3 × (0,∞),

divu = 0, (x, t) ∈ R3 × (0,∞),

u|t=0 = u0, x ∈ R3,

(1.2)

Ù·½5nØ3L��l�cmÉ�
¯õÆö�2�'5,¿�y²3±e�.�m¥'u�Ð

�´�N·½�:

Ḣ
1
2 (R3) ↪→ L3(R3) ↪→ Ḃ

−1+ 3
p

p,∞ (R3)(3 < p <∞) ↪→ BMO−1,

äN��ë�©z [4–7].

� Ω 6= 0� B ≡ 0�,�§| (1.1)òz�n�^= Navier-Stokes�§|:
∂tu−∆u+ Ωe3 × u+ (u · ∇)u+∇p = 0, (x, t) ∈ R3 × (0,∞),

divu = 0, (x, t) ∈ R3 × (0,∞),

u|t=0 = u0, x ∈ R3.

(1.3)

�ëê Ω¿©��,ÏL¿©|^ Corioliså Ωe3 × u¤�5�ÚÑ�A, Babin�<3�m±Ï

�/ey²
¯K(1.2)'u Hs ¥�Ð���N·½5, �©z [8, 9].3©z [10]¥, Chemin�<

y²
�3�~ê Ω0 > 0, � |Ω| > Ω0 �,¯K (1.2)é?¿Ð� u0 ∈ L2(R3) +H
1
2 (R3)�3��

��N).é©z [10]¥(J�í2�ë�©z [11–13]. Konieczny Ú Yoneda [14]Ú Iwabuchi Ú

Takada [15]3�. Fourier-Besov�m¥ïá
¯K (1.2)'u�Ð���N·½5±9Ø·½5

nØ, ��ù�(J�©z [16]í2�n� Primitive�§|.

� Ω = 0�,�§| (1.1)òz�²;�n�^6NåÆ�§|:
∂tu−∆u+ (u · ∇)u− (B · ∇)B +∇p = 0, (x, t) ∈ R3 × (0,∞),

∂tB −∆B + (u · ∇)B − (B · ∇)u = 0, (x, t) ∈ R3 × (0,∞),

divu = 0, divB = 0, (x, t) ∈ R3 × (0,∞),

u|t=0 = u0, B|t=0 = B0, x ∈ R3.

(1.4)
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DavautÚ Lions3 Sobolev�mHs(R)¥ïá
¯K (1.4)'u��Ð��ÛÜ·½5Ú�Ð©�

��N·½5,�©z [17].3©z [18]¥, SermangeÚ Temamy²
 (u,B) ∈ L∞(0, T ;H1(R3))

�f)��K5.�C,+�²,o^(ÚA% [19]3�½�5^�eïá
¯K (1.4)3�. Besov

�m¥��N·½5,T(J#NÐ©�Ý|ÚÐ©^|�1n©þØ�.

n�/Ø^6NåÆ�§|�Ü¯K���aÚÑ-ÑÑ��. �©�§,�§(��E,5

���
²;�ïÄ�{ÚE|®Ø2·^. É©z [14–16]�éu,�©/Ïu CoriolisÚÑ�f

3 Fourier-Besov�mþûÐ�k.5�±9 YoungØ�ª, ïá�A�f�+���k.5�O,

¿ÏL$^ Littlewood-PaleynØÚ BanachØÄ:½n,y²
¯K (1.1)'u Fourier-Besov�

m¥���Ð���N·½5.�©Ì�ïÄ(JäNXe:

½n 1.1 � p ∈ (1,∞], r ∈ [1,∞],K�3�~ê C > 0, ¦��Ð� (u0, B0) ∈ ˙FB
2− 3

p

p,r (R3),�

÷v divu0 = 0, divB0 = 0±9

‖(u0, B0)‖
˙FB

2− 3
p

p,r

≤ C

�,¯K (1.1)�3����N§Ú) (u,B) ∈ C
(
[0,∞), ˙FB

2− 3
p

p,r (R3)
)
∩Xα,Ù¥ëê α ∈ (0, 1),

Xα := L̃
2

1+α (0,∞; ˙FB
3− 3

p+α

p,r (R3)) ∩ L̃ 2
1−α (0,∞; ˙FB

3− 3
p−α

p,r (R3)).

½n 1.2 � r ∈ [1, 2], K�3�~ê C > 0, ¦��Ð� (u0, B0) ∈ ˙FB
−1

1,r(R3), �÷v

divu0 = 0, divB0 = 0±9

‖(u0, B0)‖ ˙FB
−1
1,r
≤ C

�,¯K (1.1)�3����N§Ú) (u,B) ∈ C
(
[0,∞), ˙FB

−1

1,r(R3)
)
∩ Y α,Ù¥ëê α ∈ (0, 1),

Y α = L̃
2

1+α (0,∞; ˙FB
α

1,r(R3)) ∩ L̃ 2
1−α (0,∞; ˙FB

−α
1,r (R3)).

�©�Ù{Ü©SüXe:31�!¥,·�ò�Ñ Littlewood-PaleynØÚ Fourier-Besov�

m�½Â,±9�+ {TΩ(t)}t>0 �äNL�ªÚ�'�k.5�O;31n!¥,·�òïá9�+

{et∆}t>03 Fourier-Besov�mþ��5�O;��,·��ÑÌ�(J�y².

�
PÒ: i =
√
−1, FgÚ ĝþL« g'u�mCþ�Fp�C�, F−1L«�A�Fp�_C

�.·�^ C L«��ýé~ê,§���U�X ��CzCz.

2. ý��£

Äk,·�ò0� Littlewood-PaleynØ,¿�Ñ Fourier-Besov�m�½Â9Ùþ�¦È{K.

�õ'u Littlewood-PaleynØ�?Ø,�ë�;Í [16].

� S (R3)� Schwartz�m, S ′(R3)��O2Â¼ê�m.ÀJ»�¼ê ϕ,ψ ∈ S (R3)¦�

ϕ̂, ψ̂÷ve�5�:

supp ϕ̂ ⊂ C := {ξ ∈ R3 :
3

4
≤ |ξ| ≤ 8

3
},
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supp ψ̂ ⊂ B := {ξ ∈ R3 : |ξ| ≤ 4

3
},

� ∑
j∈Z

ϕ̂(2−jξ) = 1, ∀ξ ∈ R3 \ {0}.

é?¿� j ∈ Z,- ϕj(x) := 22jϕ(2jx), ψj(x) := 22jψ(2jx),½ÂªÇÛÜz�f ∆j Ú$ª�

ä�f Sj :

∆jf := ϕj ∗ f, Sjf = ψj ∗ f, ∀j ∈ Z, f ∈ S ′(R3).

- S ′
h(R3) := S ′(R3)/P[R3], Ù¥ P[R3]�½Â3 R3þ��Nõ�ª¤�¤��5�m.¯¤±

�,3S ′
h(R3)¥¤áXe©):

f =
∑
j∈Z

∆jf, Sjf =

j−1∑
k=−∞

∆kf.

½Â 2.1 � s ∈ R, 1 ≤ p, r ≤ ∞,½Â Fourier-Besov�m :

˙FB
s

p,r :=
{
u ∈ S ′

h(R3) : ‖u‖ ˙FB
s
p,r

:=
∥∥∥{2js‖∆̂ju‖Lp

}
j∈Z

∥∥∥
lr(Z)

<∞
}
.

½Â 2.2 � s ∈ R, 1 ≤ r, δ ≤ ∞,½Â L̃δ(0,∞; ˙FB
s

p,r)�m :

L̃δ(0,∞; ˙FB
s

p,r) :=
{
u : (0,∞)→ ˙FB

s

p,r :

‖u‖L̃δ(0,∞; ˙FB
s
p,r) =

{∥∥∥{2js‖∆̂ju‖Lδ(0,∞;Lp)

}
j∈Z

∥∥∥
lr(Z)

<∞
}
.

Ún 2.3 (¦È{K, [12]) (i) � α ∈ (0, 1], p ∈ (1,∞]� r ∈ [1,∞].K�3 C > 0,¦�é?

¿� f, g ∈ L̃ 2
1±α (0,∞; ˙FB

3− 3
p±α

p,r (R3)),¤á

‖fg‖
L̃1(0,∞; ˙FB

3− 3
p

p,r )
≤ C

(
‖f‖

L̃
2

1+α (0,∞; ˙FB
3− 3

p
+α

p,r )
‖g‖

L̃
2

1−α (0,∞; ˙FB
3− 3

p
−α

p,r )

+ ‖f‖
L̃

2
1−α (0,∞; ˙FB

3− 3
p
−α

p,r )
‖g‖

L̃
2

1+α (0,∞; ˙FB
3− 3

p
+α

p,r )

)
.

(ii) � α ∈ (0, 1], r ∈ [1, 2].K�3 C > 0,¦�é?¿� f, g ∈ L̃ 2
1±α (0,∞; ˙FB

±α
1,r (R3)),¤á

‖fg‖
L̃1(0,∞; ˙FB

0
1,r)
≤ C

(
‖f‖

L̃
2

1+α (0,∞; ˙FB
α
1,r)
‖g‖

L̃
2

1−α (0,∞; ˙FB
−α
1,r )

+ ‖f‖
L̃

2
1−α (0,∞; ˙FB

−α
1,r )
‖g‖

L̃
2

1+α (0,∞; ˙FB
α
1,r)

)
.

Fourier-Besov�m´3²;� Besov�m�Ä:þÚ\ FourierC��5�, Fourier-Besov

�m®3¯õ6NåÆ�§�ïÄ¥�2�¦^,¿��
�X����ïÄ¤J.e¡,·��Ñ
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Stokes-Coriolis�+ {TΩ(t)}t>0�äNL�/ª.ÏL Duhamel�n,¯K (1.1)�duXeÈ©�

§  u(t) = TΩ(t)u0 −
∫ t

0
TΩ(t− τ)P∇ · (u(τ)⊗ u(τ))dτ +

∫ t
0
TΩ(t− τ)P∇ · (B(τ)⊗B(τ))dτ,

B(t) = et∆B0 −
∫ t

0
e(t−τ)∆∇ · (u(τ)⊗B(τ))dτ +

∫ t
0
e(t−τ)∆∇ · (B(τ)⊗ u(τ))dτ,

(2.1)

Ù¥ P := (δij +RiRj)1≤i,j≤3, Rj(j = 1, 2, 3)� R3 þ� RieszC�, {TΩ(t)}t≥0 � Stokes-Coriolis

�+,ÙäNL�ªXe:

TΩ(t)f :=
1

2
G+(Ωt)[et∆(I +R)f ] +

1

2
G−(Ωt)[et∆(I −R)f ]. (2.2)

ùp

G±(t)f(x) := e±it
D3
|D| f(x) :=

∫
R3

eix·ξ±it
ξ3
|ξ| f̂(ξ)dξ, x ∈ R3, t ∈ R, (2.3)

I ´ü �f,R´ÛÉÈ©�fÝ
,ÙäN/ª�:

R :=


0 R3 −R2

−R3 0 R1

R2 −R1 0

 .

éuL�ª {TΩ(t)}t>0�í�,�±ë�©z [9]Ú [18].

éu Stokes-Coriolis�+ {TΩ(t)}t>0kXek.5�O.

Ún2.4 ( [12]) � s ∈ R, p ∈ [1,∞], r ∈ [1,∞], α ∈ [0, 1] ±9 ρ ∈ [1, 2
1±α ],K�3 C > 0,¦�

é?¿� u0 ∈ ˙FB
s

p,r(R3)Ú f ∈ L̃ρ(0,∞; ˙FB
s−2+ 2

ρ

p,r (R3))¤á

‖TΩ(t)u0‖
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

≤ C‖u0‖ ˙FB
s
p,r

Ú ∥∥∥∫ t

0

TΩ(t− τ)f(τ)dτ
∥∥∥
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

≤ C‖f‖
L̃ρ(0,∞; ˙FB

s−2+ 2
ρ

p,r )
.

3. �5�O

Ún 3.1 � α ∈ [0, 1], s ∈ R, p ∈ [1,∞] ±9 r ∈ [1,∞], K�3 C > 0, ¦�é?¿�

B0 ∈ ˙FB
s

p,r(R3)¤á

‖et∆B0‖
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

≤ C‖B0‖ ˙FB
s
p,r
.
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y² du suppψ̂j ⊂ {ξ ∈ R3 : 2j−1 ≤ |ξ| ≤ 2j+1}, k

∥∥F [∆je
t∆B0]

∥∥
Lp

=
∥∥F [et∆∆jB0]

∥∥
Lp
≤ Ce−22jt‖ψ̂j(ξ)B̂0(ξ)‖Lp .

�

∥∥F [∆je
t∆B0]

∥∥
L

2
1±α (0,∞;Lp)

≤ C‖e−22jt‖ψ̂jB̂0‖Lp‖
L

2
1±α (0,∞)

≤ C‖e−22jt‖
L

2
1±α (0,∞)

‖ψ̂jB̂0‖Lp

≤ C2−j(1±α)‖ψ̂jB̂0‖Lp .

Ïd,d½Â 2.2��

‖et∆B0‖
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

= ‖{2j(s+1±α)‖F
(
∆je

t∆B0

)
‖
L

2
1±α (0,∞;Lp)

}j∈Z‖lr

≤ C‖{2j(s+1±α)2−j(1±α)‖ψ̂jB̂0‖Lp}j∈Z‖lr

≤ C‖B0‖ ˙FB
s
p,r
.

=�y(Ø¤á.

Ún 3.2 � α ∈ [0, 1], s ∈ R, p ∈ [1,∞], r ∈ [1,∞]±9 ρ ∈ [1, 2
1±α ],K�3 C > 0,¦�é?

¿� f ∈ L̃ρ(0,∞; ˙FB
s−2+ 2

ρ

p,r (R3))¤á

∥∥∥∫ t

0

e(t−τ)∆f(τ)dτ
∥∥∥
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

≤ C‖f‖
L̃ρ(0,∞; ˙FB

s−2+ 2
ρ

p,r )
.

y² d½Â 2.2��∥∥∥∫ t

0

e(t−τ)∆f(τ)dτ
∥∥∥
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

=
∥∥∥{2j(s+1±α)

∥∥∥F(∆j(

∫ t

0

e(t−τ)∆f(τ)dτ)
)∥∥∥

L
2

1±α (0,∞;Lp)

}
j∈Z

∥∥∥
lr
. (3.2.1)

$^ YoungØ�ª��

∥∥∥F(∆j

( ∫ t

0

e(t−τ)∆f(τ)dτ
))∥∥∥

L
2

1±α (0,∞;Lp)
≤C
∥∥∥∫ t

0

∥∥F(e(t−τ)∆∆jf(τ)
)∥∥

Lp
dτ
∥∥∥
L

2
1±α (0,∞)

≤C‖e−22jt‖Lm(0,∞)
̂‖∆jf(τ)‖Lρ(0,∞;Lp)

≤C2−2j(1+ 1±α
2 −

1
ρ )‖ψ̂j f̂‖Lρ(0,∞;Lp). (3.2.2)
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Ù¥ 1 + 1±α
2

= 1
ρ

+ 1
m

, ò (3.2.2)�\ (3.2.1)��

∥∥∥∫ t

0

e(t−τ)∆f(τ)dτ
∥∥∥
L̃

2
1±α (0,∞; ˙FB

s+1±α
p,r )

≤C
∥∥∥{2j(s+1±α)2−2j(1+ 1±α

2 −
1
ρ )‖ψ̂j f̂‖Lρ(0,∞;Lp)

}
j∈Z

∥∥∥
lr

≤C‖f‖
L̃ρ(0,∞; ˙FB

s−2+ 2
ρ

p,r )
.

=�y(Ø¤á.

4. ½n9y²

½n 1.1�y²: dÚn 2.4ÚÚn 3.1¥� s = 2− 3
p
��,�3�~ê C0¦�¤á

‖TΩ(t)u0‖
L̃

2
1±α (0,∞; ˙FB

3− 3
p
±α

p,r )
≤ C0‖u0‖

˙FB
2− 3

p
p,r

, (4.1)

‖et∆B0‖
L̃

2
1±α (0,∞; ˙FB

3− 3
p
±α

p,r )
≤ C0‖B0‖

˙FB
2− 3

p
p,r

. (4.2)

-

N1(u, v) :=

∫ t

0

TΩ(t− τ)P∇ · [u(τ)⊗ v(τ)]dτ,

±9

N2(u, v) :=

∫ t

0

e(t−τ)∆∇ · [u(τ)⊗ v(τ)]dτ.

½ÂN�B�:

B(u,B)(t) :=
(
B1(u,B)(t),B2(u,B)(t)

)
,

Ù¥

B1(u,B)(t) := TΩ(t)u0 −N1(u, u)(t) +N1(B,B)(t),

B2(u,B)(t) := et∆B0 −N2(u,B)(t) +N2(B, u)(t).

½Â)�mX �:

X :=

{
(u,B) ∈ Xα := L̃

2
1+α (0,∞; ˙FB

3− 3
p+α

p,r ) ∩ L̃ 2
1−α (0,∞; ˙FB

3− 3
p−α

p,r ) :

‖u‖X ≤ 2C0

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)
, ‖B‖X ≤ 2C0

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)}
Ù¥

‖v‖X := ‖v‖
L̃

2
1−α (0,∞; ˙FB

3− 3
p
−α

p,r )
+ ‖v‖

L̃
2

1+α (0,∞; ˙FB
3− 3

p
+α

p,r )
.
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dÚn 2.4 , Ún 3.2±9Ún 2.3��,�3�~ê Ci(i = 1, 2, 3),¦�

‖N1(u, u)‖X ≤ C‖u⊗ u‖
L̃1(0,∞; ˙FB

3− 3
p

p,r )
≤ C1‖u‖2X , (4.3)

‖N1(B,B)‖X ≤ C‖B ⊗B‖
L̃1(0,∞; ˙FB

3− 3
p

p,r )
≤ C2‖B‖2X , (4.4)

‖N2(u,B)‖X + ‖N2(B, u)‖X ≤ C‖u⊗B‖
L̃1(0,∞; ˙FB

3− 3
p

p,r )
≤ C3‖u‖X ‖B‖X . (4.5)

Ïd,(Ü (4.1)-(4.5)��,é?¿� (u,B) ∈X ,¤á

‖B1(u,B)‖X ≤ C0‖u0‖
˙FB

2− 3
p

p,r

+ C2‖u‖2X + C3‖B‖2X

≤ C0

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

){
1 + 4C0C1

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)
+ 4C0C2

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)}
(4.6)

Ú

‖B2(u,B)‖X ≤ C0‖B0‖
˙FB

2− 3
p

p,r

+ C3‖u‖X ‖B‖X

≤ C0

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

){
1 + 4C0C3

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)}
. (4.7)

aq/,éu?¿� (u1, B1), (u2, B2) ∈X ,�3~ê Ci(i = 4, 5, 6, 7),¦�

‖B(u1, B1)−B(u2, B2)‖X

≤
∥∥∥∥∫ t

0

TΩ(t− τ)P∇ ·
[
u1(τ)⊗ (u1(τ)− u2(τ)) + (u1(τ)− u2(τ))⊗ u2(τ)

]
dτ

∥∥∥∥
X

+

∥∥∥∥∫ t

0

TΩ(t− τ)P∇ ·
[
B1(τ)⊗ (B1(τ)−B2(τ)) + (B1(τ)−B2(τ))⊗B2(τ)

]
dτ

∥∥∥∥
X

+

∥∥∥∥∫ t

0

e(t−τ)∆∇ ·
[
u1(τ)⊗ (B1(τ)−B2(τ)) + (u1(τ)− u2(τ))⊗B2(τ)

]
dτ

∥∥∥∥
X

+

∥∥∥∥∫ t

0

e(t−τ)∆∇ ·
[
B1(τ)⊗ (u1(τ)− u2(τ)) + (B1(τ)−B2(τ))⊗ u2(τ)

]
dτ

∥∥∥∥
X

≤ C4(‖u1‖X + ‖u2‖X )‖u1 − u2‖X + C5(‖B1‖X + ‖B2‖X )‖B1 −B2‖X

+ C6(‖u1‖X + ‖u2‖X )‖B1 −B2‖X + C7(‖B1‖X + ‖B2‖X )‖u1 − u2‖X

≤ 4C0(C4 + C7)
(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)
‖u1 − u2‖X

+ 4C0(C5 + C6)
(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)
‖B1 −B2‖X . (4.8)
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Ïd,XJ (u0, B0) ∈ ˙FB
2− 3

p

p,r (R3)÷v

‖u0‖
˙FB

2− 3
p

p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

≤ min

{
1

8C0C1

,
1

8C0C2

,
1

8C0C3

,
1

8C0(C4 + C7)
,

1

8C0(C5 + C6)

}
,

d (4.6)-(4.8)�

‖B1(u,B)‖X ≤ 2C0

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)
, ‖B2(u,B)‖X ≤ 2C0

(
‖u0‖

˙FB
2− 3

p
p,r

+ ‖B0‖
˙FB

2− 3
p

p,r

)
,

�

‖B(u1, B1)−B(u2, B2)‖X <
1

2
‖(u1, B1)− (u2, B2)‖X .

Ïd,d BanachØÄ:½n��,¯K (1.1)3X ¥�3����N§Ú) (u,B) ∈ Xα.

ey (u,B) ∈ C
(
[0,∞), ˙FB

2− 3
p

p,r (R3)
)
.¯¢þ,dÚn 2.3,Ún 2.4,Ún 3.1,±9Ún 3.2��

‖u‖
L̃∞(0,∞; ˙FB

2− 3
p

p,r )
≤ C‖u0‖

˙FB
2− 3

p
p,r

+ C‖∇[u(τ)⊗ u(τ)]‖
L1(0,∞; ˙FB

2− 3
p

p,r )

+ C‖∇[B(τ)⊗B(τ)]‖
L1(0,∞; ˙FB

2− 3
p

p,r )

≤ C‖u0‖
˙FB

2− 3
p

p,r

+ C‖u‖2X + C‖B‖2X <∞.

Ú

‖B‖
L̃∞(0,∞; ˙FB

2− 3
p

p,r )
≤ C‖u0‖

˙FB
2− 3

p
p,r

+ C‖∇[u(τ)⊗B(τ)]‖
L1(0,∞; ˙FB

2− 3
p

p,r )

+ C‖∇[B(τ)⊗ u(τ)]‖
L1(0,∞; ˙FB

2− 3
p

p,r )

≤ C‖B0‖
˙FB

2− 3
p

p,r

+ C‖u‖X ‖B‖X <∞.

?, ÏLIO�È�5?Ø�� (u,B) ∈ C
(
[0,∞), ˙FB

2− 3
p

p,r (R3)
)
,ùÒ�¤
½n 1.1�y².

½n 1.2�y²: ½n 1.2�y²�½n 1.1�y²�q,�I�ò¼ê�m Xα O�� Y α =

�,[!�Ñ.

Ä7�8
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