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Some results for the Korn inequality at endpoints
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Abstract. Let Ω be a bounded domain in Rn (n ≥ 2). The Korn inequality states
that the norm of the derivatives of a vector field u ∈ W 1,p(Ω,Rn) (1 < p < ∞)
is bounded by the norm of the linearized strain tensor, and yet the endpoint cases
p = 1 and p =∞ were left open. In this paper, by using the singular integral theory,
we derive the Korn inequality for the Sobolev vector fields with vanishing boundary
values at endpoints mentioned above for the first time.
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1 ÚÚÚóóó

�Ω´Rn (n ≥ 2)¥���k.«�.- 1 ≤ p ≤ ∞,éu?¿��þ|u :=
(u1, u2 · · · , un) ∈W 1,p(Ω,Rn),PDuÚ ε(u)©O�u�FÝÝ
ÚDu�é¡Ü©,=

Du :=

(
∂ui
∂xj

)
1≤i, j≤n

, ε(u) := (εij(u))1≤i, j≤n :=

(
1

2

(
∂ui
∂xj

+
∂uj
∂xi

))
1≤i, j≤n

.

KornØ�ª´�XJ�þ|u÷v1�«^�

u(x) = 0, ∀x ∈ ∂Ω, (A)

½ö1�«^� ∫
Ω

(
∂ui
∂xj
− ∂uj
∂xi

)
dx = 0, 1 ≤ i, j ≤ n, (B)

Ä7�8: I[g,�ÆÄ7 (11922114, 11671039 & 11771043).
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Ké 1 < p <∞,�3�~êC,¦�

‖Du‖Lp(Ω) ≤ C ‖ε(u)‖Lp(Ω) . (Kp)

5¿��
;� (Kp)¥mà� 0,
�àØ� 0��¹,^� (A)½ (B)´Ø�½"�,�©
z [17, 18].TØ�ª´ïÄ�5�å�§Ú6NåÆ�Ä�óä,3 �©�§�+�¥
kNõ­�A^,�©z [3, 6, 11, 13, 19, 20, 21, 22, 23, 27].

3^� (A)e, FriedrichsÚHorgan©O3©z [11]Ú©z [13]¥y²
 (Kp)3?¿
«�þÑ¤á.Ó�, KikuchiÚOden3©z [19]¥`²
~êC ≤

√
2 (�Z~ê8c

E´���).3^� (B)e, KornØ�ª3�o«�þ¤áÚå
2�'5¿��
w
Í�?Ð,~X: Friedrichs3©z [11]¥y²
 (K2)3>.�kk�êþ�>½��«
�þ¤á; Kondratiev�<3©z [20]¥y²
 (K2)3(/�þ¤á; Ting3©z [27]¥
y²
 (Kp)3k.Lipschitz«�þ¤á;�C, Acosta�<3 John«�þïá
KornØ
�ª, Jiang�<?�Úy²
3�½^�eKornØ�ª¤á��=�«�´ John«
�,�©z [3, 15].Cc5,'uKornØ�ª3�
Ø5K«�þ�ïÄ,~X: Hölder«
�, s-John«� (s > 1),�©z [1, 2, 14].

5¿�±þ¤kéKornØ�ª�ïÄÑ��3u ∈ W 1,p(Ω,Rn) (1 < p < ∞)ù
�¼ê�m.
� p = 1�, KornØ�ª=¦´3���Nþ�Ø¤á,�Conti�<3©
z [7]¥�Ñ��~;� p =∞�,ÏL�þ (y log(x2+y2)φ(x, y), −x log(x2+y2)φ(x, y)),Ù
¥φ´Rnþ�1w¼ê,÷v suppφ ⊂ B(0, 2),¿��x2 + y2 ≤ 1�φ(x, y) = 1,�±w
ÑKornØ�ª (Kp)3 p =∞�Ø¤á.g,,·�JÑXe¯K:

�þ¼êuáu=�a¼ê�m¦�KornØ�ª3à: p = 1½ p =∞?¤á?

¯¤±�,dFefferman-Stein¤Ú\�Hardy�mH1(Rn)Ú John-Nirenberg¤Ú\
�k.²þ�Ä�mBMO(Rn)©O´Lebesgue�mL1(Rn)ÚL∞(Rn)���T��
O�.~X, RieszC�©O3L1(Rn)ÚL∞(Rn)þÃ.,�´§3H1(Rn)ÚBMO(Rn)þ
þk..Édéu,3^� (A)e,·��ÄòHardy-Sobolev�mH1,1

z,0 (Ω,Rn) (�Xe½

Â 2.5)ÚBMO-Sobolev�mBMO1
z,0(Ω,Rn) (�Xe½Â 2.6)��ïÄ�m,/ÏÛÉÈ

©nØ,^«�þ�Hardy�mH1
z (Ω) (�Xe½Â 2.3)Úk.²þ�Ä�mBMOz(Ω) (�

Xe½Â 2.4)©O�OKornØ�ª (Kp)¥�L1(Ω)ÚL∞(Ω),��
þ¡¯K��½£
�.�©�Ì�(J�QãXe:

½½½nnn 1.1. �Ω´Rn¥���k.«�,K�3�~êC,¦�éu?¿��þ|u ∈
H1,1
z,0 (Ω,Rn),k

‖Du‖H1
z (Ω) ≤ C ‖ε(u)‖H1

z (Ω) .

½½½nnn 1.2. �Ω´Rn¥���k.«�,K�3�~êC,¦�éu?¿��þ|u ∈
BMO1

z,0(Ω,Rn),k
‖Du‖BMOz(Ω) ≤ C ‖ε(u)‖BMOz(Ω) .

¯¢þ,þãKornØ�ªò´±e�r(J�íØ.- 1 ≤ p ≤ ∞,éu?¿��þ
|u := (u1, u2 · · · , un) ∈W 1,p(Ω,Rn),P

S(u) := ε(u)− div(u)

n
In×n.

·�¡S(u)�Du���/Ü©,�©z [25].
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½½½nnn 1.3. �Ω´Rn¥���k.«�,K�3�~êC,¦�éu?¿��þ|u ∈
H1,1
z,0 (Ω,Rn),k

‖Du‖H1
z (Ω) ≤ C ‖S(u)‖H1

z (Ω) .

½½½nnn 1.4. �Ω´Rn¥���k.«�,K�3�~êC,¦�éu?¿��þ|u ∈
BMO1

z,0(Ω,Rn),k

‖Du‖BMOz(Ω) ≤ C ‖S(u)‖BMOz(Ω) .

þãØ�ª� 1 < p <∞��/�±ë�©z [5, 9, 24].·�¡½n 1.39 1.4¥Ñy
�KornØ�ª��/�KornØ�ª.�â©z [9],�/�KornØ�ª32Â�éØ¥k
X­��A^.ØJuy,½n 1.19 1.2�(Ø���d½n 1.39 1.4%¹,�I5¿�

‖S(u)‖H1
z (Ω) ≤ C ‖ε(u)‖H1

z (Ω) ,

±9

‖S(u)‖BMOz(Ω) ≤ C ‖ε(u)‖BMOz(Ω) .

�©(�Xe.1 2!£�
�
©¥^��¼ê�m�½ÂÚPÒ.1 3!/
ÏReimannÚAhlfors3ïÄk'[�/Nì�ïá��þ�È©L�/ª(�[25])±9
ÛÉÈ©nØy²
½n 1.3 Ú 1.4.

�1©�B,é�©�Xe�½.^CL«�Ì�CþÃ'��~ê,�§3ØÓ
1�L«ØÓ��,
�keI��~êKL«�½�~ê,XC1.PS(Rn)�Rnþ
� Schwarz¼ê�8Ü,D(Ω)�3Ω¥k;|8�1w¼ê�8Ü,D′(Ω)�D(Ω)þ�
©Ù.^ωnL«Rn¥ü ¥�L¡È.

2 ýýý������£££

�!·�Äk£��
¼ê�m�½ÂÚL«.

½½½ÂÂÂ 2.1. ([4, 8]) �φ ∈ D(Rn)�÷v
∫
Rn φ(x) dx 6= 0,é?¿� t > 0,Pφt(·) :=

t−nφ(·/t). Hardy�mH1(Rn)½Â�

H1(Rn) :=
{
f ∈ D′(Rn) : Mφf ∈ L1(Rn)

}
,

Ù¥

Mφf(x) := sup
t>0
|φt ∗ f(x)| := sup

t>0

∣∣∣∣∫
Rn

φt(x− y)f(y)dy

∣∣∣∣ ,
¡� f'uφ�»�4�¼ê.½Â�ê

‖f‖H1(Rn) := ‖Mφf‖L1(Rn) .

½½½ÂÂÂ 2.2. ([12, 26]) k.²þ�Ä�mBMO(Rn)½Â�

BMO(Rn) :=
{
f ∈ L1

loc(Rn) : ‖f‖BMO(Rn) <∞
}
,
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Ù¥

‖f‖BMO(Rn) := sup
Q⊂Rn

1

|Q|

∫
Q
|f(x)− fQ| dx.

ùpQ�Rn¥>��I¶²1��N, |Q|L«Q�LebesgueÿÝ, fQ := 1
|Q|
∫
Q f(x)dx

¡� f3Qþ�È©²þ.

ØJy²,H1(Rn) ⊂ L1(Rn)�L∞(Rn) ⊂ BMO(Rn),�©z [12, 26].
«�Ωþ�Hardy�mkü«½Â�ª.oÑ
ó,�«´|83Ωþ�H1(Rn)¥�

���8Ü,,�«´rH1(Rn)¥������«�Ωþ.�©?Ø�´1�«a.�«
�þ�Hardy�m,y£�Ù½Â.

½½½ÂÂÂ 2.3. ([4, 8]) é?¿m8Ω ⊂ Rn,«�Ωþ�Hardy�mH1
z (Ω)½Â�

H1
z (Ω) :=

{
f ∈ D′(Rn) : f ∈ H1(Rn), suppf ⊂ Ω

}
,

½Â�ê

‖f‖H1
z (Ω) := ‖f‖H1(Rn) .

I��Ñ�´,� f := (f1, f2, · · · , fn)´½Â3«�Ωþ�n��þ,XJé¤k

� 1 ≤ i ≤ nÑk fi ∈ H1
z (Ω),@o¡ f ∈ H1

z (Ω)� ‖f‖H1
z (Ω) :=

n∑
i=1
‖fi‖H1

z (Ω).

�«�þ�Hardy�maq,«�Ωþ�BMO�m�kü«½Â�ª.y£�Ù¥�
«.

½½½ÂÂÂ 2.4. ([4, p. 87]) é?¿m8Ω ⊂ Rn,«�Ωþ�k.²þ�Ä�mBMOz(Ω)½Â
�

BMOz(Ω) :=
{
f ∈ L1

loc(Rn) : f ∈ BMO(Rn), suppf ⊂ Ω
}
,

½Â�ê

‖f‖BMOz(Ω) := ‖f‖BMO(Rn) .

aqu Sobolev�m, Hardy-SobolevÚBMO-Sobolev�m�©O½ÂXe.

½½½ÂÂÂ 2.5. ([8, p. 356]) é?¿m8Ω ⊂ Rn,«�Ωþ�Hardy-Sobolev�mH1,1
z,0 (Ω)½Â

�

H1,1
z,0 (Ω) :=

{
f ∈ L1

loc (Rn) : suppf ⊂ Ω, ∇f ∈ H1
z (Ω)

}
,

½½½ÂÂÂ 2.6. ([4, 8]) é?¿m8Ω ⊂ Rn,«�Ωþ�BMO-Sobolev�mBMO1
z,0(Ω)½Â

�

BMO1
z,0(Ω) :=

{
f ∈ L1

loc(Rn) : suppf ⊂ Ω, ∇f ∈ BMOz(Ω)
}
.

3 ½½½nnn 1.3 ÚÚÚ 1.4 ���yyy²²²

�!·�y²½n 1.3Ú 1.4.�d,·�I�Xe�VgÚÚn.

½½½ÂÂÂ 3.1. ([12, p. 142]) �K ∈ L1(Rn),P K̂�ÙFourierC�,XJ
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(i) |K̂(x)| ≤ C1, ∀x ∈ Rn;

(ii) é�� y 6= 0,k ∫
|x|≥2|y|

|K(x− y)−K(x)|dx ≤ C1,

K¡K´��Calderón-ZygmundÛÉÈ©Ø,{¡C-ZØ,Ù¥C1¡�K�C-Z~ê.

ÚÚÚnnn 3.2. ([12]) éXþ½Â�C-ZØK,-Tf := K ∗ f ,K±en�(Ø�d:

(i) ‖Tf‖BMO(Rn) ≤ C‖f‖L∞(Rn);

(ii) ‖Tf‖H1(Rn) ≤ C‖f‖H1(Rn);

(iii) ‖Tf‖BMO(Rn) ≤ C‖f‖BMO(Rn).

Ù¥�~êC��nÚC1k'.

Ún 3.2¥½Â�È©�fT ¡�Calderón-ZygmundÛÉÈ©�f,{¡C-Z�f.

ÚÚÚnnn 3.3. �φ ∈ D(Rn)´�K4~�»�¼ê�÷v
∫
Rn φ(x) dx = 1.é?¿� f ∈

W 1,p(Rn) (1 ≤ p ≤ ∞),- ft(·) := φt ∗ f(·),Ù¥,é?¿� t > 0,φt(·) := t−nφ(·/t),KkX
e(Ø¤á:

(i) é 1 ≤ p <∞,k ft ∈ S(Rn),e?�Ú, fk;|8,Kk ft ∈ D(Rn);

(ii) éA�??�x ∈ Rn,k lim
t→0

ft(x) = f(x)±9 lim
t→0

∂ft(x)
∂xj

= ∂f(x)
∂xj

;

(iii) é 1 ≤ p <∞,k lim
t→0
‖ft − f‖Lp(Rn) = 0;

(iv) é 1 ≤ p <∞±9?¿� 1 ≤ j ≤ n,k lim
t→0
‖ ∂ft∂xj

− ∂f
∂xj
‖Lp(Rn) = 0.

yyy²²²µµµ (i), (ii)Ú (iii)�y²�©z [26].yy (iv).d (iii)��,�y (iv),�Iyé?
¿� 1 ≤ j ≤ n,eã�ª¤á

∂ft(x)

∂xj
= φt ∗

∂f

∂xj
(x).

d

ft(x) = φt ∗ f(x) =

∫
Rn

φt(x− y)f(y)dy,

�ªü>Ó�éx�1 j�Cþ¦ �,K

∂ft(x)

∂xj
=

∂

∂xj

∫
Rn

φt(x− y)f(y)dy

=

∫
Rn

∂

∂xj
φt(x− y)f(y)dy = −

∫
Rn

∂

∂yj
φt(x− y)f(y)dy

=

∫
Rn

φt(x− y)
∂

∂yj
f(y)dy = φt ∗

∂

∂xj
f(x).
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Ún 3.3y..

±e(Ø�©z [25]¥�·K 9Ú·K 10�?�Úí2,�´Ø©(Jy²�Ì�ó
ä.éu?¿��þ| f ∈W 1,1

loc (Rn,Rn),-

S(f) := (Sij(f))1≤i, j≤n := ε(f)− div(f)

n
In×n. (3.1)

��5¿�´,þã (3.1)ª¥½Â�S(f)´��,"�é¡¼êÝ
.

···KKK 3.4. é?¿�þ| f ∈W 1,p(Rn,Rn) (1 < p <∞),eã�ª

Dhf(x) = CnDhES(f)(x),

é a.e.x ∈ Rn¤á¿3Lp(Rn)¥¤á,Ù¥DhL«÷ü �þ eh���f�ê,Cn =
n

2(n−1)ωn
,�

DhES(f) = (Dh(ES(f))1, Dh(ES(f))2, · · · , Dh(ES(f))n),

Dh(ES(f))k(x) =
4ωn
n+ 2

Shk(f)(x) +

n∑
i, j=1

∫
Rn

Dhγ
k
ij(x− y)Sij(f)(y)dy, 1 ≤ h, k ≤ n,

γkij(x) = |x|−n(δikxj + δjkxi − δijxk) + |x|−n−2(n− 2)xixjxk, (3.2)

Dhγ
k
ij´��C-ZØ, δij�Kronecker delta¼ê.

yyy²²²µµµ é?¿�þ| f ∈W 1,∞(Rn,Rn),©z [25]¥·K 9Ú·K 10©OL²

f = CnES(f), ES(f) = ((ES(f))1, (ES(f))2, · · · , (ES(f))n) ,

3:�¿Âe¤á,Ù¥

(ES(f))k(x) = −
n∑

i, j=1

∫
Rn

γkij(x− y)Sij(f)(y)dy, 1 ≤ k ≤ n,

¿�
Dhf = CnDhES(f),

3©Ù¿Âe¤á.d Sobolev¼ê�½Â��,CnDhES(f)=� f÷h���f�ê,�
©z [10].

�1w¼êφ, suppφ ⊂ B(0, 1),� |x| ≤ 1/2�φ(x) = 1�÷v
∫
Rn φ(x) dx = 1.é?

¿�þ| f ∈ W 1,p(Rn,Rn) (1 < p < ∞),- ft(·) := φt ∗ f(·),Ù¥,é?¿� t > 0,φt(·) :=
t−nφ(·/t).dÚn 3.3 (i),� ft ∈ S(Rn,Rn) ⊂ W 1,∞(Rn,Rn).PS(ft) := (Sij(ft))1≤i, j≤n,@
oé ftk

ft(x) = CnES(ft)(x),
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¿�eã�ª3©Ù¿Âe¤á,

Dhft = CnDhES(ft). (3.3)

d

Dh(ES(ft))k(x) =
4ωn
n+ 2

Shk(ft)(x) +

n∑
i, j=1

∫
Rn

Dhγ
k
ij(x− y)Sij(ft)(y)dy, 1 ≤ h, k ≤ n,

±9Dhγ
k
ij´��C-ZØ (�©z [25, ·K 10]),��

‖Dh(ES(ft))k‖Lp(Rn) ≤ C ‖Shk(ft)‖Lp(Rn) + C

n∑
i, j=1

‖Sij(ft)‖Lp(Rn)

≤ C
n∑

i, j=1

‖Sij(ft)‖Lp(Rn) ≤ C
n∑

i, j=1

‖Sij(f)‖Lp(Rn) .

Ù¥���ÚdÚn 3.3íÑ.
dþã�O±9 (3.3)ªí� ft ∈W 1,p(Rn,Rn)�Dhft ∈ Lp(Rn).
�âÛÉÈ©3Lp(Rn)þ�k.5, ft = φt ∗ f ,±9Ún 3.3?�Ú��,�3�~

êC,¦�

lim
t→0
‖Dh(ES(ft))k −Dh(ES(f))k‖Lp(Rn)

≤ lim
t→0

C ‖Shk(ft)− Shk(f)‖Lp(Rn) + C
n∑

i, j=1

‖Sij(ft)− Sij(f)‖Lp(Rn)


= 0. (3.4)

dÚn 3.3��DhftA�??ÂñuDhf ,¿�3Lp(Rn)¥ÂñuDhf .?�Ú,dd
±9 (3.3)Ú (3.4)ª,·�íÑ

Dhf(x) = CnDhES(f)(x), a.e.x ∈ Rn,

�3Lp(Rn)¥¤á.·K 3.4y..

e¡·��Ñ½n 1.3�y².

½½½nnn 1.3 ���yyy²²². Äk,é?¿�þ|u ∈ H1,1
z,0 (Ω,Rn),dD(Ω)3H1,1

z,0 (Ω)¥È� (�©

z [4]),���3�þ|ut ∈ D(Ω,Rn),¦�

lim
t→0
‖ut − u‖

H1,1
z,0(Ω)

= 0.

�A^·K 3.4,·�-

ũ :=

{
u, x ∈ Ω;

0, x ∈ Ω{.
(3.5)
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P� ũ := (ũ1, ũ2 · · · , ũn).aq/,-

ũt :=

{
ut, x ∈ Ω;

0, x ∈ Ω{.

P� ũt := (ũ1
t , ũ

2
t · · · , ũnt ).dDu�L«±9½Â 2.3Ú 2.5,��

lim
t→0
‖Dũt −Dũ‖H1(Rn) = 0. (3.6)

(Ü (3.1)ª,ù?�ÚV«


lim
t→0
‖S(ũt)− S(ũ)‖H1(Rn) = 0. (3.7)

Ùg,PS(ũt) := (Sij(ũt))1≤i, j≤n,A^·K 3.4��,eã�ª

Dh(ũkt )(x) =
4ωnCn
n+ 2

Shk(ũt)(x) + Cn

n∑
i, j=1

∫
Rn

Dhγ
k
ij(x− y)Sij(ũt)(y)dy, 1 ≤ h, k ≤ n,

3A�??¿Âe±9Lp(Rn)¥¤á,Ù¥ 1 < p < ∞,Ï�ùp ũt ∈ D(Rn,Rn) ⊂
W 1,p(Rn,Rn).

Ïd,·�k

Dh(ũkt )(x) = CnDh(ES(ũt))k(x)

=
2n

(n− 1)(n+ 2)
Shk(ũt)(x)

+
n

2(n− 1)ωn

n∑
i, j=1

∫
Rn

Dhγ
k
ij(x− y)Sij(ũt)(y)dy

= C2Shk(ũt)(x) + C3

n∑
i, j=1

T kSij(ũt)(x), (3.8)

ùp

C2 =
2n

(n− 1)(n+ 2)
, C3 =

n

2(n− 1)ωn
,

¿�

T kSij(ũt)(x) :=

∫
Rn

Dhγ
k
ij(x− y)Sij(ũt)(y)dy, (3.9)

Ù¥T k´� ũt�1 k�©þk'�C-Z�f.
d	,d (3.9)ªÚÚn 3.2 (ii)=�∥∥∥T kSij(ũt)∥∥∥

H1(Rn)
≤ C ‖Sij(ũt)‖H1(Rn) . (3.10)
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éá (3.8)Ú (3.10)ª,l
�

‖Dũt‖H1(Rn) =

n∑
h, k=1

∥∥∥Dh(ũkt )
∥∥∥
H1(Rn)

≤
n∑

h, k=1

(
C2 ‖Shk(ũt)‖H1(Rn) + C3

n∑
i, j=1

∥∥∥T kSij(ũt)∥∥∥
H1(Rn)

)

≤
n∑

h, k=1

(
C2 ‖Shk(ũt)‖H1(Rn) + CC3

n∑
i, j=1

‖Sij(ũt)‖H1(Rn)

)
≤ C ‖S(ũt)‖H1(Rn) .

dd��

‖Dũ‖H1(Rn) ≤ ‖Dũ−Dũt‖H1(Rn) + ‖Dũt‖H1(Rn)

≤ ‖Dũ−Dũt‖H1(Rn) + C ‖S(ũt)‖H1(Rn)

≤ ‖Dũ−Dũt‖H1(Rn) + C
(
‖S(ũt)− S(ũ)‖H1(Rn) + ‖S(ũ)‖H1(Rn)

)
.

��,þªüà- t→ 0,2(Ü (3.6)Ú (3.7)ªíÑ

‖Du‖H1
z (Ω) = ‖Dũ‖H1(Rn) ≤ C ‖S(ũ)‖H1(Rn) = C ‖S(u)‖H1

z (Ω) .

½n 1.3�y.

3½n 1.4�y²�c,·�Äk£�BMO�m¥���­�5�,=Í¶� John-
NirenbergØ�ª.

ÚÚÚnnn 3.5. ([12, 16]) éz�� f ∈ BMO(Rn),k

sup
Q⊂Rn

1

|Q|

∫
Q
eλ|f(x)−fQ|/‖f‖∗dx ≤ C, (3.11)

Ù¥�~êλÚC��nk'.

��5¿�´,3 (3.11)ª¥,·�Ø�� fQ = 09 ‖f‖∗ = 1,l
´�

f ∈ BMO(Rn) ⊂ Lploc(R
n),

Ù¥ 0 < p <∞.

e¡·��Ñ½n 1.4�y².

½½½nnn 1.4 ���yyy²²². Äk,é?¿�þ|u ∈ BMO1
z,0(Ω,Rn),aqu½n 1.1�?Ø,�

� ũX (3.5)ª.dþãÚn±9 ũk;|8 supp ũ ⊂ Ω,´� ũ ∈ W 1,p(Rn,Rn) (1 < p <
∞).
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Ùg,PS(ũ) := (Sij(ũ))1≤i, j≤n,A^·K 3.4=�,é ũk

Dh(ũk)(x) =
4ωnCn
n+ 2

Shk(ũ)(x) + Cn

n∑
i, j=1

∫
Rn

Dhγ
k
ij(x− y)Sij(ũ)(y)dy, 1 ≤ h, k ≤ n,

3A�??¿Âe±9Lp(Rn)¥¤á.
�k

Dh(ũk)(x) = C2Shk(ũ)(x) + C3

n∑
i, j=1

T kSij(ũ)(x), (3.12)

Ù¥

T kSij(ũ)(x) =

∫
Rn

Dhγ
k
ij(x− y)Sij(ũ)(y)dy.

dd9Ún 3.2 (iii)=�∥∥∥T kSij(ũ)
∥∥∥
BMO(Rn)

≤ C ‖Sij(ũ)‖BMO(Rn) . (3.13)

��,éá (3.12)Ú (3.13)ª,Kk

‖Du‖BMOz(Ω) = ‖Dũ‖BMO(Rn) =

n∑
h, k=1

‖Dh(ũk)‖BMO(Rn)

≤
n∑

h, k=1

(
C2 ‖Shk(ũ)‖BMO(Rn) + C3

n∑
i, j=1

∥∥∥T kSij(ũ)
∥∥∥
BMO(Rn)

)

≤
n∑

h, k=1

(
C2 ‖Shk(ũ)‖BMO(Rn) + CC3

n∑
i, j=1

‖Sij(ũ)‖BMO(Rn)

)
≤ C ‖S(ũ)‖BMO(Rn) = C ‖S(u)‖BMOz(Ω) .

½n 1.4�y.
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