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½Â ([17])

X´D��m.

e�3X¥�4¥�(B(xn, rn))∞n=1§¦�

SX ⊂
∞⋃
n=1

B(xn, rn)

�0 /∈ B(xn, rn)§n ∈ N§K¡Xk¥CX5�£ball-covering prop-

erty§BCP¤.

CHENG L X. Ball-covering property of Banach spaces. Israel

journal of mathematics, 2006, 156(1):111-123.
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½Â

X´D��m.

(1)[1] eXk¥CX5��¥%S�(xn)∞n=1k.£=sup
n∈N
||xn|| <

∞¤§K¡Xkr¥CX5�£strong ball-covering property§SBCP¤.

(2)[1] eXkr¥CX5��∃r > 0§¦�B(xn, rn) ∩ B(0, r) =

∅§n ∈ N§K¡Xk��¥CX5�£uniform ball-covering proper-

ty§UBCP¤.

LUO Z H, ZHENG B T. Stability of ball covering property.

Studia mathematica, 2020, 250(1):19-34.
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`p(Γ)(1 6 p 6∞)vk¥CX5�§Ù¥Γ´Ø�ê�I8.

`∞k��¥CX5�.

S`∞ ⊂
∞⋃
n=1

B(±pen, 1)§1 < p < 2.

L∞[0, 1]vk¥CX5�.

¯K:

B(H)kvk¥CX5�? k! ^Ì©).

B(lp)kvk¥CX5�(1 ≤ p ≤ ∞)? k! �6uS��ê.

B(Lp[0, 1])kvk¥CX5�? 8c=��p = 1�vk, Ù

{1 < p <∞E��.

H∞(D)kvk¥CX5�?

BMO(Rd)kvk¥CX5�?
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dHahn-Banachà8©�5½n§

½n

X´D��m. eXk¥CX5�§KX ∗f*�©§���Ø,.

(L∞[0, 1])∗ = (L1[0, 1])∗∗f*�©§�L∞[0, 1]vk¥CX5

�.
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½n

X´D��m. eX ∗k¥CX5�§KX�©§���Ø,.

L1[0, 1]�©§�(L1[0, 1])∗ = L∞[0, 1]vk¥CX5�.

(C [a, b])∗vk¥CX5�.

nþµX ∗�©=⇒ X ∗k¥CX5�=⇒ X�©=⇒ Xk¥C

X5�=⇒ X ∗f*�©§�Ù¥z�_·KþØ¤á.
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½n ([17])

SX�3���ê��»���u1�¥CX§KX´�©§��½

,.

½n ([17])

�X Gateauxäk��5½ÛÜ��à5�§Xk¥CX5�§�

�=�X´w∗�©�.

CHENG L X. Ball-covering property of Banach spaces[J]. Israel

journal of mathematics, 2006, 156(1):111-123.

4¯Q ��¼ê�mÚ����f�m�¥CX5�



½n

(X , || · ||)´Banach�m§KX ∗f*�©§��=�∀ε > 0§�3|| ·
||�(1 + ε)�d�ê||| · |||§¦�X ′ = (X , ||| · |||)k(r)¥CX5�.

½n ([21])

(X , || · ||)´Banach�m§KX ∗f*�©§��=�SX���ê�¥

%é¡�k.àN�²£¤CX§�ù
8ÜÑØ�¹":.

Cheng, LiXin; Shi, HuiHua; Zhang, Wen Every Banach space

with a w∗-separable dual has a 1 + ε-equivalent norm with the ball

covering property. Sci. China Ser. A 52 (2009), no. 9, 1869õ1874.

FONF V P,ZANCO C. Covering spheres of Banach spaces by

balls. Mathematische Annalen, 2009, 344(4):939-945.
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½Â¼êp : `∞ → R§eu = (u(n))∞n=1 ∈ `∞§p(u) =

lim sup
n→∞

|u(n)|. ∀λ ∈ [0, 1]§

|| · ||λ , λ|| · ||+ (1− λ)p(·),

Ù¥|| · ||�`∞�þ(.�ê||u|| = sup
n∈N
|u(n)|. PXλ = (`∞, || · ||λ).

½n ([6])

Xλ = (`∞, || · ||λ)k¥CX5�§��=�λ ∈
(
1
2 , 1
]
.

¯K: D���E'uB(H)?

CHENG L X, CHENG Q J, LIU X Y. Ball-covering property of

Banach spaces that is not preserved under linear isomorphisms[J].

Science in China Series A: Mathematics, 2008, 51(1):143-147.
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½n ([6])

f�mØ�½�±¥CX5�.

`1[0, 1] ⊂ `∞.

½n ([1])

Èf�m�±¥CX5�.

¯K:

XJ�3��Èf�m÷v¥CX5�, ��m´Ä÷v¥

CX5�

LUO Z H, ZHENG B T. Stability of ball covering property.

Studia mathematica, 2020, 250(1):19-34.

4¯Q ��¼ê�mÚ����f�m�¥CX5�



`∞��D����d�ê¦Ù��¥CX5�.

½n ([6])

Ó�N�Ø�½�±¥CX5�.

�mXλ = (`∞, ||·||λ),´��λ = 0�§||·||0´û�m`∞/c0¥

��ê§�½n4.1£7�5¤�y²L§éλ = 0E¤á§l

`∞/c0vk¥CX5�.

½n ([6])

û�mØ�½�±¥CX5�.

¯K:

1. XJQ´f�mq´û�m(=1-�Öf�m)�, ´ÄD

4¥CX5�? Ä!

2. Calkin�êB(H)/K (H)´Ä÷v¥CX5�?
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�¯K:

XJ��Banach�mX�?¿D��Ñ÷v¥CX5�§́

ÄX�©???
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½n ([1])

{Xk : k ∈ N}´��D��m§1 6 p < ∞§K�Ú�mX =

(
∑
⊕Xk)`pk¥CX5�§��=�z�Xk k¥CX5�.

½n ([1])

{Xk : k ∈ N}´��D��m§E = c0½`∞§K�Ú�mX =

(
∑
⊕Xk)Ek¥CX5�§��=�z�Xkk¥CX5�.

LUO Z H, ZHENG B T. Stability of ball covering property.

Studia mathematica, 2020, 250(1):19-34.
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½n ([1])

X´D��m§1 6 p <∞§KLp([0, 1],X )k¥CX5�§��=

�Xk¥CX5�.

e(Ω,Σ, µ)´�©�ÿÝ�m§1 6 p <∞§K�3�ê��
I8I§s.t. Lp(µ,X ) = Lp([0, 1],X )⊕p `

p(I ,X ). ldíØ5.3Ú

½n5.6§

½n ([1])

(Ω,Σ, µ)´�©�ÿÝ�m§1 6 p < ∞§KLp(µ,X )k¥CX5

�§��=�Xk¥CX5�.
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½n (Liu, Liu, Lu, Zheng, 2022)

K´ÛÜ;Haussdorff�m, Ke��d

(1)C0(K )k¥CX5�.

(2)Kk��π-Ä(ù´'ÿÀÄ�f�m8x!).

(3) C0(K )k��¥CX5�.

¯K:

C ∗-�ê÷v¥CX5���=�÷v��¥CX5�?

Minzeng Liu; Rui Liu; Jimeng Lu,;Bentuo Zheng Ball covering

property from commutative function spaces to non-commutative s-

paces of operators. Journal of Functional Analysis,283(2022) 109502
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½n (Liu, Liu, Lu, Zheng, 2022)

X´Banach�m, K´ÛÜ;Haussdorff�m, Ke��d

(1)C0(K ,X )k(��½r)¥CX5�.

(2)Kk��π-Ä¿�Xk(��½r)¥CX5�.

(3) C0(K )k(��½r)CX5�¿�Xk(��½r)¥CX5�.
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íØ (Liu, Liu, Lu, Zheng, 2022)

{Ωk} �õ�ê�;Hausdorff�m. ×Ωk�È�m. Ke��d:

(1) ×Ωkk��π-Ä;

(2) C (×Ωk)k��¥CX5�;

(3) C (Ωk)k��¥CX5�éz�k;

(4) Ωkk��π-Äéz�k.
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·��Ñ�~fÏLù�ÿÀ�x. �L´Xd¢¼ê�Nf :

R→ {0, 1}, ÿÀ�Å:ÿÀ, =�È�m

L = {0, 1}R.

dTychonoff½n��´;�m.

KLvk�êπ-Ä. ��e�3�êπ-Ä{Un}. �Wr = {f ∈
L : f (r) = 1} ér ∈ RK´L¥�m8. dπ-Ä�½Â, éz�r ∈
R�3n ∈ N ¦�Un ⊆Wr . K�3n0 ∈ N ÚØ�êf8A ⊆ R¦
�

Un0 ⊆
⋂
r∈A

Wr .

�Ñgñ, Ï�
⋂

r∈A WrSÜ��é?¿Ã�f8A ⊆ R.
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¿�L´�©�. ¢Sþ§knêà:�«m�k�¿8þ�

A�¼ê=���È�f8.

K�{hn}n∈N�L��êÈf8, ½Â

K = L× {0}
⋃{(

hn,
1

n

)
: n ∈ N

}
⊆ L× R.

ù´L × [0, 1]�4f8, Ïd´;�m. ù
:(hn,
1
n )´K¥�

�á:¿�´K���Èf8. AO�, Kk��π-Ä, =�ü:

8{(hn,
1
n )}.
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dÿÀ�x½n§C (K )k��¥CX5�, �C (L) vk¥C

X5�. �§C (L)´C (K )�1�Öf�m.

�α : K → L�ÝKα(f , x) = f§¿�β : L → K ½Â

�β(f ) = (f , 0) for f ∈ L.,�^EÜ�fU½Â�y=�.
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½n (Liu, Liu, Lu, Zheng, 2022)

X´Banach�m¿�X ∗�©, 1 < p < ∞, KB(X , `p)¥?¿�

¹F(X , `p)�f�mk��¥CX5�.

½n (Liu, Lu, Liu, Zheng, 2022)

B(`1)ÚB(c0)k¥CX5�.
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½n (Liu, Liu, Zheng, Lu, 2022)

�XÚY´Banach�m. XJB(X ,Y )k¥CX5�, ��=

�X ∗ÚYk¥CX5�.

íØ (Liu, Liu, Lu, Zheng, 2022)

B(L1[0, 1])vk¥CX5�.
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¯K

�XÚY´Banach�m. XJB(X ,Y )k¥CX5�,��=

�X ∗ÚYk¥CX5�.

¯K

�XÚY´Banach�m. XJX
⊗

εYäk¥CX5�,��=

�XÚYk¥CX5�.
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