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2 _`abcdef
J I = {0, 1, . . . , k − 1} 9����PKK, L* k ∈ N �	 0. QJ

I n = {u = (ω0 · · ·ωn−1) |ωi ∈ I , i = 0, . . . , n − 1}, n ∈ N, I ∗ =
⋃
n≥1

I n,

I N = {u = (ω0ω1ω2 · · · ) |ωi ∈ I }.
� I ∗ *�0R��P u, v, 
 uv KM u 	 v �NO. � u 9 v �PS, 4LM� x, QE

ux = v, N� u � v. J a, b 9T�, w ∈ I ∗, N w[a,b] = wa · · ·wb.

J (X, d) �$N-H#(. <= X '����
�����
 G, OM� X '����

NUVR G = {f0, f1, . . . , fk−1}, QE G =
⋃

n Gn, L* Gn = {fω = fωn−1 ◦ · · · ◦ fω0 |ω =

(ω0 · · ·ωn−1) ∈ I n}. :@��N� (X,G ).
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Z�GH Bís [3] 	 Bufetov [7] 
������[. �0R� n ∈ N 	 w ∈ I n, �� X '

���U� Dn 	 dw 4[:

Dn(x, y) = max
0≤i≤n

{d(g(x), g(y)) : g ∈ Gi} (2.1)

	

dw(x, y) = max
w′�w

d(fw′(x), fw′(y)). (2.2)

J Z ⊂ X, ε > 0, � E ⊂ X 9 Z ��� (n, ε, Z)- �
�, 4L�0R� x ∈ Z M� y ∈ E, Q

E Dn(x, y) ≤ ε. � F ⊂ Z 9 Z ��� (n, ε, Z)- ���, 4L F *�0R��2M�\] x, y

�V^ Dn(x, y) > ε. 
 R(n, ε, Z) 	 S(n, ε, Z) ��KM Z ��
�� 0I�	���� 

�I�.

��Y, �0R� w ∈ I n 	 ε > 0, 7'�� Z �;�	U� dw � (w, ε)- �
�	

(w, ε)- ���. 
 Nspan(w, ε, Z) 	 Nsep(w, ε, Z) ��N Z � (w, ε, Z)- �
�� 0I�	

(w, ε, Z)- ���� �I�. �0R� n ∈ N, W

Nspan(n, ε, Z) =
1
kn

∑
w∈I n

Nspan(w, ε, Z), Nsep(n, ε, Z) =
1
kn

∑
w∈I n

Nsep(w, ε, Z).

���7E

R(n, ε, Z) ≤ S(n, ε, Z) ≤ R

(
n,

ε

2
, Z

)
, Nspan(n, ε, Z) ≤ Nsep(n, ε, Z) ≤ Nspan

(
n,

ε

2
, Z

)
.

��

hM (Z,G ) = lim
ε→0

R(ε, Z) = lim
ε→0

S(ε, Z),

L*

R(ε, Z) = lim sup
n→∞

1
n

log R(n, ε, Z), S(ε, Z) = lim sup
n→∞

1
n

log S(n, ε, Z)

	

hA(Z,G ) = lim
ε→0

Nspan(ε, Z) = lim
ε→0

Nsep(ε, Z),

L*

Nspan(ε, Z) = lim sup
n→∞

1
n

log Nspan(n, ε, Z), Nsep(ε, Z) = lim sup
n→∞

1
n

log Nsep(n, ε, Z).

� hM (Z,G ) 	 hA(Z,G ) � Z � �[	��[.

h 2.1 (1) 4L Z = X, _ �[	��[����� [3] 	 [7] *���[.

(2) ���7E hM (Z,G ) ≥ hA(Z,G ).

[?XY56[.

�0R� n ∈ N, w ∈ I n, 
 l(w) KM w �Z-, O l(w) = n. �� x ∈ X, Z ⊂ X, ��

Orb(x,w) = (x, fw0(x), . . . , fw[0,l(w)−1](x)), Orbn(Z,w) =
⋃

x∈Z

Orb(x,w),

Orbn(x,G ) =
⋃

w∈I n

Orb(x,w), Orbn(Z,G ) =
⋃

x∈Z

Orbn(x,G ).
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Z � G �
[�[\���

Orb(Z,G ) =
⋃

ω∈I N

⋃
x∈Z

Orb(x, ω).

�0R� n ∈ N 	 x, y ∈ Xn, ��

dn(x, y) = max{d(xi, yi)}.
�� ε > 0 	 n ∈ N, � E ⊂ Orbn(X,G ) 9 Z ��� (n, ε, Z)- �
�, 4L�0R� x ∈
Orbn(Z,G ) M� y ∈ E, QE dn+1(x, y) ≤ ε. � F ⊂ Orbn(Z,G ) 9 Z ��� (n, ε, Z)- ���,

4L F *�0R��2M�] x, y �V^ dn(x, y) > ε. 
 r(n, ε, Z) 	 s(n, ε, Z) ��KM Z

� (n, ε, Z)- �
�� 0I�	 (n, ε, Z)- ���� �I�.

`E�0R� n ∈ N, �

r(n, ε, Z) ≤ s(n, ε, Z) ≤ r

(
n,

ε

2
, Z

)
.

�� Z �56[�
hest(Z,G ) = lim

ε→0
r(ε, Z) = lim

ε→0
s(ε, Z),

L*

r(ε, Z) = lim sup
n→∞

1
n

log r(n, ε, Z), s(ε, Z) = lim sup
n→∞

1
n

log s(n, ε, Z).

iT 2.2 J (X,G ) 9����, _�0R� Z ⊂ X, �

hA(Z,G ) ≤ hest(Z,G ) ≤ log k + hA(Z,G ) ≤ log k + hM (Z,G ).

jk ���7E ���2�Z
[, [?/)P��2�Z
[. J E ⊂ Orbn(X,G )

9��I�� r(n, ε, Z) � (n, ε, Z)- �
�. W

E = {yi = (yi
0, y

i
1, . . . , y

i
n) : i = 1, . . . , r(n, ε, Z)}.

�0R� w ∈ I n, �

Orb(Z,w) ⊂
r(n,ε,Z)⋃

i=1

Bdn+1(y
i, ε).

\ Orb(xi
0, w)∈Bdn+1(y

i, ε) (�]4 i>F, Orb(Z,w)∩Bdn+1(y
i, ε)769#�,D' Orb(xi

0, w)

762M�). ^`a/ E(w) := {xi
0 : i = 1, . . . , r(n, ε, Z)} 9 Z � (w, 2ε, Z)- �
�. b@

Nspan(n, 2ε, Z) ≤ r(n, ε, Z). (2.3)

[?/)

r(n, ε, Z) ≤ knNspan(n, ε, Z). (2.4)

�0R� w ∈ I n, ^J Ew 9G� 0I� Nspan(w, ε, Z) � (w, ε, Z)- �
�, _

Eest :=
⋃

w∈I n

Orb(Ew, w)

9;�	-H dn+1 � (n, ε, Z)- �
�, (

r(n, ε, Z) ≤ |Eest| ≤
∑

w∈I n

Nspan(w, ε, Z) = knNspan(n, ε, Z).
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_[2�Z 2.3 	2�Z 2.4, �

Nspan(n, 2ε, Z) ≤ r(n, ε, Z) ≤ knNspan(n, ε, Z).

_`c 2.2 
[.

h 2.3 (1) 9 k = 1 1, �0R� Z ⊂ X, � hA(Z,G ) = hest(Z,G ) = hM (Z,G ).

(2) `a 2.5 7E hM (Z,G ) < log k + hA(Z,G ). a@:2E\9b�0R���c�

hM (Z,G ) ≤ log k + hA(Z,G ).

Z�"d�4a,b)`c 2.2 *��4ed2�Z
[.

J A 9�����B, A N = {x = (x0, x1, . . .) |xn ∈ A , ∀n ≥ 0} � A '�ef#(,

L'-H� d1(x, y) = maxn{ 1
n+1 |xn 
= yn}. � (A N, σ) �c-., 4L σ 9-.VR, O

σ(x)i = xi+1. � (Σ, σ) 9 (A N, σ) ���,-., 4L Σ ⊂ A N 9��g� σ- 23�, O

σ(Σ) ⊂ Σ. N A ∗ =
⋃

n≥1 A n. W [u] = {x ∈ A N : x0 · · ·xl(u)−1 = u}, L* u ∈ A∗.

l 2.4 J A = {a, b} 	 G = {f0, f1}, L* f0 : A N → {1∞} 	 f1 = σ2, _

log 2 = hA(A N,G ) < hM (A N,G ) = 2 log 2 ≤ hest(A N,G ).

jk J I = {0, 1}, yn = 1 · · · 1︸ ︷︷ ︸
n

. �0R� ε > 0, n > 0, x ∈ I n, W

Ex = {w0∞ : w ∈ A 2L(x)+[ 1ε ]},
L*

L(x) = min{j : xj = 0}, L(yn) = n.

� Ex �"dEf9��;�	 dx � (x, ε,A N)- �
�( Nspan(x, ε,A N) = |Ex|. b@

Nspan(n, ε,A N) =
1
2n

∑
x∈I n

Nspan(x, ε,A N)

=
1
2n

( n−1∑
j=0

∑
l(x)=n, x[0,j]=1· · · 10︸ ︷︷ ︸

j

Nspan(x, ε,A N) + Nspan(yn, ε,A N)
)

=
1
2n

(22n + 22n−1 − 2n−1)2[ 1ε ].

�@7E
1
2n

22n2[ 1ε ] ≤ Nspan(n, ε,A N) ≤ 1
2n

22n+12[ 1ε ].

_ log 2 = hA(A N,G ).

7'a/ Eyn 9;�	 Dn � (n, ε,A N)- �
�( R(n, ε,A N) = |Eyn |. D'
hM (A N,G ) = hM (A N, {σ2}) = 2 log 2.

�2�Z 2.3 �/)7E hM (A N, {σ2}) ≤ hest(A N,G ). ?Rgh hest(A N,G ) ≥ 2 log 2. /h.

l 2.5 J A = {a, b}, G = {f0, f1}, L* f0 = σ, f1 = σ2, _

log 3 = hA(A N,G ) < hM (A N,G ) = 2 log 2 < log 2 + log 3.
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jk J I = {0, 1}. �0R� ε > 0, n > 0, x ∈ I n, W

Ex = {w0∞ : w ∈ A S(x)+[ 1ε ]},
L*

S(x) =
∑
xj=0

1 + 2
∑
xj=1

1.

2da/ Ex 9;�	 dx ��� (x, ε,A N)- �
�( Nspan(x, ε,A N) = |Ex|. `>

Nspan(n, ε,A N) =
1
2n

n∑
i=0

(
n

i

)
2n−i4i = 3n.

?K) hA(A N,G ) = log 3. ��	a 2.4 �/), �

hM (A N,G ) = 2 log 2.

_"eE/.

h 2.6 @:2E\9bM��� (X,G ) 	 Z ⊂ X, QE hest(Z,G ) < hM (Z,G ).

3 mnfcopÆqr
�� [25] 	 [34] *, Ma 	 Wu '# Tang ������� �[	��[�&*+��.

@Ii>��56[�&*+��.

J U = {U1, . . . , Um} 9 X �����*+, L* m ∈ N ( m ≥ 1. J AU = {1, . . . ,m}.
�� w ∈ I ∗ 	 s ∈ A

l(w)+1
U , W Uw,s =

⋂l(w)
i=0 f−1

w[0,i−1]
Usi , L* f−1

w[0,−1]
Us0 = Us0 . ��

Ww(U ) = {s ∈ A
l(w)+1
U : Uw,s 
= ∅}.

W Wn(U ) =
⋃

w∈I n Ww(U ). � S ⊂ Wn(U ) 9 Z ;�	 I n ���*+, 4L�0R�

w ∈ I n, �

Z ⊂
⋃
s∈S

Uw,s.

N #Wn(Z,U ) � Z ;�	 I n �D�*+� 0I�. @:�

h(Z,U ,G ) = lim sup
n→∞

1
n

log #Wn(Z,U )

� Z ;�	 U ���[.

jf� [37, �g 4.9] 4[.

st 3.1 4L {an}n≥1 9�hi�kh, (V^�0R� n, p ∈ N, � an+p ≤ an + ap, _

i� limn→∞ an/n M�.

jl
g 3.1, �

st 3.2 J (X,G ) 9����. 4L U 9 X ���&*+, _

h(X,U ,G ) = lim
n→∞

1
n

log #Wn(X,U ).

jk m=/)�0R� n, p ≥ 1, �

#Wn+p(X,U ) ≤ #Wn(X,U ) · #Wp(X,U ). (3.1)
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W S1 = Wn(X,U ), S2 = Wp(X,U ). J

S = {(s0, . . . , sn, s′1, . . . , s
′
p) : s ∈ S1, s

′ ∈ S2},
_ |S| ≤ #Wn(X,U ) ·#Wp(X,U ). @:$/) S 9;�	 I n+p �*+. �0R� w ∈ I n+p,

M�n�� w1 ∈ I n 	 w2 ∈ I p, QE w = w1w2. b� S1 	 S2 ��9 w1 	 w2 �*+, D

'�

X ⊂
⋃

s∈S1

Uw1,s ( X ⊂
⋃

s∈S2

Uw2,s.

�@7E

X ⊂
⋃
s∈S

Uw1w2,s.

?K) S 9;�	 I n+p �*+. _2�Z (3.1) 
[. /h.

��

h∗(X,G ) � sup
U

{h(X,U ,G )},

L*'*+\Æ X �D���&*+. � h∗(X,G ) � X ;�	 G ���[. �� X ���

&*+ A ,U , � A 9 U ���jo, 4L�0R� A ∈ A M� U ∈ U , QE A ⊂ U . N�

U < A .

st 3.3 J (X,G ) 9����. 4L U < A , _

h(X,U ,G ) ≤ h(X,A ,G ).

jk J U = {U1, . . . , Up}, A = {A1, . . . , Aq}. W A1 = {1, . . . , p}, A2 = {1, . . . , q}. ^�
S 9 X �G� 0I� #Wn(X,A ) �,*+. W

S = {si = (si
0, s

i
1, . . . , s

i
n) : 1 ≤ i ≤ #Wn(X,A )},

L* si
j ∈ A2. b� U < A , D'�0R� si

j ∈ A2 M� si
j ∈ A1, QE Asi

j
⊂ Usi

j
. W

S = {si : si ∈ S},
_ S 9 X ���*+. b@

#Wn(X,U ) ≤ |S| ≤ #Wn(X,A ).

?pk

h(X,U ,G ) ≤ h(X,A ,G ).

/h.

ut 3.4 J (X,G ) 9����. ^� {Un}∞n=1 9 X ��h&*+(V^

lim
n→∞ diam(Un) = 0.

kl[h`c
[:

(1) 4L h∗(X,G ) < ∞, _ limn→∞ h(X,Un,G ) = h∗(X,G ).

(2) 4L h∗(X,G ) = ∞, _ limn→∞ h(X,Un,G ) = ∞.
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jk ^J h∗(X,G ) < ∞,_�0R� ε > 0M�&*+ A ,QE h(X,A ,G ) > h∗(X,G )−
ε. J δ 9 A ��� Lebesgue �. �@ δ M� N > 0, QE�0R� n ≥ N , � diamUn < δ.

_ A < Un. D'

h∗(X,G ) ≥ h(X,Un,G ) ≥ h(X,A ,G ) > h∗(X,G ) − ε, ∀n ≥ N.

b@

lim
n→∞h(X,Un,G ) = h∗(X,G ).

��Y, 7'/) limn→∞ h(X,Un,G ) = ∞. /h.

h 3.5 �g 3.4 �/)��	� [37, �g 7.6] �/).

ut 3.6 J (X,G ) 9����. ^J U 9 X �����&*+:

(1) 4L δ 9 U ��� Lebesgue �, _

#Wn(X,U ) ≤ r

(
n,

δ

2
,X

)
≤ s

(
n,

δ

2
,X

)
.

(2) 4L ε > 0 ( diam(U ) ≤ ε, _

r(n, ε,X) ≤ s(n, ε,X) ≤ #Wn(X,U ).

jk J U = {U1, . . . , Um}. W AU = {1, . . . ,m}.
(1)^J E⊂Orbn(X,G )9 Orbn(X,G )��� (n, δ

2 ,X)-�
�(G� 0I� r(n, δ
2 ,X).

N

E =
{

(yi
0, y

i
1, . . . , y

i
n) : i = 1, . . . , r

(
n,

δ

2
,X

)}
.

b�M� Uij ∈ U , QE�0R� 1 ≤ i ≤ r(n, δ
2 ,X) 	 0 ≤ j ≤ n, � d(yi

j ,
δ
2 ) ⊂ Uij , L*

ij ∈ AU , D'�0R� w ∈ I n, �

X ⊂
⋃
s∈S

Uw,s,

L*

S =
{

(i0, i1, . . . , in) : i = 1, . . . , r
(

n,
δ

2
,X

)}
.

`>

#Wn(X,U ) ≤ r

(
n,

δ

2
,X

)
.

(2) J F ⊂ Orbn(X,G ) 9 Orbn(X,G ) ��� (n, ε,X)- ���(G� �I� s(n, ε,X),

S ⊂ I n 9 X ���;�	 I n �*+(G�I� #Wn(X,U ). W

F = {(yi
0, y

i
1, . . . , y

i
n) : i = 1, . . . , s(n, ε,X)},

_�0R� 1 ≤ i ≤ s(n, ε,X) 	 0 ≤ j ≤ n, M� ij ∈ AU , QE yi
j ∈ Uij 	 (i0, i1, . . . , in) ∈ S.

?pk

#Wn(X,U ) ≥ s(n, ε,X).

/h.
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ut 3.7 J (X,G ) 9����, _

hest(X,G ) = h∗(X,G ).

jk J ε > 0. 
 U ′
ε 	 A ′

ε ��KMD��m� 2ε 	 ε/2 �&n"
��B. \ U ′
ε *

���,*+, N� Uε. \ Uε ��� Lebesgue �, N� δε. q\ A ′
δε
2
���,*+ A δε

2
, _

��g 3.6, �

#Wn(X,Uε) ≤ r

(
n,

δε

2
,X

)
≤ s

(
n,

δε

2
,X

)
≤ #Wn(X,A δε

2
).

b@

h(X,Uε) ≤ r

(
δε

2
,X

)
≤ s

(
δε

2
,X

)
≤ h(X,A δε

2
).

W ε = 1
n . ��g 3.4 7E

h∗(X,G ) = hest(X,G ).

/h.

4 Δ- vwxy
Blanchard 	 Huang [4] '# Huang �� [14] ��
��CAB�	 Δ- CAB�(��/

)�: 4L |G | = 1 ( hM (X,G ) > 0, _ (X,G ) �CAB�	 Δ- CAB�.

 o, � [17] *�6�����
�����+�CAB�, CE&����KAJ��.

p@ql, Z������
��� Δ- CAB�.

�0R� d ≥ 2 	 X �,� U1, . . . , Ud, �� U1, . . . , Ud �F�+	Fm+rr1(��

N1(U1, . . . , Ud) =
{

n ∈ N : ∃ω1, . . . , ωd−1 ∈ I n s.t.
d⋂

i=1

f−1
ω1···ωi−1

Ui 
= ∅
}

,

N2(U1, . . . , Ud) =
{

ω ∈ I ∗ :
d⋂

i=1

f−1
ω· · ·ω︸ ︷︷ ︸

i−1

Ui 
= ∅
}

.

uz 4.1 J (X,G ) 9����. � A ⊂ X 9F�+ (Fm+) Δ- CAB (nN� Δ-

WM1, 2),4L�0R� n, d ≥ 2	� A;o)#�&� Ui,j ⊂ X,L* 1 ≤ i ≤ n	 1 ≤ j ≤ d,

[h�B
n⋂

i=1

Nq(Ui,1 ∩ A,Ui,2, . . . , Ui,d)

9��s��, q = 1 (q = 2).

h 4.2 (1) 4L |G | = 1, _ Δ-WM1 	 Δ-WM2 c��� [14] *� Δ- CAB.

(2) 4L d = 2, _ Δ-WM1 	 Δ-WM2 ����� [17] *� WM1 	 WM2.

uz 4.3 J (X,G ) 9����, A ⊂ X. � A 9F�+ (Fm+) Δ- KAJ, 4LM�7

�� Cantor � C1 ⊂ C2 ⊂ · · · ⊂ A, QE C =
⋃∞

i=1 Ci � A *p(�0R� d ≥ 2 	 E ⊂ C #

0R�NUVR gj : E → A, j = 1, . . . , d, � N *M�qtkh {qi}, QE�0R� x ∈ E, M

� {ωx
qi,j

} ( ωx
qi,j

∈ I qi , j = 1, . . . , d, QE

lim
i→∞

fωx
qi,1···ωx

qi,j
(x) = gj(x)
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(� N *M�qtkh {qi} 	 ωqi ∈ I qi , QE

lim
i→∞

fωqi
· · ·ωqi︸ ︷︷ ︸

j

(x) = gj(x)

�0R� x ∈ E 	 j = 1, . . . , d 
[).

ut 4.4 J (X,G ) 9����, A 9 X �uBrk��2M]��sg,�, _ A 9F

� (m) + Δ- CAB9(t9f9F� (m) + Δ- KAJ.

jk �	/)��, ?um��Fm+�/). s>��
g 4.6, 4.7 	 4.8 7E. t��

�
g 4.5 7E. /h.

st 4.5 ��g 4.4 �^J[, 4L A 9F� (m) + Δ- KAJ, _ A 9F� (m) + Δ-

CAB.

jk u� n, d ∈ N 	� A ;o)#�&� Ui,j ⊂ X, 1 ≤ i ≤ n ( 1 ≤ j ≤ d. \

xi,j ∈ Ui,j ∩ A C�� gj : {x1,1, . . . , xn,1} → A � gj(xi,1) = xi,j+1, _�Fm+ Δ- KAJ��

�7EM� m, ε, QE�0R k ≥ m M� ω ∈ I qk , QE

fω· · ·ω︸ ︷︷ ︸
j

(xi,1) ∈ B(xi,j+1, ε) ⊂ Ui,j+1,

?Rgh
⋂n

i=1 N2(A ∩ Ui,1, Ui,2, . . . , Ui,d) 9��s��. /h.

O[v, $v
� [30] *�8./)�g 4.4 �s>�. b@=>XY�[w#(.

J (X, d) 9��$N-H#(, A 9 X �)#,�. � A 9:c2NO�, 4Lf�N

O,�9x]�; �s�, 4Lf9g�(w�y[]; xvz�, 4Lf9:c2NO��s$

�; yw�, 4Lfrk��ps� Gδ �; Mycielski �, 4L A =
⋃∞

i=1 Ci, L* Ci 9xvz

�, i = 1, . . ..

N B(x, ε) = {y ∈ X, d(x, y) < ε}, d(x,A) = inf{d(x, a), a ∈ A}, B(A, ε) = {x ∈ X :

d(x,A) < ε}. 
 B(A, ε) KM B(A, ε) �gr.

� X �D�)#g,�"
��B 2X '{x Hausdorff -H dH :

dH(A,B) = inf{ε > 0 : B(A, ε) ⊇ B ( B(B, ε) ⊇ A},
_@::E&�#( (2X , dH) �� X �w#(. [??�y

{〈U1, . . . , Un〉 : U1, . . . , Un 9 X �)#,�, n ∈ N}
"
� 2X �����I, 7�� Vietoris ��, L*

〈U1, . . . , Un〉 :=
{

A ∈ 2X : A ⊂
n⋃

i=1

Ui, ( Ui ∩ A 
= ∅, i = 1, . . . , n
}

.

`� [28] *7E Hausdorff -H dH 	 Vietoris ��|^. � Q ⊂ 2X 97z}�, 4L�0R

� A ∈ Q � 2A ⊂ Q.


g 4.6 9 Kuratowski–Mycielski �g���)Z (=� [2, �g 5.10]). @:$��g 4.4

�/)*
&f.

st 4.6 J X 9�s$#(. 4L Q ⊂ 2X 97z}�yw�, _M�7��xvz�

C1 ⊂ C2 ⊂ · · · ⊂ X V^�0R i ≥ 1, � Ci ∈ Q ( C =
⋃∞

i=1 Ci � X *p.
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J (X,G ) 9����, A 9 X �g,�. �� ε > 0 	 d ≥ 1, � E ⊂ X � A *

(ε, d)- ��, 4LM� δ ∈ (0, ε), z1, z2, . . . , zn ∈ X, QE E ⊂ ⋃n
i=1 B(zi, δ) (�0R�VR

hj : {z1, z2, . . . , zn} → A, j = 1, . . . , d, M� k ∈ N V^ 1
k < ε 	 ω ∈ I k, QE

fω· · ·ω︸ ︷︷ ︸
j

(B(zi, δ)) ⊂ B(hj(zi), ε).


 X(ε, d,A) KM� A * (ε, d)- ���$N,�, _ X(ε, d,A) 97z}�. zi', 4L

E � A * (ε, d)- ��( B 9 E )#$�, _ B H9� A * (ε, d)- ���. W

X(A) =
∞⋂

d=1

∞⋂
p=1

X

(
1
p
, d,A

)
.

st 4.7 J (X,G ) 9����( A ⊂ X 9Fm+ Δ- CAB�g,�, _ X(A) ∩ 2A 9

2A ���yw�.

jk {{,/)�0R� p, d ≥ 1, X( 1
p , d,A)∩2A � 2A *9&�. J E ∈ X( 1

p , d,A)∩2A,

_M� δ > 0 	 z1, z2, . . . , zn ∈ X V^� A * ( 1
p , d)- �����. W Vi = B(zi, δ), i =

1, 2, . . . , n. ���� E ⊂ ⋃n
i=1 Vi. b@ 〈V1 ∩ A, . . . , Vn ∩ A〉 9 E ���|3. ^`a/

B ⊂ ⋃n
i=1 Vi � A * ( 1

p , d)- ��. ��Y, 4L B ∈ 〈V1 ∩A, . . . , Vn ∩A〉, _ B ∈ X( 1
p , d,A). b

@ X( 1
p , d,A) ∩ 2A � 2A *�&�.

��/) X( 1
p , d,A) ∩ 2A � 2A *p, =/ X *�0R n �� A ;o)#�&� U1, U2,

. . . , Un, �

〈U1 ∩ A,U2 ∩ A, . . . , Un ∩ A〉 ∩ X

(
1
p
, d,A

)
∩ 2A 
= ∅.

b� A 9$N�, D'M����] y1, y2, . . . , ym ∈ A, QE A ⊂ ⋃m
i=1 B(yi,

1
2p ). ��8~, N

Vi = B(yi,
1
2p ), i = 1, 2, . . . ,m 	

S = {Mn×d = (αl
i,j) : al

i,j ∈ {1, 2, . . . ,m}, i = 1, 2 . . . , n, j = 1, 2, . . . , d, l = 1, 2, . . . ,mnd}.
�	 A 9CAB�, _M� k1 	 ω1 ∈ I k1 , QE

(Ui ∩ A) ∩ f−1
ω1

Vα1
i,1

· · · ∩ f−1
ω1· · ·ω1︸ ︷︷ ︸

d

Vα1
i,d


= ∅, i = 1, 2, . . . n.

\� A o)#�&� W 1
i ⊂ Ui, QE

fω1· · ·ω1︸ ︷︷ ︸
j

(W 1
i ) ⊂ Vα1

i,j
.

� W 1
i >F, i = 1, 2, . . . , n M� k2 	 ω2 ∈ I k2(Λ), QE

(W 1
i ∩ A) ∩ f−1

ω2
Vα2

i,1
· · · ∩ f−1

ω2· · ·ω2︸ ︷︷ ︸
d

Vα2
i,d


= ∅, i = 1, 2, . . . , n.

\� A o)#�&� W 2
i ⊂ W 1

i , QE

fω2· · ·ω2︸ ︷︷ ︸
j

(W 2
i ) ⊂ Vα2

i,j
.

� S *�D�}|j�'fJ�, E& k1, k2, . . . , kmnd 	 ωq, 1 ≤ q ≤ mnd, QE

W mnd

i ⊂ W mnd−1

i ⊂ · · · ⊂ W 1
i ⊂ Ui,
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(

fωq· · ·ωq︸ ︷︷ ︸
j

(W mnd

i ) ⊂ Vαl
i,j

, i = 1, . . . , n, j = 1, . . . , d, l = 1, . . . ,mnd.

\ zi ∈ W mnd

i ∩A, _ {z1, z2, . . . , zn} ∈ 〈U1 ∩A,U2 ∩A, . . . , Un ∩A〉 ∩ 2A. Q\ δ ∈ (0, 1
p ), QE

B(zi, δ) ⊂ W mnd

i , i = 1, 2, . . . , n. �	�0RVR hj : {z1, z2, . . . , zn} → A, j = 1, . . . , d, M�

1 ≤ q ≤ mnd, QE Vαq
i,j

⊂ B(h(zi), 1
p ), i = 1, 2, . . . , n. b@

fωq· · ·ωq︸ ︷︷ ︸
j

(B(zi, δ))⊂fωq· · ·ωq︸ ︷︷ ︸
j

(W mnd

i ) ⊂ Vαq
i,j

⊂B

(
h(zi),

1
p

)
, i = 1, 2, . . . , n, j = 1, . . . , d.

?Rgh {z1, z2, . . . , zn} � A * ( 1
p , d)- ��. D' X( 1

p , d,A)∩ 2A � 2A *p. `> X(A)∩ 2A

9 2A ���yw�. /h

st 4.8 J (X,G ) 9����, A 9 X �g,�. 4L C1 ⊂ C2 ⊂ · · · 9 X(A) *��

h\], _�0R� E ⊂ C :=
⋃∞

i=1 Ci, d ≥ 2 	NUVR hj : E → A, j = 1, . . . , d, M�qt�

BT�kh {ki}∞i=1 	 ωi ∈ I ki , QE�0R x ∈ E, �

lim
i→∞

fωi· · ·ωi︸ ︷︷ ︸
j

(x) = hj(x).

jk J i ∈ N, _ Ci � A * 1
i - ��, _M� δi < 1

i 	 zi
1, z

i
2, . . . , z

i
ni

, QE�0R�VR

hj : Ci → Y , j = 1, . . . , d M� ki 	 ωi ∈ I ki V^ Ci ⊂
⋃ni

m=1 B(zi
m, δi) 	

fωi· · ·ωi︸ ︷︷ ︸
j

(B(zi
m)) ⊂ B

(
hj(zi

m),
1
i

)
, m = 1, 2, . . . , ni.

[?/) {ki}∞i=1 	 {ωi}∞i=1 A9D=>�kh.

�0R� x ∈ AM� lx,QE x ∈ Ci, ∀ i > lx. � hj �NU�, j = 1, . . . , d, �0R� ε > 0

M� lε > 2
ε , QE4L d(x, y) < 1

lε
< ε

2 , _

d(hj(x), hj(y)) <
ε

2
, j = 1, . . . , d.

�0R� i > max{lx, lε}, M� δi < 1
i < 1

lε
< ε

2 , zi
1, z

i
2, . . . , z

i
ni

, QE

fωi· · ·ωi︸ ︷︷ ︸
j

((B(zi
m, δi)) ⊂ B

(
hj(zi

m),
1
i

)
, ∀m = 1, 2, . . . , ni,

(M� m ∈ {1, 2, . . . , ni}, QE x ∈ B(zi
m, δi). _

d(fωi· · ·ωi︸ ︷︷ ︸
j

(x), h(x)) < d(fωi· · ·ωi︸ ︷︷ ︸
j

(x), hj(zi
m)) + d(hj(zi

m), hj(x)) < ε.

D'

lim
i→∞

fωi· · ·ωi︸ ︷︷ ︸
j

(x) = hj(x).

/h.

{T 1 J (X,G ) 9����( |G | ≥ 2. �;>} hest(X,G )/hA(X,G )/hM (X,G ) > 0

9bpk (X,G ) rkF� (m) + Δ- CAB�~?



6� WXP: "YQSRSTgU Δ- TVWX 901

h 4.9 Moothathu [27] 
���DL}q (Δ-transitivity) C/)� Δ- }qpkCAB.

��	 Huang ���~. [14], @:M�7'��� (X,G ) 
��DL}q. /	�DL}q

��Æ, =� [10, 39, 40].

[?"d��G� Δ- CAB����. ��,-. (Σ, σ), � (Σ, σ) 9�AB� (n��

AB), 4L�0R�)#&� U, V ⊂ Σ, � N1(U, V ) 9w��� (O N \ N1(U, V ) 9���).

`� [22, `c 3.39] E (Σ, σ) 9AB�9(t9M� m > 0, QE�0R� a, b ∈ A 	 n ≥ m

M� u ∈ L n(Σ) V^ u0 = a, un−1 = b, L* L n(Σ) = {u ∈ An : ∃x ∈ Σ s.t. u0u1 · · · un−1 =

x0x1 · · · xn−1}.
l 4.10 J A = {a, b, c, d, e}, B = {ab, cde}, f0 = σ|2A , f1 = σ|3A , _� (BN, σ|B) �0R

�AB,-. (Σ, σ|B), Σ 9 (A N,G ) �F�+ Δ- CAB�, L* G = {f0, f1}.
jk u� n ∈ N 	 d ≥ 2. �0R�&� Ui,j ⊂ Σ, i = 1, . . . , n, j = 1, . . . , d M� M ∈ N,

QE�0R� m ≥ M M� ui,j ∈ L m(Σ), i = 1, . . . , n, j = 1, . . . , d, QE

[ui,j ] ∩ Σ ⊂ Ui,j , i = 1, . . . , n, j = 1, . . . , d.

b� (Σ, σ|B) 9AB�, D'M� p ∈ N 	 vi,j ∈ L p(Σ), i = 1, . . . , n, j = 1, . . . , d − 1, QE

vi,j
0 = ui,j

m−1 ( vi,j
p−1 = ui,j+1

0 , i = 1, . . . , n, j = 1, . . . , d − 1.


 wi KM ui,1
0 · · ·ui,1

m−1, vi,1
1 · · · vi1

p−2, ui,2
0 · · · ui,2

m−1, vi,2
1 · · · vi2

p−2, . . . , v
i,d−1
1 · · · vid−1

p−2 , ui,d
0 · · · ui,d

m

�NO, i = 1, . . . , n, _ [wi] ∩ Σ ⊂ Ui,1, i = 1, . . . , n. ^`a/

m + p − 2 ∈
n⋂

i=1

N1(Ui,1, . . . , Ui,d).
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