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(2) Q._�W% X , vpY,?\?#
(a) X <~�<Y�ONk
�9 X OI+OJ,��
(b) X <~�<Y�9 X OI+OJb,��*.NkW%<<^e&�S
n~�<Y�?ONk
<W% [13], O�91I<B�kpWO�O��<&2���~+<^e&2�[9?&2Z%��,.L&2�v�X��)&2_x�G,�<+�&2? 1 
p^e</&2�SNkW%1<L&2? 1
p^e&2</&2 [9]. ?["AV*vI?�!<pW��� 1.3 NkW%< 1 
p^e�<^e�/&�?\S
~�<Y�ONk
�9BkW%OI+OJ,�<W%
�n<S��<?#?2 1 
p^e&2�<^e&2��{t< 1-scc &22 scc &2 (*K 3.1), */�3npW 1.2 (1), ℄wnK_ 1.1. /b�m*dYN�pW 1.2 (2)�pW 1.3<�3M?\K<�?�6x�X�N�nt.�9,�<℄w� M?����V<�v�X���>9nt. 1 
p^e&2<��n7*<%)��nORx<W%K?{^ T2 [^�q_<_�W%�&2Ig�<{�J�N?CBJ��mK <H4���*ny [4].

2 {'v| ~�� sn �i�xQ.,��MnwWQR<�,?RxoK�2�< sn f�,�?:.�2 sn fG%<�kd
�
Michael � Nagami[13] #*<W%OY�<b� (outer base) d
�H?ÆW%O�E<u5�[<9�kY�1~�E<u5���W% X <L�_ B &j X <Y� A (9 XO) <b��+Q.~� x ∈ A � x 9 X O<%�u5 U , 29 B ∈ B, ;: x ∈ B ⊂ U . "S� B ? A <b�7�>7Q.~� x ∈ A, 29 x <u5� Bx ;: B =

⋃

x∈A

Bx.*/�O#*b sn f<d
�Q.W% X <Y� P , P &jE x ∈ X <
pu5 (sequential neighborhood), + X O~�Ah. x <
p?Q. P <�x"�E x <u5? x <
pu5�j� 2.1 6 A ?W% X <ZWY�� X <Y�_ B &j A (9 X O) <b sn f
(outer sn-network), ){ B =

⋃

x∈A

Bx, �O~� Bx {^
(1) Bx ? x 9 X O<f�� x ∈

⋂

Bx, �){ X <L� O ~+E x, ;29 B ∈ Bx ;: B ⊂ O;

(2) ){ U, V ∈ Bx, ;29 W ∈ Bx ;: W ⊂ U ∩ V ;

(3) Bx O<~�6? x 9 X O<
pu5�1I Bx &j x 9 X O< sn f (sn-network). X 9 X O<b sn f�&j X < sn f [9].j� 2.2 6 A ?W% X <ZWY��& A 9 X OI+OJ sn f�+29 X <Y�p {Vn}n∈N, {^
(1) ~� Vn ? A O~�E<
pu5�� Vn ? A 9 X O<
pu5�
(2) Q X O~��~ A <L� V , 29 n ∈ N ;: Vn ⊂ V .1I {Vn}n∈N �&j A 9 X O<OJ sn f�9K 2.1 �K 2.2 O�7Æ
pu5!�ju59�[�K nY� A <b�� A9 X O<OJu5��



No.3 sC?�,�2NkW%<<^e&� 485vpK_-enW%O<Y�I+OJ sn f2I+OJb sn f<C!ft�P?�nO-eNkW%<<^e&�K_<t+�j� 2.3 6 K ?W% X <<Y��; K ONk
�9 X OI+OJ sn f7�>729 K 9 X O<OJb sn f H, {^ : H <~�6�) U ∩ V , �O U ? X <L��
V ? K 9 X O<
pu5�$ ����6 {Vn}n∈N ? K 9 X O<OJ sn f�"j K ? X <ONk
<<Y��O� K I+OJ����j {Un}n∈N. w A = {(n, m) ∈ N2 : Um ⊂ Un}. Q.
(n, m, k) ∈ A × N, *. Um ⊂ Un, .? Um ∩ (K \ Un) = ∅. "j Um � K \ Un ? T2 W%
X O 1<<Y��1S29 X <L� Un,m, ;:

Um ⊂ Un,m ⊂ Un,m ⊂ X \ (K \ Un).L W (n, m, k) = Un,m ∩ Vk. �)1I W (n, m, k) <��<+z1 X`'< X <�_�j
H, ; H ?OJ<�*.+zk K 9 X O<
pu5G1&? K 9 X O<
pu5�O� H O~�6�) U ∩ V , �O U ? X <L�� V ? K 9 X O<
pu5�Q.~�k x ∈ K, K 

Bx = {α ∈ A × N : x ∈ W (α)};

H(F ) = ∩{W (α) : α ∈ F}, �O F ⊂ Bx;

Hx = {H(F ) : F ⊂ Bx � F +z}.; H =
⋃

x∈K

Hx. hD H ? K 9 X O<b sn f�
(1) %� H(F1), H(F2) ∈ Hx, * Hx <K O: F1 ⊂ Bx, F2 ⊂ Bx � F1, F2 M?+z��w F = F1 ∪ F2, ; F ? Bx <+zY��O� H(F ) ∈ Hx � H(F ) ⊂ H(F1) ∩ H(F2).

(2) Hx ? x 9 X O<f�6 U ?E x 9 X O<Lu5�){ 29 Bx <+zY� F ; x ∈ H(F ) ⊂ U , �
p(F ) ∈ H(F ) \ U . L Q(F ) = {p(F ′) : F ′ ? Bx <+zY�� F ⊂ F ′}, ; U ∩ Q(F ) = ∅.v�wD�� K ∩ Q(F ) 6= ∅. \;�* {Vn}n∈N ? K 9 X O< sn f�29 k ∈ N ;:
Vk ∩Q(F ) = ∅. * K <C;�� {Un}n∈N ? K <��29 (n, m) ∈ N

2 ;: x ∈ Um ⊂ Un.� α = (n, m, k), F
′

= F ∪ {α}, ; α ∈ Bx � p(F ′) ∈ W (α)∩Q(F ) ⊂ Vk ∩Q(F ) = ∅, |R�+ F1 ⊂ F2, ; Q(F2) ⊂ Q(F1), "/ {K ∩ Q(F ) : F ? Bx <+zY� } I++z1�M�* K <<�� K ∩ (
⋂

{Q(F ) : F ? Bx <+zY� }) 6= ∅.v�X��Q.~� y ∈ K \ {x}, * K <C;��29 (n, m) ∈ N2, ;:
x ∈ Um ⊂ Um ⊂ Un ⊂ K \ {y},.? Un,m ⊂ X \ (K \ Un) ⊂ X \ {y}. � k ∈ N, $ α = (n, m, k), ; α ∈ Bx � y /∈ Un,m. S

Q({α}) = {p(F ′) : F ′ ? Bx <+zY�� α ∈ F ′} ⊂ H({α}) = W (α) ⊂ Un,m,.? y /∈ Q({α}). "/� (K\{x}) ∩ (
⋂

{Q(F ) : F ? Bx <+zY� }) = ∅. ?9
∩{K ∩ Q(F ) : F ? Bx <+zY� } = {x} ⊂ U.8*K <<�� (1)OD�29 Bx<+zY� F ;: x ∈ K∩Q(F ) ⊂ U ,1S U∩Q(F ) 6= ∅.|R�"/�29 Bx <+zY� F ;: H(F ) ⊂ U � x ∈ H(F ) ⊂ U . 1S� Hx ? x 9

X O<f�
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(3) Hx O<~�k6M?E x 9 X O<
pu5�Q.~� H ∈ Hx, *�OI�[�29 X O<LY� U � K 9 X O<
pu5 V;: H = U ∩ V . "j x ∈ U ∩ K ⊂ U ∩ V , O� H ? x <
pu5�)[��� K 9 X O<b sn f H j {Un ∩ Vn : n ∈ N}, �O Un ? X <LY�� Vn? K 9 X O<
pu5�*. H ? K <b sn f�O� {H ∩ K : H ∈ H} ?<YW% K<OJf�1S K ONk
 ()�*ny [4, K_ 3.1.10]).� U = {Un : n ∈ N}. w
V = {(∪U ′) ∩ (∩{Vn : n ≤ m}) : U ′ ? U <+zY��^e K, m ∈ N},; V ?OJ<�x"� V O<~�6? K 9 X O<
pu5�+ X <LY� V ⊃ K, Q.~� x ∈ K, "j H ? K <b sn f�29 nx ∈ N ;: x ∈ Unx

∩ Vnx
⊂ V . �} K <^e {Unx

: x ∈ K} ++zY^e��j U ′ = {Unxi
: i ≤ k}. w m = max{nxi

: i ≤ k}, ;
(
⋃

U ′) ∩ (
⋂

{Vn : n ≤ m}) ⊂ V . s� V ? K 9 X O< sn f�d 4.6 /N��<Y�I+OJb sn f ^��D<Y�9 X OI+OJ sn f�jnvp℄x�I<(5���#)<X��#* fsn ^e (fsn-covering)<d
�W% X <+z�_ F = {Fi : i ≤ n} &j X <Y� C < fsn ^e�+ C O�<j C O+zk�Y� {Ci : i ≤ n} G���~� Fi ? Ci 9 X O<
pu5��� 2.4 6 K ?W% X <ONk
<<Y��vIY,{	?#
(1) K 9 X OI+OJ sn f�
(2) 29 X <OJ�_ H, {^�+ V ? K 9 X O<u5�;29 H <+zY� H′,;: H′ ? K < fsn ^e�� ⋃

H′ ⊂ V .

(3) 29 X <OJ�_ H, I+�M (⋆): + C ? K <ZW<Y�� V ? C 9 X O<u5�;29 H <+zY� H′, ;: H′ ? C < fsn ^e�� ⋃

H′ ⊂ V .$ (1) ⇒ (3). 6 K 9 X OI+OJ sn f�*K_ 2.3, $ H ?{^K_ 2.3 ���O< K 9 X O<OJb sn f�vD H I+�M (⋆).+ x ∈ C, ;29 Hx ∈ H ;: x ∈ Hx ⊂ V ,  Y� Hx = Ux ∩ Vx, �O Ux ? X <L��� Vx ? K 9 X O<
pu5�.? X <LY�_ {Ux : x ∈ C} ^e C, 1S+ C<+zY^e {Uxi
: i ≤ n}. &* C <<��29 C <+z�^e {Ci : i ≤ n} ;:~�

Ci ⊂ Uxi
. Q.~� i ≤ n, L Hi = Uxi

∩ Vxi
, "j Uxi

2 Vxi
M? Ci 9 X O<
pu5�O� Hi ? Ci 9 X O<
pu5�x"� ⋃

{Hi : i ≤ n} ⊂ V .

(3) ⇒ (2) ?x"<�v�D� (2) ⇒ (1). 6 X <OJ�_ H {^Y, (2). w
W = {∪H′ : H′ ? H <+zY�� ∪H′ ? K 9 X O<
pu5},; W ?OJ<�+ X O<L� V ⊃ K, 29 K < fsn ^e H′ ⊂ H, ;: ⋃

H′ ⊂ V , ;
⋃

H′ �? K 9 X O<
pu5�1S� W ? K 9 X O<OJ sn f�Q. X <<Y�K,℄x 2.4<Y, (3)7~K <ONk�M�>:1�Q.~� x ∈ K,� C = {x} 
)�M (⋆), ;29 H <�Y_? x 9 X O<f�O� {H ∩ K : H ∈ H} ?<YW% K <OJf�1S K ONk
�?N��Q.<Y� K, Y, (3) 2K_ 2.3 <Y,�?{	?#<�
3 l��xi{oq���4#*j℄T�<<^e&2�jpW 1.2 (1) <�3bW��



No.3 sC?�,�2NkW%<<^e&� 487w���kFF<&2℄�6&2 f : X → Y . f &j<^e&2 (compact-covering

map)[12], +Q.W% Y <~�<Y� K, 29W% X <<Y� L ;: f(L) = K. f &j
p^e&2 (sequence-covering map)[16], +Q. Y O<~�Ah
p {yn}, 29 X O<Ah
p {xn} ;:~� xn ∈ f−1(yn), n ∈ N. f &j 1 
p^e&2 (1-sequence-covering

map)[9], +Q.~� y ∈ Y , 29 x ∈ f−1(y) {^�){ Y O<
p {yn} Ah. y, ;29
X OAh. x <
p {xn}, ;:~� xn ∈ f−1(yn), n ∈ N.NkW%1<L&2? 1 
p^e&2 [9]. x"� 1 
p^e&2?
p^e&2�v�#*<&2[�? 1 
p^e&2�
p^e&22<^e&2<+�6��j� 3.1 6&2 f : X → Y .

(1) f &j 1-scc &2 (1-scc-map), +Q Y <~�<Y� K, 29 X <<Y� L, ;:
f(L) = K, �Q.~� y ∈ K, 29 x ∈ L {^�){ Y O<
p {yn} Ah. y, �}29
X OAh. x <
p {xn}, ;:~� xn ∈ f−1(yn), n ∈ N.

(2) f &j scc &2 (scc-map), +Q Y <~�<Y� K, 29 X <<Y� L, ;:
f(L) = K, �){ Y O<
p {yn} Ah. K O<�E��}29 X OAh. L O�E<
p {xn}, ;:~� xn ∈ f−1(yn), n ∈ N.x"� 1-scc &2 (� scc) &2? 1 
p^e&2 (�
p^e&2) �<^e&2�d
4.5 /N��NkW%1< 1 
p^e�<^e&2m�? scc &2�>RxNkW%<<^e&���S
?(5<��� 3.2[13] W% X ?ONk
W%<<^e&�7�>7 X <~�<Y�ONk
��D
p^e&2<��\F?
)vI#_��� 3.3[9] 6&2 f : X → Y . ){ {Bn}n∈N ? X O�E x <D)<f�~� f(Bn)? f(x) 9 Y O<
pu5�+9 Y O
p {yn} Ah. f(x), �}29 xn ∈ f−1(yn), ;:9 X O
p {xn} Ah. x.�� 3.4 B�OJW%1<<^e�L&2? 1-scc &2�$ 6 f : X → Y ?<^e�L&2��O X ?B�OJW%�Q. Y <~�<Y�
K, 29 X <<Y� L ;: f(L) = K. Q.~� y ∈ K, �K x ∈ L∩ f−1(y), �$ {Bn}n∈N? x9 X OD)<u5���}~� f(Bn) ? y 9 Y O<u5�*#_ 3.3,){ Y O<
p {yn} Ah. y, �}29 xn ∈ f−1(yn), ;:
p {xn} Ah. x. s� f ? 1-scc &2��n<S�6{?vIK_�j� 3.5 Q.W% X , vIY,{	?#

(1) X ?~�<Y�ONk
�9 X OI+OJ sn f<W%�
(2) X ?��ONk
W%< 1-scc &��
(3) X ?��ONk
W%< scc &��$ (1) ⇒ (2). 6W% X <~�<Y�ONk
�9 X OI+OJ sn f�Q. X <~�ZW<Y� K, *K_ 2.3 �℄x 2.4, 29 K 9 X O<OJb sn f HK , {^K_

2.3 �℄x 2.4 <�M (⋆).w H =
⋃

{HK : K ? X <ZW<Y� }, � H = {Hα : α ∈ A}. $ (f, M, X,H)? Ponomarev t��L
M = {α = (αi) ∈ Aω : {Hαi

}i∈N �' X O�E xα <f },�O M a1^.W% A <OJ0 Tychonoff �W%<YW%_��K f : M → X j
f(α) = xα, ; M ?NkW%� f ?&2 ()�*ny [10, #_ 1.3.8]). vD f ? 1-scc &



488 J � r _ � � Vol.33A2�6 K ? X <ZW<Y��*. HK ?OJ<� HK <6`' K < fsn ^e (K *℄x 2.4 �) < X?OJ<��j Φ = {Hi : i ∈ N}, �OQ.~� i ∈ N, Hi = {Hα}α∈Γi? K < fsn ^e��29* K <ZW��`'< K <+z^e Fi = {Fα}α∈Γi
;:~�

Hα ? Fα <
pu5�L
L = {(αi) ∈

∏

i∈N

Γi :
⋂

i∈N

Fαi
6= ∅}.

(a) L ? ∏

i∈N

Γi <���1S L ? Aω <<Y��6 γ = (γi) ∈
∏

i∈N

Γi \ L, ; ⋂

i∈N

Fγi
= ∅. * K <<��29 i0 ∈ N ;: ⋂

i≤i0

Fγi
= ∅. w

W = {(βi) ∈
∏

i∈N

Γi : Q. i ≤ i0 + βi = γi}, ; W ? ∏

i∈N

Γi O~E γ <L�� W ∩ L = ∅.O� L ? ∏

i∈N

Γi <���
(b) + (αi) ∈ L � x ∈

⋂

i∈N

Fαi
, ; {Hαi

}i∈N ? x 9 X O<f�~� Hαi
? x <
pu5�6 V ? x9 X O<u5�*. K ? X <C;YW%�29 x9 K O<Lu5 W ;:

W = clK(W ) ⊂ V . %)℄x 2.4<�M (⋆). K <b snf HK � K <<Y� W ,29 HK<+zY� H′ ;: H′ ? W < fsn^e� ∪H′ ⊂ V . -"j K <<Y� K \W ⊂ X \ {x},&%)℄x 2.4 . K <<Y� K \ W , 29 HK <+zY� H′′ ;: H′′ ? K \ W < fsn^e� ∪H′′ ⊂ X \ {x}. w H∗ = H′ ∪ H′′, ; H∗ ? K < fsn ^e�.?29 k ∈ N ;:
Hk = H∗. *. x ∈ Fαk

⊂ Hαk
∈ Hk, O� Hαk

∈ H′, s Hαk
⊂ V . 1S {Hαi

}i∈N ? x 9 XO<f�?9~� Hαi
⊃ Fαi

∋ x � Hαi
? Fαi

<
pu5�1S Hαi
? x <
pu5�

(c) L ⊂ M � f(L) ⊂ K.6 γ = (γi) ∈ L, ; ⋂

i∈N

Fγi
6= ∅. �K x ∈

⋂

i∈N

Fγi
. x"� x ∈ K. * (b), γ ∈ M �

f(γ) = x, 1S L ⊂ M � f(L) ⊂ K.

(d) + x ∈ K, ;29 γ ∈ L {^�){ X O<
p {xn} Ah. x, �}29 an ∈

f−1(xn), ;:9 M O
p {an} Ah. γ. 1S� K ⊂ f(L).Q.~� i ∈ N, *. Fi ^e K ∋ x, 29 γi ∈ Γi ;: x ∈ Fγi
. 1S x ∈

⋂

i∈N

Fγi
. w

γ = (γi), ; γ ∈ L. * (b), f(γ) = x. Q.~� n ∈ N, L Bn = {(βi) ∈ M : Q i ≤ n +
βi = γi}. �} {Bn}n∈N ? γ 9 M Ov0<u5���Q~� n ∈ N + f(Bn) =

⋂

i≤n

Hγi
.>:1�6 β = (βi) ∈ Bn, �} f(β) ∈

⋂

i∈N

Hβi
⊂

⋂

i≤n

Hβi
=

⋂

i≤n

Hγi
, O� f(Bn) ⊂

⋂

i≤n

Hγi
. 86 z ∈

⋂

i≤n

Hγi
,*. H{z} ? z 9 X O<f�O�� z 9 X O<f {Hδi

}i∈N ⊂ H,;7 i ≤ n 9+ δi = γi. w δ = (δi) ∈ Aω, �} δ ∈ Bn � z = f(δ), .? ⋂

i≤n

Hγi
⊂ f(Bn).* (b), ~� Hγi

(i ≤ n) ? x <
pu5�.? f(Bn) ? x <
pu5�"j X O<
p {xn} Ah. x, *#_ 3.3, 29 an ∈ f−1(xn), ;:9 M O
p {an} Ah. γ.℄1OI� f ? 1-scc &2�
(2) ⇒ (3) ?x"<�v�D� (3) ⇒ (1).6 f : M → X ? scc &2��O M ?ONk
W%�*#_ 3.2, X <~�<Y�ONk
�Q X O<%�<Y� K, 29 M O<<Y� L {^ f ? scc &2<���*. M



No.3 sC?�,�2NkW%<<^e&� 489?ONkW%�6 L 9 M O<OJu5�? {Vn}n∈N, hD {f(Vn)}n∈N ? K 9 X O<OJ sn f�
(e) *. f(L) = K, ∀ n ∈ N, K ⊂ f(Vn). 6 X O<L� U ⊃ K, ; L ⊂ f−1(K) ⊂

f−1(U), .?29 m ∈ N ; Vm ⊂ f−1(U), O� f(Vm) ⊂ U .

(f) ∀ x ∈ K, + X O<
p {xn} Ah. x, * scc &2<K �;29 M O<
p
{an} Ah. a ∈ L �~� an ∈ f−1(xn). Q ∀ m ∈ N, a ∈ L ⊂ Vm, .? {an} ?Q. Vm<�O�
p {xn} �?Q. f(Vm) <�� f(Vm) ? K 9 X O<
pu5�vp℄x) 1-scc &2� scc &2\RI Michael � Nagami <K_ 1.1.&2 f : X → Y &jlL&2�+ X <L� U ⊃ f−1(y), ; f(U)? y 9 Y O<u5�x"�L&2?lL&2�lL&2?/&2�W% X &j Fréchet W% [3], + x ∈ A ⊂ X , ;29 A O<
pAh. x.�� 3.6[10, $` 1.4.7] X ? Fréchet W%7�>7 X <~�E<
pu5?
E<u5��� 3.7 Q.W% X , vIY,{	?#

(1) X ?��ONk
W%<<^e�L&��
(2) X ?��ONk
W%< 1-scc �lL&��
(3) X ?��ONk
W%< scc �lL&��
(4) X ?~�<Y�ONk
�9 X OI+OJ�<W%�$ K_ 1.1 �� (1) ⇔ (4). *℄x 3.4, (1) ⇒ (2). (2) ⇒ (3) ?x"<�v�D�

(3) ⇒ (4). 6W% X ?��ONk
W%< scc �lL&��*K_ 3.5, W% X <~�<Y�ONk
�9 X OI+OJ< sn f�*.NkW%? Fréchet W%��lL&2�(
Fréchet W%�M ��O� X ? Fréchet W%�8*#_ 3.6, X <~�<Y�9 X OI+OJ���� 3.8 <W%1< scc &2?\? 1-scc &2

4 	u�4Æ1j4<
(%).<Y�I+OJ,�W%<�G�[9m*�kdYN�{tW%2&2G%<�� 7~tt���,�<d
�W% X <Y�_ B &j X <,� (weak base)[1], ){ B =

⋃

x∈X

Bx,�O~� Bx {^
(1) x ∈

⋂

Bx;

(2) ){ U, V ∈ Bx, ;29 W ∈ Bx ;: W ⊂ U ∩ V ;

(3) O ? X <L�7�>7Q.~� x ∈ O, 29 B ∈ Bx ;: B ⊂ O.x"�,�?u5�d
<7
�,�2 sn f?Z}
pW%-eft<�W% X <Y� P &j
pL��+ P ?�O~�E<
pu5�~�
pL�?L�<W%&j
pW% (sequential space)[3].�� 4.1[9] 6 B ?W% X <Y�_�
(1) + B ? X <,��; B ? X < sn f�
(2) + B ?
pW% X < sn f�; B ? X <,��j� 4.2 6 B =

⋃

x∈X

Bx ?W% X <,��Q. A ⊂ X , +
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(a) �_ ⋃

x∈A

Bx &j A 9 X O<b,� (outer weak base).

(b) X <Y�p {Vn}n∈N &j A 9 X O<OJ,��+P{^
(1) ~� Vn ? A 9 X O<,u5 (weak neighborhood), �Q.~� n ∈ N �~�

x ∈ A, 29 B ∈ Bx ;: B ⊂ Vn;

(2) Q X O~��~ A <L� V , 29 n ∈ N ;: Vn ⊂ V .Y� A <b�? A <b,�� A <b,�? A <b sn f�v�X��Q._�W%
X , E x ∈ X <
pu5?d !K<�6 x <,u52�K<,�+t�9K 4.2 O�
A <b,�� A 9 X O<OJ,�K2W% X O�K<,�+t�?��� sn fI+2�<oK��2,�{t<d
2	-_�*K_ 2.3 �#_ 4.1:vIK_�Pm*npW 1.2 (2) OjkY,G%<C!tt�j� 4.3 6 K ?W% X <<Y��; K ONk
�9 X OI+OJ,�7�>729 K 9 X O<OJb,� H, {^ : H <~�6�) U ∩ V , �O U ? X <L�� V ?
K 9 X O<,u5�$ )[�<D�[K_ 2.3, J�Æ
pu5�j,u5�O�vD����6 B =

⋃

x∈X

Bx ?W% X <,��Y�p {Vn}n∈N ? K 9 X O<OJ,��*#_
4.1 �K_ 2.3, 29 K 9 X O<OJb sn f H =

⋃

x∈K

Hx, {^� H <~�6�) U ∩ V ,�O U ? X <L�� V ? K 9 X O<,u5 (K_ 2.3 Oj
pu5�*.?
pu5?+zk Vn <1�O�9/?,u5 ). w W =
⋃

x∈X

Wx, �O
Wx =







Hx, ){ x ∈ K,

Bx, ){ x ∈ X \ K.v�D� W ? X <,��?J��D�Q. O ⊂ X , O ? X <L�7�>7Q.~�
x ∈ O, 29 W ∈ Wx ;: W ⊂ O.){ O ? X <L�� x ∈ O, *. Wx ? x 9 X O<f�29 W ∈ Wx ;: W ⊂ O.){ O {^Q.~� x ∈ O, 29 W ∈ Wx ;: W ⊂ O, .?7 x ∈ K 9�29 H ∈ Hx ;: x ∈ H ⊂ O, � H = U ∩ V , �O U ? X <L�� V ? K 9 X O<,u5�*K 4.2,29 B ∈ Bx ;: B ⊂ W ⊂ O. "j B ? X <,��O� O ? X <L��s�H ? K 9
X O<OJb,��*.{^K_ 4.3Y,<W%m�?
pW%�O�K_ 4.3 ?K_ 2.3<H3℄x��� 4.4[16] 6 f : X → Y ?
p^e&2�+ Y ?
pW%�; f ?/&2�vIK_�3npW 1.2 (1).j� 4.5 Q.W% X , vIY,{	?#

(1) X ?��ONk
W%< 1-scc �/&��
(2) X ?��ONk
W%< scc �/&��
(3) X ?~�<Y�ONk
�9 X OI+OJ,�<W%�$ (1) ⇒ (2) ?x"<� (2) ⇒ (3). 6 X ?��ONk
W%< scc �/&��*K_ 3.5, X ?~�<Y�ONk
�9 X OI+OJ sn f<W%�*.NkW%?
pW%�/&2�(
pW%�M�.? X ?
pW%�*#_ 4.1, X <~�<Y�9 X OI+OJ,��
(3) ⇒ (1). 6 X ?~�<Y�ONk
�9 X OI+OJ,�<W%�*K_ 3.5 �#_ 4.1, 29NkW% M � 1-scc &2 f : M → X . *.W% X <~�EI+OJ,��



No.3 sC?�,�2NkW%<<^e&� 491� X ?,B�OJW%�1S X ?
pW% [17]. *#_ 4.4, f ?/&2�s X ?ONk
W%< 1-scc �/&��vIdY\K�3npW 1.2 (2), [9N�9K_ 2.3 �℄x 2.4 �K_ 4.3 O<��b!Y,?�
<�� 4.6 Arens W% S2

(1) O[NkW%< 1 
p^e�<^e�/�+z9�&��
(2) 29I+OJb,�<<Y� K, 9 S2 O I+OJ sn.� S2 = {0} ∪ N ∪ N2. Q.~� n, m, k ∈ N, w V (n, m) = {n} ∪ {(n, k) : k ≥ m}. S2a1vp_��&j Arens W%� N2 O<E?reE�Q. n ∈ N, E n <u5�6�)

V (n, m), �O m ∈ N; E 0 <u5�6�) {0} ∪ (
⋃

{V (n, mn) : n ≥ i}), �O i, mn ∈ N.V�9�9 S2 O 29 N2 O<
pAh. 0.L
Bx =















{{x}}, ){ x ∈ N2,

{V (x, m) : m ∈ N}, ){ x ∈ N,

{Pm : m ∈ N}, ){ x = 0,�O Pm = {0} ∪ {n ∈ N : n ≥ m}. ; ⋃

x∈S2

Bx ? S2 <,��1S� S2 I+OJ,��
(1) wM1 = {0}∪N,a1vI_��NO<E?reE�E 0<u5�6�) {0}∪{k ∈

N : k ≥ m}, �O m ∈ N. ; M1 ?<NkW%�w M2 = N × ({0} ∪ N), a1vI_�� N2 O<E?reE�Q. n ∈ N, E (n, 0) <u5�6�) {(n, 0)} ∪ {(n, k) : k ≥ m}, �O m ∈ N. ; M2 ?O[NkW%�L M = M1

⊕

M2, ; M ?O[<NkW%�K f : M → S2 )v
f(x) =







x, ){ x ∈ M1

⊕

(M2 \ (N × {0})),

n,){ x = (n, 0) ∈ N × {0}.; f ? 1 
p^e�<^e�/�+z9�&2�
(2) w K = {0} ∪ N. x"� K ? S2 <<Y��"j K ?OJ��O� ⋃

x∈K

Bx ? K9 S2 O<OJb,��+ K 9 S2 OI+OJ sn f�6 {Un}n∈N ? K 9 S2 O<OJ snf�Q.~� n ∈ N, n ∈ K ⊂ Un, .? Un ? n 9 S2 O<
pu5�*.
p {(n, m)}m∈NAh. n, O�29 mn ∈ N ;: (n, mn) ∈ Un. L U = S2 \ {(n, mn) : n ∈ N}, ; U ? K 9
S2 O<u5�~� Un 6⊂ U . "/ {Un}n∈N  ? K 9 S2 O<OJ sn f�|R�1S� K9 S2 O� I+OJ,��vdN�K_ 3.5 <Y,�j,.K_ 4.5 <Y,�� 4.7 29Z
pW% X : ~�<Y�ONk
�9 X O+OJ sn f�$ X = N∪ {p}, �O p ∈ βN \N, a1 βN <YW%_��*. X O 29Z�V<Ah
p�O� X <<Y�M?+z��~�5E�K? X <
pL��?N� X <~�<Y�ONk
�9 X OI+OJ sn f�6 X  ?
pW%�1S�X  ?NkW%</&��){$ M ?� X a1^._�<W%�K f : M → X ?�?&2�; M ?NkW%� f ? 1-scc &2�6? f  ?/&2�vdN�K_ 4.5 <Y,�j,.℄x 3.7 <Y,�



492 J � r _ � � Vol.33A� 4.8 29Z Fréchet W% X : ~�<Y�ONk
�9 X O+OJ,��w I = [0, 1], S1 = {0} ∪ { 1
n

: n ∈ N}. K X = I × S1, �a1 X vI_� [5]: Y�
I × (S1 \ {0}) 
j X <YW%I+Æ�_��~� (t, 0) ∈ I × {0} 9 X O<u5�6�)

{(t, 0)} ∪ (∪{V (t, k) : k ≥ n}),�O n ∈ N, � V (t, k) ? (t, 1
k
) 9YW% I × { 1

k
} O<Lu5�

(1) X  ? Fréchet W%�"j (0, 0) ∈ (I \ {0})× S1, S9 X OAh. (0, 0) <%�
pJ�++z} G. {0} × S1, O� 29 (I \ {0}) × S1 O<
pAh. (0, 0).

(2) X ?��ONk
W%< 1-scc �/&��L
M = (⊕{I × {

1

n
} : n ∈ N}) ⊕ (⊕{{t} × S1 : t ∈ I}),�O~� I × { 1

n
} I+Æ�_��~� {t} × S1 I+Æ�_��; M ?ONk
W%�$

f : M → X ?["&2�; f ?/&2 [5]. vD f ? 1-scc &2�6 K ? X <ZW<Y��*. I×{0}? X <�^.YW%�O� K∩(I×{0})?+z���j {(ti, 0)}i≤m. w K0 =
⋃

i≤m

({ti}× S1). ;+29 n ∈ N ;: K ⊂ K0 ∪ (
⋃

j≤n

(I×{ 1
j
}))

()�*ny [8, d 2.8.16]).L
L = (

⊕

i≤m

(({ti} × S1) ∩ K)) ⊕ (
⊕

j≤n

((I × {
1

j
}) ∩ K)),�} L ? M <<Y��� f(L) = K.$ x ∈ K ⊂ X .+ x ∈

⋃

j≤n

(I × { 1
j
}), ;29 j ≤ n � a ∈ L ;: a ∈ (I × { 1

j
}) ∩ f−1(x). ){ X O<
p {xn} Ah. x, ; {xn} J++z} 9 I× { 1

j
} O�O�O��K an ∈ f−1(xn), ;:
p {an} Ah. a.+ x ∈ K0 \ (

⋃

j≤n

(I × { 1
j
})), ;29i�< i ≤ m � s ∈ S1 ;: x = (ti, s), 1S29

a ∈ ({ti} × S1) ∩ f−1(x), ; a ∈ L. ){ X O<
p {xn} Ah. x, ; {xn} J++z} 9 {ti} × S1 O�O�O��K an ∈ f−1(xn), ;:
p {an} Ah. a.*K_ 4.5, X <~�<Y�ONk
�9 X O+OJ,��"jI+EOJ�<W%?NkW%<<^e<L&� [13], O�I+EOJ�<W%O<~�<Y�I+OJb���na�V*vIpW��� 4.9 I+EOJ,�<W%O<~�<Y�?\I+OJb,�
f } � �
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Weak Bases and the Compact-Covering Images of Metric Spaces

1,2Lin Shou 3Zhang Jing
(1Department of Mathematics and Information Science, Zhangzhou Normal University, Zhangzhou 363000;

2Institute of Mathematics, Ningde Normal University, Ningde 352100;
3Institute of Mathematics, Nanjing Normal University, Nanjing 210046)

Abstract: In this paper some equivalent conditions of a space in which each compact subset is

metrizable and has a countable weak base in the space are obtained by means of sn-networks,

the spaces are characterized as images of metric spaces under 1-scc (resp. scc) and quotient

maps, and spaces in which each compact subset has a countable outer weak base are discussed,

which generalized the classic result about compact-covering and open images of metric spaces

by Michael and Nagami.

Key words: sn-networks; Weak bases; Outer sn-networks; Outer weak bases; Compact-

covering maps; 1-sequence-covering maps; Quotient maps; 1-scc-maps; scc-maps.
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