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0 *+
u�x��oWc� 50 P��� [1], dB�p����vu s �x�F�NUu s �x

j��x��N��KQ��� [2]. ��� Tanaka Y., ��j Ikeda Y.[3] ��yry,j�
����F�NUu���������d����s�������u�����p���
�B��D a cs ��F�!l��F�"�jqu�TR��#�T���V��-�yr
NU�T.NUj�c�NU������� ��$A%&�!Y�����F�NU (�)
�x"'�TGE�s�F�NU�x�'#�(TGEr#� Tanaka Y. � [3] �$�TY
 !�

1 /0
%"-���1w�)2 Hausdorff J*&'��V����x�#+H�)h$� N '

%3f$y��� X ��V(& τ(X) t τ ; )fyl X -�T�� xn (n ∈ N), ( 〈xn〉 =
{xn : n ∈ N}; )f X �4y, P j x ∈ X, ( (P)x = {P ∈ P : x ∈ P}, st (x,P) = ∪(P)x.

56 1 , X �TY��� P ⊂ X.
(1) p X -�F� xn → x, * {xn} �7f P ��ne+p m ∈ N '� {x} ∪ {xn : n ≥

m} ⊂ P .
(2) P *& X -�� x �F�!l�p X -�F� xn → x, r {xn} �7f P ��

(3) P *& X �F�"y�p P � P -CT��F�!l��
(4) X *&F����p X �CTF�"y� X �"y�

)f�� X, ( S(X) = {x ∈ X : {x} � X �F�"y }, S(X) = {{x} : x ∈ S(X)}. (
f� {x} � X �F�"y,-., X --+pIUD�F�)/f x. σX �yl X Pin
*�V. U � σX �"y,-., U � X �F�"y� σX �F����- σX j X c+
,�)/F�j+,�F�!l�

56 2 , P ��� X �NU�

(1) P *& X ���p x ∈ U ∈ τ , +p P ∈ P '� x ∈ P ⊂ U .
(2) P *& X � cs � [4], p X -�F� xn → x ∈ U ∈ τ , +p P ∈ P '� {xn} �7f

P �- P ⊂ U .

56 3 ,�� X �4y, P = ∪{Px : x ∈ X} )2.)f x ∈ X, Px � x p X -�
��/ Px ⊂ (P)x -p x ∈ G ∈ τ , +p P ∈ Px '� P ⊂ G; 0-ne U, V ∈ Px, JB+p
W ∈ Px '� W ⊂ U ∩ V .

(1) P *& X �F�!l� [5], pCT Px �m� x p X -�F�!l�
(2) P *& X �F�"� [5], pCT Px �m� X �F�"y�

(3) P *& X �qu [6], p G ⊂ X '�)f x ∈ X +p P ∈ Px, c P ⊂ G, JB G �
X �"y�

v- Px J1*& x p X -�F�!l��F�"�jq!lu�p�� X �CT�2
c0$�F�!l� (F�"��q!lu), r* X � snf 0$ (sof 0$� gf 0$) �� [7].
gf 0$���F��� [6].
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58 4 , P ��� X �NU�

(1) P *& X ��yrNU [8]. p x ∈ U ∈ τ , r {P ∈ P : x ∈ P 	⊂ U} �c���
(2) P *& X �T.NU [8], p)f x ∈ X, ne P ′ � (P)x �0$0�4y�r P ′ �

x p X -���
(3) P *& X � cs NU [9], p X -�CT)/F��7f P -�Hm�
(4) P *& X � snNU (soNU�gNU),p P -�CTm� X -�H��F�!l (F

�"y�q!l) -)fkY� x ∈ X, +p x p X -�F�!l (F�"y�q!l) P ∈ P .

(f��� X ��yrNU (T.NU) �4NUl� X ��yrNU (T.NU).

56 5 , P = ∪{Pn : n ∈ N} ��� X �4y,�Z-CT Pn � X �NU�

(1) {Pn} *& X � cs � (F�!l��F�"��qu), p P � X � cs � (F�!l
��F�"��qu).

(2) {Pn} *& X ���� (point-star network), p)f x ∈ X, 〈st (x,P)〉 � x p X -�
��

(3) {Pn} *& X � (�c��44c�) 51�pCT (Pn ��c��-� Pn �44c
��-) Pn+1 51 Pn.

2k “���” 35p�'a�46apNU'#-cF'a� “��51” TR�7cw
9B:���qW��iD�;��np" [10, 11] -6*& “751” (semi-refinement) Aa
XN������e"�u���'a “���” 5nZ5A��(f� {Pn} � X ����
,-.,)f x ∈ X jkYc"� Pn ∈ (Pn)x, 〈Pn〉 � x p X -���

56 6 ,�x f : X → Y .

(1) f *&��x�pCT f−1(y) � X ��4y�
(2) f *&F�NU�x [12], p Y -�F� yn → y, JB+p xn ∈ f−1(yn) '�p X -

xn → x ∈ f−1(y).

(3) f *& 1 F�NU�x [5], p)f y ∈ Y +p x ∈ f−1(y) )268.ne Y -�F�
yn → y, JB+p xn ∈ f−1(yn) '�p X - xn → x.

(4) f *& 2 F�NU�x [5], p)f y ∈ Y z x ∈ f−1(y) )268.ne Y -�F�
yn → y, JB+p xn ∈ f−1(yn) '�p X - xn → x.

(f� 2 F�NU�x ⇒ 1 F�NU�x ⇒ F�NU�x�4DT�-0O [5].

2 *<
%97Fv9"Z�T8y,��� ��
=8 1 )f�� X �NU P , *-68+o�:.

(1) P � X �T.NU�
(2) )f x ∈ X, p 〈Pn〉 � (P)x �0�4y0- U � x p X -�F�!l�JB+p

m ∈ N '�, n > m ; Pn ⊂ U .

(3) P � σX ��yrNU�

(4) P � X ��yrNU�

A> 9Ez (1)⇒(2)⇒(3), �A (3)⇒(4)⇒(1) �(f��
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, P ��� X �T.NU� x ∈ X, 〈Pn〉 � (P)x �0�4y�0- U � x p X -�F
�!l�p-+p m ∈ N '�, n > m ; Pn ⊂ U , r+p 〈Pn〉 �0�4y 〈Pnk

〉 '�CT
Pnk

	⊂ U . )fCT k ∈ N , c xk ∈ Pnk
\U , bf 〈Pnk

〉 �kk0�4y2� x p X -���
f�F� xk → x ∈ U , A8�

, P )2 (2), 0- U � x p σX -�"!l�JB U � X �F�"y�f� {P ∈ P :
x ∈ P 	⊂ U} �c�y��A P � σX ��yrNU�

=8 2 �� X ��c�51�����0� X �T.NU�
A> , {Pn} ��� X ��c�51�����h P =

⋃
n∈N Pn. )f x ∈ X, p 〈Pm〉

� (P)x �0�4y�r)f k ∈ N , +p Pmk
∈ Pnk

'� mk < mk+1 - nk < nk+1. JB
〈Pmk

〉 � x p X -����A 〈Pm〉 � x p X -���9 P � X �T.NU�
=8 3 )f�� X, *-68+o�:.

(1) X 7c�c� cs NU (sn NU�so NU�g NU) �����

(2) X 7c cs � (F�!l��F�"��qu), 4��c�51�����

(3) X 7c�c� cs NU (sn NU�so NU�g NU) 51�����

A> .z cs NU�aA�ZhaA�<5��, {Pn} ��� X ��c� cs NU��
���)f n ∈ N , = F =

∧
i≤n Pi, JB {Fn} � X ��c� cs NU51�����:A

(1)⇒(3) :&�bf cs NU����� cs ��;X (3)⇒(2) :&�, {Pn} � X � cs �j
�c�51�����)f m ∈ N , p X -�F� xn → x, bf Pm � X �NU�0X,;
c� xn 	= x. ( {P ∈ (Pn)x : n ≤ m}\{{x}} = {Pj : j ≤ k}. )fCT j ≤ k, c pj ∈ Pj\{x},
r+p i ∈ N j P ∈ Pi '� {xn} �7f P �- P ⊂ X\{pj : j ≤ k}, w; i > m, f�+p
Q ∈ Pm '� P ⊂ Q, �A {xn} �7f Q ��:�� Pm � X � cs NU�;X (2)⇒(1) :
&�

�0$YIUD)/F���Vj��-�x��<:T��;�u��*&F�t�(
& Sω [2, > 1.8.7].

=8 4 F�t-7cT. cs ��

A> (F�t X & {x}∪ (
⋃

n∈N Xn), Z- Xn ?&F�)/f x. p P � X � cs ��
)f n ∈ N , +p xn ∈ X\{x} j Pn ∈ P '� {x, xn} ⊂ Pn ⊂ X\{xi : i < n}, f�y� {Pn}
�=�??o-+,�- x ∈ Pn 	⊂ X\〈xn〉. fA 〈xn〉 � X �<4y��A P -� X �T
.NU�9F�t-7cT. cs ��

=8 5[7, 13] ,F��� X -gc4��,TfF�t�p P � X ��0$ cs ��r P
�c�@�H4y=: X �qu�

=8 6[2] , f : X → Y �F�NU�x�p X �F����JB Y �F���,-.
, f �u�x�

=8 7 , f : X → Y , g : Y → Z 2� 1 F�NU (2 F�NU) �x�JB gf: X → Z

S� 1 F�NU (2 F�NU) �x�

3 /<
58 1 )f�� X, *-68+o�:.

(1) X ������ 1 F�NU����
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(2) X ������F�NU����

(3) X 7c�yr cs ��
(4) X 7c�yrF�!l��

(5) X 7cT. cs ��
(6) X 7cT.F�!l��
(7) X 7c�c� cs NU�����
(8) X 7c�c� sn NU�����
A> 9Ez (2) ⇒ (3) ⇒ (4) ⇒ (8) ⇒ (1), A (1) ⇒ (2), (8) ⇒ (7) ⇒ (5) ⇔ (3), (6) ⇔ (4)

b"Zt�'�(f:&��

(2)⇒(3). , f : M → X �F�NU��x�Z- M ������h {Bn} � M �4
4c�"NU51-)2 [2]: ) M �I��4y K, 〈st (K,Bn)〉 � K p M -�!lu�r
{f(Bn)} � X ��c�51���� [2]. b�' 1, �' 2 zF�NU�x>? cs �> X 7

c�yr cs ��
(3)⇒(4). , P ��� X ��yr cs ��-H, S(X) ⊂ P .
?z P ��0$��)f x ∈ X, p (P)x �-0$��bf P ��yrB>)f y 	= x,

{P ∈ (P)x : y ∈ P} �c�y�f�+p (P)x �0�4y 〈Pn〉, xn ∈ Pn\{x} j k ∈ N '�
CT xn G@f (P)x � k Ym�/ ord (xn, (P)x) = k. b�' 1, F� xn → x. ob P � X

� cs ��+p (P)x �4y 〈Fi〉 j4F� {xni} '�)fCT i ∈ N , {xn : n ≥ ni} ⊂ Fi ⊂
X\{xnj : j < i}, JB� ord (xni , (P)x) ≥ i, A8�:A P ��0$��

Z5zF P � σX � cs ��, σX -�F� xn → x ∈ U ∈ τ(σX), -H, x /∈ S(X), b
f P ��0$B� {P ∈ (P)x : {xn} �7f P � } �0$0�y�(4& 〈Fn〉. b�' 1 >
+p n ∈ N '� Fn ⊂ U , 9 P � σX � cs ��

@mzF X 7c�yr�F�!l��bL;z> P � σX ��yr cs ��b�' 4j
�' 5, +p P �c�@�H4, P ′ � σX �qu�Aq!l�F�!l��A P ′ � X �
�yrF�!l��

(4)⇒(8). , P ��� X ��yrF�!l��

?zF P c*-B: (M(&B: (F)): )f P ∈ P , {R ∈ P : P ⊂ R} �c�y�p-
f�+p P\{P} �0�4y 〈Pn〉 '�CT P ⊂ Pn. ne P �@�y�JB P � X �F�
"y�b�' 1, +p n ∈ N '� Pn ⊂ P , A8�ne P -�@�y�, P gc-,�� x

j y, JB+p n ∈ N '� x ∈ Pn ⊂ X\{y}, A8�bB: (F), -LzFPz S(X) ⊂ P . D
Pm = {R ∈ P : p R ⊂ P ∈ P , r P = R}.

Z5zF Pm � X ��c�NU�)f P ∈ P . bB: (F), +p R ∈ Pm '� P ⊂ R,
�A Pm � X �NU�)f x ∈ X. b (3)⇒(4) ;z> (Pm)x �0$��ne (Pm)x �0
�y�(4& 〈Rn〉, bf P � X �F�!l��+p x p X -�F�!l P ∈ P , -H,
P ⊂ R1, f�)fCT n ∈ N , +p xn ∈ Rn+1\R1, JBF� xn → x � 〈xn〉 ∩ P = ∅, A8�
�A (Pm)x �c�y�9 Pm � X ��c�NU�D P ′ = (P\Pm) ∪ S(X).

o5zF P ′ l� X ��yrF�!l��CIv�, x ∈ U ∈ τ , -H, x /∈ S(X),
r+p x p X -�F�!l V,W ∈ P j y ∈ V \{x} '� W ⊂ V \{y} ⊂ V ⊂ U , f
� W ∈ P ′, ;X P ′ � X �F�!l���A4� X ��yrF�!l��= P1 = Pm,
Pn+1 = [(P\ ∪ {Pi : i ≤ n}) ∪ S(X)]m, n ∈ N .
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@mzF X 7c�c� sn NU�����(f� {Pn} � X ��c�51�0-bB:
(F) > P =

⋃
n∈N Pn. )f x ∈ X z Pn ∈ (Pn)x, p x ∈ S(X), r+p m ∈ N '� Pm = {x},

f� 〈Pn〉 � x p X -���p x /∈ S(X), r 〈Pn〉 �=�??o-+,��b�' 1 > 〈Pn〉
� x p X -���:�� {Pn} � X �����b�' 3, X 7c�c� sn NU�����

(8)⇒(1). , X 7c�c� sn NU�����b�' 3, X 7cF�!l� {Pn}, 4� X

��c�51�����)f n ∈ N , ( Pn = {Pα : α ∈ An}. D

M =
{

β = (αi) ∈
∏
i∈N

Ai : 〈Pαi〉 � X -H� x(β) p X -��
}

,

0-PiM �*r��, 〈Ai〉�w��;dC�4���V�rM �����-Mf f(β) =
x(β) ;"Z�h$ f : M → X �� M ; X v� 1 F�NU���x [2, 5, 9].

b"' 1 j�' 6, �D�;n*����F�NUu����Qx�
[\ 1 )f�� X, *-68+o�:.
(1) X ������ 1 F�NUu����
(2) X ������F�NUu����
(3) X 7c�yrqu�
(4) X 7cT.qu�
(5) X 7c�c� g NU�����
(6) X �7c�yr cs ��F����
v-68-� (2)⇔(3) &" [3] -�]RSe�w868-.R$�" [3] -�T��S

#�A-r#� [3]-�$� !.6^�����i���Qx7c�yr cs��F����
p�"' 1 zF-� “F�!l” q& “F�"y”, Va<5�GC0s������ 2 F�
NU����Qx�

58 2 )f�� X, *-68+o�:.
(1) X ������ 2 F�NU����
(2) X 7c�yrF�"��
(3) X 7cT.F�"��
(4) X 7c�c� so NU�����
Sl" [5], �D)f����� 1 F�NU (t 2 F�NU) ����j s ��2c�[

i��p�JB����� 1 F�NU (t 2 F�NU) ��ecsQ�MpQxX
58 3 � X ������ 1 F�NU (2 F�NU) ��,-., X � snf 0$ (so 0

$) ���
A> .z 1 F�NU���aA� 2 F�NU���aA�<5��
, f : M → X � 1 F�NU�x�Z- M ������)f x ∈ X, +p m ∈ M )2

"Z 6 - 1 F�NU�x�68�h Bm �� m p M -�0$�!lu�= Px = f(Bm), r
Px � x p X -�0$�F�!l��9 X � snf 0$���

, X � snf 0$���h P �'� X � snf 0$��� X �F�!l��( P = {Pα :
α ∈ A}. D M = {β = (αi) ∈ Aω : 〈Pαi〉 � X -H� x(β) p X -�� }, r M ?&*r�
� A � ω 5w��;dC�4��������"Z f : M → X '� f(β) = x(β), r f �
� M ; X v� 1 F�NU�x [5].
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bf gf 0$ ([T0$) ���:f snf 0$ (sof 0$) �F��� [7], b�' 6 j"'
3 c

[\ 2 �� X ������ 1 F�NU (2 F�NU) u��,-., X � gf 0$ ([
T0$) ���

b�' 7, "' 3 j\# 2 c

[\ 3 1 F�NU�x>? snf 0$��� 1 F�NUu�x>? gf 0$��� 2 F�
NU�x>? sof 0$��� 2 F�NUu�x>?[T0$���

D 1 kk��2�HT�����F�NU���CIv�, X �T���hM = ⊕{S : S

� X �gx���)/F� },rM �����-�M ; X v�3f�x�F�NU�x�
D 2 %"�[T?up" [7, "' 3.11] -"Z� “csf 0$��”, /�� X +p4y,

P = ∪{Px : x ∈ X} '�CT Px � x p X -�0$\]� cs ��) x ∈ X, p, Px = 〈Pn〉
�� x p X -�\]� cs ��ne {x} � X �F�"y�r;c� Pn � x p X -�F�
!l�ne {x}-� X �F�"y�r+p X -IUD�F�)/f� x,f�)CT n ∈ N ,
Pn 	= {x}, c" pn ∈ Pn\{x}. )CT m ∈ N ,�DzF Pm � xp X -�F�!l�p-f�
JB+p X -�F� {yn} )/f� x - 〈yn〉 ∩ Pm = ∅, bf 〈Pn〉 � x p X -� cs ��+
p i ∈ N '�F� {yn} �7f Pi ⊂ X\{pj : j ≤ m}, �A i > m, f� {yn} �7f Pm ��
wj yn �Ic+A8�;X Px S� x p X -�F�!l��9 “csf 0$��� snf 0$
�”. �A�F�t Sω w<7c0$ cs ����S^]� csf 0$���:�" [7] - f csf
���"Z�-G,�� !pf4Rb�� cs ��\]B�:�0� csf ���"ZCR&
“�� X +p4y, P = ∪{Px : x ∈ X} '�CT Px � x p X -0$� cs �”. w; csf 0
$��<MX_`g snf 0$��<�7c�0$ cs ����� csf 0$���-" [7] -;
zz� f csf 0$���G!Vf:&�

D 3 _b�����F�NU s ��0�p&7c�0$ cs ���� [14], {�����
�F�NU��^]� csf 0$���a Sω1 '%� ω1 YIUD)/F���Vj��-�
x��<:T��;�u���b` 1> Sω1 �HT�����F�NU���bf Sω1 Gc
TYI|&��p Sω1 pI|&�}7c0$� cs ��JB Sω1 3`{7c�0$� cs ��
{ Sω1 -7c�0$� cs � [2, G! 2.7.21], ;X4-� csf 0$���

D 4 ����Dp" [15, "' 4.4] -R$�%"�"' 1, zF�����v�F�NU
��x� 1 F�NU�x�

4 {
%9|>7F����v!9F�NU�x���~{�
| 1 �����u��� 	⇒ �����F�NU����
b" [2] �> 2.9.27, +p44����� Z Xzu��x f : Z → X '� X -7c�

0$ cs ��b"' 1 > X -0N������F�NU����

| 2 �����F�NUu s �� 	⇒ ����� 1 F�NU���

F�t Sω �7c0$ cs ��F����f�4������F�NUu s �� [14, "
' 3]. bf Sω -� gf 0$���b\# 2 > Sω -0N������ 1 F�NU���

| 3 ����� 1 F�NU��� 	⇒ ����� 2 F�NU���
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Arens �� S2(~ [2], > 1.8.6) 7c�yrqu�;X4������ 1 F�NUu��
��bf S2 -�[T0$���b\# 2 > S2 -0N������ 2 F�NU���

| 4 qu-�c�NU���� 	⇒ T.NU�
h X �I|} R Pi�0'�t�V [2], )f x ∈ X, x p X -�"!lAn {x} ∪

(D ∩ U), Z- D � R �0'$y� U � x p R -�S�"!l�h Q = R\D, = B =
{{x} ∪ (D ∩ (p, q)) : p < x < q - p, q ∈ Q}, r B � X �0$u�( B = 〈Bn〉. )f n ∈ N ,
= Pn = {Bn,X\Bn}, JB {Pn} �� X �que� X ��c�NU�����{4-� X

�T.NU�Lr B {� X �T.u�fA X -7cT.u [16, > 69].
,�x f : X → Y . f *&�F�NU�x (pseudo sequence-covering mapping)[3], p Y

-�kT)/F�� X -�H�4yp f *���
| 5 0J����v��F�NU�x 	⇒ F�NU�x�
�D0�-" [17] - Michael �>4�7F�
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