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0 /0
1914 �, Hausdorff (�, 1868–1942) ��	��	�	�� “Grundzüge der Mengenlehre”

(
�
���)[24], �	 Hilbert (�, 1862–1943), Weyl (�, 1885–1955), Fréchet (�, 1878–

1973), Riesz (
, 1880–1956)���	
��������	�����, �	����
��	����	��,�����	���Æ����	��,��� Hausdorff��� Haus-

dorff ������ [10]. �� !����"	��, Hausdorff #$�������"	��
� (� [4, 57]). ����"������	�"�%, ��	��	�, ����"���"
�	� ���	!��& [22−23]. ��'�"������"	#��$, ������

��	���	�����"��: Mary Ellen Rudin (�, 1924–2013), Ernest A. Michael (�,

1925–2013),��� (1925–2014),��� (1935–2013).

�(� , !������ ����"	"%�!)� [1, 23]. 1925 �, Urysohn (&,

1898–1924) ��'�#*!��	+,��$"(#)*$�%�, +,-%	���& !
���	 [55]. 1950–1951 �, Bing (�, 1914–1986), Nagata (', 1925–2007) � Smirnov (&,

1921–2007)�-��'�	����!���	�Æ& , !�	'(��	����), (

..� Bing-Nagata-Smirnov ����).

/1 0.1 �+,�� X , ')& �":

(1) X  !�����.

(2) X #* σ **� [5].

(3) X #* σ +/*+� [48, 54].
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����)	�� �2Æ%(3�+/*+�4��	*5/+, �0671�Æ+�
����&	2�, +,*0'/3	 20 �� 70–80 �4+�����)
	15� [9, 16].

�����	�*+�4�6789�4 +/*+�4	"582	/+. �� X 	9
�4 P .� 2345[6],0, X �3���:1; P �*+-�.�/; P .� 6789
5[45], 0,�4<	 P ′ ⊂ P , * ⋃{P : P ∈ P ′} =

⋃{P : P ∈ P ′}. =�, 3�+/*+�4:
 �*+�4�6789�4. 1971�, Boone[6] -%	#* σ�*+�	+,�� !���
	. ; , >3 1957 �, Michael[45] 5?�#* σ 6789�	+,��1< !����. @
=6789�40A+/*+�4;6789�4.�. �� X 	9�4 P .� :;678
95[25], 0,�4<	 P ′ ⊂ P � H(P ) ⊂ P ∈ P ′, * ⋃{H(P ) : P ∈ P ′} =

⋃{H(P ) : P ∈ P ′},
1�4 {H(P ) : P ∈ P} 6789	. 1975�, Burke� [8] -%	#* σ @=6789�	+
,�� !���	. 1986�,234 [15] B�	2�@=6789�4	5�, !�	#* σ2

�@=6789�	��	����). 3)	���6,:(7/+	 Bing-Nagata-Smirnov

����). 3 [8] �, Burke �B"��� ��	@=6789�4	�5/+, 4�..�
<:;6789=> (weakly hereditarily closure-preserving families). 2008�, 3 Arhangel’skǐı

	!)', 6>� [43] ��&�48.�?**�4 (point-discrete families). �� X 	9�4
P .� ?@A5[8, 43], 0,�4<	 x(P ) ∈ P ∈ P , {x(P ) : P ∈ P}  �-6**�. 52,

T1 ���	@=6789�4: ?**	. Burke� [8] �@76%A3#* σ ?**�	

B!���	+,��, �-%	#* σ ?**�	+, k �� !���	,�8	��?*
*�4	79.

3�	/+�(, 3 1959 � Arhangel’skǐı[2] B"89	5�:, ����"��7:B"
1-$989	5� (0 k 8, :��), +,��	C1C;:<	��&, 0 cosmic ��Dσ

��Dℵ ��Dg !�����, �%'E;��	+�����)
, ����	��;<�
�=
)=FÆ [16−18, 36]. <=�A#**5 σ ** (σ +/*+Dσ @=6789Dσ 678
9) 89	��	��D3 20 �� 90 �4��>�, 2,#**5 σ ?**89	��	�
�%13� 10 �G��, ����"E?"	%>	0�, >�	����"	�ÆFH?, �

�	!@	�5, �B�	��"E	�G [7]. �����,*�A*5�?H , AIB��

@�	��E?AB�CD. ��, Gruenhage[20] '�	�A+�����	�CI)J@JD
*B�. ��, "��*�?**�4	���,K)�&, �A�I), ���E��E1�(
BF	��, C* A+F��@�	��EFÆ.

"��G*��:DH:D Hausdorff 	����, G*LÆ: GMHI	.

1 BC σ NÆDEOFG
I70J"-#* σ ?**�HB!���	+,��, K� ��?**�4	PL3

0. ���� X .� H Lindelöf IJ, 0, X 	3��KE#*?!�	�AMKE. L�

���#*?!��	��: Q Lindelöf 	.

K 1.1[7] A3#* σ ?**�	>C+,��, A�B Q Lindelöf 	.

K 1.2[8] A3#* σ ?**�	@=L���, A�B!���.

+�3"7!�J�?**�4�@=6789�43�R3*?%	K-: #* σ ?*
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*�	+,��BHB!���, Q:BIVQ Lindelöf �5:KE�R; 1AIA?O	KE

�R, #BV�A#* σ ?**�	��!���. �A#* σ ?**�	+,��3
5&
 '!���, Burke � [8] 7:����Æ& .

���� X .� k IJ, R�4< A ⊂ X , A  X �	6�OHHO� X �3���
K, K ∩ A 6A K; X .�L3MN tightness, R�4< x ∈ A ⊂ X , A3!�� C ⊂ A A

� x ∈ C; X .� q IJ, R�3� x ∈ X , A3 x 	!���4 {Un(x) : n ∈ ω} A�IV
xn ∈ Un(x) 	W� {xn} X*P?. � x ∈ X , . χ(x,X) = min{|B| : B  x 3 X �	�
� } � x O X P5QR, . χ(X) = sup{χ(x,X) : x ∈ X}  X 	QR.

G*P�!���, 1#*!�$Y	��,  k ��Dq ��H#*!� tightness. ; 

k ���RDq ���RD!� tightness JBZK [46].

/1 1.1 H+,�� X #* σ ?**�, ,')& �":

(1) X  !����.

(2) X  k �� [8].

(3) X #*!� tightness[44].

(4) X  q �� [44].

(5) χ(X) < ℵω (� [44]).

�3)�)![, 7 1.1 �7 1.2 >\	#* σ ?**�	��LB k ��� q ��, #
B#*!� tightness. ]��) 1.1 	 (3) � (4) ![, !�	�!��	+,��0,#* σ

?**�, ,�!��� [44].

ST 1.1[43] #* σ ?**�HIV!�Q& 	+,�� Q�� !����?

ST 1.2[43−44] #* σ ?**�	+,	S��� Q�� !����?

#* σ?**�	��	�R E;1R	.�� (X, τ)	�?R ?�-M� φ : X →
τ , IV x ∈ φ(x) (∀x ∈ X). X .� D IJ[56], 0,� X 	3��?R φ, A3 X 	6**

� D A� {φ(d) : d ∈ D} KE X . D �� � 10 � ����"��	S?��, ��"E^
�	T�	N� [19].

/1 1.2[44] 3�#* σ ?**�	+,��: D ��.

LÆ f : X → Y .�2UVWX, R�� Y 	3��9� �� X �T�9��A f 	

LU. �A�KELÆ	OS6, ����3	6LÆ �KELÆ [46].

/1 1.3[44] 3�#* σ ?**�	+,��3	6LÆ: �KELÆ.

����	3�?#*!�$Y. #* σ ?**�	��	3�?	$Y*')�R,K�

UPT��R��Q	�&.

/1 1.4[7] 0,�� X #* σ ?**�, ,� X �3�UR�? x, χ(x,X) #*!�S
V�.

/1 1.5[7] H�� X � Y :#* σ ?**�, , X × Y #* σ ?**�OHHO� X

� Y �UR�? x � y, X* χ(x,X) = χ(y, Y ).

2,, #* σ ?**�	��	T��R;LÆ�RV_WA#* σ +/*+�	��.

K 1.3[7] A3#* σ ?**�	+,�� X ; Y , A� X × Y B#* σ ?**�.
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K 1.4[43] A3+,�� X , X 	4<*+VT�#* σ ?**�, ; Xω B#* σ ?

**�.

K 1.5[7] >ÆLÆB89#* σ ?**�	��.

���� X .�L3? Gδ YZ�L3MN[QR, R X �	3�W?� X 	 Gδ �.

234 [15] -%	#* σ 2�@=6789�	+,�� !���	OHHOK#*!�S
$Y. ')�� "T��*W	��, 0,K	UX X�	, ,�� 1.2 	UX# X�	.

ST 1.3[43−44] #* σ ?**�	+,�� Q��#*? Gδ �R?

2 k \]^`\_
89� k 8 +�����)
	�!5� [16, 47]. 20 �� 70–90 �4, �>����"

�Y k 85��	��&XO	YYW� 4Z, 7:B"	 cs 8, cs∗ 8� wcs∗ 8�5�.

�:V', ��89DZ-%3+�����)
�, a� 3UP����	*5LU���
4�	���W	�Æ	�& [27, 35]. �A#* σ +/*+, σ 6789� σ @=6789
89 (k 8, cs 8, cs∗ 8, wcs∗ 8) 	��&	�=��!�F� [16, 35–36]. '(��2Æ0
J 2000 �� #*�� σ ?**89	��&	����.

/` 2.1 H P  ���� X 	�-KE.

(1) P .� X 	�-ab �X. a[2], 0,� X �	4<�� U � x ∈ U , A3 P ∈ P ,

A� x ∈ P ⊂ U .

(2) P .� X 	�- k a[50], 0,� X �	4<�� K ��� U IV K ⊂ U , A3*+
94 P ′ ⊂ P A� K ⊂ ⋃P ′ ⊂ U ��.

(3) P .� X 	�- cs a[21], 0,� X �	4<�� U , x ∈ U , ��4<YYA x 	W
� L, A3 P ∈ P A� x ∈ P ⊂ U �H L bA P .

(4) P .� X 	�- cs∗ a[12], 0,� X �	4<�� U , x ∈ U , ��4<YYA x 	W
� L, A3 L 	9� L′ �� P ∈ P A� x ∈ P ⊂ U �H L′ ⊂ P ⊂ U .

(5) P .� X 	�- wcs∗ a[37], 0,� X �	4<�� U , x ∈ U , ��4<YYA x 	

W� L, A3 L 	9� L′ �� P ∈ P A� L′ ⊂ P ⊂ U .

=�: (1) � ⇒ cs 8 ⇒ cs∗ 8 ⇒ wcs∗ 8 ⇒ 8; (2) � ⇒ k 8 ⇒ wcs∗ 8.

')B) [)?**�4	�"��, ��!�	?**�4;�*+�4	�"��.

c1 2.1[38, 49] H P  �� X 	?**4.

(1) R K  X 	��, ,A3 K 	*+9� F A� {P ∈ P : P ∩ (K \F ) 	= ∅}  *+	.

(2) Y D = {x ∈ X : P 3 x B ?*+	}, , {P \D : P ∈ P} ∪ {{x} : x ∈ D}  �*+
	.

3) (2) \%: ?*+H?**�4 �*+�4. =c-, k ���	�*+�4 ?*
*�4. Z&3)B)� [38] 2Æ6,-%�	>\��, *�'/
��.

de 2.1 (1) #* σ ?**8	��#* σ �*+8, Z�&��	3��9� !��
�	.

(2) #* σ ?** k 8	��#* σ �*+ k 8 [51].

(3) #* σ ?** wcs∗ 8	���"A#* σ ?** k 8	�� [52].
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(4) #* σ �*+ wcs∗ 8	���"A#* σ �*+ k 8	��.

�	>Æ��,'(XW6% (1); (4)��	)�.H P =
⋃

n∈N
Pn  �� X 	 σ?**

8,��3� Pn X 	?**�4. �A3� n ∈ N,[Dn = {x ∈ X : Pn 3 x B ?*+	},
Fn = {P \Dn : P ∈ Pn} ∪ {{x} : x ∈ Dn}. Y F =

⋃
n∈N

Fn. �B) 2.1, F  σ �*+	. �

X 	4<�� U �? x ∈ U , A3 n ∈ N � P ∈ Pn A� x ∈ P ⊂ U . R x ∈ Dn, \ F = {x};
R x 	∈ Dn, \ F = P \Dn. , F ∈ Fn ⊂ F H x ∈ F ⊂ U . Z F  X 	8, 1 X #* σ �*
+8. �A#*!�8	��� !���	, G� X 	3��9� !���	, Z (1) ��.

�A k 8 wcs∗ 8, G�#* σ �*+ k 8	��#* σ �*+ wcs∗ 8. d�A33�
�9� !���	���, ?!�	 wcs∗ 8 k 8 (� [35, B) 2.1.6]), G�#* σ �*+
wcs∗ 8	��##* σ �*+ k 8. $� (4) ��.

��!�, �AÆ]#*$��R8Dk 8� wcs∗ 8	���, σ ?**�R:OA σ �

*+�R.

fIJ Sω1  ?� ω1 &U^]	YYW�	������G*YY?e��?�(	[
��. &\', ghf Sω  ?� ω &U^]	YYW�	������G*YY?e��?�
(	[��. �3"��	I �R� [36, 7 1.8.7]

K 2.1 ]�� Sω1 : #* σ ?** cs∗ 8, ;LB#* σ ?** cs 8#B#* σ �*+
cs∗ 8.

')�� "T	[!��.

ST 2.1[52] #* σ ?** cs 8	�� Q��#* σ �*+ cs 8?

��Q:B[^#* σ ?** cs8	�� Q��#* σ �*+ cs∗ 8. ;���	��
 #* σ �*+ cs∗ 8	�� Q#* σ �*+ cs 8. :(	7 4.1 6%#* σ �*+8 (k

8, cs 8, cs∗ 8, wcs∗ 8) 	���f':B:/�#* σ ?**8 (k 8, cs 8, cs∗ 8, wcs∗

8) 	��.

/` 2.2[11] �� X 	9� P .� ? x ∈ X 	ghij, 0, X �4<YYA x 	

W�:bA P . 9� U ⊂ X .�ghk=, 0, U  ��3�-?	W��. X .�gh
IJ, 0, X �3�-W��� �	.

H X  �-��. X �G*W���>� X 3�-C	��, \g X ���G�(	�

�Y� σX , .� X 	ghlXmn. _=c-: �� X  W���OHHO X = σX .

/1 2.1[26] H�� X #* σ ?** cs∗ 8. 0, σX B]69���`A Sω, , X #

* σ �*+ cs∗ 8.

�A�� X , 0, σX B]69���`A Sω, , X B]69���`A Sω. ')��

;�� 2.1 ��.

ST 2.2[26] H�� X B]69���`A Sω. 0, X #* σ ?** cs∗ 8 (� cs 8),

X  Q#* σ �*+ cs∗ 8 (� cs 8)?

/1 2.2[26] H X  #* σ ?** wcs∗ 8	+,��. 0, Xω  k ��, , X  !�

���.

3)�)�A#* σ ?**�	+,�� +a	, � � [43] �	�-6,. ; , K�
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A#* σ ?**8	+,��VB]��. 70, \ X  4�#*!�8	P�!�	B!�
�	+,�� (� [36, 7 1.8.3]), , Xω  P�!���, +, Xω  k ��.

Uh	-LÆ. HLÆ f : X → Y . f .�ghUVWX, R Y �	3�YYW� X �
	TYYW��A f 	U; f .�ghoWX, R� Y �	3�YYW� S, A3 X �	YY
W� L A� f(L)  S 	9W�. 3LÆ89�(, �A6LÆ89?**�4, G�_=c-:

W�KE	6LÆ89#* σ ?** cs 8	��; W�[	6LÆ89#* σ ?** cs∗ 8

(wcs∗ 8, k 8) 	��; 6LÆ89#* σ ?**8	��.

3 pEqrst
���	�5/+, :�	5� � Arhangel’skǐı 3 1966 �	OSJ@
LÆ;����

^�	 [3]. #**5:�	��& +�����)
��Æ	���, #* σ +/*+ (σ

@=6789Dσ 6789) :�	��&	��=FÆ [35–36]. �A:�	�-�Æ	^_�
�, 2005 �6> [41] -%	#* σ @=6789:�	+,��#* σ +/*+:�. "

T2Æ0J� 10 � #* σ ?**:������&	�Æ���,.

/` 3.1 H B =
⋃{Bx(n) : x ∈ X, n ∈ ω}  �� X �	�-�4, IV�4< x ∈

X, n ∈ ω, Bx(n) �A*+/`6�H x ∈ ⋂Bx(n).

(1) R� X 	3�9� A, A  ��OHHO�4< x ∈ A � n ∈ ω A3 B ∈ Bx(n) A�

B ⊂ A ��, ,. B  X 	�- ℵ0 <u[42]. ��, 0,3� Bx(n) : !�	, ,.�� X

 <vwxMN5[53].

(2) 3 ℵ0 :�	���, R Bx(n) = Bx(1) �3� n ∈ ω ��, ,. B  X 	�-<u[3].

��, 0,3� Bx(1) : !�	, ,.�� X  <wxMN5[3].

/` 3.2 H P =
⋃{Px : x ∈ X}  �� X �	�-�4, IV�4< x ∈ X , Px �A

*+/`6. 0, Px �3�i: x 	W��H� x 	4<�� U , A3 P ∈ Px A�

x ∈ P ⊂ U ��, ,. P  X 	�- sn a[33]. ��, 0,3� Px : !�	, ,.�� X  

sn wxMN5[15, 34].

=�: (1) � ⇒ :� ⇒ ℵ0 :� ⇒ cs∗ 8.

(2) :� ⇒ sn 8; H3W����, sn 8 ⇒ :�.

(3) P�!��� ⇒ :P�!��� ⇒ :bP�!��� ⇒ W��� ⇒ k ��; H:P

�!��� ⇔ sn P�!�	W���.

')6, �A σ ?**�4	�-B^]�), �cd�B��, �7 4.1.

/1 3.1[31] #* σ ?** sn 8	��#* σ �*+ sn 8.

��, !�� ��;#* σ ?** cs 8��	_ae�. G<(, R X  sn P�!�
��, , σX B]69���`A Sω, � [35].

/1 3.2 ')& �":

(1) X #* σ ?** sn 8.

(2) X  #* σ ?** cs 8	 sn P�!��� [30].

(3) X #* σ ?** cs 8H σX B]69���`A Sω, � [28].
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K 3.1 A3#*!� cs 8	+,�� X A� X B]69���`A Sω, ; σX �`

A Sω, � [34, 7 3.19]. �6%�) 3.2 	& (3) �	 σX B!`:� X .

de 3.1 ')& �":

(1) X #* σ �*+:�.

(2) X  #* σ ?**:�	:P�!��� [38].

(3) X  #* σ ?** sn 8	 k �� [30].

(4) X  #* σ �*+ sn 8	 k ��.

(5) X  #* σ ?** cs 8	:P�!��� [43].

RH X *+,�, ,3GM=DH', 3)& #;')& �":

(6) X  #* σ ?**:��!� tightness 	�� [43].

3)& (4) 1�A��, ��"�6%0'. ��) 3.1 [ (3) ⇒ (4). R X  #* σ �

*+ sn 8	 k ��, �A X  3��9�!���	 k ��, G� X  W���. ��, X

	 sn 85 X 	:�, +, X #* σ �*+:�, 1 (4) ⇒ (1).

B[ Q!Y�) 3.2 (2) �/
 3.1 (5) �	 cs 8`:� cs∗ 8, G�*')��:

ST 3.1[53] #* σ ?** cs∗ 8	:P�!� (sn P�!�) �� Q#* σ ?**:

� (sn 8)?

�a�) 1.2, ��*')��.

ST 3.2 3�#* σ ?**:�	+,�� Q: D ��?

�ALÆ�R	+(6
*')6,.

/1 3.3[43] H f : X → Y  W�KE	6LÆ. R X  #* σ �*+:�	+,��,

, Y #* σ �*+:�.

')79A		���:�� sn 8Ga���	LÆ�R	f_.

K 3.2 (1) >ÆLÆB89#* σ ?**:�	��, �jkc-� Burke � Davis[7] 

�	"��	7 1.3 �	U��B#* σ ?**:�.

(2) A3>ÆLÆ f : S2 → Sω, �� S2 (1 Arens ��) #*!�:�, Sω B sn P�!
���, � [35, 7 1.5.1 �7 1.5.2].

(3) #* σ �*+ sn 8��3	6LÆ1< �KELÆ, � [35, 7 2.2.2].

'�LÆ��# *W	.

ST 3.3[30] W�KE	6LÆ Q89#* σ ?** sn 8�#* σ �*+ sn 8	�

�?

G<(7 3.2(1) �	U��#* σ ?** ℵ0 :�, ��*')��.

ST 3.4 >ÆLÆ Q89#* σ ?** ℵ0 :�	��?

')��;�) 1.3 ��.

ST 3.5 #* σ ?** sn 8	+,��3	6LÆ Q��KELÆ?

�A ℵ0 :�, *');/
 3.1 �&\	6
.

/1 3.4[52] ')& �":

(1) X #* σ �*+ ℵ0 :�.
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(2) X  #* σ ?** ℵ0 :�	 k ��.

(3) X  #* σ ?** ℵ0 :�	:bP�!���.

��, 3GM=DH', *�'a�� 	6,, K;�� 3.5 ��, ��/�'`:	�)

1.3 	& .

/1 3.5[52] (CH) 3�#* σ ?** ℵ0 :�	+,��3	6LÆ: �KELÆ.

"����bBF	 ')��.

ST 3.6[39] #* σ �*+:�	+,�� Q#* σ +/*+:�?

')"-���-;�� 1.3 ��� 1.1 ��.

ST 3.7[30, 43] #* σ ?**:� (sn 8) 	+,�� Q#*? Gδ �R?

ST 3.8[43] #* σ ?**:�	S��� Q!���?

"T�:`
!���A?**�4	/��&.

�) 1.1 .:D?�')���A�	UX X�	. � [40, 52] D-%3GM=DH',

��	UXg X�	. 1AY “?**�” AO� “�*+�”, 3��;<'��gB:�
')��	ahUX.

ST 3.9[40, 52] #* σ ?**:� (ℵ0 :�) 	!�+,�� Q#*!�:� (ℵ0 :

�)?

')79\%RY�� 3.9 �	:�� ℵ0 :�b� sn 8, ,��	UX Q�	.

K 3.3 A3#* σ +/*+ sn 8	!�+,��, B#*!� sn 8, �� [31, 7 1].

���� X .� ℵ1 25, R X �3���� ℵ1 	�.:*P?. Lindelöf ���@=!
���: ℵ1 ���.

/1 3.6 H X  �- ℵ1 ���.

(1) R X #* σ ?**8, , X #*!�8 [44].

(2) R X #* σ ?** k 8, , X #*!� k 8 [32].

(3) R X #* σ ?** sn 8, , X #*!� sn 8 [13].

(4) R X #* σ ?** ℵ0 :�, , X #*!� ℵ0 :� [52].

(5) R X #* σ ?**:�, , X #*!�:� [38].

(6) R X #* σ ?**�, , X #*!�� [44].

3)�)ab3iB�"�G�G	 cs 8Dcs∗ 8� wcs∗ 8. �c, K�:ZK3& (2)

�, $���#*	')�R �J�"	: !� cs 8D!� cs∗ 8D!� wcs∗ 8�!� k 8.

Fc3, R P  �� X 	!� wcs∗ 8, =c-�4 {⋃F : *+	 F ⊂ P} L X 	!� cs

8# X 	!� k 8.

ST 3.10[26] H X  !�+,	 k ��. R X #* σ ?** k 8, jk X  Q#*!
� k 8?

4 yz
��6d, ��&�le\ X6"��GB�	2Æ��.�	�"��. �	clc1

	2&/d, �e1�� ℵ0 :�	�f�_, eEBA+D0J	�"�����f�.
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σ dmf$ �� σ mgmf$ � σ mgmfg$
�
���

�
k ne

�
���

σ MNP$ � � σ dmfg$
�
?

�
���

�
���

σ MNPg$
�

����
��	 �

���
σ MNP sn h � σ dmf sn h

�

k ne


 �������



�

σ MNP cs h �
?

σ dmf cs h



�



σ MNP cs∗ h � σ dmf cs∗ h



�



σ MNP wcs∗ h � σ dmf wcs∗ h


 

� �

σ MNP k h � σ dmf k h


 �������



σ MNPh � σ dmfh

�

�3*T16%	����79f�0'.

K 4.1 Fortissimo �� (� [52, 7 2.1]): #* σ �*+ sn 8	+,��, ;B#* σ ?

**8.

K 4.2 Arens �� S2 (� [36, 7 1.8.6]): #*!�:�	+, k ��, ;B!���. �
�) 1.1, S2 B#* σ ?**�.

K 4.3 Michael �� (� [36, 7 1.8.8]): #*!� sn 8	+,!���, ;B k ��.

��) 3.6, Michael ��B#* σ ?** ℵ0 :�.

K 4.4 A3#* σ ?** wcs∗ 8	:P�!���, B#* σ ?** cs∗ 8, �� [35,

7 1.5.6] ��	�� X . �79\%RY�� 3.1 �	 cs∗ 8`:� wcs∗ 8, ,��	UX
 Q�	.

K 4.5 W�] Sω (� [35, 7 1.5.2]): #* σ ?** cs 8� σ �*+ cs 8, ;B#* σ

�*+ sn 8.

K 4.6 Isbell-Mrówka �� ψ(N) (� [36, 7 1.8.4]): #* σ ?**8, ;B#* σ �*+
k 8.

{| "�Ifn3 2014 �ig	 “P 4 hop��
j” 3`
c, $k^�cl8<
�	6>im��\njo.
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�A Hausdorff E;1R, hq�i	��^o!)eEFJp�#�3 Hausdorff 	0J

�r: http://en.wikipedia.org/wiki/Felix Hausdorff.
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[25] Lašnev, N., Closed images of metric spaces, Dokl. Akad. Nauk. SSSR, 1966, 170: 505-507 (in Russian).

[26] Lin, F.C., σ-point-discrete cs∗-networks and wcs∗-networks, J. Adv. Research Pure Math., 2010, 2(3): 7-12.

[27] tz{, rr|uzz{x{yy, {|: {|}uuvz, 2012.
[28] Lin, F.C. and Lin, S., Some notes on sequence-covering maps, J. Math. Res. Appl., 2014, 34(1): 97-104 (in

Chinese).

[29] Lin, F.C. and Lin, S., Sequence-covering maps on generalized metric spaces, Houston J. Math., 2014, 40(3):

927-943.

[30] Lin, F.C., and Shen, R.X., Some notes on σ-point-discrete sn-networks, Adv. Math. (China), 2010, 39(2):

212-216 (in Chinese).

[31] Lin, S., On normal separable ℵ-spaces, Questions Answers Gen. Topology, 1987, 5: 249-254.



4� LN, OMS: FTMNPGUN�� 491

[32] Lin, S., A study of pseudobases, Questions Answers Gen. Topology, 1988, 6: 81-97.

[33] Lin, S., On sequence-covering s-mappings, Adv. Math. (China), 1996, 25(6): 548-551 (in Chinese).

[34] Lin, S., A note on the Arens’ space and sequential fan, Topology Appl., 1997, 81(3): 185-196.

[35] t|, kzu{|z|}{|}}, ts: xuuvz, 2002.
[36] t|, z{x{yyz}} (~ 2 v), ts: xuuvz, 2007.
[37] Lin, S. and Tanaka, Y., Point-countable k-networks, closed maps, and related results, Topology Appl., 1994,

59(1): 79-86.

[38] Lin, Y., and Yan, L., A note on spaces with a σ-compact-finite weak base, Tsukuba J. Math., 2004, 28(1):

85-91.

[39] Liu, C., Spaces with a σ-compact finite k-network, Questions Answers Gen. Topology, 1992, 10: 81-87.

[40] Liu, C., Notes on g-metrizable spaces, Topology Proc., 2005, 29(1): 207-215.

[41] Liu, C., On weak bases, Topology Appl., 2005, 150(1/2/3): 91-99.

[42] Liu, C. and Lin, S., On countable-to-one maps, Topology Appl., 2007, 154(2), 449-454.

[43] Liu, C., Lin, S. and Ludwig, L.D., Spaces with a σ-point-discrete weak base, Tsukuba J. Math., 2008, 32(1):

165-177.

[44] Liu, C. and Ludwig, L.D., Nagata-Smirnov revisited: spaces with σ-WHCP bases, Topology Proc., 2005,

29(2): 559-565.

[45] Michael, E.A., Another note on paracompact spaces, Proc. Amer. Math. Soc., 1957, 8(4): 822-828.

[46] Michael, E.A., A quintuple quotient quest, General Topology Appl., 1972, 2(2): 91-138.

[47] Morita, K. and Nagata, J., Topics in General Topology, Amsterdam: Elsevier Science Publishers B.V., 1989.

[48] Nagata, J., On a necessary and sufficient condition of metrizability, J. Inst. Polytech. Osaka City Univ.,

1950, 1(2A): 93-100.

[49] Okuyama, A., On a generalization of Σ-spaces, Pacific J. Math., 1972, 42(2): 485-495.

[50] O’Meara, P., On paracompactness in function spaces with the compact open topology, Proc. Amer. Math.

Soc., 1971, 29(1): 183-189.

[51] Shang, Y. and Wang, S.Z., The discussion of spaces with σ-WHCP or σ-compact-finite sets, J. Capital Norm.

Univ. Nat. Sci. Ed., 2007, 28(6): 16-21 (in Chinese).

[52] Shen, R. and Lin, S., Spaces with σ-point-discrete ℵ0-weak bases, Appl. Math. J. Chinese Univ., 2013,

28B(1): 116-126.

[53] Sirois-Dumais, R., Quasi- and weakly-quasi-first-countable spaces, Topology Appl., 1980, 11(2): 223-230.

[54] Smirnov, Yu.M., On the metrization of topological spaces, Uspekhi Mat. Nauk, 1951, 6(6): 100-111 (in

Russian).

[55] Urysohn, P., Zum Metrisationsproblem, Math. Ann., 1925, 94(1): 309-315 (in German).

[56] Van Douwen, E.K., Simultaneous extension of continuous functions, Ph. D. Thesis, Amsterdam: Free Uni-

versity of Amsterdam, 1975.

[57] ~}}�x~~s~���, ~}}�x~~ (uu�), ts: ~}}�x~~uvz, 1988.

Researches on Point-discrete Families

LIN Shou1, 2, SHEN Rongxin3

(1. School of Mathematics and Statistics, Minnan Normal University, Zhangzhou, Fujian, 363000,
P. R. China; 2. Institute of Mathematics, Ningde Normal University, Ningde, Fujian, 352100, P. R.
China; 3. Department of Mathematics and Physics, Taizhou University, Taizhou, Jiangsu, 225300,
P. R. China)

Abstract: Based on the modern development of Metrization theorem for context, the main
results obtained in recent ten years on point-discrete families are summarized. This paper mainly
introduces the theory of the spaces with σ-point-discrete bases, the spaces with certain σ-point-
discrete networks, and the relationship between the above spaces and the spaces with certain
σ-compact-finite networks.

Keywords: point-discrete families; compact-finite families; generalized metrizable spaces;
k-networks; weak bases


