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A Foreword

The notions of metrizability and compactness are at the center of general topology. This is so
from historical point of view: genera topology developed around these notions. This is also so if we
look at the structure of genera topology today. Compactness is defined in terms of open coverings. It
turned out, after the classic work of P. S. Alexandroff, P. S. Urysohn, F. B. Jones, A. H. Stone, R. H.
Bing, J. Nagata, and Ju. M. Smirnov, that metrizability can be also characterized in terms of sequences
of open coverings. Nowadays it is widely recognized that the method of systems of coveringsis one of
the maim tools for classifying spaces. Many most important classes of spaces were introduced using
natural covering structures which find their origins in metrizable spaces. In fifties and sixties it was
discovered that systems of coverings can be used very effectively to construct some natural mappings
of metrizable spaces onto spaces admitting such systems of coverings (K. Nagami, V. |. Ponomarev, A.
Okuyama, A. Arhangel'skii). This method led to mutual classification of spaces and mappings based on
the interaction of systems of coverings and mappings(see [Arhangel'skii, 1966]).

This monograph contains a systematic study of classes of generalized metric spaces on the basis
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of coverings and networks, in combination with the general method of mappings. It presents the
modern state of the mutual classification of spaces and mappings, one of central domains of general
topology. The author, professor Shou Lin, and his collaborators and colleagues, first of al, from
China(Chuan Liu, Pengfei Yan, Mumin Dai) and Japan(K. Nagami, Y. Tanaka, T. Hoshina), made major
contributions to this theory with important, and often quite unexpected, results.

An important feature of the book is that it may serve as a systematic source of information on
classification of classes of mappings and on methods used to construct mappings with special
combinations of properties. This direction of research is not sufficiently well covered in the existing
textbooks and this monograph will be especially valuable in this connection. However, the book will be
very useful to all general topologists, even to those who are working on very different problems, and to
graduate students in genera topology with various interests. Indeed, the monograph provides an
interesting and upto date introduction to metrizability and to classes of generalized metric spaces. It
introduced basic classes of mappings, in particular, quotient mappings, compact covering mappings and
to various generalizations of those. These notions are of very fundamental nature.

Another notion of fundamental nature, studied and applied systematically in the monograph, is the
notion of network introduced in 1959. A family S of subsets of a topological space X is caled a
network of X if every open subset is the union of a subfamily of S. The networks were used in
[Arhangel'skii, 1959] to distinguish the spaces with a countable network. It was observed in
[Arhangel'skii, 1959] that every continuous image of a separable metric space has a countable network,
and it was also established in [Arhangel'skii, 1959] that every compact Hausdorff space with a
countable network has a countable base(and is therefore metrizable). From these statements it follows
that if a compact Hausdorff space Y is a continuous image of a separable metrizable space, then Y is
metrizable. This theorem from [Arhangel'skii, 1959] is one of the first and typical results in the general
theory of spaces and mappings the modern state of which is presented in this monograph. It turned out
that networks are much more subtle, more flexible structures than bases, which are "too nice
formations'. It is through various, often ingenious, combinations of restrictions on networks that most
important classes of generalized metric spaces are introduced and studied. One of such classes was
defined by E. Michael, using the concept of k-network[Michael, 1966], which is really central in the
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Though reading the monograph does no require much special background, the exposition in it
goes far beyond the elementary level. It contains a rich collection of deep and beautiful results of
highest professiona level. Theorem 2.1.9, Corollary 2.1.11, and Theorems 2.2.5, 2.2.10, 2.3.11, 2.3.13
and Theorem 2.5.10 can serve as examples of such excellent results. In particular, these theorems
provide sufficient conditions for a mapping to be compact covering and sufficient conditions for a
space to be a quotient space of a metric space with separable fibres.

The book not only brings the reader to the very first line of investigations in the theory of
generalized metric spaces, it contains many intriguing and important unsolved problems, some of them
old and some new. Here is one of the open problems, avery natural one. Suppose Y is a quotient space
of ametrizable space, with compact fibres. Suppose further that Y isregular. Isthen every pointin'Y an
intersection of a countable family of open sets? This book provides al background and information
needed to start to work on this and similar problems. So the monograph will be equally interesting and
useful for an expert and for a graduate student.

I would like to mention another joyful aspect of this monograph. Its appearance marks the success
of a long period of development of general topology in China, it brings to the light important
contributions to the mainstream of general topology made by a very creative group of Chinese
mathematicians.

Congratulations to the author and to the readers with the book!

A. V. Arhangel'skii
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that the study of generalized metrizable spaces is by no means complete; rather, it continues to grow

with many new and impotrant results appearing every year.”
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EH 111 (1)(Good, Tree[1995]) (ZF)# — nJ F iy 1F = i) i w] B2 Ak %) (2)(Good, Tree,
Watson[ 1998]) (ZF+DC)Stone 5& BBz A7E AR 510 BE R ).
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ER 1.1.12(Balogh[1996])  fAERML IERL, o HIXTE L, HE% e ) Dowker 7).

EH 1.1.13(Kemoto, Yajima[1994]) & X & FEZEM . # X MH—H R 208
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2 ).
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299 Rl {5 300.

KT HRWIEMZR S M | 22 [H]
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unsolved problem).

RKFE. kK KEH

FEH 1.1.19(Foged[1996]) A7 L 56 4 1 ) H — BRI 3 ) AN HoAT ] 200 k9.

SEBE 1.1.20(Sakai[1997a])  “=10] X e Jay s vl 73 s (A R Pk 5 2 LAY X A dvg 23
THEAL R T HL K R Fré chet 45 7).

T 1.1.21(Delistathis, Watson[2000]) (CH) 7% # cosmic %% [a] X ffi#3 dim(X)=1 H.
ind(X)=Ind(X)=2.

SEF 1.1.22(Tkachuk[1998])  F7-7Ei4 3 (1] cosmic 4% ] X {75 X A2 3453 f T 43 B 42245 1] £
5.

b, 2 1.1.19 [91%5F T Gruenhage, Michael Fl1 Tanaka[ 1984142 (1 i), 23 1.1.21 [A]%F
T Arhangel’ skii[ 1966] 4 H! i 1] 5.

NI N ST R R R R I TR, [ Py T AN SO B A LR
WL 2 21 8 o TR P2 A e B2, 75 20 40 70 4FAR K & 80 AEARIRIE & it L)~ X
J5 2 R R A AR AN LA R AR IR R Gl B 1 [1982); I N, ¥ 4ko'[1989)). HEA 20 4l
90 HEARTRIE HF AFAERR 2R T AP S RS M FS 7 AR5 PR, X e TR AR
FHERS I BTN B, A TR S S HAR RE. SP0. IngR. B
VU5, JE SR RN AR, PEARSE A ST, 1990 4E A 19994, PUJIIR%:. AR K%,
PEAER . EEEE SN TR G A B R R S A A /b ERR 16 T
5 SO 2 ) B AR DG I [E 5% [ SRR R 4 e Bh I H (O IF 58 A, TR 2R A SRR 2k 4 Wt )
T 1993 4 (1 F M E B A $ 2E 2RI 1997 4 1) 4 [ PRt #h 2 AR 418 1998 4R bt
B — A b 2 AR S W DL R 43 23 0 E B B S A i H W 8 HE R 2 [ e 2 R 2 i
T . G A TRl P OGSO R R EE BT T B R A A T A AT AR 241
AN

TELL, FRATTRIWE S [ Py 2235 20 H20 90 A ARAE) ™ SCRE & 4% IR B i Jy 1T — 28 HAT — 5 Sl
W25 TAE. 1990 4% 1993 4E1% H sk (Junnila, 14 H>k[1992]; 1% H>K[1990, 1991, 1993]) 315
TR ARBRSGR, W dunnila 5AEY TN 0SNG TASH AP SRR TS, Ao
AL HALORFE K I 175 [H]. 1990 4F 28 1993 4F i #: (Tamano, F#E[1993]; M4 [1990a, 1990b, 1991])
RGN T ) L3 0] [ Z BRI o B, fi#k T Chiba, Nagami #1 Yajima fi K J LA il 8, 4
UE T 2 223 A BUESEARIE AR 8], 1992 4 Milner 5 £ & [1992) 23 T XF23 [al (K
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ik N AE B P A B AR T Lutzer[ 1971] 5 H 1) PR A I A% 6T e 1 27 SRR o2 J8E A T
AR —. 1992 44 1 [1992) 7 WHE M 525 [a] EEAS T —28idb e, W53 7T BA M,
DAL P R 2 ] 1) 1 R 5 2. 1992 4 42 1993 4T e 4 [ (= 4 1 [1992]; %4 [, Nagata[ 1993])1iF
T LA th 35 5L e (R R M, G o ML CRARE 59 BE 1 1R % ) A2 1) 5% 4 ). 1993 4F T 4T
Pl F st [1993]HFT T KT B 2 IAIIK— e 77 vk, 1993 41 4 1996 41 1| 5 A B () 111993,
1995]; XijJ1l, #AIR[1994, 1995, 1996]) 7i-iui Ak P PRFF S - 5955 S B 2 [ R B8 7 5 s IR 7
AT T KB TAE, UHRAE T g rIERES SN FAESE W EmFER TS, MR o
TR FALAE K R K 25 10). 1994 4EA% SR [1994) i 37 T X BUESUIE M 441, iE0) T 107 % o 2
] 1) 32 B TR T 224 LA 82 o] By 545 ). 1995 4E bk A7[1995] HifiR T 1 () L)% it i)
Ejmiesit ) . 1996 4F i E1¥K[1996] ££ Collins-Reed-Roscoe-Rudin [ f Ak @ P S T 1R XS S0 45

HA—B(Q)M AL Gy MR /2 B4 o BEM 12430, 1996 44 1998 x| )1 5
Tanaka[ 1996a, 1996b, 1996¢, 1998a, 1998b] 7t 12 M £ k M KAHCHIE T4 k M. o s BR kM. )&
HR] oy LR [ R R SETT T e T — RYVRGER) TAE, Wkl 7238 X S il n] 43 i &% 5
PG 2 FLAN S e e B AL v 4 k K Fréchet 43 [R). 1997 42747506 5 Tamano[1997]4E ] T 1f
WA Lasnev 7 [A) B ) B et 2 188 7 B T BE B 45 10), fi# 9k T Arhangel’skii A1 Bella[1996] 4
HH AR i) 8. 1996 4 4% 2000 F AR A7 55 A3 I Xl )1 Tanaka, el (Fk #7[1996a, 1996b, 1996¢, 19973,
1997b, 1997c, 1997d, 1998a, 1998b, 1998c, 1999a]; #k74, XIIJ11[1996]; #hA, xI)II, Hk [[1997];
WA, Tanaka[1994]; #h7F, M K[1998, 2001a, 2001b]; #hA:, #EMS &, xI)11[1999]; xI)Il, #h#
[1997]; M5 K, Hk7A7[1999a, 1999b])7E sl v] B i S AH KPP 4178 i st . B R WS o JRis ]
43 JE 2 T P Bl G R e R [ 1) K 2 T 1 B 45 7 TR T B R G IR AR, Tk B 7 R 62 1) 1) 7
s WGt BAT RO HOE I 2 9 HAC EASH AR MR T S, F1S,, . 1999 4 )i4E%%[1999]

Ha3E T AN AT B AR B e P 3 M A — 73 ) BAT o BR/E, 1552 T Bennett F1 Lutzer[1977]
£ Topology Proceedings -4 H 1145 i 1) 5T, 1999 4= [ PR IS[ 1999 #4 ik 1 F&E 82 1] 1) i B e 2 Al 1L
ARAT— RN R E S s %, &2 T Michael I Nagami[1973]42 t i) o) — 48 $iL ) 8.
2000 4 iy [E -[2000] th il T #AF (G lie)

B4k, R R 1998b, 2000] 55 1% H sk 45 [2000] 1 £¢ Nagata [r 106G 1) SCRE H 2= R 1) g BR A
I, JE G g (Fitzpatrick, J&VGiE[1994]; Williams, J& ¥ iE[1998]) 5% T 15 5 2% 8] (1) #0141 56 £ AL Al
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R IE AN 18] (1 TAF, W 8 48[1994a, 1994b, 1998, 1999, 2001] I A% 4 [ () TAE, FRrIs[1995]
KRBV K AR, F 48 PE[1997] 0T J= 38 5 24 1] 1 bR 502 1A (¥ LA, 5 75 i [1998] %
T A AEA tightness 19 T AF, #4%I445[1908) ¢ T4l 5 W MU RT & B 4% ) 1 T4, J
4% (Dow, J&4:70[1999]; Ji4:70[1993, 1994])>% T-0h 1211 (pseudoradial )25 0] ) L AE, YL5FALFI
R IRAE[1999] 5T S(n)- 0 A K LA, 32 R 25[2000] 5 T o 84k AR B k )2 (0] ) ARG
AL [l Py T SR 7 () B SAH DGR R e A, BT A, FRAT AR e ——RUA.

1.2 E55ARE
AP TR LR L, Zorn 513, 'EA¥ ) AR Tychonoff & FAI K 2 &
BRI T LE AR IR AR, AESSHR % (CH), Martin AZE(MA)FI BF(w,, ). FATH

4 K HR o3 85 RS2 AE ZFC(I], Zermelo-Fraenkel £E18 A BUINEFE A PRk, JLANMINEISEE 2

PR S T R4 T4 A E L il SRR

LR RRSEHLZ, N, Q Al | 73k R A BRMCT 5, A BACT S A AAL A X H . 3
S;={0u{lUn:neN}. o H=FEE, —RRITHENU{O, 2% MEWRPE, =ZEh
ITCBR B, EATRIBA D) R A LN SO R ASRE . X T20m X, 7 (X)(FEAT R EE S
TR X B, ARFTe SRR T, 70 EPEA A 23 ), WU HR 1 S ek 4L
TR X TR 2, xeX il AcX, il

(P, ={PeP:xeP}, (P p={PeP: PN Az}, P ,={PNA:Pe?},

St(x, P)=U (P),, MA, P)=U{PeP:PNA= U},

Pr={FcP: 7MY

2% (NENYRE X s —Fl, <x, >305 X MTHx, : neN}; (x, )FR LB X i n

B, WX o by Z3C{X o } o AHX o} o AEE mOGT nNIEE n oG T mReal). e X A

JEBUX TSR i x, a8 [x  1={xE U {x,, :ne N}. XFFa) X P30 2 e £:X—Y, 430

13



it 2IHL d@)={d(P) : Pe B K P1E f % (D)= HP) : Pe B}, tH TR T,y X, & meN,
A [y X, = X BTy X, B mAAERR ERBEHU. DAES B Rt e ir 45
IR Bl A2 AN UE .

AE X ARTELL Engelking[1977)HIAK A7 [1995] g #E. Sy BUA K7 AL AL, 551 I SCRR I — 24
LEARAF[1995] 1R Uk 1ok (1) iy AAT I LAAK A [1995] AR J 46 SCHiR, 175 1€ 26 i LK) A #7 d fl . S [z

e ISR TS T YT R

EN 121 WTHES X, % d XXX [0, ©). % T A CcX,xeX, >0, &

diamA=sup{d(x, y) : X, y €A},

d(A, C)=inf{d(x,y) : xeA,yeC},

B(x, ¢)={yeX: :d(x,y)<e}.
HIE N IREME W Xy, ze X,

(1) d(x, y)=0 4 HAL 4 x=y.

(2) d(x, y)=d(y, X).

(3) d(x, y) < d(x, 2)+d(z, y).
WA O)~Q IR d Oy X _ERJEEE, WLSIHOM QI % d FR4 X LR R g, =
6] (X, d)FR A FE B 2R ], 45 X SELB(X, &) :xeX, &>00 A EMmsndhasim). A mX, dyFk kst
PREEEASR], 457 X B4R U 2 X BT AR HACY X T8 — xe U, frfEe >0 ffif$ B(x, &)cU.
X, d)PR A ], A (X, )RR &2 () B ThE— xe X Hle >0 /7 xeintB(x, ¢€).
AR IMEFO B d AR AN, AR X RIR AT BB O PR B )d B R, B4 d B X B
JER OO PREERR), X PR W] 82 f 2 [ (R 32 84 1)),

W X 2 FER ], XOFRCh I 25 A (Mrowka[ 1965]), #5 X AR S8 e X & 146, IE
P52 ) i AT E e AAAE X RS o AR 1 X P EAMAZ A 74X A, B A d(A,
B)>0". X" X AR it X 15 T4 54 K (Mrowka[ 1965]).

T X 1.22(Engelking[1977]  BEHLT f:X > Y.

(1) f RN BB — s, 25— £ (y) 2 X O PR TR,

@) f B Emt, #— f (y) X ST

14



(@) R s, #hE—f 7 (y)2 X 1T o T4k,
(@) f BN R, 25 f1 (U)X T T4, WU 2 Y T F4E.
(5) f R M DN RIS, 25V & X IFFAE L (y) <V, (V)2 y 76 Y HhifAss.

(6) f FxA LTI, #5060 ye Y, fE0E xe f ()M U & x 75 X thif4sie, ) f)

Ry EY A
() F L IFRLSE, #5 VI X (TF T4, U F(V)JE Y T T4,
(8) F FOL LS, 25 F A X BB T4, ) F(F)J2 Y FA T4,
(9) T AR5 AsE, 25 £ R ELE (WY
VLA

TP = JLF-JT st
J

A IRE— P = 585 WL = P = Oh T I = 7 s
EX 123 WY XY,
()(Michael[1966]) f #} k'S8 s it , 27 Y BF—S T4 X hHEEFHEAE f TR,

(2)(Boone, Siwiec[1976]) f # A FAI R MU, #{y  }& Y ST, Batife{y } 1
FFAUy o YA X PSR S x MERHE— X e (Y ).
(3)(Siwiec[1971]) f #x N FPFUB e, #{y 35t Y PHPRSUPS, AL AE X PRSI

F{x  HMlifG5E— x, ey ,).

(4)(Gruenhage, Michael, Tanaka[1984]; Ikeda, X1, Tanaka[2001]) f Fx A £h 7 51174 o5 WS, 47
Y PR (SRR A ) ST AL X RS TR | FIA

GYRTE, X1, WA R[1997]) Rk K1 a7 aa s, Ay, Y2 Y PIEEUFS, I ALrEALE

X R K A f(K)2{y, T IE5).
(6)(Fk75[1996c]) f 5 h 1 FPAl A SEm, #5561 T ye Y A24E xe f H(y)ii e sty i)y

{y o YBSIT y, BB AAE0E X AT 2 x T 5 x, MEif AR — x| e f 4y ).

15



() (W FA[1996)) f FR N 2 P8 s ilit, #50t Ty eY J xe f ()il Wik Y hiEsily )

STy, IALEAE X ST £ x B 8I{x MR — X, ef 7 (y,).

1971 4 Siwiec[1971] FR & X 1.2.3(3) ISR o 7 #1175 75 S, 1984 4F Gruenhage, Michael Al
Tanaka] 1984] R iE X 1.2.3(4) A A 7 4117w sk, A ANG R H, FAIEHRHA] Ikeda, 11|
1 Tanaka] 2001] (1 AR TEFR & S 1.2.3(4) I L Sk £h 7 511 75 26 it 55

VLAl

5625 Wt = R 5 U
U

A WS,
AL,

N sy A7

2 P AV R WU = 1 P51 s U = 40 i

EX 124 #X &AM, PcX.

@) = X FHFFX, JECE x, FR{x JEAT P (0, WHEAEE meN 8 U{x,
n>m} cP.

(2 PFRA X i A0 x IR AN, 25 X TP IRIRR A x  JIBSCT x, X } 22T P I

() PFRA X WFPFIIFER, 45 P2 P Hhdg— st 541 41 4.

(4 PHRA X BIFPAISE, 7 X\ P& X HIFFITHEE.

(5)(Franklin[1965]) X FrA Fea=ifa), 5 X KB P EZ X HITTHE.

(6)(Gale[1950]) X Fxh k =[], # A X AFART X MR—RTHE K H KNA &K T
£, A X TR

(7)(Franklin[1965]) X Fx4 Fréchet 4%[i], # xecl(A)c X, WAFLE A il e a0{x  HE
3LE X xS T x.
(8)(Siwiec[1971]) X FR A5k Fréchet Z¥[0], #5{A 12 X k45 H xe N,y cl(A ), W

FAAE X, € A (neNYEFHE X HP8I{x , Jsk T x.

AR, AT ¥ ] = 5k Fréchet 2% i) = Fréchet %% ] = 78125 10] = k 25 ], X 8625 ) 23k,
TGRSR 5558 — T s i), SYuEm, 2810 X 1746 P #57 X iR — IS8T x P8I T
FFARET P, WP x 7E X T 21 4RI

& X 1.25(Engelking[1977]) % 2 s =5 X [H Tk,
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(1) PHA X B R BRER, 50 T8 — xe X, (P), a1 R

(2) PHA X B RITEER TR, 250 T8 — xe X, (P), & L.

() P A X MR MR, #7001 X M—R T K, (@) ( £HRM

(@) PR A X B THEER, #50F X %7145 K, (@) & nT 5.

(5) P Fx A X AL HUEERR, #5%TH— Pe?, (P)p 2Nl $i.

(6) PR X MEHUEENR, F70fTHE— xe X, 144 x££ X FIFFARIE U it (P E2 1
—NJL.

(7) PRI X Bl AR N, 55T — xe X, F74E X 76 X PP U [E13H(P) , 2 H
B 1.

(8) PR M X MRl il BN, 5%t T4— xe X, f74E X 76 X PTFARIR U [E13H(P) |, 27T
.

(9) P A X A BRFFERR, EXTH— 2 <P, fid(uP)=u{d(P):PeP’}.

(10) PFx A X Bt AR FFEE IR, X TR—HP) cPe?, FR{H(P): Pe 2} &It FF
[

(10) P HFCh X 5L AR FEEER, 0T 8— p(P)e Pe@, HIE{{p(P)} : Pe 2} £t
PRFFI.

WD At X 1.2.5 Ao U FPAEGME R, FRASIE X AR 2 2o - DI, 5 225
HATPER © (AR It

TR PSR A A ) 7

EX 126 W2 A X .

(1)(Gruenhage, Michael, Tanaka[1984]) =[] X #x KT 2 HA 554 4h, WX T AcX, A 2
X (WP F 424 HALCS 0 TRE— Pe B, PN A /& P I T4.

(2)(Morita[1953]) #7 2 & X MM s, K X #% 2 firfail(dominated), #7% T 2 IF4E—F4E
Ba, P X MHETHERLAC U P RIS AN TR Pe?P’, POA 2 PIRH T4

“F1E) X Ak, 2 [E)(Franklin, Thomas[1977a]), #7 X & 13—t AR 21 ) vl bl 4 5 2

EEEEECE(S

17



“H90 N AR SCHR A AN R L BRATT AR I P, AR A SR P RR O 99 4 b T Bl
“Whitehead 55404h”. ] X &F 2 HA755404h, Dugundji[1966]#K h“The weak topology in X
determined by 2, i Gruenhage, Michael, Tanaka]1984]#5 4 “A space X is determined by 2”. T
determined(fii &) — 175 T 3L AL I SR I, AU HIARTE 594640, Sk, ¥0m) X & k 230
2 HAY X R TR AR T A o A 5940 9h, A1) X 2 AR ) 2 HAL S X R T4k
BT A (SO SR A ) T A 7 s B 55 0 4. AT CW BB Kk, I ) X R A
0 PRFF I P o X ROFR G, s a) X ORas g X P A DR R 1 P 7

EX 127 w2 X K.

(1)(Arhangel’skii[1959]) 2 x4 X K1, 5 X 48— FF 42 P I3 AR T

(2(O'Meara[1971]) P FrA X [k F, F5x5 T X iR — 574 K 2 X b f K T4
V, fifE 2’ e@ I Kc uR V.

(3)(Guthrie[1971]) PFx A X Hcs M, # X HHFFI{x , JHET x B Vg x 76 X g2, W)
{PEAE Pe@ P H{x 24T P H P V.

(A (=7 R[1987]) PFR A X [y es b, 25 X IR x P T x BV 5 x 75 X k4R, )
1A Pe@ AT IIIX , YT FEAIEL T P it FLPC V.

(5)(WRAF[1997a]) =¥ IF] X Fxhy csf mJHIn], W X AAE 74K 2=U P [if3 55— P, i
x££ X AT E ) cs M.

A X Rk M 2Tt X KRR, W 7ak, ATEE T4R), WFR 22 X 1
PR (5 kR, T4 kR, mp R k). 2RRUn] e X 1.2.7 TR AR OGS

AT AT EUM (1) 25 [ B A cosmic 7% ] (Michael[1966]), HLAT rT £t kM 28 [ RR R 8 25 ]
(Michael[1966]), F AT o R BRIM K5 [HIFR A o 7 [8] (Okuyama[1967]), H A7 o R R k (1K)
AR A R 251 (O'Meara[1971]). Rl f& 5 # i &, £ R ZHOCHRT, cosmic 4%, o 4%,
N ZH5 R AE A BB . AR T, 2500, 78 dr sl 3 1A —
e, BT LUK DY 25 ) AR TS AR e . ARGE cs* W H s A [ 1987] 5 LN, PRI e e —A

1R TE B2 (1M, Tanaka[1987b] 8 3c cst Mk 41 (C ).
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X 128 WA X T4 P=U, L 2, e HT xeX, B, R x 7E X e,

P, @, H¥ixeGe r, fi1E Pe P 1T P G; JFHIAR U, Ve P, IALHE We P, T
WcuUNV.

(D(HRAF[1996¢]) 2 Fx oy X (K1 HURRIEI, Fi6E— 2, KIT0HE x £E X K751 <RI
(Q(HFF[1996c]) 2 Tk X [IPFIFI, FHEE— 2, Itk X [RP8IIT4E.

(3)(Arhange!’ skii[1966]) P Tk X [K1553E, # G X 3% T xe GfFfE PeP, , HP=G M
2 G g X I T4

R 2, SR x A8 X R R AR (TR IE A sn ), AT I (TIE A so 19 )AgS Ak (sl
59 8RIRFE, 59 &R LIM).

(4)(Arhangel’ skii[1966], #kAF[1997a]) #5775 [H] X [FRF— s #8440 sn (s W, §52E), W
FR X A& snf m] %(sof T %L, of w]%0)= 1Al

(5)(Siwiec[1974]) HAT o Jaj Ay B89 KL I 25 (AR g mf =7 1)

Tt PETAE R R ) SUBE R il T AR IR . XA — R M 25 W T 1) I 6 2 ot
DA A3, Herpr—ANJ7 1) i RESL RIS B0y — 7 I I BERE . T 58 &k WL, Al TE SOLAS T H]
FR8 i o I ERE

E X 1.2.9(Burke[1984]) % X f&—~=3 ).

(1) X BR8], 47 X BRI e A7 A5 R A RS T 4.

(2) X BRA AR, A5 X WhE—IHE i A7 (E o Ja A7 R P n .

(3) X #A 3. Lindelof 7% [H], # X (45— JT 78 o A7 A5 s ] EUr) TFma .

(4)(Heath, Lutzer, Zenor[1973]) X A FLiil IE A% (8], #AFAEXT N G: X X T (X) = 7 (X)ili 2

(4.1) xe G(x, U)c U.
(4.2) #FUcV, Nl G(x, U)cG(x, V).
(4.3) £ xzy, W GX, X \{y}) NGy, X \{x})=T.

(5) X PRARASTERAS 0], 27 X 18— SRR P AR AE M P B AN AS IR I 7K

b, 6T X TR 7=(F, : ae A} g={G, : a eA}, #iF—F, c=G,, Wik g
& 7 k.

Sy, RS ) A7 B2 () A O R RS 1], TR o &3 a2 Ok 05 5 s 1), B3 1 4 1)
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SEAEIE A, 15 A TR e IR A 25 TR RITE. Lindel of 25 18], YR A 55 A AR 25 1E A2 (] 2 1) 5 1l
HA(F Lindelof 23 )2 Lindelof %% 7] (Burke[ 1984]).

AT 2 LM BRIIRI %, ' S,, S, 'S, .

SEX 1210 &FH T o={a, YT X, T o Hf—F4 T (ne N Fa, T, ik T
RAIAIRST  Ula, Yo I S, =(x o} U (U, T, ) HIE A 2T o O {X}) ® T g —
a,eT,5a,eTIERIMEEN. S, ={Xo} WU,y T EHEEZ0 THFHN a, eT 31—
X TR R A, B S, A AT AN AR L BSOSO A1 PR AR AL RO B R
P R m). — o, TR a > o, S, 24 a AN AT LSRR FI 36 R R A E AL A
W — AP T A5 1) . S, Bk Arens #5 i) (Arens[1950]), S, Bk A I 41 i (Arhangel’ skii,
Franklin[1968]). X T34l a > o, JEUI'S, 1 MIGERR A b 25 ).

AT LKA S, AT S, — M.

EX 1211 XFAE X, KxeX. X W4 CRRA M X (785 x) AR (bR A£[19974]), 41
C={x} U<x,>U{X ,,: N, meN}, HHFF{x YT x, 5TFE— neN, FH{x, .}, WT

Xpys FLX Xy BX o PRSI0 P FLASAR R ). 1 C 2 X A, CIOF4E DRRA CHIXS A1, Witk D
7 C I3 H. D 5 RN T mIPINX 0} o A X188 FAR 25 1) X (FE A X) IR B (AR
F7[1997d]), Wik F={x} U {X,,: n, meN}, HoxfF4— neN, J¥¥{x ,,} 8T x, H x &
X oy RIS TIUAE P EASAH RN 9. % F & X s, FIT4E D BRCA FIFDE A, a0k D J2 FIflesy
FIH D HERANKT m BFF{X .} M58 20 X B o, 25 8] (Arhangel 'skii[1972, 1981],
Nogura[1985]), U1xf T xe X, X IfIRE—7E x [ A% AT .

Nogura, Shibakov[1996] 4 H} i S L SIonS /IR . o, 7 1] 2K H] Nogura] 1985] 1) A i,

il Arhangel’skii[1972, 1981] 7E i+ 18 Fréchet 4 8] (1 SRR 1 Jo IR 13X 2% [ iy 44 g 2K <4>.

13 WL T NERERREEEZ RS
AT AR WA T BE ) USRS WU F. 08 Toe sl I, BATHA
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A5 BEAT I 0 — LEAH G N AR T KRS Tk T, B TSRS Y o ) K P AN 2 4 R AE
E B (ME P L3 AE P 1.3.8) A1 45 tHiBiEsh, HRIIGIRHA N T A UEN]. AN A
P N A, o LIS E T ) SCRE 2 0] (1 220 i 5 S s B, R LA e n T O 5 )
R b B (B4 Ponomarev 572

SEHL 131 W TASN X, R &A%

(1) X A& AT B3]

(2) X & HA o JayiA B 1 ) 2 )

Q) X FAETE # N 2  HEAR T X 5 FAEK, <st(K, 2 ,)>2 K 76 X Tl 48,

@) X eI o MR — 2, e 2, . 1

UEHA AR A7 [1995] 1 e B 1.3.3. teAk, X WIIFE I 2% YR X RETF, #% THR—xeX,
<SH(X, 2, )>E X AE X AR, BAT T A5 RIRR A m] Ji 2% i (Engelking[ 1977]); 1Mi#R X 1%
Wi %, A 2%, (Engelking[1977]), £ X T4 —Ue %, ,,, fF{EVenr i (U, %, )CV.

SIEE 132 B XY REHBUN, WAEAE X K720 Z {563 g=f, © Z—>Y 2 MW HAF

— g () R R, AT ().
B T — yeY, BUEM p, ef T (y). B z=u{of'(y) : of T (=D} u{p, :
Ot ()=}, W Z B X MR T, g=f 0 Z—Y BRI FAE— g (y) s Ao e, sl

of (). I
T K 23 4 11 Hanai-Morita-Stone 5& P (Engelking[1977]).
R 133 WX A EEAN. 25 XY W, )RR AR B
()Y 2T s ).
QY & —nE ).
() T of () X METE.
EH. () =(2). B4,
(Q=(3). HFAEAE yeY M1F ot (y)AE X ST, WA Of ™ (y) i mr b & i1 25 1)

<X >, TORAAE X EEUT FREV, >G5 x, e V. k<G> y £ Y PR, T
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X, € 0f M (y), HIAMETEI z, eV, Nf T G)ONF ), 2, eV Nf G\ (Y,
f(zy), ... fz))}). BNE@z) G, {f@ )HEY Tlcshty, Rifiz, eV, BB, T2{f(z,)}
EY HIRER A, TE.

()= (1). M5 1.32, AU f e WGT. e 1.3, 1276 X (IFE S HI{ 2%, }E1Fx)
T XHME—B T K, <st(K, %,)>2& K 7E X PRBEE. X T48—neN, &2, ={Y\fX\U):

Uex }, Ba{w, } &Y MITESS Hil el Hg Y WETFE, N<st(H,7,)>2EHTEY 1)

AR, AUk, Y TR
SEH 1.3.4(Jayanthan, Kannay[1988]) ¥ X ;&2 [0], FIb 4 A B
(1) X o IR 3 2 i)
(2) X AT — PRS2 v S s ).
(3) X MHAT— I FAEMIA T E X 15 THE.
BERA. e 1.3.3 HUIE() = () = (3).
(2= (1). w7 X FAT— PGS T B ). ik F g X RO s &, # FAR X

MR, W F oA TSI BSOS AL Al R X B XIA BRI, W) f 2 PR H

OF T({AN=A AU X METHE, T XIA AR EERE I, P, 0 F A X 74, bk X
R IE U 3 ).

D)= @). ¥ X EEMEERA L F X TR a8 x 2 X 9078, B4 xgoF T
e OF /& X AR AR I 14, i OF & X %145 I

KT o 3 A1 B P A5t 1] B 6 P 20

SEH 1.35 AT IENARE X, FIRA&AAH B AR

() X fo =),

(2 X Hf o B,

) X Hfi o HafrkFM. 11

IE B AR A [1995] () & 3 3.3.1.

T NS E A A IS, SR ST HOR 6 P . R 1K Miscenko 5 BB
AR B T RO 5 K T TR, B AR T3 BRIy VAR T 2 A L T AR X TR A
B A B P PR A IHUNE R, B0 TR Ped, PN{PY A A I .
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5|3 1.3.6(Miscenko[1962]) 4R 2 A= 0] X S nf HiE i, WA X W — ks FHENE R
Z BN 2 TG A R A /N

EBH. WA 220 X FE—AETFHEA{P, © ae A}YEH 2 o4l A A7 R NE
A, FHIERHOT, AR neN SAHERR R={2, . a e A, [P, [} AT, # T Pe?,
4 BP)={P,:PeP, €B}. Wi x,eA, | B=2U{BP): x,ePeP}. BT PRLTHIN, TRA
1t P, ePflifg x, eP, HIE|RP,)>w. £ n=1, WIRP,)[F1, FJ&, #n>1. T RP,)HIHE—
JhAe A IMNE S, WAAE x, eA\NP,. & BP,, P={P, : Pe?,  €RP,)} N
R(P,)=U{R(P,,P): x, ePeP}. Ik, 7t P,eP it} x,e P,, P, B HIRP,,P,)|>0 . &
B EIRRE, IR i, MRIR{P ) AL B e P eP, Hiz [P, 2P, HIRP,,
Py P> @, IHERP,, Py, POEL FJE. #, 1 2 IITCHLI A 77 FRBNE 6 75 %
SR (oM |

BIE 137 W2 A X AR ot . 25 X TSI {x, PET i x, i K=[x ], T
171E P AR TSP Hili 2

(1) <U P, > KAEX M.

() P, e X AR T4

@) T yeK K P e@,),, <P, >ty 7EX HHK,

(&) #H R P RTAMRAE M, Wa—2 ., 4 2,

. RWTEHTE R X, R EAMFR. JGEAxT T KcoUe T, 748 7eP™ e

(7)Kc uZcu.

(7.2) F 2 X BRI AR

42 '={Pe P:xe Pc U}=<P, > X T keN, #F5I{x, } EALT U P, M, WAEET T
BU{xo MR x, eX\Uig Py AT {x, Y TFEIx, I meN fifi<x, >cPg,
FIE. IAEAE KeN M{x, PEATU . P, 1. HILSEN 7P Wit 4 F (7.0 F1(7.2). 4
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TR X FE e F* (K, U).

e, BO={F7eP™ 17 AAER F(K, X)), W O 5. id #=<P > W&, {2}
ROR). ByeK HXI T neNfi P e(@,),, fiyeVer, WRy=x, &K =VNK, M
7 eP RAMN P(Ky, V), FINAAHE 7 "eP M KN\K c U7 "X \K, A5k
BEF ", TR Z OZ AHER PK, X), NlTE ieN i 7 07 "=2, , Hill
YyEP, cUZ'CV, <P >Ry7EX k. Wiy =x, WIHEPe Pfiftye PV \ (K\ {y}),
[N A74E ge 27 BAER FH (K \ {y}, X \{y}), \ili g U{P}EA MR F*(K, X), TRA7EjeN
1t gU{P=2, , MayeP  =PCV, #<P >y X PHF. K, (3.

LR 2 KTARE M. ST neN, ik 7, ={Fe A, P, : FNK=J}, Hafs—
Zoa N4 72, ISR 2 A R ESI{ 2, il AR 2 (2)~3). B

WP AN X . e AP, 1 ae A}, ARTEIHI, 2 M={a=(q)e A" :
<P, >HHX AR x,, M}, WM GZ =R, IF HXE TR — o e M, x , ZIE—HE i, T2
LA R E M — X E 4 f(a)=x, . FATFR@E, M, X, )i Ponomarev %. Ponomarev /&

Ponomarev[ 1960] fiff 515 &t 2% [] B S ] A5 FH 1R 5 v ) — e Ak
5|3 1.38 % (f, M, X, P)/& Ponomarev %.
() #iXTAE— xe X, AHAE P ATECT RIS x 75 X T, D f 2 g,
(2) # P rTHU, WM R 43 i ).
(3) # P& mirlHI, W f i s g
(4) # P JE X M8 cs M, W) f I 03 517 o BSR4 R LG

IEBE. (1) 4%, f 2t 55—, X+ a=(a)eM, f(a)=xeUet (X), f#fE£ me N
i3 xeP, <U. & V={yeM : y [ m Mskka,}, WV E M BET alJFFER

f(V)cP, U, #f 2Lk

@QaETBRK. H 2 EAHK. X TR xeX, ib@) P, : ael}, W

24



0 T2 N M, T ()2 MR oy 14, M f 2 s Bdh. #(3)th .

(4) W P 7 X A 3 est . FRATISEUE] f 2O P41 e . Be{x , } 2 X ks T
X [P, ik K=[x 1, WHELE 2 A RFAEPI{ P Hisi 2 5 13 1.3.7 5 A1H(1)~(3). *F T4 neN,
FEAE A IRTAET 4643 2,=(P, : a el }. & L={(a;))e T T, KNP, )= I}
2R W (8.1)~(8.3) KW f /207517 d5 s,

@1 L T4, T, MM T4, MifiL & A © % 74,

#a=(a)e My \L, W KNNWP,)=@ . Mili # ¢ iy € N fE {3
KN, P ) =D. 4 W={(B;) €[l Ty X T <ifiB, =i}, W W RIL T, Féts
Mo P FEB WA L=J .

(82)LcM Hf(L)cK.

Ba=(a;)el. W& ye KN P,), W<P, >y ¢ X HGM, TaeM H
fla)=ye K, Milifi Lc M Hf(L)c K.

(8.3) K =f(L).

W yeK. XITa—ieN, fifia; e D ift yeP, , a=(a;), Wa eL Hii(82FIEH
f(ar)=x, B K= f(L).

SR, EWE ARG . 25 {x R X TSR A, WIFE M I T4 K AEAEF(K)=[X ).
HFAEneN, TUE 2, ef 1 x,) K, IAFAIz, HFERE 7z, 3, il 12507

wesst. il
TR o R BRIELE 75208 o 1 s WU R %45 18] BAT ST 8 e, T LAY
I 1.3.9(bkA[1995]) =50a] X & JE R A AIMITh S E (70, TP )N s Mgy
HAY X HAT A ek, 1
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