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Abstract

Mappings and spaces are a huge and promising topic. For more than 20 years, the theory
of generalized metric spaces has been growing and growing, producing many active spaces,
and also obtaining their rich mapping theorems. It is necessary to understand the mapping
properties of these spaces more comprehensively and find out the existing problems. The
main results in this dissertation are the followings:

Firstly, we select 30 generalized metric properties or countable properties, and find out

their invariance or inverse invariance on the 8-class mappings in the published literature.

Secondly, we mainly prove that point- G, properties, X -snf -countability, weak
quasi-first-countability, quasi-first-countability, csf -countability, snf -countability, gf -
countability and sof -countability are invariant and inversely invariant under closed

finite-to-one mappings. In addition, the closed finite-to-one mappings preserve g -second

countable spaces, sn -second countable spaces, spaces with a point-countable wes” -network,

sn -symmetric spaces, etc.

Thirdly, we prove that mappings preserve sequential separability, quotient mappings

preserve  k, -sapces, perfect mappings preserve ¢ -semi-stratifiable spaces,

(mod k) -metrizable spaces and quasi- (mod k) -metrizable spaces are inversely invariant

under perfect mappings.

Fourthly, we discuss the applications of the closed finite-to-one mappings in symmetric
products. Finally, we give counterexamples to show that some topological properties are not
preserved by determining mappings, which give negative answers to the mapping questions

posed by Lin Shou and Shen Rongxin.

Keywords: quotient mappings ; closed mappings; open mappings; compact mappings;
finite-to-one mappings; weakly first-countable properties; generalized metric spaces;

symmetric products
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(1) 2308 X FRALE — AT He R0, 35 X AE7E0 2 LRSI o, AT X
MIysEARfixed, MAXNTE—neN, FHEmeNMER P (n, m)c A, W AR x L.

(2) ZEIH) X FRAFIHEE — IR0, 35 X APLENE 2 LR S AR IR e, 0T
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sof %4 T[8] =————ppsnf N[ HT[0] = N, =51 Q[ENT[E] =————p csf A[Z1T]E]
K 2.1 FEZEFRR (—)
AP N A Bk e X555 —nl HUE 2 B¢ &, 51 FHEGE R LA S Bh 25

F1# 2.1.5 XfTZM X, FREKMAMHEEN:
(1) X /&N, -snf [ 5= [a],

Q) MFH—xeX, FEX WTHEEu, ={P (n,m): n, me N}
Q1) X T4 —neN, {P(n, m)} JxTEX PIBRHIF.
2.2) X T8—neNLlm, eN, %] P(n m,)RxHFHI8E
3) MFExeX, fFAEXMNTHEEY ={P(n, m): n, me N}l
G XWT—neN, {P(n, m)} JxTEX BRI,

(3:2) # X HIFF{x, ), BT x, WAEEneN K {x ),  OFFEH{x |

W (1)=>(3) . BER X BTHER p e E L 2.133). WTE—-xeX, £
u,={P.(n, m): n, meN}. WFIEH (3.2) WL, &X HIFH{x ]}, BT x.
N fe X I, RGBT x, #x o« BH=X\{x,: keN} . %F H P REF xH4 2,
HF H 2z 048R, #ineN, WAEEme NS P (n, m)c H . BN H AR X FS)
T4 . HE X 2.133), FEreNFE/RXN TEER meNH B (n, m)cH , it

T,=P(n m){x.: keN}, WAT,+@. HHT, BAWE, WHLEm>m (13
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P (nm)c X\T, » TRT, =@, FE. NE—T, NEMRE. bk, FEF5{x, ]},
TR, | R x, P (nm).

3)=(2). WFH—xeX, RXMTHEWRu ={P.(n, m): n, me NPHLEEZMB).
WFE—neNkm, eN, £P=] P(n,m). % PARMTHER, MAEE X h
BSCF x A (x, ), B x, e Po HG.2), fifEneN Rix ), TR {x |
434t —x, eP(n, m)c P, FJE. I u FLQR)

(2)=(1). WFE—xeX, BXMTEEL ={P(n, m): n, meNp#EEZMHEQ)-
Lu=J m o HXBTHRAWENAEE xed ke neN, {74 m,eN i {3
P(n,m)c A, WY P(r.m)cd. H22), ARxKFIRIR, B ARILE
HIFF BRI, AT A4 /& X BIFPITER . # X & N -snf AT BUA5 1]

51 2.1.5 B (1) = (2) AR LRI . ARAE B X 2.1.3(3) #4519 B A AT 4
JE P B 25 8] s 15 2R R 55024 325 B 2.1.5 3) & LT N, -sn 5958 — A4
WA B 355 2.1.5 (2) B X T N, -snf W EA . R, FRATER T ixee e
—E. HAh, W 2,15 R0E P (nm), AR HERATHE, BEm ERAH
HA .

2% [6] X KA Fréchet 2@, 5 Ac X Hxed, WAFAEH 4 o 54U 5 514 2Lk
HF x.

513 2. 1. 602123 (1) A X 25545 — T BUs 62 HAUCY X 2N, -snf ATEUN 751
2 [H]

(2) ZE0E) X RPEE—n A 8 2 ALY X 2N, -snf 7T 2UHT Fréchet Z5[H]

EH X BN e, BRI, #FxeX BHE—S, (VneN)&X bl T x 75, N
15 X PO x (17 ) S A4 (n e N: SNS, = @) RIMLE.
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W, BTLAE X s {z,} T x, U & x 76 X R T A4, it {z,} | =2
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51 2.1.10 ¥ f: X > Y ZAMWRB— MBS . 5T 2 X HRfFEsH f(T)=2Y &
s ST 51, P51 T AAAEN SR T 7 51

EH: WT={x}_, . WY PHEFEHf(T)={f(x,)}  WHTHKiyer., %
K={y}U{f(x,): neN}, L=f"(K). 2%, KRYWMETFEHAT L. WA fRH

BRE— AR, P DAL 2 X B9 Hoal 5 74 3 HoA al e i S s a) i n] EE Rl
AR, T L2 X R ERA TR XN, LR80T A 7751

STHANBIE X, Y KBS £ X > Yo RS RIFIIEPSE, %y}  RAmY
PR —MSUT A, WA 8 X ST A {x ) B —x e /' (3, ) B

FoU{y, | R}, TR

B30 2.1.10 M- A PR — 1 I 7 51 R U,

T PR O T T, ELOV RO R RS, A F iR 5] 2

G132, 1. 110517280 G [R 3 — () IS DR W O FP 51 25 [BIPE BT, Fréchet 25 [A] 14
Ji3 o

iR 2.1.12 % 1 X - YA RB— K HME, I oX 2 Fréchet 2517124 HAX X4 oY

72 Fréchet =5[],

EH: idg: oX >oY Ng(x)=/f(x), VxeX . H5IH2.1.11, RAFHFIEY g2
AIRE— . B, ¢ RAMEI M. THIEY g MBS . B F oY 1L,
BIF R Y B AIALE. T fRRESN, HIRIE /7 (F) 2 X RFEFIHE, TRe(F)2
oX MIMSR. XKW g RESM. H—T7H, &ARoX M. WH f(4) 5

(y,} EY RUSCT Ly ey o BUE ARIFS {x,) gy, = f(x,). 95

neN

2,110, X PRSx| AFERSRI TS {x, | o BHEX By, | ST x.

T AR X FIAISE, Fibhxed, TRy=f(x)ef(4), M f(4)RY HFF5H
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S, (VneN) Y s T y BF5. X TH—neN, HI5/# 2.1.10, f77£ X HRIYEL
FEoIT, 545 f(T,) &S, KT, BT UestTe,, W f(e)=y. BT ' (y) RHIRE,
fifExe X RIFAIL), 0TI, | M, =x. FlT X Ra, B, BLE
fEX BT x AT M43 [i e N: TNT, = @) REMSE. X, £(T)RY HlgcF
y HFFIA {neN: f(T)NS, =@} RERE. FILY 2 a, 5.

RZ. WY o, %, ibxe X BE—T, (VneN) & X 8T x 55, tF f
AT W L X R T, %0, A7 x E X AIAR Y 8T N (f (x) = x ) o HF
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BT 3. 2. 1 WIS IF I AT 41

WEH WS X oY BB, Kb x B TRNFSIRTED, Tl T4
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I x(j) €Ml P =P o B o, R x 75 X 11y sn 1.

ZE LR, X BRI sn 9
IR 4, 1. T80 ¢ 245 (]2 ] HOn AR
EHA4.1.8 WX B TE HneN, W= X LA &8GR (BN, -snf 7]

O M EACY p, (X)) BA R G MR (BN, -snf FTEPETD .
WEB B, B RGBT AR AL 1, BT A TA] X A R G P
M HACHFR A A X B s G MR . I 412 KERE 22,1 FIEHE 2.2.2, AU X"

A 5 G, P 2 FLAY Y n EFRAR , (X)) B 5 G, B
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XFF N, -snf ATECMER, FIFSIHE 4.1.2, 51H 4.1.3 fEs 2.2.3, A28 BHEM .

EH4.1.9 WX G THE B neN, WFRZSE X" BA S5 — T e p (sl
- ATHERRD 24 EACY g, (X) BA S — TR (ol — e D

EBY . MG 412, R 2.2.4 (BEER 225 , BUEIE X" BA I5UEE —F 4
5T CSAUM S — PTEOE ) 24 BAN Y g, (X)) AT 540058 — nT 0 e CERDL B — T M)

SEH 4.1.10 "X 2RI TE HneN, WA X BA ST B owes* W (3 sn X
A, sn S5 AT, SRR G EAY p, (X) B AT wes ¥ (2R sn XK
A, sn BB RIECEE], cBEAED S

WEBH: W X B i Howes* M, H5IE 4.1.4, W X" HA m B wes* M, F
BB B 4.1.2 BOEH 2.3.5, W, (X) BA ST H wes* W, AR, 4w, (X) BA AT
Howes* W, GyIAERAG ST B wes * UM TR BAEVERT, T2 1, (X) 72500 4 (X) B
H A wes* W 1T (X) BT X, BB X HA S owes * 9.

XFFsn XEFRA ] Csn 55 R EE 08D, AU SIE 412 512 4.1.5 (513 4.1.6)
FoeH 2.3.6 CEHE 2.3.3) A[ZAHER.

T e Za M, PG 4.1.2 F151 38 4.1.7 JoE 3 3.2.3 v RALIER .

B 4. 1. 11 7276 FUf AT SO AL (0t FRASI8) X, 4645 ao, () BEAS LT AT S0B5 06, 1A
SRR [H] o

LY =8,x(PU{0}), HrrS, /& Arens Z[] [11, ] 1.6.19], IXHF2[A) Y AR 7512
[ [4, B 1.8.6]. Fi4 X =5, ®(PU{0}). mF S, AP U{O}#2HA al H a5 5% #k 2
7, T X U A AT R R B A A ST Y A X P T 6 EL S AR
AR, T2 X2 ARSI . DA 912 I R 2T R 2 — A s 230
FEVERTS, 313 402 51 12 X7 - 40, (X) RA B — B, FTLl (X)) RRFAI%

(] o SR A FAT ARS8 k% A A0S R 2 B 2 P 1) 25 1, BT BA e, (X)) BEAS LA T B 552,
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AT LA 50 B — L8 2 (R ZE A 8 WURHE R AT . AT BTt 25 iR 3001,
RS S A 5 g B2, W) 4.2.5 A 4.2.8 BV

NT BRI, B 4.1 42200 & 4.2 220 R 4.3 131 528 W 3RA BRI 19
- CIPA E NS

N i . S ENGHES T
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SOk € k TEE<—snTEE sof Tl HFETEE 2 Eﬁﬁ G TR cHE
SEHwes 7 SR l SN AFF Eﬂﬂifﬂﬁ l
: J
S04 cs [# SHf F[—— csf T8 NG B — SGHE
K41 a2 m )RR Kl 42 KRR =) Kl 4.3 2 0E) 2 [0 1) 5% & (YD)

Bl 4.2.1 ARI—IFWSSARREE (A PERARFTFRIME .

(A) so A]EEZ0](4)", sn AJEEEZR](S), kA]EEEZE(6), ] EES(E(7),
(mod k) ] BE &7 [A](8), #Lh(mod k) AT EEAE[H)(9) .

H[32, #12.4.1], FAEEESEM KAERE TP M > X, 515X 2%

—H[ o ), HXAZREMZ6E. BTEEEAES (A) FREMABIMER L
Kla1 & [4, EX3.7.1]D) , FHAFHHX ARG (A AL HAMER

(a) X ARk nJEEa3H.

N e b g AR RSN T B o BAR £ WI2iE [26, EH 6.4], 1fiH
[4, ®HL2.5.11], # X ZHA o BHMW Lk WEJIEN ) Fréchet 23[H], W X /& Lasnev
20, MM X R IEM S H. X5 X AR IEM AT &, Bl X A2 k"m0,

M 4.1 51X AR k A EEREAA], so AR (A, sn W] EERAA],

VONTAET AR, AT MRS RS N BT RS 5 BAR 5. R R MG .
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(b) X AU (mod k) AJ B &7 [H]

N

# X 2 (mod k) AT EER 0], X M2 o 20, X J2 (mod k) AT ER S [4, &
¥ 3.7.5], BG5S p=SM6] [4, EFE3.7.2], MM X RIEMASE], X5 X A2 IEM 2]
RSP I, TR X AR (mod k) AT BEREZSIA], RIUL X 04 2 (mod k) AT 423 ).

Bl 4.2.2 JFEBUSARELREE (B) PR H ML

(B) S9UEE—FIHUE(11), gf ATEUEIEI(12), csf WIECEIE(LS), sn bfRR=S
[E](24) .

H[41, B15], FEEETRMHES “8—BEX KT EBE X >S5,
Hprs, ZpasE (4, §] 1.8.7]. &K, XZXFRENE [22, i 3.2.8], WX AA
(B) A EfEAMER (WK 4.2) o HS, A/ ATHCRE [22, #]1.4.2(3)], #&
TFEMUARBEGFE (B) AT HR MR

Bl 4.2.3 FFBLBARELREE (C) HHAEMTHHAME R o

(C) ArHETH(19), An[Hes M(20).

A, EETEEA (C) PHMEMEIMER, BIIHE1.2.2, AFEME MR
A (OO AR HAMET P — AT HE . [32, 6 3.4.16] W& T —MNMAEA s 3
B IEN A R H y (N) o 298, w(N)RBE =M. BT (C) HprgaE A
AR Ewes" W CILEL 4.1, HIEHIFIEASREGREE (CO) HIEMIRib T, R
Py (N) AERA s owes WMo B[22, #E182.1.7(3)], AA R Hwes” MR —
A IR DN 2 TR B AT, B By (N) A B s wes™ M

Bl 4.2.4 FFUSEARELRFE (D) AT 40 AR
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R IMER (B 4.2) o MHT X BA (D) AR FFRIMEL, B LT
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Bl 4.2.5 FGIRB|—AMESEARE (E) AR MHIMENR

(E) g S =T HCFIA)(L), sn 28 AT B(2) , FR AR5 23 16)(3), sn KPR AE[A] (24),
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JeN, VREC HHAE z, JUKNL/ j IR, HBYS p: € > C e =50, x ,
p(x) Mi—HZ. %E X FKy Alexandroff XU = [8] [11, 1] 3.1.26], ‘B /&K Mm%k
Tl BT C, 0 X AT BT 2S0, Brel x A2 v EEE. BT HA R
wes” W TE U 28 — R8s ) BT AT BOE R 1) [22, HEIR 2.1.7], TR AT EL
B B R A B ARSI [13, EEE 7.6.1], X AEE AT Bwes” M. BT 5522
sn W U8L, T sn B 2 wes™ RIUSL, - BT X AN A W # sn IOATAT 95, B X A2 g 28
TR (R s B TR (AL, BT C, A X IANAT R T O AR, BT RL X AN
A 4r s Ma], NI X BARFFIAT 288 o 2 B R s A T B A s i) [13, 4
W 7.52 MEH 7.5.13], FTUAX AR T 58— AT U sn AR 8] 2 2
B[22, p. 122], FrUA X AJ sn WFREE . T ¢ 22 S 0] v] Rl A )39,
FrbA X ANJ2 ¢ R (A,

by =C RARJLRSHIN. X 1 X >V RHRES . BRI £ 2 H =5 —

W BT Y REAERERSE, Y BE (B) FEUEMHER . XRUA RS
AL AREE (BED AT SR 5

EOOC[10] W T 110 AN REME R T A IR B AU AR T, Hd CCC
i, JREGEE TR, perfect PRI, R ER, BOARRMG. FHEHULE] 4.2.5 w2
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S VE
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MATEEEAE(19), AT es (20), MATEEM(21), gRIEZE(23), 1IEN G, Xf ALk
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ik X > Y &614.2.5 PG H 2] 1Bg, Hd X 2 Alexandroff XU
], Y RPMEE. TRY BE (F) PEMBIMET. X, X AR R —
AR R . BT BAA G AR R A AT RS E (WL (4, EEB.3.6D
FTbA X AEAR Gy L. ] 4.2.5 CUEH X AEA miHwes” N, A2 sn 0TFR2E(H],

WAR CRERME. HE 4.1-43 , X AEEF (F) SRR IMER.
B 4.2.7 EEBGFAGEREE (G FRMEATHIMER.

(G) g wHEAM(1), snsB _AHAEE(Q2), gf WHERI(12), snf ATEA
[E](14), g EZ(23), sn X (24).
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FreAS, AEA (G HHAR(THHRIMER (B 4.2) o BHSE&EBURARERE (G)
HOESRCEZE N G

Bl 4.2.8 SERBUSARELREE (H) SRS .
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(H) #EFE—THZ(10), sof AIEZAI(13), csf AIEZAI(15).

ibg: X > Y@ [32, #13.2.11] FHE&EHS, Hrbh X 280, ¥ 23E8—
FI ¥ 58 Fréchet 25 0A] . BHT 58 Fréchet ¥R csf FIECAS (A2 55— P 40A%|] [21, 58
B 3.6], MY A& esf ATECAEE], B Y BEASIE sof A E07S (A1 AS & U056 — ] 202 (]

(WE4.2) o HEEAPIEARRRE (H PREMHMER.
WO [37, AR 2.10] [ SEAMUNRES ORFRDE — B ? ) 4.2.8 45 i
75 5E [7]
Bl 4.2.9 SEEBEAGRE (D (1D TR MER.
(D U —wHCEE(10), S5l — I Easal(11),  gf WHUEHE(12), sof AL

X

ZE(13), snf AELEE(14), osf ATEUERI(15), 1 G, HER(16).

(1) #mx*FA)(29).

iE M5 1.2.3, AEMEARSE (D () HERERIEREE . ik
A()=o, U{o} 2 BT o I8R5, Hdo /g A(o) TAERBUN. 4(0) A2 esf
e [42, S 411 HEIE, A(e) WARASG R, HE 42 #A4(0) S
HA (D AR .

WX [4, #13.2.36(3)] @HIEZ MY FHE. EX [ X xI>X 285,
M foRse &Mt [4, Al 2.1.10]. & X xIR&MRY 2, H [4, EF3.2.33], X &
Y AN, X5 X ANEY FEMTE, WX x IARRY 250 [ 58 & WU A fR 4
58> A3

Bl 4.2.10 M LMGAREREE (KD (L) SRRk

(K) so AJPEEZE[)(4), k AJFERZZE(6), (mod k)] EE&EZ*[R](8), 8 (mod k)
A ERAEA(9)

(L) # G X AZ27), ¢ Z=m(28), o =[E(30).

34



%4 F NHEGIT

iR FoR BAFWEERIMOSEELZ, N2 R B2k E RT3 08], X ER
gt g: R>R/NZWLBE . BARAR AR (K) FR#HMER H R/N 52 Fréchet

28], MBS FIE A k0. BT so A EEKFH S A2 BES0 [43, 45
2.8], FTBAR/N A& so Al EESE . T ko EER L2 EEEESE (L [26, E

B7.1D » MR/NAZE Al EEE. 88, RAZ(mod k)R] 5 E = FAY (mod k) AJ
JERA . BT [10, 3], R/NAZ g 0E, MM R/N AR (mod k) AJ & & 7 [H]
031, BTLLR /N 72 (mod &) AT RER A 6. R, P L WU (R R (mod & ) 7T B 25 4
A4 (mod k) A FE 5% 1) o

b X RKTIHHELEP ¥ Michael HZ [4, £13.3.25(1)], XN AHBEQR X
HIPHEE H B ARRIS /2 X > X/ Q2 L. BT QEX T ARGEE, bl x/Q
[ 26 A AE (Q) A2 G, 4, T X/ QR 5 G, MR . B 4.3, P L MU AR B4 (L)

AR T SR
Bl 4.2, 11 FLBRFIEALREE (M) (N AR $h M

(M) (mod k) P BE 25 A](8), Uk (mod k) 7 J5 & 23171 (9).
(N) k, Z3[E(17)-

E 1 51# 1.2.3, AFEME Lindelof F ARG (M) (N) FEMAFMERT .

i X2 [13, #123.3] 11 Sorgenfrey HZk, W X s Lindelof X[ T X BA G, ff
2k, TRXWTHETERLEN [4, T 1.4.10]. % X 24 (mod k) 1 &=, M X
7 (mod k) W EERASA], AT X 2055 M 0 [4, EH3.72], T/ X & a7
[4, BB 22.12], FJE. Bk, X AR (mod k) FIEERZSE], MHItHAZ (mod k) AT HE
B

kY /& Michael Z¥[f] [4, 51 1.8.8], 1Y =NU{p}, 3+ pe pN\N, T gNHIF
ZEla) k4. WY 2 IEN Lindelof 2508, 4 D={0, 1}, BT &8da, X f: Y>D,
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