goooobbgoooobboogod

g
U obbououggbobbuooobobbooogn

gbobogd,ggbogbbogbuogobuogbooboboobooobooboo
gogbbobo,gbbbuoogbobbboooobbbooon.

gb,gbobdoobooobuoobbodboob.bg,booboboooboa, o
gogbbobogoobobbouogooobogad.

1. 0boboouoogbobobodgo

oo, p-ggboboboobobobooooboo.

gb. pO00O0ODOO0ODO. 00O, FO00D000D00O0O0DOOODOODO0ODODODOO
O000'0E-0000000,FO0000O00OODOOOOO.

god,»-000000R-00000000O0. 00000 FOODOODOOODOO
gob pp00000000DO00O0DO0, 0000 FO00DO0OODOO,D00O0
00000000000000000200000000000000000000
00000 000000o00o.

1.1. booogooboo. O

gbouobgbogbodb,gboobuoobobobudgboobaobagog.
gbbogbodg,boobodobbooboooboobbuoobboobbogb
gobooboggboog.

00 1.1 (Kadec-Anderson). 0000 000000000000O00O0OOO0 (=)
ooo.s

0000000000000 000000000000000000000000000. 000

0o0o000O0OO0ooooooo.
MOO000000Q=[0,1N000 Q-000000000000. 00000000 Q0000

oooooooooo.
S0000000000000000000000000 (Fréchet space) 00 0.
‘{0000 XO0O0OO0O0O0O0O00000 X0000o0ao.
S;0000000000000 [27]000.



00, 700000, 000 70000000000000 6((r) = { (@)e €
R | Y, 72<00}00,000000000000 6(R)0 600000, ly(r)-
0000000000000 (Henderson-Schori[14]).

00 1.2. 000000 4(r)-000000000000 4(r)00000000.

00 1.3. 000 4(r)-00000000000000000O0OOO0000O0OODOO
gogobobooood.

00 1.4. 000000 6(r)-000 MOO, M~ |K|xb(r)0000000000
00000 |K|OOOO0O0. 000, |K|0000000000000000.

gbooggbuogbbogboogbobodboo,bobboobooobuoooboo
00000000000000000000.000,00000 EO0E~ENOOO
E%E?DDDDDDD,DD 1200130000000 EP-ODO0OOODOOODODO
DDDDDDDDDD.DDD,E}?DDD xe EO00O0O o-0000.5

O00,0000000046%r)-0000000000000.0000000000
cboboo,0b0ob Xobocooboooooboob,cobobooo XxXoboooo
gogobb. gobobobooooouobo,buga,gbbobobboooogooo
000."00000000000000000000D0,00000000,0000
000 ‘0000000000000 4L(r)-000000000000000000
go.

00 1.5 (Torwiczyk [27]). D000 ANRODO MO 4(r)-000000000000
0D000,0007-000000000000X0000,X00M0000000
0D000000000000000000.8

ANROOODOODOODOODODO.

1.2. ANRO ANE. O

O015000000000,00000DO0D0000DO0,000ANRODDOOOO
ggbbboooobbboodgn.

O0. 0000 X0O ANR (absolute neighborhood retract) D00 00, X OO
ooy dduoo,yuoooo xopoouovbooboboooo
O00r:U—-X (OOOO0Orx=idx)0O0OOOOOOOO.0O0OUODOODOO
YyOoooOooOO, X0O AR (absolute retract) D0 0000,

000 EY = { (zu)nex € EN | 0000 neNODDOD @, =+}000.

‘000,0000000 CcCO0000000,000000000000000000,000000
gobooboboobboobobooboob,obooboobooboob.
800 [27/00000000 Zz-00OODDODDDDODOOOOOO0OO0OO0OD000,00 1.5000000

gboooooobooooobooobooooboobobooooa.
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00000000, ANR(AR)OODOOOO00O ANE(AE)OOO (0000, ANR
& 0000000 ANE) 00000000000, («)000000000000,
(=)00000,0000000000000000000000000000 (00
0AE0OD)0DO0O0000000O0.

O00. 0000 XO ANE (absolute neighborhood extensor) 00000, 000
ooo0yQoOoOoooooo A 000D f:A—-XOOOO,YOOOD AOOO
Uoo00 f000000 f:U— X (0000 flu=/f)0000000000. 00
O00U0o0000YOooOoOoooO, X0 AE (absolute extensor) DO O000O.

ANEOOODOODO ANE, AEOQ00OOO AEODOO. O00OO0O0ODO0O0ODOO AED
O0,00000000 ANEOQOODODO0ODOODOO0. 00,0000 ANEODODO
00000000 ANEQOOO.O0OO0O0O0,00000 FOANEODOO, EF-ODOO
ANEODOO.OOO0ODOOO0ODOOODOO0ODO ANEODDO.

ANEOODOODOOOOODO,ANROODODODOODOODOODOOODO. DODOoD
00000000, 0000%C0000000a0.

1.3. bDouoobooboooogoboo. o

00000000000000 &(r)-0000000000000000. 00,
00000000, 000000000000000000000000. 000,
b ={(z)nen €6, |0000neNOOOO 2z, =0}, Q=[0,1]NO00ODO.

Eg —o-uggbboboogobbbuoogon.
ngQ —o-g0booooogobooog.
£2><£§ — Q000 ese-0bbbugggoon.

gobooooboooooooooooobooo, o000 “obo’booboDbO
gogbobuooobbboogb.boggobo,gobbuooobbooobboogn
0,00,0000000000000 (absorbingset) 0000000000000
oo,“0bo0”"ooboboooboobooboooboobooooobooobobooobog.

00 1.6 (Theorem 2.5 of [17]). 0000000000000 OOOOOOOOOOO
coobo0OneNOOOOTOOnOODODODODODODODOO.ODODO,C
O0004(r)0000000 FOOOO,ANROO XO E-00000O00O0OCOOO
o0b0o0 Xbcooobooooo Z,0oobobo,b0 XecC, 00ooooooO.

‘0000 (00000000000000000),0000,000000000000 ¢c-000
ooo [12).
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00,000,000 (000)0000000(000)0000000 G400 (F,-
00)000,000000000000000,0000000 Gs-00 (F,-00)0
000000000000 Ge-00 (00F,-00)000000000. 00000
0000 G-00000000000000000000000.000000000
0000-00000,00,.000000000000000 F,-00000000
0000000,000-00000000000.

000000000000000000000000000000000, Bestvina-
Mogilski[| 0, 0 00 0000000Y000000000000000000000
00000. 00, Sakai-Yaguchi[25) 00 0[17/0 00000, 0000000000
0000000000000000,000000000000000000000
120 13,14 000000000000000000000

00,0000000000,0000%000000,0000000000000
00000000000000000 Cauty[7]00000000O0.

14. LF-00000O0O. O

go,00o0booboboooboobobooob, Lk-oboobboobooobo
god. Lp-gogb,b0booboo,0goooboboboboobouooobonbo
0000 (inductive limit) 00 0000O.

O0.0000000000FKCkKRCHFC---0000,0F00F=U,n
gobogoooobobooboob FrO0booboboobbooboobonbbo
goooboooboobobo FOLF-OODOOO, ind-lim £, 000.

DDDDDDD,DDDDDDDDDDDDDli_r)nFnHDind—lianDDDDDDD
ooooo,imF,00000000000000.000000000000000
000000 F,00000000@O0O0O0OOOO)00000O0O0OO, 00,00
pooooobo 0000000000000 LImE,DO000000,0000
Ulm /£, 00000000000.

LF-oboo,0bdb “cob”bobobobobobobobooooooooon
goboodag.

YOpoooo0oo000000000,0000000000000000000000000000

00 (absolute Borel space) 00O0O.
Hopoooo NNOODDOOOOO0OO0O0DOO analyticset (0000)000,000000000

000 analytic subset 0O O 0O O coanalytic set D0 0O. OO, coanalyticset 0000 0O0OOO
000..00000000,00000000 (projective set) 0000000000, analytic 00O
coanalytic0 00000, 000000000000 O0OOOOO.

12UCHL)nFnDDDDDDDDDD,DUOFnD F,0000000000O0O0000DDOOO.
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00.000 [, X-.0000,000 {[[,owUa | U,0 X, 0000 }00000
0000000000,000000000X,000.00,00%,€X,00000
00000000 BX, ={ (#)ey €0X, | 0000 neNOOOD 2, =%, } 00
oooooooo.

gbobgdbuogobodgbbooboooboboobbo,oboobbuogoboo
gbbodboboobbdodgb.bobobuoobboobuge-obboo.0obogn
g,0gbodgboobooboobooboobooboobo.oboob X, 0
ggoobogoobooog,bb s 0bobod.

oooooooobobo,,booboobooooooobo,00obobobooo
go,b0bbooogooboobob. oobbbbo,ooogbbbboooooaobo
ggbboboooobbb. g, bbbuooogbobouooooon,

FFCFHF X CF X Fyx F3C -+,
o000 LFr-0dgdoooouououooooag:

00 1.7. ind-lim[[I_, /5 =0F,. 000, limR" = ind-lim R* = CIR.
MankiewiczO O OO, 0000000 LF-O0000O0O 20000000000:

00 1.8 (Mankiewicz[16]). 00O LF-000, 6,000 ODROOOOOOOOOO
0.00,00000000070LF-000,06((r) 000 (r,) 0000000
goob.dod,drnin<n<m<---000sup, 7 =700000000
|:|.13

01.9. 000000070000, 3(r)~ () x CR.

00000, LF-00000000ogoooog (00, 0000000 LF-0000
O00)00o0000,00000200000000000000000. OR-O0OO
00000, Heisey[13] O Sakai[23| 00000000 1.20 1.3,1400000000
gboobobuooobob.obooo Lrk-oo0bobgooobobobobobo
oo, Lr-00bggbugobooboobbobogn.

00 1.10 (M-Sakai[18]). B(7)00000000000000000000000
00000000000000000.

00 1.11 (M-Sakai[19)). LF-00 FOOOOOOOOOUOO,U~|K|xFOOO
000000000000 |K|00000. 000, |K|0000000000000
ooo.

30000 7000000000 By(r,)0000000.
5



2. 0ggoobbbooooboo

gboboggbuogbbogbogobodbooboboa,boobooobooboo
gogbobuooobbbooobbooobbooobboo.ogub,oobbooon
gogbbooobbooobbouoooboo.obboodb,uooobboodgb
gg,buogogbbbuoogbbboooobbbooan.

00,184 00 Riemann[21] 0000000000000, 00000000000
ooo0ooooooooooo.

‘bCo0boboobooboooboboo,boobobooboboOo,bon
gobobobboogggooboobuooooouobob. oooon
gbboodgob,ogb,gogboboouoodgbbooobbboon
Oooooooooooooo o, b0o00o0ooogooogo.

gobo,dggobobdoogoob,ggbobbuogbbboooobboooon
ggb.godgobbboodoogo,bbb,oooogbbbbooooobbo
gogbobbobodg,guoboobooogoooboboo. bbobb,0ooogooboo
goboboo,gobbdgogobbougob,gggbboboooobboooon
goboodad.

21. 000. 0

0000,0000 XDh200000000000,X0000000Cd(X)0O0O
0.00,000000000X00000000000 Comp(X), XOOOOOO
00 Fin(X)OOOO. OOOOOOO0OO0OO0O0,00000000000O00D0O0DOO
000,000000%000000000000.

ooooooOooOooooooo,cd(x)ooopooooooopooooooo. o
gobobobooogboboboooobobobood.

O0.0000 (X,)0OOO,0000000CdX)0DD000OD0OOdg 00000
goboooog.

dy(A,B) =inf{e>0| BC N(A,e)00 AC N(B,e) }.
O00,N(A,e)000 AD e-0D0D0DODODO.

0000000000000, X000 4000000000000, 000,
(X,d)~ (X,d)00D00000 (ClA(X),dy) ~ (Cld(X),d,) 00000000000
000.00,0000 Comp(X)000000000000000000.

“Yopooooooo0oo0O0000D0,000 [22)000.
50po0I=00,1]0000000D000O0DOOOOOOO0. 0000DO0OODOOO0OODOO0OO
ooooooDoo.
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gbbuggbbuoggbbouoobboboob,ooobbooobooobb. b
gogbbobuoogbbboooo,boogobbbooobnbobodan.

00 2.1 (Curtis-Schori[11]). Comp(X)0 Q0 O000000000000000 X0O
0o00000000000O0.

00 2.2 (Curtis[8]). Comp(X)0 (,0000000000000000X00000
000000000000,00X0000000000000000000000.

(X,d)0ooOoOOo0ooooooo cd(X)ODooooooooooooooo, oo
0000000000000 Comp(X)OODOODOOOOD.0O0O0O,X0Oe-0000
000000 Comp(X)ODOOOODOODOOOOODO:

00 2.3 (Banakh-Cauty[2]). Comp(¢}) 0 coanalytic0 D00 OO0O0O0O I, J0000
0 '16

ggbbbuoooobbouoooobbooooobn.

00 2.4 (Curtis-Nhu[10]). Fin(X)0 £ 0000000000000000 X000
00000 .00000000000Y000000000000.

XO0O0OOOO0ooooo00 Fin(X)0ODODOOOODOOOOO0OOO,0024000
gooooooooooooo. oooooogoooooooogdoooooonon
0D0000,000,Fin(Q) ~ Fin(l x Q) ~ ¢ x Q (Curtis[9]), Fin(l(7)) ~ lo(7) x €4
(Yaguchi[30])) OO0 OO0OO0OO0O0O0O0O. 00,X0000000000000000O00OO
gooooooooooo.

00 2.5 (M-Sakai-Yaguchi[20]). F0O 1.300000000000000000000
00, MOOOO E-O0D0OO0O0.O0000Fin(M)DO EOODOOOO.

22. 000000. 0

0000 XO00YOOOOOOOOO CX,Y)00o0. ¢X,y)ooooooo,
000000000000000, limitation00, 000000000000000
000,00000000000000000(000,0000000Y00000
00000000000000):

OoOOoo0odbo0 cObOoboOoO Climitationd D cOOOOO.

16Banakh-Cauty[2] 0 000000000000, 0000, Comp(X) ~1l, <& X 00O 10000
O00000-00000 coanalyticset. 00,0000 XUOOOO-O0O (continuum-connected)
ooood, {«,y}000 XOUOOOOOOUOOOOO (DOO0)0OOUOOOOO 20 z,yeX0OOO
000000oo00. 00,000-000000000000000000000000-00 (locally
continuum-connected) 00000000,

"00o0o0000000000000000000000000O0a.
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gboobog,xooboooboobooboobooboob.bobo,bbo
XObooooooboooooobooobooobooo.

221. 00000000.

00. X00OO0OO0OO000O0 KOOOYOOOOUOO0O0O0OO000O000000
O[K U ={feC(X,Y)|f(K)cU}ODODOOOOOOO CX,Y)0OOooonO
ooooooooo.

000 X000O0O0O0OOoOooooooo [K,Ujloooooooooooo,000d
000000000000000. X0Y0OOOOOoooooooooo oX,Y)o
gogbobobooooboboodan.

00 2.6 (Sakai [24)). 0000000000000 O0O0O0 X0OOOOOOOoOoooOO
000000 ANROOYODOOOD,C(X,Y)OOOOOOOODODODOODO 6,000
goo.

XO0000oooooooo ¢(X,Y)O ANROODODODOOO. 000, X0 CwWwo
000000000 Smrekar-Yamashita[26] 00 O .

222. 000000.

00.(Y,d)DOODOOOO0OO0. 0000 dg(f,g) =sup{d(f(x),g(x)) | ze X} O
00000 C(X,Y)Oooooooooooooo.

000000000000,00000Y0000000000000000. C(X,Y)
OANROOOOOODOOO,000D000,Y0000ANRUODOODOOOOOO
ggbb,godbobbuooodgobbbood.

00 2.7 (Yamashita [31]). 00 000000000000 X 000000000
ANRUOO YOOOO,YOOOOOOOOOOOOO00000000000 C(X,Y)
00000000000 62%)-000000.

2.2.3. Limitation O O.

00.YOOOOYOOO0O, {f(z),¢(x)}cUDD0UeU0000000 z€ X0
00000000, f,geC(X,Y)DUOOOO (U-close) 0000, fOUO000
geC(X,Y)0OOOU(HDODD. 00O {U(f) | U0 YOOOO}Ooo feC(X,Y)
0000000000 CX,Y)0000 limitation 00000 .

Booooooooooooo.



O0booooobooooobD,0bobbodn imitationD 00 O00OO0OOOOOO
ooboooooooD.ooo,0b 150000 imitation0O0O0O000O0OOODO. OO
0,00 150000000000000000 limitationO0 00000 C(X,M)00
gogoobooggoboood.

Yyooooooo fed(X,Y)OOOooOooooo, f0000000O00OO0OO
goooooo,b0db0 foboboboobo.obooo, foOoobooooogo, f
0000000000000 000O0 (boooo0o0o211000000). 00000,
X=Y=ROOOOOOCR,R)ODOOOODODOOOO.

224. 00000. 0

gogbbooobobdogob,ogbbuoobbuoogbboooboooboo
ggoooo.

D0.0 feC(X,Y)0OOO, f00000T;={(z,f(z)eXxY |zeX}O
00.00,XxYOOOOOUODOO00,000000000000000000
00Iy,000. 0000000,000{Iy|U0XxYOOOO }000000
C(X,y)Dooooooooo.

guddogooooogog,bbobobooooboooooobooooogn
g.00,00b000 Rooobovovooooo,

U:{(xn)neNeD]R limxnzo},
00000 (0,0,0,--) € ORO clopen 000000, UO (L,1,1,---) e OROO OO
0.000,0RO0000000. 00,

v'={feCRR)| lim f(n)=0},

0000,U'000 (00000000 ¢=0)0 copen 000000, ¢000000
ooo0o0o0. 00000, C(RRR)DODDODO0O0O0OC0OO. OoooooooOooOoO
goooooo.

O0+xeYOOOD feC(X,Y)OO (support) DO0OOOOO:

supp f = cl{z € X | f(z) # = }.

0000000000000000 C(X,Y)OOooooo C.(X,Y)oooooooo
g, bbooggoobn.

00 2.8. OROOOOOODOOOEROOOO,C(R,R) 000000000000
000000 C(R,R)OO0O0OO.

YyooOooooooooooOo,C.(X,G)0 LF-0000000000000o000:



00 2.9 (Banakh-M-Sakai-Yagasaki [5])). 000 0000000000000000
D0 X00OOOOOOOOANROOO GOOO00,00000000000000
0 (C(X,G),C.(X,G))0,00000000000000000000000000
0000000.000 C(X,G)0LF-000000.

23. 00bboooooobo. o

0000,C0(X,Y)Ooooooooooooo. 000 X=Y=ROOOOOO
gb,00b0obooopPLOO0O,0obobobogo,gboobobobobobo
oo00o0o0o0o0. 000,0029000000,000CX,Y)OoooooooOo
gogbbbboog,gbbbboooooobbboa. bbob,b0ooooobo
ggbboboooobbboodgn.

23.1. 00000. 0

0000 XO0O00O0O, X00000o0ooo0o0o HX)O XO0oooooo.
CX,X)0oooooOO0O HX)OOOoooooooOo. ooO0,0ooooog,
HX)ODoooOoOoooooooooooooooooooooooo. ooooo
O0,00000000000000000.

00,00000000000D00000,000000000000O0,000 ANR
000ob0o0oobog,XOobooooobobobobouoboooboboo. OO Home-
omorphism group problem D 000000 OOOOO0O.

00.»,000001I"(n>3)0000 HI*)O ANROOOOODO?
00,20000000000000000000000000000:
00 2.10 (Luke-Mason[15]). 00000 20000000000 4-000000.

00,0000000000000000,000000000020000000
000 6(0000000000000000 Yagasaki[28) 000000000, 00
00000000000000000 (Yagasaki[29)).

232. 0000000Oobobog. d

gbbogobodgbogboboobuoobbooboooobobooboob. o
O00000O0O0O0OO0O0O0O0O0OD0D0O0OD0 H(X)OOOO. OOO,0000 AO000O
gogbbboooob,ugooobbbuoooobobod:

supp f =cl{z € X | f(z) #x }.
00,Banakh 000000000,

10



00 2.11 (Banakh[1]). 000000000 H(R) ~ [,

00,000000 limitation 0 0000000000000000000. 04,00
100000000000000000,00000, limitation 000000 C(R,R)
000000000000000000000.

02240000000000000000000000000.000000,00
D00000000000000000000.00000000000000000
D0000.M0100000(0000000)00,I00000000000000
000.00000%00000000000 H(I)O0O00O, Hy() = Hy (') N H.(T)
ooooo.

00 2.12 (Banakh-M-Sakai[3]). OO0 00000000 100000T00000O00O
gooo:

e 100000000000 (Hi(T),Ho(I) = (67, 655),
e J0DDOO0DOO (Hy(T), Hy(I)) ~ (0o, [30y)

gob,ddz21l1g200bboboogooooooooon.

00 2.13 (Banakh-M-Sakai-Yagasaki[4]). 0000000000 200000 X0OO
0000000000000 (H(X),H.(X)000000000 (06,06)0000
000000.000 H(X)OLF-0ooooog.
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