CHUONG 1: TAP HOP - LUC LUONG CUA CAC TAP HOP

I. TAPHQOP
1.  Khdiniém vé tap hop
2. Quan hé gilra cic tap hop
3.  Céc phép todn vé tap hop
II. ANHXA

1. Dinh nghia
2. Tinh chat
3. Toan anh - d0On anh - song dnh
4. Anh xa ngudc
5. Anhxa tich

[I. LUCLUONG CUA CAC TAP HOP
1.
2.
3.

Tap hop tuong duong
Tap hop dém dugc
Tap hop cac 1uc lUGng continum

I. TAP HOP
1. Khai niém vé tap hop TOP
Tap hgp 1a mOt khai ni€m c0 ban cla toan hQc hién dai. Ngudi ta thudng md
td tap hop.

Vidu:

- Tap hop cdc digm trén dudng thing thic.
- Tép hop cdc nghigm cfa phiong tinh x* + 5 =10

Cide vit nim trong mbt tip hop duoc goi la cdc phan bl cud tip hop.
Takyhéux e Adéchl xla phdnticlatiphop A va x 2 A d€ ¢l x khéng la phin
tf cia tip hop A.

¢ hai cdch @€ cho mét tip hop:

+ Cdch 1: Lidt ké tit ¢d cdc phan of cla tip hop

Vidur A=la,b,c,d}. TiphopAcéddphantilaa, b,c,d Tacdac A, 1¢ A

+ Cach 2: Chi ra diu kign phin bigt cdc phin 1 cda tip hop véi cac vit khéng thudc
tap hop dd.

Tap réng, ky lidu &, 13 tip hop khdng cd phin nf nao.

2. Quan hé giira cac tap hop TOP
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Cho hat tip hop A va B

+ MNEy m¥i phan tf clia B déu la phan 0 cla A thi ta ndi tip B [a mbt bé phin hay &
mét tip hop con ca tip hop A (hay B bao him trong A) Ky hidqu B C A

Dinhign A C A

NMEuBcAvaB= A thitandi B la mét bd phin thuc i ciia A

+ Haitip A va B duoc goi la bing nhaurnfu A CBEvw B c A Ky hiéu A =R,

3. Cac phép toan vé tap hop TOP
Cho ha tip hop A +wa B
a. Hep

Hop cfa hai tip A va B 13 tip hop gfm tit cd cdc phin tf thude it nhit mét trong hai
tip hop. Ky hidu A U B,

Taced AVE=|x xcA holicxeB]
Widur Cho A=fa,b,c} vaB=fb,c,e} Tacd A B=1|a, b,cel
h. Giao

Giao cfa hai tip hop A v B 12 tip hop gém tit cd cdc phin nf vifa thudc A wia thubc
E Eyheu Am B

Tacd AmB=|x xcAvixcB}.
MEuANB=@Eth A va B duoc goi |4 hai tip hop réi nhau.
Phép hop va giac cd cdc tinh chit nbnt sau;
[ Tinh giac hedn
AJUB=BuUA
AmB=EmA.
O Tioh két hgp

(AVEBEIWC=AU(BOuC)
(AmBY nC=An{BEnC)

O Tioh phio phai

AnBUO=ANBIUEAC
AUBAO=(AUBRIA(AUC)
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c. Hiéu va phdo bi

Hiéu cia tip hop A véi tip hop B |3 tip gfm tit cd cdc phin tf thude A nhning khéng
thuéc B. Ky hidu A VR

Tacd AVB=|x xcA vaxgB}l.
Nérchung AVB=BYVA
MEu A X thi X\ A dioc goi 3 phin bl clia tip A d81 wéi X Ky hidu C% hay AS.
Ta cd cdc céng thié d&i ngau De Morgan sau:
1) Cx(L&Jﬁm)= Q(Cxﬁm)

1) Cy([MA)=UCA) , AscX Vo

d. Ho tap hop
Mot ho tap hop 1a mbt tap hop ma mOi phan tl 12 mOt tap hop.

II. ANH XA
1. Pinh nghia TOP
Cho hai tip hop X va Y. MAu cd qui ludt f sao cho wéi mBi phantix € X ta cd mbt
vi chl mét phantl ¥ € Y xde dinh theo qui ludt £ d4 thi £ duge goi 1A mét dnh xa titip X
vao tap Y.
EX—=Y

Xy =1fx)
Fhan tf ¥ vng wéi phin tf x qua 4nh xa £ dice goi la dnh ca x, coén x duoc goi la tao

Ky hiéu £ X =Y hay

dnhcia y.
Anh xa fla khéng d8) (dnhxa hing)nfu ¥x e X, fx)=y, vy, € ¥.
Anhxa £ v duoc goi la dnh xa déng nhit
X=X
A =|fye¥ y=flx)viix € A}
2. Tinh chat TOP

D A=CoRAI=0

il AcB = RA)CHE)

i) BA A E)CRA) A AR

v FAUBI=RA)U RE),

Gid aiB Y.

FYB)= fxeX: fx) e B} lataodnheda B d&i véi dnhxa £
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Ta cd céc tinh chit
Gdaff X =Y vwAcCK, C, DY,

N CeD=FfYC) cFYD)

i) £YC A D=0 FYD).
i1 FYC w DN =FYC) U FI(D).
vy FYC A D)= £YCLFID).
v) A CERA]

w7 fENCY .

3. Toan anh, don anh, song anh TOP

[ Dinh nghia:
Anh xa £ X— Y duoc goi & mét todndnh ndu X)) =Y.
O Pinh nghia:

Anhxa £ X— Y duide goi la mdt donanh néu
Vo, 5 e X, x5, — flx)=f{x,)
O Pinh nghia:

Anh xa £ X— Y duoc goi [ mét song dnh néu £ vita |3 todn dnh wia 13 don dnh.

4. Anh xa nguac TOP
O Pinh nghia:
MNéu FX— Y |a mbt song dnh thi wdi m&i phintly € ¥ déu t8n i duy nhit phin o
x €X zao cho fx) = y. Phép tiong ving xdc dinh nind thé 13 Y vae X |a métdnh xa . Anhxa
ray diicc goi |a dnh xa ngiice cda dnh xa £ Ky g £
5. Anh xa tich TOP
O Pinh nghia:
Gid s fla métdanh xa 1 X vio Y, g ld dnhxa 03 Y vic Z. Khi dé wdi mdi phantix
tdc Xtacéphintiy e ¥V y=fx)viphintiz € Z: z = gly) = g[fx]].
Viy vdi mbi x € ¥ dducd duy nhdtphdntiz € Z: z=g[fix)] = h(x)
Anh xa h difoe goi 12 dnh xa tich ca cdc dnh xa fva g Ky lidu h=gof
* Nbhip xét:
Méi chung gof# fog.

III. LUC LUONG CUA CAC TAP HOP
1. Tap hop tuong duong TOP
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Tap hop A duoe goi la tip hiu han ndu ta cd the dém duoc hét cdc phin 1} ofa tip
ray.

}Eu mai van con nhidng phin bl cla tip hop A chifa duoe dém 6 thi tip hop A diioc
gol la tip 5 han
O Pinh nghia:

Hai tip hop A v B goi |3 tieng duong nhau nfu cd th? thidt [dp mst song dnh gita
hat tap hop nay. Ky hiéu: A-E.
+ Viduy:

a) Hai tip hop A, B hifu han va cd o8 phin tf bing nhau thi tiong duong nhau.

by A=1,2,3,..,n .} vaB=f2406,. ., 2n, .} [ationg diong nhau.

Ludu y:
18t tip hop & han cd the tiong ducng wdi mét tip hop con thdc = ca nd. Tuy
nhién, didu nay khéng the xdy ra 481 wdi cdc tip hop hiu han.
O Pinh nghia:
Hai tip A va B tiong duong nhau duce goi 13 cd cing hic hiong hay la ciing bidn 8.
MNéu tip A hiu han thi lic ldong cia A chinh 3 28 phin tf eda nd.
Lifc ldong cia tip A dioc ky higu 2 Card A hodc |A.

+ Néu mét tip hop B tiong duong wdi mét tip con thnic =i clia tip hop & nhning
khéng titong duong wéi tip A thi B duoc ndi 13 cd lie liong nhd hon lue liong ca tip hop A
{ hay lic luong cia A ldn hon lic Wong cda B Ky higu: [B| < |A].
< Pioh Iy:

A va Bla hai tédp hap bét by, Bao gi2 citng Xy ra mét va chf mét trong ba triteng hap
S

aj) f[Af = [Bf

B) (A = [Bf

<) A < [B

2. Tap hop dém duoc TOP

O Pinh nghia:
Luc luong cla tip 88 tf nhign M duoc goi 13 lic long dém duce.
O Pinh nghia:

M5t tip hop tiong duong wéi tip hop M goi la tip hop dém duoc.
M mét cach khdc, mét tip hop la dém duoe nfu cde phin bl khdc nhau efa tip ndy
cd the duioe danh 88 bdi tit cd cde 88 hi nhién.
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*+ Vidu:
-Taphop (2, 4,6, ..., 2n, ...} |a tip hop dém diioc.
- Tap hop tit cd cde 38 hiu t7 13 thp dém diioc.

O Pinh nghia:
144t tip hop hifu han hojc dém duoc duoe goi la tip hop khéng quéd dém dioc.

= C'4c tinh chit:

a) Bat o mét tip hop v han nde cing c¢ chifa mét tip con dém ducc.

by Tap hop con clia mét thp hop dém duoe thi phdi 13 hiu han hoje dém duoc.

¢) Hop clia mét ho hidu han hay dém duoc cdc tip hop dém dioe 1 mét tip hop dém
duidic.

d) Khi ta thém mét tip hop hiu han hay d&m duoc vio mét thp hop v& han A thi ta
khéng lam thay d87 luc luong cia tip hop A

3. Tap hop c6 luc luong continum TOP

O Pinh nghia:
Tap hop khéng dém duioe 1 mbt tip hop +8 han va khng la thp dém duoc.

+ Vidu:
- Tap hop cdc digm thude [a, b] 1 tip khéng dém duoc.
- Tap hop cédc 88 v tf 1a khéng dém ducc.

+ Mg ta chiing minh dide ring tip hop tit cd cde o8 thie R 13 khéng dém duoc.
O Pinh nghia:

Luc liong cia tip hop R dide goi 1a lic liong continum hay & ic ldong ¢ [B| =c.
CHUONG 2: KHONG GIAN TOPO

I.  KHONG GIAN TOPO
II. TAPMO - TAP DONG - LAN CAN
. CAC LOAIDIEM - PHAN TRONG - BAO PONG
IV. COSOTOPO
V. CACTIEN BE PEM bUQC
VI. KHONG GIAN CON
vi. TOPO SINH BOIMOT HO TAP HOP
VIII.  ANH XA LIEN TUC
IX. CACTIEN BE TACH
X. KHONG GIAN COMPACT
XI.  KHONG GIAN LIEN THONG
XII.  TOPO XAC DINH BOT HO ANH XA
XIII. TONG - THUONG - TICH CAC KHONG GIAN TOPO

BAI TAP CHUGONG 2
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I. KHONG GIAN TOPO TOP

1. Dinh nghia

Cho mét tip hop X = ©. Ho T cde tip hop con ndo d6 afa X didoe goi 12 mAt t3pd rén
¥ nfu

1 Het,XeT

1) [Galger CT= | JG, €T

M ¥G,G,et= G, G; T

Tip hop X cung v t3pd rén X didde go1 [& mSt khdng gan t3pd. Ky léu: (X, T).
2. Vidu

+ Che X 13 tip hop toy ¥ khide ring. Ho 1= |, X} A mbt thpd rén 2. (X, T) duoc goi
l3 khéng gian t5p3 thé ( hodc khdng gian phin réi rac).

+Hot= EA| A ¥} A mdt tBpd rén X (X, T) goi la khdng gian tipdro rac.

+Cho tip hop X 8 han T= [A c X A= hojec X\ A il han} . T 12 mét t5p5 én
X . Tap X vo t2pd nay ducc gon la khdng gian t8pd bu hidu han (hay khdng gian Danxla)),

+Xtoyy AcCX 1=, A, X} la mdttdpd trén X,

3. So sdnh cdc thpd:
» Nhbin xét
Trén mét tip hop X 4 thé cho nhiu t8p3 khic nhau.
O Pionh oghia
Cho T, T, [a 2 t5p3 trén X. T, 13 ¥8u ( nhd, thd 3 hon T, hay ndi cach khde T, 1d manh

(lén, min) hon T, nfu T, C T, Ky hiéu 1, = T,
¥ Nhin xét:

- Tép3 thd |4 t5pd yeu nhit v t5pd roi rac |3 t5pd manh nhit trong tit ¢d cdc t5pd cho
trén cing mdt tip hop X

MNEu T, @ T, VAT, @ T, thi hai t9pd nay 13 khéng the so sdnh wéi nhau. Vidu A, B c
KvaA=zBtht=[3 A X vat, = B, X |ahai 5p3 khéng 20 snh duidc i nhau.

II. TAP MO, TAP PONG, LAN CAN TOP
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O Pioh nghia 1

Cho (X, 1113 khéng gian t5p8. Tap & © X duoc goi 13 tip hop mé trong (X, T) néu GeT.

¥ Nhin xét:

- @ wa ¥ 14 cde tip hop mé.
- Hop mét ho cdc tip hop mé 12 mét tip md.
- Giao hifu han cdc tip md 3 mét tip md.

0 Pioh oghia 2

Cho A c¥vaV X Vddocgoilambtlincineda phopAnfuIGet AcG o

\'s
MNEu A = fx} th V duoc goi 3 mét lin cdn oda didm x M V 3 tip mdé thl V' 14 ldn
cinmé cia A.

<% Pinh Iy 1

G la tdp hop md néu va chi néu G la ldn cén cia moi digm thude G,

Chding mionh
(=) Hign nhién .

(=) Véimdixe G,do G la Bncinclaxrn IV, e 1:x eV, G
Tacd G= |Jm Cc| /G = G= ), = Gmd

xaly xaly xaly
0 Piob oghia 3
Ho tit ca cdc ldn cin cia x trong (X, T doe goi 1a he lin cin cla = Ky hiéu: ¥

0 Pioh oghia 4

Ho ¥, c ¥, 12 mét co o6 lin cin clia difm x (hay co =6 dia phuong cla khéng gian X
ti difmx)Infu ¥V el ,JB e ¥, xeBCV.

4 Dinh Iy 2

New Pila ho tét od cde ldn cbn oda x B
1 oxeV, FVel.

W OVVLV, el = VAV, el

W V.l V.oV, =V, el

) FVel,, IWek Vel v W

® Wi Jaf néu vii mél x thuse X od ho P cdc tép con nde dé cba X thda odc Hnh

chét 1), 1), 5 1) thi trén X od mét t6pé duy nhétt nhdin ho V. ldm hé ldn céin cda x



Ching mioh

Nguiéi doc tf chiing minh i), it), i),

WIGEaI Ve, =23 Wet xe WCV. Do Wmd va chnda x nén We ¥,
Yy e W=We ¥, DoV Wnréntheo) Ve ¥,

Vip VW el ,3WelV, Vel YyeW

* Ta chiing minh phin ddo lai ca dinh 1y
Batt= | hodiccdctip G, @=2G X ¥xeG =Ge ¥}
-Tnidc tién ta ching minh T la mdt t5pd rén X
+&eT, XetT.
+ ¥ G5, Gpe T= GG, € T That vay:
NEw GG,z Othl Ve e GG, = Ge ¥ va Ge ¥, = GnG e ¥
+1Gal o la mbt ho bat kg thude T. Ta chiing minh U Gy €T
o

¥ee | JG, =2 3G eTxeGy=GCue .= |G e ¥, Viy | JGyue
[»A A [»A
Tii cdc két qud trén ta od T & mét tHpd rén X

- Tépd Tray nhin ¥, 13 h# lin cin cla x wéi mdi x € X Thit viy
+ AUV A mbtlancin cla xthi 3G € T x € G C T Theo cach xidy dung T, ta cd Ge
¥DoWVoGrgnVel (1)

+ Nguoc lai, liy V bat ky, Vel . Ta chuing minh V 1 mét lin cin cla x.
PatG=|fy Ve ¥, Tacs

xeGviVel,

GCV Thitvay, Vye G = Ve ¥, =2 ye V=G CV.

Mit khdc, Ve ¥, (Yye G)=AW e ¥ :Ve ¥. YzeWnghialda Wthda ¥z eW
thi Ve ¥, VisvWcG DoWe¥ nmnGeV, (VyeG31=Get

ViyvVe t,3G et xe G oV, Eidundyching t V [a mét lincincda x (2)
Tur (1) va (2) ta duge ¥, & h# lincincla x.

- Ta cén phdi ching minh T 12 $5pd duy nhit nhin he ¥, [ lAncdncla x

Gid a8 T 13 mét Bpd ¢d tinh chit nind trén.

Liy tip & bat ky thude T Khi d6 ¥x e G = Gel

= Get=TtCT (3]



Lay G bitky thude T. Khidd ¥xe G = Gel, = Ge =1 T (4)
T (3)va (41ta duioe T=T. Viy Tla duy nhit.
Ennh ly da dude ching munh xong,
¥» Nhin xét:
-Hopcde lincinctia x cing |3 mét lincdncla x.
- Giao hiu han cdc ldn cdn cfa x clng 1a mét lin cin oda =
0O Pioh nghia §
F ¥ duioe goi la tipdéng nfu X\F e 1.
¥ Nhinp xét:

-F déng <= X\ F md.

- Giao mét ho bit ky cde tip ddng & mbt tip ddng.

- Hop hifu han cdc tip déng la mdt tap dong,
® Vidy:

+ Cho X wdi tpd thd. Khi dé chi cd hai tip vita ddng wia md trong X 3 & va X

+ Che X wdi t3p3 réi rac trén X. Khi dé ¥ A =X = A wifa md wia déng.

+TrEn B, datt=fAC R | Ala hop hidu han hay dém dioe cdc khedng réi nhau ting
d&1 mdt) . Ta chiing nunh dude T 1a m&t t2pd én B Trong khéng man t8pd nay ta cd:

Z 1a tap déng.
Q 1a tap khong m& ciing khong déng.
III. CAC LOAI PIEM, PHAN TRONG, BAO PONG TOP

1. Cdc loai difm

Cheo khing glan tdpd (X, T), 5 Xva A C X

+ x dioe goi la difmtrong clia A nfu 3 GeT: xe G C A hic x nhdn A [am lan can).
+x 13 difmngodi cda Anfu IGeT ke G X VA,
+xlidifmbitncla Arfu Y Vel =VmnA=20 v VA(X1A)=z O

+xld difmdinhclia Anfu ¥ Vel =VmA=z0 |

+xld difmgidi hancla A nfu ¥ Vel, =V (Al [x)= 3

+xladifmed lipeta A nfu AVeEV, Vi A=fx) .
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2. Pbin trong:
0O Pinh nghia
Phin trong ciia tip A 4 tip hop it cd cdc difm trong cla tp A.
Ky hidu: intA hodc A®.
< Pioh Iy 1
it la tdp md Idn nhét ditoe chifa trong A,
Chuog minh

+intA 13 tip md. Thit viy:

MNEuintA = & = intA 13 tip mé.

Gid af intA = @ Vd mE xe intA ta ¢ x 13 difm trong ofa A Do 46 3 GeT
xe G C A Mitkhic do G md nén G CintA.

Viy: ¥xeintA, IGC A xeG cintA. Bidu ndy chiing & intA & pmd. (1)

+Gid 23 G A ipmd, GC A thi theo trénta cé G CintA. (2)
Tit (1) va2) = dpem.

¥ HE qua
a) intA =UlG Glatipmd C A
bl G mé <= G =intG.

< Dioh Iy 2
a)jinted =0 int =X
by v A, B CX, tacd
i) int(intA) = intA.
NMNEu A CB = intA cintB.
i it ArE) = intA M intB.
v int AUE) D intA U intB.

Chdog minh
a) MNmd doc f chuing wunh.

b 11 Do intA 13 tip md nénintintA)=intA.
Do intA CAva A CB = intA CB = intd CintB.
MDo AnBCA = nfAnB)C intd
Do AnBcCE = inflAnBE)cintB.
WayintlA M B CintA montB ()
MNgoai raintA mintE mé CAn B =intA nintB cintfA — B (2=,
T (=i va (**) = A " Bi= intA montB .



w1 ACAUER = intA Cin{A U B)
Tucng tf ta co: intE CintfA B
ViyintA wntB cintfA L B

3.Bao déng

O Pinh nghia

Bao ddng cla tip A la tip ddng bé nhit trong X chufa A.
Ky higu: [A] hodc 4.

¥ He qua
a) & =r [F:Fddng o Al
bl Adéng e A=A
<% Pinh Iy
Cho héng gian t6p6 (X, ©) Ava B =X
a) @ =&, X=X,
B) A=A,
c)AcE = & =B,

Ching mioh
a)va by Mguo doc tf cludng trunh.
Do AcCB,BEcE =AcCcBE=ACE.
d) *TACAUR = & C AUE.
Tuiong t: BEc AUB.
Viy: A& 0B c AUB (1
Wt khde, & U B latipddng o AUB = A U B D AUB (2
T (Dva(Ntadice AUB=4 U B,



el DoArmBcA= AnBci (37
DecAnBcBE= ArRBCEB (4
T (N va(d),tacéd AnB o AAE,

4 Dinh Iy 2

Cha (X, 0 AcX xeX xehexla dism dinh cida I A

Chdiog mioh
(=) Gid o x khéng |3 didm dinh e A
Ehddtintmimditlincinmé Veolaxsmocho VimA=G
= ACKW=ANV=0

=x ¢ A. Difundy miu thuin véi gid thidtx € A

Viy x la difm dinh e A
(=) Gidafxeds DxeX\aA=V (¥ Doxladifmdinhcia A rénV m A = & Bidundy
mau thuin wdi ()

Viyxe 4.
¥ Nhin xét:

a1 F |4 tip déng khi va chi khi mei didin dinh oa F déu thuée F.
by VA = XVA"
(WVAY =X\ A

4. Tip bop tri mét - Khéog gian kba ly
a) Tip hdp tro mét:
O Pinh nghia
Cho (¥, 1), &, B c X A dvoc goi ld mimittrong BréuB c A
O Pinh nghia
A la i mat khdp not (rmbkon) trong X nfu A=X.
% Pinh Iy 1
L=XaotreX Wel =V nd=&
<% Pinh Iy 2
Atrumdt ihdp naitrong X =G e\ [ = G nA =&
Chirig mink



[ =) Lay G batky, G e T\ [©) = G |3 lan cin oda cde phan tf ¥ thude G.
Vi A=X néntheodinhly ltacd G A=Q.

(= Lliyxbitky, xe XvaV0alincintiy ycla x
EhdddGeTtxeGoV=2U02GmA = VimAzE
Viy A=X.

b) Tap thua:

O Pinh nghia
A duoc goi la tip thifa (tp khéng diu ) mat) néuint & =&

® Viduy:
Trong B, tap hop N 3 tap thua.

< Dinh Iy

Alatdpithéngdautrumit < Wer IV, e, V, oV ¥V, mnA= &

Chi'ng mioh

(=) Gid af A 2 ip khng dau trd wit

Tacd: inth =@=X\ H\A)1=2X=1\4 Khdd¥Ver = VA(X\A 12O
=dxeVwxe = IV, EAmbtlncinmdéciax: V. mA=G
BaV,=V~V, thhV,et, VoW vaV,mA=C
(=G afinthz @ =Ixeintdh =3I Vet xe Ve A=YV, e, V,cV =
V,C A =V, A =@ Diduniy trdi gid thidt
Viyint &=
¥ Nbin xét
- Tip con cia mSt tp thida 13 mét Bp thda.
- Hop lufu han cac tip thia & mét tp thda.
- Hop dém duoc cac tip thifa khéng chic & mét tip ﬂlu‘a(chgng han tap Q7.
c. Khbng gian kba ly:
O Pinh nghia

Khéng gian t5p5 (X, 17 ld khéng gian khd ly { tich duoe ) nfu tin tai mét tip A X
sao cho A dém duoc va & =X

® Vidy:
B! wdi t5pd tif nbidn la khdng gian khd |y,

IV. CO SO TOPO TOP
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O Pinh nghia
Cho (¥, T). Ho ¥ Tl mét co o6 t5p5 ol T néu:
¥x eX, ¥Wel, dBefxcBCV.
Co o t8pd ¥ duoc goi |3 dém duoe nfu ¥ gdm mét o8 dém duoc (hay khéng qua d&m
diioe) nhing tip hop md.
4 Pinh ly
Cho ho K< © Flaco 52 t6ps ciia (X, ©) khiva chf ithi mét tap hop md trong X la hop

ctic mét ho ode tp hap nao dd thude &
Chdiog mioh
(=) Gid s G la tipmd. Ta ¢d G 13 lAn cin clia méi didm = thude G,

DoHlico b tdpd nénmdi xthudc G dfuthn i B, e 2 e B, cG =G = [JE, .

xelr
(E)We eX,¥WVWe V¥, = 3GeT:xeGCV.DoG=JB, ,B.c¥nrén
JB, ¥ xeB, CV
Vay K la co o6 16p5 o (X, T
4 Dinh 1§2

Ho £ la oo 58 ciia mét 18pé ndo dd trén X = L f B, B e &) khiva chi khivdi méi By,
B, thuéc & va viiméi xthuéc B, B, dduténtaiB e & saocho xeB e B E,.
Ching mioh
(=) GdadFlicodtdpdcla T Khidé wii B, B, e ¥ =BnB, et
Ve mdix £ By B, thl By B, 1A A cin ada x nén
dBceF xeBC BB, .

(=) Trén X xay dung mdt ho T ntnd sau:

Ta cd:
+det, et
+¥i5,e1,5;, €T Tachinpg minh G, MG, T
DoG,e1=G,= [UB

DoG, et = G, =B .
]
Viy GG, = (UB_ 1 UB_y=U U B, N B
| "y | y

Veimdixe G,nG, =3B e¥:xeB CcB,[] B, .



Todé G,nG, cuB <l U (B, N B )=GnG,

)

= 0N =uvBE = GNnGeT.

+Gid @i | Gy} =T Ta chiing minh UGI3 ET.
E

Dowdimdi ftacd Gp et nén Gy=JB :>UGI3=U | B eT.
LI P

Way T la mét t3pd trén X

- D& thily ¥ |3 co of cla t5pé nay.
< Piob Iy 3

Gid 5t o la mét ho tédp hap khdc réng Khi dd ho & cdc gian hite han o thé cia cde
phin b trong o la mét oo 58 cila mét t6pé nao dé én X = L[5 5 ea ),

Chdng mioh

Gid 21f ¢ 1a mAt ho tp hop khie rfng.

Goi # 1a ho cde giac hifu han ed the cila cdc phin bl trong o

Veimdi B, B, e ¥, 8tE=E,n B,

Ehdéd¥zxeBnB,,3iBE=BnB, ¥ =sBEcR B,

VirFlicosdolamittipd ndo dé rén X =Uf B, B e ).

Matkhidc: L B Befy =) 5,5 a5}

Dodd Flicoasdclambttdpd nio déd mén X =01 S, 5 € o}
O Pinh nghia

He oty ¥ khdc réng cdc tip duoe goi 13 mét tién co o6 cla mét 9pd T ndo dé néu he
cdc giao hifu han cd the cdc phian bl cla & lip thanh mét co 26 t8pd cfa T.

V. CAC TIEN DE PEM PUOC TOP

0 Pinb nghia 1

(¥, T Jdoe goi la thda man tién dé dém duoc tht nhat néu mé difm x thude X déu tdn
tai mét hé co o6 lin cin cla x gdm dém duoc phintd .

O Pioh nghia 2

(¥, T ) dude goi la thda min tign dé dém duoc thnt hai néu ¥ cd mét co =6 t3pd gdm
dém duoc phin b

<% Pinh Iy 1
New X thda tisn dé dém diéoe thaf hai thi X thda tién d8 dém diioe Buf nhdt.
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Chdog minh

Gid 3 X cd mbtco o6 thpd démduoc la K= B, B, .. B, ...

Vaimbizne X, dit K, =B, B, e ¥n ) Khiddtcd

+8 c¥ (13

+DoFlico b tBpirmnvdimdi VI Bncinclaxthitbnti B, e ¥ xe B, V.
SuyraB, e ¥, vaB thdaxeB, cV (2

+ Mt khdc ¥, 13 d8m dioe (33

T (13,02, (37 ta cd K, 1a hé co of lan cin dém dioe cla x.

Wiy ¥ thda tign dé dém duioe thit nhit.
¥ Nhinp xét

¥ thda tién d8 dém duoc thnd nhit thi chifa chic X thda tién dé dém duoe tht hai.

< Dinh I5 2
Néu X thda mén ti8n 48 dém dioe thif hat thi X kb v

Chiog minh

Gid af H = B, By, ..., B, ..} d cood t8pd dém duoc cla X
Trong méi B, iy mitdidmx, toy v, Dit A = fx )}, Tacd:

+ A la d8mdioc (i)

+ & =3 Thit vy

Gdaf Az¥X=JdxeX' 4 =3B, e xeB, cX\4
= x, e (XVA)nA=C (V51

Viy A=X (i)
T (i) va (i) ta két ludne X 13 khéng gian khd Ly,

1 Dinh nghia 2

Ho ¥ cdc tip hop ndo d6 1a mét cdi phnd cda tip B nfu hop tit ¢d cdc tip thudc # chita
E.

MEu tit cd cdc tip thude X 13 cde tip md (ddng) thi X 13 mét phd md (phd déng) cla tip

E.

Q Pinh nghia 3

MEu ho H 13 mét cdi phd ciia tip B, M & mét ho con hidu han eda ho i va # cing la
mét cdi phd cda B thi A dioe got 13 mst phn con hifu han cda phnd 4



Q Pinh nghia 4

bt khdng gian tApé cé tinh chit b m&i pint mé déu nit ra duoe mét phnd con dém duioc
dugc go & khdng gian Lindelof

< Dinh Iy 3
Weu X thia isn d8 dém diiec tuf hat thi X la khéng gian Lindelof
Chuog mioh

Gid af F=[ B, B, ..., B,,. )3 co 3 t5p5 dém diioc clia X, A =3 va X |a mdt phd
md ciia A

Tacd AcC|JU, U, el
YU, el =U.=JB, B, el =aclUu, =l Ug,
i 1 1 & - _'| !

Goi & latip hop it cd cdc tip B .
Do ¢ démduoc néntacéthé wiét E={ B, B, , .., }.
Goi U, 12 mdt tip trong # chia B, .

U, i tiptrong # chia B .

Ta duioc ho {T7; }, dém duioc thude # va A < JT, .

Vay (U, | la mdt phil con dém duioe e A. Do dd X 1a khéng gian Lindelof

|H
o IO

VI. KHONG GIAN CON

 Pinh nghia

Che (X, t.) 2 khéng glan tdpd, ¥ <X  Khdédhot, =[G Y,G e 1} la mdtt
trén Y. (Y, T,) dioc goi la khéng gian t5pd con cla khéng gian t6pd (2, T, Tépd T, ddodc
3 t5p3 cdm ainh trén ¥ béi t5pS T,
*Vidu:

Cho E v t8pd o nhnén va A = [0, 10 Trong khéng gian con A, ta cd [0, 142 13
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YA[XVY VB =Y A[FUlXiY)]
= B=Y¥YnF (dpcm)
¥» Nhin xét:

MEu Y, T,) 1a khng gian con cla khéng gian (X, 1,0 va yY thi moi lincdn cla ¥
trong ¥ déu cd dang V¥ wdi V A mbt ldn cin cda ¥ trong X

4 Dinh 1§ 2

Che ( ¥, t,)1a khéng gian con cita khéng gian (X, t,) Taco:
a) FASY, faf,=[A], T { fAN : bac ding cita A trong ¥, [A],: bao ddng
ctic A trong X
by (PG er, =G e, )Y erx,.
c) (VF ¥ Fdongtrong ¥ = F ddng trong X) < ¥ dong trong X
Chiog mioh
a) YACY taco
+AC[Aly Y = [A]ly C[A]lym Y (10
+ Mt khic: [A]l,=F ¥ vdi F la ip déng trong X,
=[AlycF = [Alyn¥Y c FnY =[A], ()
Ter (i) va (i) ta duioc - [Aly=[Aly Y
B (=1 MBuY eT waGeT, hHiG=VnYwiVer = GeT,
(=1 Vi¥Yetn =Y eT,.

¢ MNguo doc b clning nunh
VIL. TOPO SINH BOI MOT HO TAP HOP TOP
<% Dinh Iy

Gie cia mét ho cde 1696 trén X ciing Id mét 18pé trén X
¥ Nbin xét

Che M [a m&t he cde tip con ndo dd ofa X, Ludn tén taj it nhat mat 5p8 rén X chila
M. Cac cla tit cd cde B5p8 trén X chida Af 13 mSt t5pS trén X chuta M. DS (3 t5p5 duy nhit bé
nhit chta M. Tép3 ndy duoe goi la t3pd sinh béi A1,

Ky higu: T(4)

VIII ANH XA LIEN TUC TOP
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QO Pinh nghia
Cho hai khdng gian t8p3 (X, ), (¥, T,) vi dnhxa £ X — Y.

= f dige goi la lign tue tai didm x, € X nfu wdéi m3i ldn cin W elda fx,) (rong Y luén
t8n tai mSt ldn cin WV oa x, (rong X)) sao cho V) C W,

=13 lign tuc trén X néu f lién tue tai moi didm x thude X

4 Dioh Iy 1

Cha X, ¥ la hat khéng gian 16pé va dnh xa £ X — ¥ Khi dd dnh xa flign tuc tai dim
% thude X khi va chf khi v méi ldn cin Wota ) ftrong P) thi £ (W) la ldn ofin ciia x, ftrong
X

Chdng mionh
(=) Gid st W la mSt lincincda fix, ) Do £ Lign tuc tai x, nén tin tai ¥V 13 mét lin cin cla x,
vwi BVICW = VoW = FUW) 1A mbt lin cincla x,.
(<) Gid s} W la mt lan cdn cla fx,). Theo gid thidt thi £YW) 4 lin cin ea x,.
PatV =f (W) Tacd VIamdtlincincla x, va VICW.
Wiy flién toc tal x,.
< Bioh Iy 2

Gid 5t (X, ©) (¥, t) la hai khéng gian 16p6 va fla dnh xa it X vae ¥, Cdc ménh d8
st dAy Ia biong dideng.:

al Anh xa fldn buc trén X

by Nghich dnh cila méi tdp md la mét tip md.

¢ Nghjch dnh ciia méi tdp dong la mét tdp dong,

d) PAcX=fd)c [(A)

el VB Y=7F(F)c (FiBif
Ching mioh

al=b) GdaiG e, G =0

YxefiG=GlAlEncincihafix) =& E Encinala x

Do dé £FYG) 1A tip md rong X
by=c) Gid 2 F |2 tip déng trong Y.

Do bl ta dioe F{Y 4V F) A thip md trong X = FYF) déng trong X
c1=>d) Docitacd YACK = FYI7A) |a thp déng trong X,

ViAo fFYf(A))= Ac FYEA) = A A)c FIFYE(A) ) < F(A).
dy=e) Dod) acd ¥BCY =X\ UBY I £O0VTHED

Wi m c TVE nén




