CHAPTER 1

Tap hop

Tat ca toan hoc déu co thé dugc mo ta bang céc tap hop. biéu nay cang tro nénro ra
ng hon khi ban cang di su vao toan hoc. NO s& hién hi¢n trong hau hét cac khda hoc
cap cao cia ban, va chic chan Iatrong khéa hoc nay. Ly thuyet tap hop lamot ngon
ngir hoan toan phl hop dé mé ta vagiai thich moi loai cu tric todn hoc.

1.1 Giéi thiéu vé Tap hop

Mot tap hop lamét b suu tap cac doi tugng. Cac doi tuong ndy duoc goi 1acéc phan
tr cuatap hop. Chung tachi yeu quan tam dén cac tap hop macac phan tor caachdn
g la céc thuc thé todn hoc, chang han nhu céc sb, cac diém, cac ham sb, v.v.

Mot tap hop thuong duoc biéu dign bang céch liét ké cac phan tir ciiand giira cac
dau phay, dat trong cap, dau ngoac nhon. Vi dy, tap hop {2 4, 6, 8} lamot tap hop c6
bén phan tir, gom cac o 2,4,6va8. Mot sd tap hop c6 vo sb phan tir. Vi du, hdy xe
m xét tap hop tat ca cac sb nguyeén,

{...,-4,-3,-2,-1,0,1,2,3,4,...}.

O dédy, céc dau cham biéu thi mot quy luat cua cac con so kéo dai mé méi theo ca ha
i huéng duong va @m. Mot tap hop dugc goi latap hop v6 han néu nd cd vo so phan
tir; nguoc lai, nd duoc goi latap hop hitu han.

Hai tap hop bang nhau néu ching chira chinh x&c cac phan tir giéng nhau. Do d6
{2,4, 6, 8} = {4, 2, 8, 6} boi vi mic du chiing dugc liét ké theo thr tu khéc nhau, céac
phan tir 12 gidng hét nhau; nhung {2, 4, 6, 8} # {2 4,6, 7}. Ngoai ra

{...—4,-3,-2,-1,0,1,2,3,4...} ={0,-1,1,-2,2,-3,3,-4,4,...}.

Chuing ta thuong dung cac chit cai in hoa dé dai dién cho céc tap hop. Khi thao lu
anve tap hop {2, 4, 6, 8}, ching taco the khai bao A = {2, 4, 6, 8} vasau d6 diing A
dé dai di¢n cho {2, 4, 6, 8} Pé dién dat rang 2 lamot phan tir caatap hop A, chung ta
viét 2 € A, vadoc 1a“2 is an element of A,” hoic “2 is in A,” hoic chi don gian [a“
2in A Chungtaciingc64€ A, 6 e Ava8e A, nhung 5 ¢ A. Ching tadoc biéu thir
C cuoi clng nay 1a“5is not an element of A,” hodc “5 not in A.” C&c bicu thiac nh
u 6, 2 € A hoac 2, 4, 8 € A dugc dung dé chi rarang co nhiéu phan t cung nam trong
mot tap hop.
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Mot s6 tap hop quan trong dén mirc chiing ta danh riéng céc ky hiéu dc biét cho
chiing. Tap hgp cac so tu nhién (tic la cac so nguyén duong) dugc ky hiéu laN, tic|
3,

=1{1,2,3,4,5,6,7,...}.

Tap hop céc sd nguyén
z={..,-3,-2,-1,0,1,2,3,4,...}

lamot tap hop co ban khéc. Ky hiéu R dai dién cho tap hop tat ca cac s thuc, mot ta
p hop chac chin da quen thugc véi ban tir gii tich. Cac tap hop dic bi¢t khac st duo
c liét ké sau trong phan nay.

Céc tap hop khong nhit thiét chi c6 c&c con sd laphan tir. Tap hop B = {T, F} ba
0gdém hai chir cai, co 1€ dai di¢n cho cac giatri “ding” va“sai”. Tap hop C = {a,e,i
, 0, ug bao gom cac nguyén am viét thucyng trong bing chir cai tiéng Anh. Tap hop
(0,0),(1,0), (0, 1), (1, 1)} c6 céc phan ti |abén diém goc caamat hinh vuong t
ren mit phang toa do x-y. Do do o, 0) €D,(L,0)eD,v.v,nhung(1,2) ¢D (chiang
han). Tham chi mot tap hop c6 thé co céc tap hop khac lam phanti. X& E = {1, {2, 3
}, {2, 41}, tap hop ndy cb baphan tir: s5 1, tap hop {2, 3} vatap hop {2, 4}. Dodo 1
cEval2, 3teEva{2,4cE.Nhungluuyrang2¢ E,3¢ Evad ¢ E.

XettaphopM {0l [61] .13 9]} gom bamatran cap hai. Taco [§ §] € M,
nhung [} 1] ¢ M. Céc chit cai cd the dong vai tro lacéc ky hiéu biéu dlencacphant
uCuamottaphop Néua=[33],6=[39] vac=[19],thi M ={a, b, c}.

Néu X lamat tap hop hitu han, luc luong hoic kich thuéc ciant 1asb lugng pha
Nt mané ¢, vasd nay duoc ky hiéu la|X|. Do @6, doi vai cac tap hop trén, |A| =
,IB|=2,IC|=5,|D|=4,|E|=3valM|=

C6 mot tap hop dic biét, tuy nho nhung déng vai trd quan trong. Tap hop r6ng la
tap hop {} khong chira phan tir ndo. Chiing taky hi¢un6lag, dodo ¢ = {}. Batcirk
hi n&o ban nhin thiy ky hiéu @, né co nghiala {}. Hay quan sat rang |@| = 0. Tap ho
p rdng latap hop duy nhét c6 luc luong bing khong.

Hay can than khi viét tap hop rong. Dung viét {®} khi y banla @. Nhitng tap hop
nay khong thé bang nhau vi @ khong chira gi ca, trong khi {(2)} chiramot tha, 6 lata
p hop rdng. Néu diéu nay gay kho hiéu, hay coi mot tap hop nhu mot ChIeC hop chia
céc d6 vat bén trong, vi dy, {2, 4, 6, 8} lamot "chiéc hop" chirabdn con sb. Tap hop
rong ¢ = {} lamot chiéc hop rdng. Nguoc lai, {@} lamat ChIeC hop c6 mét chiéc hop
rong bén trong RG rang la co sy khac biét: Mot chiéc hop rdng khéng giéng véi mot
chiéc hop co chiramot chiée hop rong bén trong. Vi vy @ # {g}. (Ban ciing c6 thé |
uuy || = 0va|{g}| = 1 nhu labing ching bd sung rang @ # {@}.)
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Phép an du vé chiéc hop nay c6 thé gidp ching ta suy nghi vé céc tap hop. Taph
OpF = {9, {g}, {{o}}} cové la 1am nhung n6 thuc sy rat don gian. Hay coi n6 nhu
mot chiec hop chira bathir: mot chie éc hop réng, mot chiéc hop charamét chie éc hop r
dng, vamot chiéc hop chiramot chiée hop chaa mot chiéc hop rdng. Do do |F| =
Taphop G = {N, Z} lamét chiéc hop chua hai chiéc hop, hop chira cac sb tu nhlen v
ahop chura cac so nguyén. Do d6 |G| =

Mot ky higu dac bigt dugc goi laky hi¢u xay dung tap hop dugc sir dung démot
a cac tap hop qua l6n hoac phuc tap d¢ li¢t ké gitra cac dau ngodc nhon. Hay xem xet
tap hop vO han cac songuyénchinE=1{...,-6,-4,-2,0,2,4,6,...}. Trongky
hiéu x&y dung tap hop, tap hop nay duoc vi et la

E={2n:n€Z}.

Chng tadoc dau ngoac nhon dau tién la“the set of all things of form,” vadauh
a cham la“such that.” Vivay, bieuthic E = {2n : n € Z} dugc docla“

E equals the set of all thmgs of form 2n, such that n is an element of 2.7
Y tuong |AE bao gom tat ca c&c giatri co thé c6 cia 2n, trong d6 n nhan tat ca cac g
atri trong Z.

NGi chung, mot tap hop X duoc viét bang ky hiéu xdy dung tap hop cé cl phép |1a
X = {expression :rule},

trong d6 céc phan tir ciaX duoc hiéu latat ca cac giatri ciia “biéu thirc” dugc xac di
nh boi “quy tac”. Vi du, ¢ trén E |atap hop tat ca cac giatri ciabicu thirc 2n théam
an quy ticn € Z. Co thé co nhleu céch dé biéu dién cuing mot tap hop. Vi du, E = {2
n:ne€Z}={n:nlamotsdnguyénchin} = {n:n =2k, ke Z}. Mot cach viét phd
bién khéc |1a

E={neZ:nis even},

docla“E is the set of all n in Z such that n is even.” Mot sb tac gia sir dung di
u gach ding thay vi dau hai cham; vi dy, E = {n € Z | n 126 chan}. Ching t6i sir dun
g dau hai cham.

Vi du 1.1 Duéi day lamot sd minh hoathém vé ky hiéu xay dung tap hop.
1. {n:nlamot sd nguyéntd} ={2,3,5,7,11,13,17,.. .}

2{nel\| nlasd nguyéntd} =1{2,3,5,7,11,13,17,...}
3.{n?:nez}=1{0,1,4,9,16,25 ...} 4. {xeR: ¥ 2=
O}—{\/_,—\/§}5.{x€Z:x2—2=0}—¢6.{x€Z.|x|<

4 =1-3-2,-1,0,1,2,3 7. {2x:x€Z, |xI< 4 ={- 6,
~4,-2,0,2,4,6} 8 {xeZ: |2 <4 ={-1,01}
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Céc muc 6-8 6 trén |am ndi bat mdt s xung dot vé ky hiéu ma ching ta phai 1ud
n canh gi4c. Biéu thirc |X | ¢6 nghialaabsolute value néu X lamot sb va
cardinality néu X lamot tap hop. Su phan biét nay phai lubn rd rang tir ngit canh.
Xé {xeZ : |x| < 4} trong Vi du 1.1 (6) & trén. O dayxez,vi vay x lamot sd (khéng
phai [amat tap hop), vado do cac du gach doc trong |x| phai c6 nghia Iaglatn tuyé
t ddi, khong phai lalyc lugng. Mat khac, gia sir A = {{1, 2}, {3, 4, 5, 6}, {7}} va
B= {X €A:|X|< 3} Céc phan tir ciaA 1a céc tap hop (khdng phai 1a cac sb), vi va
y IX| trong biéu thic ciia B phai c6 nghialalyc lugng. Do d6 B = {{1, 2}, {7}}.

Vidu1.2MotatiphopA ={7a+3b:a,be 7}.

Loi glal Tap hop nay chira tat ca cac sd co dang 7a + 3b, trong db a vab lacac son
guyén. Méi so 7a + 3b nhu vay lamot sH nguyeén, vi VayA chi chira céc sb nguyen
Nhung which céc sb nguyén? Néu n laany s nguyen thin=7n+ 3(-2n), nénn =
Ta+ 3b trong déa=nvab=-2n.Dodon e A. Bay gio ching tadachi ra ringA c
hi chira cac s nguyén, vamoi sb hguyén ciing lamot phan tar caaA. Két qua la
A=7.

Chiing toi két thiic phan nay biang mot ban tom tit vé cac tap hop dic biét. Day |
anhtrng tap hop pho bién dén mac ching dugc dat tén vaky hiéu riéng.

* Taphoprong: ¢ = {}

e CasdtgnhiemN=1{1,234,5,...}

e Casonguyén:z=1{...,-3,-2,-1,0,1,2,3,4,5,...}
. CéCSéhﬁutiZQz{x:x:%,trongdém,nEZVén;ﬁO}
e Cécsdthyc: R

Chuing ta hinh dung tap hop cac sb thuc R nhu mot truc so dai vo tan.

-4 -3 -2-1 0 1 2 3 4

Luuy rang Q Iatap hop tat ca cac sb trong R ¢6 thé duoc biéu dién dudi dang ph
an sb cuahai sb nguyén. C6 thé ban d&biét ring @ # R, vi v2 ¢ Q nhung v2 € R. (Né
u khdng, van dé ndy s& duoc dé cap trong Chuong 6.)

Trong giai tich, ban da gap cac khoang trén truc SH. Glong nhu R, ddy ciing laca
C tap hop sO vO han. Hai o bat ky a, b € R véi a < b tao racac khoang khac nhau. V
& mat d6 thi, ching duoc bi¢ éu dién bang mot doan to dam trén truc so gittaa vab. M
ot vong tron dac tai mot diem mdt cho biet s6 do duoc bao gom trong khoang. Mot v
ong tron rdng cho biét mot diém khong dugc bao gom trong khoang.

Richard Hammack  Book of Proof
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* Khoing déng: [a, b] ={x€R:a <x<b} . l.’
e Khoangmo: (e, b) ={xeR:a<x<b} s 4
* Nuakhoang: (a,b] ={x€R:a <x <b} s 4
* Nwakhoang: [a, b) ={x€R:a<x<b} . 4
e Khoang v han: (@, c0) = {x€R :a <x} s >
e Khoangvd han: [a,00) ={xeR:a<x} . >
e Khoang v han: (—oo, b) = {x e R : x < b} € 4
*  Khoing v tan: (—oo, b] = {x e R : x < b} € l.’

M&i khoang nay 1amat tap hop vo han chiavo sb céc sb dudi dang céc phén tur.
Vi dy, mic dit do dai caand ngan, khoang (0.1, 0.2) chiravo sb cac 5, tuc latat ca ¢
& sb nam gitta 0.1 va 0.2. That lamot sy trung hop ky hiéu khdng may khi (a, b) c6
thé biéu thi ca mot khoang mé trén duong thang vamot diém trén mat phang Sur kha
c biét thuong rd rang tir ngir canh. Trong phan tiép theo, chiing ta s& thay thém mot y
nghia khéc cua (a, b).

Bai tap cho Muc 1.1
A. Hay viét mdi tap hop sau bang céch liét ké cac phan tir cia ching trong diu ngoic nhon.

1{5x 1: xEZ}2{3x+2 xEZ}3{x€Z —2<x<7}42{x€l\|
1—2<x<T7}5. {xEIR x®=3}6.{xeR:x2=9} 7. {xeR:x*+5

x——6}8 {xE[R 2+ 52=-6 9.{x€|R.S|nﬂx=0}10.{x€[R:
cosx=1}11. {x€Z : |x|< 5} 12. {x€Z : |2x| < 5} 13. {x € Z : |6x| <
5} 14. {5x : x € Z,12¢| < 8} 15. {50+ 2b a, be Z} 16. {6a+ 2b : a,

bez}

B. Viét mdi tap hop sau bang céach cl} ratinh chat dac trung  ion.

17.{2,4,8,16,32,64,...} 18. {0,4,16,36,64,100,...} 19. {...,.-6,-3,0,3,6,9,12,15,...} 20.
{...—-8,-3,2,7,12,17,...} 21. {0,1,4,9,16,25,36,...} 22. {3611182738 23. {345,

6,7,8} 24. {- 4,-3-2-1012} 25.{.... %, ;{,l 1248, } 26.{. —7,1 113927
1'-'}27'{' " 7[1 gyolgy 13%127[ 5” }2 { " ;1 41 %131%131%&)13—%1 }
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