
 !"#$ %

&'()*+*, -. /*,'(+*,

 ! "#$%&%' (%)*'*

 !"!# $%&%#%'() $!*!#+! ,-*!#!. ,/.0*1"0 +020#1+1. 3! 405+06 0"0#(7(" $!8

*!#(+(.9 :;/./" </ (;( 0#0"1" $!*!# ;03.0*#0.1"1 <(#+(5("( 30.=020>0; 3! ;(8

$0& <%2/">0 ,-*!#!. ,/.0*1?"1" 3! ,#@=(; A"0#(7?(" 202B1" ;03.0*#0.1 (#!

=(*B!#!.("( 041;#0*0=17 ;/##0"0>05179 A">0;) <06#0.;!" ;03.0* <(.#(5("( %#/68

$/.*0; (4(" ;($0&$0 ;/##0"1#0>0; <06#1>0 =(*B!#!.( 3! $!.(*#!.( #(=$!#!*!; (2(

%#0>0;$1.9 C07#0 <(#B( (4(" <;79 DEFG) DHG) DEIG)DEJG9

K%2/$ *0$!*0$(;=!# 20&1#0.) B!"!##(;#!) B!.4!# 3! ;0.*061; =021 ;-*!#!8

.("(" 20&1#0.1 L."!; 0#1"0.0; ;/./#/.9 : "!+!"#!) =021 ;-*!#!.( -7!.("+!;(

>!<(.=!# 20&1#0.1" (2( <(#("+(5("( 30.=0212%./79

E9 M%50# =021#0. ;-*!=("( N)

J9 N0* =021#0. ;-*!=("( Z)

F9 O0=2%"!# =021#0. ;-*!=("( Q)

P9  !.4!# =021#0. ;-*!=("( R)

Q9 ,0.*061; =021#0. ;-*!=("( C 3!

R9 S..0=2%"!# =021#0. ;-*!=("(

R−Q = R \Q = Q′ = ∁Q = Qc

=(*B!#!.("+!" T!.T0"B( <(.(=( (#! BL=$!.!>!5(79

E



  !"#$ %& '($)*"*+ ,* -*+($"*+

 !"#$%&'" ()*+#", !"#$ %"&"'$' ()(*+!(," -$./$0 "12(-&(/!( ,3&&('+&('

"#" %"/ (/(4-+/5

 !"#!$ %&%&% 67.'&3 890$:(/+0 ;&,$1"<& A ⊂ N -!"#., ,/,* %0%1'2%-, -34

0566%& .%16%*'(3&.%7 A = N 2,&8

• 6"< 0 ∈ A

• 6""< n ∈ A =⇒ (n+ 1) ∈ A

=$&&" %"/ P >?$&&"*"'" 1(*&(#(' %9-9' x >*$&$/"'"' .&3)-3/!3*3 ,90$#"

{x|P(x)} 1"0@$1"#&$ @>1-$/$A$*"?5 B$'$&&",&$ ,90$&$/" %9#9,C >*$&$/" ,949,

D(/E$/&$ #(?(A(*+?5 F*$/ a >*$1"C A ,90$1"'$ ("-1$C %3'3 a ∈ A 1"0@$1"#&$G

!$*"&1$ a /∈ A 1"0@$1"#&$ @>1-$/$A$*"?5

A ,90$1"'$ ("- .&(' D$/ >*$ (#'+ ?(0('!( B ,90$1"'$ !$ ("- "1$ A ,9H

0$1" B ,90$1"'"' %"/ (&- ,90$1"!"/C !"#$A$, :$ A ⊂ B #(?(A(*+?5 A ,90$1"
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E (12'3) '-4'53'& (12' 6&/4/( 3'7)&0)8)50' 9)4 A ⊂ E /&: (12'3)5)5

:12&'%'5) #:/2&/%/5;*

A′ = E − A = {x|x ∈ E ∧ x /∈ A}

(12'3)0)4"

A )&' B (12'&'4)5)5 9)&'<)2)+ /4/('3):)+ =/4(; -' 3)2':4)( =/4(;+ 3;4/3;%&/+

>" A ∪ B = {x|x ∈ A ∨ x ∈ B}

?" A ∩ B = {x|x ∈ A ∧ x ∈ B}

 " A− B = {x|x ∈ A ∧ x /∈ B}

@" A△ B = A ∪ B − A ∩ B

0)%' :/5;2&/5;4"

A)&'<)2 -' /4/('3): )<&'2&'4) %/&5;B )() (12' )7)5 0'8)&+ 3/%;&/9)&)4 %/ 0/

3/%;&/2/B 76(&C(:/ (12'&'4 /)&'3) 1B'4)50' 0' :/5;2&/5/9)&)4" I D'4D/5E) 9)4

)50)3 #0/2E/* (12'3) 6&3C5" F'4 i ∈ I )7)5 9)4 Ai (12'3)5)5 -'4)&3)5" G8'&'4)

Ai (12'&'4) 6&/5

A = {Ai : i ∈ I}

(12'3)5' 9)4 (12'&'4 /)&'3) %/ 0/ 3;5;=; 0'5)&)4" AC4/0/ /)&' %/ 0/ 3;5;= 0'%)H

2)5)5 (C&&/5;&2/3;5;5 5'0'5)+  !"#$%$&'( !"#$)' (/-4/2;5;5 %/4/::;8; I/H

4/06(3:/5 3/(;52/( )7)50)4"

A /)&'3)5' /): (12'&'4)5 9)&'<)2 -' /4/('3):)+ 3;4/3;%&/+

⋃

i∈I

Ai = {x : ∃i(i ∈ I ∧ x ∈ Ai}

⋂

i∈I

Ai = {x : ∀i(i ∈ I ⇒ x ∈ Ai)}

0)%' :/5;2&/5;4" A6< 6&2/%/5 9)4 J (12'3)5)5 9)4 /%4;<;2; $%&' 9)4

A = {Ai : i ∈ I}

/)&'3)0)4 ()+ 9C /)&'
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!"# ∀i ∈ I ⇒ Ai 6= ∅

!""# ∀i, j ∈ I ∧ i 6= j ⇒ Ai ∩ Aj = ∅

!"""# A =
⋃

i∈I Ai

$%&''"('&)"*" +,-',). /%&' 0',),(1 !""# (023'3*3 +,-',4,* 5&)5,*6" 7") A ,"'&+"*&

 !"#$#%&#"1 8&*"'").

A "'& B (9:&'&)"*"* (,);&%4&* <,)=>:>

A×B = {(a, b) : a ∈ A ∧ b ∈ B}

(9:&+"8").

A1, A2, A3, . . . , An (9:&'&)"*"* (,);&%4&* <,)=>:>1 5&) i = 1, 2, . . . , n "<"*

ai ∈ Ai 0':,( (023'34',1 (a1, a2, . . . , an) 7"<":"*8&(" *?+>),'>',)>*>* 0'32;3)?

83-3 (9:&8").

@3 (9:& ,2,->8,(" +":6&'&)8&* 7")"+"4'& 6$+;&)"'")A

A1 × A2 × . . . An !B.B#

×n
i=1

Ai !B.C#

Πn
i=1

Ai !B.D#

n∏

i=1

Ai !B. #

@") G ⊂ A×B ,'; (9:&+"*& A×B (,);&%4&* <,)=>:> "<"*8& 7") 6),E(;")1

8&*"'").

F 6),E-"*"* ;&)+"

G−1 = {(b, a)|(a, b) ∈ G} ⊂ B × A

6),E-"8").

α = (A,B,G) +>),'> 9<'9+9*& A 8,* G 4& 7") ' (#)&#1 8&*"'").

(x, y) ∈ G "+&1 α 7,->*;>+> x $-&+"*" y $-&+"*& 7,-'>40) *+$,-!."/ 8"4&G&(

H& xαy +":6&+"4'& 6$+;&)&G&-"%.

G ⊂ A× B H& H ⊂ B × C "+&

HoG = {(x, z) ∈ A× C | (∃y ∈ B) : (x, y) ∈ G ∧ (y, z) ∈ H}

6),E-"*& G "'&H 6),E('&)"*"* 7"'&2(&+" 8&*"'"). α = (A,B,G) H& β = (B,C,H)
7,->*;>',)>*>* 7"'&2(&+"

αoβ = (A,C,HoG)

7,->*;>+>8>).
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#7"#8#' 3!% 3&62'1202%/ 958"# 3!% 3&62'1282:;,')-!8,'.<

f : X → Y

-!+(#-!8"# (5-1#%#=#6!>/ X )*+#-!'# f ;,')-!8,'.'.' *+,-. /012345 ?# Y
)*+#-!'# 0# 63738 /012345 0#'!"!%4 f ;,')-!8,'. x 56#-!'! y 56#-!'# #7"!8,%-&4

3.'.4 y = f(x) 8& 0& f : x → y -!+(#"#%!'0#' 3!%!-!8"# (5-1#%#=#) ?# f
;,')-!8,'. x 56#-!'! y 56#-! *>#%!'# ()$*)+%&!( :+&@< 0!8#=#6!>4 y 56#-!'#

x !' f &"12'0&)! %#-+!A x 56#-!'# 0# y '!' f &"12'0&)! ,"()$*% 9*384 834.5:

0!8#=#6!>/ 9.'& (5%# 3!% A ⊂ X &"1 )*+#-!'!' f &"12'0&)! %#-+!

f(A) = {y | ∃x(x ∈ A ∧ y = f(x))} = {f(x) | x ∈ A}

)*+#-!0!%/ 9#'>#% ,"&%&) 3!% B ⊂ Y &"1)*+#-!'!' ,"()$*%

f−1(B) = {x|∃y(y ∈ B ∧ y = f(x)} = {x | f(x) ∈ B}

)*+#-!0!%/

B#% x ∈ X !C!' f |A(x) = f(x) ),7.".'. -&6"&8&' f |A : A → Y ;,')-!8,D

'.'&4 f ;,')-!8,'.'.' A )*+#-!'# #-$-./0"*-1- 96+8+1.-;-: 0#'!"!%/

9!% B )*+#-!'0#' 3!% A )*+#-!'# 1&'2+"2 ,"&' 3*1*' ;,')-!8,'"&%2'

,".71.%0.6. )*+#8! AB
!"# (5-1#%#=#6!>/ f : X → Y ;,')-!8,'.'.' 1#%-!

f = (X, Y,G) 3&62'12-2'2' f−1 = (Y,X,G−1) 1#%- 3&62'12-202%/ f−1({y}) 8#D

%!'#4 )2-&=&4 f−1(y) 8&>&=&62>/ f(a) = f(b) ⇒ a = b ,".8,%-& f 3!%#D3!%

2334 0!%/ f '!' 33 ,"+&-2 !C!' (#%#)"! ?# 8#1#%"! ),7."4 $#% x ∈ X !C!'

y = f(x) ⇔ x = f−1(y) ,"+&-202%/ f(X) = Y !-# f 5%1#'  !" 3!% ;,')-!D

8,'0.%/ B#+ 5%()65%(4 $#+ 0# ,(.)" ,"&' ;,')-!8,'"&%& 5%()65%(6,(.)"  ##!"

;,')-!8,'"&% 0#'!"!%4 f ##! !-# f−1 1#%- 3&62'12-2 0& 3!% ;,')-!8,' ,".%/ 9.

0.%.+0& f 8# .)($%")5%/%( 3!% ;,')-!8,' ?# f−1 : Y → X ;,')-!8,'.'& f '!'

.)($  !"#$%&!"' 0!8#=#6!>/

 !* +,%&-(& ./01%21'1

9!% X )*+#-! *>#%!'0# 1&'2+"&'&' β 3&62'12-24 #6#% 8&'-2+&"2 :%#E#F!?#<4

-!+#1%!) ?# (#C!7"!8-# :1%&'-!1!?#<A 8&'!
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!"# x ∈ X ⇒ xβx

!""# (x, y ∈ X ∧ xβy)⇒ yβx

!"""# (x, y, z ∈ X ∧ xβy ∧ yβz)⇒ xβz

"$%& '"(  !"#$%# &'()"*)+) ), )%*"(+

,-./01*-.0 2-)343 56%(% )%*0-"0 '14.*7.-1(. 8243 0"71971 ∼ "/1(%7":-% ;<$=

7%("-"(+ ,>1 '"6& :%("*% ;<(% ?1(0-. $">;%-%( 03--1*1@14.6+

 !"! #$%&'(& )*%*+,-*

A 05>%$" 56%("*)% β '"( )%*0-"0 '14.*7.$. 2-$3*+ B%(C1*;" '"( x ∈ X <4%$"*"

1-1-.>+ X "8"*)% β '14.*7.$.*1 ;<(% x <4%$"*% )%*0 2-1* '575* <4%-%()%*

2-3/1* 1-7 05>%:% x "*  !"#$%# +)")-) )":%@%0 D% 2*3 [x]β "-% ;<$7%(%@%4"6& :1*"

[x]β = {y | y ∈ X ∧ yβx}

)"(+ β )%*0-"0 '14.*7.$.*.* '1/01 '"("$":-% 01(/.-1/7.(.->1$. 03/03$3 2->1).4.

61>1* [x]β :%("*% 0.$1@1 [x] :161@14.6+

 !"#$ %&'&%& X #./!+% .0!,%" ! β &%,  !"#$%# &'()"*)+) %+!1 β ")"  !"#$%#

+)")2',) X #./!+%"%" &%, '3,)4)/)") 5$64*6,6,7

E%($"*% 2-1(10& X "* C%( 1:(./.>.*1 01(/.-.0& '3 1:(./.>. 2-3/73(1* 1-7

05>%-%(" )%*0-"0 $.*.F1(. 2-1(10 01'3- %)%* '"( β )%*0-"0 '14.*7.$. D1().(+

()"*+ %&'&%& X 05>%$" 56%("*)%0" '"( )%*0-"0 '14.*7.$. β 2-$3*+ β *.*

!?1(0-.# )%*0-"0 $.*.F1(.*)1* 2-3/1* 1"-%:%& X "* β :1 ;<(% '<-5> 05>%$"

)":%@%0 D% X/β "-% ;<$7%(%@%4"6G :1*"

X/β = {[x], [y], . . .}

)"(+ X 05>%$"*)%* X/β '<-5> 05>%$"*% 71*.>-1*1*

ϕ : x→ [x]

?2*0$":2*3*1 '<-5> )<*5/5>5 )":%@%4"6+
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 !"#$ %&'&%& A !"#$%& "'$(&)*$+ ,-,./*,!& )&0$1&!1$($ %,2&3 � &!&1& 4,./)5

0/%/), 4&(  !"#$ %&$ '() "!*+(+#+ 4,./)0/%/ 6$ (A,�) 7&80&)$ *$  !"#', %&$ '()

"!*+(+,#!- .$* "$"&'#*&(+ *$)&1&(9

:&; a ∈ A⇒ a � a :<,)%/#,1/5($=$>&6$;

:&&; (a, b ∈ A ∧ a 6= b ∧ a � b)⇒ ¬(b � a) :,)0&%&#$0(&!;

:&&&; (a, b, c ∈ A ∧ a � b ∧ b � c)⇒ a � c :?$7&-1&50(,)%&0&6$;

@,0$#,0&!0$ %/! !A11,)*/./#/' 4,'/ !/%#& %/(,1/ %&%0$#1$(B

()"*+ %&'&%& C$(7$1 %,</1,( !"#$%& ≤ 4,./)0/%/), ?D($ !/%#& %/(,1/*/(9 :E&(,'

%F)(, 4A %/(,1,#,)/) *,2, 8,'1, )&0$1&!1$(& F1*A.A)A %D<1$<$G$.&';9

()"*+ %&'&,& HF.,1 %,</1,( !"#$%& m|n :m "+/!"! n "+/!"!,! .0('* ; 4,./)0/5

%/), ?D($ !/%#& %/(,1/*/(9

()"*+ %&'&-& E&( X !"#$%&)&) P(X) !A66$0 !"#$%& ⊆ !,3%,#, 4,./)0/%/),

?D($ !/%#& %/(,1/*/(9

()"*+ %&'&'& E&( 6$!0D( A',</)/) ,1056$!0D( A',<1,(/ ,&1$%& !,3%,#, 4,./)5

0/%/), ?D($ !/%#& %/(,1/*/(9

()"*+ %&'&.& A = [0, 1] !"#$%& "'$(&)*$ a � b⇐⇒ (a ≥ b) 4,./)0/%/), ?D($

!/%#& %/(,1/*/(9

(A,�) !/%#& %/(,1,)#/- 4&( %&%0$# F1%A)9 A !"#$%&)$ ,&0 a 6$ b &1$ ?D%0$5

($G$.&#&' 2$(2,)?& &!& D.$ 6$(&1%&)9 I.$( a � b <, *, b � a F1A<F(%, a &1$ b
D.$1$(&)$ � 4,./)0/%/), ?D($  +*-!(+-&!*!(+.$($* &!& D.$+ 4,./)0/<, *, 0*1',2$*+

*&<$G$.&'9

J/%#& %/(,1,)#/- 4&( !"#$)&) 2$(2,)?& &!& D.$%&)&) !,(-/1,-0/(/1,4&1&( F15

#,%/ ?$($!#$'9 E,-!, 4&( *$<&-1$+ !/%#& %/(,1/ 4&( !"#$*$ 4&(4&(1$(&<1$ !,(-/5

1,-0/(/1,#,<,) D.$1$( 6,( F1,4&1&(9
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 !" #$%$&!'&( )*" #$%$&!'&

+'%$, -./.0. (A,�) !"#$% #"&'(')$"* +%& #%#,-$ .(#/) 0- +%& B ⊂ A '(,1

!2$-#% 0-&%(#%)3 45-& +%& a ∈ A 65-#% B )%) 7-& 65-#%)8-) 6)9- :-(%;.&#'<

;')%

∀b(b ∈ B ⇒ a � b)

%#-= ' 65-#%)- > '(,1!2$-#%)%) +%&  !" #$%$&$'$&= 8-)%(%&3

?-&#%)- .('&'!= -5-& +%& a ∈ A 65-#% B )%) 7-& 65-#%)8-) #.)&' :-(%;.&#'=

;')%

∀b(b ∈ B ⇒ b � a)

%#-= ' 65-#%)- > '(,1!2$-#%)%) +%& (#" #$%$&$'$&= 8-)%(%&3

>'@-) 0/&:/('$'! '$'9";(' '(, #")"& 0- 2#,#")"& ;-&%)- '(,1#")"& A'(,#")"&B

0- 2#,1#")"& A2#,#")"&B ;'@'9'5"@3

1%2,3, 45 #36&5,3,

+'%$, -./.7. )!" #$%$&! &$% *% +(,(-( ./%01213 (A,�) !"#$% #"&'(')$"* +%&

#%#,-$ .(#/) 0- +%& B ⊂ A '(,1!2$-#% 0-&%(#%)3 45-& +%& a ∈ A 65-#% '*'5"8'!%

%!% 6@-((%5- #'7%C#-= +/)' B '(,1!2$-#%)%) '(,1#")"&('&")") -) +2;25282& ;'

8' -) +2;2! '(, #")"&8"& A%)D$/$B= 8%;-9-5%@E

A%B a 65-#% B !2$-#%)%) +%& '(, #")"&"8"&=

A%%B a 65-#% B !2$-#%)%) +2,2) '(, #")"&('&")8') .(/*') !2$-)%) +%& 2#,

#")"&"8"&3

A !2$-#%)%) '(, #")"&('&")") -) +2;252)2 -+'#(A) ;' 8' inf(A) #%$:-#%;(-

:6#,-&-9-5%@3

+'%$, -././. 4#" #$%$&! &$% *% 5(6(-( .#27&*1213 (A,�) !"#$% #"&'(')$"*

+%& #%#,-$ .(#/) 0- +%& B ⊂ A '(,1!2$-#% 0-&%(#%)3 45-& +%& a ∈ A 65-#% '*'5"1

8'!% %!% 6@-((%5- #'7%C#-= +/)' B '(,1!2$-#%)%) 2#, #")"&('&")") -) !2F25282&

;' 8' -) !2F2! 2#, #")"&8"& A#/C&-$/$B = 8%;-9-5%@E

A%B a= B )%) +%& 2#,1#")"&"8"&=

A%%B a= B )%) +2,2) 2#, #")"&('&")8') .(/*') !2$-)%) +%& '(, #")"&"8"&3
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A !"#$%&'&' "%( %)')*+,*)')' $' -"."/"'" $!"%(A) ., 0, sup(A) %&#1$%&.+$

12%($*$3$/&45

67 !,8*,#+,*9 24$++&!+$9 ,',+&4 0$*%+$*&'0$ :;! %)! 1$:$*5 6,4$' 87*17<

+,#,! ,#,3).+, ,+( %)')*9 "%( %)')*9 $' !":"! 8$ $' -"."! ($*&#+$*& .$*&<

'$9 %)*,%).+,9  !"#$%&%'( )$"#$%&%'( *&#+),)+ -* *&#.)/)+ .,4,3,/)45 =)%,+)/)
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