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&1$1/1.!

 !"#$%

;2<  !" )*+,# &'-+ X = {a} 6,=1/! T = {∅, {a}} = {∅, X} 2#,+=# X
'.+$#/0+ 3#$ 5676,68#0#$! >+$(+&5+/% T 2#,+=# 92,/:.42 #&# &'-+0+/

6,1?51*1 #(#/

@ ∅ ∈ T , X ∈ T

@A ∅ ∩X = ∅ ∈ T

@B ∅ ∪X = X

92.:,23#,#$! C D2,0+ T 2#,+=# X &'-+=# '.+$#/0+ 3#$ 5676,68#0#$! "#$

)*+,# X &'-+=# '.+$#/0+ 32?&2 5676,68# 96&51$!

;3< E&# )*+,# &'-+ X = {a, b} 6,=1/! "1 &'-+ '.+$#0+ 2?2*:02&# 0)$5

5676,68# &1$1,23#,#$!

• T1 = {∅, {a, b}}

• T2 = {∅, {a}, {a, b}}

• T3 = {∅, {b}, {a, b}}

• T4 = {∅, {a}, {b}, {a, b}}

;4< F( )*+,# &'-+ X = {a, b, c} 6,=1/! "1 &'-+ '.+$#0+ 2?2*:02&# AG

5676,68# &1$1,23#,#$!

H
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• T1 = {∅, {a, b, c}}

• T2 = {∅, {a}, {b}, {c}, {a, b}, {a, c}, {b, c}, {a, b, c}}

• T3 = {∅, {a}, {a, b, c}}

• T4 = {∅, {b}, {a, b, c}}

• T5 = {∅, {c}, {a, b, c}}

• !

• T6 = {∅, {a, b}, {a, b, c}}

• T7 = {∅, {a, c}, {a, b, c}}

• T8 = {∅, {b, c}, {a, b, c}}

• !

• T9 = {∅, {a}, {a, b}, {a, b, c}}

• T10 = {∅, {b}, {a, b}, {a, b, c}}

• T11 = {∅, {c}, {a, b}, {a, b, c}}

• !

• T12 = {∅, {a}, {a, c}, {a, b, c}}

• T13 = {∅, {b}, {a, c}, {a, b, c}}

• T14 = {∅, {c}, {a, c}, {a, b, c}}

• !

• T15 = {∅, {a}, {b, c}, {a, b, c}}

• T16 = {∅, {b}, {b, c}, {a, b, c}}

• T17 = {∅, {c}, {b, c}, {a, b, c}}

• !

• T18 = {∅, {a}, {a, b}, {a, c}, {a, b, c}}

• T19 = {∅, {b}, {a, b}, {a, c}, {a, b, c}}

• T20 = {∅, {c}, {a, b}, {a, c}, {a, b, c}}

• !

• T21 = {∅, {a}, {a, b}, {b, c}, {a, b, c}}

• T22 = {∅, {b}, {a, b}, {b, c}, {a, b, c}}

• T23 = {∅, {c}, {a, b}, {b, c}, {a, b, c}}

• !

• T24 = {∅, {a}, {b, c}, {a, c}, {a, b, c}}

• T25 = {∅, {b}, {b, c}, {a, c}, {a, b, c}}

• T26 = {∅, {c}, {b, c}, {a, c}, {a, b, c}}

• !

• T27 = {∅, {a}, {b}, {a, b}, {a, b, c}}

• T28 = {∅, {b}, {c}, {b, c}, {a, b, c}}

• T29 = {∅, {a}, {c}, {a, c}, {a, b, c}}

"! #$% $&'()(* +,- X ./'01, ,&0 +,- a ∈ X 2301, 40-,&1,*! #$% ./'0 ,&0 a
2301,*, ,50-0* +/6/* (&6 ./'0&0-,*7 )(*,

T = {A ⊂ X : (A = ∅) ∨ (a ∈ A)}

(,&01,*,* X ./'01, /80-,*90 +,- 6$:$&$;, $&9<3<*< =2160-,*,8!
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 !"#$%

&' ∅ ∈ T !"#$%$&'#( a ∈ X '%)*+*,)-, X ∈ T ./0-#(

&( T1, T2 ∈ T $1" a ∈ T1 !" a ∈ T2 '%-2-+/,)-, a ∈ T1 ∩ T2 '%*#(

&) Tı ∈ T , (ı ∈ I) $1" a ∈ Tı, (ı ∈ I) '%-2-+/,)-, a ∈ ∪Tı, (ı ∈ I) '%*#(

3( 4"# 5-,6$ 7$# X 089"1$ 8:"#$,)" 7'; 089" $%" <89%"&",%"#$ 1-&/%-7$%$# '%-,

089"%"# -$%"1$,$,= &-,$

T = {A ⊂ X : (A = ∅) ∨ (A′
1-&/%-7$%$#)}

-$%"1$,$, 7$# <'>'%'?$ '%)*+*,* 6@1<"#$,$:(

 !"#$%

&' ∅ ∈ T !"#$%$&'#( X ′ = ∅ 1-&/%-7$%$# '%)*+*,)-, X ∈ T ./0-#(

&( T1, T2 ∈ T $1" T
′

1
!" T

′

2
1-&/%-7$%$# '%-2-+/,)-, (T1 ∩ T2)

′ = T
′

1
∪ T2

′

1-&/%-7$%$# '%*#( A 5-%)" (T1 ∩ T2) ∈ T ./0-#(

&) Tı ∈ T , (ı ∈ I) $1" T
′

ı , (ı ∈ I) 089"%"#$ 1-&/%-7$%$#)$#( B&%"&1" (∪Tı)
′

=
∩T

′

ı , (ı ∈ I) 1-&/%-7$%$# '%*#( C*#-)-, (∪Tı) ∈ T ./0-#(

D( X = [0, 1) = {x : 0 ≤ x < 1} -#-%/+/ 8:"#$,)" 7'; 089" $%" [0, α), α ∈ RE

7$.$9$,)"0$ &-#/F-./0 -#-%/0%-# -$%"1$,$,= &-,$

T = {∅, [0, α) : 0 < α ≤ 1 , α ∈ R}

-$%"1$,$, 7$# <'>'%'?$ '%)*+*,* 6@1<"#$,$:(

 !"#$%

&' ∅ ∈ T !"#$%$&'#( α = 1 -%/,/,2- X = [0, 1) ∈ T ./0-#(

&( A = [0, α) ∈ T !" B = [0, β) ∈ T $1" γ = min{α, β} '%9-0 8:"#"

A ∩B = [0, γ) '%-2-+/,)-, A ∩B ∈ T ./0-#(

&) Aı = [0, αı) ∈ T , (ı ∈ I) $1" δ = sup{αı} '%9-0 8:"#" ∪Aı = [0, δ) ∈
T ./0-#(

G( H-I R 6"#."% 1-&/%-# 089"1$ 8:"#$,)" RE 7'; 089" !" [β,∞), β ∈ RE 7$.$F

9$,)"0$ &-#/F-./0 -#-%/0%-#)-, '%*;-, -$%",$,= &-,$

T = {A : (A = R) ∨ (A = ∅) ∨ (A = [β,∞)), β ∈ R}

-$%"1$,$, 7$# <'>'%'?$ '%)*+*,* 6@1<"#$,$:(
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 !"#$%

&' ∅ ∈ T "# R ∈ T "#$%&%'($)

&( A = [β1,∞) ∈ T "# B = [β1,∞) %*# β = max{β1, β2} (&+,-

./#$# A ∩B = [β1,∞) (&,0,1234,3 A ∩B ∈ T 52-,$) 6'$20,

R ∩ [β,∞) = [β,∞) ∈ T

R ∩ ∅ = ∅ ∈ T ∧ [β,∞) ∩ ∅ = ∅ ∈ T

(&7$)

&) Aı = [βı,∞) ∈ T , (ı ∈ I) %*# β = inf{βı} (&+,- ./#$# ∪Aı =
[β,∞) ∈ T 52-,$)

89: R ;#$5#& *,'2&,$ -.+#*% ./#$%34# R< 9(= -.+# "# (β,∞), β ∈ R< 9%5%>

+%34#-% ,52- ,$,&2-&,$4,3 (&7=,3 ,%&#3%3? ',3%

T = {A : (A = R) ∨ (A = ∅) ∨ (A = (β,∞)), β ∈ R}

,%&#*%3%3 9%$ @(A(&(B% (&471737 ;C*@#$%3%/)

 !"#$%

&' ∅ ∈ T "# R ∈ T "#$%&%'($)

&( A = (β1,∞) ∈ T "# B = (β1,∞) %*# β = max{β1, β2} (&+,-

./#$# A ∩B = (β1,∞) (&,0,1234,3 A ∩B ∈ T 52-,$) 6'$20,

R ∩ (β,∞) = (β,∞) ∈ T

R ∩ ∅ = ∅ ∈ T ∧ (β,∞) ∩ ∅ = ∅ ∈ T

(&7$)

&) Aı = (βı,∞) ∈ T , (ı ∈ I) %*# β = inf{βı} (&+,- ./#$# ∪Aı =
(β,∞) ∈ T 52-,$)

D)  !"#$ %&'&( E@# -7$7&,3 T2 "# T3 @(A(&(B%&#$%3%3 ,$,-#*%@%3%3? ',3% F#$

%-% @(A(&(B%4# 4# ",$ (&,3 -.+#&#$4#3 (&7=,3 ,%&#3%3 '#3% 9%$ @(A(&(B% (&47>

1737 ;C*@#$%3%/) G,$=2@ (&,$,-< T2 "# T3 @(A(&(B%&#$%3%3 9%&#=%+%3%3? ',3%

%-% @(A(&(B%4#3 F#$F,3;% 9%$%*%3# "#', F#$ %-%*%3# 4# ,%@ (&,3 9.@.3 -.+#&#$>

4#3 (&7=,3 ,%&#3%3 '#3% 9%$ @(A(&(B% (&7=@7$+,421232 ;C*@#$%3%/) 6=,124,-%

A$(9&#+&#$ 9737 ;#3#&&#=@%$#0#-@%$)

 !"#$%

T2 ∩ T3 = {∅, X, {b, c}}

4%$) H7 ,%&#3%3 IJ K > IJLK @(A(&(B% ,-*%'(+&,$232 *,1&,4212 -(&,'0, ;C$.&>

+#-@#4%$) M@# ',34,3

T2 ∪ T3 = {∅, X, {b}, {c}, {a, b}, {a, c}, {b, c}}
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!"#$ %& '"()*"+", -./.(.0" 123"4.+(1#5,5 316(1+1!565,5 783-)#+)2 "9", '"#

-1,) 21#*5 8#,)2 :)#+)2 4)-);)2-"#$ <#,)6",=

{a, b} ∩ {a, c} = {a} /∈ T2 ∪ T3

.(!&6&,!1, >?@A 123"4.+& 316(1,+1B$ C D1(!) T2 ∪T3 '"# -./.(.0" !)6"(E

!"#$

F$ T :) S '"# X 2G+)3" GB)#",!) '"#)# -./.(.0"2 41/5 "3)()#

T ∩ S = {H : (H ∈ T ) ∧ (H ∈ S )} H@$ I

1"()3",", !) X GB)#",!) '"# -./.(.0"2 41/5 .(!&6&,& 783-)#","B$

 !"#$%

&' ∅, X ∈ T ∩ T .(!&6& 1/1952-5#$

&( T, S =∈ T ∩ S "3) T ∩ S ∈ T ∩ S .(&#$

&) Aı ∈ T ∩ S = (i ∈ I) "3) ⋃

i∈I

Aı ∈ T

⋃

i∈I

Aı ∈ S

.(1;165,!1, ⋃

i∈I

Aı ∈ T ∩ S

9521#$

J$ T :) S '"# X 2G+)3" GB)#",!) '"#)# -./.(.0"2 41/5 "3)()#

T ∪ S = {H : (H ∈ T ) ∨ (H ∈ S )} H@$@I

1"()3",", X GB)#",!) '"# -./.(.0"2 41/5 .(&*-&#+141'"();)6",) 8#,)2 783E

-)#","B$

 !"#$% K2" -./.(.0",", '"()*"+",", '"# -./.(.0" .(+141'"();)6",) 9.2 8#E

,)2 783-)#"()'"("#$ L*165!1 "2" 8#,)2 :)#"(+"*-"#$

H1I M$N#.'()+", 98BG+G,!) 783-)#"(!"6" GB)#)

T2 ∪ T3 = {∅, X, {b}, {c}, {a, b}, {a, c}, {b, c}}

'"()*"+" '"# -./.(.0" !)6"(!"#$
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"#$ B = {[a, b) |a, b ∈ R, a < b} %&'()&*( %&+ ,-.('(/&* 0(/0%*1& #&/

#&'(2&.& 3'%/%, 4%56'%#&'(* ,-.('(/&* 3'72+7/8797 %&'(4( A 8&4('&.:

(R,A ) #&/ +3;3'3<&, 75%486/: A +3;3'3<&)&*( R -5(/&*8(,&  !"#!$%$"

"&'&!&($)$ 8(*&'&/:

=(*5(/ 3'%/%,> E = {(c, d] |a, b ∈ R, c < d} %&'()&*( %&+ ,-.('(/&*

0(/0%*1& #&/ #&'(2&.& 3'%/%, 4%56'%#&'(* ,-.('(/&* 3'72+7/8797 %&'(4(

U 8&4('&.: (R,U ) #&/ +3;3'3<&, 75%486/: U +3;3'3<&)&*( R -5(/&*8(,&

*)"#!$%$" "&'&!&($)$ 8(*&'&/:

A )∪U #&'(2&.&> +3;3'3<& %,)&43.'%/6*6 )%9'%.%5: ?3'%46)64'% R -5(@

/&*8( #&/ +3;3'3<& 8(9&'8&/: =A4'( 3'8797*7 #&/ ,%/26 A/*(,'( 1A)+(/(@

#&'&/&5: [a, b), (c, d] ∈ A ∪ U 87/> %.% [a, b) ∩ (c, d] = [a, d] /∈ A ∪ U

8&/: B 0%'8( CD!E %,)&43.7 )%9'%*.%5:

F: =&/ X ,-.()& -5(/&*8(,& ,&.& +3;3'3<&'(/8(* 3'72%* #&/ Ti : i ∈ I +3;3'3<&,

4%;6'%/ %&'()& G(/&')&*:

L =
⋂

i∈I

Ti = {T : (∀ı ∈ I)T ∈ Tı}

%/%,()&+&*&* X -5(/&*8( #&/ +3;3'3<& 3'8797*7 1A)+(/&*&5: " H'(/&8( #7 +3@

;3'3<&4(> G(/&'(* 234353675897: 8: ;<=<> ?52 @A:A9A 8&4(I(9&5:$

 !"#$%

&' J(/ (i ∈ I) &K&* ∅, X ∈ Tı 3'8797*8%* ∅, X ∈ L 3'7/:

&( T, S =∈ L &)( 0(/ (i ∈ I) &K&*

T, S ∈ Tı ⇒ T ∩ S ∈ Tı ⇒ T ∩ S ∈ L

3'7/:

&) J(/ ( ∈ J) &K&* A ∈ L &)( 0(/ ( ∈ J) G( 0(/ (ı ∈ I) &K&* A ∈ Tı

3'%I%,+6/: =7/%8%*

⋃

∈J

A ∈ Tı

∈
⋂

ı∈I

Tı

∈ L

K6,%/:

 L:  !"#$ %&'&' &'( G(/&'(* CD'E %,)&43.7*7* CD!E &'( CDME %,)&43.'%/6*8%*

#%96.)65 3'.%8696*6N 4%*& &', %,)&43.7* )3* &,&)&*8(* K6,%/6'%#&'(I(9&*&

1A)+(/&*&5: "O3' 1A)+(/.(P =32 %&'(*&* %/%,()&+& (G/(*)(' ,-.(8&/> #&'(2&.&

&)( #32 ,-.(8&/: "=,5: C*E:$



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

 !"#$% (X,T ) "#$ %&'&(&)#* +,-. &(/+01 2&3 -#(40#0 -$-*4/#%# 45$40/4(

*6748 "&3 -#(40#0 "#(43#7# "&3 *674 &(9+:+09-0

⋃

i∈∅

Ti = ∅

.-,-"#(#$#,1 ; <-(948 =>!? -*/#.&7+ @4$4:#0A4 ∅ ∈ T &(+$1 240,4$ 9636063(4

⋂

i∈∅

Ti = X

.-,B(-"#(#$8 *# "+ X ∈ T &(7-/B 9474*%#$1


