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1.1 z jJ!���$?G�?'k�8O�M��$k��?o


1.1.1 yh-OI�$?i�k�o�LT01F�?��PLbn yh� n
J!�sOw?�bniJ!� [|
��i�l�(4/f�A,B,C,X, Y, · · · 9�J!�l!(4/f� a, b, c, x,

y, · · · 9�J!�~0
?ry0�J!6*�?�~0�T0�
^� a �J! A G�~0��l a ∈ A 69��^� a >� A G�~0��l a /∈ A(=
a

−∈ A) 69�
�oo�w~0�J!bn Q&y��oz�Cw~0�J!bn �&y;>�Y ~0�J!bn "y, l ∅ 9�
9�J!�RJULoNL�OL�R�J����J!�=o~0OOR�l6�(��2��
E^��Re x2−4 = 0�{�
�J!9�n A = {−2, 2}.[OLRJ�|#J���=lJ!�~0=�o�1F
O� �k�o�L1F�?� x =�
�J!9�n
A = {x | x�o�L1F}.E^�Re x2 − 4 = 0 �{JM"U9�n A = {x | x2 − 4 = 0}.u A,B �NwJ!
a A �sw~06� B �~0��b A � B � �y,Sr A ⊂ B(= B ⊃ A); a A ⊂ B > B ⊂ A, �b A u B*/, Sr A = B.^�J!�~06�$��b8n uy. �'%eGsK�J!6�$J
Xl�$JoÆ



2 i 1 . ��8	
(1) �
uy, l N 9��L

N = {0, 1, 2, · · · }.

(2) kuy, l Z 9��L
Z = {· · · ,−2,−1, 0, 1, 2, · · · }.

(3) Q)uy, l Q 9�

(4) muy, l R 9�

(5) Muy, l C 9�
o�xu�9�$J�f��pioOZ� + �=,� − ��69�i$JG=o3$=,f$�
�F0
J
E^� Z+ 9�PL32$�
�J!�

R− 9�PLf�$�
�J!�

1.1.2 yh-_~J!�?'Æ3obL�L<J�nJuSJ
uoJ! A u B, ?u� �y Sr A

⋃
B, 0[n

A
⋃
B = {x | x ∈ A= x ∈ B}.J! A u B � 
y Sr A
⋂
B(= AB), 0[n

A
⋂
B = {x | x ∈ A> x ∈ B}.J! A u B � �y Sr A \B, 0[n

A \B = {x | x ∈ AÆ x∈B}.zi#0["U�l�A
⋃
B ��� A u B �=o~0V�O0=�
�J!� A

⋂
B ��� A u B �~�~0V�O0=�
�J!� A \B ���

A GO+!r B G�~0'�s��~0=�
�J!
�U
A \B ⊂ A ⊂ A

⋃
B, AB ⊂ A.J! ∞⋃

i=1

Ai = A1

⋃
A2

⋃ · · ·⋃Ai

⋃ · · · 9�J! A1, A2, · · · , Ai, · · · �=o~0V�O0=�
�J!
F ∞⋂

i=1

Ai = A1

⋂
A2

⋂
· · ·
⋂
Ai

⋂
· · · 9�J! A1,

A2, · · · , Ai, · · · �~�~0=�
�J!
VXkD
�OwJ�=�
�?��PLbn`y,l Ω 69�
k Ω \AbnJ! A � �y = Ty, l A 9�




1.1 U : 3J!�Æ3nl^��dÆ
(1) A

⋃
B = B

⋃
A, A

⋂
B = B

⋂
A;

(2) (A
⋃
B)
⋃
C = A

⋃
(B
⋃
C), (A

⋂
B)
⋂
C = A

⋂
(B
⋂
C);

(3) A
⋂

(B
⋃
C) = (A

⋂
B)
⋃

(A
⋂
C), A

⋃
(B
⋂
C) = (A

⋃
B)
⋂

(A
⋃
C);

(4) A
⋃
A = A, A

⋂
A = A, A

⋃
∅ = A, A

⋂
∅ = ∅;

(5) aAi ⊂ B(i = 1, 2, · · · ),� ∞⋃

i=1

Ai ⊂ B;

(6) aAi ⊃ B(i = 1, 2, · · · ),� ∞⋂

i=1

Ai ⊃ B;

(7)
∞⋃

i=1

Ai =
∞⋂

i=1

Ai,
∞⋂

i=1

Ai =
∞⋃

i=1

Ai.Uiyg6"z�J!�k��Æ3ZU5��C8,dN�O�

1.1.3 \�U;XK^�jBZGXl�O;$J�?u�S��0[^� (.G a, b ∈ R) Æ�\� [a, b] = {x | a 6 x 6 b};�\� (a, b) = {x | a < x < b};x�\� [a, b) = {x | a 6 x < b},

(a, b] = {x | a < x 6 b};�&\� [a,+∞) = {x | x > a},
(a,+∞) = {x | x > a},
(−∞, b] = {x | x 6 b},
(−∞, b) = {x | x < b},
(−∞,+∞) = R.9-wK^Mbn Q&\�, a, b Z:bnK^� 
<3 � S<3, b− a bn\��;. +∞ � −∞ Z:8r�3zD����fzD���?u>9�$:����S�
�>O0L=�K^���=.��UK�o��=z��W!�xu�a� b8n \�, <>Xlf� I = X 9�
K^"U�$Oi9�l6 (^ 1.1).

_ 1.1



4 i 1 . ��8	WyM�jBZG�Xl��$J
u a, δ ∈ R, .G δ > 0, $J
{x | |x− a| < δ}bn% a � δ;X, Sn U(a, δ), % a bn ;X-x/, δ bn ;X-x�. nr

U(a, δ) = {x | −δ < x− a < δ} = {x | a− δ < x < a+ δ},=U U(a, δ) ���K^ (a− δ, a+ δ), ^^ 1.2 =�

_ 1.2� U(a, δ) GO+G+ a '���$J

{x | 0 < |x− a| < δ},bn% a � _/ δ ;X, Sr ◦
U (a, δ). �U

◦
U (a, δ) = (a− δ, a)

⋃
(a, a+ δ),�Nw�K^�<J�^^ 1.2 =�
nPR5�o���K^ (a− δ, a)bn% a � 
 δ ;X, ��K^ (a, a+ δ)bn% a � S δ ;X. � � 1.1

1. l|#J9��RJ!Æ
(1) �r 6 �=o�$�
(2) � x2 + y2 = 16 �C (>���N) O=%�J!�
(3) ��� y = x2 u9� x− y = 0 n%�J!

2. lR�J9��RJ!Æ
(1) Re x2 − 8x+ 12 = 0 �z�J!�
(2) ��� y = x2 u9� x− y = 0 n%�J!�
(3) J! {x| |x− 1| 6 5, x ∈ Z}.
3. u A = {1, 2, 3}, B = {1, 3, 5}, C = {2, 4, 6}, HÆ
(1) A

⋃
B; (2) A

⋂
B; (3) A

⋃
B
⋃
C; (4) A

⋂
B
⋂
C; (5) A\B.

4. a A = {x|3 < x < 5}, B = {x|x > 4}, HÆ



1.2 1 � 5

(1) A
⋃
B; (2) A

⋂
B; (3) A\B.

5. �\N�o 100 �?{�.G 70 �$?��
Em5�lJ! A 9�-&?{� 40 �
x��
Em5�lJ! B 9�-&?{�$?��
Em5F
x��
E>�m5�?{o 55 X
�lJ!�	9��Rx;?{�<R3lx;?{�$	Æ
(1) Nt��
E6�m5�?{�
(2) $?��
E>�m5F
x��
E�m5�?{�
(3) Nt��GBnoOt
E��m5�?{�
(4) Nt��
E�>�m5�?{

6. lK^9�nl�R>�	�=o x �J!Æ
(1) |x| 6 5; (2) |x− 2| 6 1; (3) |x− a| < ε (anX$, ε > 0);

(4) |x| > 3; (5) |x+ 1| > 2.

7. lK^9��R%J�<�$Oi9�l6Æ
(1) A = {x| |x+ 3| < 2};
(2) B = {x|1 < |x− 2| < 3}.
8. l>�	=�?:>�	9��RxK^Æ
(1) (−2, 3); (2) [−2, 2]; (3) (−5,+∞).

1.2 b w
1.2.1 Kk7A 1.2.1 � X,Y �&���T9� f �{�x��(
v-x�r7{� x ∈ X, Æ/x��( f, t�C{mp` y ∈ Y 5'x��(> f D X ^
Y ` Kk, ^D

f : X → Y.>�! y D&�� f 9Q` x ` ,, ^D f(x), X y = f(x); >�! x D&��
f 9Q y ` ℄,; T9 X >D�� f ` 7AX, ^\ Df , X Df = X ; | X `%��!`[ f(x) `T9

{y | y ∈ Y, y = f(x), x ∈ X}>D�� f ` rX, ^\ Rf .- 1.2.1 �T9 X DD�l.q�� Y D�� (WEÆ cm) T9�H<k;�q��V��j"x�(P�(;�q���C{���Xx�T9 X `;{��!�&T9 Y Dt�C{mp`�!�9x��$2v`x�(P!?)M X ^ Y `��




6 i 1 . ��8	?r0[ 1.2.1, LZX�{M%Æ
(1) fK: f � f(x). 9,�z X � Y �OL?f�	�',�� f 8�

x ���� Y �Ow~0

(2) ?Y Ow x ∈ X, 6o>?oOw� y = f(x) ∈ Y, L��mO�

(3) ?r�w y ∈ Y, ^��jr f 8�� X Go����.��"�>>Ow�L��>O0�mO�
^����mO��L?r X G�YXNw>W~0 x1 6= x2, ?u�� y1� y2 Mnl y1 6= y2, �bjr f n &k. ajr f : X → Y nl Rf = Y, �bjr f n Ck. ^�jr f T��r�q�nr��b f n ==Kk (=?=Kk).- 1.2.2 � X = {1, 2, · · · , n, · · · }, Y = {1, 3, · · · , 2n− 1, · · · }, x�r7{�

n ∈ X , Æ/x��( f _^ 2n− 1 ∈ Y , (�� f : X → Y �{{��
;_M�`�Æ Y � X `ST� Y D`�! �� X D`�!������2�IUT9`{�*i
^� f : X → Y �OOjr��?rsOw y ∈ Y , � X G}�mO� x u
y ?f�nl y = f(x), =Sr x

f→ y, -K�oPOwz Y � X �jr�Sr
f−1 : Y → X, bnjr f � HKk.uojr

g : X → Y, f : Y → Z,�?rsOw x ∈ X, o
x

g−→ y
f−→ z (y ∈ Y, z ∈ Z).-*��?rsOw x ∈ X, V� y, 6}�mO� z ∈ Z u x ?f�^xU{POwz X � Z �*jr�Sn f ◦ g : X → Z, bn g u f � MhKk.

1.2.2 au-OIoPjr�k���"U�jr�?oi0[�$P
7A 1.2.2 ����T X ⊂ R, Y = R, >M X ^ Y `��
f : X → YDp�& X ~` au, >T9 X D0� f ` 7AX, y
 Df &��>T9

Rf = {f(x) | x ∈ Df} D0� f ` rX.0�48^D
y = f(x), x ∈ Df ,> x D ��7, > y D D�7.



1.2 1 � 7�d6O x M$: x0 ∈ Df ��u x0 ?f�^6O y �$:bn0[�
Df i��$ y = f(x) �% x0 q� aur, Sn f(x0) = y|x=x0

, -��xuM*�$ f(x) � x0 qo0[
nr�XV��$:6D
�$�nPR5��U'�9#G�k�0[�
X i��$ f ��*
�$ y = f(x), x ∈ X. ^9=#�xufiZX� f u
f(x) �oK:�
z�$�0[i6��T0Ow�$�Nw?'Rg�0[y�?fJ�
^�Nw�$�0[y�W�?fJ�M�W��>g�l�qK��$S��?u6�WOw�$
��UwJG�Lz�wJ�Rg=�UX[T0�$�0[y
?rl~	/	yl��$�^�ro.>hZRg��Zn�$�0[y���~	oX[�O= x :
E^�n~	

f(x) =
√

1 − x2yl��$ f(x) �0[y�.K^ [−1, 1].Æ��̂ � x�'1Zn 1�9obo/�OR9o1�1Z�f(x) �[OR9o1�1Z���$ f(x) =
√

1 − x2�0[yfn (0, 1).- 1.2.3 d0� y =
√

16 − x2 + lg sinx `p��
� L�9��$ y �~	oX[�/7o
{

16 − x2 > 0,

sinx > 0,L
{

−4 6 x 6 4,

2nπ < x < (2n+ 1)π (n = 0,±1, · · · ).-Nw>�	�~�{n
−4 6 x < −π = 0 < x < π,��$�0[yn [−4,−π)
⋃

(0,π).9��$VX��J�yl{�9�	 (~	) �/	�E^�y = cosx, y =

ln
(
1 + x2

) �
�$M"Ul.>R	yl�^9uJ�^/J�
�*{9os8	 xOy G�%�J!
{(x, y) | y = f(x), x ∈ Df}



8 i 1 . ��8	bn�$ y = f(x) � �1(=�,). Ow�$�^/VX�ORL� (^ 1.3), b8n ^) y = f(x). �$�^/�o9
1���1��xuo"�DlM RJD
�$�o�F1
�O�O&M wJM"}X�$6q=gD

��$�0[G�?rsO�$ x ∈ X, ?fmO��$ y, -K��$Mbn &rau. o�M7z�-K�B.Æ?r�$J X G��&�$ x, sOw$ x "�?fMwyBzDCw y :
E^Æ y = ±
√

1 − x2, y = arcsinx �
-LB.>_!i#�$�0[�ÆnPR5�o�M�?ubn�rau. �'�^zF:z��'�=Dg��$6�=�:�$

_ 1.3 _ 1.4�{ylO&U'�Xl���$
- 1.2.4 �x;0�

y = |x| =

{

−x, x < 0,

x, x > 0,'`p��D (−∞,+∞), ;�D [0,+∞), v; 1.4 %�
- 1.2.5 �40�
y = sgnx =







−1, x < 0,

0, x = 0,

1, x > 0,'`p��D (−∞,+∞), ;�D {−1, 0, 1}, v; 1.5 %�
So�x�r�
x ∈ (−∞,+∞), �

|x| = xsgnx.- 1.2.6 x�r��� x, 
 [x] &�*<. x `XS3�
!v�
[2] = 2,

[

− 1

2

]

= −1,

[
1√
2

]

= 0, [−π] = −4.



1.2 1 � 92�0�Æ~	v&�vQ (; 1.6) Æ
y = [x] = n, n 6 x < n+ 1 (n = 0,±1,±2, · · · ).'`p��D (−∞,+∞), ;�D Z = {3�}.

_ 1.5 _ 1.6- 1.2.7 � lE��x�`0�(P
&� lE3R�GlE�; 3	F�� 0.4 ��*W 3 	FÆ 3 	F���2v#,p)RlE
� t ��

S `(PÆ

S =







0.4

([
t

3

]

+ 1

)

, t > 0, t 6= 3k,

0.4k, t = 3k, k = 1, 2, 3, · · · .- 1.2.8 Dirichlet (e ��) 0�
y = D(x) =

{

1, xD���,
0, xDI��,'`p��D (−∞,+∞), ;�D {0, 1}.zE 1.2.4�E 1.2.8-Mw�$�0[y�>WCZl>W�{�	9��-K��$bnJ=�/au(abn J=au). ?M�dU ?�|eO"��Q?GXl��$/	


1-1 �%�G2
1.2.3 au-~{�2

1. o|1u�$ y = f(x) �0[yn Df , �$J X ⊂ Df , ^�}�3$ M, ��?rYX� x ∈ X, 6o>�	
|f(x)| 6 M
G��b f(x) � X i Q�; ^�-K�3$ M >}���*�$ f(x) � Xi ��.
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_ 1.7zM 9
i6��̂ ��$ y = f(x)�K^ [a, b]io|���$ y = f(x)�^/srNR*09� y = M, y = −M 8^�^^ 1.7 =�
E^� f(x) = cosx, ^n?rYX� x ∈ (−∞,+∞), 6o

|cosx| 6 1,^�M M = 1(�UM"UMY �r 1 �$rn M), ��$ f(x) = cosx nl>�	
|f(x)| 6 M,=U�$ f(x) = cosx � (−∞,+∞) �o|
fiZX���Dg�$�o|1�>��L�
�$�9�	�1L�
d6O x �M:Pl X. WOw�$�d6O�>WPli�o|1"��>W�
- 1.2.9 5A0� f(x) =
1

x
&ge (1, 2) G��v`�& (0, 1) G�Iv`
lE aM M = 1, �?rYX x ∈ (1, 2), 6o

|f(x)| =

∣
∣
∣
∣

1

x

∣
∣
∣
∣
6 1,=U�$ f(x) �K^ (1, 2) ��o|�
?rY 3$ M(>Tu M > 1), M x0 =

1

2M
∈ (0, 1), �o

|f(x0)| =

∣
∣
∣
∣

1

x0

∣
∣
∣
∣
= 2M > M,=U�$ f(x) �K^ (0, 1) ��z|�
 �

2. �,1u�$ y = f(x) �0[yn Df , K^ X ⊂ Df , � X iYMN% x1, x2. ^�� x1 < x2 ��o
f(x1) < f(x2)(=f(x1) > f(x2)),




