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WJIUL(I~ 1. R" = {(xl, x2, . . . . xn)  1 xi E R, i -:  1,2, . . . . n]- -

1; x = (x1,  x2, . . . . Xn)  , y = (Yl’  Y2r  .* .I  Yn)

rCfudu?Qfwa~  R" rr& x = y t#foLLA~l%io  ds x=y,1 1

x2= y.L I . ..I  xn= Y,

Jr;  x = (x1,  x2, . . .,  Xn)  , y = (Yl’  Y*t * *-  8 Y,)

riSwduidnwo4 R" t-kw~n~0-I  x,y , Quula;?u'lrl

x+Y = (x1+  Yl,  x2+ Ygr ...I  xn+ Yn)

cx = @Xl,  cx2,  . ..t  cxn)

lnisiu)IQu’Iul

Ir;  x = (x1,  X2’  . . 1, Xn) , Y = (Yl,  Y.2' ...I  Yn)  bcfu

dudhm  R”  *LLR?  x - y = x + (-l)y



4 9

IQu1s.l 2 7 IHI x - (x,, x2, . . . . x,) rCfududlnuci  R" u&au1n

w
(nom) ~04 x unun7u {X'J no

=( ;
n-=1

x: p

wbI?u~tl~ 1. 1x - y 1 unutruan~4~rn~w x ti ‘y

2. 0 E R” ununiu  (0,  0, . . ..O) do xsR",x'=O

X.f 0 Amfbrp 11 i = 1, 2, . . . . n _



..* t x2 2
k

+  I..  + x
n

(3) JcxI  2 = (CXlj2  * (cx2j2+  **. + (cxn)2

= c2(x2  + x2 +1 2
.*.  + x2 )n

= c 2 1x1 2

iI cx  II = ICI Ilxli
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(4) k34niTR~s~ lX*Yl  < 9x1 !,Y1

lbio xlyl  + x2y2 t . . . t xnyn  s

J 2 2 --_l  Jy:ty;t...ty;x1 + '2 + .,.  + xn

1; a = x; + xi + . . . + XZ'

b - x1y1+  x2y2 + . . . t xnyn

c = Yf + Y: + . . . + y;

LWf,LdU ax2+ 2bx + c = (x:x2+ 2xp1x  + y: 1 +

(x:x2+ 2x2y2x  t yg.+  (x:x2+ 2xnynx  + y; )

= (x1x + y112+  (x2x + y212+  . . + (x,x + Yn)

LW,la& (2bj2- 4ac 6 0

4b2 - 4ac d 0

b2- ac d 0

b2 c ac

b 6 Jamc  = A r/G

2 20

LwTlrQfin  xlyJ.  + x2y2+  a-0  * XnYn  5 g t x;t  . . . t.2

J'Y; + Y; + . ..-iyl n

lbkl IX-Y1 < 1x1 IYI



5 2

(5)  IIX  + YII  2
t2

= I) (x1+ Yl’ x2+ y*, . ., xn+ y,) I;

= (x1+  y/+  (x2+  y212+  . . . + by+  Y,)
2

2= xi+ 2x1y1+  yft x;+ 2x2y2+  y2 + . . . t

x: + 2X,Y,  + Y
2
n

2 2= (x  + x1 2 + . . . + xi, + 2 (xlyl+  x2y2+  .  .  .

t X&J  + (Y;  + Y; +
“* + ‘n2 1

= ‘1x1  2+ 2x.y + jy’l  2

b ilxl,  2+ 2,  ilxl:  lYI/ + IY’I 2

= ( ;jxll  f IYII  I2

&l4;7

IIX  + Yl 6 IMI  + lYY .

ndun7r’luuwa  L 4 ) t fun?‘7 Cauchy  - Schwarz  inequality

dwodun7tlw&  i 5 1 t funil Triangle inequality



f++& LWTIS~I [XII  = 1 (r - y 1 + y I

,< Ix - yll  + nyll

qrrln%  1x1 - lyl s yx - yj

bn+luo4  L au?fYuus~r&l

lyll - 11x1  6 UY - XI = Ix  - YI

dun0  - Ix  - YII i 1x11  - lull

3w-i (*I LAW (**) qr-l&

(*I

(**I

I4 - IYI  s IIX - YII 8

\ 2.2 rdnrQnZw  R"1!

(open set in 8)



5 4

dfi&  2.1 w~auwfluo~  NCt1,2)  ; 3).-

11rfl tWt~a&i  N(U,Z)  1 3) L&&IU  lneighbothood)  voqqsl

u,Z) &oy'lu  R2

y.l 2.1

NC(1,2)  ; 3) Lcgufl7oLhJwo&J1w R2 4hn~7(,n;

% E N((1,2)  I 3) I& Hx - (1,2)  1 < 3

(interior poin't)  ~34 S rdorrRa8nlO,don~lu?us~~v?n  r $4

N(a  ; r) G S





Ext.S
1nt.S

Ext.S

t Bd.S



57

s  sdlchuwqfwm  r  & N(x ; r) E S

td 2.5

N(a ; r)
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(a,b)  x (@,a)



5 9

-2 4 4 k&as  R" LuuLO)RLun



6 0

t9wtdnrQnffwiqn  7 i= 1,?,3,.,.,n
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h!iu XEE
V

alw% YOEI
0

LWYI.;I  Ev tilutdiiltdn
0

oY&sdl  r>O  d+ reNk;r)FI_E
V

LWs.ldh4 v EV
tl¶utQlElt0fl 8

VEI

Iw R* 1; En = N((O,O) ; -5 LlYdlU

( n e i g h b o r h o o d )  hla+qn



6 2

12,3n\
Cclosed  s e t )
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Imy&m 2 8 1;  E,F ra4tdmJFllu  F?  -UA? E UF rlcfu  LdnQol

+?+A ,w.r,s;,  (E U F)' = E' (7 F'

ud E', F' rchJ1dnrdn  LWTldl E,F La4 rdndn

qwmqw&m  2 . 5  1;  E’ n F’ rdurdm,Qn

I4tu (E UF)' rCh4urdntdn

Lwflra&4 E U F ~&L&lth I

rnu?Jn7t~~ulurO(nBndldn;  (mathematical induction)
n

Mi~q~ln;'1 El U E2U  . . . UEn = v E
i r0ubdnUb-1  tfkmhuml~  ix

i=l i



(11 E - F tciuldmtan

(2) F - E tifwtd6m!

(1) tw,1s;1 E - F  =  EnF’

E t%t?fntUn  ttnz F’ taJtdmtQm

F& E - F tButdmtUn

(2~ t~nltl1-h  F - E = F fI  E’

F tifwtplndn  ttnr E’ tflut?fwUBI

6h6.4  F  - E  tifwtdndn

1 2 . 4  qntnlan&  MCI  qslAf~n\~- -

.

-----__
I~LIIU  2.4 n’wun’l;  a E Rn  r tihs’m7usfwanln  q ttR;

N*(a ; r.) = N(a;r)  -{a) t Pun;7;7u?nAIt  Au-rqn  a

(delated neighborhood of a)

l?ii& 2 . 1 5 1  1; S  CR” a E Rn t Sun:?qnAfh  ( l i m i t  p o i n t )

tm4  S  tdottRaff&tdo  d’m?tiqny  r  > 0 ,N*(a  ; r)  n s f 0



65



6 6

--.---.
j-i’I$I&Jn  2 . 1 2 1 n’iwuun’LM* s s R”---.-

tWF7z;l  S  tffutdsldmf&  R”- S t9ut?.fmt%l

fi4&dyrld  N(x  ; r) d, N(x  i r) C Rn-  S
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LWTlral5u  ,x 4 s

vY& x  ‘1;~Suqn~nuo4  s

LWtldiu  qafl  r  7 0  dj  N*(x,r)  n S  = 0

N*(x ; r) C R"- S

fx)  U N*(x  ; r) G ix)  U R”- S

N (x ;r)  C R"-S

LWT~~?U  R"- S ~ChJudfltdsl

duflo  s r&.l~plmml I

(BOl?anO  - Weierstrass Theorem)

L__..i....-IQUIU  218 nomud  S C_ R" t fun S &~~~D&OIJLUDI  (bounded set

~dounrffdordc cl  a E R" um4 r 7 0 & S c N(a  ; r)

Iacrh~ 2.6 n*nnmZ~

% = f (x1, x2) 1 x1 3 0 , x2 >, 0 , x1+ x2 6 11
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x2 3
r- - w_. .

/ \
/

I
I \

,
I ,
I L
\ 0 (1,O)  ; x1 x1
\ I
\ I
\ ,\ /\ /

*-_ -/'

uadrant  f! 1) ti4xti 2.11



6 9
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&4nlt$@9~;7  N(a,r) C N[O,r')

2; Y E N(a ; r)

tw~aa& I)y  - all  < r

LWT~~+~ jy - 011 = I( [y - a) + aI

6 UY - all + IlaU

< r + I/a]/ = r1

Miu y E N@,r')

wi S 5N(a  ; r)

L%WlWi&d  S CN(0  ; r')

(2) duyn a r > 0 d+ S C, N(0 ; r)



,m _-*  . . ..J -.“-; (1)

;-(J  I2
2 (2) i

I2

i i_ _.._ _ ---

1 UA cl0 -r ( x 4 r

~WW&U N(0 ; r) c J1

IU)k,l ' ,0$Xksr

11)
'l,kL

(1)
x 12tk2x  l �

x 1;;
’ n

. . . ..(*I
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J2 = I12)x  ,i2)x  . . . x IA2)

16 a; ==l,u.b+{ a:’ 1 m = 1, 2 , . ..I

=g,l.b.{ b:’ 1 m = -1, 2, . . .)



pqjixq (Cantor Intersection Theorem)

rimunlvi Q, C R" tnufi

(11 Q, f @

(2)  Q,, c Q, Or = 1, 2, 3, . ..I  URLI Q, t&tdd



0)

X E Qk
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2 . 6  nrp&n  ~PlnJnn~uo~Ru~nold

CLindelijg  Covering Theorem)

&~~~~uaoslwtno'X~  (Lindelb'f  covering theorem) nqw@Jntdmdnnqwo~

%Jtw-turm  (Heine-Bore1  cwering  theorem) ~?~1tifi~~(lo~~r(u?rfbrplm

rlJM~U&  bxmpact  set)

(Qwuiil fiwunl~  S &Rn , EvC R"u&LFlun  f= {Evl  v E I)

S = (0, 1)

u& f = iE,l n = 2, 3, 4, , . .I t9utddnfquua4  S

tWTlZ;i (0, l,,\re/($ ;,
n=2
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LwTl~;l
6 6

x1--- < x 1 + - - -
2 & 2&
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lu,- 5'21 <
n

IYf  x31 < $
n

.  .  .  .  .  .  .  . .  .  .  . . .  .  .

lu,- -$",I <
n

1; Y = ‘YJ,  Y2’ ..a,  Y,)

(YJ’  q2+ cy,-  x,)  2+  .  .  .
2 52

2

+ ‘Y,’ Xnl ‘;i;;  + 4nL+  . . .
,s2

+iz

s2=
-z

= (b)2
2

LWlZ& IIY -xl2  -G  (;I2

WY
5

- x l <  T
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&un~-IL~a&?  N(y ; r)  cg  N (x i E)

In’ 2 E N(y i r)

12 - YH < r

Lwm’rh  12 - XII = 11 (2 - Y)  + (Y - xl 11

< II2  - YII + IIY  - xl4

6
< rf-2

h%4  112  - XII < E

z E Nh : E)

&.ifirno x E N(y i r) ?G  Nb i E) S .
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kVwfinq~~n~Pln~nn~u‘Laru - fu  LTR &4o1tYunqw&n  L&l

rlnn@urnotsrrJ  (Linde lof convering  theorem) unmqw&nua<?utm

?(UWRO;  CCantor  intersection theorem) lumrR&

1; sm = \3/ Ik Imti ma1
k=l



8 0

a = A a"- Sm) Iwr% m>l

WWI~& A, Rn- Sm tihrr%hlun

!Jr& R 1l%rJPldn ~'IM$~I  m>,l

s?nnqwllvnuR;7uuo-r~u~~~  (cantor intersection theorem)

w-G;1

A)

(IRop  A n (Rn-  Smo) = @



8 1

I 2 . 8  t&nlnn~uu~‘tw  RnI

&Xmtpact  Set in Rn)

QUIU 2,181 S C R”

,
:A-



m-p&m  2 . 1 9  n’wum?G s c R”

k-7 r =
X

lk+Yu



8 3

S  =\31Ntx,;  rk)
k=l

IHI r  rilus’uxGxd$nuo4r’ZIC1~ rl,  r2, .  .  .  ,  rn

G z E N(y  ; r)

IY - zJ(<r<r k Ftmfi k = 1, 2, . . . . n

LwTl~cl  HY - Xkj 6 IY - 21 + yz - XJ

II2 - XkW 3 IIY - Xkl - IIY - 4

= 2rk- I/Y - '1

>
rk

LWTlZidiU 2 Z Nb$, rk) k = 1, 2, . . . . n

zpl N(Xk’  rk) k = 1, 2, . . . . n
k=l

duao N(y  I r) n() N(xkl  rk)  = @
kc1

N(y I r) n S = @

ud YfS

LWTldU Nly j r) n S = @

h%~  y ldrb~nafmm  s

rf&aUnufG
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ax, - Yi  ’ llx,ll  - IIYII
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8 6

Lwr?Gdu IIY  - xl < Iv  - Xkll + + #Y  - XII

UY - Xkl ’ +- IIY - XII

1;  r = f ([y  - x1

1. Wfi@%  N((o,O)  ; 2) tilutd@lrda

2. wttluuniw  wsTan%uangwG~~lw (interior point) qmU;4uon

kxterior  point) qrnuau (boundary point) aa~tdn&l&

U) s1 = UX,‘X2)  1 0 < x1, 0 d x2, x1+ x2 < 21

(2) s2 = i(x,,x,)  1 0 s x1,  0 6 x2, x; + x’2  < 41

(3) s3 = {(x1,x2)  1 (x11  + lx21 < 11



87

(4) s4 - N((O,O,O)  I 3)

(5) s5 = t(xl,x*)  1 x1x*  < 11

3. rdfl'lutio  2 riYu~th~On~?0~PImCtn wl’o8.n74lH;npm

s~~Buunrwkm~elefh&  2
.

4. n*mwi&  s rilurdm  wFwmi7~7  a fh’munlHYtCfu~mRmuo4  S wQ0ls.i

LW~IS  twpln

(1) S1 = {cXl,x2)  1 x1x2  < 1) , a = (1,l)

(2) s2 = {(x1,x2)  1 0 * x1, 0 < x , x1+ x2 < 11 , a = (0,l)2

(3). s3 - {(x1,x2)  1 xl+ x2 < 11 , a = (1,l)

(4) s4 = {(x1,x2)  1 lx11 + Ix21.  < 11 , a = (l,O)

(5) s5 =
hJti&

N((O,O,O)  f 1) ; 1 = ( 7 , 7 , x )

5. 94Fqpv.Z;7tfa4  rdnlu  R” 1tfw1dntQn

dunD  ,(a,b) x (a,b)  x 6.. x (a,b),  r~urdnrQn
n n+r

6. qJudn~;i~plpluojqn;l~luuo~  R” rifurdnrdnlu R"

7. ni S c; R" wrrdn4;? Int. S r?h.muu?n (union) uo~rdnrdn

?ham4f,LJU~LdRUD~  s

&do udnvh 1nt.s ~~utolfl~Qn~‘Lw~~n~~~SuRir,olnuoJ  S

8. riwunl<  S C Rnr  T C R” rt4lqpa.i;;l

(1) Int.  S n 1nt.T  = Int. (s n T)

(2) 1x-k. S U 1nt.T  C Int. (S IJ T)

q~vn#?okdudm~~~ Int. (S u T) $Int.S 0 1nt.T
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***


