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1.4 &

n|E3te o] }Ee B o AAMBRE fFHsted, 2L & ¥5Y T
rgel B AAH nAL ujg} o MYE $E7 A4S e B
W Zzt 4oz HiE ot £xy oed AY FrEolR, VtEE"
&xe] Z7hgolth. wata 12 Wty gL, Ad @Y dwre et
= ywteg AAFD YE ROEZA, thA] Wt Hgd Y ESS F
7+ A7)8A @k e, AR S go] AT ol AL gdl
Mg Mde FzgozA o uE AWE FoUA @ maAA v
gte 3to] Ad WA duel HEHo=2 HEH F dEe AA HAH
LA dAE Art.

o] e WE /Mde s KEY AT ANew, 27t vEHE A
3 Aol o] FAHYT 2FAT AP AFo2FH {FAsE o2
AHe A nEdte BAG APAoR L2 FPH M) F3AE] HFl
T FE ZAGA ZEeA AHAATGL Ek

19M 71 2o olZ8 F:A|(Cauchy)?} S&e /Mdg AH&3te] | H &3
e Fo FAS ol8H 7|2E MEPT HEL ASFFE A A
stttk 19417194 2% dd 2 E(Dedekind)®] Aot} IAFAE AHEE F
AM9 HAH AolE T, 123 wo]d] 2HFETA(Weierstrass)oll 3l &
43 A% P9 e—5UL AREE T A5 YA FJE T3 3
Agte] A&7 ol FolAth 1 ¥ 1893del 2Ex(Stolz)7t thEs A
of Mg v EIEA APe =datda, 5 siAste] Wl ot 1911d
o =@ M(Fréchct)s 4138 FAHd(linear tangent maps)olgh= &ol& AH&3}
o ez N vES =H3AT

2



Tgro e 19029 AAEYSGRE HstE A oF T
a2 16-174 GASA =91stHh 1971d6] 29 G Fdolgde 1A
A #el7} o}M(affine) SAtol &J& HelZ wpym, SAte] FAER, F A
BEol AFZ E347 vebwth olel wet e e FAHel x4
oz 7} 2Ad AMoz Fojxuh 198299 Al I HF -4
YA st AFHAL.

olzElnE ¥FU TEF, AR, A, AP Fo AdH of| g
Ade d4A2 & Aoz FEA FH 9 HAdA Ao i A<
t}e 3} o] Azte 4 vhar 3t tHArtigue, 1991).D
1) A9 2uelA 2HE stzAER] g AE Avde JACHERYFE7)
o) Ee AMEEA] ¥R fFAHe i A AR AHEE BA).

2) AdlA ZH o]F9 YL e FHM(o] VAL 24 AYvie AT
A oz vew, fd w718t W2 AASHAR).

3) A oA Aol F&3] sty F AL Fuste HA GIE, gHejxy
= o] BA), T2 A9 WM FHE FUPS @ 2 Fio] He AU
4) Mo] ZANL wet Aol 2 o, FHAMS FF(E ARG dFH L
Z AR i, ol EHW gz #H).

5) AS) oA Tl i A 14 HAH Ay 2A B §9F 4¥ 24k
6) AL UehlE #49 AdAY E=@Fel 9sd 71&r7t Foid @ A
AE AYE AN (57t EAdga & 9).

nlAA A2 F5 fo x=adH EHFE GSH Zo] XY + UTh

Ho
s
>
K

D b7k 0ol Zirtel 7w, Llathl=fa) o 24

2) aolN FFE A AN BANYE o, A 1A F AT

1) 4A4:(1997), A etrel 71 x2MdH dFAE, Addda 287, p134~pl%s.



3) o8 FAoZ f8 F4Z AANG o, A 14 P AFEaZF=2E B
4) adlA foll Aste Y AR E B3 AT
5) adlA HA9 71&7).
6) 2859 R4S CuA BEY TEUHE e de T BT
7) 2HEZE 1EZ Sud BR &I (FaH AT WG JETIHE
#Ade S(Tal)e]l FFF v vl AL 95 %2 3} AH British
Mathematics Project®] M -3l A sjeista o).

227t W2 B5 f(0)9 78S AAsE iy WA afdn
qiojd. 2Ael geel A (x, y)olA HAY 7171 A F A3, 2
22y AL a28d 4 A 9o 23 FA diFd JHe ade A%
o) Z71e e AA}E BAL AR T TAG

nadolats AL @ woz BN o hA Gt W ZEE
AR B e R BEHog e FEolth

f(a) _ p(gal F@akel BAshs Aol 27

A DFNNE Qws g5 £ R-Ro 3ol x=aeRHAA PlE7Fsol
h) —
h

U o] 4 zAE EE 5 LR"-R™(n, mE % BF) o & A =
nE7se) ous EAsE Aol oAtk wA wEsbee] A€ nd
e Aoz gustd £ UTS AFALE Y8t VRS A
sgom, wEstse] oug isetHoz AWy, o Aoyt A e
T 2SAAAA AR Y 719 FARALE FIIAT

A MAAHAE T3oA Weld eErhse) Aol iy nEe 712



dz
A we stABol $¥e dE orPstel Av AHNY Mzstd BEa 8l
= A%oh wed, gREEe AR 28 fAdA 28 £9¢ 28N
Hela vjdstsel B E Agste FRsAc old@ FHe nEHH
T¥so] FAHSY Ed4 AYe uA odHT F AES hFo A}
@},

A VAL SAgE A4 dgol Fetma ohuzt e, Feh, Abel
o5 gEolold dFetizd nEsw wgAH viEel @ 2AHg A
ggol #EH0] AFsty NEo2 thFojdcr gt A2 WYALE
=@ vlEstse Ao o@ G NYsE Yoisd, NP @
5o B4Y M AR ANE A8 Sof HAHAL

A VAL RESE wsAel teE FHe 22 B g A
Jdg Wgx, WA dusd Mdez wIAS Pt RIS
HolAE wado] §dstA EAsE, dFolAW vlEEed PoAE
wyHe i A y=7(D x=edlA WHH 187 me
fo@<msf, (@A wold wAMel AW BAY FARFAY 0]
EAEE AU

WAe 2987, 5o nseta mgagas 2 =D L gao gl
A &



0. v&7beel 9y
1. DIE7ks

(49211 85 f:(a, =Rl UM, x=c € (a, bl st AP
@ LeRrol EA}A A
‘gJeje} 00l Whatel ol WEaE A 5500 EAMA

0<lx—cl<s, xe(a, &) A W ﬂ’—")c—:J;—(Q-—L (e ot}
g wzad, = 23

Yy

lim _ﬂl)_:[_(ﬁl

s-e  X—C
7} 2488, f= x=colA v3sH% (differentiable at ¢)&ch k3L, o] o
ZHRBLE x=coA f9 E&4(derivative of f at o)1 3 o] & 71 &
2 f(oEE Df(o =2 Jedn

=g, #4 f(a, DR WA, A x=c =(a, Hol WA

b EAE o, o]59 IS 4zt x=colM fo FHEYFF, FHEST
g1 33, olgg 7132 7t g #ol vEkdoh
f-(a, f.°(9)
F4 f:(a, H-R AM, H x=ce(a, ) W vlEIE3] A
3 Be2RzAL HcedA fo ALAEFF (0 FHETTF f(O7F

25 &AL £ () =F ()2 Holth



[B71] Ax)=4x, c=1°]g &t} ol
Fl+h) —AD=+h?P—1=3h+ @Br+h)h - ()
o] Ao e h—) W, 3k AVZ 0o JMAAAE FH, ARG
A ZolAA 00 7MAAAE (3h+ A)h o o2 "
weba] hotel wllME A1+ k) — f(1)°]H,
=0 o o] 2 FAY F UE Fol "k

oy LULR=L) _34 3+ 42)—3 (h—0)elch

mebal lim f(1+h;—f(1) —3 01, £ (1)=30Ith

g9l BrlelA (Bh+h)h=y(h)2 T2 H1)2
AR —F(D) =3+ 9(h), k02 ® LD g

oz yehd F it

o] owel FAYE 3rATY 272 09 JAYAE @3}, 3kl HIEHA
A 4 Qe AEZ FHolAA 0o AN E goz dE EAYLEA,
ol st Aol A0 weo e} o] Fsch weha e A
S ol FEst] wErtse Al dig o Ast ddT

[B221] &5 f:(a, b)—=R7 B x=ce(a, DA PIE&/IsE 2FE

zae A9e A% L% G5 ri(a, H=R7} EAs lim T —00]

3, RE xe(a, bl ddd fx)=f(a)+L-(x—a)+r(x= 3=
Roltt. o] A L= f'(c)olth
(Z29] =) 7 x=coAd "Esssdn gxn, 1 TFF () Lol



84,
A71M F&yi(a. )= RE

y(x)=f(x)—f(c)—L-(x—c)

2 ¥oW
llm—m = lim f(x)—f(c)—L(x—cl
x—c X—C ‘x—c x—cC
=limﬂ£);ﬂ£)——l,
1—c xX—c
=90
o] il

BE xe(a, b)o Watd Ax)=Ac)+L-(x—c)+ 707t BEFH
&) AGdLe R I FF r:(a, b)— R A3

Ax)=fe)+ L+ (x— o)+ y(0E wHARa 32
B2E xe(a, bl H3td lx@c_x(_xl —polnz

x—c

flx) = fle) _ i L= x—c)+ 7(x)

lim = —¢ 1] x—¢
= L+ tim 2L
=L
o] A Ygich
wetA, fE x=colA PlE7tsstn f(c)= Lot O

ol Al, A2 2.1.& A&t AFAMS
L-(x—a=7(0-(x—0)
of ZE8EA § Hx=colA nE7tse g &} 2ol ¥ F Ut



[Ae22] &5 F:(a, b)—Rol Watd 25 LA % 7 (a,
]
Fx) = f(e) + L+ (x— ) +r(®, (&, lim 2L

x—c X—C

2 wEY o g5 & Fr=ce(a, HAA PEFsThL 3
_/;:

olw 4% L=F(c)& “@5 /9 A colA ¢SS ok

2. 0|#Jksel Jlstaty ojn|

b)—R7F EA

&
£

Re22.2 nE7S HAE WY AF FFy=r(099 F A PAA

YHg zow

(2 1) ol#7Hse 71siety 2ol

)

[29 1] oA He ups} 2o

x> c, x—c=PR— +0

d o, A H Qe AA Pl Qi) AR M (secant line) PO =
PE FAoz HASHAAN FA9e A PN HA(tangent line)[™ 113 ¥



Ae FHAA ZAHM]PS o Fglol bl o

oldl, SRE& x—c9 f(oWe 72 04 7Y, QS¥ QREU T
w27 0ol 7t A 7] wEel A
022.614 WA vErtse 9n & AAH oz ol sty 4t

o] Aoe tMF FF f:R"DR™E, n, me ¥ AF), HEHFAA &
ZNA 14 5 e FAF Hol ATk oz o =EAME WErted
Ao E A92.2.2 A3t

*xFZ1) YEF F5 fR-RO UM ce RN vEIMsolEE A

f(e+ h}z—f(cl =f'(¢)

ot

i
A ()7t EARTGE Aol
@A¢ AYse gus oo e plEbsAde 398 4+ A €
L:R—RE LW=f(c)-h 2 AsE AYapdolatn 9 o, 4&
i LER—MO =P g 3)

g 43 FEth @Ae
lim f(x)_f(c)—f'(c) . (x—c) =

x—c X—C

2 ZAE 7 ded, old
f(x)—{fe)+f () (x—c)}=0
7t €t F,
fx)=Ffec)+ () (x—c)
ojc}.

2) R,C,Buck(1965), Advanced Calculus, McGraw~-Hill, p130.



#3, £ RI>RQ 2WF Fol thsiA Auud
z=f(x, )7} @ (surface)d =
2=f(x, W7t zo=r(x, y)oNA mlE7eolgtes R2
(3)4 ez EA A

. flx, ¥)—f(xy, )= Df (xg, o) * (x— x5 ¥— )
P A [(x, »—(x0, %)l

7 Ahske el &

=0

3L xy, ¥9) (x—xy)— 3f(xg, ¥)

flx, v)—Fxg,3)— 3y (y—yp) .

lim
(x. (%0, %) [ (x, »—(xp, o)l

geld F odS x, yoll B FF I 2= (9, y0)NA 0] £7}%53lch
e AL zp= (x9, w)NA &3 Zo] xFE wo|th

f(xg +4dx, 3 + dy)= f(xq ¥)t+ af(xg; %) dx+ af()g]): Y0) dy+e dx+e; Ay

@ g e dx, Ave BFOIL (&, dy)—(0, 098 W A% -0, e—0°]
He Holo.
z2=f(x, YAA 0=Ff(x, y)—2=S(x, v, 2)& ¥R

a8S _of 9S_df 9S__
dx 0dx’' dy dy' 9z lelz2

(x, J’)—'(xo , yo)%]_ uﬂ,

3f(xo ’ yo)

) (o 2 (o) 1z f, ) =0

ax

z2— f(xg, yo)=jf(%M (x—xo)+L(’3°}'7yL) (y—)

z=f(x0'y0)+‘(m?—;m (x_x0)+ﬂ(_’?_;ﬁ)_ (y=y) -——-4)

WAL z0=f(x,, w)E Avke Fd z=f(x, y)o FPue] A AT,



Z}Zf(xo. YC-)*a—f(%ojlgl (x’xo)*’gf—(?—;LO) (y— )

z9=Rxg, ¥o)

[22] A8 2ol (x, )= (x y9)Q W 717(open bal)E A3t =
Wz BGAAL o, T gt HHAY @At 1Ax, ) —F(x, o)l
weh o waA 0o PRz Fde 2t MWW zgte] 2A HY

0 | Al

2 %% o HceR"AA vjE/FEET @ o] ®,
heR”, f(c+h)—f(c)—L-heR"™
olo}, MYAY L D2 EASAL ‘fo colM =8 ' @
¥Eo APWP Df(c):R">R"S FZ71A dig FH(mxn FH)S
collA £ ofmm|(Jacobian)d "ol a3 f ()2 EATE F Ut d¥F
4 £R-RO dist f (e 1x13ZHo] At

- 11 -



DA(c)E f7 c2WolA Fold slem Bl # Utk TP F+
fiR"oR™O tatel f7b A9l RE FolA viRsbselw f7h AdA PR
7hgoleba gk,

a2l fiA-R™O dHA 7 AR EHSE of® A APelM ol
Hed W £ PEbsolga

[dE&Ae22] &5 7:(a, b)»R7F AH x=ce(a, b)AA vE7}sd &
828Rz AYe A Lt g4 k:(a, b) 2RI EA3A ljgnck(x)=0°l

i

I, BExe(a, b)ol ddtd fx)=f(c)+L-(x—c)+k(x)-(x—c)E
wEslE Aol o] A% L= f(c)olth
[£9] =) f7} x=colA wEssstda 33, 2 =85 f ()& Lol
%1
o714 & k:(a, )2 RE
so)-{y e T
2 Aoy
—L-L
=0
a3 x=cd W, k(x)=0
detA ZE xe(a, b)ol H3tdo
Ax)=fle)+L-(x—c)+ k(x): (x—c)
7 A E ¥

_12_



&) HG Le R F &5 k:(a, b) = R 7T A8
fx)=fle)+ L-(x—c)+ k(x)-(x—¢)
g w3 da AL

2Exe(a, H Rofol lim k(x) =00l=2

!

lim L&Y =€) _ L=+ k(x) - (x—c)

x—cC XxX—=cC x—C X—¢C
=L+lxi_rpck(x)
=L
o] Aydrt.
geld, fe x=colA "ENASHT  f(c)=Lolth ]

A
N
)
flo

[H§4223] §5 /7 Fx=adlA V€5 DL
ofd 5> 00l thetel HYW U5 L G5 R (=3, 8 — R EAH
flath)=FKa) +L-h+R(h)E wEste Aolwh @, lim B — g0y
(591 =) f7t x=adlAl Pl@sbssnn 3 2 S#45 (0 Lol
¥4,
=¢49 ool osa
‘Qelo] Fie ol kel e=18 HAY @ F& 8(=D7}

E A A 0 k< solH f(““‘,)z“f(“l —Ll<e=19]

A8 lim i@ijg(ﬁl = f'(a)ol T},

Ag71M g+ R: (-8, H—-RE
R(h)y=f(a+h)—f(a)—L-h

_13_



2 Reolsiu

=0 h A0
= lim f(a+h)—f(a) — L
h—0 h
= f(a)— L
=0

<) AZY AF Le R} FF R: (-8, 8 —RI EAF
R(h)=f(a+h)—f(a)—L-h

g wEuTn s,

. R(h) _
lim === =0 o2
tim Lath)—fla) _ . L-h+ R(k)
A=0 h A0 h
— L+ lim -R(2)
a—0 h
=1
o] A g%t

getA, fE x=adA U&7 f(a) = Lot

_14_



m. =&4e 71&43
2] ZEYAS APl W A 2238 Ao FHAT

[AE3.1.] &5 f, g:(a, b)—R 1, f g7t x=ce (a, b)ANA "IE7s3}
W frgE x=ce(a, b)AA vIBEE (F2g)'(c)=F(c) +g'(c)olH.
(9] f(¢)=L,, g'(c)=L,°le} 3A.

4 f7F x=colA | EIMSsER

A A5 L 950 (a, H—-R7F G 22 5)& BEFAN EAY
o
F) = () + L - =) + (@), (2, lim T = o) ———-5)

EF 5 g7t x=collA vEtsIRE
A A% L3 $5 9 (a) H)—R7F B& 226)2 DHFAA EH43
g(x)=g(c)+ Ly - (x—c)+ r(x), (&, iiinc_n-iﬂ =0) ----(6)
o714 (5) +(6)5t4
fx) £ g(x)=f(c)tg(c) + (L £ Ly) - (x—c) + n(x) £ r(x) 7} A&l
of W 5(x)trnx)=rx)z 51

A 2]2.2.0] o)A
(fra)(c)=LitLy=f (o)t g (c)7} At O

3) ¥ :(a, p)-RrOA WEte] A5 L3 B yia, b oR7E EAEHA

1) = £() + La-0) 470, (&, lim KL = g)

& UEY o P Hr=ce(a. A DIE7Me3ITHL Tk

_15_



[B232] #+/ g:(a, b)—ROIL, f g7} x=ce(a, b)AA PlIE7tT
&3A fgx x=ce (a, b)olA vIEI}Es,

(f&) (c)=f'(c) glc) * f(c) g'(c)olth.
[538] f(c)=L,, g'(c)=Ly°let 3A

g 71 x=collA viEtssER
AGe AL L3 5 7:(a, =R & 23 (g ¢FH3HA EA4
ct.

Yl(x) _

fx)=fle)+ Ly (x—c) + nlx), (&, lim = —

EF FF g7t x=colA viErtsnR

HGg A5 L3 5 7 (a, b)-R7 g 24Q)& TEdEA E430
gx)=g(c)+ Ly - (x—c) + r(x), (&, Li—rpcyx_Z(—x—c)-=0) ————— (8)

o 71A (7) x(8)3H4
fx)e(x) = (A + L - (x=a+nx)}Hglc)+ Ly (x— ) + r:(x)}
=f(c) g(a)+f() Ly - (x— )+ () (0 + L, - (x—¢) g(0)
+ L\Ly-(x—c)*+ L, - (x—0) rn(x)+ n(x) ge)
+n@ Ly - (x—c) + nx) r(x)
=f(c)eg(c)+{L;-glc)+ f(c) - Ly} (x—c)+ f(c) r:(x)
+ LiL, - (x—c)*+ L, - (x—0) rp(x)+ n(x) glc)
+n(x) Ly (x—c)+ n(x) rx) -——————-=—- 9)
ol @ f(c) r2(x)+ LiLy - (x—¢)’ + Ly - (x—¢) 72(x) + g(c) n(x)

+ L (x—c) n(x)+ nx) rx)=rx2 ¥4

_16_



(9)4] 2 fx)gx)=f(c)glc)+{L, -glc)+ flc) - Ly} (x—c)+r(x) &
vebd 4 gl

A @ @AM tim L& g,

x—c X—C
lim 22 =0l
. _ 2
i LD 11 G
= L1L2 -0
= o]gg
lim L2 =0l
Aol 229 934
(F&)(c)=f(c) glc) £f(c) g'(c) 7} At 4

[(Aa33] #5g:(a, )=RF  Hx=ce(a, D)AAN V78

g(c)+ 0019 %—?%:(a. b)— R AA Hx=ce (a, b)olA Es5sT

dyviy— —g(c)
(g) (o) = (2(0) )2 ot}
[%9] g'(c)= Lol &AL

¢ g7t colA mjEstEsER

H@ A5 Lo 57 (0, - R TS 20 BHAA

iy

A gk,
g(x)=g(c)+ L+ (x—0)+7(x), (2, lim ZEL )

xX—¢c¢

z79 9

ikl

Asha

_17_



— 1
gx)  glo+L-(x—o)+r(x)

1 { o) ]
glo) | glo+L-(x—0o)+r(x)

__1 {1_ L-(x—a+7rx }
&(o) glo)+L-(x—o)+7r(x)

1 1 [ L-(x—a+7rx) }
g(c) glo) | g(a)+L-(x—0o)+r(x)

_B+C _ B _
A+B+C-ATX=" 2

AB+ AC=AB+B*+BC+A*X+ABX + ACX
(A2 + AB+ AO)X=AC—-B*—-BC

x—_AC—B* ~BC
A’ + AB+ AC

= A9 My oA
A=g(c), B=L(x—¢), C=y(x)2 ¥2HW

1 1 L _
20 - Zo g &9

1 { A —L% - (x—*—L - (x—¢) 7(x) }
&(c) (g +g(c) L (x— )+ &(0) r(x)

o 1 AR —L% - (x—*—L-(x—0) r(x) | _ =
R Ol BT Cr v R s R CR

ZAXR)—L? - (x—* =L - (x—¢) y(x)
im 28— 1 e {g( O +8(c) L+ (x— )+ g() ®x)

x2c X—C C) xe x—c

——1 im g —L% (x—0)*=L-(x—¢) Ax)
£(0) r~c {g(0))2(x—0)+g(c) L (x—)* +g(c) (x—0) r(x)

_]8..



g(c)—;i_l%—L2 “(x—o)—L - y(x)

~~ R I T 0 L G— 0 T K
x—c C C, X—C C, X
=0
olnz
Rej2.2.0] © sl
By =~k = T U

*AR) g0 Ly =1 (% gn+0°lnz
Ae)32.9 ¢ste] FAL xol Hhate] mEs
(o0 i) =80y e (Ghgy =0
gN#00 22
(_1_)'=__g'_(£)_
&(x) {g(0)}?
[(A234] @41 g:(a, ) R7t Hzx=ce(a, bAAA V&7,

g(c)#00]™ fé}-"r“-—i:(a. b)— R AA] Ax=ce (a, b)olA v]E7bss1

£y f(c): g(c)—f(c) g2'(c)
(g) (o) = (g(e))? olt}.

(=] ({é)'(a — (/- by@oez
R23.2.0 o)

= 7o) Ler+£er- Lrco
A 2]3.3.9 9]s)

_19_



—g'(c

{g(c))?

_ f(c)-g(ec) = f(c) - g'(c) [
{g(c)}

[(Ba35.] &5 f:(a, &)= R, g:(p, )= RO, fE= Hzx=ce(a, bl
A wEEEa, ge Hy=d=f(c) e (p, @A vIE7bedtta &
g-fe Hx=ce(a, )X "E7tsda, (g°N)'(c) =g (f(c)) f(c)
ojt}.
(9] &5 /7t Ax=ce (a, b)ANA V&=

fx)=f(c)+ L, - (x—c)+ n(x) ——————=-——————=--—= (10)

anA tim 1) _ge: L = £(c)eleh

—c X—C
B B g7t By=d = f(c)e(p, )N vlErtestng
g(y)=g(d)+ Ly (y—d) + r(y) —————=—————=———————= (1D

ANA lim T2 —ge)m, L, = g ()l

g fx)—g- f(c) = g(f(x))—g(f(c))
=g(y) — g(d) [ y=f(x)]
=Ly (y—d) + r(y)
=Ly - (f(x) — f(e)) + r:(¥)
=Ly (L - (x—c)+ nx)) + r2 ()

=L,L,-(x—c)+ Ly - n(x) + ro(y) ———-—- (12)

. n®» . nl) y-d
283 LI—IR: x—c L’inc y—d x—c¢
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72(}')

lim f(x)ng((:) (... !‘l—gly=d)

=]y]—r'r}i y— x—c
=0xf(c)
=0

A2 WA L, n(x)+ () =L; - nx)+ rn{f(0}E rix)z
33
g f(x)—g- flc)=Ly L, -(x—c)+ 7(x)

2 g7 Liinc—l(ﬁ =00°] A3t}

x—c
A(10)AM L, = f'(c),

AADAA Ly = g'(d) = g (f(c)olB2

(g f(c)=g (f(c) f(c)7F AUt O
xZ3)  z=f(x), y=g(z)7t ZZ  x,z°ol #BE PRI

y=gfNE PlEsee, D=L Ly gojy nEHYE]

$We) d® ks At ANY AFY & Yol AN WAE FAY,

4 nsetw Bl 3¢ uy 2L = 2L A= hgse 3

Pata g, ol Re YubAH whgo] oyata Rk sy axe 59
M52 xo) FROIEE 00] ofd & FolAw oo WF 29 FE AzE
0ol B YE A7) WEolth az=00] s A LL =1L 22

£ ¥¥o| B7bssit
FHTFg-Ffd =qFE g9 f9 EFFEY w34 Zoe grjo. o
AHd L mREAAM F8F 2 F9 duoln oL =] WIHEE 3
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qaa Adolsist AolAeiet 2ok Lg zo qu yuneR, FE «

of g zuste, Lg xol oY yAHEE ¥ W, 0D 7k 29) 39 W
272 Watn, & 29 4v #2712 WA b xo) 12w warl2 A
doa HNE & U

debd o FPAAL WY 2 oldgol gol RERE Sl =
dd= F7t ddtn Eoh

[(A236] &4 f:(a, &)=R7t Hzx=ce(a, H)AA viE/tssn F3t
(a, BYNAH Z7/HEE Z2)E /(1 (@N#0Y € Hdef((a, b))

. -1y EAqsn (F ) (@) = -
oA disted (fT)(@7t 2ASE (F7)(d) = =gy o1

(&, fle)=4d)
(9] (o)=L olg 8m, y=f(x), d=f(c)2t A
g5 7} coA uE7MssER
AGe A5 Lo B4y (a, bR T 2AE WESEN SABT
f) = F(e)+ L~ (x=0)+ rx) (&, lim LEL —0) —-—— (13)
oA, A de f((a, )7t f(fH@N=F(c)#0& AFTGI A
4 7} FIHEE Za)olng, f9 d#F f7':f((a b)) RIE EAFH
3 fle d%o] Ho] yodold x—colt
2](13)°ll A f(x)=f(c)+ L (x—c)+ r(x)
y=d+ L (x—¢c)+ r(x)

x—c= —]1: - (y—d—7r(x))



x=c+-% -(y—d)——}: - 7(x)
I =D+ + =)= ()

A7NH == (TGN = 2()F T
lim_?_(l)_ = _ . limM

1
yod y—d L y-a y—d

Ao r(x)
L lﬁ—qlf(xf—d

-l o r(x)  x—
L lxl—roncx—c f(x)fd

1 0. tm—XTC
= - 0 lim—ry—g

1.
L% 7o

meb £7G) = /TN + by =)+ )

=f(d + (y—d) + 2(»

1
£ (1))
agez Q9220 93

fle £ (UNE) # 00 2ZE AN plrbest,

-1y _ 1

[B7]] &4 fR—>R7t Bx=ce RAA vENEEL f(x)= sinx¥d 9
f'(c) = cos colt}.
[F9] f'(c)=L ol= &AL



7 cdM mETsReR
A A EA ot

—Z-(L)-_—:(])

H4ge ASLH g5 7 R -R7F ohg 2AS
-
(‘.,Ll_rg x—c

fx)=f(c)+ L -(x—c)+ r(x)

sinx—sinc= L -(x—c)+ 7(x)

u} 2} A
2 cos x;c sin x;c =L-(x—c)+ r(x)
sin x;c
xt+c _ r(x)
2 cos ~—c  — Lt y=¢
. X—C
ox Logxte 02 _ gy r@)
2 2 x—c x—c
2
- XxX—C
sin
A7A lim L&) —gol3, lim ——4— =lojng
x—c X—C x—c XxX=C
2

L=cosc % f'(c)= coscolth

9229 &AM



V. A3t ZAZL

4 FoM 713 3ed F4E AAFFRYFHT & 7 A% cE
Tste o" PN Fodd FFE 2} AL col FEI IR 28l
A AR22.9 BAGA f(x)E SAAIIE HFFFE AA5AL

(23] AAS Zo] 2 adZ= 7t (HBH) 2 /Mg G 2
& #3 Qi g Fold 48 AFFFZ ZATE AL - 24
At @ RolRE - AHo2 4Ty 41 {83

[ 29 31 y=f(x)o vYst

[}

y=Rx)

/ AR L (-0

Q2220 93d
&4 f7b collA wlEvHssida & o
f(x)=Ff(c)+L-(x—c)+r(x) (&, L=f(c)
AA x—cd W flx) —f)BET y(x)7t © wmEA 0o AR ER
fim 22 = g o]},

x—+c X—C



I o]l ZAY o2 YEld F Ut
fx)sfle)+L-(x—¢) -——=——-——m—-———mm——m - (14)
(1948 $RL 9 AN Ax)E AT x99 dags7E Hed
(L=09 RE A& & gomz A¥IE (D9 8L ‘Yatolste] 'orh) 7]313HA o
2 Aztstd AR (149 vl ¢ FE3| e 2WellA fo] aHZ}
2 Fde S8 H2d d&S& dEda o
(1932 Jegd 3 (e |x—cl7t FE83] ol [Ax)-f(9lxt
4R FE ol €& ndd. 3] L#0018 (1HH2 x—c9 wi¢ 22
W xol @ F@e dEfx) - flo)e SAHHLE x—cdl vHAG=
%ol 94
(1DAE o 2WAA fo HPIZAbgkeoldt dtai(col e xol distd
y=f(x)9 2A%ez A (¢, f(c))AM AL ol &ste Aol AnHoIr})
ojuf, (ol aAZE HMolth
y=f(c)+L:(x—c)
€ coA f9 d¥ste g
*%F3) Ak A HEe nTsE RSHPe TPz vs IH
&2 goets FAEL 7| H o uEsHEE g S HAN T
#& rdol =¥ APE ZE ¥@EY FIEALS A= 94E MR
F UAgda 2o

[2714.1] c=0°14 fx)= V1+3xd AYsE Fatdgdet. g o]d
dgsts Ay A Tstxm, V1039 SARE PFateld

1
[Zo] £ =(1+30 7 9 E%FE f'(x)=—37-(T:W olmg

_26_



FO)=1,F(0)=1°lt}. 4
y=f(c) +f'(0) - (x—¢)
A o REL WA WY
y=50)+f(0) - (x—0) =1+x
Ay A W1+3x=1+x0lth
et WV1.03 51+0.01 = 1.01°] €},

®Za) HI)AM =0 o tF 2AE =0
lx| 7} &3] 2E&
f(x)=f0)+f(0) x ———————————mmmmm (15)
i) f(x)= sinxg A f'(x) = cosx°|iL
f(0) =0, f/O)=1°2=2
2(15)el & x7F 0l 7t7AE W sinxsx 7 A
%, sinx 9} x9ke] A= xAA M3t W FL2 o] Hol, x7} 00 7}
79 A o AL FAR £ A Hel 3o
i) flx)y=é& —12 3 f(x)=e"°ln
£(0) =0, fF(O)=1°]22
A(15)ell && x7t 0l 7t7HE W & —1=x 7} @}

i) f(x) = In(Q+n e 3 () = Tho ol

f(0) =0, f[(0)=1°]2=
2(15)°] g8 x7F 0 7h7hE W In(1+x) =x 7} @t

(% sinx, &, mx9 EFFE 7 o, 712U FF22A o]y



—l=1' limm—l

. in . e
lim S — lim
x—0 X x—0 X x—0 X

Qe o g o FFE WMAIE 9 ZAAE dA d4)
iv) f(x)= sin(a+x)2t A f'(x) = cos(atx)o]i
f(0) = sina, f(0)= cosacl22 215 s} x7} 0 7t7& o

sin (a+x)=sina+xsina 7} |}

[2714.2] %=2, y,=8NA z=FAx, »=VIx>+y*9 APgg Tzl

= (1.9, 8.1)9 2AgkE T-8teizh
[Eo]] fo xo B HEFF<

0 — X
FrRAGT y)-molﬂ'
£9 yol B HEYFE
o9 - .
3y f(x, ¥) 79—"2%;2'01#&
_a_ 26118 pead
L ) £ o Bgiai ) olct.
2414
2= fx, 9= M, 30+ Ly S, %) - = x0) + 5 fxe, )+ (3= 3)
of o] gkEg HYsA B 3}=
222, 8)+ - f(2,8) - (x=D+—2, 72, 8) - (5-8)

- 18 (,—gy4 -8 (y—
=12, &)+ B -9+ E -8)

A1.95, 8.1)9 A8 AL 10+J§( 0.0+ (0 1) = 9.999] c}.



1. 4o o2, g2

% A Pa, f@), B, f(AE A& AU WA
y=f(a)+~ﬂ%:—§(-‘—’)—(x_a)

2 FolNmZ, 73tla, A(EE (8, Do) NI AAe] FA y=F) U
o olfZo] wolglA WL AL e<x<BEE f<x<a)E VHoHE U
o xol st R54

) <fa)+ LE=LA (- a) oo (16)

7 d-she Aol

[ 27 4] =Meo| olaz w2

_29_



%, A y=Ax)7t 73 (a, YA ofAR2 BFolzt F& T (a, Hel
&3 doo MR gE FF o, 89 2 Abolddl 3= F99 F xol Wizt
AAY F5216)0] AHEE or e

At w2 P2 (a, Hol F3= dd HE BE FFe, g9 2 Aol
o Ae oo Fxol iy, 52

@) 2 f(a)+ LEZLED (5 g)

7 A" JA y=Ax)7t 73 (a, HAA A2 EFolg I

oM 4= =4 ¥ou

a<x<B(EE p<z<a)9} 0<i<17} FX7} "t
x—a=A(B—a)
x=(1-A)a+is

weta F-54(16)

L= Dat 2B < @ +5=g Lf(B~f(a)]

= K@) +ALF (B — ()]
= (1= D) f(@)+ A f(B) === (17)
2 vebd # ok

ool et 8% WY RS T 2ol MY F Ytk
[R95.1] ¥4 £7F 73 (a, DA ohHA2 2 S (convex)olehs A e

429 a, f=(a, Hl A 0<i<1E TF3= F A0 3o
fIA=Da+ifl < A-Df(@+if(H 7 BEToh



®%G3) F5HANDANAN 1-A=pel ¥o¥ Bt A 2 7% &
7t ok

Apa+ip) < uf(a)+A1(H)
A71ANA p, A u=20, 420, p+i=18 HFde J9go Mot

[(Ae]5.1.19 &5 f7F F3 (a, b)olA otdfz EFo]a,
f() = f(x) _ fly) = f(v) o)},

uU— Xy Yo — U

alxg<vyy, % usy,<beold

t}& A2+ Principles of mathematical analysis,3rd ed(Walter, Rudin#])ell
AFEA(pIODE HHEH - ¥z TIA.

[(A252] &5 7t #3 (a, 0)oA BEZ2EFY o, f& Tt (a, HAA &
o},

(53] ¢ pe(a, D 34

olgl &% =38*(p)>07F EAsA [p—0", p+871C (a, HE WEHFT}
ulof p—8* <x{ply<p+o* ol f7} (a. b)ANA otz B 23}7] ool

D) —f(p=0%) _ Ap)=f(x) o f3)=F(p) o f(p+8")—Ff(2)
p—(p—8%) p—x y=p (p+8%)—»

£ &g =3

M=max{ lf(ﬁ—g&ra*)i ' lf(p+a;‘*)—f(p)l]+l

& g o @, dele) >0 dated §=min{; . §*Jol Mt

4) H, L, Royden(1968), Real Analysis, Macmillan Publishing company, pl13.
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whoF < |x—pl<dold
|Ax)— D) < Mip—x| < Md<e
g T3
getd y=fx)E (a, b)AA dFoI4. O

el At @ nSshE Fotugadel ¥@Hol ®e] tFeixx
w, Azgel Aee Jdwsd dIHges T@sel 9N Yok gzt v
AR e HYRAs olgst U AYE FYsty Qed, o7l
AME Bz BB olgsel FYHuA k.

[(A253.] 5 y=,(0) 7 7 (a, b)AAN 2A=FFE 71 o f7F 73
(a, b)oIA otz E22% PRFFZAL Y99 zx=(a, bl
£ (x) =00l

(3] =)¥99 xe(a, b)ol tstd 7 (x) 208 HolHd
alx <y <6 W F(x)<f(y)E TH3E drh

oAl alxy<vly;,, x{u<sy<bE A<sd

Ag5.1.0 2A

fQ)— f(xy) < fluy ) — f(v)

e A (18)
u—Xx Yp— 0
7t A ggid
B S (m)=f ()= lim Lo rn) (“L:’;Ex")
fv)=,"(p)= lim &;[,)_:'S(—vl _____________ (19

2(18), (1NNA £ (x))<f (¥5) 7t dTh.
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) KyE WF3}e A9 x, ye(a, HE AYsa 73 [0, 1]
A AgHe B es
g=FIA-Dx+ Ay =A-A)Ax)=-Af(y) -—————--—- (20)
2t &t}
(1=Ax+iy=t (&, x{ty ) -—————————————= (21
g T A420)& o Zol Yepd £ v
g(A) = f()— (1= fx)—AA(»)
=1-DfBO—fD]-ALF (- f(D)]
B e oA
LO=F@ _pr) (&, x<c<t)

t—x

LDSD @) (@, tcdcy)

olm2 A(20)&

gA)=1-Af (a0 (t—0—2f (d) (y—¥)
= A VAVE B

t—x=Ay—x, y—t=>01-D(y—x)
olmg, 2200

gD=21-2 -2 f()-210-D(y—x f(d)
ojt}. add 999 te(x, y)C(a, bl 3]  fr(H=200]E2=
F<f (7 AYsta, 0<i<1, y—x0°/=2=

£(DH=<0
7b @d. w2bA
IA=Dx+2y]1<(1 - A0+ 1A

olt}. O



[¥7]51.] &5 f7F FHI00A otz BE2Y o
Iol 3= A F xp, %3, - X, F Ht bttt =1,
120, (20, - 4,20 Y99 F ¢, &, - .t W3} F54
At x+ txy+ o+ 1,x,) < Hfx)) + HAx) + 0+, f(x,) 0] AEET
(] t,=1°1"8 ¥¥ 2% f(x,)0l22 <1 32 AdHez FHF
c}.
554
iz + g+ by 1 x,) < B F(x))+ B f(xg) + o+ by fxg-y)
o] d¥gtta 7+ 3L

$i= ljun (1=1,2,--,n—1)

o2 sl

tl+tz +“'+tn~l
1—-1¢,

81+Sz +"‘+$,,_1= =1, 51‘20

olmz, 7} o8

fGsix +spx0+ -+ suo1%0-1) < s1f(0) + 52 f(x2) + - + 501 f(0-1)
o] 4Rt Ao7|A

(hxo+ xgt+ -+ tx,) = (1—8,) (510 + S92+ - + sy 1X01) + %y
Ad st st s, ke =2 Fod
f7t o2 BEolnz2

A+ g+ o+ tyxa) < (1= 1,) A + 8, f(x)
< (1—t,) {5, f(x)) + 52/ (xp)+ o + 5, 1 (201 )} + . f(x,)

= tlf(xl)-{-tzf(x2)+---+t,,f(x,.) D



2. WM

i}:;:g] E, B2 A My HAHY dvsd Jide® mEE
59 AE7IA] E£gst= w3 M(supporting line)S AHH M.t}

[Re5.2.] &F y=F(x) 7} T3 (a, b)olA olAZE E5F AFx=a€(aq, b)
of| A
f(0zm(x—a)+ f(a)

e

nEEg o, AAM
y=m(x—a)+ f(a)

E y=f(x) 9 x=aolA W H(supporting line)°]et A 2] g},

& TFy=fx)7t FT(a, b)AA A2 EEF B+ x=acs(a, b)oA
f()<m(x—a)+ f(a)

Lot

A o, A4
y=m(x—a)+ f(a)

E y=f(x) 9 x=adlA WA A (supporting line)e]z}t Fc},

& AA5204 FEHol Fol XFHE AL F FF ()7 7T
la, b]oA ol#2 BE(LE)F A x=aclA

fz2m(x—a)+ (@) [ (D<m(x—a) +f(a)]
HES o, A

e

y=m(x—a) +f(a)
E x=aolA y=7(x)9 W AMole} 33, x=holA



F)=m(x—b)+£(b) [ f(D<m(x—b)+f(b)]
2 &g o, AA
y=m(x—b)+ f(b)
o] x=bodA y=F(x) 9 W@} Fr}.

[(BE54.] &5 y=,(x) 7t 7 (a, b)olA otz EBFolx, 73t (a, bl
A PV W, 999 x=ae(a, b)olA B 71&7E f(a)olH
[F8] y=7(x) 2 x=a°lA H9 BHHS

y=f"(a) (x—a) + f(e)

]

2} sta F g
gx)=f(x)-f"(a) (x—a)— f(a)
2 Fod g (0= (0 -f (a7} 2.
a2 y=f(x) 7t 7 (a, b)oA vIE7Hedta, opHf2 EFong g
7t S7h el
¥A g'(a)=0°]3L
x<a o8 g’ (2 <0,
e old g ()20 ojER
y=gx) & x=cdlA Hi7} @t}
%, A (a, A) °19ddA 9 F y=fx) = 2 FA8T AFe] AT
w2} A
f(x) 2f (@) (x—a)—fa)
7t 4 g3t
y=f"(a) (x—a)—f(a)
7t x=adlX y=f(x) o L3 Mo] At



wop x=aolA] ThE WA
y=m(x—a)— (&) (< f(x))
ol Ytz AR sa
Z m#t (D2 )
i) m>f (@4 o
x=aold SHEGE £ (@)E

fr@= lim A%_zgsl (e =)+ £(2) = f(a)

xX—a

olm2  &H07F EAEY Y x€(a, e+8)l 3t
f(xy)—f(a) ) m(xy —a)+ f(a)— f(a)

X)— a Xg— a

7t Agdct 28" gy —ad0olBR

Fxg)<m(xg —a) + fla) -——————————=mmmm—m
7b €t
i) m<f (g o
x=aollA FLEFF f (o)

@)= lim LE=Lla),_ mz=a)t Ka)=fa)

X—a
olm2 07 EAslA YA xe(a, a+ )l U3
f(xy)— f(a) y m(xy — a) + f(a) — f(a)

X)— a Xg— a

b Adgeh ad8d xy—ed00]B2R
fxg)<m(xy —a) + fla) ————————=———————mmm

7} "o
i), i)dlA  21(22), (23) 25 y=m(x—a)—f(a) 7}

_37_



x=aolA y=£n) 9 BAA ( fWEmx—a)+f(a) ) olehs Aol =g
olt}.

g2A Al 7187E m=f (a7t Brh

GAl w4 vlEbed W BANe §U8E 1 Aol WAe] Bk [

X)) B2 g5 vEsked ek itk aed A2s.2.6 ojsta w
EA Aotk Wk y=f(x) 7t T (a, b)NA o2 EFQ] Frd o

= Ax)

-

a X a X

[ 5) & 2ol y=fx)7t T3t (a, b)A oAz EBZFoli, x=aolA
& Ert5 ol 3hAal
agla t=ae€(a, DA y=AH 9 A&
y=m(t—a)— f(a)
2 & o
i) alt<bold
m(t—a)+ fa)—Aa) o o LD=F(a) () —f(a) ——=(24)
t—a

t—a 1—a+ x—a

m:

NN m(t—a)+ Aa)<f(H)7} 51

i) a{t{aold



ﬂ) [( @ < \im f(x) f(al m(t—a)+ Ka)—Ha) _ ———(25)

x—a— t—a
AN A(H) 2m(t—a) + f(a) 7} BT}
2](24), (25)91A f-(@<sm<f, (a)
agla fo (@) F fi (@0 B=

x=adld BRAE F58 wet

[EA255] y=f(NE a<x<bpildA Hod d&EFFoln (<0
(a<x<b)olgt A T4 y=fx) A H (¢, AD) (a<t<h) AN EHA
g y=g(x e & o a<x<bolA g(x) 2f(x) ol

[27]52] 999 FF 2, x5, - ,x,00 diste] g FEAo] #F AHH
& F9Hstoet

x1+x2+ +x" > nm
1.4 X}

n

[Z9] d29 %5 x,, 23, - .2, 71FHFE Wax x, - = Ge} 83

5P y=e o 2RTE HAHA,

Aol o g zol 1 VAN WAL RO Feju
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o] R o]

X

(27 6] X585 y=e Cof wan

v
y=e_G y=%x
e
4
0 ; : >
X1 x2 - G Xn XV
LdHE AYez x=0, y=0% dYsA
t i
O—eG=—%;- e (0—1t)
dAl t=G o]t} age=z y=—(e; x 7} €t
e
e® Z—Ce; X2
e_éz—é Xn
< W7e F3d
e® eC ..o > (_Ce_; x1) (—é xy) (_(e; Xp)
Lo +xp e +x) n n
G > % (xl Xg - x”)z én (Gn)zen
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Lot ta,) 2n
SER T
ot .+ —
X1 X2 Xn > G= n Xy Xg - Xp

n

7t B4 g

[27]1563.] 499 A= ay, az, . aq, by, by, -, b, 0 W3S

(@1 b1+ azby+++a,b,)° < (&b +ad+-+ak) (B} + b3+ +8%)

dE T
[%‘%] 0:19’]9’] }‘::-_]')1: a, az, ***,Qy, bll bZ- ""bnoﬂ EHS}-Oq 5&%

(@ x+ 62 +(azx+ b))+ +(apx + b,)220 ——————-

olmz  A(26)
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< Abstract >

A Study on ‘Differentiability and Convexity

of Function’

Kim, Guen-Su
Mathematics Education Major
Graduate School of Education, Cheju National University
Cheju, Korea

Supervised by Professor Ko, Youn - Hee

In this thesis, we define the differentiability of a function using the
linear mapping in order that similar  differentiable statements hold for
function of several variable. And we prove the basic differentiable laws
by means of the new definition of differentiability. also we find the
approximate value of differentiable functions at partial points using the
definition of differentiability that we define.

On the other hand, we define the supporting line of the convex

(concave) function, which is a general form of the tangent line.

A thesis submitted to the Committee of the Graduate School of Education. Cheju
National University in partial fulfillment of the Requirements for the Degree of Master of

Education in August, 1998.



A

B =Ro] fAH7IZAA vpma sheHE WS AIZEE ejsto
AA A AEstd FA AZagd & g HEe 2AdE
bR lol s FA Fota g, Fwe] RE ufdA AP
AA =Y

E3 A FAE e M2 gX&i FEE ob7A &% d
e S/94e HEs sy AP oEg HANE g
ARH L A 5 YEE WAsteg F2 AALAATF L A
ANEE v FE g8 AAEdH B FHe §718 A 2
EAE A E E¥YGH

a8ln B oE g HoME Bds Qs ARe WxAE
oldl, ety YLAF AL, B, AAE A8 FF dAUHoE MW
Am FA olvd, FRYAE ZAE =Ev xavkd 7ES @7
Wz gy

i
o

19981 A&

a2 5

|

=



	표제면
	<초록>
	I. 서론
	II. 미분가능의 의미
	1. 미분가능
	2. 미분가능의 기하학적 의미

	III. 미분법의 기본법칙
	IV. 선형화와 근사값
	V. 함수의 오목, 볼록과 받침선
	1. 함수의 오목, 볼록
	2. 받침선

	VI. 결론
	<참고문헌>
	<Abstract>
	<감사의 글>

