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Nonr— 7, eRY. nm

2 LA ZOERAR VAW S 05 h D LR,
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AR 143 fAIZRTT-DDOFEN { }IFEEZRIFIMEBIIFE TS, BERITES DD
THHIEITHFERELES, R O8I LTI

{1,2,1,2,1,2,...} #{2,1,2,1,2,1,...}
THHH, B LTIX
{1,2,1,2,1,2,...} ={2,1,2,1,2,1,... } = {1,2}

ZOMBbLEEBRT 272010, HHIE (2,)eny D& BREETRL TV IR H S (EED
H Y Z OWBIF EROED, BALGHSPHIREOT, COBRTIHEDLL), =

AE 1.4.4 RY OfHBH 220D Zeid N HOERIRH 2, WS e ThHb, OFD
Z, € RN ol %

Ty
B 5"
Ty — X
2
rELZIZT AL,
{2} nen {25 nens - {20 Fnen

EWd N HOEBINGEoNS, =

; N
EE 1.4.5 (RIIOPER. #ER) {Z,}nen Z RY OFFL GeRY E T2 F,
WJ%NﬁaKW§15%§gnM%—mzo
Dk x
lim 7, =d
H BV
T, —d (n— o0)
ER R
rEX G EREY {Tlen OBER (limit) 2PER, £ TE5] {7, }en (EUNRF
(convergent sequence) TH 5 J, MR lim 7, BFET 21, £dHW I,
\ J

AR 146 (1) N=10 =3 'Rl =85 THH., PO, MRRE WS SEIERS
2, WEDP—HT 20T, RBilIFEZ 5420,

(2) &N FikE I,

(Fdnen B3 @ WCIRT 2L (Ve>0) (U eN) (VneN: n>0) ||T,—d| <c m

15



- N
i 1.4.7 (RIIDUCRIIH S C e IcEZ UK V) RY ORI IK, &5 DIES
BHNDOPCREFETH 2, 2% D

D I S I I
Ty = i , 4=
:1:5\?) an
eBLlL.
lm &, =@ <= $RTD i (1<i<N)ZOWT lim 2\ = a;.
n—oo n—oo
\_ J

COMEDFEIE. FED ye RV ISR L TR D IORER

N
e |yl < g1 < 21: il
1=

Zy==2,—adlEHL~

n
max |x£ )

i=1,2....N —a;| <7, —d| < ‘xgn) —a1| + |$gn) —ag| + -+ |$§\77L) —ay|

VAU BICEEIA T X %,

Y51 .
AN
(n) lim zy"
x
lim 2 o
(n) . (n)
x
W\ e

EWVWH T TH%,

5l 1.4.8 FneN LT

£3s¢L

RAHNDIHIZOWTIE, BHIDOICR L FREDZ DD D 7D, G E TuWL { D07
ZLTBL,
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'FIQI'IELE 1.4.9 (*Ds ZjJ a_ﬁiﬁs W*ﬁ\ /)LL\O)Eﬁ’E) RN @ﬂ_iﬁu {fn}nENa {gn}nENa
EREN N e D5 WTRBINHIITH B & X,

(1) lim (Z, + ¥n) = lim &, + lim 7,.
n—o00 n—o00 n—o0

(2) lim (\,@,) = lim A, lim &,.

(3) lim (Z,,%,) = (lim &,, lim ¥,).

(4) lim ||7,] = H lim &,
n—o0 n—oo

J

e R
HE 1.4.10 (INEFIOERME) RY OIHIZERTH 5. T5DB {Fu}wen 7 RY O
ILEHE 72 13,

dM eR st. VneN |7,] <M.
J

N

~
i 1.4.11 (BRO—EM) RY OIRFOMRIE—ERNTH 5 PRI /Z7E—2Ld
AQTAY S

N J
[’fn‘% 1.4.12 (YNRFDER5ZHNIFINFRF) RY DUCRINDEREDFZHNEICRANT D %, ]

1.4.2 Cauchy % ¥ 5Ef&tE

FEAT TR, BRA 72D O Z SRR O THfR) & L THROWET (ZHhDBETEOLTDH
5, LWORANZHIRE DD EITH D), BITHFITE o T, MRVEILET 2 Z & 2Rt
T EEMIZIFEICEHETD %,

ZOHETIE, TRY AD Cauchy NI FTHIRZH>) w5 EH (RN O5EfmME) Z @i
55,

4 N

F% 1.4.13 (RY @ Cauchy 5l) RY 085 {7,}en 7° Cauchy FI"TH 3 13

Ve>0)(FH eN)(VneN:n>0)(VmeN:m>1{) ||@,—Zn| <e

BRD D TH 5,
“Cauchy D Z e #BAEF Rz b dH 5,

AR 1.4.14 {Z,}hen P Cauchy FITHZ NS %

lim ||Z, —Zn]| =0
n,Mm—00

17



CELEML DD, HDEDEDOLNZV( lim Z—RINICERT LI 2IEoTWVW5E

n,m—00
BHZWV), n

[ﬁiﬁg 1.4.15 (UXRFIF Cauchy F) RY NOEEDICRFE Cauchy I TH %, j

SEEA {7, ) nen EUCRFIT, ZOMR%E @ ¥ $5, INHOERD,LS, ¢ >0 2ERICEZ5
nrFEe 3L,

(I eN) (VneN: n>0) |7, —d| <e/2.
BRD D meN D m > 0 i3
|Zm — dl| < /2
LB,
1Z0 — Zonll = T — G+ @ — Ton|| < T — G| + |G — Fl| <c/2+¢/2=¢c. m

RHIEN=1DFE., Thbb RIZOVWTIX, ZOENKILTEZenHsNTW -,

Gﬁ%ﬁ 1.4.16 (R D5EfetE) R NOEED Cauchy FIEICRYITH 5, j

COHBERTIX. COMEEIHEE TRD S 22T %, LE®D Cauchy DK T 3 X 5 7%
» A O

FEREZZR35E0® (complete) TH 2 e E5HLNLD T, LOfEIT 'R IITMTHZ LBV
Biohs,

iRl 1.4.17 ( TEEHK Q I3RMETELVI ) Q WD Cauchy T, Q ATITIRL 7%
WHDDD B,

A (T )een B
To = V2 % 10 ENTEB L TMIn M E TR o2 D
ELTERT S, 2% D
21 =14, wy—141, z5—=1414, z4—14142, 25— 141421, ..
bbb A1, € QTH2, Flen>mBE3neN, meNIZXHLT

m i
/—/R _
0<z,—2,=0.00---0%*xx---<107™.
IS {x,}nen & Q @ Cauchy ¥ TH 3, LHrL QNTIEHIERLEW, (bLaeQ i
INEHLZEST 22, RTda lICET %, RO—EMELS a=Vv2. ZHIEV2¢Q TH
528N T 2, )m
( TBIRETM EWIBEDRDHIN, 5T TEZTVS 5EH & TICRED T TH

HDoTWVE] EWVWH=aT7 YARDH 5, QIZIE, IEZIEITDBZENTVEDIFTH S, )

18



EIE 1.4.18 (RY O5EEE) RY OEED Cauchy FNIINHIITH 3,

D

(n)
SEBR {7, }nen Z RY @ Cauchy Bl 35, 7, = :r2 EBIZo5 HFEDi(1<i<N)
e

Wt LT

2 = o] <70~ Zull (0, mEN)

BD TOH By {2 }en & R @ Cauchy 5ITH 5, W21, WEET 1.4.16 7> & IS
a1
a2

ThHd, TOWRE o, L LT, d:= _ LBt

an

%, —d|| = JZ —a;)? (n — 00).

=1

Thibb lim T, =d W {Z ) e EINHIITH 2, m

n—oo

LoT, i 1415 L EM 1418 2E DT,
[ RY 1i2BWT, [REF| = Cauchy J

RADBINFINTH 5 Z e 2R T I Db, Cauchy FITH 2 Z L 2RI THT o LR Z Ld
ZVWOT, LOEHIFE THHRITILD,

1.4.3 Bolzano-Weierstrass O EIE
FAIA THFR WS 721 O EIFR WD B ¥ TOMBRDOIFELE (7272 LER2 5 2 B3 &

VY 7y —/) YA4ITNTa TR

WOBEIRETDH ) ZRAET 5 Bolzano-Weierstrass O &I % B0 5,
4 N

R RN

& 1.4.19 (RY OFRES, BRRY) (1) RY offnES X ’ER (bounded) TH
RS

dReRst. VZe X ||Z|<R
MWD TH 5,
(2) RN D5 {Z,}en DERTD 3 LI,

dM eRst. Vne N ||Z,|| <M

DD DZ & TH 5,
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ROEHS N =10K (0% b R DHE) 3H>TWd,

TEIE 1.4.20 (Bolzano-Weierstrass OFEE) RY NOEEOH RGP %2 &
{5

SR AUEEMEC R B D BT B, N =2 ¥ LTHT 3 (—fROXTTHAREIZFR T
7,10 % RV =R? NOBEREFI T3, K%k

— xn
Ty =
Yn

(2l <N Zulls ynl < 20l (n € N)
ThHIL e REDPS. {212, {yateo, B R HOBREIITH 5, TF. {0},
P HIUREAT] {2, 172y BB L, Tim 2, = a LB <o K {yo, 7oy BER Do THUE
RUEDEREGICH 55 5 IHEHF] {yn, 122, #EOHL, lim y,, = b B, ToE,
J j—00 J

S lim @, =a THI05,
[ oa
jooo i\

A

St

oY
\o—/ p={1}
~—

j—)OO
lim 7,

Cixb, m

BI%E 1.4.1 7, = ( n ) %
Yn

n 1 . 2nmw 1
I‘n:(—l) +ﬁ’ yn:SIDT—i—E

TEDD L E, {Z nen D R2 OFRLEINTH 2 Z 21X T WD 205, PCRERH % SR
WO HLTR X,

BBE  {zn}nen BICRL WD,

Loy Tay L6y vy Toky - - -
CEBFEEHDOHEEZES & .
Top = 1+ o5k

bﬁ)%_\ :ﬂ@i 1 &:l‘lyﬁﬁjqéo Oi D nkZQk (\:Lf:baj'o y-\’&: {ynk}keN %%2_5 t\ Yny, =
sinfhn Lz, SABIGRLAVS, 3HESHICIS ., 01T 52 Engms, O

ES D N, :6j tjﬂé N

1+ !
> 67
I’nkj = 1

3672

TH2H 5. {7, ben & (é) N ™
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1.5 R" OfitB
HIEIC. R 0 AFI ORIIR O3 b HA 2 B DT —38 D 30 L7228, — AR Rase

w5

FAIOMER, CWTIEREEOEGEZ EFR T % 72512, il (topology) ¥ PRI 2 b DA H
%o NMMHDEFIIZO L RTREDLRD 20, BHETRBEEAZER T2V AR L bR TW
% (bor b, NTFETIE. B Y ORR % W TR AEZ RO 2 5 0MERI R Z & 20,

ZAUTOWTIE, BRcbodERBIH ©H AFINREITIEFEATLIZTTHS L, EoZh e
SHEBPIH PRI TWS, 22T 20 ZEHOMOTEDY 1) ([ BE R #FIZER -
T, (W 22X Z2532200D0) Biie52 %,

RDOZEIWCHEBLTEAT LW,
1. Z2EHBEBOMT I, ERBPHESTH 200HAEPRV (ZD72H, 2L DEH
W THEE 20O SEIEST5)

2. ARHERSONHE. FiZ TR OEROFRMES EOESORBIDEHEZIZ, &K
HeR/MEZFFD) PEETH D

1.5.1 FEE

F3 R"ND Bk 2ERT 5,

4 N
E&E 1.5.1 (R" ORIKLEEAIK) ac R, r>0 835 %,

(1.6) B(a;r) :={z e R" ||z —a|| <}

PEw >

ZHUD a, B r ODFEK (open ball) &R, F7-.

(1.7) B(a;r) :={z € R"; ||z —a|| <1}

AVEB S

\%EF'/D a, P r ODBFER (closed ball) LR, = )

Bl 1.5.2 n=1 0HE. FREIHXETH D, PARIIPAXETH %: Bla;r) = (a—r,a+7),
Bla;r) =[a—r,a+7r]. ¥72 n=2 OEFEE. FEKIIBAMMN. BABKIZPAFN. n =3 DRI,

PN
R b DERDOWHER & i & DER,

21



f&“% 1.5.3 (R" OFESR) A * R" OFNHEEL T 5,

(1) A2 R" ORES (REB9PES, open subset) THZ 2L, Vo€ AITHLT
(1.8) Je > 0s.t. B(ze)C A
MDD L TH 5,

(2) &&fF (1.8) 2Hi723 4 2 % A DN (inner point) & ML,

(3) A DNHREMZ A° £7213 A" FHZ, A ODREB (interior) &R, D% D

(1.9) A° ={zx € R" 3e > 0s.t. B(x;e) C A}.
N J

B 1.5.4 (BAEKIZRAESR) LEDBER A = B(a;r) 3BEATH 2, EE, 2c AT 3L
Z |x—al|<r THBE256,

g:=r—|z—al
EBLEe>0THD, B(r;e) CA BRELBD ye B(rse) €328 |lz—y|| <e b,
ly—all <lly =zl +llz —al <e+llz—all =r
Y7%25DT y € Blayr). L7zd>T, B(re) C Bla;r) = A. (ML EDOFmZE. KR L THE
52t )m

(ZDOBIDFEHIZEATENM S 2 H D, ik G THNAT 2R R TES %
Dz, )

r

_ 0
5 1.5.5 (BAEKIIFAES TIE%A L) BABK A = B(a;r) EHEETIE RV, FHE v =a+ .
0

rBLE |z —al|l=r WA, v€B(a;r)=A. 2IAWP, £>0FBEARITNILEH-TD,

e/2
- Y > > O
B(x;e) ¢ A (RERMCTIIAT STHMHALED: y = a+| eBLEy—z||=¢/2<¢

0
&b yeBre) £ ly—al|l=r+e/2>r &Y y& Bla;r)=A) m

Zofhoplx, ik G THESLPARSICHET 2 XE) 2R X

22



B 1.5.6 (AEERORNIE) [LED n e N IZDOWT, XD (1), (2), (3) DILT %,
(1) 2285 0 L 2%/ R 13, R" OBEATH 5,

(2) R" —?;B DEBDIE {Uskren KX LT, Uy 55 R* DFHEA (VA € A) ko3, At
vy % R oBiEaTH 2,

AEA

k(?)) Ut U, 25 R" DBEERSIE. UNU, €0 b R® ODBEATDH %, J

BB (1) ZZHEBE DO ERZHR LR VDT, DI
Veeld Je>0 st. B(r;e)C

WAL L TWS (Rik 1.5.1 EEGOmME) 2ZRE L), 02 BHEETH S, X
WZHH & 2212
VzeR" B(x;1) CR"

CHEIE (e =1 ¥ LTRIDKD TH) R ZHEETH .
(2) 2 € Uy Un EFBE.
d\ € A s.t. QZ‘GU)\O.

U)\O ﬁ:FEJ "Cdaé%ﬁ)fo
de >0 st. B(z;e) CU,,.

lopdie
B(z;e) C Uy, C U U,.
AEA

W 2T Uyep Un BBHEETH 5,
B)xeUnNUy, 3%, 3 2€U, T, U 3HEATHE205

Jey >0 st. B(x;e) C Uy
[FERIC 2 € Uy T, Uy BHEETH 205
Jeo >0 st B(w;eq) C Us.
ZZTe:=min(e,6) £BLE e>0T
B(z;e) C B(z;e1) N B(x;e9) C Uy N Us.
WZIWZ U NU, 3HAKETH S, =

B 1.5.1 R" OBFAEADRE {U\} KOWT, [ Uy € O & R" ORESES?
AEA

23




Z ADERESLRSIXZ S (ZHRECANIFNE CHEBICIEA T X %), MRES DS
A5 LIRSV, IR A=N, &ne NIHLTU,=B(0;1/n) B &, &% U,
X R" OBEE7A, (| U, = {0} & R* OBEATIERV, =

neN
R 1.5.1 (ZEEDHRE) HES 013 EEOES A DHAEETH L. T4bb
(1.10) DcA

MDD, ZOZe% HloTWa ] NIZWIEASIH MIAZEZEZ 283D 5725507
B£E X DR ES A, BIlZOWT,

AcB‘g'(VxeA) r€DB

ThHole D2FD ADXUN—LBIZ IBDXYN—TH2h] £WVWITAMERITEHE,
2EAWELIIENT TAC Bl THhBLEZAD2DITH S,
35 (E1) ZiAEHHT 51213,
Vxel) z€A

PREREESRV, THEERDTH 0, ETE2-25507
TBEBIIFDERND., BREE—ObFlRWV, I bb el &5 v FFEELZVL,
T A MOBIZEEERRCT B & ZEEDVZWT R ME T2EEK RDIEA 50, 25 ThHWL
DA, 2SI THb, FIDTHLIDLEZANIFES pFNZVD, BFETIEZS
WOGE 28618 THhIeEZS (EWHZ 22, 2B VIZZOIVWIEKTH S, &
FIRT 2),
Pllzk>5kziddbb b THTRS,

BIFERTH 3 (DoAY,

o 2t
A

v

BRARETDH 5,

BT Tp eold g MRS 2 & Z1S, &fF p 2l THEEARBITHFET 2028 5 W,
ERFMEICLR LRV EDRZVI L RTFELLS. »

1.5.2 HER. 86, |\R

HIIET R™ O ZEES A OWNHE A° ZEFR LD, I HITHHR Ae, R A 2 w5 d0%
EFRL LI,

BIZIEX A =[0,1] x (0,1) IZDOWT, WENIEGEFR 2 & ERWIETE (0,1) x (0,1), S4ERE e
D SRR EAD I IE RS R\ [0,1] x [0,1], HFUIIES D 4 DDHDEH
{(2,0;0 <2 <1} U{(2,1);0<z<1}U{(0,y);0 <y <1}U{(l,y);0<y <1} TH 2,

e LT, XOmEZET %,
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- N
i 1.5.7 (AR, A=, BREDDE) acRY, ACRY 322 %, XD 3 DO0D%
B35, WITNL—DOE IR TRALT B,

(i) 3e > 0s.t. Blaje) CA. (Ta ZHbe 35, T/hSREKIT ARREENS,.] )

(ii) Je > 0 s.t. B(ase) C A% ( Ta ZHLET 2. T/NERIKIE A OMERICEE
N5,1)

(ili) Ve > 0 B(a;e) NA# 0 5D Bla;e)NA £ (. ( Ta ZHLE T2, EEDIRIX A I

b ADHESICDETNZ V)
\_ J

AR 1.5.8 (BEEDEEE) RY OEREDELTES AL T, 413 A DHEELT5, 2
FD A =RV\A LERT D, (ZORFIEF. X Hbhdn, BN VI DITTERY
DT, HIRNSIEWHT > TBVWEAR IV, ).

A L5.7TDIEA (i) HlXac A, (i) BblXac A THE2H., (i) & (i) 2FEFHITHED
LD Z 2IERW,

(i) TH (ii)) THRW & Ve >0 Bla;e) ¢ A DD B(aje) ¢ A°
< Ve >0 Bla;e) N A®# (0 7»D Bla;e) N A # .
& (iii) DI D 3D,

0. (1), (i), (1)) DS HBVTNR—DRETBHBTED LD, m
AE 1.5.9 LB, ROEEEZHH L THEE X OFEOHDESR A BIZX LT
ACB +<— ANnB°=0,

X 51k
A¢B <= ANB° %0

D DD, m

4 N
EHE 1.5.10 (A=, AR, BRE. BR) «c R, ACR 2 $5%, LD (i) DAL
DEIR a D%k ADHNEEMRDE 570, (i) PEDIVDES KR a D% A

PNTA

DA R (exterior point), (iii) BEDIZDEI7% a DZ % A DIFERA (boundary
point) EMER, F/z. A DA EEKZT A DAEB (exterior)., A DEFREEKET A DIR
5 (boundary) & M3,

J
ZOHITIE. A DI R A, A DEIRE A® TRIT Z 22T 5 (—RICHE L 2505 TIERWV):

AC = A DR, A" = A DEERL

25



Ao = Al AP A° #RTEVTEBZ I,

(1.11) A=A ={reR" I >0 B(x;e) C A},
(1.12) AP ={r € R"Ve >0 B(z;e)NA#0D and B(w;e)N A°# D},
(1.13) A ={x € R"3e >0 B(x;¢) C A°}.

FomE 15725 T SICRORIBELNS,

% 1.5.11 (RABHER+AB=21K) R DITEEOHHES A I LT, R 1& A DA
. A O, A OGO (HEER T DR WEDF) 1k B!

(1.14) R"=A°UA"UA®, A NA"=A"NA°=ANA° =

FERDOBHHICRO _oOmENMEON B,

% 1.5.12 R" OFEDOEHTES A ITHLT, A ONLEIT A DBEETH S, ito> T,
A° C A.

BB a7 A DARET 2L, ERDPD Je > 0s.t. Bla;e) CA £ ZAD a€ Bla;e) TH
2hPHacA m

% 1.5.13 (ABBIIHESDOAR) A %2 R OFDEAL TR A DALz IZ. A OFf
HEER'\ADHNRTH S, EoT. A DIERIE. A DHESDONITH 5,

AEBA AR 1.5.7 DM (i), (i) 2 K < HAUE. A OALEIE A OFES A ONETHSZ L
BRhb, m

RO, ZOMWRTIEEDR VO TIHERIZ L ARWD, FEZFTHHI - TW5B & fEFH
B HIALIZ N,

MRl 1.5.14 (REBLFIKR) R" OEROHNES A IZOWVWT, RO (1), (2) DYDY
VASH

(1) A ONERIE. A ICEFENIHRAROHEATD %,
(2) ADHEETD27-DDORETIFMEI. A A DA —HT2ZLTH2:

ADHES « A= A°.
N J
BE 1.5.1 (RATMOMHE) LT TREHE LAWY 2EWiirhe, BEFRAKEH, AfEico
WTOEMEDIMHZEL AN D /-0 T, TH5ICHIHRT 3,
(BRI 2T AUE, ¥ VWS e BAENWTH 20 RAUIE L, FEFHZ MRS 2 081X
2\, )

SEERNIRHC 0D L K 72, MAHDEIZ LT H 2 ARITIIKIE#H > T 5,
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(a) ADFEERHIX A° = A (A DFHEETHIE. EFEIGDO AC A —FH. £1512 T
Rizko1e, — i A°C A wZRIT A° = A)

(b) A; C Ay BBIE AS C AS. (B a € A B BIE, NEDERDS (Je > 0) Blase) C Ay
RE AL C Ay D, Blaje) C Ay, WZXIT a € AS. WZIT AS C A3)

(c) THERIEDRICHEATH S THOLBMEED ACRMIIHLT, A ZHESTH %,
(a) LabED L TAHHEHES o A° = A
(FEFA) a € A° &3 2%, (3¢ > 0) Ba;e) C A. z % Blaje) DIEEOERE T2, Hidr
3 ADHNETH2, (FEBEr=c—d(a,x) B r>0THD, »D B(z;r) C B(a;e).
WZIZ B(z;r) CA WA 2 3 A DHNKRTH S, ) @RI Blaje) C A°. WRIT A° &
FEETH 5%,

(d) (c) DRELT, EFED AC R ITHL T, A 3HEA. A 3HAEAETH S, (ZDX
ETIE., AEBIIXHTERTZDT, ZIRXEL 7947 FhE, Z221EH%ED
Ao TRV, )

(REPA) A° = (A°)° TH 2056, A I3HEETH S, WRIZ A°UA° BHEEDEHTH
EOHESTH S, WAIT A = (A° U A°)° 1ZHEATH 3,

() ADHEIZ ACEEFN I HRAROMESTH %,

(REFH) A DI AICEENZHEATH 2 Z L IIBICRLTH 3, B C A, B 3%
BrI2LEBCA THEZIERBIZE, BCATHZ25, B°C A°. B HH
EATHDEDSH, B°=B. 202205 BC A°.

(f) (A°)° = A°.

FEH) (c) &b A° BRBIEATH 205, (a) 12D (A°)° =A°. =

fBlE 1.5.2 A= (1,2] T %, A DN, B, %KD Ko
()

o [:=(1,2), B:={1,2}, E:=(—00,1)U(2,00) £BL &, LN

(1.15) INB=BNE=ENI=(, TUBUE=R.

¢ [CA TH?2, EfE. 2€l T2LE, 1<2<2TH205, e:=min{r—1,2,z}
B e>00DB(r;e) C(L,2) CATHE0H, z e A°.

e BC A ThHbs, 2z € B 35k X, mzlifcbix:%‘f“?@%iﬁ\ r=10
EEIEFAMEED £ > 0L T & :=min{e, 1} &BL &, 1—% € B(x;e) N A® »D

1+% € B(z;e)NA. AMRIZ 2 =2 D ZE EED € > 0 1ML T & := min{e, 1}
/ /

LBl k. 2—% € B(z;e) N A 75)’)2—1—% € B(z;e) N AS. WZIZWITHOHE
B(z;e) N A¢#£ () 5D B(x;e)NA# O DEDILDDT, x e A
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e EC A THd, ER. ze P ddt o<1 Fhidzr>22<1DtEEe=1-x
LB e>0DD Br;e) C(—o0,1) CA 2>2 D EFe:=a0—-2 B,
e> 02D B(zr;e) C (2,00) C A WTHDFED I > 0s.t. Blase) C A DD LD
DT, ze A

e ELD, I=A° B=A" E=A°THs (ENh—D2Ts S THD L, (1.15) BT
A7), =

B9 1.5.1 [1,2] x [3,4], (1,2) x (3,4) OEEFUZ {1,2} x [3,4]U[L, 2] x {3,4} TH 3 Z & &R¥,

1.5.3 FH&ES
BES L3R 2 A TH AHES R ERL LS,

E&E 1.5.15 (R” OFESR) R" O RS A »HES (FEBDES, closed subset) T
HBLE. ADWES A=R\ADPBEETHE L LEHET 2,

AR 1.5.16 (< HBEHEW) Fix TBAREG X, FARETRVWESTH S LEEVWT 2
AW, BIZIE TZOREIZFHESED?) LS B LT, TCOREGIIHESTH D &
MELDT 5, FARAETHO 2 OMEETHL2EED., HESTHH L OMESGTRVWES
b, EBEHLBFMETLHDT, HEATHILEEZTH, HEATHH20E IOV TOEHIZ
F 5%V, m

-

ford 1.5.1

17 (FAEEROLE) TED n e N IZHL T, XD (1), (2), (3) DKILT %,
(1) 22558 0 L 2% R . R" OEETH 5,

DEBFEE DT {Fataen I LT, Fy 25 R OFHES (VA € A) 2 51E, HE
3 (B b R OBEEGTH 5,
AEA

B) LFeFr RheFMROMEERZSIX, UK d R O%EATH %,

SERE M 156 L EISEAOER. 2L De Morgan O]
(ﬂ FA) =J (U FA) = Fs
AEA AEA AEA AEA

POFTCAtHTZ %, m
R" TBIT2HEEE. RO LS CFRIOEEZHWTRESOT 65 (A e o TR
REFERTH 3):
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g8 1.5.18 (BAREDRFICKBHFHEDIF) ACR" T3 L&,
ADHRE © ANDORSIDD L R” NTICRT 272613, MRIZ A IZ8T %,

SEEA WM D HEA TS %,

(=) {Znlnen & A HOEFIT, R* T a IKIGRLTWB LT %, ac A ZEWT 2729
12, a @ A BRET 3. Chidac A° WS 2L EME, A DEEATHE 2 Ehb

de > 0 s.t. B(aje) C A

WZIZ Bla;e)NA=0. EZAD, 2, a(n—00) THIZNOH, THARKELRneNIZ
NUTz, € Blaje). 2, € A THBDH, ZHIEIFETHS, ©ZIT ac ATRIFNUIX
AR/

(<) ADPHERETRVERET 2, $5& A BHAEETRVDT,
da € A° s.t. Ve > 0 B(a;e) ¢ A°.

ZHUI B(a;e)NAAP VWS 2 THS, ZhrHdEn e NIZMLT 1z, € B(a;1/n)NA
85 x, BB ZeBHKS, 2, v a(n—00) Tix, €EATHIDOHRENS a € A
CHNEFETH S, ©ZIT AZHESTDHS, n

1.5.4 F&@

-
& 1.5.19 (R” OFDESOEMA. FAE. BAES) ACR" ecR" & T 5,
(1) a 5 A DS (MS) TH 2 ik, ROEEBEDIIDOZ LRV,

(1.16) Ve >0 B(a;e)NA#D.

AWVES

(2) A Ol 2A%E A OB (closure) LM, A TRT, 2FD

(1.17) A:={z e R"Ve >0 B(z;e) N A # 0}

N\ J
FAELIZDOWT, URORHEO (Ml 1.5.21) 251> TEL LHOHFN T - X LTKFFD

Buwhd Lavizw,

8 1.5.20 R" DEEOEHZES A LT, XD (1), (2) A D LD,
(1) A DRIF A DEMSTHS: AC A

(2) A DERAIZ A & A OB THB: AP C A, AP C A°.

slEFA
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(1) aZz ADRETHDE, Ve>0IZXNLT Bla;e)NA#D (-a€ Bla;e)NA) THb, W
ZIW ald A DEMPRTH 5,

(2) aZ ADEFRRETHE, EFEDPD Ve > 01 LT B(a;e)NA # () 22D Bla;e)NAC # ().
HIDH DT a D5 A DEMETHZZ 2R, BDHFDEME a 25 A OIS T
HBZEZTRT, B

i 1.5.21 (BAE=WE+ER) A % R" OInEEL T2, A O A DN
A DEROEHTH 5:

(1.18) A= AU A,

G A ONRIE A OEMSTH S (ERPOLHLD), @ 1.5.20 (2) TNz XS
2. A DERAIT A OEMSTH S, ©RIZ

AU A C A

—Ji. A DOHRIF A OEMBIZIZRD 2720, @RI
A*NA=0. - ACR"\ A"

R1511 205 RPN\ A=A UA THE2 5,

AC A°U AL
DLED o

A=AUA. =
M 1.5.2 A=1[1,2] x (3,4) T2 &, A A A%RRD, A°CACA A=AUA %ff
Do (p. 46 ZH K, )m

ROMEIE. ZOERTIIEDLLRVOTIFIZ LW, HEZITTHHI > T\ D &R
H HA 2N

/
g8 1.5.22 (BARS LAE) R" DEEOEHDTES A IZOWT, XD (1), (2) DD LD,
(1) A OPATE. A 23 UR/PNOEAETDH %,

(2) ADBAEETH 270D ETDEME. AP AOHAL —HT2ZLTH5:

ADHES < A=A
\_ J

2% 1.5.2 (ASQOME) AL OWTOHMEDIAZE BRI DH 72D T, 25 5I1CH5
#HT %, F1.5.1 (p. 26) L ALERZ Z e 2810 2,

(BRI UE, 50V e RBVWTH 2070 RNEE L. FEHZ RS 2 0%
2\, )

¥ 1.5.21 ZHWSICEHAT %,
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(a)

(d)

(e)

(f)

AcA(CHZEELTNS, )

GEH) a e A2 EEDe> 012N LTac Bla;e)NATHBD05 Bla;e)NA# .
WZIZ ae A

ADHRELRSIX A=A

(REBH) (1) =i AC AR D =D, (i) ADPHEATHE b, AC ADEINDS
ZEeERT, AFBEATH L, WIAWEED ac A ITHLT, 5> 0DFELT
Baje) C A% WZIZ Bla;e)NA=0. ®ZIZag A Thbbaec A WZIT A C (A
MoT ADA (i), (i) &b A=A

Ay C Ay 72518 Ay C A,

(FEH) a € A 322, FED e >0 LT B(a;e) NA #0. Ay C Ay THEH 5
Bla;e) N Ay £ 0. ®ZIT a € A,.

A IR ETDH 5,

(b) EAHET TADHES < A=A MEbh3, (GEH) A° BHEETH S Z L &R
T EBED ac (A I LT . agd ATHED0. H5c>0DFHELT. Bla;e)NA = 0.
ZDL%E Bla;e/2)NA=0 DD D, (FEBEbe B(aje/2) N A ZWil=F b BHIET %
IRES B L.

db,a) <e/2 AN (V6>0) Bb;0)NA#D.

B c € Bbe/2) N A DIFET 555

d(c,a) < d(c,b) +d(b,a) < %—I— g =e WZRIT ce Bla;e).

c€B(a;e)NATH2BD, T Bla;e)NA=0IZFET %, ) @ZIZ Bla;e/2) C A
W2 AT BREETH 5,

AlZAZBUORDOEHEETH 5,

(FEFH) 3T AD A2 BUHESTHE I LIIRLTH S, B % A ST EDHE

G, Tbb BIXMHESTACB 2T IRET S, BIZHEATHSIH)15, B=B.
ACB»5 ACB. WZIZACB. W2 AlZ A Z2&80RNOMESTH 3,

A=A

GEW) B=A £ B, Bl A2 AUHEATH Y, LORMIEELTEAD S BRI
THBHEH. B A WAIZ A=A

1521 Z@DZ L, —fkic A= ((Ac)i)c THH005, (RDX512) NENCEET % i
J@& L CAEAT & %,

(a)
(b)

(A C A THDH B, ((A)) D (A9)° = A ®wZIT AC A

ADEHEEE I A° BHEATHZH 5, (A9 = A% WRIT ((A9))° = (A = A. ©
ZIZ A= A.
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(c) A C Ay 2BIE. A5 C AS. W ZIT (AS)T C (AL W ZIT ((AS))e D ((A9))e. Thbb
Ay D AL

(d) (A°) IZBEETHED . (A9))° = A BHALETH 5,

(¢) AC B, BIRBIES LT 2L, A Be, B° 3HEATH 3, MEORAIED B, (4°9) > B
WX ((A%)°C B. kbbb AcCB.

(f) —fi2 B = (B))* TH 3,

c

= TC97 = ((()))) = (A7) = (ayy =7

(HEEDOWHE (B°) = B, NEOMWHE (B) = B! Z{fio/z, ) m

|l

HEID ROKREXFHIC, PLATE TR TiAR L TAZ LB HELNE 08 LR,
L) \ R A° CAC A.
S | B (B KP) (/1N
Fle A=A UA =AU A
FRFT I L o TE. RORHES I MERHOEETDH 5,

B 1.5.23 (ASOSRFICLZHHEIIT: A DS = A ROREREFIDERDOEE) A
 R" DIEEDOHDEG LT 5 & ¥,

(1.19) A= {a € R I hnen sit. () Vo€ N o, € A, (i) lim a2, = a} .

n—o0

iR GERHIARE2HEAL0LHA% B ¥ BKL,
(ACBTH2Zt)acAr$2, FHEHDERPSO . n=1,2,... \ITHL Tz, € B(a; )NA
£i25 x, BENE, ZDOEZE {2, en & A V‘]@)?ﬁﬂf\ 11_>m T, = a Ziizd (EE

|z, —al| <1/n—0) Zhidac B E2EKT2, ©XIZ ACB.
(ADBTH2Zr)acB 35, dbldbagATdr, HEDERD»S, Je > 0s.t.
Bla;e)NA=0. —/. B DEFEDID. Hz,tnen st (1) Vn € Nz, € A 22D (ii) nll_)rglo T, = a.
T3 (i) 225 Ing st |lzn, —al <e. (i) EEOET zn € AN B(ase). GUBPEEETDH -
Teho, FETHZ, =
AWBT 28 a ., ANOEFIOMIRICH 2 Z L IZHLLTH S (FIE. EEDne N I

MLUT, 2, :=a 2BLE {2 }nen 1 A NDOFHIT, lim 2, =a) 5. A WET SR a

n—oo

A WNORIIDWIRIZIE S, WS & ZANKRETH 5,

_ _ 1
Bl 1.5.24 A=(0,1] 3%, A=[0,1] T, 0¢ ATH2D, 0 A EE z, = (n € N)
Bl 2, € AT, limz,=0.m

n—oo
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1.5.5 AVYNI L &ES

AHZERICBWT, av 87 MEE WS REEERMEN D 5, ZZTIE R OETHES
MNaAY Ry N TH312DDEMITOVTHANS GEIHIE—EXI1E5), mFlar 7 MMEx v
5 Moz B ERZ 5 7 HEE OREMELIE LN L5, a v %7 bew I BEROBEEMIR,
HBOEM2.1.31, EF 2133 TEBHLL IR THA S,

a N
FIE 1.5.25 (AN FEEDORHEOIT) R® OETROVEDES A 1T 32RO =D
DEMIIFENET H 5,

(i) AZERALETDH %,
(i) A DILH &R ZERD I T, b nen FPDEEEDFN 2 H D, ZOMRIZ A BT %,
(ZoZ ez AZRFA>VINY b (sequentially compact) TH 2, W5, )

NA AR L
(ifi) A 13 Heine-Borel D&M A OEEOWHREIEERMRE L) 2T, (2
DZ &% AZAYNY b (compact) TH2E, L\, )

((i)==(iii) . Heine-Borel DEE 5, )
_ /)

A Z 2Tk (i), (i) DOFRMEMED AT %4,

(i) = (ii) A ZEFHALEETH D LIRET 5. {wu}nen & A NOEEDORAETZ . A
PHERTDHED 0. {2z fnen DARTH %, 1> T Bolzano-Weierstrass DEF 1.4.20 & D,
WHRFRITEN {20, fren DTFIET B klgrolo Ty, =a. AFPARECIRELL,2 6, il 1.5.18 K
DacA WRIZARRINaL T P TH B,

(i) = (i)

ADBRTHBZI . HHEZHOVWSE, ADPERTRVWERET S L. ||z, >n Zikd A
WD RF {2, bneny DEILE . ZAUTOWD R D PERE DI D ZAERCDT, FET S, R
I AFAERTH %,

ADRAEETHE L A NDOFS {2, nen DIPCRTIUX, ZOMIR o 13, &5 A XE
FNDIERT, RNV MEDRE XD BB {2n, tren & o € A DIFEL T,
lim z,, =d. & ZAT, R Jim 7, =a THH, WRO—BEME»S a=d. £o5T. ac A

k—o0

AR 1.5.26 (BLABEENHBI D) A LHENNTET, BALLZSBRADBWDEES S,
FRiz, AL e Z2ABRERBTE VI 20BHEEEL VXS 720, HidThsoofbaix
R" DERELIN DR & LR RYNHR E N, —fRICE—H LBV DD TH D, Thb
DEEZTCREBMEZ SN THHDRVD, HEWIGSCTEET SRV, =

M 1.5.3 LOEMOIEM (ii) 1X. Bolzano-Weierstrass DEM DG & & ZHE 5 57 (p. 46
ZHE, )m
TR () (i) DI, B < ORI T2, BIZIE TSEROMAT S 2 ME ) — FJ hotp:

//nalab.mind.meiji.ac.jp/~mk/lecture/tahensuu2/tahensuu2-pl.pdf \Z» %,
SHEEICH M 2N S & TR O FNIIERINTH 51 225,
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http://nalab.mind.meiji.ac.jp/~mk/lecture/tahensuu2/tahensuu2-p1.pdf
http://nalab.mind.meiji.ac.jp/~mk/lecture/tahensuu2/tahensuu2-p1.pdf

AR 1.5.27 (COEHZERZBICHT=>TOEWVR) MHDEEIE, F LIRS LIEFICEVLD
DIZ7Z>TLED, ZOHDEMIIRLTHRLIZEZARVD, ZATHHEDLLIKRSRVEK
IR DL TH 5, PRI, TEREEA. BEfE. T Y oEEZBER O
HHIZZIE o T3 (ENd DIUIERNL D2, Zh2EVWHT X UL VOTEWY] 5T
BMELT)o =T, FIDTHEIARZIZZENTDHIF I F ¥ LTVEEIITELLNEDD
LIV, =

1.6 R" ROBhE

HfEL 1 DR Y POVEREB 2R E RS - ZDTDITE TR FERIDOMER % E
KITHIe6mDEI,

" _ N
EE 1.6.1 (1 BENRI MERBRBOIER) 71 # R DX, tpel, 3: 1 R, GdcR" &
ERSRAE=-N

p»m@zg\ﬂ@ﬁ&ﬁﬂﬁ?%%@@wﬂﬂ—m=0

:O)Z%\
lim@t)=a HdWE i) —=ad (t—to)

t—to

YEZX ok, ) Dttty DEEDOWERLIER, Tz TR lim () DFIET 5] &

HW I,
J

; N
il 1.6.2 (N7 FIVEBBOIGRIEES CCIcZZNUEELV) X7 FLEREE D IPER
. B DIEZEHINDOICR FETH %, DFD

e1(1) ay
. Pa(1) . a
pt) = ], d=
@n(t) an
eBLl k.
thr? Pt)y=d <= INXNTD i (1<i<n)DO"T tlir? ©i(t) = a;.
N )
o) Jim . (¢)
. P2(1) lim (1) .
B35 lim ' = | o EWVWHZEeTHY, fmd 1.4.7 DX b IUEBY
—to :
n(t i
Pnlt) tlg% ©n(t)

BRTH2 GEHBFEILCTH 2), ZOMEDNL. XRDOEIZHALNTH S 5,
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4 N
8 1.6.3 (M. RH>—FE. AE. /IILLOESE) R XM I EEFRX =R
NVIERIR G T — R, ¢ [ — R, MBI A T = R A5, t =ty (2L toe 1) D
L EIHT 5725103,

(1) Jim (B(t) + (1)) = Jim G(t) + lim (1),

t—to t—to

(2) Im (A()F(t)) = lim A(¢) lim &(¢).

(3) lim (&(t), (1)) = (Jim (1), lim (1)),

(4) lim [[Z()]| =

t—to

lim gB(t)H

t—to

\_

A\

-
& 1.6.4 (H#R) I 2 R OX[L thel,p: I > R" &T 5,

(1) o D3ty TrEHE € Jim o(t) = @(ty) 37%DHB lim ||p(t) — p(to)]| = 0.

I1>t—tg I>t—tg

def.

(2) @ 23 I THEfiE (o 25 RSB 2HHHR) & Vvt € T ¢ 1% ¢ THEil,
(DD, BB IBES FORBTESSNEREROC L TH 2, )
(3) ¢ % t, THISITTEE (differentiable) < lim 1(¢w—ﬂm»ﬁﬁﬁ

I>5t—tg t — to
ZOMR % o (tg) BBV é—f(to) EEEL p Dl 1B 2RI (differential
coefficient), & 2WE ¢ DAL p(ty) 1B 2EART ML (tangent vector) £ W9,

(4) o A5 T THHATHE €L vt e T IS LT o1& ¢ THSATERE,
ZOLE. B I5t— ) e R" Z ¢ D1 PEERE (first derivative, derived
function) & M3,

(5) ¢ BHIFRIZH 5. i, Mo rlRE. R (o) BEZ SN2, ¢ BT LI TE S
X, & I k2 B3 7I8E (two-times differentiable) £\ 5, ZDE &, (¢) %
O HBENE P EE o D 2 FEEREEK (2 REREE, second derivative, second
derived function) &L, DUR, fEE®HAE k IOV TRMAINC k BI#45ETEE.
k PEERAEN (k-th derivative, k-th derived function) p*) 2PEFRTZ %,

6) k>1¥r32r%. pd I TCR (k EEFIMSIFTEE, k-times continuously
differentiable, function of class C*) o M T Tk EMOTTRE. A0 k FEEBIK
o) H3 T TiEfE,

o 1 THEETHIHR, COMTHIEE S, ¢ 0 BEEHE o BHOZ L TH
235 00 =0

(7) ¢ B3 1 T C>~#% (FIREIATEE. HPRELERAYMSIAIEE, infinitely differentiable)

9 U EEOERE kL o1& [T CF y
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M 1.6.1 ETERL-BARSHMHAEOBFRERRE L, (p46 2R X, )=

AR 1.6.5 HEHEBORENLS T2 L. ¢ DIR o(I) = {pt);t € I} DZ iU
WA, ZZTREBR o ZDDDEHFREIEATWS (BROBEL LTI HEORETH ),
F7o. ZOMIROERTIE, (HdT o TVRWY) BB OHRICA-oTLE S 2 ITER
LTEIS5, =

AR 1.6.6 (&< HBENHBWICDOWT) EfEHIMITRE & 1X, i DM P AIRER Z & TR
LY (D FTREZR &I 5EKT R DT, HHETHOOMAAREL WD KO RITER I LIEE S X THR
W), M AlRET., EREEDERIR I TH 5, m

Ze
EE 1.6.7 (1 BRAY FLEBERIZREVED) Bz v, iz,

p1(t)
p(t) = :
Spn(t)
E3bL,
© Bty THEHE < Fi (1<i<n) LTy Bty THE,
© Wty THAPRE & K i (1<i<n) AHLT g Hty THMOTTRE, =

Bl 1.6.8 (AEDES) EradNHORAL L DICZOMBEEZEZ L E, Ml t € 1 (1%
R DX 1B BHENRT P p(t) TERTE, —DOXRY MUEREE ¢: [ — R 23§56
N3,
TN ZE R ¢, WEAERZ e EHL ZITL &5

x = @(t).

ZDrE ;
€ /
o(t) = = /()

B £ 1251 3 ERDEEE (velocity) LIEER, E78ED /LA (KEX) [o(t)| O L % E
T (speed) &MEXR,
HE DERHEL
ot) = (1) = £ — o)
dt?

FE R DIEE (acceleration) &IN5, =

B 1.6.9 (FXRMEH) n =2, 7 FIEERK. w ZFEEHE T2 E, o)
<&,

t
(rc9sw ) v i
T sin wt

o(t) = ( resinet ) LA = ( T coswt ) @ = riwl.

rw cos wt —rw? sin wt
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t BRI o) BBt KB B EAOMBEERT SO LMY 5 2. CHAIESERLY T
2 r OHE L2 —EDMAREE w TREIT 2EEIE 52 %,

P(t) = —we(t), () L¢"(t)
CHERL LD (TR Ozm < ), NEEEINRERERT 2] ). =
ED &5 I1TER L RO, THIER) 5 LRV D FEA TV D,

5 1.6.10 (I/’\eegnjo Hhi#R (Peano curve)) HEifiphfg o: I =1[0,1] - R?* T, B2EAETDH
5. 38bbB
(1) = [0,1] x [0,1]

DD D X SR DOPFET 5 (FESZEMEZ [FET 2 fificonTid, =5 [3]
ZHRE). =

AR 1.6.11 (BSH AR — FRHR) Aick-> TR C'RoBEBoZ % NELD) &
BOZeDHBH, CHROHROB (KEL LTORE. B) IXES»TH S LIFRS 3.5,
nE e

AZRD (RoTWwWd) ZeddhH% BlXz=0y=t3te[-1,1)) TV AIIF
B (Q(t) =0 ERDZEDIL) ITKR->TWVWBDT, FEEDRW CHREIFRE 5 212, K>

FVWELE L HA

MIBBBO DT 5, FEADZ W CHfli#RD Z e %2, IEAHIR (regular curve) &\
ST DHb, m

X 1.1: CLR7Z 258 &0 TR0l 2 = 3, y = 12

6772 L. Ct BB D7 Z 7 DRI\ O TH %,
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-
B8 1.6.12 (BREHWODRR) I, J 2 R DX, ¢: I - R, ¢: I — R™ ZWMIralEE
R f T =R, g:J — I ZWorlReRBEEE T2 =, ITFD (1) ~ (5) 23KD

AYA®H

(1) Sl £ 00) = ey = %) s,
@) L0 = Loty + 510 1)

@) Ge.00) = (000 + (v, 50)

d
@>%ﬂmm=¢w¢@@»
_ )
FIE 1.6.1 HX—FEDEEOEFTIE. HE L NHEIZHEWICERT S 2 2nt,

RE HAOEH o ] >R PEX—EL T2, Thbb
') =C (C3EE.

Nty /LY
Mid% t THMIT 3L,

ThbbH
(¢"(t),#'(t)) = 0.

ZHURHE (1) RIS o (t) AEZTE L ERT, =

C RO R S 13, HICERTE 2 (C' MTHRVEIFROR 2oV TIE 1.6.1 ZH X),

- \
E& 1.6.13 (C' HRBHRORT) C #thif o: [ :=[a,b)] > R" DR %
b
IR
¥1 (t) b
THBLERT B, olt) = t?hﬁ\/V@WP+~+ngﬁ.
@n(t) ‘
y

HAR 2 B OEE) » AR T AU, WX 2R TR L0, RO w22
2%,
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THIEDORIENTA—R—DEWDBFIZLSHWV] ¢ [ = [a,b] — R" & C H DR,
fila, B] = [a,b] & C*HHRDOBEET, />0, fa)=a, f(b)=8 ZWHWET2dDL T2, ZD
Y& ARER

P:=ypof:a,f]2s—p(f(s) € R
b CL RO TH 2, ZDk &,

B
o DEX :(/H@@mw

= [ieuenrois= [ e

b
- /uwwmu=¢@§é.

o DrE © DBIF. FES (KE) & LTFFELWVWDHDI T, DERICIZFR CHRTH 553, B
EOHFZOWMETIE, R ZBEBRDOZET, 20 TT &, @ & o Z—IBEHYITH
%, TH, ZORXWEOTELFZELWYL, 59D THS, TOHEER

BIEORTIZ. NTA—F—0DEDAICESHEL
*E9,
T, o ZIEAHhfRE 35 & =,
t
:/mewm (t € [a,8)

SRR
(: la,b) — [0, L] C#&,
l(a) =0, £(b)=1L,
) =1 >0 (t€lab]),
MDD (ZZT LR p DRETH2), T ¢ OHFREKE v £ L X5
Y [0,L] 3 s+ (s) € [a,]

25 LTEo7 = potp: [0,L] = R i |®(s)| =1 WS HEE DD, d IZINE s 12
IDARFR—K =TI LNEMIRTH 2 L0,

1.6.1 ZBZF: lIBOETO—MHRHNARES

HifROE X %, tiR LICRZERERD . A TES RO R XD LR L TER
T 5, EMEICIZLITDO LS ICERT 2 (KZMRELER ),

39



f&“% 1.6.14 (R ZHFOMR. RT)
(1) R OXMH [a,b] LT, A= {t;}1_, 5 [a,b] DAEITHS L1z, reN T,
a=to<t1 <---<t,=b>
N RYAS TR AR

(2) HEFR o: [a,0] = R™ &\ XM [a,0] DIEIA = {t;}j_, TH LT,

= " llets) = p(t;)ll
j=1
YEL (Lo, A) 1 plto), o(th), ..., o(t,) ZIEICHEATTE 2RO ES),
(3) H#R ©: [a,b] — R™ 1T L T,
L(yp) :=sup {l(p,A); A & [a,b] DITE]}

DERTH % & &, #iR ¢ ZIRSZHF MR (rectifiable curve) TH % W\, L(p)
Z o ORT LM,

J

ROEHEIEBELNBEZ 6, ZOEFI. TR 1613 D—RLTHBZLnoh 5,

EE 1.6.15 ¢: [a,b] > R" D C TH 2L &, o GRIZFHOMBETHD.

b
:/W¢@Mt
SIEAA

1 (REEFEOZL) o B CRTH 205, ¢ [a,b] » R IGEST, [|¢]| : [0.0] - R
HEAETH B, WZRIZ

AM := max [l (t)]] -

tea,b|

{t;¥iso % [a,b] OEEOREIE T2, o B CLRTHZD 5,

M@—M%ﬂz[jdﬁﬁ G=1,2....r)

t;
/ (t) dt
ti1

j—

L72%DT,

tj tj
lot) — et Il = g/HMMﬁSM/ dt = M(t; — t;1).
t tj—l

Jj—1

Wz 12

= Z lo(t;) — et < ZM(tj —tj1) = M(t, —to) = M(b— a).
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CHUIMIVRDOE XD EICERTH B Z e BRLTWS, DRI ¢ BZREX 2D,
- (D HNDOMED 7/ N E T UL, DR E & Riemann MIDZEIIWN K 5 TH/NEI W) T T,

a.b) DETEDHE A = {1,)7_ IH LT, FTHROES (o, A) &, BS /ﬁw )| e
@ Rieamann R S(|l¢'[l, A, £}125) (772U € := {t;}25) Z@%bi

L, A) =S¥, A,6) = ZH@O p(ti)ll —ZH@’(QA)H (t; —tj-1)

Z le(t) = @(ti-)ll = Il (1) (85 = t-2)1)

THEHE. (||l = |b]] < lla—b]| &> FEREHNT)
> le(ty) — et = 1€/ (t—1)(t; — tj—1)||)|
j 1

<§3

< Z lo(t) = @(ti—1) — @' (t-1) (t — =)

r

[€(p, A) = SN, A, )| =

() = e(ti-)ll = ' (t-1)(t; tj_1)||‘

/t " 19(s) — &ty 0)] ds

7j—1

<> [ 1 - dtlas

j=17ti-1

P Fa vy VEE [a,b]) LOERERIEN S, —HREBETH D, WRIEED e > 0
WXL T,

5
b

0o >0 s.t. Vsi,sg € a,b] |s1—s2| <y = |¢'(s1)— ¢ (s2)] <

DEIDE |A| = max (t —tj_1) B3 0p KD/ ITHURL

. T t] 8 6 T
(e 8) =Sl a0l <Y [ s ds< Y -t ==
j=17ti-1 j

Jj=1

(BX Lig) pES /ﬂm Ol dt 1e—BF 52 v) £F L(p) & BRI X > T 0
DEEXD LRTH M5,

IA = {t;}j_y st L(p) —e <Ly, A) < L(p).
/KQJT @ifﬁaﬁ‘

B>0 st |[Al<d =

b
/ 19 (s)ll ds — S(I&')l A,€)| <

41



A o#isy A = {5}, T, (£‘<min{3,50} BT ORI, £= {5}, LB,
M THBZEDD, Lo, A) <Ll(p,A) THDDT,

L(p) — e < (g, A) < L().
pQ<%f@5:Z#a

~

(0.B) = 5319188 <o (L E= (T},

‘3‘ < THHI LD,

b ~ o~
[ 1@ lds = sl 8,8 <«

Wz

- [l as

< [16) — 0. D) + [0, B) - 5091 3. + [s0161. 5.8 - [ Il
S<ete+te=3e

cWXEETH-1=0 56, ,
- / 1¢'(s)]| ds.m

REZFALBVHEIRE SIXRTOHBICH LT, REIMPVERTE 2 L3RRV (o Rk
DERBFELZV, TROEWVL L THRIDRZIVITNUEPENSE Z D b)), K%
o WHRRDEFEIZE L AN T Wi, R TIE 757 2IL (fractal) OHASIE L
THLND D, LRI TVET, KITRTDIE, 7727 &1 LTHA% Koch B
#R (Koch curve) TH 2, ZOMIE T 13,

1.2: Koch BH#R

77720 eiE. REoFICE o T, FERTEFRORBOZ L TH 5,
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[=T,UlLUlUT,, Ty=l=03=1I,
CORTE B, FRIFBNES T k. 2K T AT, B0
I;:T=1:3 (i=1,2,3,4)

Lo TWBZ DK HiARNS, 2O 6d L I DRI ZHTX FEIELNDS Z
RN B, m

1.6.2 &Z: FEMHFEDHER, Frenet-Serret DT

N7 P MERROMBEA OFEY LT, FHIHROMEEIMD L1753 (15 77 T, 22
MR DR - R EBIL TV B),

C % R* NOIER] Ct #kih#f « = o(t) (t € [a, B]) £ F %,
MRICEB/NFA—E—DF [0,¢] DHPADINE s = ((t), C (&K) DRE L 3.
- [l L=
TERINDG, (:]a,B] — [0, L] & CHET, 0(t) = ||¢'()|| > 0 &= 3 DTS, PFHFFHE I

TEHEHTH D, W L [0, L] > s—~te(a,f] D CLKTHS, & :=polt:[0,L] - R?
3 C OMFRT, BRI C LT TH2, t=0"1(s) LT DL X,

THBEDNS., .
%) = 1Ol 7757 = €Ol T =
o(t), o), o0 Zat) = (") 2w = () 2y = (FD) v as), @)
PO, u(t) ) i) ) (1)
U 10\ NN C70\ NN £ 9
(s) % a(s) y@),<> (M@> (5) (w@ v 5T

(1.20) ei(s) == Z—f = (;8) ;o es) = (? _01> eils) = <;y(is)>>

TED S, ||lei(s)] = |lea(s)]| = 1, e1(s)-ea(s) = 0 DD LD, FAZEANTIE, ey(s) 1X eq(s)
I 90° [EEE L7 DTH 5,

SIEAIMEDIRED &, D4 @' (t) A0 TH 2D b,
U IZBET 2 ERERE R TR T DX, Newton NHEICHKT 3 (Z2DBE. t IILATH 3),
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(e1(s), e1(s)) =1 (s € [0,L]) ZMH LT, €,(s) ei(s) =0. ®ZIC €,(s) L ey(s) THZH
5. €)(s) 1F ex(s) WWPITTH B, WRIT Ir(s) € R st

(1.21) el (s) = k(s)ea(s).

ZD k(s) BB LR, FRRIC |lea(s)]| =1 25, ey(s) L ea(s), ZLT

(1.22) e5(s) = p(s)ei(s)

Zii7z S p(s) DIFEPEPN LD, FEIZ p(s) = —k(s) TH D, EBE. ei(s)-ess) =0 =M
7LTRELNS
e1(s) - ex(s) + ei(s) - ey(s) =0

2 (1.21), (1.22) ZfRA LT,

k(s)+p(s) =0
PEOLND, FeHTBEL &,
{ ei(s) = (s)es(s)

ey(s) = —r(s)ei(s).
e TLxR L DRI (Frenet-Serret formulas) & PR, ZZEEHFRICOWT S, Frenet-
Serret DRRDIDH 5 (i K.1 2 R KX)o

Kk DBEZONTZeTHE, (1.23) X e, ey KOWTOEMDHERE AkE 5, Y72
%%ﬁ%ﬁzéz\%ﬁ~%mmﬁﬁﬁéo%m@ew@pqmn+/lmmmzuf\@
B w(s) DS B 0

(1.23)

BifR C QX X7

a'(s)\ _dx _dxdt 1 x(t)
y'(s) —ds_dtds_,/x’2_|_y2 y(t) )

e (& a
Cdsds  dt V242 ) ds

VPP E @) P @EE 2 1 (@ g (3% 4 i)
72 + g2 Vi + P (2 + 9)°
_ yyi — @)
(42 +§2)°
[FIkkIC LT

//(S _ x(xy — y[L’)
(42 + §?)°
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i (T _ di—gi (i
1( ) <y//(8)) (i’Q +y2)2 <$ > '

e (S) _ —y/(S) — 1 _y
2 o' (x) \/m T
THHD 5. €)(s) = r(s)exs) Ziti7zT r(s) I
wij — i
£ 1.6.1 ((1.24) ORIEERR) EICHEN L7 (1.24) OREIHIE,. BRI OMS Z5HE L TW
B720 T, #L 3RV, B@PORIIEHT, DEDRBLIE RV, XD XS ZHlEEH
ZHIZL72DT (B [19]). #rLTEL,
ei(s) = r(s)ex(s) & ey £ DNIEZTHL - T

ey e 1 (=) 1 (i)
— el(5)- eals) = 2L @@”<MO) el <ﬂﬂ>.

o () _ L (i)
1) (ﬂﬂ) @@N(ﬂﬂ)

(1.24) K(s) =

(Y
(Y
A

TH206. MOWDIEIZE-T

. _;61@) A=) _ 1 ) (—u@)) _ 2@®)§lt) —g@)it)
EGlk dt \ i(t) (1) \9(t) (t) (@(t)2 + y(t)2)*?
H 50N, Frenet-Serret DRNRD S HDHE 2L ey ELONFEZE - T
b= e = n = 2()(x) — (s (s)

EFBNBEBLBRVRD LGV, TORET, N7 X=X —2lR 5 X — X —D55E
DI 2o TW0d, RIZ, THEARATIX—X—t TRILEITTH 2,

q_cwv_ﬂgcwv 1 Gw) @‘(”%§‘ 1 (mﬂ

y(s)) ~dsdt \y(t)) ~ T2 \a() ?(s) )~ Te@] \ i)

THHDH

ﬁ:_<@i@)fﬁr_1 1( ! (
ds dt ERIEANES]

1 (1 L
le@)* \ @t )]

_a()ii(t) — @)y (t) "(ﬂ>'tj
EOIR i) \y

I

|
<.

=

+
-
<.

I
8
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9 1.6.2 MIENEZ L 25 0 2513, HEHIES (0—H) TH3 2 ¥ ERH,

M 1.6.3r>0,weR\{0} &FT5LZ, Hifi%z x(t) = (rcoswt,rsinwt) (¢t € [0,27/w]) T
ED D, HRERD K,

M 1.6.4 fWEX r = f(0) TER SifIT LT,

2
7’2+2(%)2—rﬂ

dg?
o+ ()]

k= 3/2

TH5H It

1.7 MDZE&E>
1.21 o>k (1) (Z—4,9) =01 @ =t 2 AT 2. 2) |Z° = |Z— @+ || =
(Z— 0+ 0,7 — 0+ 0) ZEEALT, (T—0, @) =025, (3)(2) TRLERDLS ||0|” <
|Z|*. @ % & & § TEHL, =
M1.2.2 AFXOFHD S

YLD EENES & 7 L § I3 1 KR,
Tr goriried—nnn0%63 —|Z)| 17 = @7 = |7 |lyll. ATz & g0
7, MEZLIXEEE T2, HeR\{0}st. =17 TDL X,

12 g1l = el 127, (&) =t @)

THEPE. t>0 DA (7,9) = |7 7], t <0 DEEE (7,9) = — |7 |I7]. K& -1
Frosr. 7L fHARALHALAEERTIENOREENERICAD, 7 ¥ 7 AR
AICH A X THIUIEMD AN EENEFICR S, =

f1.5.2 A°=(1,2)x(3,4), A’ ={(L,y);y € [3,4}U{(2,y);y € 3.4} U{(z,3);z € [1,2]}U
{(z,4);z€[1,2]}, A=[1,2] x [3,4]. m

M1.5.3 MR AWCEENDZ L, (PARETDHS) CWVWOREPHEA 06, Hiambd
b THB, )m

B11.6.1 f2C® ksl FEDEeNIZOWT, fIZCFH/KTHD, (TED k.l €N,
kE>0I12DWT, fRCFRTHUUL, fFIXCHTHZ, f28C HikoiX fIi3eMorlEE
THD (I T LB IRV, [ BRI AIRETHAUR, [ I1FEK DB DOWT
RMDAIRETH 2 (HEHT LHMD IR, =

f11.6.2 €i(s)=0 &b, Jast e(s)=a 25 Ibst. x(s)=sa+b. m

46



f1.6.3 k(1) = 1sign w. 722U sign B3R5 Z2RT (2 >04%61Esigne=1,2<0Z6&
r

sign z = —1),
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F28 ZITHEAH

(A TR Z e DEDIRLICKRZDY) Q % R* OMESGL T2 &, BB f: Q — R™ &,
en=10r %, 12

e n>10rE ZZH (M)

e m=10rE, FEIHE ()

em>10DrE, X7 MUE (B

N,

EBEohEFI L. 1 BHARZ PVERK (m>1) XD b, SERSEBUERE (n > 1) 508 L
Vo 1 ZHANZ FVIEBIRL (HIFR) &, 138 A EBRBEEUE B 2 125 X 57210 T, KIROGEAT A
TLE I, ZEHBBRDGE. IRz —a EE-TH, BARENET2E ZICANSRBEN D
D, HRFOEREPDEITL S,

2.1 ZEZHEAHOWER &EGH

ZOENIZDEZROEIIDOILEYLYr 2 5%, YAX—LTHLWVWIZ 2IZAKEXLHITTI3O:
(a) ZEHBIBOEFREDER (HITKEZEBITOWTEBLE VWO DTIERWV )

(b) HHRIEII 72 TAD 2 (ZIERBKS 1 ZHOERPER 2z SN L TEo K574 THE
7% BABUERE L 725 — ZAEBEBBEBOMIIZTCHIToND L5 R>TIELW)

(¢) RO I T 2 3 00 EE R EH

2.1.1 TEHRCHEEAME

a _ I
EE 2.1.1 (ZEHEHBOWIE) Q % R" OFFES. fF- Q—=R™ aecQ, AcR™ T
RN

lim f(z) = A Ve>0, 30>0, Vo € QN Bla;s) | f(z) — Al <e.

r—ra

ER R

ZOZt% e 5aDED flx) D _E (limit) X A TH2). e 5a DEZF f(2)
WFARPNKRTZ) BBV, f(r) 2 A(r—a) EBFEL,

A

)
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RBOD7H: Q= {r € R,Ve >0 B(r;e)NQ # 0} = {z € R Hap men s.t. ()Vm €
N 2, € Q, (i) iMoo Ty = z}. (a € Q (a 1& Q OEAN) DRDODIT, a 1T Q OEFS L
T5. EWVWOHTiEL D5, )

AR 2.1.2 (IROEMHZ — ZFES>TRY) LOFHOEZTTE RD XS IE VLT
RN R SR MWV IR SR ST Y g AT
Ve>0,30>0,Vz e, |z —a| <0 = | f(z)— A4 <e.
Lol FFEOEEZIEZRE. EROTOEZTBEMNLRI D5,
lim f(z) = A TERWVWE >0, V6 >0, Ir e QN B(a;0) |[f(z)— Al > =

r—a

AR 213 FCrc QL TWVAZRBEALIVLE XX,
lim f(r)=AH52VWE lim f(z)=A

zEQ,x—a Qoz—a

YELZYIZT S, =
AR 2.1.4 (HDVER) lim f(a) = A %,
Ve>0,30 >0,V O0<|z—al|l<d = |f(z)—A||<e

MDD Z L, EERLTVEERIZ WV, 0< ||z —al EVIEZHEEMZAT, 2 =a DHE
ZBRNT B, EWVWH e THB, (MEDT) MR2H S 7 —XTZ20DIE, M REDER
g%fW+2_fW)®;5&\ﬁﬁ%omﬁﬁﬁ%%ﬁ&®f\%ﬁﬁot&%:t%ﬁw
5LWVWHEKTHA I,

FCHRA LA ER RS Y 2k, 0 1372 BRI A L
FNTVEW (DRE0ICT2H5). LER3DIITHS,
COEFRZHEHIT ML LT, ABEBDOMRICOWT, MmdE2.1.8 DT 52 nd
Tohd, RN ERDD L TIEME2.1.8 XLV, »

| ZREROBE LA, UFOMESELNS (FEHIZEKT 2),

DEZBUCE

a+h)— f(a)
h

4 _ N
e 2.1.5 (M. = XAS—F. /. BOWE) Q 1 R” OEFDES. a € Q T, f,

g: Q=R IZ hi)nf(x) = A, liing(x) =B %Zfii’zzL. Ae R T 272561 XD (1), (2)
DL D AL,
(1) lim(f(z) +g(x)) = A+ B, lim A\f(x) = M\A, lim f(z)g(x) = AB, lim |f(x)| = |A|.

T—ra Tr—a T—ra

(2) B#£0 751X llg(llf(x)/g(x) = A/B.
N J

4 _ N
i 2.1.6 (M. . ANF—E. NBEDOWE) QIR DEPER.ac QT f,9: Q0 —
R™ & hgnf(x) = A, liglg(w) = B %Zii7ZzL. e R £ §25%6F. 2 - a DL X,

Kﬂ@+g@%+A+BWV@O%AA(ﬂ@y@D—MAiﬁHﬂﬂH%HNL

v
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- N
e 2.1.7 (BRI CICZZNUEE V) Q 2 R OF7ES. f: Q= R™ a
QA

ER™ LIBHLE,
fi(z) Ay
PO g, |2 [ =a
fm(x) A
LBk,
li_rflf(ﬁ):A < Vie{l,2,....,m} li_rflfi(a):Ai.
\_ /

-
i 2.1.8 (ERBIDIER) U 13 R OFIEE. VI R™ O IEET. f: U - R™,
fO) cV, gV R CEF5,acU,beV, limf(r) =0, hrrll)g(y) = ¢ 5,

T—a y—r

lim g(f(x)) = .

J

BEBA Ve > 0 WXL T, linlljg(y) =c &D. 34 >0s.t.
Yy—

ly—bl <o = lgly) —cl <e

lim f(z) =b & D, 35 > 0 s.t.

r—ra

|z —al <6 = |f(z)—0b| <d.
D& (y=f(x) £3T5ZICLoT)
|z —al| <6 = |g(f(z))—c| <e.

ZHUF limg(f(z) =c ZARL TV, m

Tr—a

AR 2.1.9 (BEE: SEHBEHOWRIZ THRSZBCCICHERZR>7-HD1 TIEEHEWL) Q%
R2 225 (0,0) 2RV L (2:=R2\{(0,00}). f: Q=R %

21‘11’2
23 + a3

TED S, (r1,712) = (0,0) & Lzt ZOMERITOVWTEZR K I,

fxy,20) = ((z1,22) € Q)

Jim, P, 0) = Jim, o = Jim, 0 =0,
2-0- i) .
A Oe2) = I G = 0 =0

ThHb, LU, BIR L, = {(z1,12) €ER¥ 0 =k} BEZ B L,

2'1’1']{?1‘1 o 2k
22+ (kx)? 14 k2

fr1,20) = fay, kxy) = ((x1,22) € Li N Q)
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THEHDP5, L WTiho T, (11, 2) 23 (0,0) 1AL & %,

2k
I -
Lka(m,la:rg%(o,o) flay, o) 1+ k2

ZDEIE k WHRFT 5 DT, lim  f(zy,20) EIFELRW,

(:B1 ,:172)—>(0,0)

ZDOBABDIEMRIZ, MEEEZHWTEZ 200D T 0D LKWV, 21 =rcosh, 1y =
rsinf (r>0,6¢€0,2r)) £BL &,

2rcos@ - rsinf ) )
flzy,x0) = (rcos 02 + (rsind)? = 2sinf cos ) = sin 20

THE2PH. riZEDHT 0 DATHEIPRED., 0 =mr/2 (m € Z) TEIX 0 725, 2420 &
WIHIDIITHEY, =

ZARBI D2 ERL &L Do

-
EFE 2.1.10 (BEHEGER) Q 2 R OFES. [ Q> R™ 2T 5,
(1) aeQ T 3L E,

[ 7% a TE#E (continuous) L lim f(x) = f(a)

Tr—a

& Ve>0, 30 >0, Vo € B(a;0)NQ || f(z) — fla)]| <e.

def.

(2) f 2% Q Tl S Ve e QT f 23,

J

AR 2.1.11 n =1 DHEE, TTRALATWS 2k (1 BB OEKE) tRILTH 2
(FHELRV), =

fi
AR 2.1.12 (R MIVERKOESIEIE. SEOBROERETHS) f=| Y B

fm
Y E. E 2.1.7 6.

[ 7 a CiHElfE < ilg{lzf(x):f(a)
o A = @) (Q<i<m)
& fi D a THHE (1<i<m)m

AE 2.1.13 (BEE: SEHEABOERIEIE THROERT c &M TIREW) f:R* - R
%

22 + a3

2x129
ﬂmwg{ ((z1,22) # (0,0) DE &)
0 ((21,m2) = (0,0) D&

TED D, BUCHRZX 51

lim 1,
(1‘1,1‘2)*}(0,0) f( ! 2)

o1



WETFELR WV, WZIT f 11X (0,0) THEHEETIZA W,

lim f(21,0) =0 = f(0,0),

xr1—0

lim f(0,z2) = 0= f(0,0)

x2—0
B, TEEBUTBE LT (0,0) TEft) THDD, @t 1ZR SR WBEEDH 21T
H5, m

B 2.1.14 (EHEIRITER) R™ DEER c ZERITEAT. f(z) =c(zr € R") T f: R" - R™
ZEDIEE, fIX R THEHRTDH S, EE. EED a e R ITHLTHL2IZ

lim f(z) = ¢ = f(a)

TH5056,
Bl 2.1.15 (1 RBIEUIER) Ac M(m,n;R), be R™ 2T 5L X,
flz)=Az+b (x€R")

TEZES f: R" > R™ % 1 XK R, ZHUTHERTDH 5,
(FEFHL) @ 2EED R OBERL T2 &, 13 HITEAL / VaEHVS L,

1f(2) = f(@)] = [[(Az + b) = (Aa + )| = |A(z — a)|| < [|A[l[lx = all =0 (2 = a)

THdDND,
f@)—= fla) (r—aDZ).

IThbOE, fliXa THEHHETDH S,
(FREAA2) A = (ai;), b= (b;) £ B E, EFED i € {1,2,...,m} IZDOWVT,

fl<l’) = Zaijxj + bz
j=1
eBle, f=(fi,. ., f). & fi BZHEABEKTH 206, BADR 2118 12K> T, R

TEGETHZ, WAIZ fdH R THETHZ, »
EREARII T TABHD v 2 RmT 012, WS OorHmEEHAZEL LS,

; N
i 2.1.16 (ZSEHEHEBRHIC OV TERMEITEELRTS) QIR OFTEE. a e
T, f,g:Q9—>RZaTHEK., NcRETEHEE, RD(1), (2) DD IO,

(1) f+ga)‘f7fga |f|%afﬁﬁl‘;—éo
(2) gla) #0251 f/g B a T,
\_ J
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SIFA @215 XL TH S, m

iR 2.1.17 (BEHRY MVEBEBIC OWTERMISERTS) Q 1k R® OF9EA.
a€QT. f,0:QR™FaTHEE NcRETHEE, f+0, M, (F.9), Ifll & aT
AT

SBA w216 KDL TH S, m

4 N
% 2.1.18 (ZIEEBUIER) LHABIIERTD 2, T2DB P(ry, 19, ,2,) &

FEBOZIHEA L T2 & &,
gl
Z2

R" > ) — P(xy, 20, ,2,) €ER

Tn

(FEA BT D B,
N j

SEBH i (1 <i<n) LT, B p;: R 2 Yoy, 29, -+ ,2,) — z; € R OaifgetE A
[zi — ai| < |7 —d|

MHENPNDL, RIZH2.1.14 L6 2.1.16 5L, =
i LT, BHEX (ZEA/ZHEK o2 LT0waR) 13982 0 122520 RERDOE
ATEBEERL., TERTH L Z 209 5,

il 2.1.19 (EGBEBOERKITER) U c R", V Cc R™, f: U — R™, g: V = R,
acU, f(U)CV, fliXa TH#fE, gldb:= f(a) THEHE = go f: U — R I a THlifi,

GFRFEARRE 2.1.8 1Tk %,
Z ZFCTRIMDEREOFNI N STHHFIHER Z B TE B,

B 2.1.20 CEGREIBDEREG]) LIT ORI R? TEMTD 5,
f(z,y) =1+2+ 2y + 32% + 4oy + 59/,
glw,y) = e ),

sin x
h(%y) = m,
o(x,y) =log(1 + z° + 7).
TEEDY 01270 5 2 0BEEIZOVWTIE, W OEEHEXHELTHS!, =

LFZ R TIE, 20OV R Z HEORE LTLE S 2o, NEREBEEOHIZHF T LIV v
S FALERICEZ SN WD N D, T2 HIEETDTT S KETREN DN, K2 FENH -
TV EHZEH > THAZ TS DIFRIRERTH 5,
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2.1.2 FES - RSO (EHRRREAFATERSNIES)

HAHEORERZ. TODHEESTH 2 Z e MAEHEBICEIIATE 2, FRIRGER->THZ
Y THDIH., IEFIERTH 2 Z e hZn,

[E%ZLijR1+RM@ﬁ%ﬁZ?58%\ueRﬂﬂ@>0}MRﬂ®%%6T]
Db,

BEBA A:={r e R™ f(x) >0} B, Vaec AITNLT, f(a)>0TH%, flFa TiEfi
TH3H 5, 30 >0 s.t.

[z —all <0 = [f(z) = fla)| < f(a).

IDLE, |z—a| <5 THIUL. flz)> fla)— fla)=0. THhbE z € A WZIT A IZBE
ETH5, m
COMEERRD L, UTomEIXHEICHATE 3,

Kﬁ%2122fJV—HRM@ﬁ%ﬁ\maceﬂa<bkﬁék%\ﬁ@%ﬁéMRn®
FEATH 5,

(i) {z € R f(z) > a} (i) {z € R" f(z) < b} (i) {z € R" f(z) # c} (iv) {z €
R";a < f(x) < b}.

N )
fm“2123fgIW—u1m@%%ﬁZ?ét% ROBEEIIR OFEESTH 3,
OHﬁGR”()<9(H (i) {z € R"™; f(z) # g(x)}. )
/ B M
R 2.1.24 f: R" —» RIHEHRE. a,b,ce R, a<b b T22E ROBESIR D
FAEETH 5,

(i) {z € R f(z) > a} (ii) {z € R"; f(z) < b} (i) {z € R f(x) = ¢} (iv) {z €
R"%a < f(z) < b}

N J
Km“2125ﬁgi¥—ﬂ1@@ﬁ%ﬁk?%k%\ﬁ@%%é@Rﬁ@%%ﬁ?@éo
(1) {z e R"; f(z) < g(z)} (i) {z € R"; f(z) = g(2)}. )

f 2.1.26 (FEKIIFEES) R" OBER B(a;r) IZBHEETH 2, EE. f(z) =12 — ||z — a?
W Z2EXZ DT R 2K THEETH D, Bla;r) = {r € R, f(x) >0} TH2H 5, fillid 2.1.21
WEoT, HESTHEZD 0%, m

B 2.1.27 (VT IEVIEHAES) R D 1RO RIZES (V7N YRR {a} &
FARETH 5, FEIE. f(z) = ||z — of* FZEALRDOT R 2K THEETHD., {a} =
{r eR" f(x) =0} THZH0H, m

o4



2.1.3 3 DOEELRFHE

Z OIETIRER BT S 2 3 DOIFFEICEHELREMZMENT 5 ( [ZEROMITEDTE 1)
DHIPFTZDHEBEMDHAL LR OB VWEMB D 2E0Y), EDS5HD200a %7 MELE
BLZamETH %,

BERMAE S LOEGREBRDORKIE - &/I]VE
TR LT, ZhHSBEELROGED HMHD & 5,

/ﬁ% 2.1.28 (EHMHEDRINCELBZRE) Q X RY OFDHEE,. ac QT f:Q— Rm\
L¥arE. RO (), (il) BEWRFAETH 5,
(i) £l a TEBTH %,
(i) a (RS %, O WOERDFI {2, }bnen WO LT, lim f(z,) = f(a).
Rz, f 27z 513, lim f(z,) = f( lim 2,) DI D LD,
\ )

BEER (i) = (i) WHHETH %, (i) = (i) ZRT. (i) DD IZOD, (i) IFD L7720
EIRET B L.

Je>0V5>03reQB(a;9d) ||f(x) — fla)] > e.

ZneNIHLT= % BVWT, LOoFEEEZEAT L. 8 {r,}hen CQ T

1
e —all < — () = F@)| 2 ¢
22bDNENDL, TDE,

Ty = a, flxa) # fla) (n— o0)
ERBZM, THEIFETH S, WA (il)= (i) DD ILD, =

fied 2.1.29 (A7 FESOEGEBICLZFEAVNI R, O R N—23Y) K
* RN 0BRSS, [ K > R™I3EKe T2 %, f(K) X R™ OFRBALATH %,

BEER {yntnen T f(K) NOEEORINE T2, FED ne N IZWLT f(z,) =y, TH 2
5% K WO {2, fnen DEI S, EH 1.5.25 (1) = (ii) &2 Ty (Han, then: {20}
DEB7H) (3a € K) s.t. Jim = a. f WHERTTH S0 5, fidd 2.1.28 (i) = (ii) 1Tk o T,

lim y,, = lim f(z,,)=f (lim :zrnk> = f(a).
k—oco k—oco k—ro0

FRZ {yn, hren E K RO f(a) IR T 2 {y,} DICREDFITH 5, &8 1.5.25 (ii) =
() ICk>T, f(K)IZR™ OBRHEATHZ, =

95



[ﬁﬂé 2.1.30 R DZETR W EICERLZARSE K 3RKXEZFDO, j

AR LICAERTHB o, K3 ER S 25D (Weierstrass), FROERD» S, % neN
X LT, '
dz, € K s.t. S—ﬁganS.

ZDEE limax,=5 THHD, KIIHAEETHE206, SeK. WZIZS=maxK. =m

n—oo

EiE 2.1.31 (ERAKS LORMEEGRARIIRAE. RIMEZRFD) K E RY O%ET
BROERBSRE. [ K-> RIERE 3272013 fl13 K ETRAME. R/MEZFD,

A RAMEOFEZIEAT 2 (R/MEDFRR). K DB2ETRVWEWSRED S f(K) 24T
%< K DERBAKED»D f: K - R 2EBLE VWOIIREDN S, f(K) & R OFFRHALEAET
H5 (M 2.1.2012&3), i 2.1.30 &b, f(K) EZRAEEZRFD, =

AR 2.1.32 (RKEZFBVERRER) K 2ERHAESTRWEGEITE,

e sup f(z) =00 DD 55 (HAR. BRAMEIFFELRWV), HIZIE K =(0,1), f(z)=1/x
Igg‘% & sup f(z) = oo.
veK
e sup f(z) < 00 THoThH, RAEBBZNZ DD 5 5, HIZIE K = (0,1), f(z) =
?;K— 1/22 55 sup f(z)=1/4. LU f(a)=1/4 785 a e (0,1) TV, =

zeK

f 2.1.1 (BIXMEOEGREAMICKSR) I # R OFAXME (Z ZTIEHALAETH 2 K52 KXME
WOERR), f: ] >R ZEGEREBE T = fOB& f(I)={f(x);x €I} ITODVWTEZX S,
HEEOEHICL > T f(I) d R OXBTHS Z 055, b L I WEFRTHIUR, Wil
2120 12& > T, f(I) bERAXMTHZ Z B9 h %, LHL I BEFRTRVWESE, f(I)
BERTRVWEZA2, XMTROVATREED D2, [ EHXETH 25, (1) IZFAXMET
Wl DT K, (p143 ZR K, )

M 212 (H2BEVADFEE) neN &T%, ac RPIINLT, f(z)=|z—a|®* &8
o FFEMEREE g: R » RIXHLT, N, :={z € R%g(r) =0} B, N, # 0 ZRE
T3, TOLE, DIFD (1), (2), (3) IT&Z Ko

(1) Ny i3 R* OPFRATH 2 Z & Zmts

(2) Ny AR THB7%0IE, f & Ny TRAEZRFDZ 2 2mE (N, EIZ a 225 bIEVA
DIFAET % )o

(3) fl& N, L TR/MEZFFOZ L 2Rt (N, BIC 0 KERBIEVEIFEET 2),
(p.143 ZH. X, )
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BERHAES LOEGERO—aER

e N

EiE 2.1.33 (ERAKRS LOZSTHEGREARI—IRERTHS) K = R" DOARHAES.
f: K - R™3#EmET5801E fl1F K L—#HE&#H (uniformly continuous) T&H
b, TRDLH

L Ve>0,30 >0,Vz € K,Va' € KN B(z;9) ||f(x)— f(2)] <e. )

EH 1525 Kb, KiZay 7 vpomdary 7 v Thb, K Dar,7 MEZHWS
. BBRARZED R 2532, Z 2T s a v o8 MEEFRWFEREREAL & 52,

AL HHENA RIS 2, [ 2 —HREBR TRV EET 5 &\
e >0,V >0,3r € K, 3’ € KNB(x;0) |f(x)— f(a")] >e.

ZZTGS§ELT1/n(neN) ZMDILIZLoT, ROEMAEZHTT ZDDRF {2, }nen,
{Yntnen DEET B EDTD 5,

€K, €K, o=l <5 1) — Sl 2 e
K OEBIay 5z M, ARG {10, een ZHB &
doe K st x, —a (k— 00).
£ ZBT |2 — yull < 1/n TH 25,

1
e = all < i = i | + Nl = all < =+ flon, = a = 0 (k= 00).

TR yo, —a (k—o00). f OHEFHEID k= 0o DEE f(r,,) — fla), f(Yn,) — fla).
Lob d
1f (zn) = flym )l = €
Thk—oooTaE,
0=1f(a) = fla)] Z€>0.
CREFETH B, WA i3 K ETRESTRIIRSRV, -

AR 2.1.34 (—HREGRTHVERBH) K 2ERMESTARVEEER. i Tho T, —#k
TR VBN LGS, K=(0,1), f(z)=1/2 T2 &, V5>0IIRLT,

§' == min{d,1/2}, $;::%3 x,;:%T
rBl,

!/

o =% <d 1f@) - 1) = |-

ooy

B35

200 20X T2 OM 7 2#3% / — bJ http://nalab.mind.meiji.ac.jp/~mk/lecture/tahensuu2/
tahensuu2-pl.pdf # R X,

32/ — FTl&. Heine-Borel ®EH (FH 1.5.25 @ (i) = (iii) OE5) DFFHEZ AL TW2 DT, Zh
ZREE LRWVEEIIZ 525 Z it L7z,
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http://nalab.mind.meiji.ac.jp/~mk/lecture/tahensuu2/tahensuu2-p1.pdf
http://nalab.mind.meiji.ac.jp/~mk/lecture/tahensuu2/tahensuu2-p1.pdf

Je>0,V¥0>0,Jr € K, 3’ € KNB(x;0) ||f(x)— f(@)] >e¢
De=1L L TURSNEDT, ~HEH TRV DT>, n

HRfEED EIE

EE 2.1.35 (EREES) R" OHIHEA Q 25%&#E (connected) TH 5 13, Q NOEE
D 2 [, Q NOIRTHEIEN S 2 TH %:

Ve e Q,Vy € Q, o [a, 8] — Q @R s.t. o(a) =z 22D p(8) = .

AR 2.1.36 (ERFMEOERICOVT) FHid. —RoMHEZEMEmIEVTIE, @M. ke
3E o7 (HEDEBHNTRY) PHATERIND, LOERDEMAZIET 2HEEIZ,

ZL&INATD

SKERE (arcwise connected) EMEHINZ DB EHETH 5, LA L. R ODFEFITBWT
. ERE=IURER RO T, S TREHECTESNGREREZRA L. =

R DEDHEE AITOWT, ADPERTH 25701213, ADBXMETH 2 Z e EFITH
%o ZHUF, ROEH (HoTWBIEXTH Rl 2267505,

e M
8 2.1.37 (1 BHEREEGREARICEAT 2PREDEIE) f: [a,b] — R 25T, k €
R X f(a), f(b) DREINCH B (ie. fla) < f(b) DIFE f(a) <k < f(b), f(a) > f(b) DFE
fla) <k < f(b) &R,

L dc € (a,b) s.t. f(c) =k. )

4 N
R 2.1.38 (EHAEAMIC K IXEOKIIXRM) I # R OXMH. f: 1 — R ZHEHEKE T
\52\%@@ﬂn:ﬂﬂ@mefﬂiR®Bﬁfﬁéo

J
ZOfEFE, DEGEEIC X 2 EEEAOBIKERETHZ ) WO TbEh 3, D
FEIIE T H 228 (2RO T UTA L TA L), 22 TR ROFOGEICE L HTEH

- =
< Do

EIE 2.1.39 (PREMEOEIE) Q & R® OHEERTPES,. [ Q — R IEEkz 51 X
DZ e ILD,

acf,beQ, fla) <k < f(b) = JceQst. flc)=k.

BB QAEARTH B EVWIREDN D, a & b ZiERN Q WORIFR ¢ 5.
p: o, B] — QEHE,  pla)=a, @(B) =0
ZDEE fop:|a,f] = R EHREBOENZ D CTHKREKTH D,
fopla)=fle(a)) = fla) <k < f(b) = f(e(B) = fowlB)
W 21T 1 RO EEDER D &
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Iy € (a,f) st. fop(y)=k.

ZITe=p) eBFRE. flo)=k kb, =

2.2 RS
2.2.1 RO DEE
I [ BEEREMOBE. BT

f(x+h) = fx)
h

PEERZFR RV EICHEET 2 (X7 MUVTHIS Z 2IdHRRW D2 5),

e N
EFE 2.2.1 (RA9TEE. RHORE) Q% R OBES. a=ay, - ,a,) €Q, f: Q —

NATRADD S

R™ &35 %, f2aTEKz TOWTRMSIFIRE (partially differentiable) & 13,
Fi R

lim fla+ he;) — f(a)

h—0 h
MWEETLIETHIEERT D, TIZT, e ld FHilmDA1 T, HOEDIE 0T
HBHEIO R DRI ML THDB, OF D,

hm f(a’17"‘ s j—1, Qg +h7ai+17”' )an) - f(ala"‘ sy Ai—1,Qjy Qj41,°** , Qn

h—0 h h—0 h

THb, COEDZ %, [f D allBIFb. Z z, ITOVWTOD RMAFERE (partial
differential coefficient) & FCX,

of 0
(@) gofla), fula)

REDILFTRT (U Jacobi ICHEKRTEZ5THB) 0 F T = %L T4 —
(partial “D”)J. 9D ¥ K« 74— (round “D”)J, HBWIFHIZ 74— LHHi,
(F 92OV TE, (HAGER TR ) 35RO Wikipedia 2F = v 78 X, )

J
(R ZRIFLBE LT, 0, f RO f £WVWIDHDHD, EN&DIMHERIRD DTIED 205,
ZDBETIEMEDIZ, )

BFEDBHTRZ 2, B O 5RVEWVI ADBDRLBN, Z25W0D A&, KD & S 72H4)
DBIRINLDTHA S,

Bl 2.2.2 2 ZREIEL f: (2,y) — flz,y) DEEIE.

ﬁ(a7b) = lim flath,b) = fla, b), g(a, b) = lim

f(a7b+h) _f<a’7b) -
Oz h—0 h dy h—0 '
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-
EE 2.2.3 (REFEH. SMEORERM. CF k) Q % R* OBES. f: Q = R™ a =
Hag, -+ ,an) €Q 8T 5,

(1) f 25 Q Ty ZH 2, ITOWTRMSTTEE (partially differentiable) € vz € Q 125
LT flda T 28 2 IZOW TR AT e,
ot B

QB:E'—)?xfi(ZE)ERm
Z. f OEE x; 1T T 2 REE (partial derivative, partial derived function)
SR of 5
i et
REDRFTET,
f®§ﬁxﬂﬂﬁ?%ﬁ§%ﬁ§£ﬂfﬁén%%f@l%ﬁﬁ%ﬁﬂhﬁpmmﬂ

derivative, first partial derived function) & #8f5 3 %,

<mfﬁwr@@&@momfﬁwﬁm%f\%@ﬁﬁ%ﬁggﬁgfxzﬁxﬂem\
CIRMATTRETH B & &,
o (o
8:1:j 8;1:1

0 f o?
8[L‘j6$i ’ 8%8951
REDILETRL., [ D2 BERERBE (second partial derivative, second partial
derived function) & FES,

f: facqacj

(3) (2) EFFRICL T, Vk e NIZH LT, k B{RERE (k-th partial derivative, k-th
partial derived function) VE&R T X 5,

OF 0 (D (0.
axik amzzale - axzk 81’1‘2 axil ’

(4) keN T2 &, fH QT O (k BEREGRMSEIEE) L&, f 28 QITBWVWT, k
LR O IR TOREREERD, 263 NTe, fHEDN Q ETHEETHS Z
Y YEFRT D, 1 BEREGIMOTRETH 3 Z & B EISEGIIM O TEETH 2 2 Wv I,

(5) BAsk f: QO > ROSERTHEI L%, FIICHMTHS, LE52nHs, fHY
D% fOOR (R EREKEES ZLdd 5,

~

K(6) £ O™ (ERREMSTIEE) L&, VE e N IS LT, f 5 CV|TH 22 e in 5oj

AR 2.24 (8BSICDOWVWT) (1) FATCERICET 2 REMTICOVWTIE, MoREZH W5,

60



- > . a2f _ 82](‘ > a2f ==
K_&i@—j@t%\ 8ZL‘]8$Z_8ZE16$1 O)k—t%a_l’?ta<o
. >’ f -
@ Nexoin STl ozve f, v E< (LogkraR). -
i 7

AR 2.25 (C"ROEERICDOWVWT) CF ROMRIIEE L TWVW5 DA, BRIICEY 5 ER
T30 WL OrDTEND B, TFK2.23TlE k BEETOIXRTOREREBDAIFEEL T,
ZFRHINRTE, b OAKER L L, FiZdEmMEICOoWTIE, b FBEOREREE T
THEBTH D 2 THUX, b — 1 AT OREREILERTH 2 Z e hErN D (ROTEE
237 %R KX)e ZZTIf D CHIRTHZ I f 55k EHRMIFIRET. [ D k FERERE £
ITARTCEFTHEIEEVD ] DIIWXERTEIILHTES,

5l 2.2.6 (2Z# 2 REE) f(z,y) := ax® + 2bzy + cy® + pr + qy + 1 (a,b, c,p, q,r IFFEER)
3B e,

ﬁ:2cwz:+2by—i—p, ﬁ:2bac+20y+q,
ox oy

o2f  00f 0
Pf 90f 0

Oyox _Q_y%_a_y

of oof 0
8x8y_%8_y_%
’f 009f 0
Ay dydy Oy

(2bx + 2cy + q) = 2b,

(2ax + 2by + p) = 2b, (2bx + 2cy + q) = 2c.

[ D3 LEDIRERBIZITIRTOTHS, n
ROFEIC & o T GEHIIHHEZOTIET %), KIEEOZid m=1 DB EREI N5,

4 N
df1
bil of Oz,
BB 2.2.7 f=| : | EELH =1 DK D LD,
61’1‘
fon Ofm
8:61-
\_ )

2.2.2 RSP DIERIH

EiE 2.2.8 (RMSODIEFE3HR) @ 2 R OF%ESE. [: Q- R™ & C?HROBEKE T2

b=
*f  O*f

8:@05@ N 8:)3]8% ’
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S

BB f=| 1 | B L E,
Jm
% f1
82f 817]6%
(9:@8:1:‘2- N 82:fm
Oz ;0x;

TH2506. m=1DHEFEHTUI I TD %,
Fio, i=j DL ZXABIFATIRELR Y, ZZTi#j T, ry=x,2,=y &8
=, f k2 ZHEE
(z,y) — f(z,y)

v LT AUS W (O 20— IE L S8R0 bIEP ), (a.b) € QIIBWTEZ 5,

Alh,k) == fla+hb+ k) — fla+hb)— f(a,b+ k) + f(a,b)
LB (b, [k EHAAEVET B),

e A Pf

1. Eik hl,kIEO hk 8y8x(a’ b):
FEE. o) = flz, b+ k) — f(z,b) €BL &, A(h k) = pla+ h) — ¢(a) TH 20, F
BEOEEH S 30, € (0,1) s.t.

AMJQ=¢Aa+%Mh:{g£m+0mm+%y—%ga+%MM}h

b5 —E, FEE y IZOWTHFEHEDOEMZ > T, 30, € (0,1) s.t.

A(h, k) = Of (a+01h,b+ 0:k)hk
9 - ayax a 174, 2 .
*f i
REXD. ESENTRIOBEN
0yo
A
hl,ichEO hk ﬁy&t(a’b)'

_ . A(hk) 0% f .
5 K1 Z ’ = AN °
2. LAk h%imo ye 920y (a,b) DRE D

.. O*f o
3. WX ayax(a,b)f axay(a,b). n

FDE: EOFERRIF—ER? Lo, ELWZ B TEZ 525, BreRiRvEwn i K
B2Zpo7eDT, PLERGHAZHET 2, BFLRTHMIHRBOER

f’(a) — lim f(a + h) B f(a)

h—0 h
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EEEATERRIC,

: . fla) — fla—h)
fia) = lim h
N fla+h)— fla—h)
, ) a+hn)— fla—
fle) =, 20

REDORZIHE L. L WOSHMEBMENRH572TH» 5, HAHIHEHNS (f(a+h) — f(a))/h
DEIRANE [EZDMHE LFERDTH S0 (IEMERERIZEKT 3).

DRI EREDOERTH S
ERRREHNCEII T & 5, T3 1 oMo BTtz flRR
Fr(a) — tian L@ =20 (@) 4 fla =)

h—0 h2
DEHT. BEOWATMEEBDETEOMBY LTRIT N TE3, M EZ. 1 Z8EEuco
WTDFETH o720, [ Z e BELBEBOMMRBUTOVWTH KD 2, HlZIE C2Hko
2 BB [ (2, y) = f(z,y) DHE

fla+ h,b) — f(a,b)

fz(a,b) = lim

h—0 h s
fy(a,b) = lim f(a,b+ k]i — f(a, b)’
Jfey(a,b) = hl,;lgo flathb+k) —f(a+/;kb) — f(a,b+k) +f(a,b)’
fax(a,b) = ;Lig(l)f(“h’b) —Qf%c;b) + fla=hb)

LAY IO, TOEIBRFEEZH>TWBE ., FOEHOIFHIIMD THRICR ZTK
%, OF D ESREENEDERIEDNERF O EELNRM D DNEF O #EIERT 5. WS 2k
THbd, m

M LOHEEZIE X

% 2.2.9 (C*" A5, RS DIEFRMENEHES) f 27 R” OFEED LTERS L
CFROBEE Y T2 51X, f D kEFTORMDDIERIZ, RIERJRETH 5,

AR FHS 2, =
DURIE. @K [10] 12 & %,
R 57 DIEFF 2 H4
0% f B 0% f
0xdy  Oyox

DAL L TRzt fild 5 5.

iz o TR E T 5 23 EBOMETH 225, BEEIIBWTIREITRM D ONEF AR K S Z b 2%
25 . NEFP A IR VBRI R & & AREBRVEBTH 2 205 Z 8T b xFHEN, LHEH
FRES,
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fll 2.2.10 (RS DIERFIIIED T E 4 VLEEE, Peano IC& D RA)

)

ﬂ%w{“@;+;«%w#wﬂn
0 ((z,y) = (0,0))

IZ2OWT
f2y(0,0) = =1,  f,2(0,0) = 1.

ZOWNZ f(z,y) = zyg(x,y), lim lim g(z,y) # lim lim g(z,y) € —MRIILTE2 (N F—- T 7 > F—
z—0 y—0 y—0x—0
3

[13)). #21/ [7] I f(z,y) = ((z,y) # (0,0)) &S FIDFFHTH 5, =

x2 + 12
M 2.2.1 $12.2.10 2D Ko (p.143 R K, )

F7e. R DR AR 272D DS EoEHPUNC IO T WS, LAl £5
W BDIZTRAD T2 IR TEL LT 2, AHRET 22138 HITTHLICE LD B,

ol 2.2.11 (Schwarz) » 2T T f,, f, foy DAL T, SHEBAD 1 FIZBWT f,, HVEH
ZolE. FORIZBOVT fp DIFAEL. DD foy = fya y

/ﬁ% 2.2.12 (Young) »2FKT f,, f, PFFAEL T, ZASHHEBAD 1 BV TRMITAIHE
RS, ZOMICBVT foy = fye-

_ J

(M ATREMEDERIZ. ROENHD THTRZ DT, EEIHIEZL TWEH, KHIKRTRXW, )
INSDFEMOFEHIZ, WIhd LEEORICH B,

(ZOMFTIE, ZLEBIRD 2 AMDATRETH 5. LW T ZERLTVWARWA, Hid, Zhz
EFT D L. £ Young OFEHIL, [f 232 [EMDATRETH IR foy = fro) EWVIEHZEIKT 2, )

2.3 (&) Wy

ZOHITIE. B =DM OMETH 2B 2HHT 2, 1 ZBDOGEOWHNITEIIMIGT 2D
(R EDIEDLS) 2MP DT, THEORXDERRBMREEZ oS, TN THRETIE T2
ZEMWL T, HIiZ M7 CIERZEHB0,

B PR DWTTETIR, RO KIERE U 7225,

B D77 7 ofid. BE 1 XRE-RTELLEZ D (D77 7) TH %,
ZLTHEiX

BfeWa s i, Bz 1 REABTEUT B THB,

DI ELAUAMWNET 2 Zh, BROMDEE RS 2BOEAFTTH 55,

SZD XD 1 M FREE 1 REBUC X B3Rl ¥ & 2 2 DI, Fréchet (1878-1973) IZhAE 2 % 5 T, K¢
IR T ZE M B 2 MATETIE. 5T Fréchet m  WIEIZ X b TV,
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2.3.1 WMODEE
1 ZHE - RO Q — R™ DFEIIZ

f 7 a THIREE < dJA € R™s.t. lim

h—0 h
<= dA e R™s.t. lim If(a+h) — fla) — Ah]| =0.
h—0 ’h’

HOEL EBEBANDIRV R Z TR,

o A% mxni7dl (ie. A€ M(m,n;R))

e h @ R" DX ML

o [n] & ||n]]
CEEHZIUZ IV, IAPRTIDOLVI L IBBRAIWETEZ2THS 5,

-
T 2.3.1 (EWPDESR) Q%2 R OFES, 0 cQ, f: Q>R T35,
(1) f 7% a T (2) B9 TTHE (totally differentiable) € 34 € M(m,n;R) s.t.

. |[fla+h)— fla) — Ah|| _
(2.1) lim il = 0.
COADZE" [fDallBI2MBRBEVV. f(a) DBV Df(a) REDFE
T&RT,

(2) f 5 QT (2)MHATHEY Vo e QLT f 5 2 THOATHE
ZDEE

Q3z+— f'(x) € M(m,n; R)
% [ OBBEBEMNT, [ H5VE Df LT,

J

EE 232 (1) f D a KB AMHREIE (b LEET 22 613) —~BINCEE 2, (MkD
72725, MR L THLDEND 2, £H2H—BHTHRVY f(a) DEIRILESTRTD
3Fr ey RITHES, )

(2) ZHZ 1 ZBOLGEDHIRICIE 2 T\ d,

(3) (Landau DFEHIZ X B2 RE) LOMRIZOWTDI (2.1) 1&. fla+h) — f(a) — AL D5 h
EDHHEL 0 WIRT 225 Z LT, Landau Dits (R IZSK) 2HWS &

fla+h) = fla) = Ah = o([[n])) (h —0)

rEIL, BT o(|h]]) (h—=0) ik, h—=0D2E h XL 0WCICRT2E%
# 3, Landau Ot 5IZEN S &, MfRICBET 25EDZ L 2, B REGTETH S
PDEIITITTETERTH 20, HNLZDIZH EEDRED 2D Z5K2DT, Z
DHEBHR T, B2 lim TRELTEFESZ X511,
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(4) T OWITHREUC Stolz DWBRBE WS K2 DT THL2ADH 5, =

4 N
EIE 2.3.3 (MO HEE — Ehi. FSERICEL TRMOIAIETHIFREIIYIETH) O
R OBEE. acQ, f: Q- R™ 2322 %, DITND (1), (2) BLD 1D,

(1) f 75 o THOTHEZ 513, f 1% o Tk,

(2) f 2 a THPAIRER SIX, fIEIRTOER 2; (i = 1,2,...,n) KOWTRMIA]
HET

df1 df1 df1
a—xl(a) a—@(a) a%(a)
Ofa dfa dfs
F(a) = 8_:v1(a) 8—332(@) axn(a)
8fn; 8fn; 8]%1
a—xl(a) 8—@(@) T oz, (a)

Y av
ZDXSIZ f D1 BERMFREZ R 71T5% f DJacobi {75 (Jacobian matrix)
TR N

“Carl Gustav Jacob Jacobi (1804-1851) IZH¥ T %,
N J

f:Q9—R
DA

0 0 0
r@= (3w L@ L w).
DFD f'(a) 1X 117 n FIOITH (n RITHRZ b L) TH B, TNZHEL 2D D% grad f(a)

XN

%7213 Vf(a) TEL. [ DHER (gradient) & FF3:

of
oy
of
grad f(a) = Vf(a) := f'(a)" = | Oz,

(a)
()

8f:
a—xn(a)

ZOREEAVE Y, f(a)h=(grad f(a),h) LEIZ L HEELES, BIXIE
fla+h) = f(a) = (grad f(a), h) = of[|h]]) (h — 0).

AR 2.3.4 (VIETHN) (ZEBOWMPHETY 1 OFHTIE, 5 BEEDRDHE D RV DTE
B3) f B3 n BB n KIERZ FAEBIBO L & (m=n DL X)),

Of1, for -+ s fn) (a) := det f'(a)

a(mbx% e ’xn>
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YBES fDalBF3VYIAETHIR (YOET >, Jacobian) H 2 W idBIERITSI (functional
determinant) FEE, b5, f OV abLiTHR X, f OvaLfboioZ e T
H2, m

BZTHMLWZ 2 1{TTEINZ

SEHAY FILEEROBS R, ¥IEFTTHS: [(a) = (gi (a)).
J

EHE 2.3.3 DA
(1) f DT AIEETH S Z 26 FA = (a;;) € M(m,n; R) s.t.

ligg 1 (@ + 1) = fla) — AR|| _

0.
h—0 Al

Wz Iz
[fla+h)— f(a)|| = |lf(a+h) = fla) — AR+ AR
<|[[f(a+h)— f(a) = AR| + Al [[2]|

| |f(a+h) — fla) — Ah]|
il

= [|n] +AIAI =0 (= 0).

TROE flFa THFTD S,
(i) f 2% a THWARIRETH S Z 225 JA = (ay;) € M(m,n; R) s.t.
iy 1 (@ +h) = fla) = Ah|| _

h—0 1Al
ZORDELADDFD || - || NOXRZ MILVDE i o EIROHT L

n

fila+h) — fi(a) — Zaikhk

= = 0.

0.

y
ho0 7]

Z 2T hy = 0j (Kronecker D7 V&), T72D5
0

h=cej=c| 1 |+ j&H (e W& |e| DTN IRER)

0

oy QUL Fo o) (o GBI TR ) T A BT f(a) ZOBOEETE WS Hilib B (AL

8(.’1}1,1}2,"' y Ty

Dt Z DM DS IR DK - 723 D),
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s I RN h, = 55kj7 Zaiksékj = EZaikékj = EQ;j THdDNH

k=1 k=1
iy (filatees) — fila) —aye| _
e—0 ‘5|
Wz 12
i Jila +eeg) = fia) _ 0.
e—0 g
> afl N - - f—
;ﬂbi 8[1’} (CL) ZIJ)T?‘EL’C aij &\-%LL\; t%ﬂ_\‘bfb\éo | ]
J
FoOEHTRZXSIC

Mo — |FEBUCE L TRMS FI6e
TH 20, WIIMAL L IR,

Bl 2.3.5 (BEBUC O TRMDFIREISD, WM AJEET L L\EE)

2 +y

f( = { -+ : (@y) 70,0 0rF)
T,y) =

TEHEEIND f:RZ-S R, 0 TE «, y DG I L CTIRMOAIRETH 5, FHEIE

. f(0+h,0)—f(0,00 .. 0-0
f2(0,0) = Jirg h =i

. f(0,0+h) — f(0,0) 0-0
0,00 = Jiny h S o

LU fIZ0 THDATRETIER W (f 10 TEBE TRV IFBHZEFER 2113 DFT/RLT
HE05), m

IRERROE G2 ROES 2 & MoralRettE (FR & L CEkilEDd ) TR 2,

EIE 2.3.6 (C'H{AESIELWMHPTEE) Q 2 R® OFES. f: Q> R™ % C HoEHY
FTBEHIE. fIEQ THMPARETH 5,

AERR (PR TR 2ZBTHMAL T, RIGGER ) — F 2R TRSWV, BRWA»D, ) i
Me7e & e [FBRIC,

fi
[ = DD ARE <= & fi (i=1,...,m) DM ATEE.
fm
fi
f=| | o e— =1, m»C &
fm
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THBPE (£S5 LTHHEEZE). m=1 & LTAHTE+HTH 5.

aq hl
a = : e, h= : , a+heQ

an, h,
35, FEHEOEMEDS 30, € (0,1) (j=1,2,--+ ,n) s.t.

fla+h)— f(a)
= f(ar + hi,a2 + ha, -+ yan + hy) — flag, a9, -+ ,ap)
= f(ay + hi,as + ho, -+ yan + hy) — f(ar, a0+ ho, -+ yan + hy)
+ flar,as + hoy - -+ ;an + hy) — f(ay,as,a3 + hsg, -+ ,a, + hy)

+f<a1a"' 7aj—17aj+hj>aj+1+hj+1a"' 7an+hn) _f(ala"' aaj—lvaj7aj+1+hj+17"'
+f(a17a27"' 7an—17an+hn) _f(al7a27a37"' 7an—17an)

n
= foj(ahaz; a1, a5+ Ohy agin + by, an + b )by
j=1

= 87(@)%‘ +Zaj(h)h]
j=1 j=1
7272 L
of of
gj(h) == 0—%(@1> sy agoy,ag + 0hy, a4+ by, an 4 ) — 8_:1:j(a>'

BE &L D % (ESEE TN lime;(h) =0. X>Th—0DLE,

J

! = =1 j=1
W 212
"\ 0
Hf(a +h) — f(a) — Za_;(a)hy
. = Oz;
b il =0

X f D a TEWMPDARETHZ I Z/RLTWVWS, =

, An + hn)

AR 2.3.7 LOEAEZ R 2 & 1 BEREREKDTRT (nfll) FEL T, 2000 HEHTH 5
Zr L2HVwTWERL, 2% D f oA TwERY, 2T IS o/
DT, KiF f oEfEdBONI2 DI TH S, — (L35, k BEOREREED T X THEE
LT, Zhod#li ThHiuX, k— 1B TORERE 0D E) OEtENFEon s, u
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EWMTDERERLPR FDIWELTZADZVEES D, LOFEHIX, ZOERDEYHED—
DOEMIFICRIZEEFR LD, oy T 6Z2 L OO MY IREMED I TZ %
(:mf_‘flt‘)o

flRE 2.3.1 RD 4 DDFEHDORIDRERIZOWT, HARDIZEF LD X,
(i) C'#% GEFEAIM T ATEE). (i) M ATEE. (i) FEBUC OV TRMZATEE. (iv) Hit.

FRE EH2361CXoT (1) = (i), FLEM2331CX>T (i) = (iil)) & [(ii) =
(iv)] PREINTWVWD, ZNL6HLC 1) = (iii)) , (i) = (iv)) 2P DIID, Zh
DARIE. —MITE D 32D T 2R,

o (i) = (i)) BRI D LW, TROLMIDATRET D 205, HEHEHIH D FIRE
TRWES BEBDD 2, BIZIEX 1 BB TRD LS BHIHD %,

2 1
(o) = { 2 sin — (x #0)
0 (x =0).

o [(iil) = (ii)J I F—MRITIZLD L7200, TIRDOBHEHTH 505, MITFIRETRVE S
BB D %, BIZIE 1 ZBTRDO XS 50D 5, f(z)=|z|ldz=0TEKETD S
DL BT ATRE TR 720,

o [(iv) = (ii)) EF—MUITIIE D L7272V TROBIRMATRET H 553, WITAIRETR
WX SR B, I 2.3.5 TR=,

o [(iil) = (iv)) E—MITIIR D LR, TR BEETDH 205, RMITAIRE TRV K
SHBED %, BIZIE fx,y) = |o] 1ZHHEH3, K (0,0) TR 2 IOV TRMY
AJRETIX 7R\,

o [(iv) = (iii)) E—MITIIR D LT TIROBIRMIAIRET H 5703, @ TRV K
SR H B, ZIH2.35 TRz, =

2.3.2 W< 2HDf

EH2.3.6(LTHEE 23.7) 1Ko T, ZLOGHAWR, GRAONTBEDWIFRETH 2 Z e’
RSN SNS (2 I2h RS L TAT, ENEHTH %5 5 DFANIUL K W),

5l 2.3.8 (1 REABMOHMPDFREE) Ac M(m,n;R),be R™ T 5L X,
flz)=Az+b (x€R")
TERENS R R IZDOWVWT, fllo)=A OFD fldVWk2dt ZAEMNARET, f

D x WBF2WTHRE (vaefidl) 1d A TH3 (ZhiF 1 ZEEEEEROMFATRCH
HBATWVWS If(z)=ax+b 7251 f(x) =a) EWVWIHEFEO—HELTH ),
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SRR 1 F IR DOERICHE D KFHZRLTEL, Vo,h e R* IR LT
f(x+h)— f(x)— Ah=A(x +h) +b— (Ax +b) — Ah = Av + Ah+b— Az —b— Ah = 0.

Ko T
N f(@+h) — flx) — An||

oy
Hm T R g 0=0

YD, ERICL-T flid o THMAARET, fl(r)=A. =

FEEA 2 (BRI Z Dk & < H S EwiK)

fle) = Az +b= (Z Aik T + bi)

k=1

&b

Ofi d - . 0 =
oz, (z) = 8_:70] <Z Qi Tk + bi) = Z Gk Tk = Z @ikOjk = Qg

k=1 k=1 J k=1
DGR TH 2 Z L IFHL D TH 205 ( DERBERITER ). fIX O HTHD, W
AW AFRETH %, T HI

df;
P = (52@) = ()= 4. »
5 2.3.9 (22 REE) a, b, c,p, ¢, r TEEBE T DL X,

f(x,y) = ax® + 2bzy + cy® + pr + qy + 7

TEEZS f: RZ >R IIMLT, fl(z,y) ZKRD K,

B B REES O TH B (B 2.2.6), g—i v g—z . Y BIC o by OSIEARIK

T, B THE0H, [0 CHIRTHDI DTN 5", WA ARETH D, EBIBIZ,
RE Rz ATz

, (O Of\
fiz,y) = (Gx’ 8y) = (2ax + 2by + p, 2cy + 2bx + q).

B IEAI
2ax + 2by +p
2cy +2bx +q |

flz,y) = ( xz;f )

TEZXS [ R* > R2IIXNLT, fl(x,y) ZRD X,

i, ZIEABBIMERRE T LT ZHEABK T, 2huddEhitd 206, ZHAERE C> HTH2
e h B,

Vf(z,y) = f(z,y)" = (

fll 2.3.10
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B fi, [, 3ZHEABERLROT, C* /TH 5, ORI fH O KT, FHTRMIAIRETD %,

o5 oh
, B oxr 0Oy [ 2 =2y
or Oy

B 2.3.11 (2REBI) A= (a;;) € M(m;R), b= (b;) e R", ce R BER bt X,
fx) = % Z a;;T;T; + Z bix;+c (x€R™)

5,j=1 i=1
TERINS n ZEOFEBYE 2 KRB f: R > R IZDOWVWTEZR XS,
Z Qi3T5 = Z (Z (Li]‘fL‘j) XT; = Z(Al‘ @% 7 ﬁiﬁj\) T; = (A[I),IL’)
ij=1 i=1 \j=1 i=1

EHT 2 (REOFHIMNINEZRT ), FHkIC

ThHhIHN5H,

KERO—BEND-D

ZIRET 5, DL E

(2.2) Vi(x)=Ax+b

DD DI 75 (D2 DERWHERETH %), Ziud 1 ZEEGERERERICE
D RHASEY

1 /
(iaﬁ—kbx—l—c) =axr+0b

D—LTDH %,

DUFRK, A DIEERFMTIITH 255120E. Az +b=0 OfFED f OFvINEES5Z %, C
D & 57 2 REABOB/NTEZ, ISHICD XN Z 0, W IEENFMTY] 2358 3 %
SAXRAGEARDOEERD 2 73V XL THHHGHEEX. 2 KEBOR/IMEFTEZEL &
RS2 TIHEONS, n

Rl 2.3.1 Lo (2.2) 2D X, (p.143 ZH X, )
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ZERMBREAE  Z2RIC, BACHER T 5 AR o Wl o Bl 2 e B o> TEBEZ ANT: vyz BEFE
RT. (r,y,2) EWVWIPBEEZHROR P D

o Do DIREER »
o z HHOIESMELRTAZ O (0<6<m)

o P % oy PHEICESE LES% P v LC. B OP % o SO EDQH5 A & KIEHE b
WKHlo 7% ¢ (0< ¢ < 2m)

L3dk
x = rsinfcoso
= rsinfsin¢
z = rcosf

BN D, COLE. 0,6 % P OERNEEE (3 RTABEES 5\ 3R (&) EEAE, spher-
ical coordinate) & LS,

z

2.1: BRPEAED 0, ¢

tERE
I:=[0,00) x [0,7] x [0,27) C R?
EBE,
r x
o: I3 0 |— | vy | eR?
o) z



= rsinfcos¢
y = rsinfsing (0<r<o0,0<0<m0<¢<2n)
z = rcosf

TERLIZEE, Yabr(i¥l ¢ e¥ab 7y dety KD &,

2.3.3 grad F OHAFRIELE
COIEOESIX 1T TET S:

{ grad F =VF I& LRI+ 2y bDOEERT MLTH S, ]

R" OBES Q LTERSI N C'HROBB F: Q>R B3H28 5%, acQ, Fla) =
LT, FOES c 0FSHE (FEMm, LA v bk, contour, level set)

L.:={xe€QF(z)=c}

EEZ Do RINTEZD Y LAZ R O TRAIT 1 OIS (BHlE) 2580 22, BEICIE
UTOIREZ B BEDD 5:
Vo e L. VF(x)#0.

(HEDZEHbA L LZEHE. b 5D LEMIE - BRETRVWETERVDT, i3 74—V
Y THMATHL WV, LTOGRE, 2253 WI e 2EWHT EMELE ST )
F i3 a THORTRETH 2 Z e h b,

i F(z) — F(a) — (VF(a),z — a)

= |l = all

=0

BRDALON, ZZToel. 835 Fla)=Fla)=c ®
L (VF(a).z —a)

2 e —al

r—ra

=0.

Thbb

Tr — a
lim ( VF(a), — | = 0.
( “nx—au>

T—ra

@ﬁ@\a#%xﬁﬁﬁﬁﬁﬁ# xﬁaf@@@fﬁ\Vﬂ@tﬁi?%lt%%%bf

W39,

8p =2 OBFEE, HFR (1 KITTFETE), n = 3 OHEEIEIHEOMIE (2 KITHIFE) 2o L5, BLTW
BZEMOITLED D 1 BFNIORITLERF-72bDITHR->TVWE, TOILERKITIE L THS, LWV, /XK
TG 1 O 2 e (hypersurface) &IER, HRAIIZ 1 XA =0 TEFRI N 2 XE %2 EFEH (hyperplane) &
5, hyperplane I& hypersurface TH %, R? OB FH & IZEHEDOEMD Z &, R® OBEYH & 13358 O D
;ZT@Z} R? o@dimEm e i@ oo 2 v, R® 0@ e 3 EoEO Z 8 Th %,

0 P78 mEM s 5aDr ENHTZDI TN LICEELTHED S,

l — aII
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ZIZT, BAIE VF(a) #0 EWHIRED NT,
{z e R";(VF(a),z —a) =0}

Z LoD alZBI2%EBFEA. VF(a) Z L. D a B} 2EEAY ML (normal vector) &
EFRT Do

ST, ¢ 2ELETET, ZRZADMHEIH LT L, Z2HVTAH LS, T5 L THISRAERZH
MEmLTe. RO DT 5,

(vm) E5 0 B TERAERS A% AR R T, j

AEAD EE
F(a+h)—F(a) = (VF(a),h) +o(||h]]) (h—0).

FiHDE 2 HIZ h XD EMOER/N=25, G405 1 EHD F O oEEHE W5, h &
VFE(a) DRTHA%Z 0(x) €0,7] £FT 5L,
(VF(a),h) = [VF(a)| ||| cos(x)
VDR RYASN
—[IVE@)[ Al < (VF(a),h) < [[VE(a)| [|R]l-

EDAREEDESX, 0(z) =7, b5 IN<0st. h=AVF(a) D&, HOLREZDE
FiE. 0(x) =0, T72HB IN>0st. h=AVEF(a) D& E, LT3, 2% D, VF(a) DS
MCBREIT 2., GEOEMPRDRKEIV, =

BIRE 2.3.2 86 2%/a® +y?/V? =1 (a, b FIEER) LD (z0, yo) 1B 2EHRD 1% K
» Ko

BB F(r,y):=a22/a> +y?/0* =1 £BL e, BHAE F(z,y) =0 &b,

oOF

%(.730, yO) 2$0/CL2
VF (20, 90) = _ (B

8_F($ %) 2y0/b

ay 0, 90

ZRB 0 ITRERVDE (. (20,50) £ (0,0)) (20,0) 1BV BHEMDE DTN Y ML
b, LIDoT, HFoAERIX

hzef¥Mdae

2 2
5 (20, yo) DM LD TH 2505, % n g—g — 1 HEDLODT,
ToZ Yoy _

P ? 1. m
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2.3.4 BEAEKHET ST OFEFH
fAa THATTRETH 2 L &
f@) = fla)+ fa)(@—a) +o(lz —al) (z—a)
THEHS, |z —al PRI NE &
f(@) = f(a) + f'(a)(z — a).

% 1 R TH 2, 2FH, T f % a DIEL T, 1 REHTELLTWS Z Ik
%, ZOHEBLOBEEICHHTIZDIFTBI 5,

~
ER 2.3.12 (RALER) Q 2 R OFKESE, [ Q> R" D ac Q THIAHREL T2
rE. g

R" >z +— f(a)+ f'(a)(z —a) e R™

\’a’: [ D a BT ALER (1 RERl) &S,

LOKDOBICEARAIADD 2133 TH 2 (BROBATHTRLERON), 2% D
1 ZHEBEBROBRALBERDI S 713, TOBHRDT S 7 DERICMBE SRV

2RI PUVERBROGE D FIBLEIRICZED XS BRERD T 2T 2 Z L A[RET D 5,
RO THE) Z. ZOFEDOTIETABRIIEIH LI WA, AHB L THEHEETH S,

BIRE 2.3.3 2 ZEEIE f(z,y) ITDWVWT,

1 Yoz Y-
f0.00=1, F0.0)=2, F(0.0)=3

THDBIEeDThoTWVW5S, f(0.1,0.2) DELUEZRSD X,

B (EWA 72T B LEROEZLLMEICHRH T RNEZ2 )

_ of of
fmgomff@®+gﬁammu+gﬁamna

=1+2-01+43-0.2
=14+024+06=18 =

ST O RDFERERE f- R D QR DT 57
graph f := {(z,y) € @ x R;y = f(x)}
LD (a, f(a) BT 2EEVFEHZZEZ XD,
F(z,y) = f(z) -y

Bk,
graph f = {(z,y) € Q x R; F(z,y) = 0}.
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& o T, AIPHO CHEE DA KK 2,

OF of
o1 o1
VE@y) = ¢ | = | o
%xn Oxn,
F
ay -1

THE00. (a,f(a) = (a, - ,an, fla) 1B 2EEEFH O HFERT

gémxﬁ_aﬂ+”.+§imx%—ﬂ@+(4xy—ﬂ@)20
ERAYPX5
y—fla)=Vf(a) (z—a)
HBHNX
y=fla) + f(a)(x —a).
< LT

REFROBFD 1957 OEREOHFER 1.
SEHERD T 7 7 0EEFEOAER L LT—HRIESNhSB
(RE EEE o7z E VDRV TREN D)

5l 2.3.13 (Newton i&) 1 ZE DM T, Newton (RICDWTHEALZEDRH 2725 5D
FIEK f(z) =0 DIlE o FEONTVE L Z, K (a, f(a) KB Z y= f(x) DERE =
e DRHRD x PR, $bb

fla) + f(a)(x —a) =0

D v =a— L2 E. o KD HEMEOELIRCR S 2 e 2SN 2, FE f(2) =0 O

LR 2o 22560 T, Hi{EX

f(xx)

Try1 = Tk — f’(l‘k)

TEDZEIN {2,)52, 1. BWYREFET T, f(z) =0 DR T 3 Z 2 2VRE 5,
DlEE, 2280 f: Q= R" (72720 QCRM) IZ2VWTH, HARIC—BILTE 3,

fla)+ f'(a)(z —a) =0

ZRO L FIRV, FIBIHL T,
flla)(x —a) = —f(a).

f'(a) DSWATH [f'(a)] " ZHOZ e Z2REL T, BHIICED ST T
r—a=—[f(a)]" fla).

(k=0,1,2,--+)

Nl g W5
r=a—[f'(a)]" f(a).
W ZIZZERD Newton EDEI{LAIX

Thor = 2p — [f' ()] flae) (k=0,1,2,---)m
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2.4 BREHROWMDE

FE R EIEL DERIE D/ (chain rule) I BIETROEBER AR TH 3 |

EWVIHABWVEL BV, GEBOERBIIRIENS, ZDZid, MESOEANLRT 7=y 7D
1 DOTHAIERESUT., BIIEREBEE2 P23, B LeTVwWTH 39,

2.4.1 TR

1 ZHD5GEDEMBIBOMITICE L T, ROEHEN D o7 1 Ty = f(x), 2 = g(y) HBPVT
NHMPARET DU, 2 = g(f(z)) BWMITAIHET

dz _dz dy

dr  dy dr’
%D
(2.3) (go f)(a)=g'(b)f'(a) (72U b= f(a))
TH 5,

ZORREFZEBOGEICS BARITIETZ %, (2.3) IZBWT, AHUOEEZTHIOE L &4
IR WO,
4 I

NAZDD FrAgy.)L—)L
TE 2.4.1 (AREBOMSE. ERE (chain rule)) Q, D %21 ZH R, R™ ORI
BT aeQ, f:Q—R™Ia THIATRE. f(Q CD,g: D—RIEb:= f(a) T
BETHD0IE, go flFa lTBWTHMOAIEET

(g0 f)(a)=g'(b)f(a).
y=f(z), z=g(y) eFHIX. LD (i,)) HITERD XS5 1cRKREN 5,

0z "0z oYk ) .
2.4 = — 1<i<0,1<5<L .
(2:4) Ox; P dyy, Oz (I<i<tl<j<n)

N /

(2.4) ZLo<KDBEDELS MO L LI LTOREE ( THMIBEE ESWiwh, Z5
WO FHEIZRW) 2, M T A o FHHCHN S, FEOER g XD NRL, Brd
K THASXORBETESE T2, n

BLBBEHA c=g0b) B X,

z—c=4(b)(y—0),
y—b= f'(a)(r —a)

Depilnid T5FELfToT0aRH| LELRVWEA I (EHIHL ZSE U 3),
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THHPMH,
z—c=g()f'(a)(x —a).
WZIZ (go f)(a) =g (b)f'(a) THD, =
CDEmEREEN LD, LURDOATH %,
SEER  BEEL f 2% o THWOTIRETH S Z 25,

(2.5) ei(z) = f(x) = fla) = fl(a)(z —a) (z€Q)
Te(z) ZEDD L

lim 21 _
e—a ||z — all

B g 25 b T AIRETH B Z 20 b,

e2(y) == g(y) —g(b) —g'(b)(y —b) (ye D)

T ey ZEDD L

(2.6) lim —22)

22—,
u=b ||y — ]|

y=f(x) &35d&. (25) &b

ZOEIE 3 THIZOWTIE
lg' @@l _

[ =

DURE (2.7) HAlE 4THIZDOWTHE X 5,

Bl eb) =0 IKHERET . I
(2.8) le2()]l = lly — ol M(y).
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F72 (2.6) &b, lin%M(y) =0 DY ILD, —RITHMAATEER HITEHTH S0 6, 2 — a
Yy—
DEE f(r) b THEILIIHERTDE, lim M (f(x)) = 0.
T
1f () =0l = [|f(a)(z = a) + e1(2)[| < [|f(a)(z — a)|| + [ler(2)]]
< [1f (@) lz = all + llex(2)]

THY, 25 a ITHPENE E |ley(2)]| < ||z —a| THE25
(2.9) If@)=bl < (If' @ +1) |z —all  (z 27 a7V E &)
W 212

lea (f)I _ [If (=) — 0

lz—all  llz—al

M(f(z)) < (1f' (@) + DM (f(z)) =0 (z — a).
(B 1 0FFIE (2.8), H2DARFESIT (29) 20D, ) o T,

e(x) = g'(b)er(x) + &2 (f(2))
tBLE

@)l
i le —al

(go f)(x) = (g0 f)la) + g (b)f (a)(z —a) + ().
ZHUX go f DY a THWITRIEET. Z DD RED ¢ (b)f'(a) THBHZEZRLTWVWS, B

=0,

2.4.2 AHEWIMRE

-~
*2.4.2 [ =(a,B) & R DX[H,

e1(t)
p:I3t— (t) = : e R"

©n(t)

i3t € I THAATHE. Q13 o(I) C Q 725 R DBEA. f: Q= R E o(to) THMIFTHE
357513, fosﬁ( ) = flp(t) & t =t THMPATRET

= (fog)(to) = ['(¢0(to))#'(to)

=3 5 (ol Gt ) = V(o) 70

) AIRVASR
\_

(BTt o(t) 13 ¢ 12DWTD 1 Z5EE0R 0T, “0’“ &, j’“ Y75, )
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ZDRIF. FCacQ heR* E LT, p(t) =a+th, to=0 DFHIHEIF bR S, F
BRHOB, Q=R DPacQ THARARETH S X, Vhe R IR LT

d i N Of
(210)  — fla+th) _fanh_zga%

(@hi = V@) -h  (Vfa) & h OPIE).

t=0

CORDMEDZ %, a 28BS f O hHAD (BAHE) MAMRE L FER,
o (WM ITIRE % . & = (6;) DT R TH %, FIE

af
8[[’,‘

(a) =Vf(a)-é.
o (2.10) & Tf DHATTRER 513, FXTOHM h (BT 3 H M GEATEE LT, 2
UL h QPRI LW L3 3.

o ud, HAHWME S LD a 12BIF 3 S DA\ EEAIERNY b n THRGED, B
AEX{EHNS, ZHZ "

o (@)
LEPN, ERWS LTINS, BBE2A

of

5, (@) = Vf(a) n.

2.4.3 BEAHACIEE

Bl 2.4.3 (1%EEAE) f(z) = Av+p (A€ M(m,n;R),pc R™) TEFEXh3 f: R" — R”
Z1IXREE (774 VBB HE2VET T 74 VBB D) LR, BHCRE XS

fllx)=A (zeR".
XT, 2920 1 KKK

y = f(z) = Az +p,
z=g(y) = By +q
DERBUE
z=(go f)(x)=g(f(x)) = B(Ar +p) +q= B(Az) + Bp+q = (BA)z + (Bp +q)

ERDRED 1 REET,
(9o f)(x) = BA (z€R").

—7i. fl(z)=A, ¢(y) = B TH5» 5, chain rule

(go f)(z) =4 (f(x)f'(x) (xze€R")
WEHEDICE D o TW5, =
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Bl 2.4.4 2 DD g = g(u,v,w), h = h(z,y) BEZ DNz =,
p(z,y) = g(z,y, h(z,y))

TERSN LR » OERIRIL ?

ETBE p=gof EIRBILIIHEET 5,

Op _0gou  Ogdv 090w dg 09 , 0goh 0Og  0Ogoh
Oor Oudxr Ovdxr Owdxr Ou ov owdr Ou Owdxr’

dp _dgou 090w 90w dg D9 90h g 0 0h
dy Oudy Ovdy Owdy Ou ov owdy v Owdy

SR 2.4.5 (BAFAEABEIIOVT) LOPIT, u, 0 FZRTH o,y KELLOLEDS,
HEDTHOREZHEHTETHRVEER, (BETB->T) LIELE g = g(z,y,2),

z=h(z,y) LT
8_90_89+896h 8@_8g+0g@

0r  Or 020z’ Oy Oy 020y
t%(:kﬁ%éo:@%ﬁé}é%@%%ﬁ%%itﬂé5:kﬁ&%?%%?ﬁ%%o

—H.  EVWISIHLOWFEREARTTIC

0g 09 0g0h Dy _ 09 0g0h
dr  Ou Owdx 0Oy Ov Owdy
rELZEHEN, ZOHEE g 3BGT AME (L AUT) Ik o TR 2 Bk RO,
INDHBEFEELLZVWEIRET %, HIZEX uv=2 TH 3.
99 , 9
or " Oou’

TDEIZ WMTTEDZDODH=D DFEERDVAREEATH S, L2rLELS LS E&RLTWY
DAL EELRDOT, ShoBlOEZHFICHZ A Z 23 LW, FoAlo0E e UTid, HEIE
MICXIFoD, UbokEXHICOXEIICLTH,. HOTIEWI o256, BARNARR
B (BROERBOEEEZZHbA LR D T2 28) TIEMHEIZETS2 XKL TBIRET

H5, =

5l 2.4.6 (2 ZHEHMCHBEOETH) (1) z =2y, v = p(t), y = ¥(t) & FHE 2 1E t DK
EAHIRTENTE,

de 02 _ 9200 020y _Oxdv Dady 0 ,

BHAHA. THUT z=ay =pt)Y(t) LEFEXHZTH L, HOWTITE DAL DIC
—H5 3,
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(2) f(:v,y) =V x? + y27 T = (p(t), Yy = ¢(t) W (N>

da _Ofdx Ofdy , y 1y P B)e(t) + () (E)
5] (), 0() = 57 it oy dt rwgw(tH r+y2¢(lt) P OETOE m
B 2.4.7 (1 RTKENAER) f, g R=R D C?2 OB, c>02F5L %,
(2.11) u(z,t) = f(x —ct)+ gla+ct) ((x,t) € R?)
LB,
Tt = I = et)(=e) + e+ ef)
2
%(% t)=f"(x—ct)(—=c)* +g"(x+ct) - = [f"(x—ct) + g"(x + ct)],
%(x, t)=f'(r—ct)+ ¢ (z+ct),
aQu n "
@(x,t) = f(x—ct)+ ¢"(x + ct)
THdDNH,
162 0?2
(2.12) S (@) = 55 (@)

D DILD, ZD (2.12) & 1 ZTKENARER L IR, DF D, (2.11) TEFRZ N5 BEE v &,
HETAER (2.12) O TH % (d’Alembert D—Ai%fE), =

M 241 (FEBE) vre R v =1 %2 L, ¢>0,U: R — R IX C? oL T2
EES
u(z,t) :=U(v-z—ct) ((x,t) € R"xR))

TEREINS u: R" xR — R 1.

1 0%u

7R YA IR i S < el DN
V‘.CC:ZI/]'.%J', A:Z@
j=1 j=1
(p.143 ZH. X, )
B 2.4.8 (FEMBEERR & ZTEETH) P AR ERE

r=rcosf, y=sinf (r>0,0€cR)

WZED i (r,0)— (z,y) ZFEFR L. MOATRERBEE f: R* D Q3 (z,y) — f(x,y) € R IZXT
LT, g:=fop B, 2FDH

g(r,0) = (fop)(r,0) = f(rcosf,rsinb).
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Zhr o
Gr = foxr + fyyr = frcosO + f,sinb,
Go = fuo + fyyo = — fursinb + fyrcosé.

CHNEITHDBTRILTEL L
r 9 _ : 0
(gr 99) = (fm fy) < T ) = (fz fy) ( o8 s > u

Yr Yo sinf  rcos6
Bl 2.4.9 (ZEEIBEIE L EHER) 3ZOtTLOflEFRILZEZLTAL I,

x = rsinfcos¢
= rsinfsing
z = rcosf

T, [tR*DO3(n,9,2) —~ f(z,y,2) € R ZWIAIREREAKE T2, ZDE X g(r,0,¢) =
flz,y,2) £BL &,

Gr = foTr + fyyr + f22r = fosinfcos ¢ + f,sinfsin ¢ + f, cosd,
9o = [zxo + fyyo + f220 = furcos@cos ¢+ fyrcosfsing — f.rsinb,
9o = [22¢ + fylYp + f224 = —forsinfsin¢g + f,rsinf cosop.m

i 2.4.10 (BOWMDE) R" OFES Q TERINMOTRERFERUERE f,9: QO - R I
X LT,

(f9)(z) = f(z)g(x) (z€Q)
TH fg: Q= R PEFRTE 25,

(f9)(z) = g(2)f'(x) + f(z)g'(x).

(B DEFRIR - T b HEICAIIT S 345, & & CRAMBROM % R L 7300 % %
25, KT 200, b URELIES 2, AR DTHS, )

SEBH 1. fg X
G(u,v) = uv, u — F(J]) _ f(:L‘)
! 9(x)

TEE2EMR G R -R, F- Q>R DEKGoF TH3, ZLT

, 0G 0G
G'(u,v) = (% %)

~ (vu)

&b

IHIZ



THHD 5, chain rule £ D

(GoFﬂ@=%ﬂF@DF@ﬂ=@@0ﬂ@)<f@))=9@ﬁ%ﬁ+ﬂ@d@)

ﬂ%2.w=w,<5)=<f@)>@é&%ﬁf%%#B\

oy _@&L @8@ _of dg of dg
Or;  Oudx; * ovdx; v ox; tu or; g(x)axi + f(x>8xi'

ot = (5t e ) =0 (5 50) + 40 (3 32

2.4.4 WEAMDMDE
BB ORI DM 1

dr 1
dy  dy -
dx

LEROBEHIRIRT & 5 (PR W1TH & iz AU X ),

£5)
-
DT bWMPARETH 2L T2, ZDL X

(™)' @) = @)™", =ELy=p@x)

DAL D IO,
N

~
e 2.4.11 (ERABOWMSDE) U,V 2 R" OBES. ¢: U - V IZREHIT, ¢ & ¢!

sltFA
D) % 45 LT

W) =1, ¢@)(e )y =1
(22T I IBHATIIRET) TH B2 (o) (y) = (¢(2) . m

B 2.4.12 (FEBERE BERERIT) Fl 2.4.8 DIRFT,

’ _ Tr Lo 1y . Ty Ty
QD(T’Q)_(yT y9)7 (90 )(xvy)_<ex €y>

85



THBH, ZD2DDTHNEHVDHEITHTDH S, LWVWI I THb, TN 1y, 1y, ba,
0, BRDHN 2, ZHUIEH FIERICEER T 7=y 7 Thb, BERMICETLTAX I,

—1 -1
e Ty \ [ T Tg _ [ cos@ —rsind B 1 rcosf rsinf
0. 0, | \ v wo ~\ sinf  rcosh r\ —sinf cosf |’
Wz 12 » ;
re =cosf, r,=snf, O, =— = , 0, = s
r r

T INBZRDTBIFII. [, f, 1F chain rule ZES 2T TRO LS WKFHAETE 5,

sin . cos 6
fz:grrx+gﬁ‘9x:grcose_ger s fy:gTry—l—gng:grsmH—f—geT .

FUOZORENIEKRL L5185, =

2.4.5 EESEREAKICOWVT
BRI O ERSEEE R, B 213 2 BRERIII Y 5 R 2 57

1 BHRBYEFEBOIGZE

F3 1 EHOGED»OEZ LS. y=gu),u=f(z) ER>oTWVWBEEE, y=g(f(z)) DE

BAEIE
dy _ dydu

dr ~ dudz
Thrh5, HMOMBETL-T

Py _d (dyde) _d (A du dy d
dz?2  dr \dudx) dr \du) dr du dr \dx)’

FIHE 1 TEIZOWTIE, 1 FEERERO & = e FERIIC

d (dy\ du [d (dy\ du]du dy (du)?
dr \ du dr  |du \ du dr | de  du? \ dx

CEIETE 2056,
d*y B d*y (du 2 n dy d*u
dz?  du? \ dx du dx?’
D EDFHE T,
dy _dydu
de  dudz
nH
A _d ) du
de  du dz

tm5ﬁﬁ%%&bf\ggmmmbt®ﬁiyﬁﬁokou?mﬁﬁﬁézﬁﬁ%ﬁ®%6

u
TORE 52T 202HEL X5,
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ZEHBHDIBE
—RICTEVTHHEBIRIZ TS, 2 BB D 2 FEREBEBDAE X 5, FHEIZEHRD
EEPEZTH., FEEDRELR->THRLTDH B,
z=ﬂ%wéi(;)Zw@m)%éﬁkawa&mDKO“T\

0: _0z0n  0:0y 0:_0:00  0:0y

o0& Ox0f  OyoE On  Oxrdn  Oyon
DR D AZOH, 2 BEREREIIRD X512k 5,

B0 (DY B0ty B () 0n0 0o
082 0x? \ 0 0xdy 06 0  Oy? \ 0& Oxr 082 Oy 0&2’
a%_a%(m>2 8%0M@+8%(®):jky +&ﬁ@
on?  0x% \On Oxdy dndn ~ Oy? \ Jn Ox on? Oy on?’

0 _ 00000 | 0% (0r0y  0:dy\ 0040y 0z Fu  0: 0
00n  0x20E0n  Oxoy \OEdn  On O Oy20E0n  Ox 0Edn Oy dEdn

ENTHREILZEHDT, BHOKDART,

po_ DU 0 (0200, 00

082 0c0& 06 \Ox 9§ Oy o€
(0 02\ 0r 0z 0 O0x 00z\0y 0z 00y
~(e52) 76+ oo e (oo ) o * o ook

(L Zowyor 0ein (0 0r Py iy 0o
0x2 06 Oyodxr &) 06 Ox OE? Oxdy 0§ OJy? 0 ) O¢ 8y 852
(Y s 0nty s (00" 0o e
ox? \ 9 Oxdy 0 9 Oy? \ O¢ Ox 062~ Oy 0&%
ZOR DT, FEINCE. CAREBOREEKLHETEZZ2 22005, =
R 2.4.1 (PEOR vs. RFR) & TATREREEZ 78R 12F N0, NF TR

ITHMBELDD, RVETEZ T 258 3R EOAIERNTH 2, FLOFEZIRTFIRIE TR > ThH
X9,

Zee = 2 0 (
£ — ag 8§

= (Zaee + ZayYe) Te + Zaee + (2yae + Zyy¥e) Ve + ZyYee

= me? + 225y Teye + Zyyyg2 + ZaTee + ZyYee-
HECFTEOTAHDI L, THLDMPRVETHZ, =
il 2.4.13 (2 Ryt Laplacian OWBEEIERT) 2 28K v = u(z,y) 2. MEETEZ 5 Ll
HIZRBZehHb, D%

U(r,0) = u(x,y) = u(rcosd,rsinf)

0 0 0 0
Zpe + 2yYe) = 85% - Te + Zx8_§x£ + a—gzy “Ye + zya—gyg

2 2
TERIND U ZEBATS, WO TH5Y, FEiX Laplacian Au = g ¢ gg IZOW

rsinf

Hu%@ot@@@£@¢mm:<“@”>%mméz\U=u0@zm5:zuﬁéo
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T, HFK

9%u N Ou  0°U +18—U _i_i@Z_U
ox?  Oy? Cor2  rOr  r?2 062

DD IALD, ZAUIIEHITHEBEIICH SN A TH D, ZOREEHT 5,

(2.13)

FHET (213) OEAEEF L TWE, EHICFELWILERED, £7.

oU  Oudzx  Oudy

W = gg + a—ya = Uz Ty + Uyl

W - Eur - E (u:cxr + uyyr)

= — Uy Ty + Upy—Ty + —Uy * Yp + Uy—=—T1Yy
or + or +8ryy+y8ry

== + — + + | = + = +
Uy * Ty Ug * Yp | Tp + UpZpr Uy * Ty Ut Yp | Ypr + UyYpr
ox oy Y ox Y oy e Y)Y vY

= U (27)” + (thy + W) Ty + Uy (U0)° + Uary + UG
x, = cosf, y, =sinb, x,, =0, y, =0 £ D,
0?U 9 . .2
2 = Cos Oty + cOS 08I 0 (Uyy + Uyy) + sin” Ouy,.
[FIRkIC LT,

10U  cos® sin 6
— = — Uy + ——Uy,
r

ror  r
1 0*U 1
2002 2 (ttae (20)” + (ty + ty) Toyo + tyy (y0)” + aon + 1y Yoo)
0 in 6
= sin? Uypy — COS 0 sin H(UZy + uyz) + cos> euyy __ cos uy — Sin u
r r

TH3h5, (2.13) #1585,
Tk (2.13) OHHIEHERIREIXTH 200, ZOFEEXHEDETETRY,

FEIL (2.13) OEAEEHLTWE, HHIZHELWI L ERED,

% = Urrx+U99x
ox
THH, r=/22+9y2 D5
xXr
Ty =



WETCKREZD, 0% 2 & y TEBALRITADRVDT, 0, ZRDBZDIZ, DLEZZL
BH 5,
S (r,0) = (:L‘T x9> _ ((:989 —rsin 9)
Yr Yo sinf  rcos6
TH2H 5, WERDMIIEZHWT
o 0 —rsing)
Te Ty\ [ _1y/ oy 1 [T w _ [cos® —rsin
<9x 9y> - (SO ) (x7y) - (SO (Tv 9)) - (yT y0> - <Sln0 TCOSG )

_1 rcosf rsinf) CO}SQQ Sing
“r\—sing cosp | | 2T EET

r r
ERAS/9)5) . 9
ry = cos, r,=sinb, 6, = _sin g, - cos
r r
Wz »
Uy = Upry + Uy, = cosOU, — SI%UO_
D5
9 _ cos@2 _sinb 9
ox or r 00
Wz
0 0 sinf 0 sin 6
Ugy = a—xuz = <COS€§ - %) (cosGUT - U9>
= cos 02 cos OU, — sm@Ue _sinf 9 cos OU, — SmHUG
or r r 00 r

1 inf 1
= cos? 0U,, — cos 0 sin 082 (—Ug) _ o <— sin OU,. + cos QU9 — — (cos QUy + sin QUee))
r \r T T

1 1 . 20 0 . 0 0 . 0 . 20
= 082 Uy, — cosf5in 0 | ——Up + ~Upy | + Uy — 22000 4+ S22 2000 4+ 22 21
72 r r r 2 2
f'sin 0 in? 60 2cosfsin 6 in2 0
= cos?0U,, — M(UQT U + SIHQ Uyo + cos 2sm ” sin :
r r . .
[FIRRIC L T,
. 0 cosf O , cos @
Uyy = (sm 05 + " 8_6’> <Sln U, + . Ue)
= sin® OU,, + M(Uer + Usg) + o Upo — AL o+ = r-
T r2 r2 ’

1 1
Uge + Uyy = UTT - ﬁUee + ;Ur-.

(p.163 D C3HiZ R &o )
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f 2.4.2 C? RO u: R? > (z,t) = u(x,t) e R EIEER c DD B & X,

§+m 77—5)
2 7 2

C—w—ct, m—azic, vl —ulet), FEDB v(f,n>:u(

B, o EXNZAE & (4, GAEL626HMOTH RV, RBDHIUIM ).,

l@zu B Pu » 0%
2ot ox2  0&0n’

2.5 ZEHOFIEDFEIE. Taylor DFIE

-~ Z DEIDNE ~

[ DR o THDATRETH S L &, fla+h) — f(a) 1Z h— 0 DMRIZBWTIE f'(a)h TIEBSH
DD, h DERDOREZZDL ZIIES5RDZTHA S0 ? 1 ZEEBEBIBOHEIZZ I
JBZ B EME LT,

1. FEEDEH
2. Taylor OEH!

BEAT, ZOHEITIE. 2602 X0tlbze BIRIZT 5, RIFZZEBEEBHEBEEA OHRIZBE A
K223, RZ P IVIEBIEBADHRIRIEGE S IEH 2B E L 720 e WiT R,
22 WUNE P DFERA D F &

F(t):= f(a+th) (te]0,1])
LS 1 2B EEALT. f OZ(LER
fla+h)—f(a) = F(1) - F(0)
LRLUT, BEE FICBET2E9EOERE, Taylor DEHICRE ST I LIIH 5,

CERE WS BEIWE DDA RD S, —DIRERKISHT 2HERT, BIZ R 0BERTHZ Z L,
5 — DI/ or 0 W T BAERT. 0 THVWRY OBERETHEAZ L, SOEBIIBEITHYT 5,

N

2.5.1 FHEDTEIBDZRITADILE

FIHEDEEDZEBADIRISEHE ZLEHTH, (ZXITRT MVETZ L) FEIERE
Bz o3, PHEDEFDRL D LD, |
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. N
FIE 2.5.1 (BZZEHOFHEDTEIE) Q 25 R* OBHEAT. f: Q — R MO ATHEZ B
a, b€ Q0 ZUME T M QITEENTWE, DFD

la,b] :={(1 —t)a+tb;t €[0,1]} C Q

3 57%513,
3e € (a,b) s.t. F(b) — f(a) = ()b - a).
7272l
L (a,b) == {(1 — t)a+th;t € (0,1)}. )
sltFA

F(t) == f(1—ta+th) = fla+tb—a) (tel0,1))
B, GREBOMPELD. F:[0,1] - R IEMITAIRET
F'(t) = f/((1 - t)a + tb)(b — a)
8%, 1 ZROGEDOEEMEDEM % FHWT 30 € (0,1) s.t.
F(1) — F(0) = F'(0)1 = F'(6).
Thubb
f(b) = fla) = f'(1 = O)a+0b)(b— a).
YoTe=(1—0a+0b ¥FHUTLV, =
ST 2.5.2 (PHEOTRIZAY FVEBETIER D B SRTERT M VEBRICH L
Td?ﬁ@@ﬁ@ﬁﬁﬁbtmo%@fﬁ&%ﬁaR?%f@%—(C%x)Tﬁ@ét%\
b LD EHA D LoD 7 51E,
Je € (0,27) s.t. f(21) — £(0) = f(c)(2m — 0) = 21 f(c).

b 2B f(2m) — £(0) = (0 ) Filo) = (‘) # (8) (%S 1) = 1) T

0 cosc
HBEPDH, TIHIWVI c FFELERY, L L, FEEOEHE AW RB5E5D% I,
If(a+h) — fla)]| % L SFHIEF 2 2EHANCH S T, HTREMNT 28 259 (HRES O
AR) BBIERLKTHZ, =

S T

2.5.2 Taylor ODEEDZEHADILIE
TR f BEBIEOZ AR T2 (R MUVEE T2, BIHD X 5 RIBIESNBE
1275 5 TRPMENE 2 5 — BRESOARE L Z50S & 2IFRWDRE-),

REZoN7z ATHLT, #Y% B 2L T A< B RA2BOFRERZB{L 2% TA % L oiHiEis 2
LW,
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2EHERTOA—ZVT Ty T O, —RINTE Z BENC, 2 ZEEE f = f(x,y)
% 2 FEDHFETEMLTALS,
fla+h,b+k)— f(a,b)

IS 72Dz,
F(t) = fla+th,b+tk) (te[0,1))

WS 1 AR EEAT 5, ARBEROMDIEICL T

af(a +th,b+tk)h + g—f(a +th,b+tk)k
Y

TH%, FHC
F'(0) = %(a,b)h + g(a,b)k.

Ay
b5 —EERBEBOMAEEHCTHI T2,

F"(t) = %%(a+th,b+tk)h-h+ %%(a—kth,bn%k)h-k
o of o0 of
+%a—y(a+th,b+tls)k-h+a—ya—y(a+th,b+tk)k-k

*f , O
=52 (a+th,b+tk)h* + ayax(a+th,b+tk)hk
*f 9 f

th,b+ tk)kh + —= th, b+ tk)k?
8$8y(a+ b+ th)kh + (a+th,b+tk)

0y?
2 2 ’
- %(a+th,b+tk)h2+2 T (a4 th, b+ th)hk -+ 25+ th, b+ R
T

0xdy oy?
1 ZHEI P o L CTFIEOEE#EAT 2 2. 30 € (0,1) s.t.

+

fla+h,b+k)— f(a,b)

ZHU—F@ZFﬂ»1+%FwyP

1
:F@+EW@
_of of
= %(C% b)h + a_y(a7 b>k
1 [(0*f ) o*f >’f 2
%~5<5ﬁm+ﬂmb+0@h+ﬂaﬂww+ﬂhb+9@hh+ap(+ﬂhb+9@k)-
D 2 BB D 2 BEETD Taylor BEONRTH 2, IR TEL —fKOGED AR

DI DEMTD 20, BHOFHIIE > [FARTH 2,

n BHEAKD m KD X T, TATE D fITHLTEEE2BD LS, BB F@1) =
fla+th) ® 1 FEFHEREEICOVWTIX

F'(t) = % [f(a+th)] = f'(a+th)h= Z ;i (a+th)h;
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CWIOREERND D, CHDHITEHDOFERMOEMEL 72 o720, £33 e EEOEMBE T
RL X5,

4 )
h

HE 253 QIR DFES,. EkeN, [: QR CH. acQ, h=| : | eR",
B

la,a+ h] :=={a+th;t €[0,1]} C Q

r¥neE,
F(t) = fla+th) (t€[0,1])

vk, F:0,]] - RIECFHIKT

(1<m<k).

m

(214)  FMB= ) a*fa (a -+ th)hi, hi, -+ b
Iim

8x ax TR
1<iq in, e yim<n 102

N /

SEBE IRINIEIC K B, m =1 DEEIEHR 242 THEATVWS, FEBE 214) 13 m=1 DL %,
Wk eHEEMRZIL L

o N Of 4

Fl(ty=>) oy (a + th)h,

=1

BB, THUIBHNTR LR TH S, (214) 3 m D ZHILTE2EREL &5

omf
(m) (4) — E S
F (t) o ‘ axll 81'12 . al‘zm (a + th)h’bl h’LQ hl'm.
1<iy 2, im<n

o f N

T3t (a+th) IZBET 2 GBI DM PEIC XD,
(9xi1c9xi2 cee Qxim
d d o™ f
(m+1) 1y — 2 p(m) () — E el he B

F (t) th (®) [8%8% 0y, (at th)] ity -l

dt
B Z [z 8.1'1 6551183312 R a%m <a + th) hl] hi1 hig trt h’im

m—+1

i +1°
83;51 8.1'1‘2 s al‘imamim+1 "

1<in,i2, 0 yimyim1<n

(1,431,892, -+ »im) & (i1, 02, ,imy1) EB SR 20 )

THE. 214) B m+1 THHULTEILZRL TV, =
b2 R 5728

(2.15) (@ f)a(h) == > o"f ()i hiy -+ he

1<in i, Jim<n 0z, Oxiy -« Oy,

93



EBLB, Ik, f D2 IZBT S m RS WX, ZHUX b IR 2 m REXRZIEK (m
RER) TH2, ZORLEE[MES &, i 253 OFERIE. XX X>icEedoshs,

(2.16) FU(0) = (d™ f)a(h),  F™(t) = (d™ f)arn(h).

m RS DEHEIEDEIE (R IREIIRMD DIEFIC X S0 6, EXo S IciEFE
HEPEZENT WS, 20258502 H 2 2 BEEE f O 2 KT ITOWTIE,
BRR L7z & 9102,

Z 89518%

82]‘ 0% f 0% f 0% f
= hih hih hoh hoh
8;1:163:1 (Cl) 11 + 8;1:183:2 (Cl) the + 0x28$1 (Cl) 2+ 01’26332 (Cl) 22
2f a2f 32f
h2 2 hihy + —=(a)h2.
a 2( ) + 81’181‘2(60 1 2+ axg(a’) 2
—RIzix
o f
am h) = i B v
( f)a( ) . Z 8$ilaxi2 . axim (CL) i1 1l im
1<21,22, tm<n
0 0 o\"
m)! amf
= hSThS? - - hOm.
a1+a2;an:m aplag! -+ - ap! 0z 0x? - - - Qxom (a)h*hs "
b, 2L, TR TIEERE
“ - m!
b — Tbm T __ Tbm—'/‘
(a+ ;( > ;r!(m—r)!a
(b U7-2IEE B!
m m' (o731 a9 Qn
(a1+a2+---+an) :1<i Z < Qi Ay * * * Qg = X +2+ ) mal Ao = Ay
St m S o ;fc;séé%’?m

EHWT, 2P AMNR PR Z1T2 272,
EzgedTEI I,

BZD®7z DIFEENZIEEDN RV, T2 TR LZREE WL D2 OHBFICEH > TV 5 b DTIEH 5205,
HETH T2 LIRSV, TOFERLT DS B o TBVWLTBREW,
4= IE’/_:E@%E @ﬂ&i ?(ﬁbi n k%?é}ﬂ?‘f‘l"](ffﬁﬁﬁknﬁﬁﬂf% E)

B REENET B LT D B, o SHTIEENA, SIEMOIICHES X 5 A HOMERIEHE L
TSI L HRTORIEL <3730, Z
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. N
FI 2.5.4 (BZZHOD Taylor DFIE) n, kc N, Q % R” DBES., f: Q>R 2 CF K
DB, M7 [a,a+h CQ T2 E ROXEMLT LR 0<0 <1 BRET %:

N

-1

fla+ )= 3 - (@), () + 3y (85) . )

ZZT(d™f), (h) & f D 2 iZBITFS m Xmp eI d, hiZOWTD m KA T,
ROXTEDHND,

3
|

m _ omf
D S e L

0 0 o\"
= (h1—+h2—+~~+hna—%) f(x)

0z, 0T
— Z m! omf (CC) hrlnq hgz oL o
lao! -+ - v ! a1 9,92 | 9.an n
P — 109! (67°% al’l 8{[‘2 a;pn
- )

SR W 253 KD, F(t) = f(a+th) X [0,1] T C*HT.
FU(t) = (d" flapen(h) (0 <m < k).

1 ZRBIBUCDOWT D Taylor DEHH» S, 30 € (0,1) s.t.

1
Am e — R Y. 1k
- 1™+ k:!F 0)-1

BIIMMAT BT THMmZE 5, =

Bl 2.5.5 (il [15] 225) f(z,y) & C? #&T. £(0,0) =1, £.(0,0) = 0.5, £,(0,0) = 0.1 TH
D, IHIFHE A P=(01,02) 230 ET

|fmc(377y)| < 0.02, |f:cy(xay)| < 0.05, |fyy(xay)| <0.05

DD IO Z, f(P) il & (1 ZGaBITEZ KD, Taylor OEMTiRZEZ #Hfi¢ X)),
(f#%) a, a+h (72720 a = (a,b), h = (h,k)) ZUim L T 28930 f OERBCEEN S 7
51X, Taylor DFEH2 5, 36 € (0,1) s.t.

fla+h)=f(a)+ fo(a)h+ f,(a)k
+ % (foe(a + OR)R* + 2f,(a + OR)hk + fo.(a+ OR)K?) .

Wz Iz
|fla+h)—(f(a)+ fo(a)h+ fy,(a)k)]

1
<= 2 2).
< 5 (s o+ OB 42t o+ 0) i+ s+ 00)| 12

95




a=(0,0), h=(0.1,02) ¥ LTHW? &,

f(@) + fala)h+ f,(a)k = f(0,0) + £.(0,0)0.2+ £,(0,0)0.2 = 1+ 0.5 x 0.1+ 0.1 x 0.2 = 1.07,

1
- h)| 12 + 2 h)| h h)| k>
2(g%uam+tn + Q%U@m+¢)|k+gﬁuwm+tﬂk)

1
<5@02x0ﬁ+2x005x01x02+005x0?):00m1
Wz

|£(0.1,0.2) — 1.07| < 0.0021.
Zhp s 1.07 —0.0021 < £(0.1,0.2) < 1.07 +0.0021 TH 205,

1.0679 < £(0.1,0.2) < 1.0721.m

2.5.3 FIEHNN

COHEIZEVWTHAZLIZVTRILRDRISIDOBDTH I, IZUHTHHRT 3 L =1
AL THEDW,

Schwartz DZEIEHDECE

Schwartz OZEHEH (multi-index) DFLEZHHT 5,

(AR E D, 1 RO TR PILARTHIT S Z L ZHH KL TS NIUTTEWEN, 25
WIREBRBACH bRV, LU SIS HE X 2 AFIR W, )

BT a=(a, a0, ,ap), B=(B1,B2, -+ ,0u) Ts & aj, B; T 0L LOEETHE LT 5,

‘Oé‘ Z:Oél+052+"'+05n,
al == arlag! -+ - ap!,

he = BSRS -- hon,
ON (DN (2" (9N e (2
ox 011 0T oz, ’ ox

def.
a>B%E a; > B, ag>Pa, v, an > B,

a>B8Ea>8 atp

(5) = 7=

X HIZ

CEEL, a>pDEE

£B<,
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M EEDIFSEH WS &,

Lo T
+ 60h)

flat+h)y= Y f iﬂ+Rm Rh—Ezi—éj——h
0<|a|<k—1 lal=k
1 ZRO%HE LIFFICR A UEZ L2518 540516,
F|RIE (remainder) R, % Landau DFLEZXHWTELL &, XD KSR B,

% 2.5.6 EH 254 R UIRED FT.

(@ (q b1
fasn = Y e oguy = Y L ogupy o),

0< || <k—1 0<|a|<k—1

C DRCIEImIM I TG & CIRBEEBIEDN S, MAET DERFET S, Taylor @ii@t
b‘“(tc(@/zﬁb\ 5% BIZIX, MO (fg) = flg+ fg D—RIETH S Leibniz

NG R4 oy e
_Z AN £(8) ,(a—B)

DEHTEKEND,

Taylor OEEDH
Taylor DEFDMIAIY T 2RO (GEAIE) X, X TEL L HE#FTH %,

~
Rl 2.5.7 EH 254 LR CIRED FT.
(2.17) fla+h)y="Y " Cah®+o([b]*™") (h—0)
0<o]<k—1
DD N > T WA 7% 51X,
(@)
@:faf)umgk—u
N ' /

Ihh s, 22l (217) OFIZE TR, FEERD Taylor ODEHDZh e —HT L Lk
W5,

BELHHHEXZBOOEEFOAMPHAPTVERLTVT, IH5ETHBL TV H o7z, bot
b SRR RMO TEROMWIRE LT, SEEROTECHAI T, b LA,
TRIZZ OB L TBHE. N7 MUEBIETH LT 5, —&FMELA X200 d Nk,

k
mlﬁﬁ%ﬁ@%ﬁ@%ﬁﬁ(mW”:E:C)ﬂ%#”7T@oto

r=0
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5l 2.5.8 f(z1,79) = exp(xl—i-xQ) ZRADEDODT 4 EOHETEMLTALD, ¢ =
1+t + 3t +o|t]?) &

224 2)? 22 4 72)2
et =1 (o) + (a2 ad)?) = 14 (02 0+ L o

2 2
1 1
=1+2% + a3 + sy +afad + Sap + o).
TH50, Lofmi#E» 5 Taylor DEHDEFICMR SR NWZ EB9h 5, ®ZIZ
of of
a561(0 ,0) = a562(0 ,0) =0,
a%mO) 82f(oo) 201 =2 —fi4om—o
03 03 o T R
90,00 =0 (Ja| =3 BBEED a € (NU{0})?),
o O f 1 O f
=4l . - = I — 92191 .1 =
axla)O) ax?(om a5 =12, 0x%8x§ah0) 2121.1=4

£1990,0) =0 (Ja| =4 22 a # (4,0),(0,4),(2,2) BBEED o). =

BIRBZ DRI

%mﬁ&tiﬁm\&7bw{%ﬁmomf\?ﬁ@@ﬁ@@%ﬁf%mmﬁ\kﬁw%é
. ROmEEEHATNE T TH 5,

/
S 2.5.9 (BRESOAR) [ 0,0+ h] — R™ 1ZEE. (0,a+h) THOTATHE.

sup ||f'(a+0h)|| = M < +o0
0e(0,1)

334 51F

a+h)— fla M| h||.
L [f(a+h)— fla)|| < MJh| /

ZORADFRZZAUIEH L <1370, [z LisWkEZBL & BaEHWTY
DRI KIHATESZDT (T FTERS), AIKES 21,
HBWVE, FEEOEMZ TR S &5 EETR

If(a+h)— fla)|| < C|h| (C & h ITERZRWER)

DI DOFHERZFEAT 2D LS BVe f=(f1,.... fa)" EBL &, SRR f 135
BEREBTH 205

fila+h) = fia) + fila+ 6:h)h (1 <i<m)
2725 0; € (0,1) (1 <i<m) FFET %, DFD. MO T ICRRS 0, 2B THZL
ZHET 2,

Y &, BOEAED oo il (FAREDFREDTR)MATLERLS B EhE-2LZSTHEH
(BRI DOB D), BLOTHEET 2L i, PPRAFESHERL ZE2HELTH JWES I,
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"3 ZF A L 15l

B DD fa+h) — fla) ZEHES 2 DI, EAEZHW2OPEMBE I dZ WV, fe !
Y. D UBWMREDN BB 20, EHTEITH 3,

1 1 d 1
fm+hy—ﬂ@:ﬂﬂa+ﬂm;ozz:ﬁ(ﬂw+m»dhzllﬂm+¢Mhﬁ.
ZOAD LHRETORAIFT CICEIN S, KR
1 1
o) = F@I < [ 170+ th)hlde < max (o eyl [ at < M.

ezl
M := max || f'(a + th)]|.

te[0,1]

(fIZCYRTH 00, te | f(x+th)| (EGEEBTH D, a7 MES[0,1] L&KM
ZEFO, )

BoZAW Taylor OFE [FREOESTR R

+1Amf@)ﬁ

f@) = @)+ [ =] 70 e = S0+ =0 @ - [Ta-a)0)
— (o) + e —a) - [ (6= ) (0) de

AN

DEIBEAETEEDIRT ZITED,
— f

®(a)
J!

(x —a)* + R, (z), Ry(x):=(-1)"" /90 %f(")(t) dt

PENND, ZDOFEDOEIARIE% Schlémlich OFIRIBL MR, B OFEEEHEE HAWS Z
Yizkb,
AR

dc € [a,z] st Ry(x) = o (x — )" Hx — a)

HE5N5, %k Cauchy DEIRIA L ML,

2.5.4 Taylor DFEIEFEED XX

2D Taylor DEFDORNRNI R BHTH 2, FEHE, FHEELAREZEZIZ2X51CR-7-0
Z. WA E R LA TRERICR S THhOETH S, HADPRLAEZTOWOLNRZWHDEGTLET S L
ZRANICEET 22095 D xRV, LAl 620K DI TWAHBRERRIERHZDHEER

99



DT, HALWVWEWI ANZFF Y LU ITEI 28D 220, EH254 ¢ ZDBROZEHFMOFIEIC X
%%@i%%@f\EB%#—E\%Kkokﬁ%ﬁf%ﬁiézimt55o

EHLZ D D% EFEICHERLHIRZ W (or ZDXKUTRNIZN) EWIHHIF, XKD XS5 KR ZZITHIC
DFTHBIFIT LW,

fla+h) = f(a)+ h+f23mxj

k—1
+ Z (f @ m BRI x (h © m REIHK) ORI

+k%ﬁ$ﬁRm
k RRIRE Ry = (f O k B HRE) x (b @ k REIEX) OFI
HRBRDE S5 DTH 5,
o Taylor DFEM X, DF DIXZHEAC K 2 ALDFETH 5,
o —MIEIE. f O m BEMAIREL h © m KEEAOETDH 5,
1 RDIEZ (b 5 KEMENTRZZIZT D) f'(a)h TH 3,
2 ROEZ, FRENATORVWAS LARWD, HELZDOTIDORRIIEA L D! ROMITHFL

2
CBIT B L1 5. f O Hesse (751 (ajé’;(@) LT 5. h D2 KHRTH 3.
i0T;

Ry ZRER S 2THIZ, FEHO ML X BTW3, 2720 a B BHETIERL T, a+6h
BT BME (0 (0,1)) THb, KxXiF O(h|*) TtH 3,

2.6 MERENDLA

ACR", f:A—-R T3 E, fORKE HB/ME. H2W0VIEERAR RAEZES &),
DR (B MEZE S R) ZFID 722 e LIFLIED %,

NVZDFofHickhs e, AHRBBEBELL, 250V HERAROBEHEHA LI LITLT, SBHER
HIFZDHGTEHHTZES LT LTELDHRR, Zhigﬁﬁﬁé DB, TOHED, REDo LD
BREIHBHDZEBLEONDD, —HTRAZDHDPHATINS FIR) DL5%2bDbH b, RNz HA
WCHOD B ZH 722 0DE b o7 nRnI e R /- S, AXZRRE LTRATLE S K 50k 2 K%z

FFODIIIR L THEBLTIZH 5 1,
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2.6.1 HEDHIE

-
& 26.1 ACR", f:A—-R,acAtT5,

(a) f 2% a THRREZIS (a i f DBRKRA, f(a) & f ORKME, f 1o TRRERD)
def.

SVreAfla)> flx). ZHUI f(a) = max{f(z);z € A} L bEIT 5,
(b) f 2% a THRMEZHS (01X f DR, fla) 1 f OFRME, f X o TRNEZRD)

def.

S VreAdfla) < flx). ZHUX f(a) =min{f(x);z € A} £ dFI} 5,
(c) f 7% a CEXIEZIN (a1 f OBKRR, f(a) 1T f OWKRME, f 1% o TEREZ?)

U0, vae AN Blase) f(a) > f(x).

(d) f A% a TRUMEZES (a 1& f ORI, f(a) & f OREUME, £ 13 o THBINE R 2)

“ e >0,Vz € AN Blaje) f(a) < f(x).

(e) f 7 a TIRBDEAMELZHLS (a 13 f ODRBOWEKRE, f(a) 1X f OPEZEOMAME, f
% o TIRBEDEA L 725)
U 3e>0vredn B(a;e) \ {a} f(a) > f(x).

(f) f 7% a CIHREBEOWBIMEZ IS (a 1T f OHEEBEDWNR, f(a) X f OPEFOWUIME, f
13 o TIREBOBNY723)

© 36 >0,Ve € AN Blaje) \ {a} fa) < f(x).

\@j{@ EMUIMEZ IR L THE & PSR, KM & MU R 2 KPR U TR R & RS,

AE 2.6.2 MEE VW FEIX. ARIRBUAEIZL2AVERY, EWoERZFO AR
WV, WRIZEDERIZT R DDTIERV., WO Z I3, FHIX LOERDMH
T ZFAEIEE T 250320, RT3 2 &0 2 MEREZ Y E2E 222, Lo k>
WCERTATHRERICERNEEZEZ TS, n

RDZEBHALHITH S,
o R AMEIIABANHE
o 5/ MELLEHME
o PRI DA MEIIHA N
o PRI DM/ IME LM ME

B 2.6.1 f2a TWMAKTHZILY, f2a THW/NTHZZLIIFELREY, HlEdlT X,
—7. a D f OEFRBOMFRTRVWE X, f23a THKTHEZ L, fIa THREOM
INTHDBZLIEIFIET DI, (p. 145 R X, )
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AE 2.6.3 ( MBEEZRO K1 ) HREBRET MEZRKD L) 2 BRI 5, FAHE L
IMEZRD 20720, BUEERZEZ 27200 TR, ZOMEEZIS A (MES) & MKko
PRUNZDDPDXA S HHEETEZ D Z .

FERTZ2OTHIUIEXICZ DI ELIRETH S, LEIEZTD DD S5 20, &0 THA
F I N B RERD, MR NDODWTNDLTH S 0% L. £/ZDRTOHEZRD
FI RYLHELIDIFEES 225 LW, AFHBLRSIXVWEL 53, FAOFFEFE OB R, #AK
AERE T, THEZRD X TTEXRTHLHS T LIZT 5,

COFFRE 2 DICEDLZ D d LRV, UMM IC IR 2033 - & HIXiEH
M, THB e ZIHE X Borkhro L ZAEDEICHATZ XD D, D% M
XD EDA (FIZE TZAFONADFNE180° TH S ). LWVWI I Thb, £l0b
W2 KEZFFETH o7z T, ZBHEEITKRZOIENFT V2 XEOFIZ, EXDOHIZE
HRZRDLE Do, ZORTOERERDLDDBHEBTH2ZDIT, FalllZZAKRI D
HSRZZ WRZEREDRZ W, 2 WS EDHD, 2 THIEVWZenD -7,

RO NI LV, =

fl 2.6.4 f(x)=2°— 2 OMfEZRD X,

1 1 2 1
T:l [ pp— Sy A ﬁ/\ 7'— \ E/\ﬁ I = - —_ 3
(&) fiFx \/g“C?'JE?kOD*ﬂJZJID *”Jfl_bif<ﬁ> W o flidx \/5‘(
1 2
ok raD, AL (- ) = .
WROMKE D, fl_bif( \/5) e

. . 2 . . _
%ﬁ\Z@@@%Kﬂbf\ﬁmriaéj@ijﬁéxékﬁﬁf%%ijmﬁoto%

DEZHL S BT Y 20, WAKZDOPRNEDDEEZ S Z EIERE TERINTWARWL, Z
NEEZZIEZVORGIEEEYTESHILE L, 2WH 2 RDhd LAV Hiki7i
TExKir, m

2.6.2 EREEZIRDIES & COHIODBIE
ERRBEETR - T2DIE, n=1, 2D AP R QX [ T, fPMOHERBEETH 255
T, WMAOEDKRIER L7z [ ZRD, [ OBRAREZE Z LT, [ OBERESME, FKME, &
IMEZERRD B Z e Rz, ZHUIERRD (1) OFEEZFHALZHDTH 3,
e BRI THI > TV ~
(1) f(x) >0 &7z 2HPAT I3
fl(z) <0 L 2&FT f I

(2) a€I°T f PMARE N B 51 f(a) =0

(3) fila) =0, flZ a DTELT >0 %513, f 1% a THUN

L f(a)=0, fida DT T f" <0261 fIFa TR )

WD O, ZEABEIM TR ZUZEHEIIIITIZR V. £7 (1) KHEE T 2HRIE R0
L. KD & 5 ZENZER S v, FRBEROERBTIC, ARTROVRANIERICZ G
TN2LEDDHD., WEZEHECT 2,
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ZTHTHLT, (2) & (3) 2EM L T 25K, ZEHERADOILENAIRETH 2, 22T
(2), (3) BV LEELLEEL XS,

(2) ZHRIC, f(a) =0 Bl a ZHELHLEE LTH, ZORTAYIC [ HHHEIC
ﬁofhé#&j#d TRHRV. DFED (2) DHIIHIL LR (TRDB. f(a) =0 DK
DILODHEE - T, f D a THEZELS LIRSV — HIZE f(z) =23 a=072Y),

(a) /I (b) HA (c) FIETIEAR L

X 22: EEELE-oTdtasr D5,

Z 2T, FEBIZ f 23 a THKD 2 WIEHNTR 272D DT 056038 L K b h, Zhic
W2 —DDEMN (3) LWVWS ZriTk b,

2.6.3 HWRTREZIRNIEHMSIEO0
(2) DZZHEEHANDHLTE

T 2.6.5 (AR THBEZRNL. MaREIE 0) QX R” OBEA. f: Q- R MY
A[RE. a € Q T f IMEZIS251F. f'(a) =

GEER Q DPHEATH 205, Je > 0s.t. Blaje) Q. Fie{l,--- ., n} ZEETEI L
. 1 ZRBEEL

P (ai_gaai—i_g) BtHf(ala"' 7ai—1at>a7l+17"' 7an) €eR
WOWTEZDE, ZHE t = ap THEZES, o T, 1 ZEEABIZOVWTOERD S

¢mm—06@5ﬁ\:mwgyy—o% kT %, WA f'(a) =0 m

HAZBY R BRI (1)

1 ZEBEESCCI3 f/(a) = 0 B D IO Y = (a, f(a)) 1B 2B y = f'(a)(z—a)+ f(a) =
0-(x—a)+ fla) = fla) 72D, 2 B KFRERTHZ, el EBRIT 3L
ERTALS,
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QBB f DT 57
graphf = {(xvya Z)v (fE,y) € Q,Z = f<x7y)}

Z. 3 ARBERL
F(ZE,y,Z) = f(f[f,y)—Z
DEEEETH S, ZOMBEIOERERZ P

oF of

oz ox
\%
VE(z,y,z2) = %—5 = g_i :( f)

oF 1
0z

EY (al,ag,f(al,ag)) ZBlF 5*§$E®ﬁ&ﬁai\
z = falar, a2)(x — ar) + fy(ar,a2)(y — az) + f(ay, az).
Ko T

Vf(ay,az) =0 VF(ay,as, f(ay,a)) 23 €5 &FAT
& 777 EOR (a1, a9, f(ar, a)) ICBT BIKERD &5 & AT
= 79 7J:0)ﬂ[—i (al,ag,f(al,GQ)) 0:3‘/30)‘6%32@021 z = f(al,ag).

HAZR S AEIR (2)

EHONE (Vf(a) #0 25I1E, o IBESTIERV] ITOWTALEZXITALS, HBHED
7o, fiEC e T3,
QERHMKEEZ, fOEE & tEX XS,

F(t):= fla+tVf(a)) (Jt] &t+m70)
SR
F'(t) = f(a+ 1V f())Vf(a), F'(0)=f(a)Vf(a)=[V (@] >0.
L7e2io T, Je > 0st.
F(t) < F(0) (t€(—e,0)), F(t)>F0) (te(0,¢)).

DED aHb Vf(a) DAMCHET 2 LEENELRD, —Vf(a) OAHMICHEET 2 LI
PMEL 22 (D5 a ZIUTHATHDD 2T, IROBFTHS), ZO6 ald f OMIER
TRV D05, MEEIS &

a B f ORI 513 Vf(a) = 0.
SED (f 23 CL D UBMEEIZB V2%, A0 BIEERAE &7z,
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2.6.4 Hesse T 2 X% TD Taylor Bk
[ D Hesse 17502132, f D 2 BEDIRMD HREE WX TES 72175 TH 5

an i 82f X e a2f X
0x1011 01102 0x10x,
O*f o*f o*f
92 f
H(z) = < T (az)) = | owadiy (z) Oradiry (z) Owad, 7)
97,021 Oz, 0z 01,0z,

Z 2Tl Hesse 1741% H(x) £FW2D, O WVIEETRINIIONVT, HTLLTWER
BEIRVWESITH 2, LOoERAEZRZE, fD 2 I12BF 2 Hesse [TAIDZ &% f'(x) & F
WTLEWEW ! 25508 LRV, RREB5 Z5FELANZVWRWE S D (Wi
LTHZHK ’J‘ﬁl{fﬁ BLILRWODER), EBAICIE THesse 751213 2 FEOW D HREL &
FEZTRWES S,

XT. fFCPHREL &S, Taylor OFHICHN S 2 ROFIRIE R, 1%

(H(a + 6h)h, h)

l\DI»—t

Ry (dfa+6h Z&xax (a+ 0h)h;h; =
EREND, WRIT flla)=0T 5L,
fla+h)=f(a)+ f'(a)h + %(H(a—i-@h)h, h) = f(a) + %(H(a—i—@h)h, h).

HhH DT/ nwe &, G2 E%( (a+06h)h,h) D, FFEB—E L THh25E08HH. %
DHE. fld o THEZIS Z L@ TE S, ZAZIMCR LS,

2.6.5 FAEDS: 2 XN, "WIMTIOFS

m R 13
R" J:o) m /Xﬁ/:_l:tk cj: n 1.0);,% ﬁ& L1y, Loy =+, T D m ézlﬁj;ﬁqglﬁﬁ F(ajlax% e 7:1771)

X
- T2 =
DIV, URNTIE ' =1 EHFE. F(r, 20, ,7,) = F(x) DX IITERT,

Tn

(RD7-DEE) B F: R - R m XER (BRLDHED) Lid.
VAeR VzxeR" F(\x)=\"F(x)

MDD Z L EE D,
B 512, m XEAEIFE. Bxro m ROFHADHME LTREINZZHATH 5,
21Ludwig Otto Hesse (1811-1874) 12 &k % (1857 4E),
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Bl 1ZED5E. F(r) 25 m RARZHEALBZES WS 2eh? (B) DIEH a 257
fELT, Flz)=az™ EIFSZ¢. =

BB 2ZBDBE. F(r,y) 25 2 RAXRZHEALIZES WS Zeh? (&) H2EMa, b, c
DIFEL T, F(z,y) =ax? +bay +cy? LEFIF Bk, m

FEED 1 XX L(z) & #H47% n RTRZ bV a = Yar, a9, -+ ,a,) € R* IT& 2T,
L(z) =) ajz; OGICET Ze ks, ZoR0bDE, WHEES & (a,2) tHIT B,

J=1

B o L(z) . R* 205 R ANDREEMRICH > T3,

2 R
—77. R" FOEED 2 PR Q(x) &, @7 n KIEFHFITH H = (a;;) ZRWVWT, Q(z) =
Zaijxixj @ﬁﬁ&:?@?‘l Ziﬁﬁjﬂééo C@iﬁ&i\ W*ﬁ%1§5 2: (HI,JJ) &%U'éo J;{‘Ff&i\

i,j=1
H DBXMTH. §72b5 aj =aj (i,j=1,2,---,n) THRZILERETS (25T bk, B
Bre LTo 2 KX Q(x)  MFMTHI H 25, 1 xF LIBT3 Z2iZi-> T, EFTH2H
5 ZOHE H % 2 KB Q(x) DFREATHI. Q(z) 2175 H TEZF % 2 KPR,
Qx) DZ&Z LIXLIX H[z] REDFLETRT,

X T, H ZEMIMTINTH 206, H DOFTRTOEEME A\, \o, -+, M EEBTH o T,
HBHERITH U DIFEELT

A1 O

A2

0 ’ Ay

EXMATES (U Z U DIRE T, 2 =Uy £BL &,

UTHU =

(2.18) Q(z) = (Hx,z) = (HUy,Uy) = (UTHUZ/,y) = )\1y12 + )\2?/22 + -+ )\nyn2

CEBHRD, ZOZehb, Q) D5 L. H OEFHEDITS ORICEZLBEGRLH 5 Z
EWTI B,

fi‘% 2.6.6 2 XJE Q(z) ITDOWVWT, h
(i) Q(z) HIEfE (EE(E. EFERE, positive definite) & Ve £0  Q(z) > 0.
(il) Q(z) HEME (AEME. BEME, negative definite) & vz £0  Q(z) < 0.
(iil) Q(z) BPREFS & Iz, I’ st. Q(z) > 0, Q) < 0. )
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-
& 2.6.7 FEWFTH H 1I2DWT,
(i) H »iEfE ([EEfE. EERS) € g oEAEHSTRTE,

(i) H 2*&fE (BEE. AEFS) S H oEEHEITATH,

(i) H HFEFS L H oFEHEOFICIED S DL BDH DB B, )

H HPIERZ (& 01 H OEFEETRY) HEE. Lo 32 (i), (i), (iil) T, $XTOHE
DO ENBZ IR b,
I (2.18) AL K 512, ROATED LD 7LD,

4 N
AR 2.6.8 FENFMTAI H OED % 2 KE Q(x) ITDWT. IR D LD,

(i) Q(z) MIEME < H HIEfE.
(il) Q(z) DM & H HEATHE.
L (iil) Q(z) BAREM=T < H BAEMS.

)

> TR Q) DTFBEZFXRZ I, 174 H OEIEHEOFS ZFHRIUI LW 22370
%, EIFEDOFEZ, @EIIEBIE220. BEEHEOFSZH#H D EEME - BEEoH
ERTHEITROVOR I, RRHEELND S,

4 ™

R 2.6.9 (T DEENZ XEEITHATHET BHE) H = (hyj) & n KEXNIMT
T, H, % ZFDH k ERESTH. T2bb H ORPID k1T k H|Z2E > TE>7- k RDIE
HiTATH 23 5:

hll h'12 hlk‘
oo | T e
hiir hie -+ hgg

ZorE. LT (1), (2) 25D 0,

(1) H PIEfE < det H, >0 (k=1,2,--- ,n).
L (2) H 28l & —H 2’1IEf < (-1)*det Hy >0 (k=1,2,--- ,n). )

Z DmEADREHIZEN T 5 (BB BOAERIEICH > T 5), WHIERE S CEBHEORF
SOHEHR S Z & 2R LT AUIR W,

LA, FERPMTY O S (IEOEHREOER E Ao ERHEOER D Z ) %
AT 2 — iR FBR £ LT Lagrange DAEL XN HEDND 5, THUIHEEEIZOWV
TIEFIWCESTERE LTI 2 WWS DT, ZOHPBRNTIEDHZ0. T2 TlRLHTIZHT
212 EHTEL, MERBOBRFZFICEDLNTWVS Z D2 (B 2T [4] p.157, X
[11] & ¥) .

Ep HREVE E, n XABOTENZ BRI DR 2 ARITHER TR,
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IEfE, BfE. FEMNSZETRS — 2EH 2 XEH
FHZ n =2 DHE, I2D5 2B 11, 25 D 2 KA ZHFARTAL S, IFFZ2E DM

72 DT xy =2, 29 = 1), <x>:fZ%<o H:<p q> s N R
Yy q T

Q(Z) = (HZ, %) = pr® + quy + qyz + ry* = px* + 2qzy + ry’.

FHZ H DPIERITH % (& det H =pr —¢* # 0 & H OEFEDIH G & H 0 TRWV) HEIE.
SERIZER T,

(1) H DPIEETH 212, det Hy =p > 0,det Hy = pr — ¢> > 0 TH 5 Z & DRE+ D5
ThHd, ZOHE0= (8) FBIEL 7 Q(F) DRVIRICIR B (RidE/DR), IEER H

10

DO LT H= (0 |

), H[T] = 2 + >
(2) H ZAMETH 5121E, (—1)'detH, = —detH, = —p > 0, (—=1)*det H, = det Hy =
pr—@>0THBIERBELHTH S, ZOHH 0B 7 QF) OMKMICK S

(I, AfEk H ol LT H = (‘()1 0 , H[Z] = —2% — o2

-1

(3) H B ANEFSTH 212 H PIEETHEMETH RNV PR ETISEMT, pr—¢? <0
HATA L5FTA

YEIFZB, Z0HE 0 3B 7~ Q(F) DM (saddle point, IEm) TH 5B, FERF

B H oy LT H = ((1) _01> HIT) = 22 — o2,

2.3 RFEMI 2 258K 2 KB ((-1,1] x [-1,1] TDF5 7)

BHAHr0WE det HZ H OFTRTOFEFHEOBETH 3 Z 2BV UE. SOBEEEAHEIL 2 L1 0D
T, FADHEBEEND? & “ODEEHEOEIE © det H <0, ¥EXTDH X\,
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(BE) HEMoMENLHESE
(Z 2UREN 1 RAGREAR DML L TEAR. Gauss DIEEEEF - TV 2 AND 72D DOfE#T)

52 oINPT IEMETH 25, AETH 20, HET 272DD%ME LT, @il
2.6.9 (XD (a)) ZAANT L7, TR FICHE-> T, BAMTEHEE/ MK Z 2EEHE L TZD
2Nz D HEDIROBOWGETIZR W, Fid. IEH I ORI L TTED D
%, HRIZRD 2D,

(a) (KEOERBOTFRA MHENTH 2) n REMNWTH] A HPIEETD 3 720121,
Op i=det Ay >0 (k=1,...,n) DZRBELD (A, 1 A DBRIID k17, kFIZEE > TE- 7=,
k XEEENMTH, MATLAB BUCRALT 28 Ay = A(1:k,1:k))

(b) (HEOBIVRED 7% 2 M2id VA b LARWA, RIESIHED 7% 2 b2z B
TH 3) 175D E —YHThR\ Gauss DEEETHNS, (k k) BO% o) £33
L&,

) = an =4, a,(jg) = (;i (k=2,3,...,n)
k-1

I, ENFMTY] A DIEETH 2 72D, a 'S0 (k=1,2,...,n) TH 2 LHNE

T3 TH 5,

ADPBEETH27=0121F, (1), >0 (k=1,2,...,n) TH2 I BRBEFTTTHSH,
chuza? <o(k=1,2.. n) LAMETH2,

728, IERIZRSERFMTA A 12X LT, ?‘T%’ﬁ”@i?ﬁ%_‘mf:fbﬁb\f Gauss DHEER i
BETETTELLTHLE (ZRIFEED L ITHLT a 7€ 0 THsZLFfET., R
D kLT £A0TH2ZL L dbHEHE). ﬁﬁmn%%@¢@EW®Mﬂ\ﬁﬁ®Mﬂ®
M (p,m) 1E. ADFBEERD, LH L, DRIC Gauss DIHEEEZRZE TEITTE S 2 IXR
'BZCL\O)“C FRIMTHN DT Z D EE L LTI B3 BHERADE LN FTETIER W (AR

T EETH o7 D EETH -7 D T 2551%, Gauss DIEREDPRBZETIHITTESZ L
ﬁ‘{%nﬁ% N5z e Jm\)o

Gauss DIHEFENBEN S Z L ITHEELRHIR ZFiOoH b iz v, ik 2 Xt L TR
2&?5%1’?'6%5 MBEASER] & Gauss DIHEFELBGRED 2, ZOZ 2R TAXD,
= (a;;) DWEXNITHTH 5 T 5, a3 #0 THHUI

2 2
1
ary (;1:1 + Z —1:]> = allxl + 221 Zaljxj —|— — ( aljxj>

a
11 =2

n
= allxl + 21 E Q15T + 2 E a;1T; + _CL < E aﬂxz> ( E Cluu]?j)
11 -
=2

=2

ThHhIHNH,

2 n
a;1G1;
CLHZ'I + aljxlxj + CLZL’L' 1 = a1 | 1 + —JJJ TiZj-

a11 —, a1
1,j=2
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a;;x;x; =aq | x1 + —x + ;i aﬂalj Xids.
Z J J Z J Z Jj J

a
2,J=1 1 2,]=2

ZHUZ Gauss DIEEZEOFEHEEEELX R TH 5,
AIEHEDORPTE Ry M2 0 PEAZ TR

ail *
0 a%)
LA=]0 0 o
0o 0 . -
0 0 0 ol

L =Ml hd, Zhhs .
Z A TiT; = Z az(:)yiz
ij i=1
Db, HBWVIE
LAL" = diaglaasy ... al™].
FH -+ JNAE [20] 1ICE > TV B4

1
2 2 2

Ty + =x5 + =I5 + L1 + =T1T2 + =Tk
! 32 53 1 312 223

R 2+ Lo1) 2 (11 (11
=\|x —x - - —— |z - — = | xax - — =
ot 3 4)77\2 3)7P T\ 9

2
11 , 1 ,
= | T + 51’2 + 5333 —+ =9 —+ —ToX3 + !

1 1 \° )
= $1+§$2+§$3 +12(I2+$3) + 5573

DEFEZ, KD Xk 957 Gauss HEEFTE L HIELTWS,

1 1 1 1 1 1
1 = = 1 - = 1 = =

2 3 2 3 2 3
[ N PR I PR |
2 3 4 12 12 12 12
1 1 1 014 001
3 4 5 12 45 180

2.6.6 n ZHEBDOREDOHE
ROEHPAEH DN 54 FTH 3,
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4 N
EIE 2.6.10 (ZEHEMDIEED Hesse 1THICLBHIE) f & R” OBES Q LER
ST C? DEFEBIET f(a) = 0 ZWi7zTdDE T %, H(a) Z f D a BT

Hesse 74l 3% & X,

(i-a) H(a) DPIEfE = f & o THRFEDOH).
(i-b) H(a) VEME = f 1T o THFEOMK

L (ii) H(a) AERE = f 13 o THEZES V. )
GEER Q IIBHEATH 506, Je > 0s.t. Blaje) C Q. Taylor DFEHE D, ||h]| <e R2E
HD hITHLT, 30 € (0,1) s.t.

Flat h) = F(@)+ F(@)h+ (& Pasan(h) = F(a) + 5 (H{a+ 0h)h, ).
(i-a) H(a) DIEMEZR 51, FE/IMTH Hi(a) 1L T
det Hi(a) >0 (1 <k <n).

[fRCHRERELTH 205, [ D 2 BERMFREZ R &3 2175 Hy () DITHI
Wz OB LTERITH 2, ORI e>0 2 T0/hS MBS L,

det H(a+0h) >0 (1<k<n,|h||<e0<0<1).

WZIT ||h|| <e,0<0<1TXLT H(a+0h) IXIEfETH 2, LizDoTO<||h]|<e
27z HEED h T LT

ﬂw+®—fm%:%UHa+WWuM>0.

ZHUE a D f ORROMVNRTH S Z e Z2EKRT 5,
(i-b) L r[AkET® % DTHM,

(m(HT®%%%@%?%K@n—&a—Qﬂ@—xﬂ—@%u—<1)v—(O>O)
GBEREICEWENIND L XV, ) H(a) DREMNER5I1F,
(2.19) (H(a)u,u) >0 > (H(a)v,v)

Ziiz3 ue R v e R BMEET 2 (EQBEAMEICET 2EENY MLvE u, ADEFAR
EHET2EERZ Pz v EFTUIEI W), u, v DO DI Au, v (A € R) TEZH
ZTH (219 FRILT DT, Jjul| <e, |v]| <e ELTEW, 2Dk X,

g(t) == fla+tu), h(t):=fla+t) (t|<1)
rBLL. g hi& C2HLT.
gM(0) = (d* f)a(w), hP(0) = (d"fa(v)  (k=1,2),
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REEXD (df)a =00 %

YN
¢"(0) = (H(a)u,u) >0, h"(0) = (H(a)v,v) < 0.

. t=01% g DEFEDM/N
< . 7 5T Rz
- {t:omh@ﬁ%@@kﬁ }jﬁb%a@f@% TH2, T ald f

DIERTIEZ WV, =

H(a) DFFSOHEEICOWTIE, RITETIBRZ2A, Hesse {TNCEIL T, #DIRL TN
TEBIS, H, % H(a) D k EFFETHIE T2, T2Db

P P P
011011 “ 0x10%5 “ 0x10x, “
Of a Of a) --- Of (a
Hi(a) := | Ox0x, 012015 0201y,
o P 2
021,011 021,02 0x,L0xy, “
LB,
(i-a) (IEMEPEDHIE)
Qh) BIEME L vh£0 Q(h) >0

(o9
e}
h

& H(a)DIEE & H(a) DFTXTOREHEDE

~
& det Hi(a) >0 (k=1,2,---,n)

(ib) (it HE)

Qh) el L vh£0 Qh) <0
& H)7afl € H) oF~CTofE#E»a
& det(—Hp(a)) = (=1)*det Hy(a) >0 (k=1,2,---,n)

=

(i) (FEBHEDHE)

o
@

Qh) AFEFE € 3,30 st Q) >0, Q) <0
& H(a) FRERE € HG) OEBEHEOTICEDS DL EADDDIDH 2

$=

2.6.7 A

fBEE 2.6.1 f(z,y) = 2° +y> — 3zy OWUEZ KD X,
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B F9EREKEEIRELXS:
f’(x,y) = (fx fy) = (3372 -y 3y2 - :L’) )

- | fue fee N\ [ 6x =3
f@Hesse1T§UH—<fwy éy)-(_g 6y>'

f DIEFEEERD 5,

322 -3y =0 2 _y=
f/(q:,y):() A x2 Y xz Y
3y —3x =0 y —x =0
2
y=x
e
zt—x=0
S rx=y=0 or z=y=1

G)ﬁ<x>:=<0>mﬁmfd
Y 0

H= 0 %3, det H=—9 < 0.
-3 0

H 3TREFETDH 200 (EHMEE M\, N T2, THHIEFFEEHT. M\ =det H <0
DT, BRHETHD). ZORUIMMER TRV,

@) §z<:“>::<'l>czguvcm
Y 1

1{2< g _2>7 det f; = 6 >0, det Hy = det /f =6-6— (=3)(=3) = 27 > 0.

HZFETH 2056, ZO/REEROMNITH S, EHIZ

fL)=1r+1*-3-1-1=-1.

DlEzgrdst, (Zj) = ( 1 ) DY ZHME —1 ZHS (H 2 Wi, F( “5) = ( ! )

DEE fIFNT, f(1,1)=-1]) &&EL) =
B 2.41% [—1.5,1.5] x [-1.5,1.5] TR OHTF 2D TH %,

AR 2.6.11 (HEFDOIRE) ZOFoMEREIE (550390 DTV DT, HRHABKT
HEFDOMEZ DN, MAFEAROHEELD b, (IFERERD 2700) #H7 R %
L ZLITHET 2 (MEZ 2. ZIr0RICEDR LR D) AR EM RV, RIKITREDT
FER D70, BAICRABZHEE L TV 2 ABEDOFIEKR IR RE ZeRZ2 W, LIEL
X, MEONFMEE AL LB RS IR X5 THS, ZORIFD LHETEN
5ZEDRETHAS, —)TC. ZOFOLRIZ IBABRAZOT 7=y 7| TBHEILZVDH) S
LABVWEBELELTWE, A a—&—2H0WTHEBGERZ M I ED 2 D
ERE LD, ZDORPIKEEFATRL A ED TL IR0 2 D755 -
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2.4: f(x,y) = 2>+ 3> — 3zy.

AR 2.6.12 (HEIDDOIRE £D 2) 5 —2, [THDFF5DHEDHED D 5, [ ZAUIFR
AR OBIER ) THEZEIVDED, [ 5130 S TRBZE D Zen Xk 5T, 2 KER DA
WHIK TSI NZ N b H B K572, 2T, 228802 6 EHAZHEAUL 2 X T,
2 RARER e SITHEINC IR 2133720060 BRI 2 ZTHEE 5 28I LT, BT
FIRZF > TOFSDHEXZIES7Z 82D 5, FERIZEVS XS RVEIERZHT, 5
F AT 0720 KHDFINZ K K 22572 0DTZD3

det H(a) >0 = H(a) \ZIEfE ZHUxv YT,

det H(a) <0 = H(a) B ZiUuivvyT7¥

DE S RHEVE LI ADENT2DOTH S, det H(a) DFFED, 1THIORE (IEHE, &fE, 1
ERS) e 2 BERRVDITIERVOT, [MrotExic, TAIRXOFEZ2HFHRTVWI 0% A
T, BELZ0», EHHLTWE, Ho/zdbDiE, 250 DI T, SHRITEHETYINX%E
o 7 FFBDHEDOHAIZIES RN ICLE D, ERELEETH -7 (ROEDE), =

2.6.8 HAHULEE
¥ ZAT, EBH2.6.10 DI LRWD, ZHUTSEWD DD 5,

4 N
B 2.6.13 f X RY OB%ES Q FERI N C? ROFEHIERET f/(a) =0 i THOL
T5, H(a) & f D a IZBIF % Hesse THl T 5 & X,

[ & a THN = H(a) 23FIEE
f & a THEK = H(a) D EHE

N RYASN
N

722 L.

Q(h) HEIEMH (positive semi-definite?!) % VA £0 Q(h) >0
&  H(a) pPEIEME % H(a) OFXTOEGMED 0 LLE
< detHg(a) >0 (k=1,2,---,n)
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Q(h) HFEMH (negative semi-definite?®) % VA £0 Q(h) <0
& H(a)2HAM 9 H(a) OFTXTOEHED 0 LIT
& (=DFdet Hi(a) >0 (k=1,2,---,n)

THB, MNE&HEE LT TH) EEL 5532, FEE=FH, FafE-8ETH225, RO X
5 R AR BB,

4 N
3 2.6.14 Hesse TAIMNIEAIREGE X, MK - B/ hOEE2BRHEN RS, TR2bB
f & a THUN & H(a) HIEME,
[ & a THER < H(a) D ETH,
f ¥ a THREZIRSZ & H(a) BDRERS
DD 3D,
N J

—77. Hesse {THIDRERTH 258513, KX -1 - T,

(i) (IEfETZW) FIEE

(i) (AfETRW) FAafHE

(iii) NERZ
D 3 DWHFEHKSZ (H(a) =0 %Y (i) 22 (i) W52 dbH2DT, [958 FEEICE AR
BYRRFATHEPREICETTIEW), 2D 3 b RNERSTH 2HEIIMETIZR W EWIE K 2 25,
FIEME, PEMEZ T TEMA, MNMIHETERY, HlZE fr,y) =2t +y* T2 %, f(0) =0,
H(a) =0 T, f1Z 0 TN, fla,y)= -2 -yt & T22%, f/(0)=0,H(a)=0 T, f1iZ0
THA, X512 f(r,y)=a*—y* T2 &, f/(0)=0, H(a) =0 T, f1Z0 THWATHMNTD

B, TNHDRH L HIREEND L1, FIEE, FAREOEEIR. XD EROERIBOIE L THAN
IRNETHDHIEN,

2.7 [ERIBCEIR C FRAHER

PERIROE L & WBRUE I LB D L S REHTH 5, EHOTRE R LT TIIDH,D D
5VWDT, PLEDDA Y brz2HELZ,

2.7.1 WEAKICEATZT> kO
THID R TUTO &S ICHiBICE 6N D (FHCRED DI BAEINH L),
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o B f: A— BOERHETH D &, WEGR (M) f1: B AWFET %,

o WEHBODIFLE, FFEEEEZ S L &3, ERE. RELKETH S, MiHL dELIHED 2
Y THBEBDTELET D XD E I ENnZW,

o MEBM f: R >0 — Az € R* IZOWTIE, f OWER ! BEET 372D E A5
ZMH1Z det A # 0.

o WP OBBIEIZOWTI, HHEARSH 3. TET 32U T 2 TEOMMOMS RO
WATHICTH B, DED (F () = (f(2)"" (EL y = f(z)).

o KO D CHIREE f: R" D Q — R IZOW T, det f'(a) # 0 2 51E, a DLHFHT f
9 DHWBEBDFIET 2, — WD O THYREEYR NEEKEE) THh 5, y

1 ZBERR DM BB OWTIIBICE R 2 Z K Hlo Twd, $TZ2OEE» MDD LS,

FERBAEN exp EXTEREAER log FREABIRK
fiRoz+——expr=c®€R
FHS (1M1 OER) THE, T42Db
11 # 1y = f(21) # fla2).

(ZDZ X f PEBROBEFEMBEKTH 2 Z e ol ) f OfEEK f(R) XEOFEKE
KDOES (0,00) THEH 5. #IHZ R D5 (0,00) ICAIVE 2 7B

fiRoxr— expx =e® € (0,00)
N TDH2DARL TR (EANDER)TH2E, $4bb
Vy € (0,00) dJzeRst.  f(z)=y
MDD, XoT f I3 g 2o, 2%
g: (0,00) — R

-z:\
fog= id(O,oo)a go f=1idr
27252 gly) DZr % logy LT DTH o /2, HEBOMITIELD
dz 1 1 1

d 1
dy 8y dy dy ey

dx

WBHEE AWK LUT, ida & ida(z) = 2 (Vo € A) TEDLNBER ida: A - AT, A LOEEERK
(identity mapping) &IN5,
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L=k /— B ~
f:Rozr—2*€eR
FHHTTHRHTH RV, L LEFREZ [0,00) WHIFRL T, #ED [0,00) EEZ T
f:]0,00) 22+ 2° € [0,00)
WBEHFTH D, Lo T fIXHEEE ¢ 28>, oD
g: [0,00) — [0, 00)

'(:\
Jog=1idoe), gof=ridpu)
9. gly) DT % Jy LALTDTH o7,

d dx 1 1 1 .

Yy = —=—=—=—= 7z 0).

dy dy @ 2v 2\/y (XL y #0)
dx

= AR
fi: [ g,—} >z +—sinx € [—1,1],
f2:[0,7] 2 x — cosx € [—1,1],

fs:

T
5,—>9xl—>tanx€R

BVWITNDEHFNTH 205, FEBDEFEET 5, TNE g1, g2, g3 T DL
moT
g1: [_171] — [_575] )
g2 [_171] — [0,71‘],

T T
e (53)
g3 — 579

¥7%2%. gi(y). 92(y), gs(y) & ZH 24 Sin~ty, Costy, Tan ty EEhN B,
d.._, dv 1 1 1 1

— Sin S - = = 2L 1),
dy Y dy @ COS T \/1 sl \/1 — 2 ( y#1)
dz
d dz 1 1 1 1
—Cos ly=—"—=—=—"— = — = — 2L 1),
dy Y dy ~dy  —sinx V1 —cos?z 1—y2 ( y7 1
dz
iTan_l y —= d—x = 1 = 1 —= 1 —= 1
dy d dy 1 1+tan’z 14 y?
dx cos?x

PLEEBEHCH o Tn 2T e TH S, UF 2 LW L Z2fNT %,

=MD FEE R T 7-DI12, FHOXF R RKLFIZT 3, LWHTEEH 5, 77— 2% A4 DA, Sin !
R Arcsin £EL, 2WH e TH B,
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—HRD 1 THEBEEE KO FROQ-R, aecQIZOWT f'(a) #0 B5E a OF
IR TIRBBOTFIET %0 EBE f(a) >0 7203 f(a) <0 THYH, [ 3HEHETH 205
Je>0st. f/>0infa—c,a+e $7F f<0infa—ec,a+e]. BRZF >0 L &5, ¥
Y flda—e a+ e THRBOHEREMBEESZED2 S, HoOITHETHD ., f 12X 3K

(a—e,a+¢) DX (f(a—e), fla+e)) T, HIREH
fila—eate)3z— f(z) € (fla—e), flate)
RN TH2 (FREDOEHICE 2), @2 ITHBIEK

g: (fla—e), fla+¢e)) = (a—e,a+¢)
DIEIET 5 (MBI e & L <& P.1 i),
—HED n B n RTARY MVERES —RO f:R"DQ >R, a € QIOVWTHRAMKTH
%, bbb,
f(a) DWATH f'(a)~" HFE (& det f'(a) #0)
KO o BEUC /NS BBESE U BPFEELT,
fU3z— f(z) € f(U)

FEHHFNCR D, ZOWBEBPSEET 3, AWK THERT 2 EEBEETH S G L
HEL W),

2.7.2 RBEKIOVWTOr> O
F33 1 ZoofilroEn L5, F:RP—-R %
F(z,y) =2 +¢y* -1
TEET %, (a,b) eR* %
F(a,b) =0, (a,b) # (£1,0)

Bl TR T %, F OFEESR Np = {(z,y); F(z,y) =0} &, 3BAAFMEFLE TS
FRE1IOMHBEATHD, (a,0) ZZOMHEALEDERTHE, 2O X a ZECHXE U & b 25
THXE V & T

(2.20) VeeU 3FyeVst Flz,y)=0

iz D DOPFET 2R, 2 e UIIHIET % y & px) &FEL e, 0: U—V THoT,
Ve e U F(z,o(z)) =0

DD LD, ZOWD o IR F =0 2 6E % 2 P2B# (implicit function) & MR, (f2

&5 Hob

(implicit) <> B (explicit), y 2% y = p(z) & G IR o TR T, BEShTwiz, 20w ER
TREEI%K).

WSODPERLTEI 5,

BRI —ENHFET 2R TLBETH 5,
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(1)

(5)

BROIDP S y=p(x) & E@EDOBEE B £ RoTW02HDIE, BEUD IR Z & 53
ZWWH, HIZIE
F(z,y)=0

DL TBWEADBLEE UL, IFENE 2L dH B, Z5VIEAIT. WELWS L&
B y=op@) ¥y ICOWTHRITZ e BMEEESNZ L. L THHD 5, ZD7=HDEHA
PZEAREHETH 5,

ZDHITIEHBEAA

b>0 = o¢(z)=pi(z) :=V1—a?
b<0 = o(z) =) = —1—22

TH 2, Flo,olz)) =0 27T o £ LTI
oale) i { Vi—22  (zeQn(-1,1))

BATDSHBH, THUIMHTHETHEHRTH ARV, HE L SRV (ISR,
@%‘/’%1&%1&%?5 }i%gﬁ/‘ni V1, P2 @:O&:BE%#/L6O

a=41 D EXE, ZOXIBRMEZmMET o 3%V, FlZlXa=1DHAE, b=0 T,
LZBCHXE U & 0 Z80HAXE V 28D L5128 o Th, (2.20) FAD L7220,
ZHUID LTI WD, KSERXATET 2 X 512%, RBEBEHTIE. 250w IH R
RN T 272D DR DL DI, FHUX

(M%?@@#O (252 LTWBZR y BT 2857 0 Tew)

EWVSBDTH 5B, MENIIZ 2—5(1,0) =2.-0=0&R>oTW\W5%,

F(z,y) = 0 BEELZALZE TRIBI VXS BGEE 20, HlziE
F(z,y) ==y +siny +2° —e"+1=0.

PEBIECERIZ Z SO WO GBSO EHTE 5, ZHUIRREE o 12OV T, HMRMABTFEE
FIETH-> T, o DEKMAERELZ L5 2TV, ZoRbDIAWEFHOD F I
HHAAHR 3,

EZATplE CHTH % (SHERBBEBUEHD R D IO Zld o BEIC CTRTHZ),
5k

F(a, () =0

By > 14061 Fr,y) =0 223 y 3FELRV, 2 <1 THoThH, 2 D317 LITEVE E, F(z,y) =0
itz d oy ik 2 EFEET %,

SORAE 2 FFA DEFEC. MUCHIRINRFEEH WS v FEOEH, FIHEOEH (RIREAN-Ya D
Taylor OEM), a2 %7 MEG EOFEREEBREIBORAME « Z/MEDTFE. REDDH D, ZOEITEEL
TAHA LI,
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MDD DD,

O pl@)) + (o pl@) e (a) = 0,
Lo T OF
e
¢'(r) = — OF
o @ e@)

D F DEREBUEHIT ¢ ORFUCTOVTIIMERLAEWVWITAL D, ZDEBEKIZOWT
XA B DM 1ED HE LN B LN D 5, EOFITIE

Py —1=0
DA% v THT LT ;
2x+2y—y =0,
dz
InHho
dy oz
de vy

EWVHBHDT, ZHUIERBFETEH -7 ADBWVWBERTHAD,

ZRTDBEDEH LOHITIE 2,y D1 TILODETH o 7205, ZHRITDHERZE I THS S
o fHZ (OBl TEZLTALI, HIZIE

Ae M(n,m;R), BeMmnR), ¢e€R"

r¥aLx
F(Z,7) == AT+ Bj+¢
TEDLNS
F:R™ xR" > (Z,7) — F(Z,7) € R
ZECD F1F 3,

ZRIELTHXKS

DM B~ ZHFT
= —B ' (AZ +0)

785, det B=0 TdH5 & =3 case by case (A, B IZDOWTFHF LWEHERD RV E 77057
).
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2.7.3 FEREKICOVWTOT Y O (2 ZHESBR)

B, HEK F(r,y) =0 & (FIARERRZEBRONS) FHBFRZ 8. 5824 12 HHH
ERET 22, B8 v OBy ZEDZ D5 (DL =, ZORE y IR E IER),
WL ODEBIZWHARTHL S,

(1) Flz,y) =y —¢(z) DEZE, y=¢(z). Flr,y) =0 DED ZHIHZ. B p D75 7T
%,

(2) F(z,y) =ax+by+c (a,b,c € R, (a,b) # (0,0)) D& ZE, F(z,y) =0 OED 5 HHHRIIE
ﬁf%%ob%OT%ﬂ@\y:—%w—gtﬁﬁéo

(3) Flo,y) =22 +12 -1 D&, y==+V1—-22. F(z,y) = 0 DED BT, JFE%EH
DEeT2HFE 1 OHETH S, (—MIZ, Flo,y) 28 x &y O 2RZEATD 572 513,
F(z,y) =0 OED ZHIFRIZ. WHOW 2 2 XHHFR T, BARNCIE, ZRE. 15, 2 ER
M. R, BDHh#RTH 5 — BERBOT7TF X F 2R X)),

(4) F(z,y)=vy* —2*(x —a) (a 3FEER) O =, Flr,y)=01F y=0(z=00DL %) %
Ry=t2vr—a(x>a DEZ) BT 5%, Fz,y) =0 DED S Hhifid,

(a) a <0 DY ZFWFFEATHOKRZET 2 MR (A ZEH R L IER)
() a=0 DL FZFEATR> TV R (A2 RE L FER)
(c) a>0 D XFFME, 2> a OHIPNIZDH 2 HHHR (AT MR 2 FER)

B) (¥YaT - RURX=A DL L=AT — 1, 1694 F) F(a,y) = (22 +y?)? — 222 —3y?) D&

X, VWDHWEZYAT - NLX—A DL LA=RT — |+ (HEEE, p.125) F(z,y) =01& y &2
WTD 4 KRG TH 20, 2X5BAZH e %2 2 T T, y WOWTHIT %,

(6) (T AL b DHERR, folium cartesii, 1638 4F) F(z,y) = 23+ 3> — 32y DL Z, F(z,y) =0 D
TED B HIIRIE. WhW B T AL OERT, FRICBWTHTHS L AT ZHIRTH 2
(B 2.7.7, p.124)s F(z,y) =0 1% y IZ2WTD 3 XGBERNTH 2, 24T y IOV
B Z e lid- ? iR w5 725, Mathematica I3&E %2R L TRz, H. #9D0
THHEWVIZL Z 5,

REX 2.7.1 WEEIREES &

_ 3cos fsind
cos3 @ + sin® 0

EWVWHMARERNTCIEoNDE, HEdWEy=tr & LT,

3t 3t2
T = — -
1+ YT 14

EWHOEEHARIA—R—FRBEONS, v +y=—1DHHERIZ->TVWS, =
RDZ D75,

y2 = 22(x—a) L LI B, FROHATHIZ € 2?(r—a) >0 [z=0FkE z2>d THD I LIZHE
B, 2=00Z3y=0,2>a DL ZXE y==+/2%2(x —a) = £lz|\V/z —a=+zyz —a.
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o FIZXkoTiE F(z,y) =0 ZREE T, y TOWTEKRINIZHL Z 8 IXAAJEETDH %,
— R TRAEEE?) PEAFLE -1,

¢ 1DOD 21T 22U LD y BRIGLZZD, HIZ 128 y BRI o/DT 5,
— BRANZ Fa,b) =0 ZHi72 34 (a,0) DBZdH-o722 LT, ZDHD LA TEZSZ
YIZT B, Lo DIFERTEZZICT S,

o 1 DDz IHEHBD y LT 25ES. HHLTWAHZHLE LT/ WHiFIZ
FRAUX, 12D 212120 y XS T2L2CRK2Z8dH5,
- o ZBUHES U, b 2ESOHESV 22D, UxV (A X—=YLLTRY 4 ¥ )
WERZRET 2. 25 HETITL,
botd, FARIZNIVHPNIICLIZ-THXARIL DD S (ZDOHTHIERPED
RELTWD, 2 ZOWTHERZLAXIET 2 y D3RWV), 2 FLAITL DD T75%
i, ? 2 2

—»%maa%%@@%ozms%ﬁﬁﬁtémm@OK

o [ZEIRDERMIZ (2D EHHFAET 20T CRB DRI THED, FIET S
% 513), GREROMMETHET 2 DRMHTH 5.

Bl: 22+ =1 &b, 21’+2y-d_y:07’5271%\ @:_f
dx dx Y
—RIZIE. F(x,0(x)) =0 &b,
or OF OF L OF

&J%w@»+5§@W@%¢@ﬂ=0 £h ¢u»:—5§@w@» 5y (& P(2))-

2.7.4 TFIEOMRR
MURR™ xR T2, 2hEdbAA

Ty n
R™" xR"=( (z,y);x = : eR™ y= : e R"”
T Yn
THH1H,
21
Zm .
z= (z;eR,j=1,2,--- ,m+n)
Zm+1
Zm+n

2ROEETHZ R LE—HTE3, ZZTHIZIEQC R xR HES L S o725
BlIEZOFA—ICE>T QR R OEETH S Z e 2 EKT %, HIT (2,y) BR™ x R"
DEZTHDLE-7258F. RO 2RIz e R, yc R THB LT 5,
2y7Fuoy—r LT, FRBEOEHEEBVWHXE3,
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ST F:Q->R"2DDEE,

F
F=| :
F,
rEFIR,
F'(z,y) = z : : :
OF, oF, OF, OF,
81’1 aiﬂm 3y1 ayn
e R QF OF
YRBADIEL mAl, bl Tay by LT, %n%‘m%, B rEL, Thbb
or | 9 O, or | M Oy
Oz OF, OF, Oy oF, oF,
81}1 3xm 3y1 ayn

MFRLEsR coid52/Es5,

f
EIE 2.7.1 (FEEREBUERE, implicit function theorem) QX R™ xR" OFIEE, F: Q>
(x,y) — F(z,y) € R" & C*#%. (a,b) € Q, F(a,b) =0, det g—z(a,b) £0 DRI DOET
5, ZOLE . aZBD R OHES U, b 280 R OER V, C1 OB . U -V
T, IFD (0), (i), (i), (iii) 22T D DDBFET %,

0) UxV cQ.
(i) ¢la) =0

(ii) V(z,y) € U x VIZDOWT, F(z,y) =0 <=y = p(z).

(iii) Ve € U IZDWT, ¢'(z) = — (aa—];(x,gp(a:)))_ g—i(x,gp(a:))

N /)

AR 272 (RXAFOEV L) FoEHid, RERILZVLFEDIILEb DI, RIKR

WEIRZ e, ZNDOEIND Z I T ABEZIRT VN DHINR N,

~ FEfEhRFS BRI E TR ~
QX R™ xR" OBES, F: Q> (v,y) = F(z,y) € R* & C* #&. (a,b) € Q, F(a,b) =0,

F > L. i
det aa_ym, b) £ 0 B D L% S, U, 3V, Jp € CHULV) s,

(a) Ul a OBEGE. VI b OBBEET, UxV C Q.

(b) Y(z,y) e U x VIZDWT, F(z,y) =0 <=y = ¢(x).
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FOEM 271 1ITFVTH- T, ZOEMRICENTRVWILEREZS, 3 F(a,b)=0 &
(b) 225 p(a) = b HE»NDZ, F72 (b) 25 F(x,0(z)) =0 BESNDZH, F ¥ ¢ 5 C &
THE056. F(x,0(x))+ F,(x,0(2)¢'(z) = 0. det F,(a,b) #0 TH 205, (a,b) DT73/)
EBIEFT Fy(a,y) ! BEETDDT, ¢(2) = — (Fy(e,0(2)) " Fule, (). =
AR 2.7.3 RREAMTEEOEYF (i) OFVWVER IFREEGNT F 712431 ) EH2.7.1 D (i)
. THBERDRT 21 20 VDI RRATH 200, BAENLREBETH 2RO (i)
THEZ bR D,

(i) Ux VIZBWT, F OBEFESE ¢ D7 712—8T5: Npn (U x V) = graph .
Z ZT Np, graphp I3ZNFETHEIGL LS T.

Np :={(z,y) € O F(z,y) =0}, graphy :={(z,p(z));z €U} m

FEIE 2.7.4 (FRAMEIE (inverse function theorem)) O % R" OF%KA. f: Q — R"
Z CLROBEE 35, EBIac QTodet f'(a) #0DEDIDET B, DX a%dE
R OBESV (CQ), b= f(a) &L R OBEE W BMFELT, f=fly: VW
FRHEHT, WER LR W TR (Y ) = (F @) e = y).

EE 275 [0 L IIWES GEBIE) 2RI (F(x) Tt O LR THIERT. k.
flv & f O U NOHIREGRE2ERDS, Thbb,

flv(@) = flz) (zeV)m

PEEIBCEFE & WRREUE PRI AT I RL 20, ¥ o— ikl 5 . b5 I
fHICAEIITE % (Rid) WO EKRT, L ALRFOEHTH DL E R D,

2.7.5 HfiLe)

BBz & 512, BERRBUE N ZICH ZH:205, 2 2 TR 2 X S Bl flzia
T %
DEfE) = ThLAfE) WS BEERMS &, BEBCEH - WRBUEEICRI D 2 FMDRLihD
fHEICZ 2560 D %,

EH 2.7.6 OFE, BERE) cc R, VCR 2332 %,V a DEFETHSLIE. R
DHEAU T, acUCV 27T IONEETIILEE D, MCHEATHSL LS
I EREE MR (V 25 a DFEFETH 2 213, V 2 a EETHESTHZ 21
73),

Bl 2.7.7 [7 AL DIERR (folium of Descartes, folium cartesii, 1694)] a > 0 &3 5 & X,

22) en K P othE BRI,
F(z,y) =0 OB y = o(x) DPFET 2 Z L 2R L. ZORICBT 2 MO REE RS X,

F(z,y) == 2% + y* — 3axy, P = (
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2.5: Mathematica IZ X% F(x,y) := 2® + 3> — 3axy DERER (a =2/3 DHE)

Needs["Graphics‘ImplicitPlot‘"]; ImplicitPlot[x"3+y~3-2 x y==0, {x, -2, 2}]

% F:R2-RIECHRT,
3a 3a 3\ (3a\’ 3a\® (27 27 2T\ .
P(33)=(5) «(5) »(5) =(F+5-7)7=0

3a 3a 3a\ 2 30 9a2
fny) =8~ 3, 5 (7’ 7) =7 (7) ey = #0

f%é#%f§®+ﬁ¢éﬁ%ﬁ%UtVﬁm%wabw”Gmawzomyzﬂwt
FRIIT, o U= VI C ks, Fr,o(x) =0 &0, Fu(z,0(z))+ F,(z, o)) (z) =0

Fo(z,0(x)) 3a 3a 9a?
f N / = —_—_—— — 2— _ — N b}
LIRBDT, ¢(x) Fo(w o(2) F.(z,y) = 32* — 3ay, F, 55 THE0 56,

4
(p,<3a) _ F,(3a/2,30/2)  9d%/4

= TF (3a/2.302)  oaji ™

2

AR 2.7.8 BREAMDEFEFELEBVR) F,(10,v0) # 0 THIUIX. (20,y0) DIELET. y = p(x)
DI DIEREBMBTFET 2 2 E BRAEINZ DT, ZDFDIZEIEDIFIE L R WATREMED B B
RE, #EAER F(r,y) =0, Fy(z,y) = 0 O LTHELNS, EBRICHEL L, (z,y) =
(0,0), (4*3a,43a). ZOBREZ, M 2?+y? =a® DBED (+£a,0) DESRHTHEH, &
5(0,0) DFHE, DULEETFDE - T, YARITNSRBAFEEZR->TH, 1 2D 2 IHLT
F(r,y) =0 ZHi7zd y D3 DFELLD T 5, I X, (0,0), (42/3a,41/3a) EbH, £
DOV BEHETH, y=p(z) DIED (F(z,y) =0 D) ZEEIIFEAELLV, =

Bl 2.7.1 F(x,y) := (2® + y?)? = 2(2* — y*) £ B,
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(1) A %;% DTN ERFHEFFIZBWT, F(r,y) =0 OB y = ¢o(z) BHEET S Z
¢ 2 RRBRUERE W TRE, (RYIE. EEZEORVNTDH, 2 KA Z MBI XR2RIEL
DBEEHNIKRE 2, 250 HMLRGET, €HZ2HS>HELZLELES. L5 2ET

H5, )
(2) F(a,b) =0 Zii/z 3 (a,b) D5 5T, BREBEHDIE DKL LIZWEPZ KD K,
(3) BifR F(2,y) =0 EDMT, ZORICBIIZEROMEEN 0 725 5%ERKD X,

o

) -2 0 2 4

26: Y7 + NRALX—A DL L=ZAT— b, (22 +9?)? =22 —4?) =0

(p 143 ZH X, )

Bl 2.7.9 BN 2 +y+24+w=0,e"+e¥ +e* +e¥ =4 1% 0 DT/NRBERT
T, y DOWTHET 5 Z & Rt X,

(o) =)

F(X)Y)=2+y+tztw, FRX,Y)=¢ +e*+e" +e—4,

F(X,Y) = ( Zgg )

fRE

B L. BB E LTI y = o(z) DTEDBDEEZS (x = d(y) DTED b DIFE LK),
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rBLe, F:R2xR?3 (X,Y) — F(X,Y) € R? 1% C' T,
OF, OF
OF | e oy | [ 11
oy Y= oR o ‘<ez 2)
or 0Oy
Zhdos

oF 11
det — = det =1-2-1-1=1 .
e aY(O,O) e <1 2) #0

WZIZ F(X,Y)=0120 DEFETY IZOWTHRIT S, WWhZ DL (1,y) IZOWTHRIT S,

DUWTIZ
OF\ ' oF 1 2% 1 1 1
/X = — _ _— = —
# X (8Y) 0X 2629—6x<—e“ 1 ><ez ew>

NIESLND, m

2.7.6 [2RAEL. WEAHDSEMERLK
FERE%E. WREE O EEEEEIC O W TR, ROMEDL D 7D,

il 2.7.10 (PERAER. WEAMDMIEIREN) (1) FRREECERECT F 25 CF#l (k > 2) TH
U ¢ b CF e

(2) WEAECEHT f 2 CF % (k> 2) THIUX 71 & CF il

AEER  BERERCERL. WRAREMICBIT S (1FE0) BB RARZMkD 2 LA TH 2 (DL
ToflzH &), =

EFEERIECR TR T 212, BB O TEEZ FHOWIUIR W, BREBOEEICTE =2
WXL TCHRTAL S, ETREMEECEMD) S, FZREE o 13 CHKT

) OF L oF
221 o0 =~ (Gete)) Gt
- - N = OF OF 1 %45 1 %5~
ZZT F D CPHREVOIRED»S 9’ oy FZCTRTH B, 572 o I CTRTHE0 5.

(2.21) OEAE CHBEEOERBEE L LT CHRTH S, ©ZIT o B CHREREZDE ol
C*HTHs, ~MOBEDINEFRIL I ETDH S,
Z ORISR, BB DM EICEET 2 M2 AW T, ERRIZ (2.21) oAAZMD L
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T, p O 2 FEERHZ KT ANKZ BARICKDHNZ, m=n=1 DHEEITFITLTAL I,

Fy(a, p()) 5 Fuli, o() — - Fya, p(a)) Fa(, ()

Fy(x, ()

p'(r) = —

1
—MQ@W@M+F(LW@M@MMM%@@%X——————
’ v Fy(z,p(x))?
_FyFm""FyFaﬁy(_Fx/Fy)_FymFm_Fyy(_Fm/Fy>Fx
= Fy2
| FFy = 2Fy FoFy + Fy F}
F} '

IR EER K S 72, PIZEHEDOHIEZ T2 L Eld ¢ (x) =0, TbB F(x,¢(x) =0
ERB R 2 BT 2MEOAIKDH 2 DIT T, Z505 KT

F2F F
2.22 My) = — 4 22

Y

Y R IV ML A

Bl 2.7.1 SR
vyt — 2Py —2=0

WEoTED LN BZEE y OMEZRD X,

B EI352MrLT

(2.23) y? + 22y — 2xy — 2%y = 0.
N Wi LY 5}

Yy =0 yly—22)=0
Sy=2r (y=0IRFImoREiEkLIZW)
Sr=1, y=2

Y 25T (2.23) 26

2uy’ + 2yy’ + 22(y')? + 2xyy” — 2y — 22y’ — 2y — 2%y = 0.

Y (4y + 22y’ — 4z) + 22y — 22)y” — 2y = 0.
ZZTa=1Ly=2,y=0%2KAT2L 3y —-4=02L7%5DT,

y'=4/3>0.

FoTHVMETH 2, m
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| . . . . | . . . . |
-5 0 5

X 2.7: xy? — 2%y —2=10

2.7.7 BEEAHERBOIGAICDWT
PZREBCEFHIX, WD TERIANICE > T EBALBRREZSZITITHREREHTH S, ZD

h* <

KEZF. WHOODIFEEHTH - T, ZHBBILDOHNWE TADH L, Lh LIZBEEER
32 OEERICHEZRD, T I T, 2K RO SMERE, PG 2809 %,
kS kwn
S R F DR T B 3 25T %2 ZHKE (manifold) 1& RVWREAZ T
UX) iR O R —RIL L7 d D TH 55, BROEFICE o TH
AR EFETDH 5, ZDHEmOEMEE D % T 5 & ZIEREBEH S HEIT TR
5, (BIZE. R F=0 EWI TEROBEESL LTERINLHD
. graphp ELTERSINDDDNAFETHE Z & ZRAET 272D fbD
N5, COMOSHD ZL G E%2,. XIE oL XL £y b T
WS %, )

EEOTRERE XD 2.8 HiTEL <FHHT 2,
PR T X —&— X\ 2T HEK
F(z,\) =0

DI = 2(\) DT A — R —AR{FHE (RICHRD—TEEDS T2 < 72 2 538) 2
RAED S A

329 3 DHIEIRER (bifurcation theory) TH %, [ERAFCEHIEMN T

SUERIPBE OBREER T —< TH %,
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556 CHIUR, ﬁ]ﬁpO)*E@ﬁ)JﬂZi@‘éO)f DL 2 T= DI, FEBIEL
FEHDIEMDIRIL LIRWN T e DI E L 77

2.7.8 BEAHDOLARIL -tV
N a2 f OREA = a 13 f DER S e Vi(a) =

EWVW S TEMORIEN 2Rz, BIC 2.6.3 TEZTBWEMN, 2T fOLL-ky b
LoD ERMFEREL TEL,
iD=, Q% R OBESL L. Q>R ZC'HROBEKL T2, cecRITHLT

Lc = {([L’,y) € Q,f(l’,y) = C}

Z foEmE cDLANIL sty bk (level set) 2 WIIFESRR (contour) W5, FHI ¢ =0
DFE. L. % [ OBREGL DL Ny EWIRBTRLEEI L Do T,

2 (a,b) € Q BB Ty ¢:= fa,b) 5L ((a,0) € L, BDT L, £ 0 HHL D 7D),
BEC

(a,b) 228 Vf(a,b) DFFNCEENT 2 LEENEL KD, —Vf(a,b) DM
BEIT 2 e EEMEL R 3

EWVWS 2o TWna,

Ivido TRIFNE. LRIy b L 3R F(r,y) = f(z,y) —c &BE, FITD
mf@%ﬁﬁ@%ﬁ%?%:tmiof\Vﬂmm¢<8>mei(aw®+‘¢é&%ﬁ
5B U XV T, flr,y) =cld. UPFRTEIIZ, 1 20OV TIEL T DB TE %,

(1) fy(a,b) # 0 DHFE. y KOWTHEIT 2, THhbOBER OMES U, V & C' OB
0: U=V DFELT, b= ¢(a),

Np N (U x V) = graphg = {(x,p(z));z € U}.

(2) fola,b) # 0 DFE. v WODWTHIT 2, THhbBER OMES U, V & O hoBIK
Y: V= U DBPFIEL T, a=(b)

Np N (U x V) =grapht = {(¢(y),y);y € V}.

Np=L. TH3IZEIEETDIE, LVt y b L& (a,b) OF/NSREBEFET 1A
B D 7 Z 7, 1€ THIRRICRE Z D005, =
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V=0 ®DFEIF--1 REBOMMER (1LRH) ODEFICBEFZ L -ty b Loid TR
ThHhb, BRAZIERDEFIZBITZLL -y M, IRETROS 2 R TH 2%, »

FIfRIC LT, f 2 R® OFIES Q TERIN C oBIET, Vf #£0 23581,
foOLL -ty b Lo RTINS 2 ZEEEK D77 7 LTREIN, FcHiETtHhs &
MWD B,

2.7.9 PERAEEIR WREHMEIEDIIA

T EBOEMZIEH L., 202 AIH L T2 o 23 2 Z 2129 %,
BB HEZOT, BICHAT XS,

WESEIR % 528 1o £ T OREBSEEIR DEIEA fJVWTM%%RW”%j@Wy:(FéyJ

Sz 2 - 1 9~ . a _[a
Tﬁ&?ék\uﬁﬁc7ﬂf\ﬂm®_<me>_<O,

Inro oF oF
det f'(a,b) = det I - det 8_y(a’ b) = det 8_y(a’ b) # 0.

W 2 WBBCEBASEA T E T, M (0,0) 2BUHEE QCQ &L & f(a,b) = (a,0) &
BIEEA W BFELT. flg: Q — Wik O fowBIsk g 2o,

V(z,y) € QITHLT g(z,y) = (z,9(z,y)) £FF 2. (FER (n(z,y).¥(z,y) = g(2,y) &
B (zy) = fn(z,y), ¥(z,y) = n(z,y), F(n(z,y),¥(z,y)). @RI z=n(z,y) TH2
225 g(z,y) = (z,¢(,9)).)

B rm R"xR" > R" Z nm(r,y) =y TEDDIE, w=70g ERHATE2, TOh b ¢
X CLRTH B Z e hh 5,

—Hrof=F WX, V(x,y) € WIZHLT

F(z,¢(z,y)) = F(g(w,y)) = (7o f)og(z,y) =mo(fog)(z,y) =7(z,y) =y.
T a2 BUHES U, b 2ATVHES V 219/ EHloT
UxVcQ, Ux{0}cWw

DBEDDESICT B, ZLT ¢: U— R™ % @(z) = (z,0) TED B (z € U D (,0) €
Ux{0}CW =yDERE THZILITHER), v 2 CHRWZ ¢ b CHkTHB, £LT
P(a) = b. EBX p(a) =1(a,0) = 70 g(a,0) = 7(a,b) = b.

352 FEFHIX, Morse DFfiE L WS EH D &S HICIFHTE %, Morse OFfifEICDOWTI, Il 2 IEARFR ST,

MNA WA 7R 1L, AIEERE (1993) Ofmd 3.1 PHE—ER, T2k = — 28 5m). B (1991) 25
32 e Xu,
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U=Ung (V) B U R a2B30HEET oU)CV

FLTazeU T2 pa)epU)CV. oT(x,ox)eUxVCcUxVcCQ WRIZ
F(z, o(x)) = F(z,9(z,0)) = 0.

W F(z,y) =0 &7Rolctd 5L,

f(x,p1) = (z, F(z,51)) = (2,0) = (z, F(z,0(2))) = f(z, 0(x)).

flo E1X 1R, vy =p(z). =
Z oM, BERECE D & MR E ERIE DN L TH L (Fcx 0o HEEEGEH 2
AERA L. 20 5 RZRECER 28 < | ITRBED L WD D),

PERIREIRZ RO - L TOFEHREERDIA HRODOIND SIIBEL VDT, 74 7 4

7RG Fla,y)=f(r) -y ICXD F ZERT S &, g—i(:c,y) = f'(z) THED 5,

det aa—];(a, b) = det f'(a) # 0.
Ihpo FIZOWTREBEHSEHTE T, (a,b) DIEFET F(r,y) =0 25 2 IZDOWTHET
22005, w
ZN TP EMOGEHZ D X 5, FEICIZBL R TEND D BT OHRETFERT
5 TBRELGE) 265 IS TH 20, ERICFRP222 DT, 22 TiE Ma v
7 MES L ORI R/IMEZ RO WO EHICR AL EZTRAT 5,

ERIR D EIE DR

1°A:=f'(a), f=Alof eBE, (f)(a) =1 (I ZHWLATH) L2, fIZOWTE%
AT AL f=Ao fIZOWTRELZEIZR D, ZZ TR flla)=1 2IRET %,

2° FERA: JU: 0 ZNHE LTELHAXE c R” s.t.

(2.24) VeeU\{a} f(z)# fa).
(2.25) Ve e U det f'(z) #0.
(2.26) veelU |7~ fa)l <5

FiRA DA [ oEkEICE D U 20/ CERUS (2.26) 13D LD, FIRRIC
det f'(a) =det I =1 # 0 WFEETIUX, U ZH7/NE <HRUT (2.25) LD LD, (2.24)
WOWTIE, 5 f 2 a THORETHZ 05

o @) = (@) = F(@)a — a)]

=0.
z—a [z —

FHZ Je > 0 s.t.
1f(z) = fla) = f'(a)(z —a|

1
O0<|lz—all<e = < —.
|l = all 2
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Y 2B f(z)=fla) LT B L
If(x) = fla) = fla)(z —a)| _ 0~ I(z—a)| _ [lz—all _,

[ = all le—al  llz—al

WZIZ0< ||z —al <e BB f(z) # fla) BEDILD, =
3° FEB:
(227) Vxl,xg eU Hxl — .]72” S 2 Hf(xl) — f(Z'Q)H .

(20D 5 fly DHEGHMEZT S0 2 L RIBROMEGRIERTH S Z & DIFHD L 725, )

FRB DR g(z) = f(x) —z B L

g(x)=fx) =1 =[f(z) = f(a)

THHH01H
o) — o)l < sup llg @1z 2]l = sup @) ~ 7)o — ) < 12221
geu 130
ERAS 225 )
1f(@1) = flaz) — (21 — @) || < 3 |21 — 22| .
Wz

1
|21 — 2ol = || f(z1) = fla2)]| < 5 |21 — 22|
BIHLCHd% 2 534U, (227) 215%, =

4°B:UMU@ﬁ%)¢=éﬁﬁ@-ﬂ@ﬂtﬁ<td>0%%
Yy

o (2.24) XD f(a) & f(B).
e BIZR" DHRHMAELAET, av I v Tha o, HESR f12k3% f(B) b2
Yo7 M. B F(B) BZHESTH B,

o HHEALYZNICEILVAEL DFEHIIIETH 3]
TH2Hh 5%, XTW :=B(f(a);d/2) LB L
(2.28) yeW, rzeB=|y— fla)|| <|y—fl).

(KZzf#i< ZeZz@#nd) EE 23 W OER»2S

d

Iy ra)l < 5.

36 (PHEMIEE) d =0 £ 55 &, Hynlnen s.t. () Vo€ Ny, € £(B), (i) |lyn — f(a)|| — 0. F(B) H3FALE
BTHHDE. fla) € f(B) EW. U fa) & f(B) KFET 5,
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50

60

70

80

—JrzeB &b
1f(z) = fla)]| > yel?(l;) ly — f(a)l| =d

THEH05H
) —all = 1) = 1(0) 50 ol 2 1) = F@)l = 11e) ~o1
>d=5=5>ly- fl.
Fik C:

VyeW 3ITeU\B st f(T)=y.

FROCEEH BA%h. U - R %
h(z) =y — f@)|° = (y — f(z),y — f(x))

CEET B, CAURTVAY MES U OSSR TH 55, FIME h(T), T U B
5, £ZAT (228) &b
r € B= h(a) < h(x).

WZIZT ¢ Bie TeU. WA hIFWNK T TRMEZIZ Z 2124 D, VA(T) = 0.
VhE) = f@)T(f(T)—y) THH. (2.25) &b f(z) FEHOR f(Z)—y=0. THDLDH
f(@) =y. T O—EMHIZ (2.27) »2ond 5,
ZZT

V= (U\B)N fH(W)

BV IiZa DBEFETHZ, (EBEW IR TH200HMEATH D, HGER f
WX BHE f~Y(W) 3HEETH S, U\BIZU ONETH 205, bLAAMESTDH
%, 2 ODFEEDRLHY TH L2006, W IIHEATH 5,

—Fi. a €U, at BEHBNT. fla)eW = B(f(a):d/2) D a e [~{(W) TH 205,
a€V.) HiED S
f|V2 V — W

HREE [ W =V BERD (RMIE fi 7 ELIRNETHED, B ZDT, MR
Z DFEEIAFPTIF I 7 e EL),

FFUREBTH B, EBR (2.27) D y,ip e W T2 &
/7 ) = F ) || < 211y — wel]

THE0 b,

FED: Ve e VIIHLT, f1idy:= f(z) THOAERET

() () = (f'(2)



FRD DI 20 c V ITH LT, A= fl(z) EBL. BOTRERDERED S
(2.29) f() = fzo) = Az — o) + ()
rBLlr

le(@)|l

lim ——— = ()
o ||z — 2o

STy eWIINLTz:=fy) £BLE 2€V T f(zr) =y ZHNT (2.29) DML
AL DT, g,y TEZET L

ANy —yo) = ) = (o) + A7 e (1Y)
Wz

FH ) = o) = A7y — wo) — A7 (fH(y))-
ZIZTRDZEZREIE LW,

11
AT )

= 0.
v=wo [y = wol
CHERTITIX
lim 1@ _
v=woly = oll
ZaREIE &0,
[ €72 R 12 €7))) | I ) e A )
ly =woll [1F7 () = f = (wo) ly = woll

[ OEBEEID, vy =y DEE T y) = fFHy). Ko THEDEHE 1 KT —0. —F
F2HFIEX H6 kb2 TSR 6N,
9 B CTRTHEZ L, P ovaeiTAl (Y (y) & f(x) OFATHITH D TR
Cramer ORHED 5. 7D det f/(z), 7T %(w) DZEAE LTRETE %, Zhid
J
y ORI LTRTHERETH S, A LI CTRTHS, »

2.8 SIS IE(ERIE (Lagrange DRERIE)

2.8.1 2 ZEHDIHE

F9 2 2R OLEICHAT 3,
INETH - MERE TR, ERBDEAINIIHESTH 72, T5&

2 o
Wil a 23 f OMIfER = o 1 f DIEEN, ie Vf(a)= of =0.
G_y(a)

EWVWSaNEDE D LD, MER RS I 2 BRERNEETH o7 LUNTIE. BE f OfifH
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% 5=t
(2.30) g(x,y) =0
DRTRKDZZEEERD, ThHhbb g DERER

Ny = {(z,y); 9(z,y) = 0}

W f ZHIBLTEZ S, ZHUdE@E, FESIIERORVY, XoT. f OEEA (f'(a) =0
ER5H a DI l) ZERLTHERDI RN,

B 2.8.1 & g(z,y) =2 +y> —1=0 D RT
flz,y) = 2® + 3wy + ¢
DIRAME. R/MEZ KD K,

BREDHS &t gr,y)=0% y=+V1—-22 £ y TOVWTHRWTIRALT, 2 DADEEK
WZOWTDORKER/NNIEICERIZRT %, 2 2 TREBPHTRTVWS Z 2 IZAhRoL 25
I ? (Rik: ZTHUI2XERBRD T, 2RO T ITEE L iU, a2 —Uiffb iz
WCHES ZEHARETH b, £z g =0 FHAMAHET, ZABEZH - T 8T X — X —{fF
TEL00, ZNEMHo T1 EHEBORAR/IEEICT2 2 bHKE, ) m

fl 2.8.2 Fi R?2 Nt y = 22 Lo s (0,1) & OEEREOMIEE KD X, ZHix

fx,y) = /22 + (y — 1)?
g(z,y) =2 —y

335 X MERETH 5,
ZOHE. glr,y) =013 y=2a? LRI Z, Zhze fIKALTHRS

h(z) = f(z,2%) = /22 + )2
WIZOWTOEBEOMEMEICIRETE S, »

PERIECEM DI TN X 512, TRTOHER g(z,y) = 0 2 SRZREE y = p(x) BEIK
FNZRZFE 2 LR SRNDT, ED2o0DF|D X 5 fiEE771E, EHRRLBWERD HRwb
JTHB, £ T, ROEHOHEL 25,
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Q% R2OBAEE., fL g%k QTERINRIMEEZRD CHHOEEY LT,

Ny = {(x,y) € Q; g(z,y) = 0}
DAY =
Vg#0 on N,

BRDOY T B, 7% gle,y) = 0 DFT. fda = (g) € N, THiiE% I}

5295 (§74&bbBb, Je > 0s.t. fla) = max{f(x);x € Bla;e) N N,} £&IF fla) =
min{ f(z);z € B(a;e) " N,})o TDEE IN € Rsit.

Vf(a) = AVg(a)

1.e.

af dg
%u Agxm
Ly =2 F ).
0 0
9 Y / y

AR 2.8.4 (1) A DZ &% Lagrange DKREFEH (Lagrange multiplier) &5,

(2) MERDEERR o, 5, REFEL N (&, H X

g9(e, B) =0
of dg
%(avﬂ): %(avﬂ)
of dg

\ a_y(&76> 83/( 5)

DFETHH ., Zhd 5 EBMRINTKE 2550320 CRIEL 3 E, H1EX 3 ), ZomEER
SR S MUERTED R T 2 DT TH S, ZTDIE%R Lagrange OXREREBEL WS, 2
DI

F(I7y7 A) = f(l’,y) - )\g(l',y>
Bl

F\=F,=F,=0 ie VF=0
EHIFE, TITVIE (2,9,)) KT 2HM (gradient) 25K 3, ZDETEM 2T
WERHZW, B

sEBA  E

4 R
EIE 2.8.3 (*#F’.) TH(EREICH T 3 Lagrange DREFEHE 2 THUR, Lagrange (17

88 £F))




Bl 5
g
%(0,) 7é 0 or a—y(a) 7é 0.

(i g_g@ L0 OE. BRSO EED 5. 5 a OIHET

g(r,y) =0 +=y = ¢(v)

Y oy IOWTHITT

)
o) = —G—
% (0, 0(2)
dy
£i%%, £Z°T
(@) = f(z, o))
Bl
i) = 5 (apla)) + 5 (o, pla)) o)
dg
% (2. pla)
— S @ele)) + G o) | -G
()

hiZxa CTHIEE 22225 M(a)=0. (a,p(a)) = (o, f) = a ITHFEELT

0
o 5@ o L
%(a) - @(@ '%(a) = Vv
Oy
TITA\% o
5, (a) of dg
A=2" qe L(a)-AZ(a)=0
g_g(a) L.e 8y (Cl) ay (a)
eBLlt of 5
9N _
FeHde

Vf(a) = AVg(a).
(mg%®¢0®%€/%@iﬂaw—0%xmomfﬁﬁﬁiho%Mﬁﬁ?%éol

R 2.8.1 FOEHIT 2 ZEEECET 2D D0, n BRI —RL L T, AR X,
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BEORHORIFNGERIR c= f(a) THLT. fOLNL-ty b L, = {(z,y) €Q; f(z,y) =
c} BEZ B, &
dAeR st Vf(a) =AVg(a)

. N, ={(z,9);9(z,y) =0} & L. DHET 22 EHEKT 2 (Vf(a) & L, DIERRZ b,
vg(a) i N, g 0)( 5!/\7 MW:#B)O ZORDBILWFRDESITEZTHMETE 5,

0=g(,y) — g(0. B) = (v9<a>, ( - a)) .
y—p

flEa=(aB) TMEZISDT, (z,y) € N, D’ (o, B) ITIEVE Z, f(z,y) & f(o, B) 1TIE
HIhWwWeEZbN5, I

0= f(z.y) — fla. B) = (VF(a), (y - g>>

YoT V(a,B) ¥ Voo, ) 13 £ HIC ( ) CERT %, Chhb

y—p
Vg(a, B) | V(e B).
WRIZ f DFEEHR L, & N, 3EL TV, =

2.8.2 n Z#, Jd EADOHNEEDIRE
—MRD n ZREIECC, HISRME S OSSR U e (GEkE ) B TB 3,

4 N
EIE 2.8.5 (Lagrange ORERHE, n THTHIERG « EDHZS) Q 2 R” ORE
A Q=R ZC'HROBER, d%Z1<d<n7Z22BERE

g1
g=| : | :Q—R
9d

rankg'(z) =d (Vz € Q)
ZHi7zTHD, a € Q Tgla)=0, fI3FH g=0DFT a THEZIRS, £T5L

Al
A = : € R s.t.
Ad

(2.31) Vf(a):ZAngj(a), 72 (bHAA) gla)=0.
N -~ y,

Z CYRDOBEET
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FE= 2.8.6 RIEY
d
F(z,A) = f(z) — Z Ajg;(x)
j=1

rBL e, AR (2.31) IR FEIICKR 5!

oF .
a_x,l(CL?)‘)_O (Z—].,"',’I’L)
oF .
a_)\j<a7 A) 0 (] - 17 7d)

(2T, F DITRTOERITONWTD gradient 250 L EF 2 Z L ICHERE, )

2.8.3 &

Lagrange OARERBIEDHZ DI DT 5, WITNDEKRDHSL IR (GREFETHE
B B) BETCH 3.

B8 2.8.1 HERX ar+by+c=0 ((a,b) € R*\ {0}, c € R) TRINZ FHNDOHIEE L &
T 5. R (z,y) DEFRRE L L2E & Z2D, B f(z,y) = 2° +y* DR/IMEZ KD X,

RE (RD2HDIFFEREER L L OEBOYHICk2 Zeid (BEEINCT ) 70571255
o, WMriEZHWIZSTD TR %) B TH 553, Lagrange DARERBIETRDTA S, )

1. RIMEDNFEIT S DR (ZOMEDHEE. HIERREKRD 772D T TS D)
THED, EOTRHRVWEEDDHLDT, THLALHSLEIRED, HNT 2EKR TR
T, FEIBHETRIMETD S, ) L EDR (v, y0) Z—2WD (FET 2 Z IZHA). 1E
BR%Z RP=22+ 9y TED. D:={(v,y) e RE2*+* <R’} B, L %

L=LNR?*=LN(DUD = (LND)uU(LND°

ERETHE. LNDIE R DETHROVERMARETH 206, BB f I LND IZBWT
&/ME m = f(a,B) ZFfD, £ZAT (o,8) €D TH206, m= f(a,) =a®+ 32 < R
—F. LNDZBVWTE, f(r,y) =22+ y* > RZTH206, m i f O L E2KBT 2&
IMETHZZ e 0h 5,

2. E—DBEIIRIMETH S FIERCTR/MEDTFET 2 T 230073, I/ MEFMET
H2505H, b LBMELE—D LN LT rUE. ZRDRIMETDH %,

3. f DERMHSETBEZRDS B g: R2 >R % g(v,y) :=ar +by +c TERT 3 L.

Vg(z,y) = <b> £0.
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L73oT, &t g(z,y) =0 DFTO f OMYERIX (b LIFIETS %72 513) Lagrange DARE
REIETRKRE S, REFRKZ N B, HEXE

0= fm(xay) - )xgx(x,y),
0= fy(x,y) - /\gy<xay)7

0=g(z,y).
N >
0 =2z — Aa,
0 =2y — \b,
0=azx+by+c
LB, X
Ne__2 ___@6 b
e YT e YT T

7ol =D T TH 5,

Z D & 51T Lagrange DAREREIETRKRD 5N mPMERTH 208 5 0idk,. —BIIET
QIZEFD 5V, ZOGEITRIBROHERD» S, THUIMERTH D, X SIid /D aich
BROBWZEBTNY, Thbb

(2,y) = —ac —be
Y= a2 + b2’ a2 4 b2

DrE, fIiXEIME

f —ac —be B c?
az+b2 a2 +0b2) a2+ b2
PH%, m

b
lazxo + by + ¢| <

1 2.8.2 B ar +by +c =0 ((a,b) # (0,0)) &5 (20, 10) & DIHEHEX,
HbBIZEERE,
laxo 4 byo + czo + d|

B 2.8.3 “FH az+by+cz+d = 0 ((a,b,c) # (0,0,0)) &5 (w0, Yo, 20) & DEEREE,
TH2 I rrt,

Va2 + b2+ 2

2 2
BISE 2.8.2 R % + Z—Q — 1 (a, b RFOER) RN LHNOKMNE E 32, A

(v,y) BEEEE 2B L 20, B flo,y) — o+ y ORAMA, B/MiERD k.

ST LNEHEP L. ZOFREOFICVS ), [(H LIFET 24 01F) LAEBETH 21, TZOHMEDOH
WKHEZR—AZTWE ] 2513, ZOHRBICVIHE—DBEEPILATH 5,
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BE ZHBXEIICE R 5 & ERIGAAE T, Lagrange DRERBIEZHTR L R0 o FE
W ZORED 3 Kot ERMABICH L7223 % (B VHEZHA KD T, vt
LWV DN, HEDRLW),

¥3 EWZERAERETH 205, #EEMEE f 13 F L TRAME. /MEZEFFDZ & 23597
%5, ¥z

:EQ y2
9(z.y) = 5+ 5~ 1

2z /a?
Vy(z,y) = < 201 )
THDY., g(x,y) =0 ZHFLITEED (z,y) LT

Vg(z,y) #0

THDEZ DD, WIIZEH g(r,y) =0 D RTOREE f OMifEIX. Lagrange DA E
BukcokE 2, HEAIX

b SEGR N

0= fm(xay) - /\gl’(x’y)’
0= fy(z,y) — Agy(z,v),

0=g(z,y).
Zu
2x
0 - 1 - )\E,
2y
O: _)\§7
IQ y2
0 = + =i 1
THD,

a? v VP
VaZ+2 Va + 2 2

(z,y,A) = £ ( ) (HEFIE).

2 2
/ (i \/ij—i— v2’ :I:\/a2b+ b2) = i\/m (%ﬁ"%’ﬁ”"ﬁ)

f P KE, /MEZFFOZ 2G> TW0E 05, ITNHNZDERKME. fF/ME
BBV, OB, (2,9) = (a®/Va +02,0%/Va? +12) DY EHRAM Va® + b2, (z,y) =
(—a?/va?+ %, —b*/va?+ %) DL EHR/ME Va2 + 02 =

2

[ 2.8.4 f(z,y) =x+y, g(z,y) == % —y* =1, Ny = {(z,y) € R%g(z,y) =0} £ T %,

(1) N, OB Z#i7,
(2) N, ED (2v2,1) BT 2 EROGERERD X,
(3) Lagrange OARERLIEICEL D, N, ETO f OMMEDEMZ T XTKD X,
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(4) N, ETo f DfEDHIPHZ KD X,
(p143 %E‘J:o )

[ 2.8.5 R® OHIRE Q TERSI N C & g: Q@ — R 23 Vy(z,y,2) # 0 ((z,y,2) € Q)
Zii7z 3835, £ Pa,b,c) Z R ADERET S, TOLE N, :={(n,y,2) € (x,y,2) €
Qi g(x,y,2) =0} A & 225, N, EDR Q(xo,90,20) T P 25DV RN E TR 2 B
DDBFIET 27 51E, ZHUE P 25 N, ITFA LERORTH S Z L2t

GEE 2<oBAI TRENN=-REHOEX ) MR IO L 2MoTWA LB M, &
NFFORT £S5 BIBT (2D —f02) KD b, b KL, LWwS L ThH, HL
WL RBDITNS &S558, PO = (20— a,y0 — b, 20 — ¢) A5 EEARZ R L Vg(0, o, 20)
LIATENS Z LT, RoThB LTI MHETHS, ) m

il 2.8.6 n ZIEEDOBHARE T %, n HDEEDIER x1, 29, ..., z, WL T, FHFK

T1+To+ -+ 2Ty
n

DD ILD, FSDWILT BT

> Yx1To ... Ty

T =T ="""=12Tp

PRBEF D TH % T & emt (HIFE > MHEFE),

GEE ZHUIMBEIBOMEZ W THEAT 2 O f{HTH 553, Lagrange DAREFBIEIZ
J: OVCEJ—.EHHbj_é : Z %)Hjﬂé%o ) | ]

2.9 BOEZ&EVE

ﬁZLlIzﬂLmLﬂ[91w+i€I{ZT%k%\ﬂD:(QHT@%O[@%Zﬁ
THEH, f(I) IFFHEXMETH 2, I = (—00,0), f: 1> tanlz e R £ T5L X,

™ T
-, =

f) = (=5.5) THs. [ GHXMTHS2, f() BHXMTH, =

M2.1.2 (1) (N, ={z € R"g(z) > 0}u{x € R"g(x) < 0} T, (N,)° 1Z2DDHEE D
THIDPLHEETH S, WAIT N, THEETH S, (2) N, FERDPOMAEETH 206,
f& N, ECHRAMEZFD, (3) N, LOR b ZHD., r:=|a—-0|, B:={z e Rz —a|] <
r}={zxeR" f(z) <r*}, K:=BNN, £B<,

Ng = (Ng N B)U(Ny\ B) = KU (Ng \ B)

WHET 2, be BTHA1H. b€ K THY K#0. £7- BIIERHESTHS25. K B
BREALRETH 2, f1F K ECR/IMEZES: Jc € K s.t. f(c) = min{f(z);z € K}. K DJE
DFIHS f(c) <r2 THBP, i f O N, B 25/METH %, FEBE Vo € N,\ B
WKXLT, f(z)>r? TH2006, m
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M 2.2.1 EZ f,(2,0) =2, f,(0,y) = —y DFE5N %5, =

TOERIIE->THFHT A Z e b HEKZ 2., ZZTCIRMO ZEEL TORT, %

231 MWy
T i,je{l,...,n} LT

9 s

(91;ij v
%M%Li5(£7 (=1 ERERL, = 0), BOBBEERACA Y ke {1, )

? J
X LT, 5 5 5
yn

PEHN 5, £/, Kronecker DF NV ZDOWEE LT, HHEOEH d; . ke {1,..

Zn: Oridi = dy
=1

LT,

A LS, f(r) ORDET

n

;ZZamxxj—l—bez—l—c

i=1 j=1

0. EEO ke {l,. .. n} IKHLT,
0

0 1
f Zza”a (xiz5) +Zb8mk%+8_xkc

895
k 11]1

= —ZZ% (O + i07) +Zb5m+0

i=1 j=1

= 5 (Z Z; Z aij(Ski -+ Z ZT; Z aijékj> + bk
(Z Ty + Z xlalk) + by,

o ZINDE2IHT, i % j L EHEXHZ 52 e HHKRZ DT,

(Z T;Ak; + Z:U]a]k> + b, = Z (akj + ajk) Z; + by

[\DI»—t

8xk

TTJ*’T‘I& CLk] = ajk %Fﬁb\é Z 88; ( ) = Zaijj —i—bk Zﬂb:}: Ax—i—b O)% k ﬁkﬁj\’C
k
@KLfMCﬂ&T Vi(z)=Az+b. m

1 REEE 2 T 13RE & 22,

f2.4.1 (HfEF) m
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M2.6.1 Q=(-1,1), f(x)=0(x€Q),a=08F5&. flXa THWRIrOMNTHZ, —
Tiv a B f OEFEBOIMNLE TR, f 5 a THRIPOMEBOMNE T3 L,

de; >0 (Vx € B(a;e1)NQ)  fla) > f(z),

Jeg >0 (Vx € (B(a;e) NQ)\{a}) f(a) < f(z).
ZDE X g:=min{e, e} WX LT, V.= (B(a;e) N Q) \ {a} &BL &,

veeV. fla) > f(x) and  f(a) < f(2).

a IV THRVWDT V. £0. @22z eV, ZHB 2. f(a) > f(z) > f(a) &7 DFEDIE
C%, m

f2.7.1 0% (ERDH) (2) (a,b) = (0,0),(v2,0),(=v2,0). (3) (z,y) = <i§%> (#
SHEE) =
f12.8.1 fiHTY, HAT®>TAELLED, =

f9 2.8.4 @K (1) ERHECET B W (y = % AR, (2) V2 —2y =2 (3)
+v3  (4) (—o0,—v/3] U [V3,0))

£

ﬁi\

28 22/4—y* =1 LIEHED —1 ORGR

e Mathematica 12 X 3[X 2.8 DHfi[H ~

Needs ["Graphics ‘ImplicitPlot ‘"]
g = ImplicitPlot[x"2/4 - y~2 == 1, {x, -6, 67},
PlotRange -> {{-6, 6}, {-3, 3}},
AspectRatio -> 1/2]
= Plot[{-x + Sqrt[3], -x - Sqrt([3]}, {x, -6, 6}]
Show([g,t]
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1 ExA SEXMEAR

IHBEZICLIEDHD

ZD/ = DOWNBZIEDIZHTzoTIE 72 SADKESEIZ LTz, ERDDEDITTEL
(L Z & 2 AEFHBIEID TV A DI TRV,

HHEE [12] 13, ZOMEORIHTH 2 Mo AT - FEE) OFRFIIEESI D
HERTHD, HAT2RZADHFICWL ODEELDH D, Tz ZEHOMDITED 21 12
YT 2H AR R DEELV, REOHEED S, FIIBRFIHEET 222 DX 5D
FHCATEDOE Y (ZEBOMATED Y 1 OH) IZNEFICZ L 2EH-> TV,

K2 (7], [8] IEABEDZ L (FHENE T > TH IV, IFFRCEBLALEINTROWATD %,
D —FREBBUICBEICILIZE 2A1IE2 WV (WA, BT AGICNEZE- 1214
T, ZOARERZ L, ToBHERLIHMHLTH-> T, MREZHLKED I N, —E
RPLETERDP o), ZORZHRIFIHEE T 2FRIMR 0 72h, FTES 2RI T
giveup $AANDBHTEZSRDT, HEoHBZ I,

2T 7 v 7 (9 ERMAEORENE Va7 M (BEOVWY) ATH S, #IDTH
SADFEARL LTIE, fEEETHrRI o THOrDESL EYTRVWRD T, —@HH
EOFATR T, HOPZEM T 213V WALZLEE S, (o b, B TERMEGRL Y
SDEHIE, bEHOIZDORZHLHEZR Y, EWVWIEZHTHD 55, )

B [10] 12, BIBLIIC BT 5. HARORIIOMANEYE. 5o sEAKHEA (1875~
1960) 1T &k 5. AHLWHTOBERETH D, Fl2E5VIHEINE 220V, LirL, 0
ZEBOWIED Y 1 OHPICEAL TR, dEhEIO RV, ZORDRVWE ZA1E,
5. EAEBEGH Fourier IO ETH D (IS EMET 28581F. WAL TROWIZBED
THD). ZEBOWATECOVTIE, A tdr L T, DA TEIHBIIRVWE RS,

BEZEHAMLVAIC

ZEBOMTECOVTIE, BRI LIZID /) —  NZEWED2BDTH S, 2idWi, i
H—MORZHEHT 2DIERNI ETH S, BalildFtad 280304 L HRENLTWB DT,
HAOHTRTGEALELE S 1A S, HANZIE, BEPHFETHMESZHR LAV EWVDS A
WZE N T— - U7 rF— [13] BEIDTA, JFREIX Analysis by its history T, fEHTY
EREPHRBOIEICHER T2 WS EEORTH S, EDLNTVIHENEEEE L LTY
B DMPHEL W,

DAL ORELEETH 2,
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1 8&B FUvXF,

L

=L

B.1 FUIv¥XF

XVUSYEDOTILT 7Ry ME, 24 XEDLHZ>TWVWS, KXFE., MFE, dndTs0—

YF. wis (FEEE. R HEERS) ZRUNORT,
A« a | alpha TINT 7 ®lfo
B|p b | beta N—R bi:to, béito
| Y g | gamma | AU~ g&mo
ALS d | delta TILR délte
E |€c¢ e | epsilon | A 7> 1 | épsilon/-lan, epséilon
Z | C 7 | zeta r—X VANTE)
H |7 e | eta I—X {1to, éito
O 16,9 | t |theta =& Bizto, Béite
I | i | iota A X & foute, aidute
K|k k | kappa 71w N k&epo
A 1 |lambda | 7 4% l&emdo
M| u m | mu Ja— mju:, mu:
N |v n | nu —a— nju:, nu:
SIS X | xi 7T — gzai, ksi:/-sai
O|o o | omicron | A X 2 v | dumikren, oumai-
II |7, @ |p|pi XA pai
Plp o | r|rho 7 — rou
Y |lo,¢ | s | sigma U= sigmo
T |7 t | tau xv tau, to:
T |v u | upsilon | v 7’> 8\ Y | jlpsilon, juipsdilon
® | o, ¢ | p | phi 774 fir, fai
X | x ¢ | chi H A kai
U | ) p | psi A psai, psi:/-sai
Q| w o | omega | A XA 6éumigo, oumégo/-mi:-

B.2 &<fEDNBES

CIZTHHLTHpaislihicd, TREG), T OHHICH 2L 53R TH 5,
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ie. FAITIE “that is,” TEKKIE ThbB), TWahrz 3L,

s.t. FtATIE “such that” TEKIE T~D X5 R,

QED. GBI D 2RI,

P=Q "PRolZQTH3), 'PIZQTHEDDTHEME,
QX P TH27DDREEMN,

Q<P (Lkt[FUL)

P Q 'PIZQ  TH2DDREFNSEM, TP Q ZFIE)

Piff Q “fand only if P, Q7 &< TP D &, F72ZDKRHIRED @
CIRENT, BITZIC P& Q EVWIILTHS,

a:=b a% b TERT S,
(72720 b 3BLCERDEE 2 72T, a BELERERDGLF LT 5, )

a=b (LX[FEL)a % b TERT %0 a XERICED bTH 5,

a= a & b IFEFEANTFE LWV,

a= a ¥ bIFEFTH 5,

a<b a<bFhlFa=0 (a<b ML, )

a>b a>bFhiFa=0b (a2b &FLC, )

CC BRBEIRDES (the set of all complex numbers).

N, N AR EARDES (the set of all natural numbers).
(ZOBFETIE. BREWZ 1 U LBz 2§53, )

Q,Q BHERIKDESR (the set of all rational numbers).
R, R FHEHRDESE (the set of all real numbers).

Z,7 BRAERDES (the set of all integers).

(a,b) FAX [ (open interval) {z € R;a < x < b}.

a, 0] PAX ] (closed interval) {z € R;a < x < b}.

(a,b] {r e Rya <z < b}.

la,b) {r € Rja < x < b}.

D@ Up g

- (7zZLZRE m>n DB/BET, m<n DI 0THDEHHT S, )
ﬁai Ap X Qpp1 X -+ X Ay

- (FRELZAUE m>n OBAT. m<n DL XL 1 THD RT3, )
(’:) SR C,.
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max A

nex /(@)

min A

min f(x)

TEA
sup A

sup f(z)

z€A
inf A
inf f(x)

€A
log x

expx

{z/a

sin, cos, tan
cot, sec, cosec
B(p,q)

['(z)

Arcsin, Sin™!

Arccos, Cos™!

Arctan, Tan™!
sinh x
cosh x

tanh z

12| (z 135EE)

HAMBOEE, 4 E7 O (= 2.7182818284590 - - - )

(F: BoED THERDOARTIII e TRT Z2DZW, )

A (= 3.14159265358979323846 - - - )

x B/ NEWHADPD a WD) 5, BEFRIEOr 2a—-0 2FEL T 5,
TR REVHEDS 0 \EDT 5, BEFEFRIEO s = a+0 2EL LT A,
Kronecker D7 LR, i=7 DL E 1 i#£jDLEQ)EERT,

TR MVTH B Z L EIRHT 572D DRB,
EEIRDBIETIIR Y MVERB T REIE DT 725, KFETIE

a ERFICLED, HBEAWIHIZ o TTEH 3,

a ZBRZIZLVERRKDEL, Wb 3 Gauss Dit5F., il |a] £ dFEL,
a XD/NELBRVENOERE [a] 2E L,

£EH ARXEENDEREDORAME,

£E5 A Lo f ORKIHE,

BWHEZ D EEE f(A) ={f(x);z € A} TEENSERZDRAME,

H£E5 A ORUIME,

£E5 A Lo f O&/ME,

B£E AP LICERBEEITE ADLER, 25 Thuve ¥ .
RE A LOBE f OEDES f(A) ={f(x);z € A} D sup.

EE AP TPCERBGEICE ADTR, Z25TRVWE E —oo.
5 A LoOBE f DEOESE f(A) = {f(z);z € A} D inf.
z D BEANE log, .

(LR T logz = loggz (X)), Inz =log,z TH 3, )
r DFEEIBIEL (exponential) e D Z &,

a>0DEEF a D nFIRDOSIBIEDDH D,

a<0DHEEn FIROSBEEBTHS D,

=A%, 5IEORMMIEI YT >,

b =M, ZHZN tan, cos, sin DHFEHERT,

N— XD (p,q) ITBI) 21H,

H =B z 2B B E,

sin DALY sin™! D F{H,

cos DWBIEL cos™ D FAH,

tan DOWEIEL tan—! D EAfH,

hyperbolic sine (= (e* — e™*)/2).

hyperbolic cosine (= (e* 4+ e7%)/2).

hyperbolic tangent (= sinh z/ cosh z).

x DFEHHE,
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2| (2 13EER)

X

2 DENHE,

JEEEAANL (= /—1).

THRTIEVAR I TRI D, FLERRTIE j 25 22320,
BEE 2 DEX,

BEE 2 DEER,

BRE » OIREREK

175 A DERETTH], THRIFBEDOHEZXTHZ N,
FBERT T 5. m AT n T EEROES,

FREBT T 5. n REFITHEIKDES (= M(n,n;R)).
BHEEEHR T T 5. m AT n FDOITHRIKRDOES,
BEEEH T35, n RIEATH2KROES (= M(n,n;C)).
N7 MV E ¢ DNE,

N7 MV Z, i DNE

3 RILRZ bV Z, §f DX b ILEE,

28 r Oy (BLE).

BEEL f o (1 B%) BRIEL

REL f o 2 BEERE%Y,

BEEL f D n FEERTEL

2L n 3IEFEEE, n=002 X3 f HEEERT,

CDTFRAPNTIE, BREIRNLEENLTERPSVEILZHHT 2 X 912807203, HICI3E
R EEL SR 2D 0VHDHZ WV, UTNCEIT2EEE. 2R DZLLORICHE T
WEHDT, HEHZERZD DTV, #HIGEIE. BRIUICHFEEL TBWEARIWTDH

59,

-P [P T

PvVQ TTP%(7EQTH5]

PANQ TP»>Q Ths)

dla la IZ—BHICHEETS 5 ]

Bla;r) ZBZTWAZEMTOD a ZHuLE § 5 H45% r DK,
B(a;r) BZTWBZERTOD o ZHDE T 212 r DFER,

€; 9B 1T, DT RTOESH 0 THBRZ b,

B.3 FOfth

B.3.1 S5 2ViEHFODIEEE

etc. | et cetera DT and so on &\ 9 EBR,

et al. | et alii DBET and others & W5 EIK,

Le. id est DHET that is &\ 5 EbE,

e.g. | exempli gratia DI T for example & W5 EIK,

viz. videlicet DB T namely & W5 EiE,

q.e.d. | quod erat demonstrandum DIET which was to be deomonstrated ( ' Z#1
DRI REFETH o721 ) &0 I EK,
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B.3.2 BEEudHnch

WAV o XY bbb FIEED ¢ that is,” WHIET2HDT, [0z 2] {HWV
DEMTHD, 2FD

|

D222, TRHRODE, DL L2 EDL

EWVIDIE, TR LIl ODNEERFEZZZTEWVELLZB DD IR LrLh) I
RBEWVWIZETHS,

FREE1 HEFETES . UTOZO0ERIITETE 2,

“indeed,” ICHHE ERICHANTZ L ORIWZLITNICARS Z & (BHDHHA) 2EKT %,
D aFEEIRZIZ 2000 LIV, T2E8251F)  5W0WIZEZIUIRWV,

“in fact,” ICHYH EINBAXRZMUEDOZ A, URICEZA3 I 2EKT 3,

B.3.3 B EHE

EEPROBA-OBRERSEE T, 1B f(z) 21 WO EZHEEL - 7 e 18
T3, RETHSTOREFEORICSH, AL LI BRFZAZME->TVEHDIEIP R BVDTE
B, “(2) DOVTWRW TBIE f 25 E WO EZHFBZ WV, Z O MHE SO W TEH
T 5%,

BEOWHEEr — S THHT 2 &,

flz) BRAEL f D 2 TOEDZ LT, BBZDD DX f e EPRITAUINIT LW

Ei5%, ZOTMRICHED &, TBIE f 230 e FELDODBIEL L, TREEL f(2) 3 & & DIFECE
WCEZEEW, EW0WS ZeiTid, IRUT B F 23 & “(z) ZEMET 201 . HICH
BI7222 6. 2 WVIEHERELH L VWS HEBHTEB LD TR RV EIFEEL 95,
AT TRERL f(z) 250 D &S IC. BB ZDZEH2RATRT OB TDH o 72,
Ty 3 x DA THZ L =] LWVHRFCHIANTVWE L5112, BARIEZ2D TedoTHE
DEIER DI olbFTH2 (RHKIEH, v ZHNZ. v ZBEBERK L 5> TXHIL
72DF3) 2Fh. EEERMOBFATIE. EROLINHRHOER®E 5 2 T\ 5,

¥ ZAN, RETEIBETIE, HROBEACET 2 EERN 2R TR 35 HRoZ T
Hd) AT 2HENZ WV, DFD

E£E5 X DEEOERZNFIUINLT, BB Y BRI —DOF ZXEH
HrrE, ZOWMLEES X OES Y NOER LR,

ZOVH TR, BBOZEBZRTXFIMEMES 2IEHFE ORETIIR N, £H 2D,
fiR—=R, f(x)=2> (r€R)

EWVnoHDEk,
ffR—=R, fly)=y* (yeR)
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WBRILZEEZRLTWEADITITH S, M2 I 3EFEEROBETHORA L TREZTTTD
5. (TR 1
| faas
0

1
|

0
FETDDZEERT,
AR B.3.1 (BAFUIRAI?) X< TS X OFEOEKA I, £E5 Y OERELE—D1T
M E2HADZ %2, BE X 2OHEE Y NOERLEIER] L FIANDPVED (FHHETDH
IoDFoTLEI LD LKW, ZUTEMEAEARTVWRITH S, HAEFS &, ]
DPEBEN LR 2, FHETFIE (7L3) X0) 352 &5 RHREGZ2RIZVE, 2505
DD T LDHRBETIIRY, BTN H 5, ZIF TRV, =
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7 &&C HIXREEBROERHLS — HEADE
SRR

(SEHDHIUIEE 72D, FEAEILI 2R TV | HREOREIX-OEZ D&
MOH|ETWVL,

C.l1 EERZECS

B (1) R" OBESDERELYE, (2) R OHESDHIE BT, EFRIHE-> TZNHBHE
BTH5 e ritiE X, (3) R® OFAEAT. FEEGTRVWHDDHIZ HIF. ZHHBHE
BTRWZ L RAEIHE X,

ZD (1) 122V,

FBROBNBVEEG  Vae A Je > 0s.t. Blaje) C Al

FRO—AT g BTN L TOMRABRDMEETORIZVEDTHED, T VRD
DHb, TDIBLTRERIL (BEDONRLRZ)1E. MIPHEATH S0 FELTVRL
ZeTH3,

BELEEZH1L TACR" DR OBFESTH 2 i, &M
Vace A, Je>0 st Blaje) CA
MDD ZETH 5,

BEL/BEEM2 TACR"H»PR" OMES & Vae A, Je > 0s.t. Bla;e) C Al

RIERIL R 2T 2 8. 2003 B(aje) L WVWIORETH S, ZHUIREH Za ZHDE
T5HF e D R" OB, 2% D

Bla;e) = {z € R |z —al| <e}, (ZEL| | @R ®ALEHET)

DEMTH-> TS 2 Bbh 22, Rz — Bk Ecidizwy (BlxiX, AUEKT
U(a;e) DESREBEMFESI TXFAMBEZWV), ZOHBRTIE. BN TZOHBRTIEIZDRILE
EZODERTHES | eWio T, LBR—BELTIoREE#WET =0T, HRRERICBWTIX
ITHERIH) E LTEo TR0 d LRV, OB TIE—S D HZX 2T 208D 5,
ZDEKRT, ZEBOWIETY 1 OBROERIIKID 2 LIZ U(a;e) EWIHELEZMH S DI,
ARZBBEDONRE TRERDESS (BE LI @R VA-bhARRsHVED), n
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RIEOME [BOVEALLSB RNZDDHRE S, 50700 025DTL LS ? |
—MZE 2R TH# ©. 23t s 2@ L T, FIISEBOMREZ I D B
DERZFHAZD LT, BATHEATWL DTS, (2D TR S 255 KRELDT
1F 7?0 MEARNZIE, REQFHBEOHBCTIIM S SN ENZ T —RITD 20, bl
AL TEL OBBYIL L BBVET %5, ZARCHBEICKR 2 BEIHNTL & S,
CORLFTREI VI IERrESRONLS, ZDE EBHEZUINVDTT NS, |

C.2 Eft. RH2. £W9

IR TERSNZEE f: R? = R IZOWVWT, (1) FETHEGTH 20, (2) B TRM
DARETH 20, (3) R TRMATRETH 20, BT Lol VI NAEDOHEOREE 3
NP E RN

C.2.1 EHREDOFIvY
BlEk —MRBNCiE, SR TH 2 2T a5 WS D HHEEZ WV,
(1) f(z,y) =1+ — 2y + 3wy + 4y*. ZIHKBAETZ D & HHL,

142 — 2y + 3zy + 4y?

@) flay) = 5

727 & 38,

O EDE R TV S A (B T 0107 & 7 FIREEL

(3) f(z,y) =log(1+2xy). h(z) =logz, g(z,y) = 1+ 2zy &\ 5D EMEIEL ho g 12tz
5720 g XZTENZD 538, h1Eg(0,0) =1 (#£0) TEEZ2 S, f1X(0,0) THEkE,

BRI S (7)y ZOVIEBE DXL TORBEICH LZZ2EHFED RV, 2 IdFEA
EENPHNDORTHEDLITIND X5 REREZLTHY., FHELIDORTIE (z,y) — (0,0) T
DWFRDY 0 12722 X5 R0 ZRO LS LHMETH 5, Z5VWHMEDSHER. EiiTH 2
A

|f(z,y) — f(0,0)]

EAFENXTIHML TIT-o Ty (2,9) — (0,0) D2 X 0 IKINKRT 22 RTONEHETH 5,
HHETRWIEEIE, MRSFEE LR WD, FFEL TS f(0,0) KFELLRWI EZRTDIT
Hb, BEOGEEBEICHLZZ 2idhw (ZFOHE, FETOERS ZBIETIUEIC
Rb, hHdbedbDERPAEAARLE VWD T TERMELES 2 5), HiEDGEEHZ
WXy = ke W0 ERITH > TRAGED T 725G OMR ZHX TR T 2355035 205, 5%
RERDHHTHEE WD DI TR,

BB Ea0H X E LB e LT

W () £ (0,0
f(x,y){\/m (2,0) # (0,0))

0 ((z,y) = (0,0))
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2D LT 5, BED (z,y) # (0,0) I LT

|f(z,y) — £(0,0)] Z\/xz:erQ_ N2

ZZT
,y2 <x2+y2_
x2+y2—x2+y2
THE3H0H

|f(z,y) = £(0,0) < |a| - V1 = |2,
(z,y) = (0,0) DEE 2 -0 THZ2Hh5H, Hl— 0. ®ZIC
|f(z,y) = f(0,0)] = 0 ((z,y) = (0,0)).
W 212
lim  f(z,y) = f(0,0)

(z,y)—(0,0)

THYH, f1F(0,0) TEHBMLTHZ I DD 5, m
TEHGHIZFEDOH 1 Eofle B EITW 2 3 kB ofl & LT

f@@{ﬂ?¢<ww#wm>

0 ((z,y) = (0,0)).

ZHIERR y =kr ETEZ 22, FHaLA T

T -k k
kx) = = )

TR kIS & o THEDNERR 2, W2 ITHEIR lm.j@wﬂﬁﬁﬁbth W22 f 1% (0,0)
(z,y)—(0
THEHBETITR V., =

TEHERIZEDEI 2 BBV LELWEZDIFTEL (BHEXTHEHRETH 2 LEHLTH S
RKHB - 72),

T +y

0 (x+y=0).
fham HIEICE D &L FEIZZD £ (0,0) THEETIERWV, Z2Z Ty =kz IZTZ 27T (0,0) 1238
D7 ZOMRZHFNL FFEZRL o TALI k#18 T2 040 THI2Z o+kr #0
L7%%5DT,

:c2+y2
ﬂ%w{ (x+y#0)

2 4 (for)2 1+ 2
f(x,kx):x + (k) . +k

x+ kx 1+k
CHTz—03T2L 0 VI HBOMBICICRT 5, Zhz T,
lim f(z,y)=0

(z,y)—(0,0)
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R LA Z oz, LA L ZHIEEWTH S, kK DMEETH- T, 2N —EREE
LCLEoThB. y=ke 102 oT (0,0) IGEST2 205013 k) ESTHICHE
WD TH 5,

ZNTIIHE, (v,y) DHEr OMEALICH25E5%2F X 5, v =rcosb, y =rsind (0 €
0,27]) EEFEFBDT, v+y#£0DE =

|f(z,y) — £(0,0)] = |f(rcos@,rsinf) — 0|
(rcosf)? + (rsinf)?
rcost + rsinf

r
cosf +sind

r

~ [V2sin(0 + 7/4)|

FDGEHNZ 0 % 3n/4 HBWVE Tr/4 1TEDF 520 BT 01 KR%, 22 Tr
EARIZ 0182722 LThH, 0 % 3r/4 D103k AHRURY, | f(z,y) — f(0,0)] DfEIX
WS BTHREL RS — REEMEEEHT2CE 1 LY dREVWILES XIS ‘D7
DA THENTEBL L

3m 7
Vr >0, 306[0,2ﬁ]\{£,£} s.t. |f(rcosf,rsind)| > 1.
W 21

lim |f(z,y) — £(0,0)]

(2,9)—(0,0)

X0 TRV (RIS SFELRV), WwRIZ f 1 (0,0) THEETIER D, =

REDOEE LofEid. MEOMEXHFICEL T MasxRGENHZ) LE->TWVWETE
T ¥R VO AHERHATETOWRVWEESATIN 5—A (IET) &5
I ZEERVIEADIZ), R TFH 0ITEDKHI 2T 20O RDIZTE, HEDH—
A HE T R, HENZL oBE Iz 2 HEZ e LT, gk 7o RREu %
EZBDEVIDRHD T,

ry 2 R
2 +y2 2K

BRATDIE. KEDECEL S, DFPE- T 0 IKPRT 5 Z &IZIER 5720,
xy _22(

/22 + 42 1k

B FOIEHBENDT, BEHZ572 (0 WKIHLEZST) WO RBELZDTF2DIFTT,
TN TiI &, mEOHBID

2?4y 2R
r+y  1X

Lo T, 0WIRL EDICHRZ 200N TTR, H, ZODRHIFESLATD 01Tk
2BV DORD UL ATIT Y ) T5EBETHR L THhVLWITR Y, [AERZ S Fidiz

LEMRINZ 0 2 S BAUR VW EBITIEEETH 20, FIETTIRLEIFRWES S, ZARICH LW
TlERWVWas,
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BRNTI? ) 2T 7=y JREUB LT, ZHUEPDZHZITHH->THNS
DTITH, ZOXIKEHEL FFLdil o &y ONT Y ROWMNLATH 2551F. BED
BlThReo/c kD, MEERELH>THKERRTL20500HD 53, HlZiX

xy rcosf - rsinf

fsind L 20
= = cosfsinf = — sin 26.
22 +9y2  r2cos?d + r2sin’ 6 2

ZHAEr—=02LTHORIELZES TROVDIE TSN 5, —7.

xy rcosf - rsinf

= — rcosfsinf = - sin 26
Va2 +y?2 Vr2cos20 +r2sin®

75
N
NEES R
T, 2T r—=002E 01220, EOHNX. BRLICKZITE
T
.y) — £(0,0) =
f(z,y) — f(0,0) Vasin(0 + 7/4)

Yo T, BroREBRKE r DERoTWA3DTOWRIEKLZE RADTAIUINE, 012
DD B0 TWBEDT, 23 (Thiknwe, —“FHHDOHITIX

|sin26] <1
YO WBEBRLIEERTOAERICR S DI, ZHHOFITIE
-
sin(f + 7/4)

BERTHENVE VI DPEVEEZE T [ —A ML EMT IR IFHIALTWE T b
HARFHICR > TV 2IZE>TVWERA (ITHA) ]

C.2.2 fRADAIREMEDF v Y
el

x2 + y?

Ty
o) ((z.) # (0,0))
0 ((z.) = (0,0))

RS TR AIRED ¥ 5 D aR X,
X< B BREWZ

(2 +y?)-y—2zc-zy aPy+y -2y  yP—ay

folz,y) =

(x2 +y2)2 22 4 2 - (:Ez +y2)2’
I () (2?2 +y?) -z -2y -2y 23 +2%y—2xy? 2P — a2y’
s — = —
y\&Y (22 + 12)2 22+ 42 (22 + 12)?
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ELTHS (2,y) — (0,0) DWIFEZEA S & LT, ZODBFEELRVD S, RIS AIEETR
W, EBERDEVIRE, THEIRANLBEIENTSH S, £2H2H N TIE £(0,0) =0 &V
I EMEME IR VDT, ZNRTTHIERL LKL RV EBI L,
FhoNTVWE DX, MR

£.0,0) = tim TOEPOZIO0) = 5 ) —

f(0,0+ h) — £(0,0)

PIFETDEPE VDI e THS, ZORT f(h,0), £(0,h) IZDWTI, (h,0) # (0,0), (0,h) #

(0,0) 72D T,
Ty

24y
20 RRATHUEOWD, £(0,0) KOWTEIBEDITORENTH 2 0 205 I1ERE
SENB B,
a4 L) EFEND, ERIIRD ST HoX Y LzbDITk 3,
f0+h,0) = f(0,0) 1( h-0 _0>

f2(0,0) = lim 7 fim

= lim% =lim0=0.

h? + 02 h—0 h—0
. f(0,0+R)— (0,00 . 1/ 0-h 0
500 = iy h IR AR A T

W2 f 1 (0,0) TEM 2,y DVFTIUTOWVTHRMPAIETH %, m

REMZE TZAREITLEREERTIRN) (2572 ES AR ERN e R WAT
T (2, =R ZEZMEZZATIN? ) HEEX TOBEIX, 132 ACEPEEIFV
TWRWDOT, FEHIY L TEEBRTZ LarnwoZiine, 23 r#msnEZEzon:d,
—DlF, BEL oD 02V T, MNEM) ZRTH, 25 LTZ S5HET 5 DR
TET, fIECESZMEICRZ EXIETERVEVSI DD (BT 0> TVRY), b
5 —DIFEMET 2 Z LI K BEHAEMEVT T, 250X

r+y
0 ((z,y) = (0,0))

IZOWT £,(0,0), f,(0,0) ZKD X, LWHHEZELLLE HoZhE

f@oyzmnﬂ0+h®—f®ﬂ):0 f(omzhmfmﬂ+hy<ﬂam

h—0 h h—0

.Z‘Z—l—yQ
ﬂ%w{ ((z,y) # (0,0))

=0

CEVWTHEES AL EAHT, ETHEWSEZe2DDET, 2THOWVIHEEOEIZ I
BEEBVIAATVWEDTL EID0] 22—, EERTSIIETLHRWDTTR, #HZT
PEEWV [TFGMe0nT OBYEDHITTT, TOWVWIDEFETELRVWEFATH D
FHA, HOTEELTATLEZ W, 222,

f(0+h,0) — f(0,0) . 1(#+0?_® h?

0.0 = g h IR AN I AV
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B, AHIZ 0 TRRVATTR £,0,0) 8Z3BATLESI D (2525, Z5W0Z
FFEERRINY, ZOFOMER, BEBCEOMITY H- 33T, HlRE

f@>{$%m(§)(x#”
0 (x = 0)

D ar=0THAARETH 20 I DHNK. &) 57 o%hd 1 TZ250ZIR K

FRREARDOHEET '
f() = { |z|%/3 sin <5> (x #0)

0 (x =0)
O ARz SR TVt b Wk Lz, ZEEIIEED /257 L TWE LR ) NEd.

C.2.3 Z2MorekiEzFIvITs

TR DTFRETH 5 Z e 0300 2 BH 20,

(1) ZHEX

(2) Mo ATREZ: 1 Z8KBEEK (log, exp, sin, cos, vz %, 7272 LERBRR B AICHER)
(3) #o0 AIRE 72 BEEL D & ik

(4) 77EE BT & DM ATREIZBEIEIT, ZEAXA TV A RTHRD 012725720,

TFEGREABIILWMOARTRE Mo rlExR 513 2 WS EHONE NEETRITIUI e
W RIBETR WV BV ERTIEL WL, TR s BT x7

ﬂxy){ ﬁﬁiﬂ ((z,y) # (0,0))

0 ((z,y) = (0,0))

. (0,0) THREHRZ D205, (0,0) TEMPAEETIE RV, »
E DM rIeE T A LW

A z, 0,0
ﬂﬁw{'ﬁﬁiﬁ ((r,9) # (0,0))

0 ((,y) = (0,0))
FEHETH % Z L FBUC Az, 2O AR E 52 ? ERICR > THR B &,

b @) = 0,0) —aw —by _

(z,)—(0,0) v a?+y?

2ICETHKBZEBIRT L 9D THIDEIRHENSHALIRTZ I LIZKELLEZ LI ND L
WH ZET, BRI RD, IECE L

0
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ERBER a, b DAET 272 5 XRMATTEE. 2 5 TRWRBIEEMOATRETR VWL %% (H
DTHETL2ETERDIE — ZIHNALZIAHAIATIETE2ADZ V), ZOFEETIE
DLEEL WD, TeMIARERGE. a= £.(0,0), b= £,(0,0) TH 21 EWVWIEHND o723,
Zh B, JFE (0,0) THAATRED & 5 U,

(C.1) i @9 = £0,0) = £(0.0)z — £,(0,0)y _

(z,y)—(0,0) Va2 +y?

DD SLODE D EFARIUIBR VDI TH S, £ZTET £.(0,0), £,(0,0) ZRD X5, #
RIZgELL

fx(oao) == O, fy(0,0) =0.
XBIZ £(0,0)=0 THZD D, FANBZNEZ LIF

. f(z,y) — f(0,0) = f(0,0) - = — £,(0,0) -y f(z,y)
lim = lim ——Z
(z,y)—(0,0) V2 +y? (2.9)—=(0,0) /22 + 2

X
—  Lm Y
(@,9)—(0,0) 22 + y?

BOTHEZPEIDP, THbD, 2D lim &, BUIHTETHWT (F< L), Famid TR
Ll Thotze R (C1) FBILLRV, WXIT f 11X (0,0) TRMAATRETIIR V. =

WP IR RRIID LE - 7%,

sin 22 + sin y?
ﬂ%w{'_ﬁjp—- ((z,y) # (0,0))
! ((z,y) = (0,0))
DEMAAIREIIZ Y 5202 FF [ 1% (0,0) TEHET. £,(0,0) = /,0,0) = 0 TH3 (HH
B &),

THr. RaMER
flz,y) = £(0,0) = f2(0,0)x — £,(0,0)y _ f(z,y) —1

/$2+y2 /x2+y2
B 1 sin 22 + sin 12 1
N z? +y?

[ sinz? —2? siny? — y?
o (xz + y2)3/2 + (:1:2 + y2)3/2

DMEFRD 0 12 B E D), TH b,
sinz @ Taylor 2R

: _ - (_1)n_1 2n—1 __ P
Slnl’—z;ml’ —{E—a—ka—

39 5D UIEMEICENTHE K & B M ATREZ 513 BEBUCE U TR ATRET. Moo REBURM Y
FRECE AT Y 2 BATHNCEE L. |
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25, sinz? OER

o () sen-1y _ 2 0 a
ST —;mx =T —y—i-?—

HEOND, Thhb

2 A . (=" 2(2”—1)_x_6 x_lo
r- s _Z(gn_n!x TR

THBAED., BUNPKKPEETHB L ITFHEET DL

n=2

6

2 _ .27
0<z*—sinzx gg.
INnro
Fle) — £(0.0)  £(0.0) -2~ £,(0.0)-y| _ [sina? —a?| | sing? 7
Ve M GE M
|sina? — 22|  |siny? — |

= (21 0p 0+ 42)3?
22 —sinz?  y? —siny?

|z[? ly|3

x 1 Yo 1

<. 42—
=30 |z 3 Jy?

— =0 ((z,y) = (0,0)).

WZAT f 1 (0,0) TRMAITIRETH %, =

C.3 MEFRTENRRBOWMDEZER

AXHD 2.4.5(p. 86) L DEED H DD, O, LT EARMRTALI,

C31 A4>hk0O

xr=rcosf, y=rsindb.

ZHT ¢:[0,00) x [0,27) 2 (r,0) — (z,y) € R*> L WVWOIB/BRNTE 2%, —FEORERLIIE
HIZRE D,

(C.2) x, =cosf, x9g=—rsinf, y.=sinf, yy=rcosh.
fTRRR VWO BN -1z %,
g(r,0) = f(x,y) = f(rcosf,rsinb)
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Tg:]0,00)x[0,21) > R EWO BB EEL 2 e TE S, HT DI g=fop TH2, [
CHICHIUL g bS5 RBDIEH. g OIRERBII [ ORERBEME>TED LS ILRSN
2725507 ZHUIE BB DOM I3 (chain rule) OFfFELRHEMET, (C.2) ZHWT

(C.3) Gr = foXr + fyyr = focosO+ fysin€, gy = foxg+ fyyo = —fursinb + fyrcosé

785,

ZRTIEHT fo, fy & gr, go TRITWEE I LELRWH? 207D (C3) & [, f,
BT 2 RN AR L THROTH LWV, 22T f=gop t EEXTEHHELTAK
J. RII D EMBEIB O EDL S

(C.4) fo = Gz + go0y, fy = GrTy + 99911'

CORE X SICEEKINCE I 1y, 0., 1y, 0, BRDZBEND B, MBI OY 2 LTI,
b £ OB Y 2 ITHIOMITIITH 5 1 6,

-1 -1
Te Ty 1y , _1 T, Tg cos@ —rsind
pr— p— 9 pr— pu—
( 6. 0, > (=) (@y) = (¢ (1.0) ( Y Yp ) ( sinf  rcosf )

_1 rcosf rsinf
~r\ —sin@® cosh |’

Wz 12 " ;
ry =cost, r,=sint, 0,= o , Gy:COS
r r
ZhE (C4) IRALT
fx:grcosﬁ—gesmg, fy:grsinﬁ—l—gecose.
r r

FL<HBEEV T, ZNTULOFHAEZHBICH L ZOHKRTH 2D, ry, 1y, 0., 0,
DEDDHPEDOETVTLES, BMEVWHIIRELPTIT @I HoT, £F

or 1 1
T 8[[‘ @ cos 0 ( @fﬁ@ilﬂﬁ%_ A )
or

D& 577 1—=ZEBOGEDHEBOMIT DR B EH Z2L7-005% (55
ABEVWTDH ), I —DE z=rcosf 5

I
T_COSH
0 ha 1 0 1 )
" Oz - T = Z AN
fe ox (cos@) cosﬁé?:vm cos 6 (ZOHRUFHEN )
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YTBHDTHL, ZHUIEIBBLLVREES L, 0/0r RitE T2 2 2%, o LA OTF
NTOER, ZOHEF y ZEEL TBWTELEREEZEZ 2DIIT, 0 EEREEEZTIWVT
W, EWH I ThHDL, EglEmEELLIEETS,

r—g<$>—1-ﬁx+ﬁ 1 -x—l—i—smeﬁx
T 9x \cosf/)  cosf Oz Ox \ cos@ ~ cosf  cos?f

1 sinf —sind 1 sin® 0
~ cosf +COSQQ' r reost = cos  cosd
1 —sin?f  cos? 6
T cosf  cosf = cosf.

(FHDZ=DIZZ VI REVEIEZ L TH AT, AR HEZEIDTWEDIFTIER
W, 2D, )

C.3.2 Z[EERIH
TR LA OEMS,

1 1
(05) frz + fyy =g+ ;gr + 7“_2909

ZAEAE X, VWO KK HET 5, INOAEL E HEIEY XX =L TIELW,

Bkl (245 OFFED AUEHEL TV TELRELWI L ZmRT. 205 TE
LTAEI. £F g = fuxr + fyyr £D

gr = fycosO + f,sinb,

0 0 0 0 0 0
Grr = Egr — E(fxxr + fyyr> - Efm * Ty + fx&xr + Efy Yy + fyayr

= (foor + fayyr)Tr + forr + (fyar + fyu¥e)Ur + fyYer
= faox(@)® + (foy + Loe)Tot + Foy(Ue)? + forr + [yl

z, =cosb,y, =sinf &0 z,, =y, =0EPNZZ L, 7 f 2 C*HRTDHDNI [y = fra
THDZLIHEETD L.

Grr = fuw 08”0 + 2f,, cosOsind + f,, sin” 0.

RIZ gop = fuxo+ fyyo &V

0 0 0 0 0 0
oo = 5590 = %(lelfa + fyye) = _ef:v T + fx%xe + %fy Yo + fy%ye

= (fmﬂfe + fxy?J@)xH + feToo + (fyocxe + fyyyO)ye + fyy%
= fue(®0)” + (fay + fyu)Tovo + Fyy(ye)® + fooo + fyYoo-

g = —rsinf, yg =rcosf KD
Tgg = —1rcosl, 1ygg = —rsinf
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BEPNDEZ L, T f R COPRTHDNI [y = f. THEIILRTFRTZ L.

990 = foe(—78in0)* + 2f,, (—rsing - rcos) + f,,(rcos0)? + f.(—rcos) + f,(—rsin)
= frar?sin® @ — 2f,,r*sin @ cos O + f,,7% cos® @ — (f,rcosd + f,rsinf)

W Z I
1 1
Grr + =Gr + —5 900 = fre cOS> 9+2fzyCOS9S1n(9+fny1n 04 — (fxcosejtfysme)
r r

1
+ 2 [fmr sin? @ — 2f,,r?sinf cos 0 + f,,r* cos® @ — (f,rcosf + f,rsin 9)}
= fro(cos® O +sin® 0) + f,, (sin? 0 + cos® 0) = fur + fyy-

FiE2 (CH) OfEUEHET 2, HiE1 LARKICEIET 2 &,
fa:a: = grr(rx)Q + (.97"0 + g@r)rmex + gQG(Qx)Q + IrTzz + 99033117
fyy = grr(ry)Q + (gr0 + gGr)TyHy + g@G(Qy)2 + GrTyy + gﬁeyy
ETBo Tuwy Ouy Tyys Oy EAID 24

. —sind cos f
ry, =cosf, r,=sinf, 0,= 0, =
9 Yy 9 r ) Yy r

PO —HTEHEL W DI THrEV, EEEBOM Sz - T

rxx:%rx:aicose—g(:OSG T;C—F%COSH-(%
:0+(—Sin9)_5;n9:SH; (97
d 0 . . 0
ryy:a—yry:a—ysm@:Esme-ry aesm@ 0,
0 20
:0—1—(0089)00; zcoi ,
0 0 —sinf 0 —sinf 0 —sinf
oz or r or r T+(%’ r
_sinHCOS +—C089 —sin@_?siné’cosé’
2 ro r? ’
p _29 8003«9 80039 o+ 2 (’9(3030 0
W oy Y ay r o or r o0 r Y
7—00549 . 8+—Sln(9 00807—2811100089
2 St r ro r2 '
N AW N5
1 1
(TI)Z"‘(Ty)Z:L 720, + 1,0, = 0, (ex)z"‘(ey)z:ﬁa Txfc"‘ryy:;’ Oz + 0y =0

YRR <. 2hez 0 & LTHET 2 AR TR EfEL R woZIhe, —KRE255? 20, yor
201272 o = DZEMANCEM L TV ? T2 62 THRANENTEIT) L5 ZRIEEEZ 2T TE MR
BRODEBEID, TH OB TELRVWBEISBDONZIREDP N DO0H b, TXTRATH 0 KT, LAR
WHELSTHBRA T RADREDTRVDS (22 0072) AIrENTBWLIMETH L, EWVWIEZTRDES
SUFE, M KRELDDEHRIIELRoTWVWE LS, ZORKUILI>TWIHRDD 2 NIFEDTHEET S
E5DBIAR LN (EZ25 2 EoTh, oL ARIIELRW),
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ThHhIHNbH,

fea + Fyy = grel(r2)” + (1)) + (gr0 + gor) (o + 1,0y) + goo[(62)° + (6,)°]
+ gr(Tex + 7yy) + 9o Oz + 0yy)

1 1
= Grr - 1+ (90 + 90r)0 + Goo~3 + 9r +99-0
1 1
= Grr + =g, + _2906~
r r
(ZHUIRZE., WS ZeTALRERITTRLEDDRDAIETH 5, )
HiE3 (245 DFIEID

RED (CH) DELAZEL LTV, UGS 2 HEEARENCIIITE2 LR TH S
P, THHDNHEEWICC VWEEDR S,

Rz 72 " .
fngrcos9—ges;n ; fyzgrsin9+geccs
EWVSRADPS. BD x, y KT 2RMT % r, 0 1B 2R THRET 205K
2_ g_sm9£ 2 1n92 cosﬁg
or " Vor T 1 000 oy Wor T 1 o9

i85, ZhzflisoT,

2 , .
fow = Cosé’g _ Sln9£ g= COSQQ B SIHQQ cosfg, — sm@ge
or r 00 r

0 sin @ sinf o0 sin @
= cosf)— | cosfg, — go | — — | cosfg, — 9o
or r r r

sin 6 sin 6 sin 6 . cosf sin 6
= cos O | cosOgrr + —5—go — gor | — —— | —sinbyg, + cosbg.g — 9o — oo
r r r

-
v + gor) sin 6 cos 0 sin? @ ,sin?0  2ggsin 6 cos d
(9r0 + gor) L L9 L 290

= g,rc0S> 0 —

Y

r 72 r 72

£ 1n92 COSHQ 2 B ineﬁ_i_cosﬁg o +cos@
w= MY T T e ) T\ P e T T g ) \PI T T

.0 . cos cosf O cos
= sinf— | sinfg, + go | + sinfg, + 9o
or r r 00 r

. . cos cos 6 cos 6 . sin 6 cos 6
=sind | sin0gr — —5=go + ——gor | + —— | cos0g, +sin0grg — ——go + ——3oo

(gro + gor)sinfcos@  gpgcos’0  g.cos’6  2ggsinfcosb
+ O - =

= Gpr sin’ 6§ +

T T T T

FHEFEWVWIHhE, BHFTES L ZADBRVWEEDNE, 250500 TR THAS, )
Wz Iz
sin® @ + cos? 6 sin® @ + cos? 6 1

. 1
fow + fyy = Grr(cos® 0 + sin® ) + ggg 3 + gr . = Grr + ~9r + 00
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T 8D £8 — BFOSRLLTORSE

FROBEAZEESHO LI I N TWE, 2Tk, ZZBOWDHED Y1 DI HE
RIEED, B ZMHN T 2HIT, {AEGWEHHT 2, THACMEL 720 AEEI X

L. {aTHH WRER, =AY R, BRARBEEREE 1T, SR E s (1965).

T s

2.%Wﬂk~ﬁ$@ﬁ , HAF A (1971).

VR LxdEb

3. WK B . Wk s R Y AR 1, S Y (1976).

l

4. FEE TEE A L EE B (1990).
5. Thik IEZ; A ORME RS - B - A, JEORZEHIRS (2002).
RERBECT B LBV (BECH o PhBBALETTHY, btz H213TTH2),

D.1 &

E%@ﬁ%@5%f—i@ﬁﬁw%%%@%—o@é%kLf%it%\%m%%%@a)

IR, ZO#EPHNOME A DOXIRE Z DE @nitd%i@mmmth£o
aDEEG ADELRTHS (a DB ARXEENE, AZaZBD., LbFED) Ik acAd
ZWE Asa bEL, ZOTRVWILZ ad ADBDVE AFa EEL,

ARAL®SI TS

AB%Z8EEL T3, ADEEDOEH o ) B DHEZFERICKE->TWAE X, AlZ B OPHES
(subset) TH2 (AlX BIZEENS. BIZAZZL) tWwn, ACB &FEL, (bbAAIA
LZtZBOALIEX, ZOBEL ACBHE5WEI B ALEL, UFZoEDZ
=AW 5720, )

ACBDPDOBCADEE, At BEFELLWEWWY, A=B rEL, (0Fbh, £EHIFE
LWEWH DI, RILEZELZID»SRZZEEZEKT 5, )

LARRIAL®S TS

ACBH»PD A#BDrE, AlZ BOERAEETHLLEWV. AS B &L,

FE D11 RADTMETIE. ACBIZ A=B DEAEZEATVWAZLICEEREL LS, Flo
WETIE. TAC Bl LWHORKE AP B OERSESETHI2LVIBERICHW, A=B 3
EAREIGETACB HH5WE ACB EERT,

~
N1

SLwsdZ

FERr—ODEFERVESLEES (empty set) EIEY, ) HEHWE o TRT, ZZES
BEEOREIZEEND,
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D.2 £E0DXRLA. BL<ESELS

EADRLAE LT, ROZODHIEPHEARNTH 5,
(1) A={1,2,3} DESIWTILEFRRLT {, } THL ik,
(2) A=A{z;2 BBEDPDO1 <2 <3} DI Ya; 2 ITOVWTDEM Y LRSS
il D.2.1 ROWMDEEDEILFIERL DN,
(1) N =1{1,2,3,---}: HZE (natural numbers) 2EDEE,
(2) Z=1{--,-2,-1,0,1,2,--- }: B (integers) EIRDES,
(3) Q= {% m,n € Z,n # 0}: AL (rational numbers) 2KDES,
(4) R = {z;2 1358 }: F28 (real numbers) £RDEA,
(5) C = {z; 2 \FEFE }: TR (complex numbers) EIRDES,
ffl D.2.2 DI T a, bl a<b3EEET3,
(1) [a,b] ={z € Rja < <b}: FAXH,
(2) (a,0) ={zr e R;a<x<b}: BAXH,
3) (a,b) ={r €Ria<z<b}, [a,b)={rcRia<z<b}: XML,
B LT 400, —00 ZHWB Z 2 b5 5, HlzIR

(—00,b) ={zr e Ry <b}, (a,+0)={recRja<zx}, (—o00,+0)=R.

WS oo THBHAE. £ TIEFAVTVAIET T [—00,b] R (a,00] EEL DIIETH %,

D.3 %88
A B%ERERLT 5,

B o
(1) AUB :={z;2 € ASkldz € B} TERINDIES AUB & A ¥ B ODEH (union)
S,

(2) ANB:={z;2 € ADz e B} TERINIEEANB & A £ B OE@EERS (32H D
, intersection) & L5,

(3) A\ B:={x;x € ADDux ¢ B}.
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EROLHPFLBI3EE X BDHD, ACcX thoTWbE &,
A=X\A

ELw>5Z5

EBE. A DHES (complement of A) &M,

A BZEEE TR 2€ A yec BOHFEER LM (2,y) 2RDES {(2,y);2 €
b rlEE

A yeB} % At BODEHR (product) £, Ax B TKT,

D.4 Ei&

X, Y BETRWVESL TS, X DEICICY Ot —2FONEX 82Kl f 52 50
LeZ>

EE f B X 25 Y AOE (mapping) WV, f: X oY H30E XLy v #L,
E)
Big fickb, ze X QyeY BN T AR, vy Z 212X 5 » DR (image) &N (z

Hizw

KBS fOEEDHVI), flr) TR, ¥ fIZED a By G LTWbZ %, L
BLE fra—y ERT,

TVnEWE

X ZEBR f OFBHE VI, A%Z X DEBHERL T2 E, ADD f DX5B0EK
{fla);o e A % fI2&2 A DREIFL, f(A) TRT, FIC f ITXZERE X OB f(X)

HwE

% f OfEE (range) RN, YV ITIZES LZARIDR WD, T2 TIEFEHEFFATEL,

R BZY OHMAEELTLILE, fIkoT BOHEIBRIEINS 1€ X D2 {v ¢
E R a)

X;f(x) e B} Z fI12&% B D ¥ (inverse image, 5| XK L (pull back)) EFEX, f~1(B)
TR,

HFAL =

{8 [ X BB Y OLADEE (25, surjection) TH2 L iE. f(X) =Y THBZ L.
B2 Y OFEEOER y IS L Ty=f(z) 2R2E5Krc X DHEAETH LT
%%O

AL %

Bt X H025Y AD1M 1 DEMH (BE injection) TH 3 & id. X DIEREDER 11, 5
WZDOWT, @1 # 29 = f(x1) # f(22) DIRDIDZ L, GMEZELD & f(21) = f(x2) = 71 = 29
VWS THH D, )

BATAL %

SHH BB/ [0 X 25 Y NOLBS (W, bijection) THZ LXK f 23X 226 Y A
DEFHPOHFITHE I EE I, TOLE fFIZXoT X Dtk Y OtlE—N—I1cnts

_ CwAL &2 .
Yo%) (z1,01) = (22,42) © (w1 =22 and yy =) EWVI L, IEFEX E 95,
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ExlLl®Zd

%, TNDZHAZDONNENERSINS, Zh%z f OEER (inverse mapping) & M-,
e LY 2 X TH 2, ze X, ye Y ITHLT

fl@)=y<=z=f"'y)

“C:\%%o

[ ODHEBRPFEST S Z. Y OFRES BIZRHL., f71(B) twoid=Eld, fi2k3d B
DR, fFLI2X2 B OBV —OD0EKRERHBELD, £5L L THEIZ KT 2DT,
RELIX 220,

BRER —O0EBR fF X =Y, 9: Z Wb, f(X)CZDrE, AKAJEETHS L
VW, ZOBE
hz) =g(f(z)) (ze€X)

Z5EVWLSES

WEoTEREIND h: X W & f & g DERBHRE V., go f TET,

737 XY OEBEES X xY OMAES {(z, f(z);z € X} ODZt% fDITFT
(graph of f) &M, LIX LI graph f £ FH <,

REDIITONEAKEOEH. HEHD A X 2EEL L. P(X) 2 X OFSEESL2EDR
NELwSI5 AL
TEAS (BEEGLMIENDE) T2, ZOLEER f: A — P(X) 2. X OWIEADHRFE
DIFSNTHELEE S, ZOLE fN) =X\ DEIICEZ, f=(X\)er DEIKKRT, 2D
EEANZE f ORFERLEMNSR, X OTEREDE {X; )€ A} ITHL., Z0oaH%

U Xy ={reX;IeAst zeX,}
AEA

T, @ sr
ﬂXA ={reX;V\e ANHLTzeX,}
AEA

TERT b,
FIFBR A% X OEDEEL T2 L &,

g(@) = f(z) (ze€A)
WEDEEIEB g A=Y 2 fD A /\@%L'Jizé (restriction) &ML, fl4 TET., LIFL
IO F(A) CBCY %5 B (KK B=f(A) £32) CBERAZZLbH 5,
(f & fla, MEDHEZEZ L DHRLZES A DEEDEZE 2 1ML T f(z) = fla(z) T
HEDH, DEHOIXFILTEZZETHRY, EEU AW N0, WD
FIET 20850, D X5 REEOHE. RHE. BHHMEIKELDO T, B ERBLHIE
DEWIEHEETH S, )
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D.5 KX®xHNIN

FRIZE RGO/ HRIZOWT,

f@) =90
AC B= f(A) C f(B).
f(AUB) = [(A)U {(B).
(AN B) C f(A) N f(B).
FH0)=0.
ACB= 1A cfYB).
fHAUB) = fFH(AUfY(B).
fHANB)=f(A)nf(B)
fHAY) = fH(A)"

FHfA) DA (f PHS L SHEBRITL).
f(f7YB)) C B (f H&H7 &% EMIT).
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T 8E RIEICOVWTOXE

FEFREEE .V, 3 2 EimERoTniconT, FHT 2 (RLUTHRIENTIER W),

E.1 =MOFHAHH

DIRTIE. 2 13EE X O ERHIKEK T, Pr), Q(x) 1% z B 25:0F (iB3E, M%)
Y55,
BFGLE CHEETOZ R T LTmEgons,

VaP(z) 3T (EE) D x € X LT P(z) TH 5,
JrP(z) P(x) TH2E5KB v e X DFEET S (H5 v BFEILELT P())s

UTFROARAED 110 (- BEEEET).
(1) ~(VaP(z)) = (3z)(~P(x)).

(2) ~(FzP(z)) = (Vz)(=P(2)).

(3) Va(P(z) A Q(z)) = (VzP(z)) A (VzQ(z)).
(4) Fz(P(z) VQ(z)) = FzP(x)) V (FzQ(z)).

FIFDHIT 2 DDERD D 25513 BIGCS S 2 DB 225, ZHUZDOWTIEMIRD
RADPRYITHS (2 13EE X L2 y 3EEY LZ2EHIbDE L. Plr,y) &z, y AT
25N THEET D),

(1) VaVyP(z,y) = VyVxP(x,y).
(2) JxdyP(z,y) = Jy3xP(x,y).
(3) yVzP(z,y) = VxIyP(z,y).

FE EQ1 3) FUEESTHL, = THRIRERELES, —5TFevse VELE 3
FIEFF 2 AFURZTH K0 V & I ZATURZ 2 283 TERW (BERDPEDb-oTL X
J)o ZAUTDWTIX, KEITHIZ HIFTHNSE ZLI2T 5,
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E2 [E80HFEE OE

H1HOXS REZHTHER LE TR0, #EOBEDHMICHW S IIE MR e
IHDD D (FLDPEMICE DR T V), HEES 5P LLRLAERENMEDN S, RO
WEBALFLEDHTEI D,

(3z) (A(z) A P(2)) W& TA(z) 22D P(z) TH2 X578 o DFET 51 L WHEKRED, Z
Nz, TAZ) EVWSEHEDORT, P(r) 2723 o MFET S LARTONPFEFTHEZ L
B2V, ZOZr%, (Fr:A) P(z) £FEIZ 5. (D “ Az) DI AE HAEWKILGLT
(ZMjiz) FEEHET L. UTNOHIZSIRE K, )

(Vz)(A(z) = P(x)) &, TIXRTD 2 1AL, A(z) 2613 P(z) BEDILD] WD EK
72, The, TRMF Ax) 27233 XRTOD 2 I LT P(x) DS DILD) & AKRTDHE
MTHBZ BV, ZDZ %, (Vo:Ax) Plz) £EZ 5,

fl E.2.1 X

Yz (x>0:>x+522)
€ 1

(Vx > 0) :B—|—522
DEIITEL,
Bl E.2.2

. ((x > 0) A (2% =2))
%

(3r >0) 2*=2

DEHITEL,

ffl E.2.3 (E23J7X# (Pythagorean numbers))
Jrdydz (x e NAyeNAzeENAZ+y* =27)

%
(Fz € N)(Fy e N)(Fz € N) 22 + 9% = 22

DEHITEL,

Bl E.2.4 CEGREBOER) B f O o KB 28D ERIT TEDIER « 1L T,
T NETRIER 6 BFEL T, |z —a| <6 BT IRTD 2 ISR LT, |f(z) — f(a)] < el
EWVWIHIBDTHo7z, T, ZOHITEALEEI LR

(Ve >0)(35 > 0)(Vo : |z —a| <) |f(z)— fla)| <€
L E B BIEHIORBECES 5 L35 L 2k DEENCE S (BkD 5 MZRLTAS & X1,

BIEID X 5722 XD Vo, o T 2RNHKEFAMD S DB, (Vo : A(z)), (Fz: A(z)) IZHL
THMDH LD,
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(1) =(3z : A(x))P(z) = (V& : A(z))(~P(z)).

(2) ~(Vo : A(z))P(z) = (Jz : A(2))(~P()).

(3) (Va: A(@))(P(x) A Q(x)) = (Vo : A(x))P(x) A (Vo : A(x))Q(2).
(4) Gz A(@))(P(z) v Q(z)) = (Fz : A(x))P(x) V (Fz : A(x))Q(2).
(5) (Fz: A(2))(3y : B(y))P(z,y) = Fy : B(y))(Fz : A(z))P(z,y).
(6) (Va: A(x))(Vy : B(y))P(z,y) = (Vy : B(y))(Va : A(z))P(z,y).

(7) By : B(y))(Vo : A(x))P(z,y) = (Vo : A(x))(3y : B(y))P(x,y).

E.3 =5V, 3 DIEFICDOWT
BEMRLEDIEFIZOWT, EHTEZTALD,

il E.3.1 (Et e —HERE) I 2 R OXM, f: 1 >R 25/ 35, [ ] TEHT
HBLWS i ETEL L

Ve e )(MVe>0)(F0>0)(Vyel:|lz—yl<d) |f(zx)—fly)]<e
ER5, Fhey [T T—RRERTHL VS %, mHEETEHEC L
Ve>0)(Fd>0)(Vee )(Vyel:|lz—yl<d) |f(x)—fly)]<e

5,
HGEE » —BEEGEIZ R S TH 205, 2D Y, I DIEFDEWZITTREINTWS,

VAL, 2 W0E 3 FELIESEZ AUEZ THRONFRZEDL SRV, V & T DJEE
WBAIURZ 2 L BERPED>TLEIDTH S, I BRICHEHNS T (EoflTld—Ex M)
MERWRFTDH 5,

f E.3.2 (Archimedes ORE) 2 DOEDFH a, b ZMoTb & (0 BLARICKE LT
b, BHVIE a BEABITNELTH), a B ZARLTRUL b BBV,

(Va > 0)(Vb>0)(In € N) na>1b
ZAUIRBRE WS K BT, BERMETH 2,
(Va > 0)(In € N)(Vb>0) na>b

B3 TH 5,
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5l E.3.3 (L®AITA) 3 B o288 J={<5,5:%,EH} 1. RDOL>7% 2 HH
%~ ZEAT 3,
CH =B, Brxs=Ed, Edb=<9

LA DGEIZ. = I PRALET5 (BT 5IC TURATAI ODBBLETOHE), Bl ZIX.
XD fbrEx 2535,
Vte J)(3FkeJ) k=t

(PABRFLIIRNLTH, ZRRBOF L 2D 2) IZETH 3D,
(Fked)(Vteld) k>t

(EABFLITRNLTHB-TLES “BEF k2D 2) 13MBTH 5,

E.4 HBHOENESZICHDHRAFICOVTODIEER
R OB D 256, P OHINEICHAELDHEARTH 5,

(1) VaVyP(z,y) INT (EE) Oz, TXT (EE) D y IZ2WT P(z,y).

(2) 32FyP(z,y) 5z, 5 y BEELT Plx,y).

(3) VaIyP(z,y) TRT (IR ® 2 1L T, 3 y BFEELT P, y).

(4) FyWVyP(z,y) D3y BFEL T, IXT ((EE) D 2 LT P(z,y).
HOANZIEZ. ZDO XS RHANTHDHE DI ETHRLT,

(3) VodyP(z,y) & TXTD 2 I LT, Pla,y) THR LK y BIFET S .
(4) 3yWWaP(z,y) & TTXRTD 2 I LT Pla,y) THR L% y DPFEET D .

gty Abwa (i [ ICHER), HABLE L TR, H25W0WE 25 6 DRBDT D3
2D LNRVD, BEIRLTOVDOTHERELEADBINVTHAS, boeRHEETIKRTZ0, H
BZWIE ISR U & 512, BN ED HEIZHA T TTDREAAE TIZ W, BRI R FE AT
. LU THARE L IZEZ v L IE#X N3 55030,

ZELS (X, TEOES A DWDESTHE. Thbb
(E.1) Dc A

DR DID, TDZe%x HloTW3 ] NEZWEASH, AEHEEZ -2 I8H 725507
B£E X OFRES A, B IZOWT,

AcB‘g(VxeA) reDB
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THolzo DFED ADAIYN=RBIZ IBDAXAYN=TH2DH] LWV TRAMERITFIE,
EEEMELIEIENT TAC B THBHLERA5DITITDH 5,
T5& (E1) ZAERHT %1213,
Ve eld) z€A

PRIV, THIEERDTHEH, HETEE12A507?
TEBEZFOERNS, BRERE—OIFELRY, Thbbarcd &d o XFELRWV,
T A MDBIZFEET 2 . ZBENWRWT R M T2BEK] BRDEA50, 25 ThY
DIEAHI, LWVWH e THD, FIDTHLIDLEANIFES ANV, FETIEZS
WOGE T2EEK) THErEZXS (B0 22, 2S5 VIZZIWVWIEKRTH S, &
KIS %),

L5z eldHb T HBTHTKRS,

o BEFBIIFERTH S (D72 fHbiVD),
[ ] %;% &iﬁﬁ VC:\%Z)O

BHET Tp rold g cHEwd 28 22, & p 2T HBEEIARYICHEET 208 5.
@?ﬁ&imﬂ%kﬁ%iﬁb\ Zﬁ’&h\pﬁkﬁabiﬁo
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7 &&F R OBFESCLR. TR

F.1 ER&S

-
EFE F.1.1 (LICER. £ TICER. TR 8f) A 2 R 0if0HEEGL 3%,

S Z D5 A
(1) A 23 EIZER (bounded from above) € (U € R) (Ve € A) z < U.

L x50

(ZOU % AD LR (upper bound) &ML, )

L7z
(2) ADFICER (bounded from below) =8 (3LeR) (Ve € A) L<u.
W

(ZDO U %Z A DTFH (lower bound) &%, )

ADBLEICERDPOTICER., Tkbb

N def.
®>Aﬁﬁﬁ¢>{¢m>onw€A)|ﬂgR

N

~

J

BINZOWTHR M ZEZZ 2 220V, LOERPSHALPRLSITESI ANDBWVWEES
IV, BEIZE D &, B {z,}hen BEETELRL N 25 R NOFERTH 2, Pz

T, = (—1)" TERINSEY
{]-7_1717_]-717_17"'}

&
{17 _1}

D KD I LTI TR0, o T, BHIOFFREIHNCERT 20ELDH 5, HAA.

BHReEZGEOEBOEREE LTERT 2D TH 5,

-
5 F.1.2 (BIIOERY) R NOBI {1, )en PHATHS 213, HORS
{zn;n € N}
DERTHL2ZE, BVWERD L,

(FR>0) (VneN) |z, <R

\753‘5;4’9&0: ETHDEERT 5,

~
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F.2 _LEFR. Weierstrass QIR

-
E#E F.2.1 (EPR. FIR) A % R OHnEE LT %,
1) ADERDOSBETRNDBLOBFELETEE, Zhre A @Lj:jlyéb (supremum) &
W3S

» A

K@)A@?ﬁ@5%f%k@%@ﬁﬁﬁ?ét%\%ﬂﬁm4®?@ﬁmmmm)tW${/

/ N
i F.2.2 (LPR. TROFBERICLZIRIR) A Z R OETRVWETEAS, S, IeR &
35,

(1) S ADERTD27-0DREFTHRAEIRD (a), (b) BEDILDZETH D,

(1) (S1EADLERTHS)
(VzeAd) z<8.

(2) (S Eb/hEREE A O LEFRTITRW)
(VS < S)YFx e A) S <.

D (b))% “(Ve>0)(FzcA)S—c<a” EVTHEIADBZN (BBAAFEL
ETH5)

(2) I3 ADPRTH27DDORBEFTHRMIRD (a), (b) DIKDILDIETH S,

(1) (I ZADRRTHS)
(Vee A) I<ux.

(2) (I XY KREREZ A O FRTIERW)
WI'>D)(EFreA) z<TI.

DM & “Vex>0)(FTrcAa<+e EBENTHEIABZ,

N J
4 N N
i F.2.3 (RAEIXLER. /IMEIXTRR) A 2 R O 8REL T %,

(1) A DRKEDFET 2% 51F, THUILERTH 3,

(2) A DR/MEDTFET 272513, THUITRTH 5, J

SRR (1) RT3, A ORKIE M BEET 2 LET 5. M5 A ORKETH 2 L,
RD (a), (b) BEH IO L TH 3,

(a) (VreA) =< M.
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(b) M € A.

ZD5H () B MMPADERTHZZEZFRL TS, KT S & S <M IRBEEDHE
Brlis, ZorE,

(Fxre A S<ux

EREDPICE DD, FEBE e =M 322, (b) kD 2€ AT S <z ®RIT (HMEEH-
TOMIEADOLRTHZ, =

AR F.2.4 (ERIZRKXEX DB ESITHRAEDZ L TH EREZFET 25603 %,
B

A=(0,1) IZ2WT, supA =1 722 max A IFFIE LRV,

ESc
supA =1

THDIERMEPDDLIDIFREI LV, EBE Ve e (0,1) I LTe<1 THE200NR <1
ThHb2, /oo 1 IO/NEIBREED S ITHLT S <a b rc APFETIDE. KD X
W LTHA S D

e <0 DHE. x=1/2 LTI X,
e 0<S <1DH/E. v=(1+9)2,t55t. 2 A»D S <z thd,

—Ji. A DRKIEIZD LBFELZERET 2L, AT sup A =1 ICFLWETEA 1€ A
TH55. 113 A DBRKETIERW,

RAholzZEFHTHEL L,
FRIZERAREZ—MIELIEBZTH S (RAMEIFLRERLD. LRIIRKMEEIFES %),
ROEHIIEETDH 5,

EIE F.2.5 (Weierstrass) (1) R OZETRWV LICHERBEDPEE T LR ZHF D,

(2) R OZE TR W MIHERZEHIRE I MRZ RO,

SERRICHR R THEE LOEMHOIEHIZEROBBIRICKITT 3, EREMK T 2F%mE T 5
DEBDPRPRETH 2 (B EFEIELHL ) TITRINEEHRONEDISITEZ D
ZoiZT 5 (BETHICEDTLED ). RORODICEHBEEROES Q EZ S5, LOE
HIIBOL L2 %, TR O RICERRBRETEEIIEZINT ERPFEET 2 205 Did, R
DEFHE L ITIEN 2 R OERLZHEDO—DODRETH 5, EEOHEHMEDRIDRBEDMLTT &
LTCid. TCauchy FNILTIERT 21 WO EREMEREDH 5,

AR F.2.6 (Weierstrass OEEDFREBENDT—RICDOWVWT) B2 A,
o LITARTRVWEEIZEREFRW,
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o NMIZTHERTRVWESIINRERZ720,

T MB, EZAT, BEEIERTH 20, FREOFERNEEED FFRICH THRIC
D (BATALI), HA BPOLER, BRROTHRIIFEELR Y, DFD

o ZZEA/IF LR, PREFRZRW,
ROEIZRIEE o THEIRZFEEL LD TDH %,
4 N
i F.2.7 (BEREFAKFIOWNREE) {2,}en Z R NOEFIE T 2,

(1) {20 dnen DS HICHRT, BFARIN

1<) = x; S
2o, PORS %,
(2) {xp}nen DS ICHESR T, B

1<) =T 2

%513, PR %,

/

BEER B THEL ZXZHh S (1) ZEHT 5, B {z,}neny PTHEHDES {z,;n € N} %
Ar T2, RE»PS AWFZEICERTHD., £IHL2ICETRWDS ERVPEFEET S, 21
S eHEIS FT. SIEADERTHEINS,

(VneN) z,<S8
BHSPTH S, T, e ZREEDOIEHET 2. S—cid S ED/hEwvnrs,
(AN eN) S—e<uay.

BHNOBFIEMMELD (Vne N:n>N) LT

TN < Tp-

W 21

S—SSI‘nSS,
- T,

|S — x| <e.

U limx, =5 ZRLTW5, =

n—oo

ERR. FERIZOWT, 5 Z2%EHLTBI 5,
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[
EE F.2.8 (BB D sup, inf) (1) A ZZETRV R OFBEEL T 5K, supA %

wm*:{A@L@(Aﬁiﬁﬁ%&t%@¢mﬁﬁﬁﬁéz%»

(ADEICERTHEVWE & (=LERPFEELRVE X))
TED D,
(2) A ZZETRV R DEDEREL T2, infA %

o[ AOTR (ANTFEAREE S (= FRATEET 5 2 ¥))
T mx (ARFRERTAVE F (= FEAFELEV L ¥))

TED 5,

J

-

-~
EE F.2.9 (BD sup, inf) f: X >R T2 %, f(X):={f(z);ze X} B,

(1) f A EERE £(X) 2 R O LIcEREBHES,
D=,
sup f(z) := sup f(X)

zeX

I2& D sup f(x) ZED 5,

zeX

2) f A FICER E /(X)) 2 R O FIcERBHHES,
ZDEE,

inf f(z):=inf f(X)

zeX

kD inf flx) BED B

ROeHEIENT, LIFLIZEDN 2,

A HE

i F.2.10 (sup ICUIR T BHFIDEE) A & R OETRWEDEAL T2, AN

DBHN {2 }nen, {Untnen T lim z, =sup A, lim y, = inf A 725 b DVEET %,

=

FoaEzREHE X,

F.3 R OBR&ESICEOHIELLTEIE
R O REES. HREGNCIIGT 2 BER RN XABH DD, = TR

»’C:\

FIZELTEL,
Weierstrass DEB F.2.5 DA, FTROEETDH 5,
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[;’i‘ﬁ F.3.1 (Bolzano-Weierstrass) R OF S 2EBININHKER D5 % & Lo j

ARGPARBIIEDDIEETH S, 7.

4 N
FIE F.3.2 (Heine-Borel) R OENEAE A 23287 b TH %70 DRET DM,

ADPERAEETHZ2LTHS, SVWEZL L. RODEEDESES AITO0WT, X

D ODEBIFTHEWICFEETH 5,

(i) A SEREBIEETH 2.

K\m)A®E%®%%Euﬁ@%ﬁW%%%OO )
I HEBERGERN - XAEINS, £F FEHEZERICBWT, ay 37 b & f¥lla
VT N WD R D S

[EIE F.3.3 (R K532 N7 ME) R OFRAES A NOEFIE, A W@%&&:W%?}

% R % &,

B, Tary .y VEAOEREABIC X 2B1Fa 37 b 205 — IR FEHED R kR

[EEF&4ﬁﬁ%ﬁﬁiéR@ﬁﬁ%%ﬁ@%dR@ﬁﬁ%%ﬁ?%éo ]
. ZOR
[iﬁFgﬁf{@ﬁﬁ%ﬁéL@@ﬁ%ﬁu\%kﬁ\ﬁ$@%ﬁoo J
DEPND

ZHIZ
[EﬁFsﬁahmewiﬁ)R@ﬁﬁ%%@i@@ﬁ%ﬁm\~ﬁ@ﬁf%éo j

WO EMB LD IO,
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TG HES. AKRSICOVWTOXE

(B, BEAS. BARAICESD S0 (VbW 2 %) 3. BHo#RAH: LTHESINS Z
L bEPoOEN, BlE TREITELT ([20onTic)) #HEAS Zeh%w, bty
BEVEESA, b UM LI Bol e, BEBREEICH S, HOALH,
T BER, = fERE; BURBUAEER 1, AIE s (1965).

BEFEINCHEZ 2 EMRARTH S, )

G.1 EfNGE — I

BWili, 7FRULPHES (ADHBOEAZ X5 BFATVRVOIHES). 7592
EHNEHES (HOHBOREAEIRTEATOVZONHES), R VWSO KIRLEZY
XWHHERBEZ A,

BIDVLTVRWIZES &, £F R" ODEEOHATES ADBHo/zt &, R IFKRD 3D
D (ZbH DI fhicnElahsd R =A°UAUAS, 22T

(i) A DAER A° = {z € R";3e > 0 s.t. B(x;e) C A}
(i) A DEEH A° = {x € R™; Ve > 0 B(x;6) N A # 0 and B(x;e) N A # 0}
(iii) A DA A° = {z € R";Je > 0 s.t. B(x;e) C A},

(72720 A° T AOMEA R\ A ZRL TV, )
M E2IEBNz. A OFERH 20, FHUT A ODNEE A DBEREZEMFLIEZHDICELWL

A={z € R"Ve>0B(r;e)NA#P} = A°U A",
ZLT
o ADVHEETHSIE. ADXHITHBONTIZ—HT2Z L,
o ADHEETHZLIZ. ADPHITHBOAUII—HT 2L,
—77. R AL OFtRERBHERELR BV, ZEI0ERD L,
o A°= A\ A A= AUA, A°=R"\A=R"\ (AU A).
o ADHEEG & ANA=0. (7FRLIHAESR)

o ADHHS & AC A (7FOENHER)

L= CRMHZEEGRD TR DICESF L TV L WHEEEB W e 23h 5, HARGETHD BEaEH 5 ?
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G.2 HEE

AEETHEILZETT
DT FZA MBI LHEEDERI.
Q HBES L v e Ie>0st. B(x;e) C Q

EWVWI D o7z (B(r;e) i x ZHILE T 5 F c OFKERT), ZTHAFHERNRELRS D
b, ZNTEETF v 7T 50D HETHRITZ ZeBZ20nEeBbhs, 2 SNILIT
DI EIEET 2 K,

o FARERONE

(1) 2284 0, 2720 R ZRI%ES

(2) EEOBEEIOEIHIFES
(3) ARMEDEE oH@EE T IIMES

o BIXEIIBISES (U FCIHT )

o FAEKIIFHR S (A TRLICREIT)

e ADHES & A=A° (A° DFIRIE. R RIT A=A\A"12k3).
HBWVIE, ADHESE < ANA=10).

fl G.2.1 (ERBAXRBIIFHAES) a<b B2 acR,bERIIHNLT. Q= (a,b) T R DFE
ATH 5,

SIFEA «@m_B<a;ﬂb;“>fﬁéﬁg\mw)m%mRﬂmm%aﬁmFﬁﬁd%%éj

TH 5 IFANEEAFE A, EWVIFMETH RV, ZZTREHEIHLTAL S, )V e
ZHL S,

e:=min{b — z,x — a}

ek
e c>0(ra<z<b&bD.b—z>0hDzr—a>07%n5)
o B(z;e) C Q. FEFE
a—(x—eg)=a—ar+e<a—zxz+(xr—a)=0 . a<xz-—c¢,
VI
b—(x+e)=b—z—e>b—ax—(b—2)=0 . .x+e<b
THBDH. (r—¢e,x+¢e)C (a,b). TRDOE B(x;e) C Q.
WRIZ QIIFARETHZ, m

45 OB, TASERFEILEKRTHRZeNZWV, 2% HEAK = THE0EE, LrL TEL50%E
B EEODE. HEHVKAVRELLVWDT IEEHE 2595, B, £EIOoVWTE, 8D 22RE X,
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Bl ceRETBHEE, (—00,0), (c,00) IFE DI R DHEETH S, ZHEFEHE X,
bHAHA (—0,0) =R d R DHESTH % (BZEMIFAER), ULE DB L,

R OEEDORXMIZAEETH S,

ffl G.2.2 (—RDAESIIHAES) A={zcR;z#0} T R OHEATH %,

SEB A = (—00,0)U(0,00) &, AW ODBES (- BXENIFES) OEHCR 25,
FESTH %, »

ZRITDF e —20HITTHEB I S,

il G.2.3 A= {(z,y);x>0, y>0}1Z R* DHEETH %,

BB EED (z,y) € AWK LT, e :=min{z,y} £BL L, e>0D5D B((z,y);e) CA &
7%, WAIZARBHEETDHZ, m

DUHRZEHS HITTHB I 5,
Bl G.2.4 (EFRFATERTNBIERRBHEES) /- R" » R WERBEKTH 5 & &,
Q:={xeR" f(z) >0}

X R" DFHESTH 5,

SEBR Va € Q ZHLS, Q DEFRD DS f(a) >0 THb, HilEdr o

36 > 0 Vz € B(a;9) |f(x) — f(a)] < @.
N g WILY 5}
9 gy g < LD g > L

FoTzeQ ZAE B(a;0) CQZRLTVS, WRIZQIIHEATDHS, =

[FRIC {z € R f(x) > a}, {z € R"; f(z) < b}, {r e R a < f(z) <b} &b R™ DA%
BTHEIERDDE (WRONE f—a BF/ZC feBE, REb— fE2HC f 2B, &
BRixzh s @R 6MEES, ). Zhhs, BXE., BBk, —HomMES R Y H5HE
BTH5 Z  DHEEANHEICEON S, S HIC,

il G.2.5 A= (0,1) x (3,4) 1 R? ODBHELSTH %,

GBEBR A=BNC, B={(z,y);0 <z <1}, C ={(x,9);3 <y <4} T. B, C ZHEELH»
5 AbHES, =
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RESTHVWILZRT
QO PHEETRVWI EZRE] LWORBEZE SR ? EROFMHEEET D L.
Q HBESTREVY Jr e QVe > 0 B(ze) ¢ Q.
DRSNS,

il G.2.6 FFXME Q:=1[0,1) & R OBESTIERWVW I & E2RYE,

iR 0€ Q TH B2
Ve >0 B(0;¢e)  Q
Thd, (ry=—-¢/2BLL,
—e<y<-+e, ..y€(—ece)=DB(0;¢),

YIZAM, yg[0,1)=Q. WXIZ B(0;e) ¢ Q) Ko T QEFFAEETIERY, =

BFIF: BERICEDHIE

ADHEETDHZ0. ERICEOVTTF 2y I L EIETEE, Vac AWZDOWVWT lald A
DWRTH B2 (i.e., Blase) C A Ziii/e 5 IEE ¢ BFAET %700) DEICR S, 2530
KEKRETND e BDFQWEPRIL DD D, ROMEDH - THL . EZRTW,

a N
i G.2.7 (ffS A° LDERMNEDLIOD) ACR", ac AIXMLT e = ienjc |z — al
EBLEERD (1), (2) DD ILD,

(1) e> 074513, alx A DNATH S (FiZ Blaje) C A B ILO),

(2) e=07%513, ald A DNATIEEL,

ZIERA
(1) e>0&5%, L Jy € Bla;e) N A KD LD HIF,

_ — inf llz —all < lly —
ly —all <e= inf [z —al <y —all

D |ly—al <|y—al. ZREFETHBH 56, Blaje)NA =0. ®ZIT Blae) C A.

2)e =0&F%, Vr >0RNLT.r>ce = ig£6]|x—a|\ THdH,1H, dr € A sit.
|z —al| <r. ®ZIZ Bla;r) £ A. m
ienjc |z —all & a & A° L DFFREEFERIREDDTH S (K ¢ LHDEE F OIEREZ.

infoep v —c|| DI ERT 2O EWTHS), Lofm#E G.2.7 1%, FHEGOFMFICHN
et LT, ak A L DHHZEZNIRVWI EZRLTWVWS,
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Bl G.2.8 (1) A={z=(z,y);2>0H»Dy>0}, a=(ab) € AITHLT,

a%gfx |z — a|| = min{a, b} > 0.

WZIZ e :=min{a,b} B & Ba;e) C A DY LD,

(2) A:R\{%;nEN},a:O EITBLE ac ATHED,

inf [t —a|= inf |r—0]= inf = 0.

zEA° ve{LineN} neN

n

WZIZ ald A DHNFTIERZWY, ©ZIZ AZ R OBHEATIER V., =

G.3 &S
HEATHBILETRT

CDIRFETORAESDERIL.
A DHES C A LS

EWVIHDT, PLHEENTDH S, A DFIES A°=R"\ A BEML TP DI WESTD
ZHERYE. THEEETF = v 7T 5 W0WSHETIE, HENCR 22D LKW, 22T, M
HEED RTINS X 2RO

ADARE & A NOEEDOIRFAFOMIRD A 1ITJET %
REZHENTBL I Z2EHD 2, BBAA.
o FIRERDNHE
(1) 2244 0, 270 R ZHES
(2) EEOHEEHEO LB TIARS
(3) AREDOPAEEDEHIIFAEE
o PAXMIIFAES
o PAEKIZPAL S
o 1 M aZU3h o ES (o) BHES
REBHEHEM D,

fl G3.1acR T2LE, {a} X R DHAEATD 3,
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SR R\ {a} = (—00,a) U (a,00) Ty (—00,a), (a,00) IFFXE®WZ. BEE, ©ZIZZD
A TH s R\ {a} FIHES, 21T {a} Z R OPFAES. n

Bl G3.2a<bi?acR, bERIIHLT, [a,b] 1 Z R ODHEETH 3,

SEB LY EREIC, fIEEZEZTCHEHE, 22T THEEGOAEINC L3RS T #H
WTCAREHL £ 96 {Zntnen & A NOKHIT, R T lim z, = 7o, EWNKTEHDE T 5,

n—o0

A<z, <bhba<z,<bFThbbr, cAd»Erhs, ©ZIZ AIZR ODHEETH 3,
||

M acR"322%, {a} X R OFEAETH S, ZHNEIFHE X,

fl G.3.3 f: R" - R »HEGRAMTH 2 & %,
A={z e R" f(z) <0}

3 R" OFIRETH %,

A1 RM\ A= {z e R" f(x) >0} FHIETRLZELIIC R DEATH 2, ®XIT A
SR ETH S, =

A2 {1,}wen B A NOEEOICRYIE 35, bbb,

z, €A (neN), lim z, = dr, (in R").

n—oo

T, ERDPD
f(z,) >0 (n€N),

Zhi f omE#pED, S
f(zso) = f(lim z,) = lim f(x,) > 0.

n—o0 n—o0

XoTao €A W-oT AISFHERSTH S, m
ZOPNIEZTEL EFTH 2, HIZIX

fl G.3.4 R" DR B(a;r) ZHEETD %,

BB f R >R Z fla)=|z—a|’ —R2= (x1 —a1))>+ (w2 — a2)® + - - - + (2, — a,)? — R
TERT D, THIEHBEMTDHZ, LT B(a;R) = {z € R f(x) <0} THE0 5,
B(a; R) 13FA%EA, =

il G.3.5 A={0}J{1/n;n e N} X R DA TH 5.
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sitPA

o0

A%ﬂ—mﬁﬂJQJ(nir%)>Uﬂmm

DEIIT A BHEEONESL LTREINIDLOHESTH S, ORI AZHEESTH S,
||

FAEE TRV ZETRYT
A DFEEVHES TRV 2R, Bi/NEHOBESD SN X 2RO T %25,

il G.3.6 A={1/n;n e N} IZFAEATRVZ 2R,

BEER z, =1/n B L. {zu}nen F A NOEFIT, R T

lim z, =0
n—oo

PRS2, EZADZOMR 01X A WCBI RV, I AXFAEETIERY, =

G.4 HESOEGRERICKZEKRIIHES

—DONHZE R 2R e TRARE ORI X 2 W BUIBHES ) L WO EHEPH 5, Lk
THM L. DEGREE f: R* — RIHLT {z € R* f(x) > 0} 1T R* OFEA] WD
Db, FIZOEHORE ARED, ZOEMEARLTHIAL D >72DTH 55, EB3tE
(MERIME) WO BERZFZI R Ve, WA EZREI Z2ERARKZ VDT, HE oD, T
ZWZDO—IHEMNALTEL (#H5 2 &%, MEICERLTES 2 &),

[ﬁ%ﬁﬁ%%ﬁ@%%ﬁﬁ%ﬁmi%%%ﬁ@ﬁ@d%%ﬁfﬁ6o j

RITRT DX, HEEEOIARABEOMEL, ZOWH X TH 5,

i G4.1 U = R" OBEE. [: U - R™ 2t 75, 20 Z R™ OIEREOHE
BWIHLT W) ={zcU;fz) c W} ER" OFEG LR 2 Z L ZiFHT 2725, DI
ToZzED X, MEEDac| 7 Brd&.acUbPDfla)e 4 || 4 | v
TH5EHh5. Je>0st. B(f(a);e) | 4 | (22T Blayr) EHD o, F£ r OFERZERT
B, f OHEEENS | T |[§>0st. |z —a|| <=2z U P2 |f(z) - fla)| <e. @
ZIZ f(B(a;9)) € B(f(a);e) CW ¥#20, Thdd B(a;d) cl 4+ | ®wxIZ f~YW) &
FHEAETH 5,

BT RFICHEE X e EhhE BTV, S LRV, ZOMOIIA% Righ T
VARV DD DTG FERTNEEZRVTD) HroTLESITHS S, (7) f1 (W)
(W (v)RKE ()3 ) ['(W). =
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T &H SCHES. ARSCHESD
R

DUR I,
L. Schwartz, ¥ 2% 7 VY T 1, BEREKIE (1970)
&3,

e ™
i H.0.1 (REEAES CDIER]) (X, d) ZHBEEM, A% X OIS, 2 X 2353
LE. oz & A dx A) &

d(z,A) := inf d(x, a)

acA
TERIT DL Z, LD (1) ~ (4) DD LD,

(1) d(z,A) > 0.

(2) d(z,A) =0 €A LEd>Tdz,A)>0szdA
(3) X 3z d(z, A) 1EFRB%,

(4) X ORI ARTary 7 v &bk, FED » € X, FEDHES A LT,
d(z,A) =d(z,a) £72% a € A BMFET 5,

J

FIERA
(1) Vae AW LT d(z,a) >0 THB0b,

(2) d(z,A)=0 < Ve>0dac Ast. d(z,a)<e.
& Ve >0 B(x;e) NA#0D.
&z €A
& e A

(3) z,y # X DL T L X,
|d(z, A) —d(y, A)| < d(z,y)
DD LD "R T . d(x, A) DEREDP O, FEED e > 01X LT Ja € Ast.
d(z,a) < d(z, A) + ¢
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Wz Iz
d(y, A) < d(y,a) < d(y,z) + d(x,a) < d(y, ) + d(z, A) + £

e DIEEMD S
d(y, A) < d(y,z) +d(z, A).

vy T ANBZATCHUERET DL
d(z, A) < d(y,z) +d(y, A).
N g WY
_d(ya l’) < d(y7 A) - d(ZE, A) < d(y,l’),

ER/Y 925!

IAHS s d(z, A) IEEFTH B LB D,
4) di=d(x,A) 2 B=, 2 2PLL T LR d+1 OFFRE B 235, KEICK->T, Bk

aAVRT P THB, BNAD (227 MEMERBOPAESRDOT) a7 T2
5. BRI o — d(x,a) & BNA FR/MEZED, B/MEZ 525K % o L L&D

a*€ BNA, d(z,a")= inf d(z,a).

a€EBNA
O EHRFT 1T ARXBISHMEEGZ S (ie. d=d(a,a*)). FEFE

e 1 € BNAKBHIX d(a,a*) <d(a,x).
e 1€ A\B %53, dla,z) >d+1TH2H»56, dla,a*) <d+1<d(a,x).

EoT, IRTD z€ AIXLT d(a,a*) <d(a,z) &Y. d(a,a*) 1 AIWZBITBHE)
BdThH?, =

e N
e H.0.2 (FAES LSS DIERE) (X, d) RHBEZE/M. A B % X OB%EArT5L
%, A, B Oif#f d(A, B) %

d(A,B) = inf d(a,b)

acA,beB
TERT %o
(1) —fRICiZ, ANB=0 THoTbd d(A,B)=0 LIZRESRW,

(2) A, BDDHL e d—hnar 7 b T, ANB=0 DX Zli&, d(A,B) > 0. E5IT X
DPFERAIFTRTa s 7 M abld 2O MRIIEMETH 5. 372D5 3(a,b) € AXB
s.t. d(A, B) = d(a,b).

J

(1) “FET. Wi e 2 Dlinhifz & 23 Xv, HEEdmws, BRI 0 TH 5,

192



(2) AT RZ L THBEREL LS (B a2~ b 2BE b,

AAB) = g e d) = kAl D) = el dle. B
a > d(a, B) \FEBREBTHD, A2 7 b THDERE LS, BALAD FRIZ
FIIFRMETH 2, 2% D Ja* € Ast. d(A,B) =d(a*,B). ANB=0 YIE LD,
a* ¢ BTHYH, BREHEEGTHZ05 d(a*,B)>0. ®XIZd(A,B) >0. X ORI F
NTay 7 b RGE, HEH0.1 @ (4) IZX > T, 3" € Bs.t. dla*, B) = d(a*,b*). ®
ZIZ d(A,B) = d(a*,b*). m

Bl H.0.3 X Z/EBEZEM. Q 2 X OBES. KZ QIEEhsary 7 MERIeT5 L,
d(K,Q°) = d(K,Q%) >0. (72720 Q=X \Q, QX Q oHFERELT, ) — ZOFEFHITFEF
WK LR LIXEDLNZIZH 000563, FAEANEWT D 2 RN D L,

IR H.0.4 £E5OFEEHCIZ. 22 THENALED OO, Hausdorft FHEEY FEIZN 2 B D
Hb, FRUTOWVWTIE. Hlz1E

IR lexrE X ENALWA

LI Bk - EGR - A L 1, 75 2 2OV OB, A IERCE, BT (1993)
BB X,

3
o

UEH EIZBIE DA (support) TH 2 Z & HZ W,
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+ #]1 Landau DicE

Wl AR Z RS 272912, O(h) (h—0) 2 o(n %) (n — 00) D &S RKFLE
DAFA

DHHEICHWON S, ZHUd Landau DFEES EMHINZ DD TH 205, I IS L T
B,

DA, BANTH L THREBIIH L TH LN S, ENTHRLLEWNZZVD S,
T 2T 1 ZRFEBEREBICOWTHAT 5,

DURCid,. %L f, g 238 BT o DFRILEEE!

B(ase)\{a} ={z;0 < |z —a| <&}

TERINTWVWEELT, > a DEAEZEZS (v — o0 FDHFEKTH 3),

4 N
EHE L0.1 (NI o) Sff
|f(@)]
1 =0
e g ()|
DA YA NN R = =1
f(z) = olg(x) (z— a)
TERT,
N J

CDEFIE. f, g B DI o TERE/NTHS, ThbbH

li_1>n flz) = li_r)n g(x) =0
THREE[FONZIEDZWV, ZOEHE Ta lZBWT f 2 g X BUOERNCHZ) &
59 (BHNCIE. 2 > a DEE, gx) ED D flr) DAPKEL 01E[ML, 2W0wWS 22T
H3) botd, ZOFLE o) k. ZITRWEAIMEONE I dhRw,

f 1.0.2 lim f(z) = 0 EWVWS 2 Z2RITLD. f(z) = o(l) (z = a) EFEVLD T2,

T—Q

hmM%M=OZm5ZZT\szltéﬁbfmébﬁfﬁéo%%65\Z@M@

T—Q

Xz = a TER/NTIEZZWV,

&% D R HFETIZ R W,
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[
FE 103 (A24H 0() a BBWT f 4 g TIHEZ5N2 L1
THAREVIER C ZHA 2. a IZTHEWVEERED 2 IR LUT | f(2)| < Clg(z)]

Mieh=oOZ L LERL. L5

T

TS, T4hbb

f(z)=0(g9(x)) (z—a) U 30>0,3>0,Vr € B(ase) \ {a}

)| < Clg(x)].
L |f(z)] < Clg(x)] )

ZOEED [, g0 a THERDDE ZIEDNE ZehRZ WV, ZDHE [f1d (Diadtd)
g LEMIDERNTH 2] L EDNS,
PRE BN 2 BRI B %2 5T & 5,

Bl 1.04 B f- RO T > RD a € I ITBWVWTHMARIRET. MA RN A TH 2 i,

i L@t ) = fle)

h—0 h

DD DZ e TH I, ZOEMT

fla+h) — fla) — Ah = o(h) (h — 0)
DEDICEZHET I PHKRS, B f 23 C"KTH B L =, Taylor DEHEN»S

@) SOV, f a0

f($+h):f(x)+f/($)h+7 (n—1)! n

h’l’l
Y750 (0<0<1) BEET S EARSNEH, ZORDSEHNS

1o @)

m_lﬂM“hHXW)(h%O)

fla+h) :f(x)+f’(x)h+#h2+...+

B LI LIEDN S (RREOHEIZEABEL NI L HZ < ZOGEIXEHRICE I TR
Eh5),
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T &I MEER

J.1  FEEER

FHNCEAS S 2 PR « B, y 2B o TR 2 AN D zy PEEERT (z,y) &0 D PEEEZ
DR P DRREDP S OWEREZ r, o BIOIEAMERTAZ 0 (0<0<21) LT 5L,

T =rcosf
y =rsinf
273\7:3: b 71:_:00
B4
f:10,00) X [0,27) 3 (r,0) — (2,y) € R?
X O /T, ERBE r #0 O, 37205 (0,00) x [0,27) WKHIRTIUL 161 TH %,
S
f’(O,OO)X[OQW): (07 OO) X [07 27T) > (7“, 9) — f(ra 9) € R2 \ {<07 O)}

I RHEHTH 5,
WO, D% D (2,y) 2256 (r,0) ZRDBIZIE. r DI

r=+/22+ 1>
¥ ox,y DN UTHBICRIN DD, 0 OFIIEENLFIER TV, W TETIE
(z,y) # (0,0) D& & 0= arg(r,y) € [0,2)

THAID, ZLDARIZ

6 =tan~! (%)

EHBEM, THEaL EREEZEATVWEIATDHS (ET 21T A1), EBE tan™! 1Ftan D
WERTH 505, T FEEZRT LERT 2 LEOHPHD (—7r/2,7/2) LIE 7 IZHIR S
TLE9S, CORLITEMAE » ORIEHIND 8RS, £DZD (7,y) = —(2,9)
ELTERLR (,¢) & (z,y) CIFAE O 7 BIRBETTHED, y/e=y /2 TH2H»
5 tan~! ZHETARNCAHE 7 DEVHIHEATLE S, ZRLNDER (z, y DFFERE)
AT 3 FREBREITL 5,

6 =tan ! <Q> (mod )

X

BIELWKTH 20720, IR FTERTITTHA S,
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WEMEE nrlT IV EFED C = Fortran IQISAEZETE T 27200 atan2() H°
H5', atan2(y,x) £T5&. A (v,y) DAEL [—7,7] OFHTEKS, £2Z2TC Fur 7
LT (z,y) 26 (r,0) ZEIET 5121

r =sqrt(x * x +y * y);
theta = atan2(y, x);
if (theta < 0.0) theta += 2 * pi;

EIBLEW (3BAA pi IiE m DEBA>TVWBE L LTW3), B atan2() Z2ffibH I
atan() DATHE 0 ZRKD LS T2, LIl WIS BrIL1K%5, n
B,
TEEEZDOYIET >

r=rcosf,y=rsinf KD f:(r0)— (r,y) ZERT DL

det f = gg’g; 0

J.2 ZEfEIMREELR

ZEMNCIEAS T 5 FEAEtl « Wl o B, 2 B2 o TEAEZ AN D zyz PEIERT (2,y,2) WD
JERE R RO p P @}E,‘ﬁ#f’o@ﬁﬁﬁ_ﬁ r, 2 HIOIEAMEZTAZ 0 (0<0 <), P % xy FH
WIESE L7zm% PP 2 LT, OFP 2 x BioIE M e 2§ A% KGR D Icit o7 AEE ¢
0<¢p<2m) FdL

x = rsinfcos ¢
y =rsinfsing
z=rcost

DD 31D,
Big
f:[0,00) x [0, 7] x [0,27) > (1,0, ) — (z,y,2) € R?
X C /T, ERIBE Q= (0,00) x (0,7) x [0,27m) WZHIRFTIUX 1 M 1 TH S, K

fla: (0,00) x (0,7) x [0,27) > (r,0,¢) — f(r,0,¢) € R*\ {(0,0,2); 2 € R}

W EHHTH 5,
WOFHE, D% (v,y,2) 25 (r,0,¢) ZRDBIZE, r, 0 1%

r=+\x2+y2+ 22,

6 = Arccos <

z

Vx4 y?+ 22

) (7272 L (z,y,2) # (0,0,0))

latan2() (&, Fortran 72 SFHAAALBEE, C RBHIXT74 75V « BfTH 3,
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Ex,y, 2 DIRNE LTHBICREINS, ¢ DFIEHETE R, MW THEIFIX
(x,y) # (0,0) D& &E ¢ =arg(x,y) € [0,2n).

VAP SN
ERIBEEZEDYIET >

r=rsinfcosd, y =rsinfsing, z=rcos@ IZXD f:(r,0,¢)— (z,y,2) ZERT D&

_a(ZB,y,Z) 2
detf—m—r SIIIQ.

J.3 —HRD R" ICHT B IBEELE

1 = rcosb;
To = rsiné; cosfy
(J.1) T; = rsinf;sinfy---sinf;,_ycosf; (2<i<n-—1)
Tp_1 = rsinfysinfy---sinb,,_ocosb,_;
[ T = rsinf;sinfy---sinb,,_ssinb,_;
FFEU (101,05, 0y 1) EROEHRTHEBZNS R" OEHES D 2L LT 5:
r >0,
(J2> 917‘927'” 7671—2 S [Oaﬂ-]u
Hn_l S [0,27T)
AR J.3.1 n=3 0t %, BUTKN L 2= R ERE
xr = rsinfcos¢
(J.3) y = rsinfsing (r>0,0¢€0,7], ¢ €[0,2m))
z = rcost

IR D (BAROIEFRPERZ B2 T AEMNCIEFRCDDTH5H), BEE LRI &,
HAg

¢n: D> (717017927'” 79n—1> — (xlvx%'” 7xn) cR"
DY AL T LNZOWTIE, ROEHEDKD LD,

EIE J.3.2 (BEZOYIET V)

(J.4) da¢;:é§?g”“'é”®):rWJQﬂ%2msmmﬁ&.”gna%g
yUly """ Un—1

COFFFRZEZ 200D, FOob v e RABERETTEL,
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x r
s 0 _ .
mE | Y | cRYMLT, RORERMLT o | E 4 JOTHEER 0
z 2
w 93
xr = rcosb r
y = rsinbcosb, B e = 10,00) x [0,4] x [0, 7] x [0, 27).
z = rsin#; sin by cos s 0,
[ w = rsinf;sinf;sinb; 03
(X = rcosb, r X
¥ T orsimbeosth oy mig | D S| Y | ovaey iz e ©
w = rsinfysinfby 0, U
L (% = 93 03 (%
HBHZ R,
(+ = X X T r
Y — Y N . 0
2)¢ Y r¥5eE, B = Y | ovaevrreke, | |-
Z = UCosv U z 0,
| w = wusinv v w 05
T
y DY AL 7 U rdsin?b,sinfy, TH3 I L TR,
z
w

(3) 4 KITHAIEK {(z,y, 2, w); 22 + y> + 2% + w? < 1} D 4 RIT Jordan HIEZ KD K,

J.4 Laplacian DREEIERT
R?, R® IZ8BI1F % Laplacian A DIRFEIEFR R EZENTEL,

B J.4.1 (FEMBEIED Laplacian) Y [H O R
x = rcosl
y = rsinf

82f 82f
522 T a2

IZ&X o> T, FHID Laplacian
Af=
ZRRNT DL ) )
_of 1of 107
Af= or? +T87’ +r2892
Y725, AEFHIZBEICH L TEWZDT (p.163 D C3 Hix R X)., ZZTIEHKT 2, =
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Bl J.4.2 (ZRIBEIZD Laplacian) 220 o LA

= rsinfcos¢
= rsinfsing

z = rcosf

2k o T, ZZfD Laplacian
_0*f | O°f n O f

Af_8x2+8y2 022
ERRTDHL
COf 20f 1 [ 1 0 (. Of 1 0°f
l=G2 ot [—m (Sm@%) +—sin2ea7z}
_ @y 20f L/ 1 0f 1 &f
S or2  ror 2\ 002  tanf0f = sin? 6 0¢?
755,

BEER  TARNTHEHFHFBETEIAE L TV DI, ETHRERDTE DLTRET S ( [ZEEOM
DY 1) OFHEZHETLES DY), £F
R? OMifEEIC X % grad DNED AT

R? OmE LERI N u, v 1T LT,

1 1
(J5> Vu-Vov= Uy Uy + T_ZUQ'UQ + m’d¢1}¢
ZRNT . EHALD
Ty Tg Ty
(ur7u67u¢): (umuyyuz) Yr Yo Yo
Zy R0 R¢
BN YabriThzE U B, BRI
Tr Ty Ty sinfcos¢ rcosfcosp —rsinfsing
U=1| v v yYs | =| sinfsing rcosfsing rsinbcosg
2 29 Zg cos —rsinf 0

EIRBD. TNE (er,e9,e3) EBL L, ¢ (1 =1,2,3) BELRRICKRS:

ei-ej:() (2%])

Wz
elT e - e 1
UTU = | el | (ereqe3) = s - ey = r?
eg e3 - €3 r2sin? 6

EALICR o THAE L7, MLaplaian & #EFE | (http://nalab.mind.meiji.ac.jp/~mk/labo/text/
polar-laplace.pdf) R TTH X\,
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Vu= U w |, Vo=UH"| v
Ug Vg
THDHN 6, .
Ur Uy
Vu-Vo=(Vo)'Vu=1] v (U HTTUHT | w
Vg Ugp
ZZT
1
1
(U—I)TT(U—I)T — U—I(UT)—I — (UTU)—I — 7«_2
1
r2sin® 6
W Z 1
T 1
UT 1 U/T
Vu-Vo=1| v 2 Ug
U¢ 1 U¢
r2sin® 6
1 1

= UpVp + ﬁUQ’U@ + mu¢v¢. [ |
ET. v Z v=0 (on d0) it/ AL T2 . Green DEHDH

///vAudxdydz:—// Vu - Vo drdyd:z.
Q Q

Vu - Vo & REEZET L5 (J.5) 210A LT
/// v Audrdydz = /// Up Uy + u9U9 + = L 9u¢v¢)r sin 0 drdfde
sin?
. ) 1
_ ///ﬁ(r sin Qu, v, + sin Quyvy + @U/qﬁv(b) drdfde

(tf:b Q3. WEEEEC QSRS 2 REER).
RotErzefil. MOZERZItICRT &

/// v Audrdydz = /// l@r (r*sinOu,) + 880 (sin Bug) + 88¢(_ >} o drd0ds
0 0
///Q oy [87“ r?sin Ou,.) + 50 — (sin Oug) + 90 (81n9 >] vdrdydz.

v DIEENED S (EDEOEARMENP S, LWV NEDR)

0

1 9] 9, 1
Au= g [8 (r* sin Qu,.) + %(sm@w) % (Smequ)} :
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LT

o2 ror r?|sinfod 00 sin? 0 0¢? |
R" 128} % A OMFEERIRIZOWTIE,
EafR, BMARREMERZR, ALAHREZE (1978)

2R RV,
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T HK #®E

K.1 ZERJfRDMER X IRZE, Frenet-Serret DT

fHICESR. THOBI L VWHHERZBOBEIIINCT 22, oA LEKO D 2 MEICHDHA
THEIDPRVEB STV (b2 d, BHIICIE, 250 MEEML 72012, WHENEIFRE
L7cDTHE205), TOBRBETIE. MooRiEemm iR 2 OO RED HEHEE 72 525, 2
oK TR i) PHEINTVWA 2 H 20D T, ZO#KROEEHE T, RiMm HER
SRR - MR Z N, NF U RERZ DS H > T, AXHRT, MORAOFEETD 2 Pk
fMoERzZ L D HIFn, 2 ZTEFAELREMBMOGEZ2EHENTE I 5,

ZefEphiR @: [0, L] — R3 & C? T, ||®/(s)]| = 1, [|®"(s)|| # 0 (s € [0,L]) Zifi/zF &
95,

(K.1) ei(s) :=a'(s)

EBLE, s e(s) lECHRT, |lew(s)]| =1 DD, Zhb, el(s) - ei(s) =0 »f5E
b5,

(K.2) Vs e [0,L] €(s)#£0

CARET %, BIZR k(s), EEBRART R es(s), RIBBANT ML es(s) %

(K.3) k(s) = [lei(s)ll,  eals) = %ell(s)v

(K.4) es;(s) == ei(s) X ex(s).

TEDD L., k & e 1THEEET, k(s) >0,

(K.5) ei(s) = r(s)ex(s),
ZLT
(K.6) ei(s) - e;(s) = 0y

YRS AR oW TR, 3EARINC T ER 2) PHABEIA TV S, BIELRWEED DL R0,
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DD ALD,
SHIIIRE 7(s) &

(K.7) 7(s) := eh(s) - ez(s)

TEDS . TLx»ELDAI (Frenet-Serret formulas) & FHIAN 5
e\ (s) = K(s)ea(s)

(K.8) ey(s) = —k(s)e(s) +7(s)es(s)
es(s) = —7(s)ez(s)

DD LD, LUF, THZiEL & 5,

(e1(s) RN Z ML (tangential vector) DT, t X T T. exs) FFEEMRT Mv
(principal normal vector) DT, n ® N T. e3(s) FRIEMHZ bV (binormal vector) 72
DT, b B TRLTWVWBIERNEZL, )

(K.8) MFEEH IR, REfHICE L D, (s) I3AMET 2, e, €2, €3 1. R® DRETH 2
LN
a1 G122 a13
(e} €) e3) = (e1 e €3) | az az a3

az1 asz ass

el
BWETT 0, BT 2. | el | #EmoMITB L. (I % 3 ROEMTFHIL LT)
e}

(e] €)) = (ef e;)(aij) = I(ai;) = (as;).

Lob dd
-
(COR, e ZIERIEIR e, e, e3 TRALL L TORBMENEN €] €1, €€, € - €3
THbHIZRLTVWS, EHERRIEATHWS ANIZIZ, B#NRIETHS, )

t :5f <K6) J: b\ 6; . ej +e; - e} =0 ﬁlﬁfoﬂéiﬁ\ Zh&i Qj; —|—6Lij =0 %%ﬁ%j‘%o
?Zﬁb% (aw) Giiﬁﬁﬁufﬁéo

(K5) VSN aj;p = 0, 21 = K, A31 = 0, (K?) VSN asp = T THHPHNH,

Q;; = €; - €

0 —x O
(aij) = K 0 —T
0 7 0

YEF D, WZRIZ (K.8) DI D, m

FHIHRDOGE L FARIC, v & 7 B3GR oI T oL, (K8) & e, e, €3 ITDOWNWT
DEWMD TR BRE L, BABOMRNEGR 8. BHA—EINIHFET 5, Th0bH
z(s) = z(0) +/ ei(o)do & LT, HIfR x(s) DEZE %,

0
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B LTI, & s KBWTIEEHEBERREZS X512 e(s), ex(s), es(s) BED, Thd
(K.8) Zii/e 3 T 2R L7z, iR k, 7 BEZHNLGEIC. (K8) Ze; (1 =1,2,3) 1D
WO HERE A2 LT, FIHE e;(0) (i = 1,2,3) 25X - 0HEREE2E X, ZOE
LT es), exs), es(s) ZRDBZ L ZEZTALD, HIHIE e1(0), e2(0), e3(0) DIERIE
RARTHIUL, FED s € RIZBWVT e(s), ex(s), es(s) BIEHBERRE RS Z & GEEHT
&5

GEHDOH 55 L Z2FENTEL O THERYPZHED X,

v1(s) :=ei(s)-e1(s) =1, pa(s) :=ea(s) - ea(s) —1, 3(s):=es(s)-es(s)—1,
pa(s) == ei(s) - eals), ws(s) = ea(s)-es(s), ¢a(s):=es(s) - els)

LBl
©1 264
P2 2(—Kpy + Teps)
d s | _ —27p5
ds | oa | | Klp2 — 1) + 794
©s (3 — ¢2) — Kpe
Y6 K@Ys — T¥4

DD 3D, PHAAREDORD —EMD 2 D 72D DT,
@i(0)=0 (i=1,2,--,6)

BHIIREED se R ICDOWT

DD AL, )

K.2 1ZHOERFPBDEE

FIE K.2.1 ¢: (a,8) 2 RIE C* LT, z9€ (o, ) ITALT ¢(mg) #0 T B X, X
DM 27 T HIXE (a,b) BFIET 5.

(i) xo € (a,b) C (a, B) (i) @: (a,b) = o((a,b)) &2, FEED z € (a,b) XL T &(z) :=
o(r) TEDD X, ¢ IFEHHT, KD O

BEBH ' (m0) # 0 &D (xg) > 0 F72F o (20) < 0. KA ¢(29) > 0 DFEEERD
(¢ (1) < 0 DFEDRBRICAATZ 2). ¢ FHHTH 206, 29 DTHEL T ¢ > 0.
Tibba<a<zg<b<pB &% a,bT, [a,b] LT ¢ >0R2bDBFLETS. &
la,b] TIRFHFEIMTDH 5.

A:=y(a), B:=p(), I :=(a,b), J:=(A,B) £BE, ¢:1—-J % &(z):=p) (xel)
TEDD Y, o PEBRHFEMTHZ 225 & IZHET, o WEETHEZI D & 13E
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HWTH5 (TREOEHIC K S). ©XITHRE 071 J — I BFET 2. &1 HIRFRHEN
T®H5.

(07! DT HEZ ] Vye JIIHLT, 2:= 07 (y) £BL. 0<e<min{zr—a,b—1z}
7 TIERED e ITHL T,

6 := min {p(x +¢) — o(x), p(r) — p(z — )}

EBLE, §>0THY, |y —y|l <d BBl |[o7(y)— o7 (y)| < e DD LD ZTHiE
Ly THHKETHL I ZRT.

(o7 DD AIRETH 2 2] Vye JIHLT, v:=0(y) &BL. y+heJ &3 LD
BAEED h (F0) LT, k=0 YHy+h)— o7 y) £BLL, h=p@+k)—pr) 2%
5. (EBE o' y+h) =0 y)+k=ax+k TH205, o ZMiLTy+h=plx+k) ¥
HLT h=px+k)—y=p@+k)— o)) ®RIZ

Oy +h) -7 y) _ k
h p(z+ k) — o)
h—0r32t, o OERMELID k—027D, o OWOAIRENED S, LOXDEIX 1/¢' ()

> /) I 1
WINR 3 5. Wz 12 o1 1% Y T AIBET, ((15_1)’(3/) = go’(x)'
1
———— _ THY, ¢ oI HEGETHE D,
(0 1(y) v =

(1Y A TH B 2 2] (61 (y) =
(01 PERETH L EHIH 5. m

W77 7% 0CTALEHLDLTHED) |y —yl <d XD y—-0 <9y <y+9d. 6§ < p@+e)— o),
§<p@)—px—c), p@)=y D oz —¢) <y < plx+e). &' BEBHFAEMTHE200, 2 —c =
O plx—e) < P7H(Y) < P ez t+e)) =ate z=0 ' (y) WHERLTI|o(y) - 27 (y)] <e.
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7 &L BEREEE

L.1 (B%) ZARFRRE

BOEINEZ Nz n AED S B CTHERKDDDIX, IEn AETH S, ZiUI—BD
BEOERME (Bd) XD b T o lEHETH S, 22 TRILIHHEML T, ZAFDE
BETEZ LD,

BfE FH s 5zl BORID 2s THA2=AED S b THMERKD D DM
», BTETHRNE e 2EZX 5, HEZERTEBOMEREZ EMELL T, ZOMELR KD
X, ZFOMEPRKAMETH 2 Z L ZilHE X,

RE BRSO . E=AEIETDHS (EBCTNZ2 AP WETHA), ZR%EGE
A3 2D03FMNH LV, 22T ZhzitETRLTALI. WS e TH2,

=“AEDO3UE a, b, c T2, at+b+c=2s. —AHAEOHIE S X, ~NarDARIZ
ED S =s(s—a)s—b)(s—c). c=25—(a+b) &D s—c=a+b—s TH2Db,
S=+/s(s—a)(s—b)(a+b—3s). ZZT

fla,b) :=5%=5s(s—a)(s—b)(a+b—s)

TERSNBE [ 2i#NZ, D HZXT R BRTEZS, Z2IT fIEC*H|TH 2,

V flab) = s(2ab+b* — 2as — 3bs +2s*) \ [ s(2a+b—2s)(b—s)
"\ s(2ab + a® — 2bs — 3as +25%) ) \s(a+2b—2s)(a—s)]’

Hia,b) = 2(b—s) 2a+2b—3s
" \204+20-3s  2(a—s) '

W22V f(a,b) =0 DX (a,b) = (0,5), (s,0), (s, ), (25/3,25/3).

f(0,8) =0, f(s,0)=0, f(s,5) =0, f(23/3,23/3>:;,
2s
(0 s (28 —s [0 s 25 2s. [ 3 3
H(0,s) = (—s _2S>,H(s,0)— (—s 0>,H(S,s)_ (s o)’H(??)_ s
3

TANINES, NERFS. NEMS. NERS. AfEZRD T, f OMEI. (a,b) = (25/3,25/3)
DE ZFDOMAME s*/27 DA
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3ODFEE a, b, c PZAFBDIHLORI R D 72DDORBETIEME. () ETHEZ L,
(ii) FEED 2 DM D DI D KENWZ b, Thbb,

a>0,b>0 ¢>0,a+b>c, b+c>a, c+a>b.
at+b+c=2s XDEDIPND c=25—(a+b) ZHVT, c ZIHET D&
a>0,b>0 a+b<2s, a+b<s, s>a, s>0b.

TrHdr (KL L), ZAFES5 2% (a,b) DEIFIE A = {(a,b);a+b>s, a <
s, b<s} &3 (ab FHEH LD, 35 (5,0), (0,s), (s,8) ZIHRE T2 =AFTH3), t-> T,
f DA TOERKEZRDIIEI W, ETKRDZ f D 4ODEF I,

(5,0), (0, 5), (5, 5) € DA, <2—3‘9 23—S> cA
Zii7z 3 (72225 Hesse {THIZ NSRS TH, BRO D 2HHTO, 1FH AT (25/3,25/3) 72
=D THBIEDTDB).

AR OA AEDEZATE A, R2 OBRHESZOT, HGEE f © A cBir3
BRAMENTFEST S, f>0inA, f=00n0A TH2H05, ZORKEIZ. f D AIKRKBT &
KETH D, FHC fld. A TRAMEZEZ 28005, RAHEEZDEAAMETHY, *
D (a,b) 1FMEER, ThDE Vf(a,b) =0 BEDILD, ETHEZ4DODE-BRDS B, A
IEENDDDIF (25/3,25/3) B TH 205, f OEKMEIZ. (a,b) = (25/3,25/3) D& =
Dff f(2s/3,25/3) = s*/27. TDLE, c=25—(a+b)=2s/3, Thbba=b=c &5
5, “ARIRE=MAETHL, SWVIZ 2L, ZAFN 14 2s/3 DIE=AFO L =, X
RAME \/s1/2T=35%/9 L %, =

0.04

= A D
002 ' QMR
oL = 7N
—F 1
0.8

MLl a=b=2s/3 (=c) TRRIZKS (s=1DHFEDT T 7)

4D DIFE R T D T 50 ?
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~~ gnuplot T 5 7%##E< N

set hidden3d

set contour base

set isosamples 50,50

set cntrparam level 10

s=1

splot [0:s] [0:s] (s—x)*(s-y)*(x+y-s)*(x+y>s)

N J

Rk FRME
ANEIEBRELEL VS EROLZET 4 ¥ (Dido — KX BAL VI EIRE D, b

MivvﬁEmmzm5%T%ot)®%%®¢m\ﬁ@i5&ﬁ%%%o

7z F7OEHERT 20 2A0TFERBZADIRLY v ik, TOK, " THIET<Y
FUICEEZBEDLONT, MELZF > THIBICH., F2=R8 BEDOF2=07) IZREDEL
2o ZOMDETH o7 TIANRRIZEHD G2 U ANTD, HAE1HTPORTEZ 572
JOLTHITHNIEEVWE WIIBRFEEZ S S S, £ I THLIHF1ETOREZML I EHNT1
AKOEWHZIED, ZATHEO LHEFA TEEZHR WV, ZRARHINRT (7 2 =F T7FET
HNUL o AET 2 b FLVEH) WS EHRE L D) BEOHTH I AT DETH B L
WO (BalPdeidFRDZ L), BCRI4FDHIRELIRZAONDE — HHL EFTHEMR T, E
BRIC7 2 =F 7 AW Z OHUZEB W/zDIE 1 HFE < S WigZ e b

T4 POV o TEZTHD L. fMZFoTHHE, RIS BELIFRZEST W,
FHE EOFMIRORIAEZ 6N T VWS &, RROHEBEZHACDIINDNRB5E0: 7 20D
DHEREREIRE (the isoperimetric problem) TH %, ZOMBEDENHTH A S5 Z L IXEBIH
P BTED DM, EDREELAEHIEH L v, RKRENFET 2 Z e 2RI Zhz 52
% PRI TH 2 Z L 2RI 2 DIEHE D HEL <RV,

ESLTH#HLVL? ZHEITHY T 200 RO TH D, MHIROE 2 RE ST 21X E /S
LDRNWTHA D, & IATHBDERSE, HBEERXITTZEMICR>TLEWN, 22T R}
FAEGIZa > 7 b ) 205 EHDMEF IS D 772720 (B B EREDIRE+ TEREAESIZD
FarvxRy b LORTTOERENEIND), ThOZ, ZOHITH-> TWAimEEZDE
o THRAMEDFEERT Z EIXTERW,

L2 &ZFit: 2 BHEHROMIE

(2 ZHDGEE. ZOXKUTRIUIKIERE Z DT, EEE 72 THE O HIE E B2 R §E T
Hb, TIZEIEFHVICRD n BEOGEDFHENTE 2D T, mEANZZO/NEIRIERE E 7o T
Li5ﬁyq

ha

—fRDGZEIWCE Z BHENC 2 B TR o TALD, h= ( ) 3% &, Taylor DEHD

2
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5 30 € (0,1) s.t.
flat h) = £(@) + F@h+ 3 Daran(h)

= f(a) + (fe(a)hy + f,(a)he) + % (foxla+ Oh)hT + 2fyy(a+ OR)hiho + fyy(a+ Oh)R3)

Y7550 [(a) = (fo(a), f,()) = (0,0) THIUL
Flath) = F(a)+ 5 (Feelat BRRE + 2y(at Oh)hahs + iy (a+ OR)R3)
= F(0) + 5 (Fee@)P + 2oy (@)hahs + F(a)h3)
N g Wi N5

Q(h) = Q(h1, he) = phi + 2qhiha +rh3,  (p= fex(a), ¢ = fu(a), r = f,,(a))
WS 2 KIER (2 REAIRZIER) OWEZFARZ Z e B TH 2 Z 2 I3BEROLTHA 5,
Bz
(1) p=1,¢=0,r=12BE VA A0 I LTQMR)=h+h:>0 Ko57T f(a) FHIMH,
2)p=-1,q9g=0,r==-1RBIEVAA0ITHNLTQH) =—-hi —h3<0. XoT f(a) IFM
KAH,
B)p=1,¢=0,r=-1%51EQMh) =h —h2FhICE-oTEICBAICHRD 53, ko
T f(a) WFMRETIXZR W,

q=0TRWEHRZEIREZD?FHIT pr—¢® #0 BoilX, RENKIEZED 3 205&EDW
TN ERILTHD, ZOWVWTNTH 200HEIIE. HHIXZHEZIT KV 2823005,
XHbALBRS 2

4 N

i L.2.1 2 ZEHBEHROBABNDHIE) C2 RO f: R2D Q — R APHNA a € Q
BWVT fola) = fyla) = 0 BT T2, p = fula), ¢ = foyla), r = fyla),
Q(h) = ph% -+ QthhQ + Th% (7:72L h = (hl, hg)) Z j:'; < o

1) pr— >0 25X hIZ2VWTOD 2 KER Q(h) 1Z VA #£0 XL TWD
HECAEEZED, LT fida THEZRS, XDFELEX
(a) p>0 &SI QL) WXHEICIEL KR EZDT f(a) IHUIME,
(b) p< 0451 Qh) FHICALEEDT fla) IFMALH,

(i) pr—q® <0 %51 2 WER Q(h) BIEICHEICHRD 5 3DT, fla) 1T
FE TR,

L (iii) pr — > =0 &6, do LFLIFARBRVE DD HIRW, )
Dz %EEHHT%’)O)M%EL QFBWID, —fRDGFENDYILIRZH 2 T, Hesse 175D 1%
BTHELEETENTBIS (det H=pr — ¢ ZEHEOBICKS ZEITERLE D),

THKL
GEHDHHDE T 2 ENTEI S5, hy # 0 7251F Q(h) = ho®(p€% +2¢€ + 1), € = hy/ho L EWTE 3,
FAE f(&) B, fIZ1EZHBD 2 XKEBETHD, ZH I R 2REFH Z2icks, il D ¥
2. D/A=¢g*—pr. D<0%5F f(&) BVOBRUAEICKR D, MUFHE, — MELICEBEEEATHICE S,
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~
e L.2.2 (2 ZHEMOEBAENDHIE — Hesse 175hR) C? HOBE% f: R D> Q —
R 2R a € Q IZBWVWT fi(a) = fy(a) =0 27T ET 2, p= fula), ¢ = fuyla),

r=f,(a), H= an rBELE

(i-a) H 2SIEEME (BEESHA & DIE) RO VA £ 0 IR LTQ) > 0. f
¥ a THVNTH 5,

(i-b) H DEEME (EHMEHIMT L BE) RHIE VA £ 0 LTQM) <0. f
((j: a T@j{f% %o

(i) H AERFS (BEEICEDDDLEDDDFETZ) 261X hiTko
T Q) IFEICHEICHRD 5 %, o T f(a) EMETIZARW,
(i) H 2% (H OEFEIC 0 23FET %) R oid. KDEEL <#xZwEe 7y
MBI,
N J
XTC, A (B E) 2R o TALI, Q(h) = (Hhh) EEFRZeNIVTHS, FHE

ph1+qh2 h1>
Hh/: s h:
(qh1+rh2) (hg

(Hh,h) = (phy + qha)hy + (gh1 + rhy)hy = ph? + 2qhihy + rh3 = Q(h).

THE05

H 3ZNFMTINTH 2026, WHREATH T IZ&oT

'THT = M0
0 Mo

ERATES, TZT A, o & HOBEBETH 2 (NIMTHIOEEEE > SR THS ! ),
k='Th £BL h=Tk TH215b

Q(h) = (Hh,h) = (HTk,Tk) = (‘THTk, k) = M k> + \ok2.
CZTh=k 2W0WORIGH 1Xf1IMIGT, Th=0k=0] THEILIZTEETDL

(i-a) A, g >0 2 BIEVA A0 LT Q(h) >0 27425,
(i-b) A1, A <0 BIE VR A0 IR LT Q(h) <0 &3,
(i) A\ & X DEFESLHIE Q(h) IFIEICHEIZH RS,
(iii) Aj, \g DAL= 0BHIEXQh) =0 &5 h#0DBFET 5,

WS e h b, UERXSIETIED 205, 2 BRI OGEIIE—E D O350 o 72,
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7 8&M Lagrange OXREFEHECEFAFER

M.1 EC®IC

M.1.1 R5W

MENT2EEIAERD 7 — by (77— b (art) EHAFEICR LD SV, LToiUl 1)
EAI0) WS EEND D, WROMIEE AW EHECB VT, AEROINHHEE 725
ZrEEoTW5, AABRAERDLDHY, THEIHT 2 7-DITHRARBRTFEDRDH 55, ZZT
1& Lagrange DOAREFREEZ H W m KR NMEEDFERIZHED <. WL O D AEXDEH%
R RLUT FZ20RFERD, b o HEHREEH) TIRWD, 2L OENP—DDHIET
M—PNc/Z B e 2 R2DE. ZRRDDERID D155,

M.1.2 FMMEFEE
BziEp R" >R, ¢: R" >R . aa>0I1Z2\WT,
(VA>0) (Vo € R") p(Az) = A"p(z),q(Az) = A"q(z)

i3 E (p & qlF a KEAXZWS), FEFEX

n q(x)
ZAEAAS % 72123,
q()

VzeR":|jz|=1) A< <B

~—

X

3
—~

%ﬁ%?ﬂﬁim(xeRWﬂnKﬂbf\A:Wﬂ%a:§w23<2\kHzlfﬁéw
coa<le) g d@) _dle) oy ane A<l o prmens).
p(e) p(z)  ple) p(z)

AL &S%EZTELELIEEHNS,

Bl M.1.1 /7 Va2 X FORBIERAR A: X — X OEHZE 7 v alk

A
1A = sup 1Al
zeX\{0} ||ZU||
a2
JA] = sup [l Az]

flzl|=1
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9
JA]l = sup [|Az]

=<1

LHEFRINDG, OFD

Az
Azl _ sup ||Az| = sup |Az||
wex\oy 1zl jap=1 el <1

A0, X\ {0} TOMDFEAEIR {v € X; o] < 1} SHE {r € X; || = 1} TOMED
FICREESNS Y ZAHKIETH S, =

M.2 MEINF=EFEFT

ROEHIE GEHIZE 502 K) B TH A9,
AT > AT ~
ar,...,a, >0 T HE X,

a + -+ ay

DD ILH, FFIZ

DrE, FOLEIZRHKD LD,
N - )

M.2.1 NES¥DIEsHE%E FHL\/=EERA
ZHUE. ROGEDZRYL LTS OF Wil OXITH 3 (flz) = —logz £ FTHUTEWL),

[ I
W% M.2.1 ROXH I TERS B f: 1 — R ARSI,
%wnghelz>f(“+xfk“+ﬂm)Sf@n+f@ﬁ+-~+fm@‘
n n
q%‘:@: fﬁ)ﬁﬁéilﬂﬁ%%%é}\ %%&iwl ===, DY, 72D %K:I;Ebﬂzjj_éoj

FEFA  RWNEIC K B, n=1D L ZI3HSL D, n DL ERNLT 2 LIRET %,

T I S S n r1+--+x, 1
= + Tn+41
n+1 n+1 n n+1

THD, t=n/n+1) B 1-t=1/(n+1) & HRBIERFETDI . MEDIRED» S

T+ + Tyt Tpta n T+t 1
M.2 < nal)-
ory) gp(TEER D) o (I )
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IR DAIRE

(ML3) F Tt re _ fla) 4o A f(en)
' n - n
ZHioT
L1+ T n fle) +-- + f(a) 1
(M.4) f( T ) < - M TACSY)
_ @)+ flan) + f (@)
n+1 '
R [ RFENOS &1, (M.2) THESDED LD DRE+ 75 LT,
(M.5) 2 B L Tri1.
n

F72 (M.3) THEEDK D LD/ DDREF77E&ME LT,

(M.6) Ty =@y == Iy

fER (M.A4) THEBDE D L2 (M.5) & (M.6) BRI D LD Z 8, Thbb
Ty =Ty = = Tp = Tny1

THZIEHRETITTHL, m

M.2.2 Lagrange DRERHBEIC & SEEEA
T T Tl Lagrange DRERBIEIC L BFAHZE Z 5, b, = Ja; (i =1,---,n) £€BL I

T, ) N
(M) >0 b2 (by,... b, >0)

n n
PWHIARFERICIFETE S, Eild, H4d. b= (by,...,b,) ITDOVWT, 2n KEXTH 3 »
%\ ||bH - 1 t Lfﬁﬂ_bi—kﬁj\\/@%%o @X)_&:\

1 n

PREIERW,

fl)=at-ay, g@) =2’ —1=af+ - +a; -1 Ny:={r € R"g(z) =0}

B, N IZ R OBIRTH D, ARAEETH S, @RI fI1F N, LTRAEZFD, %
DERAEIZETH S ZEDEZIITH %, RAREIZHAMAKETH 5 2 L ICHEET 5,

Vg(x) =2z

214



THE05. N, LT Vg+#0 DD D, @ZITHMARIE Lagrange DAREFEIETADH
b5, @RI v ZIRARKRET DL E,

dIAeR st Vf(r)=AVg(z).

Inro

1 (A—Hm?) = X9 (A—Hm?) = =1, (A—Hz?) = 0.
i#l J#2 j#n

HBL—DOTh 2; =022 ZehdHIUL. f(z) =0 THZDT., TIUIRAMETIER D, O
ZWHRARRTIE, IRTD JIHNLT, 2,20 TH 2, $dL,

)\:Hx?:Hx?:---:H:U?.

Jj#1 J#2 Jj#n
Wz Iz
n 2
2 _ .2 _ Z_Hj=1x]
T =I5 = =z, = \

o D 1 HRE BB WFRD f(a) = (%) THD. CHPEAETHE. =

M.3 Hadamard OARER
H4% 7% Hadamard DOAZFER

|det(ar ay ... ay)| < [laa] [|az| - - [lan]]

ZaRMFOEMERMEZME T2 ICX o TREAHL & 9,

M.3.1 175UzNICRET B Laplace DREMRTEIE

AP e LT, 1THIOEEHZ2E L TH <,
n WE%???U A= (aij) O)% (Z,j) %%% Az’j tj_%o j—tﬁb% A @% 1 ’??\ %]ﬁ”%
FROTIEo7e n— 1 RIEATTHIR Ay £ 558 50 Ay = (—1)" det Ayj.
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DL EAEED ke {l,...,n} LT,

(M?) Zaiink = 5jk det A,
i=1

(M8) Z aijAkj = 5zk det A
j=1

DI D AL,

ADEjHIRY ML a; T B

A=(a1ay ... a,), a;= (j=1,...,n)
Qpj
RIET Ay (i=1,...,n) ZAUXRTHESRZ bLE b T 5
Agj
Ay
DL E (M)
(aj,bk) = 5jk det A

CEZXEIND,
B2 AIT
B = (b1 b2 bn)
i SEQRaN
by
bT

B"A=| "7 |(a1as ... a,) = (b'a;) = det A(6;;) = (det A)]I.

CHERHONTVEARARTD 5,

M.3.2 Lagrange DREREHUEIC &L SEEA
FIRERD @ = (a) = (ar,. ..a,) BT 2BKE BBZS. SFD
f(@) = flay, ... ay) = det(a, ..., an)
WOWTEZ S, EEDOER ... r WXL T
gi(a) = gjlar,...,a,) = |la;|* =] (j=1....,n)
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LBWT, &
gilar,...,a,)=0 (j=1,...,n)
DHETD, f DRKAE, B/MEEEZ S, av 7 VEE OGO RAME - H/MET
HEMNS, BIFHET b,
gi(a) =0 DEZE |la;]| =r; THZD2H. FiZ a, #0. YA EDL X,

Vgi(a)=12a; | #0 (gi(a) =0 DL &).

W ZATHRKR R B/ DREMERTH %5 6, Lagrange DARERIIETIEON D, MIER a I
FLTIE. 3N, ..., \ € Rsit.

k=1
THEDD,
of
Gaij *
EYN
zn:)\k 0 gk(a) =\ - 2ai-
aaij J J
k=1
THEDD,
Az‘j = 2)\3'(1@'3'.
i=1,...,nIZOVWTEEHT,
bj = 2)\jaj.

(G,j, b]) = 5jj det A=det A

WHRALTdet A=0. $%D5 f(a)=0.
=77 fEED jI22W0VT )\ # 0 DFAEI
1 ) . éjk det A
' = —— =

(ak, aj) = (ak, —b 2)\]

o 0 (k#7).
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W2 ay,...,a, FEXRTHS, ZDL =,

] 0

@l

0 .|

(det A)* = det A" - det A = det (A" A) = det

n
=1 llasl? = sis3--- 5.
j=1

WZIZ fla)=det A= +s189---5,. FEFEIZTs1--5, D —s1---5, DWMDBELDT, Zhon
ZNZFNERKE, RIMETDH 5:

max f(a) = 182+ Sp,

min f(a) = —s182 -+ Sp.

—llall---llanll < det(ai;) < laa]]---[la,|=
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T &N HIOPRICOVLTOREE

BHNZOWTIE, TR 2 TBEFEEE ) THFRRARRBTROT, IXTEEDIRLH
HT2Z 23 LARV, B6RNWIeBHoks, HKOTFA ML/ - 2EETLI L,

N.1 ZILEAXATFIORIE
EEERLOR Tim — — 0 3N D RID LS 1Mo TWaH, CREEBALIRLLES &5

n—oo 1

BeEIRAEMN, BEZTCHIS, Z22WEVTHA2ZLZ. BEZHSIELHIT 4D
Bl DZeTHEH., EHEPERTIALIADLZHBDI . ZZIFERTH 3,

PE N1 (TILEATIAORIE) o, b ZEEDOIEHE T2 %, HYLREHARK N 2L
U,
Na > b

b, — TEARNIRIERTDH, T2 SAEDNIR. KEREEBWRT 3]

%%N&J%@Wﬁﬁ P30T 3 2 8 2Rt

neN
RE. ¢« #EEDEHL T2, 7AFXTFTRAONHENS,
AN eN st. Ne>1.

T2 n>NRBABEEDODne NIZNLT1/n<1/N<e ZOD5H

1 .
0<—<e WZIZ
n

1 ‘
——0| <e.
n

SHUE lim L =0 ARLTVA, =

n—oo N,
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N.2 (FTH55DFRE

-
M N.2.1 (13T HSBDFRE) B {an}tnen, {bntnen, {nlnen EDWVWT, 5
(i) ap, < b, <¢, (n€N).

(ii) % a € R PFELT lim a, = lim ¢, = .
n— oo

n—oo

\ﬁ)ﬂibﬁofifom\ {bptnen BICRL T, ZOMRIZ o TH 2,

FIRE N.2.1 #H {—sinn} D0 WCRT 5 2 & 2R,

1
n neN

RE —1<sinn<1TH3hb,

1 < lsinn < = (n € N).
n n n
¥ ZAT lim (—1> = lim 1 =0 THEI3Db, {lsinn} HIKR L, MifRIX 0. m
n—o00 n n—oo N, n neN

FOERERD LI SICENTTET I N2,
1

—sinn

1 1
<——=0 (n—o0) &b =sinn—0 (n— o).
n n

n

N.3 BFREFASDIEER

ROEH (RIFEHF.2.7) 1, MRAT CE D25 WEFNIH L T HEMR Z L 1%
L &’ITYID,

[EIE N.3.1 EiCH L BEFIEMBENIPCERS %, j

Bl N.3.1 RO TERSNDES {a,}nen DK T 5 Z & ZRE,

1 1 1 1 "1
=0

BRE  £F {an)lnen DHEABMTH 2 Z L I3HALLTH B, /5.
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&b

gL 1
Ay = +E+5+§+"'+E
1 n
1— (=
B ST R S <2) <14 -to—3
21 22 on—1 1 /2 7

1— —
2

THEDH, {ay}nen FERTHDH S, ©ZIT {a,fnen FIRT 2, =
bBAA. KLAILNTVS XD {a, neny PHRIZBANMDOIETH 5.

lim a, = e = 2.7182818284590452 - - -

n—oo
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T #&0 1 ZHOFMEDEIE. Taylor
DEE

1 ZRFEEERROC B 2 o @, Taylor OEMEEE L L5, FICFEHEOEH
BV IO EZNEFEATD W20,

0.1 FHEOEEDES

ER DA DY NET, A XTI TWEL TV X5 TR NHEE] Z2EbALIHL XS
L5, FEEDOEBOBMERITRZ Z E2ZW,
WMo oER I D BEBINCHL 2, /N8 [h] IR LT

fiy = L) — (@)

h
TH B0, REF LW = TIIBERERRLICEZ 720,

~
EE 0.1.1 (KB, #@/\VE. #HRE) I 2 ROXM., cel, f: 1R 2T %, flc) D
D e TRV RETO f ORAEICE > TV B E &0 f() 1% f OBKBTH . f

Z2x{Ll&Dob

X e TRRTHZ, LW, R BVE, BN ERS NS, MRE, W/MEZ HD
BTHBECITER, [ c THEZINS & &, ¢ ZHBER TR,

f o NE e >0 BB Y, f D IN(c—e cte) KB ZBAMY f(c) THE, LWk,
N )

4 N
EE 0.1.2 (WRTHREZERNE. BaFRE =0 I 2 ROXME. f: T >R, clZ 1D
KV‘],@\, fle) & f OMYHE, f & ¢ TP AIRE = f'(c) = 0.

v

BEBA  f 23 c THERICZR 25625 A% (MNIR 255 FAR), MARDERDL D, |h] 23t
TNE VTR B,
fle+h) = f(e) 0.

FTh>0DEEEERD L,
fle+h)— f(c)

<0.
ZZThi0ELT! flle) ODMEBND, =T h<0DHEEERD L,
fleth) = f(o)

h

> 0.

U ZIEDO KB 0IEM I A% h 10 2EL, h > 40 ALY, ABICh — 0% h10 LdEL,
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ZZThT0ELT fllc)>03FoN5%, DZIT f'(c)=0.m

EIE 0.1.3 (Rolle DFEIE) f: [a,b] —» R IFEHT, (a,b) THIATRE, f(a) = f(b) =
dc € (a,b) s.t. f'(c) =0.

GEAA 1 =[a,0) X R OBREALETH 2056, [ LOEGEEKTSH 2 [ I3RKE. F/IME

&0, KM = RMEOBIG, [ ISERMBCDEp 5, ¢ = N S )

a<c<b mKRE > F/MEDHZE, D d—7F fla) = f(b) TFELLIRWV, TdL, D
ZNm ¢ T fIRRKEP F123HRMEZIS Z 812k 5, EHO.1212&->T, f(c)=0. =

5 ~
EE 0.1.4 (FHEDFEIE (Mean value theorem)) f: [a,b] — R X&KL T, (a,b) T
M AIRE® = e € (a,b) s.t.

X DY a, b TOMAFTREIEIIAETH 2025, (a,b] TiH#EkE. (a,b) THMAARE] & L1z BB S
A f DX [a,b] THTATEEZR 513 [a,0] THEELL R B0 5. [f 2 [a,b] THWAIATEEZR 51X 3¢ € (a,b) sit.
k(f(b) = f(a))/(b—a) = f'(c).) (&ML,

)
aIEEAR
(o) = 1) - POy

rBlL

g: la,b] = R 3Hf,

g1 (a,b) TWHOAIEE,

g(a) = g(b)
72D, g & Rolle DEHORIEZi/ T, LoT. e € (a,b)st. ¢'(c) =0. €T AT,

J(0) = (o) - {U 1@
THDEDH, 0t
~fla)

. f'(e).

|

IR 0.1.5 (1) COFEHE. WAWAEELEYD 2, BRI,

f(b) = f(a)

30 € (0,1) s.t.
€(7>S b_a

= f'la+0(b—a))
DEIZ cDPDOHIZ TRILED,
Jc € (a,0) s.t. f(b) — f(a) = f'(c)(b—a)
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DEIWCHEHEIASTIC LD T 5, F/eb—a=h & LT,
30 € (0,1) s.t. f(a+h)= f(a)+ f'(a+ 0h)h
ELRBIE, h<0 2 LTHMDILE, b s,

(2) FEEOEHIZVWDW S [FEEEE] THoT. c DIFEEFFIRT 5205, ¢ DIEIZDONWT
. a & b DEIZH B 205 DN OIER S 5 2 TR,

EIE 0.1.6 (MADWIcd & T EELSIXIREBEFEM) f: [0,0] —» R PEFT, [ &
(a,b) TWSAIRE. f'>0in (a,b) £ T 2L Z f X [a,b] THREOHFAWMTH 2, T2
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