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TRUEEIRELEZNANTDOL > T4 ViEFBEERNIEM T 5, o
HIZFEICHE L L v b, NHRED S 1EBPNT 3R T OE)H
BT AUIHE L 238 %,

o KRHODITXHENE
ZEWEABOMBEDIGH E LT, M7 $ 2 8L BRICD
WTEEE S % (R — b [1] D §4.8), Z Dk, BHIOWMIRDTFE
Dif ([1] §5) Wk 2, T TIXXMEMEINE, FREEOER, R O5EfH
. Bolzano-Weierstrass D EM, - L HHZEHIE D IRILTH 5,

o ARHIIEERAMRIT (MEH B LWIEED) RL T,
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4.7 0o D5 lim

(CHEE o L R37231CT 5, HFlor &, 1 ZHEMO & % v KK
Ul e BLTH L AETSTH B, )

QCR" fF: Q>R acQ T3

lim £(x) =00 S (VU € R)(35 > 0)(¥x € Q: |x —a| < 8) f(x)> U,

X—a

lim £(x) = —00 & (VL e R)(35 > 0)(¥x € Q: |[x — a| < §) F(x) <L

X—a

LEET Do
B 2R DEFDEL D LD (RERNIZBICER ),

A 9.1
QCR", Q>R acQ&T2LE, LT (1), (2) 2L LD,

. g L
@ )I([paf(x)—oo THAUI, lim ) =0.

: X S
@ (Vxe€Q) f(x) >0, lim f(x) =0 THIUIX )l(g’nam—oo.

X—a
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47 co D HE lim x| =

ZRILTIE x — 00 R x = —o0 BEMKER VD, x| = 00 2%
2B EEdH 5,

QI R" OIFERLIBIES - Q>R aeQ, AeR" T2 X

lim f(x) =A% (Ve >0)(BReR)(Wx € Q: |x| > R) |f(x)— Al <e.

[x]—o00

Cf. BHEEE f(2) IT2VWTD lim f(z)

Z—00
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4.8 Ry, 2oy, CHik (BREO1EE)

Q13 R" OBES BIESICTOVWTIER). f: Q>R 253,
@ acQ 1<j<ntlkrZE f2aTxOVWTRMSAIETD
% eld, kR
(a) :== lim

hy(a) = 87xj h—s0 h
DIFET B 2%V (6 15 i MAD 6 KWHFLWVARZ L),

@ 1<j<n¥lilZE FHRQTxEOVTURBAEIRETHS L
F. EED ac QI LT, f 2 aTx IOWTRMAATRET &
RV,

@ f QT CH&k(EBIMOAIEE) TH 2 X, [LED
JE{L - n} LT, FHQT x IKOVWTRMIATRETH D,
e f . NI, . .
IR Q 5 x gx(x) 7 QTR L. TRbBREA D

J

of f(a+ hej) — f(a)

DAS TR ANESN

(Vae Q) lim 8—f(x) = a—‘r(a) <<:> lim

x—a 8xj an x—a
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4.8 Ry, oy, ik (BREOEE) #HiE
Q@ fHaT(R)WAFIRETDHLLIE. HB AcR™" BIFEL T,
. |f(a+ h) — f(a) — Ah| _

I
30 |h|

ﬁ&bjo:k%mﬁo:@k%\A%f®aKﬁgéV:Eﬁ
WZWU\F@)tﬁ?o%@F@)@UJwﬁﬁdéé@yﬁﬁéo

J

@ FHQT(R)WPAETHZLI1Z. FEDacQITHLT, fiia

TEWAARETH D Z %WV,

FCH il = W ATEE = R ATRED R A3 D 2D,
DLEGBECEATZE T,

30D limBHTERZ A, (i) 13 1 ZEEIROMIR, (i) & (iv) 122K
B OMIRR (5 5% 01278 208 5 00 E) Th 2,

TR, BB ETOERICO ZRMAIARETH D, 0o RERM
Bt chs It (CPIR) LD ZZLICE> T, 2MAARETH
MBI DHEN,

0
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5 MRFR DFFAE

ZZ2ETIE B - EHOMIRICOWTOEHE WS T, RT3
LW EEPMREDHICA S TWB Z e %oz, BT T RICHER
72 B IMESININCR T 2 (MRTFET 2). ) WO EHETH %,

TR, B - SEIORIRAAET 2 (IURT 3)) 2 LhF—
< %% EENS,
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5.1 X[EfE/INE

MRDFEZ RS 72018, ROEHIZ L THEVR TV,
FEF 9.2 (X [E#fE/ME (the nested intervals theorem))

{an} FHFAHEMBAE, {b,} IZHFREDEH T,
(VneN) a,<b,
DD LD L & RD (1),(2) HEILT %,
@ {an} {by} BIKRL., WRZZNZN A B ETDHEZ
A< B »D [A B]C]lan, by

(7L A=B DBPEBIHT, [AB L {xeR|A<x< B} t¥3,)

@ lim (by—a,) =0 THNZ, A=B (D% lim a,= lim b,).

n— o0
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5.1 XREME/NE  FERH DRI AR

Iy :=[an by] EBL ¥, I, BEAXMTH D,
{an} DGO {b,} BHEHFBD < h Db DDl Dlhy1 D+
XEHENT 5 (IERECIZRE < 25740 25, H5EHS () 1h=[A B] TH

neN
D, BEEIIILRLRL, EWOEHTH B,

BOLDRIY 75> —DE: ()= {x|(VneN) x € l}.

neN

CCCHIXME WS RFBEHEETH S, FIZEF 1, =(0,1) DL &,

hoh> -2l Dlh D

() 1n=0.
neN

TH 50,

dL I, =[0,1] Ttaiud,

) I» = {0}.

neN
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5.1 X[El#E/ ik FERA

SEBH (i) ITE0 ne N Ih LT,
an S bn S bl

THBDH, {a,} B ECHERTH D, EHHFIEIITH B % DT,
IR %, {a,) ORIR% A 55 (2HUEERTH 2 5)

(VneN) a, <A

[FIRRIC {bp} &, TICHFRZERBOBINITH 5 DT, KT %,
{br} ODMER%Z B 5§ 5 L,

(YneN) B< by
—H. fEEDneNIZH LT a,< b, THo=DH. n—o0o LT

A< B (i 4412X5%).
(i) BL lim (b — a,) =0 THIU,
B—A= lim b,— lim a,= lim (b, —a,) =0
n—oo n—oo n—oo

Thdh»b, A=B. O

FEF His BUARAT 5 9 1] 2021 £ 6 A 14 H 10/22



5.2 FEMEDER T, SO s— F 1

EFE 0.3 (PREIMEDEM (the intermediate value theorem))

a,beR,a<b, f:[ab] = RITH#HE, f(a) >0 f(b)<0 &F 3L X,
HBFE c € (a,b) BEIEL T, f(c)=0.

SIEBA

a:=a, by:=b, ¢o:=
£B<L. BL fe) >0 2ol
ai:=c¢, b1 :=hby
EBL, FbL f(e) <0 %I
ay:=ag, bi:=0q

tBL WIhoLG
_at+bh
2
B, (RDRAF 4 Rizkil)
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5.2 HEMEDOER FEEHD S— k 2

AT, 6 CARMERBET T {an}nen, {bn}nen EEo722 &, EHO
neNIZH LT,

a<ap1<ap< b, < b1 < b, b”_an:%y

f(an) >0, f(by) <O

DD AL
XM NED S, {an}, {bp} FIHBOMR ¢ € [a, b] ITIHKT 2,
a, - cThHbH, FITHEHKETHED0 5
f(c) = Ii_}m f(an).
by —c THH, fIIEHTDEH5
f(c) = ILm f(bn).

f(an) >0 KD f(c)>0. f(by) <0 KD f(c) <0. ®ZIZ f(c)=0.
f(a) >0, f(b) <0 TH5H2H c#a,b DZIT ce(ab). O
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5.2 HEED E M

Lo OFEHF OFNEX, 5K f(x) = 0 OELIEZ KD 5 Z537E
(the bisection method) WS 7 VTV XLZDHDTH %,
PFREEHOMEWITIZOVWTIE, SREBFETD H SBREL LR D
BCHS 5, (LitioTHIZEET 5, )
ZRDGEI, EEROERRDEFE - Eittid. LIFLIEPRIE
@EE’&EO’C.:EEH'G%‘ZDO

o f(x)=x?(x€[0,00)) DL L"C fl(x) = f
o f(x )—smx(xe[ 7/2,7/2]) D LT, f1(x)=sin"1(x)
(FfH)
o f(x)=eX (x€[0,00)) D& LT, f1(x)=logx
FELWZ eHID 2R, #F — b [1) o 71 & Z2 0% DA%
HE )
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5.3 Bolzano-Weierstrass @ g

>

Rz X [EifE/NE 2 FH W T Bolzano-Weierstrass DEIBZ T 3, &
DOEHIIMD CEETH 30, D TEINIE. ZHEBES—20h
DIZWe s 5, 22 THLERT %,

ZhzefoT R RN OFEEIHET 2,

& 512 Weierstrass DR AMEFIEZALHT 2, 20U ZORE DL

GTHHLEEZDES D,

JEHH 9.4 (Bolzano-Weierstrass O EHH)

AR BHININCRER AN 22, Thbb. FEBI {xp}pen D
(BReR)(VneN) x| <R

Zi7- 57561

(H{Xnk}keN : {Xn}neN @%Bﬁﬁ”)(HC € R) kli—>mooxnk =C.

2021 £ 6 A 14 H
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5.3 Bolzano-Weierstrass O & 7 E D

dp — (_1)n + 1 Xj-%o
n

I\.)\(.o
5]
w
|

|

I

Q
~

|

ai=0, a=

ap ld -1 1 DELIRELRT D, {antneny FICELARWV (BFEHTRE).
me = 2k (k€ N) £5< ¥,

1
ank:agk:1+ﬂ—>1 (k—)oo)

n=2k—1(keN) Bk,

ap, = a—1 = — +2k_1—>—1 (k—>oo)
ZDGEZ. BIIDEHETZ o 7o S B D3I, PERERD % B
RIS C & 72, O
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5.3 Bolzano-Weierstrass OEH [

NN TH BV, WS I T, 74 XD &5 L%,

142X

@ YAREDHIBICE L WBEIOF % 51T X,

@ AMTIARVD, IRERDHZHD & 5 RBHIDHlZ 51T X
(fe%fl%z. Zd PDF ORBIZEHEVWTBE T, )
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5.3 Bolzano-Weierstrass D EFDFFH  Fij

ag:=—R, by =R 2B, FEED ne NIZXMLT x, € [a1, b1].
= al;bl LB, ROVFRPDLT 5,
@ x,€[ar,c] &2 n IXEREFET %,
@ x,€[c1,b1] ¥ % n XERBEFET o
(ZBE, ©B5 WD IR n PDARBELIFELRZVE VST
JBHREL %, )
() BBALT DL ZE, ap:=a1, bh:i=c1 £BL,
(a) BIILL RV E = ((b) DIRILT D). a2 :=c1, bo := by B,
EHEHD5ES. x, € [ag, bo] €785 ne N IXEREFET %,

DUTERRIC LT (RD7DBEDTTHWTA LD ) {an}, {bn} ZED S,
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5.3 Bolzano-Weierstrass D EFDFFH %4

KD (a), (b), (c) DD D,
@ {a,} I THFEIMES. {b,} I THFRIEIITH %,
Q@ MFED neNEHLT.

2R
= on—1"

a, < by, b,—a,

@ ED ke NIZHLT, x, € [ax, bi] &% ne NIZHEREFET 5,
BAIOZ—oh 6, XKEHMNEDFEHICX->T, 5 cc[a b] BFIEL T,

lim a, = lim b, = c.
n—oo n— o0

{nk}keN %ﬁ‘-_’@:}:'Bo i?_ n = 1 <\_).£<o

k>210 LT, g, oo, ey FCEE27EEL (0> nk—1) A xn € [ak, bi]
Zii7z3 ne N ((c) 2 SEREFETS) DOIHT, hDbD%E ne B,

I LT {mktken 212 & SENIBARBT D 2 PRBREFAHINBI & 725,
@K)_G: {Xnk}keN Li {Xn}nEN @%Bﬁﬁuf@éo

a <Xy, < bk (kEN) THEDH, ZZAIBDFEEED klim Xp, =cC. [
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5.3 DR DfEER

@ an=nneN) &T2L, {an}tneny DEEDHEIH
{ank}keN = {Nk}ken & o0 WCHELS %, FRTPORIZ L R0,

@ ay=(L+(-)Mn(neN) £F3, n=1,2,3,--- OIEZO,2, 0,4,
0,6, . ARTIERVD, =2k £T2LZE, 2, =0TH2»
‘5\ {ank}keN X0 b:ﬂiﬁ?‘%)o
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fiig: #odDERHR

BHEEHDINOEREZ FENTH 2REDIRN, ZOHEBRTHS oD L
7=DT, fELTBEL,

EFE 9.5 (FH)

{an}nen, {bn}peny ZBENE T %, {bs} 2% {an} DEBSIF (subsequence of
{an}) TH 2 3. BEIEHAKTD S PEFHFVEIES {ni}ken (O F
D(VkeN)neeN & n <nm<- - <ng<ngpp <--- DBDID) B
FEL T,

by = an, (kEN)

DR DIDZ LR E S, )

{nk}keN 75)%15\751ﬁ%ﬁ(f%%ﬁ%%i?)ﬁ%ﬂﬂﬁﬁﬂt’9“6 2: %\ Ngy1 > Ng
£0 Nk41 2> N+ 1 ThHsrZee, m>1D05o6,

(8) (Vk € N) ne >k

DEDIIDZ e ZFERELTHEL,
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fiig: #odDERHR

i 9.6 (PRFNDERTHNE (72 CHERICIR S 2 ) INRATH 3)

B9 {3} rens 55 2 (IR 372 51 {antnen DIEEDHAF] {2, been
&j: a b:”yﬁij—éo

ALEHH.

e ERDEDE L T2 &, BH {antneny B a ITPIRT 2 Z D
5. »5HEAENPFELT

(VeN:n>N) |a,—a|l<e.

DL E k>N Zhi7THEED ke NIMLT, ng >k>NThH?
lan, —a| < e.

Z i Jim ap, = a ZRLTWS, O
—00
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[1] FEH#GS © BCEMRHNT, http://nalab.mind.meiji.ac.jp/ mk/lecture/
kaiseki-2021/kaiseki-2021.pdf (2014 F~).
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