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(Introduction)
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(BASIC THEOREM)

dy 1 = a = dy 1 A 9 = A Y]
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a a A 7 = ¥ = =
msouinga  lagszveazmangainguiun  dwsudhaulvawnsodnpiseazidon
180n [2] ,[3] vaz [4]

a & Y o [ [ oA [N Y
TumsAuaddasenivil  swveimuadadnuainldade Tl
0 <3 qul
I' unu AueItIuILANUINTINNA
J 1< @
A < Bunu anuvnen A dluduwaves B

Y ] 1 I [ A A 1 = <KX o o a u’/’
uazd binavuiuedeou  enantusa 12NIENIFUIAUD FAVDITIUIUTINIHUA
4 1 o o o o 1 a @ a v W J
ilonandeilsndurzminedeilsndusnivesdulsaie  vazl¥dadnual D(f) unu

Tammaoailandu f

nguiun 21 © nglasima (Trichotomy Law)
a X ez Y Wudauesauds X<y n3e X=Y w30 X>Y WurTuiivandia

laognanilg

nquiun 2.2 . widnersanaa (Archimedean Principle)

I o a : o <3 8
1 a, b fudauess de a> 0 udidwawduuon N Fana > b

=

o 9 [V s A 1 Y o o Y =
LﬁWﬁ\‘]Lﬂ@]hlﬂfﬂ']ﬂ?iﬁﬂ'ﬁ]']ﬁﬂllﬂﬁ'ﬂ MUUANUIUDIN € > 0 LAz

o <3 %
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nguun 2.3 | anumnmiuvessuassnez (Density of the Rational Numbers)

I o a % A o &
o uaz Briludauese oo <P udliswauasiney v Faa <y <P

nquun 24 | anumnmivvessunueassnez (Density of the Irrational Numbers)
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unfienw 25 ¢ wwdenileddu T ufu WeddadaTuTmdbiiadu (monotone
decreasing function) &rdwsuudaz X, % < D(f) &1 X< X% udr fx) > f(x)

untieny 26 ¢ azBonileddu T Auflu dendudalulnulianas (Monotone increasing
function) &rdmsuudas X, % < D(f) 1 X, <X udr fx) < f(x)

unfienn 27 ¢ axGonilerdu  3ufu Aedsulalunudiadu (strictly monotone

increasing function) &dwsuudaz X, %, < Df) &1 X < X, uda fx) < f(x)

unilenn 28 aziSenilandu T duilu dendadululnuaaas (Strictly monotone
decreasing function) ddwmsuudas X, % < D(f) &1 X < X, udy f(x) > f(x)
uniienn 29 0 vzSeniladdu T audlu dendadaludne (monotone functions) & f
Fuiladau Ty TuTnu Taaasns odluiladd TuTuTnu i
unfiew 210 ¢ W uileddu deiowa vugaailasey a uaservendudi a
snanhimouse Lodudfia (limit) ves f 4 2 didmsuudaziomnis & >0
T8 1mme5e 5 >0 Faaeandesndr 0< x—al<s  udr [fx)-L| <e

ISNTOUINUANINNIBAUN T TA

limf(x) = L

X—a
unfienn 211 0 W f uileddu uaz X e Df) szndnd T derifes (continuous)

WX  Sdmiudaz ¢ > 0 Hdwouwese § >0 Wl [fx)-fix,)| < &

o X e D(f) was x—x,| < 8

untienn 2.12 0 W T duileddu swmdnd T deriies nuugiivlesy vy A

1
=

(uniformly continuous on A) dmSuusaz ¢ > 0 Hswouese 5 >0
aoandean §1 X,y € A uaz [x—-y] <& ud [fx)-fly) < e



nguiun 213 ¢ & f Juilidsudediosvudaeda [a]  udaiiswouese X, u
[ah] 4 ( o) = f(X) dmsunn X Tu [ab]

A

ue T Tegegavu [a0] wagiwewReaduiisuoueie X, Tufah]

ﬁe

g f(x) < fx) dwmsunn X W [ah] dude f Tedgauu [30]

wnilenw 214 W f duilanduidewougas @b) wagld ¢ e (@b) windnd f
fioivus (differentiable) # ¢ &
L0~

X—>C X—C
mmld  Sendfinfih ewius (derivative) ves f @ ¢ Weowunulas f(c)

& f feysiusinngalu (30)  udusinand f fesius (differentiable)

q

nguun 215 &1 f Tewiusin @ udy f derilesn a

ngugun 216 . nggele (The Chain rule)
W fuae g duileddusnseds T fouiusd @ waz § fowiusd f(a)
udailaddulsznoy Qof fewiusn @ uae

(gof) (2) = g'(f@)f(a)

nquiiun 217 © nquiumauads (Mean Value Theorem)
17 f fJuiladdudedionm [ah] ez f Sowitusuusiadla @) udieed

c (ah) Feroandos

vy - f(b)—f(a)
v = Sy

nquiun 218 © nquijunenas (Intermediate Value Theorem)
W duilsddusoiionn [ah] ez f@) = fl)) & « Wudaueds

Feogreviia (@) uaz f(b) udaneii ¢ e (ah) ¥ f(0) = «



unflenn 219 ¢ % fuez ¢ Fuileddu i D Julamusndu  daddumgage
(maximum - function) Weuunulas max(f,g) dewwu D dagilaii
i f(x) >
max(£.g)(x) = {(X) , f(x) = g(x)
gk, fx) < g
unfiew 220 0 W f ez § @uileddu 393 D ilulamuswiy - deddumeiga
(minimum- function) @Weuunulas min(fg) dewuu D dagielaii
fx) , fx) < g(x)

min(f,g)(x) = {g(x) , f(x) > gx)
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(Integration)

31 veuwauuaniesga (Least Upper Bounds)

v 9 o =2 a

1 I a o 1
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untieny 311 1 W A Wumalan diiidwanesa b X < b dwsunn X Wil

auFnves A uda Fen b 31 wewvauw (Upper bound) wes A

untienn 312 ¢ WA Juwalaq  uddwou b Sendh veuvauuaniesga (least
upper bound w3e supremum) ves A &1 b aeandearionlusielui

(1) b duvenwavuves A

(2) & ¢ duvomvauuves A udr b < ¢

s 1ddyanual LUD. A uSe SUPA unu veuwavusioogaves A

= . Y =~ "9 Y ~ v Y ~ [
nguiun 313 01 S Hveuwavuailesga udy S azliveuavuaiesgaiion

=
L1987

wgad W A uay B Wuveuwavuaiesgaves S ilieanin A iilu
k4
voulwauuwes S uaz B ifluvenwauumifesga dniu B < A
Tudwewdeanu A < B Tagnglasine agldn p = A

09// =) "9 =~ L=
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dega 314 1 WA= S —=1— —=, ..+ udwouavuaiosgaves A fe
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dgod o (1) wiuldFanun 0 du veuwavuves A
(2) 1% o dlu veuvauuves A
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Y
U @

[ o a Q 9 1
dgaiu -a > 0 Tag vidnorsanaa 9zl Ne 1Y Faaoandodn
1 1

~ < -a Wi o <-—
n n

A 1 v o v g 4 o Y o Ao 9
o9 - — e A duiu o hidluveuweuuves A Falaudaiunsivual
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Y
mszaziy 0 < «

Y
v @

aiu 0 flu venwauuaniooga vea A °

daeena 310 I B = {1,2,3,...} uds B Lutivemuavusniovga

a d N a _ [V 3 o o Aa
figod L awwdld A = SUp B A A > 0 Teendnersatiaa
¢ o ' Iz ¢
wi Ne I Fohld n> A ug Ne B uaz A duveuwavuwves B duilu
4
dodauds  mizagiiu B liflveuwavuaniosga °

ngqufun 316 : &1 A Wuveuwavuves Auaz A e A udr SUp A = A

d . I~ [
figow | 14 U dluvenwavuves A deamsudasn A < U
o o v g Y g o
oA > U daiu U Tddlvveumavuves A Fudludedauda

v
msiEazty A < U |

k4
deens 317 1 ssmvenwauuaniesga (@il veusade lil

(1)A = {anner}
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() B= {Eiqner}




38 0 (1) wwzuaaeh sup A = %

WM A, = i\nel* A, = - ner
2n 2n—1

wldih A = A UA,
M Xe A, uwaz Y e A, udnzldn x>y

Y
v @

vy A vy A
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Taenguiun 316 14 veuwavudanfesgaves Ay =

1

9
s IzRziY vouwaUuAosgavres A fAe —

(2) B= {HT_l nel*} = {1—%‘HEI+}

iswznaasn SUP B = 1

L
2

wiu'ldsan 1 ifuveuwauuves B

113?} o ndJu YouAUUUDY B

EA
o

g o < 1 sy 1-a > 0
(%} A A = Iy z:! 1 [ QS: 1
Taevidnonsanas g N e I0 41 — < l=o auiu o < 1= =
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1 1 & o Y o I
g 1- — e B Favaudadumsituveumwauuves o
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2 o g ,
mszaziy o > 1 tdude 1 iduvenwavusivsgaves B °

aolihsvznandmgugun 318 Fuiludeulviifivaneuazduiudmsy

o J
ﬂ’lﬁlﬂumﬂﬂﬁl@]ﬂuﬂ1ﬁ}@ﬂq@]ellﬂill“]f@]

1 1 4
nguiun 318 © A Wuveuwavudwioogaves S Adeiie Wou'lude luiiiduess

=

(1) x>« dwmSugn o e S (Wude A iluvenvauuves S)
(2) dmsugndmauase p< A wlidwauese o e S Guhld B < a

(ude B Tiifluveuwanuves S)
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D) fluase Tumsiigad (2) 10 p < &

£
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Aa A

&1 fuveumauuves S udalasunilow 312 wldh & < B Fedaudasuds
fmualdl gy B liifuveumauuves S wufell @ € S F1 B<
marzazity (2) Wuese
(<) Swmuald (1) waz () duass
iz & uveuauuaiesgaves S
10 (1) sagd1dh 4 duvenwauuves S
W B Wluvenwanuves S awwd B < A (Aoamsuaash p > A)
fuu Tao (2) w2l o e S Fuhld B < o
maEnziy 8 il vouwauuves S Fuiludedauds Faru B> A

4
o I J
mzaziiu L illuveuwauuaiesgaves S u

nguiun 319 W A, =suip T, oA, =supV S ={ttvijte T,ve V}
a2 1
(1) a+n, duveumanuves S

Q) wndwnau v ds y < a4h, agliidvvemuauuues S

figoy 0 () Wxe Saniud te T uaz Ve V & Xx=t+y
msizn A, = SUPT waz A, = SupV dofu t < A, maz Vo<,
stwam‘fu X=1+v < A+, Hufie kﬁkz!ﬂuﬂmmwuuﬂms
Q) Wy dudwousidan da y < A,
dgoamsuanen vy liifluveuvauuves S
W d= a4,y I >0 d
2 2 7

Taonguiun 318 40 (2) wldn i v e T v > 4, -—

Tuiwewdendudl v e V & v > 4, - —

udngldh  v+v > (- E )+ (1, - E)

= M -0 =y

4 09// 1
iWesnn t'+v e S mszavtin y  ludluvenwauuves S L
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nnnguun 319 mawnsoaglldn
sup{trv:teT,veV} = SUpT + supV

ngufun 3110 © & A Juveuwavuaniosgaves A waz B ={kaj] a€ A}

o k>0 udr kn dluveuwauusiioogaves B

wiga | (1) svzuaeen ka ifluvewauuves B
Y

WX eB suiu wilae A aa X = ka

dloson @ <& war K> 0 guiuy x=ka < ki

uuﬁa k)\ Lﬂuﬂlﬁ]ﬂlﬂlﬁﬂuﬂlﬁ]\‘l B

2 W o duveuwauuves B isnzuaasiht o > ki

4 o (% U 09/1 (x’ o o
iWieann a > ka dmsugn 2 e A duiu C 2 a dmisunn d e A
< o < o a
Huno - Wuveumwavuwes A mswaziu A < o w50 o > K\
Y
Y I [
dadu Ka ifluvewwauusiiesgaves B =

deena 3111 1 1 {a,} uas {bn} Wudrduvesiiuiueis
WWwA={anel™} B={b Inel’} uas C={a,+h necl’}
1 a, =SUp A a, =sup B ouda vawaeen A+, iluvenwanuves C

(2) ssondrodnadaeaasin A, +4, liduvenwauusidesgaves C

wgei: (1) W xeC
fatiu U Ne 1 s?iqx:an+bn

5 < Q
wosnn A, iWuveuwauuves A way A, Wuveuwauuves B
Y

auin A+, > dpt bn = X

9
@ 1<
MY AL, WuvouIAIUYDY C

2 WA= {n—_1|nel*} naz B = {-1+L2|nel+}
n n

wlan sup A = 1= 3,

aoliisvzuaasn SUp B = 0
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Q} 1 1 o % +
winldganun 0 > -1+ = dwsuma N e |
n

Y
sariu 0 iWuveuwauuves B
y 1 2
iesan 0 = -1+ 5 c B Tasnguun 3.1.6

aglén sup B =0
{n__1+(-1)+i2|ner}
n n

-
———nel
1

1 % 1 1 1
ivzuaasn SUPC = 0 wiulddadn 0 iWluveuwavuves C ua 0 = T e C

wnsan C

A
Y

aaiy Tagnguiun 3.16 v21dn veuwauuswiesgaves C=0 °

nguun 3112 D dh o TSP A war o ¢ A udrdwmsunn & > 0 9
= a IS o v
(0 —¢,a) selmnBnues A uswaueiug
wged - W o = SUp A ez o ¢ A
W e >0 Tao ngwgun 318 40 (2) o=l X e A &1 a-e < X
9
ud X; < o way o g A mazaniu X <«
e X; e (o -¢,a)
luhweadeaiu weann Xy hilluveuwauuves S
v 1
dodu i X, € A & Xy e (Xqa)
= A Y o o o <3 ~
Taenszuaumswuil lisosn az1dn dusunndwauduuan N sl
Xp o Xy oy x,, € (0 —e,a) o Xi# Xy # 0% x,
=
nazazl X, e (x,,, @)

9
menziin g (a - e, o) §aundnves A iduswoueiug u

untieny 3113 0 W A dhuaalan  dilidwaueie ¢ ¥ ¢ < X dwmsunn X wdlu

auFnves A uda 5on ¢ 31 vewwaara(lower bound) veq A

unilenwn 3114 ¢ 1% A Wuwalan udy Swou B Send1 vemwaaesminga

(greatest lower bound #3e infimum) wes A &1 p aoandouionlude i
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(1) p duvenwaaraves A uay
(2) & | duveuwearwues A udr | < B

v 4

i 1ddnyanual gL A wie Inf A unu veuwaasangaves A

mwnandt A ifusaiivenua(bounded set) &1 A Tveuwavuuas
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inf {U(Q.[ac])} < Tf + if (4222)

vneaums (4.2.2.1) vazeaums (4.2.2.2) +¢1an

EHif < sgp{L(Q,[a,c])} < i%f{U(Q,[a,C])} < !f +jf

b

sup(L(Q.[ac])] = inf {U(Q.[ac])

36



37

, c b c
suilisaqlld f Suiinsaldou [ac] vae £ = [f+ [
a b
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Taongugun 3.2.12 fimsdisu P wos [aC] Fecroandos
U(P,ﬂ— L(P,ﬂ < ¢
W Q = pulb) udr Q s luhiwmrives P
Tagngufun 3.25 1é4

LPf) < LQf) <UQf) < UPf)

0 < UQMH-LQSN < UPH-LPSH <
TRRELTR Qu={X . X =}
Fufumifsuves [ab]
Laz

QZ:{ka--an}
afuwnsasuves [0,6] ey Q = Q, 00,
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